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In the more than 90 years since the first edition of the Cecil Textbook of Medicine 
was published, almost everything we know about internal medicine has changed. 
Progress in medical science is now occurring at an ever-accelerating pace, and 
it is doing so within the framework of transformational changes in clinical 
practice and the delivery of health care at individual, social, and global levels. 
This textbook and its associated electronic products incorporate the latest 
medical knowledge in multiple formats that should appeal to students and 
seasoned practitioners regardless of how they prefer to access this rapidly 
changing information.

Even as Cecil’s specific information has changed, however, we have remained 
true to the tradition of a comprehensive textbook of medicine that carefully 
explains the why (the underlying genetics, genomics, and pathobiology of 
disease) and the how (now expected to be evidence-based from randomized 
controlled trials and meta-analyses). Descriptions of physiology and patho-
physiology include the latest genetic advances in a practical format that strives 
to be useful to the nonexpert so that care can truly be as precise and personal-
ized as possible.

Medicine has entered an era when the acuity of illness and the limited time 
available to evaluate a patient have diminished the ability of physicians to 
satisfy their intellectual curiosity. As a result, the acquisition of information, 
quite easily achieved in this era, is often confused with knowledge. We have 
attempted to address this dilemma with a textbook that not only informs but 
also stimulates new questions and gives a glimpse of the future path to new 
knowledge. Grade A evidence is specifically highlighted in the text and refer-
enced at the end of each chapter. In addition to the information provided in 
the textbook, the Cecil website supplies expanded content and functionality. 
In many cases, the full articles referenced in each chapter can be accessed 
from the Cecil website. The website is also continuously updated to incorporate 
subsequent Grade A information, other evidence, and new discoveries.

The sections for each organ system begin with a chapter that summarizes 
an approach to patients with key symptoms, signs, or laboratory abnormalities 
associated with dysfunction of that organ system. As summarized in E-Table 
1-1, the text specifically provides clear, concise information regarding how a 
physician should approach more than 100 common symptoms, signs, and 
laboratory abnormalities, usually with a flow diagram, a table, or both for easy 
reference. In this way, Cecil remains a comprehensive text to guide diagnosis 
and therapy, not only for patients with suspected or known diseases but also 
for patients who may have undiagnosed symptoms or signs that require an 
initial evaluation.

Just as each edition brings new authors, it also reminds us of our gratitude 
to past editors and authors. Previous editors of Cecil include a short but remark-
ably distinguished group of leaders of American medicine: Russell Cecil, Paul 
Beeson, Walsh McDermott, James Wyngaarden, Lloyd H. Smith, Jr., Fred 
Plum, J. Claude Bennett, and Dennis Ausiello. As we welcome a new associate 
editor—Nancy Davidson—we also express our appreciation to James Doro-
show and other associate editors from the previous editions on whose founda-
tion we have built. Our returning associate editors—Mary K. Crow, Jeffrey 
M. Drazen, Robert C. Griggs, Donald W. Landry, Wendy Levinson, Anil Rustgi, 
W. Michael Scheld, and Allen M. Spiegel—continue to make critical contribu-
tions to the selection of authors and the review and approval of all manuscripts. 
The editors, however, are fully responsible for the book as well as the integra-
tion among chapters.

The tradition of Cecil is that all chapters are written by distinguished experts 
in each field. Two of those authors, Frank A. Lederle, author of the chapter 
on “Diseases of the Aorta,” and Ronald Victor, author of the chapter on “Arte-
rial Hypertension,” passed away after submitting their chapters, and we mourn 
their passing. 

We are also most grateful for the editorial assistance in New York of Timothy 
Gahr, Maribel Lim, Eva Allen, and Magdalena Fuentes. These individuals and 

others in our offices have shown extraordinary dedication and equanimity in 
working with authors and editors to manage the unending flow of manuscripts, 
figures, and permissions.

This edition of Goldman-Cecil Medicine includes many new authors. We 
would also like to thank outgoing authors, who often provided figures that 
are included in this edition as well as tables that have been included or modi-
fied for this edition. Furthermore, because of the templated format and extensive 
editing that are characteristic of Goldman-Cecil Medicine, some new chapters 
incorporate principles, concepts, and organizational aspects from those prior 
chapters, often revised extensively prior to publication. Among prior authors 
who deserve our appreciation, in the numerical order of their chapters, are 
Victoria M. Taylor, Steven A. Schroeder, Thomas B. Newman, Charles E. 
McCulloch, Thomas H. Lee, F. Daniel Duffy, Lawrence S. Neinstein, Steven 
E. Hyman, Grant W. Cannon, Cem Gabay, Carlo Patrono, Jack Hirsh, Adam 
Perlman, Sandesh C.S. Nagamani, Paweł Stankiewicz, James R. Lupski, Sekar 
Kathiresan, David Altshuler, Göran K. Hansson, Anders Hamsten, L. David 
Hillis, Bruce W. Lytle, William C. Little, Donna Mancini, Yoshifumi Naka, 
Dennis E. Niewoehner, Frank J. Accurso, Emanuel P. Rivers, Marsha D. Ford, 
Geoffrey K. Isbister, Itzchak Slotki, Mark L. Zeidel, David H. Kim, Perry J. 
Pickhardt, Martin J. Blaser, Stephen Crane Hauser, H. Franklin Bunn, Gordon 
D. Ginder, Martin H. Steinberg, Aśok C. Antony, Ayalew Tefferi, Michael 
Glogauer, Marc E. Rothenberg, William L. Nichols, Lawrence T. Goodnough, 
Adrian R. Black, Kenneth H. Cowan, Susan O’Brien, Elias Jabbour, Marshall 
R. Posner, Charles D. Blanke, Douglas O. Faigel, David Spriggs, John D. Hain-
sworth, F. Anthony Greco, Clay F. Semenkovich, Stephen G. Kaler, Bruce R. 
Bacon, Bruce R. Bistrian, Stephen A. McClave, Mark E. Molitch, Matthew 
Kim, Paul W. Ladenson, Kenneth R. Hande, Robert W. Rebar, Deborah Grady, 
Elizabeth Barrett-Connor, Samuel A. Wells, Jr., Stephen I. Wasserman, Larry 
Borish, Suneel S. Apte, Joel A. Block, Carla Scanzello, Robert M. Bennett, 
Ilseung Cho, S. Ragnar Norrby, Lionel A. Mandell, Donald E. Low, Kenneth 
L. Gage, Atis Muehlenbachs, Stuart Levin, Kamaljit Singh, Richard L. Guer-
rant, Dirk M. Elston, Larry J. Anderson, Martin Weisse, Mark Papania, Letha 
M. Healey, Tamsin A. Knox, Christine Wanke, Kristina Crothers, Alison Morris, 
Toby A. Maurer, Thomas S. Uldrick, Robert Yarchoan, Robert Colebunders, 
Ralph F. Józefowicz, Michael Aminoff, Eelco F.M. Wijdicks, Myron Yanoff, 
Douglas Cameron, David H. Chu, James C. Shaw, Neil J. Korman, and Ronald 
J. Elin. We also thank Michael G. House, who contributed to the chapter on 
“Diseases of the Gallbladder and Bile Ducts,” and Anna Louise Beavis, who 
contributed to the chapter on “Gynecologic Cancers.” Chapters written by 
public employees reflect recommendations and conclusions of the authors 
and do not necessarily reflect the official position of the entity for which they 
work.

At Elsevier, we are most indebted to Dolores Meloni and Laura Schmidt, 
and also thank Lucia Gunzel, Dan Fitzgerald, and Maggie Reid, who have 
been critical to the planning and production.

We have been exposed to remarkable physicians in our lifetimes and would 
like to acknowledge the mentorship and support of several of those who 
exemplify this paradigm—Eugene Braunwald, the late Lloyd H. Smith, Jr., 
Frank Gardner, and William Castle. Finally, we would like to thank the Goldman 
family—Jill, Jeff, Abigail, Mira, Samuel, Daniel, Morgan, Robyn, Tobin, Dashel, 
and Alden—and the Schafer family—Pauline, Eric, Melissa, Nathaniel,  
Caroline, Pam, John, Evan, Samantha, Kate, Sean, Patrick, and Meghan—for 
their understanding of the time and focus required to edit a book that attempts 
to sustain the tradition of our predecessors and to meet the needs of today’s 
physician.

LEE GOLDMAN, MD
ANDREW I. SCHAFER, MD
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1 
APPROACH TO MEDICINE, THE PATIENT, 
AND THE MEDICAL PROFESSION: 
MEDICINE AS A LEARNED AND  
HUMANE PROFESSION
LEE GOLDMAN AND ANDREW I. SCHAFER

 APPROACH TO MEDICINE
Medicine is a profession that incorporates science and the scientific method 
with the art of being a physician. The art of tending to the sick is as old as 
humanity itself. Even in modern times, the art of caring and comforting, guided 
by millennia of common sense as well as a more recent, systematic approach 
to medical ethics (Chapter 2), remains the cornerstone of medicine. Without 
these humanistic qualities, the application of the modern science of medicine 
is suboptimal, ineffective, or even detrimental.

The caregivers of ancient times and premodern cultures tried a variety of 
interventions to help the afflicted. Some of their potions contained what are 
now known to be active ingredients that form the basis for proven medications 
(Chapter 26). Others (Chapter 34) have persisted into the present era despite 
a lack of convincing evidence. Modern medicine should not dismiss the pos-
sibility that these unproven approaches may be helpful; instead, it should 
adopt a guiding principle that all interventions, whether traditional or newly 
developed, can be tested vigorously, with the expectation that any beneficial 
effects can be explored further to determine their scientific basis.

When compared with its long and generally distinguished history of caring 
and comforting, the scientific basis of medicine is remarkably recent. Other 
than an understanding of human anatomy and the later description, albeit 
widely contested at the time, of the normal physiology of the circulatory system, 
almost all of modern medicine is based on discoveries made within the past 
150 years, during which human life expectancy has more than doubled.1 Until 
the late 19th century, the paucity of medical knowledge was also exemplified 
best by hospitals and hospital care. Although hospitals provided caring that 
all but well-to-do people might not be able to obtain elsewhere, there is little 
if any evidence that hospitals improved health outcomes. The term hospitalism 
referred not to expertise in hospital care but rather to the aggregate of iatro-
genic and nosocomial afflictions that were induced by the hospital stay itself.

The essential humanistic qualities of caring and comforting can achieve full 
benefit only if they are coupled with an understanding of how medical science 
can and should be applied to patients with known or suspected diseases. 
Without this knowledge, comforting may be inappropriate or misleading, and 
caring may be ineffective or counterproductive if it inhibits a sick person from 
obtaining appropriate, scientific medical care. Goldman-Cecil Medicine focuses 
on the discipline of internal medicine, from which neurology and dermatology, 
which are also covered in substantial detail in this text, are relatively recent 
evolutionary branches. The term internal medicine, which is often misunder-
stood by the lay public, was developed in 19th-century Germany. Inneren 
medizin was to be distinguished from clinical medicine because it emphasized 
the physiology and chemistry of disease, not just the patterns or progression 
of clinical manifestations. Goldman-Cecil Medicine follows this tradition by 
showing how pathophysiologic abnormalities cause symptoms and signs and 
by emphasizing how therapies can modify the underlying pathophysiology 
and improve the patient’s well-being.

Modern medicine has moved rapidly past organ physiology to an increas-
ingly detailed understanding of cellular, subcellular, and genetic mechanisms. 
For example, the understanding of microbial pathogenesis and many inflam-
matory diseases (Chapter 241) is now guided by a detailed understanding of 
the human immune system and its response to foreign antigens (Chapters 39 
to 44). Advances in our understanding of the human microbiome raise the 
possibility that our complex interactions with microbes, which outnumber 
our cells by a factor of 10, will help explain conditions ranging from inflam-
matory bowel disease (Chapter 132) to obesity (Chapter 207).

Health, disease, and an individual’s interaction with the environment are 
also substantially determined by genetics. In addition to many conditions that 
may be determined by a single gene, medical science increasingly understands 

the complex interactions that underlie multigenic traits (Chapter 36). The 
decoding of the human genome holds the promise that personalized health 
care increasingly can be targeted according to an individual’s genetic profile, 
in terms of screening and presymptomatic disease management, as well as in 
terms of specific medications, their complex interactions, and their adjusted 
dosing schedules.2

Knowledge of the structure and physical forms of proteins helps explain 
abnormalities as diverse as sickle cell anemia (Chapter 154) and prion-related 
diseases (Chapter 387). Proteomics, which is the study of normal and abnormal 
protein expression of genes, also holds extraordinary promise for developing 
drug targets for more specific and effective therapies.

Gene therapy is currently approved by the U.S. Food and Drug Administra-
tion (FDA) for only a few diseases—Leber congenital amaurosis (Chapter 
395), retinal dystrophy, and hemophilia (Chapter 165)—but many more are 
in development and clinical testing. Cell therapy is now beginning to provide 
vehicles for the delivery of cells engineered to address a patient’s particular 
chimeric antigen receptor (CAR),3 and CAR-T cell therapy is now FDA-
approved for non-Hodgkin lymphoma (Chapter 176) and acute lymphoblastic 
leukemia (Chapter 173). Regenerative medicine to help heal injured or diseased 
organs and tissues is in its infancy, but cultured chondrocytes are now FDA-
approved to repair cartilaginous defects of the femoral condyle and the knee. 
Immune checkpoint inhibitors have revolutionized the approach to cancer, 
especially melanoma (Chapter 193).4 In the future, immunotherapy will likely 
find applications not only for malignancies but also for the treatment of refrac-
tory infectious diseases, autoimmunity, and allergy.5

Concurrent with these advances in fundamental human biology has been 
a dramatic shift in methods for evaluating the application of scientific advances 
to the individual patient and to populations. The randomized controlled trial, 
sometimes with thousands of patients at multiple institutions, has replaced 
anecdote as the preferred method for measuring the benefits and optimal uses 
of diagnostic and therapeutic interventions (Chapter 8).

And now, even the well-established randomized controlled trial model is 
being challenged. To reduce costs as well as overcome inefficiencies, redun-
dancies, and the late failure of many clinical trials (at the phase 3 stage) inherent 
in classical randomized controlled trials, technologic advances are enabling 
new methods, tools, and approaches to bring clinical trials into the 21st century. 
These methods include: disease modeling and simulation; alternative trial 
methods such as response-adaptive randomized designs (Chapter 8); novel 
objective outcome measures, and engagement of clinical trial “participants” 
(rather than “human subjects”) to expand the pool of patients willing to be 
involved in clinical research.

As studies progress from those that show biologic effect, to those that elu-
cidate dosing schedules and toxicity, and finally to those that assess true clinical 
benefit, the metrics of measuring outcome has also improved from subjective 
impressions of physicians or patients to reliable and valid measures of morbid-
ity, quality of life, functional status, and other patient-oriented outcomes 
(Chapter 9). These marked improvements in the scientific methodology of 
clinical investigation have expedited extraordinary changes in clinical practice, 
such as recanalization therapy for acute myocardial infarction (Chapter 64), 
and have shown that reliance on intermediate outcomes, such as a reduction 
in asymptomatic ventricular arrhythmias with certain drugs, may unexpectedly 
increase rather than decrease mortality. Just as physicians in the 21st century 
must understand advances in fundamental biology, similar understanding of 
the fundamentals of clinical study design as it applies to diagnostic and thera-
peutic interventions is important. Studies can be designed to show benefit or 
to show noninferiority, and newer pragmatic designs (Chapter 8) help with 
the study of topics that would be challenging using traditional approaches.

An understanding of human genetics can also help stratify and refine the 
approach to clinical trials by helping researchers select fewer patients with a 
more homogeneous disease pattern to study the efficacy of an intervention. 
Such an approach has been especially relevant in cancer, where tumors with 
certain genetic mutations can respond to a drug specifically designed for that 
target, whereas other tumors with similar microscopic but different genomic 
characteristics will not.6 Genomic, transcriptomic, epigenomic, proteomic, 
metabolomic, and other “omic” technologies provide a more holistic view of 
the molecular makeup of a normal or abnormal organism, tissue, or cell. Systems 
biology, which is the integration of all these techniques, can enable the devel-
opment of new predictive, preventive, and personalized approaches to disease.

Sophisticated computerized analyses of radiographs and retinal images7 are 
also poised to revolutionize the interpretation of these images much as com-
puterized electrocardiographic interpretation (Chapter 48) changed clinical 
cardiology. Electronic medical records also can detect patterns of drug side 
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ABSTRACT
The medical profession incorporates both the science of medicine as well as 
the art of being a physician. Physicians cannot help patients unless they are 
well-grounded in the latest information about medical diagnosis and therapy, 
which increasingly is based on randomized clinical trials as well as specific 
information about the genetics and genomics of individual patients. However, 
this scientific expertise must also be applied in the context of understanding 
the patient as an individual person. In applying both scientific knowledge and 
medical professionalism, the physician must also recognize the importance 
of social justice as well as how to advocate for and help each individual patient 
in the context of broader societal issues.
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Many patients, however, have undiagnosed symptoms, signs, or laboratory 
abnormalities that cannot be immediately ascribed to a particular disease or 
cause. Whether the initial manifestation is chest pain (Chapter 45), diarrhea 
(Chapter 131), neck or back pain (Chapter 372), or a variety of more than 
100 common symptoms, signs, or laboratory abnormalities, Goldman-Cecil 
Medicine provides tables, figures, and entire chapters to guide the approach 
to diagnosis and therapy (see E-Table 1-1 or table on inside back cover). By 
virtue of this dual approach to known disease as well as to undiagnosed abnor-
malities, this textbook, similar to the modern practice of medicine, applies 
directly to patients regardless of their mode of manifestation or degree of 
previous evaluation.

The patient-physician interaction proceeds through many phases of clinical 
reasoning and decision making. The interaction begins with an elucidation 
of complaints or concerns, followed by inquiries or evaluations to address 
these concerns in increasingly precise ways. The process commonly requires 
a careful history or physical examination, ordering of diagnostic tests, inte-
gration of clinical findings with test results, understanding of the risks and 
benefits of the possible courses of action, and careful consultation with the 
patient and family to develop future plans. Physicians can increasingly call on 
a growing literature of evidence-based medicine to guide the process so that 
benefit is maximized while respecting individual variations in different patients. 
Throughout Goldman-Cecil Medicine, the best current evidence is highlighted 
with specific grade A references that can be accessed directly in the electronic  
version.

The increasing availability of evidence from randomized trials to guide the 
approach to diagnosis and therapy should not be equated with “cookbook” 
medicine.14 Evidence and the guidelines that are derived from it emphasize 
proven approaches for patients with specific characteristics. Substantial clinical 
judgment is required to determine whether the evidence and guidelines apply 
to individual patients and to recognize the occasional exceptions. Even more 
judgment is required in the many situations in which evidence is absent or 
inconclusive. Evidence must also be tempered by patients’ preferences, although 
it is a physician’s responsibility to emphasize evidence when presenting alter-
native options to the patient. The adherence of a patient to a specific regimen 
is likely to be enhanced if the patient also understands the rationale and evi-
dence behind the recommended option.

To care for a patient as an individual, the physician must understand the 
patient as a person. This fundamental precept of doctoring includes an under-
standing of the patient’s social situation, family issues, financial concerns, and 
preferences for different types of care and outcomes, ranging from maximum 
prolongation of life to the relief of pain and suffering (Chapters 2 and 3). If 
the physician does not appreciate and address these issues, the science of 
medicine cannot be applied appropriately, and even the most knowledgeable 
physician will fail to achieve the desired outcomes.

Even as physicians become increasingly aware of new discoveries, patients 
can obtain their own information from a variety of sources, some of which 
are of questionable reliability. The increasing use of alternative and comple-
mentary therapies (Chapter 34) is an example of patients’ frequent dissatisfac-
tion with prescribed medical therapy. Physicians should keep an open mind 
regarding unproven options but must advise their patients carefully if such 
options may carry any degree of potential risk, including the risk that they 
may be relied on to substitute for proven approaches. It is crucial for the 
physician to have an open dialogue with the patient and family regarding the 
full range of options that either may consider.

Another manifestation of problematic interactions and care is medical mal-
practice litigation, which commonly is a result of both suboptimal medical 
care and suboptimal communication (Chapter 10). Of note is that about 1% 
of all physicians account for 32% of paid malpractice claims nationally,15 thereby 
suggesting that individual physician characteristics are important and address-
able contributors.

The physician does not exist in a vacuum, but rather as part of a complicated 
and extensive system of medical care and public health. In premodern times 
and even today in some developing countries, basic hygiene, clean water, and 
adequate nutrition have been the most important ways to promote health and 
reduce disease. In developed countries, adoption of healthy lifestyles, including 
better diet (Chapter 202) and appropriate exercise (Chapter 13), is the cor-
nerstone to reducing the epidemics of obesity (Chapter 207), coronary disease 
(Chapter 46), and diabetes (Chapter 216). Public health interventions to 
provide immunizations (Chapter 15) and to reduce injuries and the use of 
tobacco (Chapter 29), illicit drugs (Chapter 31), and excess alcohol (Chapter 
30) can collectively produce more health benefits than nearly any other imag-
inable health intervention.

effects or interactions that can then guide molecular analyses that confirm 
new risks or even genetic diseases.8 Although it is too soon to know whether 
patients would routinely benefit from sequencing and analysis of their exome 
or full genome, such information is increasingly becoming affordable and 
more accurate, with potential usefulness for identifying mendelian disease 
patterns9 and informing reproductive planning to avoid autosomal recessive 
diseases. Despite much hope, however, genetic profiling has had very limited 
positive impact on drug selection and dosing.

This explosion in medical knowledge has led to increasing specialization 
and subspecialization, defined initially by organ system and more recently by 
locus of principal activity (inpatient vs. outpatient), reliance on manual skills 
(proceduralist vs. nonproceduralist), or participation in research. Nevertheless, 
it is becoming increasingly clear that the same fundamental molecular and 
genetic mechanisms are broadly applicable across all organ systems and that 
the scientific methodologies of randomized trials and careful clinical observa-
tion span all aspects of medicine.

The advent of modern approaches to managing data now provides the 
rationale for the use of health information technology. Computerized health 
records, oftentimes shared with patients in a portable format, can avoid dupli-
cation of tests, assure that care is coordinated among the patient’s various 
health care providers, and increase the value of health care.10 Real-time elec-
tronic records can also be used to alert physicians about patients whose vital 
signs (Chapter 7) might warrant urgent evaluation to avoid more serious 
clinical decompensation. However, a current downside is that for every hour 
physicians provide direct clinical face time to patients in the office, nearly two 
additional hours may be spent on electronic health records and desk work 
within the work day.11

Extraordinary advances in the science and practice of medicine, which have 
continued to accelerate with each recent edition of this textbook, have trans-
formed the global burden of disease. Life expectancies for men and women 
have been increasing, a greater proportion of deaths are occurring among 
people older than age 70 years, and far fewer children are dying before the 
age of 5 years. In the United States, however, overall life expectancy has sur-
prisingly declined in the last several years. Explanations include obesity-related 
diseases12 as well as so-called deaths of despair owing to alcohol, drugs, and 
suicide.13 Nevertheless, huge regional disparities remain, and disability from 
conditions such as substance abuse, mental health disorders, injuries, diabetes, 
musculoskeletal disease, and chronic respiratory disease have become increas-
ingly important issues for all health systems.

 APPROACH TO THE PATIENT
Patients commonly have complaints (symptoms), but at least one third of 
these symptoms will not be readily explainable by any detectable abnormali-
ties on examination (signs) or on laboratory testing. Even in our modern 
era of advanced diagnostic testing, the history and physical examination are 
estimated to contribute at least 75% of the information that informs the evalu-
ation of symptoms, and symptoms that are not explained on initial compre-
hensive evaluation rarely are manifestations of a serious underlying disease. 
Conversely, asymptomatic patients may have signs or laboratory abnormali-
ties, and laboratory abnormalities can occur in the absence of symptoms or  
signs.

Symptoms and signs commonly define syndromes, which may be the common 
final pathway of a wide range of pathophysiologic alterations. The fundamental 
basis of internal medicine is that diagnosis should elucidate the pathophysi-
ologic explanation for symptoms and signs so that therapy may improve the 
underlying abnormality, not just attempt to suppress the abnormal symptoms 
or signs.

When patients seek care from physicians, they may have manifestations or 
exacerbations of known conditions, or they may have symptoms and signs 
that suggest malfunction of a particular organ system. Sometimes the pattern 
of symptoms and signs is highly suggestive or even pathognomonic for a par-
ticular disease process. In these situations, in which the physician is focusing 
on a particular disease, Goldman-Cecil Medicine provides scholarly yet practical 
approaches to the epidemiology, pathobiology, clinical manifestations, diagno-
sis, treatment, prevention, and prognosis of entities such as acute myocardial 
infarction (Chapter 64), chronic obstructive lung disease (Chapter 82), inflam-
matory bowel disease (Chapter 132), gallstones (Chapter 146), rheumatoid 
arthritis (Chapter 248), hypothyroidism (Chapter 213), and tuberculosis 
(Chapter 308), as well as newly described disorders such as emerging zoo-
noses, small fiber neuropathies, nephrogenic systemic fibrosis, mitochondrial 
diseases, autoinflammatory diseases, and clonal disorders of indeterminate  
potential.



CHAPTER 1 APPROACH TO MEDICINE, THE PATIENT, AND THE MEDICAL PROFESSION 3.e1

E-TABLE 1-1 GUIDE TO THE APPROACH TO COMMON SYMPTOMS, SIGNS, AND LABORATORY ABNORMALITIES
CHAPTER SPECIFIC TABLES OR FIGURES

SYMPTOMS

Constitutional
Fever 264, 265 Figures 265-1, 265-2; Tables 264-1 to 264-8
Fatigue 258 E-Table 258-1
Poor appetite 123 Table 123-1
Weight loss 123, 206 Figure 123-4; Tables 123-4, 206-1, 206-2
Obesity 207 Figure 207-1
Snoring, sleep disturbances 377 Table 377-6

Head, Eyes, Ears, Nose, Throat
Headache 370 Tables 370-1, 370-2
Visual loss, transient 395, 396 Tables 395-2, 396-1
Ear pain 398 Table 398-3
Hearing loss 400 Figure 400-1
Ringing in ears (tinnitus) 400 Figure 400-2
Vertigo 400 Figure 400-3
Nasal congestion, rhinitis, or sneezing 398
Loss of smell or taste 399 Table 399-1
Dry mouth 397 Table 397-7
Sore throat 401 Figure 401-2; Table 401-1
Hoarseness 401

Cardiopulmonary
Chest pain 45, 128 Tables 45-2, 128-5, 128-6
Bronchitis 90
Shortness of breath 45, 77 Figure 77-3
Palpitations 45, 56 Figure 56-1; Tables 45-4, 56-5
Dizziness 45, 56, 400 Figure 56-1; Table 400-1
Syncope 56 Figure 56-1; Tables 56-1, 56-2, 56-4
Cardiac arrest 57 Figures 57-2, 57-3
Cough 77 Figure 77-1; Tables 77-2, 77-3
Hemoptysis 77 Tables 77-6, 77-7

Gastrointestinal
Nausea and vomiting 123 Figure 123-5; Table 123-5
Dysphagia, odynophagia 123, 129 Table 123-1
Hematemesis 126, 144 Figure 126-3; Table 126-1
Heartburn/dyspepsia 123, 128 to 130 Figures 123-6, 129-2; Tables 128-3, 128-4, 130-1
Abdominal pain
 Acute 123, 133 Figures 123-1, 123-2; Tables 123-2, 123-3, 133-1
 Chronic 123, 128 Figure 123-3; Tables 123-2, 129-1
Diarrhea 128, 131 Figures 128-1, 131-1 to 131-4
Melena, blood in stool 126 Figures 126-3, 126-4, 126-6; Table 126-4
Constipation 127, 128 Figures 127-3, 128-1; Table 127-2
Fecal incontinence 136 Figure 136-5
Anal pain 136

Genitourinary
Dysuria 268, 269 Tables 268-3, 268-5, 269-2
Frequency 268 Table 268-3
Incontinence 23 Tables 23-1 to 23-3
Renal colic 117 Figure 117-1
Vaginal discharge 269
Menstrual irregularities 223 Figure 223-3; Tables 223-3, 223-4
Female infertility 223, 227 Table 223-5
Hot flushes 227 Table 227-1
Erectile dysfunction 221 Figure 221-10
Male infertility 221 Figures 221-8, 221-9; Table 221-7
Scrotal mass 190 Figure 190-1
Genital ulcers or warts 269 Table 269-1
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E-TABLE 1-1 GUIDE TO THE APPROACH TO COMMON SYMPTOMS, SIGNS, AND LABORATORY ABNORMALITIES—cont’d
CHAPTER SPECIFIC TABLES OR FIGURES

Musculoskeletal
Neck or back pain 372 Figures 372-4, 372-5, 372-6; Tables 372-3 to 372-5
Painful joints 241 Figure 241-1; Tables 241-1, 241-3
Extremities
Swollen feet, ankles, or legs
 Bilateral 45 Figure 45-8
 Unilateral 74 Figure 74-2; Table 74-2
Claudication 71 Table 71-3
Acute limb ischemia 71 Figure 71-4; Table 71-2

Neurologic
Weakness 368, 392 to 394 Tables 368-1, 392-2, 393-2, 393-4
Sensory loss 368, 392 Figure 392-1; Tables 392-1, 392-3 to 392-5
Memory loss 374 Figures 374-1, 374-2; Tables 374-1 to 374-6
Abnormal gait 368 Table 368-2
Seizures 375 Tables 375-1 to 375-6

Integumentary
Abnormal bleeding 162 Table 162-1
Rash 407, 412 Figure 407-1; Tables 407-1 to 407-6, 412-5
Hives 237, 411 Figure 237-2; Tables 237-1, 411-1, 411-2
Abnormal pigmentation 412 Table 412-2
Alopecia and hirsutism 413 Tables 413-1, 413-3
Nail disorders 413 Table 413-4
SIGNS

Vital Signs
Fever 264, 265 Figure 265-1; Tables 264-1 to 264-8, 265-2
Heat illness/hyperthermia 101 Tables 101-1 to 101-3
Hypothermia 7, 101 Tables 101-4 to 101-6
Tachycardia/bradycardia 7, 56, 58, 59 Figures 56-2, 56-3; Tables 58-4, 59-2
Hypertension 70 Tables 70-3, 70-7 to 70-11
Hypotension/shock 7, 98 Figures 98-3, 100-1; Tables 98-1, 99-1, 99-2
Altered respiration 7, 80, 96 Tables 80-1, 80-2, 96-2

Head, Eyes, Ears, Nose, Throat
Eye pain 395 Table 395-3
Red eye 395 Tables 395-4, 395-6
Dilated pupil 396 Figure 396-4
Nystagmus 396 Table 396-4
Papilledema 396 Table 396-2
Strabismus 396 Figure 396-6
Jaundice 138 Figure 138-2; Tables 138-1 to 138-3
Rhinitis 398 Table 398-3
Sinusitis 398 Tables 398-1, 398-2, 398-4, 398-5
Oral ulcers and discolorations 397 Tables 397-1 to 397-4
Salivary gland enlargement 397 Table 397-6

Neck
Neck mass 181 Figure 181-3
Lymphadenopathy 159 Tables 159-1 to 159-4
Thyroid nodule 213 Figure 213-5
Thyromegaly/goiter 213 Figures 213-2, 213-3

Breast
Breast mass 188

Lungs
Wheezes 77 Table 77-4

Cardiac
Heart murmur or extra sounds 45 Figure 45-5; Tables 45-7, 45-8
Jugular venous distention 45 Table 45-6
Carotid pulse abnormalities 45 Figure 45-4
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E-TABLE 1-1 GUIDE TO THE APPROACH TO COMMON SYMPTOMS, SIGNS, AND LABORATORY ABNORMALITIES—cont’d
CHAPTER SPECIFIC TABLES OR FIGURES

Abdomen
Hepatomegaly 137 Figure 137-5
Splenomegaly 159 Table 159-5
Acute abdomen 133, 134 Figure 134-1; Table 133-1
Abdominal swelling/ascites 133, 144 Table 144-3
Rectal bleeding/positive stool 126, 184 Figures 126-3, 126-4, 126-6; Table 126-4
Hemorrhoids 136 Table 136-1

Musculoskeletal/Extremities
Arthritis 241 Figure 241-1
Edema 45 Figure 45-7
Cyanosis 45
Clubbing 45

Neurologic
Delirium 25 Figure 25-1; Tables 25-1, 25-2
Psychiatric disturbances 369 Tables 369-1 to 369-4, 369-6 to 369-8, 369-10, 369-11, 

369-13, 369-14
Coma 376 Tables 376-1 to 376-4
Stroke 379, 380 Figure 379-1; Tables 379-2, 379-3, 379-5, 379-6, 380-5, 380-6
Movement disorders 381, 382 Tables 381-4, 382-1 to 382-8
Neuropathy 392 Tables 392-1 to 392-4, 392-6

Skin and Nails
Suspicious mole 193 Table 193-1
Nail diseases 413 Table 413-4
COMMON LABORATORY ABNORMALITIES

Hematology/Urinalysis
Anemia 149 Tables 149-2 to 149-6
Polycythemia 157 Table 157-4
Leukocytosis 158 Figure 158-4; Table 158-1
Lymphocytosis 158 Table 158-3
Monocytosis 158 Table 158-2
Eosinophilia 161 Figure 161-1; Table 161-1
Neutropenia 158 Figure 158-7; Tables 158-4 and 158-5
 With fever 265 Figure 265-1
Thrombocytosis 157 Table 157-5
Thrombocytopenia 163 Figure 163-1; Tables 163-1, 163-3
Prolonged PT or PTT 162 Figure 162-4
Urinalysis 106, 112 Tables 106-2, 112-6

Chemistries
Abnormal liver enzymes 138 Figures 138-1 to 138-3
Elevated BUN/creatinine
 Acute 112 Figure 112-1; Tables 112-1 to 112-5
 Chronic 121 Table 121-1
Hyperglycemia 216 Tables 216-1, 216-2
Hypoglycemia 217 Tables 217-1, 217-2
Electrolyte abnormalities 108, 109 Figures 108-3, 108-4; Tables 108-7, 109-3
Acid-base disturbances 110 Figures 110-1 to 110-3; Tables 110-1 to 110-7
Hypercalcemia 232 Figure 232-3; Tables 232-2 to 232-4
Hypocalcemia 232 Figure 232-4; Table 232-6
Hypo- and hyperphosphatemia 111 Tables 111-2, 111-3
Magnesium deficiency 111 Table 111-1
Elevated Pco2 80 Figure 80-2

Chest Radiograph/ECG
Solitary pulmonary nodule 182 Figure 182-2
Pleural effusion 92 Tables 92-3 to 92-5
ECG abnormalities 48 Tables 48-2 to 48-5
BUN = blood urea nitrogen; ECG = electrocardiogram; PT = prothrombin time; PTT = partial thromboplastin time.



physicians and health care providers is based on objective measures of quality 
and outcome, channeling of patients to better providers is one reasonable 
definition of better selection and enlightened competition. If the limiting of 
options is based overwhelmingly on cost rather than measures of quality, 
outcomes, and patient satisfaction, physicians and their patients can be seri-
ously disadvantaged.

Another risk is that the same genetic information that could lead to more 
effective, personalized medicine will be used against the very people whom 
it is supposed to benefit—by creating a stigma, raising health insurance costs, 
or even making someone uninsurable. The ethical approach to medicine 
(Chapter 2), genetics (Chapter 35), and genetic counseling provides means 
to protect against this adverse effect of scientific progress.

In this new environment, the physician often has a dual responsibility: to 
the health care system as an expert who helps create standards, measures of 
outcome, clinical guidelines, and mechanisms to ensure high-quality, cost-
effective care; and to individual patients who entrust their well-being to that 
physician to promote their best interests within the reasonable limits of the 
system. A health insurance system that emphasizes cost-effective care, that 
gives physicians and health care providers responsibility for the health of a 
population and the resources required to achieve these goals, that must exist 
in a competitive environment in which patients can choose alternatives if they 
are not satisfied with their care, and that places increasing emphasis on health 
education and prevention can have many positive effects. In this environment, 
however, physicians must beware of overt and subtle pressures that could 
entice them to underserve patients and abrogate their professional responsi-
bilities by putting personal financial reward ahead of their patients’ welfare. 
The physician’s responsibility to represent the patient’s best interests and avoid 
financial conflicts by doing too little in the newer systems of capitated care 
provides different specific challenges but an analogous moral dilemma to the 
historical American system in which the physician could be rewarded finan-
cially for doing too much.

In the current health care environment, all physicians and trainees must 
redouble their commitment to professionalism. At the same time, the chal-
lenge to the individual physician to retain and expand the scientific knowledge 
base and process the vast array of new information is daunting. In this spirit 
of a profession based on science and caring, Goldman-Cecil Medicine seeks to 
be a comprehensive approach to modern internal medicine.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

 APPROACH TO THE MEDICAL PROFESSION
Medical professionalism should emphasize three fundamental principles: the 
primacy of patient welfare, patient autonomy, and social justice.16 As modern 
medicine brings a plethora of diagnostic and therapeutic options, the interac-
tions of the physician with the patient and society become more complex and 
potentially fraught with ethical dilemmas (Chapter 2). To help provide a moral 
compass that is not only grounded in tradition but also adaptable to modern 
times, the primacy of patient welfare emphasizes the fundamental principle 
of a profession. The physician’s altruism, which begets the patient’s trust, must 
be impervious to the economic, bureaucratic, and political challenges that are 
faced by the physician and the patient (Chapter 4).

The principle of patient autonomy asserts that physicians make recom-
mendations but patients make the final decisions. The physician is an expert 
advisor who must inform and empower the patient to base decisions on sci-
entific data and how these data can and should be integrated with a patient’s 
preferences.

The importance of social justice symbolizes that the patient-physician inter-
action does not exist in a vacuum. The physician has a responsibility to the 
individual patient and to broader society to promote access, to eliminate dis-
parities in health and health care, and to bring science to even the most con-
tentious political issues. For example, research into the relationship of firearms 
to rates of murder and suicide17 can be useful for preventive medicine and 
public policy regardless of an individual’s position on background checks and 
licensing for gun owners.

To promote these fundamental principles, a series of professional respon-
sibilities (Table 1-1) represents practical, daily traits that benefit the physician’s 
own patients and society as a whole. Physicians who use these and other 
attributes to improve their patients’ satisfaction with care are not only promot-
ing professionalism but also reducing their own risk for liability and malpractice. 
By comparison, the recent emphasis on maintenance of certification require-
ments is of uncertain benefit for improving patient outcomes.

An interesting new aspect of professionalism is the increasing reliance on 
team approaches to medical care, as exemplified by physicians whose roles are 
defined by the location of their practice—historically in the intensive care unit 
or emergency department and more recently on the inpatient general hospital 
floor. Quality care requires coordination and effective communication across 
inpatient and outpatient sites among physicians who themselves now typically 
work defined hours. This transition from reliance on a single, always available 
physician to a team, ideally with a designated coordinator, places new chal-
lenges on physicians, the medical care system, and the medical profession.

An ongoing challenge for a profession that values dedication, attention to 
detail, and selflessness is the risk of burnout, which is characterized by emo-
tional exhaustion and depersonalization. Both individual-focused and structural 
or organizational modifications in the work environment can result in clinically 
meaningful reductions in physician burnout.18

The changing medical care environment is placing increasing emphasis on 
standards, outcomes, and accountability. As purchasers of insurance become 
more cognizant of value rather than just cost (Chapter 10), outcomes ranging 
from rates of screening mammography (Chapter 188) to mortality rates with 
coronary artery bypass graft surgery (Chapter 65) become metrics by which 
rational choices can be made. Clinical guidelines and critical pathways derived 
from randomized controlled trials and evidence-based medicine can potentially 
lead to more cost-effective care and better outcomes.

These major changes in many Western health care systems bring with them 
many major risks and concerns. If the concept of limited choice among 

TABLE 1-1 PROFESSIONAL RESPONSIBILITIES
Commitment to:

Professional competence
Honesty with patients
Patient confidentiality
Maintaining appropriate relations with patients
Improving the quality of care
Improving access to care
Just distribution of finite resources
Scientific knowledge
Maintaining trust by managing conflicts of interest
Professional responsibilities

From Brennan T, Blank L, Cohen J, et al. Medical professionalism in the new millennium: a 
physician charter. Ann Intern Med. 2002;1136:243-246.

https://expertconsult.inkling.com/
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to make medical decisions, and whether an adult is incompetent to make 
medical decisions is a legal determination. Practically, physicians usually decide 
whether patients are competent based on whether they can understand the 
information disclosed, appreciate its significance for their own situation, and 
use logical and consistent thought processes in decision making. Incompetence 
in medical decision making does not mean a person is incompetent in all 
types of decision making and vice versa. Second, crucial information relevant 
to the decision must be disclosed, usually by the physician, to the patient. 
Third, the patient should understand the information and its implications for 
his or her interests and life goals. Finally, the patient’s decision must be made 
voluntarily, i.e., without coercion or manipulation by the physician.

It is a mistake to view informed consent as a one-time event, such as the 
signing of a form. Informed consent is viewed more accurately as a process 
that evolves throughout the course of a patient’s diagnosis and subsequent 
treatment.

Typically, a patient’s autonomy is the value invoked to justify informed 
consent. Other values, such as bodily integrity and beneficence, have also 
been cited, especially in early legal rulings.

 Empirical Data
Extensive research on informed consent shows that physicians frequently do 
not communicate all the relevant information needed for patients to make an 
informed decision in clinical settings. The more complex the medical deci-
sions, the more likely it is that physicians will obtain all the elements of informed 
consent.

Interestingly, data suggest that disclosure, both in informed consent docu-
ments and in discussion, is better in research than clinical settings. Greater 
disclosure in the research setting may be the result of the research-specific 
requirement of having a written informed consent document reviewed by an 
independent committee, such as an institutional review board or a research 
ethics committee.

Patients frequently fail to recall crucial information disclosed during the 
process of obtaining informed consent, although they usually think they have 
sufficient information to make a decision. Whether patients fail to recall key 
information because they are overwhelmed by the information or because 
they find much of it not salient to their decision is unclear. The issue therefore 
lies more in determining what patients understand at the point of decision 
making, rather than what they recall later. For common medical interventions, 
such as elective surgery, the ideal informed consent would include the risks 
and benefits as quantified in randomized controlled trials, relevant data on 
the surgeon, the institution’s clinical outcomes for the procedure, and a list 
of acceptable alternatives.1

Studies aimed at improving informed consent in clinical settings suggest 
that interactive media, such as videos and interactive computer software, can 
improve patients’ understanding of such competing alternatives. A1  A review 
of 115 studies on shared decision making found that, compared with those 
receiving usual care, patients who used a decision aid had greater knowledge of 
the evidence, felt more clear about what mattered to them, had more accurate 
understanding of risks and benefits, and participated more in the decision-
making process. These decision aids can be especially important in preference-
sensitive conditions—situations with several treatment options and important 
tradeoffs that are dependent on a patient’s values, such as decisions about 
prostatectomy for early stage prostate cancer. Computer and web-based deci-
sion aides are now available for over 200 common conditions and procedures.

A more modern challenge in obtaining informed consent is the introduction 
of electronic methods into the process, including smartphone applications in 
acute situations such as ischemic stroke. A2  Digital models for informed consent 
often are not user-friendly for older patients, and evidence suggests that most 
people do not read click-through agreements on computers and mobile devices. 
Concern also exists that it may be challenging to obtain true voluntary choice 
without being able to assess the body language, tone, and emotion that can 
be observed during a person-to-person interaction.2

One of the most important results of empirical research on informed consent 
is that there is a gap between a desire for information and a desire for actual 
decision making. Many studies show that although most patients want infor-
mation, far fewer actually want to make decisions about their own care. In 
one study, for example, only one third of patients desired decision-making 
authority, and patients’ decision-making preferences were not correlated with 
their information-seeking preferences (which were high). Patients’ preferences 
for decision-making authority generally increase with higher educational levels 
and decline with age. Most importantly, the more serious the illness, the more 
likely patients are to prefer that physicians make the decisions. Several studies 

beneficence, and justice. Autonomy is the idea that people should have the 
right and freedom to choose, pursue, and revise their own life plans. Nonma-
leficence is the idea that people should not be knowingly harmed or injured. 
This principle is encapsulated in the oft-repeated phrase that a physician must 
“first do no harm”—primum non nocere. Interestingly, this phrase is not found 
in the Hippocratic Oath; the only related, but still not identical, Hippocratic 
phrase is “at least, do not harm.” Beneficence refers to the positive actions that 
a physician should undertake to promote the well-being of his or her patients. 
In clinical practice, this obligation usually arises from the implicit and explicit 
commitments and promises central to the physician-patient relationship. Finally, 
the principle of justice is defined by the fair distribution of benefits and burdens 
that result from a clinical interaction.

Although helpful in providing an initial framework, these principles are too 
broad to have more than limited value. The principles are also frequently 
underdeveloped and likely to conflict with each other, thereby resulting in 
bioethical dilemmas. The principles themselves do not offer guidance on how 
they should be balanced or specified to resolve dilemmas. Given that they are 
focused on physician-patient encounters, the principles are also unhelpful 
when considering bioethical issues at the system or institutional level, such 
as the allocation of scarce vaccines or transplant organs. Finally, these four 
principles are not comprehensive. Other fundamental ethical principles and 
values—such as priority to the worst off, duties to future generations, and 
professional integrity—are important in bioethics but not fully encapsulated 
by these four principles.

There is no formula that can magically determine how to solve bioethical 
dilemmas. Instead, medical professionals should follow an orderly analytic 
process. First, practitioners need to obtain the facts relevant to the situation. 
Second, they must delineate the fundamental bioethical issue. Third, they 
must identify all the crucial principles and values that relate to, and potentially 
conflict with, the case. Fourth, because many ethical dilemmas have been 
previously analyzed and subjected to empirical study, practitioners should 
examine the relevant literature so they may potentially identify new values, 
understand existing principles, reformulate the issue at hand, and see if there 
is an accepted resolution. Fifth, with this information, the practitioner must 
distinguish clearly unethical practices from a range of ethically permissible 
actions. Finally, it is important not only to come to a resolution but also to 
state clearly the justification for such decisions. Although unanimous decisions 
are ideal, the reality remains that such consensus may be elusive. Reasonable 
physicians must therefore take care to explain what principles and interpreta-
tions they relied upon to resolve ethical dilemmas.

A multitude of bioethical dilemmas arise in medical practice each year, 
including issues of genetics, conscientious objection by providers, and termi-
nation of care. In clinical practice, the most common issues revolve around 
informed consent, termination of life-sustaining treatments, euthanasia and 
physician-assisted suicide, and conflicts of interest.

 PHYSICIAN-PATIENT RELATIONSHIP:  
INFORMED CONSENT

 History
The requirement of informed consent dates as far back as Plato. The first 
recorded legal case on informed consent took place in England in 1767 when 
a patient complained that he had not given his consent for two surgeons to 
refracture his leg after it had healed improperly. An 18th-century English court 
ultimately ruled that obtaining a patient’s consent prior to a procedure was 
the “rule of the profession” and thus a legal obligation of surgeons. Failure to 
obtain consent, the court declared, was inexcusable. In more contemporary 
times, a landmark 1957 U.S. court ruling stated that physicians have a positive 
legal obligation to disclose information about risks, benefits, and alternative 
treatments to patients; this decision popularized the term informed consent.

 Definition and Justification
Informed consent is a person’s autonomous authorization to permit a 
physician—or other health care professional—to undertake diagnostic or 
therapeutic interventions for himself or herself. The patient understands that 
he or she is taking responsibility for the decision while empowering someone 
else, the physician, to implement it. However, agreement to a course of medical 
treatment does not necessarily qualify as informed consent.

The four fundamental requirements for valid informed consent are: mental 
capacity, disclosure, understanding, and voluntariness. First, informed consent 
assumes that people have the mental capacity to make decisions; disease, 
development, or medications can compromise patients’ mental capacity to 
provide informed consent. Adults are presumed to have the legal competence 
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It commonly is argued that the bioethical dilemmas physicians face today 
result primarily from modern advances in medical technology. The rise of 
antibiotics, transplantation, intensive care units, genetics, implantable devices, 
and other technologies have created novel bioethical concerns. In reality, 
however, concerns about ethical issues are as old as the practice of medicine 
itself. The Hippocratic Oath, composed sometime around 400 bc, attests to 
the need even of ancient Greek physicians for advice on how to address the 
many bioethical dilemmas that they confronted. The Oath addresses issues 
of confidentiality, abortion, euthanasia, sexual relations between physicians 
and patients, divided loyalties, and, at least implicitly, charity care and execu-
tions. Whether we agree with the advice it dispensed or not, the mere existence 
of the Oath serves as a reminder that bioethical conundrums are inherent to 
medical practice. Technology may make these issues more common and change 
the context in which they arise, but many, if not most, bioethical issues that 
physicians regularly confront are timeless.

During their training, many physicians are taught that four main principles 
can be invoked to address bioethical dilemmas: autonomy, nonmaleficence, 
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It commonly is argued that the bioethical dilemmas physicians face today 
result primarily from modern advances in medical technology. In reality, 
however, concerns about ethical issues are as old as the practice of medicine 
itself. The Hippocratic Oath, composed sometime around 400 bc, attests to 
the need even of ancient Greek physicians for advice on how to address the 
many bioethical dilemmas that they confronted. Technology may make these 
issues more common and change the context in which they arise, but many, 
if not most, bioethical issues that physicians regularly confront are timeless. 
A multitude of bioethical dilemmas arise in medical practice each year, includ-
ing issues of genetics, conscientious objection by providers, and termination 
of care. In clinical practice, the most common issues revolve around informed 
consent, termination of life-sustaining treatments, euthanasia and physician-
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to make medical decisions, and whether an adult is incompetent to make 
medical decisions is a legal determination. Practically, physicians usually decide 
whether patients are competent based on whether they can understand the 
information disclosed, appreciate its significance for their own situation, and 
use logical and consistent thought processes in decision making. Incompetence 
in medical decision making does not mean a person is incompetent in all 
types of decision making and vice versa. Second, crucial information relevant 
to the decision must be disclosed, usually by the physician, to the patient. 
Third, the patient should understand the information and its implications for 
his or her interests and life goals. Finally, the patient’s decision must be made 
voluntarily, i.e., without coercion or manipulation by the physician.

It is a mistake to view informed consent as a one-time event, such as the 
signing of a form. Informed consent is viewed more accurately as a process 
that evolves throughout the course of a patient’s diagnosis and subsequent 
treatment.

Typically, a patient’s autonomy is the value invoked to justify informed 
consent. Other values, such as bodily integrity and beneficence, have also 
been cited, especially in early legal rulings.

 Empirical Data
Extensive research on informed consent shows that physicians frequently do 
not communicate all the relevant information needed for patients to make an 
informed decision in clinical settings. The more complex the medical deci-
sions, the more likely it is that physicians will obtain all the elements of informed 
consent.

Interestingly, data suggest that disclosure, both in informed consent docu-
ments and in discussion, is better in research than clinical settings. Greater 
disclosure in the research setting may be the result of the research-specific 
requirement of having a written informed consent document reviewed by an 
independent committee, such as an institutional review board or a research 
ethics committee.

Patients frequently fail to recall crucial information disclosed during the 
process of obtaining informed consent, although they usually think they have 
sufficient information to make a decision. Whether patients fail to recall key 
information because they are overwhelmed by the information or because 
they find much of it not salient to their decision is unclear. The issue therefore 
lies more in determining what patients understand at the point of decision 
making, rather than what they recall later. For common medical interventions, 
such as elective surgery, the ideal informed consent would include the risks 
and benefits as quantified in randomized controlled trials, relevant data on 
the surgeon, the institution’s clinical outcomes for the procedure, and a list 
of acceptable alternatives.1

Studies aimed at improving informed consent in clinical settings suggest 
that interactive media, such as videos and interactive computer software, can 
improve patients’ understanding of such competing alternatives. A1  A review 
of 115 studies on shared decision making found that, compared with those 
receiving usual care, patients who used a decision aid had greater knowledge of 
the evidence, felt more clear about what mattered to them, had more accurate 
understanding of risks and benefits, and participated more in the decision-
making process. These decision aids can be especially important in preference-
sensitive conditions—situations with several treatment options and important 
tradeoffs that are dependent on a patient’s values, such as decisions about 
prostatectomy for early stage prostate cancer. Computer and web-based deci-
sion aides are now available for over 200 common conditions and procedures.

A more modern challenge in obtaining informed consent is the introduction 
of electronic methods into the process, including smartphone applications in 
acute situations such as ischemic stroke. A2  Digital models for informed consent 
often are not user-friendly for older patients, and evidence suggests that most 
people do not read click-through agreements on computers and mobile devices. 
Concern also exists that it may be challenging to obtain true voluntary choice 
without being able to assess the body language, tone, and emotion that can 
be observed during a person-to-person interaction.2

One of the most important results of empirical research on informed consent 
is that there is a gap between a desire for information and a desire for actual 
decision making. Many studies show that although most patients want infor-
mation, far fewer actually want to make decisions about their own care. In 
one study, for example, only one third of patients desired decision-making 
authority, and patients’ decision-making preferences were not correlated with 
their information-seeking preferences (which were high). Patients’ preferences 
for decision-making authority generally increase with higher educational levels 
and decline with age. Most importantly, the more serious the illness, the more 
likely patients are to prefer that physicians make the decisions. Several studies 

beneficence, and justice. Autonomy is the idea that people should have the 
right and freedom to choose, pursue, and revise their own life plans. Nonma-
leficence is the idea that people should not be knowingly harmed or injured. 
This principle is encapsulated in the oft-repeated phrase that a physician must 
“first do no harm”—primum non nocere. Interestingly, this phrase is not found 
in the Hippocratic Oath; the only related, but still not identical, Hippocratic 
phrase is “at least, do not harm.” Beneficence refers to the positive actions that 
a physician should undertake to promote the well-being of his or her patients. 
In clinical practice, this obligation usually arises from the implicit and explicit 
commitments and promises central to the physician-patient relationship. Finally, 
the principle of justice is defined by the fair distribution of benefits and burdens 
that result from a clinical interaction.

Although helpful in providing an initial framework, these principles are too 
broad to have more than limited value. The principles are also frequently 
underdeveloped and likely to conflict with each other, thereby resulting in 
bioethical dilemmas. The principles themselves do not offer guidance on how 
they should be balanced or specified to resolve dilemmas. Given that they are 
focused on physician-patient encounters, the principles are also unhelpful 
when considering bioethical issues at the system or institutional level, such 
as the allocation of scarce vaccines or transplant organs. Finally, these four 
principles are not comprehensive. Other fundamental ethical principles and 
values—such as priority to the worst off, duties to future generations, and 
professional integrity—are important in bioethics but not fully encapsulated 
by these four principles.

There is no formula that can magically determine how to solve bioethical 
dilemmas. Instead, medical professionals should follow an orderly analytic 
process. First, practitioners need to obtain the facts relevant to the situation. 
Second, they must delineate the fundamental bioethical issue. Third, they 
must identify all the crucial principles and values that relate to, and potentially 
conflict with, the case. Fourth, because many ethical dilemmas have been 
previously analyzed and subjected to empirical study, practitioners should 
examine the relevant literature so they may potentially identify new values, 
understand existing principles, reformulate the issue at hand, and see if there 
is an accepted resolution. Fifth, with this information, the practitioner must 
distinguish clearly unethical practices from a range of ethically permissible 
actions. Finally, it is important not only to come to a resolution but also to 
state clearly the justification for such decisions. Although unanimous decisions 
are ideal, the reality remains that such consensus may be elusive. Reasonable 
physicians must therefore take care to explain what principles and interpreta-
tions they relied upon to resolve ethical dilemmas.

A multitude of bioethical dilemmas arise in medical practice each year, 
including issues of genetics, conscientious objection by providers, and termi-
nation of care. In clinical practice, the most common issues revolve around 
informed consent, termination of life-sustaining treatments, euthanasia and 
physician-assisted suicide, and conflicts of interest.

 PHYSICIAN-PATIENT RELATIONSHIP:  
INFORMED CONSENT

 History
The requirement of informed consent dates as far back as Plato. The first 
recorded legal case on informed consent took place in England in 1767 when 
a patient complained that he had not given his consent for two surgeons to 
refracture his leg after it had healed improperly. An 18th-century English court 
ultimately ruled that obtaining a patient’s consent prior to a procedure was 
the “rule of the profession” and thus a legal obligation of surgeons. Failure to 
obtain consent, the court declared, was inexcusable. In more contemporary 
times, a landmark 1957 U.S. court ruling stated that physicians have a positive 
legal obligation to disclose information about risks, benefits, and alternative 
treatments to patients; this decision popularized the term informed consent.

 Definition and Justification
Informed consent is a person’s autonomous authorization to permit a 
physician—or other health care professional—to undertake diagnostic or 
therapeutic interventions for himself or herself. The patient understands that 
he or she is taking responsibility for the decision while empowering someone 
else, the physician, to implement it. However, agreement to a course of medical 
treatment does not necessarily qualify as informed consent.

The four fundamental requirements for valid informed consent are: mental 
capacity, disclosure, understanding, and voluntariness. First, informed consent 
assumes that people have the mental capacity to make decisions; disease, 
development, or medications can compromise patients’ mental capacity to 
provide informed consent. Adults are presumed to have the legal competence 
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physicians and nurses might find stopping a treatment to be more difficult 
psychologically, withdrawal is ethically and legally permitted—and required—
when it is consonant with the patient’s wishes.

Third, competent patients have the exclusive right to make decisions about 
terminating their own care. If there is a conflict between a competent patient 
and his or her family, the patient’s wishes are to be followed. It is the patient’s 
right to refuse treatment, not the family’s right. For mentally incompetent 
patients, the situation is more complex. If the patients left clear indications 
of their wishes, whether as explicit oral statements or as written advance care 
directives, these wishes should be followed. Physicians should not be overly 
concerned about the precise form patients use to express their wishes; because 
patients have a constitutional right to refuse treatment, the real concern is 
whether the wishes are clear and relevant to the situation. If an incompetent 
patient did not leave explicit indications of his or her wishes or designate a 
proxy decision maker, the physician should identify a surrogate decision maker 
and rely on the decision maker’s wishes. Some state courts have restricted 
what treatments a proxy decision-maker can terminate, thereby requiring the 
incompetent patient to have given very specific instructions about the particular 
treatments he or she does not want to receive and the conditions under which 
care should be withheld or withdrawn. This requirement severely limits the 
authority and power of proxy decision makers.

Fourth, the right to refuse medical treatment does not translate into a right 
to demand any treatment, especially treatments that have no pathophysiologic 
rationale, have already failed, or are known to be harmful. Futility has become 
a justification to permit physicians unilaterally to withhold or withdraw treat-
ments despite the family’s requests for treatment. Some states, such as Texas, 
have enacted futility laws, which prescribe procedures by which physicians 
can invoke futility either to transfer a patient or to terminate interventions. 
However, the principle of futility is not easy to implement in medical practice. 
Initially, some commentators advocated that an intervention was futile when 
the probability of success was 1% or lower. Although this threshold seems to 
be based on empirical data, it is a covert value judgment. Because the declara-
tion of futility is meant to justify unilateral determinations by physicians, it 
generally has been viewed as an inappropriate assertion that undermines 
physician-patient communication and violates the principle of shared decision 
making. Similar to the distinction between ordinary and extraordinary care, 
futility is increasingly viewed as more obfuscating than clarifying and is there-
fore being invoked much less often.

For example, a recent California case involved a 13-year-old girl who suf-
fered a cardiac arrest during a tonsillectomy and adenoidectomy and who was 
subsequently declared brain dead. Her family refused to accept the determina-
tion of death and sued. After several legal appeals, courts agreed that she was 
dead. Her body was nevertheless given on a respirator to the county coroner, 
who then transferred the body to the parents. The parents kept the body and 
authorized that a tracheostomy and a feeding tube be inserted. The court 
ruled that neither physicians nor a medical facility had any obligation to provide 
treatments to a dead body, even if the parents asserted, contrary to medical 
experts, that the patient was not dead.

 ASSISTED SUICIDE AND EUTHANASIA
 History
As far back as the time of Hippocrates, euthanasia and physician-assisted 
suicide were controversial issues. In 1905, a bill was introduced into the 
Ohio legislature to legalize euthanasia; it was defeated. In the mid-1930s, 
similar bills were introduced and defeated in the British Parliament and the 
Nebraska legislature. As of January 2017, physician-assisted suicide—but not 
euthanasia—has been made legal in Oregon, Washington, California, Colo-
rado, Vermont, and Washington, D.C. In Montana, the Supreme Court did 
not recognize a constitutional right to physician-assisted suicide, but it ruled 
that the law permitting the termination of life-sustaining treatment protected 
physicians from prosecution if they helped hasten the death of a consenting, 
rational, terminally ill patient. Of note, however, is that the American College 
of Physicians does not currently support the legalization of physician-assisted 
suicide.6 Both euthanasia and physician-assisted suicide are legal in the Neth-
erlands, Belgium, and Luxembourg, and physician-assisted suicide is legal in  
Switzerland.

 Definition and Justification
The terms euthanasia and physician-assisted suicide require careful definition 
(Table 2-3). So-called passive and indirect euthanasia are misnomers and not 
actual instances of euthanasia; rather, they are ethical and legal ways to ter-
minate care.

available, they will not solve the problem of actually having a conversation 
between the physician and the patient about advance care planning. Starting 
that conversation still seems to be a persistent barrier.

Just as proxies are poor at predicting patients’ wishes, data show that physi-
cians are even worse at determining patients’ preferences for life-sustaining 
treatments. In one study, for example, 30% of family conferences between 
clinicians and surrogates did not discuss preferences for end-of-life decision 
making for patients who were at high risk of death.4 In many cases, life-sustaining 
treatments are continued even when patients or their proxies desire them to 
be stopped. Conversely, many physicians discontinue or never begin interven-
tions unilaterally without the knowledge or consent of patients or their sur-
rogate decision makers. These discrepancies emphasize the importance of 
engaging patients early on in their care about treatment preferences.

 Practical Considerations
Many practical considerations are applicable to enacting the right to terminate 
medical treatment (Table 2-2). First, patients have a right to refuse any and 
all medical interventions.

The question of what medical interventions can be terminated—or not 
started—is a recurrent topic of debate among physicians and other health 
care providers. Initiation of cardiopulmonary resuscitation was the focus of 
early court cases. Courts have made clear that any treatment prescribed by a 
physician and administered by a health care provider can be stopped if it is 
more harmful than beneficial.5 The issue is not whether the treatment is ordi-
nary, extraordinary, or heroic, or whether it is high-technology or low-
technology. Treatments that can be stopped include not only ventilators, 
artificial nutrition, and hydration, but also dialysis, pacemakers, ventricular 
assist devices, antibiotics, and any medication.

Second, there is no ethical or legal difference between withholding an inter-
vention and withdrawing it. If a respirator or other treatment is started because 
physicians are uncertain whether a patient would have wanted it, they always 
can stop it later when information clarifies the patient’s wishes. Although 

also tend to underestimate patients’ future functional status and satisfaction. 
Similarly, a proxy’s predictions on a mentally incapacitated patient’s life-
sustaining preferences are often inaccurate. In cases in which the patient is 
diagnosed with dementia, families tend to agree with patients on decisions 
regarding life-sustaining treatment two thirds of the time, better but not much 
better than the 50% agreement based on chance alone. Such confusion on 
how to decide for incapacitated patients can create conflicts among family 
members or between the family and medical providers. In such circumstances, 
an ethics consultation may be helpful.

 TERMINATION OF MEDICAL INTERVENTIONS
 History
Since the origins of medicine, withholding medical treatment from terminally 
ill patients while still providing palliative care, thereby allowing “nature to 
take its course,” has been deemed ethical.3 Hippocrates argued that physicians 
should “refuse to treat those [patients] who are overmastered by their disease.” 
In the 19th century, prominent American physicians advocated withholding 
cathartic and emetic “treatments” from the terminally ill. In 1900, the editors 
of The Lancet argued that physicians should intervene to ease the pain of death 
and that they did not have an obligation to prolong a clearly terminal life. The 
contemporary debate on terminating care began in 1976 with the Quinlan 
case, in which the New Jersey Supreme Court ruled that patients had a right 
to refuse life-sustaining interventions on the basis of a right to privacy, and 
that the family could exercise that right for a patient in a persistent vegetative 
state.

 Definition and Justification
It generally is agreed that all patients have a right to refuse medical interven-
tions. Ethically, this right is based on the patient’s right to autonomy and is 
implied by the doctrine of informed consent. Legally, state courts have cited 
the right to privacy, the right to bodily integrity, and common law to justify 
the right to refuse medical treatment. In the 1990 Cruzan case, and in the 
subsequent physician-assisted suicide cases, the U.S. Supreme Court affirmed 
that there is a “constitutionally protected right to refuse lifesaving hydration 
and nutrition.” The Court stated that “[A] liberty interest [based on the 14th 
Amendment] in refusing unwanted medical treatment may be inferred from 
our prior decisions.” All patients have both a constitutional and an ethical 
right to refuse medical interventions. These rulings were the basis of consistent 
state and federal court rulings in the Schiavo case to permit the husband to 
terminate artificial nutrition and hydration for his terminally ill wife in a veg-
etative state (Chapter 376).

 Empirical Data
Data show that termination of medical treatments is now the norm, and the 
trend has shifted toward stopping medical interventions based on the prefer-
ences of patients and their surrogate decision makers. Over 85% of Americans 
and 90% of decedents in intensive care units do not receive cardiopulmonary 
resuscitation. Of decedents in intensive care units, more than 85% die after 
the withholding or withdrawal of medical treatments, with an average of 2.6 
interventions being withheld or withdrawn per decedent.

Despite extensive public support for use of advance care directives and the 
passage of the Patient Self-Determination Act mandating that health care 
institutions inform patients of their right to complete such documents, less 
than 40% of Americans appear to have completed any written form of end-
of-life decisions. Among Americans ages 75 and older, 1 in 5 have neither 
written nor talked with someone about their wishes for medical treatment at 
the end of their lives. Data suggest that although over 40% of patients required 
active decision making about terminating medical treatments in their final 
days, more than 70% lacked actual decision-making capacity, thereby empha-
sizing the importance of completing advance directives.

Efforts to improve completion of advance care directives have generated 
mixed results. In La Crosse County, Wisconsin, for example, after health care 
organizations in the county added an “Advance Directive” section to their 
electronic medical records, 90% of decedents had some type of advance direc-
tive. Unfortunately, even successful pilot efforts like La Crosse County’s have 
not been adopted or easily scaled. A persistent problem has been that even 
when patients complete advance care directives, the documents frequently 
are not readily available, physicians do not know they exist, or they tend to 
be too general or vague to guide decisions. The increasing use of electronic 
health records should make it possible for advance directives to be available 
whenever and wherever the patient presents to a health care provider. Although 
electronic health records will help in making existing advance directives 

suggest that patients who have less of a desire to make their own decisions 
generally are more satisfied with how the decisions are ultimately made.

 Practical Considerations
Implementing informed consent raises questions about the extent to which 
information should be disclosed and how to disclose it. Physicians should 
disclose at least six fundamental elements of information to patients: (1) 
diagnosis and prognosis; (2) nature of the proposed intervention; (3) 
alternative interventions, including no treatment; (4) risks associated with 
each alternative; (5) benefits of each alternative; and (6) likely outcomes of 
these alternatives (Table 2-1). Because risk is usually a physician’s principal 
concern, physicians also should disclose (1) the nature of the risks, (2) their 
magnitude, (3) the probability that each risk will occur, and (4) when the 
consequence might occur. Increasingly, these disclosures should include data 
both from clinical trials and from the institution and physician performing 
the test and treatments. In general, all serious risks, such as death, paralysis, 
stroke, infections, or chronic pain, even if rare, should be disclosed, as should  
common risks.

The key challenge in providing this information is doing so within reason-
able time constraints and without overwhelming the patient with unnecessarily 
complex or technical details. Fortunately, time constraints can be somewhat 
ameliorated by using interactive electronic media that allow patients to view 
information on their own schedules while facilitating the transfer of basic 
information.

The question of how much physicians should disclose has been approached 
differently state-by-state. Generally, states have adopted one of two divergent 
legal standards. The physician or customary standard, adapted from malprac-
tice law, states that the physician should disclose all information “which a 
reasonable medical practitioner would make under the same or similar cir-
cumstances.” Conversely, the reasonable person or lay-oriented standard states 
that physicians should disclose all information that a “reasonable person in 
the patient’s circumstances would find material” to the medical decision. 
The physician standard is factual and can be determined empirically, but the 
patient-oriented standard, which is meant to engage physicians with patients, 
is hypothetical. Currently, each standard is used by about half of the United 
States. In 2015, the United Kingdom’s Supreme Court ruled that the standard 
for what information a physician should disclose should not be determined by 
what a reasonable physician would do, but rather by what a reasonable patient  
would want.

The requirement of informed consent has no exceptions. In emergency 
situations, consent can be assumed under the belief that patients’ interests 
are in survival and retaining maximal mental and physical functioning; as a 
result, reasonable persons would want treatment. In some circumstances, 
physicians may believe the process of informed consent could pose a serious 
psychological threat. In rare cases, the “therapeutic privilege” of promoting a 
patient’s well-being trumps autonomy, but physicians should be wary of invok-
ing this exception too readily.

If patients are deemed mentally incompetent to make medical decisions, 
family members—beginning with spouse, children, parents, siblings, then 
more distant relatives—usually are selected as surrogates or proxies, although 
there may be concerns about conflicting interests or knowledge of the patient’s 
wishes. In the relatively rare circumstance in which a patient has formally 
designated a proxy, that person has decision-making authority.

The substituted judgment standard states that the proxy should choose what 
the patient would choose if he or she were competent. The best interests stan-
dard states that the proxy should choose what is best for the patient. However, 
it is often not clear what the patient would have decided, because the situation 
was not discussed with the patient and he or she left no living will. Similarly, 
what is considered “best” for a patient can be controversial because of tradeoffs 
between quality of life and pure survival. These problems are complicated by 
the poor ability of many proxies to predict a patient’s quality of life; proxies 

TABLE 2-1 FUNDAMENTAL ELEMENTS FOR DISCLOSURE  
TO PATIENTS

Diagnosis and prognosis
Nature of proposed intervention
Reasonable alternative interventions
Risks associated with each alternative intervention
Benefits associated with each alternative intervention
Probable outcomes of each alternative intervention
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physicians and nurses might find stopping a treatment to be more difficult 
psychologically, withdrawal is ethically and legally permitted—and required—
when it is consonant with the patient’s wishes.

Third, competent patients have the exclusive right to make decisions about 
terminating their own care. If there is a conflict between a competent patient 
and his or her family, the patient’s wishes are to be followed. It is the patient’s 
right to refuse treatment, not the family’s right. For mentally incompetent 
patients, the situation is more complex. If the patients left clear indications 
of their wishes, whether as explicit oral statements or as written advance care 
directives, these wishes should be followed. Physicians should not be overly 
concerned about the precise form patients use to express their wishes; because 
patients have a constitutional right to refuse treatment, the real concern is 
whether the wishes are clear and relevant to the situation. If an incompetent 
patient did not leave explicit indications of his or her wishes or designate a 
proxy decision maker, the physician should identify a surrogate decision maker 
and rely on the decision maker’s wishes. Some state courts have restricted 
what treatments a proxy decision-maker can terminate, thereby requiring the 
incompetent patient to have given very specific instructions about the particular 
treatments he or she does not want to receive and the conditions under which 
care should be withheld or withdrawn. This requirement severely limits the 
authority and power of proxy decision makers.

Fourth, the right to refuse medical treatment does not translate into a right 
to demand any treatment, especially treatments that have no pathophysiologic 
rationale, have already failed, or are known to be harmful. Futility has become 
a justification to permit physicians unilaterally to withhold or withdraw treat-
ments despite the family’s requests for treatment. Some states, such as Texas, 
have enacted futility laws, which prescribe procedures by which physicians 
can invoke futility either to transfer a patient or to terminate interventions. 
However, the principle of futility is not easy to implement in medical practice. 
Initially, some commentators advocated that an intervention was futile when 
the probability of success was 1% or lower. Although this threshold seems to 
be based on empirical data, it is a covert value judgment. Because the declara-
tion of futility is meant to justify unilateral determinations by physicians, it 
generally has been viewed as an inappropriate assertion that undermines 
physician-patient communication and violates the principle of shared decision 
making. Similar to the distinction between ordinary and extraordinary care, 
futility is increasingly viewed as more obfuscating than clarifying and is there-
fore being invoked much less often.

For example, a recent California case involved a 13-year-old girl who suf-
fered a cardiac arrest during a tonsillectomy and adenoidectomy and who was 
subsequently declared brain dead. Her family refused to accept the determina-
tion of death and sued. After several legal appeals, courts agreed that she was 
dead. Her body was nevertheless given on a respirator to the county coroner, 
who then transferred the body to the parents. The parents kept the body and 
authorized that a tracheostomy and a feeding tube be inserted. The court 
ruled that neither physicians nor a medical facility had any obligation to provide 
treatments to a dead body, even if the parents asserted, contrary to medical 
experts, that the patient was not dead.

 ASSISTED SUICIDE AND EUTHANASIA
 History
As far back as the time of Hippocrates, euthanasia and physician-assisted 
suicide were controversial issues. In 1905, a bill was introduced into the 
Ohio legislature to legalize euthanasia; it was defeated. In the mid-1930s, 
similar bills were introduced and defeated in the British Parliament and the 
Nebraska legislature. As of January 2017, physician-assisted suicide—but not 
euthanasia—has been made legal in Oregon, Washington, California, Colo-
rado, Vermont, and Washington, D.C. In Montana, the Supreme Court did 
not recognize a constitutional right to physician-assisted suicide, but it ruled 
that the law permitting the termination of life-sustaining treatment protected 
physicians from prosecution if they helped hasten the death of a consenting, 
rational, terminally ill patient. Of note, however, is that the American College 
of Physicians does not currently support the legalization of physician-assisted 
suicide.6 Both euthanasia and physician-assisted suicide are legal in the Neth-
erlands, Belgium, and Luxembourg, and physician-assisted suicide is legal in  
Switzerland.

 Definition and Justification
The terms euthanasia and physician-assisted suicide require careful definition 
(Table 2-3). So-called passive and indirect euthanasia are misnomers and not 
actual instances of euthanasia; rather, they are ethical and legal ways to ter-
minate care.

available, they will not solve the problem of actually having a conversation 
between the physician and the patient about advance care planning. Starting 
that conversation still seems to be a persistent barrier.

Just as proxies are poor at predicting patients’ wishes, data show that physi-
cians are even worse at determining patients’ preferences for life-sustaining 
treatments. In one study, for example, 30% of family conferences between 
clinicians and surrogates did not discuss preferences for end-of-life decision 
making for patients who were at high risk of death.4 In many cases, life-sustaining 
treatments are continued even when patients or their proxies desire them to 
be stopped. Conversely, many physicians discontinue or never begin interven-
tions unilaterally without the knowledge or consent of patients or their sur-
rogate decision makers. These discrepancies emphasize the importance of 
engaging patients early on in their care about treatment preferences.

 Practical Considerations
Many practical considerations are applicable to enacting the right to terminate 
medical treatment (Table 2-2). First, patients have a right to refuse any and 
all medical interventions.

The question of what medical interventions can be terminated—or not 
started—is a recurrent topic of debate among physicians and other health 
care providers. Initiation of cardiopulmonary resuscitation was the focus of 
early court cases. Courts have made clear that any treatment prescribed by a 
physician and administered by a health care provider can be stopped if it is 
more harmful than beneficial.5 The issue is not whether the treatment is ordi-
nary, extraordinary, or heroic, or whether it is high-technology or low-
technology. Treatments that can be stopped include not only ventilators, 
artificial nutrition, and hydration, but also dialysis, pacemakers, ventricular 
assist devices, antibiotics, and any medication.

Second, there is no ethical or legal difference between withholding an inter-
vention and withdrawing it. If a respirator or other treatment is started because 
physicians are uncertain whether a patient would have wanted it, they always 
can stop it later when information clarifies the patient’s wishes. Although 

TABLE 2-2 PRACTICAL CONSIDERATIONS IN TERMINATION 
OF MEDICAL TREATMENTS

PRACTICAL QUESTION ANSWER
Is there a legal right to refuse 

medical interventions?
Yes. The U.S. Supreme Court declared that 

competent people have a constitutionally 
protected right to refuse unwanted medical 
treatments based on the 14th Amendment.

What interventions can be legally 
and ethically terminated?

Any and all interventions (including respirators, 
antibiotics, pacemakers, ventricular assist 
devices, intravenous or enteral nutrition and 
hydration) can be legally and ethically 
terminated.

Is there a difference between 
withholding life-sustaining 
interventions and withdrawing 
them?

No. The consensus is that there is no important 
legal or ethical difference between 
withholding and withdrawing medical 
interventions. Stopping a treatment once 
begun is just as ethical as never having 
started it.

Whose view about terminating 
life-sustaining interventions 
prevails if there is a conflict 
between the patient and family?

The views of a competent adult patient prevail. 
It is the patient’s body and life.

Who decides about terminating 
life-sustaining interventions if 
the patient is incompetent?

If the patient appointed a proxy or surrogate 
decision maker when competent, that person 
is legally empowered to make decisions 
about terminating care. If no proxy was 
appointed, there is a legally designated 
hierarchy, usually (1) spouse, (2) adult 
children, (3) parents, (4) siblings, and (5) 
available relatives.

Are advance care directives legally 
enforceable?

Yes. As a clear expression of the patient’s wishes, 
they are a constitutionally protected method 
for patients to exercise their right to refuse 
medical treatments. In almost all states, clear 
and explicit oral statements are legally and 
ethically sufficient for decisions about 
withholding or withdrawing medical 
interventions.
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 Empirical Data
Financial conflicts are not rare, but they are frequently under-reported. The 
more imaging facilities and specialty referrals a practice has, the greater the 
utilization of medical services and the higher the health care spending—often 
without any clear benefit to the patients. In Florida, nearly 40% of physicians 
are owners of freestanding facilities to which they refer patients. In one study, 
4 to 4.5 times more imaging examinations were ordered by self-referring physi-
cians than by physicians who referred patients to radiologists. Similarly, patients 
referred to joint-venture physical therapy facilities have an average of 16 visits 
compared with 11 at non–joint-venture facilities. A recent study of urologists 
found that those who had integrated radiation facilities into their practices 
increased their radiation use by 2.5 times compared with urologists who did 
not have financial relationships with radiation facilities.

Similarly, multiple studies have shown that interaction with pharmaceutical 
representatives can lead to prescribing of new drugs, nonrational prescribing, 
and decreased use of generic drugs by physicians. Industry funding for con-
tinuing medical education payment for travel to educational symposia increases 
prescribing of the sponsor’s drug. A study of 1,400 FDA advisory committee 
members found that 13% had some financial interest in a drug company whose 
product was being reviewed by that committee; these members had a 63% 
chance of voting for its approval, and an 84% chance of doing so if they sat 
on advisory boards for that company. A separate study found that 80% of 
U.S.-based hematologist-oncologists who use Twitter, often to tweet about 
pharmaceutical products, have at least one financial conflict of interest, with 
median payments of over $1000.11

Regarding researcher conflicts of interest, the available data suggest that 
corporate funding does not appear to compromise the design and methodol-
ogy of clinical research; in fact, commercially funded research may be meth-
odologically more rigorous than government- or foundation-supported research. 
Conversely, data suggest that financial interests do distort researchers’ inter-
pretation of data. The most important impact of financial interests, however, 
appears to be on dissemination of research studies. Growing evidence suggests 
the suppression or selective publication of data unfavorable to corporate spon-
sors but the repeated publication of favorable results.

 Practical Considerations
First, financial conflicts of interest are inherent in any profession in which the 
professional earns income from rendering a service. Second, conflicts come 
in many different forms, from legitimate payment for services rendered and 
ownership of medical laboratories and facilities, to drug company dinners, 
payment for attendance at pharmaceutical meetings, and consultation with 
companies.

Third, in considering how to manage conflicts, it is important to note that 
people are poor judges of their own potential conflicts. Individuals often cannot 
distinguish the various influences that guide their judgments, do not think of 
themselves as inherently bad, and do not imagine that payment shapes their 
judgments. Physicians tend to be defensive about charges of conflicts of inter-
est. In addition, conflicts tend to act insidiously, subtly changing practice pat-
terns so that they then become what appear to be justifiable norms.

Fourth, rules—whether laws, regulations, or professional standards—to 
regulate conflicts of interest are based on two considerations: (1) the likeli-
hood that payment or other secondary interests would create a conflict, with 
greater financial interest tending to increase the risk of compromised judgment, 
and (2) the magnitude of the potential harm if judgment is compromised. 
Rules tend to be of three types: (1) disclosure of conflicts, (2) management 
of conflicts, and (3) outright prohibition. Federal law bans certain types of 
self-referral of physicians in the Medicare program. The American Medical 
Association and the Pharmaceutical Research and Manufacturers of America 
have established joint rules that permit physicians to accept gifts of minimal 
value but “refuse substantial gifts from drug companies, such as the costs of 
travel, lodging, or other personal expenses…for attending conferences or 
meetings.” Additionally, the Physician Payment Sunshine Act, which was passed 
in 2010 as part of the Affordable Care Act and went into effect in August 
2013, requires that drug and device manufacturers report all payments and 
transfers of value given to physicians to the Centers for Medicare and Medicaid 
Services so that such information can be published on a searchable public 
website.

Fifth, there is much emphasis on disclosure of conflicts, with the implicit 
idea being that sunshine is the best disinfectant. Disclosure may be useful in 
publications for peers, but it is unclear whether this is a suitable safeguard in 

and psychological palliation have failed. A consensus—with slight differences—
among American states and European countries has emerged on safeguards. 
These safeguards include: (1) the patient must be competent and must request 
euthanasia or physician-assisted suicide repeatedly and voluntarily; (2) in the 
Netherlands and other European countries, the patient must have unbearable 
pain or other suffering that cannot be relieved by optimal palliative interven-
tions; by comparison, there is no requirement for suffering in the United States, 
but the patient must be terminally ill; (3) there should be a waiting period 
to ensure that the patient’s desire for euthanasia or physician-assisted suicide 
is stable and sincere; and (4) the physician should obtain a second opinion 
from an independent physician. Although there have been some prosecu-
tions in the United States, there have been no convictions—except for Dr. 
Kevorkian—when physicians and others have participated in euthanasia and 
physician-assisted suicide.

 FINANCIAL CONFLICTS OF INTEREST
 History
Worrying about how payment structures and fees compromise the integrity 
of medical decision making is not new. In 1899, a physician reported that 
more than 60% of surgeons in Chicago were willing to provide a 50% com-
mission to physicians for referring cases. He subsequently argued that in some 
cases, this fee splitting led to unnecessary surgical procedures. A 1912 study 
by the American Medical Association confirmed that fee splitting was a common 
practice and it added to the list of physicians’ financial conflicts of interest 
acts, which included selling patented medicines and patenting surgical instru-
ments. In the 1990s, the ethics of pharmaceutical and biotech companies 
paying clinical researchers and physicians again raised the issue of financial 
conflicts of interest.

 Definition and Justification
A conflict of interest occurs when a physician’s secondary interests, such as 
making money, risks compromising or undermining a physician’s primary 
interest, especially promoting a patient’s well-being. Physicians also have other 
primary interests: (1) to advance biomedical research, (2) to educate future 
physicians, and, more controversially, (3) to promote public health (Table 
2-4). Physicians also have other, secondary interests, such as earning income, 
raising a family, contributing to the profession, and pursuing avocational inter-
ests, such as hobbies. These secondary interests are not evil; typically, they 
are legitimate, even admirable. A conflict of interest occurs when one of these 
secondary interests could compromise pursuit of a primary interest, especially 
the patient’s well-being.

Conflicts of interest are problematic because they can, or at least appear 
to, compromise the integrity of physicians’ judgment, the patient’s well-being, 
or research. Conflicts of interest can induce a physician to do something—
perform a procedure, fail to order a test, or distort data—that may not be in 
a patient’s best interest. These conflicts can undermine the trust of both the 
patient and the public, not only in an individual physician but also in the 
medical profession at large.

Sometimes a distinction may be claimed between actual and potential con-
flicts of interest, suggesting that a conflict exists only when a physician’s judg-
ment is actually distorted or undermined. This concept is wrong. An actual 
conflict of interest occurs when a reasonable person could suspect that the 
physician’s judgment could have been altered by the secondary interest. Appear-
ances can be damaging, because it is difficult for patients and the public to 
determine what motives influence a physician’s decision and it often is impos-
sible to know whether judgment actually has been distorted. Financial conflicts 
of interest are of particular concern, not because they are worse than other 
types of conflicts, but rather because they are more pervasive, identifiable, 
and regulated compared with other conflicts. Since ancient times, the ethical 
norm on conflicts has been clear: the physician’s primary obligation is to the 
patient’s well-being, and a physician’s personal financial well-being comes 
second and should never compromise this duty.

euthanasia and physician-assisted suicide would undermine the physician-
patient relationship or lead to forced euthanasia is completely speculative 
and not borne out by the available data.

In its 1997 decisions, the U.S. Supreme Court stated that there is no con-
stitutional right to euthanasia and physician-assisted suicide, but that there 
also is no constitutional prohibition against states legalizing these interven-
tions. Consequently, five states and the District of Columbia (see above) have 
constitutionally legalized physician-assisted suicide, and others may do so 
either by legislation or ballot measure.

 Empirical Data
Attitudes and practices related to euthanasia and physician-assisted suicide 
have been studied extensively.7 Two thirds of Americans say there are some 
situations in which a patient should be allowed to die, but 30% say that medical 
professionals should always do everything possible to save a patient’s life. 
About 60% of adults think that these interventions are moral for a person 
who has an incurable disease and is suffering great pain with no hope of 
improvement. However, public support dramatically decreases to below 40% 
for patients who are ready to die because living is a burden or for patients 
who are burdensome to their families. Overall, public support for physician-
assisted suicide in the United States remains just below 50%.

Physicians tend to be much less supportive of euthanasia and physician-
assisted suicide than the public, with oncologists, palliative care physicians, 
and geriatricians among the least supportive. Among American and British 
physicians, the majority opposes legalizing either practice.

Approximately 25% of American physicians have received requests for 
euthanasia or physician-assisted suicide, including about 50% of oncologists. 
Studies also indicate that less than 5% of American physicians have performed 
euthanasia or physician-assisted suicide. Surveys of oncologists indicate that 
about 4% have performed euthanasia and about 11% have performed physician-
assisted suicide during their careers.

Safeguards for euthanasia and physician-assisted suicide are frequently 
violated. For example, one study found 54% of euthanasia requests came from 
the family. In about 40% of euthanasia and 20% of physician-assisted suicide 
cases, the patient was depressed; in only half of the cases was the request 
repeated, irrespective of treatment.

Oregon has legally permitted physician-assisted suicide for the longest of 
any U.S. jurisdiction. Data show that over 70% of patients receiving physician-
assisted suicide had cancer. Other characteristics strongly linked to requesting 
physician-assisted suicide included age over 65 years, white race, more formal 
education, and having medical insurance.

Importantly, use of physician-assisted suicide is rare. Over 20 years, less 
than 0.4% of all dying patients died by physician-assisted suicide.8 In the 
Netherlands and Belgium, where both euthanasia and physician-assisted suicide 
are legal, less than 2% of all deaths are by these measures, with 0.4 to 1.8% of 
all deaths as the result of euthanasia without the patient’s consent.9

Counterintuitively, in all jurisdictions where it has been studied, pain is 
not the primary motivation for requesting euthanasia or physician-assisted 
suicide. In Oregon, loss of autonomy, dignity, and fear of being a burden are 
cited by patients as the predominant motives. In addition, psychological dis-
tress, especially depression and hopelessness, seem to be more important than 
pain. Interviews with physicians and with patients with amyotrophic lateral 
sclerosis, cancer, or infection with human immunodeficiency virus show that 
pain is not associated with interest in euthanasia or physician-assisted suicide; 
instead, depression and hopelessness are the strongest predictors of interest. 
These findings raise important issues about the involvement of mental health 
experts in attempts to determine whether psychiatric treatment would change 
a patient’s views.10

Finally, data from the Netherlands and the United States suggest that there 
are significant problems in performing euthanasia and physician-assisted suicide. 
Dutch researchers reported that physician-assisted suicide causes complica-
tions in 7% of cases. Furthermore, the patients did not die, awoke from coma, 
or vomited up the medication in 15% of cases. Ultimately, in nearly 20% of 
physician-assisted suicide cases, the physician ended up injecting the patient 
with life-ending medication, converting physician-assisted suicide to euthanasia. 
These data raise serious questions about how to address complications of 
physician-assisted suicide when euthanasia is illegal or unacceptable.

 Practical Considerations
There is widespread agreement that if euthanasia and physician-assisted suicide 
are used, they should be considered only after all reasonable attempts at physical 

There are four arguments against permitting euthanasia and physician-assisted 
suicide. First, Kant and Mill, the philosophical champions of individual 
autonomy, believed that autonomy itself did not allow a person voluntarily 
to end conditions that made them autonomous. As a result, both philosophers 
were against voluntary enslavement and suicide. They therefore argued that 
the exercise of autonomy cannot include the ending of life, which would mean 
ending the possibility of exercising autonomy. Second, many dying patients 
may experience pain and suffering as the result of not receiving appropriate 
care. It is therefore possible that adequate care and pain management (Chapter 
27) might relieve suffering without the need for euthanasia or physician-assisted 
suicide (Chapter 3). Although some patients may experience uncontrolled 
pain despite optimal end-of-life care, relatively few give pain as the justification 
for seeking euthanasia or physician-assisted suicide. Third, there is a clear 
ethical distinction between intentionally ending a life and terminating life-
sustaining treatments. Both the motivations and physical acts are different. 
Injecting a life-ending medication, or providing a prescription for one, is not 
the same as removing or refraining from introducing an invasive medical 
intervention. Finally, permitting euthanasia and physician-assisted suicide may 
introduce adverse consequences. There are disturbing reports of involuntary 
euthanasia in the Netherlands and Belgium, and many worry about coercion 
of expensive or burdensome patients to accept euthanasia or physician-assisted 
suicide. Permitting euthanasia and physician-assisted suicide is likely to lead 
to further intrusions of lawyers, courts, and legislatures into the physician-
patient relationship.

There are four parallel arguments for permitting euthanasia and physician-
assisted suicide. First, it is argued that autonomy justifies euthanasia and 
physician-assisted suicide. To respect autonomy requires permitting individuals 
to decide when and how it is better to end their lives. Second, beneficence—
furthering the well-being of individuals—supports permitting euthanasia and 
physician-assisted suicide. In some cases, living can create more pain and suf-
fering than death; ending a painful life relieves more suffering and produces a 
net good for the patient. Just the reassurance of having the option of euthanasia 
or physician-assisted suicide, even if not used, can provide “psychological 
insurance” and be beneficial to people. Third, euthanasia and physician-assisted 
suicide are no different from termination of life-sustaining treatments that are 
recognized as ethically justified. In both cases, the patient consents to die; 
in both cases, the physician intends to end the patient’s life and takes some 
action to end the patient’s life; and in both cases, the final result is the same: 
the patient’s death. With no difference in the patient’s consent, the physician’s 
intention, or the final result, there can be no difference in the ethical justifica-
tion. Fourth, the supposed slippery slope that would result from permitting 
euthanasia and physician-assisted suicide is unlikely. The idea that permitting 

TABLE 2-3 DEFINITIONS OF ASSISTED SUICIDE  
AND EUTHANASIA

TERM DEFINITION
Voluntary active 

euthanasia
Intentional administration of medications or other 

interventions to cause the patient’s death with the patient’s 
informed consent

Involuntary active 
euthanasia

Intentional administration of medications or other 
interventions to cause the patient’s death when the patient 
was competent to consent but did not consent (e.g., the 
patient may not have been asked)

Nonvoluntary active 
euthanasia

Intentional administration of medications or other 
interventions to cause the patient’s death when the patient 
was incompetent and was mentally incapable of consenting 
(e.g., the patient might have been in a coma)

Passive euthanasia Withholding or withdrawal of life-sustaining medical 
treatments from a patient to let him or her die (termination 
of life-sustaining treatments)—a poor term that should not 
be used

Indirect euthanasia Administration of narcotics or other medications to relieve 
pain with the incidental consequence of causing sufficient 
respiratory depression to result in the patient’s death

Physician-assisted 
suicide

A physician provides prescription medications or other 
interventions to a patient with the understanding that the 
patient can use them to commit suicide
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 Empirical Data
Financial conflicts are not rare, but they are frequently under-reported. The 
more imaging facilities and specialty referrals a practice has, the greater the 
utilization of medical services and the higher the health care spending—often 
without any clear benefit to the patients. In Florida, nearly 40% of physicians 
are owners of freestanding facilities to which they refer patients. In one study, 
4 to 4.5 times more imaging examinations were ordered by self-referring physi-
cians than by physicians who referred patients to radiologists. Similarly, patients 
referred to joint-venture physical therapy facilities have an average of 16 visits 
compared with 11 at non–joint-venture facilities. A recent study of urologists 
found that those who had integrated radiation facilities into their practices 
increased their radiation use by 2.5 times compared with urologists who did 
not have financial relationships with radiation facilities.

Similarly, multiple studies have shown that interaction with pharmaceutical 
representatives can lead to prescribing of new drugs, nonrational prescribing, 
and decreased use of generic drugs by physicians. Industry funding for con-
tinuing medical education payment for travel to educational symposia increases 
prescribing of the sponsor’s drug. A study of 1,400 FDA advisory committee 
members found that 13% had some financial interest in a drug company whose 
product was being reviewed by that committee; these members had a 63% 
chance of voting for its approval, and an 84% chance of doing so if they sat 
on advisory boards for that company. A separate study found that 80% of 
U.S.-based hematologist-oncologists who use Twitter, often to tweet about 
pharmaceutical products, have at least one financial conflict of interest, with 
median payments of over $1000.11

Regarding researcher conflicts of interest, the available data suggest that 
corporate funding does not appear to compromise the design and methodol-
ogy of clinical research; in fact, commercially funded research may be meth-
odologically more rigorous than government- or foundation-supported research. 
Conversely, data suggest that financial interests do distort researchers’ inter-
pretation of data. The most important impact of financial interests, however, 
appears to be on dissemination of research studies. Growing evidence suggests 
the suppression or selective publication of data unfavorable to corporate spon-
sors but the repeated publication of favorable results.

 Practical Considerations
First, financial conflicts of interest are inherent in any profession in which the 
professional earns income from rendering a service. Second, conflicts come 
in many different forms, from legitimate payment for services rendered and 
ownership of medical laboratories and facilities, to drug company dinners, 
payment for attendance at pharmaceutical meetings, and consultation with 
companies.

Third, in considering how to manage conflicts, it is important to note that 
people are poor judges of their own potential conflicts. Individuals often cannot 
distinguish the various influences that guide their judgments, do not think of 
themselves as inherently bad, and do not imagine that payment shapes their 
judgments. Physicians tend to be defensive about charges of conflicts of inter-
est. In addition, conflicts tend to act insidiously, subtly changing practice pat-
terns so that they then become what appear to be justifiable norms.

Fourth, rules—whether laws, regulations, or professional standards—to 
regulate conflicts of interest are based on two considerations: (1) the likeli-
hood that payment or other secondary interests would create a conflict, with 
greater financial interest tending to increase the risk of compromised judgment, 
and (2) the magnitude of the potential harm if judgment is compromised. 
Rules tend to be of three types: (1) disclosure of conflicts, (2) management 
of conflicts, and (3) outright prohibition. Federal law bans certain types of 
self-referral of physicians in the Medicare program. The American Medical 
Association and the Pharmaceutical Research and Manufacturers of America 
have established joint rules that permit physicians to accept gifts of minimal 
value but “refuse substantial gifts from drug companies, such as the costs of 
travel, lodging, or other personal expenses…for attending conferences or 
meetings.” Additionally, the Physician Payment Sunshine Act, which was passed 
in 2010 as part of the Affordable Care Act and went into effect in August 
2013, requires that drug and device manufacturers report all payments and 
transfers of value given to physicians to the Centers for Medicare and Medicaid 
Services so that such information can be published on a searchable public 
website.

Fifth, there is much emphasis on disclosure of conflicts, with the implicit 
idea being that sunshine is the best disinfectant. Disclosure may be useful in 
publications for peers, but it is unclear whether this is a suitable safeguard in 

and psychological palliation have failed. A consensus—with slight differences—
among American states and European countries has emerged on safeguards. 
These safeguards include: (1) the patient must be competent and must request 
euthanasia or physician-assisted suicide repeatedly and voluntarily; (2) in the 
Netherlands and other European countries, the patient must have unbearable 
pain or other suffering that cannot be relieved by optimal palliative interven-
tions; by comparison, there is no requirement for suffering in the United States, 
but the patient must be terminally ill; (3) there should be a waiting period 
to ensure that the patient’s desire for euthanasia or physician-assisted suicide 
is stable and sincere; and (4) the physician should obtain a second opinion 
from an independent physician. Although there have been some prosecu-
tions in the United States, there have been no convictions—except for Dr. 
Kevorkian—when physicians and others have participated in euthanasia and 
physician-assisted suicide.

 FINANCIAL CONFLICTS OF INTEREST
 History
Worrying about how payment structures and fees compromise the integrity 
of medical decision making is not new. In 1899, a physician reported that 
more than 60% of surgeons in Chicago were willing to provide a 50% com-
mission to physicians for referring cases. He subsequently argued that in some 
cases, this fee splitting led to unnecessary surgical procedures. A 1912 study 
by the American Medical Association confirmed that fee splitting was a common 
practice and it added to the list of physicians’ financial conflicts of interest 
acts, which included selling patented medicines and patenting surgical instru-
ments. In the 1990s, the ethics of pharmaceutical and biotech companies 
paying clinical researchers and physicians again raised the issue of financial 
conflicts of interest.

 Definition and Justification
A conflict of interest occurs when a physician’s secondary interests, such as 
making money, risks compromising or undermining a physician’s primary 
interest, especially promoting a patient’s well-being. Physicians also have other 
primary interests: (1) to advance biomedical research, (2) to educate future 
physicians, and, more controversially, (3) to promote public health (Table 
2-4). Physicians also have other, secondary interests, such as earning income, 
raising a family, contributing to the profession, and pursuing avocational inter-
ests, such as hobbies. These secondary interests are not evil; typically, they 
are legitimate, even admirable. A conflict of interest occurs when one of these 
secondary interests could compromise pursuit of a primary interest, especially 
the patient’s well-being.

Conflicts of interest are problematic because they can, or at least appear 
to, compromise the integrity of physicians’ judgment, the patient’s well-being, 
or research. Conflicts of interest can induce a physician to do something—
perform a procedure, fail to order a test, or distort data—that may not be in 
a patient’s best interest. These conflicts can undermine the trust of both the 
patient and the public, not only in an individual physician but also in the 
medical profession at large.

Sometimes a distinction may be claimed between actual and potential con-
flicts of interest, suggesting that a conflict exists only when a physician’s judg-
ment is actually distorted or undermined. This concept is wrong. An actual 
conflict of interest occurs when a reasonable person could suspect that the 
physician’s judgment could have been altered by the secondary interest. Appear-
ances can be damaging, because it is difficult for patients and the public to 
determine what motives influence a physician’s decision and it often is impos-
sible to know whether judgment actually has been distorted. Financial conflicts 
of interest are of particular concern, not because they are worse than other 
types of conflicts, but rather because they are more pervasive, identifiable, 
and regulated compared with other conflicts. Since ancient times, the ethical 
norm on conflicts has been clear: the physician’s primary obligation is to the 
patient’s well-being, and a physician’s personal financial well-being comes 
second and should never compromise this duty.

TABLE 2-4 PRIMARY INTERESTS OF PHYSICIANS
Promotion of the health and well-being of their patients
Advancement of biomedical knowledge through research
Education of future physicians and health care providers
Promotion of public health



the clinical setting. Disclosure may instead make patients worry more. Patients 
may have no context in which to place the disclosure or to evaluate the physi-
cian’s clinical recommendation, and they may have few other options in selecting 
a physician or getting care, especially in an acute situation. Furthermore, self-
disclosure often is incomplete, even when required.

Finally, some conflicts can be avoided by a physician’s own action. Physi-
cians can refuse to engage in personal investments in medical facilities or to 
accept gifts from pharmaceutical companies at relatively little personal cost. 
In other circumstances, the conflicts may be institutionalized, and minimizing 
them can occur only by changing the way organizations structure reimburse-
ment incentives. Capitation encourages physicians to limit medical services, 
and its potentially adverse effects are likely to be managed by institutional 
rules rather than by personal decisions.

 FUTURE DIRECTIONS
In the near future, as genetics moves from the research to the clinical setting, 
practicing physicians are increasingly likely to encounter ethical issues sur-
rounding genetic testing, counseling, and treatment. The use of genetic tests 
without the extensive counseling so common in research studies would alter 
the nature of the bioethical issues. Because these tests have serious implica-
tions for the patient and others, scrupulous attention to informed consent 
must occur. The bioethical issues raised by genetic tests for somatic cell changes, 
such as tests that occur commonly in cancer diagnosis and risk stratification, 
are no different from the issues raised with the use of any laboratory or radio-
graphic test.

In some cases, ethics consultation services may be of assistance in resolving 
bioethical dilemmas, although current data suggest that consultation services 
are used mainly for problems that arise in individual cases and are not used 
for more institutional or policy problems.
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Medical content: Conflict of interest
2. A patient with a headache goes to see his primary care physician. The 

patient describes the pain as a dull throbbing, not particularly painful, and 
as having appeared 12 hours earlier after a poor night’s sleep. The physician 
sits on an advisory board of a pharmaceutical company that makes pain 
relievers. Which of the following represents the MOST ethical course of 
action by the physician?
 A. Offer to enroll the patient in the study on a new pain relief medication 

for migraines.
 B. Order magnetic resonance imaging.
 C. Prescribe the patient pain relievers from the company on whose board 

the physician sits.
 D. Refer the patient to another provider, as the physician has too many 

conflicts of interest to be involved in this case.
 E. Recommend the patient take an over-the-counter pain reliever, go home, 

and call back if pain persists or worsens.
Answer: E The patient’s symptoms are neither severe nor life-threatening. 
Especially given the patient’s poor sleep prior to the headache’s onset, it is 
reasonable for the physician to only recommend over-the-counter pain relievers 
and follow-up should the pain persist. Enrolling the patient in the migraine 
study presents a conflict of interest because the physician would be com-
pensated for such action, and it does not appear the patient actually suffers 
from migraines. Ordering a magnetic resonance imaging scan would be an 
example of unnecessary care simply to increase the physician’s compensa-
tion. Prescribing medications from the company on which the physician sits 
on the board is also a conflict of interest, because such prescription pills are 
not needed. If the physician is cognizant of his potential conflicts of interest, 
he can still provide high-quality care without having to refer the patient to 
another provider.

REVIEW QUESTIONS

Medical content: End-of-life care
1. A 26-year-old woman collapses in her apartment because of a cardiac arrest. 

Her husband calls 9-1-1 after discovering her unconscious. Paramedics 
take her to the hospital, where she is intubated, ventilated, and ultimately 
diagnosed as being in a persistent vegetative state. The husband, appointed 
by the court as his wife’s legal guardian, moves to petition to remove the 
feeding tube. The woman’s parents oppose the movement. The woman has 
no living will. Who has the legal right to make end-of-life decisions in this 
case?
 A. The husband, as he is the legal guardian.
 B. The parents, as they are next of kin.
 C. The state, as the woman lacked a living will.
 D. The physicians, as they are the ones who would actually terminate care.
 E. The hospital’s ethics committee.

Answer: A This patient was legally incompetent and therefore unable to make 
end-of-life care decisions. Health care surrogates are selected according to the 
following priority: guardian, spouse, adult son or daughter, parents, adult 
siblings, adult relative, close friend, guardian of the estate. Her husband was 
therefore lawfully appointed to be her guardian and proxy decision maker, as 
he has higher priority than the woman’s parents. Despite the parents’ objec-
tions, the husband has full legal authority to make the final decisions.
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in more than 75% of patients with cancer. Advances such as intrathecal pumps 
and neurolytic blocks are helpful in the remaining 25% (Chapter 27). The 
use of oxygen is not helpful for refractory dyspnea except when hypoxia has 
been documented, whereas use of medications for depression often can be 
helpful (Chapter 369).

 Is the Patient Psychologically Suffering?
Patients may be physically comfortable but still suffering. Psychological symp-
toms and syndromes such as depression, delirium, and anxiety are common 
in patients with life-limiting or chronic illnesses. It may be difficult to determine 

3 
PALLIATIVE CARE
ROBERT M. ARNOLD

By 2030, 20% of the U.S. population will be older than 65 years, and people 
older than 85 years constitute the fastest growing segment of the population. 
Owing to successes in public health and medicine, many of these people will 
live the last years of their lives with chronic medical conditions such as cir-
rhosis, end-stage kidney disease, heart failure, and dementia. Even human 
immunodeficiency virus (HIV) and many cancers, once considered terminal, 
have turned into chronic diseases.

The burden associated with these illnesses and their treatments is high. 
Chronically ill patients report multiple physical and psychological symptoms 
that lower their quality of life. The economic pressures associated with medical 
care adversely affect patients’ socioeconomic status and cause family stress, 
especially among caregivers, who spend 20 or more hours a week helping 
their loved ones.

Palliative care, which was developed to decrease the burden associated with 
chronic illness, emphasizes patient- and family-centered care that optimizes 
quality of life by anticipating, preventing, and treating suffering. Palliative care 
throughout the continuum of illness addresses physical, intellectual, emotional, 

social, and spiritual needs while facilitating the patient’s autonomy, access to 
information, and choice.

Palliative care is both a subspeciality and a key component of good medicine. 
Specialty palliative care, delivered by an interdisciplinary team, is available 
concurrently with or independent of curative or life-prolonging care. Palliative 
and nonpalliative health care providers should collaborate and communicate 
about care needs while focusing on peace and dignity throughout the course 
of illness, during the dying process, and after death.

Given that most seriously ill patients are not seen by a palliative care 
subspecialist, every clinician should have basic competency in palliative 
care. For example, all primary care physicians should know the basic tenets 
of treating pain (Chapter 27) as well as how to discuss advance directives 
(Chapter 2) and give “bad” news. Specialties with a high prevalence of 
seriously ill patients, such as critical care and oncology, should have more 
advanced skills.1 Interventions to promote both specialty and primary pal-
liative care are associated with improvements in the patient’s burden of 
symptoms and quality of life, although its effects on the caregiver are less  
consistent. A1-A3 

Five points deserve special emphasis. First, palliative care can be delivered 
at any time during the course of an illness and is often provided concomitantly 
with disease-focused, life-prolonging therapy. Waiting until a patient is dying 
to provide palliative care is a serious error. For example, most elderly patients 
with chronic incurable illnesses, who might benefit from palliative care, are 
in the last 10 years of their lives but do not consider themselves to be dying. 
If palliative care is to have an impact on patients’ lives, it should be provided 
earlier in a patient’s illness, in tandem with other treatments. Second, predic-
tion is an inexact science. For most illnesses, including cancer, physicians have 
trouble accurately predicting whether a patient is in the last 6 months of life 
(E-Fig. 3-1). Third, palliative care primarily focuses on the illness’s burden 
rather than treating the illness itself. Because these burdens can be physical, 
psychological, spiritual, or social, good palliative care requires a multidisci-
plinary approach. Fourth, palliative care takes the family unit as the central 
focus of care. Treatment plans must be developed for both the patient and 
the family. Fifth, palliative care recognizes that medical treatments are not 
uniformly successful and that patients die. At some point in a patient’s illness, 
the treatments may cause more burden than benefit. Palliative care recognizes 
this reality and starts with a discussion of the patient’s goals and the develop-
ment of an individualized treatment plan.

Many people confuse palliative care with hospice—an understandable 
confusion because hospices epitomize the palliative care philosophy. The two, 
however, are different. In the United States, hospice provides palliative care, 
primarily at home, for patients who have a life expectancy of 6 months or less 
and who are willing to forgo life-prolonging treatments. However, the require-
ment that patients must have a life expectancy of 6 months or less limits 
hospice’s availability, as does the requirement that patients give up expensive 
and potentially life-prolonging treatments. Moreover, because doctors often 
are unwilling to cease these treatments until very late in the disease course, 
so are most patients.

 PALLIATIVE CARE DOMAINS
Palliative care is a philosophy of care with physical, psychological, spiritual, 
existential, social, and ethical domains. When caring for patients with chronic 
life-limiting illness, good palliative care requires that the following questions 
be addressed:

 Is the Patient Physically Comfortable?
Across many chronic conditions, patients have a large number of inadequately 
treated physical symptoms (Table 3-1). The reasons are multifactorial and 
range from inadequate physician education, to societal beliefs regarding the 
inevitability of suffering in chronic illness, to public concerns regarding opioids, 
to the lack of evidence-based treatments in noncancer patients.

The first step to improve symptom management is a thorough assessment.2 
Standardized instruments such as the Brief Pain Inventory (Fig. 3-1) measure 
both the patient’s symptoms and the effect of those symptoms on the patient’s 
life. Use of standardized instruments (such as the Edmonton Symptom Assess-
ment Scale3 [E-Fig. 3-2]) assures that physicians will identify overlooked or 
underreported symptoms and, as a result, will enhance the satisfaction of both 
the patient and family.

The evidence for the treatment of end-stage symptoms continues to improve. 
For example, palliative care can improve quality of life in patients with end-
stage heart failure, A4  who often require such help.4 The use of nonsteroidal 
anti-inflammatory agents and opioids can result in effective pain management 
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ABSTRACT
Palliative care, which was developed to decrease the burden associated with 
chronic illness, emphasizes patient- and family-centered care that optimizes 
quality of life by anticipating, preventing, and treating suffering. It is both a 
subspecialty and a key component of good medical care for seriously ill patients. 
Palliative care should be delivered throughout the course of a patient’s illness—
from diagnosis through death. The specialty involves a multidisciplinary group 
of clinicians who work with the patients’ primary clinicians to provide an 
extra layer of support. When caring for patients with serious illness, good 
palliative care requires that the following questions be addressed: (1) is the 
patient’s care consistent with his or her goals; (2) is the patient physically 
comfortable or psychologically suffering; and (3) is the family suffering. 
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E-FIGURE 3-2. edmonton Symptom assessment System. (Hui D, Bruera e. the edmonton Symptom assessment System 25 years later: past, present, and future developments. J Pain 
Symptom Manage. 2017;53:630-643.) 
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whether increased morbidity and mortality are caused by the physical effects 
of the illness or by the psychological effects of depression and anxiety on 
energy, appetite, or sleep. Screening questions focusing on mood (e.g., “Have 
you felt down, depressed, and hopeless most of the time for the past 2 weeks?”) 
and anhedonism (e.g., “Have you found that little brings you pleasure or joy 
in the past 2 weeks?”) have been shown to help in diagnosing depression in 
this population. Increasing data show that treatment of depression in chronic 
illness is possible and improves both morbidity and mortality.

For patients and families facing mortality, existential and spiritual con-
cerns are common. Progressive illness often raises questions of love, legacy, 

in more than 75% of patients with cancer. Advances such as intrathecal pumps 
and neurolytic blocks are helpful in the remaining 25% (Chapter 27). The 
use of oxygen is not helpful for refractory dyspnea except when hypoxia has 
been documented, whereas use of medications for depression often can be 
helpful (Chapter 369).

 Is the Patient Psychologically Suffering?
Patients may be physically comfortable but still suffering. Psychological symp-
toms and syndromes such as depression, delirium, and anxiety are common 
in patients with life-limiting or chronic illnesses. It may be difficult to determine 

TABLE 3-1 APPROACHES TO THE MANAGEMENT OF PHYSICAL AND PSYCHOLOGICAL SYMPTOMS
SYMPTOM ASSESSMENT TREATMENT
Pain How severe is the symptom (as assessed with the use of validated 

instruments) and how does it interfere with the patient’s life?
What is the etiology of the pain?
Is the pain assumed to be neuropathic or somatic?
What has the patient used in the past (calculate previous days’ equal 

analgesic dose)?

Prescribe medications to be administered on a standing or regular basis if pain is 
frequent.

For mild pain: use acetaminophen or a nonsteroidal anti-inflammatory agent.
For moderate pain: titrate short-acting opioids (see Table 27-4).
For severe pain: rapidly titrate short-acting opioids until pain is relieved or 

intolerable side effects develop; start long-acting opiates once pain is 
controlled.

Rescue doses: prescribe immediate-release opioids—10% of the 24-hour total 
opiate every hour (orally) or every 30 minutes (parenterally) as needed.

Concomitant analgesics (e.g., corticosteroids, anticonvulsants, tricyclic 
antidepressants, and bisphosphonates) should be used when applicable 
(particularly for neuropathic pain).

Consider alternative medicine and interventional treatments for pain.
Constipation Is the patient taking opioids?

Does the patient have a fecal impaction?
Prescribe laxatives for all patients on opiates.
If ineffective, add drugs from multiple classes (e.g., stimulant, osmotic laxatives, 

and enemas).
Prescribe methylnaltrexone if still constipated.

Shortness of breath Ask the patient to assess the severity of the shortness of breath.
Does the symptom have reversible causes?

Prescribe oxygen to treat hypoxia-induced dyspnea, but not if the patient is not 
hypoxic.

Opioids relieve breathlessness without measurable reductions in respiratory rate 
or oxygen saturation; effective doses are often lower than those used to treat 
pain. Aerosolized opiates do not work.

Fans or cool air may work through a branch of the trigeminal nerve.
Use reassurance, relaxation, distraction, and massage therapy.

Fatigue Is the patient too tired for activities of daily living?
Is the fatigue secondary to depression?
Is a disease process causing the symptom or is it secondary to 

reversible causes?

Provide cognitive education about conserving energy use.
Treat underlying conditions appropriately.

Nausea Which mechanism is causing the symptom (e.g., stimulation of the 
chemoreceptor trigger zone, gastric stimulation, delayed gastric 
emptying or “squashed stomach” syndrome, bowel obstruction, 
intracranial processes, or vestibular vertigo)?

Is the patient constipated?

Prescribe an agent directed at the underlying cause (Chapter 123).
If persistent, give antiemetic around the clock.
Multiple agents directed at various receptors or mechanisms may be required.

Anorexia and cachexia Is a disease process causing the symptom, or is it secondary to other 
symptoms (e.g., nausea and constipation) that can be treated? Is 
the patient troubled by the symptom or is the family worried 
about what not eating means?

A nutritionist may help find foods that are more appetizing (Chapter 202).
Provide counseling about the prognostic implications of anorexia (Chapter 206).

Delirium Is the cause reversible?
Is the confusion acute, over hours to days?
Does consciousness wax and wane?
Is there a problem of attention?
Does the patient have disorganized thinking?
Does the patient have an altered level of consciousness—either 

agitated or drowsy?

Identify underlying causes and manage symptoms (Chapter 25).
Recommend behavioral therapies, including avoidance of excess stimulation, 

frequent reorientation, and reassurance.
Ensure presence of family caregivers and explain delirium to them.
Prescribe haloperidol, risperidone, or olanzapine.

Depression Over the last 2 weeks, have you been bothered (0) not at all, (1) 
several days, (2) more than half the days, (3) every day by:

+ Little interest or pleasure in doing things
+ Feeling down, depressed, or hopeless

Add the points for each answer. For a score >2, further evaluation is 
recommended, with consideration of supportive psychotherapy, cognitive 
approaches, behavioral techniques, pharmacologic therapies (see Table 
369-5), or a combination of these interventions. Prescribe psychostimulants 
for rapid treatment of symptoms (within days) or selective serotonin reuptake 
inhibitors, which may require 3 to 4 weeks to take effect; tricyclic 
antidepressants are relatively contraindicated because of their side effects.

Anxiety (applicable also 
for family members)

Over the last 2 weeks, have you been bothered (0) not at all, (1) 
several days, (2) more than half the days, (3) every day by:

+ Feeling nervous, anxious, or on edge
+ Not being able to stop or control worrying

Add the points for each answer. A score of >2 should lead to a more in-depth 
evaluation (see Chapter 369) and consideration of supportive counseling and 
benzodiazepines (Table 369-9).

Spiritual distress Are you at peace? Inquire about spiritual support.
Modified from Morrison RS, Meier DE. Palliative care. N Engl J Med. 2004;350:2582-2590.
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for a year after the patient’s death, have the opportunity to assess whether the 
grief symptoms persist or worsen.

 Is the Patient’s Care Consistent with the Patient’s Goals?
The sine qua non for palliative care is ensuring that the treatment plan is 
consistent with the patient’s values. Some patients prefer longevity over quality 
of life, but a large proportion of elderly, seriously ill patients are not focused 
on living as long as possible. Instead, they want to maintain a sense of control, 
relieve their symptoms, improve their quality of life, avoid being a burden on 
their families, and have a closer relationship with their loved ones.

Ensuring that treatment is consistent with a patient’s goals requires good 
communication skills (Table 3-3). The approaches to giving bad news, 

 Is the Family Suffering?
Families, defined broadly as those individuals who care most for the patient, 
are an important source of support for most patients. Families provide informal 
caregiving, often at the expense of their own physical, economic, and psycho-
logical health. Good palliative care requires an understanding of how the family 
is coping and a search for ways to provide family members with the social or 
clinical resources they need to improve their well-being. Comprehensive and 

loss, and meaning. A physician’s role is not to answer these questions or 
to provide reassurance, but rather to understand concerns of the patient 
and family, how they are coping, and what resources might help. Spiritu-
ality often is a source of comfort, and physicians can ascertain a patient’s 
beliefs using a brief instrument such as the FICA Spiritual Assessment 
Tool (Table 3-2). A single screening question such as “Are you at peace?” 
may identify patients who are in spiritual distress and facilitate referrals to  
chaplains.

STUDY ID#

Date:

Name:
Last First Middle Initial

HOSPITAL ID#
DO NOT WRITE ABOVE THIS LINE

Brief Pain Inventory (Short Form)

Time:

1.   Throughout our lives, most of us have had pain from time to time (such as minor headaches, sprains, and toothaches). Have you 
      had pain other than these everyday kinds of pain today?

2.   On the diagram, shade in the areas where you feel pain.  Put an X on the area that hurts the most.

3.   Please rate your pain by circling the one number that best describes your pain at its  worst  in the last 24 hours.

0
No
pain

Pain as bad as
you can imagine

1

1. Yes 2. No

2 3 4 5 6 7 8 9 10

0
No
pain

Pain as bad as
you can imagine

1 2 3 4 5 6 7 8 9 10

4.   Please rate your pain by circling the one number that best describes your pain at its  least  in the last 24 hours.

0
No
pain

Pain as bad as
you can imagine

1 2 3 4 5 6 7 8 9 10

5.   Please rate your pain by circling the one number that best describes your pain on the  average.

0
No
pain

Pain as bad as
you can imagine

1 2 3 4 5 6 7 8 9 10

6.   Please rate your pain by circling the one number that tells how much pain you have  right now.

Right Left RightLeft

FIGURE 3-1. Brief Pain inventory (short form). (Copyright 1991. Charles S. Cleeland, PhD, Pain research Group. all rights reserved.) 
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for a year after the patient’s death, have the opportunity to assess whether the 
grief symptoms persist or worsen.

 Is the Patient’s Care Consistent with the Patient’s Goals?
The sine qua non for palliative care is ensuring that the treatment plan is 
consistent with the patient’s values. Some patients prefer longevity over quality 
of life, but a large proportion of elderly, seriously ill patients are not focused 
on living as long as possible. Instead, they want to maintain a sense of control, 
relieve their symptoms, improve their quality of life, avoid being a burden on 
their families, and have a closer relationship with their loved ones.

Ensuring that treatment is consistent with a patient’s goals requires good 
communication skills (Table 3-3). The approaches to giving bad news, 

individually targeted interventions can reduce caregivers’ burdens, although 
the absolute benefits are relatively small.

Because patients in palliative care often die, the palliative care team must 
address bereavement and postdeath family suffering. Good communication 
and informational brochures in an intensive care unit can decrease family 
members’ adverse psychological outcomes after death. A letter of condolence 
or a follow-up phone call to the next of kin after a patient’s death is respectful 
and offers the opportunity to clarify questions about the patient’s care. Some 
family members suffer from complicated grief—a recently described syndrome 
associated with separation and traumatic distress, with symptoms persisting 
for more than 6 months. Primary care physicians, who have ongoing relation-
ships with the loved one, and hospices, which provide bereavement services 
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FIGURE 3-1, cont’d.
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be aware of the possibility that your health may deteriorate quickly, and you 
should plan accordingly. We probably are dealing with weeks to months, 
although some patients do better, and some do worse. Over time, the course 
may become clearer, and if you wish, I may be able to be a little more precise 
about what we are facing.”

The physician must discuss these topics in an empathic way. Palliative care 
conversations are as much about emotions as facts. Talking about disease 
progression or death may elicit negative emotions such as anxiety, sadness, 
or frustration. These emotions decrease a patient’s quality of life and interfere 
with the ability to hear factual information. Empathic responses strengthen 
the patient-physician relationship, increase the patient’s satisfaction, and make 
the patient more likely to disclose other concerns. The first step is recognizing 

discussing goals of care, and talking about forgoing life-sustaining treatment 
have similar structures.5 First, the patient needs to understand the basic facts 
about the diagnosis, possible treatments, and prognosis. The communication 
skill that helps physicians communicate information is Ask-Tell-Ask—exploring 
what the patient knows or wants to know, then explaining or answering ques-
tions, and then providing an opportunity for the patient to ask more. In the 
hospital, where discontinuity of care is common and misunderstandings fre-
quent, it is important to determine what the patient knows before providing 
information so as to keep everyone well coordinated. When giving bad news, 
knowing what the patient knows allows the physician to anticipate the patient’s 
reaction. Finally, information must be titrated based on the patient’s prefer-
ences. Although most patients want to hear everything about their disease, a 
minority do not. There is no foolproof way to ascertain what any patient wants 
to know other than by asking.

When giving patients information, it is important to give small pieces of 
information, not use jargon, and to confirm that patients understand what 
they have been told.6 Caregivers should focus on the key message the patient 
should hear (the headline) rather than overwhelming the patient with bio-
medical information. Giving information is like dosing a medication: one 
gives information, checks understanding, and then gives more information 
based on what the patient has heard.

After ensuring that the doctor and the patient have a shared understanding 
of the medical facts, the physician should engage in an open-ended conversa-
tion about the patient’s goals as the disease progresses. This strategy requires 
that the patient be asked about both hopes and fears. One might ask: “Given 
the medical situation, as you think about the future, what brings you joy and 
pleasure?” “If your time is limited, what are the things that are most important 
to achieve?” “What are your biggest fears or concerns?” “As you think about 
the future what do you want to avoid or not have the doctors do?” The clini-
cian can use an understanding of these goals to make recommendations about 
which treatments to provide and which treatments would not be helpful. As 
a result, early palliative care can improve quality of life, mood, and even 
survival.

Physicians find talking about prognosis particularly difficult for two reasons: 
first, it is hard to foretell the future accurately; and second, they fear this 
information will “take away patients’ hope.” Thus, they often avoid talking to 
patients about these issues unless specifically asked. Although some patients 
do not want to hear prognostic information, for many patients, this informa-
tion helps them plan their lives. Patients who are told that their disease is 
generally terminal are more likely to spend a longer period of time in hospice 
and avoid aggressive treatment at the end of life, without adverse psychological 
consequences. Furthermore, their families usually have fewer postdeath adverse 
psychological outcomes.

Given that one cannot guess how much information to provide, a physician 
can start these conversations by asking, “Are you the kind of person who wants 
to hear about what might happen in the future with your illness or would you 
rather take it day by day?” If the patient requests the latter, the physician can 
follow up by asking if there is someone else with whom he or she can talk 
about the prognosis. Second, before giving prognostic information, it is useful 
to inquire about the patient’s concerns in order to provide information in the 
most useful manner. Finally, it is appropriate when discussing prognostic 
information to acknowledge uncertainty: “The course of this cancer can be 
quite unpredictable, and physicians don’t have a crystal ball. I think you should 

TABLE 3-2 FICA SPIRITUAL ASSESSMENT TOOL
F—What is your faith/religion? Do you consider yourself a religious or spiritual 

person? What do you believe in that gives meaning/importance to life?
I—Importance and influence of faith. Is your faith/religion important to you? How 

do your beliefs influence how you take care of yourself? What are your most 
important hopes? What role do your beliefs play in regaining your health? What 
makes life most worth living for you? How might your disease affect this?

C—Are you part of a religious or spiritual community? Is this of support to you, 
and how? Is there a person you really love or is very important to you? How is 
your family handling your illness? What are their reactions/expectations?

A—How would you like me to address these issues in your health care? What might 
be left undone if you were to die today? Given the severity or chronicity of your 
illness, what is most important for you to achieve? Would you like me to talk to 
someone about religious/spiritual matters?

From Puchalski C, Romer A. Taking a spiritual history. J Palliat Med. 2000;3:129-137.

TABLE 3-3 CORE COMMUNICATION SKILLS
RECOMMENDED 
SKILL EXAMPLE
A. IDENTIFYING CONCERNS AND RECOGNIZING CUES

elicit Concerns
Open-ended questions “Is there anything you wanted to talk to me about today?”
Active listening Allowing patient to speak without interruption; allowing 

pauses to encourage patient to speak

recognize Cues
Informational concerns Patient: “I’m not sure about the treatment options”

Emotional concerns Patient: “I’m worried about that”
B. RESPONDING TO INFORMATIONAL CONCERNS

“Ask-tell-ask” Topic: communicating information about cancer stage
Ask “Have any of the other doctors talked about what stage this 

cancer is?”
Tell “That’s right, this is a stage IV cancer, which is also called 

metastatic cancer…”
Ask “Do you have questions about the staging?”
C. RESPONDING TO EMOTIONAL CONCERNS

Nonverbal empathy: S-O-l-e-r
S Face the patient Squarely
O Adopt an Open body posture
L Lean toward the patient
E Use Eye contact
R Maintain a Relaxed body posture

verbal empathy: N-U-r-S-e
N Name the emotion: “You seem worried”
U Understand the emotion: “I see why you are concerned 

about this”
R Respect the emotion: “You have shown a lot of strength”
S Support the patient: “I want you to know that I will still be 

your doctor whether you have chemotherapy or not”
E Explore the emotion: “Tell me more about what is 

worrying you”
D. DISCUSSING GOALS OF CARE

R Reframe that the status quo is not working: “I worry that 
more treatment will hurt you more than help”

E Expect emotion: “I can see this is not what you wanted to 
hear”

M Map the patient values: “Have you ever filled out a living 
will?” “Given the medical situation, what brings you joy 
and meaning?” “As you look at the future what do you 
want to avoid?”

A Align with the patient values: “What I am hearing you say 
is.…”

P Propose a plan
Adapted from Back AL, Arnold RM, Tulsky JA. Discussing Prognosis. Alexandria, VA: American 
Society of Clinical Oncology; 2008.



when the patient is expressing emotions. Once the physician recognizes the 
emotion being expressed, he or she can respond empathically.

It is also important for physicians to recognize their own emotional reac-
tions to these conversations. The physician’s emotional reactions color impres-
sions of the patient’s prognosis, thereby making it hard to listen to the patient, 
and may influence the physician to hedge bad news. The physician should 
become aware of her or his own emotional reactions to ensure that the con-
versation focuses on the patient rather than the health care provider’s needs.

In addition to good communication skills, palliative care requires a basic 
knowledge of medical ethics and the law. For example, patients have the moral 
and legal right to refuse any treatment, even if refusal results in their death. 
There is no legal difference between withholding and withdrawing life-sustaining 
treatment. In many states, physicians’ aides can legally help in the dying process 
by clearly prescribed methods. When confronted with areas of ambiguity, the 
physician should know how to obtain either a palliative care or ethics 
consultation.

During the past 10 years, there has been a societal push to encourage patients 
to designate health care proxies and to create advance care planning docu-
ments, typified by the use of living wills.7 These documents are meant to 
protect patients against unwanted treatments and to ensure that as they are 
dying, their wishes are followed. Unfortunately, there are few empirical data 
showing that these documents actually change practice. Still, discussions of 
the documents with health professionals and family members generally provoke 
important conversations about end-of-life care decisions and may help families 
confronted with difficult situations know they are respecting their loved one’s 
wishes.8

 Is the Patient Going to Die in the Location of Choice?
Most patients say that they want to die at home. Unfortunately, most patients 
die in institutions—either hospitals or nursing homes. Burdensome transitions 
decrease quality in end-of-life care. Good palliative care requires establishing 
a regular system of communication to minimize transitional errors. A social 
worker who knows about community resources is important in the develop-
ment of a dispositional plan that respects the patient’s goals.

Hospice programs are an important way to allow patients to die at home. 
In the United States, hospice refers to a specific, government-regulated form of 
end-of-life care, available under Medicare since 1982 but subsequently adopted 
by Medicaid and many other third-party insurers. Hospice care typically is 
given at home, a nursing home, or specialized acute care unit. Care is provided 
by an interdisciplinary team, which usually includes a physician, nurse, social 
worker, chaplain, volunteers, bereavement coordinator, and home health aides, 
all of whom collaborate with the primary care physician, patient, and family. 
Bereavement services are offered to the family for a year after the death.

Hospices are paid on a per diem rate and are required to cover all the costs 
related to the patient’s life-limiting illness. Because of this and the fact that 
their focus is on comfort rather than life prolongation, many hospices will 
not cover expensive treatments such as inotropic agents in heart failure or 
chemotherapy in cancer, even if they have a palliative effect. Not surprisingly, 
many hospices are experimenting with different service models that do not 
require patients to forgo possibly life-prolonging treatments, in an attempt 
to enroll patients earlier in the course of their illness and increase access to 
their services.

Hospice care for nursing home residents is associated with less aggressive 
care near death but an overall increase in Medicare expenditures.9 By com-
parison, interdisciplinary palliative care for hospitalized adults with serious 
illness can reduce costs.10
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4. Which of the following is true?
 A. Telling patients that they have a terminal illness will result in their losing 

hope.
 B. Telling patients they have a terminal illness has no impact on their 

desire for future treatment.
 C. Telling patients that they have terminal illnesses is associated with their 

choosing hospice more frequently.
 D. Patients have clearly stated that they do not want to be told that they 

have a terminal illness.
Answer: C Data suggest that telling patients that they have a life-limiting 
illness is associated with a lower likelihood of choosing aggressive care at the 
end of life and is not associated with poorer psychiatric outcomes.

5. Which of the following is NOT a key component of the definition of 
specialty palliative care?
 A. The care is interdisciplinary.
 B. The care focuses on physical, spiritual, and psychological components.
 C. The care is inconsistent with life-prolonging treatment.
 D. The care model includes the family.

Answer: C Specialty palliative care can be given while a patient is also receiv-
ing life-prolonging care. All the other answers are correct.

6. Pain is a common symptom in patients with cancer, and opiates are often 
required to control the pain. Patients who are taking oral opiates should 
also be assessed for which of the following problems?
 A. Hypogonadism
 B. Constipation
 C. HIV infection
 D. QT prolongation

Answer: B Constipation is a very common symptom of opiates and most 
patients on opiates need a laxative. On the other hand, hypogonadism is an 
uncommon side effect of opiates and should not routinely be screened for. 
QT prolongation is seen with methadone but not other opiates. HIV is not 
associated with oral opiate use.

REVIEW QUESTIONS

1. A 75-year-old man with lung cancer is admitted to the hospital with severe 
shortness of breath. Work-up reveals no other cause of his shortness of 
breath other than lymphogenic spread of his cancer. His oxygen saturation 
is 94%. Which of the following treatments should be instituted for his 
dyspnea?
 A. Morphine
 B. Benzodiazepines
 C. Oxygen
 D. A and C
 E. All the above

Answer: A In randomized controlled data, opioids have been shown to decrease 
dyspnea both in lung cancer patients and in patients with COPD. Oxygen is 
helpful only if the patient has hypoxia. Benzodiazepines have not been shown 
to decrease breathlessness.

2. Which of the following is NOT required for a patient to be in hospice?
 A. The patient must be DNR.
 B. The patient must have a life-limiting illness, which is likely to cause her 

death in 6 months.
 C. The patient wishes to focus on quality of life rather than longevity of 

life.
 D. If the patient lives at home, she must have a primary caregiver.

Answer: A The patient does not have to be DNR to be in hospice. The others 
are requirements of hospice.

3. Which of the following is true of depression in life-limiting illnesses?
 A. It is a normal reaction when people have a life-limiting illness, and it 

should not be treated.
 B. It cannot be improved because the treatments take too long to work in 

patients with serious illness.
 C. Treatment of depression decreases both morbidity and mortality.
 D. It requires a psychiatric consult because treatment is very complicated.

Answer: C Data show that the treatment of depression improves both quality 
of life and mortality.
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4 
DISPARITIES IN HEALTH AND 
HEALTH CARE
JOHN Z. AYANIAN

Disparities in health care and health are evident in all countries around the 
world. Health disparities often reflect a country’s specific history, such as the 
legacy of conquest and colonization for American Indians and of slavery and 
segregation for African Americans. Socioeconomic disparities in health related 
to poverty or lack of education occur globally and can be reduced by better 
educational and economic opportunities and by effective health care systems 
and social services.

Most efforts to understand and reduce health disparities have focused on 
race, ethnicity, and socioeconomic status, and have sought to disentangle the 
relative impact of health care, health behaviors, and biologic, social, and envi-
ronmental factors as contributors to these disparities. More recently, these 
efforts have expanded to assess a wider range of health disparities, including 
those faced by sexual minorities, people with disabilities, and people in dis-
advantaged urban or rural areas.

 DEFINITIONS OF HEALTH DISPARITY AND 
HEALTH EQUITY

The U.S. Department of Health and Human Services defines a health disparity 
as a “health difference that is closely linked with economic, social, or envi-
ronmental disadvantage.” Conversely, health equity is defined as the “attainment 
of the highest level of health for all people.”1 These definitions build on U.S. 
National Academy of Medicine reports in which equitable health care was 
defined as “care that does not vary in quality due to personal characteristics, 
such as gender, ethnicity, geographic location, or socioeconomic status” and 
which identified racial and ethnic disparities in health care as an important 
contributor to disparities in health outcomes. However, not all differences in 
health care represent unacceptable disparities related to discrimination and 
unequal treatment of patients in the health care system. For example, differ-
ences may be related to clinical appropriateness or patients’ preferences.

 DEMOGRAPHIC CHANGES IN U.S. POPULATION
The racial and ethnic composition of the U.S. population has changed sub-
stantially over the past 50 years, growing from 193 million in 1965 to 324 
million in 2015, with almost half of this growth related to nearly 60 million 
new immigrants. During these 50 years, the non-Hispanic white proportion 
of the U.S. population dropped from 84 to 62%, and the African American 
proportion rose slightly from 11 to 12%. In contrast, the Hispanic proportion 
grew substantially from 4 to 18%, and the Asian proportion increased from 
1 to 6%. These trends are projected to continue through 2065, when the cor-
responding proportions of the U.S. population are projected to be 46% for 
non-Hispanic whites, 13% for African Americans, 24% for Hispanics, and 
14% for Asians if current immigration patterns persist.

 RACIAL AND ETHNIC DISPARITIES IN  
HEALTH OUTCOMES

Substantial differences in life expectancy between African Americans and white 
Americans have narrowed in the past 40 years as life expectancy has risen 
(Fig. 4-1). Notably, life expectancy is now about 3 years longer for Hispanic 
men and women relative to white men and women.

Heart disease and cancer are the two leading causes of death for all five 
racial and ethnic groups officially designated by the U.S. federal government, 
but age-adjusted death rates for specific causes vary substantially by race and 
ethnicity (Table 4-1). African Americans have the highest age-adjusted death 
rates, overall and due specifically to heart disease and to cancer, followed by 
non-Hispanic whites. African Americans also have the highest death rates 
from cerebrovascular disease, diabetes mellitus, and kidney disease, but lower-
than-average death rates from chronic lung disease, poisoning, and suicide. 
Non-Hispanic whites, in contrast, have higher-than-average death rates from 
these latter three causes.

Hispanics have lower-than-average death rates from all causes except diabetes 
mellitus (see Table 4-1). American Indians have lower-than-average death 
rates from most causes except diabetes mellitus and poisoning, but they also 
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ABSTRACT
Life expectancy in the United States varies substantially by race, ethnicity, 
and socioeconomic status. Relative to other racial and ethnic groups, African 
Americans have the highest death rates overall and due to heart disease and 
cancer—the two most common causes of death in the United States. American 
adults with low incomes have substantially shorter life expectancy than more 
affluent adults, and the magnitude of this disparity differs widely among U.S. 
geographic areas. These differences arise from differences in health risk factors 
such as smoking and hypertension, as well as disparities in insurance coverage 
and access to care. The increasing diversity of the U.S. population has created 
new challenges and opportunities for health care providers and organizations 
to serve patients from diverse backgrounds. Trained interpreters improve care 
for patients with limited English proficiency, and coordinated care especially 
benefits disadvantaged patients by reducing fragmentation. Health care orga-
nizations should implement reporting systems to monitor disparities in the 
quality and outcomes of care, set measurable goals for reducing disparities, 
and encourage programs to meet these goals.
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years. Adults with high incomes have experienced substantial gains in life 
expectancy related to their lower smoking rates and better control of hyper-
tension, hyperlipidemia, and other chronic health conditions and risk factors. 
By comparison, adults with low incomes have experienced minimal gains 
overall.4 Among middle-aged non-Hispanic white adults without postsecond-
ary education, life expectancy has actually decreased since 1999 as a result 
of rising death rates from alcohol-related liver disease, drug overdoses, and  
suicide.5

U.S. smoking rates have declined substantially since 1974, with the steepest 
drop among college graduates (Fig. 4-2). Higher smoking rates among less 
educated adults remain a major contributor to socioeconomic disparities in 
morbidity and mortality. The temporal improvement in smoking rates overall 
has been offset by marked increases in age-adjusted death rates due to drug 
overdoses—particularly among non-Hispanic whites, who have had a three-
fold increase in this death rate from 1999 to 2015 primarily due to opioid 
overdoses (Fig. 4-3).6

The magnitude of socioeconomic disparities in mortality vary widely by 
geographic region within the United States. When considering life expec-
tancy at age 40, for example, adults with incomes in the lowest quartile can 
expect to survive to age 81 years in New York City and several California 
cities, but only to age 77 years in some cities in Ohio, Indiana, and Michigan. 
These disparities in life expectancy are primarily related to regional differ-
ences in the prevalence of behavioral and metabolic risk factors, including 
smoking, limited physical activity, obesity, hypertension, and diabetes  
mellitus.7

have markedly elevated death rates from chronic liver disease (26.4 deaths 
per 100,000 vs. 10.8 among all persons). Asians and Pacific Islanders together 
have lower-than-average death rates from each of the 10 leading causes of 
death, including markedly lower rates for heart disease, cancer, chronic lung 
disease, Alzheimer disease, poisoning, and suicide.

Major health risk factors that contribute to morbidity and mortality among 
adults vary substantially by race, ethnicity, and level of education. African 
American adults have the highest age-adjusted prevalence of hypertension 
(43%; Chapter 70), which is a major contributor to their high rates of heart 
disease, cerebrovascular disease, and kidney disease; whereas the prevalence 
of hypertension is substantially lower among non-Hispanic whites (29%), 
Hispanics (28%), and Asians (27%). In contrast, the prevalence of diabetes 
mellitus is substantially higher among African Americans (18%), Mexican 
Americans (18%), and Asians (16%) than among non-Hispanic whites (10%).2

Smoking rates (Chapter 29) vary widely in the United States by race/ethnicity 
and sex. Rates are highest among non-Hispanic white men (21%), African 
American men (22%), and American Indian men (28%) and women (24%). 
Smoking rates are intermediate among non-Hispanic white women (19%), 
African American women (14%), Hispanic men (16%), and Asian men (15%), 
and they are lowest among Hispanic women (7%) and Asian women (5%).3

 SOCIOECONOMIC DISPARITIES IN  
HEALTH OUTCOMES

Socioeconomic gradients in morbidity and mortality, which are a major 
component of health disparities, have widened in the United States in recent 
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FIGURE 4-1. life expectancy at birth. note: life expectancy data by Hispanic origin were available starting in 2006 and were corrected to address racial and ethnic misclassification. 
(source: nCHs, Health, United States, 2016, Figure 6. Data from the national Vital statistics system [nVss].)

TABLE 4-1 AGE-ADJUSTED DEATH RATES FOR 10 LEADING CAUSES OF DEATH BY RACE/ETHNICITY IN UNITED STATES, 2015*

ALL PERSONS
WHITE, 

NON-HISPANIC
AFRICAN 

AMERICAN
HISPANIC 

OR LATINO
ASIAN OR PACIFIC 

ISLANDER
AMERICAN INDIAN 
OR ALASKA NATIVE

All causes 733.1 753.2 851.9 525.3 394.8 596.9
Heart disease 168.5 171.9 205.1 116.9 86.5 118.5
Cancer 158.5 163.7 180.1 110.3 99.0 107.9
Chronic lung disease 41.6 46.9 28.9 17.7 12.2 30.9
Cerebrovascular disease 37.6 36.4 50.8 32.3 29.8 24.7
Alzheimer disease 29.4 30.8 26.6 24.2 14.7 15.4
Diabetes mellitus 21.3 18.9 37.0 25.2 15.7 34.2
Influenza & pneumonia 15.2 15.4 15.9 11.4 14.0 12.5
Poisoning 14.8 18.8 11.1 7.7 2.4 16.1
Kidney disease 13.4 12.2 25.4 11.4 8.3 12.2
Suicide 13.3 17.0 5.6 6.2 6.4 12.6
*Per 100,000 population, from Health, United States, 2016: With Chartbook on Long-term Trends in Health. Hyattsville, MD: National Center for Health Statistics; 2017:120-123.
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 INSURANCE COVERAGE AND ACCESS TO CARE
Health insurance coverage is an important contributor to racial, ethnic, and 
socioeconomic disparities in health care and health outcomes, especially for 
adults who are under age 65 years and do not have near-universal insurance 
coverage through Medicare as older adults do. Since the Affordable Care Act 
was enacted in 2010, 31 states have expanded Medicaid to non-elderly adults 
with annual incomes below 138% of the federal poverty level (<$16,400 for 
a single adult in 2017). In all states, adults with incomes of 100 to 400% of 
the federal poverty level (about $12,000-$48,000) have become eligible for 
subsidized private insurance.

With this expanded coverage, rates of uninsurance have declined substan-
tially for poor and near-poor adults in all racial and ethnic groups since 2010 
(Fig. 4-4), although they still remain substantially higher for Hispanic and 
African American adults (Fig. 4-5).

Health insurance is a primary determinant of access to care, because it 
reduces financial barriers to preventive services such as smoking cessation 
and cancer screening and to effective care for chronic health conditions such 
as hypertension, diabetes, and heart disease. Uninsured adults are three to 
five times more likely to delay or forego needed care or prescription medica-
tions because of cost than are adults with private insurance or Medicaid (Fig. 
4-6). Gaining insurance coverage is associated with improved access to care 
and better health outcomes,8 particularly for middle-aged adults with low 
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FIGURE 4-2. Current cigarette smoking: adults aged 25+. note: smoked 100 cigarettes in their lifetime and now smoke every day or some days. (source: nCHs, Health, United States, 
2016, Figure 10 and table 48. Data from the national Health interview survey [nHis].)

incomes and chronic health conditions such as hypertension and diabetes 
mellitus.

 QUALITY OF CARE
An extensive body of research has documented substantial racial and ethnic 
disparities in the quality of health care provided to patients with a wide range 
of major conditions, including heart disease, hypertension, diabetes mellitus, 
kidney disease, breast cancer, and colorectal cancer. Relative to non-Hispanic 
white adults, African American and Hispanic adults are much less likely to 
have good control of their hypertension or diabetes mellitus. These disparities 
are narrowed among Medicare enrollees nationally, and they have been elimi-
nated in Medicare health maintenance organizations in the western United 
States. Over time, such improvements in the control of hypertension and 
diabetes mellitus may further reduce disparities in cardiovascular mortality 
for African Americans relative to other racial and ethnic groups.

Similar improvements have been noted in the quality of hospital care nation-
ally for minority patients with acute myocardial infarction, heart failure, and 
pneumonia, for whom the quality of hospital care is now clinically equivalent 
by race and ethnicity. Most notably, substantial disparities in timely percutane-
ous coronary interventions (Chapter 63) and in rates of influenza and pneu-
mococcal vaccination (Chapter 15) have been eliminated for African American 
and Hispanic patients relative to non-Hispanic white patients.

Non-Hispanic white1,2

Non-Hispanic black1

Hispanic1

25

20

15

10

5

D
ea

th
s 

pe
r 

10
0,

00
0 

st
an

da
rd

 p
op

ul
at

io
n

0

1999 2001 2003 2005 2007 2009 2011 2013 2015

FIGURE 4-3. age-adjusted drug overdose death rates, by race and ethnicity: United states, 1999-2015. 1significant increasing trend, p < 0.005. 2rate for non-Hispanic white persons 
was significantly higher than for non-Hispanic black and Hispanic persons, p < 0.001. notes: Deaths are classified using the International Classification of Diseases, Tenth Revision. Drug 
overdose deaths are identified using underlying cause-of-death codes X40-X44, X60-X64, X85, and Y10-Y14. Deaths for Hispanic persons may be underreported by about 5%. access 
data table for Figure 3 at: https://www.cdc.gov/nchs/data/databriefs/db273_table.pdf#3. (source: Hedegaard H, Warner M, Miniño aM. Drug overdose deaths in the United States, 1999–2015. 
nCHs data brief, no 273. Hyattsville, MD: national Center for Health statistics. 2017.)

https://www.cdc.gov/nchs/data/databriefs/db273_table.pdf#3
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 CLINICAL APPROACHES TO  
REDUCE DISPARITIES

The increasing diversity of the U.S. population has created new challenges 
and opportunities for health care providers and organizations to meet the 
needs of patients from diverse backgrounds, particularly immigrants. The 
federal Office of Minority Health has produced national standards for deliver-
ing culturally and linguistically appropriate health care, including the use of 
trained interpreters for patients with limited English proficiency. The principal 
standard is to “provide effective, equitable, understandable, and respectful 
quality care and services that are responsive to diverse cultural health beliefs 
and practices, preferred languages, health literacy, and other communication 
needs.”9 Physicians and other caregivers who have undergone educational 
programs in cultural competencies may provide better care to diverse popula-
tions. A1  However, this training has not clearly improved patients’ outcomes, 
such as reducing disparities in control of glycemia, blood pressure, or cholesterol 
for African Americans with diabetes mellitus.

Disparities in health care often arise from fragmented systems of care, par-
ticularly for conditions that require complex services, such as cancer, cardio-
vascular disease, end-stage renal disease, and organ transplantation. When 
care requires multiple specialists or sites of care, disparities also can be reduced 
by emphasizing patient-centered approaches that provide better coordinated 
care with enhanced support for patients from disadvantaged backgrounds, 
such as those who are uninsured or have less education or limited English 
proficiency. This support may include multidisciplinary team-based care and 
enhanced outreach to patients and their families via care coordinators, patient 
navigators, and community health workers.10

It is also essential for clinical leaders in health care organizations to imple-
ment reporting systems (e.g., through enhanced electronic health records) to 
identify and monitor disparities related to race, ethnicity, language, and socio-
economic factors. These systems can be used to set measurable goals for reduc-
ing disparities in the quality and outcomes of care, motivate quality improvement 
programs to address clinically important disparities, and assess progress toward 
achieving these goals.
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REVIEW QUESTIONS

1. Which U.S. racial/ethnic group has the highest age-adjusted death rates 
due to heart disease?
 A. Non-Hispanic whites
 B. African Americans
 C. Hispanics
 D. Asians and Pacific Islanders
 E. American Indians and Alaska Natives

Answer: B African Americans have the highest U.S. death rates due to heart 
disease (Table 4-1). Major contributors to this increased risk include high 
rates of hypertension, diabetes, and smoking.

2. Which U.S. racial/ethnic group has the highest age-adjusted death rates 
due to opioid overdoses?
 A. Non-Hispanic whites
 B. African Americans
 C. Hispanics
 D. Asians and Pacific Islanders
 E. American Indians and Alaska Natives

Answer: A Deaths due to drug overdoses have more than tripled since 1999 
among non-Hispanic whites (Fig. 4-3). This marked increase is largely due to 
increased rates of opioid overdoses.

3. Which U.S. racial/ethnic group has the highest percentage of uninsured 
non-elderly adults?
 A. Non-Hispanic whites
 B. African Americans
 C. Hispanics
 D. Asians and Pacific Islanders
 E. American Indians and Alaska Natives

Answer: C In 2017, 24% of non-elderly Hispanic adults were uninsured (Fig. 
4-5). Hispanic adults are more likely to be undocumented or recent legal 
immigrants who are not eligible for expanded Medicaid coverage or subsidized 
private insurance under the Affordable Care Act. Low-income Hispanic adults 
are also more likely to reside in states such as Texas and Florida that have 
chosen not to expand Medicaid.
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5 
GLOBAL HEALTH
ARUN CHOCKALINGAM

Health is a human right, but more than 2 billion people live with a daily 
income of less than $2 and have no access to good health care. Health is 
determined by the context of people’s lives. Individuals are unable to control 
many of the social determinants of health (Chapter 4), such as income, social 
status, education, physical environment, social support network, genetics, 
health services, and gender.

In the process of modernization from a less developed to a more developed 
nation, the epidemiological transition of modern sanitation, medications, and 
health care has drastically reduced infant and maternal mortality rates and 
extended average life expectancy. As a result, the world has progressed from 
the age of pestilence and famine, with a life expectancy between 20 and 40 
years, to the age of receding pandemics, with a life expectancy of 30 to 50 
years, and now to the current age of degenerative and man-made diseases, 
with a life expectancy of 60 years or more.

These trends, coupled with subsequent declines in fertility rates, have driven 
a demographic transition in which the major causes of death change from infec-
tious diseases to chronic and degenerative diseases. As many countries around 
the world have undergone globalization, owing to their internal urbanization, 
modernization, and economic development, an increased proportion of their 
burden of morbidity and mortality is now due to chronic noncommunicable 
diseases, including cardiovascular,1 cerebrovascular, and renovascular diseases2 
as well as cancer, diabetes, chronic respiratory diseases, and mental disorders 
(Table 5-1).

 WHAT IS GLOBAL HEALTH?
The term global health is sometimes confused with public health, international 
health, tropical medicine, and population health. Global health, which is defined 
as the health of populations in a global context, transcends the perspectives 
and concerns of individual nations and crosses national borders. Global health 
depends on the public health efforts and institutions of all countries, including 
their strategies for improving health, both population-wide and for individuals. 
Global health depends on multiple factors, including social, political, envi-
ronmental, and economic determinants of health. Although global health often 
focuses on improving the health of people who live in low- and middle-income 
countries, it also includes the health of any marginalized population in any 
country.

TABLE 5-1 EPIDEMIOLOGIC TRANSITION IN CARDIOVASCULAR DISEASES

STAGES OF DEVELOPMENT LIFE EXPECTANCY

BURDEN OF 
CARDIOVASCULAR DISEASE 

DEATHS, % OF TOTAL DEATHS
PREDOMINANT CARDIOVASCULAR 

DISEASES AND RISK FACTORS
MODERN REGIONAL 

EXAMPLES
1. Age of pestilence and famine 20-40 years 5-10 Infections, rheumatic heart disease, and 

nutritional cardiomyopathies
Rural India, sub-Saharan Africa, 

South America
2. Age of receding pandemics 30-50 years 10-35 As above plus hypertensive heart disease and 

hemorrhagic strokes
China

3. Age of degenerative and 
man-made diseases

50->60 years 35-65 All forms of strokes; ischemic heart disease at 
young ages; increasing obesity and diabetes

Aboriginal communities, urban 
India, former socialist 
economies

3A. Age of delayed degenerative 
diseases

>60 years <50 Stroke and ischemic heart disease at old age Western Europe, North America, 
Australia, New Zealand

3B. Age of health regression and 
social upheaval

50-60 years 35-55 Re-emergence of deaths from rheumatic heart 
disease, infections, increased alcoholism 
and violence; increase in ischemic and 
hypertensive diseases in the young

Russia

During stages 1 to 3A, life expectancy increases, whereas life expectancy decreases in stage 3B compared with stage 3A and even stage 3.
Modified from Omran AR. The epidemiological transition: a theory of the epidemiology of population change. The Milbank Quarterly. 2005;83:731-757. Reprinted from The Milbank Memorial Fund Quarterly. 
1971;49:509-538; and Yusuf S, Reddy S, Ounpuu S, et al. Global burden of cardiovascular diseases: part I: general considerations, the epidemiologic transition, risk factors, and impact of urbanization. 
Circulation. 2001;104:2746-2753.
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ABSTRACT
Global health addresses the health of all population of all nations, including 
inequities between and within nations. While defining health, it is important 
to evaluate both morbidity and mortality. The estimated 55 million annual 
worldwide deaths are dominated by noncommunicable diseases, even in low- 
and middle-income countries where HIV/AIDS, tuberculosis, and malaria 
are still important causes of morbidity and mortality. In 2015, the United 
Nations adopted a set of sustainable development goals to end poverty, protect 
the planet, and reduce premature mortality from noncommunicable disease 
by one third by 2030. Universal health coverage is a key to realize global health 
and to bring global equity.
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so-called double burden. Concerted global health efforts and public awareness, 
as well as investments by industrialized countries, multilateral agencies, and 
nongovernmental organizations, have resulted in significant progress against 
HIV/AIDS (Chapter 360). The worldwide mortality owing to HIV/AIDS 
and tuberculosis rose by 50% in 2010 compared with 1990 and then declined 
by 30% in 2015, but drug-resistant tuberculosis (Chapter 308) is an increasing 
worldwide challenge.6

Although malaria deaths have fallen worldwide over the last decade, malaria 
is a rising threat in parts of Southeast Asia—especially Cambodia, Myanmar, 
Thailand, and Vietnam—where drug resistance to antimalaria medications is 
problematic.

The age of the population is increasing all over the world, and so is the 
number of people living with consequences of diseases and injuries. Epide-
miological shifts driven by socioeconomic change also contribute to the 
worldwide increase in years lived with disability as well as the rate of increase 
in years lived with disability.7 Although some countries have recognized the 
problem of aging and developed programs to deal with its burden on health 
care resources, many countries are not prepared at all.8

Noncommunicable diseases account for nearly two thirds of the global 
burden of disease. Nearly 80% of all noncommunicable diseases related to 
death and disability occur in the low- and middle-income countries,9 where 
they account for about 14 million deaths in people under age 60 years. The 
prevention and control of noncommunicable diseases should involve both 
upstream and downstream approaches, such as: social determinants; national 
and international policies regarding trade, agriculture, transportation, and 
environmental and other policies; health care, including accessibility, avail-
ability, and affordability; and settings, such as schools and worksites, where 
health promotion and disease prevention are targeted, as well as media by 
which health can be influenced.

Population growth and aging also have resulted in an increasing number 
of people living with atherosclerotic vascular disease worldwide, despite the 
decrease in the age-adjusted incidence of myocardial infarction and ischemic 
stroke in high-income regions. Rising levels of obesity (Chapter 207) and 
diabetes (Chapter 216) have reached epidemic proportions in many coun-
tries. Smoking (Chapter 29) rates are increasing in low-income countries, 
with the increase more than offsetting declines in high-income countries.10 
Hypertension (Chapter 70) has an estimated worldwide prevalence of 35 to 
45% of the global population—more than 2 billion people over the age of 25 

Global health requires using a wide range of institutions that collaborate 
in addressing all health issues. Global health also depends on the constructive 
use of evidence-based information to provide health and health equity, in part 
by strengthening primary health care and the health care delivery system.

Millennium Development Goals
In an attempt to address global inequity, the United Nations advanced eight 
millennium development goals with the objective of achieving these goals 
between 2000 and 2015. These eight goals incorporate 21 targets (E-Table 
5-1), with a series of measurable health and economic indicators for each 
target. Although many of the targets have not yet been achieved, substantial 
progress has been made toward all targets.3

The millennium development goals emphasize that health and development 
are interconnected. To address global inequity, fundamental issues include 
reducing poverty, improving education, and empowering people. In addition 
to specific goals for reducing infant and child mortality, maternal mortality, 
and mortality owing to infectious diseases such as HIV/AIDS, malaria, and 
tuberculosis, the millennium development goals strongly encourage environ-
mental sustainability and global partnership.

 GLOBAL BURDEN OF DISEASES
The global burden of disease is measured in terms of total and cause-specific 
mortality and morbidity, as well as the national economic burden for health 
care. About 55 million people die from all causes annually, with about 25% 
of deaths due to communicable, maternal, neonatal, and nutritional disorders, 
65% due to noncommunicable diseases, and 10% due to injuries (Table 5-2).4 
Although overall deaths between 1990 and 2010 increased by 13.5%, medical 
and public health advancements reduced deaths from communicable diseases 
by 17%, whereas deaths due to noncommunicable disease increased by 30% 
and deaths due to injury, including war-related deaths, increased by 24%.

Child mortality under the age of 5 years decreased by 52% between 1990 
and 2015. Neonatal deaths and stillbirths also have fallen significantly.5

 CHANGING PATTERNS OF DISEASES
Despite the general trends of declining morbidity and mortality from com-
municable diseases, parts of Africa, Asia, and Latin America are still facing 
the challenges of infectious diseases, such as HIV, malaria, and tuberculosis, 
even as their prevalence of chronic noncommunicable diseases has risen—a 

TABLE 5-2 GLOBAL DEATHS IN 1990 AND 2015 FOR ALL AGES AND BOTH SEXES COMBINED

CAUSES OF DEATH

ALL AGES—DEATHS (THOUSANDS)

% CHANGE1990 2015
ALL CAUSES 46,511 55,793 +20

Communicable, Maternal, Neonatal, and Nutritional Disorders 15,859 11,264 −29
HIV/AIDS and tuberculosis 1770 2,305 +30
Diarrhea, lower respiratory infection, and other common IDs 7772 4,960 −36
Neglected tropical diseases and malaria 1211 843 −30
Maternal disorders 359 275 −23
Neonatal disorders 3081 2163 −30
Nutritional deficiencies 977 406 −58
Other communicable, maternal, neonatal, and nutritional disorders 690 311 −55

Noncommunicable Diseases 26,560 39,804 +50
Neoplasm 5779 8,765 +52
Cardiovascular and circulatory diseases 11,903 17,921 +51
Chronic respiratory diseases 3986 3,796 −5
Cirrhosis of the liver 778 1,292 +66
Digestive diseases (except cirrhosis) 973 1,203 +24
Neurologic disorders 595 2,259 +280
Mental and behavioral disorders 138 325 +136
Diabetes, urogenital, blood, and endocrine diseases 1544 3,409 +121
Musculoskeletal disorders 70 90 +29
Other noncommunicable diseases 794 745 −6

Injuries 4092 4,725 +16
Transport injuries 958 1,467 +53
Unintentional injuries other than transport injuries 2030 1,839 −9
Self-harm and interpersonal violence 1009 1,238 +23
Forces of nature, war, and legal intervention 95 183 +93
HIV/AIDS = human immunodeficiency virus infection/acquired immunodeficiency syndrome; ID = infectious disease.
Adapted from Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of Disease Study 
2010. Lancet. 2012;380:2095-2128; and GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of 
death, 1980-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet. 2016;388:1459-1544.
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E-TABLE 5-1 MILLENNIUM DEVELOPMENT GOALS AND TARGETS (2000-2015)
GOAL 1: ERADICATE EXTREME POVERTY AND HUNGER

Target 1A: Halve, between 1990 and 2015, the proportion of people living on less than $1.25 a day.
Target 1B: Achieve decent employment for women, men, and young people.
Target 1C: Halve, between 1990 and 2015, the proportion of people who suffer from hunger.
GOAL 2: ACHIEVE UNIVERSAL PRIMARY EDUCATION

Target 2A: By 2015, all children (girls and boys) can complete a full course of primary schooling.
GOAL 3: PROMOTE GENDER EQUALITY AND EMPOWER WOMEN

Target 3A: Eliminate gender disparity in primary and secondary education preferably by 2005, and at all levels by 2015.
GOAL 4: REDUCE CHILD MORTALITY RATES

Target 4A: Reduce by two thirds, between 1990 and 2015, the under-five mortality rate.
GOAL 5: IMPROVE MATERNAL HEALTH

Target 5A: Reduce by three quarters, between 1990 and 2015, the maternal mortality ratio.
Target 5B: Achieve, by 2015, universal access to reproductive health.
GOAL 6: COMBAT HIV/AIDS, MALARIA, AND OTHER DISEASES

Target 6A: Have halted by 2015 and begun to reverse the spread of HIV/AIDS.
Target 6B: Achieve, by 2010, universal access to treatment for HIV/AIDS for all those who need it.
Target 6C: Have halted by 2015 and begun to reverse the incidence of malaria and other major diseases.
GOAL 7: ENSURE ENVIRONMENTAL SUSTAINABILITY

Target 7A: Integrate the principles of sustainable development into country policies and programs; reverse loss of environmental resources.
Target 7B: Reduce biodiversity loss, achieving, by 2010, a significant reduction in the rate of loss.
Target 7C: Halve, by 2015, the proportion of the population without sustainable access to safe drinking water and basic sanitation.
Target 7D: By 2020, to have achieved a significant improvement in the lives of at least 100 million slum-dwellers.
GOAL 8: DEVELOP A GLOBAL PARTNERSHIP FOR DEVELOPMENT

Target 8A: Develop further an open, rule-based, predictable, non-discriminatory trading and financial system.
Target 8B: Address the special needs of the least developed countries.
Target 8C: Address the special needs of landlocked developing countries and Small Island developing States.
Target 8D: Deal comprehensively with the debt problems of developing countries through national and international measures in order to make debt sustainable in the long term.
Target 8E: In cooperation with pharmaceutical companies, provide access to affordable, essential drugs in developing countries.
Target 8F: In cooperation with the private sector, make available the benefits of new technologies, especially information and communications.
From United Nations Millennium Development Goals. http://www.un.org/millenniumgoals/poverty.shtml. 2008. Accessed May 10, 2019.

http://www.un.org/millenniumgoals/poverty.shtml
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TABLE 5-3 WHO ESTIMATES, 2015: PROBABILITY OF  
DYING FROM ANY OF THE 4 MAJOR 
NONCOMMUNICABLE DISEASES 
(CARDIOVASCULAR DISEASES, CANCER, 
DIABETES OR CHRONIC RESPIRATORY DISEASES) 
BETWEEN THE AGES OF 30 AND 70

REGION

LOW PROBABILITY  
16% OR LESS

HIGH PROBABILITY  
MORE THAN 25%

COUNTRY (%) COUNTRY (%)
Africa Algeria 15 Côte d’Ivoire 28

Cabo Verde, Gabon 16 Sierra Leone 30
America Canada 10 Trinidad and Tobago 26

Chile, Costa Rica 11 Guyana 28
Eastern 

Mediterranean
Qatar 14 Sudan 26
Iran 15 Afghanistan, Yemen 31

Europe Iceland 8 Belarus, Kazakhstan, 
Russian Federation

29

Italy, Sweden, Switzerland 9 Turkmenistan 35
South East Asia Maldives 12 Democratic People’s 

Republic of Korea
26

Thailand 16 Indonesia 27
Western Pacific Republic of Korea 8 Fiji 31

Australia, Japan 9 Papua New Guinea 36
Adapted from World Health Statistics 2017: monitoring health for the SDGs. World Health 
Organization. https://reliefweb.int/sites/reliefweb.int/files/resources/9789241565486-eng.pdf. 
Accessed May 10, 2019.

years.11 The age-standardized prevalence of hypertension is highest in Africa, 
where it is about 45% for both sexes, and is lowest in the Americas, where it 
is about 35% for both sexes.12 In all regions, men have a slightly higher preva-
lence of hypertension than do women. Despite significant efforts by global 
nongovernmental and multilateral organizations, including the World Health 
Organization, more than 50% of the world’s population with hypertension 
does not even know their condition, and the percentage treated and controlled 
varies from less than 5% in Zambia to 66% in Canada.

The growing epidemic of noncommunicable diseases, including mental 
disorders, and the unfinished agenda of controlling infectious diseases (HIV/
AIDS, malaria, tuberculosis, maternal and child health, and other infectious 
and parasitic diseases) poses a huge threat to the global population both in 
terms of human and fiscal losses. Noncommunicable diseases represent a 
growing economic threat across the globe and are becoming an acute problem 
in low- and middle-income countries (Table 5-3) in which they are estimated 
to account for nearly $500 billion per year.

Worldwide adoption of best practices could substantially reduce that 
economic burden. For example, population-based interventions to reduce 
tobacco and harmful alcohol use, as well as to improve unhealthy diets and 
increase physical activity, are estimated to cost less than $0.40 per person  
per year.

Although individual countries theoretically take responsibility for the health 
of their respective citizens, many low- and middle-income countries are unable 
to meet their domestic population’s basic needs. The sum of public and private 
health care expenditure by countries based on their gross domestic product 
varies between 1.6% in South Sudan to 18% in the United States, with many 
high-income countries spending more than 10%. Thus, the worldwide solution 
requires a response of all of human society, including strategic domestic and 
international investments, both within countries and through multilateral 
agencies. This societal responsibility must be shared by the private sector, 
nongovernmental organizations, academia, professional societies, and the 
public themselves.

To meet these global needs, all 192 United Nations member states agreed 
to address their prevention and control worldwide, particularly in developing 
countries. The emphasis is on four major noncommunicable diseases (car-
diovascular diseases, cancer, diabetes, and chronic respiratory diseases) and 
four key risk factors common to all four of these noncommunicable diseases 
(tobacco use, unhealthy diets, physical inactivity, and harmful use of alcohol). 
Since 2011, there has been considerable discussion about both mental health 
and musculoskeletal disorders, which also contribute to the global burden 
of noncommunicable diseases.13 The World Health Organization developed 
a global monitoring framework to enable global tracking of progress in pre-
venting and controlling these four major noncommunicable diseases and 
their key risk factors, aiming for a 25% reduction by 2025—with a slogan of  
25 By 25.

The United Nations also adopted a set of goals to end poverty, protect the 
planet, and ensure prosperity for all as part of a new sustainable development 

agenda called Sustainable Development Goals (SDG) 2015-2030.14 The sustainable 
development goals aim to protect the world from dangers of environmental 
catastrophe and to protect the planetary life. The aims by 2030 are to reduce 
premature mortality from noncommunicable diseases by one third through 
prevention and treatment and to promote both mental health and well-being.

Universal health coverage is a key global health transition for the future. 
Although many high-income countries have some form of universal health 
coverage and some upper middle-income countries have introduced basic 
universal health coverage, many lower-middle-income and low-income coun-
tries are just beginning to introduce universal health coverage. This transition, 
if successful, should bring global equity, save people from paying huge health 
care costs, and lead to better health outcomes.
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REVIEW QUESTIONS

1. Hypertension or high blood pressure is the major risk factor for heart 
disease, stroke, and kidney diseases worldwide. Which of the following 
statements is incorrect?
 A. The prevalence of hypertension over the age of 25 varies between 35 

and 45% globally.
 B. Across all countries, men have a slightly higher prevalence of hyperten-

sion than do women.
 C. The global hypertension control rate is about 60%.
 D. Early diagnosis of hypertension leads to prevention of all forms of vas-

cular complications.
 E. According to the World Health Organization, population attributable 

deaths owing to hypertension are estimated to be about 7.5 million per 
year.

Answer: C The global control rate varies from less than 5% in Zambia to 
66% in Canada and is very low overall worldwide. All other statements (Answers 
A, B, D and E) are correct.

2. Which of the following statements about global health is correct?
 A. Global health is not the opposite of domestic health.
 B. Global health must integrate both infectious diseases and noncommu-

nicable diseases.
 C. Public, private, and societal partnership is necessary to deliver effective 

global health.
 D. Academia has a major role in promoting global health.
 E. All of the above.

Answer: E Statement A is true since global health includes domestic health 
as well, particularly on the health of marginalized people in developed coun-
tries. Statement B is true, since the current health system must address all 
diseases, particularly when noncommunicable diseases account for 65% of 
all global causes of death. New evidence shows that one fifth of all cancers 
worldwide are caused by chronic infections produced by agents such as HIV, 
human papillomavirus, and hepatitis B virus. Infections and parasitic diseases 
also cause other noncommunicable diseases, such as rheumatic heart disease, 
Chagas disease, cardiomyopathy, and peptic ulcer. As HIV/AIDS survivors 
live longer, they also are exposed to lifestyle-related risk factors and noncom-
municable diseases. Statement C is true. The economic burden of diseases is 
so large that public-private partnership is essential. Statement D is true. Aca-
demia should develop and supply needed knowledge and train the next gen-
eration of the global health work force.
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6 
APPROACH TO THE PATIENT: HISTORY 
AND PHYSICAL EXAMINATION
DAVID L. SIMEL

 OVERVIEW
Physicians may have multiple objectives with varying degrees of importance 
in their encounters with patients. These goals include, but are not limited to, 
the translation of symptoms and signs into diagnoses, the assessment of stabil-
ity or change in known conditions, the provision of information and counseling 
for future prevention, and the reaffirmation or alteration of therapeutic inter-
ventions. For a healthy adult with no symptoms or signs of a problem, a com-
prehensive annual physical examination has low diagnostic value.

The interaction between the patient and physician represents not only a 
scientific encounter, but also a social ritual centered on locus of control and 
meeting each other’s expectations. Patients expect a competent assessment 
of their health care needs and concerns. Physicians need to feel that they have 
not missed something important, an occasional need to put limits on the time 
available for each interaction, and a need to maintain objectivity. The expertly 
performed rational clinical examination enhances the social ritual and the 
likelihood of acquiring relevant data. It also optimizes the physician’s ability 
to understand the patient’s symptoms and concerns, as well as to facilitate 
the healing process.1

 MEDICAL HISTORY
The history begins by asking patients to describe, in their own words, the 
reason for seeking medical care (Table 6-1). Although patients may have many 
reasons for initiating a visit to the physician, they should be encouraged to 
select the one or two most important concerns they have. Physicians should 
reassure patients with multiple worries that other concerns will not be ignored, 
but emphasize that it is important to understand what worries them most.

History of the Present Illness
Open-ended questions facilitate descriptions of problems in the patient’s own 
words. Subsequently, specific questions fill in gaps and help clarify important 
points. However, wise clinicians realize that when they are talking, they are 
not listening. Nonetheless, when the patient is acutely ill, the physician should 
limit the amount of time spent in open-ended discussion and move promptly 
to the most important features that allow quick evaluation and management. 
In general, the history of the problem under consideration includes the 
following:
•	 Description	of	onset	and	chronology
•	 Location	of	symptoms
•	 Character	(quality)	of	symptoms
•	 Intensity
•	 Precipitating,	aggravating,	and	relieving	factors
•	 Inquiry	into	whether	the	problem	or	similar	problems	occurred	before	and,	

if so, whether a diagnosis was established
It is often helpful to ask patients to express what they believe is the cause 

of the problem or what concerns them the most. This approach often uncovers 
other pertinent factors and helps establish that the physician is trying to meet 
the patient’s needs.

Past Medical and Surgical History
An astute clinician recognizes that patients may not report all their prior prob-
lems because they may forget, may assume that previous events are unrelated 
to their current problem, or simply may not want to discuss past events. Open-
ended statements such as “Tell me about other medical illnesses that we did 
not discuss” and “Tell me about any operations you had” prompt the patient 
to consider other items. The physician should ask the patient about unexplained 
surgical or traumatic scars.

A list of current medications includes prescriptions, over-the-counter medi-
cations, vitamins, and herbal preparations. Patients who do not recall the 
names of medications should bring all medication bottles to the next visit. 
Patients may not consider topical medications (e.g., skin preparations or eye-
drops) as important, so they may need prompting.

Information	about	allergies	(Chapter	239)	 is	particularly	 important,	but	
challenging, to collect. Patients may attribute adverse reactions or intoler-
ances to allergies, but many supposed allergic reactions are not truly drug 
allergies.	For	example,	less	than	20%	of	patients	who	claim	a	penicillin	allergy	
are allergic on skin testing. Eliciting the patient’s actual response to medica-
tions facilitates a determination of whether the response was a true allergic  
reaction.

Social and Occupational History and Risk Factors
The social history not only reveals important information but also improves 
understanding of the patient’s unique values, support systems, and social situ-
ation. It can be helpful to ask the patient to describe what they would do 
during a typical day.

Data	that	may	influence	risk	factors	for	disease	should	be	gathered,	including	
a	nonjudgmental	assessment	of	substance	abuse	(Chapter	31).	The	tobacco	
history should include the use of snuff, chewing tobacco, cigar and cigarette 
smoking,	 and	 electronic	 nicotine	 delivery	 systems	 (Chapter	 29).	 Alcohol	
use should be determined quantitatively and by the effect that it has had 
on	 the	patient’s	 life	 (Chapter	 30).	Past	 or	present	use	of	 prescription	pain	
medications,	sedatives,	or	illicit	substances	should	be	assessed	(Chapter	31).	
The sexual history should address sexual orientation and gender identity, as 
well as current and past sexual activity. The best way to address sexual ori-
entation and gender identity may be to ask the patient whether they think 
of themselves as “lesbian, gay, or homosexual; as straight or homosexual; 
as bisexual; as something else; or whether they ‘don’t know.’ ” The employ-
ment history should include the current and past employment history, as 
well as any significant hobbies. All adult patients should be asked if they 
served in the military. Military veterans should be asked about their combat 
history, years of service, and areas of deployment.2 In patients in whom 
exposure to trauma has been established, screening for post-traumatic stress 
disorder	 (PTSD;	Chapter	369)	can	be	done	with	 several	 simple	questions	 
(Table	6-2).3

The physician should obtain information on socioeconomic status, insur-
ance, the ability to afford or obtain medications, and past or current barriers 
to	health	care	(Chapter	4).	Marital	status	and	the	living	situation	(i.e.,	whom	
the patient lives with, significant stressors for that patient) are important as 
risk factors for disease and to determine how best to care for the patient. A 
patient’s	culture	(Chapter	4)	and	values	should	be	known,	including	any	prior	
advance	directives	or	desire	to	overrule	them	(Chapter	3).

Family History
The family history allows risk stratification, which affects the pretest probability 
for an increasing number of disorders (e.g., heart disease, breast cancer, or 
Alzheimer disease). For common diseases such as heart disease, additional 
inquiry into the age of onset in first-degree relatives and death attributed to 
the	disease	should	be	obtained	(Chapter	46).	Patients	may	lack	appropriate	
information about the absence of disease. The expansion of knowledge about 
genetic	diseases	(Chapter	36)	requires	that	clinicians	improve	their	skills	in	
eliciting the family history.

Review of Systems
The review of systems elicits symptoms or signs not covered or overlooked 
in	the	history	of	the	present	illness	(Table	6-3).	In	contrast	to	the	open-ended	
nature of collecting the medical history, which allows the patient to “claim” 
or “deny” a variety of symptoms, the direct questioning technique of the review 
of systems leads the patient to “accept” or “reject” symptoms. The review of 
systems is more efficient if at least some questions are restricted to a specific 
period (e.g., “a recent change in your vision” or “shortness of breath, wheezing, 
or coughing this past week”) or by having the patient fill out a previsit 
questionnaire.

 PHYSICAL EXAMINATION
Chaperones
When a guest or friend accompanies the patient, the clinician should either 
ask the patient if they would like their companion to stay during the examina-
tion or ask the guest to wait outside the room. Patients can be offered the 
option of a chaperone, especially when the clinician and patient are of different 
genders and a comprehensive examination is planned. For example, many 
adult	women	(29%)	and	adolescent	girls	 (46%)	express	 a	preference	 for	 a	
chaperone during a breast, pelvic, or rectal examination by a male physician 
(especially during their first examination). Many examiners prefer a chaperone 
to allay their own anxieties attributable to gender differences or to achieve a 
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ABSTRACT
The clinical examination provides data that are part of a scientific inquiry, 
while at the same time being an important social ritual that establishes and 
maintains a relationship between the physician and patient. As part of a sci-
entific inquiry, the physician should focus on symptoms and signs that are of 
proven value, while at the same time demonstrating professionalism and caring 
that respects a patient’s preferences and goals.
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Respirations should be assessed with the patient unaware that the rate is being 
observed. Abnormal patterns include tachypnea (rapid rate of breathing) or 
hypopnea (slow or shallow rate of breathing). Tachypnea is not always associ-
ated with hyperventilation, which is defined by increased alveolar ventilation 
resulting	in	a	lower	arterial	carbon	dioxide	level	(Chapter	95).	An	increased	
work	of	breathing	causes	the	subjective	sensation	of	dyspnea	(Chapter	77).5

The body temperature of adults is measured with an oral electric thermom-
eter.	Rectal	 thermometers	 reliably	 record	 temperatures	 0.4°	C	 higher	 than	
oral thermometers. Tympanic thermometers vary too much in comparison 
with oral thermometers (−1.2°	 to	+1.6°	C	 vs.	 the	 oral	 temperature)	 to	 be	
reliable in hospitalized patients, but they can be useful when continuous 
monitoring is important.6

Head and Neck
Face
The examiner should note any asymmetrical facial features. Examples of asym-
metry	include	skin	lesions	(Chapter	407),	cranial	nerve	palsies	(Chapter	368),	
parotid	enlargement	(Chapter	397),	or	the	ptosis	of	Horner	syndrome	(Chapter	
396).	A	variety	of	disorders	may	cause	symmetrical,	abnormal	facies;	examples	
include	acromegaly	(Chapter	211),	Cushing	syndrome	(Chapter	214),	and	
Parkinson	disease	(Chapter	381).

Ears
Physicians	may	 not	 recognize	 their	 patient’s	 hearing	 impairment	 (Chapter	
400)	unless	they	perform	a	whispered	voice	test.	Otoscopic	evaluation	of	the	
tympanic membranes should reveal a translucent membrane and an obvious 
cone	of	light	reflected	where	the	eardrum	meets	the	malleolus	(see	Fig.	398-
8).	Cerumen	impaction	is	an	easily	treated	cause	of	diminished	hearing.

Nose
Patients with nasal symptoms often incorrectly self-diagnose bacterial sinusitis 
(Chapter	 398).	The	physician	 should	 inspect	 the	nares	 for	 polyps	 that	 are	
obstructing, glistening, mucosal masses. Transillumination performed in a 
dark room is useful for diagnosing sinusitis, especially when combined with 
visualization of a purulent discharge, a patient’s report of a poor response to 
decongestants or antihistamines, maxillary toothache, and the presence of 
discolored	rhinorrhea	(Chapter	398).

Mouth
The quality of the patient’s dentition directly affects nutrition. Premalignant 
oral	lesions	(e.g.,	leukoplakia	[see	Fig.	397-5],	nodules,	ulcerations)	found	by	
generalist	physicians	are	usually	verified	by	dentists	(Chapter	397).	Patients	
who use smokeless tobacco products are at significantly increased risk for 
premalignant	and	malignant	oral	 lesions	(Chapter	29).	Bimanual	palpation	
of	the	cheeks	and	floor	of	the	mouth	facilitates	 identification	of	potentially	
malignant	lesions	(Chapter	397).

perceived need for protection should the patient become concerned during 
the procedure.

Vital Signs
Vital signs include the pulse rate and rhythm, blood pressure, respiratory rate, 
and body temperature. Marked abnormalities require a rapid, focused evalu-
ation that may take precedence over the typical structural approach to the 
remainder	of	the	evaluation	(Chapter	7).	Although	the	patient’s	quantitative	
self-assessment of pain has been promoted as the fifth vital sign for patients 
with acute problems, there is now increasing controversy as to whether the 
routine assessment of this symptom through a simple score leads to better 
outcomes.

When	 the	 blood	 pressure	 is	 abnormal	 (Chapter	 70),	 the	 measurement	
should	be	repeated,	assuring	that	the	cuff	size	is	appropriate.	Calibrated	auto-
mated cuffs provide a less biased mechanism for measuring blood pressure. 
Because	of	white	coat	hypertension	and	inherent	variability	in	blood	pressure,	
the clinician is now advised to confirm hypertension through review of mea-
surements obtained outside of the clinical setting.4

TABLE 6-1 PATIENT’S MEDICAL HISTORY
Description	of	the	patient
Age, gender, ethnic background, occupation
Chief	reason	for	seeking	medical	care
State the purpose of the evaluation (usually in the patient’s words)
Other physicians involved in the patient’s care
Include the clinician that the patient identifies as his or her primary provider or the 

physician who referred the patient. Record contact information for all physicians 
who should receive information about the visit

History of the reason for seeking medical care
In chronologic fashion, determine the evolution of the indication for the visit and 

then each major symptom. It is best to address the patient’s reason for seeking 
care first rather than what the physician ultimately believes is most important

Be	careful	to	avoid	“premature	closure,”	when	a	diagnosis	is	assumed	before	all	the	
information is collected

Past medical and surgical history
List	other	illnesses	and	previous	surgeries	not	related	to	the	current	problem
List	all	prescribed	and	over-the-counter	medications	with	dose
Remember to ask about vitamin and herbal supplements
Allergies and adverse reactions
List	allergic	reactions	to	medications	and	food.	Record	the	specific	reaction	(e.g.,	

hives).	Distinguish	allergies	from	adverse	reactions	or	intolerance	to	medication	
(e.g.,	dyspepsia	from	nonsteroidal	anti-inflammatory	agents)

Social,	occupational,	and	military	history	(see	Table	6-2)
Describe	the	patient’s	current	family	and	a	typical	day	for	patient
Risk factors
Include history of tobacco use, illegal drug use, and risk factors for sexually 

transmitted disease (including human immunodeficiency virus and hepatitis)
Family history
History of any diseases in first-degree relatives and a listing of family members with 

any conditions that could be risk factors for the patient (e.g., cardiovascular 
disease at a young age, malignancy, known genetic disorders, longevity)

Review	of	systems	(see	Table	6-3)

From	Department	of	Veterans	Affairs.	Military	Health	History	Pocket	Card	for	Clinicians.	https://
www.va.gov/oaa/archive/Military-Health-History-Card-for-print.pdf.	Accessed	May	10,	2019.

TABLE 6-2 BASIC MILITARY HISTORY
•	 Tell	me	about	your	military	experience.
•	 When	and	where	do	you/did	you	serve?
•	 What	do	you/did	you	do	while	in	the	service?
•	 How	has	military	service	affected	you?
If	the	patient	answers	“yes”	to	any	of	the	questions	below,	ask	the	patient,	“Can	you	
tell	me	more	about	that?”

•	 Did	you	see	combat,	enemy	fire,	or	casualties?
•	 Were	you	or	a	buddy	wounded,	injured,	or	hospitalized?
•	 Did	you	ever	become	ill	while	you	were	in	the	service?
•	 Were	you	a	prisoner	of	war?

To screen for post-traumatic stress disorder, ask, “In your life, have you ever had an 
experience so horrible, frightening, or upsetting that, in the past month you…”

•	 Have	had	nightmares	about	it	or	thought	about	it	when	you	did	not	want	to?
•	 Tried	hard	not	to	think	about	it	or	went	out	of	your	way	to	avoid	situations	

that	reminded	you	of	it?
•	 Were	constantly	on	guard,	watchful,	or	easily	startled?
•	 Felt	numb	or	detached	from	others,	activities,	or	your	surroundings?

TABLE 6-3 REVIEW OF SYSTEMS*
FOCUS	all	questions	on	a	specific	time	frame	(e.g.,	within	the	past	“month”	or	

“now”) and on items not already addressed during the clinical examination:
Change	in	weight	or	appetite
Change	in	vision
Change	in	hearing
New or changing skin lesions
Chest	discomfort	or	sensation	of	skipped	beats
Shortness of breath, dyspnea on exertion
Abdominal discomfort, constipation, melena, hematochezia, diarrhea
Difficulty	with	urination
Change	in	menses
Joint or muscle discomfort not already mentioned
Problems with sleep
Difficulty	with	sexual	function
Exposure to “street” drugs or medications not already mentioned
Depression	(feeling	“down,	depressed,	or	hopeless”;	loss	of	interest	or	pleasure	in	

doing things)
A sensation of unsteadiness when walking, standing, or getting up from a chair

*Start with this basic list and adapt the items by considering factors such as age, gender, 
medications, and the problems identified during the examination. The process is facilitated by 
developing a routine personal approach to these questions, typically going through the systems from 
“head to toe.”

https://www.va.gov/oaa/archive/Military-Health-History-Card-for-print.pdf
https://www.va.gov/oaa/archive/Military-Health-History-Card-for-print.pdf
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supraclavicular area, axilla, epitrochlear area, and inguinofemoral region. 
Simple lymph node enlargement confined to one region is common and does 
not	 usually	 represent	 an	 important	 underlying	 disorder.	Unexpected	 gross	
lymph node enlargement in a single area or diffuse lymph node enlargement 
is more important. Patients with febrile illnesses, underlying malignancy, or 
inflammatory	diseases	should	routinely	undergo	an	examination	of	each	of	
the aforementioned areas for lymph node enlargement.

Chest
Inspection of the patient’s posture may reveal lateral curves in the back (sco-
liosis) or kyphosis that may be associated with loss of vertebral height from 
osteoporosis	 (Chapter	 230).	When	patients	have	back	pain,	 the	 spine	 and	
paravertebral	muscles	should	be	palpated	for	spasm	and	tenderness	(Chapter	
372).	The	patient	may	be	placed	through	maneuvers	to	assess	loss	of	mobility	
associated	with	ankylosing	spondylitis	(Chapter	249),	but	a	history	of	loss	of	
lateral mobility may be just as efficient in the early stages of spondylitis.

Lungs
The incremental value of palpation and percussion of the chest to supplement 
the history, auscultation, and eventual chest radiograph is unknown. Normal 
vesicular	sounds,	which	approximate	a	3	:	1	inspiratory:expiratory	ratio	with	
no pause between inspiration and expiration, are heard throughout most of 
the normal posterior chest during quiet breathing. Auscultated wheezes are 
continuous	adventitial	sounds.	Crackles	(formerly	called	rales)	are	discontinu-
ous sounds heard in conditions that stiffen the lung (heart failure, pulmonary 
fibrosis, and obstructive lung disease).

Heart
The	patient	should	be	examined	in	the	sitting	and	lying	positions	(Chapter	
45).	Palpation	of	the	apical	impulse	in	the	left	lateral	decubitus	position	helps	
detect a displaced apical impulse and can reveal a palpable S3 gallop. When 
the apical impulse is lateral to the midclavicular line, radiographic cardiomegaly 
and	 an	 ejection	 fraction	 of	 less	 than	 50%	 are	more	 likely.	Most	 examiners	
auscultate in sequence the second left and right intercostal spaces, the left 
sternal border, and then the apex. The examiner should concentrate on the 
timing, intensity, and splitting of sounds with respiration. The first and second 
heart sounds are heard best with the diaphragm, as are pericardial rubs. Gallops 
(S3 and S4) are heard best with the stethoscope bell. High-pitched sounds are 
easier to hear with the diaphragm and low-pitched sounds easier to hear with 
the bell, while medium-pitched sounds are heard equally well with either. The 
location, timing, intensity, radiation patterns, and respiratory variation of 
murmurs should be noted. Special maneuvers during auscultation (e.g., Val-
salva, auscultation during sudden squatting or standing) do not need to be 
performed if the results of routine precordial examination are entirely normal.

The presence of an S3 gallop is useful for detecting left ventricular systolic 
dysfunction. The presence of a systolic thrill or a holosystolic murmur increases 
the likelihood of moderate to severe aortic stenosis or mitral regurgitation. 
Quiet systolic murmurs are unlikely to herald important cardiac abnormalities. 
A loud, early diastolic murmur or a diastolic murmur associated with an S3 
suggests severe aortic regurgitation.

Breast
Breast	examination	by	physicians	as	a	routine	screening	test	among	women	
at average risk is no longer recommended.9 However, women may present 
with concerns identified through their self-examinations. The most important 
determinants of the accuracy of the breast examination are the duration of 
the examination; the patient’s position; careful evaluation of the breast bound-
aries; the pattern of the examination; and the position, movement, and pressure 
of	 the	examiner’s	fingers	(Chapter	188).	To	obtain	 the	best	 sensitivity,	 the	
duration	of	the	breast	examination	needs	to	be	5	to	10	minutes’	total	time,	
but	few	generalist	physicians	perform	such	a	lengthy	examination.	Clinicians	
should recognize that the examination may make them (or their patient) feel 
uncomfortable—the presence of a chaperone may give the clinician the con-
fidence to perform an intensive examination.

The physician should palpate the breast with the pads of the fingers while 
the	patient	is	supine	and	holding	her	hand	first	on	her	forehead	(to	flatten	the	
lateral	border	of	the	breast)	and	then	on	her	shoulder	(to	flatten	the	medial	
border). The examiner should make small circular motions with the fingers, 
moving up and down in parallel rows to span the entire breast-clavicle to the 
bra	line.	Cancerous	breast	lumps	are	difficult	to	distinguish	from	benign	breast	
lumps, which is why breast imaging now dominates recommendations for 
screening and follow-up of clinical abnormalities.

Eyes
The eye examination begins with simple visual inspection to look for sym-
metry in the lids, extraocular movements, pupil size and reaction, and the 
presence	of	redness	(Chapters	395	and	396).	Abnormal	extraocular	movements	
should be grouped into nonparalytic (usually chronic with onset in childhood) 
or paralytic causes (third, fourth, or sixth cranial nerve palsy). Pupillary abnor-
malities may be symmetrical or asymmetrical (anisocoria). Red eyes should 
be categorized by the pattern of ciliary injection, presence of pain, effect on 
vision, and papillary abnormalities. When the eye examination is approached 
systematically, the generalist physician can evaluate red eyes for conjunctivitis, 
episcleritis or scleritis, iritis, and acute glaucoma.

Routine determination of visual acuity can confirm a patient’s report of 
diminished vision but does not replace the need for formal ophthalmologic 
evaluation	in	patients	with	visual	complaints	(Chapter	395).	Novice	examiners	
will find ophthalmoscopes with panoptic views easier to use than the direct 
ophthalmoscope, resulting in better sensitivity and specificity for optic disc 
abnormalities. After identifying the optic disc by ophthalmoscopy, the examiner 
should note the border of the disc for clarity, color, and the size of the central 
cup in relation to the total diameter (usually less than half the diameter of the 
disc). A careful observer usually can see spontaneous venous pulsations that 
indicate	normal	intracranial	pressure,	but	about	10%	of	patients	with	normal	
intracranial pressure will not have spontaneous pulsations. Abnormalities of 
the optic disc include optic atrophy (a white disc), papilledema (see Fig. 
395-26)	(blurry	margins	with	a	pink,	hyperemic	disc),	and	glaucoma	(a	large,	
pale cup with retinal vessels that dive underneath and that may be displaced 
toward the nasal side). The generalist’s examination inadequately detects early 
glaucomatous changes, so high-risk patients should undergo routine ophthal-
mologic examination for glaucoma.

After inspecting the disc, the upper and lower nasal quadrants should be 
examined for the appearance of vessels and the presence of any retinal hemor-
rhages	 (see	 Fig.	 395-28)	 or	 lesions.	 Patients	 with	 diabetes	 (Chapter	 216)	
should undergo routine examination by eye care experts because the sensitivity 
of a generalist’s examination is not adequate to exclude diabetic retinopathy 
or monitor it over time.

Neck
Carotid Pulses
The carotid pulses should be palpated for contour and timing in relation to 
the	cardiac	impulse.	Abnormalities	in	the	carotid	pulse	contour	reflect	under-
lying cardiac abnormalities (e.g., aortic stenosis) but are generally appreciated 
only	after	detecting	an	abnormal	cardiac	impulse	or	murmur	(Chapter	45).	
Many physicians listen for bruits over the carotid arteries because asymptomatic 
carotid bruits are associated with an increased incidence of cerebrovascular 
and	cardiac	events	in	older	patients	(Chapters	378	and	379).	Unfortunately,	
clinical studies do not provide adequate data for judging the importance of 
detecting bruits in asymptomatic patients.

Jugular Veins
Inspection of the venous waveforms may facilitate the interpretation of the 
cardiac examination for right heart valvular lesions. The waveforms can be 
highlighted by shining a penlight obliquely on the vein while looking for the 
dynamic changes of the projected shadow on the bed linen. The examination 
of	the	neck	veins	is	an	unreliable	indicator	of	central	venous	pressure	or	fluid	
responsiveness	in	hemodynamically	unstable	patients	(Chapter	45).	Increased	
respiratory collapse of the inferior vena cava seen with bedside ultrasound or 
increased cardiac output during passive leg raising are better examination 
predictors	for	fluid	responsiveness.7

Thyroid
A large proportion of thyroid abnormalities are detected by physical examina-
tion of asymptomatic individuals.8 The thyroid gland is felt best when standing 
behind the patient and using both hands to palpate the thyroid gland gently 
(Chapter	213).	Palpation	is	enhanced	when	the	patient	swallows	sips	of	water	
to allow the thyroid to glide underneath the fingers. When viewed from the 
side, lateral prominence of the thyroid between the cricoid cartilage and the 
suprasternal notch indicates thyromegaly. The volume of a normal thyroid 
gland is no greater than the volume of the patient’s distal thumb phalanx.

Lymphatic System
While palpating the thyroid, the examiner may also identify enlarged cervi-
cal	 lymph	nodes	(Chapter	159).	Lymph	nodes	can	also	be	palpated	 in	 the	
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Skin
The	skin	should	be	examined	under	good	lighting	(Chapter	407).	It	 is	best	
to ask the patient to point out any spots on the skin of concern. Examiner 
agreement on some of the most important features of melanoma (asymmetry, 
haphazard	 color,	 border	 irregularity)	 is	 fair	 to	moderate	 (Chapter	 193).	A	
lesion that is symmetrical, has regular borders, is only one color, is 6 mm or 
smaller, or has not enlarged in size is unlikely to represent a melanoma. However, 
an increasing number of these findings greatly enhance the likelihood of mela-
noma	(Chapter	193).

Basal	cell	carcinoma	and	squamous	cell	carcinoma	occur	more	frequently	
than	melanoma	(Chapter	193).	The	examiner	should	pay	particular	attention	
to sun-exposed areas of the nose, face, forearms, and hands.

Neurologic Examination
Full	details	of	the	neurologic	examination	are	given	in	Chapter	368.

Psychiatric Evaluation
During	the	general	examination,	much	of	the	psychiatric	assessment	(includ-
ing cognition) is accomplished while eliciting the routine history and perform-
ing	 the	 review	 of	 systems	 (Chapter	 369).	 Observation	 of	 the	 patient’s	
mannerisms, affect, facial expression, thought content, and behavior may 
suggest underlying psychiatric disturbances. Specific questioning for symptoms 
of	depression	is	appropriate	for	all	adult	patients.	Delirium	(Chapter	25)	is	
common	in	both	medical	and	surgical	inpatients	and	is	recognized	by	fluctuat-
ing mental status. Suspect delirium when the patient has trouble carrying on 
a normal conversation during bedside rounds. The patient’s nurse or visitors 
may detect delirium before the physician.

Pelvic Examination
A complete examination includes a description of the external genitalia, appear-
ance of the vagina and cervix as seen through a speculum, and bimanual pal-
pation	of	 the	uterus	and	ovaries	(Chapters	189	and	224).	Age	appropriate	
cervical sampling is recommended to screen for cervical carcinoma. However, 
an annual screening pelvic examination in the well adult woman is not neces-
sary.11 In the emergency setting, all women of reproductive age with vaginal 
bleeding and pelvic pain should have a pregnancy test and an ultrasound to 
evaluate for a possible ectopic pregnancy.

Male Genitalia
Examination of the male genitalia should begin with a description of whether 
the penis is circumcised and whether there are any visible skin lesions (e.g., 
ulcers or warts). Palpation should confirm the presence of bilateral testes in 
the scrotum. The epididymis and testes should be palpated for nodules. The 
low incidence of testicular carcinoma means that most nodules are benign 
(Chapter	190).

As a screening test for prostate carcinoma, no evidence supports a digital 
rectal examination in the absence of an elevated serum prostate specific antigen.12 
The generalist physician will more frequently perform a digital examination 
to evaluate for tenderness associated with prostatitis or enlargement causing 
lower urinary tract symptoms. The size of the prostate can be described by 
centimeters of width and height.

Rectum
Patients can be examined while lying on their side, during a gynecological 
bimanual exam, or while standing and leaning over a table. The rectal exami-
nation begins with inspection of the perianal area for skin lesions. A well-
lubricated, gloved finger is placed on the anus, and while applying gentle 
digital pressure, the examiner asks that the patient bear down as though having 
a bowel movement. This maneuver facilitates entry of the finger into the rectum. 
A normal rectal response includes tightening of the anal sphincter around the 
finger. The examiner should palpate circumferentially around the length of 
the fully inserted finger for masses. As a screening test for colorectal carcinoma 
(Chapter	 184),	 digital	 examination	 does	 not	 replace	 testing	 stool	 samples	
collected by the patient.

 SUMMARIZING THE FINDINGS FOR THE PATIENT
The clinician should summarize pertinent positive and negative findings for 
the patient and be willing to express uncertainty, provided that uncertainty 
is accompanied by a plan of action (e.g., “I will reexamine you on your next 
visit”). The rationale for subsequent laboratory, imaging, or other tests should 
be explained. A plan should be established for providing further feedback and 

Abdomen
When patients have an acute abdominal problem, the examination focuses 
initially on identifying patients who require surgical evaluation. Palpation and 
percussion of the abdomen of patients with no symptoms or risk factors for 
an	abdominal	disorder	seldom	reveal	important	abnormalities	(Chapter	123).	
Palpation can reveal an asymptomatic widening of the abdominal aorta that, 
in older patients, suggests an abdominal aneurysm. However, palpation misses 
a	substantial	proportion	of	small	to	medium	aneurysms	(Chapter	69).

The presence of bowel sounds in patients with acute symptoms can be 
falsely reassuring because the sounds may increase early in an obstruction 
and then persist despite an ileus. For patients without gastrointestinal symp-
toms or abnormalities on palpation, auscultation for bruits is important pri-
marily	to	detect	renal	bruits	in	patients	with	hypertension	(Chapters	70	and	
116). The presence of an abdominal bruit in a hypertensive patient, if heard 
in systole and diastole, strongly suggests renovascular hypertension.

Liver
Detection	of	liver	disease	depends	mostly	on	the	history	and	laboratory	evalu-
ations	(Chapter	137).	By	the	time	that	signs	are	present	on	physical	examina-
tion, the patient usually has advanced liver disease. The first abnormalities on 
physical examination associated with liver disease may be extrahepatic. The 
clinician should assess the patient for ascites, peripheral edema, jaundice, or 
splenomegaly. In patients with an enlarged liver, palpation should begin at 
the liver edge, but palpation of the edge below the costal margin increases the 
likelihood of hepatomegaly only slightly. Percussion may detect the upper 
border	of	 the	 liver,	and	a	span	of	 less	 than	12	cm	reduces	the	 likelihood	of	
hepatomegaly.

Spleen
Examination for splenomegaly in patients without findings suggestive of a 
disorder	associated	with	splenomegaly	almost	always	reveals	nothing	(Chapter	
159).	Approximately	3%	of	healthy	teenagers	may	have	a	palpable	spleen.	The	
examination for an enlarged spleen begins first with percussion in the left 
upper quadrant to detect dullness. Palpation can be performed by palpating 
with the right hand while providing counterpressure with the left hand behind 
the spleen. Alternatively, the examiner can palpate with one hand without 
counterpressure while the patient is in the right lateral decubitus position. 
With the patient supine while the examiner stands cephalad to the spleen, 
the fingers can be hooked lightly under the left lower rib cage to feel the spleen 
as the patient takes a deep breath.

Musculoskeletal System
The	patient’s	 symptoms	 direct	 the	musculoskeletal	 examination	 (Chapters	
241	and	247).	Most	patients	have	back	pain	at	some	point	during	their	 life	
(Chapter	372).	The	patient’s	history	helps	assess	the	likelihood	of	an	underlying	
systemic disease (age, history of systemic malignancy, unexplained weight loss, 
duration of pain, responsiveness to previous therapy, intravenous drug use, 
urinary infection, or fever). The most important physical examination findings 
for lumbar disc herniation in patients with sciatica are ipsilateral straight leg 
raising causing pain, contralateral straight leg raising causing pain, and ankle or 
great	toe	dorsiflexion	weakness.	The	evaluation	of	hip	and	pelvic	pain	requires	
careful	examination,	rotation,	extension,	and	flexing	of	the	spine	and	hips.10

The generalist physician should evaluate an adult patient with knee dis-
comfort for torn menisci or ligaments. A variety of maneuvers assess for pain, 
popping, or grinding along the joint line between the femur and tibia to evalu-
ate for meniscal tears. A tear in the ligaments eliminates a discrete endpoint 
when the anterior, medial, or posterior ligaments are stressed. As with many 
musculoskeletal disorders, no single finding has the accuracy of the orthopedist’s 
examination, which factors in the history and a variety of clinical findings.

The shoulder examination is directed toward determining range of motion, 
maneuvers that cause discomfort, and assessment of functional disability. Hip 
osteoarthritis is detected by evidence of restriction of internal rotation and 
abduction of the affected hip. The degree of pain and disability experienced 
by the patient may prompt confirmation of the diagnosis and referral.

The hands and feet may show evidence of osteoarthritis (local or as part 
of	a	 systemic	process)	(Chapter	246),	 rheumatoid	arthritis	(Chapter	248),	
gout	(Chapter	257),	or	other	connective	tissue	diseases.	In	addition	to	regional	
musculoskeletal disorders, such as carpal tunnel syndrome, a variety of medical 
and neurologic conditions should prompt routine examination of the distal 
ends of the extremities to prevent complications (e.g., diabetes [neuropathy 
or	ulcers]	or	hereditary	sensorimotor	neuropathy	[claw	toe	deformity]).



results to the patient, especially when there is a possibility that bad news may 
need to be delivered. Some physicians ask the patient if there is “anything 
else” to be covered. Patients who express additional new concerns at the end 
of the visit may have been fearful to address them earlier; when the problems 
seem non-urgent, it is acceptable to reassure the patient and offer the promise 
of evaluating the patient in a follow-up phone call or at the next visit.

 FUTURE DIRECTIONS
The common assumption that physicians’ diagnostic skills are deteriorating 
is not supported by evidence. There is considerable evidence that the scientific 
approach to understanding what is worthwhile and what is not worthwhile 
during the clinical examination identifies a core set of skills for clinical diag-
nosticians. In the future these care skills may be expanded to include bedside 
ultrasonography,13 which already is of proven benefit in some emergency situ-
ations	(Chapters	7	and	103).	Because	good	patient	outcomes	at	good	value	
are driven primarily by the quality of the information obtained during the 
clinical examination, continued application of scientific principles to the history 
and physical examination should improve diagnostic skills.
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Answer: D A complete medical history should reveal the most important 
symptoms experienced by the patient that are pertinent to the presenting 
problems. Open-ended questioning should occur during elicitation of the 
medical history. Although completing a review of systems may be required 
for electronic medical records and billing, simply fulfilling that function does 
not	help	with	diagnosis.	However,	about	10%	of	the	time,	the	review	of	systems	
might pick up on an important finding that was not addressed during the rest 
of the evaluation. The main purpose of the review of systems is to use direct 
questioning to pick up on a limited set of symptoms, during a specified recent 
time interval (e.g., over the past week, or the past month). This approach helps 
the patient focus on a well-defined and recent time period that should enhance 
the reliability of their answers that pertain to their current condition.

3.	 While	conducting	your	new	patient	evaluation	on	a	35-year-old	male	veteran	
who served in combat duty in Afghanistan, you note that he seems anxious 
and that he is questioning you frequently about a variety of difficulties in 
making	his	appointment	and	the	attitudes	of	your	office	staff.	You	recognize	
the need to screen for post-traumatic stress disorder using a four-item 
screening	instrument.	You	start	by	asking,	“In	your	life,	have	you	ever	had	
an experience so horrible, frightening, or upsetting that, in the past month 
you …” All of the items below are part of the four-item screening instru-
ment for post-traumatic stress disorder that follows this introduction except:
	A.	Have	little	interest	or	pleasure	in	doing	things?
	B.	 Have	had	nightmares	about	 it	or	 thought	about	 it	when	you	did	not	

want	to?
	C.	Tried	hard	not	to	think	about	it	or	went	out	of	your	way	to	avoid	situ-

ations	that	reminded	you	of	it?
	D.	Were	constantly	on	guard,	watchful,	or	easily	startled?
	E.	 Felt	numb	or	detached	from	others,	activities,	or	your	surroundings?

Answer: A The loss of interest or pleasure in doing things is a symptom that 
suggests depression. The other symptom that is elicited in a two-item screener 
for depression asks the patient whether they feel down, depressed, or hopeless 
(Kroenke	K,	Spitzer	RL,	Williams	JB.	The	Patient	Health	Questionnaire-2:	
validity of a two-item depression screener. Med Care.	2003;41:1284-1292).	
Patients	who	answer	“yes”	to	at	least	one	of	the	items	have	an	LR+	of	2.7	for	
depression, whereas answering “no” to both questions makes depression much 
less	likely	with	an	LR	of	0.14	(Williams	JW	Jr,	Noël	P,	Cordes	JA,	et	al.	Is	this	
patient	 clinically	 depressed?	 JAMA.	 2002;287:1160-1170).	 Although	 it	 is	
important to screen for depression among patients with post-traumatic stress 
disorder	 (military	 related	or	not)	 (Campbell	DG,	Felker	BL,	Liu	CF,	 et	al.	
Prevalence	of	depression-PTSD	comorbidity:	implications	for	clinical	practice	
guidelines and primary care-based interventions. J Gen Intern Med.	2007;22:711-
718),	 screening	 for	 depression	 alone	 may	 not	 detect	 the	 associated	 post-
traumatic stress disorder.

REVIEW QUESTIONS

1.	 A	24-year-old-woman	with	right	lower	quadrant	abdominal	pain	and	vaginal	
bleeding	has	a	positive	home	pregnancy	test.	Before	a	pelvic	ultrasound	
is ordered, the pelvic examination is performed and reveals cervical motion 
tenderness.	Cervical	motion	tenderness	has	the	following	diagnostic	char-
acteristics	for	an	ectopic	pregnancy:	sensitivity	45%,	specificity	91%,	likeli-
hood	ratio	positive	(LR+)	4.9,	LR	negative	(LR−)	0.62,	positive	predictive	
value	(PPV)	46%.	Which	of	these	values	is	most	helpful	for	assessing	the	
probability	that	she	has	an	ectopic	pregnancy?
 A. Sensitivity
	B.	 Specificity
	C.	Likelihood	ratio	positive
	D.	Likelihood	ratio	negative
 E. Positive predictive value

Answer: C The sensitivity is the percentage of patients who have cervical 
motion tenderness among women with an ectopic pregnancy. The specificity 
is the percentage of patients who do not have cervical motion tenderness 
among women without an ectopic pregnancy. These individual values are not 
helpful	for	this	particular	patient	(Crochet	JR,	Bastian	LA,	Chireau	MV.	Does	
this	 woman	 have	 an	 ectopic	 pregnancy?	The	 rational	 clinical	 examination	
systematic review. JAMA.	 2013;309:1722-1729)	because	without	knowing	
whether or not she has an ectopic pregnancy, we do not know which result 
applies. The PPV describes the probability of ectopic pregnancy when there 
is cervical motion tenderness. To use the PPV for this patient requires knowing 
the prevalence of disease from which the PPV was derived. Without knowing 
that value, you cannot be certain whether the PPV is appropriate for your 
patient.	The	LR+ quantifies the increase in odds of disease among those with 
cervical	motion	tenderness,	and	the	LR− quantifies the decrease in odds of 
disease	when	cervical	motion	tenderness	is	absent.	Based	on	your	assessment	
of	the	prior	probability	of	ectopic	pregnancy,	which	is	10	to	20%	among	all	
pregnant	women	with	abdominal	pain	and/or	vaginal	bleeding,	the	LR+ is 
the most relevant value because it can be used to determine the increase in 
likelihood	of	ectopic	pregnancy	(Chapter	8).

2. The primary role of completing a review of systems in helping with clinical 
diagnosis	during	the	clinical	evaluation	is	which	of	the	following?
 A. To review symptoms associated with the presenting problem
	B.	 To	pick	up	the	presence	of	concerns	that	were	uncomfortable	to	address	

during the history of the present illness
	C.	To	complete	a	record	that	enhances	patient	billing
	D.	To	focus	on	the	presence	or	absence	of	findings	during	a	constrained	

time period
 E. To allow open-ended questioning that enhances the patient’s relation-

ship with the physician
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7 
APPROACH TO THE PATIENT WITH 
ABNORMAL VITAL SIGNS
DAVID L. SCHRIGER

Care of the patient is guided by integration of the chief complaint, history, 
vital signs, and physical examination findings (Chapter 6). Physicians should 
be keenly aware of a patient’s vital signs but should seldom make them the 
centerpiece of the evaluation.

 THE IMPORTANCE OF VITAL SIGNS
The importance of vital signs in medical care is a conundrum for propo-
nents of an evidence-based approach to the care of patients. No experienced 
physician would be willing to care for patients without them, yet a formal 
evaluation of the utility of vital signs for making specific diagnoses would 
conclude that they are not particularly useful because their likelihood ratios 
are too close to 1 to differentiate those who have a specific condition from 
those who do not (Chapter 6). For uncommon conditions, their predictive 
value is even worse. For example, the probability of tachycardia in a patient 
in thyroid storm is high, yet the probability of thyroid storm in a patient 
with isolated tachycardia is low. This application of Bayes theorem (Chapter 
8) demonstrates why there is no justification for ordering thyroid tests for 
every tachycardic patient and why attempts to say “When vital sign x is high 
[low], do y” fail. Each vital sign can be normal or abnormal in almost every 
acute condition (Table 7-1), and vital signs can be transiently abnormal in 
healthy individuals. An algorithmic approach to testing and treatment in 
response to abnormal vital signs would be too vague and too complex to be  
of use.

Predictive Value
How can it be that vital signs are poor predictors of diagnoses but central to 
the practice of medicine? First, although vital signs are insufficiently predic-
tive to be of use in rigid algorithms, these algorithms are but one of several 
heuristics used by physicians to diagnose and to treat patients. Pattern rec-
ognition and the hypothetical-deductive model are heuristics that are based 
not on average tendencies of a single factor (e.g., hypotension is present in 
x% of cases of septic shock) or a small number of factors (e.g., hypoten-
sion and tachycardia are present in y% of cases of septic shock) but on the 
complex interaction of multiple factors (e.g., because this patient is an ill-
appearing elderly man with an enlarged prostate and a history of urinary tract 

infections, is tachycardic and hypotensive, has clear lungs and an enlarged 
but nontender prostate, and has an oxygen saturation of 97%, he should be 
treated for urosepsis [Chapter 268] while awaiting results of urinalysis and 
urine culture). Thus, vital signs can play an important function in medical 
decision making even though their likelihood ratios for specific conditions are  
unimpressive.

Despite their poor predictive value for any single diagnosis, abnormal vital 
signs help identify patients who are sicker. For example, even one abnormal 
vital sign in the emergency department significantly increases the likelihood 
of adverse outcomes in elderly patients by about 50%. Abnormal vital signs 
on emergency department discharge increase the chance of rapid readmission,1 
and abnormal vital signs after admission carry a 20-fold increased risk for 
subsequent important deterioration. Abnormal vital signs are also a key pre-
dictor of which patients are at risk of dying soon after being sent home from 
an emergency department or after an inpatient admission.2,3

The usefulness of vital signs is also evidenced by the finding that more 
severe abnormalities are associated with an even worse prognosis. For example, 
among hospitalized patients, one critically abnormal vital sign carries about 
a 1% risk for inpatient death, whereas three simultaneously abnormal vital 
signs carry nearly a 25% risk for inpatient death.

Vital Signs as Symptoms
Abnormal vital signs are seldom the fundamental pathophysiologic problem. 
In shock (Chapter 98), hypotension and tachycardia are manifestations of 
pathophysiologic processes occurring at cellular and molecular levels. Given 
the circuitous links from clinical disease to fundamental pathophysiology to 
abnormal vital signs, it is not surprising that the relationships between the 
disease states and vital signs are not strong. Until new technologies enable 
direct measurement of primary pathologic processes, vital signs remain an 
important, albeit imperfect, proxy.

The five key vital signs are temperature, pulse, blood pressure, respiratory 
rate, and oxygen saturation (pulse oximetry). Pulse oximetry is included because 
it has become widely available in acute care settings, is noninvasive and rela-
tively inexpensive, and provides information unique from the respiratory rate. 
Advocates have suggested that pain, smoking status, and weight be considered 
routine vital signs; although a case can be made for each, they are not con-
sidered here. Clinicians should never forget that the most important vital sign 
is what the patient looks like; general appearance is a sign that guides the 
intensity and urgency of the evaluation.

 MEASURING VITAL SIGNS
Although obtaining vital signs is generally straightforward, the validity and 
reliability of measurement depend on proper technique and, for blood pres-
sure and pulse oximetry, well-maintained equipment. Rectal and oral tem-
peratures are generally accurate (Chapter 264), although oral temperatures 
can be falsely depressed in patients who breathe through their mouths. Axillary 
temperature is unreliable and should not be used. There is wide variability in 
the validity and reliability of measurements performed with tympanic mem-
brane thermometers. A hypothermia thermometer is preferred in patients 

TABLE 7-1 NORMAL AND PANIC RANGES FOR KEY VITAL 
SIGNS IN ADULTS*

NORMAL PANIC
Temperature 36°-38° C (96.8°-100.4° F) 40° C (104° F)
Pulse 60-100 beats/min <45 beats/min, >130 

beats/min
Respirations 12-20 breaths/min <10 breaths/min, >26 

breaths/min
Oxygen saturation 95-100% <90%
Systolic blood pressure 90-130 mm Hg <80 mm Hg, >200 mm Hg
Diastolic blood pressure 60-90 mm Hg <50 mm Hg, >120 mm Hg
*Normal values are for healthy adults. Values outside these ranges are common in patients who are 
ill or are anxious about their health care encounter. Panic values demand the health care provider’s 
attention in any adult patient. These values are specific (rarely present in healthy patients) but not 
sensitive (most ill patients’ vital signs will not include panic values). All vital signs must be 
interpreted in the context of the patient’s presentation (see text).
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ABSTRACT
Vital signs are a cornerstone of patient care. Critical abnormalities in vital 
signs require a rapid medical response. Other abnormalities could be com-
pletely benign, an indication of an underlying condition that requires diagnosis, 
or an early warning that a patient is about to decompensate. Given this wide 
range of significance, it is crucial that physicians be aware of their patients’ 
vital signs and think about the implications of any abnormalities. Although 
there are no simple algorithms to help in this process, this chapter provides 
a general differential diagnosis for each abnormality as well as guidance regard-
ing the initial response to specific abnormalities.

KEYWORDS
vital signs
stability
blood pressure
respirations
heart rate
decision making
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with suspected hypothermia, and core temperature should be measured with 
an esophageal, bladder, or rectal temperature sensor in patients with severe 
hypothermia or hyperthermia (Chapter 101).

Blood pressure must be measured with an appropriately sized cuff (Chapter 
70). Automated blood pressure machines occasionally provide spurious results, 
and questionable values should be confirmed by manual auscultation and by 
checking other limbs. Pulse is best obtained by palpation because this tech-
nique provides the opportunity to assess regularity and contour; the pulse 
should be counted for sufficient time for an accurate rate to be obtained (at 
least 15 seconds). High heart rates or dysrhythmias detected on the digital 
readout of a cardiac monitor, whether watched near the patient or by off-site 
standardized cardiac telemetry,4 must be confirmed by palpation because these 
monitors can spuriously count large P waves, T waves, or pacemaker spikes 
as R waves, thereby reporting a heart rate double the actual rate. Orthostatic 
vital signs—the comparison of blood pressure and pulse in the supine, sitting, 
and standing positions—are advocated by some but have proved to be insensi-
tive and nonspecific for hypovolemia.

Because the typical respiratory rate is between 12 and 20 breaths per minute 
and because there is considerable breath-to-breath variation, the respiratory 
rate should be assessed for at least 30 seconds and preferably 1 minute. New 
technologies purporting to measure the respiratory rate have not proved clini-
cally useful. Oxygen saturation is dependent on technology, so an understanding 
of the idiosyncrasies of the device being used is critical; valid measurements 
are unlikely unless there is good correlation of the machine’s pulse reading 
and the patient’s pulse. The probe should be placed on a part of the body that 
is warm and well perfused. Pulse oximeters compare the absorption of light 
at two wavelengths, so readings may be spuriously high under conditions that 
change the color of oxygenated or deoxygenated hemoglobin, including carbon 
monoxide poisoning (Chapter 88), methemoglobinemia (Chapter 152), and 
some of the less common hemoglobinopathies.

 ROLE OF VITAL SIGNS IN MANAGEMENT OF  
THE PATIENT

Abnormal vital signs should be remeasured. Certain abnormalities require 
prompt evaluation (Table 7-2). Other vital sign abnormalities should be 
rechecked in the future unless they have been previously noted, in which case 
a work-up can be initiated, guided by the patient’s past history and physical 
examination findings. It is critical that physicians always “treat the patient, 
not the vital signs.”

Patients without Systemic Complaints
In patients presenting for a routine evaluation or nonsystemic complaint (e.g., 
knee injury), an abnormal vital sign will seldom be the harbinger of acute 
illness. Most commonly, it will be a false reading or a transient finding due to 
random variation, pain, or anxiety that requires no evaluation or treatment 
and can be rechecked in the future. On occasion, it will be the only or most 
apparent manifestation of a chronic condition or risk factor. The measurement 
of an elevated blood pressure leading to a diagnosis of hypertension is the 
classic example of the value of vital signs in such patients.

TABLE 7-2 ABNORMALITIES REQUIRING RAPID EVALUATION 
IN THE ASYMPTOMATIC PATIENT

An irregularly irregular rapid pulse (if it is not known to be chronic) should trigger 
an evaluation of the patient’s rhythm so that atrial fibrillation can be identified, 
evaluated, and treated (Chapter 58), thereby decreasing the patient’s risk of 
stroke.

A heart rate above 130 beats per minute always warrants an electrocardiogram to 
determine the patient’s rhythm and a consideration of the differential diagnosis of 
tachycardia (hypovolemia, anemia, and thyroid disease in particular).

A markedly elevated diastolic blood pressure (e.g., >115 mm Hg) should stimulate 
an evaluation for hypertensive urgencies (Chapter 70). Note that hypertension in 
the absence of signs of acute end-organ damage does not require acute treatment, 
which can reduce intracranial perfusion pressure and cause stroke. Patients with 
elevated blood pressure should be offered standard evaluation and treatment for 
chronic hypertension (Chapter 70).

Markedly low pulse or blood pressure in patients receiving cardioactive medications 
should lead to a confirmation that the patient is truly asymptomatic, an inquiry 
into the dosing of these medications, and a reconsideration of the regimen.

Markedly low pulse in elderly patients who are not receiving rate-controlling drugs 
should trigger an evaluation of the patient’s cardiac conduction system.

Oxygen saturation below 93% in the absence of known pulmonary problems should 
prompt an evaluation of the patient’s pulmonary status.

Patients Who Complain of Systemic Illness but Do Not Appear to Be Very Ill
Vital signs serve two additional roles in symptomatic patients who do not 
appear particularly ill. First, abnormalities in vital signs provide information 
that may suggest or support a diagnosis. The presence of elevated temperature 
in a patient with productive cough, shortness of breath, and localized rales 
and egophony supports a diagnosis of infectious pneumonia. Vital signs may 
also play a role in defining therapy and triage. For example, guidelines for 
patients with community-acquired pneumonia (Chapter 91) formally incor-
porate vital signs.

The second role of vital signs in the stable symptomatic patient is to provide 
warning that the patient is sicker than he or she appears. For example, the 
presence of hypotension in a well-appearing patient thought to have pyelo-
nephritis may be an indication of sepsis or hypovolemia. For vital signs to 
be of use, the physician must be aware of them and must incorporate them 
explicitly into a thought process that considers the dangerous diagnoses asso-
ciated with the abnormal vital sign. The physician then must decide whether 
the likelihood of each potentially dangerous diagnosis is high enough to 
warrant specific evaluation. Unfortunately, no quick or easy rules differenti-
ate spurious abnormalities that can be ignored from those that should trigger 
additional testing or treatment. What can be said is that the well-trained phy-
sician who is aware of abnormal vital signs and is willing to contemplate a 
change in treatment or disposition in response to them is less likely to make  
mistakes.

A few specific points bear mention. First, for most vital signs, “normal” is 
relative. Blood pressure must be interpreted in the context of the patient. For 
example, a blood pressure of 88/64 mm Hg may be reasonable for an otherwise 
healthy, young 50-kg woman but should cause concern in a 90-kg middle-aged 
man. Similarly, a blood pressure of 128/80 mm Hg would be fine in a 60-year-
old man but worrisome in a 34-week pregnant woman. Second, because vital 
signs are insensitive measures of disease, normal vital signs should not dissuade 
the physician from pursuing potentially critical diagnoses. For example, young, 
well-conditioned adults may maintain normal vital signs well into the course 
of shock.

Use of Vital Signs in Patients Who Appear to Be Ill
For some patients, abnormal vital signs are expected on the basis of their 
appearance and their symptoms. For patients in extremis, care should proceed 
according to established guidelines such as Advanced Cardiac Life Support 
(Chapter 57), Advanced Trauma Life Support, and algorithms for the treat-
ment of shock (Chapters 99 and 100). For other ill-appearing patients, two 
processes must occur. In one, the physician, armed with knowledge of the 
differential diagnosis of each abnormal vital sign and the ability to take a 
thorough history and to perform an appropriate physical examination, narrows 
the list of potential diagnoses and decides which are of sufficient probability 
to warrant evaluation. Simultaneously, the physician considers the list of treat-
ment options for all diagnoses associated with the abnormal vital sign and, 
before establishing a diagnosis, initiates those treatments for which the potential 
benefit of prompt administration exceeds potential harms. For example, anti-
biotics for febrile patients with suspected bacterial infection, hydrocortisone 
for hypotensive patients at risk for hypoadrenalism, and thiamine for hypo-
thermic patients at risk for Wernicke encephalopathy may improve outcome 
and are unlikely to cause harm even if the patient does not have the suspected 
condition. Although early presumptive treatment can be life-saving in selected 
patients, it should not be abused; physicians must avoid knee-jerk responses 
that can cause harm.

Differential Diagnosis and Treatment Options
Single Abnormal Vital Signs
Because vital signs can be abnormal in virtually any disease process, no dif-
ferential diagnosis can be encyclopedic. The physician should focus initially 
on common diseases and diseases that require specific treatment. The thought 
process should begin with the chief complaint and history and then incorporate 
information about the vital signs and the remainder of the physical examination.

Multiple Abnormal Vital Signs
Patients who are acutely ill are likely to have several abnormal vital signs. 
Although certain patterns of abnormal vital signs predominate in specific 
conditions (e.g., hypotension, tachycardia, and hypothermia in profound 
sepsis), no pattern can be considered pathognomonic. The physician’s goal is 
to work toward a diagnosis while simultaneously providing treatments whose 
benefits outweigh potential harms.
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is always paramount. Treatments may include antipyretics (for fever); anxio-
lytics; oral or intravenous fluids (for hypovolemia); nitrates, angiotensin-
converting enzyme inhibitors, and diuretics (for heart failure and fluid overload 
[Chapter 53]); oxygen (for hypoxemia); α-blockers (for stimulant overdose); 
β-blockers (for acute coronary syndromes [Chapters 63 and 64] or thyroid 
storm [Chapter 213]); and lysis or anticoagulation (for pulmonary embolism 
[Chapter 74]). Tachycardia is often an appropriate response to a clinical con-
dition and should not be treated routinely unless it is causing or is likely to 
cause secondary problems.

Low Pulse
Bradycardia can be physiologic (athletes and others with increased vagal tone), 
due to prescribed cardiac medications (e.g., β-blockers, calcium-channel block-
ers, digoxin), overdoses (e.g., cholinergics, negative chronotropic agents), 
disease of the cardiac conducting system, electrolyte abnormalities (severe 
hyperkalemia), and inferior wall myocardial infarction (Chapters 58 and 64). 
Asymptomatic patients do not require immediate treatment. The goal of therapy 
is to produce a heart rate sufficient to perfuse the tissues and alleviate the 
symptoms (Chapter 57). Overdoses should be treated with specific antidotes 
(Chapter 102). Endocrine disorders should be treated with replacement therapy. 
In patients with acute coronary syndrome (Chapter 63), the goal is to restore 
perfusion and alleviate the ischemia. Patients with profound bradycardia or 
hypotension may require chronotropic drugs to increase perfusion even if 
these agents increase myocardial oxygen demand. In normotensive patients 
with milder bradycardia, chronotropic agents should be used only if symptoms 
and ischemia cannot be resolved by other means. Atropine is the primary 
therapy for bradycardia; isoproterenol and cardiac pacing are reserved for 
those who do not respond (Chapter 57).

Elevated Blood Pressure
Elevated blood pressure does not require acute treatment in the absence of 
symptoms or signs of end-organ damage (Chapter 70). In patients whose 
blood pressure is markedly above their baseline, the history and physical 
examination should assess for the conditions that define “hypertensive emer-
gency”: evidence of encephalopathy, intracranial hemorrhage, ischemic stroke, 
heart failure, pulmonary edema, acute coronary syndrome, aortic dissection, 
renal failure, and preeclampsia. In the absence of these conditions, treatment 
should consist of restarting or adjusting the medications of patients with known 
hypertension and initiating a program of blood pressure checks and appropri-
ate evaluation for those with no prior history of hypertension (Chapter 70).

The patient with a true hypertensive emergency should be treated with 
agents appropriate for the specific condition. Because rapid decreases in blood 
pressure can be as deleterious as the hypertensive state itself, intravenous 
agents with short half-lives, such as nitroprusside, labetalol, nitroglycerin, and 
esmolol, are preferred (Chapter 70).

Low Blood Pressure
Low blood pressure must be evaluated in the context of the patient’s symptoms, 
general appearance, and physical examination findings. Treatment depends 
on context. The same blood pressure value may necessitate intravenous ino-
tropic agents in one patient and no treatment in another.

In tachycardic hypotensive patients, the physician must rapidly integrate 
all available evidence to determine the patient’s volume state, cardiac function, 
vascular capacitance, and primary etiology (Chapter 98). Not all patients with 
hypotension and tachycardia are in shock, and not all patients in shock will 
have hypotension and tachycardia. Treatment of shock is based on the cause: 
hypovolemic, cardiogenic, or distributive (septic, neurogenic, anaphylactic) 
(Chapters 98 to 100).

Symptomatic hypotensive patients thought to be intravascularly volume 
depleted should have their legs raised and receive intravenous fluid resuscita-
tion with crystalloid or blood, depending on their hemoglobin level (Chapter 
98).7 In patients with known heart disease, patients who are frail or elderly, 
and patients whose volume status is uncertain, small boluses of fluid (e.g., 
250 mL of normal saline), each followed by reassessment, are preferred so 
that iatrogenic heart failure may be avoided. Inotropic support should be 
reserved for patients who do not respond to fluid resuscitation. High-output 
heart failure should be kept in mind in patients with possible thyroid storm 
or stimulant overdose.

Increased Respiratory Rate
Tachypnea is a normal response to hypoxemia (see later) or acidemia (Chapter 
110).8 Treatment of tachypnea in the absence of hypoxemia is directed at the 

Fever is generally accompanied by tachycardia, with the general rule of 
thumb that the heart rate will increase by 10 beats per minute for every 1° C 
increase in temperature. The absence of tachycardia with fever is known as 
pulse-temperature dissociation and has been reported in typhoid fever (Chapter 
292), legionnaires disease (Chapter 298), babesiosis (Chapter 332), Q fever 
(Chapter 311), infection with Rickettsia spp. (Chapter 311), malaria (Chapter 
324), leptospirosis (Chapter 307), pneumonia caused by Chlamydia spp. 
(Chapter 302), and viral infections such as dengue fever (Chapter 358), yellow 
fever (Chapter 357), and other viral hemorrhagic fevers (Chapter 357), although 
the predictive value of this finding is unknown.

Much can be learned by comparing the respiratory rate with pulse oxim-
etry. Hyperventilation in the presence of high oxygen saturation suggests a 
central nervous system process or metabolic acidosis rather than a cardiopul-
monary process. Low respiratory rates in the presence of low levels of oxygen 
saturation suggest central hypoventilation, which may respond to narcotic  
antagonists.

Hypertension and bradycardia in the obtunded or comatose patient are 
known as the Cushing reflex, a relatively late sign of elevated intracranial pres-
sure. Physicians should strive to diagnose and treat this condition before the 
Cushing reflex develops.

Approach to Abnormalities of Specific Vital Signs
Elevated Temperature
Normal temperature is often cited as 37° C (98.6° F), but there is considerable 
diurnal variation and variation among individuals,5 so 38° C is the most com-
monly cited threshold for fever. Fever thought to be due to infection should 
be treated with antipyretics and appropriate antimicrobials (Chapter 264). 
The importance of early administration of antibiotics to potentially septic 
patients cannot be overstated (Chapters 264 and 265). Hyperthermia (tem-
perature above 40° C) should be treated with cooling measures such as ice 
packs, cool misting in front of fans, cold gastric lavage, and, for medication-
related syndromes, medications such as dantrolene (Chapter 101). Most 
hospital anesthesia departments will have a designated kit for the treatment 
of malignant hyperthermia (Chapters 404 and 406).

Low Temperature
The treatment of hypothermia is guided by its cause (Chapter 101). The body’s 
temperature decreases when heat loss exceeds heat production. Every logically 
possible mechanism for this phenomenon has been observed. Decreased heat 
production can result from endocrine hypofunction (e.g., Addison disease 
[Chapter 214], hypopituitarism [Chapter 211], hypothyroidism [Chapter 213]) 
and loss of the ability to shiver (e.g., drug-induced or neurologic paralysis 
or neuromuscular disorders). Malfunction of the hypothalamic regulatory 
system can be due to hypoglycemia (Chapter 216) and a variety of central 
nervous system disorders (Wernicke encephalopathy [Chapter 388], stroke 
[Chapter 379], tumor [Chapter 180], and trauma [Chapter 371]).6 Resetting 
of the temperature set point can occur with sepsis. Increased heat loss can be 
due to exposure,6 behavioral and physical disorders that prevent the patient 
from sensing or responding to cold, skin disorders that decrease its ability 
to retain heat, and vasodilators (including ethanol). A careful history and 
physical examination should illuminate which of these possibilities is most  
likely.

Several considerations are worthy of emphasis. The spine of an obtunded 
hypothermic patient who is “found down” must be protected and evaluated 
because paralysis from a fall may have prevented the patient from seeking 
shelter and may have diminished the ability to produce heat. The physician 
should not forget to administer antibiotics to patients who may be septic 
(Chapter 100), thiamine to those who may have Wernicke encephalopathy 
(Chapter 388), hydrocortisone to those who may be hypoadrenal (Chapter 
214), and thyroid hormone to those who may have myxedema coma (Chapter 
213). Severely hypothermic patients (Chapter 101) should be treated gently 
because any stimulation may trigger ventricular dysrhythmias; even in the 
absence of pulses, cardiopulmonary resuscitation should be used only in patients 
with ventricular fibrillation or asystole.

Elevated Heart Rate
The rate, rhythm, and electrocardiogram differentiate sinus tachycardia from 
tachyarrhythmias (Chapters 56 to 59). Tachyarrhythmias can be instigated 
by conditions that may require specific treatment (e.g., sepsis [Chapter 100], 
electrolyte disorders [Chapters 108, 109, and 110], endocrine disorders 
[Chapter 208], and poisonings [Chapters 19 and 102]) before the arrhythmia 
is likely to resolve. For sinus tachycardia, treatment of the underlying cause 



underlying cause, which often is pain (Chapter 27). Anxiolytics (e.g., diazepam, 
5 to 10 mg PO or IV; lorazepam, 1 to 2 mg PO, IM, or IV) or reassurance 
can calm patients with behavioral causes of hyperventilation. Breathing into 
a paper bag has been shown to be an ineffective treatment. Pulmonary embo-
lism (Chapter 74) does not necessarily reduce the oxygen saturation or cause 
a low Po2 and should always be considered in at-risk patients with unexplained 
tachypnea.

Decreased Respiratory Rate
Any perturbation of the respiratory center in the central nervous system can 
slow the respiratory drive (Chapter 80). Narcotics and other sedatives and 
neurologic conditions are common causes of a decreased respiratory rate. The 
primary treatment of apnea is mechanical ventilation (Chapter 97), but nar-
cotic antagonists can be tried in patients with a history or physical examination 
findings (miosis, track marks, opioid patch) suggestive of narcotic use or abuse 
(Chapter 31). In nonapneic patients, mechanical ventilation, either noninvasive 
or invasive (intubation), is indicated for patients who are breathing too slowly 
to maintain an acceptable oxygen saturation and for patients who are retaining 
carbon dioxide in quantities sufficient to depress mental function. Patients 
who are unable to protect their airway should be intubated. Oxygen should 
be administered to all hypopneic patients who are hypoxemic (see earlier). 
Patients with chronic hypoventilation (Chapter 80) may have retained HCO3

− 
to compensate for an elevated Pco2 and so may depend on hypoxia to maintain 
respiratory drive; in these patients, overaggressive administration of oxygen 
can decrease the respiratory rate, increase the Pco2, and increase obtundation 
(Chapter 96).

Decreased Oxygen Saturation
In hypopneic patients, initial efforts should try to increase the respiratory rate 
(see earlier) and tidal volume. Regardless of etiology, oxygen, in amounts 
adequate to restore adequate oxygen saturation (Po2 > 60 mm Hg, oxygen 
saturation >90%), is the mainstay of therapy. When oxygen alone fails, non-
invasive methods for improving ventilation or tracheal intubation are required 
(Chapter 96). Oxygen should increase the Po2 in all patients except those 
who have severe right-to-left shunting (Chapter 61). Treatment of conditions 
that cause hypoxemia includes antibiotics (pneumonia), bronchodilators 
(asthma, chronic obstructive pulmonary disease), diuretics and vasodilators 
(pulmonary edema), anticoagulants (pulmonary embolism), hyperbaric oxygen 
(carbon monoxide poisoning), methylene blue (methemoglobinemia, sulf-
hemoglobinemia), and transfusion (anemia).
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3. An intern is awakened at 3 am by the ward nurse regarding a patient who 
is postoperative day 2 from a hip replacement and is newly tachycardic. 
Vital signs include temperature 36° C, blood pressure 146/82 mm Hg, 
respiratory rate 18 breaths per minute, pulse 112 beats per minute, and 
oxygen saturation 97% on room air. The intern drowsily orders a 1000-mL 
normal saline fluid challenge for dehydration. Later that morning, the patient 
is acutely intubated for respiratory distress. What most likely went wrong?
 A. The intern failed to consider pulmonary embolism as a possible cause 

for the tachycardia.
 B. The intern failed to consider fat embolism in a patient who had recently 

undergone hip surgery.
 C. The intern failed to consider sepsis in the differential diagnosis.
 D. The intern failed to consider failure of the patient controlled anesthesia 

(PCA) pump in the differential diagnosis.
 E. The intern failed to realize that tachycardia can be present in both dehy-

dration and heart failure.
Answer: E First and foremost, the intern’s main mistake was not getting out 
of bed to evaluate the patient in person. Vital signs alone are not sufficient 
data on which to base an important clinical decision. Although choices A and 
B are certainly possible in a postoperative orthopedic patient, heart failure is 
a more likely diagnosis. There is little clinical support for the other choices.

4. A patient arrives in the emergency department comatose with decreased 
respiratory rate in the winter. Vital signs are temperature 36° C, blood pres-
sure 128/68 mm Hg, respiratory rate 10 breaths per minute, pulse 100 
beats per minute, and oxygen saturation 100% on room air. Pupils are 
6 mm and reactive, and lungs are clear. What is the single most important 
initial treatment?
 A. High-flow O2 administered by non-rebreather mask
 B. Intravenous normal saline, 1000 mL with additional boluses as 

tolerated
 C. Intravenous antibiotics
 D. Naloxone, 0.8 mg IV
 E. Immediate endotracheal intubation

Answer: A This patient may have carbon monoxide poisoning. It is winter, 
a time when people use heating devices that may have incomplete combustion. 
The pupillary examination is not suggestive of opiate intoxication (D), and 
no other diagnosis is apparent. Because oxygen is the best treatment for this 
condition and is generally harmless in adults, it makes sense to initiate this 
therapy while efforts (e.g., blood gas analysis with co-oximetry) are made to 
confirm the diagnosis. There is no basis for thinking this patient is dehydrated 
(B) or infected (C), and intubation would be premature (E). Remember that 
pulse oximetry is falsely elevated in carbon monoxide poisoning, so the 100% 
oxygen saturation means nothing.

REVIEW QUESTIONS

1. A patient presents with malaise, cough, and shortness of breath. Vital signs 
include temperature 40° C, blood pressure 120/74 mm Hg, respiratory rate 
18 breaths per minute, pulse 70 beats per minute, and oxygen saturation 
97%. This presentation could be consistent with:
 A. Streptococcal pneumonia
 B. Pyelonephritis due to Escherichia coli
 C. Legionella pneumonia
 D. Influenza-like illness
 E. Mycoplasma pneumonia

Answer: C This patient is exhibiting a pulse-temperature dissociation because 
the pulse (70) is far lower than one would expect given that the patient is 
febrile to 40° C. This phenomenon is seen in a number of conditions, including 
typhoid fever and legionella infection. The other conditions would all be 
expected to produce tachycardia unless the patient could not become tachy-
cardic because of medications (e.g., β-blockers) or cardiac conduction 
problems.

2. An 88-year-old man presents from a nursing home with slight agitation 
and vital signs that include temperature 38.7° C, blood pressure 
96/64 mm Hg, respiratory rate 22 breaths per minute, pulse 94 beats per 
minute, and oxygen saturation 96%. Physical examination reveals dry mucous 
membranes, clear lungs, a soft abdomen, an indwelling Foley catheter, and 
slightly cool but noncyanotic extremities. The patient should be given:
 A. Antipyretics (e.g., acetaminophen)
 B. Intravenous normal saline, 500 mL with additional boluses as 

tolerated
 C. Intravenous antibiotics
 D. All of the above
 E. Only A and B until urine culture results are available

Answer: D This case is an example of how vital signs can guide treatment 
in the absence of a firm diagnosis. The patient meets all three of the physical 
examination criteria for the systemic inflammatory response syndrome (SIRS) 
and is likely septic. The physician should not wait for his white blood cell 
count or other laboratory results to initiate antibiotic treatment because evi-
dence suggests that early antibiotics are a crucial step in preventing morbidity 
and mortality. Although antibiotics should not be overused, the early provision 
of appropriate broad-spectrum antibiotics before the confirmation of a specific 
diagnosis is prudent and may be life-saving for this patient.
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8 
STATISTICAL INTERPRETATION OF 
DATA AND USING DATA FOR 
CLINICAL DECISIONS
THOMAS H. PAYNE

Statistical techniques are core to evidence-based medicine. The scientific 
method is based on generating a hypothesis and designing an experiment to 
test that hypothesis. This powerful approach has been at the root of advances 
in human endeavors and particularly within medicine. A clear description of 
a question, a formulation of a hypothesis, a careful design of an experiment 
to test the hypothesis, the gathering of unbiased data, and the appropriate 
analysis of the results of the experiment permit the determination of whether 
a test or treatment is useful or not. If these steps are not conducted in a rig-
orous manner, statistical tests are likely to produce inaccurate or unreliable  
results.

 INCIDENCE AND PREVALENCE
Incidence indicates the number of subjects who develop a condition over a 
specific time period divided by the population at risk. Incidence is usually 
expressed as a rate (e.g., 10% per year), but it can also be a proportion, as in 
lifetime incidence. Prevalence, which indicates the number of subjects who 
have a condition at one point in time divided by the population at risk, is 
always expressed as a proportion. The prevalence of a disease at any one point 
in time is defined by the product of incidence of the disease multiplied by the 
average duration of the disease.

 INTERPRETING DATA
Physicians are continuously confronted with data from many sources, includ-
ing clinical measurements (e.g., vital signs), laboratory tests, and imaging 
studies. In fact, the work of the modern-day physician is in many respects one 
of information management. Although the physician may not conduct inde-
pendent statistical analyses unaided, knowledge of the fundamentals of data 
analysis is critical for the ability to evaluate whether and how to integrate 
information into clinical practice.

This knowledge is also essential for understanding the medical literature 
and incorporating it into practice. Millions of research articles are published 
each year, and their quality varies widely. Articles published in the leading 
medical journals undergo rigorous statistical review, but the same is not true 
for most other journals. Although it generally is inadvisable to base clinical 
decisions upon a single study, physicians are often confronted with new infor-
mation and the dilemma of how to deal with it.

Both of these goals—interpreting clinical data and understanding the medical 
literature—require familiarity with the laws of probability and the field of 
statistics.

 DATA AND THEIR CHARACTERISTICS
Variability is a constant of nature. Statistical techniques represent an effort to 
describe data and distinguish differences that reflect random variation from 
those that represent true differences. First, it is necessary to define the nature 
of data elements being analyzed. Numeric data can vary over a wide range, 
with values anywhere between the extremes of that range. Blood pressure, for 
example, can have values of 130, 129.3, 75, and any value in between. Such 
data are called continuous. Numeric data that can only have an integer value, 
such as number of siblings, are called discrete. Other data, which are reasonable 
only if they fall into one of several categories, such as whether someone is 
alive or dead, are categorical. Labeling a test as positive or negative, which may 
depend on a somewhat judgmental threshold rather than a continuum, is 
another example of categorical data.

The next step in examining data is to assess how they are distributed. The 
distribution of values within a population (e.g., blood pressures) is often cat-
egorized as normal (i.e., Gaussian). A normal distribution is often characterized 
using both measures of central tendency (i.e., mean, median, and mode) and 
measures of dispersion around the center of the distribution (e.g., standard 
deviation). However, many phenomena in medicine produce distributions 
that are not normal (e.g., Poisson, binomial, etc.).

 HYPOTHESIS TESTING
In medical research, the goal is typically to discern whether two groups differ 
in a meaningful way such as whether an outcome in a group that received a 
particular treatment differs from the outcome in a group that received no 
treatment or a placebo. This comparison begins with a hypothesis that is stated 
formally as the null hypothesis and is phrased in relation to an alternative 
hypothesis. The two hypotheses are mutually exclusive and exhaustive. So if 
a study compares change in blood pressure between a group that received an 
intervention and one that did not (controls), the null hypothesis would be 
that the intervention had no effect on blood pressure and the alternative 
hypothesis would be that it did have an effect.

A study should be designed to determine whether to accept or reject the 
null hypothesis. In the analysis of data collected in the study, the challenge is 
to determine whether differences seen in the distribution of blood pressure 
in people who received the treatment differed from those who did not; and 
if there is a difference, whether that difference is due to chance. The appropri-
ate techniques for testing hypotheses vary depending on the nature of the 
data we collect (E-Table 8-1).

Because blood pressure measurements vary, any true difference between 
intervention subjects and control subjects may be difficult to detect if there 
is only a small number of study subjects; the natural, biologic dispersion of 
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ABSTRACT
An important and common element of the physician’s role is to make deci-
sions. To make good decisions, a physician must be able to interpret clini-
cal data and understand the medical literature based on familiarity with the 
laws of probability and the field of statistics. Effective decision making also 
includes gathering information, determining whether more information is 
worth the additional risk and expense, and interpreting results. All of these 
tasks depend on using data optimally. Information gathering begins with the 
most important data: those derived from a careful patient history and physical 
examination. However, the variety of laboratory tests and diagnostic procedures 
greatly increases the amount of information that must be ordered intelligently 
and interpreted correctly. Appropriate use of clinical information can make 
important differences in patients’ outcomes and in the resources required to 
optimize them.
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E-TABLE 8-1 TYPES OF VARIABLES AND COMMONLY USED 
STATISTICAL METHODS

ASSOCIATED STATISTICAL METHODS

TYPE OF 
OUTCOME 
VARIABLE EXAMPLES BIVARIATE MULTIVARIATE
Categorical 

(dichotomous)
Alive; readmission 

to the hospital 
within 30 days

2 × 2 table, 
chi-square 
analysis

Logistic regression

Categorical 
(nominal)

Race; cancer, tumor 
type

Chi-square 
analysis

Nominal logistic 
regression

Categorical 
(ordinal)

Glasgow Coma 
Scale

Mann-Whitney-
Wilcoxon, 
Kruskal-Wallis

Ordinal logistic 
regression

Numerical 
(continuous)

Cholesterol; SF-36 
scales*

t Test, analysis of 
variance

Linear regression

Numerical (count) Number of times 
pregnant; number 
of mental health 
visits in a year

Mann-Whitney-
Wilcoxon, 
Kruskal-Wallis

Poisson regression, 
linear models

Time to event 
regression

Time to breast 
cancer; time to 
viral rebound in 
HIV-positive 
subjects

Log rank Cox proportional 
hazards

*Numerical scores with many values are often treated as though they were continuous. HIV = 
human immunodeficiency virus; SF-36 = short-form 36-item health survey.
Courtesy of Thomas B. Newman, MD, MPH and Charles E. McCulloch, PhD.
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Nevertheless, all techniques to reduce confounding depend entirely on data 
about relevant covariates. If such data are missing, statistical adjustment cannot 
produce an accurate result. A limitation of the propensity score in reducing 
confounding bias is that many confounders may be unknown or difficult or 
even impossible to measure.

 Machine Learning
Machine learning approaches problems by learning rules from data in contrast 
with expert systems. Starting with patient-level observations, algorithms sift 
through vast numbers of variables, looking for combinations that reliably 
predict outcomes. This process in some ways resembles traditional regression 
models: there are outcomes, covariates, and statistical functions linking the 
two. Machine learning can handle enormous numbers of predictors and com-
bining them in nonlinear and highly interactive ways. Optimism for machine 
learning should be tempered by understanding that association is not the 
same as causation and that vast biomedical data available to apply to these 
techniques may have insufficient breadth—lacking for example social deter-
minants of health—or insufficient quality that can hamper the results.4

 STATISTICAL APPROACHES AND CHALLENGES
 Multivariable Statistics
Oftentimes a researcher is interested in the relative (as well as the absolute) 
importance of multiple individual predictor variables on an outcome, inde-
pendent of the effects of all other variables.5 For example, in studying whether 
air pollution increases the risk of lung cancer, an investigator would want to 
take into account differences in age, race, family history, smoking history, and 
even radon exposure (Chapter 182). Using multivariable statistical techniques, 
such estimates can be made.

Multiple Comparisons
Analyses in which multiple statistical tests are conducted can lead to a false 
conclusion that one of them is a positive result.6 The more tests conducted, 
the more likely it becomes that one will be positive based on chance alone 
even though the P value may be set to 0.05. One way to correct for this problem 
is to use the Bonferroni correction, which divides the P value for rejecting the 
null hypothesis by the number of hypothesis tests performed.

Meta-analysis
Meta-analysis is a statistical method for summarizing the results of multiple 
studies to estimate an overall effect and confidence interval for a parameter 
measured by those studies. In meta-analysis, the formal combination of results 
considers variations both within the study and among studies.7

 USING DATA FOR CLINICAL DECISIONS
An important and common element of the physician’s role is to make deci-
sions. Effective decision making includes gathering information, determining 
whether more information is worth the additional risk and expense, and inter-
preting results. All of these tasks depend on a physician’s skill in using data 
optimally. Information gathering begins with the most important data: those 
derived from a careful patient history and physical examination. However, 
the variety of available laboratory tests and diagnostic procedures greatly 
increases the amount of information that can be obtained and that must be 
ordered intelligently and interpreted correctly. Appropriate use of clinical 
information can make important differences in patients’ outcomes and in the 
resources required to optimize them.

Evaluating a patient who presents with new breathlessness (Chapter 77) 
presents an example of decision-making principles. A thorough history and 
physical examination set the foundation, and a spectrum of choices are con-
sidered. Is this a temporary problem or a life-threatening condition for which 
immediate and potentially risky testing and treatment should be recommended? 
(E-Table 8-2) The sequence in which testing is undertaken also has implica-
tions for safety and cost. Some tests are simple and fast to perform and most 
helpful when results are negative; others involve substantial risk and expense 
but can give a definitive answer.

 Theories and Principles Useful in Decision Making
Much of medical practice involves risk and uncertainty. When discussing 
uncertainty, the concept of probability is useful. Probability is the likelihood 
that something occurs; a probability of 1.0 means it is certain to occur, and 
a probability of 0 means it will not occur. The term odds refers to a ratio of 
probabilities of an event (p): Odds = p/(1 − p). If the probability of the event 

awareness of the risk for errors. Investigators can attempt to control for known 
covariates, but other covariates may not be known. For this reason, random-
ized trials provide the strongest evidence for causality.

In recent years, a variety of other quasi-experimental study designs have 
been applied. For example, an intervention might be applied to an entire 
practice rather than to individual patients. Although it would be ideal to assign 
the intervention randomly to participating practices, such an approach may 
be impractical or impossible. One approach would be to introduce an inter-
vention sequentially to individual practices in a systematic manner—which 
is termed a stepped wedge design. If this approach cannot be done in a systematic 
manner or if the evaluation is being conducted post hoc, the data can be 
retrospectively segmented into short, consecutive time periods so that the 
analysis can try to distinguish temporal trends from actual effects of the inter-
vention. This design is termed an interrupted time series.

When evaluating health care interventions, it is often desirable to include 
both a quantitative measurement of outcomes (such as mortality or hospital 
admissions) and observational or qualitative methods, such as surveys or 
structured interviews. These data are often complementary. If, for example, a 
study fails to show that an intervention was effective, qualitative information 
may reveal whether it was properly implemented and what problems prevented 
implementation. Qualitative methods also are important to understand the 
attitudes and reactions of health care personnel and patients.

 Time-to-Event Data
A common study design is to follow a sample of patients who receive a treat-
ment until a prespecified outcome has occurred, such as death or hospital 
admission. The analysis uses the time between the subject’s participation in 
the study until the outcome. Results are often displayed graphically as a survival 
distribution. Some subjects may contribute data to the study but not complete 
it. A Kaplan-Meier analysis allows estimation of survival in a manner that uses 
data from patients who drop out of the study.

 Noninferiority Trials
In some research, the goal is not to find a more effective treatment but to find 
one that has other advantages, such as fewer side effects or lower cost.2 In 
these studies, called noninferiority trials, the purpose is to evaluate a new treat-
ment against an existing one with the goal of demonstrating that it is at least 
as good, for example, comparing a new treatment with a standard treatment 
in which the goal is not to find an approach that is more effective but to find 
a therapy that has lower cost or fewer adverse effects with at least similar 
efficacy to the standard treatment.

 CAUSALITY
There is an important difference between association and causality. The rooster’s 
crow is associated with, but does not cause, sunrise. Anoxia causes death. An 
investigator’s—and the public’s—belief that a treatment is beneficial is power-
ful, and the scientific method can help us determine the difference between 
belief and reality. Belief can influence biology. The placebo effect is the concept 
that effects can be due to belief and not to the intervention itself.

 Confounding
If a covariate is related to both the outcome and to the exposure or risk factor 
being studied, and if it is unequally distributed between the groups being 
compared, it becomes a confounder. Since most health outcomes have many 
contributing causes, there often are many possible confounders. For example, 
in a study of the association between obesity and heart disease, age may be a 
confounder. Age is related to obesity and also to heart disease. If the obese 
subjects are older than the nonobese subjects, then differences in the outcome 
of heart diseases may be due to the older age of the obese subjects rather than 
to their obesity.

In observational studies in which randomization is not possible, steps to 
reduce bias due to confounding should be considered in the analysis. In an 
observational study of the effect of a treatment on an outcome of interest, it 
may be that the treatment is given to some subjects (patients) because of their 
characteristics, such as age or severity of illness. A variety of sophisticated 
statistical techniques are applied in an effort to reduce bias in observational 
studies. For example, a propensity score is the probability that a study subject 
would receive the exposure or treatment of interest, based on the subject’s 
characteristics and the clinical environment.3 Using the propensity score, it 
is possible to adjust for the effect of known confounding variables so that it 
is less likely the difference in outcome is due to confounding bias. 

blood pressure may obscure a true difference between the two. However, if 
the number of subjects is increased, the ability to detect a true difference also 
increases, and some number should be sufficient to detect a meaningful dif-
ference if it truly exists. Below that number, the study may fail to detect a 
difference between blood pressure readings of the intervention and control 
groups even though a difference genuinely exists. This level is termed beta 
and represents the probability of a Type II error (i.e., failure to detect a true 
difference when one truly exists). When the number of subjects exceeds the 
minimum number, there can be greater confidence that a difference will be 
observed if one truly exists. The probability below which the null hypothesis 
can be rejected is termed the alpha level and represents the probability of 
rejecting the null hypothesis when the null hypothesis is actually true. A Type 
I error occurs when a null hypothesis is rejected although it is true. To eliminate 
any possibility of a Type I error would necessitate an infinite number of sub-
jects, so by convention, a 5% or lower chance of this error is considered accept-
able. Thus, at an alpha level of 0.05, a difference that is detected will be a true 
difference 95% of the time, but 5% of the time a random difference will be 
mistakenly classified as a true difference.

Because falsely concluding that a difference exists (e.g., concluding that a 
treatment is helpful when it is actually ineffective) is considered a more serious 
error than the reverse (concluding that a treatment is ineffective when, in fact, 
it is potentially helpful), levels for beta error typically are set much lower than 
those for alpha (e.g., 80%). Power analysis is a method for estimating the 
minimum sample size necessary to detect the minimum difference between 
groups that is defined as clinically meaningful at specified alpha level (typically 
0.05) and beta level.

P values are often reported in medical studies.1 P values answer the question, 
“If the null hypothesis were true, what would be the probability of obtaining, 
by chance alone, a value of the test statistic this large or larger?” For a fixed 
level alpha, the power of a test increases with sample size and increases with 
the true difference between the null hypothesis and a specified alternative.

In essence, the foundation of hypothesis testing is determining whether 
there is a difference and whether any difference is explained by chance. This 
determination hinges on probability, as well as conventions regarding tolerance 
for false-positive (calling a difference real when it actually is a chance effect) 
and false-negative (not finding a true difference) conclusions.

 Study Design
When testing the hypothesis that an intervention is effective, there may be 
other reasons unrelated to the intervention as to why that outcome measure-
ment might have changed. A covariate is another factor, different than the 
tested intervention, that can potentially influence the outcome under study. 
For example, in evaluating a medication to treat hypertension, subjects also 
may have been exposed to a campaign to reduce dietary salt intake. The reduc-
tion in salt intake, which could have contributed to any observed changes in 
blood pressure, would be considered a covariate. It is essential to adjust, or 
control, for these covariates. The most straightforward way is to assign the 
intervention to one group but also to measure the change in outcome in an 
otherwise similar control group as well. The strongest research design is the 
randomized, double-blinded controlled trial in which individuals are randomly 
assigned either to receive the intervention to be tested or to receive an inert 
or inactive substitute. Subjects in both the intervention and control groups 
are kept uninformed as to whether they are receiving the active intervention 
or substitute, and the investigator observing the outcomes is also kept unaware 
of who is assigned to which group. Thus, neither the subject nor the person 
recording results knows which arm of the intervention is being observed, and 
so the reporting and recording of results are insulated from belief in the power 
of the intervention. This approach is regarded as the most accurate way to 
assess the effect of an intervention, because any effect of covariates would be 
expected to occur nearly equally in both the intervention and control groups. 
Furthermore, any placebo effect is minimized by masking whether or not the 
subject is receiving the treatment.

Randomized controlled trials are, however, not always practical for many 
reasons, and much of what we have learned in medicine is derived from dif-
ferent study designs in which it is difficult to know all of the influences on 
the outcome. For this reason, nonrandomized studies can never guarantee 
adequate control for all covariates, even in very large observational studies. 
For example, consider whether hospital mortality rates increased or declined 
after a large process change, such as the installation of new computer systems 
to enter and communicate orders. Any changes in error rates may be due to 
the new computer system, but they also could be explained by heightened 
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is 50% or 1 in 2, as in a coin flip, then odds of the event are 1 (or 1 : 1). If the 
probability is 1 in 3, or 0.33, then the odds are 0.33/0.66 or one half (1 : 2).

A simple yet instructive model of decision making is a 2 × 2 table (Fig. 
8-1). A group (or population) of patients is divided into 4 cells. The table 
shows the presence or absence of a disease across the top and test results on 
the left. The cells in this 2 × 2 table are labeled with letters beginning with a 
in the upper left and d in the lower right. The sensitivity of a test, which is 
defined as the probability of positive results when the disease is known to be 
present, is calculated in the table as a/(a + c). Test specificity, which is the 
probability of a negative test result when the disease is absent, is calculated 
as d/(b + d). Sensitivity and specificity are referred to as test characteristics 
because they explain how a test performs in the presence or absence of disease. 
In clinical practice, however, tests are usually used to determine whether a 
disease or condition is present or absent, or at least how likely it is based on 
a given test result. In the 2 × 2 table, this probability, which can be calculated 
as a/(a + b), is referred to as the positive predictive value. Similarly, d/(c + d), 
which is the negative predictive value of the test, indicates how likely it is that 
the disease is absent given a negative test result.

Inspection of this 2 × 2 table shows another very important finding: 
how common the disease is in this population, shown as (a + c)/(a + b + 
c + d). This calculation is analogous to the prevalence of the disease in the  
population.

A special insight from this simple 2 × 2 table is that positive and negative 
predictive values depend on the test characteristics, but importantly they also 
depend on the prevalence of the disease in this particular population of patients. 
Different positive and negative predictive values result when the same test is 

Nevertheless, all techniques to reduce confounding depend entirely on data 
about relevant covariates. If such data are missing, statistical adjustment cannot 
produce an accurate result. A limitation of the propensity score in reducing 
confounding bias is that many confounders may be unknown or difficult or 
even impossible to measure.

 Machine Learning
Machine learning approaches problems by learning rules from data in contrast 
with expert systems. Starting with patient-level observations, algorithms sift 
through vast numbers of variables, looking for combinations that reliably 
predict outcomes. This process in some ways resembles traditional regression 
models: there are outcomes, covariates, and statistical functions linking the 
two. Machine learning can handle enormous numbers of predictors and com-
bining them in nonlinear and highly interactive ways. Optimism for machine 
learning should be tempered by understanding that association is not the 
same as causation and that vast biomedical data available to apply to these 
techniques may have insufficient breadth—lacking for example social deter-
minants of health—or insufficient quality that can hamper the results.4

 STATISTICAL APPROACHES AND CHALLENGES
 Multivariable Statistics
Oftentimes a researcher is interested in the relative (as well as the absolute) 
importance of multiple individual predictor variables on an outcome, inde-
pendent of the effects of all other variables.5 For example, in studying whether 
air pollution increases the risk of lung cancer, an investigator would want to 
take into account differences in age, race, family history, smoking history, and 
even radon exposure (Chapter 182). Using multivariable statistical techniques, 
such estimates can be made.

Multiple Comparisons
Analyses in which multiple statistical tests are conducted can lead to a false 
conclusion that one of them is a positive result.6 The more tests conducted, 
the more likely it becomes that one will be positive based on chance alone 
even though the P value may be set to 0.05. One way to correct for this problem 
is to use the Bonferroni correction, which divides the P value for rejecting the 
null hypothesis by the number of hypothesis tests performed.

Meta-analysis
Meta-analysis is a statistical method for summarizing the results of multiple 
studies to estimate an overall effect and confidence interval for a parameter 
measured by those studies. In meta-analysis, the formal combination of results 
considers variations both within the study and among studies.7

 USING DATA FOR CLINICAL DECISIONS
An important and common element of the physician’s role is to make deci-
sions. Effective decision making includes gathering information, determining 
whether more information is worth the additional risk and expense, and inter-
preting results. All of these tasks depend on a physician’s skill in using data 
optimally. Information gathering begins with the most important data: those 
derived from a careful patient history and physical examination. However, 
the variety of available laboratory tests and diagnostic procedures greatly 
increases the amount of information that can be obtained and that must be 
ordered intelligently and interpreted correctly. Appropriate use of clinical 
information can make important differences in patients’ outcomes and in the 
resources required to optimize them.

Evaluating a patient who presents with new breathlessness (Chapter 77) 
presents an example of decision-making principles. A thorough history and 
physical examination set the foundation, and a spectrum of choices are con-
sidered. Is this a temporary problem or a life-threatening condition for which 
immediate and potentially risky testing and treatment should be recommended? 
(E-Table 8-2) The sequence in which testing is undertaken also has implica-
tions for safety and cost. Some tests are simple and fast to perform and most 
helpful when results are negative; others involve substantial risk and expense 
but can give a definitive answer.

 Theories and Principles Useful in Decision Making
Much of medical practice involves risk and uncertainty. When discussing 
uncertainty, the concept of probability is useful. Probability is the likelihood 
that something occurs; a probability of 1.0 means it is certain to occur, and 
a probability of 0 means it will not occur. The term odds refers to a ratio of 
probabilities of an event (p): Odds = p/(1 − p). If the probability of the event 
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From these data, one can also calculate:
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FIGURE 8-1. A 2 × 2 table evaluating use of a test to determine if a disease is present. 
in this model, test sensitivity is a/(a + c), specificity is d/(b + d), and disease prevalence 
is (a + b)/(a + b + c+ d). positive predictive value can then be calculated as a/(a + b) and 
negative predictive value as d/(c + d). 
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E-TABLE 8-2 PRINCIPLES OF TEST ORDERING AND 
INTERPRETATION

The interpretation of test results depends on what is already known about the 
patient.

No test is perfect; clinicians should be familiar with its diagnostic performance and 
never believe that a test “forces” them to pursue a specific management strategy.

Tests should be ordered if they may provide additional information beyond that 
already available.

Tests should be ordered if there is a reasonable chance that the data will influence 
the patient’s care.

Two tests that provide similar information should not be ordered.
In choosing between two tests that provide similar data, use the test that has lower 

costs or causes less discomfort and inconvenience to the patient.
Clinicians should seek all of the information provided by a test, not just an abnormal 

or normal result.
The cost-effectiveness of strategies using noninvasive tests should be considered in a 

manner similar to that of therapeutic strategies.
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When should a test be ordered? Gathering additional information—whether 
from history, repeated examinations, tests, or imaging—can change the likeli-
hood of disease, as is demonstrated by the 2 × 2 table. In general terms, addi-
tional data should be obtained only if they would change the likelihood of a 
disease or condition at an acceptable cost and risk, and if such a change in 
probability would affect what is recommended to the patient. “Will it change 
therapy?” is a common question that summarizes such thinking: Will the test 
lead to a diagnosis that would be treated differently? If not, then the value of 
the test is lower. Sometimes the most important choice is to defer further 
testing and to observe the patient over time—the “test of time.”

Utility
The results of diagnosis and treatment vary, and the importance or value of 
those outcomes also vary. For example, the value of surviving may depend 
on quality of life and side effects endured to achieve survival. Quantifying 
this value can be difficult, but ultimately the most important quantification 
is from the patient. The term utility describes the value or importance of the 
outcome as judged by the patient or measured in some other way. In some 
analyses, the length of survival is adjusted by a measure of the quality of life, 
described as quality-adjusted life years or QALYs.9

 Decision-Making Strategies
Shared Decision Making
Physicians make many decisions, some of which are simple and many of which 
are complex. A good physician does not make all of these decisions indepen-
dently. Especially for decisions that involve risks or preferences, the wise 
physician involves the patient in decision making when possible. Shared deci-
sion making considers the utility of different outcomes and the patient’s desires, 
which may vary widely from one person to the next. Shared decision making 
is an important element of physician-patient interaction and also has direct 
ties to the decision-making process.10

Decision Analysis
Answers to some questions involve a series of questions and probabilities that 
are not practical to answer with a single study or test. As a result, an approach 
known as decision analysis can be useful (Fig. 8-4). This analysis begins with 
a question, such as “should a drug be given?,” which then leads to branches 
stemming from the yes and no answers, each of which has its own branching 
from what is called a chance node. Chance nodes may lead to other branches. 
Each chance node has several probabilities that, by definition, must add up 
to 1. The end of each of the branches is assigned a utility. To determine, for 
example, if a drug should be given, the utility of each end branch is multiplied 
by the probability of ending on that branch, and this process is continued or 
folded back until each of the original choices is assigned a score. Using this 
model, the best choice is the choice with the highest score. Decision analysis 
can be applied to decisions in which prospective trials are impractical, such 
as a public health policy decision, or when a randomized controlled trial would 
be impractical, such as developing a strategy for screening for cervical cancer. 
Since probabilities assigned to some of the nodes may not be known and 
could plausibly be within a range, a technique known as sensitivity analysis 

used in a population in which the disease is rare compared with when it is 
used in a population in which the disease is common.

This insight is the essence of Bayes theorem: the likelihood of the disease 
given a positive test result depends on both the test characteristics and on the 
prevalence of the disease in the population. Bayes theorem is often expressed 
by the formula P(A | B) = (P(B | A) * P(A))/P(B), (probability of disease A 
given test result B is the probability of result B given disease A times the 
probability of disease A, divided by probability of result B), but the essence 
of the greatest value of Bayes theorem to physicians can be understood from 
the simple 2 × 2 table.

Another useful concept is the likelihood ratio, which is the prevalence of a 
sign (or any test result) in patients with the diagnosis of interest divided by 
the prevalence of the identical finding (or test result) in patients without the 
target diagnosis.8 The positive likelihood ratio is expressed by the formula 
P B A P B A( | ) ( | ) (or [sensitivity] ÷ [1 − specificity]) (E-Table 8-3).

Other common measures used in decision making can be derived from 
these simple building blocks that come from the 2 × 2 table. Pretest probability 
in the 2 × 2 model is the same as the prevalence of disease—how common 
it is in that population. Before doing any test, the probability of disease is 
simply the prevalence in that population. After performing the test, we may 
have a different probability—the post-test probability—which is why we per-
formed the test.

In the 2 × 2 model, a test is defined as either positive or negative. However, 
it may not be clear where to draw the line (or threshold) between positive 
and negative. Figure 8-2 shows 3 possible divisions between a positive and 
negative test result. The vertical line on the left excludes all patients who do 
not have the disease, but it classifies less than half of the patients with the 
disease as positive. The one on the right results in all patients with the disease 
having a positive result, but at the cost of including patients who do not have 
the disease in the positive result. The middle line achieves a compromise—
most of the patients with the disease are defined as having a positive result 
and most of the patients without the disease are defined as having a negative 
result. Which of the three lines is chosen depends on how the test is being 
used. A plot of all such possible lines with the sensitivity and specificity creates 
a curve showing how sensitivity and specificity are related for the test: a receiver 
operator characteristic (ROC) curve (Fig. 8-3) is a common way to display this 
relationship. An ideal test would have a curve closer to A than to B—a high 
sensitivity and a high specificity. ROC curves can also be used to compare 
the ability of different tests to distinguish between the presence or absence 
of disease. Tests with higher areas under the curve are considered better tests.

In most cases, physicians do not rely on a single test to determine whether 
or not a condition or disease is present. Rather, several test results and other 
data (which may include portions of the patient’s history and findings on the 
physical examination), as well as findings from past records, are incorporated 
into that judgment. This multiplicity of information highlights one of the 
limitations of Bayes theorem. Multiple test results may not be independent 
of each other, but Bayes theorem assumes that they are. It is also important 
to be aware that it is difficult to determine the accuracy of historical and 
examination data—particularly if not gathered first-hand but obtained from 
an electronic health record. Some laboratory data imaging and pathology 
results may vary depending on the interpreter who created the report. Astute 
clinicians understand that data may be inaccurate or subject to differing 
interpretation.
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FIGURE 8-2. For each of the vertical lines, those results to the left indicate a positive 
result while results on the right indicate a negative result. 
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FIGURE 8-3. A receiver operator characteristic (ROC). this displays the relationship 
between all possible divisions between positive and negative results and test character-
istics, sensitivity and specificity. the best test has very high sensitivity and specificity. in 
this example, a is a better test than B. 
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E-TABLE 8-3 KEY DEFINITIONS FOR BAYES THEOREM*
Probability A number between 0 and 1 that expresses an estimate 

of the likelihood of an event
Odds The ratio of [the probability of an event] to [the 

probability of the event’s not occurring]
BAYESIAN ANALYSIS

Pretest (or prior) probability The probability of a disease before the information is 
acquired

Post-test (or posterior) 
probability

The probability of a disease after new information is 
acquired

Pretest (or prior) odds (Pretest probability of disease)/(1 − pretest 
probability of disease)

Likelihood ratio (Probability of result in diseased persons)/
(Probability of result in nondiseased persons)

*Disease can mean a condition, such as coronary artery disease, or an outcome, such as 
postoperative cardiac complications.



a test with higher risk and expense may be warranted, such as computed tomo-
graphic pulmonary angiography, which has both a high sensitivity and a high 
specificity. By balancing the patient’s pretest probability, as determined using 
a prediction rule, with a test’s expenses, risks, and operating characteristics, 
an appropriate decision-making strategy can be developed and applied to an 
individual patient.
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can be used to determine if the key conclusions of the decision analysis model 
would change as the chance node probabilities change within that range. 
Including benefit and cost in decision analysis permits a cost-benefit (or cost-
effectiveness) analysis11 that can lead to informed decisions regarding what 
strategy or approach should be pursued, or whether a new technology or 
treatment should be adopted.

 Aids to Decision Making
As the volume of text, test results, images, and genomic data rises, the limita-
tions of human cognition often are reached. For example, most physicians are 
able to keep several data elements in mind when making a decision, but 
decision-making aids become worth considering when the number of facts 
to be considered rises to include a dozen or more. Some of these aids are 
simple prediction rules,12 which can use clinical data to estimate the pretest 
probability of a condition. In other cases, automated systems, as simple as 
smartphone applications and as complex as cloud-based systems, can be helpful 
for diagnostic and therapeutic decision making. With progressively rising 
volumes of health care data and computing power, machine learning, artificial 
intelligence, and other analytical tools and techniques may increasingly provide 
additional aid to clinician decision making.

To apply these concepts, consider a patient with breathlessness. Does this 
patient have a pulmonary embolism or some other condition? Although data 
derived from the history and physical examination individually have a low 
sensitivity, the pretest probability of pulmonary embolism (Chapter 74) can 
be classified as high, moderate or low when used together to calculate a Wells 
score (Chapter 74). In patients so classified as having low risk, the D-dimer 
test has high sensitivity and therefore a high negative predictive value; as a 
result, a negative test reduces the risk of pulmonary embolism substantially. 
The D-dimer test carries a trivial risk to the patient, and its cost is low. Based 
on its test characteristics, a negative D-dimer result can safely exclude venous 
thromboembolism and limit the number of patients requiring further evaluation 
with imaging techniques. Conversely, in a patient with high pretest probability, 
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FIGURE 8-4. Example of decision analysis. the model begins with a choice (choice node) leading to chance nodes. the probability of branches from each choice node add up to 1. 
at the end of all branches is an outcome with a utility value. By folding back each chance node—adding probability × utility successively—a value is assigned to both choices. 
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REVIEW QUESTIONS

1. A study of 105 vegan Buddhist nuns randomly sampled from monasteries 
around Ho Chi Minh City found that the average femoral neck bone mineral 
density was 0.62 g/cm2, with a standard deviation of 0.11 g/cm2. Which 
of the following statements about this result is correct?
 A. The 95% confidence interval for the mean bone mineral density in these 

women is about 0.4 g/cm2 to 0.84 g/cm2.
 B. If bone mineral density is normally distributed, we would expect about 

10% of the women in the sample to have bone mineral density outside 
of the interval: 0.4 g/cm2 to 0.84 g/cm2.

 C. The 95% confidence interval for the mean bone mineral density in these 
women is about 0.60 g/cm2 to 0.64 g/cm2.

 D. Because the women were sampled randomly, there is a 95% chance that 
a randomly selected woman from the population would have a bone 
mineral density between 0.60 g/cm2 and 0.64 g/cm2.

 E. Because the women were sampled randomly, there is a 95% chance that 
a randomly selected woman from the sample would have a bone mineral 
density between 0.60 g/cm2 and 0.64 g/cm2.

Answer: C We would expect about 95% of observations to be within 2 standard 
deviations of the sample mean, leaving 5% out, so choice B is incorrect. The 
95% confidence interval for a sample mean is about mean ±2 standard 

errors of the mean (SEM), where the SEM
SD=

N
. In this case the SD is 

0.11 g/cm2 and the N is about 100, so the SEM will be about .11/10 = .01 g/
cm2 and the 95% CI will be about 0.60 g/cm2 to 0.64 g/cm2, as indicated in 
choice C. Choices D and E are incorrect because the range given is too narrow: 
it is ±2 SEM when it should be ±2 SD.

2. A study of data collected through the “Get with the Guidelines-Stroke 
Program” examined the time from onset of stroke symptoms to treatment 
with tissue-type plasminogen activator (tPA) among 58,353 patients with 
acute ischemic stroke treated within 4.5 hours of the onset of symptoms. 
The authors reported that “faster onset-to-treatment time, in 15-minute 
increments, was associated with…increased achievement of independent 
ambulation at discharge (OR, 1.04; 95% CI 1.03-1.05; P < 0.001)…” Which 
of the following is a correct interpretation of these findings?
 A. In this study, the effect of a 15-minute reduction in onset-to-treatment 

time was associated with a 4% (relative) increase in the odds of inde-
pendent ambulation at discharge.

 B. Because the odds ratio is very close to 1.0, the results are not statistically 
significant.

 C. Because the odds ratio is very close to 1.0, the results, while highly 
statistically significant, are not clinically significant.

 D. The 4% increase in odds of independent ambulation translates into a 
number needed to treat (NNT) of 25.

 E. None of the above is correct.
Answer: A Choice A exactly expresses the meaning of the odds ratio for 
this study. Choices B and C are incorrect because the proximity of the odds 
ratio to 1 is in this case based partly on the choice of the authors to express 
it per 15 minutes onset-to-treatment time. This illustrates the importance of 
knowing the units of the predictor variable when it is not dichotomous. If the 
authors had expressed the difference per hour instead of per 15 minutes, the 
odds ratios would have been taken to the fourth power, i.e., the odds ratio for 
independent ambulation at discharge would have been about 1.044 = 1.17. 
Choice D is incorrect because estimation of the NNT requires knowing the 
absolute risk reduction, which was not provided in this case.

3. Assume a study of both smoking and nonsmoking mothers reports that 
the effect of smoking on birthweight is about a 32-gram decrease in birth 
weight per cigarette smoked per day during pregnancy. Which of the fol-
lowing statements about this finding is NOT correct?
 A. The result is based on a model, in which the predicted birthweight is 

linearly related to the number of cigarettes smoked per day.
 B. This model predicts that the difference in birthweight between a baby 

whose mother did not smoke and one who smoked 5 cigarettes per day 
is the same as the difference between babies of mothers who smoked 
20 and 25 cigarettes per day.

 C. The model predicts the same effect of smoking on birthweight, regard-
less of the mother’s age and prepregnancy weight.

 D. This model predicts that cutting cigarette smoking in half will lead to 
a 64 gram expected weight increase in the baby.

 E. The model could include additional terms that would reflect the effect 
of mother’s age and prepregnancy weight.

Answer: D Choices A, B and C accurately describe characteristics of a linear 
model for the effect of smoking on birthweight. Choice D is not consistent 
with a linear model. Choice E reflects that the effects of other variables can 
be taken into account, while still maintaining a linear model for the effect of 
cigarettes smoked on birthweight.

4. A case-control study of the relationship of breast cancer with the use of 
COX-2 inhibitors found that the odds ratio and confidence interval relating 
cancer to use of baby aspirin was OR = 0.77, 95% CI (0.42-1.41). The 
authors then stated “Neither acetaminophen nor baby aspirin had any effect 
on the relative risk of breast cancer.” This is incorrect because:
 A. The confidence interval crosses 1.
 B. They do not give the p-value.
 C. The confidence interval has a lower limit of 0.42.
 D. Odds ratios are inappropriate for this study.
 E. They should have used a higher level of confidence.

Answer: C C is correct because the confidence interval allows for a 58% 
reduction (from (1-.42)*100%) in the chance of breast cancer associated with 
the use of baby aspirin, a potentially important effect. Choice A is incorrect 
because it merely indicates a lack of a statistically significant result and does 
not bear on the size of the effect. Choice B is incorrect because CIs are more 
useful for ruling out important effects. Odds ratios are especially useful in 
case-control studies, so D is incorrect. And E is incorrect because a higher 
level of confidence would make the CI even wider.

5. In a randomized trial of an intervention to reduce hypertension, researchers 
selected subjects from a single antihypertensive patient club in Shanghai. 
About one third of those approached agreed to be randomized. The results 
of this study can be safely generalized to:
 A. All hypertensives.
 B. All hypertensives in China.
 C. All hypertensives in Shanghai.
 D. All hypertensives belonging to the single club in Shanghai.
 E. None of the above.

Answer: E Because two thirds of the participants refused to participate, the 
extrapolation of the effect of the intervention might not even apply to the 
particular club in which the study was conducted, much less a broader 
population.
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6. A 53-year-old man presents to his primary care physician with a chief 
complaint of chest pain for the last two weeks. The pain is described as 
intermittent, usually exertional, midline, and aching in nature. His electro-
cardiogram is completely normal. Which of the following is the most 
appropriate next step?
 A. Watch and wait
 B. Exercise electrocardiography
 C. B-type natriuretic peptide
 D. Exercise nuclear scintigraphy
 E. Coronary angiography

Answer: B The immediate question is whether this patient’s symptoms rep-
resent new ischemic heart disease. His clinical presentation suggests a moderate 
probability of coronary artery disease, so watch-and-wait is probably too risky 
a strategy. At the same time, he does not appear to have unstable ischemic 
disease, so there is no need to proceed immediately to coronary angiography 
in preparation for coronary revascularization. Measurement of B-type natri-
uretic peptide would not alter management. Of the two noninvasive tests for 
ischemic heart disease, exercise electrocardiography is the least expensive, 
most convenient, and carries no radiation exposure. Guidelines would thus 
suggest B as the most appropriate next step.

7. A patient undergoes an exercise test, and has 2 mm of ST-segment depres-
sion on electrocardiogram. In which of these patients would this finding 
be most likely to change management?
 A. A healthy 19-year-old volunteer in a research study
 B. A 62-year-old woman who is completely asymptomatic
 C. A 62-year-old woman with frequent nonexertional aching chest pain
 D. A 62-year-old woman with recent myocardial infarction and chest pain 

at rest
 E. A 62-year-old woman who is completely asymptomatic four months 

after coronary artery bypass graft surgery

Answer: C Patients A and B are of sufficiently low probability for having 
coronary disease that the exercise test abnormality is highly likely to be a 
false-positive result. Patient D has an extremely high probability of coronary 
disease, and likely needs coronary angiography and revascularization as next 
steps; she does not need exercise electrocardiography, because the test is 
unlikely to change this management plan. Patient E’s care is also not likely to 
be influenced by an exercise test result because she is asymptomatic after 
major coronary revascularization surgery. Patient C has a low-to-moderate 
probability of coronary disease, and this abnormal exercise test result moves 
her into a midrange probability. Thus, she is likely to undergo either further 
testing, initiation of antianginal therapy, or both as a result of this exercise 
test result.

8. Which of the following is NOT an important consideration when weighing 
whether to order a test for a patient?
 A. Test may influence decision making for patient’s care
 B. Test is less expensive than alternative strategies
 C. Test is safer than alternative strategies
 D. Test reduces patient’s or clinician’s uncertainty
 E. Test is expected to be abnormal in presence of patient’s already confirmed 

diagnosis
Answer: E Tests should be ordered when they are expected to change care, 
and should be chosen on basis of safety, cost, and impact. They should not 
be ordered simply because they can confirm an already known diagnosis.
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9 
MEASURING HEALTH AND HEALTH CARE
CAROLYN M. CLANCY AND ERNEST MOY

Physicians routinely quantify a variety of health measures, including symptoms, 
vital signs, and findings on physical examination, to improve diagnosis, treat-
ment, and prognostication. Similarly, the efficacy and quality of health care 
can and should be measured for several reasons.

First, the quality of care delivered is often suboptimal. Persistent variations 
in practice for patients with the same diagnosis reflect a combination of clinical 
uncertainty, individualized practice styles, patients’ preferences and charac-
teristics (age, race, ethnicity, education, income), and other factors. Both 
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ABSTRACT
Measuring health, health care quality, and health care resources is an essential 
dimension of contemporary health care organizations. This chapter describes 
the different approaches to measurement, the evidence base for those measures, 
and how to match available measures to the needs and interests of patients, 
policymakers, and other stakeholders.
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from remedial instruction. Credentialing organizations may construct measures 
to demonstrate the superior performance of physicians who meet their high 
standards. For example, the National Committee for Quality Assurance main-
tains the Healthcare Effectiveness Data and Information Set that is widely 
used to accredit health plans, and the American Board of Internal Medicine 
and other specialty boards include measures of practice performance as well 
as measures of medical knowledge for the maintenance of certification. Mea-
sures that are aggregated to the community level can help policymakers allocate 
health care resources to locales with the greatest need and assess the success 
of any interventions.

TABLE 9-1 MEASURES OF HEALTH AND HEALTH CARE
MEASURES OF HEALTH

•	 Mortality: rates of death typically adjusted for age and sex
•	 Morbidity: incidence and prevalence rates of diseases and their sequelae
•	 Functional status: assessments of a patient’s ability to perform various actions such 

as activities of daily living or instrumental activities of daily living as observed by 
a provider or reported by the patient

•	 Self-reported health status: a patient’s assessment of his or her health and well-being
MEASURES OF HEALTH CARE QUALITY

•	 Health care outcomes: the end results or health benefits derived from good health 
care or the health loss attributable to poor health care

•	 Health care processes: assessments of whether the right care was delivered at the 
right time and in the right way

•	 Health care infrastructure: the availability of resources needed to deliver 
high-quality health care

•	 Patient perceptions of health care: a patient’s assessment of health care received, 
usually emphasizing patient-provider communication and shared decision making

•	 Access to health care: the ability of patients to gain entry into health care and 
navigate to needed resources

MEASURES OF HEALTH CARE RESOURCES

•	 Health care utilization: the quantity of health care services that are used
•	 Direct costs: the costs of providers, supplies, and equipment needed to deliver 

health care
•	 Indirect costs: the costs of lost wages and decreased productivity due to illness or 

injury that could have been prevented by appropriate health care
•	 Nonmedical costs: the costs of health care not related to the delivery of services, 

such as administration, advertising, research, and profits earned by health 
industries

TYPE OF MEASURE EXAMPLE
HEALTH

Mortality Deaths due to colorectal cancer per 100,000 
population

Morbidity New AIDS cases per 100,000 population
Functional status % of people unable to perform one or more 

activities of daily living
Self-reported health status % of people reporting that their overall health is 

excellent
HEALTH CARE QUALITY

Health care outcomes Deaths per 1,000 hospitalizations with pneumonia
Intermediate outcomes % of adults with diabetes whose blood pressure is 

<140/80 mm Hg
Health care processes % of children who were given all recommended 

vaccinations
Health care infrastructure % of office-based physicians with computerized 

systems for recording clinical notes
Patient perceptions of health 

care
% of patients who always reported good 

communication with their regular providers
Access to health care % of patients who were unable or delayed in 

receiving medical care
HEALTH CARE RESOURCES

Health care utilization % of people with an emergency department visit 
in the past year

Direct costs Expenditures for the treatment of depression
Indirect costs Lost wages and productivity while caring for 

children with asthma
Nonmedical costs Profits earned by pharmaceutical companies

suboptimal care and varied care for the same condition undermine the historical 
assumption that a combination of highly trained health professionals and 
accredited facilities is sufficient to ensure consistent high-quality care.

A second major trend is attributable to the successes of biomedical science: 
the major challenge in health care today is the management of chronic disease 
for a population with increased life expectancy. For chronic conditions, health 
benefits are increasingly measured in improvements in functional status or 
quality of life, rather than simply using mortality rates or life expectancy.

A third trend relates directly to how the increasing costs of health care are 
now threatening public budgets and investments in other social goals, such 
as education. Although the United States spends more per capita on health 
care than any other developed nation, the outcomes achieved lag far behind.

Finally, advances in communication and information technologies have 
inspired more people to play an active role in their health and health care. 
These innovations have accelerated demands for transparency and shared 
decision making.

As health insurance and health care regulation have expanded, requirements 
to track and justify health care services have grown. Intensifying urgency to 
improve the quality of health care, reduce disparities, control costs, and enhance 
transparency will likely lead patients and insurers to demand more data and 
to link quality measures to payments for services.

Fortunately, modern technology can help to meet the demand for data. 
Patients can record and submit their health parameters using handheld devices 
connected to personal health records. Automated billing programs can track 
health care services, and electronic health records can assess the quality of 
physician care. Ultimately, fully integrated health information systems will 
allow patient information to be retrieved instantly and seamlessly whenever 
and wherever it is needed. In addition to assessing care quality today, these 
tools offer enormous promise for learning as a byproduct of care delivery.

 HOW ARE HEALTH AND HEALTH  
CARE MEASURED?

Three types of measures typically assess health and health care. Measures of 
health quantify the sickness or well-being of a person. Measures of health care 
quality quantify the extent to which a patient receives needed care and does 
not receive unnecessary care. Health care quality is assessed using measures 
of structure (e.g., education and credentialing of clinicians), process (adherence 
to professional standards and evidence-based recommendations), and outcomes 
(or end results of care, including how patients experience their care and their 
self-reported health and function). Measures of health care resources quantify 
the resources used (e.g., radiographs, surgery, medication, intensive care) to 
improve the health of a patient. All measures can be summed up across popu-
lations within a practice or community (Table 9-1).

Measures of health and health care often overlap (E-Fig. 9-1). Health mea-
sures that can be improved by health care, such as blood pressure or blood 
glucose levels, are often used as health care quality outcome measures. The 
delivery of quality health care requires the use of resources and the generation 
of direct health care costs, which may or may not improve health care at the 
margins of spending. Impaired health that reduces the ability to do work and 
earn wages but that could have been prevented by the delivery of health care 
contributes to the indirect costs of health care. At the intersection of health, 
health care quality, and health care resources are measures of health care value. 
These measures compare the health benefits of specific health care services 
with their costs.

 WHY MEASURE HEALTH AND HEALTH CARE?
Measures of health and health care can be used for many purposes by different 
stakeholders (Table 9-2). Patients can use their own health information to 
track their progress, adjust their lifestyle, and plan for their future health care 
needs. Patient-level measures are important to physicians, hospitals, health 
plans, and policymakers whether they are used to identify sentinel events that 
represent quality defects (e.g., amputating the wrong leg or giving a patient 
the wrong medication), to initiate root cause analyses to improve health care 
quality, or to assess how quality output is linked to cost input (Chapter 10).

Hospitals and health plans aggregate measures over their practices to identify 
opportunities for raising quality, improving efficiency, and reducing care dis-
parities. For measures for which physicians are primarily accountable, these 
data can be used to acknowledge and reward high-performing physicians, 
select physicians for inclusion on panels, and produce report cards to inform 
the public. Patients can use these report cards to select physicians and health 
plans that best match their health care needs. Regulators may examine measures 
to assess qualification for licensure and to identify physicians who might benefit 
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E-FIGURE 9-1. Types of measures of health and health care. 
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are all critical. Case-mix adjustment methods commonly use sophisticated 
statistical approaches in an attempt to adjust for such potential differences 
and to estimate whether observed differences result from differing patient 
populations rather than true differences in quality of care.

The precision of specific measures is also a challenge. Many stakeholders, 
especially payers and policymakers, are increasingly impatient and are gener-
ally more enthusiastic about use of measures that are only “pretty good” than 
are providers whose care is being judged.

 SELECTING MEASURES: WHICH MEASURES ARE 
RIGHT FOR WHAT PURPOSE?

Creating measures is different from selecting which measures are most impor-
tant and meaningful. Numerous publicly available sources provide a wealth 
of health and health care information (E-Table 9-1). The most prominent 
consensus-based organization that endorses measures is the National Quality 
Forum, which convenes panels of experts to assess the quality of a proposed 
measure based on criteria that include importance, scientific acceptability, 
feasibility, and usability. Endorsed measures are reassessed periodically to 
ensure they remain up-to-date and applicable.

The National Institutes of Health Patient Reported Outcomes Measurement 
Information System (http://www.nihpromis.org) is a repository of standard-
ized patient-reported health status measures and collection instruments. 
Domains include physical, mental, and social well-being. The Agency for 
Healthcare Research and Quality National Quality Measures Clearinghouse 
(http://www.qualitymeasures.ahrq.gov) is an inventory of evidence-based 
measures of health care quality. Domains include clinical quality, efficiency, 
and population health. Also related are the National Guidelines Clearinghouse 
(http://www.guideline.gov) and the Health Care Innovations Exchange (http://
www.innovations.ahrq.gov), collections of clinical guidelines and descriptions 
of successful uses of measures, respectively.

Potential users should examine the attributes of specific measures to ensure 
that they are appropriate for their intended application (Table 9-3). A number 
of organizations have developed scales or rating systems that summarize per-
formance across multiple dimensions. Sometimes referred to as composite 
measures (e.g., a letter grade from the Leapfrog Group for hospital safety), 
these scales vary in comprehensiveness with little consensus regarding how 
components of a summary scale should be weighted. Indeed, it is not uncom-
mon for a hospital to receive an “F” from one group and be rated a “top 
performer” by another. Thus, although appealing in their simplicity, the optimal 
use of these approaches remains unresolved.

 MEASURING HEALTH AND HEALTH CARE AS 
PARTS OF A SYSTEM

Measuring health and health care together is also important for understanding 
the system as a whole. Patients, providers, and policymakers generally agree 
that the paramount goal of the health system is to improve health. At the 
population health level, however, factors other than medical care are highly 
influential. For example, population health is probably affected as much by 
health behaviors—such as diet, physical activity, smoking, and alcohol and 
drug use—as by the direct provision of medical care (E-Fig. 9-2). Social char-
acteristics (e.g., poverty, education, crime, and residential segregation) and 
physical determinants (e.g., housing and the natural and built environment) 
also probably impact population health to a greater extent than medical care.

Viewing medical care as a component of a system for generating and pre-
serving population health has many implications for physicians and other 
health care providers. First, it emphasizes the importance of services to encour-
age healthy lifestyles and prevent the development of disease. For example, 
efforts to prevent tobacco use (Chapter 29) among adolescents (Chapter 14) 

 SELECTING MEASURES BASED ON EVIDENCE
Data used to measure the structure, process, and outcomes of health care can 
be gathered as part of rigorous hypothesis-driven research or from secondary 
sources of data initially collected for routine clinical care billing. The data’s 
rigor and integrity are critical to the reliability of analyses performed on them.

In addition to the quality of the data themselves, however, the method of 
study design is also critical to the validity of reported findings. The most robust 
measures are supported by the concurrence of evidence derived from different 
research methodologies. In randomized controlled trials, random assignment 
of the intervention ensures that both patients who do and do not receive it 
are as similar as possible. In double-blind studies, neither the patient nor the 
patient’s physician knows the assigned treatment. For more complex interven-
tions, such as the use of a team to manage depression, blinding is impractical. 
In all settings, controls typically receive the best standard care. In some situ-
ations, patients may serve as their own controls in a time-series randomized 
trial. Adaptive designs incorporate strategies that assign more participants to 
treatment groups that are performing well, assign fewer participants to groups 
that are performing poorly, and investigate wide dose ranges to identify the 
most effective dose.1,2 Pragmatic trials inform a clinical or policy decision by 
determining the usefulness of an intervention for real-world clinical practice.3,4 
Noninferiority trials are designed to prove the equivalence of two strategies.5

Although the randomized trial is a rigorous way to assess treatment effects, 
enrollment is often limited to selected individuals who meet strict entry criteria. 
This approach enhances a trial’s internal validity but limits its generalizability. 
As a result, randomized trials are ideal for establishing an intervention’s efficacy, 
which is its potential benefit under ideal conditions, but not necessarily its 
effectiveness in the real world. Cluster randomized trials, which randomize the 
level of the provider or system, represent a practical approach to determining 
effectiveness.

Although randomized trials are critical for assessing efficacy and effective-
ness, observational and case-control studies are also important. In a cohort study, 
persons or patients are followed to determine their outcomes as a function 
of whether or not they possess a particular attribute or have been exposed to 
a particular condition or intervention. Cohort studies can provide a direct 
estimate of the absolute risk for an outcome in exposed patients but cannot 
guarantee whether such differences are related to interventions that were not 
randomly allocated.

In case-control studies, cases are defined based on having experienced an 
outcome not experienced by controls.6 Information that is gleaned from exist-
ing records or interviews can determine the proportion of case and control 
patients who experienced an exposure of interest. Case-control studies can 
achieve the same or higher statistical power as cohort studies despite enrolling 
fewer subjects, so they are especially attractive for investigating uncommon 
outcomes, such as serious adverse effects of medications when the events are 
too rare to study with clinical trials or cohort studies. Case-control studies 
are subject to misclassification bias and recall bias, and they provide estimates 
of relative risk but not absolute risk.

Cross-sectional studies collect data at just one point in time. They can be 
used to estimate the prevalence of a condition or outcome but not to make 
valid inferences about whether a given outcome is related to any causal attribute 
or event.

There are additional methodologic issues beyond the credibility and quality 
of the source of data for quality measures. When presented with reports sug-
gesting less-than-perfect performance, many physicians believe that their 
patients are sicker or are less likely to adhere to treatment recommendations. 
To address these concerns, risk adjustment for severity of illness, accurate 
identification of patient characteristics, and assessment of outcomes over time 

TABLE 9-2 USES OF HEALTH AND HEALTH CARE MEASURES BY USER AND UNIT OF ANALYSIS
USES BY PROVIDERS USES BY POLICYMAKERS USES BY PATIENTS

Patient-level measures Diagnosis and prognosis
Monitoring treatment response 

and compliance

Identifying sentinel events Tracking health and health needs
Retirement and estate planning

Provider practice or health 
plan–level measures

Improving quality
Improving efficiency
Reducing disparities

Public reporting
Paying for performance
Provider credentialing

Selecting providers and health plans

Community-level measures Selecting practice location Resource allocation
Policy evaluation

Selecting place to live

http://www.nihpromis.org/
http://www.qualitymeasures.ahrq.gov/
http://www.guideline.gov/
http://www.innovations.ahrq.gov/
http://www.innovations.ahrq.gov/
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E-FIGURE 9-2. Determinants of population health. (source: CdC social determinants 
of Health, https://www.cdc.gov/nchhstp/socialdeterminants/faq.html.)

E-TABLE 9-1 EXAMPLES OF PUBLICLY AVAILABLE SOURCES 
OF SECONDARY DATA

FEDERAL AGENCIES

Agency for Health Care Research and Quality (AHRQ): http://www.ahrq.gov
Healthcare Cost and Utilization Project—the largest collection of longitudinal 

hospital care data in the United States, with all-payer, encounter-level 
information beginning in 1988: http://www.hcup-us.ahrq.gov/

Medical Expenditure Panel Survey (MEPS)—a set of large-scale surveys of U.S. 
families and individuals, medical providers, and employers: http://meps.ahrq 
.gov/mepsweb

National CAHPS benchmarking database—the national repository for data from 
the CAHPS family of surveys: https://cahpsdatabase.ahrq.gov

National Healthcare Quality and Disparities Reports—the database of the 
National Reports including the State Snapshots and NHQR/DR query tool: 
http://nhqrnet.ahrq.gov/inhqrdr/

Centers for Disease Control and Prevention (CDC): https://www.cdc.gov
CDC Wonder: https://wonder.cdc.gov
DATA2020—the Healthy People 2020 interactive data tool that allows users to 

explore the data and technical information related to the Healthy People 2020 
objectives: https://www.healthypeople.gov/2020/data-search/

Centers for Medicare and Medicaid Services (CMS): http://www.cms.gov/
A family of consumer-oriented websites that provides information on quality of 

care delivered in various settings:
Dialysis Facility Compare: http://www.medicare.gov/DialysisFacilityCompare/

search.html
Home Health Compare: http://www.medicare.gov/homehealthcompare/search.

html
Hospital Compare: http://www.medicare.gov/hospitalcompare/search.html
Nursing Home Compare: http://www.medicare.gov/nursinghomecompare/

search.html
Indian Health Service: http://www.ihs.gov
U.S. Census Bureau American Fact Finder: http://factfinder2.census.gov/faces/nav/

jsf/pages/index.xhtml
Cancer Data from the National Cancer Institute SEER program: http://seer.cancer.

gov
Department of Veterans Affairs: ASPIRE is a web-based dashboard that documents 

quality and safety goals for all VA hospitals. These data show strengths and 
opportunities for improvement at the national, regional, and local hospital level. 
The data are updated regularly.

ASPIRE: http://www.hospitalcompare.va.gov/HOSPITALCOMPARE/aspire/
index.asp

PRIVATE, NONPROFIT ORGANIZATIONS

Commonwealth Foundation/IPRO Why Not the Best?—measures of hospital 
quality that are publicly reported by Center for Medicare and Medicaid Services: 
http://www.whynotthebest.org

National Quality Forum (NQF) Quality Positioning System—inventory of quality 
measures endorsed by NQF: http://www.qualityforum.org/QPS/QPSTool.aspx

The Joint Commission Quality Check—provides hospital-specific quality data from 
a variety of sources, including Joint Commission core measures (ORYX): http://
www.qualitycheck.org/consumer/searchQCR.aspx

http://www.ahrq.gov/
http://www.hcup-us.ahrq.gov/
http://meps.ahrq.gov/mepsweb
http://meps.ahrq.gov/mepsweb
https://cahpsdatabase.ahrq.gov/
http://nhqrnet.ahrq.gov/inhqrdr/
https://www.cdc.gov/
https://wonder.cdc.gov/
https://www.healthypeople.gov/2020/data-search/
http://www.cms.gov/
http://www.medicare.gov/DialysisFacilityCompare/search.html
http://www.medicare.gov/DialysisFacilityCompare/search.html
http://www.medicare.gov/homehealthcompare/search.html
http://www.medicare.gov/homehealthcompare/search.html
http://www.medicare.gov/hospitalcompare/search.html
http://www.medicare.gov/nursinghomecompare/search.html
http://www.medicare.gov/nursinghomecompare/search.html
http://www.ihs.gov/
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
http://factfinder2.census.gov/faces/nav/jsf/pages/index.xhtml
http://seer.cancer.gov/
http://seer.cancer.gov/
http://www.hospitalcompare.va.gov/HOSPITALCOMPARE/aspire/index.asp
http://www.hospitalcompare.va.gov/HOSPITALCOMPARE/aspire/index.asp
http://www.whynotthebest.org/
http://www.qualityforum.org/QPS/QPSTool.aspx
http://www.qualitycheck.org/consumer/searchQCR.aspx
http://www.qualitycheck.org/consumer/searchQCR.aspx
https://www.cdc.gov/nchhstp/socialdeterminants/faq.html
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health care measures are used to assess quality, adjustment for these factors 
is critical to ensure that comparisons are not biased.

Another virtue of measuring health and health care together is to assess 
the value of components of the health system or the health system as a whole. 
U.S. national health expenditures have increased over 100 times from $27 
billion (5.0% of the gross domestic product) in 1960 to $3.2 trillion in 2015 
(17.8% of the gross domestic product) (Fig. 9-1). They are projected to exceed 
$5.5 trillion in 2025 and account for 20% of the gross domestic product. 

may yield greater population health benefits than treating the complications 
of nicotine addiction later in life. Second, it serves as a reminder that patients 
who seek care have widely varying attributes and resources, factors that may 
affect their ability to comply with treatment recommendations. As a conse-
quence, it is important to consider medications with lower out-of-pocket costs 
for low-income patients and to simplify instructions to a patient’s level of 
health literacy. Third, it recognizes how environmental factors outside of the 
control of physicians often have a large impact on population health. When 

TABLE 9-3 ATTRIBUTES OF MEASURES OF HEALTH AND HEALTH CARE
MEASURE ATTRIBUTES CRITERIA FOR PROVIDERS CRITERIA FOR POLICYMAKERS CRITERIA FOR PATIENTS
Measure is scientifically sound

Based on strong evidence Based on high-quality studies?
Valid Measures what is intended and includes key elements?
Reliable Reproducible by different measurers and providers?
Clearly specified Numerator, denominator, exclusions, and risk adjustment defined?
Endorsed by independent experts Well-accepted by scientific and medical communities?

Condition is important
Affects many people
Causes high mortality or morbidity
Is costly
Is very unequal across populations

Important for my practice or the 
population I serve?

Important for population that will be 
affected by my policy?

Important to me?

Data collection is feasible
Already available
Could be collected at low cost relative to 

potential benefit
Auditable

Available for my practice or the population 
I serve?

Available before and after policy 
implementation for affected 
population?

Available to me?

Findings are actionable
Can be understood
Can be improved
Have been used successfully
Have few unintended consequences

Do I know what actions I must change to 
improve quality?

Used in practices like mine to improve 
quality with few unintended 
consequences?

Do I know what policies I must 
change to improve quality?

Used for policies like mine to improve 
quality with few unintended 
consequences?

Do I know what actions I must take 
to improve my health?

Used by patients like me to improve 
health with few unintended 
consequences?

When used as part of measure set, measures are:
Balanced

Represents multiple conditions, settings of care, populations, types of data (survey, administrative data, medical records), 
types of measures (structure, process, outcomes), and perspectives (patient, provider, system, society) as appropriate?

Able to be disaggregated Identifies individual measures that can be improved?

Hospital
Dental

Physician and clinical
Home health care

Prescription drug
Other professional services

Administration
Other

Nursing care facilities
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FIGURE 9-1. National health expenditures by select components, 1960-2025. estimates for 1960-2015 are based on historical data; estimates for 2016-2025 are projections. expen-
ditures do not adjust for inflation. administration includes health insurance expenditures other than health benefits paid as well as administration of government programs. (source: 
CMs national Health expenditure data, https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalHealthexpenddata/index.html. accessed  
May 10, 2019.)

https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/index.html


Expenditures on hospital care, physician and clinical services, prescription 
drugs, and the administration of health insurance account for 70% of total 
national health expenditures. Payers and employers can examine the cost-
effectiveness of specific services and promote those that yield the largest health 
benefits for each dollar spent. U.S. health care processes rank much higher 
than health outcomes, despite the world’s highest health care expenditures.7 
One explanation is that factors related to patients’ social conditions, such as 
poverty and lack of health insurance, may prevent even excellent medical care 
from achieving the best health outcomes.

Physicians also have a critical role in ensuring that health resources are 
allocated wisely. Unfortunately, about one third of U.S. health care expenditures 
probably do not improve health. As just one example, about 10% of patients 
in intensive care units are identified by critical care specialists as receiving 
clearly futile care. Physicians commonly overestimate the benefits and under-
estimate the harms of screening, tests, and treatments.8 As a result, unnecessary 
tests or procedures add to costs and can also increase morbidity or even mor-
tality. Attempts to reduce such unnecessary and even harmful medical care 
must, of course, be balanced by being sure that potentially beneficial care is 
not reduced.
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10 
QUALITY, SAFETY, AND VALUE
ROBERT M. WACHTER

During the past two decades, scores of studies have demonstrated that the 
quality and safety of modern health care leave much to be desired, despite 
the fact that most physicians are well trained and work very hard. Yet the 
evidence is undeniable, with clear documentation of stunning variations in 
patterns of care that are neither supported by evidence nor justified by out-
comes, major gaps between evidence-based best practices and current practice, 
and staggering numbers of serious medical errors, which, by at least one esti-
mate, may be the third leading cause of death in the United States after heart 
disease and cancer.1 The recognition of these quality and safety problems has 
catalyzed a major transformation in thinking and practice, with new technolo-
gies, regulations, training models, incentive systems, and more.

To appreciate the problem and how to address it requires an understanding 
of quality measurement and improvement, the safety of patients, and value, 
which is the confluence of safety, quality, and cost.

 QUALITY
 Definition
Quality of care has been defined by the National Academy of Medicine as 
“the degree to which health services for individuals and populations increase 
the likelihood of desired health outcomes and are consistent with current 
professional knowledge.” It includes six aims for a quality health care system, 
emphasizing that quality involves more than the delivery of evidence-based 
care (Table 10-1). Nevertheless, evidence-based medicine (Chapter 8) provides 
much of the scientific underpinning for quality measurement and improve-
ment. Previously, the lack of clinical evidence and the apprenticeship model 
of medical training promoted an idiosyncratic practice style by which a senior 
clinician or a marquee medical center determined the standard of care—a 
tradition now sometimes termed eminence-based medicine. Without discounting 
the value of experience and mature clinical judgment, the modern paradigm 
for determining optimal practice has changed, driven by the explosion in 
clinical research during the past 30 years; for example, the number of random-
ized clinical trials grew from 350 per year in 1970 to more than 31,000 per 
year in 2015. This research has helped define “best practices” in many areas 
of medicine, from preventive strategies for a healthy 62-year-old outpatient 

(Chapter 12) to the treatment of a patient with acute myocardial infarction 
and cardiogenic shock (Chapters 64 and 99).

Donabedian triad, which divides quality measures into structure (how care 
is organized), process (what is done), and outcomes (what happens to the 
patient), represents the most popular construct for quality measurement. Each 
element of the triad has important advantages and disadvantages as a quality 
measure (Table 10-2). Many of the widely used quality measures are process 
measures for which clinical research has established a link between such 
processes and improved outcomes. An example is the rate at which aspirin 
or a β-blocker is given to survivors of a myocardial infarction before hospital 
discharge (Chapter 64). However, when processes are less relevant and the 
science of case-mix adjustment is suitably advanced (e.g., cardiac bypass surgery; 
Chapter 65), outcome measurement (e.g., risk-adjusted mortality rate or 30-day 
readmission rate) is increasingly used. In other areas involving complex proc-
esses, structural measures are used as proxies for quality; examples here include 
the presence of intensivists to staff critical care units, a dedicated stroke service, 
and computerized physician order entry systems. Recently, some experts have 
argued forcefully that health care would do well to increase its emphasis on 
outcome-based measurements.2

 The Epidemiology of Quality-Related Problems
It is now well established that there are large and clinically indefensible varia-
tions in care from one city to another. Furthermore, U.S. practice adheres to 

From Committee on Quality of Health Care in America, Institute of Medicine. Crossing the Quality 
Chasm: A New Health System for the 21st Century. Washington, DC: National Academy Press; 2001.

TABLE 10-1 THE INSTITUTE OF MEDICINE’S SIX QUALITY 
AIMS

Patient safety
Patient centeredness
Effectiveness
Efficiency
Timeliness
Equity

Modified from Donabedian A. The quality of care. How can it be assessed? JAMA. 1988;270:1743-
1748; and Shojania KG, Showstack J, Wachter R. Assessing hospital quality: A review for clinicians. 
Eff Clin Pract. 2001;4:82-90.

TABLE 10-2 COMPARISON OF THREE MEASURES OF 
CLINICAL QUALITY: THE DONABEDIAN TRIAD

MEASURE
SIMPLE 

DEFINITION ADVANTAGES DISADVANTAGES
Structure How was care 

organized?
May be highly 

relevant in a 
complex health 
system

May fail to capture the 
quality of care by 
individual physicians

Difficult to determine 
the “gold standard”

Process What was done? More easily measured 
and acted on than 
outcomes

May not require 
case-mix 
adjustment

No time lag—can be 
measured when 
care is provided

May directly reflect 
quality (if carefully 
chosen)

A proxy for outcomes
Not all may agree on 

“gold standard” 
processes

May promote 
“cookbook” medicine, 
especially if physicians 
and health systems try 
to “game” their 
performance

Outcomes What happened 
to the patient?

What we really care 
about

May take years to occur
May not reflect quality of 

care
Requires case-mix and 

other adjustment to 
prevent “apples-to-
oranges” comparisons
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ABSTRACT
The goal of medicine is to deliver care that is high quality, safe, timely, equi-
table, and patient-centered, and to do so at the lowest possible cost. Studies 
over the past generation have demonstrated important gaps in all of these 
areas. In response to these gaps, increasing emphasis is being placed on imple-
menting strategies—at both the individual clinician and the system level—to 
improve quality, safety, and health care value. Such strategies tend to emphasize 
a systems approach to improvement, teamwork, and learning from mistakes 
and quality gaps, in part by taking advantage of technology and tools such as 
electronic health records. The policy and payment environments also play 
important roles in creating appropriate accountabilities and incentives for 
both clinicians and health care systems to emphasize care improvement as a 
core activity and an imperative.
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patient’s underlying illness. This distinction is crucial. For example, when a 
patient who was appropriately prescribed vancomycin for a serious methicillin-
resistant staphylococcal infection develops kidney injury despite a therapeutic 
serum level, an adverse event, not a medical error, has occurred. Conversely, 
if the serum level of antibiotic was supratherapeutic because the patient had 
simultaneously been given other nephrotoxic agents, then a medical error 
would have occurred.

 The Modern Approach to Patient Safety
The historical approach to medical errors often has been to blame the provider 
who was most proximate: whoever performed the surgery, hung the intrave-
nous medication, or mixed the chemotherapy. It is now recognized that this 
approach fails to appreciate that most errors are committed by hardworking, 
well-trained individuals, and such errors are unlikely to be prevented by admon-
ishing people to be more careful or by shaming and suing them. Instead, the 
modern approach, known as systems thinking, holds that humans will inevitably 
err and that safety depends on creating systems that anticipate errors and 
either prevent or catch them before they cause harm. Such an approach has 
been the cornerstone of safety improvements in other high-risk industries for 
some time.

The “Swiss cheese” model of accidents, drawn from innumerable investiga-
tions of accidents in commercial aviation and the nuclear power industry, for 
example, emphasizes that single errors by one individual working in an oth-
erwise safety-conscious system rarely cause harm. Instead, such errors must 
penetrate multiple incomplete layers of protection (“layers of Swiss cheese”) 
to cause terrible harm. The lesson is to focus not on the futile goal of trying 
to perfect human behavior but rather on creating multiple overlapping layers 
of protection to decrease the probability that the holes in the Swiss cheese 
will ever align, allowing an error to slip through.

 How to Improve Patient Safety
Drawing on these models, modern thinking emphasizes efforts to design and 
implement systems to prevent or catch errors. For example, errors in routine 
behaviors can best be prevented by building in redundancies and crosschecks 
in the form of checklists, read-backs, and other standardized safety procedures, 
such as counting sponges in the operating room, signing a surgical site before 
an operation, or asking patients their names before administering a medica-
tion. In recent years, the use of checklists for the placement of central lines 
and to prepare patients for surgery has resulted in remarkable reductions in 
morbidity and mortality.5 One way to decrease errors at the person-machine 
interface is by the use of “forcing functions,” engineering solutions that decrease 
the probability of human error. The classic example outside of medicine is 
the modification of automobile braking systems to make it impossible to place 
a car in reverse when the driver’s foot is off the brake. In health care, forcing 
functions include changing the gas nozzles and connectors so that anesthe-
siologists cannot mistakenly hook up the wrong gas, such as nitrogen instead 
of oxygen, and administer it to a patient. Given the ever-increasing complexity 
of modern medicine, building in such forcing functions in intravenous pumps, 
defibrillators, mechanical ventilators, and computerized order entry systems 
will be crucial to safety.

In addition to better systems, communication and teamwork must be 
improved. All commercial pilots must take “crew resource management” courses, 
in which they train for emergencies with other crew members, learn to flatten 
hierarchies that might stifle open communication, communicate clearly with 
standard language, and use checklists and other systematic approaches. The 
evidence that such interventions in medical care will improve the safety of 
patients is increasingly persuasive. For example, better coordinated pharmacy 
practices can reduce medication errors after hospital discharge, and team-based 
approaches can reduce falls among hospital inpatients. A2  The goal is a “culture 
of safety”—an environment in which teamwork, clear communication, and 
openness about errors, both with other health care professionals and with 
patients, is the norm.

Another key principle in ensuring the safety of patients is to learn from 
one’s mistakes. Safe systems have a culture in which errors are openly discussed, 
often in morbidity and mortality conferences. To be most useful, these discus-
sions should be interdisciplinary (involving physicians and other health pro-
fessionals), identify when the errors occurred, and emphasize systems thinking 
and solutions; they should not be punitive. In addition to open discussions 
during conferences, safe organizations build in mechanisms to hear about 
errors from frontline staff, often through “incident reporting systems”; they 
also perform detailed “root cause” analyses of major errors or “sentinel events” 
in an effort to define all the layers of Swiss cheese that need improvement. 

Another concern is that an overemphasis on “extrinsic” motivation (i.e., bonus 
payments) can actually extinguish “intrinsic” motivation (i.e., professionalism). 
One variation on the P4P theme is Medicare’s “no pay for adverse events” 
program, in which hospital payments are withheld for certain “preventable” 
adverse events, such as injuries from falls or health care–associated infections. 
As with P4P more generally, the impact of such programs on quality and 
safety has been surprisingly modest.

 Quality Improvement Strategies
Whether the motivation is professionalism, embarrassment, or economics, 
the next question is how actually to improve the quality of care. There is no 
simple answer; successful institutions and physicians have used a variety of 
strategies. In general, most use a variation of a “plan, do, study, act” (PDSA) 
cycle, recognizing that quality improvement activities must be carefully planned 
and implemented, that their impact needs to be measured, and that the results 
of these activities are often imperfect and require retooling.

In addition to the PDSA cycle, several other types of activities are useful. 
Simply measuring performance data and feeding it back to individual providers 
or teams (“audit and feedback”) may lead to significant improvements.

For quality improvement practices that require predictable repetition, efforts 
to “hard wire” the practice or to use alternative providers who focus on the 
activity are often beneficial. For example, the best strategy to increase the rate 
of pneumococcal vaccination (Chapter 15) among hospitalized patients with 
pneumonia is to embed it in a standard order set, either paper based or com-
puterized. Another example is that having a nurse remove patients’ shoes 
before the physician’s entry can increase rates of diabetic foot examinations 
in an outpatient practice (Chapter 216). Now that the vast majority of hospitals 
and office practices have electronic health records, it has become easier to 
measure performance, to deliver real-time feedback to providers, and to “hard 
wire” evidence-based practices into clinicians’ work flow.

In some areas, though, quality improvement involves much more complex 
and interdependent activities. In these circumstances, bringing teams together 
to examine their practices and to participate in a PDSA cycle is the most likely 
path to success. For example, a group of cardiac surgeons in the northeastern 
United States participated in an experiment in which they observed one 
another’s practices, agreed on best practices, and measured one another’s 
outcomes; the result was a 24% reduction in mortality with cardiac surgery. 
Many health care organizations are adopting one of the more sophisticated 
methodologies, such as Lean or Six Sigma, which involve mapping out all of 
the steps of a complex process (e.g., hospital admission) in an attempt to root 
out waste. For a hospital or clinic, the precise methodology chosen is probably 
less important than the decision to adopt a single way of approaching complex 
processes in need of improvement.

 PATIENT SAFETY
 Epidemiology
The concept of “first, do no harm” began more than 2 millennia ago, and many 
hospitals host periodic forums (e.g., morbidity and mortality conferences) to 
discuss errors. Until recently, however, there has been little teaching about 
the nature of medical mistakes, investment in safety research, regulation of 
safety standards, or emphasis on safety improvements, despite the fact that 
an estimated 44,000 to 98,000 Americans die each year from medical mistakes—
the equivalent of a jumbo jet crashing each day. Such deaths may be related 
to medication errors, gaps in the discharge process, communication problems 
in intensive care units, or retained sponges in surgical patients—in short, 
virtually every aspect of modern medical care. Moreover, detailed clinical and 
statistical evidence of suboptimal safety has been reinforced by several high-
profile and disquieting errors, sometimes apparently related to inadequate 
supervision and prolonged duty hours of trainees. These errors include the 
wrong patient getting a major procedure, the wrong limb being operated on, 
chemotherapy overdoses, mistaken mastectomies, and more. In the past few 
years, new classes of errors have emerged because of poorly designed health 
care information systems. In addition, increasing attention is focusing on areas 
that were previously underemphasized, such as diagnostic errors. Of note is 
that about 1% of all physicians account for 32% of malpractice claims paid 
nationally.4

Because patients may be harmed despite receiving perfect care (i.e., from 
an accepted complication of surgery or a side effect of medication), it is impor-
tant to separate adverse events from errors. The patient safety literature com-
monly defines an error as “an act or omission that leads to an unanticipated, 
undesirable outcome or to substantial potential for such an outcome.” Adverse 
events, in contrast, are injuries due to medical management rather than the 

the best evidence only slightly more than 50% of the time, even when adher-
ence is known to correlate with ultimate clinical outcomes.

 Levers for Change
For physicians, policymakers, administrators, and patients, evidence of major 
problems with quality has led to the recognition of structural problems that 
prevent the delivery of the highest quality of care. These problems include 
the lack of information regarding the performance of a provider or institution, 
the absence of incentives for quality improvement, the challenge for practicing 
physicians to stay abreast of modern evidence-based medicine, and the absence 
of an information technology support system for quality.

The first step in quality improvement is the creation of practice standards 
against which to measure quality. Scores of such measures have been promul-
gated by a variety of organizations, including payers (such as the Centers for 
Medicare and Medicaid Services), accreditors (such as the Joint Commission), 
and medical societies. These measures have identified many opportunities for 
improvement among individual physicians, practices, and hospitals.

Given the volume of new literature published each year, it is impossible for 
an individual physician to keep up with all the evidence-based advances in 
his or her field. Practice guidelines, such as those for the treatment of community-
acquired pneumonia (Chapter 91) or the prophylaxis of deep venous throm-
bosis (Chapter 74), aim to synthesize evidence-based best practices into a set 
of summary recommendations. Although concerns about “cookbook medicine” 
linger, there is a growing consensus that best practices should be “hard wired” 
if possible. The major challenges are to update guidelines as new knowledge 
accumulates and to recognize the complexity of guidelines when patients have 
multiple, potentially overlapping illnesses. Clinical pathways are similar to 
guidelines but attempt to codify a series of steps, usually temporally (on day 
1, do the following; on day 2, do the following; and so forth), making them 
more useful for stereotypical processes such as the postoperative management 
of patients after hip replacement. As more health care delivery organizations 
become computerized, pathways and guidelines are often translated into order 
sets or clinical decision support systems to guide clinicians at the point of care.

Although professionalism (Chapter 1) should be a sufficient incentive for 
physicians to provide high-quality care, physicians are only human. For example, 
disruptive patients can induce doctors to make more errors. A1  As a result, 
high-quality care typically depends on a system organized to translate research 
into practice and to deliver the right care every time. Such a system requires 
significant investments (in educating physicians, hiring case managers or clini-
cal pharmacists, building information systems, and developing guidelines). 
The historical payment system, which compensates physicians and hospitals 
on the basis of volume rather than quality, provides no incentive to make the 
requisite investments, but this situation is changing rapidly.

 The Changing Environment for Quality
The recent recognition of major gaps in quality and of the need for systemic 
change to improve quality has led to a variety of initiatives to catalyze quality 
improvement. Virtually all involve several steps: defining reasonable quality 
measures (evidence-based measures; capturing appropriate structures, process, 
or outcomes), measuring the performance of providers or systems, and using 
these results to promote change. This final imperative creates the greatest 
degree of uncertainty and experimentation.

Although one might hope that simply giving a physician information about 
prior performance would generate meaningful improvement, this strategy 
yields only modest change at best. Increasingly, a more aggressive and trans-
parent strategy, such as disseminating the results of quality measurement to 
key stakeholders, is being adopted. In some cases, simple transparency is the 
main strategy—the rationale being that providers will find the exposure of 
their gaps in quality to be sufficiently concerning or embarrassing to motivate 
improvement. Although there is little evidence that patients use such data to 
choose among physicians or hospitals, transparency itself has frequently resulted 
in impressive improvements in some publicly reported quality measures.

The newest strategy in the United States is to tie payments for service to 
quality performance (pay for performance, or P4P). A number of P4P pro-
grams are under way, but early results indicate that differential payment leads 
to surprisingly modest gains beyond the improvements achieved by simple 
transparency.3 P4P also raises a host of concerns, including whether presently 
captured quality data are accurate, whether payments should go to the best 
performers or those with the greatest improvements, whether existing measures 
adequately measure quality in patients with complex diseases, and whether 
P4P will create undue focus on certain measurable practices, leading to relative 
inattention to other important processes that are not being compensated. 
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The importance of open communication extends to patients as well. Disclosure 
of errors is now required by the Joint Commission. Patients and families value 
such openness, and reasonably strong evidence indicates that disclosure of 
errors might decrease the chance of a malpractice suit.

Finally, there is increasing appreciation of the importance of a well-trained, 
well-staffed, well-rested, and experienced6 work force for the delivery of safe 
care. Lower nurse-to-patient ratios, lack of residents,7,8 long work hours for 
residents, low surgical volumes,9 and lack of board certification are all linked 
to poor outcomes for patients. Safer systems cannot be created if the provid-
ers are overextended or poorly trained or supervised. For example, serious 
adverse events are more common in patients admitted on a weekend than 
a weekday.10 In the United States, the Accreditation Council for Graduate 
Medical Education has limited duty hours for residents and has prohibited 
first-year residents from working 24-hour shifts. Evidence so far confirms that 
these standards have improved residents’ quality of life but not patient safety, 
probably because of the concomitant increase in risky handoffs (in fact, the ban 
on 24-hour shifts was lifted in 2017 based on such studies). A3  Similarly, data 
indicate that the risks of adverse outcomes of elective daytime procedures are 
similar whether or not the attending surgeon had provided medical services the  
previous night.11

In the absence of comparative evidence and in light of the high cost of 
interventions such as improved staffing, computerized order entry, and team-
work training, even institutions committed to safety must often make difficult 
choices. Given the natural tendency to focus on practices that are measured, 
publicly reported, and compensated, institutions and physicians tend to focus 
first on areas that are subject to regulation or on initiatives with multiple 
potential benefits, such as computerization. For example, computerization 
was promoted in the United States by a federal incentive program, which, 
between 2010 and 2015, provided billions of dollars to hospitals and physi-
cians that implemented computer systems meeting certain “Meaningful Use” 
standards. Today, more than 90% of U.S. hospitals and 80% of office practices 
use electronic health records, with some evidence of improved safety as a 
result.

Because improving culture is difficult to measure and to regulate, there is 
concern that it will not be as high a priority as it should be. Moreover, a safe 
culture depends on balancing the imperative to improve systems with the 
need to define and enforce accountability. The safety field is increasingly 
emphasizing more active enforcement of policies that address problems such 
as disruptive behavior by clinicians and failure to adhere to evidence-based 
safety practices.12 Organizations that are particularly adept at recovering from 
mistakes and ensuring safety have been called “high reliability” organizations. 
The term “learning health system” is used to refer to organizations that itera-
tively learn from both successes and failures.

 VALUE: CONNECTING SAFETY AND QUALITY  
TO COST

Outside of health care, most purchasing decisions are based on perceived 
value: (quality + safety) ÷ cost. Health care decisions historically have not 
been made this way, in part because of the limited ability of patients and payers 
to make rational judgments about the quality and safety of a given provider 
or system, and in part because health care insurance insulates patients from 
the full cost of care. In the United States, which spends nearly 20% of its Gross 
Domestic Product on health care, policy pressures are increasingly being 
brought to bear on the entire value equation, that is, promoting value, not 
volume. For example, Medicare’s Value-based Purchasing program modifies 
hospital reimbursement on the basis of quality, safety, and patient satisfaction 
scores. The organization’s readmission initiative threatens substantial cuts in 
reimbursement to hospitals with higher-than-expected 30-day readmission 
rates. Other federal programs seek to drive physicians and hospitals into 
arrangements in which they accept a fixed payment to manage a population 
of patients (Accountable Care Organizations) or for an episode of illness 
(bundled payments). Although such programs are controversial and of unproven 
value, they are part of a growing focus on quality, safety, the patient’s experi-
ence, and the costs of care.

Recently, there has been growing emphasis on trying to identify and elimi-
nate low-value care—care that adds costs but no, or insufficient, benefit. 
Although many of the techniques described above (audit and feedback, “hard 
wiring” best practices, improving culture) are applicable to these efforts, the 
fact that physicians and health care organizations may benefit financially from 
such care (such as in the case of unneeded procedures) or that patients may 
request it (such as in unnecessary antibiotics for viral infections) means that 
efforts to eliminate low-value care often take on a public, even political, 

patient’s underlying illness. This distinction is crucial. For example, when a 
patient who was appropriately prescribed vancomycin for a serious methicillin-
resistant staphylococcal infection develops kidney injury despite a therapeutic 
serum level, an adverse event, not a medical error, has occurred. Conversely, 
if the serum level of antibiotic was supratherapeutic because the patient had 
simultaneously been given other nephrotoxic agents, then a medical error 
would have occurred.

 The Modern Approach to Patient Safety
The historical approach to medical errors often has been to blame the provider 
who was most proximate: whoever performed the surgery, hung the intrave-
nous medication, or mixed the chemotherapy. It is now recognized that this 
approach fails to appreciate that most errors are committed by hardworking, 
well-trained individuals, and such errors are unlikely to be prevented by admon-
ishing people to be more careful or by shaming and suing them. Instead, the 
modern approach, known as systems thinking, holds that humans will inevitably 
err and that safety depends on creating systems that anticipate errors and 
either prevent or catch them before they cause harm. Such an approach has 
been the cornerstone of safety improvements in other high-risk industries for 
some time.

The “Swiss cheese” model of accidents, drawn from innumerable investiga-
tions of accidents in commercial aviation and the nuclear power industry, for 
example, emphasizes that single errors by one individual working in an oth-
erwise safety-conscious system rarely cause harm. Instead, such errors must 
penetrate multiple incomplete layers of protection (“layers of Swiss cheese”) 
to cause terrible harm. The lesson is to focus not on the futile goal of trying 
to perfect human behavior but rather on creating multiple overlapping layers 
of protection to decrease the probability that the holes in the Swiss cheese 
will ever align, allowing an error to slip through.

 How to Improve Patient Safety
Drawing on these models, modern thinking emphasizes efforts to design and 
implement systems to prevent or catch errors. For example, errors in routine 
behaviors can best be prevented by building in redundancies and crosschecks 
in the form of checklists, read-backs, and other standardized safety procedures, 
such as counting sponges in the operating room, signing a surgical site before 
an operation, or asking patients their names before administering a medica-
tion. In recent years, the use of checklists for the placement of central lines 
and to prepare patients for surgery has resulted in remarkable reductions in 
morbidity and mortality.5 One way to decrease errors at the person-machine 
interface is by the use of “forcing functions,” engineering solutions that decrease 
the probability of human error. The classic example outside of medicine is 
the modification of automobile braking systems to make it impossible to place 
a car in reverse when the driver’s foot is off the brake. In health care, forcing 
functions include changing the gas nozzles and connectors so that anesthe-
siologists cannot mistakenly hook up the wrong gas, such as nitrogen instead 
of oxygen, and administer it to a patient. Given the ever-increasing complexity 
of modern medicine, building in such forcing functions in intravenous pumps, 
defibrillators, mechanical ventilators, and computerized order entry systems 
will be crucial to safety.

In addition to better systems, communication and teamwork must be 
improved. All commercial pilots must take “crew resource management” courses, 
in which they train for emergencies with other crew members, learn to flatten 
hierarchies that might stifle open communication, communicate clearly with 
standard language, and use checklists and other systematic approaches. The 
evidence that such interventions in medical care will improve the safety of 
patients is increasingly persuasive. For example, better coordinated pharmacy 
practices can reduce medication errors after hospital discharge, and team-based 
approaches can reduce falls among hospital inpatients. A2  The goal is a “culture 
of safety”—an environment in which teamwork, clear communication, and 
openness about errors, both with other health care professionals and with 
patients, is the norm.

Another key principle in ensuring the safety of patients is to learn from 
one’s mistakes. Safe systems have a culture in which errors are openly discussed, 
often in morbidity and mortality conferences. To be most useful, these discus-
sions should be interdisciplinary (involving physicians and other health pro-
fessionals), identify when the errors occurred, and emphasize systems thinking 
and solutions; they should not be punitive. In addition to open discussions 
during conferences, safe organizations build in mechanisms to hear about 
errors from frontline staff, often through “incident reporting systems”; they 
also perform detailed “root cause” analyses of major errors or “sentinel events” 
in an effort to define all the layers of Swiss cheese that need improvement. 



dimension. Whether attempts to understand such overutilization can offset 
these pressures nationally is currently unknown.
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The newest strategy in the United States is to tie payments for service to 
quality performance (pay for performance, or P4P). A number of P4P pro-
grams are under way, and early results indicate that differential payment leads 
to surprisingly modest gains beyond the improvements achieved by simple 
transparency ( Jha AK, Joynt KE, Orav EJ, Epstein AM. The long-term effect 
of Premier pay for performance on patient outcomes. N Engl J Med. 
2012;366:1606-1615). P4P also raises a host of concerns, including whether 
presently captured quality data are accurate, whether payments should go to 
the best performers or those with the greatest improvements, whether existing 
measures adequately measure quality in patients with complex diseases, and 
whether P4P will create undue focus on certain measurable practices, leading 
to relative inattention to other important processes that are not being com-
pensated. The behavioral economics literature also warns that an overemphasis 
on “extrinsic” motivation (i.e., bonus payments) can actually extinguish “intrin-
sic” motivation (i.e., professionalism). One variation on the P4P theme is 
Medicare’s “no pay for adverse events” program, in which hospital payments 
are withheld for certain “preventable” adverse events such as injuries from 
falls or health care–associated infections ( Jack BW, Chetty VK, Anthony D, 
et al. A reengineered hospital discharge program to decrease rehospitalizations: 
a randomized trial. Ann Intern Med. 2009;150:178-187). As with P4P more 
generally, the impact of such programs on quality and safety has been surpris-
ingly modest.

4. The “Swiss cheese model” for patient safety refers to which one of the 
following?
 A. The importance of ensuring that the work force is well fed and rested
 B. The ability of Swiss trains and watches to run on time
 C. The observation that many errors relate to the failure of multiple incom-

plete layers of protection
 D. The inadequate incentives to promote safety
 E. The tendency for computer systems to create new classes of errors

Answer: C The “Swiss cheese” model of accidents, drawn from innumerable 
investigations of accidents in commercial aviation and the nuclear power 
industry, for example, emphasizes that single errors by one individual working 
in an otherwise safety-conscious system rarely cause harm. Instead, such errors 
must penetrate multiple incomplete layers of protection (“layers of Swiss 
cheese”) to cause terrible harm. The lesson is to focus not on the futile goal 
of trying to perfect human behavior but rather on creating multiple overlap-
ping layers of protection to decrease the probability that the holes in the Swiss 
cheese will ever align, allowing an error to slip through.

5. Which one of the following would be an accurate equation to capture 
health care “value”?
 A. Quality × safety ÷ patient satisfaction × cost
 B. Quality ÷ patient satisfaction × cost × safety
 C. Cost ÷ quality
 D. Quality × safety × patient satisfaction ÷ cost
 E. Quality × cost ÷ patient satisfaction

Answer: D Outside of health care, most purchasing decisions are based on 
perceived value: (quality + safety) ÷ cost. Health care decisions historically 
have not been made this way, in part because of the limited ability of patients 
and payers to make rational judgments about the quality and safety of a given 
provider or system, and in part because health care insurance insulates patients 
from the full cost of care. In the United States, which spends nearly 20% of 
its Gross Domestic Product on health care, policy pressures are increasingly 
being brought to bear on the entire value equation (“promoting value, not 
volume”). For example, Medicare’s Value-based Purchasing program modifies 
hospital reimbursement based on quality, safety, and patient satisfaction scores.

REVIEW QUESTIONS

1. Which one of the following is the current number of randomized clinical 
trials published each year?
 A. 1000
 B. 5000
 C. 13,000
 D. 21,500
 E. 31,000

Answer: E Without discounting the value of experience and mature clinical 
judgment, the modern paradigm for determining optimal practice has changed, 
driven by the explosion in clinical research during the past 30 years; for example, 
the number of randomized clinical trials grew from 350 per year in 1970 to 
more than 31,000 per year in 2015.

2. Which one of the following would not be characterized as process measures 
under Donabedian triad?
 A. Fraction of patients with myocardial infarction who received β-blockers
 B. Fraction of patients with stroke who died within 30 days (risk adjusted)
 C. Fraction of hospitalized patients with pneumonia given pneumococcal 

vaccination
 D. Fraction of hospitalized patients with heart failure with documented 

predischarge instructions
 E. Fraction of diabetic outpatients who received eye examinations

Answer: B Many of the widely used quality measures are process measures 
for which clinical research has established a link between such processes and 
improved outcomes. An example is the rate at which aspirin or a β-blocker 
is given to survivors of a myocardial infarction before hospital discharge 
(Chapter 64). However, when processes are less relevant and the science of 
case-mix adjustment is suitably advanced (e.g., cardiac bypass surgery; Chapter 
65), outcome measurement (e.g., risk-adjusted mortality rate or 30-day read-
mission rate) is increasingly used. In other areas involving complex processes, 
structural measures are used as proxies for quality; examples here include the 
presence of intensivists to staff critical care units, a dedicated stroke service, 
and computerized physician order entry (CPOE) systems.

3. Which of one the following is a policy lever that has been used to promote 
improved quality and safety?
 A. Public reporting of performance
 B. Pay for performance
 C. No pay for errors
 D. Appeal to professionalism
 E. All of the above

Answer: E The recent recognition of major gaps in quality and of the need 
for systemic change to improve quality has led to a variety of initiatives to 
catalyze quality improvement. Virtually all involve several steps: defining rea-
sonable quality measures (evidence-based measures; capturing appropriate 
structures, process, or outcomes), measuring the performance of providers 
or systems, and using these results to promote change. This final imperative 
creates the greatest degree of uncertainty and experimentation.

Although one might hope that simply giving a physician information about 
prior performance would generate meaningful improvement, this strategy 
yields only modest change at best. Increasingly, a more aggressive and trans-
parent strategy, such as disseminating the results of quality measurement to 
key stakeholders, is being adopted. In some cases, simple transparency is the 
main strategy—the rationale being that providers will find the exposure of 
their gaps in quality to be sufficiently concerning or embarrassing to motivate 
improvement. Although there is little evidence that patients use such data to 
choose among physicians or hospitals, transparency itself has frequently resulted 
in impressive improvements in some publicly reported quality measures.
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11 
COMPREHENSIVE CHRONIC DISEASE 
MANAGEMENT
JAMES D. RALSTON AND EDWARD H. WAGNER

The World Health Organization defines chronic disease as “health problems 
that require ongoing management over a period of years or decades.” This 
definition encompasses a broad array of physical, mental, and behavioral health 
problems. Regardless of cause or pathophysiology, chronic conditions require 
ongoing attention and adjustments by patients and their loved ones as well 
as care by professionals. Improving care for chronic illnesses has been facilitated 
by the realization that individuals with a wide variety of chronic health prob-
lems have similar needs to minimize morbidity and to optimize quality of life 
(Table 11-1). Because these needs are shared across conditions, clinical man-
agement of these seemingly disparate illnesses requires similar practice capaci-
ties and functions. The design and organization of care that leads to better 
outcomes are remarkably similar for conditions as clinically different as diabetes, 
depression, and substance abuse disorders.

To live effectively with their health conditions and to manage their treat-
ments, patients must have access to essential information, skills, and encour-
agement. They must also receive evidence-based therapy and preventive care 
over time to improve disease control and to reduce the risk of complications 
and exacerbations. Because chronic illnesses are rarely cured and often change 
over time, effective care involves continuous monitoring and adjustments by 
patients and caregivers alike. When chronically ill patients experience periods 
of increased severity and risk, they often benefit from an intensification of 
management and support. Care for the chronically ill generally involves mul-
tiple health professionals and care settings, and it must be coordinated effectively 
by a well-organized team.

 THE GOALS OF CHRONIC CARE MANAGEMENT
The goals of chronic care management are to meet the aforementioned needs 
of patients with chronic illness routinely and efficiently. Chronic conditions, 
whether medical or psychiatric, present challenges for patients and their care-
givers very different from those of acute illnesses or injuries. The decisions and 
behaviors undertaken by patients to deal with their illness, generally called 
self-management, influence the course and outcomes of most chronic diseases 
in major ways. Patients make decisions and take action in dealing with symp-
toms, coping with the social and emotional impacts of illness, monitoring their 
condition, taking medications, adjusting lifestyle, and interacting with the health 
care system. Most need training and ongoing support to become competent 
managers of their health and their illness. The competence and confidence with 
which patients self-manage have a major impact on outcomes. For example, 
participants in diabetes or hypertension self-management training programs 
generally experience clinically significant reductions in hemoglobin A1c or blood 
pressure levels without major changes in drug therapy. Self-management can 
be enhanced in patients of all socioeconomic groups by empowering, train-
ing, and supporting them. Modern self-management support is a collabora-
tive rather than a didactic process that seeks concordance between providers’ 
and patients’ perspectives on the goals of treatment and the actions needed 
to reach those goals. Collaboration with patients is particularly important 
for individuals with multiple chronic conditions, in whom a clinical practice 
guideline for one condition must often be balanced against the guidelines of 
other conditions to meet each patient’s goals and preferences.

Whereas the primary goals of acute disease care are cure and recovery, cure 
is not an option for most chronic diseases, which are often characterized by 
slowly progressive deterioration, even with excellent care. Nevertheless, control 
of the metabolic or physiologic abnormalities or symptoms resulting from 
the underlying pathophysiologic processes (disease control) is now possible 
for most chronic conditions. Drugs and other therapies attempt to: minimize 
morbidity, limit further organ damage, reduce the risk of exacerbations and 
complications, and maintain quality of life and function. The metabolic or 
physiologic abnormalities or symptoms used to assess disease control often 
serve as clinical targets to guide therapy and as performance indicators to 
monitor the progress and quality of care for populations of patients (e.g., 
the percentage of patients 18 to 59 years of age whose blood pressure is  
<140/90 mm Hg). Disease control for many conditions requires the rigorous 
application of evidence-based treatment protocols that carefully step up or 
intensify treatment until clinical targets are reached. A1 

Ongoing monitoring and assessment of chronically ill patients are essential 
to optimize treatment and to prevent losses to follow-up. Regular review of 
self-management activities reinforces their importance to the patient and to 
the overall management of the condition. Serious exacerbations and complica-
tions of common chronic illnesses are potentially preventable if they are identi-
fied early in their course and treated appropriately (e.g., recurrence of major 
depression, opportunistic infection in patients with HIV, foot ulcers among 
diabetic patients). The periodicity of assessments must change as the severity 
of illness waxes and wanes over time.

An increasingly important goal of effective chronic care management is to 
provide more intensive monitoring and management during periods of high 
risk, such as transitions from hospital to community or exacerbations. Clinical 
care or care management by nurses, pharmacists, or other nonphysician health 
professionals enables closer monitoring of patients, helps with medication 
adjustment, provides self-management support, and facilitates care coordina-
tion. Care management can be particularly important for addressing the frequent 
behavioral health and social issues that complicate the management of physical 
illnesses. Effective care management programs can reduce the likelihood of 
rehospitalization for chronically ill patients discharged from the hospital, reduce 
emergency department visits and hospitalizations among multiproblem ambu-
latory older adults, and improve disease control.

Chronically ill patients frequently receive medical and supportive services 
from multiple providers in different settings. Without good coordination, 
unnecessary hospital readmissions and emergency department visits, gaps 
and inefficiencies in care, and distress of the patient are all too common. 
Without assistance from their primary providers, patients or their loved ones 
must often assume responsibility for the onerous task of coordinating care.

 MATCHING PATIENT NEEDS AND  
CARE DELIVERY

The percentage of chronically ill patients in good control varies widely from 
practice to practice, even after adjustment for patient differences. When 

TABLE 11-1 COMMON NEEDS OF PATIENTS WITH CHRONIC 
ILLNESS

Support and information that enables patients to be competent self-managers of their 
health and illness

Attention to psychosocial and economic issues that exacerbate illness and complicate 
care

Effective clinical and behavioral treatment that keeps the condition under control 
and optimizes health status

Effective preventive care to reduce the risk of complications and other morbidity
Ongoing monitoring of the patient’s condition to detect and to respond to problems 

early in their course
Intensification of management and support during high-risk periods
Coordination of care to increase the efficiency and effectiveness of referrals and to 

prevent the mishaps that commonly occur during care transitions
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ABSTRACT
The World Health Organization defines chronic disease as “health problems 
that require ongoing management over a period of years or decades.” This 
definition encompasses a broad array of physical, mental, and behavioral health 
problems. Regardless of cause or pathophysiology, chronic conditions require 
ongoing attention and adjustments by patients and their loved ones as well 
as care by professionals. Individuals with a wide variety of chronic health 
problems have similar needs to minimize morbidity and to optimize quality 
of life. Because these needs are shared across conditions, clinical management 
of these seemingly disparate illnesses requires similar practice capacities and 
functions. The design and organization of care that leads to better outcomes are 
remarkably similar for conditions as clinically different as diabetes, depression, 
and substance abuse disorders. This chapter describes the goals of chronic care 
management, interventions that improve chronic illness care, and the changes 
practices must undertake to achieve these improvements.

KEYWORDS
chronic disease
chronic illness
self management
disease management
delivery of health care
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and institutions that provide advice and services. It posits that important 
patient outcomes, such as the prevention of morbidity, mortality, and avoid-
able emergency department visits and hospitalizations, can be affected by 
productive medical care. Accumulating evidence indicates that implement-
ing the elements of the chronic care model is associated with improvements 
in the care and outcomes of chronic diseases. Productive interactions are 
more likely when patients actively participate in their care. To do so, patients 
benefit from having the relevant information and skills needed to manage their 
illness as well as ongoing support and encouragement to overcome denial and  
passivity.

The other partner in productive interactions is the primary care clinician 
and the practice team. Before visits with chronically ill patients, practice teams 
should review accessible information to determine what services are needed, 
have clear assignments or standing orders for the delivery of those services, 
and include staff trained to perform them. Although all six elements of the 
chronic care model contribute to a delivery system that can effectively manage 
chronic illness, changes in two categories—delivery system design and self-
management support—are essential to improve disease control and to reduce 
morbidity and mortality.

Delivery System Design
Team Care
The goal of delivery system design is to match the organization of care delivery 
to the needs of the chronically ill. Without the help of a team, it is unlikely that 
physicians, in the course of a 15- to 20-minute visit, can effectively manage 
intercurrent problems, review and adjust treatment, provide recommended 
assessments and preventive care, discuss self-management goals and plans, 
and plan follow-up. Designing effective team care begins with a consideration 
of the various tasks required to meet the needs of the chronically ill and to 
ensure adherence to guidelines. Key tasks are allocated to the most appropriate 
members of the practice team (Table 11-2).1 The team’s routine involvement 
in patient visits is facilitated by protocols or standing orders that guide inde-
pendent action by nonclinician staff. Brief meetings, often termed huddles, 
before clinic sessions allow practice teams to review key data (often from 
registries) of scheduled patients, to identify needed services, and to plan their 
delivery. The goal is to maximize the productivity of every patient interaction.

The specific practice change associated with the largest improvements in 
chronic disease outcomes is the increased involvement of the nonprovider 
members of practice teams in meeting the patient’s clinical care needs. For 

individual practices are audited, failures to follow evidence-based guidelines 
or losses to follow-up appear almost randomly across different interventions 
and among patients within a practice, suggesting that they are related to flaws 
in care systems rather than to cognitive gaps. What, then, distinguishes prac-
tices that have high rates of control of major chronic conditions from the 
majority with much lower control rates?

Ambulatory care systems have for centuries been organized to react to acute 
problems, not to address the ongoing needs of the chronically ill. The focus 
on making a diagnosis and initiating treatment for the problem at hand leaves 
little time for addressing less urgent needs, such as medication adjustment, 
self-management support, and preventive care. Reimbursement systems that 
favor multiple short encounters aggravate the problem.

Failure to adhere to evidence-based guidelines and insufficient follow-up 
and attention to patient self-management are largely responsible for the poor 
control of chronic illness. The guidelines for most chronic conditions include 
recommendations to step up or to intensify therapy when clinical targets are 
not reached. Failure to intensify treatment in patients who have not achieved 
therapeutic targets, called clinical inertia, has been found in a large percentage 
of patients with uncontrolled diabetes, hypertension, depression, and other 
chronic illnesses. Clinicians have an understandable reluctance to increase 
drug doses or to add new drugs, but concerns about toxicity or nonadherence 
of the patient can be mitigated if practices have organized approaches to step-
ping up therapy and closely monitoring its impact.

Deficiencies in practice infrastructure and staffing and the professional 
environment compound the difficulties of meeting the needs of chronically 
ill patients. Despite electronic medical record systems, many practices still 
have difficulty in managing patient populations or measuring the quality of 
their care. Primary care physicians are increasingly uninvolved or even unaware 
when their patients are hospitalized. Efforts to improve the quality of chronic 
care must focus on improving the infrastructure and practice systems that 
busy clinicians require to meet the needs of their patients.

Interventions That Improve Care and Outcomes of Chronic Diseases
A wide array of systemic changes can improve the care and outcomes of 
major chronic diseases. These changes fall into four general categories. Patient-
directed interventions try to enhance the knowledge of patients, increase their 
involvement in care, and alter their behavior. Provider-directed interventions 
give providers feedback about the quality of their care and try to influence 
providers’ knowledge and behavior through education and reminders. Orga-
nizational changes generally focus on the composition and functioning of the 
care team, the organization of patient encounters (e.g., planned visits), and the 
management of patients outside the office (e.g., follow-up, care management, 
and care coordination). Information technology interventions include the use 
of electronic reminders and other decision support programs for manage-
ment of populations and patients. Growing evidence suggests that the use of 
patient databases (registries) to measure performance, to identify individuals 
needing care, and to plan care of individual patients may be the information 
technology function that contributes the most to improving the care of the  
chronically ill.

Provider-directed interventions, especially educational programs, generally 
demonstrate weak effects. Conversely, interventions that promote the patient’s 
self-management and change the composition or functioning of the practice 
team have the most salutary effects.

Across conditions, assigning responsibilities for care of patients to the non-
physician members of practice teams consistently leads to significant improve-
ments in evidence-based care processes, disease control, and other outcomes. 
Better informed patients have better outcomes when they receive care from 
more informed providers who are supported by a well-organized clinical team 
and appropriate information technology.

The Chronic Care Model
Developed in the late 1990s, the chronic care model summarizes the basic 
elements for improving care of chronically ill individuals (E-Fig. 11-1). This 
model identifies six features of a health care system that facilitate high-quality 
chronic disease care: self-management support, delivery system design, deci-
sion support, clinical information systems, health care organization, and com-
munity resources. Evidence-based changes in these six areas foster productive 
interactions between informed patients who take an active part in their care 
and practice teams organized to meet their needs.

The chronic care model presumes that chronically ill patients have a primary 
care clinician, either a generalist or a specialist, who assumes responsibility 
for managing their care and coordinating the activities of other clinicians 

TABLE 11-2 EXAMPLES OF ROLES AND TASKS IN TEAM-
BASED CARE

ROLE TASKS
Medical Assistant Previsit planning; health coaching; scribing for 

providers; conducting patient outreach; reconciling 
medications; performing injections, tests, and 
procedures within license.

Registered Nurse Complex care management; shared visits with providers; 
preventive care visits; independent visits with 
medications titrated by protocol.

Clinical Pharmacist Advising on medication use and dosing; working with 
patients to solve medication problems and improve 
adherence; assisting with simplifying medication 
regimens for patients on multiple medications 
(polypharmacy).

Lay Person Health coaching; facilitating and participating in quality 
improvement; connecting patients to community 
resources.

Behavioral Health 
Specialist

Co-locating with the team for seamless handoffs; 
providing short-term therapy; facilitating referral for 
patients with longer-term and specialized care needs.

Social Worker Addressing socioeconomic barriers in care; coordinating 
care; providing behavioral health consultation; 
wellness coaching.

Primary Care Provider Leading the team; sharing power, control, and decision 
making for patient care with others on the team; 
supporting team members to work at the top of their 
licenses.

Adapted from Wagner EH, Flinter M, Hsu C, et al. Effective team-based primary care: observations 
from innovative practices. BMC Fam Pract. 2017;18:13.



CHAPTER 11 Comprehensive ChroniC Disease management 43.e1

Chronic care model

Community
Health system

Health care organizationResources and
policies

Self-
management

support

Delivery
system
design

Decision
support

Clinical
information

systems

Improved outcomes

Informed,
activated
patient

Prepared,
proactive

practice team

Productive
interactions

E-FIGURE 11-1. The chronic care model. (modified from Wagner eh. Chronic disease 
management: what will it take to improve care for chronic illness? Eff Clin Pract. 1998;1:2-
4. Chronic Care model © american College of physicians, annals of internal medicine.)



CHAPTER 11 Comprehensive ChroniC Disease management44

competent self-managers. In general, these programs share common features 
that include the teaching of critical skills (e.g., self-monitoring, use of medica-
tions), the collaborative development of realistic goals, and action plans for 
meeting these goals. Although self-management courses facilitated by peer or 
professional leaders improve disease control in diabetes, hypertension, chronic 
obstructive pulmonary disease, A3  and other chronic diseases, their effects 
diminish after termination of the program, so sustained follow-up and rein-
forcement are essential. Long-term self-management support is best accom-
plished by the primary care team in the context of ongoing chronic illness 
care. Although a physician’s advice and encouragement are important, most 
primary care clinicians have neither the time nor the training to help patients 
set behavioral goals, to develop action plans, and then to follow up by telephone 
or secure e-mail. Clinical staff such as nurses or medical assistants with good 
communication skills and additional training as health coaches can and should 
perform these functions.

Decision Support
Efforts to educate health professionals have a limited impact on clinical per-
formance. Inserting information and alerts directly into the flow of decision 
making is more helpful, although “alert fatigue” has become a serious problem. 
Even the most carefully developed evidence-based guidelines will have no 
impact on practice if they are not integrated into clinical management through 
templates, alerts, protocols, standing orders, and other efforts to standardize 
practice.

Many chronically ill patients who are cared for by generalists benefit from 
the advice and involvement of medical specialists. Truly shared care involving 
interactive communication between primary care clinicians and specialists 
can improve outcomes. Interactive communication channels between general-
ists and specialists (Chapter 402) can be improved by creating systems whereby 
consultants respond to questions by secure messaging within an electronic 
medical record system or through a web-based referral system.

Clinical Information Systems
Well-maintained registries that are either independent or incorporated in an 
electronic medical record enable practices to identify patients who need addi-
tional services, to produce rapid summaries of key clinical data and services 
for future patient encounters, and to measure clinical performance. Registries 
allow practices both to monitor and to manage their chronically ill populations. 
For example, individuals overdue for important preventive interventions or 
who fail to keep appointments can be efficiently identified and contacted.

Electronic two-way communication between patients and providers is playing 
an increasing role in the management of chronic disease. A4  Telehealth, web 
portals, and mobile device applications enable providers to obtain and to 
respond to clinical data from patients, and they give patients efficient mecha-
nisms for addressing their questions and concerns.

Community Resources
Programs and organizations in patients’ local communities can most effectively 
meet many of their needs. Such needs include transportation, homemaker 
services, smoking cessation (Chapter 29), exercise (Chapter 13), weight control 
(Chapter 207), peer support, caregiver support and respite, self-management 
training, and financial counseling and assistance. For commonly needed ser-
vices, practices should at least be able to provide specific information to advise 
patients on their best options.

 TRANSFORMING PRACTICE
Measures of disease control and other indicators of the quality of chronic care 
begin to improve only when practices have made system-wide changes in 
most of the elements of the chronic care model, such that the routine care of 
all their chronically ill patients has been affected.3

In the United States, for example, increased insurance coverage and access 
for patients with chronic diseases under the Affordable Care Act has improved 
chronic disease management, but substantial gaps persist, especially in minor-
ity populations and in states that did not expand Medicaid coverage.4 Prac-
tice routines and culture must change in ways that are initially foreign and 
uncomfortable for many practitioners. Team care means more meetings, new 
roles, and additional training for staff. To have useful registries and to provide 
proactive care, busy practices must define their population of patients and 
learn to manipulate software and data to obtain the information they need. 
Some of the changes may require additional financial investment. For all 
these reasons and more, improving chronic care management requires highly 
motivated physicians and practices that actively engage in continuous quality 

example, adding briefly trained lay “care guides” to primary care teams sig-
nificantly increased the likelihood that patients would achieve disease-specific 
goals, such as diabetic retinal examinations and effective blood pressure control.

Planned Interactions
Much of chronic care management involves predictable preventive care or 
disease management activities, which are often postponed when chronically 
ill patients seek care for an acute problem. The availability of key patient data 
gives practice teams the opportunity to update chronic illness care even during 
visits for more urgent problems. Armed with information from an electronic 
medical record’s reminder systems, nonphysician staff can provide flu shots, 
diabetic foot examinations, and other evidence-based actions. Practices also 
can initiate planned visits with patients who have failed to reach treatment 
targets or have been lost to follow-up. Another format for the delivery of 
planned care is the group visit, in which patients receive their primary medical 
care together as a group. Group sessions generally include the same check-in 
activities that occur during an individual visit, followed by brief individual 
communications between the primary care provider and each patient, oppor-
tunities for private consultations, and an educational session with ample 
opportunity for peer-to-peer interaction. Approximately 30 to 50% of patients 
who are offered group visits attend them, and many prefer to receive much 
of their care in this setting.

Follow-up and Care Management
Follow-up tailored to a patient’s needs and the clinical severity of the disease 
is a critical component of effective chronic care management. Traditionally, 
follow-up has consisted of periodic in-person physician visits whose frequency 
is limited by cost and convenience. Ample evidence indicates that follow-up 
by telephone, secure e-mail, or telemedicine can be cost-effective and far more 
flexible than total reliance on repeated face-to-face return visits. Nonphysician 
team members, guided by protocols with clear referral criteria, can effectively 
manage much of this follow-up. Self-monitoring by patients is an important 
component of the follow-up plans for many chronic illnesses and is especially 
useful when patients use the results to adjust their therapy as well as to inform 
their practice team. Collecting self-monitoring data for the sole purpose of 
bringing them to the physician’s office appears to be far less effective.

Chronically ill individuals at high risk of hospitalization, nursing home 
placement, major complications, or death often experience periods when more 
intensive monitoring and management would be helpful. Less severely ill 
patients also need closer follow-up during exacerbations or intercurrent ill-
nesses, after hospital discharge, or when medications are being titrated or 
changed. Severely ill patients commonly have multiple chronic conditions, 
which often are complicated further by depression and other psychosocial 
problems. In response to these needs, care management programs that regularly 
communicate with patients electronically or in person have proliferated. These 
programs assess a patient’s status, review and support self-management goals 
and action plans, help coordinate care among providers and care settings, and 
may help manage medications. Care management is more likely to be effective 
if the care manager collaborates closely with the primary care clinician, has 
specific management goals (e.g., improve disease control or improve function), 
influences the medication regimen directly or indirectly, and reviews his or 
her caseload regularly with clinician experts.2 Current care management pro-
grams appear to be most effective when targeting a single or limited number 
of health conditions with specific tasks and targets for improvement. Programs 
targeting the management of broader multimorbidity among patients at risk 
for hospitalization have shown improvements in self-reported health status 
and patient satisfaction but have not so far reduced cost, mortality, or utiliza-
tion of primary or specialty care. A2 

Self-Management Support
Didactic education of the patient alone has been demonstrated to have little 
if any impact on the patient’s behavior or disease control. To change their 
lifestyle, to take medications as directed, to deal with symptoms and stress, 
and to address the other challenges of living with chronic illness, patients 
need to participate actively in their care, to understand and collaborate with 
clinicians on assessment of the problems and recommendations, and to learn 
the skills needed to carry out the recommendations. More active patients are 
more likely to engage in relevant self-management behaviors and to use health 
care more effectively, so patients should be empowered to take an active role 
in their health care.

Group and individual interventions can help patients understand their illness 
and its treatment and give them the skills and confidence needed to be 
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3. Care management is a commonly used strategy to help care for patients 
living with chronic diseases. Which of the following is NOT true about 
care management?
 A. Care management for patients with multiple chronic diseases can be 

challenging due to the competing demands of different chronic 
diseases.

 B. Care management performed by nurses outside of the primary care 
team is more effective than care management delivered within a primary 
care team.

 C. Self-monitoring of chronic diseases coupled with care management 
between office visits can improve outcomes in chronic diseases.

 D. Care management targeting multimorbidity in patients at risk for hos-
pitalization has not reduced health care costs.

Answer: B Care management is more likely to be effective if the care manager 
collaborates closely with the primary care clinician (see Follow-up and Care 
Management from Chapter 11). Competing demands for self-management 
in patients with multiple chronic conditions can be challenging for care man-
agers who are often focused on a single or small set of chronic diseases. Self-
monitoring combined with a nurse care management between office visits 
can be more effective than only sharing self-monitoring results during office 
visits. Care management appears to be most effective when focused on a single 
or small set of chronic diseases with guideline-driven care. Care management 
programs targeting multimorbidity for patients at risk of hospitalization have 
shown improvements in self-reported health status but have not shown a 
reduction in health care utilization, costs, or mortality.

4. Which of the following is most true regarding self-management training 
of patients with chronic diseases?
 A. Self-management training by peers with chronic illness is not 

effective.
 B. Some patient groups do not benefit from self-management training.
 C. Patients with hypertension or type 2 diabetes who have gone through 

self-management training generally experience significant improvements 
in blood pressure or hemoglobin A1c.

 D. Self-management training in group settings is not effective.
Answer: C Self-management training of patients with hypertension or type 
2 diabetes generally improves blood pressure or hemoglobin A1c without sig-
nificant changes in medication therapy (see sections on The Goals of Chronic 
Care Management and Self-Management Support from Chapter 11). Peer-led 
self-management training programs are effective. Self-management training 
is effective across a broad range of patient populations and chronic diseases. 
Both group and individual self-management training can be effective.

REVIEW QUESTIONS

1. Which of the following statements about a practice’s chronic disease per-
formance measures (e.g., percentage of hypertensive patients 18 to 59 years 
of age whose blood pressure was <140/90 mm Hg) is NOT true?
 A. They tend to be better in practices where staff other than physicians 

are involved in chronic disease care.
 B. They are strongly influenced by the pregraduate and postgraduate clini-

cal training of the provider.
 C. They tend to improve when practices put systems in place to ensure 

that poorly controlled patients are closely followed and therapy changed 
if no improvement.

 D. They generally reflect the extent to which a practice has put in place 
standardized approaches to ensure that chronically ill patients consis-
tently receive evidence-based pharmacologic and self-management 
supportive therapy.

 E. All of the above.
Answer: B Most studies of various interventions that improve the control of 
diabetes, hypertension, and other chronic diseases indicate that it is the systems 
of care, not the expertise or training of the physician, that has the major impact 
on a practice’s ability to keep patients under control (see section on Trans-
forming Practice from Chapter 11).

2. Which of the following elements are important for programs aimed at 
improving chronic illness care?
 A. Self-management support
 B. Delivery system design
 C. Community resources
 D. Clinical information systems
 E. All of the above

Answer: E The chronic care model identifies six evidence-based elements 
essential for improving chronic illness care (see the Chronic Care Model from 
Chapter 11). These include (1) training patients in self-management support 
to prepare and empower patients to manage their health and health care, (2) 
designing delivery systems to ensure proactive, evidence-based, and planned 
follow-up of patients with chronic illness, (3) mobilizing and tailoring com-
munity resources to meet the needs of patients, and (4) using clinical information 
systems to organize patient and population data to facilitate efficient and effec-
tive care. The two elements of the chronic care model not included in the 
responses above are (5) using decision support to promote care that is consistent 
with both scientific evidence and patient preference and (6) creating a culture, 
organization, and mechanism within health care systems to promote safe, high-
quality care. The most effective chronic care interventions use all six of these 
elements together.
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12 
THE PERIODIC HEALTH EXAMINATION
DAVID ATKINS AND MARY BARTON

Primary and secondary prevention is an essential part of primary care and 
the patient-centered medical home (Chapter 11). The appropriate services 
and their frequency vary with the age, gender, and individual risk factors 
of each patient. A periodic health examination focusing on prevention 
increases the delivery of appropriate screening and lifestyle counseling. The 
most comprehensive prevention recommendations are produced by the U.S. 
Preventive Services Task Force (USPSTF), an ongoing panel of experts sup-
ported by the federal Agency for Healthcare Research and Quality (http://
www.uspreventiveservicestaskforce.org).

USPSTF recommendations are used by major primary care subspecialty 
groups, many health plans, and quality organizations, and their A and B recom-
mendations guide preventive services that are covered under the Affordable 
Care Act. The USPSTF bases its recommendations on two factors: an esti-
mate of the net benefits (benefits minus harms) of a service and an assessment 
of the certainty of that estimate, based on the rigor of supporting studies. 
Grade A recommendations require high certainty of a substantial net benefit, 
most often from large, prospective, controlled studies that measure morbid-
ity or mortality.1 Grade B recommendations have high certainty of moder-
ate net benefit or have moderate certainty for substantial benefit. USPSTF 
recommendations are thus more conservative than those of some subspe-
cialty organizations that may give more weight to indirect evidence, such 
as earlier detection of disease, and less weight to potential harms of inter-
ventions. Clinicians can draw several general conclusions from an evidence-
based approach to prevention: we should be selective in our use of screening 
tests, especially in older patients, and involve patients in decisions about spe-
cific services for which a small chance of benefit must be balanced against  
possible harm.

 HISTORY AND RISK ASSESSMENT
The history and risk assessment are important tools to identify individuals 
who may need additional screening tests or immunizations not generally rec-
ommended for their age group or who may benefit from specific counseling 
to address unhealthy behaviors. Formal health risk appraisals should be linked 
to a system to provide specific feedback and targeted interventions. Risk assess-
ment should address the following:
•	 Use	of	tobacco,	alcohol,	and	other	drugs	(especially	injection	drugs)	(Chap-

ters 29, 30, and 31)
•	 Diet	(Chapters	202	and	207)
•	 Physical	activity	(Chapter	13)
•	 Sexual	behavior	that	may	increase	the	risk	for	sexually	transmitted	diseases	

or unintended pregnancy (Chapters 269, 360, and 363)
•	 Family	history	of	cancer	and	heart	disease
•	 Birthplace	 and	 current	 residence	 (community	 risk	 for	 infectious	

diseases)
•	 Presence	of	chronic	diseases,	such	as	diabetes,	and	of	other	cardiovascular	

risk factors

 SCREENING FOR EARLY DISEASE OR 
ASYMPTOMATIC RISK FACTORS

Every year, new screening tests are introduced and marketed on the basis 
of their ability to detect unrecognized diseases or risk factors for disease. 
Other conditions need to be fulfilled for a screening test to be worthwhile 
for routine use, however (Table 12-1). Benefits of screening must be bal-
anced against the potential harms, including false-positive results and the risks 
and costs of follow-up procedures or treatments. Even when tests have high 
specificity, the majority of positive results will be false-positive results if the 
test is used to screen healthy populations for uncommon conditions such 
as cancer (Chapter 8). There is growing evidence that cancer screening can 
lead to “overdiagnosis”—detection of slow-growing cancers that would never 
have caused clinical symptoms in a patient’s lifetime. Overdiagnosis subjects 
patients to the side effects of treatment with no benefits. A relatively small 
number of screening tests have been proved beneficial for the general population 
(Table 12-2), but additional tests are indicated for specific populations at risk  

(Table 12-3). Many commonly used tests are not recommended by the  
USPSTF (Table 12-4) because they provide little benefit or lack sufficient 
evidence to prove or disprove their value.

 Depression
Depression	is	common	and	frequently	undetected	in	primary	care	(Chapter	
369), and screening is specifically recommended in the adult general popula-
tion, including pregnant and postpartum women.2 The most commonly used 
screen, and one of the simplest, is the Patient Health Questionnaire (PHQ)-9 
(Table 12-5) which has nine items, each scored from 0 to 3. The PHQ takes 
5 to 10 minutes to administer. A total score of 10 indicates moderate depres-
sion, whereas a score of 20 generally corresponds to severe depression. To 
improve outcomes, however, screening for depression must be linked to an 
organized system with staff support to ensure follow-up diagnostic assessment 
and treatment.

 High Blood Pressure, Abnormal Lipids, and Other Cardiovascular Risk Factors
Overall	cardiovascular	disease	(CVD)	risk,	based	on	age,	gender,	blood	pres-
sure, lipid levels, and diabetes and smoking status, should be calculated at 
regular intervals to guide treatment decisions to reduce cardiovascular risk. 
Blood	pressure	should	be	measured	at	least	every	2	years	(Chapter	70).	The	
best risk estimation tool relies on measures of total cholesterol and high- and 
low-density lipoprotein cholesterol (Chapter 195) to estimate 10-year risk of 
coronary heart disease.3 The USPSTF recommends low- to moderate-dose 
statins	for	adults	age	40	to	75	years	who	have	at	least	a	10%	10-year	risk	of	
CVD,	at	least	one	CVD	risk	factor,	but	no	history	of	CVD. A1  Recommenda-
tions from the American Heart Association and American College of Cardiol-
ogy	favor	treatment	for	those	with	an	estimated	10-year	risk	above	7.5%,	but	
because risk tools may overestimate actual risk, the USPSTF recommends 
individualizing	treatment	decisions	for	adults	with	a	10-year	CVD	risk	of	7.5%	
to	10%.	The	USPSTF	concluded	evidence	was	insufficient	to	recommend	for	
or	against	beginning	treatment	before	age	40	or	after	age	75	in	adults	with	no	
evidence	of	CVD.	Although	factors	such	as	C-reactive	protein,	homocysteine,	
and coronary calcification as assessed by computed tomography (CT) are 
associated with an increased risk for heart disease, the USPSTF has, at least 
so far, found insufficient evidence to recommend their routine use to target 
treatment decisions.

 Abdominal Aortic Aneurysm
Between	 5	 and	 9%	 of	men	 older	 than	 65	 years	 have	 an	 abdominal	 aortic	
aneurysm (Chapter 69). The risk for aneurysm is highest in smokers and is 
substantially	 lower	 in	 women	 (1%).	The	 USPSTF	 recommends	 one-time	
screening	with	ultrasound	examination	in	men	aged	65	to	75	years	who	are	
current	or	former	smokers,	based	on	trials	demonstrating	as	much	as	a	40%	
lower death rate from abdominal aortic aneurysm rupture in screened men.

 Colorectal Cancer
Screening can reduce both the incidence of and mortality from colorectal 
cancer. Options for screening men and women older than 50 years include 
an annual highly sensitive fecal occult blood test (FOBT) or fecal immuno-
chemical	test,	a	multitargeted	stool	DNA	test	every	3	years,	flexible	sigmoid-
oscopy every 5 years (or every 10 years with annual FOBT), CT colonography 
every 5 years, or colonoscopy every 10 years (Chapter 184). A2 ,4

Colonoscopy combines detection with the opportunity for biopsy and 
removal of lesions, so it is preferred in some guidelines. It carries higher costs 
and risks, however, and no single strategy has proved to be more effective or 
cost-effective than the alternatives. The USPSTF recommends that routine 
screening	start	at	age	50	years	and	stop	at	age	75	years.

 Breast Cancer
In large trials, mammography screening (at intervals of 1 to 2 years, with or 
without clinical breast examination) reduces breast cancer mortality by 15 to 
30%	(Chapter	188).5 Most trials suggest that the benefits of screening extend 
to women in their 40s, but the benefits are smaller and the risks for false-
positive	 results	are	higher	 than	 in	women	aged	50	 to	70	years.	 If	 a	woman	
aged 40 to 49 years has a two-fold increased risk for breast cancer, she will 
have a similar benefit-to-harm ratio for biennial screening mammography as 
an	average-risk	woman	aged	50	to	74	years.	No	studies	provide	data	on	the	
benefits	of	screening	women	aged	75	and	older.	In	a	collaborative	study,	six	
independent	models	predicted	that	an	average	of	80%	of	the	benefit	of	mam-
mography could be achieved with biennial rather than annual mammography, 
whereas national mammography surveillance data indicate that false-positive 

http://www.uspreventiveservicestaskforce.org/
http://www.uspreventiveservicestaskforce.org/
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ABSTRACT
Primary and secondary prevention is an essential part of primary care and 
the patient-centered medical home, but the appropriate services and their 
frequency vary with the age, gender, and the risk factors of each individual 
patient. A periodic health examination should focus on: screening tests with 
strong evidence of effectiveness; lifestyle counseling directed toward healthy 
diet, physical activity, and avoiding tobacco use and risky use of alcohol and 
other drugs; and discussion of possible preventive medications such as aspirin 
and statins. The most comprehensive prevention recommendations are pro-
duced by the U.S. Preventive Services Task Force (USPSTF), an ongoing 
panel of experts whose recommendations are used by major primary care 
subspecialty groups. The USPSTF bases its recommendations on two factors: 
an estimate of the net benefits (benefits minus harms) of a service and an 
assessment of the certainty of that estimate, based on the quality of supporting 
scientific evidence. Grade A recommendations require high certainty of a 
substantial net benefit, most often from large, prospective, controlled studies 
that measure morbidity or mortality. Grade B recommendations have high 
certainty of moderate net benefit or have moderate certainty for substantial 
benefit. USPSTF recommendations are more conservative than those of some 
organizations that may give more weight to earlier detection of disease. Clini-
cians can draw several general conclusions from an evidence-based approach 
to prevention: be selective in the use of screening tests, especially in older 
patients, and involve patients in decisions about specific services for which a 
small chance of benefit must be balanced against possible harm. 
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TABLE 12-1 REQUIREMENTS OF AN EFFECTIVE  
SCREENING TEST

The disease being screened for is an important cause of morbidity and mortality.
Screening can detect disease in an early, presymptomatic phase.
Screening and treatment of patients with early disease or risk factors produce better 

health outcomes than does treatment of patients when they present with 
symptoms.

Screening test is acceptable to patients and clinicians—safe, convenient, acceptable 
false-positive rate, acceptable costs.

Benefits of early detection and treatment are sufficient to justify potential harms and 
costs of screening.

TABLE 12-2 PREVENTION RECOMMENDATIONS FOR THE 
GENERAL POPULATION: FROM THE U.S. 
PREVENTIVE SERVICES TASK FORCE AND  
OTHER SOURCES

SCREENING

Height, weight, and body mass index (BMI) calculation: periodically
Blood pressure: at least every 2 yr
Screen for alcohol misuse
Brief screen for depression*
Total	blood	cholesterol,	LDL,	and	HDL	cholesterol:	every	5	yr	for	men	and	women	

≥20	yr	with	CHD	risk	factors	and	men	≥35	yr	without	CHD	risk	factors
Colorectal	cancer	screening:	age	50-74	yr
Mammogram:	at	least	every	2	yr	for	women	50-74	yr
Cervical cancer: Papanicolaou (Pap) test every 3 yr for women aged 21-29 yr; for 

women aged 30-65 yr, either Pap test every 3 yr or HPV test every 5 yr
HIV test: at least once in all adults; repeat based on high-risk sexual activity
Chlamydia and gonorrhea: sexually active women ≤24 yr and older women at risk
Bone mineral density test: women ≥65 yr and high-risk women <65 yr
COUNSELING

Substance use
Tobacco cessation
Reduction of risky or harmful alcohol use

Diet	and	exercise
Limit saturated fat; maintain calorie balance; emphasize grains, fruits, and 

vegetables†

Regular physical activity‡

Sexual behavior
Unintended pregnancy: contraception

Dental	health
Regular visits to dental care provider‡

Floss,	brush	with	fluoride	toothpaste	daily‡

IMMUNIZATIONS

Pneumococcal vaccine (two preparations, administered 1 year apart, age ≥65 yr)
Influenza	vaccine	(annual)
Tetanus-diphtheria (Td) boosters (every 10 yr)
Measles, mumps, rubella (MMR) vaccine (susceptible adults aged 19-49 yr)§

Varicella (two doses, susceptible adults born after 1980)§

Herpes zoster vaccine, two doses after age 50 yr
Human papillomavirus (HPV) vaccine (two doses, boys and girls ages 12-13 yr; 

three doses if given at ages 15-26 yr)
CHEMOPREVENTION

Multivitamin with folic acid (women planning or capable of pregnancy)
Discuss	benefits	and	harms	of	aspirin	to	prevent	cardiovascular	disease	and	

colorectal cancer in middle-aged adults and others at increased risk for vascular 
disease

*Screening is most effective where systems exist to improve the management of depression.
†Diet	counseling	is	most	effective	when	it	targets	at-risk	groups	(overweight	or	with	CHD	risk	
factors).
‡The	ability	of	clinician	counseling	to	influence	this	behavior	is	uncertain.
§Immunity can be verified by serologic testing, documented history of illness, or vaccination.
Other	sources	for	Tables	12-2	and	12-3	include	U.S.	Department	of	Health	and	Human	Services	
(diet,	physical	activity)	and	Centers	for	Disease	Control	and	Prevention	(injury	prevention,	
immunizations,	PPD).
CHD	=	coronary	heart	disease;	HDL	= high-density lipoprotein; HIV = human immunodeficiency 
virus;	LDL	= low density lipoprotein.

TABLE 12-3 RECOMMENDED SCREENING AND 
INTERVENTIONS FOR HIGH-RISK POPULATIONS

POTENTIAL INTERVENTION POPULATION
Ultrasound examination for 

abdominal aortic aneurysm
Current	or	former	male	smokers	aged	65-75	yr

Low-dose computed 
tomography for lung cancer

Smokers with at least 30 pack-year smoking history 
(current smokers and those who quit smoking 
within past 15 years)

Hepatitis C test Born 1945-1965; history of injection drug use or 
other high-risk behaviors

Syphilis	(RPR/VDRL) High-risk sexual behavior; consider local 
epidemiology*

Gonorrhea screen High-risk sexual behavior; consider local 
epidemiology*

PPD Specific immigrant groups, prisoners, HIV patients
Hepatitis B vaccine Exposure to blood products; IV drug use; high-risk 

sexual behavior; travelers to high-risk areas
Hepatitis A vaccine Persons living in or traveling to high-risk areas; 

institutionalized persons and workers in these 
institutions; those with certain chronic medical 
conditions

Meningococcal vaccine First-year college students in dormitories; military 
recruits; those with asplenia; travelers to 
high-risk areas

Varicella vaccine Adults born after 1980 without evidence of 
immunity

Breast cancer chemoprevention Women at increased risk for breast cancer and with 
low risk for thromboembolic complications

Diabetes	screen Persons at increased risk of diabetes
Counseling to prevent sexually 

transmitted infections
Adults at increased risk

*Routine screening may be indicated in communities or settings where infection is prevalent.
HIV = human immunodeficiency virus; IV =	intravenous;	PPD	= purified protein derivative; RPR = 
rapid	plasma	reagin;	VDRL	=	Venereal	Disease	Research	Laboratory.

TABLE 12-4 INTERVENTIONS NOT RECOMMENDED FOR 
ROUTINE USE IN ASYMPTOMATIC AVERAGE-
RISK ADULTS*

Resting	or	exercise	electrocardiography	(D)	or	helical	computed	tomography	(CT)	
for asymptomatic coronary disease (I)

Ultrasound	examination	for	asymptomatic	carotid	artery	stenosis	(D)
Chest radiograph for lung cancer
Oral examination for oral cancer (I)
Routine blood tests for anemia
Routine urine tests (for infection, cancer, or chronic kidney disease) (I)
Blood	tests	or	ultrasound	examination	for	ovarian	cancer	(D)
Whole body CT
Brief tests of mental status to detect dementia (I)
Vitamin	supplements	(I,	D)
Blood level of C-reactive protein to predict coronary risk (I)
Pulmonary function tests for chronic obstructive
pulmonary	disease	(D)
Herpes	serology	(D)
Blood tests for celiac disease (I)
*These services have either insufficient evidence to support routine use (I) or at least fair evidence 
that	they	provide	no	benefit	or	that	harms	outweigh	benefits	(D).

to assess the balance of benefits and harms of screening mammography in 
women	aged	75	years	or	older.6

Although many cancers are discovered by patients, teaching women to 
perform breast self-examination increases the likelihood that a woman will 
undergo further evaluation for an unimportant finding, but it does not improve 
outcomes. Widespread screening for BRCA1 or BRCA2, inherited mutations 
that increase the risk for breast cancer, is not recommended, but the USPSTF 
recommends that primary care providers screen women who have family 
members with breast, ovarian, tubal, or peritoneal cancer by using one of 
several recommended family history screening tools designed to identify 

results and other harms of screening would be reduced by about half if women 
were screened every other year instead of yearly. The USPSTF recommends 
biennial	 screening	mammography	 for	women	aged	50	to	74	years,	 that	 the	
decision to start screening mammography in women prior to age 50 years 
should be an individual decision, and that the current evidence is insufficient 
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3-question	version	AUDIT-C	(http://www.integration.samhsa.gov/images/
res/tool_auditc.pdf), or a single question: “How many times in the past year 
have you had five (for men) or four (for women and adults over 65 years old) 
or more drinks in a day?” Brief multicontact behavioral interventions can 
successfully reduce alcohol consumption in at-risk drinkers (Chapter 30).

 Diet and Physical Activity
Counseling to promote a healthful diet (Chapter 202) and to promote physical 
activity (Chapter 13) can reduce the intake of saturated fat, increase the con-
sumption of fruits and vegetables, and increase weekly physical activity. Studies 
of counseling also demonstrate small but potentially important improvements 
in	CVD	risk	factors,	including	blood	pressure,	low-density	lipoprotein	cho-
lesterol and adiposity.12 Effects are most consistent with more intensive coun-
seling (multiple sessions with trained counselors) and in higher-risk patients, 
such	as	those	who	are	overweight	or	obese	and	have	CVD	risk	factors	(Chapters	
13 and 202).

 Injury Prevention
Motor vehicle injuries are the leading cause of years of potential life lost before 
age 65 years. In older persons, falls are a leading cause of unintentional injury 
and can be reduced with exercise in community-dwelling seniors and targeted 
multicomponent interventions in highest-risk groups (Chapter 22). The 
USPSTF recommends that women of childbearing age be screened for intimate 
partner violence (Chapter 228)13 but found insufficient evidence to recom-
mend screening all elderly or other vulnerable adults for abuse and neglect.

 IMMUNIZATIONS
Recommendations regarding immunization (Chapter 15) are regularly updated 
by	the	Advisory	Committee	on	Immunization	Practices	of	the	CDC	(http://
www.cdc.gov/vaccines).14	Annual	 influenza	immunization	is	recommended	
for all adults. Vaccination with both pneumococcal polysaccharide (PPSV23) 
and pneumococcal conjugate 13-valent vaccine (PCV13) is recommended 
for adults age 65 years and older; the two vaccines should be given 1 year 
apart. Pneumococcal vaccination is also indicated for younger adults with: 
chronic heart, lung, or kidney disease; asthma; diabetes; asplenia and other 
immune disorders; as well as those who smoke. Two doses of varicella vaccine 
are recommended for all adults born in the United States after 1980 without 
other evidence of immunity, and two doses of zoster vaccine are recommended 
for all adults at age 60 years. Adults should be revaccinated once with the 
Tdap vaccine (tetanus, diphtheria, acellular pertussis) and every 10 years with 
Td; if their vaccination history is uncertain, complete primary immunization 
with two additional doses of Td is recommended. A series of three doses of 
a vaccine against HPV is recommended for young men and women ages 15 
to up to age 26 years (only two doses are required for vaccination at ages 11 
to 14 years) to reduce the risk for cervical cancer and genital warts, as well as 
to decrease transmission of the virus.

 CHEMOPREVENTION AND SUPPLEMENTS
Aspirin, postmenopausal hormone replacement therapy, breast cancer che-
mopreventive drugs, and supplements of vitamins or minerals can carry both 
benefits	and	risks.	Decisions	need	to	consider	the	likely	benefits	(which	increase	
with the underlying risk of the disease being prevented), the probability of 
harm, and the individual preferences of each patient.

 Aspirin
In men and women without known vascular disease, aspirin reduces the risk 
for nonfatal myocardial infarction and ischemic stroke. By 10 years after ini-
tiating aspirin therapy, it also reduces the incidence of colorectal cancer. These 
benefits are offset by an increased risk for serious gastrointestinal bleeding 
and hemorrhagic stroke. A7  The USPSTF concluded that among men and 
women	who	have	an	elevated	risk	of	CVD	(10-year	risk	at	least	10%),	benefits	
of aspirin outweigh risks by a moderate amount for adults aged 50 to 59 years 
but only by a small amount in those aged 60 to 69 years. As a result, it recom-
mends that decisions regarding aspirin should be individualized based on 
additional consideration of risks and patients’ values.15 The USPSTF found 
insufficient evidence to recommend for or against initiating aspirin therapy 
before	age	50	or	after	age	70	(Chapter	76).

 Chemoprevention of Breast Cancer
Tamoxifen and raloxifene can reduce the incidence of invasive breast cancer 
by	nearly	50%	in	women	at	increased	risk,	but	both	agents	increase	the	risk	

diabetes does not improve mortality rates after 10 years of follow-up.11 Routine 
screening for diabetes beginning at age 45 years is recommended by some 
groups, but the USPSTF recommends screening as part of cardiovascular risk 
assessment	in	adults	aged	40	to	70	years	who	are	overweight	or	obese.	Clini-
cians should refer patients with abnormal blood glucose to intensive behavioral 
counseling	 interventions	 that	 can	 lower	CVD	 risk.	Although	 tight	 glucose	
control can reduce the incidence of microvascular disease, the benefit of early 
presymptomatic detection on clinically important retinopathy, neuropathy, 
and nephropathy is likely to be small.

 HIV Infection
The	USPSTF	and	Centers	for	Disease	Control	and	Prevention	(CDC)	recom-
mend screening for HIV infection (Chapters 363, 364, and 365) in all ado-
lescents and adults aged 15 to 65 years, including pregnant women. Whether 
to continue screening after age 65 years depends upon risk factors such as 
new sexual partners. The optimal screening interval is unclear, but annual 
screening is reasonable in persons at very high risk, such as individuals who 
are actively engaged in risky sexual behaviors. Rescreening is not necessary 
in seronegative patients who have not been at increased risk since the last 
screen.

 Hepatitis B and C Infections
Drugs	for	chronic	hepatitis	B	and	C	infection	(Chapter	140)	have	increased	
the ability to achieve viral suppression and prevent the complications of chronic 
liver	disease	in	infected	individuals.	As	a	result,	the	USPSTF	and	CDC	now	
recommend screening for hepatitis B and C in persons at high risk for infec-
tion, especially individuals with a history of past or current injection drug 
use. Because persons born between 1945 and 1965 account for three fourths 
of Americans living with hepatitis C, one-time screening in this cohort is also 
recommended.

 Sexually Transmitted Disease
Screening for chlamydia and gonorrhea (Chapter 302) is recommended for 
all sexually active women aged 24 years and younger and for older women at 
risk. A6 	Nucleic	 acid	 amplification	 tests	 for	 chlamydia	 can	be	performed	on	
cervical or urine specimens. Early detection of chlamydia can reduce pelvic 
inflammatory	disease	(Chapter	269),	a	risk	factor	for	infertility	and	ectopic	
pregnancy. Similar benefits are likely from screening women for gonorrhea 
(Chapter 283), but the risk for gonorrhea infection is more concentrated in 
high-risk urban and southeastern rural populations. Syphilis testing is recom-
mended in persons who are at increased risk for infection, such as persons 
with HIV, men who have sex with men, and people whose communities have 
an elevated prevalence of the disease.

 Vision and Hearing
Undetected but correctable vision (Chapter 395) and hearing (Chapter 400) 
problems are common in older adults and can be discovered by asking about 
problems and performing simple tests of visual acuity and hearing. Unfortu-
nately, evidence is limited to show that regular screening leads to measurable 
benefits in function. Regular visual acuity testing is recommended for older 
adults by many organizations, but a large trial did not find any lasting benefits 
of screening, despite detecting many correctable causes of vision problems. 
The USPSTF concluded that evidence was insufficient to recommend routine 
vision or hearing screening.

 BEHAVIORAL INTERVENTIONS
Lifestyle factors contribute to a large proportion of preventable deaths in the 
United States. Brief interventions are effective for some behaviors such as 
smoking and problem drinking, but changing other behaviors usually requires 
more intensive approaches. The 5 As framework—ask, assess, advise, assist, 
and arrange—which was developed from smoking cessation research, provides 
a useful framework for counseling.

 Tobacco Use
Brief interventions can produce small but clinically important increases in 
quit rates among smokers. Effects increase with more intensive counseling 
and support, including the use of medication (Chapter 29).

 Alcohol Misuse
The USPSTF recommends screening all adults 18 years or older for alcohol 
misuse	 with	 one	 of	 three	 tools:	 the	 10-question	 AUDIT	 instrument,	 its	

PSA	screening	 in	men	aged	70	years	 and	older	due	 to	 lack	of	benefits	 and	 
increased harms.9

 Lung Cancer
The USPSTF recommends annual screening with low-dose CT in adults aged 
55 to 80 years who have at least a 30 pack-year smoking history and currently 
smoke or have quit within the last 15 years, based on a large trial in which 
such	screening	reduced	deaths	from	lung	cancer	by	20%	and	all-cause	mortal-
ity	by	7%.	More	 than	10%	of	 screened	persons	will	have	another	clinically	
significant finding, such as a mass in the kidney or adrenal gland or an aortic 
aneurysm,	and	at	least	one	false-positive	test	will	occur	in	more	than	40%	of	
screened adults.

 Osteoporosis
Tests of bone mineral density can identify men and women with a high risk 
for fracture due to osteoporosis and who may benefit from medications proved 
to lower the risk for fracture (Chapter 230). The USPSTF recommends screen-
ing for osteoporosis in women older than 65 years as well as in younger women 
who have risk factors that put them at comparable risk. The most accurate 
predictor of risk for hip fracture is bone mineral density of the hip assessed 
with dual-energy x-ray absorptiometry. A tool developed by the World Health 
Organization (http://www.shef.ac.uk/FRAX/) incorporates bone mineral 
density and other risk factors, such as age and fracture history, to guide treat-
ment decisions.

 Thyroid Disease
Routine thyroid testing occasionally identifies patients with symptomatic but 
undiagnosed hypothyroidism (Chapter 213), but it more often detects sub-
clinical	hypothyroidism,	which	presents	in	5%	of	women	and	3%	of	men	in	
the United States and is characterized by elevations in thyroid-stimulating 
hormone with normal levels of free thyroxine.

Because the benefits of treating subclinical hypothyroidism remain uncertain, 
the USPSTF does not recommend routine thyroid testing in the absence of 
symptoms.10 Clinicians should be alert to subtle signs of thyroid disease and 
have a low threshold for testing patients in high-risk groups, including post-
partum and postmenopausal women.

 Diabetes
Although the treatment of impaired fasting glucose or impaired glucose toler-
ance can delay progression to diabetes (Chapter 216), screening for type 2 

women at risk for potentially harmful mutations. Women with a positive family 
history should be referred for genetic counseling.

 Cervical Cancer
Papanicolaou (Pap) screening is highly effective in preventing invasive cervical 
cancer, but many low-risk women in the United States are screened more 
often than needed. The USPSTF and a multispecialty-society collaborative 
endorse delaying screening until age 21 and then screening women aged 21 
to 30 years with previous normal test results only every 3 years instead of 
annually (Chapter 189). In women ages 30 to 65 years, the USPSTF recom-
mends either Pap testing every 3 years or human papillomavirus (HPV) testing 
every 5 years.7 (Chapters 15 and 349). A3  Aside from its value for performing 
a Pap test, evidence is inadequate for recommending a pelvic examination in 
asymptomatic, nonpregnant women.8 Women with adequate screening histories 
should be given the option of discontinuing screening after 65 years of age. 
Screening is not indicated in women who have undergone a total hysterectomy 
for benign disease. Whether women who have received the HPV vaccine 
(Chapter 15) need less frequent screening is not yet known.

 Prostate Cancer
Screening with prostate-specific antigen (PSA) can increase the detection 
of	 organ-confined	 prostate	 cancer,	 but	 three	 large	 trials	 provided	 conflict-
ing results as to whether screening lowers morbidity or mortality from 
prostate cancer (Chapter 191). Based on long-term follow-up of those trials 
and studies of early treatment of screen-detected cancer, A4  the USPSTF 
concluded that PSA-based screening programs in men ages 55 to 69 years 
may prevent up to 1 to 2 deaths from prostate cancer and up to 3 cases of 
metastatic prostate cancer per 1000 men screened over 13 years. A5  These 
benefits	are	offset	by	harms	of	screening,	including	an	estimated	15%	risk	of	
false-positive tests necessitating biopsy. More important, models have esti-
mated	 that	20	 to	40%	of	 screen-detected	 cancers	 are	 “overdiagnosed”	 (i.e.,	
they may subject patients to risks of unnecessary treatment). Men under-
going	prostatectomy	have	a	5%	risk	of	 serious	 surgical	 complications,	20%	
develop long-term urinary incontinence, and 2 in 3 men experience long-
term sexual impotence. More than half of men who have radiation therapy 
experience long-term sexual impotence, and up to 1 in 6 men experience 
long-term bothersome bowel symptoms, including bowel urgency and fecal 
incontinence. Because of the small benefit of screening and potential harms of 
overdiagnosis and overtreatment, the USPSTF recommends individual decision 
making among men aged 55 to 69 years. The USPSTF recommends against 

TABLE 12-5 PATIENT HEALTH QUESTIONNAIRE-9 (PHQ-9)
Over the last 2 weeks, how often have you been bothered by any of the following problems?

USE “✔” TO INDICATE YOUR ANSWER NOT AT ALL SEVERAL DAYS MORE THAN HALF THE DAYS NEARLY EVERY DAY
1. Little interest or pleasure in doing things 0 1 2 3
2. Feeling down, depressed, or hopeless 0 1 2 3
3. Trouble falling or staying asleep, or sleeping too much 0 1 2 3
4. Feeling tired or having little energy 0 1 2 3
5. Poor appetite or overeating 0 1 2 3
6. Feeling bad about yourself—or that you are a failure or 

have let yourself or your family down
0 1 2 3

7.	 Trouble	concentrating	on	things,	such	as	reading	the	
newspaper or watching television

0 1 2 3

8. Moving or speaking so slowly that other people could 
have noticed? Or the opposite—being so fidgety or 
restless that you have been moving around a lot more 
than usual

0 1 2 3

9. Thoughts that you would be better off dead or of hurting 
yourself in some way

0 1 2 3

FOR	OFFICE	CODING 0 +___ +___ +___
=Total Score: ____

If you checked off any problems, how difficult have these problems made it for you to do your work, take care of things at home, or get along with other people?

NOT DIFFICULT AT ALL SOMEWHAT DIFFICULT VERY DIFFICULT EXTREMELY DIFFICULT

□ □ □ □
Developed	by	Drs.	Robert	L.	Spitzer,	Janet	B.W.	Williams,	Kurt	Kroenke,	and	colleagues.

http://www.shef.ac.uk/FRAX/
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3-question	version	AUDIT-C	(http://www.integration.samhsa.gov/images/
res/tool_auditc.pdf), or a single question: “How many times in the past year 
have you had five (for men) or four (for women and adults over 65 years old) 
or more drinks in a day?” Brief multicontact behavioral interventions can 
successfully reduce alcohol consumption in at-risk drinkers (Chapter 30).

 Diet and Physical Activity
Counseling to promote a healthful diet (Chapter 202) and to promote physical 
activity (Chapter 13) can reduce the intake of saturated fat, increase the con-
sumption of fruits and vegetables, and increase weekly physical activity. Studies 
of counseling also demonstrate small but potentially important improvements 
in	CVD	risk	factors,	including	blood	pressure,	low-density	lipoprotein	cho-
lesterol and adiposity.12 Effects are most consistent with more intensive coun-
seling (multiple sessions with trained counselors) and in higher-risk patients, 
such	as	those	who	are	overweight	or	obese	and	have	CVD	risk	factors	(Chapters	
13 and 202).

 Injury Prevention
Motor vehicle injuries are the leading cause of years of potential life lost before 
age 65 years. In older persons, falls are a leading cause of unintentional injury 
and can be reduced with exercise in community-dwelling seniors and targeted 
multicomponent interventions in highest-risk groups (Chapter 22). The 
USPSTF recommends that women of childbearing age be screened for intimate 
partner violence (Chapter 228)13 but found insufficient evidence to recom-
mend screening all elderly or other vulnerable adults for abuse and neglect.

 IMMUNIZATIONS
Recommendations regarding immunization (Chapter 15) are regularly updated 
by	the	Advisory	Committee	on	Immunization	Practices	of	the	CDC	(http://
www.cdc.gov/vaccines).14	Annual	 influenza	immunization	is	recommended	
for all adults. Vaccination with both pneumococcal polysaccharide (PPSV23) 
and pneumococcal conjugate 13-valent vaccine (PCV13) is recommended 
for adults age 65 years and older; the two vaccines should be given 1 year 
apart. Pneumococcal vaccination is also indicated for younger adults with: 
chronic heart, lung, or kidney disease; asthma; diabetes; asplenia and other 
immune disorders; as well as those who smoke. Two doses of varicella vaccine 
are recommended for all adults born in the United States after 1980 without 
other evidence of immunity, and two doses of zoster vaccine are recommended 
for all adults at age 60 years. Adults should be revaccinated once with the 
Tdap vaccine (tetanus, diphtheria, acellular pertussis) and every 10 years with 
Td; if their vaccination history is uncertain, complete primary immunization 
with two additional doses of Td is recommended. A series of three doses of 
a vaccine against HPV is recommended for young men and women ages 15 
to up to age 26 years (only two doses are required for vaccination at ages 11 
to 14 years) to reduce the risk for cervical cancer and genital warts, as well as 
to decrease transmission of the virus.

 CHEMOPREVENTION AND SUPPLEMENTS
Aspirin, postmenopausal hormone replacement therapy, breast cancer che-
mopreventive drugs, and supplements of vitamins or minerals can carry both 
benefits	and	risks.	Decisions	need	to	consider	the	likely	benefits	(which	increase	
with the underlying risk of the disease being prevented), the probability of 
harm, and the individual preferences of each patient.

 Aspirin
In men and women without known vascular disease, aspirin reduces the risk 
for nonfatal myocardial infarction and ischemic stroke. By 10 years after ini-
tiating aspirin therapy, it also reduces the incidence of colorectal cancer. These 
benefits are offset by an increased risk for serious gastrointestinal bleeding 
and hemorrhagic stroke. A7  The USPSTF concluded that among men and 
women	who	have	an	elevated	risk	of	CVD	(10-year	risk	at	least	10%),	benefits	
of aspirin outweigh risks by a moderate amount for adults aged 50 to 59 years 
but only by a small amount in those aged 60 to 69 years. As a result, it recom-
mends that decisions regarding aspirin should be individualized based on 
additional consideration of risks and patients’ values.15 The USPSTF found 
insufficient evidence to recommend for or against initiating aspirin therapy 
before	age	50	or	after	age	70	(Chapter	76).

 Chemoprevention of Breast Cancer
Tamoxifen and raloxifene can reduce the incidence of invasive breast cancer 
by	nearly	50%	in	women	at	increased	risk,	but	both	agents	increase	the	risk	

diabetes does not improve mortality rates after 10 years of follow-up.11 Routine 
screening for diabetes beginning at age 45 years is recommended by some 
groups, but the USPSTF recommends screening as part of cardiovascular risk 
assessment	in	adults	aged	40	to	70	years	who	are	overweight	or	obese.	Clini-
cians should refer patients with abnormal blood glucose to intensive behavioral 
counseling	 interventions	 that	 can	 lower	CVD	 risk.	Although	 tight	 glucose	
control can reduce the incidence of microvascular disease, the benefit of early 
presymptomatic detection on clinically important retinopathy, neuropathy, 
and nephropathy is likely to be small.

 HIV Infection
The	USPSTF	and	Centers	for	Disease	Control	and	Prevention	(CDC)	recom-
mend screening for HIV infection (Chapters 363, 364, and 365) in all ado-
lescents and adults aged 15 to 65 years, including pregnant women. Whether 
to continue screening after age 65 years depends upon risk factors such as 
new sexual partners. The optimal screening interval is unclear, but annual 
screening is reasonable in persons at very high risk, such as individuals who 
are actively engaged in risky sexual behaviors. Rescreening is not necessary 
in seronegative patients who have not been at increased risk since the last 
screen.

 Hepatitis B and C Infections
Drugs	for	chronic	hepatitis	B	and	C	infection	(Chapter	140)	have	increased	
the ability to achieve viral suppression and prevent the complications of chronic 
liver	disease	in	infected	individuals.	As	a	result,	the	USPSTF	and	CDC	now	
recommend screening for hepatitis B and C in persons at high risk for infec-
tion, especially individuals with a history of past or current injection drug 
use. Because persons born between 1945 and 1965 account for three fourths 
of Americans living with hepatitis C, one-time screening in this cohort is also 
recommended.

 Sexually Transmitted Disease
Screening for chlamydia and gonorrhea (Chapter 302) is recommended for 
all sexually active women aged 24 years and younger and for older women at 
risk. A6 	Nucleic	 acid	 amplification	 tests	 for	 chlamydia	 can	be	performed	on	
cervical or urine specimens. Early detection of chlamydia can reduce pelvic 
inflammatory	disease	(Chapter	269),	a	risk	factor	for	infertility	and	ectopic	
pregnancy. Similar benefits are likely from screening women for gonorrhea 
(Chapter 283), but the risk for gonorrhea infection is more concentrated in 
high-risk urban and southeastern rural populations. Syphilis testing is recom-
mended in persons who are at increased risk for infection, such as persons 
with HIV, men who have sex with men, and people whose communities have 
an elevated prevalence of the disease.

 Vision and Hearing
Undetected but correctable vision (Chapter 395) and hearing (Chapter 400) 
problems are common in older adults and can be discovered by asking about 
problems and performing simple tests of visual acuity and hearing. Unfortu-
nately, evidence is limited to show that regular screening leads to measurable 
benefits in function. Regular visual acuity testing is recommended for older 
adults by many organizations, but a large trial did not find any lasting benefits 
of screening, despite detecting many correctable causes of vision problems. 
The USPSTF concluded that evidence was insufficient to recommend routine 
vision or hearing screening.

 BEHAVIORAL INTERVENTIONS
Lifestyle factors contribute to a large proportion of preventable deaths in the 
United States. Brief interventions are effective for some behaviors such as 
smoking and problem drinking, but changing other behaviors usually requires 
more intensive approaches. The 5 As framework—ask, assess, advise, assist, 
and arrange—which was developed from smoking cessation research, provides 
a useful framework for counseling.

 Tobacco Use
Brief interventions can produce small but clinically important increases in 
quit rates among smokers. Effects increase with more intensive counseling 
and support, including the use of medication (Chapter 29).

 Alcohol Misuse
The USPSTF recommends screening all adults 18 years or older for alcohol 
misuse	 with	 one	 of	 three	 tools:	 the	 10-question	 AUDIT	 instrument,	 its	

http://www.integration.samhsa.gov/images/res/tool_auditc.pdf
http://www.integration.samhsa.gov/images/res/tool_auditc.pdf
http://www.cdc.gov/vaccines
http://www.cdc.gov/vaccines


for thromboembolic events and worsen menopausal symptoms; tamoxifen 
also increases the risk for endometrial cancer (Chapter 188). The USPSTF 
recommends clinicians discuss the balance of benefits and harms of these 
medications with women over age 35 years who are at increased risk for breast 
cancer. Women most likely to benefit are those who are younger than age 60 
years	and	whose	5-year	risk	of	invasive	breast	cancer	is	3%	or	higher.	Online	
tools can be used to assess this risk (http://www.cancer.gov/bcrisktool/).

 Postmenopausal Hormone Therapy
In long-term follow-up studies, estrogen-only therapy reduced the risk for 
fracture, invasive breast cancer, and diabetes but increased the risk for stroke, 
thromboembolism, dementia, gallbladder disease, and incontinence (Chapter 
227).	Combination	therapy	with	estrogen	and	progestin	generally	has	com-
parable benefits and risks, but it increases the risk for invasive breast cancer, 
coronary heart disease, and dementia. A8  Hormone therapy is a reasonable 
option for younger menopausal women with persistent, troublesome meno-
pausal symptoms, but the USPSTF recommends against its routine use for 
preventive purposes.

 Vitamin and Mineral Supplementation
The USPSTF does not recommend routine use of vitamin or mineral supple-
ments because there is no convincing evidence that multivitamins or individual 
or	 paired	 supplements	 (e.g.,	 vitamin	A,	C,	 and	D;	 folic	 acid;	 selenium;	 or	
calcium)	reduce	CVD,	cancer,	or	all-cause	mortality	in	community-dwelling	
average-risk adults. For vitamin E and beta carotene, however, harms are docu-
mented to outweigh benefit. The USPSTF found insufficient evidence to 
support	routine	use	of	calcium	and	vitamin	D	supplements	for	the	primary	
prevention of fractures in ambulatory adults, but primary prevention studies 
most commonly targeted healthy postmenopausal women.

 FUTURE ISSUES
Preventive care recommendations often vary based on a patient’s characteristics 
such as age, gender, and clinical risk factors, including behavior and race or 
ethnicity. Given well-described epidemiologic differences in the prevalence 
of diseases and their health impacts, prevention and treatment guidelines will 
likely become more specific for subpopulations if and when sufficient evidence 
exists.16 Genomic testing has the potential for guiding personal recommenda-
tions for screening and prevention, but currently available genomic screening 
in average-risk individuals is limited by an incomplete understanding of the 
predictive value of specific genotypes in the general population, the uncer-
tain effect of such information on clinical decisions, and concerns about the 
possible adverse effects of screening (e.g., anxiety, false reassurance, or dis-
crimination). A final area of active study is the use of new mobile technology 
(activity monitors, smart phone apps, and text messages) to promote more 
effective behavior change.17
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REVIEW QUESTIONS

1. A 40-year-old married woman comes for her periodic health examination. 
She has had negative annual Pap tests for the last 5 years. Which of the 
following options describes a recommended strategy for cervical cancer 
screening?
 A. Offer her the option of human papillomavirus (HPV) testing without 

a Pap test. If the HPV test result is normal, repeat in 5 years.
 B. Because her last Pap test was normal, defer Pap testing until next annual 

examination.
 C. Continue annual screening until the age of 64 years.
	D.	Continue	annual	screening	until	age	50	years.
 E. Begin annual HPV testing, but lengthen the interval for Pap testing to 

every 5 years.
Answer: A In the absence of HPV testing, every-3-year Pap testing is recom-
mended by the U.S. Preventive Services Task Force (USPSTF) and the American 
College of Obstetrics and Gynecology (ACOG) for women with previously 
normal Pap tests. Based on the excellent sensitivity of HPV testing for finding 
high-risk cervical lesions, women who are HPV negative can forgo Pap testing. 
The interval for HPV testing is every 5 years, but testing should not begin 
until age 30 because transient infection is very common. Co-testing (combined 
Pap and HPV testing) at 5-year intervals is recommended by ACOG begin-
ning at age 30 years and continuing to age 65 years.

2. A 52-year-old woman is new to your practice. She is a lifelong nonsmoker, 
and she had her first mammogram in the past year, with normal results. 
She has never undergone colorectal cancer screening. Which of the fol-
lowing is true regarding recommendations for screening and options avail-
able to her?
 A. As an average-risk adult, she could be offered screening with any of the 

following options, which differ in their risks, intervals, and burdens of 
testing: high-sensitivity fecal occult blood testing (FOBT); fecal immu-
nochemical	test	(FIT);	flexible	sigmoidoscopy	with	or	without	FIT,	or	
colonoscopy.

 B. Regular colorectal cancer screening in adults should stop at age 65 years.
 C. Computed tomography (CT) colonography at 5-year intervals or annual 

multitargeted	 stool	DNA	 test	may	 be	 acceptable	 options	 in	 place	 of	
colonoscopy.

	D.	Colonoscopy	every	5	years	is	the	preferred	option	because	of	its	higher	
sensitivity.

 E. A and C
Answer: E The U.S. Preventive Services Task Force (USPSTF) recommenda-
tions are based on a review of original studies and a commissioned comparative 
model to determine the optimal age for starting and stopping screening for 
colorectal cancer and the optimal intervals. USPSTF recommendations suggest 
beginning	screening	at	age	50	years	and	stopping	regular	screening	at	age	75	
years. Their analyses indicated that either (1) annual high-sensitivity fecal 
occult	blood	testing	(FOBT)	or	fecal	immunochemical	test	(FIT),	(2)	flexible	
sigmoidoscopy every 10 years combined with FIT every year, or (3) colonoscopy 
every 10 years would yield similar benefits over a population. Models suggest 
CT	colonography	every	5	years	and	annual	multitargeted	DNA	tests	would	
have comparable benefits.

3. A 62-year-old African American man comes in for his first visit. Other than 
a 5-year history of high blood pressure, he is in good health. In response 
to questions about whether he should get a prostate-specific antigen (PSA) 
test,	which	of	the	following	statements	reflects	information	that	should	be	
part of a shared decision-making discussion?
 A. As an African American, he has a higher risk for prostate cancer but 

may not benefit more from screening compared with men of other 
ethnic backgrounds.

 B. PSA screening has been shown to reduce mortality and metastasis from 
prostate cancer in some studies.

 C. False-positive PSA tests are common and may require a biopsy.
	D.	PSA	testing	may	result	in	detection	and	treatment	of	a	cancer	that	would	

not have caused clinical problems (overdiagnosis).
 E. All of the above

Answer: E Although African American men do have an increased risk for 
prostate cancer, there is no evidence that benefits of screening are any higher 
in this group. PSA testing was associated with lower prostate cancer mortality 
in one European study, in which 48 men needed to be treated for every 1 
death prevented after 9 years. False-positive PSA results and potential over-
diagnosis are the major concerns regarding prostate cancer screening. As a 
result, the U.S. Preventive Services Task Force and other major organizations 
recommend a shared decision-making approach that discusses the possible 
benefits and potential harms with men ages 55 to 69 years who are most likely 
to benefit.

4. A 58-year-old male accountant comes in for a periodic examination. He 
is recently divorced and has a steady female partner with whom he is sexu-
ally active. Because his partner is postmenopausal, they do not use condoms. 
He has never been screened for any sexually transmitted diseases and has 
no symptoms or history of any drug use or transfusions. Which of the 
following tests are indicated as a screening test?
 A. HIV
 B. Hepatitis C
 C. Chlamydia
	D.	Hepatitis	B
 E. A and B

Answer: E HIV testing is indicated in all adults who have never been screened. 
Although the subject has no specific risk factors for hepatitis C, testing is 
recommended for adults in his age cohort (born between 1945 and 1965). 
Chlamydia screening might be indicated for a woman based on having a new 
sexual partner but is not recommended for men. Hepatitis B screening is 
recommended only for high-risk groups in nonpregnant adults.

5. A 40-year-old nonsmoking man is seen for his periodic examination. He 
has a healthy weight (body mass index =	20),	blood	pressure	of	118/78	mm	
Hg, and no history of diabetes, and he is able to exercise regularly without 
symptoms. Last year, his nonfasting total cholesterol was 232 with a high-
density	lipoprotein	(HDL)	of	50.	Which	of	the	following	represents	appro-
priate steps to address cardiovascular prevention in this patient?
 A. Perform a baseline electrocardiogram (ECG) to look for evidence of 

ischemia or ventricular hypertrophy.
 B. Obtain a fasting lipoprotein analysis and calculate his 10-year risk for 

cardiovascular disease to assess the need to consider further 
interventions.

 C. Recommend he begin a daily low-dose aspirin regimen.
	D.	Obtain	a	coronary	computed	tomography	(CT)	to	look	for	evidence	

of calcifications.
	E.	 None	of	the	above

Answer: B Ten-year cardiovascular risk can be calculated using age, gender, 
lipids, blood pressure, and history of diabetes and smoking. This patient’s 
10-year	risk	is	only	1.3%,	putting	him	in	a	low-risk	category;	any	benefits	of	
aspirin will be offset by risks for gastrointestinal bleeding. Although some risk 
calculators	require	only	total	cholesterol	and	HDL	cholesterol,	the	updated	
American College of Cardiology/American Heart Association risk calculator 
recommended by the U.S. Preventive Services Task Force and other guidelines 
relies	on	measures	of	LDL	cholesterol	as	well,	which	requires	a	fasting	sample.	
Neither	ECG	nor	coronary	CT	is	recommended	by	the	U.S.	Preventive	Services	
Task Force as a screening test for coronary disease. Because findings on coro-
nary CT are associated with risk for coronary events, some organizations 
suggest this test can be considered in patients who are near a threshold for 
considering	statin	therapy	(7.5%	10-year	risk	for	cardiovascular	disease).
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13 
PHYSICAL ACTIVITY
DAVID M. BUCHNER AND WILLIAM E. KRAUS

 DEFINITIONS
Physical activity can be broadly defined as bodily movement produced by 
skeletal muscles. Exercise refers to the subset of physical activity involving 
a structured program to improve physical fitness. Health-enhancing phys-
ical activity refers to the subset of physical activities that result in health 
benefits—generally activity involving large muscle groups of the body and 
substantial expenditures of energy. The two most important types of health-
enhancing physical activity are moderate- to vigorous-intensity aerobic 
physical activity and moderate- to vigorous-intensity muscle strengthening  
activity.

Regular physical activity improves health-related physical fitness—the physi-
ologic components of fitness that influence risk of disease, functional limita-
tions, disability, and premature mortality. These components include 
cardiorespiratory endurance (aerobic capacity); skeletal muscle strength, power, 
and endurance; body composition and bone strength; and balance, flexibility, 
and reaction time.

The primary attributes of physical activity are type (mode), frequency, dura-
tion, and intensity. Types of physical activity (e.g., walking, swimming, lifting, 
stretching) are grouped according to their main physiologic effects into well-
known categories: aerobic (or “cardio”), muscle strengthening, flexibility, and 
balance. Intensity is the level of effort during activity. For aerobic activity, the 
absolute intensity is measured in metabolic equivalents (METs), with 1 MET 
being the resting metabolic rate, which is commonly taken to be 3.5 mL O2/
kg/minute in adults. The relative intensity is measured as percentage of oxygen 
uptake reserve (aerobic capacity) required to perform an activity. In practice, 
heart rate is used to monitor relative intensity because of the generally linear 
relationship between heart rate and oxygen uptake. When the heart rate is 
not monitored, options for estimating relative intensity include the “talk test” 
and Rating of Perceived Exertion scale, where 6 equals no exertion and 20 
equals maximal exertion. Table 13-1 describes methods for assessing relative 
and absolute intensity.

The volume (or amount) of activity is the product of frequency, duration, 
and intensity. Volume can be measured (e.g., by questionnaires) as MET-
minutes per week (a sum of the MET intensity of all activities multiplied by 
the minutes each activity is performed). Volume can also be assessed using 
wearable devices, such as accelerometers, which are calibrated to translate 
body movement into measures of volume.

 EPIDEMIOLOGY
Levels of Physical Activity
In 2015, about 50% of adults reported that they met public health guidelines 
(Table 13-2) for moderate-to-vigorous physical activity, about 25% reported 
that they met guidelines for muscle-strengthening activity, and about 20% of 
adults reported that they met both guidelines. In the United States, men, 
whites, younger people, and people with higher incomes and educational levels 
on average report higher levels of physical activity.1 Furthermore, although 
recreational physical activity is either stable or slightly improving, Americans 
have experienced a steady decline in occupational physical activity over the 
past five decades (E-Fig. 13-1), and it is likely that levels of physical activity 
around the home have also declined.

Preventive Health Benefits in Adults
There is strong evidence that health-enhancing physical activity (Table 13-2) 
reduces the risk for premature mortality and coronary artery disease (Chapter 
65), stroke (Chapter 379), high blood pressure (Chapter 70), adverse lipid 
profile (Chapter 195), type 2 diabetes mellitus (Chapter 216), metabolic 
syndrome, osteoporosis (Chapter 230), colon cancer (Chapter 184), breast 
cancer (Chapter 188), obesity (Chapter 207), and depression (Chapter 369).2 
The reduction in risk is substantial: for example, when active and inactive 
adults are compared, the risk reduction is greater than or equal to 30% for 
all-cause mortality, cardiovascular disease, stroke, hypertension, colon cancer, 

TREATMENT 
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ABSTRACT
Regular physical activity has numerous and substantial health benefits—both 
preventive and therapeutic. Major preventive health benefits include reduced 
risk of all-cause mortality, coronary heart disease, hypertension, stroke, colon 
cancer, breast cancer, type 2 diabetes, and fall-related fractures. The marginal 
benefit of even low physical activity is large, and the marginal benefit actually 
decreases with greater amounts of activity. The two most importance types 
of health-enhancing physical activity are moderate- to vigorous-intensity aerobic 
activity, which has a curvilinear dose-response relationship between both 
health outcomes, and moderate- to vigorous-intensity muscle strengthening 
activity. Public health guidelines recommend the equivalent of at least 150 
minutes of moderate-intensity aerobic activity each week, as well as muscle-
strengthening activities on at least two days each week. Unfortunately, only 
about 20% of American adults current meet both guidelines. Although physical 
activity involves risks of adverse events, primarily musculoskeletal injuries, 
the risk is low, especially if activity increases gradually over time. Health care 
providers can play an important role in promoting appropriate physical activity 
in their patients.
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TABLE 13-1 CRITERIA FOR ASSESSING RELATIVE AND ABSOLUTE INTENSITY OF AEROBIC ACTIVITY
RELATIVE INTENSITY ABSOLUTE INTENSITY

Intensity Percent of heart rate reserve 
or oxygen uptake reserve

Rating of Perceived Exertion Talk Test MET level

Sedentary behavior <20* <9 Can sing 1.0-≤1.5 
Light 20-39* 9-11 Can sing >1.5-<3.0
Moderate 40-<60 12-13 Can talk without pausing for breath, but 

cannot sing
3.0-<6.0

Vigorous >60 14-17 Cannot talk without pausing for breath ≥6.0
*Information in Table adapted from multiple sources, including guidelines by the American College of Sports Medicine (ACSM) (ACSM’s Guidelines for Exercise Testing and Prescription. Ninth Edition. 
Lippincott Williams & Wilkins: 2013). Note ACSM classifies >90%-100% of heart rate reserve and rating of perceived exertion levels of 18-20 as “near maximal to maximal.”
MET = metabolic equivalents (see text for details)

TABLE 13-2 KEY PHYSICAL ACTIVITY GUIDELINES  
FOR ADULTS

All adults should avoid inactivity. Some physical activity is better than none, and 
adults who participate in any amount of physical activity gain some health 
benefits.

For substantial health benefits, adults should do at least 150 min (2.5 hr)/wk of 
moderate-intensity aerobic activity or 75 min (1.25 hr)/wk of vigorous-intensity 
aerobic activity, or an equivalent combination of moderate- and vigorous-intensity 
aerobic activity. However, recent evidence shows that bouts of exercise lasting less 
than 10 minutes also have health benefits.

For additional and more extensive health benefits, adults should increase their 
aerobic physical activity to 300 min (5 hr)/wk of moderate-intensity or  
150 min (2.5 hr)/wk of vigorous-intensity aerobic physical activity, or an 
equivalent combination of moderate- and vigorous-intensity activity.  
Additional health benefits are gained by engaging in physical activity beyond  
this amount.

Adults should also do muscle-strengthening activities that are moderate or high 
intensity and involve all major muscle groups on 2 or more days/wk, as these 
activities provide additional health benefits.

Adapted from U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines 
for Americans. https://health.gov/paguidelines/pdf/paguide.pdf. Washington, DC: U.S. Accessed 
May 10, 2019.

and type 2 diabetes.3 Randomized trials show that multicomponent exercise 
programs, most commonly focused on balance training and muscle-strengthening 
activity, reduce the risk of falls and fall-related fractures by as much as  
40%, A1  and balance training likely improves physical function in older adults. A2  
A large randomized trial reported exercise in older adults reduced the risk of 
persistent, major mobility disability by 28%. A3  Health-enhancing aerobic and 
muscle-strengthening activities also reduce the risk for cognitive impairment 
in older adults and improve cognition in adults over age 50 years, A4  but exercise 
does not slow cognitive decline in patients with mild to moderate dementia 
(Chapter 374). A5  Some evidence also suggests that physical activity reduces 
the risk for anxiety disorders, osteoarthritis, sleep disorders, and back pain, 
as well as many types of cancer.4

By some estimates, 10% or more of aggregate U.S. health care expenditures 
are related to inadequate physical activity. The benefits of physical activity are 
independent of other risk factors. For example, a sedentary obese smoker 
achieves health benefits from exercise, even if he or she continues to smoke 
and remains obese. When a healthy diet, regular activity, and abstinence from 
smoking occur together, the lifestyle effects are dramatic.

Mechanisms of Effect and Dose-Response
The health benefits of physical activity are due to multiple, incompletely 
understood physiologic effects. For example, physical activity reduces blood 
pressure in people with hypertension. A6  Possible mechanisms include reducing 
sympathetic activity and increasing vagal tone, reducing norepinephrine levels, 
releasing vasodilators such as endorphins, reducing insulin resistance, reducing 
plasma renin levels, and preventing overweight and obesity. In adults with 
type 2 diabetes, the effects of physical activity on skeletal muscle include 
changes in contractile proteins isoforms, mitochondrial volume and functional 

capacity, metabolic regulation, intracellular signaling, and neuromuscular 
function.5

The dominant determinant of the health benefits of physical activity is 
likely the total weekly volume (amount) of moderate-to-vigorous physical 
activity, rather than its intensity or frequency. Substantial health benefits begin 
to accrue with a volume of 500 to 1000 MET-minutes/week. An adult can 
accumulate 500 MET-minutes by walking at 3.0 miles per hour (a 3.3-MET 
activity) on 3 days a week for 50 minutes (3.3 METs × 3 × 50 minutes = ≈500 
MET-minutes). When measured by caloric expenditure, this volume of walking 
in a 75-kg (165-lb) adult expends an extra 430 kcal in addition to the 190 kcal 
that would have been expended at rest.

The dose-response relationship between moderate-to-vigorous physical 
activity volume and health benefits is curvilinear. The marginal benefit of 
activity at even low amounts is large, and the benefit decreases with greater 
amounts of activity with mortality risks falling by 20% with minimal activity, 
by 30% in people who meet the minimum recommendation of 7.5 MET hours 
of activity per week, and by about 40% in people who perform more than 
twice that amount.

The dose of moderate-to-vigorous physical activity reflects both energy 
expenditure (amount) and intensity. Thus, some health benefits should occur 
at low energy expenditure (i.e., low doses of moderate-to-vigorous physical 
activity) and at low intensity (i.e., light intensity). For example, 15 minutes 
per day (90 minutes per week) of moderate-intensive activity is associated 
with about a 15% decrease in mortality. Even at lower levels of moderate-
to-vigorous physical activity, more energy expenditure from light-intensity 
activity, as indicated by less sitting time, is associated with lower mortality.6 
However, it appears that high levels of moderate-to-vigorous physical activity 
(e.g., about 60 to 75 minutes per day) may be sufficient to eliminate adverse 
effects of sitting. Muscle-strengthening activity also appears to be associ-
ated with lower risk of all-cause mortality, independent of the amount of 
aerobic activity.7 Data also show that a combination of strength training and 
aerobic training produce greater health benefit than either alone to promote 
physical function in older adults, to lower hemoglobin A1C levels in people 
with diabetes (Fig. 13-1), and to improve insulin sensitivity in adults with the  
metabolic syndrome.

Therapeutic Health Benefits in Adults
Clinical practice guidelines assign a substantial therapeutic role to physical 

activity in patients with coronary heart disease, high blood pressure (Chapter 
70), type 2 diabetes (Chapter 216), obesity (Chapter 207), osteoporosis (Chapter 
230), osteoarthritis (Chapter 246), claudication (Chapter 71), and chronic obstruc-
tive pulmonary disease (Chapter 82). Physical activity also plays a role in the 
management of depression and anxiety disorders (Chapter 369), elevated 
cholesterol levels (Chapter 195), pain (Chapter 27), heart failure (Chapter 53), 
syncope (Chapter 57), stroke (Chapter 378), back pain (Chapter 372), dementia 
(Chapter 374), and constipation (Chapter 128), as well as in the prophylaxis of 
venous thromboembolism (Chapter 74). Although there is more evidence for 
the therapeutic effects of aerobic exercise, muscle strengthening exercise also 
can have therapeutic effects, which can be additive or synergistic to those of 
aerobic exercise alone.

TREATMENT 
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Health Risks of Physical Activity
Physical activity and exercise have some risks. Musculoskeletal injuries are 

by far the most common type of activity-related adverse event. The risk of 
injury depends on the type and volume of activity. The weekly volume of activ-
ity is directly related to the risk of musculoskeletal injuries, but when following 
public health guidelines of about 500 to 1000 MET-minutes/week, the risk of 
injury is low. The risk of injury is directly related to the rate of increase in the 
dose of activity, with more rapid increases having higher risk. Previous musculo-
skeletal injuries, excess weight, and low physical fitness also increase the risk 
of injury.

Relatively vigorous physical activity acutely increases the risk for sudden 
cardiac death (Chapter 57) and acute myocardial infarction (Chapter 64). 
However, the risk of sudden death and nonfatal events during and imme-
diately after physical activity is extremely low—well below 1 event per 
1,000,000 person-hours of activity.8 Importantly, physically active adults are 
protected from fatal and nonfatal cardiac events, with about a 70% lower risk 
of sudden death. This protection occurs because the time spent in vigorous 
activity per day is relatively small, and the higher risk of vigorous activity is 
far outweighed by the lower risk of cardiac events during the remainder of  
the day.

Recommended amounts of aerobic activity for Prevention
To obtain substantial health benefits from physical activity, adults should 

do at least 150 minutes/week of moderate-intensity aerobic activity or 75 
minutes/week of vigorous-intensity activity. Adults can do a combination of 
both moderate- and vigorous-intensity activity, using the rule of thumb that 
one vigorous-intensity minute of activity counts the same as two moderate-
intensity minutes.9 Although previous recommendations were for bouts of 
aerobic activity of at least 10 minutes, bouts less than 10 minutes also appear 
to provide health benefits.

Recommended amounts of Muscle-strengthening activity for 
Prevention

Adults should perform activities that strengthen the major muscle groups 
of the body at least 2 days each week. The major muscle groups are the legs, 
hips, back, chest, abdomen, shoulders, and arms.

Flexibility activity
Flexibility activities are an acceptable part of a physical activity regimen, 

but there is insufficient evidence that flexibility activities have any health 
benefits, even for preventing injuries. However, flexibility training may 
facilitate the types of physical activity that do have health benefits. If so, 
flexibility training may be more important for people with reduced flex-
ibility, such as older adults with age- and disease-related changes in range  
of motion.

Balance activity
Balance training is recommended for adults at increased risk for falls, such 

as those older than 65 years with impaired gait or balance or frequent falls. 
Examples of balance exercises include sideways walking, backward walking, 
heel walking, and standing using a narrow base of support. Tai chi is an evidence-
based approach for falls prevention. Preferably, adults at risk for falls should 
do balance training at least 3 days/week in the context of an evidence-based, 
fall prevention program.

sedentary Behavior
Increasing light-intensity activities by decreasing sedentary behavior is 

helpful for achieving and maintaining a healthy weight and reducing adverse 
health events. For example, more sedentary time is associated with higher 
risk of all-cause mortality, cardiovascular disease, some cancers, and type 2  
diabetes.10

Guidelines for Weight Management
The amount of activity required to maintain a healthy body weight varies 

widely among adults. For some adults, the levels of physical activity recom-
mended in the guidelines will result in a stable, healthy body weight. Many 
adults, however, need greater amounts of activity to achieve a healthy weight. 
These individuals should restrict their caloric intake and gradually increase 
their weekly physical activity to the point that is effective in achieving and 
maintaining a healthy body weight for them.

Additional Guidelines for Older Adults
In addition to balance training, the 2018 guidelines contain other recom-

mendations specifically for older adults. Older adults who cannot do 150 
minutes/week of moderate-intensity activity should be as active as their 
abilities and conditions allow. Older adults should determine their level of 
physical activity using relative intensity, not absolute intensity. This latter guide-
line seeks to avoid inappropriately high levels of effort in older adults with  
low fitness.

Recommending Physical Activity in Clinical Settings
Promoting physical activity in clinical settings involves essentially the same 

steps as the “5 A’s” of smoking cessation (Chapter 29): ask, advise, assess, assist, 
arrange. Consistent with this approach, physicians should be knowledgeable 
in four domains: how to assess physical activity; how to make safe recommen-
dations/prescriptions for physical activity in both healthy people and people 
with chronic conditions; how to use effective behavioral interventions, and 
how to engage in their own active lifestyle for professional balance and as role 
models for patients.11

Health care providers should ask and advise patients about physical activity 
regularly. One quality-of-care measure assesses whether asking and advising 
are done at least once a year in older adults. Some recommend that physical 
activity should be a “vital sign” that is assessed at every visit. Studies consis-
tently report that adults (especially older adults) identify their health care 
providers as an important source of advice on physical activity. Behavioral 
counseling is recommended for adults even if they have no cardiovascular 
risk factors.12 Intensive behavioral counseling is recommended for adults who 
are overweight or obese and have additional risk factors for cardiovascular 
disease, and such counseling should be a component of community pro-
grams that promote physical activity in people at increased risk for type 2  
diabetes.

Exercise Prescription
For patients who want to exercise, a clinician can provide an exercise prescrip-

tion or refer the patient to a community provider.13 Evidence-based guidelines 
for exercise prescription are available from the American College of Sports  
Medicine.

FIGURE 13-1. Changes in hemoglobin A1C levels in a 9-month randomized trial comparing three exercise interventions to a control in adults with type 2 diabetes (total N = 262). 
the largest improvement in a1c occurred with combined aerobic exercise and resistance training (muscle-strengthening activity). (Data from church ts, Blair sN, cocreham s,  
et al. Effects of aerobic and resistance training on hemoglobin a1c levels in patients with type 2 diabetes: a randomized controlled trial. JAMA. 2010;304:2253-2262.)
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Lifestyle Prescription
A lifestyle prescription refers to approaches that integrate physical activ-

ity into daily life. For example, rather than walking specifically for exercise, a 
person walks to work or walks for pleasure as a recreational activity. Common 
ways to integrate physical activity into daily life are walking and biking for 
transportation and performing yard work and gardening. Use of wearable 
devices such as pedometers to track physical activity can increase steps per 
day by about 2000 above baseline A7  as well as increase adherence to lifestyle  
prescriptions.

Tailoring the Recommendation
Recommendations should be tailored to individual abilities, individual 

preferences, medical conditions, and behavior techniques that improve 
adherence. Interventions are more likely to be successful if they include 
mutual goal setting, regular feedback, graded tasks, and use of equipment, 
such as a step monitor. A8  Most people prefer home-based programs, which 
can provide health benefits that are similar to those of programs conducted  
elsewhere. A9 

A target level of physical activity below that of preventive recommenda-
tions is appropriate for adults with very low physical fitness, a large burden 
of chronic disease (e.g., severe chronic obstructive lung disease), or major 
functional limitations. An assessment of the nature of the activity limitation 
and the individual’s capabilities and preferences can determine the target 
activity level and other details of the activity recommendation. Often, pro-
moting physical activity in such adults relies on health care and community 
resources designed for people with preexisting limitations, such as cardiac 
rehabilitation, pulmonary rehabilitation, and exercise classes for adults  
with arthritis.

Risk Management
Strategies to reduce injury during physical activity include increasing physical 
activity gradually over time, selecting activities in which collision or contact 
with people or objects is unusual, increasing physical fitness, using appropriate 
gear and sports equipment (e.g., bike helmets), engaging in activities in safe 
environments, and following basic safety rules and policies. Popular activities 
such as walking, biking, swimming, and gardening have a low risk of injury. 
When individuals are increasing their level of physical activity, they should 
start with relatively moderate-intensity activity, then increase the duration 
and frequency first and the intensity last. In general, adding 5 to 15 minutes 
of moderate-intensity activity per session, two to three times a week, to a 
person’s usual activities carries a low risk of musculoskeletal injury and no 
known risk of sudden cardiac death.

There is no evidence of the protective value of a medical consultation or 
of supervised exercise in healthy people of any age who seek to increase their 
level of physical activity, and the U.S. Preventive Services Task Force recom-
mends against routine screening for coronary disease in adults at low risk. 
Even in adults who are at high risk for coronary disease, there is insufficient 
evidence to recommend for or against screening with resting electrocardiog-
raphy, exercise treadmill testing, electron-beam computed tomography, or 
C-reactive protein levels.

Coordination between Medical Care and Community
Many factors affecting physical activity levels in Americans are difficult to 
influence in medical care settings, such as the characteristics of the commu-
nal environment (e.g., parks and recreational facilities) and the social envi-
ronment (e.g., crime and social support). Community-level interventions 
that address such characteristics are essential to promoting physical activity. 
Effective community-based interventions include school physical education, 
social support interventions, community-wide campaigns, and enhancement 
of access to places where physical activity is possible. A recent U.S. Surgeon 
General’s “Call to Action” emphasizes the importance of promoting both 
walking and walkable communities. Medical care and community efforts 
should be synergistic and mutually supportive. For example, health plans 
should advocate for evidence-based community interventions. Community 
programs should serve as resources for evidence-based therapeutic activity for 
selected chronically ill adults, such as exercise classes designed to reduce the  
risk of falls.
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3. Which one of the following is recommended for the promotion of physical 
activity in clinical settings?
 A. Advising patients that muscle-strengthening activities are relatively 

unimportant compared with regular aerobic exercise
 B. Recommending people start with moderate-intensity activities such as 

walking, but advising virtually all patients gradually to shift to doing 
mainly vigorous-intensity activity.

 C. Paying little attention to community resources such as access to parks, 
gyms, and multiuse trials, because there is little scientific evidence that 
these resources influence physical activity

 D. Advising virtually all patients to engage in regular physical activity, with 
the specific activity recommendation based upon integrating public 
health guidelines for prevention with any applicable therapeutic 
guidelines

 E. Emphasizing exercise prescription and exercise classes, because most 
people prefer these activities over lifestyle activities such as walking for 
transportation and gardening

Answer: D The physician should advise patients regarding the types and 
amounts of activity appropriate for them, while specifically taking into account 
the presence of chronic diseases and any limitations in activity when making 
the recommendation. However, guidelines do not require vigorous activity, 
and it is not recommended for all adults. Strength training produces incre-
mental health benefit when added to aerobic training. Most people do not 
prefer exercise classes over home-based exercise, and recommendations gener-
ally should be tailored to a patient’s preferences. There is strong evidence that 
access to community resources positively affects physical activity levels.

4. Which one of the following statements is true about the use of physical 
activity to reduce risk of falls and fall injuries?
 A. It is recommended that all adults and older adults participate in balance 

training to prevent falls and fall injuries.
 B. The fact that falls are more likely during activities such as walking explains 

why exercise programs in older adults do not reduce the risk of falls.
 C. Balance training commonly causes falls and thus should be done only 

under supervision by a trained health care provider (e.g., a physical 
therapist).

 D. Fall prevention exercise programs prevent falls, but unfortunately they 
mainly prevent noninjurious falls.

 E. Exercise programs to prevent falls and fall-related injuries emphasize 
muscle-strengthening activity and balance training.

Answer: E Muscle strengthening and balance are the main focus of fall pre-
vention programs. Guidelines recommend balance training only for older 
adults and only for those at risk of falls.

REVIEW QUESTIONS

1. In asymptomatic healthy adults, an evidence-based approach to reducing 
risk of activity-related injuries includes:
 A. Gradually increasing physical activity level over time.
 B. Prescribing flexibility exercises.
 C. Screening for coronary artery disease using either an exercise test or 

electron-beam computed tomography.
 D. Starting with supervised exercise in those seeking to increase their 

amount of physical activity.
Answer: A Gradually increasing physical activity over time is a key guideline 
for preventing injuries. There is no evidence that flexibility exercises have 
health benefits or that they prevent injuries. The U.S. Preventive Services Task 
Force does not recommend routine screening for coronary artery disease using 
exercise treadmill or using electron-beam computed tomography. There is no 
evidence that supervised exercise reduces the risk of injury in healthy adults.

2. Which one of the following statements about the benefits and risks of 
physical activity is true?
 A. The overall risk of sudden death is higher in people who exercise 

regularly.
 B. Obese adults do not obtain benefits from physical activity unless they 

lose weight.
 C. The total volume of physical activity is the main determinant of health 

benefits.
 D. The benefits of being active at less than recommended levels are so 

small that it is of little value to recommend and promote physical activity 
in people who are not capable of meeting guidelines.

 E. The benefits of increasing moderate-to-vigorous aerobic activity do not 
depend upon current level of activity. A person who increases physical 
activity 0 to 30 minutes a day obtains the same health benefits as a 
person who increases activity from 120 minutes a day to 150 minutes 
per day.

Answer: C The overall risk of sudden death is lower in people who exercise. 
The health benefits of physical activity are independent of other risk factors, 
and obese adults obtain benefits from physical activity even if obesity persists. 
Consistent with the dose-response effect of exercise, less than the recom-
mended amounts of activity provide meaningful benefits. The benefit of exercise 
is a curvilinear dose-response relationship, such that the marginal health benefits 
of increasing activity are less at high levels of physical activity.
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14 
ADOLESCENT MEDICINE
DEBRA K. KATZMAN AND ALAIN JOFFE

Adolescence, a period of transition between childhood and adulthood, is 
marked by critical biologic, psychological, social, and cognitive changes. During 
this unique developmental period, patterns of behaviors and lifestyle choices 
are established that can influence current and future health, and unique medical 
and psychological problems can emerge.1 Adult-oriented health care providers 
play a pivotal role in engaging youth in their health and in providing health 
care to adolescents.

 NORMAL PHYSICAL GROWTH  
AND DEVELOPMENT

Biologic growth and development in adolescents are signified by the onset of 
puberty (Chapter 222), which varies temporally among adolescents and explains 
why adolescents of the same chronologic age can vary greatly in physical 
appearance. The first visible sign of puberty among girls is usually thelarche, 
or the development of breast buds, which occurs on average at 10 years in 
white girls and 1 year earlier in African American girls (Chapter 222).

Menarche occurs 2 to 4 years after the initial appearance of breast buds 
and pubic hair. The average age of menarche is 12.9 years for white girls and 
12.2 years for African American girls. Menstrual periods are not always regular 
during the first 2 years after menarche. At menarche, only 20% of cycles are 
ovulatory; it may take up to another 4 years for 80% of cycles to be ovulatory. 
The average time for completion of puberty in girls is 4 years (range, 1.5 to 
8.0 years).

Puberty begins about 1 year later in boys than girls. The first physical signs 
of puberty in boys, testicular enlargement and thinning of the scrotum, occur 
at 10 years. Adrenarche usually begins about 6 months later (Chapter 221), 
and facial hair appears about 3 years after the appearance of pubic hair. The 
completion of puberty in boys averages 3 years (range, 2 to 5 years).
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ABSTRACT
Adolescence, a period of transition between childhood and adulthood, is 
marked by critical biologic, psychological, social, and cognitive changes. During 
this developmental period, behaviors and lifestyle choices can influence current 
and future health, and medical and psychological problems can emerge. Adult-
oriented health care providers play a pivotal role in engaging youth in their 
health and in delivering health care to adolescents.
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reason for the visit from the perspective of the adolescent and his or her 
parents or guardians and to communicate that input from both the adolescent 
and the parents or guardians is highly valued. This approach also provides an 
opportunity for the clinician to observe the interaction between the adolescent 
and parents or guardians. The final approach to the interview is to greet the 
adolescent and family and request a meeting with the parents or guardians 
alone. This approach allows the parents or guardians to discuss concerns about 
the adolescent that they may not feel comfortable raising in the presence of 
the adolescent. Having this information may improve the focus of the visit. 
In this approach, the encounter with the parents or guardians is then followed 
by the clinician’s meeting with the adolescent alone. With this interview struc-
ture, it is important that the adolescent be present from the time he or she 
meets with the clinician until the end of the visit, so that the adolescent does 
not perceive a breach of confidentiality.

 Confidentiality
Issues of consent and confidentiality are central in the physician-adolescent 
interaction. When confidentiality is guaranteed, adolescents are more likely 
to seek necessary medical care, to disclose sensitive information, and to trust 
their clinician. Under these circumstances, most adolescents will involve their 
parents in their care at some point. Parents appreciate education about the 
concept of confidentiality and recognize the importance of allowing the ado-
lescent the opportunity to speak alone with the clinician. Confidentiality is 
also important for clinicians to make an accurate diagnosis and to provide 
treatment.

Confidentiality and defining the limits of confidentiality should be dis-
cussed with the adolescent and his or her parents or guardians at the beginning 
of the interview. The adolescent and family need to know that the clinician 
will intervene if he or she believes that the adolescent’s actions may cause 
him or her, or another person, significant harm or that the adolescent is at 
imminent danger. Examples of situations in which the clinician would not 
maintain confidentiality when dealing with young people include disclosure 
of current suicidal or homicidal intent. The legal definition of confidentiality 
varies, depending on geographic location, and clinicians should be familiar 
with local laws.

Another goal of the interview is to build rapport with the adolescent and 
his or her parents or guardians. Clinicians can establish rapport at the start 
of the interview by creating an environment that is nonjudgmental, unintimi-
dating, and supportive. It is helpful to encourage the adolescent to talk about 
himself or herself—friends, hobbies, school. The clinician should listen care-
fully to the adolescent’s statements and feelings. Sensitivity to and understand-
ing of the adolescent’s developmental stage and cultural background are 
important in interviewing and interpreting answers accurately. The clinician 
should be respectful of the adolescent’s growing need to be independent and 
desire to be treated as an individual person. Taking the time to build rapport 
is key to engaging the adolescent in a discussion of his or her personal health 
concerns with the clinician.

 Preventive Health Care
Preventive health care for adolescents (Chapters 12 and 15) should promote 
physical and mental health and healthy physical, psychological, and social 
growth and development. Positive behaviors such as exercise (Chapter 13) 
and nutritious eating (Chapter 202) should be encouraged, and health risk 
behaviors such as unsafe driving, high-risk sexual behaviors, and use of tobacco 
(Chapter 29), drugs, and alcohol (Chapter 30) should be discouraged. Because 
lifelong health habits are established during adolescence, it is an important 
time to invest in health promotion and preventive services.

The U.S. Preventive Services Task Force4 recommends screening and coun-
seling of all adolescents about depression and obesity and ensuring that all 
adolescents are up-to-date on their immunizations for tetanus, diphtheria, 
pertussis, varicella, measles, mumps, rubella, hepatitis A and B, meningococcus 
(A, C, Y, W-135), influenza, polio, and human papillomavirus (HPV; Chapter 
15). In addition, at-risk adolescents should be counseled about sexually trans-
mitted infections (e.g., HIV, chlamydia, gonorrhea, and syphilis) and advised 
about immunizations for pneumococcus and meningococcal serotype B.

 Components of the Adolescent Care Health Visit
History
Open-ended, nonjudgmental, developmentally appropriate, and gender-neutral 
questions help put the adolescent at ease and produce informative answers 
(Chapter 12). In addition to a standard medical history, the assessment should 
include a psychosocial history from the adolescent, either through a screening 

In both age groups, Native Americans have the highest rates, followed by 
white youth; African American and Asian youth have substantially lower rates. 
The rate of attempted suicide is almost five times greater among gay, lesbian, 
and transgender (sexual minority) students (29%) compared with heterosexual 
students (6.4%). The estimated ratio of attempted-to-completed suicides among 
adolescents ranges between 50:1 and 100:1. The most common methods used 
in suicide attempts are drugs and alcohol, whereas suffocation, hanging, or 
use of firearms is associated with completed suicides. Suicide death rates caused 
by firearms are almost seven times higher in 15- to 19-year-old boys than in 
comparably aged girls.

Homicide is the third leading cause of death among 15- to 19-year-olds 
and the fourth leading cause among younger adolescents. Among African 
American males, however, it is the leading cause of death among 15- to 19-year-
olds (95% involving firearms) and the second leading cause among those ages 
10-14 (80% firearm-related).

Approximately 1 in 10 ninth through twelfth graders who dated or “went 
out with someone” report being the victim of physical or sexual dating violence 
in the prior 12 months. For both physical and dating violence, the prevalence 
is higher among females than males (12 versus 7% and 16 versus 5%, respec-
tively). Among ninth through twelfth graders, almost 16% report being elec-
tronically bullied and over 20% report being bullied on school property. Being 
the victim of bullying is associated with a wide variety of mental health prob-
lems. When adolescent bullies become adults, they are more likely than their 
peers to become violent or abusive towards partners, spouses, and children.

 Other Diseases
Excluding intentional and unintentional injuries, cancer is the leading cause 
of death in adolescents. Cancers of major importance in adolescents include 
Hodgkin lymphoma (Chapter 177), germ cell tumors (Chapter 190), central 
nervous system tumors (Chapter 180), non-Hodgkin lymphoma (Chapter 
176), thyroid cancer (Chapter 213), malignant melanoma (Chapter 193), 
and acute lymphoblastic leukemia (Chapter 173).

 APPROACH TO THE ADOLESCENT PATIENT
When interviewing adolescent patients, the clinician should consider their 
physical, cognitive, and psychosocial developmental stage; their growing 
autonomy and increasing role in taking responsibility for managing their own 
health and well-being; and their individual progression from childhood to 
adulthood. Chronologic age is not a guarantee that all adolescents will be at 
the same stage of development. The clinician should offer adolescent health 
care in a sensitive, flexible, and developmentally and culturally appropriate  
manner.

The clinician can meet with the adolescent alone at first to give the adoles-
cent the message that she or he is the patient and the clinician is most eager 
to hear what the adolescent has to say. This is also an opportunity to assess 
the adolescent’s capacity for autonomous decision making. Conversely, the 
clinician can meet with the adolescent and her or his parents or guardians 
together for the initial part of the interview and then meet with the adolescent 
alone; this approach permits the clinician to develop an understanding of the 

Pubertal weight gain accounts for about half of a person’s ideal adult body 
weight. Peak weight gain follows the linear growth spurt by 3 to 6 months in 
adolescent girls and by about 3 months in adolescent boys. The average weight 
gain during puberty among adolescent girls is 15 to 55 lb or 7 to 25 kg (mean 
gain, 38.5 lb or 17.5 kg). Overall, adolescent boys gain 15 to 65 lb or 7 to 
30 kg during puberty (mean gain, 52.2 lb or 23.7 kg).

Boys’ body fat levels decrease during adolescence, dropping to 12% body 
fat by the end of puberty. On average, adolescent girls’ lean body mass falls 
from 80 to 75%, whereas their average body fat levels increase from 16 to 27% 
by the end of adolescence. By the time adolescent girls are 16 years of age 
and adolescent boys are 18 years of age, they have accrued more than 90% of 
their adult skeletal mass.

Sexual maturity ratings (SMRs), also known as Tanner stages, are used to 
describe the progression of secondary sexual characteristics that occur in ado-
lescents, irrespective of chronologic age. SMR is based on the development 
of breasts and the appearance of pubic hair among girls (E-Fig. 14-1) and on 
testicular and penile development and the appearance of pubic hair among 
boys (E-Fig. 14-2). SMR 1 corresponds to the prepubertal stage: puberty 
has not begun and no sexual development has occurred. SMR 2 to SMR 5 
indicates the progression of puberty to adulthood. Once young people reach 
SMR 5, they have fully developed secondary sexual characteristics. Sexual 
maturation correlates with linear growth, changes in weight and body composi-
tion, and hormonal changes.2 Sexual maturation provides important assurance 
of the normal progression of puberty or identification of abnormal pubertal 
development.

 NORMAL PSYCHOSOCIAL DEVELOPMENT
Adolescence is often divided into three psychosocial developmental phases: 
early adolescence (11 to 13 years), middle adolescence (14 to 16 years), and 
late adolescence (17 to 21 years). In early adolescence, adolescents begin to 
separate from their parents and establish an individual identity. As adolescents 
pull away from parents in search of their own identity, their peer group begins 
to take on increasing salience.

At the beginning of adolescence, cognitive abilities are dominated by con-
crete thinking. Young adolescents lack abstract reasoning capabilities, problem-
solving skills needed to overcome barriers to behavioral changes, and the 
ability to appreciate how current behaviors can affect future health status.

Middle adolescence is characterized by growth in emotional autonomy and 
increasing separation from family. The adolescents’ peer groups play a powerful 
role, and adolescents are increasingly involved in partnering relationships that 
include dating, sexual experimentation, and adverse health behaviors such as 
smoking cigarettes, drinking alcohol, using street drugs, and being truant. 
Abstract reasoning skills emerge but often regress to concrete thinking when 
adolescents are faced with stressful situations. These adolescents begin to 
understand the relationship between health behaviors and future health status, 
but peer pressure may make it challenging for them to make appropriate health-
related choices.

During late adolescence, young people become increasingly more emotion-
ally independent. Peer group values become less important, and young people 
spend more time in a relationship with one person. This late stage of adoles-
cence is characterized by the development of a strong personal identity. Abstract 
reasoning skills expand, and older adolescents have problem-solving skills 
that help them overcome challenges to behavioral change.

 VITAL STATISTICS
Morbidity and mortality among 10- to 19-year-olds are often the result of 
risky behaviors and environmental factors (Table 14-1).3 Unintentional injury 
is the leading cause of death in this age group. Malignant neoplasms, suicide, 
and homicide are the next three leading causes. Most deaths due to intentional 
injury, i.e., suicide and homicide, are theoretically preventable.

 Unintentional and Intentional Injuries
Unintentional injuries account for 25 to 40% of all deaths among 10- to 19-year-
olds. Major causes of unintentional injuries include motor vehicle accidents, 
drowning, fire, poisoning, and falls. Factors that contribute to adolescent 
injuries include socioeconomic factors (poor adolescents are at greatest risk 
for injury), environmental factors (hazards such as all-terrain vehicles, backyard 
swimming pools, firearms, kerosene heaters, and gang activity), school envi-
ronment, and developmental factors.

Suicide (Chapter 369) rates have been increasing among 10- to 19-year-olds 
since 1999, and suicide is now the second leading cause of death among youth 
15 to 19 years of age and the third leading cause among 10- to 14-year-olds. 

TABLE 14-1 LEADING CAUSES OF DEATH AMONG 10-19 
YEAR OLDS, U.S., 2015

AGES 10-14 AGES 15-19

CAUSE NUMBER (%) CAUSE NUMBER (%)
All causes 3,009 All causes 10,186
Unintentional injury 763 (25.4) Unintentional injury 3,919 (38.5)
Malignant neoplasms 428 (14.2) Suicide 2,061 (20.2)
Suicide 409 (13.6) Homicide 1,587 (15.6)
Homicide 158 (5.3) Malignant neoplasms 583 (5.7)
Congenital anomalies 156 (5.2) Heart disease 306 (3.0)
Heart disease 125 (4.2) Congenital anomalies 195 (1.9)
Chronic lower 

respiratory disease
93 (3.1) Influenza and 

pneumonia
72 (0.7)

All others 763 (25.4) All others 1,287 (12.6)
Data from the Center for Disease Control and Prevention’s Web-based Statistics Query and 
Reporting System (WISQARSTM). Available at https://webappa.cdc.gov/sasweb/ncipc/leadcause.
html. Accessed May 10, 2019.

https://webappa.cdc.gov/sasweb/ncipc/leadcause.html
https://webappa.cdc.gov/sasweb/ncipc/leadcause.html
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E-FIGURE 14-1. Female breast development. Sexual maturity rating 1 (SMR 1): Preado-
lescent; no glandular tissue. Areola and papilla: Areola conforms to general chest line. 
SMR 2: Breast buds appear; areola is slightly widened and projects as small mound. SMR 
3: enlargement of the entire breast with protrusion of the papilla or of the nipple. Breast 
and areola enlarge with no separation of their contours. SMR 4: enlargement of the breast 
and projection of areola and papilla as a secondary mound. SMR 5: Adult configuration 
of the breast with protrusion of the nipple; areola no longer projects separately from 
remainder of breast. (Redrawn from daniel WA, Paulshock BZ. A physician’s guide to 
sexual maturity rating. Patient Care. 1979;30:122. original illustration by Paul singh-Roy.)
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E-FIGURE 14-2. Female (left) and male (right) pubic hair development. Sexual maturity 
rating 1 (SMR 1): Prepubertal; no pubic hair. SMR 2: small amount of scanty, long, slightly 
pigmented, along the base of the scrotum and phallus in the male and the medial border 
of the labia majora in females. SMR 3: darker, coarser, starts to curl, small amount, extend-
ing laterally. SMR 4: coarse, curly; resembles adult type but does not extend to the medial 
surface of the thighs. SMR 5: Abundant, adult-type pattern; hair extends onto the medial 
aspect of the thighs. Right, Male genital development. SMR 1: Penis preadolescent. tes-
ticular volume <4 ml. SMR 2: Penis slight or no enlargement. Beginning enlargement of 
testes; testicular volume 4 to 8 ml; scrotal skin reddened, thinner. SMR 3: Penis increased 
in length. testicular volume 10 to 15 ml. Further enlargement of scrotum. SMR 4: Penis 
larger in breadth, glans penis develops. testes and scrotum nearly adult; testicular volume 
12-20 ml. SMR 5: Penis adult size; testicular volume greater than 25 ml. (Redrawn from 
daniel WA, Paulshock BZ. A physician’s guide to sexual maturity rating. Patient Care. 
1979;30:122. original illustration by Paul singh-Roy.)
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questionnaire or during the interview with the adolescent alone. The HEE-
ADSSS assessment, a valuable screening tool for obtaining a comprehensive 
psychosocial history, covers the following topics:
•	 Home: family members, living arrangements, and relationships
•	 Education/Employment: academic or vocational success and future plans
•	 Eating: concerns about weight or body image or disordered eating attitudes 

and behaviors; dietary intake
•	 Activities: recreational activities, dating, and relationships
•	 Drugs: use of tobacco or e-cigarettes, alcohol, illicit drugs, anabolic steroids, 

nonmedical use of prescription medications, and driving while intoxicated 
or after using drugs

•	 Sexuality: sexual orientation, sexual behaviors (including abstinence), and 
sexual abuse

•	 Suicide (mental health): feelings of sadness, loneliness, depression; or sui-
cidal ideation, attempts, and non-suicidal self-injury

•	 Safety: risk of unintentional injury or violence, fighting; or weapon carry-
ing; seat belts when driving motor vehicles; bicycle helmets, and sports-
related protective gear.

Physical Examination
In general, the adolescent physical examination should occur without a parent 
or guardian present. In some situations, the adolescent is asked whether he or 
she would prefer to have a chaperone in the room during the physical exami-
nation. A male clinician should request that a female chaperone be present 
during the physical examination of a female patient, especially during the 
breast and genital examination. In theory, a female clinician should request 
a male chaperone be present during the genital examination of a male  
patient.

Care should be taken to ensure the adolescent’s privacy. Providing an 
examination gown that covers the trunk and genital area is important. Talking 
with the adolescent during the examination also tends to increase comfort; 
explaining the procedures and commenting on the results are helpful. A com-
prehensive physical examination (Chapter 12) should include measuring the 
adolescent’s weight and height, calculating his or her body mass index, plot-
ting these measurements on standardized growth charts, and determining 
the adolescent’s SMR.

A thorough sexual history must be obtained to determine which anatomic 
sites (oral, anal, vaginal, urethral) should be screened for sexually transmitted 
infections. Annual screening for C. trachomatis and N. gonorrhoeae is recom-
mended for sexually active adolescents. A self-collected vaginal swab is the 
preferred specimen for testing women, whereas a first-catch urine specimen 
is preferred for men to screen for urethral infection (and is acceptable for 
women as well). Adolescents 13 years and older should be screened at least 
once for HIV infection. Screening intervals for all sexually transmitted infec-
tions should be based on the patient’s sexual behaviors.

Cervical cancer screening should be initiated every three years starting at 
21 years in women.5 These recommendations do not apply to young women 
with previously abnormal cervical screening results, to women with HIV infec-
tion, or to those who have other forms of immune deficiency. Indications for 
a pelvic examination in an adolescent include symptoms of vaginal or uterine 
infection, menstrual irregularities (e.g., amenorrhea, dysfunctional uterine 
bleeding, menorrhagia, and severe dysmenorrhea), undiagnosed abdominal 
or pelvic pain, tenderness, mass, trauma, sexual abuse, or assault.

Conclusion of the Health Visit
At the conclusion of the adolescent health visit, the clinician should review 
the findings with the adolescent and talk about what happens next. The ado-
lescent should have the opportunity to ask questions, get clarification, make 
comments, and respond to suggestions. The clinician should discuss with the 
adolescent what information will remain confidential. The clinician should 
then meet with the adolescent and the parents or guardians (if they have 
accompanied the adolescent to the health visit) to review the outcomes and 
to discuss the nonconfidential issues.

 SEXUAL AND REPRODUCTIVE HEALTH
Care related to sexual and reproductive health includes issues of adolescent 
sexual development, sexual orientation, sexual behaviors,6 pregnancy, and, if 
indicated, contraception. It is important that clinicians not assume while 
obtaining a sexual history that the adolescent is heterosexual; doing so will 
likely preclude receiving correct information. Almost 5% of youth report same-
sex attractions and about 1% of students describe themselves as mostly homo-
sexual or bisexual.

reason for the visit from the perspective of the adolescent and his or her 
parents or guardians and to communicate that input from both the adolescent 
and the parents or guardians is highly valued. This approach also provides an 
opportunity for the clinician to observe the interaction between the adolescent 
and parents or guardians. The final approach to the interview is to greet the 
adolescent and family and request a meeting with the parents or guardians 
alone. This approach allows the parents or guardians to discuss concerns about 
the adolescent that they may not feel comfortable raising in the presence of 
the adolescent. Having this information may improve the focus of the visit. 
In this approach, the encounter with the parents or guardians is then followed 
by the clinician’s meeting with the adolescent alone. With this interview struc-
ture, it is important that the adolescent be present from the time he or she 
meets with the clinician until the end of the visit, so that the adolescent does 
not perceive a breach of confidentiality.

 Confidentiality
Issues of consent and confidentiality are central in the physician-adolescent 
interaction. When confidentiality is guaranteed, adolescents are more likely 
to seek necessary medical care, to disclose sensitive information, and to trust 
their clinician. Under these circumstances, most adolescents will involve their 
parents in their care at some point. Parents appreciate education about the 
concept of confidentiality and recognize the importance of allowing the ado-
lescent the opportunity to speak alone with the clinician. Confidentiality is 
also important for clinicians to make an accurate diagnosis and to provide 
treatment.

Confidentiality and defining the limits of confidentiality should be dis-
cussed with the adolescent and his or her parents or guardians at the beginning 
of the interview. The adolescent and family need to know that the clinician 
will intervene if he or she believes that the adolescent’s actions may cause 
him or her, or another person, significant harm or that the adolescent is at 
imminent danger. Examples of situations in which the clinician would not 
maintain confidentiality when dealing with young people include disclosure 
of current suicidal or homicidal intent. The legal definition of confidentiality 
varies, depending on geographic location, and clinicians should be familiar 
with local laws.

Another goal of the interview is to build rapport with the adolescent and 
his or her parents or guardians. Clinicians can establish rapport at the start 
of the interview by creating an environment that is nonjudgmental, unintimi-
dating, and supportive. It is helpful to encourage the adolescent to talk about 
himself or herself—friends, hobbies, school. The clinician should listen care-
fully to the adolescent’s statements and feelings. Sensitivity to and understand-
ing of the adolescent’s developmental stage and cultural background are 
important in interviewing and interpreting answers accurately. The clinician 
should be respectful of the adolescent’s growing need to be independent and 
desire to be treated as an individual person. Taking the time to build rapport 
is key to engaging the adolescent in a discussion of his or her personal health 
concerns with the clinician.

 Preventive Health Care
Preventive health care for adolescents (Chapters 12 and 15) should promote 
physical and mental health and healthy physical, psychological, and social 
growth and development. Positive behaviors such as exercise (Chapter 13) 
and nutritious eating (Chapter 202) should be encouraged, and health risk 
behaviors such as unsafe driving, high-risk sexual behaviors, and use of tobacco 
(Chapter 29), drugs, and alcohol (Chapter 30) should be discouraged. Because 
lifelong health habits are established during adolescence, it is an important 
time to invest in health promotion and preventive services.

The U.S. Preventive Services Task Force4 recommends screening and coun-
seling of all adolescents about depression and obesity and ensuring that all 
adolescents are up-to-date on their immunizations for tetanus, diphtheria, 
pertussis, varicella, measles, mumps, rubella, hepatitis A and B, meningococcus 
(A, C, Y, W-135), influenza, polio, and human papillomavirus (HPV; Chapter 
15). In addition, at-risk adolescents should be counseled about sexually trans-
mitted infections (e.g., HIV, chlamydia, gonorrhea, and syphilis) and advised 
about immunizations for pneumococcus and meningococcal serotype B.

 Components of the Adolescent Care Health Visit
History
Open-ended, nonjudgmental, developmentally appropriate, and gender-neutral 
questions help put the adolescent at ease and produce informative answers 
(Chapter 12). In addition to a standard medical history, the assessment should 
include a psychosocial history from the adolescent, either through a screening 
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 OBESITY
More than one third of children and adolescents are overweight or obese. 
Obese adolescents are significantly more likely to become severely obese in 
adulthood. Interventions should focus on changing behavior, increasing physical 
activity, reducing screen time, and modifying the diet. A1  Randomized trials 
also show that substituting sugar-free for sugar-sweetened beverages can reduce 
short-term weight gain, A2  but family-based behavioral treatment programs 
offer the best short- and long-term success for weight management. A3  In extreme 
cases, pharmacotherapy and even bariatric surgery may be considered in the 
therapeutic plan (Chapter 207).

 MENTAL HEALTH
Approximately 75% of lifetime cases of depression and anxiety (Chapter 369) 
start by age 24 years. About 5 to 8% of adolescents have a clinically significant 
depressive illness and 10 to 20% of 15- to 24-year-olds have an anxiety disorder. 
Approximately 10% of school-aged children have attention deficit/hyperactivity 
disorder. Adolescents diagnosed with one of these mental health problems 
often have other comorbid disorders. Left undiagnosed or untreated, these 
disorders can influence development, education, social relationships, and 
participation in the workforce.

 Eating Disorders
Eating disorders (Chapter 206) commonly begin during adolescence.10 For 
adolescent-onset eating disorders, early recognition and aggressive treatment 
are critical to a successful outcome. The medical complications of eating dis-
orders in adolescents include growth retardation, pubertal delay, low bone 
mineral density, and changes in brain structure and cognitive function. These 
complications, which occur early in the disease process, may not be completely 
reversible.

The goals of treatment are to restore physical health, normal eating behavior 
patterns, and mental health and to reduce the impact of the eating disorder 
on the quality of life. Adolescents should be treated at a facility where the 
health professionals understand eating disorders and have experience in treat-
ing adolescents. Successful management strategies for adolescents with eating 
disorders include early restoration of a normal nutritional and physiologic 
state, involvement of the family in the treatment, and incorporation of an 
interdisciplinary team in the treatment. Family-based therapy is an effective 
first-line, outpatient treatment for adolescents with eating disorders and helps 
protect against relapse. A4 

 Substance Abuse
Nearly half of adolescents try an illicit drug (Chapter 31) by the time they 
finish high school. Just over 60% of adolescents consume alcohol (Chapter 
30) by the end of high school, and about 40% report having been drunk at 
least once in their life. Adolescents who begin using alcohol or drugs before 
15 years of age are more than five times more likely to develop an addictive 
disorder later in life compared with those who first use alcohol at 21 years of 
age. About 25% of U.S. adolescents have used marijuana in the past year, and 
this percentage has remained relatively stable over the last decade. Adolescents 
are now more likely to use e-cigarettes than to smoke conventional cigarettes 
(Chapter 29); however, those who use e-cigarettes are more likely than non-
users to initiate conventional cigarette use as well. In 2004, almost 10% of 
12th graders reported nonmedical use of prescription opioids (Chapter 31), 
but that number dropped to under 5% by 2016.

Adolescent drug use is the result of a complex interaction among genetic, 
social, environmental, and personal risk factors. Boys tend to initiate drug 
and alcohol use at younger ages than girls do, but once girls begin to experi-
ment, they are just as likely as boys to use drugs. Boys are more likely to 
consume marijuana, steroids, and smokeless tobacco, whereas girls are more 
likely to abuse amphetamines and methamphetamine.

Adolescents with poor self-esteem and low motivation, as well as those 
without an attachment to school and/or with poor academic achievement 
have a greater propensity for alcohol and drug abuse compared with those 
without these characteristics. Adolescents with a family history of alcohol or 
other drug abuse are also at greater risk. Adolescents are less likely to succumb 
to external pressures toward drug use if they have a strong sense of attachment 
to parents who clearly communicate their disapproval of drug use.

Signs and symptoms suggestive of substance abuse include changes in 
physical appearance, poor hygiene or dress, wearing long-sleeved shirts to 
hide scarring at injection sites, persistent cough or bronchitis, difficulty 
sleeping, sudden weight loss or weight gain, sudden changes in personality, 

In the United States, slightly more than 2% of girls and almost 6% of boys 
in grades 9 to 12 started having sex before they were 13 years old. About 45% 
of high-school boys and 40% of girls in grades 9 to 12 have had vaginal inter-
course at least once, and about 60% of both boys and girls have vaginal inter-
course by their senior year.7 About 12% of adolescents have had four or more 
sex partners during their lives, and over 40% of sexually active high-school 
students did not use a condom when they last had sexual intercourse. Nearly 
15% of women ages 18 to 19 report having been forced to have intercourse. 
Adolescents are more likely to report engaging in oral than in vaginal sex 
because they perceive oral sex as significantly less risky (fewer health, social, 
and emotional consequences) than vaginal sex, but adolescents who engage 
in oral sex also are more likely to engage in vaginal sex.

Almost 250,000 babies are born annually to U.S. women aged 15 to 19, 
but this rate of 24.2 births/1,000 women in this age group represents a historic 
low for the United States.8 Even so, the United States has the highest adolescent 
birthrate of any developed country. Abortion rates in this age group have now 
decreased by almost 50% since 1990. Most of this decrease is attributable to 
increased use of effective contraception and decreased sexual activity. Ado-
lescent pregnancy is more common among African American and Hispanic 
girls as well as among girls from low-income families.

 Contraception
The most commonly used contraceptive methods in adolescents are oral con-
traceptive pills and condoms, although new hormonal delivery systems, such 
as transdermal patches, vaginal rings, and long-acting reversible contraceptives, 
are convenient and effective (Chapter 225). Long-acting reversible contracep-
tive methods (intrauterine devices and contraceptive implants) are now rec-
ommended as the contraceptive method of choice for young women because 
of their high effectiveness. Routine counseling about and advance provision 
of emergency contraception is an important part of the public health strategy 
to reduce teen pregnancy rates (Chapter 225).

 Sexually Transmitted Infections
Young people ages 15 to 24 account for half of all new sexually transmitted 
infections in the United States (Chapter 269). In 2015, adolescents 15 to 19 
years of age accounted for 26% of the reported cases of chlamydia (Chapter 
302) and 18% of the cases of gonorrhea (Chapter 283) in the United States. 
The overall prevalence of Chlamydia trachomatis infections among 14- to 
19-year-olds is approximately 2%, but the prevalence varies and is higher 
among young women than men. In adolescents, HIV infection (Chapter 360) 
is contracted primarily as a sexually transmitted infection, and youth 13 to 24 
years of age represent over 20% of all new diagnoses of HIV infection in the 
United States. HPV (Chapter 349), which is the most prevalent of all sexually 
transmitted infections in 15- to 24-year-olds, has a prevalence of about 20% 
in adolescent girls 14 to 17 years of age. HIV and syphilis are of particular 
concern among African American and Latino male adolescents with same sex  
partners.

Adolescents are at increased risk for acquiring sexually transmitted infec-
tions for a number of reasons, including elevated rates among sex partners 
and inconsistent or incorrect condom use. Sexual minority youth may have 
particular difficulty accessing appropriate sexual health services. Adolescent 
girls may have persistent vaginal columnar epithelium that is more susceptible 
than squamous epithelium to infection with Neisseria gonorrhoeae, C. tracho-
matis, and HPV as well as lower levels of immunoglobulin A in their cervical 
mucus. For all adolescents, treatment may be delayed owing to an inability 
to access confidential health care services, lack of health care coverage, neigh-
borhood chaos, poverty, and drug trafficking and use.

Chlamydial infections (Chapter 302) are overwhelmingly asymptomatic. 
When symptoms are present, they may be so mild or short-lived that they are 
easily ignored. Otherwise, clinical presentations and treatments of sexually 
transmitted infections (Chapter 269) in adolescents are similar to those in 
adults.

To maximize the likelihood of successful treatment of these infections, 
an observed single-dose therapy is recommended. In addition, whenever 
possible, expedited partner therapy, which is the treatment of sexual part-
ners without requiring a prior clinical evaluation or prevention counseling, 
reduces the risk of recurrent sexually transmitted infections better than standard 
management and should be used within 60 days wherever state law permits. 
Clinicians should consider the use of expedited partner therapy for partners 
exposed to heterosexual males and females with chlamydia or gonorrhea 
infections, especially when in-person evaluation and treatment are unlikely  
(Chapter 269).9
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aggressive behavior, irritability, nervousness, giddiness, changes in peer 
group, increased isolation from peers or family, depression, loss of interest 
in once favorite activities, decline in performance or attendance at school 
or work, forgetfulness, increased secretiveness, money or objects disappear-
ing from the household, and prescription drugs that seem to be used up too  
quickly.

A validated screening tool for alcohol and substance abuse (Table 14-2) 
should be used in adolescents.11 Those answering yes to one question should 
receive feedback regarding the adverse effects of substance abuse. Those who 
answer yes to two or more questions are at high risk for substance abuse 
problems and require further assessment or referral (Chapters 30 and  
31). A5  Urine drug testing has low sensitivity for detection of drug use, and 
there is no consensus about its role for screening of adolescents.

Alcohol and drug use contributes to more than 40% of adolescent deaths 
from motor vehicle crashes, to suicide attempts, and to an increased risk for 
subsequent use and dependence and related problems in adulthood. Histori-
cally, substance abuse treatment has been based on abstinence. A6  More recently, 
a harm-reduction approach has gained acceptance. Adolescents discontinue 
drug and alcohol use mainly because of concern about their negative effects, 
and community-based interventions can be effective. Individual interventions 
appear to have a larger effect size than family-based interventions A7  in reducing 
alcohol abuse, with the effect size decreasing over time.

 CHRONIC ILLNESS AND TRANSITION
The prevalence of chronic diseases in adolescents has increased significantly 
because advances in medical technology and treatments have increased the 
survival of young people with childhood diseases formerly considered lethal. 
About 18% of adolescents in the United States live with a chronic illness. 
Chronic illness may affect the adolescent’s development, or the adolescent’s 
development may affect the illness. For example, cystic fibrosis (Chapter 83) 
may delay puberty and hinder normal peer development. Puberty can exac-
erbate diabetes mellitus (Chapter 216). Increased risk-taking by adolescents 
with diabetes, asthma, or chronic renal failure can hinder their compliance 
with their medication regimen.

Adolescents in general, and those with special health care needs in particular, 
require a smooth, seamless, coordinated, and developmentally appropriate 
transition to support their engagement in the adult health care system. The 
patient, family, and pediatric and adult health care systems should view the 
transition as a natural part of the developmental process of care for all ado-
lescents. The recommended elements of a transition plan include early indi-
vidualized planning and preparation of patient, family, and health care teams; 
tailored written transition plans; coordination by both the transferring and 
receiving physicians; introductory meetings for young adults with their new 
providers before transfer; transfer at a time of disease stability rather than 
during a period of instability; and the introduction of transition coordinators 
who act as liaisons between the pediatric and adult health care system.

TABLE 14-2 CRAFFT SCREENING TOOL FOR DRUG AND 
ALCOHOL USE IN ADOLESCENTS

The adolescent is instructed, “Please answer these next questions honestly. Your 
answers will be kept confidential. During the past 12 months, did you …”
Drink any alcohol (more than a few sips)?
Smoke any marijuana or hashish?
Use anything else to get high?

If the adolescent answers no to the three opening questions, the provider only needs 
to ask the adolescent the first question—the CAR question. If the adolescent 
answers yes to any one or more of the three opening questions, the provider asks 
all six CRAFFT questions.
C—Have you ever ridden in a CAR driven by someone (including yourself) who 

was “high” or had been using alcohol or drugs?
R—Do you ever use alcohol or drugs to RELAX, feel better about yourself, or fit 

in?
A—Do you ever use alcohol/drugs while you are by yourself, ALONE?
F—Do you ever FORGET things you did while using alcohol or drugs?
F—Do your family or FRIENDS ever tell you that you should cut down on your 

drinking or drug use?
T—Have you gotten into TROUBLE while you were using alcohol or drugs?

CRAFFT is a mnemonic acronym of the first letters of key words in the six screening 
questions. The questions should be asked exactly as written.
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4. Which statement BEST describes the overall goals of treatment in adoles-
cents with eating disorders?
 A. The goals of treatment are to restore physical and mental health, normal 

eating behavior patterns, and to reduce the impact of the eating disorder 
on the quality of life.

 B. The goals of treatment are to restore mental health, parental relation-
ships, normal eating behavior patterns, and to reduce the impact of the 
eating disorder on the quality of life.

 C. The goals of treatment are to restore physical and mental health, to 
reduce the impact of the eating disorder on the quality of life, and to 
improve academic performance

 D. The goals of treatment are to restore physical and mental health, normal 
eating behavior patterns, and parental relationships.

 E. The goals of treatment are to restore physical health, healthy weight, 
normal eating behavior patterns, and to increase physical endurance.

Answer: A The goals of treatment are to restore physical health, normal eating 
behavior patterns, and mental health, as well as to reduce the impact of the 
eating disorder on the quality of life.

5. Which ONE of the following statements about the influence of peer groups 
on adolescents is correct?
 A. Peer groups are equally influential throughout adolescent development.
 B. Peers groups are most influential during early adolescence.
 C. Peers groups are most influential during middle adolescence.
 D. Peer groups are most influential during late adolescence.
 E. Peer groups play a greater role in female compared to male adolescent 

development.
Answer: C As adolescents pull away from parents in search of their own 
identity, their peer group begins to take on increasing salience. During middle 
adolescence, peer groups play a powerful role, and adolescents are increasingly 
involved in partnering relationships that include dating, sexual experimenta-
tion, and adverse health behaviors such as smoking cigarettes, drinking alcohol, 
using street drugs, and being truant. During late adolescence, peer group values 
tend to become less important, as many young people spend more time in a 
relationship with one person.

REVIEW QUESTIONS

1. Which ONE of the following statements about sexual maturity ratings 
(SMR) is correct?
 A. SMR is based on chronologic age.
 B. SMR is based on the development of breasts only among girls.
 C. SMR is based on the appearance of pubic hair only among boys.
 D. SMR 2 to SMR 5 indicate the progression of puberty to adulthood.
 E. SMR 0 corresponds to the prepubertal stage.

Answer: D Sexual maturity rating (SMR) 1 corresponds to the prepubertal 
stage: puberty has not begun and no sexual development has occurred. SMR 
2 to SMR 5 indicate the progression of puberty to adulthood. Once young 
people reach SMR 5, they have fully developed secondary sexual characteristics. 
Sexual maturation correlates with linear growth, changes in weight and body 
composition, and hormonal changes. Sexual maturation provides important 
assurance regarding the normal progression of puberty or identification of 
abnormal pubertal development.

2. What are the THREE leading causes of death in adolescents 15 to 19 years 
old who live in the United States?
 A. Unintentional injury, suicide, congenital malformations
 B. Suicide, homicide, malignant neoplasias
 C. Unintentional injury, suicide, homicide
 D. Suicide, malignant neoplasias, diseases of the heart
 E. Unintentional injury, homicide, congenital malformations

Answer: C Morbidity and mortality among 15- to 19-year-olds are often the 
result of risky behaviors and environmental factors (see Table 14-1). Unin-
tentional injury is the leading cause of death in this age group, followed by 
suicide and homicide. Most deaths due to unintentional injury, suicide, and 
homicide are theoretically preventable.

3. Which ONE of the following statements about confidentiality is correct?
 A. Parents are not able to appreciate the importance of allowing the ado-

lescent the opportunity to speak alone with the clinician.
 B. Confidentiality and defining the limits of confidentiality should be dis-

cussed with the adolescent and not with the parents.
 C. The adolescent and family need to know that the clinician will intervene 

if he or she believes that the adolescent’s actions may cause him or her, 
or another person, significant harm.

 D. The duty of confidentiality precludes encouraging and empowering 
adolescents to talk to their parents or guardians about important health 
care issues.

 E. The legal definition of confidentiality is the same for all geographic 
locations.

Answer: C Confidentiality and its limits should be discussed with the ado-
lescent and his or her parents or guardians at the beginning of the interview. 
The adolescent and family need to know that the clinician will intervene if he 
or she believes that the adolescent’s actions may cause him or her, or another 
person, significant harm or that the adolescent is in imminent danger. Examples 
of situations in which the clinician would not maintain confidentiality when 
dealing with young people include disclosure of current suicidal or homicidal 
intent. Parents appreciate education about the concept of confidentiality and 
recognize the importance of allowing the adolescent the opportunity to speak 
alone with the clinician. The legal definition of confidentiality varies, depend-
ing on geographic location, and clinicians should be familiar with local laws.
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15 
IMMUNIZATION
RAYMOND A. STRIKAS AND WALTER A. ORENSTEIN

Immunization is one of the most cost-effective means of preventing morbidity 
and mortality from infectious diseases. Routine immunization, particularly 
of children, has resulted in decreases of 90% or more in reported cases of 
measles, mumps, rubella, congenital rubella syndrome, poliomyelitis, tetanus, 
invasive Haemophilus influenzae type b, varicella, hepatitis A, and diphtheria. 
In many circumstances, immunization in children and adults not only prevents 
morbidity and mortality but also reduces health care costs in the long run.

 GENERAL CHARACTERISTICS  
OF IMMUNIZATIONS

Immunization protects against disease or the sequelae of disease through the 
administration of an immunobiologic—a vaccine, toxoid, immune globulin 
preparation, or antitoxin. Protection induced by immunization can be active 
or passive (Tables 15-1 and 15-2).

 Active Immunization
Administration of a vaccine or toxoid causes the body to produce an immune 
response against the infectious agent or its toxins. Vaccines consist of suspen-
sions of live (usually attenuated) or inactivated microorganisms or fractions 
thereof. Toxoids are modified bacterial toxins that retain immunogenic proper-
ties but lack toxicity. Active immunization generally results in long-term 
immunity, although the onset of protection may be delayed because it takes 
time for the body to respond. With live attenuated vaccines, small quantities 
of living organisms multiply within the recipient until an immune response 
cuts off replication. In most recipients, a single dose of most live vaccines 
generally induces a long-term immune response that closely parallels natural 
infection. Additional doses are recommended to ensure high rates of popula-
tion immunity. In contrast, inactivated vaccines and toxoids often require 
multiple doses to induce long-term protection.

 Passive Immunization
Passive immunization with use of immune globulins or antitoxins delivers 
preformed antibodies to provide temporary immunity. Immune globulins 
obtained from human blood may contain antibodies to a variety of agents, 
depending on the pool of human plasma from which they are prepared. Spe-
cific immune globulins are made from the plasma of donors with high levels 
of antibodies to specific antigens (such as tetanus immune globulin). Most 
immune globulins must be injected intramuscularly, although intravenous 
and subcutaneous preparations are also available. Antitoxins are solutions 
of antibodies derived from animals immunized with specific antigens (e.g., 
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3 to 11 months after immune globulin. Immune globulin does not interfere 
with the response to yellow fever vaccine and is not believed to interfere with 
orally or intranasally administered live virus vaccines.

 Contraindications and Precautions
Persons who administer vaccines should screen patients for contraindications 
and precautions to the vaccine before each dose of vaccine is administered 
(E-Table 15-1). Screening is facilitated by consistent use of screening question-
naires, which are available from certain state vaccination programs and other 
sources (e.g., the Immunization Action Coalition, http://www.immunize.org). 
A contraindication is a condition that increases the risk for a serious adverse 
reaction. A vaccine should not be administered when a contraindication is 
present; for example, MMR vaccine should not be administered to severely 
immunocompromised persons. The only contraindication applicable to all 
vaccines is a history of a severe allergic reaction (i.e., anaphylaxis) after a 
previous dose of vaccine or to a vaccine component (unless the recipient 
has been desensitized). In addition, severely immunocompromised persons 
generally should not receive live vaccines. Because of the theoretical risk to 
the fetus, women known to be pregnant generally should not receive live, 
attenuated virus vaccines.

A precaution is a condition that may increase the risk for a serious adverse 
reaction or that may compromise the ability of the vaccine to produce immu-
nity (e.g., administering measles vaccine to a person with passive immunity 
to measles from a blood transfusion or administering influenza vaccine to a 
person with a history of Guillain-Barré syndrome within 6 weeks of a previous 

diphtheria antitoxin). Passive immunization usually is indicated to protect 
individuals immediately before anticipated exposure or shortly after known 
or suspected exposure to an infectious agent (see Table 15-1), when active 
immunization either is not possible or has not been adequate.

 Route and Timing of Vaccination
Each immunobiologic has a preferred site and route of administration. In 
adults, vaccines intended for intramuscular injection should preferably be 
administered in the deltoid muscle. For most adults, intramuscular injections 
should be administered with a 1- to 11

2-inch, 22- to 25-gauge needle. Use of 
the buttocks is discouraged except when large volumes are required because 
of the potential for damage to the sciatic nerve and because of diminished 
immune response to some vaccines (such as hepatitis B), probably because 
vaccine is injected into fat rather than into muscle. Subcutaneous vaccines are 
usually administered in the triceps area. In general, inactivated vaccines and 
toxoids can be given at the same visit at different sites. Live and inactivated 
vaccines usually can be administered at the same time. For example, measles, 
mumps, and rubella (MMR) vaccine can be administered at the same time 
as inactivated poliovirus vaccine and live attenuated varicella vaccine. In general, 
injected and intranasally administered live vaccines not delivered on the same 
day should be separated by at least 4 weeks to avoid interference by the second 
vaccine of viral replication and immunity induced by the first vaccine. Orally 
administered live vaccines (such as oral typhoid vaccine) can be administered 
at any interval before or after live injected or intranasal vaccines. Immune 
globulin may interfere with the replication of injected live vaccine viruses; 
ideally, most live vaccines should be administered at least 2 weeks before or 

TABLE 15-1 PASSIVE IMMUNIZATIONS FOR ADULTS
DISEASE NAME OF MATERIAL* COMMENTS AND USE
Tetanus Tetanus immune globulin, human Management of tetanus-prone wounds in persons without adequate prior active 

immunization and treatment of tetanus
Cytomegalovirus Cytomegalovirus immune globulin, intravenous Prophylaxis for bone marrow and kidney transplant recipients
Diphtheria Diphtheria antitoxin, equine Treatment of established disease; high frequency of reactions to serum of nonhuman 

origin; in the United States, available only from CDC
Rabies Rabies immune globulin, human Postexposure prophylaxis of animal bites
Measles Immune globulin, human Prevention or modification of disease in exposed persons, not for control of outbreaks; 

particularly indicated for unvaccinated infants aged <12 mo, pregnant women without 
evidence of measles immunity, and severely immunocompromised persons

Hepatitis A Immune globulin, human Preexposure and postexposure prophylaxis for travelers and others who need protection 
before immunity can be achieved with hepatitis A vaccine

Hepatitis B Hepatitis B immune globulin, human Prophylaxis for needle stick or mucous membrane contact with HBsAg-positive persons, 
for sexual partners with acute hepatitis B or carriers of hepatitis B, for infants born to 
mothers who are carriers of HBsAg, for infants whose mother or primary caregiver has 
acute hepatitis B

Varicella Varicella zoster immune globulin, human Persons with underlying disease and at risk for complications from chickenpox who have 
not had varicella or varicella vaccine and who are exposed to varicella; may be given up 
to 10 days after exposure to known susceptible adults, particularly if antibody negative

Vaccinia Vaccinia immune globulin Treatment of eczema vaccinatum, vaccinia necrosum, and severe inadvertent inoculations 
such as ocular vaccinia after vaccinia (smallpox) vaccination; available only from CDC

Erythroblastosis fetalis Rh immune globulin Rh-negative women who give birth to Rh-positive infants or who abort
Hypogammaglobulinemia Immune globulin, intravenous, subcutaneous Maintenance therapy
Idiopathic 

thrombocytopenic 
purpura

Immune globulin, intravenous Therapy for acute episodes

Botulism Heptavalent A, B, C, D, E, F, E, G antitoxin, equine
Botulism immune globulin for infants

Treatment of botulism; available through CDC
Treatment of botulism in infants

Snakebite Antivenin, equine (North American coral snake 
antivenin)

Specific for North American coral snake, Micrurus fulvius

Crotalidae, polyvalent Effective for viper and pit viper bites, including 
rattlesnakes, copperheads, moccasins

Crotalidae Immune 
F(ab’)2 (Equine)

Equine-derived antivenin indicated for the management 
of adult and pediatric patients with North American 
rattlesnake envenomation

Specific for North American rattlesnake, Crotalus spp.

Spider bite Antivenin, equine Specific for black widow spider, Latrodectus mactans, and other members of the genus
Scorpion Fab fragments, equine Specific for Centruroides genus scorpions
*All products to be administered intramuscularly, unless otherwise indicated.
CDC = Centers for Disease Control and Prevention; HBsAg = hepatitis B surface antigen.

Text continued on p. 67

http://www.immunize.org/
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E-TABLE 15-1 CONTRAINDICATIONS AND PRECAUTIONS FOR VACCINES RECOMMENDED FOR ADULTS AGED 19 YEARS OR 
OLDER*

The Advisory Committee on Immunization Practices (ACIP) recommendations and package inserts for vaccines provide information on contraindications and precautions 
related to vaccines. Contraindications are conditions that increase chances of a serious adverse reaction in vaccine recipients and the vaccine should not be administered when 
a contraindication is present. Precautions should be reviewed for potential risks and benefits for vaccine recipients.

CONTRAINDICATIONS AND PRECAUTIONS FOR VACCINES ROUTINELY RECOMMENDED FOR ADULTS

VACCINE(S) CONTRAINDICATIONS PRECAUTIONS
All vaccines routinely 

recommended for 
adults

•	 Severe	reaction,	e.g.,	anaphylaxis,	after	a	previous	
dose or to a vaccine component

•	 Moderate	or	severe	acute	illness	with	or	without	fever

ADDITIONAL CONTRAINDICATIONS AND PRECAUTIONS FOR VACCINES ROUTINELY RECOMMENDED FOR ADULTS

VACCINE(S) ADDITIONAL CONTRAINDICATIONS ADDITIONAL PRECAUTIONS
IIV1 •	 History	of	Guillain-Barré	syndrome	within	6	wk	after	previous	influenza	vaccination
RIV1 •	 History	of	Guillain-Barré	syndrome	within	6	wk	after	previous	influenza	vaccination
Live attenuated influenza 

vaccine (LAIV)
•	 Adults	who	are	immunocompromised	due	to	any	cause	

(including immunosuppression caused by medications or 
by HIV infection)

•	 Close	contacts	and	caregivers	of	severely	
immunosuppressed persons who require a protected 
environment

•	 Pregnancy
•	 Receipt	of	influenza	antiviral	medication	within	the	

previous 48 hr

•	 History	of	Guillain-Barré	syndrome	within	6	wk	of	receipt	of	influenza	vaccine
•	 Asthma
•	 Other	underlying	medical	conditions	that	might	predispose	to	complications	after	

wild-type influenza infection (e.g., chronic pulmonary, cardiovascular [except 
isolated hypertension], renal, hepatic, neurologic, hematologic, or metabolic 
disorders [including diabetes mellitus])

Tdap, Td •	 For	pertussis-containing	vaccines:	encephalopathy,	
e.g., coma, decreased level of consciousness, or 
prolonged seizures, not attributable to another 
identifiable cause within 7 days of administration of a 
previous dose of a vaccine containing tetanus or 
diphtheria toxoid or acellular pertussis

•	 Guillain-Barré	syndrome	within	6	wk	after	a	previous	dose	of	tetanus	toxoid-
containing vaccine

•	 History	of	Arthus-type	hypersensitivity	reactions	after	a	previous	dose	of	tetanus	or	
diphtheria toxoid-containing vaccine. Defer vaccination until at least 10 yr have 
elapsed since the last tetanus toxoid-containing vaccine

•	 For	pertussis-containing	vaccine,	progressive	or	unstable	neurologic	disorder,	
uncontrolled seizures, or progressive encephalopathy (until a treatment regimen has 
been established and the condition has stabilized)

MMR2 •	 Severe	immunodeficiency,	e.g.,	hematologic	and	solid	
tumors, chemotherapy, congenital immunodeficiency 
or long-term immunosuppressive therapy,3 human 
immunodeficiency virus (HIV) infection with severe 
immunocompromise

•	 Pregnancy

•	 Recent	(within	11	mo)	receipt	of	antibody-containing	blood	product	(specific	
interval depends on product)4

•	 History	of	thrombocytopenia	or	thrombocytopenic	purpura
•	 Need	for	tuberculin	skin	testing5

VAR2 •	 Severe	immunodeficiency,	e.g.,	hematologic	and	solid	
tumors, chemotherapy, congenital immunodeficiency 
or long-term immunosuppressive therapy,3 HIV 
infection with severe immunocompromise

•	 Pregnancy

•	 Recent	(within	11	mo)	receipt	of	antibody-containing	blood	product	(specific	
interval depends on product)4

•	 Receipt	of	specific	antiviral	drugs	(acyclovir,	famciclovir,	or	valacyclovir)	24	hr	
before vaccination (avoid use of these antiviral drugs for 14 days after vaccination)

RZV •	 Current	herpes	zoster	infection
•	 Pregnancy	and	breastfeeding

ZVL2 •	 Severe	immunodeficiency,	e.g.,	hematologic	and	solid	
tumors, chemotherapy, congenital immunodeficiency 
or long-term immunosuppressive therapy,3 HIV 
infection with severe immunocompromise

•	 Pregnancy

•	 Receipt	of	specific	antiviral	drugs	(acyclovir,	famciclovir,	or	valacyclovir)	24	hr	
before vaccination (avoid use of these antiviral drugs for 14 days after vaccination)

HPV vaccine •	 Pregnancy
PCV13 •	 Severe	allergic	reaction	to	any	vaccine	containing	

diphtheria toxoid
For additional information on use of influenza vaccines among persons with egg allergy, see: CDC. Prevention and control of seasonal influenza with vaccines: recommendations of the Advisory Committee on 
Immunization Practices—United States, 2016–17 influenza season. MMWR. 2016;65(RR-5):1–54. Available at www.cdc.gov/mmwr/volumes/65/rr/rr6505a1.htm.
MMR may be administered together with VAR or ZVL on the same day. If not administered on the same day, separate live vaccines by at least 28 days.
Immunosuppressive steroid dose is considered to be daily receipt of 20 mg or more prednisone or equivalent for 2 or more weeks. Vaccination should be deferred for at least 1 month after discontinuation of 
immunosuppressive steroid therapy. Providers should consult ACIP recommendations for complete information on the use of specific live vaccines among persons on immune-suppressing medications or with 
immune suppression because of other reasons.
Vaccine should be deferred for the appropriate interval if replacement immune globulin products are being administered. See: Best practices guidance of the Advisory Committee on Immunization Practices 
(ACIP). Available at www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html.
Measles vaccination may temporarily suppress tuberculin reactivity. Measles-containing vaccine may be administered on the same day as tuberculin skin testing, or should be postponed for at least 4 weeks after 
vaccination.
HepA = hepatitis A vaccine; HepA-HepB = hepatitis A and hepatitis B vaccines; HepB = hepatitis B vaccine; Hib = Haemophilus influenzae type b vaccine; HPV = vaccine human papillomavirus vaccine; IIV = 
inactivated influenza vaccine; MenACWY = serogroups A, C, W, and Y meningococcal vaccine; MenB = serogroup B meningococcal vaccine; MMR = measles, mumps, and rubella vaccine; PCV13 = 13-valent 
pneumococcal conjugate vaccine; PPSV23 = 23-valent pneumococcal polysaccharide vaccine; RIV = recombinant influenza vaccine; RZV = recombinant zoster vaccine; Td = tetanus and diphtheria toxoids; 
Tdap = tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine; VAR = varicella vaccine; ZVL = zoster vaccine live.
*Adapted from Centers for Disease Control and Prevention (CDC). Table 6. Contraindications and precautions to commonly used vaccines. General recommendations on immunization: recommendations of 
the Advisory Committee on Immunization Practices. MMWR. 2011;60(No. RR-2):40–1 and from: Hamborsky J, Kroger A, Wolfe S, eds. Appendix A. Epidemiology and prevention of vaccine preventable 
diseases. 13th ed. Washington, DC: Public Health Foundation, 2015. Available at www.cdc.gov/vaccines/pubs/pinkbook/index.html.

http://www.cdc.gov/mmwr/volumes/65/rr/rr6505a1.htm
http://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
http://www.cdc.gov/vaccines/pubs/pinkbook/index.html
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TABLE 15-2 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS*

DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Anthrax Anthrax vaccine, 

adsorbed, an 
inactivated 
vaccine

Preexposure prophylaxis of persons 
at high risk of exposure (e.g., 
military, certain laboratory 
workers)

Consider with antibiotics for 
postexposure prophylaxis

0.5-mL dose IM at 0, 4, and 
6 wk and boosters at 12 and 
18 mo, then booster 
annually thereafter

If used after exposure, three 
doses at 0, 2, and 4 wk with 
60 days of antimicrobial 
therapy; antibiotics should 
be continued for 14 days 
after third dose

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

P: Moderate or severe acute 
illness

Effectiveness against 
aerosol exposure 
inferred primarily 
from animal data

Limited data on the 
benefits of 
postexposure use

Cholera Cholera vaccine, live 
attenuated oral 
cholera vaccine

Adults 18-64 yr, traveling to an area 
of active cholera transmission

One oral dose before travel; 
booster doses are not 
presently recommended

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

P: Moderate or severe acute 
illness

There are no data about use 
of this vaccine in
•	 Pregnant	women
•	 Immunocompromised	

persons
•	 Children	<18 yr and 

adults 65 yr and older

All travelers to 
cholera-affected areas 
should follow safe 
food and water 
precautions and 
proper sanitation and 
personal hygiene 
measures as primary 
strategies to prevent 
cholera

Diphtheria Tetanus and 
diphtheria toxoids 
combined

All adults For incompletely immunized 
adults, three doses IM 
needed for primary series: 
two doses IM 4 wk apart, 
third dose 6-12 mo after 
second dose; one of these 
doses should be Tdap

Booster every 10 yr
No need to repeat if schedule 

is interrupted

C: History of neurologic 
reaction after a previous 
dose

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

P: Moderate or severe acute 
illness

Tetanus and diphtheria 
toxoids combined 
with acellular 
pertussis vaccine 
(Tdap) preferred as 
one-time booster for 
all persons

Hepatitis A Inactivated hepatitis 
A vaccine

Travelers to highly or intermediately 
endemic countries

Men who have sex with men
Illegal drug users (injection and 

noninjection)
Persons who work with hepatitis A 

virus–infected primates or who do 
research with the virus

Persons with chronic liver disease
Recipients of clotting factors

Two doses at least 6 mo apart 
for persons aged ≥1 yr

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

P: Moderate or severe acute 
illness

Recommended for all 
children

Should be considered for 
outbreak control

Hepatitis B Two inactivated 
hepatitis B virus 
subunit vaccines 
containing 
HBsAg; one 
vaccine containing 
HBsAg and an 
adjuvant

Adolescents
Health care and public safety workers 

potentially exposed to blood
Clients and staff of institutions for 

the developmentally disabled
Hemodialysis patients
Men who have sex with men
Users of illicit injectable drugs
Recipients of clotting factors
Household and sexual contacts of 

HBV carriers
Inmates of long-term correctional 

facilities
Heterosexuals treated for sexually 

transmitted diseases or with 
multiple sexual partners

Travelers with close contact for 
≥6 mo with populations with high 
prevalence of HBV carriage

Adults 19-59 yr with diabetes 
mellitus

Three doses IM at 0, 1, and 
6 mo, or two doses 1 mo 
apart

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

P: Moderate or severe acute 
illness

Pregnancy is not a 
contraindication

Health care workers who 
have contact with 
patients or blood, 
sexual contacts of 
persons with chronic 
HBV infection, 
hemodialysis patients, 
other 
immunosuppressed 
persons, and 
recipients of clotting 
factor concentrates 
should be tested 
1-2 mo after 
vaccination to 
determine serologic 
response
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Human papillomavirus L1 capsid proteins of 

types 6, 11, 16, 
18, 31, 33, 45, 52, 
and 58 (nine-
valent; bivalent 
and quadrivalent 
vaccines, while 
licensed are no 
longer available in 
the United States)

Females at 11-12 yr; catch-up 
vaccination of females through 
26 yr

Males 11-12 yr and catch-up 
vaccination through 21 yr; 
consider catch-up through 26 yr to 
prevent anogenital and 
oropharyngeal cancers and genital 
warts

Two 0.5-mL doses IM at 0 and 
6-12 mo if initiating vaccine 
series before 15 yr

Three 0.5-mL doses IM at 0, 1 
to 2, and 6 mo if first dose 
given at 15 yr or older

C: Severe allergic reaction to 
a vaccine component or to 
a prior dose

Vaccine is not recommended 
for pregnant women

P: Moderate or severe acute 
illness

The vaccine will not 
protect against 
existing infections

Because the types in the 
vaccines are not 
responsible for all 
HPV infections 
associated with 
cervical cancer, 
screening for cancer 
should occur as for 
unvaccinated women

Approved by the FDA 
for 27 to 45 year olds

Influenza Inactivated virus 
vaccine

All persons ≥6 mo of age, with 
greatest priority for those at higher 
risk for influenza complications 
(e.g., ≥65 yr old, persons with 
underlying medical conditions, 
pregnant women) or in contact 
with those at higher risk (e.g., 
health care workers, and persons 
with close contact with children 
<5 yr)

Annual vaccination; see annual 
ACIP recommendation

C: Severe allergic reaction to 
an influenza vaccine 
component (except eggs) 
or after a prior dose

P: Moderate or severe acute 
illness

P: GBS within 6 wk of prior 
dose of influenza vaccine

Optimum timing for 
vaccination is 
October. However, 
vaccination can occur 
throughout the 
influenza season, 
particularly for 
persons at high risk 
for complications and 
their contacts who 
were not vaccinated 
earlier

Only one dose of 
influenza vaccine per 
season is 
recommended for 
adults

Live attenuated 
influenza virus 
(LAIV)

Persons 2 through 49 yr without 
underlying conditions that place 
them at high risk of complications 
from influenza

Administered intranasally
See annual ACIP 

recommendations

C: Persons <2 yr or ≥50 yr
P: Persons with underlying 

disorders that place them 
at high risk of influenza 
complications

P: History of GBS within 
6 wk of prior dose of 
influenza vaccine

C: Pregnant women
C: Hypersensitivity to 

components of vaccine 
(except eggs)

Can be used for 
household contacts 
and health care 
workers caring for 
patients without 
severe 
immunocompromise

Japanese encephalitis Inactivated Japanese 
encephalitis virus 
vaccine

Travelers to Asia spending at least 
1 mo in endemic areas during 
transmission season

Two 0.5-mL doses IM on days 
0 and 28 for persons 18 yr 
and older

The FDA approved an 
alternate 0- and 7-day 
schedule.

C: Pregnancy

Measles Live virus vaccine All adults born after 1956 without 
history of live vaccine on or after 
first birthday or detectable measles 
antibody

Persons born before 1957 generally 
can be considered immune

One dose sufficient for most 
adults; two doses at least 
1 mo apart indicated for 
persons entering college or 
medical facility 
employment, traveling 
abroad, or at risk of measles 
during outbreaks

C: Altered immunity (e.g., 
leukemia, lymphoma, 
generalized malignant 
disease, congenital 
immunodeficiency, 
immunosuppressive 
therapy)

C: Immune globulin or other 
blood products within 
prior 3-11 mo, depending 
on dose of immune 
globulin or blood product 
received

C: Untreated tuberculosis
C: Anaphylactic 

hypersensitivity to 
neomycin or gelatin

C: Pregnancy
P: Thrombocytopenia

Persons with 
anaphylactic allergies 
to eggs may be 
vaccinated (see text)

Vaccine should be 
administered to 
persons with 
asymptomatic HIV 
infection and should 
be considered for 
patients except those 
with severe 
immunocompromise

TABLE 15-2 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS—cont’d
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Meningococcal disease 

(two vaccines)
1. Meningococcal 

conjugate vaccines 
containing 
polysaccharide of 
serogroups A, C, 
W, and Y (age 
2 mo-55 yr)

All 11- to 18-yr-old persons and all 
persons with persistent 
complement component 
deficiencies, HIV infection, or 
anatomic or functional asplenia

Persons who will travel to areas with 
hyperendemic or epidemic 
diseases

Microbiologists routinely exposed to 
isolates of Neisseria meningitidis

May be useful during localized 
outbreaks

One dose with revaccination 
at age 16 yr of children who 
receive conjugate vaccine at 
11-12 yr of age and every 
5 yr for persons at high risk

C: Allergic reactions to a 
component of the vaccine, 
including diphtheria 
toxoid and latex

2. Recombinant 
meningococcal B 
protein vaccines 
containing either 
two (MenB-
FHbp) or three 
(MenB 4C) 
proteins (ages 
10 yr and older)

All persons 10 yr and older with 
persistent complement 
component deficiencies (including 
inherited or chronic deficiencies in 
C3, C5-9, properdin, factor D, 
factor H, or who are taking 
eculizumab [Soliris]), or anatomic 
or functional asplenia

Certain laboratory workers
May be useful during localized 

outbreaks
May be administered to adolescents 

and young adults aged 16-23 yr to 
provide short-term protection 
against most strains of serogroup 
B meningococcal disease; 
preferred age for MenB 
vaccination is 16-18 yr

Either a 2-dose series of 
MenB-4C at 0 and 1 mo, or 
a 2-dose series of 
MenB-FHbp at 0, and 
6 mo. The two dose series 
of MenB-FHbp is 
recommended only for 
healthy persons who are 
not at increased risk for 
meningococcal disease. For 
persons at increased risk for 
meningococcal disease and 
for use during serogroup B 
outbreaks, MenB-FHbp 
should be given as 3 doses 
at 0, 1-2, and 6 mo. For 
persons at increased risk, 
the 2 dose series of 
MenB-4c at 0 and 1 mo 
remains in effect. The same 
vaccine product should be 
used for all doses. No 
revaccination 
recommendations at 
present

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

C: Pregnancy
P: Moderate or severe acute 

illness

Evidence supports use of 
MenB vaccines in all 
persons at increased 
risk for serogroup B 
meningococcal 
disease. Evidence for 
use of these vaccines 
in adolescents and 
young adults supports 
a recommendation for 
individual clinical 
decision making

Mumps Live virus vaccine All adults born after 1956 without 
history of live vaccine on or after 
first birthday or detectable mumps 
antibody

Persons born before 1957 generally 
can be considered immune

One dose sufficient for most 
adults

Two doses at least 1 mo apart 
indicated for persons 
entering college or medical 
facility employment or 
traveling abroad

C: Altered immunity (e.g., 
leukemia, lymphoma, 
generalized malignant 
disease, congenital 
immunodeficiency, 
immunosuppressive 
therapy)

C: Immune globulin or other 
blood products within 
prior 3-11 mo

C: Anaphylactic 
hypersensitivity to 
neomycin or gelatin

C: Pregnancy
P: Thrombocytopenia if 

administered with measles 
vaccine

P: Moderate or severe acute 
illness

Although persons born 
after 1956 are 
generally immune, 
vaccine can be given 
to adults of all ages 
and may be 
particularly indicated 
for postpubertal males 
who are thought to be 
susceptible

Persons with 
anaphylactic allergies 
to eggs may be 
vaccinated

Persons previously 
vaccinated with two 
doses of a mumps-
containing vaccine 
who are identified by 
public health as at 
increased risk for 
mumps because of a 
mumps outbreak 
should receive a third 
dose of a mumps-
containing vaccine to 
improve protection 
against mumps 
disease and related 
complications

TABLE 15-2 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS—cont’d
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Pertussis Adult preparation of 

pertussis antigens 
combined with 
tetanus and 
diphtheria toxoids 
(Tdap)

All 11 to 12 yr olds
Catch-up vaccination for all persons 

≥13 yr

One dose
Pregnant women: one dose 

during each pregnancy 
early in the period between 
27 and 36 wk of gestation

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

P: Moderate or severe acute 
illness

Two preparations are 
available, one licensed 
for all persons ≥10 yr, 
one for 10 to 64 yr 
olds

Pneumococcal disease 23-Valent 
polysaccharide 
vaccine (PPSV23)

All adults with cardiovascular disease, 
pulmonary disease (including 
asthma), diabetes mellitus, 
alcoholism, cirrhosis, 
cerebrospinal fluid leaks, splenic 
dysfunction or anatomic asplenia, 
Hodgkin disease, lymphoma, 
multiple myeloma, chronic renal 
failure, nephrotic syndrome, 
immunosuppression, HIV 
infection, cigarette smokers 19 yr 
and older

High-risk populations, such as certain 
Native Americans, and

All adults ≥65 yr

One dose IM or SC; a second 
dose should be considered 
≥5 yr later for adults at high 
risk of disease (e.g., asplenic 
patients) and those who 
lose antibody rapidly (e.g., 
nephrotic syndrome, renal 
failure, transplant 
recipients)

Revaccinate adults who 
received a first dose when 
<65 yr who are now ≥65 yr 
and who received their 
vaccine at least 5 yr earlier

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

P: Moderate or severe acute 
illness

Pneumococcal 
conjugate vaccine 
(PCV13)

One dose recommended for all 
adults age 65 yr and older, for 
immunocompromised adults 
≥19 yr, and those with functional/
anatomic asplenia, cochlear 
implants, cerebrospinal fluid leaks

One dose if not previously 
vaccinated with PCV13) as 
an adult

Give ≥1 yr after PPSV23; or if 
PPSV23-naïve, if 65 yr or 
older and not 
immunocompromised, give 
PPSV23 ≥1 yr after PCV13; 
if >19 yr old and 
immunocompromised, give 
PPSV23 ≥8 wk after 
PCV13

C: Severe allergic reaction 
(e.g., anaphylaxis) to any 
component of PCV13 or 
any diphtheria toxoid-
containing vaccine

P: Moderate or severe acute 
illness

Although licensed for 
use in adults ≥50 yr, it 
is recommended only 
for adults ≥19 yr with 
the noted medical 
conditions

Poliomyelitis Inactivated poliovirus 
vaccine (IPV)

Certain adults who are at greater risk 
of exposure to wild poliovirus 
than the general population, 
including travelers to countries 
where poliomyelitis is epidemic or 
endemic or specific populations 
with disease caused by wild 
poliovirus

For unvaccinated adults, two 
doses IM or SC 4 wk apart 
and a third dose 6-12 mo 
after the second; if <4 wk 
available before protection 
is needed, a single dose of 
IPV

For incompletely immunized 
adults, complete primary 
series of three doses of IPV 
or prior oral poliovirus 
vaccine (OPV); no need to 
restart interrupted series

A single dose of IPV can be 
given to adults who 
previously received a 
primary series but now are 
at high risk, such as those 
traveling to an endemic area

P: On theoretical grounds, 
pregnant women should 
not receive IPV, but if 
immediate protection is 
needed, IPV can be used

C: Severe allergic reaction to 
a vaccine component or 
after a prior dose

P: Moderate or severe acute 
illness

Rabies Inactivated vaccine, 
HDCV or 
PCECV

High-risk persons, including animal 
handlers, selected laboratory and 
field workers, and persons 
traveling for ≥1 mo to areas with 
high risk of rabies

Preexposure prophylaxis: 
three doses of 1 mL IM on 
days 0, 7, and 21 or 28

C: History of severe 
hypersensitivity reaction

P: Moderate or severe acute 
illness

Further doses needed 
after exposure

TABLE 15-2 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS—cont’d
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Rubella Live virus vaccine Adults, particularly women of 

childbearing age, who lack history 
of rubella vaccine and detectable 
rubella-specific antibodies in 
serum

Males and females in institutions 
where rubella outbreaks may 
occur, such as hospitals, the 
military, and colleges

Persons born before 1957, except 
women who can become 
pregnant, generally can be 
considered immune

One dose SC C: Pregnancy, altered 
immunity (e.g., leukemia, 
lymphoma, generalized 
malignant disease, 
congenital 
immunodeficiency, 
immunosuppressive 
therapy)

C: Immune globulin or other 
blood products within 
3-11 mo before 
vaccination

C: Anaphylactic 
hypersensitivity to 
neomycin

C: Administration of blood 
products should not 
contraindicate postpartum 
vaccination

P: Thrombocytopenia if 
administered with measles 
vaccine

P: Moderate or severe acute 
illness

Women should be 
counseled to avoid 
pregnancy for 1 mo 
after vaccination

Smallpox Live vaccinia virus Persons working with orthopox 
viruses

Members of public health and health 
care response teams

One dose intracutaneously 
with a bifurcated needle

Boosters every 10 yr and 
perhaps every 3 yr for 
persons working with 
virulent orthopox viruses

C: History or presence of 
eczema or other acute, 
chronic, or exfoliative skin 
condition in patient or a 
close household or 
personal contact

C: Immunosuppression or 
pregnancy in patient or a 
close household or 
personal contact

P: History of heart disease
C: Breast-feeding
C: Age <1 yr
C: Allergy to a vaccine 

component
P: History of heart disease
P: Moderate or severe acute 

illness
No contraindications if 

exposed to smallpox

Some complications of 
vaccination are 
treatable with vaccinia 
immune globulin

Vaccine is effective 3-4 
days after exposure to 
variola and perhaps 
longer to prevent or to 
modify the illness

Serious adverse events 
are rare but 
significant, including 
eczema vaccinatum, 
progressive vaccinia, 
myopericarditis, 
autoinoculation, and 
encephalitis

Vaccinia is transmissible

Tetanus Tetanus and 
diphtheria toxoids 
combined

All adults Three doses IM needed for 
primary series: two doses 
4 wk apart, third dose 
6-12 mo after second dose

Booster every 10 yr; no need 
to repeat if schedule is 
interrupted

C: History of neurologic or 
severe allergic reaction 
after a prior dose

P: Moderate or severe acute 
illness

Special 
recommendations for 
wound treatment (see 
text)

Persons with GBS within 
the first 6 wk after 
immunization, 
particularly adults 
who received a prior 
primary series, 
probably should not 
be revaccinated in 
most circumstances

Tetanus and diphtheria 
toxoids combined 
with acellular 
pertussis (Tdap) 
vaccine preferred for 
booster at age 
11-12 yr

One-time booster of 
Tdap for all adults

TABLE 15-2 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS—cont’d
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DISEASE
IMMUNIZING 

AGENT INDICATIONS SCHEDULE

MAJOR 
CONTRAINDICATIONS (C) 

AND PRECAUTIONS (P) COMMENTS
Typhoid fever Vi capsular 

polysaccharide 
vaccine

Live attenuated 
Ty21a oral vaccine

Travelers to areas where the risk of 
prolonged exposure to 
contaminated food and water is 
high

May be considered for family and 
intimate contacts of carriers and 
laboratory workers who work with 
Salmonella typhi

Vi polysaccharide vaccine: one 
dose IM 0.5 mL; boosters 
every 2 yr

Oral vaccine: four doses on 
alternate days; repeat series 
every 5 yr if risk continues

C: Severe local or systemic 
reaction to a prior dose

C: Ty21a vaccine should not 
be administered to 
persons with altered 
immunity or those 
receiving antimicrobial 
agents

P: Moderate or severe acute 
illness

Efficacy only 50-77%
Food and water 

precautions essential

Varicella: chickenpox 
strain

Attenuated Oka 
strain of varicella 
virus

All persons without evidence of 
varicella immunity, especially 
health care personnel, 
childbearing-age women, and 
persons with household or other 
contact with persons at high risk 
of complications of varicella (e.g., 
susceptible immunosuppressed 
persons)

Two 0.5-mL doses SC 4-8 wk 
apart for persons ≥13 yr

A second dose is 
recommended for all 
persons who previously 
received one dose

C: Immunocompromise
C: Pregnancy
C: Allergy to vaccine 

components
P: Moderate or severe acute 

illness

Adults with a history of 
prior clinician-
diagnosed or verified 
varicella can be 
considered immune

Vaccine virus has rarely 
been transmitted to 
contacts from healthy 
vaccinees in whom 
rash developed

Women who receive 
vaccine should not 
become pregnant for 
1 mo

Varicella: zoster Inactivated 
recombinant 
subunit zoster 
vaccine with 
adjuvant (RZV)

1. RZV is recommended for the 
prevention of herpes zoster and 
related complications for 
immunocompetent adults age 
50 yr and older

2. RZV is recommended for the 
prevention of herpes zoster and 
related complications for 
immunocompetent adults who 
previously received zoster vaccine 
live (ZVL)

3. RZV is preferred over ZVL for the 
prevention of herpes zoster and 
related complications

Two 0.5 mL doses 2-6 mo 
apart

C: Allergy to vaccine 
components

P: Moderate or severe acute 
illness

P: Pregnancy
P: Active zoster disease

Attenuated Oka 
strain of varicella 
virus, ≥14-fold 
higher content 
than varicella 
vaccine (ZVL)

Persons ≥60 yr of age One 0.65-mL dose SC C: Immunocompromise
C: Pregnancy
C: Allergy to vaccine 

components
P: Moderate or severe acute 

illness

May be administered 
regardless of a prior 
history of shingles

Yellow fever Live attenuated virus 
(17D strain)

Persons living or traveling in areas 
where yellow fever exists

One dose; booster every 10 yr 
for at-risk laboratory 
personnel and certain 
travelers (pregnant women, 
hematopoietic stem cell 
transplant recipients 
vaccinated before 
transplant, HIV-infected 
persons, and travelers who 
will be in a higher-risk 
setting based on season, 
location, activities, and 
duration of their travel, 
such as travelers who plan 
to spend a prolonged 
period in endemic areas or 
those traveling to highly 
endemic areas such as rural 
West Africa during peak 
transmission season or an 
area with an ongoing 
outbreak)

C: Immunocompromised 
persons

C: History of anaphylactic 
allergies to eggs

P: Pregnancy on theoretical 
grounds, although may be 
given if risk is high

P: Moderate or severe acute 
illness

Fever, jaundice, and 
multiple-organ system 
failure (viscerotropic 
disease) have been 
rarely reported in first-
time recipients of 
17D-derived yellow 
fever vaccinations

Vaccinate only persons 
traveling to areas 
endemic to yellow 
fever

TABLE 15-2 SELECTED IMMUNIZING AGENTS INDICATED FOR ADULTS—cont’d

*See the text and package inserts for further details, particularly regarding indications, dosage, administration, side effects, and adverse reactions and contraindications.
ACIP = Advisory Committee on Immunization Practices; GBS = Guillain-Barré syndrome; HBsAg = hepatitis B surface antigen; HBV = hepatitis B virus; HDCV = human diploid cell vaccine for rabies; HIV = 
human immunodeficiency virus; HPV = human papillomavirus; IM = intramuscularly; IPV = inactivated poliovirus vaccine; MMR = measles, mumps, and rubella vaccine; OPV = live trivalent oral poliovirus 
vaccine; PCECV = purified chick embryo cell culture rabies vaccine; SC = subcutaneously.

influenza vaccination). A person may experience a more severe reaction to 
the vaccine than would have otherwise been expected; however, these risks 
are less than the risk expected with a contraindication. In most cases, vaccina-
tions should be deferred when a precaution is present. However, a vaccination 
may be indicated despite a precaution if the benefit of protection from the 
vaccine outweighs the risk for an adverse reaction. For example, a dose of 
combined tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis 
(Tdap) should be considered for a person in a community with a pertussis 
outbreak even if that person previously developed Guillain-Barré syndrome 
after a dose. The presence of a moderate or severe acute illness with or without 
a fever is a precaution to administration of all vaccines.

The egg protein contained in vaccines grown in chicken eggs (influenza 
and yellow fever vaccines) may cause reactions in persons severely allergic to 
eggs. Persons who have experienced only hives should receive influenza and 
yellow fever vaccines as recommended. Persons whose reactions to eggs include 
symptoms other than hives, such as angioedema, respiratory distress, light-
headedness, or recurrent emesis, or who required epinephrine or another 
emergency medical intervention, may similarly receive any licensed influenza 
vaccine that is otherwise appropriate for their age and health status.

If a person has a severe egg sensitivity or has a positive skin test to yellow 
fever vaccine, but the vaccination is recommended because of the travel 
destination-specific risk, desensitization can be performed under direct super-
vision of a physician experienced in the management of anaphylaxis. For such 
persons receiving influenza and/or yellow fever vaccines, the vaccines should 
be administered in an inpatient or outpatient medical setting (including but 
not necessarily limited to hospitals, clinics, health departments, and physicians’ 
offices) and be supervised by a health care provider who is able to recognize 
and manage severe allergic conditions. Vaccine providers should consider 
observing patients for 15 minutes following administration of any vaccine to 
decrease the risk for injury should syncope occur. Although measles and mumps 
vaccines are grown in chick embryo tissue culture, the risk of anaphylaxis 
even in persons with severe hypersensitivity to eggs is low, so they can be 
vaccinated without prior skin testing.

 Adverse Reactions
No vaccine is completely safe. Adverse reactions fall into three general catego-
ries: local, systemic, and allergic, including anaphylactic. Local reactions are 
generally the most frequent but least severe. Systemic adverse reactions include 
fever, malaise, myalgias (muscle pain), headache, and loss of appetite. These 
symptoms, which are common and nonspecific, may occur in vaccinated 
persons because of the vaccine or because of something unrelated to the vaccine. 
Antipyretics should not be administered routinely before or at the time of 
vaccination because they may reduce the immune response, A1  but they can 
be used for the treatment of fever and local discomfort that may occur after 
vaccination. Anaphylactic allergic reactions, which are the least frequent but 
most severe of such reactions, may be caused by the vaccine antigen itself; by 
another component of the vaccine, such as the cell culture material, stabilizer 
(e.g., gelatin), preservative, or antibiotic used to inhibit bacterial growth; or 
by vaccine packaging content (i.e., latex). Life-threatening anaphylactic reac-
tions occur at a rate of about one per million doses.

Suspected adverse events temporally related to vaccinations should be 
reported to the Vaccine Adverse Event Reporting System (at www.vaers.hhs.gov). 
The National Vaccine Injury Compensation Program was established in the 
1980s to compensate individuals who experience certain health events after 
vaccination on a “no-fault” basis. No-fault means that persons filing claims are 
not required to prove negligence on the part of either the health care provider 
or manufacturer to receive compensation. The program covers all routinely 
recommended childhood vaccinations, although adults who receive a covered 
vaccine may also file a claim. Claims may be based on the Vaccine Injury Table 
(see https://www.hrsa.gov/sites/default/files/hrsa/vaccine-compensation/
vaccine-injury-table.pdf), which lists the adverse events associated with vac-
cines and is updated periodically.

 General Considerations
The major group that makes comprehensive, detailed, evidence-based recom-
mendations regarding immunization of adults is the Advisory Committee on 
Immunization Practices (ACIP) of the Centers for Disease Control and Pre-
vention, which publishes its information in Morbidity and Mortality Weekly 
Report (also available at http://www.cdc.gov/vaccines/schedules/hcp/
adult.html). Immunizations for adults depend on age, lifestyle, occupation, 
and medical conditions. Two adult immunization schedules are available, one 
based on age group (Fig. 15-1 and E-Table 15-2) and one based on underlying 

risk (Fig. 15-2, and see Table 15-2). Other vaccines recommended for travel 
and bioterrorism exposures are not included in these two figures but are dis-
cussed later.

All adults who have not received a primary series of diphtheria-tetanus-
pertussis–containing vaccine as children should receive one dose of Tdap, 
followed by a second dose of tetanus and diphtheria toxoids (Td) 4 weeks 
later, a third Td dose 6 to 12 months later, and a Td booster every 10 years.1-3 
All adults (and especially health care personnel) who received a diphtheria-
tetanus-pertussis (DTaP) vaccine series as children should have a one-time 
dose of Tdap, followed by Td every 10 years. Persons born in or after 1957 
should have evidence of immunity to measles, mumps, and rubella (e.g., docu-
mentation of vaccination or presence of antibodies considered compatible 
with protection). Adults without evidence of immunity to varicella (docu-
mentation of age-appropriate vaccination with two doses of varicella vaccine; 
laboratory evidence of immunity or confirmation of disease; birth in the United 
States before 1980, except for health care personnel, pregnant women, or 
immunocompromised persons; or diagnosis or verification of a history of 
varicella or herpes zoster disease by a health care provider) should receive 
varicella vaccine. Adults 50 years and older should receive two doses of recom-
binant zoster subunit vaccine.

All women younger than 27 years and all men younger than 22 years should 
receive a human papillomavirus (HPV) vaccine series. All men ages 22 through 
26 years may be vaccinated. Men ages 22 through 26 years who have sex with 
men and/or who are immunocompromised (including human immunodefi-
ciency [HIV] infection) should be vaccinated.

Pneumococcal polysaccharide vaccine (PPSV23) is indicated for all adults 
65 years and older and for younger adults with certain medical conditions that 
place them at high risk of complications (see Table 15-2). All adults aged 65 
years and older and persons 19 years and older with immunocompromising 
conditions (including chronic renal failure and nephrotic syndrome), func-
tional or anatomic asplenia, cerebrospinal fluid leaks, or cochlear implants 
should receive a single dose of pneumococcal conjugate vaccine, ideally before 
receiving pneumococcal polysaccharide vaccine. Adults 65 years and older 
should receive pneumococcal polysaccharide vaccine 1 year or more after 
receipt of pneumococcal conjugate vaccine. Adults with immunocompro-
mising conditions should also receive a dose of PPSV23 at least 8 weeks 
later. Immunocompromised adults who already received PPSV23 should still 
receive pneumococcal conjugate vaccine 1 year or more after the PPSV23 
dose; they should be revaccinated with PPSV23 once after pneumococcal 
conjugate vaccine when 5 years have passed since their first PPSV23 dose. The 
conjugate vaccine has a 75% efficacy for preventing invasive pneumococcal 
disease caused by vaccine-type serotypes and 45% efficacy for preventing non-
bacteremic pneumococcal pneumonia caused by serotypes in the vaccine, but 
it does not prevent community-acquired pneumonia from any other causes. A2 

Influenza vaccination is recommended annually for all persons 6 months 
of age or older, including all health care personnel. Health care workers 
exposed to blood or blood products should receive hepatitis B vaccine. 
Health care workers should also be immune to measles, mumps, rubella, and  
varicella.

 Immunocompromised Persons
Patients with conditions that compromise their immune systems—
immunodeficiency diseases, leukemia, lymphoma, and generalized malignant 
disease, and those who are immunosuppressed from therapy with corticoster-
oids, alkylating agents, antimetabolites, and radiation—generally should not 
receive live vaccines (E-Table 15-3). An exception is infection with HIV. Two 
doses of MMR vaccine are recommended for all persons aged 12 months and 
older who have HIV infection and do not have evidence of immunity to measles, 
rubella, and mumps and who are not severely immunosuppressed (i.e., a CD4 
percentage ≥15% and CD4+ lymphocyte counts ≥200 cells/µL for ≥6 months 
for persons aged >5 years). Varicella vaccination (two doses, 3 months apart) 
may be considered in HIV-infected persons with CD4+ T-lymphocyte counts 
above 200 cells/µL. Patients with leukemia in remission who have not been 
receiving any chemotherapy for at least 3 months may receive live virus vac-
cines. Short-course therapy (<2 weeks) with corticosteroids, alternate-day 
regimens with low to moderate doses of short-acting corticosteroids, and 
topical applications or tendon injections are not ordinarily contraindications 
to the administration of live vaccines.

Immunocompromised patients can receive inactivated vaccines and toxoids, 
although the efficacy of such preparations may be diminished. Patients with 
known HIV infection should receive pneumococcal vaccine and annual influ-
enza vaccination.
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influenza vaccination). A person may experience a more severe reaction to 
the vaccine than would have otherwise been expected; however, these risks 
are less than the risk expected with a contraindication. In most cases, vaccina-
tions should be deferred when a precaution is present. However, a vaccination 
may be indicated despite a precaution if the benefit of protection from the 
vaccine outweighs the risk for an adverse reaction. For example, a dose of 
combined tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis 
(Tdap) should be considered for a person in a community with a pertussis 
outbreak even if that person previously developed Guillain-Barré syndrome 
after a dose. The presence of a moderate or severe acute illness with or without 
a fever is a precaution to administration of all vaccines.

The egg protein contained in vaccines grown in chicken eggs (influenza 
and yellow fever vaccines) may cause reactions in persons severely allergic to 
eggs. Persons who have experienced only hives should receive influenza and 
yellow fever vaccines as recommended. Persons whose reactions to eggs include 
symptoms other than hives, such as angioedema, respiratory distress, light-
headedness, or recurrent emesis, or who required epinephrine or another 
emergency medical intervention, may similarly receive any licensed influenza 
vaccine that is otherwise appropriate for their age and health status.

If a person has a severe egg sensitivity or has a positive skin test to yellow 
fever vaccine, but the vaccination is recommended because of the travel 
destination-specific risk, desensitization can be performed under direct super-
vision of a physician experienced in the management of anaphylaxis. For such 
persons receiving influenza and/or yellow fever vaccines, the vaccines should 
be administered in an inpatient or outpatient medical setting (including but 
not necessarily limited to hospitals, clinics, health departments, and physicians’ 
offices) and be supervised by a health care provider who is able to recognize 
and manage severe allergic conditions. Vaccine providers should consider 
observing patients for 15 minutes following administration of any vaccine to 
decrease the risk for injury should syncope occur. Although measles and mumps 
vaccines are grown in chick embryo tissue culture, the risk of anaphylaxis 
even in persons with severe hypersensitivity to eggs is low, so they can be 
vaccinated without prior skin testing.

 Adverse Reactions
No vaccine is completely safe. Adverse reactions fall into three general catego-
ries: local, systemic, and allergic, including anaphylactic. Local reactions are 
generally the most frequent but least severe. Systemic adverse reactions include 
fever, malaise, myalgias (muscle pain), headache, and loss of appetite. These 
symptoms, which are common and nonspecific, may occur in vaccinated 
persons because of the vaccine or because of something unrelated to the vaccine. 
Antipyretics should not be administered routinely before or at the time of 
vaccination because they may reduce the immune response, A1  but they can 
be used for the treatment of fever and local discomfort that may occur after 
vaccination. Anaphylactic allergic reactions, which are the least frequent but 
most severe of such reactions, may be caused by the vaccine antigen itself; by 
another component of the vaccine, such as the cell culture material, stabilizer 
(e.g., gelatin), preservative, or antibiotic used to inhibit bacterial growth; or 
by vaccine packaging content (i.e., latex). Life-threatening anaphylactic reac-
tions occur at a rate of about one per million doses.

Suspected adverse events temporally related to vaccinations should be 
reported to the Vaccine Adverse Event Reporting System (at www.vaers.hhs.gov). 
The National Vaccine Injury Compensation Program was established in the 
1980s to compensate individuals who experience certain health events after 
vaccination on a “no-fault” basis. No-fault means that persons filing claims are 
not required to prove negligence on the part of either the health care provider 
or manufacturer to receive compensation. The program covers all routinely 
recommended childhood vaccinations, although adults who receive a covered 
vaccine may also file a claim. Claims may be based on the Vaccine Injury Table 
(see https://www.hrsa.gov/sites/default/files/hrsa/vaccine-compensation/
vaccine-injury-table.pdf), which lists the adverse events associated with vac-
cines and is updated periodically.

 General Considerations
The major group that makes comprehensive, detailed, evidence-based recom-
mendations regarding immunization of adults is the Advisory Committee on 
Immunization Practices (ACIP) of the Centers for Disease Control and Pre-
vention, which publishes its information in Morbidity and Mortality Weekly 
Report (also available at http://www.cdc.gov/vaccines/schedules/hcp/
adult.html). Immunizations for adults depend on age, lifestyle, occupation, 
and medical conditions. Two adult immunization schedules are available, one 
based on age group (Fig. 15-1 and E-Table 15-2) and one based on underlying 

risk (Fig. 15-2, and see Table 15-2). Other vaccines recommended for travel 
and bioterrorism exposures are not included in these two figures but are dis-
cussed later.

All adults who have not received a primary series of diphtheria-tetanus-
pertussis–containing vaccine as children should receive one dose of Tdap, 
followed by a second dose of tetanus and diphtheria toxoids (Td) 4 weeks 
later, a third Td dose 6 to 12 months later, and a Td booster every 10 years.1-3 
All adults (and especially health care personnel) who received a diphtheria-
tetanus-pertussis (DTaP) vaccine series as children should have a one-time 
dose of Tdap, followed by Td every 10 years. Persons born in or after 1957 
should have evidence of immunity to measles, mumps, and rubella (e.g., docu-
mentation of vaccination or presence of antibodies considered compatible 
with protection). Adults without evidence of immunity to varicella (docu-
mentation of age-appropriate vaccination with two doses of varicella vaccine; 
laboratory evidence of immunity or confirmation of disease; birth in the United 
States before 1980, except for health care personnel, pregnant women, or 
immunocompromised persons; or diagnosis or verification of a history of 
varicella or herpes zoster disease by a health care provider) should receive 
varicella vaccine. Adults 50 years and older should receive two doses of recom-
binant zoster subunit vaccine.

All women younger than 27 years and all men younger than 22 years should 
receive a human papillomavirus (HPV) vaccine series. All men ages 22 through 
26 years may be vaccinated. Men ages 22 through 26 years who have sex with 
men and/or who are immunocompromised (including human immunodefi-
ciency [HIV] infection) should be vaccinated.

Pneumococcal polysaccharide vaccine (PPSV23) is indicated for all adults 
65 years and older and for younger adults with certain medical conditions that 
place them at high risk of complications (see Table 15-2). All adults aged 65 
years and older and persons 19 years and older with immunocompromising 
conditions (including chronic renal failure and nephrotic syndrome), func-
tional or anatomic asplenia, cerebrospinal fluid leaks, or cochlear implants 
should receive a single dose of pneumococcal conjugate vaccine, ideally before 
receiving pneumococcal polysaccharide vaccine. Adults 65 years and older 
should receive pneumococcal polysaccharide vaccine 1 year or more after 
receipt of pneumococcal conjugate vaccine. Adults with immunocompro-
mising conditions should also receive a dose of PPSV23 at least 8 weeks 
later. Immunocompromised adults who already received PPSV23 should still 
receive pneumococcal conjugate vaccine 1 year or more after the PPSV23 
dose; they should be revaccinated with PPSV23 once after pneumococcal 
conjugate vaccine when 5 years have passed since their first PPSV23 dose. The 
conjugate vaccine has a 75% efficacy for preventing invasive pneumococcal 
disease caused by vaccine-type serotypes and 45% efficacy for preventing non-
bacteremic pneumococcal pneumonia caused by serotypes in the vaccine, but 
it does not prevent community-acquired pneumonia from any other causes. A2 

Influenza vaccination is recommended annually for all persons 6 months 
of age or older, including all health care personnel. Health care workers 
exposed to blood or blood products should receive hepatitis B vaccine. 
Health care workers should also be immune to measles, mumps, rubella, and  
varicella.

 Immunocompromised Persons
Patients with conditions that compromise their immune systems—
immunodeficiency diseases, leukemia, lymphoma, and generalized malignant 
disease, and those who are immunosuppressed from therapy with corticoster-
oids, alkylating agents, antimetabolites, and radiation—generally should not 
receive live vaccines (E-Table 15-3). An exception is infection with HIV. Two 
doses of MMR vaccine are recommended for all persons aged 12 months and 
older who have HIV infection and do not have evidence of immunity to measles, 
rubella, and mumps and who are not severely immunosuppressed (i.e., a CD4 
percentage ≥15% and CD4+ lymphocyte counts ≥200 cells/µL for ≥6 months 
for persons aged >5 years). Varicella vaccination (two doses, 3 months apart) 
may be considered in HIV-infected persons with CD4+ T-lymphocyte counts 
above 200 cells/µL. Patients with leukemia in remission who have not been 
receiving any chemotherapy for at least 3 months may receive live virus vac-
cines. Short-course therapy (<2 weeks) with corticosteroids, alternate-day 
regimens with low to moderate doses of short-acting corticosteroids, and 
topical applications or tendon injections are not ordinarily contraindications 
to the administration of live vaccines.

Immunocompromised patients can receive inactivated vaccines and toxoids, 
although the efficacy of such preparations may be diminished. Patients with 
known HIV infection should receive pneumococcal vaccine and annual influ-
enza vaccination.

http://www.vaers.hhs.gov/
https://www.hrsa.gov/sites/default/files/hrsa/vaccine-compensation/vaccine-injury-table.pdf
https://www.hrsa.gov/sites/default/files/hrsa/vaccine-compensation/vaccine-injury-table.pdf
http://www.cdc.gov/vaccines/schedules/hcp/adult.html
http://www.cdc.gov/vaccines/schedules/hcp/adult.html


CHAPTER 15 ImmunIzatIon 67.e1

E-TABLE 15-2 FOOTNOTES: RECOMMENDED IMMUNIZATION SCHEDULE FOR ADULTS AGED 19 YEARS OR OLDER,  
UNITED STATES, 2018

1. Influenza vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/flu.html
General information
•	 Administer	1	dose	of	age-appropriate	inactivated	influenza	vaccine	(IIV),	recombinant	influenza	vaccine	(RIV),	or	live	attenuated	influenza	vaccine	(LAIV)	annually
•	 A	list	of	currently	available	influenza	vaccines	is	available	at	www.cdc.gov/flu/protect/vaccine/vaccines.htm
Special populations
•	 Administer	age-appropriate	IIV	or	RIV	to:

– Pregnant women
– Adults with hives-only egg allergy
– Adults with egg allergy other than hives (e.g., angioedema or respiratory distress): Administer IIV or RIV in a medical setting under supervision of a health care 

provider who can recognize and manage severe allergic conditions
2. Tetanus, diphtheria, and pertussis vaccination

www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/flu.html
General information
•	 Administer	to	adults	who	previously	did	not	receive	a	dose	of	tetanus	toxoid,	reduced	diphtheria	toxoid,	and	acellular	pertussis	vaccine	(Tdap)	as	an	adult	or	child	

(routinely recommended at age 11-12 yr) 1 dose of Tdap, followed by a dose of tetanus and diphtheria toxoids (Td) booster every 10 yr
•	 Information	on	the	use	of	Tdap	or	Td	as	tetanus	prophylaxis	in	wound	management	is	available	at	www.cdc.gov/mmwr/preview/mmwrhtml/rr5517a1.htm
Special populations
•	 Pregnant women: Administer 1 dose of Tdap during each pregnancy, preferably in the early part of gestational wk 27-36

3. Measles, mumps, and rubella vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/mmr.html
General information
•	 Administer	1	dose	of	measles,	mumps,	and	rubella	vaccine	(MMR)	to	adults	with	no	evidence	of	immunity	to	measles,	mumps,	or	rubella
•	 Evidence	of	immunity	is:

– Born before 1957 (except for health care personnel, see below)
– Documentation of receipt of MMR
– Laboratory evidence of immunity or disease

•	 Documentation	of	a	health	care	provider–diagnosed	disease	without	laboratory	confirmation	is	not	considered	evidence	of	immunity
Special populations
•	 Pregnant women and nonpregnant women of childbearing age with no evidence of immunity to rubella: Administer 1 dose of MMR (if pregnant, administer MMR 

after pregnancy and before discharge from health care facility)
•	 Human immunodeficiency virus (HIV) infection and CD4 cell count ≥200 cells/µL for at least 6 mo and no evidence of immunity to measles, mumps, or rubella: 

Administer 2 doses of MMR at least 28 days apart
•	 Students in postsecondary educational institutions, international travelers, and household contacts of immunocompromised persons: Administer 2 doses of 

MMR at least 28 days apart (or 1 dose of MMR if previously administered 1 dose of MMR)
•	 Health care personnel born in 1957 or later with no evidence of immunity: Administer 2 doses of MMR at least 28 days apart for measles or mumps, or 1 dose of 

MMR for rubella (if born before 1957, consider MMR vaccination)
•	 Adults	who	previously received ≤2 doses of mumps-containing vaccine and are identified by public health authority to be at increased risk for mumps in an 

outbreak: Administer 1 dose of MMR
•	 MMR	is	contraindicated	for	pregnant	women	and	adults	with	severe	immunodeficiency

4. Varicella vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/varicella.html
General information
•	 Administer	to	adults	without	evidence	of	immunity	to	varicella	2	doses	of	varicella	vaccine	(VAR)	4-8	wk	apart	if	previously	received	no	varicella-containing	vaccine	(if	

previously received 1 dose of varicella-containing vaccine, administer 1 dose of VAR at least 4 wk after the first dose)
•	 Evidence	of	immunity	to	varicella	is:

– U.S. born before 1980 (except for pregnant women and health care personnel, see below)
– Documentation of receipt of 2 doses of varicella or varicella-containing vaccine at least 4 wk apart
– Diagnosis or verification of history of varicella or herpes zoster by a health care provider
– Laboratory evidence of immunity or disease

Special populations
•	 Administer	2	doses	of	VAR	4-8	wk	apart	if	previously	received	no	varicella-containing	vaccine	(if	previously	received	1	dose	of	varicella-containing	vaccine,	administer	1	

dose of VAR at least 4 wk after the first dose) to:
– Pregnant women without evidence of immunity: Administer the first of the 2 doses or the second dose after pregnancy and before discharge from health care facility
– Health care personnel without evidence of immunity

•	 Adults	with	HIV infection and CD4 cell count ≥200 cells/µL: May administer, based on individual clinical decision, 2 doses of VAR 3 mo apart
•	 VAR	is	contraindicated	for	pregnant	women	and	adults	with	severe	immunodeficiency

5. Zoster vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/shingles.html
General information
•	 Administer	2	doses	of	recombinant	zoster	vaccine	(RZV)	2-6	months	apart	to	adults	aged	50	yr	or	older	regardless	of	past	episode	of	herpes	zoster	or	receipt	of	zoster	

vaccine live (ZVL)
•	 Administer	2	doses	of	RZV	2-6	mo	apart	to	adults	who	previously	received	ZVL	at	least	2	mo	after	ZVL
•	 For	adults	aged	60	yr	or	older,	administer	either	RZV	or	ZVL	(RZV	is	preferred)
Special populations
•	 ZVL	is	contraindicated	for	pregnant	women	and	adults	with	severe	immunodeficiency

http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/flu.html
http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/flu.html
http://www.cdc.gov/flu/protect/vaccine/vaccines.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5517a1.htm
http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/mmr.html
http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/varicella.html
http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/shingles.html
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E-TABLE 15-2 FOOTNOTES: RECOMMENDED IMMUNIZATION SCHEDULE FOR ADULTS AGED 19 YEARS OR OLDER,  
UNITED STATES, 2018—cont’d

6. Human papillomavirus vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hpv.html
General information
•	 Administer	human	papillomavirus	(HPV)	vaccine	to	females through age 26 yr and males through age 21 yr (males aged 22 through 26 yr may be vaccinated based on 

individual clinical decision)
•	 The	number	of	doses	of	HPV	vaccine	to	be	administered	depends	on	age	at	initial	HPV	vaccination

– No previous dose of HPV vaccine: Administer 3-dose series at 0, 1-2, and 6 mo (minimum intervals: 4 wk between doses 1 and 2, 12 wk between doses 2 and 3, and 
5 mo between doses 1 and 3; repeat doses if given too soon)

– Aged 9-14 yr at HPV vaccine series initiation and received 1 dose or 2 doses less than 5 mo apart: Administer 1 dose
– Aged 9-14 yr at HPV vaccine series initiation and received 2 doses at least 5 mo apart: No additional dose is needed

Special populations
•	 Adults	with	immunocompromising conditions (including HIV infection) through age 26 yr: Administer 3-dose series at 0, 1-2, and 6 mo
•	 Men who have sex with men (MSM) through age 26 yr: Administer 2- or 3-dose series depending on age at initial vaccination (see above); if no history of HPV vaccine, 

administer 3-dose series at 0, 1-2, and 6 mo
•	 Pregnant women through age 26 yr: HPV vaccination is not recommended during pregnancy, but there is no evidence that the vaccine is harmful and no intervention 

needed for women who inadvertently receive HPV vaccine while pregnant; delay remaining doses until after pregnancy; pregnancy testing is not needed before 
vaccination

7. Pneumococcal vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/pneumo.html
General information
•	 Administer	to	immunocompetent	adults	aged	65	yr	or	older	1	dose	of	13-valent	pneumococcal	conjugate	vaccine	(PCV13),	if	not	previously	administered,	followed	by	1	

dose of 23-valent pneumococcal polysaccharide vaccine (PPSV23) at least 1 yr after PCV13; if PPSV23 was previously administered but not PCV13, administer PCV13 at 
least 1 yr after PPSV23

•	 When	both	PCV13	and	PPSV23	are	indicated,	administer	PCV13	first	(PCV13	and	PPSV23	should	not	be	administered	during	the	same	visit);	additional	information	on	
vaccine timing is available at www.cdc.gov/vaccines/vpd/pneumo/downloads/pneumo-vaccine-timing.pdf

Special populations
•	 Administer	to	adults	aged	19-64	yr	with	the	following	chronic	conditions	1	dose	of	PPSV23	(at	age	65	yr	or	older,	administer	1	dose	of	PCV13,	if	not	previously	received,	

and another dose of PPSV23 at least 1 yr after PCV13 and at least 5 yr after PPSV23):
– Chronic heart disease (excluding hypertension)
– Chronic lung disease
– Chronic liver disease
– Alcoholism
– Diabetes mellitus
– Cigarette smoking

•	 Administer	to	adults	aged	19	yr	or	older	with	the	following	indications	1	dose	of	PCV13	followed	by	1	dose	of	PPSV23	at	least	8	wk	after	PCV13,	and	a	second	dose	of	
PPSV23 at least 5 yr after the first dose of PPSV23 (if the most recent dose of PPSV23 was administered before age 65 yr; at age 65 yr or older, administer another dose of 
PPSV23 at least 5 yr after the last dose of PPSV23):
– Immunodeficiency disorders (including B- and T-lymphocyte deficiency, complement deficiencies, and phagocytic disorders)
– HIV infection
– Anatomic or functional asplenia (including sickle cell disease and other hemoglobinopathies)
– Chronic renal failure and nephrotic syndrome

•	 Administer	to	adults	aged	19	yr	or	older	with	the	following	indications	1	dose	of	PCV13	followed	by	1	dose	of	PPSV23	at	least	8	wk	after	PCV13	(if	the	dose	of	PPSV23	
was administered before age 65 yr, at age 65 yr or older, administer another dose of PPSV23 at least 5 yr after the last dose of PPSV23):
– Cerebrospinal fluid leak
– Cochlear implant

8. Hepatitis A vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hepa.html
General information
•	 Administer	to	adults	who	have	a	specific	risk	(see	below),	or	lack	a	risk	factor	but	want	protection,	2-dose	series	of	single	antigen	hepatitis	A	vaccine	(HepA;	Havrix	at	0	

and 6-12 mo or Vaqta at 0 and 6-18 mo; minimum interval: 6 mo) or a 3-dose series of combined hepatitis A and hepatitis B vaccine (HepA-HepB) at 0, 1, and 6 mo; 
minimum intervals: 4 wk between first and second doses, 5 mo between second and third doses

Special populations
•	 Administer	HepA	or	HepA-HepB	to	adults	with	the	following	indications:

– Travel to or work in countries with high or intermediate hepatitis A endemicity
– MSM
– Injection or noninjection drug use
– Work with hepatitis A virus in a research laboratory or with nonhuman primates infected with hepatitis A virus
– Clotting factor disorders
– Chronic liver disease
– Close, personal contact with an international adoptee (e.g., household or regular babysitting) during the first 60 days after arrival in the United States from a country 

with high or intermediate endemicity (administer the first dose as soon as the adoption is planned)
– Healthy adults through age 40 yr who have recently been exposed to hepatitis A virus; adults older than age 40 yr may receive HepA or HepA-HepB if hepatitis A 

immunoglobulin cannot be obtained

http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hpv.html
http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/pneumo.html
http://www.cdc.gov/vaccines/vpd/pneumo/downloads/pneumo-vaccine-timing.pdf
http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hepa.html
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E-TABLE 15-2 FOOTNOTES: RECOMMENDED IMMUNIZATION SCHEDULE FOR ADULTS AGED 19 YEARS OR OLDER,  
UNITED STATES, 2018—cont’d

9. Hepatitis B vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hepb.html
General information
•	 Administer	to	adults	who	have	a	specific	risk	(see	below),	or	lack	a	risk	factor	but	want	protection,	3-dose	series	of	single	antigen	hepatitis	B	vaccine	(HepB)	or	combined	

hepatitis A and hepatitis B vaccine (HepA-HepB) at 0, 1, and 6 mo (minimum intervals: 4 wk between doses 1 and 2 for HepB and HepA-HepB; between doses 2 and 3, 
8 wk for HepB an 5 mo for HepA-HepB)

Special populations
•	 Administer	HepB	or	HepA-HepB	to	adults	with	the	following	indications:

– Chronic liver disease (e.g., hepatitis C infection, cirrhosis, fatty liver disease, alcoholic liver disease, autoimmune hepatitis, alanine aminotransferase [ALT] or aspartate 
aminotransferase [AST] level greater than twice the upper limit of normal)

– HIV infection
– Percutaneous or mucosal risk of exposure to blood (e.g., household contacts of hepatitis B surface antigen [HBsAg]-positive persons; adults younger than age 

60 yr with diabetes mellitus or aged 60 yr or older with diabetes mellitus based on individual clinical decision; adults in predialysis care or receiving hemodialysis or 
peritoneal dialysis; recent or current injection drug users; health care and public safety workers at risk for exposure to blood or blood-contaminated body fluids)

– Sexual exposure risk (e.g., sex partners of HBsAg-positive persons; sexually active persons not in a mutually monogamous relationship; persons seeking evaluation or 
treatment for a sexually transmitted infection; and MSM)

– Receive care in settings where a high proportion of adults have risks for hepatitis B infection (e.g., facilities providing sexually transmitted disease treatment, drug 
abuse treatment and prevention services, hemodialysis and end-stage renal disease programs, institutions for developmentally disabled persons, health care settings 
targeting services to injection drug users or MSM, HIV testing and treatment facilities, and correctional facilities)

– Travel to countries with high or intermediate hepatitis B endemicity
10. Meningococcal vaccination

www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/mening.html
Special populations: Serogroups A, C, W, and Y meningococcal vaccine (MenACWY)
•	 Administer	2	doses	of	MenACWY	at	least	8	wk	apart	and	revaccinate	with	1	dose	of	MenACWY	every	5	yr,	if	the	risk	remains,	to	adults	with	the	following	indications:

– Anatomic or functional asplenia (including sickle cell disease and other hemoglobinopathies)
– HIV infection
– Persistent complement component deficiency
– Eculizumab use

•	 Administer	1	dose	of	MenACWY	and	revaccinate	with	1	dose	of	MenACWY	every	5	yr,	if	the	risk	remains,	to	adults	with	the	following	indications:
– Travel to or live in countries where meningococcal disease is hyperendemic or epidemic, including countries in the African meningitis belt or during the Hajj
– At risk from a meningococcal disease outbreak attributed to serogroup A, C, W, or Y
– Microbiologists routinely exposed to Neisseria meningitidis
– Military recruits
– First-yr college students who live in residential housing (if they did not receive MenACWY at age 16 yr or older)

General Information: Serogroup B meningococcal vaccine (MenB)
•	 May	administer,	based	on	individual	clinical	decision,	to	young	adults	and	adolescents	aged	16-23	yr	(preferred	age	is	16-18	yr)	who	are	not	at	increased	risk	2-dose	series	

of MenB-4C (Bexsero) at least 1 mo apart or 2-dose series of MenB-FHbp (Trumenba) at least 6 mo apart
•	 MenB-4C	and	MenB-FHbp	are	not	interchangeable
Special populations: MenB
•	 Administer	2-dose	series	of	MenB-4C	at	least	1	month	apart	or	3-dose	series	of	MenB-FHbp	at	0,	1-2,	and	6	mo	to	adults	with	the	following	indications:

– Anatomic or functional asplenia (including sickle cell disease)
– Persistent complement component deficiency
– Eculizumab use
– At risk from a meningococcal disease outbreak attributed to serogroup B
– Microbiologists routinely exposed to Neisseria meningitides

11. Haemophilus influenzae type b vaccination
www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hib.html
Special populations
•	 Administer	H. influenzae type b vaccine (Hib) to adults with the following indications:

– Anatomic or functional asplenia (including sickle cell disease) or undergoing elective splenectomy: Administer 1 dose if not previously vaccinated (preferably at least 
14 days before elective splenectomy)

– Hematopoietic stem cell transplant (HSCT): Administer 3-dose series with doses 4 wk apart starting 6-12 mo after successful transplant regardless of Hib 
vaccination history

http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hepb.html
http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/mening.html
http://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hib.html
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E-TABLE 15-3 SPECIAL POPULATIONS THAT NEED 
ADDITIONAL CONSIDERATIONS

•	 Pregnant	women.	Pregnant	women	should	receive	the	tetanus,	diphtheria,	and	
acellular pertussis vaccine (Tdap) during pregnancy and the influenza vaccine 
during or before pregnancy. Live vaccines (e.g., measles, mumps, and rubella 
vaccine [MMR]) are contraindicated.

•	 Asplenia.	Adults	with	asplenia	have	specific	vaccination	recommendations	
because of their increased risk for infection by encapsulated bacteria. Anatomic or 
functional asplenia includes congenital or acquired asplenia, splenic dysfunction, 
sickle cell disease and other hemoglobinopathies, and splenectomy.

•	 Immunocompromising	conditions.	Adults	with	immunosuppression	should	
generally avoid live vaccines. Inactivated vaccines (e.g., pneumococcal vaccines) 
are generally acceptable. High-level immunosuppression includes human 
immunodeficiency virus (HIV) infection with a CD4 cell count <200 cells/µL, 
receipt of daily corticosteroid therapy with ≥20 mg of prednisone or equivalent 
for ≥14 days, primary immunodeficiency disorder (e.g., severe combined 
immunodeficiency or complement component deficiency), and receipt of cancer 
chemotherapy. Other immunocompromising conditions and immunosuppressive 
medications to consider when vaccinating adults can be found in IDSA Clinical 
Practice Guideline for Vaccination of the Immunocompromised Host.* Additional 
information on vaccinating immunocompromised adults is in General Best Practice 
Guidelines for Immunization.†

*Rubin LG, Levin MJ, Ljungman P, et al. 2013 IDSA clinical practice guideline for vaccination of 
the immunocompromised host. Clin Infect Dis. 2014;58:e44-e100.
†Advisory Committee on Immunization Practices. Centers for Disease Control and Prevention. 
Available at www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html.
Adapted from https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-
schedule.pdf.

http://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/index.html
https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf
https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf
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Adverse Events
The most common adverse reaction is soreness at the injection site. Rare 
instances of Guillain-Barré syndrome, leukoencephalitis, optic neuritis, trans-
verse myelitis, rheumatoid arthritis, type 1 diabetes, and autoimmune disease 
have been reported, but causal associations have not been confirmed with 
any systemic immune complications.

 Human Papillomavirus
Three licensed HPV vaccines contain the L1 capsid protein of types 16 and 
18, which account for about 70% of cases of cervical cancer. These vaccines 
have reduced the incidence of vaccine-type HPV infection, A3  as well as the 
risk of cervical intraepithelial neoplasia. A4  Two of these vaccines, bivalent and 
quadrivalent, remain licensed but are no longer available in the United States. 
The nine-valent vaccine (9vHPV) contains the L1 capsid protein of types 6 
and 11 that are the most common causes of anogenital warts. The 9vHPV 
also contains L1 capsid proteins of types 31, 33, 45, 52, and 58, which cause 
an additional 15% of cervical cancers.

Indications
Routine vaccination of 11- to 12-year-old girls and boys is recommended in 
a two-dose schedule at 0 and 6 to 12 months if initiating vaccination before 
15 years of age and a three-dose schedule at 0, 1 to 2, and 6 months for 
those beginning vaccination at 15 years or older or who are immunosup-
pressed.5 Vaccine can be given persons as young as age 9 years. Catch-up 
vaccination should be undertaken for females through 26 years of age, all 
males through 21 years of age, and immunocompromised males and men who 

older than 1 year exceed 95%, and protection is expected to persist for at least 
25 years.

Indications
For adults, the vaccine is indicated primarily for persons traveling to countries 
(generally those in the developing world) with high or intermediate endemic-
ity for hepatitis A, but it is also recommended for other groups at high risk 
for infection or for development of severe hepatitis. In addition, vaccine is 
routinely recommended for children 12 to 23 months of age. Vaccination also 
is recommended for persons aged 1 to 40 years for postexposure prophylaxis 
after close contact with an infected person or exposure to a contaminated 
food or water source. Health care workers have not been shown to be at higher 
risk than the general population for hepatitis A and do not need routine immu-
nization. Although food handlers are not at increased risk for hepatitis A 
compared with the general population, the consequences of infection or sus-
pected infection in this group, which can lead to extensive public health inves-
tigations, may make vaccination cost-effective in some settings. Doses vary 
by age and product. All schedules call for a second dose at least 6 months 
after the first dose.

Adverse Events
The most common adverse reaction after hepatitis A vaccination is tenderness 
and soreness at the injection site. Although rare and more serious adverse 
events have been reported in temporal association with vaccination, no causal 
relationships have been established.

 Hepatitis B
Hepatitis B (Chapter 139) vaccine was the first vaccine known to prevent 
cancer. It also can prevent acute and chronic complications of hepatitis B, 

 Pregnancy
In general, live vaccines should not be given to pregnant women because of 
the theoretical concern that the vaccines could adversely affect the fetus (see 
E-Table 15-3). No significant adverse events have been documented as attrib-
utable to vaccination of pregnant women with rubella-containing or varicella 
vaccines; nevertheless, pregnant women should not receive MMR or varicella 
vaccine, and women who do receive these vaccines should wait 1 month before 
becoming pregnant. Poliomyelitis and yellow fever vaccines usually should 
not be given to pregnant women unless the risk of disease is substantial. Tdap 
vaccination is indicated for pregnant women during each pregnancy, preferably 
early in the period between 27 and 36 weeks of gestation, to prevent pertussis 
in their infants and themselves. The safety of hepatitis A vaccination during 
pregnancy has not been determined, so the risk should be weighed against 
the benefit. All pregnant women should be screened for hepatitis B surface 
antigen (HBsAg). If HBsAg is positive, their children should receive hepatitis 
B vaccine and hepatitis B immune globulin within 12 hours of birth. All women 
who are or will be pregnant during the influenza season should receive inac-
tivated influenza vaccine to protect themselves and their babies.

 INDIVIDUAL IMMUNOBIOLOGICS
Immunobiologics for adults lacking evidence of prior infection, immunity, or 
documented vaccination, either recommended for all adults at a certain age 
or because of one or more risk factors (health condition, lifestyle, occupation, 
or other indication), are discussed in the following section.

 Hepatitis A
Two inactivated hepatitis A (Chapter 139) vaccines are available in the United 
States. Seroconversion rates after a single dose of either vaccine in persons 

Vaccine 19–21 years 22–26 years 27–49 years 50–64 years ≥65 years

Influenza1

Tdap2 or Td2

MMR3

VAR4

RZV5 (preferred)
or

ZVL5

HPV–Female6

HPV–Male6

PCV137

PPSV237

HepA8

HepB9

MenACWY10

MenB10

Hib11

1 dose annually

1 dose Tdap, then Td booster every 10 yrs

1 or 2 doses depending on indication (if born in 1957 or later)

2 doses

2 doses RZV (preferred)
or

1 dose ZVL

2 or 3 doses depending on age at series initiation

2 or 3 doses depending on age at series initiation

1 dose

1 dose1 or 2 doses depending on indication

2 or 3 doses depending on vaccine

3 doses

1 or 2 doses depending on indication, then booster every 5 yrs if risk remains

2 or 3 doses depending on vaccine

1 or 3 doses depending on indication

Recommended for adults who meet the
age requirement, lack documentation of
vaccination, or lack evidence of past infection

Recommended for adults with other
indications

No recommendation

FIGURE 15-1. Recommended adult immunization schedule by vaccine and age group, united States, 2018. See E-table 15-2 for footnotes. (adapted from http://www.cdc.gov/vaccines/
schedules/downloads/adult/adult-combined-schedule.pdf.)

http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf
http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf
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Adverse Events
The most common adverse reaction is soreness at the injection site. Rare 
instances of Guillain-Barré syndrome, leukoencephalitis, optic neuritis, trans-
verse myelitis, rheumatoid arthritis, type 1 diabetes, and autoimmune disease 
have been reported, but causal associations have not been confirmed with 
any systemic immune complications.

 Human Papillomavirus
Three licensed HPV vaccines contain the L1 capsid protein of types 16 and 
18, which account for about 70% of cases of cervical cancer. These vaccines 
have reduced the incidence of vaccine-type HPV infection, A3  as well as the 
risk of cervical intraepithelial neoplasia. A4  Two of these vaccines, bivalent and 
quadrivalent, remain licensed but are no longer available in the United States. 
The nine-valent vaccine (9vHPV) contains the L1 capsid protein of types 6 
and 11 that are the most common causes of anogenital warts. The 9vHPV 
also contains L1 capsid proteins of types 31, 33, 45, 52, and 58, which cause 
an additional 15% of cervical cancers.

Indications
Routine vaccination of 11- to 12-year-old girls and boys is recommended in 
a two-dose schedule at 0 and 6 to 12 months if initiating vaccination before 
15 years of age and a three-dose schedule at 0, 1 to 2, and 6 months for 
those beginning vaccination at 15 years or older or who are immunosup-
pressed.5 Vaccine can be given persons as young as age 9 years. Catch-up 
vaccination should be undertaken for females through 26 years of age, all 
males through 21 years of age, and immunocompromised males and men who 

including an estimated 1800 deaths annually in the United States from liver 
cancer, cirrhosis, and fulminant hepatic disease. Currently produced vaccines 
are derived from insertion of the gene for HBsAg into Saccharomyces cerevisiae. 
When it is administered in a three-dose series, hepatitis B vaccine produces 
adequate antibody responses (anti-HBs ≥10 IU/L) in more than 90% of healthy 
adults younger than 40 years and in more than 95% of normal infants, children, 
and adolescents. By age 60 years, protective levels of antibody develop in only 
75% of vaccinated persons. A new adjuvanted hepatitis B vaccine was licensed 
in 2017. It consists of recombinant HBsAg, produced in yeast cells (Hansenula 
polymorpha) combined with a novel cytosine phosphoguanine (CpG)–enriched 
oligodeoxynucleotide (ODN) phosphorothioate immunostimulatory adjuvant 
(CpG 1018 adjuvant). It is administered in a two-dose series, 1 month apart. 
The duration of vaccine-conferred immunity is not known, although follow-up 
of vaccinees for more than 20 years indicates persistence of protection against 
clinically significant infections (i.e., detectable viremia and clinical disease). 
Booster doses are not currently recommended. Vaccine must be injected 
intramuscularly in the deltoid.

Indications
Hepatitis B vaccine is indicated for adults at increased risk of infection (see 
Fig. 15-1 and E-Table 15-1),4 including all persons 19 through 59 years of age 
with diabetes. Vaccination may be offered at the physician’s discretion to persons 
60 years of age or older with diabetes. Universal screening for HBsAg is rec-
ommended for all pregnant women; three doses of vaccine and one dose of 
hepatitis B immune globulin are recommended for infants of acutely or chroni-
cally infected mothers.

Vaccine

Influenza1

Tdap2 or Td2

MMR3

VAR4

RZV5 (preferred)
or

ZVL5

HPV–Female6

HPV–Male6

PCV137

PPSV237

HepA8

HepB9

MenACWY10

MenB10

Hib11

1 dose annually

1 dose Tdap, then Td booster every 10 yrs

1 or 2 doses depending on indication

1 dose

2 doses RZV at age ≥50 yrs(preferred)
or

3 doses through age 26 yrs

1 dose
Tdap each
pregnancy

Contraindicated

1 dose

2 doses

Recommended for adults who meet the
age requirement, lack documentation of
vaccination, or lack evidence of past infection

Recommended for adults with other
indications No recommendation

Pregnancy1-6

Immuno-
compromised
(excluding HIV
infection)3-7,11

HIV infection
CD4+ count

(cells/µL)3-7,9-10

<200 ≥200

Asplenia,
complement

deficiencies7,10,11

End-stage renal
disease, on

hemodialysis7,9

Heart or
lung disease,
alcoholism7

Chronic liver
disease7-9 Diabetes7,9

Health care
personnel3,4,9

Men who
have sex

with men6,8,9

Contraindicated

Contraindicated

3 doses through age 26 yrs

1 dose ZVL at age ≥60 yrs

2 or 3 doses through age 26 yrs

2 or 3 doses through age 21 yrs
2 or 3 doses
through age

26 yrs

1, 2, or 3 doses depending on indication

2 or 3 doses depending on vaccine

3 doses

1 or 2 doses depending on indication, then booster every 5 yrs if risk remains

2 or 3 doses depending on vaccine

3 doses HSCT
recipients only

Contraindicated

FIGURE 15-2. Recommended adult immunization schedule by vaccine and medical and other indications, united States, 2018. See E-table 15-2 for footnotes. (adapted from http://
www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf.)

http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf
http://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf
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previously vaccinated adolescents and adults, induce serologic responses that 
are comparable to those induced with effective childhood vaccination.

Indications
A single dose of Tdap is indicated for all adolescents at 11 to 12 years of age. 
Older adolescents and adults who have not received Tdap should get it instead 
of their next scheduled Td booster. Tdap can be given at any interval after a 
prior Td. All pregnant women should receive one dose of Tdap vaccine during 
each pregnancy, optimally early in the period between 27 and 36 weeks of 
gestation to maximize maternal antibody response and passive antibody transfer 
to the infant. If they have not been vaccinated during pregnancy, women 
should receive Tdap postpartum if they have never previously been vaccinated 
with it. With the exception of pregnant women, booster doses of Tdap are 
not recommended.

Adverse Events
Adverse events, usually local reactions, are similar to the adult preparation of Td 
alone compared with Tdap vaccine (see tetanus and diphtheria section later).

 Pneumococcal Disease
Two pneumococcal vaccines are available for adults. Pneumococcal poly-
saccharide vaccine (PPSV23) consists of purified polysaccharide capsular 
antigens from the 23 types of Streptococcus pneumoniae that are responsible 
for 85 to 90% of the bacteremic disease in the United States (Chapter 273). 
Most adults, including elderly patients and those with alcoholic cirrhosis and 
diabetes mellitus, have a two-fold or greater rise in type-specific antibodies 
within 2 to 3 weeks of vaccination. Vaccination is approximately 60% effective 
against invasive pneumococcal disease, but its efficacy against pneumonia in 
high-risk populations, such as patients with alcoholic cirrhosis or Hodgkin 
disease, is not clear. A5 

Pneumococcal conjugate vaccine (PCV13), licensed in 2011 for adults aged 
50 years and older, should be administered once to eligible adults because it 
is expected to add protection to that offered by PPSV23. Ideally, PCV13 should 
precede PPSV23 by at least 8 weeks in immunocompromised persons over 
age 19 years and by at least 1 year in persons who are age 65 years or older 
and are not immunocompromised; if PPSV23 is administered first, an interval 
of 1 year should elapse before PCV13 is administered.

Indications
The preponderance of information supports the use of pneumococcal vaccines 
in high-risk populations, including all persons 65 years and older, persons 19 
years or older who smoke cigarettes, and patients with asthma. Special efforts 
should target hospitalized patients. Approximately two thirds of patients who 
are admitted later with pneumococcal disease had been hospitalized for other 
reasons within the preceding 5 years. The newer PCV13 vaccine is recom-
mended for all adults age 65 and older and for adults 19 years of age and older 
with immunocompromising conditions, functional or anatomic asplenia, 
cerebrospinal fluid leaks, or cochlear implants.

Because immunity may decrease 5 years or more after initial vaccination 
with PPSV23, a single booster dose of PPSV23 should be considered at that 
time for adults at highest risk of disease (such as asplenic patients) and for 
adults who lose antibody rapidly (such as patients with nephrotic syndrome 
or renal failure). Persons 65 years or older who received a dose more than 5 
years earlier when they were younger than 65 years also should be revaccinated. 
Because of the rarity of severe reactions in revaccinated patients, persons with 
indications for vaccination but with unknown histories of prior vaccination 
should be vaccinated.

Adverse Events
Local reactions to PPSV23 are frequent, but less than 1% of vaccinees experi-
ence severe local reactions or systemic symptoms such as fever and malaise. 
Severe events, such as anaphylaxis or Arthus-like reactions at the site of injec-
tion, are rare. PCV13 reactions include pain, redness, and swelling at the 
injection site; limitation of movement of the injected arm; fatigue; and 
headache.

 Poliomyelitis
Since 2000, inactivated poliovirus vaccine (IPV) has replaced the live attenu-
ated oral poliovirus vaccine (OPV) in the United States because OPV vaccine 
caused about eight to nine polio cases per year in the United States among 
recipients or their contacts (Chapter 355). Trivalent OPV containing types 

persistent complement component deficiencies, splenic dysfunction, asplenia, 
or HIV infection), revaccination is recommended every 5 years.

MenACWY can be used for persons 2 months to 10 years of age with high-
risk conditions but is not recommended routinely for this age group.

MenB vaccines are recommended for similar high risk persons 10 years 
and older as MenACWY: persons with persistent complement component 
deficiencies (including inherited or chronic deficiencies in C3, C5 to C9, 
properdin, factor D, factor H, or who are taking eculizumab (Soliris); anatomic 
or functional asplenia; microbiologists routinely exposed to isolates of N. 
meningitidis; and those at increased risk because of a serogroup B meningococ-
cal disease outbreak. MenB vaccines are not recommended routinely for first 
year college students in residence halls, military recruits, or international 
travelers. At present there are no recommendations for revaccination. A MenB 
vaccine series may be administered to adolescents and young adults aged 16 
to 23 years to provide short-term protection against most strains of serogroup 
B meningococcal disease. The preferred age for MenB vaccination is 16 to 18 
years. The current low prevalence of disease, coupled with lack of data for 
making policy recommendations for MenB vaccines, resulted in ACIP’s deter-
mining insufficient evidence exists to make a routine public health recom-
mendation that all adolescents be vaccinated with MenB vaccine. Given the 
seriousness of meningococcal disease and the availability of licensed vaccines, 
ACIP agreed sufficient evidence exists to encourage individual clinical deci-
sion making about MenB vaccination for non–high-risk adolescents and young 
adults.

Adverse Events
The most common adverse reactions to MenACWY are injection site reactions 
and systemic symptoms, such as headache and malaise, which generally persist 
for 1 or 2 days. An excess risk of Guillain-Barré syndrome was initially reported 
after MenACWY vaccines but has not been confirmed in subsequent studies.

Injection site reactions are common with MenB vaccines. The most common 
systemic adverse reactions observed within the 7 days after receipt of MenB 
vaccines are fatigue, headache, and myalgia.

 Mumps
Indications
Mumps (Chapter 345) vaccine is indicated for all persons without evidence 
of immunity. For most adults, such evidence consists of a prior history of 
vaccination on or after the first birthday, laboratory evidence of immunity, or 
laboratory confirmation of disease. For adults at high risk, including health 
care workers, international travelers, and students at post–high school edu-
cational institutions, two doses of mumps vaccine constitute acceptable evidence 
of immunity. Most persons born before 1957 can be considered immune as 
a result of natural infection, although vaccination is not contraindicated if 
such persons are thought to be susceptible. Persons who were previously vac-
cinated with two doses of a mumps-containing vaccine and who are identified 
by public health as at increased risk for mumps because of a mumps outbreak 
should receive a third dose of a mumps-containing vaccine to improve protec-
tion against mumps disease and related complications.

Mumps vaccine is contraindicated for pregnant women on theoretical 
grounds, for persons with moderate to severe acute febrile illnesses, and for 
persons with altered immunocompetence. When it is combined with measles 
vaccine, it may be given to persons with asymptomatic HIV infection and 
considered for persons with symptomatic infection if they are not severely 
immunocompromised. Patients with anaphylactic reactions to eggs can be 
vaccinated without skin testing.

Adverse Events
Adverse events after the vaccine strain used in the United States are uncom-
mon but include fever, parotitis, and allergic reactions. Thrombocytopenic 
purpura has been reported rarely after MMR.

 Pertussis
Each of the two vaccines licensed for boosting immunity to pertussis in adults 
is combined with Tdap, and they have a lower content of pertussis antigens 
compared with the childhood pertussis-containing vaccines (DTaP). Boostrix 
(GlaxoSmithKline), which is licensed for adolescents and adults 10 years of 
age and older, contains three pertussis antigens—toxoid (PT), filamentous 
hemagglutinin (FHA), and pertactin (PRN). Adacel (Sanofi Pasteur), which 
is licensed for 10 through 64 year olds, contains five pertussis antigens: PT, 
FHA, PRN, and two fimbriae. Both vaccines, when they are administered to 

 Measles
Indications
Measles (Chapter 343) immunization is recommended for all persons born 
in or after 1957 without laboratory evidence of immunity, laboratory confir-
mation of prior disease, or prior appropriate vaccination. Children should 
routinely receive two doses of MMR vaccine—one at 12 to 15 months of age 
and one at 4 to 6 years of age. Most adults are considered to have been appro-
priately vaccinated if they received one dose of vaccine on or after their first 
birthday. However, adults who are at increased risk of exposure to measles or 
transmission of it (e.g., health care workers, college students, international 
travelers) should receive a second dose if they did not get a second dose as 
children, unless they have serologically documented immunity, have labora-
tory confirmation of disease, or were born before 1957. Persons embarking 
on foreign travel should have received two doses of MMR vaccine or have 
other evidence of measles immunity as defined before. Persons born before 
1957 are usually immune as a result of natural infection and do not require 
vaccination, although vaccination is not contraindicated if they are believed 
to be susceptible.

During institutional outbreaks of measles, all persons who have not received 
two doses or who lack other evidence of measles immunity should be vac-
cinated. Although measles vaccine can be administered only with mumps and 
rubella as MMR, individuals already immune to one or more of the compo-
nents may receive MMR without harm.

Measles vaccine is contraindicated for pregnant women on theoretical 
grounds, for persons with moderate to severe acute febrile illnesses, and for 
persons with altered immunocompetence, except those with HIV infection 
who are not severely immunocompromised. Patients with anaphylactic reac-
tions to eggs can be vaccinated without prior skin testing.

Adverse Events
MMR vaccine can cause fever (<15%), rash (5%), transient lymphadenopathy 
(20%), or parotitis (<1%). Febrile reactions, which usually are otherwise 
asymptomatic, generally occur 7 to 12 days after vaccination and persist for 
1 or 2 days. MMR vaccination can rarely cause anaphylaxis, febrile seizures in 
children, thrombocytopenic purpura, transient arthralgia, and measles inclu-
sion body encephalitis in persons with demonstrated immunodeficiencies.

 Meningococcal Disease
Two quadrivalent meningococcal vaccines are available against disease caused 
by serogroups A, C, Y, and W135. One conjugate vaccine consists of 4 µg of 
each polysaccharide covalently linked to 48 µg of diphtheria toxoid and licensed 
for persons 9 months to 55 years of age. The other conjugate vaccine consists 
of polysaccharide linked to CRM197 and is licensed for persons 2 months to 
55 years of age. The four serogroups in each vaccine account for approximately 
two thirds of meningococcal disease in the United States and about 75% of 
the disease in persons 11 years of age or older (Chapter 282). Conjugate 
vaccines induce immunologic memory, result in higher and more durable 
levels of high-avidity antibodies, and induce herd immunity. The duration of 
immunity for MenACWY is estimated at between 3 and 5 years.

Two recombinant meningococcal serogroup B vaccines were recently licensed 
in the United States for persons 10 through 25 years of age. One vaccine 
(MenB-4C) contains three serogroup B proteins, and the other (MenB-FHbp) 
contains two different serogroup B proteins. Because of the low incidence of 
serogroup B meningococcal disease, evidence of vaccine effectiveness was 
inferred based on demonstration of immune response, as measured by serum 
bactericidal activity using human complement, against a small number of 
serogroup B strains.

Indications
Routine vaccination with MenACWY is recommended for all adolescents at 
11 through 18 years of age, with a first dose administered at age 11 or 12 years 
and revaccination at age 16 years, or a first dose between 13 and 15 years and 
revaccination at age 16 to 18 years. Meningococcal vaccination once is also 
recommended for college freshmen who have not previously been vaccinated 
and will live in dormitories, military recruits, persons at risk during a com-
munity outbreak attributable to a vaccine serogroup, and persons who travel 
to or live in areas with hyperendemic or epidemic disease (e.g., the “meningitis 
belt” of sub-Saharan Africa, stretching from Mauritania to Ethiopia). For some 
persons at very high risk of meningococcal disease (e.g., microbiologists with 
frequent exposure to Neisseria meningitidis in culture and persons with 

have sex with men through age 26 years. Catch-up vaccination may also be 
considered for other men 22 to 26 years of age. Women with a prior abnor-
mal Papanicolaou smear and persons with genital warts should be vaccinated 
to prevent persistent infection with types of HPV they may not yet have  
acquired. The Food and Drug Administration has approved the current HPV 
vaccine for use in adults ages 27 to 45 years, but the CDC has not yet issued 
a recommendation for its use in this age group.

Adverse Events
The most commonly reported local symptoms are injection site pain, redness, 
and swelling. The most common generalized symptoms are dizziness, syncope, 
nausea, vomiting, fatigue, headache, fever, and urticaria.

 Influenza
Influenza vaccines for seasonal influenza include intramuscular and intradermal 
inactivated influenza vaccine, which may contain three or four influenza split 
or subvirion virus types—A(H3N2), A(H1N1), and one or two B strains—
and intranasal live attenuated influenza vaccine. Live attenuated vaccine (LAIV), 
which consists of four cold-adapted, temperature-sensitive attenuated viruses, 
one for each of the expected circulating strains, uses viruses that have been 
reassorted with circulating strains to contain six internal genes from the parent 
virus and genes for the surface hemagglutinin and neuraminidase of an 
A(H3N2), A(H1N1), and two B strains. Given the variable effectiveness of 
the live vaccine in the United States in recent years, its future utility is uncertain 
and will need to be reassessed going forward.6

Indications
Annual influenza (Chapter 340) vaccination is indicated for everyone 6 months 
of age and older, but especially persons at high risk of complications from the 
disease: all children aged 6 through 59 months; all persons aged 50 years and 
older; adults and children who have chronic pulmonary, cardiovascular, renal, 
hepatic, neurologic, hematologic, or metabolic disorders; persons who are 
immunosuppressed; women who are or will be pregnant during the influenza 
season; children and adolescents who are receiving long-term aspirin therapy 
and who might be at risk for experiencing Reye syndrome after influenza 
virus infection; residents of long-term care facilities; American Indians or 
Alaska Natives; and persons who are morbidly obese. To reduce transmis-
sion of influenza to high-risk patients, health care personnel and household 
contacts of high-risk patients, including contacts of children younger than 5 
years, also should be vaccinated annually. Providers should offer vaccination 
by the end of October, if possible. Vaccination levels are still low in most 
adult populations in the United States and require more aggressive vaccination  
efforts.7

The efficacy of inactivated influenza vaccine varies with the host’s condition 
and the degree to which antigens in the vaccine match viruses that circulate 
during the following season.8 Provided the match is good, the vaccine’s effi-
cacy is estimated to be between 50% and 67% for healthy adults younger 
than 65 years. Effectiveness varies but averages about 60% in preventing 
laboratory-confirmed outpatient illness in persons 50 years and older but 
is only about 35% in the institutionalized elderly. Live attenuated vaccine is 
licensed only for nonpregnant persons aged 2 through 49 years without under-
lying conditions that place them at high risk of complications from influenza. 
LAIV may be used for appropriately aged contacts of high-risk persons but 
is generally not recommended for contacts of severely immunosuppressed 
patients, such as patients with bone marrow transplants. Live attenuated 
vaccine had been more than 85% effective in young children. In healthy adults, 
live attenuated vaccine and inactivated influenza vaccine had been similarly  
effective.

Influenza vaccination also reduces cardiovascular events. Vaccination efforts 
should begin as soon as the vaccine becomes available, usually by October, 
and should continue throughout the season. Peak influenza activity usually 
recurs in January or February, and influenza season continues through March.

Adverse Events
The most common side effect of inactivated vaccine is soreness at the injection 
site. Fever, malaise, and myalgia may begin 6 to 12 hours after vaccination 
and persist for 1 or 2 days, although such reactions are most common in 
children exposed to vaccine for the first time. The most common adverse 
events after live attenuated influenza vaccine in adults are runny nose, headache, 
and sore throat. Guillain-Barré syndrome may occur at a rate of about one 
case per 1 million doses.
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previously vaccinated adolescents and adults, induce serologic responses that 
are comparable to those induced with effective childhood vaccination.

Indications
A single dose of Tdap is indicated for all adolescents at 11 to 12 years of age. 
Older adolescents and adults who have not received Tdap should get it instead 
of their next scheduled Td booster. Tdap can be given at any interval after a 
prior Td. All pregnant women should receive one dose of Tdap vaccine during 
each pregnancy, optimally early in the period between 27 and 36 weeks of 
gestation to maximize maternal antibody response and passive antibody transfer 
to the infant. If they have not been vaccinated during pregnancy, women 
should receive Tdap postpartum if they have never previously been vaccinated 
with it. With the exception of pregnant women, booster doses of Tdap are 
not recommended.

Adverse Events
Adverse events, usually local reactions, are similar to the adult preparation of Td 
alone compared with Tdap vaccine (see tetanus and diphtheria section later).

 Pneumococcal Disease
Two pneumococcal vaccines are available for adults. Pneumococcal poly-
saccharide vaccine (PPSV23) consists of purified polysaccharide capsular 
antigens from the 23 types of Streptococcus pneumoniae that are responsible 
for 85 to 90% of the bacteremic disease in the United States (Chapter 273). 
Most adults, including elderly patients and those with alcoholic cirrhosis and 
diabetes mellitus, have a two-fold or greater rise in type-specific antibodies 
within 2 to 3 weeks of vaccination. Vaccination is approximately 60% effective 
against invasive pneumococcal disease, but its efficacy against pneumonia in 
high-risk populations, such as patients with alcoholic cirrhosis or Hodgkin 
disease, is not clear. A5 

Pneumococcal conjugate vaccine (PCV13), licensed in 2011 for adults aged 
50 years and older, should be administered once to eligible adults because it 
is expected to add protection to that offered by PPSV23. Ideally, PCV13 should 
precede PPSV23 by at least 8 weeks in immunocompromised persons over 
age 19 years and by at least 1 year in persons who are age 65 years or older 
and are not immunocompromised; if PPSV23 is administered first, an interval 
of 1 year should elapse before PCV13 is administered.

Indications
The preponderance of information supports the use of pneumococcal vaccines 
in high-risk populations, including all persons 65 years and older, persons 19 
years or older who smoke cigarettes, and patients with asthma. Special efforts 
should target hospitalized patients. Approximately two thirds of patients who 
are admitted later with pneumococcal disease had been hospitalized for other 
reasons within the preceding 5 years. The newer PCV13 vaccine is recom-
mended for all adults age 65 and older and for adults 19 years of age and older 
with immunocompromising conditions, functional or anatomic asplenia, 
cerebrospinal fluid leaks, or cochlear implants.

Because immunity may decrease 5 years or more after initial vaccination 
with PPSV23, a single booster dose of PPSV23 should be considered at that 
time for adults at highest risk of disease (such as asplenic patients) and for 
adults who lose antibody rapidly (such as patients with nephrotic syndrome 
or renal failure). Persons 65 years or older who received a dose more than 5 
years earlier when they were younger than 65 years also should be revaccinated. 
Because of the rarity of severe reactions in revaccinated patients, persons with 
indications for vaccination but with unknown histories of prior vaccination 
should be vaccinated.

Adverse Events
Local reactions to PPSV23 are frequent, but less than 1% of vaccinees experi-
ence severe local reactions or systemic symptoms such as fever and malaise. 
Severe events, such as anaphylaxis or Arthus-like reactions at the site of injec-
tion, are rare. PCV13 reactions include pain, redness, and swelling at the 
injection site; limitation of movement of the injected arm; fatigue; and 
headache.

 Poliomyelitis
Since 2000, inactivated poliovirus vaccine (IPV) has replaced the live attenu-
ated oral poliovirus vaccine (OPV) in the United States because OPV vaccine 
caused about eight to nine polio cases per year in the United States among 
recipients or their contacts (Chapter 355). Trivalent OPV containing types 

persistent complement component deficiencies, splenic dysfunction, asplenia, 
or HIV infection), revaccination is recommended every 5 years.

MenACWY can be used for persons 2 months to 10 years of age with high-
risk conditions but is not recommended routinely for this age group.

MenB vaccines are recommended for similar high risk persons 10 years 
and older as MenACWY: persons with persistent complement component 
deficiencies (including inherited or chronic deficiencies in C3, C5 to C9, 
properdin, factor D, factor H, or who are taking eculizumab (Soliris); anatomic 
or functional asplenia; microbiologists routinely exposed to isolates of N. 
meningitidis; and those at increased risk because of a serogroup B meningococ-
cal disease outbreak. MenB vaccines are not recommended routinely for first 
year college students in residence halls, military recruits, or international 
travelers. At present there are no recommendations for revaccination. A MenB 
vaccine series may be administered to adolescents and young adults aged 16 
to 23 years to provide short-term protection against most strains of serogroup 
B meningococcal disease. The preferred age for MenB vaccination is 16 to 18 
years. The current low prevalence of disease, coupled with lack of data for 
making policy recommendations for MenB vaccines, resulted in ACIP’s deter-
mining insufficient evidence exists to make a routine public health recom-
mendation that all adolescents be vaccinated with MenB vaccine. Given the 
seriousness of meningococcal disease and the availability of licensed vaccines, 
ACIP agreed sufficient evidence exists to encourage individual clinical deci-
sion making about MenB vaccination for non–high-risk adolescents and young 
adults.

Adverse Events
The most common adverse reactions to MenACWY are injection site reactions 
and systemic symptoms, such as headache and malaise, which generally persist 
for 1 or 2 days. An excess risk of Guillain-Barré syndrome was initially reported 
after MenACWY vaccines but has not been confirmed in subsequent studies.

Injection site reactions are common with MenB vaccines. The most common 
systemic adverse reactions observed within the 7 days after receipt of MenB 
vaccines are fatigue, headache, and myalgia.

 Mumps
Indications
Mumps (Chapter 345) vaccine is indicated for all persons without evidence 
of immunity. For most adults, such evidence consists of a prior history of 
vaccination on or after the first birthday, laboratory evidence of immunity, or 
laboratory confirmation of disease. For adults at high risk, including health 
care workers, international travelers, and students at post–high school edu-
cational institutions, two doses of mumps vaccine constitute acceptable evidence 
of immunity. Most persons born before 1957 can be considered immune as 
a result of natural infection, although vaccination is not contraindicated if 
such persons are thought to be susceptible. Persons who were previously vac-
cinated with two doses of a mumps-containing vaccine and who are identified 
by public health as at increased risk for mumps because of a mumps outbreak 
should receive a third dose of a mumps-containing vaccine to improve protec-
tion against mumps disease and related complications.

Mumps vaccine is contraindicated for pregnant women on theoretical 
grounds, for persons with moderate to severe acute febrile illnesses, and for 
persons with altered immunocompetence. When it is combined with measles 
vaccine, it may be given to persons with asymptomatic HIV infection and 
considered for persons with symptomatic infection if they are not severely 
immunocompromised. Patients with anaphylactic reactions to eggs can be 
vaccinated without skin testing.

Adverse Events
Adverse events after the vaccine strain used in the United States are uncom-
mon but include fever, parotitis, and allergic reactions. Thrombocytopenic 
purpura has been reported rarely after MMR.

 Pertussis
Each of the two vaccines licensed for boosting immunity to pertussis in adults 
is combined with Tdap, and they have a lower content of pertussis antigens 
compared with the childhood pertussis-containing vaccines (DTaP). Boostrix 
(GlaxoSmithKline), which is licensed for adolescents and adults 10 years of 
age and older, contains three pertussis antigens—toxoid (PT), filamentous 
hemagglutinin (FHA), and pertactin (PRN). Adacel (Sanofi Pasteur), which 
is licensed for 10 through 64 year olds, contains five pertussis antigens: PT, 
FHA, PRN, and two fimbriae. Both vaccines, when they are administered to 
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 Japanese Encephalitis
Indications
Japanese encephalitis (Chapter 359) vaccine is indicated primarily for travelers 
to Asia who will spend a month or longer in endemic areas during the transmis-
sion season, especially if travel will include rural areas. In all instances, travelers 
should be advised to take personal precautions to reduce exposure to mosquito 
bites. An older vaccine was reported to be 80 to 91% effective in preventing 
clinical disease, and the current whole virus inactivated vaccine (Ixiaro, Intercell 
Biomedical) was licensed on the basis of comparable immunogenicity. The 
primary series consists of two 0.5-mL doses given intramuscularly on days 0 
and 28, with the second dose administered at least 1 week before travel (see 
Table 15-2). If the primary series was administered more than 1 year previ-
ously, a booster dose may be given before the next potential exposure to the 
virus. The FDA has approved an alternate 0- and 7-day schedule.

Adverse Events
Headache, myalgia, and local reactions (pain and tenderness) occur in more 
than 10% of vaccinees. However, the incidence rates of these events were 
similar to those in a comparison group that received a placebo with aluminum 
hydroxide.

 Typhoid
Indications
Two types of vaccines, a live attenuated Ty21a oral vaccine and a capsular 
polysaccharide vaccine (ViCPS), appear to be of comparable efficacy (50 to 
77%). Typhoid (Chapter 292) vaccine is indicated primarily for travelers to 
areas where the risk of prolonged exposure to contaminated food and water 
is high. Because the vaccine is not always effective, food and water precautions 
are still essential. The vaccine also may be considered for family or other 
intimate contacts of typhoid carriers and laboratory workers who work with 
Salmonella typhi. For adults and children 6 years and older, either of the vac-
cines may be used. For Ty21a, one enteric-coated capsule is taken every other 
day for four doses. Alternatively, a single dose of the ViCPS vaccine may be 
given. The duration of protection with Ty21a is not known; repetition of the 
primary series is recommended every 5 years for persons at risk. Boosters are 
recommended every 2 years for the ViCPS vaccine if persons continue to be 
at risk. The ViCPS vaccine can be given to children as young as 2 years.

Adverse Events
Fever and headache may occur after receipt of typhoid vaccines. Stomach 
pain, nausea, and rash are rarely observed.

 Yellow Fever
Indications
Yellow fever (Chapter 357) occurs only in areas of South America and Africa. 
Vaccination with a single dose of the live attenuated 17D strain of virus confers 
protection to almost all recipients for at least 10 years. For most persons only 
a single dose is recommended. However, a booster dose is recommended 
every 10 years for at-risk laboratory personnel and certain previously vaccinated 
travelers (pregnant women before travel to at risk areas, hematopoietic stem 
cell transplant recipients vaccinated before transplant, HIV-infected persons, 
and travelers who will be in a higher-risk setting based on season, location, 
activities, and duration of their travel, such as travelers who plan to spend a 
prolonged period in endemic areas or those traveling to highly endemic areas 
such as rural West Africa during peak transmission season or an area with an 
ongoing outbreak).

Yellow fever vaccine should not be given to immunocompromised persons 
or persons with anaphylactic allergies to eggs. The vaccine is contraindicated 
in pregnant women on theoretical grounds, although pregnant women who 
must travel to a high-risk area may be vaccinated.

Adverse Events
Adverse reactions (fever, aches, and soreness, redness, or swelling where the 
injection was given) occur in up to 25% of vaccinees. Anaphylaxis has been 
reported in 0.8 to 1.8 persons per 100,000 doses of vaccine distributed. A rare 
syndrome (0.25 case per 100,000 doses distributed) of multiple organ system 
failure with high rates of mortality called viscerotropic disease has been reported, 
primarily among older adults and persons who have undergone thymectomy 
or have severe thymic dysfunction. Meningoencephalitis, Guillain-Barré syn-
drome, acute disseminated encephalomyelitis, and bulbar palsy have been 
reported in 1 to 2 persons per 100,000 doses and are more common in older 

with anaphylactic allergies to vaccine components, and pregnant women. 
Postexposure vaccination within 3 days of exposure can reduce the likelihood 
of symptomatic infection by about two thirds. A6  The varicella vaccine formula-
tion marketed in the United States is temperature sensitive, so it must be 
stored at −15° C or colder to retain potency and should be discarded if it is 
not used within 30 minutes of reconstitution.

Adverse Events
The most common side effect is soreness at the injection site, which is reported 
in 25 to 35% of recipients 13 years or older. Varicella-like rashes at the injection 
site (median of two lesions) have been reported in 3% of recipients in this 
age group after the first dose and in 1% after the second dose. Nonlocalized 
rashes with a median of five lesions have been reported in 5.5% of recipients 
after the first dose and in 0.9% after the second dose. Although the vaccine 
virus can cause herpes zoster (shingles), especially in children, the incidence 
is substantially lower than would be expected after natural varicella (Chapter 
351). More severe events in temporal relation to the vaccine have been reported 
rarely, but a causal relationship has not been established. Transmission of 
vaccine virus to a contact is extremely rare and probably occurs only from 
vaccinees in whom a varicella-like rash developed.

 Varicella: Zoster
The live attenuated varicella-zoster virus vaccine (ZVL), which has ≥14-fold 
higher content of Oka strain varicella zoster virus than the varicella vaccine 
used routinely in children, reduces zoster by about 50% and post-herpetic 
neuralgia by about two thirds in persons 60 years of age or older. A7  The efficacy 
against zoster declines after age 70 years, but protection against post-herpetic 
neuralgia is better retained. For the formulation marketed in the United States, 
special freezer storage is required. A newly licensed subunit vaccine containing 
varicella-zoster virus glycoprotein E and the AS01B adjuvant system (called 
recombinant zoster vaccine) is 97% effective against herpes zoster for all age 
groups.

Indications
Recombinant zoster subunit vaccine (RZV), which is preferred over live zoster 
vaccine for the prevention of herpes zoster and related complications, is rec-
ommended even in adults who previously received live zoster vaccine. It is 
not necessary to elicit a history of varicella or to test for varicella immunity 
before administering either vaccine. The vaccine is not recommended for 
immunocompromised persons or pregnant women. The CDC still recom-
mends ZVL as an alternative option for healthy adults ages 60 years and older 
to prevent shingles, when a person prefers ZVL, is allergic to RZV, or requests 
immediate vaccination and RZV is unavailable.

Adverse Events
Local reactions (erythema, pain or tenderness, and swelling at the injection 
site) are common. Severe reactions were of similar incidence in vaccine and 
placebo recipients in clinical trials.

 VACCINES INTENDED PRIMARILY FOR 
INTERNATIONAL TRAVELERS

Evaluation of people before travel should include a review and provision of 
routine vaccines recommended on the basis of age and other individual char-
acteristics. Recommendations for specific vaccines related to travel will depend 
on itinerary, duration of travel, and host factors. Detailed recommendations 
are available at www.cdc.gov/travel.10

 Cholera
Indications
Cholera (Chapter 286) vaccine is indicated for adult travelers (aged 18 to 64 
years) from the United States to areas of the world with endemic or epidemic 
cholera caused by toxigenic Vibrio cholerae O1 within the past year (https://
wwwnc.cdc.gov/travel/). Lyophilized CVD 103-HgR (Vaxchora, PaxVax) is 
a single-dose, live attenuated oral cholera vaccine. Its efficacy against severe 
diarrhea (defined as fecal output >3 L/24 hours) after oral toxigenic V. cholerae 
O1 challenge is estimated to be 90% at 10 days after vaccination and 80% at 
3 months after vaccination. There is no recommendation for use of booster 
doses at this time.

Adverse Events
Available safety data indicate no harms except for a slightly elevated risk for 
mild diarrhea among vaccine recipients.

Adverse Events
Follow-up of pregnant women who had no evidence of immunity and who 
received rubella vaccines within 3 months of the estimated date of conception 
showed no evidence of defects compatible with congenital rubella syndrome 
in their offspring. Nevertheless, vaccine is contraindicated in pregnant women 
on theoretical grounds, and conception should be delayed for 1 month after 
rubella vaccination.

Arthralgia develops among about 25% of nonimmune postpubertal females 
after vaccination with rubella vaccine. Symptoms generally begin 1 to 3 weeks 
after vaccination, usually are mild, persist for about 2 days, and rarely recur. 
These symptoms are less common in postpubertal males compared with females. 
Other infrequent adverse events include transient peripheral neuritis and pain 
in the arms and legs. Thrombocytopenic purpura is rare when rubella vaccine 
is administered as MMR.

 Tetanus and Diphtheria
Tetanus (Chapter 280) toxoid is one of the most effective immunizations, with 
more than 95% protection after a primary series of three doses. In persons 
aged 7 years or older, it should always be used in combination with diphtheria 
(Chapter 276) toxoid (Td), which is more than 85% effective in preventing 
disease. Combinations that also include pertussis antigens (Tdap) are preferred 
to Td for routine immunization of adolescents and adults who have yet to 
receive Tdap as well as for pregnant women (for whom Tdap is recommended 
during every pregnancy). Doses need not be repeated if the schedule is inter-
rupted. A booster dose of Td is recommended every 10 years.

Indications
After a wound, persons of unknown immunization status or persons who have 
received fewer than three doses of tetanus toxoid should receive a dose of 
Tdap or Td regardless of the severity of the wound. Td also is indicated for 
persons who have previously received three or more doses if more than 10 
years has elapsed since the last dose, in the case of clean and minor wounds, 
and if more than 5 years has elapsed for all other wounds. Persons who have 
never received a dose of Tdap should receive it instead of Td for wound man-
agement. Tetanus immune globulin should be administered simultaneously 
at a separate site to persons who have wounds that are not clean and minor 
if they have not previously received at least three doses of toxoid.

Adverse Events
Most reactions to Td consist of local inflammation and low-grade fever. Exag-
gerated local (Arthus-like) reactions, with extensive painful swelling, often 
from shoulder to elbow, are occasionally reported 2 to 8 hours after receipt 
of a diphtheria- or tetanus-containing vaccine, particularly in persons who 
have received frequent doses of diphtheria or tetanus toxoid. Severe systemic 
reactions, such as generalized urticaria, anaphylaxis, Guillain-Barré syndrome, 
and other neurologic complications, rarely have been reported after receipt 
of tetanus toxoid.

 Varicella: Chickenpox
A single dose of live attenuated varicella vaccine (Oka strain), which can be 
combined with MMR vaccine, protects 70 to 90% of recipients against any 
disease and more than 95% of recipients against severe disease, but a two-dose 
schedule is recommended. Whether immunity wanes with increasing time 
after vaccination is unclear. Use of vaccine has been associated with dramatic 
decreases in the incidence of varicella.

Indications
Varicella vaccine is indicated routinely for all children without a contraindica-
tion. The two-dose schedule includes vaccination at 12 to 15 months of age 
and again at 4 to 6 years of age. For persons <13 years who previously received 
just a single dose, a catch-up second vaccination is recommended, preferably 
at least 3 months after the first dose. Persons 13 years or older without evidence 
of immunity to varicella should receive two doses at least 4 weeks apart. Evi-
dence of immunity to varicella includes documentation of age-appropriate 
vaccination with two doses of varicella vaccine at least 28 days apart, laboratory 
evidence of immunity or laboratory confirmation of disease, birth in the United 
States before 1980, or diagnosis or verification of a history of varicella or 
herpes zoster disease by a health care provider. Serologic screening of adults 
in some situations may be cost-effective, provided that identified susceptible 
adults are vaccinated. Serologic testing is not indicated after vaccination. The 
vaccine is contraindicated in persons who are immunocompromised, persons 

1, 2, and 3 has been replaced by bivalent OPV containing types 1 and 3 in 
all countries using OPV. In addition, there is a recommendation that all 
countries should include at least one dose of IPV in their immunization  
schedules.9

Indications
Routine vaccination of persons 18 years of age or older is not recommended. 
If adults who are unvaccinated, are incompletely vaccinated, or have unknown 
vaccination status travel to areas where wild poliovirus is endemic or epi-
demic, they should receive a series of three doses: two doses of IPV admin-
istered at an interval of 4 to 8 weeks, with a third dose administered 6 to 
12 months after the second. If three doses of IPV cannot be administered, 
alternatives include the following: three doses of IPV administered 4 weeks 
or more apart; if less than 8 weeks remain before protection is needed, two 
doses of IPV administered 4 weeks or more apart; and if less than 4 weeks 
remain before protection is needed, a single dose of IPV. If fewer than three 
doses are administered, the remaining doses needed to complete a three-
dose series should be administered when feasible, at the intervals recom-
mended, especially if the person remains at increased risk for poliovirus  
exposure.

As a precaution, adults (≥18 years of age) who are traveling to areas where 
poliomyelitis cases are occurring and who have received a routine series with 
either IPV or OPV in childhood should receive another dose of IPV before 
departure. For adults, available data do not indicate the need for more than 
a single lifetime booster dose with IPV.

Adverse Events
Minor local reactions (pain, redness) commonly occur after IPV. Because IPV 
contains trace amounts of streptomycin, polymyxin B, and neomycin, allergic 
reactions may occur in persons allergic to these antibiotics.

 Rabies
Two inactivated rabies vaccines are licensed in the United States. Human 
diploid cell vaccine (HDCV), which is prepared from the Pitman-Moore strain 
of rabies virus, also contains small amounts of neomycin sulfate, albumin, and 
phenol red indicator. The purified chick embryo cell vaccine (PCECV), which 
is prepared from the Flury LEP rabies virus strain, also contains small amounts 
of polygeline, human serum albumin, potassium glutamate, and sodium ethyl-
enediamine tetra-acetic acid (EDTA). Both vaccines are given intramuscularly.

Indications
Rabies (Chapter 386) vaccine is indicated for preexposure prophylaxis of 
high-risk persons, including animal handlers, selected laboratory and field 
workers, and persons traveling for more than 1 month to areas where rabies 
is a constant threat. For both rabies vaccines, the preexposure regimen consists 
of three 1-mL intramuscular injections on days 0, 7, and 21 or 28. Postexposure 
treatment depends on prior exposure to vaccine (Chapter 386). Persons being 
treated for the first time should be given human rabies immune globulin as 
well as four doses of vaccine at days 0, 3, 7, and 14.

Adverse Events
Local reactions (e.g., pain at the injection site, redness, swelling, and indura-
tion) are common after both rabies vaccine preparations. Hypersensitivity 
reactions have been reported in up to 6% of persons after booster doses of 
HDCV.

 Rubella
Indications
One dose of rubella vaccine (Chapter 344) is indicated for adults born in 
1957 or later without evidence of immunity and for women of any age who 
lack evidence of immunity and who are considering becoming pregnant. Persons 
without a prior history of vaccination on or after the first birthday, laboratory 
evidence of immunity, or laboratory confirmation of disease should be con-
sidered as lacking evidence of immunity. A single dose of vaccine is 95% or 
more effective. Many persons receive two doses of rubella vaccine by the 
two-dose schedule of MMR.

Rubella vaccine is contraindicated for persons with moderate to severe acute 
illnesses and persons with reduced immunocompetence. When it is given 
with measles vaccine, it may be administered to persons with asymptomatic 
HIV infection and considered for symptomatic persons who are not severely 
immunocompromised. Rubella vaccine is grown in human diploid cells and 
can be administered without problems to persons with egg allergies.
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 Japanese Encephalitis
Indications
Japanese encephalitis (Chapter 359) vaccine is indicated primarily for travelers 
to Asia who will spend a month or longer in endemic areas during the transmis-
sion season, especially if travel will include rural areas. In all instances, travelers 
should be advised to take personal precautions to reduce exposure to mosquito 
bites. An older vaccine was reported to be 80 to 91% effective in preventing 
clinical disease, and the current whole virus inactivated vaccine (Ixiaro, Intercell 
Biomedical) was licensed on the basis of comparable immunogenicity. The 
primary series consists of two 0.5-mL doses given intramuscularly on days 0 
and 28, with the second dose administered at least 1 week before travel (see 
Table 15-2). If the primary series was administered more than 1 year previ-
ously, a booster dose may be given before the next potential exposure to the 
virus. The FDA has approved an alternate 0- and 7-day schedule.

Adverse Events
Headache, myalgia, and local reactions (pain and tenderness) occur in more 
than 10% of vaccinees. However, the incidence rates of these events were 
similar to those in a comparison group that received a placebo with aluminum 
hydroxide.

 Typhoid
Indications
Two types of vaccines, a live attenuated Ty21a oral vaccine and a capsular 
polysaccharide vaccine (ViCPS), appear to be of comparable efficacy (50 to 
77%). Typhoid (Chapter 292) vaccine is indicated primarily for travelers to 
areas where the risk of prolonged exposure to contaminated food and water 
is high. Because the vaccine is not always effective, food and water precautions 
are still essential. The vaccine also may be considered for family or other 
intimate contacts of typhoid carriers and laboratory workers who work with 
Salmonella typhi. For adults and children 6 years and older, either of the vac-
cines may be used. For Ty21a, one enteric-coated capsule is taken every other 
day for four doses. Alternatively, a single dose of the ViCPS vaccine may be 
given. The duration of protection with Ty21a is not known; repetition of the 
primary series is recommended every 5 years for persons at risk. Boosters are 
recommended every 2 years for the ViCPS vaccine if persons continue to be 
at risk. The ViCPS vaccine can be given to children as young as 2 years.

Adverse Events
Fever and headache may occur after receipt of typhoid vaccines. Stomach 
pain, nausea, and rash are rarely observed.

 Yellow Fever
Indications
Yellow fever (Chapter 357) occurs only in areas of South America and Africa. 
Vaccination with a single dose of the live attenuated 17D strain of virus confers 
protection to almost all recipients for at least 10 years. For most persons only 
a single dose is recommended. However, a booster dose is recommended 
every 10 years for at-risk laboratory personnel and certain previously vaccinated 
travelers (pregnant women before travel to at risk areas, hematopoietic stem 
cell transplant recipients vaccinated before transplant, HIV-infected persons, 
and travelers who will be in a higher-risk setting based on season, location, 
activities, and duration of their travel, such as travelers who plan to spend a 
prolonged period in endemic areas or those traveling to highly endemic areas 
such as rural West Africa during peak transmission season or an area with an 
ongoing outbreak).

Yellow fever vaccine should not be given to immunocompromised persons 
or persons with anaphylactic allergies to eggs. The vaccine is contraindicated 
in pregnant women on theoretical grounds, although pregnant women who 
must travel to a high-risk area may be vaccinated.

Adverse Events
Adverse reactions (fever, aches, and soreness, redness, or swelling where the 
injection was given) occur in up to 25% of vaccinees. Anaphylaxis has been 
reported in 0.8 to 1.8 persons per 100,000 doses of vaccine distributed. A rare 
syndrome (0.25 case per 100,000 doses distributed) of multiple organ system 
failure with high rates of mortality called viscerotropic disease has been reported, 
primarily among older adults and persons who have undergone thymectomy 
or have severe thymic dysfunction. Meningoencephalitis, Guillain-Barré syn-
drome, acute disseminated encephalomyelitis, and bulbar palsy have been 
reported in 1 to 2 persons per 100,000 doses and are more common in older 

with anaphylactic allergies to vaccine components, and pregnant women. 
Postexposure vaccination within 3 days of exposure can reduce the likelihood 
of symptomatic infection by about two thirds. A6  The varicella vaccine formula-
tion marketed in the United States is temperature sensitive, so it must be 
stored at −15° C or colder to retain potency and should be discarded if it is 
not used within 30 minutes of reconstitution.

Adverse Events
The most common side effect is soreness at the injection site, which is reported 
in 25 to 35% of recipients 13 years or older. Varicella-like rashes at the injection 
site (median of two lesions) have been reported in 3% of recipients in this 
age group after the first dose and in 1% after the second dose. Nonlocalized 
rashes with a median of five lesions have been reported in 5.5% of recipients 
after the first dose and in 0.9% after the second dose. Although the vaccine 
virus can cause herpes zoster (shingles), especially in children, the incidence 
is substantially lower than would be expected after natural varicella (Chapter 
351). More severe events in temporal relation to the vaccine have been reported 
rarely, but a causal relationship has not been established. Transmission of 
vaccine virus to a contact is extremely rare and probably occurs only from 
vaccinees in whom a varicella-like rash developed.

 Varicella: Zoster
The live attenuated varicella-zoster virus vaccine (ZVL), which has ≥14-fold 
higher content of Oka strain varicella zoster virus than the varicella vaccine 
used routinely in children, reduces zoster by about 50% and post-herpetic 
neuralgia by about two thirds in persons 60 years of age or older. A7  The efficacy 
against zoster declines after age 70 years, but protection against post-herpetic 
neuralgia is better retained. For the formulation marketed in the United States, 
special freezer storage is required. A newly licensed subunit vaccine containing 
varicella-zoster virus glycoprotein E and the AS01B adjuvant system (called 
recombinant zoster vaccine) is 97% effective against herpes zoster for all age 
groups.

Indications
Recombinant zoster subunit vaccine (RZV), which is preferred over live zoster 
vaccine for the prevention of herpes zoster and related complications, is rec-
ommended even in adults who previously received live zoster vaccine. It is 
not necessary to elicit a history of varicella or to test for varicella immunity 
before administering either vaccine. The vaccine is not recommended for 
immunocompromised persons or pregnant women. The CDC still recom-
mends ZVL as an alternative option for healthy adults ages 60 years and older 
to prevent shingles, when a person prefers ZVL, is allergic to RZV, or requests 
immediate vaccination and RZV is unavailable.

Adverse Events
Local reactions (erythema, pain or tenderness, and swelling at the injection 
site) are common. Severe reactions were of similar incidence in vaccine and 
placebo recipients in clinical trials.

 VACCINES INTENDED PRIMARILY FOR 
INTERNATIONAL TRAVELERS

Evaluation of people before travel should include a review and provision of 
routine vaccines recommended on the basis of age and other individual char-
acteristics. Recommendations for specific vaccines related to travel will depend 
on itinerary, duration of travel, and host factors. Detailed recommendations 
are available at www.cdc.gov/travel.10

 Cholera
Indications
Cholera (Chapter 286) vaccine is indicated for adult travelers (aged 18 to 64 
years) from the United States to areas of the world with endemic or epidemic 
cholera caused by toxigenic Vibrio cholerae O1 within the past year (https://
wwwnc.cdc.gov/travel/). Lyophilized CVD 103-HgR (Vaxchora, PaxVax) is 
a single-dose, live attenuated oral cholera vaccine. Its efficacy against severe 
diarrhea (defined as fecal output >3 L/24 hours) after oral toxigenic V. cholerae 
O1 challenge is estimated to be 90% at 10 days after vaccination and 80% at 
3 months after vaccination. There is no recommendation for use of booster 
doses at this time.

Adverse Events
Available safety data indicate no harms except for a slightly elevated risk for 
mild diarrhea among vaccine recipients.

http://www.cdc.gov/travel
https://wwwnc.cdc.gov/travel/
https://wwwnc.cdc.gov/travel/


especially of the eye, which can cause keratitis and scarring; generalized vac-
cinia; myopericarditis; and encephalitis. The risk for death from vaccinia is 
about one case per 1 million primary vaccinations.

 Other Agents
Other organisms or products that have been considered potential bioterrorism 
threats include plague (Chapter 296) and botulinum toxin (Chapter 280). 
Poisoning with botulinum toxin can be treated with a trivalent antitoxin avail-
able from the Centers for Disease Control and Prevention (see http://
www.cdc.gov/laboratory/drugservice/formulary.html). An experimental 
heptavalent botulinum toxoid can be obtained from the Centers for Disease 
Control and Prevention for laboratory workers at high risk for exposure to 
toxin. Preexposure vaccination is not warranted or feasible for the general 
population.

 OTHER VACCINES
A protein-conjugated vaccine for H. influenzae type b (Hib) should be con-
sidered for some adults at high risk for invasive Hib disease (e.g., asplenia, 
sickle cell disease, or recipient of a hematopoietic stem cell transplant) if they 
have not previously received Hib vaccine.

vaccines. In patients 60 years and older who are going to spend time in yellow 
fever–endemic zones, yellow fever vaccine should be administered with caution 
and only after careful counseling.

 VACCINES FOR POSSIBLE  
BIOTERRORISM AGENTS

 Anthrax
Anthrax (Chapter 278) vaccine adsorbed (AVA) is prepared from a cell-free 
filtrate of a nonencapsulated strain of anthrax and contains many cell products, 
including protective antigen. Protective antigen is responsible for binding to 
cells, allowing transport of lethal factor and edema factor into host cells. A 
recombinant protective antigen (rPA) vaccine is in clinical trials.

Indications
Preexposure prophylaxis consists of a three-dose primary intramuscular schedule 
at 0 and 4 weeks and at 6 months, with booster doses at 12 and 18 months, 
followed by annual boosters. Protective efficacy of an earlier form of the vaccine 
against cutaneous anthrax was 92.5%. Animal models suggest efficacy against 
inhalation anthrax. Preexposure vaccination is recommended for persons 
engaged in work involving exposure to high concentrations of Bacillus anthracis 
or in activities with high potential for aerosol production. Vaccine is recom-
mended in conjunction with antibiotics for postexposure prophylaxis after 
exposure to aerosolized B. anthracis spores. The recommended regimen is 
three doses of AVA administered at 0, 2, and 4 weeks, combined with at least 
60 days of antibiotics, which should be continued for at least 14 days after 
the third dose of vaccine (Chapter 278).

Adverse Events
The most common adverse events are local reactions, including subcutaneous 
nodules, which are thought to be due to the deposition of the aluminum-
containing adjuvant in subcutaneous tissue. These adverse events are less 
common with intramuscular injections than with subcutaneous injections.

 Smallpox
Smallpox vaccine uses vaccinia virus, an orthopox virus that is distinct from 
variola and cowpox viruses and that provides cross-protection from smallpox. 
Smallpox vaccine is close to 100% effective when it is administered properly 
with a bifurcated needle. Vaccination also prevents or modifies disease when 
it is administered within 3 to 4 days of exposure and perhaps even after greater 
delays. The skin usually does not need any special preparation. If alcohol is 
used for cleaning, the skin should be allowed to dry before vaccination to 
avoid inactivation of the vaccine. The needle is held perpendicular to the skin 
with 15 punctures for all vaccinees, made rapidly with enough vigor to ensure 
that a trace of blood appears within 15 to 20 seconds. With a primary take, 
the vaccination site should become reddened and pruritic within 3 or 4 days 
after vaccination; a large vesicle with a red areola forms and becomes pustular 
by 7 to 11 days. The lesion scabs by the third week.

Indications
The vaccine is indicated for persons who work with orthopox viruses. To 
increase preparedness for a smallpox attack, vaccination is often recommended 
for persons who will serve on public health or health care response teams. 
The duration of immunity is unclear. Revaccination is recommended at least 
every 10 years for persons who continue to be at risk. Contraindications include 
history or presence of eczema, other chronic or exfoliative skin conditions, 
and immunosuppression or pregnancy in the patient or a close household or 
other contact. Persons who are younger than 1 year, are breast-feeding, or 
have allergies to vaccine components should not be vaccinated. Because of 
reports of post-vaccination cardiac events, vaccination should be deferred in 
persons with ischemia or other severe heart diseases or persons at high risk 
for ischemic heart disease events (https://www.cdc.gov/smallpox/clinicians/
vaccination.htm). In the event of exposure to variola, there are no contrain-
dications. Should variola be introduced into a community, vaccination would 
be indicated for all exposed persons and their close contacts to prevent further 
spread, and recommendations for more widespread vaccination would have 
to be evaluated on a case-by-case basis.

Adverse Events
Fever is the most common adverse event. Other more serious complications 
include eczema vaccinatum, which is a local or disseminated vaccinia infection 
in persons with a history of eczema or other exfoliative dermatitis; vaccinia 
necrosum, which occurs in immunocompromised persons; autoinoculation, 
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4. Adults at increased risk of hepatitis B infection who should receive hepatitis 
B vaccine include which of the following?
 A. Persons with chronic obstructive pulmonary disease
 B. Persons with coronary artery disease
 C. Persons with nephrotic syndrome not on dialysis
 D. Persons 19 to 59 years old with diabetes mellitus
 E. Persons 65 years and older

Answer: D Persons who have frequent contact with contaminated blood or 
body fluids are at increased risk of hepatitis B infection. Adults 19 to 59 years 
of age with diabetes mellitus also are at increased risk of hepatitis B infection, 
at least in part because of poor infection control practices with assisted blood 
glucose monitoring (see http://www.cdc.gov/mmwr/pdf/wk/mm6050.pdf). 
Therefore, the Centers for Disease Control and Prevention recommend that 
adults with diabetes mellitus younger than 60 years receive hepatitis B vaccine.

5. Human papillomavirus (HPV) vaccine is licensed for:
 A. Routine vaccination of boys and girls beginning at 11 years, with catchup 

vaccination for men and women up to 45 years.
 B. Persons 65 years and older
 C. Only for men who have sex with men
 D. Girls and women 11 to 50 years
 E. Girls and boys beginning at 9 years of age

Answer: A HPV vaccine is recommended for persons primarily before they 
begin sexual activity and have been infected with HPV. The upper age range 
for both licensed vaccines is 45 years for both women and men. For more 
information, see https://www.cdc.gov/mmwr/pdf/wk/mm6411.pdf and 
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm622715.htm.

REVIEW QUESTIONS

1. Tdap vaccine is recommended to be given only once for all groups except 
which of these?
 A. Pregnant women
 B. Parents of children younger than 2 years of age
 C. Adults 65 years of age and older
 D. Children age 11 or older who did not complete their DTaP vaccine 

series
 E. Adolescents and adults entering college

Answer: A Pregnant women should receive Tdap vaccine during each pregnancy 
to offer protection to each newborn. Available data indicate fairly rapid waning 
of pertussis immunity after Tdap vaccination and no significant adverse events 
after repeated Td or Tdap vaccinations with short intervals between them. 
For more information, see http://www.cdc.gov/mmwr/preview/mmwrhtml/
mm6207a4.htm.

2. Persons who are at increased risk of meningococcal disease and for whom 
meningococcal vaccine is recommended include all except which of the 
following?
 A. Persons without spleens or whose spleens are not functional (e.g., have 

sickle cell disease)
 B. Persons with persistent complement deficiencies
 C. Persons 65 years and older
 D. Microbiologists regularly working with Neisseria meningitidis isolates
 E. Persons traveling to sub-Saharan Africa

Answer: C Available data indicate increased risk of meningococcal disease 
for all the listed groups except persons 65 years and older. http://www.cdc 
.gov/mmwr/pdf/rr/rr6202.pdf.

3. Pneumococcal conjugate vaccine is recommended for which of these adult 
groups?
 A. Persons with nephrotic syndrome
 B. Persons with liver cirrhosis
 C. Persons with chronic obstructive pulmonary disease
 D. Persons with coronary artery disease
 E. Persons with diabetes

Answer: A Most of the additional benefit of pneumococcal conjugate vaccina-
tion, when it is used to supplement pneumococcal polysaccharide vaccination, 
accrues to persons with iatrogenic or disease-related immunocompromising 
conditions, including nephrotic syndrome, as well as persons with functional 
or anatomic asplenia, cerebrospinal fluid leaks, and cochlear implants. For 
more information, see http://www.cdc.gov/mmwr/preview/mmwrhtml/
mm6140a4.htm.
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countries, and finally reviews the effects of the environmental exposures most 
likely to be encountered.

 PRINCIPLES OF OCCUPATIONAL AND 
ENVIRONMENTAL DISEASE

It is widely imagined that the major health effects of environmental and occu-
pational exposures are unique disorders best recognized by their failure to 
fit easily into other diagnostic categories (e.g., arsenic poisoning). In reality, 
the major consequences of chemical and physical exposures are, without further 
exploration of an environmental connection, indistinguishable in clinical presenta-
tions from disorders that make up the bulk of outpatient and inpatient medical 
practice: common rashes (Chapter 409), nonspecific liver function abnor-
malities (Chapter 138), wheezing and irritative symptoms of the upper and 
lower respiratory tract (Chapter 81), various cancers (Chapter 170), periph-
eral neuropathies (Chapter 392), dysphoria (Chapter 369), and nonspecific 
cognitive dysfunction (Chapter 374). Although a handful of pathologically 
distinct disorders still occur, such as silicosis (Chapter 87) and lead poison-
ing (Chapter 19), when an environmental or workplace agent causes overt 
disease, physiologic and radiographic studies typically reveal manifestations 
completely consistent with common diagnoses such as asthma (Chapter 81), 
contact dermatitis (Chapter 409), fatty liver (Chapter 143), and lung cancer 
(Chapter 182).

The underlying cause of such conditions will inevitably remain obscure 
unless the clinician adheres to a disciplined approach designed to investigate 
and to exclude occupational or environmental causes whenever it is appropri-
ate. The best approach is consistent use of the occupational and environmental 
history, a short series of questions that can be expanded on the basis of the 
responses (see later). The point is that the internist cannot “wait” to consider 
occupational or environmental issues until other diseases have been ruled out 
without running the risk of missing almost every occupational and environ-
mental effect that he or she will encounter.

Whatever the pathway or time course, exposure dose is the major determinant 
of the risk for development of disease. As in pharmacology (Chapter 26), it is 
impossible to make any meaningful statement about cause and effect without 
appreciation of dose. Consider, for example, the difference in health effects 
of aspirin at 65 mg, 650 mg, and 6500 mg (Chapter 76). Over this two-order 
magnitude of change, the chemical goes from having one therapeutic target 
organ to having many to being lethal. It is no different with lead or organo-
phosphate pesticides or solvents, except that there is rarely as simple a way 
to determine dose as in the drug situation, where pill bottles are labeled, drug 
prescriptions are recorded, and blood or urine levels are readily available in 
most laboratories. This limitation is exacerbated because, unlike with drugs, 
the range of toxic exposures may vary far more widely. For example, water in 
a contaminated drinking well or poor indoor air in an office could have toxins 
at a level that is two, three, or even four orders of magnitude (i.e., 10,000 
times) lower than the level that may have been evaluated in epidemiologic 
studies of workers or tested in animals. Fortunately, it is much easier to “range 
find” than one might presuppose (see later discussion of history), and eager-
ness for precision—often unattainable—should not interfere with obtaining 
the great amount of information that can be readily gleaned from the patient 
and is often sufficient to act on. The key point is that no attempt to apply 
clinical information in relation to work or environment can be useful without 
some effort to characterize exposure dose.

Environmental hazards may affect preferentially vulnerable populations—
those with underlying disease, those at the extremes of life, those with atopy, 
and those with other serious health risks such as smoking or diabetes. Genetic 
variability may underlie some of these differences, but few relevant genes have 
been sufficiently characterized for use in practice. Clinical studies of a host of 
common occupational diseases have identified behavioral and constitutional 
cofactors; for example, smoking dramatically increases the risk of lung cancer 
in asbestos-exposed workers (Chapter 182). This interaction creates a double 
demand on the clinician—the presence of smoking or atopy in a young woman 
with cough not only does not preclude the possibility of an occupational cause 
of her asthma but rather actually increases the likelihood that such an exposure 
may be important.

 The Occupational and Environmental History and Exposure Assessment
Key to determining whether work and other environmental exposures may 
be causing or contributing to adverse health is the exposure history. The 
approach to obtaining this information and to the use of available resources 
to corroborate and complement it depends on the clinical context. In primary 
and much specialty medical care, where it is anticipated that a patient will be 

16 
PRINCIPLES OF OCCUPATIONAL AND 
ENVIRONMENTAL MEDICINE
MARK R. CULLEN

In the first several decades after World War II, when many American workers 
came to enjoy coverage by health insurance—for everything but workplace 
injuries and illnesses—the myth grew that modern work is largely free of the 
risks of the industrial horrors of past eras. Starting in the 1970s, however, 
resurgence of societal and medical interest in these consequences of work 
found that diseases related to work are not truly extinct, just not well observed 
or studied. Occupational physicians, often cut off from mainstream medical 
practice, had difficulty in changing the perception, and most practicing inter-
nists were largely oblivious. It is now recognized that a substantial burden of 
ill health and disability is due to work-associated physical, chemical, and bio-
logic hazards. Psychosocial aspects of work also may be injurious to health.

Although tens of thousands of toxic chemicals and other hazards can poten-
tially cause or exacerbate a wide range of acute and chronic conditions, certain 
basic principles and clinical approaches apply broadly to general and specialty 
medical practice. This chapter outlines these basics, then briefly summarizes 
the most common occupational disorders seen by internists in developed 
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ABSTRACT
Although numerous hazards in the workplace and ambient environment can 
potentially cause or exacerbate a wide range of acute and chronic conditions, 
certain basic principles and clinical approaches apply broadly to general and 
specialty medical practice. Central to all practice is the occupational and envi-
ronmental history, customized to the clinical problem and setting. This chapter 
outlines these basics, then briefly summarizes the most common occupational 
disorders seen by internists in developed countries, and finally reviews the 
effects of the environmental exposures most likely to be encountered.
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observed during a long period into the future, the most important step is to 
establish the hazards to which the patient may be exposed at work presently, 
the activities that may have resulted in past harmful exposures potentially 
relevant to future health, and whether the present residential environment 
(including air and water and food sources) is thought to be contaminated by 
harmful materials. The recommended approach is to use a simple question-
naire, which can be self-administered or supervised by a medical extender 
(E-Fig. 16-1). These instruments can then be reviewed together by the patient 
and physician as time permits and updated over time. When jobs or materials 
are noted but the actual generic exposures are unknown, the patient and avail-
able reference sources can be enlisted to “translate” the history into specifics, 
such as which metals are being welded or what is actually contained in a 
cleaning agent or plastic. This information is obligatorily maintained and sup-
plied on request by employers in most developed countries in the form of 
fact sheets termed Material Safety Data Sheets, many of which can be easily 
found online. In this way, the ongoing and former exposures, which may have 
an impact on health, can be noted and, where important, incorporated into 
routine preventive care or clinical surveillance for sequelae.

For patients with new clinical complaints or recently diagnosed conditions, 
the question of an environmental cause looms more urgently, so the approach 
must be more focused. If symptoms or signs of acute or subacute illness are 
suggested, the timing of recent or unusual environmental exposures in relation 
to the symptoms is key—more important than specific chemical detail. For 
example, if the patient develops shortness of breath shortly after the introduc-
tion of a new chemical or process at work or after a leak or spill, that fact 
should drive further questions, such as “Did others get sick as well?” For 
recurrent symptoms, such as cough or rash, cyclic changes are most often the 
strongest clue: Do symptoms get worse on workdays and improve on days 
off or holidays? For more insidious symptoms, such as weakness or numbness 
of the extremities or new-onset hepatic dysfunction, the appropriate question 
would be whether the onset of the abnormality has followed by weeks or 
months some demonstrable change in the work or home environment. Again, 
the coincidence of others similarly affected may be more valuable than detailed 
knowledge of the constituents of that environment. When such a temporal 
pattern is suggested, further efforts are warranted to establish what exposure 
may have occurred and what its dose may have been, often in conjunction 
with a specialty consultation.

In the elucidation of evidently more chronic conditions, such as pulmonary 
fibrosis, chronic renal insufficiency, or a malignant neoplasm, an alternative 
approach is suggested because the exposure, if relevant, is usually remote. In 
this situation, a detailed query about current work or ambient environments 
is not likely to be helpful in differential diagnosis, although knowledge of a 
past exposure to an important hazard (such as silica, asbestos, or cadmium) 
might, on the basis of the knowledge of its effects, influence the sequence of 
the evaluation. However, it is generally more efficient to explore past exposures 
after the pathophysiologic disturbance has been characterized, focusing inquiry 
on factors known to cause or suspected of causing that disorder—as easily 
found in suggested texts or literature searches.

In acute or chronic cases, information about what the exposure has been 
(generically) must be augmented by an estimation of exposure dose. A brief 
exposure to a fume containing a small percentage of lead will not, in general, 
cause acute lead poisoning (although hosts may differ in their responses), nor 
will trace contamination of a drinking well with benzene typically cause blood 
dyscrasias. The patient will rarely be able to supply detailed information about 
past or even current “dose” but often can provide valuable clues: Did the 
exposure continue during many years? Were fumes or fibers grossly visible in 
the air? Were respirators or other protective gear necessary or offered? Have 
episodes of unprotected exposure ever resulted in irritation or acute discom-
fort? A positive reply to any of these questions would suggest “high” exposure, 
where the reference point is the level at which the risk for development of a 
health effect becomes substantial. Conversely, if exposure has occurred in an 
otherwise typical office or around a home renovation, the levels of exposure 
are more likely “low.” Nevertheless, such low-level exposure does not exclude 
a health effect, especially one caused by idiosyncratic mechanisms or occur-
ring in hosts who are more “sensitive” to chemical exposures, a health char-
acteristic found in 2 to 10% of the population. Although not to be condoned 
because of potential broader public health consequences, exposures to trace 
contaminants in food and drinking water are uncommon causes of perceptible 
clinical problems. When concern about the exposure is high, information 
from patients can be readily supplemented by information from employers 
(with the patient’s consent!) and regulatory or health authorities or by con-
sultation with specialists who should know the levels of most workplace hazards 
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Occupational and Environmental Exposure History 

Current employment (if not currently employed, fill out for last job held) 

 1.  Job title 

 2.  Name and address of employer

 3.  Nature of work 

 4.  How many hours a week do you usually work? 

 5.  Start date?   If ended, last day worked   

  If ended, why did you leave? 

 6.  Do you have to wear personal protective equipment (like a respirator or gloves 
  or hearing protection) at your job? If yes, what kind(s) 

 7. Exposures at this job. For each, record whether “none,” “a little,” or “a lot” 

  None  A little  A lot 

  Dust or fumes 

  Organic solvents or thinners 

  Other chemicals 

  Noise 

  Excessive heat 

  Physical strain 

  Mental stress

Conflict between work and family 

 Any hazard at this job that you think might be making you sick? 

Past employment

 Please list all the jobs you had before this last one, working backward toward school. For each,
 list the title, years you held job, and whether there was any exposure you are worried about from 
 that job. 

 Job title  Years held  Exposure of concern?

Were you ever in the military service? 

 If yes, what years?   Were you in an active war zone? 

 Where? 

 Did hazardous exposures in any of these jobs make you sick? 

 If so, explain 

Environmental exposures 

 Are there any specific exposures in your home or neighborhood you are worried about? 

 If so, what? 

Please tell us about your home environment: 

 1.  Is your drinking water from a city or town source? Private well? Any health problems 
  with the water? 

 2.  Is your heating system oil? Gas? Electric? Any health problems with the heat? 

 3.  Are there sources of pollution near your home?  What? 

 4.  Does anyone smoke inside your home?   Who? 

 5.  Does anyone have hobbies at home involving chemicals or industrial materials? If so, describe.

 6.  Does anyone bring dust or other materials home on clothes from work? If yes, what?

E-FIGURE 16-1. A questionnaire for use during the “intake” of new patients for ongoing primary or specialty care. the instrument may be self-administered or supervised by a 
medical extender; it should then be reviewed by the patient and physician and periodically updated. 
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 Organic Solvents
These petroleum derivatives remain ubiquitous in workplace and household 
products. All are irritating, potentially neurotoxic, and, to varying degrees, 
hepatotoxic (Chapter 102). More serious neurotoxins, such as carbon disulfide 
and n-hexane, are no longer widely used, nor are the bone marrow toxins 
benzene and the ethers of ethylene glycol (Chapter 156).

 Organohalides
Although these complex organic pesticides and industrial materials are no 
longer made and sold in developed countries, their remarkable biopersistence 
has resulted in entrainment into everyone’s fat, including children. Worse, the 
dread byproduct dioxin, once associated with herbicide manufacture, has now 
been recognized as a predictable consequence of combustion of any chlorine-
containing materials. All are suspect carcinogens, although debate remains 
whether this effect is limited to soft tissue sarcomas (Chapter 192)—a rela-
tionship established for dioxin—or promotes cancer risk more globally. Some 
toxicologic and epidemiologic evidence links this class of agents to type 2 
diabetes mellitus and dyslipidemias; other endocrine effects are suggested by 
toxicological studies but have not been documented in humans.

 Herbicides and Pesticides
The acute neurotoxicity and irritant properties of most herbicides and pesti-
cides have been well studied (Chapter 102). These agents are generally well 
controlled, although both occupational and residential overexposures occa-
sionally occur. In developing countries, these substances remain a widespread 
vehicle for both suicide and homicide.

 Nonionizing Electromagnetic Radiation
Electric wires, appliances, and, notoriously, cell phones emit low-frequency 
electromagnetic radiation at levels far below those that cause local thermal 
injuries (Chapter 17). These radiations are nonionizing, but there is some 
epidemiologic evidence of an increased risk of childhood leukemia with high-
level exposure from household wiring and of excess brain tumors in adult 
workers with regular exposures. These data are difficult to interpret because 
study results differ according to how exposure is assessed; the only conclusion 
is that there is basis for concern and need for further study but not cause for 
widespread alarm or action other than precaution in the placement of new 
heavy power lines near schools and residences.

 Particulate Matter
Evidence accumulated in the past decade proves that ambient air pollution 
contributes measurably to the population risk of cardiovascular disease.4 Focus 

sinuses, and throat tend to be forgiving, recurrent episodes are extremely 
nettlesome and cause substantial work disability. Atopic patients and patients 
with frequent infections are often the most sensitive to these ubiquitous envi-
ronmental insults, which must ultimately be addressed along with the symptoms 
themselves and secondary infections.

 Dermatitis
Erythematous rashes are a common consequence of topical exposures to 
workplace, avocational, and household materials, including latex, plastics, and 
many foods (Chapter 411). Although the keys to recognition are timing and 
the anatomic relation to clothing, allergenic and irritating chemicals can find 
their way into unlikely places, such as the groin and belt lines. Specialty con-
sultation and patch testing are warranted in intractable cases but should not 
supplant careful observation and history taking in most situations. Acneiform 
lesions and folliculitis (Chapter 411) are also often caused by chemical irrita-
tion or physical factors at work, such as heat, pressure, or friction.

 Sick Building Syndrome and Nonspecific Building-Related Illness
The effort to reduce the influx of “fresh” air into buildings to save heating and 
air-conditioning costs has resulted in upper airway and dermal irritation as 
well as vague central nervous system symptoms such as headache and fatigue, 
occurring shortly after beginning work and clearing minutes to hours after 
leaving the affected building. Many occupants are typically affected, especially 
those who spend the most time in one place. The cause is unknown, but recent 
evidence suggests that microbial materials may be the most common culprits. 
In every instance, a search for a specific allergen or irritant is worth undertak-
ing (Chapter 235), but the most remedial sources are poor overall ventilation 
and dampness in which molds fester. When the source is remediated, most 
building occupants typically experience symptomatic improvement. From a 
clinical perspective, the major consideration is whether any more serious 
problem, such as asthma, may have also developed.

 Multiple Chemical Sensitivities
An environmental illness as transient as a single noxious inhalation or as per-
sistent as a protracted course of nonspecific building-related illness can initiate 
a cycle of similar symptoms after exposures to odors or irritants at very low 
levels, thereby rendering everyday tasks such as shopping or driving prob-
lematic. A patient typically complains of feeling “allergic” to everything, although 
there is no evidence for allergic mechanisms (Chapter 235); the cause of this 
vexing complication, more prevalent in women, is unknown and may involve 
psychological as well as physiologic factors. Despite the severity of complaints, 
which often include fatigue, muscle pain, stridor, chest tightness, and palpita-
tions, laboratory test results are normal; many patients will meet clinical criteria 
for fibromyalgia (Chapter 258) or chronic fatigue syndrome. Coexistent anxiety 
and depression often prompt psychiatric referral (Chapter 369), but the disorder 
has proved relatively refractory to all treatment modalities. A2  Sympathetic 
support, environmental modification as needed to provide some symptomatic 
relief, and candor regarding the unknown nature of the disorder are appropri-
ate; extensive clinical investigations often serve only to reinforce the patient’s 
“sick” role and are best avoided. Despite all efforts, the most severely affected 
individuals will often seek the care of alternative practitioners (Chapter 34) 
with compelling if unproven theories and expensive, potentially harmful 
remedies.

 COMMON HAZARDOUS EXPOSURES IN THE 
WORKPLACE AND AMBIENT ENVIRONMENT

Tens of thousands of chemicals in the workplace as well as important physical 
and biologic hazards may be encountered in the general environment (Table 
16-2). Several of these hazards are of major current concern in industrialized 
countries.

 Metals
Exposures to lead and arsenic (Chapter 19), once commonplace in industry, 
are now generally controlled; concern remains highest for environmental set-
tings, especially for children. There is now greater concern for mercury—
entrained in large ocean fish worldwide—and manganese, a potent neurotoxin 
that is found in welding fumes and various alloys and that affects extrapyramidal 
and autonomic function. For most metals—manganese being a notorious 
exception—blood or urine tests are available to quantify a patient’s burden, 
but these tests must be mindful of timing, the form of metal, and possible 
“confounders,” such as the largely benign form of arsenic excreted in urine 
for several days after even a single shellfish meal.

chronic obstructive pulmonary disease. Asbestosis (Chapter 87) is identical 
to idiopathic pulmonary fibrosis (Chapter 86) in every clinical way except 
that benign pleural changes often accompany asbestosis, and asbestosis tends 
to be more indolent and usually stops progressing when exposure ceases or 
within a few years thereafter. Hypersensitivity pneumonitis (Chapter 87) is 
rarely suspected outside of agricultural settings but is occurring far more often; 
the causes are likely to be microbial contaminants of work materials, but some 
chemicals, such as the isocyanates, may also be causal. Occupational constric-
tive bronchiolitis, which can cause indolent or rapidly progressive dyspnea, 
is seen after exposure to a variety of noxious chemicals. Recently, manufacturing 
and inorganic chemicals have been associated with outbreaks of allergic alveo-
litis, and synthetic fibers and food flavorings have precipitated severe and 
sometimes fatal airways responses. These observations support careful inves-
tigation of the environment in all cases of adult-onset lung disease.

 Cancers of the Respiratory Tract
Although most carcinomas of the lung and upper airway occur in smokers, 
occupational exposures to asbestos, silica, and the polyaromatic hydrocarbons 
in particulate air pollution, diesel exhaust, pitch, and asphalt contribute to 
the burden, as do radon and carcinogenic metals such as chromium and nickel 
found in most alloys (Chapter 182). Some organic materials, such as formal-
dehyde, are also likely culprits. Patients with these exposures should be observed 
expectantly; at a minimum, extraordinary efforts should be made to control 
smoking in these exposed individuals. Even nonsmokers may benefit from 
periodic screening with chest tomography, but that benefit remains unproved. 
Asbestos-exposed workers—smokers or otherwise—are additionally at risk 
for malignant mesothelioma (Chapters 92 and 182), but other than primary 
prevention, the only clinical implication is awareness for early diagnosis and 
compassionate care for this still largely incurable industrial disease.

 Fatty Liver
With the widespread use of abdominal imaging, fatty liver has been recognized 
as more common than previously thought (Chapter 143). This disorder is 
common among individuals exposed regularly to organic solvents, a possibility 
that should be considered at the same time that infectious, metabolic, and 
pharmaceutical causes are considered. Once it is suspected, whether or not 
other factors are also present, chemical exposure should be reduced. Improve-
ment tends to be slow, often during a period of many months, but the risk of 
progression is likely to have been averted or at least diminished. Long-term 
risks for progression to cirrhosis or hepatoma remain unknown.

 Sensorineural Hearing Loss
Aside from aging, noise is the most important cause of high-frequency sensori-
neural hearing loss (Chapter 398). Hobbies such as shooting and loud music 
may combine with industrial and agricultural noise to accelerate hearing loss. 
Although it is the responsibility of employers to conduct routine audiograms 
and to control exposure, clinicians should test noise-exposed patients periodi-
cally and reinforce whatever control strategies may be in place at work. Exposure 
to metals such as lead and organic solvents may compound the risk further.

 Musculoskeletal Disorders of the Upper Extremity and Trunk
The most common cause of work disability, including permanent disability, 
is an injury to the back (Chapter 372) or upper extremity; the annual loss to 
the U.S. economy from disability and health care expenditures is estimated 
at a staggering 1 to 2% of the gross domestic product. Repetitive, heavy, awkward, 
and time-pressured activities are notorious contributors, as are cold and vibra-
tion. A majority of cases, however, occur in workers without extremely physical 
jobs, such as health care or other service workers. Although an anatomically 
localized lesion may be identified and specifically treated in a small fraction 
of cases, as in carpal tunnel syndrome (Chapter 392) or thoracic outlet obstruc-
tion, the most important modalities of care in most cases are early recognition 
and reduction of further insult. Physical therapy and medications may hasten 
recovery but cannot prevent recurrences and even progression unless the causal 
work and avocational activities are modified. A1  Employers, who are increas-
ingly familiar with these ergonomic issues, share an incentive to modify tasks 
or work stations.

 Upper Airway Irritation
Virtually any smoke, fume, dust, or chemical has potential to irritate the upper 
respiratory tract (Chapter 87), causing acute or chronic symptoms indistin-
guishable from common allergic manifestations (Chapter 235) or upper 
respiratory infections (Chapter 90).3 Although the mucosae of the eyes, nose, 

in the community. Finally, with an appropriate understanding of the limits of 
testing and awareness of “timing” issues in relation to exposure (as with mea-
suring drug levels), an increasing number of hazardous chemicals can be 
biologically measured in blood or urine. Reliable testing is currently available 
for most metals and some pesticides, and testing may become available for a 
broad array of organic chemicals in the foreseeable future. Random sampling 
for “unknowns” is rarely helpful and most often leads to erroneous inferences 
because trace chemicals are ubiquitous, that is, almost everyone will have a 
higher than average level of “something.”

 OCCUPATIONAL AND ENVIRONMENTAL HEALTH 
DISORDERS COMMON IN PRACTICE

Although almost any medical complaint or condition could in theory have 
an occupational or environmental cause or contribution, certain conditions 
encountered in medical practice commonly do (Table 16-1). For these condi-
tions, attention to the history is most important and most often rewarding.

 Asthma
Atopic men and women with preexisting airways disease tolerate irritants in 
the workplace poorly and may experience exacerbations in temporal relation 
to one or more exposures. More important, numerous antigens are extant in 
the workplace, from large proteins, such as latex and animal danders, to small 
molecules, such as isocyanates needed to set polyurethane. More than 250 
agents have been well characterized, and many others are suspect. Virtually 
no profession or work is immune, and up to 20% of all adult-onset asthma 
may have a work component. Presentation is often nonspecific; timing of 
symptoms during or slightly staggered from exposure is the clue to diagnosis, 
keeping in mind that there may be a lag of several hours between exposure 
and cough or other symptoms. The reward for early recognition of such causes 
is the likelihood that airway inflammation will abate when the noxious expo-
sure is eliminated1; otherwise, lifelong, often generalized asthma is the rule 
(Chapter 81).

 Chronic Interstitial, Parenchymal, and Inflammatory Lung Disorders
The rounded opacities of silicosis (Chapter 87) and coal workers’ pneumo-
coniosis (Chapter 87) radiographically resemble sarcoid (Chapter 89); chronic 
beryllium disease (Chapter 87), a granulomatous disorder caused by sensitiza-
tion to this widely used light metal, is clinically identical to sarcoid in almost 
all respects, but a reasonably specific test for blood and bronchoalveolar lavage 
fluid is now available to distinguish them.2 Even after accounting for smoking, 
occupational exposure is associated with the development and severity of 

TABLE 16-1 COMMON OCCUPATIONAL AND 
ENVIRONMENTAL HEALTH CONDITIONS IN 
GENERAL PRACTICE

CONDITION EXPOSURE SETTINGS COMMENT
Asthma Virtually any indoor or 

outdoor workplace
New-onset, recrudescent, 

or exacerbated asthma
Interstitial, parenchymal, 

and inflammatory lung 
disorders

Dusts, metals, and organic 
materials

All parenchymal disorders 
have one or more 
environmental causes

Cancers of the respiratory 
tract

Asbestos, radon, silica, 
combustion fumes, tars, 
and some metals

Smokers are more likely to 
be affected

Sensorineural hearing loss Noise, metals, and solvents High-frequency loss, 
especially in younger 
workers

Musculoskeletal disorders 
of trunk and limbs

Heavy or repetitive 
activities or postures

Cold, vibration, and work 
stress contribute

Upper airway irritation Dust and fumes More common in smokers 
and atopic persons

Nonspecific building-
related illness

Office work Must exclude specific causes

Dermatitis, allergic or 
irritant

Repeated exposure to 
unprotected skin

Work and environmental 
exposures should be 
considered in every case

Multiple chemical 
sensitivities

Any Complication of adverse 
environmental exposure
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 Organic Solvents
These petroleum derivatives remain ubiquitous in workplace and household 
products. All are irritating, potentially neurotoxic, and, to varying degrees, 
hepatotoxic (Chapter 102). More serious neurotoxins, such as carbon disulfide 
and n-hexane, are no longer widely used, nor are the bone marrow toxins 
benzene and the ethers of ethylene glycol (Chapter 156).

 Organohalides
Although these complex organic pesticides and industrial materials are no 
longer made and sold in developed countries, their remarkable biopersistence 
has resulted in entrainment into everyone’s fat, including children. Worse, the 
dread byproduct dioxin, once associated with herbicide manufacture, has now 
been recognized as a predictable consequence of combustion of any chlorine-
containing materials. All are suspect carcinogens, although debate remains 
whether this effect is limited to soft tissue sarcomas (Chapter 192)—a rela-
tionship established for dioxin—or promotes cancer risk more globally. Some 
toxicologic and epidemiologic evidence links this class of agents to type 2 
diabetes mellitus and dyslipidemias; other endocrine effects are suggested by 
toxicological studies but have not been documented in humans.

 Herbicides and Pesticides
The acute neurotoxicity and irritant properties of most herbicides and pesti-
cides have been well studied (Chapter 102). These agents are generally well 
controlled, although both occupational and residential overexposures occa-
sionally occur. In developing countries, these substances remain a widespread 
vehicle for both suicide and homicide.

 Nonionizing Electromagnetic Radiation
Electric wires, appliances, and, notoriously, cell phones emit low-frequency 
electromagnetic radiation at levels far below those that cause local thermal 
injuries (Chapter 17). These radiations are nonionizing, but there is some 
epidemiologic evidence of an increased risk of childhood leukemia with high-
level exposure from household wiring and of excess brain tumors in adult 
workers with regular exposures. These data are difficult to interpret because 
study results differ according to how exposure is assessed; the only conclusion 
is that there is basis for concern and need for further study but not cause for 
widespread alarm or action other than precaution in the placement of new 
heavy power lines near schools and residences.

 Particulate Matter
Evidence accumulated in the past decade proves that ambient air pollution 
contributes measurably to the population risk of cardiovascular disease.4 Focus 

sinuses, and throat tend to be forgiving, recurrent episodes are extremely 
nettlesome and cause substantial work disability. Atopic patients and patients 
with frequent infections are often the most sensitive to these ubiquitous envi-
ronmental insults, which must ultimately be addressed along with the symptoms 
themselves and secondary infections.

 Dermatitis
Erythematous rashes are a common consequence of topical exposures to 
workplace, avocational, and household materials, including latex, plastics, and 
many foods (Chapter 411). Although the keys to recognition are timing and 
the anatomic relation to clothing, allergenic and irritating chemicals can find 
their way into unlikely places, such as the groin and belt lines. Specialty con-
sultation and patch testing are warranted in intractable cases but should not 
supplant careful observation and history taking in most situations. Acneiform 
lesions and folliculitis (Chapter 411) are also often caused by chemical irrita-
tion or physical factors at work, such as heat, pressure, or friction.

 Sick Building Syndrome and Nonspecific Building-Related Illness
The effort to reduce the influx of “fresh” air into buildings to save heating and 
air-conditioning costs has resulted in upper airway and dermal irritation as 
well as vague central nervous system symptoms such as headache and fatigue, 
occurring shortly after beginning work and clearing minutes to hours after 
leaving the affected building. Many occupants are typically affected, especially 
those who spend the most time in one place. The cause is unknown, but recent 
evidence suggests that microbial materials may be the most common culprits. 
In every instance, a search for a specific allergen or irritant is worth undertak-
ing (Chapter 235), but the most remedial sources are poor overall ventilation 
and dampness in which molds fester. When the source is remediated, most 
building occupants typically experience symptomatic improvement. From a 
clinical perspective, the major consideration is whether any more serious 
problem, such as asthma, may have also developed.

 Multiple Chemical Sensitivities
An environmental illness as transient as a single noxious inhalation or as per-
sistent as a protracted course of nonspecific building-related illness can initiate 
a cycle of similar symptoms after exposures to odors or irritants at very low 
levels, thereby rendering everyday tasks such as shopping or driving prob-
lematic. A patient typically complains of feeling “allergic” to everything, although 
there is no evidence for allergic mechanisms (Chapter 235); the cause of this 
vexing complication, more prevalent in women, is unknown and may involve 
psychological as well as physiologic factors. Despite the severity of complaints, 
which often include fatigue, muscle pain, stridor, chest tightness, and palpita-
tions, laboratory test results are normal; many patients will meet clinical criteria 
for fibromyalgia (Chapter 258) or chronic fatigue syndrome. Coexistent anxiety 
and depression often prompt psychiatric referral (Chapter 369), but the disorder 
has proved relatively refractory to all treatment modalities. A2  Sympathetic 
support, environmental modification as needed to provide some symptomatic 
relief, and candor regarding the unknown nature of the disorder are appropri-
ate; extensive clinical investigations often serve only to reinforce the patient’s 
“sick” role and are best avoided. Despite all efforts, the most severely affected 
individuals will often seek the care of alternative practitioners (Chapter 34) 
with compelling if unproven theories and expensive, potentially harmful 
remedies.

 COMMON HAZARDOUS EXPOSURES IN THE 
WORKPLACE AND AMBIENT ENVIRONMENT

Tens of thousands of chemicals in the workplace as well as important physical 
and biologic hazards may be encountered in the general environment (Table 
16-2). Several of these hazards are of major current concern in industrialized 
countries.

 Metals
Exposures to lead and arsenic (Chapter 19), once commonplace in industry, 
are now generally controlled; concern remains highest for environmental set-
tings, especially for children. There is now greater concern for mercury—
entrained in large ocean fish worldwide—and manganese, a potent neurotoxin 
that is found in welding fumes and various alloys and that affects extrapyramidal 
and autonomic function. For most metals—manganese being a notorious 
exception—blood or urine tests are available to quantify a patient’s burden, 
but these tests must be mindful of timing, the form of metal, and possible 
“confounders,” such as the largely benign form of arsenic excreted in urine 
for several days after even a single shellfish meal.

TABLE 16-2 COMMON HAZARDS IN THE WORKPLACE AND 
AMBIENT ENVIRONMENT

HAZARD
HEALTH EFFECTS OF 
GREATEST CONCERN COMMENTS

Metals Neurotoxicity, cancer Most can be measured in blood or 
urine to assess dose

Organic 
solvents

Respiratory and dermal 
irritation, neurotoxicity, 
hepatotoxicity

Benzene and a few others have 
unique effects

Organohalides 
(e.g., dioxin, 
PCBs)

Cancer, endocrine 
abnormalities

Ubiquitous suspect carcinogens of 
high population concern

Herbicides and 
pesticides

Rare acute neurotoxicity, 
unknown long-term 
effects

Widespread hazards of high 
population concern

Electromagnetic 
radiation

Leukemia, glioblastoma Ubiquitous exposures with 
unproven effects

Particulate 
matter

Acute and chronic 
atherosclerotic 
cardiovascular disease

Air pollution, workplace

Mold Allergy High population concern regarding 
putative chronic effects

Mineral dusts Cancer Old hazards still of high concern 
(e.g., asbestos, silica)

DDT = dichlorodiphenyltrichloroethane; PCBs = polychlorinated biphenyls.



has turned from the well-established respiratory irritants—the gases sulfur 
dioxide and ozone—to the smallest particles, so-called PM2.5. These particles 
may be laden with polyaromatic hydrocarbons from diesel exhaust, coal burning, 
and industrial sources, which are proinflammatory. This risk also accrues to 
more heavily exposed industrial workers, although it remains unclear if the 
risk is associated with particles of any origin or just those that evolve from 
combustion.5

 Mold
Molds are ubiquitous and long known for their unpleasant odors and potential 
for inducing allergic responses (Chapter 235), including asthma.6 Recently, 
concern has arisen over the potential for serious effects from various myco-
toxins, long problems in veterinary medicine when domestic animals consume 
contaminated feed; however, a consensus panel concluded that there is no 
evidence of human risks beyond those well established from living or working 
in a moldy environment. Mold formation should be prevented wherever pos-
sible, especially in schools and offices, where molds contribute to problems 
with indoor air quality. Identification, with eradication of leaks and other 
sources of water accumulation, is key.

 Mineral Dusts
Although asbestos has been largely abated, silica and human-made mineral 
fibers remain widely distributed in the environment. Silica (Chapter 87), 
present in virtually every form of “rock,” is a potent cause of lung injury and 
cancer, so respiratory exposure should be carefully controlled in every setting. 
The evidence of serious risk from fibrous glass, mineral wool, and other human-
made mineral fibers is less clear; probably only the finest fibers, such as slag 
wool, have cancer-causing potential, but many are potent dermal and upper 
respiratory irritants and should be well controlled for that reason alone.

 SUMMARY
Occupational and environmental health problems remain prevalent, although 
their spectrum and nature have changed as rapidly as any in medicine and are 
likely to change even faster as technology, work, and knowledge continue to 
evolve. Physicians need not necessarily develop a large base of facts—themselves 
subject to revision frequently—but rather an approach that incorporates key 
elements and provides a foundation for efficient recognition and management 
of current and future clinical syndromes. Consideration of environmental 
factors and appropriate history taking are key.
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REVIEW QUESTIONS

1. A 35-year-old carpenter complains of new-onset headaches shortly after 
beginning a new job in a small boat-refurbishing shop. His job involves 
cleaning debris from the hulls of sailboats and resurfacing them. What is 
the most useful approach to establish whether some exposure or condition 
in the shop is causing his headaches?
 A. Proceed as with any new headache evaluation. Then, once a diagnosis 

is made, explore online toxicologic databases to see if any chemicals 
are known to cause such a headache pattern.

 B. Ask the patient to obtain a complete list of all chemicals and processes 
in the shop and research each to see if it can cause headaches.

 C. Question the patient closely about the temporal relationship between 
work activities and symptoms.

 D. Test the patient’s blood and urine for common industrial solvents likely 
to be used in his work.

 E. Call the employer to inquire if other workers have made similar com-
plaints in the past.

Answer: C For the assessment of acute symptoms in relation to an environ-
mental exposure, the history of temporal relationship between exposure and 
onset/cessation of symptoms is the most compelling basis for pursuit of a 
work connection for a new complaint. If headaches typically occur after arriv-
ing at work or starting a specific activity and are absent at other times, the 
physician should obtain a detailed list of chemicals or other potential culprits 
and explore their toxicology.

2. Which of the following is true regarding the relevance of “dose of exposure” 
to a workplace or environmental chemical?
 A. Unlike pharmaceuticals, environmental toxins typically cause injury in 

susceptible people irrespective of the actual dose.
 B. Unlike with pharmaceuticals, the possible doses to which a worker might 

be exposed at work range over many orders of magnitude.
 C. Unlike with pharmaceuticals, there is no simple way of estimating expo-

sure dose from talking to a patient; the workplace or exposure environ-
ment itself must be evaluated.

 D. Unlike pharmaceuticals, environmental toxins typically affect everyone 
exposed in a similar way.

 E. Unlike with pharmaceuticals, blood and urine levels are the mainstay 
for assessing exposure dose to chemicals.

Answer: B For drugs and toxins, dose matters. What differs is the sheer 
number, probably 100,000 or more, of different chemicals and the enormous 
range of possible exposure doses, from trivial parts per billion or trillion in a 
well-controlled environment to gram quantities in an unventilated workplace 
or in an accidental release. However, as noted in the text, strong inference 
about the range of exposure dose can be made from talking to the patient; 
directly measuring the environment and biomarkers of exposure is rarely the 
first-line approach. As with drugs, idiosyncratic responses are common, and 
no two people respond alike.

3. Which of the following is true regarding occupation-related asthma?
 A. Nonatopic individuals with previously normal respiratory health may 

develop de novo sensitivity to one of hundreds of workplace proteins, 
metals, or other chemicals.

 B. Smokers and atopic individuals are the ones most likely to develop 
airway reactions at work. Cough or wheeze in the presence of one or 
more such risk factors demands increased vigilance about workplace 
exposures.

 C. Workplace factors cause or exacerbate asthma in up to 20% of adult-
onset asthma cases.

 D. A and C
 E. A, B, and C

Answer: E Work exposures commonly cause airway lability in susceptible 
individuals, sometimes by primary sensitization in atopic or nonatopic men 
and women and sometimes by irritating already abnormal airways in smokers 
and patients with preexisting airway disease. Most studies estimate that almost 
one in five newly symptomatic adult asthmatics has an occupational or envi-
ronmental cause, so this possibility must always be explored because an over-
looked and preventable exposure may lead to lifelong, irreversible injury.

4. A 60-year-old woman is admitted to the hospital with new onset of a large 
pleural effusion and incapacitating chest pain. What is the best approach 
to determine if a work exposure may have been involved?
 A. Perform a detailed occupation and environmental history of current 

exposures on admission to identify a possible cause for malignant or 
nonmalignant disease consistent with the presentation, such as 
asbestos.

 B. Perform a detailed occupation and environmental history of past expo-
sures on admission to identify a possible cause for malignant or non-
malignant disease consistent with the presentation, such as asbestos.

 C. Proceed with the evaluation as you would for any patient with the 
observed constellation of signs and symptoms. Take a detailed envi-
ronmental history of current and past exposures after a pathologic 
diagnosis has been made, focusing on established causes of that diag-
nosis, for example, lung cancer.

 D. After the evaluation, ask the laboratory to analyze surgical and other 
specimens for evidence of fibers or metals that are known to cause the 
patient’s diagnosed condition.

 E. After the diagnosis is made, seek information from the local health 
department or similar agencies about the occurrence of similar cases 
in the area because patients are unlikely to recall what they were exposed 
to years before.

Answer: C In the assessment of a new-onset chronic disease, it is not efficient 
to take an exhaustive history of either current or former exposures as the 
evaluation will quickly reveal a clear target (diagnosis) on which to focus. 
Although recognition of a prominent work exposure, such as asbestos, might 
make the possibility of malignant mesothelioma more likely in this case, it is 
still necessary to make a pathologic diagnosis before worrying about its cause. 
This approach is in contrast with the approach to new onset of acute or recur-
ring symptoms (question 1). D and E are important in some cases, but the 
first and most direct approach is to inquire whether the patient may have been 
exposed to the (invariably) small number of substances known to cause the 
just-diagnosed condition. These lists can easily be found in reference texts or 
online search tools (e.g., “occupational causes of lung cancer”).

5. Which of the following is true of musculoskeletal disorders among working-
age patients?
 A. Because these disorders are most often associated with nonspecific find-

ings on examination or imaging studies, they rarely lead to significant 
dysfunction or disability.

 B. Now that most work in developed economies is less physical, musculo-
skeletal disorders have become relatively rare.

 C. The best approach to prevent long-term disability is early recognition, 
intensive evaluation, and definitive treatment where possible.

 D. Assessment and modification of offending work activities are more 
important in the long run than is a definitive anatomic diagnosis.

 E. When a musculoskeletal disorder is recognized, the best way to establish 
whether it is related to work activity is to visit the workplace or to call 
the employer.

Answer: D Musculoskeletal disorders remain extremely common and extremely 
disabling even in highly developed economies and in jobs—like health care, 
food service, and education—that are not intensely physical. The key to diag-
nosis is the relationship between physical activities at work, which the patient 
can easily demonstrate to the physician, and the pattern of symptoms and 
signs. Intervening in the work by job modification or change is far more valu-
able in the long run than finding a drug or surgery to control the symptoms, 
which often recur when the patient returns to the old environment and tasks.
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radioactive material, would likely involve a relatively small spatial area in which 
individuals are significantly exposed, as well as a much larger area in which 
individuals are exposed to very low levels of radioactivity. The significance of 
a dirty bomb depends on the amount of radioactivity in the device and the 
efficiency with which the explosion aerosolizes and disperses the radioactive 
material. Of course, the consequences of a radiologic dispersal device extend 
beyond health effects and could potentially involve large-scale social and eco-
nomic disruption.

 PATHOBIOLOGY
Ionizing radiation can both mutate cells and cause cell death. The key initial 
damage site is a DNA double-strand break, although other types of damage 
are possible. This double-strand break is generally repaired by a variety of 
mechanisms, the most important of which for ionizing radiation damage is 
nonhomologous end rejoining. Imprecise nonhomologous end rejoining can 
lead to small mutations, whereas double-strand break misrepair (i.e., the wrong 
ends of breaks being rejoined to each other) can lead to chromosomal trans-
locations, inversions, telomere fusions, and other large-scale chromosomal 
structural alterations.

Although chromosomal translocations, inversions, and point mutations are 
typically nonlethal lesions, such radiation-induced chromosomal aberrations 
can be the initial lesions associated with carcinogenesis. For example, the 
initial event in many hematopoietic cancers (Chapters 173 and 175) is often 
a recurrent translocation, which in turn results in the fusion of genes located 
at the translocation breakpoints. Radiation-induced point mutations and dele-
tions also are often associated with loss of heterozygosity in tumor suppressor 
genes.

Misrepair of double-strand breaks can also result in dicentric chromosome 
aberrations and centric rings (Chapter 171), which are generally lethal lesions 
that cause reproductive cell death in which a cell loses its ability to divide. A 
second, quite different mechanism of radiation-induced cell death is apoptosis, 
or programmed cell death that, for example, is important after radiation expo-
sure of hematopoietic cells and jejunal crypt cells.

 CLINICAL MANIFESTATIONS
The consequences of radiation exposure are dose dependent and are also 
dependent on whether the exposure is to the whole body or only part of the 
body. After high doses of whole-body exposure, the major consequences are 
acute radiation syndromes, which may be fatal. After high doses of partial-body 
exposure, such as after radiotherapy, the consequences are highly organ specific. 
These high-dose tissue reactions are deterministic, meaning that there typically 
is a threshold below which the effects are not seen, with the severity of the 
effect increasing with increasing dose. By contrast, the major concern at lower 
doses is with stochastic effects, in which there is no dose threshold, and it is 
the probability of the effect that increases with increasing dose. The most 
important example here is radiation-induced cancer.

Acute Radiation Syndromes
The radiation dose needed to mitotically kill active dividing cells is far less than 
the dose needed to remove the functioning ability of differentiated cells. As a 
result, acute radiation syndromes generally relate to the failure of precursor 
cells to provide replacements for functional cells within an organ, when the 
latter need replacement. Acute radiation syndromes typically progress through 
four stages: prodromal, clinical latency, manifest illness, and recovery or death.

Prodromal Stage
Prodromal (early) symptoms occur shortly after irradiation, with the radiation 
dose determining the severity, duration, and onset. Typical prodromal 
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RADIATION INJURY
DAVID J. BRENNER

 IONIZING RADIATION

 DEFINITIONS
The ionizing radiations are x- and gamma rays, alpha and beta particles, and 
(indirectly) neutrons. Unlike non-ionizing radiations such as radio waves, 
microwaves, infrared light, visible light, and ultraviolet (UV) radiation, ion-
izing radiations have enough energy to knock electrons out of atomic or 
molecular orbits, thereby potentially breaking chemical bonds in key biomol-
ecules such as DNA.

A key difference among the various ionizing radiations is their ability to 
penetrate matter (Fig. 17-1). For example, alpha particles have very limited 
range, measured in micrometers. Because alpha particles cannot penetrate 
skin, their health significance is entirely in the context of internal exposure 
by inhalation or ingestion of alpha-emitting radioactive materials. Beta particles, 
which have intermediate ranges, can typically be stopped by a piece of paper. 
By contrast, x-rays, gamma rays, and neutrons are highly penetrating and are 
hard to shield.

Ionizing radiations are emitted by radioactive materials, which can either 
be naturally occurring or can be man-made, using machines such as nuclear 
reactors. The amount of ionizing radiation emitted by a radioactive material 
is determined by its activity, measured in becquerels (1 Bq = 1 radioactive 
disintegration/second) or Curies (Ci).

Radioactivity should be distinguished from absorbed dose, which is a measure 
of how much ionizing energy is actually absorbed by a structure of interest, 
such as a person or an organ. The basic measurement unit of absorbed dose, 
which is the energy deposited per unit mass, is the Gray (1 Gy = 1 J/kg). 
Equivalent dose takes into account the fact that not all types of radiation are 
equally effective, effective dose takes into account the fact that not all organs 
in the body are equally sensitive to ionizing radiation, and collective dose is a 
measure of the effective dose delivered summed over a whole exposed popula-
tion (Table 17-1).

 EPIDEMIOLOGY
Radiation exposure can come from natural sources, therapeutic or diagnostic 
medical exposures, or accidental exposures to individuals or to large popula-
tions. Natural sources and radiologic examinations are the major (and about 
equal) contributors to the overall collective radiation dose to the U.S. popula-
tion (Fig. 17-2).

Natural Sources of Ionizing Radiation
The largest naturally occurring source of radiation is from radon gas, which 
is an alpha-particle emitter. Radon is a constituent component of all rocks, 

Alpha
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or x-rays
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FIGURE 17-1. Schematic illustration of the relative ranges of alpha particles, beta 
rays, x- or gamma rays, and neutrons as they penetrate through matter. 

TABLE 17-1 STANDARD QUANTITIES AND UNITS 
ASSOCIATED WITH EXPOSURE TO IONIZING 
RADIATION

QUANTITY DEFINITION UNITS
Absorbed dose Energy per unit mass Gray (Gy)
Equivalent dose Average dose × radiation-type-specific 

radiation weighting factor
Sievert (Sv)

Effective dose Sum of equivalent doses to all exposed 
organs, each multiplied by an appropriate 
organ-relative sensitivity factor

Sievert (Sv)

Collective dose Sum of effective doses to a population of 
exposed individuals

Person-Sv
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ABSTRACT
This chapter reviews ionizing and non-ionizing radiations, their common 
sources, and the mechanisms that underlie the radiobiological damage that 
they cause. This overview serves as the background for a discussion of the 
clinical manifestations, diagnosis, treatment, and prevention of radiation-
induced injury.
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radioactive material, would likely involve a relatively small spatial area in which 
individuals are significantly exposed, as well as a much larger area in which 
individuals are exposed to very low levels of radioactivity. The significance of 
a dirty bomb depends on the amount of radioactivity in the device and the 
efficiency with which the explosion aerosolizes and disperses the radioactive 
material. Of course, the consequences of a radiologic dispersal device extend 
beyond health effects and could potentially involve large-scale social and eco-
nomic disruption.

 PATHOBIOLOGY
Ionizing radiation can both mutate cells and cause cell death. The key initial 
damage site is a DNA double-strand break, although other types of damage 
are possible. This double-strand break is generally repaired by a variety of 
mechanisms, the most important of which for ionizing radiation damage is 
nonhomologous end rejoining. Imprecise nonhomologous end rejoining can 
lead to small mutations, whereas double-strand break misrepair (i.e., the wrong 
ends of breaks being rejoined to each other) can lead to chromosomal trans-
locations, inversions, telomere fusions, and other large-scale chromosomal 
structural alterations.

Although chromosomal translocations, inversions, and point mutations are 
typically nonlethal lesions, such radiation-induced chromosomal aberrations 
can be the initial lesions associated with carcinogenesis. For example, the 
initial event in many hematopoietic cancers (Chapters 173 and 175) is often 
a recurrent translocation, which in turn results in the fusion of genes located 
at the translocation breakpoints. Radiation-induced point mutations and dele-
tions also are often associated with loss of heterozygosity in tumor suppressor 
genes.

Misrepair of double-strand breaks can also result in dicentric chromosome 
aberrations and centric rings (Chapter 171), which are generally lethal lesions 
that cause reproductive cell death in which a cell loses its ability to divide. A 
second, quite different mechanism of radiation-induced cell death is apoptosis, 
or programmed cell death that, for example, is important after radiation expo-
sure of hematopoietic cells and jejunal crypt cells.

 CLINICAL MANIFESTATIONS
The consequences of radiation exposure are dose dependent and are also 
dependent on whether the exposure is to the whole body or only part of the 
body. After high doses of whole-body exposure, the major consequences are 
acute radiation syndromes, which may be fatal. After high doses of partial-body 
exposure, such as after radiotherapy, the consequences are highly organ specific. 
These high-dose tissue reactions are deterministic, meaning that there typically 
is a threshold below which the effects are not seen, with the severity of the 
effect increasing with increasing dose. By contrast, the major concern at lower 
doses is with stochastic effects, in which there is no dose threshold, and it is 
the probability of the effect that increases with increasing dose. The most 
important example here is radiation-induced cancer.

Acute Radiation Syndromes
The radiation dose needed to mitotically kill active dividing cells is far less than 
the dose needed to remove the functioning ability of differentiated cells. As a 
result, acute radiation syndromes generally relate to the failure of precursor 
cells to provide replacements for functional cells within an organ, when the 
latter need replacement. Acute radiation syndromes typically progress through 
four stages: prodromal, clinical latency, manifest illness, and recovery or death.

Prodromal Stage
Prodromal (early) symptoms occur shortly after irradiation, with the radiation 
dose determining the severity, duration, and onset. Typical prodromal 

particularly granite-type rocks. Radon is a member of a chain of radioactive 
elements that starts with naturally occurring uranium and radioactively decays 
from one element to the next; uniquely in this chain of elements, radon is a 
gas, which can emerge from the ground and result in high levels in the base-
ment and higher floors of houses. Long-term exposure to radon gas can cause 
lung cancer because emitted alpha particles in the lung can damage cells in 
the bronchial epithelium. The three other main sources of naturally occurring 
radiation exposure are from terrestrial exposure (gamma rays emitted from 
naturally occurring radioactive materials in the ground), from space radiations 
(mainly intergalactic cosmic rays that penetrate through the atmosphere), and 
internal radiation (from naturally occurring radioactive elements in the body, 
such as potassium-40).

Medical Exposures
The single largest source of medical exposure is computed tomography (CT), 
which on average contributes about 25% of the collective dose to the U.S. 
population. This source of exposure is recent because CT has been commonly 
used only since the 1980s. Now, however, about 90 million CT scans are 
performed annually in the United States. In addition to CT, nuclear medicine, 
interventional fluoroscopy, and conventional radiography together constitute 
about 25% of the overall collective dose to the U.S. population.

Radiologic Accidents
Since the widespread introduction of nuclear power plants, major radiologic 
accidents have become an intermittent, although rare, source of radiation 
exposure. The accidents at Chernobyl in 1986 and at Fukushima in 2011 
released far more radioactivity than any other accidents (Table 17-2). For 
those individuals exposed to low radiation doses, many common symptoms 
reported in the immediate aftermath were not necessarily physical health 
problems directly attributable to radiation exposure but rather psychological 
and psycho-social effects.1

Radiologic Terrorism
In the broadest of terms, two different types of such threats exist, one from 
an improvised nuclear device and the other from a radiologic dispersal device, 
sometimes called a dirty bomb.2 The two are very different in terms of their 
potential consequences and also their likelihood of occurrence.

The consequences of exploding an improvised nuclear device, perhaps similar 
to those detonated at Hiroshima or Nagasaki, although more likely exploded 
at ground level, would be devastating in terms of loss of life and major injuries. 
For example, a 20-kT daytime surface improvised nuclear device explosion 
in midtown Manhattan might involve 2.2 million people exposed to high 
radiation doses, of whom perhaps only 1.6 million might survive.

By contrast, the consequences of exploding a radiologic dispersal device 
or dirty bomb, dispersing what could be very small or very large amounts of 
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FIGURE 17-2. The major sources of radiation exposure to an average individual in 
the United States. (From Hall Ej and Giaccia, aj, Radiobiology for the Radiologist. 7th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2012.)

TABLE 17-2 ESTIMATED RELEASES OF RADIOACTIVE IODINE 
AND RADIOACTIVE CESIUM FROM THE FOUR 
HISTORICALLY BIGGEST NUCLEAR POWER 
PLANT ACCIDENTS

131I (TBq) 137/134Cs (TBq)
Windscale, 1957 750 20
Three Mile Island, 1979 1 0.000001
Chernobyl, 1986 1,800,000 110,000
Fukushima, 2011 ~500,000 ~20,000
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 PREVENTION
Countermeasures after Radiologic Accidents or Terrorism
Three FDA-approved pharmaceuticals can limit the radiation dose caused by 
exposures to specific radioisotopes: potassium iodide for radioactive iodine, 
Prussian blue for radioactive cesium or thallium, and diethylenetriamine pen-
taacetate (DTPA) for plutonium, americium, or curium. Although these 
pharmaceutical countermeasures can limit the organ doses and therefore the 
health consequences produced by these specific radioisotopes, they cannot 
be used to treat any of the adverse clinical effects caused by them.

The administration of potassium iodide (KI), which contains nonradioac-
tive iodine, saturates the thyroid with nonradioactive iodine and thereby 
prevents radioactive iodine being absorbed into the thyroid, where it can 
cause thyroid cancer (Chapter 213). The protective effects of KI last about 
24 hours, so it should be taken daily (130 mg for adults, 65 mg for children 
>3 years of age, 32 mg for children 1 to 3 years of age, 16 mg for infants) while 
there is a likelihood of exposure.

Prussian blue (Radiogardase: ferric hexacyanoferrate [II]) binds cesium 
in the gastrointestinal tract and limits its reabsorption into the blood stream, 
thereby reducing the biologic half-life of cesium in the body from about 110 
days to about 30 days and limiting the organ toxicities that it produces. The 
recommended dose of Prussian blue is 3 g orally three times daily for adults 
and 1 g orally three times daily for children 2 to 12 years of age, for a minimum 
of 30 days.

DTPA is a chelating agent that binds to radioactive plutonium, americium, 
and curium, thereby decreasing their persistence in the body. DTPA comes 
in two forms, Ca-DTPA and Zn-DTPA, with the calcium form considered 
more effective over the first 24 hours of exposure, and the zinc form preferable 
at later times, although both are effective over several weeks. They are admin-
istered intravenously (or with a nebulizer), with a daily intravenous dose of 
1 g for adults and 14 mg/kg for children younger than 12 years.

Several radiation countermeasure drugs have been developed to counteract 
the symptoms of acute radiation syndromes, have been demonstrated effective 
in animal models, and are undergoing trials prior to FDA approval.

Medical Imaging
CT is a superb diagnostic tool, and individual CT radiation-associated risks are 
small; as a result, a great majority of the approximately 90 million CT scans 
performed annually in the United States generally provide far more benefits 
than risks. However, organ doses from CT are typically far larger than those 
from conventional radiographic examinations, so CT should operate under 
the dual principles of optimization and justification. Optimization involves 
reducing the radiation dose per CT, using improved protocols and technology. 
In terms of justification—making sure that all CT scans are clinically justified, 
a substantial proportion of CT scans could potentially be replaced by other 
modalities, such as magnetic resonance imaging for some head examinations 
and selective use of ultrasound for diagnosing appendicitis. In addition, many 
CT scans could be avoided entirely by following usage appropriateness criteria.

 NON-IONIZING RADIATION INJURY
Ionizing radiations uniquely have sufficient energy to cause DNA strand breaks, 
which in turn can lead to cell killing and mutations. By contrast, non-ionizing 
radiations, such as radio waves, microwaves, infrared radiation, and visible 
light, do not have sufficient energy to break DNA strands and none of these 
radiations have been associated with health hazards. One exception is UV 
radiation, which is generally a mutagen and a carcinogen. A second possible 
exception is radiofrequency radiation, although in this case the epidemiologic 
evidence and mechanistic considerations do not provide strong evidence of 
health risks.

 Ultraviolet Radiation
UV radiations, which are part of the non-ionizing electromagnetic spectrum, 
cover a wavelength from about 150 to 400 nm (intermediate between visible 
light and x-rays). In turn, these UV wavelengths are subcategorized as UVA 
(400 to 320 nm), UVB (315 to 280 nm), and UVC (280 to 150 nm).

Sunlight is by far the largest source of UV radiation to humans. Because of 
filtering in the atmosphere, about 95% of the UV spectrum that reaches the 
earth’s surface is UVA, the remainder is nearly all UVB, and almost no UVC 
penetrates the ozone layer to reach the earth. Other sources of UV exposures 
include tanning beds and booths. Industrial exposures include welding arcs, 
plasma torches, germicidal and blacklight lamps, electric arc furnaces, hot-
metal operations, mercury-vapor lamps, and some lasers.

dose dependent, but the probability of an effect increases with increasing dose. 
These effects are largely due to radiation-induced mutations of target cells, as 
opposed to cell killing, with by far the most important effect being radiation 
carcinogenesis. Other potential radiation-induced stochastic health effects 
include deleterious radiation-induced genetic effects to subsequent generations.

Radiation Carcinogenesis
In general, radiation acts as a multiplier of natural background cancer rates, 
although there are exceptions, such as radiation-induced breast cancer, in 
which the radiation risks are largely independent of the natural background 
rates, and prostate cancer, which generally is not a radiogenic tumor. Most 
radiation-induced cancers occur many years after radiation exposure, typically 
in the same “cancer-prone” years (about 55 to 75 years of age), as do naturally 
occurring cancers. Exceptions include radiation-induced hematopoietic cancers 
and radiation-induced thyroid cancers, both of which typically occur within 
a few years of radiation exposure. Sensitivity to radiation-induced cancer is 
age dependent, with people exposed at younger ages having higher lifetime 
cancer risks.

Most of what is known quantitatively about the radiation-induced risks for 
cancer comes from studies of atomic bomb survivors, who had measurable 
increased subsequent risks for cancer: at a 1 Gy dose at follow-up more than 
50 years later, atomic bomb survivors showed a 64% increased risk of solid 
cancer in females and a 20% increase in males.4 Despite much study, hereditary 
effects in the children of atomic bomb survivors have not been detected.5

Long-term survivors of radiation therapy also have a small but significantly 
increased risk of radiation-associated second cancers.6 At low radiation doses, 
for example, below 0.1 Gy, epidemiologic studies are difficult to perform and 
interpret because of the difficulty in quantifying a small excess cancer risk 
above the natural human lifetime cancer risk of about 40%. However large-
scale epidemiologic studies in children who have received CT scans or had 
small radioactive iodine exposures at Chernobyl showed an increased risk of 
radiation-induced cancer.

Radiation Cataractogenesis
Ionizing radiation induces ocular cataracts (Chapter 395) with a probability, 
severity, and latency related to the radiation dose.7 Studies of atomic bomb 
survivors, Chernobyl cleanup workers, astronauts, and radiologic technicians 
have all shown increased incidence of cataracts, even at radiation doses below 
1 Gy. Radiation cataractogenesis is a result of radiation damage to dividing 
cells in the lens. Because there are essentially no mechanisms in the lens for 
removal of damaged cells, the resulting nontranslucent lens fibers migrate 
toward the posterior pole of the lens, where they represent the first stage of 
a cataract. Posterior subcapsular cataracts are less common than nuclear or 
cortical cataracts in the general population but are the type most commonly 
associated with ionizing radiation.

 DIAGNOSIS
The diagnosis of radiation injury can be considered in two different contexts. 
The first context is when the radiation dose is not known, and the goal is to 
estimate the dose that was delivered in order to optimize treatment. Examples 
include accidents and radiologic terrorism scenarios. The second context is 
when the radiation dose is known, in particular after radiotherapy. Here the 
sequelae (see Table 17-3) are predictable, but the timing and the severity of 
the injury are less predictable.

Radiation Biodosimetry
For an individual exposed to a large whole-body radiation dose, the first criti-
cal task is to estimate the radiation dose that the individual received, because 
different syndromes (hematopoietic, gastrointestinal, cerebrovascular) are 
associated with different radiation dose ranges. The technique for estimating 
exposures to individuals is known as radiation biodosimetry. In this diagnostic 
process, a small amount of a body tissue, such as blood or urine, is analyzed, 
and dose-dependent end points in the sample are measured to provide an 
estimated dose. The most common end point of DNA damage, such as micro-
nuclei, in blood samples, can now be assessed by commonly available high-
throughput technologies.8 Other practical endpoints include gene expression 
in blood or induction of metabolites in urine.

Post-Radiotherapy Sequelae
Deterministic radiation-induced organ syndromes are seen at reasonably pre-
dictable intervals after radiation therapy. For example, radiation pericarditis 
(Chapter 68) can develop during treatment or months to years later, initially 

symptoms include nausea, vomiting, anorexia, fatigue, diarrhea, abdominal 
cramping, and dehydration. At very high doses, these symptoms can appear 
within a few minutes of exposure; but at somewhat lower doses, they may 
not appear for many hours, if at all.

Latency Period
After the prodromal stage, a latency period typically precedes manifest illness. 
This delay occurs because the subsequent syndromes (hematopoietic or 
gastrointestinal) involve the failure of relevant tissues to self renew, and manifest 
illness does not occur until after the typical cellular turnover times in these 
tissues.

Manifest Illness
The hematopoietic syndrome results from whole-body or significant partial-body 
exposure to 3 to 9 Gy. At these doses, radiation kills mitotically active hema-
topoietic precursor cells. Symptoms then result from lack of circulating blood 
elements some 4 to 8 weeks later as circulating cells die and are not replaced. 
The hematopoietic syndrome may manifest as infections and possible hemor-
rhage, impairment of immune mechanisms, and potentially multiple-organ 
failure.

The gastrointestinal syndrome usually occurs after whole-body or significant 
partial-body exposure of about 8 Gy and above. These doses lead to death of 
intestinal stem cells in the regenerating crypts. Symptoms then result when 
differentiated cells of the villi are naturally sloughed off, but stem cells are 
unable to produce new cells, thereby leading to depopulation of the epithelial 
lining of the gastrointestinal tract. After a latency period of about 7 days, loss 
or significant shortening of the villi on the intestinal epithelium leads to bacte-
rial growth and increased risk for sepsis. Common symptoms include anorexia, 
nausea, vomiting, prolonged bloody diarrhea, abdominal cramps, dehydration, 
and weight loss. Should death occur, it is typically 7 to 10 days later.

At extremely high radiation doses, death is typically from the cerebrovascular 
syndrome within a few days after exposure. The cause of death is believed to 
be because changes in permeability of small blood vessels in the brain lead 
to cerebral edema.

Organ-Specific Late Effects after Radiotherapy
Iatrogenic organ-specific late effects follow quite predictably after targeted 
radiation therapy in which the organ in question is irradiated, although the 
severity of the response is less predictable.3 These tissue effects can be divided 
into global organ responses and focal responses, in which a particular part of 
the organ is differentially irradiated (Table 17-3).

As one example, significant radiation exposure to the heart increases the 
risk for subsequent major heart disease. These risks have been most notable 
in women who have had radiotherapy for left-sided breast cancer (Chapter 
188), patients treated with mantle radiation for Hodgkin lymphoma (Chapter 
177), and some patients treated for lung tumors adjacent to the heart. Radia-
tion effects to the heart can be wide ranging, including to the coronary arteries, 
the myocardium, the heart valves, and the pericardial sac. The increased risk, 
which is proportional to the cardiac dose, begins a few years after exposure 
and continues throughout life. These radiation risks appear to be multiplicative 
of the natural background cardiac risks, so patients with preexisting cardiac 
risk factors are likely to have greater absolute increases in their risk for radiation-
induced cardiac disease.

Stochastic Effects of Radiation
In contrast to the deterministic organ-based effects of radiation, ionizing radia-
tion also produces stochastic effects, whereby the severity of the disease is not 

TABLE 17-3 TYPICAL ORGAN-SPECIFIC DETERMINISTIC LATE 
EFFECTS AFTER HIGH-DOSE RADIOTHERAPY

ORGAN LOCAL END POINT GLOBAL END POINT
Brain, cranial nerves Focal weakness, vision loss Neurocognitive deficit
Lung Bronchial stricture Shortness of breath
Heart Coronary stenosis Pericarditis, cardiomyopathy
Bladder Bleeding Urinary frequency, diarrhea
Bowel Ischemia, bleeding Enteritis
Adapted with changes from Rubin P, Constine LS, Marks LB, eds. ALERT—Adverse Late Effects of 
Cancer Treatment. Vol. 1: General Concepts and Specific Precepts. Heidelberg: Springer; 2014.

TREATMENT 
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 PREVENTION
Countermeasures after Radiologic Accidents or Terrorism
Three FDA-approved pharmaceuticals can limit the radiation dose caused by 
exposures to specific radioisotopes: potassium iodide for radioactive iodine, 
Prussian blue for radioactive cesium or thallium, and diethylenetriamine pen-
taacetate (DTPA) for plutonium, americium, or curium. Although these 
pharmaceutical countermeasures can limit the organ doses and therefore the 
health consequences produced by these specific radioisotopes, they cannot 
be used to treat any of the adverse clinical effects caused by them.

The administration of potassium iodide (KI), which contains nonradioac-
tive iodine, saturates the thyroid with nonradioactive iodine and thereby 
prevents radioactive iodine being absorbed into the thyroid, where it can 
cause thyroid cancer (Chapter 213). The protective effects of KI last about 
24 hours, so it should be taken daily (130 mg for adults, 65 mg for children 
>3 years of age, 32 mg for children 1 to 3 years of age, 16 mg for infants) while 
there is a likelihood of exposure.

Prussian blue (Radiogardase: ferric hexacyanoferrate [II]) binds cesium 
in the gastrointestinal tract and limits its reabsorption into the blood stream, 
thereby reducing the biologic half-life of cesium in the body from about 110 
days to about 30 days and limiting the organ toxicities that it produces. The 
recommended dose of Prussian blue is 3 g orally three times daily for adults 
and 1 g orally three times daily for children 2 to 12 years of age, for a minimum 
of 30 days.

DTPA is a chelating agent that binds to radioactive plutonium, americium, 
and curium, thereby decreasing their persistence in the body. DTPA comes 
in two forms, Ca-DTPA and Zn-DTPA, with the calcium form considered 
more effective over the first 24 hours of exposure, and the zinc form preferable 
at later times, although both are effective over several weeks. They are admin-
istered intravenously (or with a nebulizer), with a daily intravenous dose of 
1 g for adults and 14 mg/kg for children younger than 12 years.

Several radiation countermeasure drugs have been developed to counteract 
the symptoms of acute radiation syndromes, have been demonstrated effective 
in animal models, and are undergoing trials prior to FDA approval.

Medical Imaging
CT is a superb diagnostic tool, and individual CT radiation-associated risks are 
small; as a result, a great majority of the approximately 90 million CT scans 
performed annually in the United States generally provide far more benefits 
than risks. However, organ doses from CT are typically far larger than those 
from conventional radiographic examinations, so CT should operate under 
the dual principles of optimization and justification. Optimization involves 
reducing the radiation dose per CT, using improved protocols and technology. 
In terms of justification—making sure that all CT scans are clinically justified, 
a substantial proportion of CT scans could potentially be replaced by other 
modalities, such as magnetic resonance imaging for some head examinations 
and selective use of ultrasound for diagnosing appendicitis. In addition, many 
CT scans could be avoided entirely by following usage appropriateness criteria.

 NON-IONIZING RADIATION INJURY
Ionizing radiations uniquely have sufficient energy to cause DNA strand breaks, 
which in turn can lead to cell killing and mutations. By contrast, non-ionizing 
radiations, such as radio waves, microwaves, infrared radiation, and visible 
light, do not have sufficient energy to break DNA strands and none of these 
radiations have been associated with health hazards. One exception is UV 
radiation, which is generally a mutagen and a carcinogen. A second possible 
exception is radiofrequency radiation, although in this case the epidemiologic 
evidence and mechanistic considerations do not provide strong evidence of 
health risks.

 Ultraviolet Radiation
UV radiations, which are part of the non-ionizing electromagnetic spectrum, 
cover a wavelength from about 150 to 400 nm (intermediate between visible 
light and x-rays). In turn, these UV wavelengths are subcategorized as UVA 
(400 to 320 nm), UVB (315 to 280 nm), and UVC (280 to 150 nm).

Sunlight is by far the largest source of UV radiation to humans. Because of 
filtering in the atmosphere, about 95% of the UV spectrum that reaches the 
earth’s surface is UVA, the remainder is nearly all UVB, and almost no UVC 
penetrates the ozone layer to reach the earth. Other sources of UV exposures 
include tanning beds and booths. Industrial exposures include welding arcs, 
plasma torches, germicidal and blacklight lamps, electric arc furnaces, hot-
metal operations, mercury-vapor lamps, and some lasers.

with an effusion and progressing to pericardial constriction. Radiation entero-
colitis (Chapter 131) can develop 6 to 12 months after radiation doses of 40 
to 60 Gy for prostate cancer or gynecologic malignancies. Radiation-induced 
pulmonary injury can be detected in up to 50% of patients who receive thoracic 
radiation therapy, but only a minority of them will develop clinical symptoms 
(Chapter 88). In addition, the majority of all radiotherapy patients experience 
acute skin or mucosal toxicity, in particular radiation dermatitis, oral mucositis, 
and xerostomia.
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FIGURE 17-3. Schematic recommended treatment for acute radiation syndromes, as 
a function of the estimated dose that the individual received. note the very narrow 
dose window for which bone marrow transplantations are potentially useful. (adapted 
with changes from Hall Ej. Radiobiology for the Radiologist. 7th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2012.)

Whole-Body Exposure Syndromes
For exposures below 2 Gy, no immediate treatment is needed (Fig. 17-3). 

For patients with potential hematopoietic syndrome (doses between 2 and 
10 Gy), the two primary treatment approaches are: first, antibiotics and barrier 
nursing, which can raise the human LD50 (the dose at which 50% of exposed 
individuals die) from about 4 Gy to 8 Gy; and second, granulocyte colony-
stimulating factor. A1  Subcutaneous G-CSF, filgrastim (Neupogen, 10 µg/kg daily 
for up to 2 weeks), or pegfilgrastim (Neulasta, two 6 mg doses one week apart) 
are FDA-approved for the treatment of patients with radiation-induced myelo-
suppression following a radiological/nuclear incident. A placenta-derived adher-
ent stromal cell has been approved by the FDA for emergency treatment of 
acute radiation exposure in a possible nuclear event.9

The role of bone marrow transplantation in treating individuals with the 
hematopoietic syndrome is probably quite limited at doses less than about 9 Gy. 
In the aftermath of the Chernobyl accident, for example, 13 individuals under-
went bone marrow transplantation, and three deaths were directly attributed to 
the sequelae of the procedure in patients in whom the transplantation was not 
indicated based on their exposure. Conservative treatment regimens, including 
antibiotics, cytokine therapy, transfusions, and nursing are clearly effective, 
but current treatment options are very limited at doses above about 10 Gy, 
when the gastrointestinal syndrome becomes the dominant cause of death.

Radiotherapy Sequelae
Comparatively few drugs have been approved by the FDA for minimizing 

radiotherapy-associated sequelae. Amifostine (200 mg/m2 given intravenously 
daily, before each fraction of radiation therapy) A2  is FDA-approved for mini-
mizing radiotherapy-associated xerostomia, but its use has been limited by 
significant toxicity, and data on its efficacy are conflicting. A3  Several drugs have 
been designed to mitigate or treat the damage caused by radiation therapy, 
particularly to the mucosal barrier. Palifermin, which is a recombinant human 
keratinocyte growth factor, is FDA-approved (60 µg/kg/day administered as an 
IV bolus injection for 3 consecutive days before therapy and 3 consecutive days 
after therapy for leukemia or lymphoma) to decrease the incidence or duration 
of severe oral mucositis. A4  However, no medications have been consistently 
effective for reducing the gastrointestinal side effects of pelvic radiotherapy. A5 

For radiotherapy-induced dermatitis, mucositis, and xerostomia, treatments 
include topical agents for dermatitis (Chapter 409), analgesics for mucositis, 
and saliva substitutes for xerostomia. Beyond dermatitis, mucositis, and xero-
stomia, radiation-induced deterministic tissue effects are typically treated in 
the same way as their non-radiation-induced counterparts. For example, the 
treatment of radiation-induced coronary artery disease is no different than  
the approach to coronary diseases in general (Chapters 62 to 65). However, 
the management of acute and chronic gastrointestinal symptoms after radio-
therapy requires a more specialized approach because of the risk for local 
stricture (Chapter 133).

TREATMENT 
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 PATHOBIOLOGY
UV radiations do not penetrate deeply into human tissues, so the injuries they 
cause are principally to the skin and eyes. The biologic effects of UV radiation 
are primarily attributable to its absorption in DNA, where pyrimidine dimers 
and their products are produced. These products are generally very efficiently 
removed, primarily through nucleotide excision repair but also through base 
excision repair, but errors in these repair processes ultimately can result in 
mutations. Although most UV radiation in sunlight is UVA, UVB is much 
more efficiently absorbed by nucleic acids, and most of the biologic effects 
of sunlight are associated with UVB.

The damaging effects of UV radiation are exacerbated in patients who have 
underlying defects in nucleotide excision repair. For example, studies of patients 
with xeroderma pigmentosum have provided key evidence of the link between 
UV light and skin cancer. In addition, the effects of UV are often enhanced 
in patients who are taking medications that contain photodynamic agents, 
such as tetracyclines, fluoroquinolones, nonsteroidal-anti-inflammatory drugs, 
diuretics, statins, phenothiazines, thioxanthenes, and antifungals. Such drug-
related phototoxic reactions typically resolve after the drug is discontinued.

 CLINICAL MANIFESTATIONS
The major acute effects of UVB exposure are sunburn and erythema, whereas 
UVA exposure is rarely the direct cause of sunburn. All ultraviolet radiations 
are well-established skin carcinogens (Chapter 193). Squamous cell carcinomas 
and basal carcinomas are typically associated with multiple or chronic expo-
sures to sunlight, whereas melanoma is linked primarily to episodes of acute 
sunburn. Lighter skinned individuals, whose skin and eyes contain less melanin, 
are more prone to all UV effects because melanin acts as a photoprotector. 
Acute exposures of the eye to UVB (Chapter 395) can cause “welder flash” 
(photokeratitis), and chronic exposures are associated with cataracts as well 
as pterygium.

 PREVENTION
Excessive exposure to sunlight or other sources of UV radiation should be 
avoided, especially in fair-skinned individuals. UV radiation–screening lotions or 
creams and UV radiation–blocking sunglasses should be used when appropriate.

During significant exposure to sunlight, it is important to use a broad-
spectrum sunscreen that provides protection from UVB as well as UVA. 
Standard recommendations are use of sunscreen with a sun protection factor 
(SPF) of 30, with reapplication at least every 2 hours. Likewise, sunglasses 
should be rated to block 99% or 100% of UVB and UVA radiation.

 Far-UVC Radiation
A particular UV wavelength, far UVC (207 to 222 nm), is an effective anti-
bactericidal agent.10 Because of its very limited penetration, it may be safe for 
human exposure, unlike typical UV radiation.

 Radiofrequency Radiations
Radiofrequency radiations are also part of the non-ionizing electromagnetic 
spectrum (E-Fig. 17-1). Examples are radiation emitted from mobile phones 
(800 to 2,000 MHz), from electric power lines (50/60 Hz), and from airport 
whole-body scanners (24 to 30 GHz). Biologic studies of low-level radiofre-
quency exposure have generally not shown measurable genotoxicity.

Numerous epidemiologic studies have focused on the effects of electric 
power line proximity and of cell phone usage.11 Although some early studies 
showed positive associations between exposure and health detriment, these 
studies have generally not proved consistent or repeatable. Further studies 
are, however, warranted, and an ongoing prospective European study is fol-
lowing 290,000 adult cell phone users over a 20-year period.
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Radio Microwave Infrared

Long wavelength = Low energy = Low frequency

Short wavelength = High energy = High frequency

Wavelength (m)

Frequency (Hz)

Non-ionizing Ionizing

Visible Ultraviolet X-ray Gamma ray

103–10–1 10–1–10–4 10–4–10–6 10–6–10–7 10–7–10–9 10–9–10–12 10–12–10–16

105–109 109–1012 1012–1014 1014–1015 1015–1017 1017–1020 1020–1024

E-FIGURE 17-1. The electromagnetic spectrum. 
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REVIEW QUESTIONS

1. The dominant sources of collective radiation dose to the U.S. population 
are from:
 A. Natural background
 B. Nuclear weapons testing fallout
 C. Medical-related exposures
 D. Natural background and medical exposures, about equally
 E. Nuclear power.

Answer: D Natural background and medical, exposures each contribute almost 
half of the overall collective radiation dose to the population.

2. There is typically a latency period of 1 to 2 weeks between high-dose 
whole-body radiation exposure and manifest sickness. This is because:
 A. Radiation damage repair occurs quite quickly.
 B. Manifest sickness does not typically appear until typical cell turnover 

times of self-renewing tissues.
 C. It takes some time for the body’s immune response to kick in.
 D. Radiation damage repair occurs very slowly.
 E. None of the above.

Answer: B Both the hematopoietic syndrome and the gastrointestinal syn-
drome occur in self-renewing tissues, and manifest sickness does not occur 
until stem cell–driven cellular replacement is required in the self-renewing 
tissues.

3. If a typical population were exposed to moderate to high doses of ionizing 
radiation, most of the subsequent radiation-induced cancers would occur 
at what age?
 A. 0 to 15 years
 B. 15 to 35 years
 C. 35-55 years
 D. 55-75 years
 E. All ages, approximately equally

Answer: D Radiation acts as a multiplier of the preexisting risks of cancer, 
and this natural cancer risk peaks at ages 55 to 75.

4. A dirty bomb (radioactive dispersal device) made from the radioactive 
isotope cesium-137 was detonated. Which of the following would be rea-
sonable countermeasures to limit internal exposure to radioactive cesium 
in those individual close to the explosion?
 A. Potassium iodide (KI) pills
 B. Intravenous DTPA (diethylenetriamine pentaacetate)
 C. Oral administration of Prussian Blue (Radiogardase)
 D. KI and DTPA
 E. KI, DTPA, and Prussian Blue

Answer: C Prussian Blue prevents internal radiocesium from being reabsorbed 
and reduces its residence time in the body. KI is useful only for radioiodine, 
and DTPA is useful only for plutonium, americium, and curium.

5. An individual is exposed to a whole-body radiation dose of 4 Gy. Appropri-
ate treatment is:
 A. Antibiotics, barrier nursing, and administration of granulocyte-colony 

stimulating factor (G-CSF).
 B. Bone marrow transplantation.
 C. Intravenous amifostine.
 D. Active surveillance only.
 E. None of the above.

Answer: A Antibiotics and barrier nursing to prevent infection, and admin-
istration of G-CSF to stimulate production of granulocytes.
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 AGENTS OF CONCERN
Among the myriad human infectious pathogens, a relatively small number 
possess the requisite properties to be considered potential weapons that could 
cause widespread disease, so-called weapons of mass destruction (Table 18-2). 
These agents typically remain stable in aerosol, which allows their potential 
efficient spread over a large population.

 ANTHRAX

 EPIDEMIOLOGY
Anthrax, caused by infection with the gram-positive bacillus Bacillus anthracis 
(Chapter 278), is a worldwide scourge of herbivores. Most human cases have 
had direct occupational contact with infected animals or their hides, hair, or 
bone, although a recent outbreak occurred among injection drug users in the 
United Kingdom. Endemic areas include underdeveloped parts of sub-Saharan 
Africa and Southeast Asia, where humans interact closely with animals that 
have not been vaccinated. Sporadic cases occur in the United States, typically 
along the trails of the historic cattle drives in the central plains. Animals are 
typically infected while grazing in areas contaminated with anthrax spores, 
which can survive in the soil for decades and are stable in a desiccated powder 
form. Although most cases worldwide are cutaneous, the spore form of the 
organism can be milled into the ideal particle size (2 to 6 µm) for infecting 
the lung and causing inhalational disease.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Exposure to spores can occur through a break in the skin, through the gastro-
intestinal tract, or by inhalation. Spores are taken up by macrophages and 
replicate in the local skin, or are transported to the regional lymph nodes in 
the gastrointestinal tract or lungs. While replicating, the bacilli secrete lethal 
toxin, which causes local necrosis, and edema toxin, which causes significant 
local edema. In untreated or unrecognized disease, the organism can cause 
bacteremia, systemic toxemia, and death.

Cutaneous anthrax can be readily recognized by the astute clinician based 
on two clinical manifestations caused by its toxins: a black eschar, from which 
anthrax gets its name (from the Greek anthrakis, for coal), and surrounding 
edema that is out of proportion to the size of the lesion. The lesion starts as 
a papule that becomes a vesicle and eventually develops a central, black, necrotic 
area. Although this form of disease is readily treatable, it can lead to a 20% 
case-fatality rate if it is not recognized and treated appropriately. Gastrointestinal 
anthrax, which occurs after ingestion of infected, undercooked meat, is much 
more difficult to recognize and can have a case-fatality rate of 50% or more. 

18 
BIOTERRORISM
MARK G. KORTEPETER AND THEODORE J. CIESLAK

Physicians play critical roles as the point of entry into the medical system and 
as consultants for emergency services, so it is important for them to be familiar 
with potential epidemiologic clues that an attack has occurred, general clinical 
aspects of agents considered to be the greatest threats, and how to alert the 
appropriate public health authorities if they suspect an event.

 HISTORY
Over centuries, biologic pathogens have been used repeatedly as weapons of 
warfare, ranging from tossing a dead animal carcass or feces into an adversary’s 
water supply to releasing infectious agents by aerosol spraying. More recent 
focus has turned to their potential use by terrorists on civilian populations.

 EPIDEMIOLOGIC CLUES
As with any other outbreak, the response to a potential act of bioterrorism 
relies on public health fundamentals.1 Except for direct evidence of a release, 
no other single feature can be considered definitive, but multiple simultaneous 
features should raise the suspicion of an unnatural event (Table 18-1).

Victims of a chemical or conventional weapon release would likely become 
ill shortly after a release or explosion, whereas victims of a silent biologic 
weapon attack would likely present for care in a delayed fashion to different 
care providers, dispersed in space and time due to the incubation period. One 
way in which a bioterror attack might differ from a natural outbreak is in the 
unusual presentation of illness. For example, a disease that typically occurs 
on the skin or causes gastrointestinal illness might instead be manifested with 
respiratory features (e.g., anthrax, plague). Another clue could be illnesses 
that are unresponsive to standard therapies because of an unusual antibiotic 
sensitivity profile. Suspicion should also be raised by finding a disease outside 
the location or season in which it typically occurs.

Modified from Withers MR, Alves DA, Bell TM, et al. USAMRIID’s Medical Management of 
Biological Casualties Handbook, 8th ed. September 2014. Found at www.usamriid.army.mil under 
reference materials tab. Accessed May 17, 2019.

TABLE 18-1 EPIDEMIOLOGIC CLUES OF A BIOWEAPON 
ATTACK

A large outbreak, especially in a discrete population
Many cases of unexplained illness or deaths
More severe disease than expected for a specific pathogen or failure to respond to 

standard therapy
Unusual manifestation of illness, such as inhalational disease from agents not 

typically causing clinical illness
An unusual disease for a given geographic area or transmission season, especially in 

the absence of a competent vector
Multiple simultaneous or serial epidemics
A single case of a rare disease (smallpox, some viral hemorrhagic fevers, inhalational 

anthrax, pneumonic plague)
Unusual strains or variants of organisms, or antimicrobial resistance patterns different 

from those known to be circulating
Higher attack rates among those outside a protected area or lower rates among those 

inside a protected area or shelter
Outbreaks of the same disease occurring simultaneously in noncontiguous areas
A zoonotic disease occurring in humans but not in animals
Direct evidence or intelligence of a release (equipment, munitions, tampering) or 

other potential vehicle of spread (spray device, contaminated letter)
A downwind pattern of casualty location

Reported in the United States for the first time after an animal-hide drum 
circle event in 2009, the disease causes fever, abdominal pain, diarrhea, hema-
tochezia, hematemesis, and ascites. Paracentesis may yield hemorrhagic ascites.

Inhalational anthrax is of greatest concern after an aerosolized bioweapon 
attack. After an incubation period that averages 1 to 6 days but can be up to 
43 days, patients present with fever, profound drenching sweats, nausea, vomit-
ing, diarrhea, shortness of breath, cough, and chest pain. Without prompt 
recognition and appropriate therapy, individuals can deteriorate rapidly with 
increasing dyspnea, stridor, cyanosis, and respiratory failure. Engorgement 
and hemorrhage of mediastinal lymph nodes with accompanying mediastinitis 
lead to the clinical hallmark of a widened mediastinum on the chest radiograph 
in about 60% of cases. Patients may also develop large hemorrhagic pleural 
effusions and infiltrates. Bacteremic dissemination can lead to widely metastatic 
infection in the gastrointestinal tract and meninges.

 DIAGNOSIS
B. anthracis can be identified by Gram stain or culture of tissue or body fluids, 
including skin biopsy for cutaneous disease, peripheral blood, pleural effusions, 
and cerebrospinal fluid but not sputum. A chest radiograph may provide initial 
clues to inhalational disease with manifestations such as hilar or paratracheal 
fullness and pleural effusions. A chest computed tomography scan can confirm 
mediastinal adenopathy. Other techniques, such as fluorescent antibody stain-
ing or polymerase chain reaction (PCR), may provide more rapid diagnosis.

TREATMENT 

http://www.usamriid.army.mil/
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ABSTRACT
Although a terrorist or criminal may seek to use a number of infectious patho-
gens or toxins to cause illness or disability of humans, certain pathogens have 
properties that make them better candidates to cause large numbers of casual-
ties. These properties include the ability to be grown in large quantities, stability 
in the air, stability for storage, and ease of infection by the aerosol route. Of 
these potential pathogens or toxins, six have been deemed the highest potential 
threats if utilized properly: anthrax, smallpox, plague, tularemia, botulism, 
and viral hemorrhagic fevers. This chapter discusses these specific agents.
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 AGENTS OF CONCERN
Among the myriad human infectious pathogens, a relatively small number 
possess the requisite properties to be considered potential weapons that could 
cause widespread disease, so-called weapons of mass destruction (Table 18-2). 
These agents typically remain stable in aerosol, which allows their potential 
efficient spread over a large population.

 ANTHRAX

 EPIDEMIOLOGY
Anthrax, caused by infection with the gram-positive bacillus Bacillus anthracis 
(Chapter 278), is a worldwide scourge of herbivores. Most human cases have 
had direct occupational contact with infected animals or their hides, hair, or 
bone, although a recent outbreak occurred among injection drug users in the 
United Kingdom. Endemic areas include underdeveloped parts of sub-Saharan 
Africa and Southeast Asia, where humans interact closely with animals that 
have not been vaccinated. Sporadic cases occur in the United States, typically 
along the trails of the historic cattle drives in the central plains. Animals are 
typically infected while grazing in areas contaminated with anthrax spores, 
which can survive in the soil for decades and are stable in a desiccated powder 
form. Although most cases worldwide are cutaneous, the spore form of the 
organism can be milled into the ideal particle size (2 to 6 µm) for infecting 
the lung and causing inhalational disease.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Exposure to spores can occur through a break in the skin, through the gastro-
intestinal tract, or by inhalation. Spores are taken up by macrophages and 
replicate in the local skin, or are transported to the regional lymph nodes in 
the gastrointestinal tract or lungs. While replicating, the bacilli secrete lethal 
toxin, which causes local necrosis, and edema toxin, which causes significant 
local edema. In untreated or unrecognized disease, the organism can cause 
bacteremia, systemic toxemia, and death.

Cutaneous anthrax can be readily recognized by the astute clinician based 
on two clinical manifestations caused by its toxins: a black eschar, from which 
anthrax gets its name (from the Greek anthrakis, for coal), and surrounding 
edema that is out of proportion to the size of the lesion. The lesion starts as 
a papule that becomes a vesicle and eventually develops a central, black, necrotic 
area. Although this form of disease is readily treatable, it can lead to a 20% 
case-fatality rate if it is not recognized and treated appropriately. Gastrointestinal 
anthrax, which occurs after ingestion of infected, undercooked meat, is much 
more difficult to recognize and can have a case-fatality rate of 50% or more. 

TABLE 18-2 CENTERS FOR DISEASE CONTROL AND PREVENTION CATEGORY A BIOTERROR AGENTS

DISEASE (AND AGENT)
DIAGNOSTIC 

ASSOCIATIONS
WEAPONIZATION 

RATIONALE TREATMENT* (SEE TEXT FOR DETAIL)
Anthrax
(Bacillus anthracis; Chapter 278)

Hemorrhagic 
mediastinitis

Highly lethal inhalational 
disease; stable spores 
survive desiccation; can be 
formulated as aerosol

Ciprofloxacin (400 mg q8h) or either (a) levofloxacin (750 mg q24h) or moxifloxacin 
(400 mg q24h) plus either (b) meropenem (2 g q8h) or imipenem (1 g q6h) or 
doripenem (500 mg q8h) plus (c) either linezolid (600 mg q12h) or clindamycin 
(900 mg q8h) or rifampin (600 mg q12h) or chloramphenicol (1 g q6-8h)†

Smallpox
(variola virus; Chapter 348)

Synchronous 
exanthem

Virions stable in 
environment; population 
immunologically naïve

Supportive care; cidofovir and tecovirimat are promising investigational drugs

Plague
(Yersinia pestis; Chapter 296)

Hemoptysis Contagious through 
respiratory droplets; “Black 
Death” conjures fear

Gentamicin (5 mg/kg qd) or ciprofloxacin (400 mg q12h) or doxycycline (200 mg × 1, 
then 100 mg q12h)

Tularemia
(Francisella tularensis; Chapter 

295)

Plague-like illness Bacteria stable in 
environment; very low 
infectious dose

Same as for plague

Botulism
(botulinum toxins; Chapter 280)

Descending, 
flaccid paralysis

Highly potent toxin; lends 
itself to food and water 
use; cases consume vast 
resources

Supportive care; ventilator support; botulinum antitoxin may halt (but will not reverse) 
symptom progression

Viral hemorrhagic fevers
(Chapter 357; see E-Table 18-1)

Hemorrhagic 
diatheses

Fear factor is paramount; few 
countermeasures exist

Supportive care; ribavirin may be beneficial in select cases (e.g., Lassa fever, New World 
arenaviruses, Crimean-Congo hemorrhagic fever virus, hemorrhagic fever renal 
syndrome) when it is given under an experimental protocol: 30 mg/kg load, then 
16 mg/kg q6h for 4 days, then 8 mg/kg q8h for 6 days

*All therapeutic agents listed in this table should be administered intravenously.
†Preferred treatments are in bold.

Reported in the United States for the first time after an animal-hide drum 
circle event in 2009, the disease causes fever, abdominal pain, diarrhea, hema-
tochezia, hematemesis, and ascites. Paracentesis may yield hemorrhagic ascites.

Inhalational anthrax is of greatest concern after an aerosolized bioweapon 
attack. After an incubation period that averages 1 to 6 days but can be up to 
43 days, patients present with fever, profound drenching sweats, nausea, vomit-
ing, diarrhea, shortness of breath, cough, and chest pain. Without prompt 
recognition and appropriate therapy, individuals can deteriorate rapidly with 
increasing dyspnea, stridor, cyanosis, and respiratory failure. Engorgement 
and hemorrhage of mediastinal lymph nodes with accompanying mediastinitis 
lead to the clinical hallmark of a widened mediastinum on the chest radiograph 
in about 60% of cases. Patients may also develop large hemorrhagic pleural 
effusions and infiltrates. Bacteremic dissemination can lead to widely metastatic 
infection in the gastrointestinal tract and meninges.

 DIAGNOSIS
B. anthracis can be identified by Gram stain or culture of tissue or body fluids, 
including skin biopsy for cutaneous disease, peripheral blood, pleural effusions, 
and cerebrospinal fluid but not sputum. A chest radiograph may provide initial 
clues to inhalational disease with manifestations such as hilar or paratracheal 
fullness and pleural effusions. A chest computed tomography scan can confirm 
mediastinal adenopathy. Other techniques, such as fluorescent antibody stain-
ing or polymerase chain reaction (PCR), may provide more rapid diagnosis.

Guidelines for the management of patients infected with or exposed to 
anthrax differ among patients with meningitis and patients in whom meningitis 
has been excluded.2 For patients in whom meningitis is present or cannot be 
excluded, three antibiotics are administered intravenously (preferred drugs are 
in bold):

•	 Ciprofloxacin (400 mg q8h) or levofloxacin (750 mg q24h) or moxifloxacin 
(400 mg q24h) plus

•	 Meropenem 2 g q8h or imipenem (1 g q6h) or doripenem (500 mg q8h) 
plus

•	 Linezolid (600 mg q12h) or clindamycin (900 mg q8h) or rifampin (600 mg 
q12h) or chloramphenicol (1 g q6-8h).

If meningitis has been excluded, a two-drug regimen can be used:
•	 Ciprofloxacin or levofloxacin or moxifloxacin or meropenem or imipenem 

or doripenem or vancomycin (penicillin G or amoxacillin can also be used 
if the infecting strain is known to be susceptible) plus

•	 Clindamycin or linezolid or doxycycline or rifampin

TREATMENT 
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addition, patients can develop necrosis of cooler areas of the body, such as 
the tip of the nose, ears, or digits, due to a temperature-dependent coagulase 
produced by the organism. Septicemic plague may also occur in the absence 
of an antecedent bubo. Meningitis may occur from seeding through the blood 
stream. In pneumonic plague, the lungs are seeded secondarily by bacteremia 
from septicemic plague or primarily when a person inhales infectious droplets. 
Although naturally occurring pneumonic plague is rare, this form of disease 
is the major concern after intentional aerosol release. In patients with pneu-
monic plague, the disease can be spread to others. One of the hallmarks of 
the disease is the potential for purulent sputum to become hemorrhagic.

 DIAGNOSIS
Plague bacilli are readily identified with Gram, Wright-Giemsa, or Wayson 
stains along with culture of the sputum or other infected body fluid, such as 
blood, fluid from a bubo, or cerebrospinal fluid. Other diagnostic methods 
include PCR for the F1 antigen, direct fluorescent antibody staining of body 
fluids, and serology by enzyme-linked immunosorbent assay or passive hem-
agglutination. However, serology is primarily useful in retrospect, because 
patients need to be treated empirically before a serologic response occurs.

 PREVENTION
Vaccination uses vaccinia, an orthopoxvirus related to variola. In the event of 
an outbreak, postexposure vaccination within 4 days can prevent or ameliorate 
disease and might be applied in a method of surveillance and containment 
as was used during global eradication.5,6 The U.S. government has stockpiled 
enough doses for the entire U.S. population of a newer, cell-cultured product 
for use in a national emergency. The surveillance and containment or ring 
vaccination method combines active case finding with vaccination of potential 
contacts within a certain radius around the cases. Health care providers would 
need to be vaccinated, and airborne and contact precautions (HEPA filter 
masks, negative-pressure rooms, gowns, gloves, eye protection) would be 
recommended in the hospital environment. Because the vaccine is a live agent, 
it is contraindicated in individuals with eczema or significant exfoliative skin 
conditions or immune compromise in the preexposure setting. Even in normal 
hosts, it can be associated with inoculation of other locations on the body, 
spread to close contacts, disseminated disease, postvaccine encephalitis, pro-
gressive vaccinia in individuals with defective cell-mediated immunity, eczema 
vaccinatum in people with prior eczema, and pericarditis or myocarditis. In 
the postexposure setting, risk benefits would have to be weighed regarding 
which individuals at risk for complications might receive vaccine and whether 
vaccinia immune globulin might be administered concomitantly. First-line 
therapy for significant vaccine reactions is vaccinia immune globulin.

 PROGNOSIS
The case-fatality rate for the typical form of smallpox, variola major, is approxi-
mately 30%, but wide variations exist among races. In the minority of individuals 
who develop hemorrhagic smallpox or flat-type smallpox, the case-fatality 
rate approaches 100%. A different viral strain, variola minor, has case-fatality 
rates of only about 1%. Survivors of smallpox are often left with lifelong scar-
ring from the lesions. Blindness and bone deformities, especially in children, 
are also known complications.

 PLAGUE

 EPIDEMIOLOGY
Plague was responsible for millions of deaths during three pandemics. Plague 
was used as a weapon by the Japanese before World War II when they released 
infected fleas in Chinese cities, and it was included in the former Soviet Union’s 
biologic weapon arsenal. Plague is transmissible through the respiratory route, 
so an aerosol release could have devastating effects.

Plague is caused by the gram-negative coccobacillus Yersinia pestis (Chapter 
296). On light microscopy, the organism can have a bipolar appearance, making 
it look like a safety pin. In general, humans are infected by fleas feeding on 
rodents in areas where plague is enzootic or when their pets serve as vehicles 
for bringing fleas or the disease into their household. The “Black Death” of 
the 14th and 15th centuries owed much of its persistence to the ubiquitous 
presence of rats in homes and a lack of appreciation for their role in disease 
transmission.

Each year in the United States, several human cases are reported, usually 
in the Southwest. Most of these cases are bubonic, although occasional pneu-
monic plague is linked to infections in domestic cats.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Plague is manifested in three ways. Bubonic plague, which is the most common 
form, occurs after the bite of an infected flea. The organism spreads through 
the local lymphatics to the regional lymph nodes. As replication occurs, the 
lymph node or group of lymph nodes becomes swollen and extremely tender. 
As most flea bites occur on the lower extremities, the inguinal and femoral 
lymph nodes are most often affected. Untreated bubonic plague can progress 
to septicemic plague after organisms gain entry to the blood stream. In 

 PREVENTION
The anthrax vaccine, which is effective at preventing all forms of disease, has 
been reserved primarily for at-risk ranchers or veterinarians who have regular 
contact with herbivores, laboratory research personnel, and military personnel. 
The vaccine is given as five doses intramuscularly over 18 months (day 0, 
followed by 1, 6, 12, and 18 months), with annual boosters if continued risk 
exists.

After a known exposure, chemoprophylaxis is recommended with cipro-
floxacin (500 mg orally twice daily) or doxycycline (100 mg orally twice daily) 
for 60 days, although shorter durations are likely to be effective, especially 
if combined with vaccination. If the vaccine is available, three doses may be 
given concomitantly with antibiotics, but it is not licensed for this purpose and 
must be administered under an investigational protocol. Raxibacumab (dosed 
as before) is also approved for prophylaxis if antibiotics are not available.

 PROGNOSIS
Factors associated with survival from anthrax include antibiotics or anthrax 
antiserum given during the prodromal phase, pleural fluid drainage, and a 
multiple drug regimen. Case-fatality rates in untreated patients approach 100%, 
although 55% of the victims of inhalation anthrax survived in a 2001 outbreak 
because of antibiotics and modern intensive care.

 SMALLPOX

 EPIDEMIOLOGY
Although smallpox was officially eradicated in 1980, concerns exist about 
undeclared stores outside approved repositories in the United States and Russia. 

A B C

FIGURE 18-1. Smallpox. A, Demonstrates centrifugal nature of the rash. B, Demonstrates coalescences of some pustules. C, Demonstrates umbilicated pustules. (From Fenner F, 
Henderson DA, Arita A, et al. smallpox and its eradication. Geneva: World Health organization; 1988.)

TREATMENT 

TREATMENT 

The recent discoveries of unaccounted for vials of variola in the United States 
provide some credence to this concern. In addition to near-universal suscep-
tibility, the environmental stability of smallpox viral particles makes it a for-
midable potential weapon.

Smallpox is caused by variola virus, an orthopoxvirus (Chapter 348) 
closely related to cowpox, vaccinia, and monkeypox. Variola generally spreads 
to household and other close contacts, but it can spread farther distances 
through aerosolized droplet nuclei as well as by direct contact with patient 
secretions or fomites. Health care providers providing patient care or unsus-
pecting individuals who have contact with contaminated objects are also  
at risk.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Infection initially occurs in the respiratory mucosa, followed by replication 
in the regional lymph nodes and then leads to an asymptomatic primary viremia 
that seeds the reticuloendothelial system. Approximately 1 week after infection 
(range, ≈1 to 2 weeks), a secondary viremia seeds the skin. At this time, the 
sudden onset of illness includes fever, headache, backache, and vomiting. 
Within 2 or 3 days of this prodrome, and often as the temperature falls, the 
characteristic rash begins with small papules in a centrifugal pattern (more 
on the face and extremities than on the trunk) that progress in synchronous 
fashion during the next week to vesicles, umbilicated pustules, and finally 
scabs. Lesions are deep seated and can be intensely painful. Individuals are 
contagious at the onset of the rash and are considered free of contagion once 
the scabs have separated.

 DIAGNOSIS
Chickenpox (varicella; Chapter 351), which can be confused with smallpox, 
occurs predominantly on the trunk rather than on the extremities (a centripetal 
pattern), and the lesions occur in successive crops, so macules, papules, pus-
tules, and scabs can be seen simultaneously. In addition, varicella is transmis-
sible before onset of the rash, but contagiousness abates when all the lesions 
are scabbed. Other diseases in the differential diagnosis of smallpox include 
monkeypox (Chapter 348), other poxviruses, disseminated vaccinia in a vaccine 
recipient or contact, disseminated herpes zoster (Chapter 351) or herpes 
simplex (Chapter 350), impetigo (Chapter 412), drug eruptions (Chapter 
411), contact dermatitis (Chapter 409), erythema multiforme (Chapter 410), 
and rickettsialpox (Chapter 311).

Clinical recognition of the characteristic rash (Fig. 18-1) should raise sus-
picion of smallpox. Diagnosis would likely come from PCR or viral culture 
of skin or blood samples or from acute and convalescent serologies.

A new monoclonal antibody, raxibacumab (single dose of 40 mg/kg IV during 
2 hours and 15 minutes after premedicating with diphenhydramine 25 to 50 mg 
IV), is approved for additional therapy of inhalational anthrax along with anti-
biotics on the basis of animal efficacy data.3 Intravenous anthrax immune globulin 
has been given as adjunctive therapy to several patients, including three in 
the United States in 2006, 2009, and 2011 as well as several patients in the 
United Kingdom. Based on data in rabbits, it has been approved in the United 
States for use in addition to antibiotics for inhalational anthrax. Another anti-
body, obiltoxaximab (16 mg/kg IV), is also FDA-approved to treat inhalational 
anthrax in combination with appropriate antibacterial drugs or to prevent 
inhalational anthrax based on its efficacy in rabbits and macaques, and safety 
in healthy human volunteers.4

 PREVENTION
Use of standard precautions is appropriate for bubonic plague. Droplet pre-
cautions should be applied for patients with pneumonic plague, including a 
private room where caregivers wear masks, gowns, gloves, and eye protection 
within 3 to 6 feet of the patients. These precautions should be continued until 
the patient demonstrates improvement and has been receiving effective anti-
biotics for 72 hours. Oral ciprofloxacin, levofloxacin, or doxycycline is recom-
mended for postexposure prophylaxis of household contacts or individuals 
suspected of exposure in either the endemic or bioterrorism setting. Prophylaxis 
should continue for 7 days beyond the period of exposure.

No licensed vaccine for plague currently exists in the United States, and a 
previously licensed whole cell killed vaccine is no longer available. New vac-
cines are being studied.

 PROGNOSIS
Case-fatality rates are 50% or more for untreated bubonic plague and nearly 
100% for untreated septicemic and pneumonic plague. These fatality rates 
can be significantly reduced with prompt recognition and appropriate therapy.

 TULAREMIA
Tularemia (Chapter 295) is caused by infection with the gram-negative, aerobic 
nonmotile coccobacillary organism Francisella tularensis. A zoonotic disease 
of rabbits, ground squirrels, and other small mammals, tularemia can infect 
humans by skin or mucous membrane contact with body fluids or tissues of 
infected animals or from the bite of infected deerflies, mosquitoes, or ticks. 
Disease rarely occurs by inhalation of contaminated dusts or ingestion of 
contaminated food or water. Fewer than 150 cases of naturally occurring human 
tularemia are typically reported each year. However, the environmental stabil-
ity of F. tularensis as well as its very low infectious dose (as few as 10 organisms) 
makes it a potential weaponization threat.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical manifestations of tularemia depend on the route of exposure. Although 
six different forms have been described, tularemia is perhaps more simplisti-
cally compared with plague, with glandular forms analogous to bubonic plague 
as well as pneumonic and typhoidal forms that present a clinical picture similar 
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addition, patients can develop necrosis of cooler areas of the body, such as 
the tip of the nose, ears, or digits, due to a temperature-dependent coagulase 
produced by the organism. Septicemic plague may also occur in the absence 
of an antecedent bubo. Meningitis may occur from seeding through the blood 
stream. In pneumonic plague, the lungs are seeded secondarily by bacteremia 
from septicemic plague or primarily when a person inhales infectious droplets. 
Although naturally occurring pneumonic plague is rare, this form of disease 
is the major concern after intentional aerosol release. In patients with pneu-
monic plague, the disease can be spread to others. One of the hallmarks of 
the disease is the potential for purulent sputum to become hemorrhagic.

 DIAGNOSIS
Plague bacilli are readily identified with Gram, Wright-Giemsa, or Wayson 
stains along with culture of the sputum or other infected body fluid, such as 
blood, fluid from a bubo, or cerebrospinal fluid. Other diagnostic methods 
include PCR for the F1 antigen, direct fluorescent antibody staining of body 
fluids, and serology by enzyme-linked immunosorbent assay or passive hem-
agglutination. However, serology is primarily useful in retrospect, because 
patients need to be treated empirically before a serologic response occurs.

 PREVENTION
Vaccination uses vaccinia, an orthopoxvirus related to variola. In the event of 
an outbreak, postexposure vaccination within 4 days can prevent or ameliorate 
disease and might be applied in a method of surveillance and containment 
as was used during global eradication.5,6 The U.S. government has stockpiled 
enough doses for the entire U.S. population of a newer, cell-cultured product 
for use in a national emergency. The surveillance and containment or ring 
vaccination method combines active case finding with vaccination of potential 
contacts within a certain radius around the cases. Health care providers would 
need to be vaccinated, and airborne and contact precautions (HEPA filter 
masks, negative-pressure rooms, gowns, gloves, eye protection) would be 
recommended in the hospital environment. Because the vaccine is a live agent, 
it is contraindicated in individuals with eczema or significant exfoliative skin 
conditions or immune compromise in the preexposure setting. Even in normal 
hosts, it can be associated with inoculation of other locations on the body, 
spread to close contacts, disseminated disease, postvaccine encephalitis, pro-
gressive vaccinia in individuals with defective cell-mediated immunity, eczema 
vaccinatum in people with prior eczema, and pericarditis or myocarditis. In 
the postexposure setting, risk benefits would have to be weighed regarding 
which individuals at risk for complications might receive vaccine and whether 
vaccinia immune globulin might be administered concomitantly. First-line 
therapy for significant vaccine reactions is vaccinia immune globulin.

 PROGNOSIS
The case-fatality rate for the typical form of smallpox, variola major, is approxi-
mately 30%, but wide variations exist among races. In the minority of individuals 
who develop hemorrhagic smallpox or flat-type smallpox, the case-fatality 
rate approaches 100%. A different viral strain, variola minor, has case-fatality 
rates of only about 1%. Survivors of smallpox are often left with lifelong scar-
ring from the lesions. Blindness and bone deformities, especially in children, 
are also known complications.

 PLAGUE

 EPIDEMIOLOGY
Plague was responsible for millions of deaths during three pandemics. Plague 
was used as a weapon by the Japanese before World War II when they released 
infected fleas in Chinese cities, and it was included in the former Soviet Union’s 
biologic weapon arsenal. Plague is transmissible through the respiratory route, 
so an aerosol release could have devastating effects.

Plague is caused by the gram-negative coccobacillus Yersinia pestis (Chapter 
296). On light microscopy, the organism can have a bipolar appearance, making 
it look like a safety pin. In general, humans are infected by fleas feeding on 
rodents in areas where plague is enzootic or when their pets serve as vehicles 
for bringing fleas or the disease into their household. The “Black Death” of 
the 14th and 15th centuries owed much of its persistence to the ubiquitous 
presence of rats in homes and a lack of appreciation for their role in disease 
transmission.

Each year in the United States, several human cases are reported, usually 
in the Southwest. Most of these cases are bubonic, although occasional pneu-
monic plague is linked to infections in domestic cats.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Plague is manifested in three ways. Bubonic plague, which is the most common 
form, occurs after the bite of an infected flea. The organism spreads through 
the local lymphatics to the regional lymph nodes. As replication occurs, the 
lymph node or group of lymph nodes becomes swollen and extremely tender. 
As most flea bites occur on the lower extremities, the inguinal and femoral 
lymph nodes are most often affected. Untreated bubonic plague can progress 
to septicemic plague after organisms gain entry to the blood stream. In 

The primary therapy for smallpox remains supportive care. Potential 
therapies include cidofovir (5 mg/kg IV), a product licensed for treatment of 
cytomegalovirus retinitis in HIV-infected patients, and tecovirimat, which has 
been added to the strategic national stockpile for use in case of a smallpox  
outbreak.

TREATMENT 

The historic drug of choice has been streptomycin (1 g IM twice daily for 7 
to 10 days or for 3 days after the fever remits), but suitable alternatives include 
gentamicin (5 mg/kg IM or IV daily or a 2 mg/kg load followed by 1.7 mg IM 
or IV three times daily), doxycycline (200 mg IV load, then 100 mg IV every 12 
hours), ciprofloxacin (400 mg IV every 12 hours), moxifloxacin (400 mg IV once 
daily), and levofloxacin (500 to 750 mg IV once daily) (Table 18-2). The drug of 
choice for plague meningitis is chloramphenicol (25 to 30 mg/kg IV load, fol-
lowed by 50 to 60 mg/kg/day every 6 hours; on favorable clinical response, 
the dose can be reduced to 25 to 30 mg/kg/day every 6 hours).

TREATMENT 

 PREVENTION
Use of standard precautions is appropriate for bubonic plague. Droplet pre-
cautions should be applied for patients with pneumonic plague, including a 
private room where caregivers wear masks, gowns, gloves, and eye protection 
within 3 to 6 feet of the patients. These precautions should be continued until 
the patient demonstrates improvement and has been receiving effective anti-
biotics for 72 hours. Oral ciprofloxacin, levofloxacin, or doxycycline is recom-
mended for postexposure prophylaxis of household contacts or individuals 
suspected of exposure in either the endemic or bioterrorism setting. Prophylaxis 
should continue for 7 days beyond the period of exposure.

No licensed vaccine for plague currently exists in the United States, and a 
previously licensed whole cell killed vaccine is no longer available. New vac-
cines are being studied.

 PROGNOSIS
Case-fatality rates are 50% or more for untreated bubonic plague and nearly 
100% for untreated septicemic and pneumonic plague. These fatality rates 
can be significantly reduced with prompt recognition and appropriate therapy.

 TULAREMIA
Tularemia (Chapter 295) is caused by infection with the gram-negative, aerobic 
nonmotile coccobacillary organism Francisella tularensis. A zoonotic disease 
of rabbits, ground squirrels, and other small mammals, tularemia can infect 
humans by skin or mucous membrane contact with body fluids or tissues of 
infected animals or from the bite of infected deerflies, mosquitoes, or ticks. 
Disease rarely occurs by inhalation of contaminated dusts or ingestion of 
contaminated food or water. Fewer than 150 cases of naturally occurring human 
tularemia are typically reported each year. However, the environmental stabil-
ity of F. tularensis as well as its very low infectious dose (as few as 10 organisms) 
makes it a potential weaponization threat.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical manifestations of tularemia depend on the route of exposure. Although 
six different forms have been described, tularemia is perhaps more simplisti-
cally compared with plague, with glandular forms analogous to bubonic plague 
as well as pneumonic and typhoidal forms that present a clinical picture similar 
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 BOTULISM
Botulism is caused by exposure to one of eight related neurotoxins (A to H) 
produced by strains of Clostridium botulinum (Chapter 280), a ubiquitous 
anaerobic spore-forming gram-positive bacillus. Botulinum toxins, which are 
among the most toxic substances known, can be lethal in doses as low as 
0.001 µg/kg. These toxins block release of acetylcholine from presynaptic 
nerve terminals, thereby resulting in a generalized flaccid paralysis with auto-
nomic dysfunction. Although most toxins are unstable in the environment 
and thus constitute dubious weaponization threats, the potent nature of botu-
linum toxin, coupled with the ease with which it might be used to contaminate 
food and water, makes it a concern. Naturally occurring human botulism is 
limited to types A, B, and E, although other toxin serotypes can produce an 
identical clinical syndrome. For this reason, a heptavalent antitoxin with activ-
ity against serotypes A-G was licensed in 2013.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Botulism typically develops after a latent period ranging from hours to several 
days. Initial manifestations involve bulbar palsies, ptosis, photophobia, blurred 
vision, and other signs of cranial nerve dysfunction. Symptoms progress cra-
niocaudally, leading to dysphonia, dysphagia, and, ultimately, a descending 
symmetrical paralysis. In fatal cases, death typically results from respiratory 
muscle failure.

Although botulism may mimic other neurologic disorders, such as myas-
thenia gravis and the Guillain-Barré syndrome, the occurrence of an outbreak 
involving multiple cases of descending, symmetrical, flaccid paralysis should 
make diagnosis of botulism relatively straightforward.

 VIRAL HEMORRHAGIC FEVERS

 EPIDEMIOLOGY
Viral hemorrhagic fever (Chapter 357) describes a clinical syndrome caused 
by four families of RNA viruses: filoviruses (Ebola and Marburg), arenaviruses 
(“Old World” Lassa fever and “New World” South American viruses, Machupo, 
Junin, and others), bunyaviruses (hantaviruses, Crimean Congo hemorrhagic 
fever, and Rift Valley fever), and flaviviruses (yellow fever and dengue) (E-Table 
18-1). Agents of greatest concern from a bioterrorism perspective include the 
filoviruses and arenaviruses, which are infectious by the aerosol route and can 
replicate well in cell culture for large-scale production and whose clinical 
syndrome of hemorrhage and fever engenders fear. The massive outbreak of 
Ebola virus disease in West Africa in 2013-16 demonstrated the devastation 
that a hemorrhagic fever virus can have on a population, even without bioter-
rorism, in an environment conducive to spread, including limited medical 
infrastructure, mobile populations, mistrust of government, and close contact 
during burial practices, among other factors.7

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Once virus gains entry through the skin, mucous membranes, or respiratory 
tract, replication occurs in macrophages and dendritic cells. Organisms are 
then transported to regional lymph nodes and eventually through the lym-
phatics and blood stream to target organs, such as the liver and spleen, where 
local necrosis occurs. The body responds with activation of cytokines and 
chemokines, and massive depletion of lymphocytes disables the host’s adap-
tive immune response. A sepsis-like picture ensues, with declining mean arterial 
pressure, increased vascular permeability, and a bleeding diathesis.

Clinical features of the hemorrhagic fevers include the acute onset of malaise, 
sore throat, fever, skin flushing, conjunctival injection, prostration, myalgias, 
and nonbloody diarrhea. These viruses have significant differences in the 
prominence of individual clinical findings. For example, dengue, the filoviruses, 
and Lassa more commonly cause a maculopapular rash in the first week. The 
filoviruses and South American viruses more typically cause obtundation and 
encephalitis. Although all of these produce modest elevations of aminotrans-
ferase levels, yellow fever and Rift Valley fever are known for causing significant 
hepatic dysfunction, thereby resulting in icterus and jaundice. Depending on 
a number of factors, including virulence, route of exposure, inoculum, and 
other host factors, illness can progress in the second week to overt signs of 
bleeding, including petechiae, purpura, ecchymoses, and oozing from veni-
puncture sites. Electrolyte abnormalities and large volume gastrointestinal 
losses were reported during the 2013-16 West Africa Ebola outbreak. Massive 
bleeding occurs uncommonly, but if it does, the source is usually the gastro-
intestinal tract. Severe cases will demonstrate a combination of neurologic 
and hematologic abnormalities.

 DIAGNOSIS
Numerous more common diseases should be considered in the differential 
diagnosis of a viral hemorrhagic fever, including rickettsial infections (Rocky 
Mountain spotted fever, ehrlichia, anaplasma, and African tick typhus; Chapter 
311), leptospirosis (Chapter 307), meningococcemia (Chapter 282), typhoid 
(Chapter 292), and falciparum malaria (Chapter 324). However, a viral hem-
orrhagic fever should be considered in patients who present with a clinically 
compatible syndrome, especially if a cluster of cases is seen. Laboratory features 
may include thrombocytopenia, elevated aminotransferase levels, leukopenia, 
anemia (although an elevated hematocrit may be seen in patients with signifi-
cant vascular leakage, as is sometimes seen with dengue and hantaviruses), 
hematuria, and proteinuria. PCR, viral culture, immunoglobulin M–specific 
enzyme-linked immunosorbent assay, acute and convalescent serology, or 
immunohistochemistry on autopsy specimens can establish the diagnosis. 
Routine clinical specimens and any attempt at viral isolation require a biosafety 
level 3 or 4 laboratory with expert consultation from the Centers for Disease 
Control and Prevention or the U.S. Army Medical Research Institute of Infec-
tious Diseases.

to what is seen in pneumonic and septicemic plague. A preponderance of 
these latter forms would be expected after an intentional release by aerosol. 
After an incubation period of 2 to 10 days, symptoms begin with fever and 
proceed to include severe exhaustion, substernal chest pain, nonproductive 
cough, and weight loss.

Diagnosis, which requires isolation of the organism in blood, sputum, skin, 
or mucus membrane lesions, may be difficult because of unusual growth 
requirements and overgrowth of commensal organisms. Therefore, serology 
is the mainstay of diagnosis, often in retrospect. Because of the risk of spread 
to microbiology laboratory personnel, it is important to notify the laboratory 
if infection with this organism is suspected.

Treatment of tularemia is similar to that of plague, with aminoglycosides for 
10 to 14 days; streptomycin and gentamicin are considered the drugs of choice, 
although ciprofloxacin is a newer potential alternative (Table 18-2). Doxycycline/
tetracycline and chloramphenicol are second-line choices because their use 
has been associated with relapses, and the recommended duration of therapy 
is 14 to 21 days.

Person-to-person spread is unusual, and standard precautions are adequate 
in caring for ill individuals. For known exposures, prophylaxis with tetracycline 
(500 mg orally four times a day for 2 weeks) is effective if it is begun within 24 
hours of exposure; consensus recommendations in a bioterrorism setting are 
doxycycline 100 mg or ciprofloxacin 500 mg orally twice a day as postexposure 
prophylaxis. A live attenuated vaccine has proven efficacy in preventing disease 
due to laboratory exposures and aerosol challenge in human volunteers, but 
it is not readily available to the public.

The case-fatality rate for untreated pneumonic and typhoidal tularemia is 
35%, but this rate can be reduced to less than 5% with appropriate treatment.

TREATMENT AND PROGNOSIS 

Supportive care measures plus antitoxin, including meticulous attention to 
ventilatory support, are the mainstay of botulism management. Patients may 
require such support for several months, so the management of a large-scale 
botulism outbreak would be resource intensive. Botulism is not contagious, so 
standard precautions are appropriate. The first victims of an outbreak may have 
higher case-fatality rates because of delays in recognition. Those who recover can 
have long-term sequelae, such as dyspnea on exertion, fatigue, and weakness.

TREATMENT AND PROGNOSIS 

No licensed therapies exist for the viral hemorrhagic fevers, so supportive 
care is the primary means of management with close attention to fluid status, 
electrolytes, avoidance of procedures that cause bleeding and medications 
that impair platelet function, use of blood products as necessary, use of 

TREATMENT 
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E-TABLE 18-1 COMPARISON OF VIRAL HEMORRHAGIC FEVER AGENTS*

FAMILY VIRUS ENDEMIC AREA FATALITY RATE
NOSOCOMIAL 

TRANSMISSION COUNTERMEASURES
Filoviruses Ebola Africa, Philippines 

(Reston)
18.5-90% (Sudan/Zaire) Yes Reduced fatality rates with supportive care, including fluid and 

electrolyte management. Randomized controlled trial of 
ZMapp demonstrated lower fatality, but was not statistically 
significant. Lowest fatality rates occurred in U.S. and European 
intensive care settings

Marburg Africa 23-70% Yes
Arenaviruses Lassa West Africa 1-2% Yes Ribavirin effective in a clinical trial with nonrandomized controls

Junin Argentine Pampas 30% Rare Immune plasma; reports of benefit with ribavirin; Candid#1 
vaccine protective; not available in the United States

Machupo Bolivia 25-35% Rare Immune plasma; reports of benefit with ribavirin
Bunyaviruses Crimean-Congo 

hemorrhagic fever
Africa, southeast Europe, 

Central Asia, India
30% Yes Anecdotal success with ribavirin treatment

Rift Valley fever Africa <0.5% No Livestock vaccines in Africa; U.S. Department of Defense has 
two experimental vaccines

Hantaviruses Europe, Asia, South 
America (rare)

5% (Asian hemorrhagic 
fever with renal 
syndrome)

No† Vaccines available in Asia; ribavirin effective in randomized trial 
for hemorrhagic fever renal syndrome but not licensed for that 
purpose

Flaviviruses Yellow fever Africa, South America 3-12% (20-50% if second 
phase develops)

No 17D live attenuated vaccine

Kyasanur Forest Southern India 3-5% No Formalin-inactivated vaccine in India
Omsk Siberia 0.2-3% No Tick-borne encephalitis vaccines (not in United States) may offer 

some cross protection
*Adapted from Withers MR, Alves DA, Bell TM, et al. USAMRIID’s Medical Management of Biological Casualties Handbook, 8th ed. September 2014. Fort Detrick, MD. Accessed from www.usamriid.army.mil on 
May 17, 2019.
†Exception is Andes, which causes hantavirus pulmonary syndrome (not addressed in this chapter).

http://www.usamriid.army.mil/


health department, the state health department, and potentially the Centers 
for Disease Control and Prevention. Unlike a natural outbreak, a potential 
bioterror outbreak also requires a rapid dialogue between public health and 
law enforcement authorities, because patient and environmental samples 
constitute evidence against a perpetrator and must be handled under chain 
of custody. Physicians also must be prepared not only to protect themselves 
and their patients but also to serve as community resources, regardless of 
whether an outbreak is natural or terrorist in origin.

 PREVENTION
Yellow fever vaccine is the only licensed vaccine against a viral hemorrhagic 
fever in the United States. Experimental vaccines exist against Junin virus and 
Rift Valley fever virus, but these vaccines have been used primarily to protect 
laboratory workers. Randomized trials have shown benefit from an experi-
mental vesiculostomatitis Ebola vaccine. A1 

,
 A2 

Certain viral hemorrhagic fevers (primarily Ebola, Marburg, Lassa, and 
Crimean-Congo hemorrhagic fever) produce high-level viremia during the 
period of greatest bleeding risk and body fluid production, thereby making 
them notorious for causing nosocomial outbreaks. In general, these outbreaks 
occur in environments, such as sub-Saharan Africa, where basic infection 
control practices are inadequate because of limited resources (e.g., lack of 
gowns, gloves, and eye protection as well as reuse of unsterilized needles and 
syringes). Spread of these viruses in the nosocomial environment can be sig-
nificantly reduced with standard precautions that limit contact with blood 
and body fluids, although over 800 health care workers became infected in 
West Africa. In caring for patients who may spread disease, the use of masks 
along with gowns, gloves, and eye protection is recommended. Many cases 
in the United States and Europe were cared for in biocontainment units spe-
cifically designed to reduce nosocomial spread to caregivers.10

 PROGNOSIS
Hemorrhagic viruses exhibit a wide range of mortality rates, ranging from less 
than 1% with Rift Valley fever to 80 to 90% with Ebola Zaire (E Table 18-1). 
Despite the notoriety of these viruses for causing hemorrhage, the majority 
of individuals do not die of blood loss. Rather, death results from a sepsis-like 
picture, including a loss of vascular hemostasis, disseminated intravascular 
coagulation, hypotension, renal failure, shock, and death. Provision of intensive 
care appears to have benefit.

 RESPONSE TO A BIOTERRORISM ATTACK
Even a relatively small bioterror event can have profound consequences. After 
the 2001 anthrax mailings, thousands of people were prescribed antibiotic 
prophylaxis, and government buildings were closed for decontamination. Since 
that event, significant improvements in future responses to a bioterrorism 
event include the licensure, manufacture, and storage of enough smallpox 
vaccine for everyone in the United States; production of anthrax and botulinum 
antitoxins for the strategic national stockpile; and development of protocols 
and authority for response.

However, the early detection of the release of a pathogen remains a signifi-
cant challenge. The 2013-16 Ebola outbreak also identified shortcomings in 
preparedness, which may be mitigated, in part, by establishing a network of 
biocontainment units. A recent proposed framework for pandemic prepared-
ness included four main features: ensuring the global community commits 
appropriate financial resources and monitors progress; reinforcing national 
public health capabilities and infrastructure; strengthening the leadership role 
of the World Health Organization; and enhancing the scientific armory against 
infectious diseases. Such principles would easily apply to bioterrorism pre-
paredness as well.11

In any future bioterror attack, early warning signs might include clusters 
of patients with mediastinal adenopathy or widened mediastinum on the chest 
radiograph, a centrifugal pustular rash (smallpox), pneumonia and hemoptysis 
(plague), descending flaccid paralysis (botulism), or hemorrhagic manifesta-
tions and impaired clotting (viral hemorrhagic fever). Should such a cluster 
be identified or suspected, physicians should contact the local county or city 

vasopressors for hypotension, and dialysis for renal failure. Close attention to 
fluid status has significantly reduced mortality from dengue, and aggressive 
fluid repletion has been needed to address significant loss of fluid volume due 
to diarrhea, electrolyte abnormalities, and protein/nutritional depletion in Ebola 
infections.8 For Ebola infected patients during the 2013-16 West Africa Ebola 
outbreak, intensive care in Europe and the United States reduced mortality to 
18.5%. Oral ribavirin or intravenous ribavirin (see Table 18-2) under an approved 
experimental protocol can reduce mortality in Lassa hemorrhagic fever, and it 
also appears to be beneficial against Argentine hemorrhagic fever (Junin virus) 
and hantaviruses that cause hemorrhagic fever with renal syndrome. It has no 
apparent efficacy against filoviruses (Ebola or Marburg) or flaviviruses (dengue, 
yellow fever). Use of the monoclonal antibody cocktail ZMapp for Ebola appeared 
beneficial in a randomized controlled trial, but the benefit did not reach statisti-
cal significance.9
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Answer: C Bubonic plague is not communicable person-to-person, but it is 
spread by fleas. Therefore, standard precautions would normally be utilized. 
However, pneumonic plague is spread by large droplets, so patients require 
droplet precautions: a private room with caregivers wearing gowns, gloves, 
surgical masks, and eye protection. Although this patient likely has bubonic 
plague, victims of bubonic plague can develop secondary pneumonic plague 
after organisms enter the bloodstream. This patient has a productive cough, 
so droplet precautions should be utilized as an initial precaution until (a) 
pneumonic plague is excluded by sputum culture or (b) the patient has been 
on adequate antibiotic coverage for 72 hours with clinical improvement. Air-
borne precautions also are utilized for certain viral infections (measles, varicella) 
and tuberculosis that are spread by much smaller droplet nuclei. Most hospital 
facilities should be able to manage bubonic or pneumonic plague safely without 
the need to send the patient to a biocontainment unit.

4. A patient comes to your office complaining of fever, unilateral leg weakness, 
and difficulty speaking. He mentions in his history that his wife does home 
canning. You entertain the possibility of botulism. What would be your 
next step?
 A. Administer heptavalent botulinum antitoxin.
 B. Intubate the patient immediately.
 C. Put the patient in the intensive care unit and conduct serial assessments 

of tidal volume.
 D. Call his wife and have the canned goods tested for botulinum toxin.
 E. Entertain a different diagnosis, because this is not botulism.

Answer: E Discussion: Botulism presents with a descending flaccid paralysis, 
so victims may present with cranial nerve abnormalities and the classic “4 
Ds” (diplopia, dysphonia, dysarthria, dysphagia), in addition to blurred vision, 
neck weakness, or difficulty breathing. Because patients are usually exposed 
to preformed toxin, either ingested or inhaled (in a bioterrorism event or lab 
accident), they do not usually have fever. Some patients who develop Clos-
tridium botulinum infection in wounds or the sinuses have spores that germinate 
and suppurate may then develop fever. Therefore, choices A, B, C, and D are 
not appropriate. This patient is having unilateral neurologic signs that point 
toward a space-occupying lesion in the brain, such as a brain abscess or intra-
cerebral hemorrhage. It would be more appropriate to obtain an imaging study 
and consult a neurologist.

5. You admit a patient who recently returned from sub-Saharan Africa to 
your intensive care unit with a diagnosis of Ebola virus disease. Which of 
the following should be the primary means used to treat the patient?
 A. Convalescent serum
 B. Supportive care with attention to fluid management and electrolytes
 C. The antiviral brincidofovir
 D. TKM Ebola antiviral
 E. Antibiotics

Answer: B The mainstay of therapy for Ebola virus disease is supportive care, 
which includes close attention to fluid management, renal function, respiratory 
status, and electrolytes. Such careful management is credited with the much 
lower case-fatality rate in U.S. and European settings than in resource-poor 
settings. Several different experimental therapies were utilized during the 
2013-16 outbreak of Ebola in West Africa. Unfortunately, none of these dem-
onstrated definite benefit in the different types of studies that were conducted, 
many of which utilized historical controls. A multicenter, randomized controlled 
clinical trial of the monoclonal antibody cocktail called ZMapp demonstrated 
a reduced case-fatality rate when utilized with supportive care compared with 
supportive care alone, but it did not reach statistical significance. Patients who 
received care in U.S. centers often received multiple experimental therapies, 
including broad spectrum antibiotics. No conclusions can be made regarding 
their impact on the overall patient outcomes, but they would be supplementary 
to compulsive supportive care.

REVIEW QUESTIONS

1. An air detector in your city has indicated that there has been an aerosol 
attack with smallpox. This has been verified by the state health department. 
You are seeing several individuals suspected of having been exposed during 
the attack that occurred 3 days ago. What would be the appropriate man-
agement for these individuals?
 A. Give vaccinia immune globulin at the earliest opportunity.
 B. Vaccinate exposed individuals with the smallpox vaccine (ACAM2000).
 C. Vaccinate exposed individuals with the smallpox vaccine, except those 

with eczema.
 D. There is nothing you can offer at this point except reassurance.
 E. You can treat them with cidofovir.

Answer: B Studies of historical outbreaks have demonstrated that after expo-
sure to smallpox, it has been possible to prevent or to ameliorate smallpox 
disease by vaccination before the onset of illness. However, the vaccination 
must occur as soon as feasible after exposure, usually within 4 or 5 days, to 
have maximum likelihood of benefit. Although the vaccine can cause adverse 
effects in immunocompromised people and individuals with skin disorders, 
such as eczema, there are no contraindications to vaccination in the event of 
a true exposure. Cidofovir is potentially nephrotoxic and has been used for 
treatment but not for prevention. Vaccinia immune globulin is primarily used 
for treatment of vaccine adverse events, not for smallpox disease. Finally, a 
newer vaccine, modified vaccinia Ankara, which is believed to have less risk 
for immunocompromised individuals, is under study as a potential 
alternative.

2. You become aware of a large outbreak of nontyphoidal Salmonella in your 
community. Which of the following is not true?
 A. More cases than would be expected in the community might be a clue 

of intentional spread.
 B. A genetic match between patient isolates, a laboratory at a suspicious 

local cult, and local salad bars may indicate intentional spread.
 C. This outbreak is unlikely to be spread intentionally because Salmonella 

is not considered a high-threat agent.
 D. Disease in a specific ethnic group may indicate intentional targeting 

with the infectious agent.
 E. An unusual antibiotic susceptibility pattern of the organism might indi-

cate intentional tampering.
Answer: C Public health authorities have designated certain organisms as 
most concerning (category A agents) based on characteristics such as the 
ability to grow in large quantities, stability in aerosol, and ability to infect by 
the aerosol route. However, we are unable to understand a specific perpetra-
tor’s criminal intentions; the perpetrators may not have access to the classic 
highest risk bioweapon agents, and they may instead use an organism that is 
easier to obtain. This is what occurred in the Dalles, Oregon, outbreak in 
1984, when the Rajneesh cult contaminated local salad bars with Salmonella 
typhimurium. These types of outbreaks are difficult to pinpoint as artificially 
caused, so it is useful to look at historical outbreaks or potential clues [as 
mentioned in Table 18-1] that deviate from what might normally be expected.

3. In the emergency department, you see a patient who presents with fevers, 
chills, and rigors. She has a productive cough as well as an extremely tender 
and enlarged lymph node in the right groin. You are concerned about the 
possibility of bubonic plague. What type of infection control would you 
immediately recommend?
 A. Standard precautions
 B. Contact precautions
 C. Droplet precautions
 D. Evacuate the patient to a specialized biocontainment facility that can 

handle Ebola
 E. Airborne precautions
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19 
CHRONIC POISONING: 
TRACE METALS AND OTHERS
LOUISE W. KAO AND DANIEL E. RUSYNIAK

About 80% of the elements in the periodic table are metals or metalloids, and 
various metals are in contact with humans in the home, workplace, and envi-
ronment. Metals are part of a number of normal physiologic processes, such 
as iron in hemoglobin, but also can cause a number of toxic adverse effects.1-3

 LEAD TOXICITY

EPIDEMIOLOGY
Lead (Pb) is a silver-gray, malleable metal that is resistant to corrosion. It has 
no known physiologic use, so any lead in the human body should be considered 
contamination.

The most common sources of lead poisoning are lead-based paints, lead-
contaminated dust in older buildings, and lead-contaminated soil. Other sources 
include plumbing, solder, batteries, retained bullets, toys, curtain weights, 
necklace charms, food containers, and cosmetics, including Nigerian eyeliners. 
Adults in occupations such as battery manufacturing, welding, construction, 
mining, glass blowing, and shipbuilding have the highest lead exposures. Other 
less common but important routes of exposure include lead-contaminated 
moonshine and lead-containing ethnic folk remedies (e.g., greta and azarcon 
in Mexico).

Children in lower socioeconomic areas have the highest exposures to lead, 
and the majority of the scientific literature is biased toward pediatric studies. 
Much of what we have learned, however, is applicable to adults.

PATHOBIOLOGY
Lead’s most devastating effects are on the central nervous system (CNS) of 
children. By disrupting the intracellular junction of capillary endothelium, 
lead impairs the blood-brain barrier, which further increases CNS absorption. 
Lead also increases capillary leak, which in severe cases can result in cerebral 
edema.

Lead inhibits several enzymes involved in heme synthesis: aminolevulinic 
acid synthetase, δ-aminolevulinic acid dehydratase, coproporphyrinogen 
decarboxylase, and ferrochelatase. Lead also inhibits the enzyme erythrocyte 
pyrimidine-5-nucleotidase, which impairs RNA degradation and contributes 
to red cell hemolysis. Collectively, the inhibition of these enzymes results in 
decreased concentrations of hemoglobin and a shorter lifespan of red blood 
cells.
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ABSTRACT
Comprising 80% of the periodic table, heavy metals are an integral part of 
human life and physiology. Chronic exposure to many metals, however, can 
result in systemic toxicity. In this chapter, we will discuss clinical manifestation 
and pathophysiology of poisoning from lead, mercury, arsenic, cadmium, 
aluminum, cobalt, silver, thallium, zinc, and manganese.

KEYWORDS
lead
mercury
arsenic
trace metals
chronic toxicity
chelation
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ionize into more readily absorbed forms. Elemental mercury toxicity occurs 
primarily by inhalation of the vapor into the alveoli, where it is well absorbed 
in the pulmonary circulation and readily crosses the blood-brain barrier. In 
the brain, it interferes with multiple cellular processes, including protein and 
nucleic acid synthesis. Mercury also inhibits catechol-O-methyltransferase, 
thereby elevating circulating catecholamine levels.

Inorganic mercury is absorbed after ingestion, initially binds the gastro-
intestinal mucosa, and accumulates in the kidneys, where it exerts direct oxi-
dative damage. Although it does not readily cross the blood-brain barrier, 
CNS toxicity can be seen with chronic exposures because of the prolonged 
elimination rate. Mercuric ions do not appear to cross the placental barrier.

Organic mercury compounds are readily absorbed after ingestion and inha-
lation and are moderately absorbed after dermal exposure, particularly if skin 
is not intact. Owing to its high lipid solubility, organic mercury crosses the 
blood-brain barrier and concentrates in the CNS. It can also cross the placental 
barrier and concentrate in the fetus. Organic mercury concentrates in red 
blood cells, distributes throughout the body, and is primarily eliminated in 
the feces. Some forms of organic mercury are metabolized in the body to 
inorganic mercury compounds. Toxicity results from its inhibition of enzyme 
systems and interference with cellular maturity, microtubule function, and 
neurotransmitter synthesis and uptake.

CLINICAL MANIFESTATIONS
The manifestations of elemental mercury toxicity vary depending on the dose 
and chronicity of the exposure. Inhalation of high concentrations of mercury 
vapor, as may occur in an industrial setting, may result in cough, chills, fever, 
and shortness of breath. Nausea, vomiting, and weakness may result. This 
syndrome may progress to a severe acute lung injury and respiratory as well 
as renal failure. Chronic exposure to lower concentrations of mercury vapor 
produces a classic triad of tremor, gingivostomatitis, and neuropsychiatric 
disturbances. The mercurial tremor may be both static and intentional. Sudden 

Modified from Nelson L, Goldfrank LR. Goldfrank’s Toxicologic Emergencies. 9th ed. New York: 
McGraw-Hill Medical; 2011.

TABLE 19-1 DIAGNOSTIC TESTING FOR METALS:  
REFERENCE RANGES

METAL
SERUM 
LEVEL

WHOLE 
BLOOD LEVEL

SPOT 
URINE

24-HOUR 
URINE

Lead <5 µg/dL
Mercury <10 µg/L <20 µg/L <5 µg/g 

creatinine
Arsenic <5 µg/L <50 µg/L or 

<100 µg/g 
creatinine

Cadmium <5 µg/L <3 µg/g 
creatinine

Aluminum <2 µg/L <12 µg/L 4-12 µg/g 
creatinine

Bismuth <1 µg/dL <5 µg/dL <20 µg/L
Cobalt 0.1-1.2 µg/L 0.1-2.2 µg/L
Manganese 0.9-2.9 µg/L 4-15 µg/L <10 µg/L
Silver <1 µg/L <2 µg/L
Thallium <2 µg/L <5 µg/L
Zinc 109-130 µg/dL 600-1000 µg/dL <500 µg/day

The first step in management of patients with elevated lead levels is prompt 
removal of the source, although the effectiveness of household environmental 
cleanup and educational initiatives is disappointing. A1 

,
 A2  If lead comes from a 

work-related source, the Occupational Safety and Health Administration should 
be contacted. Chelation increases excretion of lead in a 24-hour urine sample 
and thereby decreases blood concentrations, but studies to date with the che-
lating agent succimer (2,3-dimercaptosuccinic acid, DMSA) in children have 
not shown improved neuropsychological function despite success in reducing 
blood lead levels. The current recommendation is that asymptomatic adults 
with blood lead levels of less than 70 µg/dL do not require chelation, patients 
with mild symptoms or blood lead levels between 70 and 100 µg/dL should 
receive only oral chelation, and patients with lead-induced encephalopathy or 
blood lead levels above 100 µg/dL should be considered for parenteral chela-
tion. Although DMSA is approved by the Food and Drug Administration only 
for children, it also is commonly used in adults (Table 19-2).

Whole bowel irrigation with a polyethylene glycol–electrolyte solution should 
be considered if a patient has retained a gastrointestinal lead object. Patients 
who have lead-containing bullet fragments lodged in soft tissues or joint spaces 
may need to have them surgically removed.

TREATMENT 
By depositing lead-protein complexes in renal proximal tubular cells, lead 

interferes with normal mitochondrial function, thereby resulting in decreased 
reabsorption of glucose, amino acid, and phosphate. Chronically exposed 
persons can develop renal failure from tubular atrophy, interstitial fibrosis, 
and glomerular sclerosis.

Although lead has not been associated with specific bone-related disorders, 
the skeletal system serves as the main reservoir for lead; with chronic exposure, 
lead stores in bone can have a half-life of 5 to 19 years. As a result, tissues may 
be subjected to increased lead exposure during times of accelerated bone 
turnover, such as during childhood growth, after a long bone fracture, or 
during pregnancy.

CLINICAL MANIFESTATIONS
Lead poisoning can be subtle and difficult to diagnose because many of its 
historical clinical associations (e.g., neuropathy, gout, abdominal colic) are 
rarely seen today. In children, the most concerning long-term complications 
of environmental lead exposure are developmental cognitive deficits, especially 
when lead concentrations in young children exceed 100 µg/dL. Subacute 
neurologic problems include ataxia, lethargy, seizures, and coma. Adults can 
also experience severe neurologic symptoms (e.g., seizures and cerebral edema) 
with plumbism, but typically only when whole blood lead levels are higher 
than 150 µg/dL. More commonly, the neurologic problems caused by lead 
in adults are manifested as memory problems, insomnia, depression, personal-
ity changes, and an increased risk of cardiovascular disease.4

Other clinical effects of lead poisoning, in both children and adults, include 
a normocytic or microcytic anemia, abdominal pain, hepatotoxicity, and pan-
creatitis. The classic finding of peripheral neuropathy with footdrop and wrist-
drop is well described in adults but only occasionally seen in children. 
Nephrotoxicity most commonly is manifested as Fanconi syndrome (Chapter 
119) with aminoaciduria, glycosuria, and phosphaturia. A consequence of 
this toxicity is impaired uric acid clearance and gout. High lead levels also 
probably increase the risk of hypertension.

DIAGNOSIS
Diagnosis of lead intoxication involves a high level of suspicion. The best 
initial test is a whole blood lead level collected in a certified lead-free tube 
(Table 19-1). The blood lead level can be falsely elevated in individuals who 
have received chelation therapy, which mobilizes tissue lead stores, in the 
prior 7 days.

Radiographic imaging can support the diagnosis of lead poisoning and 
sometimes detect a lead-containing object or a retained bullet. Bone x-ray 
fluorescence technology can estimate bone lead levels, which can reflect chronic 
lead exposure, but this test is mostly a research tool and is not commonly 
available.

PROGNOSIS
Despite controversy about long-term recovery from lead-associated cognitive 
deficits in children, adults with neurologic symptoms improve with removal 
of the exposure. The hematologic and nephrotoxic effects of lead also are 
reversible.

 MERCURY TOXICITY

EPIDEMIOLOGY
Mercury (Hg) is a naturally occurring metal with three distinct forms. Although 
all forms are neurotoxic, elemental mercury (Hg0) also causes pulmonary 
toxicity, inorganic mercury (Hg+ or Hg++) causes gastrointestinal and renal 
toxicity, and organic mercury (ethyl, methyl, alkyl, or phenyl) is a teratogen.

Elemental mercury is found in dental amalgams, thermometers, fluorescent 
lamps, batteries, and some paints. Occupational exposures may occur in dentists 
and dental hygienists, painters, gold extractors, bronzers, electroplaters, metal-
lurgists, paper pulp manufacturers, miners, ceramic workers, and other workers 
who use mercury in processing. Mercury thermometers are becoming increas-
ingly rare, and many countries have banned them because of potential mercury 
toxicity. Toxicity from elemental mercury is caused primarily from breathing 
its volatilized vapor.

Inorganic mercury has been used historically as a medicinal, cosmetic, and 
topical antiseptic in the forms of HgCl (calomel) and HgCl2 (mercuric chlo-
ride). It is also used in the tanning industry, in taxidermy, in manufacturing 
of fireworks, and in dye manufacturing. Inorganic mercury may also be found 
in patent medicines, folk remedies (such as empacho among Mexican Ameri-
cans), skin lightening creams, and Asian herbal remedies. Toxicity may occur 
from ingestion, inhalation, or dermal absorption.

Organic mercury compounds can be classified as short-chain alkyl (such 
as methylmercury), long-chain alkyl, and aryl compounds. The aryl compounds, 
such as thimerosal, behave like inorganic mercurial compounds. Methyl mercury 
has caused several large-scale human poisoning epidemics.

Soil and marine organisms methylate inorganic mercury from the air and 
industrial waste. Through a process known as bioamplification, methyl mercury 
concentrates in the tissues of marine life, reaching highest concentrations in 
large predatory fish such as tuna and swordfish. Fish consumption is now the 
largest route of organic mercury exposure in the general population. Organic 
mercury is also used as a fungicide, pesticide, wood preservative, and medicinal 
antiseptic or preservative (Mercurochrome and thimerosal). Toxicity is typi-
cally by ingestion.

PATHOBIOLOGY
The pathophysiology of mercury poisoning is related to its disruption of cell 
physiology by binding to sulfhydryl, phosphoryl, carboxyl, and amide groups, 
thereby causing widespread dysfunction of normal cellular mechanisms. Each 
type of mercury causes differential effects depending on its route of exposure, 
solubility, and lipophilicity.

Elemental mercury is poorly absorbed by ingestion. If gastrointestinal motil-
ity or mucosal integrity is compromised, however, elemental mercury may 
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episodic bursts of tremor, also called tetanus mercurialis, have been described. 
Neuropsychiatric manifestations of mercury poisoning, also known as erethism, 
include fatigue, insomnia, memory dysfunction, social withdrawal, shyness, 
and depression.

Inorganic mercury poisoning can occur after dermal or mucosal absorp-
tion of mercury-containing cosmetics and teething powders as well as after 
accidental or intentional ingestion of mercuric chloride antiseptics. After acute 
ingestion, a hemorrhagic gastroenteritis is typically followed by renal failure 
from acute tubular necrosis. Chronic exposure is associated with erethism, 
renal dysfunction, and neurologic manifestations such as sensorimotor neu-
ropathy, constriction of visual fields, tremor, and delirium. Acrodynia, or pink 
disease, has been described after elemental or inorganic mercury exposure, 
most notably in children after exposure to mercurial teething powder and 
diaper ointment. This syndrome is manifested as an erythematous, hyper-
keratotic, often desquamating rash on the palms, soles, and face in conjunc-
tion with a papular rash. Acrodynia is also associated with an idiosyncratic 
hypersensitivity to mercury ions and mercury poisoning, which itself can 
increase circulating catecholamines and mimic pheochromocytoma (Chapter 
215). Common findings include tremor, diaphoresis, tachycardia, and  
hypertension.

Human toxicity from organic mercury was first recognized when the dumping 
of mercury-containing waste into Minamata Bay in Japan led to a large-scale 
poisoning of the population, whose primary dietary staple was fish from the 
bay. In what is now called Minamata disease, patients presented with pares-
thesia, ataxia, dysarthria, tremor, and constriction of visual fields or “tunnel 
vision.” These symptoms can be progressive and sometimes fatal. Children 
born to these exposed mothers (congenital Minamata disease) suffer mental 
retardation, limb deformities, chorea, seizures, and microcephaly. However, 
prenatal exposure to elevated maternal organic mercury levels in the Republic 
of Seychelles, which is a high-fish-eating population, has no adverse effect on 
childhood neurodevelopmental outcomes.5 Furthermore, although seafood 

TABLE 19-2 CHELATORS FOR ADULT HEAVY METAL POISONING
SYMPTOMS CHELATOR RECOMMENDED DOSE† ADVERSE EFFECTS
LEAD

Asymptomatic, BLL* < 70 None

Mild-moderate, BLL 70-100 DMSA 10 mg/kg tid PO × 5 days, then bid for 14 days Nausea, vomiting, diarrhea; mild elevations in 
aminotransferase levels

Encephalopathy, BLL > 100 BAL + 4 mg/kg deep IM q4h × 5 days Local injection site (pain, redness, sterile abscess); nausea, 
vomiting, diarrhea; anxiety, hypertension, tachycardia, 
fever; contraindicated in peanut allergy

CaNa2EDTA‡ 1500 mg/m2/day (approximately 50-75 mg/kg/
day, maximum 3 g) either continuous 
infusion or in 2-4 divided IV doses for  
5 days, adjusted for renal insufficiency

Renal toxicity (from metal chelate), constitutional 
symptoms, transient hypotension

MERCURY

Acute (elemental or inorganic) with 
moderate/severe symptoms

BAL 5 mg/kg deep IM then 2.5 mg/kg every 12-24 
hours for 10 days or until symptoms improve 
and patient is able to take PO

Local injection site (pain, redness, sterile abscess); nausea, 
vomiting, diarrhea; anxiety, hypertension, tachycardia, 
fever; contraindicated in peanut allergy

Chronic (elemental or inorganic) or 
organic with symptoms

DMSA 10 mg/kg tid PO × 5 days, then bid for 14 days Nausea, vomiting, diarrhea; mild elevations in 
aminotransferase levels

ARSENIC

Acute exposure with moderate to 
severe symptoms

BAL 3 mg/kg deep IM q4h × 2 days, then bid for 7 
to 10 days

Local injection site (pain, redness, sterile abscess); nausea, 
vomiting, diarrhea; anxiety, hypertension, tachycardia, 
fever; contraindicated in peanut allergy

Chronic exposure with moderate 
symptoms§

DMSA 10 mg/kg tid PO × 5 days, then bid for 14 days Nausea, vomiting, diarrhea; mild elevations in 
aminotransferase levels

ALUMINUM

Acute or chronic exposure in dialysis 
patient with encephalopathy

Deferoxamine See http://www2.kidney.org/professionals/kdoqi/
guidelines_bone/Guide12.htm

Hypotension, increased risk of sepsis, acute lung injury

THALLIUM

Acute thallium poisoning with 
moderate to severe symptoms

Prussian Blue 3 g tid PO until the urinary thallium excretion 
is less than 0.5 mg/day

Constipation, blue stool

*Adult recommendations.
†Chelation doses in general are not well studied or validated, with the exception of lead in children. Optimal dosing is not well established, particularly for BAL. Doses listed are author’s suggestions.
‡Start 4 hours after first dose of BAL is administered.
§Benefit in this setting is not established.
BAL = British anti-Lewisite, dimercaprol; BLL = blood lead level; DMSA = 2,3-dimercaptosuccinic acid, succimer; EDTA = ethylenediaminetetraacetic acid.

ionize into more readily absorbed forms. Elemental mercury toxicity occurs 
primarily by inhalation of the vapor into the alveoli, where it is well absorbed 
in the pulmonary circulation and readily crosses the blood-brain barrier. In 
the brain, it interferes with multiple cellular processes, including protein and 
nucleic acid synthesis. Mercury also inhibits catechol-O-methyltransferase, 
thereby elevating circulating catecholamine levels.

Inorganic mercury is absorbed after ingestion, initially binds the gastro-
intestinal mucosa, and accumulates in the kidneys, where it exerts direct oxi-
dative damage. Although it does not readily cross the blood-brain barrier, 
CNS toxicity can be seen with chronic exposures because of the prolonged 
elimination rate. Mercuric ions do not appear to cross the placental barrier.

Organic mercury compounds are readily absorbed after ingestion and inha-
lation and are moderately absorbed after dermal exposure, particularly if skin 
is not intact. Owing to its high lipid solubility, organic mercury crosses the 
blood-brain barrier and concentrates in the CNS. It can also cross the placental 
barrier and concentrate in the fetus. Organic mercury concentrates in red 
blood cells, distributes throughout the body, and is primarily eliminated in 
the feces. Some forms of organic mercury are metabolized in the body to 
inorganic mercury compounds. Toxicity results from its inhibition of enzyme 
systems and interference with cellular maturity, microtubule function, and 
neurotransmitter synthesis and uptake.

CLINICAL MANIFESTATIONS
The manifestations of elemental mercury toxicity vary depending on the dose 
and chronicity of the exposure. Inhalation of high concentrations of mercury 
vapor, as may occur in an industrial setting, may result in cough, chills, fever, 
and shortness of breath. Nausea, vomiting, and weakness may result. This 
syndrome may progress to a severe acute lung injury and respiratory as well 
as renal failure. Chronic exposure to lower concentrations of mercury vapor 
produces a classic triad of tremor, gingivostomatitis, and neuropsychiatric 
disturbances. The mercurial tremor may be both static and intentional. Sudden 

http://www2.kidney.org/professionals/kdoqi/guidelines_bone/Guide12.htm
http://www2.kidney.org/professionals/kdoqi/guidelines_bone/Guide12.htm
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an increased risk of developing malignant neoplasms in the lung, skin, and 
bladder.

Arsine gas produces a clinical triad of abdominal pain, hemolysis, and hema-
turia, typically occurring hours after exposure. Patients may initially have 
headache, weakness, nausea, and vomiting. Several weeks after an acute expo-
sure, peripheral neuropathy may develop.

DIAGNOSIS
Because arsenic clears from the blood quickly, an arsenic level above 100 µg/ 
24 hours in urine collected in an acid-washed container requires further scru-
tiny (Table 19-1). Arsenic levels above 50 µg/L in a spot urine test warrant 
a 24-hour test. Patients who have recently ingested seafood may have urine 
arsenic levels exceeding 1500 µg/L, exclusively from organic arsenic, so dif-
ferentiating inorganic from nontoxic organic arsenic is often critical. Total 
arsenic levels in hair or nails, where arsenic accumulates, are useful indicators 
of past exposures. Blood arsenic, urine arsenic, and urine arsenic metabolites 
can be used to confirm recent or ongoing exposure. In the unexposed indi-
vidual, blood arsenic should be below 1 µg/L; hair and nail levels should be 
less than 1 ppm.

In patients with chronic arsenic exposure, a complete blood count may 
show anemia (normocytic, normochromic, or megaloblastic), leukopenia, and 
thrombocytopenia. A peripheral smear may show basophilic stippling (Fig. 
148-14) or karyorrhexis. Renal dysfunction, hepatic enzyme elevation, and 
hyperbilirubinemia may be seen as well. The electrocardiogram may show 
QT prolongation and nonspecific ST-T wave changes. Nerve conduction studies 
typically show evidence of a distal symmetrical sensorimotor axonopathy. 
Conduction slowing may be seen in severe poisoning.

and relatively low food concentrations make ingestion of food an unlikely 
source of significant cadmium. An exception is when cadmium-containing 
industrial waste is dumped in agricultural regions, such as happened when 
cadmium-containing mining waste in waterways that irrigated rice fields caused 
a large outbreak of renal disease. Patients with renal disease often develop 
osteomalacia (Chapter 231), which can lead to painful fractures. Today, the 
most common source of environmental cadmium exposure is through smoking, 
because tobacco concentrates cadmium from the soil, and smoking exposes 
the lungs to these high levels of cadmium. Compared with nonsmokers, an 
average smoker has about double the concentration of total body cadmium.

PATHOBIOLOGY
Cadmium commonly exists as a divalent ion (Cd2+) in salts such as cadmium 
sulfide and cadmium oxide. Like other divalent metals, it binds to and inhibits 
sulfhydryl-containing proteins and enzymes, thereby resulting in oxidative 
stress, cellular apoptosis, or necrosis. To survive in an environment where 
metals are ubiquitous, mammals have developed numerous antioxidant systems 
for protection. The one best studied in cadmium is the protein metallothionein, 
which is an intracellular, cysteine-rich protein especially found in the liver 
and kidney, where it is a potent protective antioxidant that binds to ionized 
cadmium.

CLINICAL MANIFESTATIONS
The most life-threatening manifestation of cadmium toxicity is acute chemical 
pneumonitis (Chapters 87 and 88). In persons who are exposed to high con-
centrations of cadmium fumes (e.g., smelter or welders), cadmium pneumonitis 
is manifested like metal fume fever with fever, malaise, myalgias, and elevated 
white blood cell counts that develop within 12 hours of exposure. Unlike 
metal fume fever, which typically resolves within a few days, cadmium pneu-
monitis can progress, with symptoms of dyspnea, hemoptysis, pulmonary 
edema, and respiratory distress as well as diffuse bilateral alveolar infiltrates 
on the chest radiograph.

The most problematic manifestation of chronic cadmium exposure is renal 
failure. Like lead, cadmium can damage the proximal tubules of the kidney 
and result in Fanconi syndrome (Chapter 119). Cadmium, bound to metallo-
thionein, accumulates in the kidney, where its half-life is decades. Once 
metallothionein binding is saturated, toxicity can develop. Unlike the acute 
pulmonary manifestations, renal symptoms of cadmium toxicity may have a 
latency of 10 years or longer. Clinically, the signs of renal disease from cadmium 
are not different from those of other causes of proximal tubular disease. Patients 
will often manifest secondary symptoms of renal dysfunction, such as osteo-
porosis or ureteral stones, from impaired calcium metabolism. Hypertension 
and anemia from cadmium exposure are also likely secondary to its renal 
toxicity.

DIAGNOSIS
No laboratory tests can aid in the diagnosis of cadmium pneumonitis, so 
physicians must rely on their clinical suspicion or on alveolar infiltrates on a 
chest radiograph in a worker who presents with influenza-like symptoms.

Diagnosis of renal toxicity from chronic cadmium exposure relies predomi-
nantly on a 24-hour urine cadmium level standardized to grams of creatinine 
in a certified laboratory experienced in heavy metal testing (Table 19-1). In 
nonexposed nonsmokers, cadmium values should average about 0.08 µg per 
gram of creatinine. Levels of 7 µg cadmium per gram of creatinine and higher 
require removal from the workplace. For patients with levels above 3 µg 
cadmium per gram of creatinine, a medical evaluation and renal testing are 
indicated. Renal dysfunction has been reported in patients with lower levels, 
and the best test for evaluating renal function is urinary β2-microglobulin 
levels, which serve as a useful early marker of toxicity; levels above 300 µg 
cadmium per gram of creatinine should raise concern for early kidney disease.

TREATMENT 

PROGNOSIS
Outcomes after arsenic poisoning are influenced by the dose, type of arsenic 
compound, and route and chronicity of exposure. Acute high-dose arsine gas 
inhalation with severe and rapid systemic toxicity can be fatal. With appropri-
ate treatment, however, recovery has been reported. After acute inorganic 
arsenic ingestion, rapid diagnosis and treatment, including chelation, can reduce 
mortality from about 75% to about 45%. After acute or chronic arsenic poi-
soning, electrocardiographic abnormalities and bone marrow suppression are 
generally reversible after exposure ceases, but encephalopathy and neuropathy 
may be permanent. Skin changes, such as hyperpigmentation and hyperkera-
toses, can progress to cancer but also can improve if exposure is reduced.

 CADMIUM TOXICITY

EPIDEMIOLOGY
Cadmium (Cd) is primarily found in zinc ores as cadmium sulfide. Serious 
human exposures usually come from industrial use, including the production 
of nickel-cadmium batteries, electroplating, soldering, and welding. Workplace 
exposures occur through inhalation of dust containing oxides of cadmium or 
fumes from welding or smelting of metals containing cadmium. Depending 
on the particle size, more than 50% of cadmium can be absorbed through the 
lungs, but little cadmium is absorbed through the gastrointestinal tract. Many 
plants take up cadmium from the environment, but poor oral bioavailability 

TREATMENT 

consumption is correlated with higher brain levels of mercury in adults, these 
higher levels are associated with less Alzheimer disease neuropathology.6

With organic mercury toxicity, symptoms are typically delayed for weeks 
to months. Other symptoms that follow organic mercury poisoning include 
mucous membrane irritation after ingestion and dermatitis after cutaneous 
exposure. However, no cardiovascular toxicities have been reported with up 
to moderate elevation in blood mercury levels.

DIAGNOSIS
The diagnosis of mercury poisoning should be considered on recognition of 
the characteristic signs and symptoms coupled with a known or suspected 
exposure. Whole blood and urine mercury levels can confirm the exposure, 
but the correlation between levels and symptoms is inconsistent. In the setting 
of elemental mercury ingestion or injection, radiographs may also be useful. 
In a nonoccupationally exposed patient, whole blood mercury concentration 
should not exceed 10 µg/L, and a 24-hour urine mercury concentration should 
not exceed 20 µg/L (Table 19-1); urine must be collected in an acid-washed 
container. In general, urine concentrations are more reliable for monitoring 
of exposure and the response to therapy, but whole blood concentration is 
the preferred monitoring test for methyl mercury poisoning. The ratio of red 
blood cell to plasma mercury can differentiate organic mercury toxicity from 
inorganic mercury toxicity because organic mercury concentrates significantly 
in red blood cells. Hair analysis is unreliable because of the potential for external 
contamination. The practice of obtaining urine mercury levels after a chelation 
challenge is not recommended because levels obtained in this way are difficult 
to interpret.

as a medicinal as well as a component of pigments, cosmetics, and famously 
as a poison.

Human exposure to arsenic may occur through contaminated air, ground-
water, soil, and food, particularly seafood, rice, and produce.7 Marine organ-
isms, especially shellfish, contain organic arsenicals arsenobetaine and 
arsenocholine, which are commonly reported in laboratory assays as elevated 
arsenic level but exert no known toxic effects.

In Bangladesh, ongoing epidemic arsenic poisoning from contaminated 
groundwater has affected millions of persons. Taiwan, Chile, the Cordoba 
province in Argentina, West Bengal, and other regions in the Ganga plain also 
have elevated levels of naturally occurring arsenic and cases of arsenic 
poisoning.

Occupational exposure to arsenic occurs in the microelectronics industry, 
where arsenide crystals are used to etch circuits on microchips. Arsine gas is 
liberated when inorganic arsenic contacts acid, as may occur in occupations 
such as metal smelting, galvanizing, and semiconductor manufacturing. Arsenic 
compounds are also used in the production of paint, fungicide, insecticide, 
pesticide, herbicide, wood preservatives, ceramics, and glass, and employees 
in these industries may also be potentially exposed.

Arsenic compounds may still be found in folk remedies and patent medi-
cines. Modern medicinal uses of arsenic include arsenic trioxide (Trisenox) 
for the treatment of acute promyelocytic leukemia (Chapter 173) and melar-
soprol, an organic arsenical, for the treatment of African trypanosomiasis 
(Chapter 325).

PATHOBIOLOGY
The toxicologically significant arsenic compounds are inorganic (trivalent and 
pentavalent). Arsine gas, which is also toxic, causes acute hemolysis. After 
absorption, inorganic arsenic binds to hemoglobin and is distributed to liver, 
kidney, heart, and lungs. In the liver, arsenic is methylated to form mono-
methylarsenoic and dimethylarsinic acid, both of which are less toxic. Arsenic 
concentrates in keratin-rich tissues, such as hair, skin, and nails. Much of an 
ingested dose of arsenic is eliminated in the urine. The mechanism of toxicity 
is by binding sulfhydryl groups of critical enzymes, including those of the 
Krebs cycle, thereby resulting in impaired gluconeogenesis, impaired oxidative 
phosphorylation, and ultimately depletion of cellular energy stores. Pentavalent 
arsenate may substitute for phosphate in biochemical reactions and disrupt 
normal oxidative phosphorylation. Arsenic also affects cardiac conduction by 
blocking cardiac potassium channels. Arsenic can alter gene expression through 
induction, downregulation, and upregulation of various genes involved in 
apoptosis, cell signaling, and growth factor response.

Arsine is a colorless, nonirritating gas. After inhalation, it is absorbed rapidly 
and binds to erythrocytes, where it exerts oxidative stress and causes severe 
Coombs-negative intravascular hemolysis. Renal failure is due to hemoglobin 
pigment deposition as well as to the direct toxic effects of arsine on renal 
tubular cells.

CLINICAL MANIFESTATIONS
The initial clinical features after ingestion of inorganic arsenic are nausea, 
vomiting, bloody diarrhea, and abdominal pain. Within several days, hemato-
logic findings such as pancytopenia can be seen. QT prolongation, which can 
develop acutely or chronically, can lead to dysrhythmias such as torsades de 
pointes. After gastrointestinal symptoms improve, distal symmetrical peripheral 
neuropathy develops, potentially accompanied by weakness or encephalopathy.

Chronic exposures affect the bone marrow, skin, and peripheral nervous 
system. Dermatologic effects include patchy or diffuse alopecia, hyperpig-
mentation, and melanosis as well as hyperkeratosis on the palms and soles. 
The pigmentation of chronic poisoning commonly appears in a finely freckled, 
“raindrop” pattern of symmetrical pigmentation or depigmentation that is 
particularly pronounced on the trunk and extremities. Nails may exhibit trans-
verse white bands, which are known as Mees lines (Chapter 413) and reflect 
growth interruption during poisoning. Anemia, pancytopenia, neutropenia, 
thrombocytopenia, and eosinophilia can be seen. Neuropathy, which is a 
hallmark of arsenic poisoning, is described as a diffuse, symmetrical, ascend-
ing, painful sensorimotor neuropathy, most prominent in a stocking-glove 
distribution. In severe poisoning, ascending weakness and paralysis may result 
in respiratory failure that mimics the Guillain-Barré syndrome (Chapter 392). 
Arsenic exposure also causes a dose-dependent decline in lung function. 
Peripheral vascular disease, including peripheral vascular gangrene (black foot 
disease), can develop in chronically exposed patients. Even low to moderate 
chronic arsenic exposure increases the long-term risk of cardiovascular disease 
by about 30%. Arsenic is a human carcinogen, and exposed populations have 

Treatment is primarily symptomatic and supportive, with removal from the 
source of exposure. In cases of acute exposure, decontamination may be required. 
In cases of occupational or environmental exposure, environmental decon-
tamination and surveillance by local or federal agencies may be necessary. 
After inhalation of elemental mercury vapor, support of respiratory function is 
crucial. After ingestion of inorganic mercury salts, fluid resuscitation, usually 
with normal saline, is needed to correct intravascular depletion, and renal 
replacement therapy may be required in cases of oliguric renal failure. Mercury 
compounds are poorly cleared by extracorporeal elimination measures, such 
as hemodialysis or peritoneal dialysis.

If dietary fish is the likely cause of an elevated mercury level, affected indi-
viduals should avoid eating any fish or shellfish for 1 month, after which blood 
or urine mercury levels should be reanalyzed. If mercury levels have declined 
into the normal range, as is usually the case, low-mercury fish (shrimp, canned 
light tuna, salmon, pollock, catfish) can be reintroduced into the diet at a fre-
quency of no more than two meals per week.

Chelation therapy will increase urinary elimination of mercury (Table 19-2), 
and limited clinical data support its use early after acute poisonings. Oral DMSA, 
which is the chelator of choice, is generally well tolerated. If oral administration 
is not possible, dimercaprol (British anti-Lewisite, BAL) can be used except after 
methyl mercury exposure, in which it is contraindicated because it may shift 
mercury into the brain.

TREATMENT 

PROGNOSIS
The neurotoxicity that follows significant poisoning from all types of mercury 
may be irreversible, particularly in the setting of organic mercury poisoning, 
in which the diagnosis is often delayed. Nevertheless, 33 of 40 symptomatic 
children affected in the contaminated grain outbreak of 1971 in Iraq improved 
during a 2-year observation period. Acute renal failure after elemental or inor-
ganic mercury poisoning can sometimes resolve. Patients with acrodynia have 
been reported to recover completely after chelation therapy and removal of 
the exposure.

 ARSENIC TOXICITY

EPIDEMIOLOGY
Arsenic (As), which is found in soil, minerals, rocks, and metal ores, is present 
in all living organisms. It exists in several forms: elemental, inorganic (As3+ 
trivalent arsenite and As5+ pentavalent arsenate), gaseous (arsine, AsH3), and 
organic. Elemental and organic arsenic have low toxicity, whereas gaseous 
arsine and inorganic arsenic are highly toxic. Arsenic’s medicinal properties 
were recognized as early as 400 bc, and it has been used throughout history 
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an increased risk of developing malignant neoplasms in the lung, skin, and 
bladder.

Arsine gas produces a clinical triad of abdominal pain, hemolysis, and hema-
turia, typically occurring hours after exposure. Patients may initially have 
headache, weakness, nausea, and vomiting. Several weeks after an acute expo-
sure, peripheral neuropathy may develop.

DIAGNOSIS
Because arsenic clears from the blood quickly, an arsenic level above 100 µg/ 
24 hours in urine collected in an acid-washed container requires further scru-
tiny (Table 19-1). Arsenic levels above 50 µg/L in a spot urine test warrant 
a 24-hour test. Patients who have recently ingested seafood may have urine 
arsenic levels exceeding 1500 µg/L, exclusively from organic arsenic, so dif-
ferentiating inorganic from nontoxic organic arsenic is often critical. Total 
arsenic levels in hair or nails, where arsenic accumulates, are useful indicators 
of past exposures. Blood arsenic, urine arsenic, and urine arsenic metabolites 
can be used to confirm recent or ongoing exposure. In the unexposed indi-
vidual, blood arsenic should be below 1 µg/L; hair and nail levels should be 
less than 1 ppm.

In patients with chronic arsenic exposure, a complete blood count may 
show anemia (normocytic, normochromic, or megaloblastic), leukopenia, and 
thrombocytopenia. A peripheral smear may show basophilic stippling (Fig. 
148-14) or karyorrhexis. Renal dysfunction, hepatic enzyme elevation, and 
hyperbilirubinemia may be seen as well. The electrocardiogram may show 
QT prolongation and nonspecific ST-T wave changes. Nerve conduction studies 
typically show evidence of a distal symmetrical sensorimotor axonopathy. 
Conduction slowing may be seen in severe poisoning.

and relatively low food concentrations make ingestion of food an unlikely 
source of significant cadmium. An exception is when cadmium-containing 
industrial waste is dumped in agricultural regions, such as happened when 
cadmium-containing mining waste in waterways that irrigated rice fields caused 
a large outbreak of renal disease. Patients with renal disease often develop 
osteomalacia (Chapter 231), which can lead to painful fractures. Today, the 
most common source of environmental cadmium exposure is through smoking, 
because tobacco concentrates cadmium from the soil, and smoking exposes 
the lungs to these high levels of cadmium. Compared with nonsmokers, an 
average smoker has about double the concentration of total body cadmium.

PATHOBIOLOGY
Cadmium commonly exists as a divalent ion (Cd2+) in salts such as cadmium 
sulfide and cadmium oxide. Like other divalent metals, it binds to and inhibits 
sulfhydryl-containing proteins and enzymes, thereby resulting in oxidative 
stress, cellular apoptosis, or necrosis. To survive in an environment where 
metals are ubiquitous, mammals have developed numerous antioxidant systems 
for protection. The one best studied in cadmium is the protein metallothionein, 
which is an intracellular, cysteine-rich protein especially found in the liver 
and kidney, where it is a potent protective antioxidant that binds to ionized 
cadmium.

CLINICAL MANIFESTATIONS
The most life-threatening manifestation of cadmium toxicity is acute chemical 
pneumonitis (Chapters 87 and 88). In persons who are exposed to high con-
centrations of cadmium fumes (e.g., smelter or welders), cadmium pneumonitis 
is manifested like metal fume fever with fever, malaise, myalgias, and elevated 
white blood cell counts that develop within 12 hours of exposure. Unlike 
metal fume fever, which typically resolves within a few days, cadmium pneu-
monitis can progress, with symptoms of dyspnea, hemoptysis, pulmonary 
edema, and respiratory distress as well as diffuse bilateral alveolar infiltrates 
on the chest radiograph.

The most problematic manifestation of chronic cadmium exposure is renal 
failure. Like lead, cadmium can damage the proximal tubules of the kidney 
and result in Fanconi syndrome (Chapter 119). Cadmium, bound to metallo-
thionein, accumulates in the kidney, where its half-life is decades. Once 
metallothionein binding is saturated, toxicity can develop. Unlike the acute 
pulmonary manifestations, renal symptoms of cadmium toxicity may have a 
latency of 10 years or longer. Clinically, the signs of renal disease from cadmium 
are not different from those of other causes of proximal tubular disease. Patients 
will often manifest secondary symptoms of renal dysfunction, such as osteo-
porosis or ureteral stones, from impaired calcium metabolism. Hypertension 
and anemia from cadmium exposure are also likely secondary to its renal 
toxicity.

DIAGNOSIS
No laboratory tests can aid in the diagnosis of cadmium pneumonitis, so 
physicians must rely on their clinical suspicion or on alveolar infiltrates on a 
chest radiograph in a worker who presents with influenza-like symptoms.

Diagnosis of renal toxicity from chronic cadmium exposure relies predomi-
nantly on a 24-hour urine cadmium level standardized to grams of creatinine 
in a certified laboratory experienced in heavy metal testing (Table 19-1). In 
nonexposed nonsmokers, cadmium values should average about 0.08 µg per 
gram of creatinine. Levels of 7 µg cadmium per gram of creatinine and higher 
require removal from the workplace. For patients with levels above 3 µg 
cadmium per gram of creatinine, a medical evaluation and renal testing are 
indicated. Renal dysfunction has been reported in patients with lower levels, 
and the best test for evaluating renal function is urinary β2-microglobulin 
levels, which serve as a useful early marker of toxicity; levels above 300 µg 
cadmium per gram of creatinine should raise concern for early kidney disease.

Initial treatment of arsenic toxicity includes supportive care, fluid repletion, 
decontamination if needed, and removal of the source of exposure. Hemodialysis 
may be required in patients who have significant renal dysfunction.

In cases of severe acute poisoning from inorganic arsenic, chelation is ben-
eficial if it is instituted early. Dimercaprol (BAL; Table 19-2), which is the traditional 
chelating agent for arsenic, is effective in decreasing morbidity and mortality 
if it is administered within minutes to hours of acute exposure. In a small ran-
domized trial, 2,3-dimercapto-1-propanesulfonate, which is not commercially 
available in the United States, significantly improved clinical symptoms, especially 
weakness, skin pigmentation, and lung disease, when given as 100 mg orally 
four times daily every other week for four cycles. The oral analogue of BAL, 
dimercaptosuccinic acid (DMSA, succimer) is also useful for subacute or chronic 
arsenic poisoning. In chronic inorganic arsenic intoxication, however, a clear 
benefit of chelation therapy has not been demonstrated.

Hemolysis caused by arsine gas poisoning should be treated with prompt 
exchange transfusion. Exchange transfusion can restore functional erythrocytes, 
remove hemoglobin pigments, remove arsenic itself, and remove toxic products 
formed in the arsine-hemoglobin reaction.

TREATMENT 

PROGNOSIS
Outcomes after arsenic poisoning are influenced by the dose, type of arsenic 
compound, and route and chronicity of exposure. Acute high-dose arsine gas 
inhalation with severe and rapid systemic toxicity can be fatal. With appropri-
ate treatment, however, recovery has been reported. After acute inorganic 
arsenic ingestion, rapid diagnosis and treatment, including chelation, can reduce 
mortality from about 75% to about 45%. After acute or chronic arsenic poi-
soning, electrocardiographic abnormalities and bone marrow suppression are 
generally reversible after exposure ceases, but encephalopathy and neuropathy 
may be permanent. Skin changes, such as hyperpigmentation and hyperkera-
toses, can progress to cancer but also can improve if exposure is reduced.

 CADMIUM TOXICITY

EPIDEMIOLOGY
Cadmium (Cd) is primarily found in zinc ores as cadmium sulfide. Serious 
human exposures usually come from industrial use, including the production 
of nickel-cadmium batteries, electroplating, soldering, and welding. Workplace 
exposures occur through inhalation of dust containing oxides of cadmium or 
fumes from welding or smelting of metals containing cadmium. Depending 
on the particle size, more than 50% of cadmium can be absorbed through the 
lungs, but little cadmium is absorbed through the gastrointestinal tract. Many 
plants take up cadmium from the environment, but poor oral bioavailability 

Because of the similarities between cadmium pneumonitis and metal fume 
fever, any patient presenting with influenza-like symptoms after working with 
heated cadmium should be admitted for observation. If the metal a patient 
was welding or cutting is not known, any clinical or radiographic signs of non-
cardiogenic pulmonary edema would also warrant hospital admission for 
supplemental oxygen and pulmonary support.

There are no effective treatments for renal toxicity caused by cadmium. 
Chelation therapy is not recommended.

TREATMENT 
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 Grade A References

with symptoms. Furthermore, electroencephalographic findings, laboratory 
tests, and imaging studies are not specific. Because of its similarity in onset 
and symptoms, bismuth encephalopathy is often misdiagnosed as Creutzfeldt-
Jakob disease (Chapter 387) or other progressive encephalopathies. Therefore, 
any patient in whom these diagnoses are being entertained should be screened 
for the use of bismuth products. Because bismuth causes black stools, the 
finding of heme-negative black stool in a patient with a rapidly progressing 
encephalopathy warrants an investigation for bismuth toxicity.

Cobalt (Thyroid and Cardiac Toxicity)
Cobalt (Co) is an essential trace element that serves as the catalytic center of 
vitamin B12. Toxicity is most commonly associated with chronic ingestion of 
cobalt salts and more recently from cobalt-containing metal prostheses. One 
of the side effects of chronic ingestion is polycythemia. By stabilizing hypoxia-
inducible transcription factors that normally respond to low concentrations 
of oxygen, cobalt mimics hypoxia and stimulates erythropoietin production. 
In the 1950s, cobalt chloride was used to treat iron deficiency anemia. Some 
of these patients developed hypothyroidism and goiter because of cobalt’s 
ability to inhibit tyrosine iodinase. In addition, cobalt has caused dilated car-
diomyopathy with pericardial effusions in adults who consumed large amounts 
of beer in which cobalt salts had been added as a foam stabilizer. Cobalt can 
also cause neurotoxicity with symptoms of hearing loss, visual impairment, 
and polyneuropathy.

PROGNOSIS
Patients with cadmium pneumonitis can survive with aggressive treatment, 
but severe cases can result in death, and survivors can have persistent restric-
tive lung disease. Because of its long half-life in the kidney, cadmium-induced 
renal damage is largely irreversible unless it is detected early when body burden 
is low (urinary cadmium < 10 µg per gram of creatinine).

 SYNDROMES SPECIFIC TO OTHER TOXIC METALS
Aluminum (Dialysis Dementia)
In the 1970s, renal failure patients exposed to aluminum-containing phosphate 
binders or aluminum-contaminated dialysis fluid developed progressive neu-
rologic impairment and multifocal seizures. Also known as dialysis dementia, 
this syndrome developed during weeks to years and was often fatal if unde-
tected. Aluminum-containing phosphate binders and dialysis fluids are no 
longer used in patients with renal failure, and dialysis patients are routinely 
screened for aluminum toxicosis. However, occasional outbreaks continue to 
be reported, typically due to contamination of dialysis fluid with aluminum 
from electric pumps or drums.

Aluminum is found in air, soil, and water and is a component of metal alloys 
used in the home, such as cookware. Aluminum is also found in some antacids 
(sucralfate) and as aluminum potassium sulfate (Alum), which is used to treat 
hemorrhagic cystitis. Additional iatrogenic sources of aluminum include total 
parenteral nutrition solutions and vaccines. Ingested aluminum is not metabo-
lized by the body and is excreted unchanged by the kidney. In patients with 
impaired renal function, aluminum is bound to transferrin and concentrates 
primarily in bone. Smaller amounts, however, are distributed to heart, liver, 
kidney, and brain. Ingested aluminum is thought to affect several biochemical 
functions, including neurotransmitter manufacture, uptake, and release. Alu-
minum also affects erythropoiesis and the normal function of bone, likely 
partially by interference with parathyroid function.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical effects in patients with chronic exposures include anemia, osteoma-
lacia, and neurologic effects including memory loss, tremor, dyspraxia, encepha-
lopathy, and seizures. The relationship between aluminum and Alzheimer 
dementia has been debated, but the complex characteristics of aluminum 
bioavailability make it difficult to produce conclusive evidence.

Serum and urine aluminum levels can be obtained to estimate exposure. A 
serum aluminum concentration should not exceed 2 µg/L, and a 24-hour 
urine concentration is expected to be 4 to 12 µg per gram of creatinine in a 
patient with typical background aluminum exposure (Table 19-1).

Bismuth (Bismuth Encephalopathy)
Bismuth salts used to treat gastrointestinal disorders include bismuth subgal-
late, bismuth citrate, bismuth subnitrate, and bismuth subsalicylate (the active 
ingredient in Pepto-Bismol). Bismuth (Bi) is poorly absorbed from the gastro-
intestinal tract and is still used today to treat peptic ulcer disease and diarrhea. 
It also is used as an oral deodorant for patients with colostomies. Idiopathic 
bismuth toxicity is almost always associated with the chronic ingestion of 
over-the-counter preparations.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Bismuth toxicity is manifested primarily as a subacute encephalopathy with 
ataxia and incoordination followed by progressive memory loss, behavioral 
changes, insomnia, and muscle cramps. As symptoms progress, a prevalent 
feature is limb myoclonus when patients are startled or as they fall asleep. As 
symptoms worsen, myoclonus can progress to involve the whole body, includ-
ing the tongue, and can occur without stimulus. Seizures can also develop.

The diagnosis of bismuth encephalopathy can be difficult. Blood and urine 
levels can indicate exposure to bismuth (Table 19-1) but do not correlate 

Because cobalt is no longer used as a therapeutic or as an additive to beer, 
the concern for cobalt toxicity is now isolated to patients with cobalt-chromium 
prosthetic joints. Cobalt liberated from a prosthesis has been linked to hypo-
thyroidism, dilated cardiomyopathy, and neurotoxicity with metal-on-ceramics 
arthroplasty and metal-on-metal prosthetics. When it is viewed in the context 
of the millions of prosthetic joints placed each year and the few reported cases, 
this complication seems rare. The diagnosis in a patient with a cobalt-containing 
joint replacement requires symptoms of polycythemia, hypothyroidism, car-
diomyopathy, and neurotoxicity. In these patients, a blood chromium level 
above 7 µg/L should stimulate a referral for a possible joint revision. There 
is little evidence that chelation improves outcomes in cobalt-poisoned patients.

Silver (Argyria)
Silver (Ag) is a precious metal long used in coinage and for its antibacterial 
properties. Silver is a broad-spectrum antimicrobial and commonly used as 
a topical antimicrobial in bandages, catheters, and medical devices. The inges-
tion of colloidal silver preparations as a “natural” supplement accounts for the 
majority of recent cases of significant toxicity.

When it is ingested continually, silver will be deposited in the skin and the 
liver.8 The primary chronic toxicity of silver is argyria, which is a permanent 
blue-gray discoloration of the skin due to silver deposition over time (Fig. 
19-1). Argyria can result from inhalation, ingestion, mucosal absorption, or 
dermal application or exposure. Argyria may be localized to the site of expo-
sure, such as with corneal argyria, which was seen in the past from the use of 
colloidal silver-containing eye drops, or at the site of silver earrings and rings. 
Rarely, argyria has been reported after the implantation of silver-containing 
medical devices.

The diagnosis of argyria is primarily based on history and physical examina-
tion. Localized skin biopsy, typically to differentiate argyria from malignant 
lesions, will show characteristic black-brown globules that are adherent to the 
dermal elastic fibers, blood vessels, basement membranes, hair follicles, and 
sweat glands on light microscopy; refractile particles on darkfield microscopy; 
and the presence of silver on scanning electron microscopy with energy dis-
persive radiography.

Management of aluminum toxicity centers on removal from the source of 
exposure. The only chelator with proven benefit is deferoxamine (Table 19-2), 
which has a high affinity for aluminum and forms a dialyzable aluminum-
deferoxamine complex. If it is detected early, successful treatment with full 
recovery of neurologic function has been reported with deferoxamine.

TREATMENT AND PROGNOSIS 

The treatment of bismuth encephalopathy is to stop the use of the offending 
agent. Although there have been case reports purporting the benefits of metal 
chelators (e.g., DMSA, BAL, and 2,3-dimercapto-1-propansulfonic acid; Table 
19-2) the rarity of the disorder makes a clinical trial impossible. Ethylenediami-
netetraacetic acid (EDTA) may increase brain bismuth concentrations, and it 
should not be used. Although deaths have occurred from bismuth encepha-
lopathy, full recovery is possible if the offending drug is stopped and the patient 
receives modern supportive care.

TREATMENT AND PROGNOSIS 
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all of which are reversible with zinc cessation alone. In addition, a syndrome 
of myeloneuropathy, characterized by a spastic gait and sensory ataxia, is also 
associated with zinc overload/copper deficiency and may improve with copper 
supplementation and zinc cessation.

Diagnostic testing in patients suspected of zinc overload should include 
serum or urine zinc concentrations (Table 19-1), serum copper levels, and 
ceruloplasmin levels. In patients with myeloneuropathy, nerve conduction 
studies may show a sensory neuropathy, and magnetic resonance imaging 
(MRI) may show increased T2 signal in the cervical cord. Treatment of zinc 
overload–induced copper deficiency is primarily by cessation of zinc exposure 
and repletion of copper. Although there is no standard dosing regimen, a 
common recommendation is 2 to 10 mg/day of oral elemental copper. Various 
chelation regimens have been reported, but data are insufficient to support 
their routine use in the setting of chronic toxicity.

Manganese (Parkinsonism)
Manganese (Mn) is an essential element necessary for the function of several 
enzymes, including superoxide dismutase and glutamine synthetase. Although 
there is no clear syndrome associated with manganese deficiency, a well-
described constellation of symptoms and findings is associated with manganese 
toxicity. Associated primarily with chronic occupational exposure, dose-
dependent manganese toxicity results from inhalation of high concentrations 
of either manganese dust (e.g., in miners) or manganese fumes (e.g., smelting, 
grinding, and rarely welding).11 More recently, manganese toxicity has been 
reported in abusers of methcathinone, when this drug was illegally synthesized 
with potassium permanganate. Although the mechanism is not clear, manga-
nese causes selective toxicity in the globus pallidus, striatum, and substantia 
nigra pars reticulata. In contrast to idiopathic Parkinson disease (Chapter 
381), manganese does not affect the substantia nigra pars compacta.

The symptoms of manganism develop insidiously after years of exposure. 
Patients first develop changes in appetite, muscle weakness, and apathy. On 
occasion, patients will develop signs of central excitation and can have what 
is termed manganese psychosis. Symptoms often progress to difficulties with 
gait, speech, and facial expression. The gait abnormalities involve a slow and 
clumsy gait with the inability to walk backward. Patients often freeze while 
turning and frequently fall. Symptoms can progress to muscle hypertonia in 
extension and a peculiar gait in which patients walk on the balls of the feet 
with their ankles extended. Patients also develop stuttering speech, masked 
facies, sleep disturbances, and myalgias. Unlike with idiopathic Parkinson 
disease, manganese-exposed patients do not typically develop a resting tremor, 
and these symptoms are almost always symmetrical at onset.

Although there is no definitive test of manganese toxicity, a history of expo-
sure, confirmatory laboratory testing (Table 19-1), radiographic studies, and 
clinical symptoms can support the diagnosis. The best laboratory test is a 
whole blood manganese level (normal, <15 µg/L), with elevated levels indica-
tive of exposure but not necessarily correlating directly with symptoms. Because 
manganese can concentrate in the globus pallidus, MRI often will show an 
intense T1-weighted signal in the globus pallidus bilaterally. As with blood, 
however, MRI is indicative of manganese exposure but does not correlate 
with clinical symptoms. Because of the differences in the affected brain regions 
between manganese toxicity and Parkinson disease, fluorodopa positron emis-
sion tomography (PET) scanning can help differentiate between these disorders: 
patients with manganese toxicity will typically have normal PET scans, whereas 
patients with Parkinson disease have abnormal scans.

Manganism is not typically responsive to treatment. Although chelation 
with CaNa2EDTA has been associated with increased urinary elimination of 
manganese, there are no convincing data as to whether patient outcomes are 
improved.

FIGURE 19-1. Frontal and side views of a 36-year-old woman with argyria show the 
gray discoloration of her face and neck. (From Jacobs r. “argyria: my life story,” Clin 
Dermatol. elsevier, 2006;24:66-69. Figure 3.)

Chelation therapy is not effective for argyria, but successful laser treatment 
has been reported.

Thallium (Neuropathy and Alopecia)
Thallium (Tl) has no beneficial role in the human body. Its salts are odorless, 
tasteless, well absorbed in the gastrointestinal tract, and very toxic. These 
characteristics make it a potential homicidal agent, and patients with thallium 
poisoning should always be considered potential victims of a crime. By inter-
fering with potassium and sulfhydryl-containing enzymes, thallium interrupts 
normal energy production. Although it is toxic to all organs, the peripheral 
nervous system and integumentary system are the most sensitive.

The earliest clinical sign of thallium poisoning is a rapidly progressive, painful 
sensory polyneuropathy. Within 2 or 3 days of exposure, patients will describe 
painful burning paresthesias in their feet. These paresthesias can progress up 
the legs and, over time, can involve the hands. Motor nerves can also be 
affected, and profound weakness, including in respiratory muscles, can be 
misdiagnosed as Guillain-Barré syndrome (Chapter 392). Cranial neuropathies 
have also been reported. The best-known complication of thallium is painless 
hair loss, typically beginning 5 to 14 days after exposure and sometimes pro-
gressing to total body alopecia. Skin and nails can also be affected, with scaling 
of palms, acne-like lesions of the face, and Mees lines in the nails. Other 
neurologic symptoms of thallium poisoning include hallucinations, altered 
mental status, insomnia, psychosis, ataxia, and coma. Constipation, myalgias, 
pleuritic chest pain, arrhythmias, and hypotension can also occur.

Because systemic toxicities often develop before hair loss and because not 
all patients lose their hair, clinicians should consider thallium as a possible 
cause of any rapidly progressive painful neuropathy. In patients with thal-
lium poisoning, a pulled hair will often have darkening of the hair root when 
visualized under a low-power light microscope. The definitive diagnosis of 
thallium poisoning requires the identification of elevated concentrations  
of thallium in a 24-hour urine sample (normal, <20 µg/specimen). Because 
thallium undergoes enterohepatic circulation and is eliminated in the feces, 
treatment requires binding of thallium in the gut. The most effective antidote 
is Prussian Blue (a complex of potassium hexacyanoferrate), with recom-
mended doses ranging from 3 g orally three times a day up to 250 mg/kg three  
times a day.9

Zinc (Myelopathy)
Zinc (Zn) is an essential mineral that is necessary for normal cellular function-
ing. It is involved in the catalytic activity of more than 100 enzymes and plays 
an important role in olfaction, taste, immune function, protein synthesis, and 
DNA synthesis. It is found naturally in a wide variety of foods and is absorbed 
in the jejunum, where it binds to metallothioneins. Zinc deficiency is mani-
fested as a triad of dermatitis, diarrhea, and alopecia, which is reversible after 
zinc repletion.

In the setting of zinc overload, metallothioneins are upregulated; because 
copper has a higher affinity for metallothioneins, the result is increased copper 
binding and subsequent elimination of copper. Zinc-induced copper deficiency 
has been reported after overuse of zinc-containing supplements, with the 
improper use of zinc-containing denture adhesives, and from the presence of 
retained zinc-containing coins such as pennies. However, zinc oxide sunscreen 
appears to be safe.10

The hematologic manifestations of zinc-induced copper deficiency include 
sideroblastic anemia, leukopenia, neutropenia, and myelodysplastic syndrome, 
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4. A 68-year-old Hispanic female with end-stage renal disease requiring three 
times a week hemodialysis has developed a progressive encephalopathy. 
The water used for dialysis was tested and found to be normal. Which one 
of the following would you think is most likely responsible for her 
symptoms?
 A. Occasional use of Pepto-Bismol
 B. Prosthetic hip
 C. Sucralfate prescription
 D. The homeopathic use of colloidal silver
 E. Traditional Hispanic folk remedy for GI distress

Answer: C The sucralfate prescription is most likely to cause encephalopathy 
from aluminum toxicity in a dialysis patient. A prosthetic hip with cobalt has 
been linked to cardiomyopathy and hypothyroidism. Pepto-Bismol can cause 
a progressive encephalopathy but typically only after prolonged and regular 
use. Hispanic folk medicines and Chinese herbal medicines have been shown 
to occasionally contain arsenic and elemental mercury, but either would be 
less likely to cause the patient’s symptoms. Colloidal silver ingestion typically 
only affects the skin.

5. An active 72-year-old female had developed increasing fatigue and pain 
in her right hip. Four years prior she had undergone a total hip replace-
ment using a metal-on-metal implant. Her work-up reveals new findings 
of hypothyroidism and cardiomyopathy. Which of the following tests is 
warranted?
 A. A whole blood cobalt level
 B. A serum cadmium level
 C. 24-hour urine cobalt level
 D. 24-hour urine cadmium level
 E. Urine cadmium after EDTA chelation challenge

Answer: A The finding of hypothyroidism and cardiomyopathy in a patient 
with a prior hip replacement warrants a whole blood cobalt level. Both hypo-
thyroidism and cardiomyopathy can be complications of chronic cobalt poi-
soning; other complications include polycythemia and neuropathy. Patients 
with clinical findings of cobalt toxicity and a whole blood cobalt level >7 µg/L 
warrant a referral for possible joint revision.

REVIEW QUESTIONS

1. A 58-year-old patient seeks your care for management of his hypertension. 
In his evaluation you discover that he operates a gun range and often cleans 
up casings at the end of the day. You send a blood lead level that comes 
back elevated at 60 µg/dL. He has no other medical complaints. Along 
with pharmacologic management for his hypertension, which of the follow 
lead treatment strategies would be the most efficacious?
 A. Chelation with BAL and CaNa2EDTA
 B. Chelation with DMSA
 C. Chelation challenge, and if 24-hour urine levels are above 100 µg/g 

creatinine, then chelate with DMSA
 D. No lead treatment is warranted
 E. Proper respiratory protection at work and repeat lead levels in 1 month

Answer: E Adults who are asymptomatic and have blood lead levels below 
70 µg/dL require no treatment other than removing the source of exposure 
and decreasing workplace exposure through proper respiratory protection.

2. A 38-year-old health-conscious male patient is referred to you for arsenic 
poisoning. He has been seeing his primary care doctor for symptoms of 
mild depression. He asked his doctor to check him for heavy metal poison-
ing because he has well water and read that lead could cause symptoms 
similar to his. A 24-hour urine test showed lead and mercury levels to be 
within normal limits but revealed an extremely elevated urine arsenic level 
(530 µg/g creatinine). What is the most prudent next step?
 A. Admit to the hospital and immediately begin chelation with DMSA
 B. Ask about history of seafood ingestion and send urine for arsenic 

speciation
 C. Begin outpatient treatment with DMSA and repeat testing in 3 weeks
 D. Obtain blood arsenic levels to determine if a recent exposure
 E. Obtain hair arsenic levels to determine if a remote exposure

Answer: B Organic arsenic is considered largely nontoxic to humans. Found 
in shellfish and seafood, it is a common cause of elevated urinary arsenic 
levels. In patients without symptoms of acute arsenic poisoning a detailed 
history of seafood ingestion and sending the urine out for speciation of arsenic 
would be the next step.

3. A 32-year-old chemical worker ingests a vial of methylmercury in a suicide 
attempt. She is admitted to the hospital, lavaged, and begun on DMSA 
chelation. The development of which of the following symptoms would 
concern you the most in respect to her long-term outcome?
 A. Hypertension and tachycardia
 B. Myalgias
 C. Prolonged QTc on ECG
 D. Proteinuria
 E. Visual field constriction and perioral numbness

Answer: E The most devastating effect of organic mercury toxicity is neural 
degeneration. Early symptoms of this include constriction of visual fields, 
tremor, and paresthesias. Symptoms can progress to ataxia and ultimately to 
encephalopathy and death. Elemental mercury exposure can mimic pheo-
chromocytoma and can present with muscle weakness and myalgias. Although 
concerning, these symptoms can improve when the source of mercury exposure 
is removed. Proteinuria would be a potential manifestation of inorganic mercury 
toxicity, but renal damage tends to resolve over time. Arsenic, not mercury, 
is associated with a prolonged QTc.
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alone or by cumulative disease burden. Conversely, vigor or resilience can be 
defined as a high physiologic reserve and robust response to stress. Resilience 
may require dynamic testing to assess it adequately. When defined as a wasting 
syndrome, frailty is present in 7% of community-dwelling adults aged 65 years 
and older and 25% of adults aged 85 years and older. These estimates undoubt-
edly underestimate the prevalence of frailty because frail individuals are less 
likely to participate in epidemiologic studies.

Loss of muscle mass, or sarcopenia, is an underlying component of frailty, 
but excess fat, especially visceral fat and muscle fat, has a greater influence on 
physical function, inflammation, and metabolism than does low muscle mass. 
In the elderly, muscle strength, including contractile force, mitochondrial 
function, and speed of contraction or power, is more important to physical 
function than muscle mass. Weakness can be assessed in an office setting by 
measuring a grip strength (<30 kg in men and <20 kg in women). Frailty itself 
is a risk factor for poorer outcomes, and it also worsens the prognosis of 
chronic conditions such as cardiovascular disease.6 One measure of frailty, 
which is the number of abnormal routine laboratory test results at the time 
of hospital admission, is strongly correlated with long-term mortality inde-
pendent of age, chronic diseases, and acute conditions.7

 Longevity and Healthy Aging
About 20 to 30% of longevity is heritable, similar to many complex chronic 
diseases. Animal models of aging show that lifespan can be extended several-
fold by altering genes, especially in the metabolic pathway. In lower organisms 
and mice, calorie restriction, achieved through long-term daily restriction of 
available calories, extends life, but this approach has mixed results in primates. 
Many hormonal factors are reduced with aging, but hormone replacement 
with estrogen, growth hormone, testosterone, and adrenal androgens is not 
beneficial for longevity and may be harmful. Among genetic factors, absence 
of the ApoE4 allele remains the most robust predictor of longevity, and recent 
genome-wide association studies of centenarians also point to genes such as 
FOX03A in the pathway for metabolic control.

New findings regarding the basic biology of aging suggest that a few essential 
pathways that control metabolism, proteostasis, DNA repair, and others may 
be key for longevity research.8 Epigenetic control of DNA also appears to play 
an important role because methylation patterns (the epigenetic clock) are 
strongly related to age.

Many health conditions in late life may stem from early life exposures, 
including the health of the mother during pregnancy. For example, low birth-
weight or famine during pregnancy predicts early cardiovascular disease and 
diabetes when babies are later exposed to higher calorie intake. In Sweden, a 
lower lifetime exposure to infectious disease was associated with increased 
life expectancy. More research is needed to determine the critical periods for 
development and the optimal environmental exposures that can enhance 
healthy aging later in life.

 PREVENTION
Osteoporosis treatment is effective in reducing fracture risk in advanced old 
age, A1  and treatment of hypertension is effective in decreasing mortality after 
80 years of age. A2  Statins are effective in reducing coronary heart disease in 
older adults, A3  but their favorable cost-effectiveness for primary prevention 
in persons over age 75 years can be offset by even minor geriatric-specific 

include loss of basic self-care skills, such as bathing and toileting; loss of ability 
to live in the community for skills such as shopping and paying bills; loss of 
mobility; and loss of ability to function in high-level tasks. Classification 
schemes for disability in geriatrics are reviewed in Chapter 21.

The majority of older adults are not disabled. Data from the National Health 
Interview Survey show that disability levels declined in the 1980s and 1990s 
but have largely plateaued in recent years. In 2012, about 28% of men and 
34% of women older than 65 years reported difficulty with complex activities. 
Disability for activities of daily living appears to be declining worldwide, 
although evidence suggests that less severe levels of disability are becoming 
more common. It is possible, however, that the obesity epidemic will result 
in more years with disability.

Disability is strongly related to multimorbidity (E-Fig. 20-1). The most 
common disability combination is arthritis and hypertension (17%). When 
present in combination with depression, these conditions are the most disabling.4

 Frailty versus Vigor
Frailty (see Table 22-1) has been described as a state of decreased physiologic 
reserve and increased vulnerability to stress. Frailty can be defined as a wasting 
syndrome characterized by weakness, fatigue, low activity, slow movement, 
and weight loss.5 It has also been characterized by poor physical function 
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IMPLICATIONS OF AN AGING SOCIETY
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 DEMOGRAPHY
The world is getting older, and it is getting older at an increasing pace. The 
so-called “silver tsunami” will transform the world in fundamental ways. The 
world’s population over age 60 years is increasing by 20 million people (about 
3%) per year. By 2030, the estimated 1.4 billion persons age 65 years or older 
will account for 12% of the total world population because the number of 
people age 65 years or older will increase while the overall population will 
actually decrease. By 2050, almost two thirds of the world’s older population 
will live in Asia. The estimated number of centenarians was about 270,000 in 
2005, but this number is projected to reach 2.3 million by 2040.

In the United States, the population age 65 years or older increased by 
about 10 million over the past decade, and nearly 15% of the population is 
age 65 years or older. The number age 65 years or older is estimated to increase 
by 70% by 2040, when 20% of Americans will be age 65 years or older. Fur-
thermore, the older population is getting older: the 85 years or older population 
is projected to increase from about 6 million in 2015 to about 15 million in 
2040. The older population also is getting more diverse. In 2015, about 22% 
(10.6 million) of older adults were from racial and ethnic minorities, with 
this number projected to increase to 28% (21.1 million) in 2030.

These demographic changes represent one of the greatest success stories 
of the 20th and 21st centuries and are a triumph of medical, public health, 
social, and economic advances. Nevertheless, global aging presents unique 
challenges, including the sustainability of our social insurance programs, chang-
ing family structures, and resources to address the health, economic, and social 
needs of this increasingly aging population. In addition, the recent flattening 
and even declining life expectancies in the United States shows that increases 
in midlife mortality from causes such as suicide (Chapter 369), drug overdoses 
(Chapter 31), and obesity (Chapter 207) can adversely affect longevity.1

 THE HEALTH OF OLDER ADULTS
 Mortality
The current generation of older adults is healthier than previous generations. 
Between 2004 and 2014, life expectancy at age 65 years increased from 17.2 
to 18.0 years in white men, 19.9 to 20.5 years in white women, 15.1 to 16.2 
years in black men, 18.5 to 19.5 years in black women, 18.5 to 19.2 years in 
Hispanic men, and 21.5 to 22.2 years in Hispanic women. The 20 or so year 
life expectancy after age 65 years has important implications because rates of 
disease, impairments, and disability are much greater in those age 85 years 
and over. The major factor contributing to improved life expectancy at older 
age is the decline in deaths from cardiovascular disease and stroke.2

As people age, their mortality rate increases.3 U.S death rates are about 
1.8% per year in men and 1.2% per year in women between the ages of 65 
and 70 years, increasing to 15% per year in men and 13% per year in women 
older than 85 years. In the last 15 years or so, age-adjusted death rates for all 
causes of death among individuals age 65 years and older declined by 20%. 
Death rates declined for cardiovascular disease, cancer, chronic lower respira-
tory disease, stroke, diabetes, influenza, and pneumonia. Conversely, death 
rates for Alzheimer disease and unintentional injuries increased (Table 20-1). 
With increasing age, causes of death in older adults shift away from cancer 
and cardiovascular disease and toward stroke and dementia. Nevertheless, 
cardiovascular disease and cancer remain the top two causes of death in older 
adults into advanced old age.

Life expectancy is a good summary measure of population mortality data. 
However, of importance to aging is “healthy life expectancy,” as defined by 
the World Health Organization as the average number of years lived in full 
health, accounting for years lived in less than full health due to disease, injury, 
and comorbidities.

 Morbidity and Multimorbidity
The most common chronic health conditions are heart disease, hypertension, 
and arthritis (Fig. 20-1), with heart disease more common in men and arthritis 

more common in women. Among people age 65 years and older, blacks report 
more hypertension (about 70% vs. about 55%) and diabetes (about 30% vs. 
about 20%) than whites. About 80% of Americans age 65 years and older 
self-report good to excellent health status, but this percentage declines to 
about 70% for those 85 years and older. It also varies by race: about 80% for 
whites versus about 65% for blacks and Hispanics. The percentage of the 
non–nursing home population age 65 years and older with dementia is 9% 
in men and 11% in women. However, among those age 85 years and older, 
24% of men and 30% of women have dementia. Older women are more likely 
to report clinically relevant depressive symptoms (15%) compared with men 
(10%). Mobility is the most common disability among the elderly, followed 
by hearing.

The majority of older adults have one or more chronic health conditions, 
and 50% have two or more. Because of this high prevalence of multiple condi-
tions, the care of older adults requires a balanced approach that considers the 
impact of treatment of one condition on the other conditions and the potential 
that some conditions may be masked by multiple overlapping symptoms. The 
presence of multiple conditions is commonly referred to as comorbidity, 
although multimorbidity may be a more accurate term.

Multimorbidity is strongly associated with disability, with a stepwise increase 
in the proportion of individuals who have self-reported difficulty in activities 
of daily living according to their number of medical conditions. Prospectively, 
the number of comorbid conditions predicts future disability. Multimorbidity 
is also associated with having a slower gait speed and poorer lower extremity 
strength and balance. Furthermore, disability and comorbidity provide distinct 
information and should not be considered equivalent constructs. The combined 
influence of multiple chronic diseases on physical functioning can be greater 
than the simple sum of their effects.

 Subclinical Disease
Subclinical diseases are also common and increasingly recognized as important 
contributors to the risk of disability and mortality. With the advent of non-
invasive functional testing and imaging, it is clear that many conditions can 
be advanced in older people, even if they are not symptomatic. Symptoms 
may also be nonspecific and attributed to aging rather than to underlying 
disease. For example, population studies of cardiovascular disease reveal that 
strokes are present on magnetic resonance imaging in about one third of older 
adults with no history of stroke, and advanced atherosclerosis is present also 
in one third of older adults with no history of a prior myocardial infarction. 
Ankle-brachial index screening documents that peripheral artery disease is 5 
to 10 times more common than classic intermittent claudication. Other condi-
tions, such as chronic obstructive pulmonary disease and osteoarthritis, are 
also more common when noninvasive testing is performed compared with 
clinically diagnosed disease. Importantly, subclinical disease burden is strongly 
related to mortality.

 Obesity
Obesity (Chapter 207) is increasing in older adults at a rate faster than in any 
other age group. Obesity and disability disproportionately affect women and 
especially women of color. About one third of whites older than 60 years are 
obese, compared with about 50% of blacks and 40% of Hispanics. Obesity 
has a major impact on disability, including difficulty in walking or climbing 
steps. The epidemic of obesity is also contributing to the large increases in 
the incidence of diabetes in older adults. Rising rates of obesity may halt 
or reverse increases in life expectancy, reduce quality of life, and increase  
disability.

 Geriatric Syndromes
Many multifactorial conditions in older adults do not fall into a single disease 
category and are called geriatric syndromes. For example, urinary incontinence 
(Chapter 23) is a functional loss of bladder control that can be influenced by 
poor mobility, poor vision, loss of urinary concentrating ability, and certain 
medications, as well as impaired bladder structure or function. Other important 
geriatric syndromes include impaired sleep (Chapter 377), delirium (Chapter 
25), falling (Chapter 22), and weight loss. Rather than focusing on identifica-
tion of a primary cause, all contributing factors need to be addressed in the 
evaluation and treatment of these syndromes.

 Disability
In older adults, disability is usually related to multiple chronic conditions. 
Disability can be slowly progressive and chronic, or it can be sudden and 
catastrophic, as in the case of a stroke or hip fracture. Levels of disability 
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ABSTRACT
The number of older adults continues to grow worldwide, especially in devel-
oping countries and among the oldest old. In the United States, the older 
population, like the remainder of the population, is becoming more diverse. 
The epidemiology of aging provides a clear picture of the patterns, risk factors, 
and opportunities for preventing multimorbidity, disability, and geriatric syn-
dromes so that old age is a functional and productive period of life. Further-
more, new knowledge about the biology of aging may provide therapeutic 
targets to optimize health and function in old age.
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alone or by cumulative disease burden. Conversely, vigor or resilience can be 
defined as a high physiologic reserve and robust response to stress. Resilience 
may require dynamic testing to assess it adequately. When defined as a wasting 
syndrome, frailty is present in 7% of community-dwelling adults aged 65 years 
and older and 25% of adults aged 85 years and older. These estimates undoubt-
edly underestimate the prevalence of frailty because frail individuals are less 
likely to participate in epidemiologic studies.

Loss of muscle mass, or sarcopenia, is an underlying component of frailty, 
but excess fat, especially visceral fat and muscle fat, has a greater influence on 
physical function, inflammation, and metabolism than does low muscle mass. 
In the elderly, muscle strength, including contractile force, mitochondrial 
function, and speed of contraction or power, is more important to physical 
function than muscle mass. Weakness can be assessed in an office setting by 
measuring a grip strength (<30 kg in men and <20 kg in women). Frailty itself 
is a risk factor for poorer outcomes, and it also worsens the prognosis of 
chronic conditions such as cardiovascular disease.6 One measure of frailty, 
which is the number of abnormal routine laboratory test results at the time 
of hospital admission, is strongly correlated with long-term mortality inde-
pendent of age, chronic diseases, and acute conditions.7

 Longevity and Healthy Aging
About 20 to 30% of longevity is heritable, similar to many complex chronic 
diseases. Animal models of aging show that lifespan can be extended several-
fold by altering genes, especially in the metabolic pathway. In lower organisms 
and mice, calorie restriction, achieved through long-term daily restriction of 
available calories, extends life, but this approach has mixed results in primates. 
Many hormonal factors are reduced with aging, but hormone replacement 
with estrogen, growth hormone, testosterone, and adrenal androgens is not 
beneficial for longevity and may be harmful. Among genetic factors, absence 
of the ApoE4 allele remains the most robust predictor of longevity, and recent 
genome-wide association studies of centenarians also point to genes such as 
FOX03A in the pathway for metabolic control.

New findings regarding the basic biology of aging suggest that a few essential 
pathways that control metabolism, proteostasis, DNA repair, and others may 
be key for longevity research.8 Epigenetic control of DNA also appears to play 
an important role because methylation patterns (the epigenetic clock) are 
strongly related to age.

Many health conditions in late life may stem from early life exposures, 
including the health of the mother during pregnancy. For example, low birth-
weight or famine during pregnancy predicts early cardiovascular disease and 
diabetes when babies are later exposed to higher calorie intake. In Sweden, a 
lower lifetime exposure to infectious disease was associated with increased 
life expectancy. More research is needed to determine the critical periods for 
development and the optimal environmental exposures that can enhance 
healthy aging later in life.

 PREVENTION
Osteoporosis treatment is effective in reducing fracture risk in advanced old 
age, A1  and treatment of hypertension is effective in decreasing mortality after 
80 years of age. A2  Statins are effective in reducing coronary heart disease in 
older adults, A3  but their favorable cost-effectiveness for primary prevention 
in persons over age 75 years can be offset by even minor geriatric-specific 

include loss of basic self-care skills, such as bathing and toileting; loss of ability 
to live in the community for skills such as shopping and paying bills; loss of 
mobility; and loss of ability to function in high-level tasks. Classification 
schemes for disability in geriatrics are reviewed in Chapter 21.

The majority of older adults are not disabled. Data from the National Health 
Interview Survey show that disability levels declined in the 1980s and 1990s 
but have largely plateaued in recent years. In 2012, about 28% of men and 
34% of women older than 65 years reported difficulty with complex activities. 
Disability for activities of daily living appears to be declining worldwide, 
although evidence suggests that less severe levels of disability are becoming 
more common. It is possible, however, that the obesity epidemic will result 
in more years with disability.

Disability is strongly related to multimorbidity (E-Fig. 20-1). The most 
common disability combination is arthritis and hypertension (17%). When 
present in combination with depression, these conditions are the most disabling.4

 Frailty versus Vigor
Frailty (see Table 22-1) has been described as a state of decreased physiologic 
reserve and increased vulnerability to stress. Frailty can be defined as a wasting 
syndrome characterized by weakness, fatigue, low activity, slow movement, 
and weight loss.5 It has also been characterized by poor physical function 

TABLE 20-1 LEADING CAUSES OF DEATH IN THE UNITED 
STATES, >65 YEARS, 1980-2014: DEATHS PER 
100,000 PERSONS

RANK

1980 2014

ALL CAUSES 1,341,848 ALL CAUSES 1,922,271
1 Diseases of heart 595,406 Diseases of heart 489,722
2 Malignant neoplasms 258,389 Malignant neoplasms 413,885
3 Cerebrovascular 

diseases
146,417 Chronic lower 

respiratory 
diseases

124,693

4 Pneumonia and 
influenza

45,512 Cerebrovascular 
diseases

113,308

5 Chronic obstructive 
pulmonary diseases

43,587 Alzheimer disease 92,604

6 Atherosclerosis 28,081 Diabetes mellitus 54,161
7 Diabetes mellitus 25,216 Unintentional injuries 48,295
8 Unintentional injuries 24,844 Influenza and 

pneumonia
44,836

9 Nephritis, nephrotic 
syndrome, and 
nephrosis

12,968 Nephritis, nephrotic 
syndrome and 
nephrosis

39,957

10 Chronic liver disease 
and cirrhosis

9,519 Septicemia 29,124

From Federal Interagency Forum on Aging-Related Statistics. Older Americans 2016: Key Indicators 
of Well-Being. Federal Interagency Forum on Aging-Related Statistics. Washington, DC: U.S. 
Government Printing Office. August 2016.
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FIGURE 20-1. Percentage of people age 65 years and older who reported having selected chronic health conditions, by sex, 2013-2014. note: data are based on a 2-year average 
from 2013-2014. Reference population: these data refer to the civilian noninstitutionalized population. (source: centers for disease control and prevention, national center for Health 
statistics, national Health interview survey.)
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E-FIGURE 20-1. Activities of daily living (ADL) and instrumental activities of daily living (IADL) limitations based on the sum of six ADLs and five IADLs. cVd = cardiovascular 
disease. (Adapted from Quiñones AR, markwardt s, Botoseneanu A. multimorbidity combinations and disability in older adults. J Gerontol A Biol Sci Med Sci. 2016;71:823-830.)



side effects,9 and these drugs can be discontinued safely in the setting of 
advanced, life-limiting illness. A4  Physical activity, especially resistance train-
ing, significantly decreases the risk of disability, A5 

,
 A6  and it may reduce the 

risk of dementia, although the latter finding is primarily from observational 
studies that may be confounded by the fact that healthier people are more 
able to exercise. Testosterone replacement in hypogonadal men has limited 
benefit in treating sexual function, but it does not improve physical and cog-
nitive functioning. A7  In healthy elderly persons, low-dose aspirin not only 
does not improve disability-free survival but also actually increases all-cause  
mortality. A8 

,
 A9 
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4. Muscle aging is characterized by the following features:
 A. Loss of contractile force
 B. Loss of muscle fat infiltration
 C. Increase of muscle innervation
 D. All of the above

Answer: A Loss of contractile force is related to an increase in muscle fat 
infiltration and decrease in innervation.

5. Longevity:
 A. Is predominantly genetic
 B. Is predominantly related to environmental factors
 C. Has been shown to be extended by caloric restriction diets in humans

Answer: B About 20 to 30% longevity is heritable, but at least 70% is due to 
environmental factors and behavior. Longevity is characterized by delayed 
onset of disease across the lifespan, including old age. Caloric restriction diets 
increase longevity in many model organisms from yeast to some primates, 
but any potential longevity benefit in humans is unknown.

REVIEW QUESTIONS

1. Which of the following demographic trends contributes to global aging?
 A. Decrease in mortality rates in infancy
 B. Decrease in birth rates
 C. Decrease in mortality rates in adults 65 and older
 D. All of the above

Answer: D All of these trends are occurring together and are especially rapid 
in developing countries.

2. The most common causes of death in older adults after age 65:
 A. Are cardiovascular disease and cancer
 B. Cannot be determined because of multimorbidity
 C. Are pneumonia and dementia
 D. All of the above

Answer: A Although pneumonia and dementia have become more common 
as causes of death, the most common causes remain cardiovascular disease 
and cancer.

3. Disability in older adults is related to:
 A. The number of chronic health conditions
 B. Mortality
 C. Institutionalization
 D. All of the above

Answer: D Disability strongly reflects the underlying health status of older 
adults and, thus, predicts all of these poor health outcomes.
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do younger patients because of other adverse prognostic factors. For frail older 
persons with multiple chronic conditions or a short life expectancy, clinicians 
and patients should work together to identify the patient’s personal goals 
within and across a variety of dimensions (e.g., symptoms, physical functional 
status, social and role functioning). For some incurable chronic diseases (e.g., 
dementia), patient and caregiver goals are more often nonmedical.3 The care 
plan can then be developed and framed in the context of meeting these goals.

 COMPONENTS OF GERIATRIC ASSESSMENT
Geriatric assessment begins with a medical evaluation. Some aspects (described 
later) that are rarely abnormal in younger adults (e.g., mobility, cognition) 
may cause substantial morbidity in older persons. In addition, some clusters 
of abnormal findings, such as muscle wasting, poor hygiene, bruises, pressure 
sores, and contractures, should raise the suspicion of elder mistreatment, 
neglect, or abuse. In such cases, patients should be questioned and examined 
without family members or caregivers present. Patients should then be queried 
as to whether anyone has threatened or hurt them, whether they have been 
receiving enough care, and whether anyone has taken their things. Answers 
to these questions may provide confirmatory information and prompt a report 
to adult protective services.

Nonmedical (e.g., environmental, financial, and nonfinancial support) 
assessments are also important because they can identify problems that should 
be addressed and may be key to maintaining independence or achieving the 
patient’s goals. In some situations, particularly when older persons become 
acutely ill or experience caregiver stress or loss of a loved one, assessment of 
spiritual needs, with appropriate referral, may be valuable.

 Advance Directives
Clinicians should discuss older patients’ preferences for specific treatments 
while they still have the cognitive capacity to make these decisions. Patients 
should be asked to identify a spokesperson to make medical decisions for 
them if they cannot speak for themselves. This information should be conveyed 
through a durable power of attorney for health care, which also allows patients 
to specify treatments they do not want. Most states have allowed the use of 
Physician Orders for Life-Sustaining Treatment (POLST), a specific advance 
directive that documents a patient’s end-of-life treatment preferences and 
serves as an order sheet. The standardized form, which is signed by both the 
physician and the patient, must be honored in all settings of care, including 
by emergency medical technicians responding to 911 calls.

 Medical Assessment
The medical assessment includes vision; hearing; cognition; mood and affect; 
falls, including strength, gait and mobility, and balance; medication review; 
nutrition; urinary incontinence; and frailty. Numerous screening instruments 
have been developed that assess many of these dimensions. Another important 
medical component of geriatric assessment includes a determination of whether 
preventive services are up-to-date.

Vision
Although the current evidence for screening older adults for impaired visual 
acuity is insufficient to draw conclusions, A1 ,4 clinicians must be aware that 
visual impairment is common and is an important contributor to functional 
decline. For example, visual impairment has been associated with increased 
risk of falls, functional and cognitive decline, immobility, and depression. 
Each of the four major eye diseases—cataract, age-related macular degenera-
tion, diabetic retinopathy, and glaucoma (Chapter 395)—increases in prevalence 
with age. Moreover, presbyopia is virtually universal, and most older persons 
require eyeglasses. Corrective lenses or other treatments may restore vision 
or prevent further decline of visual function.

A single question can be used to screen for visual impairment: Do you have 
difficulty driving, watching television or reading, or doing any of your daily 
activities because of your eyesight, even while wearing glasses?

The Snellen eye chart is the standard method of screening for visual acuity. 
The patient is asked to stand 20 feet from the chart and to read letters. Inability 
to read letters on or below the 20/40 line with the best-corrected vision (using 
glasses) indicates the need for further evaluation. Near vision can be assessed 
using computer tablet or smartphone testing.

Hearing
Hearing loss (Chapter 400), which affects more than 60% of community-
dwelling adults older than 70 years and 75% of residents living in nursing home 
settings, is associated with reduced cognitive, social, emotional, and physical 

21 
GERIATRIC ASSESSMENT
DAVID B. REUBEN

Geriatric assessment is a broad term used to describe the evaluation of older 
patients, a process that recognizes the diverse medical and psychosocial condi-
tions that influence the health status of older persons. In addition to the diseases 
that are common in the elderly population, these influences include social, 
psychological, and environmental factors. Geriatric assessment can range from 
brief screens by individual clinicians to an intensive interdisciplinary process 
that includes both evaluation and management.

Three fundamental concepts guide geriatric assessment and the resulting 
medical management. At the core of geriatric assessment is functional status, 
both as a dimension to be evaluated and as an outcome to be improved or 
maintained. A second overarching concept guiding geriatric assessment is 
prognosis, particularly life expectancy. Finally, geriatric assessment must be 
guided by the patient’s goals.

 FUNCTIONAL STATUS
Functional status can be viewed as a summary measure of the overall impact 
of health conditions in the context of an elderly person’s environment and 
social support network. The underlying framework of functional status is a 
hierarchy of increasing complexity, beginning with specific physical move-
ments (e.g., lifting, walking) that are integrated into higher level activities 
(e.g., fulfilling occupational and social roles). Impairment of functional status 
can be triggered by the onset of disease, deconditioning, changes in social 
support or environment, and advanced age.

Most commonly, older adults’ functional status is assessed at two levels: 
activities of daily living (ADLs) and instrumental activities of daily living 

(IADLs). ADLs refer to self-care tasks such as bathing, dressing, toileting, 
maintaining continence, grooming, feeding, and transferring. Dependency in 
these tasks, which is present in up to 10% of older persons, usually requires 
full-time help at home or placement in a nursing home.

IADLs refer to tasks that are integral to maintaining an independent house-
hold, such as using the telephone, doing laundry, shopping for groceries, driving 
or using public transportation, preparing meals, taking medications, performing 
housework, and handling finances. Dependency in IADLs is more common, 
and almost 20% of persons aged 75 years or older are impaired in at least one 
task. With the progressive loss of multiple IADL functions, older persons find 
it more difficult to remain in their homes. Accordingly, many social services 
(e.g., Meals On Wheels, homemaker services, transportation services) are 
available to compensate for these deficiencies. A move to an assisted living 
facility can provide most IADL functions, but many facilities do not routinely 
provide assistance with ADLs except at an additional cost. In the United States, 
the costs of assisted living facilities are not covered by Medicare.

At a higher level of function, advanced activities of daily living (AADLs) 
refer to the ability to fulfill societal, community, and family roles as well as to 
participate in recreational or occupational tasks. These advanced activities 
vary considerably from individual to individual but may be valuable in moni-
toring functional status before the development of disability.

The choice of functional assessment tool depends on the characteristics of 
the population being assessed. For example, nursing home residents are almost 
always completely dependent in IADLs, so the focus should be on assessing 
ADLs and other basic dimensions of health. Hospitalized older persons should 
be assessed with regard to their prehospitalization functional status to provide 
insight into what may be achievable as well as their functional status at the 
time of discharge to identify any existing gap and to facilitate plans to close it.

Functional status is usually measured by self-report or proxy report. However, 
physical and occupational therapists often add objective information using 
structured clinical examinations or assessments. In addition, dimensions such 
as mobility and balance that contribute to function can be assessed by objec-
tive measures (described later).

Functional status should be assessed periodically: at the time of an initial 
visit; after a major illness; and at the time of social milestones, such as the 
illness of a spouse or a change in living or working situation. Changes in 
functional status should always prompt further diagnostic evaluation and 
intervention unless the change is expected and reflects a trajectory that is 
consistent with the patient’s wishes. Measurement of functional status can be 
valuable in monitoring response to treatment (especially of chronic diseases) 
and can provide prognostic information that is useful in planning short- and 
long-term care.

 PROGNOSIS
Life expectancy affects both the assessment process and the management 
decisions based on that assessment. For some older patients, comorbidities 
can worsen prognosis, such that screening tests (e.g., mammography) and 
treatments (e.g., for hypertension) with demonstrated effectiveness would not 
be beneficial within the expected survival period. “Time to benefit,” which is a 
term that has been used to balance the risk of immediate harm versus longer 
term benefit, has been applied to cancer screening, especially in the elderly.1

The probability that a patient will survive for a specified time (e.g., 5 years 
from the time of the assessment) or to a specified age (e.g., to age 100 years) 
can be estimated on the basis of age, gender, and race with government-generated 
life tables (E-Table 21-1).2 Life expectancy also can be estimated with online 
calculators (see, for example, eprognosis.org) or by incorporating clinical 
characteristics. For example, better cognitive status and less comorbidity are 
the best predictors of 5-year survival in nonagenarians.

 PATIENT GOALS
As people age, their current and future health may become a prominent factor 
in determining and achieving their life goals. Among very old patients, goals 
may be limited to achievement of a functional or health state (e.g., being able 
to walk independently), control of symptoms (e.g., pain, dyspnea), maintenance 
of their living situation (e.g., remaining at home), or short-term survival (e.g., 
living long enough to reach a personal milestone, such as an upcoming holiday). 
Sometimes the goals of patients and physicians differ. For example, a patient 
may want a cure, whereas the physician believes that only symptom manage-
ment is possible. Conversely, the physician may believe that a better outcome 
is possible, but the patient declines to pursue the recommended path (e.g., 
hip replacement to restore mobility). Physicians and patients alike must rec-
ognize that the elderly may receive less benefit from some interventions than 

http://eprognosis.org/
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ABSTRACT
Geriatric assessment is an evaluation process that recognizes the diverse medical 
and psychosocial conditions that influence the health status of older persons. 
In addition to the diseases that are common in the elderly population, these 
influences include social, psychological, and environmental factors. The dimen-
sions of geriatric assessment can range from brief screens by individual clini-
cians to an intensive interdisciplinary process that includes both evaluation 
and management. Three fundamental concepts guide geriatric assessment and 
the resulting medical management. At the core of geriatric assessment is func-
tional status, both as a dimension to be evaluated and as an outcome to be 
maintained or improved. A second overarching concept guiding geriatric 
assessment is prognosis, particularly life expectancy. Finally, geriatric assess-
ment must be guided by the patient’s goals. The first step in geriatric assessment 
is a medical evaluation. Some aspects that are rarely abnormal in younger 
adults (e.g., mobility, cognition) may cause substantial morbidity in older 
persons. The medical components include vision; hearing; cognition; mood 
and affect; falls, including strength, gait and mobility, and balance; medication 
review; nutrition; urinary incontinence; and frailty. Although prevention is 
part of a geriatric assessment, fewer preventive services are recommended 
with increasing age because of limited life expectancy and greater comorbidi-
ties. Nonmedical assessments include evaluating the patient’s environment, 
social support, and financial ability to meet health needs.
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E-TABLE 21-1 LIFE EXPECTANCY (Y) BY AGE (UNITED 
STATES), 2012*

AGE

25th PERCENTILE 50th PERCENTILE 75th PERCENTILE

MEN WOMEN MEN WOMEN MEN WOMEN
65 12 14 18 21 24 27
70 8 11 14 17 20 22
75 6 8 11 13 16 18
80 4 5 8 10 11 14
85 3 3 6 7 9 10
90 2 2 4 5 6 7
95 1 1 3 3 4 5
*Figures indicate the number of years in which a percentage of the corresponding age and sex 
cohort will die. For example, in a cohort of men aged 65, 25% will be dead in 11 y (by age 76), 50% 
in 18 y, and 75% in 24 y.
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functioning. When hearing loss is detected, amplification by hearing aids or 
assistive listening devices can improve quality of life and functional status.

To identify hearing loss, simple questions (e.g., Would you say you have any 
difficulty hearing? Do you feel you have hearing loss?) can be asked, or the 
10-item self-reported Hearing Handicap Inventory for the Elderly instrument 
can be administered. If either of these screens is positive or if the clinician 
suspects hearing loss, an objective test is the whisper voice test, which involves 
whispering three different random words in each ear at distances of 6, 12, and 
24 inches from the patient’s ear and then asking the patient to repeat the words. 
Patients who fail the test—that is, are unable to repeat half the whispered 
words correctly—should be referred to an audiologist for further evaluation.

A more accurate screening tool for hearing impairment is the Welch Allyn 
AudioScope. This handheld otoscope has a built-in audiometer that can be 
set at different levels of intensity. A pretone at 60 dB is delivered to the patient, 
and then four tones of 500, 1000, 2000, and 4000 Hz at 40 dB are presented. 
The inability to hear either the 1000- or 2000-Hz frequency in both ears or 
both the 1000- and 2000-Hz frequencies in one ear indicates a positive screen 
and identifies the need for formal audiometric testing. A variety of screening 
tests are available for personal computers5 and smartphones (e.g., Audicus), 
but most have not been formally validated.

Cognitive Assessment
The incidence of dementia (Chapters 24 and 374) increases with age, especially 
among those older than 85 years. Although there is insufficient evidence to 
balance the benefits and harms of screening for cognitive impairment, screen-
ing instruments and subsequent detailed cognitive assessments can be valuable 
when family members or caregivers raise concern or when a clinician is suspi-
cious.6 A variety of cognitive screening tests have been validated. The Mini-Cog 
(Chapter 24) combines a clock drawing-test with three-item recall and can 
be performed quickly.

Early detection of memory problems can lead to the identification of treat-
able conditions that contribute to cognitive impairment and the development 
of a proactive management plan with the patient’s full participation (Chapter 
24). Whether diet, exercise, or cognitive training can improve or maintain 
cognitive functioning remains unproven (Chapter 374), but a blood pressure 
target of 120 systolic may reduce cognitive decline in otherwise healthy elderly 
individuals.

Another component of cognitive assessment is decision-making capacity. 
In cognitively intact older persons, capacity is assumed. However, among those 
with cognitive impairment, decision making must be determined before many 
treatments are initiated. As a rule, capacity is specific to the decision the patient 
is being asked to make. Ask the following questions to determine a patient’s 
decision-making capacity:
•	 Can	the	patient	make	and	express	personal	preferences	at	all?
•	 Can	the	patient	comprehend	the	risks	and	benefits?
•	 Does	the	patient	comprehend	the	implications?
•	 Can	the	patient	give	reasons	for	the	alternative	selected?
•	 Are	supporting	reasons	rational?

If the answer to all these questions is yes, the patient is competent to make 
the decision at hand. If not, a surrogate (the durable power of attorney for 
health care, if the patient has identified one) should make the decision. If a 
durable power of attorney for health care has not been identified, the decision 
can be made by a family member, friend, or caregiver who knows the patient 
well. The order of surrogates is determined by state law. If no one is available, 
the health care provider should make the decision on the basis of the patient’s 
known value system or what the health care provider believes to be in the 
best interest of the patient.

Mood and Affect
Although major depression (Chapter 369) is no more common among the 
elderly than among the younger population, minor depression and other affec-
tive disorders are common and cause considerable morbidity. Moreover, the 
clinical manifestations of depression may be atypical, and depression may be 
masked in patients with cognitive impairment or other neurologic disorders 
such as Parkinson disease (Chapter 381). Depression screening is recom-
mended in the general adult population, although there is uncertainty about 
the timing of screening and frequency.7

A two-item version of the Patient Health Questionnaire can effectively screen 
for depression symptoms. The screener asks the patient: Over the past 2 weeks, 
how often have you been bothered by any of the following problems?
•	 Little	interest	or	pleasure	in	doing	things
•	 Feeling	down,	depressed,	or	hopeless

do younger patients because of other adverse prognostic factors. For frail older 
persons with multiple chronic conditions or a short life expectancy, clinicians 
and patients should work together to identify the patient’s personal goals 
within and across a variety of dimensions (e.g., symptoms, physical functional 
status, social and role functioning). For some incurable chronic diseases (e.g., 
dementia), patient and caregiver goals are more often nonmedical.3 The care 
plan can then be developed and framed in the context of meeting these goals.

 COMPONENTS OF GERIATRIC ASSESSMENT
Geriatric assessment begins with a medical evaluation. Some aspects (described 
later) that are rarely abnormal in younger adults (e.g., mobility, cognition) 
may cause substantial morbidity in older persons. In addition, some clusters 
of abnormal findings, such as muscle wasting, poor hygiene, bruises, pressure 
sores, and contractures, should raise the suspicion of elder mistreatment, 
neglect, or abuse. In such cases, patients should be questioned and examined 
without family members or caregivers present. Patients should then be queried 
as to whether anyone has threatened or hurt them, whether they have been 
receiving enough care, and whether anyone has taken their things. Answers 
to these questions may provide confirmatory information and prompt a report 
to adult protective services.

Nonmedical (e.g., environmental, financial, and nonfinancial support) 
assessments are also important because they can identify problems that should 
be addressed and may be key to maintaining independence or achieving the 
patient’s goals. In some situations, particularly when older persons become 
acutely ill or experience caregiver stress or loss of a loved one, assessment of 
spiritual needs, with appropriate referral, may be valuable.

 Advance Directives
Clinicians should discuss older patients’ preferences for specific treatments 
while they still have the cognitive capacity to make these decisions. Patients 
should be asked to identify a spokesperson to make medical decisions for 
them if they cannot speak for themselves. This information should be conveyed 
through a durable power of attorney for health care, which also allows patients 
to specify treatments they do not want. Most states have allowed the use of 
Physician Orders for Life-Sustaining Treatment (POLST), a specific advance 
directive that documents a patient’s end-of-life treatment preferences and 
serves as an order sheet. The standardized form, which is signed by both the 
physician and the patient, must be honored in all settings of care, including 
by emergency medical technicians responding to 911 calls.

 Medical Assessment
The medical assessment includes vision; hearing; cognition; mood and affect; 
falls, including strength, gait and mobility, and balance; medication review; 
nutrition; urinary incontinence; and frailty. Numerous screening instruments 
have been developed that assess many of these dimensions. Another important 
medical component of geriatric assessment includes a determination of whether 
preventive services are up-to-date.

Vision
Although the current evidence for screening older adults for impaired visual 
acuity is insufficient to draw conclusions, A1 ,4 clinicians must be aware that 
visual impairment is common and is an important contributor to functional 
decline. For example, visual impairment has been associated with increased 
risk of falls, functional and cognitive decline, immobility, and depression. 
Each of the four major eye diseases—cataract, age-related macular degenera-
tion, diabetic retinopathy, and glaucoma (Chapter 395)—increases in prevalence 
with age. Moreover, presbyopia is virtually universal, and most older persons 
require eyeglasses. Corrective lenses or other treatments may restore vision 
or prevent further decline of visual function.

A single question can be used to screen for visual impairment: Do you have 
difficulty driving, watching television or reading, or doing any of your daily 
activities because of your eyesight, even while wearing glasses?

The Snellen eye chart is the standard method of screening for visual acuity. 
The patient is asked to stand 20 feet from the chart and to read letters. Inability 
to read letters on or below the 20/40 line with the best-corrected vision (using 
glasses) indicates the need for further evaluation. Near vision can be assessed 
using computer tablet or smartphone testing.

Hearing
Hearing loss (Chapter 400), which affects more than 60% of community-
dwelling adults older than 70 years and 75% of residents living in nursing home 
settings, is associated with reduced cognitive, social, emotional, and physical 
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(https://www.cdc.gov/steadi/pdf/check_for_safety_brochure-a.pdf). For 
home-bound older patients, a home safety evaluation by a home health agency 
is more appropriate.

 Social Support Assessment
When older persons become frail, the adequacy of their social support network 
may be the determining factor in whether they can remain at home or need 
institutionalization. A brief screen of social support includes taking a social 
history, including asking who would be available to help if the patient becomes 
ill. For patients with functional impairment, the clinician should ascertain 
who can help the patient perform ADLs or IADLs. Early identification of 
problems with social support can help avoid crisis situations if the patient has 
a sudden medical or functional decline. Caregivers should be screened peri-
odically for symptoms of depression or caregiver burnout and referred for 
counseling or support groups if necessary.

 Financial Assessment
Although most clinicians do not have the training or expertise to explore 
financial resources in detail, knowing the patient’s insurance status may be 
helpful. For example, patients with Medicaid coverage may qualify for addi-
tional medical or social support benefits. Some may be eligible for other state 
or local benefits, depending on their income. Others may have long-term care 
insurance or veterans’ benefits that can help pay for caregivers, obviating the 
need for institutionalization.

 A STRATEGIC APPROACH TO GERIATRIC 
ASSESSMENT FOR THE PRACTICING CLINICIAN

Although assembling an interdisciplinary assessment team is beyond the 
capability of most practitioners, even small group practices can use team-
work and simple practice design to perform geriatric assessments efficiently 
and comprehensively. These assessments can lead to local implementation of 
or referral to comprehensive care models that can improve the outcomes of 
elderly individuals with a variety of chronic conditions, especially in hospi-
talized older persons. A5  For example, comprehensive preoperative geriatric 
assessment can shorten postoperative length of stay and reduce complica-
tions after major vascular surgery. A6  Because of time constraints, screening is 

dementia), dental, and social or functional (e.g., poverty, inability to shop or 
to prepare meals) causes. There is insufficient evidence to support screening 
older adults for vitamin D deficiency and no evidence that high-dose vitamin 
D supplementation can prevent functional decline. A2 ,11

Urinary Incontinence
Approximately one third of community-dwelling older adult women have 
some degree of urinary incontinence (Chapter 23), and 75% of older men 
have abnormal urinary tract symptoms. Complications of incontinence include 
skin irritation, pressure ulcers, urinary tract infections, sleep disruption, and 
falls. Identification of urinary incontinence is important because effective 
behavioral and pharmacologic treatments are available.

A simple screen for urinary incontinence asks the following question: 
Have you had urinary incontinence (do you “lose” your urine) to the extent 
that it is bothersome and you would like to know how it can be treated? 
This may be valuable in determining which patients want further evaluation 
and therapy. Patients who answer yes should be asked how much urine is 
leaked, how much it interferes with daily life, and when the leakage occurs. 
Further evaluation and treatment depend on whether the incontinence 
is overflow incontinence, urge incontinence, or stress incontinence (see  
Table 23-3).

Frailty
Recently, there has been increasing interest in measuring and identifying physi-
ologic decline in old age, which has been termed “frailty” (Chapter 22). Although 
several approaches have been used, one of the most widely used methods 
defines pre-frailty as meeting 1 or 2 and frailty as meeting at least 3 of the 
following: weight loss (≥5 percent of body weight in last year), exhaustion 
(positive response to questions regarding effort required for activity), weak-
ness (decreased grip strength), slow walking speed (gait speed) (>6 to 7 seconds 
to walk 15 feet), and decreased physical activity (Kcals spent per week: males 
expending <383 Kcals and females <270 Kcal). Frailty usually is assessed by 
a combination of self-report and performance-based (e.g., hand grip, gait speed) 
tasks.12 Frailty is associated with increased mortality, hip fractures, cognitive 
decline, and adverse outcomes related to several surgical procedures and in-
hospital care.13,14

 PREVENTIVE SERVICES
Preventive services include lifestyle advice, screening tests to detect asymp-
tomatic disease, and vaccinations. Recommended adult immunization schedules 
for older adults (Chapter 15) include annual influenza vaccination, one-time 
pneumococcal vaccinations (both pneumococcal conjugate vaccine and pneu-
mococcal vaccine polyvalent given at different times), one-time herpes zoster 
vaccination (even if the patient reports a past episode of herpes zoster), and 
tetanus toxoid vaccination every 10 years after receiving one dose of tetanus, 
diphtheria, and pertussis vaccination (Tdap) (Chapter 15).

Advice on other recommendations of the U.S. Preventative Task Force can 
be found on the interactive website (http://epss.ahrq.gov/ePSS/search.jsp) 
based on the patient’s age, gender, tobacco use, and current sexual activity. 
For younger elderly persons, recommendations include screening for blood 
pressure, A3  diabetes (if overweight or obese), hyperlipidemia, obesity, alcohol 
misuse, colorectal cancer (to age 75 years), as well as osteoporosis and breast 
cancer (to age 75 years) in women, with appropriate counseling and treatment 
if these disorders are detected. Exercise or physical therapy is recommended 
to prevent falls in patients who are at increased risk. Aspirin is not recom-
mended in healthy elderly individuals because its adverse effects outweigh 
any cardiovascular benefits. A4  Other recommendations depend on patient-
specific risk factors.

With increasing age, fewer preventive services are recommended because 
of limited life expectancy and greater comorbidities. When the evidence base 
for preventive services is sparse, decisions should be individualized, on the 
basis of the patient’s personal values, goals, and preferences.

 NONMEDICAL ASSESSMENTS
 Environmental Assessment
Assessing a patient’s environment includes evaluating three components: the 
person’s ability to access community services (e.g., getting to the bank and 
stores if the patient cannot drive), the safety of the physical environment, 
and the appropriateness of the living situation for the person’s functional 
ability and cognitive status. A brief screen for safety of the physical environ-
ment can be accomplished by using a checklist that is in the public domain  

Responses are scored as follows: 0, not at all; 1, several days; 2, more than 
half the days; 3, nearly every day. Persons who score a total of 3 points or 
higher on the two-item screen have a 75% probability of having a depres-
sive disorder and should be evaluated in more detail (see Table 24-3 and  
Chapter 369).

Falls, Mobility, and Balance
Approximately one third of community-dwelling persons older than 65 years 
and half of those older than 80 years fall each year. Ten percent of these falls 
result in a serious injury.

All older patients should be asked at least annually if they have fallen, and 
frail older persons should be asked about falls at every visit. Those who have 
fallen at least twice in the past year or had prior fall-related injury are particu-
larly at risk for another fall-related injury.8 Falls are also more common in 
people who are less independent in their basic and complex life activities and 
who are depressed.9 In addition, asking about fear of falling can identify patients 
at risk of future falls.

Patients who have fallen or have a fear of falling should have a falls assess-
ment including measuring orthostatic blood pressure; assessing vision; review-
ing medications; and testing balance, gait, and lower extremity strength. Balance 
and gait can be assessed by direct observation of their ability to perform 
specific tasks. Tests of balance include the ability to maintain a side-by-side, 
semitandem, and full-tandem stance for 10 seconds; resistance to a nudge; 
and stability during a 360-degree turn. Quadriceps strength can be assessed 
by observing an older person rising from a hard armless chair without using 
his or her hands.

In addition, direct qualitative and quantitative observation of gait to deter-
mine stability is a quick and important component of assessment. Qualitative 
aspects include evaluation of hesitancy; sway; step length, height, symmetry, 
and continuity; and path deviation. Gait speed is also a helpful marker for 
recurrent falls. Patients who take more than 13 seconds to walk 10 meters 
(0.8 meter per second) are more likely to have recurrent falls and to have a 
shorter life expectancy.

The timed up-and-go test combines some features of strength and gait.10 
It is a timed test of the patient’s ability to rise from a standard armchair, 
walk 3 meters (10 feet), turn, walk back, and sit down again. Patients who 
take longer than 20 seconds to complete the test should receive further  
evaluation.

Mobility can range from transferring from bed to a chair to traveling outside 
of the patient’s geographic region, which has been described as life-space assess-
ment. Brief screening can focus on whether patients have difficulty walking 
up a flight of 10 steps or walking a quarter of a mile or whether they have 
needed to modify the way they performed these because of health or physical  
reasons.

Medication Review
Older persons often see several different health care providers who prescribe 
multiple medications that increase the risk for drug-drug interactions and 
adverse drug events. At a minimum, the clinician should review the patient’s 
updated and accurate medication list at each visit. A good method of detecting 
potential problems is to have patients bring in all their medications (prescrip-
tion and nonprescription) in their bottles. Entering a patient’s medication list 
into commercially available computer drug interaction programs can help 
prevent adverse events. Many electronic health records also alert clinicians to 
potential drug interactions.

Nutrition
Malnutrition in older adults includes obesity (Chapter 207), undernutrition 
(Chapter 204), and specific vitamin deficiencies (Chapter 205). Obesity in 
older adults is defined as a body mass index (BMI) of 30 kg/m2 or greater. 
High BMI is associated with poorer function and more comorbidities, such 
as type 2 diabetes mellitus (Chapter 216), osteoarthritis (Chapter 246), hyper-
lipidemia (Chapter 195), coronary artery disease (Chapter 46), and sleep 
apnea (Chapter 377).

At the initial visit, patients should be weighed and asked about weight loss 
in the previous 12 months. They should be weighed at all follow-up visits. 
BMI should be calculated on the initial visit and periodically thereafter (e.g., 
yearly or when a change in weight suggests the need to recalculate).

Weight loss of 4% or more during 12 months predicts increased mortality 
and should prompt an evaluation of medical (e.g., malignant disease, gastro-
intestinal disorders, hyperthyroidism, diabetes), psychiatric (e.g., depression, 
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increasingly delegated to staff and to patients and their families by standing 
orders, forms, and questionnaires (Table 21-1). For example, previsit ques-
tionnaires can be used to gather information about past medical and surgical 
history; medications and allergies; social history, including available social 
support resources, preventive services, ability to perform functional tasks, 
and need for assistance; home safety; and advance directives. In addition, the 
previsit questionnaire can include specific questions that assess vision, hearing, 
falls, urinary incontinence, and depressive symptoms. A reasonable approach 
is to assess these issues annually beginning at age 75 years. Persons who are 
younger than 75 years but have multiple comorbidities should also be screened 
and reassessed annually. In addition, some elements of geriatrics assessment 
(assessing ADLs and IADLs; gait, balance, and falls; mood and affect; and cogni-
tion) should be performed after major illnesses, especially for those requiring  
hospitalization.

(https://www.cdc.gov/steadi/pdf/check_for_safety_brochure-a.pdf). For 
home-bound older patients, a home safety evaluation by a home health agency 
is more appropriate.

 Social Support Assessment
When older persons become frail, the adequacy of their social support network 
may be the determining factor in whether they can remain at home or need 
institutionalization. A brief screen of social support includes taking a social 
history, including asking who would be available to help if the patient becomes 
ill. For patients with functional impairment, the clinician should ascertain 
who can help the patient perform ADLs or IADLs. Early identification of 
problems with social support can help avoid crisis situations if the patient has 
a sudden medical or functional decline. Caregivers should be screened peri-
odically for symptoms of depression or caregiver burnout and referred for 
counseling or support groups if necessary.

 Financial Assessment
Although most clinicians do not have the training or expertise to explore 
financial resources in detail, knowing the patient’s insurance status may be 
helpful. For example, patients with Medicaid coverage may qualify for addi-
tional medical or social support benefits. Some may be eligible for other state 
or local benefits, depending on their income. Others may have long-term care 
insurance or veterans’ benefits that can help pay for caregivers, obviating the 
need for institutionalization.

 A STRATEGIC APPROACH TO GERIATRIC 
ASSESSMENT FOR THE PRACTICING CLINICIAN

Although assembling an interdisciplinary assessment team is beyond the 
capability of most practitioners, even small group practices can use team-
work and simple practice design to perform geriatric assessments efficiently 
and comprehensively. These assessments can lead to local implementation of 
or referral to comprehensive care models that can improve the outcomes of 
elderly individuals with a variety of chronic conditions, especially in hospi-
talized older persons. A5  For example, comprehensive preoperative geriatric 
assessment can shorten postoperative length of stay and reduce complica-
tions after major vascular surgery. A6  Because of time constraints, screening is 

 Grade A References

A1. Chou R, Dana T, Bougatsos C, et al. Screening for impaired visual acuity in older adults: updated 
evidence report and systematic review for the US Preventative Services Task Force. JAMA. 
2016;315:915-933.

A2. Bischoff-Ferrari HA, Dawson-Hughes B, Orav EJ, et al. Monthly high-dose vitamin D treatment for 
the prevention of functional decline: a randomized clinical trial. JAMA Intern Med. 2016;176:175-183.

A3. Piper MA, Evans CV, Burda BU, et al. Screening for high blood pressure in adults: a systematic 
evidence review for the U.S. Preventive Services Task Force. Rockville (MD): Agency for Healthcare 
Research and Quality (US); 2014. (Evidence Syntheses, No. 121.). https://www.ncbi.nlm.nih.gov/
books/NBK269495/. Accessed June 5, 2019.

A4. McNeil JJ, Woods RL, Nelson MR, et al. Effect of aspirin on disability-free survival in the healthy 
elderly. N Engl J Med. 2018;379:1499-1508.

A5. Ellis G, Gardner M, Tsiachristas A, et al. Comprehensive geriatric assessment for older adults admit-
ted to hospital. Cochrane Database Syst Rev. 2017;9:CD006211.

A6. Partridge JS, Harari D, Martin FC, et al. Randomized clinical trial of comprehensive geriatric assess-
ment and optimization in vascular surgery. Br J Surg. 2017;104:679-687.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

TABLE 21-1 APPROACHES TO ASSESSMENT OF FUNCTION IN ELDERLY INDIVIDUALS

ASPECT BEING 
ASSESSED

PREVISIT QUESTIONNAIRE OFFICE STAFF ADMINISTERED

LENGTH OF SCREEN* INSTRUMENTS LENGTH OF SCREEN* INSTRUMENTS
Functional status D Activities of daily living

Instrumental activities of daily living
Advance directives B Specific question about advance 

directives
MEDICAL ASSESSMENT

Visual impairment B Single-item question B Snellen eye chart (see Table 395-1)
Hearing impairment B Hearing Handicap Inventory for the 

Elderly
B (if needed) Whisper test

Audioscope
Cognitive problems B D Mini-cog (see Chapter 24)
Mind, affective problems D PHQ-2 and 9 (see text) B
Falls, mobility, balance B Simple questions B Timed up-and-go test
Medication review D Inspection of medication bottles
Malnutrition D Single question B Weight
Urinary incontinence B Single question B International Consultation on Incontinence 

Modular Questionnaire short form if single 
question is positive (see Chapter 23)

Frailty B Questions B Gait speed, grip strength
Preventive services D Specific questions
OTHER DIMENSIONS

Environment D Home safety checklist
Social support B Single question
Financial status B Insurance status
*B = brief screen (e.g., <2 minutes); D = detailed evaluation (usually ≥5 minutes); PHQ = Patient Health Questionnaire (see text).

https://www.cdc.gov/steadi/pdf/check_for_safety_brochure-a.pdf
https://expertconsult.inkling.com/
https://www.ncbi.nlm.nih.gov/books/NBK269495/
https://www.ncbi.nlm.nih.gov/books/NBK269495/
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REVIEW QUESTIONS

1. The term that has been used to balance the risk of immediate harm versus 
longer term benefit is:
 A. Benefit lag time
 B. Number needed to benefit/number needed to harm ratio
 C. Time to benefit
 D. Utility ratio

Answer: C Time to benefit.

2. The correct interpretation of an “insufficient” recommendation by the U.S. 
Preventive Services Task Force is which of the following?
 A. These tests should not be performed because they can cause harm.
 B. These tests should not be performed because they do not confer benefit.
 C. These tests should be performed at the discretion of the clinician.
 D. The data supporting the use of these tests is insufficient to conclude 

whether these tests should be performed.
Answer: D The data supporting the use of these tests is insufficient to con-
clude whether these tests should be performed.

3. Which of the following justifies cognitive screening?
 A. Family reports of repeatedly answering the same questions
 B. A grade A recommendation from the U.S. Preventive Services Task 

Force
 C. Interventions that can prevent dementia
 D. Interventions that can reverse early dementia

Answer: A The U.S. Preventive Services Task Force has found insufficient 
evidence to justify screening for cognitive impairment. Nevertheless, when a 
clinical index of suspicion is raised, screening and, if appropriate, diagnostic 
tests, are indicated. No interventions have been demonstrated to prevent or 
reverse dementia.

4. Which of the following screening assessments is supported by Grade A 
evidence?
 A. Hearing loss screening
 B. Visual acuity screening
 C. Osteoporosis screening in men
 D. Lipid screening in persons 80 years of age or older
 E. Screening for hypertension

Answer: E Of those listed, only screening for hypertension is definitely rec-
ommended for all adults.

5. Which of the following screening assessments cannot be performed using 
self-report questionnaires?
 A. Hearing screening
 B. Visual acuity
 C. Cognitive screening
 D. Falls screening
 E. Depression screening

Answer: C Cognitive screening requires some type of performance-based 
evaluation (e.g., the Mini-Cog). For all other conditions, assessment can begin 
with a questionnaire.
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capacity declines, and it becomes more difficult to excrete a salt load or to 
conserve water in the face of dehydration.

The bladder becomes more irritable with advancing age and may generate 
less power, which is especially a problem in men with prostatic hypertrophy 
(Chapter 120). By comparison, urinary incontinence (Chapter 23) is more 
prevalent in women. Residual bladder urine volume increases, and nocturia 
is common. Vaginal and urethral atrophy predispose women to urinary tract 
infections (Chapter 268).

The kidney is more susceptible to the effects of medications, particularly 
nonsteroidal anti-inflammatory drugs, which can result in sodium and fluid 
retention and subsequent hypertension. In elderly individuals, a slight acidemia 
results from impaired acid excretion and may contribute to the development 
of osteoporosis.

 Endocrine System
Growth hormone levels fall with advancing age (Chapter 211), thereby result-
ing in decreased muscle strength, thinning of bones and skin, and increased 
central fat. However, growth hormone replacement does not appear to result 
in improved muscle strength. Levels of thyroid hormones do not decline with 
age (Chapter 213). Parathyroid hormone levels, however, commonly increase, 
especially in women, probably in response to the kidney’s declining ability 
to maintain normal serum levels of phosphorus and calcium (Chapters 189 
and 232).

The ability of the pancreas to release insulin is blunted with advancing 
age (Chapter 216), but the kidney’s clearance of insulin also decreases. 
The net result is maintained plasma insulin levels in the fasting state but an 
increased likelihood of postprandial or stress-induced hyperglycemia. Dra-
matic declines in estrogen and progesterone production precipitate meno-
pause at an average age of 51 years (Chapter 227). Testosterone levels begin 
to decrease in men by about 50 years of age, often with resulting declines in 
sexual function but not in the potency of semen (Chapter 221). Testosterone 
supplements reverse the muscle loss and sexual implications of declining tes-
tosterone levels, but their effect on the risk of cardiovascular complications is  
uncertain.

 Immune System
Declines in the responsiveness of the immune system explain why the incidence 
of autoimmune conditions, such as systemic lupus erythematosus (Chapter 
250) and multiple sclerosis (Chapter 383), declines in the elderly. However, 
this same decline explains increased morbidity and mortality with infectious 
diseases and the increased risk of reactivating infections such as tuberculosis 
(Chapter 308) and herpes zoster (Chapter 351). These risks emphasize the 
importance of vaccination against herpes zoster, influenza, pneumococcal 
pneumonia, and tetanus in the elderly (Chapter 15).

 Hematopoietic System
Hematopoiesis (Chapter 147) is generally sustained with aging, except in 
response to marked stress. The one exception is that the hematocrit declines 
somewhat in elderly men, presumably owing to their lower testosterone levels.

 Integumentary System
With aging, the epidermis and dermis adhere less tightly and the subcutaneous 
tissue thins, thereby making the skin feel looser and more likely to wrinkle 
and ulcerate. Clinical sequelae include senile purpura (Fig. 22-2) due to tears 
in small venules after bumps or abrasions (Chapter 411). Ultraviolet light 
exposure also predisposes to skin cancer (Chapter 193), rosacea (Chapter 
410), xerosis, and hair loss (Chapter 413).

Wound healing is also compromised, and complete skin healing can take 5.5 
weeks instead of 3.5 weeks in individuals older than 65 years. As a result, older 
adults are more prone to pressure sores when they are bedridden. Pressure 
sores, which are necrotic areas of muscle, subcutaneous fat, and skin, usually 
occur between underlying bone and a hard surface (or a soft surface during 
a prolonged time) as a result of compression and subsequent ischemia (Fig. 
22-3). A continuous-pressure threshold of only 30 to 35 mm Hg is needed to 
cause pressure sores, and a standard mattress can generate pressures five times 
as high. In addition to pressure injury, other contributing factors include shear 
injury from rubbing constantly against underlying surfaces; burning injury 
from friction of the superficial skin layers; and moisture that softens the skin, 
makes it stick to underlying surfaces, and provides easy access for infection.

Safe positioning, regular turning, avoidance of direct pressure, pressure-
reducing beds, and advanced static mattresses or advanced static overlays can 
reduce the incidence of pressure sores. Alternating-air mattresses or overlays 

ventricular filling in early diastole declines by 50%, and ventricular filling 
becomes more dependent on atrial contraction (Chapter 47). Although ath-
erosclerosis is the most important cause of symptomatic cardiac disease in 
elderly people, the age-associated vascular stiffness results in an age-related 
increase in heart failure despite normal systolic function (Chapter 52). With 
the gradual loss of up to 90% of sinus node pacemaker cells by the age of 80 
years, both the resting heart rate and the maximal heart rate with exercise 
decline. Conduction system dysfunction contributes to an increase in the 
prevalence of atrial fibrillation, which is seen in about 4% of community-
dwelling older individuals (Chapter 58) and can develop in up to one third 
of the elderly after surgery (Chapter 405). Heart valves thicken and stiffen, 
and the prevalence of aortic stenosis and mitral annular calcifications rises 
(Chapter 66), often causing heart murmurs.

Stiffening of the aorta causes an increase in systolic blood pressure, whereas 
diastolic blood pressure often stays stable or even declines (Chapter 70). Hyper-
tensive patients age 80 years and older who are healthy and functionally inde-
pendent should generally be treated according to current recommendations 
for people older than 65 years, with a systolic blood pressure goal of <140 mm 
Hg associated with lower cardiovascular and all-cause mortality. A1  For frail 
elders, however, treatment must be individualized.2 In older persons with 
mild cognitive deficits, discontinuation of antihypertensive treatment does 
not improve cognitive, psychological, or general daily functioning. A2 

The combination of impaired ventricular filling and the inability to increase 
the heart rate with stress contributes to the postural hypotension that is seen 
in 20% of older individuals (Chapter 56), as well as their predisposition to 
falls3 and syncope with stresses that younger individuals would tolerate. The 
reduced ability of the elderly to tolerate cardiovascular stress must be recog-
nized and anticipated whenever they experience a major illness. In addition, 
coronary artery disease can limit cardiac reserve and increase the risk that 
hypotension will cause a secondary myocardial infarction.

Hyperlipidemia is common in older adults, and statins are effective in 
this age group for reducing coronary heart disease events. A3  However, their 
favorable cost-effectiveness for primary prevention in persons over age 75 
years can be offset by even minor geriatric-specific side effects,4 and these 
drugs can be discontinued safely in the setting of advanced, life-limiting  
illness. A4  Low-dose aspirin is not beneficial in healthy elderly people because 
its side-effects outweigh its benefits. A5 

,
 A6 

All adult cardiac conditions become more common with aging. Exer-
cise training can improve endurance and decrease age-related cardiac  
stiffness. A7  Treatment recommendations for specific cardiac abnormalities must 
balance the potential benefit of targeted interventions against the common 
multimorbidities seen with aging.5

 Respiratory System
The chest wall stiffens with advancing age, and the lungs lose elastic recoil 
(Chapter 79). Maximal vital capacity declines by about 40%, but oxygen 
exchange declines by about 50% because of the additive effect of progressive 
ventilation-perfusion mismatching (Chapter 79). As a result, the arterial Po2 
of many 80-year-olds is about 70 to 75 mm Hg. The clinical manifestations 
are often progressive shortness of breath with exercise (Chapter 77) and an 
increased susceptibility to community-acquired pneumonia (Chapter 91) and 
even to aspiration pneumonia.

 Gastrointestinal System
Taste and smell (Chapter 399) decline with advancing age. Food tends to 
taste less sweet and more bitter.

The esophageal sphincter can become lax (Chapter 129), thereby increasing 
reflux and even aspiration. Atrophic gastritis reduces the risk of duodenal 
ulcer but also the absorption of iron (Chapter 150) and vitamin B12 (Chapter 
155). Delayed gastric emptying can lead to a sense of early satiety and decreased 
appetite.

A gradual decline in the number of hepatocytes decreases the weight of 
the liver by about one third by the age of 90 years and decreases the liver’s 
ability to metabolize drugs (Chapter 26). Distal colonic motility from the 
rectosigmoid to the anal canal declines, and more than 60% of elderly indi-
viduals develop constipation (Chapter 127). Diverticula (Chapter 133) become 
more common with age and are seen in up to 50% of people older than age 
80 years.

 Urinary System
Glomerular filtration declines by about 1% per year, and kidney size declines 
by about one third in older adults (Chapter 107). Maximal concentrating 
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 EPIDEMIOLOGY
Older adults make up the majority of patients actively treated in the health 
care system, in large part owing to their increased burden of chronic diseases 
but also because of their marked vulnerability to adverse health outcomes, 
such as functional and cognitive decline, falls, delirium (Chapter 25), and 
frailty. This age-related vulnerability is thought to have its basis in altered 
biology that results in tissue and physiologic system changes, which in turn 
may contribute to many of these conditions and to the chronic disease states 
commonly seen in older adults. Importantly, these biologic changes are likely 
to be heterogeneous and to occur at different chronologic ages and in different 
organs at different rates (Fig. 22-1). These complex age-related biologic changes 
represent a source of vulnerability that sets the stage for the marked increase 
in clinical sequelae observed in older adults.

 PATHOBIOLOGY
Age-Related Cellular and Molecular Changes
The multiple biologic changes of aging affect important homeostatic functions 
and can lead to altered cellular function, declines in tissue resiliency, and 
cellular dropout. Several pathways become dysregulated with increasing age. 
First, autophagy, an intracellular process responsible for the recycling of damaged 
or redundant organelles or proteins, becomes less effective with age. The result 
is an intracellular accumulation of dysfunctional mitochondria and proteins, 
which in turn can trigger cellular dysregulation through increased levels of 
free radicals, lower mitochondrial energy production, and programmed cell 
death or apoptosis. Second, senescent cell populations arise with increasing 
age and may lead to alterations in tissue and immune system function. For 
example, fibroblasts and fat cells evolve toward a phenotype whereby repro-
duction and cell death are less likely to take place, and survival persists in an 
altered, less functional state. These senescent cells no longer function normally 
and often chronically secrete inflammatory cytokines and other bioactive 
molecules that alter surrounding tissues. Senescent T-cell populations also 
evolve with increasing age, perhaps related to early-life viral infections. Although 
they are often normal in appearance and number, these T cells are less able 
to respond appropriately to immunogenic signals, thereby increasing vulner-
ability to infections. Third, some tissues become more sensitive to apoptosis, 
or programmed cell death. Although apoptosis is a normal cellular program 

that kills and disassembles damaged or redundant cells in all tissues, it acceler-
ates with age and likely contributes to the vulnerability to chronic disease 
states, such as Parkinson disease, heart failure, and the generalized loss of cell 
number in many tissues. Fourth, evidence suggests that increased activity in 
transforming growth factor-β signaling may play an important role in the 
fibrotic changes that are observed in the heart, skeletal muscle, and lung tissue 
and that result in functional decrements with increasing age. Importantly, 
these aging-related molecular and cellular changes are heterogeneous and may 
affect individuals at different ages and in different tissues. However, the end 
results are increased susceptibility to chronic disease states, frailty, declines 
in function and cognition, and ultimately mortality.

Physiologic System Dysregulation and Its Consequences
Dysfunction in multiple physiologic stress response systems also plays a role 
in late-life vulnerability. Chronic diseases such as diabetes, vascular disease, 
chronic obstructive pulmonary disease, depression, and heart failure activate 
the innate immune system, the sympathetic nervous system, and the 
hypothalamic-pituitary-adrenal axis, which in turn increase cortisol and the 
inflammatory cytokine interleukin-6 (IL-6). These responses further exacerbate 
aging-related clinical conditions, such as osteoporosis and hypertension, and 
increase vulnerability to frailty, functional decline, accidental injury, and wors-
ening chronic disease states (E-Fig. 22-1).

 CLINICAL MANIFESTATIONS
Some clinical manifestations are related not to physiologic aging but rather to 
cumulative exposures, such as with sun-related skin cancer (Chapter 193), or 
the delayed expression of genetic abnormalities, such as Huntington disease 
(Chapter 382) or polycystic kidney disease (Chapter 118). However, many 
organs and systems become less functional with age. For example, a healthy 
70-year-old will have only about 50% of the lung function (Chapter 77) and 
renal function (Chapter 107) of a young adult. The resultant lack of physiologic 
reserve capacity does not affect day-to-day function but can greatly affect the 
ability to recover from a severe illness that exhausts the body’s reserve capacity.

Despite normal baseline temperatures, older adults are more susceptible 
to hypothermia or hyperthermia (Chapter 101) after environmental exposure, 
even though they are less likely to develop fever with infections. For example, 
patients with pneumonia (Chapter 91) may present with confusion and dehy-
dration rather than with fever and cough. Among older persons with critical 
illness, more than half die within 1 month or experience significant functional 
decline over the following year.1

 EFFECTS OF AGING ON SPECIFIC ORGANS  
AND SYSTEMS

 Cardiovascular System
Between the ages of 20 and 80 years, left ventricular systolic function does 
not change, but the left ventricle gradually thickens. The result is that left 
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FIGURE 22-1. Comprehensive model pathway for biologic vulnerability to adverse outcomes in aging. HPa = hypothalamic-pituitary-adrenal; Tgf-β = transforming growth factor-β. 



CHAPTER 22 Common CliniCal Sequelae of aging 102.e1

KEYWORDS
aging
frailty
risk assessment
chronic wounds
age-related biologic changes
chronic diseases

ABSTRACT
Older adults comprise the majority of medical patients and have many more 
iatrogenic complications compared with younger adults. Complex physiologic 
and biologic aging-related changes, as well as chronic disease states, contribute 
to this vulnerability. Common organ- and tissue-specific age-related changes 
contribute to cardiovascular disease, urinary tract conditions, and musculo-
skeletal changes. Many of these changes contribute to frailty—late-life vulner-
ability to adverse health outcomes—that is increasingly used as a clinical screen 
to assess risk and design interventions.
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E-FIGURE 22-1. Dysregulation of stress response systems and their influence on 
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capacity declines, and it becomes more difficult to excrete a salt load or to 
conserve water in the face of dehydration.

The bladder becomes more irritable with advancing age and may generate 
less power, which is especially a problem in men with prostatic hypertrophy 
(Chapter 120). By comparison, urinary incontinence (Chapter 23) is more 
prevalent in women. Residual bladder urine volume increases, and nocturia 
is common. Vaginal and urethral atrophy predispose women to urinary tract 
infections (Chapter 268).

The kidney is more susceptible to the effects of medications, particularly 
nonsteroidal anti-inflammatory drugs, which can result in sodium and fluid 
retention and subsequent hypertension. In elderly individuals, a slight acidemia 
results from impaired acid excretion and may contribute to the development 
of osteoporosis.

 Endocrine System
Growth hormone levels fall with advancing age (Chapter 211), thereby result-
ing in decreased muscle strength, thinning of bones and skin, and increased 
central fat. However, growth hormone replacement does not appear to result 
in improved muscle strength. Levels of thyroid hormones do not decline with 
age (Chapter 213). Parathyroid hormone levels, however, commonly increase, 
especially in women, probably in response to the kidney’s declining ability 
to maintain normal serum levels of phosphorus and calcium (Chapters 189 
and 232).

The ability of the pancreas to release insulin is blunted with advancing 
age (Chapter 216), but the kidney’s clearance of insulin also decreases. 
The net result is maintained plasma insulin levels in the fasting state but an 
increased likelihood of postprandial or stress-induced hyperglycemia. Dra-
matic declines in estrogen and progesterone production precipitate meno-
pause at an average age of 51 years (Chapter 227). Testosterone levels begin 
to decrease in men by about 50 years of age, often with resulting declines in 
sexual function but not in the potency of semen (Chapter 221). Testosterone 
supplements reverse the muscle loss and sexual implications of declining tes-
tosterone levels, but their effect on the risk of cardiovascular complications is  
uncertain.

 Immune System
Declines in the responsiveness of the immune system explain why the incidence 
of autoimmune conditions, such as systemic lupus erythematosus (Chapter 
250) and multiple sclerosis (Chapter 383), declines in the elderly. However, 
this same decline explains increased morbidity and mortality with infectious 
diseases and the increased risk of reactivating infections such as tuberculosis 
(Chapter 308) and herpes zoster (Chapter 351). These risks emphasize the 
importance of vaccination against herpes zoster, influenza, pneumococcal 
pneumonia, and tetanus in the elderly (Chapter 15).

 Hematopoietic System
Hematopoiesis (Chapter 147) is generally sustained with aging, except in 
response to marked stress. The one exception is that the hematocrit declines 
somewhat in elderly men, presumably owing to their lower testosterone levels.

 Integumentary System
With aging, the epidermis and dermis adhere less tightly and the subcutaneous 
tissue thins, thereby making the skin feel looser and more likely to wrinkle 
and ulcerate. Clinical sequelae include senile purpura (Fig. 22-2) due to tears 
in small venules after bumps or abrasions (Chapter 411). Ultraviolet light 
exposure also predisposes to skin cancer (Chapter 193), rosacea (Chapter 
410), xerosis, and hair loss (Chapter 413).

Wound healing is also compromised, and complete skin healing can take 5.5 
weeks instead of 3.5 weeks in individuals older than 65 years. As a result, older 
adults are more prone to pressure sores when they are bedridden. Pressure 
sores, which are necrotic areas of muscle, subcutaneous fat, and skin, usually 
occur between underlying bone and a hard surface (or a soft surface during 
a prolonged time) as a result of compression and subsequent ischemia (Fig. 
22-3). A continuous-pressure threshold of only 30 to 35 mm Hg is needed to 
cause pressure sores, and a standard mattress can generate pressures five times 
as high. In addition to pressure injury, other contributing factors include shear 
injury from rubbing constantly against underlying surfaces; burning injury 
from friction of the superficial skin layers; and moisture that softens the skin, 
makes it stick to underlying surfaces, and provides easy access for infection.

Safe positioning, regular turning, avoidance of direct pressure, pressure-
reducing beds, and advanced static mattresses or advanced static overlays can 
reduce the incidence of pressure sores. Alternating-air mattresses or overlays 

ventricular filling in early diastole declines by 50%, and ventricular filling 
becomes more dependent on atrial contraction (Chapter 47). Although ath-
erosclerosis is the most important cause of symptomatic cardiac disease in 
elderly people, the age-associated vascular stiffness results in an age-related 
increase in heart failure despite normal systolic function (Chapter 52). With 
the gradual loss of up to 90% of sinus node pacemaker cells by the age of 80 
years, both the resting heart rate and the maximal heart rate with exercise 
decline. Conduction system dysfunction contributes to an increase in the 
prevalence of atrial fibrillation, which is seen in about 4% of community-
dwelling older individuals (Chapter 58) and can develop in up to one third 
of the elderly after surgery (Chapter 405). Heart valves thicken and stiffen, 
and the prevalence of aortic stenosis and mitral annular calcifications rises 
(Chapter 66), often causing heart murmurs.

Stiffening of the aorta causes an increase in systolic blood pressure, whereas 
diastolic blood pressure often stays stable or even declines (Chapter 70). Hyper-
tensive patients age 80 years and older who are healthy and functionally inde-
pendent should generally be treated according to current recommendations 
for people older than 65 years, with a systolic blood pressure goal of <140 mm 
Hg associated with lower cardiovascular and all-cause mortality. A1  For frail 
elders, however, treatment must be individualized.2 In older persons with 
mild cognitive deficits, discontinuation of antihypertensive treatment does 
not improve cognitive, psychological, or general daily functioning. A2 

The combination of impaired ventricular filling and the inability to increase 
the heart rate with stress contributes to the postural hypotension that is seen 
in 20% of older individuals (Chapter 56), as well as their predisposition to 
falls3 and syncope with stresses that younger individuals would tolerate. The 
reduced ability of the elderly to tolerate cardiovascular stress must be recog-
nized and anticipated whenever they experience a major illness. In addition, 
coronary artery disease can limit cardiac reserve and increase the risk that 
hypotension will cause a secondary myocardial infarction.

Hyperlipidemia is common in older adults, and statins are effective in 
this age group for reducing coronary heart disease events. A3  However, their 
favorable cost-effectiveness for primary prevention in persons over age 75 
years can be offset by even minor geriatric-specific side effects,4 and these 
drugs can be discontinued safely in the setting of advanced, life-limiting  
illness. A4  Low-dose aspirin is not beneficial in healthy elderly people because 
its side-effects outweigh its benefits. A5 

,
 A6 

All adult cardiac conditions become more common with aging. Exer-
cise training can improve endurance and decrease age-related cardiac  
stiffness. A7  Treatment recommendations for specific cardiac abnormalities must 
balance the potential benefit of targeted interventions against the common 
multimorbidities seen with aging.5

 Respiratory System
The chest wall stiffens with advancing age, and the lungs lose elastic recoil 
(Chapter 79). Maximal vital capacity declines by about 40%, but oxygen 
exchange declines by about 50% because of the additive effect of progressive 
ventilation-perfusion mismatching (Chapter 79). As a result, the arterial Po2 
of many 80-year-olds is about 70 to 75 mm Hg. The clinical manifestations 
are often progressive shortness of breath with exercise (Chapter 77) and an 
increased susceptibility to community-acquired pneumonia (Chapter 91) and 
even to aspiration pneumonia.

 Gastrointestinal System
Taste and smell (Chapter 399) decline with advancing age. Food tends to 
taste less sweet and more bitter.

The esophageal sphincter can become lax (Chapter 129), thereby increasing 
reflux and even aspiration. Atrophic gastritis reduces the risk of duodenal 
ulcer but also the absorption of iron (Chapter 150) and vitamin B12 (Chapter 
155). Delayed gastric emptying can lead to a sense of early satiety and decreased 
appetite.

A gradual decline in the number of hepatocytes decreases the weight of 
the liver by about one third by the age of 90 years and decreases the liver’s 
ability to metabolize drugs (Chapter 26). Distal colonic motility from the 
rectosigmoid to the anal canal declines, and more than 60% of elderly indi-
viduals develop constipation (Chapter 127). Diverticula (Chapter 133) become 
more common with age and are seen in up to 50% of people older than age 
80 years.

 Urinary System
Glomerular filtration declines by about 1% per year, and kidney size declines 
by about one third in older adults (Chapter 107). Maximal concentrating 
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 Sensory and Sleep
In addition to age-related cognitive decline (Chapters 24 and 25), hearing 
loss develops in about 25% of individuals older than 65 years (Chapter 400), 
with decreased neural transmission leading to difficulty in discriminating 
important sounds from background noise. Presbycusis diminishes the ability 
to hear high-frequency sounds.

The thickening and stiffening of the lens diminish the ability to focus on 
nearby objects and increase glare (Chapter 395). Transmission of light through 
the lens may decline by 50% or more, so elderly individuals require more 
ambient light. Vitreal detachment causes floaters that also can interfere with 
vision. Decreased tear production causes dryness of the eyes. All of these 
conditions contribute to a decline in visual acuity to the extent that 40% of 
men and 60% of women older than 65 years have a visual acuity of 20/70 or 
worse.

Older adults tend to have difficulty in sleeping (Chapter 377) yet spend 
much more time in bed. Sleep apnea also becomes more common with advanc-
ing age (Chapter 377).

Frailty as a Clinical Marker of Vulnerability in Older Adults
Frailty in older adults is a geriatric syndrome of weakness, slowness, and weight 
loss, owing to an a aggregate of comorbidities and conditions.8 Frailty serves 
as a clinical indicator of which older adults are at high risk for adverse out-
comes, including delirium (Chapter 25), falls, and mortality.9 Measures of 
frailty are also increasingly utilized to identify older adults who are at highest 
risk for adverse health outcomes related to procedures or medical treatments, 
such as intensive care10 or surgery.11,12 Validated frailty screening tools (Table 
22-1) enable physicians to identify patients at highest risk of side effects,13 
adverse outcomes, and mortality and to develop preventive interventions that 
will decrease risk and improve quality of life.

The Biology of Vulnerability and Resiliency in Older Adults
The biology that differentiates vulnerable or frail older adults from resilient 
or robust older adults is complex and multisystemic in nature. For example, 
diminished heart rate variability, which is a marker of dysregulated sympathetic 
nervous system activity, is associated with aging, frailty, and cardiac arrhyth-
mias. Frail older adults have significantly higher levels of salivary cortisol during 

are not recommended.6 Pressure sores should be photographed to establish 
a baseline. The wound should be freed of any pressure to prevent additional 
pressure ulcers. Wet-to-dry dressings are a mainstay, and semiocclusive and 
occlusive dressings also can be helpful. Protein or amino acid supplementation 
enriched with zinc and antioxidants, A8  hydrocolloid or foam dressings, and 
adjunctive electrical stimulation may be useful.7 Surgical or chemical débride-
ment is often required. Topical or systemic antibiotics (Chapter 266) may be 
needed. Pressure ulcers usually heal within 6 months, but surgical repair is 
sometimes required.

 Musculoskeletal System
Bone mass and density decrease by about 1% per year but by up to 2 to 3% 
per year in the first 5 to 10 years after menopause in women (Chapters 227 
and 230). In older women with osteopenia, bisphosphonate therapy (e.g., 
zoledronate, four 5-mg infusions at 18-month intervals) significantly reduces 
the risk of nonvertebral or vertebral fragility fractures. A9  Tendons and liga-
ments become less elastic, thereby contributing to a higher incidence of rupture, 
especially of the Achilles tendon. Muscle mass declines by about 25% by the 
age of 70 years and by 30 to 40% by the age of 80 years unless it is offset by 
exercise.

 Clinical Pharmacology
Older adults take a disproportionate share of all prescription (Chapter 26) 
and nonprescription medications (Chapter 34), and they are at increased risk 
of drug-drug interactions. Because the elderly have less muscle mass and more 
fat as a proportion of total body weight, they are more sensitive to the effects 
of water-soluble drugs and have prolonged effects from lipophilic drugs. Declines 
in renal and hepatic function reduce the clearance of most drugs, although 
drugs that are conjugated and glucuronidated are cleared relatively normally. 
Older people also are more likely to be nonadherent to prescribed regimens 
owing to the number of medications and their cost, mental impairment, and 
medication side effects.

FIGURE 22-2. Senile purpura is a common and benign condition that results from 
impaired collagen production and capillary fragility in some older adults. in the absence 
of other signs of disease, no investigation is necessary. (from forbes CD, Jackson Wf. 
Color Atlas and Text of Clinical Medicine. 3rd ed. london: mosby; 2003.)

FIGURE 22-3. Severe sacral pressure sore, one of the serious but preventable com-
plications of immobility. (from forbes CD, Jackson Wf. Color Atlas and Text of Clinical 
Medicine. 3rd ed. london: mosby; 2003.)

TABLE 22-1 FOUR COMMONLY USED INSTRUMENTS TO 
MEASURE FRAILTY IN OLDER ADULTS, WITH 
RELEVANT MEASUREMENT DOMAINS AND 
SCORING CRITERIA

INSTRUMENT DOMAINS SCORING
Physical frailty (biologic 

syndrome model)*
Physical function 

(slowness, low activity, 
weakness), nutritive 
(weight loss), and 
exhaustion

Score range: 0-5
Frail = ≥3 criteria present
Intermediate/pre-frail = 1-2 

criteria present
Robust = 0 criteria present

Cumulative Deficit 
Frailty Model 
(comorbidity model)†

Diseases, ability in ADL, 
health attitudes/values, 
and symptoms/signs 
from the clinical and 
neurologic 
examinations

Number of deficits present 
and divided by the 
number of deficits taken 
into consideration

Higher proportion equates 
to a higher level of frailty

Vulnerable Elders Survey 
(VES-13)‡

Physical function and 
ADL/IADL disability

Score range: 0-10
Frail = score ≥3

1994 Frailty measure 
(functional domains 
model)§

Physical function, 
nutritive function, 
cognitive function, 
sensory problems

Subject scoring a 3 or higher 
on at least one item in 
any domain is considered 
to have a problem or 
difficulty in that domain

Frail = problems/difficulties 
in ≥2 domains

Details on the use and implementation of these tools can be found in the referenced articles. ADL = 
activities of daily living; IADL = instrumental activities of daily living.
*Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J Gerontol 
A Biol Sci Med Sci. 2001;56:M146-M156.
†Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches to measuring frailty in 
elderly people. J Gerontol A Biol Sci Med Sci. 2007;62:738-743.
‡Saliba D, Elliott M, Rubenstein LZ, et al. The Vulnerable Elders Survey: a tool for identifying 
vulnerable older people in the community. J Am Geriatr Soc. 2001;49:1691-1699.
§Strawbridge WJ, Shema SJ, Balfour JL, et al. Antecedents of frailty over three decades in an older 
cohort. J Gerontol B Psychol Sci Soc Sci. 1998;53:S9-S16.



osteoporosis, arthritis, and foot disorders. The risk of falling also increases in 
patients who take more prescription medications, especially hypnotics, muscle 
relaxants, antihypertensive agents, diuretics, and antidepressant medications. 
Environmental risks include stairs, loose objects, rugs, poor lighting, poorly 
fitting shoes, uneven pavements, and slippery surfaces.

Patients who have fallen or have a fear of falling should have a falls assess-
ment including measuring orthostatic blood pressure; assessing vision; review-
ing medications; and testing balance, gait, and lower extremity strength.14 
Exercise alone and exercise combined with other interventions (e.g., vision 
assessment and treatment; environmental modification) lower the risk com-
pared with usual care. A13 

,
 A14 

the afternoon nadir period, thereby suggesting chronically increased activity 
of the hypothalamic-pituitary-adrenal axis. Elevated levels of inflammatory 
cytokines, especially IL-6, tumor necrosis factor-α receptor 1 (TNFR1), and 
C-reactive protein, are strongly related to functional decline, frailty, chronic 
disease, and mortality in older adults, probably owing to increased fat, more 
senescent cells, and free radical production from altered mitochondria. IL-6 
is likely to have a negative impact on stem cells and satellite cells, which in 
turn may contribute to the chronic anemia and age-related declines in skeletal 
muscle (sarcopenia) and bone mass (osteopenia) commonly observed in frail, 
older adults. TNFR1 stimulates apoptosis and necroptosis, which are cell 
programs that lead to cell death and possibly tissue depletion and vulnerability 
later in life. In addition to stress response systems, endocrine factors that 
normally maintain muscle mass also play a role in frailty. For example, the 
adrenal androgen dehydroepiandrosterone sulfate and insulin-like growth 
factor 1 are significantly lower in frail adults. Future preventive or treatment 
strategies to reduce frailty and improve resiliency may target some of these 
stress responses or endocrinologic changes.

One approach is to measure physiologic parameters such as grip strength, 
walking speed, and weight loss, as well as to gather information about activity 
and fatigue levels. With use of this approach, the prevalence of frailty rises with 
increasing age; approximately 10% of community-dwelling adults older than 
65 years meet these frailty criteria and subsequently are at increased risk of 
functional decline, falling, hospitalization, and death, even after adjustment for 
age, socioeconomic and smoking status, and multiple common disease states.

Frailty increases the likelihood for development of influenza or influenza-
like illness in the 6 months after vaccination; the likelihood of requiring care 
in a skilled nursing or long-term care facility after hospitalization for general 
surgery; the likelihood of poor outcomes in patients with cardiovascular disease; 
poor renal transplant graft function and early hospital readmission after trans-
plantation; falls, hospitalization, and mortality in patients on hemodialysis for 
chronic renal failure; and the risk of death in aging intravenous drug users. 
Biologic differences between frail and non-frail older adults (see Fig. 22-1) drive 
the marked vulnerability to adverse outcomes observed in the frail subjects.

Interventions should be targeted to the specific characteristics of a patient’s 
frailty. A10  Increasing physical exercise is the mainstay of most programs. A11 

The Care of Frail Older Patients in Clinical Settings
Focused prevention of iatrogenic injuries or recurrent hospitalizations and 
remediation of symptoms are often warranted for frail vulnerable older adults 
(Fig. 22-4). Physical activity, exercise interventions, and nutritional supple-
mentation can reduce disability and symptoms and improve quality of life 
across the spectrum of robust to frail older adults. A12  In addition, exercise and 
weight loss together improve function in obese and frail older adults. Other 
options include a team-based approach that engages the patient, family members, 
caregivers, health care providers, and social workers. Classic palliative care, 
with appropriate pain management, less invasive treatment plans, limited 
hospital visits, and organized home care plans, can greatly improve quality of 
life. If the patient has frequently been admitted to an inpatient setting, a program 
for all-inclusive care or a medical daycare setting may help prevent recurrent 
admissions and improve quality of life. Once admitted to the hospital, frail 
older adults may benefit from being congregated in a unit that specializes in 
their care and can provide attention to their functionality, continence, sleep 
disturbances, delirium, and palliative care issues.

Falls are a common manifestation of frailty. Contributing factors include 
cardiopulmonary disease, poor eyesight, hearing loss, balance disturbances, 
weakness, movement disorders, neuropathies, poor judgment, depression, 

Acute care for the elderly for inpatients

Program of all-inclusive care for the elderly for outpatients

Palliative care approaches

Exercise and nutritional optimization

Comprehensive team-based geriatric assessment

Robust Frail

FIGURE 22-4. Assessment and treatments in frail and vulnerable older adults. 
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2. An 82-year-old patient presents with a chief complaint of “I just don’t have 
any energy.” He notes muscle wasting, fatigue, and functional decline during 
the past year. Extensive medical evaluation in the next month reveals no 
obvious medical conditions that explain this decline. What should you 
recommend?
 A. Careful medical monitoring
 B. Assessment of his risk for falling
 C. Exercise and activity regimen
 D. Social engagement
 E. All of the above

Answer: E This obviously frail patient is at high risk for adverse outcomes, 
social isolation, and mortality in the coming years. He warrants careful medical 
monitoring, assessment of the risk for falling, and increasing social engage-
ment. In addition, exercise has been demonstrated to be helpful in even the 
frailest older adults. Hence, all of the answers are appropriate in this patient.

REVIEW QUESTIONS

1. A 74-year-old man who is in robust health and who exercises frequently 
asks what supplements will keep him strong and fit. Which of the options 
has been proved effective in maintaining quality of life and fitness in older 
adults?
 A. Growth hormone
 B. Testosterone
 C. Vitamin D and calcium
 D. Regular exercise
 E. Coenzyme Q

Answer: D Many studies have evaluated the safety and efficacy of hormones 
and other treatments for maintenance of strength and function in older age 
groups. Although growth hormone, testosterone, and vitamin D may be helpful 
in those with diagnosed deficiencies, there is no evidence that giving these 
agents to a relatively healthy person without signs or symptoms of such deficits 
would be beneficial. Regular exercise is the only listed intervention that has 
been shown to be safe and efficacious for building strength and enhancing 
quality of life in almost any setting.
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23 
URINARY INCONTINENCE
NEIL M. RESNICK

 DEFINITION
Urinary incontinence is the involuntary leakage of urine sufficient to be a 
health or social problem.

 EPIDEMIOLOGY
More than twice as common in women than in men, the prevalence of incon-
tinence increases with age. Incontinence afflicts 15 to 30% of older adults 
living at home, one third of those in acute care settings, and half of those in 
nursing homes. Its cost in the United States exceeds $83 billion annually.

Urinary incontinence predisposes to perineal rashes, pressure ulcers, urinary 
tract infections, urosepsis, falls, and fractures, and it is associated with embar-
rassment, stigmatization, isolation, depression, anxiety, sexual dysfunction, 
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ABSTRACT
Urinary incontinence is prevalent, morbid, and costly, especially in women 
and the elderly. Although it is never normal at any age, and can be effectively 
treated and often cured, the majority of incontinent patients remains unknown 
to their physician and untreated. Among younger patients, incontinence is 
usually caused by abnormalities of the lower urinary tract: stress incontinence 
associated with urethral insufficiency in women and urge incontinence associated 
with detrusor overactivity (“overactive bladder”) in men; although overactive 
bladder may occur with or without concurrent prostate obstruction, women 
are rarely obstructed, and men rarely have stress incontinence unless they have 
had a prior radical prostatectomy. Among older adults, detrusor overactivity is 
the most frequent cause in both sexes. At all ages, functional impairment, fluid 
intake, voiding frequency, medications, urinary tract infection, and constipa-
tion can contribute to incontinence, but these factors are especially important 
among the elderly and addressing them can often improve or cure incontinence 
in such individuals even in the presence of urinary tract dysfunction. For 
patients with urgency incontinence or prostate obstruction, pharmacotherapy 
can effectively complement lifestyle and behavioral approaches. Anticholinergic 
and beta-3 adrenergic agents are equally effective for urgency incontinence. An 
alpha-adrenergic antagonist can be added for men for whom prostate obstruc-
tion is suspected; a 5-alpha reductase inhibitor may be added as well, but its 
clinical benefit is delayed for months. Pelvic muscle exercises, weight loss, and 
physical maneuvers can reduce or eliminate stress incontinence in women; if 
these fail, surgical correction is highly effective.
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urinary tract function is normal. However, normal urinary tract function is 
the exception, even in continent elderly people, and is rarely observed in 
incontinent elderly people. Moreover, incontinence is not inevitable, even 
with dementia or immobility. Among the most severely demented institu-
tionalized residents, nearly 20% are continent; among those who can transfer 
from a bed to a chair, nearly half are continent. Functionally impaired indi-
viduals also are the most likely to suffer from factors that cause transient 
incontinence, and a diagnosis of functional incontinence may result in failure 
to detect these reversible causes. Finally, if functionally impaired individuals 
also have urethral obstruction or stress incontinence, they may benefit from 
targeted therapy. Nonetheless, functional impairment often contributes to 
incontinence, and addressing its causes and those of transient incontinence 
may ameliorate incontinence sufficiently to obviate the need for further 
investigation.

 CLINICAL MANIFESTATIONS
The manifestations of transient incontinence depend on the underlying condi-
tion. For established incontinence, detrusor overactivity usually manifests as 
urge incontinence, characterized by leakage that follows the abrupt onset or 
intensification of a desire to void, leakage of a moderate to large amount, 
urinary frequency (>8 voids/day), nocturia, and nocturnal incontinence. 
However, some patients with detrusor overactivity may present without the 
urge component. Stress incontinence causes leakage that coincides instantaneously 
with both the onset and cessation of a cough or other cause of increased 
abdominal pressure; nocturnal leakage is rare. Some patients report both types 
of incontinence, or mixed incontinence, but it is useful to determine which 
component is the most bothersome. In men with sphincter damage following 
radical prostatectomy, leakage resembles the intermittent drip of a leaky faucet. 
Occasionally, patients present with incontinence that is more difficult to char-
acterize clinically without further testing.

 DIAGNOSIS
In addition to a targeted clinical evaluation (Table 23-2), a bladder diary can 
provide diagnostic clues and guide therapy (E-Fig. 23-1). For example, incon-
tinence occurring only between 8 am and noon may be caused by a morning 
loop diuretic. Incontinence that occurs at night in a demented man with heart 
failure, but not during a 4-hour nap in his wheelchair, is likely due to nocturnal 
diuresis associated with his heart failure and not to dementia, impaired mobil-
ity, or prostatic obstruction. A woman with volume-dependent stress incon-
tinence may leak only on the way to void after a full night’s sleep, when her 
bladder contains more than 400 mL—more than it ever does during her 
continent waking hours.

into incontinence. Treatment of the arthritis, rather than the involuntary detru-
sor contractions, will not only restore continence but also lessen pain and 
improve mobility. Because of their frequency, reversibility, and association 
with morbidity beyond incontinence, the transient precipitant causes should 
be addressed first.

Causes of Transient Incontinence
Incontinence is transient in up to one third of community-dwelling elderly 
people and in up to half of acutely hospitalized patients. Although most tran-
sient causes are outside the lower urinary tract (Table 23-1), three points 
warrant emphasis. First, the risk for transient incontinence is increased if, in 
addition to physiologic changes of the lower urinary tract, there also are patho-
logic changes. Anticholinergic agents are more likely to cause overflow incon-
tinence in individuals with a weak or obstructed bladder, whereas excess urine 
output is more likely to cause urge incontinence in people with detrusor 
overactivity or impaired mobility. Second, these transient causes may persist 
if left untreated and should not be dismissed merely because incontinence is 
long-standing. Third, identification of the most common cause is of little value 
because causes vary among individuals, and geriatric incontinence is rarely 
due to just one cause.

Causes of Established Incontinence Related to the Lower 
Urinary Tract
Detrusor overactivity, also called involuntary bladder contraction or overactive 
bladder, generally causes urge incontinence and is the most common type of 
lower urinary tract dysfunction in incontinent elderly people, in whom it 
accounts for about two thirds of cases. Histologically, detrusor overactivity 
is associated with the complete disjunction pattern, with widening of the 
intercellular space, reduction of normal (intermediate) muscle cell junctions, 
and emergence of novel protrusion junctions and ultraclose abutments that 
connect cells together in chains. These connections may mediate a change in 
cell coupling from a mechanical to an electrical mechanism that results in 
involuntary bladder contraction. Other potential causes include ischemia, 
abnormalities in suburothelial myofibroblasts, and changes in central nervous 
system structural and functional control mechanisms.3,4

At any age, detrusor overactivity is usually idiopathic, but it can be associ-
ated with a variety of other causes that may affect prognosis and management. 
Such conditions include an upper motor neuron lesion (Chapters 372 and 
391), urethral obstruction, stress incontinence, bladder calculus, and bladder 
carcinoma (Chapter 187).

Detrusor overactivity exists as two subsets in elderly people: one in which 
contractile function is preserved and one in which it is impaired. The latter 
condition, termed detrusor hyperactivity with impaired contractility, has several 

and risk for institutionalization. Many seriously ill elderly consider it an outcome 
worse than death.1

Despite its prevalence and adverse consequences, geriatric incontinence 
remains largely neglected, by patients and physicians alike. This neglect is 
unfortunate because its increased prevalence with age relates more to age-
associated diseases and functional impairments than to age itself. Most impor-
tant, incontinence is usually treatable and often curable at all ages, even in 
frail elderly people, although the approach in older patients must be broader 
than that employed in younger patients.2

 PATHOBIOLOGY
At any age, continence depends not only on the integrity of lower urinary 
tract function but also on the presence of adequate mentation, mobility, moti-
vation, and manual dexterity. Although incontinence in younger patients is 
rarely associated with deficits in these domains, such deficits occur commonly 
in older patients and can cause or exacerbate incontinence or influence thera-
peutic approaches.

With age, bladder capacity does not change, but bladder sensation and 
contractility decrease. At the cellular level, detrusor smooth muscle develops 
a “dense band pattern” characterized by dense sarcolemmal bands with depleted 
caveolae. This depletion may mediate the age-related decline in bladder con-
tractility. In addition, an incomplete disjunction pattern characterized by scat-
tered protrusion junctions develops and may underlie the high prevalence of 
involuntary bladder contractions (detrusor overactivity) in older adults of 
both sexes. Bladder ischemia and/or inflammation likely also contribute. 
Urethral length and sphincter strength decrease in women, whereas the prostate 
enlarges in most men and causes obstruction in about half. The postvoid 
residual volume in the bladder also increases in both sexes but normally to 
less than 100 mL. In addition, elderly people often excrete most of their fluid 
intake at night, even in the absence of venous insufficiency, renal disease, heart 
failure, or prostatism. Because this shift in nocturnal fluid excretion is coupled 
with an age-associated increase in sleep disorders, most older adults have one 
or two episodes of nocturia per night.

None of these changes causes incontinence, but all predispose to it. This 
predisposition, combined with the increased likelihood that an older person 
will encounter an additional pathologic, physiologic, or pharmacologic insult, 
explains the increased prevalence of incontinence with age. Thus, the onset 
or exacerbation of incontinence in an older person is often due to precipitants 
that are outside the lower urinary tract and that are amenable to medical 
intervention. Furthermore, treatment of the precipitants alone may be sufficient 
to restore continence, even if there is coexisting urinary tract dysfunction. 
For example, a flare of hip arthritis in a woman with age-related detrusor 
overactivity may decrease mobility sufficiently to convert her urinary urgency 

TABLE 23-1 CAUSES OF TRANSIENT INCONTINENCE: DIAPERS MNEMONIC
Delirium Result of underlying illness or medication; incontinence is secondary and abates once the cause of delirium is corrected
Infection—symptomatic UTI Acute, symptomatic UTI causes incontinence, but the far more common asymptomatic bacteriuria does not
Atrophic urethritis/vaginitis Characterized by vaginal erosions, telangiectasia, petechiae, and friability; may cause or contribute to incontinence
Pharmaceuticals Drug type:

Sedative-hypnotics (e.g., long-acting benzodiazepines; alcohol)
Anticholinergics (dicyclomine, disopyramide, sedating 

antihistamines, antipsychotics, tricyclic antidepressants, 
cyclobenzaprine, anti-Parkinson, antidepressants) (not SSRIs)

Opiates
α-Adrenergic antagonists
α-Adrenergic agonists
Calcium-channel blockers, especially the dihydropyridines
“Loop” diuretics (thiazide-like agents only rarely cause it)
NSAIDs
Thiazolidinediones
Some nociceptives (gabapentin, pregabalin)
Dopamine receptor agonists (e.g., ropinirole, pramipexole)
Angiotensin-converting enzyme inhibitors
Vincristine

Potential effects on continence:
Sedation, delirium, decreased mobility
Urinary retention, overflow incontinence, delirium, 

impaction; the antipsychotics also decrease mobility

Urinary retention, stool impaction, sedation, delirium
Relax sphincter; may induce stress incontinence in women
Urinary retention in men (tighten sphincter, prostate)
Nocturnal diuresis due to fluid retention
Polyuria, frequency, urgency
Nocturnal diuresis due to fluid retention
Nocturnal diuresis due to fluid retention
Nocturnal diuresis due to fluid retention; sedation; delirium
Nocturnal diuresis due to fluid retention
Drug-induced cough leads to stress incontinence in women
Urinary retention due to neuropathy

Excess urine output From large intake, diuretic agents (theophylline, caffeinated beverages, alcohol), and metabolic disorders (hyperglycemia, 
hypercalcemia); nocturnal incontinence may result from obstructive sleep apnea or mobilization of peripheral edema (heart failure, 
venous insufficiency, side effects of medications)

Restricted mobility Often results from overlooked, correctable conditions such as arthritis, pain, foot problems, postprandial hypotension, or fear of falling
Stool impaction May cause both fecal and urinary incontinence that remit with disimpaction
NSAIDs = nonsteroidal anti-inflammatory drugs; SSRI = selective serotonin reuptake inhibitor; UTI = urinary tract infection.
Adapted from Resnick NM, Tadic SD, Yalla SV. Geriatric incontinence and voiding dysfunction. In: Wein AJ, Novick AC, Partin AW, et al, eds. Campbell-Walsh Urology, 10th ed. St. Louis: Elsevier; 2012.
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urinary tract function is normal. However, normal urinary tract function is 
the exception, even in continent elderly people, and is rarely observed in 
incontinent elderly people. Moreover, incontinence is not inevitable, even 
with dementia or immobility. Among the most severely demented institu-
tionalized residents, nearly 20% are continent; among those who can transfer 
from a bed to a chair, nearly half are continent. Functionally impaired indi-
viduals also are the most likely to suffer from factors that cause transient 
incontinence, and a diagnosis of functional incontinence may result in failure 
to detect these reversible causes. Finally, if functionally impaired individuals 
also have urethral obstruction or stress incontinence, they may benefit from 
targeted therapy. Nonetheless, functional impairment often contributes to 
incontinence, and addressing its causes and those of transient incontinence 
may ameliorate incontinence sufficiently to obviate the need for further 
investigation.

 CLINICAL MANIFESTATIONS
The manifestations of transient incontinence depend on the underlying condi-
tion. For established incontinence, detrusor overactivity usually manifests as 
urge incontinence, characterized by leakage that follows the abrupt onset or 
intensification of a desire to void, leakage of a moderate to large amount, 
urinary frequency (>8 voids/day), nocturia, and nocturnal incontinence. 
However, some patients with detrusor overactivity may present without the 
urge component. Stress incontinence causes leakage that coincides instantaneously 
with both the onset and cessation of a cough or other cause of increased 
abdominal pressure; nocturnal leakage is rare. Some patients report both types 
of incontinence, or mixed incontinence, but it is useful to determine which 
component is the most bothersome. In men with sphincter damage following 
radical prostatectomy, leakage resembles the intermittent drip of a leaky faucet. 
Occasionally, patients present with incontinence that is more difficult to char-
acterize clinically without further testing.

 DIAGNOSIS
In addition to a targeted clinical evaluation (Table 23-2), a bladder diary can 
provide diagnostic clues and guide therapy (E-Fig. 23-1). For example, incon-
tinence occurring only between 8 am and noon may be caused by a morning 
loop diuretic. Incontinence that occurs at night in a demented man with heart 
failure, but not during a 4-hour nap in his wheelchair, is likely due to nocturnal 
diuresis associated with his heart failure and not to dementia, impaired mobil-
ity, or prostatic obstruction. A woman with volume-dependent stress incon-
tinence may leak only on the way to void after a full night’s sleep, when her 
bladder contains more than 400 mL—more than it ever does during her 
continent waking hours.

implications. First, because the bladder is weak, these patients commonly 
develop urinary retention, which may mimic that seen in patients with outlet 
obstruction and detrusor underactivity. Second, even in the absence of reten-
tion, detrusor hyperactivity with impaired contractility mimics other lower 
urinary tract causes of incontinence. For instance, if the involuntary detrusor 
contraction occurs coincident with a stress maneuver and if the weak contraction 
is not detected, detrusor hyperactivity with impaired contractility will be mis-
diagnosed as stress incontinence. Alternatively, because detrusor hyperactivity 
with impaired contractility may be associated with urinary urgency, frequency, 
weak flow rate, elevated residual urine, and bladder trabeculation, in men it 
may mimic prostatic obstruction. Third, anticholinergic therapy of detrusor 
hyperactivity with impaired contractility may result in urinary retention owing 
to bladder weakness, thereby requiring alternative therapeutic approaches.

Stress incontinence, which is the second most common cause of incontinence 
in older women and the dominant cause in middle-aged women, usually reflects 
urethral hypermobility plus some degree of sphincter weakness. Stress incon-
tinence is rare in men but can result from sphincter damage following radical 
but not transurethral prostatectomy.

Urethral obstruction is the second most common cause of established incon-
tinence in older men, although most obstructed men are not incontinent. 
When obstruction is associated with incontinence, it usually presents as urge 
incontinence owing to the associated detrusor overactivity; overflow incon-
tinence is uncommon. Outlet obstruction is rare in women but may result 
from a bladder neck suspension or from urethral kinking associated with a 
large cystocele.

Detrusor underactivity is usually idiopathic. When it causes incontinence, 
it is associated with overflow incontinence (<10% of incontinence).

Damage to lower urinary tract innervation can cause several types of dys-
function. A brain lesion may cause detrusor overactivity. A spinal cord lesion 
(Chapters 180 and 372) above the sacral level can cause both detrusor over-
activity and detrusor-sphincter dyssynergia, a condition in which the sphincter 
contracts rather than relaxes during detrusor contraction; the result can be 
severe outlet obstruction and hydronephrosis. A spinal cord lesion below the 
sacral level can cause detrusor underactivity, sphincter weakness, or both. 
Peripheral and autonomic nerve damage can cause still additional problems. 
Because neurogenic bladder is such a nonspecific term, it is preferable to refer 
to the specific dysfunction that it causes.

Causes of Incontinence Unrelated to the Lower Urinary 
Tract (Functional Incontinence)
“Functional” incontinence, which is often cited as a distinct type of geriatric 
incontinence and attributed to deficits of cognition and mobility, implies that 

Adapted from Resnick NM, Yalla SV. Management of urinary incontinence in the elderly. N Engl J Med. 1985;313:800-805.

TABLE 23-2 CLINICAL EVALUATION OF THE INCONTINENT PATIENT
HISTORY

Type (urge, stress, overflow, or mixed)
Incontinence frequency, severity, duration
Pattern (diurnal, nocturnal, or both; also, e.g., after taking medications)
Associated symptoms (straining to void, incomplete emptying, dysuria, hematuria, suprapubic/perineal discomfort or numbness)
Alteration in bowel habit/sexual function (because of proximity to the bladder and shared innervation)
Other relevant factors (cancer, acute illness, neurologic disease, pelvic or lower urinary tract surgery/radiation therapy)
Medications, including nonprescription agents (see Table 23-1)
Brief assessment of cognitive and physical function
PHYSICAL EXAMINATION

Identify other relevant medical conditions (e.g., congestive heart failure, peripheral edema)
If stress incontinence suspected, determine whether leakage coincides with the onset and cessation of a single, forceful cough
Palpate for bladder distention after voiding
Pelvic examination to detect atrophic vaginitis, mass, pelvic muscle laxity, or prolapse (if beyond the vagina, there is increased risk for urinary retention)
Rectal examination for skin irritation, resting tone and voluntary control of anal sphincter, prostate nodule; fecal impaction (note: prostate size correlates poorly with presence of 

urethral obstruction)
Neurologic examination, especially mental status and elemental examination, including sacral reflexes and perineal sensation
INITIAL INVESTIGATION

Bladder diary (see E-Fig. 23-1)
Metabolic survey (electrolytes, calcium, glucose, and urea nitrogen as appropriate)
Measure postvoid residual volume, by portable ultrasound if available
Urinalysis to detect sterile hematuria or infection; culture if new-onset or worsening incontinence
Renal ultrasound to detect hydronephrosis in men whose postvoid residual volume urine exceeds about 200 mL
Urine cytology for patients with hematuria, pain, or unexplained new-onset or worsening incontinence
Uroflowmetry for men in whom urethral obstruction is suspected
Cystoscopy for patients with hematuria, suspicion of lower urinary tract pathology (e.g., bladder fistula, stone, or tumor; urethral diverticulum), or need for lower urinary tract 

surgery
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     Approximate 
   Volume Are You Volume of
 Date Time Voided (mL) Wet or Dry? Incontinence Comments

 4/5 3:40 pm 240 Wet Slight
  6:05 pm 210 Dry 
  8:15 pm 150 Dry  Running water
  10:20 pm 150 Wet 15 mL Bowel movement

      
 4/6 3:15 am 270 Wet Slight
  6:05 am 300 Wet Slight
  7:40 am 200 Dry
  9:50 am ? Dry
  11:20 am 200 Dry
  12:50 pm 180 Dry
  1:40 pm 240 Dry
  3:35 pm 160 Dry
  6:00 pm 170 Dry
  8:20 pm 215 Wet Slight Running water
  10:25 pm 130 Dry

  
10:30 pm 30 Dry

E-FIGURE 23-1. Sample bladder diary. Bladder diary of an incontinent 75-year-old man. Urodynamic evaluation excluded urethral obstruction and confirmed a diagnosis of detrusor 
hyperactivity with impaired contractility (detrusor hyperactivity with impaired contractility). note the 24-hour urine output of nearly 3 liters due to the belief that drinking 10 glasses 
of fluid per day was “good for my health.” (He did not mention this until queried about the voiding record.) Given the typical voided volume of 150 to 250 mL and a measured postvoid 
residual of 150 mL, excess fluid intake was overwhelming his usual bladder capacity of 400 mL (150 + 250 mL). although involuntary bladder contractions were present, the easily 
reversible volume component of the problem, combined with the risk for precipitating urinary retention with an anticholinergic agent, prompted treatment with volume restriction 
alone. after daily urinary output dropped to 1500 mL, frequency abated, and incontinence resolved. (adapted from DuBeau ce, resnick nM. evaluation of the causes and severity of 
geriatric incontinence: a critical appraisal. Urol Clin North Am. 1991;18:243-256.)
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Because urinary retention is difficult to detect by examination and can affect 
diagnosis and therapy, the postvoid residual volume should be determined 
routinely, except in a middle-aged woman who desires only behavioral therapy 
for a classic presentation of stress incontinence.5 Urodynamic testing is generally 
recommended only when diagnostic certainty is required, such as before most 
surgical repairs in older patients, or if there is evidence of a serious underlying 
cause of the incontinence, such as a brain or spinal cord lesion, carcinoma 
of the bladder or prostate, hydronephrosis, or bladder calculus. Urodynamic 
evaluation comprises a battery of tests designed to assess the lower urinary 
tract during the filling and voiding phases of micturition. The selection among 
tests depends on the clinical setting and question to be answered; for instance, 
measuring detrusor pressure and urine flow during voiding can determine 
whether urethral obstruction is present, whereas monitoring bladder and 
urethral pressures during the filling phase and with coughing may be helpful 
for patients with an atypical presentation of mixed incontinence.

TABLE 23-3 STEPWISE APPROACH TO TREATMENT OF URINARY INCONTINENCE*

CONDITION
CLINICAL TYPE OF 

INCONTINENCE† TREATMENT
Detrusor overactivity with 

normal contractility
Urge 1. Bladder retraining or prompted voiding regimens

2. ± Bladder relaxant medication if needed and not contraindicated (see drug list below). If treatment fails, consider 
posterior tibial neurostimulation, sacral neuromodulation, or intradetrusor injection of onabotulinumtoxinA

3. Indwelling catheterization alone is often unhelpful because detrusor spasms often increase, leading to leakage 
around the catheter

4. In selected cases, induce urinary retention pharmacologically and add intermittent or indwelling catheterization‡

Detrusor hyperactivity 
with impaired 
contractility

Urge§ 1. If bladder empties adequately, behavioral methods (as above) ± bladder relaxant medication (low doses; especially 
feasible if sphincter incompetence coexists)

2. If residual urine >150 mL, augmented voiding techniques¶ or intermittent catheterization (± bladder relaxant 
medication). If neither feasible, undergarment or indwelling catheter‡

3. In selected cases, induce urinary retention pharmacologically and add intermittent or indwelling catheterization‡

Stress incontinence Stress 1. Conservative methods (weight loss if obese; treatment of cough or atrophic vaginitis; physical maneuvers to prevent 
leakage [e.g., tighten pelvic muscles before cough, cross legs]; occasionally, use of tampon or pessary is helpful)

2. If leakage threshold ≥150 mL identified, adjust fluid excretion and voiding intervals appropriately
3. Pelvic muscle exercises ± biofeedback/weighted intravaginal cones; must continue indefinitely
4. Surgery (sling, artificial sphincter, periurethral bulking injections)

Urethral obstruction Urge/overflow‖ 1. Conservative methods (including adjustment of fluid excretion, bladder retraining/prompted voiding) if 
hydronephrosis, recurrent symptomatic UTI, and hematuria have been excluded

2. α-Adrenergic antagonist
3. Also consider adding a bladder relaxant if detrusor overactivity coexists, postvoid residual volume is small, and 

surgery is not desired/feasible; monitor postvoid residual volume!
4. 5-Alpha reductase inhibitor, if not contraindicated and the patient either prefers it or is not a surgical candidate; 

clinical benefit takes months.
5. Surgery (incision, prostatectomy) is an effective alternative before or after these steps

Underactive detrusor Overflow 1. Decompress for at least several days (the larger the postvoid residual volume, the longer should be the 
decompression [up to a month]) and then perform a voiding trial

2. Exclude urethral obstruction if this has not already been done
3. If cannot void or if postvoid residual volume remains large, try augmented voiding techniques¶ ± α-adrenergic 

antagonist, but only if some voiding possible; bethanechol rarely useful
4. If fails, or voiding is not possible, intermittent or indwelling catheterization‡

BLADDER RELAXANT AGENTS FOR URGE INCONTINENCE

•	 Anticholinergic
Oxybutynin IR, 7.5-20 mg daily (2.5-5 mg tid-qid; doses >2.5 mg qid can be problematic and rarely helpful); oxybutynin XL, 5-30 mg once daily; oxybutynin patch 

(3.9 mg/day) twice weekly; oxybutynin 10% gel (1 g topically once per day)
Tolterodine, 1-2 mg twice daily; tolterodine LA, 4 mg once daily
Darifenacin, 7.5-15 mg once daily
Solifenacin, 5-10 mg once daily
Trospium, 20 mg daily to twice daily; 60 mg (extended release) once daily
Fesoterodine, 4-8 mg once daily

•	 β3-Adrenergic agonist
Mirabegron, 25-50 mg once daily

*These treatments should be initiated only after adequate toilet access has been ensured, contributing conditions have been treated (e.g., atrophic vaginitis, UTI, fecal impaction, heart failure), fluid management 
has been optimized, and unnecessary or exacerbating medications have been addressed. For additional details, see text.
†Urge: leakage in the absence of stress maneuvers and urinary retention, usually preceded by abrupt onset or intensification of the need to void; stress: leakage that coincides instantaneously with stress 
maneuvers, in the absence of urinary retention or detrusor contraction; overflow: frequent leakage of small amounts associated with urinary retention.
‡UTI prophylaxis can be used for recurrent symptomatic UTIs, but only if catheter is not indwelling.
§May also mimic stress or overflow incontinence.
‖Also can cause postvoid “dribbling” alone, which is treated conservatively (e.g., by sitting to void and allowing more time, “double voiding,” and in men by gently “milking” the urethra after voiding).
¶Augmented voiding techniques include Credé (application of suprapubic pressure) and Valsalva (straining) maneuvers, and double voiding. They should be performed only after voiding has begun.
qid = four times daily; tid = three times daily; UTI = urinary tract infection.
Adapted and updated from Resnick NM. Voiding dysfunction and urinary incontinence. In: Beck JC, ed. Geriatric Review Syllabus. New York: American Geriatrics Society; 2011:141-154.

Optimal therapy requires a multifactorial approach (Table 23-3), including 
treatment of transient causes, underlying medical conditions, functional impair-
ments, and the urinary tract abnormality itself.6,7 Although pads and diapers 
have a role, they remain an adjunct to more specific therapy.

Behavioral Therapy
Behavioral therapy includes education, self-monitoring with a bladder diary, 

adjustment of fluid and caffeine intake, weight loss for overweight women 
with stress incontinence, physical activity,8 use of aids (e.g., a bedside urinal), 
and various types of bladder retraining and urethral sphincter exercises (e.g., 
progressively increasing voiding intervals, strategies to cope with urgency, and 
pelvic muscle exercises). A1 

,
 A2  The efficacy of behavioral therapy is equivalent 

to pharmacotherapy for urge incontinence. A3  For stress incontinence, the efficacy 

TREATMENT 
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Issues Specific to Men
Apart from atrophic vaginitis, the transient causes of incontinence in men are 
the same as in women. However, owing to the frequency of prostate enlarge-
ment, urinary retention occurs more often in the setting of conditions that 
suppress detrusor contractility (e.g., fecal impaction or use of drugs such as 
anticholinergics, α-adrenergic agonists, and opiates). Urge incontinence is 
equally common in men as in women, but it may be associated with an obstruc-
tive prostate. By contrast, stress incontinence is rare in men unless they have 
undergone radical (not transurethral) prostatectomy for carcinoma. As in 
women, overflow incontinence is uncommon but, when present, in men it is 
more likely due to obstruction. Therapeutic considerations are included in 
Table 23-3. Anti-incontinence surgery, such as a male sling operation or cre-
ation of an artificial urinary sphincter,17 is usually reserved for severe cases in 
men who otherwise have a good prognosis.

 PREVENTION
There are scant data regarding the prevention of incontinence. Educational 
and behavioral modification programs for women older than age 55 may be 
helpful, and weight loss can reduce the risk for stress incontinence.

of behavioral therapy is superior to drugs but inferior to surgery.9, A4  Acupunc-
ture A5  and pessaries can also be effective. Combining behavioral and pharma-
cologic therapy for urge incontinence may prove more beneficial than either 
treatment alone, because neither therapy generally abolishes involuntary bladder 
contractions. For institutionalized patients who are cognitively impaired but 
can state their name and are partly mobile, regular daytime reminders to void 
(“prompted voiding”) have proved effective for daytime incontinence; pads 
and diapers are appropriate for the others. A6 

Pharmacotherapy
Currently approved drugs have not proved effective for stress incontinence 

and overflow incontinence. For urge incontinence, however, several bladder 
relaxants have proved modestly and equally effective (see Table 23-3), even in 
trials that targeted older patients.10, A7 

,
 A8  All of the anticholinergics have anti-

muscarinic properties, such as dry mouth, constipation, visual blurring, and 
occasional confusion. Yet each is well tolerated even in cognitively impaired 
elderly patients when prescribed properly, although cognitive status should 
be monitored.11 These drugs also can be well tolerated in patients taking cho-
linesterase inhibitors. The choice among these drugs often hinges on other 
considerations. For instance, immediate-release oxybutynin has the quickest 
onset of action, making it an inexpensive and effective choice for patients who 
need control at predictable times. Other drugs, although more expensive, can 
be used less often and can be better tolerated for daily use. Mirabegron, a 
β3-adrenergic agonist, is a newer drug with an efficacy similar to the anticho-
linergic agents, and it may be preferable for patients with cognitive impairment. 
If needed, it also may be combined with an anticholinergic for improved effi-
cacy.12 Desmopressin should be avoided in the elderly.

Regardless of the drug selected, the key is to begin with a low dose and 
increase it slowly, realizing that the full benefit is generally not apparent for 
up to 2 months and that side effects may offset the benefit. With such titration, 
urge incontinence can be controlled in about one third of patients and sub-
stantially improved in another one third. However, success rates are lower in 
demented patients.

For urinary incontinence caused by atrophic vaginitis, a 3- to 12-month 
course of topical estrogen can be useful, although oral estrogen may worsen 
the incontinence. A9 

Surgical Procedures
Surgery for stress incontinence has proved effective for women of all ages, 

including elderly women, and is relatively durable.13 Periurethral bulking injec-
tions can help frail women or those with mild stress incontinence, but they do 
not generally restore continence.14 However, urethral sling and mid-urethral 
tape suspension procedures can cure most women for at least 5 years. For 
women with more complex stress incontinence and for men with stress incon-
tinence more than 1 year after radical prostatectomy, an artificial sphincter has 
proved effective and relatively durable. Experience with the “male sling” is still 
limited.

Surgical intervention for urge incontinence, including neuromodula-
tion, A10  tibial nerve stimulation,15 and injections of onabotulinum toxin, A11  are 
third-line agents. Limited available data suggest that their efficacy may be only 
modestly better than that of pharmacotherapy, and that older patients may 
not fare as well as younger ones. Older patients treated with onabotulinum 
toxin also are more likely to develop urinary retention and urinary tract 
infections.16
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 PROGNOSIS
Limited data suggest that incontinence progresses in about one third of patients 
and remits in about 10 to 15%, although it is unclear how much of the remis-
sion reflects intervention or improvement in functional or medical status.
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REVIEW QUESTIONS

1. Which of the following is true about acute urinary retention in an older 
man?
 A. Indicates the need for surgical decompression
 B. Is treated effectively with α-adrenergic blockers
 C. Is treated effectively with bethanechol
 D. Requires treatment of the underlying urinary tract abnormality
 E. None of the above

Answer: E The differential diagnosis for urinary retention extends beyond 
urethral obstruction, particularly in elderly people. Many older patients may 
develop retention owing to a weak detrusor associated with age, autonomic 
neuropathy, or previous urethral obstruction. In addition, fecal impaction, 
pain (e.g., following hip replacement), and medications with urinary tract side 
effects (e.g., anticholinergics, sedating antihistamines, decongestants, opiates) 
may induce acute urinary retention, particularly in patients with underlying 
bladder weakness or obstruction. Thus, the bladder should be decompressed 
for at least a week while reversible causes are addressed; the larger the postvoid 
residual volume, the longer the decompression should be. Decompression 
allows some restoration of detrusor strength, which also facilitates urodynamic 
testing should it be necessary. α-Adrenergic blockers are effective for men 
with symptoms of prostatism, but clinical trials of its efficacy have excluded 
patients with significant urinary retention. Bethanechol has not proved effec-
tive in controlled clinical trials. Decompression in some elderly patients can 
reduce but not eliminate residual urine. Provided it does not cause symptoms 
or renal compromise, subclinical retention need not necessarily be treated in 
all elderly patients, even if obstruction is present.

2. A 58-year-old obese woman with significant daily stress incontinence comes 
for a follow-up appointment. Her bladder diary shows maximal voided 
volume of 125 mL during the daytime. Each of these measures is appropri-
ate except which of the following?
 A. Adjustment of fluid excretion and voiding intervals
 B. Advise weight reduction
 C. Teach her postural maneuvers
 D. Consideration of surgical correction
 E. Pelvic floor muscle exercises

Answer: A Recent evidence suggests that weight loss will improve stress 
incontinence in obese women, and data support the use of postural maneuvers, 
pelvic floor muscle exercises, and surgical correction as well. Adjusting fluid 
excretion and voiding intervals can also be useful, especially for women with 
volume-dependent stress leakage. It can work particularly well for women 
with a threshold of at least 150 mL and best in those with a threshold of more 
than 250 mL. When the threshold for stress incontinence is this low, however, 
the extent of fluid restriction required is usually not feasible and might even 
lead to dangerous dehydration.

3. A 78-year-old woman with dementia has responded modestly to donepezil 
(Aricept, a cholinesterase inhibitor) for the past year. The recent onset of 
urge incontinence led her primary physician to prescribe tolterodine last 
month while awaiting your assessment. Her incontinence has responded 
well. The next appropriate step is which of the following?
 A. Discontinue tolterodine because of its interaction with donepezil.
 B. Discontinue donepezil because her cognitive function is stable.
 C. Discontinue both drugs because she is stable and the urge incontinence 

may reflect an adverse effect of the donepezil.
 D. Continue both drugs and monitor her for deterioration in cognitive 

function.
 E. Taper the tolterodine.

Answer: D Because cholinesterase inhibitors block the metabolism of ace-
tylcholine, they can provoke urge incontinence, especially in older adults who 
already may have underlying age-related involuntary detrusor contractions 
that have not yet caused incontinence. However, despite prescription of these 
agents to millions of demented patients, there is little evidence that they cause 
incontinence. Moreover, because the benefits of these drugs for dementia are 
modest at best and not seen in most patients who use them, patients and 
families may decide that the benefit of the bladder relaxant outweighs the 
risk. Particularly in this patient, who has already benefited from tolterodine 
without notable cognitive deterioration, it is worth continuing therapy and 
monitoring her cognitive status.

4. A 53-year-old woman says that she has frequent leakage. It most commonly 
occurs about 10 seconds after she coughs or laughs. Having suffered for 
years, she is interested in the approach with the best chance of success.
 A. Pelvic muscle strengthening exercises (“Kegels”)
 B. An α-adrenergic agonist (e.g., pseudoephedrine)
 C. A pessary
 D. Urethral suspension surgery
 E. A bladder relaxant drug

Answer: E Most stress incontinence results from weakness of intrinsic sphincter 
muscle or pelvic muscle support. In all such cases, however, leakage coincides 
instantaneously with the increase in abdominal pressure and ceases as soon 
as the cough ends. In this case, however, there is a delay between the cough 
and leakage. This finding suggests that the cough has triggered an involuntary 
detrusor contraction, which then leads to leakage. Therapy should focus on 
reducing or eliminating the precipitant of coughing (e.g., bronchospasm, use 
of an angiotensin-converting enzyme inhibitor) or the underlying detrusor 
overactivity.

5. Which of the following is true of incontinence in demented elderly patients?
 A. Is inevitable
 B. Is virtually always due to detrusor overactivity/overactive bladder
 C. Is unlikely to respond to therapy
 D. Is multifactorial and often reversible
 E. Treatment should focus primarily on preventing skin breakdown

Answer: D Incontinence is never normal, even in patients with dementia. 
Detrusor overactivity is the most common type of lower urinary tract dysfunc-
tion among demented and incontinent nursing home residents, but it is also 
the most common dysfunction among their dry peers. Moreover, in 40% of 
these individuals, incontinence is not associated with detrusor overactivity 
but with obstruction (in men), stress incontinence (in women), or a combi-
nation of an outlet and a detrusor problem, and the cause does not correlate 
with either the presence or severity of dementia. Thus, it is not tenable to 
attribute incontinence a priori to detrusor overactivity. Because incontinence 
in elderly people is usually multifactorial, involving urinary tract as well as 
non–urinary tract contributions, it is often treatable. Even among nursing 
home patients, randomized studies of just a toileting regimen have shown 
more than a 50% reduction in incontinent episodes overall and full daytime 
continence in nearly 40% of residents. Because causes of transient incontinence 
are particularly common in demented individuals, additional benefit can be 
achieved by addressing other common contributors to their incontinence, 
including medication use, depression, fecal impaction, urinary tract infection, 
atrophic vaginitis, and disorders of fluid excretion. For those with detrusor 
overactivity, a bladder relaxant may provide additional help; for those with 
urethral obstruction or incompetence, minimally invasive procedures can 
be helpful. It is also important to prevent skin breakdown, but such treat-
ment should not be the primary approach to the incontinent nursing home  
resident.
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24 
NEUROPSYCHIATRIC ASPECTS OF AGING
SHARON K. INOUYE

 DEFINITION
The process of aging produces important physiologic changes in the central 
nervous system (Table 24-1), including neuroanatomic, neurotransmitter, and 
neurophysiologic changes. These processes result in age-related symptoms 
and manifestations (Table 24-2) for many older persons. These physiologic 
changes develop at dramatically variable rates among older persons, however, 
and the decline may be modified by factors such as diet, exercise, environment, 

TABLE 24-1 AGE-RELATED PHYSIOLOGIC CHANGES IN THE 
CENTRAL NERVOUS SYSTEM

Neuroanatomic changes
Brain atrophy
Decreased neuron counts
Increased neuritic plaques
Increased lipofuscin and melanin

Neurotransmitter changes
Decline in cholinergic transmission
Decreased dopaminergic synthesis
Decreased catecholamine synthesis

Neurophysiologic changes
Decreased cerebral blood flow
Electrophysiologic changes (slowing of alpha rhythm, increased latencies in 

evoked responses)
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ABSTRACT
The process of aging produces important physiologic changes in the central 
nervous system, including neuroanatomic, neurotransmission, and neurophysi-
ologic changes. These changes are expressed as symptoms to a varying degree 
in older individuals. neuropsychiatric disorders (e.g., cognitive impairment, 
dementia, depression, and anxiety) are not part of the normal aging process 
but nevertheless increase with age. Severe neuropsychiatric conditions have 
been estimated to occur in 15 to 25% of older adults worldwide. This chapter 
reviews the mental status examination, the assessment of functional capacity, 
and the approach to the use of psychoactive drugs in geriatric patients. The 
mental status examination should include screening assessments for mood, 
affect, and cognition. Functional assessment includes an evaluation of the 
patient’s ability to perform self-care and necessary activities to remain func-
tional in the home and community environment. Approximately one in 10 
hospitalizations is complicated by a serious adverse drug reaction in older 
adults (50% of these in patients receive inappropriate drugs), so physicians 
should always consider whether nonpharmacologic approaches may be used 
as alternatives to medications in older persons. If not possible, physicians 
should choose drugs with the least toxic medication, at the lowest appropriate 
dosage. Medication regimens should be reevaluated regularly because drug 
metabolism can change with age and disease.
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including an assessment of mood, affect, and cognition. Brief screening tests 
are available to evaluate these domains and to assist in the detection of potential 
problems requiring further evaluation and treatment (Chapter 21). Scores of 
6 or more on the 15-item short-form Geriatric Depression Scale (Table 24-3) 
indicate substantial depressive symptoms requiring further evaluation. For 
cognitively impaired patients, observer (proxy)–rated depression scales, such 
as the Hamilton Depression Scale or Cornell Scale, are recommended.

Early cognitive deficits can easily be missed during conversation because 
intellectual impairment can be masked with intact social skills. Given the high 
frequency of cognitive impairment, formal cognitive screening is reasonable 
but not required for all older persons. Ideally, cognitive testing should evalu-
ate at least the general domains of attention, orientation, language, memory, 
visuospatial ability, and conceptualization. To exclude delirium, attention should 
be assessed first by asking the patient to perform a task, such as repeating 
digits (normal span: more than five forward or more than three backward) 
or reciting the months backward (allow one error maximum); the remainder 
of cognitive testing would not be useful in an inattentive or delirious patient. 
For further cognitive testing, many brief, practical screening instruments are 
available. Historically, the most widely used instrument has been the Mini-
Mental State Examination, a 19-item, 30-point scale that can be completed 
in 10 minutes. This copyrighted instrument now requires a per-use fee if the 
official version is used. Useful, brief alternative instruments include the Short 
Portable Mental Status Questionnaire (Table 24-4) and the Mini-Cog test 
(Table 24-5), both of which can be completed in less than 5 minutes. More 
detailed testing can be conducted with the Montreal Cognitive Assessment 
(Fig. 24-1), which requires 15 to 20 minutes; scores less than 26 indicate 
cognitive impairment. Questions to evaluate judgment and problem-solving 
ability in hypothetical situations, such as in a fire or when driving, can provide 
crucial insight into the patient’s ability to function safely and independently. 
If dementia is suspected, further evaluation is required (Chapter 374).

Functional Assessment
Functional impairment, defined as difficulty in performing daily activities, is 
common among older persons. Although it is not routinely evaluated in the 
standard medical assessment, determination of the patient’s degree of func-
tional incapacity based on medical and neuropsychiatric conditions is crucial 
to diagnosis of mild cognitive impairment and dementia as well as to under-
standing of the burden of the disease and its impact on the individual’s daily 
life. The important relationship between functional status and health in older 
persons is reflected by the finding that functional measures are stronger pre-
dictors of mortality after hospitalization than are admitting diagnoses. Func-
tional measures strongly predict other important long-term outcomes in the 
elderly, such as future care needs, caregiver burden, risk for institutionalization, 
and long-term prognosis. Functional independence is critical if patients are 

lifestyle, genetic predisposition, disability, disease, and side effects of drugs.1 
These changes can result in the common age-related symptoms of benign 
senescence, slowed reaction time, postural hypotension, vertigo or giddiness, 
presbyopia, presbycusis, stiffened gait, and sleep difficulties. In the absence 
of disease, these physiologic changes usually result in relatively modest symp-
toms and little restriction in activities of daily living. These changes decrease 
physiologic reserve, however, and increase the susceptibility to challenges 
posed by disease-related, pharmacologic, and environmental stressors. As a 
result, mild (relative risk, 1.2) and moderate (relative risk, 1.4) cognitive 
impairment are associated with increased mortality.

 EPIDEMIOLOGY
Neuropsychiatric disorders, the leading cause of disability in older persons, 
account for nearly 50% of functional incapacity. Severe neuropsychiatric con-
ditions have been estimated to occur in 15 to 25% of older adults worldwide. 
These conditions are related to diseases that increase with age, such as visual 
and hearing impairment,2 but are not themselves part of the normal aging 
process. Alzheimer disease and related dementias occur in approximately 10% 
of adults aged 65 years and older and in more than 30% of those older than 
85 years (Chapter 374).3 Preclinical cognitive impairment predictive of 
Alzheimer disease may manifest as reduced scores on cognitive testing up to 
at least 18 years before Alzheimer disease is diagnosed.

Risk factors include the APOE ε4 allele, current depressive symptoms, midlife 
onset of hypertension, increasing number of vascular diseases, and chronic 
conditions. The risk is reduced for elderly who participate in social activities.4 
Delirium occurs in 5 to 10% of all persons older than 65 years and in up to 
80% of older persons during hospitalizations for acute illnesses (Chapter 25).

Severe depression (Chapter 369) occurs in approximately 5% of older adults, 
with 15% having significant depressive symptoms. Anxiety disorders occur 
in 10% of older adults. Older individuals are also subject to substantial mor-
bidity and functional disability from cerebrovascular disease (Chapters 378 
through 380), Parkinson disease (Chapter 381), peripheral neuropathies 
(Chapter 392), degenerative myelopathies (Chapters 372 and 394), spinal 
stenosis and disc disease (Chapter 372), seizure disorders (Chapter 375), 
sleep apnea (Chapter 377), visual disturbances (Chapter 395), falls (Chapter 
22), incontinence (Chapter 23), and impotence (Chapter 221).

 DIAGNOSIS
To diagnose these neuropsychiatric conditions, physicians must understand 
and perform a mental status examination and an assessment of functional 
capacity and know the uses and side effects of psychoactive drugs in geriatric 
patients. Changes in social functioning often are an early indication of cogni-
tive loss.5

Mental Status Examination
In addition to a detailed neurologic examination, evaluation of neuropsychiatric 
disturbances in older persons requires a careful mental status examination, 

TABLE 24-2 NEUROPSYCHIATRIC MANIFESTATIONS OF 
AGE-RELATED PHYSIOLOGIC CHANGES

SYSTEM MANIFESTATION
Cognition Forgetfulness

Processing speed declines throughout adult life
Neuropsychological declines: selective attention, verbal 

fluency, retrieval, complex visual perception, logical analysis
Reflexes Stretch reflexes lose sensitivity

Decreased or absent ankle reflexes
Decreased autonomic and righting reflexes, postural instability

Sensory Presbycusis (high-frequency hearing loss), tinnitus
Deterioration of vestibular system, vertigo
Presbyopia (decreased lens elasticity)
Slowed pupil reactivity, decreased upgaze
Olfactory system deterioration
Decreased vibratory sensation

Gait and balance Gait stiffer, slowed, forward flexed
Increased body sway and mild unsteadiness

Sleep Decreased sleep efficiency, fatigue
Increased awakenings, insomnia
Decrease in sleep stages 3 and 4
Sleep duration more variable, more naps

TABLE 24-3 GERIATRIC DEPRESSION SCALE—SHORT FORM
1. Are you basically satisfied with your life? yes/NO

2. Have you dropped many of your activities and interests? YES/no
3. Do you feel that your life is empty? YES/no
4. Do you often get bored? YES/no
5. Are you in good spirits most of the time? yes/NO

6. Are you afraid that something bad is going to happen to you? YES/no
7. Do you feel happy most of the time? yes/NO

8. Do you feel helpless? YES/no
9. Do you prefer to stay home rather than going out and doing new 

things?
YES/no

10. Do you feel you have more problems with memory than most? YES/no
11. Do you think it is wonderful to be alive now? yes/NO

12. Do you feel pretty worthless the way you are now? YES/no
13. Do you feel full of energy? yes/NO

14. Do you feel that your situation is hopeless? YES/no
15. Do you think that most people are better off than you are? YES/no
Scoring: Answers indicating depression are capitalized; six or more capitalized answers indicate 
depressive symptoms.
Modified with permission from Yesavage J, Brink T, Rowe T, et al. Development and validation of a 
geriatric depression screening scale: a preliminary report. J Psychiatr Res. 1983;17:37-49.

TREATMENT 
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TABLE 24-5 MINI-COG TEST
1. Instruct the patient to listen carefully to and remember three unrelated words and 

then to repeat the words: banana, sunrise, chair.
2. Instruct the patient to draw the face of a clock, either on a blank sheet of paper or 

on a sheet with a large circle already drawn on the page. After the patient puts the 
numbers on the clock face, ask him or her to draw the hands of the clock to read a 
specific time, such as 11 : 10. These instructions can be repeated, but no additional 
instructions should be given. Allow up to 3 minutes to complete the clock 
drawing.

3. Ask the patient to repeat the three previously presented words.
4. Give 1 point for each correct word and 2 points for a correctly drawn clock. 

Scores <3 suggest cognitive impairment.
Modified from Borson S, Scanlan J, Watanabe J, et al. Improving identification of cognitive 
impairment in primary care. Int J Geriatr Psychiatry. 2006;21:349-355. Reprinted by permission of 
the copyright holder (S. Borson).

FIGURE 24-1. Montreal Cognitive Assessment. (reproduced with permission from 
Nasreddine Zs, phillips Na, Bedirian V, et al. the Montreal cognitive assessment, Moca: 
a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53:695-699.)

TABLE 24-4 SHORT PORTABLE MENTAL STATUS 
QUESTIONNAIRE

QUESTION RESPONSE ERROR?
What are the date, month, and year?* Date Month Year
What is the day of the week?
What is the name of this place?
What is your phone number?
How old are you?
When were you born?
Who is the current president?
Who was the president before him?
What was your mother’s maiden name?
Can you count backward from 20 by 3s?
*A mistake on any part of this question should be scored as an error.
Total possible errors: 10; more than three errors indicate cognitive impairment.
From Pfeiffer E. A short portable mental status questionnaire for the assessment of organic brain 
deficit in elderly patients. J Am Geriatr Soc. 1975;23:433-441. Copyright © E. Pfeiffer 1994. 
Reproduced with permission of the author.

to remain living independently in the community, and functional decline 
represents the leading risk factor for nursing home placement.

The functional assessment should evaluate the patient’s ability to perform 
basic self-care activities of daily living and instrumental activities of daily 
living, the higher-level activities needed for independent living. Activities of 
daily living include basic self-care skills, such as feeding, grooming, bathing, 
dressing, toileting, transferring, and walking. Instrumental activities of daily 
living are more complex tasks, including shopping, preparing meals, managing 
finances, housekeeping, using the telephone, taking medications, and driving 
or using public transportation. The functional assessment is conducted with 
the patient, with corroboration from a family member or caregiver. Other 
related domains that should be assessed include vision, hearing, continence, 
nutritional status, safety, falls, living situation, availability of social support, 
and socioeconomic status.

The onset of acute cognitive or functional decline is often the first and 
sometimes the only sign of serious acute illness in older persons and warrants 
immediate medical attention. Similarly, the onset or worsening of related 
conditions, such as delirium, falls, incontinence, depression, frailty, or failure 
to thrive, heralds the need for prompt medical evaluation.

Psychoactive Effects of Drugs in Older Patients
adverse Drug events in the elderly

Iatrogenic complications occur in 30 to 40% of older hospitalized patients, 
with a 3- to 5-fold increased risk in older compared with younger patients. 
Adverse drug events, the most common type of iatrogenic complication, account 
for 20 to 40% of all complications, and at least 25% of these are preventable. 
The elderly are particularly vulnerable to adverse drug reactions, which occur 
in approximately 10% of hospitalizations for older adults because of 

TREATMENT 

multiple-drug regimens,6 multiple chronic diseases, relative renal and hepatic 
insufficiency, decreased physiologic reserve, and altered drug metabolism and 
receptor sensitivity with aging. Inappropriate drug use has been reported in 
up to 40% of older patients who are hospitalized, with more than one quarter 
of these patients having absolute contraindications to the drug and the others 
being given a drug that was unnecessary. Among an estimated 100,000 annual 
drug-related emergency hospitalizations in patients older than 65 years, the 
most commonly implicated drugs are warfarin (33%), insulin (14%), oral anti-
platelet agents (13%), and oral hypoglycemic agents (11%). Because up to 50% 
of adverse drug events occur in patients receiving inappropriate drugs, the 
potential for reducing these adverse events is substantial.

Drugs with psychoactive effects
Nearly every class of drug has the potential to cause mental status changes 

in a vulnerable patient, but specific drugs are commonly implicated (Table 
24-6) and should be used with caution in older patients. Many cases of delirium 
or cognitive decline in older patients may be preventable through avoidance, 
substitution, or dose reduction of these psychoactive drugs. Long-acting ben-
zodiazepines (e.g., diazepam, clonazepam, chlordiazepoxide) are particularly 
problematic medications for the elderly7 and should not be used to treat insom-
nia. If nonpharmacologic approaches to the management of insomnia are 
unsuccessful, short-term use of an intermediate-acting benzodiazepine without 
active metabolites (e.g., lorazepam 0.5 mg, half-life of 10 to 15 hours) is recom-
mended. Drugs with anticholinergic effects (e.g., antihistamines, antidepressants, 
neuroleptics, antispasmodics) produce a panoply of poorly tolerated side effects 
in older patients, including delirium, postural hypotension, urinary retention, 
constipation, and dry mouth. Of the narcotics, meperidine causes delirium 
more frequently than other agents because of an active metabolite, norme-
peridine. Cardiac drugs, such as digitalis and antiarrhythmic agents, have pro-
longed half-lives, narrowed therapeutic windows, and decreased protein binding 
in older patients. The clinician should be aware that toxicity with these agents 
(e.g., digoxin) can occur even at therapeutic drug levels. The H2-receptor antago-
nists (e.g., cimetidine, ranitidine, famotidine, nizatidine) are common causes 
of drug-induced delirium in the elderly because of their frequent use; clinicians 
should strongly consider the use of less toxic alternatives (e.g., sucralfate, 
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TABLE 24-6 DRUGS WITH PSYCHOACTIVE EFFECTS
Sedative-hypnotics

Benzodiazepines (especially flurazepam, diazepam)
Barbiturates
Sleeping medications (chloral hydrate)

Narcotics (especially meperidine)
Anticholinergics

Antihistamines (diphenhydramine, hydroxyzine)
Antispasmodics (belladonna, Lomotil)
Heterocyclic antidepressants (amitriptyline, imipramine, doxepin)
Neuroleptics (chlorpromazine, haloperidol, thioridazine)
Antiparkinson drugs (benztropine, trihexyphenidyl)
Atropine, scopolamine

Cardiac drugs
Digitalis glycosides
Antiarrhythmics (quinidine, procainamide, lidocaine)
Antihypertensives (β-blockers, methyldopa)

Gastrointestinal drugs
H2-receptor antagonists (cimetidine, ranitidine, famotidine, nizatidine)
Proton pump inhibitors (esomeprazole, lansoprazole, omeprazole, pantoprazole)
Metoclopramide (Reglan)

Miscellaneous drugs
Nonsteroidal anti-inflammatory drugs
Corticosteroids
Anticonvulsants
Levodopa
Lithium

Over-the-counter drugs
Cold and sinus preparations (antihistamines, pseudoephedrine)
Sleep aids (diphenhydramine, alcohol-containing elixirs)
Stay Awake (caffeine)
Nausea, gastrointestinal relief (Donnagel, meclizine, H2-receptor antagonists, 

loperamide)

TABLE 24-7 GUIDELINES FOR DRUG THERAPY IN  
THE ELDERLY

GENERAL PRINCIPLES

Remember that the elderly are highly sensitive to the psychoactive effects of all 
drugs.

Know the pharmacology of the drugs you prescribe. Know a few drugs well.
RECOMMENDED APPROACH

Use nonpharmacologic approaches whenever possible.
Avoid routine use of “as needed” drugs for sleep, anxiety, pain.
Choose the drug with the least toxic potential.
Substitute less toxic alternatives whenever possible (antacid or sucralfate for an 

H2-blocker or proton pump inhibitors, psyllium with bismuth subsalicylate for 
loperamide or diphenoxylate/atropine, scheduled acetaminophen regimen for 
pain management).

Reduce the dosage.
“Start low and go slow.”

Start with 25 to 50% of the standard dose of psychoactive drugs in the elderly.
Titrate the drug slowly.
Set realistic end points: titrate to improvement, not elimination of symptoms.

Keep the regimen simple.
Regularly reassess the medication list. Have the patient bring in all bottles and review 

what is being taken.
Reevaluate long-time drug use because the patient is changing.
Review over-the-counter medications, including herbal remedies.

antacids) or dosage reductions for older patients, especially when the medica-
tion is being used for prophylaxis rather than treatment of active disease. Proton 
pump inhibitors have been associated with delirium but have less neuropsy-
chiatric toxicity than H2-receptor antagonists.

Psychoactive drugs account for nearly 50% of preventable adverse drug 
events, often in patients who have been prescribed three or more psychoactive 
drugs, frequently at inappropriately high doses in the elderly. Delirium and 
cognitive impairment are the most frequent adverse outcomes of psychoactive 
drugs. The use of any psychoactive drug is associated with a 4-fold increased 
risk of delirium or cognitive decline, but the outcomes of these conditions 
depend on the type or class of drug administered and the total number of 
drugs received. Sedative-hypnotic drugs are associated with a 3- to 12-fold 
increased risk for delirium or cognitive decline, narcotics are associated with a 
2- to 3-fold increased risk, and anticholinergic drugs are associated with a 5- to 
12-fold increased risk. Each drug carries its own individual risk for adverse 
outcomes, and when multiple drugs are used, the overall risk is compounded 
by the heightened potential for drug-drug and drug-disease interactions. If 
more than three drugs are added in a 24-hour period, the risk of delirium 
increases 4-fold. Similarly, the risk of cognitive decline increases directly with 
the number of drugs prescribed, from a 3-fold increased risk with two or three 
drugs to a 14-fold increased risk with six or more drugs.

Principles of Drug Therapy in the Elderly
Physicians always should consider whether nonpharmacologic approaches 

(Chapter 34) may be used as alternatives to medications in older persons. 
Relaxation techniques, massage, and music are highly effective for the treat-
ment of insomnia and anxiety; localized pain can often be managed effectively 
with local measures such as injection, heat, ultrasound, and transcutaneous 
electrical stimulation.

When drug therapy is required in the elderly, physicians should choose the 
drug with the least toxic potential and emphasize drugs that have been well 
tested in older populations (Table 24-7). It is often wise to start with 25 to 50% 
of the standard adult dosage for a psychoactive drug and to increase the dose 
slowly. Drug regimens should be kept simple, with the fewest drugs and the 
fewest number of pills possible. For example, because low daytime systolic 
blood pressure is independently associated with a greater progression of cogni-
tive decline, care should be taken not to overtreat hypertensive elderly patients. 
Ambulatory blood pressure monitoring may be useful to help avoid such over-
treatment (Chapter 70).8 Most important, the medication list should be reas-
sessed frequently. Involving a clinical pharmacist in the care team can significantly 

improve health care outcomes. A1  Systematic interventions involving geriatricians, 
clinical pharmacists, and computer-based monitoring systems also can signifi-
cantly reduce the frequency of adverse drug reactions in older persons. A2 

,
 A3 

For persons with dementia or cognitive impairment, the following classes 
of drugs should be avoided or discontinued if possible: anticholinergic drugs, 
benzodiazepines, H2-receptor antagonists, meperidine, sedative-hypnotics, and 
antipsychotic medications (unless they are being used to treat active psychotic 
or delusional features). Even long-standing medications should be reevaluated 
as the patient changes with age and illness. Long-term use does not justify 
continued use. The physician should review with the patient all prescribed and 
over-the-counter medications on a regular basis, preferably by having the patient 
bring in all medication bottles and indicate how each is being taken. Patients 
frequently underestimate the toxic potential of over-the-counter medications 
and herbal remedies, and they may be using a variety of such agents that 
could potentiate the side effects or directly counteract the desired effects of 
prescription medications (Chapter 26). For example, high-risk over-the-counter 
medications for older persons include nonsteroidal anti-inflammatory agents, 
H2-blockers, and antihistamines. In addition, herbal remedies may interact with 
warfarin either to increase or to decrease its effect (St. John’s wort decreases 
the effect and makes anticoagulation more difficult; gingko biloba increases 
the effect and may cause bleeding); others (such as kava kava, echinacea, and 
Chinese herbal preparations) have been associated with the risk of hepatotoxicity. 
Even in elderly men with low testosterone levels, testosterone supplementation 
does not improve cognitive function. A4 
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Answer: E This patient demonstrates symptoms of a major depressive disorder, 
including anhedonia, loss of interest in his usual activities, excessive sleep, 
loss of appetite, and weight loss. His cognitive screening test reveals cognitive 
“dilapidation” with poor effort, sometimes called a pseudodementia. His 
depression screening reveals marked depressive symptoms. In older persons, 
somatic symptoms are often more prominent than mood complaints. This 
patient should be referred for immediate geropsychiatric evaluation and man-
agement. Precipitants are not always present, but bereavement and acute or 
chronic medical conditions can contribute. There is no evidence of Parkinson 
disease, and the patient does not meet criteria for mild cognitive impairment 
or dementia.

4. Older persons are at least three times more likely than younger persons to 
experience an adverse drug reaction. All of the following contribute to this 
propensity except which one?
 A. Greater number of drugs
 B. Multiple chronic conditions
 C. Decreased glomerular filtration rate
 D. Decreased hepatic function
 E. Increased physiologic reserve

Answer: E Because of a greater number of drugs and chronic conditions, the 
elderly are at increased risk of drug-drug and drug-disease interactions. In 
addition, renal and hepatic functioning are relatively decreased, as is physi-
ologic reserve capacity. Drug receptor sensitivity can be either increased or 
decreased, depending on the drug and receptor regulation.

5. An 86-year-old widowed woman living alone with peripheral vascular 
disease, lower extremity amputation, hypertension, and old stroke without 
residua is brought in by her neighbor for increasing forgetfulness during 
the past year. Your examination reveals a cheerful, interactive, and well-
groomed woman with normal findings on neurologic examination. She 
has five errors on the Short Portable Mental Status Questionnaire. What 
is the most appropriate next step in her evaluation?
 A. Obtain brain imaging and lumbar puncture
 B. Assess her activities of daily living and level of independence
 C. Initiate treatment with an acetylcholinesterase inhibitor
 D. Initiate treatment with an antidepressant
 E. Refer her for nursing home placement

Answer: B Assessment of activities of daily living (both basic and instru-
mental) is key to the diagnosis of dementia, and information must often be 
obtained from a reliable informant. This is the important next step in the 
evaluation. Dementia can be diagnosed only in the presence of a functional 
impairment. After this assessment is complete, further evaluation can include 
laboratory work, neuroimaging, and other testing as required. Her ability to 
live independently must also be assessed, and social work involvement is rec-
ommended after a diagnosis is established.

REVIEW QUESTIONS

1. An 85-year-old woman with a history of hypertension, diabetes, hearing loss, 
remote breast cancer, transient ischemic attacks, and prior cerebrovascular 
event is brought in to your office by her daughter for increasing memory 
loss. The patient lives alone, but her daughter is nearby and very attentive. 
What would be the most appropriate next steps in the evaluation?
 A. Recent history and urgent brain MRI scan
 B. Recent history, cognitive screening, and neurologic examination
 C. Recent history, neurologic examination, and brain MRI scan
 D. Chest and head CT scans for metastatic disease
 E. Recent history, carotid ultrasound, and brain MRI scan

Answer: B The first step is to establish a diagnosis of the suspected memory 
problem, which requires a history about the memory loss and any correspond-
ing functional changes from the daughter, a careful neurologic examination 
for focal changes, and cognitive screening tests. If cognitive testing corroborates 
cognitive impairment, then further evaluation is indicated. If the changes are 
chronic with memory impairment on cognitive testing, dementia is more 
likely. Neuroimaging tests would not be appropriate first steps in the 
evaluation.

2. An 82-year-old woman with atrial fibrillation, congestive heart failure, 
hyperlipidemia, diabetes mellitus, and hypertension is brought to you by 
her daughter for evaluation of the acute onset of disorientation and agita-
tion. Her medications include furosemide, metoprolol, atorvastatin, ser-
traline, warfarin, ranitidine, amlodipine, and an over-the-counter sleep 
remedy containing diphenhydramine. Which of her medications are most 
likely to be contributing to her altered mental status?
 A. Furosemide, metoprolol, and amlodipine
 B. Warfarin, atorvastatin, and sertraline
 C. Sertraline, ranitidine, and diphenhydramine
 D. Diphenhydramine, warfarin, and metoprolol
 E. Atorvastatin, furosemide, and sertraline

Answer: C Drugs with psychoactive side effects are most likely contributing 
to this patient’s altered mental status. Anticholinergic drugs (such as diphenhy-
dramine) are common contributors to mental status changes. Over-the-counter 
medications containing these agents should be used with caution in older 
persons. H2-receptor blockers are among the most common drugs contribut-
ing to delirium. Antidepressants may also contribute to mental status changes, 
even at therapeutic levels. Choice A is not correct because these drugs are 
not highly correlated with mental status changes, although metoprolol can 
cross the blood-brain barrier. A major adverse effect of this combination in 
the elderly is orthostatic hypotension. All of the other combinations have 
only one drug listed that has marked psychoactive effects.

3. A 78-year-old man with hypertension, peripheral vascular disease, osteo-
arthritis of the knees, and macular degeneration is brought in by his daughter 
for evaluation of confusion and “failure to thrive” after a flu-like illness 2 
months ago. The daughter reports that during the past few weeks, her father 
has been drowsy and sleeping most of the day. His memory is poor at 
times, but he remains independent in all self-care activities. Normally active, 
he has stopped his usual gardening and walking and shows little interest 
in interacting with his grandchildren, which he normally enjoys. His appetite 
is poor, and he has lost weight. Your examination reveals a flattened affect 
with poor eye contact. Neurologic examination is nonfocal without cog-
wheeling or tremor. On the Short Portable Mental Status Questionnaire, 
he has two errors after initially poor effort, which improved after extensive 
prompting and encouragement. He scores 7 of 15 on the Geriatric Depres-
sion Scale. What is the most likely diagnosis?
 A. Early-onset Parkinson disease
 B. Mild cognitive impairment
 C. Early dementia (combined vascular and Alzheimer type)
 D. Post–viral encephalitis
 E. Major depressive disorder



CHAPTER 25 Delirium in the OlDer Patient 113

25 
DELIRIUM IN THE OLDER PATIENT
SHARON K. INOUYE

Delirium, one of the most common presenting symptoms in acutely ill elders, 
is estimated to account for 30% of emergency evaluations among older patients. 
Mental status change often serves as a barometer of the underlying health of 
an older patient and is commonly the only symptom of serious underlying 
disease. A broad range of medical, neurologic, and psychiatric conditions can 
lead to delirium (Chapters 369 and 374). A systematic approach aids in the 
evaluation of suspected delirium in an older patient (Fig. 25-1).

The first step in evaluating suspected delirium in an older patient is to obtain 
a detailed history from a reliable informant to establish the patient’s baseline 
level of cognitive function and the clinical course of any cognitive changes. 
Chronic changes (those occurring during months to years) most likely rep-
resent an underlying dementing illness and should be evaluated accordingly 
(Chapter 374). Acute changes (those occurring during days to weeks)—even 
if superimposed on an underlying dementia—should be evaluated by a formal 
cognitive assessment to determine whether delirium is present. If features of 
delirium (e.g., inattention, disorganized thinking, altered level of consciousness, 
fluctuating symptoms) are not present, further evaluation for depression, acute 
nonorganic psychotic disorders, or other psychiatric conditions is indicated.

 DELIRIUM
Delirium, a clinical syndrome characterized as an acute disorder of attention 
and cognitive function, is the most frequent complication of hospitalization 
for elders and is a potentially devastating problem. Delirium is often unrec-
ognized despite sensitive methods for its detection, and its complications may 
be preventable.1

 DEFINITION
The diagnostic criteria for delirium are evolving (Table 25-1). The Diagnostic 
and Statistical Manual of Mental Disorders is based on expert consensus, but 
the diagnostic sensitivity and specificity of its criteria have not been tested. 
The Confusion Assessment Method and a shorter version of it can provide a 
simple, operationalized diagnostic approach (Table 25-2). In studies of more 
than 1000 subjects, it has a sensitivity of 94%, a specificity of above 85%, and 
high interrater reliability.

 EPIDEMIOLOGY
In persons older than 65 years admitted to general medical services, the preva-
lence of delirium at hospital admission is 18 to 35%. Delirium develops anew 
in an additional 11 to 14% of these patients during hospitalization. Higher 
rates are found when frequent surveillance is performed in older, surgical,2 
and intensive care populations. Delirium occurs in 10 to 50% of postoperative 
patients, up to 80% of patients in medical intensive care units, up to 35% of 
nursing home patients, and at least 45% of patients at the end of life.

The hospital mortality rates for delirium are 25 to 33%, as high as those 
associated with sepsis. The problem of delirium in hospitalized elderly patients 
has assumed particular prominence because patients aged 65 years and older 
currently account for more than 50% of all inpatient days of hospital care. 
Based on U.S. vital health statistics, delirium complicates hospital stays for at 
least 2.6 million adults age 65 and older and accounts for more than $164 
billion in health care expenditures annually. Thus, delirium holds extensive 
economic and health policy implications.

 PATHOBIOLOGY
Similar to other common geriatric syndromes (Chapter 22), delirium usually 
has multiple causes. A search for the many potential underlying contributors 
requires clinical astuteness and a thorough medical evaluation, especially because 
many of these factors are treatable but may result in substantial morbidity 
and mortality if left untreated. The process is made more challenging by the 
frequently nonspecific, atypical, or muted features of the underlying illness 
in older persons. Delirium is commonly the only initial sign of an underlying 
life-threatening illness, such as pneumonia (Chapter 91), urosepsis (Chapter 
268), or myocardial infarction (Chapter 64) in the older population.

The basic pathogenesis of delirium remains unclear. Recent evidence sug-
gests that interacting biologic factors result in disruption of large-scale neuronal 
networks in the brain, thereby leading to acute cognitive disruption and delirium. 
For example, delirium is related to longitudinal diffusion changes in frontal, 
parietal, and temporal white matter.3 Some of the leading proposed mechanisms 
include disruption in neurotransmitter systems, inflammation, physiologic 
stressors, metabolic derangements, and genetic factors. Many neurotransmitter 
systems are potentially involved, but relative cholinergic deficiency and dopa-
mine excess are the most frequently linked. Inflammation may play an important 
role, with peripheral inflammation triggering neuroinflammation and microglial 
activation.

The development of delirium usually involves a complex interrelationship 
between a vulnerable patient with pertinent predisposing factors and exposure 
to noxious insults or precipitating factors. Delirium may develop in vulnerable 
patients, such as cognitively impaired or severely ill patients, after a relatively 
benign insult, such as a single dose of sleeping medication. Conversely, in 
patients who are not vulnerable, delirium may develop only after exposure to 
multiple noxious insults. Previous studies have shown that the effects of these 
risk factors may be cumulative. Recognition of this multifactorial causation 
is important to the clinician because the removal or treatment of one factor 
in isolation usually is not sufficient to resolve the delirium. The full spectrum 
of vulnerability and precipitating factors should be addressed.

Factors that predispose patients to delirium include preexisting cognitive 
impairment or dementia, history of delirium, functional impairment, visual 
or hearing impairment, multiple comorbid conditions, severe underlying illness, 
depression, history of a stroke or transient ischemic attack, alcohol abuse, and 
advanced age. Dementia is an important and consistent risk factor for delirium; 
persons with dementia have a two-fold to five-fold increased risk for delirium, 
and 30 to 50% of delirious patients have underlying dementia.

Medications, the most common remediable causes of delirium, contrib-
ute to delirium in 40% of cases (Chapter 24). Insufficiency or failure of 
any major organ system, particularly renal or hepatic failure, can precipitate 
delirium. Surgical procedures are leading risk factors for delirium. Hypox-
emia and hypercarbia have been associated with delirium. Clinicians must 
be attuned to occult respiratory failure, which in the elderly often lacks the 
usual signs and symptoms of dyspnea and tachypnea and can be missed by 
the measurement of oxygen saturation alone. Acute myocardial infarction or 
heart failure can be manifested as delirium in an elderly patient without the 
usual symptoms of chest pain or dyspnea. Occult infection is a particularly 
notable cause of delirium. Older patients frequently fail to mount the febrile 
or leukocytotic response to infection, and clinicians must assess them care-
fully for signs of pneumonia, urinary tract infection, endocarditis, abdominal 
abscess, or infected joints. A variety of metabolic disorders may contribute to 
delirium, including hypernatremia and hyponatremia, hypercalcemia, acid-base 
disorders, hypoglycemia and hyperglycemia, and thyroid or adrenal disorders. 
Immobilization and immobilizing devices (e.g., indwelling bladder catheters, 
physical restraints, bed alarms) are important factors in precipitating delirium. 
Dehydration and volume depletion and nutritional decline during hospitalization 
(e.g., weight loss, fall in serum albumin concentration) are well-documented 
factors contributing to delirium. Drug and alcohol withdrawal are impor-
tant and often unsuspected causes of delirium in the elderly. Environmental 
factors, such as unfamiliar surroundings, sleep deprivation, deranged sched-
ule, frequent room changes, sensory overload, and sensory deprivation, may 
aggravate delirium in the hospital. Psychosocial factors, such as depression, 
psychological stress, pain, and lack of social supports, also may precipitate  
delirium.

 CLINICAL MANIFESTATIONS
The cardinal features of delirium include acute onset and inattention.4 Estab-
lishing the acuteness of onset requires accurate knowledge of the patient’s 
baseline cognitive function. Patients with delirium are inattentive; that is, they 
have difficulty focusing, maintaining, and shifting attention. They appear easily 
distracted and have difficulty in maintaining conversation and following com-
mands. Objectively, patients may have difficulty with simple repetitive tasks, 
digit spans, and recitation of months backward. Other key features include 
disorganized thought processes, which are usually a manifestation of underly-
ing cognitive or perceptual disturbances; altered level of consciousness, which 
typically consists of lethargy with reduced awareness of the environment; and 
fluctuation of cognitive symptoms. Although not cardinal elements, other 
features that frequently occur during delirium include disorientation, cognitive 
deficits, psychomotor agitation or retardation, perceptual disturbances such as 
hallucinations and illusions, paranoid delusions, and sleep-wake cycle reversal.
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ABSTRACT
Delirium, a clinical syndrome characterized as an acute disorder of attention 
and global cognitive functioning, is the most frequent complication of hos-
pitalization for elders and is a potentially devastating problem, associated with 
functional decline, institutionalization, increased mortality, and high health 
care expenditures. Delirium is often unrecognized despite sensitive methods 
for its detection. Recent evidence suggests that interacting biologic factors 
result in disruption of large-scale neuronal networks in the brain and subse-
quently to acute cognitive disruption and delirium. Some of the leading pro-
posed mechanisms include disruption in neurotransmitter systems, inflammation, 
and other physiologic stressors. The development of delirium usually involves 
a complex interrelationship between a vulnerable patient with pertinent pre-
disposing factors and exposure to noxious insults or precipitating factors. 
Evaluation of suspected delirium should begin with a comprehensive history 
and physical examination, brief cognitive screening, followed by a validated 
delirium tool. The most effective strategy to reduce delirium is primary pre-
vention. Clinical trials document that multicomponent nonpharmacologic 
interventions targeted toward delirium risk factors can reduce the incidence 
of delirium by 30 to 40%. These components include strategies designed to 
improve orientation, provide therapeutic activities, increase mobilization, 
enhance sleep with nonpharmacologic interventions, optimize vision and 
hearing, and manage dehydration. Preoperative geriatric consultation and 
lighter anesthesia also can reduce postoperative delirium. Pharmacologic 
approaches have not been found to be effective for either prevention or treat-
ment of delirium, and they should be reserved for patients whose symptoms 
may result in interruption of essential medical therapies or may endanger the 
safety of the patient or other persons.
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Suspected delirium

Establish patient's baseline cognitive functioning
and clinical course of change

Chronic Acute

Review medication
(including PRNs, herbal,

and over-the-counter
medications)

History, including alcohol use
Vital signs

Physical examination, including 
neurologic examination

Targeted laboratory testing
Search for occult infection

Consider further options
Laboratory testing: TFTs, B12,

toxicology screen,
cortisol, etc.

Arterial blood gas
Cerebrospinal fluid examination

Brain imaging
Electroencephalogram

Pharmacologic approaches
Indications: reserved for patients with severe
  agitation that will pose safety risks:
Start with a low dose of 1 of the drugs listed
  below; maintain effective dose for about 2 days
  before tapering
Seroquel, oral (12.5-25 mg twice daily)
Olanzapine, oral (2.5-5 mg once daily)
Haloperidol, oral, intramuscular, or intravenous
  (0.25-0.5 mg, may repeat every 20-30 min, not
  exceed 3-5 mg in 24 hours); due to risk of
  torsades de pointes, intravenous haloperidol
  should be administered in monitored settings
  only.
Management of sleep-wake cycle
  Melatonin, oral (3-5 mg at bedtime)
  Ramelteon, oral (8 mg at bedtime)

Remove or alter any 
potentially contributory 

medications, or any with 
potentially harmful

interactions

Delirium

Evaluation

Evaluation

Treatment as appropriate
for each condition

Treatment as
appropriate for

each contributor

Potential
contributor
identified

No potential
contributor identified

Subgroup with severe agitationAll patients

Delirium
management

Depression
Acute psychotic disorder

Other psychiatric disorder 

Nonpharmacologic approaches
Reorientation strategies and schedule of
  activities
Use of sitters or family members
Relaxation techniques: music and massage
Avoid physical restraints and immobilizing
  devices (e.g., Foley catheters, bed alarms)
Maintain mobility and self-care
Use eyeglasses, hearing aids, interpreters
At night, keep room quiet with low-level lighting
Allow uninterrupted periods of sleep at night
Encourage fluids, prevent dehydration

Dementia evaluation Delirium assessment
(including cognitive screening test)

FIGURE 25-1. Algorithm for the evaluation of suspected delirium in older persons. Prn = as needed; tFts = thyroid function tests. 

 DIAGNOSIS
The cornerstone of the evaluation of delirium is a comprehensive history and 
physical examination (Table 25-3). The first step is to establish the diagnosis 
of delirium through cognitive assessment and to determine whether the present 
condition represents an acute change from the patient’s baseline cognitive 
function, such as from a family member. Because cognitive impairment may 
not be apparent during conversation, brief cognitive screening tests—such 
as the Short Portable Mental Status Questionnaire (see Table 24-4), Mini-Cog 
test (see Table 24-5), the Confusion Assessment Method, the 3-minute diag-
nostic interview (see Table 25-2) or another validated delirium tool—should 
be used (Video 25-1). Attention should be assessed further with other simple 
tests, such as a forward digit span (inattention is indicated by an inability to 
repeat five digits forward) or recitation of the months backward (allow maximum 
of one error). The history, which should be obtained from a reliable informant, 
is targeted to establish the patient’s baseline cognitive function and the time 
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course of any mental status change and to obtain clues about potential pre-
cipitating factors, such as recent medication changes, intercurrent infection, 
or medical illness. Physical examination should include a detailed neurologic 
examination for focal deficits and a careful search for signs of occult infection 
or an acute abdominal process.

Review of the patient’s medication list, including over-the-counter medica-
tions and herbal remedies, is crucial, and the use of medications with psycho-
active effects should be discontinued or minimized whenever possible. In the 
elderly, these medications may cause psychoactive effects even at doses and 
measured drug levels within the “therapeutic range.” Consideration should 
also be given to the possibility that withdrawal from alcohol or other medica-
tions is a contributor to delirium.

Laboratory Findings
Laboratory evaluation must be tailored to the individual situation (see Table 
25-3). In patients with preexisting cardiac or respiratory diseases or related 
symptoms, electrocardiography or arterial blood gas determination may be 
indicated. The need for cerebrospinal fluid examination is controversial except 
for the clear indication of the febrile delirious patient, in whom meningitis 
or encephalitis is suspected. Brain imaging should be reserved for patients 
with new focal neurologic signs, those with a history or signs of head trauma 
(e.g., upper body bruising), and those without another identifiable cause of 
the delirium. Electroencephalography (EEG), with a false-negative rate of 
17% and a false-positive rate of 22% for distinguishing delirious from nonde-
lirious patients, has a limited role and is most useful for detecting an occult 
seizure disorder and differentiating delirium from psychiatric disorders.

Differential Diagnosis
A crucial difficulty is distinguishing a long-standing confusional state (demen-
tia) from delirium alone or delirium superimposed on dementia (see Fig. 
25-1). These two conditions are differentiated by the acute onset of symptoms 
in delirium (dementia is much more insidious) and the impaired attention 
and altered level of consciousness associated with delirium. The differential 
diagnosis also includes depression and nonorganic psychotic disorders. Although 
paranoia, hallucinations, and affective changes can occur with delirium, the 
key features of acute onset, inattention, altered level of consciousness, and 
global cognitive impairment assist in the recognition of delirium. At times, 
the differential diagnosis can be difficult, particularly with an uncooperative 
patient or when an accurate history is unavailable. Because of the potentially 
life-threatening nature of delirium, it is prudent to manage the patient as if 
he or she has delirium and to search for and treat underlying precipitants (e.g., 
intercurrent illness, metabolic derangement, drug toxicity) until further infor-
mation can be obtained.

 DIAGNOSIS
The cornerstone of the evaluation of delirium is a comprehensive history and 
physical examination (Table 25-3). The first step is to establish the diagnosis 
of delirium through cognitive assessment and to determine whether the present 
condition represents an acute change from the patient’s baseline cognitive 
function, such as from a family member. Because cognitive impairment may 
not be apparent during conversation, brief cognitive screening tests—such 
as the Short Portable Mental Status Questionnaire (see Table 24-4), Mini-Cog 
test (see Table 24-5), the Confusion Assessment Method, the 3-minute diag-
nostic interview (see Table 25-2) or another validated delirium tool—should 
be used (Video 25-1). Attention should be assessed further with other simple 
tests, such as a forward digit span (inattention is indicated by an inability to 
repeat five digits forward) or recitation of the months backward (allow maximum 
of one error). The history, which should be obtained from a reliable informant, 
is targeted to establish the patient’s baseline cognitive function and the time 

TABLE 25-1 DIAGNOSTIC CRITERIA FOR DELIRIUM
DSM-5 CRITERIA*

•	 Disturbed	attention	(i.e.,	reduced	ability	to	direct,	focus,	sustain,	and	shift	
attention) and awareness (reduced orientation to the environment) that has 
developed in a short time (usually hours to a few days), represents a change from 
baseline attention and awareness, and tends to fluctuate in severity during the 
course of a day

•	 An	additional	disturbance	in	cognition	(e.g.,	memory	deficit,	disorientation,	
language, visuospatial ability, or perception)

•	 Evidence	from	the	history,	physical	examination,	or	laboratory	findings	that	the	
disturbance is a direct physiologic consequence of another medical condition, 
substance intoxication or withdrawal, exposure to a toxin, or multiple causes

•	 No	evidence	for	another	preexisting,	established,	or	evolving	neurocognitive	
disorder to explain the inattention and cognitive disturbance

•	 No	evidence	for	a	reduced	level	of	arousal,	such	as	coma
CAM DIAGNOSTIC ALGORITHM†

Feature 1. Acute onset and fluctuating course. This information is usually obtained 
from a family member or nurse: Is there evidence of an acute change in mental 
status from the patient’s baseline? Did the (abnormal) behavior fluctuate during 
the day?

Feature 2. Inattention. Did the patient have difficulty focusing attention—for 
example, was he or she easily distracted or did he or she have difficulty keeping 
track of what was being said?

Feature 3. Disorganized thinking. Was the patient’s thinking disorganized or 
incoherent, such as rambling or irrelevant conversation, unclear or illogical flow of 
ideas, or unpredictable switching from subject to subject?

Feature 4. Altered level of consciousness. Overall, how would you rate this patient’s 
level of consciousness: alert (normal), vigilant (hyperalert), lethargic (drowsy, 
easily aroused), stupor (difficult to arouse), or coma (unable to arouse)?

*DSM-5 = Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Modified with permission 
from American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th ed. 
Washington, DC: American Psychiatric Association; 2013.
†The diagnosis of delirium requires the presence of features 1 and 2 and either 3 or 4. CAM = 
Confusion Assessment Method. Adapted with permission. Copyright 2003, Hospital Elder Life 
Program,	LLC.	Not	to	be	reproduced	without	permission.	Full	instrument	at:	www.
hospitalelderlifeprogram.org.

TABLE 25-2 THE 3-MINUTE DIAGNOSTIC INTERVIEW FOR THE CONFUSION ASSESSMENT METHOD (3D-CAM)*

TYPE OF ASSESSMENT

FEATURE 1: ACUTE CHANGE 
IN MENTAL STATUS WITH A 

FLUCTUATING COURSE† FEATURE 2: INATTENTION
FEATURE 3: DISORGANIZED 

THINKING

FEATURE 4: ALTERED 
LEVEL OF 

CONSCIOUSNESS
Patient’s responses: any 

single criterion or inability 
to respond means the 
feature is present

In the past day, has the patient
•	 been	confused?
•	 thought	they	were	not	in	the	

hospital?
•	 seen	things	that	are	not	really	

there?

Can the patient do
•	 three	digits	backward?
•	 four	digits	backward?
•	 days	of	the	week	backward?
•	 months	of	the	year	

backward?

Can the patient state
•	 the	current	year?
•	 the	day	of	the	week?
•	 that	they	are	in	the	hospital?

None

Interviewer’s observations: 
any criterion means the 
feature is present

Had fluctuations in:
•	 attention?
•	 speech	or	thinking?

Was the patient easily distractible 
or having trouble keeping track 
of the interview?

Was the patient’s:
•	 flow	of	ideas	unclear	or	illogical?
•	 conversation	rambling	or	tangential?
•	 speech	unusually	limited	or	sparse?

Was the patient comatose, 
stuporous, sleepy, or 
hypervigilant?

*The presence of features 1 and 2 and either 3 or 4 establishes the diagnosis of delirium.
†A supplemental assessment of feature 1 is to be performed only if feature 2 and either feature 3 or 4 are present but feature 1 is not present.
Adapted from Marcantonio ER. Delirium in hospitalized older adults. N Engl J Med. 2017;377:1456-1466.
For	the	Confusion	Assessment	Method,	please	see	Marcantonio	ER,	Ngo	LH,	O’Conner	M,	et	al.	Ann Intern Med. 2014;161:554-561.

Prevention
The most effective strategy to reduce delirium and its associated complications 

is primary prevention before delirium occurs. Preventive strategies should address 
important risk factors and target moderate- to high-risk patients at baseline 
(Table 25-4).5 Clinical trials document that multicomponent nonpharmacologic 

TREATMENT

http://www.hospitalelderlifeprogram.org/
http://www.hospitalelderlifeprogram.org/
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TABLE 25-3 EVALUATION OF DELIRIUM IN  
ELDERLY PATIENTS

Perform cognitive testing and determine baseline cognitive functioning: establish the 
diagnosis of delirium.

Obtain a comprehensive history and perform a physical examination, including a 
careful neurologic examination for focal deficits and a search for occult infection.

Review the patient’s medication list: discontinue or minimize all psychoactive 
medications; check the side effects of all medications.

Perform a laboratory evaluation (tailored to the individual): complete blood count, 
electrolytes, blood urea nitrogen, creatinine, glucose, calcium, phosphate, liver 
enzymes, oxygen saturation.

Search for occult infection: physical examination, urinalysis, chest radiography, 
selected cultures (as indicated).

When no obvious cause is revealed after these steps, further targeted evaluation is 
considered in selected patients, as follows:

Laboratory tests: magnesium, thyroid function, vitamin B12 level, drug levels, 
toxicology screen

Arterial blood gas analysis: indicated in patients with dyspnea, tachypnea, any 
acute pulmonary process, or history of significant respiratory disease

Electrocardiography: indicated in patients with chest or abdominal discomfort, 
shortness of breath, or cardiac history

Cerebrospinal fluid examination: indicated when meningitis or encephalitis is 
suspected

Brain imaging: indicated in patients with new focal neurologic signs or with a 
history or signs of head trauma

Electroencephalography: useful in diagnosis of occult seizure disorder and in 
differentiating delirium from nonorganic psychiatric disorders

TABLE 25-4 CURRENT AMERICAN GERIATRICS SOCIETY 
CLINICAL PRACTICE GUIDELINES FOR THE 
PREVENTION AND TREATMENT OF 
POSTOPERATIVE DELIRIUM*

STRONG RECOMMENDATIONS
BENEFITS CLEARLY OUTWEIGH RISKS 

OR VICE VERSA
Multicomponent nonpharmacologic 

prevention
•	 Interdisciplinary	team
•	 Target	mobility,	orientation,	sleep,	fluids,	

nutrition, sensory impairment
Educational programs •	 Ongoing	delirium	education	for	health	care	

professionals
Medical evaluation •	 Identify	and	manage	underlying	

contributors to delirium
Pain management •	 Optimize	pain	control,	using	nonopioid	

medications
Medications to avoid •	 Medications	associated	with	precipitating	

delirium
•	 Newly	added	cholinesterase	inhibitors
•	 Benzodiazepines	for	first-line	treatment	or	

for hypoactive delirium
•	 Antipsychotics	for	hypoactive	delirium

WEAK RECOMMENDATIONS

EVIDENCE IN FAVOR OF THESE 
INTERVENTIONS, BUT LEVEL OF 

EVIDENCE OR POTENTIAL RISKS LIMIT 
STRENGTH OF RECOMMENDATION

Multicomponent nonpharmacologic 
interventions (for treatment)

•	 Delivered	by	interdisciplinary	team	after	
diagnosis of postoperative delirium

Pain management •	 Injection	of	regional	anesthetic	at	the	time	
of surgery and postoperatively to improve 
pain control

Antipsychotics •	 For	severe	agitation	only,	use	of	
antipsychotics (haloperidol, risperidone, 
olanzapine, quetiapine, or ziprasidone) at 
the lowest effective dose for shortest 
possible duration

*Note:	these	guidelines	precede	several	randomized	trials	cited	in	this	chapter.
Adapted from American Geriatrics Society Expert Panel on Postoperative Delirium in Older Adults. 
American Geriatrics Society abstracted clinical practice guideline for postoperative delirium in older 
adults. J Am Geriatr Soc. 2015;63:142-150. Full guideline available on GeriatricsCareOnline.org.

interventions targeted toward delirium risk factors can reduce the incidence 
of delirium by 30 to 40%. A1-A4  These components typically include strategies 
designed to improve orientation, to provide therapeutic activities, to increase 
mobilization and exercise, to enhance sleep with nonpharmacologic interventions, 
to optimize vision and hearing, and to manage dehydration. Preoperative geriatric 
consultation and lighter anesthesia also can reduce postoperative delirium.

In a randomized trial, ramelteon (a melatonin receptor agonist at 8 mg nightly) 
significantly reduced the risk of delirium in seriously ill, older hospitalized patients 
from 32% to 3%. A5  If confirmed in additional trials, it holds promise as a potential 
treatment for at-risk patients. In other randomized trials, prophylactic intrave-
nous dexmedetomidine (0.1 µg/kg/hour, from intensive care unit admission 
on the day of surgery until 8 AM on postoperative day 1) significantly and safely 
decreased the risk of delirium after noncardiac surgery, and it also can reduce 
delirium in intensive care patients (starting at 0.2 µg/kg/hour and titrated up 
to 0.7 µg/kg/hour from 9:30 PM to 6:15 AM). A6 

,
 A7  By comparison, no other drug 

treatments, including antipsychotics such as haloperidol A8  or cholinesterase 
inhibitors, have been consistently effective in preventing delirium.

Preventive efforts require system-wide changes to educate physicians and 
nurses, to improve their recognition of delirium and heighten their awareness 
of its clinical implications, to provide incentives to change practice patterns 
that lead to delirium (e.g., immobilization, sleep medications, bladder catheters, 
physical restraints), and to create systems that enhance high-quality geriatric 
care (e.g., geriatric expertise, case management, clinical pathways, quality 
monitoring).

Medical Therapy
Nonpharmacologic approaches and family involvement are often helpful 

in managing symptoms. Pharmacologic approaches should be reserved for 
patients whose symptoms may result in the interruption of needed medical 
therapies (e.g., intubation, intravenous lines) or may endanger the safety of the 
patient or other persons. No drug is ideal for the treatment of delirium, and 
any drug can cloud the patient’s mental status further and obscure efforts to 
monitor the course of the mental status change. In fact, antipsychotic medica-
tions may be ineffective A9  or harmful by prolonging delirium and increasing 
adverse outcomes. A10 

,
 A11 

Any drug should be given at the lowest dose and for the shortest time pos-
sible. Neuroleptics are the preferred agents. Haloperidol, the most widely used 
agent, causes less orthostatic hypotension and fewer anticholinergic side effects 
than thioridazine and is available in parenteral form; however, it has a higher 
rate of extrapyramidal side effects and acute dystonias. Second-generation 
antipsychotics have not proved superior to haloperidol. If parenteral adminis-
tration is required, intravenous haloperidol should be administered in a moni-
tored setting because its use results in a rapid onset of action, short duration 
of effect, and risk of hypotension and torsades de pointes; oral and intramuscular 
administration has a more optimal duration of action, and these are the pre-
ferred routes. The recommended starting dose is 0.25 to 0.5 mg of haloperidol 
orally or intramuscularly, repeated every 30 minutes after the vital signs have 
been rechecked, until sedation has been achieved. The end point should be 
an awake but manageable patient. The average elderly patient who has not 
been treated previously with neuroleptics should receive no more than 3 to 
5 mg of haloperidol in a 24-hour period. Subsequently, a maintenance dose 
consisting of half the loading dose should be administered in divided doses 
during the next 24 hours, with doses tapered during the next few days as the 
agitation resolves.

Benzodiazepines are not recommended as the first-line treatment of delirium 
because of their tendency to cause oversedation and to exacerbate the con-
fusional state. They remain the drugs of choice, however, for the treatment of 
withdrawal syndromes from alcohol and sedative drugs (Chapters 30 and 31).

Nonpharmacologic Management
Multicomponent geriatric interventions may be effective in improving quality 

of life with the potential for significant cost savings. Nonpharmacologic man-
agement techniques recommended for every delirious patient include encour-
aging the presence of family members, using “sitters” as orienting influences, 
and transferring a disruptive patient to a private room or closer to the nurses’ 
station for increased supervision. Interpersonal contact and communication, 
including verbal reorientation strategies, simple instructions and explanations, 
and frequent eye contact, are vital. Patients should be involved in their own 
care and allowed to participate in decision making as much as possible. Eye-
glasses and hearing aids may reduce sensory deficits. Mobility, self-care, and 
independence should be encouraged, and physical restraints and bed alarms 
should be avoided, if possible, because of their tendency to increase agitation, 
their lack of efficacy, and their potential to cause injury. Attention must be 
focused on minimizing the disruptive influences of the hospital environment. 
Clocks and calendars should be provided to assist with orientation. Room and 
staff changes should be kept to a minimum. A quiet environment with low-level 
lighting is optimal for delirious patients, and use of ear plugs may be helpful 
for management of delirium. Perhaps the most important intervention is to 
schedule the checking of vital signs, the administration of medications, and 
the performance of procedures to allow a period of uninterrupted sleep at 

 PROGNOSIS
Delirium increases the risk of death about 2-fold,6 of institutionalization about 
2.5-fold, and of dementia more than 12-fold even after controlling for age, 
sex, severity of illness, comorbid conditions, and baseline dementia. Delirium 
also is associated with prolonged length of stay, increased institutional place-
ment, and 30-day readmission.7

Delirium was previously considered a reversible, transient condition, but 
only 20% of patients have complete resolution by 6 months, and 15% have 
long-term cognitive decline at 3 years.8 Delirium has even more pronounced 
effects in patients with underlying dementia. The rate of cognitive decline in 
patients with dementia more than doubles after an episode of delirium, and 
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night. Nonpharmacologic approaches to relaxation, including music, relaxation 
tapes, and massage, can be highly effective in managing agitation.

End-of-Life Care
Delirium occurs in at least 80% of patients at the end of life and is considered 

part of the dying process by many hospice care providers (Chapter 3). Establish-
ing the goals for care in advance with the patient and family is critical to guide 
appropriate management. For example, some patients may prioritize the pres-
ervation of alertness and the ability to communicate with loved ones as long 
as possible; others may prioritize comfort above all else. Physicians must be 
aware that even in terminal patients, many causes of delirium are potentially 
reversible with simple interventions such as adjusting medications, providing 
oxygen, or treating dehydration; however, aggressive diagnostic evaluation is 
usually inappropriate in this population. Nonpharmacologic measures to treat 
agitation and delirium should be instituted in all patients (including massage, 
music, and relaxation therapies), but hypoactive delirium may not benefit from 
pharmacotherapy,9 but haloperidol remains the first-line therapy for agitated 
delirium in terminally ill patients. If more sedation is indicated, a short-acting 
benzodiazepine such as lorazepam (starting dose, 0.5 to 1.0 mg PO, IM, or SL), 
which is easily titrated, is recommended in this setting. The addition of loraz-
epam (3 mg intravenously) to haloperidol has been shown to be more effective 
than haloperidol alone to reduce agitation in patients who have advanced 
cancer with severe agitated delirium. A12  Because sedation may result in decreased 
interaction and communication, increased confusion, and respiratory depres-
sion, this choice should be made in conjunction with the family while honoring 
the patient’s preferences.

 PROGNOSIS
Delirium increases the risk of death about 2-fold,6 of institutionalization about 
2.5-fold, and of dementia more than 12-fold even after controlling for age, 
sex, severity of illness, comorbid conditions, and baseline dementia. Delirium 
also is associated with prolonged length of stay, increased institutional place-
ment, and 30-day readmission.7

Delirium was previously considered a reversible, transient condition, but 
only 20% of patients have complete resolution by 6 months, and 15% have 
long-term cognitive decline at 3 years.8 Delirium has even more pronounced 
effects in patients with underlying dementia. The rate of cognitive decline in 
patients with dementia more than doubles after an episode of delirium, and 
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about one in eight hospitalized patients with dementia who develop delirium 
will have at least one severe adverse outcome, including a five-fold increased 
risk of death and a nine-fold increased risk of institutionalization. The long-
term detrimental effects are most likely related to the duration, severity, and 
underlying cause of the delirium and the vulnerability of the patients.
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times during the past week. On your examination, he has temporal wasting 
and bruised areas on his shoulders, but his neurologic examination is non-
focal. He is disoriented to place, date, day, and year; he makes three errors 
on serial sevens. He reports seeing butterflies on the bed. He is unable to 
cooperate with the full mental status testing, stating that he has to get to 
the bank immediately. What is the most likely factor contributing to this 
patient’s delirium?
 A. Malnutrition and dehydration
 B. Postoperative status
 C. Multifactorial etiology
 D. Polypharmacy
 E. Multimorbidity and depression

Answer: C This is a classic example of delirium resulting from multifactorial 
etiology in an older person, that is, the complex interplay between baseline, 
predisposing (vulnerability) factors and precipitating (noxious) factors. 
Although each of the other answers is likely to be contributing to some degree, 
the fundamental principle is that delirium is typically of multifactorial etiology 
in the elderly.

4. You have completed your evaluation of JS (question 3) and made your 
recommendations to the urologist, including recommendations for a meta-
bolic profile, which reveals a sodium level of 126 mg/dL. The urologist 
insists that the patient is ready to be discharged and recommends that any 
further evaluation be completed on an outpatient basis. What are the most 
appropriate management strategies for the patient at this point?
 A. Discharge from the hospital with completion of the evaluation on an 

outpatient basis by the primary care physician
 B. Discharge from the hospital with completion of evaluation on an out-

patient basis by the geriatric assessment clinic
 C. Keep patient on the urology service and attempt to complete the evalu-

ation and to institute a management plan
 D. Obtain a social work consultation for post-acute placement
 E. Transfer to the medical service to complete the evaluation and to institute 

a management plan
Answer: E Because delirium can be a medical emergency, it is important to 
complete the evaluation in the inpatient setting on a timely basis. Given the 
expertise needed, this goal may be best achieved on the medical service. The 
most important next steps are to ensure the patient’s safety and to prevent 
further falls, to evaluate the patient for possible significant head trauma with 
neuroimaging, to correct hyponatremia and other metabolic derangements, 
to eliminate or to reduce nonessential psychoactive medications, and to provide 
appropriate hydration and nutrition. It would not be appropriate at this point 
to discharge the patient or to transfer him to a post-acute setting.

5. Before JS (case in question 3) was admitted for surgery, what were the 
most appropriate strategies that would have been helpful to prevent 
delirium?
 A. Treatment with oral low-dose haloperidol before, during, and for 3 days 

after surgery
 B. Treatment with oral olanzapine before surgery and sublingual olanzapine 

after surgery for 48 hours
 C. Treatment with donepezil beginning 2 to 4 weeks before surgery and 

continuing for 1 month postoperatively
 D. Multicomponent nonpharmacologic prevention strategies to address 

orientation, mobility, medications, vision and hearing impairments, 
nutrition, and hydration

 E. Interdisciplinary geriatric consultation beginning on the first postopera-
tive day to address functional and cognitive status

Answer: D To date, there is no grade A evidence that any pharmacologic 
strategies are effective for preventing delirium. The current recommendation 
is to use multicomponent nonpharmacologic interventions to address delirium 
risk factors, such as the Hospital Elder Life Program (HELP) model (which 
allows	fulfillment	of	all	of	the	National	Institute	for	Health	and	Care	Excel-
lence	(NICE)	guidelines	 for	delirium	prevention).	Proactive	delirium	con-
sultation is effective if it is started preoperatively.

REVIEW QUESTIONS

1. An 85-year-old woman with a history of hypertension, diabetes, transient 
ischemic attacks, prior cerebrovascular event without residua, hearing loss, 
and remote breast cancer is brought in to your office by her daughter for 
increasing memory lapses. The patient lives alone, but her daughter is nearby 
and very attentive. What would be the most appropriate next steps in the 
evaluation?
 A. Recent history and urgent brain MRI scan
 B. Recent history, cognitive screening, and neurologic examination
 C. Recent history, neurologic examination, and brain MRI scan
 D. Chest and head CT scans for metastatic disease
 E. Recent history, carotid ultrasound, and brain MRI scan

Answer: B The first step is to establish a diagnosis of the memory problem, 
which requires a history of the mental status change from the daughter, a 
careful neurologic examination for focal changes, and cognitive screening tests. 
If the changes are acute, with inattention and cognitive dysfunction on testing, 
delirium must be excluded. If the changes are chronic with memory impair-
ment	on	cognitive	testing,	dementia	is	more	likely.	Neuroimaging	tests	would	
not be appropriate first steps in the evaluation.

2. You obtain the recent history and conduct cognitive screening of the patient 
in question 1. The daughter indicates to you that the patient has long-
standing short-term memory problems but has been having more difficulty 
with her regular activities (like forgetting items at the grocery store and 
getting lost while driving) and has had episodes of disorientation during 
the past 1 to 2 weeks; at times, she has not made sense on the telephone. 
On your examination, you find that her neurologic examination is nonfocal, 
and she makes six errors on the Short Portable Mental Status Question-
naire. She has difficulty in following instructions and gives nonsense answers 
to some questions. She is disoriented to date, month, and year; she makes 
five errors on months of the year backwards. What are the key aspects of 
the history and evaluation that support a diagnosis of delirium?
 A. Disorientation, memory loss, and functional impairments (driving, 

shopping)
 B. Disorientation, memory loss, and inattention
 C. Acute onset, disorientation, memory loss
 D. Acute onset, inattention, and evidence of disorganized thinking
 E. Acute onset, inattention, and functional impairments (driving, shopping)

Answer: D The key features of a delirium include the acute onset, inattention 
(in this case manifested by her difficulty in following instructions and errors 
on the sustained attention task of months of the year backwards), and evidence 
of disorganized thinking (in this case manifested by the errors on the mental 
status questionnaire and her nonsense answers to questions). Acute onset of 
disorientation and the functional impairments are supportive features but not 
key diagnostic elements. The memory impairment has been chronic, so it is 
not helpful diagnostically in this case. Formal cognitive screening is key in 
establishing the diagnosis of delirium.

3. You are called as the medical consultant to evaluate JS, an 89-year-old 
retired accountant admitted to the urology service for removal of a benign 
ureteral tumor, because of a recent history of falling and weight loss. He 
is ready for discharge, but the family is concerned about his “failure to 
thrive.” He has a history of chronic renal insufficiency, hypertension, inter-
mittent atrial fibrillation, diastolic dysfunction, previous transient ischemic 
attacks, positive response to PPD, legal blindness due to macular degenera-
tion, osteoarthritis, chronic reflux esophagitis, depression, and mild cognitive 
impairment. He smokes about three cigars per day and drinks two or three 
glasses of wine with dinner each evening. His current daily medications 
include aspirin, famotidine, paroxetine, metoprolol, amiodarone, amlodipine, 
naproxen, clopidogrel, and a multivitamin with minerals. He takes furo-
semide about three times a week for ankle edema. His daughter tells you 
that during the past month, his appetite has been poor in the context of 
severe heartburn, and he has become increasingly withdrawn and refuses 
to eat. He has had two falls in the past week and one fall in the hospital 
last night. In addition, she has found him wandering and disoriented several 
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the half-life is equal to the natural logarithm of 2 (representing a reduction 
of drug concentration to half) divided by Ke. Substituting for Ke from Equa-
tion 4 and calculating the natural logarithm of 2, the half-life can be represented 
by the following equation:

 t VD Cl1
2

0 693= .  (5)

From this equation, one can predict that at a given clearance, as the VD 
increases, the half-life increases. Similarly, at a given VD, as the clearance 
increases, the half-life decreases. Clinically, many disease states (see later) can 
affect VD and clearance. Because disease affects VD and clearance differently, 
the half-life may increase, decrease, or not change much at all. Therefore, the 
half-life by itself is not a good indicator of the extent of abnormality in 
elimination.

The half-life is useful to predict how long it takes for a drug to be eliminated 
from the body. For any drug that has a first-order elimination, one would 
expect that by the end of the first half-life, the drug would be reduced to 50%; 
by the end of the second half-life, to 25%; by the end of the third half-life, to 
12.5%; by the end of the fourth half-life, to 6.25%; and by the end of the fifth 
half-life, to 3.125%. In general, a drug can be considered essentially eliminated 
after five half-lives, when less than 5% of the effective concentration remains. 
Table 26-1 shows the wide variation in half-life for several commonly used 
drugs.

 CLINICAL APPLICATION OF PHARMACOKINETIC 
PRINCIPLES

 Using a Loading Dose
To attain a desired therapeutic concentration rapidly, a loading dose is often 
used. In determining the amount of drug to be given, the clinician must con-
sider the “volume” within the body into which the drug will be distributed. 
This volume is best described by the apparent VD. The loading dose can be 
calculated by multiplying the desired concentration by the VD:

 Loading dose desired concentration VD= ×  (6)

Rapid administration of the entire loading dose may produce an initially 
high peak concentration that results in toxicity. This problem can be avoided 
either by administering the loading dose as a divided dose or by varying the 
rate of access to the circulation, such as by administering the drug as an infu-
sion (with an intravenous drug) or by taking advantage of the slower access 
to the circulation from various other routes (e.g., oral dosing). This approach 
is illustrated by phenytoin (see Table 26-1), which may need to be administered 
with a loading dose to achieve a therapeutic level (10 to 20 mg/L) rapidly. 
Because the VD for phenytoin is approximately 0.6 L/kg, the loading dose 
calculated from Equation 6 is 420 mg/L to attain a minimally therapeutic 
level of 10 mg/L in a 70-kg adult. However, administration of 420 mg of phe-
nytoin by intravenous bolus carries the risk for cardiac arrest and death. By 
taking advantage of the reduced bioavailability (F = 0.8) and slow absorption 
of oral phenytoin, the loading dose can be administered safely as an oral dose 
of 500 mg.

26 
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Under different conditions, a drug may produce diverse effects ranging 
from no effect to a desirable effect to an undesirable toxic effect. Physicians 
must learn how to choose the correct drug dosage for different conditions 
to ensure effective and safe therapy. This necessitates understanding the 
pharmacokinetics—the movement of a drug over time through the body—
and the pharmacodynamics—the relationship between drug concentration 
and drug effect (Fig. 26-1). This chapter reviews the basic concepts of phar-
macokinetics and pharmacodynamics, followed by guidelines on how to use 
this information to optimize therapeutic applications. Drug interactions and 
adverse drug responses are briefly discussed, with advice on how both can be 
recognized and minimized in clinical practice. Lastly, the increasing role of 
pharmacogenomics in individualizing therapy beyond preventing or predicting 
adverse drug responses is discussed.

 PHARMACOKINETIC PRINCIPLES
 Administration
The most efficient and straightforward means of administering a drug into 
the systemic circulation is by intravenous injection of the drug as a bolus. 
With this route, the full amount of a drug is delivered to the systemic circula-
tion almost immediately. The same dose also may be administered as an intra-
venous infusion over a longer period, resulting in a decrease in the peak plasma 
concentration and an accompanying increase in the time the drug is present 
in the circulation. Many other routes of administration can be used, including 
sublingual, oral, transdermal, rectal, inhalational, subcutaneous, and intra-
muscular; each of these routes carries not only a potential delay in the time 
it takes the drug to enter the circulation but also the possibility that a large 
fraction of it will never reach the circulation.

 Absorption
Absorption refers to the transfer of a drug from the site of administration to 
the systemic circulation. Many drugs cross a membrane barrier by passive 
diffusion and enter the systemic circulation. Because passive diffusion in this 
setting depends on the concentration of the solute at the membrane surface, 
the rate of drug absorption is affected by the concentration of free drug at the 
absorbing surface. Factors that influence the availability of free drug thus affect 
drug absorption from the administration site; this effect can be exploited to 
design medications that release a drug slowly into the circulation by prolong-
ing drug absorption. With certain sustained-released oral preparations, the 
rate of dissolution of the drug in the gastrointestinal tract determines the rate 
at which the drug is absorbed (e.g., timed-release antihistamines). Similarly, 
a prolonged drug effect can be obtained by the use of transdermal medications 
(e.g., nitroglycerin) or intramuscular depot preparations (e.g., benzathine 
penicillin G).

 First-Pass Effect
Some drugs that are administered orally are absorbed relatively efficiently into 
the portal circulation but are metabolized by the liver before they reach the 
systemic circulation. Because of this “first-pass” or “presystemic” effect, the 
oral route may be less suitable than other routes of administration for such 
drugs. A good example is nitroglycerin, which is well absorbed but efficiently 
metabolized during the first pass through the liver. However, the same drug can 
achieve adequate systemic levels when it is given sublingually or transdermally.

 Bioavailability
The extent of absorption of a drug into the systemic circulation may be incom-
plete. The bioavailability of a particular drug is the fraction (F) of the total 
drug dose that ultimately reaches the systemic circulation from the site of 
administration. This fraction is calculated by dividing the amount of the drug 
dose that reaches the circulation from the administration site by the amount 
of the drug dose that would enter the systemic circulation after direct intra-
venous injection into the circulation (essentially the total dose). Bioavailability, 
or F, can range from 0, in which no drug reaches the systemic circulation, to 
1.0, in which essentially all of the drug is absorbed. The bioavailability of a 

drug may vary in different formulations because the overall absorption differs. 
This variability has become a concern with the increasing use of generic 
preparations.

 Distribution
After delivery of a drug into the systemic circulation either directly by intra-
venous injection or after absorption, the drug is transported throughout the 
body, initially to the well-perfused tissues and later to areas that are less per-
fused. The distribution phase can be assessed best by plotting the drug’s plasma 
concentration on a log scale versus time on a linear scale (Fig. 26-2). For an 
intravenously administered drug, when absorption is not a factor, the initial 
phase—from immediately after administration through the rapid fall in 
concentration—represents the distribution phase, during which a drug rapidly 
disappears from the circulation and enters the tissues. This is followed by the 
elimination phase (see later), when drug in the plasma equilibrates with drug 
in the tissues. During this latter phase, the drug’s plasma concentration is 
thought to be related to drug effect.

 Volume of Distribution
The volume of distribution (VD) relates the amount of drug in the body to 
the concentration of drug in the plasma. It is calculated by dividing the dose 
that ultimately gets into the systemic circulation by the plasma concentration 
at time zero (Cp0):

 VD dose Cp= 0  (1)

The Cp0 can be calculated by extrapolating the elimination phase back to 
time zero (see Fig. 26-2). The VD is best considered the “apparent VD” because 
it represents the apparent volume needed to contain the entire amount of the 
drug, assuming it is distributed throughout the body at the same concentra-
tion as in the plasma. Table 26-1 lists pharmacokinetic data for commonly 
used drugs from several drug classes, showing the wide variation in VD. Digoxin, 
for example, has a large VD (>5 L), whereas glimepiride has a relatively small 
VD (0.18 L). As discussed later, VD is a useful pharmacokinetic tool for cal-
culating the loading dose and appreciating how various changes can affect a 
drug’s half-life.

 Elimination
Drugs are removed from the body by two major mechanisms: hepatic elimina-
tion, in which drugs are metabolized in the liver and excreted through the 
biliary tract; and renal elimination, in which drugs are removed from the 
circulation by either glomerular filtration or tubular secretion. For most drugs, 
the rates of hepatic and renal elimination are proportional to the plasma con-
centration of the drug. This relationship is often described as a “first-order” 
process. Two measurements, clearance and half-life, are used to evaluate 
elimination.

Clearance
The efficiency of elimination can be assessed by quantifying how fast the drug 
is cleared from the circulation. Drug clearance is a measure of the volume of 
plasma cleared of drug per unit of time. It is similar to the clinical measure-
ment used to assess renal function—creatinine clearance, which is the volume 
of plasma from which creatinine is removed per minute. Total drug clearance 
(Cltot) is the rate of elimination by all processes (Eltot) divided by the plasma 
concentration of the drug (Cp):

 Cl El Ctot tot p=  (2)

Drugs may be cleared by several organs, but as noted earlier, renal clearance 
and hepatic clearance are the two major mechanisms. Total drug clearance 
(Cltot) can best be described as the sum of clearances by each organ. For most 
drugs, this is essentially the sum of renal clearance and hepatic clearance:

 Cl Cl Cltot Ren Hep= +  (3)

Table 26-1 shows the wide variation in clearance values among commonly 
used medications; some drugs (e.g., phenobarbital) have relatively low clear-
ances (<5 mL/minute), and other drugs (e.g., aspirin) have relatively high 
clearances (>500 mL/minute). Aminoglycosides are cleared almost entirely 
by the kidneys, whereas aspirin, carbamazepine, and phenytoin are cleared 
less than 5% by the kidneys.

Drug clearance is affected by several factors, including blood flow through 
the organ of clearance, protein binding to the drug, and activity of the clear-
ance processes in the organs of elimination (e.g., glomerular filtration rate and 
tubular secretion in the kidney, enzyme activity in the liver). Drug clearance 
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ABSTRACT
In this chapter the principles of pharmacokinetics are presented followed by 
a discussion of how these principles are used to manage drug levels clinically, 
including calculating a loading dose, determining a maintenance dose, and 
calculating how to decrease drug level. This is followed by a discussion of 
drug monitoring as a guide to therapy, including how the drug dose can be 
adjusted in various disease states, such as with renal insufficiency, liver disease, 
and altered hemodynamic state. Approaching drug overdose and the use of 
drugs in the elderly are also discussed. Evaluation of drug interactions and 
adverse drug reactions are then presented. Finally the increasing importance 
of genomics in providing a rational guide to therapy is discussed.
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the half-life is equal to the natural logarithm of 2 (representing a reduction 
of drug concentration to half) divided by Ke. Substituting for Ke from Equa-
tion 4 and calculating the natural logarithm of 2, the half-life can be represented 
by the following equation:

 t VD Cl1
2

0 693= .  (5)

From this equation, one can predict that at a given clearance, as the VD 
increases, the half-life increases. Similarly, at a given VD, as the clearance 
increases, the half-life decreases. Clinically, many disease states (see later) can 
affect VD and clearance. Because disease affects VD and clearance differently, 
the half-life may increase, decrease, or not change much at all. Therefore, the 
half-life by itself is not a good indicator of the extent of abnormality in 
elimination.

The half-life is useful to predict how long it takes for a drug to be eliminated 
from the body. For any drug that has a first-order elimination, one would 
expect that by the end of the first half-life, the drug would be reduced to 50%; 
by the end of the second half-life, to 25%; by the end of the third half-life, to 
12.5%; by the end of the fourth half-life, to 6.25%; and by the end of the fifth 
half-life, to 3.125%. In general, a drug can be considered essentially eliminated 
after five half-lives, when less than 5% of the effective concentration remains. 
Table 26-1 shows the wide variation in half-life for several commonly used 
drugs.

 CLINICAL APPLICATION OF PHARMACOKINETIC 
PRINCIPLES

 Using a Loading Dose
To attain a desired therapeutic concentration rapidly, a loading dose is often 
used. In determining the amount of drug to be given, the clinician must con-
sider the “volume” within the body into which the drug will be distributed. 
This volume is best described by the apparent VD. The loading dose can be 
calculated by multiplying the desired concentration by the VD:

 Loading dose desired concentration VD= ×  (6)

Rapid administration of the entire loading dose may produce an initially 
high peak concentration that results in toxicity. This problem can be avoided 
either by administering the loading dose as a divided dose or by varying the 
rate of access to the circulation, such as by administering the drug as an infu-
sion (with an intravenous drug) or by taking advantage of the slower access 
to the circulation from various other routes (e.g., oral dosing). This approach 
is illustrated by phenytoin (see Table 26-1), which may need to be administered 
with a loading dose to achieve a therapeutic level (10 to 20 mg/L) rapidly. 
Because the VD for phenytoin is approximately 0.6 L/kg, the loading dose 
calculated from Equation 6 is 420 mg/L to attain a minimally therapeutic 
level of 10 mg/L in a 70-kg adult. However, administration of 420 mg of phe-
nytoin by intravenous bolus carries the risk for cardiac arrest and death. By 
taking advantage of the reduced bioavailability (F = 0.8) and slow absorption 
of oral phenytoin, the loading dose can be administered safely as an oral dose 
of 500 mg.

is not affected by the distribution of drug throughout the body (VD) because 
clearance mechanisms act only on drug in the circulation.

Half-Life
The amount of time needed to eliminate a drug from the body depends on 
the clearance and the VD. The first-order elimination constant (Ke) represents 
the proportion of the apparent VD that is cleared of drug per unit of time 
during the drug’s exponential disappearance from the plasma over time (elimi-
nation phase):

 Ke Cl VD=  (4)

The value of this constant for a particular drug can be determined by plot-
ting drug concentration versus time on a log-linear plot (see Fig. 26-2) and 
measuring the slope of the straight line obtained during the exponential 
(elimination) phase.

The time needed to eliminate the drug is best described by its half-life (t1/2), 
which is the time required during the elimination phase (see Fig. 26-2) for 
the plasma concentration of the drug to be decreased by half. Mathematically, 
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shown in Figure 26-4. As the intervals decrease below the half-life, the fluctua-
tion decreases and approaches the curve produced by an intravenous infusion. 
Orally administered drugs may reach the blood stream more rapidly, attaining 
a higher peak concentration with one formulation, whereas the same drug 
administered as a timed-release formulation is absorbed more slowly, with a 
lower peak concentration but lasting longer in the plasma. Finally, the same 
drug administered by different routes may have different plasma profiles not 
only because of differing absorption characteristics but also because of other 
effects, such as first-pass metabolism.

 Decreasing the Drug Level
At times, it may be necessary to decrease the plasma drug level while main-
taining therapy (e.g., when signs of toxicity become apparent or a potentially 
dangerously high concentration of drug is noted; see later). The most effective 
and rapid response is to discontinue the drug; the length of time for which 
the drug is discontinued is determined by the estimated half-life of the drug 
in the specific patient. After discontinuation of the drug for a time based on 
its half-life, the total clearance (Cltot) of the drug can be used to determine 
what infusion rate (I, Equation 7) or dose and interval (D/t, Equation 8) 
must be used to achieve the new desired concentration (Cp).

 Effect of Dose Increases on Elimination Kinetics
Although the previously discussed pharmacokinetic principles can be a guide 
to the dose of most drugs, not all drugs behave the same when the dose is 
increased. The elimination of most drugs follows first-order or linear kinetics; 
the amount of drug eliminated is directly proportional to the concentration 
of drug in the plasma (Fig. 26-5A). A few drugs have a different pattern of 
elimination. Three of the most commonly used drugs that exhibit this different 
pharmacokinetic pattern are ethanol, phenytoin, and salicylate. These drugs 
have dose-dependent, nonlinear saturation kinetics. As the dose of drug increases 
and the concentration of drug in the plasma rises, the relative amount of drug 
being eliminated falls (i.e., the clearance decreases) until the rate of drug 
metabolism is at its maximum. At this point, drug elimination is said to be 
zero order, and the drug concentration in plasma starts to increase much more 
(no longer linearly) with each subsequent increase in dose (Fig. 26-5B).

 DRUG MONITORING AS A GUIDE TO THERAPY
Although published pharmacokinetic data (usually population averages) such 
as those in Table 26-1 are useful to determine initial drug dosing, modification 
of the dose may be needed in an individual patient. For some drugs (e.g., 
certain antihypertensives or anticoagulants), the therapeutic effects (e.g., blood 
pressure or coagulation) can be quantified easily over a range of concentra-
tions, permitting adequate drug adjustment. For many other drugs (e.g., some 
antiarrhythmics or antiseizure medications), therapeutic effects over a range 

Similarly, with an orally administered drug, the dose administered per unit 
of time equals the elimination rate at steady state, with the result that

 D t Cl Ctot p= ×  (8)

These equations show the direct relationship between the dose and the 
resultant plasma concentration at steady state. This relationship is independent 
of the distribution of the drug. By use of these equations, it is possible to 
determine the infusion rate or the interval and dose needed to achieve and 
maintain a specified drug concentration in the plasma.

When a drug is administered intermittently, it approaches steady-state con-
centration over time, with a pattern similar to that observed with continuous 
infusion (Fig. 26-4). With intermittent drug administration, such as with an 
oral dose, the drug concentration fluctuates; the magnitude of fluctuation 
between the peak and trough concentrations depends on the interval of admin-
istration, drug half-life, absorption characteristics, and site of administration. 
The effect of a change in the interval of administration for an oral drug is 

The equation for the loading dose can also be used to calculate the dose 
needed to “boost” an inadequate blood level of drug to a desired therapeutic 
range. If therapeutic monitoring (see later under Drug Monitoring as a Guide 
to Therapy) shows that the phenytoin level is 5 mg/L and the desired level 
is 15 mg/L, it is necessary to multiply the difference needed to achieve the 
desired concentration (10 mg/L) by the VD (0.6 L/kg) to determine the 
dose (in mg/kg) necessary to achieve this drug level after distribution. In a 
70-kg individual, 0.6 mg/kg is multiplied by 70 kg to obtain the calculated 
loading dose (420 mg) that can be administered safely. A 500-mg oral dose 
with a bioavailability of less than 1 (e.g., F = 0.8) would deliver to the systemic 
circulation the approximate amount needed and avoid the risks associated 
with rapid intravenous administration.

 Determining Drug Accumulation
Continuing to administer a drug, either as a prolonged infusion or as repeated 
doses, results in accumulation until a steady state occurs. Steady state is the 
point at which the amount of drug being administered equals the amount 
being eliminated so that the plasma and tissue levels remain constant. The 
elimination half-life determines not only the time course of drug elimination 
but also the time course of drug accumulation. This mirror-image pattern of 
drug accumulation and elimination is illustrated in Figure 26-3. As with drug 
elimination, five half-lives is the approximate time it takes to reach steady state 
during drug accumulation. Whereas drugs with short half-lives accumulate 
rapidly, drugs with long half-lives require a longer time to accumulate, with 
a potential delay in achieving therapeutic levels. For drugs with long half-lives, 
a loading dose may be needed to obtain rapid drug accumulation and a more 
rapid therapeutic effect.

With each change in drug dose or rate of infusion, a change in steady state 
occurs. Although it is not obvious for drugs with short half-lives, the effects 
of dose adjustments for drugs with longer half-lives are delayed, and the time 
varies directly with the drug’s half-life.

 Using a Maintenance Dose
After steady state is reached in approximately five half-lives with either a con-
tinuous infusion or intermittent doses, the rate of drug administered equals 
the rate of drug eliminated. For an intravenous drug, the administration rate 
is the infusion rate (I); for a drug administered by another route (e.g., orally), 
the administration rate is the dose per unit of time (D/t). Equation 7 shows 
that the rate of elimination (total) equals Cltot × Cp. With an intravenously 
administered drug, because the infusion rate equals the elimination rate at 
steady state, it follows that

 I Cl Ctot p= ×  (7)

TABLE 26-1 PHARMACOKINETIC PARAMETERS FOR SOME COMMONLY USED DRUGS

DRUG VD (L/kg)
PROTEIN BINDING 

(%)
TOTAL CLEARANCE 

(mL/min)
% OF TOTAL CLEARANCE 

AS RENAL CLEARANCE HALF-LIFE (hr)
THERAPEUTIC RANGE 

(mg/L)
Amoxicillin 0.47 17-18 86 1.2 2-8
Aspirin (acetylsalicylic 

acid)
0.14-0.18 80-90 575-725 <2 0.2-0.3 20-250

Carbamazepine 1.2 75-90 50-125 1-3 12-17 4-12
Digoxin 5-7.3 20-30 75 50-70 34-44 0.5-2
Glimepiride 0.18 >99.5 0.62 ± 0.26 <0.5 3.4 ± 2.0
Lidocaine 3 60-80 700 <10 1.5-2 1-5
Lithium carbonate 0.7-1 0 20-40 95-99 20-270 0.4-1.4*
Penicillin G 0.5-0.7 45-68 — 20 0.4-0.9 Variable
Phenobarbital 0.6-0.7 20-45 4 25 2-6 days <10-40*
Phenytoin 0.4-0.8 88-93 — <5 7-26 10-20
Procainamide 2.2 14-23 470-600 40-70 2.5-4.7 4-8
Theophylline 0.3-0.7 60 36-50 <10 4-16 5-20
Vancomycin 0.4-1 52-60 65 85 4-6 5-10 (TR)

25-35 (PK)
*Therapeutic range varies according to the indication for the drug. For example, lithium carbonate in the range of 0.4-1.3 mg/L is appropriate for affective schizophrenia disorder; a range of 1.0-1.4 mg/L is 
appropriate for mania. Phenobarbital concentration below 10 mg/mL is appropriate for anticonvulsant therapy; 40 mg/L is appropriate as a hypnotic.
PK = peak value; TR = trough value; VD = volume of distribution.
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FIGURE 26-3. Representative plot of the mirror-image relationship between the 
elimination of drug (after drug is discontinued) and the accumulation of drug (during 
infusion). The plot shows the concentration on the left y-axis and time on the upper x-
axis. The lower x-axis shows the time in half-lives, and the y-axis on the right shows the 
percentage of drug in the body. after five half-lives, elimination is essentially complete, 
and accumulation is essentially at a steady state. 
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shown in Figure 26-4. As the intervals decrease below the half-life, the fluctua-
tion decreases and approaches the curve produced by an intravenous infusion. 
Orally administered drugs may reach the blood stream more rapidly, attaining 
a higher peak concentration with one formulation, whereas the same drug 
administered as a timed-release formulation is absorbed more slowly, with a 
lower peak concentration but lasting longer in the plasma. Finally, the same 
drug administered by different routes may have different plasma profiles not 
only because of differing absorption characteristics but also because of other 
effects, such as first-pass metabolism.

 Decreasing the Drug Level
At times, it may be necessary to decrease the plasma drug level while main-
taining therapy (e.g., when signs of toxicity become apparent or a potentially 
dangerously high concentration of drug is noted; see later). The most effective 
and rapid response is to discontinue the drug; the length of time for which 
the drug is discontinued is determined by the estimated half-life of the drug 
in the specific patient. After discontinuation of the drug for a time based on 
its half-life, the total clearance (Cltot) of the drug can be used to determine 
what infusion rate (I, Equation 7) or dose and interval (D/t, Equation 8) 
must be used to achieve the new desired concentration (Cp).

 Effect of Dose Increases on Elimination Kinetics
Although the previously discussed pharmacokinetic principles can be a guide 
to the dose of most drugs, not all drugs behave the same when the dose is 
increased. The elimination of most drugs follows first-order or linear kinetics; 
the amount of drug eliminated is directly proportional to the concentration 
of drug in the plasma (Fig. 26-5A). A few drugs have a different pattern of 
elimination. Three of the most commonly used drugs that exhibit this different 
pharmacokinetic pattern are ethanol, phenytoin, and salicylate. These drugs 
have dose-dependent, nonlinear saturation kinetics. As the dose of drug increases 
and the concentration of drug in the plasma rises, the relative amount of drug 
being eliminated falls (i.e., the clearance decreases) until the rate of drug 
metabolism is at its maximum. At this point, drug elimination is said to be 
zero order, and the drug concentration in plasma starts to increase much more 
(no longer linearly) with each subsequent increase in dose (Fig. 26-5B).

 DRUG MONITORING AS A GUIDE TO THERAPY
Although published pharmacokinetic data (usually population averages) such 
as those in Table 26-1 are useful to determine initial drug dosing, modification 
of the dose may be needed in an individual patient. For some drugs (e.g., 
certain antihypertensives or anticoagulants), the therapeutic effects (e.g., blood 
pressure or coagulation) can be quantified easily over a range of concentra-
tions, permitting adequate drug adjustment. For many other drugs (e.g., some 
antiarrhythmics or antiseizure medications), therapeutic effects over a range 
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FIGURE 26-4. Accumulation of drug over time, approaching a steady state. Time is 
depicted in hours (upper x-axis) and half-lives (lower x-axis, showing that steady state 
is reached in approximately five half-lives). The green line depicts the pattern produced 
by an infusion of a hypothetical drug at a dose of 0.01X. The orange line shows the pattern 
resulting from oral administration of a 2X dose every 3 hours, and the blue line represents 
the pattern produced by oral administration of dose X every 1.5 hours. 
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of concentrations are not readily detectable. With these drugs, the plasma 
concentration may provide further guidance in optimizing therapy if the plasma 
concentration of the drug is a reflection of its concentration at the site of 
action and the drug effects are reversible. A third, much smaller group of drugs 
produces irreversible effects (e.g., aspirin inhibition of platelet aggregation). 
With these drugs, plasma drug concentration does not correlate with drug 
effect, and drug monitoring is not useful.

To use drug concentration as a guide to therapy, it is necessary to establish 
a range of concentrations from minimally to maximally efficacious with toler-
able toxicity. This range of concentrations, or the therapeutic window, is usually 
determined from a dose-response curve generated from a population of patients 
who have been examined closely for therapeutic and toxic effects (Fig. 26-6). 
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the apparent VD is reduced; in contrast, for lipid-soluble drugs, the VD is 
increased. Minimal changes in metabolism accompany aging, but these alone 
cannot account for altered pharmacokinetics.

Excretion can be altered in the elderly, and the clearance of many drugs is 
decreased. Cardiac output and blood flow to the kidneys and liver also may 
be decreased. Glomerular filtration rate may be reduced by 50%. Hepatic 
elimination of drugs is less affected, except for drugs with a high hepatic clear-
ance (e.g., lidocaine). The elimination half-life of many drugs is increased with 
aging as a consequence of a larger apparent VD and a decreased hepatic or 
renal clearance (see Equation 5).

 Pharmacodynamic Changes with Age
These changes are a result of changes in the responsiveness of the target organ. 
They require the use of smaller drug doses in elderly patients, even if the 
pharmacokinetics are unchanged. This affects many drugs commonly used in 
elderly people; for example, antianxiety drugs and drugs from the sedative-
hypnotic class may produce increased central nervous system depression in 
elderly patients at concentrations that are well tolerated in younger adults. 
Similarly, anticoagulants (e.g., warfarin) may produce hemorrhage in elderly 
people at concentrations that are well tolerated in younger adults.

 General Recommendations for Drug Use in Elderly Patients
•	 Clearance	of	drugs	eliminated	by	the	kidneys	may	be	reduced	by	50%.
•	 Drugs	eliminated	primarily	by	the	liver	typically	do	not	require	dose	adjust-

ments for age, except for drugs with high hepatic clearances, which may be 
affected by the age-related decrease in hepatic blood flow.

•	 Because	 of	 the	 potential	 for	 increased	 target	 organ	 sensitivity	 in	 elderly	
people, only the lowest effective dose should be used.

•	 Frequent	 reviews	 of	 the	 patient’s	 drug	 history	 should	 be	 conducted,	
including both prescription and over-the-counter medications, keeping in 
mind the increased potential risk for drug interactions and adverse drug  
responses.

 INTERACTIONS BETWEEN DRUGS
Because patients are typically treated with multiple agents, even for a single 
disease, the possibilities for drug interactions are great. Many clinically impor-
tant drug interactions typically involve a drug with a low therapeutic index 
(e.g., warfarin) and an easily detectable pharmacologic effect (e.g., bleeding), 
such that a small increase in the amount of drug produces a significant effect 
(toxicity).

It is difficult to accurately assess the prevalence of drug interactions in either 
the inpatient or the ambulatory setting, particularly because no formal and 
comprehensive surveillance mechanism is available. The risk for drug interac-
tions seems to be increasing, particularly for critically ill, hospitalized patients,1 
who are frequently taking more than 10 medications.

There are basically two types of drug interaction: (1) pharmacokinetic drug 
interactions, caused by a change in the amount of drug or active metabolite 
at the site of action; and (2) pharmacodynamic drug interactions (without a 
change in pharmacokinetics), caused by a change in drug effect.

 Pharmacokinetic Drug Interactions
Less Drug at the Site of Action
Decreased Absorption
The gastrointestinal lumen is perhaps the best example of an area where drug 
interactions can result in decreased drug absorption. Some commonly used 
drugs can illustrate this type of interaction. For many drugs, a physicochemical 
interaction prevents the drug from being absorbed. Drugs such as colestipol 
and cholestyramine (resins used to lower cholesterol and bind bile acids) can 
also bind other drugs present in the gastrointestinal lumen, including digoxin 
and warfarin. Because of the potential for many other drugs to be bound, it 
is generally recommended that other drugs not be administered within 2 
hours of colestipol or cholestyramine. Another type of interaction occurs 
when metal ions (e.g., aluminum, calcium, and magnesium in antacids and 
iron in supplements to treat iron deficiency) form insoluble complexes with 
tetracyclines, which can act as chelating agents. Other commonly used medi-
cations that decrease absorption include kaolin-pectin suspensions to treat 
diarrhea. These medications can significantly inhibit the absorption of coad-
ministered drugs (e.g., digoxin).

Drugs that are particularly susceptible to pH changes may have decreased 
absorption when they are administered with other drugs that either affect 
gastric acidity or alter the extent of exposure to low pH. Protein pump inhibi-
tors or histamine-2 receptor antagonists may elevate gastric pH, which can 
inhibit the dissolution and subsequent absorption of drugs that are weak bases 

the setting of renal failure, N-acetylprocainamide may accumulate dramatically 
because it is more dependent on renal elimination. Measurement of procain-
amide levels alone does not accurately assess either the levels needed for 
antiarrhythmic effect or the risk for toxicity.

 Liver Disease
Although many drugs are biotransformed in the liver, it is not possible to 
make any general recommendations for drug dose adjustments in liver disease. 
In contrast to renal disease, no useful laboratory test is available on which to 
base dose adjustments. It has been suggested that if the liver’s capacity to 
produce protein (reflected by albumin concentration and prothrombin time) 
is reduced significantly, the clearance of drugs metabolized by the cytochrome 
P-450 enzymes is probably reduced as well.

One special situation that can develop with chronic liver disease and may 
require dose adjustment is the portacaval shunt. This condition produces not 
only a potential hemodynamic alteration, leading to decreased hepatic blood 
flow and accompanying decreased clearance, but also a possible bypassing of 
the first-pass effect, resulting in higher concentrations of drug reaching the 
systemic circulation. Drugs with a large hepatic extraction that are typically 
administered orally (e.g., propranolol) may appear in the systemic circulation 
at higher, potentially toxic concentrations.

 Hemodynamic Diseases
Decreased cardiac output and hypotensive conditions lead to decreased perfu-
sion of the organs, including those responsible for eliminating drugs. As noted 
earlier with regard to primary kidney disease, the dose can be adjusted for 
decreased renal perfusion by the use of creatinine clearance. The effect of 
decreased hepatic blood flow on pharmacokinetics is more difficult to assess. 
For drugs that have a high hepatic extraction (e.g., lidocaine), decreased hepatic 
blood flow suggests a need for dose reduction.

Altered hemodynamics also may affect the distribution of selected drugs. 
Drugs that have a relatively large VD (e.g., lidocaine, procainamide, quinidine) 
may be affected by conditions leading to hypotension, such as shock, resulting 
in a decrease in the apparent VD. With a reduced VD, the loading dose of a 
drug should be reduced to avoid potentially toxic drug levels.

In general, in the setting of severely compromised hemodynamics, it is 
advisable to be conservative, avoiding potentially toxic loading and mainte-
nance doses of drugs. Drug levels and the clinical status should be monitored 
closely, and drug doses should be adjusted as necessary.

 APPROACH TO DRUG OVERDOSE
The pharmacokinetic principles discussed earlier can be used to determine 
the best approach to drug removal in the setting of a drug overdose, particularly 
if hemodialysis or hemoperfusion is contemplated. The major goal is to increase 
the overall clearance of the drug, removing a substantial fraction of the total 
body load of drug. Examination of the VD and clearance values can provide 
some guidance. For drugs with a large VD (e.g., digoxin; see Table 26-1), only 
a small amount can be removed because clearance affects only the amount of 
drug present in the plasma, and a large portion of the drug is outside the 
plasma compartment. Similarly, for drugs with high clearance values, hemo-
perfusion may increase the overall clearance only minimally and is not indicated. 
E-Table 26-1 provides data for determining whether hemodialysis is likely to 
be useful to remove several commonly prescribed drugs.

 DRUG USE IN ELDERLY PATIENTS
Administering drugs to elderly patients is perhaps the most challenging area 
of adult therapeutics because of several factors: the increasing likelihood of 
multiple illnesses, often with multisystemic involvement; the need for these 
patients to take multiple drugs (often prescribed by different physicians); and 
the increasing probability of altered pharmacokinetics and pharmacodynamics. 
These factors together contribute to a significantly increased frequency of 
drug interactions and adverse drug responses in this group of patients.

 Pharmacokinetic Changes with Age
These changes can be secondary to the general physiologic effects of aging, 
such as alteration in body composition, or to specific changes in pharmaco-
kinetically important organs (e.g., kidneys, liver). The distribution of drugs 
tends to change dramatically with age, mainly because of changes in body 
composition. Most typical is the increase in total body fat, with the accom-
panying decrease in lean body mass and total body water. The concentration 
of plasma proteins may also change; in particular, albumin decreases as the 
liver ages. Changes in drug distribution are manifested as a change in the 
apparent VD. For water-soluble drugs that are not bound to plasma proteins, 

the dose interval (DD), maintaining the dose but increasing the interval between 
doses (II), or a combination of both (DD and II). E-Table 26-1 in the elec-
tronic version of this chapter shows how these three different methods are 
used to adjust the dosages of several common drugs to account for renal 
dysfunction (see Table 26-1 for their pharmacokinetic properties with normal 
renal function). With these adjustments, it may be possible to achieve an 
average concentration similar to that obtained with normal renal function; 
however, there may be concomitant marked changes in the magnitude of peak 
and trough values. In choosing the type of drug adjustment, the clinician 
should consider not only the therapeutic index of the drug but also (1) whether 
an effective concentration must be achieved quickly and maintained within 
a narrow range (i.e., maintaining an average drug concentration and avoiding 
trough levels at which the drug is ineffective) and (2) whether toxicity is 
associated with elevated (i.e., peak) drug concentrations.

Renal drug clearance correlates with creatinine clearance (whether the drug 
uses glomerular filtration or tubular secretion); therefore, any adjustment of 
drug dose in kidney disease can use the creatinine clearance to estimate the 
dose needed because renal drug clearance is proportional to creatinine clear-
ance. The creatinine clearance (Clcr), which is used as an estimate of glomerular 
filtration rate, may be calculated directly from the serum creatinine concentra-
tion by the following equation:

 Cl age weight kg serum creatinine mg dLcr = − × ×[( ) ( )] [ ( )]140 72  (9)

The calculated creatinine clearance should be multiplied by 0.85 for females. 
(Note: This calculation applies only when the serum creatinine concentration 
is less than 5 mg/dL and renal function is not rapidly changing.)

Using Clearance for Dose Adjustment
The dose of a drug used in renal insufficiency (doseD-RI) is proportional to 
the dose used with normal renal function (doseD) in the same ratio as clear-
ance of the drug in renal insufficiency (ClD-RI) to clearance with normal renal 
function (ClD). By rearranging, doseD-RI is defined as:

 Dose dose Cl ClD-RI D D-RI D= ×[ ]  (10)

One can estimate the ClD-RI by multiplying ClD by the ratio of the creatinine 
clearance in renal insufficiency (Clcr-RI) over Clcr with normal renal 
function:

 Cl Cl Cl ClD-RI D cr-RI cr= ×[ ]  (11)

As shown in Equation 3, total clearance is the sum of clearance by renal 
and nonrenal (typically hepatic) mechanisms. Any nonrenal clearance is 
assumed to remain normal, and only the renal clearance is adjusted, with total 
clearance being reduced only to the extent that renal clearance is reduced. 
The dose may be calculated from the total (adjusted) clearance and the desired 
plasma concentration by either Equation 7 or Equation 8. The calculated dose 
is only an initial guide to the dose needed, however. By monitoring the drug 
response or the plasma drug concentration at various times after initial dosing, 
further dose adjustments can be made as necessary. From a practical perspec-
tive, most clinical dose adjustments in the presence of renal dysfunction can 
be guided by published tables based on changes in glomerular filtration rate 
(see E-Table 26-1) and the effectiveness of dialysis in removing the drug. 
Computerized decision support systems are particularly effective in guiding 
medication dosing for inpatients with renal insufficiency.

Loading Dose in Renal Insufficiency
For drugs typically administered with a loading dose in patients with normal 
renal function, the same approach can be used in those with renal insufficiency 
to ensure that the desired concentration is achieved rapidly. For drugs typically 
administered without a loading dose, the presence of a prolonged half-life 
resulting from renal insufficiency may delay drug accumulation to steady state. 
In this setting, a loading dose (equal to the amount needed to reach steady 
state with normal renal function) is required.

Additional Considerations in Renal Insufficiency
Because of individual differences among patients, the approaches outlined 
earlier should be considered only initial approximations to prevent ineffective 
(too low) or toxic (too high) doses. For maintenance therapy, it is desirable 
to monitor blood levels to guide dosing.

If a metabolite of the drug is responsible for its effect or toxicity and the 
metabolite accumulates in the setting of renal failure, the drug level alone may 
not provide sufficient guidance for planning therapy. For example, the major 
metabolite of procainamide is N-acetylprocainamide, which has a toxicity 
similar to that of the parent drug but only modest antiarrhythmic activity. In 

This graph also may be used to determine the therapeutic index, a useful measure 
of drug toxicity calculated by dividing the 50% value from the toxicity curve 
by the 50% value from the efficacy curve. Because these curves are generated 
from population data, the values may not be applicable to all individuals.

Table 26-1, in addition to providing useful pharmacokinetic data, lists thera-
peutic ranges of several common drugs for which measuring the concentration 
and knowing the therapeutic range may be useful in clinical management. 
Many of these drugs are used to treat serious or life-threatening diseases. In 
these cases, it is essential to avoid inadequate doses because a therapeutic 
effect is often critical. Excessive doses must also be avoided because of the 
risk for toxicity with drugs that have a small therapeutic index. In contrast, it 
is not necessary to assay levels of drugs used to treat noncritical diseases 
(when inadequate treatment is not a serious problem) or for which the thera-
peutic index is large (when relative overtreatment is not likely to produce 
toxicity).

 Problems with Interpreting Drug Concentration
The time of blood collection, perhaps more than any other factor, contributes 
to the misinterpretation of drug levels. As can be seen in Figure 26-2, if sam-
pling is performed too early, while the drug is still in the distribution phase, 
the drug level may be high and not reflect drug concentration at the site of 
action. It is therefore important to sample after the distribution phase.

For many drugs administered intermittently, a trough level, obtained imme-
diately before the next dose is administered, is most useful for making decisions 
about dose adjustments (see Table 26-1). For drugs administered by infusion 
or intermittently at short intervals (see Fig. 26-4), the best time to draw blood 
is during steady state.

Protein binding is another major factor that contributes to the misinterpre-
tation of drug levels. Free drug (not bound to protein and able to equilibrate 
with tissues and to interact with the site of action) is the critical drug concen-
tration when therapeutic decisions are being made. Many drugs are tightly 
bound to plasma protein, however. Table 26-1 shows that many commonly 
used drugs, such as aspirin, carbamazepine, phenytoin, and glimepiride, have 
protein binding of more than 75%. Because many of the commonly used drug 
assays determine total drug concentration (which includes protein-bound 
drug and free drug), assessment of the “true” free drug concentration may 
be inaccurate, particularly if the fraction of drug bound to protein varies. In 
addition, the drug’s binding may be decreased by disease or by other drugs, 
leading to increased unbound drug levels that alter the interpretation of the 
measured drug concentrations. Kidney and liver disease can change the binding 
of certain drugs (e.g., phenytoin) to protein because of a decrease in protein 
(e.g., decreased albumin, as in nephrotic syndrome or liver disease) or as a 
result of competition for protein binding by endogenously produced substances 
(e.g., uremia in kidney disease, hyperbilirubinemia in liver disease). Similarly, 
other drugs being administered may compete for binding to protein. A major 
problem secondary to these changes in protein binding is that free drug is 
not typically measured in many of the common drug assays used by clinical 
laboratories. Lastly, changes in drug binding to protein can affect the phar-
macokinetics of the drug, the main effect being on the VD, which increases 
as protein binding decreases.

The usefulness of a drug assay is also limited by physiologic changes that 
may alter the response at a particular drug concentration. An example of this 
pharmacodynamic change is the response produced by a certain level of digoxin 
in the presence of altered electrolyte concentrations (e.g., potassium, calcium, 
and/or magnesium). Tolerance, a reduced response to a given concentration 
of drug with continued use, is another pharmacodynamic change that may 
alter how a drug concentration is interpreted. Tolerance is commonly observed 
with the continued use of narcotics (e.g., in terminal cancer patients); initially, 
adequate pain control is noted at a given drug concentration, but after long-
term administration, the same drug concentration is no longer associated 
with pain relief.

 ADJUSTMENTS OF DRUG DOSE WITH DISEASE
 Kidney Disease
The major questions to be answered when determining whether a drug dosage 
needs to be adjusted in the setting of kidney disease are the following: Is the 
drug primarily excreted through the kidneys? Are increased drug levels likely 
to be associated with toxicity? If the answer to both is yes, it is likely that with 
decreased renal clearance, a drug will accumulate and become toxic. With renal 
failure, it is necessary to adjust the dosing regimen of such drugs, particularly 
for a drug with a long half-life and a small therapeutic index (e.g., digoxin).

To obtain the desired concentration over time in the presence of decreased 
clearance, adjustments can be made by decreasing the dose while maintaining 
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E-TABLE 26-1 ADJUSTMENT OF DRUG DOSAGE IN RENAL FAILURE

DRUG
TYPE OF 

ELIMINATION

HALF-LIFE (hr)

METHOD*

ADJUSTMENT FOR RENAL FAILURE

NORMAL
END-STAGE 

RENAL DISEASE GFR > 50 mL/min GFR 10-50 mL/min GFR < 10 mL/min
REMOVED 

BY DIALYSIS†

Amikacin Renal 2-3 30 DD 60-90% 30-70% 20-30% Yes
II 12 hr 12-18 hr 24 hr

Aspirin Hepatic (renal) 2-19 Unchanged II 4 hr 4-6 hr Avoid Yes
Carbamazepine Hepatic (renal) 35 ? DD Unchanged Unchanged 75% No
Digoxin Renal (nonrenal 

15-40%)
36-44 80-120 DD II Unchanged 24 hr 25-75% 36 hr 10-25% 48 hr No

Lidocaine Hepatic (renal < 
20%)

1.2-2.2 1.3-3 DD Unchanged Unchanged Unchanged No

Lithium 
carbonate

Renal 14-28 Prolonged DD Unchanged 50-75% 25-50% Yes

Penicillin G Renal (hepatic) 0.5 6-20 DD Unchanged 75% 25-50% Yes
6-8 hr 8-12 hr 12-16 hr

Phenobarbital Hepatic (renal 
30%)

60-150 117-160 II Unchanged Unchanged 12-16 hr Yes

Phenytoin Hepatic (renal) 24 8 DD Unchanged Unchanged Unchanged No
Procainamide Renal (hepatic 

7-24%)
2.5-4.9 5.3-5.9 II 4 hr 6-12 hr 8-24 hr Yes

Theophylline Hepatic 3-12 ? DD Unchanged Unchanged Unchanged Yes
Tobramycin Renal 2.5 56 DD 60-90% 30-70% 20-30% Yes

II 8-12 hr 12 hr 24 hr
Vancomycin Renal 6-8 200-250 II 24-72 hr 72-240 hr 240 hr No
*DD (alone) = decrease dose (maintain same interval); II (alone) = increase interval between doses (maintain dose); DD and II (together) = combination of both approaches.
†Dialysis refers to hemodialysis.
GFR = glomerular filtration rate.
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the apparent VD is reduced; in contrast, for lipid-soluble drugs, the VD is 
increased. Minimal changes in metabolism accompany aging, but these alone 
cannot account for altered pharmacokinetics.

Excretion can be altered in the elderly, and the clearance of many drugs is 
decreased. Cardiac output and blood flow to the kidneys and liver also may 
be decreased. Glomerular filtration rate may be reduced by 50%. Hepatic 
elimination of drugs is less affected, except for drugs with a high hepatic clear-
ance (e.g., lidocaine). The elimination half-life of many drugs is increased with 
aging as a consequence of a larger apparent VD and a decreased hepatic or 
renal clearance (see Equation 5).

 Pharmacodynamic Changes with Age
These changes are a result of changes in the responsiveness of the target organ. 
They require the use of smaller drug doses in elderly patients, even if the 
pharmacokinetics are unchanged. This affects many drugs commonly used in 
elderly people; for example, antianxiety drugs and drugs from the sedative-
hypnotic class may produce increased central nervous system depression in 
elderly patients at concentrations that are well tolerated in younger adults. 
Similarly, anticoagulants (e.g., warfarin) may produce hemorrhage in elderly 
people at concentrations that are well tolerated in younger adults.

 General Recommendations for Drug Use in Elderly Patients
•	 Clearance	of	drugs	eliminated	by	the	kidneys	may	be	reduced	by	50%.
•	 Drugs	eliminated	primarily	by	the	liver	typically	do	not	require	dose	adjust-

ments for age, except for drugs with high hepatic clearances, which may be 
affected by the age-related decrease in hepatic blood flow.

•	 Because	 of	 the	 potential	 for	 increased	 target	 organ	 sensitivity	 in	 elderly	
people, only the lowest effective dose should be used.

•	 Frequent	 reviews	 of	 the	 patient’s	 drug	 history	 should	 be	 conducted,	
including both prescription and over-the-counter medications, keeping in 
mind the increased potential risk for drug interactions and adverse drug  
responses.

 INTERACTIONS BETWEEN DRUGS
Because patients are typically treated with multiple agents, even for a single 
disease, the possibilities for drug interactions are great. Many clinically impor-
tant drug interactions typically involve a drug with a low therapeutic index 
(e.g., warfarin) and an easily detectable pharmacologic effect (e.g., bleeding), 
such that a small increase in the amount of drug produces a significant effect 
(toxicity).

It is difficult to accurately assess the prevalence of drug interactions in either 
the inpatient or the ambulatory setting, particularly because no formal and 
comprehensive surveillance mechanism is available. The risk for drug interac-
tions seems to be increasing, particularly for critically ill, hospitalized patients,1 
who are frequently taking more than 10 medications.

There are basically two types of drug interaction: (1) pharmacokinetic drug 
interactions, caused by a change in the amount of drug or active metabolite 
at the site of action; and (2) pharmacodynamic drug interactions (without a 
change in pharmacokinetics), caused by a change in drug effect.

 Pharmacokinetic Drug Interactions
Less Drug at the Site of Action
Decreased Absorption
The gastrointestinal lumen is perhaps the best example of an area where drug 
interactions can result in decreased drug absorption. Some commonly used 
drugs can illustrate this type of interaction. For many drugs, a physicochemical 
interaction prevents the drug from being absorbed. Drugs such as colestipol 
and cholestyramine (resins used to lower cholesterol and bind bile acids) can 
also bind other drugs present in the gastrointestinal lumen, including digoxin 
and warfarin. Because of the potential for many other drugs to be bound, it 
is generally recommended that other drugs not be administered within 2 
hours of colestipol or cholestyramine. Another type of interaction occurs 
when metal ions (e.g., aluminum, calcium, and magnesium in antacids and 
iron in supplements to treat iron deficiency) form insoluble complexes with 
tetracyclines, which can act as chelating agents. Other commonly used medi-
cations that decrease absorption include kaolin-pectin suspensions to treat 
diarrhea. These medications can significantly inhibit the absorption of coad-
ministered drugs (e.g., digoxin).

Drugs that are particularly susceptible to pH changes may have decreased 
absorption when they are administered with other drugs that either affect 
gastric acidity or alter the extent of exposure to low pH. Protein pump inhibi-
tors or histamine-2 receptor antagonists may elevate gastric pH, which can 
inhibit the dissolution and subsequent absorption of drugs that are weak bases 

the setting of renal failure, N-acetylprocainamide may accumulate dramatically 
because it is more dependent on renal elimination. Measurement of procain-
amide levels alone does not accurately assess either the levels needed for 
antiarrhythmic effect or the risk for toxicity.

 Liver Disease
Although many drugs are biotransformed in the liver, it is not possible to 
make any general recommendations for drug dose adjustments in liver disease. 
In contrast to renal disease, no useful laboratory test is available on which to 
base dose adjustments. It has been suggested that if the liver’s capacity to 
produce protein (reflected by albumin concentration and prothrombin time) 
is reduced significantly, the clearance of drugs metabolized by the cytochrome 
P-450 enzymes is probably reduced as well.

One special situation that can develop with chronic liver disease and may 
require dose adjustment is the portacaval shunt. This condition produces not 
only a potential hemodynamic alteration, leading to decreased hepatic blood 
flow and accompanying decreased clearance, but also a possible bypassing of 
the first-pass effect, resulting in higher concentrations of drug reaching the 
systemic circulation. Drugs with a large hepatic extraction that are typically 
administered orally (e.g., propranolol) may appear in the systemic circulation 
at higher, potentially toxic concentrations.

 Hemodynamic Diseases
Decreased cardiac output and hypotensive conditions lead to decreased perfu-
sion of the organs, including those responsible for eliminating drugs. As noted 
earlier with regard to primary kidney disease, the dose can be adjusted for 
decreased renal perfusion by the use of creatinine clearance. The effect of 
decreased hepatic blood flow on pharmacokinetics is more difficult to assess. 
For drugs that have a high hepatic extraction (e.g., lidocaine), decreased hepatic 
blood flow suggests a need for dose reduction.

Altered hemodynamics also may affect the distribution of selected drugs. 
Drugs that have a relatively large VD (e.g., lidocaine, procainamide, quinidine) 
may be affected by conditions leading to hypotension, such as shock, resulting 
in a decrease in the apparent VD. With a reduced VD, the loading dose of a 
drug should be reduced to avoid potentially toxic drug levels.

In general, in the setting of severely compromised hemodynamics, it is 
advisable to be conservative, avoiding potentially toxic loading and mainte-
nance doses of drugs. Drug levels and the clinical status should be monitored 
closely, and drug doses should be adjusted as necessary.

 APPROACH TO DRUG OVERDOSE
The pharmacokinetic principles discussed earlier can be used to determine 
the best approach to drug removal in the setting of a drug overdose, particularly 
if hemodialysis or hemoperfusion is contemplated. The major goal is to increase 
the overall clearance of the drug, removing a substantial fraction of the total 
body load of drug. Examination of the VD and clearance values can provide 
some guidance. For drugs with a large VD (e.g., digoxin; see Table 26-1), only 
a small amount can be removed because clearance affects only the amount of 
drug present in the plasma, and a large portion of the drug is outside the 
plasma compartment. Similarly, for drugs with high clearance values, hemo-
perfusion may increase the overall clearance only minimally and is not indicated. 
E-Table 26-1 provides data for determining whether hemodialysis is likely to 
be useful to remove several commonly prescribed drugs.

 DRUG USE IN ELDERLY PATIENTS
Administering drugs to elderly patients is perhaps the most challenging area 
of adult therapeutics because of several factors: the increasing likelihood of 
multiple illnesses, often with multisystemic involvement; the need for these 
patients to take multiple drugs (often prescribed by different physicians); and 
the increasing probability of altered pharmacokinetics and pharmacodynamics. 
These factors together contribute to a significantly increased frequency of 
drug interactions and adverse drug responses in this group of patients.

 Pharmacokinetic Changes with Age
These changes can be secondary to the general physiologic effects of aging, 
such as alteration in body composition, or to specific changes in pharmaco-
kinetically important organs (e.g., kidneys, liver). The distribution of drugs 
tends to change dramatically with age, mainly because of changes in body 
composition. Most typical is the increase in total body fat, with the accom-
panying decrease in lean body mass and total body water. The concentration 
of plasma proteins may also change; in particular, albumin decreases as the 
liver ages. Changes in drug distribution are manifested as a change in the 
apparent VD. For water-soluble drugs that are not bound to plasma proteins, 
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•	 High-risk	clinical	settings,	such	as	occur	with	critically	ill	patients,	should	
raise the suspicion of adverse drug interactions.

•	 Adverse	drug	interactions	should	be	considered	in	the	differential	diag-
nosis whenever any change occurs in a patient’s course.

 ADVERSE REACTIONS TO DRUGS
An adverse drug response (ADR) is an undesired effect produced by a drug 
at standard doses, which typically necessitates reducing or stopping the sus-
pected agent and may require treatment of the noxious effect produced. Further 
harm may occur with continued or future therapy with the drug.

 EPIDEMIOLOGY
The financial impact of ADRs is estimated to be more than $100 billion per 
year. The actual incidence of ADRs is difficult to quantify because many cases 
are either not recognized or not reported. Several large studies have shown 
that the incidence may approach 20% for outpatients (even higher for patients 
taking more than 15 drugs) and 2 to 7% for inpatients. The incidence of ADRs 
increases exponentially with more than four drugs. Meta-analyses of several 
prospective studies suggest that ADRs are now the third leading cause of 
death in hospitalized patients. It is clear from more recent surveys that a rela-
tively small group of drugs (see Table 26-2) continues to be implicated in 
most of the reported ADRs. Adverse drug events cause an estimated four 
emergency department visits per 1000 individuals annually in the United 
States. The most common drug classes implicated are anticoagulants, antibiot-
ics, diabetes drugs, and opioid analgesics.2,3 Current trends also suggest that 
the incidence of ADRs is likely to increase as a result of more prescribed and 
over-the-counter medications being used. Although still in an evolutionary 
phase, systems approaches have the potential to greatly advance the under-
standing of adverse drug events and the ability to predict them.4

 PATHOBIOLOGY
Most ADRs are caused by an exaggerated (but predictable) pharmacologic 
effect of the drug or by a toxic or immunologic effect of the drug or a metabolite 
(not typically expected). Among an estimated 100,000 annual drug-related 
emergency hospitalizations in patients older than 65 years, the most commonly 
implicated drugs are warfarin (33%), insulin (14%), oral antiplatelet agents 
(13%), and oral hypoglycemic agents (11%).

Predictable Toxic Responses to Drugs
Exaggerated drug responses that cause adverse drug effects may be due to any 
condition that causes altered pharmacokinetics or pharmacodynamics (dis-
cussed earlier). There has been increasing interest in the discipline of phar-
macogenomics, which explores the role of genetic factors in altered 
pharmacokinetics or pharmacodynamics and the resultant increased suscep-
tibility to ADRs. Furthermore, a developing discipline of pharmacometabo-
lomics should complement pharmacogenomics in personalized drug therapy 
by capturing environmental and microbiome-level influences on responses 
to drugs.4 There is now ample evidence that molecular changes in the genes 
coding for drug-metabolizing enzymes can account for the variability in phar-
macokinetics and drug effects observed in population studies. There are now 
many examples of the role of pharmacogenomics in altered drug response 
and effect. Three of the best-studied examples are genetic polymorphisms 
associated with debrisoquine-sparteine, N-acetylation, and mephenytoin. Each 

and probenecid. The active transport of basic drugs (e.g., procainamide) can 
also be inhibited by other drugs (e.g., cimetidine, amiodarone).

 Pharmacodynamic Drug Interactions
With pharmacodynamic interactions, drugs interact at the level of the receptor 
(target) or may produce additive effects by acting at separate sites on cells. 
An example of the first is the interaction of propranolol and epinephrine, 
which blocks β-adrenergic receptors; as a result, the α-adrenergic effects of 
epinephrine are unopposed. This undesirable interaction can result in severe 
hypertension.

Many examples exist of the additive effects of drugs. Aspirin, which can 
produce increased bleeding time by acting on platelets, can interact with war-
farin, which affects clotting. The result is an increased risk for hemorrhage. 
Similarly, cardiac drugs, such as β-adrenergic blockers and calcium-channel 
blockers, have additive negative inotropic effects when they are coadministered, 
resulting in an increased risk for cardiac failure.

 DIAGNOSIS AND PREVENTION OF DRUG INTERACTIONS
For a drug interaction to be recognized, the index of suspicion must be high 
whenever multiple drugs are used together. Because of the ever-increasing list 
of known and suspected drug interactions, it is impossible for a clinician to 
remember all or even many of the possible interactions. Today there are a 
number of websites that maintain current information on drug interactions 
(e.g., www.drugs.com/drug_interactions.php and reference.medscape.com/
drug-interactionchecker).

Several clinical settings should raise concern about the possibility of drug 
interactions:

•	 The	use	of	any	drug	with	a	 low	therapeutic	 index	(Table	26-2)	should	
be suspect.

•	 As	 the	 number	 of	 drugs	 being	 used	 concurrently	 increases,	 there	 is	 a	
disproportionately greater risk for drug interactions, particularly with 
more than 10 drugs.

•	 Critically	ill	patients	who	have	multisystemic	disease	with	compromised	
renal, hepatic, cardiac, or pulmonary function have an increased risk for 
drug interactions. This risk may be higher for patients with acquired 
immunodeficiency syndrome, who have an immunocompromised state 
and take a large number of drugs.

•	 Patients	 with	 various	 behavioral	 and	 psychiatric	 disorders	 (e.g.,	 drug	
abusers taking a large number of prescription drugs as well as illicit drugs 
and alcohol) are at risk for drug interactions.

Another type of drug interaction that is becoming increasingly important 
is that between components of food (e.g., grapefruit juice) or natural products 
(e.g., herbs) and drugs. By inhibiting the intestinal cytochrome P-450 3A4 
enzyme system, grapefruit juice can raise levels of drugs metabolized by this 
pathway (e.g., saquinavir, cyclosporine, verapamil) and result in toxicity or 
adverse drug effects. It is now recognized that a number of foods and herbs 
can affect drug-metabolizing enzymes, e.g. the cyp P-450s (medicine.iupui.edu/
clinpharm/ddis/).

Several steps can be taken to prevent drug interactions:
•	 When	taking	the	medical	history,	it	is	important	to	document	all	drugs	

the patient is taking (and has recently taken), including prescription, 
over-the-counter, and other addictive drugs.

•	 It	is	desirable	to	minimize	the	number	of	drugs	being	taken	by	frequently	
reviewing the patient’s drug list to ensure that each drug continues to be 
needed.

•	 There	should	be	a	high	degree	of	suspicion	when	medications	with	a	low	
therapeutic index known to have a high risk for drug interactions (see 
Table 26-2) are used.

(e.g., ketoconazole). Medications that delay gastric emptying (e.g., belladonna 
alkaloids) can increase the degradation of a coadministered acid-labile drug 
(e.g., levodopa), resulting in decreased absorption.

Altered Distribution
Drugs that use the same active transport process to reach their site of action 
can compete at the level of transport, resulting in lower levels of drug reaching 
that site. The classic example of this type of interaction is the coadministration 
of guanidinium-type antihypertensives with tricyclic antidepressants, pheno-
thiazines, and certain sympathomimetic amines (e.g., ephedrine), which block 
the effects of the antihypertensive drug.

Increased Metabolism
Many drugs (e.g., phenobarbital, phenytoin, ethanol, glutethimide, griseo-
fulvin, rifampin) and toxic compounds (e.g., cigarette smoke, certain chlori-
nated hydrocarbons) can increase the hepatic metabolism of other drugs (e.g., 
corticosteroids, cyclophosphamide, cyclosporine, certain β-adrenergic blockers, 
theophylline, warfarin) by inducing the activity of the cytochrome P-450 super 
family of monooxygenase enzyme (medicine.iupui.edu/clinpharm/ddis/).

More Drug at the Site of Action
Increased Absorption
Any drug that increases the rate of gastric emptying (e.g., metoclopramide) 
can potentially increase the absorption of acid-unstable drugs. Also, drugs 
that decrease intestinal motility (e.g., anticholinergics) may increase the absorp-
tion of drugs that are relatively poorly absorbed (e.g., digoxin tablets) by 
increasing the drug’s contact time with the absorbing surface.

Altered Distribution
Drugs bound to protein are limited in their distribution (particularly to the 
site of action) and are not available for metabolism or excretion. Drugs can 
compete with each other for binding to plasma proteins, resulting in drug 
interactions. Sulfonamides can displace barbiturates bound to serum albumin, 
leading to increased levels of free barbiturates and possible toxicity.

Decreased Metabolism
One of the most impressive drug interactions is produced when one drug 
inhibits the metabolism of another, leading to the second drug’s accumulation 
and a significant risk for toxicity. This type of interaction results when 
6-mercaptopurine, an antileukemic drug with a low therapeutic index, is used 
with allopurinol, often administered to control hyperuricemia. The interaction 
may result in potentially life-threatening toxicity.

Some drugs can inhibit the metabolism of many other drugs. For example, 
cimetidine can inhibit the metabolism of diazepam, imipramine, lidocaine, 
propranolol, quinidine, theophylline, and warfarin. Amiodarone inhibits the 
metabolism of calcium-channel blockers, phenytoin, quinidine, and warfarin. 
Of particular importance with amiodarone is its half-life of 1 to 2 months; it 
continues to inhibit drug metabolism for several months after it has been 
discontinued.

Other drugs are notable because their metabolism is inhibited by a variety 
of different drugs. The metabolism of the commonly used anticoagulant war-
farin is inhibited not only by cimetidine and amiodarone but also by many 
other drugs, including alcohol, allopurinol, disulfiram, metronidazole, phen-
ylbutazone, sulfinpyrazone, and trimethoprim-sulfamethoxazole. Similarly, 
the metabolism of phenytoin is inhibited by chloramphenicol, clofibrate, 
dicumarol, disulfiram, isoniazid (slow acetylators), phenylbutazone, and val-
proic acid.

Although most of these examples involve enzymes that metabolize the drug 
in the liver, drug-metabolizing enzymes outside the liver also may be affected 
by certain drugs. The best-known example is monoamine oxidase, which can 
be affected by nonspecific monoamine oxidase inhibitors, resulting in the 
accumulation of catecholamines at multiple sites after their release in response 
to the eating of tyramine-containing foods such as aged cheese, aged or cured 
meats, and any spoiled meat, poultry, or fish.

Decreased Excretion
Drugs can compete for the active transporters present in the kidney. Most of 
these interactions involve the acid transporters. The best-known interaction 
is probenecid’s inhibition of penicillin transport, leading to decreased penicillin 
clearance and thus higher plasma levels, an interaction that was used in the 
past to maximize penicillin therapy. A similar inhibitory effect on the renal 
excretion of methotrexate can be produced by salicylates, phenylbutazone, 

TABLE 26-2 DRUGS WITH LOW THERAPEUTIC INDICES AT 
HIGH RISK FOR ADVERSE DRUG RESPONSES 
AND DRUG INTERACTIONS

Anticoagulants
Antiarrhythmics
Anticonvulsants
Digoxin
Lithium carbonate
Oral hypoglycemics
Theophylline

http://medicine.iupui.edu/clinpharm/ddis/
http://medicine.iupui.edu/clinpharm/ddis/
http://medicine.iupui.edu/clinpharm/ddis/
http://www.drugs.com/drug_interactions.php
http://reference.medscape.com/drug-interactionchecker
http://reference.medscape.com/drug-interactionchecker
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is associated with autosomal recessive inheritance, and together they are 
responsible for the metabolism of approximately 40 drugs (Table 26-3). Indi-
viduals with autosomal recessive genes are typically “poor metabolizers,” with 
potentially altered pharmacokinetics that result in elevated plasma drug con-
centrations and can lead to toxicity. Recent studies have focused on genomic 
alterations associated with the variability in response to some commonly used 
drugs. Thus, the variability of response to warfarin (Chapter 76) is now under-
stood to be due to single-nucleotide polymorphisms in the cytochrome P-450 
2C9 (CYP2C9) and vitamin K epoxide reductase (VKOR) genes. These single-
nucleotide polymorphisms have a significant effect on warfarin dose require-
ments. Similarly, polymorphisms in transporter genes can have profound effects 
on the pharmacokinetics of statins (Chapter 195). A common genetic variant 
of the organic anion-transporting polypeptide 1B1 can reduce the hepatic 
uptake of many statins, increasing the risk for statin-induced myopathy. Also, 
it is now appreciated that genetically impaired adenosine triphosphate (ATP)-
binding cassette G2 transporter efflux activity can result in an increase in 
systemic exposure to various statins. Of particular importance to therapeutics 
is that the effects of these genetic polymorphisms differ, depending on the 
specific statin used. This provides a rational basis for an individualized approach 
to the use of lipid-lowering therapeutic agents.

A particularly impressive example occurs with certain cancer chemotherapy 
agents that have a relatively narrow therapeutic window and the potential to 
produce severe cytotoxicity (e.g., deficiency in dihydropyrimidine dehydro-
genase activity can result in life-threatening toxicity after the administration 
of 5-fluorouracil). These defects typically are not recognized until the patient 
is given the drug. They are often described as “pharmacogenetic” syndromes.

Other genetic alterations do not affect metabolism specifically and do not 
produce a range of quantitative changes. These defects can produce “quali-
tative” defects and are often associated with structural defects. The classic 
example is glucose-6-phosphate dehydrogenase. Individuals who are deficient 
in this enzyme cannot tolerate the oxidative stress produced by some drugs, 
leading to hemolysis (Chapter 152). Drugs that can produce this clinical picture 
include aspirin, nitrofurantoin, primaquine, probenecid, quinidine, quinine, 
sulfonamides, sulfones, and vitamin K. Another similar defect is deficiency 
of methemoglobin reductase, which results in an inability to maintain iron in 
hemoglobin in the ferrous state, causing methemoglobinemia (Chapter 149) 
after exposure to oxidizing drugs such as nitrites, sulfonamides, and sulfones.

Unpredictable Toxic Responses to Drugs
Other toxic or immunologic ADRs are not predictable and are not obviously 
due to an increase in drug concentration (pharmacokinetic) or drug effect 
(pharmacodynamic). Unpredictable toxic responses include direct reactions 
between a drug and a specific organ (e.g., platinum-containing drugs, such as 
cisplatin, can produce direct toxicity in the kidney and the eighth cranial 
nerve, and a wide range of drugs can cause liver injury [Chapter 141]).5 With 
other drugs, metabolism to an active intermediate must occur first. With a 
standard dose of acetaminophen, no untoward effects occur because the rela-
tively small amount of reactive metabolite formed by oxidative metabolism 
is detoxified rapidly by reduced glutathione. In the presence of an overdose, 
the glutathione is depleted, and the remaining reactive metabolite can damage 
the liver. Understanding the mechanism of this toxicity has provided a rationale 
for treating acetaminophen overdose. Sulfhydryl-containing compounds (e.g., 
N-acetylcysteine), which can complex with the reactive metabolite, can be 

•	 High-risk	clinical	settings,	such	as	occur	with	critically	ill	patients,	should	
raise the suspicion of adverse drug interactions.

•	 Adverse	drug	interactions	should	be	considered	in	the	differential	diag-
nosis whenever any change occurs in a patient’s course.

 ADVERSE REACTIONS TO DRUGS
An adverse drug response (ADR) is an undesired effect produced by a drug 
at standard doses, which typically necessitates reducing or stopping the sus-
pected agent and may require treatment of the noxious effect produced. Further 
harm may occur with continued or future therapy with the drug.

 EPIDEMIOLOGY
The financial impact of ADRs is estimated to be more than $100 billion per 
year. The actual incidence of ADRs is difficult to quantify because many cases 
are either not recognized or not reported. Several large studies have shown 
that the incidence may approach 20% for outpatients (even higher for patients 
taking more than 15 drugs) and 2 to 7% for inpatients. The incidence of ADRs 
increases exponentially with more than four drugs. Meta-analyses of several 
prospective studies suggest that ADRs are now the third leading cause of 
death in hospitalized patients. It is clear from more recent surveys that a rela-
tively small group of drugs (see Table 26-2) continues to be implicated in 
most of the reported ADRs. Adverse drug events cause an estimated four 
emergency department visits per 1000 individuals annually in the United 
States. The most common drug classes implicated are anticoagulants, antibiot-
ics, diabetes drugs, and opioid analgesics.2,3 Current trends also suggest that 
the incidence of ADRs is likely to increase as a result of more prescribed and 
over-the-counter medications being used. Although still in an evolutionary 
phase, systems approaches have the potential to greatly advance the under-
standing of adverse drug events and the ability to predict them.4

 PATHOBIOLOGY
Most ADRs are caused by an exaggerated (but predictable) pharmacologic 
effect of the drug or by a toxic or immunologic effect of the drug or a metabolite 
(not typically expected). Among an estimated 100,000 annual drug-related 
emergency hospitalizations in patients older than 65 years, the most commonly 
implicated drugs are warfarin (33%), insulin (14%), oral antiplatelet agents 
(13%), and oral hypoglycemic agents (11%).

Predictable Toxic Responses to Drugs
Exaggerated drug responses that cause adverse drug effects may be due to any 
condition that causes altered pharmacokinetics or pharmacodynamics (dis-
cussed earlier). There has been increasing interest in the discipline of phar-
macogenomics, which explores the role of genetic factors in altered 
pharmacokinetics or pharmacodynamics and the resultant increased suscep-
tibility to ADRs. Furthermore, a developing discipline of pharmacometabo-
lomics should complement pharmacogenomics in personalized drug therapy 
by capturing environmental and microbiome-level influences on responses 
to drugs.4 There is now ample evidence that molecular changes in the genes 
coding for drug-metabolizing enzymes can account for the variability in phar-
macokinetics and drug effects observed in population studies. There are now 
many examples of the role of pharmacogenomics in altered drug response 
and effect. Three of the best-studied examples are genetic polymorphisms 
associated with debrisoquine-sparteine, N-acetylation, and mephenytoin. Each 

TABLE 26-3 GENETIC POLYMORPHISMS OF DRUG-METABOLIZING ENZYMES

TYPE PRIMARY DRUG EXAMPLES
OTHER DRUGS THAT ARE 

SUBSTRATES

INCIDENCE OF “POOR 
METABOLIZERS” IN 

WHITES (%) ENZYME INVOLVED
Debrisoquine-sparteine 

polymorphism
Amitriptyline, codeine, tamoxifen Antidepressants, antiarrhythmics, 

β-adrenergic receptor–blocking drugs, 
codeine, dextromethorphan, neuroleptics

5-10 Cytochrome P-450 IID6 
(CYP2D6)

Mephenytoin polymorphism Mephenytoin Mephobarbital, hexobarbital, diazepam, 
omeprazole

4 ( Japanese, Chinese, 
15-20)

Cytochrome P-450 IIC (CYP2C)

N-acetylation polymorphism Isoniazid, sulfadiazine Hydralazine, phenelzine, procainamide, 
dapsone, sulfamethazine, sulfapyridine, 
aminoglutethimide, aminosalicylic acid, 
sulfasalazine

40-70 ( Japanese, 10-20) N-acetyltransferase (NAT2)

Methyl conjugation 
polymorphism

Catecholamines l-Dopa, methyldopa 25-30 Catechol-O methyltransferase 
(COMT)



BRAF(V600E) kinase–expressing tumor cells, thereby reducing tumor cell 
proliferation. There are multiple other examples in oncology demonstrating 
that genomic data from the tumor of an individual patient can be useful in 
making a therapeutic decision (See Table of Pharmacogenomic Biomark-
ers in Drug Labelingon FDAWebsite–www.fda.gov/drugs/scienceresearch/
researchareas/pharmacogenetics/).

administered to reduce the amount of free toxic metabolite present, protecting 
the liver.

Immunologic reactions to drugs are generally not produced by the drug 
alone. Similar to other low-molecular-weight compounds (<1000 D), they 
are typically not antigenic themselves. When a drug or reactive metabolite 
combines with a protein to form a drug-protein complex, it can become anti-
genic, capable of eliciting an immune response.

Perhaps the most impressive form of drug allergy is anaphylaxis, which is 
due to an immunoglobulin E–mediated hypersensitivity. Many drugs from 
different classes have been shown to produce this type of drug allergy. The 
best-known example is the anaphylactic response produced by penicillin, which 
can occur after its administration by any route. Skin testing with penicillin G, 
penicilloic acid, or penicilloyl polylysine can identify patients at risk and should 
be performed in those with a suspected penicillin allergy who need treatment 
with penicillin. If the skin test result is positive, the patient must undergo 
desensitization before receiving penicillin. If the skin test result is negative, 
penicillin can be administered with caution.

 DIAGNOSIS AND PREVENTION OF ADVERSE DRUG RESPONSES
Although many of the well-known adverse drug effects are due to a relatively 
small group of drugs, every drug has the potential to cause an ADR. A physician 
should always consider the possibility of an ADR in the differential diagnosis 
even if none has been reported previously for the particular drug. In earlier 
editions of this book, we provided a table listing many diverse clinical pre-
sentations associated with ADRs. The reader is now referred to the numerous 
websites providing more complete and up-to-date information on ADRs than 
can be detailed here. For example, www.fdable.com allows one to monitor drug 
safety with unlimited access to up-to-date information from the U.S. Food 
and Drug Administration (FDA) Adverse Event Reporting System (AERS).

In many instances, it is readily apparent that a specific drug has produced 
an ADR, such as the appearance of a rash in an otherwise healthy patient who 
was recently prescribed a single drug (e.g., penicillin). In other cases, the effect 
produced by the drug may be difficult to discern from other disease states. 
In still other cases, the adverse effect may mimic the illness being treated 
(e.g., development of an arrhythmia in a patient being treated with an antiar-
rhythmic drug).

From a public health perspective, it is highly desirable to have a mechanism 
available to detect, catalog, and track the incidence and severity of ADRs not 
only for drugs at various stages of development but also for drugs that were 
approved earlier. The FDA tracks adverse drug events through a voluntary 
reporting program, MedWatch. Health care professionals are encouraged to 
report any adverse events or product problems on a one-page form that can 
be sent by mail, fax, or electronically to the FDA. Nontraditional resources 
that are generated by patients via the Internet could supplement existing phar-
macovigilance approaches. Although various methods for surveying ADRs 
have been proposed, ultimately, the cooperation of alert clinicians, health care 
professionals, and patients must be encouraged.

A patient’s list of prescription drugs should be reviewed at each visit, and 
potential interactions with any nonprescription drugs should also be assessed. 
Screening tools that can identify potentially inappropriate or unnecessary 
drug prescriptions can also reduce the risks of adverse drug reactions. A1 

,
 A2 

 GENOMIC DATA PROVIDING GUIDANCE FOR 
CANCER THERAPEUTIC DECISION

In addition to genetic data being useful in understanding and increasingly 
predicting adverse drug effects (see earlier), it is becoming increasingly clear 
that genomic data (e.g., the presence of a specific genetic variant) can also 
help inform the clinician of the appropriate drug or dose of drug that should 
be used for the specific patient.5,6 There is no therapeutic area in which this 
is more apparent than with oncologic drugs and particularly many of the 
new targeted therapy agents, for which the genomic profile of the tumor 
(vs. the host tissue) is critical (Chapter 169). A representative example is 
vemurafenib, a targeted agent that has recently been demonstrated to have 
therapeutic value in melanoma7 and potentially other malignancies as well. 
Vemurafenib is effective in tumors that have a specific mutation in their BRAF 
gene, a valine-to-glutamic acid mutation at residue 600 (V600E), that results 
in the oncogene protein product, BRAF(V600E) kinase, exhibiting a mark-
edly elevated activity that overactivates the MAPK signaling pathway. Vemu-
rafenib is an orally bioavailable, ATP-competitive, small-molecule inhibitor of 
BRAF(V600E) kinase with antineoplastic activity. It selectively binds to the 
ATP-binding site of BRAF(V600E) kinase and inhibits its activity, resulting 
in inhibition of an overactivated MAPK signaling pathway downstream in 
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4. Which one of the following drugs has pharmacokinetics characterized as 
dose-dependent, nonlinear saturation kinetics?
 A. Digoxin
 B. Tobramycin
 C. Lidocaine
 D. Glimepiride
 E. Phenytoin

Answer: E Not all drugs behave the same when drug dose is increased. The 
elimination of most drugs follows first-order or linear kinetics, such that the 
amount of drug eliminated is directly proportional to the plasma concentra-
tion of the drug. A few drugs (e.g., phenytoin) have a different pattern of 
elimination—that is, dose-dependent, nonlinear kinetics—such that as the 
drug dose increases and the plasma concentration of the drug rises, the relative 
amount of the drug being eliminated falls (i.e., clearance decreases) until the 
rate of drug metabolism is at a maximum. At this point, drug elimination is 
said to be zero order, and the drug concentration in plasma starts to increase 
much more (no longer linear). This is shown in Figure 26-5B.

5. Before administration of vemurafenib, which one of the following genes 
should be monitored for the presence of a V600E single-nucleotide 
polymorphism?
 A. EGFR
 B. BRAF
 C. NMYC
 D. VEGF
 E. CMYC

Answer: B The effectiveness of vemurafenib in tumors has been demonstrated 
to be dependent on the presence of a specific mutation in the BRAF gene of 
the tumor, a valine-to-glutamic acid mutation at residue 600 (V600E). This 
mutation results in the oncogene protein product, BRAF(V600E) kinase, 
exhibiting a markedly elevated activity that overactivates the MAPK signaling 
pathway. Vemurafenib selectively binds to the adenosine triphosphate−binding 
site of BRAF(V600E) kinase and inhibits its activity, resulting in inhibition 
of an overactivated MAPK signaling pathway downstream in BRAF(V600E) 
kinase−expressing tumor cells, thereby reducing tumor cell proliferation. Before 
considering this drug, specific testing for the presence of this mutation is 
recommended.

REVIEW QUESTIONS

1. A drug is considered to be effectively cleared from the circulation after 
how many half-lives?
 A. 1.5
 B. 2
 C. 5
 D. 7
 E. 10

Answer: C A drug is considered to be effectively cleared when less than 10% 
of drug remains in the circulation. This is typically 3 to 5 half-lives.

2. Which one of the following drugs may be difficult to remove in an overdose 
setting because of a large volume of distribution (VD)?
 A. Procainamide
 B. Aspirin
 C. Digoxin
 D. Phenobarbital
 E. Phenytoin

Answer: C A large VD indicates that a large fraction of the specific drug is 
present outside the circulation. Examination of drugs in Table 26-1 demon-
strates that digoxin’s VD is much higher than the other four drugs such that, 
in an overdose situation, easy removal of digoxin from the affected individual 
would be difficult because a large fraction of the drug is outside the circulation 
and therefore relatively inaccessible.

3. The antihistamine terfenadine (Seldane) should not be administered with 
which one of the following fruit juices?
 A. Lemon juice
 B. Orange juice
 C. Prune juice
 D. Grapefruit juice
 E. Apple juice

Answer: D Many drugs are metabolized by CYP3A4 in the small intestine. 
Certain chemicals in grapefruit juice, but not in the other juices listed, block 
the action of CYP3A4, so instead of being metabolized, more of the drug 
enters the blood stream and stays in the body longer. The result is that poten-
tially dangerous levels of the drug accumulate. This finding has led to more 
attention to foods, herbs, and other natural substances that are coadministered 
with drugs.
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27 
PAIN
STEVEN P. COHEN AND SRINIVASA N. RAJA

Pain is ubiquitous in life, usually serving as a warning sign of impending or 
actual injury to the organism. It is older than man himself, dating back to our 
most primitive ancestors. Pain is also a vital diagnostic clue for physicians. 
Physicians should be familiar with pain, for it is the most common symptom 
for which patients seek medical attention.

It is difficult to overestimate the impact pain holds on society. According 
to the 2012 National Health Interview Study involving 8781 respondents, 
55.7% of adults reported pain in the previous 3 months, with 10.3% suffering 
from daily pain and 11.2% having severe pain.1 Among the various types of 
pain, back pain is the most common, followed by headaches, arthralgias, and 
neck pain. Back pain is the leading cause of disability in the world, with the 
economic cost in the United States approaching 90 billion dollars per year.2,3 
Populations at risk for chronic pain include the elderly and individuals with 
physical and psychological morbidities. Many chronic pain conditions includ-
ing headaches, abdominal pain, fibromyalgia, and complex regional pain syn-
drome, are more prevalent in females.

 DEFINITIONS
The International Association for the Study of Pain defines pain as “an unpleas-
ant sensory and emotional experience associated with actual or potential tissue 
damage, or described in terms of such damage.” This definition recognizes 
that pain may occur in the absence of ongoing tissue damage, such as fibro-
myalgia or phantom limb pain. One implication of this construct is the assump-
tion that pain is always subjective; hence a patient’s report of pain should 
always be accepted at face value in the absence of evidence to the contrary.

 PATHOBIOLOGY
Classification of Pain States
Multiple classifications have been used to describe pain states based on dura-
tion, anatomical source, and mechanisms. Acute pain results from injury or 
inflammation, has survival value, and may play a role in healing by promoting 
behaviors that minimize reinjury. In contrast, chronic pain is perhaps best 
construed as a “disease” that serves no useful purpose.4 Although there is no 
clear threshold where acute pain transitions to a chronic state, it is generally 
accepted that pain which persists beyond the expected healing period is patho-
logical. In most cases, this period is between 3 and 6 months. The intensity 
of pain can be classified by intensity as mild (1-3), moderate (4-7) or severe 
(≥7 on a 0-10 scale).
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ABSTRACT
Pain is the most common reason people seek medical attention and the leading 
cause of disability in the world. Among the various ways to classify pain, the 
most common is based on etiology, specifically the presence (neuropathic) 
or absence (non-neuropathic) of nerve injury, as this affects treatment deci-
sion at all levels of care. Pain is a complex perceptual experience affected by 
a multitude of factors that includes not only the activation of nociceptors 
(nociception), but also emotions, memory and cognition, social and cultural 
context, and expectations. There are currently no biomarkers or diagnostic 
tests that can reliably identify or measure pain, so a patient’s pain complaints 
should always be taken seriously. The goals of treatment should ideally include 
elucidating the cause of pain, mitigating nociception, improving function, and 
alleviating suffering. The treatment of pain can be roughly divided into 4 
classes: conservative, which includes physical and psychotherapy; pharmaco-
therapy, which includes opioids and non-opioid analgesics; procedural inter-
ventions, which includes injections and surgery; and complementary and 
alternative treatments, which includes acupuncture, yoga, and chiropractic 
and is rapidly growing in popularity. Although there is a paucity of studies 
evaluating an integrative approach, there is a widespread consensus that an 
interdisciplinary model is beneficial. In this chapter, we discuss the different 
types of pain, diagnostic workup, various treatments, and future developments 
in pain medicine.
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Pain Mechanisms
Nociception is the physiological process of activation of specialized peripheral 
receptors (nociceptors) by stimuli that are potentially damaging to tissue (e.g., 
mechanical [tumor growth, incision], thermal [hot or cold], or chemical [ischemia 
or infection]). In addition to nociceptors that respond to each type of stimuli, 
there are polymodal nociceptors that respond to multiple modalities. Pain, in 
contrast, is a conscious experience that results not only from activation of 
nociceptive pathways, but is also influenced by alterations in somatosensory 
processing following tissue injury and by psychosocial factors. Once a stimulus 
is detected, it is converted into an electrical nerve signal through activation 
of transduction channels (e.g., transient receptor potential [TRP] channels) 
expressed on the axonal membrane (transduction). These action potentials are 
conveyed along the axons of unmyelinated (C) or thinly myelinated (A-delta) 
nerve fibers through specific pathways (transmission). Modulation refers to 
the attenuation of pain signals through intrinsic inhibitory activity within the 
peripheral and the central nervous systems (e.g., intrinsic spinal neurons that 
release a plethora of neurotransmitters) before being perceived as unpleasant 
(perception), though in some cases pain signals may be amplified during this 
process. Pathologic pain is the result of injury or disease-induced changes in 
the peripheral and/or central nervous systems leading to enhanced pain sig-
naling. One example of pathologic pain from injury to the nervous system is 
peripheral sensitization. This form of pain is characterized by the development 
of spontaneous ectopic activity in injured nerves and dorsal root ganglion 
cells, as well as enhanced sensitivity to stimuli.

Prolonged and repeated activation of nociceptive afferent fibers produces 
central sensitization, a state of hyperexcitability of central pain signaling neurons. 
Activation of N-methyl-D-aspartate (NMDA) receptors by glutamate is an 
important mechanism for central sensitization. Recent studies indicate that 
in addition to functional changes in neurons, glial cells may also be activated 
following inflammation and nerve injury and release inflammatory mediators 
and growth factors, which are important in sensitization. Loss of inhibitory 
interneurons (e.g., GABA) and altered balance between descending inhibitory 
and excitatory modulatory mechanisms play a key role in the maintenance of 
pain. Other central neuroplastic changes that contribute to neuropathic pain 
include deafferentation hyperactivity following spinal cord or avulsion injuries, 
loss of large fiber inhibition, and reorganization of central connections of 
primary afferent fibers. Central and peripheral sensitization are considered to 
be the prime culprits responsible for pain induced by innocuous stimuli (allo-
dynia) and increased pain to normally noxious stimuli (hyperalgesia), which 
are commonly observed in neuropathic pain.

Genetics
Chronic pain is a prototypical example of the interplay between genes and 
environment. There are many ways in which one’s genetic makeup can 

Somatic and Visceral Pains
Pain can originate from somatic or visceral structures. Somatic pain is typically 
well-localized and results from injury or disease of the skin and musculoskeletal 
structures. Different types of stimulation can evoke pain by binding to dis-
tinct receptors (a.k.a. nociceptors), which are categorized as either polymodal 
(which respond to painful and nonpainful stimuli) or nociceptive specific, 
which respond to mechanical, temperature, or chemical stimuli. Visceral 
pain arises from internal organ dysfunction and can result from inflamma-
tion, ischemia, occlusion of flow (e.g., renal stones, bowel obstruction), or 
functional pathology (e.g., irritable bowel syndrome). In contrast to somatic 
pain, visceral pain is usually diffuse and poorly localized, is often referred 
to somatic regions (e.g., myocardial ischemia radiating into the arm), and 
tends to be associated with exaggerated autonomic reflexes and greater emo-
tional features. Reasons for these differences include a lower density and dif-
ferent types of nociceptors, and convergence with afferent pathways in the  
spinal cord.

Neuropathic, Nociceptive, Nociplastic, and Mixed Pain
Pain can be etiologically classified as neuropathic, nociceptive, or mixed (Table 
27-1). This distinction is perhaps the most useful, as it affects decision making 
at all levels of care. Neuropathic pain is defined as pain caused by a lesion or 
disease affecting the somatosensory system.5 Common peripheral neuropathic 
pain states include diabetic neuropathy and radicular pain. One subtype of 
neuropathic is central pain, which manifests as a constellation of symptoms 
following a lesion affecting the central nervous system. Owing to its high 
prevalence, the most common overall cause of central pain is central post-
stroke pain (occurring after approximately 8% of cerebrovascular accidents), 
though spinal cord lesions are associated with a higher incidence of central 
pain (>50%). Nociceptive pain results from an injury or disease affecting somatic 
structures such as skin, muscle, tendons, bone, and joints. Nociplastic pain is 
pain that arises from altered nociception despite no clear evidence of actual 
or threatened tissue damage causing the activation of peripheral nociceptors 
or evidence for disease or lesion of the somatosensory system causing the 
pain. Formerly known as “functional pain syndromes,” these conditions include 
pain states such as fibromyalgia, irritable bowel syndrome, and possibly even 
nonspecific back pain. The precise pathophysiological mechanisms responsible 
for these disorders are still being elucidated, though they likely include aug-
mented sensory processing, diminished inhibitory pathways, and a higher 
co-prevalence rate of conditions associated with chronic pain such as mood 
and sleep disorders. Mixed pain is pain that contains significant portions of 
both neuropathic and nociceptive pain. For example, pain associated with 
cancer can result from either the tumor itself or as a consequence of therapy 
(e.g., surgery, chemo- and radiation therapy), and advanced malignancies typi-
cally include neuropathic and nociceptive components.

TABLE 27-1 CLASSIFICATION AND PREVALENCE OF COMMON PAIN CONDITIONS
NEUROPATHIC NOCICEPTIVE NOCIPLASTIC4 MIXED

PERIPHERAL1 CENTRAL SOMATIC VISCERAL
Peripheral neuropathy (1-3%)
Postherpetic neuralgia (annual 

incidence 0.1-0.2%)
Chronic postsurgical pain 

(2-10% overall, up to 50% 
for high-risk operations)

Phantom limb pain (30-60%)
Trigeminal neuralgia (0.01%)
Radiculopathy/spinal stenosis 

(3-10%)
Nerve entrapment syndromes 

(e.g., carpal tunnel, thoracic 
outlet, meralgia 
paresthetica; 2-4%)

Central post-stroke pain 
(8%)

Spinal cord injury 
(30-50%)

Multiple sclerosis 
(25%)

Parkinson disease 
(10%)

Seizure disorder (1-3%)

Arthritis (25-40% in people 
> 40 years)

Myofascial pain (5-10%)
Connective tissue disorders 

(0.2-0.5%)
Burn pain2 (annual incidence 

of burns requiring 
hospitalization 0.01%)

Endometriosis (10% in 
women of reproductive 
age)

Interstitial cystitis3 (0.2-1% 
of women)

Ulcers/gastritis/esophagitis 
(3-9%)

Cholecystitis/appendicitis

Irritable bowel syndrome 
(5-15%)

Fibromyalgia (3-6%)
Complex regional pain 

syndrome type I 
(0.006-0.05%, 3-20% after 
orthopedic surgery)

Temporomandibular disorder 
(5-12%)

Headache (15% for 
migraine, 20-30% 
for tension-type)

Cancer5 (lifetime 
prevalence 30-40%)

Low back pain6 (annual 
prevalence rate 
20-40%)

Neck pain7 (annual 
prevalence rate 
20-40%)

Ischemic pain6

1. Prevalence rates represent proportion of patients with condition who develop pain.
2. Third degree burns often associated with neuropathic pain.
3. Also sometimes considered nociplastic pain (bladder pain syndrome).
4. Strong female predominance.
5. Neuropathic pain occurs in 20-50% of cases and may occur secondary to tumor invasion, surgery, chemotherapy, and radiation treatment.
6. Neuropathic pain may predominate or accompany nociceptive pain in 20-50% of cases.
7. Typically nociceptive, but long-standing pain may result in ischemic neuropathy.
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nociceptive pain (e.g., painDETECT, DN4, s-LANSS), although physician 
determination remains the reference standard.

A thorough history should evaluate sleep and dietary patterns. In epide-
miological studies, over 50% of chronic pain patients exhibit some form of 
sleep disturbance, which are nearly ubiquitous in some conditions such as 
fibromyalgia. It is well-known that pain can interfere with sleep, but it is less 
well-appreciated that sleep deprivation may enhance pain sensitivity and reduce 
response to therapy. Although there is some evidence that improved sleep 
may lessen chronic pain, the studies are mostly correlational.8

In terms of diet, there is strong evidence to support weight loss for a wide 
range of pain conditions in overweight individuals and vitamin D supple-
mentation in individuals with a documented deficiency, which may be more 
common in chronic pain patients. Other supplements that may alleviate 
chronic pain include omega-3 polyunsaturated fatty acids, turmeric, ginger, 
magnesium, and B12.

The evaluation of a patient in pain must include a psychosocial history. 
Between one half to two thirds of chronic pain patients exhibit varying degrees 
of psychopathology, with depression being the most common comorbidity, 
followed by anxiety disorders, somatoform disorders, and substance abuse. 
Most coexisting psychological conditions have been associated with the devel-
opment and persistence of pain. Social factors that can negatively impact 
treatment include low job satisfaction and secondary gain.

Physical Examination
Examination of the patient in pain should encompass all bodily systems because 
pain is a frequent manifestation of systemic disease. A physical exam finding 
by itself is almost never pathognomonic, but may help select patients for diag-
nostic testing or treatment. Unlike acute pain, chronic pain is usually not 
associated with autonomic activation resulting in altered vital signs. Numbness 
in the distribution of a nerve or nerve root suggests neuropathic pain, but 
nondermatomal sensory changes can accompany nociceptive pain as well. 
Allodynia and hyperalgesia are hallmarks of neuropathic pain. The most common 
forms of neuropathy are associated with sensory deficits in a glove-stocking 
distribution, but other patterns occur as well (Chapter 392).

When examining muscle strength, a distinction should be drawn between 
pain-induced and neurological weakness, with the latter often occurring in 
conjunction with muscle atrophy or asymmetry in reflexes. Sometimes reflex 
assessment is the only way to distinguish between a true neurological condi-
tion and nonorganic etiologies.

Diagnostic Tests
Imaging has largely supplanted history and physical exam as the gold standard 
for diagnosing pathology, but is not without drawbacks. Owing to its lack of 
specificity, there is a poor correlation between findings on MRI and the 

influence pain to include differences in pain sensitivity, susceptibility to disease, 
the immunomodulatory response to injury, psychological predisposition to 
pain persistence, interactions between genotype differences and environment, 
and response to analgesic therapy. Not only genetics, but also epigenetics can 
affect how painful stimuli are perceived.

Heritability is estimated to account for between 30% and 60% of the vari-
ance in pain response and plays a role in both acute pain perception and the 
transition from acute injury to chronic pain. Even when the variability associ-
ated with gender and race (i.e., females and African Americans are more likely 
to report pain than males and Caucasians, respectively) is taken into consid-
eration, genetics continue to play a major role in explaining pain differences. 
Heritable pain conditions may occur via either dominant or recessive gene 
transmission and involve an assortment of different phenotypes.

The simplest obvious examples of the role genetics plays in pain are those 
resulting from a single gene mutation with high penetrance such as hereditary 
sensory neuropathies and channelopathies such as primary erythromelalgia. 
More common are conditions associated with multiple gene abnormalities 
and incomplete penetrance, with several hundred potential gene candidates 
being identified. In most cases, genes promote a predisposition to pain, 
which requires a subsequent environmental inciting event (e.g., an injury in 
the context of depression) for manifestation. Whereas many experts believe 
low back pain is a poor candidate for genetic studies due to the large influ-
ence of psychosocial factors, it is estimated to have a heritability of between  
30% and 46%.6

 DIAGNOSIS
History
The evaluation of pain begins with a thorough history. Since no diagnostic 
test or biomarker can reliably identify or measure pain, a patient’s pain com-
plaints should always be taken seriously. The most promising techniques involve 
functional brain imaging that reflects cerebral metabolism. These research 
tools have helped us understand that the brains of chronic pain patients are 
different from those of normal individuals and undergo morphologic altera-
tions such as a diminution in gray matter as a consequence of chronic pain. 
Functional imaging may not only reflect one’s pain experience, but in the 
future might also be used to guide and assess treatment.7

A comprehensive history should include the location of pain, its quality, 
inciting event, exacerbating and relieving factors, associated symptoms and 
signs (e.g., numbness), interference with activities of daily living, and response 
to prior treatments. Because acute pain tends to be self-limited and the rela-
tionship to a precipitant event is more tangible, it is generally better tolerated 
and associated with fewer psychological sequelae.

The severity of pain can be measured via a variety of different rating scales. 
Because there are subtle differences between scales, repeat assessments or 
response to therapy are ideally gauged using the same instrument. For young 
children and mentally incapacitated patients, the use of age-appropriate sub-
stitute scales or facial expressions has been validated. Previous studies have 
found that for most patients, a ≥30% reduction in average pain constitutes 
clinically meaningful improvement.

Guidelines have concluded that pain scores comprise only one component 
of evaluation and should be considered in the context of functional capacity, 
psychological and emotional well-being, satisfaction ratings, adverse effects, and 
work status. It is therefore imperative that realistic goals are established, and 
individually tailored treatment regimens are developed to achieve these ends.

Distinguishing between neuropathic and nociceptive pain has important 
treatment implications (Table 27-2). Neuropathic pain is characterized by posi-
tive and negative symptoms. Negative symptoms, such as a loss of sensation, 
are usually the result of axon/neuron loss, while positive symptoms reflect 
abnormal excitability of the nervous system. Paresthesias and other symptoms 
suggestive of sensory dysfunction are indicative of neuropathic pain, especially 
when they occur in a dermatomal or nerve distribution. Descriptors such as 
“shooting” and “electrical” are more apt to be associated with neuropathic pain, 
whereas “throbbing” and “aching” tend to be identified with nociceptive pain 
states such as arthralgias. Other positive symptoms observed in neuropathic 
pain states include pain evoked by normally innocuous stimuli (allodynia) and 
an exaggerated or prolonged pain response to noxious stimuli (hyperalgesia/
hyperpathia). The temporal relationship to activities can also provide catego-
rization clues. Whereas neuropathic pain tends to be more unpredictable than 
nociceptive pain, mechanical spinal pain is classically exacerbated by movement. 
As alluded to earlier, some conditions such as cancer may be characterized by 
aspects of both nociceptive and neuropathic pain. There are several patient-
report instruments available that may help to distinguish neuropathic from 

TABLE 27-2 CATEGORIZATION OF NEUROPATHIC AND 
NOCICEPTIVE PAIN

CLINICAL 
CHARACTERISTIC NEUROPATHIC PAIN NOCICEPTIVE PAIN
Etiology Nerve injury Tissue or potential tissue 

damage
Descriptors Lancinating, shooting, 

electrical-like
Throbbing, aching, pressure-

like
Sensory deficits Frequent (e.g., numbness, 

tingling, pricking)
Infrequent and in 

nondermatomal or 
non-nerve distribution

Motor deficits Neurologic weakness may 
be present

May have pain-induced 
weakness

Hypersensitivity Pain frequently evoked with 
nonpainful (allodynia) or 
painful (exaggerated 
response) stimuli

Uncommon except for 
hypersensitivity in the 
immediate area of an acute 
injury

Character Distal radiation common Distal radiation less common; 
proximal radiation frequent

Paroxysms Exacerbations common and 
unpredictable

Exacerbations less common 
and associated with activity

Autonomic signs Can occur in 1
3  to 1

2  of 
patients

Uncommon
TREATMENT 
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Gender
Genetic
Lifestyle (active, sedentary)
Magnitude of injury or disease
Medication use
Nervous system characteristics
Physical conditioning/obesity
Sleep pattern

Biologic/Physical

Anxiety
Cognitive belief
Coping skills
Depression
Emotional stress
Negative attitude, fears
Personality
Somatization, catastrophization

Psychological

Financial barriers/
  health insurance
Job satisfaction
Language and cultural barriers
Past pain experiences
Social support system
Societal expectations
Substance abuse

Sociocultural

Nociception

Suffering
Pain

Pain Sequelae

Psychological

Anxiety

Cognitive impairment

Depression

Learned helplessness

Poor concentration

Social/Professional

Disability/impaired work function

Dysfunctional relationships

Increased suicide risk

Isolation

Social withdrawal

Biologic/Physical

Altered nociceptive pathways

Loss of gray matter/
biomechanical problems

Deconditioning

Medication use or abuse

FIGURE 27-1. Schematic drawing of the biopsychosocial model of pain. 

intensity of spinal pain, with greater than 50% of asymptomatic individuals 
having abnormalities on lumbar, thoracic, and cervical films. Systematic reviews 
have found that early imaging for back pain does not improve outcomes or 
affect decision making, though it does lead to greater patient satisfaction and 
costs. Therefore, it should be reserved for those with serious or progressive 
neurological deficits or “red flags,” such as suspected malignancy, infection, 
or fractures. Some have even questioned the utility of imaging as a prognostic 
tool before procedures. In a randomized trial evaluating whether MRI improves 
treatment outcomes in patients with sciatica who were referred for epidural 
steroid injections, a preprocedure MRI was not shown to improve outcomes 
and only infrequently altered decision making. A1  For chronic pain disorders 
such as primary headaches and chronic abdominal or pelvic pain, imaging 
should be reserved for the evaluation of acute processes or a significant change 
in symptoms.

Electromyography and nerve conduction studies (Chapter 368) are used 
to diagnose injury to large nerve fibers. However, these studies are associated 
with significant false-negative and false-positive rates and are not sensitive in 
detecting impairment of small nerve fibers. For small fiber neuropathies, a 
skin biopsy demonstrating decreased nerve fiber density can be valuable.

Pain is a complex perceptual experience affected by a multitude of factors 
that includes not only activation of nociceptors, but also emotions, memory 
and cognition, social and cultural context, and expectations. Not surprisingly, 
therefore, placebo treatment has a documented although modest ability to 
reduce pain. A2 

The goals of treatment should therefore include elucidating the cause of 
pain, mitigating nociception, improving function, and alleviating suffering. 
Suffering can be the consequence of numerous factors that include loss of 

TREATMENT 

physical function, social isolation, family distress, and a sense of inadequacy 
or spiritual loss. The biopsychosocial model posits that biological, psychological, 
and social factors play a role in chronic pain and should be addressed. Despite 
a paucity of studies evaluating an integrative approach, a consensus exists that 
an interdisciplinary model is beneficial. The goal of pain treatment should not 
be limited to pain reduction, but also encompass improving function, psycho-
logical comorbidities, sleep, and social interactions. It has been argued that 
treatment should be mechanism based rather than etiology or disease based, 
but simple clinical tools to correlate symptoms with mechanisms are lacking. 
The development of diagnostic methods to identify mechanisms (e.g., quantita-
tive sensory testing, intravenous infusion tests) may help develop novel target-
specific pharmacological agents (Fig. 27-1).

Pharmacologic Therapies
antipyretic analgesics

Aspirin (Chapter 76) is the most widely used analgesic in the world. Along 
with nonsteroidal anti-inflammatory drugs (NSAID) and the antipyretic drugs 
acetaminophen and phenacetin, this group forms the cornerstone of pain phar-
macotherapy. Antipyretic analgesics exert their antinociceptive effects by the 
inhibition of cyclooxygenase, the rate-limiting enzyme in the production of 
prostaglandins, which sensitize nociceptors and regulate inflammation. There 
are several pharmacologic distinctions between NSAIDs and acetaminophen. 
Whereas NSAIDs act both centrally and peripherally, making them effective topical 
agents for nociceptive inflammatory conditions, the primary site of enzyme 
inhibition for acetaminophen is the central nervous system. Acetaminophen is 
also a weaker analgesic than NSAIDs and largely devoid of anti-inflammatory  
effects.

The main drawback of nonopioid antipyretic analgesics is their ceiling effect. 
For cancer pain, the World Health Organization treatment paradigm advocates 
adding opioids to an analgesic regimen uncontrolled by NSAIDs, not replacing 
them. NSAIDs may act synergistically with opioids and have opioid-sparing 
effects. Although antipyretic analgesics are more effective in treating nociceptive 
than neuropathic pain, many neuropathic pain sufferers regularly take them.

A major concern about antipyretic agents is side effects. For NSAIDs, these 
include bleeding, gastrointestinal ulceration, renal toxicity, and an increased 
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risk of cardiovascular events. Although the use of cyclooxygenase-2 selective 
inhibitors such as celecoxib, or the addition of protein pump inhibitors to con-
ventional NSAIDs may attenuate the risk of bleeding and ulcers, they do not 
affect the incidence of adverse renal or cardiovascular events. These risks are 
significantly increased in the elderly, patients with multiple comorbidities, and 
patients with polypharmacy. NSAIDs should ideally be avoided in patients on 
anticoagulants because they may increase the risk of bleeding. In view of their 
considerable risks, NSAIDs should be prescribed in the lowest dose possible, 
for the shortest duration of time, and with periodic surveillance. Because it 
possesses a more favorable safety profile, acetaminophen is often considered a 
first-line therapy before NSAIDs even for pain conditions associated with inflam-
mation. Topical NSAIDs (e.g., diclofenac) have also been shown in randomized 
controlled studies to be beneficial for regional rheumatologic pain disorders 
and have comparable efficacy but fewer side effects than systemic NSAIDs. A3 

adjuvant analgesics
Multiple guidelines for the treatment of chronic pain, particularly neuropathic 

pain, have been published (Table 27-3). In general, these suggest that antide-
pressants (tricyclic antidepressants [TCA] and serotonin and norepinephrine 
reuptake inhibitors [SNRI]) and anticonvulsants (gabapentin and pregabalin) 
should be the two first-line classes of medications for chronic neuropathic 
pain.9 Depending on the particular drug and condition, these medications can 
provide significant pain relief in carefully selected patients beyond that observed 
with placebo in 15 to 30% of ideal pharmacologic candidates (i.e., number 
needed-to-treat is between 3.6 and 7.2). Whereas opioids have similar efficacy 
for neuropathic pain, anticonvulsants and antidepressants carry a lower risk 
of serious adverse events such as abuse and long-term tolerance, rendering 
them preferable for long-standing noncancer pain. In terms of efficacy, TCAs 
are superior to SNRIs, which in turn are more efficacious than serotonin spe-
cific reuptake inhibitors (SSRIs). Amitriptyline is the most studied TCA, but its 
efficacy is comparable to its metabolite nortriptyline and cousin imipramine. 
However, the latter two drugs’ more favorable side effect profiles (e.g., less 
sedation and anticholinergic activity) make them preferable for neuropathic 
pain. In patients who cannot tolerate a TCA, an SNRI such as duloxetine can 
be beneficial. In addition to neuropathic pain, antidepressants are also effec-
tive in headache prophylaxis, abdominal and pelvic pain, fibromyalgia, and  
musculoskeletal pain.

Anticonvulsants are effective for neuropathic pain by virtue of their mem-
brane stabilizing properties. Although anticonvulsant drugs may be better than 

antidepressants for prototypical “lancinating-type” neuropathic pain, antide-
pressants are more versatile in that they have proven benefit in myriad other 
pain conditions. Owing to their high efficacy and favorable side effect profiles, 
the gabapentinoids (gabapentin and pregabalin) are first-line agents for many 
forms of neuropathic pain. They have been approved by the U.S. Food and 
Drug Administration for the treatment of postherpetic neuralgia (gabapen-
tin and pregabalin), fibromyalgia (pregabalin), and neuropathic pain associ-
ated with diabetes and spinal cord injuries (pregabalin). However, pregabalin 
did not significantly reduce the intensity of leg pain associated with sciatica, 
compared with placebo, over the course of 8 weeks. A4  Randomized controlled 
trials also suggest that these drugs may act synergistically with opioids and 
antidepressants,10 provide anxiolysis, and exhibit preemptive analgesic effects 
before surgery. A5 

,
 A6 

When gabapentinoid drugs are ineffective or intolerable, alternative anticon-
vulsants that act via different mechanisms may be employed. For trigeminal 
neuralgia, carbamazepine remains the treatment of choice, although adverse 
effects such as agranulocytosis limit its utility for other conditions. Other classes 
of adjuvants that may be effective in certain contexts include topical creams 
(e.g., capsaicin, the pungent chemical in chili pepper), N-methyl-D-aspartate 
antagonists (e.g., ketamine and dextromethorphan), skeletal muscle relaxants 
(e.g., baclofen), and cannabinoids. Topical lidocaine patches have been shown 
to reduce pain and allodynia in patients with postherpetic neuralgia and other 
neuropathic conditions. A high concentration (8%) topical patch of capsaicin has 
been demonstrated in clinical trials to provide significant pain relief compared 
to placebo for postherpetic neuralgia and HIV neuropathy and is considered a 
second-line therapy for peripheral neuropathic pain states. A7  A single one-hour 
application can result in attenuation of pain for up to 12 weeks.

In recent years, the use of cannabinoids to treat acute and chronic pain 
has generated extraordinary interest. Cannabinoids exert their primary effects 
by binding to two receptors: CB1, which is expressed in high concentrations 
in the central nervous system (and is responsible for most of the euphoric 
and other psychological effects) and along pain pathways, and CB2, which is 
found mainly on immune cells in peripheral tissues, and contributes to the 
anti-inflammatory properties. The two FDA-approved synthetic cannabinoids 
are dronabinol and nabilone, which are indicated for chemotherapy-induced 
vomiting and appetite stimulation associated with wasting illnesses. In 2018, 
the U.S. FDA approved a marijuana-derived drug, cannabidiol, for a rare form 
of severe treatment-resistant epilepsy. Despite federal laws banning the use 
of marijuana, over half the states have laws permitting medical marijuana use, 
some of which consider chronic pain to be an indication. A systematic review 
evaluating cannabinoids for chronic pain concluded there was evidence for a 
small effect for noncancer and cancer-related chronic pain, with the strongest 
evidence for neuropathic pain. A8  Additional effects that may benefit patients 
include antiemetic and appetite-stimulating properties in cancer patients, as 
well as improved sleep and decreased anxiety. Serious side effects of canna-
binoids may include cognitive and motivational impairment and psychologi-
cal effects such as delusions, hallucinations, panic disorders, depression, and  
addiction.

Opioid analgesics
Opioid analgesics are the cornerstone of treatment for cancer pain (Table 

27-4). Although randomized studies have found that opioids are effective in 
noncancer pain conditions, several reviews have concluded they provide long-
term improvement in only a minority of individuals and that their superiority to 
other analgesics and ability to improve function is inconclusive. A9  For patients 
presenting to the emergency department with acute extremity pain, there was 
found to be no significant or clinically important difference in pain reduction at 2 
hours among single-dose treatment with ibuprofen and acetaminophen or with 
3 different opioid and acetaminophen combination analgesics. A10  Optimizing 
therapy with opioid analgesics requires carefully balancing the beneficial and 
undesirable effects, including addiction. Understanding the clinical pharmacology 
of opioids, including their relative potency, duration of action, bioavailability, 
and pharmacokinetics, is essential for rational use. Their use for chronic pain 
management is limited primarily by myriad side effects that include nausea, 
constipation, sedation, itch, respiratory depression, and endocrine deficiency 
leading to sexual dysfunction and accelerated osteoporosis. Opioids that are 
predominantly renally eliminated, such as morphine, should be used with caution 
in patients with renal dysfunction. Two metabolites of morphine, morphine-
6-glucuronide, which contains analgesic properties, and morphine-3-glucuronide, 
which may amplify pain in certain contexts, can accumulate in patients with 
renal dysfunction. Alternative drugs include fentanyl and methadone.

The increasing use of prescription opioids for chronic pain has been associ-
ated with a more than 3-fold increase in opioid-related deaths in the early years 
of the 21st century. A synthesis of evidence suggests that among chronic pain 
patients on opioids, up to 40% exhibit aberrant drug-related behaviors, 20% 
abuse their drugs, and around 10% become addicted. These grave statistics have 
led to a recent Centers for Disease Control and Prevention (CDC) guideline for 
prescribing opioids for chronic pain. A11  The guidelines focus on three main areas:

1. Determining when to initiate or continue opioids for chronic pain;
2. Opioid selection, dosage, duration, follow-up and discontinuation; and
3. Assessing risks and addressing harms of opioid use.

TABLE 27-3 INTERNATIONAL ASSOCIATION FOR THE STUDY 
OF PAIN NEUROPATHIC PAIN SPECIAL INTEREST 
GROUP (NEUPSIG) RECOMMENDATIONS FOR 
PHARMACOLOGIC TREATMENT OF CHRONIC 
NEUROPATHIC PAIN

FIRST-LINE DRUGS/DRUG CLASSES 
(STRONG RECOMMENDATIONS)

TOTAL DAILY DOSE AND REGIMEN

Gababentin 1200-3600 mg, in three divided doses
Gabapentin extended release or enacarbil 1200-3600 mg, in two divided doses
Pregabalin 300-600 mg, in two divided doses
Serotonin-noradrenaline reuptake 

inhibitors duloxetine or venlafaxine*
60-120 mg, once per day (duloxetine)
150-225 mg, once per day (venlafaxine 

ER)
Tricyclic antidepressants 25-150 mg, once per day or in two 

divided doses
SECOND-LINE DRUGS (WEAK 
RECOMMENDATIONS)

Capsaicin 8% patches (for peripheral 
neuropathic pain)

1-4 patches to the painful area for 
30-60 min every 3 months

Lidocaine patches (for peripheral 
neuropathic pain)

1-3 patches to the region of pain once 
per day for up to 12 h

Tramadol 200-400 mg, in two (tramadol extended 
release) or three divided doses

THIRD-LINE DRUGS (WEAK 
RECOMMENDATIONS)

Botulinum toxin A (subcutaneously) 50-200 units to the painful area every 3 
months

Strong opioids Individual titration
See Table 27-4

*Duloxetine is the most studied among the serotonin-noradrenaline reuptake inhibitors, and 
therefore recommended as the first choice; ER= extended release
Recommendations based on GRADE classification, adapted from Finnerup et al. Lancet Neurol 2015.
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TABLE 27-4 FORMULATIONS, DOSAGES, AND PHARMACOLOGIC INFORMATION ON COMMONLY PRESCRIBED OPIOIDS

DRUG

EQUI-ANALGESIC 
DOSAGE (ORAL 

UNLESS SPECIFIED)

READILY AVAILABLE 
ROUTES OF 

ADMINISTRATION
DURATION OF 

ACTION COMMENTS
PURE OPIOID AGONISTS
Morphine 30 mg IV, IM, PO, PR;

SR formulation
3-6 h for short-acting, 

8-12 h for SR
Reference standard for all opioids. Renally excreted active metabolite.

Oxycodone 20 mg PO, PR; SR 
formulation

3-6 h for short-acting, 
8-12 h for SR

Widely available in combination form with nonopioid analgesics. Greater euphoric 
effects than morphine. Popular among recreational users.

Hydromorphone 3-6 mg PO, PR, IV, IM, SR 
formulation

3-6 h, 18-24 h for SR Higher PO:IV conversion ratio than other opioids. SR form reserved for 
opioid-tolerant patients and contraindicated in patients with recent monoamine 
oxidase inhibitor use.

Hydrocodone 30-60 mg PO, SR formulation 3-6 h, 12-24 h for SR Wide variation in morphine equivalent dose. Most commonly prescribed opioid in 
U.S. Typically used in combination form with nonopioid analgesic 
acetaminophen. SR form available without acetaminophen.

Oxymorphone 10 mg PO, IV, IM, PR; SR 
formulation

4-8 h, 8-12 h for SR Co-ingestion of alcohol with SR formulation can lead to rapid increase in plasma 
levels and overdose. Very low (10%) oral bioavailability.

Methadone 2-20 mg PO, PR, IV 6-12 h for pain Morphine:methadone conversion varies according to dose and length of opioid 
use, ranging from 2 : 1 to >20 : 1 in patients on very high doses. Any physician 
with a schedule II DEA license may prescribe for pain. May take 5-7 days to 
reach steady state due to long half-life. EKG monitoring recommended with 
higher doses. Other properties such as NMDA receptor antagonism and 
reuptake inhibition of serotonin and norepinephrine may slow tolerance and 
increase efficacy for neuropathic pain.

Levorphanol 4 mg PO, IM, V 4-10 h 2 : 1 oral to IV conversion ratio. Agonist at mu, kappa and delta receptors. Multiple 
mechanisms of action including inhibition of serotonin and norepinephrine 
reuptake, NDMA receptor antagonism and sigma receptor agonism. Long 
half-life exceeded only by methadone.

Fentanyl 12.5 µg/hr (TD)
100-300 µg (TM)

TD, TM 72 hours for TD;
1.5-3 h for TM

TD, TM and B formulations may be useful in patients with poor bowel function. 
Rapid onset (<10 min) iontophoretic TD system available for postoperative 
pain.

TD: Wide variation in conversion ratios and doses depending on route. Delivery 
system may be associated with fewer gastrointestinal side effects and include 
buccal, sublingual, and intranasal routes.

TM delivery associated with more rapid (10 min) onset than immediate release 
oral opioids. FDA approved for breakthrough cancer pain in opioid-tolerant 
patients.

Approximately 40% greater bioavailability for transmucosal films and sprays than 
lozenges and tablets.

Sufentanil 15-30 µg TM 1.5-3 h Rapid onset, wide variation in conversion ratio. For use only in health care and 
battlefield settings. 15 and 30 µg dosages approved in Europe; 15 µg dosage 
approved in the United States.

Codeine 200 mg PO, PR, IM, SR 
codeine 
combination 
product available as 
cough suppressant

3-6 h, 8-12 h for SR Often used in combination with nonopioid analgesics. Efficacy and side effects 
may be affected by rate of metabolism to active metabolite morphine, which 
varies significantly. Popular as cough suppressant.

Propoxyphene 200 mg PO, PR 3-6 h Removed from market in U.S. Wide variation in morphine equivalent dose. Often 
used in combination form with nonopioid analgesic. Toxic metabolite may 
accumulate with excessive use, especially in elderly. Weak antagonist at NMDA 
receptor.

Meperidine 300 mg PO, PR, IM, IV 2-4 h Toxic metabolite may accumulate with excessive use, especially in patients with 
renal insufficiency. Associated with tachycardia and hypertension. Concurrent 
use with monoamine oxidase inhibitors may result in fatal reactions. May cause 
more “euphoria” than other opioids. IM absorption erratic.

AGONIST-ANTAGONISTS, PARTIAL AGONISTS
Buprenorphine

Buprenorphine/
Naloxone (4 : 1 
ratio for opioid 
addiction)

0.3-24 mg SL
5-70 µg/h (TD)
2-24 mg/d

TM, PR, IV, TD 8-12 h for TM, 7 d 
for SR, once daily 
for stable 
buprenorphine/
naloxone 
combination

Partial µ-agonist κ-antagonist that may precipitate withdrawal in opioid-dependent 
patients on high doses. Lower abuse potential and fewer side effects than pure 
agonists. Not readily reversed by naloxone. Schedule III drug in U.S. Primarily 
used in combination with naloxone as sublingual or buccal tablets and films for 
opioid dependence. May prolong QT interval.

Butorphanol 1 mg/spray, repeat 
after 60-90 min 
(IN)

1-2 mg (IV/IM)

IN, IM, IV, PO 3-5 h Mixed agonist and antagonist at µ-receptor and antagonist at κ-receptor. 
Commonly used as nasal spray to treat migraine headache and less commonly 
for labor pain. Significant abuse potential.

Nalbuphine 1 : 1 parenteral ratio SC, IM, IV 3-6 h Mixed agonist-antagonist, often used for labor and delivery. Sometimes used to 
treat refractory opioid-induced pruritus.

Pentazocine
Pentazocine/

Naloxone 
(Talwin) 
(100 : 1 ratio of 
pentazocine to 
naloxone)

90 mg PO, SC, IM, IV 3-4 h parenteral,
3-8 h PO

Mixed agonist-antagonist. Negative entantiomer is kappa agonist. Naloxone added 
in 1970s (e.g., Talwin) to prevent abuse. Commonly prescribed in preparation 
with acetaminophen. Schedule IV controlled substance in the United States.
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The 12 primary recommendations in the CDC guideline are:
1. Nonpharmacologic and nonopioid pharmacologic therapy are preferred 

and should be utilized before initiating opioid therapy.
2. Establish realistic goals before starting opioid therapy and discuss how 

therapy will be discontinued if benefits do not outweigh risks.
3. Before initiating and periodically during opioid therapy, discuss known 

risks and realistic benefits of therapy.
4. Initiate therapy with immediate-release opioids.
5. Start with the lowest effective dose, carefully reassess benefits and risks 

when dosage is increased beyond 50 morphine mg equivalents (MME) per 
day, and try to avoid dosages greater than 90 MME per day.

6. The treatment of acute pain with opioids should be usually limited to 3 
days or less and rarely beyond 7 days.

7. Evaluate the patient within 1 to 4 weeks after starting opioids and reevalu-
ate the benefits and harms of opioid therapy within 3 months.

8. Before starting opioid therapy and during treatment, risk factors for harm 
should be evaluated and strategies to mitigate risk, such as offering nal-
oxone, should be considered.

9. Review the patient’s history of controlled substance prescriptions using 
state prescription drug monitoring programs.

10. Use urine drug screening tests before initiating opioid therapy and at least 
annually subsequently.

11. Try to avoid using opioids and benzodiazepines concurrently.
12. For patients with opioid use disorder, offer or arrange treatment with 

buprenorphine or methadone in combination with behavioral therapies.
In summary, when considering a trial with opioids, health care providers 

need to consider disease pathology, assess traits such as compliance and 
responsibility, perform risk stratification, and monitor for predefined treatment 
goals and aberrant drug-related behaviors (Fig. 27-2).

The long-term use of opioids can be associated with tolerance and physical 
dependence. Cross-tolerance among opioids is incomplete, and a strategy often 
used when tolerance is suspected is rotation to an alternative opioid, which 
may result in a 30 to 50% reduction in the equianalgesic dose. Tramadol and 
tapentadol represent a class of analgesic drugs that have dual mechanisms of 
action. Tramadol is a weak agonist that inhibits the reuptake of norepinephrine 
and serotonin. Along with the typical opioid-related side effects, seizures have 
been reported. Tapentadol functions as a µ-opioid agonist and a norepinephrine 
reuptake inhibitor and is slightly stronger than tramadol.

Butorphanol, nalbuphine, and pentazocine are opioid agonist-antagonist drugs 
that can antagonize the actions of µ-opioid agonists and cause psychotomimetic 
effects due to their actions on the κ-opioid receptor. These drugs should be 
used with caution, particularly in patients receiving other µ-opioid agonists, 
because they may precipitate withdrawal or reduce the effectiveness of pure 
opioid agonists. Buprenorphine, a partial agonist at the µ-opioid receptor and 
an antagonist at other opioid receptors, is available in various formulations, 
including a once-per-week transdermal patch for pain, and in combination 
with naloxone for the treatment of opioid addiction.

Combination Therapies
Guidelines suggest that when monotherapy is ineffective, multiple agents 

may be employed. The rational use of polypharmacy should include drugs that 
act at different sites in the pain signaling process and ideally have antagonistic 
adverse effects (Fig. 27-3). Controlled trials have found that gabapentin and 
nortriptyline, gabapentin and morphine, and nortriptyline and morphine provide 
superior benefit than either drug alone for neuropathic pain. A12  In patients with 
chronic low back pain, however, gabapentinoids appear to be of limited value 
with an unimpressive benefit-risk ratio. A13 

Psychological Treatment
The relationship between pain and psychopathology is complex. The lifetime 

prevalence of coexisting psychiatric illness in chronic pain patients ranges from 
50% to over 80%. Between 30% and 60% of chronic pain sufferers experience 
symptoms of depression, making it the most common comorbidity. For anxiety 
disorders and substance abuse, co-prevalence rates are around 30% and 10 to 
15%, respectively. But whereas it is widely acknowledged that chronic pain 
can predispose patients to depression, anxiety, substance abuse, and suicide, 
what is less commonly appreciated is that coexisting psychopathology is a 
strong predictor for the development of chronic pain after an acute pain episode, 
(e.g., back pain episode, surgery) and is associated with poorer treatment 
outcomes.11, A14 

It is incumbent upon practitioners to screen all pain patients for psychologi-
cal conditions that can adversely impact treatment (Table 27-5). Not only major 
psychiatric conditions such as depression and generalized anxiety, but also 
maladaptive behaviors and secondary diagnoses such as somatization disorder 
and poor coping skills, can negatively influence treatment.

Relaxation techniques such as biofeedback and guided imagery have proven 
effective in a wide array of acute and chronic pain conditions, but may be 
especially useful in individuals with high levels of anxiety. Cognitive behavioral 
therapy is a structured form of psychotherapy predicated on the replacement 
of negative thought patterns and behaviors with more constructive ones. 
This treatment enhances inhibitory pain signals and can also be effective for 
associated symptoms such as fatigue and insomnia. Ideal candidates include 
motivated patients in whom distorted thinking (e.g., catastrophization) and 
counterproductive behaviors amplify pain behavior. Two-year follow-up of a 
randomized clinical trial of mindfulness-based stress reduction (MBSR) versus 
cognitive behavioral therapy (CBT) or usual care for chronic low back pain 
found that significant between-group differences were sustained only between 
CBT and usual care; there was some diminution of superior effects of MBSR 
relative to usual care after 1 year. A15  In patients with personality disorders and 
ingrained maladaptive behaviors, long-term psychotherapy may be necessary.

Interventional Therapies: Nerve Blocks, 
Neuromodulation, and Surgery
nerve Blocks

Injections may be performed for therapeutic, diagnostic, and prognostic 
purposes. Mechanistically, injections performed with local anesthetic may 
work by releasing entrapped nerves, enhancing blood flow, and interrupting 
processes involved in central sensitization (i.e., “breaking the cycle of pain”). 
Additional benefits of adding corticosteroid to local anesthetic include block-
ing the inflammatory cascade, suppressing ectopic discharges from injured 
nerves, and inhibiting the synthesis of prostaglandins, some of which sensitize 
nociceptors.

Nerve blocks have come under increased scrutiny because of rising utiliza-
tion. In appropriate patients, injections can provide intermediate-term pain 
relief, facilitate rehabilitation, and improve quality of life. But the rapid surge 
in use alters the risk-benefit ratio, as patients unlikely to benefit undergo treat-
ment. Patients with concomitant psychosocial issues (e.g., secondary gain, 
untreated depression), greater disease burden, taking opioids, and with imaging 
or exam findings discordant with their symptoms are unlikely to benefit from 
procedures. In those who do benefit, translating the temporary relief afforded 
by targeted medication delivery into long-term improvement necessitates 
addressing the underlying etiologies and predisposing factors, which often 
entails psychotherapy and rehabilitation. Injections that can provide benefit 
in carefully selected individuals include trigger point injections for myofascial 

TABLE 27-4 FORMULATIONS, DOSAGES, AND PHARMACOLOGIC INFORMATION ON COMMONLY PRESCRIBED OPIOIDS—cont’d

DRUG

EQUI-ANALGESIC 
DOSAGE (ORAL 

UNLESS SPECIFIED)

READILY AVAILABLE 
ROUTES OF 

ADMINISTRATION
DURATION OF 

ACTION COMMENTS
WEAK, DUAL-ACTION OPIOID AGONISTS

Tramadol 150-300 mg PO 4-6 h, 24 h for SR Dual action involves inhibition of serotonin and norepinephrine reuptake. Affinity 
for µ-opioid receptor 6000× less than morphine. Analogue of codeine with 
active metabolite in which differences in metabolism may influence drug effects. 
Available in combination form with acetaminophen. Maximum recommended 
dose of 400 mg/d. Avoid concurrent use of monoamine oxidase inhibitors. 
Recently moved to FDA category schedule IV in U.S.

Tapentadol 75-110 mg PO 4-6 h, 12 h for SR Dual action involves inhibition of norepinephrine reuptake. May have fewer of 
certain side effects than morphine, such as gastrointestinal and respiratory 
depression. Maximum dose 600 mg/d. Avoid concurrent use of monoamine 
oxidase inhibitors. Schedule II in U.S. Approved for diabetic neuropathy.

PO = oral; PR = rectal; IV = intravenous; IM = intramuscular; IN = intranasal; SL = sublingual; TD = transdermal; TM = transmucosal; B = buccal; NMDA = N-methyl-d-aspartate; SR = sustained release
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Baseline risk factors for abuse

Psychological

History of substance
abuse or cigarette smoking

Major psychiatric comorbidity

Prior sexual or physical abuse

Social

Dysfunctional subculture

Poor social support

Previous legal problems/
motor vehicle accidents

Biologic

Age ≤ 45 years

Genetics/family history of
substance abuse

Male gender

Clinical presentation
and disease-related factors

Syndromes rather than disease entities (e.g., 
fibromyalgia, irritable bowel syndrome)

High baseline disease burden (e.g., disability)
Nonorganic signs (e.g., Waddell sign)
Discrepancy between pain scores and test 

results (e.g., normal MRI)

Aberrant behaviors

Discrepant pill counts or urine toxicology results
Lost or stolen medications or prescriptions
Requests for early refills
Disheveled appearance
Misses nonopioid refill appointments, but not 

refill appointments for opioids
Forged or stolen prescription pads
Only opioids, or one type (e.g., oxycodone) or 

route (e.g., IV) of administration is effective

Poor outcome
with opioid use

FIGURE 27-2. Factors associated with opioid abuse and/or treatment failure. 

pain, intra-articular injections for chronic osteoarthritis, and nerve blocks with 
corticosteroid for nerve entrapment syndromes. Biological therapies such as 
platelet rich plasma have shown modest results in the treatment of musculo-
skeletal disorders and are being increasingly employed to treat peripheral nerve 
injuries, but the evidence for benefit over other treatments, or for long-term 
benefit, is weak. A16 

,
 A17  Among spinal injections, the strongest evidence is for 

epidural steroid injections in patients with acute or subacute radicular pain.12 
In individuals with spinal pain secondary to facet joint arthritis, there is mixed 
evidence supporting radiofrequency denervation. In patients with cancer pain, 
neurolytic procedures targeting the celiac plexus for upper abdominal pain 
and superior hypogastric plexus for pelvic pain may provide significant benefit 
lasting several months.

Electrical Stimulation/neuromodulation
Electrical stimulation has been used for millennia to treat pain. The most 

common form of electrical stimulation is transcutaneous electrical nerve stimu-
lations (TENS), whereby electrical current is used to stimulate nerves. The evi-
dence supporting TENS to treat chronic pain is mixed, with one criticism being 
that the benefit is short-lasting. Spinal cord stimulation is a neuromodulatory 
technique for managing refractory chronic pain in which an electrode is inserted 
epidurally to stimulate the dorsal column. It was developed based on the gate-
control theory which postulates that activation of peripheral sensory A-fibers 
can attenuate pain signaling by slower-conducting pain C-fibers. Although 
originally intended to treat neuropathic pain, technological advances such as 
high frequency and burst stimulation may also provide benefit for nociceptive 
conditions. The most common indications for dorsal column stimulation are 
postlaminectomy syndrome, complex regional pain syndrome, diabetic neu-
ropathy, and ischemic pain associated with peripheral vascular disease or angina. 
In patients with intractable chronic pain unresponsive to conservative measures, 
deep brain and motor cortex stimulation may provide benefit for conditions 
such as phantom limb pain, cluster headache, and central pain.

Surgery
Surgical interventions are often advocated in patients who have failed con-

servative measures. A traumatic neuroma is an inexorable consequence of 
cutting or burning a nerve, formed as a result of unregulated and disorganized 

nerve regeneration. Neuromas have been shown to fire ectopic pain signals 
and are often quite painful. Hence, neurolytic procedures are rarely successful 
in the long-term treatment of neuropathic pain. Part of the challenge in decid-
ing when operative therapy is indicated revolves around the difficulty involved 
in establishing a causative relationship between the targeted pathology and 
pain. For spinal decompression, the incidence of chronic postsurgical pain bears 
little relationship to the size of disc herniation, which suggests that the targeted 
pathology may not be the primary cause of symptoms. Similarly, scar tissue is 
a predictable sequelae of surgical treatment, but lysis of adhesions is only 
infrequently associated with long-term symptom palliation because of the high 
recurrence rate and absence of reliable means to correlate the presence of 
adhesions with pain. Not surprisingly, surgery done solely to remove a painful 
body part (e.g., orchiectomy) rarely results in long-term benefit.

Back Pain
Back pain is the leading cause of disability in the world. The American College 

of Physicians has published clinical guidelines for noninvasive treatments for 
acute, subacute, and chronic low back pain in adults. In 3 randomized clinical 
trials in patients with chronic low back pain, radiofrequency denervation com-
bined with a standardized exercise program resulted in no improvement or no 
clinically important improvement compared with a standardized exercise program 
alone. A18  In patients who present with serious spinal pathology (tumor, trauma), 
decompression, stabilization, and fusion can be beneficial, but outcomes are 
strongly dependent on patient selection. Randomized studies have determined 
that decompression procedures done for radiculopathy and spinal stenosis are 
effective for short-term pain relief, but most demonstrate no long-term (>2 
years) improvement compared to conservative treatment. A19 

,
 A20  For fusion or 

disc replacement performed for mechanical pain associated with common 
degenerative changes, randomized trials suggest that no more than one third 
of patients can expect significant pain relief or a highly functional outcome, 
with the results diminishing over time A21 

,
 A22  (Table 27-6).

Physical Treatments
The use of “physical” therapies to provide pain relief and enhance function 

is a cornerstone in the integrative treatment of the pain patient. Physical 
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therapists evaluate, educate, and provide minimally invasive procedural inter-
ventions to help prevent and alleviate pain and dysfunction. These include 
addressing causes of pain (e.g., correcting gait abnormalities) and providing 
treatments (e.g., hot and cold packs, joint manipulation).

Exercise has been used for decades as a treatment for chronic pain and a 
means to prevent injury. Exercise works via a variety of mechanisms including 
enhancing blood flow, releasing endorphins, exertion of anti-inflammatory 
effects, activating inhibitory pathways, and improving sleep and mood. Whereas 

TABLE 27-6 EVIDENCE FOR TREATMENTS FOR DIFFERENT ETIOLOGIES OF CHRONIC LOW BACK PAIN
CONDITION PREVALENCE TREATMENT
Lumbosacral radiculopathy 

from herniated disc
Annual prevalence 5-15% Moderate evidence that epidural steroids may provide short-term relief, weak evidence for long-term benefit

Strong evidence that surgery may provide benefit for up to 2 years, but conflicting evidence for long-term benefit
Weak evidence for duloxetine

Spinal stenosis 5-10% of adults ≥65 years.
Rare in patients <50 years

Weak evidence that epidural steroids may provide meaningful short-term relief, negative evidence for long-term 
benefit

Moderate evidence that surgery may provide benefit for at least 2 years
Negative or weak evidence for pharmacological treatment

Discogenic pain from 
degenerative disc 
disease

20-40% of patients with axial 
low back pain

Conflicting evidence for modest short-term benefit with intradiscal treatments
Weak, conflicting evidence that surgery may provide small benefit for up to 2 years compared to no or unstructured 

treatment and that surgery is not more effective than conservative treatment
Negative evidence for injections

Facet arthritis 10-15% of patients with axial 
low back pain, increasing 
with age

Conflicting evidence for benefit with radiofrequency denervation
Negative evidence for steroid injections and surgery

Sacroiliac joint pain 15-30% of patients with axial 
low back pain below L5 
vertebra

Moderate evidence for short-term relief with steroid injections
Weak evidence for benefit with radiofrequency denervation
Weak evidence for minimally invasive surgery

Myofascial pain 20%, but may be superimposed 
on a primary cause in over 
75% of patients

Strong evidence for exercise, muscle relaxants, and NSAIDs
Weak, conflicting evidence for antidepressants. Pharmacologic treatment more effective for acute than chronic low 

back pain

Pain perception and
amplification:

• Cognitive-behavioral
  therapy
• Placebo

Descending modulation:

• Antidepressants
• Opioids (tramadol)
• Muscle relaxants
• Acupuncture

Synaptic transmission and
central sensitization:

• Anticonvulsants
• α-Adrenergic agonists
• Opioids
• NMDA blockers (i.e., ketamine)
• Epidural/intrathecal analgesia
• Spinal cord stimulation
• Cannabinoids
• Muscle relaxants

Cortex

Thalamus

PAG

RVM

• Topical agents
• Local anesthetic/
  nerve blocks
• Anticonvulsants
• Cannabinoids

• Antidepressants
• Anti-inflammatory
  drugs
• Epidural steroids

Peripheral stimulation, transduction,
transmission, and amplification:

FIGURE 27-3. Rational choice of combination therapies for pain should be based on 
the mechanisms of drug actions. Combining drugs with disparate actions can have addi-
tive or synergistic analgesic effects and minimize adverse effects. 

the largest body of research has been conducted for spinal pain, benefits have 
also been demonstrated in fibromyalgia, headaches, arthritis, neuropathic pain 
and cancer.

Complementary and Alternative Therapies
Patients are seeking complementary and alternative medical (CAM) treat-

ments (Chapter 34) with increasing frequency, with utilization rates around 
40%. Pain is the most common indication for CAM therapies. Some of the most 
popular CAM modalities are acupuncture,13 chiropractic,14 and yoga, all of which 
have been shown to be beneficial in certain contexts. However, their effect 
sizes tend to be modest, and there is little evidence to support one modality 
over another, or against conventional medical treatments. In one review evalu-
ating the acceptance for CAM among various health care specialty students, 
medical students were most critical.

Pain Management in Older Persons
Older adults are more likely to report pain than younger cohorts and often 

present with multiple comorbidities. The increased risk for drug-related adverse 
effects in this population is the basis for the popular recommendation, “start 
low and go slow” in the titration of drugs. Age-related physiological factors that 
can decrease the therapeutic dose of opioid and nonopioid analgesics include 

TABLE 27-5 PSYCHOSOCIAL FACTORS ASSOCIATED WITH 
CHRONIC PAIN

Multiple pain complaints
Poor job satisfaction, low pay
Inadequate coping skills
Fear-avoidance behavior
Manual labor, physically stressful job
Obesity
Somatization
Smoking
Low baseline activity levels
Ongoing litigation
Older age
Low education level
Higher presenting pain intensity, disability
Neurological symptoms
Anxiety
Depressed mood
Emotional distress



 FUTURE DEVELOPMENTS
Most people will develop an acute pain episode, but only a small percentage 
will go on to develop chronic pain. Two related areas receiving significant 
research attention involve the genotyping and phenotyping of chronic pain 
patients, which may be used to both identify individuals at high risk for chroni-
fication of pain and to guide treatment. The conceptual appeal of these endeavors 
is that tailored pain treatment may result in greater benefit and less harm than 
a shotgun approach.

Regenerative therapies, which seek to facilitate the body’s ability to repair, 
replace, restore, or regenerate diseased or damaged tissue, is another frontier 
in pain medicine. Whereas some of these treatments such as platelet-rich 
plasma are commonly used to treat musculoskeletal conditions with mixed 
results, others such as stem cell therapy, which is being investigated as a treat-
ment for nerve injury and degenerative conditions, are in more preliminary 
stages of development.

In addition to preventing the development of chronic pain, another top 
National Institutes of Health chronic pain research priority is the establish-
ment of registries. Unlike controlled trials which measure efficacy in small, 
carefully, selected populations, registries can provide a better measure of 
effectiveness in large populations treated under real-life conditions, as well as 
important information about who is likely to benefit from a treatment.

Finally, the specialty of pain medicine must face the reality of spiraling 
health care costs by developing cost-effectiveness treatment models. Clinical 
trials evaluating new therapies should measure not only subjective outcomes 
such as pain scores, but also objective ones that can result in societal cost 
savings, such as return to work. Proving that new treatments are more effective 
than existing rather than placebo treatments should be a cornerstone of future 
clinical research.
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28 
BIOLOGY OF ADDICTION
ERIC J. NESTLER

 DEFINITION
Drug addiction is compulsive substance use despite serious negative conse-
quences. Harmful drug use and addiction are significant contributors to medical 
morbidity and mortality both directly as a result of the toxic effects of abused 
drugs and indirectly through accidents, violence, nonsterile needle use, smoking, 
and other health hazards. By far the greatest contributors to illness and death 
are the widely used legal drugs, tobacco (Chapter 29) and alcohol (Chapter 
30), although illegal addictive drugs and abused prescription drugs also exact 
a significant toll. In addition, addiction creates enormous burdens on society 
by impairing the function of the addicted person in multiple life roles, disrupt-
ing families and neighborhoods, and motivating crime.

Compulsive use, the cardinal feature of addiction, means that the affected 
person cannot control substance use for a significant period of time despite 
powerful reasons to do so, such as drug-related health problems, drug-associated 
arrests, or the threat of losing one’s job or spouse. In the outpatient clinic, 
addiction can be remarkably frustrating to treat: drug seeking and administra-
tion are apparently voluntary behaviors that an otherwise sentient person 
seems unwilling to control. Even after significant efforts have been exerted to 
get an addicted patient into drug treatment, relapse is common, even long 
after the last withdrawal symptom has cleared. Relapses are often precipitated 
by stress or by reminders of drug use (cues) that may range from familiar drug 
use contexts (such as smoking after a meal) to interactions with drug-using 
friends, the smell of marijuana or tobacco smoke, and body feelings previously 
associated with drug seeking (so-called interoceptive cues). Molecular, cellular, 
and behavioral studies of drug action in animal models and noninvasive human 
neuroimaging studies are providing significant insights into the neurobiology 
underlying compulsive drug taking and its persistence. Other important fron-
tiers of research include the human genetics of addiction risk and more recently, 
the neurobiology of what have been called behavioral addictions, such as 
compulsive gambling.

Drug users may repeatedly take drugs to gain pleasure or to escape from 
negative feelings, including the aversive feelings that may occur when drugs 
wear off.1 As a result of repeated drug administration over time, initial protein 
targets for the drugs and their downstream signaling pathways (Table 28-1) 
are excessively stimulated and may thus undergo homeostatic adaptations. 
These adaptations can produce tolerance (the need for increasing drug doses 
to achieve desired affects) or dependence (revealed by withdrawal symptoms 
between drug doses or with drug cessation). Both tolerance and dependence 
can contribute to ongoing drug use and to dosage increases; however, neither 
tolerance nor dependence alone explains compulsive use. First, tolerance and 
dependence occur not only with repeated use of many addictive drugs (e.g., 
heroin) but also with many nonaddictive drugs (e.g., β-adrenergic antagonists 
[propranolol], α2-adrenergic agonist antihypertensive agents [clonidine], 
nitrates, selective serotonin reuptake inhibitor antidepressants). Second, some 
highly addictive drugs, such as cocaine, may produce little physical dependence 
and withdrawal in some individuals who nonetheless exhibit compulsive use. 
Finally, if dependence and withdrawal were necessary factors in addiction, 
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ABSTRACT
Only a minute fraction of the ~billion compounds known in chemical space 
share the property of inducing addiction: compulsive drug intake despite 
adverse consequences. Such compounds are termed drugs of abuse. Despite 
their very different chemical structures and very different initial protein targets 
in the brain, all drugs of abuse converge on the brain’s reward circuity which 
evolved to regulate responses to natural rewards in the environment such as 
food, sex, and social interaction. This convergent action includes increasing 
dopaminergic neurotransmission from the midbrain ventral tegmental area 
to the nucleus accumbens in the basal forebrain as well as the activation of 
several other reward-related neurotransmitter systems. Repeated exposure to 
drugs of abuse, and the repeated activation of these acute reward mechanisms, 
induces pathologic changes in individual reward neurons and in the function-
ing of the overall brain reward circuitry that drive an individual’s compulsive 
drug use. The ability of a drug to induce such changes and therefore addiction 
is highly heritable with roughly 50% of the risk being genetic, and specific 
genes that comprise this risk are at long last being identified.
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and consummatory behaviors. Several interconnected neural circuits, highly 
conserved in evolution, control an individual’s responses to rewarding and 
aversive stimuli (E-Fig. 28-1). Dopamine-releasing neurons in the ventral 
tegmental area (VTA) of the midbrain and their major target neurons in the 
nucleus accumbens (NAc) in the ventral striatum serve as a rheostat that 
detects and drives responses to rewards and threats. The amygdala and hip-
pocampus are crucial for forming reward- and fear-related memories. The 
dorsal striatum (caudate and putamen) mediates well-learned behaviors and 
habits. Finally, several regions of the prefrontal cortex exert executive control 
over these subcortical systems. Addiction involves abnormal functioning of 
this entire circuit.5

The neurotransmitter dopamine, released from VTA nerve terminals in the 
NAc, plays the key (albeit not the only) role in binding rewards and reward-
associated cues to adaptive reward-seeking responses. In animals, implanted 
electrodes can record firing of dopamine neurons; microdialysis catheters 
and electrochemical methods can be used to detect dopamine that has been 
released from presynaptic terminals. In humans, positron emission tomogra-
phy (PET) permits indirect measures of dopamine release by observing the 
displacement of a positron-emitting D2 dopamine receptor ligand previously 
bound to receptors after a stimulus or pharmacologic challenge. By use of 
such methods in multiple paradigms, it has been well established that natural 
rewards cause firing of VTA neurons and dopamine release in the NAc and 
other forebrain regions. When dopamine action is blocked, whether by lesion-
ing of dopamine neurons, blocking of postsynaptic dopamine receptors, or 
inhibition of dopamine synthesis, rewards no longer motivate the behaviors 
necessary to obtain them.

New insights into the role of dopamine have emerged from studies of patients 
with Parkinson disease (Chapter 381). Parkinson disease results from the 
death of midbrain dopamine neurons; however, neurons within the substantia 
nigra, which project to the dorsal striatum, are more severely affected than 
neurons within the VTA. Patients are generally treated with l-dopa, a dopa-
mine precursor, but as the disease progresses, other drugs may be needed, 
including selective D2 dopamine receptor agonists. Relevant to this discussion 
is that a minority of patients treated with D2 dopamine receptor agonists 
develop new risky, goal-directed behaviors, such as compulsive gambling or 
shopping. These behaviors generally cease when the drug is withdrawn. It is 
thought that whereas dopamine receptor agonists produce therapeutic effects 
on motor behavior in the more fully denervated dorsal striatum, they can 
combine with endogenous dopamine from preserved VTA neurons to over-
stimulate the NAc and other components of the reward circuitry. These obser-
vations not only underscore the role of dopamine in motivation and reward 
seeking but also suggest that behavioral addictions share neural substrates 
with drug addiction.6

Much evidence suggests that the precise pattern of dopamine neuron firing 
and the resulting synaptic release of dopamine in forebrain circuits act to 
shape behavior so as to maximize future reward. In a basal state, dopamine 
neurons have a slow tonic pattern of firing. When a reward is encountered 
that is new, unexpected, or greater than expected, there is a phasic burst of 
firing of dopamine neurons causing a transient increase in synaptic dopamine. 
When a reward is predicted from known cues and is exactly as expected, there 
is little change from the tonic pattern of firing, that is, only small additional 
dopamine release. When a predicted reward is omitted or less than expected, 

the phenomenon of late, post-detoxification relapse would not be the major 
clinical problem that it is. Although these forms of homeostatic adaptation 
play a role in addiction, as will be described, other types of plasticity within 
the nervous system are more significant.

 RISK FACTORS FOR ADDICTION
Only a minority of individuals who use drugs go on to become addicted. The 
best-established risk factors for addiction are male sex and family history. 
Across countries and cultures, males have a greater risk for both heavy drug 
use and addiction, with risk ratios in the range of 1.4 : 1 to 2 : 1. In recent years, 
however, the sex ratios have narrowed in many countries, especially for tobacco 
use and alcohol. Moreover, females who succumb to addiction tend to do so 
more quickly after initial drug exposures, and drug use during pregnancy can 
have enormously deleterious effects on the fetus.

Genes play the preponderant role in familial risk as evidenced by twin and 
adoption studies.2,3 Twin studies consistently show higher rates of concordance 
for heavy drug use and addiction within monozygotic twin pairs than within 
dizygotic twin pairs. Adoption studies that have been performed in several 
Scandinavian countries and in the United States have focused mostly on alco-
holism. These studies demonstrate that individuals adopted early in life tend 
to resemble their biologic rather than their adoptive parents with respect to 
patterns of alcohol use. Large population genetic studies suggest that the heri-
table risk for addiction to any of several substances, including opiates, stimulants, 
nicotine, alcohol, and marijuana, is roughly the same and varies between 20 
and 60%, depending on the study.

Although genes clearly play a significant role in vulnerability to addiction, 
few of the specific genetic variants that confer risk have been identified with 
certainty. Like all common neuropsychiatric disorders, addiction risk is highly 
genetically complex; there is evidence from linkage and association studies 
for contributions by a large number of genetic variants of relatively small 
effect. The strongest genetic risk factors identified to date are variations in 
genes that encode acute drug targets, such as nicotinic cholinergic receptor 
subunits, although each contributes only a very small portion of the overall 
heritable risk.4 Large genome-wide association studies and exome and whole 
genome sequencing studies are continuing. However, the task of gene iden-
tification is complicated by the challenges of phenotype definition. There are 
no objective medical tests with which to make the diagnosis, and there may 
be independent genetic and nongenetic risk factors for different stages of 
substance use disorders, such as drug experimentation, addiction, and treat-
ment responsiveness. Moreover, twin and family studies suggest that there 
may be both shared and unshared genetic risk factors underlying addictions 
to different drugs. As in other genetically complex disorders, it is hoped that 
with the identification of multiple risk-conferring variants, it will be possible 
to identify biochemical pathways involved in addiction pathogenesis, which 
will then suggest potential targets for new and more effective treatments.

 REWARD CIRCUITRY: THE NEURAL SUBSTRATE 
OF ADDICTION

The survival and perpetuation of species require that animals, including humans, 
learn to predict threats and also learn the circumstances under which they 
can obtain “rewards,” such as food, water, shelter, and opportunities for mating. 
A simple operational definition of reward is a stimulus that elicits approach 

TABLE 28-1 PROPERTIES OF ADDICTIVE DRUGS
DRUG NEUROTRANSMITTER DRUG TARGET EFFECT AFTER BINDING
Opiates (morphine, heroin, oxycodone) Endorphins; enkephalins µ and δ opioid receptor (agonist) Activate Gi/Go; activate K+ channels
Psychostimulants (cocaine, amphetamines) Dopamine (DA) Dopamine transporter (DAT)* 

(antagonist)
Increase synaptic DA; stimulate presynaptic 

and postsynaptic DA receptors
Nicotine Acetylcholine Nicotinic acetylcholine receptor 

(nAChR) (agonist)
Stimulate cation channel (may desensitize)

Alcohol γ-Aminobutyric acid (GABA) GABAA receptor (agonist) Activate Cl− channel
Glutamate N-methyl-d-aspartate (NMDA) 

receptor (antagonist)
Inhibit Na+/Ca2+ entry

Marijuana (Δ9-tetrahydrocannabinol) Anandamide; 2-arachidonoylglycerol Cannabinoid CB1 (agonist) Activate Gi/Go; activate K+ channels
Phencyclidine, ketamine NMDA receptor (antagonist) Inhibit Na+/Ca2+ entry
*The psychostimulants also interact with the norepinephrine and serotonin transporters, but under normal conditions, it is the DAT that is critical for rewarding and addictive properties. Unlike cocaine, 
amphetamines enter dopamine nerve terminals through the DAT and interact with a second target, the vesicular monoamine transporter (VMAT), to release DA into the cytoplasm and thence, through the 
DAT, to release it into the synapse.
Modified from Hyman SE, Malenka RC, Nestler EJ. Neural mechanisms of addiction: the role of reward-related learning and memory. Annu Rev Neurosci. 2006;29:565-598.
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E-FIGURE 28-1. Brain reward circuits. the major dopaminergic projections to the 
forebrain that underlie brain reward are shown superimposed on a diagram of the human 
brain: projections from the ventral tegmental area to the nucleus accumbens, amygdala 
(not shown), hippocampus (not shown), and prefrontal cerebral cortex. Also shown are 
projections from the substantia nigra to the dorsal striatum (caudate and putamen and 
related structures) that play a role in habit formation and other deeply ingrained motor 
behaviors, including those related to drug consumption. (from Hyman SE, Malenka Rc, 
nestler EJ. neural mechanisms of addiction: the role of reward-related learning and 
memory. Annu Rev Neurosci. 2006;29:565-598.)



in synaptic weights, such as long-term potentiation or long-term depression, 
and physical remodeling of dendritic spines. Processes of drug sensitization 
(or reverse tolerance), demonstrated in animal models and in humans, may 
contribute to these memory-related phenomena.

The centrality of associative learning mechanisms for addiction was first 
recognized from clinical observation: much drug taking and, most notably, 
late relapses follow exposure to cues previously associated with drug use. Cues 
that can reinitiate drug use include environmental stimuli (e.g., persons with 
whom drugs have been used, drug paraphernalia) and body feelings. Because 
addictive drugs reliably increase synaptic dopamine and other reward-related 
neurotransmitters as a result of their direct pharmacologic actions—indeed, 
they produce excessive and grossly distorted reward signals—the brain receives 
a powerful impetus to connect the circumstances in which the drugs have 
been used with the motivation to take drugs again. Even if the drug is no 
longer pleasurable, the signals continue to reinforce drug wanting and seeking. 
Moreover, the certainty and magnitude of these signals give drugs a marked 
advantage over natural rewards and other learned goals, including prosocial 
activities.

In the laboratory, it has been possible to study the effects of drugs and drug 
cues on neural circuits, physiology, and subjective responding in addicted 
human subjects. For example, drug-associated cues have been shown to elicit 
drug urges and physiologic responses (such as sympathetic activation) as well 
as activation of reward circuits in addicted human subjects. By positron emis-
sion tomography, cocaine-related cues have been shown to elicit dopamine 
release in striatal regions of addicted subjects.

Investigations at the cellular and molecular levels have begun to identify 
the physiologic and molecular changes that underlie the effects of addictive 
drugs on reward-related memory processes. Among psychotropic drugs that 
have been examined, only those drugs that can cause addiction produce long-
term potentiation in brain reward circuits including the VTA. Addictive drugs 
also activate transcription factors, such as the cyclic adenosine monophos-
phate response element binding protein (CREB), and alter the composition 
of activator protein 1 (AP-1) complexes (composed of Fos and Jun families 
of transcription factors) in brain reward circuits.9 Cocaine, opiates, and other 
addictive drugs have been shown to regulate many genes downstream of CREB, 
AP-1, and other transcription factors. As well, it has been increasingly possible, 
through the use of genetically modified mice and virus-mediated gene transfer, 
to directly demonstrate the involvement of these transcriptional mechanisms 
in the range of behavioral abnormalities induced by repeated drug exposure 
in animal models. However, it is far more challenging to determine which 
drug-regulated proteins are causally involved in human addiction. Part of 
the challenge is that, whereas rodent models have provided many insights 
into drug action and behavior, it is difficult to model human compulsion in 
animals, that is, to model a free-living and independent person who loses 
control over drug use while experiencing the negative consequences of that 
use. That said, a growing body of knowledge is emerging about the neural 
and molecular processes that produce addiction, with the hope of translating 
these advances into medical diagnostic tests and more effective treatments of 
addictive disorders.
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dopamine neurons pause their firing to levels below their tonic rate. Phasic 
increases in synaptic dopamine signify that the world is better than expected, 
facilitate learning of new predictive information, and bind the newly learned 
predictive cues to action.

Dopamine is not the only neurotransmitter that signals reward. Others, 
including acetylcholine, endogenous opioid peptides (e.g., enkephalin and 
endorphin), and endogenous lipid substances called endocannabinoids (because 
cannabinoid drugs like marijuana are agonists at their receptors), are also 
released in the reward circuitry in response to natural rewards.

 PROPERTIES OF ADDICTIVE DRUGS
Addictive drugs are chemically diverse and interact with different molecular 
targets in the nervous system (Table 28-1). They also exhibit significant dif-
ferences from each other in many of their physiologic and behavioral effects. 
For example, cocaine and amphetamines are stimulants; they increase arousal, 
may cause anxiety, and at lower doses enhance cognitive performance. Alcohol 
is a depressant, is anxiolytic at low doses, and degrades cognitive performance. 
Heroin and other opiates are analgesic and cause drowsiness, constipation, 
and pupillary constriction. The shared behavioral effect of all addictive drugs 
is the liability, in vulnerable individuals, of causing compulsive use. The shared 
pharmacologic property that is a major mediator of addiction is the ability to 
increase levels of synaptic dopamine in the NAc and other forebrain regions. 
For example, cocaine blocks the dopamine uptake transporter that normally 
clears dopamine from synapses. Amphetamines cause reverse transport of 
dopamine into synapses through the dopamine uptake transporter. Opiates, 
nicotine, alcohol, and cannabinoids cause dopamine release, acting by different 
initial mechanisms to stimulate VTA dopamine neurons or to release them 
from resting inhibitory control. Each of these other drugs also induces reward 
through nondopamine mechanisms, that is, through activating cholinergic, 
opioid, or cannabinoid receptors within the reward circuitry (Table 28-1).

Natural rewards, such as food or sexual opportunities, regulate the firing 
of dopamine neurons through highly processed sensory information, both 
external and interoceptive. Addictive drugs short-circuit this kind of informa-
tion processing by acting directly on proteins that control dopamine and other 
signals in the reward circuitry. Acting by such direct pharmacologic mecha-
nisms, addictive drugs typically produce greater quantities of synaptic dopamine 
and other reward-related neurotransmitters over longer times than natural 
rewards do. In addition, addictive drugs provide a grossly pathologic learning 
signal by occluding pauses in dopamine and other neuron firing even when 
drug use proves less pleasurable than expected or even aversive. For example, 
when the inhalation of a smoker causes painful coughing, it might seem that 
the brain would signal an experience that is worse than expected with a result-
ing decrement in VTA neuron firing rate. However, because nicotine causes 
dopamine release pharmacologically, independent of the smoker’s actual 
experience, reward circuits, unavailable to conscious introspection, still receive 
a positive message that reinforces nicotine seeking and nicotine use. In short, 
addictive drugs, by virtue of their effects on dopamine and related neurotrans-
mitters, always signal “better than expected.”

 DRUG-INDUCED NEURAL PLASTICITY 
RELEVANT TO ADDICTION

Neurobiologic research on addiction has focused intensely on compulsive 
aspects of drug use, the ability of specific cues to activate drug seeking and 
craving, and the long persistence of stress and cue-dependent relapse risk. As 
described previously, compulsive drug use and the power of drug-associated 
cues reflect the usurpation of the brain’s reward circuitry by drugs of abuse.7 
The persistence of addiction reflects long-term changes in neurons and synapses 
and their interacting circuits. Research during more than a decade has identi-
fied long-term changes in gene expression resulting from use of addictive 
drugs; recently, some long-lived alterations in gene expression have been 
attributed to drug-induced epigenetic mechanisms, such as modifications of 
chromatin.8

Long-term changes in gene expression may render the addicted person 
susceptible to stress and may also create persistent changes in hedonic state 
and mood regulation that may motivate drug taking. By themselves, however, 
changes in gene expression do not explain the ability of exquisitely specific 
cues to activate drug seeking or, if seeking is impeded, intense subjective drug 
craving. The ability of specific cues to activate drug seeking and wanting is 
based on long-term associative memories consolidated under the influence 
of dopamine and other reward signals. Long-term memory formation repre-
sents perhaps the most persistent changes in brain function that may occur 
in adult life. The neural substrates of memory are likely to include alterations 

https://expertconsult.inkling.com/
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4. Which of the following properties is unique to a drug of abuse?
 A. It increases dopamine signaling from the ventral tegmental area to the 

nucleus accumbens.
 B. It increases dopamine signaling from the substantia nigra to the dorsal 

striatum.
 C. It decreases dopamine signaling from the substantia nigra to the dorsal 

striatum.
 D. Its repeated use is associated with tolerance.
 E. Its repeated use is associated with dependence and withdrawal.

Answer: A All drugs of abuse share only one property: increasing dopamine 
transmission from the ventral tegmental area to the nucleus accumbens. Choices 
B and C are incorrect. Although drugs of abuse do cause tolerance and depen-
dence/withdrawal (choices D and E), many nonabused drugs do so as well. 

5. Which of the following is NOT a known mechanism of a drug of abuse?
 A. Cannabinoid receptor agonist
 B. Nicotinic cholinergic receptor agonist
 C. NMDA glutamate receptor antagonist
 D. GABAA receptor agonist
 E. Dopamine receptor antagonist

Answer: E All drugs of abuse increase dopamine signaling; a dopamine recep-
tor antagonist would block some of the actions of a drug of abuse. All other 
answers are known mechanisms of a drug of abuse.

REVIEW QUESTIONS

1. In addition to dopamine, all of following are important mediators of reward 
signals in the brain EXCEPT which?
 A. Acetylcholine
 B. Endocannabinoids
 C. Dynorphin
 D. Endorphins and enkephalins

Answer: C Dynorphin, although an endogenous opioid peptide, does not 
activate µ (mu) and δ (delta) opioid receptors. Rather, it activates κ (kappa) 
opioid receptors, which mediate an aversive effect.

2. Which of the following brain regions is NOT important in controlling 
responses to rewarding stimuli in the environment?
 A. Amygdala
 B. Occipital cortex
 C. Hippocampus
 D. Prefrontal cortex
 E. Dorsal striatum

Answer: B All of the other brain regions listed are key components of the 
brain’s reward circuitry. In contrast, the occipital cortex is most important for 
detecting and interpreting visual stimuli.

3. Which of the following statements best describes the activity of dopamine 
neurons in the ventral tegmental area in response to rewards?
 A. The neurons show large increases in phasic firing in response to an 

unexpected reward.
 B. The neurons show large increases in phasic firing in response to the 

withholding of an expected reward.
 C. The neurons show large increases in tonic firing in response to the with-

holding of an expected reward.
 D. The neurons show large decreases in tonic firing in response to an unex-

pected reward.
Answer: A Unexpected rewards induce an increase in phasic firing of the 
neurons. All other answers are incorrect responses.
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29 
NICOTINE AND TOBACCO
TONY P. GEORGE

 DEFINITIONS
Cigarette smoking is the most frequent (>90%) method of tobacco use, although 
other forms, including pipe tobacco, cigars, and smokeless tobacco, are common. 
Nicotine is the active ingredient in tobacco, which acts as a reinforcer for use 
of all forms of tobacco.
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ABSTRACT
Tobacco use prevalence has diminished substantially in the United States and 
most Western countries but is still a leading cause of preventable morbidity 
and mortality. This chapter reviews the epidemiology, neurobiology, clinical 
features, assessment, and treatment of tobacco use disorder (TUD). There 
are three FDA-approved treatments for TUD—nicotine replacement, sustained-
release bupropion, and varenicline, which all double quit rates compared to 
placebo. They are most useful when combined with behavioral treatments, 
which build motivation and help smokers manage craving and withdrawal 
during cessation attempts. Electronic cigarettes (e-cigarettes) are increasingly 
common and may supplant tobacco smoking as the preferred method to deliver 
nicotine; although they may be less harmful than tobacco smoking, there are 
still considerable concerns especially for adolescents. Nicotine and tobacco 
use are very problematic but also very treatable with evidence-based approaches, 
and thus it behooves all physicians to learn about tobacco treatment. 
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Positive effects of cigarette smoking (e.g., taste, satisfaction) appear to be 
mediated by non-nicotine components of tobacco such as tar. Besides positive 
reinforcement, withdrawal, and craving, there are secondary effects of nicotine 
and tobacco use that may contribute to both smoking maintenance and relapse, 
including mood modulation (e.g., reduction of negative affect), stress reduc-
tion, and weight control. In addition, conditioned cues can elicit the urge to 
smoke even after prolonged periods of abstinence. Nicotine may also benefit 
smokers hoping to lose weight, and those with psychiatric presentations (mood 
modulation, cognitive enhancement, stress reduction). These secondary effects 
may present additional targets for pharmacologic intervention in subgroups 
of smokers (e.g., schizophrenia, depression, or weight-concerned smokers).

 DIAGNOSIS
According to DSM-5, tobacco use disorder is established clinically by historical 
documentation of two of the following 11 criteria:

1. Tobacco often taken in larger amounts or over a longer period than was 
intended;

2. Persistent desire or unsuccessful efforts to cut down or control tobacco 
use;

3. A great deal of time spent in activities necessary to obtain or use tobacco;
4. Presence of craving, or a strong desire or urge to use tobacco;
5. Recurrent tobacco use resulting in failure to fulfill major obligations at 

work, school or home;
6. Continued tobacco use despite persistent or recurrent social or interper-

sonal problems caused or exacerbated by the effects of tobacco;
7. Important social, occupational or recreational activities given up or reduced 

due to tobacco use;
8. Recurrent tobacco use in situations in which it is physically hazardous 

(e.g., smoking in bed);
9. Continued tobacco use despite persistent or recurrent physical or psy-

chological problems that are caused or exacerbated by tobacco use;
10. Tolerance, as defined by either a need for markedly increased amounts 

of tobacco to achieved desired effects, or markedly diminished effects 
with continued use of the same amount of tobacco;

11. Withdrawal, manifested by the presence of the characteristic tobacco 
abstinence syndrome (e.g., four of irritability, anxiety, difficulty concen-
trating, increased appetite, restlessness, dysphoric mood, insomnia), or 
tobacco (or nicotine) is taken to relieve or avoid tobacco withdrawal 
symptoms.

For abstinent smokers, remission is classified as early (between 3 and 12 
months of abstinence) or sustained (>12 months of abstinence). Moreover, 
current severity of tobacco use disorder is coded as mild (2 to 3 symptoms), 
moderate (4 to 5 symptoms) or severe (6 or more symptoms).

In addition, most physiologically dependent tobacco smokers state that 
they smoke their first cigarette of the day within the first 5 minutes of awaken-
ing (e.g., time to first cigarette <5 minutes after awakening). Use of timeline 
follow-back procedures and smoking diaries have been used successfully to 
monitor smoking consumption. Scales such as the Fagerstrom Test for Nicotine 
Dependence (FTND) allow assessment of the level of nicotine dependence.

 EPIDEMIOLOGY
Cigarette smoking is the leading cause of morbidity and mortality in the Western 
world. In the United States, approximately 17% of the general population are 
tobacco users, as compared to 47% in 1965. Since the 1965 release of the 
Surgeon General’s report, smoking prevalence has been substantially reduced, 
but this reduction appears to have slowed in recent years, likely because the 
remaining smokers are refractory to tobacco treatment. Approximately 475,000 
people in the United States die each year as a result of smoking-attributable 
medical illnesses such as lung cancer, chronic obstructive pulmonary disease, 
cardiovascular disease, and stroke; and economic and health care costs of 
tobacco use exceed $400 billion annually. Smokeless tobacco (e.g., chewing 
tobacco) use has also increased, which has contributed to higher rates of oral 
pathologies including precancerous oral lesions and cancers of the mouth and 
nasopharynx. Moreover, the health risks of environmental tobacco smoke 
have become increasingly clear, prompting the development of widespread 
tobacco bans in public settings.

Worldwide, it is estimated that approximately 1.1 billion people use tobacco 
on a regular basis, including approximately 47 million adults in the United 
States.1 Tobacco smoking is increasing rapidly throughout the developing 
world,2 and it is estimated that cigarette smoking will cause about 450 million 
deaths worldwide in the next 50 years. In particular, the onset of smoking 
occurs at a younger age in new smokers, the rates of smoking in women are 
increasing, and more smokers are of a lower socioeconomic status. Reducing 
smoking prevalence by 50% would prevent 20 to 30 million premature deaths 
in the first quarter of this century and 150 million in the second quarter. 
For most smokers, quitting is the single most important behavior change to 
improve overall health. A prospective cohort study in Norway suggested that 
even with sustained reductions (>25-75%) in daily smoking consumption, 
there is little to no decrease in cardiovascular disease, lung or other smoking-
related cancer risk, further substantiating the merits of quitting versus reducing  
smoking.

 PATHOBIOLOGY
Nicotine is the primary reinforcer in tobacco, with contributions from over 
4,000 components to the sensory (non-nicotine) aspects of cigarette smoking. 
Nicotine’s primary site of action is the α4β2 nicotinic acetylcholine recep-
tor (nAChR) at which acetylcholine is the endogenous neurotransmitter. 
nAChRs in the central nervous system (CNS) are pentameric ion channel 
complexes that are comprised of two α and three β subunits; the seven α 
subunits are designated α2 to α9 and the three β subunits are designated β2 
to β4. This produces considerable diversity in subunit combinations, which 
may explain the region-specific and functional selectivity of nicotinic effects 
in the CNS.3 Activation of nAChRs leads to Na+/Ca2+ ion channel fluxes and 
neuronal membrane depolarization. nAChRs are located presynaptically on 
several neurotransmitter secreting neuron types in the CNS, including meso-
limbic dopaminergic (DA) neurons that project from the ventral tegmental 
area (VTA) to the nucleus accumbens (NAc), leading to DA secretion in the 
nucleus accumbens.

At low nicotine concentrations, α4β2 nAChR stimulation of afferent  
GABA ergic projections onto mesoaccumbal DA neurons predominates, leading 
to reduced mesolimbic DA neuron firing and DA release. At higher nicotine 
concentrations, α4β2 nAChRs desensitize, and predominant activation of 
α7 nAChRs on glutamatergic projections occurs, leading to increased meso-
limbic DA neuron firing and release. Within milliseconds of nicotine binding, 
nAChRs desensitize. After overnight abstinence, nAChRs resensitize; this may 
explain why most smokers report that the first cigarette in the morning is the 
most satisfying. Interestingly, positron emission tomography (PET) neuro-
imaging studies have shown that smoking 2 to 3 puffs from a cigarette produces 
saturation of nAChRs in the brain reward system, suggesting that while binding 
to central nAChRs is an important first step in the effects of nicotine, it is not 
a complete explanation for continued smoking behaviors.

 CLINICAL MANIFESTATIONS
Although there is a subset of cigarette smokers who do not smoke every day 
(e.g. “chippers”), most cigarette smokers are daily users and have physiologic 
dependence on nicotine. Smokers typically describe a “rush” and feelings of 
alertness, relaxation, and “satisfaction” when smoking, as nicotine has both 
stimulating and anxiolytic effects depending on basal level of arousal. Airway 
stimulation is an important aspect of smoking behavior, and additives such 
as menthol enhance the experience by improving the taste and reducing smoked 
tobacco’s harshness.

Psychosocial Treatments
Behavioral therapies are based on the theory that learning processes operate 

in the development, maintenance, and cessation of smoking (Table 29-1). 
Behavioral treatments can facilitate smoking cessation motivation, provide an 
emphasis on the social and contextual aspects of smoking, and enhance overall 
success of cessation. Behavioral therapies involve 6-month quit rates of 20 to 
25% and typically increase quit rates up to two-fold over standard medical 
advice. The primary goals of behavioral therapies for tobacco dependence 
treatment include providing necessary skills to smokers to aid them in quitting 
smoking and teaching skills to avoid smoking in high-risk situations.

brief interventions
Brief advice has been found to increase cessation rates, and has been strongly 

endorsed in the latest U.S. Department of Health and Human Services Guidelines 
on Tobacco Dependence Treatment (https://www.ncbi.nim.nih.gov/books/
NBK63952). This recommends that physicians use the “5 A’s” with all patients 
(Ask patients if they smoke, Advise patients to quit, Assess patients’ motivation 
level for quitting, Assist with quit attempts, and Arrange follow-up contacts). 
Providing self-help material is another form of brief intervention used to facilitate 
motivation and provide skills for smoking cessation. Recent studies have docu-
mented that minimal behavioral interventions such as community support 

TREATMENT 
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Effectiveness rating: 1 = Strong evidence to support efficacy; 2 = Moderate evidence to support 
efficacy; 3 = Little evidence to support efficacy

TABLE 29-1 BEHAVIORAL TREATMENTS FOR TOBACCO 
DEPENDENCE

BEHAVIORAL 
TREATMENTS MECHANISM OF ACTION
Brief interventions Increase motivation to quit and impart cessation 

skills (e.g., community support, telephone 
counseling)

2

Cognitive-behavioral and 
relapse-prevention 
therapies

Behavioral strategies are developed to manage 
triggers; cognitive coping strategies target 
maladaptive thoughts to prevent relapse

1

Motivational interviewing Therapist promotes patient’s self-motivational 
statements, and in turn, patient gains greater 
awareness of the problems with smoking; 
increases intention for smoking cessation

2

groups, telephone counseling, and computer-generated self-help materials can 
augment smoking cessation rates in controlled settings.

Motivational interventions
The goal of motivational interventions (MI) is to elicit change through address-

ing ambivalence, increasing intrinsic motivation for change, and creating an 
atmosphere of acceptance in which patients take responsibility and initiative 
for change. Brief MI interventions have been developed for smoking cessation 
and some evidence supports increased smoking cessation using MI techniques.

cognitive-behavioral therapies
In cognitive-behavioral therapy (CBT), patients learn to anticipate situations 

of high smoking likelihood and plan to cope with these situations using behav-
ioral (e.g., substitution of behavior) and cognitive (e.g., challenging thoughts) 
techniques. Some degree of CBT efficacy in smokers has been observed for 
both individual and group counseling formats.

Relapse-Prevention (coping Skills) therapies
A large number of smokers relapse within 6 months of quitting. Recognizing 

high-risk situations and coping with lapses can be included in initial smoking 
cessation treatment or following a quit attempt.

Pharmacologic Treatments
There are three U.S. FDA-approved classes of smoking cessation pharmaco-

therapies: nicotine replacement therapies (NRTs), sustained-release bupropion, 
and varenicline4,5 (Table 29-2).

Nicotine Replacement therapies
The goal of nicotine replacement therapy (NRT) is to alleviate tobacco with-

drawal, allowing smokers to focus on habit and conditioning factors when 
attempting cessation. NRTs rely on systemic venous absorption and do not 
produce the rapid, high levels of arterial nicotine from inhaling cigarette smoke. 
Thus, individuals are unlikely to become addicted to NRTs. Evidence suggests 
that precessation NRT while concomitantly smoking is not hazardous, and that 
use of NRT prior to the quit date may facilitate smoking cessation compared to 
when given at the time of quitting smoking. A1  Commercially available forms 
of NRT are effective, increasing quit rates by approximately 1.5- to 2.5-fold 
compared to placebo. The transdermal patch, gum, and lozenge are available 
over the counter (OTC), while the nasal spray and inhaler are prescribed.

Nicotine Gum
Nicotine ingested orally is extensively metabolized by the liver in first pass. 

Nicotine gum avoids this barrier through buccal absorption. By chewing nicotine 
gum, 2 or 4 mg of nicotine is released from a resin. Nicotine gum should be 
administered by scheduled dosing (e.g., 1 piece of 2-mg gum/hour). The original 
recommended treatment duration was 3 months, although many experts believe 
longer treatment is more effective. Nicotine absorption from the gum peaks 
30 minutes after initial use. Venous nicotine levels from 2-mg and 4-mg gum 
are about one third and two thirds, respectively, of the steady-state (e.g., between 
cigarettes) nicotine levels achieved with cigarette smoking. Nicotine delivered 
by cigarettes is absorbed directly into the pulmonary arterial circulation, allow-
ing arterial levels to be 5 to 10 times higher than those from nicotine gum. 
Nicotine absorption in the buccal mucosa is decreased by acidic conditions, 
and patients should not consume beverages (e.g., coffee, soda, juice) immedi-
ately before, during, or after use.

Several placebo-controlled trials established the safety and efficacy of nicotine 
gum for smoking cessation. There appears to be some evidence to support 
using higher doses (4 mg pieces) in more highly dependent smokers (≥25 
cigarettes per day [cpd]), which supports matching nicotine gum dose to 
dependence level of the smoker. Side effects are rare, and include those of 
mechanical origin (e.g., difficulty chewing, sore jaw) or of local pharmacologic 
origin (e.g., burning in mouth, throat irritation). Tolerance develops to most 
side effects over the first week, and education about proper use (e.g., do not 
chew too vigorously) decreases side effects.

Nicotine Lozenges
Nicotine lozenges deliver nicotine (2-mg and 4-mg preparations) by buccal 

absorption. Lozenges offer further flexibility of nicotine replacement options 
for smokers, and are known to allow greater absorption of nicotine as compared 
to nicotine gum. Nicotine lozenges have shown superiority to placebo lozenges, 
with significant reduction in nicotine craving and withdrawal. High doses of 
lozenge may enhance efficacy in more highly dependent smokers suggesting 
that, similarly to nicotine gum, lozenge dose can be matched with dependence 
level. Interestingly, the combination of nicotine lozenge with nicotine patch 
may lead to the highest long-term quit-rates compared to NRT monotherapies 

TABLE 29-2 PHARMACOLOGIC TREATMENTS FOR TOBACCO DEPENDENCE
NICOTINE REPLACEMENT THERAPIES*

Gum (OTC) Slow nicotine absorption gradually reduces nicotine craving and withdrawal 1
Transdermal nicotine patch (OTC) Slow nicotine absorption gradually reduces nicotine craving and withdrawal 1
Lozenge (OTC) Slow nicotine absorption gradually reduces nicotine craving and withdrawal 1
Vapor inhaler (prescription) Fast nicotine absorption leads to stimulation of nAChR, which rapidly reduces nicotine craving and withdrawal 1
Nasal spray (prescription) Fast nicotine absorption leads to stimulation of nAChR, which reduces craving and withdrawal 1
NON-NICOTINE PHARMACOTHERAPIES

Bupropion SR* Blocks reuptake of DA and NA; high affinity, noncompetitive nAChR antagonism reduces nicotine reinforcement, withdrawal, 
and craving

1

Varenicline* Acts as a partial agonist of α4β2 nAChRs 1
Nortriptyline Blocks reuptake of NA and 5-HT; probably reduces withdrawal symptoms and comorbid depressive symptoms; side effects limit 

utility.
1-2

Clonidine α2-Adrenoreceptor agonist reduces nicotine withdrawal symptoms 2
Mecamylamine Noncompetitive, high-affinity nAChR antagonist combined with TNP reduces nicotine reinforcement, craving, and withdrawal, 

and may increase smoking cessation rates versus TNP alone.
2-3

Naltrexone Minimal evidence that this µ-opioid peptide receptor antagonist improves smoking cessation outcomes alone or in combination 
with TNP. It may reduce alcohol use and obviate cessation-induced weight gain.

3

Cytisine Nicotinic partial agonist appears to be safe and efficacious for smoking cessation (Grade A). 2
Nicotine Vaccine Limited evidence of efficacy for smoking cessation in early human trials, and recent Phase III trials have been negative. 3
*Approved by the FDA
Effectiveness rating: 1 = Strong evidence to support efficacy; 2 = Moderate evidence to support efficacy; 3 = Little evidence to support efficacy
5-HT = 5-hydroxytryptamine; DA = dopamine; NA = noradrenaline; nAChR = nicotinic acetylcholine receptors; OTC = over-the-counter; SR = sustained release; TNP = transdermal nicotine patch.
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and bupropion. Preliminary trials have reported mild throat and mouth irrita-
tion as side effects.

Transdermal Nicotine Patch
Transdermal nicotine patch formulations, applied daily each morning, allow 

for ready nicotine absorption across the skin. Three formulations are for 24-hour 
use and one is for 16-hour use. Initial doses are 21- to 22-mg/24-hour patch 
and 15-mg/16-hour patch. Nicotine is slowly absorbed from patches and, on 
the first day, venous nicotine levels peak 6 to 10 hours post-administration. 
Thereafter, nicotine levels remain fairly steady with a decline from peak to 
trough of 25% to 40% with 24-hour patches. Nicotine levels obtained from 
patches are typically half those obtained by smoking. After 4 to 6 weeks on 
high-dose patches (21 or 22 mg/24 hours, and 15 mg/16 hours), smokers are 
tapered to a middle dose (e.g., 14 mg/24 hours or 10 mg/16 hours) and then 
to the lowest dose after 2 to 4 additional weeks (7 mg/24 hours or 5 mg/16 
hours). Most studies suggest that abrupt cessation of patch-use often causes 
no significant withdrawal; thus, tapering does not appear to be necessary. The 
recommended total duration of treatment is usually 6 to 12 weeks.

The overall efficacy of the nicotine patch for smoking cessation has been 
well-documented. A2  The effects of active nicotine patch are independent of 
patch type, treatment duration, tapering procedures, and behavioral therapy 
format or intensity, though it should be noted that behavioral treatment enhances 
nicotine patch outcomes compared to nicotine patch alone. Severe adverse 
events with nicotine patches have not been found and minor side effects include 
skin reactions (50%), insomnia and increased or vivid dreams (15% with 24-hour 
patches), and nausea (5 to 10%). Tolerance to these side effects usually develops 
within a week. Rotation of patch sites decreases skin irritation. Insomnia reported 
one week post-cessation appears to be mostly due to nicotine withdrawal 
rather than the nicotine patch itself, and a 24-hour patch can be removed 
before bedtime to determine if the insomnia is nicotine patch induced. Without 
treatment, insomnia usually abates after 4 to 7 days. There is minimal depen-
dence liability associated with patch use, and only 2% of patch users continue 
to use it for an extended period post-cessation.

Nicotine Nasal Spray
Nicotine nasal spray, approved for treatment for nicotine dependence in the 

United States in 1996, consists of nicotine solution in a nasal spray bottle similar 
to those used for saline sprays. Nasal spray delivers ≈1 mg nicotine per admin-
istration, and the patient administers the spray (10 mg/ml) to each nostril every 
4 to 6 hours. This formulation produces a more rapid rise in nicotine levels than 
does nicotine gum, and the rise in nicotine levels produced by nicotine spray 
falls between the levels produced by nicotine gum and cigarettes. Peak nicotine 
levels occur within 10 minutes, and venous nicotine levels are about two thirds 
those of between-cigarette levels. Smokers may use the nasal spray as needed 
up to 30 times/day for 12 weeks.

Randomized, double-blind, placebo-controlled trials of nasal spray versus 
placebo spray have established the safety and efficacy of nasal spray for smoking 
cessation. Both trials employed treatment for 3 to 6 months and described a 
doubling of quit rates during active use of nicotine nasal spray. Differences 
were reduced or absent with extended follow-up, suggesting the need for 
maintenance use of this agent; however, no such long-term studies have been 
published to date. Side effects from nicotine nasal spray are nasal and throat 
irritation, rhinitis, sneezing, coughing, and watering eyes. Nicotine nasal spray 
may have modest dependence liability; prolonged use occurs in about 10% of 
smokers using the spray, so follow-up of users is recommended.

Nicotine Inhaler
Nicotine inhalers are cartridges (plugs) of nicotine (≈1 mg of nicotine per 

plug) placed inside hollow cigarette-like plastic rods. The cartridges produce 
a nicotine vapor when warm air is passed through them. Absorption from 
nicotine inhalers is primarily buccal rather than respiratory. More recent ver-
sions of inhalers produce a rise in venous nicotine levels more rapidly than 
with nicotine gum, but less rapidly than with nicotine nasal spray, consisting 
of nicotine blood levels about one third that of between-cigarette levels. Smokers 
are instructed to puff continuously on the inhaler (0.013 mg/puff) during the 
day, with recommended dosing of 6 to 16 cartridges daily. The inhaler is to be 
used as needed for about 12 weeks. No serious medical side effects have been 
reported with nicotine inhalers, though 50% of subjects report throat irritation 
or coughing. Double-blind, placebo-controlled RCTs results have revealed a 
2- to 3-fold increase in quit rates (17 to 26%) at trial endpoint in nicotine inhaler 
users compared to placebo inhaler users, and smaller differences at follow-up 
periods of 1 year or longer. These data support the short-term efficacy of inhal-
ers in cigarette smokers, but longer-term trials with the inhaler are needed. 
There is modest concern about abuse liability based on long-term use of the 
product in less than 10% of smokers.

Sustained-Release bupropion
The atypical antidepressant agent bupropion, in the sustained-release (SR) 

formulation (Zyban), is a non-nicotine, first-line pharmacologic treatment for 
nicotine-dependent smokers who want to quit. The mechanism of action in the 
treatment of nicotine dependence likely involves dopamine and norepinephrine 

reuptake blockade, as well as antagonism of high-affinity nAChRs; however, the 
exact mechanism by which bupropion exerts antismoking effects is unclear. 
The goals of bupropion therapy are: (1) smoking cessation; (2) reduction of 
nicotine craving and withdrawal symptoms, and; (3) prevention of cessation-
induced weight gain.

The target dose of this agent is 300 mg daily (150 mg bid), and it is typically 
started 7 days prior to the target quit date (TQD) at 150 mg daily, then increased 
to 150 mg bid after 3 or 4 days. Unlike the NRTs, there is no absolute require-
ment that smokers completely cease smoking by the TQD, though many smokers 
report a significant reduction in urges to smoke and craving, which facilitates 
cessation at the time of the TQD when drug levels reach steady-state plasma 
levels. Some smokers gradually reduce cigarette smoking over several weeks 
prior to quitting.

Bupropion SR for treatment of nicotine dependence A3 ) is safe and effective. 
In one 7-week trial, for example, four doses of bupropion SR (0, 100, 150 and 
300 mg/day in BID dosing) in combination with weekly individual cessation 
counseling, were prescribed to 615 cigarette smokers smoking at least 15 ciga-
rettes per day (cpd). At 1-year follow-up, cessation rates were 12.4%, 19.6%, 
22.9%, and 23.1%, respectively. Bupropion SR treatment dose-dependently 
reduced weight gain associated with smoking cessation and significantly reduced 
nicotine withdrawal symptoms at the 150 and 300 mg/day doses.

Subsequently, the efficacy of bupropion SR combined with transdermal 
nicotine patch was studied in a double-blind, placebo-controlled, randomized, 
multicenter trial. 893 cigarette smokers, using at least 15 cpd, were randomized 
to one of four experimental groups: (1) placebo bupropion + placebo patch, 
(2) placebo bupropion + nicotine patch, (3) bupropion (300 mg/day) + placebo 
patch, or (4) bupropion + nicotine patch. Cessation rates at the 1-year follow-up 
assessment were 15.6%, 16.4%, 30.3%, and 35.5%, respectively. The bupropion 
groups were significantly better than the placebo and nicotine patch alone 
conditions, but the combination of bupropion and nicotine patch was not 
significantly better than bupropion alone. Weight suppression after cessation 
was most robust in the combination therapy group. Finally, a randomized, 
controlled trial has demonstrated the efficacy of sustained-release bupropion 
in smoking relapse prevention post-cessation. In individuals who quit smoking 
with 7 weeks of bupropion (300 mg/day) treatment, bupropion SR versus placebo 
for 12 months delayed smoking relapse and resulted in weight gain.

Common side effects reported with bupropion administered to cigarette 
smokers include headache, nausea and vomiting, dry mouth, insomnia and 
activation, most of which occur during the first week of treatment. The main con-
traindication for bupropion use is a history of seizures of any etiology. However, 
rates of de novo seizures are low with this agent (<0.5%) at doses of 300 mg 
daily or less and have been observed when daily dosing exceeds 450 mg/day.

Varenicline
Varenicline tartarate (Chantix in United States, Champix in Europe and Canada), 

an α4β2 nicotinic acetylcholine receptor partial agonist, has been approved as 
a first-line smoking cessation agent by the FDA.6 The initial Phase II trials of 
varenicline established its safety and efficacy in comparison to placebo, and 
suggested an optimal dose of 2.0 mg/day. The results of two independent but 
identical, 12-week Phase III trials comparing varenicline (2 mg/day) to bupro-
pion SR (300 mg/day) were then conducted. A4  In both studies, the quit rates 
were similar for continuous abstinence over the last 4 weeks of the study, 
and were significantly higher for participants taking varenicline compared to 
bupropion SR, but both drugs resulted in significantly higher quit rates versus 
placebo. Continuous abstinence was lower over the follow-up period of 43 
weeks and participants taking varenicline continued to show a higher rate of 
abstinence than participants taking bupropion and placebo. Varenicline has 
been also found to be effective in smoking relapse-prevention compared to  
placebo.

Varenicline reduces tobacco cravings and smoking satisfaction and is gener-
ally well tolerated and safe, even in patients with preexisting cardiovascular 
disease. A5  The most common adverse events reported in the initial studies 
were nausea and insomnia. However, since FDA approval, concerns have arisen 
over treatment-emergent neuropsychiatric events including agitation, suicidal 
and homicidal ideation, mania, and psychosis. Thus, close monitoring of smokers, 
especially those with a history of psychiatric illness, is strongly advised when 
prescribing this agent. In fact, there is strong evidence that varenicline appears 
to be safe and efficacious in smokers with comorbid psychiatric disorders in 
comparison to bupropion SR and nicotine patch. A6 

combination Pharmacotherapies
There is substantial evidence to suggest that combining various formula-

tions of NRTs may lead to enhanced smoking cessation outcomes compared 
to monotherapies. However, less is known about how best to switch medica-
tions in the case of initial nonresponse. Using an adaptive trial design, A7  it has 
been demonstrated that initial response to transdermal nicotine (e.g., a 50% 
reduction in smoking in the first 2 weeks after patch application) predicted 
success in subsequent smoking cessation; moreover, those who failed to respond 
initially to transdermal nicotine responded to augmentation to bupropion SR 
or a switch to varenicline. However, the combination of bupropion plus vareni-
cline does not appear to be better than varenicline alone. A8  Further studies of 



combination pharmacotherapies and strategies for switching among approved 
medications are warranted.

off-Label Medications
Other medications (see Table 29-2) have demonstrated some evidence of 

efficacy for tobacco treatment, but are otherwise not approved, and should 
be considered second-line treatments.

Electronic Nicotine Delivery Systems
Electronic nicotine delivery systems (ENDS) constitute a global market of 

approximately $10 billion in 2015, with 56% of the market based in the United 
States. According to a comprehensive report entitled “Public Health Conse-
quences of E-cigarettes,” released in 2018 by the National Academies of Sciences, 
Engineering and Medicine (https://www.nap.edu/read/24952), the global market 
for ENDS has more than doubled since 2013 from 2.8 million to 6.1 million in 
2016, and more than 40% of consumers now consider their use as “regular” 
rather than occasional. Most adults who use e-cigarettes are either tobacco 
smokers or former smokers and report smoking cessation or personalization 
of the device as reasons for use. Adolescents report “flavoring” as a main reason 
for use and, unlike adults, are not concurrent tobacco smokers. Prevalence is 
highest among adolescents and young adult, Caucasian, male, and intermediate-
to-highly educated individuals. ENDS are being increasingly used for tobacco 
cessation, and small, short-term studies suggest that they may be well tolerated 
and modestly effective in achieving abstinence, but there is insufficient or no 
evidence about their long-term health effects.7,8

ENDS structurally consist of an e-liquid cartridge, a heating element, and a 
battery. The e-liquid solution, consisting of either propylene glycol itself or 
mixed with glycerin, nicotine (0 to 26 mg/ml), and flavoring agents, is heated 
and vaporized into an aerosol that is then inhaled through a mouthpiece. Risk 
for nicotine dependence via e-cigarettes depends on the model of device, 
nicotine concentration, and inhalation technique, but is overall lower than the 
risk posed by cigarettes.9,10 The utility of ENDS to aid in smoking cessation is 
suggestive but unproven. A9 

,
 A10 

Toxin levels vary as a function of product manufacturing and use, but are 
generally lower compared to cigarette smoke apart from trace levels of metals 
being found at similar to higher levels in e-cigarettes. Physiologic concerns 
regarding ENDS involve mouth and throat irritation, nausea, headaches, dizzi-
ness, and dry coughing. Topical injury from e-liquids, overly concentrated nicotine 
ingestion and inhalation, as well as overheating, fires, and explosions of ENDS 
are other means of harm to users.

 PREVENTION
Tobacco use remains one of the leading preventable causes of morbidity and 
mortality in the Western world. Nonetheless, smoking cessation therapies are 
among the most cost-effective and proven therapies in medicine. Yet, most 
health care providers do not identify tobacco use in their patients. Recent 
recommendations suggest that all smokers should be approached about quit-
ting smoking. Moreover, effective tobacco policies such as state taxes and 
prevention efforts targeted to reducing the initiation of tobacco use by youth 
and adults are critical elements in the overall strategy to reduce the burden 
of tobacco-related disease, and related social and health care costs.

 PROGNOSIS
The prognosis for tobacco smokers who quit is excellent in terms of years and 
quality of life gained, and earlier quitting appears to be associated with increases 
in lifespan and quality of life. Furthermore, although medication and behavioral 
treatments have documented efficacy in treating tobacco use disorder, it is 
important that these therapies be used in combination to achieve the best 
overall results and ensure adequate skill acquisition and treatment adherence. 
The promise of novel treatment and prevention interventions such as the 
nicotine vaccine, and the employment of personalized medicine matching 
the right medications to smokers with preferential responses using pharma-
cogenetics (e.g. polymorphisms in genes for Catecholamine-O-Methyltrans-
ferase [COMT], the nicotinic receptor subunits CHRNA3 and CHRNA4, 
and the nicotine metabolic enzyme CYP 2A6 and neuroimaging biomarkers 
such as PET and fMRI) are of considerable excitement for the tobacco treat-
ment field. Furthermore, given the high rates of tobacco use and dependence 
in psychiatric populations and the lower rates of quitting in this subgroup, 
specific adaptation of tobacco treatments to mentally ill smokers will be of 
paramount importance to improving prognosis and outcomes in these hard-
to-treat groups. Additional future challenges include developing safer and 
more effective smoking cessation therapies, and making these therapies avail-
able to all smokers who wish to quit.
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2. All of the following signs and symptoms are associated with nicotine with-
drawal except:
 A. Irritability.
 B. Insomnia.
 C. Weight gain.
 D. Gastrointestinal discomfort.

Answer: D Nicotine is highly addictive, and its discontinuation is associated 
with irritability, insomnia, and weight gain. Unlike opioid withdrawal, however, 
nicotine is not associated with gastrointestinal symptoms.

REVIEW QUESTIONS

1. The level of reduction in smoking that is associated with significantly low-
ering cardiovascular and respiratory disease risk is:
 A. 25%.
 B. 50%.
 C. 75%.
 D. 100%.

Answer: D Any amount of tobacco smoking increases the risk of cardiovas-
cular and respiratory disease.
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30 
ALCOHOL USE DISORDERS
PATRICK G. O’CONNOR

 DEFINITION
A variety of terms have been used to describe the spectrum of medical, psycho-
logical, behavioral, and social problems associated with excessive consumption 
of alcohol (alcohol problems). Alcoholism is perhaps the most widely used term 
to describe patients with alcohol problems. In an attempt to define alcoholism 
more precisely, an expert panel of the U.S. National Council on Alcoholism 
and Drug Dependence and the American Society of Addiction Medicine 
developed a definition of alcoholism that included “a primary chronic disease 
with genetic, psychosocial and environmental factors…often progressive and 
fatal…characterized by impaired control over drinking, preoccupation with 
the drug alcohol, use of alcohol despite future consequences, and distortions 
of thinking, most notably denial.” Because the term alcoholism is so broad, it 
also can be imprecise in defining the entire spectrum of alcohol problems.

Abstainers are individuals who consume no alcohol. Moderate drinking is 
defined by the U.S. National Institute on Alcohol Abuse and Alcoholism as 
the average number of drinks consumed daily that places an adult at low risk 
for alcohol problems. There is epidemiologic evidence to suggest that moder-
ate drinking may have some health benefits by reducing the risk for cardio-
vascular disease (Chapter 46). The scope of alcohol consumption that imparts 
this benefit, if any, is likely to be very low, however (e.g., less than one drink 
per day). In fact, a recent epidemiologic study suggested that the level of 
alcohol consumption that minimizes health risks is zero.1

At-risk drinking is a level of alcohol consumption that imparts health risks 
(Table 30-1). This category of drinking behavior has been identified on the 
basis of epidemiologic evidence that certain threshold levels of alcohol con-
sumption are associated with increased risk for specific health problems. At-risk 
drinking is defined differently for men younger than 65 years than for women 
of all ages because of generally lower body weights and lower rates of metabo-
lism of alcohol in women. The definition in men older than 65 years is the 
same as in women because of the age-related increased risk for alcohol prob-
lems, in part owing to changes in alcohol metabolism in older individuals. 
Binge drinking or heavy drinking is the episodic consumption of large amounts 
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ABSTRACT
Alcohol use disorder (AUD) is highly prevalent, is associated with important 
medical and other health-related problems, and thus requires careful attention 
by physicians and other health care providers. There are established approaches 
to screening for, preventing, and diagnosing AUD. Individuals who are “at 
risk” drinkers but who do not meet criteria for AUD should be counseled to 
reduce their alcohol consumption using brief interventions. Once AUD is 
diagnosed, patients should be offered effective evidence-based treatments 
including counseling and pharmacotherapy.
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 PATHOBIOLOGY
Beverage alcohol contains ethanol, which acts as a sedative-hypnotic drug. 
Alcohol is absorbed rapidly into the blood stream from the stomach and 
intestinal tract. Because women have lower levels of gastric alcohol dehy-
drogenase, the enzyme primarily responsible for metabolizing alcohol, they 
experience higher blood alcohol concentrations than do men who consume 
similar amounts of ethanol per kilogram of body weight. The absorption of 
alcohol can be affected by other factors, including the presence of food in 
the stomach and the rate of alcohol consumption. By means of metabolism 
in the liver, alcohol is converted to acetaldehyde and acetate (Fig. 30-1). 
Metabolism is proportional to an individual’s body weight, but a variety of 
other factors can affect how alcohol is metabolized. A genetic variation in a 
significant proportion of the Asian population alters the structure of an alde-
hyde dehydrogenase isoenzyme, resulting in the development of an alcohol 
flush reaction, which includes facial flushing, hot sensations, tachycardia, and  
hypotension.

In the brain, alcohol affects a variety of receptors, including γ-aminobutyric 
acid (GABA), N-methyl-d-aspartate, and opioid receptors. Glycinuric and 
serotoninergic receptors also are thought to be involved in the interaction 
between alcohol and the brain. The phenomena of reinforcement and cellular 
adaptation are thought, at least in part, to influence alcohol-dependent behav-
iors. Alcohol is known to be reinforcing because withdrawal from ethanol and 
ingestion of ethanol itself are known to promote further alcohol consumption. 
After chronic exposure to alcohol, some brain neurons seem to adapt to this 
exposure by adjusting their response to normal stimuli. This adaptation is 
thought to be responsible for the phenomenon of tolerance, whereby increas-
ing amounts of alcohol are needed over time to achieve desired effects. Although 
much has been learned about the variety of effects alcohol can have on various 
brain receptors, no single receptor site has been identified. A number of neu-
ropsychological disorders are seen in association with chronic ethanol use, 
including impaired short-term memory, cognitive dysfunction, and perceptual 
difficulties.

Although the brain is the primary target of alcohol’s actions, a variety of 
other tissues have a major role in how alcohol affects the human body. Direct 
liver toxicity may be among the most important consequences of acute and 
chronic alcohol use (Chapter 143). A variety of histologic abnormalities 
ranging from inflammation to scarring and cirrhosis have been described. 
The pathophysiologic mechanism of these effects is thought to include the 
direct release of toxins and the formation of free radicals, which can interact 
negatively with liver proteins, lipids, and DNA. Alcohol also has substantial 
negative effects on the heart and cardiovascular system. Direct toxicity to myo-
cardial cells frequently results in heart failure (Chapter 52), and chronic heavy 
alcohol consumption is considered to be a major contributor to hypertension 
(Chapter 70). Other organ systems that experience significant direct toxicity 
from alcohol include the gastrointestinal tract (esophagus, stomach), immune 
system (bone marrow, immune cell function), and endocrine system (pancreas,  
gonads).

 CLINICAL MANIFESTATIONS
Alcohol has a variety of specific acute and chronic effects. The acute effects 
seen most commonly are alcohol intoxication and alcohol withdrawal. Chronic 
clinical effects of alcohol include almost every organ system.

of alcohol, usually five or more drinks per occasion for men and four or more 
drinks per occasion for women. One standard drink contains 12 g of pure 
alcohol, an amount equivalent to that contained in 5 ounces of wine, 12 ounces 
of beer, or 1.5 ounces of 80-proof spirits.

The most recent Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition (DSM-5) replaced the previous terminology of alcohol abuse and alcohol 
dependence with the term alcohol use disorder (see Table 30-1) in order to more 
clearly describe the spectrum of symptoms experienced by patients. Patients 
who meet 2 or 3 of the 11 criteria for alcohol use disorder are considered to 
have mild, 4 or 5 criteria moderate, and 6 to 11 criteria severe alcohol use disorder.

 EPIDEMIOLOGY
In national surveys, 52% of American adults reported that they use alcoholic 
beverages (liquor, wine, or beer), whereas 23% reported binge drinking, and 
6.3% reported heavy drinking in the past 30 days.2 Among individuals who 
use alcohol, many experience problems because of their drinking. It has been 
estimated that more than $100 billion is spent by American society each year 
to treat alcohol use disorders and to recover the costs of alcohol-related eco-
nomic losses. Excessive alcohol consumption ranks as the third leading pre-
ventable cause of death in the United States after cigarette smoking and obesity. 
More than 100,000 deaths per year in the United States are attributed to 
alcohol use disorders.

Population-based epidemiologic studies have shown that alcohol use dis-
orders are among the most prevalent medical, behavioral, or psychiatric dis-
orders in the general population. An epidemiologic survey of the general adult 
population in the United States demonstrated 12-month and lifetime prevalences 
of alcohol use disorder of approximately 13.9% and 29.1%, respectively. Alcohol 
use disorder was generally more prevalent in men, whites and Native Ameri-
cans, and younger individuals. Severe alcohol use disorder was more prevalent 
in individuals with the lowest income level. Remarkably, only 19.8% of indi-
viduals respondents with lifetime history of alcohol use disorder ever received 
treatment. In addition, individuals with alcohol use disorder were more likely 
to experience comorbid substance use disorder related to other substances, 
and psychiatric comorbidity, especially depression, bipolar disorder, antisocial 
disorder, and borderline personality disorder. One study found that first mar-
riage to a spouse with no lifetime alcohol use disorder is associated with a 
substantial reduction in risk for alcohol use disorder. Overall, although these 
and other data identify patient characteristics associated with alcohol use 
disorders, it should be emphasized that it is prevalent throughout all sociode-
mographic groups, and all individuals should be screened carefully. The “skid 
row” stereotype of the alcohol-dependent patient is much more the exception 
than the rule.

The prevalence of alcohol use disorders is higher in most health care settings 
than it is in the general population because alcohol problems often result in 
treatment-seeking behaviors. The prevalence of problem drinking in general 
outpatient and inpatient medical settings has been estimated between 15 and 
40%. These data strongly support the need for physicians to screen all patients 
for alcohol use disorders.

TABLE 30-1 TERMS AND CRITERIA FOR PATTERNS OF 
ALCOHOL USE

AT-RISK DRINKING

Men: >14 drinks/week or >4 drinks/day
Women: >7 drinks/week or >3 drinks/day
ALCOHOL USE DISORDER CRITERIA*

Tolerance
Withdrawal
More use than intended
Craving
Unsuccessful attempts to cut down
Excessive time acquiring alcohol
Activities given up because of use
Use despite negative effects
Failure to fulfill major role obligations
Recurrent use in hazardous situations
Continued use despite social or intrapersonal problems
*Mild = 2-3 criteria, moderate = 4-5 criteria, severe = 6 or more criteria.
From American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th 
ed. Arlington, VA: American Psychiatric Publishing; 2013.
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FIGURE 30-1. Ethanol metabolism. Alcohol dehydrogenase predominates at low to 
moderate ethanol doses. The microsomal ethanol-oxidizing system is induced at high 
ethanol levels of chronic exposure and by certain drugs. Aldehyde dehydrogenase inhibi-
tion (genetic or drug induced) leads to acetaldehyde accumulation, particularly in the 
latter group. 
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hallucination, diaphoresis, fever, and tachycardia. Delirium tremens typically 
begins after 2 to 4 days of abstinence, and the most severe form can result 
in death.

Chronic Effects
Acute manifestations, including intoxication and withdrawal, are generally 
stereotypical in their appearance and time course, but chronic manifestations 
tend to be more varied. Many patients with alcohol dependence may be without 
evidence of any chronic medical manifestations for many years. As time goes 
on, however, the likelihood that one or more of these manifestations will 
occur increases considerably. All major organ systems can be affected, but the 
primary organ systems involved are the nervous system, cardiovascular system, 
liver, gastrointestinal system, pancreas, hematopoietic system, and endocrine 
system (Table 30-2). Patients who drink are at risk for a variety of malignant 
neoplasms, such as head and neck, esophageal, colorectal, breast, and liver 
cancers (see individual chapters on those cancers). Excessive alcohol use often 
causes significant psychiatric and social morbidity that can be more common 
and more severe than the direct medical effects, especially earlier in the course 
of problem drinking.

Nervous System
In addition to the acute neurologic manifestations of intoxication and with-
drawal, alcohol has major chronic neurologic effects. About 10 million Ameri-
cans have identifiable nervous system impairment from chronic alcohol use. 
Individual predisposition to these disorders is highly variable and is related 
to genetics, environment, sociodemographic features, and gender; the relative 
contribution of these factors is unclear.

In the central nervous system, the major effect is cognitive impairment. 
Patients may present with mild to moderate short-term or long-term memory 
problems or may have severe dementia resembling Alzheimer disease (Chapter 
374). The degree to which the direct toxic effect of alcohol is responsible for 
these problems or the impact of alcohol-related nutritional deficiencies is 
uncertain (Chapter 388). The deficiency of vitamins such as thiamine may 
play a major role in promoting alcoholic dementia and severe cognitive 

Acute Effects
Alcohol Intoxication
After entering the blood stream, alcohol rapidly passes through the blood-brain 
barrier. The clinical manifestations of alcohol intoxication are related directly 
to the blood level of alcohol.3 Because of tolerance, individuals chronically 
exposed to alcohol generally experience less severe effects at a given blood 
alcohol level than do individuals who are not chronically exposed to alcohol.

The symptoms of mild alcohol intoxication in nontolerant individuals typi-
cally occur at blood alcohol levels of 20 to 100 mg/dL and include euphoria, 
mild muscle incoordination, and mild cognitive impairment. At higher blood 
alcohol levels (100 to 200 mg/dL), more substantial neurologic dysfunction 
occurs, including more severe mental impairment, ataxia, and prolonged reac-
tion time. Individuals with blood alcohol levels in these ranges can be obviously 
intoxicated, with slurred speech and lack of coordination. These effects pro-
gress as the blood alcohol level rises to higher levels, to the point at which 
stupor, coma, and death can occur at levels equal to or greater than 300 to 
400 mg/dL, especially in individuals who are not tolerant to the effects of 
alcohol. The usual cause of death in individuals with very high blood levels 
of alcohol is respiratory depression and hypotension.

Alcohol Withdrawal Syndrome
Alcohol withdrawal can occur when individuals decrease their alcohol use or 
stop using alcohol altogether. The severity of symptoms can vary greatly. Many 
individuals experience alcohol withdrawal without seeking medical attention, 
whereas others require hospitalization for severe illness. Because ethanol is a 
central nervous system depressant, the body’s natural response to withdrawal 
of the substance is a hyperexcitable neurologic state. This state is thought to 
be the result of adaptive neurologic mechanisms being unrestrained by alcohol, 
with an ensuing release of a variety of neurohumoral substances, including 
norepinephrine. In addition, chronic exposure to alcohol results in a decrease 
in the number of GABA receptors and impairs their function.

The clinical manifestations of alcohol withdrawal include hyperactivity result-
ing in tachycardia and diaphoresis. Patients also experience tremulousness, 
anxiety, and insomnia. More severe alcohol withdrawal can result in nausea and 
vomiting, which can exacerbate metabolic disturbances. Perceptual abnormali-
ties, including visual and auditory hallucinations and psychomotor agitation, 
are common manifestations of more moderate to severe alcohol withdrawal. 
Grand mal seizures commonly occur during alcohol withdrawal, although 
they do not generally require treatment beyond the acute withdrawal phase.

The time course of the alcohol withdrawal syndrome can vary within an 
individual and by symptom complex, and the overall duration of symptoms 
can be a few to several days (Fig. 30-2). Tremor is typically among the earliest 
symptoms and can occur within 8 hours of the last drink. Symptoms of tremu-
lousness and motor hyperactivity typically peak within 24 to 48 hours. Although 
mild tremor typically involves the hands, more severe tremors can involve 
the entire body and greatly impair a variety of basic motor functions. Perceptual 
abnormalities typically begin within 24 to 36 hours after the last drink and 
resolve within a few days. When withdrawal seizures occur, they are typically 
generalized tonic-clonic seizures and most often occur within 12 to 24 hours 
after reduction of alcohol intake. Seizures can occur, however, at later time 
periods as well.

The most severe manifestation of the alcohol withdrawal syndrome is 
delirium tremens. This symptom complex includes disorientation, confusion, 

Days since last drink

Delirium tremens

Hallucinations

Tremor, anxiety, insomnia

Seizures

0 1 2 3 4 5 6 7 14

FIGURE 30-2. Time course of alcohol withdrawal. 

TABLE 30-2 ALCOHOL-RELATED COMPLICATIONS
SYSTEM/REALM OF PROBLEM COMPLICATIONS
Nervous system Intoxication

Withdrawal
Cognitive impairment
Cerebellar degeneration
Peripheral neuropathy

Cardiovascular system Cardiac arrhythmias
Chronic cardiomyopathy
Hypertension

Liver Fatty liver
Alcoholic hepatitis
Cirrhosis

Gastrointestinal tract, esophagus Chronic inflammation
Malignant neoplasms
Mallory-Weiss tears
Esophageal varices

Stomach Gastritis
Peptic ulcer disease

Pancreas Acute pancreatitis
Chronic pancreatitis

Other medical problems Cancers: mouth, oropharynx, esophagus, 
colorectal, breast, hepatocellular carcinoma

Pneumonia
Tuberculosis

Psychiatric Depression
Anxiety
Suicide

Behavioral and psychosocial Injuries
Violence
Crime
Child or partner abuse
Tobacco, other drug abuse
Unemployment
Legal problems
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and the prevalence of affective disorders is about 30%. Antisocial personality 
disorder is also more common in individuals with alcohol problems than in 
the general population. These psychiatric problems are more prevalent during 
periods of heavy drinking and withdrawal. All patients with alcohol use dis-
orders require careful screening for psychiatric illnesses. Although alcohol 
dependence may be associated with worse outcomes in patients with common 
psychiatric problems such as depression and anxiety, effective treatment of 
underlying psychiatric disorders may result in improved drinking behaviors.

Other Behavioral and Psychosocial Issues
Alcohol commonly is the underlying cause of domestic abuse, injuries, trauma, 
motor vehicle crashes, and burns. For example, of all substances of abuse, 
alcohol and cannabis appear to have the strongest association with intimate 
partner violence. Patients presenting with injuries should be questioned care-
fully about their alcohol use. Tobacco use (Chapter 29) and other drug abuse 
(Chapter 31) are more prevalent in people with alcohol problems than in the 
general population.

 DIAGNOSIS
Data from the history, physical examination, and laboratory generally are 
needed to provide a complete picture of the extent of alcohol problems in 
affected patients (Table 30-3).

History
A four-step approach to the alcohol history includes comprehensive questions 
about alcohol use and a thorough evaluation for alcohol-related problems.8

Step 1: Ask All Patients about Current and Past Alcohol Use
A single question—Do you currently or have you ever used alcohol?—can 
quickly identify patients who are not lifetime abstainers and require further 
screening. Patients who answer yes to this question should proceed through 
the subsequent three steps. Patients who answer no can be classified as lifetime 
abstainers from alcohol and require no further questioning unless their answer 

nausea, vomiting, fever, and hypotension, can be life-threatening (Chapter 
135). Individuals who have recurrent acute pancreatitis may develop chronic 
pancreatitis, which typically presents with chronic abdominal pain, malabsorp-
tion, weight loss, and malnutrition.

Hematopoietic System
The anemia that commonly is seen in patients with chronic alcohol problems 
can be multifactorial (e.g., blood loss, nutrient deficiency, secondary to liver 
disease and hypersplenism). Studies of selected inpatients with alcohol depen-
dence showed the prevalence of anemia to range from about 10 to 60%. 
Gastrointestinal blood loss due to Mallory-Weiss tears (Chapter 126), alcoholic 
gastritis (Chapter 123), or esophageal varices (Chapters 126 and 144) may 
be a key factor, and many patients develop subsequent iron deficiency. Dietary 
folate deficiency can be associated with megaloblastic anemias (Chapter 155). 
Alcohol also has a direct toxic effect on the bone marrow, which can lead to 
sideroblastic anemia that resolves after abstinence. Alcohol can suppress mega-
karyocyte production and cause thrombocytopenia, which may manifest as 
ecchymoses or bleeding (Chapter 163); the thrombocytopenia is particularly 
sensitive to abstinence, with platelet counts usually rebounding or returning 
to normal within 5 to 7 days after cessation of alcohol intake. Alcohol also 
appears to interfere directly with platelet function. Alcohol-related immune 
dysfunction, as evidenced by decreased production and function of white 
blood cells and derangement in humoral and cell-mediated immunity, partly 
explains why alcohol-dependent individuals are at higher risk for infectious 
diseases, such as pneumonia and tuberculosis.

Malignant Neoplasms
Alcohol intake has been associated with numerous cancers,7 including cancer 
of the upper digestive, respiratory, and liver malignant neoplasms. The amount 
of alcohol exposure that increases cancer risk may vary widely and may not 
correlate with what might be considered to be “safe” levels of alcohol con-
sumption. Concerning specific cancers, alcohol use is associated with squamous 
cell carcinomas of the esophagus (Chapter 183) and of the head and neck 
(Chapter 181). The co-occurrence of alcohol and tobacco abuse seems to be 
synergistic. Either heavy alcohol use or smoking individually increases the 
rate of oropharyngeal cancer by about six or seven times that of the general 
population, whereas the rate for people with both risk factors is about 40 
times that of the general population. Patients with alcohol-induced liver disease 
who also have a history of hepatitis B or C are at particularly increased risk 
for hepatocellular carcinoma (Chapter 186).

Chronic alcohol use also has been associated with malignant neoplasms of 
the breast (Chapter 188), prostate (Chapter 191), pancreas (Chapter 185), 
cervix (Chapter 189), lung (Chapter 182), and colon (Chapter 184). Women 
who have more than one or two alcoholic drinks per day may increase their 
breast cancer risk 1.5-fold or more. Hormonal mechanisms and direct carci-
nogenic effects of alcohol have been postulated as causes of this association. 
The association of cervical cancer with alcohol dependence may be due to 
alcohol-associated high-risk sexual behaviors that are thought to increase the 
risk for cervical cancer.

Other Medical Issues
Gout has been associated with alcohol abuse, and flares can occur at lower 
serum urate levels than in nonalcoholic patients (Chapter 257). Alcoholic 
ketoacidosis (Chapter 110), which usually follows an alcoholic binge, presents 
as nausea, vomiting, abdominal pain, and volume depletion. Typically, keto-
acidosis is seen with low or normal glucose readings. Mild or nonspecific 
abnormalities in thyroid function, especially in patients with underlying liver 
disease, may reflect abnormalities in the clearance of thyroid-stimulating 
hormone or the impact of elevated circulating estrogens. Infertility and men-
strual irregularities have been associated with chronic alcohol consumption, 
presumably due to alcohol-induced hypothalamic-pituitary dysfunction, gonadal 
toxicity, and impaired hepatic metabolism of circulating hormones. Hypogo-
nadism is highly prevalent in male alcoholics with cirrhosis. Alcohol dependence 
also is associated with higher rates of dental and periodontal disease (Chapter 
397) and with a variety of dermatologic problems, including spider angiomas 
and, in patients with poor hygiene, skin infestations. Both at-risk drinking 
and alcohol dependence have been shown to be associated with an increased 
risk for hospital-acquired infections, sepsis, and mortality, especially in intensive 
care patients.

Psychiatric Issues
Psychiatric symptoms and illnesses are exceedingly common among individu-
als with alcohol problems. The prevalence of anxiety disorders is about 40%, 

dysfunction, as is seen in Wernicke encephalopathy and Korsakoff syndrome 
(Chapter 388). Alcohol also causes a polyneuropathy that can present with 
paresthesias, numbness, weakness, and chronic pain (Chapters 388 and 392). 
As with the central nervous system, peripheral nervous system effects are 
thought to be caused by a combination of the direct toxicity of alcohol and 
nutritional deficiencies. A small proportion (<1%) of patients with alcohol 
dependence may develop midline cerebellar degeneration, which presents as 
an unsteady gait.

Cardiovascular System
The most common cardiovascular complications of chronic alcohol consump-
tion are cardiomyopathy, hypertension, and supraventricular arrhythmias. In 
fact, an epidemiologic study demonstrated that excessive alcohol use increased 
the risk of heart failure, myocardial infarction, and atrial fibrillation to a similar 
degree as other established “traditional” risk factors.4 Alcoholic cardiomyopathy 
can present clinically in a manner similar to other causes of heart failure (Chapter 
52). It is the most common cause of nonischemic cardiomyopathy in Western 
countries, accounting for about 45% of cases. Like other causes, alcoholic 
cardiomyopathy also responds to conventional treatments of heart failure 
(Chapter 53). Abstinence from alcohol can result in significant improvement 
in cardiomyopathy in some patients. Increasing levels of alcohol consumption 
also are associated with increasing levels of systolic and diastolic hypertension 
(Chapter 70).

The most common arrhythmias associated with chronic alcohol use include 
atrial fibrillation and supraventricular tachycardia; these are seen commonly 
in the setting of acute intoxication and withdrawal (Chapter 58). The preva-
lence of alcohol-induced arrhythmias is unclear. One study did note that heavy 
alcohol consumption was a risk factor for a prolonged QTc interval, suggesting 
a potential etiology for some alcohol-related arrhythmias (Chapter 59). Alco-
holic cardiomyopathy also is associated with arrhythmias, in particular, ven-
tricular arrhythmias (Chapter 59). The association between high levels of 
alcohol intake and increased cardiovascular mortality may be lessened in the 
presence of high physical activity.5

Liver
Alcohol abuse is the major cause of morbidity and mortality from liver disease 
in the United States.6 It has been estimated that there are more than 2 million 
people with known alcoholic liver disease in the United States. Factors that 
predispose to early liver disease include the quantity and duration of alcohol 
exposure, female gender, and malnutrition. The range of clinical manifestations 
includes acute fatty liver, alcoholic hepatitis, and cirrhosis (Chapter 143). 
Fatty liver associated with alcohol ingestion can be asymptomatic or associated 
with nonspecific abdominal discomfort; it generally improves with abstinence 
from alcohol. Alcoholic hepatitis can present as an asymptomatic condition 
identified through abnormalities in liver enzymes or as an acute episode with 
abdominal pain, nausea, vomiting, and fever. Patients with alcoholic hepatitis 
have particularly high levels of aspartate aminotransferase in the blood and 
elevated levels of γ-glutamyltransferase. Alcoholic hepatitis typically improves 
with abstinence from alcohol along with supportive care.

Alcohol-related cirrhosis is a major cause of death in the United States 
(Chapter 145). Although patients are often asymptomatic, patients with more 
advanced cirrhosis may present with a variety of symptoms and signs, includ-
ing jaundice, ascites, and coagulopathy which can benefit from management 
approaches tailored to this patient population. Cirrhosis also is associated 
with gastrointestinal bleeding from esophageal varices (Chapter 129). Although 
there is some controversy about the use of liver transplantation to treat patients 
with alcoholic cirrhosis, many believe that patients in established recovery 
are good candidates for liver transplantation (Chapter 145).

Gastrointestinal Disease
Chronic alcohol use is associated with a variety of esophageal problems, includ-
ing esophageal varices, Mallory-Weiss tears, and squamous cell carcinoma 
of the esophagus (Chapter 183). The risk for squamous cell carcinoma is 
increased further in patients who smoke tobacco and drink alcohol (Chapter 
183). Patients with these problems can present with difficulty swallowing, chest 
pain, gastrointestinal blood loss, and weight loss. Acute alcoholic gastritis typi-
cally presents with abdominal discomfort, nausea, and vomiting (Chapter 123).

Pancreas
The risk for pancreatitis in individuals with alcohol dependence is approxi-
mately four times that in the general population. Quantity and duration of 
alcohol exposure and a history of pancreatitis are predictive of future episodes. 
Acute alcoholic pancreatitis, which may present with severe abdominal pain, 



CHAPTER 30 Alcohol Use DisorDers 147

changes over time. It is crucial to ask about current and past alcohol use because 
many patients who meet lifetime criteria for alcohol use disorder but who are 
currently in recovery answer no to the question about current use; unless it 
is specifically asked about, important past use information may be missed.

Step 2: Obtain Detailed History Regarding Quantity and 
Frequency of Alcohol Use
A question to be asked routinely is, What type or types of alcoholic drinks 
(beer, wine, spirits) do you consume? Many patients do not consider the use 
of beer or wine “drinking.” Quantity should be determined for typical use—
How much do you usually drink on a typical drinking day?—and for range 
of use—Do you ever drink more than your usual amount, and if so, how 
much? This second question can be particularly important for identifying 
binge drinking. Quantity questions offer easy identification of at-risk drinking. 
Asking about the frequency of alcohol consumption—How often do you 
drink?—helps distinguish daily from nondaily alcohol users. Binge drinkers 
who drink only on weekends tend to have significant alcohol problems yet 
not be daily drinkers. A major goal of step 2 is to acquire a complete charac-
terization of current alcohol use behaviors and the pattern of quantity and 
frequency of alcohol use during the patient’s lifetime.

Step 3: Use Standardized Screening Instruments
Many standardized questionnaires have been developed to detect alcohol abuse 
and dependence. The two questionnaires that have been evaluated most exten-
sively in medical settings are the CAGE (Cut down, Annoyed, Guilty, and 
Eye opener) questionnaire (see Table 30-3) and the Alcohol Use Disorder 
Identification Test (AUDIT). The CAGE questionnaire includes four ques-
tions and is scored by giving 1 point for each positive response. Given that 
the word ever is used in the CAGE questions, by definition this instrument 
is designed to detect lifetime alcohol problems and does not distinguish between 
lifetime problems and current problems. To screen for DSM-IV criteria alcohol 
abuse and dependence, the CAGE has a sensitivity of 43 to 94% and a speci-
ficity of 70 to 97% when a cutoff score of 2 is used to indicate a “positive” 
result. How this and other instruments relate to the new DSM-5 criteria for 
alcohol use disorder is the subject of ongoing inquiry.

The AUDIT’s 10 questions cover the quantity and frequency of alcohol 
use, drinking behaviors, adverse psychological symptoms, and alcohol-related 
problems. The AUDIT was developed by the World Health Organization to 
identify hazardous (e.g., at-risk) drinking and harmful (e.g., alcohol use that 
results in physical or psychological harm) drinking. In contrast to the CAGE 
questionnaire, the AUDIT focuses on recent (current to past year) drinking 
behaviors. Each question is scored 0 to 4 (range for total score is 0 to 40), 
and a total score of 8 is considered to be a positive result.

Step 4: Assess Specific Areas in Suspected or Known  
Problem Drinkers
Questions asked in step 4 are based on the results of the questions asked in 
steps 2 and 3 to obtain more detailed information in patients with potential 
alcohol problems. Even patients who do not screen positive on the CAGE 
questionnaire may warrant detailed questioning about alcohol abuse and 
dependence (see Table 30-1), especially if they are drinking at or above at-risk 
levels or there is other evidence of possible alcohol problems. A detailed review 
for evidence of alcohol-related medical and psychiatric problems should occur, 
and the need for further medical and psychiatric evaluation should be deter-
mined. The physician should look for evidence of behavioral and social problems 
commonly associated with alcohol use and screen for family and occupational 
dysfunction and other problems, such as domestic violence. Patients should 
be asked about their use of tobacco, mood-altering prescription medications, 
and illicit drugs such as heroine and cocaine.

Finally, many patients with alcohol problems have prior treatment episodes 
that should be detailed. The inquiry should include questions not only about 
formal alcohol treatment (including number of episodes, duration of treat-
ment, and inpatient versus outpatient treatment) but also about more informal 
treatments, such as attendance at self-help groups like Alcoholics Anonymous 
(AA). For patients who require a referral for treatment, knowledge of prior treat-
ment experience is a crucial determinant of future referral recommendations.

The National Institute on Alcohol Abuse and Alcoholism has published 
Helping Patients Who Drink Too Much: A Clinician’s Guide, which provides an 
alternative approach to screening and evaluating patients for alcohol-related 
problems and includes an appendix of useful supporting materials (https://
pubs.niaaa.nih.gov/publications/practitioners/clinicansguide2005/guide.pdf). 
This approach begins with the question “Do you sometimes drink beer, wine 
or other alcoholic beverages?” If the answer is “yes,” then the patient is asked 

and the prevalence of affective disorders is about 30%. Antisocial personality 
disorder is also more common in individuals with alcohol problems than in 
the general population. These psychiatric problems are more prevalent during 
periods of heavy drinking and withdrawal. All patients with alcohol use dis-
orders require careful screening for psychiatric illnesses. Although alcohol 
dependence may be associated with worse outcomes in patients with common 
psychiatric problems such as depression and anxiety, effective treatment of 
underlying psychiatric disorders may result in improved drinking behaviors.

Other Behavioral and Psychosocial Issues
Alcohol commonly is the underlying cause of domestic abuse, injuries, trauma, 
motor vehicle crashes, and burns. For example, of all substances of abuse, 
alcohol and cannabis appear to have the strongest association with intimate 
partner violence. Patients presenting with injuries should be questioned care-
fully about their alcohol use. Tobacco use (Chapter 29) and other drug abuse 
(Chapter 31) are more prevalent in people with alcohol problems than in the 
general population.

 DIAGNOSIS
Data from the history, physical examination, and laboratory generally are 
needed to provide a complete picture of the extent of alcohol problems in 
affected patients (Table 30-3).

History
A four-step approach to the alcohol history includes comprehensive questions 
about alcohol use and a thorough evaluation for alcohol-related problems.8

Step 1: Ask All Patients about Current and Past Alcohol Use
A single question—Do you currently or have you ever used alcohol?—can 
quickly identify patients who are not lifetime abstainers and require further 
screening. Patients who answer yes to this question should proceed through 
the subsequent three steps. Patients who answer no can be classified as lifetime 
abstainers from alcohol and require no further questioning unless their answer 

TABLE 30-3 DIAGNOSIS OF ALCOHOL PROBLEMS
HISTORY

Step 1: Ask all patients about current and past use.
Do you drink alcohol (ever or currently)?
Do you have a family history of alcohol problems?

Step 2: Obtain detailed history regarding quantity and frequency of alcohol use.
What types of alcohol do you consume?
How often do you drink?
How much do you usually drink?
Do you ever drink more, and if so, how much?

Step 3: Standardized questionnaire
CAGE questions:
•	 Have	you	ever	felt	that	you	should	cut down on your drinking?
•	 Have	people	annoyed you by criticizing your drinking?
•	 Have	you	ever	felt	bad	or	guilty about drinking?
•	 Have	you	ever	taken	a	drink	first	thing	in	the	morning	(eye opener) to steady 

your nerves or get rid of a hangover?
Step 4: Assess specific areas in suspected or known problem drinkers.

Criteria for alcohol abuse and dependence
Evidence of medical and psychiatric problems
Evidence of behavioral or social problems
Use of other substances
•	 Tobacco
•	 Mood-altering	prescription	drugs
•	 Illicit	drugs	(e.g.,	heroin,	cocaine)
•	 Prior	alcohol	or	substance	abuse	treatment

PHYSICAL EXAMINATION

Thorough and complete examination important in all patients
Focus attention to system with identified problems
In all patients, carefully examine:

Central and peripheral nervous systems
Cardiovascular system
Liver
Gastrointestinal tract

LABORATORY STUDIES (IN SELECTED PATIENTS)

Liver enzymes
Coagulation studies
Complete blood count
Carbohydrate-deficient transferrin

https://pubs.niaaa.nih.gov/publications/practitioners/clinicansguide2005/guide.pdf
https://pubs.niaaa.nih.gov/publications/practitioners/clinicansguide2005/guide.pdf
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“How many times in the past year have you had…5 or more drinks a day (for 
men)…(or) 4 or more drinks a day (for women).” If the answer is “one (or 
more) times,” the patient is considered to have screened positive and is then 
asked additional questions designed to assess for alcohol use disorders.

Physical Examination
Patients with potential alcohol use disorders require a detailed physical exami-
nation to complement the history. In addition, attention should be focused 
on detecting common alcohol-related problems, including the nervous system, 
cardiovascular system, liver, and gastrointestinal system (see Table 30-2).

Laboratory Findings
A variety of laboratory tests have been proposed to aid screening for alcoholic 
abuse and dependence. Aminotransferase levels, red blood cell mean corpus-
cular volume (MCV), and carbohydrate-deficient transferrin, alone or in 
combination, are not as effective as screening questionnaires, such as the CAGE 
and the AUDIT.

Laboratory tests do have a role in diagnosis and assessment of patients with 
potential alcohol problems. Routine laboratory testing, including liver enzymes 
(Chapter 138), bilirubin, complete blood count, and prothrombin time should 
be obtained in all patients with alcohol problems on a regular basis so that an 
appropriate and complete picture of the effects of alcohol on the individual 
can be obtained.

TABLE 30-4 ADVICE FOR PATIENTS WITH ALCOHOL 
PROBLEMS

State your medical concern:
Be specific about your patient’s drinking patterns and related health risks.
Ask: How do you feel about your drinking?
Agree on a plan of action:
Ask: Are you ready to try to cut down or abstain?
Talk with patients who are ready to make a change in their drinking about a specific 

plan of action.
For patients who are not alcohol dependent:
Advise the patient to cut down if drinking is at or above at-risk drinking amounts 

(see Table 30-1) and there is no evidence of alcohol dependence.
Ask the patient to set a specific drinking goal: Are you ready to set a drinking goal? 

Some patients choose to abstain for a period of time or for good; others prefer to 
limit the amount they drink. What do you think will work best for you?

Provide patient education materials and tell the patient: It helps to think about your 
reasons for wanting to cut down and examine what situations trigger unhealthy 
drinking patterns. These materials will give you some useful tips on how to 
maintain your drinking goal.

For patients with evidence of alcohol dependence:
Advise to abstain if:

•	 Evidence	of	alcohol	dependence
•	 History	of	repeated	failed	attempts	to	cut	down
•	 Pregnant	or	trying	to	conceive
•	 Contraindicated	medical	condition	or	medication

Refer for additional diagnostic evaluation or treatment.
Procedures for patient in making referral decisions:

Involve your patient in making referral decisions.
Discuss available alcohol treatment services.
Schedule a referral appointment while the patient is in the office.

The relationship of change in alcohol use with prevention of subsequent 
problems has been well established. Treatment of alcohol use disorders should 
be based on the severity of potential or actual alcohol problems and tailored 
to meet the needs of individual patients.9 Separate advice and management 
approaches are suggested for nondependent at-risk or problem drinkers com-
pared with individuals who are alcohol dependent (DSM-IV criteria) (Table 30-4). 
As with the screening instruments described previously, the manner in which 
the new DSM-5 criteria relate to specific treatment recommendations will become 
clearer in the near future.

Discussing the Diagnosis with Patients
In discussing alcohol problems, it is crucial that physicians be sensitive to the 

stigma and shame that may be felt by patients with alcohol problems and by 
their families. Alcohol-related diagnoses or problems should be discussed in a 

PREVENTION AND TREATMENT 

nonjudgmental manner, which forges a partnership and indicates commitment 
to helping with whatever problems the patients might have. Setting the stage 
for the discussion should include educating patients about the various levels 
of alcohol problems (e.g., at-risk drinking, alcohol use disorder) so that patients 
have an understanding of the spectrum of alcohol problems. Many patients 
may have a skewed view of what qualifies as problem drinking and may believe 
that only individuals with severe alcohol problems are truly problem drinkers. 
The history, physical examination, and laboratory studies should be provided 
as “proof” that a problem may or does exist.

Treatment of At-Risk Drinkers
Evidence confirms that generalist physicians or physician extenders, in a 

cost-effective manner, can help patients reduce their alcohol intake and prevent 
subsequent alcohol-related problems by using brief, focused counseling tech-
niques (brief interventions) that are well suited for primary care and other 
medical settings. A1  Research has also examined the use of brief interventions 
in more specialized settings, supporting their use in general medical inpatient 
settings and emergency departments. Newer approaches to decreasing alcohol 
use in heavy drinkers include providing personalized advice by electronic inter-
ventions10,11 and using text messaging and social media.

The brief counseling strategy includes four main components: motivational 
techniques, feedback about the problems with alcohol use, discussion of the 
adverse effects of alcohol, and setting recommended drinking limits. Motiva-
tional techniques are designed to motivate patients to change their alcohol use 
behavior by identifying potential or actual problems with which their alcohol use 
is associated. Feedback about these problems can make it clear to the patient 
that the problems exist. For at-risk and problem drinkers who do not meet 
criteria for alcohol dependence, setting recommended drinking limits below 
at-risk levels (e.g., less than one drink per day for women and less than two 
drinks per day for men) is a realistic and suitable goal. Epidemiologic evidence 
suggests that drinking below these levels is less likely to be associated with 
problems. Several randomized clinical trials confirm that patients who receive 
brief interventions significantly decrease their alcohol intake, often to “safe” 
levels, and can decrease health care use as well.

Treatment of Alcohol Use Disorders
Patients who meet criteria for an alcohol use disorder, in particular those 

who are dependent, usually require more intensive services than do patients 
who meet criteria for at-risk drinking. Most patients can be managed in out-
patient treatment settings, whereas patients with a more severe alcohol use 
disorder or comorbid problems initially will likely require inpatient management, 
specific counseling programs, and pharmacologic therapy. Before entering a 
formal program to maintain remission, many patients first require medical 
management of alcohol withdrawal. Professional organizations have published 
practice guidelines that provide useful recommendations for how to select 
among treatment options for patients with alcohol dependence.

Management of Alcohol Withdrawal
Many patients may not present for medical management of alcohol with-

drawal and deal with it on their own. However, a substantial subset do present 
for alcohol withdrawal treatment. Patients with mild to moderate withdrawal 
generally can be managed safely as outpatients with close follow-up.12 Patients 
with moderate to severe withdrawal, as manifested by hypertension, tremor, 
and any mental status changes, especially patients with significant comorbid 
medical or psychiatric illnesses, generally are treated best as inpatients.13 Patients 
who have a history of severe withdrawal in the past (e.g., delirium tremens) 
or who have a history of alcohol withdrawal seizures also generally should 
be managed as inpatients. The three major goals of medical management of 
alcohol withdrawal are to minimize the severity of withdrawal-related symp-
toms; to prevent specific withdrawal-related complications, such as seizures 
and delirium tremens; and to provide referral for relapse prevention treatment.

A wide variety of medications have been evaluated for their effectiveness 
in managing the alcohol withdrawal syndrome (Table 30-5). Longer-acting 
benzodiazepines are preferred because they provide a smoother withdrawal. 
Shorter-acting benzodiazepines, such as oxazepam, may be indicated in indi-
viduals with severe liver disease. The most common approach is to administer 
a standing dose of a benzodiazepine, with additional medication being given 
“as needed” on the basis of withdrawal symptoms. The specific benzodiazepine 
and dose often depend on the experience of the prescribing physician and 
the characteristics of the patient, including the severity of withdrawal (higher 
doses are used if withdrawal is more severe), the presence of liver disease 
(patients with severe liver disease should receive lower doses or shorter-acting 
medications), and the response to prior doses of medication (higher doses are 
given if symptom control is inadequate; lower doses are given if adverse effects, 
such as oversedation, have occurred). In general, the amount of medication 
per dosing period is decreased gradually as the withdrawal syndrome abates. 
An individualized “symptom-triggered” dosing approach, in which benzodiaz-
epines are administered on a dose-by-dose basis as guided by withdrawal 
symptoms, is safe and effective in certain patients and can reduce the total 
doses of benzodiazepines needed to treat withdrawal. β-Blockers (atenolol and 
propranolol), α-agonists (clonidine), and antiepileptics (carbamazepine) improve 
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TABLE 30-5 MEDICATIONS FOR THE TREATMENT OF ALCOHOL DEPENDENCE*
MEDICATION DOSE AND ROUTE FREQUENCY EFFECTS MAJOR COMMON ADVERSE EFFECTS
ALCOHOL WITHDRAWAL

Benzodiazepines‡

Chlordiazepoxide* 25-100 mg, PO/IV/IM‡ Every 4-6 hr Decreased severity of withdrawal; stabilization of vital 
signs; prevention of seizures and delirium tremens

Confusion, oversedation, respiratory depression

Diazepam† 5-10 mg, PO/IV/IM‡ Every 6-8 hr
Oxazepam† 15-30 mg, PO‡ Every 6-8 hr
Lorazepam† 1-4 mg, PO/IV/IM‡ Every 4-8 hr

β-Blockers
Atenolol 25-50 mg, PO Once a day Improvement in vital signs Bradycardia, hypotension
Propranolol 10-40 mg, PO Every 6-8 hr Reduction in craving

α-Agonists
Clonidine 0.1-0.2 mg, PO Every 6 hr Decreased withdrawal symptoms Hypotension, fatigue

Antiepileptics
Carbamazepine 200 mg, PO Every 6-8 hr Decreased severity of withdrawal; prevention of 

seizures
Dizziness, fatigue, red blood cell abnormalities

PREVENTION OF RELAPSE

Disulfiram† 125-500 mg, PO Daily Decreased alcohol use among those who relapse Disulfiram-alcohol reaction, rash, drowsiness, 
peripheral neuropathy

Naltrexone† 50 mg, PO Daily Increased abstinence, decreased drinking days Nausea, abdominal pain, myalgias-arthralgias
380 mg, IM Every 4 wk

Acamprosate† 666 mg, PO Three times a day Increased abstinence Diarrhea
*Most commonly used medications listed.
†Currently approved by U.S. Food and Drug Administration for the indication noted.
‡Dose and routes given for standard fixed-dose regimens, which include dose tapers over time.

signs and symptoms of alcohol withdrawal but are viewed best as adjunctive 
medications to be used in addition to benzodiazepines.

Prevention of Relapse
counseling strategies Used by Alcohol Treatment Programs

Three commonly used psychotherapeutic techniques are motivational 
enhancement therapy, 12-step facilitation, and cognitive-behavioral coping 
skills. Two of these techniques are designed to give patients specific tools to 
help them avoid relapse to alcohol use. In motivational enhancement therapy, 
patients identify reasons for staying away from alcohol. The 12-step facilitation 
therapy uses the principles of AA to help patients focus their attention on 
abstinence. In cognitive-behavioral coping skills therapy, the patient identifies 
triggers to alcohol use and develops strategies to help deal with the triggers 
when they are present.

Project MATCH (Matching Alcohol Treatments to Client Heterogenicity) showed 
equivalence among three counseling approaches (cognitive-behavioral coping 
skills therapy, motivational enhancement therapy, or 12-step facilitation therapy) 
to treat alcohol dependence. At 1-year follow-up, most enrolled patients either 
remained abstinent or significantly decreased their alcohol use.

self-help Groups
Self-help groups such as AA and Rational Recovery are an important source 

of support and treatment for many patients with alcohol dependence. AA has 
the advantage of being widely available throughout the United States and is 
free of charge. The overall approach to treatment is based on the 12 steps for 
maintaining abstinence and dealing with the various effects of alcohol. AA 
meetings can be either “open” to anybody in the community or “closed” for 
active members only. The meetings vary in format, size, location, and demo-
graphic makeup. In counseling patients about attending AA, it is important for 
physicians to make them aware that variations in the nature of specific meet-
ings, especially location and demographics of participants, require patients to 
be willing to attend more than one meeting site on a trial basis so that they 
find a comfortable setting.

Research on the effectiveness of AA has been limited, and there are no large 
controlled studies. Indirect evidence suggests, however, a significant improve-
ment in alcohol use behaviors.

Pharmacotherapy to Prevent relapse to Alcohol Use
The addition of medication to enhance the effectiveness of counseling thera-

pies has been the subject of research for over 40 years. As the neurobiology 
of alcohol use disorders has become more clearly understood, the potential 
to develop medications that may promote abstinence or decreased alcohol 
use has grown.14,15 Three medications—disulfiram, naltrexone, and acampro-
sate—are approved for the treatment of alcohol dependence in the United 
States (see Table 30-5).

Disulfiram
Disulfiram is designed to prevent alcohol use by causing a severe adverse 

reaction when patients use alcohol. The disulfiram reaction, which includes 
flushing, nausea, vomiting, and diarrhea, is mediated by the inhibition of alcohol 
dehydrogenase and the resulting increase in serum levels of acetaldehyde and 
acetate after ingestion of alcohol (see Fig. 30-1). Disulfiram also affects mono-
amine metabolism, and the alcohol-disulfiram reaction may be related to changes 
in central monoamine functioning. Although disulfiram offers little benefit to 
most patients, it is effective in reducing alcohol intake in highly motivated 
patients who are supervised in an alcohol treatment program.

Naltrexone
Naltrexone is thought to decrease alcohol use by diminishing the euphori-

genic effects of alcohol and by decreasing craving in alcohol-dependent 
patients. Randomized, placebo-controlled trials generally have shown that 
alcohol-dependent patients who receive naltrexone (50 mg/day) are more 
likely to decrease their alcohol use or remain abstinent compared with patients 
who receive placebo, and the effects persist after discontinuation of treatment, 
although one randomized trial did not show benefit in male veterans with 
severe alcohol dependence. While most studies of naltrexone were performed 
in a specialty alcohol treatment setting and observed subjects for only 10 to 
12 weeks, naltrexone also is effective in outpatient and primary care settings 
in patients who are followed for up to 34 weeks. A2  A predicted biomarker 
(µ-opioid receptor gene polymorphism) of risk of relapse to heavy drinking 
following naltrexone treatment was not supported in a randomized clinical 
trial. A3  However, pharmacogenetics continues to hold promise in improving 
the targeting of medications to prevent alcohol use relapse. Side effects of 
naltrexone are infrequent, most notably self-limited nausea in about 10% of 
patients. Dose-related hepatotoxicity has been reported in patients treated 
for obesity with high-dose naltrexone (300 mg/day). Mild liver enzyme abnor-
malities are not a contraindication to naltrexone, but patients should be fol-
lowed with repeated liver enzyme studies. Patients with acute hepatitis or 
liver failure should not use naltrexone. In addition to the oral naltrexone, a 
newer long-acting injectable form of naltrexone is approved by the U.S. Food 
and Drug Administration (FDA). Injectable naltrexone is typically administered 
at a dose of 380 mg intramuscularly every 4 weeks. Before beginning nal-
trexone, it is important to be sure that the patient is not opioid dependent 
in order to avoid a potentially severe opioid withdrawal reaction. Complete 
opioid abstinence for at least 7 to 10 days is recommended. Adverse reac-
tions seen most commonly in patients who receive injectable naltrexone 
include injection site reactions (e.g., induration, itching) and symptoms such 
as nausea and headache, which are generally self-limited. This formulation of 
naltrexone may be particularly effective in those with more severe alcohol use  
disorders.



TABLE 30-6 OVERVIEW OF TREATMENT APPROACH FOR 
PATIENTS WITH ALCOHOL PROBLEMS

Evaluate all patients
For patterns of problem alcohol use (Table 30-1)
For alcohol-related complications, if indicated (Table 30-2)
With use of data collected from history, physical examination, and laboratory 

testing (Table 30-3)
For at-risk and nondependent problem drinkers

Advise to decrease alcohol use to below at-risk levels (Table 30-4)
Advise patients who cannot decrease use to below at-risk levels to abstain

For patients who are alcohol dependent
Assess for need for withdrawal management medications (Table 30-5)
Refer to an alcohol treatment program
Consider medication to prevent relapse (Table 30-5)

Acamprosate
Approved by the FDA in 2004, acamprosate (calcium acetylhomotaurinate) 

has been identified as an effective agent for treatment of alcohol dependence. 
The precise mechanism of action of acamprosate is uncertain but may be related 
to its effects on neuroexcitatory amino acids and the inhibitory GABA system. 
In randomized, placebo-controlled clinical trials, subjects who received acam-
prosate were more likely to remain abstinent compared with subjects who 
received placebo. Side effects are minimal and typically include diarrhea. Like 
naltrexone, acamprosate is given as an adjunctive therapy to psychological 
treatments for alcohol dependence. Acamprosate appears to be effective in 
both men and women.

Other Pharmacologic Approaches to Prevent Relapse
There has been much interest in evaluation of the effectiveness of combina-

tions of drug therapies to treat alcohol dependence. One study of 160 patients 
suggested that the combination of naltrexone and acamprosate was more 
effective than either medication alone. A larger federally funded study that 
enrolled 1383 subjects, Project COMBINE, examined naltrexone and acamprosate 
alone and in combination with two different psychological therapies to see 
which combination of pharmacologic and behavioral therapies is most effec-
tive. The behavioral therapies were medical management, which was designed 
to approximate counseling that can be provided in primary care and other 
medical settings, and combined behavioral intervention, which incorporated 
counseling techniques that are provided in alcohol treatment specialty settings. 
Results from this study demonstrated that patients receiving medical manage-
ment with naltrexone, combined behavioral intervention, or both fared best, 
lending further support to the idea that alcohol-dependent patients can be 
effectively treated in primary care and other medical settings. Interestingly, 
acamprosate was not shown to be effective in this study. Gabapentin is effec-
tive as a single drug therapy for treating alcohol dependence and relapse-related 
symptoms, such as insomnia, A4  and the addition of gabapentin to naltrexone 
improves drinking outcomes in alcohol-dependent patients.

Topiramate, a fructopyranose derivative, is an effective treatment of alcohol 
dependence at a dose of up to 300 mg/day and is especially effective in patients 
with a GRIK1 polymorphism. Other medications that have shown promise include 
ondansetron, bromocriptine, and sodium valproate. Other drugs have shown 
possible benefits in patients with alcohol use disorders, perhaps more specifically 
those with concurrent depression (e.g., fluoxetine) or anxiety (e.g., buspirone).

 PROGNOSIS
Alcohol abuse and dependence are chronic disorders that are characterized 
by exacerbations and remissions. The prognosis is better for patients who seek 
treatment and receive it in a systematic way (Table 30-6), but it can be poor 
for patients with advanced liver disease and continued alcohol use. In addition, 
the use of combinations of medications (e.g., naltrexone plus acamprosate) 
is under investigation.

 FUTURE DIRECTIONS
To date, most studies have focused on shorter-term outcomes, from a few 
months to a year. It is important to understand more clearly what happens to 
these patients over time, especially the need for “booster sessions” to sustain 
improvements provided by brief interventions. Newer pharmacologic approaches 
including new formulations of existing medications that have been shown to 
be beneficial along with new medications may help many patients. There has 
been increased interest in expanding chronic care management approaches 
like those used in managing patients with diabetes or heart failure to patients 
with substance use disorders. Although one large early trial failed to find a 
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benefit, this approach may be beneficial in selected populations of patients 
with substance use disorders. Newer technology-based therapies, such as a 
smartphone application to support recovery in individuals with alcohol use 
disorders, hold promise for improving treatment outcomes in the future.
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REVIEW QUESTIONS

1. A 58-year-old man presents to his primary care physician’s office for follow-
up of hypertension. During the visit, he reports that he consumes 3 to 4 
glasses (approximately 5 ounces each) of red wine every day but denies 
any medical, behavioral, or social problems related to his drinking. He is 
a nonsmoker and does not have a history of alcohol or other substance 
use disorders. On examination, his blood pressure is 144/96 mm Hg, his 
pulse is 80 beats per minute, and the remainder of his examination is unre-
markable. What would be the most appropriate next step concerning his 
alcohol consumption?
 A. Refer him to Alcoholics Anonymous.
 B. Suggest that his current red wine consumption might have health ben-

efits, but he should not drink more than this amount.
 C. Prescribe naltrexone to help him stop drinking.
 D. Refer him to an alcohol treatment program for counseling.
 E. Advise him to decrease his consumption to no more than 2 drinks a 

day and reassess his alcohol use at the next visit.
Answer: E This patient exhibits “at-risk” drinking—a level of alcohol con-
sumption that increases his risk for alcohol-related health or social problems. 
Randomized clinical trials have demonstrated that brief physician advice in 
a primary care setting can result in reduced alcohol consumption, often to 
levels that are below those considered to be of risk in a patient such as this 
(e.g., ≤2 drinks/day). In this patient’s case, decreasing his alcohol use may 
also improve his blood pressure control. The health-related risks associated 
with this level of alcohol consumption are likely to far outweigh any potential 
(and likely minimal if any) benefit from consumption of red wine. Alcoholics 
Anonymous, naltrexone, and referral to an alcohol treatment program for 
counseling should be considered in patients who meet criteria for an alcohol 
use disorder, which is not the case with this patient.

2. A 30-year-old woman presents for evaluation of “shakiness.” She reports 
several months’ history of heavy alcohol consumption, typically 8 to 10 
drinks per day including wine and vodka. Her presenting complaint began 
when she decided to quit drinking 1 day ago because she was recently 
placed on probation at work because of frequent tardiness related to her 
alcohol use. She notes that she has been drinking increased amounts of 
alcohol to “keep going” and that when she does try to decrease her alcohol 
use, especially with her recent trouble at work and some “close calls” while 
driving, she is unsuccessful. Which of the following best describes her 
alcohol consumption pattern and its related effects?
 A. She is suffering from alcohol-related delirium tremens.
 B. She has a severe alcohol use disorder.
 C. She meets criteria for alcohol abuse.
 D. She has a mild alcohol use disorder.
 E. She is not a binge drinker.

Answer: B This patient meets at least six of the DSM-5 criteria for an alcohol 
use disorder and thus would be considered in the severe category. Her pres-
entation as described includes several of these criteria: evidence of tolerance, 
withdrawal, more use than intended, unsuccessful attempts to cut down, toler-
ance, use despite negative effects, failure to fulfill a major role obligation, and 
use in hazardous situations. Although she does present with symptoms likely 
related to alcohol withdrawal, there is nothing in the presentation to suggest 
delirium tremens. Alcohol abuse is a term from earlier versions of DSM and 
is no longer used as diagnosis. Patients with a “mild” alcohol use disorder 
have only two or three of the DSM-5 criteria. She does not meet criteria for 
binge drinking.

3. The same 30-year-old woman described in question 2 eventually develops 
severe enough withdrawal symptoms to be hospitalized for the medical 
management of her alcohol withdrawal. Which of the following is true 
concerning the course of her alcohol withdrawal?
 A. If present, withdrawal seizures are likely to occur between 48 and 72 

hours after the last drink.
 B. Chlordiazepoxide and diazepam are the only benzodiazepines that have 

been approved by the FDA for the treatment of alcohol withdrawal.
 C. Benzodiazepines have been demonstrated to effectively reduce the 

occurrence of alcohol withdrawal seizures.
 D. Longer acting benzodiazepines are always preferred to those that are 

shorter acting.
 E. β-Blockers are an effective alternative to benzodiazepines for the treat-

ment of alcohol withdrawal.
Answer: C Benzodiazepines are the treatment of choice for the alcohol with-
drawal syndrome. There is strong evidence that they decrease the frequency 
of alcohol withdrawal seizures, and numerous randomized trials have dem-
onstrated their effectiveness in controlling withdrawal-related symptoms and 
vital sign abnormalities. Alcohol withdrawal seizures tend to occur within 12 
to 24 hours after alcohol consumption is reduced or stopped. There are four 
benzodiazepines that have been approved by the FDA—in addition to the 
two mentioned in choice B, oxazepam and lorazepam are also FDA approved. 
Short-acting benzodiazepines may be preferred in patients with severe liver 
disease. β-Blockers are effective adjuncts to benzodiazepines in the treatment 
of alcohol withdrawal but should not be used alone as an alternative to 
benzodiazepines.

4. The same 30-year-old patient presented in questions 2 and 3 is discharged 
from the hospital after successful treatment of the alcohol withdrawal syn-
drome. Which of the following is the appropriate “next step” in the man-
agement of her alcohol-use disorder?
 A. Assess her motivation to remain alcohol free and determine her interest 

in receiving treatment for relapse prevention.
 B. Refer her to the Alcoholics Anonymous program that your father went 

to.
 C. Continue her benzodiazepines as an outpatient to help her stay away 

from alcohol.
 D. Discharge her on disulfiram and see her back in your office in a month.
 E. Advise her to abstain from alcohol and see her back in your office in a 

month.
Answer: A The first step in managing patients with alcohol use disorders 
who have been successfully detoxified is to assess their motivation to remain 
alcohol free and discuss various follow-up treatment options in order to assess 
their interest in treatment and help identify the best approach to getting relapse 
prevention therapy. Patients who are suitably motivated and interested in 
engaging in ongoing treatment should then be referred as appropriate. Those 
who are not ready to accept treatment may benefit from motivational inter-
viewing approaches and close follow-up in order to engage them in treatment 
in the future. Alcoholics Anonymous may be helpful to many patients; however, 
without assessing a patient’s motivation, it is difficult to tell if such a referral 
will be followed. In addition, AA meetings differ in terms of their content and 
membership, and patients may need to try several meeting sites to find a group 
that they are comfortable with. Benzodiazepines are not indicated for the 
prevention of relapse to alcohol use. Disulfiram has been shown to be effective 
in highly motivated patients who receive treatment in a highly supervised 
manner. There is no evidence that brief advice alone is effective in the treat-
ment of alcohol use disorders.
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Answer: D In several clinical trials, naltrexone has been demonstrated to 
decrease alcohol consumption in individuals who are dependent on alcohol. 
Although generally well tolerated, contraindications include current opioid 
dependence and severe liver disease. Although it is true that some Alcoholics 
Anonymous participants or groups may frown upon the use of medication to 
treat alcohol use disorders, this is not a reason to not use these medications. 
However, patients should be made aware of this possibility and counseled on 
how to deal with this if it occurs. Disulfiram has been shown to be effective 
in highly structured treatment programs. Although it may be helpful in some 
primary care patients, there is no evidence that it is effective when used by 
primary care physicians in an unstructured manner. There is no significant 
evidence that combinations of relapse prevention medications improve out-
comes in patients who are dependent on alcohol. Topiramate has been dem-
onstrated to be effective in preventing relapse to alcohol use in some studies, 
but it is not yet approved for this indication.

5. A 47-year-old man presents to his primary care physician for a routine 
preventive health visit. He has a history of an alcohol use disorder and has 
been hospitalized three times for alcohol withdrawal, is participating in 
Alcoholics Anonymous, and is currently getting cognitive behavioral therapy 
from a therapist. Despite this, he continues to struggle with craving for 
alcohol and has had numerous relapses interrupting episodes of sobriety. 
He has heard about medications that might help him prevent these relapses 
and would like to try something. Which of the following is the most appro-
priate recommendation?
 A. Don’t use a relapse prevention medication because this will be frowned 

upon by his Alcoholics Anonymous group.
 B. Give him a prescription for disulfiram and ask him to follow up in 3 

months.
 C. Start with a combination of naltrexone and acamprosate because this 

will yield the best results.
 D. Consider the use of intramuscular naltrexone, 380 mg per month.
 E. Prescribe topiramate, 300 mg a day.
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However, the presence of these two disorders in the same person does not 
necessarily imply causation, even if one of the disorders is manifested first.

In addition to the risk factors mentioned previously, certain individual 
protective factors may reduce the likelihood of a substance use disorder. Indi-
viduals who have positive familial relationships, academic success, and mean-
ingful religious affiliations have a lower likelihood for development of drug 
problems. The fact that many people have a mixture of risk and protective 
factors speaks to the complex etiologic nature of drug use disorders.

The Agent
Most drugs of abuse are inherently reinforcing; animals typically will self-
administer most of the commonly abused drugs. Not all drugs are equally 
reinforcing in general, however, and there is a great deal of individual variation 
in drug preference. Some people like the stimulating effects of drugs such as 
cocaine and amphetamine, whereas others experience that level of stimulation 
as uncomfortable. Some people like the relaxation induced by drugs such as 
marijuana and sedative-hypnotics, whereas others feel overly slowed down 
by these drugs. Although some people gravitate toward particular drugs of 
abuse because of their specific pharmacologic properties, others use a variety 
of drugs indiscriminately, based on level of availability; some of these people 
are primarily seeking to alter their current emotional state, regardless of the 
direction in which it is changed. The reinforcing properties of many drugs of 
abuse appear to be mediated through dopaminergic pathways, although other 
neurotransmitters, including γ-aminobutyric acid, serotonin, and norepineph-
rine, are also involved in mediating drug-induced reinforcement.

The Environment
The third critical factor in the development, maintenance, and perhaps ces-
sation of drug use disorders is the environment in which the use occurs. Drug 
use does not occur in a vacuum. Rather, many societal factors, including legal 
status, availability, price, perception of dangerousness, social desirability, peer 
group, and religious beliefs, influence behavior relating to substance use. Drug 
availability is known to affect likelihood of substance use. For example, alcohol 
consumption has been shown to increase when the hours during which alcohol 
can be sold are extended. The restriction of alcohol availability by restricting 
hours of sale or by increasing its cost through taxation in turn reduces con-
sumption. Illicit drugs are, of course, by definition less available than alcohol 
(Chapter 30) or tobacco (Chapter 29). A major factor that influences use of 
these agents is the potential user’s perception of the drug’s safety, social cachet 
(or lack thereof), likelihood of incurring legal consequences, and peer group 
behavior. Treatment research has shown that environmental influences can 
have a powerful effect on drug use. Studies have shown, for example, that 
offering an alternative positive reward (e.g., a voucher that can be exchanged 
for desired goods and services such as movie tickets or clothes) in response 
to abstaining from drugs may help drug-dependent individuals overcome their 
craving and reduce substance use. In fact, this type of treatment approach, 
based on the use of motivational incentives for abstinence, has been shown 
to be one of the most powerful treatment interventions available for the treat-
ment of drug use disorders. The impact of environmental contingencies dem-
onstrates the importance of appreciating the complexity of the interaction 
among the individual, the drug, and the environment in the determination 
of drug use.

 CLINICAL MANIFESTATIONS
Medical Complications Related to Drug Use Disorders
Drug use disorders are associated with significant medical morbidity and 
sometimes with mortality. Medical complications are often directly related 
to the pharmacology of the abused agent, for example, the vasoconstrictor 
properties of cocaine; drug-specific complications are described later in the 
sections focusing on particular drugs of abuse.

In addition to these drug-specific sequelae, however, many medical com-
plications incurred by patients with drug use disorders occur not as a result 
of the particular drug being used. Rather, serious complications may occur 
as a result of three factors that cut across many of the drugs of abuse: para-
phernalia, particularly unsterile needles; adulterants; and lifestyle issues.

Paraphernalia
Some of the most serious medical problems that occur in individuals with 
drug use disorders are a result of the route of administration rather than of 
the actual drug being used. The use of unsterile needles, particularly if they 
are shared with other drug users, can lead to a variety of localized and sys-
temic infections, some of which can be life-threatening. Skin infections and 

 EPIDEMIOLOGY
Use of illicit drugs and nonmedical use of prescribed drugs are common. In 
2015, approximately 27.1 million Americans reported using an illicit drug in 
the previous month, representing approximately 10% of the population. When 
asked about their substance use in the past month, 22 million people reported 
using marijuana, 6.4 million reported using potentially psychoactive prescrip-
tion drugs nonmedically (3.8 million of whom used prescription opioids 
nonmedically), 1.9 million people used cocaine, and 1 million people used 
hallucinogens; in fact, 10% of youths aged 12 to 17 years reported using an 
illicit drug in the past month. Overdose deaths from opioids, cocaine, and 
psychostimulants continue to rise in the United States, now exceeding 60,000 
per year.1

 PATHOBIOLOGY
Drug use disorders involve complex interactions between the pharmacology 
of a specific drug, an individual’s genetic makeup, psychological strengths 
and weaknesses, environmental circumstances, and societal influences (such 
as physical and perceived drug availability, legal status and cost of the drug, 
religious and cultural mores, and presence of alternative rewarding activi-
ties). Thus, one can conceptualize the etiology of drug abuse by employing 
the public health model frequently cited in the study of infectious disease, 
that is, as an interaction among the host (i.e., the potential drug user), the 
agent (a specific drug), and the environment (the person’s family life and 
peer group and the social, cultural, and religious attitudes toward use of that  
substance).

The Host
A host factor that is well known to heighten vulnerability to drug use problems 
is a positive family history of a substance use disorder, which has been shown 
to increase the likelihood of development of both alcohol and drug use dis-
orders. Twin studies and adoption studies have shown that both genetic and 
environmental factors contribute to this vulnerability, although the precise 
nature by which this occurs is still unknown and a subject of active research.2 
One area of great research interest relates to whether people can be vulner-
able to drug use disorders in general (e.g., as a result of a risk-taking tem-
perament or poor decision making) or whether they are at high risk to abuse 
particular substances (perhaps because of a highly reinforcing response to a  
specific drug).

Psychiatric illness has been shown to influence the likelihood for develop-
ment of drug use problems. For example, conduct disorder in childhood and 
adolescence and antisocial personality disorder in adulthood have both been 
found to predispose to subsequent drug use problems. Psychiatric disorders 
such as mood disorders are frequently noted in people with drug use disorders. 

31 
DRUGS OF ABUSE
ROGER D. WEISS

 DEFINITION
The term substance use disorder has replaced substance abuse and dependence 
in the diagnostic lexicon; recent research has shown that the previous hierar-
chical distinction between abuse and dependence, with dependence represent-
ing a more severe form of the disorder, was problematic and not warranted. 
A substance use disorder is a clinical syndrome characterized by the following 
statement from the fifth edition of the American Psychiatric Association’s 
Diagnostic and Statistical Manual of Mental Disorders: “The essential feature 
of a substance use disorder is a cluster of cognitive, behavioral, and physiologi-
cal symptoms indicating that the individual continues using the substance 
despite significant substance-related problems.” There is no single pathogno-
monic symptom that is diagnostic of a substance use disorder. Rather, the 
syndrome is a series of 11 symptoms, of which the individual needs to meet 
two or more in the same 12-month period to warrant a diagnosis of a substance 
use disorder (Table 31-1). These 11 symptoms can be grouped into four general 
categories:
Impaired control: taking a substance in larger amounts or for a longer time 

than intended; persistent desire or unsuccessful attempts to stop or to reduce 
use; a great deal of time spent using a substance or recovering from the 
effects of its use; craving

Social impairment: failure to fulfill role obligations at home, work, or school 
as a result of repeated substance use; continued substance use despite expe-
riencing interpersonal problems; or reducing or giving up important social, 
recreational, or occupational activities

Risky use: recurrent use in hazardous situations (e.g., driving) or despite knowl-
edge that substance use is causing or exacerbating a physical or psychological 
problem

Pharmacologic criteria: tolerance and physical dependence, when relevant; not 
all drugs cause these symptoms
For people who are prescribed medications that can cause tolerance and 

physical dependence, the diagnostic term substance use disorder should be used 
only with people whose medication use is problematic; tolerance and physical 
dependence are not considered criteria for a diagnosis of a substance use 
disorder in patients who are taking medications such as opioids or sedative-
hypnotics exclusively as part of appropriate medical care. If someone is using 
legitimately prescribed medications as intended (e.g., opioids for chronic pain 
or benzodiazepines for panic disorder) and those medications are helping the 
person to function better, that person will not meet criteria for a substance 
use disorder, even if the person is tolerant to the medication and is physically 
dependent.
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ABSTRACT
Substance use disorders are highly prevalent and are responsible for a great 
deal of morbidity and mortality. While some symptoms of substance use 
disorders are drug specific, they all have in common some combination of 
impaired control, social impairment, risk use, and pharmacologic symptom 
criteria, including tolerance and physical dependence. The etiology of substance 
use disorders is multifactorial; it is useful to think of a public health model 
of disease in this respect (i.e., an interaction between the individual, the drug, 
and the environment in which the drug is used). Medical complications from 
drug use disorders are often related to factors that cut across many of the 
drugs of abuse, including paraphernalia (e.g., unsterile needles), adulterants, 
and lifestyle issues. However, drug-specific issues are also critical; these include 
respiratory depression among users of opioids and ventricular tachyarrhyth-
mias, vasoconstrictive effects, and grand mal seizures among users of cocaine. 
Treatment of substance use disorders varies according to the drug, with effec-
tive pharmacotherapies prominent in the treatment of opioid use disorders 
and largely psychosocial treatments for the treatment of those using cocaine 
or cannabis.
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However, the presence of these two disorders in the same person does not 
necessarily imply causation, even if one of the disorders is manifested first.

In addition to the risk factors mentioned previously, certain individual 
protective factors may reduce the likelihood of a substance use disorder. Indi-
viduals who have positive familial relationships, academic success, and mean-
ingful religious affiliations have a lower likelihood for development of drug 
problems. The fact that many people have a mixture of risk and protective 
factors speaks to the complex etiologic nature of drug use disorders.

The Agent
Most drugs of abuse are inherently reinforcing; animals typically will self-
administer most of the commonly abused drugs. Not all drugs are equally 
reinforcing in general, however, and there is a great deal of individual variation 
in drug preference. Some people like the stimulating effects of drugs such as 
cocaine and amphetamine, whereas others experience that level of stimulation 
as uncomfortable. Some people like the relaxation induced by drugs such as 
marijuana and sedative-hypnotics, whereas others feel overly slowed down 
by these drugs. Although some people gravitate toward particular drugs of 
abuse because of their specific pharmacologic properties, others use a variety 
of drugs indiscriminately, based on level of availability; some of these people 
are primarily seeking to alter their current emotional state, regardless of the 
direction in which it is changed. The reinforcing properties of many drugs of 
abuse appear to be mediated through dopaminergic pathways, although other 
neurotransmitters, including γ-aminobutyric acid, serotonin, and norepineph-
rine, are also involved in mediating drug-induced reinforcement.

The Environment
The third critical factor in the development, maintenance, and perhaps ces-
sation of drug use disorders is the environment in which the use occurs. Drug 
use does not occur in a vacuum. Rather, many societal factors, including legal 
status, availability, price, perception of dangerousness, social desirability, peer 
group, and religious beliefs, influence behavior relating to substance use. Drug 
availability is known to affect likelihood of substance use. For example, alcohol 
consumption has been shown to increase when the hours during which alcohol 
can be sold are extended. The restriction of alcohol availability by restricting 
hours of sale or by increasing its cost through taxation in turn reduces con-
sumption. Illicit drugs are, of course, by definition less available than alcohol 
(Chapter 30) or tobacco (Chapter 29). A major factor that influences use of 
these agents is the potential user’s perception of the drug’s safety, social cachet 
(or lack thereof), likelihood of incurring legal consequences, and peer group 
behavior. Treatment research has shown that environmental influences can 
have a powerful effect on drug use. Studies have shown, for example, that 
offering an alternative positive reward (e.g., a voucher that can be exchanged 
for desired goods and services such as movie tickets or clothes) in response 
to abstaining from drugs may help drug-dependent individuals overcome their 
craving and reduce substance use. In fact, this type of treatment approach, 
based on the use of motivational incentives for abstinence, has been shown 
to be one of the most powerful treatment interventions available for the treat-
ment of drug use disorders. The impact of environmental contingencies dem-
onstrates the importance of appreciating the complexity of the interaction 
among the individual, the drug, and the environment in the determination 
of drug use.

 CLINICAL MANIFESTATIONS
Medical Complications Related to Drug Use Disorders
Drug use disorders are associated with significant medical morbidity and 
sometimes with mortality. Medical complications are often directly related 
to the pharmacology of the abused agent, for example, the vasoconstrictor 
properties of cocaine; drug-specific complications are described later in the 
sections focusing on particular drugs of abuse.

In addition to these drug-specific sequelae, however, many medical com-
plications incurred by patients with drug use disorders occur not as a result 
of the particular drug being used. Rather, serious complications may occur 
as a result of three factors that cut across many of the drugs of abuse: para-
phernalia, particularly unsterile needles; adulterants; and lifestyle issues.

Paraphernalia
Some of the most serious medical problems that occur in individuals with 
drug use disorders are a result of the route of administration rather than of 
the actual drug being used. The use of unsterile needles, particularly if they 
are shared with other drug users, can lead to a variety of localized and sys-
temic infections, some of which can be life-threatening. Skin infections and 

 EPIDEMIOLOGY
Use of illicit drugs and nonmedical use of prescribed drugs are common. In 
2015, approximately 27.1 million Americans reported using an illicit drug in 
the previous month, representing approximately 10% of the population. When 
asked about their substance use in the past month, 22 million people reported 
using marijuana, 6.4 million reported using potentially psychoactive prescrip-
tion drugs nonmedically (3.8 million of whom used prescription opioids 
nonmedically), 1.9 million people used cocaine, and 1 million people used 
hallucinogens; in fact, 10% of youths aged 12 to 17 years reported using an 
illicit drug in the past month. Overdose deaths from opioids, cocaine, and 
psychostimulants continue to rise in the United States, now exceeding 60,000 
per year.1

 PATHOBIOLOGY
Drug use disorders involve complex interactions between the pharmacology 
of a specific drug, an individual’s genetic makeup, psychological strengths 
and weaknesses, environmental circumstances, and societal influences (such 
as physical and perceived drug availability, legal status and cost of the drug, 
religious and cultural mores, and presence of alternative rewarding activi-
ties). Thus, one can conceptualize the etiology of drug abuse by employing 
the public health model frequently cited in the study of infectious disease, 
that is, as an interaction among the host (i.e., the potential drug user), the 
agent (a specific drug), and the environment (the person’s family life and 
peer group and the social, cultural, and religious attitudes toward use of that  
substance).

The Host
A host factor that is well known to heighten vulnerability to drug use problems 
is a positive family history of a substance use disorder, which has been shown 
to increase the likelihood of development of both alcohol and drug use dis-
orders. Twin studies and adoption studies have shown that both genetic and 
environmental factors contribute to this vulnerability, although the precise 
nature by which this occurs is still unknown and a subject of active research.2 
One area of great research interest relates to whether people can be vulner-
able to drug use disorders in general (e.g., as a result of a risk-taking tem-
perament or poor decision making) or whether they are at high risk to abuse 
particular substances (perhaps because of a highly reinforcing response to a  
specific drug).

Psychiatric illness has been shown to influence the likelihood for develop-
ment of drug use problems. For example, conduct disorder in childhood and 
adolescence and antisocial personality disorder in adulthood have both been 
found to predispose to subsequent drug use problems. Psychiatric disorders 
such as mood disorders are frequently noted in people with drug use disorders. 

TABLE 31-1 DSM-5 CRITERIA FOR SUBSTANCE  
USE DISORDERS

IMPAIRED CONTROL

1. Took larger amounts/for longer period of time than intended
2. Persistent desire or unsuccessful attempts to stop or reduce use
3. Much time spent using a substance or recovering from its effects
4. Craving

SOCIAL IMPAIRMENT

5. Failure to fulfill home, work, or school obligations because of repeated substance 
use

6. Continued use despite experiencing interpersonal problems
7. Reducing/giving up important social, recreational, or occupational activities

RISKY USE

8. Recurrent use in hazardous situations
9. Physical/psychological problems related to use

PHARMACOLOGIC CRITERIA

10. Tolerance, when relevant*
11. Physical dependence, when relevant*
Substance use disorder is diagnosed if two or more of these 11 criteria are met within a 12-month 
period.
*“When relevant” indicates that these criteria are not counted, even if the symptoms are present, 
when an individual is using legitimately prescribed medications as intended and those medications 
are helping the person to function better.
Data from Hasin DS, O’Brien CP, Auriacombe M, et al. DSM-5 criteria for substance use disorders: 
recommendations and rationale. Am J Psychiatry. 2013;170:834-851.



CHAPTER 31 Drugs of Abuse152

 MAJOR DRUGS OF ABUSE
 Opioids
For centuries, opioids have been a core part of the medical pharmacopoeia, 
primarily because of their capacity to treat pain but also because of their 
antitussive and antidiarrheal properties. Unfortunately, opioids are also power-
ful euphoriants and thus have substantial abuse liability. Although opium itself 
has been used for centuries, the isolation of morphine and codeine from opium 
in the 19th century along with the introduction of the hypodermic needle 
led to the increased prevalence of intravenous opioid use. Ironically, heroin 
was introduced near the end of the 19th century as a treatment for morphine 
addiction.

Opioids can be divided into four categories: natural opium alkaloids, includ-
ing opium, morphine, and codeine; semisynthetic derivatives of morphine, 
including heroin and oxycodone; synthetic opioids that are not derived from 
morphine, including methadone and meperidine; and opioid-containing 
preparations, such as elixir of terpin hydrate.

 EPIDEMIOLOGY
Opioid use disorder represents a significant public health problem and accounts 
not only for many admissions for treatment, but for increasing mortality over 
the past decade; according to the United States CDC, opioid overdoses 
accounted for more than 33,000 deaths in 2015, a quadrupling since 1999. 
Opioids are currently the most commonly misused prescription drugs. Most 
people who use opioid analgesics in this way report that they initially obtained 
them from a friend or relative. It is thus likely that a portion of these people 
might, for example, have used a relative’s opioid for the treatment of a tem-
porary painful condition such as a migraine headache. However, the number 
of people seeking treatment as a result of an opioid analgesic use disorder has 
increased dramatically in the past two decades. Although overdoses from 
prescription opioids are more common than those from heroin, overdose 
deaths from heroin have been increasing rapidly in the past several years.5 
Factors that have been tied to the increase in heroin overdose deaths include 
the shift among some nonmedical prescription opioid users to heroin in 
response to lower availability and higher cost of prescription opioids and the 
increased use of fentanyl as an adulterant in heroin.6

 PATHOBIOLOGY
Opioids are readily absorbed when they are taken orally, intranasally, or by 
smoking or injection. Heroin, which is almost immediately converted to mor-
phine in the liver, is most commonly injected but may be smoked or used 
intranasally.

Opioids work by binding to specific opioid receptors and then exerting 
their activity. The major subtypes of opioid receptors have been identified 
and well described. Most of the commonly abused opioids bind as agonists 
to the µ-receptor and typically produce the effects most commonly associated 
with opioids: miosis, respiratory depression, analgesia, euphoria, and drowsi-
ness. Opioids that bind to the κ-receptor, unlike µ-receptor agonists, often 
produce dysphoria rather than euphoria. The other two receptors, δ- and N/
OFQ-receptors, do not appear to play a known significant role in opioid use 
disorders.

Opioid analgesics are ordinarily taken by the oral route, but they may be 
altered to be used through a different route of administration. This is particu-
larly common with the extended-release preparations, some of which may be 
altered by chewing the pill (facilitating a rapid release of the opioid medica-
tion) or by crushing the pill, dissolving it in water, and then injecting it or 
using it intranasally.

 CLINICAL MANIFESTATIONS
The initial response to the administration of heroin, particularly when it is 
used intravenously, is a “rush,” often described as orgasmic, lasting 30 to 60 
seconds. This sensation is generally followed by a profound sense of relaxation 
that is sometimes referred to as being “wrapped in warm cotton.” During this 
period, the user generally feels drowsy and may be seen to be “nodding,” with 
mental clouding and a sense of tranquility. A reduction in respiratory rate 
occurs, along with miosis; reduced contractility of smooth muscle; and reduced 
secretions in the stomach, pancreas, and biliary tract. Thus, constipation and 
urinary hesitancy may occur. Itching is commonly seen during opioid intoxica-
tion. Many people experience nausea and vomiting in their initial use of opioids, 
although tolerance tends to develop to this effect over time. Tolerance also 
occurs to some other effects rather quickly, particularly the analgesic, respira-
tory depressant, and euphoriant properties of opioids. In contrast, relatively 

cellulitis are relatively common among injection drug users. Systemic infec-
tions related to needle use are often serious; individuals who inject drugs 
may develop infective endocarditis (Chapter 67). Other relatively common 
infections among injection drug users include hepatitis B, hepatitis C, and HIV  
infection.

Adulterants
Drugs that are purchased and sold illicitly are often adulterated or “cut” with 
other similar-looking products, with the intention of increasing the dealer’s 
profit margin. For example, other white powdery substances are typically added 
to cocaine and heroin during the dealing process to dilute their purity. Some 
of these adulterants can in turn cause medical problems.3 At times, these 
complications occur because of the combined toxicity of the adulterant and 
the route of administration. Thus, for example, a patient may have granu-
lomas in the lung or liver as a result of talc use; talc is commonly added to 
street heroin and can also cause difficulties in users who crush talc-containing 
pharmaceutical tablets (e.g., opioids) and then inject them. Other common 
adulterants in street drugs include quinine (frequently used with heroin) and 
lidocaine or levamisole (often added to cocaine), but such toxic materials 
as strychnine and ground glass have been found in samples of street drugs, 
leading to serious medical sequelae. In recent years, the extremely powerful 
opioid fentanyl has been sold either as an adulterant (e.g., added to heroin) 
or as a substitute for other opioids such as oxycodone. Indeed, it has been 
estimated that fentanyl was responsible for 41% of heroin overdose deaths from  
2012-2014.4

Lifestyle Issues
Many patients with drug use disorders expose themselves to multiple risks 
due to intoxication, participating in dangerous illegal activities, and associating 
with potentially violent people. As a result, these individuals experience a 
high rate of traumatic injuries and are at greater risk of being victims of assault, 
homicide, or suicide. Suicide is far more common among people with substance 
use disorders than among the general population; this may be related to a 
combination of the effects of acute intoxication, the high prevalence of depres-
sion among these individuals, and the higher rate of antisocial personality 
disorder in this population, which is associated with a propensity toward 
impulsiveness, risk taking, and violence. Although it is well known that intoxi-
cation can lead to motor vehicle crashes, intoxication can also serve as a risk 
factor for becoming a victim of someone else’s vehicle; one study reported 
that one third of pedestrians who are killed by motor vehicles have alcohol 
in their blood, perhaps a reflection of the combination of risk taking, poor 
judgment, and impaired motor coordination that can occur during periods 
of intoxication.

General Treatment Principles
Drug use disorders represent a heterogeneous group of disorders. These 

are based on type of drug or drugs used; frequency and amount of use; sever-
ity of medical, behavioral, and social consequences; presence and severity of 
comorbid medical and psychiatric illness; and motivation to change. Treatment 
thus requires a careful medical and psychiatric assessment, including a detailed 
substance use history and laboratory testing. It is often helpful to enlist the 
help of a family member or significant other (with the patient’s permission) in 
obtaining historical information. Intoxication and withdrawal syndromes need to 
be treated acutely; longer-term treatment involves helping the patient reduce or 
ideally abstain from substances of abuse and thus improve overall functioning.

Among the common drugs of abuse, medications with approval by the U.S. 
Food and Drug Administration (FDA) are available only for opioids and nicotine 
(nicotine is discussed in Chapter 29). However, researchers are actively studying 
a number of compounds for the treatment of other drugs of abuse, particularly 
stimulants and marijuana. Behavioral treatments are critically important in the 
treatment of substance use disorders. A number of behavioral treatments have 
a substantial evidence base supporting their efficacy; these include cognitive-
behavioral therapy, motivational enhancement therapy, contingency manage-
ment (also referred to as motivational incentive) therapy, 12-step facilitation 
therapy, and behavioral couples therapy. In addition to professional treatment, 
peer support groups such as the 12-step–oriented Alcoholics or Narcotics 
Anonymous and non–12-step groups such as SMART Recovery can be extremely 
helpful in facilitating recovery from drug abuse problems.

TREATMENT 

TREATMENT 
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little tolerance occurs to constipation or to pupillary constriction. It is important 
to be aware, then, that miosis is a manifestation of opioid use, but it is not 
diagnostic of opiate overuse or intoxication.7

Physical Dependence
Physical dependence on opioids leads to a characteristic withdrawal syndrome, 
the key signs of which include elevated heart rate and blood pressure, mydriasis, 
abdominal cramps, sweating, gooseflesh, rhinorrhea, lacrimation, and gastro-
intestinal distress, particularly diarrhea, nausea, and vomiting. Insomnia is 
common, particularly difficulty in falling asleep; this is often the most long-
lasting complaint among people who experience opioid withdrawal. Yawning, 
muscle twitches, and difficulty with body temperature regulation are also 
commonly seen. The severity of withdrawal can be highly variable, depending 
on the dose of opioids taken, the length of time that they have been taken, 
and individual factors. For short-acting opioids such as heroin and hydroco-
done, the earliest stages of withdrawal typically occur approximately 6 to 12 
hours after the last use. Peak symptoms tend to occur 48 to 72 hours after the 
last dose, and most clinical symptoms usually resolve within 7 to 10 days. For 
longer-acting opioids such as methadone, each of these time periods associ-
ated with withdrawal from short-acting opioids should be approximately 
doubled or tripled.

Other Medical Complications
The most common serious medical complications that occur from opioid use 
(other than overdose and opioid use disorder itself) are typically related to 
factors other than the opioids themselves, particularly needle use and adulter-
ants; these were discussed previously. Common medical problems among 
heroin users include hepatitis B, hepatitis C, infective endocarditis, talc granu-
lomatosis, HIV infection, cellulitis, and abscesses, all typically related to needle 
use.

An important noninfectious complication that has been reported with opioid 
use disorders is alteration of the cardiac conduction system, with a prolonga-
tion of the QT interval; this can lead to potentially serious arrhythmias, includ-
ing torsades de pointes. This complication has been particularly noted with 
methadone, especially in high doses.

Chronic pain is commonly seen among individuals with opioid use disor-
ders, not just those who have received opioids for the treatment of pain. Pain 
can occur in these individuals for numerous reasons. In addition to the pos-
sibility that a chronic painful condition led to the use of opioids in the first 
place, those dependent on opioids are more likely to experience accidents, 
violence, and other forms of physical trauma that could produce chronic pain. 
There is also some evidence that chronic opioid use may lead to hyperalgesia, 
although there is some controversy regarding this issue. As with all substance 
use disorders, psychiatric illnesses (particularly mood disorders) are more 
common in those with opioid use disorders than in the general population. 
Moreover, the use of multiple drugs is common in patients with opioid use 
disorders, particularly among those using heroin. Indeed, the use of more 
than one drug is more the rule than the exception in most substance use 
disorders. The use of benzodiazepines along with opioids has been linked to 
a higher risk of overdose.8

Opioid Withdrawal
Opioid detoxification can be accomplished by switching patients from their 

current drug of abuse (e.g., heroin, hydrocodone) to methadone or buprenor-
phine and then tapering that medication.9 Although the details of accomplishing 
this vary, one method commonly used in hospital settings is to administer 
methadone 10 mg orally whenever a patient experiences objective signs of 
opioid withdrawal (e.g., mydriasis, tachycardia, hypertension, and sweating). 
This process can be repeated every 2 to 4 hours for 24 hours after the initial 
dose; the total amount of methadone given in that 24-hour period is the “sta-
bilization dose,” which should not ordinarily exceed 40 mg. The stabilization 
dose is then reduced by 5 mg a day until the detoxification is completed.

Buprenorphine can also be used successfully for opioid detoxification A1 ; 
patients who demonstrate objective signs of opioid withdrawal (often measured  
with a standardized withdrawal severity scale such as the Clinical Opiate With-
drawal Scale) can be stabilized with buprenorphine during a 1- to 2-day period;  
the subsequent taper from buprenorphine may occur either right away or after  
a period of stabilization with buprenorphine.10 The dose of buprenorphine will  
depend on whether the medication will be used for a brief, several-day detoxification  
or for longer-term stabilization or maintenance treatment. Tramadol extended- 
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release (ER) has been reported to be more effective than clonidine and comparable 
to buprenorphine in reducing opioid withdrawal symptoms. A2 

Longer-Term Opioid Dependence Treatment
Three effective medications are approved by the FDA for the treatment of 

opioid dependence: methadone (a full opioid agonist), buprenorphine (a partial 
agonist), and naltrexone (an opioid antagonist). Methadone has been used 
successfully for both detoxification from opioids and maintenance treatment 
for many years. A3  Unlike buprenorphine and naltrexone, which can be prescribed 
by physicians in their offices (although physicians wishing to prescribe buprenor-
phine for the treatment of opioid use disorder must receive specialized training 
and certification to do so), methadone is available for the treatment of opioid 
use disorder only in specially licensed treatment programs. Methadone is a 
long-acting µ-receptor agonist with a slow onset of peak effects (typically 
approximately 2 to 6 hours) and a slow offset of action, allowing for once-a-day 
administration. Methadone reduces opioid craving and induces cross-tolerance, 
thus blocking or attenuating the effects of other opioid use. Although the 
therapeutic dose of methadone for a particular individual may vary, doses of 
60 mg or higher have typically been shown to be more effective than lower 
doses; there is some evidence that even higher doses (e.g., 80 mg a day or 
more) may be more effective than 60 mg. Methadone treatment has been 
shown to reduce opioid use, to increase employment, to decrease criminal 
behavior, and to reduce the rate of development of HIV infection.

When a patient enrolled in a methadone treatment program experiences 
acute pain (e.g., postoperatively) requiring opioid analgesia, the patient should 
continue to receive the baseline methadone maintenance treatment dose for 
the addiction and should receive a different opioid for treatment of the pain 
(Chapter 27) or, if additional methadone is the analgesic of choice, it should 
be given every 6 to 8 hours in addition to the usual daily dose for the opioid 
use disorder. Before administering methadone, however, it is a good idea to 
confirm the methadone dose with the patient’s treatment program. The fact 
that the patient is receiving methadone every day does not obviate the need 
for opioid analgesia. In fact, many patients receiving methadone treatment for 
opioid use disorder will require a dose of opioids that is relatively high as a 
result of cross-tolerance to other opioid drugs.

The Drug Addiction Treatment Act of 2000 revolutionized the treatment 
of opioid use disorder by enabling the approval of the partial opioid agonist 
buprenorphine for the treatment of opioid dependence and allowing treatment 
with buprenorphine to be administered in physicians’ offices rather than exclu-
sively in specialized opioid treatment programs. To prescribe buprenorphine, 
physicians must apply to the Substance Abuse and Mental Health Services 
Administration for a waiver that allows them to prescribe buprenorphine, 
after taking an 8-hour training course on buprenorphine. At the time of this 
writing, physicians may treat up to 100, or in some cases, 275 patients with 
buprenorphine in their office practice. Buprenorphine, a partial µ-agonist and 
κ-antagonist, has a more favorable safety profile than methadone because of its 
partial agonist properties. Respiratory depression, which can be induced by full 
agonists and is responsible for some overdose deaths, is far less likely to occur 
with buprenorphine because its partial agonist properties cause a plateau of 
opioid effects as the dose increases. Buprenorphine is administered sublingually, 
in either tablet or film form, for the treatment of opioid use disorder either as 
buprenorphine alone (sometimes referred to as the “mono” product) or (more 
commonly, in the United States) as a combination product of buprenorphine 
and naloxone; the naloxone is added to discourage users from dissolving and 
injecting the medication because the naloxone in the combination product will 
precipitate withdrawal when it is injected if the patient has used other opioids. 
Buprenorphine has been shown to be effective for both opioid detoxification 
and maintenance treatment. Randomized trials have shown that extended 
treatment with buprenorphine-naloxone has produced far better outcomes 
compared with short-term detoxification in opioid-addicted youths aged 15 to 21  
years. A4  Initiation of this combination in opioid-dependent patients seen in 
an emergency department is also better than referral to treatment or a brief 
intervention followed by facilitated treatment referral for reducing subsequent 
use of inpatient addiction treatment facilities. A5  Typical doses of 12 to 16 mg 
of sublingual buprenorphine per day appear to be as effective as methadone 
in doses up to approximately 60 mg a day. Buprenorphine is also effective for 
maintenance therapy of heroin addiction, A6  but individuals who require much 
higher doses of methadone may respond better to that agent than to buprenor-
phine. A7  To address problems with adherence, diversion, and nonmedical use, 
an FDA-approved implantable formulation of buprenorphine can provide a 
low, steady level of the drug lasting 6 months.

Naltrexone, a pure opioid antagonist, blocks the effects (including euphoria) 
of opioids. As a result, individuals taking naltrexone should have a reduced 
desire to use opioids because they will have no desired effect. When it is used 
orally (50 mg/day) or in its long-acting form (380 mg intramuscularly every 4 
weeks), naltrexone is highly effective at suppressing illicit opioid use. A random-
ized clinical trial in prescription opioid-dependent outpatients has also dem-
onstrated the effectiveness of naltrexone maintenance after buprenorphine 
taper. A8  However, naltrexone has traditionally suffered from low acceptability; 
few patients have been interested in being treated with oral naltrexone. 
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the nucleus accumbens, is thought to be responsible for the reinforcing effects 
of cocaine. Amphetamines appear to increase the level of dopamine in the 
synaptic cleft primarily by stimulating presynaptic dopamine release as opposed 
to reuptake blockade.

 CLINICAL MANIFESTATIONS
Both cocaine and amphetamines reliably produce euphoria, wakefulness, a 
sense of initiative, increased self-confidence (sometimes to the point of gran-
diosity), and, in some instances, sexual stimulation. With higher doses, users 
may feel “wired,” a syndrome characterized by anxiety, irritability, and perhaps 
paranoia. Withdrawal from either of these agents leads to opposite effects from 
those of intoxication: increased appetite, hypersomnia, and depression, which 
can occasionally be serious. Medical complications related to cocaine use are 
related to a combination of cocaine’s stimulant activity (increased heart rate and 
blood pressure) and its vasoconstrictor properties. Local complications that 
result from the drug’s vasoconstrictor activity include ulcerations of the nasal 
mucosa, perforation of the nasal septum, and decreased pulmonary diffusion 
capacity. Systemic complications include myocardial infarction, intracranial 
hemorrhage, grand mal seizures (as a result of intoxication, not withdrawal), 
and ventricular tachyarrhythmias, which may be responsible for sudden death. 
Physicians seeing a patient in an emergency department for an unexplained 
seizure should consider drug abuse as a potential cause. (Not only cocaine 
but also phencyclidine and meperidine intoxication may lead to seizures, as 
can sedative-hypnotic or alcohol withdrawal). A serum or urine toxicology 
screen may thus be an important diagnostic tool in such a situation.

 Central Nervous System Stimulants: Cocaine  
and Amphetamines
The two most important central nervous system stimulants, cocaine and 
amphetamine (including methamphetamine12), are derived from different 
sources; cocaine is extracted from coca leaves, whereas amphetamine is a 
synthetic compound. However, both induce similar psychoactive activity when 
they are taken illicitly and can produce similar adverse consequences. Amphet-
amine has been used over the years to treat obesity and to combat fatigue and 
depression. Cocaine is still used as a topical anesthetic for otolaryngologic 
surgery. Ironically, its vasoconstrictor action, which is responsible for many 
of the cocaine-related medical complications described later, can be valuable 
for surgeons because of the resultant reduction of blood flow in the operating 
field. Although cocaine was not extracted from the coca leaf until the 19th 
century, coca leaves have been chewed for more than 1500 years for medicinal 
and religious purposes as well as to combat work-related fatigue. Sigmund 
Freud was one of the foremost advocates of cocaine, both extolling its psy-
choactive properties and discovering its ability to relieve pain, thus eventually 
leading to its discovery as the first local anesthetic. Cocaine was seen in the 
late 19th century as a “cure-all” and was included in numerous patent medicines 
as well as in Coca-Cola. The Harrison Narcotic Act of 1914 restricted the use 
of cocaine, and the drug was not widely used until the late 1970s, when there 
was a resurgence in cocaine use in the United States.

Like cocaine, amphetamine was synthesized for the first time in the late 
19th century. It was used for clinical purposes for the first time in the 1920s. 
Reports of amphetamine abuse first occurred in the 1930s, with intermittent 
epidemics since that time. In recent years, methamphetamine abuse has been 
particularly prevalent and worrisome in the United States, with particularly 
high concentration of its use in the Midwestern and Western states, including 
Hawaii.

Cocaine can be used intranasally, by intravenous injection, or by smoking. 
Cocaine hydrochloride, which is the form of the drug used in medical thera-
peutics, is a water-soluble compound that can be used intranasally (“snorted”) 
or injected. Adding an alkaline compound such as baking soda to an aqueous 
solution of cocaine hydrochloride produces a rocklike compound known as 
crack, which can be smoked. Smoking cocaine produces the most rapid onset 
of intoxication (6 to 10 seconds) and the shortest period of drug effect (10 
to 15 minutes). Methamphetamine can also be used in multiple ways—orally, 
by smoking, or intravenously. Methamphetamine effects last much longer 
than those produced by cocaine; psychiatric symptoms such as paranoia that 
typically last only a matter of hours in cocaine users may persist for days to 
weeks after methamphetamine use and occasionally may result in a chronic 
psychotic state.

 EPIDEMIOLOGY
In 2015, approximately 1.9 million people, or 0.7% of the population of the 
United States, reported using cocaine in the past month. Of these past-month 
cocaine users, 21% (394,000) used crack. Cocaine and methamphetamine 
each had the third highest rate of drug use disorder in 2015 (behind opioids 
and cannabis).

 PATHOBIOLOGY
Both cocaine and amphetamine increase the accumulation and activity of 
specific neurotransmitters in the synaptic cleft, including dopamine, norepi-
nephrine, and serotonin. Cocaine is believed to exert this effect by binding 
to the dopamine transporter. Increased dopaminergic activity, particularly in 

The treatment of stimulant use disorders primarily consists of behavioral 
therapies, including individual and group therapy and self-help groups. Specific 
forms of treatment, such as cognitive-behavioral therapy, individual drug coun-
seling by a 12-step–oriented disease model, and a behavioral treatment in 
which patients are reinforced for positive outcomes (e.g., drug-free urine screens), 
have been found to be successful. A great deal of research has been conducted 
in search of an effective pharmacotherapeutic treatment for stimulant depen-
dence, but there is as yet no medication that has consistently been found to 
be effective enough to warrant approval by the FDA for this purpose.

TREATMENT 

The treatment of people who are abusing benzodiazepines depends to some 
extent on the pattern of abuse. For individuals who have an anxiety disorder 
and have been misusing a legitimately prescribed medication, a common 
approach would be to taper the benzodiazepine and to institute a different 
type of treatment, such as an antidepressant along with cognitive-behavioral 

TREATMENT 

 Sedative-Hypnotic and Anxiolytic Drugs
Benzodiazepines and other sedative-hypnotic and anxiolytic medications such 
as barbiturates and zolpidem are frequently prescribed for the treatment of 
anxiety and sleep difficulties. Although these drugs have very different chemi-
cal structures, they are grouped together according to their therapeutic appli-
cations. Most of these drugs act at the γ-aminobutyric acid type A receptor 
and can cause physical dependence and both dispositional and pharmacody-
namic tolerance.

Because the benzodiazepines are far and away the most commonly prescribed 
sedative-hypnotics, they are also the most widely abused. There are two major 
patterns of benzodiazepine abuse. Many people who ultimately abuse these 
medications have initially received a legitimate benzodiazepine prescription 
for the treatment of anxiety or insomnia. However, a combination of tolerance 
and decreased effectiveness of the agent over time may lead some people to 
increase the dose on their own. In such circumstances, attempts by the physi-
cian to taper the person off of the medication can be very difficult.

A second pattern of benzodiazepine abuse occurs among individuals who 
are using other drugs of abuse, most commonly opioids or stimulants. For 
example, many individuals who are dependent on heroin or other opioids 
may use benzodiazepines as a means of either enhancing the opioid effect or 
buffering symptoms of opioid withdrawal. Such individuals typically use rela-
tively large doses of benzodiazepines intermittently, and therefore many of 
these patients do not develop physical dependence on benzodiazepines, unlike 
the first category of patients, for whom physical dependence is common.

Moreover, among those who initially accept this treatment, the dropout rate 
is extremely high. An advantage of extended-release injectable naltrexone is 
that it can mitigate the traditionally poor adherence associated with the oral 
formulation; naltrexone can be a useful medication for patients who are willing 
(either as the result of external pressure or for internal motivation) to use it, 
such as those involved in the criminal justice system. A9 

Methadone, buprenorphine, and naltrexone are not designed to be delivered 
alone but should be given in conjunction with behavioral treatment to be 
effective. It has been well demonstrated that the administration of methadone 
in the absence of counseling is an inadequate treatment approach; less is known 
about the optimal combination of buprenorphine and counseling. Several 
studies have demonstrated that counseling delivered within a medical office 
setting can be effective in conjunction with buprenorphine treatment, sug-
gesting that general physicians who are trained to use buprenorphine can 
effectively treat at least a portion of patients with opioid dependence in their 
offices with a combination of buprenorphine and counseling.11

 Marijuana
Marijuana, which refers to the dried leaves and flowers of the plant Cannabis 
sativa, has been used for its psychoactive and medicinal properties for centuries. 
The psychoactive substance responsible for the marijuana “high” is Δ9-
tetrahydrocannabinol (THC); the concentration of THC has increased from 
1 to 3% in 1970 to nearly 10% in recent years.

 EPIDEMIOLOGY
Marijuana is the most commonly used illicit drug in the United States; nearly 
120 million Americans have used marijuana, and approximately 22 million 
report that they have used marijuana in the past month. With the recent trend 
toward legalization of medical marijuana13 and legalization of recreational 
marijuana in some states, those numbers will likely increase.

 PATHOBIOLOGY
Marijuana and other cannabinoids such as hashish (dried cannabis resin) 
exert their effects by binding to the cannabinoid receptors, of which two are 
currently known. Binding to the CB1 receptor, which is located primarily in 
the brain, appears to be responsible for the psychoactive effects of THC, 
whereas the CB2 receptor may be associated with immune system responses.

 CLINICAL MANIFESTATIONS
When marijuana is smoked, its psychoactive effects occur almost immediately, 
with peak intensity approximately 30 minutes later; effects tend to disappear 
within 3 hours. Oral administration of marijuana leads to a delayed onset of 
action, but the effects of the drug persist for a longer time. Because THC is 
highly soluble in lipids, it can be stored in fat depots of regular users for several 
weeks, sometimes longer, with resultant positive urine test results for THC. 
Physiologic effects of marijuana intoxication include increased heart rate and 
conjunctival injection. Psychological effects include a sense of euphoria and 
well-being, friendliness, increased appetite, a distorted sense of time, impaired 
short-term memory, and sometimes a feeling of having achieved special insights. 
Cannabis has the capacity to cause tolerance in regular users, and some regular 
heavy users experience withdrawal symptoms on cessation of use, including 
irritability, difficulty in sleeping, and anxiety.

TREATMENT 

 Hallucinogens
Hallucinogens are a group of plant-based and synthetic drugs that lead to 
primarily visual perceptual alterations, such as illusions and hallucinations, 
along with an alteration in the experience of external stimuli; ordinary events 
can appear profound to people while they are under the influence of these 
agents. The most common hallucinogens are lysergic acid diethylamide (LSD), 
mescaline, and psilocybin. Methylene dioxymethamphetamine (MDMA), 
also known as ecstasy, has both mild stimulant and potentially hallucinogenic 
properties and is thus sometimes categorized with the hallucinogens and 
sometimes as a stimulant.

 EPIDEMIOLOGY
Approximately 1.2 million people in the United States report having used a 
hallucinogen in the previous month; LSD is the most commonly used 
hallucinogen.

 PATHOBIOLOGY
LSD is thought to exert its action through serotonin agonist activity, particu-
larly at the 5-HT2A receptor. Other neurotransmitters may be involved in hal-
lucinogenic activity as well. Hallucinogens can produce tolerance in a matter 
of days, but they do not produce physical dependence.

 CLINICAL MANIFESTATIONS
In addition to their effects on perception and behavior, hallucinogens can 
produce sympathomimetic effects such as tachycardia, increased blood pres-
sure and body temperature, and pupillary dilation. Hyperreflexia and muscle 
weakness can also be seen. The most commonly seen medical consequence 
of hallucinogen use is hyperthermia, which can occur most commonly in 
users of MDMA.

The most common acute psychological adverse event, similar to marijuana, 
is a feeling of panic over the sense of loss of control that a person may feel 
as a result of intoxication; as is the case with marijuana, this is most likely 
to occur in inexperienced users. Some hallucinogen users will develop psy-
chotic symptoms that fail to remit after the drug has worn off. Some hallu-
cinogen use can also lead to longer-term perceptual difficulties. When these 
occur, a spontaneous return of very brief hallucinogen-induced symptoms 
long after the drug has worn off is known as a flashback. People who have 
perceptual difficulties that are much more pervasive may be said to have 
hallucinogen persisting perception disorder, which can occasionally be quite  
disabling.

TREATMENT 

 Phencyclidine
Phencyclidine (PCP) was originally developed as a human general anesthetic, 
but its use for that purpose was stopped in the 1960s because it frequently 
led to psychosis and hallucinations in the postoperative period. Approximately 
120,000 individuals report that they used PCP during 2011. Low doses of 
PCP can lead to symptoms that resemble alcohol intoxication, with slurred 
speech, ataxia, and a subjective feeling sometimes described as “feeling dead.” 
PCP intoxication typically is accompanied by increased muscle tone, hyper-
reflexia, nystagmus, and ataxia.

When it is taken in high doses, PCP can have serious medical and psychiatric 
consequences. High-dose users may experience psychosis, catatonia, and 
extremely violent behavior. Medical sequelae of PCP intoxication can include 
muscle rigidity, seizures, hyperthermia, coma, and occasionally death.
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 Marijuana
Marijuana, which refers to the dried leaves and flowers of the plant Cannabis 
sativa, has been used for its psychoactive and medicinal properties for centuries. 
The psychoactive substance responsible for the marijuana “high” is Δ9-
tetrahydrocannabinol (THC); the concentration of THC has increased from 
1 to 3% in 1970 to nearly 10% in recent years.

 EPIDEMIOLOGY
Marijuana is the most commonly used illicit drug in the United States; nearly 
120 million Americans have used marijuana, and approximately 22 million 
report that they have used marijuana in the past month. With the recent trend 
toward legalization of medical marijuana13 and legalization of recreational 
marijuana in some states, those numbers will likely increase.

 PATHOBIOLOGY
Marijuana and other cannabinoids such as hashish (dried cannabis resin) 
exert their effects by binding to the cannabinoid receptors, of which two are 
currently known. Binding to the CB1 receptor, which is located primarily in 
the brain, appears to be responsible for the psychoactive effects of THC, 
whereas the CB2 receptor may be associated with immune system responses.

 CLINICAL MANIFESTATIONS
When marijuana is smoked, its psychoactive effects occur almost immediately, 
with peak intensity approximately 30 minutes later; effects tend to disappear 
within 3 hours. Oral administration of marijuana leads to a delayed onset of 
action, but the effects of the drug persist for a longer time. Because THC is 
highly soluble in lipids, it can be stored in fat depots of regular users for several 
weeks, sometimes longer, with resultant positive urine test results for THC. 
Physiologic effects of marijuana intoxication include increased heart rate and 
conjunctival injection. Psychological effects include a sense of euphoria and 
well-being, friendliness, increased appetite, a distorted sense of time, impaired 
short-term memory, and sometimes a feeling of having achieved special insights. 
Cannabis has the capacity to cause tolerance in regular users, and some regular 
heavy users experience withdrawal symptoms on cessation of use, including 
irritability, difficulty in sleeping, and anxiety.

therapy. Tapering a benzodiazepine that a person has been taking for an extended 
time (sometimes many years) is often a slow process, with careful monitoring 
of withdrawal symptoms (anxiety, agitation, insomnia, tachycardia, palpitations). 
Because benzodiazepine withdrawal, like alcohol withdrawal, can precipitate 
a seizure, gradual withdrawal is preferred. Most patients tolerate a benzodiaz-
epine dose reduction initially with relatively little difficulty. However, as with 
most drug withdrawal regimens, people experience their greatest discomfort 
toward the end of the taper. One reason for this is that the percentage dose 
reduction at the low end of a taper regimen continues to increase over time; 
a reduction from 2 mg to 1.5 mg of clonazepam, for instance, is a 25% reduc-
tion, whereas the same half-milligram dose reduction from 1 mg to 0.5 mg 
represents a 50% drop.

For patients who are abusing benzodiazepines as part of a pattern of multiple 
substance use, medical detoxification from the benzodiazepine itself will often 
be unnecessary; for this population, psychosocial approaches that advocate 
abstinence from all substances of abuse, in conjunction with appropriate phar-
macotherapy as needed (e.g., in the case of opioid use disorder), are preferred. 
However, some deaths have been reported in France and elsewhere as a result 
of combinations of buprenorphine and benzodiazepines, usually used parenter-
ally. Thus, physicians who are treating patients who are abusing both opioids 
and benzodiazepines need to be mindful of this issue when considering the 
use of buprenorphine.

The most common acute adverse event that occurs in marijuana smokers 
is a sense of acute panic, most common in inexperienced smokers, when the 
user’s level of intoxication is greater than expected and the individual feels out 
of control. This can be best managed with reassurance that the effects will go 
away as the drug wears off. The recent increase in the potency of cannabis 
(THC levels in cannabis plant material have risen from an average of 4% in 
1995 to 12% in 2014) increases the likelihood of adverse reactions. Recent 
evidence has shown that cannabis use, particularly during adolescence, may 
increase the likelihood of development of neuropsychological deficits and, in 
some cases, a psychotic disorder such as schizophrenia later in life.

Compared with alcohol, opioids, and stimulants, it has been relatively uncom-
mon for people to seek treatment of cannabis use disorder itself. However, that 

TREATMENT 

situation has gradually changed in recent years, and an increasing number of 
people have sought treatment because of difficulty in stopping marijuana use. 
There are no medications approved by the FDA for the treatment of cannabis 
use disorder. Psychosocial approaches similar to the treatment of other sub-
stance use disorders are currently the treatment of choice.

 Hallucinogens
Hallucinogens are a group of plant-based and synthetic drugs that lead to 
primarily visual perceptual alterations, such as illusions and hallucinations, 
along with an alteration in the experience of external stimuli; ordinary events 
can appear profound to people while they are under the influence of these 
agents. The most common hallucinogens are lysergic acid diethylamide (LSD), 
mescaline, and psilocybin. Methylene dioxymethamphetamine (MDMA), 
also known as ecstasy, has both mild stimulant and potentially hallucinogenic 
properties and is thus sometimes categorized with the hallucinogens and 
sometimes as a stimulant.

 EPIDEMIOLOGY
Approximately 1.2 million people in the United States report having used a 
hallucinogen in the previous month; LSD is the most commonly used 
hallucinogen.

 PATHOBIOLOGY
LSD is thought to exert its action through serotonin agonist activity, particu-
larly at the 5-HT2A receptor. Other neurotransmitters may be involved in hal-
lucinogenic activity as well. Hallucinogens can produce tolerance in a matter 
of days, but they do not produce physical dependence.

 CLINICAL MANIFESTATIONS
In addition to their effects on perception and behavior, hallucinogens can 
produce sympathomimetic effects such as tachycardia, increased blood pres-
sure and body temperature, and pupillary dilation. Hyperreflexia and muscle 
weakness can also be seen. The most commonly seen medical consequence 
of hallucinogen use is hyperthermia, which can occur most commonly in 
users of MDMA.

The most common acute psychological adverse event, similar to marijuana, 
is a feeling of panic over the sense of loss of control that a person may feel 
as a result of intoxication; as is the case with marijuana, this is most likely 
to occur in inexperienced users. Some hallucinogen users will develop psy-
chotic symptoms that fail to remit after the drug has worn off. Some hallu-
cinogen use can also lead to longer-term perceptual difficulties. When these 
occur, a spontaneous return of very brief hallucinogen-induced symptoms 
long after the drug has worn off is known as a flashback. People who have 
perceptual difficulties that are much more pervasive may be said to have 
hallucinogen persisting perception disorder, which can occasionally be quite  
disabling.

Symptomatic treatment is focused on the specific adverse medical and psy-
chiatric sequelae described previously. If a psychotic episode that occurs after 
use of a hallucinogen persisted over time, it would be treated like any other 
psychotic disorder. There is no specific treatment for hallucinogen use disorder, 
and it is uncommon for people to seek treatment specifically because they 
want to stop using hallucinogens.

TREATMENT 

 Phencyclidine
Phencyclidine (PCP) was originally developed as a human general anesthetic, 
but its use for that purpose was stopped in the 1960s because it frequently 
led to psychosis and hallucinations in the postoperative period. Approximately 
120,000 individuals report that they used PCP during 2011. Low doses of 
PCP can lead to symptoms that resemble alcohol intoxication, with slurred 
speech, ataxia, and a subjective feeling sometimes described as “feeling dead.” 
PCP intoxication typically is accompanied by increased muscle tone, hyper-
reflexia, nystagmus, and ataxia.

When it is taken in high doses, PCP can have serious medical and psychiatric 
consequences. High-dose users may experience psychosis, catatonia, and 
extremely violent behavior. Medical sequelae of PCP intoxication can include 
muscle rigidity, seizures, hyperthermia, coma, and occasionally death.



 Anabolic-Androgenic Steroids
Anabolic-androgenic steroids differ from other drugs described in this chapter 
because the motivation for use is typically related to the drug’s physical rather 
than behavioral effects. Anabolic-androgenic steroids such as testosterone and 
its synthetic analogues have traditionally been used primarily to enhance 
strength and thus athletic performance, although in recent years, an increasing 
number of people have used these drugs primarily in an attempt to improve 
their physical appearance. Anabolic-androgenic steroids can have a legitimate 
medical purpose; they have most commonly been used to treat testosterone 
deficiency in men and more recently have been used to treat wasting syndromes 
in patients with AIDS.

Abuse of anabolic-androgenic steroids can cause a number of medical and 
psychiatric problems, including hypertension, elevated low-density lipoprotein 
cholesterol, cardiomyopathy, hepatotoxicity, acne, feminization (gynecomastia 
and reduced testicular size) in men, and masculinization (hirsutism, reduction 
in breast tissue, deeper voice) in women. Recent research has found reduced 
left ventricular function and accelerated coronary artery atherosclerosis in 
regular steroid users.14 Behavioral effects include aggressiveness (sometimes 
leading to violence) and an increased prevalence of mood disorders. There is 
no specific treatment to help people abusing anabolic steroids to stop. Rather, 
behavioral treatment approaches that are commonly used to treat other sub-
stance use disorders should be employed with this population.

 CONCLUSIONS AND FUTURE DIRECTIONS
The ever-changing epidemiology of drug abuse means that the next decade 
will likely present new challenges as new drugs of abuse become increasingly 
popular. Recent research has focused on development and testing of effective 
pharmacologic and behavioral treatments for substance use disorders. Screen-
ing for these disorders in general medical practice and combining office-based 
interventions with referrals to specialty substance use disorder treatment as 
indicated can lead to successful outcomes for many of these patients.
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4. Which of the following is a partial opioid agonist?
 A. Buprenorphine
 B. Naloxone
 C. Naltrexone
 D. Methadone
 E. Meperidine

Answer: A Buprenorphine is a partial agonist. This leads to greater safety 
with regard to overdose and is responsible for the plateauing of its opioid 
effect.

5. Which of the following drugs is most likely to cause a seizure as a result 
of intoxication?
 A. Buprenorphine
 B. Cocaine
 C. LSD
 D. Marijuana
 E. Lorazepam

Answer: B Cocaine can cause an intoxication seizure. Therefore, a urine or 
blood toxicology screen can be valuable in evaluating a patient who has had 
a seizure.

REVIEW QUESTIONS

1. Which of the following medications is not approved for the treatment of 
opioid use disorder?
 A. Sublingual buprenorphine-naloxone
 B. Intranasal naloxone
 C. Injectable naltrexone
 D. Buprenorphine implant
 E. Oral naltrexone

Answer: B Intranasal naloxone is only approved for reversal of opioid over-
dose, not for treatment of opioid use disorder.

2. A major reason for the dramatic increase in overdose deaths in recent  
years is:
 A. The dramatic rise in misuse of prescription opioids since 2010
 B. The difficulty diagnosing opioid overdose
 C. The rise in the use of illicit fentanyl
 D. The rapid rise in the mixture of opioids with cocaine
 E. The increase in combining opioids with cannabis

Answer: C The rapid rise of illicit fentanyl, either as an adulterant in heroin 
use or as a substitute for opioid analgesics sold illicitly, has contributed to the 
rapid rise in overdose deaths due to its great strength.

3. Extended-release injectable naltrexone lasts for how long?
 A. 1 week
 B. 2 weeks
 C. 4 weeks
 D. 3 months
 E. 6 months

Answer: C A single 380 mg dose of extended-release injectable naltrexone 
lasts for approximately 4 weeks.
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32 
IMMUNOMODULATORY DRUGS
ANNE R. BASS AND INEZ ROGATSKY

Even with the availability of targeted biologic treatments (Chapter 33) syn-
thetic immunomodulatory drugs remain the cornerstone of therapy for many 
autoimmune conditions including rheumatoid arthritis, juvenile inflammatory 
arthritis, psoriatic arthritis, and systemic lupus erythematosus (Table 32-1). 
When used for rheumatic diseases, these agents are often referred to as disease 

modifying drugs (DMARDS). Orally bioavailable and relatively inexpensive, 
these agents target intracellular processes important for the survival and/or 
function of immune cells. Many, although not all of these agents are immu-
nosuppressive; that is, they predispose patients to infection. With the excep-
tion of glucocorticoids (GC), synthetic immunomodulatory agents are slow 
acting, generally taking 2 to 3 months to have their therapeutic effect. Some 
synthetic immunomodulatory drugs are U.S. Food and Drug Administration 
(FDA)-approved for a narrow group of conditions but are used more widely 
in clinical practice. For example, mycophenolate mofetil is FDA-approved 
for the prevention of transplant rejection, but is often used to treat systemic 
lupus erythematosus.

 GLUCOCORTICOIDS
First introduced into clinical practice in the early 1950s, GC remain among 
the most commonly prescribed class of medications worldwide, primarily due 
to their extremely potent immunosuppressive and anti-inflammatory proper-
ties and very low cost. Despite their efficacy, serious side effects associated 
with GC use prompted the race for “selective,” less toxic GC-like compounds; 
however, no such new-generation GC have yet become available. A fundamental 
difference setting GC apart from other anti-inflammatory medications is that 
they are modeled after endogenously produced steroid hormones with numer-
ous functions in normal mammalian physiology. Hence, “adverse effects” of 
their administration are not “off-target” but rather reflect expected responses 
of biological systems receiving these hormones in excess of their physiologic 
levels and irrespective of the normal circadian cycle of GC secretion. Endog-
enous GC are produced from cholesterol by the adrenal cortex along with 
structurally similar mineralocorticoids (the unifying term corticosteroids refers 
to both types of molecules). These hormones signal through the glucocorticoid 
and mineralocorticoid receptors (GR and MR), respectively; however, the 
main endogenous GC, cortisol, can bind both receptors. Most synthetic clini-
cally used GC have much higher affinity for GR.1

 Glucocorticoid Receptor
The human GR gene (NR3C1) encodes the main 795-amino acid GRα protein 
responsible for the majority of GC activities and a GRβ splice variant that 
differs from GRα in its unique C-terminus beyond amino acid 728 and does 
not bind hormone. The physiologic significance of the β-isoform has been 
debated and likely differs between cell types depending on how much β-isoform 
is expressed; it has been reported to function as a dominant-negative inhibitor 
of GRα in certain contexts. In addition, the alternate translation start sites of 
GRα (hereafter GR) may give rise to different isoform combinations present 
in different tissues. GR protein is a member of the nuclear receptor family—
the largest family of mammalian transcription factors.1 Upon activation by its 
endogenous or synthetic hormonal ligand, cytoplasmic heat-shock protein-
bound GR undergoes structural changes and translocates to the cell nucleus 
where it either binds DNA directly—typically, a specific palindromic sequence 
known as a GC response element—or is tethered to DNA through protein: 
protein interactions with other DNA-bound regulators, particularly those of 
the activator protein-1 (AP1) and nuclear factor-κB (NF-κB) families (Fig. 
32-1). In each case, GR can activate or repress transcription. Typically, GR 
binding to conventional palindromic GC response elements leads to activation 

of associated genes, whereas binding to AP1/NF-κB represses transcription 
of their target genes (Fig. 32-1). Anti-inflammatory and immunosuppressive 
properties of GC result both from direct activation of anti-inflammatory 
(IL10, dual specificity phosphatase [Dusp1], GC-inducible leucine-zipper 
[GILZ], TNFAIP3/A20, and others) and repression of AP1-/NF-κB–driven 
pro-inflammatory genes.

The extremely broad consequences of GC actions stem from the fact that 
the GR protein is expressed essentially in every cell type in the body. In each 
cell type, GR activates and represses hundreds of genes leading to specific 
physiologic effects. Recent genome-wide analyses of GR binding and GC-
regulated transcriptomes revealed a striking level of specificity in GR actions 
whereby even in closely related cell types (e.g., different types of white blood 
cells), GR-regulated genes displayed a mere 15% overlap. This indicated that 
cell-specific variables such as chromatin packaging and accessibility to tran-
scription factor binding, the composition of GR interacting accessory proteins 
(e.g., co-activators and co-repressors that associate with GR in a cell- and 
binding site-specific manner) (Fig. 32-1), along with the physiological state 
of the cell, play a major role in specifying GC function.

 Physiological and Pharmacological Effects of Glucocorticoids in Different Tissues
Glucocorticoids and Inflammation
The most well-known effect of GC underlying their widespread use is sup-
pression of inflammation.2 This stems from dramatic reduction in the amounts 
of inflammatory cytokines (TNF, IL1α, IL1β, IL12p40, IL6), chemokines 
(Cxcl10, Ccl2, Ccl3, Ccl4, Ccl5), and cell adhesion molecules (ICAM, ELAM), 
along with other mediators of inflammation (such as those produced through 
the activity of cyclooxygenase-2 and phospholipase A2: prostaglandins, leu-
kotrienes and arachidonic acid metabolites) are produced by macrophages, 
endothelial cells, fibroblasts, and other cell types. These transcriptional changes 
yield a less inflammatory environment, reducing leukocyte and lymphocyte 
trafficking as well as their numbers due to both a decrease in proliferation and 
an increase in apoptosis for certain cell subsets. It should be noted that GR-
mediated apoptosis, specifically of immature and transformed lymphocytes, 
makes GC the drug of choice for numerous hematological malignancies.

Physiologically, GC production in inflammatory conditions is triggered 
through the activation of the hypothalamic-pituitary-adrenal (HPA) axis3 
by inflammatory cytokine signaling when the local mechanisms to control 
inflammation fail. This effect is transient and self-limited due to a negative 
feedback loop back to the hypothalamus that suppresses excessive HPA activity. 

*Recommended schedules can be modified for individual patients, depending on the disease and 
the duration of glucocorticoid treatment.
Adapted from Guerrero Pérez F, Marengo AP, Villabona Artero CV. The unresolved riddle of 
glucocorticoid withdrawal. J Endocrinol Invest. 2017;40:1175-1181.

TABLE 32-1 RECOMMENDED GLUCOCORTICOID DOSE 
TAPERING SCHEDULES, SUBJECT TO 
INDIVIDUAL VARIABILITY AND REQUIRING 
MONITORING OF PATIENT’S CLINICAL 
RESPONSE*

STARTING DOSE OF PREDNISONE  
(OR EQUIVALENT)

PROGRESSIVE DECREASE 
OF DAILY DOSE

>40 mg daily 5-10 mg daily every 1-2 weeks
20-40 mg daily 5 mg daily every 1-2 weeks
10-19 mg daily 2.5 mg daily every 2-3 weeks
5-9 mg daily 1 mg daily every 2-4 weeks
<5 mg daily 0.5 mg daily every 2-4 weeks
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ABSTRACT
Synthetic immunomodulatory drugs are oral agents that target intracellular 
processes important for the survival and/or function of immune cells. Glu-
cocorticoids (GC) are the most widely used (and least expensive) of these 
agents. GC bind to glucocorticoid receptors which are expressed not only on 
inflammatory cells, but also on cells of the cardiovascular system, bone, muscle, 
liver, adipose tissue, and central nervous system. As a consequence, they have 
both profound immunosuppressive and anti-inflammatory effects, but can 
also result in significant toxicity. Methotrexate, leflunomide, and mycophenolate 
mofetil are immunosuppressive drugs commonly used to treat rheumatic 
diseases, while the immunophilin-binding agents, cyclosporine, tacrolimus, 
and sirolimus are most commonly used to prevent transplant rejection.
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Pharmacologically, prolonged or high-dose GC administration is not susceptible 
to HPA-mediated inhibition and leads to immunosuppression and increased 
susceptibility to infections. It is important to note that the effect of GC on 
immune cell types is not indiscriminately suppressive, but modulatory and 
generally favors Th2-type T-cell responses while suppressing Th1; similarly, 
GC inhibit the function of inflammatory macrophages while promoting mac-
rophage commitment to the homeostatic anti-inflammatory phenotype.

Glucocorticoids and Metabolism in the Liver, Adipose 
Tissue, and Muscle
As the name suggests, endogenous GC are critical mediators of glucose, as 
well as lipid and protein metabolism. In the liver, GC are essential for main-
taining normal blood glucose levels during fasting, awakening, and periods 
of stress, partly by increasing the hepatic responsiveness to glucagon. This 
occurs through stimulation of gluconeogenesis (indeed GR activates genes 
encoding rate-limiting enzymes of gluconeogenesis such as PEPCK). GC 
have also been implicated in the regulation of fatty acid metabolism in the 
liver; in the adipose tissue, they both increase adipocyte differentiation and 
decrease lipolysis which together promote fat accumulation. Finally, in the 
skeletal muscle, GC inhibit protein synthesis while promoting proteolysis to 
provide amino acids for gluconeogenesis.

The compound systemic effects of GC excess on the key metabolic tissues—
the liver, adipose tissue, and muscle—are perhaps best highlighted in patients 
with Cushing syndrome (Chapter 214) resulting from pituitary or adreno-
cortical adenomas or long-term administration of GC medications. These 
include glucose intolerance due to increased gluconeogenesis in the liver and 
antagonism of the effects of insulin on peripheral glucose utilization, fasting 
and postprandial hyperglycemia, and reduced insulin sensitivity4—typical 
signs of type II diabetes and metabolic syndrome (Chapter 216). Patients 
with Cushing syndrome often present with dyslipidemia resulting from both 
an increase in triglyceride and total cholesterol levels and adipocyte differen-
tiation in the visceral adipose tissue, ultimately leading to centripetal adiposity. 
Finally, catabolic effects of high circulating GC in the muscle result in skeletal 
muscle atrophy and weakness.

Glucocorticoids and the Cardiovascular System
GC are required to maintain blood volume and pressure, and normal arteriolar 
tone and cardiac output. Consequently, sustained exposure to high-dose GC 
results in elevated blood pressure—an effect observed both in Cushing patients 
and in individuals treated with GC. Of note, in Cushing syndrome, a part of 
this effect is a consequence of increased retention of water and sodium by the 
kidneys—an activity of MR, rather than GR, activated by endogenous cortisol. 
However, synthetic GC lacking any MR-binding activity have an independent 
GR-mediated effect on blood pressure by suppressing the production of vaso-
dilators (e.g., prostaglandins and endothelial nitric oxide) while stimulating 
the responsiveness to vasoconstrictors, vasopressin, and catecholamines, and 
augmenting the expression of angiotensin II receptors, ultimately increasing 
peripheral vascular resistance (Chapter 70).

Glucocorticoids and the Bones
One of the most undesirable effects of GC treatments is osteoporosis (Chapter 
230)5 and osteonecrosis (Chapter 234). GC have a spectrum of effects in 
normal bone physiology by acting upon both key cell types: osteoblasts and 
osteoclasts (Chapter 230). GC are required for normal bone growth and 
remodeling; they stimulate osteoclastogenesis, in part, by activating the expres-
sion of RANK ligand—a critical growth factor for osteoclast maturation—while 
inhibiting the expression of its decoy receptor osteoprotegerin by surrounding 
osteoblasts and stromal cells, ultimately leading to bone resorption. At the 
same time, GC inhibit osteoblast proliferation and differentiation (by shifting 
stromal cell differentiation from osteoblasts to adipocytes) and promote their 
apoptosis. Clinically, these activities may result in significant bone loss and 
an increased risk of fractures, especially with prolonged use (>3 months), but 
can be lessened by co-administration of bisphosphonates.6

Glucocorticoids and the Central Nervous System
Normal levels of GC have long been known to have a critical function in 
the hippocampus facilitating memory and learning. There is also extensive 
evidence that excessive GC (including those during a sustained period of 
stress) are associated with decreased hippocampal cellularity, impaired memory, 
and changes in mood, cognition, and reasoning. Similarly, although adequate 
levels of GC are protective against acute traumatic stress, repeated high-dose 
GC treatment mimics chronic stress and induces dendritic lengthening in 

of associated genes, whereas binding to AP1/NF-κB represses transcription 
of their target genes (Fig. 32-1). Anti-inflammatory and immunosuppressive 
properties of GC result both from direct activation of anti-inflammatory 
(IL10, dual specificity phosphatase [Dusp1], GC-inducible leucine-zipper 
[GILZ], TNFAIP3/A20, and others) and repression of AP1-/NF-κB–driven 
pro-inflammatory genes.

The extremely broad consequences of GC actions stem from the fact that 
the GR protein is expressed essentially in every cell type in the body. In each 
cell type, GR activates and represses hundreds of genes leading to specific 
physiologic effects. Recent genome-wide analyses of GR binding and GC-
regulated transcriptomes revealed a striking level of specificity in GR actions 
whereby even in closely related cell types (e.g., different types of white blood 
cells), GR-regulated genes displayed a mere 15% overlap. This indicated that 
cell-specific variables such as chromatin packaging and accessibility to tran-
scription factor binding, the composition of GR interacting accessory proteins 
(e.g., co-activators and co-repressors that associate with GR in a cell- and 
binding site-specific manner) (Fig. 32-1), along with the physiological state 
of the cell, play a major role in specifying GC function.

 Physiological and Pharmacological Effects of Glucocorticoids in Different Tissues
Glucocorticoids and Inflammation
The most well-known effect of GC underlying their widespread use is sup-
pression of inflammation.2 This stems from dramatic reduction in the amounts 
of inflammatory cytokines (TNF, IL1α, IL1β, IL12p40, IL6), chemokines 
(Cxcl10, Ccl2, Ccl3, Ccl4, Ccl5), and cell adhesion molecules (ICAM, ELAM), 
along with other mediators of inflammation (such as those produced through 
the activity of cyclooxygenase-2 and phospholipase A2: prostaglandins, leu-
kotrienes and arachidonic acid metabolites) are produced by macrophages, 
endothelial cells, fibroblasts, and other cell types. These transcriptional changes 
yield a less inflammatory environment, reducing leukocyte and lymphocyte 
trafficking as well as their numbers due to both a decrease in proliferation and 
an increase in apoptosis for certain cell subsets. It should be noted that GR-
mediated apoptosis, specifically of immature and transformed lymphocytes, 
makes GC the drug of choice for numerous hematological malignancies.

Physiologically, GC production in inflammatory conditions is triggered 
through the activation of the hypothalamic-pituitary-adrenal (HPA) axis3 
by inflammatory cytokine signaling when the local mechanisms to control 
inflammation fail. This effect is transient and self-limited due to a negative 
feedback loop back to the hypothalamus that suppresses excessive HPA activity. 

Anti-inflammatory
Gilz, Dusp1, IL10...

Pro-inflammatory
TNF, IL1β, IL1α...

NFkB
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FIGURE 32-1. Glucocorticoid receptor (GR) signaling pathway. unliganded gr is 
cytoplasmic and bound by heat-shock proteins (HsPs) that maintain its competence for 
ligand binding. When ligand-bound, gr undergoes structural change, translocates to 
the nucleus, and associates with genomic response elements (grEs). It may specifically 
bind palindromic grEs (two hexameric head-to-tail [inverted] half-sites separated by 
three base-pairs) or be tethered to dna through protein:protein interactions with aP1 
and nFκB, the effector pro-inflammatory transcription factors downstream of toll-like 
receptors (tlrs). In each case, a number of coactivator and corepressor proteins associ-
ate with gr in a binding site-specific manner. some genes activated and repressed by 
gr in a macrophage (mΦ) through direct dna binding and tethering, respectively, are 
listed. gC = glucocorticoid. 
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sizable individual variation in response to tapering, it is unlikely that a secure, 
uniform GC tapering schedule applicable to all patients will be determined in 
the foreseeable future, as recently summarized.9,10 A systematic, broadly based 
review estimated the risk of clinical or subclinical adrenal insufficiency after 
GC withdrawal to be approximately 30 percent after use of a variety of types 
of GC in several underlying diseases.11 The problem of this apparently high 
rate of adrenal insufficiency is compounded by its difficulty in recognition, 
because symptoms and signs are usually nonspecific (e.g., nausea, vomiting, 
abdominal cramps, fatigue) and insidious in onset. Dosage, duration of treat-
ment, administration route, age, fragility, underlying disease, and even laboratory 
testing of serum cortisol level are not completely useful in predicting adrenal 
insufficiency. Some generalizations can be made regarding GC withdrawal:
1. Hypothalamic-pituitary-adrenal (HPA) axis suppression mostly occurs 

after oral or parenteral GC treatment that leads to higher systemic levels 
of GC, but it may also appear with cutaneous, ototopical, or ophthalmic 
administration.

2. HPA suppression is improbable in patients who have received GC treat-
ment for less than 3 weeks.

3. HPA suppression is improbable in patients who have received daily pred-
nisone at a dose of less than 5 mg (or equivalent) or alternate-day prednisone 
at doses of less than 10 mg (or equivalent).

4. Repeated biochemical monitoring for adrenal insufficiency with GC with-
drawal is impractical. If needed, a first assessment that measures morning 
serum cortisol level (between 8:00 and 9:00 am) may be helpful, but not 
conclusive in most cases. Among classical stimulatory tests to diagnose 
adrenal insufficiency, the insulin tolerance test is considered the gold stan-
dard but it requires medical supervision because of its risk and is contra-
indicated in several populations. A standard-dose corticotropin analog test 
may be more reliable and accurate than the morning cortisol level, but it 
is cumbersome.

5. Patients who have adrenal insufficiency upon GC withdrawal usually respond 
symptomatically to reinstitution of GC therapy.

Notwithstanding the complex variables that determine the effectiveness 
and safety of GC tapering, which may also include genetic determinants, an 
example of a general tapering scheme might be a stable reduction of 10 to 
20% with monitoring of clinical response of the patient (Table 32-1).

During the year after discontinuing GC, patients may require GC in situ-
ations of stress (such as surgery or significant medical illness) to compensate 
for reduced adrenal GC production.

GC use in pregnancy can be associated with low-birthweight babies and 
may slightly increase the risk of cleft palate, but GC are commonly used in 
pregnancy when needed by the mother. Prednisone and prednisolone are 
metabolized to an inactive form by placental 11β-hydroxysteroid dehydroge-
nase and do not reach the fetus. In contrast, fluorinated GC such as dexa-
methasone and betamethasone, do cross the placenta and are used predelivery 
to treat the fetus and induce fetal lung maturation.

 IMMUNOMODULATORY AGENTS
Hydroxychloroquine
Mechanism of Action
The mechanism of action of hydroxychloroquine12 is not fully understood, 
but the drug is known to accumulate in lysosomal vesicles where it decreases 
signaling through toll-like receptors 7 and 9 and also inhibits autophagy (the 
process in which organelles and proteins are sequestered into vesicles that 
fuse with lysosomes to be broken down and used as fuel for other cellular 
needs). Hydroxychloroquine is given as a once or twice daily oral dose. It is 
readily absorbed and has a long half-life due to extensive tissue uptake.

Clinical Use
Hydroxychloroquine was developed to treat malaria, but is also approved for 
the treatment of lupus and rheumatoid arthritis. Hydroxychloroquine can 
help to control lupus skin disease, arthritis, serositis, and mild hematologic 
abnormalities, and discontinuing hydroxychloroquine increases the risk of 
lupus flare. Hydroxychloroquine is not used as primary treatment for lupus 
nephritis, but the drug can help reduce the risk of end-stage renal disease in 
these patients. Hydroxychloroquine also reduces the risk of type II diabetes 
and venous thromboembolism, lowers cholesterol levels, and improves overall 
lupus survival. In patients with rheumatoid arthritis, hydroxychloroquine is 
a component of “triple therapy” (along with sulfasalazine and methotrexate), 
which is as effective as methotrexate plus a tumor necrosis factor (TNF) 
inhibitor. Hydroxychloroquine is also used in some inflammatory and rheu-
matic skin diseases, mainly as a steroid-sparing agent.13

the basolateral amygdala—a region responsible for developing fear, anxiety, 
and aggression. Notably, experimental evidence also shows that exposure of 
the brain to increased amounts of GC early in life or even in utero may have 
long-lasting consequences on HPA axis and corticosteroid function and on 
other GC-regulated processes such as metabolism and cardiovascular function.

Overall, while physiologic, diurnal, or acute stress-induced secretion of GC 
is essential for normal brain functions and protection from stress-induced 
damage, sustained elevated levels of GC cause a spectrum of central nervous 
system pathologies whose severity depends on the dose, duration, and time 
of exposure, as well as genetic, epigenomic, and environmental factors at play.7

Clinical Use
GC are approved for use in a wide variety of inflammatory conditions at a 
range of doses and duration. GC can be used for short-term management of 
disease flares, such as in patients with asthma, gout, rheumatoid arthritis, 
juvenile inflammatory arthritis, or psoriatic arthritis and for patients experi-
encing acute allergic reactions, while other conditions require sustained GC 
use to maintain disease remission, such as sarcoidosis, ulcerative colitis, eczema, 
minimal change glomerulonephritis, systemic lupus erythematosus, derma-
tomyositis, temporal arteritis, and polymyalgia rheumatica. Low doses (≤10 mg) 
are often adequate for rheumatoid arthritis, and polymyalgia rheumatica, while 
high doses (e.g., prednisone 1 mg/kg) are required for the acute management 
of temporal arteritis, lupus nephritis, and dermatomyositis. Inhaled GC can 
be used for the management of asthma and chronic obstructive pulmonary 
disease, while intra-articular (IA) GC are used to control localized joint symp-
toms in patients with inflammatory arthritis and osteoarthritis. Repeated IA 
GC injections can be associated with more rapid cartilage loss in osteoarthritis 
patients, however. Finally, GC can be administered topically for the treatment 
of psoriasis, eczema, and other skin conditions.

Management of glucocorticoids in the perioperative period for patients on 
chronic steroid therapy has been traditionally based on an assumption that 
supraphysiologic dose increases are always required to avoid the development 
of adrenal insufficiency. Based on the negative results of a small number of 
randomized trials to test this assumption and more recent clinical experience, 
along with the risks of hypertension, fluid retention, hyperglycemia, and infec-
tion with the routine use of high-dose glucocorticoid supplementation, this 
practice should be reserved for special situations. With (1) major surgical pro-
cedures, (2) the presence of volume-refractory hypotension, or (3) in patients 
requiring chronic physiologic replacement therapy for adrenal insufficiency, it 
has been recommended that patients should receive their steroid dose right 
up to the time of surgery, followed by hydrocortisone 50 mg intravenously, 
started intraoperatively and then repeated every 8 hours for at most 48 to 72 
hours postoperatively (based on the known normal secretory rate of cortisol 
of 75 to 150 mg daily during anesthesia and major surgery). This should be 
immediately followed by replacement with the patient’s oral glucocorticoid 
therapy. On the other hand, perioperative supplemental glucocorticoids are 
not indicated for minor or intermediate intensity surgical procedures, for those 
chronically taking prednisone (or equivalent) at doses of 10 mg or less daily, 
those on every other day steroids, or those using only topically administered 
steroids.8 In all these cases, treating physicians should be promptly reactive with 
exogenous glucocorticoids administered in case of unexpected postoperative 
hypotension or other manifestations of adrenocortical insufficiency. The recom-
mendations for withholding supraphysiologic steroid therapy perioperatively 
in the settings described above do not apply to individuals taking chronic 
glucocorticoid replacement for adrenal failure or to generally any surgery in 
children chronically treated with glucocorticoid.

Toxicity and Monitoring
GC toxicity is dose- and duration-dependent. Common toxicities include 
weight gain, Cushing syndrome, osteoporosis, osteonecrosis, diabetes, hyper-
tension, hyperlipidemia, posterior subcapsular cataracts, increased intraocular 
pressure, skin fragility, poor wound healing, gastrointestinal tract bleeding 
and perforation, mood changes, myopathy, and predisposition to infection, 
including opportunistic ones. GC administered to children can also result in 
growth retardation. Patients starting GC should be counseled to take supple-
mental calcium and vitamin D; additional treatments to prevent osteoporosis 
depend on the anticipated dose and duration of GC treatment, the patient’s 
age, and baseline osteoporosis risk.

Because patients on exogenous GC can develop secondary adrenal insuf-
ficiency, the dose of GC should be tapered gradually to accommodate a slow 
return of adrenal function (Table 32-1). Different tapering regimens for GC in 
different diseases are based on a very low quality of evidence. Considering the 
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monotherapy is recommended as the first-line treatment in patients with early 
rheumatoid arthritis, with or without GC therapy (Chapter 248). If disease 
activity remains high, then methotrexate can be combined with hydroxychlo-
roquine and sulfasalazine (“triple therapy”) or combined with a biologic 
DMARD, generally a TNF inhibitor. In patients with psoriatic arthritis (Chapter 
249), methotrexate is effective in treating peripheral arthritis and psoriasis, 
but is not effective in treating enthesitis, dactylitis, or nail or spine involve-
ment. Methotrexate is approved for the treatment of polyarticular JIA with 
moderate to high disease activity and for the treatment of oligoarticular JIA 
if there is high disease activity, or moderate disease activity but poor prognostic 
factors. Methotrexate is also used in the treatment of systemic JIA.

Toxicity and Monitoring
In addition to predisposing patients to infection, methotrexate can cause liver 
toxicity16 and bone marrow suppression. Complete blood counts and liver 
function testing should be performed monthly for 3 months at the initiation 
of therapy (and after changes in dose) and every 3 to 4 months thereafter. 
Renal function should also be monitored because a fall in glomerular filtration 
rate reduces methotrexate clearance. Alcohol should be avoided in patients 
on methotrexate, and methotrexate should not be prescribed to individuals 
with underlying liver disease. Patients with psoriasis (Chapter 409), particularly 
those who are diabetic or obese, appear to be at higher risk of liver toxicity 
than patients with rheumatoid arthritis. Liver biopsy is recommended in pso-
riasis patients who have received a cumulative methotrexate dose between 
1.5 and 4 grams, depending on their level of risk. Non-Hodgkin lymphoma 
(Chapter 176) has been reported in patients treated with methotrexate, includ-
ing some cases that regressed without additional treatment upon withdrawal 
of methotrexate. Methotrexate can be associated with acute pneumonitis or 
pulmonary fibrosis and smokers are at increased risk for pulmonary toxicity. 
In patients with rheumatoid arthritis, methotrexate-induced lung injury can 
sometimes be difficult to distinguish from rheumatoid lung disease, and a 
baseline chest radiograph is recommended prior to methotrexate initiation. 
Stomatitis, nausea, malaise, and fatigue are other relatively common side effects 
of methotrexate. Toxicity can be lessened by administration of folic acid 1 mg 
daily, or folinic acid 5 mg weekly 12 to 24 hours after each methotrexate dose.

Methotrexate is teratogenic and can also cause fetal death; it is contraindi-
cated in pregnant women and nursing mothers, and it should not be used for 
at least 3 months before planned conception in either men or women.

 PURINE AND PYRIMIDINE INHIBITORS
Leflunomide
Mechanism of Action
Leflunomide inhibits dihydro-orotate dehydrogenase which results in decreased 
pyrimidine synthesis and antiproliferative effects. Leflunomide is given as a 
daily 20 mg dose. It has a long half-life (≈2 weeks) due to biliary recycling, 
and using a loading dose (100 mg daily × 3 days) at treatment initiation leads 
to a more rapid clinical response. Leflunomide has both renal (early) and fecal 
(late) elimination, and in cases of severe leflunomide toxicity, a cholestyramine 
washout (cholestyramine 8 g three times daily × 11 days) causes rapid drug 
elimination. Without a washout, leflunomide metabolites remain detectable 
in the blood for up to two years.

Clinical Use
Leflunomide is FDA-approved for the treatment of rheumatoid arthritis, where 
it improves signs and symptoms of the disease, and prevents structural damage. 
Leflunomide is also used in the management of peripheral arthritis in patients 
with psoriatic arthritis.

Toxicity and Monitoring
Leflunomide can cause severe liver injury including fatal liver failure. Lefluno-
mide can also cause marrow suppression and predispose patients to infection. 
Liver function testing and complete blood counts should be performed monthly 
for 6 months at the initiation of therapy, and every 2 to 3 months thereafter. 
If there is a 3-fold rise in transaminases, then leflunomide should be discon-
tinued and a cholestyramine washout used. As with methotrexate, there are 
reports of leflunomide-associated interstitial lung disease. Leflunomide com-
monly causes diarrhea and mild alopecia. Minor side effects may resolve with 
leflunomide dose reduction. Although there are no data specifically linking 
leflunomide to the development of malignancy, the risk of lymphoma may 
be increased in any patient on immunosuppressive therapy.

Leflunomide is teratogenic and can also cause fetal death; it is contraindi-
cated in pregnant women and nursing mothers, and it should not be used in 

Toxicity and Monitoring
Hydroxychloroquine can cause retinopathy,14 which is treatment dose- and 
duration-related. Retinopathy risk can be minimized by using a dose less than 
or equal to 5 mg/kg and by referring the patient for ophthalmologic screening. 
Hydroxychloroquine can also be associated with pruritus, areas of blue-gray 
“bruise-like” skin pigmentation, myopathy (including cardiomyopathy), and 
neuromyopathy. Hemolytic anemia can be seen in individuals that are glucose-
6-phosphate dehydrogenase-deficient (Chapter 152).

Hydroxychloroquine is not associated with fetal malformations and is gen-
erally continued during pregnancy in lupus patients in order to prevent a 
disease flare.

Sulfasalazine
Mechanism of Action
Sulfasalazine is metabolized by intestinal bacteria to sulfapyridine and 
5-aminosalicylic acid (5-ASA). Sulfapyridine is well absorbed, whereas most 
of the 5-ASA remains in the intestine. 5-ASA appears to be responsible for 
the therapeutic effect of sulfasalazine in ulcerative colitis (Chapter 132) through 
an unknown mechanism. It should be noted that 5-ASA is a weak cyclooxy-
genase 1- and 2-inhibitor, and traditional nonsteroidal anti-inflammatory agents, 
which strongly inhibit cyclooxygenase, actually worsen colitis. How sulfasalazine 
ameliorates rheumatoid arthritis is unknown. Sulfasalazine is given in split 
daily doses ranging from 2 to 4 g/day.

Clinical Use
Sulfasalazine is approved for the treatment of ulcerative colitis (Chapter 132), 
as well as polyarticular juvenile inflammatory arthritis and rheumatoid arthritis. 
In rheumatoid arthritis, sulfasalazine is a component of “triple therapy” (along 
with hydroxychloroquine and methotrexate), which has been shown to be as 
effective as methotrexate plus a TNF inhibitor. Sulfasalazine is also used in 
the treatment of psoriatic arthritis.

Toxicity and Monitoring
Sulfasalazine can be associated with severe hypersensitivity reactions and 
should never be given to individuals with sulfa or aspirin allergy. Sulfasalazine 
can also cause agranulocytosis (Chapter 158) and aplastic anemia (Chapter 
156). More common side effects of sulfasalazine include gastrointestinal upset, 
headache, and liver dysfunction.

Sulfasalazine has not been associated with fetal abnormalities; however, 
because sulfasalazine can inhibit folate absorption, folic acid supplementation 
is especially important in pregnant women taking the drug. Sulfasalazine can 
cause reversible oligospermia and alternative treatments should be considered 
in male patients attempting to conceive a child.

 IMMUNOSUPPRESSIVE AGENTS
Methotrexate
Mechanism of Action
Methotrexate inhibits dihydrofolic acid reductase, which results in antipro-
liferative effects via reduced synthesis of purines, pyrimidines, and polyamines. 
Methotrexate polyglutamates (metabolites) also inhibit aminoimidazole car-
boxamide ribonucleotide transformylase, an inhibitor of adenosine deaminase. 
This results in high intracellular levels of adenosine which, when released, can 
have anti-inflammatory effects on neutrophils, macrophages, and lymphocytes. 
Oral absorption of methotrexate is dose dependent and varies among indi-
viduals. Subcutaneous dosing can be used to assure bioavailability, and helps 
to reduce gastrointestinal side effects. Methotrexate is excreted largely through 
glomerular filtration and active tubular secretion, and dose reduction is impor-
tant in individuals with renal insufficiency, such as the elderly. Methotrexate 
is administered weekly as either a single dose, or in three divided doses 12 
hours apart over a 24-hour period. Although high-dose methotrexate (25 to 
30 mg per week) is associated with greater efficacy than lower doses (5 to 
15 mg per week), dosages are generally “ramped up” while monitoring for 
dose-dependent toxicities.

Clinical Use
Along with cyclosporine and acitretin, methotrexate is approved as one of 
the conventional systemic immunomodulatory treatments of psoriasis (Chapter 
409). Several biologic agents have since emerged for the treatment of moder-
ate to severe psoriasis. Methotrexate is FDA-approved for the treatment of 
rheumatoid arthritis,15 polyarticular juvenile inflammatory arthritis ( JIA), and 
psoriasis, but it is also commonly used to treat psoriatic arthritis. Methotrexate 
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as steroid-sparing agents in Crohn disease. Azathioprine is most commonly 
used as a steroid-sparing agent in systemic lupus erythematosus.

Toxicity and Monitoring
Bone marrow suppression is common and dose-related in patients receiving 
azathioprine or 6-MP, and it can result in leukopenia, anemia, and thrombo-
cytopenia. Gastrointestinal side effects including nausea, vomiting, diarrhea, 
and elevated liver enzymes are common, and azathioprine can also cause 
pancreatitis. Complete blood counts and measurement of liver enzymes should 
be performed every 1 to 2 weeks during the first month of treatment and with 
every change in dose, every 2 weeks for an additional 2 months, and then 
every 3 months thereafter. Azathioprine and 6-MP are associated with an 
increased risk of infections, lymphoma, and skin cancer. Rare cases of hepa-
tosplenic T-cell lymphoma have been reported in inflammatory bowel disease 
patients receiving azathioprine.

Azathioprine and 6-MP are categorized as pregnancy category D drugs 
because they can be associated with prematurity, low birthweight, neonatal 
leukopenia, thymic hypoplasia, and hypogammaglobulinemia. However, 
immunologic effects on the fetus generally normalize within one year and 
azathioprine is not associated with fetal malformations. For this reason, aza-
thioprine is often continued in pregnant lupus patients, especially if they have 
a recent history of nephritis.

 IMMUNOPHILIN-BINDING AGENTS INCLUDING 
CALCINEURIN INHIBITORS

Cyclosporine
Mechanism of Action
Cyclosporine binds to cyclophilin A, the predominant immunophilin in T cells, 
and this binding enhances cyclophilin’s inhibition of calcineurin. Calcineurin 
is stimulated during T-cell activation to activate nuclear factor of activated 
T cells (NFAT), which in turn leads to the production of interleukin-2 and 
other cytokines important in the immune response. Calcineurin also indi-
rectly enhances activation of NFκB, which is critical for T-cell function and 
survival. Cyclosporine also has calcineurin-independent inhibitory effects 
on the mitogen-activated protein kinase (MAPK) pathway. Cyclosporine is 
metabolized by cytochrome P450 3A (CYP3A) in the liver and 95% of excre-
tion is biliary. Drug clearance is also strongly stimulated by P-glycoprotein 
expression on intestinal enterocytes. Cyclosporine is given twice daily as a 
divided oral dose. Daily dosages for patients with rheumatic diseases are lower 
than maintenance doses used to prevent transplant rejection (2.5 to 4 mg/
kg vs. 8 to 10 mg/kg, respectively). Trough drug levels should be measured 
to determine the optimal therapeutic dose, especially in transplant patients. 
Therapeutic drug concentrations differ with the measurement technique insti-
tution, indication, and protocol. Drug interactions occur when cyclosporine 
is co-administered with inhibitors or inducers of CYP3A or P-glycoprotein. 
Azole antifungal agents, macrolide antibiotics, and calcium-channel blockers 
increase cyclosporine levels, whereas many anticonvulsants and St. John’s Wort 
decrease cyclosporine levels.

Clinical Use
Cyclosporine is FDA-approved for the treatment of severe plaque psoriasis 
(Chapter 409) and to prevent allogeneic kidney, heart, and liver transplant 
rejection. It is also approved for the treatment of active rheumatoid arthritis 
but is not commonly used for this indication. In patients with psoriasis, 
cyclosporine is generally used intermittently and for less than 12 weeks to 
avoid cumulative toxicity. Cyclosporin is also a first-line treatment for pure 
red cell aplasia (Chapter 156).

Toxicity and Monitoring
Cyclosporine can cause hypertension, renal insufficiency, hyperkalemia, and 
hyperuricemia. In patients with rheumatoid arthritis and psoriasis, blood pres-
sure and creatinine levels should be monitored every 2 weeks during initiation 
of treatment, and every 1 to 3 months during long-term use. If the creatinine 
level rises 25% above baseline, then testing should be repeated and the dosage 
reduced 25 to 50% if there is no improvement. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) should be avoided in patients taking cyclosporine. Psoriasis 
patients treated with cyclosporine who have been previously treated with 
PUVA or methotrexate are at increased risk of skin cancer. Cyclosporine also 
increases the risk of lymphoma and predisposes patients to infection. More 
common side effects of cyclosporine include hypertrichosis, gum hyperplasia, 
and tremor.

women of childbearing age who are not using contraception. Women planning 
pregnancy should stop leflunomide and use a cholestyramine washout. Preg-
nancy should not be attempted until the blood leflunomide M1 metabolite 
level is less than 0.02 mg/L on two separate tests at least 2 weeks apart.

Mycophenolate Mofetil
Mechanism of Action
Mycophenolate mofetil (MMF) is rapidly metabolized to mycophenolic acid, 
the active metabolite. Mycophenolic acid blocks the function of inosine mono-
phosphate dehydrogenase which results in inhibition of the de novo pathway 
of guanosine synthesis. Because T and B lymphocytes lack salvage pathways 
to synthesize purines, MMF acts preferentially on lymphocytes. In addition 
to these antiproliferative effects, MMF also reduces antibody formation by B 
cells. MMF is given orally twice daily, with dose reduction in patients with 
severe renal impairment.

Clinical Use
MMF is approved for use in kidney, liver, and heart transplant (Chapter 43) 
recipients in combination with cyclosporine and GC. MMF has also been 
shown to be as effective as cyclophosphamide in inducing remission of lupus 
nephritis and superior to azathioprine in maintaining remission of lupus 
nephritis (Chapter 250). A recent study also demonstrated that MMF is as 
effective as cyclophosphamide in the management of scleroderma-related 
interstitial lung disease.

Toxicity and Monitoring
Like some other immunosuppressants, MMF requires therapeutic drug moni-
toring because of the narrow therapeutic index and significant inter-individual 
variability in blood concentrations.17 MMF can cause neutropenia and other 
cytopenias. Nausea and diarrhea are common with the drug. MMF increases 
the risk of infection and may also increase the risk of lymphoma.

MMF is a pregnancy category D drug that has been associated with congenital 
malformations and miscarriages and is contraindicated in pregnancy. Reliable 
contraception should be used in women of childbearing age on MMF, and 
contraception should be continued for at least 6 weeks after discontinuing 
the drug. Breast-feeding should also be avoided in mothers on MMF.

Azathioprine and 6-Mercaptopurine
Mechanism of Action
Azathioprine is a derivative of 6-mercaptopurine (6-MP) and their effects are 
similar. Both drugs are activated by hypoxanthine-guanine phosphoribosyl-
transferase (HGPRT) to form 6-thioguanine nucleotides that can be incor-
porated into DNA, causing cytotoxicity. Other drug metabolites inhibit the 
enzyme glutamine-5-phosphoribosylpyrophosphate amidotransferase, required 
for de novo purine synthesis. Both drugs result in dose-dependent suppression 
of delayed type hypersensitivity and cytotoxicity. Azathioprine and 6-MP are 
metabolized in the liver and in erythrocytes via two pathways, one using thio-
purine S-methyltransferase (TPMT) and the other using xanthine oxidase. 
Ten percent of the population is heterozygous for a nonfunctioning TPMT 
allele and 0.3% are homozygous for this allele, resulting in intermediate or 
low to absent TPMT levels respectively. Patients with low or absent TPMT 
can experience life-threatening myelosuppression when given azathioprine 
or 6-MP, while those with intermediate levels benefit from lower drug dosages. 
TPMT testing (level or genotype) can help identify individuals at increased 
risk of myelotoxicity, but because myelotoxicity can occur even in the presence 
of normal TPMT levels, all patients require close monitoring of complete 
blood counts, particularly at the initiation of therapy and with any dose change. 
The second route of azathioprine and 6-MP inactivation, via xanthine oxidase, 
can be inhibited by xanthine oxidase inhibitors, such as allopurinol or febuxo-
stat, used in the treatment of gout. The dose of azathioprine or 6-MP must 
be reduced when one of these drugs is used. Azathioprine and 6-MP are given 
as a single or split daily dose. The daily dose of azathioprine in patients with 
autoimmune diseases, and as maintenance to prevent transplant rejection, is 
1 to 3 mg/kg.

Clinical Use
Azathioprine is approved for the treatment of rheumatoid arthritis, though 
rarely used for this indication, and as adjunctive therapy in the prevention of 
renal transplant rejection. 6-MP is approved for the treatment of acute lym-
phatic leukemia as part of a combination regimen. Azathioprine and 6-MP 
can help to maintain remission in ulcerative colitis18 and are sometimes used 



develop hyperlipidemia and are at risk for rhabdomyolysis when given 
HMG-CoA reductase inhibitors, particularly if they are receiving concomitant 
cyclosporine.

Sirolimus is contraindicated in pregnancy given its antiproliferative effects. 
Breast-feeding should also be avoided in mothers taking sirolimus.

 ALKYLATING AGENT
Cyclophosphamide
Mechanism of Action
Cyclophosphamide is a prodrug that is metabolized in the liver by CYP450 
enzymes to alkylating molecules that cause DNA cross-linking. This occurs 
preferentially in rapidly proliferating cells, such as tumor and hematopoietic cells.

Clinical Use
Cyclophosphamide is approved for the treatment of a variety of malignancies, 
as well as minimal change nephrotic syndrome, but is also used in the treat-
ment of lupus nephritis and ANCA-associated vasculitis. The use of cyclo-
phosphamide for these conditions has declined, however, as less toxic therapies, 
such as MMF for lupus nephritis and rituximab for ANCA-associated vasculitis, 
have been shown to be equally efficacious.

Toxicity and Monitoring
Cyclophosphamide causes myelosuppression and predisposes patients to 
infections (including opportunistic ones), and cyclophosphamide metabolites 
can cause hemorrhagic cystitis. Cardiac toxicity is also seen. Cyclophosphamide 
increases the risk of secondary malignancies20 and increases the risk of bladder 
cancer even in patients who do not experience hemorrhagic cystitis during 
treatment. Cyclophosphamide commonly causes nausea and hair loss. Cyclo-
phosphamide should not be used together with a TNF inhibitor because of 
an increased risk of solid tumors with this combination.

Cyclophosphamide can cause infertility, and the risk is higher the older the 
patient and the greater the cumulative cyclophosphamide dose. Treatment 
with a GnRH agonist prior to each dose of cyclophosphamide can help to 
protect gonadal function. Cyclophosphamide causes fetal malformations and 
miscarriages and should not be used in pregnancy or during lactation.

GENERAL REFERENCES
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Cyclosporine is a pregnancy category C drug. Limited experience in preg-
nant transplant recipients suggests that cyclosporine is not associated with 
fetal malformations but is associated with low birthweight babies. Breast-feeding 
should be avoided in mothers on cyclosporine.

Tacrolimus
Mechanism of Action
Tacrolimus19 binds to the T-cell immunophilin FK-binding protein 12 
(FKBP-12), and this complex inhibits activation of calcineurin (see Cyclosporine, 
Mechanism of Action). Like cyclosporine, tacrolimus also has calcineurin-
independent inhibitory effects on the MAPK pathway. Tacrolimus is metabolized 
by CYP3A in the liver and is more than 90% excreted in feces. Drug interac-
tions occur when tacrolimus is co-administered with inhibitors or inducers 
of CYP3A. Tacrolimus is given twice daily as a divided oral dose with dose 
adjustments made based on trough levels.

Clinical Use
Tacrolimus is approved for the prevention of allogeneic kidney, heart, and 
liver transplant rejection, and graft survival is similar to that achieved with 
cyclosporine-based regimens. Tacrolimus should be used in combination with 
azathioprine or MMF in heart and kidney transplant recipients.

Toxicity and Monitoring
Tacrolimus, particularly at high doses, can cause nephrotoxicity and hyper-
tension and should not be used in combination with cyclosporine. Like 
cyclosporine, tacrolimus can also cause hyperkalemia, headache, and tremor, and 
it is associated with an increased risk of infections, lymphoma, and skin cancers. 
Tacrolimus is associated with new-onset type 2 diabetes in approximately 20% 
of transplant recipients, but it reverses in about one third of them by one year 
post-transplant. Tacrolimus has been associated with cardiac hypertrophy, 
which is reversible upon dose reduction or drug discontinuation. Tacrolimus 
given by injection can be associated with anaphylaxis, likely due to castor oil 
derivatives contained in the IV formulation, and should be avoided unless 
oral administration is impossible.

Tacrolimus has not been associated with fetal malformations, but it has 
been associated with preterm birth, as well as hyperkalemia and renal impair-
ment during pregnancy. Breast-feeding should be avoided in mothers taking 
tacrolimus.

Sirolimus
Mechanism of Action
Sirolimus, like tacrolimus, binds to the immunophilin FKBP-12. However, 
unlike tacrolimus, the sirolimus/FKBP-12 complex inhibits activation of the 
mammalian target of rapamycin (mTOR) and has no effect on calcineurin. 
mTOR inhibition blocks antigen- and cytokine-driven T-cell proliferation, 
and also inhibits antibody production. mTOR is also an important modulator 
for aging and age-related diseases. mTOR inhibitors may have anticancer activ-
ity for many types of malignancies. Sirolimus is given once daily as an oral 
dose and excretion is over 90% in feces. Sirolimus has a long half-life and dose 
adjustments should not be more frequent than every 7 to 14 days, guided by 
trough levels. A loading dose more rapidly achieves therapeutic levels, both 
when sirolimus treatment is initiated and when dose adjustments are made. 
Like cyclosporine, sirolimus is a substrate for CYP3A4 and P-glycoprotein, 
and concomitant use of strong inducers or inhibitors of CYP3A4 or 
P-glycoprotein should be avoided when possible. When given concomitantly 
with cyclosporine, sirolimus should be administered 4 hours after a cyclosporine 
to minimize their interaction. The dose of sirolimus often needs to be increased 
after cyclosporine is withdrawn.

Clinical Use
Sirolimus is approved for the prevention of allogeneic renal transplant rejec-
tion and is used in combination with cyclosporine and GC starting at the 
time of transplant. Cyclosporine can be withdrawn 3 to 12 months after trans-
plant, depending on the patient’s risk of rejection.

Toxicity and Monitoring
Patients taking sirolimus are at increased risk of lymphoma and infection. 
Sirolimus can be associated with angioedema (particularly when used together 
with ACE inhibitors), fluid accumulation, and delayed wound healing. Siro-
limus can be associated with renal insufficiency, particularly when used with 
cyclosporine, and the new onset of proteinuria. Patients on sirolimus can 

https://expertconsult.inkling.com/
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REVIEW QUESTIONS

1. Immunophilin inhibitors, such as cyclosporine, tacrolimus, and sirolimus, 
target which of the following cells?
 A. T cells
 B. B cells
 C. Endothelial cells
 D. Neutrophils
 E. Fibroblasts

Answer: A Cyclosporine binds to cyclophilin A, the predominant immu-
nophilin in T cells, and this binding enhances cyclophilin’s inhibition of cal-
cineurin. Tacrolimus binds to the T-cell immunophilin FK-binding protein 
12 and this complex inhibits activation of calcineurin. Sirolimus, like tacrolimus, 
binds to the immunophilin FKBP-12. However, unlike tacrolimus, the siroli-
mus/FKBP-12 complex inhibits activation of the mammalian target of rapamycin 
(mTOR) and has no effect on calcineurin.

2. Which of the following immunomodulatory agents is not associated with 
an increased susceptibility to infection?
 A. Mycophenolate mofetil
 B. Hydroxychloroquine
 C. Methotrexate
 D. Leflunomide
 E. Rituximab

Answer: B Hydroxychloroquine accumulates in lysosomal vesicles where it 
decreases signaling through toll-like receptors 7 and 9 and also inhibits autoph-
agy, however it does not increase susceptibility to infection. In contrast, myco-
phenolate mofetil (MMF) blocks the function of inosine monophosphate 
dehydrogenase which results in inhibition of the de novo pathway of guanosine 
synthesis. Because T and B lymphocytes lack salvage pathways to synthesize 
purines, MMF has antiproliferative effects. MMF also reduces antibody for-
mation by B cells. Leflunomide inhibits dihydro-orotate dehydrogenase, which 
results in decreased pyrimidine synthesis and antiproliferative effects that 
impact lymphocytes. Methotrexate inhibits dihydrofolic acid reductase, which 
results in reduced synthesis of purines, pyrimidines, and polyamines, and 
antiproliferative effects.

3. Which of the following drugs should not be used during pregnancy?
 A. Prednisone
 B. Hydroxychloroquine
 C. Sulfasalazine
 D. Methotrexate
 E. Aspirin

Answer: D Methotrexate is teratogenic and can also cause fetal death; it is 
contraindicated in pregnant women and nursing mothers, and it should not 
be used for at least three months before planned conception in either men or 
women. Glucocorticoid (GC) use in pregnancy can be associated with low 
birthweight babies and may slightly increase the risk of cleft palate, but GC 
are commonly used in pregnancy when needed by the mother. Prednisone 
and prednisolone are metabolized to an inactive form by placental 
11β-hydroxysteroid dehydrogenase and do not reach the fetus. In contrast, 
fluorinated GC such as dexamethasone and betamethasone do cross the pla-
centa and are used pre-delivery to treat the fetus and induce fetal lung matura-
tion. Hydroxychloroquine is not associated with fetal malformations and is 
generally continued during pregnancy in lupus patients in order to prevent a 
disease flare. Sulfasalazine has not been associated with fetal abnormalities; 
however, because sulfasalazine can inhibit folate absorption, folic acid supple-
mentation is especially important in pregnant women taking the drug. Sul-
fasalazine can cause reversible oligospermia, and alternative treatments should 
be considered in male patients attempting to conceive a child.

4. What are common effects of glucocorticoids on metabolism?
 A. Anabolic effects in the muscle
 B. Sodium retention by the kidneys
 C. Elevated blood sugar
 D. Decrease in triglycerides
 E. Increased bone remineralization

Answer: C GC are essential for maintaining sufficient blood glucose levels 
during fasting and periods of stress, partly by increasing the hepatic respon-
siveness to glucagon. GC also directly stimulate gluconeogenesis in the liver 
by activating transcription of rate-limiting enzymes of gluconeogenesis such 
as PEPCK. In addition, GC promote protein breakdown in the skeletal muscle 
to provide amino acids for gluconeogenesis. In extreme cases (as in Cushing 
syndrome, including as a consequence of GC administration), GC lead to the 
development of type 2 diabetes.

5. How are the consequences of GC-induced suppression of the HPA axis 
managed?
 A. By increasing the GC dose
 B. By tapering GC administration when the course is over
 C. By adjusting the daily dose of GC
 D. By monitoring GC levels in the blood
 E. By routinely giving patients who are on low-dose prednisone “stress 

doses” with any procedure
Answer: B GC production is normally controlled by a negative feedback 
loop via the HPA axis whereby increased levels of GCs in the blood signal to 
stop their production. Consequently, when GC are administered in pharma-
cologic quantities, the secretion of endogenous GC is shut down. To avoid 
the detrimental effect of GC deficiency upon discontinuation of GC therapy, 
the dose should be tapered down over time, enabling the endogenous GC 
level to return back to normal.

6. Why does the magnitude of inflammatory response to the same trigger 
vary at different times of day?
 A. Glucocorticoid receptor (GR) expression level changes.
 B. Mineralocorticoid receptor (MR) expression level changes.
 C. Inflammatory triggers compete with endogenous TLR ligands.
 D. Endogenous GC levels vary throughout the diurnal cycle.
 E. Endogenous catecholamine levels vary throughout the diurnal cycle.

Answer: D Endogenous GC are responsible for baseline GR activity coun-
teracting inflammation. GC production changes rhythmically during the 
24-hour diurnal cycle that is superimposed upon a series of much shorter 
burst-like production spikes (7 to 13 per 24 h) referred to as the ultradian 
rhythm. If inflammatory stimulus occurs at the time of highest plasma GC 
levels, inflammation will be largely suppressed. Interestingly, GC level oscil-
lation is disrupted in diseases such as rheumatoid arthritis or depression, as 
well as in Cushing syndrome patients, which may contribute to the metabolic 
and cardiovascular manifestations of Cushing. Similar observations were 
reported for patients on long-term synthetic GC therapy.
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33 
BIOLOGIC AGENTS AND 
SIGNALING INHIBITORS
NANCY J. OLSEN AND JOHN J. O’SHEA

Therapeutics derived from biologic molecules and other targeted therapies 
have transformed many areas of medicine over the past two decades. Many 
of the drugs we use, even if effective and safe, were discovered empirically, 
meaning their molecular target was not necessarily known in advance. A sig-
nificant advantage of this new type of drug is the possibility of acting on 
specific molecules directly involved in disease pathogenesis. The concept of 
targeted agents carried with it the promise of reduced toxicity compared to 
empirically generated agents. Although this promise may not have been uni-
versally fulfilled, most targeted drugs have relatively good margins of safety 
and their usage in many areas of medicine has steadily increased. The efficacy 
(or lack thereof) of targeted therapies has also contributed to understanding 
of disease mechanisms.

Targeted therapeutics can be broadly classified as “biologics,” meaning that 
they are produced from natural sources or living organisms. In this chapter 
though, we will be focusing on products engineered to be produced by cells 
using biotechnology methods. In general, these are large molecules adminis-
tered by intravenous or subcutaneous routes. Newer additions to this class 
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ABSTRACT
Therapeutics derived from biologic molecules have transformed many areas 
of medicine. The development of these new agents is a major shift from previ-
ous, largely empiric, approaches to drug development. Biologics, including 
monoclonal antibodies, recombinant and fusion proteins, and engineered cells, 
are designed to target pathways involved in disease pathogenesis. In recent 
years, small molecule inhibitors of intracellular signaling pathways have been 
added to the list of available targeted therapeutics. Many of these drugs have 
been shown in rigorous clinical trials to have efficacy and safety in the treat-
ment of a wide range of conditions ranging from malignancies to autoimmune 
diseases. This chapter will discuss specific agents in these broad categories, 
focusing on approved treatments and using selected examples to illustrate 
molecular targets, mechanisms, and clinical applications. This is a fast-moving 
area with great potential for even wider clinical applications in the future.
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interchangeable, as shown by the lack of utility of etanercept in treatment of 
granulomatous diseases such as Crohn disease, whereas infliximab is effica-
cious. A4 

,
 A5  Adverse effects of TNF blockade include an increased risk of infec-

tion, especially reactivation of latent tuberculosis, and therefore screening tests 
to exclude TB are required prior to use.

 RANK Ligand
RANKL is another member of the TNF superfamily which promotes osteoclast 
differentiation and bone resorption. Denosumab is a recombinant human 
mAb that targets RANKL and interferes with differentiation, activation, and 
survival of osteoclasts. It is indicated for treatment of postmenopausal osteo-
porosis and in men and women at high risk of bone loss due to treatment 
with androgen deprivation therapy or aromatase inhibitors, respectively. The 
long-term consequences of slowing the rate of bone remodeling are as yet not 
known.

 Interleukin-1β
The monocyte-derived IL-1β cytokine binds to two different surface recep-
tors, but only the Type 1 IL-1 receptor transduces signals. Production of 
IL-1 is associated with fever and induction of acute phase protein synthesis. 
Three approved therapeutics for IL-1 blockade are available at this time (Table 
33-2): recombinant human IL-1 receptor antagonist (anakinra), a receptor 
fusion molecule (rilonacept) displaying both the IL-1 receptor and the IL-1 
receptor accessory protein, and a fully human monoclonal antibody against 
IL-1β (canakinumab). Efficacy of anakinra in adult RA was somewhat dis-
appointing, but subsequent studies in children with inflammatory arthritis 
showed significant therapeutic effects.4 It has become clear that IL-1β is the 
key inflammatory mediator of the autoinflammatory syndromes (Chapter 
245), and IL-1 blockade using these agents has been approved for treatment 
of these conditions. An advantage of IL-1 blockade is a lower risk of infec-
tions than with TNF-α inhibitors. An exciting new development with respect 
to canakinumab is its utility in preventing recurrent cardiovascular events in 
subjects with elevated C-reactive protein (CRP) who have suffered myocardial  
infarction. A6 

 Interleukin-2 (IL-2)
Daclizumab is a humanized monoclonal IgG1 that targets the high affinity 
IL-2 receptor by binding IL-2R alpha chain. It was approved by the FDA 
in 1997 for prevention of acute renal transplant rejection but was discon-
tinued in 2009 due to lack of demand for its use. Subsequently, in 2016, 
approval was obtained for treatment of relapsing forms of multiple sclerosis5  
(Chapter 383).

 IL-4/IL-13
Dupilumab, which is a human monoclonal antibody, binds to the alpha chain 
subunit that is shared by the IL-4 and IL-13 receptors. Binding of dupilumab 
to this target inhibits signaling of both of these type 2 cytokines that are 
involved in atopic and allergic diseases. Recently two placebo-controlled phase 
3 trials in atopic dermatitis (Chapter 409) showed significant improvement 
after 16 weeks of treatment. A7  Notably the improvement was reflected in quality 
of life measures that are diminished in this disease. The results confirm the 
central role of these two cytokines in the expression of atopic and allergic 
diseases.

 IL-5
Two anti-IL-5 monoclonal antibodies, mepolizumab and reslizumab, reduce 
the biologic activity of IL-5 and are useful in the treatment of adults with 
severe asthma (Chapter 81) and eosinophilia (Chapter 161).6, A8  Actions of 
IL-5 include eosinophil maturation, and decreases in peripheral eosinophilia 
in these patients are observed, but this has not been validated as a biomarker 
of therapeutic response.

 IL-6
IL-6 is the prototypic inflammatory cytokine, which drives production of 
TNF-α and IL-1. It also induces differentiation of type 17 helper T cells, 
which produce IL-17 that acts synergistically with TNF-α to cause joint damage 
in RA.7 Therapeutic blockade of IL-6 with monoclonal antibodies such as 
tocilizumab and sarilumab is approved for treatment of inflammatory joint 
conditions in adults and children8 (Table 33-2). Subcutaneous tocilizumab 
was recently FDA-approved for the treatment of giant cell arteritis. A9  As with 
other anti-cytokine therapeutics, increased risk for serious infections is associ-
ated with its use. Tocilizumab has some unique off-target effects, including 

by the FDA in 2017. These CAR-T cells target CD19 on B cells and represent 
the first example of an engineered living cell being approved.

Biologics will be considered further in groups defined by the corresponding 
targets. These include soluble mediators such as cytokines, complement 
proteins, antibodies, and growth factors, and cells including malignant cells 
and normal cells, especially T and B lymphocytes.

 Biologics That Target Soluble Proteins
 CYTOKINES
 Tumor Necrosis Factor-α
The cytokine TNF-α binds to two receptors (TNFR55 and TNFR75) where 
it contributes to host responses against infection. When TNF-α production 
is uncontrolled, chronic inflammation can cause subsequent tissue damage in 
diseases such as RA (Chapter 248). Both mAbs and soluble TNF-α receptor 
molecules are efficacious in inhibiting the activity of TNF-α (Table 33-2). 
These biologics all neutralize soluble TNF-α, but the mAbs are more effec-
tive at also binding and preventing signaling of transmembrane forms of the 
cytokine. Efficacy of these approved biologics in RA and other conditions 
was shown in large, randomized, placebo-controlled trials in combination 
with methotrexate A1  or as monotherapy. A2 

,
 A3  However, they are not completely 

The latter targets HER2 on cancer cells by the antibody and kills the cells 
with its “warhead.”

Another approach to designing biologic therapeutics is with fusion proteins. 
Most of these are receptors that are fused to other human proteins like the Fc 
portion of immunoglobulins. These may target soluble or cell-bound molecules 
such as cytokines by functioning as decoy receptors that prevent binding of 
the mediator to its receptor. The first major therapeutic application of this 
technology was etanercept, which combines the human TNF-α receptor with 
a human Fc portion of the IgG molecule. An alternative strategy is to graft 
biologically active peptides onto the Fc domain of IgG, as in romiplostim, a 
thrombopoietin receptor agonist, approved for treatment of immune throm-
bocytopenia (Chapter 163). Cytokine fusion molecules can also be created. 
An example is IL-2 linked to a peptide of diphtheria toxin that was approved 
for treatment of cutaneous T-cell lymphoma but was subsequently removed 
from the market due to toxicities, especially vision loss.

A more recently developed class of biologics is engineered cells. Perhaps 
the most exciting example of this therapy is chimeric antigen receptor (CAR)- 
T cells.2,3 Such cells are a remarkable example of gene therapy in which T 
cells are directed to tumor cells by transduction with engineered antigen recep-
tors. The first example of this class of drugs, tisagenlecleucel, was approved 

are small molecules synthesized and designed for specific targets. The targeting 
of specific signaling pathways was challenging given the similarities of some 
of these molecules, such as kinases, which may contribute to many intracel-
lular processes. Nevertheless, many of these obstacles have been successfully 
overcome, resulting in a class of novel therapeutics.

Biologic agents and signaling inhibitors have applications in many areas of 
medicine, including autoimmune and rheumatologic conditions, allergic dis-
eases, skin conditions, malignancies, bone disorders, and even cardiovascular 
disease. This chapter will briefly discuss agents of both categories, examining 
their molecular features, targets, and clinical applications. The range of pos-
sible and approved indications in both categories is almost endless and will 
continue to be an area of intense research and development, but the emphasis 
herein will be on currently approved treatments using selected exemplary 
agents to illustrate general concepts.

 BIOLOGIC AGENTS
Several types of biologics have been used as targeted therapies (Table 33-1; 
Fig. 33-1). One widely used class of drugs is recombinant proteins, including 
cytokines, interferons, growth factors, and colony stimulating factors. Examples 
include granulocyte colony stimulating factor (filgrastim, lenograstim), used 
to treat neutropenia, and IL-2 (aldesleukin), approved for treatment of mela-
noma and renal cell carcinoma. Classic endocrine mediators that engage 
receptors and activate intracellular signaling pathways, such as growth hormone, 
might be considered in this category as well, but are discussed in detail else-
where (Chapter 211) and will not be discussed further in this chapter.

In addition to cytokines, humans produce endogenous cytokine antagonists. 
An example is anakinra, which is a recombinant version of a naturally occur-
ring protein, the IL-1 receptor antagonist. The drug, like the natural protein, 
blocks binding of IL-1 to its receptor, thereby preventing signaling. It differs 
from the native human protein by the addition of one terminal amino acid. 
It is approved to treat rheumatoid arthritis (RA) (Chapter 248) and some 
childhood inflammatory syndromes.

Many of the commonly used biologics are monoclonal antibodies (mAbs), 
which were initially derived from mice using hybridoma technology. The first of 
these, approved in 1985, was OKT3, a mouse IgG that targets T lymphocytes 
and was used to prevent transplant rejection. Development of anti-mouse 
antibodies was a problem that limited its use and stimulated the development 
of chimeric immunoglobulins that were engineered to have murine variable 
regions of the component heavy and light chains attached to human constant 
regions. An example is infliximab, which targets the cytokine tumor necrosis 
factor (TNF)-α and which was approved for the treatment of RA by the 
U.S. FDA in 1999. Antichimeric antibodies, however, did develop in some 
treated patients and had the potential to block efficacy, though this was less 
of a problem than with murine monoclonals. Further refinements using phage 
display techniques led to development of completely humanized monoclonal 
IgGs, and the TNF-α–targeting product adalimumab was an early example. 
It was approved for treatment of RA in 2002 and is now also used in patients 
with psoriatic arthritis, ankylosing spondylitis, and inflammatory bowel  
disease.

A variation on mAb therapy is the creation of antibody drug conjugates, 
meaning that other moieties, including small molecules, are chemically linked 
to the antibodies.1 Only four such agents have been approved by the FDA 
and only two, brentuximab vedotin and trastuzumab emtansine, are marketed. 
The former is used in Hodgkin’s lymphoma (Chapter 177) and targets CD30 
with an antibody coupled to monomethyl auristatin E to effect cell killing. 
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FIGURE 33-1. Biologics and signaling inhibitors that have clinical applications as 
targeted therapeutics take many forms. recombinant cytokines and growth factors, 
monoclonal antibodies, and fusion proteins may target small molecules or cells. newer 
approaches include cells that are engineered to target tumors and small molecular weight 
kinase inhibitors that block intracellular signaling pathways. the clinical applications of 
these therapies are numerous, ranging from malignancies to autoimmune diseases. cAr-t 
= chimeric t cell receptor; egFr = epidermal growth factor receptor; g-csF = granulocyte 
colony stimulating factor; iFn = interferon; il = interleukin; tnF = tumor necrosis factor. 

TABLE 33-1 CLASSES OF BIOTHERAPEUTICS
CLASS TYPES EXAMPLES
Recombinant proteins Cytokines Aldesleukin (IL-2)

Growth factors Filgrastim
IL-1 receptor antagonist Anakinra

Monoclonal antibodies Murine OKT3
Chimeric Infliximab
Humanized Adalimumab

Antibody-drug conjugates Tumor cytotoxics brentuximab vedotin
Fusion proteins Decoy receptors Etanercept

Immunotoxins Denileukin difidox
Engineered cells CAR-T cells Tisagenlecleucel
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interchangeable, as shown by the lack of utility of etanercept in treatment of 
granulomatous diseases such as Crohn disease, whereas infliximab is effica-
cious. A4 

,
 A5  Adverse effects of TNF blockade include an increased risk of infec-

tion, especially reactivation of latent tuberculosis, and therefore screening tests 
to exclude TB are required prior to use.

 RANK Ligand
RANKL is another member of the TNF superfamily which promotes osteoclast 
differentiation and bone resorption. Denosumab is a recombinant human 
mAb that targets RANKL and interferes with differentiation, activation, and 
survival of osteoclasts. It is indicated for treatment of postmenopausal osteo-
porosis and in men and women at high risk of bone loss due to treatment 
with androgen deprivation therapy or aromatase inhibitors, respectively. The 
long-term consequences of slowing the rate of bone remodeling are as yet not 
known.

 Interleukin-1β
The monocyte-derived IL-1β cytokine binds to two different surface recep-
tors, but only the Type 1 IL-1 receptor transduces signals. Production of 
IL-1 is associated with fever and induction of acute phase protein synthesis. 
Three approved therapeutics for IL-1 blockade are available at this time (Table 
33-2): recombinant human IL-1 receptor antagonist (anakinra), a receptor 
fusion molecule (rilonacept) displaying both the IL-1 receptor and the IL-1 
receptor accessory protein, and a fully human monoclonal antibody against 
IL-1β (canakinumab). Efficacy of anakinra in adult RA was somewhat dis-
appointing, but subsequent studies in children with inflammatory arthritis 
showed significant therapeutic effects.4 It has become clear that IL-1β is the 
key inflammatory mediator of the autoinflammatory syndromes (Chapter 
245), and IL-1 blockade using these agents has been approved for treatment 
of these conditions. An advantage of IL-1 blockade is a lower risk of infec-
tions than with TNF-α inhibitors. An exciting new development with respect 
to canakinumab is its utility in preventing recurrent cardiovascular events in 
subjects with elevated C-reactive protein (CRP) who have suffered myocardial  
infarction. A6 

 Interleukin-2 (IL-2)
Daclizumab is a humanized monoclonal IgG1 that targets the high affinity 
IL-2 receptor by binding IL-2R alpha chain. It was approved by the FDA 
in 1997 for prevention of acute renal transplant rejection but was discon-
tinued in 2009 due to lack of demand for its use. Subsequently, in 2016, 
approval was obtained for treatment of relapsing forms of multiple sclerosis5  
(Chapter 383).

 IL-4/IL-13
Dupilumab, which is a human monoclonal antibody, binds to the alpha chain 
subunit that is shared by the IL-4 and IL-13 receptors. Binding of dupilumab 
to this target inhibits signaling of both of these type 2 cytokines that are 
involved in atopic and allergic diseases. Recently two placebo-controlled phase 
3 trials in atopic dermatitis (Chapter 409) showed significant improvement 
after 16 weeks of treatment. A7  Notably the improvement was reflected in quality 
of life measures that are diminished in this disease. The results confirm the 
central role of these two cytokines in the expression of atopic and allergic 
diseases.

 IL-5
Two anti-IL-5 monoclonal antibodies, mepolizumab and reslizumab, reduce 
the biologic activity of IL-5 and are useful in the treatment of adults with 
severe asthma (Chapter 81) and eosinophilia (Chapter 161).6, A8  Actions of 
IL-5 include eosinophil maturation, and decreases in peripheral eosinophilia 
in these patients are observed, but this has not been validated as a biomarker 
of therapeutic response.

 IL-6
IL-6 is the prototypic inflammatory cytokine, which drives production of 
TNF-α and IL-1. It also induces differentiation of type 17 helper T cells, 
which produce IL-17 that acts synergistically with TNF-α to cause joint damage 
in RA.7 Therapeutic blockade of IL-6 with monoclonal antibodies such as 
tocilizumab and sarilumab is approved for treatment of inflammatory joint 
conditions in adults and children8 (Table 33-2). Subcutaneous tocilizumab 
was recently FDA-approved for the treatment of giant cell arteritis. A9  As with 
other anti-cytokine therapeutics, increased risk for serious infections is associ-
ated with its use. Tocilizumab has some unique off-target effects, including 

by the FDA in 2017. These CAR-T cells target CD19 on B cells and represent 
the first example of an engineered living cell being approved.

Biologics will be considered further in groups defined by the corresponding 
targets. These include soluble mediators such as cytokines, complement 
proteins, antibodies, and growth factors, and cells including malignant cells 
and normal cells, especially T and B lymphocytes.

 Biologics That Target Soluble Proteins
 CYTOKINES
 Tumor Necrosis Factor-α
The cytokine TNF-α binds to two receptors (TNFR55 and TNFR75) where 
it contributes to host responses against infection. When TNF-α production 
is uncontrolled, chronic inflammation can cause subsequent tissue damage in 
diseases such as RA (Chapter 248). Both mAbs and soluble TNF-α receptor 
molecules are efficacious in inhibiting the activity of TNF-α (Table 33-2). 
These biologics all neutralize soluble TNF-α, but the mAbs are more effec-
tive at also binding and preventing signaling of transmembrane forms of the 
cytokine. Efficacy of these approved biologics in RA and other conditions 
was shown in large, randomized, placebo-controlled trials in combination 
with methotrexate A1  or as monotherapy. A2 

,
 A3  However, they are not completely 

TABLE 33-2 APPROVED BIOTHERAPEUTICS TARGETING 
TNF-α, INTERLEUKIN-1 AND INTERLEUKIN-6

TARGET THERAPEUTIC DESCRIPTION
APPROVED 

INDICATIONS
TNF-α Infliximab Chimeric mAb Rheumatoid arthritis, 

psoriatic arthritis, 
psoriasis, ankylosing 
spondylitis, Crohn 
disease

Etanercept Receptor fusion 
molecule

Rheumatoid arthritis, 
psoriatic arthritis, 
psoriasis, ankylosing 
spondylitis, polyarticular 
juvenile idiopathic 
arthritis

Adalimumab Humanized mAb Rheumatoid arthritis, 
psoriasis, hidradenitis 
suppurativa, adult and 
pediatric Crohn disease, 
ankylosing spondylitis, 
polyarticular juvenile 
idiopathic arthritis

Golimumab Human IgG1 
mAb

Rheumatoid arthritis, 
psoriatic arthritis, 
ankylosing spondylitis, 
ulcerative colitis

Certolizumab 
pegol

Pegylated Fab′ 
fragment of a 
mAb

Rheumatoid arthritis, 
psoriatic arthritis, Crohn 
disease

IL-1 Anakinra Recombinant 
human IL-1 
receptor 
antagonist

Rheumatoid arthritis, 
cryopyrin-associated 
periodic syndromes

Rilonacept Recombinant 
receptor fusion 
molecule

Cryopyrin-associated 
periodic syndromes

Canakinumab Human IgG1 
mAb

Systemic juvenile 
idiopathic arthritis, adult 
and pediatric familial 
Mediterranean fever, 
TNF receptor-associated 
periodic syndrome, 
hyper IgD syndrome

IL-6 Tocilizumab Recombinant 
humanized 
mAb

Rheumatoid arthritis, giant 
cell arteritis, systemic 
juvenile idiopathic 
arthritis, polyarticular 
juvenile idiopathic 
arthritis

Sarilumab Human IgG1 
mAb

Rheumatoid arthritis

IgG = immunoglobulin G; IL = interleukin; mAb = monoclonal antibody.
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 Biologic Agents That Target Cells
 IMMUNE CELLS
 B Lymphocytes
The humoral arm of the immune response mediates many autoimmune dis-
orders through production of autoantibodies. Therefore, blockade or targeted 
elimination of B lymphocytes as well as inhibition of B cell–derived cytokines 
has been used therapeutically in diseases such as systemic lupus erythematosus 
(SLE) (Chapter 250) and RA. Rituximab is a chimeric monoclonal antibody 
that targets CD20 B cells for deletion. It was first used for treatment of B-cell 
lymphomas (Chapter 176) and is now also approved for treatment of RA. 
Clinical trials of rituximab in SLE, however, failed to reach end points, and 
this is not an FDA-approved indication. Nevertheless, published guidelines 
and consensus documents suggest that rituximab may be useful as treatment 
for organ-damaging SLE that has failed other therapies.16 Ocrelizumab is a 
humanized monoclonal antibody that targets an overlapping epitope of CD20 
and is an FDA-approved treatment for multiple sclerosis (Chapter 383). Tar-
geting CD19 rather than CD20 is of interest as an alternative approach due 
to the potential for depleting long-lived plasma cells and early B cells that 
are not CD20-positive, while at the same time sparing regulatory B cells. 
Anti-CD19 antibodies are currently in trials for autoimmune diseases and  
malignancies.17

Another approach to inhibiting B lymphocytes is by targeting cytokines 
that are essential for B cells to mature and survive, such as the B cell activating 
factor (BAFF) in the TNF family. Belimumab is an anti-CD257 (BAFF) mAb 
that showed efficacy in SLE but not in lupus nephritis. It is FDA-approved to 
treat adults with active SLE. A fusion protein targeting CD257, blisibimod, 
failed to achieve efficacy endpoints in SLE, but is currently being investigated 
as a treatment for IgA nephropathy.

 T Lymphocytes
The central role of T lymphocytes in the immune response makes this cell 
subset an attractive target for treatments of autoimmune disease and graft 
rejection. As noted above, therapies targeting the T-cell surface marker CD3 
have been available for several decades and are still in limited use for the 
treatment of transplant rejection. The first humanized therapeutic mAb was 
alemtuzumab, which targeted the CD52 molecule on T and B lymphocytes. 
An unexpected and as yet unexplained consequence of this treatment was 
long-standing lymphopenia, limiting its use.

 COSTIMULATORY MOLECULES
Another approach is inhibition of costimulatory signals required for full T-cell 
activation. The best example is the fusion protein abatacept, in which the extra-
cellular portion of cytotoxic T lymphocyte antigen-4 (CTLA-4) is coupled 
to the extracellular portion of human IgG1. This molecule, which inhibits 
costimulatory signals between CD28 and CD80/86, is FDA-approved for 
the treatment of RA. Addition of abatacept to cyclophosphamide, however, 
did not improve the outcome of lupus nephritis in a trial. A11  In general, infec-
tious complications associated with abatacept are lower than with drugs 
that block TNF-α. Physiologically, CTLA4 binds CD80/CD86 and deliv-
ers a signal that inhibits T-cell activation. Antibodies that target CTLA4 
and other negative regulators of T-cell activation (PD1, PDL1) represent a 
new class of drugs, checkpoint inhibitors, that are currently in use to treat 
various cancers. Examples include ipilimumab, nivolumab, atezolizumab, and  
pembrolizumab.

 ADHESION MOLECULES
Another way to manipulate T cells in the immune response is to block migra-
tion to sites of inflammation. Natalizumab is a human monoclonal antibody 
against α4-integrin which achieves this effect and is approved to treat relapsing/
remitting forms of MS. A safety concern with natalizumab is the risk of pro-
gressive multifocal leukoencephalopathy (Chapter 346), a fatal condition 
which is associated with reactivation of the JC virus in immunosuppressed 
individuals.

 Small Molecule Targeted Therapies
In addition to recombinant cytokines, small molecule agonists of cytokine 
receptors have been generated. Eltrombopag is a small molecule thrombo-
poietin receptor agonist that is approved for treatment of cases of immune 
thrombocytopenia (ITP) that are resistant to other therapies. It has the advan-
tage of oral dosing (Chapter 163). The original approval for ITP was subse-
quently expanded with addition of severe aplastic anemia, in which efficacy 

an increased risk of varicella zoster virus infection as well as liver and cholesterol 
abnormalities.

 IL-12/IL-23
The cytokines IL-12 and IL-23 are dimeric cytokines that share a subunit 
(designated p40). The human monoclonal antibody ustekinumab targets this 
common p40 chain, preventing binding of both cytokines to their correspond-
ing receptors, which are expressed primarily on activated T cells. Ustekinumab 
is an approved treatment for psoriasis (Chapter 409), psoriatic arthritis  
(Chapter 249), and Crohn disease (Chapter 132). A10 

 IL-17
The IL-17 cytokines are produced by innate lymphocytes and a subset of 
helper T cells, designated Th17. The IL-17 family includes 6 members, with 
IL-17A and IL-17F sharing sequence similarities and having the greatest role 
in development of autoimmunity. Receptors for IL-17 family members are 
unique and not related to other known cytokine receptors. Neutralizing anti-
bodies to IL-17A are relatively new biotherapeutics. The monoclonal antibodies 
secukinumab and ixekizumab are FDA-approved to treat ankylosing spondylitis, 
psoriasis, and psoriatic arthritis.9

 Thymic Stromal Lymphopoietin (TSLP)
This epithelial cell–derived cytokine has a role in regulation of type 2 immunity, 
and it upregulates other cytokines. It has been shown to be elevated in the 
airways of patients with asthma. A recent phase 2 trial showed efficacy of an 
anti-TSLP monoclonal antibody, tezepelumab, in patients with asthma.10

 ANTIBODIES
IgE antibodies mediate allergic diseases by binding through the Fc portion 
of the molecule to specific receptors, FcεRI and CD23/FcεRII. Omali-
zumab is an approved humanized IgG1 mAb that binds free IgE and pre-
vents receptor binding and signaling. Serum levels of IgE are decreased in 
treated patients and as a consequence, the number of cellular IgE receptors 
is downregulated.11 Indications for treatment with omalizumab include aller-
gic asthma that has failed other therapies and chronic spontaneous urticaria 
(Chapter 237). Due to the elevated risk of allergic reactions, the subcutane-
ous injections of this drug must be done in a medical office rather than in  
the home.

 COMPLEMENT
Tissue damage in allergic and immune disorders is often mediated by comple-
ment proteins, so targeting these molecules is a useful therapeutic approach.12 
Eculizumab is a humanized recombinant IgG2/IgG4 mAb that blocks the 
conversion of C5 to C5a and C5b, thereby preventing formation of the 
membrane attack complex, as well as blocking chemotactic activity of C5a. 
It is FDA-approved to treat paroxysmal nocturnal hemoglobinuria (Chapter 
151) and is available in some countries for treatment of atypical hemolytic 
uremic syndrome. Investigational applications include age-related macular  
degeneration.

 GROWTH FACTORS
 Vascular Endothelial Growth Factor (VEGF)
The VEGF family of growth factors is involved in angiogenesis and has been 
implicated in pathogenesis of malignant disease, development of metastases, 
and in forms of retinopathy. Effects on bone resorption in diseases like sclero-
derma also have been shown.13 Biologics targeting VEGF include bevacizumab, 
a humanized monoclonal antibody that inhibits angiogenesis and has been 
used in treatment regimens for some malignancies. Risks of bevacizumab 
include bleeding and delayed wound healing. Another approach to targeting 
VEGF is with the recombinant fusion protein aflibercept, composed of binding 
domains of the two human receptors for VEGF fused to human IgG1 Fc. 
Indications include wet macular degeneration and diabetic macular edema  
(Chapter 395), utilizing intraocular injections, and metastatic colon cancer  
(Chapter 184), via the intraperitoneal route.14,15

 Epidermal Growth Factor (EGF)
Activation of the EGFR, which binds both EGF and transforming growth 
factor (TGF)-α leads to uncontrolled tumor cell proliferation. Biotherapeutics 
targeting this pathway block the receptor using monoclonal antibodies to the 
extracellular domain. One of these molecules is trastuzumab, a humanized 
monoclonal antibody that is used in treatment of metastatic breast cancer 
(Chapter 188).

is due to actions on stem cells that result in production of other cell lines.18 
This interesting precedent suggests that many other small molecule cytokine 
receptor agonists and antagonists might be useful therapeutics.

Seven-transmembrane receptors, including chemokine receptors, are very 
“druggable” targets. Two examples of drugs that target chemokine receptors 
include maraviroc, a small, orally available molecule that targets the chemo-
kine receptor CCR5. This receptor is an essential cofactor for HIV entry into 
the cell, which is the mechanism of its antiretroviral effects. Fingolimod is 
a small molecule inhibitor that targets sphingosine-1-phosphate receptor 
(S1PR1), which is critical for trafficking of T cells, and is approved for multiple  
sclerosis.

 SIGNALING INHIBITORS
An alternative to targeting cytokines extracellularly is to use small molecules 
that block intracellular pathways activated by binding of cytokines to their 
specific receptors. An advantage of this approach is that the drugs are admin-
istered orally. Because of the ultimately similar downstream cytokine targets, 
a basic safety principle is that biologics and signaling inhibitors are generally 
not recommended for use in combination. Janus kinases ( JAKs) are critical 
for signaling by a large family of cytokines, presenting an especially attractive 
therapeutic target (Fig. 33-2). The critical role of JAK3 in immune cells is 
evidenced by the link between JAK3 mutations and primary immunodeficiency. 
First-generation JAK inhibitors, or Jakinibs, inhibit multiple JAKs and thus  
a large number of cytokines. Tofacitinib is the first Jakinib approved for  
RA. A12  Tofacitinib has been studied in other diseases and conditions, including 
psoriatic arthritis, ankylosing spondylitis, psoriasis, ulcerative colitis, and a 
number of dermatologic conditions.19 Polycythemia vera and related myelo-
proliferative neoplasms are due to gain-of-function JAK2 mutations. Ruxolitinib 
inhibits JAK1 and JAK2 and is approved for the treatment of myeloproliferative 
neoplasms (Chapter 157). First-generation Jakinibs inhibit JAK2 which medi-
ates signaling of many cytokines including growth hormone, erythropoietin, 
thrombopoietin, IL-11, G-CSF and GM-CSF, so treated patients may develop 
anemia and other cytopenias. While these effects are not usually severe enough 
to lead to discontinuation of treatment, newer selective Jakinibs are being 
developed that spare JAK2.

Like JAK3, mutations of Bruton’s tyrosine kinase (Btk) establish their criti-
cal role in B-cell function. The Btk inhibitor ibrutinib is FDA-approved to 
treat chronic lymphocytic leukemia (Chapter 174), Waldenstrom’s macro-
globulinemia, and lymphoma. In all, more than 35 kinase inhibitors have been 
approved for multiple indications, including many cancers.

 Grade A References
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FIGURE 33-2. Janus kinases (JAKs) are critical for signaling by a large family of cytokines. (1) When a cytokine engages its receptor, JAKs become activated and phosphorylate each 
other, as well as the intracellular tail of their receptors. (2) this creates a docking site for stAts, which are now able to bind to the cytoplasmic domain of the receptor. (3) the stAts, in 
turn, are phosphorylated and activated, which allows them to dimerize. (4) the stAt-stAt dimer translocates to the nucleus where it can directly bind dnA and regulate gene expres-
sion. (o’shea JJ, schwartz dM, Villarino A, gadina M, Mcinnes iB, laurence A. Ann Rev Med. 2015. 66:311-28).
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 CONCLUSION
The use of biologic agents and signaling inhibitors has led to major improve-
ments in the treatment of a wide variety of diseases, ranging from autoimmunity 
to malignancies. These targeted therapies have also provided insights into 
basic pathogenetic mechanisms in many of these disorders. Future directions 
are likely to focus on improved targeting, with greater selectivity for disease 
processes while sparing normal pathways, thereby reducing off-target effects. 
Expansion into other areas of medicine is also likely, with borrowed, modified, 
or completely new agents.
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Pharmaceutical and surgical treatments have been central to advances in medical 
management. A large proportion of people across the globe, however, also 
use health care treatments that fall outside pharmaceutical and surgical thera-
pies, many of which are grouped together under the term complementary 
therapies. Understanding the evidence base for complementary therapies offers 
the potential of an expanded therapeutic armamentarium for medical practi-
tioners and is also important for counseling patients. However, because these 
therapies typically receive little or no attention during medical education, and 
because of conflicting claims and limitations in the quality of existing research, 
counseling patients about complementary therapies can be challenging.

The U.S. National Center for Complementary and Integrative Health 
(NCCIH) of the National Institutes of Health has defined complementary 
health care as “health care approaches developed outside of mainstream Western, 
or conventional, medicine” when they are used either together with conven-
tional medicine, or as alternative treatment in place of conventional medicine. 
This chapter focuses in part on a newer approach, integrative medicine, which 
involves bringing conventional and complementary approaches together in a 
coordinated way. Although the term integrative medicine is used in a variety 
of contexts, in this chapter it is used for an approach to medical practice that 
incorporates nonpharmaceutical and nonsurgical therapies that have not been 
considered conventional, but for which there is now some evidence base, and 
that can include an emphasis on the use of lifestyle and other nonpharma-
ceutical interventions, with attention to the therapeutic alliance with health 
care practitioners. Although there are different systems for classifying these 
therapies, the NCCIH classifies most complementary health approaches into 
one of two broad subgroups: (1) mind and body practices or (2) natural 
products.

 USE OF INTEGRATIVE, COMPLEMENTARY, AND 
ALTERNATIVE TREATMENTS

In data from the 2012 National Health Interview Survey (NHIS), among U.S. 
adults older than the age of 18, 33.2% reported using some form of comple-
mentary health approach within the previous 12 months. The most commonly 
used approaches included natural products, yoga and tai chi, deep breathing, 
meditation, chiropractic and osteopathic manipulation, and massage.

 MIND AND BODY PRACTICES
 Meditation
Meditation and related contemplative practices involve various techniques to 
self-regulate attention. Often derived from different spiritual traditions, medi-
tation has been used for centuries to achieve states of mental and emotional 
calm, self-understanding, and improved attention. More recently, meditation 
practices are often used without a religious context, and increasingly within 
health care settings, to help manage stress, improve emotion regulation skills, 
and affect other mental and physical health outcomes.

There are different approaches to meditation. In health-related uses of medi-
tation, the two general types that have received the most study are mindfulness-
based meditation and concentration-mantra meditation. Mindfulness meditation 
involves practices aimed at “paying attention in a particular way: on purpose, 
in the present moment, and nonjudgmentally” in the words of Jon Kabat-Zinn, 
who developed the Mindfulness-Based Stress Reduction (MBSR) program, 
probably the best known of the mindfulness programs used in health care 
settings. One of the common uses of MBSR and related programs in health 
care settings is to improve the ability of patients to cope with chronic pain. 
In randomized, controlled trials, MBSR has shown effectiveness at least equal 
to that of approaches such as cognitive-behavioral therapy for chronic low 
back pain, and both approaches have been shown to be more effective than 
usual medical care alone. A1 

Another important application of mindfulness-based approaches has been 
to address mood regulation, particularly in conditions such as depression. 
Mindfulness-based cognitive therapy (MBCT) combines some elements of 

cognitive-behavioral therapy with mindfulness practices and was developed 
to prevent depression relapse, a common problem for people who have expe-
rienced at least one episode of significant depression. In a randomized con-
trolled trial, MBCT was shown to be as effective as continuing antidepressant 
medication in preventing depression relapse, and pooling data between trials 
suggested a 24% reduction in depression relapse compared with continuing 
antidepressant medication. A2  MBCT was also found to have similar costs 
compared with providing antidepressant medication. MBCT is now recom-
mended as one of the approaches to depression relapse prevention by national 
health care policy entities such as the National Institute for Health and Care 
Excellence in the United Kingdom (UK) and is offered by the National Health 
Service in the UK,1 although few health plans in the United States currently 
cover this treatment. Nevertheless, mindfulness-based interventions are increas-
ingly integrated into the workplace in different ways, including Web-based 
programs, yoga or meditation classes, and full MBSR programs.2

A common form of mantra-based meditation is Transcendental Meditation, 
although physicians such as Herbert Benson have studied more generic forms 
of mantra meditation, which have been described as evoking the “relaxation 
response.” There is some evidence that these forms of meditation may improve 
health outcomes such as lowering blood pressure3 and improving depression4; 
however, some methodologic limitations in existing studies limit the strength 
of the evidence.

 Yoga and Tai Chi
Although yoga, tai chi, and qigong are practiced for different purposes and 
with a variety of styles, this discussion focuses on the applications that par-
ticularly aim for health benefits other than general fitness. These approaches 
each work with focused attention during movement practices and have been 
viewed, in part, as forms of moving meditation.

There is evidence of improvements in a variety of health outcomes from 
using these approaches. In the management of late-life mood and cognitive 
disorders, mindful movement (e.g., yoga, tai chi, walking meditation) may 
even outperform conventional physical exercise with regard to effects on quality 
of life, mood, and cognitive functioning in older adults.5 A meta-analysis of 
randomized controlled trials of tai chi found evidence of improvements in 
balance and about a 50% decrease in the risk of falls in the elderly. A3  Another 
meta-analysis found that regular tai chi significantly improved psychological 
outcomes, including reduction of stress (effect size [ES], 0.66; 95% confidence 
interval [CI], 0.23 to 1.09), anxiety (ES, 0.66; 95% CI, 0.29 to 1.03), and 
depression (ES, 0.56; 95% CI, 0.31 to 0.80). A4 

Yoga has been shown to be as effective as pain-oriented cognitive-behavioral 
therapy for chronic low back pain, and both are more effective than usual care.
Meta-analysis of yoga for hypertension found a mean decrease of systolic 
blood pressure of 9.6 mm Hg, but this finding was limited by the quality of 
the studies. A5  Meta-analyses also suggest benefit of yoga for depression. A6  Yoga 
can be practiced in a variety of ways, so the actual yoga practices used are 
important when suggesting yoga to patients. For example, the yoga for low 
back pain that has been shown to be effective was specifically tailored to low 
back pain, by using a gentle yoga style and avoiding postures that could exac-
erbate back pain while focusing on postures and methods of directing attention 
to the body that were thought to be useful.6 Yoga programs designed for con-
ditions such as low back pain are available at some medical centers and yoga 
studios. If specifically tailored classes are not available, many yoga studios 
offer restorative yoga classes, which are less likely to include postures and 
movements that could exacerbate low back pain and more likely to include a 
focus on mindful movement and body awareness, which may be helpful in 
low back pain.

 Manual Therapies
Manual therapies include a broad range of physical treatments commonly 
used by physical therapists, massage therapists, chiropractors, and osteopaths. 
These therapies typically include massage and manipulation of muscles, as 
well as techniques to mobilize joints.

Meta-analysis has shown that massage therapy is effective for conditions 
such as neck and shoulder pain, A7  and massage is commonly used for sports 
injuries, delayed-onset muscle soreness after strenuous exercise, low back pain,7 
and other causes of muscle pain. The mechanisms though which massage 
therapy works are not fully understood. However, studies using muscle biopsies 
after exercise-induced muscle injury have found that massage decreases the 
production of inflammatory cytokines and increases indicators of cell repair 
such as mitochondrial biogenesis. Massage therapy has also been shown to 
reduce anxiety and blood pressure. In addition to its direct benefits on 

there are limited resources for the FDA to assess whether a supplement may 
be responsible for serious adverse events. Using nationally representative 
surveillance data from 63 emergency departments (ED) in the United States 
from 2004 through 2013, it was estimated that 23,000 ED visits every year 
are attributed to adverse events related to dietary supplements.10 One of the 
developments that spurred increased attention to safety issues was controversy 
over ephedrine alkaloids, which were included in several dietary supplements 
but were found to be associated with cardiovascular events. In response to 
concerns such as this, the Dietary Supplement and Nonprescription Drug 
Consumer Protection Act was passed by Congress in 2006. Of note for physi-
cians, this act requires that a “responsible person” submit to the FDA all reports 
of a “serious adverse event” associated with a dietary supplement. Although 
this law is particularly aimed at supplement manufacturers, the reporting 
process can be initiated by health professionals, using a form available on the 
FDA website (MedWatch Form 3500A).

Two sources of information that may be useful for obtaining the current 
research status of different natural products are the NCCIH website, which 
has updated reports on research on individual herbs (https://nccih.nih.gov/
health/herbsataglance.htm), and the National Institutes of Health Office of 
Dietary Supplements, which has additional information on different dietary 
supplements (https://ods.od.nih.gov/factsheets/list-all/). Moreover, the 
first of five comprehensive review articles investigating the >50,000 dietary 
supplements, including herbs, currently entered in the U.S. Office of Dietary 
Supplements’ “Dietary Supplement Label Database” was recently published 
and provides an overview of efficacy, safety, and government regulations in 
the United States.11 Although much of the research has not found evidence 
that clearly supports the use of different nutritional supplements, there are 
intriguing exceptions. An example is turmeric, which has historically been 
used in Ayurvedic medicine (traditional medicine from the Indian subcon-
tinent). Turmeric is high in curcumin, a curcuminoid that has substantial 
biologic activity, including anti-inflammatory and antioxidant properties. A 
randomized, double-blind, placebo-controlled trial found that a curcuminoid 
preparation was more effective than placebo for decreasing the intensity of 
pain and its related interference with function in participants with knee  
osteoarthritis. A10 

 Potential Interactions with Drug Therapies
One reason for medical providers to be aware of the dietary supplements their 
patients are taking is that some supplements may have potential interactions 
with other medications. An example is St. John’s wort. There is some evidence 
that St. John’s wort may improve depression, but well-designed studies have 
failed to show that it is more effective than placebo. St. John’s wort induces 
several cytochrome P450 isoenzymes and has significant interactions with a 
variety of medications metabolized through this system, including warfarin, 
cyclosporine, oral contraceptives, certain antiretrovirals, and selective serotonin 
reuptake inhibitors. Other herbal supplements with significant potential for 
drug interactions include goldenseal and ginseng.

 Vitamin and Mineral Supplements
Vitamin and mineral supplements are popular and widely used. Observational 
studies have linked consumption of various micronutrients, or measurements 
of these micronutrients in blood, to reduced risk of certain diseases. Evidence 
for their benefits for general populations from randomized controlled trials 
has been disappointing, however. In fact, multiple randomized trials of nutri-
ent supplementation not only have failed to find evidence of benefit, but also 
have suggested potential harms. The problems with translation of potential 
benefit from observational studies into proven benefit from controlled trials 
are likely to involve several limitations of observational data for assessing the 
health effects of micronutrients. First, diet patterns are highly confounded 
with other lifestyle factors, thus making it difficult to disentangle consumption 
of certain micronutrients from a variety of other behavioral and lifestyle factors 
that may underlie the apparent health benefits, ranging from greater exercise 
to more careful adherence to medical regimens. Second, there are likely to be 
important differences between consuming adequate levels of certain micro-
nutrients from whole foods and taking specific supplements that attempt to 
extract what is thought to be the active ingredient. For example, obtaining 
high levels of vitamin A from a vegetable-rich diet is likely to provide a range 
of additional nutrients with potential health benefits, such as phytonutrients, 
that are not present in supplement pills. Third, supplementation at higher 
than typical levels achieved by a healthy diet may have unanticipated harms. 
One possible example is calcium supplementation. Although it is logical that 
obtaining adequate calcium is helpful for bone strength, there is evidence that 

conditions such as anxiety, some of the benefit of massage on pain may be 
through its psychological effects. One important issue for clinicians to under-
stand is that there is a range of massage techniques, as well as different types 
of expertise among massage therapists. Some forms, such as Swedish massage, 
are aimed largely at relaxation. Other forms of massage, such as sports massage, 
tend to use greater pressure and techniques specifically aimed at enhancing 
recovery from muscle injury. When referring a patient for massage for issues 
such as sports injury, it may be helpful to make sure the massage therapist 
has specific training and experience in working with sports injuries.

Spinal manipulation involves applying a controlled force to a joint of the 
spine. It is typically performed by chiropractors or osteopathic physicians, 
but it can also be done by physical therapists and some physicians. Spinal 
manipulative therapy for low back pain has been tested in multiple clinical 
trials. Meta-analysis shows that it is effective in reducing acute low back pain, 
with a pooled mean improvement in pain of about 10 mm on a 100-mm visual 
analogue pain scale, A8  although prior research has some methodologic weak-
nesses. Along with massage and acupuncture, spinal manipulation is included 
in the American College of Physicians recommendations for treatment of 
acute low back pain.8

 Acupuncture and Traditional Chinese Medicine
Acupuncture9 has been practiced in China for thousands of years. It involves 
placing thin needles in specific sites, or acupuncture points, which are often 
stimulated in a variety of ways, such as by spinning the needle. Although there 
is some controversy over what degree of acupuncture benefit is due to placebo 
effect versus actual effects of the needle insertion, some recent meta-analyses 
that use individual patient-level data are helpful in clarifying these issues. 
These analyses suggest that acupuncture has significant benefit in improving 
chronic pain in conditions such as back pain, osteoarthritis, and chronic head-
ache, with 50% or greater reductions of pain scores in about 50% of patients, 
when compared with no-acupuncture control groups. However, when compared 
with sham acupuncture control groups, about half the reduction in pain appears 
to be consistent with a placebo effect—although the sham control procedures 
may have included active elements such as stimulation of an acupuncture 
point without a needle penetrating the skin.

There is also substantial evidence that acupuncture decreases nausea and 
vomiting from chemotherapy or surgery. One meta-analysis found a 75% 
reduction in postoperative nausea, although this effect was seen only after the 
first 6-hour period following surgery. A9 

Acupuncture is one important part of traditional Chinese medicine. Other 
components include a diagnostic approach to health conditions that involves 
assessment of potential imbalances or blockages in the circulation of qi, or 
vital energy, through the body, and use of herbal medicine, as well as diet 
recommendations and exercise (including qigong). Evidence for the broader 
elements of traditional Chinese medicine is weaker, but interest has grown in 
“whole systems” research, which uses broader Chinese medicine approaches 
rather than acupuncture alone. A similar process is taking place with research 
on Ayurveda, or traditional medicine from the Indian subcontinent, which 
includes some elements of yoga along with components parallel to traditional 
Chinese medicine, such as a diagnostic approach and herbal treatments.

 NATURAL PRODUCTS
Natural products encompass vitamins and minerals, herbs (also known as 
botanicals), and probiotics. These products are often sold as dietary supple-
ments. Although many of these products have anecdotal support and some 
have stood the test of time by being recommended for hundreds of years, 
there is limited evidence of efficacy from well-designed, rigorous studies for 
most of these products. Natural products are currently regulated in the United 
States under the Dietary Supplement Health and Education Act (DSHEA), 
which was enacted in 1994. Under DSHEA, dietary supplements are consid-
ered to be food, and supplement manufacturers do not need to obtain Food 
and Drug Administration (FDA) approval before marketing any supplement 
that was already marketed before 1994 (“grandfathered status”). New dietary 
ingredients introduced after 1994 require reasonable evidence of their safety, 
which must be reviewed before marketing.

Under this system, the FDA is responsible for taking action against an unsafe 
product after it has reached the market, but manufacturers are not required 
to prove safety or efficacy of “grandfathered” natural products before market-
ing. Critics have raised concerns that there are limited protections for consumers 
to ensure that dietary supplements contain active ingredients in the amounts 
specified and do not contain other substances to which people may have 
allergies or other forms of intolerance. Concerns have also been raised that 
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ABSTRACT
Complementary medicine has been defined as health care approaches devel-
oped outside of mainstream Western or conventional medicine, when they 
are used either together with conventional medicine or as alternative treatment 
in place of conventional medicine. The term integrative medicine is used for 
the practice of bringing conventional and complementary therapeutic 
approaches together in a coordinated way. One third of adults in the United 
States report using some form of complementary health approach within the 
previous 12 months. Most complementary health care approaches can be 
classified into two broad categories: (1) mind and body practices (including 
meditation, yoga and tai chi, manual therapies, acupuncture); and (2) natural 
products (vitamins and mineral supplements, probiotics and prebiotics). At 
this time, natural products are regulated in the United States under the Dietary 
Supplement Health and Education Act, outside the Food and Drug Admin-
istration (FDA). Although much more evidence is needed on many fronts, 
evidence-based complementary therapies are increasingly being integrated 
into medical practice.
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there are limited resources for the FDA to assess whether a supplement may 
be responsible for serious adverse events. Using nationally representative 
surveillance data from 63 emergency departments (ED) in the United States 
from 2004 through 2013, it was estimated that 23,000 ED visits every year 
are attributed to adverse events related to dietary supplements.10 One of the 
developments that spurred increased attention to safety issues was controversy 
over ephedrine alkaloids, which were included in several dietary supplements 
but were found to be associated with cardiovascular events. In response to 
concerns such as this, the Dietary Supplement and Nonprescription Drug 
Consumer Protection Act was passed by Congress in 2006. Of note for physi-
cians, this act requires that a “responsible person” submit to the FDA all reports 
of a “serious adverse event” associated with a dietary supplement. Although 
this law is particularly aimed at supplement manufacturers, the reporting 
process can be initiated by health professionals, using a form available on the 
FDA website (MedWatch Form 3500A).

Two sources of information that may be useful for obtaining the current 
research status of different natural products are the NCCIH website, which 
has updated reports on research on individual herbs (https://nccih.nih.gov/
health/herbsataglance.htm), and the National Institutes of Health Office of 
Dietary Supplements, which has additional information on different dietary 
supplements (https://ods.od.nih.gov/factsheets/list-all/). Moreover, the 
first of five comprehensive review articles investigating the >50,000 dietary 
supplements, including herbs, currently entered in the U.S. Office of Dietary 
Supplements’ “Dietary Supplement Label Database” was recently published 
and provides an overview of efficacy, safety, and government regulations in 
the United States.11 Although much of the research has not found evidence 
that clearly supports the use of different nutritional supplements, there are 
intriguing exceptions. An example is turmeric, which has historically been 
used in Ayurvedic medicine (traditional medicine from the Indian subcon-
tinent). Turmeric is high in curcumin, a curcuminoid that has substantial 
biologic activity, including anti-inflammatory and antioxidant properties. A 
randomized, double-blind, placebo-controlled trial found that a curcuminoid 
preparation was more effective than placebo for decreasing the intensity of 
pain and its related interference with function in participants with knee  
osteoarthritis. A10 

 Potential Interactions with Drug Therapies
One reason for medical providers to be aware of the dietary supplements their 
patients are taking is that some supplements may have potential interactions 
with other medications. An example is St. John’s wort. There is some evidence 
that St. John’s wort may improve depression, but well-designed studies have 
failed to show that it is more effective than placebo. St. John’s wort induces 
several cytochrome P450 isoenzymes and has significant interactions with a 
variety of medications metabolized through this system, including warfarin, 
cyclosporine, oral contraceptives, certain antiretrovirals, and selective serotonin 
reuptake inhibitors. Other herbal supplements with significant potential for 
drug interactions include goldenseal and ginseng.

 Vitamin and Mineral Supplements
Vitamin and mineral supplements are popular and widely used. Observational 
studies have linked consumption of various micronutrients, or measurements 
of these micronutrients in blood, to reduced risk of certain diseases. Evidence 
for their benefits for general populations from randomized controlled trials 
has been disappointing, however. In fact, multiple randomized trials of nutri-
ent supplementation not only have failed to find evidence of benefit, but also 
have suggested potential harms. The problems with translation of potential 
benefit from observational studies into proven benefit from controlled trials 
are likely to involve several limitations of observational data for assessing the 
health effects of micronutrients. First, diet patterns are highly confounded 
with other lifestyle factors, thus making it difficult to disentangle consumption 
of certain micronutrients from a variety of other behavioral and lifestyle factors 
that may underlie the apparent health benefits, ranging from greater exercise 
to more careful adherence to medical regimens. Second, there are likely to be 
important differences between consuming adequate levels of certain micro-
nutrients from whole foods and taking specific supplements that attempt to 
extract what is thought to be the active ingredient. For example, obtaining 
high levels of vitamin A from a vegetable-rich diet is likely to provide a range 
of additional nutrients with potential health benefits, such as phytonutrients, 
that are not present in supplement pills. Third, supplementation at higher 
than typical levels achieved by a healthy diet may have unanticipated harms. 
One possible example is calcium supplementation. Although it is logical that 
obtaining adequate calcium is helpful for bone strength, there is evidence that 

conditions such as anxiety, some of the benefit of massage on pain may be 
through its psychological effects. One important issue for clinicians to under-
stand is that there is a range of massage techniques, as well as different types 
of expertise among massage therapists. Some forms, such as Swedish massage, 
are aimed largely at relaxation. Other forms of massage, such as sports massage, 
tend to use greater pressure and techniques specifically aimed at enhancing 
recovery from muscle injury. When referring a patient for massage for issues 
such as sports injury, it may be helpful to make sure the massage therapist 
has specific training and experience in working with sports injuries.

Spinal manipulation involves applying a controlled force to a joint of the 
spine. It is typically performed by chiropractors or osteopathic physicians, 
but it can also be done by physical therapists and some physicians. Spinal 
manipulative therapy for low back pain has been tested in multiple clinical 
trials. Meta-analysis shows that it is effective in reducing acute low back pain, 
with a pooled mean improvement in pain of about 10 mm on a 100-mm visual 
analogue pain scale, A8  although prior research has some methodologic weak-
nesses. Along with massage and acupuncture, spinal manipulation is included 
in the American College of Physicians recommendations for treatment of 
acute low back pain.8

 Acupuncture and Traditional Chinese Medicine
Acupuncture9 has been practiced in China for thousands of years. It involves 
placing thin needles in specific sites, or acupuncture points, which are often 
stimulated in a variety of ways, such as by spinning the needle. Although there 
is some controversy over what degree of acupuncture benefit is due to placebo 
effect versus actual effects of the needle insertion, some recent meta-analyses 
that use individual patient-level data are helpful in clarifying these issues. 
These analyses suggest that acupuncture has significant benefit in improving 
chronic pain in conditions such as back pain, osteoarthritis, and chronic head-
ache, with 50% or greater reductions of pain scores in about 50% of patients, 
when compared with no-acupuncture control groups. However, when compared 
with sham acupuncture control groups, about half the reduction in pain appears 
to be consistent with a placebo effect—although the sham control procedures 
may have included active elements such as stimulation of an acupuncture 
point without a needle penetrating the skin.

There is also substantial evidence that acupuncture decreases nausea and 
vomiting from chemotherapy or surgery. One meta-analysis found a 75% 
reduction in postoperative nausea, although this effect was seen only after the 
first 6-hour period following surgery. A9 

Acupuncture is one important part of traditional Chinese medicine. Other 
components include a diagnostic approach to health conditions that involves 
assessment of potential imbalances or blockages in the circulation of qi, or 
vital energy, through the body, and use of herbal medicine, as well as diet 
recommendations and exercise (including qigong). Evidence for the broader 
elements of traditional Chinese medicine is weaker, but interest has grown in 
“whole systems” research, which uses broader Chinese medicine approaches 
rather than acupuncture alone. A similar process is taking place with research 
on Ayurveda, or traditional medicine from the Indian subcontinent, which 
includes some elements of yoga along with components parallel to traditional 
Chinese medicine, such as a diagnostic approach and herbal treatments.

 NATURAL PRODUCTS
Natural products encompass vitamins and minerals, herbs (also known as 
botanicals), and probiotics. These products are often sold as dietary supple-
ments. Although many of these products have anecdotal support and some 
have stood the test of time by being recommended for hundreds of years, 
there is limited evidence of efficacy from well-designed, rigorous studies for 
most of these products. Natural products are currently regulated in the United 
States under the Dietary Supplement Health and Education Act (DSHEA), 
which was enacted in 1994. Under DSHEA, dietary supplements are consid-
ered to be food, and supplement manufacturers do not need to obtain Food 
and Drug Administration (FDA) approval before marketing any supplement 
that was already marketed before 1994 (“grandfathered status”). New dietary 
ingredients introduced after 1994 require reasonable evidence of their safety, 
which must be reviewed before marketing.

Under this system, the FDA is responsible for taking action against an unsafe 
product after it has reached the market, but manufacturers are not required 
to prove safety or efficacy of “grandfathered” natural products before market-
ing. Critics have raised concerns that there are limited protections for consumers 
to ensure that dietary supplements contain active ingredients in the amounts 
specified and do not contain other substances to which people may have 
allergies or other forms of intolerance. Concerns have also been raised that 

https://nccih.nih.gov/health/herbsataglance.htm
https://nccih.nih.gov/health/herbsataglance.htm
https://ods.od.nih.gov/factsheets/list-all/
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high levels of calcium supplementation increase the risk of nephrolithiasis in 
susceptible individuals and some concern that it may increase the risk of 
arterial calcification and cardiovascular events—without strong evidence that 
it decreases risk of bone fractures.

Together, these considerations suggest that clinicians should focus on having 
patients follow an overall healthy eating pattern that is low in processed foods 
and high in nutrient-rich foods, rather than taking dietary supplements. A 
Mediterranean diet pattern, for example, has been demonstrated in a random-
ized controlled trials to reduce cardiovascular risk, A11  and this type of diet 
should provide adequate micronutrients for most patients. Special conditions 
in which there is evidence of benefit from micronutrient supplementation 
include pregnancy and conditions such as malabsorption syndromes. Vitamin 
D, most of which came from sun exposure in earlier times, may be an excep-
tion in which supplementation is of greater benefit, but this issue still awaits 
results of large-scale clinical trials that are underway.

 Probiotics and Prebiotics
There is growing evidence that the microbiome found in the gut has a variety 
of important influences on health, although further research is needed. An 
important question is what can be done to influence the gut microbiome in 
ways that promote health. Probiotics are live microorganisms that are thought 
to be beneficial in the human gut and may promote a healthy gut microbi-
ome. These are available naturally in different foods (e.g., yogurt and other 
fermented foods) or as specific dietary supplements. Prebiotics are nondigest-
ible food ingredients that promote the growth of beneficial microorganisms. 
Increasing certain prebiotics is a second potential approach to improving the 
gut microbiome.

Perhaps the most impressive evidence for how changing the gut microbiome 
can treat a medical condition comes from the studies in which fecal transplant 
from healthy individuals has been used to treat recurrent Clostridium difficile–
associated colitis. Fecal transplant appears to be highly effective and is now 
offered at many major medical centers for this condition.12

There are a variety of other conditions in which probiotics may prove helpful. 
Studies of probiotics for irritable bowel syndrome (IBS) have suggested overall 
improvements in symptoms,13 and probiotics are included in recommenda-
tions for IBS treatment from the American College of Gastroenterology. 
However, the evidence was also considered of low quality and not adequate 
to make good recommendations on which species, preparations, or strains are 
best. Evidence for use of prebiotics was believed to be insufficient to make  
recommendations.
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Although more evidence is needed on many fronts, evidence-based comple-
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patients. Many patients may appreciate choices other than drugs in different 
conditions. For some conditions, such as pain, the use nonpharmacologic 
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as overuse of narcotics.
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2. Which of the following conditions is not an evidence-based indication for 
management with mind and body practices?
 A. Chronic pain
 B. Acute low back pain
 C. Blood pressure regulation
 D. Schizophrenia
 E. Chemotherapy side effects

Answer: D In general, mind and body practices have not been rigorously 
tested as treatment for specific diseases, including psychiatric disorders such 
as schizophrenia. On the other hand, clinical trials and even meta-analyses of 
clinical trials have demonstrated efficacy of mindfulness-based stress reduction 
and other meditation approaches, as well as yoga, for chronic pain; massage 
therapy, acupuncture, and spinal manipulation for acute low back pain; yoga 
and massage therapy for blood pressure control; and acupuncture for the 
control of chemotherapy-induced nausea and vomiting.

REVIEW QUESTIONS

1. Which of the following characterizes the current use of natural products 
by adults in the United States?
 A. Most are used by individuals illicitly.
 B. Most are available without the FDA approval process required for pre-

scription drugs.
 C. Most have known adverse effects or adverse drug interactions.
 D. Most cannot be subjected to conventional randomized clinical trials 

because of their large placebo effect.
 E. Most are used by individuals with psychiatric problems or terminal 

illnesses.
Answer: B Under the Dietary Supplement Health and Education Act of 1994, 
dietary supplements are considered are considered to be food, and their manu-
facturers do not need U.S. Food and Drug Administration (FDA) approval 
if they were marketed before 1994. Dietary supplements marketed after 1994 
require reasonable evidence of their safety. Most natural products are freely 
and legally available through commercial sources, and most are used by the 
population at large, including individuals without any major health problems. 
Adverse effects or adverse drug interactions have been rigorously documented 
in only a small minority of natural products. Although significant placebo 
effects could be involved with trials of some of these products for certain 
indications, this should not prevent them from being subjected to traditional 
randomized, double-blind, placebo-controlled clinical trials of efficacy and 
safety.
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35 
PRINCIPLES OF GENETICS
BRUCE R. KORF

The elucidation of the structure and function of the genome is one of the 
great scientific triumphs of the 20th century. The relevance of inheritance to 
health and disease probably has been recognized throughout history, but it is 
only during the last century that the rules governing inheritance and the 
mechanisms whereby genetic information is stored and used have come to 
light. The application of this knowledge to medical practice had long been 
focused on rare monogenic and chromosomal disorders. Major contributions 
have been made in these areas in genetic counseling, genetic testing, prenatal 
diagnosis, newborn screening, carrier screening, and, to a limited extent, treat-
ment. We are now in an era of genomic medicine,1 providing more powerful 
approaches to management of both rare and common disorders.

 GENETIC CONTRIBUTION TO DISEASE
It may be argued that no disorder is either completely determined genetically 
or completely determined by nongenetic factors. Even monogenic conditions, 
such as phenylketonuria, are modified by the environment, in this case by 
dietary intake of phenylalanine. Genetically determined host factors are known 
to modify susceptibility to infection or other environmental agents. Even 
individuals who are victims of trauma may find themselves at risk in part 
because of genetic traits that affect behavior or ability to perceive or escape 
from danger.

From a medical perspective, it is helpful to divide the genetic contribution 
to disease into three categories: (1) high-penetrance monogenic or chromo-
somal disorders; (2) monogenic versions of common disorders; and (3) 
complex, multifactorial disorders. Each of these has an impact on medical 
practice in distinctive ways.

 High-Penetrance Monogenic or Chromosomal Disorders
High-penetrance monogenic or chromosomal disorders are the disorders that 
most clinicians think of as “genetic conditions” (Chapter 36). They include 
rare but familiar single-gene disorders, such as neurofibromatosis, Marfan 
syndrome, and cystic fibrosis, and chromosomal abnormalities, such as trisomy 
21 (Down syndrome). Several thousand distinct human genetic disorders 
have been described and cataloged in Mendelian Inheritance in Man (available 
at www.omim.org). These include mendelian dominant, recessive, and sex-
linked disorders, as well as conditions due to variants within the 16.6-kilobase 
mitochondrial genome. They also include major chromosomal syndromes 
associated with duplication or deletion of small regions of the genome that 
result in either reproducible syndromes, such as Williams syndrome (deletion 
of contiguous loci from a region of chromosome 7), or intellectual disability 
and autism spectrum disorder.

 ROLE OF THE NONSPECIALIST IN MANAGEMENT OF RARE  
GENETIC DISORDERS
Because of the rarity of many of these conditions, most practitioners have 
limited experience with a given disorder and are likely to need to refer the 
patient to an appropriate specialist for assistance with diagnosis and manage-
ment. Nevertheless, the nonspecialist has many distinct roles in the care of 
these patients. These roles begin with realization that the patient may have 
such a disorder and arrangement for appropriate diagnostic evaluation. Many 
genetic disorders produce obvious signs or symptoms that should prompt 
referral even if they are not immediately suggestive of a diagnosis. Others can 
be more subtle, with nevertheless significant consequences if the diagnosis is 
missed. An example is Marfan syndrome (Chapter 244). The physician needs 
to be alert to the physical characteristics of patients with Marfan syndrome 
because life-threatening aortic dissection can be avoided with appropriate 
monitoring and treatment. Table 35-1 lists examples of some adult-onset 
monogenic conditions with which the internist should be familiar.

 Treatment of Patients with Rare Genetic Disorders
The treatment of patients with rare genetic disorders may require the assistance 
of a specialist, but the nonspecialist is likely to be the first contact when an 
affected individual is ill. The primary care physician needs to be familiar with 

the disorder and major potential complications. For example, the patient with 
neurofibromatosis who experiences chronic back pain may be presenting with 
a malignant peripheral nerve sheath tumor, requiring more aggressive evalu-
ation than would be typical for an unaffected individual with back pain. For-
mation of a good working relationship between the specialist and nonspecialist 
is crucial to ensure effective care.

The nonspecialist also has an important role in supporting the patient and 
helping to explain the difficult choices that may be offered for management. 
This includes providing support for patients who have disorders that cannot 
be treated and for the emotional impact that accompanies knowledge that a 
disorder may be transmitted to one’s offspring or shared with other relatives. 
Most patients have little understanding of the mechanisms of genetics and 
genetic disease. Although the responsibility to explain these issues may reside 
with specialists and counselors, the primary care physician has an important 
supportive role.

 GENOMIC APPROACHES TO RARE DISORDERS
Most disorders in this group have been known for a long time, but advances 
in genomics have greatly improved approaches to diagnosis and management. 
Identification of the underlying genes enables molecular diagnostic tests that 
detect pathogenic variants for diagnostic purposes. Databases of testing labo-
ratories can be found on the Internet (available at www.ncbi.nlm.nih.gov/
gtr/). Cytogenomic microarray analysis can reveal small deletions or duplica-
tions in patients with disorders such as autism spectrum disorder, for whom 
standard chromosomal analysis had previously been unrevealing.2 Sequencing 
of the entire coding region of the genome (“whole exome sequencing”) or the 
entire genome (“whole genome sequencing”) is now being applied clinically.3,4 
Population screening for carrier status for autosomal recessive disorders has 
been offered for many years, with specific ethnic groups being offered testing 
for conditions of high prevalence in the group. Genomic approaches are now 
making it possible to vastly expand the scope of testing, increasing the numbers 
of conditions tested and making it possible to offer a similar comprehensive 
screen of dozens or even hundreds of genes regardless of ethnicity.5 Prenatal 
screening for trisomy and some pathological copy number changes can be 
offered noninvasively by sequencing of fetal DNA isolated from maternal 
blood.6 Newborn screening is being expanded beyond inborn errors of metabo-
lism such as phenylketonuria and galactosemia, with the advent of tandem 
mass spectrometry and the availability of a standardized panel of tests.7

Finally, treatment of some monogenic disorders is becoming feasible. Novel 
therapies that use either pharmaceuticals or gene or enzyme replacement 
strategies are in use or being tested for many conditions. The principles of 
management of genetic disorders are evolving rapidly, and care of patients 
increasingly requires active partnership of specialists and primary care physi-
cians. Moreover, individuals with congenital disorders such as Down syndrome 
are routinely surviving to adulthood and require primary care physicians who 
are familiar with their special needs.

 Monogenic Versions of Common Disorders
Not all monogenic disorders produce obscure phenotypes, and not all common 
disorders have complex multifactorial causes. Some common disorders occur 
in some families as single-gene traits (Table 35-2). This is usually true for only 
a proportion of affected individuals, but in some cases, it is a significant pro-
portion and represents an important group of patients to be recognized.

 INHERITED PREDISPOSITION TO CANCER
Genetic variants that predispose to cancer offer a prime example of single 
gene risk factors for common disease.8 All cancers are due to the accumulation 
of gene mutations that release the cells from normal growth controls, but 
these are typically somatically acquired changes. In some cases, however, the 
first genetic step toward malignancy is inherited in the germline. An example 
is familial breast and ovarian cancer syndrome (Chapter 188). Many genes 
have been identified that convey increased risk of breast or ovarian cancer; 
the most common and well known are BRCA1 or BRCA2. Women who inherit 
a pathogenic variant in one of these genes face a high risk for eventually devel-
oping breast or ovarian cancer—as high as 80% or more by age 70 years for 
breast cancer. Women at genetic risk do not look different from women with 
sporadic breast cancer but can be distinguished by many features, including 
family history of breast or ovarian cancer in multiple relatives, early age at 
onset of cancer, and multifocality of the cancer (e.g., bilateral breast cancer 
or breast and ovarian cancer). An increasing number of genetic cancer pre-
disposition syndromes have been identified, for example risk of colon and 
other gastrointestinal cancers (e.g., Lynch syndrome and familial adenomatous 

subsequent monitoring of iron stores. Individuals at risk for colon cancer can 
be offered surveillance with colonoscopy or surgical resection of the colon to 
reduce the risk for cancer. Individuals at risk for breast and ovarian cancer 
likewise can be offered surveillance, chemoprevention, or surgery. The benefits 
of knowledge of genetic risks are less clear in some instances. Carriers of the 
factor V Leiden mutation would not be treated with anticoagulation until 
after an event of thrombosis, and the treatment may not be different for a 
carrier versus a noncarrier. In some cases, however, knowledge of carrier status 
may help ensure prompt diagnosis or avoid situations of high risk.

 GENETIC TESTING
As with other medical tests, the physician should carefully consider risks, 
benefits, and clinical utility in deciding to use a genetic test. Some distinct 
ethical and legal risks may apply to some genetic tests.9 These may include 
anxiety, stigmatization, guilt, and possibly discrimination for life or disability 
insurance. Some of these risks may be addressed by legislation to maintain 
privacy of genetic information, such as the Genetic Information Nondiscrimi-
nation Act of 2008, but the risks for anxiety, guilt, and stigmatization cannot 
be legislated away. To some extent, further research may improve the basis 
for surveillance or lead to effective treatments. For now, many of these disorders 
present a double-edged sword of potentially useful knowledge and potentially 
harmful information.

 ROLE OF THE NONSPECIALIST IN MANAGEMENT
The role of the physician in dealing with monogenic disorders includes rec-
ognition of individuals at risk and participation in formulation of a care plan. 
Individuals at risk may not be identifiable by physical appearance and usually 
are not evident from medical history or physical examination findings. The 
most valuable screening tool is the family history. Directed questioning about 
a family history of major monogenic disorders, especially breast, ovarian, and 
colon cancer, as well as hypercholesterolemia, hypertension, deep vein throm-
bosis, cirrhosis, and diabetes, can identify the occasional patient with mendelian 
segregation of these common disorders. Even if the information is of uncertain 
reliability, eliciting a family history can prompt referral for further evaluation, 
documentation of the family history, and consideration for genetic testing. 
The physician’s job is not simply to identify individuals at risk; some people 
believe they are at high risk even in the absence of well-documented risk 
factors. Addressing these misconceptions can bring peace of mind and usually 
does not require genetic testing.

The advent of whole exome or genome sequencing for diagnosis of rare 
disorders has opened the possibility of identification of individuals at risk 
based on secondary findings. The American College of Medical Genetics and 
Genomics has recommended that testing laboratories evaluate a list of genes 
(currently numbering 59) for which identification of a pathogenic variant 
would lead to management that can substantially reduce risk.10 This would 
be done even if the individual being sequenced is a child, because the condi-
tion may have relevance to the eventual health of the child, as well as parents 
and other relatives.

 Complex, Multifactorial Disorders
Understanding the genetics of common disorders is one of the great challenges 
of modern medicine, with the promise of major returns in terms of prevention, 
diagnosis, and treatment. The etiology of these disorders is complex in that 
they result from an interaction of multiple genes with one another and with 
environmental factors. The specific genes that are relevant may be different 
from one person to the next. Identification of these genes is difficult given 
this heterogeneity and the relatively small effect that any particular gene may 
have in a particular person.

 POPULATION STUDIES
Dissection of the genetic contribution to common disease cannot be accom-
plished by the standard genetic approaches involving study of rare variants 
or family-based linkage studies. Most recent efforts have focused on study of 
large groups of patients, comparing the prevalence of particular genetic markers 
in case patients and control subjects. The availability of millions of genetic 
variants across the genome and rapid and inexpensive approaches to genotyp-
ing has enabled genome-wide association studies (GWAS) for genetic markers 
that are associated with common disorders. Hundreds of such associations 
have been found, either because genetic markers themselves contribute to 
risk or are closely linked with another genetic sequence that is involved in the 
disorder (linkage disequilibrium). For most disorders, however, the total con-
tribution to heritability of the condition has not been accounted for by GWAS.11

polyposis). Genetic tests for groups of disorders associated with cancer are 
now available as multigene panels and are routinely used in diagnostic assess-
ment and counseling.

 CLINICAL UTILITY OF RECOGNIZING MONOGENIC COMMON DISORDERS
The physician may be called on to address these disorders in many ways. There 
is a compelling reason to make an early diagnosis of hemochromatosis because 
the complications can be prevented, but not reversed, by phlebotomy and 

http://www.omim.org/
http://www.ncbi.nlm.nih.gov/gtr/
http://www.ncbi.nlm.nih.gov/gtr/
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ABSTRACT
Genetics and genomics are increasingly being incorporated into the day-to-day 
practice of medicine. Rare diseases have long been the domain of medical 
genetics, and new techniques of genome sequencing have vastly increased the 
power of genetic diagnosis. In some cases, targeted therapies are now available 
or are in development. A proportion of apparently “common disorders” such 
as cancer and cardiovascular disorders can be attributed to single gene changes 
as well. Tools are now at hand to identify individuals at risk, in some cases 
based on genetic testing, but also from analysis of family history. The genetics 
of multifactorial common disorders are the most difficult to elucidate. Genetic 
factors that are associated with risk of common conditions are rapidly coming 
to light. Whether these will be useful for prediction is unclear, but they are 
already helping to unravel the pathophysiology of common conditions. Genomic 
testing can also be used to guide choice of therapy in conditions such as cancer 
and to customize drug dosage to individual variations in drug metabolism. 
As the clinical utility of genomic medicine is gradually established, it is likely 
that virtually all areas of medical practice will include genetics and genomics 
in routine medical decision making.
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subsequent monitoring of iron stores. Individuals at risk for colon cancer can 
be offered surveillance with colonoscopy or surgical resection of the colon to 
reduce the risk for cancer. Individuals at risk for breast and ovarian cancer 
likewise can be offered surveillance, chemoprevention, or surgery. The benefits 
of knowledge of genetic risks are less clear in some instances. Carriers of the 
factor V Leiden mutation would not be treated with anticoagulation until 
after an event of thrombosis, and the treatment may not be different for a 
carrier versus a noncarrier. In some cases, however, knowledge of carrier status 
may help ensure prompt diagnosis or avoid situations of high risk.

 GENETIC TESTING
As with other medical tests, the physician should carefully consider risks, 
benefits, and clinical utility in deciding to use a genetic test. Some distinct 
ethical and legal risks may apply to some genetic tests.9 These may include 
anxiety, stigmatization, guilt, and possibly discrimination for life or disability 
insurance. Some of these risks may be addressed by legislation to maintain 
privacy of genetic information, such as the Genetic Information Nondiscrimi-
nation Act of 2008, but the risks for anxiety, guilt, and stigmatization cannot 
be legislated away. To some extent, further research may improve the basis 
for surveillance or lead to effective treatments. For now, many of these disorders 
present a double-edged sword of potentially useful knowledge and potentially 
harmful information.

 ROLE OF THE NONSPECIALIST IN MANAGEMENT
The role of the physician in dealing with monogenic disorders includes rec-
ognition of individuals at risk and participation in formulation of a care plan. 
Individuals at risk may not be identifiable by physical appearance and usually 
are not evident from medical history or physical examination findings. The 
most valuable screening tool is the family history. Directed questioning about 
a family history of major monogenic disorders, especially breast, ovarian, and 
colon cancer, as well as hypercholesterolemia, hypertension, deep vein throm-
bosis, cirrhosis, and diabetes, can identify the occasional patient with mendelian 
segregation of these common disorders. Even if the information is of uncertain 
reliability, eliciting a family history can prompt referral for further evaluation, 
documentation of the family history, and consideration for genetic testing. 
The physician’s job is not simply to identify individuals at risk; some people 
believe they are at high risk even in the absence of well-documented risk 
factors. Addressing these misconceptions can bring peace of mind and usually 
does not require genetic testing.

The advent of whole exome or genome sequencing for diagnosis of rare 
disorders has opened the possibility of identification of individuals at risk 
based on secondary findings. The American College of Medical Genetics and 
Genomics has recommended that testing laboratories evaluate a list of genes 
(currently numbering 59) for which identification of a pathogenic variant 
would lead to management that can substantially reduce risk.10 This would 
be done even if the individual being sequenced is a child, because the condi-
tion may have relevance to the eventual health of the child, as well as parents 
and other relatives.

 Complex, Multifactorial Disorders
Understanding the genetics of common disorders is one of the great challenges 
of modern medicine, with the promise of major returns in terms of prevention, 
diagnosis, and treatment. The etiology of these disorders is complex in that 
they result from an interaction of multiple genes with one another and with 
environmental factors. The specific genes that are relevant may be different 
from one person to the next. Identification of these genes is difficult given 
this heterogeneity and the relatively small effect that any particular gene may 
have in a particular person.

 POPULATION STUDIES
Dissection of the genetic contribution to common disease cannot be accom-
plished by the standard genetic approaches involving study of rare variants 
or family-based linkage studies. Most recent efforts have focused on study of 
large groups of patients, comparing the prevalence of particular genetic markers 
in case patients and control subjects. The availability of millions of genetic 
variants across the genome and rapid and inexpensive approaches to genotyp-
ing has enabled genome-wide association studies (GWAS) for genetic markers 
that are associated with common disorders. Hundreds of such associations 
have been found, either because genetic markers themselves contribute to 
risk or are closely linked with another genetic sequence that is involved in the 
disorder (linkage disequilibrium). For most disorders, however, the total con-
tribution to heritability of the condition has not been accounted for by GWAS.11

polyposis). Genetic tests for groups of disorders associated with cancer are 
now available as multigene panels and are routinely used in diagnostic assess-
ment and counseling.

 CLINICAL UTILITY OF RECOGNIZING MONOGENIC COMMON DISORDERS
The physician may be called on to address these disorders in many ways. There 
is a compelling reason to make an early diagnosis of hemochromatosis because 
the complications can be prevented, but not reversed, by phlebotomy and 

TABLE 35-1 HIGH-PENETRANCE SINGLE-GENE DISORDERS 
THAT MAY PRESENT IN ADULTHOOD, WITH 
SOME MAJOR MEDICAL IMPLICATIONS*

DISORDER INHERITANCE
MAJOR MEDICAL 

IMPLICATIONS
CARDIOVASCULAR

Marfan syndrome AD Risk for aortic dissection; lens 
dislocation

Long QT syndrome AD, AR Arrhythmia, sudden death
RENAL

Adult polycystic kidney 
disease

AD Renal failure

PULMONARY

α1-Antitrypsin deficiency AR Emphysema, cirrhosis
NEUROLOGIC

NF1 AD Benign and malignant nerve sheath 
tumors, gliomas

NF2 AD Schwannomas (especially vestibular), 
meningiomas

Von Hippel-Lindau AD Hemangioblastoma of cerebellum, 
brain stem, eye; 
pheochromocytoma; renal cell 
carcinoma

Huntington disease AD Movement disorder, psychiatric 
disorder, dementia

HEMATOLOGIC

Globin disorders AR Stroke, iron overload
ENDOCRINE

MEN syndromes AD Tumors of thyroid and parathyroid, 
pheochromocytoma

*See Table 35-2 for examples of lower penetrance disorders.
AD = autosomal dominant; AR = autosomal recessive; MEN = multiple endocrine neoplasia; NF = 
neurofibromatosis.

TABLE 35-2 SINGLE-GENE DISORDERS WITH INCOMPLETE 
PENETRANCE THAT MAY ACCOUNT  
FOR INHERITED FORMS OF SELECTED 
COMMON DISORDERS

DISORDER INHERITANCE: GENES
MAJOR MEDICAL 

IMPLICATIONS
Hemochromatosis AR: HFE Cirrhosis, cardiomyopathy, 

diabetes mellitus
Thrombophilia AD, AR: multiple genes Deep vein thrombosis
Breast and ovarian cancers AD: BRCA1, BRCA2 Breast and ovarian cancers
Familial adenomatous 

polyposis
AD: APC Multiple colonic polyps, 

colon cancer
Lynch syndrome AD: DNA mismatch repair 

genes
Colorectal cancer, 

endometrial cancer
Maturity-onset diabetes of 

the young
AD: multiple genes Diabetes mellitus

Cardiomyopathy AD: genes involved in 
cardiac contractile 
apparatus

Arrhythmia, heart failure

AD = autosomal dominant; AR = autosomal recessive.
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risks of common diseases were offered initially, major questions were raised 
about clinical validity and clinical utility of these tests. The Food and Drug 
Administration has exercised restrictions on return of such results in DTC 
tests. Current DTC tests focus more on ancestry, “traits” (such as eye color), 
carrier status for autosomal recessive disorders, and some well-characterized 
pathogenic genetic variants.

 DISEASE STRATIFICATION
Another application of genomics in medical practice entails stratification of 
disease. Even if genetic testing is not used to predict individuals at risk, it may 
be used to determine the most appropriate treatment for a clinically diagnosed 
disorder. This is often referred to as “precision medicine.” There is a major 
national research effort underway to identify risk factors for disease and appro-
priate treatments.13 Most common disorders, such as hypertension and diabetes, 
are symptom complexes that probably result from a variety of causes. The 
particular combination of causes may differ in different individuals and may 
respond to different types of treatments. For example, blood pressure has a 
substantial genetic component, and the choice among antihypertensive drugs 
may eventually be guided by genetic testing to determine the specific cause 
of hypertension in an individual patient. The concept of disease stratification 
is particularly well developed in treatment of cancer, where targeted multigene 
tests and even genome sequencing is increasingly being used to guide therapy.14 
It is likely that genetic tests eventually will accompany many if not most treat-
ment decisions.

 PHARMACOGENETIC TESTING
Aside from helping to choose the most efficacious drug, genetic testing may 
play a role in avoidance of side effects and in appropriate dosing.15 Many drugs 
are known to be associated with rare side effects, some of which are sufficiently 
severe as to lead the drug to be withdrawn from use. Some of these side effects 
may occur only in individuals who are susceptible on the basis of having a 
particular allele at a polymorphic locus. An example is the association of poly-
morphisms in certain sodium or potassium channel genes with risk for arrhyth-
mia on exposure to specific drugs.

Absorption and metabolism of drugs are largely under genetic control. 
Several polymorphisms are known to lead to particularly rapid or slow metabo-
lism, accounting for individuals who experience dose-related side effects or 
lack of efficacy at standard dosages (Table 35-3). Detection of these polymor-
phisms would allow customization of drug dosage to an individual’s pattern 
of metabolism, increasing the likelihood of efficacy without a prolonged period 
of trial-and-error dosing.

The greatest gift of genetics and genomics to medicine may be in the ability 
to identify new drug targets and develop new approaches to treatment. Iden-
tification of genes that contribute to common disorders is revealing the cellular 
mechanisms that lead to disease. This knowledge offers the opportunity to 
develop new pharmaceutical agents that would target the physiologic mecha-
nisms more precisely, leading to drugs that work better and cause fewer side 
effects. New approaches to gene replacement or insertion of genes into cells 
as localized drug delivery systems also may be developed. The treatment of 
common disorders likely would entail the use of approaches developed as a 
result of genomics even in cases in which genetic testing is not used to predict 
individuals who are at risk.

 CONCLUSION
Most physicians in practice today trained before the elucidation of the 
sequence of the human genome. Nevertheless, physicians will be increasingly 

 GENETIC RISK ASSESSMENT
The goal of genetic risk assessment is the identification of individuals at risk 
for disease before the onset of signs or symptoms (Fig. 35-1). In principle, 
the genetic factors could be identified at birth, or any time in life, by testing 
a DNA sample. Any individuals found to be at risk might be offered treatment 
in advance of onset of the disease to avoid complications or might be advised 
to modify their lifestyle to avoid exposure to environmental factors that might 
increase risk for disease.

Although the concept of genomic risk assessment would appear to be an 
attractive paradigm, many questions may be raised about its practicality and 
implementation. First, predictive testing is useful only insofar as it guides 
further management. The utility of interventions may be valued differently 
by different people. This already has been the case for testing of disorders 
such as breast cancer. Some women at risk choose not to know their BRCA 
status because the options, including surveillance or prophylactic surgery, are 
unacceptable to them. If there were a low-cost, safe, and effective treatment 
that would neutralize any risk the decision to test would be simple, but short 
of that, there are reasonable arguments on both sides of the issue of whether 
to test. For many disorders, it will take a long time to show the efficacy of any 
intervention because there may be a period of many years between the test 
and the onset of a disorder. Unless surrogate markers can be identified and 
followed, the task of proving a benefit to predictive testing may require years 
to decades in some instances.

 Predictive Value of Genetic Testing
A second issue surrounds the degree to which genetic testing would be 
predictive. In patients with suspected genetic conditions, whole exome 
sequencing currently can make a diagnosis in about 25% of cases. Most 
genetic tests, however, are likely to involve detection of relatively common 
polymorphic alleles that account for small increments of odds of getting a 
disease. The predictive value of these tests would be modest, perhaps too 
low to induce an individual to modify behavior or to take medication. Mis-
classification of benign variants as pathogenic can also be a problem unless 
the genomes of sufficiently diverse asymptomatic controls are available for  
comparison. Recent progress in developing polygenic risk scores for some 
common disorders may lead to improved ability to identify individuals at 
high risk.12

 Social and Ethical Issues
A third concern relates to social and ethical issues. Will people use test results 
as an excuse to pursue self-destructive behaviors, having received what may 
be false reassurance of “immunity”? Will people misinterpret results of testing 
in terms of a simplistic notion of genetic determinism, erroneously believing 
that their futures have been written, leaving them no recourse but to meet 
their fate? The rapid pace of technologic change is going to challenge the 
ability of the social and legal systems to keep pace.

 Direct-to-Consumer Genomic Testing
As the costs of genomic analysis have gone down, some companies have offered 
genomic testing marketed directly to consumers. Although tests that addressed 

TABLE 35-3 GENES IN WHICH COMMON POLYMORPHISMS 
AFFECT RATES OF DRUG METABOLISM OR 
ACTION

GENE MEDICATIONS (EXAMPLES)
CYP2C9 Phenytoin, warfarin
CYP2D6 Debrisoquin, β-blockers, antidepressants
VKORC1 Warfarin
UGT1A1 Irinotecan
Thiopurine methyltransferase Mercaptopurine, azathioprine
N-acetyltransferase Isoniazid, hydralazine
CYP2C19 Clopidogrel

Disease

Presymptomatic

Prenatal Genetic liability

Environmental
factors

FIGURE 35-1. Multifactorial etiology of disease. An individual is born with a genetic 
liability but remains in a presymptomatic state for some time until additional events 
occur, including exposure to environmental factors, that result in crossing a threshold 
that is identified as disease. in instances of high-penetrance monogenic disorders, the 
genetic liability may be overwhelming. in other instances, genetic factors may contribute 
only slightly to disease risk. 



incorporating genomic medicine into their day-to-day practice in the coming 
years. Whether they are providing care for a patient with a rare genetic disorder 
or for a patient with a common condition not usually regarded as genetic, 
management choices will be informed by tests and treatments that in some 
way are based on genomic information.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

https://expertconsult.inkling.com/


CHAPTER 35 PrinciPles of Genetics 173.e1

GENERAL REFERENCES

1. Stark Z, Dolman L, Manolio TA, et al. Integrating genomics into healthcare: a global responsibility. 
Am J Hum Genet. 2019;104:13-20.

2. Waye MMY, Cheng HY. Genetics and epigenetics of autism: a review. Psychiatry Clin Neurosci. 
2018;72:228-244.

3. Green RC, Goddard KA, Jarvik GP, et al. Clinical sequencing exploratory research consortium: 
accelerating evidence-based practice of genomic medicine. Am J Hum Genet. 2016;98:1051-1066.

4. Lantos JD. Ethical and psychosocial issues in whole genome sequencing (WGS) for newborns. 
Pediatrics. 2019;143:S1-S5.

5. Ganna A, Satterstrom FK, Zekavat SM, et al. Quantifying the impact of rare and ultra-rare coding 
variation across the phenotypic spectrum. Am J Hum Genet. 2018;102:1204-1211.

6. Hui L, Bianchi DW. Noninvasive prenatal DNA testing: the vanguard of genomic medicine. Annu 
Rev Med. 2017;68:459-472.

7. Yang L, Chen J, Shen B. Newborn screening in the era of precision medicine. Adv Exp Med Biol. 
2017;1005:47-61.

8. Board PDQCGE. Cancer genetics risk assessment and counseling (PDQ®): health professional 
version. PDQ cancer information summaries. Bethesda (MD): National Cancer Institute (US);2018.

9. Callier SL, Abudu R, Mehlman MJ, et al. Ethical, legal, and social implications of personalized genomic 
medicine research: current literature and suggestions for the future. Bioethics. 2016;30:698-705.

10. Kalia SS, Adelman K, Bale SJ, et al. Recommendations for reporting of secondary findings in clinical 
exome and genome sequencing, 2016 update (ACMG SF v2.0): a policy statement of the American 
college of medical genetics and genomics. Genet Med. 2017;19:249-255.

11. Nolte IM, van der Most PJ, Alizadeh BZ, et al. Missing heritability: is the gap closing? An analysis 
of 32 complex traits in the lifelines cohort study. Eur J Hum Genet. 2017;25:877-885.

12. Khera AV, Chaffin M, Aragam KG, et al. Genome-wide polygenic scores for common diseases identify 
individuals with risk equivalent to monogenic mutations. Nat Genet. 2018;50:1219-1224.

13. Collins FS, Varmus H. A new initiative on precision medicine. N Engl J Med. 2015;372:793-795.
14. Schram AM, Berger MF, Hyman DM. Precision oncology: charting a path forward to broader deploy-

ment of genomic profiling. PLoS Med. 2017;14:1-14.
15. Zhang G, Nebert DW. Personalized medicine: genetic risk prediction of drug response. Pharmacol 

Ther. 2017;175:75-90.



CHAPTER 35 PrinciPles of Genetics173.e2

3. A woman requests genetic testing for risk for breast cancer. Which of the 
following would constitute a risk factor for familial breast and ovarian 
cancer?
 A. History of tobacco use
 B. Sister with breast cancer diagnosed at 40 years of age
 C. Mother with ovarian cancer diagnosed at 80 years of age
 D. Father with history of lung cancer
 E. Maternal uncle with colon cancer

Answer: B A first-degree relative with early-onset breast cancer would con-
stitute a risk factor for hereditary breast and ovarian cancer. (See Role of the 
Nonspecialist.)

4. A 40-year-old patient with Marfan syndrome seeks advice regarding medical 
surveillance. Which of the following represents the greatest health risk that 
may be subject to medical intervention?
 A. Dislocation of joints
 B. Dislocation of lens
 C. Aortic root dilation
 D. Cardiomyopathy
 E. Skin laceration

Answer: C Aortic root dilation and risk for aortic dissection are the most 
important life-threatening risks for individuals with Marfan syndrome and 
are subject to monitoring and intervention. (See Role of the Nonspecialist.)

REVIEW QUESTIONS

1. A couple have a child with autism spectrum disorder in whom chromosomal 
analysis has been done and was normal. Which of the following is recom-
mended to search for a possible genetic cause?
 A. Cytogenomic microarray testing
 B. Fluorescence in situ hybridization
 C. High-resolution chromosome banding
 D. Whole exome sequencing
 E. Whole genome sequencing

Answer: A Cytogenomic microarray testing now can detect small copy-number 
changes (deletions or duplications) that would not be detected by standard 
cytogenetic analysis, including high-resolution banding. (See Genetic Testing.)

2. A man has a direct-to-consumer genomic test and is found to have a 1.2 
increased odds of type 2 diabetes. The basis for this testing is which of the 
following?
 A. Sequencing a gene known to be involved in type 2 diabetes
 B. Single-nucleotide polymorphism variant genotyping
 C. Analysis of RNA sequences in a saliva sample
 D. Whole exome sequencing
 E. Whole genome sequencing

Answer: B Direct-to-consumer genomic testing is currently based on geno-
typing of a large number of single nucleotide polymorphism variants. (See 
Population Studies.)
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36 
CLINICAL GENOMICS—GENOME 
STRUCTURE AND VARIATION
LESLIE G. BIESECKER

 CLINICAL GENOMICS
Genomics describes a broad and rapidly changing suite of technologies that 
use high-throughput assays to globally assess the molecular basis of heritable 
disease. Genomics is changing the practice of medicine today.1,2 The techniques 
that comprise this technology are exploding onto the medical landscape and 
are being widely used. It is likely that by the time this is in print, more than 
250,000 patients will have been evaluated using genomic technologies. This 
means that practicing clinicians are likely to have sequenced patients in their 
practices, and they will want to know how to use these data to improve the 
health of their patients.

A genome is the nuclear DNA included in 23 pairs of chromosomes: 22 
autosomes plus two sex chromosomes (XX in females and XY in males). The 
diploid genome (2n) comprises two haploid copies, each of about 3 billion 
base pairs (bp). Two haploid genomes are reconstituted in the fertilized embryo 
as a diploid genome, for a total of 6 billion nucleotides. The 23,000 or so 
protein-coding genes comprise a small minority (≈2%) of the human genome. 
Other sequences include noncoding RNAs (i.e., RNA that is not translated 
into a protein), microRNAs (miRNAs), small nucleolar RNAs (snoRNAs), 
long noncoding RNAs (lncRNAs), and conserved regulatory elements. In 
spite of this biologic complexity, practicing physicians can focus on the 2% 
of the genome that encode genes, because those genes harbor the variations 
that are best understood as being important for diagnosing and managing 
patients.

 GENE
Gregor Mendel identified two factors, now known to be DNA alleles, that are 
located on homologous chromosomes, that separate from each other during 
meiosis, and that then segregate to two gametes. The principle of indepen-
dent segregation is now known as Mendel’s first law. Mendel’s second law 
described the independent segregation of two distinct loci when gametes 
are formed. The inheritance factors, or units of heredity that encode the 
genetic information, are now known as genes. A gene is the DNA that is 
transcribed into RNA and the primary regulatory element, the promoter  
sequences.

Genomic DNA is configured in a two-stranded, double-helical macromol-
ecule, discovered by Watson and Crick. A DNA strand comprises four nucleo-
tides: two purine bases, adenine (A) and guanine (G), and two pyrimidine 
bases, thymine (T) and cytosine (C). Each base is connected to a deoxyri-
bose sugar and linked by phosphodiester bonds at the 5′ and 3′ carbon of 
the sugar. The orientation of the strands is demarcated by the deoxyribose 
phosphodiesters—5′ to 3′ or 3′ to 5′. Two such strands, in opposite orien-
tation, with an elegant twist, comprise the double helix. Three consecutive 
nucleotides (triplet codon) of coding DNA specify an amino acid. Since there 
are 64 possible different codons but only 20 amino acids, the genetic code 
is termed “degenerate,” that is, more than one codon can code for a single 
amino acid. Most protein-coding genes are comprised of several exons sepa-
rated by noncoding introns (Fig. 36-1). The entire gene (exons and introns) 
is transcribed into messenger RNA (mRNA) by RNA polymerase II, which 
starts at the 5′ end and continues beyond the polyA recognition signal at the 
3′ end. Typically, mRNA begins with a cap and ends with a polyadenylated 
(polyA) tail at the 3′ end. In the subsequent splicing process, the interven-
ing introns are deleted; then the spliced, mature mRNA is translated into a 
polypeptide. Individual amino acids also have an orientation, demarcated by 
the –NH2 end (amino) versus their –COOH end (carboxyl). The polypeptides 
are synthesized on the ribosome from the 5′ end of the gene (which becomes 
the –NH2 terminus of the protein) with a methionine encoded by the ATG 
triplet. At the 3′ end of the translation of the gene (the –COOH terminus), 
the polypeptides are terminated by one of three terminating codons, TAA, 
TAG, or TGA.

Patterns of Inheritance
MENDELIAN INHERITANCE
Many heritable traits in humans are monogenic because they can be attrib-
uted to variation of a single gene or locus and because they segregate in a 
mendelian inheritance pattern3: autosomal dominant, autosomal recessive, 
or sex-linked. Genotype is the status (normal or variant) of a given pair of 
alleles of genes in an individual. For females, this is straightforward because 
they have 23 pairs of homologous chromosomes (22 pairs of autosomes and 
one pair of X chromosomes), whereas males have 22 pairs of autosomes, but 
only one X and one Y chromosome. Thus, in females, the status of all genes is 
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ABSTRACT
Genomics describes a broad and rapidly changing suite of technologies that 
use high-throughput assays to globally assess the molecular basis of heritable 
disease. Genomics is changing the practice of medicine today, and clinicians 
are likely to have sequenced patients in their practice. They will want to know 
how to use these data to improve the health of their patients. This chapter 
reviews the fundamentals of gene and genome structure and the myriad types 
of genomic variation and how those variations are correlated with inherited 
patterns of disease. The chapter also touches on how to approach genetic 
testing reports and thoughts on how clinicians can embrace genetic and genomic 
testing as a routine part of medical practice.
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trait—from parent to child. There is a nuance in dominant inheritance—
formally a trait is called autosomal dominant only when the phenotype of the 
heterozygote is the same as the homozygous variant (see Fig. 36-2A). It turns 
out this is true for very few human disorders, Huntington disease being one. 
For other dominant traits, the phenotype of the heterozygote is intermediate 
in severity between that of the two homozygous states (normal and variant) 
(Fig. 36-2B). The classic example is familial hypercholesterolemia where the 
heterozygote phenotype has moderate hypercholesterolemia (LDL-C levels 
350 to 550 mg/dL) whereas the homozygous (or compound heterozygous) 
variant phenotype is much more severe (LDL-C levels >600 mg/dL). The 
formal term for this is semidominant (or incompletely dominant). In humans, 
most pathogenic variants of this type are sufficiently rare that there are very 
few matings where both parents are heterozygous for pathogenic variants in 
the same gene, and so this is not commonly observed. In common usage, all 
human traits that follow either the “true” autosomal dominant or the semi-
dominant patterns are called autosomal dominant. One final type of dominant 

either homozygous normal (both normal), homozygous variant (both variant), 
heterozygous (one of each), or compound heterozygous (two different, but 
both variant). In males, for genes on the X chromosome, these are either 
hemizygous normal or hemizygous variant, to denote the fact that they only 
have one X chromosome. The Y chromosome has some genes on it that are 
alleles of genes on the X, which are termed the pseudoautosomal genes of X 
and Y. These genes have genotypes like autosomal genotypes, homozygous 
normal, homozygous variant, heterozygous, or compound heterozygous.

Autosomal dominant inheritance is the pattern that results from a disorder 
where the gene is located on an autosome (i.e., not a sex chromosome) and 
the phenotype of the heterozygote and the homozygous variant (or compound 
heterozygous) genotypes is abnormal (Fig. 36-2A). The heterozygous genotype 
is much more common than homozygous mutant, and if a parent is hetero-
zygous, the variant is present in only one of the two alleles, and there is a 50% 
chance of transmission to each offspring. When analyzing a pedigree, autosomal 
dominant inheritance can be recognized by the vertical transmission of the 
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FIGURE 36-2. Modes of inheritance. in the classical mendelian modes of inheritance, the inheritance pattern that is observed in families is determined by the biological effects of 
the variants in the gene. in autosomal dominant (A), the pattern reflects the fact that the abnormal variant allele causes a phenotype when only one copy is present and it overrides 
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the sex-linked inheritance patterns (D, E) parallel the same ideas as for the autosomal patterns, with the caveat that males only have one copy of the gene, and thus have fewer com-
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fact essentially all humans have two copies of such genes. As well, it is incor-
rect to say that colon cancer is “caused by the Lynch syndrome gene.” Genes 
do not cause disease—they “cause” normal physiology and health.

NON-MENDELIAN INHERITANCE
Genetic disorders can present with multiple occurrences in a family (multiplex) 
or as a single occurrence (simplex). Simplex occurrence disease can develop 
through a de novo (new) mutation that in subsequent generations assumes 
a classic mendelian pattern of inheritance. However, simplex occurrence disease 
might also be due to nonmendelian inheritance such as genomic imprinting, 
uniparental disomy, digenic inheritance, mosaicism, and mitochondrial DNA 
variants.

Genomic Imprinting
Some genes become differently activated (usually by methylation) after passing 
through spermatogenesis compared with oogenesis, or vice versa. This gene 
can be silenced (imprinted) depending on which parent contributed the gene 
originally.4 This parent-of-origin effect is seen for the UBE3A gene, which is 
imprinted during spermatogenesis so that the only active copy comes from 
the mother; if the active maternal copy is deleted, mutated, or inactivated, 
the affected offspring have Angelman syndrome.

Uniparental Disomy
Very rarely, a chromosomal pair may be inherited from only one parent. This 
distortion from biparental inheritance, termed uniparental disomy, is associ-
ated with older maternal age. It can be clinically significant if the uniparental 
chromosomes contain one or more imprinted genes or a pathogenic variant 
that typically manifests as an autosomal recessive inheritance pattern. If both 
homologues are inherited from one parent, the phenomenon is called het-
erodisomy; if both homologues come from only one of the parental homo-
logues, it is called isodisomy. The most frequent origin of uniparental disomy 
is trisomy rescue, in which an early postzygotic embryo is trisomic because 
of chromosomal nondisjunction during meiosis, and the extra chromosome 
is later lost during development to restore disomy. Because such an event is 
random, the disomic chromosomes remaining after trisomy-to-disomy rescue 
will represent uniparental disomy in one third of embryos.

Digenic Inheritance
A variant in one gene can affect the phenotype caused by variants in another 
gene. In some diseases, pathogenic variants occur in single alleles of two dif-
ferent genes, while the other alleles at each given locus remain normal. This 
double heterozygous phenomenon of two interacting genes, which is termed 
digenic inheritance,5 has been observed for ROM1 and RDS for retinitis pig-
mentosa and GJB6 and GJB2 for deafness. This phenomenon can be considered 
as a special case of a modifier where the effect of the two variants is about 
equal. The general case is where variants in two or more genes interact to 
affect the phenotype, most often in an unequal manner. The major effect 
variant can be considered the primary disease-associated variant and the lesser 
effect variants are termed modifiers. Variants of any of the above molecular 
types can have subtle or occasionally major effects on a phenotype. Because 
there can be multiple modifiers of varying effect on the main phenotype, it 
would be expected that there is an enormous spectrum of such variation. 
Terms such as oligogenic inheritance or triallelic inheritance describe a few such 
divisions of that spectrum, but it is best considered as a spectrum of influence 
of multiple genes upon one another.

Mosaicism
Another distortion from mendelian inheritance can be caused by mosaicism.6 
A parent can harbor two or more cell lines in the gonads (germline mosaicism) 
or in somatic cells. The level of mosaicism in the somatic cells may be low 
enough or limited to noncritical tissues or organs such that the parent appears 
unaffected, or they may be affected in a patchy pattern (Fig. 36-3). Some 
mosaic disorders can manifest patchy pigmentary abnormalities that follow 
the lines of Blaschko. Mosaicism should be suspected when two or more 
children of healthy parents develop a disease that is typically inherited in an 
autosomal dominant pattern.

Mitochondrial DNA Variants
Rarely, a disease trait is transmitted to both daughters and sons only from 
their mothers. In such situations, a mitochondrial disease should be considered 
due to variants in mitochondrial DNA (mtDNA).7 Multiple copies of mtDNA 
are present in the cell cytoplasm and are inherited by progeny only via the 

inheritance is codominant, best known as the inheritance pattern of the ABO 
blood type system, where both alleles are expressed independently, and neither 
dominates the other.

Autosomal recessive inheritance is the pattern that results from variants 
where the phenotype of the heterozygote is indistinguishable from that of the 
normal homozygote (Fig. 36-2C). In other words, heterozygotes, or carriers, 
are unaffected. This is the main distinction of recessive from dominant. In 
autosomal recessive inheritance, an affected individual has two pathogenic 
variants at a single locus. These variants can either be the same (homozygous) 
or distinct (compound heterozygous). Typically, both pathogenic variants are 
inherited, one each, from an unaffected parent. Because there is a 1 in 2 chance 
of transmission of the pathogenic variant from each parent, there is a 1 in 4 
chance that an offspring will inherit the pathogenic variants from both parents 
(1

2
1

2× ). Autosomal recessive inheritance is observed as horizontal occurrence 
of the trait—that is, multiple affected siblings, but no parent-to-child transmis-
sion. Occasionally heterozygotes may manifest a mild phenotype, which is 
indeed the same situation described above for what was termed semidominant 
inheritance. However, if the heterozygous phenotype is very mild or only 
detectable with sophisticated and sensitive phenotyping, the trait is considered 
to have an autosomal recessive inheritance pattern.

In sex-linked inheritance male-to-male transmission is not observed because 
if a father is affected, he is hemizygous for the pathogenic variant on his X 
chromosome; he can either transmit his X chromosome with the pathogenic 
variant (in which case the offspring must be female) or he can transmit his Y 
chromosome, which cannot have the pathogenic variant (in which case the 
offspring is male). All daughters of affected fathers are therefore heterozygotes 
for the pathogenic variant. The phenotypic correlation of sex-linked inherited 
disorders is complicated by X-inactivation. This X-inactivation process provides 
a degree of similarity in gene expression between the sexes—males only have 
one X chromosome, so gene dosage is 1.0. The X-inactivation process balances 
expression between males and females by randomly silencing the expression 
of most genes on X on one of the two chromosomes, leading to a functional 
gene dosage of 1.0.

Taking X-inactivation into account and the various combinations of geno-
type and phenotype that can manifest in sex-linked disorders, there are two 
classical patterns. The sex-linked recessive inheritance pattern (Fig. 36-2D) is 
typically associated with a partial loss of function allele, which reduces, but 
does not abrogate gene function and is not cell-lethal. This inheritance pattern 
typically only manifests in affected males. Female heterozygotes, having one 
normal allele of the gene, are unaffected because 50% dosage is sufficient for 
normal function. This assumes random X-chromosome inactivation. However, 
a female can manifest the phenotype of what is typically a sex-linked reces-
sive inheritance if the inactivation of the X chromosome is incomplete or 
skewed, if she has only one X chromosome (Turner syndrome), or if there is 
translocation between the X chromosome and an autosome (X gene mate-
rial on the autosome is not inactivated). In sex-linked recessive inheritance, 
heterozygous females have a 1 in 2 probability that each male offspring is 
affected and a 1 in 2 probability that each female offspring is a heterozygous 
carrier. If the disorder is such that affected males can reproduce, all of their 
male offspring are unaffected, and all their female offspring are heterozygous 
carriers. The classical description of sex-linked dominant inheritance (Fig. 
36-2E) is typically associated with more severe alleles, which are cell-lethal. This 
leads to nonviability of the male embryos, and thus the pathogenic variant can 
never be transmitted from a male. Female heterozygotes are affected and have  
a 1 in 2 chance that each female offspring will also be affected, but there is a 
1 in 2 chance a male will receive the variant, and all affected males die early  
in development.

Formally, the terms autosomal dominant, autosomal recessive, and sex-linked 
describe inheritance patterns, not genes, diseases, alleles, or variants. Although 
this may seem arcane, it is important because the inheritance pattern descriptor 
can be confused with the descriptor for the cellular basis of the disease. This is 
most obvious for cancer susceptibility traits caused by variants in tumor sup-
pressor genes. The inheritance pattern of the clinical trait, which is increased 
susceptibility to cancer, is autosomal dominant. Biologically, however, such 
disorders are often described as cellular recessives, because the phenotype 
of cancer only manifests following a secondary, somatic variant in the gene, 
causing the cells to be homozygous or compound heterozygous for variants 
in the gene. As well, it is best to associate disease or abnormal phenotypes 
to pathogenic variants in the gene, not to the gene itself. In this respect, one 
should describe a patient as “having a pathogenic variant in a Lynch syndrome 
gene,” instead of saying the person “has the Lynch syndrome gene.” It is also 
nonsensical to say that a patient “has the Lynch syndrome gene” because in 
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recombination, or repair. The causes can include viruses, radiation, chemical 
mutagens, or transposons. A variant is a state of the genome such that one or 
more nucleotides differs from the reference sequence. At first this may seem 
arbitrary and unsatisfying—it seems to be dodging the issue of whether a variant 
is normal or abnormal, disease-associated or benign. But there is utility and 
merit to this approach because it is not so simple that at a given position an 
adenine is normal and a cytosine, guanine, or thymine is abnormal. Genetic 
variation can be complex and subtle, so the new formulation is simply to define 
a reference sequence that is typical but not necessarily normal or abnormal. 
Because it is based on sequences from actual human beings, it can be a mix 
of both. Then one simply describes a variant as being different from, or the 
same as, the reference.

Genomic variants can be inherited from a parent (hereditary, constitutional, 
or germline variants) (see Fig. 36-3) and be present in every cell, or variants 
can be acquired in only some tissues during development or any time during 
life (somatic or mosaic variants) (see Fig. 36-3).

SINGLE NUCLEOTIDE VARIANTS AND OTHER SMALL VARIANTS
SNVs are defined as a change of one nucleotide at a given position. Nonsyn-
onymous variants can (1) change a single amino acid (missense); (2) alter 
the reading, thereby altering the downstream protein structure (frameshift); 
(3) introduce a stop codon (premature termination codon) that prematurely 
truncates the protein (nonsense); or (4) abolish the specific site at which the 
intron is spliced when precursor mRNA is processed into mature mRNA 

oocytes. Clinical symptoms and signs typically originate in the most energy-
dependent tissues (e.g., eyes, brain, skeletal muscle, and heart). The phenotypic 
expression varies among family members and depends mainly on the propor-
tion of cytoplasmic mtDNA that carries the variant (i.e., heteroplasmy).

 GENOMIC VARIATION IN HUMANS
Variation in the genome is the fundamental biologic basis of all heritable traits 
and diseases. This spectrum of genomic variation runs the gamut from one 
base pair (a single nucleotide variant [SNV]) to 3 × 109 base pairs (triploidy), 
and everything in between. The categories of genomic variation that are 
described below represent slices of that spectrum of variation and are handy 
categorical clusters of this variation (much as red, orange, yellow, green, cyan, 
blue, and violet are useful but arbitrary slices of the continuous, visible elec-
tromagnetic spectrum). Another dimension of the broad and continuous 
spectrum of genomic variation is the relationship of this variation to health 
and disease. A given SNV can be so devastating that it is 100% lethal early in 
embryonic development. On the other extreme, each of us has over a million 
SNVs that have no known biologic consequences.

Mutation and Variants
This terminology has recently been revised and is now simpler and clearer. 
The process of changing a genome from one state to another is termed a muta-
tion; mutation is a process, not a state. Mutation is defined as the process of a 
change in nucleotide sequence owing to intrinsic errors of DNA replication, 

A B C

D

FIGURE 36-3. Types of mosaicism. mosaicism is categorized into germline and somatic. a given individual can harbor a mosaic variant in one of two general categories of cells: 
germline or nongermline (somatic) cells. thus an individual can harbor in either (A or B) or both (C) of these compartments. How mosaicism is generated is illustrated in D. after fertil-
ization, in a multicellular embryo, one cell undergoes a mutation and all of the cells that derive from that cell harbor the variant. (From spinner n, Biesecker lG. mosaicism in human 
disease. Nat Rev Genet. 2013;14:307-320.)
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and distinct phenotypes (e.g., ovarian failure in females and late onset neu-
rologic disorders in males with pre-mutations in the fragile X syndrome FMR1 
gene). The number of repeats tends to expand in subsequent generations, a 
phenomenon termed anticipation.

REPETITIVE ELEMENTS
The other group of variable elements is represented by retrotransposons, which 
are long and short interspersed nuclear elements (LINEs and SINEs). The 
most common Alu and L1 elements cause insertional mutagenic activity and 
genomic instability because of their proclivity to move around the genome. 
Although their positioning within the genome can vary substantially, relatively 
few pathogenic variants are attributable to them. However, because these 
repetitive elements comprise a large fraction of our genomes, they are impor-
tant to recognize when they occur.

STRUCTURAL VARIANTS AND COPY NUMBER VARIANTS
It has long been recognized that genomes can have large-scale variation in the 
amount of DNA or the arrangement of DNA, as delineated by microscopic 
chromosome analysis. Recent technologic advances (Chapter 37) have mas-
sively improved our ability to identify and characterize these variations. High-
resolution analysis of human genome sequences has identified both moderate 
scale and higher order architectural features, with a potential to cause genomic 
instability and extensive submicroscopic structural variations. Copy number 
variant (CNV) is the term used to describe a larger scale gain or loss of DNA 
from a chromosome, as compared to an insertion, deletion, or indel, as described 
above. Again, all of these categories are arbitrarily defined, and some of these 
categories more reflect how they are detected rather than a biologically based 
categorization. Each individual has on average about 1000 CNVs, with sizes 
ranging from 500 bp to 1.2 Mb (million base pairs). These structural variations 
consist of CNV gains or losses, including deletions, insertions, duplications, 
and triplications, as well as balanced rearrangements such as genomic inver-
sions and balanced translocations. Smaller CNVs (<1 kb, kilobase pair) and 
indels (insertion or deletion of bases <100 bp) are more frequent than larger 
rearrangements, because they are biologically better tolerated. The number 
of CNVs is far smaller than the number of SNVs, but if one counts the base 
pairs that are abnormal, there are more base pairs in CNVs than in SNVs in 
any given individual.

CNVs are associated with mendelian diseases, nonmendelian traits (e.g., 
complex diseases), and common traits (including neurobehavioral traits),9 
but they also can be benign. CNVs can cause disorders by disrupting the 
structure of the gene or by changing the copy-number of dosage-sensitive 
genes. However, CNVs that involve nongenic sequences and leave a gene 
intact also can have long-range effects. The Toronto Database of Genomic 
Variants (http://projects.tcag.ca/variation) summarizes CNVs, and many 
clinically relevant CNVs are also included in the Database of Chromosomal 
Imbalance and Phenotype in Humans using Ensembl Resources (DECIPHER) 
(https://decipher.sanger.ac.uk/information).

There are two main classes of CNVs.10 Recurrent rearrangements (deletions, 
duplications, or inversions) are caused by nonallelic homologous recombina-
tion between low-copy repeats. The fixed position of these low-copy repeats 
or segmental duplications result in recurrent rearrangements of a common 
size for a given region in the human genome. Nonallelic homologous recom-
bination between low-copy repeats leads to deletions or reciprocal duplications 
of the genomic region located between them, whereas nonallelic homologous 
recombination between oppositely oriented, low-copy repeats results in an 
inversion of the intervening genomic segment. In contrast, most nonrecurrent 
CNVs probably are caused by nonhomologous recombination mechanisms, 
and microhomology is often seen at the breakpoints. The remainder of non-
recurrent heterogeneously sized rearrangements probably result from a non-
homologous end-joining mechanism. One prominent mechanism, particularly 
for complex rearrangements is the microhomology-mediated break-induced 
replication mechanism.

CHROMOSOMAL ABERRATIONS
Chromosomal aberrations are the class of genomic variation that causes the 
greatest perturbation of DNA. Chromosomal aberrations, which can be divided 
into numerical and structural aberrations, occur in about 1 in 160 live births.

Most numerical chromosome aberrations are lethal. Numerical aberrations 
are classified as either polyploidy (number of chromosomes are in multiples 
of the haploid set of 23 chromosomes) or aneuploidy (with extra or missing 
chromosomes not in multiples of the haploid set). A normal female chromosome 

(splice site). Most mRNAs with nonsense variants are inactivated and removed 
from cells by a surveillance mechanism called nonsense mediated decay, which 
is initiated by a premature termination codon in any exon—except the last 
and a 50- to 55-bp portion of the second-to-last (i.e., penultimate) exon, which 
usually escape nonsense mediated decay. Transition variants refer to changes 
from pyrimidine to pyrimidine (e.g., cytosine to thymine) or purine to purine 
(e.g., adenine to guanine) bases and are more frequent than transversions, 
which are exchanges from purine to pyrimidine (e.g., adenine to cytosine) or 
pyrimidine to purine (e.g., thymine to guanine) bases. The most common 
transition, cytosine to thymine, which is about 10-fold more common than 
other base changes, occurs in the methylated CpG dinucleotide (a cytosine-
guanine sequence) because methylated cytosine can be deaminated and con-
verted to thymine.

Any two unrelated humans differ on average by about 3.5 million SNVs 
(≈0.1% of the 3 billion bp reference haploid genome). Although most of these 
SNVs lie outside of the exons, an average of about 20,000 SNVs occur in 
coding regions. Among these SNVs, about 7,000 to 10,000 are nonsynonymous 
(i.e., the encoded amino acid changes). However, SNVs outside of the protein-
coding regions also can have phenotypic effects by modifying gene regulation, 
by altering the binding sites for transcription factors, by generating splicing 
variants, or by affecting noncoding RNAs. The former term, SNP or single 
nucleotide polymorphism, was initially defined as a DNA variation that is 
present in more than 1% of the population, but this term is now discouraged 
because “polymorphism” carried a “benign” connotation, which is clearly false 
for a substantial number of SNPs.

Variants can be divided into substitutions, insertions, and deletions. If 
a variant in a protein-coding sequence changes the protein structure, it is 
termed nonsynonymous, whereas variants that do not change proteins are 
termed synonymous. Synonymous variants can still have functional conse-
quences; for example, they may generate a cryptic splice site, an exon splice 
enhancer, or affect regulatory elements. A set of consecutive SNVs (or other 
variants) that lie on a single chromosome is defined as a haplotype. A non-
random association of markers in a population not interrupted by meiotic 
recombination (crossing over) is described as linkage disequilibrium. Linkage 
disequilibrium exemplifies the exception to Mendel’s second law. More than 
100,000 SNVs have been shown to cause mendelian disorders. Many of 
these are cataloged in locus-specific databases (http://www.hgvs.org/locus 
-specific-mutation-databases), the Human Gene Mutation Database (http://
www.hgmd.cf.ac.uk/ac/index.php), and ClinVar (https://www.ncbi.nlm.nih.gov/ 
clinvar/)

DELETIONS, INSERTIONS, AND INDELS
These variations are less common than SNVs. They comprise small nucleotide 
alterations including deletions of one to a moderate number of nucleotides, 
insertions of one or a moderate number of nucleotides (which may be a dupli-
cation of adjacent DNA or nucleotides from elsewhere in the genome), and 
variants that comprise both a deletion of one or more nucleotides and an 
insertion of one or more nucleotides. Many of these variants are catalogued 
in the same databases as described above for SNVs.

TANDEM REPEATS
Variable number of tandem repeats (called minisatellites) and short tandem 
repeats (e.g., dinucleotides, trinucleotides, and tetranucleotides—[GT]n, 
[CAA]n, or GATA]n—called microsatellites) are highly polymorphic repeats 
that can have a wide range of copy numbers of their repeating subunits.8 The 
number of such markers can be used to derive a unique pattern of marker 
genotypes for each human individual, as is used in identification for criminal 
forensic and paternity analysis (https://www.fbi.gov/services/laboratory/
biometric-analysis/codis).

Unstable mutations are termed dynamic. Pathogenic dynamic expansion 
of trinucleotide, tetranucleotide, and pentanucleotide repeat sequences can 
cause disease whether located in coding regions (e.g., CAG triplet in Hun-
tington disease) or noncoding introns (e.g., GAA in Friedreich ataxia) or 
untranslated 5′ (e.g., CGG in fragile X syndrome) or 3′ (e.g., CTG in myotonic 
dystrophy) regions. These variants can cause inherited autosomal dominant 
(e.g., myotonic dystrophy), autosomal recessive (e.g., Friedreich ataxia), or 
sex-linked pattern (e.g., fragile X syndrome) phenotypes owing to a gain or 
loss of function of the encoded protein. Each unstable repeat disease has a 
specific repeat number limit, above which the phenotypic disease occurs. 
Repeats above normal but below the disease threshold are called a premutation. 
Sometimes, however, pre-mutations are associated with a milder, later onset 
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is lost and leads to an abnormal phenotype. Isochromosomes develop when 
one part of the chromosome is duplicated and separated from the other. Iso-
chromosomes can be monocentric (breakpoint in the centromere) or dicentric 
and thus unstable unless one of the centromeres becomes inactivated (pseu-
doisodicentric). Rings are commonly unstable mitotically and often form 
double ring structures.

Mosaicism and Chimeras
Mosaicism is defined as the presence of two or more cell lines that originated 
from the same zygote with different chromosome complements. A chimera 
is when the cells originated from different zygotes, as is the case in an individual 
who receives a transplanted tissue. Mosaicism is common in a number of 
well-recognized disorders, such as sebhorrheic keratoses of the skin, caused 
by somatic variants in PIK3CA or FGFR3 and paroxysmal nocturnal hemo-
globinuria, associated with somatic variants in PIGA. Mosaicism is also the 
genomic basis of cancer—a clone of cells with extensive variants that originated 
from a normal cell in an individual.

 ASSAYING GENETIC VARIATION
Chromosomal aberrations longer than about 5 Mb can be detected by light 
microscopy (cytogenetics) after specific staining that generates a characteristic 
banding pattern (e.g., G-banded karyotype analysis). Submicroscopic rear-
rangements, such as microdeletions or microduplications (30 kb to 5 Mb), 
can be analyzed using fluorescence in situ hybridization (FISH).11 Overall, 
light microscopic techniques are declining in favor of molecular assays.

The development of array-based comparative genomic hybridization 
(array CGH) or SNP-chip-based testing allows the entire human genome 
to be screened for imbalances, with the level of resolution depending only 
on the number, size, and distance between the arrayed interrogating probes. 
Millions of these oligonucleotide protein probes can be synthesized on one 
glass slide. Oligonucleotide probes are also used on SNP arrays, which, unlike 
microarray-based CGH, can generate association studies or detect uniparental 
disomies. The widespread diagnostic use of array CGH and SNP-chips has not 
only increased the sensitivity for detecting diseases associated with CNVs but 
also has led to the discovery of many additional CNV-associated disorders. 
To detect genomic imbalances, an alternative is a quantitative polymerase 
chain reaction–based technique called multiplex ligation-dependent probe 
amplification (MLPA). MLPA provides a simple, rapid, and sensitive method 
to detect dosage alterations in selected genomic regions.

Most recently, several next-generation sequencing (NGS) technologies 
enabled simultaneous and massively parallel DNA sequencing (Chapter 37). 
These technologies facilitate panel testing (simultaneous assay of multiple 
genes implicated in a particular phenotype), exome sequencing (the coding 
regions of the genome), and genome sequencing. NGS methods generate 
far larger quantities of data at less expense; however, the raw sequence data 
that are generated from individual amplified DNA template sequences have 
shorter read lengths, which can be difficult to map uniquely to the genome. 
Thus, neither exome sequencing nor genome sequencing is truly “whole 
exome” or “whole genome.” Nevertheless, massively redundant sequencing 
of a diploid human genome (e.g., 30-fold coverage with respect to the haploid 
human reference genome sequence) can generate robust and accurate indi-
vidual genomic evaluation. These NGS technologies have led to an explo-
sion in gene discovery and an increasing understanding of the mechanistic 
bases of genetic disorders. Exome sequencing alone currently has about a 
25% yield for clinical diagnosis in patients with phenotypic syndromes of 
unknown cause—a significant improvement over previously available testing  
modalities.

Recent advances and the relatively widespread use of array CGH, SNP-
chips, and NGS technologies have transformed our understanding and diagnosis 
of human disease (Chapter 37). As sequencing becomes less expensive and 
more available, our understanding of human evolution, disease, and treatment 
is advancing rapidly.

 GENETIC TEST REPORTS
Whereas gene changes used to be termed “polymorphism” if they were benign 
and “mutation” if they were disease- or trait-associated, these terms have been 
set aside. Instead, as noted above, a gene state different from reference is 
termed a variant and the term variant is modified by an adjective such as 
“benign,” “likely benign,” of “unknown significance,” “likely pathogenic,” or 
“pathogenic.”12 Clinicians will increasingly encounter genetic test result reports 
with descriptors such as “likely pathogenic variant” or “benign variant” or 
“variant of unknown significance.”

complement is 46,XX and male is 46,XY. Polyploidies such as triploidies 
(69,XXX, 69,XXY, and 69,XYY) are caused by abnormal fertilization of the 
egg by two sperms, whereas tetraploidies (92,XXYY or 92,XXXX) are caused 
by a failure in zygote division. Among viable chromosomal aneuploidies, the 
most common trisomies and monosomies involve chromosomes X, Y, 21, 18, 
and 13 and arise as a result of meiotic nondisjunctions. These aneuploidies 
are the most common because these four chromosomes have the smallest 
number of biallelically transcribed genes. Although these four aneuploidies 
are the most common in liveborn individuals, trisomy 16 is the most common 
human aneuploidy; however, because it has a large number of genes, it is 100% 
lethal in early development and therefore not seen clinically.

Aneuploidies of sex chromosomes, which are more common than autosomal 
aneuploidies, are found in 1 in 440 newborns. Monosomy X (45,X) in females 
causes Turner syndrome (Chapter 220), which occurs in one in every 4000 
female newborns. However, this observed birth rate represents only 1% of all 
45,X fetuses because more than 99% of such fetuses result in miscarriage. In 
most live patients, the 45,X cell line is a mosaic with another cell line that has 
either a normal karyotype or a structural rearrangement of the X chromosome 
(e.g., deletion of the short arm, ring chromosome, or isochromosome of the 
long or short arms). About one in every 1000 males is either 47,XXY Kline-
felter syndrome (Chapter 220) or 47,XYY (typically with at most phenotypic 
manifestations).

The only autosomal trisomies compatible with life are Down syndrome 
(trisomy 21, 1 in every 670 newborns) (E-Fig. 36-1A), Edwards syndrome 
(trisomy 18, 1 in 7500 newborns), and Patau syndrome (trisomy 13, 1 in 
every 22,700 newborns). In contrast to trisomies, monosomies of all autosomes 
are lethal.

Incomplete supernumerary chromosomes, which are termed marker chro-
mosomes, usually originate from acrocentric autosomes (≈50% from chromo-
some 15). They are found in 1 in 4000 newborns, and the severity of phenotypes 
varies substantially among different chromosomes.

STRUCTURAL ABERRATIONS
Chromosomal deletions and duplications can be categorized as microscopi-
cally visible or submicroscopic, as terminal or interstitial, and as recurrent or 
nonrecurrent. Balanced reciprocal translocations, which result from an exchange 
of the DNA material between two chromosomes, are found in about 1 in 600 
individuals. During meiosis, the translocation chromosomes segregate and 
lead to the transmission of either balanced or unbalanced products to progeny. 
Unbalanced products often either cause spontaneous miscarriage or significant 
clinical consequences. Up to 40% of apparently balanced translocations that 
are found in phenotypically abnormal patients are associated with additional 
imbalances at or near the translocation breakpoint or elsewhere in the genome. 
Translocations that involve short arms (or centromeres) of acrocentric chro-
mosomes are called Robertsonian translocations. Balanced Robertsonian 
translocations (45 chromosome complement) are thus the most common 
chromosome rearrangements in humans, present in 1 in 900 newborns. The 
most frequent Robertsonian translocation, t(13;14), is found in 1 in 1300 
individuals. The carriers of balanced Robertsonian translocations have a sig-
nificantly higher risk of progeny with unbalanced karyotype (e.g., trisomy 13) 
or uniparental disomy for chromosomes 14 and 15 that are known to contain 
imprinted genes. Constitutional non-Robertsonian chromosomal transloca-
tions are nonrecurrent, except for three recurrent translocations: t(11;22)
(q11.2;q23.3), t(4;8)(p16;p23), and t(4;11)(p16;p15.2), which are related 
by low-copy repeat gene clusters.

When a fragment of one chromosome is translocated internally into another 
chromosome’s arm, the aberration is termed an insertion or insertional trans-
location. Insertional translocations occur more than 100 times as often as was 
once thought. Carriers of balanced insertions have up to a 50% chance of 
abnormal progeny.

An inversion is defined as a chromosomal fragment that is reversed end to 
end. Inversions that include the centromere are termed pericentric, whereas 
inversions whose breakpoints map in the same chromosome arm are termed 
paracentric. The acentric or dicentric products of paracentric inversions are 
unstable and not transmitted to progeny, but the products of pericentric inver-
sions (unbalanced terminal deletion of one chromosome arm accompanied 
by a terminal duplication of the second arm) often can be transmitted to 
progeny.

Other less common structural chromosomal abnormalities include isochro-
mosomes, ring chromosomes, complex chromosome rearrangements, and 
heterochromatin variants. Rings arise when two broken ends of the same 
chromosome fuse. Chromosomal material that is telomeric to the breakpoints 
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E-FIGURE 36-1. Assaying copy-number variants (CNVs). Plots of array-based comparative genomic hybridization from patients with genomic rearrangements. each “dot” on the plot 
represents an oligonucleotide that interrogates specific regions of the human genome from chromosome 1 (depicted on left) to the sex chromosomes depicted on the right). Gain of 
copy number is depicted in green, and loss of copy number is depicted in red. A, Patient with down syndrome showing gain (three copies) of chromosome 21. B, Patient with congenital 
heart disease and velocardiofacial syndrome with a 3 mb deletion of chromosome 22q11.2. C, Patient with autosomal dominant sensorimotor neuropathy (Cmt1a) with a gain of copy 
number (duplication) on chromosome 17p12. D, expanded view of the 17p12 duplication shown in C. E, Complex genomic rearrangement in a pediatric patient with epilepsy and 
hypotonia showing multiple breakpoints in a single chromosome. the rectangular boxes below the ideogram of the chromosome show copy number of genomic segments, and the 
numbers depict the size of the CnVs in mb. del = deletion; nml = normal; tri = triplication. 



Like all forms of medical testing, genetic test results are probabilistic. Some, 
like the finding of nonmosaic trisomy 21, confer an extremely high likelihood 
(for all practical purposes, 100%) of phenotypic abnormality in the patient. 
Others, such as a novel premature termination codon in the BRCA1 heredi-
tary breast and ovarian cancer susceptibility gene may be reported as likely  
pathogenic.

Different variants in one gene can cause the same (allelic heterogeneity) 
or distinct phenotypes (phenotypic heterogeneity). By contrast, the same 
abnormal clinical phenotype can be caused by variants in different genes 
(genetic or locus heterogeneity).

Based on the functional consequences, variants can also be categorized by 
their consequences, as variants with loss-of-function or gain-of-function. The 
former—also known as hypomorphic (partial loss) or amorphic (null) loss 
of function (complete loss)—affect the dosage-sensitive or haploinsufficient 
genes, in which decreased protein production is insufficient for normal func-
tion. Gain-of-function variants increase the function or add a new function 
for the protein (neomorphic), whereas dominant negative variants encode a 
protein that antagonistically interacts with the normal product of the other 
allele (antimorphic).

 GENOMICS AND GENETICS AS A NORMAL PART 
OF MEDICINE

Nongeneticists are sometimes intimidated or concerned about using genetic 
diagnostics in their practices, and there is some historical basis for this concern. 
Clinical genetics is associated with a tragic legacy of eugenics, the thoroughly 
discredited concept that our species should be “improved” by preventing the 
reproduction of individuals deemed to be genetically undesirable or unfit. 
Eugenics arose in Britain, was widely practiced in the United States, in some 
cases until the 1970s, but reached its catastrophic apogee in Germany during 
World War II. Clinical genetics and genomics practice in adult medicine has 
dramatically changed in this respect and has not only put aside eugenics, but it 
is arguably now dysgenic. That is, the practice of genetics seeks to improve the 
health and lifespan of individuals with genetic disorders, theoretically increasing 
the frequency of pathogenic variants in the population because successfully 
treated individuals can live longer and reproduce. The theoretical qualifier 
here is important because in the larger picture, this effect on the population 
is much smaller than that of the natural mutation rate. Reproductive genetics 
can still elicit concerns of eugenic tendencies. While there are no longer any 
overtly eugenic laws or medical practices, there are lingering concerns that 
the very availability of prenatal testing and selective termination coupled with 
social and economic pressures against disease and disability, comprise a subtle 
eugenic bias in reproductive medicine.

The important takeaway from this history and sociology of genetics is that 
adult medicine practitioners seeking to improve the health of their patients 
should not hesitate to use genetic and genomic diagnosis and targeted thera-
peutics because of any lingering fears of the eugenic history of the field. In this 
respect, genetics is just like any other technologically advanced component of 
modern medicine and is therefore unexceptional within the broader field of 
medicine. It can have bioethical conundrums, which may be different from those 
in other specialties, but they are not overall greater or more worrisome than 
those in other disciplines. Clinicians should ignore protestations that genetics 
and genomics is somehow exceptional from all other aspects of medicine, or 
something to be avoided or discouraged. A genetic or genomic test used to 
diagnose and treat an adult with cardiac disease is no different from a catheter, 
an ultrasound, or a troponin level—another arrow in the modern biomedical 
quiver that has great potential to improve health and extend longevity.

 CONCLUSION
The structure of the human genome is affected by ancient and ongoing muta-
tional processes, which lead to a broad and continuous spectrum of variation 
comprising SNVs, CNVs, and chromosomal aberrations. While the genome 
is overall stable, the continuous and regular occurrence of variants contributes 
to disease, and interindividual genetic variation is extensive. Understanding 
the full spectrum of this variation and its association with variation in the 
human phenotype, including disease, is the central challenge of the field of 
clinical genomics. The effective use of genetic technologies is rapidly increas-
ing and has already affected all medical disciplines.
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37 
APPLICATIONS OF MOLECULAR 
TECHNOLOGIES TO CLINICAL MEDICINE
GEOFFREY S. GINSBURG

The Human Genome Project, an enabler of the systematic exploration of the 
molecular underpinnings of disease, has led to the expectation that these 
insights would lead to a transformation of medical practice. Most diseases are 
defined by their anatomic location and clinical symptoms and are treated with 
one-size-fits-all therapies that fail to account for the unique biological back-
ground of the individual. Today, genome-based technologies allow us to probe 
the molecular architecture of disease and the genetic backgrounds of the 
individuals who harbor them to improve the potential for more precise diag-
nostics and therapeutic strategies. The Human Genome Project (https://
www.genome.gov/10001772/all-about-the-human-genome-project-hgp/) 
provided the foundation for precision medicine along with advances in geno-
typing and sequencing technologies, bioinformatics, systems biology, and 
computational biology. Today, precision medicine aims to build on this foun-
dation, translating these discoveries into clinical practice, with the ultimate 
goal of improved health and health care for individuals and for populations.

 MOLECULAR TECHNOLOGIES ALONG THE 
CONTINUUM FROM HEALTH TO DISEASE

In 2015, President Barack Obama announced that the United States would 
embark on a precision medicine initiative to enroll over 1 million people in 
what is now called “All of US” (https://allofus.nih.gov/) whose shared data 
from sequencing, electronic medical records, personal reported information, 
and digital health technologies would be the subject of data analyses to drive 
both a novel scientific agenda for disease biology as well as a clinical agenda 
of information driven health care. The resulting precision medicine paradigm 
of health care will allow for more informed decisions along the continuum 
from health to disease (as shown in Fig. 37-1). Today there already are cogent 
examples of precision health care being used in clinical practice (see Table 
37-1, and references therein).1 DNA testing is used for reproductive counsel-
ing for couples planning a pregnancy and for prenatal testing with sequencing 
assays of fetal DNA in the maternal circulation to assess for mendelian and 
developmental disorders. Sequencing in the neonatal ICU is becoming more 
common for diagnoses and determination of treatment options for gravely 
ill infants. For early assessment of disease risk, family history still may be 
the most powerful tool. However, to complement family history, genomic 
risk scores are being defined for certain chronic diseases. Although lagging 
the dramatic decline in cost and increase in throughput of DNA sequencing, 
technology platforms that measure the expressed genome (RNA, proteins, 
metabolites) are increasingly being used to define physiologic states in response 
to our environment, to classify disease states, as diagnostics and to predict 
future clinical outcomes. These approaches form the basis for a new molecu-
lar classification of and taxonomy of disease and diagnosis and can provide 
more precise ways to screen for and to detect disease at its earliest molecular 
manifestations, often preclinically. In addition, the selection of certain drugs 
increasingly can be guided by a patient’s underlying genetic makeup as well 
as the molecular makeup of the disease. Given that a disease’s evolution from 
baseline risk often occurs over many years (Fig. 37-1), periodic molecular 
and digital profiling defines a novel form of health care that focuses on health 
assessments and disease prevention with proactive management rather than 
the current paradigm of acute intervention and crisis management.

 GENOMES, DISEASE, AND TREATMENT
A key question in medicine is to what extent genetic variation influences the 
likelihood of disease onset, affects the natural history of disease in combina-
tion with the environment, or provides clues relevant to the management of 
disease. Genomes are providing new approaches for the diagnosis, study, and 
treatment of disease (see below).

 Newborn Screening, Prenatal Diagnosis and 
Pre-Conception Carrier Testing
A natural outcome of identifying genes for rare mendelian disorders (Chapter 
36) is the application of these findings to earlier detection, at birth (newborn 

https://www.genome.gov/10001772/all-about-the-human-genome-project-hgp/
https://www.genome.gov/10001772/all-about-the-human-genome-project-hgp/
https://allofus.nih.gov/
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ABSTRACT
Scientific advances in the genome sciences in the past decade have provided 
an opportunity to deliver health care in a distinctly patient-centered way. Pre-
cision medicine (PM) uses individual molecular information alongside highly 
specific clinical information about the composition of diseases to tailor pre-
vention and therapies. In 2003 the NHGRI announced its first successful 
attempt to sequence a human genome. Fourteen years later genome sequencing 
projects were being carried out at scale both in the United States and across 
the globe. Genome-based technologies for measurement and assays of RNA, 
proteins, and metabolites are augmenting our ability for diagnosis and treat-
ment as well as changing our taxonomy of disease. Genetic variation associated 
with drug response, or pharmacogenomics, is allowing for more precise target-
ing of therapeutics to an individual’s genetic background to optimize the benefit 
and reduce the risks associated with drug therapies. Despite progress and 
momentum in the discovery of genomic information with great potential to 
impact health care, there remain significant challenges and barriers to the 
broad use of genomics in clinical practice. Four of these barriers are: (1) 
evidence generation, (2) implementation methods, (3) data ownership, sharing, 
and infrastructure, and (4) participant engagement and trust. Until these are 
addressed, PM may remain a futuristic concept rather than being fully inte-
grated into mainstream medicine.

KEYWORDS
precision medicine
precision health
genomics
pharmacogenomics
genomic medicine
implementation
policy
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targeting HER-2, was developed in 1998, which was shown to have increased 
efficacy in patients whose tumors tested positive. HER-2 testing is now part 
of the standard work-up and management of breast cancer. In the past decade, 
other examples of cancer therapies with companion diagnostics emerged 
(https://www.mycancergenome.org/). For example, EGFR mutation testing 
has markedly improved the efficacy of gefitinib and erlotinib, small molecule 
drugs for the treatment of non–small cell lung cancer that target EGFR. In 
metastatic colorectal cancer, tumors with mutated KRAS are usually resistant 
to treatment with cetuximab and panitumumab, leading the American Society 
of Clinical Oncologists and the U.S. Food and Drug Administration (FDA) 
to recommend withholding the drugs in these patients. NGS now allows a 
comprehensive assessment of actionable tumor markers that indicate the 
potential for a specific therapeutic to have efficacy in a given tumor (https://
www.mycancergenome.org/). In 2011, two cancer drugs received accelerated 
approval by the FDA for use with a companion diagnostic test: crizotinib for 
the treatment of patients with locally advanced or metastatic non–small cell 
lung cancer with its companion diagnostic designed to detect the EML4-ALK 
fusion gene, and vemurafenib for the treatment of patients with metastatic or 
unresectable melanoma positive for BRAF V600E mutations. The International 
Cancer Genome Consortium (https://www.icgc.org/icgc) and the Cancer 
Genome Atlas (http://cancergenome.nih.gov/) represent international col-
laborative efforts to define the spectrum of mutations found in tumors, mapping 
the genomic landscape of cancer. These efforts will provide a foundation from 
which to develop additional therapeutic strategies against new targets; however, 
even when successful, the results may be short-lived as therapeutic resistance 
evolves. Thus, although NGS is a promising new tool for surveying cancer 
genomes, it may not be a panacea for cancer genomic medicine.

 Microbial Sequencing for Infectious Disease Diagnosis
In infectious disease, diagnosis by NGS may supplant the need to first grow 
microorganisms in culture, previously a major impediment to pathogen iden-
tification. For example, in 2003, sequencing of samples from infected patients 
with the severe acute respiratory syndrome (SARS) identified the causative 
agent as a coronavirus. Comparison of sequences of multiple isolates of an 
organism from a single epidemic gives a picture of the organism’s evolution, 
allowing one to infer where the outbreak began and how the infection spread.9 
Sequencing has been used to determine the origins of historical outbreaks of 
cholera, tuberculosis, and the 2009 H1N1 influenza. The clinical application 
of NGS to infectious disease was highlighted when the source of carbapenem-
resistant Klebsiella pneumoniae in a hospital outbreak was identified by sequenc-
ing isolates of the bacteria—in real time—from infected individuals and 
examining the genetic differences.

 THE EXPRESSED GENOME
 Complex Multimarker Genomic Tests  
for Disease Diagnosis and Prognosis
Beyond DNA sequence, measures of gene expression, proteins, metabolites, 
and epigenetic changes are being used to generate comprehensive profiles of 
biological systems in health and disease. Many of the computational chal-
lenges of analyzing these large, complex datasets are being addressed to yield 
next-generation biomarkers that are multianalyte, diagnostic, prognostic, 
and predictive. A growing number of marketed tests now typically measure 
protein or RNA levels, often with complex algorithms, enabling diagnosis and 
prognosis. One example is Oncotype Dx (Genomic Health, Inc.), a test that 
examines expression of 21 genes in tumor tissue to determine the likelihood 
of disease recurrence in women with early-stage hormone estrogen receptor–
positive breast cancer. The test analyzes expression levels and converts them 
to a recurrence risk score, which has been shown to help guide treatment in 
patients, reduce overall health care costs, and improve outcomes and is cur-
rently covered by many major insurance companies. Other examples include 
MammaPrint (Agendia, Inc.), which analyzes the expression of 70 genes to 
determine whether patients are at high or low risk of breast cancer recurrence; 
Allomap (CareDx, Inc.), an 11 blood gene RNA signature for monitoring 
rejection following cardiac transplant; and Corus CAD (CardioDx, Inc.), a 23 
gene blood RNA signature to screen for obstructive coronary artery disease.

Despite their complexity, in vitro diagnostic multianalyte index assays 
(IVDMIAs) like these are finding their way to the clinic. The 2007 draft guid-
ance from the U.S. FDA suggested that IVDMIAs are used to make critical 
health care decisions and thus should be regulated by the FDA. Some, but 
not all, of the marketed IVDMIAs have demonstrated analytical and clinical 
validity, but evidence of clinical utility is usually lagging. Moreover, the very 

This is largely due to the sparsity of definitive diagnoses associated with a 
causal variant and the siloed databases in which these findings are located. 
With increasing efforts to encourage data sharing and creating interoperable 
data stores, it is anticipated that definitive diagnoses from genomic data will 
become more common.6 The American Colleges of Medical Genetics and 
Genomics currently defines 59 actionable variants in the human genome 
(https://www.ncbi.nlm.nih.gov/clinvar/docs/acmg/) that, when found, should 
be discussed with the patients who harbor them.

 Risk Prediction for Common Complex Diseases
Despite strong statistical associations linking genetic variants with complex 
diseases in GWAS, the low relative risk of the disease allele (generally <2) 
limits their use for disease predisposition testing and risk assessment. There 
are notable exceptions including genetic variation underlying inherited breast 
cancer syndromes, Lynch syndrome, and familial hypercholesterolemia, where 
some variants have enabled preventive treatment or screening of family members 
as well as their consideration as part of population screening programs. Despite 
the advances in genetic testing, a simple family history continues to be among 
the best tools to identify risks for common diseases. In fact, for conditions 
with high heritability, such as cardiovascular disease, family history is a much 
stronger predictor of disease than any single or combination of genetic/genomic 
markers. One model suggests that neither family history nor genetic testing 
should be used as a standalone but that the real power for disease prediction, 
risk assessment, and differential diagnosis comes from their combined use.

 Clinical Sequencing for Rare Diseases and  
Diagnostic Dilemmas
More than 3500 mendelian disorders have a known molecular basis (http://
omim.org/). However, there are nearly as many suspected mendelian traits for 
which the molecular basis remains to be identified. The potential for clinical 
sequencing to find the underlying cause and identify treatment options for these 
rare, sometimes debilitating diseases has led to the formation of various large 
national and international rare disease consortia. In some specialized clinical 
centers and through programs such as the National Human Genome Research 
Institute’s Undiagnosed Diseases Program (http://www.genome.gov/27544402) 
clinical sequencing is being offered to patients with suspected genetic diseases, 
the so-called “diagnostic dilemmas.” Early results from these clinical sequenc-
ing programs suggest that the success rate of disease gene identification is 
≈33%, offering hope of a diagnosis to thousands of individuals with previously 
undiagnosed or untreated rare disorders.7

 Pharmacogenomics: Germline Genetic Variants and  
Drug Response
Over the past decade a plethora of genomic markers of efficacy, adverse events, 
and dosing of therapeutics have been discovered and recommended for clinical 
use (see E-Table 37-1), but their uptake into clinical practice has been variable, 
despite their clear actionability. In some cases, such as with the HLA-B*5701 
genotype for the HIV drug abacavir and HLA-B*1502 for the antiseizure drug 
carbamazepine, carriers of these genotypes should avoid the drug entirely to 
eliminate a specific serious adverse event. In other cases, such as TPMT for 
mercaptopurine or CYP2C9/VKORC1 for warfarin, adjusting the dose of drug 
based on genotype can help to avoid toxicity and improve efficacy. Actionability 
is not enough to ensure uptake of pharmacogenomics testing as exemplified 
with the anti-platelet drug clopidogrel, where despite having an FDA “black 
box warning” for efficacy in individuals carrying the CYP2C19 genetic variant, 
there is often no clear consensus among physicians on its use. Genetic markers 
that predict reduced therapeutic efficacy may face a high hurdle for established 
drugs, unless there is strong evidence of the test’s clinical validity and utility 
(see below).

 Cancer Pharmacogenomics: Somatic Sequencing of Tumor 
DNA for Targeting Drug Therapies
Cancer arises as a result of somatic DNA mutations that confer a growth 
advantage upon the cells in which they have occurred, giving rise to tumors. 
Comparison of the genetic profiles of tumors and the surrounding normal 
tissue can reveal the acquired DNA variations that drive growth and that 
may reveal targets for treatment.8 The idea of pairing medicines with specific 
tumor markers in a targeted fashion became a reality in the mid-1980s when 
detailed molecular studies of breast tumors led to the discovery of human 
epidermal growth factor receptor 2 (HER-2), a biomarker overexpressed in 
approximately 30% of breast tumors and associated with adverse outcomes. 
Subsequently, trastuzumab (Herceptin), a humanized monoclonal antibody 
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FIGURE 37-1. Use of molecular technologies across the continuum from health to 
disease. Various molecular technologies may now be used to complement the traditional 
approach to evaluating health and disease across the lifespan. the red curve indicates 
the course of a chronic disease over time. the dashed line indicates when clinical symp-
toms are manifest. overall the goal is to shift the detection and treatment paradigm to 
the left. (Adapted from ginsburg gs, Willard h. eds., Genomic and Personalized Medicine. 
3rd ed: Academic press; 2016.)

TABLE 37-1 APPLICATION OF MOLECULAR DIAGNOSTICS ALONG THE CONTINUUM FROM HEALTH TO DISEASE

TIME POINT IN CLINICAL 
DECISION MAKING

CANCER CARDIOVASCULAR DISEASE

TEST INDICATION TEST INDICATION
Risk/susceptibility BRCA1, BRCA2

HNPCC
TP53, PTEN

Breast
Colon
Sarcomas

9p21
Familion 5-gene profile

CAD
LQTS

Screening HPV genotypes Cervical APOB, LDLR, LDLRAP1, PCSK9 Familial Hypercholesterolemia
Diagnosis Cancer Origin

OVA1
Cancer of unknown primary
Ovarian mass malignancy

ABCC9, AKAP9, ANK2, CACNA1C, 
CACNA2D1, CACNB2, CALM1, CALM2, 
CALM3, CASQ2, CAV3, DES, DSC2, 
DSG2, DSP, GPD1L, HCN4, JUP, KCND3, 
KCNE1, KCNE1L, KCNE2, KCNE3, 
KCNH2, KCNJ2, KCNJ5, KCNJ8, KCNQ1, 
LMNA, NKX2-5, PKP2, PLN, RANGRF, 
RYR2, SCN10A, SCN1B, SCN2B, SCN3B, 
SCN4B, SCN5A, SNTA1, TGFB3, 
TMEM43, TRDN, TRPM4, TTN

TnI, BNP, CRP
CorusCAD

Long QT Syndrome

ACS
CAD

Prognosis Oncotype DX (21-gene assay)
MammaPrint (70-gene assay)
HER2/neu, ER, PR

Breast

Drug Response* BCR-ABL
EML4-ALK

Imatinib (CML)
Crizotinib (NSCL)

CYP2C19 Clopidogrel

Monitoring CTCs Tumor recurrence or progression AlloMap Transplant rejection
ACS = acute coronary syndromes; BNP = brain natriuretic peptide; CAD = coronary artery disease; CRP = C-reactive protein; CTCs = circulating tumor cells; ER = estrogen receptor; HPV = human 
papillomavirus; LQTS = long QT syndrome; PR = progesterone receptor; TnI = troponin I. (Data from Ginsburg GS, Willard H. eds., Genomic and Personalized Medicine. 3rd ed: Academic Press; 2016.)
*Additional drug-gene pairs can be found in E-Table 37-1.

expanding the number of genetic variants that have traditionally been detected 
in utero.

Prior to conception, carrier screening enables couples to assess their risk of 
having a child with a recessive mendelian disorder (Chapter 36) and use this 
information to guide their reproductive decisions. There are over 1000 rare, 
recessive mendelian disorders for which the underlying genetic mutation is 
known. Though individually rare, these can have a sizable public health impact 
considering that each person is estimated to carry on average 2.8 mutations 
for known severe recessive disorders the impact of screening could be sizable 
in terms of reduced disease morbidity and mortality in the population.

 Sequencing: A Driver of Precision Medicine
Genome-wide association studies (GWAS) debuted in 2005 with the iden-
tification of variants in the complement factor H gene as a cause of age-related 
macular degeneration, (https://www.ebi.ac.uk/gwas/). Now the GWAS catalog 
contains over 3000 publications and over 50,000 unique SNP-trait associations 
from large cohorts of patients and controls across numerous diseases. GWAS 
has been a transformative approach to identifying common genetic variation 
across the entire human genome in an unbiased fashion, offering an unprec-
edented opportunity to uncover new biological pathways of disease. Yet the 
actual discovery of disease-causing variants and functional genomics of GWAS 
findings have been slow to mature. However, new gene editing technologies 
using Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) 
and Transcription Activator-Like Effector Nucleases (TALEN) are changing 
the approach to defining the biology of genetic variants discovered by GWAS 
and sequencing.4

Since 2001, the cost of sequencing a human genome has dropped from 
more than $3 billion to under one thousand dollars. Next-generation sequenc-
ing (NGS) technology can now read approximately 150 billion bases in a day 
and allows direct measurement not just of common variants, but also theoreti-
cally of all variation in a genome. It is estimated that the population frequency 
of germline variants is approximately one in every 1000 of the 3.2 billion 
nucleotide positions, giving rise to approximately 3 million variants in a given 
human genome. The challenge lies in figuring out the meaning of variants, 
many of which occur in noncoding regions of the genome whose function is 
largely unknown. The significance of the noncoding variants remains poorly 
understood; thus, the focus clinically has been on exome sequencing (which 
examines variation in the coding sequence), where mutations have predictable 
effects on downstream protein structure. Genome interpretation is a key 
bottleneck in the ubiquitous application of sequencing to clinical medicine.5 

screening), in utero (prenatal diagnosis), or pre-conception (carrier testing). 
Newborn screening—mandatory, state-supported public health program meant 
to protect newborn children by screening them for rare, treatable (and thus 
preventable) disorders at birth—has been steadily increasing from an average 
of five conditions in 1995, to a panel of 34 core disorders currently recom-
mended by the U.S. Department of Health and Human Services.2 Rapid genome 
sequencing (≈26 hours from test to result) has been reported and utilized to 
treat patients with undiagnosed and potentially fatal disorders in the neonatal 
intensive care unit.3 As the number of conditions considered for newborn 
screening will undoubtedly grow, rapid sequencing can potentially broaden 
and foreshorten differential diagnosis, resulting in fewer empirical treatments 
and faster progression to genetic and prognostic counseling and potentially 
ending the diagnostic odyssey for patients and their families.

Cell-free fetal DNA circulating in maternal blood was isolated, amplified 
and sequenced noninvasively through a sample of maternal plasma in 1997. 
In 2008, next-generation sequencing (NGS) technologies were used success-
fully to identify fetal aneuploidy from cell-free fetal DNA in maternal plasma. 
Clinical trials of the new method rapidly followed, and by late 2011 NonIn-
vasive Prenatal Testing (NIPT) of trisomy 21 by sequencing of maternal plasma 
DNA was being offered on a clinical and commercial basis in the United 
States. NIPT eliminates the need for invasive procedures, while also greatly 

https://www.ebi.ac.uk/gwas/
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targeting HER-2, was developed in 1998, which was shown to have increased 
efficacy in patients whose tumors tested positive. HER-2 testing is now part 
of the standard work-up and management of breast cancer. In the past decade, 
other examples of cancer therapies with companion diagnostics emerged 
(https://www.mycancergenome.org/). For example, EGFR mutation testing 
has markedly improved the efficacy of gefitinib and erlotinib, small molecule 
drugs for the treatment of non–small cell lung cancer that target EGFR. In 
metastatic colorectal cancer, tumors with mutated KRAS are usually resistant 
to treatment with cetuximab and panitumumab, leading the American Society 
of Clinical Oncologists and the U.S. Food and Drug Administration (FDA) 
to recommend withholding the drugs in these patients. NGS now allows a 
comprehensive assessment of actionable tumor markers that indicate the 
potential for a specific therapeutic to have efficacy in a given tumor (https://
www.mycancergenome.org/). In 2011, two cancer drugs received accelerated 
approval by the FDA for use with a companion diagnostic test: crizotinib for 
the treatment of patients with locally advanced or metastatic non–small cell 
lung cancer with its companion diagnostic designed to detect the EML4-ALK 
fusion gene, and vemurafenib for the treatment of patients with metastatic or 
unresectable melanoma positive for BRAF V600E mutations. The International 
Cancer Genome Consortium (https://www.icgc.org/icgc) and the Cancer 
Genome Atlas (http://cancergenome.nih.gov/) represent international col-
laborative efforts to define the spectrum of mutations found in tumors, mapping 
the genomic landscape of cancer. These efforts will provide a foundation from 
which to develop additional therapeutic strategies against new targets; however, 
even when successful, the results may be short-lived as therapeutic resistance 
evolves. Thus, although NGS is a promising new tool for surveying cancer 
genomes, it may not be a panacea for cancer genomic medicine.

 Microbial Sequencing for Infectious Disease Diagnosis
In infectious disease, diagnosis by NGS may supplant the need to first grow 
microorganisms in culture, previously a major impediment to pathogen iden-
tification. For example, in 2003, sequencing of samples from infected patients 
with the severe acute respiratory syndrome (SARS) identified the causative 
agent as a coronavirus. Comparison of sequences of multiple isolates of an 
organism from a single epidemic gives a picture of the organism’s evolution, 
allowing one to infer where the outbreak began and how the infection spread.9 
Sequencing has been used to determine the origins of historical outbreaks of 
cholera, tuberculosis, and the 2009 H1N1 influenza. The clinical application 
of NGS to infectious disease was highlighted when the source of carbapenem-
resistant Klebsiella pneumoniae in a hospital outbreak was identified by sequenc-
ing isolates of the bacteria—in real time—from infected individuals and 
examining the genetic differences.

 THE EXPRESSED GENOME
 Complex Multimarker Genomic Tests  
for Disease Diagnosis and Prognosis
Beyond DNA sequence, measures of gene expression, proteins, metabolites, 
and epigenetic changes are being used to generate comprehensive profiles of 
biological systems in health and disease. Many of the computational chal-
lenges of analyzing these large, complex datasets are being addressed to yield 
next-generation biomarkers that are multianalyte, diagnostic, prognostic, 
and predictive. A growing number of marketed tests now typically measure 
protein or RNA levels, often with complex algorithms, enabling diagnosis and 
prognosis. One example is Oncotype Dx (Genomic Health, Inc.), a test that 
examines expression of 21 genes in tumor tissue to determine the likelihood 
of disease recurrence in women with early-stage hormone estrogen receptor–
positive breast cancer. The test analyzes expression levels and converts them 
to a recurrence risk score, which has been shown to help guide treatment in 
patients, reduce overall health care costs, and improve outcomes and is cur-
rently covered by many major insurance companies. Other examples include 
MammaPrint (Agendia, Inc.), which analyzes the expression of 70 genes to 
determine whether patients are at high or low risk of breast cancer recurrence; 
Allomap (CareDx, Inc.), an 11 blood gene RNA signature for monitoring 
rejection following cardiac transplant; and Corus CAD (CardioDx, Inc.), a 23 
gene blood RNA signature to screen for obstructive coronary artery disease.

Despite their complexity, in vitro diagnostic multianalyte index assays 
(IVDMIAs) like these are finding their way to the clinic. The 2007 draft guid-
ance from the U.S. FDA suggested that IVDMIAs are used to make critical 
health care decisions and thus should be regulated by the FDA. Some, but 
not all, of the marketed IVDMIAs have demonstrated analytical and clinical 
validity, but evidence of clinical utility is usually lagging. Moreover, the very 

This is largely due to the sparsity of definitive diagnoses associated with a 
causal variant and the siloed databases in which these findings are located. 
With increasing efforts to encourage data sharing and creating interoperable 
data stores, it is anticipated that definitive diagnoses from genomic data will 
become more common.6 The American Colleges of Medical Genetics and 
Genomics currently defines 59 actionable variants in the human genome 
(https://www.ncbi.nlm.nih.gov/clinvar/docs/acmg/) that, when found, should 
be discussed with the patients who harbor them.

 Risk Prediction for Common Complex Diseases
Despite strong statistical associations linking genetic variants with complex 
diseases in GWAS, the low relative risk of the disease allele (generally <2) 
limits their use for disease predisposition testing and risk assessment. There 
are notable exceptions including genetic variation underlying inherited breast 
cancer syndromes, Lynch syndrome, and familial hypercholesterolemia, where 
some variants have enabled preventive treatment or screening of family members 
as well as their consideration as part of population screening programs. Despite 
the advances in genetic testing, a simple family history continues to be among 
the best tools to identify risks for common diseases. In fact, for conditions 
with high heritability, such as cardiovascular disease, family history is a much 
stronger predictor of disease than any single or combination of genetic/genomic 
markers. One model suggests that neither family history nor genetic testing 
should be used as a standalone but that the real power for disease prediction, 
risk assessment, and differential diagnosis comes from their combined use.

 Clinical Sequencing for Rare Diseases and  
Diagnostic Dilemmas
More than 3500 mendelian disorders have a known molecular basis (http://
omim.org/). However, there are nearly as many suspected mendelian traits for 
which the molecular basis remains to be identified. The potential for clinical 
sequencing to find the underlying cause and identify treatment options for these 
rare, sometimes debilitating diseases has led to the formation of various large 
national and international rare disease consortia. In some specialized clinical 
centers and through programs such as the National Human Genome Research 
Institute’s Undiagnosed Diseases Program (http://www.genome.gov/27544402) 
clinical sequencing is being offered to patients with suspected genetic diseases, 
the so-called “diagnostic dilemmas.” Early results from these clinical sequenc-
ing programs suggest that the success rate of disease gene identification is 
≈33%, offering hope of a diagnosis to thousands of individuals with previously 
undiagnosed or untreated rare disorders.7

 Pharmacogenomics: Germline Genetic Variants and  
Drug Response
Over the past decade a plethora of genomic markers of efficacy, adverse events, 
and dosing of therapeutics have been discovered and recommended for clinical 
use (see E-Table 37-1), but their uptake into clinical practice has been variable, 
despite their clear actionability. In some cases, such as with the HLA-B*5701 
genotype for the HIV drug abacavir and HLA-B*1502 for the antiseizure drug 
carbamazepine, carriers of these genotypes should avoid the drug entirely to 
eliminate a specific serious adverse event. In other cases, such as TPMT for 
mercaptopurine or CYP2C9/VKORC1 for warfarin, adjusting the dose of drug 
based on genotype can help to avoid toxicity and improve efficacy. Actionability 
is not enough to ensure uptake of pharmacogenomics testing as exemplified 
with the anti-platelet drug clopidogrel, where despite having an FDA “black 
box warning” for efficacy in individuals carrying the CYP2C19 genetic variant, 
there is often no clear consensus among physicians on its use. Genetic markers 
that predict reduced therapeutic efficacy may face a high hurdle for established 
drugs, unless there is strong evidence of the test’s clinical validity and utility 
(see below).

 Cancer Pharmacogenomics: Somatic Sequencing of Tumor 
DNA for Targeting Drug Therapies
Cancer arises as a result of somatic DNA mutations that confer a growth 
advantage upon the cells in which they have occurred, giving rise to tumors. 
Comparison of the genetic profiles of tumors and the surrounding normal 
tissue can reveal the acquired DNA variations that drive growth and that 
may reveal targets for treatment.8 The idea of pairing medicines with specific 
tumor markers in a targeted fashion became a reality in the mid-1980s when 
detailed molecular studies of breast tumors led to the discovery of human 
epidermal growth factor receptor 2 (HER-2), a biomarker overexpressed in 
approximately 30% of breast tumors and associated with adverse outcomes. 
Subsequently, trastuzumab (Herceptin), a humanized monoclonal antibody 

https://www.ncbi.nlm.nih.gov/clinvar/docs/acmg/
http://omim.org/
http://omim.org/
http://www.genome.gov/27544402
https://www.mycancergenome.org/
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http://cancergenome.nih.gov/
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E-TABLE 37-1 DRUG-GENE PAIRS TO GUIDE PHARMACOGENOMIC TESTING
GENE DRUG
SLCO1B1 cerivastatin
G6PD chloramphenicol
G6PD chloroquine
G6PD chlorpropamide
G6PD ciprofloxacin
CYP2C19 clomipramine
CYP2D6 clomipramine
G6PD dapsone
CYP2D6 desipramine
CYP2C19 dexlansoprazole
G6PD dimercaprol
POLG divalproex sodium
CYP2C19 doxepin
CYP2D6 doxepin
CYP2B6 efavirenz
CYP2D6 eliglustat
CYP2C19 esomeprazole
G6PD glibenclamide
G6PD glimepiride
G6PD glipizide
G6PD hydroxychloroquine
CYP2C19 imipramine
CYP2D6 imipramine
CYP2C19 lansoprazole
G6PD levofloxacin
G6PD mafenide
G6PD mefloquine
G6PD mesalazine
CYP2B6 methadone
G6PD methylene blue
CYP2D6 methylphenidate
CYP2D6 mirtazapine
G6PD moxifloxacin
HPRT1 mycophenolic acid
G6PD nalidixic acid
CYP2B6 nevirapine
G6PD nitrofurantoin
G6PD norfloxacin
CYP2C19 omeprazole
HLA-B oxcarbazepine
CYP2C19 pantoprazole
G6PD pegloticase
G6PD phenazopyridine
CYP4F2 phenprocoumon
SCN1A phenytoin
CYP2D6 pimozide
G6PD primaquine
G6PD probenecid
CYP2D6 protriptyline
G6PD quinine
CYP2C19 rabeprazole
CYP2D6 risperidone
CYP2C19 sertraline
CYP2D6 sertraline
G6PD sodium nitrite
RYR1 succinylcholine

GENE DRUG
HLA-B abacavir
HLA-B allopurinol
CYP2C19 amitriptyline
CYP2D6 amitriptyline
UGT1A1 atazanavir
TPMT azathioprine
DPYD capecitabine
HLA-A carbamazepine
HLA-B carbamazepine
CYP2C19 clopidogrel
CYP2D6 codeine
CACNA1S desflurane
RYR1 desflurane
DPYD fluorouracil
CYP2D6 fluvoxamine
UGT1A1 irinotecan
CACNA1S isoflurane
RYR1 isoflurane
CFTR ivacaftor
TPMT mercaptopurine
CYP2D6 nortriptyline
CYP2D6 ondansetron
CYP2D6 oxycodone
CYP2D6 paroxetine
CYP2C9 phenytoin
HLA-B phenytoin
G6PD rasburicase
CACNA1S sevoflurane
RYR1 sevoflurane
SLCO1B1 simvastatin
CACNA1S succinylcholine
CYP3A5 tacrolimus
CYP2D6 tamoxifen
DPYD tegafur
TPMT thioguanine
CYP2D6 tramadol
CYP2D6 tropisetron
CYP2C19 voriconazole
CYP2C9 warfarin
CYP4F2 warfarin
VKORC1 warfarin
CYP2C19 citalopram
CYP2C19 escitalopram
IFNL3 peginterferon alfa-2a
IFNL3 peginterferon alfa-2b
IFNL3 ribavirin
CYP2C9 acenocoumarol
CYP4F2 acenocoumarol
HLA-A allopurinol
CYP2D6 aripiprazole
CYP2D6 atomoxetine
UGT1A1 belinostat
CYP2D6 brexpiprazole
SCN1A carbamazepine
NAGS carglumic acid
CYP2C9 celecoxib
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E-TABLE 37-1 DRUG-GENE PAIRS TO GUIDE PHARMACOGENOMIC TESTING—cont’d
GENE DRUG
G6PD sulfacetamide
G6PD sulfadiazine
G6PD sulfamethoxazole and trimethoprim
G6PD sulfasalazine
CYP2C19 trimipramine
CYP2D6 trimipramine
ABL2 valproic acid
ASL valproic acid
ASS1 valproic acid
CPS1 valproic acid
NAGS valproic acid
OTC valproic acid
POLG valproic acid
GBA velaglucerase alfa
CYP2D6 venlafaxine
CYP2D6 vortioxetine
CYP4F2 warfarin
CYP2D6 dextromethorphan
CYP2D6 quinidine
G6PD erythromycin
G6PD sulfisoxazole
CYP2C19 brivaracetam
CYP2C19 carisoprodol
SLC6A4 citalopram
G6PD dabrafenib
UGT1A1 dolutegravir
CYP2D6 donepezil
SLC6A4 escitalopram
CYP2C9 flurbiprofen
CYP2D6 iloperidone
G6PD lidocaine
UGT1A1 pazopanib
CYP2D6 perphenazine
HLA-C allopurinol
MT-RNR1 aminoglycoside antibacterials
MC4R antipsychotics
HLA-DPB1 aspirin
CFTR ataluren
CYP3A5 atazanavir
MTHFR capecitabine
HLA-B carbimazole
MTHFR carboplatin
CYP2D6 carvedilol
CYP2D6 cevimeline
XPC cisplatin
CYP2C19 clobazam
CYP2D6 clozapine
MTHFR cyclophosphamide
CYP3A5 cyclosporine
HLA-B dapsone
CYP2D6 darifenacin
CYP2C19 diazepam
CYP2C9 diclofenac
CYP2D6 dolasetron
CYP2D6 duloxetine
F5 eltrombopag

GENE DRUG
SERPINC1 eltrombopag
CYP2D6 fesoterodine
CYP2D6 flecainide
CYP2C19 flibanserin
CYP2C9 flibanserin
CYP2D6 flibanserin
MTHFR fluorouracil
CYP2D6 fluoxetine
CYP2D6 haloperidol
F5 hormonal contraceptives for systemic use
NAT2 isoniazid
HLA-DQA1 lapatinib
CYP2C9 lesinurad
MTHFR leucovorin
HLA-B methazolamide
HLA-C methazolamide
HLA-B methimazole
MTHFR methotrexate
SLCO1B1 methotrexate
CYP2D6 metoprolol
CYP3A5 midazolam
CYP2D6 modafinil
HLA-B nevirapine
HLA-DRB1 nevirapine
UGT1A1 nilotinib
CYP2D6 olanzapine
MTHFR oxaliplatin
CYP2D6 palonosetron
SLCO1B1 pravastatin
CYP2D6 propafenone
CYP2D6 propranolol
HLA-B propylthiouracil
CYP2D6 quinine
DRD2 risperidone
SLCO1B1 rosuvastatin
COMT Selective serotonin reuptake inhibitors
CYP3A5 sirolimus
CYP3A4 tacrolimus
CYP2D6 tamsulosin
CYP2D6 terbinafine
CYP2D6 tetrabenazine
CYP2D6 thioridazine
CYP2D6 timolol
CYP2D6 tiotropium
CYP2D6 tolterodine
TNF Tumor necrosis factor alpha (TNF-alpha) inhibitors
G6PD vitamin c
CYP2D6 zuclopenthixol
OPRM1 alfentanil
COMT cisplatin
CES1 clopidogrel
GSTP1 cyclophosphamide
ABCB1 digoxin
CYP2A7P1 efavirenz
GSTP1 epirubicin
OPRM1 ethanol
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E-TABLE 37-1 DRUG-GENE PAIRS TO GUIDE PHARMACOGENOMIC TESTING—cont’d
GENE DRUG
GRIK4 citalopram
HTR2A citalopram
HTR2C clozapine
SOD2 cyclophosphamide
TP53 cyclophosphamide
ANKK1 ethanol
DYNC2H1 etoposide
NQO1 fluorouracil
TYMS fluorouracil
UMPS fluorouracil
CRHR1 fluticasone propionate
CRHR1 fluticasone/salmeterol
ADD1 furosemide
CYP2D6 galantamine
NT5C2 gemcitabine
CETP HMG CoA reductase inhibitors
HMGCR HMG CoA reductase inhibitors
LPA HMG CoA reductase inhibitors
NEDD4L hydrochlorothiazide
PRKCA hydrochlorothiazide
YEATS4 hydrochlorothiazide
C8orf34 irinotecan
SEMA3C irinotecan
UGT1A4 lamotrigine
PTGFR latanoprost
C11orf65 metformin
SLC47A2 metformin
ATIC methotrexate
MTRR methotrexate
CYB5R1 metoclopramide
CYB5R2 metoclopramide
CYB5R3 metoclopramide
CYB5R4 metoclopramide
CCHCR1 nevirapine
CHRNA3 nicotine
HTR2C olanzapine
GSTM1 oxaliplatin
UGT2B15 oxazepam
HTR1A paroxetine
VDR peginterferon alfa-2b
XRCC1 platinum
DYNC2H1 platinum compounds
ERCC1 platinum compounds
NQO1 platinum compounds
KIF6 pravastatin
TANC1 radiotherapy
VDR ribavirin
HTR2C risperidone
FCGR3A rituximab
ABCG2 rosuvastatin
COQ2 rosuvastatin
COL22A1 salbutamol
CRHR2 salbutamol
TXNRD2 selective serotonin reuptake inhibitors
GNB3 sildenafil
ADD1 spironolactone

GENE DRUG
ABCB1 fentanyl
OPRM1 fentanyl
GSTP1 fluorouracil
ITPA interferon alfa-2b, recombinant
ABCB1 methadone
OPRM1 methadone
ABCB1 methotrexate
ABCB1 morphine
OPRM1 morphine
OPRM1 naloxone
OPRM1 naltrexone
ABCB1 nevirapine
CYP2A7P1 nevirapine
COMT nicotine
ABCB1 ondansetron
GSTP1 oxaliplatin
ABCB1 oxycodone
GSTP1 platinum compounds
CYP2C8 rosiglitazone
ADRB2 salbutamol
ADRB2 salmeterol
ABCB1 simvastatin
BCHE succinylcholine
ABCB1 sunitinib
ABCB1 tramadol
OPRM1 tramadol
KCNIP4 ACE inhibitors, plain
NQO1 alkylating agents
CBR3 anthracyclines and related substances
HAS3 anthracyclines and related substances
NQO1 anthracyclines and related substances
SLC28A3 anthracyclines and related substances
FKBP5 antidepressants
GRIK4 antidepressants
HTR2A antidepressants
ANKK1 antipsychotics
GP1BA aspirin
LTC4S aspirin
PTGS1 aspirin
APOE atorvastatin
COQ2 atorvastatin
KIF6 atorvastatin
LDLR atorvastatin
FDPS Bisphosphonates
CRHR1 budesonide
ANKK1 bupropion
ADORA2A caffeine
TYMS capecitabine
ACE captopril
EPHX1 carbamazepine
FLOT1 carbamazepine
EGF cetuximab
FCGR3A cetuximab
GSTM1 cisplatin
TMEM43 cisplatin
TP53 cisplatin
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E-TABLE 37-1 DRUG-GENE PAIRS TO GUIDE PHARMACOGENOMIC TESTING—cont’d
GENE DRUG
NAT2 hydralazine
NAT1 isosorbide dinitrate
NAT2 isosorbide dinitrate
IFNL4 peginterferon alfa-2a
IFNL4 peginterferon alfa-2b
ABCB1 antidepressants
NUDT15 azathioprine
NUDT15 mercaptopurine

GENE DRUG
TCF7L2 sulfonamides
ABCC4 tenofovir
CRHR1 triamcinolone
CALU warfarin
GGCX warfarin
PROC warfarin
PROS1 warfarin
NAT1 hydralazine
Adapted from https://cpicpgx.org/

https://cpicpgx.org/
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controlled clinical trials (RCTs). Advancing the field likely will be best served 
by drawing upon a range of evidence sources including RCTs, pragmatic clini-
cal trials, observational studies, and mining of data from electronic health 
records.

One strategy for developing the evidence base is to use continuous data col-
lection among diverse populations after a drug or diagnostic test has entered the 
marketplace. Thus a framework that guides implementation and ensures ongoing 
evidence generation either once these products have been approved by regulators 
and entered the market or across a dedicated “genomic medicine implementa-
tion network” (such as IGNITE, http://ignite-genomicmedicine.org/) could 
ultimately enhance the pace of adoption. Post market ongoing data capture and 
evidence development is a paradigm that has been broadly underutilized that 
could be used to assess the economic impact of genomic medicine approaches. 
Longitudinal acquisition of requisite economic data for coverage decisions is 
often difficult to generate within the context of clinical trials.

 IMPLEMENTATION OF PRECISION MEDICINE IN HEALTH CARE SYSTEMS
Generating the evidence base for precision medicine requires overcoming 
many practical and logistic challenges such as the absence of supporting 
information technology (IT) infrastructure, data standards and interoper-
ability, decision support technology, and funding for implementation and 
translational research. Electronic medical records (EMRs) can enable linkage 
between genetic information and other health information to produce new 
understandings of health and disease. EMRs have been suggested as a pos-
sible solution for delivering actionable genomic information to providers. 
However, even where EMRs are available, they are largely unprepared to handle 
genomic information. Compounding this is a lack of standards for how such 
data should be stored. This is referred to as interoperability, or the ability of 
IT programs to communicate with other systems both in terms of the data and 
codes they contain and the operating systems they use. In addition, standards 
for structured data, or common data elements, to be captured in EMRs must 
be developed. Having these structured data will allow datasets to be aggregated 
across health systems and research cohorts to be created across institutions. 
Both would improve the statistical power of analyses. An example of work 
being done to enable the integration of genomic information is the DIGITizE 
Action Collaborative of the National Academies of Science, Medicine and 

nature of IVDMIAs presents challenges to insurers, who grapple with not 
only limited data on clinical utility, but also how to reimburse such tests that 
are composed of both a laboratory component and an associated algorithm 
used to score risk, the latter part being integral to realizing the test’s value.

The success of some IVDMIAs is evidence of the power of computational 
biology, but also of the importance of advocacy and financial resources that 
the commercial developers of these tests must bring. Companies develop-
ing IVDMIAs are able to finance key studies aimed at demonstrating clini-
cal validity, navigate regulatory hurdles, advocate for coverage by insurance 
companies, and disseminate their tests through marketing to health care 
providers. Their efforts offer valuable lessons on the effective translation of 
complex molecular tests to medicine. The FDA shelved its pursuit of guidance 
of IVDMIAs in favor of developing a framework for oversight of laboratory 
developed tests (LDTS, https://www.fda.gov/downloads/medicaldevices/
deviceregulationandguidance/guidancedocuments/ucm416685.pdf) in 2014, 
although final guidance on this topic is still pending.

 Metabolic and Protein Profiling
Endophenotypes are the various molecular domains that exist at intermediate 
levels of organization between the genotype and the phenotype, including 
metabolomics and proteomics.10 A metabolic profile is very similar to some 
of the traditional targeted profiles, such as a lipid profile, although it is more 
comprehensive. Metabolomics measures changes in the metabolic or chemical 
milieu that are downstream of genomic and proteomic alterations. It is esti-
mated that humans contain approximately 5000 discrete small molecule 
metabolites, and the identification of metabolic fingerprints for specific diseases 
may have particular practical utility for the development of therapies because 
metabolic changes immediately suggest enzymatic drug targets. Similar to 
genomics and proteomics, metabolomics may be useful in disease diagnosis, 
prognosis, and drug development. In particular, metabolomics will likely be 
a valuable tool in assessing drug toxicity. Targeted MS-based metabolic profil-
ing has also been increasingly applied to studies of human diseases and condi-
tions. These tools are being applied to diverse areas such as diabetes, obesity, 
cardiovascular disease, cancer, and mental disorders.

The large-scale study of proteins, proteomics, allows for both protein iden-
tification and differential expression between two physiologic states (such 
as health and a specific disease). Quantitative proteomics, in which global 
differences in protein abundances are measured, continues to be a priority 
area for biomarker discovery and molecular medicine.11 This area has been 
dominated by stable isotope approaches, but recent label-free quantitative 
methods have been developed that rely on the measured intensity of a peptide 
ion and compare this to its intensity in other samples. Label-free methods 
have the advantage of higher throughput and fewer sample manipulation 
steps. Multiple- or selected-reaction monitoring of specific peptides within 
biofluids allows quantitation of absolute abundance of proteins in clinical 
samples. Although this technology is relatively immature in its applications 
to human health and disease compared with RNA and metabolic profiling, it 
is anticipated that these methods, combined with the development of mass 
spectroscopy technology, will advance proteomics to more routine use in disease 
classification and diagnosis, prognosis, and pharmacogenomics within the next  
several years.

 IMPLEMENTING PRECISION MEDICINE IN 
CLINICAL PRACTICE

Despite progress and momentum in the discovery of genomic information 
with great potential to impact health care, there remain significant challenges 
and barriers to the broad use of genomics in clinical practice.12 Several National 
Institutes of Health supported networks (for example, CSER https://cser-
consortium.org/, and IGNITE http://ignite-genomicmedicine.org/) are taking 
on these challenges and developing solutions. The challenges include evidence 
generation, implementation methods, data ownership, sharing, infrastructure, 
and participant engagement and trust (Table 37-2).

 EVIDENCE GENERATION
The adoption of genomic medicine is significantly hampered by the lack of 
evidence of its clinical utility or impact on health outcomes. Evidence is needed 
to demonstrate that genomic approaches deliver improved health outcomes 
in a cost-effective and affordable manner. As genome based technologies mature 
scientifically, mechanisms must be put into place to ensure ongoing assessment 
and evidence generation of their value to patients, providers, and health systems. 
Today, the pace of discovery far outweighs our ability to systematically assess 
the value of each technology using traditional approaches such as randomized 

Adapted from Ginsburg GS, Finkelman E, Balatbat C, Flott K, Prestt J, Dzau V. (2106) Precision 
Medicine: A Global Action Plan for Impact. Doha, Qatar: World Innovation Summit for Health, 2016.

TABLE 37-2 CHALLENGES AND SOLUTIONS TO ENABLE 
PRECISION MEDICINE IN PRACTICE

CHALLENGE POTENTIAL SOLUTIONS
Evidence generation •	 Balance	the	use	of	evidence	generated	from	

randomized controlled trials, the analysis from large 
datasets, and observational studies

•	 A	framework	that	ensures	ongoing	evidence	generation	
once products have been approved by regulators and 
entered the market

•	 Final	regulatory	and	payer	approval	contingent	on	the	
inclusion of a health economic analysis

Implementation •	 Standardized	structured	data	and	common	data	
elements in EHRs

•	 A	centralized	global	genomic	medicine	toolbox	to	
include optimized decision support tools

•	 Increased	investment	in	implementation	science	and	
diffusion research, as well as the outcomes and public 
health impact

•	 Incentives	to	encourage	adoption	of	precision	
medicine best practices by clinicians and health care 
delivery systems

Data ownership, privacy, 
and sharing

•	 Incentives	among	the	public,	private	industry,	
academics, and government

•	 Data	governance	and	ownership	frameworks
•	 Privacy	measures	and	risks	associated	with	data	

breaches
Patient and public 

engagement
•	 A	research	agenda	to	understand	participant	

preferences, beliefs, literacy, and values in precision 
medicine research and clinical care

•	 Programs	should	target	underserved	populations
•	 Educational	programs,	beginning	at	early	educational	

stages, to emphasize precision and related concepts

https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm416685.pdf
https://www.fda.gov/downloads/medicaldevices/deviceregulationandguidance/guidancedocuments/ucm416685.pdf
https://cser-consortium.org/
https://cser-consortium.org/
http://ignite-genomicmedicine.org/
http://ignite-genomicmedicine.org/


Engineering (http://www.nationalacademies.org/hmd/Activities/Research/
GenomicBasedResearch/Innovation-Collaboratives/EHR.aspx).

Clinical decision support is becoming more relevant as the sheer volume 
of information providers need to have “just in time” increases and also as 
clinical conditions continue to be subdivided and treated differently.13 Clinical 
decision support has the power to use genetic information to guide decision 
making, reduce cognitive load, and potentially limit medication errors. Clinical 
decision support, empowered by a robust IT infrastructure, represents an 
important approach for ensuring adherence to evidence-based precision medi-
cine in clinical practice as well as a platform from which to share clinical 
success and cost-savings information.

 DATA OWNERSHIP, PRIVACY, AND SHARING
Data sharing among health care systems, industry, researchers, clinicians, and 
patients is integral to evidence generation and to advancing our understanding 
of health and disease. Prototypes for sharing genomic and clinical data on a 
centralized platform are being developed,14 but the IT costs prohibit some 
health care systems from participating in data sharing. Thus underserved 
populations may be left out, and their populations either underrepresented 
in or completely absent from the shared datasets. Amassing larger and more 
diverse datasets and sharing these data with smaller or resource-limited health 
settings will be critical for their inclusion in precision medicine strategies in 
the future. Indeed, All of Us (https://allofus.nih.gov/) has taken the inclusion 
of underserved minorities and underrepresented populations in the cohort 
as a priority.

Policy and regulatory frameworks must address participants’ concerns related 
to data ownership and privacy. Given the intrinsic identifiable nature of genomic 
data, patients have concerns about their privacy and rights.15 Because obtain-
ing participant consent is a necessary first step to gathering research data, the 
informed consent process could be made more standardized and streamlined 
globally, including implementing and standardizing nontraditional electronic 
consent tools to make it easier on patients and researchers.

Legislation prohibiting discrimination based on genetic information, such 
as the Genetic Information Nondiscrimination Act of 200816 in the United 
States, is an important step toward allaying the public’s fears of how their 
(genomic) data might be used. The informed consent process might be further 
enabled by a framework that (1) addresses the risks to and concerns of patients 
and the general public, (2) provides information on what privacy protections 
are currently in place, and (3) provides information on how data sharing 
promotes the public good.

 PARTICIPANT ENGAGEMENT AND TRUST
Participants are truly the key enablers of precision medicine. Their genomic 
and personal information contributes to research and eventually to evidence 
generation. Their appetite for data sharing will encourage implementation of 
genomics into health care. Their trust that personal data will be used effectively 
and ethically will enable data sharing. Initiatives that pursue deeper engage-
ment between participants and the clinical care and research components of 
their various health care systems will enable the field to progress. Engagement 
is being enhanced through several channels, including traditional education 
approaches (for providers, patients, and the general public) and with patient 
and health advocacy organizations.

Due to the longitudinal nature of evidence generation in precision medicine, 
continuous efforts should be made to engage and update participants on the 

ADDITIONAL RESOURCES
WEBSITE URL DESCRIPTION
CPIC http://www.pharmgkb.org/page/cpic Provides freely available, peer-reviewed, updatable, and detailed gene/drug clinical practice 

guidelines
EGAPP http://www.egappreviews.org/ Synthesizes scientific evidence and makes recommendations on appropriate use of genetic tests in 

clinical practice
FDA Biomarkers http://www.fda.gov/drugs/scienceresearch/researchareas/

pharmacogenetics/ucm083378.htm
List of pharmacogenomic biomarkers on drug labels (link to drug labels provided)

Genetic Testing 
Registry

http://www.ncbi.nlm.nih.gov/gtr/ Central location for voluntary submission of genetic test information by providers; includes 
information on test methodology, validity, evidence of the test’s usefulness, and laboratory 
contacts and credentials

PharmGKB http://www.pharmgkb.org Information on potentially clinically actionable gene-drug associations and genotype-phenotype 
relationships

IGNITE https://ignite-genomics.org/ A toolbox for implementation of genomics into diverse care practices

existing and/or potential risks and benefits of participating in precision medi-
cine research to help secure an ongoing research partnership with participants 
and their families. Engagement strategies with the participant should pay 
attention to the diversity of health literacy and numeracy (such that risk infor-
mation, for example, can be understood) of the population. The degree to 
which individuals engage with research and clinical care depends on their 
ability to access and understand their health care information, relevant consent 
documents, and the potential impact of testing and treatment on their clinical 
outcomes. Efforts could be made to not only ensure that information is pro-
vided to participants (perhaps through patient portals connected to precision 
medicine–enabled EHRs, as discussed above), but also that such materials 
are context sensitive and culturally appropriate. Genomic and precision medi-
cine may exacerbate existing health disparities; therefore, additional efforts 
will be required to ensure that diverse ethnic and cultural groups are informed, 
engaged, and represented to ensure maximum impact of precision medicine 
to improve health outcomes.17
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38 
REGENERATIVE MEDICINE, CELL, 
AND GENE THERAPIES
LIOR GEPSTEIN AND KARL SKORECKI

 CELL THERAPY
 Introduction and Definitions
A remarkable clinical need exists for the development of methods to facilitate 
the regeneration of injured or diseased tissues and organs. This need stems 
from the unrelenting prevalence of trauma, congenital disorders, ischemia, 
and degenerative processes, which becomes increasingly urgent as the global 
population expands and ages. Cancer is tied to this field both directly (replace-
ment of lost vital organ function as a result of cancer invasion or treatment 
modalities, cell-based delivery of cancer immune and gene therapies) and 
indirectly (e.g., role of stem cells in cancer pathogenesis and risk of tumori-
genesis in stem cell–based therapies). Recent developments in stem cell biology, 
molecular interventions, biopolymers, and other related biologic and engineer-
ing disciplines have paved the way to the emerging research and clinical dis-
cipline of regenerative medicine.

Regenerative Medicine
Regenerative medicine seeks to harness methods for the replacement or repair 
of dysfunctional cells, tissue, or organs in an attempt to restore normal 
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ABSTRACT
The significant developments in recent years in the areas of stem cells biology, 
molecular interventions, and tissue engineering opened a new biomedicine 
discipline; regenerative medicine. This approach seeks to replace or repair 
lost or dysfunctional cells, tissue, and organs in an attempt to develop curative 
strategies for unmet clinical needs such as diabetes, heart failure, and neuro-
degenerative disorders. Among the most important regenerative medicine 
tools is the use of stem cells (either adult or pluripotent stem cells) for various 
cell therapy procedures. Such experimental approaches include the use of 
bone marrow and blood derived stem/progenitor cells, delivery of extracel-
lular vesicles, the activation of tissue-specific resident stem/progenitor cells 
or induction of cell proliferation to induce endogenous regeneration, the use 
of transcription-factor reprogramming to convert one cell type into another, 
and the engraftment of fetal tissue or ex-vivo pre-differentiated cell-derivatives 
from pluripotent stem cells. An alternative conceptual therapeutic approach 
is gene therapy, which involves the transfer of genetic material (DNA, siRNA, 
or modified RNA) into cells in order to correct inherited disorders through 
the expression of the missing proteins, to favorably alter cellular function for 
treatment of nongenetic diseases through overexpression of a specific protein, 
or for various oncologic applications. Recent clinical trials of gene therapy 
have shown encouraging therapeutic benefits and an excellent safety record. 
Future efforts are expected to shift the focus from uncontrolled overexpression 
of the missing protein to directly correcting the mutation at the DNA level 
through the use of gene-editing strategies such as the CRISPR-Cas9 system.
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Stem cell

Stem cell Specialized cell

(e.g., neuron)

FIGURE 38-1. Asymmetrical cell division. although this first characteristic was con-
sidered a required characteristic for stem cells based on their original description in the 
adult hematopoietic system, not all cell types currently named as stem cells necessarily 
display this property. For instance, human embryonic stem cells divide by symmetrical 
cell division. 

function. It therefore draws upon the three conventional pillars of medical 
therapeutics (pharmaceuticals, biologics, and medical devices) as well as from 
the newest platform technology, namely, cell therapy. The long-term goal of 
regenerative medicine is to cure disease by replacing the lost functions of 
tissues and organs, and therefore truly represents a transformative addition 
to conventional therapies aiming to alter the natural course of disease or to 
provide symptomatic control.

Cell Therapy
Cell therapy involves the application of cells to achieve a therapeutic benefit, 
regardless of the cell type or clinical indication. Although achieving tissue 
and organ regeneration through cell replacement represents an important goal 
of cell therapy technology, its applications may reach beyond the field of 
regenerative medicine. Hence, the spectrum of cell therapy applications may 
range from transient or permanent cell replacement strategies to achieve 
immunomodulatory effects (for example, for prevention of graft-versus-host 
disease [GVHD]), to act as vehicles for the delivery of genes or gene products 
(cell-based gene therapy strategies), and as genetically engineered cell-based 
anti-cancer therapies. In this chapter, we will focus on the use of cell therapy 
for regenerative medicine and specifically concentrate on the potential role 
of different stem cell types to meet this challenge.

Stem Cells
Stem cells possess two defining properties: (1) the capacity for self-renewal 
and (2) the ability to differentiate into cell types with specialized cellular func-
tions (Fig. 38-1). This may occur at the individual stem cell level through the 
process of asymmetrical cell division or at the cell population level wherein 
a subset of cells differentiate and the remaining stem cells remain dormant 
or replicate themselves as stem cells. After asymmetrical cell division, non–
stem cell derivatives may either generate a pool of organ system–restricted, 
transit-amplifying cells with enhanced proliferative capacity or continue to 
differentiate by epigenetic and gene expression profile changes until reaching 
the terminally differentiated state. This conceptual framework was developed 
after the discovery of bone marrow cells that were capable of reconstituting 
the adult hematopoietic system. These hematopoietic stem cells constitute 
the basis for hematopoietic stem cell transplantation, the only form of stem 
cell therapy that is currently routinely well established in clinical practice  
(Chapter 168).

The different stem cells types are routinely classified based on the protein 
or transcription factors they express, but also according to three basic addi-
tional attributes: (1) replicative capacity (limited versus unlimited); (2) the 
scope or potency of differentiation (e.g., pluripotent, multipotent, oligopotent, 
unipotent); and (3) their place in the life history of the organism (develop-
mental or postdevelopmental). Thus, more recent terminology has broadened 
use of the term stem cells to cover a wider array of cell types that contribute 

to organ development or have the capacity to repopulate tissues and organ 
systems. The term stem cells, together with the formulations noted previously, 
has also recently been extrapolated to describe certain cellular subpopula-
tions that may be principally responsible for the growth of malignant tumors. 
However, because cancer stem cells have no role in tissue regeneration, they 
are discussed in Chapter 171.

Adult (Postnatal) Stem Cells
After birth, many tissues are thought to contain a subpopulation of cells with 
the capacity for extended self-renewal, combined with the ability to differ-
entiate into more mature cell types with specialized functions (Fig. 38-2). 
Adult stem cells, thought to represent less than 0.01% of the total number 
of cells, are located in specialized supportive niche compartments at various 
sites within the hematopoietic system and elsewhere and respond to cues 
in their local microenvironment. As a result of the success of hematopoi-
etic stem cell transplantation in the treatment of bone marrow failure or in 
conjunction with myeloablative therapy in malignancy, scientists have been 
motivated to find adult stem cells in other organs. Adult tissues and organ 
systems reported to contain putative stem cells include bone marrow (hema-
topoietic and mesenchymal compartments) and peripheral blood, blood 
vessel endothelium, dental pulp, epithelia of the skin, adipose tissue, digestive 
system, cornea, retina, testis, and liver. Similar stem/progenitor cells were also 
reported in organs historically not thought to contain such cells, such as the 
central nervous system and the kidney. Whether adult stem cells represent 
remnants of developmental stem cells that persist into adulthood for purposes 
of organ maintenance and repair or represent a distinct cell type dedicated 
for this latter purpose is not clear. Importantly, in many organs, despite the 
presence of such tissue-specific stem cells, their regenerative capacity is still 
inadequate to deal with massive cell loss such as occurs following ischemic brain  
injury.

Embryonic and Induced Pluripotent Stem Cells
In contrast to adult stem cells that have relatively limited differentiation potency, 
cells in the developing preimplantation embryo retain the capacity to dif-
ferentiate into derivatives of all three germ layers (ectoderm, mesoderm, and 
endoderm), eventually contributing to all tissues in the body (Fig. 38-2). In 
normal development, however, such cells do not persist beyond the blastocyst 
stage. When isolated from unused preimplantation blastocysts generated for 
in vitro fertilization, the inner cell mass cells isolated can be used to generate 
human embryonic stem cell (hESCs) lines (Fig. 38-3). The generated hESCs 
exhibit unlimited self-renewal in cell culture in the undifferentiated state, while 
retaining the capacity to differentiate into cell derivatives of all three germ 
layers, essentially giving rise to any cell type in the body. Taking advantage of 
lessons learned from embryology, scientists were able to utilize the sequential 
application of different combinations of growth factors to achieve efficient 
differentiation systems from hESCs, yielding purified populations of different 
types of neurons, glial cells, cardiomyocytes, vascular endothelial and smooth 
muscle cells, pancreatic β-cells, hepatocytes, different blood cells (platelets, 
red blood cells) and several other cell-lineages.

One of the limitations of the hESC technology is the inability to derive 
such cells from an adult individual, preventing their utilization in a patient-
specific manner. These limitations can be overcome with the introduction of 
induced pluripotent stem cell (iPSCs) technology. This approach allows adult 
somatic cells (such as fibroblasts or blood cells) to be reprogrammed into 
pluripotent stem cells by the introduction of a set of transcription factors 
linked to pluripotency. The human iPSCs (hiPSCs) generated in this manner 
can then be coaxed to differentiate into a variety of cell types, using differen-
tiation protocols similar to those already in place for hESC. Importantly, because 
the hiPSCs can be generated in a patient-specific manner, this technology can 
potentially be used to develop autologous cell-replacement strategies that can 
preempt immunologic rejection, to generate patient/disease-specific models 
of different genetic disorders, to optimize patient-specific therapies, and to 
establish screens for drug testing and drug discovery (Fig. 38-4).

 Cell Therapy Approaches for Regenerative Medicine
Historically, the field of cell therapy can be traced to the transfusion of blood 
and blood products (Chapter 167), solid organ transplantation (Chapter 43), 
in vitro fertilization, and bone marrow transplantation (Chapter 168). Nev-
ertheless, beyond the aforementioned therapies, which have become the 
mainstay treatments in several medical fields, additional cell therapy approaches 
are considered highly experimental and are still at different stages of preclinical 
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EVs are attracting considerable scientific interest both in understanding 
their diverse biologic roles in different tissues, but also as biomarkers for dif-
ferent disease states, and importantly, as potential therapeutic agents. As noted 
above, many stem cells types can potentially exert their beneficial effect in 
tissue repair/regeneration via a paracrine effect. Recently, it was reported that 
EVs derived from different stem cell/cell types could recapitulate the thera-
peutic effects of such cell transplantation procedures. The prevailing hypothesis 
is that stem cell EVs exert their therapeutic effects by transferring biologically 
active molecules such as proteins, lipids, mRNA, and microRNA from the 
stem cells to injured or diseased cells. Delivery of EVs rather than cells may 
possess a number of advantages, such as reduced cost, simpler technical manu-
facturing and delivery, and limited immunogenicity. Ongoing preclinical and 
clinical studies are evaluating the potential efficacy of such EV delivery pro-
cedures for tissue regeneration/repairs in multiple organs. Finally, because 
EVs represent a novel drug delivery approach providing high delivery efficiency, 
intrinsic targeting properties, and low immunogenicity, attempts are also being 
made to engineer their properties (directly or through modification of the 
source cells) to confer unique properties to these delivery agents tailored for 
specific applications.

Delivery or Activation of Tissue-Specific Stem/Progenitor 
Cells or Induction of Cell Proliferation
In contrast to the conventional dogma, recent evidence suggests that a number 
of organs previously believed to lack any regenerative capacity (such as the 
brain, pancreas, kidney, and heart) in fact do possess such ability, albeit at a 
limited capacity. Whether this capability is due to the presence of tissue-specific 
stem/progenitor cells or due to some replication capability of terminally dif-
ferentiated cells is still a matter of debate for each organ.

Significant efforts have been made in recent years to isolate such putative 
tissue-specific stem/progenitor cells based on the expression of general or 
specific stem cell markers or based on their unique culturing properties. These 
studies also highlighted the potential of such cells to be cultured in a clonal 

and clinical development. These ongoing efforts can be conceptually grouped 
into seven different approaches (Fig. 38-5).

Delivery of Bone Marrow– and Blood-Derived  
Stem/Progenitor Cells
A flurry of studies during the past decade evaluated the ability of bone marrow–
derived hematopoietic or mesenchymal stem cells to achieve tissue repair 
following delivery to a variety of organs. These studies were based initially on 
the assumption that these types of adult stem cells may display some degree 
of plasticity, allowing them to transdifferentiate into the relevant cell types 
(such as heart cells, nerve cells, and liver cells) following transplantation into 
the appropriate tissue environment. Although mounting evidence suggests 
that such transdifferentiation probably does not occur to a significant extent, 
many of these studies did result in varying degrees of functional improvement 
following stem cell delivery to different organs. It now seems that the clinical 
benefit may stem from the secretion of different growth factors by the engrafted 
cells (“paracrine hypothesis”), which in turn are thought to augment endog-
enous tissue repair mechanisms, improve tissue vascularization, modulate 
inflammation, and protect tissues at risk.

Delivery of Extracellular Vesicles
Extracellular vesicles (EVs) are intrinsic mediators of intercellular communica-
tion in the body, allowing functional transfer of biomolecules (lipids, proteins, 
and nucleic acids such as DNA, mRNA, microRNAs [miRs] and other non-
coding RNA) between diverse locations. EVs represents a collective term for 
vesicles that are secreted or shed by cells and can be found in the culture 
media when cells are cultured in vitro or in different body fluids in vivo such 
as blood, urine, saliva, and cerebrospinal fluid. Attempts were made to catego-
rize EVs into groups, either by their size or by their mechanisms of formation 
and release. These include apoptotic bodies (ABs, 1 to 5 µm), microparticles 
(100 to 1000 nm), and exosomes (<100 nm). However, recent studies have 
concluded that these groups overlap.
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FIGURE 38-2. Adult stem cells. adult stem cells can be multipotent and have the capacity to differentiate into a limited number of different cell types, often restricted to a given 
tissue or organ system, as in the case of adult hematopoietic or epidermal stem cells. two stem cell types have been isolated from adult bone marrow—the hematopoietic stem cell 
and the mesenchymal stem cell. adult mesenchymal stem cells of bone marrow origin, although their range of differentiation has been shown to be broader than that of any other 
adult stem cell type, do not reach pluripotency. it is thought that in some organ systems, such as the gastrointestinal epithelium, a unipotent pool of progenitors exists for repopulating 
a rapid population turnover of only one type of cell—although it is difficult to be certain whether such progenitors can be distinguished from the overall population of fully differenti-
ated cells in tissues with high cellular turnover. 
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such stem/progenitor cells. Such an effect may underlie the potential thera-
peutic benefit of bone marrow–derived stem cells after their delivery to dif-
ferent organs.

The final strategy aims to boost endogenous organ repair through the rep-
lication of terminally differentiated tissue-specific cells. Such strategies can 
either augment the inherent physiologic capability of a given organ (for example 
insulin secretagogues for pancreatic β-cells) or attempt to induce replication 
in cells that have already withdrawn from the cell cycle. Caution is warranted 
with respect to the latter approach, because induction of uncontrolled prolif-
eration (for example, by genetic manipulation) may increase the risk of 
tumorigenesis.

manner and to give rise to one or more cell types relevant to the organs from 
which they were isolated. Current efforts to utilize the aforementioned find-
ings for regenerative medicine are focused either on the isolation, ex vivo 
expansion, and transplantation of such putative stem/progenitor cells back 
to their respective native organs or on the augmentation of their endogenous 
reparative potential in vivo. The former strategy can be exemplified in the 
central nervous system where progenitor cells are harvested, cultivated in 
culture (as neurospheres), and give rise to different types of neurons and 
supporting glial cells. Similar efforts are being pursued for other organ systems.

The latter approach, in contrast, aims to influence putative stem-cell niches 
within damaged organs to enhance the endogenous reparative properties of 
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clinical studies in the central nervous system (Parkinson disease using dopa-
minergic cells) and for treatment of diabetes planned for the future.

Despite the significant achievements made with hESCs, the inability to 
create patient-specific hESCs from adult individuals, the ethical issues arising 
from destructive use of human embryos, and the anticipated immune rejection 
associated with such allogeneic cell transplantation impose important hurdles 
for their clinical utilization. The hiPSC technology provides a potential solu-
tion to these challenges. As noted, the patient’s own somatic cells (fibroblasts, 
hair follicles, urine eplithelial cells, or blood cells) can be reprogrammed by 
a set of transcription and chemical factors to yield pluripotent stem cells. The 
patient-specific hiPSCs could then be coaxed to differentiate into a variety of 
cell lineages, using protocols similar to those already in place for hESCs. In 
turn, these differentiated derivatives could then be transplanted either in an 
autologous or allogeneic manner. Clinical trials using hiPSC-derived cell lin-
eages were either recently initiated, such as in the case of macular degeneration 
(RPE cells),1 or are expected to begin in the coming few years targeting Par-
kinson disease (dopaminergic neurons), blood product transfusion (platelets 
and red blood cells), and heart failure (cardiomyocytes).

One of the concerns in translating hESCs and hiPSCs into a therapeutic 
platform is the oncogenic risk. This concern stems from the potential of remain-
ing undifferentiated cells within the cell grafts to form teratomas, from the 
use of oncogenic reprogramming factors, from the random integration of the 
viral vectors used in cellular reprogramming (“insertional oncogenesis”), and 
from genetic instability, potentially leading to both chromosomal aberrations 
and mutations. Progress to clinical trials requires definitive clarification of this 
key concern. Another challenge is the expected immune rejection associated 
with allogeneic cell transplantation (requiring immunosuppression) and the 
regulatory, technical, and cost barriers associated with autologous-based trans-
plantation. To overcome the former challenge, efforts are being made using 
diverse strategies for the creation of universal iPSC cell donors.

Direct Reprogramming
In contrast to the iPSCs approach, which seeks to initially reprogram somatic 
cells to a pluripotent state followed by differentiation of the generated iPSCs 
to specific cell lineages, recently described direct reprogramming strategies 
aim to directly convert the phenotype of one mature cell type (fibroblasts) to 
another. The prototype for such a strategy was the demonstration that MyoD, 
a master regulator of skeletal muscle formation, can convert fibroblasts directly 

Engraftment of Fetal Tissue
The most straightforward approach for organ repair would be to replace the 
missing cells with identical counterparts. Harvesting and expanding adult 
human cells for transplantation, however, may not be possible in the case 
of several organs with limited regenerative capacity. During prenatal human 
development, cells of fetal origin often show enhanced proliferative capacity 
as well as the ability to differentiate into more than one type of mature or 
specialized cell. Moreover, animal studies have demonstrated that transplan-
tation of tissues harvested from developing organs (harvested at a specific 
time window during embryonic development) may give rise to entire func-
tioning organs such as kidneys, lungs, and pancreas. In the case of kidney, 
recent success in the isolation of expandable nephron precursor cells from 
fetal sources and their use to slow or halt the progression of chronic kidney 
injury in experimental models is now being followed by the development of 
protocols to generate such progenitor cells by reprogramming cells from non-
fetal sources. Nevertheless, to date, the only fetal-derived cells that have been 
used in human clinical applications are the dopaminergic cells derived from 
the developing fetal nervous system for the treatment of Parkinson disease 
(Chapter 381). The broader use of fetal tissues for regenerative medicine may 
be hampered by the limited access to such cells due to both technical and 
ethical reasons, the allogeneic nature of such procedures (requiring immune 
suppression), and the potential for tumor formation as already described in some  
case reports.

Transplantation of Ex Vivo Differentiated Pluripotent  
Stem Cells
Unlike fetal tissues, hESCs are truly pluripotent (can give rise to advanced 
cell derivatives of all three germ layers). Importantly, hESCs can be propagated 
in the undifferentiated state and then coaxed to differentiate into a variety of 
cell types, giving rise to a potentially unlimited number of specialized cell 
types for transplantation. Consequentially, numerous preclinical studies have 
demonstrated the ability of hESC derivatives to engraft, survive, and improve 
organ performance in a wide spectrum of relevant animal disease models 
(heart failure, Parkinson disease and other neurodegenerative disorders, dia-
betes, etc.). Early clinical studies using hESC derivatives are just emerging 
and have been focused so far on the retina (transplantation of retinal pigmented 
epithelium [RPE] cells), spinal cord injury (using oligodendrocyte progeni-
tors), and the heart (using hESC-derived vascular progenitor cells) with early 

Human iPS cells
Reprogramming

Somatic cells:
(fibroblasts) Guided

differentiation

Neurons

Oct4 cMyc

Klf4Sox2

CMs

Drug screening
and discovery

Disease modeling

Cell therapy and
tissue engineering

Gene correction
through gene editing

Patient-specific therapies
(personalized medicine)

β-cells
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biomaterials, cells, and biologically active factors. The scaffold serves many 
purposes, including the control of the shape and size of the engrafted tissue, 
the delivery of biologic signals and adequate biomechanical support to the 
cells, the induction of vascularization of the graft, and the protection of the 
cells from physical damage. Scaffolds used in tissue-engineering approaches 
are commonly divided into two general categories: cellular scaffolds that are 
seeded ex vivo with cells prior to the in vivo transplantation and acellular 
scaffolds that depend on cells in the recipient to repopulate the scaffold with 
subsequent reconstitution. Such tissue-engineered efforts have already reached 
proof-of-concept clinical trials. These efforts have mainly concentrated in the 
musculoskeletal system (bone and cartilage repair) but have also targeted 
other organs such as the heart and even complex organ structures such as the 
esophagus, trachea, and urinary bladder.

 Specific Disease Applications in Cell Therapy
Although a growing number of experimental cell therapies have reached various 
stages of clinical trials, as yet none have become established or approved treat-
ments, with the aforementioned exception of hematopoietic stem cells and 
solid organ transplantation. Nonetheless, with the expectation of significant 
advances on the horizon, examples of some of the current cell therapy efforts 
being made in the fields of neurodegenerative disorders, heart failure, and 
diabetes are provided.

Neurodegenerative Disorders
The central nervous system has limited capacity for regenerating lost tissue in 
both slowly progressive degenerative neurologic conditions such as Parkinson 

to skeletal muscle. Progress to derive other cell types following this report 
was delayed for many years because, unlike skeletal muscle, single master 
developmental regulatory genes have not been identified for most cell lineages.

Based on the experimental approach used to identify the combination of 
transcription factors that can reprogram somatic cells into iPSCs, researchers 
evaluated the ability to achieve analogous transcription-factor reprogramming 
strategies to directly convert the cell fate of somatic cells. Consequentially, 
using a combination of lineage-specific developmental transcription factors, 
scientists were able to directly convert terminally differentiated fibroblasts or 
other somatic cells to neurons, β-cells, different hematopoietic cell lineages, 
and cardiomyocyte-like cells. Recent studies have taken this concept a step 
forward, by demonstrating that transcription factor–based transdifferentiation 
can also be achieved in vivo, suggesting a method whereby resident cells 
(fibroblasts, hepatic cells, or other cells) could be converted to the appropriate 
cell types for organ repair. Development of such an approach for clinical appli-
cations may be considered more analogous to gene therapy with the associated 
advantages, shortcomings, and challenges of this discipline.

Tissue Engineering
Tissue engineering is an interdisciplinary technology combining principles 
from life sciences and engineering with the goal of developing functional 
substitutes for damaged tissues and organs.2 Rather than simply introducing 
cells into a diseased area, in tissue engineering cells are embedded or seeded 
onto three-dimensional scaffolds (derived from different biomaterials) prior 
to transplantation. Regardless of the specific clinical application, tissue-
engineering strategies usually involve the utilization of combinations of 
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derive β cells for transplantation therapy.5 Harnessing lessons from embryol-
ogy, efficient protocols have been developed to promote the differentiation of 
pluripotent cells in vitro into a precursor or early-stage β-cell phenotype. The 
field has moved even closer to clinical application by tackling the challenge of 
creating more mature and functional β cells. This approach is now entering 
early clinical trials, with subjects receiving implants of hESC-derived pancre-
atic progenitors, but detailed results of the trials have not yet been released.

One of the problems in using β cells for cell replacement therapy is that 
the autoimmune destruction of endogenous β cells, which underlies the 
pathogenesis of type 1 diabetes, will probably also result in the destruction 
of the pluripotent cell–derived β cells even when derived from an autologous 
(hiPSCs) source. Therefore, efforts are being made to develop the biotech-
nological means (encapsulation technologies) to deliver the cells in an immu-
noprotective environment that will prevent cell rejection, but will retain the 
capacity of the engrafted β cells to sense glucose and to secrete insulin. Another 
challenge is the complex interaction of β cells with neighboring cells within 
the pancreatic islet for appropriate physiologic glucose and metabolic control.

The final regenerative strategy focuses on increasing pancreatic β cells mass 
by inducing the replication of existing β cells. This therapeutic approach would 
probably mainly target type 2 diabetic patients by decreasing the burden on 
existing overworked β cells, but may also be beneficial for some patients with 
type 1 diabetes that still retain some β cells mass. Whereas several tissues are 
regenerated by differentiation of tissue-specific stem cells, new pancreatic β 
cells are derived from the replication of existing β cells. Promising candidates 
for augmenting β-cells replication were recently identified and include the 
use of glucokinase activators or betatrophin, a protein secreted by the liver.

 Stem Cell–Derived Platforms for Disease Modeling, Personalized Medicine,  
and Drug Discovery
In addition to the generation of cells for regenerative applications, the ability 
to grow a wide variety of different specialized cell types of human origin in 
culture provides unparalleled opportunities for gene and drug discovery and 
testing. For example, the ability to grow human cardiomyocytes in culture 
provides a preclinical human cellular-based experimental platform for screen-
ing newly developed drugs in terms of their potential to cause QT-interval 
prolongation and hence the risk for arrhythmia in the clinical setting. Other 
examples include the creation of an experimental tissue microenvironment 
of human origin for studying the stromal response to tumor growth and testing 
anticancer drugs that target tumorigenic responses such as angiogenesis.

The advent of the hiPSC technology has further revolutionized this field 
because it allows for the first time the generation of disease/genotype and 
patient-specific hiPSC models of a wide array of inherited disorders. Initial 
studies focused on diseases with monogenic inheritance, but more recent 
studies have included diseases with more complex inheritance patterns. Con-
sequently, different types of patient-specific hiPSC-derived neurons, cardio-
myocytes, skeletal muscle, blood cells, hepatocytes, and other cell types have 
been demonstrated to recapitulate in the culture dish the abnormal phenotype 
of a wide array of genetic disorders, including those of neurodegenerative 
disorders (such as spinal muscular atrophy, familial dysautonomia, amyotrophic 
lateral sclerosis, schizophrenia, and even late-onset disease such as Parkinson 
and Alzheimer disease), different cardiomyopathies and arrhythmogenic syn-
dromes, a wide array of blood disorders, and several other genetic disorders. 
These models have already yielded important insights into the mechanisms 
underlying these disease states and have established unique experimental 
platforms that will enable the testing of existing therapies in a patient-specific 
manner (personalized medicine) to evaluate evolving therapies (“clinical studies 
in the culture dish”), and to develop new therapeutic strategies.

 CELL THERAPY IN THE TREATMENT OF CANCER
Because these promising new approaches involve genetic engineering of cells 
ex vivo, they will be considered under Gene Therapy.

 GENE THERAPY
Gene therapy can be broadly defined as the transfer of genetic material into 
cells to restore or correct a cellular dysfunction or to provide a new cellular 
function in an attempt to cure a disease or at least to improve the clinical 
status of a patient. The use of genes as therapeutic platforms emerged during 
the mid-20th century, and in the 1990s the first regulated registered studies 
were performed in the United States. In the first clinical study, a 4-year-old 
girl with adenosine deaminase (ADA) deficiency was treated by transfecting 
the ADA gene into her white blood cells, resulting in improvements in her 
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derive β cells for transplantation therapy.5 Harnessing lessons from embryol-
ogy, efficient protocols have been developed to promote the differentiation of 
pluripotent cells in vitro into a precursor or early-stage β-cell phenotype. The 
field has moved even closer to clinical application by tackling the challenge of 
creating more mature and functional β cells. This approach is now entering 
early clinical trials, with subjects receiving implants of hESC-derived pancre-
atic progenitors, but detailed results of the trials have not yet been released.

One of the problems in using β cells for cell replacement therapy is that 
the autoimmune destruction of endogenous β cells, which underlies the 
pathogenesis of type 1 diabetes, will probably also result in the destruction 
of the pluripotent cell–derived β cells even when derived from an autologous 
(hiPSCs) source. Therefore, efforts are being made to develop the biotech-
nological means (encapsulation technologies) to deliver the cells in an immu-
noprotective environment that will prevent cell rejection, but will retain the 
capacity of the engrafted β cells to sense glucose and to secrete insulin. Another 
challenge is the complex interaction of β cells with neighboring cells within 
the pancreatic islet for appropriate physiologic glucose and metabolic control.

The final regenerative strategy focuses on increasing pancreatic β cells mass 
by inducing the replication of existing β cells. This therapeutic approach would 
probably mainly target type 2 diabetic patients by decreasing the burden on 
existing overworked β cells, but may also be beneficial for some patients with 
type 1 diabetes that still retain some β cells mass. Whereas several tissues are 
regenerated by differentiation of tissue-specific stem cells, new pancreatic β 
cells are derived from the replication of existing β cells. Promising candidates 
for augmenting β-cells replication were recently identified and include the 
use of glucokinase activators or betatrophin, a protein secreted by the liver.

 Stem Cell–Derived Platforms for Disease Modeling, Personalized Medicine,  
and Drug Discovery
In addition to the generation of cells for regenerative applications, the ability 
to grow a wide variety of different specialized cell types of human origin in 
culture provides unparalleled opportunities for gene and drug discovery and 
testing. For example, the ability to grow human cardiomyocytes in culture 
provides a preclinical human cellular-based experimental platform for screen-
ing newly developed drugs in terms of their potential to cause QT-interval 
prolongation and hence the risk for arrhythmia in the clinical setting. Other 
examples include the creation of an experimental tissue microenvironment 
of human origin for studying the stromal response to tumor growth and testing 
anticancer drugs that target tumorigenic responses such as angiogenesis.

The advent of the hiPSC technology has further revolutionized this field 
because it allows for the first time the generation of disease/genotype and 
patient-specific hiPSC models of a wide array of inherited disorders. Initial 
studies focused on diseases with monogenic inheritance, but more recent 
studies have included diseases with more complex inheritance patterns. Con-
sequently, different types of patient-specific hiPSC-derived neurons, cardio-
myocytes, skeletal muscle, blood cells, hepatocytes, and other cell types have 
been demonstrated to recapitulate in the culture dish the abnormal phenotype 
of a wide array of genetic disorders, including those of neurodegenerative 
disorders (such as spinal muscular atrophy, familial dysautonomia, amyotrophic 
lateral sclerosis, schizophrenia, and even late-onset disease such as Parkinson 
and Alzheimer disease), different cardiomyopathies and arrhythmogenic syn-
dromes, a wide array of blood disorders, and several other genetic disorders. 
These models have already yielded important insights into the mechanisms 
underlying these disease states and have established unique experimental 
platforms that will enable the testing of existing therapies in a patient-specific 
manner (personalized medicine) to evaluate evolving therapies (“clinical studies 
in the culture dish”), and to develop new therapeutic strategies.

 CELL THERAPY IN THE TREATMENT OF CANCER
Because these promising new approaches involve genetic engineering of cells 
ex vivo, they will be considered under Gene Therapy.

 GENE THERAPY
Gene therapy can be broadly defined as the transfer of genetic material into 
cells to restore or correct a cellular dysfunction or to provide a new cellular 
function in an attempt to cure a disease or at least to improve the clinical 
status of a patient. The use of genes as therapeutic platforms emerged during 
the mid-20th century, and in the 1990s the first regulated registered studies 
were performed in the United States. In the first clinical study, a 4-year-old 
girl with adenosine deaminase (ADA) deficiency was treated by transfecting 
the ADA gene into her white blood cells, resulting in improvements in her 

disease, Alzheimer disease, or amyotrophic lateral sclerosis (ALS) and in acute 
injuries leading to rapid cell loss (e.g., ischemic stroke, traumatic spinal cord 
injury). Stem cell–based therapies are being explored as potential novel thera-
peutic paradigms for both acute and chronic neurodegenerative disorders. Con-
sistent with the spectrum of cell therapy related mechanistic actions described 
above, these procedures could potentially act through the following mechanisms: 
(1) cell replacement, whereby cells (precommitted to a specific neuronal or 
glial lineage) are transplanted to replace the specific subtypes of cells that were 
lost (i.e., dopaminergic neurons in Parkinson disease, motor neurons in ALS, 
or a mixture of different neuronal and glial subtypes in other disorders); (2) 
trophic support, whereby the engrafted cells are used to promote the survival 
of affected neurons or glia or stimulate endogenous repair of the diseased 
brain through the secretion of neurotrophic factors; and (3) modulation of 
the inflammatory process thought to contribute to the pathogenesis of many 
neurodegenerative processes. Achieving the first mechanistic goal, despite 
being the most attractive, is probably also the most challenging, because one 
would not only need to derive clinically relevant numbers of the specific glial 
or neuronal subtypes or a combination of these cells, but also to deliver them 
to the appropriate site (either focally or diffusely throughout the brain), as 
well as to assure cell-graft survival, its continuous and appropriate function, 
and importantly, also its integration with host neuronal network.

Investigations of stem cell–based approaches for the treatment of other 
neurodegenerative diseases, including ALS, Alzheimer disease, Batten disease, 
stroke, and brain and spinal cord injury, are now moving between experimental 
animal model studies to planning of clinical trials. Recent reports have shown 
a major clinical benefit in animal models on directed differentiation and trans-
plantation of hESCs and hiPSCs toward a retinal pigment epithelium (RPE). 
Human studies with these cells were recently initiated for patients suffering 
from macular degeneration in a number of countries.

Heart Disease
Although some studies have challenged the dogma of the heart being a com-
pletely terminally differentiating organ especially at the neonatal stage, the 
endogenous repair mechanisms of the adult heart are usually inadequate in 
dealing with an extensive myocardial infarction. The resulting decrease in the 
contractile mass, which is associated with the loss of approximately one billion 
cardiomyocytes, may lead to the development of clinical heart failure (Chapters 
52 and 53). With heart failure being the leading cause of hospitalizations and 
with paucity of donor organs limiting the number of heart transplantations 
worldwide, it is not surprising that the heart has become the focus of various 
regenerative medicine efforts.4

The largest clinical experience in myocardial cell therapy comes from the 
use of bone marrow–derived stem cells (primarily hematopoietic stem cells 
and more recently also mesenchymal stem cells). The effects of delivery of 
such cells (mainly via the coronary circulation) were studied in thousands of 
patients, primarily in the setting of acute/recent myocardial infarction. Meta-
analyses in ischemic or nonischemic cardiomyopathies have demonstrated 
inconsistent results, with some studies suggesting mild improvement in left 
ventricular function and others showing neutral results. A1 

,
 A2 

Most recent efforts in the field have focused on attempting to induce mature 
cardiomyocytes to reenter the cell cycle (directly or following an initial de-
differentiation phase) or to convert the phenotype of nonmyocytes (fibroblasts) 
into cardiomyocytes. In the latter approach, it has been demonstrated that 
the phenotype of murine fibroblasts can be converted both in vitro and in 
vivo into cardiomyocyte-like cells by the expression of a combination of 
cardiomyocyte-specific transcription factors. Although these and other efforts 
have the potential to augment the number of cardiomyocytes and consequently 
improve contraction of the failing heart, they are still in the early phase of 
discovery.

Diabetes Mellitus
Successful pancreatic transplantation and improved glucocorticoid-free protocols 
for transplantation of islets of Langerhans have been shown not only to restore 
glucose control in patients with diabetes mellitus but also to prevent or even 
reverse some of the disease’s complications (Chapter 216). However, whole 
organ or islet-based transplantation approaches are limited both by immuno-
logic rejection and by limitation of an available source of transplantable tissues. 
This has motivated the search for cell types that can replace (type 1 diabetes 
mellitus) or augment (type 2 diabetes mellitus) deficient β-cell function.

The development of hESCs and hiPSCs, coupled with improved understand-
ing of β-cell development, has provided a potentially unique cell source to 
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Beyond the derivation of new β cells from pluripotent stem cells, progress 
has also been made in reprogramming closely related cell types to β cells by 
overexpressing of master regulatory transcription factors. Early studies focused 
on the conversion of hepatocytes to β-like cells through the overexpression 
of PDX1, the transcription factor MAFA, and NeuroD. In vivo transdifferen-
tiation of mouse acinar cells to β cells has been achieved by transient viral 
overexpression of three transcription factors (PDX1, NGN3, and MAFA), 
whereas overexpression of a single transcription factor, PAX4, has successfully 
converted murine α cells to β cells.

In contrast to bone marrow cells, human pluripotent stem cell lines (hESCs 
and hiPSCs) can undoubtedly become cardiomyocytes during ex vivo dif-
ferentiation. Research efforts in recent years established efficient directed 
differentiation systems that could give rise to clinically relevant number of 
cardiomyocytes (and even to chamber-specific cardiomyocyte subtypes such 
as ventricular myocytes or SA node–like pacemaker cells) and demonstrated 
the ability of the generated cells to engraft, functionally integrate with host 
cardiac tissue, and improve myocardial performance in animal models of 
myocardial infarction. In 2015, Menasche and colleagues reported the first 
case of a human with severe heart failure treated with hESC derivatives, using 
a cardiovascular progenitor based cell seed patch sown to the left ventricle at 
the time of bypass surgery. Nevertheless, issues related to ethics and the allo-
geneic nature of the graft (hESCs), to the inefficient and incomplete repro-
gramming process (iPSCs), to the heterogeneous and relative immature 
properties of the generated cardiomyocytes, and to the complex regulatory 
and financial issues are still hindering large-scale clinical implantation of such 
cell therapy procedures.

The first cell type that reached clinical trials for heart failure was skeletal 
myoblasts. Such cells could be harvested (satellite cells) in an autologous 
manner, expanded ex vivo, and transplanted to the heart. However, skeletal 
myoblasts display different physiologic properties than cardiomyocytes and 
cannot form electromechanical connections with host cardiac tissue. Conse-
quentially, these clinical efforts have largely been abandoned due to lack of 
efficacy as well as evidence suggesting increasing arrhythmogenicity in some 
patients.

Given the aforementioned limitations of fetal tissue engraftment, stem cell 
derivatives could offer a viable alternative for the treatment of Parkinson disease 
by either replacing the dopaminergic neurons or by slowing the degeneration 
process and restoring the integrity of the nigrostriatal pathway through the 
release of trophic factors. Importantly, dopaminergic neuroblast-like cells have 
been generated ex vivo from different stem cell sources, including from plu-
ripotent stem cells (hESCs and hiPSCs) by direct fibroblast reprogramming, 
from neural stem cells (NSCs) and progenitors from the embryonic ventral 
mesencephalon, and from adult NSCs from the subventricular zone. Preclinical 
engraftment studies demonstrated that such cells can survive in animal models 
of Parkinson disease and exert beneficial functional effects following cell 
maturation.3 Nevertheless, some properties that are fundamental for successful 
clinical translation have not yet been fully met in animal transplantation trials 
employing human stem cell–derived dopaminergic neurons. Additional chal-
lenges that should be addressed include development of methods to prevent 
the disease process from also destroying the grafted neurons (for example, 
engineering the cells to secrete neurotrophic factors) and limiting graft-induced 
dyskinesia (for example, by minimizing the number of serotonergic neuroblasts 
in the grafted tissue). Initial clinical trials using human pluripotent stem cell 
derivatives for Parkinson disease are expected to be initiated in the near future.

Parkinson disease (Chapter 381) involves loss of melanin-containing dopa-
minergic neurons within the substantia nigra pars compacta of the midbrain, 
coupled with accompanying depletion of striatal dopamine. This cellular loss 
is responsible for the major motor features of the disease. In the search for 
more definitive therapy than pharmacology, early reports of cell replacement 
therapy suggested significant improvement in motor function after intrastriatal 
implantation of mesencephalic dopamine-rich tissue, obtained from aborted 
human fetuses aged 6 to 9 weeks. Long-term immunosuppressive treatment 
is essential to allow transplanted dopaminergic neurons to develop into their 
full functional potential despite the notion of an immunologic sanctuary within 
the brain. Clinical assessment standards have provided evidence of long-lived 
graft survival, morphologic and functional integration, and clinical benefit 
after therapy with cells of fetal origin that has lasted up to 10 years or longer 
in some patients. Further progress, however, has been limited by lack of suf-
ficient source tissue to treat a large number of affected patients, prohibitive 
variability in functional outcome, reports of serious dyskinesias in a subset of 
treated patients, and ethical considerations.
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component, and it is important to select the most efficient delivery method 
for any genetic therapy as well as to be aware of the potential adverse effects 
of each vector type, thus tailoring the therapy to specific clinical considerations. 
There are formidable barriers to successful gene transfer, such as crossing the 
cellular membrane, escaping from the endosome, moving through the nuclear 
membrane, and integrating into the host genome. Vectors that have been 
developed to try to overcome these obstacles fall into two broad categories: 
nonviral and viral vectors.

Gene therapy mediated by nonviral vectors is referred to as transfection 
and consists of the direct delivery of naked DNA by injection, the use of 
liposomes (cationic lipids mixed with nucleic acids), nanoparticles, and other 
means. Although nonviral vectors can be produced in relatively large amounts 
and are likely to present minimal toxic or immunologic problems, their major 
shortcoming is inefficient gene transfer. In addition, expression of the foreign 
gene tends to be transient, precluding their application to many disease states 
in which sustained and high-level expression of the transgene is required. The 
efficiency of nonviral vector delivery could be enhanced by the use of different 
physical methods, such as electroporation (for well-circumscribed body com-
partments or masses such as muscle, skin, and tumors), gene gun (for DNA 
vaccination), and ultrasound delivery (for cardiovascular and tumor-related 
applications).

Gene therapy mediated by viral vectors is referred to as transduction, and 
this approach has been the main conduit for transferring genes to human cells 
in most gene therapy trials. The basic concept of viral vectors is to harness 
the innate ability of viruses to deliver genetic material into the infected cell. 
Viruses used in gene therapy have been modified to enhance safety, increase 
specific uptake, and improve efficiency. However, for each specific virus-based 
gene therapy vector, there have been major disadvantages that should be bal-
anced against potential therapeutic benefits. For example, in cancer gene 
therapy, the immune response to the delivery vehicle carrying the anticancer 
genetic material can be used to advantage by serving as an adjuvant. In contrast, 
the system for delivery of a gene to be expressed for a prolonged period to 
replace or supplement a missing gene product in monogenic disease states 
should preferably be ignored by the immune system.

Viral vectors are derived from viruses with either RNA (retroviruses and 
lentiviruses) or DNA (adenovirus, adeno-associated virus [AAV], herpes 
simplex virus [HSV] and poxvirus [vaccine virus]) genomes. Viral vectors 
also fall into one of two main categories: integrating vectors, which insert 
themselves into the recipient’s genome, and nonintegrating vectors, which 
often (although not always) form an extrachromosomal genetic element. 
Integrating vectors, such as γ-retroviral vectors and lentiviral vectors, are gen-
erally used to transfect actively dividing cells, because they are stably inherited. 
Integrating vectors, however, may carry the risk of insertional mutagenesis 
(with clinical oncogenic transformations reported with the use of retroviruses). 
Nonintegrating vectors, such as adenoviral vectors and AAV vectors, can be 
used to transfect quiescent or slowly dividing cells, but they are quickly (in 
the case of adenoviral vectors) lost from cells that divide rapidly. Finally, effi-
cient gene transduction can also be achieved using vectors that are maintained 
as episomes, especially in nondividing cells.

 Diseases Treated by Gene Therapy
Inherited Immunodeficiency
HSCs are the preferred target for ex vivo gene therapy because genetic modi-
fication of self-maintaining multipotent HSCs would ensure a steady supply 
of their gene-corrected progeny in the body. Therefore, such approaches have 
the potential to treat conditions that manifest when mature hematopoietic 
lineages fail to develop or to function correctly. The process of HSC-based 
gene therapy involves the initial isolation of these progenitors from the bone 
marrow or peripheral blood using antibodies targeting the CD34 surface 
marker, followed by ex vivo genetic modification using vectors carrying the 
expression cassette for the corrective transgene. Before the modified cells can 
be administered back to the patient, the recipient is usually treated with a 
preconditioning chemotherapy regimen aiming to deplete endogenous pro-
genitors and to favor engraftment of the gene-corrected cells.

The first convincing clinical benefit of gene delivery, in general, and of 
HSC-based gene therapy in particular, was demonstrated in patients with 
inherited immunodeficiencies (Chapter 236). These early studies targeted 
two types of severe combined immunodeficiency (SCID) syndromes, both 
of which are characterized by dysregulation of lymphocyte development, as 
well as a third disorder, X-linked chronic granulomatous disease (X-CGD). 
Affected children with these disorders present with overwhelming infections 
or failure to thrive.

immune system. Since then, tens of thousands of patients have been involved 
in a large number of clinical gene therapy trials performed throughout the 
world. The most common patient populations targeted in these studies have 
been cancer patients and those with monogenic inherited disorders (E-Fig. 
38-1). Although gene therapy initially was conceived as a way to treat life-
threatening disorders (inborn errors, cancers) refractory to conventional treat-
ment, gene therapy is now being explored for non–life-threatening conditions 
that adversely affect a patient’s quality of life.

Although early clinical failures and a number of reported deaths (only two 
of which were actually attributed directly to gene therapy) and cases of gene 
therapy–related leukemic transformation led many to dismiss gene therapy as 
hazardous and premature, recent clinical successes have bolstered new opti-
mism in the promise of this discipline.6 These include entirely novel initia-
tives in treating primary immunodeficiency syndromes, blood disorders, and 
leukodystrophies; the improvement of vision in patients with retinal disease; 
innovative approaches targeting chronic viral infections (such as HIV); and 
encouraging experimental and clinical results in treating different forms of  
cancer.

Despite these success stories, only a few gene therapy agents are currently 
approved and available. Fomivirsen (Vitravene) is used for the treatment of 
cytomegalovirus retinitis (Chapter 346) in patients with acquired immuno-
deficiency syndrome (AIDS). In 2012, Glybera became the first gene therapy 
treatment to be approved for clinical use in either Europe or the United States. 
Glybera uses a virus injected into a patient to deliver a working copy of a 
gene for producing lipoprotein lipase (LPL) for treatment of the rare inher-
ited disorder of LPL deficiency. Similarly, the p53 tumor suppressor coding 
sequence in an adenovirus vector is used for the treatment of head and neck 
cancer patients, but is registered only in China. Ex vivo genetic engineering 
of T lymphocytes to express chimeric antigen receptors (CAR-T cells) in the 
treatment of cancer have shown highly encouraging results and have received 
U.S. FDA approval for use in certain hematologic malignancies in children 
and young adults, with more under review (see below). Similarly, in 2016, 
the European Commission granted market approval for ex vivo hematopoi-
etic stem cell (HSC) gene therapy for the treatment of adenosine deaminase 
(ADA)-deficient severe combined immunodeficiency (SCID). This therapy 
consists of a single infusion of autologous gene-corrected HSC and is pre-
pared from the patient’s own bone marrow (BM) HSCs, which are genetically 
modified using a gamma-retroviral vector to insert a functional copy of the  
ADA gene.7

 Classifications and Mechanisms of Action
In general, somatic gene therapy applications can be divided into those aiming 
to treat or correct various genetic disorders and those targeting nongenetic 
diseases by attempting to alter cell, tissue, and organ function in a favorable 
manner. According to the World Health Organization, there are more than 
10,000 disorders with monogenic inheritance (http://www.who.int/genomics/
public/geneticdiseases/en/index2.html), but only a small fraction of these 
may be amenable to gene therapy. Traditional gene therapy efforts for inherited 
disorders have mainly focused on the exogenous expression of genes encoding 
the missing or abnormal proteins and to a lesser extent also on altering the 
abnormal gene expression patterns. Future efforts are expected to shift the 
focus from uncontrolled overexpression of the missing protein to directly 
correcting the mutation at the DNA level (gene-editing strategies) described 
in greater detail below.

For nongenetic disorders, gene therapy efforts are aimed at overexpressing 
a specific protein in an attempt to favorably alter cellular function (e.g., to 
increase contractility in heart failure by overexpression of proteins related to 
calcium handling), to protect tissue at risk (e.g., in acute kidney injury, see 
Chapter 112), to exert paracrine effects through local secretion of specific 
proteins by the engineered cells (e.g., to promote angiogenesis in ischemic 
tissues or to induce neurotrophic effects in neurodegenerative disorders), and 
even to secrete proteins systemically (e.g., in gene therapy trials attempting 
to correct bleeding disorders by secretion of coagulation factors or for systemic 
delivery of hormones such as erythropoietin for the treatment of anemia). 
Major efforts in the gene therapy arena to date have been focused on immu-
notherapeutic approaches to treatment of cancer (see below).

 Gene Therapy Delivery Methods
Gene therapy agents are often composed of two elements: (1) the genetic 
material itself (i.e., the DNA expression cassette [the most common therapeutic 
payload used], short interfering RNA, or an antisense molecule) and (2) the 
vector delivery system. The latter is usually the more complex and limiting 

http://www.who.int/genomics/public/geneticdiseases/en/index2.html
http://www.who.int/genomics/public/geneticdiseases/en/index2.html
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Adenoviral vectors and retroviral vectors based on Moloney murine leukemia 
virus featured prominently in early gene therapy trials. There has been a move-
ment away from both, however, after a case of fatality, which was linked to 
the toxicity of the adenoviral vector (used to introduce the ornithine trans-
carbamylase gene in that specific study) and the leukemia cases in SCID-X1 
patients (which were linked with activation of LMO2, an oncogene on chro-
mosome 11, due to insertional mutagenesis associated with the murine leukemia 
viral vector). Therefore, these vectors have been largely been replaced with 
AAV and lentiviral vectors respectively, which became the most common 
vectors used in clinical trials today. Other viral vectors may have applications 
in specific settings. For example, in gene therapy applications being developed 
for pain management, a replication-defective herpes simplex virus vector is 
being used due to its tropism for nerve tissues and different oncolytic viruses 
with a preferential tropism to cancer cells are being used for gene therapy 
applications in cancer.

The in vivo gene therapy approach, in contrast, involves the delivery of the 
relevant transgene (through the use of various vectors) directly to the targeted 
tissue, followed by the stable or transient expression of the transgene in the 
relevant cells. The expression of the transgene only in the relevant cells/tissues 
can be achieved by the combination of localized delivery (injection), a par-
ticular tropism of the vector used for the tissue of interest, and the expression 
of the transgene under the control of a cell/tissue-specific promoter.

Progress in the field of gene therapy has developed into two different strate-
gies: ex vivo and in vivo gene therapy. The ex vivo gene therapy approach 
(combined cell and gene therapy strategy) involves the initial harvesting of 
cells from a given patient followed subsequently by genetic modification of 
these cells in the laboratory. The genetically modified cells can then be selected, 
amplified in numbers and returned to the same patient in an attempt to achieve 
the desired therapeutic effect. This strategy is specifically attractive for the 
genetic modification of stem cells that could reconstitute the relevant tissues, 
organs, and organ systems following transplantation. The most prominent 
example is using hematopoietic stem cell grafts in gene therapy trials for hema-
topoietic disorders.

Phases of Gene Therapy Trials
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cine, 2017.)
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studies in animal experimental models of ischemia were very encouraging, 
leading eventually to several clinical trials. Despite the established proof of 
concept and reasonable safety, however, results of the latest clinical trials on 
therapeutic angiogenesis for myocardial ischemia and CLI have provided 
inconsistent results and the definite means of inducing clinically useful thera-
peutic angiogenesis remain elusive. These less than optimal results may stem 
from a number of reasons, including the application of a single growth factor 
that may not be sufficient to meet the multifaceted challenge for developing 
efficient induction of collateral vessels, the need for a more sustained growth 
factor delivery to establish more stable vessels, and the need to target arterio-
genesis rather than angiogenesis to achieve a more significant increase in 
perfusion. Therefore, efforts in the field are moving toward the use of different 
cell therapies for these ischemic conditions, as well as using combined cell 
and gene delivery strategies to achieve better outcome. For example, a recent 
elegant approach has utilized a combined delivery of endothelial and smooth 
muscle cells (each cell type modified to secrete a different angiogenic growth 
factor) for CLI patients.

For heart failure, gene therapy trials have focused on restoring the abnor-
mal calcium handling characteristic of failing human cardiomyocytes.11 
Because a reduction in levels of the sarcoplasmic reticulum calcium ATPase 
(SERCA2a), the sarcoplasmic reticulum calcium pump, was found to be a 
key factor in the alteration of calcium cycling in heart failure, this protein 
became an attractive clinical target for gene delivery purposes. Overexpression 
of SERCA2a levels by cardiomyocyte gene delivery has led to the restoration 
of the abnormal calcium transients leading to improved cardiac contractility, 
reduction of the frequency of arrhythmias, and improved oxygen utilization 
in animal models with heart failure. As a result, the clinical benefits of AAV 
delivery of the SERCA2a transgene via the coronary circulation was shown in 
phase I and II of the Calcium Upregulation by Percutaneous Administration 
of Gene Therapy in Cardiac Disease (CUPID) trials. Unfortunately, a larger 
follow-up study (CUPID-2) A3  failed to demonstrate similar clinical benefits, 
most probably due to inefficient transgene expression in the myocardium. 
This underscores the challenge of achieving effective gene delivery to the  
heart.

Cystic Fibrosis
Experimental protocols for gene therapy for cystic fibrosis (CF) (Chapter 
83) have been implemented since 1990. The cystic fibrosis transmembrane 
conductance regulator (CFTR) protein is mutated in patients with CF. Trans-
ducing the epithelium of the nasal and bronchial tree is potentially feasible 
through nonsystemic approaches. Nonviral gene therapy methods that deliver 
a copy of the CFTR gene to the airway of CF patients have been developed. 
Several placebo-controlled clinical trials of liposome-mediated CFTR gene 
transfer to the nasal epithelium have confirmed its safety and demonstrated 
variable degrees of functional correction. In addition, several clinical studies 
have assessed the potential of retrovectors, adenovectors, and AAV vectors 
for gene therapy for CF. With both nonviral and viral delivery systems, there 
were only mild side effects. However, the long-term clinical benefit has been 
marginal. Improved vectors are being assessed in preclinical studies.

Cancer
One of the most exciting opportunities for gene therapy lies in the cancer 
arena. Gene therapy strategies targeting cancer can be grouped according to 
their proposed mechanisms of action. These include gene therapies aiming 
to directly induce cytotoxic effects in cancer cells (through the use of oncolytic 
viruses or by the delivery of apoptotic inducers and suicide genes), gene thera-
pies aiming to boost the immune response to tumor antigens, and gene therapies 
targeting the tumor microenvironment.

Direct Cytotoxic Effects
Oncolytic viruses are therapeutically useful anticancer viruses that will selec-
tively infect, amplify, and then damage cancerous tissues without causing harm 
to normal tissues. Cancer selectivity of the different oncolytic viruses takes 
advantage of defects commonly found across many tumor types, such as lack 
of antiviral responses, activation of Ras pathways, loss of tumor suppressors, 
and defective apoptosis. Oncolytic viruses can kill infected cancer cells in 
many different ways, ranging from direct virus-mediated cytotoxicity through 
a variety of cytotoxic immune effector mechanisms.

Beyond the direct viral cytopathic effect, viral vectors can be used to deliver 
genes to cancer cells that will result in tumor cell death. The relevant transgenes 
encode for cellular proteins that are involved in apoptosis or prevent prolifera-
tion. The selectivity for activation of such genes only in tumor cells is achieved 

SCID patients due to adenosine deaminase (ADA) deficiency suffer from 
the premature death of T, B, and natural killer (NK) cells as a result of the 
accumulation of purine metabolites. Patients with this condition have been 
treated with vectors expressing the ADA gene. In the first patients with ADA-
SCID, transduced T cells expressing the transgenic ADA were shown to persist 
for longer than 10 years; however, the therapeutic effect of gene therapy resulted 
in only partial correction of the metabolic defect. More recently, an improved 
gene transfer protocol of bone marrow CD34-positive cells, combined with 
low-dose busulfan, resulted in multilineage, stable engraftment of transduced 
progenitors at substantial levels, restoration of immune function, correction 
of the ADA metabolic defect, and proven clinical benefit.

The X-linked type (X-SCID group), in which there is defective cytokine-
dependent survival signaling in T and NK cells, was shown to be corrected 
by introduction of the wild-type sequence of the common γ-C chain, which 
is an essential component of five cytokine receptors. Complete reconstitution 
of the immune system, clearing of infections, and gains in growth occurred 
in most of the treated children. In one clinical study, hematologic malignancies 
developed in four patients. However, among the more than 20 patients treated 
in two separate clinical trials, five developed acute leukemia-like disease result-
ing in one death. Finally, two adult X-CGD patients who suffered recurrent 
bacterial infections have been treated with CD34-positive cells transduced 
with gp91 phox, with significant clinical improvement in the short term. 
However, in both of these patients, there was an expansion of gene-transduced 
cells caused by the transcriptional activation of growth-promoting genes leading 
to myelodysplasia (Chapter 172) and gradual loss of efficacy.

Despite the convincing clinical improvement observed in most patients 
treated with first-generation HSC-based gene therapies for immunodeficiency, 
the severe and even life-endangering adverse consequences resulting from 
the random integration of retroviruses have stalled progress in this field for 
many years. The recent development of vectors (such as lentiviral vectors) 
with improved efficacy and safety in preclinical models, has renewed interest 
in the approach. As a result, HSC gene therapies incorporating these new 
vectors have been successfully tested in severe inherited diseases of the immune 
system (Wiskott-Aldrich syndrome [WAS] and X-linked severe combined 
immunodeficiency [SCID-X1]) and in blood (β-thalassemia) and neuro-
degenerative storage diseases (adrenoleukodystrophy and metachromatic  
leukodystrophy).

Visual Loss
The remarkable benefits that gene replacement can provide to patients with 
severe degenerative diseases were first highlighted by retinal gene therapy. 
Clinical scientists have used gene augmentation therapy, with direct subretinal 
injection of a recombinant adeno-associated virus expressing the RPEG5 
transgene, in adults and children with Leber congenital amaurosis.8 This rare 
inherited eye disease destroys photoreceptors (Chapter 396), and the gene 
therapy results have shown medical evidence of visual preservation despite 
continued retinal degeneration.

Liver
The liver represents an attractive target for direct in vivo gene therapies because 
hepatocytes are robust protein factories that release their products into the 
blood circulation. Therefore, liver gene therapies could provide a strategy for 
treating several inherited metabolic diseases as well as plasma protein deficien-
cies such as the different coagulopathies (Chapter 165). Because raising cir-
culating coagulation factor levels from less than 1% (in affected individuals) 
into the range of 5% may be sufficient for effective treatment, liver-directed 
gene therapy has been tested mainly for the treatment of severe hemophilia 
B. In studies using AAV-8 vectors (with specific tropism to hepatocytes) to 
deliver the factor VIII or IX transgene, coupled with transient immunosup-
pression (steroids), stable long-term sufficient factor blood levels (6%) were 
observed, resulting in significant clinical improvement.9,10

Cardiovascular and Pulmonary Conditions
Gene therapy efforts in the cardiovascular field have focused on achieving 
therapeutic angiogenesis for patients suffering from chronic ischemic heart 
disease or from critical limb ischemia (CLI) and for improving cardiac func-
tion in heart failure patients. The use of genes to revascularize the ischemic 
myocardium due to coronary artery disease (CAD) and CLI due to peripheral 
artery disease (PAD) has been the focus of two decades of preclinical research 
with a variety of angiogenic mediators, including vascular endothelial growth 
factor (VEGF), fibroblast growth factor, hepatocyte growth factor, and others, 
encoded by DNA plasmids or adenovirus vectors. Overall, these gene therapy 
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Several viruses such as the Newcastle disease virus (which activates the 
innate or adaptive immune response), reovirus (which activates host protein 
kinases to shut down protein production), and mumps virus have an inherent 
ability to specifically target cancer cells and upon virus replication, cause sig-
nificant cell death and tumor regression. Other viruses (herpes simplex virus, 
adenovirus, vaccinia virus, vesicular stomatitis virus, and poliovirus) need to 
be genetically engineered to engender oncolytic activity. Genetically engineered 
viruses and inherently antitumor-selective viruses are being tested in early 
and late clinical conditions such as for metastatic melanoma and for different 
brain tumors.
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The CAR-T cell therapies, which have been extensively studied and approved 
for clinical use, target the CD19 surface antigen on B cells, and hence are 
effective for B-cell malignancies including childhood acute lymphocytic leu-
kemia (ALL), and large B-cell lymphomas occurring in young adults. Because 
CD19 also is expressed on normal B cells, treated patients who experience 
B-cell aplasia must receive immunoglobulin repletion therapy to prevent infec-
tions. The remarkable success of CAR-T cell therapy to achieve durable remis-
sions, even in relapsed or poor prognosis ALL and large B-cell lymphoma 
cases, is spurring the development of CAR-T cells targeting different cancer 
cell surface antigens. These include, for example, the CD22 and CD 123 anti-
gens in leukemias, and the BCMA protein in myeloma. Whether specificity 
and accessibility of such antigens in solid tumors will render them amenable 
to such therapy remains to be seen. Initial studies have generated CAR-T cells 
targeting EGFRvIII in patients with glioblastoma and mesothelin, which is 
relatively overexpressed in pancreatic and non–small cell lung cancer. The 
number of registered clinical trials of CAR-T cell therapy is approaching 200 
to date. A hoped for future advance will be to produce “off the shelf ” CAR-T 
cells ready for use in any patient with a cancer expressing a known target of 
interest, obviating the somewhat time-consuming, logistically challenging, 
and expensive need to remove, separate, genetically engineer, and reinfuse 
that patient’s own cells.

Disrupting Tumor Microenvironment
Targeting the tumor microenvironment is another attractive approach for 
cancer gene therapy because it consists of normal cells that should not develop 
resistance to the therapy. The most obvious target is the tumor neovasculariza-
tion process. The use of antiangiogenic drugs such as bevacizumab (Avastin), 
an anti-VEGF monoclonal antibody, has shown success in clinical trials for 
some cancer cell types, but the effect may be transient or negligible in others. 
This may be due to the fact that the angiogenesis process is complex, and 
inhibiting just one aspect may not be sufficient. A similar strategy may involve 
the use of siRNA to reduce VEGF or VEGF receptor expression. Similarly, a 
number of antiangiogenic factors (such as angiostatin and endostatin) have 
been expressed in viral vectors and have been used in preclinical studies, but 
have not reached the clinic yet.

Other Forms of Molecular Therapies: RNA Interference and 
Genome Editing
RNA Interference
RNA interference (RNAi) regulates gene expression by a highly precise mecha-
nism of sequence-directed gene silencing at the stage of translation by degrading 
specific messenger RNAs or by blocking its translation into protein. Research 
on the use of RNAi for therapeutic applications has gained considerable 
momentum.13 It has been suggested that many of the novel disease-associated 
targets that have been identified are amenable to conventional small molecule 
drug blockade and can potentially be targeted with RNAi. In the coming 
years, the concept of RNAi will be actively translated into a therapeutic option, 
with numerous early phase trials underway.

either through the use of the aforementioned oncolytic viruses or by the 
expression of the transgenes under the control of promoters that are activated 
only in cancer cells in general (e.g., human telomerase or survivin) or in specific 
types of tumors (probasin in prostate cancer, ceruloplasmin in ovarian cancer, 
HER2 in breast cancer, and carcinoembryonic antigen in colon cancer). The 
most clinically advanced gene therapy drug against cancer is the replication-
deficient adenovector expressing the human p53 gene. This therapy (Gendicine) 
is approved in China for the treatment of patients with head and neck squamous 
cell carcinoma by direct administration into the tumor bed.

Another attractive approach is the use of suicide genes. Suicide gene therapy 
involves delivery of a pro-drug activating enzyme (suicide gene) that converts 
nontoxic pro-drugs to cytotoxic metabolites. The prototype for such a suicide 
gene/pro-drug combination is HSV thymidine kinase (TK)/ganciclovir (GCV). 
The TK gene is selectively expressed only in cancer cells (by one of the methods 
described above) and following application of GCV it converts it to the cyto-
toxic agent phosphorylated GCV. Interestingly, phosphorylated GCV is only 
toxic to dividing cells, further increasing the selectivity to the cancer cells. 
This strategy was initially explored in aggressive brain tumors (glioblastoma 
multiforme) and more recently for locally recurrent prostate, breast, and colon 
tumors. Other cytotoxic strategies are to express secreted pro-apoptotic pro-
teins, such as tumor necrosis factor–related apoptosis-inducing ligand (TRAIL) 
or cytotoxins such as Pseudomonas exotoxin.

Immunomodulatory Cell Therapy
After many years of experimental and clinical research, immunotherapeutic 
approaches are rapidly emerging as the “fifth pillar” (along with surgery, radia-
tion therapy, chemotherapy, and growth factor pathway targeted therapies) 
in the treatment of cancer. Two such immunotherapeutic approaches involve 
use of (1) monoclonal antibodies to overcome checkpoint inhibitors such as 
cytotoxic T-lymphocyte associated antigen-4 (CTLA-4) and programmed 
death 1 (PD-1) on cytotoxic T cells, or (2) a form of adoptive cell transfer 
which utilized ex vivo genetic engineering of T cells from the cancer patient 
so as to express chimeric antigen receptors (CAR), creating patient-specific 
CAR-T cells (Fig. 38-6).12 CAR-T cell anticancer therapy can be considered 
a form of combined gene and cell therapy, which is revolutionizing cancer 
treatment. CAR-T cell therapy requires drawing blood from the patient, sepa-
rating the T cells, genetically engineering the T cells ex vivo to express surface 
CARs, and then expanding them in vitro. CARs are synthetic molecules that 
enable the engineered T cells to recognize and attach to a specific protein or 
antigen on tumor cells. Following a prior chemotherapy immunodepletion 
step, the CAR-T cells are infused into the patient. Infused CAR-T cells multiply 
in the patient, where they target, attack, and kill cells expressing the surface 
antigen corresponding to the genetically engineered CAR. This process elicits 
an extensive massive cytokine release response, which is an “on-target” adverse 
effect, whose clinical management using corticosteroids and anti-interleukin-6 
drugs, along with the treatment of other adverse effects (e.g., cerebral edema 
in some cases) is a sine qua non for the overall success of this novel anticancer 
therapy approach.
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FIGURE 38-6. CAR-T cell anticancer therapy. caR-t cells are genetically engineered ex vivo to produce chimeric antigen receptors (caRs) on their surfaces. they are then expanded 
in the laboratory and reinfused into the patient. (adapted from national cancer institute publication at https://www.cancer.gov/about-cancer/treatment/research/car-t-cells. credit: 
national cancer institute. source: https://www.cancer.gov/about-cancer/treatment/research/car-t-cells#new-target)
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break (DSB) in the DNA just proximal to the targeted site (Fig. 38-7). The 
predominant cellular DNA-repair pathway to repair DSBs is nonhomologous 
end-joining (NHEJ), which joins two DSB ends by direct ligation with no or 
little homology between the joined ends. As a result, NHEJ is associated with 
a high probability for error resulting in insertion or deletion of a few nucleo-
tides at the break site. The resulting insertion-deletion (indel) mutations can 
therefore be exploited to selectively inactivate genes (Fig. 38-7A). Unique 
disease targets for such an approach could be dominant negative genetic dis-
orders, in which the mutated allele gene product acts as a “toxic protein” and 
interferes also with the function of the healthy protein product of the non-
mutated allele. By using the NHEJ-mediated mechanism to specifically inactivate 
the mutant gene while leaving the wild-type copy intact, the disease phenotypes 
of such disorders could be significantly improved.

The same logic can also be extended to protect against infectious or genetic 
diseases by inactivating wild-type genes that favor the pathologic processes. 
These include, for example, inducing loss-of-function mutations through NHEJ 
to the CCR5 T-cell receptor for HIV treatment or in the PCSK9 gene for 
treatment of hypercholesterolemia. In this context, the first approved gene 
editing clinical trial involved the use of zinc finger nucleases (ZFNs) to target 
the CCR5 locus in autologous CD4+ T cells ex vivo by adenoviral (AdV) 
vectors for the treatment of HIV infection. Clinical follow-up revealed that 
the transfer of the gene-edited T cells into patients was well tolerated and that 
the CCR5-knockout cells were protected from infection with CCR5-tropic 
HIV. However, the overall frequency of CCR5 knockout, as well as the abso-
lute number of transferred T cells, was too low to have a lasting therapeutic 
effect. A number of ongoing trials are currently testing the ability to improve 
the clinical efficiency of this approach by enhancing engraftment of the edited 
cells (through nonmyeloablative lymphodepletion), by targeting autologous 
CD34+ HSCs (targeting a variety of HIV-susceptible cell subsets including 

RNAi has already been used to repress the function of genes implicated 
in cancer, age-related macular degeneration, and transthyretin (TTR)-amy-
loidosis, among others, resulting in a therapeutic effect in clinical trials. 
As a result of these studies, the first-ever RNA interference therapy was 
recently approved for clinical use by the FDA. This therapy (Patisiran) was 
approved for the treatment of peripheral nerve disease (polyneuropathy) 
caused by hereditary transthyretin-mediated amyloidosis (hATTR). A4  Most 
recently, successful clinical trials have shown the efficacy of SiRNA specific 
knockdown of PCSK9 expression as a method to decrease LDL cholesterol  
levels. A5 

Genome Editing
The center of gravity for gene therapy may be shifting from the addition of a 
therapeutic gene by conventional gene therapy strategies to genome editing, 
whereby a pathogenic mutation can be corrected at its natural location in 
the genome using programmable nucleases. Such programmable nucleases 
include zinc-finger nucleases, transcription activator–like effector nucleases 
(TALENs), and the more recently described clustered regulatory interspaced 
short palindromic repeat–associated nuclease Cas9 (CRISPR-Cas9).14 The 
aforementioned genome editing methodologies can be used not only for muta-
tion correction but also for inactivation of deleterious mutations in diseased 
cells, for the introduction of protective mutations, for addition of therapeu-
tic transgenes, and for the disruption of viral DNA. Such genome editing 
therapies have already entered advanced preclinical and clinical testing for a 
variety of indications.15

Genome Editing Mechanisms of Action and Clinical Applications
Programmable nucleases act as highly specific “molecular scissors” engineered 
to target a specific sequence in the genome and introduce a double-strand 

Nuclease

A

B

C

Nuclease

Nuclease

Nuclease

DSB

DSB

DSB

Corrective HDR template

Corrective HDR template

NHEJ

NHEJ

HDR

HDR

Indel

NHEJ: Gene disruption
(creation of indels):
Silence mutations

NHEJ gene correction:
Deletion of a pathogenic
insertion

HDR gene correction:
Mutation correction

HDR gene addition:
Introduce a therapeutic
gene

Pathogenic insertion
or expansion

Mutated
locus

Non-functional (truncated) or
absent (nonsense mediated

mRNA decay) protein

DSB

Safe harbor
locus

Safe harbor
locus

Safe harbor
locus

Functional proteinNon-functional protein

D

FIGURE 38-7. Conceptual therapeutic genome editing modifications. the specific type of therapeutic genome editing strategy depends on the nature of the mutation/disease.  
A, nheJ gene disruption: For gene disruption, expression of the pathologic protein is suppressed by introducing a double-strand break (dsB) at the desired gene locus. the ineffective 
endogenous nonhomologous end-joining (nheJ) repair mechanism leads to formation of indels in the gene of interest, often resulting in frameshift mutations that create premature 
stop codons and a nonfunctional protein product (truncated protein) or nonsense mediated decay of transcripts (no protein). B, nheJ gene correction: two dsBs targeted to both sides 
of a pathogenic expansion or insertion may be resolved by nheJ, causing a deletion of the intervening sequences to mediate therapy. C, hdR gene correction: For mutation correction, 
the homology directed repair (hdR) gene correction mechanism is used. a dsB is induced near the mutation site. hdR repair of the break site is achieved with an exogenous template, 
correcting the mutation and restoring normal gene function. D, gene editing: this approach introduces a therapeutic transgene into either a native or a non-native (safe harbor site) 
locus in the genome. a dsB is induced at the desired locus and an hdR template containing the relevant transgene and associated transcription control elements is introduced to the 
nucleus. 



CHAPTER 38 RegeneRative Medicine, cell, and gene theRapies194

for patients with hemophilia A and patients with lysosomal storage disorders 
are expected to enter the clinic soon.

An attractive cell target for the latter ex vivo approach could be adult stem 
cells, which could be extracted from the diseased individual, genetically modi-
fied ex vivo, expanded, and then engrafted back to the patient to repopulate 
the diseased organ/tissues with healthy cells. The long-standing clinical expertise 
with the purification, culture, genetic modification, and transplantation of 
HSCs has made diseases affecting the blood system attractive targets for such 
ex vivo genome editing–based strategies. Potential disease targets include 
SCID, Fanconi anemia, Wiskott-Aldrich syndrome, and sickle cell anemia. 
The challenge for these approaches will be to achieve efficient, robust, and 
specific gene modification of the ex vivo HSCs because unlike iPSCs, for 
example, they cannot undergo effective clonal expansion. The first clinical 
trials involving CRISPR/Cas9 in China and the United States are aiming at 
similar targets, and both involve the disruption of the programmed death 1 
(PD-1)- or T-cell receptor–encoding genes in CAR-T cells as described above 
to generate more efficacious cancer immunotherapies to treat multiple myeloma, 
pancreatic and lung cancer, or glioblastoma.

In cases where somatic approaches do not look promising, researchers are 
considering a third approach by making permanent changes to the genomes 
of human embryos. From a medical perspective, this has the advantage that 
gene correction will be permanent; neither the treated person nor any of his/
her descendants will carry the disease allele. In principle, the procedure would 
involve manipulating embryos at a very early stage, in conjunction with in 
vitro fertilization (Fig. 38-8C). Two groups in China have recently published 
papers describing early steps in producing such modifications in viable and 
nonviable embryos. Some of the shortcomings revealed in these studies were 
the potential for off-target modifications induced by the CRISPR/Cas9 system 
(the cells were found to have unintended edits outside the targeted gene) as 
well as the potential for mosaicism (where the embryo consisted of a mixture 
of edited and unchanged cells). Finally, in a recent study, scientists from the 
United States were able to introduce several technical improvements in the 
process and were able to correct a genetic mutation in the MYBPC3 gene 
(responsible for hypertrophic cardiomyopathy) in viable preimplantation 
human embryos without any evidence for off-target modifications or mosa-
icism. In all of these studies, and in other efforts just getting under way, there 
was no intent to create a pregnancy, and the embryos were never implanted, 
but the feasibility of this controversial approach was demonstrated.

macrophages), by testing different vectors, and by moving to the TALEN 
technology.

Programmable nucleases may also be used to target foreign DNA, such as 
viral genomes, thereby specifically targeting and inactivating viral-specific 
genes without affecting host human-specific DNA. Such an approach has 
already reached clinical trials targeting human papilloma virus (HPV). Finally, 
targeting of two nucleases to make two DSBs around an insertion (Fig. 38-7B) 
may be useful for treatment of nucleotide expansion disorders such as spino-
cerebellar ataxia and Huntington disease.

An alternative mechanism to resolve the DNA cleavage is by homology 
directed repair (HDR) between the endogenous DNA and an exogenously 
introduced donor fragment containing the normal nucleotide sequence (Fig. 
38-7C). In this fashion, the pathogenic mutation is permanently corrected 
back to the normal sequence. This mutation correction approach preserves the 
architecture of the genome and maintains gene control under the normal 
cellular regulatory elements and could therefore be used to target a wide array 
of genetic disorders. To date, gene editing techniques have only been used in 
preclinical trials to directly correct the disease-causing mutations associated 
with X-linked severe combined immune deficiency (SCID), hemophilia B, 
sickle-cell disease, and α1-antitrypsin deficiency and to repair Parkinson 
disease–associated mutations (SNCA gene) in patient-derived hiPSCs or in 
preclinical mouse models.

Finally, site-specific nucleases may also bring a unique value to the conven-
tional gene adding approach by enabling insertion of therapeutic transgenes 
(Fig. 38-7D) into specific “safe harbor” locations in the human genome, ensur-
ing long-term expression of the transgene, better control over transgene copy 
number and expression levels, and reducing the potential for random insertional 
mutagenesis. Gene insertion may be used to secrete certain factors or to favor-
ably alter the phenotype of the genetically modified cell.

The aforementioned strategies for gene modifications can be utilized either 
via a direct in vivo approach to modify existing cells or alternatively by an 
initial ex vivo cell modification step followed by in vivo transplantation of 
genetically modified cells (Fig. 38-8), much as has already been implemented 
for CAR-T cells as described above. The former in vivo gene correction approach 
has already reached clinical trials for the treatment of hemophilia B. This 
approach is based on the co-delivery of ZFNs with factor-IX (F9)-encoding 
AAV vectors to target the integration of the corrective F9 complementary 
DNA (cDNA) into the albumin-encoding locus of liver cells. Similar approaches 
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Answer: A Cells of fetal origin show enhanced proliferative capacity and 
enhanced ability to differentiate into mature or specialized cells. Although 
this form of cell therapy represents a form of regenerative medicine with great 
potential, the only fetal-derived cells that have been used in clinical applica-
tions to date are the dopaminergic cells derived from the developing fetal 
nervous system for the treatment of Parkinson disease. (See Engraftment of 
Fetal Tissue.)

3. Which one of the following is not a form of gene therapy?
 A. Transfection
 B. Transduction
 C. RNA interference
 D. Gene editing
 E. DNA electroporation

Answer: E Electroporation is a strictly in vitro research method in cell biology 
that electropermeabilizes cell membranes by an externally applied electrical 
field to introduce a piece of DNA (or other agents) into a cell. All the other 
choices are methods of gene therapy. Transfection is the direct delivery of 
naked DNA by injection, the use of liposomes, nanoparticles, and other means. 
Transduction is gene therapy that is mediated by viral vectors. RNA interfer-
ence is a highly precise mechanism of regulating gene expression by sequence-
directed silencing (by degrading specific messenger RNAs or by blocking 
their translation into protein). Gene editing is a way of correcting a pathogenic 
mutation in its natural gene location (rather than the more conventional gene 
therapy method of gene restoration, in which a whole gene is inserted into 
the genome). (See Gene Therapy Delivery Methods and Other Forms of 
Molecular Therapies: RNA Interference and Gene Editing under the main 
heading of Gene Therapy.)

REVIEW QUESTIONS

1. Meniscus repair by constructing an implantable scaffold seeded with mes-
enchymal stem cells that differentiate into chondrocytes would be an example 
of which of the following?
 A. Ex vivo gene therapy
 B. Autologous tissue meniscus implantation
 C. Tissue engineering
 D. Direct stem cell reprogramming
 E. Somatic gene therapy

Answer: C Rather than simply introducing cells into a diseased area, in tissue 
engineering, cells are embedded or seeded onto three-dimensional scaffolds 
(derived from different biomaterials) before transplantation. This can involve 
either (i) cellular scaffolds that are seeded ex vivo with cells before their in 
vivo transplantation, or (ii) acellular scaffolds that require the recipient’s cells 
to repopulate the scaffold to reconstitute it after transplantation. To date, these 
efforts have mainly concentrated on the musculoskeletal system, as in the 
example presented. Ex vivo and somatic gene therapies by definition involve 
the transfer of specific genetic material into cells to correct or restore a cellular 
defect. Direct stem cell programming is the direct conversion of the phenotype 
of one cell type (e.g., fibroblasts) to another (e.g., chondrocytes). Autologous 
tissue meniscus implantation does not involve any type of cell and gene therapy. 
(See Tissue Engineering.)

2. To date, the only established clinical application of fetal-derived cell therapy 
has been in patients with which of the following?
 A. Parkinson disease
 B. Myocardial infarction
 C. Heart failure
 D. Blood product transfusion
 E. Cartilage repair
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39 
THE INNATE IMMUNE SYSTEM
MARY K. CROW

 THE INNATE IMMUNE SYSTEM IN HOST 
DEFENSE AND DISEASE PATHOGENESIS

The immune system, comprising cells, the molecules they produce, and the 
organs that organize those components, evolved over millions of years in 
response to infections with pathogenic microorganisms. Its essential role in 
maintaining health is based on its recognition and elimination or control of 
those foreign microbes. Central to the success of the protective role of the 
immune system is its capacity to distinguish foreign and dangerous invaders 
from self-components.1 In addition to its contributions to host defense, the 
immune system is involved in the prevention of malignancy by surveying and 
recognizing self-cells that express novel antigens,2 and it also plays a role in 
resolution and repair of tissue damage.

The immune system is generally described as including an innate immune 
system and an adaptive immune system. The former provides the first and rapid 
line of defense and cellular response to a foreign stimulus. The latter, dependent 
on activation by the innate immune response, develops a more specific response 
targeted to the offending organism and generates memory for that stimulus 
that can be elicited rapidly should that organism be encountered again on a 
later occasion (Chapter 40).

Immune system cells derive from precursor cells of the hematopoietic lineage 
in the bone marrow (Chapter 147)3 and populate discrete lymphoid organs, 
including lymph nodes, spleen, and thymus, as well as skin and intestine. Cells 
of the innate immune system serve as sentinels at locations that are likely to 
encounter foreign organisms, and after activation they will often travel to a 
local lymphoid organ. The induction of the adaptive immune response occurs 
in the context of structured aggregates of innate and adaptive immune cells 
in the lymphoid organs. Once activated and differentiated to produce effector 
molecules, immune system cells can be sampled in blood as they travel to 
sites of infection or tissue damage. There they can interact directly with target 
cells to mediate cell death or, alternatively, provide activating signals to expand 
or regulate a response, or secrete high local levels of immunomodulatory 
substances called cytokines. Cytokines are small soluble proteins that com-
municate among cells within the immune system or between immune system 
cells and cells in other tissues.4 The cells and products of the immune system 
function as an exquisitely regulated complex system. Inherited variations in 
hundreds of genes have evolved, under pressure of microbial challenge, to 
ensure adequate defense against pathogenic organisms across the human 
population. However, in any one individual, the composite genetic profile can 
generate predisposition to infection or, alternatively, autoimmune or inflam-
matory disease.

The innate immune response was traditionally viewed as mediating non-
specific protection through the production of preformed effector molecules. 
However, important advances in characterization of the cell surface and intra-
cellular pattern recognition receptors (PRR), particularly the Toll-like receptor 
(TLR) family, and signaling pathways used by innate immune cells to imple-
ment a defensive response are now understood to have relative specificity for 
pathogen-associated molecular patterns (PAMPs) that are characteristic of 
categories of microbes.5 In contrast to those receptor systems that initiate an 
innate immune response, the protein products that implement the response, 
whether to expand the reaction to additional cells, promote trafficking to 
the most relevant location, or shape the differentiation programs of adaptive 
immune system cells, do not show specificity based on the initial triggering 
stimulus. The products of the innate immune response can be highly effective 
at ablating or limiting the extent of infection and can generate a tissue repair 
program that establishes a satisfactory resolution of the episode of infection. 
However, when sustained or poorly regulated, they can represent an impor-
tant pathophysiologic mechanism for many autoimmune and inflammatory  
diseases.

 Cells of the Innate Immune System
Monocytes and Macrophages
Monocytes circulate in the peripheral blood with a half-life of 1 to 3 days. 
Macrophages arise from monocytes that have migrated out of the circulation 

and have proliferated and differentiated in tissue. Tissue macrophages include 
alveolar macrophages in the lung, Kupffer cells in the liver, osteoclasts in bone, 
microglia in the central nervous system, and type A synoviocytes in the synovial 
membrane. Macrophages secrete myriad products, including hydrolytic enzymes, 
reactive oxygen species, cytokines, and chemokines. Macrophages engulf 
microorganisms and foreign particles directly or are activated by protein com-
plexes containing antibodies that bind to cell surface receptors for the Fc 
portion of immunoglobulin molecules (Fc receptors, or FcRs). These encounters 
activate intracellular signaling pathways that induce transcription of target 
genes, primarily those encoding mediators that promote inflammation or 
enzyme-mediated death of the microbe. Cytokines from other immune system 
cells, including interferon (IFN)-γ or interleukin (IL)-4, can drive macrophage 
differentiation toward the production of mediators that are primarily pro-
inflammatory or to a wound healing functional profile. Researchers have 
characterized those functional phenotypes as M1 or M2, although it is rec-
ognized that the context of an innate immune response will determine the 
functional response, with composite profiles common.6

In addition to responding to foreign microbes, macrophages contribute to 
the elimination of senescent or apoptotic cells in a manner that avoids induc-
tion of an inflammatory response. Macrophages also interact with other cell 
types through complementary cell surface adhesion or costimulatory receptors. 
After capturing antigen, they can function as antigen-presenting cells for T 
lymphocytes, and they can interact with non–immune system cells such as 
endothelial cells or fibroblasts.

Dendritic Cells
Dendritic cells (DCs) comprise a complex family of cells that perform essential 
functions in the innate immune response and serve as a bridge to activation 
of an adaptive immune response. Myeloid dendritic cells can incorporate 
antigens derived from invading microbes, travel to nearby lymph nodes, and 
present processed antigenic peptides to T lymphocytes (T cells) in the form 
of peptide–major histocompatibility complex (MHC) molecule complexes. 
They are the most effective antigen-presenting cells based on expression of 
cell surface costimulatory molecules, and they produce cytokines, including 
IL-12 and IL-23, after interaction with PAMPs. They thereby contribute to 
the shaping of the T-cell differentiation program to generate effector cell func-
tions. Plasmacytoid dendritic cells (pDCs) have been identified as highly 
effective producers of type I IFN, a key mediator of host defense against viral 
infections.7

Natural Killer Cells
Natural killer (NK) and NK T cells provide early defense against viral infec-
tions and other intracellular pathogens while adaptive responses are devel-
oping. NK cells are sensitized by cytokines, including type I IFNs, released 
from pDCs and macrophages, and secrete abundant IFN-γ, which activates 
macrophages and other cells. They also are poised to kill virus-infected 
cells by injecting pore-forming enzymes and granzymes. Activation of NK 
cells is inhibited by interaction with self-MHC class I molecules on target 
cells. When those self-histocompatibility antigens are not present, NK cell–
mediated killing is implemented. NK cells are important in tumor surveil-
lance because they are able to kill MHC class I–deficient tumor cells that 
are no longer susceptible to adaptive immune responses. In addition to NK 
cells, innate lymphoid cells, a type of lymphocyte that participates early in 
innate immune responses but does not express rearranged receptors, are a 
focus of current study and are particularly important in immune responses in  
the gut.8

Neutrophils
Neutrophils are the most abundant circulating white blood cells. They are 
recruited rapidly to inflammatory sites and can phagocytose and digest microbes 
(Chapter 158). Activation of neutrophils and phagocytosis is facilitated through 
the triggering of FcRs or complement receptors. Microbe-containing phago-
somes fuse with lysosomes, which contain enzymes, proteins, and peptides 
that inactivate and digest microbes. Beyond their phagocytic capability, neu-
trophils can produce a variety of toxic products. The release of toxic products 
is known as the respiratory burst because it is accompanied by an increase in 
oxygen consumption. During the respiratory burst, oxygen radicals are gener-
ated by nicotinamide adenine dinucleotide phosphate (NADPH) oxidases. 
Neutrophils also contribute to host defense through extrusion of DNA and 
associated proteins in the form of neutrophil extracellular traps, or NETs, to 
which bacteria can stick, facilitating their clearance. Despite their effective 
contributions to the innate immune response and microbial host defense, 

neutrophils can generate considerable collateral damage. NETs have the capac-
ity to induce production of cytokines by pDCs and may damage vascular 
endothelial cells.9 Secretion of neutrophil granule contents, particularly their 
enzymes (myeloperoxidase, elastase, collagenase, and lysozyme), causes direct 
cellular injury and damages macromolecules at inflamed sites.

Eosinophils
In contrast to macrophages and neutrophils, eosinophils are only weakly 
phagocytic but are potent cytotoxic effector cells against parasites. Their major 
effector mechanism is the secretion of cationic proteins (major basic protein, 
eosinophil cationic protein, and eosinophil-derived neurotoxin). These proteins 
are released into the extracellular space, where they directly destroy the invad-
ing microorganism but can also damage host tissue (Chapter 161).

Basophils and Mast Cells
Basophils and tissue mast cells secrete inflammatory mediators such as his-
tamine, prostaglandins, leukotrienes, and some cytokines. Release of these 
substances is triggered when cell surface immunoglobulin E (IgE) receptors 
encounter monomeric IgE. They play a role in atopic allergies, in which aller-
gens bind immunoglobulin (IgE) and cross-link FcεRs. Mast cells have been 
observed in rheumatoid arthritis synovial tissue and have been implicated in 
local inflammatory responses (Chapter 240). Like pDCs and macrophages, 
mast cells express TLRs and FcRs and produce cytokines after encountering 
immune complexes composed of TLR ligands.

 Recognition Receptors and Triggers of an Innate Immune Response
Toll-like Receptors
The innate immune system utilizes both cell surface and intracellular PRRs 
to recognize conserved structures on microbes (PAMPs). Examples of PAMPs 
are bacterial lipopolysaccharides, peptidoglycans, mannans, bacterial DNA, 
double-stranded RNA, and glucans. The discovery and characterization of 
the TLR family of receptors and their relevant ligands have focused attention 
on the mechanisms that allow an innate immune response to shape the nature 
of the resulting inflammatory or repair programs, as well as the T-cell effector 
cell functions that follow recognition of antigens from the relevant pathogen. 
The TLRs have in common leucine-rich domains and bind PAMPs common 
to classes of pathogenic organisms. For example, TLR-4, a cell surface–expressed 
PRR, binds lipopolysaccharide of gram-negative bacteria, and TLR-2 recog-
nizes bacterial peptidoglycans and lipoproteins, often based on dimerization 
with other TLR family members. Important advances in understanding systemic 
autoimmune diseases have followed the characterization of endosomal TLRs 
with relative specificity for single-stranded RNA (TLR-7 and TLR-8), demeth-
ylated 5′-cytosine-phosphate-guanine-3′ (CpG)-enriched DNA (TLR-9), and 
double-stranded RNA (TLR-3, which has both cell surface and endosomal 
forms). The distribution of particular TLRs among cells of the innate immune 
system varies, and additional members of the TLR family may still be discov-
ered and characterized. The TLRs play central roles in alerting the immune 
system that a microbe, typically a bacterium in the case of TLR-2 and TLR-4 
or a virus in the case of TLR-3, TLR-7, TLR-,8 and TLR-9, is threatening the 
host. But in some cases, when an immune complex with self-nucleic acid gains 
access to an endosomal TLR, a self-directed innate immune response can be 
initiated or amplified.10

Cytoplasmic Nucleic Acid Sensors
Following the description of the TLR family and the capacity of the endosomal 
TLRs to recognize microbial and self-nucleic acids, a second category of intra-
cellular innate immune system receptors was defined that recognize RNA or 
DNA from microbes, primarily viruses, that gain access to the cell cytoplasm. 
The DExD/H-box family of helicases include retinoic acid–inducible gene I 
(RIG-I) and melanoma differentiation–associated protein 5 (MDA5), described 
as members of the RIG-I–like receptor (RLR) family that recognizes viral 
RNAs with particular structural characteristics that distinguish the viral RNA 
from most host RNAs (Fig. 39-1).11 Cytoplasmic DNA receptors have also 
been defined, with cyclic guanosine monophosphate–adenosine monophos-
phate synthase (cGAS) identified as an important sensor of cytoplasmic DNA 
that triggers an innate immune response after interacting with the stimulator 
of IFN genes (STING).12 Whether RNA or DNA triggers these cytoplasmic 
sensors, the results are transcription and production of IFN-β and other pro-
inflammatory cytokines that orchestrate the early phase of an antiviral immune 
response. The aryl hydrocarbon receptor represents an additional cytosolic 
receptor that can be triggered by various ligands and demonstrates crosstalk 
with other intracellular pathways.
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ABSTRACT
The innate immune system provides the first and rapid line of defense and 
cellular response to a foreign stimulus. Cells of the innate immune system 
serve as sentinels at locations that are likely to encounter foreign organisms, 
and after activation they provide a bridge toward activation of the adaptive 
immune response. The innate immune response uses cell surface and intra-
cellular pattern recognition receptors to stimulate production of cytokines 
and other pro-inflammatory mediators to implement a defensive response to 
microbes. The products of the innate immune response can be highly effective 
at ablating or limiting the extent of infection and can generate a tissue repair 
program that establishes a satisfactory resolution of the episode of infection. 
However, when sustained or poorly regulated, they can represent an important 
pathophysiologic mechanism for many autoimmune and inflammatory diseases.
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NOD Receptors
Another category of intracellular receptors is proving important in antimicrobial 
defense, as well as contributing to activation of inflammatory states. The 
nucleotide-binding oligomerization domain (NOD)–like receptor (NLR) 
family comprises components of an intracellular structure called the inflam-
masome, a signaling platform that organizes innate immune system activation 
in response to some stimuli.13 The inflammasome can activate caspase 1, an 
enzyme important for maturation of the pro-inflammatory cytokines IL-1β 
and IL-18. The NLRP3-containing inflammasome has been best studied and 
implicated in the inflammatory response to monosodium urate crystals, the 
triggers of gout attacks (Chapter 257). Mutations in the NLRP3 gene are the 
basis of chronic autoinflammatory syndromes that are associated with exag-
gerated production of IL-1 (reviewed in Chapter 245).

C-Type Lectin Receptors
Members of the C-type lectin receptor family have a carbohydrate recognition 
domain and a calcium-binding domain that promotes signaling after interac-
tion with carbohydrate-expressing microbes as well as self-molecules. DC-SIGN 
(DC-specific intracellular adhesion molecule-3 grabbing non-integrin) is an 
example of a family member that recognizes high-mannose–containing struc-
tures on foreign antigens and supports DC activation. Mannose receptors on 
macrophages, DCs, and other cell types, such as renal mesangial cells, par-
ticipate in clearance of microbes as well as antigen trapping for presentation 
to adaptive immune system cells. The selectin family of proteins has a lectin 
domain, binds to carbohydrate ligands, and mediates the first steps of leukocyte 
migration. L-selectin is present on virtually all leukocytes; P-selectin and 
E-selectin are expressed on activated endothelial cells, and P-selectin is also 
stored in platelets. Selectins capture floating leukocytes and initiate their attach-
ment and rolling on activated endothelial cells.

Scavenger Receptors
Scavenger receptors comprise a diverse family of receptors with the common 
functional role of binding various ligands and transporting or removing nonself 
or altered-self targets.14 They can participate in clearance of microorganisms 
and cholesterol transport but can also contribute to disease pathology. For 
example, among the scavenger receptors is the receptor for oxidized low-
density lipoproteins, which can promote generation of lipid-laden macrophages 
and atherosclerosis when accumulated in excess, and receptors for relatively 
inert substances such as silicon, which can drive an inflammatory response 
once taken into phagocytic cells. Scavenger receptors can also participate in 
activation of the inflammasome, as can occur after binding serum amyloid  
A protein.

Immunoglobulin-like Domain-Containing Receptors
The immunoglobulin-like killer inhibitory receptor (KIR) family of receptors 
participates in distinguishing self-cells from cells of foreign origin or tumor 
cells expressing modified-self-molecules. NK cells are ready to produce their 
toxic mediators, but they are held in check by inhibitory receptors that rec-
ognize MHC class I or MHC class I–like molecules. Recognition of MHC 
class I molecules provides a negative signal that suppresses cell activity. The 
observation that NK cells kill target cells lacking MHC class I molecules rec-
ognized as self led to the missing-self hypothesis. By screening cell surfaces 
for the expression of MHC class I molecules, the innate immune system col-
lects information about the intactness of tissues, emphasizing the crucial role 
of MHC class I molecules as markers of tissue integrity. The Triggering Recep-
tors Expressed by Myeloid cells (TREM) family of cell surface receptors has 
emerged as important regulators of inflammation.15 TREM-1 synergizes with 
other pathogen-recognizing receptors in anti-viral responses, and TREM-2 
participates in innate immunity in Alzheimer disease.16

Fc and Complement Receptors
Most cells of the innate immune system possess receptors (FcRs) that specifi-
cally interact with the constant region (Fc portion) of immunoglobulins and 
can bind antibodies attached to antigens. The isotype of the antibody deter-
mines which cell type is activated in a given response. Triggering of most FcRs 
transmits activating signals; however, inhibitory FcRs on B lymphocytes (B 
cells) and macrophages can limit responses. Ligation of an FcγR on macro-
phages or neutrophils triggers phagocytosis of the antigen, activation of the 
respiratory burst, and induction of cytotoxicity. On NK cells, FcγRs initiate 
antibody-dependent cell-mediated cytotoxicity. FcRs on pDCs are important 
for bringing immune complexes into intracellular compartments containing 

neutrophils can generate considerable collateral damage. NETs have the capac-
ity to induce production of cytokines by pDCs and may damage vascular 
endothelial cells.9 Secretion of neutrophil granule contents, particularly their 
enzymes (myeloperoxidase, elastase, collagenase, and lysozyme), causes direct 
cellular injury and damages macromolecules at inflamed sites.

Eosinophils
In contrast to macrophages and neutrophils, eosinophils are only weakly 
phagocytic but are potent cytotoxic effector cells against parasites. Their major 
effector mechanism is the secretion of cationic proteins (major basic protein, 
eosinophil cationic protein, and eosinophil-derived neurotoxin). These proteins 
are released into the extracellular space, where they directly destroy the invad-
ing microorganism but can also damage host tissue (Chapter 161).

Basophils and Mast Cells
Basophils and tissue mast cells secrete inflammatory mediators such as his-
tamine, prostaglandins, leukotrienes, and some cytokines. Release of these 
substances is triggered when cell surface immunoglobulin E (IgE) receptors 
encounter monomeric IgE. They play a role in atopic allergies, in which aller-
gens bind immunoglobulin (IgE) and cross-link FcεRs. Mast cells have been 
observed in rheumatoid arthritis synovial tissue and have been implicated in 
local inflammatory responses (Chapter 240). Like pDCs and macrophages, 
mast cells express TLRs and FcRs and produce cytokines after encountering 
immune complexes composed of TLR ligands.

 Recognition Receptors and Triggers of an Innate Immune Response
Toll-like Receptors
The innate immune system utilizes both cell surface and intracellular PRRs 
to recognize conserved structures on microbes (PAMPs). Examples of PAMPs 
are bacterial lipopolysaccharides, peptidoglycans, mannans, bacterial DNA, 
double-stranded RNA, and glucans. The discovery and characterization of 
the TLR family of receptors and their relevant ligands have focused attention 
on the mechanisms that allow an innate immune response to shape the nature 
of the resulting inflammatory or repair programs, as well as the T-cell effector 
cell functions that follow recognition of antigens from the relevant pathogen. 
The TLRs have in common leucine-rich domains and bind PAMPs common 
to classes of pathogenic organisms. For example, TLR-4, a cell surface–expressed 
PRR, binds lipopolysaccharide of gram-negative bacteria, and TLR-2 recog-
nizes bacterial peptidoglycans and lipoproteins, often based on dimerization 
with other TLR family members. Important advances in understanding systemic 
autoimmune diseases have followed the characterization of endosomal TLRs 
with relative specificity for single-stranded RNA (TLR-7 and TLR-8), demeth-
ylated 5′-cytosine-phosphate-guanine-3′ (CpG)-enriched DNA (TLR-9), and 
double-stranded RNA (TLR-3, which has both cell surface and endosomal 
forms). The distribution of particular TLRs among cells of the innate immune 
system varies, and additional members of the TLR family may still be discov-
ered and characterized. The TLRs play central roles in alerting the immune 
system that a microbe, typically a bacterium in the case of TLR-2 and TLR-4 
or a virus in the case of TLR-3, TLR-7, TLR-,8 and TLR-9, is threatening the 
host. But in some cases, when an immune complex with self-nucleic acid gains 
access to an endosomal TLR, a self-directed innate immune response can be 
initiated or amplified.10

Cytoplasmic Nucleic Acid Sensors
Following the description of the TLR family and the capacity of the endosomal 
TLRs to recognize microbial and self-nucleic acids, a second category of intra-
cellular innate immune system receptors was defined that recognize RNA or 
DNA from microbes, primarily viruses, that gain access to the cell cytoplasm. 
The DExD/H-box family of helicases include retinoic acid–inducible gene I 
(RIG-I) and melanoma differentiation–associated protein 5 (MDA5), described 
as members of the RIG-I–like receptor (RLR) family that recognizes viral 
RNAs with particular structural characteristics that distinguish the viral RNA 
from most host RNAs (Fig. 39-1).11 Cytoplasmic DNA receptors have also 
been defined, with cyclic guanosine monophosphate–adenosine monophos-
phate synthase (cGAS) identified as an important sensor of cytoplasmic DNA 
that triggers an innate immune response after interacting with the stimulator 
of IFN genes (STING).12 Whether RNA or DNA triggers these cytoplasmic 
sensors, the results are transcription and production of IFN-β and other pro-
inflammatory cytokines that orchestrate the early phase of an antiviral immune 
response. The aryl hydrocarbon receptor represents an additional cytosolic 
receptor that can be triggered by various ligands and demonstrates crosstalk 
with other intracellular pathways.
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expands an inflammatory response. Receptors for IL-4 on monocytes induce 
a gene transcription program that is more supportive of a wound healing and 
repair program. Tumor necrosis factor-α (TNF-α) is a product of activated 
macrophages but also binds to those same cells through its specific receptor, 
expanding an inflammatory response. Innate immune cells also express recep-
tors for IL-6, which induces acute phase reactants, and type I IFN. These 
mediators orchestrate a broad host defense program in response to virus infec-
tion (Fig. 39-2). Chemokine receptors include many family members that are 
differentially distributed among immune system cells and sense the gradient 
generated by soluble chemokines, resulting in attraction of cells to sites where 
they are needed to implement inflammatory or immune functions.

 Signaling Pathways and Effector Mediators of the Innate Immune System
Each family of innate immune system receptors utilizes a complex network 
of molecules to transmit information from the cell surface or its cytoplasm 
to the nucleus, resulting in induction of a broad gene transcription and protein 

endosomal TLRs. FcRs on mast cells, basophils, and activated eosinophils 
bind monomeric IgE with extremely high affinity. Cross-linking of the con-
stitutively cell surface–bound IgE induces cell activation and the release of 
cytoplasmic granules. Some immunoglobulin isotypes fix complement, and 
complement receptors on monocytes amplify cell activation induced by antigen-
antibody-complement immune complexes (Chapter 44). Complement receptor 
1 (CR1) binds C3b and C4b, initial degradation products of complement 
activation, and when activated promotes phagocytosis of a complement-bearing 
immune complex. CR3 and CR4 are β2-integrins and bind the degradation 
product iC3b.

Cytokine and Chemokine Receptors
Cells of the innate immune system express receptors for many cytokines, 
soluble, low-molecular-weight glycoproteins that derive from many cellular 
sources.5 Binding of IFN-γ, produced by NK or type 1 helper T cells (TH1 
cells), by its receptor on monocytes activates a differentiation program that 
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FIGURE 39-1. Induction of an antiviral type I interferon (IFN) response. Cytoplasmic sensors of Rna, including retinoic acid–inducible gene 1 (RIG-I) and melanoma differentiation-
associated protein 5 (mDa5), trigger a signaling cascade that results in translocation of interferon regulatory factor 3 (IRF-3) to the nucleus and transcription of interferons. Those 
cytokines promote an antiviral immune response after binding to their receptor and activating the Janus kinase (JaK)–signal transducer and activator of transcription (STaT) pathway. 
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TNF receptor family members activate a complex signaling pathway that 
involves proteins called TNF receptor–associated death domain (TRADD) 
proteins and TNF receptor–associated factors (TRAFs), ultimately activating 
the NF-κB and the mitogen-activated protein (MAP) kinase pathways.

The TGF-β receptor is a serine/threonine receptor kinase that phosphory-
lates cytoplasmic proteins of the SMAD family, which act as transcription 
factors after receptor engagement by TGF-β. TGF-β signaling can play an 
important role in terminating an innate immune response and initiating a 
wound healing or tissue repair program.

It is apparent that common intracellular signaling strategies are used by 
many of the receptor systems that activate and regulate the innate immune 
system, with ligand-receptor engagement triggering the activation of kinases 
that phosphorylate downstream pathway proteins, and result in translocation 
of important transcription factors from cytoplasm to nucleus where new gene 
transcription takes place.

Soluble Products of the Innate Immune Response
Cells of the innate immune system are the principal producers of many pro-
inflammatory and regulatory cytokines already mentioned and are also their 
targets. In addition to the cytokines described, cells of the innate immune 
system produce chemokines that attract immune system cells to sites of tissue 
damage or infection, and they produce cell survival and differentiation factors 
that help to develop an adaptive immune response. Macrophages and DCs 
produce IL-12 and IL-23 to support the development of effector T-cell pro-
grams, and they produce B-cell–activating factor (BAFF), a soluble mediator 
of the TNF family. BAFF supports B-cell survival and can provide costimula-
tory signals to B cells that have received antigen-specific activation signals 
through their surface B-cell antigen receptors, promoting differentiation to 
antibody-producing plasma cells.

A particularly important set of products includes components of the comple-
ment system, a group of plasma enzymes and regulatory proteins that are 

synthesis program that implements the next phase of the response. The con-
tributions of each of the signal transduction pathways to the overall innate 
immune response will depend on the proteins produced and will determine 
whether the resulting cell products focus the overall immune function on 
ablating the damaging effects of virus infection on the host, limiting the inflam-
mation and tissue damage that follow a bacterial or fungal infection, or healing 
a tissue wound through the production of scar tissue.

Receptor-Mediated Signaling Pathways
Certain common cell signaling systems are utilized by many cells and receptor 
systems. Arguably the most important is the nuclear factor κ light chain enhancer 
of activated B cells (NF-κB) pathway. NF-κB is a rapid-acting transcription 
factor because it is preformed in cells of the innate immune system and does 
not require new protein synthesis to take action. Its activity is induced by 
ligation of TLRs and many cytokine receptors. Its component transcription 
factors translocate to the cell nucleus after degradation of an inhibitory com-
ponent, inhibitor of κB (IκB), and bind to promoter regions of genes encoding 
mediators of inflammation and cell proliferation. Another important pathway 
is mediated by the IFN regulatory factor (IRF) family, including transcription 
factors that are activated by endosomal TLRs in response to ligation by DNA 
or RNA, or by cytoplasmic nucleic acid sensors, usually from viral sources. 
IRF-3 is particularly important for promoting transcription of IFN-β, typically 
produced early in an antivirus innate immune response. IRF-7 is particularly 
supportive of IFN-α production induced by endosomal TLRs and is consti-
tutively present in pDCs, the most active producers of IFN-α.

The Janus kinase ( JAK)–signal transducer and activator of transcription 
(STAT) pathway is utilized by many cytokine receptors and involves sequential 
enzymatic reactions by kinases that eventuate in translocation of STAT proteins 
to the nucleus, where they bind to gene promoters and induce transcription 
and synthesis of products important in implementing immunoregulation and 
inflammation.
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cell function.9 Although an M1-like profile driven by IFN-γ is highly pro-
ductive in achieving initial control over a pathogenic invading microbe, and 
M2-derived mediators promote wound healing, it should be recognized that 
either macrophage phenotype, and complex in-between profiles, can also be 
associated with pathologic states (see Fig. 39-2). Current research is unravel-
ing the innate immune mechanisms that account for such diverse diseases as 
atherosclerosis (Chapter 71), viewed as associated with M1 macrophages, 
and idiopathic pulmonary fibrosis (Chapter 86), possibly involving M2-like  
macrophages.

 Contribution of the Innate Immune Response to Pathogenesis of  
Autoimmune Disease
Among the most significant insights of the past decade is the essential con-
tribution of the innate immune system to the pathogenesis of autoimmune 
and inflammatory diseases. For example, the Amish environment, with its 
emphasis on traditional farming practices, appears to protect against asthma 
by its influence on the innate immune response.17 As described, the cells of 
the innate immune system are integral players in the early recognition of invad-
ing pathogenic microbes, and when the functions of this complex system are 
carefully orchestrated and balanced, the result is efficient ablation, or at least 
isolation, of the microbe. However, if the microbe is not effectively cleared 
from the system and persists, a chronic state of infection associated with 
immune activation and tissue damage is the result. Interestingly, many parallels 
can be seen between the immune alterations observed in the setting of chronic 
viral infection and the impaired immunoregulation characteristic of the pro-
totypic autoimmune disease systemic lupus erythematosus. Excessive produc-
tion of IFN-α is a feature of most patients with that disease, and it is now 
understood that activation of the endosomal TLRs or cytosolic sensors, or 
both, by nucleic acid–containing immune complexes amplifies the activity of 
the innate immune response and drives production of type I IFN and other 
pro-inflammatory cytokines. Neutrophils are now recognized to contribute 
to the induction of that response through their production of HMGB1, cat-
helicidins, and extrusion of stimulatory DNA aggregates. TLR activation is 
proposed to contribute to many additional autoimmune and inflammatory 
diseases, as endogenous TLR ligands can act as effective TLR stimuli in the 
setting of a pro-inflammatory environment associated with oxidative or apop-
totic cell damage. Alterations in degradation of endogenous RNA and DNA 
based on single-gene mutations can result in activation of cytosolic nucleic 
acid sensors, sustained type I IFN production, skin lesions and central nervous 
system involvement in diseases termed type I interferonopathies.18,19 The 
inflammasome and its component proteins, including the NOD-like receptors, 
are recognized as mediators of inflammatory responses induced by urate crystals 
that result in gout attacks (Chapter 257), and they are targets of mutations 
that define dramatic autoinflammatory syndromes (Chapter 245), particularly 
seen in children.

 Conclusion
The cells and products of the innate immune response, for many years viewed 
as less sophisticated and important than the highly specific T and B lympho-
cytes of the adaptive immune response, have taken their place as essential 
defenders against pathogenic microbes. Through the recognition of common 
molecular patterns characteristic of microbes by members of receptor families, 
some still being discovered, the cells of the innate immune response orchestrate 
the effector programs that are fine-tuned to target the vulnerabilities of each 
pathogen and kill, or at least limit the expansion of, that microbe. Advances 
in understanding the mechanisms utilized by the innate immune response 
and the clinical syndromes that result when components of that system are 
genetically altered have elucidated the central role that receptors and products 
of the innate immune system play in the pathogenesis of autoimmune and 
inflammatory diseases. These insights are guiding efforts to develop targeted 
therapies that will leverage the new knowledge to control or even prevent 
human diseases in which the innate immune system plays an important patho-
genic role.
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converted from inactive pro-enzymes to active enzymes in a controlled and 
systematic cascade, which is crucial in linking microbial recognition to cel-
lular effector function (Chapter 44). Mannose-binding lectin circulates in the 
plasma, functioning as an opsonin, and is involved in activation of the comple-
ment pathway. C-reactive protein, an acute phase protein, participates in opso-
nization by binding to bacterial phospholipids. Macrophages and neutrophils 
are important in the initiation phase of an innate immune response through 
their production of antimicrobial defensins, cysteine-rich cationic proteins, 
and cathelicidin peptides, such as LL37. Both categories of mediators can 
assist in killing of microbes in phagosomes. Neutrophils extrude stimulatory 
DNA in the form of NETs or release mitochondrial DNA, along with DNA-
associated proteins like high-mobility group box 1 (HMGB1) that amplifies 
TLR responses in pDCs or macrophages.

 Role of the Innate Immune System in Localization, Extension,  
and Resolution of a Host Defense Reaction
Localization of Innate Immune System Cells
Most cells of the innate immune response are free agents, moving through 
blood or lymph in transit from one site to another. Mobility of the cellular 
constituents of the innate immune system is required for effective initiation 
of a response to invading microbes. Cells use a multistep process of adherence 
and activation. Initially, leukocytes roll on activated endothelial cells, activate 
chemokine receptors, increase adhesiveness, and eventually migrate through 
the endothelial layer across a chemokine gradient. The selectin family of pro-
teins mediates the first steps of leukocyte migration. P-selectin and E-selectin 
are expressed on activated endothelial cells, and P-selectin is also stored in 
platelets. Selectins capture floating leukocytes and initiate their attachment 
and rolling on activated endothelial cells. To transform attachment and rolling 
into firm adhesion, the concerted action of chemokines, chemokine recep-
tors, and integrins is necessary. Integrins are heterodimers formed of many 
different α chains and β chains; different α/β combinations are expressed on 
different cell subsets. Only after activation can integrins interact with ligands 
on endothelial cells. Activation involves modification of the cytoplasmic 
domain of the β chain, which leads to a structural change of the extracellular 
domains. This process is termed inside-out signaling. The last step of homing 
is transendothelial migration. Here, the firmly attached leukocytes migrate 
through the endothelial cell monolayer and the basement membrane of the  
vessel wall.

Transition to an Adaptive Immune Response
Movement of innate immune system cells is also required to transition a host 
response from primarily one depending on cells of the innate immune system 
to one that engages T and B lymphocytes. DCs resident in the skin and gut 
serve as sentinels and a first line of defense against invading organisms. When 
those cells are activated following sensing of PAMPs by PRRs and following 
uptake of microbial components by those cells, the DCs migrate to local lymph 
nodes where their contents, by now expressed on their surface in association 
with MHC class I or II molecules, can be sampled by T cells. As noted, acti-
vated macrophages, DCs, and pDCs produce cytokines that shape the dif-
ferentiation program of T cells. In addition, cell surface costimulatory molecules 
induced after TLR-mediated activation, such as CD80 and CD86, provide 
essential accessory activation signals to T cells to ensure their effective activa-
tion. Macrophages and DCs also support the development of an adaptive 
immune response through their production of survival and differentiation 
factors. Chapter 40 provides a full description of the adaptive immune system 
and its implementation.

Role of Innate Immune System Cells in Resolution of an 
Immune Response and Wound Repair
Macrophages are particularly important in resolving an immune response and 
organizing the repair of damaged tissue. A classic paradigm describing pro-
inflammatory/classically activated (M1) and anti-inflammatory/alternatively 
activated (M2) macrophages (see earlier under Monocytes and Macrophages) 
is likely to be overly simplistic. Yet it is clear that in the course of a chronic 
infection, macrophages can shift their functional profile from M1 to M2, in 
some cases promoted by the T-cell cytokines IL-4 and IL-13, to develop a 
gene expression program that includes production of TGF-β, supportive of 
a fibrotic response, and IL-10, a cytokine that inhibits antigen-presenting 
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4. M2 macrophages participate in which of the following?
 A. Wound healing responses
 B. Antigen presentation
 C. Production of IL-12
 D. Recognition of oxidized low-density lipoprotein (LDL)
 E. Complement activation

Answer: A Although the designation of M1 and M2 macrophages is overly 
simplistic, macrophages do shift their functional program as the course of an 
immune response progresses toward a more chronic state, with M2 macro-
phages expanding and producing mediators, such as transforming growth 
factor-β and IL-10, that contribute to resolution of responses and repair of 
damaged tissue. Antigen presentation, production of IL-12, and recognition 
of oxidized LDL are more likely to be features of M1 macrophages.

5. Cells of the innate immune system produce soluble mediators that con-
tribute to activation and expansion of an adaptive immune response. Among 
those mediators are which of the following?
 A. BAFF
 B. IL-23
 C. LL37
 D. All of the above
 E. A and B

Answer: E Macrophages and dendritic cells produce mediators that influence 
both the T- and B-cell arms of the adaptive immune response. IL-23 can 
promote generation of T-cell effector programs. BAFF is a B-cell survival and 
differentiation factor. LL37 is a cathelicidin that is produced by neutrophils 
and participates in the killing of phagocytosed microbes.

REVIEW QUESTIONS

1. Which of the following cell types is not considered to be a component of 
the innate immune system?
 A. Macrophages
 B. Neutrophils
 C. T lymphocytes
 D. Plasmacytoid dendritic cells
 E. Eosinophils

Answer: C T lymphocytes are important components of the adaptive immune 
system. T and B lymphocytes use mechanisms that rearrange DNA to form 
novel specific antigen-binding receptors. Cells of the innate immune system 
express pattern recognition receptors but do not express specific antigen-binding 
receptors.

2. Endosomal Toll-like receptors (TLRs) recognize which of the following 
pathogen-associated molecular patterns (PAMPs)?
 A. Flagellin
 B. Lipopolysaccharide
 C. Antigenic peptides
 D. Nucleic acids

Answer: D TLRs are important innate immune system receptors that rec-
ognize patterns expressed by pathogenic microbes and some endogenous 
molecules. Cell surface–expressed TLRs recognize molecules that are typically 
expressed on the surface of microbes. Intracellular endosomal TLRs, such as 
TLR-3, -7, -8, and -9, recognize RNA or DNA. The sequestering of those 
nucleic acid–responsive TLRs protects the immune system from inadvertent 
activation by self-nucleic acids. However, in diseases such as systemic lupus 
erythematosus, nucleic acid–containing immune complexes can gain access 
to the endosomal TLRs and induce an innate immune response.

3. Which of the following innate immune system stimuli utilizes the inflam-
masome to trigger an inflammatory disease?
 A. Peptide–major histocompatibility class (MHC) class II complex
 B. Monosodium urate crystals
 C. Interleukin-6 (IL-6)
 D. Immunoglobulin E
 E. Complement

Answer: B Urate crystals access the components of the NOD-like receptors 
of the inflammasome, activate caspase I, and induce the formation of IL-1, a 
pro-inflammatory mediator that can amplify an innate immune response. In 
some patients, this response leads to the acute inflammatory arthritis known 
as gout. Peptide–MHC class II complexes are stimuli for activation of an 
adaptive immune response. IL-6 is a broadly active cytokine, and immuno-
globulin E is a component of an allergic response.
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40 
THE ADAPTIVE IMMUNE SYSTEM
JOSEPH CRAFT

 PRINCIPLES OF ADAPTIVE IMMUNE SYSTEM 
ACTIVATION: RECOGNITION OF ANTIGEN

Structure of Antigen-Specific Receptors
The innate immune system recognizes structural patterns that are common 
in the microbial world, whereas the adaptive immune system is designed to 
respond to the entire continuum of antigens.1,2 This goal is achieved through 
two principal types of antigen recognition receptors: antibodies and T-cell 
receptors (TCRs). Antibodies, or immunoglobulins, are expressed as cell 
surface receptors on B cells or are secreted, both of which have the same 
specificity for antigen. They recognize conformational structures formed by 
the tertiary configuration of proteins, and under certain circumstances, car-
bohydrates and lipids. In contrast, α/β TCRs, the most abundant class of 
TCRs, fit specifically to epitopes formed by a small linear peptide embedded 
into major histocompatibility complex (MHC) molecules on the surface of 
antigen-presenting cells.

Antibodies
Antibodies consist of two identical heavy chains and two identical light chains, 
which are covalently linked by disulfide bonds. The amino (N)-terminal domain 
of each chain is variable and represents the recognition structure that interacts 
with the antigen. Each antibody has two binding arms of identical specific-
ity. The carboxy (C)-terminal ends of the heavy and light chains form the 
constant region, which defines the subclass of the antibody (κ or λ for light 
chains; immunoglobulin M (IgM), IgA, IgD, IgE, or IgG for heavy chains). 
Additional subclasses can be distinguished for IgG and IgA. The constant 
region of antibodies includes the Fc region. Fc regions can polymerize (IgA) 
or pentamerize (IgM), both in the presence of a J (joining) chain. Fc regions 
are also the ligand for Fc receptors (FcRs) on cells of the innate immune  
system.

T-Cell Receptors
TCRs are dimers of α chains and β chains or of γ chains and δ chains, each 
of which contains three complementary-determining binding sites in the 
N-terminal domain.3 These complementary-determining sites define the speci-
ficity. α/β TCRs recognize peptide fragments in the context of MHC molecules, 
although certain ones bind glycolipid antigens, for example, from mycobacteria, 
displayed by molecules with structural similarity to MHC. γ/δ TCRs are more 
variable and can recognize peptides or certain glycolipid antigens in the context 
of MHC-like molecules, or even unprocessed antigens, functioning similar 
to antibodies; the latter is a reflection of their structural similarity.

Specificities of Antibodies and T-Cell Receptors
The repertoires, or total number of specificities, of antibodies and TCRs are 
extremely diverse and have been estimated in the human to account for up 
to 1011 or higher, and 1018, respectively, combinations. This enormous diversity 
reflects the anticipatory nature of adaptive immune receptors and must be 
acquired; it cannot be genetically encoded in contrast to that of innate recep-
tors. Its foundation consists of fewer than 400 genes that are recombined and 
modified. Immunoglobulin heavy chains are formed from four gene segments—
the variable, diversity, joining, and constant region gene segments. Also, TCR 
β chains and δ chains are assembled by the recombination of variable, diversity, 
joining, and constant region segments of TCR genes. Immunoglobulin light 
chains and TCR α chains and γ chains lack the diversity segment and are 
composed of three gene segments. During antibody or TCR rearrangement, 
gene segments are cut out by nucleases and recombined at the DNA level to 
form linear coding units for each receptor gene. Through the combination of 
several different mechanisms, an enormous diversity of receptors is generated. 
First, the genome contains multiple forms of gene segments; each receptor 
or antibody uses a different combination of these gene segments. Second, the 
recombination and repair process is imprecise, introducing nucleotide varia-
tions at the variable-diversity, diversity-joining, and variable-joining junctions. 
These inaccuracies lead to frame shifts and result in completely different amino 

acid sequences. Finally, random nucleotides can be inserted at the junctional 
region by an enzyme, terminal deoxyribonucleotidyl transferase.

Once generated, TCR sequences remain unchanged. This rule does not 
apply to immunoglobulins, which undergo modification. Immunoglobulin 
modification includes (1) replacement of an entire variable region, or receptor 
editing, typically occurring in the bone marrow during B-cell development 
to modify those immunoglobulin receptors that inadvertently bind self-antigens 
on initial recombination of gene segments; (2) class switching, in which the 
variable-diversity-joining unit combines with different constant region genes 
(isotype switching); or (3) somatic hypermutation, in which the antigen-
contact areas of the antibody undergo mutations during an immune response 
to improve the affinity (affinity maturation). The latter two events occur in 
secondary lymphoid tissues, such as the spleen, lymph nodes, and mucosal 
lymphoid tissue, where immune responses to antigens are initiated.

Antigen Processing
T cells bearing α/β TCRs recognize peptide fragments that are displayed in 
the context of MHC class I and class II molecules through a process named 
antigen presentation. The two classes of MHC molecules are used as restriction 
elements by two different subsets of T cells. CD4+ T cells recognize antigenic 
peptides embedded into MHC class II molecules, whereas CD8+ T cells bind 
peptides complexed with MHC class I molecules. Generally, MHC class II 
molecules are expressed only on specialized, so-called professional, antigen-
presenting cells, such as dendritic cells, monocytes, macrophages, and B cells, 
whereas class I proteins are displayed by virtually all nucleated cells, facilitating 
recognition by CD8+ T cells of peptides from viruses that often have a broad 
range of target tissues. Peptides bound to MHC class II molecules typically 
derive from extracellular antigens that are captured and internalized into endo-
somes to be digested by proteinases, notably cathepsin. Occasionally, however, 
intracellular proteins or membrane proteins are also funneled into this pathway. 
MHC class II molecules are assembled in the endoplasmic reticulum in asso-
ciation with a protein called the invariant chain (Fig. 40-1). The molecules 
are transported to the endosome, where the invariant chain is removed from 
the peptide-binding cleft, making the cleft accessible to peptides derived from 
extracellular proteins. MHC class II molecules, stabilized by peptides of 10 
to 30 amino acids in length, are displayed on the cell surface, where they are 
recognized by CD4+ T cells.

MHC class I–associated peptides are generated in the cytosol by the pro-
teasome, a large cytoplasmic multiprotein enzyme complex (see Fig. 40-1), 
allowing killer CD8+ T cells to recognize microbial peptides produced within 
infected cells. Specialized transporter proteins, called transporter in antigen 
processing (TAP), facilitate translocation of peptides from the cytosolic protea-
some to the endoplasmic reticulum. There, the peptides bind to newly formed 
MHC class I molecules and are transported to the cell surface, where they 
are recognized by antigen-specific CD8+ T cells. MHC class I–associated 
peptides may also originate in the extracellular environment and be presented 
to T cells through the appropriately named cross-presentation pathway. This 
enables CD8+ T cells to recognize foreign peptides, for example, from viruses, 
that are derived from infected and dying cells that are ingested by myeloid 
cells and then presented by MHC class I molecules.

The nature of the antigen-processing pathway determines the sequence of 
events in immune responses. Extracellular antigens, in general, enter the endo-
somal pool and associate with MHC class II molecules to stimulate CD4+ T 
cells. Cytosolic antigens, including antigens from intracellular infectious agents, 
are degraded and displayed in the context of MHC class I molecules to initiate 
CD8+ T-cell responses.

 CELLULAR ELEMENTS OF THE ADAPTIVE 
IMMUNE SYSTEM

T Cells
T-Cell Development
T precursor cells are derived from hematopoietic progenitors that migrate to 
the thymus, a primary lymphoid tissue, where all the subsequent stages of 
T-cell maturation occur (Fig. 40-2). Pre-T cells express two enzymes, RAG 
recombinase and terminal deoxynucleotidyl transferase, enabling them to 
recombine TCR genes. The β chain of the TCR is rearranged first and is 
expressed together with a pre-TCR α chain. Signals from the immature TCR 
complex inhibit rearrangement of the second β-chain allele and induce thy-
mocyte proliferation and expression of both CD4 and CD8 molecules, so-
called double positive thymocytes. Subsequently, the TCR α chain is 
recombined, with formation of a mature TCR. From here, the thymocyte 
undergoes many differentiation and selection steps modulated by the thymic 
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ABSTRACT
The innate immune system recognizes structural patterns that are common 
in the microbial world, whereas the adaptive immune system is designed to 
respond to the entire continuum of antigens. This goal is achieved through 
two principal types of antigen recognition receptors: antibodies and T-cell 
receptors (TCRs). Antibodies, or immunoglobulins, are expressed as cell 
surface receptors on B cells or are secreted, both of which have the same 
specificity for antigen. They recognize conformational structures formed by 
the tertiary configuration of proteins and, under certain circumstances, car-
bohydrates and lipids. In contrast, α/β TCRs, the most abundant class of 
TCRs, fit specifically to epitopes formed by a small linear peptide embedded 
into major histocompatibility complex (MHC) molecules on the surface of 
antigen-presenting cells.
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helper cell. These single-positive cells are now mature T cells that are ready 
for exit and migration through the circulation to secondary lymphoid organs, 
including the spleen, lymph nodes, and mucosal lymphoid tissues, following 
chemokine cues and using adhesion molecules to enter. They exist in these 
tissues as inactivated, or naïve, cells until receiving the appropriate antigenic 
signal for activation and subsequent effector function.

T-Cell Stimulation and Accessory Molecules
T-cell activation is initiated when TCR complexes recognize antigenic peptides 
in the context of the appropriate MHC molecule on the surface of an antigen-
presenting cell in secondary lymphoid organs. The principal antigen-presenting 
cells for activation of naïve T cells are dendritic cells. MHC-peptide recogni-
tion by the TCR, the first signal for T-cell activation, leads to receptor clustering 
and phosphorylation of the intracellular portion of the CD3 protein complex, 
the signaling component of the TCR, by receptor-associated tyrosine kinases. 
These events transmit signals to the nucleus and initiate activation of the T 
cell. The coreceptors CD4 and CD8 are also critical for the initial events in 
T-cell activation, through their interaction with MHC class II and class I 
molecules, respectively, supporting CD3-mediated signals. Yet, this first activa-
tion signal delivered by the TCR and coreceptors is not alone sufficient for 
robust T-cell survival and differentiation. It needs to be complemented by the 
interaction of accessory molecules on the T cell and their ligands on the 
antigen-presenting cell. A spectrum of accessory molecules has been identi-
fied, of which the best known is CD28, which are engaged by CD80 and 
CD86 (also known as B7.1 and B7.2, respectively) on antigen-presenting cells 
(E-Table 40-1). Engagement of CD28 provides to the T cells a second, or 

microenvironment, with the end result being formation of a T cell that is 
ready to migrate to secondary lymphoid tissues and to be poised to recognize 
antigenic peptides. Early-stage thymocytes reside in the thymic cortex, where 
they mostly interact with epithelial cells. They then migrate toward the medulla, 
encountering dendritic cells and macrophages at the corticomedullary junc-
tion. Thymic stromal cells regulate T-cell proliferation by secreting lympho-
poietic growth factors, such as interleukin-7 (IL-7). Interactions of the TCR 
with MHC molecules expressed on epithelial cells and on dendritic cells or 
macrophages determine the fate of the thymocyte. Low-avidity recognition 
of peptide-MHC complexes on thymic cortical cells by the TCR results in 
positive selection. This recognition event rescues cells from apoptotic cell 
death and ensures that only T cells with functional receptors that can recognize 
MHC molecules, critical for T-cell activation on subsequent residence in the 
spleen and lymph nodes, survive. Following positive selection, thymocytes 
migrate toward thymic medullary epithelial cells, which selectively express 
and present peripheral tissue antigens in order to mediate negative selection 
of autoreactive T cells. Thymocytes that express a receptor not fitting any 
MHC antigen complex die by neglect. High-affinity interaction between the 
TCR and peptide-MHC complex induces apoptotic death of the recognizing 
T cell. This process of negative selection eliminates T cells with specificity 
for self-antigens and is responsible for central tolerance to many autoantigens. 
It has been estimated that approximately 1% of thymocytes survive the strin-
gent selection process. While undergoing selection, T cells continue to dif-
ferentiate, with orderly expression of cell surface molecules, which make contact 
with MHC I and II proteins, respectively, and help stabilize interactions with 
the TCR providing a more durable signal to the T cell. Double-positive thy-
mocytes expressing both CD4 and CD8 initially turn off expression of CD4, 
and if this has no effect on the magnitude of the TCR signal, the cell will by 
default become a CD8+ cytotoxic T lymphocyte. However, if loss of CD4 
results in a loss of TCR signal, the cell will subsequently become a CD4+ T 
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FIGURE 40-1. Pathways of antigen processing and delivery to major histocompatibility 
complex (MHC) molecules. Cytosolic proteins are broken down by the proteosome to 
generate peptide fragments, which are transported into the endoplasmic reticulum by 
specialized peptide transporters (TAp). After peptides are bound to mhC class i molecules, 
mhC-peptide complexes are released from the endoplasmic reticulum and travel to the 
cell surface, where they are ligands for Cd8+ T-cell receptors (TCRs). extracellular foreign 
antigens are taken into intracellular vesicles, called endosomes. As the ph in the endo-
somes gradually decreases, proteases are activated that digest antigens into peptide 
fragments. After fusing with vesicles that contain mhC class ii molecules, antigenic peptides 
are placed in the antigen-binding groove. Loaded mhC class ii–peptide complexes are 
transported to the cell surface, where they are recognized by the TCRs of Cd4+ T cells. 
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FIGURE 40-2. Maturation of T cells in the thymus. precursors committed to the T-cell 
lineage arrive in the thymus and begin to rearrange their T-cell receptor (TCR) genes. 
immature T cells with receptors binding to self–major histocompatibility complex (mhC) 
on cortical epithelial cells receive signals for survival (positive selection). At the cortico-
medullary junction, surviving T cells probe self-antigens presented by dendritic cells and 
macrophages. T cells reacting strongly to self-antigens are deleted by apoptosis (negative 
selection). T cells released into the periphery are tolerant toward self and recognize foreign 
antigens in the context of self-mhC. 
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E-TABLE 40-1 CYTOKINES AND CYTOKINE FUNCTION
CYTOKINES MAJOR PRODUCER CELLS PRINCIPAL ACTION
HEMATOPOIETIN FAMILY

IL-2 T cells Proliferation of T cells, B cells, and NK cells
IL-3 T cells Early hematopoiesis
IL-4 T cells, mast cells B-cell activation, IgE switch, inhibition of TH1 cells
IL-5 T cells, mast cells Eosinophil growth and differentiation
IL-6 Macrophages, endothelial cells T-cell and B-cell growth and differentiation, induction of acute phase proteins
IL-7 Bone marrow, thymic epithelium Growth of pre-B cells and pre-T cells
IL-9 T cells Stimulation of mast cells and TH2 cells
IL-11 Stromal fibroblasts Hematopoiesis
IL-13 T cells B-cell growth and differentiation, inhibition of TH1 cells and macrophages
G-CSF Fibroblasts and monocytes Neutrophil development and differentiation
IL-15 Non-T cells Growth of T cells and NK cells
GM-CSF Macrophages, T cells Growth and differentiation of myelomonocytic lineage cells
INTERFERON FAMILY

IFN-α Plasmacytoid dendritic cells, other leukocytes Antiviral, increases MHC class I expression
IFN-β Fibroblasts Antiviral, increases MHC class I expression
IFN-γ T cells, NK cells Macrophage activation, increases expression of MHC molecules, Ig class 

switching, inhibition of TH2 cells
TUMOR NECROSIS FACTOR FAMILY

TNF-α Macrophages, NK cells, T cells Induction of pro-inflammatory cytokines, endothelial cell activation, apoptosis
TNF-β (LT-α) T cells, B cells Cell death, endothelial activation, lymphoid organ development
LT-β T cells, B cells Cell death, lymphoid organ development
OTHERS

TGF-β Monocytes, T cells Anti-inflammatory, inhibits cell growth, induces IgA secretion
IL-1α, IL-1β Macrophages, endothelial cells Acute phase response, fever, macrophage activation, costimulation
IL-10 T cells, macrophages Suppression of macrophage functions
IL-12 Macrophages, dendritic cells NK cell activation, TH1 cell differentiation
IL-16 T cells, mast cells, eosinophils Chemoattractant for CD4 T cells, monocytes, and eosinophils
IL-17 CD4 T cells Cytokine production by epithelia, endothelial cells, and fibroblasts
IL-18 Macrophages IFN-γ production by T cells and NK cells
IL-23 Macrophages, dendritic cells TH17 cell differentiation
CD = cluster of differentiation; G-CSF = granulocyte colony-stimulating factor; GM-CSF = granulocyte-macrophage colony-stimulating factor; IFN = interferon; Ig = immunoglobulin; IL = interleukin; LT = 
lymphotoxin; MHC = major histocompatibility complex; NK = natural killer; TGF = transforming growth factor; TH = helper T lymphocyte; TNF = tumor necrosis factor.
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is critical for protective responses against intracellular pathogens such as 
mycobacteria and listeria. TH2 T cells preferentially produce IL-4, IL-5, and 
IL-13, cytokines that promote eosinophil maintenance, expansion, and tissue 
accumulation, as well as macrophage function; these are all important for 
host protection following infection with helminths, such as schistosomes and 
other worms. TH17 T cells produce IL-17, critical for neutrophil expansion 
and function, with killing of extracellular bacteria, such as streptococci, and 
pathogenic fungi. These cells may also produce IL-22 that promotes host-
protective function at barrier surfaces, such as the skin and gut. Follicular 
helper T (TFH) cells home to lymphoid follicles, where B cells congregate, 
where they express CD40 ligand (CD154) and other surface proteins along 
with cytokines, including IL-21, IL-4, and IFN-γ, that are critical for B-cell 
maturation to plasma cells and memory B cells. The decision as to which 
differentiation pathway to take is made during the early stages of naïve T-cell 
activation by antigen-presenting cells in secondary lymphoid organs. Pathway 
differentiation depends on several factors, including (1) the cytokines pro-
duced by the activating antigen-presenting cell and other innate cells in the 
microenvironment, (2) the nature of costimulatory signals, and (3) the avidity 
of the TCR-MHC antigen interaction. CD4+ T-cell subset, or lineage, devel-
opment is generally correlated with the expression of specific transcription 
factors (T-bet for TH1, GATA3 for TH2, RORγt for TH17, and Bcl6 for TFH 
cells). However, lineage commitment among differentiated CD4+ T cells is not 
absolute and is not terminal, and transition between different effector types is  
possible.

Regulatory T Cells
Depending on their cytokine profile, CD4+ T cells have the ability to cross-
regulate each other, influence T-cell differentiation, and suppress T-cell effector 
activity. Classic examples of T cells with regulatory activity generated during 
the normal immune response are IL-10– and transforming growth factor-β 
(TGF-β)–producing cells. In addition, specialized subsets of regulatory T 
(Treg) cells are characterized by expression of the transcription factor forkhead 
box P3 (Foxp3). Naturally occurring Foxp3+ Treg cells are generated during 
T-cell development in the thymus and recognize self-antigens. Foxp3+ Treg 
cells can also arise from conventional CD4+ T cells in the periphery. Natural 
and inducible Treg cells are in many ways indistinguishable, particularly because 
their development and function depend on Foxp3, and they are able to sup-
press T-cell expansion and constitutively express several cell surface markers, 
albeit markers that are not necessarily specific for Treg because activated T 
cells can also express them. Treg cells are important in peripheral tolerance, 
controlling the expansion of autoreactive T cells. They also play a role in 
immune responses to pathogens by virtue of their ability to suppress T-cell 
effector function and consequently downmodulate the inflammatory response 
incited by the former, a natural consequence of pathogen elimination.4 Treg 
cells may also specialize according to their tissue environment, for example, 
selectively to regulate inflammation promoted by TH1, TH2, and TH17 cells, 
respectively, and to regulate TFH cells that drive production of autoantibodies 
by B cells in autoimmune diseases.5

A principal difference between natural and induced Treg cells is that the 
latter largely survey mucosal and other environmentally exposed surfaces. 
Despite extensive studies in various models, the mechanism by which Treg 
cells function in vivo remains incompletely understood, although it is certainly 
a consequence of secretion of regulatory cytokines, like IL-10 and TGF-β, 
that can dampen inflammatory responses, as well as functioning as a sink for 
pro-inflammatory cytokines such as IL-2. Tregs may also express the T-cell 
molecule cytotoxic T-lymphocyte antigen (CTLA)-4 (CD152) that, like CD28, 
engages CD80 and CD86 on antigen-presenting cells. In contrast to CD28, 
which receives a positive signal from CD80 and CD86, leading to robust T-cell 
activation, engagement of these molecules on antigen-presenting cells by 
CTLA-4 on Tregs suppresses the ability of antigen-presenting cells to activate 
naïve T cells.

T-Cell Homeostasis
Effective immunity depends on the ability of the immune system to generate 
large numbers of antigen-specific T cells rapidly, yet the space in the T-cell 
compartment is limited. To avoid competition for space and resources and 
to prevent perturbation of T-cell diversity by lifelong exposure to antigens, 
the adaptive immune system employs several counterbalancing mechanisms. 
In the later stages of the activation process, a strong negative signal derives 
from interaction of CTLA-4 with CD80/CD86 on antigen-presenting cells. 
In addition, T cells undergo activation-induced cell death. Activated CD4+ T 
cells begin to secrete Fas ligand and acquire sensitivity to Fas-mediated death, 

costimulatory, signal to the T cell. This second signal, delivered by the antigen-
presenting dendritic cell, ensures T-cell survival and expansion. CD28-mediated 
signals are mandatory for the expression of many activation markers on the 
responding T cells and, in particular, for the secretion of IL-2. In the absence 
of such a second signal, T cells are rendered nonresponsive and anergic or 
undergo apoptosis. Finally, adhesion molecules (integrins) stabilize the inter-
actions between T cells and antigen-presenting cells.

Signals from the TCR result in the activation of many genes and entry of 
the T cell into the cell cycle. The signals are transmitted by a cascade of cyto-
plasmic events. Ligation of the TCR and conformational changes in associated 
CD3 molecules result in the recruitment and activation of phosphotyrosine 
kinases and the phosphorylation of molecular constituents of the TCR and 
various adapter molecules. Signals mediated through the TCR then activate 
several biochemical pathways, which collectively lead to the activation of 
transcription factors that regulate gene expression.

Three major variables determine the outcome of TCR stimulation: the 
duration and affinity of the TCR-antigen interaction, the maturation stage of 
the responding T cell, and the nature of the antigen-presenting cell. Antigen-
presenting cells are gatekeepers in the initiation of T-cell responses. They can 
upregulate the expression of accessory molecules that provide costimulatory 
signals. MHC-peptide complexes are particularly dense on dendritic cells, 
enabling them to activate naïve T cells. In contrast, memory and effector cells 
have a lower threshold for activation and can react to antigens presented on 
peripheral tissue cells.

T-Cell Differentiation and Effector Functions
T-cell activation induces T-cell proliferation, with the goal of clonally select-
ing and expanding antigen-specific T cells. The extent of clonal proliferation 
is impressive. Antigen-specific CD8+ T cells expand several thousand–fold; 
CD4+ T cells expand somewhat less. During the phase of rapid growth, T cells 
differentiate from naïve T cells that are essentially devoid of effector functions 
into effector T cells that are needed for clearance of infectious organisms, or 
pathogens. The transition into effector cells is associated with a fundamental 
shift in functional profiles. First, effector T cells do not require costimulation 
to function and can scan tissues that lack professional antigen-presenting cells. 
Second, they switch the expression of chemokine receptors and adhesion mol-
ecules to gain access to peripheral tissues. Finally, they gain effector functions.

The principal effector function of CD8+ T cells is to lyse infected, antigen-
bearing target cells. This commitment to eventual cytotoxic function is made 
during development in the thymus. Upon emigration from the thymus in the 
naïve, or inactivated, state, CD8+ T cells circulate through secondary lymphoid 
tissues, surveying antigen-presenting dendritic cells for the appropriate MHC 
class I–peptide complex that can engage the TCR and that can supply costimu-
latory signals. On activation, CD8+ T cells acquire cytotoxic functions and, 
using a variety of receptors and adhesion molecules, can emigrate from sec-
ondary lymphoid organs to peripheral tissue sites seeking cells infected by 
viruses or intracellular bacteria displaying pathogen-derived peptides on MHC 
class I molecules. On recognizing the appropriate MHC class I–peptide complex, 
CD8+ T cells induce apoptosis of target cells. The T cell polarizes toward the 
area of antigen contact; specialized lytic granules are clustered in the contact 
area. A pore-forming protein, perforin, is released from the lytic granules and 
inserted into the target cell membrane. Proteases (granzymes) are injected 
into the target cells to initiate the apoptotic process by activating enzyme 
cascades. Mechanisms deployed by CD8+ T cells are essentially identical to 
those of natural killer (NK) cells. CD4+ T cells can also induce apoptosis but 
by a different mechanism than CD8+ T cells. On activation, they express cell 
surface molecules such as Fas ligand (CD178) and TRAIL, which initiate the 
apoptotic cascade selectively in cells expressing the respective ligands Fas 
(CD95) or the death receptors DR4 and DR5.

Compared with CD8+ T cells, the spectrum of options for CD4+ T cells is 
larger. They are generally characterized as helper T, or TH, cells because they 
produce cytokines and express cell surface molecules that promote the effector 
function of other lymphocytes and phagocytes. Like CD8+ T cells, they are 
initially activated in secondary lymphoid tissues on contact with dendritic 
cells displaying the MHC–peptide complex (MHC class II, compared with 
MHC class I for CD8+ T-cell activation) bound by a specific TCR along with 
the proper costimulatory signals. On activation, different subsets of CD4+ 
effector T cells can be distinguished based on the preferential production 
of certain cytokines (see E-Table 40-1). TH1 T cells predominantly produce 
interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α) and are involved 
in cell-mediated immunity, such as delayed-type hypersensitivity reactions. 
These cytokines, among other actions, promote macrophage activation that 
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challenge. This enables B cells to receive T-cell help for the former’s activation 
and subsequent function, including memory development and antibody secre-
tion, required for responses to protein antigens.

B-Cell Stimulation
Mature, but naïve, B cells in secondary lymphoid organs are activated by 
soluble and cell-bound antigens to develop into antibody-secreting effector 
cells. B cells respond to a large variety of antigens, including proteins, polysac-
charides, and lipids. Binding of antigen to cell surface IgM molecules induces 
BCR clustering, the initial step in B-cell activation. In addition to the antigen-
binding immunoglobulin, the BCR comprises two proteins, Ig-α and Ig-β. 
The Ig-α/Ig-β heterodimer functions to transduce a signal and initiates the 
intracellular signaling cascade, analogous to the CD3 molecule of the TCR. 
Thus, the composition of the BCR, with ligand-binding and signal-transducing 
units, and the signaling events that lead to gene induction, are similar to those 
of the TCR. BCR triggering is enhanced by coreceptors, as for the TCR. The 
BCR-coreceptor complex is composed of CD81, CD19, and CD21, analogous 
to the TCR coreceptors CD4 and CD8. CD21 binds to complement fragments 
on opsonized antigens that are bound by the BCR, resulting in phosphoryla-
tion of the intracellular tail of CD19 by tyrosine kinases and augmentation 
of the BCR-mediated signal.

Like naïve T cells, naïve B cells require accessory signals in addition to 
triggering of their antigen-binding receptor. They receive second signals either 
from follicular helper T cells or from microbial components. Microbial con-
stituents, such as bacterial polysaccharides, can induce antibody production 
in the absence of helper T cells, comprising thymus-independent, or 
T-independent, antigens.6 In contrast, in the case of protein antigens, which 
are thymus- or T-dependent, the initial BCR stimulation prepares the cell for 
subsequent interaction with follicular helper T cells. These activated B cells 
start to enter the cell cycle; upregulate cell surface molecules, such as CD80 
and CD86, that provide costimulatory signals to T cells; and upregulate certain 
cytokine receptors. As such, these B cells are prepared to activate helper T 
cells and to respond to cytokines secreted by those T cells, but they cannot 
differentiate into antibody-producing cells in the absence of T-cell help. 

inducing apoptotic suicide and fratricide in neighboring T cells. These mecha-
nisms impose constraints in the early stages of the T-cell antigen response. 
Other mechanisms control the rapid decline of expanded antigen-specific T 
cells when elimination of the antigen has been achieved. Removal of the driving 
antigen causes a deprivation of cytokines and costimulatory molecules, and 
growth factor–deprived T cells die from apoptosis. It has been estimated that 
only 5% of the antigen-expanded population survives after antigen clearance, 
becoming memory cells that are poised to respond if the host is again chal-
lenged by the same offending pathogen.

B Lymphocytes
B-Cell Development
B cells are generated in the bone marrow, like the thymus, a primary lymphoid 
organ. Lymphoid stem cells differentiate into distinctive B-lineage cells in the 
marrow, supported by a specialized microenvironment of nonlymphoid stromal 
cells supplying necessary chemokines, including stromal cell–derived factor 
1 (CXCL12) and cytokines (IL-7). Precursor B cells enter a process of tightly 
controlled sequential rearrangements of heavy chain and light chain immu-
noglobulin genes. On pre-B cells, the membrane µ chain is associated with a 
surrogate light chain to form a pre-B-cell receptor (BCR). Signals provided 
through this receptor induce proliferation of progeny that subsequently rear-
range different light chain gene segments.

It is estimated that only 10% of B cells generated in the bone marrow reach 
the circulating pool. Losses are mostly due to negative selection and clonal 
deletion of immature B cells that express receptors directed against self-antigens. 
Cross-linking of surface IgM by multivalent self-antigens causes immature B 
cells to die. Such self-reactive B cells can be rescued from death by replacing 
the light chain with a newly rearranged light chain that is no longer self-reactive, 
a process named receptor editing. On maturation, B cells begin additionally to 
express surface IgD. B cells positive for IgD and IgM are exported from the 
bone marrow and migrate to peripheral lymphoid tissues following a chemo-
kine gradient, in a process analogous to the migration of naïve T cells from 
the thymus to the same tissues (Fig. 40-3). Colocalization of T and B cells in 
secondary lymphoid tissues facilitates their interaction following pathogen 
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FIGURE 40-3. B-cell development and differentiation. The early stages of B-cell development occur in the bone marrow, with cells progressing through a developmental program 
determined by the rearrangement and expression of immunoglobulin (ig) genes. immature B cells with receptors for multivalent self-antigens die in the bone marrow. Surviving B cells 
coexpress igd and igm surface receptors. They are seeded into peripheral lymphoid organs, where they home to selected locations and receive signals to survive and become longer-
lived naïve B cells. Antigen-binding B cells and antigen-presenting B cells that receive help from antigen-specific T cells are activated through membrane-bound and secreted molecules. 
Activated B cells migrate into the follicles, leading to the formation of germinal centers. B cells in germinal centers undergo somatic hypermutation of immunoglobulin genes. Cells 
with high affinity for antigens presented on the surface of follicular dendritic cells are selected to differentiate into long-lived antibody-secreting, protective plasma cells that migrate 
to the bone marrow, whereas cells differentiating into long-lived memory B cells have a range of antigen affinities, enabling more diverse responses upon reinfection by pathogens 
that evolve, such as human immunodeficiency virus or influenza. 
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Fig. 40-3). Germinal centers are essential for generating long-lived antibody-
secreting plasma cells and memory B cells.

Lymphoid organ development is highly dependent on environmental cues. 
The symbiotic relationship between the host immune system and microorgan-
isms is best exemplified in the gastrointestinal tract. Development of gut-
associated lymphoid tissue is absolutely dependent on bacterial colonization. 
Increasing evidence suggests that host-symbiont interactions regulate adaptive 
immune functions throughout life. Disturbances in the bacterial microbiota 
and failure to maintain intestinal homeostasis are important in diverse diseases, 
including inflammatory bowel disease (Chapter 132) and human immuno-
deficiency virus–associated immune defects.

Memory
An important consequence of adaptive immunity is the generation of immu-
nologic memory, the basis for long-lived protection after a primary infec-
tion. Memory induction by vaccination is one of the landmark successes in 
medicine. Immunologic memory is defined as the ability to respond more 
rapidly and effectively to pathogens that have been encountered previously. 
The bases of immunologic memory are qualitative and quantitative changes 
in antigen-specific T cells and B cells. As a direct result of clonal expansion 
and selection in antigen-driven responses, the frequencies of antigen-specific 
memory B cells and memory T cells are increased 10-fold to 1000-fold com-
pared with the naïve repertoires. The mechanisms through which memory T 
cells and B cells escape clonal downsizing in the terminal stages of the primary 
immune response are consequences of upregulation of a selected group of 
transcription factors that ensure survival. The enrichment of antigen-specific B 
cells and T cells enhances the sensitivity of the system to renewed challenges 
and provides a head start of 4 to 10 cell divisions. In addition to increased 
frequencies, memory T cells and B cells are functionally different from their 
naïve counterparts. Memory cells are long-lived and survive in the presence 
of certain cytokines without the need for continuous antigenic stimulation, 
guaranteeing immunologic memory for the life expectancy of the individual 
cell. Memory B cells produce predominantly IgG and IgA antibodies with 
evidence of somatic hypermutation and high affinity for the antigen, with the 
latter important for pathogen protection at mucosal surfaces. High-affinity IgE 
antibodies are also produced upon challenge with certain pathogens, such as 
helminths, and upon allergen exposure. Cell surface expression of high-affinity 
antibodies allows more efficient antigen uptake, which enhances the crucial 
interaction with T cells. On antigen encounter, memory B cells change to 
antibody-secreting plasma cells, or re-enter the germinal center, where the high 
affinity of their immunoglobulin receptor gives them a competitive advantage 
over naïve B cells in antigen binding, leading to progressive affinity maturation 
of somatically mutated antibody molecules.

Because the TCR does not undergo isotype switching or affinity matura-
tion, memory T cells are more difficult to distinguish from naïve or effector 
T cells. In contrast to effector cells, memory T cells lack activation markers 
and need antigen stimulation to resume effector functions. In contrast to naïve 
T cells, memory T cells have a lower activation threshold and are less depen-
dent on costimulatory signals. In essence, their requirements for antigen 
stimulation are fewer, and their clonal size is larger, permitting fast, efficient 
responses to secondary antigen encounters. Also, memory T cells resume 
effector functions without having to undergo cell divisions.

Immunologic Tolerance and Autoimmunity
Unresponsiveness to self is a fundamental property of the immune system 
and is a condition, sine qua non, to maintain tissue integrity of the host. Self/
nonself distinction is relatively straightforward for the innate immune system, 
in which receptors to nonself molecules are genetically encoded and evolu-
tionarily selected. Self/nonself discrimination is much more complex for the 
adaptive immune system, in which antigen-specific receptors are generated 
randomly and the entire spectrum of antigens can be recognized. Thus, the 
adaptive immune system must acquire the ability to distinguish between self 
and nonself. Several different mechanisms are used, collectively called toler-
ance. Tolerance in the adaptive immune system is antigen specific; its induc-
tion requires the recognition of antigen by lymphocytes in a defined setting. 
Failure of self-tolerance results in immune responses against self-antigens.9 
Such reactions are called autoimmunity and may give rise to chronic inflam-
matory autoimmune disease.

Central and peripheral tolerance mechanisms can be distinguished. In central 
tolerance, self-reactive lymphocytes are deleted during development. This 
process of negative selection is particularly important for T cells. During thymic 
development, T cells that recognize antigen with high affinity, in particular 

Survival and differentiation factors produced by myeloid cells, such as B-cell–
activating factor (BAFF), also stimulate B cells and help to maintain the  
B-cell pool.

B-Cell Differentiation
Differentiation of B cells activated by protein antigens depends on interaction 
with helper T cells. B cells use their antigen receptor not only to recognize 
antigens but also to internalize them.7 After processing endocytosed antigens, 
MHC class II–peptide complexes appear on the cell surface, where antigen-
specific CD4+ T cells detect them. Also, B cells express costimulatory molecules 
and provide optimal conditions for T-cell activation. On activation, CD4+ T 
cells express CD154, also known as CD40 ligand, on their surface and are 
able to stimulate the CD40 molecule on their B-cell partner. CD40-CD154 
interaction is essential for subsequent B-cell proliferation and differentiation. 
Cytokines secreted by the helper T cells act in concert with CD154 to amplify 
B-cell differentiation and to determine the antibody type by controlling isotype 
switching. Isotypes greatly influence the versatility of antibodies as effector 
molecules, and cytokines drive isotype switching by stimulating the transcrip-
tional activation switch regions upstream of heavy chain constant region genes 
and ultimately facilitating excision of the IgM heavy chain gene and recom-
bination of the VDJ segments with one of the downstream constant regions, 
IgG, IgA, or IgE.

T-cell–dependent B-cell differentiation and maturation take place in germinal 
centers, specialized areas in secondary lymphoid tissues where B cells rapidly 
proliferate and mutate the variable, or antigen-binding portion, of their immu-
noglobulin surface receptors (BCRs) in a process termed somatic hypermutation 
(see Fig. 40-3). Those B cells bearing receptors with mutations that confer 
the highest affinity for antigen are selected for survival with the help of specific 
signals delivered by follicular helper T cells, whereas those with mutations 
conferring lesser affinity die by apoptosis. This process enables affinity matura-
tion of B cells that most efficiently bind antigen and thereby facilitate antigen 
removal and pathogen clearance. As somatic hypermutation and affinity matu-
ration proceed in the germinal center, isotype class switching of the immu-
noglobulin receptors is also occurring.

Lymphocytes and Lymphoid Tissue
The initiation of adaptive immune responses depends on rare antigen-specific 
T cells and B cells meeting antigen-presenting cells and their relevant antigen. 
The recognition of a specific antigen in the tissue by uncommon T cells has a 
low probability, and it is unlikely that sufficient numbers of antigen-presenting 
cells and lymphocytes can be brought together to provide crucial momen-
tum. The immune system uses specialized lymphoid microstructures to bring 
antigens to the site of lymphocyte traffic and accumulation. Secondary lym-
phoid organs include the spleen for blood-borne antigens, the lymph nodes 
for antigens encountered in peripheral tissues, and the mucosa-associated, 
bronchial-associated, and gut-associated lymphoid tissues, where antigens from 
epithelial surfaces are collected. Lymphocytes circulate through secondary 
lymphoid organs, constantly searching for their antigen.8 Their homing to 
lymph nodes is facilitated by specialized microvessels, called high endothelial 
venules, which provide the proper structure for them to leave the circulation and 
enter the tissue. Secondary lymphoid tissues have developed several strategies 
to sequester the relevant antigen. Antigens in peripheral tissue are encoun-
tered first by dendritic cells that, after activation, are mobilized to transport 
antigens into the local lymph nodes by the draining lymph. These antigen-
bearing dendritic cells enter the lymph nodes through the afferent lymphatic 
vessel and settle in the T-cell–rich zones to present processed antigens to T 
cells. The net result of this process is an accumulation and concentration of 
the antigen in an environment that can be readily screened by infrequent 
antigen-specific T cells.

B cells are segregated from T cells in the lymph nodes and are localized in 
follicles. Naïve B cells may engage antigen as they circulate through secondary 
lymphoid tissues, for example as presented to them by migratory dendritic 
cells or macrophages in the subcapsular region of lymph nodes. If, on antigen 
engagement, B cells find their cooperating (cognate) T cells at the borders of 
the T-cell–rich areas and the follicle, they both receive cues to enter germinal 
centers and send similar signals back to their cognate follicular helper T cells. 
Germinal centers contain a network of follicular dendritic cells that capture 
particulate antigen or immune complexes on the cell surface. This unprocessed 
antigen is taken up by antigen-specific B cells, processed and presented, and 
recognized by antigen-specific TFH cells. These T cells provide cytokines and 
cell-cell contact signals to support the germinal center reaction, a process that 
includes somatic hypermutation, affinity selection, and isotype switching (see 
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antigens that are constitutively expressed on antigen-presenting cells, are 
deleted. Central tolerance for B cells follows the same principles. Recognition 
of antigen by developing B cells in the bone marrow induces apoptosis, or 
receptor editing that replaces the self-reactive receptor with one containing 
the product of a newly rearranged light chain gene. Negative selection is par-
ticularly important for B cells that recognize multivalent antigens because 
they do not depend on T-cell help and cannot be controlled peripherally.

Not all self-reactive T cells are centrally purged from the repertoire; certain 
antigens are not encountered at sufficient densities in the thymus. Also, all 
T cells have some degree of self-reactivity, which is necessary for positive 
selection in the thymus and for peripheral survival. Mechanisms of periph-
eral T-cell tolerance include (1) anergy, (2) peripheral deletion, (3) clonal 
ignorance, and (4) suppression of immune responses by regulatory T cells. 
T-cell anergy is transient and is actively maintained. It is induced if CD4+ T 
cells recognize antigens presented by MHC class II molecules without receiv-
ing costimulatory signals. In general, costimulatory molecules such as CD80 
and CD86 are restricted to antigen-presenting cells, and their expression is 
dependent on microbial recognition, leading to activation of the antigen-
presenting cells. MHC-peptide presentation to T cells by immature or inac-
tivated, resting antigen-presenting cells or on any cell other than peripheral 
antigen-presenting cells results in anergy because these cells typically lack 
expression of costimulatory molecules. Tissue-residing immature dendritic 
cells need to be activated by cytokines or recognition of pathogen-associated 
molecular patterns (PAMPs) to stimulate and not to anergize T cells. A second 
tolerance mechanism, peripheral deletion, is induced as a consequence of 
hyperstimulation. Hyperstimulation of T cells (e.g., by high doses of antigen 
and high concentrations of IL-2) preferentially activates pro-apoptotic path-
ways and causes elimination of the responding T-cell specificity. This mecha-
nism may be responsible for the elimination of T cells specific for plentiful 
peripheral self-antigens and for foreign antigens abundantly present during 
infection. Whereas induction of anergy and activation-induced cell death are 
active consequences of antigen recognition, the third tolerance mechanism, 
clonal ignorance, is less well understood. Clonal ignorance is defined as the 
presence of self-reactive lymphocytes that fail to recognize or to respond to 
peripheral antigens. These cells remain responsive to antigenic challenge if 
given in the right setting. An example of clonal ignorance is nonresponsive-
ness to sequestered antigens that are not accessible to the immune system. 
Other mechanisms must exist, however, because clonal ignorance has also 
been shown for accessible antigens. Fourth, Treg cells play a pivotal role in 
maintaining peripheral tolerance. During an immune response, T cells can 
acquire the ability to produce regulatory cytokines, such as TGF-β, IL-10, or 
IL-4, that dampen or suppress immune responses. A dedicated subset of Treg 
cells, Foxp3 CD4+ T cells, has been identified and characterized. Harnessing 
the frequencies and function of these cells may offer a promising approach to 
restoring peripheral tolerance in treating autoimmune diseases or facilitating 
transplantation tolerance10; their elimination or functional suppression may 
potentiate cancer immunotherapy.

A critically important mechanism of peripheral tolerance of B cells is main-
tained through the absence of T-cell help. B cells require signals from T cells 
to differentiate into effector cells. B lymphocytes that recognize self-antigens 
in the periphery in the absence of T-cell help are rendered anergic or are 
unable to enter lymphoid follicles, where they could receive T-cell help, effec-
tively excluding them from immune responses. Intact negative selection and 
self-tolerance of T cells are crucial for this process.

Generation and maintenance of self-tolerance can fail, in which case auto-
immune responses are generated.11 Overall, chronic inflammatory diseases 
induced by tolerance failure occur in about 5% of the general population. 
Given the complexity of regulation, it is surprising that autoimmune diseases 
are not more frequent. It is thought that most autoimmune diseases result 
from dysfunction of the adaptive immune system, although activation of the 
innate immune system can set the stage for a self-reactive adaptive immune 
response. Many models of autoimmunity rely on the hypothesis that peripheral 
anergy is broken. Aberrant expression of costimulatory molecules on non-
professional antigen-presenting cells or inappropriate activation of tissue-residing 
dendritic cells sets the stage for the induction of “forbidden” T-cell responses. 
Also, autoreactive B cells that recognize self-antigen complexed with foreign 
antigen may engulf this complex and receive help from T cells specific for the 
foreign antigen. Autoimmunity also may emerge if antigen ignorance is broken. 
This could happen if tissue barriers break down and antigens that are usually 
sequestered from the immune system, such as antigens from the central nervous 
system or the eye, become accessible. Tolerance mechanisms of anergy or 
clonal ignorance can also fail if a foreign antigen is sufficiently different from 
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4. B cells minimize self-reactivity through a process called which of the 
following?
 A. Isotype switching
 B. Costimulation
 C. Somatic hypermutation
 D. Recombination
 E. Receptor editing

Answer: E Isotype switching, somatic hypermutation, and recombination 
are processes that promote the diversity of the B-cell repertoire. Costimulation 
of T-cell activation supports amplification of an adaptive immune response. 
Receptor editing modifies the sequence of the B-cell receptor to avoid produc-
tion of autoreactive B cells.

5. Immunologic tolerance is mediated by which of the following?
 A. Thymic deletion of T cells that recognize antigen with high affinity
 B. Regulatory T cells
 C. Clonal ignorance
 D. T-cell activation in the absence of costimulation
 E. It is mediated by all of the above.

Answer: E Central and peripheral tolerance mechanisms include thymic 
deletion of self-reactive T cells, T-cell activation without costimulation, clonal 
ignorance, and control of self-reactive cells by regulatory T cells.

REVIEW QUESTIONS

1. IgG antibodies are characterized by all of the following except which one?
 A. Two heavy chains and two light chains
 B. A common γ chain
 C. Disulfide bonds
 D. Subclasses

Answer: B IgG molecules consist of two identical heavy and two identical 
light chains, linked by disulfide bonds. IgG and IgA molecules include distinct 
subclasses encoded by distinct genomic DNA sequences. A common γ chain 
is a signaling component of certain cytokine and Fc receptors but is not a 
component of IgG antibodies.

2. CD4+ T cells recognize antigenic peptides presented on which of the 
following?
 A. Epithelial cells
 B. Major histocompatibility complex (MHC) class I molecules
 C. MHC class II molecules
 D. Costimulatory molecules
 E. CD80

Answer: C Antigenic peptides processed by specialized antigen-presenting 
cells associate with the peptide-binding cleft of MHC class II molecules and 
are recognized by the T-cell receptor expressed on CD4+ T cells. CD8+ T cells 
recognized antigenic peptides associated with MHC class I molecules. CD80 
is an example of a costimulatory molecule expressed on antigen-presenting 
cells that supports the activation of T cells that have interacted with peptide-
MHC complexes. Epithelial cells do not typically activate CD4+ T cells.

3. Which of the following functions is provided by differentiated T cells?
 A. Production of interleukin-17 (IL-17)
 B. Lysis of virus-infected target cells
 C. Help for B-cell activation and differentiation
 D. Production of interferon-γ
 E. All the above

Answer: E The cytokine milieu of T cells contributes to differentiation of 
those cells to provide various effector functions. These include support for 
B-cell activation and differentiation (through CD154-CD40 interactions and 
production of IL-21), secretion of cytokines (interferon-γ) that support mac-
rophage activation and delayed-type hypersensitivity reactions, induction of 
inflammatory responses (IL-17), and mediating the killing of virus-infected 
cells.
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in which eosinophils predominate. TH17 cells secrete several effector molecules, 
including IL-17, which act on both immune and nonimmune cells to trigger 
differentiation; release of antimicrobial molecules, cytokines, and chemokines; 
and recruitment to sites of inflammation. New TH effector subsets have recently 
been identified, including follicular T helper cells (TFH), which provide help 
to B cells in germinal centers and thus are key regulators of humoral responses 
and antibody production.

 HYPERSENSITIVITY REACTIONS
In predisposed individuals, innocuous environmental antigens may stimulate 
an adaptive immune response, immunologic memory, and, on subsequent 
exposure to the antigen, inflammation. These “overreactions” of the immune 
system to harmless environmental antigens (allergens), called hypersensitivity 
or allergic reactions, produce tissue injury and can cause serious disease. Hyper-
sensitivity reactions are grouped into four types according to the effector 
mechanisms by which they are produced (Table 41-1). The effectors for types 
I, II, and III hypersensitivity reactions are antibody molecules, whereas type 
IV reactions are mediated by antigen-specific effector T cells.

Autoimmune disease is characterized by the presence of antibodies and T 
cells specific for self-antigens expressed on target tissues. The mechanisms of 
antigen recognition and effector function that lead to tissue damage in auto-
immune disease are similar to the mechanisms elicited in response to pathogens 
and environmental antigens. These mechanisms resemble certain hypersen-
sitivity reactions and may be classified accordingly (E-Table 47-1).

Autoimmune disease caused by antibodies directed against cell surface or 
extracellular matrix antigens corresponds to type II hypersensitivity reactions; 
disease caused by formation of soluble immune complexes that subsequently 
are deposited in tissue corresponds to type III hypersensitivity; and disease 
caused by effector T cells corresponds to type IV hypersensitivity. Typically, 
several of these pathogenic mechanisms are operative in autoimmune disease. 
However, IgE responses are not associated with damage in autoimmunity.

 Type I Hypersensitivity Reactions
Type I hypersensitivity reactions (Fig. 41-1) are triggered by the interaction 
of antigen with antigen-specific IgE bound to FcεRs on mast cells, which 
causes mast cell activation.4 Proteolytic enzymes and toxic mediators, such 
as histamine, are released immediately from preformed granules, and chemo-
kines, cytokines, and leukotrienes are synthesized after activation. Together, 
these mediators increase vascular permeability, break down tissue matrix 
proteins, promote eosinophil production and activation (IL-3, IL-5, and 
granulocyte-macrophage colony-stimulating factor [GM-CSF]), and cause 
influx of effector leukocytes (tumor necrosis factor-α [TNF-α], platelet-
activating factor, and macrophage inflammatory protein [MIP-1]), constriction 
of smooth muscle, stimulation of mucus secretion, and amplification of TH2 
cell responses (IL-4 and IL-13). Eosinophils and basophils, activated through 
cell surface FcεRs, rapidly release highly toxic granular proteins (major basic 
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 THE ADAPTIVE IMMUNE RESPONSE
 Definition
The adaptive immune response (also see Chapter 40) is a crucial component 
of host defense against infection. Its distinguishing and unique feature is the 
ability to recognize pathogens specifically, based on clonal selection of lym-
phocytes bearing antigen-specific receptors. Antigens unassociated with infec-
tious agents also may elicit adaptive immune responses.1 Many clinically 
important diseases are characterized by normal immune responses directed 
against an inappropriate antigen, typically in the absence of infection. Immune 
responses directed at noninfectious antigens occur in allergy, in which the 
antigen is an innocuous foreign substance, and in autoimmunity, in which the 
response is to a self-antigen.

Effector mechanisms that eliminate pathogens in adaptive immune responses 
are essentially identical to those of innate immunity (Chapter 39). The spe-
cific antigen recognition feature of the adaptive immune response seems to 
have been appended to the preexisting innate defense system. As a result, the 
inflammatory cells and molecules of the innate immune system are essential 
for the effector functions of B and T lymphocytes. In addition to initiating 
protective responses, they mediate tissue injury in allergy, hypersensitivity, 
and autoimmunity.

 Effector Mechanisms
Effector actions of antibodies depend on recruiting cells and molecules of the 
innate immune system. Antibodies are adapters that bind antigens to non-
specific inflammatory cells and direct their destructive effector responses. 
Antibodies also activate the complement system, which enhances opsonization 
of antigens, recruits phagocytic cells, and amplifies (or “complements”) 
antibody-triggered damage. The isotype or class of antibodies produced deter-
mines which effector mechanisms are engaged.

Cell-bound receptors for immunoglobulin (Ig) constitute the link between 
humoral and cellular aspects of the immune cascade and play an integral part 
in the process by which foreign and endogenous opsonized material is identi-
fied and destroyed. These cell-based binding sites for antibodies, termed Fc 
receptors, interact with the constant region (Fc portion) of the immunoglobulin 
heavy chain of a particular antibody class regardless of its antigen specificity. 
Accessory cells that lack intrinsic specificity, such as neutrophils, macrophages, 
and mast cells, are recruited to participate in inflammatory responses through 
the interaction of their Fc receptors with antigen-specific antibodies. Distinct 
receptors for different immunoglobulin isotypes are expressed on different 
effector cells.

Receptors for IgG (FcγRs) are a diverse group of receptors expressed as 
hematopoietic cell surface molecules on phagocytes (macrophages, monocytes, 
neutrophils), platelets, mast cells, eosinophils, and natural killer (NK) cells.2 
FcγRs often are expressed as stimulatory and inhibitory pairs. Triggering of 
stimulatory FcγRs initiates a series of events, including phagocytosis; antibody-
dependent, cell-mediated cytotoxicity; secretion of granules; and release of 
inflammatory mediators, such as cytokines, reactive oxidants, and proteases. 
Extensive structural diversity among FcγR family members leads to differences 
in binding capacity, signal transduction pathways, and cell type–specific expres-
sion patterns. This diversity allows IgG complexes to activate a broad program 
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ABSTRACT
Many clinically important diseases are characterized by normal immune 
responses directed against an inappropriate antigen, typically in the absence 
of infection. Hypersensitivity reactions are overreactions of the immune system 
to innocuous environmental antigens. The four types of hypersensitivity reac-
tions are distinguished by the effector responses mediated by immunological 
mechanisms that cause tissue damage. Types I-III are antibody mediated and 
are distinguished by the different types of antigens recognized and different 
classes of antibodies involved. Receptors for Ig (Fc receptors) play a crucial 
role in triggering the effector functions. Type I is mediated by IgE, which 
induces mast cell activation, whereas types II and III are mediated by IgG 
which can engage phagocyte activation and complement activation, depending 
upon the antigens and antibody subclasses involved. Type II reactions are 
directed against cell surface or matrix antigens, whereas type III reactions are 
directed against soluble antigens. Damage to cells and tissues is caused by 
responses triggered by immune complexes. Type IV hypersensitivity reactions 
are T-cell mediated. The means of antigen recognition that lead to tissue damage 
in autoimmune disease are similar to the mechanisms elicited in response to 
pathogens and environmental antigens, and the effector mechanisms of auto-
immunity resemble those causing some types of hypersensitivity reactions.
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in which eosinophils predominate. TH17 cells secrete several effector molecules, 
including IL-17, which act on both immune and nonimmune cells to trigger 
differentiation; release of antimicrobial molecules, cytokines, and chemokines; 
and recruitment to sites of inflammation. New TH effector subsets have recently 
been identified, including follicular T helper cells (TFH), which provide help 
to B cells in germinal centers and thus are key regulators of humoral responses 
and antibody production.

 HYPERSENSITIVITY REACTIONS
In predisposed individuals, innocuous environmental antigens may stimulate 
an adaptive immune response, immunologic memory, and, on subsequent 
exposure to the antigen, inflammation. These “overreactions” of the immune 
system to harmless environmental antigens (allergens), called hypersensitivity 
or allergic reactions, produce tissue injury and can cause serious disease. Hyper-
sensitivity reactions are grouped into four types according to the effector 
mechanisms by which they are produced (Table 41-1). The effectors for types 
I, II, and III hypersensitivity reactions are antibody molecules, whereas type 
IV reactions are mediated by antigen-specific effector T cells.

Autoimmune disease is characterized by the presence of antibodies and T 
cells specific for self-antigens expressed on target tissues. The mechanisms of 
antigen recognition and effector function that lead to tissue damage in auto-
immune disease are similar to the mechanisms elicited in response to pathogens 
and environmental antigens. These mechanisms resemble certain hypersen-
sitivity reactions and may be classified accordingly (E-Table 47-1).

Autoimmune disease caused by antibodies directed against cell surface or 
extracellular matrix antigens corresponds to type II hypersensitivity reactions; 
disease caused by formation of soluble immune complexes that subsequently 
are deposited in tissue corresponds to type III hypersensitivity; and disease 
caused by effector T cells corresponds to type IV hypersensitivity. Typically, 
several of these pathogenic mechanisms are operative in autoimmune disease. 
However, IgE responses are not associated with damage in autoimmunity.

 Type I Hypersensitivity Reactions
Type I hypersensitivity reactions (Fig. 41-1) are triggered by the interaction 
of antigen with antigen-specific IgE bound to FcεRs on mast cells, which 
causes mast cell activation.4 Proteolytic enzymes and toxic mediators, such 
as histamine, are released immediately from preformed granules, and chemo-
kines, cytokines, and leukotrienes are synthesized after activation. Together, 
these mediators increase vascular permeability, break down tissue matrix 
proteins, promote eosinophil production and activation (IL-3, IL-5, and 
granulocyte-macrophage colony-stimulating factor [GM-CSF]), and cause 
influx of effector leukocytes (tumor necrosis factor-α [TNF-α], platelet-
activating factor, and macrophage inflammatory protein [MIP-1]), constriction 
of smooth muscle, stimulation of mucus secretion, and amplification of TH2 
cell responses (IL-4 and IL-13). Eosinophils and basophils, activated through 
cell surface FcεRs, rapidly release highly toxic granular proteins (major basic 

of cell functions relevant to inflammation, host defense, and autoimmunity. 
Phagocyte activation is triggered by stimulatory FcγRs, facilitating the recogni-
tion, uptake, and destruction of antibody-coated targets, whereas multivalent 
IgG binding to FcγRs on platelets leads to platelet aggregation and thrombosis, 
and binding to FcγRs on NK cells mediates cytotoxicity of antibody-coated 
targets.

IgE binds to high-affinity FcεRs on mast cells, basophils, and activated 
eosinophils. In contrast to FcγRs, which are low affinity and bind to multivalent 
IgG rather than circulating individual IgG molecules, FcεRs can bind mono-
meric IgE. A single mast cell may be armed with IgE molecules specific for 
different antigens, all bound to surface FcεRs. Mast cells, localized beneath 
the mucosa of the gastrointestinal and respiratory tracts and the dermis of 
the skin, await exposure to multivalent antigens, which cross-link surface IgE 
bound to FcεRs and cause release of histamine-containing granules and gen-
eration of cytokines and other inflammatory mediators (Chapter 240). IgE-
mediated activation of eosinophils, cells normally present in the connective 
tissue of underlying respiratory, urogenital, and gut epithelium, leads to the 
release of highly toxic granule proteins, free radicals, and chemical mediators 
such as prostaglandins, cytokines, and chemokines (Chapter 161). These 
amplify local inflammatory responses by activating endothelial cells and recruit-
ing and activating more eosinophils and leukocytes. Prepackaged granules 
and high-affinity FcεRs that bind to free monomeric IgE enable an immediate 
response to pathogens or allergens at the first site of entry, a location where 
FcεR-bearing cells reside.

Inhibitory FcγRs, which modulate activation thresholds and terminate 
stimulating signals, are key elements in the regulation of effector function. 
Given that inhibitory and stimulatory Fc receptors are often coexpressed on 
the same cells, the effector response to a specific stimulus in a particular cell 
represents the balance between stimulatory and inhibitory signals. Inhibitory 
FcγRs can dampen responses triggered by FcεRs on mast cells and FcγR-
mediated inflammation at sites of immune complex deposition.

Effector activities targeted by IgG and IgM also may be mediated by com-
ponents of the complement system (Chapter 44). Antigen-bound multimeric 
immunoglobulin can initiate activation of the classic pathway of complement, 
causing enhanced phagocytosis of antigen-antibody complexes, increased local 
vascular permeability, and recruitment and activation of inflammatory cells. 
The target of injury is specified by the antibody, and the extent of damage is 
determined by the synergistic activities of immunoglobulin and complement.

Antigen-specific effector T cells also may initiate tissue injury. On exposure 
to an appropriate antigen, memory T cells are stimulated to release cytokines 
and chemokines that activate local endothelial cells and recruit and activate 
macrophages and other inflammatory cells.3 The effector cells directed by T 
cell-derived cytokines, or cytolytic T cells themselves, mediate tissue damage. 
T helper 1 (TH1) cells produce interferon-γ (IFN-γ) and activate macrophages 
to cause injury, whereas TH2 cells produce interleukin-4 (IL-4), IL-5, and 
eotaxin (an eosinophil-specific chemokine) and trigger inflammatory responses 

TABLE 41-1 FOUR MAJOR TYPES OF IMMUNOLOGICALLY MEDIATED HYPERSENSITIVITY REACTIONS*

IMMUNOLOGIC 
SPECIFICITY

TYPE I (IgE 
ANTIBODY)

TYPE II (IgG 
ANTIBODY)

TYPE III (IgG 
ANTIBODY)

TYPE IV (T CELLS)

TH1 CELLS TH2 CELLS TH17 CELLS T CELLS
Antigen Soluble antigen 

allergen
Cell- or matrix-

associated antigen
Soluble antigen Soluble antigen Soluble antigen Soluble antigen Cell-associated 

antigen
Effector 

mechanism
FcεRI- or FcγRIII-

dependent mast 
cell activation, 
with release of 
mediators/
cytokines

FcγR+ cells 
(phagocytes, NK 
cells), complement

FcγR+ cells, 
complement

Macrophage 
activation

Eosinophil 
activation

Macrophage 
activation, 
neutrophil 
activation

Direct cytotoxicity

Examples Systemic anaphylaxis, 
asthma, allergic 
rhinitis, urticaria, 
angioedema

Certain drug 
reactions and 
reactions to 
incompatible 
blood transfusions

Arthus reaction and 
other immune 
complex–mediated 
reactions (e.g., 
serum sickness, 
subacute bacterial 
endocarditis)

Contact dermatitis, 
tuberculin 
reaction

Chronic allergic 
inflammation 
(e.g., chronic 
asthma, 
chronic allergic 
rhinitis)

Contact dermatitis, 
atopic dermatitis, 
asthma, 
rheumatoid 
arthritis

Contact dermatitis 
(e.g., poison ivy), 
reactions to certain 
virus-infected cells, 
some instances of 
graft rejection

*Hypersensitivity reactions were classified into four types by Coombs and Gell (1963) and modified by Janeway and colleagues (2001).
FcγR = Fc receptor for immunoglobulin G; FcεR = Fc receptor for immunoglobulin E; NK = natural killer.
From Coombs RRA, Gell PGH: Classification of allergic reactions responsible for clinical hypersensitivity and disease. In: Gell PGH, Coombs RA, eds. Clinical Aspects of Immunology. Oxford, UK: Blackwell; 
1963; and Janeway C, Travers P, Walport M, Shlomchick M: Immunobiology: The Immune System in Health and Disease. 5th ed. New York: Garland Publishing; 2001.
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E-TABLE 41-1 CLASSIFICATION OF AUTOIMMUNE DISEASES ACCORDING TO MECHANISM OF TISSUE INJURY
AUTOIMMUNE DISEASE AUTOANTIGEN

TYPE II

Antibody against cell surface antigens Autoimmune hemolytic anemia Rh blood group antigens, I antigen
Idiopathic (immune) thrombocytopenic purpura Platelet integrin glycoprotein IIb/IIIa

Antibody against receptors Graves disease Thyroid-stimulating hormone receptor (agonistic antibodies)
Myasthenia gravis Acetylcholine receptor (antagonistic antibodies)

Antibody against matrix antigens Goodpasture syndrome Basement membrane collagen (α3-chain of type IV collagen)
Pemphigus vulgaris Epidermal cadherin (desmoglein)

TYPE III

Immune complex diseases Mixed essential cryoglobulinemia Rheumatoid factor IgG complexes (with or without hepatitis C antigens)
Systemic lupus erythematosus DNA, histones, ribosomes, ribonuclear proteins

TYPE IV

T-cell-mediated diseases Insulin-dependent diabetes mellitus Pancreatic B-cell antigen
Rheumatoid arthritis Unknown synovial joint antigen
Multiple sclerosis Myelin basic protein, proteolipid protein
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in which deposition of complexes containing IgG, IgM, and hepatitis C antigens 
causes inflammation in peripheral nerves, kidneys, and skin. Serum sickness 
also can develop in transplant recipients who are treated with mouse mono-
clonal antibodies specific for human T cells to prevent rejection, and in patients 
with myocardial infarction who are treated with the bacterial enzyme strep-
tokinase to effect thrombolysis.

Systemic lupus erythematosus (Chapter 250), the prototypical immune 
complex–mediated autoimmune disease, is characterized by circulating IgG 
directed against common cellular constituents, typically DNA and DNA-binding 
proteins. Small immune complexes are deposited in skin, joints, and glomeruli 
and initiate local tissue damage.

 Type IV Hypersensitivity Reactions
Type IV hypersensitivity reactions (Fig. 41-4), also known as delayed-type 
hypersensitivity reactions, are mediated by antigen-specific effector T cells. They 
are distinguished from other hypersensitivity reactions by the lag time from 
exposure to the antigen until the response is evident (1 to 3 days). Antigen 
is taken up, processed, and presented by macrophages or dendritic cells. TH1 
effector cells that recognize the specific antigen (these are scarce and take 
time to arrive) are stimulated to release chemokines, which recruit macrophages 
to the site, release cytokines that mediate tissue injury and growth factors that 
stimulate monocyte production. IFN-γ activates macrophages and enhances 
their release of inflammatory mediators, whereas TNF-α and TNF-β activate 
endothelial cells, enhance vascular permeability, and damage local tissue. The 
prototypical type IV hypersensitivity reaction is the tuberculin test, but similar 
reactions can occur after contact with sensitizing antigens (e.g., poison ivy, 
certain metals) and lead to epidermal reactions characterized by erythema, 
cellular infiltration, and vesicles. CD8+ T cells also may mediate damage by 
direct toxicity.

In contrast to TH1-mediated hypersensitivity reactions, in which the effec-
tors are macrophages, eosinophils predominate in TH2-mediated responses. 
TH2 effector T cells are associated with tissue damage in chronic asthma 
(Chapter 81). TH2 cells produce cytokines to recruit and activate eosinophils 
(IL-5 and eotaxin), leading to degranulation, further tissue injury, and chronic, 
irreversible airway damage.

human platelet factor 4–heparin complex, platelet FcγRIIA, and splenic FcγRs 
(which remove opsonized platelets) are involved in the pathogenesis of this 
disease.

Autoantibodies directed at antigens on the cell surface or extracellular matrix 
cause tissue damage by mechanisms similar to type II hypersensitivity reac-
tions.6 IgG or IgM antibodies against erythrocytes lead to cell destruction in 
autoimmune hemolytic anemia because opsonized cells (coated with IgG or 
IgM and complement) are removed from the circulation by phagocytes in 
the liver and spleen or are lysed by formation of the membrane attack complex. 
Platelet destruction in autoimmune thrombocytopenic purpura occurs through 
a similar process. Because nucleated cells express membrane-bound comple-
ment regulatory proteins, they are less sensitive to lysis through the membrane 
attack complex, but when coated with antibody, they become targets for 
phagocytosis or antibody-dependent cytotoxicity. This mechanism is respon-
sible for autoimmune and alloimmune neutropenia (Chapter 158).

IgM and IgG antibodies recognizing antigens within tissue or binding to 
extracellular antigens cause local inflammatory damage through FcγR and 
complement mechanisms. Pemphigus vulgaris (Chapter 410) is a serious 
blistering disease that results from a loss of adhesion between keratinocytes 
caused by autoantibodies against the extracellular portions of desmoglein 3, 
an intercellular adhesion structure of epidermal keratinocytes. Another example 
of a type II hypersensitivity reaction is Goodpasture disease (Chapter 85), 
in which antibodies against the α3-chain of type IV collagen (the collagen in 
basement membranes) are deposited in glomerular and lung basement mem-
brane. Tissue-bound autoantibodies activate monocytes, neutrophils, and 
basophils through FcγRs, initiating release of proteases, reactive oxidants, 
cytokines, and prostaglandins. Local activation of complement, particularly 
C5a, recruits and activates inflammatory cells and amplifies tissue injury. 
Neighboring cells are lysed by assembly of the membrane attack complex or 
by FcγR-initiated, antibody-dependent cytotoxicity.

Autoantibodies against cell surface receptors produce disease by stimulating 
or blocking receptor function. In myasthenia gravis (Chapter 394), autoan-
tibodies against the acetylcholine receptors on skeletal muscle cells bind the 
receptor and induce its internalization and degradation in lysosomes, reducing 
the efficiency of neuromuscular transmission and causing progressive muscle 
weakness. In contrast, Graves disease (Chapter 213) is characterized by auto-
antibodies that act as agonists. Autoantibodies to thyroid-stimulating hormone 
receptors bind the receptor, mimicking the natural ligand, inducing thyroid 
hormone overproduction, disrupting feedback regulation, and causing 
hyperthyroidism.

 Type III Hypersensitivity Reactions
Type III hypersensitivity reactions (Fig. 41-3) are caused by tissue deposition 
of small soluble immune complexes that contain antigens and high-affinity 
IgG antibodies directed at these antigens. Localized deposition of immune 

protein, eosinophil peroxidase, and collagenase) and, over a longer period, 
produce cytokines (IL-3, IL-5, and GM-CSF), chemokines (IL-8), prosta-
glandins, and leukotrienes that activate epithelial cells, leukocytes, and eosino-
phils to augment local inflammation and tissue damage.

FcεR-bearing effectors act in a coordinated fashion. The immediate allergic 
inflammatory reaction initiated by mast cell products is followed by a late-
phase response that involves recruitment and activation of eosinophils, baso-
phils, and TH2 lymphocytes. The manifestations of IgE-mediated reactions 
depend on the site of mast cell activation. Mast cells reside in vascular and 
epithelial tissue throughout the body. In a sensitized host (an individual with 
IgE responses to antigens), re-exposure to antigen leads to type I hypersen-
sitivity responses only in the mast cells exposed to the antigen. Inhalation of 
antigens produces bronchoconstriction and increased mucus secretion (asthma 
and allergic rhinitis); ingestion of antigens causes increased peristalsis and 
secretion (diarrhea and vomiting); and the presence of subcutaneous antigens 
initiates increased vascular permeability and swelling (urticaria and angio-
edema). Blood-borne antigens cause systemic mast cell activation, increased 
capillary permeability, hypotension, tissue swelling, and smooth muscle 
contraction—the characteristics of systemic anaphylaxis.5

 Type II Hypersensitivity Reactions
Type II hypersensitivity reactions (Fig. 41-2) are caused by chemical modi-
fication of cell surface or matrix-associated antigens that generates “foreign” 
epitopes to which the immune system is not tolerant. B cells respond to this 
antigenic challenge by producing IgG, which binds to these modified cells 
and renders them susceptible to destruction through complement activation, 
phagocytosis, and antibody-dependent cytotoxicity.

This phenomenon is seen clinically when drugs interact with blood con-
stituents and alter their cellular antigens. Hemolytic anemia caused by immune-
mediated destruction of erythrocytes (Chapter 151) and thrombocytopenia 
caused by destruction of platelets (Chapter 163), both type II hypersensitivity 
reactions, are adverse effects of certain drugs. Chemically reactive drug molecules 
bind covalently to the surface of red cells or platelets, creating new epitopes 
that in a small subset of individuals are recognized as foreign antigens by the 
immune system and stimulate production of IgM and IgG antibodies reactive 
with the conjugate of drug and cell surface protein. Penicillin-specific IgG 
binds to penicillin-modified proteins on red blood cells and triggers activation 
of the complement cascade. Activation of complement components C1 through 
C3 results in covalent binding of C3b to the red cell membrane and renders 
circulating red cells susceptible to phagocytosis by FcγR and complement 
receptor–bearing macrophages in the spleen or liver. Activation of comple-
ment components C1 through C9 and formation of the membrane attack 
complex cause intravascular lysis of red cells. The factors that predispose only 
some people to drug-induced type II hypersensitivity reactions are unknown. 
Penicillin, quinidine, and methyldopa have been associated with hemolytic 
anemia and thrombocytopenia through this mechanism. Another example is 
heparin-induced thrombocytopenia or thrombosis, a severe, life-threatening 
complication that occurs in 1 to 3% of patients exposed to heparin (Chapter 
163). Interactions among heparin, human platelet factor 4, antibodies to the 
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FIGURE 41-1. Type I hypersensitivity. type i responses are mediated by immunoglobulin 
e (ige), which induces mast cell activation. cross-linking of the fc receptor for ige (fcεr) 
on mast cells, triggered by the interaction of multivalent antigen with antigen-specific 
ige bound to fcεr, causes the release of preformed granules containing histamine and 
proteases. cytokines, chemokines, and lipid mediators are synthesized after cell activa-
tion. iL = interleukin; tnf = tumor necrosis factor. 

IgG
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Cell-associated
antigen
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FIGURE 41-2. Type II hypersensitivity. type ii responses are mediated by immuno-
globulin G (igG) directed against cell surface or matrix antigens, which initiates effector 
responses through the fc receptor for igG (fcγr) and complement. the relative contribu-
tions of these pathways vary with the igG subclass and the nature of the antigen. only 
fcγr-mediated phagocytosis by macrophages (MΦ) is depicted in this figure. activation 
of complement components would result in binding of c3b to the red blood cell mem-
brane, rendering red blood cells susceptible to phagocytosis and leading to formation 
of the membrane attack complex and cell lysis. 
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in which deposition of complexes containing IgG, IgM, and hepatitis C antigens 
causes inflammation in peripheral nerves, kidneys, and skin. Serum sickness 
also can develop in transplant recipients who are treated with mouse mono-
clonal antibodies specific for human T cells to prevent rejection, and in patients 
with myocardial infarction who are treated with the bacterial enzyme strep-
tokinase to effect thrombolysis.

Systemic lupus erythematosus (Chapter 250), the prototypical immune 
complex–mediated autoimmune disease, is characterized by circulating IgG 
directed against common cellular constituents, typically DNA and DNA-binding 
proteins. Small immune complexes are deposited in skin, joints, and glomeruli 
and initiate local tissue damage.

 Type IV Hypersensitivity Reactions
Type IV hypersensitivity reactions (Fig. 41-4), also known as delayed-type 
hypersensitivity reactions, are mediated by antigen-specific effector T cells. They 
are distinguished from other hypersensitivity reactions by the lag time from 
exposure to the antigen until the response is evident (1 to 3 days). Antigen 
is taken up, processed, and presented by macrophages or dendritic cells. TH1 
effector cells that recognize the specific antigen (these are scarce and take 
time to arrive) are stimulated to release chemokines, which recruit macrophages 
to the site, release cytokines that mediate tissue injury and growth factors that 
stimulate monocyte production. IFN-γ activates macrophages and enhances 
their release of inflammatory mediators, whereas TNF-α and TNF-β activate 
endothelial cells, enhance vascular permeability, and damage local tissue. The 
prototypical type IV hypersensitivity reaction is the tuberculin test, but similar 
reactions can occur after contact with sensitizing antigens (e.g., poison ivy, 
certain metals) and lead to epidermal reactions characterized by erythema, 
cellular infiltration, and vesicles. CD8+ T cells also may mediate damage by 
direct toxicity.

In contrast to TH1-mediated hypersensitivity reactions, in which the effec-
tors are macrophages, eosinophils predominate in TH2-mediated responses. 
TH2 effector T cells are associated with tissue damage in chronic asthma 
(Chapter 81). TH2 cells produce cytokines to recruit and activate eosinophils 
(IL-5 and eotaxin), leading to degranulation, further tissue injury, and chronic, 
irreversible airway damage.

complexes activates FcγR-bearing mast cells and phagocytes and initiates the 
complement cascade, all effectors of tissue damage.

Immune complexes are generated in all antibody responses. The formation 
and the fate of immune complexes depend on the biophysical and immunologic 
properties of the antigen and the antibody. These properties include the size, 
net charge, and valence of the antigen; the class and subclass of the antibody; 
the affinity of the antibody-antigen interaction; the net charge and concentra-
tion of antibody; the molar ratio of available antigen and antibody; and the 
ability of the immune complex to interact with the proteins of the complement 
system. The lattice size of the immune complex is influenced strongly by the 
physical size and valence of the antigen, the association constant of antibody 
for that antigen, the molar ratio of antigen and antibody, and the absolute 
concentrations of the reactants. Larger aggregates fix complement more effi-
ciently, present a broader multivalent array of ligands for complement and 
FcγRs to bind, and are taken up more readily by mononuclear phagocytes in 
the liver and spleen and thereby removed from the circulation. Smaller immune 
complexes, which form in antigen excess—as occurs early in an immune 
response—circulate in the blood and are deposited in blood vessels, where 
they initiate inflammatory reactions and tissue damage through interactions 
with FcγRs and complement receptors.

Serum sickness7 is a systemic type III hypersensitivity reaction, historically 
described in patients injected with therapeutic horse antiserum for the treat-
ment of bacterial infections. In general, serum sickness occurs after the injection 
of large quantities of a soluble antigen. Clinical features include chills, fever, 
rash, urticaria, arthritis, and glomerulonephritis. Disease manifestations become 
evident 7 to 10 days after exposure to the antigen, when antibodies are gener-
ated against the foreign protein and form immune complexes with these cir-
culating antigens. Immune complexes are deposited in blood vessels, where 
they activate phagocytes and complement, producing widespread tissue injury 
and clinical symptoms. The effects are transient, however, and resolve after 
the antigen is cleared.

A syndrome similar to serum sickness occurs in chronic infections in which 
pathogens persist in the face of continued immune response. In subacute 
bacterial endocarditis (Chapter 67), antibody production continues but fails 
to eliminate the infecting microbes. As the pathogens multiply, generating 
new antigens, immune complexes form in the circulation and are deposited 
in small blood vessels, where they lead to inflammatory damage of skin, kidney, 
and nerve. Hepatitis B virus infection (Chapters 139 and 140) may be associ-
ated with immune complex deposition early in its course, during a period of 
antigen excess, because antibody production in response to hepatitis B surface 
antigen is as yet relatively insufficient; some anicteric patients may present 
with acute arthritis. Mixed essential cryoglobulinemia, which may be associ-
ated with hepatitis C viral infection, is an immune complex–mediated vasculitis 
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Additional TH effector cells, such as TH17 cells, mediate tissue damage. 
TH17 cells produce IL-17 family cytokines, as well as IL-21, IL-22, and GM-CSF, 
that regulate innate effectors and orchestrate local inflammation by inducing 
release of proinflammatory cytokines and chemokines, proliferation and acti-
vation of effector cells and other target cells, recruitment of neutrophils, and 
enhanced TH2-mediated inflammation, all of which amplify allergic and 
autoimmune responses. TH17 cells have been implicated in allergic disorders 
(atopic dermatitis, asthma) and autoimmune and inflammatory diseases (pso-
riasis, inflammatory bowel disease, rheumatoid arthritis, systemic lupus ery-
thematosus, multiple sclerosis), and chronic transplant rejection.8

In some autoimmune diseases, effector T cells specifically recognize self-
antigens to cause tissue damage, either by direct cytotoxicity or by inflamma-
tory responses mediated by activated macrophages. In type 1 insulin-dependent 
diabetes mellitus, T cells mediate destruction of β cells of the pancreatic islets. 
IFN-γ-producing T cells specific for myelin basic proteins have been implicated 
in multiple sclerosis. Rheumatoid arthritis is another autoimmune disease 
caused, at least in part, by activated TH1 cells.
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4. A syndrome similar to serum sickness occurs in which of the following 
infections?
 A. Hepatitis B
 B. Tuberculosis
 C. Pneumococcal pneumonia
 D. Influenza

Answer: A A syndrome similar to serum sickness occurs in chronic infections 
in which pathogens persist in the face of continued immune response. Hepatitis 
B virus infection may be associated with immune complex deposition early 
in its course, during a period of antigen excess, because antibody production 
in response to hepatitis B surface antigen is as yet relatively insufficient. Effi-
ciency of clearance of immune complexes depends on their size and valence. 
Smaller immune complexes, which form in antigen excess—as occurs early 
in an immune response—circulate in the blood and are deposited in blood 
vessels, where they initiate inflammatory reactions and tissue damage through 
interactions with FcγRs and complement receptors. In influenza and pneu-
mococcal pneumonia, there is no clinical evidence of systemic immune complex 
deposition. Tuberculosis generates T-cell responses.

5. The effector mechanisms that lead to tissue damage in autoimmune diseases 
are similar to those elicited in response to environmental antigens that 
result in allergy. Which hypersensitivity reaction is correctly matched to 
an autoimmune condition that occurs through a similar mechanism?
 A. Systemic lupus erythematosus and serum sickness
 B. Idiopathic thrombocytopenia purpura and asthma
 C. Multiple sclerosis and heparin-induced thrombocytopenia
 D. Myasthenia gravis and atopic dermatitis

Answer: A Systemic lupus erythematosus, the prototypical immune complex–
mediated autoimmune disease, is characterized by circulating IgG directed 
against common cellular constituents, typically DNA and DNA-binding pro-
teins. Like in the case of serum sickness, small immune complexes are deposited 
in skin, joints, and glomeruli and initiate local tissue damage. Idiopathic 
thrombocytopenia purpura, like type II hypersensitivity reactions, is mediated 
by autoantibodies that are directed to platelet surface antigens, whereas asthma 
is triggered by IgE against innocuous environmental antigens (type I hyper-
sensitivity reaction). T cells are key effectors in multiple sclerosis, whereas 
heparin-induced thrombocytopenia is caused by IgG autoantibodies. Myas-
thenia gravis is caused by IgG autoantibodies that recognize acetylcholine 
receptors and impair neuromuscular signaling, whereas atopic dermatitis is 
mediated by T cells.

REVIEW QUESTIONS

1. Type III hypersensitivity reactions are caused by tissue deposition of immune 
complexes which activate local effectors and lead to injury. Which of the 
following mediators are NOT characteristic of this pathway of inflammation?
 A. Fc receptors for IgE
 B. Complement
 C. Neutrophils
 D. Mononuclear phagocytes

Answer: A Type III responses are mediated by IgG directed against soluble 
antigens. Localized deposition of immune complexes activates mast cells, 
monocytes, neutrophils, and platelets bearing the Fc receptor for IgG (FcγR) 
and initiates the complement cascade, all effectors of tissue damage. Genera-
tion of complement components C3a and C5a recruits and stimulates inflam-
matory cells and amplifies effector functions. IgE does not participate in the 
inflammatory response. Of note, mast cells may be activated in type III responses 
through receptors for IgG or complement.

2. Type IV hypersensitivity reactions, as exemplified by the tuberculin test, 
do NOT require which of the following elements?
 A. IgG
 B. Macrophages
 C. TH1 effector cells
 D. IFN-γ

Answer: A The prototypic type IV hypersensitivity reaction is the tuberculin 
test, in which antigen is taken up, processed, and presented by macrophages. 
Type 1 helper T (TH1) effector cells that recognize the specific antigen are 
stimulated to release chemokines, which recruit macrophages to the site, and 
release cytokines including IFN-γ, which activate macrophages and enhance 
their release of inflammatory mediators. IgG does not participate in type IV 
hypersensitivity reactions.

3. In which of the following clinical situations are autoantibodies NOT critical 
triggers of tissue damage?
 A. Asthma
 B. Pemphigus vulgaris
 C. Graves disease
 D. Systemic lupus erythematosus

Answer: A IgE antibodies against innocuous environmental antigens initiate 
asthma, not autoantibodies. Autoantibodies against TSH receptors act as 
agonists in Graves disease. Autoantibodies against desmoglein-3 effect adhe-
sion between epidermal keratinocytes and cause blister formation. In systemic 
lupus erythematosus, inflammation is initiated by deposition of immune 
complexes containing autoantibodies directed against common cellular con-
stituents (e.g., DNA and ribonucleolar proteins).
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mechanical trauma, cytokines, growth factors, or other stimuli leads to release 
of free arachidonic acid from membrane phospholipids mainly via the action 
of cytosolic phospholipase A2 (cPLA2). Prostanoids, including prostaglandins, 
prostacyclins, and thromboxanes, are produced from free arachidonic acid by 
cyclooxygenases and specific isomerases. These molecules act at peripheral 
sensory neurons and central sites within the spinal cord and brain to evoke 
pain and hyperalgesia. Their production is increased in most acute inflamma-
tory conditions, including exacerbations of arthritis and inflammatory bowel 
disease. In response to exogenous and endogenous pyrogens, PGE2 derived 
from cyclooxygenase 2 (COX2) mediates a central febrile response. Prosta-
glandins, a type of prostanoid, synergize with bradykinin and histamine to 
enhance vascular permeability and edema.7 Prostaglandin levels are usually 
very low in normal tissues and increase rapidly with acute inflammation, well 
before leukocyte recruitment. COX2 induction with inflammatory stimuli 
most likely accounts for the high levels of prostanoids in chronic inflammation.

COX2 plays a key role in platelet-endothelial cell interactions by increasing 
production of prostacyclin (PGI2) in endothelial cells. Increased risk of myo-
cardial infarction associated with the use of selective COX2 inhibitors might 
be related to unopposed production of thromboxane A2 by COX1 in platelets. 
Prostacyclin also protects against atherosclerosis in mice, and COX2 blockade 
abrogates this beneficial effect. Thus, COX inhibitors can potentially increase 
thrombotic events.

A distinct set of enzymes direct arachidonic acid metabolites toward the 
synthesis of leukotrienes. Their relative importance depends on the specific 
target organ of an inflammatory response. For instance, leukotriene receptor 
antagonists are effective in asthma, whereas similar approaches have been 
less impressive in RA. Unlike prostaglandins, leukotrienes are primarily pro-
duced by inflammatory cells such as neutrophils, macrophages, and mast 
cells. 5-Lipoxygenase transforms released arachidonic acid into the epoxide 
leukotriene A4 (LTA4) in concert with 5-lipoxygenase-activating protein 
(FLAP). LTA4 can be hydrolyzed by cytosolic LTA4 hydrolase to LTB4, a 
potent neutrophil chemoattractant and stimulator of leukocyte adhesion to 
endothelial cells. LTA4 can also conjugate with glutathione to form LTC4 by 
LTC4 synthase at the nuclear envelope. LTC4 can be metabolized extracellularly 
to LTD4 and LTE4. These leukotrienes promote plasma leakage from postcapil-
lary venules, upregulation of expression of cell surface adhesion molecules, 
and bronchoconstriction.

 Mast Cell Products
Histamine is a vasoactive amine produced by basophils and mast cells (Chapter 
240) that markedly increases capillary leakage. In basophils, histamine is 
released in response to bacterial formylmethionyl-leucyl-phenylalanine (f-MLP) 
sequences, complement fragments C3a and C5a, and IgE. The resultant edema 
can be readily observed clinically in urticaria (Chapters 237 and 411) and 
allergic rhinitis (Chapter 398). The stimulus for release of histamine from 
mast cell granules is the same as in basophils, except for the absence of f-MLP 
receptors in this cell type. Histamine also synergizes with locally produced 
LTB4 and LTC4. In addition, histamine enhances leukocyte rolling and firm 
adhesion and induces gaps in the endothelial cell lining, enhancing leukocyte 
extravasation.

Despite the production of histamine in asthma and in acute synovitis, cur-
rently available histamine blockers have minimal therapeutic effect in these 
conditions. Targeting the histamine type 4 receptor (HR4), which has a variety 
of immunomodulatory effects on bone marrow derived cells, suggests that more 
precise inhibition of this novel histamine pathway might have greater success.

Tryptase is a neutral serine protease released by mast cells in response to 
allergens and is used as a biomarker of mastocytosis and systemic anaphylaxis.8 
Tryptase can also contribute to inflammation by promoting angiogenesis.

 Kinins
Kinins induce vasodilation, edema, and smooth muscle contraction, as well 
as pain and hyperalgesia, through stimulation of C fibers.9 They are formed 
from high- and low-molecular-weight kininogens by the action of serine pro-
tease kallikreins in plasma and peripheral tissues. The primary products of 
kininogen digestion are bradykinin and lysyl-bradykinin. These products have 
high affinity for the widely expressed B2 receptor. The peptides desArg-BK 
and Lys-desArg-BK are generated by carboxypeptidases and bind the kinin 
B1 receptor subtype, which is not expressed in normal tissues but is rapidly 
upregulated by TLR ligands and cytokines. Kinin actions are associated with 
secondary production of other mediators of inflammation, including nitric 
oxide, mast cell–derived products, and the pro-inflammatory cytokines IL-6 
and IL-8.

flares and can reverse end-organ damage. The inflammasome also participates 
in gout (Chapter 257), in which urate crystals can activate the inflammasome.

 IMMUNE COMPLEXES AND COMPLEMENT
The complement system (Chapter 44) is another ancient defense mechanism 
that links innate immunity and the humoral arm of adaptive immunity. Both 
the classical complement pathway, activated by immunoglobulin G (IgG)- and 
IgM-containing immune complexes, and the alternative pathway, activated 
by bacterial products, converge at the third component of complement, C3, 
with proteolytic release of fragments that amplify the inflammatory response 
and mediate tissue injury. C3a and C5a directly increase vascular permeability 
and contraction of smooth muscle. C5a induces mast cell release of histamine, 
thereby indirectly mediating increased vascular permeability. C5a also activates 
leukocytes and enhances their chemotaxis, adhesion, and degranulation, with 
release of proteases and toxic metabolites. C5b attaches to the surface of cells 
and microorganisms and is the first component in the assembly of the C5b-9 
membrane attack complex.

 NEUTROPHIL EXTRACELLULAR TRAPS
Neutrophils contribute to microbe elimination through phagocytosis, genera-
tion of reactive oxygen species, and degranulation. Another more recently 
discovered antimicrobial activity is their extrusion of chromatin fibers contain-
ing antimicrobial peptides and enzymes, called neutrophil extracellular traps 
(NETs).5 These structures immobilize and kill invading microorganisms. They 
may also contribute to autoimmune and inflammatory disorders by binding and 
displaying extracellular autoantigens or as a stimulus for thrombus formation.

 Second Wave of the Inflammatory Response
Activation of innate immunity quickly leads to the robust influx of inflamma-
tory cells. Resident cells, such as vascular endothelial cells, mast cells, dendritic 
cells, and interstitial fibroblasts, respond by releasing soluble mediators, includ-
ing eicosanoids and pro-inflammatory cytokines (E-Table 42-2). These media-
tors amplify the inflammatory response and recruit additional leukocytes. 
Locally stimulated cells, along with the newly arrived inflammatory cells, 
release toxic reactive intermediates of nitrogen and oxygen as well as a myriad 
of proteases, principally matrix metalloproteinases (MMPs), serine proteases, 
and cysteine proteases. In most situations, the normal physiologic response 
is an exquisitely coordinated program that uses proteolytic enzymes to remodel 
the ECM and promote a supportive environment for wound healing rather 
than tissue damage.

 CELLULAR RESPONSE
Inflammatory cell infiltration at the site of tissue damage begins with release 
of chemokines and soluble mediators from resident cells, including interstitial 
fibroblasts, mast cells, and vascular endothelial cells. Signaling from these 
events alters the local adhesion molecule profile and creates a chemotactic 
gradient that recruits cells from the blood stream. Mast cells act as sentinels 
that degranulate within seconds after ligation of immunoreceptors and activa-
tion of the signaling molecule spleen tyrosine kinase (Syk) to release vasoactive 
amines. In acute responses, polymorphonuclear leukocytes (PMNs) are usually 
the first inflammatory cells to arrive at the site of injury, followed later by 
mononuclear cells.

 SOLUBLE MEDIATORS
 Pro-Inflammatory Cytokines
Pro-inflammatory cytokines, often derived from macrophages and fibroblasts, 
are mediators that activate the immune system. The pro-inflammatory members 
of the IL-1 family (IL-1α, IL-1β, IL-18, and IL-33) and TNF have pleiotropic 
activities and can enhance adhesion molecule expression on endothelial cells, 
induce proliferation of endogenous cells, and stimulate antigen presentation. 
IL-1 and TNF increase expression of matrix-degrading enzymes, such as col-
lagenase and stromelysin, and stimulate synthesis of other inflammatory 
mediators such as prostaglandins from fibroblasts. TNF inhibitors (Chapter 
33) are effective in inflammatory diseases such as psoriasis, RA, and inflam-
matory bowel disease, and IL-1 inhibitors are beneficial in genetic diseases 
such as the cryopyrinopathies.

 Eicosanoids
Local inflammatory responses lead to release of lipid-derived eicosanoids. 
These molecules are produced adjacent to sites of injury, and their half-lives 
range from seconds to minutes. Eicosanoids, such as prostanoids and leukot-
rienes, are produced de novo from membrane lipids when cell activation by 
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 THE INFLAMMATORY RESPONSE
Host defense mechanisms have evolved to recognize pathogens rapidly, render 
them harmless, and repair damaged tissue. These complex, highly regulated 
events can also be triggered by environmental stimuli such as noxious mechani-
cal and chemical agents. Under normal circumstances, tightly controlled 
responses protect against further injury and clear damaged tissue. In disease 
states, however, pathologic inflammation can lead to marked extracellular 
matrix (ECM) destruction and organ dysfunction.

 Initiation of the Inflammatory Response
When tissue encounters a pathogen, resident cells are stimulated by engage-
ment of pattern recognition receptors that activate an ancient arm of host 
defense known as innate immunity. In contrast to adaptive immunity, which 
provides exquisite antigen specificity, innate immune responses recognize 
common motifs on pathogens (Chapter 39). Additional cytoplasmic receptors 
can sense “danger” signals from a toxic environment or cellular stress, such 
as urate or adenosine triphosphate (ATP). Innate mechanisms are designed 
for rapid responses (minutes to hours) compared with the more leisurely 
adaptive system that can take days to weeks to develop. In addition to orches-
trating early events that enable host defense, innate immune cells orchestrate 
the subsequent adaptive cascade through generation of chemokines that orga-
nize lymphoid tissue and presentation of antigens to lymphocytes. Innate 
immunity provides intergenerational continuity in that the receptors are encoded 
in the germline and pass unchanged to progeny to protect the species. In 
contrast, each individual must generate his or her own adaptive immune system 
through somatic mutations and gene rearrangements. This provides defense 
tailored for each member of the species; its complexity and beauty permit 
specificity but also provide opportunities for error such as responses against 
self-antigens in autoimmunity.1

 PATHOGEN-ASSOCIATED MOLECULAR PATTERN (PAMP) RECOGNITION
Toll-like receptor (TLR) proteins bind common patterns of molecular struc-
tures on microbial pathogens not normally found in mammalian cells.2 The 
TLRs are critical members of the innate immune system, serving as sentinels 

that initiate a rapid response. Some are expressed on the cell surface, such as 
TLR2, which is activated by bacterial peptidoglycan and lipoproteins, and 
TLR4, which is activated by lipopolysaccharide (LPS, or endotoxin). Others 
are expressed on the inner leaflet of cytoplasmic vesicles, like TLR9, which 
is activated by unmethylated CpG-rich bacterial sequences, or TLR3 and 
TLR7, which promote antiviral defense by binding double-stranded and single-
stranded viral RNA, respectively. Some endogenous structures can bind to 
TLRs, including heat shock proteins and oxidized low-density lipoproteins 
(oxLDLs). The latter are important in the pathogenesis of atherosclerosis, 
where LDL activates TLR4 within vascular plaques, inciting local endothelial 
cell– and macrophage-derived chemotactic factors to recruit T cells into the 
atheroma.

The TLR signal transduction mechanisms integrate environmental stimuli 
and generate a broadly antipathogen response that also activates adaptive 
responses. TLRs direct dendritic cells (Chapter 39) to migrate from peripheral 
tissues to central lymphoid organs. Dendritic cells produce cytokines and, 
after maturation, present antigens to T cells in the context of class II major 
histocompatibility molecules and surface costimulatory proteins. The activated 
T cells then migrate to the tissue to enhance and amplify the host response.

 ENVIRONMENTAL STRESS AND DANGER-ASSOCIATED MOLECULAR 
PATTERNS (DAMPS)
Danger-associated molecular pattern molecules (DAMPs), also known as 
“alarmins,” serve to detect and respond to microenvironment damage. Tissue 
injury due to trauma or noxious stimulus initiates an inflammatory response 
and is associated with microvascular damage, extravasation of leukocytes, and 
leakage of plasma and proteins into the tissue. Alarmins are often preformed 
in cells, such as mast cells, and are released or quickly processed and secreted 
in response to stress. Endogenous proteins including ATP receptors, S100 
proteins, heat shock proteins, and high mobility-group box 1 (HMGB1) 
mediate release of molecules that reflect cellular toxicity and induce a cellular 
response. Other alarmins include products of cell damage, such as ATP or 
uric acid. Cell surface acid-sensitive ion channels (ASICs) can also detect 
environmental stress by sensing decreased tissue pH. ASICs can mediate a 
variety of cellular functions, including cell death through apoptosis or pain 
responses that lead to adaptive pain behaviors, limiting further exposure to 
noxious stimuli.

 PROTEASES, COAGULATION, AND INFLAMMATION
Although the coagulation system’s primary function is to maintain vascular 
integrity, proteases that regulate coagulation also promote early responses to 
tissue damage and inflammation. For example, plasminogen is a circulating 
proenzyme that can be cleaved to plasmin by enzymes in the coagulation 
pathway, including Factor XIa and XIIa. Tissue plasminogen activating factor 
and kallikrein also have this capacity. Once activated, the serine protease 
plasmin can digest fibrin, fibronectin, thrombospondin, and laminin as well 
as activate pro-matrix metalloproteinases like collagenase (MMP1). By remod-
eling the extracellular matrix, this system can regulate cell recruitment and 
tissue damage.

Thrombus formation at the site of vascular damage can begin the inflam-
matory cascade through the release of vasoactive amines (e.g., serotonin), 
release of lysosomal proteases, and formation of eicosanoid products. The 
platelets can also later regulate healing with release of growth factors such as 
platelet-derived growth factor (PDGF) and transforming growth factor-β 
(TGF-β).

 INFLAMMASOME
The inflammasome is among the best-characterized mechanisms for sensing 
danger and includes the 22-family-member human Nod-like receptor (NLR) 
family of cytoplasmic proteins.3 Activated NLR proteins recruit additional 
proteins to form a complex with caspase-1 and adaptor molecule apoptosis-
associated specklike protein (ASC). Activation of caspase-1 is a key function 
of inflammasomes, with resultant cleavage and activation of interleukin-1 
(IL-1), IL-18, and the alarmin IL-33.

Disorders of the inflammasome are associated with a group of conditions 
known as autoinflammatory diseases (Chapter 245). The prototypic syndromes 
known as familial cold autoinflammatory disease, Muckle-Wells disease, and 
neonatal-onset multisystem inflammatory disease (NOMID) are due to non-
conserved mutations in the NLR gene that encodes cryopyrin (also known as 
NALP3). These rare diseases are characterized by abnormal inflammasome 
activation with aberrant release of processed IL-1β. The critical role of IL-1 
has been proved by studies using treatment with IL-1 inhibitors, which prevent 
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ABSTRACT
Sensing danger from foreign pathogens is a complex process involving a series 
of coordinated events that quickly recognize pathogens, alert other cells and 
tissues to the danger, and eliminate the threat. These processes, which can 
also be triggered by environmental stimuli including pathogens, mechanical 
stress, and chemical agents, involve an early inflammatory response followed 
by a second wave. The initial response involves stimulation of innate immune 
cells through molecular pattern recognition mechanisms, followed by propaga-
tion involving systems such as proteases, coagulation factors, inflammasome 
components, complement, and neutrophil extracellular traps. The second wave 
involves immune cell infiltration into tissues, followed by responses of tissue 
resident cells, which include production of soluble mediators of inflammation 
like inflammatory cytokines, eicosanoids, and mast cell products, stimulation 
of cell metabolism, and epigenetic changes that modify gene expression. This 
program of events can contribute to tissue destruction, largely mediated through 
generation of reactive oxygen and nitrogen species, proteases, and extracellular 
matrix damage. Consequently, resolution of inflammation, repair of the result-
ing tissue damage, and prevention of further injury are required to restore 
homeostasis. Inflammatory cells are eliminated through production of anti-
inflammatory soluble mediators, antioxidants, and protease inhibitors, and 
deactivation of intracellular signaling pathways. Normally, these intricate 
responses enable host response to environmental triggers while mitigating 
tissue damage. In disease states, however, inadequately controlled inflamma-
tion can lead to extracellular matrix damage, exacerbation of disease, and 
ultimately to organ dysfunction.
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These genes offer protection against pathogens by initiating key defense 
mechanisms. However, these same pathways can create a hazardous milieu 
that is toxic to host cells through production of oxygen radicals, nitric oxide, 
and other reactive intermediaries. These molecules can damage DNA and 
harm bystander cells, or lead to neoplasia (E-Table 42-1).

Signaling by TLR2 and TLR4 progresses through adaptor proteins and 
often converges on the kinase MyD88, which orchestrates several downstream 
cascades. IκB kinase-β (IKKβ) phosphorylation activates nuclear factor-κB 
(NF-κB), a master switch for inflammatory genes. NF-κB nuclear transloca-
tion stimulates production of cytokines (e.g., interleukin-6 [IL-6], IL-8, and 
tumor necrosis factor [TNF]), the machinery for prostaglandin release (e.g., 
cyclooxygenase 2 [COX2]), and genes that regulate the ECM (e.g., metal-
loproteinases). MyD88-independent pathways also exist; for instance, TLR3 
engagement activates a separate pathway involving IKKβ and interferon regu-
lating factor-3 (IRF-3). IRF-3, in combination with other transcription factors, 
induces expression of genes, such as interferon-β (IFN-β), that establish an 
antiviral state.

E-TABLE 42-1 EXAMPLES OF INFLAMMATION PATHWAYS IN 
DISEASE

DISEASE ACTIVATED PATHWAYS
Atherosclerosis Toll-like receptor activation (e.g., oxLDL)

Chemokine-mediated leukocyte recruitment (e.g., 
MCP-1)

Cancer Reactive oxygen and nitrogen intermediate-induced 
mutations

Cyclooxygenase 2–mediated neoplasia (e.g., colon, 
breast)

NF-κB prolonging survival of damaged cells
Asthma IgE-mediated mast cell activation

TH2 cytokine-mediated leukocyte activation
Leukotriene-induced bronchospasm
Protease-induced airway remodeling

Rheumatoid arthritis Toll-like receptor activation (e.g., peptidoglycan)
Macrophage/fibroblast cytokine production, 

including IL-1, TNF, and IL-6
Cyclooxygenase 2 induction
Protease-mediated cartilage destruction
Synovial complement activation

Systemic lupus erythematosus Complement activation in multiple organs
α-Interferon production and interferon signature

Autoinflammatory diseases Inflammasome activation, including production of 
IL-1, IL-18 and IL-33

Psoriasis TH17 cell activation
IL-17A, IL-12, and IL-23 mediated inflammation

IgE = immunoglobulin E; MCP-1 = monocyte chemoattractant protein 1; NF-κB = nuclear 
factor-κB; oxLDL = oxidized low-density lipoprotein; TH2 = helper T lymphocyte type 2; TH17 = 
helper T lymphocyte type 17; TNF = tumor necrosis factor.

Non-TLR cytoplasmic sensors serve a similar purpose. RIG-1 and MDA5 
can detect RNA viruses and intiate an inflammatory response. These are, in 
some cases, partially redundant with TLR3 and 7 and can activate similar 
signaling mechansisms.

Sepsis can cause dysregulation of the hemostatic system and lead to dis-
seminated intravascular coagulation. Thus, targeting this pathway could poten-
tially provide therapeutic benefit. As a proof of concept, recombinant human 
thrombomodulin, which reduces thrombin-mediated clotting, reduces mortality 
in sepsis and has been approved for use in the United States.
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mechanical trauma, cytokines, growth factors, or other stimuli leads to release 
of free arachidonic acid from membrane phospholipids mainly via the action 
of cytosolic phospholipase A2 (cPLA2). Prostanoids, including prostaglandins, 
prostacyclins, and thromboxanes, are produced from free arachidonic acid by 
cyclooxygenases and specific isomerases. These molecules act at peripheral 
sensory neurons and central sites within the spinal cord and brain to evoke 
pain and hyperalgesia. Their production is increased in most acute inflamma-
tory conditions, including exacerbations of arthritis and inflammatory bowel 
disease. In response to exogenous and endogenous pyrogens, PGE2 derived 
from cyclooxygenase 2 (COX2) mediates a central febrile response. Prosta-
glandins, a type of prostanoid, synergize with bradykinin and histamine to 
enhance vascular permeability and edema.7 Prostaglandin levels are usually 
very low in normal tissues and increase rapidly with acute inflammation, well 
before leukocyte recruitment. COX2 induction with inflammatory stimuli 
most likely accounts for the high levels of prostanoids in chronic inflammation.

COX2 plays a key role in platelet-endothelial cell interactions by increasing 
production of prostacyclin (PGI2) in endothelial cells. Increased risk of myo-
cardial infarction associated with the use of selective COX2 inhibitors might 
be related to unopposed production of thromboxane A2 by COX1 in platelets. 
Prostacyclin also protects against atherosclerosis in mice, and COX2 blockade 
abrogates this beneficial effect. Thus, COX inhibitors can potentially increase 
thrombotic events.

A distinct set of enzymes direct arachidonic acid metabolites toward the 
synthesis of leukotrienes. Their relative importance depends on the specific 
target organ of an inflammatory response. For instance, leukotriene receptor 
antagonists are effective in asthma, whereas similar approaches have been 
less impressive in RA. Unlike prostaglandins, leukotrienes are primarily pro-
duced by inflammatory cells such as neutrophils, macrophages, and mast 
cells. 5-Lipoxygenase transforms released arachidonic acid into the epoxide 
leukotriene A4 (LTA4) in concert with 5-lipoxygenase-activating protein 
(FLAP). LTA4 can be hydrolyzed by cytosolic LTA4 hydrolase to LTB4, a 
potent neutrophil chemoattractant and stimulator of leukocyte adhesion to 
endothelial cells. LTA4 can also conjugate with glutathione to form LTC4 by 
LTC4 synthase at the nuclear envelope. LTC4 can be metabolized extracellularly 
to LTD4 and LTE4. These leukotrienes promote plasma leakage from postcapil-
lary venules, upregulation of expression of cell surface adhesion molecules, 
and bronchoconstriction.

 Mast Cell Products
Histamine is a vasoactive amine produced by basophils and mast cells (Chapter 
240) that markedly increases capillary leakage. In basophils, histamine is 
released in response to bacterial formylmethionyl-leucyl-phenylalanine (f-MLP) 
sequences, complement fragments C3a and C5a, and IgE. The resultant edema 
can be readily observed clinically in urticaria (Chapters 237 and 411) and 
allergic rhinitis (Chapter 398). The stimulus for release of histamine from 
mast cell granules is the same as in basophils, except for the absence of f-MLP 
receptors in this cell type. Histamine also synergizes with locally produced 
LTB4 and LTC4. In addition, histamine enhances leukocyte rolling and firm 
adhesion and induces gaps in the endothelial cell lining, enhancing leukocyte 
extravasation.

Despite the production of histamine in asthma and in acute synovitis, cur-
rently available histamine blockers have minimal therapeutic effect in these 
conditions. Targeting the histamine type 4 receptor (HR4), which has a variety 
of immunomodulatory effects on bone marrow derived cells, suggests that more 
precise inhibition of this novel histamine pathway might have greater success.

Tryptase is a neutral serine protease released by mast cells in response to 
allergens and is used as a biomarker of mastocytosis and systemic anaphylaxis.8 
Tryptase can also contribute to inflammation by promoting angiogenesis.

 Kinins
Kinins induce vasodilation, edema, and smooth muscle contraction, as well 
as pain and hyperalgesia, through stimulation of C fibers.9 They are formed 
from high- and low-molecular-weight kininogens by the action of serine pro-
tease kallikreins in plasma and peripheral tissues. The primary products of 
kininogen digestion are bradykinin and lysyl-bradykinin. These products have 
high affinity for the widely expressed B2 receptor. The peptides desArg-BK 
and Lys-desArg-BK are generated by carboxypeptidases and bind the kinin 
B1 receptor subtype, which is not expressed in normal tissues but is rapidly 
upregulated by TLR ligands and cytokines. Kinin actions are associated with 
secondary production of other mediators of inflammation, including nitric 
oxide, mast cell–derived products, and the pro-inflammatory cytokines IL-6 
and IL-8.

flares and can reverse end-organ damage. The inflammasome also participates 
in gout (Chapter 257), in which urate crystals can activate the inflammasome.

 IMMUNE COMPLEXES AND COMPLEMENT
The complement system (Chapter 44) is another ancient defense mechanism 
that links innate immunity and the humoral arm of adaptive immunity. Both 
the classical complement pathway, activated by immunoglobulin G (IgG)- and 
IgM-containing immune complexes, and the alternative pathway, activated 
by bacterial products, converge at the third component of complement, C3, 
with proteolytic release of fragments that amplify the inflammatory response 
and mediate tissue injury. C3a and C5a directly increase vascular permeability 
and contraction of smooth muscle. C5a induces mast cell release of histamine, 
thereby indirectly mediating increased vascular permeability. C5a also activates 
leukocytes and enhances their chemotaxis, adhesion, and degranulation, with 
release of proteases and toxic metabolites. C5b attaches to the surface of cells 
and microorganisms and is the first component in the assembly of the C5b-9 
membrane attack complex.

 NEUTROPHIL EXTRACELLULAR TRAPS
Neutrophils contribute to microbe elimination through phagocytosis, genera-
tion of reactive oxygen species, and degranulation. Another more recently 
discovered antimicrobial activity is their extrusion of chromatin fibers contain-
ing antimicrobial peptides and enzymes, called neutrophil extracellular traps 
(NETs).5 These structures immobilize and kill invading microorganisms. They 
may also contribute to autoimmune and inflammatory disorders by binding and 
displaying extracellular autoantigens or as a stimulus for thrombus formation.

 Second Wave of the Inflammatory Response
Activation of innate immunity quickly leads to the robust influx of inflamma-
tory cells. Resident cells, such as vascular endothelial cells, mast cells, dendritic 
cells, and interstitial fibroblasts, respond by releasing soluble mediators, includ-
ing eicosanoids and pro-inflammatory cytokines (E-Table 42-2). These media-
tors amplify the inflammatory response and recruit additional leukocytes. 
Locally stimulated cells, along with the newly arrived inflammatory cells, 
release toxic reactive intermediates of nitrogen and oxygen as well as a myriad 
of proteases, principally matrix metalloproteinases (MMPs), serine proteases, 
and cysteine proteases. In most situations, the normal physiologic response 
is an exquisitely coordinated program that uses proteolytic enzymes to remodel 
the ECM and promote a supportive environment for wound healing rather 
than tissue damage.

 CELLULAR RESPONSE
Inflammatory cell infiltration at the site of tissue damage begins with release 
of chemokines and soluble mediators from resident cells, including interstitial 
fibroblasts, mast cells, and vascular endothelial cells. Signaling from these 
events alters the local adhesion molecule profile and creates a chemotactic 
gradient that recruits cells from the blood stream. Mast cells act as sentinels 
that degranulate within seconds after ligation of immunoreceptors and activa-
tion of the signaling molecule spleen tyrosine kinase (Syk) to release vasoactive 
amines. In acute responses, polymorphonuclear leukocytes (PMNs) are usually 
the first inflammatory cells to arrive at the site of injury, followed later by 
mononuclear cells.

 SOLUBLE MEDIATORS
 Pro-Inflammatory Cytokines
Pro-inflammatory cytokines, often derived from macrophages and fibroblasts, 
are mediators that activate the immune system. The pro-inflammatory members 
of the IL-1 family (IL-1α, IL-1β, IL-18, and IL-33) and TNF have pleiotropic 
activities and can enhance adhesion molecule expression on endothelial cells, 
induce proliferation of endogenous cells, and stimulate antigen presentation. 
IL-1 and TNF increase expression of matrix-degrading enzymes, such as col-
lagenase and stromelysin, and stimulate synthesis of other inflammatory 
mediators such as prostaglandins from fibroblasts. TNF inhibitors (Chapter 
33) are effective in inflammatory diseases such as psoriasis, RA, and inflam-
matory bowel disease, and IL-1 inhibitors are beneficial in genetic diseases 
such as the cryopyrinopathies.

 Eicosanoids
Local inflammatory responses lead to release of lipid-derived eicosanoids. 
These molecules are produced adjacent to sites of injury, and their half-lives 
range from seconds to minutes. Eicosanoids, such as prostanoids and leukot-
rienes, are produced de novo from membrane lipids when cell activation by 
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Individuals with abnormalities of early complement components, especially 
C1q, C2, and C4, usually have a minimally increased incidence of infection 
but demonstrate enhanced risk of developing autoimmune diseases such as 
systemic lupus erythematosus (SLE) (Chapter 250), possibly due to inefficient 
clearance of immune complexes. Enhanced activation and consumption of 
complement proteins can also occur in SLE accompanied by low plasma C3 
and C4 levels, especially in association with disease exacerbations. C3 or C5 
deficiency increases susceptibility to bacterial infections, whereas defects in 
the late components that form the membrane attack complex result in an 
increased incidence of Neisseria sp bacteremia. Blocking formation of the 
membrane attack complex may, however be used to treat paroxysmal nocturnal 
hemoglobinuria (PNH) by protecting red blood cells from complement-
mediated intravascular hemolysis.4 An antibody directed against C5 was also 
effective in several PNH clinical trials.

Increased expression of intracellular adhesion molecule 1 (ICAM-1) and 
vascular cell adhesion molecule 1 (VCAM-1), as well as increased chemokine 
expression, is evident in other cell types, such as the airway epithelium after 
allergen challenge in asthma. Rapid transient influx of neutrophils occurs in 
allergic airway disease, along with activation of local T cells and mast cells. 
Neutrophils produce lipid mediators, reactive oxygen intermediates, and pro-
teases such as elastase, which may contribute to airflow obstruction, epithelial 
damage, and remodeling. Neutrophil elastase, together with chemokines released 
by both recruited and allergen-activated T cells and mast cells, serves to recruit 
eosinophils.

Ligation of integrins on leukocytes prolongs their survival once they move 
into damaged tissue by preventing apoptosis. The central role of specific adhe-
sion molecule-ligand pairs has been confirmed in human diseases. For instance, 
α4β1 is key in recruiting lymphocytes to the central nervous system in multiple 
sclerosis, and blocking this interaction suppresses disease activity (Chapter 
383). Eosinophils use the same adhesion receptors to migrate into the lung 
in allergen-induced asthma (Chapter 81).

Chemokines have the capacity to recruit specific subsets of cells by binding 
to G-protein coupled chemokine receptors.6 Directly targeting chemokines, 
such as CCL2, has met with limited success in clinical trials, perhaps because 
the system is quite complex and highly redundant. Antibodies against CXCL10 
on the other hand, have been successfully tested in early clinical trials for RA 
and ulcerative colitis. Another approach could be to block chemokine recep-
tors. However, neither CCR2 nor CCR5 antagonists were successful in RA 
clinical trials, possibly due to overlapping functions of multiple chemokines. 
An alternative approach might be to target intracellular mechanisms distal to 
chemokine receptor ligation, such as the phosphoinositide-3 kinase (PI3K) 
system. PI3Kγ is mainly expressed in bone marrow–derived cells and is the 
convergence point for multiple chemotactic factors.

Increased vascular permeability allows blood-borne proteins such as fibrino-
gen, fibronectin, and vitronectin to extravasate into the perivascular ECM. 
Interaction with preexisting ECM allows the assembly of new ligands for 
adhesion molecules (e.g., integrins α5β1 and αvβ3). A change in the profiles 
of adhesion molecules and ligands, in conjunction with release of chemoat-
tractant molecules, contributes to leukocyte recruitment to sites of inflam-
mation. Chemokines involved are IL-8 (for neutrophils), macrophage 
chemoattractant protein-1 (MCP-1) for monocytes, RANTES (regulated on 
activation, T-cell expressed and secreted) for monocytes and eosinophils, and 
IL-16 (for CD4+ T cells).

Most tissue fibroblasts and vascular endothelial cells are quiescent before 
migration of PMNs into the tissue. However, these resident cells can be trig-
gered to proliferate and migrate toward the site of injury and synthesize cyto-
kines, proteases, and ECM components. Growth factors are released, such as 
basic fibroblast growth factor (bFGF) and vascular endothelial growth factor 
(VEGF), stimulating new blood vessel formation. Together with granulocyte-
macrophage colony-stimulating factor (GM-CSF), these growth factors con-
tribute to cellular proliferation and amplification of the inflammatory response 
and induce maturation of dendritic cells that process antigens. Fibroblasts 
and endothelial cells also secrete ECM proteins, MMPs, and other ECM-
digesting enzymes. Initially, the response favors proteolytic activity to clear 
damaged infrastructure. This is followed by a shift to increased production of 
new ECM to allow tissue repair and wound healing.

E-TABLE 42-2 SIGNALS FOR INDUCTION AND REPAIR  
OF INFLAMMATION

INFLAMMATION RESOLUTION AND TISSUE REPAIR
CYTOKINES AND GROWTH FACTORS

TNF TGF-β
IL-1 family (IL-1, IL-18, IL-33) IL-10
IL-6 family (IL-6, IL-11, LIF, 

osteopontin)
FGF

IL-4, IL-13 Osteoprotegerin
IL-15 IL-1RII
IL-17 family (IL-17A-F) IL-1Ra
IL-12 family (IL-12, IL-23, IL-27) Soluble TNF-R
VEGF IL-18 binding protein
Chemokines

IL-8
MCP-1
RANTES
IL-16
CCL2
CXL10

Alarmins
HMGB1
ATP receptors
S100 proteins
Heat shock proteins
IL-33

PROTEASES

Matrix metalloproteinases TIMPs
 Collagenases
 Gelatinases
 Stromelysins
 Matrilysins
Serine proteases SERPINs, α2-macroglobulin
 Trypsin

Chymotrypsin
Kallikrein
Plasmin

Cysteine proteases
ADAMTS family
 Aggrecanases
SMALL MOLECULE MEDIATORS

Prostaglandins (especially PGE2) Lipoxins
Leukotrienes (especially LTB4) Cyclopentenone
C3a and C5a Antioxidants
Histamine
Bradykinin
Reactive oxygen
Reactive nitrogen
APOPTOSIS REGULATORS

Soluble Fas ligand Fas
TRAIL
Reactive oxygen
Reactive nitrogen

OTHER Phosphatases
ADAMTS = a disintegrin and metalloproteinase family; ATP = adenosine triphosphate; CCL2 = 
C-C motif chemokine ligand 2; CXCL10 = C-X-C motif chemokine 10; FGF = fibroblast growth 
factor; IL = interleukin; LIF = leukemia inhibitory factor; MCP-1 = monocyte chemoattractant 
protein 1; R = receptor; Ra = receptor antagonist; RANTES = regulated on activation normal T cell 
expressed and secreted; SERPINs = serine protease inhibitors; TGF = transforming growth factor; 
TIMPs = tissue inhibitors of metalloproteinase; TNF = tumor necrosis factor; TRAIL = 
TNF-related apoptosis-inducing ligand; VEGF = vascular endothelial growth factor; HMGB1= high 
mobility-group box 1.
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The role of pro-inflammatory cytokines varies among different diseases, as 
evidenced by varying benefit of individual cytokine inhibitors among different 
diseases. For instance, IL-6 blockade is effective in RA, whereas IL-12/23 
and IL-17A inhibition are very effective against psoriasis but not RA.

Cytokines play a key role in the establishment and perpetuation of immune-
mediated diseases. As noted above, autocrine and paracrine cytokine networks 
play a critical role in the perpetuation of inflammation in RA (Chapter 248). 
MCP-1 recruits and activates macrophages into atheromas containing oxLDLs 
and foam cells. In allergic asthma (Chapter 81), IL-13 is emerging as a central 
inflammatory cytokine. IL-13 functions through binding to cell surface IL-4 
receptors, and IL-4R–deficient mice are relatively resistant to the development 
of asthma.

Many cytokines activate cells by ligating their receptors and engaging the 
Janus kinase ( JAK) family of signaling molecules, including JAK1, JAK2, JAK3, 
and Tyk2. These kinases phosphorylate the STAT proteins (signal transducer 
and activator of transcription). The STATs serve as transcription factors that 
initiate expression of other cytokines and mediators of inflammation. JAK 
inhibition represents an alternative approach to abrogating the inflammatory 
response. The JAK inhibitor tofacitinib rapidly lowers plasma CXCL10 levels 
and decreases synovial phospho-STAT1 and phospho-STAT3 in RA. A1 

IL-1 and TNF comprise a small fraction of the acute cytokine response. 
Many other factors also participate, including IL-6 and its related cytokines 
(IL-11, osteopontin, and leukemia inhibitory factor), which can induce acute 
phase reactants and bias an immune response toward a helper T type 1 (TH1) 
or TH2 phenotype (Chapter 40). GM-CSF can regulate dendritic cell matura-
tion, increase expression of human leukocyte antigen (HLA-DR) on these 
cells, and enhance antigen presentation. The TH1 lymphokine IFN-γ can also 
induce expression of HLA-DR, increase expression of endothelial cell adhe-
sion molecules, and inhibit collagen production. IL-1, IL-6, and IL-23 can 
coordinate differentiation toward TH17 cells, a phenotype that contributes to 
autoimmunity due to production of IL-17A and perhaps IL-17F. The growth 
factor TGF-β biases cells toward the regulatory T cell (Treg) phenotype, 
which can suppress antigen-specific responses of other T cells. IL-6 and auto-
crine IL-21 promote differentiation of follicular helper T cells (TFH), which 
secrete CXCL13, IL-21 and IL-4 and regulate germinal center formation and 
function, providing specialized help to B cells. Cytokines also govern differ-
entiation of innate lymphoid cells (ILCs), which lack antigen receptors, are 
enriched in epithelial and parenchymal tissues, and act as a local barrier against 
infections and tumors and respond to tissue damage. ILCs can be classified 
into four subsets, ILC1, ILC2, ILC3 and natural killer cells, that display cyto-
kine expression and immune functions similar to their homologous subsets 
of CD4 (Th1, Th2, TH17) or CD8 T cells, respectively.
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activation is typically initiated by phosphorylation of IkB, which targets it 
for proteolysis.13 IkB expression later increases dramatically and stops the 
signaling through this pathway. JAK-STAT signaling is inhibited by suppres-
sor of cytokine stimulation (SOCS) proteins as well as by phosphatases that 
dephosphorylate JAK or STAT proteins.

 Anti-Inflammatory Prostanoids and Cyclooxygenase
COX2 induced by pro-inflammatory mediators appears early and contributes 
to inflammatory responses. However, late COX2 expression suggests that it 
also functions to resolve inflammation. This regulation might occur through 
formation of the cyclopentenone prostaglandins (CyPG). These prostanoids 
can serve as ligands for peroxisome proliferator-activated receptors (PPARs)14 
(Chapter 216). There are three main classes of PPAR receptors—PPARα, 
PPARβ/δ, and PPARγ—all of which bind to DNA as heterodimers in associa-
tion with the retinoid X receptor. Activation of PPARγ by CyPG is associated 
with the suppression of activator protein 1 (AP-1) and STAT transcriptional 
pathways in macrophages. A variety of natural and synthetic PPAR agonists 
have demonstrated efficacy in models of ischemia-reperfusion injury, arthritis, 
and inflammatory airway disease.

 INHIBITORS OF DIRECT EFFECTORS
 Antioxidants
Antioxidant enzymes such as catalase and superoxide dismutase inactivate 
toxic intermediates. Catalase is a peroxisomal enzyme that catalyzes the con-
version of hydrogen peroxide to water and oxygen. Superoxide dismutases 
(SOD) catalyze the dismutation of superoxide to hydrogen peroxide, which 
is then removed by catalase or glutathione peroxidase. Glutathione peroxidases 
and glutathione reductase are additional mechanisms for maintaining redox 
balance and removal of toxic metabolites. Insufficient production of intracel-
lular antioxidants such as glutathione can suppress lymphocyte responses and 
could account for defective T-cell receptor signaling and blunted immunity 
in T cells derived from RA synovium (Chapter 248).

 Protease Inhibitors
Protease inhibitors (Table 42-2) regulate the function of endogenous proteases 
and reduce the likelihood of collateral damage to tissues, and are classified as 
active site inhibitors and α2-macroglobulin (α2M).15 The family of serine 
protease inhibitors (SERPINs) are the most abundant members of the former 
class of protease inhibitors and play a major role in regulation of blood clot 
resolution and inflammation, as indicated by many of their names: antithrombin 
III, plasminogen activator inhibitors 1 and 2, α2-antiplasmin, α1-antitrypsin, 
and kallistatin. The latter acts by covalently linking the protease to the α2M 
chain and thereby blocking access to substrates. α2M binds to all classes of 
proteases and, after forming a covalent bond, conveys them to cells through 
receptor-mediated endocytosis with subsequent enzymatic inactivation.

The tissue inhibitor of metalloproteinases (TIMP) family blocks the func-
tion of most MMPs. TIMPs bind to activated MMPs and irreversibly block 
their catalytic sites. Examples of disease states with an unfavorable balance 
between TIMPs and MMPs include loss of cartilage in arthritis and regulation 
of tumor metastasis. TIMP-MMP imbalance in destructive forms of arthritis 
appears to be caused by the limited production capacity for protease inhibi-
tors, which is overwhelmed by the prodigious expression of MMPs. Whereas 
IL-1 and TNF induce MMPs, IL-6 and TGF-β suppress production of MMPs 
and increase levels of TIMPs. Therefore, the cytokine profile has a profound 

repair mechanisms is terminated, and programmed cell death can be initiated 
by genes such as the p53 tumor suppressor. The burden of mutations induced 
by ROIs or RNIs in chronic inflammation can potentially accumulate over 
time and lead to amino acid substitutions in regulatory proteins. Ultimately, 
as has been observed in ulcerative colitis, neoplastic disease can ensue.

Although some immune cells are deleted during the resolution phase, other 
cell lineages expand. Mesenchymal cells, especially fibroblasts, proliferate and 
produce new matrix that can contract to form a fibrotic scar. Locally produced 
growth factors such as PDGF induce DNA synthesis of these stromal cells 
through activation of PI3Ks. TGF-β also stimulates fibroblast proliferation 
and converts cell phenotype to matrix formation rather than destruction by 
increasing collagen production and suppressing MMP expression. In addition, 
mesenchymal stem cells that reside in the tissue or migrate from the peripheral 
blood can differentiate into the appropriate organ-specific lineage. The plu-
ripotent cells, in the presence of the appropriate milieu, can become adipocytes, 
chondrocytes, bone cells, or other terminally differentiated stromal cells.

 SOLUBLE MEDIATORS
 Anti-Inflammatory Cytokines
A variety of anti-inflammatory cytokines are released by resident and infiltrat-
ing cells. TGF-β and IL-10 are produced by macrophages, interstitial fibroblasts, 
or T cells. T-cell cytokines, including IL-4, IL-10, and IL-13, suppress MMP 
expression by cells stimulated by IL-1 or TNF. In addition to increasing fibro-
blast proliferation, TGF-β suppresses collagenase production, increases collagen 
deposition, and decreases MMP activity by inducing production of tissue 
inhibitors of metalloproteinases (TIMPs). The repair phase is abnormal in 
diseases in which tissue fibrosis represents a major pathologic manifestation. 
For example, scleroderma (Chapter 251) is marked by diffuse fibrosis and is 
accompanied by high levels of TGF-β and increased production of ECM.

Cytokine decoy receptors also downregulate the inflammatory response. 
Receptors can be shed from the cell surface after proteolytic cleavage and 
absorb cytokines, preventing them from ligating functional receptors on cell 
membranes. These cytokine inhibitors can be released as a coordinated attempt 
to prevent unregulated inflammation, as in septic shock (Chapter 100), in 
which endotoxin induces production of soluble receptors. Other cytokine-
binding proteins are produced as counter-regulatory mechanisms, including 
IL-18-binding protein (IL-18BP), an Ig superfamily-related receptor that 
captures IL-18. In bone remodeling, interactions of receptor activator of NF-κB 
(RANK) with RANK ligand are required for osteoclast-mediated resorption. 
The competitive antagonist osteoprotegerin is a member of the TNF receptor 
family that binds to RANK ligand and inhibits osteoclast activation.

 Deactivation of Signaling Pathways
The signaling pathways that initiate an inflammatory response have intracellular 
mechanisms to assure that the process is self-limited. Many kinases, such as 
growth factor receptors and MAPKs, require post-translational modification 
through phosphorylation to increase enzyme activity. A system of phospha-
tases that remove these phosphates can return the kinase to its resting form. 
Multiple phosphatases, including PTP1B, suppress growth factor signaling 
by dephosphorylating cell surface kinases that act as growth factor recep-
tors. Several phosphatases inhibit signaling by dephosphorylation of MAPKs. 
DUSP1 dephosphorylates p38 MAPK as well as other MAPKs. DUSP1 expres-
sion is increased by p38 MAPK; thus, the very process of activating the cell 
through p38 is responsible for its own counter-regulatory mechanism. NF-κB 

 Tissue Repair and Resolution of Inflammation
Inflammation is a normal physiologic response, but can cause serious host 
injury if it persists. Mechanisms are required to reestablish homeostasis once 
this response is initiated. Suppression of acute inflammation by removal or 
deactivation of mediators and effector cells permits the host to repair damaged 
tissues through elaboration of appropriate growth factors and cytokines (Fig. 
42-1). As in the generation of an inflammatory response, components of reso-
lution include a cellular response (apoptosis and necrosis), formation of soluble 
mediators (such as anti-inflammatory cytokines and antioxidants), and pro-
duction of direct effectors (such as protease inhibitors).

 DELETION OF INFLAMMATORY CELLS
Cells can be removed from an inflammatory site by several mechanisms. First, 
cell influx can be decreased by suppressing chemotactic factor production 
and vascular adhesion molecule expression. Second, cells, especially lympho-
cytes, can be released from the tissue and return to circulation through lym-
phatics. Third, stressed cells can undergo necrosis with the release of their 
contents into the local environment. A fourth mechanism, known as autophagy, 
can lead to digestion of internal organelles and ultimately cell death.

Perhaps the most critical and effective method for clearing cells from an 
inflammatory site is programmed cell death, or apoptosis. PMN phagocytes 
have a very short tissue half-life, and persistence or release of their contents into 
the microenvironment after death can be deleterious. Other cells, including T 
lymphocytes, undergo postactivation apoptosis to prevent an overwhelming 
persistent host response. Defective apoptosis or even persistence of apop-
totic cells that escape clearance may contribute to chronic inflammatory and 
autoimmune diseases.

Cell commitment to apoptosis is initiated by a number of factors, including 
ROIs in the cellular microenvironment and signaling through death receptor 
pathways (e.g., FasL/Fas and TNF-related apoptosis-inducing ligand [TRAIL]). 
The former can damage DNA; if excessive, repair by tightly regulated mismatch 

 CELLULAR METABOLISM
Many signalling pathways activated during inflammation alter cellular metabo-
lism to support growth and survival.10 Activated cells respond to stress and 
inflammation by increasing glucose uptake and glycolysis. This allows for 
increased cellular proliferation by augmenting ATP generation and providing 
substrates for macromolecule synthesis. Increased flux through multiple meta-
bolic pathways has been reported in immune cells and the blood of patients 
with a variety of inflammatory conditions such as SLE, RA, ankylosing spon-
dylitis, and gout.

 EPIGENETIC REGULATION OF INFLAMMATION
Epigenetic regulation of gene expression, such as through DNA methylation 
or histone modification, can profoundly alter cell function.11,12 For example, 
the balance of Th1 and Th2 cells by altered DNA methylation contributes to 
risk for diseases like asthma. Aberrant DNA methylation and cell imprinting 
has also been observed in peripheral blood cells of patients with SLE and 
synovial cells in RA. The genes and pathways that are modified by these epi-
genetic marks often involve immune pathways, such as cytokine receptor 
interactions, cell adhesion, and cell migration. The disease-specific signatures 
that regulate the behavior of innate and adaptive immune cells can potentially 
be used to identify novel therapeutic targets and provide deeper understanding 
of disease pathogenesis.

 Mechanisms of Tissue Damage in Inflammation
 REACTIVE OXYGEN AND NITROGEN
Macrophages, neutrophils, and other phagocytes generate toxic reactive oxygen 
intermediates (ROIs) and reactive nitrogen intermediates (RNIs) that directly 
kill pathogens. ROIs and RNIs also serve as signal transduction molecules 
that regulate inflammatory gene expression.

These molecules can also have deleterious effects on normal tissue by dam-
aging DNA, oxidizing membrane lipids, and nitrosylating proteins. Release of 
reactive intermediates can be initiated by microbial products, inflammatory 
cytokines, and the engagement of Fc receptors by IgG. These events cause 
translocation of several cytosolic proteins, including Rac2 and Rho-family 
guanosine triphosphatase (GTPase), to the membrane-bound complex carrying 
cytochrome c, with subsequent activation of reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase. The reaction catalyzed by NADPH 
oxidase leads to superoxide production, which, in turn, increases hydrogen 
peroxide, hydroxyl radicals and anions, hypochlorous acid, and chloramines.

ROIs can contribute directly to the initiation of chronic disease. Lipid oxi-
dation produces aldehydes that substitute lysine residues in apolipoprotein 
B-100. This altered moiety either binds to TLR2 to induce cytokine pro-
duction or is internalized by macrophages, leading to production of foam 
cells and fatty streaks, the primary lesions of atherosclerosis. Subsequently, 
altered epitopes in damaged host proteins can be presented to T cells to ini-
tiate an adaptive immune response that amplifies the inflammatory vascular  
lesion.

Nitric oxide synthases (NOS) convert l-arginine and molecular oxygen to 
l-citrulline and nitric oxide (NO). There are three NOS isoforms: neuronal 
NOS (ncNOS or NOS1) and endothelial cell NOS (ecNOS or NOS3) are 
constitutively expressed, whereas macrophage NOS (macNOS, iNOS, or 
NOS2) is induced by pro-inflammatory cytokines, viral products, microbes, 
and low oxygen tension and low environmental pH.

 PROTEASES AND MATRIX DAMAGE
Production of enzymes that degrade the extracelluar matrix (ECM) regulate 
tissue turnover in inflammation. Matrix reconfiguration remodels damaged 
tissue, releases matrix-bound growth factors and cytokines, prepares tissue 
for ingrowth of new blood vessels, and alters the local milieu to permit adher-
ence and retention of newly recruited cells.

The MMPs are a family of more than 20 extracellular endopeptidases that 
participate in degradation and remodeling of the ECM (Table 42-1). They 
are produced as pro-enzymes and require limited proteolysis or partial dena-
turation to expose the catalytic site. They are dependent on metal ions (zinc/
metzincin superfamily) for their ability to degrade ECM proteins. MMPs also 
cleave cell surface molecules and other pericellular nonmatrix proteins, thereby 
regulating cell behavior. MMPs can alter cell growth by digesting matrix pro-
teins associated with growth factors such as FGF and TGF-β. Matrix proteolysis 
releases growth factors, making them available to cell surface receptors. MMPs 
also directly cleave and activate growth factors and affect cell migration by 
altering cell-matrix or cell-cell receptor sites.

TABLE 42-1 COMMON MATRIX METALLOPROTEINASES AND 
THEIR SUBSTRATES

MMP FAMILY MATRIX SUBSTRATES OTHER SUBSTRATES
Collagenases Collagen I, II, III, VII, and X Pro-MMP-1, -2, -8, -9, and -13

Aggrecan Pro-TNF
Entactin α1-Proteinase inhibitors

Gelatin
Tenascin

Gelatinases Aggrecan Pro-MMP-1, -2, and -13
Denatured collagen Pro-TNF
Elastin Pro-IL-1β
Fibronectin Latent TGF-β
Laminin
Vitronectin

Matrilysins Proteoglycans Pro-MMP-2 and -7
Denatured collagens Pro-TNF
Entactin Membrane-bound Fas ligand (FasL)
Fibrin, fibrinogen
Fibronectin Plasminogen
Gelatin β4 Integrins
Laminin
Tenascin
Vitronectin

Stromelysins Proteoglycans Pro-MMP-1, -3, -7, -8, -9, -10, and 
-13

Aggrecan
Collagen III, IV, V, IX, X, 

and XI
Pro-TNF

Pro-IL-1β
Entactin Plasminogen
Fibrin, fibrinogen α1-Proteinase inhibitors
Fibronectin
Gelatin
Laminin
Tenascin
Vitronectin

IL = interleukin; MMP = matrix metalloproteinase; TGF = transforming growth factor; TNF = 
tumor necrosis factor.
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Other proteases remodel the ECM, including serine and cysteine proteases. 
High levels of active serine proteases, such as trypsin, chymotrypsin, and 
elastase, are released by infiltrating PMNs at sites of inflammation and can 
directly digest the ECM or activate the pro-enzyme forms of secreted MMPs. 
The ADAM (a disintegrin and metalloproteinase) family can cleave the extra-
cellular domain of cytokine receptors. These ECM proteases include two 
members of the aggrecanase family. Antibodies directed against aggrecanase 
2 (ADAMTS5) are being explored for osteoarthritis because they decrease 
cartilage destruction in mouse models of the disease.

MMP expression can be induced by many pro-inflammatory cytokines, 
including TNF, IL-1, IL-17A, and IL-18, largely through the transcription 
factor activator protein-1 (AP-1). AP-1 is a dimer that includes members of 
the Jun and Fos families. Cytokines regulate MMP expression by activating 
MAPKs, especially c-Jun amino terminal kinase ( JNK), which phosphorylates 

ECM degradation is usually initiated by collagenases, which cleave native 
collagen. Denatured collagen is recognized and further degraded by gelatinases 
and stromelysins. Unlike collagenases, stromelysins demonstrate broad sub-
strate specificity and act on many ECM proteins, such as proteoglycans, fibro-
nectin, laminin, and cartilage proteins. Stromelysins amplify the remodeling 
process by activating collagenase through limited proteolysis.

c-Jun and markedly enhances MMP production. NF-κB and NF-κB-like 
binding sites also contribute to protease transcription.
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activation is typically initiated by phosphorylation of IkB, which targets it 
for proteolysis.13 IkB expression later increases dramatically and stops the 
signaling through this pathway. JAK-STAT signaling is inhibited by suppres-
sor of cytokine stimulation (SOCS) proteins as well as by phosphatases that 
dephosphorylate JAK or STAT proteins.

 Anti-Inflammatory Prostanoids and Cyclooxygenase
COX2 induced by pro-inflammatory mediators appears early and contributes 
to inflammatory responses. However, late COX2 expression suggests that it 
also functions to resolve inflammation. This regulation might occur through 
formation of the cyclopentenone prostaglandins (CyPG). These prostanoids 
can serve as ligands for peroxisome proliferator-activated receptors (PPARs)14 
(Chapter 216). There are three main classes of PPAR receptors—PPARα, 
PPARβ/δ, and PPARγ—all of which bind to DNA as heterodimers in associa-
tion with the retinoid X receptor. Activation of PPARγ by CyPG is associated 
with the suppression of activator protein 1 (AP-1) and STAT transcriptional 
pathways in macrophages. A variety of natural and synthetic PPAR agonists 
have demonstrated efficacy in models of ischemia-reperfusion injury, arthritis, 
and inflammatory airway disease.

 INHIBITORS OF DIRECT EFFECTORS
 Antioxidants
Antioxidant enzymes such as catalase and superoxide dismutase inactivate 
toxic intermediates. Catalase is a peroxisomal enzyme that catalyzes the con-
version of hydrogen peroxide to water and oxygen. Superoxide dismutases 
(SOD) catalyze the dismutation of superoxide to hydrogen peroxide, which 
is then removed by catalase or glutathione peroxidase. Glutathione peroxidases 
and glutathione reductase are additional mechanisms for maintaining redox 
balance and removal of toxic metabolites. Insufficient production of intracel-
lular antioxidants such as glutathione can suppress lymphocyte responses and 
could account for defective T-cell receptor signaling and blunted immunity 
in T cells derived from RA synovium (Chapter 248).

 Protease Inhibitors
Protease inhibitors (Table 42-2) regulate the function of endogenous proteases 
and reduce the likelihood of collateral damage to tissues, and are classified as 
active site inhibitors and α2-macroglobulin (α2M).15 The family of serine 
protease inhibitors (SERPINs) are the most abundant members of the former 
class of protease inhibitors and play a major role in regulation of blood clot 
resolution and inflammation, as indicated by many of their names: antithrombin 
III, plasminogen activator inhibitors 1 and 2, α2-antiplasmin, α1-antitrypsin, 
and kallistatin. The latter acts by covalently linking the protease to the α2M 
chain and thereby blocking access to substrates. α2M binds to all classes of 
proteases and, after forming a covalent bond, conveys them to cells through 
receptor-mediated endocytosis with subsequent enzymatic inactivation.

The tissue inhibitor of metalloproteinases (TIMP) family blocks the func-
tion of most MMPs. TIMPs bind to activated MMPs and irreversibly block 
their catalytic sites. Examples of disease states with an unfavorable balance 
between TIMPs and MMPs include loss of cartilage in arthritis and regulation 
of tumor metastasis. TIMP-MMP imbalance in destructive forms of arthritis 
appears to be caused by the limited production capacity for protease inhibi-
tors, which is overwhelmed by the prodigious expression of MMPs. Whereas 
IL-1 and TNF induce MMPs, IL-6 and TGF-β suppress production of MMPs 
and increase levels of TIMPs. Therefore, the cytokine profile has a profound 

repair mechanisms is terminated, and programmed cell death can be initiated 
by genes such as the p53 tumor suppressor. The burden of mutations induced 
by ROIs or RNIs in chronic inflammation can potentially accumulate over 
time and lead to amino acid substitutions in regulatory proteins. Ultimately, 
as has been observed in ulcerative colitis, neoplastic disease can ensue.

Although some immune cells are deleted during the resolution phase, other 
cell lineages expand. Mesenchymal cells, especially fibroblasts, proliferate and 
produce new matrix that can contract to form a fibrotic scar. Locally produced 
growth factors such as PDGF induce DNA synthesis of these stromal cells 
through activation of PI3Ks. TGF-β also stimulates fibroblast proliferation 
and converts cell phenotype to matrix formation rather than destruction by 
increasing collagen production and suppressing MMP expression. In addition, 
mesenchymal stem cells that reside in the tissue or migrate from the peripheral 
blood can differentiate into the appropriate organ-specific lineage. The plu-
ripotent cells, in the presence of the appropriate milieu, can become adipocytes, 
chondrocytes, bone cells, or other terminally differentiated stromal cells.

 SOLUBLE MEDIATORS
 Anti-Inflammatory Cytokines
A variety of anti-inflammatory cytokines are released by resident and infiltrat-
ing cells. TGF-β and IL-10 are produced by macrophages, interstitial fibroblasts, 
or T cells. T-cell cytokines, including IL-4, IL-10, and IL-13, suppress MMP 
expression by cells stimulated by IL-1 or TNF. In addition to increasing fibro-
blast proliferation, TGF-β suppresses collagenase production, increases collagen 
deposition, and decreases MMP activity by inducing production of tissue 
inhibitors of metalloproteinases (TIMPs). The repair phase is abnormal in 
diseases in which tissue fibrosis represents a major pathologic manifestation. 
For example, scleroderma (Chapter 251) is marked by diffuse fibrosis and is 
accompanied by high levels of TGF-β and increased production of ECM.

Cytokine decoy receptors also downregulate the inflammatory response. 
Receptors can be shed from the cell surface after proteolytic cleavage and 
absorb cytokines, preventing them from ligating functional receptors on cell 
membranes. These cytokine inhibitors can be released as a coordinated attempt 
to prevent unregulated inflammation, as in septic shock (Chapter 100), in 
which endotoxin induces production of soluble receptors. Other cytokine-
binding proteins are produced as counter-regulatory mechanisms, including 
IL-18-binding protein (IL-18BP), an Ig superfamily-related receptor that 
captures IL-18. In bone remodeling, interactions of receptor activator of NF-κB 
(RANK) with RANK ligand are required for osteoclast-mediated resorption. 
The competitive antagonist osteoprotegerin is a member of the TNF receptor 
family that binds to RANK ligand and inhibits osteoclast activation.

 Deactivation of Signaling Pathways
The signaling pathways that initiate an inflammatory response have intracellular 
mechanisms to assure that the process is self-limited. Many kinases, such as 
growth factor receptors and MAPKs, require post-translational modification 
through phosphorylation to increase enzyme activity. A system of phospha-
tases that remove these phosphates can return the kinase to its resting form. 
Multiple phosphatases, including PTP1B, suppress growth factor signaling 
by dephosphorylating cell surface kinases that act as growth factor recep-
tors. Several phosphatases inhibit signaling by dephosphorylation of MAPKs. 
DUSP1 dephosphorylates p38 MAPK as well as other MAPKs. DUSP1 expres-
sion is increased by p38 MAPK; thus, the very process of activating the cell 
through p38 is responsible for its own counter-regulatory mechanism. NF-κB 
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Interactions of free radicals with surrounding molecules can generate sec-
ondary radical species in a self-propagating chain reaction. Chain-breaking 
antioxidants are small molecules that can receive or donate an electron and 
thereby form a stable byproduct with a radical. These antioxidant molecules 
are categorized as either aqueous phase (vitamin C, albumin, reduced gluta-
thione) or lipid phase (vitamin E, ubiquinol-10, carotenoids, and flavonoids). 
Transition metal-binding proteins (ceruloplasmin, ferritin, transferrin, and 
lactoferrin) can serve as antioxidants by sequestering cationic iron and copper 
and thereby inhibiting propagation of hydroxyl radicals.

At least two distinct mechanisms contribute to natural IL-1 inhibition. An 
IL-1 decoy receptor (type II IL-1R) has membrane and soluble forms that 
neutralize IL-1 activity. A natural IL-1 antagonist, IL-1Ra, can also bind to 
functional IL-1 receptors and compete with IL-1α or IL-1β. IL-1Ra does 
not transduce a signal to the cell and blocks ambient IL-1 functions. The 
balance of IL-1 and IL-1Ra production depends on many influences. For 
instance, monocytes produce more IL-1, whereas mature macrophages produce 
IL-1Ra.

Removal of apoptotic bodies is rapid and can be accomplished by macro-
phages, fibroblasts, epithelial and endothelial cells, muscle cells, and dendritic 
cells. The surface receptors used in recognition and engulfment of apoptotic 
cells include integrins (e.g., αvβ3), lectins, scavenger receptors, adenosine 
triphosphate (ATP)-binding cassette transporter 1, LPS receptor, CD14, and 
complement receptors CR3 and CR4. Some of these receptors can be used 
in pro-inflammatory and apoptotic pathways, the divergence of which may 
be based on differing ligands and accessory molecules. Apoptotic cells display 
a series of membrane-associated molecular patterns that interact with recep-
tors on phagocytes. A general feature of apoptotic cells is loss of phospholipid 
asymmetry, with external presentation of phosphatidylserine.



influence on the status of remodeling. When pro-inflammatory cytokines 
predominate, the balance favors matrix destruction; in the presence of pro-
inflammatory cytokine inhibitors and growth factors, matrix protein production 
increases, and MMPs are inhibited by TIMPs.

TABLE 42-2 COMMON PROTEASE INHIBITORS  
AND THEIR TARGETS

INHIBITOR CLASS TARGET PROTEASE MECHANISM
α2-macroglobulin

SERPINs
(e.g. anti-thrombin III, 

α1-proteinase inhibitors, 
plasminogen activator 
inhibitors, α2-antiplasmin, 
α1-antitrypsin, kallistatin, 
PI9)

TIMPs
TIMP-1, -2, -4
TIMP-3

Cystatins

XIAP

Pan-protease inhibitor

Serine proteases
(e.g. thrombin, 

plasminogen activator, 
trypsin, granzymes)

Metalloproteases
MMPs
MMPs, ADAM and 

ADAMTS proteases
Cysteine proteases
(e.g. calpain)
Caspases

Covalently traps protease 
in irreversible, 
quasi-active state; 
small-molecule but not 
protein substrates can 
be hydrolyzed

Covalently bind protease 
and irreversibly distort 
active site

Block access to protease 
active site and 
coordinate catalytic 
metal ion

Block access to protease 
active site

Blocks substrate entry into 
caspase-3 and caspase-7 
active sites; sequesters 
caspase-9 in 
monomeric state

MMP = matrix metalloproteinase; PI9 = protease inhibitor 9; TGF = transforming growth factor; 
SERPINs = serine protease inhibitors; XIAP = X-linked inhibitor of apoptosis protein.
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43 
TRANSPLANTATION IMMUNOLOGY
MEGAN SYKES

 DEFINITION
Clinical transplantation encompasses transplantation of organs and islets of 
Langerhans containing insulin-producing β cells, in which it is necessary to 
overcome the host-versus-graft (HVG) immune response to avoid rejection, 
as well as hematopoietic cell transplantation (HCT) (Chapter 168), in which 
it is necessary to contend with not only the HVG but also the graft-versus-host 
(GVH) immune response. Because preparations of bone marrow or mobilized 
peripheral blood stem cells (mPBSCs) contain mature T cells, their admin-
istration to conditioned and consequently immunoincompetent recipients is 
associated with the risk for GVH disease. Transplanted organs and tissues 
include corneas, kidneys, livers, hearts, lungs, small intestines, pancreases, and 
hands and faces. Transplants originating from a member of the same species 
are referred to as allotransplants. However, transplants from other species, 
termed xenografts, provide a promising solution to the severely inadequate 

supply of allogeneic organs and tissues, and may be used in the future. Trans-
plants of tissues or cells originating from the recipient, either by processing 
of cells from the recipient’s own organ (e.g., islets of Langerhans following 
pancreatectomy for chronic pancreatitis) or cell populations (e.g., CD34+ 
hematopoietic progenitor and stem cells collected from leukapheresis products 
following mobilization from the bone marrow before high-dose radiation or 
chemotherapy to treat cancer) are referred to as autologous. In the future, these 
transplants may include stem cell–derived autologous cells used for therapeutic 
purposes.

 ANTIGENS IN TRANSPLANTATION
The major antigens recognized during graft rejection and the cell types target-
ing them are summarized in Table 43-1.

 Major Histocompatibility Antigens
The major histocompatibility complex (MHC; human leukocyte antigens 
[HLAs] in the human) controls adaptive and some innate immune responses 
and is of central importance in many immune-mediated diseases. The MHC 
also presents the strongest immunologic obstacle to all types of allografts. 
The HLA molecules include two major isoforms, termed class I and class II, 
and are all encoded in the MHC complex of chromosome 6. Although all 
HLA molecules have a similar general structure, class I and class II molecules 
show different expression patterns, with class I MHC expressed on most cells 
of the body, whereas class II antigens are expressed mainly on antigen-presenting 
cell (APC) populations, such as dendritic cells, macrophages, and B cells, as 
well as thymic epithelial cells involved in T-cell selection. Class II MHC can 
also be expressed on human vascular endothelial cells and activated T cells.

The function of both classes of MHC molecules is to present peptide anti-
gens to T-cell receptors (TCRs), allowing adaptive immune responses to occur 
(Chapter 40). Class I molecules typically present 8- to 9-amino acid peptides 
derived from cytosolic proteins (e.g., viral proteins) that are transported into 
the endoplasmic reticulum, where they are processed and loaded onto class 
I molecules. CD8 molecules interact with the α3 domain of the class I heavy 
chain, thereby strengthening the interaction of CD8+ T cells that recognize 
class I–peptide complexes. Peptides presented by class II MHC molecules, 
on the other hand, are mostly 10 to 20mers derived from exogenous proteins 
(e.g., phagocytosed bacteria) that are processed through the endosomal 
processing pathway, and these are recognized by TCRs of T cells whose CD4 
molecules strengthen the overall T cell–APC interaction. The class I presenta-
tion pathway is of particular importance in allowing destruction of virally 
infected cells, consistent with the expression of class I MHC on almost all 
cell types in the body. An exception occurs when class I molecules present 
peptides from exogenous antigens, resulting in cross-presentation and cross-
priming of T cells. Class II MHC presentation of exogenous antigens takes 
place primarily on professional APCs and B cells, consistent with the role of 
CD4+ T cells in initiating immune responses by activating APCs, providing 
direct and indirect (through activated APCs that also present peptides on 
class I molecules) “help” for CD8+ cytotoxic T lymphocytes (CTLs), and 
providing help for antibody-producing B cells. B cells are able to focus the 
antigens recognized by their specific surface immunoglobulin receptors by 
binding and internalizing these antigens, which enter the endosomal antigen-
processing pathway and become presented by class II molecules on that B 
cell. This ability of B cells to preferentially present peptides derived from their 
cognate antigens to CD4 T cells recognizing those alloantigens is very impor-
tant in driving alloantibody production.

A number of MHC molecules have been crystallized, both alone and with 
TCRs that recognize them. The TCR binding structure of class I and II MHC 
molecules is similar overall and includes both the peptide binding cleft formed 
by a β-pleated sheet and two α-helices forming the sides of the cleft (E-Fig. 
43-1). However, class I and II MHC molecules also have significant structural 
differences, as summarized in E-Table 43-1. TCRs interact physically with 
both the α-helices of the MHC molecules and side chains of the peptide that 
is bound in the groove, representing a trimolecular MHC-peptide-TCR inter-
action (see E-Fig. 43-1). It is the most variable (“hypervariable”) portion of 
the TCR, produced by V-D (for TCRβ)-J somatic rearrangements and N 
insertions in the TCR α and β chains, known as complementarity-determining 
region 3 (CDR3), that recognizes specific MHC-peptide complexes.

The HLA molecules are all encoded within a 3.6-million base-pair region 
that encodes more than 200 genes, including complement and tumor necrosis 
factor (TNF) genes and many others in addition to MHC that have immuno-
logic functions. The organization of the HLA region is illustrated in E-Figure 
43-2. The class II region contains two α- and β-chain genes, only one of which 
is functional, for each of HLA-DQ and DP. However, the DR locus contains 

is termed positive selection. Thymocytes whose receptors have high affinity for 
self/MHC complexes are deleted, however, so strongly autoreactive T cells 
rarely make it into the peripheral T-cell pool. Allogeneic antigens are not part 
of this negative selection process. The net result of these two selection steps and 
the inherent cross-reactivity of TCRs is that the T-cell “repertoire” recognizes 
allogeneic MHC molecules, providing a barrier to organ and hematopoietic 
cell transplantation. In the case of organ transplantation, in which long-term 
pharmacotherapy with powerful immunosuppressive drugs is used in an 
effort to prevent graft rejection, this can translate into improved results with 
HLA-matched organs. Despite the disadvantage of prolonged cold ischemia 
associated with transportation of a deceased donor graft, a pediatric kidney 
transplant study has shown superior outcomes with well-matched deceased 
donor kidneys compared to poorly matched living donor transplants.3 Because 
of the high rates of late graft loss associated with de novo anti-HLA antibody 
formation, efforts have aimed to reduce this outcome by identifying HLA 
mismatches that are less likely to induce these alloantibodies.

For hematopoietic cell transplantation (Chapter 168), the risks for GVH 
disease and marrow graft failure are so greatly amplified in the presence of 
extensive HLA mismatches that such transplantations have been largely avoided 
in the past. Disparities in the highly polymorphic class I and class II molecules 
predispose to GVHD. The risk of GVH disease is increased by HLA-DPB1-
mismatching, despite its lower polymorphism, especially when the regulatory 
region variant rs9277534 is a high-expression allele in recipients but low-
expression in donors. If a sufficiently matched, related donor is unavailable, 
a search has typically been conducted through large registries containing mil-
lions of volunteer unrelated donors. Because of its extensive polymorphism, 
truly MHC-identical, unrelated donors can be difficult to find in the human 
population at large. For individuals with common HLA genotypes, the likeli-
hood of finding a matched unrelated donor is markedly greater than that for 
individuals with rare genotypes. This situation relates in part to the phenom-
enon of linkage disequilibrium, wherein alleles at nearby loci are found together 
on the same chromosomal segment, or haplotype, more frequently than would 
be predicted by chance. The pattern of linkage disequilibrium is different in 
different racial groups, so the chance of finding a truly genotypically identical 
haplotype is greatest within the same population.

Recent advances in the ability to perform transplants from alternative donors 
has increased the availability of hematopoietic cell transplantation (HCT) in 
individuals lacking an HLA-identical related donor (Chapter 168). Advances 
in avoiding GVH disease in haploidentical related donor HCT have increased 
the safety of HLA-mismatched HCT, yielding outcomes that may be superior 
to those using matched unrelated donors in some cases and comparable to 
results using matched sibling donors.4

 Minor Histocompatibility Antigens
“Minor” histocompatibility antigens are peptides derived from polymorphic 
proteins presented by an MHC molecule. Even genotypically HLA-identical 
siblings have many different minor histocompatibility antigens. These are suf-
ficient to induce graft rejection if immunosuppressive pharmacotherapy is 
not used. Additionally, significant GVH disease frequently (about 30 to 50% 
of the time) complicates HCT between HLA-identical siblings, even with the 
use of pharmacologic immunoprophylaxis.
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ABSTRACT
Clinical transplantation encompasses allogeneic organs such as kidneys, livers, 
intestines, hearts, and lungs, composite tissues such as limbs, tissues such as 
islets of Langerhans, and cells such as bone marrow or mobilized peripheral 
blood hematopoietic cells. Allograft rejection due to host-versus-graft immune 
responses is driven largely by T cells and may also involve humoral responses. 
When hematopoietic cells are transplanted, rejection in the opposite direction 
may cause graft-versus-host disease. The most potent allograft responses in 
both directions are mediated by recognition of allogeneic HLA molecules, 
which are highly polymorphic. When HLA is identical between the donor 
and recipient, responses to multiple minor histocompatibility antigens still 
pose significant barriers in both directions. New approaches to preventing 
graft-versus-host disease have recently permitted extension of hematopoietic 
cell transplantation to include alternative, HLA-mismatched donors. The 
mainstay of successful organ and tissue transplantation has been chronic non-
specific immunosuppressive therapy. Despite its overall success in advancing 
transplantation, this approach is associated with significant toxicity and has 
made little progress in preventing chronic rejection. Induction of allograft 
tolerance, which would obviate the need for lifelong immunosuppression while 
preventing both early and late rejection, is a major goal in the transplantation 
field. Several advances have recently been made toward this goal and small 
trials of combined hematopoietic cell and kidney transplantation have suc-
cessfully induced allograft tolerance. The inadequate supply of human organs 
for transplantation presents a major hurdle, resulting in exploration of xeno-
transplantation as a promising alternative for the future. 
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E-TABLE 43-1 COMPARISON OF STRUCTURAL AND FUNCTIONAL FEATURES OF HLA CLASS I AND CLASS II ISOTYPES
FEATURE HLA CLASS I HLA CLASS II
Chain structure of 

heterodimer
45-kD α chain
12-kD β2-microglobulin

34-kD α chain
28-kD β chain

Tissue distribution All nucleated cells Antigen-presenting cells (monocytes, B cells, dendritic cells, Langerhans cells), thymic 
epithelium, and some T cells; inducible on other cell types by interferon-γ

Size of bound peptides 8-9 amino acids 10-20 amino acids
Source peptides Cytosolic Endosomal
Functions Presentation of antigenic peptides to CD8+ T cells; 

ligands for natural killer cell receptors
Presentation of antigenic peptides to CD4+ T cells
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E-FIGURE 43-1. Two views of an HLA class I molecule. A, ribbon diagram showing the x-ray crystallographic structure of an Hla class i molecule (side view). The β-strand structures 
are indicated by thick green arrows (oriented in an amino to carboxy direction), whereas connecting loops are indicated as thin lines. The α-helices are shown flanking a peptide-binding 
cleft at the top (membrane distal portion) of the molecule. The base (membrane proximal portion) of the molecule is formed by the noncovalent association between the α3 domain 
of the class i α chain and β2-microglobulin (β2m). B, View from the top of the molecule emphasizing that the base of the peptide-binding cleft consists of β-pleated sheets flanked by 
α-helical structures. C = C terminal; n = n terminal. (adapted from Bjorkman pJ, saper ma, samraoi B, et al. structure of the class i histocompatibility antigen Hla-a2. Nature. 
1987;329:506-512.)
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miCB, Hla-E, and Hla-g. The gene for familial hemochromatosis (HFE) is found just telomeric to the Hla class i region, about 3 million base pairs distant from Hla-a. The “central” mHC 
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l, rand V, et al. gene map of the extended human mHC. Nat Rev Genet. 2004;5:889-899. 
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TABLE 43-1 LYMPHOCYTES INVOLVED IN GRAFT REJECTION
CELL TYPE ANTIGENS RECOGNIZED FUNCTION RELEVANCE
CD4+ T cells Allogeneic class II MHC (+ peptide) Antigen-presenting cell activation Organ allografts

Self class II MHC + donor peptide Help (cytokines and costimulation) Cellular allografts
Proinflammatory cytokine production Xenografts
Cytotoxicity GVHD
Regulatory function

CD8+ T cells Allogeneic class I MHC (+ peptide) Cytotoxicity Organ allografts
Self class I MHC + donor peptide Cytokine production Cellular allografts

Regulatory function Xenografts
GVHD

NK cells Class I MHC (activates or inhibits NK cell function) Cytotoxicity ? Organ allografts
Other activating ligands Cytokine production Cellular allografts

Xenografts
B cells Class I and class II MHC

Blood group antigens
Xenogeneic carbohydrates

Antibody-mediated rejection (hyperacute, 
acute humoral, and chronic rejection)

Organ and hematopoietic cell allografts
Cellular allografts
Xenografts

CTL = cytotoxic T lymphocyte; GVHD = graft-versus-host disease; MHC = major histocompatibility complex; NK = natural killer.

different numbers of β chains for different HLA alleles. Some of these DR β 
chains are pseudogenes, but various HLA-DR alleles contain either one or 
two functional β-chain genes.

One of the striking features of HLA molecules (and the MHC of most 
mammalian species) is their extensive polymorphism.1 There are thousands 
of defined HLA alleles in the class I and class II regions. Because the primary 
function of antigen presentation to T cells is to permit responsiveness to and 
clearance of pathogenic microorganisms, this polymorphism may have evolved 
to maintain the diversity of immune responsiveness to various pathogens 
within a population, avoiding annihilation of that population by a single micro-
organism that might not be presented well by a particular MHC. HLA alleles 
were originally distinguished by panels of highly sensitized human sera con-
taining multiple alloantibodies. However, this method failed to distinguish 
many allelic differences that are of functional importance for antigen binding 
and T-cell recognition. It was only with the development of molecular methods 
to distinguish alleles at the genomic level, eventually through specific genomic 
sequences, that the full extent of the polymorphism in this region was revealed. 
In association with this knowledge, it has been necessary to continually revise 
and refine the system of nomenclature defining these alleles. According to 
the most recently accepted nomenclature,1 HLA alleles are identified by the 
locus (e.g., HLA-A), followed by an asterisk, and then a unique number with 
up to four sets of digits separated by colons. The first set describes the allele 
group (e.g., HLA-A*02), which usually corresponds to a serologically defined 
antigen, and the second set indicates the specific allele (e.g., HLA-A*02:101). 
The third and fourth set of digits are of less practical importance because they 
identify silent nucleotide substitutions in different alleles and variations in 
the nontranslated regions of the gene, respectively.

Within certain populations, however, the level of diversity within allele 
groups may be quite limited because of the common genetic origin of the 
allele. For example, for the originally serologically defined HLA-DR3 allele 
group, there is little diversity among Northern Europeans, such that most 
carry the DRB1*0301 allele. Thus, for this population, it is reasonable to refer 
to the serologic HLA-DR3 type as defining this allele. There are certain alleles 
that predominate within racial groups. For example, as few as five DRB1 alleles 
predominate among Northern Europeans, with each allele represented in 10 
to 30% of this population. E-Table 43-2 summarizes the major DRB1 allelic 
groups defined initially at the serologic level and later at the level of genomic 
sequencing.

Most organ transplantations are performed across HLA disparities, and the 
strong immunosuppressive regimens used in transplant recipients are designed 
to prevent rejection by this exceptionally strong immune response. In contrast 
to T-cell responses to peptide antigens derived from foreign proteins, which 
are recognized by a very small fraction of naïve T cells (in the range of 1 in 
105), a very high proportion, estimated at 1 to 10% of the T-cell repertoire, 
recognizes MHC alloantigens. The recent application of high-throughput 
sequencing of the hypervariable regions of TCRs of those T cells that pro-
liferate to allogeneic MHC has directly demonstrated the large number of 
T-cell clones contributing to this response.2 The strong immunogenicity of 
allogeneic MHC molecules relates to the manner in which T cells are selected 
in the thymus; developing thymocytes do not survive unless they can weakly 
recognize a self MHC/peptide complex on a thymic stromal cell. This process 

is termed positive selection. Thymocytes whose receptors have high affinity for 
self/MHC complexes are deleted, however, so strongly autoreactive T cells 
rarely make it into the peripheral T-cell pool. Allogeneic antigens are not part 
of this negative selection process. The net result of these two selection steps and 
the inherent cross-reactivity of TCRs is that the T-cell “repertoire” recognizes 
allogeneic MHC molecules, providing a barrier to organ and hematopoietic 
cell transplantation. In the case of organ transplantation, in which long-term 
pharmacotherapy with powerful immunosuppressive drugs is used in an 
effort to prevent graft rejection, this can translate into improved results with 
HLA-matched organs. Despite the disadvantage of prolonged cold ischemia 
associated with transportation of a deceased donor graft, a pediatric kidney 
transplant study has shown superior outcomes with well-matched deceased 
donor kidneys compared to poorly matched living donor transplants.3 Because 
of the high rates of late graft loss associated with de novo anti-HLA antibody 
formation, efforts have aimed to reduce this outcome by identifying HLA 
mismatches that are less likely to induce these alloantibodies.

For hematopoietic cell transplantation (Chapter 168), the risks for GVH 
disease and marrow graft failure are so greatly amplified in the presence of 
extensive HLA mismatches that such transplantations have been largely avoided 
in the past. Disparities in the highly polymorphic class I and class II molecules 
predispose to GVHD. The risk of GVH disease is increased by HLA-DPB1-
mismatching, despite its lower polymorphism, especially when the regulatory 
region variant rs9277534 is a high-expression allele in recipients but low-
expression in donors. If a sufficiently matched, related donor is unavailable, 
a search has typically been conducted through large registries containing mil-
lions of volunteer unrelated donors. Because of its extensive polymorphism, 
truly MHC-identical, unrelated donors can be difficult to find in the human 
population at large. For individuals with common HLA genotypes, the likeli-
hood of finding a matched unrelated donor is markedly greater than that for 
individuals with rare genotypes. This situation relates in part to the phenom-
enon of linkage disequilibrium, wherein alleles at nearby loci are found together 
on the same chromosomal segment, or haplotype, more frequently than would 
be predicted by chance. The pattern of linkage disequilibrium is different in 
different racial groups, so the chance of finding a truly genotypically identical 
haplotype is greatest within the same population.

Recent advances in the ability to perform transplants from alternative donors 
has increased the availability of hematopoietic cell transplantation (HCT) in 
individuals lacking an HLA-identical related donor (Chapter 168). Advances 
in avoiding GVH disease in haploidentical related donor HCT have increased 
the safety of HLA-mismatched HCT, yielding outcomes that may be superior 
to those using matched unrelated donors in some cases and comparable to 
results using matched sibling donors.4

 Minor Histocompatibility Antigens
“Minor” histocompatibility antigens are peptides derived from polymorphic 
proteins presented by an MHC molecule. Even genotypically HLA-identical 
siblings have many different minor histocompatibility antigens. These are suf-
ficient to induce graft rejection if immunosuppressive pharmacotherapy is 
not used. Additionally, significant GVH disease frequently (about 30 to 50% 
of the time) complicates HCT between HLA-identical siblings, even with the 
use of pharmacologic immunoprophylaxis.
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E-TABLE 43-2 SUMMARY OF MAJOR ALLELIC GROUPS AT THE DRB1 LOCUS AND THEIR RELATIONSHIP TO COMMON DRB1 
ALLELES DEFINED AT THE SEQUENCE LEVEL

ALLELIC GROUPS (SEROLOGIC TYPING) EXAMPLES OF COMMON ALLELES (NORTHERN EUROPEAN WHITE INDIVIDUALS) 
DEFINED BY SEQUENCE*MAJOR GROUPS SEROLOGIC “SPLITS”

DR1 DRB1*0101, 0102, 0103
DR2 DR15 DRB1*1501, 1502

DR16 DRB1*1601
DR3 DRB1*0301

DR4 DRB1*0401, 0402, 0403, 0404, 0405, 0406, 0407, 0408
DR5 DR11 DRB1*1101, 1102, 1103, 1104

DR12 DRB1*1201
DR6 DR13 DRB1*1301, 1302, 1303

DR14 DRB1*1401
DR7 DRB1*0701

DR8 DRB1*0801, 0802, 0803, 0804, 0806
DR9 DRB1*0901
DR10 DRB1*1001
*Alleles in bold are found in at least 10% of individuals in the population.
From Williams F, Meenagh A, Single R, et al. High resolution HLA-DRB1 identification of a Caucasian population. Hum Immunol. 2004;65:66-77.
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such as hyperacute and acute vascular rejection induced by natural antibodies. 
Several studies have suggested a dominant role for memory T cells in causing 
rejection, but it is difficult to distinguish whether “memory” T cells detected 
after a transplant converted from naïve T cells before or after the transplant.

 Direct, Semidirect, and Indirect Allorecognition
T-cell responses are induced by APCs that present alloantigens. Alloantigen 
recognition may be categorized as direct, semidirect, and indirect (Fig. 43-1). 
Direct allorecognition denotes recognition of donor antigens on donor APCs 
provided by the graft.8 The extraordinarily high frequency of T cells with 
alloreactivity is caused by direct recognition of allogeneic MHC. However, 
T cells with these specificities may also detect their ligands on recipient APCs, 
as these may pick up intact donor MHC-peptide complexes transferred in 
exosomes. This “semidirect” pathway may be important in maintaining strong 
direct alloresponses long after donor APCs in a grafted organ have been replaced 
by those of the recipient. Indirect recognition is the recognition of donor 
antigens that are picked up, processed, and presented on recipient MHC 
molecules on recipient APCs. The indirect response is more similar to “normal” 
T-cell responses, in which professional APCs present peptide antigens to T 
cells that are present at relatively low frequency in the naïve repertoire. The 
indirect response, like the semidirect response, can be maintained by the con-
stantly renewed pool of recipient APCs. The indirect response is of particular 
importance in inducing antibody responses.

 Effector Mechanisms of Rejection
T cells can promote graft rejection through several effector mechanisms. One 
is the antibody-dependent processes that have already been discussed. CD4 
T cells provide cognate help to B cells when their TCRs recognize complexes 
of self MHC with donor MHC–derived peptide antigens produced by B cells 
whose surface Ig receptors recognize and pick up the donor MHC antigen. 
Antidonor antibody can lead to the pathologic picture of acute humoral rejec-
tion and may also participate in a slower process of chronic rejection. Chronic 
rejection of kidney and heart allografts is characterized by unique vascular 
lesions with intimal thickening and loss of the vessel space. Chronic rejection 
of lung allografts is termed obliterative bronchiolitis. The mechanisms underly-
ing these chronic rejection lesions are not well understood, and several different 
immune processes may in fact lead to similar lesions. Induced responses to 
autoantigens exposed by injured graft tissue have been implicated in several 
forms of chronic rejection.

Another major effector pathway leading to graft rejection involves cytotoxic 
T lymphocytes, (CTLs), which are predominantly CD8+ but also include 
CD4+ T cells. Several effector mechanisms lead to killing of target cells by 
CTLs, including granzyme/perforin-mediated and Fas/Fas ligand (FasL) 
pathways and other members of the TNF/TNF-receptor families (Chapter 
41). Because CD8+ cells recognize class I MHC molecules, which are widely 
expressed, it is not difficult to envision graft destruction by CD8+ CTLs. CD8+ 
CTLs may be activated through an APC that is stimulated initially through 
contact with an alloreactive CD4+ cell. This is one form of CD4 “help” for 
CD8+ cells. In addition, CD8+ cells may be dependent on cytokines such as 
interleukin-2 (IL-2) produced by CD4+ cells for their expansion and cyto-
toxic differentiation. However, there are also many examples of CD8+ cell–
mediated rejection that is independent of “help” from CD4+ cells. Class II 

 Other Antigens
The major blood group (ABO) antigens can be the targets of a dramatic 
“hyperacute” rejection process that occurs when mismatched vascularized 
grafts are transplanted. Recognition of blood group antigens on the endothelial 
surface of the graft vessels by recipient “natural” antibodies (antibodies that 
are present without known sensitization to the antigens) activates the comple-
ment and coagulation cascades, resulting in rapid graft thrombosis and ischemia. 
A similar outcome can occur after transplantation to an individual with pre-
formed antidonor HLA antibodies resulting from presensitization by prior 
transplantations, transfusions, or pregnancies. Antibodies against other poly-
morphic antigens, such as MHC class I–related chain A (MICA), have been 
associated with graft rejection. In the past, transplantation could not be suc-
cessfully performed in the presence of a positive antidonor crossmatch. However, 
considerable success has been achieved in the transplantation of ABO-
mismatched kidneys, livers, and hearts (the latter in the neonatal period only), 
and in transplantation of kidneys to highly presensitized patients.5,6 In the 
case of kidney and liver transplantation, initial removal of the antibody and 
sometimes depletion of B cells, as well as the infusion of intravenous immu-
noglobulin (IVIG), has led to these successes. ABO-mismatched neonatal 
heart transplantation has succeeded because the transplantations are performed 
before the recipient has developed high levels of anti–blood group antigen 
antibodies, and the B cells seem to be rendered tolerant to the donor blood 
group antigen by the grafting process. Recognition of blood group antigens 
can also be of significance in HCT, in which ABO barriers are routinely crossed 
in both directions. This can cause hemolysis of recipient erythrocytes if the 
mismatch is in the GVH direction, but this complication can be avoided by 
washing the cellular product before infusion. Mismatches in the host-versus-
graft (HVG) direction can cause more persistent problems due to ongoing 
destruction of donor erythropoietic cells, resulting in pure red cell aplasia. 
More often, however, donor erythropoiesis is successfully established, and 
antidonor isohemagglutinins disappear from the circulation. With the increas-
ing application of HLA-mismatched donor HCT, the importance of HLA 
alloantibodies in causing graft failure has recently been recognized and may 
require similar desensitization procedures to those used in sensitized organ 
allograft recipients.7

A and B blood group antigens are the consequence of the presence or 
absence of specific glycosylation enzymes in different individuals. Likewise, 
an antigenic specificity of the utmost importance in xenotransplantation is a 
carbohydrate epitope, Galα1–3Galβ1–4GlcNAc (αGal), which is produced 
by a specific galactosyl transferase. Humans and Old World monkeys lack a 
functional αGal transferase and produce high levels of natural antibodies 
against the ubiquitous αGal epitope. Because animals of interest as xenograft 
sources (e.g., pigs) express αGal at high levels on their vascular endothelium, 
transplantation of vascularized organs from pigs results in hyperacute rejec-
tion. The development of αGal-knockout pigs, therefore, was an important 
milestone that advanced the field of xenotransplantation. The more recent 
recognition of non-Gal carbohydrate natural antibody targets on cells of αGal-
knockout pigs has led to further genetic modifications of these potential source 
animals, a procedure that has been greatly facilitated by current gene editing 
techniques.

In another type of transplant reaction, recognition as foreign results not 
from the presence of an antigen, but paradoxically from the absence of a self 
MHC molecule. Natural killer (NK) cells express a series of surface inhibi-
tory and activating receptors that, collectively, determine whether the NK 
cell does or does not kill a potential target cell. The ligands for the inhibitory 
receptors are MHC class I molecules, and the receptors recognize specific 
groups of alleles. An NK cell may kill an allogeneic target that lacks a self 
MHC inhibitory ligand. This phenomenon can result in rapid bone marrow 
rejection in animal models and may be of significance in HLA-mismatched 
HCT. The possible role of NK cells in organ allograft rejection is controversial, 
but they are thought to be of importance in organ xenotransplantation. NK 
cells clearly play a strong role in the rejection of xenogeneic hematopoietic 
cells, an observation that is relevant in one approach to inducing tolerance 
(see later discussion).

 MECHANISMS OF REJECTION AND 
GRAFT-VERSUS-HOST DISEASE

 Cellular Mediators
Many different cell types participate in rejection responses, and there is con-
siderable redundancy. T cells are key players in most forms of rejection, with 
the exception of that induced by antibodies in the absence of T-cell help, 

Preventing T-cell trafficking into epithelial target tissues of GVH disease is 
a particularly promising approach because of the theoretical preservation of 
GVL effects in lymphohematopoietic tissues. Chemokine receptor blockade 
is a promising approach to achieving this goal.13

A third disadvantage of T-cell depletion is that it eliminates the engraftment-
promoting effect conferred by alloreactive T cells, resulting in increased rates 
of allograft failure, especially in the setting of HLA-mismatched transplanta-
tion. NK-cell recognition in the GVH direction resulting from the absence 
in the recipient of a class I MHC ligand (E-Fig. 43-3) that can trigger a donor 
NK-cell inhibitory receptor (KIR) may promote donor hematopoietic cell 
engraftment and antitumor effects against acute myeloid leukemias in the 
setting of T-cell-depleted, HLA-mismatched HCT. The role of donor-recipient 
KIR mismatch and of polymorphisms in KIR genotype and expression in 
antitumor effects, GVH disease, and infectious immunity in HCT is complex 
and may vary with different diseases and types of transplant conditioning, in 
addition to different types of donor-recipient mismatch.

Clinically, pharmacologic immunosuppressive prophylaxis is usually used 
in at least the first 6 months after HCT to minimize the complication of GVH 
disease. Additionally, HLA-matched or closely matched donors are chosen 
whenever possible because GVH disease increases in frequency and severity 
as increased HLA barriers are transgressed. These measures, nevertheless, 
are insufficient, and GVH disease remains a major complication of HCT. 
Therefore, many of the new strategies being explored in organ transplantation 
and other fields are also being examined for the prevention of GVH disease 
in experimental models. It should be borne in mind, however, that tolerance 
of donor T cells to recipient alloantigens (see later discussion) might not be 
entirely beneficial in the HCT setting for the treatment of malignant disease 
because loss of GVH alloreactivity is likely to come with loss of antitumor  
effects.

 STRATEGIES TO PREVENT  
ALLOGRAFT REJECTION

 Nonspecific Immunosuppression
Immunosuppressive drugs are the mainstay of clinical organ transplantation, 
and improvements in these drugs following the discovery of cyclosporine 
have extended organ transplantation to include hearts, lungs, pancreases, livers, 
and other organs and tissues in the past 30 years. The mechanisms of action 
of these agents are discussed in Chapter 32. However, it is noteworthy that, 
despite these improvements and their enormous impact on early graft survival, 
these agents have been less effective in attenuating late graft loss. Because 
chronic immunologic rejection processes and side effects of the immunosup-
pressive drugs themselves are responsible for much of this late graft loss, 
improved immunosuppressive agents and induction of immune tolerance (see 
later discussion) are major research goals in transplantation.

 Costimulatory Blockade
As understanding of immune responses has increased, recent years have seen 
the exploration of numerous biologic agents, including antibodies and small 
molecules targeting receptors of the immune system as well as cell-based 
therapies, in efforts to improve allograft survival. Because of the central role 
played by T cells in the immune response, considerable attention has been 
focused on blockers of T-cell costimulation. When a naïve T cell recognizes 
antigen through its unique TCR, additional “costimulatory” signals are required 
to allow full activation, expansion, and differentiation to occur. These signals 
are often provided by APCs in the form of ligands (e.g., B7-1, B7-2) for 
costimulatory receptors (e.g., CD28) on the T cell. Cross-talk between the 
T cell and the APC (e.g., due to CD40 activation by CD154 upregulation on 
the activated T cell) further amplifies the costimulatory activity of the APC, 
allowing it to effectively activate other T cells as well. The CD154 (T cell)–
CD40 (B cell) interaction also promotes Ig class switching and functioning 
of B cells as APCs. Blockade of these processes (e.g., by CTLA4Ig and 
anti-CD154 or CD40 monoclonal antibodies [mAbs]) has led to marked 
prolongation of allograft survival in stringent rodent and large-animal models. 
Robust, systemic tolerance to donor antigens has been achieved in rodents 
receiving bone marrow transplantation with costimulatory blockade and little 
or no additional conditioning. Some of these agents have joined the arma-
mentarium of immunosuppressive agents in clinical trials in transplantation 
and autoimmune diseases. CTLA4Ig has permitted sparing of nephrotoxic 
calcineurin inhibitors, with improved long-term patient and renal allograft 
survival. A2  Although anti-CD154 antibodies have been associated with throm-
boembolic complications, precluding further evaluation in transplantation 
trials, recently developed anti-CD40 antibodies have shown promise in 

MHC, which is recognized by CD4+ T cells, is less widely expressed on graft 
tissues than is class I MHC, although it may be induced on endothelial cells 
and graft parenchymal cells in the presence of inflammatory cytokines such as  
interferon-γ (IFN-γ).

In addition to cytotoxic mechanisms resulting from direct allorecognition, 
CD4+ and CD8+ T cells with indirect specificity seem also to be capable of 
causing graft destruction under some circumstances. Cytokines such as IFN-γ 
and TNF-α as well as innate cellular mediators have been implicated in some 
instances, but in general, the pathways of indirect graft destruction are not 
well understood.

 The Role of T-Cell Trafficking
Rejection processes require trafficking of T cells into the graft, which occurs 
after the initial activation of naïve T cells in the lymphoid tissues. Naïve T 
cells can migrate into lymph nodes because of their expression of the CCR7 
chemokine receptor and the adhesion molecule L-selectin. These T cells are 
activated by migratory graft APCs that also enter the lymph nodes. T-cell 
activation is associated with loss of CCR7 and L-selectin expression and 
acquisition of a new set of chemokine receptors and adhesion molecules that 
allow rolling and adhesion on the graft endothelium and entry into the graft 
parenchyma (Chapter 42). Inflammation in the graft, such as that induced by 
ischemia-reperfusion injury and the transplantation procedure, as well as that 
induced by initially responding T cells, is associated with upregulation of 
chemokines and adhesion ligands that promote entry of lymphocytes into 
the graft. Nevertheless, well healed-in grafts can be slowly rejected by adop-
tively transferred memory T cells, demonstrating that acute graft injury and 
inflammation are not essential for rejection in the presence of an established 
memory T-cell response. Rejection of hematopoietic cell grafts may involve 
many of the same mechanisms as those discussed for solid organs, although 
less detailed work has been done in this area.

 Mechanisms of Graft-versus-Host Disease
Initiation of GVH disease (Chapter 168) requires that donor T cells recog-
nize host alloantigens. Donor T cells infiltrate a variety of recipient epithelial 
tissues, namely skin, the intestine, and liver. Animal models have demonstrated 
clear roles for both CD4+ and CD8+ cells in initiating GVH disease, and each 
subset is able to do so independently of the other. The mechanisms of GVH 
disease include activation of alloreactive donor T cells by recipient APCs 
within the recipient lymphoid tissues, leading to the differentiation of effector 
cells with direct cytotoxic activity and cytokine production in response to host 
antigens. A prominent role is played by TNF-α, whose production is induced 
in part by the translocation of bacteria across the intestinal wall, promoting 
innate immune system activation through toll-like receptors (Chapter 39). 
An intensely pro-inflammatory environment is produced by the combina-
tion of conditioning-induced tissue injury and disruption of mucosal barriers, 
bacterial activation of the innate immune system, and the GVH alloresponse. 
An important role is now appreciated for the inflamed microenvironment 
in target tissues in promoting the trafficking of GVH-reactive T cells into  
these tissues.9

 STRATEGIES TO PREVENT  
GRAFT-VERSUS-HOST DISEASE

In view of the critical role of donor T cells in inducing GVH disease, an 
obvious strategy for preventing this complication is to remove mature T cells 
from the marrow graft. This approach has indeed been shown in both animal 
models and clinical studies to prevent GVH disease effectively. However, there 
are several disadvantages to this approach. One is that adult humans, particu-
larly those who have undergone prior chemotherapy and radiotherapy, have 
little remaining thymic tissue and therefore demonstrate sluggish T-cell recovery, 
leading to serious opportunistic infections. For example, the inclusion of anti-
human T-lymphocyte immune globulin in a myeloablative conditioning regimen 
for patients with acute leukemia significantly lowers the rate of chronic GVH 
disease but does not significantly improve survival. A1 

T-cell depletion of hematopoietic cell grafts used to treat hematologic 
malignancies may be associated with an increased relapse rate due to loss of 
a graft-versus-tumor (GVT) effect, which is in large part mediated by GVH 
alloreactivity. Separation of GVH disease from GVT effects is a major goal of 
research in HCT, and some promising strategies are being explored (E-Table 
43-3). Recent trials of low-dose IL-2 have shown efficacy in preventing chronic 
GVH disease, apparently by expanding regulatory T cells.10 Infusion of expanded 
regulatory T cells has also entered clinical trials,11 and infusion of mesen-
chymal stromal cells has shown benefit in treating refractory GVH disease.12 
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FIGURE 43-1. Direct and indirect allorecognition. Direct allorecognition involves the 
recognition by a T-cell receptor of major histocompatibility complex (mHC) molecules 
(with or without a peptide) on a donor antigen-presenting cell (apC). indirect allorecogni-
tion involves recognition by the T-cell receptor of a donor peptide presented on a recipient 
apC that has picked up and processed donor antigens. 
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Preventing T-cell trafficking into epithelial target tissues of GVH disease is 
a particularly promising approach because of the theoretical preservation of 
GVL effects in lymphohematopoietic tissues. Chemokine receptor blockade 
is a promising approach to achieving this goal.13

A third disadvantage of T-cell depletion is that it eliminates the engraftment-
promoting effect conferred by alloreactive T cells, resulting in increased rates 
of allograft failure, especially in the setting of HLA-mismatched transplanta-
tion. NK-cell recognition in the GVH direction resulting from the absence 
in the recipient of a class I MHC ligand (E-Fig. 43-3) that can trigger a donor 
NK-cell inhibitory receptor (KIR) may promote donor hematopoietic cell 
engraftment and antitumor effects against acute myeloid leukemias in the 
setting of T-cell-depleted, HLA-mismatched HCT. The role of donor-recipient 
KIR mismatch and of polymorphisms in KIR genotype and expression in 
antitumor effects, GVH disease, and infectious immunity in HCT is complex 
and may vary with different diseases and types of transplant conditioning, in 
addition to different types of donor-recipient mismatch.

Clinically, pharmacologic immunosuppressive prophylaxis is usually used 
in at least the first 6 months after HCT to minimize the complication of GVH 
disease. Additionally, HLA-matched or closely matched donors are chosen 
whenever possible because GVH disease increases in frequency and severity 
as increased HLA barriers are transgressed. These measures, nevertheless, 
are insufficient, and GVH disease remains a major complication of HCT. 
Therefore, many of the new strategies being explored in organ transplantation 
and other fields are also being examined for the prevention of GVH disease 
in experimental models. It should be borne in mind, however, that tolerance 
of donor T cells to recipient alloantigens (see later discussion) might not be 
entirely beneficial in the HCT setting for the treatment of malignant disease 
because loss of GVH alloreactivity is likely to come with loss of antitumor  
effects.

 STRATEGIES TO PREVENT  
ALLOGRAFT REJECTION

 Nonspecific Immunosuppression
Immunosuppressive drugs are the mainstay of clinical organ transplantation, 
and improvements in these drugs following the discovery of cyclosporine 
have extended organ transplantation to include hearts, lungs, pancreases, livers, 
and other organs and tissues in the past 30 years. The mechanisms of action 
of these agents are discussed in Chapter 32. However, it is noteworthy that, 
despite these improvements and their enormous impact on early graft survival, 
these agents have been less effective in attenuating late graft loss. Because 
chronic immunologic rejection processes and side effects of the immunosup-
pressive drugs themselves are responsible for much of this late graft loss, 
improved immunosuppressive agents and induction of immune tolerance (see 
later discussion) are major research goals in transplantation.

 Costimulatory Blockade
As understanding of immune responses has increased, recent years have seen 
the exploration of numerous biologic agents, including antibodies and small 
molecules targeting receptors of the immune system as well as cell-based 
therapies, in efforts to improve allograft survival. Because of the central role 
played by T cells in the immune response, considerable attention has been 
focused on blockers of T-cell costimulation. When a naïve T cell recognizes 
antigen through its unique TCR, additional “costimulatory” signals are required 
to allow full activation, expansion, and differentiation to occur. These signals 
are often provided by APCs in the form of ligands (e.g., B7-1, B7-2) for 
costimulatory receptors (e.g., CD28) on the T cell. Cross-talk between the 
T cell and the APC (e.g., due to CD40 activation by CD154 upregulation on 
the activated T cell) further amplifies the costimulatory activity of the APC, 
allowing it to effectively activate other T cells as well. The CD154 (T cell)–
CD40 (B cell) interaction also promotes Ig class switching and functioning 
of B cells as APCs. Blockade of these processes (e.g., by CTLA4Ig and 
anti-CD154 or CD40 monoclonal antibodies [mAbs]) has led to marked 
prolongation of allograft survival in stringent rodent and large-animal models. 
Robust, systemic tolerance to donor antigens has been achieved in rodents 
receiving bone marrow transplantation with costimulatory blockade and little 
or no additional conditioning. Some of these agents have joined the arma-
mentarium of immunosuppressive agents in clinical trials in transplantation 
and autoimmune diseases. CTLA4Ig has permitted sparing of nephrotoxic 
calcineurin inhibitors, with improved long-term patient and renal allograft 
survival. A2  Although anti-CD154 antibodies have been associated with throm-
boembolic complications, precluding further evaluation in transplantation 
trials, recently developed anti-CD40 antibodies have shown promise in 

MHC, which is recognized by CD4+ T cells, is less widely expressed on graft 
tissues than is class I MHC, although it may be induced on endothelial cells 
and graft parenchymal cells in the presence of inflammatory cytokines such as  
interferon-γ (IFN-γ).

In addition to cytotoxic mechanisms resulting from direct allorecognition, 
CD4+ and CD8+ T cells with indirect specificity seem also to be capable of 
causing graft destruction under some circumstances. Cytokines such as IFN-γ 
and TNF-α as well as innate cellular mediators have been implicated in some 
instances, but in general, the pathways of indirect graft destruction are not 
well understood.

 The Role of T-Cell Trafficking
Rejection processes require trafficking of T cells into the graft, which occurs 
after the initial activation of naïve T cells in the lymphoid tissues. Naïve T 
cells can migrate into lymph nodes because of their expression of the CCR7 
chemokine receptor and the adhesion molecule L-selectin. These T cells are 
activated by migratory graft APCs that also enter the lymph nodes. T-cell 
activation is associated with loss of CCR7 and L-selectin expression and 
acquisition of a new set of chemokine receptors and adhesion molecules that 
allow rolling and adhesion on the graft endothelium and entry into the graft 
parenchyma (Chapter 42). Inflammation in the graft, such as that induced by 
ischemia-reperfusion injury and the transplantation procedure, as well as that 
induced by initially responding T cells, is associated with upregulation of 
chemokines and adhesion ligands that promote entry of lymphocytes into 
the graft. Nevertheless, well healed-in grafts can be slowly rejected by adop-
tively transferred memory T cells, demonstrating that acute graft injury and 
inflammation are not essential for rejection in the presence of an established 
memory T-cell response. Rejection of hematopoietic cell grafts may involve 
many of the same mechanisms as those discussed for solid organs, although 
less detailed work has been done in this area.

 Mechanisms of Graft-versus-Host Disease
Initiation of GVH disease (Chapter 168) requires that donor T cells recog-
nize host alloantigens. Donor T cells infiltrate a variety of recipient epithelial 
tissues, namely skin, the intestine, and liver. Animal models have demonstrated 
clear roles for both CD4+ and CD8+ cells in initiating GVH disease, and each 
subset is able to do so independently of the other. The mechanisms of GVH 
disease include activation of alloreactive donor T cells by recipient APCs 
within the recipient lymphoid tissues, leading to the differentiation of effector 
cells with direct cytotoxic activity and cytokine production in response to host 
antigens. A prominent role is played by TNF-α, whose production is induced 
in part by the translocation of bacteria across the intestinal wall, promoting 
innate immune system activation through toll-like receptors (Chapter 39). 
An intensely pro-inflammatory environment is produced by the combina-
tion of conditioning-induced tissue injury and disruption of mucosal barriers, 
bacterial activation of the innate immune system, and the GVH alloresponse. 
An important role is now appreciated for the inflamed microenvironment 
in target tissues in promoting the trafficking of GVH-reactive T cells into  
these tissues.9

 STRATEGIES TO PREVENT  
GRAFT-VERSUS-HOST DISEASE

In view of the critical role of donor T cells in inducing GVH disease, an 
obvious strategy for preventing this complication is to remove mature T cells 
from the marrow graft. This approach has indeed been shown in both animal 
models and clinical studies to prevent GVH disease effectively. However, there 
are several disadvantages to this approach. One is that adult humans, particu-
larly those who have undergone prior chemotherapy and radiotherapy, have 
little remaining thymic tissue and therefore demonstrate sluggish T-cell recovery, 
leading to serious opportunistic infections. For example, the inclusion of anti-
human T-lymphocyte immune globulin in a myeloablative conditioning regimen 
for patients with acute leukemia significantly lowers the rate of chronic GVH 
disease but does not significantly improve survival. A1 

T-cell depletion of hematopoietic cell grafts used to treat hematologic 
malignancies may be associated with an increased relapse rate due to loss of 
a graft-versus-tumor (GVT) effect, which is in large part mediated by GVH 
alloreactivity. Separation of GVH disease from GVT effects is a major goal of 
research in HCT, and some promising strategies are being explored (E-Table 
43-3). Recent trials of low-dose IL-2 have shown efficacy in preventing chronic 
GVH disease, apparently by expanding regulatory T cells.10 Infusion of expanded 
regulatory T cells has also entered clinical trials,11 and infusion of mesen-
chymal stromal cells has shown benefit in treating refractory GVH disease.12 
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E-TABLE 43-3 EXPERIMENTAL STRATEGIES TO PREVENT GRAFT-VERSUS-HOST DISEASE
STRATEGY ADVANTAGES LIMITATIONS
Donor T-cell TH2 polarization (e.g., conditioning 

with ATG and TLI; in vitro stimulation with 
cytokine exposure)

May preserve GVL May limit GVL; TH2 can contribute to acute and chronic GVHD

Tolerance induction of donor T cells (e.g., 
costimulatory blockade; activation pathway 
inhibitors)

Some strategies may selectively tolerize GVH-
reactive T cells (e.g., in vitro antigen exposure 
with costimulatory blockade)

Global immunosuppression may limit GVL and anti-infectious 
immunity; tolerance (i.e., GVH protection) may be incomplete

Regulatory cell infusion or induction (e.g., 
low-dose IL-2)

GVL and infectious immunity may be preserved.
Does not compromise engraftment

GVL might be compromised by reduced alloreactivity.

Depletion of naïve donor T cells May preserve GVL and memory responses to 
infection

Incomplete protection from GVHD

Donor T-cell depletion plus NK-cell infusion with 
class I mismatched transplantation

NK cells do not cause GVHD but may mediate 
antitumor effects; donor NK cells may eliminate 
host APCs that trigger GVHD

Antitumor effect against only certain types of malignancies; 
requires appropriate MHC disparity and expression of 
polymorphic NK-cell receptors; insufficient T-cell immunity to 
infection

Donor T-cell depletion followed by delayed donor 
lymphocyte infusion (DLI)

Preserves high level of GVL due to GVH reactivity. 
GVHD does not occur if host inflammation from 
conditioning has subsided and initial HCT was 
devoid of donor T cells

Antitumor effect delayed until time of DLI; most applicable for 
indolent lymphohematopoietic tumors. GVHD more difficult to 
control in humans than animal models, probably owing to occult 
or overt infection resulting from T-cell deficiency before DLI

Depletion of donor T cells recognizing host 
alloantigens by in vitro or in vivo activation/
depletion (i.e., “allodepletion”)

Preserves anti-infectious immunity and tumor 
antigen–specific responses while limiting GVHD

Loss of GVH reactivity will limit GVL and engraftment; highly 
efficient allodepletion methods not yet available. Residual T cells 
may cause GVHD

Donor T-cell depletion with infusion of expanded 
infection-specific T cells (e.g., CMV or EBV 
specific)

Reduces GVHD potential while protecting against 
significant infectious organisms

Lack of GVL effect; lack of broad anti-infectious immunity; expense 
and inefficiency of in vitro T-cell expansion; loss of survival/
homing potential of cultured T cells

Donor T-cell depletion with infusion of expanded 
tumor antigen-specific T cells (expanded from 
natural repertoire or transduced with a T-cell 
receptor or chimeric antigen receptor)

GVL without GVHD Lack of anti-infectious immunity; expense and inefficiency of in 
vitro expansion of tumor-specific T cells; loss of survival/
homing potential of cultured T cells

Insertion of suicide gene (e.g., thymidine kinase) 
into donor T cells

Drug targeting inserted gene (e.g., ganciclovir) kills 
donor T cells to treat GVHD after GVL initiated

Expense and inefficiency of in vitro transduction of T cells; loss of 
function/survival/homing potential of cultured T cells; risk for 
GVHD if transduction incomplete; curtailment of GVL when 
donor T cells killed in vivo

Block T-cell trafficking to epithelial GVHD target 
tissues (e.g., blockade of adhesion molecules or 
chemokines, sphingosine 1 phosphate agonists)

Permits lymphohematopoietic GVH reactions to 
occur, with associated GVL effects. Preserves 
infectious immunity

Redundancy of trafficking pathways in inflammatory environment 
may limit efficacy; tumors outside of lymphohematopoietic 
system not targeted

Block injury/promote repair in epithelial target 
tissues (e.g., keratinocyte growth factor)

Permits lymphohematopoietic GVH reactions to 
occur, with associated GVL effects. Preserves 
infectious immunity

Efficacy may be limited

APC = antigen-presenting cell; ATG = antithymocyte globulin; CMV = cytomegalovirus; DLI = donor lymphocyte infusion; EBV = Epstein-Barr virus; GVHD = graft-versus-host disease; GVL = graft-versus-
leukemia effects; HCT = hematopoietic cell transplantation; MHC = major histocompatibility complex; NK = natural killer; TH2 = helper T lymphocytes type 2; TLI = total lymphoid irradiation.
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E-FIGURE 43-3. Killing of allogeneic targets by natural killer (NK) cells due to “missing self.” nK cells express clonally distributed inhibitory receptors (Kirs) with specificity for dif-
ferent groups of major histocompatibility complex (mHC) class i alleles, referred to in the figure as human leukocyte antigen (Hla) groups 1, 2, 3, and 4. Four different nK cells (a, B, C, 
and D) are shown, each with a different set of Kirs (referred to as receptors 1, 2, 3, and 4). Examples of Hla allele groups in the human are the Hla-Cw4, Hla-Cw3, and Hla-Bw4 groups; 
examples of Kirs are the ligands for these allele groups—namely, Kir2Dl1, Kir2Dl2/3, and Kir3Dl1, respectively. Each functional nK cell has one or more inhibitory receptors that 
recognize a “self” (autologous) Hla molecule. although some of the nK cells (e.g., cells a and B in the figure) will also find an Hla ligand to which their receptors bind on allogeneic 
cells, others (e.g., cells C and D) will not. The latter cells therefore will not receive inhibitory signals from the allogeneic cells and will kill them due to recognition by other (activating) 
receptors. 



nonmyeloablative approach has succeeded in achieving more durable chime-
rism and tolerance, but only in the HLA-identical sibling transplant setting, 
and a third approach has led to full donor chimerism across extensive HLA 
barriers, but with significant toxicity, including GVHD. With further refine-
ments of this approach and proof of efficacy in large animal models, it is hoped 
that transplantation of all organ types might ultimately be routinely performed 
without the need for chronic immunosuppressive therapy, with its attendant 
complications and limited ability to control chronic rejection. Because auto-
immune diseases are major contributors to end-stage renal disease, β-cell loss 
in type 1 diabetes, and other types of organ failure, the potential for tolerance 
strategies to reverse autoimmunity while inducing allograft tolerance is also 
a source of hope.17 All these approaches must, however, be undertaken with 
the caution that successful regimens could also lead to immune tolerance to 
active infectious organisms.

preclincial studies. Numerous additional costimulatory and inhibitory pathways 
that affect T-cell responses have been described, and these all are potential 
targets for further manipulation of the alloresponse.

 Immune Tolerance
Immune tolerance denotes a state in which the immune system is specifically 
unreactive to the donor graft (or recipient in the case of GVH reactivity) 
while remaining normally responsive to other antigens. Tolerance is distinct 
from the state produced by nonspecific immunosuppressive agents, which 
increase risks for infection and malignancy. Numerous approaches to tolerance 
induction have been described in rodent models, largely owing to the strong 
tolerogenicity of primarily vascularized heart, liver, and kidney grafts in these 
animals. Such grafts are less tolerogenic in humans, and few of these strategies 
have been effectively applied clinically to date. Tolerance strategies that are 
appropriate for clinical evaluation must first be tested in “stringent” models, 
including highly immunogenic grafts such as MHC-mismatched skin in rodents 
and vascularized organ graft models in large animals.

The three major mechanisms of T-cell tolerance are deletion, anergy, and 
suppression (often referred to as “regulation”). Deletion denotes the destruc-
tion of T cells with receptors that recognize donor antigens; it can be achieved 
during T-cell development in the thymus, for example, by induction of mixed 
chimerism in T-cell-depleted hosts. Deletion can also be applied to mature 
T cells in the periphery, for example, by transplantation of a tolerogenic organ 
or marrow graft in combination with blockade of costimulatory molecules. 
Anergy denotes the inability of T cells to respond fully to antigens they rec-
ognize, and it can be induced by antigen presentation without costimulation. 
Suppression has attracted considerable interest since the discovery that con-
stitutively CD25+ T cells of the CD4+ subset have suppressive activity that is 
dependent on expression of the transcription factor Forkhead Box Protein 3 
(FoxP3). These and other types of suppressive T cells (e.g., NKT cells, regula-
tory CD8+ cells and B cells, myeloid-derived suppressor cells, regulatory 
monocytes, and dendritic cells) have been implicated in rodent transplanta-
tion tolerance models and in prevention of autoimmunity. The use of expanded 
regulatory cells has recently entered clinical trials in both transplantation and 
autoimmune disease, including both antigen-specific and nonspecific (“poly-
clonal”) regulatory cell therapy.14 Other regulatory cell types, including tolero-
genic monocytes and dendritic cells, are also entering clinical trials. However, 
in the absence of large animal studies demonstrating the efficacy of these 
cellular therapies in achieving tolerance and without validated biomarkers for 
tolerance, rapid immunosuppression withdrawal to test tolerance induction 
is not the goal of these studies. There is also interest in strategies for activating 
or expanding regulatory T cells in vivo, thereby favoring the suppressive immune 
response over destructive alloimmunity.

The developments in animal models and understanding of immune mecha-
nisms described here have provided impetus for efforts to achieve immune 
tolerance in clinical transplantation. Every transplantation center has anecdotal 
cases of patients who have removed themselves from chronic immunosup-
pression without experiencing graft rejection. However, for every such patient, 
there are dozens more who have experienced rejection on dose reduction or 
removal of immunosuppressive drugs. Trials of slow withdrawal of nonspecific 
immunosuppressive therapy have had very little success in renal allograft 
recipients and higher success rates in a very highly selected group of liver 
allograft recipients, especially children with long-term rejection-free graft 
survival.15 Application of this approach to a larger subset of patients will depend 
on future advances in the ability to identify predictors of success. It remains 
to be seen whether recently identified molecular “tolerance signatures” will 
provide markers with sufficient predictive value to allow such withdrawal to 
be safely undertaken.

One approach developed in animal models has been successfully applied 
to the induction of immune tolerance in a small group of patients receiving 
renal allografts. This approach, involving bone marrow transplantation after 
nonmyeloablative conditioning, which is much less toxic than standard HCT 
conditioning, was shown to be effective in the most stringent rodent and 
large-animal models before being evaluated clinically. Initial success using 
combined kidney and bone marrow transplantation in patients with renal 
failure due to multiple myeloma led to pilot studies in patients with renal 
failure without malignant disease, with encouraging results. This protocol 
involved induction of transient chimerism in combination with a kidney allograft 
from HLA-mismatched related donors and was free of the complication of 
GVHD. The development of a high-throughput sequencing-based approach 
to identifying and tracking the broad donor-reactive T-cell repertoire allowed 
demonstration of a role for clonal deletion in the long-term tolerance.16 Another 
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44 
COMPLEMENT SYSTEM IN DISEASE
JOHN P. ATKINSON

The complement system consists of plasma and membrane proteins that par-
ticipate in host defense against infections and in clearance of cellular and 
extracellular debris, as well as in a wide variety of autoimmune and inflam-
matory states (Fig. 44-1).1-3 Complement is essential in innate immunity and 
a potent effector arm of adaptive (humoral) immunity. It is a first responder, 
especially in blood, to bacterial and viral invasion (Table 44-1). It helps to 
maintain sterility (“guardian of the intravascular space”) by depositing within 
seconds its opsonic and membrane-perturbing fragments on a pathogen’s 
surface. A second major activity of complement is to promote the inflamma-
tory response via the release of soluble fragments (anaphylatoxins). They bind 
to their receptors, leading to cellular activation, including chemokinesis and 
chemotaxis by phagocytic cells, and thereby enhance protection against infec-
tions. Furthermore, the deposition of complement fragments on immune 
complexes keeps them from precipitating and promotes their adherence to 
red blood cells (RBCs) for a hand-off to monocytes and dendritic cells in the 
liver and spleen.

Through these interactions, complement also instructs the adaptive immune 
response. Antigens decorated by complement proteins are more efficiently 
taken up by monocytes, follicular-dendritic cells, B lymphocytes, and other 
antigen-presenting cells, resulting in an adaptive immune response. (The 
complement system is often called “nature’s adjuvant.”) Thus, complement 
activation is required for an optimal antibody response to most foreign anti-
gens.4 Individuals lacking a functional complement system are predisposed 
to bacterial infections, predominantly by encapsulated organisms, including 
streptococcus, staphylococcus, Haemophilus spp., and Neisseria spp.4 Surpris-
ingly, a complete deficiency in an early component of the classical complement 
pathway predisposes to autoimmune diseases, particularly systemic lupus 
erythematosus (SLE).5 This association suggests that complement is required 
not only for host defense against foreign agents but also to identify and safely 
clear self-materials (debris removal), particularly RNA and DNA species.

A remarkable feature of the complement system is that it reacts within 
seconds (Table 44-2). In less than 2 minutes, it can coat an encapsulated 
gram-positive bacterium with several million C3b opsonic fragments and lyse 
gram-negative bacteria by insertion of its terminal components (the membrane 

Much of complement-mediated pathology revolves around the alternative 
pathway’s amplification loop. This feedback amplification loop is key in triggering 
activation early in an immune response; however, it must be rigorously regulated 
to prevent activation on normal self and excessive activation on injured self.6 
Approximately half of the proteins associated with the complement system 
are dedicated to the control of its activation and effector functions, especially 
to maintain homeostasis of the alternative pathway’s amplification loop.

In clinical medicine, the complement system participates in three pathologic 
processes: (1) an inherited decrease in functional activity leading to increased 
susceptibility to bacterial infections and to autoimmunity, (2) mediating 
undesirable tissue damage upon activation by autoantibodies and immune 
complexes, and (3) excessive activation at sites of tissue injury in individuals 
carrying genetic variants in regulators (Tables 44-3 and 44-4).

Knowledge of how complement is activated and how it can be controlled 
points to opportunities for the development of therapeutic agents such as 
anti-C5 monoclonal antibody therapy, which has been recently approved to 
treat several complement-dependent hemolytic disorders.

 ACTIVATION OF COMPLEMENT
 Classical Pathway
The binding of IgM or IgG to a target antigen activates this exceptionally 
powerful and quick acting pathway to destroy microbes (Figs. 44-2 and 44-3).7 
The classical pathway reaction cascade is designed to opsonize and perturb 
the surface membrane of microorganisms. Of course, autoantibodies also 
trigger this highly efficient classical pathway. Complement action mediated 
by immune complexes may then lead to cellular and tissue damage. Instructive 
examples of autoantibodies and complement-mediated diseases are immune 
hemolytic anemias, myasthenia gravis, and bullous pemphigoid. The basic 
problem or pathologic defect in this type of human disease is the formation 
of the autoantibody. A misidentification of self has occurred because of a 
breaking of tolerance. In this pathologic situation, the complement system is 
working at the behest of the autoantibody.
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ABSTRACT
“Complement” is an ancient innate immune system. Initially, it was likely 
designed to handle cellular debris and invasion by pathogens, even in single 
cell organisms. In host defense, its two major functions are mediated by opso-
nization and membrane perturbation (including the lysis of gram negative 
bacteria and enveloped viruses). In parallel, small protein fragments (ana-
phylatoxins) are liberated that engage receptors to promote the inflammatory 
response. Through these activities, the complement system also serves as 
nature’s adjuvant to trigger the adaptive immune system. The three pathways 
evolved to work in seconds to protect the circulation from infections. In evolu-
tion, lectins and then antibodies became more rapid and specific triggers of 
their respective pathways. Complete deficiency of a complement system acti-
vating component predisposes to recurrent bacterial infections (particularly 
pneumococcal for early and meningococcal for late pathway) and autoim-
munity, namely systemic lupus erythematosus. If a regulator is deficient sec-
ondary due to a rare genetic mutation, there is too much activation for a given 
degree of injury predisposing to paroxysmal nocturnal hemoglobinuria (PNH), 
atypical hemolytic uremic syndrome (aHUS), and age-related macular degen-
eration. Therapeutic agents, particularly monoclonal antibodies to components 
of each of the three major pathways, are in development. A monoclonal anti-
body to C5 is Food and Drug Administration approved to treat PNH and 
aHUS. The complement system’s role in the pathophysiology of many chronic 
inflammatory conditions and in autoantibody-mediated diseases remains to 
be defined.
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attack complex). It works faster if driven by immunoglobulin M (IgM) or IgG 
binding to an antigen on a microbial membrane to activate the cascade. Anti-
bodies and lectins direct the activation process to the pathogen’s surface. 
Overall, the complement cascade is designed to become engaged on the surface 
of a pathogen, particularly bacteria. Plasma and membrane regulators of comple-
ment activation inhibit formation on normal “self ” cells.
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FIGURE 44-1. Function of the complement system. the most important function of the complement system is to alter the membrane of the pathogen by coating its surface with 
clusters of activation fragments. in one case, they facilitate the key process of opsonization in which C4b and C3b interact with complement receptors. in the other case, as with certain 
gram-negative bacteria and viruses, the membrane attack complex lyses the organism. the second critical function of complement is to activate cells and thus promote inflammatory 
and immune responses. the complement fragments C3a and C5a (known as anaphylatoxins) stimulate many cell types such as mast cells to release their contents and stimulate phago-
cytic cells to migrate to sites of inflammation (chemotaxis). through these phenomena of opsonization and cell activation, complement serves as nature’s adjuvant to prepare, facilitate, 
and instruct the host’s adaptive immune response. Because complement activation occurs in a few seconds, this innate immune system initially engages most pathogens, especially 
those that try to enter the vascular space. as will be illustrated, these basic functions are also required to handle immune complexes and prevent autoimmunity. (modified from arthritis 
Foundation. Primer on the Rheumatic Diseases. 12th ed. atlanta, Ga: arthritis Foundation; 2001.)

TABLE 44-1 COMPLEMENT SYSTEM IN HOST DEFENSE 
AGAINST BACTERIA AND VIRUSES

THE ACTIVITY THE PLAYERS
Opsonization (C3b > C4b, C1q, MBL)*
Membrane perturbation including lysis (the membrane 

attack complex)
(C5b-C9)

Pro-inflammatory via cellular activation (the 
anaphylatoxins and their receptors)

(C3a, C4a, C5a)

*C3b is the major opsonin of the complement system. C1q and MBL (mannose- or mannan-
binding lectin) both participate in classical and lectin pathway activation, respectively, but also bind 
to their specific receptors upon attachment to a target.

TABLE 44-2 SALIENT FEATURES OF THE COMPLEMENT 
SYSTEM

Ancient innate system of immunity predominantly found in blood (the “guardian of 
the intravascular space”)

Capable of rapidly opsonizing and lysing bacteria and viruses (millions of active 
fragments can be deposited on a target)

Works in seconds!
Most proteins are synthesized by the liver
Constantly turning over (AP protein C3 “ticks over” at a rate of 1 to 2%/hr)
The AP also features a feedback or amplification loop, which requires tight control
Effector arm of the humoral immune system (IgM and IgG)
Critical for clearance of self-debris (garbage removal)
After immunoglobulins and albumin, complement proteins are among the most 

abundant in blood
Nature’s adjuvant (almost all foreign antigens are coated with complement 

fragments); instructs the adaptive immune response
A deficiency of an activator leads to bacterial infections or autoimmunity (SLE)
A deficiency of a regulator leads to undesirable cellular and tissue damage at sites of 

injury or degeneration (excessive activation): aHUS, AMD
aHUS = atypical hemolytic uremic syndrome; AMD = age-related macular degeneration; AP = 
alternative pathway; Ig = immunoglobulin; SLE = systemic lupus erythematosus.

Much of complement-mediated pathology revolves around the alternative 
pathway’s amplification loop. This feedback amplification loop is key in triggering 
activation early in an immune response; however, it must be rigorously regulated 
to prevent activation on normal self and excessive activation on injured self.6 
Approximately half of the proteins associated with the complement system 
are dedicated to the control of its activation and effector functions, especially 
to maintain homeostasis of the alternative pathway’s amplification loop.

In clinical medicine, the complement system participates in three pathologic 
processes: (1) an inherited decrease in functional activity leading to increased 
susceptibility to bacterial infections and to autoimmunity, (2) mediating 
undesirable tissue damage upon activation by autoantibodies and immune 
complexes, and (3) excessive activation at sites of tissue injury in individuals 
carrying genetic variants in regulators (Tables 44-3 and 44-4).

Knowledge of how complement is activated and how it can be controlled 
points to opportunities for the development of therapeutic agents such as 
anti-C5 monoclonal antibody therapy, which has been recently approved to 
treat several complement-dependent hemolytic disorders.

 ACTIVATION OF COMPLEMENT
 Classical Pathway
The binding of IgM or IgG to a target antigen activates this exceptionally 
powerful and quick acting pathway to destroy microbes (Figs. 44-2 and 44-3).7 
The classical pathway reaction cascade is designed to opsonize and perturb 
the surface membrane of microorganisms. Of course, autoantibodies also 
trigger this highly efficient classical pathway. Complement action mediated 
by immune complexes may then lead to cellular and tissue damage. Instructive 
examples of autoantibodies and complement-mediated diseases are immune 
hemolytic anemias, myasthenia gravis, and bullous pemphigoid. The basic 
problem or pathologic defect in this type of human disease is the formation 
of the autoantibody. A misidentification of self has occurred because of a 
breaking of tolerance. In this pathologic situation, the complement system is 
working at the behest of the autoantibody.

TABLE 44-3 PARTICIPATION OF THE COMPLEMENT SYSTEM 
IN HUMAN DISEASE

Activation by autoantibody (formation of immune complexes)
Engagement with modified self (clearance of debris or garbage)

•	 Degenerative	processes	(diseases	of	aging	such	as	age-related	macular	
degeneration)

•	 Cell	and	tissue	damage	(ischemia-reperfusion	injury;	atypical	hemolytic	
uremic syndrome)
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Regulation of the classical pathway activation occurs at two levels. First, 
the serine protease inhibitor (serpin) known as the C1-inhibitor (C1-INH) 
blocks the activity of many proteases, including factor XIIa, kallikrein, and 
factor XIa of the clotting system as well as C1r, C1s, and MASP2 of the 
complement system. The importance of C1-INH is exemplified by its role in 
hereditary angioedema (Table 44-6). In this dominantly inherited disease, a 
deficiency of C1-INH allows uncontrolled proteolysis of C4 and C2 and 
generation of bradykinin, leading to recurrent swelling episodes. This serpin 
prevents chronic activation of the classical pathway cascade and, after a few 
minutes, helps to shut down the system. Classical pathway activation is also 
regulated by multiple inhibitors at the key step of C3 activation. These plasma 
and membrane proteins inhibit C3 convertase formation on healthy self. 
Membrane regulators are highly expressed on most cell types, where they 
prevent activation on normal self and overexuberant activation on altered and 
nonself.

 Lectin Pathway
The protein mannose-binding lectin (MBL) is a member of the collectin family 
that also includes pulmonary surfactants A and D.8 MBL has a structure similar 
to C1q in that it consists of several subunits; namely, a globular recognition 
head domain for carbohydrates and a collagen-like tail that interacts with 
serine proteases. In the case of MBL, the globular domain is a lectin (protein) 
that binds to repeating mannose and N-acetylglucosamine residues on the 
surface of pathogens (see Figs. 44-2 and 44-3). Many microorganisms are 
recognized by MBL, including gram-positive and gram-negative bacteria, 
mycobacteria, fungi, parasites, and viruses (including human immunodeficiency 
virus 1 [HIV-1]). In general, as would be expected, mammalian glycoproteins 
and glycolipids are not readily recognized by MBL and the related lectins 
(ficolins and collectins) that activate the lectin pathway.

Three serine proteases, MASP-1, MASP-2, and MASP-3, associate with 
MBL (and the ficolins and collectins) through their collagen-like domain. 
This is analogous to the association of C1r and C1s with C1q. Activation of 
MASP-2, with some help from MASP-1, results in cleavage of C2 and C4, 
leading to formation of the classical/lectin pathway C3 convertase (C4b2a).

Genetic variations in the structural and regulatory portions of the MBL 
gene lead to wide differences in serum levels. A low level of MBL is associated 
with recurrent infections in children and adults and is a risk factor for the 
development of SLE. More striking is the association of low levels of MBL 

TABLE 44-4 PATHOLOGIC CONDITIONS ASSOCIATED WITH 
COMPLEMENT ACTIVATION

Examples of diseases in which complement activation contributes to the 
immunopathology:

Atypical hemolytic uremic syndrome*†

Paroxysmal nocturnal hemoglobinuria†

Age-related macular degeneration*†

Membranoproliferative glomerulonephritis (types 1, 2, and 3)†‡

Myasthenia gravis‡

Bullous pemphigoid‡

Systemic lupus erythematosus/antiphospholipid syndrome‡

Rheumatoid arthritis‡

Immune hemolytic anemias‡

Immune vasculitis (the ANCA-positive syndromes)‡

Ischemia reperfusion injury*†

Allotransplantation‡

Serum sickness‡

Exposures to foreign materials (e.g., membranes, nanoparticles)*
*Injury, ischemia, trauma, degeneration, or foreign body is the trigger (innate immune activation).
†Lack of adequate regulation contributes to disease pathogenesis.
‡Antibody dependent activation of the complement system (adaptive humoral immune activation).
ANCA = antineutrophil cytoplasmic antibody.

degeneration (AMD) (Chapter 396) to functional coding mutations in factor 
H and factor I and more uncommonly in factor B and C3.15 Finally, rodent 
models of rheumatoid arthritis, SLE, and antineutrophil cytoplasmic antibody 
(ANCA)–positive vasculitic syndromes are ameliorated if the alternative 
pathway is disrupted.

 C3 and C5 Convertases
The three activation pathways converge at C3. A remarkable feature of C3 is 
the presence of a thioester bond. Buried within the three-dimensional structure 
of the C3 protein lies a γ-carboxy group of a reactive glutamic acid residue 
linked to a cysteine in an “internal thioester.” Upon its cleavage, for a few 
microseconds, a covalent attachment can occur via an ester or amide linkage 
to any nearby hydroxyl or amino group. Most of the cleaved thioester bonds 
are hydrolyzed by water to produce a form of C3 (known as C3 [H2O]); 
however, a substantial percentage forms an amide or ester bond to amino 
groups or carbohydrates thereby covalently attaching C3b to a target’s surface. 
Also, the addition of a C3b to C4b2a (classical/lectin pathway C3 convertase) 
or to C3bBb (alternative pathway C3 convertase) then forms a convertase for 
C5 (C3bBbC3b for the alternative pathway and C4bC2aC3b for the classical/
lectin pathway).

 Regulators of Complement Activation at the C3 and C5 steps
The regulators of complement activation (see Table 44-2) limit the produc-
tion of C3b, primarily by the alternative pathway C3 convertases. Because 
the addition of C3b to a C3 convertase makes it a C5 convertase, regulation 
of the two enzyme complexes is linked. Modulation of their activity on host 
cells limits tissue destruction and the production of inflammatory mediators.

The complement activation regulatory proteins control complement activa-
tion by two processes. Decay-accelerating activity refers to when the inhibitor 
transiently binds to C3b or C4b in the convertase and thereby dissociates the 
other members of the complex, rendering it enzymatically inactive (as the 
component released is the catalytic domain of the protease). The second is 
cofactor activity, which requires recognition of C3b or C4b by a plasma cofac-
tor protein. Upon this interaction, the protease, factor I, cleaves C3b or C4b. 
Cleavage of C3b by factor I renders the convertase irreversibly inactive (gener-
ates iC3b which cannot participate in convertase formation).

with infections in the setting of the treatment of SLE. For example, hetero-
zygous MBL deficiency has been associated with a four-fold increase in the 
risk of bacterial pneumonia and homozygous deficiency with a more than 
100-fold increase.

 Alternative Pathway
The alternative pathway takes advantage of the fact that C3 undergoes spon-
taneous, chronic, low-grade activation (Fig. 44-4; see also Figs. 44-2 and 44-3). 
This C3b may covalently attach to any cell; however, on normal self, amplifica-
tion of the cascade is blocked by inhibitors. In contrast, deposition on poly-
saccharides of bacterial membranes and to other targets, such as endotoxin 
and virally infected cells, leads to a rapid engagement of this pathway. These 
sites, similar to immune complexes and almost any type of biomaterial (car-
diopulmonary bypass and hemodialysis membranes, nanoparticles, and so 
on), lack regulators, so rapid, massive activation may occur.

During spontaneous activation, called tickover, small amounts of activated 
C3 are continuously generated (C3 turns over in blood at 1 to 2%/hour). It 
can initiate a feedback loop and cleave more C3 to C3b. Also, the initial C3b 
may be derived from either the classical or lectin pathway. Thus, activation of 
complement by any one of the three pathways has the potential to be rapidly 
magnified.9 The alternative pathway C3 convertase is negatively controlled 
(to maintain homeostasis) both in the fluid phase and on host cells by two 
abundant plasma proteins and two widely expressed membrane proteins.10

The central role of the alternative pathway as an amplifier of complement 
activation is borne out by its association with a number of clinicopathologic 
states in the setting of deficient regulation (Tables 44-6 and 44-7).10 For example, 
multiple forms of membranoproliferative glomerulonephritis (Chapter 113) 
are associated with excessive C3 fragment deposition in the kidney because 
of either the presence of autoantibodies (C3 or C4 nephritic factors) that 
stabilize C3 convertases or a genetic deficiency in complement regulatory 
protein (factor H or factor I).11,12 Likewise, atypical hemolytic uremic syndrome 
(i.e., not associated with a preceding enteropathic infection featuring a Shiga-like 
toxin) occurs (Chapter 163) in individuals who harbor heterozygous missense 
mutations in factor H, membrane cofactor protein (MCP), or factor I or have 
gain-of-function mutations in factor B or C3.13,14 Genome-wide association 
and targeted deep sequencing studies have also linked age-related macular 

CLASSICAL PATHWAY LECTIN PATHWAY ALTERNATIVE PATHWAY

Antibody binds to specific
antigen on pathogen surface 

Mannose-binding lectin
binds to pathogen

surface

Pathogen surface creates local
environment conducive to

complement activation 

Complement Activation

FIGURE 44-2. The three pathways of complement activation. the system is designed to be most efficient on a membrane surface. However, complement activation in the fluid phase, 
as for example in serum sickness, also occurs. in addition, the alternative pathway is continuously at a low level turning over (tickover) in the fluid phase (see Fig. 44-3). 

TABLE 44-5 TISSUE INJURY OR DEGENERATION AND 
COMPLEMENT ACTIVATION*

Age-related macular degeneration
Osteoarthritis (degenerative joint disease)
Ischemic stroke
Myocardial infarction
Traumatic injury (e.g., brain, liver, kidney, gut)
Ischemia-reperfusion injury
Burns
Acute respiratory distress syndrome
Septic shock
Multiorgan failure syndromes
Alzheimer disease
*In these conditions, complement activation leads to deposition of fragments at the site of injury; 
however, how much of the tissue injury is attributable to complement system is unknown. In many 
cases, animal models support a pathologic role for the complement system. Only in age-related 
macular degeneration is there also powerful genetic evidence in humans to indicate a key role for 
the complement system.

FIGURE 44-3. Classical and lectin pathway activation.

CLASSICAL Lectin
C1qC1s2C1r2 MBL/Ficolin/Collectins/MASPs

C4 C4a C4

C2 C2C2b
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C4b2a3b

C5a C5 C5b + C6-C9
TERMINAL

The classical pathway is also activated by means other than the formation of 
IgM- and IgG-bearing immune complexes. β-Amyloid in the neuritic plaques 
of patients with Alzheimer disease directly engages the classical pathway via 
an interaction with C1q (Table 44-5). Likewise, C-reactive protein (CRP) 
and serum amyloid protein bind to chromatin and other ribonucleoprotein 
complexes released from apoptotic cells, and these types of complexes activate 
the classical pathway. As noted, the classical pathway plays a key role in the 
opsonization and removal of nuclear debris. Approximately 80% of patients 
with hereditary absence of C1q or C4 develop SLE. Deposits of CRP and 
activated C1 have been demonstrated in ischemic tissue such as infarcted 
human myocardium. These observations indicate that classical pathway acti-
vation via these antibody-independent means is critical in protecting against 
autoimmune responses by facilitating debris clearance.
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degeneration (AMD) (Chapter 396) to functional coding mutations in factor 
H and factor I and more uncommonly in factor B and C3.15 Finally, rodent 
models of rheumatoid arthritis, SLE, and antineutrophil cytoplasmic antibody 
(ANCA)–positive vasculitic syndromes are ameliorated if the alternative 
pathway is disrupted.

 C3 and C5 Convertases
The three activation pathways converge at C3. A remarkable feature of C3 is 
the presence of a thioester bond. Buried within the three-dimensional structure 
of the C3 protein lies a γ-carboxy group of a reactive glutamic acid residue 
linked to a cysteine in an “internal thioester.” Upon its cleavage, for a few 
microseconds, a covalent attachment can occur via an ester or amide linkage 
to any nearby hydroxyl or amino group. Most of the cleaved thioester bonds 
are hydrolyzed by water to produce a form of C3 (known as C3 [H2O]); 
however, a substantial percentage forms an amide or ester bond to amino 
groups or carbohydrates thereby covalently attaching C3b to a target’s surface. 
Also, the addition of a C3b to C4b2a (classical/lectin pathway C3 convertase) 
or to C3bBb (alternative pathway C3 convertase) then forms a convertase for 
C5 (C3bBbC3b for the alternative pathway and C4bC2aC3b for the classical/
lectin pathway).

 Regulators of Complement Activation at the C3 and C5 steps
The regulators of complement activation (see Table 44-2) limit the produc-
tion of C3b, primarily by the alternative pathway C3 convertases. Because 
the addition of C3b to a C3 convertase makes it a C5 convertase, regulation 
of the two enzyme complexes is linked. Modulation of their activity on host 
cells limits tissue destruction and the production of inflammatory mediators.

The complement activation regulatory proteins control complement activa-
tion by two processes. Decay-accelerating activity refers to when the inhibitor 
transiently binds to C3b or C4b in the convertase and thereby dissociates the 
other members of the complex, rendering it enzymatically inactive (as the 
component released is the catalytic domain of the protease). The second is 
cofactor activity, which requires recognition of C3b or C4b by a plasma cofac-
tor protein. Upon this interaction, the protease, factor I, cleaves C3b or C4b. 
Cleavage of C3b by factor I renders the convertase irreversibly inactive (gener-
ates iC3b which cannot participate in convertase formation).

with infections in the setting of the treatment of SLE. For example, hetero-
zygous MBL deficiency has been associated with a four-fold increase in the 
risk of bacterial pneumonia and homozygous deficiency with a more than 
100-fold increase.

 Alternative Pathway
The alternative pathway takes advantage of the fact that C3 undergoes spon-
taneous, chronic, low-grade activation (Fig. 44-4; see also Figs. 44-2 and 44-3). 
This C3b may covalently attach to any cell; however, on normal self, amplifica-
tion of the cascade is blocked by inhibitors. In contrast, deposition on poly-
saccharides of bacterial membranes and to other targets, such as endotoxin 
and virally infected cells, leads to a rapid engagement of this pathway. These 
sites, similar to immune complexes and almost any type of biomaterial (car-
diopulmonary bypass and hemodialysis membranes, nanoparticles, and so 
on), lack regulators, so rapid, massive activation may occur.

During spontaneous activation, called tickover, small amounts of activated 
C3 are continuously generated (C3 turns over in blood at 1 to 2%/hour). It 
can initiate a feedback loop and cleave more C3 to C3b. Also, the initial C3b 
may be derived from either the classical or lectin pathway. Thus, activation of 
complement by any one of the three pathways has the potential to be rapidly 
magnified.9 The alternative pathway C3 convertase is negatively controlled 
(to maintain homeostasis) both in the fluid phase and on host cells by two 
abundant plasma proteins and two widely expressed membrane proteins.10

The central role of the alternative pathway as an amplifier of complement 
activation is borne out by its association with a number of clinicopathologic 
states in the setting of deficient regulation (Tables 44-6 and 44-7).10 For example, 
multiple forms of membranoproliferative glomerulonephritis (Chapter 113) 
are associated with excessive C3 fragment deposition in the kidney because 
of either the presence of autoantibodies (C3 or C4 nephritic factors) that 
stabilize C3 convertases or a genetic deficiency in complement regulatory 
protein (factor H or factor I).11,12 Likewise, atypical hemolytic uremic syndrome 
(i.e., not associated with a preceding enteropathic infection featuring a Shiga-like 
toxin) occurs (Chapter 163) in individuals who harbor heterozygous missense 
mutations in factor H, membrane cofactor protein (MCP), or factor I or have 
gain-of-function mutations in factor B or C3.13,14 Genome-wide association 
and targeted deep sequencing studies have also linked age-related macular 

TABLE 44-6 SOLUBLE AND MEMBRANE FACTORS REGULATING COMPLEMENT
SOLUBLE FACTORS REGULATING COMPLEMENT

NAME LIGAND OR BINDING FACTOR FUNCTIONAL ACTIVITY PATHOLOGY, IF DEFICIENT
C1-INH C1r, C1s, MASP-2 Binds to and displaces C1r and C1s from C1q and 

MASP-2 from MBL
HAE

C4bp* (C4 binding protein) C4b, GAGs Displaces C2a (DAA); cofactor for C4b cleavage by 
factor I (CA)

No clinical syndrome clearly defined

CPN-1 (carboxypeptidase-N) C3a, C5a Inactivates C3a and C5a Urticaria and angioedema
Factor H*† C3b, C3d, GAGs Displaces Bb from AP C3 and C5 convertases (DAA) 

and is a cofactor for factor I to cleave C3b (CA)
AMD, aHUS, C3 glomerulopathies; 

bacterial infections secondary to low C3
Factor I† C3b, C4b Serine protease; cleaves C3b and C4b, requires a 

cofactor protein (CA)
AMD, aHUS; bacterial infections 

secondary to low C3
Protein S (vitronectin) C5b67 Inhibits membrane attachment by C5b67 None defined

MEMBRANE-BOUND FACTORS REGULATING COMPLEMENT

NAME LIGAND OR BINDING FACTOR FUNCTIONAL ACTIVITY DISEASE, IF DEFICIENT
DAF (CD55) C3 and C5 convertases Prevents binding and displaces Bb from AP convertase 

and C2a from CP or LP convertases, respectively
PNH

Membrane cofactor protein (MCP, 
CD46)

C3b, C4b Cofactor for factor I (CA) aHUS

Protectin (CD59) C8, C9 Inhibits MAC formation and insertion PNH
CR1 (CD35) (immune adherence or 

C4b/C3b receptor)
C3b, C4b, C3 and C5 convertases Cofactor for factor I to cleave C4b and C3b (CA); 

displaces Bb from C3b and C2a from C4b to 
inhibit convertases (DAA)

No complete deficiency described; 
decreased levels in immune complex–
mediated diseases such as lupus

CRIg C3b, iC3b, C3c Inhibits activation of AP None defined
*Factor H and C4bp also bind to surfaces, particularly at sites of tissue and cellular injury, where they carry out regulatory activity.
†If heterozygous deficient, the individual is predisposed to AMD and aHUS. If homozygous deficient, the AP turns over excessively, resulting in kidney disease (C3 glomerulopathies) and bacterial infections 
(secondary to the very low C3).
aHUS = atypical hemolytic uremic syndrome; AMD = age-related macular degeneration; AP = alternative pathway; (C3b)2 Bb = alternative pathway C5 convertase; C3bC4bC2a = classical and lectin pathway 
C5 convertase; C4bC2a = classical and lectin pathway C3 convertase; CA = cofactor activity; CR1 = complement receptor type 1; CRIg = complement receptor of the immunoglobulin superfamily; DAA = 
decay-accelerating activity; DAF = decay-accelerating factor; GAG = glycosaminoglycan; HAE = hereditary angioedema; MAC = membrane attack complex; MASP = mannan-binding lectin-associated serine 
protease; MBL = mannan or mannose binding lectin; PNH = paroxysmal nocturnal hemoglobinuria.
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the cell. The clinical features of PNH are primarily chronic hemolysis and 
intermittent thrombosis. Hemolysis is caused by complement activation on 
red cells because of a lack of DAF and particularly CD59. Thrombosis (Chapter 
73) is likely secondary to intravascular complement activation, leading to 
endothelial cell activation. The primary defect is an acquired hematopoietic 
stem cell mutation of a gene on the X chromosome responsible for encoding 
the first enzyme in the pathway to synthesize a GPI anchor.

 Anaphylatoxins
The anaphylatoxins serve a key early role in initiating a local inflammatory 
response as they trigger pathways to prepare a cell to face a pathogen or injury 

TABLE 44-7 COMPLEMENT SYSTEM MEDIATES THE DISEASE PROCESS AND ITS INHIBITION TREATS THE CONDITION
DISEASE PATHOPHYSIOLOGY ETIOLOGY TREATMENT FDA APPROVED
PNH Lyse RBCs Acquired hemopoietic somatic stem cell mutation in gene 

required for synthesis of GPI anchor
mAb to C5 Yes

aHUS Damage to endothelial cells Inherited loss of function variants in AP regulators or gain of 
function variants in AP activators

mAb to C5 Yes

HAE Bradykinin generation Autosomal dominant variants in the C1-inhibitor gene C1 inhibitor replacement
Bradykinin receptor blockage
Kallikrein inhibitor

Yes
Yes
Yes

AMD Degeneration of the retina Inherited variants in a regulator (FH or FI) or gain of 
function in an alternative pathway component (C3 or FB)

Clinical trials in progress No

aHUS = atypical hemolytic uremic syndrome; AMD = age-related macular degeneration; AP = alternative pathway; FB = factor B; FDA = Food and Drug Administration; FH = factor H; FI = factor I; HAE = 
hereditary angioedema; GPI = glycosyl phosphatidylinositol; mAb = monoclonal antibody; PNH= paroxysmal nocturnal hemoglobinuria; RBC = red blood cell.
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FIGURE 44-4. Complement activation pathways. in the reaction cascade shown, C3b 
or C3 (H2o) binds the pro-enzyme factor B (FB), and the C3bB or C3 (H2o)B complex then 
is cleaved by the protease factor D (FD). the addition of properdin (p) to the enzyme 
complex increases the half-life of the enzyme complex approximately 10-fold. although 
the source of the C3b can be from spontaneous turnover or via lectin pathway (lp) and 
classical pathway (Cp) activation, the alternate pathway (ap) feedback loop commonly 
takes over to generate much of C3b that binds to a target. the alternate pathway is 
continuously turning over. if activated C3b or C3 (H2o) remains in the fluid phase, it is 
rapidly inhibited by the plasma regulators factor H and factor i. if activated C3b binds 
to normal or healthy self, it is prevented from forming a convertase by the ubiquitously 
expressed membrane cofactor protein (mCp [CD46]) and decay-accelerating factor (DaF 
[CD55]) (not shown). DaF both prevents B from binding to C3b and “kicks out” the catalytic 
Bb domain (a temporary stop), but mCp is a permanent stop because, upon its binding, 
the C3b is proteolytically cleaved to inactive C3b (iC3b) by the serine protease factor i. 
the feedback loop is a powerful amplification system. a single Escherichia coli organism 
in blood can be coated with several million C3bs in a couple of minutes! 

 Membrane Attack Complex
The cleavage of C5 generates C5a, the most potent of the complement 
anaphylatoxins, and C5b. C5b associates with C6 and C7 to create a lipophilic 
trimer as the initial part of the membrane attack complex (see E-Fig. 44-1). 
The C5b67 trimer inserts into the lipid bilayer and serves as a binding site 
for C8 and C9. C9 self-polymerizes, leading to 12 to 18 C9 molecules that 
form a ring structure, completing the membrane attack complex. The 

membrane attack complex resembles a doughnut with a 10-nm pore running 
through the center. This pore allows water and ions to enter the cells, ultimately 
leading to osmotic lysis. Many pathogens such as gram-positive bacteria possess 
a capsule that makes them resistant to lysis. Opsonization leading to phago-
cytosis is thus the major means of eliminating such organisms.

The membrane attack complex appears to be essential only for elimination 
of Neisseria spp. Individuals completely deficient in C5, C6, C7, C8, or C9 
are at an increased risk only for meningococcal and gonococcal infections 
(Chapters 282 and 283). C9 deficiency is a common immunodeficiency in 
Japan, with a heterozygote frequency of 3 to 5%. Thus, heterozygous deficiency 
seems to not be deleterious to the population in general but may have a selec-
tive advantage.

Extensive complement activation during an inflammatory response can 
result in sufficient membrane attack complex deposition to produce host cell 
lysis. Host cells, however, have mechanisms in place to resist the osmotic 
changes caused by the membrane attack complex and to block assembly of 
the membrane attack complex as it is formed (the protein is known as protectin 
or CD59). Rather, the nonlethal effects of sublytic membrane attack complex 
deposition are more likely to contribute to pathology. In most cells, this occurs 
through a general activation of multiple cell signaling pathways.

The response to membrane attack complex deposition at sites of comple-
ment activation depends on the cell type (Table 44-8). In phagocytic cells, 
such as neutrophils or macrophages, sublytic membrane attack complex inser-
tion leads to the production of reactive oxygen species (e.g., superoxide, 
hydrogen peroxide) as well as release of prostaglandins and leukotrienes. 
Platelets undergoing a “membrane attack complex insertion” expose phos-
phatidylserine on their outer membrane, facilitating assembly of blood coagu-
lation enzyme complexes on their surfaces with a potentially procoagulant 
effect. On endothelial cells, membrane attack complex deposition induces the 
synthesis of interleukin-1α (IL-1α), which leads to further autocrine and 
paracrine endothelial cell activation. It stimulates a procoagulant state by (1) 
altering the phospholipid composition of the endothelial membrane; (2) 
inducing the synthesis of tissue factor and upregulating the synthesis of plas-
minogen activator inhibitor; (3) upregulating the expression of adhesion 
molecules, including intercellular adhesion molecule 1 (ICAM-1) and E-selectin; 
and (4) stimulating endothelial cells to proliferate through growth factor 
production. In summary, although cell death does not usually occur, deposi-
tion of the sublytic levels of membrane attack complex leads to a potentially 
dangerous situation, with increased inflammation, a procoagulant state, and 
cellular proliferation. Of course, part of this response is necessary at sites of 
injury to eliminate pathogens and debris and to facilitate wound repair. The 
short duration of complement activation and the presence of inhibitors help 
to maintain homeostasis.

Regulation of membrane attack complex formation is important clinically 
(Fig. 44-5). Two plasma proteins, clusterin and S-protein (vitronectin), bind 
the C5b-7 complex and prevent its association with the lipid membrane. C8 
and multiple C9 molecules adhere to this soluble complex, termed soluble 
C5b-9, which is lytically inactive. CD59 (protectin) is a membrane-bound 
inhibitor of membrane attack complex formation. This small glycoprotein is 
attached to the cell membrane through a glycosyl phosphatidylinositol tail 
(GPI anchor). It binds to C5b-8, inserted in the cell membrane, to prevent 
binding to and polymerization of C9. The expression of CD59 is defective in 
patients with paroxysmal nocturnal hemoglobinuria (PNH) (Chapter 151), 
owing to the failure to synthesize the GPI anchor used by this and many other 
membrane proteins (including decay-accelerating factor [DAF]) to insert on 



CHAPTER 44 Complement SyStem in DiSeaSe 224.e1

C5b

C6

C6

C7

C7
C7 C7

C6
C6

C9C8 n

C9

C9C9C9

C6

C5b-6

C5b-7B

Topography of C5b-9 assembly

C5b-8

C9 site

C5b-9n

β

β β

β β

β β β

α'

α' α'

α

α α

γ

γ γα' α'

Vitronectin, clusterin, protectin

Increasing lipophilicityA

MAC

C7C5a
C3bBb3b

C4b2a3b
C8C6

C5bC5

C9

AP C5 con

CP/LP C5 con

E-FIGURE 44-1. Activation of C5 and the membrane attack complex (MAC). A, the C5 convertases (con) are the same as C3 convertases except a C3b has been attached to C4bC2a 
or a second C3b in the case of alternative pathway (ap) C5 convertase. B, Schematic representation of the assembly of the maC on a cell membrane. C5b (composed of two chains) 
binds C6 and then C7. the C5b-7 complex can insert into a membrane and then bind C8 (composed of three chains) and multiple C9s to form a pore or channel in the membrane. a 
complete lack of C5, C6, C7, C8, or C9 predisposes the individual to Neisseria infections, especially with the meningococcus (Chapter 282), but no other infectious or immune disorders. 
not shown (but see Fig. 44-4) is that properdin stabilizes both C5 convertases and is usually required for efficient C3 and C5 convertase activity. Cp = classical pathway; lp = lectin 
pathway. (modified from liszewski mK, atkinson Jp. Regulatory proteins of complement. in: Volanakis Je, Frank mm, eds. The Human Complement System in Health and Disease. new 
york: marcel Dekker; 1998.)
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(Table 44-9). Similar to the membrane attack complex, anaphylatoxins are 
another major source of potential pathologic damage to self that results from 
complement activation. These peptides, C3a and C5a, are cleaved from their 
respective proteins during complement activation. They are 77 (C3a) or 74 
(C5a) amino acids long and contain a key carboxy (C)-terminal arginine. 
They interact with the anaphylatoxin receptors. In plasma, the C-terminal 
arginine is removed by carboxypeptidase-N from anaphylatoxins not bound 
to their receptors. Depending on the response studied, this removal totally 
inactivates the anaphylatoxin or reduces its potency by about 1000-fold.

The C5a receptor (C5aR [CD88]) is a seven-transmembrane-spanning 
protein that couples ligand binding to G-protein signaling. Expressed on 
myeloid cells, particularly neutrophils and eosinophils, it mediates the potent 
chemoattractant property of C5a for both of these cell types. Signaling through 
CD88 leads to rapid secretion of all granule contents. These include lipases 
and proteases as well as lactoferrin from neutrophils, and peroxidase, major 
basic protein, and cationic protein from eosinophils. C5a also induces the 
release of cytokines, such as tumor necrosis factor (TNF), IL-1, IL-6, IL-8, 
and adhesion molecules, promoting the inflammatory response. The C5aR is 
expressed by numerous other tissues, including hepatocytes, bronchial and 
alveolar epithelium, vascular endothelium, renal mesangial and tubular epi-
thelial cells, and brain neuronal cells. These cells are activated by receptor 
engagement, leading to production and release of cytokines, chemokines, and 
prostaglandins and to cellular proliferation.

The C3a receptor is also a seven-transmembrane-domain protein. It is 
expressed on almost all myeloid cells, including mast cells, where it mediates 
the release of allergic mediators. The C3aR also has been detected on many 
tissues, including in the brain and lung.

The anaphylatoxins have multiple biologic effects. In general, they cause 
smooth muscle contraction and recruitment of granulocytes, monocytes, and 
mast cells. In theory, they can contribute to the pathophysiology of any inflam-
matory condition. In disease models, C3a and C5a have been shown to play 
a role in diseases such as acute respiratory distress syndrome (ARDS), multi-
system organ failure, septic shock, myocardial ischemia-reperfusion injury, 
asthma, rheumatoid arthritis, SLE, and inflammatory bowel disease. The 
anaphylatoxin peptides also are responsible for the “postpump” syndrome 
seen in patients undergoing cardiopulmonary bypass or hemodialysis. Exposure 
of blood to dialysis or perfusion membranes leads to complement activation. 
Within minutes of starting bypass, there is a sharp increase in the levels of 
C3a and C5a in the extracorporeal circuit being returned to the patient. This 
increase can be associated with respiratory distress, pulmonary hypertension, 
and pulmonary edema. It has been shown that the length of time that patients 
stay on the ventilator after bypass surgery correlates with the level of C3a 
generated during reperfusion.

C3a and C5a have been implicated in the initiation and prolongation of 
ARDS (Chapter 96) and multisystem organ failure. After severe trauma, levels 
of C3a have been measured that suggest activation of the entire circulating 
C3 pool. This activation leads to bronchoconstriction, increased vascular 

the cell. The clinical features of PNH are primarily chronic hemolysis and 
intermittent thrombosis. Hemolysis is caused by complement activation on 
red cells because of a lack of DAF and particularly CD59. Thrombosis (Chapter 
73) is likely secondary to intravascular complement activation, leading to 
endothelial cell activation. The primary defect is an acquired hematopoietic 
stem cell mutation of a gene on the X chromosome responsible for encoding 
the first enzyme in the pathway to synthesize a GPI anchor.

 Anaphylatoxins
The anaphylatoxins serve a key early role in initiating a local inflammatory 
response as they trigger pathways to prepare a cell to face a pathogen or injury 

TABLE 44-8 RESPONSES TO SUBLYTIC MEMBRANE ATTACK 
COMPLEX ACTIVATION

CELL TYPE EFFECTS
Most cells Increased intracellular calcium flux

Activation of G proteins
Activation of protein kinases
Activation of transcription factors
Proliferation

Neutrophils and macrophages Release of reactive oxygen species
Activation of phospholipase A2

Release of prostaglandins, thromboxane, and 
leukotrienes

Platelets Release of ATP
Increased P-selectin expression
Procoagulant membrane changes

Endothelial cells Increased synthesis of IL-1α
Increased release of tissue factor
Increased release of von Willebrand factor
Increased synthesis of basic fibroblast and 

platelet-derived growth factors
Synoviocytes Increased synthesis of prostaglandins

Increased synthesis of IL-6
Increased production of matrix metalloproteinase

Glomerular epithelium Activation of phospholipase A2

Synthesis of prostaglandin
Increased synthesis of collagen and fibronectin

Oligodendrocytes Increased synthesis of myelin basic protein and 
proteolipids

Increased proliferation
ATP = adenosine triphosphate; IL = interleukin.

C3

LP AP CP

C5

Eculizumab

C3 con

C5 con

C5a

C3bC3bC3b

C3b

C3b

Bb
Bb

B MACC5b

FIGURE 44-5. Complement activation and the mechanism of action of eculizumab 
(monoclonal antibody [mAb] to C5). the alternate pathway (ap) constantly undergoes 
“tickover” but can also be primed by the classical pathway (Cp) and lectin pathway (lp). 
the C3b that is formed interacts with factor B (B), which is then cleaved by factor D 
to form a C3 convertase (C3Bb). as more C3b is generated, a fraction binds to the C3 
convertase to form a C5 convertase. monoclonal antibody to C5 (eculizumab) prevents 
the cleavage of C5 by the C5 convertase. not shown is that properdin binds to both the 
C3 and C5 convertases to increase their half-lives approximately five- to 10-fold (from 
≈30 seconds to several minutes). (modified from Wong eK, Goodship tH, Kavanagh D. 
Complement therapy in atypical haemolytic uraemic syndrome [aHUS]. Mol Immunol. 
2013;56[3]:199-212.) 

TABLE 44-9 DISTRIBUTION OF ANAPHYLATOXIN RECEPTORS 
AND THEIR CELLULAR RESPONSES

CELL TYPE RESPONSES
C5aR (CD88)

Neutrophils Chemotaxis
Eosinophils Enzyme release
Basophils Generation of reactive oxygen species
Mast cells Upregulation of adhesion molecules
Monocytes Increased synthesis of IL-1, IL-6, and IL-8

Prostaglandin and leukotriene synthesis
Hepatocytes Increased synthesis of acute phase reactants
Pulmonary epithelium Increased IL-8
Neuronal cells Cellular activation
Endothelial cells Increased expression of P-selectin
Renal epithelial/mesangial cells Proliferation and synthesis of growth factors
C3aR

Eosinophils Chemotaxis
Mast cells Enzyme release
Platelets Generation of reactive oxygen species

Upregulation of adhesion molecules
Epithelial, endothelial, etc. Cellular activation
IL = interleukin.
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successful; the monoclonal antibody to C5 is approved by the U.S. Food and 
Drug Administration (FDA) to treat PNH and atypical hemolytic-uremic 
syndrome (aHUS) (Chapter 163).

Other concerns about complement inhibition include whether it is short 
or long term and whether it is systemic or local. Long-term inhibition of 
complement, particularly at one of the early steps, is likely to predispose to 
infection and possibly autoimmunity. Short-term (hours to days) inhibition 
at any step is unlikely to cause problems. Given that inflammation is usually 
a local phenomenon, several mechanisms are being tested to target comple-
ment inhibitors to these sites. In this way, higher levels of inhibition can be 
achieved when needed and with lower doses of inhibitor.

 Natural Complement Inhibitors
Naturally occurring compounds that control complement activation include 
products or extracts of plants, fungi, insects, bacteria, viruses, and venoms. 
The mechanism of complement inhibition by some of these natural products 
is known and is of clinical and experimental importance. In particular, to 
protect themselves from the host’s complement system, poxviruses, herpes-
viruses, and flaviviruses produce either mimics of the human regulators that 
they at one time hijacked from their hosts or proteins that bind the hosts’ 
regulators such as the plasma protein factor H. Bacteria also express a wide 
variety of inhibitors of the human complement system. Staphylococcus aureus, 
for example, synthesizes up to 10 distinct proteins that inhibit at almost every 
key step of the complement cascade. Cobra venom factor (CVF) is a modified 
form of cobra C3b secreted by venom glands in the oral cavity. It is a 
144,000-dalton glycoprotein that forms an alternative pathway convertase in 
association with host factor B. Upon injection, CVF leads to massive activa-
tion of the alternative pathway, resulting in shock and pulmonary microvascular 
injury in experimental animals. It is resistant to the host’s inhibitors because 
the site for that interaction is altered on CVF. Perhaps the most widely used 
natural inhibitor of complement activation is heparin. It decreases activation 
of the classical pathway and alternative pathway. In clinical practice, the anti-
complementary effect of heparin has been used to prevent complement activa-
tion during cardiopulmonary bypass. Measurement of complement activation 
products such as C3a or soluble C5b-9 after bypass showed decreases of 35 
to 70% for adult and pediatric patients when heparin-coated extracorporeal 
circuits were used. Although numerous studies have looked at the decrease 
in complement activation by heparin-coated bypass circuits, there have been 
few attempts to correlate this with clinical outcome.

 Anti-C5
The complement inhibitor that has achieved the widest attention as a thera-
peutic agent to stop complement activation is a monoclonal antibody to C5 
that prevents its cleavage to C5a (potent anaphylatoxin) and C5b (initiator 
of the membrane attack complex) (see Fig. 44-5). The generation of the C3b 
and C4b still occurs, allowing opsonization of pathogens and formation of 
immune complexes. Because activation of early complement components is 
also important for the maintenance of tolerance to self-antigens, inhibition 
of C5 activation is less worrisome than inhibition of C3 activation. The one 
consequence of C5 deficiency in humans is an increased risk of Neisseria infec-
tions (Chapters 282 and 283) that can largely be mitigated through vaccination. 
The anti-C5 monoclonal antibody eculizumab has been approved for use in 
patients with PNH and aHUS.

The complement system is undergoing a renaissance. There are several 
reasons but probably the foremost is the discovery of mutations in comple-
ment regulators leading to aHUS and AMD. Second is the therapeutic success 
of a monoclonal antibody to C5 in the treatment of aHUS and PNH. Third 
is the introduction of purified C1-INH, kallikrein inhibitors, and a bradykinin 
receptor antagonist to prevent and treat swelling attacks in hereditary angio-
edema. Last, intriguing recent data implicate the complement system in the 
pathophysiology of multiple disorders, including AMD, ischemia/reperfusion 
injury, organ regeneration, brain development (pruning of undesirable synapses), 
obesity, asthma, T-cell activation phenomena associated with allergic and 
rheumatic diseases,16 and more.
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permeability, hypotension, and vascular plugging with leukocytes. The activa-
tion of white blood cells continues the cycle of tissue damage with further 
complement activation. Continued elevation of C3a in shock or ARDS is a 
poor prognostic sign. C3a and C5a also appear to play a major role in the 
pathogenesis of asthma (Chapter 81).

 Complement Receptors
Opsonization of target by C4b and C3b is effective in preventing infections 
because these two complement fragments (and the further cleavage products 
in the case of C3b) are ligands for complement receptors (Fig. 44-6). After 
covalent attachment of C4b and C3b, immune adherence occurs between the 
opsonized microbe and immune cells, predominantly neutrophils, monocytes, 
and macrophages. Complement opsonins are highly effective mediators of 
immune adherence. On phagocytic cells, this is the prelude to the ingestion 
and destruction of the target antigen. On red cells, immune adherence is 
followed by transfer of the C4b/C3b-coated cargo to monocytes and macro-
phages in the liver and spleen. CR1 is particularly efficient at immune adher-
ence. Proteolytic modification of C3b leads to iC3b, which is a ligand for the 
highly phagocytic CR3 and CR4. A further degradation of iC3b to C3d leads 
to an interaction with CR2 to lower the threshold of B cell activation. Overall, 
the process is designed with two goals in mind: (1) destruction by phagocy-
tosis of the microbe and (2) coating of microbial antigens for an adaptive 
immune response. For example, follicular dendritic cells and B lymphocytes 
express CR1, CR2, CR3, and CR4 that facilitate complement-coated antigens 
to be bound, internalized, and presented to other immune cells. CR3 and 
CR4 facilitate phagocytosis, and CR2 on follicular dendritic cells facilitates 
immunologic memory generation.

 COMPLEMENT INHIBITORS
Given the many disease states in which complement is one of the central 
mediators of pathology, it is no surprise that complement inhibitors are in 
preclinical or clinical development for treatment of human diseases (see Table 
44-2 and Fig. 44-6). These inhibitors take several different forms. Whereas 
some are variations of physiologic inhibitors, others are the products of molecu-
lar biologic searches for novel compounds.

It is important to consider where in the complement pathway to design an 
inhibitor to act. Inhibition of the activation pathways limits the production 
of biologically active peptides. Inhibiting the activation of C3 not only pre-
vents the generation of the C3a anaphylatoxin but also may leave the patient 
susceptible to infection by limiting the deposition of C3b on targets as an 
opsonin. Inhibition of C3b deposition would decrease the patient’s ability to 
clear immune complexes, potentially resulting in renal, pulmonary, and vascular 
damage. It also might promote the development of antibodies to self-antigens.

Inhibition of the C5 convertases is an attractive goal because it would 
prevent the generation of the C5a anaphylatoxin and the membrane attack 
complex (see Fig. 44-5). This strategy would inhibit complement activation 
without limiting C3b deposition. Inhibitors based on this concept have been 
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FIGURE 44-6. Model of the complement regulators required to inhibit complement 
activation on self at the steps of C3 and C5 cleavage. Circles represent individual comple-
ment control repeats (~60 amino acids each), and shading indicates higher organizational 
units composed of several repeats. the approximate locations for binding of C3b and 
C4b fragments are indicated. Factor H and C4bp are plasma proteins. C4bp = C4-binding 
protein; CR = complement receptor; DaF = decay-accelerating factor; mCp = membrane 
cofactor protein. 
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45 
APPROACH TO THE PATIENT WITH 
POSSIBLE CARDIOVASCULAR DISEASE
LEE GOLDMAN

Patients with cardiovascular disease may present with a wide range of symp-
toms and signs, each of which may be caused by noncardiovascular conditions. 
Conversely, patients with substantial cardiovascular disease may be asymp-
tomatic. Because cardiovascular disease is a leading cause of death in the United 
States and other developed countries, it is crucial that patients be evaluated 
carefully to detect early cardiovascular disease, that symptoms or signs of 
cardiovascular disease be evaluated in detail, and that appropriate therapy be 
instituted. Improvements in diagnosis, therapy, and prevention have contrib-
uted to a 70% or so decline in age-adjusted cardiovascular death rates in the 
United States since the 1960s. Furthermore, among people age 65 years and 
older, regular visits to a primary care physician are associated with a 25 to 
30% reduction in overall mortality. However, the absolute number of deaths 
from cardiovascular disease in the United States has not declined proportion-
ately because of the increase in the population older than 40 years as well as 
the aging of the population in general.

In evaluating a patient with known or suspected heart disease, the physician 
must determine quickly whether a potentially life-threatening condition exists. 
In these situations, the evaluation must focus on the specific issue at hand 
and be accompanied by the rapid performance of appropriately directed addi-
tional tests. Examples of potentially life-threatening conditions include acute 
myocardial infarction (MI) (Chapter 64), unstable angina (Chapter 63), 
suspected aortic dissection (Chapter 69), pulmonary edema (Chapter 53), 
and pulmonary embolism (Chapter 74).

 USING THE HISTORY TO DETECT 
CARDIOVASCULAR SYMPTOMS

Patients may complain spontaneously of a variety of cardiovascular symptoms 
(Table 45-1), but sometimes these symptoms are elicited only by obtaining 
a careful, complete medical history. In patients with known or suspected car-
diovascular disease, questions about cardiovascular symptoms are key com-
ponents of the history of present illness; in other patients, these issues are a 
fundamental part of the review of systems.

 Chest Pain
Chest discomfort or pain is the cardinal manifestation of myocardial ischemia 
resulting from coronary artery disease or any condition that causes myocardial 
ischemia by an imbalance of myocardial oxygen demand compared with myo-
cardial oxygen supply (Chapter 62). New, acute, often ongoing pain may 
indicate an acute MI, unstable angina, or aortic dissection; a pulmonary cause, 
such as acute pulmonary embolism or pleural irritation; a musculoskeletal 
condition of the chest wall, thorax, or shoulder; or a gastrointestinal abnor-
mality, such as esophageal reflux or spasm, peptic ulcer disease, or cholecystitis 
(Table 45-2). The chest discomfort of MI commonly occurs without an imme-
diate or obvious precipitating clinical cause and builds in intensity for at least 
several minutes; the sensation can range from annoying discomfort to severe 
pain (Chapter 64). Although a variety of adjectives may be used by patients 
to describe the sensation, physicians must be suspicious of any discomfort, 
especially if it radiates to the neck, shoulder, or arms. The probability of an 
acute MI can be estimated by integrating information from the history, physical 
examination, and electrocardiogram (E-Fig. 45-1).1 Rapid testing with high-
sensitivity troponin is very helpful in making triage decisions in patients with 
nondiagnostic electrocardiograms (Chapter 63).2

The chest discomfort of unstable angina is clinically indistinguishable from 
that of MI except that the former may be precipitated more clearly by activity 
and may be more rapidly responsive to antianginal therapy (Chapter 63). 
Aortic dissection (Chapter 69) classically presents with the sudden onset of 
severe pain in the chest and radiating to the back; the location of the pain 
often provides clues to the location of the dissection. Ascending aortic dis-
sections commonly present with chest discomfort radiating to the back, whereas 
dissections of the descending aorta commonly present with back pain radiating 
to the abdomen. The presence of back pain or a history of hypertension or 

other predisposing factors, such as Marfan syndrome, should prompt a careful 
assessment of peripheral pulses to determine whether the great vessels are 
affected by the dissection and of the chest radiograph to evaluate the size of 
the aorta. If this initial evaluation is suggestive, further testing with trans-
esophageal echocardiography, computed tomography (CT), or magnetic 
resonance imaging (MRI) is indicated. The pain of pericarditis (Chapter 68) 
may simulate that of an acute MI, may be primarily pleuritic, or may be con-
tinuous; a key physical finding is a pericardial rub. The pain of pulmonary 
embolism (Chapter 74) is commonly pleuritic in nature and is associated 
with dyspnea; hemoptysis also may be present. Pulmonary hypertension 
(Chapter 75) of any cause may be associated with chest discomfort with exer-
tion; it commonly is associated with severe dyspnea and often is associated 
with cyanosis.

Recurrent, episodic chest discomfort may be noted with angina pectoris 
and with many cardiac and noncardiac causes (Chapter 62). A variety of stress 
tests (Table 45-3) can be used to provoke reversible myocardial ischemia in 
susceptible individuals and to help determine whether ischemia is the patho-
physiologic explanation for the chest discomfort (Chapter 62).

 Dyspnea
Dyspnea, which is an uncomfortable awareness of breathing, is commonly 
caused by cardiovascular or pulmonary disease. A systematic approach (see 
Fig. 77-2) with selected tests nearly always reveals the cause. Acute dyspnea 
can be caused by myocardial ischemia, heart failure, severe hypertension, 
pericardial tamponade, pulmonary embolism, pneumothorax, upper airway 
obstruction, acute bronchitis or pneumonia, or some drug overdoses (e.g., 
salicylates). Subacute or chronic dyspnea is also a common presenting or 
accompanying symptom in patients with pulmonary disease (Chapter 77). 
Dyspnea also can be caused by severe anemia (Chapter 149) and can be 
confused with the fatigue that often is noted in patients with systemic and 
neurologic diseases (Chapters 241 and 368).

In heart failure, dyspnea typically is noted as a hunger for air and a need 
or an urge to breathe. The feeling that breathing requires increased work or 
effort is more typical of airway obstruction or neuromuscular disease. A feeling 
of chest tightness or constriction during breathing is typical of bronchocon-
striction, which is commonly caused by obstructive airway disease (Chapters 
81 and 82) but also may be seen in pulmonary edema. A feeling of heavy 
breathing, a feeling of rapid breathing, or a need to breathe more is classically 
associated with deconditioning.

In cardiovascular conditions, chronic dyspnea usually is caused by increases 
in pulmonary venous pressure as a result of left ventricular failure (Chapters 
52 and 53) or valvular heart disease (Chapter 66). Orthopnea, which is an 
exacerbation of dyspnea when the patient is recumbent, is caused by increased 
work of breathing because of either increased venous return to the pulmonary 
vasculature or loss of gravitational assistance in diaphragmatic effort. Parox-
ysmal nocturnal dyspnea is severe dyspnea that awakens a patient at night 
and forces the assumption of a sitting or standing position to achieve gravi-
tational redistribution of fluid. Of note is that acute diuresis relieves the dyspnea 
of severe heart failure, but symptom relief is not always directly related to the 
degree of diuresis.3

 Palpitations
Palpitations (Chapter 56) describe a subjective sensation of an irregular or 
abnormal heartbeat. Palpitations may be caused by any arrhythmia (Chapters 
58 and 59) with or without important underlying structural heart disease. 
Palpitations should be defined in terms of the duration and frequency of the 
episodes; the precipitating and related factors; and any associated symptoms 
of chest pain, dyspnea, lightheadedness, or syncope. It is crucial to use the 
history to determine whether the palpitations are caused by an irregular or a 
regular heartbeat. The feeling associated with a premature atrial or ventricu-
lar contraction, often described as a “skipped beat” or a “flip-flopping of the 
heart,” must be distinguished from the irregularly irregular rhythm of atrial 
fibrillation and the rapid but regular rhythm of supraventricular tachycardia. 
Associated symptoms of chest pain, dyspnea, lightheadedness, dizziness, or 
diaphoresis suggest an important effect on cardiac output and mandate further 
evaluation. In general, evaluation begins with ambulatory electrocardiography 
(ECG) (Table 45-4), which is indicated in patients who have palpitations in the 
presence of structural heart disease or substantial accompanying symptoms. 
Depending on the series, 9 to 43% of patients have important underlying heart 
disease. In such patients, more detailed evaluation is warranted (see Fig. 56-1).

Lightheadedness or syncope (Chapter 56) can be caused by any condition 
that decreases cardiac output (e.g., bradyarrhythmia, tachyarrhythmia, 
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ABSTRACT
The approach to the patient with possible cardiovascular disease begins with 
a careful history. Chest pain may be of cardiac origin (e.g., ischemic heart 
disease, pericarditis, aortic dissection, pulmonary embolism, or pulmonary 
hypertension) or from noncardiac causes, ranging from pulmonary diseases 
(e.g., pneumonia with pleurisy, spontaneous pneumothorax), musculoskeletal 
diseases, gastrointestinal conditions (e.g., esophageal reflux, peptic ulcer, gall 
bladder disease), or anxiety states. Acute dyspnea may be a symptom of myo-
cardial ischemia, heart failure, pericardial tamponade, pulmonary embolism, 
pneumothorax, a variety of pulmonary diseases, or even severe anemia. Pal-
pitations can be caused by arrhythmias, with or without important underlying 
structural heart disease. Light-headedness or syncope can be caused by arrhyth-
mias but also can be the result of other conditions that decrease cardiac output 
(e.g., left ventricular/right ventricular failure or inflow or outflow obstruction, 
cardiac tamponade, aortic dissection), reflex-mediated vasomotor instability 
(e.g., vasovagal, situational, or carotid sinus syncope), or hypostatic hypoten-
sion. Cough can be an early manifestation of heart failure. Fatigue and weakness 
are common in advanced cardiac disease. Claudication suggests possible 
peripheral arterial disease. Careful physical examination includes assessment 
of the jugular venous pressure and carotid pulse, as well as cardiac ausculta-
tion. The timing, quality, and duration of a heart murmur provide clues to its 
cause. Evaluation of the abdomen, extremities, and skin may demonstrate 
evidence of hypoperfusion, heart failure, or infective endocarditis. Careful 
laboratory testing, noninvasive imaging, and cardiac catheterization may help 
determine the cause of cardiovascular symptoms and signs, as well as how 
best to treat them.
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Pain associated with
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E-FIGURE 45-1. Flow diagram to estimate the risk for acute myocardial infarction (MI) in emergency departments in patients with acute chest pain. For each clinical subset, the 
approximate risk of Mi is indicated. (Modified from pearson sd, Goldman l, Garcia tb, et al. physician response to a prediction rule for the triage of emergency department patients 
with chest pain. J Gen Intern Med. 1994;9:241-247.)
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obstruction of the left ventricular or right ventricular inflow or outflow, cardiac 
tamponade, aortic dissection, or severe pump failure), by reflex-mediated 
vasomotor instability (e.g., vasovagal, situational, or carotid sinus syncope), 
or by orthostatic hypotension (see Table 56-1). Neurologic diseases (e.g., 
migraine headaches, transient ischemic attacks, or seizures) also can cause 
transient loss of consciousness. The history, physical examination, and ECG 
are often diagnostic of the cause of syncope (see Table 56-2). Syncope caused 
by a cardiac arrhythmia usually occurs with little warning. Syncope with exer-
tion or just after conclusion of exertion is typical of aortic stenosis and hyper-
trophic obstructive cardiomyopathy. In many patients, additional testing is 
required to document central nervous system disease, the cause of reduced 
cardiac output, or carotid sinus syncope. When the history, physical 

TABLE 45-1 CARDINAL SYMPTOMS OF CARDIOVASCULAR 
DISEASE

Chest pain or discomfort
Dyspnea, orthopnea, paroxysmal nocturnal dyspnea, wheezing
Palpitations, dizziness, syncope
Cough, hemoptysis
Fatigue, weakness
Pain in extremities with exertion (claudication)

Modified from Andreoli TE, Carpenter CCJ, Griggs RC, et al. Evaluation of the patient with cardiovascular disease. In: Cecil Essentials of Medicine, 6th ed. Philadelphia: WB Saunders; 2004:34-35.

TABLE 45-2 CAUSES OF CHEST PAIN

CONDITION LOCATION QUALITY DURATION
AGGRAVATING OR RELIEVING 

FACTORS
ASSOCIATED SYMPTOMS OR 

SIGNS
CARDIOVASCULAR CAUSES

Angina Retrosternal region; radiates 
to or occasionally isolated 
to neck, jaw, epigastrium, 
shoulder, or arms (left 
common)

Pressure, burning, 
squeezing, heaviness, 
indigestion

<2-10 min Precipitated by exercise, cold 
weather, or emotional stress; 
relieved by rest or nitroglycerin; 
atypical (Prinzmetal) angina 
may be unrelated to activity, 
often early morning

S3 or murmur of papillary muscle 
dysfunction during pain

Rest or unstable 
angina

Same as angina Same as angina but may 
be more severe

Usually <20 min Same as angina, with decreasing 
tolerance for exertion or at rest

Similar to stable angina but may be 
pronounced; transient heart 
failure can occur

Myocardial 
infarction

Substernal and may radiate 
like angina

Heaviness, pressure, 
burning, constriction

≥30 min but 
variable

Unrelieved by rest or nitroglycerin Shortness of breath, sweating, 
weakness, nausea, vomiting

Pericarditis Usually begins over sternum 
or toward cardiac apex 
and may radiate to neck or 
left shoulder; often more 
localized than the pain of 
myocardial ischemia

Sharp, stabbing, 
knifelike

Lasts many hours 
to days; may 
wax and wane

Aggravated by deep breathing, 
rotating chest, or supine 
position; relieved by sitting up 
and leaning forward

Pericardial friction rub

Aortic dissection Anterior chest; may radiate 
to back

Excruciating, tearing, 
knifelike

Sudden onset, 
unrelenting

Usually occurs in setting of 
hypertension or predisposition, 
such as Marfan syndrome

Murmur of aortic insufficiency, pulse 
or blood pressure asymmetry; 
neurologic deficit

Pulmonary 
embolism 
(chest pain 
often not 
present)

Substernal or over region of 
pulmonary infarction

Pleuritic (with 
pulmonary 
infarction) or angina-
like

Sudden onset; 
minutes to 
<1 hr

May be aggravated by breathing Dyspnea, tachypnea, tachycardia; 
hypotension, signs of acute right 
ventricular failure, and pulmonary 
hypertension with large emboli; 
rales, pleural friction rub, 
hemoptysis with pulmonary 
infarction

Pulmonary 
hypertension

Substernal Pressure; oppressive Similar to angina Aggravated by effort Pain usually associated with dyspnea; 
signs of pulmonary hypertension

NONCARDIAC CAUSES

Pneumonia with 
pleurisy

Localized over involved area Pleuritic, localized Brief or 
prolonged

Painful breathing Dyspnea, cough, fever, dull to 
percussion, bronchial breath 
sounds, rales, occasional pleural 
friction rub

Spontaneous 
pneumothorax

Unilateral Sharp, well localized Sudden onset, 
lasts many 
hours

Painful breathing Dyspnea; hyperresonance and 
decreased breath and voice sounds 
over involved lung

Musculoskeletal 
disorders

Variable Aching Short or long 
duration

Aggravated by movement; history 
of muscle exertion or injury

Tender to pressure or movement

Herpes zoster Dermatomal in distribution Burning, itching Prolonged None Vesicular rash appears in area of 
discomfort

Esophageal reflux Substernal, epigastric Burning, visceral 
discomfort

10-60 min Aggravated by large meal, 
postprandial recumbency; relief 
with antacid

Water brash

Peptic ulcer Epigastric, substernal Visceral burning, aching Prolonged Relief with food, antacid
Gallbladder 

disease
Epigastric, right upper 

quadrant
Visceral Prolonged May be unprovoked or follow 

meals
Right upper quadrant tenderness may 

be present
Anxiety states Often localized over 

precordium
Variable; location often 

moves from place to 
place

Varies; often 
fleeting

Situational Sighing respirations, often chest wall 
tenderness
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 Complete Medical History
The complete medical history should include a thorough review of systems, 
family history, social history, and past medical history (Chapter 12). The review 
of systems may reveal other symptoms that suggest a systemic disease as the 
cause of any cardiovascular problems. The family history should focus on 
premature atherosclerosis or evidence of familial abnormalities, such as may 
be found with various causes of the long QT syndrome (Chapter 59) or 
hypertrophic cardiomyopathy (Chapter 54).

The social history should include specific questioning about cigarette 
smoking, alcohol intake, and use of illicit drugs. The past medical history 
may reveal prior conditions or medications that suggest systemic diseases, 
ranging from chronic obstructive pulmonary disease, which may explain a 
complaint of dyspnea, to hemochromatosis, which may be a cause of restrictive 
cardiomyopathy. A careful history to inquire about recent dental work or other 
procedures is crucial if bacterial endocarditis is part of the differential diagnosis.

 PHYSICAL EXAMINATION FOR DETECTION OF 
SIGNS OF CARDIOVASCULAR DISEASE

The cardiovascular physical examination, which is a subset of the complete 
physical examination, provides important clues to the diagnosis of asymptomatic 

examination, and ECG do not provide helpful diagnostic information that 
points toward a specific cause of syncope, it is imperative that patients with 
heart disease or an abnormal ECG be tested with continuous ambulatory 
ECG monitoring to diagnose a possible arrhythmia; in selected patients, formal 
electrophysiologic testing may be indicated (Chapter 56). In patients with no 
evident heart disease, tilt testing (Chapter 56) can help detect reflex-mediated 
vasomotor instability.

 Other Symptoms
Nonproductive cough (Chapter 77), especially a persistent cough (see Fig. 
77-1), can be an early manifestation of elevated pulmonary venous pressure 
and otherwise unsuspected heart failure. Fatigue and weakness are common 
accompaniments of advanced cardiac disease and reflect an inability to perform 
normal activities. A variety of approaches have been used to classify the sever-
ity of cardiac limitations, ranging from class I (little or no limitation) to class 
IV (severe limitation) (Table 45-5). Hemoptysis (Chapter 77) is a classic pre-
senting finding in patients with pulmonary embolism, but it is also common 
in patients with mitral stenosis, pulmonary edema, pulmonary infections, and 
malignant neoplasms (see Table 77-6). Claudication, which is pain in the 
extremities with exertion, should alert the physician to possible peripheral 
arterial disease (Chapters 71 and 72).

 Jugular Veins
The external jugular veins help in assessment of mean right atrial pressure, 
which normally varies between 5 and 10 cm H2O; the height (in centimeters) 
of the central venous pressure is measured by adding 5 cm to the height of 
the observed jugular venous distention above the sternal angle of Louis (Fig. 
45-1). The normal jugular venous pulse, best seen in the internal jugular vein 
(and not seen in the external jugular vein unless insufficiency of the jugular 
venous valves is present), includes an a wave, caused by right atrial contrac-
tion; a c wave, reflecting carotid artery pulsation; an x descent; a v wave, which 
corresponds to isovolumetric right ventricular contraction and is more marked 
in the presence of tricuspid insufficiency; and a y descent, which occurs as the 
tricuspid valve opens and ventricular filling begins (Fig. 45-2). Abnormali-
ties of the jugular venous pressure (Fig. 45-3) are useful in detecting heart 
failure, and they correlate well with brain natriuretic peptide levels (Chapter 
52) and echocardiographic evidence of an elevated pulmonary artery pres-
sure (Chapter 49). The jugular venous pressure also helps in the diagnosis 
of pericardial disease, tricuspid valve disease, and pulmonary hypertension  
(Table 45-6).

and symptomatic cardiac disease and may reveal cardiovascular manifestations 
of noncardiovascular diseases. The cardiovascular physical examination begins 
with careful measurement of the pulse and blood pressure (Chapter 7). If 
aortic dissection (Chapter 69) is a consideration, blood pressure should be 
measured in both arms and, preferably, in at least one leg. When coarctation 
of the aorta is suspected (Chapter 61), blood pressure must be measured in 
at least one leg and in the arms. Discrepancies in blood pressure between the 
two arms also can be caused by atherosclerotic disease of the great vessels. 
Pulsus paradoxus, which is more than the usual 10-mm Hg drop in sys-
tolic blood pressure during inspiration, is typical of pericardial tamponade  
(Chapter 68).

 General Appearance
The respiratory rate may be increased in patients with heart failure. Patients 
with pulmonary edema are usually markedly tachypneic and may have labored 
breathing. Patients with advanced heart failure may have Cheyne-Stokes 
respirations.

Systemic diseases, such as hyperthyroidism (Chapter 213), hypothyroidism 
(Chapter 213), rheumatoid arthritis (Chapter 248), scleroderma (Chapter 
251), and hemochromatosis (Chapter 201), may be suspected from the patient’s 
general appearance. Marfan syndrome (Chapter 244), Turner syndrome 
(Chapter 222), Down syndrome (Chapter 36), and a variety of congenital 
anomalies also may be readily apparent.

 Ophthalmologic Examination
Examination of the fundi may show diabetic (see Fig. 395-22) or hypertensive 
retinopathy (see Fig. 395-24) or Roth spots (see Fig. 395-26) typical of infec-
tious endocarditis. Beading of the retinal arteries is typical of severe hyper-
cholesterolemia. Osteogenesis imperfecta, which is associated with blue sclerae, 
also is associated with aortic dilation and mitral valve prolapse. Retinal artery 
occlusion (see Fig. 395-27) may be caused by an embolus from clot in the 
left atrium or left ventricle, a left atrial myxoma, or atherosclerotic debris from 
the great vessels. Hyperthyroidism may present with exophthalmos and typical 
stare (see Fig. 395-5), whereas myotonic dystrophy, which is associated with 
atrioventricular block and arrhythmia, often is associated with ptosis and an 
expressionless face (see Fig. 393-4).

TABLE 45-3 COMMON EXERCISE TEST PROTOCOLS*

PROTOCOL STAGE DURATION (min) GRADE (%) RATE (mph)
METABOLIC EQUIVALENTS 

AT COMPLETION
FUNCTIONAL 

CLASS
Modified Bruce protocol† 1 3 0 1.7 2.5 III

2 3 10 1.7 5 II
3 3 12 2.5 7 I
4 3 14 3.4 10 I
5 3 16 4.2 13 I

Naughton protocol‡ 0 2 0 2 2 III
1 2 3.5 2 3 III
2 2 7 2 4 III
3 2 10.5 2 5 II
4 2 14 2 6 II
5 2 17.5 2 7 I

*Ramp protocols in which the workload is gradually increased on the basis of the patient’s estimated functional capacity to achieve maximal effort in approximately 10 minutes are also useful.
†Commonly used in ambulatory patients.
‡Commonly used in patients with recent myocardial infarction, unstable angina, or other conditions that are expected to limit exercise.
Modified from Braunwald E, Goldman L, eds. Primary Cardiology. 2nd ed. Philadelphia: WB Saunders; 2003.

TABLE 45-4 AMERICAN HEART ASSOCIATION/AMERICAN COLLEGE OF CARDIOLOGY GUIDELINES FOR USE OF DIAGNOSTIC 
TESTS IN PATIENTS WITH PALPITATIONS*

AMBULATORY ELECTROCARDIOGRAPHY

Class I Palpitations, syncope, dizziness
Class II Shortness of breath, chest pain, or fatigue (not otherwise explained, episodic, and strongly suggestive of an arrhythmia as the cause because of a relation of the 

symptom with palpitation)
Class III Symptoms not reasonably expected to be caused by arrhythmia
ELECTROPHYSIOLOGIC STUDY

Class I Patients with palpitations who have a pulse rate documented by medical personnel as inappropriately rapid and in whom electrocardiographic recordings fail to 
document the cause of the palpitations

Patients with palpitations preceding a syncopal episode
Class II Patients with clinically significant palpitations, suspected to be of cardiac origin, in whom symptoms are sporadic and cannot be documented; studies are 

performed to determine the mechanisms of arrhythmias, to direct or provide therapy or to assess prognosis
Class III Patients with palpitations documented to have extracardiac causes (e.g., hyperthyroidism)
ECHOCARDIOGRAPHY

Class I Arrhythmias with evidence of heart disease
Family history of genetic disorder associated with arrhythmias

Class II Arrhythmias commonly associated with, but without evidence of, heart disease
Atrial fibrillation or flutter

Class III Palpitations without evidence of arrhythmias
Minor arrhythmias without evidence of heart disease

*Class I, general agreement the test is useful and indicated; class II, frequently used, but there is a divergence of opinion with respect to its utility; class III, general agreement the test is not useful.
From Braunwald E, Goldman L, eds. Primary Cardiology. 2nd ed. Philadelphia: WB Saunders; 2003:132.
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 Jugular Veins
The external jugular veins help in assessment of mean right atrial pressure, 
which normally varies between 5 and 10 cm H2O; the height (in centimeters) 
of the central venous pressure is measured by adding 5 cm to the height of 
the observed jugular venous distention above the sternal angle of Louis (Fig. 
45-1). The normal jugular venous pulse, best seen in the internal jugular vein 
(and not seen in the external jugular vein unless insufficiency of the jugular 
venous valves is present), includes an a wave, caused by right atrial contrac-
tion; a c wave, reflecting carotid artery pulsation; an x descent; a v wave, which 
corresponds to isovolumetric right ventricular contraction and is more marked 
in the presence of tricuspid insufficiency; and a y descent, which occurs as the 
tricuspid valve opens and ventricular filling begins (Fig. 45-2). Abnormali-
ties of the jugular venous pressure (Fig. 45-3) are useful in detecting heart 
failure, and they correlate well with brain natriuretic peptide levels (Chapter 
52) and echocardiographic evidence of an elevated pulmonary artery pres-
sure (Chapter 49). The jugular venous pressure also helps in the diagnosis 
of pericardial disease, tricuspid valve disease, and pulmonary hypertension  
(Table 45-6).

and symptomatic cardiac disease and may reveal cardiovascular manifestations 
of noncardiovascular diseases. The cardiovascular physical examination begins 
with careful measurement of the pulse and blood pressure (Chapter 7). If 
aortic dissection (Chapter 69) is a consideration, blood pressure should be 
measured in both arms and, preferably, in at least one leg. When coarctation 
of the aorta is suspected (Chapter 61), blood pressure must be measured in 
at least one leg and in the arms. Discrepancies in blood pressure between the 
two arms also can be caused by atherosclerotic disease of the great vessels. 
Pulsus paradoxus, which is more than the usual 10-mm Hg drop in sys-
tolic blood pressure during inspiration, is typical of pericardial tamponade  
(Chapter 68).

 General Appearance
The respiratory rate may be increased in patients with heart failure. Patients 
with pulmonary edema are usually markedly tachypneic and may have labored 
breathing. Patients with advanced heart failure may have Cheyne-Stokes 
respirations.

Systemic diseases, such as hyperthyroidism (Chapter 213), hypothyroidism 
(Chapter 213), rheumatoid arthritis (Chapter 248), scleroderma (Chapter 
251), and hemochromatosis (Chapter 201), may be suspected from the patient’s 
general appearance. Marfan syndrome (Chapter 244), Turner syndrome 
(Chapter 222), Down syndrome (Chapter 36), and a variety of congenital 
anomalies also may be readily apparent.

 Ophthalmologic Examination
Examination of the fundi may show diabetic (see Fig. 395-22) or hypertensive 
retinopathy (see Fig. 395-24) or Roth spots (see Fig. 395-26) typical of infec-
tious endocarditis. Beading of the retinal arteries is typical of severe hyper-
cholesterolemia. Osteogenesis imperfecta, which is associated with blue sclerae, 
also is associated with aortic dilation and mitral valve prolapse. Retinal artery 
occlusion (see Fig. 395-27) may be caused by an embolus from clot in the 
left atrium or left ventricle, a left atrial myxoma, or atherosclerotic debris from 
the great vessels. Hyperthyroidism may present with exophthalmos and typical 
stare (see Fig. 395-5), whereas myotonic dystrophy, which is associated with 
atrioventricular block and arrhythmia, often is associated with ptosis and an 
expressionless face (see Fig. 393-4).

From Goldman L, Hashimoto B, Cook EF, et al. Comparative reproducibility and validity of systems for assessing cardiovascular functional class: advantages of a new specific activity scale. Circulation. 
1981;64:1227-1234. Reproduced by permission of the American Heart Association.

TABLE 45-5 A COMPARISON OF THREE METHODS OF ASSESSING CARDIOVASCULAR DISABILITY

CLASS
NEW YORK HEART ASSOCIATION 

FUNCTIONAL CLASSIFICATION
CANADIAN CARDIOVASCULAR SOCIETY 

FUNCTIONAL CLASSIFICATION SPECIFIC ACTIVITY SCALE
I Patients with cardiac disease but without 

resulting limitations of physical activity
Ordinary physical activity does not cause undue 

fatigue, palpitation, dyspnea, or anginal pain

Ordinary physical activity, such as walking and climbing 
stairs, does not cause angina

Angina with strenuous or rapid or prolonged exertion at 
work or recreation

Patients can perform to completion any activity 
requiring ≥7 metabolic equivalents, e.g., can carry 
24 lb up 8 steps; carry objects that weigh 80 lb; 
do outdoor work (shovel snow, spade soil); do 
recreational activities (skiing, basketball, squash, 
handball, jog or walk 5 mph)

II Patients with cardiac disease resulting in slight 
limitation of physical activity

They are comfortable at rest
Ordinary physical activity results in fatigue, 

palpitations, dyspnea, or anginal pain

Slight limitation of ordinary activity
Walking or climbing stairs rapidly, walking uphill, walking 

or stair climbing after meals, in cold, in wind, or when 
under emotional stress, or only during the few hours 
after awakening

Walking >2 blocks on the level and climbing >1 flight of 
ordinary stairs at a normal pace and in normal conditions

Patient can perform to completion any activity 
requiring ≥5 metabolic equivalents but cannot 
and does not perform to completion activities 
requiring ≥7 metabolic equivalents, e.g., have 
sexual intercourse without stopping, garden, rake, 
weed, roller skate, dance foxtrot, walk at 4 mph on 
level ground

III Patients with cardiac disease resulting in marked 
limitation of physical activity

They are comfortable at rest
Less than ordinary physical activity causes 

fatigue, palpitations, dyspnea, or anginal pain

Marked limitation of ordinary physical activity
Walking 1 or 2 blocks on the level and climbing >1 flight in 

normal conditions

Patient can perform to completion any activity 
requiring ≥2 metabolic equivalents but cannot 
and does not perform to completion any activities 
requiring ≥5 metabolic equivalents, e.g., shower 
without stopping, strip and make bed, clean 
windows, walk 2.5 mph, bowl, play golf, dress 
without stopping

IV Patients with cardiac disease resulting in inability 
to carry on any physical activity without 
discomfort

Symptoms of cardiac insufficiency or of the 
anginal syndrome may be present even at rest

If any physical activity is undertaken, discomfort 
is increased

Inability to carry on any physical activity without 
discomfort—anginal syndrome may be present at rest

Patient cannot or does not perform to completion 
activities requiring ≥2 metabolic equivalents; 
cannot carry out activities listed above (Specific 
Activity Scale, class III)

FIGURE 45-1. Jugular venous distention is defined by engorgement of the internal 
jugular vein more than 5 cm above the sternal angle at 45 degrees. the central venous 
pressure is the observed venous distention above the sternal angle plus 5 cm. 
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stenosis and regurgitation, atrial septal defect with a large shunt and resulting 
flow murmurs of relative mitral and pulmonic stenosis) may mimic a continu-
ous murmur.

Although experienced examiners may still be able to diagnose meaningful 
valvular heart disease accurately by auscultation,4 most general physicians are 
not nearly so accurate, even after training.5 As a result, echocardiography 
(Chapter 49) is critical to the evaluation of patients with suspected structural 
heart disease.

 Abdomen
The most common cause of hepatomegaly in patients with heart disease is 
hepatic engorgement from elevated right-sided pressures associated with right 
ventricular failure of any cause. Hepatojugular reflux is elicited by pressing on 
the liver and showing an increase in the jugular venous pressure; it indicates 
advanced right ventricular failure or obstruction to right ventricular filling. 
Evaluation of the abdomen also may reveal an enlarged liver caused by a sys-
temic disease, such as hemochromatosis (Chapter 201) or sarcoidosis (Chapter 
89), which also may affect the heart. In more severe cases, splenomegaly and 
ascites also may be noted. Large, palpable, polycystic kidneys (Chapter 118) 
commonly are associated with hypertension. A systolic bruit suggestive of 
renal artery stenosis (Chapter 116) or an enlarged abdominal aorta (Chapter 
69) is a clue of atherosclerosis.

 Extremities
Extremities should be evaluated for peripheral pulses, edema, cyanosis, and 
clubbing. Diminished peripheral pulses suggest peripheral arterial disease 
(Chapters 71 and 72). Delayed pulses in the legs are consistent with coarcta-
tion of the aorta and are seen after aortic dissection.

Edema (Fig. 45-6) is a cardinal manifestation of right-sided heart failure. 
When it is caused by heart failure, pericardial disease, or pulmonary hyperten-
sion, the edema is usually symmetrical and progresses upward from the ankles; 
each of these causes of cardiac edema commonly is associated with jugular 
venous distention and often with hepatic congestion. Unilateral edema sug-
gests thrombophlebitis or proximal venous or lymphatic obstruction (Fig. 
45-7). Edema in the absence of evidence of right-sided or left-sided heart 
failure suggests renal disease, hypoalbuminemia, myxedema, or other non-
cardiac causes. Among unselected patients with bilateral edema, about 40% 
have an underlying cardiac disease, about 40% have an elevated pulmonary 
blood pressure, about 20% have bilateral venous disease, about 20% have renal 
disease, and about 25% have idiopathic edema.

 Carotid Pulse
The carotid pulse should be examined in terms of its volume and contour. 
The carotid pulse (Fig. 45-4) may be increased in frequency and may be more 
intense than normal in patients with a higher stroke volume secondary to 
aortic regurgitation, arteriovenous fistula, hyperthyroidism, fever, or anemia. 
In aortic regurgitation or arteriovenous fistula, the pulse may have a bisferious 
quality. The carotid upstroke is delayed in patients with valvular aortic stenosis 
(Chapter 66) and has a normal contour but diminished amplitude in any 
cause of reduced stroke volume.

 Cardiac Inspection and Palpation
Inspection of the precordium may reveal the hyperinflation of obstructive 
lung disease or unilateral asymmetry of the left side of the chest because of 
right ventricular hypertrophy before puberty. Palpation may be performed 
with the patient either supine or in the left lateral decubitus position; the 
latter position moves the left ventricular apex closer to the chest wall and 
increases the ability to palpate the point of maximal impulse and other phe-
nomena. Low-frequency phenomena, such as systolic heaves or lifts from the 
left ventricle (at the cardiac apex) or right ventricle (parasternal in the third 
or fourth intercostal space), are felt best with the heel of the palm. With the 
patient in the left lateral decubitus position, this technique also may allow 
palpation of an S3 gallop in cases of advanced heart failure or an S4 gallop in 
cases of poor left ventricular distensibility during diastole. The left ventricular 
apex is more diffuse and sometimes may be frankly dyskinetic in patients with 
advanced heart disease. The distal palm is best for feeling thrills, which are 
the tactile equivalent of cardiac murmurs. By definition, a thrill denotes a 
murmur of grade 4/6 or louder. Higher-frequency events may be felt best 
with the fingertips; examples include the opening snap of mitral stenosis or 
the loud pulmonic second sound of pulmonary hypertension.

 Auscultation
The first heart sound (Fig. 45-5), which is largely produced by closure of the 
mitral and—to a lesser extent—the tricuspid valves, may be louder in patients 
with mitral valve stenosis and intact valve leaflet movement and less audible 
in patients with poor closure caused by mitral regurgitation (Chapter 66). 
The second heart sound is caused primarily by closure of the aortic valve, but 
closure of the pulmonic valve is also commonly audible. In normal individuals, 
the louder aortic closure sound occurs first, followed by pulmonic closure. 
With expiration, the two sounds are virtually superimposed. With inspiration, 
by comparison, the increased stroke volume of the right ventricle commonly 
leads to a discernible splitting of the second sound. This splitting may be fixed 
in patients with an atrial septal defect (Chapter 61) or a right bundle branch 
block. The split may be paradoxical in patients with left bundle branch block 
or other causes of delayed left ventricular emptying. The aortic component 
of the second sound is increased in intensity in the presence of systemic hyper-
tension and decreased in intensity in patients with aortic stenosis. The pulmonic 
second sound is increased in the presence of pulmonary hypertension.

Early systolic ejection sounds are related to forceful opening of the aortic 
or pulmonic valve. These sounds are common in congenital aortic stenosis, 
with a mobile valve; in hypertension, with forceful opening of the aortic valve; 
and in healthy young individuals, especially when cardiac output is increased. 
Midsystolic or late systolic clicks are caused most commonly by mitral valve 
prolapse (Chapter 66). Clicks are relatively high-frequency sounds that are 
heard best with the diaphragm of the stethoscope.

An S3 corresponds to rapid ventricular filling during early diastole. It may 
occur in normal children and young adults, especially if stroke volume is 
increased. After about 40 years of age, however, an S3 should be considered 
abnormal; it is caused by conditions that increase the volume of ventricu-
lar filling during early diastole (e.g., mitral regurgitation) or that increase 
pressure in early diastole (e.g., advanced heart failure). A left ventricular S3 
gallop is heard best at the apex, whereas the right ventricular S3 gallop is 
heard best at the fourth intercostal space at the left parasternal border; both 
are heard best with the bell of the stethoscope. An S4 is heard rarely in young 
individuals but is common in adults older than 40 or 50 years because of 
reduced ventricular compliance during atrial contraction; it is a nearly ubiqui-
tous finding in patients with hypertension, heart failure, or ischemic heart  
disease.

The opening snap of mitral and, less commonly, tricuspid stenosis (Chapter 
66) occurs at the beginning of mechanical diastole, before the onset of the 
rapid phase of ventricular filling. An opening snap is high pitched and is heard 
best with the diaphragm; this differential frequency should help distinguish 

FIGURE 45-3. Typical distention of the internal jugular vein. (From http://courses.
cvcc.vccs.edu/wisemand/jugular_vein_distention.htm.)
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FIGURE 45-2. Normal jugular venous pulse. ecG = electrocardiogram; JuG = jugular 
vein; lsb = left sternal border; phono = phonocardiogram; s1 = first heart sound; s2 = 
second heart sound. 

TABLE 45-6 ABNORMALITIES OF VENOUS PRESSURE AND 
PULSE AND THEIR CLINICAL SIGNIFICANCE

Positive hepatojugular reflux Suspect heart failure, particularly left 
ventricular systolic dysfunction 
(echocardiography recommended)

Elevated systemic venous pressure 
without obvious x or y descent, quiet 
precordium, and pulsus paradoxus

Suspect cardiac tamponade 
(echocardiography recommended)

Elevated systemic venous pressure with 
sharp y descent, Kussmaul sign, and 
quiet precordium

Suspect constrictive pericarditis (cardiac 
catheterization and MRI or CT 
recommended)

Elevated systemic venous pressure with a 
sharp brief y descent, Kussmaul sign, 
and evidence of pulmonary 
hypertension and tricuspid 
regurgitation

Suspect restrictive cardiomyopathy 
(cardiac catheterization and MRI or 
CT recommended)

A prominent a wave with or without 
elevation of mean systemic venous 
pressure

Exclude tricuspid stenosis, right 
ventricular hypertrophy caused by 
pulmonary stenosis, and pulmonary 
hypertension (echo-Doppler study 
recommended)

A prominent v wave with a sharp y 
descent

Suspect tricuspid regurgitation 
(echo-Doppler or cardiac 
catheterization to determine etiology)

CT = computed tomography; MRI = magnetic resonance imaging.
From Braunwald E, ed. Heart Disease: A Textbook of Cardiovascular Medicine. 5th ed. Philadelphia: 
WB Saunders; 1997.

http://courses.cvcc.vccs.edu/WisemanD/jugular_vein_distention.htm
http://courses.cvcc.vccs.edu/WisemanD/jugular_vein_distention.htm
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stenosis and regurgitation, atrial septal defect with a large shunt and resulting 
flow murmurs of relative mitral and pulmonic stenosis) may mimic a continu-
ous murmur.

Although experienced examiners may still be able to diagnose meaningful 
valvular heart disease accurately by auscultation,4 most general physicians are 
not nearly so accurate, even after training.5 As a result, echocardiography 
(Chapter 49) is critical to the evaluation of patients with suspected structural 
heart disease.

 Abdomen
The most common cause of hepatomegaly in patients with heart disease is 
hepatic engorgement from elevated right-sided pressures associated with right 
ventricular failure of any cause. Hepatojugular reflux is elicited by pressing on 
the liver and showing an increase in the jugular venous pressure; it indicates 
advanced right ventricular failure or obstruction to right ventricular filling. 
Evaluation of the abdomen also may reveal an enlarged liver caused by a sys-
temic disease, such as hemochromatosis (Chapter 201) or sarcoidosis (Chapter 
89), which also may affect the heart. In more severe cases, splenomegaly and 
ascites also may be noted. Large, palpable, polycystic kidneys (Chapter 118) 
commonly are associated with hypertension. A systolic bruit suggestive of 
renal artery stenosis (Chapter 116) or an enlarged abdominal aorta (Chapter 
69) is a clue of atherosclerosis.

 Extremities
Extremities should be evaluated for peripheral pulses, edema, cyanosis, and 
clubbing. Diminished peripheral pulses suggest peripheral arterial disease 
(Chapters 71 and 72). Delayed pulses in the legs are consistent with coarcta-
tion of the aorta and are seen after aortic dissection.

Edema (Fig. 45-6) is a cardinal manifestation of right-sided heart failure. 
When it is caused by heart failure, pericardial disease, or pulmonary hyperten-
sion, the edema is usually symmetrical and progresses upward from the ankles; 
each of these causes of cardiac edema commonly is associated with jugular 
venous distention and often with hepatic congestion. Unilateral edema sug-
gests thrombophlebitis or proximal venous or lymphatic obstruction (Fig. 
45-7). Edema in the absence of evidence of right-sided or left-sided heart 
failure suggests renal disease, hypoalbuminemia, myxedema, or other non-
cardiac causes. Among unselected patients with bilateral edema, about 40% 
have an underlying cardiac disease, about 40% have an elevated pulmonary 
blood pressure, about 20% have bilateral venous disease, about 20% have renal 
disease, and about 25% have idiopathic edema.

an opening snap from an S3 on physical examination. An opening snap com-
monly can be distinguished from a loud pulmonic component of the second 
heart sound by the differential location (mitral opening snap at the apex, 
tricuspid opening snap at the left third or fourth intercostal space, pulmonic 
second sound at the left second intercostal space) and by the longer interval 
between S2 and the opening snap.

Heart murmurs may be classified as systolic, diastolic, or continuous (Table 
45-7). Murmurs are graded by intensity on a scale of 1 to 6. Grade 1 is faint 
and appreciated only by careful auscultation; grade 2, readily audible; grade 
3, moderately loud; grade 4, loud and associated with a palpable thrill; grade 
5, loud and audible with the stethoscope only partially placed on the chest; 
and grade 6, loud enough to be heard without the stethoscope on the chest. 
Systolic ejection murmurs usually peak in early to mid systole when left ven-
tricular ejection is maximal; examples include fixed valvular, supravalvular, 
or infravalvular aortic stenosis and pulmonic stenosis. The murmur of hyper-
trophic obstructive cardiomyopathy has a similar ejection quality, although 
its peak may be later in systole when dynamic obstruction is maximal (Chapter 
54). Pansystolic murmurs are characteristic of mitral or tricuspid regurgitation 
or with a left-to-right shunt from conditions such as a ventricular septal defect 
(left ventricle to right ventricle). A late systolic murmur is characteristic of 
mitral valve prolapse (Chapter 66) or ischemic papillary muscle dysfunction. 
Ejection quality murmurs also may be heard in patients with normal valves 
but increased flow, such as occurs with marked anemia, fever, or bradycardia 
secondary to congenital complete heart block; they also may be heard across 
a valve that is downstream from increased flow because of an intracardiac 
shunt. Maneuvers such as inspiration, expiration, standing, squatting, and 
hand gripping can be especially useful in the differential diagnosis of a murmur; 
however, echocardiography commonly is required to make a definitive diag-
nosis of cause and severity (Table 45-8).

High-frequency, early diastolic murmurs are typical of aortic regurgitation 
and pulmonic regurgitation from a variety of causes. The murmurs of mitral 
and tricuspid stenosis begin in early to mid diastole and tend to diminish in 
intensity later in diastole in the absence of effective atrial contraction, but 
they tend to increase in intensity in later diastole if effective atrial contraction 
is present.

Continuous murmurs may be caused by any abnormality that is associated 
with a pressure gradient in systole and diastole. Examples include a patent 
ductus arteriosus, ruptured sinus of Valsalva aneurysm, arteriovenous fistula 
(of the coronary artery, pulmonary artery, or thoracic artery), and a mammary 
soufflé. In some situations, murmurs of two coexistent conditions (e.g., aortic 
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 Laboratory Studies
All patients with known or suspected cardiac disease should have an ECG 
and chest radiograph. The ECG (Chapter 48) helps identify rate, rhythm, 
conduction abnormalities, and possible myocardial ischemia. The chest radio-
graph (Chapter 50) yields important information on chamber enlargement, 
pulmonary vasculature, and the great vessels.

Blood testing in patients with known or suspected cardiac disease should 
be targeted to the conditions in question. In general, a complete blood cell 
count, thyroid indices, and lipid levels are part of the standard evaluation. 
Point-of-care biomarker measurements in the emergency department can 
decrease unnecessary admissions and reduce median length-of-stay. For 
example, among patients who are being evaluated for an acute MI, an unde-
tectable high-sensitivity troponin level at presentation reduces the probability 
of acute MI or an acute coronary event to less than 1%.8 A protocol in which 
the ECG and troponin level are repeated in 2 hours is as good as longer obser-
vation periods for evaluating patients with acute chest pain and suspected  
MI. A1  However, the advent of high-sensitivity troponin assays has also greatly 
increased the risk for a false-positive diagnosis of MI, especially because of 
chronic troponin elevations in many cardiac conditions and in elderly patients 
(Chapter 63). A pro–B-type natriuretic peptide level is useful for the emergency 
evaluation of a patient with potential heart failure, with a level <300 pg/mL 
nearly excluding the diagnosis.9

Echocardiography (Chapter 49) is the most useful test to analyze valvular 
and ventricular function. By use of Doppler flow methods, stenotic and regur-
gitant lesions can be quantified. Handheld ultrasonography performed by 
generalists can improve the assessment of left ventricular function, cardiomegaly, 
and pericardial effusion. Transesophageal echocardiography is the preferred 
method to evaluate possible aortic dissection and to identify clot in the cardiac 
chambers. Radionuclide studies (Chapter 50) can measure left ventricular 
function, assess myocardial ischemia, and determine whether ischemic myo-
cardium is viable. CT can detect coronary calcium, which is a risk factor for 
symptomatic coronary disease (Chapter 50). In the setting of acute chest 
pain, multislice CT is effective in diagnosing coronary disease. In a random-
ized trial of emergency department patients at low to intermediate risk for a 
possible acute coronary syndrome, coronary CT angiography resulted in a 
higher rate of discharge from the emergency department (50% vs. 23%), a 
shorter length of stay (median, 18 vs. 24.8 hours), and a higher rate of detec-
tion of coronary disease (9% vs. 3.5%) without any change in the rate of 
serious adverse events. However, in a subsequent randomized trial of emergency 
department patients with symptoms suggestive of acute coronary syndromes 
but without ischemic ECG changes or an initially positive troponin test, incor-
porating coronary CT angiography into the triage strategy did not decrease 
overall costs of care.

Stress testing by exercise or pharmacologic stress is useful to precipitate 
myocardial ischemia that may be detected by ECG abnormalities, perfusion 
abnormalities on radionuclide studies, or transient wall motion abnormalities 
on echocardiography. These tests are often crucial in diagnosis of possible 
myocardial ischemia (Chapter 62) and in establishment of prognosis in patients 
with known ischemic heart disease. In symptomatic patients with suspected 
coronary disease, the strategies of initial coronary CT angiography and func-
tional testing using exercise electrocardiography, nuclear stress testing, or stress 
echocardiography provide equivalent clinical outcomes over a median follow-
up of 2 years. A2 

,
 A3  However, none of these tests are currently recommended 

for the screening of asymptomatic individuals or prior to participation in 
sports.

Cardiac catheterization (Chapter 51) can measure precise gradients across 
stenotic cardiac valves, judge the severity of intracardiac shunts, and determine 
intracardiac pressures. Coronary angiography provides a definitive diagnosis 
of coronary disease and is a necessary prelude to coronary revascularization 
with a percutaneous coronary intervention or coronary artery bypass graft 
surgery (Chapter 65).

Continuous ambulatory ECG monitoring can help diagnose arrhythmias. 
A variety of newer technologies allow longer-term monitoring in patients with 
important but infrequently occurring symptoms (Chapter 56). Formal invasive 
electrophysiologic testing can be useful in the diagnosis of ventricular or 
supraventricular wide-complex tachycardia, and it is crucial for guiding a wide 
array of new invasive electrophysiologic therapies (Chapter 60).

 SUMMARY
The history, physical examination, and laboratory evaluation should help the 
physician establish the cause of any cardiovascular problem; identify and 

Cyanosis (Fig. 45-8) is a bluish discoloration caused by reduced hemoglobin 
exceeding about 5 g/dL in the capillary bed. Central cyanosis is seen in patients 
with poor oxygen saturation resulting from a reduced inspired oxygen con-
centration or inability to oxygenate the blood in the lungs (e.g., as a result of 
advanced pulmonary disease, pulmonary edema, pulmonary arteriovenous 
fistula, or right-to-left shunting); it also may be seen in patients with marked 
erythrocytosis. Methemoglobinemia (Chapter 149) also can present with 
cyanosis. Peripheral cyanosis may be caused by reduced blood flow to the 
extremities secondary to vasoconstriction, heart failure, or shock. Clubbing 
(Fig. 45-9), which is loss of the normal concave configuration of the nail as 
it emerges from the distal phalanx, is seen in patients with pulmonary abnor-
malities such as lung cancer (Chapter 182) and in patients with cyanotic 
congenital heart disease (Chapter 61).6

 Examination of the Skin
Examination of the skin may reveal bronze pigmentation typical of hemo-
chromatosis (Chapter 201); jaundice (see Fig. 137-1) characteristic of severe 
right-sided heart failure or hemochromatosis; or capillary hemangiomas typical 
of hereditary hemorrhagic telangiectasia (see Fig. 164-4), which also is associ-
ated with pulmonary arteriovenous fistulas and cyanosis. Infectious endocarditis 
may be associated with Osler nodes (see Fig. 67-2), Janeway lesions, or splinter 
hemorrhages (Fig. 45-10)7 (Chapter 67). Xanthomas (E-Fig. 45-2) are sub-
cutaneous deposits of cholesterol seen on the extensor surfaces of the extremi-
ties or on the palms and digital creases; they are found in patients with severe 
hypercholesterolemia.
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FIGURE 45-5. Timing of the different heart sounds and added sounds. (Modified from 
wood p. Diseases of the Heart and Circulation. 3rd ed. philadelphia: Jb lippincott; 1968.)
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E-FIGURE 45-2. Eruptive xanthomas of the extensor surfaces of the lower extremi-
ties. this patient had marked hypertriglyceridemia. (From Massengale wt, nesbitt lt Jr. 
Xanthomas. in: bolognia Jl, Jorizzo Jl, rapini rp, eds. Dermatology. philadelphia: Mosby; 
2003:1449.)
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TABLE 45-7 SOME COMMON CAUSES OF HEART MURMURS*
USUAL LOCATION COMMON ASSOCIATED FINDINGS

SYSTOLIC

Holosystolic
 Mitral regurgitation Apex → axilla ↑ with handgrip; S3 if marked mitral regurgitation; left ventricular dilation common
 Tricuspid regurgitation LLSB ↑ with inspiration; right ventricular dilation common
 Ventricular septal defect LLSB → RLSB Often with thrill
Early to midsystolic
 Aortic valvular stenosis RUSB
  Fixed supravalvular or 

subvalvular
RUSB Ejection click if mobile valve; soft or absent A2 if valve immobile; later peak associated with 

more severe stenosis
  Dynamic infravalvular LLSB → apex + axilla Hypertrophic obstructive cardiomyopathy; murmur louder if left ventricular volume lower or 

contractility increased, softer if left ventricular volume increased†; can be later in systole if 
obstruction delayed

 Pulmonic valvular stenosis LUSB ↑ with inspiration
  Infravalvular (infundibular) LUSB ↑ with inspiration
  Supravalvular LUSB ↑ with inspiration
 “Flow murmurs” LUSB Anemia, fever, increased flow of any cause‡

Mid to late systolic
 Mitral valve prolapse LLSB or apex → axilla Preceded by click; murmur lengthens with maneuvers that decrease left ventricular volume†

 Papillary muscle dysfunction Apex → axilla Ischemic heart disease
DIASTOLIC

Early diastolic
 Aortic regurgitation RUSB, LUSB High-pitched, blowing quality; endocarditis, diseases of the aorta, associated aortic valvular 

stenosis; signs of low peripheral vascular resistance
 Pulmonic valve regurgitation LUSB Pulmonary hypertension as a causative factor
Mid to late diastolic
 Mitral stenosis, tricuspid stenosis Apex, LLSB Low pitched; in rheumatic heart disease, opening snap commonly precedes murmur; can be 

caused by increased flow across normal valve‡

 Atrial myxomas Apex (L), LLSB (R) “Tumor plop”
Continuous
 Venous hum Over jugular or hepatic vein or breast
 Patent ductus arteriosus LUSB
 Arteriovenous fistula
  Coronary LUSB
  Pulmonary, bronchial, chest 

wall
Over fistula

 Ruptured sinus of Valsalva 
aneurysm

RUSB Sudden onset

*See also Chapters 61 and 66.
†Left ventricular volume is decreased by standing or during prolonged, forced expiration against a closed glottis (Valsalva maneuver); it is increased by squatting or by elevation of the legs; contractility is 
increased by adrenergic stimulation or in the beat after an extrasystolic beat.
‡Including a left-to-right shunt through an atrial septal defect for tricuspid or pulmonic flow murmurs and a ventricular septal defect for pulmonic or mitral flow murmurs.
LLSB = left lower sternal border (fourth intercostal space); LUSB = left upper sternal border (second and third intercostal spaces); RLSB = right lower sternal border (fourth intercostal space); RUSB = right 
upper sternal border (second and third intercostal spaces).

TABLE 45-8 SENSITIVITY AND SPECIFICITY OF BEDSIDE 
MANEUVERS IN THE IDENTIFICATION OF 
SYSTOLIC MURMURS

MANEUVER RESPONSE MURMUR
SENSITIVITY 

(%)
SPECIFICITY 

(%)
Inspiration ↑ RS 100 88
Expiration ↓ RS 100 88
Valsalva 

maneuver
↑ HC 65 96

Squat to stand ↑ HC 95 84
Stand to squat ↓ HC 95 85
Leg elevation ↓ HC 85 91
Handgrip ↓ HC 85 75
Handgrip ↑ MR and VSD 68 92
Transient arterial 

occlusion
↑ MR and VSD 78 100

HC = hypertrophic cardiomyopathy; MR = mitral regurgitation; RS = right sided; VSD = 
ventricular septal defect.
Modified with permission from Lembo NJ, Dell’Italia IJ, Crawford MH, et al. Bedside diagnosis of 
systolic murmurs. N Engl J Med. 1988;318:1572-1578. Copyright 1988 Massachusetts Medical 
Society. All rights reserved.

A B

FIGURE 45-6. A and B, Pitting edema in a patient with cardiac failure. A depression 
(“pit”) remains in the edema for some minutes after firm fingertip pressure is applied. 
(From Forbes cd, Jackson wd. Color Atlas and Text of Clinical Medicine. 3rd ed. london: 
Mosby; 2003.)
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FIGURE 45-7. Diagnostic approach to patients with edema. chF = congestive heart failure; dvt = deep vein thrombosis; Mri = magnetic resonance imaging; r/o = rule out; tsh = 
thyroid-stimulating hormone; wbc = white blood cell count. (From chertow G. Approach to the patient with edema. in: braunwald e, Goldman l, eds. Primary Cardiology. 2nd ed. phila-
delphia: wb saunders; 2003.)

FIGURE 45-8. Arterial embolism causing acute ischemia and cyanosis of the leg. initial 
pallor of the leg and foot was followed by cyanosis. (From Forbes cd, Jackson wd. Color 
Atlas and Text of Clinical Medicine. 3rd ed. london: Mosby; 2003.)

FIGURE 45-9. Severe finger clubbing in a patient with cyanotic congenital heart 
disease. (From Forbes cd, Jackson wd. Color Atlas and Text of Clinical Medicine. 3rd ed. 
london: Mosby; 2003.)

FIGURE 45-10. Splinter hemorrhage (solid arrow) and Janeway lesions (open arrow). 
these findings should stimulate a work-up for endocarditis. (courtesy of daniel l. stulberg, 
Md.)



quantify any anatomic abnormalities; determine the physiologic status of the 
valves, myocardium, and conduction system; determine functional capacity; 
estimate prognosis; and provide primary or secondary prevention. Key pre-
ventive strategies, including diet modification, recognition and treatment of 
hyperlipidemia, cessation of cigarette smoking, and adequate physical exercise, 
should be part of the approach to every patient, with or without heart disease.
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46 
EPIDEMIOLOGY OF CARDIOVASCULAR 
DISEASE
DONALD M. LLOYD-JONES

Cardiovascular diseases are the leading causes of death, disability, and medical 
costs in the world, and they are expected to remain so for the foreseeable future. 
Cardiovascular disease manifests in a number of different ways, including: 
congenital heart and vascular malformations (Chapter 61); coronary heart 
disease (Chapters 62, 63, 64, and 65); heart failure (Chapter 53); cardiomy-
opathies (Chapter 54); valvular heart disease (Chapter 66); dysrhythmias 
(Chapters 56, 57, 58, and 59); pericardial diseases (Chapter 68); aortic (Chapter 
69), peripheral (Chapter 71), and cerebrovascular diseases (Chapter 378); 
systemic hypertension (Chapter 70); vasculitides (Chapter 254); venous 
thromboembolic disease (Chapter 74); and pulmonary vascular hyperten-
sion (Chapter 75). Of these, coronary heart disease, stroke, and heart failure, 
which share many common underlying risk factors, have by far the largest 
impact on the population in terms of incidence, prevalence, quality of life, and  
medical costs.

 BURDEN IN THE UNITED STATES
Cardiovascular diseases have been the leading cause of death in the United 
States in every year of the 20th and 21st centuries except for 1918, when the 
influenza epidemic surpassed them. Cardiovascular diseases account for 1 
in 3 deaths in the United States annually, or about 800,000 deaths, includ-
ing about 400,000 women and slightly more men.1 The overall age-adjusted 
rate of death due to cardiovascular disease in the United States is about 222 
per 100,000 persons, with higher rates in men than in women and in blacks 
than in whites or Hispanic and Asian Americans. Because of secular trends 
in risk factors and the development of effective treatments over the last 40 to 
50 years coronary heart disease and stroke mortality rates have declined by 
approximately 70%, but recent trends suggest a leveling off of these declines.2

Cardiovascular diseases also are the leading cause of hospitalizations and 
medical costs in the United States. Each year about 5.8 million Americans are 
hospitalized for cardiovascular disease, over 1.3 million of which are due to 
coronary heart disease and another 1 million or more due to heart failure. 
The United States currently spends approximately $320 billion annually on 
direct costs for cardiovascular diseases, and these total costs are projected to 
exceed $800 billion annually by 2030.

In the United States, about 16.5 million adults (6.3%) have coronary heart 
disease, roughly half of whom have had a myocardial infarction. Each year, 
Americans suffer over 1 million new and recurrent myocardial infarctions, 

with about 360,000 deaths due to coronary heart disease, a large percentage of 
which are sudden cardiac deaths. There are about 7.2 million stroke survivors 
(2.7%) in the United States, with 800,000 new or recurrent strokes occurring 
every year. Strokes are especially prominent in the so-called “stroke belt” in 
the southeastern United States, where many African Americans live. With 
aging, the risks of stroke and heart failure tend to increase earlier in women 
and African Americans than in white men, whose coronary risk increases 
earlier. At present, more than 5 million Americans suffer from chronic heart 
failure, with approximately equal numbers of men and women affected. 
However, the prevalence of heart failure is about twice as high in blacks as  
in whites.

 GLOBAL BURDEN
Cardiovascular diseases, including coronary heart disease and stroke, became 
the leading cause of death and disability globally in the early 21st century 
(E-Fig. 46-1). About 80% of cardiovascular deaths and events now occur in 
low- and middle-income countries, and the onset of cardiovascular disease 
tends to be at an earlier age in these countries.3 For example, about 50% of 
coronary deaths occur before age 70 years in India, whereas only 25% occur 
by that age in high-income countries. Unfavorable global trends in eating 
patterns, high rates of smoking, and increasing burdens of obesity, diabetes, 
and hypertension are driving the burden of cardiovascular disease. Although 
stroke was the dominant cause of death and disability in East Asian countries 
for decades owing to high sodium intake and resulting hypertension, recent 
changes in diet, activity levels, and smoking have made coronary heart disease 
an equivalent or greater health burden in this area of the world.

 RISK FACTORS FOR CARDIOVASCULAR DISEASE
Established Risk Factors
A number of causal factors have been established for cardiovascular disease 
based on their strength and consistency of associations, specificity, temporality, 
and biologic plausibility. Furthermore, these established risk factors explain 
the vast majority of risk for incident myocardial infarction. Longitudinal cohort 
studies demonstrate that 90% of individuals who suffer a myocardial infarction 
have at least one established clinical risk factor prior to their first event, and 
adverse levels of nine risk factors and behaviors collectively account for 90% 
or more of the risk for myocardial infarction in men and women, in older and 
younger individuals, and in all regions of the world. These nine risk factors 
and behaviors include smoking (Chapter 29), elevated apolipoprotein B/
apolipoprotein A1 ratio (Chapter 195), hypertension (Chapter 70), diabetes 
(Chapter 216), abdominal obesity (Chapter 207), psychosocial factors, lower 
consumption of fruits and vegetables (Chapter 202), alcohol intake (Chapter 
30), and physical inactivity (Chapter 13). Many of the established risk factors 
tend to cluster in a metabolic syndrome, which is characterized by abdominal 
adiposity, insulin resistance, hyperglycemia, elevated blood pressure, elevated 
triglyceride levels, and lower high-density lipoprotein (HDL)-cholesterol 
levels.4 This clustering of cardiovascular risk factors can lead to synergistic 
increases in the risk for events.

Age is the most powerful risk factor for the development of most cardio-
vascular diseases, especially stroke (Chapter 379), heart failure (Chapters 52 
and 53), and atrial fibrillation (Chapter 58). Chronological age integrates a 
person’s aggregate exposure to multiple physiologic and environmental effects 
on the cardiovascular system. The incidence of cardiovascular disease at least 
doubles with each additional decade of age in adulthood until the oldest ages, 
when the heavy burden of competing causes of mortality (Chapter 20) limits 
further progression.

The impact of a person’s sex on cardiovascular disease is important. In abso-
lute terms, about the same number of men and women die from cardiovascular 
diseases annually in the United States. However, women tend to develop risk 
factors later in life than do men, and women’s incidence rates lag men’s by 
approximately 10 years. The precise contributions of sex hormones to these 
age trends are uncertain, but many women develop worsening risk factor 
levels, particularly with regard to lipids, blood pressure, weight, and insulin 
resistance, during and after the menopausal transition (Chapter 227).

Race per se is not thought to be an independent risk factor for cardiovascular 
disease, and the established causal risk factors have broadly similar effects in 
all race and ethnic groups. Nevertheless, hypertension tends to be more preva-
lent in individuals of African ancestry, especially in environments with higher 
sodium intake, and to have a somewhat stronger association with cardiovascular 
events, especially heart failure and stroke. Compared with Caucasians, indi-
viduals of East Asian and South Asian descent have a greater risk for developing 
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ABSTRACT
Despite decades of progress in prevention and treatment, cardiovascular disease 
remains the leading cause of mortality, morbidity, and healthcare costs in 
high-income countries, and it has emerged as the leading cause in low- and 
middle-income countries. A number of modifiable, causal risk factors for car-
diovascular disease have been identified, including blood lipid levels, blood 
pressure, tobacco, dysglycemia, excess body weight, adverse diet, and physical 
inactivity; collectively they account for the vast majority of excess risk in 
populations. Individuals who avoid the development of risk factors have very 
favorable long-term health outcomes and longevity, whereas it is difficult to 
restore low risk once risk factors have developed. The causal risk factors also 
tend to cluster and interact additively or synergistically to increase risk. Together, 
these factors are used to estimate short- and long-term risks for cardiovascular 
events in individuals and in populations in order to predict the burden of 
disease and scale the intensity of prevention efforts. Numerous novel blood-
based risk markers have been proposed to refine risk assessment, but they 
have proven less useful than noninvasive imaging modalities (especially mea-
surement of the coronary artery calcium score using computed tomographic 
imaging) that directly assess the presence and extent of subclinical athero-
sclerosis disease burden. The advent of genomic and systems biology approaches 
to studying health and disease in populations, as well as the availability of 
“big data” phenotypes from electronic health records, are revolutionizing our 
ability to perform cardiovascular epidemiology on a large scale and with greater 
precision.
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E-FIGURE 46-1. global burden of cardiovascular disease deaths in 2016 in terms of total deaths (A) and death rates per 100,000 population (B). (data and visualization from the 
global Burden of disease study https://vizhub.healthdata.org/gbd-compare/).
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dietary content, coupled with reductions in physical activity, have produced 
this unprecedented epidemic. Although overweight and obesity themselves 
tend to be weak independent predictors of cardiovascular events in the short 
term, they are major drivers of elevated blood pressure, elevated blood glucose 
levels, and adverse lipid profiles that are themselves major contributors to the 
incidence of cardiovascular disease in the short and long term. The existence 
of an “obesity paradox,” in which individuals diagnosed with cardiovascular 
disease who are overweight or obese appear to live longer than normal weight 
individuals, appears to represent earlier onset of cardiovascular disease owing 
to overweight, with shorter total longevity and more time spent with cardio-
vascular disease.9

Blood glucose (Chapter 216) and its surrogate marker for chronic levels, 
hemoglobin A1c, have a continuous and independent association with car-
diovascular events. People with diabetes, whether diagnosed or undiagnosed, 
have 2- to 3-fold higher adjusted risk for cardiovascular events compared with 
persons without diabetes, and they also have substantially higher risks for 
developing chronic kidney disease (Chapter 121). Whereas diabetes was 
relatively uncommon before the 1980s, the obesity epidemic has led to a 
dramatic increase in the prevalence of type 2 diabetes and of impaired fasting 
glucose levels, termed prediabetes. At present in the United States, over 23 
million people, representing more than 9% of all adults, have diagnosed dia-
betes, and another 7.5 million (about 3.1% of adults) have undiagnosed diabetes. 
Fully 81 million more adults, or about 34% of the adult U.S. population, 
currently have prediabetes. If current trends continue, an estimated 77% of 
men and 53% of women in the United States could have prediabetes by 2020. 
Diabetes disproportionately affects non-Caucasian racial and ethnic groups, 
such as American Indians, African Americans, South Asians, East Asians, and 
Latinos, who appear to have greater probability of insulin resistance at lower 
body mass index, in much greater proportions than whites. Unfortunately, 
tight control of glucose levels in persons with diabetes has not been associated 
consistently with significant reductions in risk for macrovascular cardiovascular 
disease (Chapter 216).

Adverse diet (Chapter 202) is a major contributor to obesity, diabetes, 
hypertension, and hyperlipidemia. Healthy eating patterns emphasize a lower 
caloric intake and focus on fruits and vegetables, healthy fats from nuts and 
olive oil, lean sources of protein such as fish, whole grains, a reduced sodium 
intake, and limiting the intake of processed foods, unhealthy fats, and simple 
sugars. This eating pattern is typical of the Mediterranean diet, which has been 
shown to be associated with lower cardiovascular disease incidence, A5  and 
the similar DASH (Dietary Approaches to Stop Hypertension) eating pattern 
(Chapter 202).10 By comparison, supplemental vitamins, minerals, and n-3 
fatty acids, independent of eating pattern, have not been shown conclusively 
to reduce cardiovascular risk, A6 

,
 A7  even in patients with diabetes or preexisting 

heart disease. A8 
,
 A9 

Alcohol (Chapter 30) has a complex association with cardiovascular events. 
Moderate intake of one serving of alcohol per day is associated with a modestly 
lower risk for cardiovascular disease. At higher levels of intake, however, risks 
for total mortality, hypertension, stroke, and heart failure tend to increase. 
Whereas heavy alcohol use and patterns of binge use are associated with heart 
failure and atrial fibrillation, alcohol’s association with atherosclerotic cardio-
vascular disease is less clear.

Physical inactivity (Chapter 13) and a sedentary lifestyle are also significant 
risk factors for cardiovascular disease. Individuals who participate in no physical 
activity are at highest risk for events. The risk is significantly lower for people 
who participate in even minimal physical activity, and risks decrease further 
with greater activity levels, particularly to the extent they contribute to improve-
ment in objective physical fitness. The biology and risks of sedentary time 
may be more than just the absence of physical activity, since sedentary lifestyle, 
as measured best by the hours of time spent in front of a television or computer 
screen, seems to have an adverse effect independent of time spent doing physical 
activity.

Family history is clearly an important cardiovascular risk factor, independent 
of other measurable risk factors. However, ideal levels of cardiovascular health 
do not appear to be genetically programmed. Data indicate that the heritability 
of ideal cardiovascular health is less than 20%, thereby suggesting strong envi-
ronmental and behavioral influences on this trait.

Novel Risk Markers
Blood markers of inflammation and target organ damage such as C-reactive 
protein, high-sensitivity troponin, or natriuretic peptide levels appear to have 
significant associations with incident cardiovascular events, independent of 
established risk factors. For example, the reduction of C-reactive protein levels 

the metabolic syndrome, insulin resistance, and diabetes at a lower overall 
body mass index. However, some of the cardiovascular risk differences observed 
across race and ethnic groups can be attributed to differences in socioeconomic 
status, rather than race or ethnicity.

Blood lipid levels (Chapter 195), including the total serum cholesterol level 
and its subfractions, particularly low-density lipoprotein (LDL) cholesterol, 
have significant, continuous, and graded associations with the risk of coronary 
heart disease and peripheral arterial atherothrombotic disease.5 By comparison, 
independent, direct associations of blood lipids with stroke and heart failure 
events are much weaker. Apolipoprotein B-containing particles comprise the 
subpopulation of circulating cholesterol-containing particles that represent 
the atherogenic lipoprotein fractions. These particles are considered to be the 
central actors in the initiation and promotion of atherogenesis on the basis 
of a substantial body of epidemiologic, clinical, and basic science evidence. 
Among U.S. adults aged 20 years and older, 40% (or about 95 million) have 
total cholesterol levels above the desirable range of less than 200 mg/dL, and 
12% (29 million) have elevated levels at or over 240 mg/dL. Mean total cho-
lesterol levels have been falling sharply in recent decades, because of changes 
in dietary composition but also because of more widespread use of lipid-
lowering medications. In the 1970s, mean total cholesterol concentrations 
were approximately 220 mg/dL, whereas currently they are just under 200 mg/
dL. These improvements have been a major contributor to the decline in 
coronary death rates over the same time period. Randomized clinical trials 
have unequivocally established LDL cholesterol (and the particles that carry 
it) as a causal agent for coronary heart disease, and LDL cholesterol-lowering 
therapies (Chapter 195) are effective at reducing rates of both coronary heart 
disease and stroke significantly and substantially. A1 

Blood pressure (Chapter 70) has a strong, continuous, and independent 
association with incident coronary heart disease, stroke, and heart failure 
events. In worldwide studies of nearly one million individuals, the risk at every 
age for all types of cardiovascular disease death doubled with each 20 mm 
Hg higher systolic blood pressure and each 10 mm Hg higher diastolic blood 
pressure, beginning at a blood pressure of 115/75 mm Hg. In 2017, U.S. blood 
pressure guidelines lowered the definition of hypertension to 130 mm Hg 
systolic or higher or 80 mm Hg diastolic or higher.

Among people who are normotensive at age 55 years, the remaining lifetime 
risk for development of hypertension is 90%. Approximately one third of all 
American adults currently have hypertension, and its prevalence has been 
increasing owing to the obesity epidemic. Hypertension has stronger relative 
associations with stroke and heart failure than with coronary heart disease, 
in part because of its effects on myocardial and cerebrovascular remodeling. 
In the United States, rates of treatment and control for hypertension have 
been gradually increasing. The effective treatment of hypertension reduces 
the risk of stroke, heart failure, and coronary heart disease events. A2  Current 
data suggest that a treatment goal of lower than 120 mm Hg systolic (with 
an average achieved systolic pressure of 120 to 124 mm Hg) reduces car-
diovascular events and all-cause mortality compared with a goal of lower 
than 140 mm Hg systolic in patients without preexisting heart failure or 
diabetes. A3 ,6 For patients with diabetes, a goal of lower than 130 mm Hg is  
reasonable. A4 ,7

Cigarette smoking (Chapter 29) is one of the strongest risk factors for car-
diovascular disease events. After adjustment for other risk factors, smoking 
confers 2- to 3-fold higher risk for all manifestations of cardiovascular 
disease, especially coronary heart disease and peripheral arterial disease. 
Fortunately, consistent public health efforts have reduced the prevalence of 
smoking in the United States from about 45% in the 1960s to just under 
15% currently. The prevalence of smoking remains higher in many Euro-
pean and Asian countries, and its continued increase in some parts of the 
world drives unfavorable trends in cardiovascular morbidity and mortality. 
A large body of evidence indicates that environmental exposure to tobacco 
smoke in nonsmokers (“second-hand” or “passive” smoking) also increases 
risk for cardiovascular events substantially (Chapter 29) and contributes to 
the population burden of disease. Substantial data also support the benefits 
of smoking cessation for reducing the risks of a subsequent coronary event  
and death.

Overweight and obesity have been increasing in the United States and world-
wide. Prior to 1985, fewer than 10% of Americans were obese, defined as 
having a body mass index of 30 kg/m2 or higher. Now however, approximately 
70% (157 million) of U.S. adults are overweight or obese, with half in each 
category (Chapter 207). Thirty-two percent (24 million) of U.S. children ages 
2 to 19 years are overweight or obese (Chapter 207), again with roughly half 
in each stratum.8 Major societal changes in the availability of food and in 
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Prevention of Cardiovascular Disease
In patients with stable chest pain, CT coronary angiography-guided therapy 
can reduce the risk of coronary death or nonfatal myocardial infarction com-
pared with usual care. A11  Because patients with prevalent symptomatic cardio-
vascular disease are at the highest risk, preventive interventions such as lifestyle 
modifications and drug therapy to reduce risk are most effective and cost-
effective when used as therapy for secondary prevention of recurrent events. 
Examples of intensive lifestyle modification and of proven therapies include  
aspirin, A12  statins, A13  and antihypertensive medications, A14  as well as implant-
able devices that may prevent complications such as heart failure or fatal ven-
tricular dysrhythmias (Chapter 60).

For primary prevention, asymptomatic individuals may be at risk because 
of a heritable family history of premature cardiovascular disease, one or more 
markedly elevated risk factors, or multiple modestly elevated risk factors. For 
example, screening of Danish men ages 65 to 74 years for abdominal aortic 
aneurysm, peripheral vascular disease, and hypertension reduced mortality 
by 7% in the subsequent 4 to 5 years. A15  For primary prevention, aspirin is no 
better than placebo in healthy elderly individuals, in whom it actually reduces 
disability-free survival and overall survival, A16 

,
 A17  without reducing the risk of 

cardiovascular disease. A18  Even in patients with diabetes or patients at moder-
ate risk of cardiovascular disease, any benefits for preventing future cardio-
vascular events are offset by aspirin’s side-effects. A19 

,
 A20 

The current primary prevention paradigm is to match the intensity of 
prevention efforts to the absolute risk of the patient. Appropriate lifestyle 
interventions (e.g., smoking cessation, weight loss, dietary modification) are 
recommended for all individuals, whereas drug therapy is recommended only 
for individuals in whom the absolute benefits can be expected to outweigh 
any potential adverse drug effects and to be cost-effective in doing so. Treat-
ment that restores optimal risk factor levels, however, does not imply that 
the treated individual will now have the very low incidence rates observed 
in people who have maintained optimal risk factor levels throughout young 
adulthood and into middle age. As a result, a concept gaining in importance 
is primordial prevention, which is the prevention of the development of risk 
factors in the first place.13,14 Primordial prevention requires a focus on health 
behaviors that may prevent the development of dyslipidemia, diabetes, and 
hypertension, as well as population-level strategies that attempt to create an 
environment conducive to favorable health behaviors. Mobile applications 
may help with the self-management that is likely critical for such efforts.15

Cardiovascular Health: A New Paradigm
After decades of declining mortality rates from cardiovascular diseases and 
stroke in the United States, the new goal is to promote cardiovascular health 
in individuals and the population, monitor it over time, and improve it by 
concerted action. Central to the concept of cardiovascular health is the obser-
vation that optimal levels of seven health behaviors and health factors (Table 
46-1) are associated with ideal cardiovascular health. Although about 40% of 
American adults believe they are in ideal cardiovascular health, fewer than 
1% have all seven metrics at ideal levels, principally because of a poor-quality 
diet. Persons who maintain high levels of cardiovascular health from young 
age to middle age have extremely favorable outcomes from middle to older 
ages, including: a markedly increased longevity; a better quality of life; a sub-
stantially lower incidence of fatal and nonfatal cardiovascular disease events; 
a lower incidence of other chronic diseases of aging, including cancer, dementia, 
and venous thromboembolism; a lower burden of subclinical atherosclerosis 
(e.g., carotid intima-media thickness, coronary artery calcification); higher 
levels of cognitive function in middle and older ages; and reduced medical 
care costs. These outcomes are observed in all segments of the population, as 
well as across all ages and both sexes.

People who pursue healthy lifestyles from young adulthood to middle age 
are far more likely to preserve ideal cardiovascular health than those who 
pursue none: 60% of the former group compared with only 3% of the latter 
group maintained ideal cardiovascular health factors into middle age. Cardio-
vascular health promotion thus represents a major paradigm shift and oppor-
tunity in public health efforts.

Future of Cardiovascular Epidemiology
Decades of success in observational epidemiology research continue to provide 
novel insights into trends and risk markers for cardiovascular disease, as well as 
the influence of in utero and early life exposures on the life course of cardio-
vascular diseases. New techniques to characterize environmental and behav-
ioral exposures, physiology, health status, and precursors of disease include 

with canakinumab, a monoclonal antibody targeting interleukin-1β, can sig-
nificantly reduce recurrent cardiovascular events, independent of lipid-lowering, 
in patients with previous myocardial infarction and a high-sensitivity C-reactive 
protein level of 2 mg/L or more. A10  However, this treatment was associated 
with an increased risk of infections and did not significantly reduce all-cause 
mortality. Nevertheless, this trial shows the potential for treatments that target 
novel risk factors.

Noninvasive cardiac testing and imaging has clearer potential for detecting 
preclinical disease and potentially guiding early intervention or avoiding drug 
therapy in individuals who are thought to be at risk but do not have evidence 
of preclinical disease. For example, electrocardiographic evidence of left ven-
tricular hypertrophy confers significant excess risk for coronary heart disease 
over and above the presence of hypertension and other risk factors. Higher 
levels of coronary calcification on computed tomographic (CT) imaging of 
the heart (Chapter 50) or greater carotid intima-media thickness measured 
by B-mode ultrasound of the carotid arteries portends a higher risk of future 
cardiovascular events. Because these imaging markers detect evidence of the 
actual underlying diseases of interest (i.e., left ventricular hypertrophy or ath-
erosclerosis), rather than nonspecific risk factors, they are more effective at 
identifying individuals at high risk for incident clinical events, such as heart 
failure, stroke, and myocardial infarction. Of the available modalities, CT 
screening for coronary artery calcification is widely available means for detect-
ing individuals at near-term risk. For example, asymptomatic individuals with 
coronary artery calcium scores of more than 100 Agatston units have relative 
hazards for a coronary event that are 7- to 10-fold higher than in individuals 
without any coronary calcification, even after adjustment for major established 
risk factors. Coronary calcium scoring is the most effective and reliable means 
for reclassifying risk after a quantitative risk assessment using established risk 
factors, with the ability to correctly reclassify lower-risk individuals who none-
theless will have a cardiovascular event as well as higher-risk individuals who 
will not.11

Assessment of Risk for Cardiovascular Disease
Estimation of Short-Term Risk
Adverse levels of any single risk factor or risk marker are associated with 
elevated risk for incident cardiovascular events. However, combinations of 
adverse risk factors are additive and sometimes synergistic for increasing risk. 
To improve the prediction of cardiovascular events and provide quantitative 
risk assessment, a number of multivariable risk equations or scores, such as 
the Pooled Cohort Equations,12 have been developed. The vast majority of 
risk scores available have focused on predicting 10-year absolute risk, and 
essentially all include age, sex, smoking status, cholesterol, and blood pressure, 
with some also including diabetes, family history, body mass index, socioeco-
nomic status, or novel biomarkers. The end points of interest for diverse risk 
equations have varied widely, from the prediction of cardiovascular death 
alone to the prediction of fatal and nonfatal major coronary events, major 
atherosclerotic events (coronary disease and stroke), or a broader range of 
cardiovascular events (including heart failure, coronary revascularization, 
angina, or claudication). As an example, the 10-year risk for incident athero-
sclerotic cardiovascular disease can be predicted in 50-year-old men and women 
according to sex, race, and different levels of risk factors (E-Fig. 46-2), and 
the risks are dramatically higher with a greater risk factor burden.

Lifetime Risk Estimation
Despite the widespread use of 10-year risk estimates to guide prevention strate-
gies, this approach has important limitations. For example, one consequence 
of the substantial weighting of age in 10-year risk equations is that younger 
men and women, even those with substantial risk factor burden, do not tend 
to have a high short-term risk. When treatment thresholds are applied to 
quantitative risk estimates for clinical guidelines, men younger than 50 years 
of age and women under 60 years of age will infrequently exceed those thresh-
olds. Therefore, recent guidelines have considered longer risk horizons, such 
as 30 years or the remaining lifespan. The established risk factors are all associ-
ated with lifetime risks for cardiovascular disease, but the nature of the rela-
tionships sometimes differs from short-term associations because of competing 
risks. For example, smoking is a strong risk factor for near-term cardiovascular 
events, but a weaker predictor of lifetime risk for cardiovascular events because 
of the simultaneous and substantial risk for cancer death, which limits the 
lifetime risk for cardiovascular disease among smokers. As a result, lifetime 
risk estimates may enhance communication for individual patients, but how 
they should be used in decision making regarding the institution of preventive 
drug therapy is less certain.
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E-FIGURE 46-2. predicted 10-year risks for atherosclerotic cardiovascular disease, including fatal coronary heart disease, nonfatal myocardial infarction, and fatal or nonfatal stroke, 
as a function of selected risk factor levels in a 50-year-old white man (A), black man (B), white woman (C) or black woman (D). (predicted risks are derived from the pooled Cohort 
Equations from the 2013 american College of Cardiology/american Heart association guideline on the assessment of Cardiovascular risk.)
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TABLE 46-1 DEFINITIONS OF POOR, INTERMEDIATE, AND IDEAL CARDIOVASCULAR HEALTH FOR EACH OF SEVEN METRICS, IN 
ADULTS AND CHILDREN

METRIC POOR INTERMEDIATE IDEAL
CURRENT SMOKING

Adults Yes Former, ≤12 mo Never or quit >12 mo
Children Tried in last 30 days — Never tried; never smoked whole cigarette
BODY MASS INDEX

Adults 30 kg/m2 25-29.9 kg/m2 <25 kg/m2

Children >95th percentile 85th-95th percentile <85th percentile
PHYSICAL ACTIVITY

Adults None 1-149 min moderate or 1-74 min vigorous activity per week ≥150 min moderate or ≥75 min vigorous activity per week
Children None 1-59 mins moderate or vigorous activity daily ≥60 mins moderate or vigorous activity daily
HEALTHY DIET SCORE*

Adults Meets 0-1 components Meets 2-3 components Meets 4-5 components
Children Meets 0-1 components Meets 2-3 components Meets 4-5 components
TOTAL CHOLESTEROL

Adults ≥240 mg/dL 200-239 mg/dL or treated to goal <200 mg/dL untreated
Children ≥200 mg/dL 170-199 mg/dL <170 mg/dL untreated
BLOOD PRESSURE

Adults SBP ≥140 mm Hg or 
DBP ≥90 mm Hg

SBP 120-139 mmHg or DBP 80-89 mm Hg or treated to goal <120/<80 untreated

Children >95th percentile 90th-95th percentile or SBP ≥120 mm Hg or DBP ≥80 mm Hg <90th percentile untreated
FASTING GLUCOSE

Adults ≥126 mg/dL 100-125 mg/dL or treated to goal <100 mg/dL untreated
Children ≥126 mg/dL 100-125 mg/dL or treated to goal <100 mg/dL untreated
DBP = diastolic blood pressure; SBP = systolic blood pressure
*Healthy diet score consists of 5 components, including low sodium intake, low sugar-sweetened beverage consumpion, and higher consumption of fruits/vegetables, fish, and whole grains.
Adapted from Coorey GM, Neubeck L, Mulley J, et al. Effectiveness, acceptability and usefulness of mobile applications for cardiovascular disease self-management: systematic review with meta-synthesis of 
quantitative and qualitative data. Eur J Prev Cardiol. 2018;25:505-521.
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47 
CARDIAC AND CIRCULATORY FUNCTION
ANDREW R. MARKS

The heart has the daunting task of pumping sufficient amounts of blood to 
meet both its own metabolic demands and those of the other organs. Uniquely 
among all the organs, the heart’s failure to perform its task for even a few 
minutes causes death. The heart continuously fulfills this physiologic role with 
a variety of electrical, contractile, and structural functions that control the 
flow of blood to the organs.

 STRUCTURE OF THE HEART
 Cardiac Development
In humans, the formation of a linear heart tube from the primary cardiac 
crescent occurs between days 21 and 23 of gestation. Looping of the heart 
tube and trabecular formation of the ventricle occur at 26 days of gestation 
(E-Fig. 47-1). At 6 weeks, the embryonic interventricular communication 
closes, followed by thickening and remodeling of the ventricular walls in the 
first trimester. By the end of week 7, heart development is essentially finished, 
although the heart continues to enlarge throughout gestation.

 Electrical Cells
The heart is a muscular pump controlled by regular electrical discharges from 
specialized muscle cells in the conduction system (Chapter 55). The molecular 
basis for the electrical activity of the heart is the activation of specific ion-
conducting channels (Fig. 47-1). Coordinated activation and inactivation of 
cardiac ion channels regulate the membrane potential of the cardiac cells, 
thereby resulting in a rapid sequence of depolarization followed by repolariza-
tion. This electrical activity, which is manifested on the body surface as the 
electrocardiogram (ECG), is known as the action potential, and it is responsible 
for activating the contraction of the cardiac muscle. At a typical heart rate of 
70 beats per minute, the heart beats about 100,000 times per day, or 37 million 
beats a year, corresponding to 3 billion beats during a lifespan of 80 years. 
Failure to propagate the signal throughout the heart (e.g., heart block) or 
abnormal rhythms (arrhythmias) that are either too slow (bradycardia) or 

too fast (tachycardia) can result in death (Chapter 56). Studies indicate that 
cardiac arrhythmias may be triggered by leak of calcium inside the cardio-
myocytes, thereby suggesting a possible novel therapeutic target for a new 
generation of antiarrhythmic agents.

 Ion Channels
Sodium, potassium, and calcium channels determine the electrical activity of 
the heart by opening and closing in a highly choreographed pattern that deter-
mines the action potential of the heart. The electrical regulation of the heart, 
which is reflected in the relative concentrations of ions inside and outside the 
heart muscle cells, determines the five phases of the action potential (Chapter 
55). The action potential is initiated when the opening of sodium channels 
results in a rapid influx of sodium (phase 0) down its concentration gradient 
(≈145 mmol outside the heart muscle cell, ≈10 mmol inside). After a brief 
early repolarization due to activation of potassium channels (phase 1), the 
rapid sodium influx depolarizes the cell, thereby activating calcium channels 
that allow calcium influx (phase 2) down its concentration gradient (≈3 mmol 
outside, ≈100 nmol inside). This calcium influx triggers excitation-contraction 
coupling that results in pumping by the heart. Potassium channels then open 
and cause repolarization (phase 3) as potassium fluxes out of the cell down 
its concentration gradient (≈4 mmol outside, ≈135 mmol inside). The mem-
brane potential returns to the resting level of about −90 mV (phase 4). Genetic 
mutations in the genes encoding ion channels have been linked to inherited 
forms of ventricular and atrial arrhythmias (Chapters 58 and 59).

 Conduction System
Specialized pacemaker cells in the sinoatrial node (Fig. 47-2) have slightly 
higher (less negative) resting potentials and gradually depolarize during phase 
5 owing to the activity of the potassium and calcium channels and the 
hyperpolarization-activated cyclic nucleotide–gated channels that are respon-
sible for a small inward (depolarizing) current. In the normal heart, pacemaker 
cells are the first cells to depolarize, and they trigger the subsequent depolar-
ization of the cells in specialized conducting fibers that propagate the electrical 
signal throughout the heart muscle in a highly regular and integrated fashion. 
Electrical activation (depolarization) spreading through the atria to the atrio-
ventricular (AV) node is reflected as the P wave on the ECG (Chapter 48). 
The slowing of conduction in the AV node accounts for the PR interval on 
the ECG. After passing through the AV node, the depolarizing signal enters 
the bundle of His, where conduction is rapid. The bundle of His divides into 
the right and left bundle branches, which conduct the depolarizing signals 
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FIGURE 47-1. Cardiac action potential and ion channels. Myocardial contraction begins when sodium channels open and positively charged sodium ions flow into the cell and cause 
membrane depolarization (phase 0). during phases 1, 2, and 3, calcium ions flow into the cell through l-type calcium channels, while potassium flows out of the cell through voltage-
gated potassium channels. these three phases correspond to myocardial contraction, which corresponds to the QrS complex on the surface electrocardiogram (ECG). the sodium-
potassium adenosine triphosphatase (nKa) helps return the system to its resting state. 
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ABSTRACT
The heart is a large muscle with four chambers and a complex electrical system 
that activates contraction to supply blood flow to all organs. A reduction in 
heart-driven blood flow quickly results in organ failure and ultimately in death. 
Over the past two centuries, detailed understanding of heart development 
and function has been accumulated. Moreover, we also have learned a great 
deal about the circulatory system, how it develops, and how it is regulated. 
However, there is much we do not understand. For example, occlusion of 
coronary arteries that supply blood to the heart muscle by atherosclerosis 
cause heart muscle death. Loss of heart muscle leads to heart failure, but few 
effective drugs are available to treat this leading cause of death. Similarly, the 
electrical system of the heart, controlled by ion channels, results in fatal heart 
rhythms when ion channel function is defective. Understanding of this system 
also remains limited, such that safe and effective drug treatments for arrhyth-
mias are largely lacking. Nevertheless, the heart performs an amazing function, 
beating steadily, for the most part, throughout life.
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E-FIGURE 47-1. Folding of the heart tube during development. the primitive outflow tracts develop into the pulmonary artery and aorta. the left and right atria, along with the 
pulmonary veins and the superior and inferior vena cava, arise from the primitive inflow tracts. the area covered by the bulbus cordis and ventricle contributes to the development of 
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prostaglandins, and carbon dioxide. The breakdown of ATP is the source of 
adenosine, whereas nitric oxide is produced by the action of nitric oxide syn-
thases that metabolize the amino acid l-arginine. Autoregulatory mechanisms, 
including constriction in response to increased luminal pressures and dilation 
in response to reduced pressure, also play a role in determining coronary 
artery blood flow. Other metabolic factors that cause vasoconstriction include 
endothelin peptides, serotonin, 5-hydroxytryptamine, thromboxane, angio-
tensin II, and β1-adrenergic stimulation.

Sympathetic and parasympathetic pathways of the autonomic nervous system 
and the renin-angiotensin system exert potent regulatory effects on cardio-
vascular function. The sympathetic nervous system plays the key role in the 
response to stress (e.g., the fight-or-flight response) by increasing heart rate 
and myocardial contractility and decreasing vascular tone. Regulation of car-
diovascular function by the sympathetic nervous system is mediated by nor-
epinephrine that is released at the nerve endings and by epinephrine from 
the adrenal gland. β-Adrenergic signaling is mediated by epinephrine, which 
increases the heart rate and vasodilates the central arterial bed, thereby result-
ing in reduced afterload, which in turn helps augment cardiac output.

The sinoatrial and AV nodes are regulated by parasympathetic innervation 
that slows the pacemaker’s rate of firing and conduction through the AV node 
by the release of acetylcholine. Vasoconstriction of the venous system is medi-
ated by the sympathetic nervous system, which limits fluid and blood loss 
after trauma.

The renin-angiotensin system also regulates blood pressure, peripheral 
vasoconstriction, and contractility in coordination with the sympathetic nervous 
system. Both the sympathetic nervous system and the renin-angiotensin system 
are chronically activated in heart failure (Chapter 52), in which the resulting 
maladaptive remodeling of the cardiovascular system promotes the progres-
sion of heart failure. Decreased perfusion to the kidney, decreased delivery 
of sodium to the macula densa, or increased sympathetic activity results in 
the release of the hormone renin from the macula densa cells within the jux-
taglomerular apparatus of the kidney. Renin results in the production of 
angiotensin II, a potent constrictor of peripheral and coronary arteries. In 
turn, angiotensin II causes the release of the sodium-retaining hormone 
aldosterone from the adrenal gland (Chapter 214). Together, these signals 
result in sodium retention and increased arterial blood pressure.

 PHYSIOLOGY OF THE HEART AND  
CIRCULATORY CONTROL

 Cardiac Energetics
The major immediate source of energy in the heart is the oxidation of fatty 
acids and glucose. When oxygen supply is limited, glucose metabolism is 
favored because it generates more ATP per oxygen consumed. The heart has 
virtually no ability to conduct anaerobic metabolism (i.e., glycolysis) and 
therefore is dependent on oxygen for its function. For example, heart function 
deteriorates immediately under conditions of hypoxia, ischemia, and carbon 
monoxide poisoning.

Basal metabolism, total mechanical work performed by the heart, contractil-
ity, and heart rate determine the oxygen and energy consumption of the heart. 
During excitation-contraction coupling, two key steps require energy con-
sumption (ATP hydrolysis): release of the myosin head–actin interaction and 
reuptake of calcium into the sarcoplasmic reticulum.

The mechanical work of the heart is determined by the total pressure-volume 
area, which is related to the number of actin-myosin cross-bridges formed 
during the contraction. It is the sum of the external work performed by the 
heart in pumping blood from the ventricle to the aorta (represented by the 
area inside the pressure-volume loop) plus energy stored in the myocardium 
at the end of contraction. Enhanced contractility requires increased oxygen 
consumption because an increased amount of calcium released from the sar-
coplasmic reticulum requires increased ATP and oxygen consumption to pump 
the released calcium back into the sarcoplasmic reticulum through the sarco-
plasmic reticular ATPase. On the basis of these principles, increasing the heart 
rate requires increased oxygen consumption. If the heart rate increases from 
70 to 140 beats per minute during exercise or stress, oxygen consumption 
increases almost two-fold above the basal value.

 Contractility and Relaxation
The Cardiac Cycle
In resting humans, the heart beats approximately once per second. With each 
beat, the heart cycles through a series of four hemodynamic events represented 
by changes in pressures and volumes (E-Fig. 47-4) as well as electrical activity 
as represented by the ECG. When the heart muscle is relaxed at end diastole, 

that enables cross-bridging between actin and myosin, thereby leading to sliding 
of the filaments, shortening of the sarcomere, and muscle contraction. Hydro-
lysis of ATP provides the energy required for the generation of force by the 
actin-myosin interaction. The conversion of electrical energy (depolarization 
of the cell membrane) to mechanical energy is known as excitation-contraction 
coupling. Relaxation of the heart muscle occurs when calcium is pumped 
back into the sarcoplasmic reticulum through the sarcoendoplasmic reticulum 
ATPase.

Signals That Regulate Contraction
Contractile force can be enhanced during stress by activation of the β-adrenergic 
pathway, which increases both the amount of calcium released and the rate 
of calcium uptake in the sarcoplasmic reticulum (E-Fig. 47-3). β-Agonists 
(e.g., epinephrine or norepinephrine) bind to β-adrenergic receptors to activate 
adenylyl cyclase, which generates cyclic adenosine monophosphate and acti-
vates protein kinase A. Protein kinase A phosphorylates phospholamban, the 
voltage-gated calcium channel, the ryanodine receptor/calcium release channel, 
and sarcomeric regulatory proteins, thereby resulting in increased release  
of calcium from the sarcoplasmic reticulum and enhanced contractility of  
the heart.

Nonmuscle Cells
Although the heart is a muscular pump, 60 to 70% of its cells are cardiac fibro-
blasts, not muscle cells. These fibroblasts provide critical components of the 
extracellular matrix that determine the structure of the heart. Collagen, which 
is produced by the cardiac fibroblasts, is a major component of the extracel-
lular matrix, where it forms a network that surrounds the cardiomyocytes 
and creates tissue that is able to withstand the stress of constant pumping. 
In certain pathologic conditions, including hypertension, myocardial infarc-
tion, and heart failure, the cardiac fibroblasts respond to stress by generat-
ing excess extracellular matrix, resulting in fibrosis, which can impair cardiac 
function. Indeed, a number of commonly used therapies for heart disease, 
including lipid lowering with statins or fibrates and antihypertensive treatments 
with angiotensin-converting enzyme inhibitors, β-blockers, and angiotensin 
receptor blockers, exert part of their beneficial effects on cardiac fibroblasts  
by reducing fibrosis, thereby resulting in favorable “reverse” remodeling of 
the heart. Resident fibroblast lineages mediate pressure overload-induced 
cardiac fibrosis.

 ANATOMY OF THE HEART
The primary pumping chamber of the heart is the thick-walled left ventricle, 
which is composed of billions of cardiomyocytes connected end to end through 
gap junctions. The right ventricle is a thinner-walled chamber, divided from 
the left ventricle by the interventricular septum. Above the ventricles are the 
right and left atria, which are thin-walled chambers that receive low-pressure 
venous blood; they are separated from the ventricles by the tricuspid valve on 
the right side and the mitral valve on the left side. These valves are attached 
to papillary muscles that emerge from the ventricular walls through chordae 
tendineae. The pressure gradient between the ventricles and the atria opens 
the AV valves. The papillary muscles help establish the positions of the valve 
leaflets and prevent regurgitant flow during contraction. The aortic and pul-
monary valves separate the left and right ventricles from their arterial connec-
tions and enable blood flow out of the ventricles.

 Coronary Blood Flow
The coronary arteries receive blood from the aorta, directly above the aortic 
valve, and travel through the epicardium that surrounds the heart to supply 
blood to the heart muscle (see Fig. 51-1). The diastolic blood pressure in the 
ascending aorta just above the aortic valve determines most of the flow of 
blood into the normal (nonstenosed) coronary arteries while the heart is 
relaxed. During systole, coronary flow is determined by the left ventricular 
intracavitary pressure, which equals the pressure within the inner myocardial 
wall, where coronary arteries are compressed during systole. Coronary blood 
flows to the epicardium during both systole and diastole but flows to the 
endocardium predominantly during diastole.

 Metabolic Regulation of the Cardiovascular System
Cardiac muscle requires constant coronary perfusion to supply oxygen and 
other metabolites. Increased energy consumption due to enhanced contractil-
ity necessitated by increased pressures or higher heart rates (e.g., during exercise) 
can be met only by increased coronary blood flow. Signals that augment coro-
nary blood flow (by up to six-fold) include nitric oxide, adenosine, bradykinins, 

into the ventricles and account for the QRS complex on the ECG. Repolariza-
tion is represented by the ST segment and the T and U waves of the ECG.

 Contractile Cells
Heart muscle is composed of billions of individual cells known as cardio-
myocytes, which contain an elaborate machinery required for coordinated 
contraction that pumps blood. Each cardiomyocyte is connected to its 
neighbors through specialized junctions that enable them to work as a single  
contractile unit.

The cardiomyocytes are filled with specialized contractile proteins arranged 
in highly regulated units, called sarcomeres, that give the muscles characteristic 
patterns known as striations (E-Fig. 47-2). Hence, like skeletal muscle, cardiac 
muscle is termed striated, as opposed to smooth muscles that form the vas-
culature and other organs such as the bladder, uterus, and stomach. Cardio-
myocytes are also loaded with mitochondria that provide the energy (adenosine 
triphosphate [ATP]) required to fuel the heart’s lifelong contractions (systole) 
and relaxations (diastole).

 Ultrastructure
The basic unit of the contractile system is the sarcomere, which is defined 
anatomically as the distance between two Z lines that anchor thin filaments 
composed of actin, tropomyosin, and troponin. Thin filaments slide past thick 
filaments (composed of myosin and titin) in a calcium-dependent manner to 
shorten the sarcomere length. Mutations in the genes encoding contractile 
proteins have been linked to dilated and hypertrophic cardiomyopathies 
(Chapter 54).1 The contractile proteins are surrounded by a calcium-filled 
membrane called the sarcoplasmic reticulum. The sarcoplasmic reticulum 
forms specialized associations with the transverse tubules, which are invagina-
tions of the plasma membrane and contain voltage-gated calcium channels. 
When the muscle is activated by depolarization of its membrane, this electrical 
signal travels deep into the muscle through the transverse tubules. Inside the 
muscle, the electrical depolarizing signal activates the voltage-gated channels, 
which open to allow a small amount of calcium to enter the muscle cells. This 
influx of calcium in turn activates the type 2 ryanodine receptor (RyR2), 
calcium-release channels on the sarcoplasmic reticulum. The RyR2 channels 
open and release enough calcium from the sarcoplasmic reticulum to raise 
the calcium concentration in the myoplasm about 10-fold. As a result, calcium 
binds to troponin C in the thin filaments and causes a conformational change 
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FIGURE 47-2. Cardiac anatomy. Cardiac anatomy comprises electrical and structural 
components. the electrical impulse that directs cardiac contraction originates in the 
sinoatrial (Sa) node and is rapidly conducted through the atria by specialized conduction 
tracts. the impulses merge at the atrioventricular (aV) node, where, after a brief pause, 
they are rapidly conducted into the ventricles through the bundle of His, which is com-
posed of specialized Purkinje cells. Blood moves from the atria into the ventricles through 
the tricuspid and mitral valves respectively, during diastole. during systole, blood from 
the ventricles is pumped into the pulmonary artery and aorta through the pulmonic and 
aortic valves, respectively. 
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E-FIGURE 47-3. Cardiomyocyte signaling. Binding of catecholamines (epinephrine, 
norepinephrine) to β-adrenergic receptor, a G-coupled protein receptor, leads to activa-
tion of adenyl cyclase, which converts adenosine triphosphate (atP) to cyclic adenosine 
monophosphate (caMP). caMP activates protein kinase a (PKa), which phosphorylates 
multiple calcium-handling proteins, including l-type calcium channels (ltCC), ryanodine 
receptors (ryr2), and phospholamban (Pln), leading to a general increase in their activity 
and greater contractility. Epi = epinephrine; SErCa = sarcoendoplasmic reticulum calcium 
atPase; Sr = sarcoplasmic reticulum. 
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E-FIGURE 47-2. Sarcomere and excitation-contraction coupling. depolarization of the cell membrane leads to calcium influx through l-type calcium channels (ltCC), which activate 
ryanodine receptors (ryr2) to release the large calcium stores from the sarcoplasmic reticulum (Sr). Calcium binds to troponin C and induces a conformational change in tropomyosin, 
which enables myosin heads to interact with actin filaments and to cause contraction. during relaxation, calcium is pumped back into the sarcoplasmic reticulum through the sarco-
endoplasmic reticulum calcium atPase (SErCa) and out of the cell through the sodium-calcium exchanger (nCX). 
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the ventricular pressure is at its resting level (end-diastolic pressure) and the 
ventricular volumes are at their maximal value (end-diastolic volume). Aortic 
pressure declines as the blood ejected into the aorta during the previous ven-
tricular contraction flows to the peripheral circulation. Atrial contraction 
provides a final boost to ventricular volume immediately before ventricular 
systole. Ventricular contraction increases the pressure in the ventricle; when 
this pressure exceeds the pressure in the atrium, the mitral valve closes. However, 
because ventricular pressure remains less than aortic pressure, the aortic valve 
remains closed, and no blood enters or leaves the ventricle during this first 
phase of the cardiac cycle, the isovolumic contraction phase. During systole, 
ventricular pressure eventually exceeds aortic pressure, at which time the aortic 
valve opens, blood is ejected into the aorta, and ventricular volume decreases 
during the ejection phase of the cycle. At the end of systole when contraction 
is maximum, ejection ends, and the ventricular volumes are at their lowest 
(end-systolic volume). The volume of the ejected blood, which is termed the 
stroke volume (SV), is defined as the difference between the end-diastolic 
and end-systolic volumes. The ejection fraction (EF), defined as the percent-
age of end-diastolic volume (EDV) ejected during a contraction (EF = 100 
× SV/EDV), is an index of heart function. The next phase in the cycle occurs 
when the heart muscle relaxes, ventricular pressures are less than the aorta 
pressure, and the aortic valve closes. During this isovolumic relaxation phase, 
ventricular volumes remain constant because, once again, both the mitral and 
aortic valves are closed. When ventricular pressures fall below atrial pressures, 
the mitral and tricuspid valves open, and blood flows from the atria into the 
ventricles during the filling phase.

These four phases of the cardiac cycle can be represented by a pressure-
volume diagram (E-Fig. 47-5), which plots the instantaneous ventricular pres-
sure versus volume to calculate the pressure-volume loop. Similar effects occur 
on the left and right sides of the heart, but with higher pressures on the left 
side (Table 47-1).

Pressure-Volume Relationships
The volume of a ventricular chamber correlates with length of its muscles and 
sarcomeres. In the left ventricle, with its circular cross section, Laplace’s law 
defines the relationship among pressure in the chamber (P), muscle tension 
(T, force/unit cross-sectional area of the muscle), chamber wall thickness (h), 
and internal radius of the chamber (R): P ≈ 2 · T · h/R. Both calcium and 
the length of the heart muscle determine force (Fig. 47-3). Each muscle is 
composed of a linear array of sarcomere bundles. Maximal force is achieved 
at a sarcomere length of about 2.2 to 2.3 μm, which results in the optimal 
overlap of thick and thin filaments. When the sarcomere length is less than 
2.0 μm, the ends of the thin filaments contact each other, thereby resulting 
in a reduction in force. Conversely, when sarcomeres are stretched beyond 
2.3 μm, force decreases owing to reduced overlap between myosin heads  
and actin.

Force-length relationships, which are determined by measuring the force 
developed at different muscle lengths while preventing the muscle from short-
ening (isometric contractions), characterize the systolic and diastolic contractile 

prostaglandins, and carbon dioxide. The breakdown of ATP is the source of 
adenosine, whereas nitric oxide is produced by the action of nitric oxide syn-
thases that metabolize the amino acid l-arginine. Autoregulatory mechanisms, 
including constriction in response to increased luminal pressures and dilation 
in response to reduced pressure, also play a role in determining coronary 
artery blood flow. Other metabolic factors that cause vasoconstriction include 
endothelin peptides, serotonin, 5-hydroxytryptamine, thromboxane, angio-
tensin II, and β1-adrenergic stimulation.

Sympathetic and parasympathetic pathways of the autonomic nervous system 
and the renin-angiotensin system exert potent regulatory effects on cardio-
vascular function. The sympathetic nervous system plays the key role in the 
response to stress (e.g., the fight-or-flight response) by increasing heart rate 
and myocardial contractility and decreasing vascular tone. Regulation of car-
diovascular function by the sympathetic nervous system is mediated by nor-
epinephrine that is released at the nerve endings and by epinephrine from 
the adrenal gland. β-Adrenergic signaling is mediated by epinephrine, which 
increases the heart rate and vasodilates the central arterial bed, thereby result-
ing in reduced afterload, which in turn helps augment cardiac output.

The sinoatrial and AV nodes are regulated by parasympathetic innervation 
that slows the pacemaker’s rate of firing and conduction through the AV node 
by the release of acetylcholine. Vasoconstriction of the venous system is medi-
ated by the sympathetic nervous system, which limits fluid and blood loss 
after trauma.

The renin-angiotensin system also regulates blood pressure, peripheral 
vasoconstriction, and contractility in coordination with the sympathetic nervous 
system. Both the sympathetic nervous system and the renin-angiotensin system 
are chronically activated in heart failure (Chapter 52), in which the resulting 
maladaptive remodeling of the cardiovascular system promotes the progres-
sion of heart failure. Decreased perfusion to the kidney, decreased delivery 
of sodium to the macula densa, or increased sympathetic activity results in 
the release of the hormone renin from the macula densa cells within the jux-
taglomerular apparatus of the kidney. Renin results in the production of 
angiotensin II, a potent constrictor of peripheral and coronary arteries. In 
turn, angiotensin II causes the release of the sodium-retaining hormone 
aldosterone from the adrenal gland (Chapter 214). Together, these signals 
result in sodium retention and increased arterial blood pressure.

 PHYSIOLOGY OF THE HEART AND  
CIRCULATORY CONTROL

 Cardiac Energetics
The major immediate source of energy in the heart is the oxidation of fatty 
acids and glucose. When oxygen supply is limited, glucose metabolism is 
favored because it generates more ATP per oxygen consumed. The heart has 
virtually no ability to conduct anaerobic metabolism (i.e., glycolysis) and 
therefore is dependent on oxygen for its function. For example, heart function 
deteriorates immediately under conditions of hypoxia, ischemia, and carbon 
monoxide poisoning.

Basal metabolism, total mechanical work performed by the heart, contractil-
ity, and heart rate determine the oxygen and energy consumption of the heart. 
During excitation-contraction coupling, two key steps require energy con-
sumption (ATP hydrolysis): release of the myosin head–actin interaction and 
reuptake of calcium into the sarcoplasmic reticulum.

The mechanical work of the heart is determined by the total pressure-volume 
area, which is related to the number of actin-myosin cross-bridges formed 
during the contraction. It is the sum of the external work performed by the 
heart in pumping blood from the ventricle to the aorta (represented by the 
area inside the pressure-volume loop) plus energy stored in the myocardium 
at the end of contraction. Enhanced contractility requires increased oxygen 
consumption because an increased amount of calcium released from the sar-
coplasmic reticulum requires increased ATP and oxygen consumption to pump 
the released calcium back into the sarcoplasmic reticulum through the sarco-
plasmic reticular ATPase. On the basis of these principles, increasing the heart 
rate requires increased oxygen consumption. If the heart rate increases from 
70 to 140 beats per minute during exercise or stress, oxygen consumption 
increases almost two-fold above the basal value.

 Contractility and Relaxation
The Cardiac Cycle
In resting humans, the heart beats approximately once per second. With each 
beat, the heart cycles through a series of four hemodynamic events represented 
by changes in pressures and volumes (E-Fig. 47-4) as well as electrical activity 
as represented by the ECG. When the heart muscle is relaxed at end diastole, 

TABLE 47-1 RANGE OF NORMAL RESTING  
HEMODYNAMIC VALUES

PRESSURE

Central venous (mean): 0-5 mm Hg
Right atrial (mean): 0-5 mm Hg
Right ventricular (systolic/diastolic): 20-30/0-5 mm Hg
Pulmonary artery (systolic/diastolic): 20-30/8-12 mm Hg
Left atrial (mean): 8-12 mm Hg
Left ventricular (systolic/diastolic): 100-150/8-12 mm Hg
Aortic (systolic/diastolic): 100-150/70-90 mm Hg
VOLUME-RELATED MEASURES

Right ventricular end-diastolic volume: 70-100 mL
Left ventricular end-diastolic volume: 70-100 mL
Stroke volume: 40-70 mL
Cardiac index: 2.5-4 L/min/m2

Ejection fraction: 55-70%
ARTERIAL RESISTANCE

Systemic vascular resistance: 10-20 mm Hg · min/L
Pulmonary vascular resistance: 0.5-1.5 mm Hg · min/L



CHAPTER 47 CardiaC and CirCulatory FunCtion 243.e1

Aorta
Left ventricle
Left atrium

20

0
0 0.1 0.2 0.3 0.4

Time (sec)

LV
P

 (
m

m
 H

g)

QRS

P T

0.5 0.6

40

60

80

100

120

140

E-FIGURE 47-4. Wiggers diagram. Changes in aortic, left ventricular, and left atrial 
pressures represented graphically as a function of time, with the corresponding electro-
cardiogram signal for each. lVP = left ventricular pressure. 
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E-FIGURE 47-5. Pressure-volume loop. the left ventricle (lV) begins to fill when pres-
sure in the chamber falls below that of the left atrium, and the mitral valve opens (point 
a). Pressure in the ventricle slowly rises as the muscle fibers are stretched by the increasing 
volume. When the myocardium contracts (point B), pressure in the left ventricle rises, 
causing the mitral valve to close and trapping the blood inside the chamber (isovolumic 
contraction). When the pressure in the left ventricle is higher than in the aorta, the aortic 
valve opens (point C), and blood is ejected out of the left ventricle. as the left ventricle 
stops contracting, pressure in the aorta becomes higher than that in the left ventricle, 
and the aortic valve closes (point d). during this period of isovolumic relaxation, the 
ventricle rapidly relaxes until it starts filling again. during exercise, the release of nor-
epinephrine from sympathetic nerve terminals leads to enhanced myocardial contractility. 
as a result, the left ventricle generates higher pressures and ejects a greater volume of 
blood during each beat. lVP = left ventricular pressure. 
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 IMPAIRED CIRCULATORY FUNCTION: 
ATHEROSCLEROSIS

Atherosclerosis, which is an age-dependent process of progressive damage 
to arterial vessels, can impair coronary blood flow and result in myocardial 
ischemia (Chapter 62) and infarction (Chapters 63 and 64). Atherosclerosis 
is linked to cardiac risk factors including elevated cholesterol levels, hyper-
tension, cigarette smoking, obesity, genetics (positive family history), and 
diabetes.4 Atherosclerosis can lead to partial or complete blockages of arter-
ies due to formation of atherosclerotic plaques comprised of lipoproteins, 
inflammatory cells, and connective tissue. Atherosclerotic plaques may rupture, 
thereby leading to thromboses and arterial occlusions that result in myocar-
dial infarction (Chapters 63 and 64), ischemic stroke (Chapter 379), and 
peripheral arterial disease (Chapter 71). Repeated atherosclerotic-induced 
ischemic attacks can result in dilated cardiomyopathy and heart failure 
(Chapter 52). An estimated 90% of cases of myocardial infarction (Chapter 
64), 60% of strokes (Chapter 379), most cases of heart failure (Chapter 
52), and up to one third of all cases of dementia (Chapter 374) are due to  
atherosclerosis.

 Risk Factors for Atherosclerosis
The major risk factors that promote the development of atherosclerosis are 
an elevated low-density lipoprotein (LDL) cholesterol level (Chapter 195), 
cigarette smoking (Chapter 29), diabetes (Chapter 216), hypertension (Chapter 
70), and a family history of coronary heart disease, ischemic stroke, or periph-
eral arterial disease. Other conditions that increase the risk of atherosclerotic 
disease or events include a low high-density lipoprotein (HDL) level (Chapter 
195), obesity, hyper-triglyceridemia, high plasma levels of lipoprotein (a), 
hyperfibrinogenemia, homocysteineuria, and physical inactivity (Chapter 46).

An atherogenic lipoprotein phenotype (characterized by the predominance 
of small, dense LDL particles, hypertriglyceridemia, and low plasma HDL 
cholesterol concentration) and the metabolic syndrome is associated with 
atherogenic and thrombotic factors, including raised levels of plasma fibrinogen, 
plasminogen activator inhibitor-1, and coagulation factor VII, as well as platelet 
hyperactivity. The inflammatory biomarker C-reactive protein does not cause 
atherosclerosis but reflects ongoing inflammation that may accelerate the 
atherosclerotic process.5

 Pathophysiology of Atherosclerosis
When LDL accumulates in the inner wall of arteries (intima), it becomes 
oxidized, thereby resulting in the release of chemokines and adhesion molecules 
that promote inflammation chiefly marked by the recruitment of monocytes, 
which become macrophages (E-Fig. 47-7). Macrophages accumulate cholesterol 
and become cholesterol-laden foam cells.6 Other macrophages produce pro-
inflammatory mediators, including tumor necrosis factor (TNF), interleukin-1, 
proinflammatory eicosanoids, oxygen and nitrogen free radicals, and prothrom-
botic factors.

 Plaque Activation, Thrombosis, and Infarction
The atherosclerotic process typically is silent for months, years, and even 
decades, and it may never result in clinical manifestations. However, if the 
plaque ruptures thrombotic occlusion of the artery may ensue (Fig. 47-4). 
Platelet aggregates that form on these exposed surfaces are stabilized by a 
fibrin network. Tissue factor, expressed in the vascular smooth muscle cells 
and macrophages of the atherosclerotic plaque, is the primary cellular initiator 
of the blood coagulation cascade that leads to fibrin formation. Atherothrombi 
expand rapidly and can fill the lumen within minutes, thereby leading to 
ischemia and infarction.

Matrix metalloproteinases and cysteine proteinases, which are produced 
by macrophages, are found at sites of plaque rupture and have been implicated 
in rupture, but their effects on the composition and size of lesions are complex. 
Cell death may be an important trigger of plaque rupture. Apoptotic cells 
contained in the plaque are usually removed by efferocytosis. If this process 
fails, secondary necrosis ensues, thereby leading to reduced mechanical integrity 
and accumulation of prothrombotic material from dead cells.

 Antiatherosclerotic Therapy
Current treatment of atherosclerosis focuses on reduction of risk factors includ-
ing smoking cessation, dietary and pharmacologic reduction of LDL cholesterol 
(Chapter 195), management of blood pressure (Chapter 70), treatment of 
hyperglycemia (Chapter 216), hypertriglyceridemia (Chapter 195), obesity 
(Chapter 207), and physical inactivity (Chapter 13).

 CARDIOVASCULAR RESPONSES TO STRESSORS
 Exercise
Exercise requires dramatic increases in cardiac function combined with remod-
eling of the peripheral circulation to meet the enhanced metabolic demands 
of critical organs and to redirect blood flow to those organs. Indeed, the oxygen 
consumption during exercise can increase as much as 18-fold. About one 
third of the requirement for increased oxygen consumption is met by improved 
extraction of oxygen from the blood in the muscles (reducing venous satura-
tion from about 75% to about 25%) and the remainder by increasing cardiac 
output as much as six-fold. Increased cardiac function is achieved largely 
through sympathetic stimulation and reduction in vagal tone, which combine 
to increase the heart rate, contractility, ejection fraction, filling rates, and sys-
tolic blood pressure and to decrease aortic impedance. In young healthy indi-
viduals, heart rate can increase from a baseline of 60 to 70 beats per minute 
at rest to as much as 170 to 200 beats per minute with exercise. To increase 
rather than to decrease cardiac output at these high heart rates, which can 
limit ventricular filling and stroke volume, contractility must also increase, 
through a phenomenon known as the positive force frequency relationship 
or Bowditch phenomenon. Along with increased cardiac contractility, arterial 
vasodilation in the aorta and other major arteries reduces the resistance to 
cardiac outflow. Both enhanced cardiac contractility and arterial vasodilation 
are triggered by the same sympathetic nervous system signals. With increased 
cardiac outflow, venous return also must increase so that preload can be main-
tained as well as possible to enhance cardiac function by the Frank-Starling 
mechanism. In response to the stress of repeated exercise (e.g., in trained 
athletes), the heart may undergo physiologic hypertrophy, which should be 
distinguished from the pathologic hypertrophy that is triggered by hyperten-
sion, myocardial infarction, and chronic activation of neurohormonal pathways 
(e.g., the renin-angiotensin system) (E-Fig. 47-6).

 Heart Failure
Heart failure can be defined as the inability of the heart to provide suffi-
cient blood flow to meet the metabolic demands of the organs (Chapter 
52). Heart failure can be due to systolic dysfunction with volume over-
load, most often as the consequence of ischemic heart disease (myocardial 
infarction) or as the end-stage consequence of hypertension. Systolic heart 
failure is characterized by increases in the size of the various cardiac cham-
bers (rightward shift of the end-diastolic pressure-volume relationship). In 
another form of heart failure, known as diastolic heart failure, the heart is not 
necessarily increased in size, and systolic function is preserved.3 Emerging 
data implicate altered regulation of calcium inside the cardiomyocyte in the 
pathogenesis of both the cardiac and skeletal muscle weakness that is seen in  
heart failure.

 Aging
Prolongation of contraction and relaxation times, which are common abnor-
malities in older individuals, may be related to cardiac hypertrophy as a con-
sequence of the high prevalence of hypertension with advancing age (Chapter 
70). A progressive “stiffening” of the large arteries with advancing age increases 
resistance, although the mechanism underlying this change is not understood. 
The heart rate and contractile responses to sympathetic signals are reduced 
and lead to a diminished ability to respond to conditions of acute overload, 
such as increased blood pressure or an acute myocardial infarction.

 Cardiac Regeneration
Some animals, such as zebrafish, can regenerate substantial portions of their 
hearts after injury, sometimes by recruiting atrial myocytes to replace damaged 
ventricular myocytes. In mammals, however, cardiomyocytes stop proliferat-
ing right after birth. Any subsequent enlargement of the heart in response to 
stress (e.g., hypertension) or loss of myocardium (e.g., myocardial infarction) 
is limited to hypertrophy of existing cardiomyocytes. Studies, however, have 
shown that micro-RNAs (miRNAs) can activate cardiomyocyte prolifera-
tion and repair by enabling the terminally differentiated cardiomyocytes to 
re-enter the cell cycle and proliferate. These miRNAs are short noncoding 
RNAs that downregulate target mRNAs by binding to partially complemen-
tary sequences and reducing the expression of the encoded proteins. In mice, 
miRNAs can induce cardiac regeneration and prevent loss of heart function 
after myocardial infarction, thereby raising the possibility for a better under-
standing and potential treatment of cardiac diseases. To date, however, stem 
cell therapy has been disappointing for heart failure A1  and for acute myocardial  
infarction. A2 

properties of cardiac muscle. With increasing muscle length, end-systolic force 
increases to a greater degree than does end-diastolic force. The difference in 
force at end diastole versus end systole increases as muscle length increases 
as a result of the greater developed force of the stretched muscle. This relation-
ship of force to length is referred to as the Frank-Starling law of the heart.

Work of the Heart
Cardiovascular performance is reflected in the arterial blood pressure and 
cardiac output (mean arterial blood flow), which in turn are dependent on 
four factors: preload, afterload, ventricular contractility, and heart rate.

Preload, which refers to the degree to which sarcomeres are stretched just 
before systole, is defined as the end-diastolic pressure or volume. The Frank-
Starling law of the heart dictates that ventricular pressure and output vary 
with preload, so a decrease in preload decreases end-diastolic volume and 
pressure, peak pressure, and stroke volume. Conversely, increased preload 
increases ventricular pressure and output, subject to the limits to which preload 
pressures can be increased. Left ventricular end-diastolic pressures of 20 to 
25 mm Hg and greater cause exudation of fluid into the alveoli and pulmonary 
edema (Chapter 52).

Afterload refers to the stress that the ventricle must overcome to eject blood. 
Peak arterial pressure reflects the peak stress imposed on cardiomyocytes 
according to Laplace’s law (described previously as P ≈ 2 · T · h/R). As long 
as there is no left ventricular outflow obstruction, arterial pressure reflects 
myocyte afterload, as does total peripheral resistance (TPR), which corresponds 
to the tone of the resistance vessels. TPR is the ratio between the mean pres-
sure decrease across the arterial system (mean arterial pressure [MAP] minus 
mean central venous pressure [CVP]) and cardiac output (CO): TPR = (MAP 
− CVP)/CO. When TPR is increased, the pressure-volume relationship shifts 
such that peak pressure is increased, whereas stroke volume and ejection frac-
tion are decreased.

Contractility of cardiac muscle (myocardial contractility) or a ventricle (ven-
tricular contractility) is the intrinsic ability to generate force independent of 
preload or afterload. When ventricular contractility is increased, the pressure-
volume relationship shifts so that pressure, stroke volume, and ejection fraction 
are increased at constant preload volume and arterial resistance. By comparison, 
ventricular contractility is decreased in dilated cardiomyopathy (Chapter 54), 
and atrial contractility is decreased by the atrial myopathy that may precede 
and commonly follow atrial fibrillation.2

Cardiac output is measured in liters per minute and is equal to the amount 
of blood ejected at each heartbeat (stroke volume in liters per beat) multiplied 
by the number of beats per minute. As a result, heart rate is a powerful deter-
minant of cardiac performance. Cardiac output and mean arterial pressure 
can be related to preload, afterload, contractility, and heart rate through the 
Frank-Starling curves, which plot end-diastolic pressure versus cardiac output 
or mean arterial pressure, to yield an overall picture of left ventricular function.
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FIGURE 47-3. Frank-Starling law. Cardiac output, represented as stroke volume (end-
systolic volume minus end-diastolic volume), as a function of initial sarcomere stretch. 
the greater the initial stretch on the fibers during diastole, referred to as preload, the 
more force is generated during systole. 
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Cholesterol-lowering with statins, A3  ezetimibe, A4  and proprotein convertase 
subtilisin kexin type 9 (PCSK9) antibodies A5 

,
 A6  can reduce atherosclerotic 

lesions, inhibit their progression, and lower the rate of subsequent coronary 
events. However, a recent meta-analysis of 35 PCSK9 clinical trials showed 
no benefit in terms of all cause or cardiovascular mortality, A7  perhaps because 
follow-up has not yet been long enough. Aspirin A8  and other inhibitors of 
platelet aggregation, β-adrenergic receptor blockers, and angiotensin-converting 
enzyme inhibitors or angiotensin II antagonists are also part of the routine 
secondary prevention of coronary heart disease (Chapters 62, 63, and 64). 
Inhibitors of platelet aggregation are widely used for secondary prevention 
of atherosclerotic cardiovascular disease. Aspirin inhibits formation of proag-
gregatory prostaglandins, whereas other inhibitors of platelet aggregation 
modulate expression of platelet adhesion molecules. In addition to medical 
therapies, interventional therapies have greatly impacted the health burden 
of atherosclerosis. These include coronary artery angioplasty and stenting, 
including drug eluting stents (Chapter 65).

 IMPAIRED CIRCULATORY FUNCTION: 
ATHEROSCLEROSIS

Atherosclerosis, which is an age-dependent process of progressive damage 
to arterial vessels, can impair coronary blood flow and result in myocardial 
ischemia (Chapter 62) and infarction (Chapters 63 and 64). Atherosclerosis 
is linked to cardiac risk factors including elevated cholesterol levels, hyper-
tension, cigarette smoking, obesity, genetics (positive family history), and 
diabetes.4 Atherosclerosis can lead to partial or complete blockages of arter-
ies due to formation of atherosclerotic plaques comprised of lipoproteins, 
inflammatory cells, and connective tissue. Atherosclerotic plaques may rupture, 
thereby leading to thromboses and arterial occlusions that result in myocar-
dial infarction (Chapters 63 and 64), ischemic stroke (Chapter 379), and 
peripheral arterial disease (Chapter 71). Repeated atherosclerotic-induced 
ischemic attacks can result in dilated cardiomyopathy and heart failure 
(Chapter 52). An estimated 90% of cases of myocardial infarction (Chapter 
64), 60% of strokes (Chapter 379), most cases of heart failure (Chapter 
52), and up to one third of all cases of dementia (Chapter 374) are due to  
atherosclerosis.

 Risk Factors for Atherosclerosis
The major risk factors that promote the development of atherosclerosis are 
an elevated low-density lipoprotein (LDL) cholesterol level (Chapter 195), 
cigarette smoking (Chapter 29), diabetes (Chapter 216), hypertension (Chapter 
70), and a family history of coronary heart disease, ischemic stroke, or periph-
eral arterial disease. Other conditions that increase the risk of atherosclerotic 
disease or events include a low high-density lipoprotein (HDL) level (Chapter 
195), obesity, hyper-triglyceridemia, high plasma levels of lipoprotein (a), 
hyperfibrinogenemia, homocysteineuria, and physical inactivity (Chapter 46).

An atherogenic lipoprotein phenotype (characterized by the predominance 
of small, dense LDL particles, hypertriglyceridemia, and low plasma HDL 
cholesterol concentration) and the metabolic syndrome is associated with 
atherogenic and thrombotic factors, including raised levels of plasma fibrinogen, 
plasminogen activator inhibitor-1, and coagulation factor VII, as well as platelet 
hyperactivity. The inflammatory biomarker C-reactive protein does not cause 
atherosclerosis but reflects ongoing inflammation that may accelerate the 
atherosclerotic process.5

 Pathophysiology of Atherosclerosis
When LDL accumulates in the inner wall of arteries (intima), it becomes 
oxidized, thereby resulting in the release of chemokines and adhesion molecules 
that promote inflammation chiefly marked by the recruitment of monocytes, 
which become macrophages (E-Fig. 47-7). Macrophages accumulate cholesterol 
and become cholesterol-laden foam cells.6 Other macrophages produce pro-
inflammatory mediators, including tumor necrosis factor (TNF), interleukin-1, 
proinflammatory eicosanoids, oxygen and nitrogen free radicals, and prothrom-
botic factors.

 Plaque Activation, Thrombosis, and Infarction
The atherosclerotic process typically is silent for months, years, and even 
decades, and it may never result in clinical manifestations. However, if the 
plaque ruptures thrombotic occlusion of the artery may ensue (Fig. 47-4). 
Platelet aggregates that form on these exposed surfaces are stabilized by a 
fibrin network. Tissue factor, expressed in the vascular smooth muscle cells 
and macrophages of the atherosclerotic plaque, is the primary cellular initiator 
of the blood coagulation cascade that leads to fibrin formation. Atherothrombi 
expand rapidly and can fill the lumen within minutes, thereby leading to 
ischemia and infarction.

Matrix metalloproteinases and cysteine proteinases, which are produced 
by macrophages, are found at sites of plaque rupture and have been implicated 
in rupture, but their effects on the composition and size of lesions are complex. 
Cell death may be an important trigger of plaque rupture. Apoptotic cells 
contained in the plaque are usually removed by efferocytosis. If this process 
fails, secondary necrosis ensues, thereby leading to reduced mechanical integrity 
and accumulation of prothrombotic material from dead cells.

 Antiatherosclerotic Therapy
Current treatment of atherosclerosis focuses on reduction of risk factors includ-
ing smoking cessation, dietary and pharmacologic reduction of LDL cholesterol 
(Chapter 195), management of blood pressure (Chapter 70), treatment of 
hyperglycemia (Chapter 216), hypertriglyceridemia (Chapter 195), obesity 
(Chapter 207), and physical inactivity (Chapter 13).
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FIGURE 47-4. Plaque rupture and atherothrombosis. the advanced atherosclerotic 
plaque has a central core with lipids (especially cholesterol), live and dead cells, necrotic 
material from dead foam cells, and calcium salts. the plaque is overlaid by a fibrous cap 
that consists of smooth muscle cells and collagen (produced by the muscle cells) and 
covered by an intact layer of endothelial cells. inflammatory cells (macrophages, t cells, 
mast cells, dendritic cells, and occasional B cells) are interspersed with these components 
and are particularly abundant in the shoulder regions of plaques, where fissures (also 
called ruptures) may expose thrombogenic core material (e.g., lipids, collagen, tissue 
factor) to blood components. this event triggers platelet aggregation and humoral coagu-
lation, thereby leading to thrombus formation at the site of fissuring. thrombi may expand 
locally to obstruct blood flow or they may detach to cause embolization. 
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E-FIGURE 47-7. Formation of atherosclerotic plaques. low-density lipoproteins (ldl) transit from the blood stream to the arterial intima and accumulate under the endothelial cell 
layer. ldl particles undergo oxidative modification in the intima (denoted by spikes on ldl particles), thereby leading to their binding to scavenger receptors and uptake by macro-
phages, which accumulate cholesterol and develop into foam cells. Cholesterol efflux to high-density lipoprotein (Hdl) counteracts the tendency to foam cell formation. Molecules 
released from oxidatively modified ldl activate endothelial cells to express leukocyte adhesion molecules that promote binding of monocytes and t cells to the surface of the artery. 
Chemokines stimulate monocytes and t cells to migrate into the intima, where the monocytes differentiate into macrophages and cytokines promote vascular smooth muscle cell 
proliferation. Some macrophages are activated, thereby leading to release of pro-inflammatory cytokines, eicosanoids, radicals, and proteases. t cells entering through mechanisms 
similar to those of monocytes can recognize local antigens, such as ldl components, which are presented to them by antigen-presenting cells (dendritic cells and macrophages) that 
express human leukocyte antigen (Hla) molecules. t cells whose receptors can recognize local antigens are activated, thereby leading to release of a host of cytokines that can activate 
macrophages and enhance vascular inflammation. triglyceride-rich lipoprotein remnant particles, which have adverse effects on endothelial function, penetrate into the subendothelial 
space of normal intima and form atherosclerotic plaques. Conversely, antiatherogenic Hdl particles mediate cholesterol efflux from cells by acting as acceptors of cholesterol delivered 
from specific transport proteins termed adenosine triphosphate–binding cassette (aBC) a1 and G1. (From Kumar et al. Robbins Basic Pathology, 8e.)
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4. Phase 0 of the action potential, when the cardiac muscle cell is depolarized, 
represents influx of which of the following ions?
 A. Calcium
 B. Copper
 C. Potassium
 D. Magnesium
 E. Sodium

Answer: E Opening of the sodium channel, which is the initial event in the 
action potential, allows sodium to rush into the cardiomyocyte and to depo-
larize the membrane potential. Depolarization of the cell membrane opens 
voltage-gated calcium channels; repolarization occurs when potassium chan-
nels are activated.

5. Which of the following steps in cardiac muscle excitation-contraction 
coupling does not require ATP consumption?
 A. Pumping calcium back into the sarcoplasmic reticulum
 B. Calcium release from the sarcoplasmic reticulum
 C. Actin-myosin cross-bridge formation and contraction
 D. Sodium-potassium exchange across the plasma membrane
 E. Extrusion of calcium from the cell across the plasma membrane

Answer: B The release of calcium from the sarcoplasmic reticulum through 
the ryanodine receptor/calcium release channel occurs when the channel 
opens, allowing calcium to flow out of the sarcoplasmic reticulum and down 
its concentration gradient (millimolar inside the sarcoplasmic reticulum and 
nanomolar in the cytoplasm). Thus, no energy is required.

6. A 64-year-old male has had mild exertional angina for 5 years. His elec-
trocardiogram is normal. His total cholesterol is 210 and LDL is 160, HDL 
35. While playing basketball with his son he experiences crushing chest 
pain. EMTs are called and he is rushed to the local hospital where his 
admitting ECG shows elevated T waves. The most likely cause of his chest 
pain and ECG changes is:
 A. Indigestion
 B. Anger and stress due to losing to his son
 C. Coronary artery plaque rupture and thrombosis
 D. Coronary spasm
 E. Coronary artery vascular smooth muscle proliferation

Answer: C The antecedent history of exertional chest pain is consistent with 
narrowing of one or more coronary artery due to enlarging atherosclerotic 
plaques. Acute rupture of an atherosclerotic plaque can present as a myocardial 
infarction.

REVIEW QUESTIONS

1. What types of muscle are found in the heart?
 A. Skeletal and cardiac
 B. Cardiac and smooth
 C. Only smooth
 D. Only cardiac
 E. Smooth, cardiac, and skeletal

Answer: B Cardiac muscle is termed striated muscle, and it is anatomically 
and mechanistically similar to but distinct from skeletal muscle. Cardiac muscle 
accounts for the contractile function of the heart. Smooth muscle comprises 
the media of the arteries in the heart and is responsible for arterial contraction 
and tone. There is no skeletal muscle in the heart.

2. Which of the following functions is not a property of adult mammalian 
cardiac muscle?
 A. Rhythmic contractions to determine cardiac output
 B. Relaxation to allow a cardiac chamber to refill
 C. Hypertrophy in response to increased afterload (e.g., hypertension)
 D. Rate-dependent increase in contractility
 E. Regeneration after injury

Answer: E Adult cardiomyocytes are terminally differentiated, which means 
that they no longer can divide to form additional cells. They respond to stress 
by undergoing hypertrophy, a process in which individual cells enlarge, but 
the number of cells remains constant.

3. Which of the following is not true?
 A. Troponin C is a critical protein in cardiac muscle.
 B. Potassium is the ion that activates skeletal and cardiac muscle 

contraction.
 C. The mechanism of cardiac muscle contraction involves shortening of 

the sarcomeres.
 D. Thick and thin filaments are present in cardiac, skeletal, and smooth 

muscle sarcomeres.
 E. Both pharmacomechanical and electromechanical processes can activate 

cardiac muscle.
Answer: B Potassium channels are involved in repolarization of the cardiac 
action potential, but calcium is the ion that activates muscle contraction by 
binding to troponin C and allowing actin-myosin cross-bridging to occur, 
thereby shortening the sarcomere. The source of calcium is intracellular calcium 
release from the sarcoplasmic reticulum through the ryanodine receptor/
calcium release channel.
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48 
ELECTROCARDIOGRAPHY
LEONARD GANZ AND MARK S. LINK

Electrocardiography, which has changed surprisingly little since initially intro-
duced by Einthoven in the early 1900s, allows simultaneous recording of 
myocardial activation from multiple vantage points on the body’s surface, 
thereby permitting analysis of electrical activation in different myocardial 
regions. Surface electrocardiography may be supplemented with intracardiac 
recordings, which are particularly helpful in the diagnosis and management 
of cardiac arrhythmias (Chapter 56).

 NORMAL FUNCTION AND 
ELECTROCARDIOGRAM

 Normal Cardiac Activation
Electrical activation of the heart depends on the spread of a depolarizing wave 
front from pacemaker cells through cardiac muscle, as well as via specialized con-
ducting tissues (Fig. 48-1). Under normal circumstances, cells in the sinoatrial 
(SA) nodal complex in the high lateral epicardial right atrium spontaneously 
depolarize at the highest rate and therefore constitute the dominant cardiac 
pacemaker (Chapter 55). This electrical wave front spreads throughout the 
right and left atria; specialized conducting tracts called the Bachmann bundle 
speed the depolarizing wave front to the left atrium. Electrical atrial activation 
triggers atrial muscular contraction, thereby propelling blood through the 
tricuspid and mitral valves into the right and left ventricles. Normally, the 
atrioventricular (AV) node, where conduction delay is physiologic, serves as 
the only electrical connection linking the atria and ventricles; the AV valve 
rings are insulated. The depolarizing wave front exits the AV node into the 
bundle of His, a specialized conducting tissue capable of rapid conduction. The 
bundle of His bifurcates into right and left bundle branches; the left bundle 
branch divides into the left anterior and left posterior fascicles. The bundle 
branches and their more distal ramifications of specialized conducting tissue 
are called the Purkinje system. From these specialized conducting tissues, 
the depolarizing wave front enters into and then moves through ventricular 
muscle. As in the atria, ventricular electrical activation begets muscular con-
traction, which pumps blood through the semilunar valves into the pulmo-
nary and systemic circulations. After electrical activation, or depolarization, 
a period of electrical recovery, or repolarization, is necessary before repeated  
activation.

At the cellular level, a complex orchestration of ion channels opening and 
closing determines the membrane potential throughout this process. The flow 
of ions into and out of the myocardial cells inscribes an action potential, which 
reflects depolarization and repolarization, as well as the spontaneous depo-
larization of pacemaker cells (Chapter 55).

 The Electrocardiographic Waves
Labeled alphabetically, beginning with the P wave, the basic waves of the 
electrocardiogram (ECG) correspond to these electrical events (Fig. 48-2). 
The P wave represents atrial muscular depolarization; in severe hyperkalemia, 
atrial electrical activation may be unaccompanied by atrial muscular activation, 
and no P wave is inscribed. The resulting rhythm is termed sinoventricular. 
The QRS complex represents ventricular muscular depolarization; the disparity 
between ventricular and atrial muscle mass typically yields a QRS complex 
much larger in voltage amplitude than the P wave. Recorded from multiple 
vantage points, the QRS complex harbors tremendous information about the 
structure and function of ventricular tissue. Under normal circumstances, the 
PR interval, which is the segment from the onset of the P wave to the onset 
of the QRS complex, represents the delay between atrial and ventricular depo-
larization. The ST segment and T wave (and occasionally the U wave) reflect 
ventricular repolarization, a process of electrical recovery that must take place 
before the ventricle can be depolarized again. The J (junction) point denotes 
the end of the QRS complex and beginning of the ST segment. Atrial muscle 
also requires repolarization before the next depolarizing wave front. Because 
ventricular mass far exceeds atrial muscular mass, the low-amplitude atrial 
repolarization wave is buried underneath the QRS complex and therefore not 
manifested on the ECG.

One rarely seen ECG finding, the J wave (of Osborn), breaks with the 
alphabetic convention of the other electrocardiographic waves. Defined as a 
positive deflection on the QRS downstroke or at the J point, the J wave is 
seen most commonly in hypothermia (see Fig. 48-3). It has also been described 
in hypercalcemia and brain injury, and it may connote risk of idiopathic ven-
tricular fibrillation (see later).

 Electrocardiography Standards
A standard ECG is recorded on paper (and frequently digitally) with 1-mm 
(“small” boxes) as well as 5-mm (“big” boxes) gridlines (see Fig. 48-2). Voltage 
amplitude is measured on the vertical axis (typically 10 mm equaling 1 mV) 
and time on the horizontal axis. Because the usual ECG recording speed is 
25 mm/sec, each 1-mm gridline (small box) represents 0.04 second (40 msec), 
and each 5-mm gridline (big box) equals 0.2 second (200 msec). These param-
eters, which are typically printed on the ECG to aid in proper interpretation, 
are the usual calibration or standardization, but they can be modified in unusual 
circumstances.

A standard ECG is recorded over a 10-second period, although a rhythm 
or monitor strip can be recorded for substantially longer if necessary. Multiple 
leads are typically recorded simultaneously from the top to the bottom of the 
page. The usual groupings of leads include I, II, and III; aVR, aVL, and aVF; 
V1, V2, and V3; and V4, V5, and V6 (see later). Each group of leads is recorded 
for 2.5 seconds. A single lead (or multilead) rhythm strip is recorded below 
for the entire 10 seconds. Thus, as the ECG is scanned from left to right, one 
sees 10 seconds of cardiac activity, with each complex recorded simultaneously 
in multiple leads.

 Normal Intervals
Each of the various ECG waves and intervals has normal ranges, defined from 
large numbers of electrocardiographic recordings in (presumably) healthy 
subjects (Table 48-1; see Fig. 48-2).1,2

The RR interval (identical to the PP interval in sinus rhythm), which is the 
measurement from R wave to R wave (or P wave to P wave), allows calculation 
of the heart rate. Because there are 60,000 msec in a minute, the heart rate 
(HR) in beats per minute can be easily calculated from the RR or PP interval 
in milliseconds:

HR
RR

= 60 000,

Although traditionally the normal resting adult heart rate range has been 
defined as 60 to 100 beats per minute, a range of 50 to 90 at rest may actually 
be more reflective of normal physiology. Various stressors (exercise, pain, 
fever, etc.) increase the heart rate; a lower heart rate is noted after eating and 
during sleep. Resting heart rates tend to decrease with age. When the heart 
rate is grossly irregular, as in atrial fibrillation (Chapter 58), the RR interval 
can be averaged over a number of cardiac cycles to estimate the heart rate. 
Because a standard ECG records 10 seconds in time, the heart rate (beats per 
minute) will equal the number of beats recorded on a standard ECG multiplied 
by 6. Alternatively, in a regular rhythm, the heart rate can be quickly estimated 
by counting the number of big boxes between consecutive QRS complexes 
or P waves (i.e., 2 large boxes = 150 beats per minute, 3 large boxes = 100 
beats per minute, 4 large boxes = 75 beats per minute, 5 large boxes = 60 beats 
per minute, and so on.).

P Wave Duration
The P wave duration, from the beginning to the end of a P wave, is typically 
less than 0.12 second (120 msec, three small boxes) in length. A broader P 
wave reflects an intra-atrial and/or interatrial conduction delay. Abnormalities 
in P wave amplitude, morphology, and axis may reflect atrial enlargement.

PR Interval
The PR interval, measured from the onset of the P wave to the onset of the 
QRS complex, normally lasts between 0.09 and 0.2 second (90 to 200 msec). 
One-to-one AV conduction with a PR interval greater than 0.2 second has 
traditionally been called first-degree AV block, but delayed AV conduction may 
be a more appropriate term. Conduction through the atrial tissue, the AV 
node, and the His-Purkinje system all contribute to the PR interval. When 
the PR interval is prolonged, delay is usually present in the AV node, although 
other sites of delay are possible. A short PR interval may reflect ventricular 
preexcitation (Wolff-Parkinson-White syndrome), a junctional rhythm, or 
enhanced AV nodal conduction (Chapters 56 and 58), and this finding is 
associated with a higher risk of cardiac morbidity and mortality.3
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FIGURE 48-1. Cardiac conduction system. the normal conducting system consists of 
pacemaker cells in the sinoatrial (Sa) nodal complex, specialized intra-atrial conducting 
tracts (including Bachmann bundle), the atrioventricular (aV) node, the his-purkinje 
system, and working atrial and ventricular myocardium. 

R

P
T

U

Q

S

5 mm

1 mm

0.2 second

0.04
second

ST
segment

QRS 

interval
QT

interval

PR
interval

5 
m

m
0.

5 
m

ill
iv

ol
t

1 
m

m

0.
1 

m
ill

iv
ol

t

J point

FIGURE 48-2. Inscription of a normal electrocardiogram (ECG). Sinoatrial nodal depo-
larization is not visible on the surface Ecg; the p wave corresponds to atrial muscular 
depolarization. the pr interval denotes conduction through the atrial muscle, atrioven-
tricular node, and his-purkinje system. the QrS complex reflects ventricular muscle 
depolarization. the St segment and t wave correspond to ventricular repolarization. the 
J point lies at the junction of the end of the QrS complex and beginning of the St segment. 
the Qt interval is measured from QrS onset to t wave offset. Note the gridlines. on the 
horizontal axis, each 1-mm line (“small” box) denotes 0.04 second (40 msec); a “big” box 
denotes 0.2 second (200 msec). on the vertical axis, 1 mm (small box) corresponds to 
0.1 mV; 10 mm (two big boxes) therefore denotes 1 mV. 
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FIGURE 48-3. J wave (of Osborn). this Ecg was recorded in a 40-year-old diabetic woman with profound hypothermia (26.6° c), diabetic ketoacidosis, and hypokalemia. Note the 
massive J waves in leads V3-V6, and smaller J waves in leads i, ii, iii, and aVF. other notable findings include sinus bradycardia and Qt prolongation. 

TABLE 48-1 NORMAL ELECTROCARDIOGRAPHIC INTERVALS
Heart rate 50-100 beats per minute
P wave duration <0.12 sec (120 msec)
PR interval 0.09-0.20 sec (90-200 msec)
QRS duration 0.075-0.11 sec (75-110 msec)
QTc males: 0.39-0.45 sec (390-450 msec); females: 0.39-0.46 sec 

(390-460 msec)
QRS axis −30 to +90 degrees

QRS Complex
The QRS complex, which reflects ventricular muscular electrical activation, 
carries important information in patients with coronary artery disease, car-
diomyopathy, metabolic abnormalities, and other conditions. Capital letters 
(Q, R, S) denote large-amplitude deflections (≥5 mm or 0.5 mV), whereas 
lowercase letters (q, r, s) signify low-amplitude deflections (<5 mm or 0.5 mV). 
Q, q, S, and s waves are negative excursions from the isoelectric baseline, 
whereas R and r waves are positive deflections. Q and q waves are initial 
negative deflections, and S and s waves are negative deflections that follow a 
positive deflection (R or r wave); a QS complex is an entirely negative deflec-
tion. Q waves may reflect prior infarction (Chapters 62-64). An R′ or r′ wave 
refers to a second positive deflection after an S (or s) wave. The duration of 
the QRS complex reflects the time required for ventricular depolarization. 
Ventricular activation usually requires at least 0.075 second (75 msec, nearly 
two small boxes). There is some debate regarding the upper limit of the normal 
range for QRS duration; a recent consensus document specified 0.11 second 
(110 msec, nearly 3 small boxes). If the QRS duration is prolonged, an intra-
ventricular and/or interventricular conduction delay is present. Particular 
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generally recorded in lead I. Similarly, the P wave and QRS complexes are 
positive in leads II and III in normal sinus rhythm because atrial and ventricular 
activation proceeds in a craniocaudal direction.

Leads aVR, aVL, and aVF are augmented unipolar leads in which the potential 
in each limb is compared with a reference electrode. For lead aVR, the potential 
of the right arm is compared with a reference composed of the left arm and 
left leg electrodes. Lead aVL compares the left arm potential with a reference 
combining the right arm and left leg; aVF compares the left leg with a right 
and left arm reference. Because atrial and ventricular activation normally moves 
from right to left and in a craniocaudal direction, the P wave and QRS complex 
are negative in lead aVR but positive in lead aVF. In lead aVL, P waves and 
QRS complexes are generally upright, although an rS complex may be recorded, 
particularly in young patients.

The precordial electrodes are positioned at specific points on the chest wall 
(E-Fig. 48-2A). These unipolar leads compare electrical potential between 
the chest electrode and a reference electrode called the Wilson central terminal. 
The Wilson central terminal combines the right arm, left arm, and left leg 
potentials through 5000-Ω resistors. The six precordial leads define atrial and 
ventricular activation with respect to a somewhat transverse plane through 
the chest wall (E-Fig. 48-2B). In this plane, atrial activation moves from right 
to left. Initial ventricular activation involving the septum is directed from left 
to right; left ventricular depolarization, which dominates right ventricular 
depolarization because of the differential in myocardial mass, then moves 
apically and laterally. In lead V1, to the right of the sternum, the P wave is 
biphasic (reflecting right and then left atrial activation). Initial ventricular 
activation of the septum inscribes an r wave, whereas subsequent activation 
away from lead V1 records a dominant S wave. In lead V6, the P wave is posi-
tive, and initial ventricular septal depolarization inscribes a tiny “septal” q 
wave (usually ≤0.02 second). Subsequent ventricular depolarization records 
a dominant R wave.

Right-sided chest leads should be recorded when right ventricular abnor-
malities are suspected. RV3, the reflection of lead V3 in the right chest, is 
routinely recorded in pediatric patients because of the possibility of congenital 
heart disease. In adults, ST elevation in lead RV3 is quite specific for acute 
right ventricular infarction in patients who are being evaluated for an acute 
inferior wall myocardial infarction.

 Axis
An axis of electrical activation can be defined in the frontal plane axis by 
combining the bipolar and augmented unipolar limb leads (E-Fig. 48-3A). 
By convention, the axis parallel to lead I, toward the left, is called 0 degrees. 
A frontal plane axis between −30 and +90 degrees is normal; other axes are 
abnormal (E-Fig. 48-4). Mild right axis deviation beyond +90 degrees is a 
normal variant in children and adolescents. The frontal plane axis can be esti-
mated by identifying the limb lead in which the QRS complex is most nearly 
isoelectric (a similar amplitude of positive and negative deflections); the axis is 
perpendicular to this lead (see E-Fig. 48-3B). Because two lines pointing 180 
degrees apart can be drawn perpendicular to any given line, examination of 
the other limb leads defines the direction in which the axis points. If the QRS 
complex is positive in any given limb lead, the axis will be oriented toward 
that limb lead, not away from it. Alternatively, the axis is in the normal range 
if the QRS complexes are primarily positive in both leads I and II.

An axis per se is not defined in the precordial leads. Rather, because the 
typical progression from leads V1 to V6 is from a predominantly negative to 
a positive QRS complex, the transition point is usually defined as the point 
at which the amplitude of the R wave first exceeds the amplitude of the S 
wave. Clockwise rotation (transition zone at V4 or later) may portend a higher 
risk of future coronary events, and counterclockwise rotation (transition zone 
at V3 or earlier) a lower risk of events.

 APPROACH TO INTERPRETING THE 
ELECTROCARDIOGRAM

A stepwise approach to interpreting the ECG ensures that no features of the 
tracing will be overlooked (Table 48-2).

 Normal Electrocardiogram
Figure 48-4 is an example of a normal ECG. Sinus rhythm occurs at about 78 
beats per minute, with minor variations in the RR intervals (sinus arrhythmia). 
The PR interval, QRS duration, and QTc are all normal. The QRS complex 
is most nearly isoelectric in lead aVL, so the QRS axis will be perpendicular 
to lead aVL. Because aVL points to −30 degrees, the QRS axis must be approxi-
mately −120 or +60 degrees. Because the QRS complex is positive in leads I 

patterns of interventricular conduction delay have been termed bundle branch 
block (see later).

QT Interval
The QT interval is measured from the onset of the QRS complex to the end 
of the T wave. Although the QT interval is generally felt to reflect ventricular 
repolarization, it also includes the time required for ventricular depolarization 
(QRS duration). The QT interval is generally measured in leads II, V5, and 
V6 (see later) and reported as the longest interval among the three, averaged 
over three to five cycles. If the QT interval cannot be accurately measured in 
these leads, other leads may be used. The QT interval must be corrected to 
allow comparison of this interval at differing heart rates. The most commonly 
used approach, Bazett’s formula, defines a corrected QT interval (QTc):

QTc
QT
RR

=

Bazett’s formula works reasonably well at heart rates in the normal range 
but overcorrects at high rates and undercorrects at low rates. Irregular rhythms 
(notably atrial fibrillation) complicate calculation of the QTc. Some investiga-
tors recommend measuring at least three QT intervals to get an average, and 
then using an RR interval averaged over ten cycles. More complex regression 
formulas have been developed to correct the QT interval at different heart 
rates. For example, the Fridericia formula

QTc
QT
RR

= 3

may be more accurate than Bazett’s formula in atrial fibrillation and better at 
predicting adverse outcomes,4 but it has not achieved widespread clinical use.

The presence of a U wave complicates measurement of the QT (and there-
fore QTc) interval; it may be unclear where the T wave ends and whether the 
U wave should be included in a QTU interval. If the isoelectric baseline is 
reached between the T and U waves, the U wave is not generally included in 
the QT interval. If the T wave “merges” into the U wave without reaching the 
isoelectric baseline, the U wave is included in the QT (or QTU) interval. The 
QTc in a given patient may vary somewhat during the course of the day and 
tends to be slightly longer in young and middle-aged women than in men. 
The upper limit of a normal QTc is somewhat debatable, but a cutoff of 0.45 
second (450 msec) in men and 0.46 second (460 msec) in women is generally 
used. The QT interval is sensitive to drug effects as well as to electrolyte and 
metabolic derangements. Patients with widened QRS complexes frequently 
have prolonged QT and QTc intervals. In these patients, the JT interval (from 
J point to the end of T wave) may be a more accurate index of repolarization, 
but normal standards have not been established. Patients with a prolonged 
QTc, whether congenital or acquired, may be at risk for torsades de pointes 
ventricular tachycardia (Chapter 59). A very short QTc interval (<390 msec) 
is unusual, and the rare patient with the short QT syndrome is also at risk for 
malignant ventricular arrhythmias.5

 Electrocardiographic Leads
Recording a single ECG lead allows calculation of the heart rate and, frequently, 
accurate diagnosis of the heart rhythm. When the ECG is recorded from 
multiple skin leads simultaneously, the direction (or vector) of activation as 
the electrical wave front moves through the heart can be inferred. Although 
a number of different lead systems are possible (and some are actually used 
in research settings), standard electrocardiography uses 12 vantage points (i.e., 
leads), derived from 10 electrodes, 6 on the chest wall and 4 on the limbs. In 
reality, only three limb leads are actually used to generate recordings; the right 
leg lead serves as an electrical ground. The limb leads, called the frontal plane 
leads, generate bipolar and augmented unipolar lead recordings. The chest or 
precordial electrodes record unipolar recordings. Bipolar leads record the 
potential difference between two skin electrodes. In unipolar recordings, the 
lead of interest, the exploring electrode, is compared with a reference electrode. 
By convention, a positive deflection is recorded if the electrical wave front is 
moving toward the positive electrode in a bipolar pair or toward the exploring 
electrode in a unipolar lead.

The bipolar limb leads measure potential differences between electrodes 
on pairs of limb electrodes and closely resemble Einthoven’s original string 
galvanometer recordings. Lead I compares the right arm (negative) and left 
arm (positive), lead II the right arm (negative) and left leg (positive), and 
lead III the left arm (negative) and left leg (positive) (E-Fig. 48-1). Because 
the direction of both atrial and ventricular depolarization is away from the 
right arm and toward the left arm, a positive P wave and QRS complex are 

and II (large R waves), the QRS axis is approximately +60 degrees. The transi-
tion in the precordial leads is typically at lead V3 or V4. The P wave is biphasic 
in lead V1 and then positive in the other precordial leads. Septal q waves, 
reflecting not lateral infarction but rather normal early septal depolarization, 
are present in leads V5 and V6. Tiny q waves, a normal variant, are seen in the 
inferior leads.

 Abnormal Electrocardiogram
Electrocardiography in patients with coronary artery disease is reviewed in 
Chapters 62 to 64 and in patients with arrhythmias in Chapters 55 to 60.
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E-FIGURE 48-1. Normal cardiac activation as manifested in the limb leads. Under normal circumstances, p waves and QrS complex are typically upright in leads i, ii, iii, and aVF and 
inverted in aVr. in lead aVl, p waves are usually upright, although QrS complexes may be either upright or inverted. the right leg electrode serves to ground the system. 
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E-FIGURE 48-2. Precordial leads. A, positioning of the precordial leads on the chest 
wall. B, Normal cardiac activation as manifested in the precordial leads. Note the small 
r wave and deep S wave in lead V1, the transition at around V3 or V4, and the “septal” q 
wave and large r wave in lead V6. 

LL

Inferior

Superior

Right

A B
Left Inferior

Superior

Right Left

aV
F

aVR aVL
RA LA

aVLaVR

I

II

aV
FIII

0°

–30°

+30°

+60°
+90°

+120°

+150°

–60°
–90°

–120°

–150°

±180°

I

II III

E-FIGURE 48-3. Axis of electrical activation. A, Vectors for the limb leads in the frontal 
plane. B, hexaxial reference for determining the frontal plane axis. Note that the vectors 
for leads i, ii, and iii are in the same direction as in A, but now, like the augmented limb 
leads, these standard limb lead vectors have been moved so that they emanate from the 
center of the figure. 
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E-FIGURE 48-4. Chart of frontal plane axes. Normal (Nl) = −30 to +90 degrees; left 
axis deviation (lad) = −30 to −90 degrees (moderate −30 to −45 degrees; marked −45 to 
−90 degrees); right axis deviation (rad) = +90 to +180 degrees (moderate +90 to +120 
degrees; marked +120 to +180 degrees); extreme right axis deviation (Erad) = −90 to 
±180 degrees. Mild rad is considered normal in children, adolescents, and young adults. 
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Conduction Abnormalities and Axis Deviation
Abnormalities of the specialized conduction system (i.e., His-Purkinje system) 
reflect slow or absent conduction in a particular structure (Table 48-3 and 
Fig. 48-5). Left anterior or posterior fascicular block does not prolong QRS 
duration beyond 120 msec. Incomplete bundle branch refers to QRS patterns 
that are morphologically similar to left or right bundle branch block, but with 
a duration of less than 0.12 second (120 msec). An interventricular conduc-
tion delay is generally defined as a QRS duration of more than 0.11 second 
(110 msec). When the QRS has a duration of at least 0.12 second (120 msec), 
it often has the configuration of a specific bundle branch block. An isolated 
left bundle branch block in an otherwise healthy person is associated with a 
two-fold higher risk for development of a cardiovascular event or dying of a 
cardiovascular cause. As a result, this finding should trigger an evaluation for 
possible cardiac disease. By comparison, a complete right bundle branch block 
generally has not traditionally been associated with an increased risk, although 
one study suggested up to a 30% increased risk in cardiovascular mortality.6

Chamber Hypertrophy
A number of criteria for defining left ventricular hypertrophy (LVH; Fig. 48-6) 
and right ventricular hypertrophy (RVH) have been proposed. All of the LVH 
criteria suffer from poor sensitivity (ranging from 30 to 50%), although the 
specificity is good (85 to 95%). The Cornell voltage criterion, developed with 
an echocardiographic standard for LVH, simply adds the S wave amplitude 
in V3 and the R wave amplitude in aVL; a total greater than 2.0 mV in women 
and 2.8 mV in men implies LVH. In many clinical settings, the Cornell criterion 
has replaced the more complicated Romhilt-Estes criteria, which assign points 
for QRS amplitude, repolarization abnormalities (“strain” pattern), left axis 
deviation, and other electrocardiographic features. RVH is much less common 

and II (large R waves), the QRS axis is approximately +60 degrees. The transi-
tion in the precordial leads is typically at lead V3 or V4. The P wave is biphasic 
in lead V1 and then positive in the other precordial leads. Septal q waves, 
reflecting not lateral infarction but rather normal early septal depolarization, 
are present in leads V5 and V6. Tiny q waves, a normal variant, are seen in the 
inferior leads.

 Abnormal Electrocardiogram
Electrocardiography in patients with coronary artery disease is reviewed in 
Chapters 62 to 64 and in patients with arrhythmias in Chapters 55 to 60.

TABLE 48-2 STEPWISE APPROACH TO INTERPRETING THE 
ELECTROCARDIOGRAM

Estimate the heart rate
Define the heart rhythm (regular vs. irregular; relationship of P waves to QRS 

complexes)
Measure intervals (PR, QRS duration, QT)
Calculate/estimate QTc
Estimate QRS axis
Examine P wave morphology, duration, and axis
Examine QRS progression and transition in precordial leads
Examine QRS complexes in regional groupings (septal leads [V1,V2], anterior leads 

[V2, V3, V4], lateral leads [I, aVL, V5, V6], inferior and posterior leads [II, III, aVF, 
V1,V2])

Examine ST segments in regional groupings
Examine T waves in regional groupings

I
aVR V1 V4

II

II

aVL V2 V5

III aVF V3 V6

FIGURE 48-4. Normal electrocardiogram. the heart rate is approximately 78 beats per minute, with minor irregularity. Sinus arrhythmia is present. the axis is approximately +60 
degrees. the pr, QrS, and Qt intervals are approximately 140, 90, and 360 msec, respectively. p wave morphology, duration, and axis are normal. the transition is at lead V4. No abnormal 
Q waves are present. St segments are isoelectric, and t waves are concordant with QrS complexes. 

TABLE 48-3 FASCICULAR AND BUNDLE BRANCH BLOCKS
QRS DURATION AXIS QRS MORPHOLOGY ST SEGMENTS AND T WAVES

LAFB <0.12 sec (120 msec) −45 to −90 degrees Delayed transition across the precordium
qR aVL

Normal

LPFB <0.12 sec (120 msec) +90 to +180 degrees Delayed transition across the precordium
rS I, aVL
qR in III, aVF

Normal

RBBB ≥0.12 sec (120 msec) Normal rsr′, rsR′, rSR′ in V1 (and usually V2); wide S in V6 and I Discordant in V1 and V2

RBBB with LAFB ≥0.12 sec (120 msec) −45 to −90 degrees rsr′, rsR′, rSR′ in V1 (and usually V2); wide S in V6 and I Discordant in V1 and V2

RBBB with LPFB ≥0.12 sec (120 msec) +90 to +180 degrees rsr′, rsR′, rSR′ in V1 (and usually V2); wide S in V6 and I Discordant in V1 and V2

LBBB ≥0.12 sec (120 msec) Variable rS or QS in V1 (S wide and notched); wide notched R 
without q in V5, V6, and I

Wide notched R with or without small q in aVL

Discordant in V1 to V6

LAD = left axis deviation; LAFB = left anterior fascicular block; LBBB = left bundle branch block; LPFB = left posterior fascicular block; RBBB = right bundle branch block.
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C

B

A

FIGURE 48-5. Fascicular and bundle branch blocks. A, left anterior fascicular block (laFB). left axis deviation is present; the axis is approximately −60 degrees. the QrS duration is 
normal, and there is a delay in r wave progression across the precordial leads (late transition). Small q waves are present in leads i and aVl and small r waves in leads ii, iii, and aVF. B, 
right bundle branch block (rBBB). the QrS is widened, with an rsr′ pattern in lead V1 and a wide terminal S wave in lead V6. St segments are downsloping, and t waves are discordant 
with the QrS complex in the right precordial leads. the axis is normal, and signs of normal septal activation (q waves in lead V6) are present. C, rBBB and laFB. in addition to features 
diagnostic of rBBB, an axis of −60 degrees is present. 
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aVRI V1 V4

aVLII

II

V2 V5

aVFIII V3 V6

FIGURE 48-6. Left ventricular hypertrophy. Note the striking S wave amplitude in the right precordial leads and r wave amplitude in the left precordial leads. repolarization abnor-
malities are present in the left precordial leads, as well as the limb leads. the S wave amplitude in V3 (2.4 mV) plus the r wave amplitude in aVl (1.0 mV) total 3.4 mV, easily satisfying 
the cornell voltage criteria in this 76-year-old hypertensive man. Sinus bradycardia (50 beats per minute) is present as well. 

E

aVRI V1 V4

aVLII

II

V2 V5

aVFIII V3 V6

D

D, left posterior fascicular block (lpFB). right axis deviation (+120 degrees) is present. QrS duration is normal, and r wave progression across the precordial 
leads is delayed. leads i and aVl have rS complexes, and the inferior leads have insignificant q waves. E, left bundle branch block (lBBB). the QrS is widened, with a broad, notched 
complex in leads i, aVl, and the left precordial leads. Small r waves and broad, deep S waves are present in the right precordial leads. With lBBB, the axis is usually normal or deviated 
to the left. St segments and t waves are discordant with the QrS complex throughout the precordium. 

FIGURE 48-5, cont’d.
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TABLE 48-4 CAUSES OF LOW QRS VOLTAGE
Normal variant
Pericardial effusion
Myocardial infarction
Cardiomyopathy
Hypothyroidism
Obesity
Sarcoidosis
Amyloidosis
Chronic obstructive pulmonary disease
Anasarca

TABLE 48-5 CAUSES OF REPOLARIZATION ABNORMALITIES
Athlete’s heart
Early repolarization (normal variant)
Myocardial ischemia/injury
Pericarditis
Electrolyte abnormalities
Left ventricular hypertrophy
Intraventricular conduction delay/bundle branch block
Drug effects (digitalis, antiarrhythmic drugs, etc.)
Long QT syndrome
Stroke/neurologic catastrophe

TABLE 48-6 GENERALLY BENIGN FINDINGS IN  
ATHLETES’ ECGs

Sinus arrhythmia, sinus bradycardia, wandering atrial rhythm, junctional rhythm
First degree AV block
Mobitz I (Wenkebach) second degree AV block
Incomplete RBBB
Isolated voltage criteria for LVH (without repolarization abnormalities, left axis 

deviation, left atrial abnormality, pathologic Q waves, etc.)
Early repolarization pattern

aVRI V1 V4

aVLII

II

V2 V5

aVFIII V3 V6

FIGURE 48-7. Athlete’s Heart. Bradycardia, variable p wave morphology, Mobitz i (Wenkebach) second degree aV block, and junctional escape beats all reflect hypervagotonia in 
this thin, 18-year-old athlete. Mild right axis deviation is present, not uncommon in adolescents and young adults. prominent S waves are present in leads V2 and V3, though formal 
voltage criteria for lVh are absent. Note sinus p waves following junctional beats that are blocked; this is not abnormal physiology. 

than LVH. Electrocardiographic criteria for diagnosing RVH have even lower 
sensitivity (10 to 20%) than for LVH, although the specificity is similar. The 
Sokolow-Lyon criterion for RVH adds the R wave amplitude in V1 to the S 
wave amplitude in lead V5 or V6; a sum of 1.05 mV or greater implies RVH.

Low QRS Voltage
Low QRS voltage is defined as limb lead voltage less than 5 mm (0.5 mV) in 
all leads or precordial voltage less than 10 mm (1 mV) in all leads. The dif-
ferential diagnosis is broad (Table 48-4), and many patients will not have a 
clinically apparent underlying explanation.

Repolarization Abnormalities
Abnormalities of the ST segment or T waves, or both, are extremely common 
(Table 48-5). T waves may be in the same direction (concordant) with the 
QRS complex or discordant. Electrolyte and other metabolic abnormalities, 
drug effects (particularly digoxin and antiarrhythmic drugs), and secondary 
effects caused by LVH, bundle branch block, or pacing are all commonly 
encountered. Abnormal depolarization patterns frequently beget abnormal 
repolarization.

Early repolarization, a relatively common pattern of ST segment elevation 
previously felt to be benign, occurs more commonly in patients with idiopathic 
ventricular fibrillation compared with controls and has also been associated 
with an increased relative risk of cardiac mortality. The absolute risk of sudden 
death in apparently healthy patients with the early repolarization pattern remains 
quite low, however. Whether the “early repolarization syndrome” is a distinct 
arrhythmic syndrome or a predisposing factor in patients with other arrhythmic 
substrate(s) is unclear.7

 Pitfalls of Automated Computerized Electrocardiographic Readings
Automatic computerized ECG interpretations are generally accurate for cal-
culating heart rates, axes, and intervals. In one large study of patients who 

received a prehospital ECG, automated interpretation for ST elevation MI 
(STEMI) had sensitivity and specificity of 92.8% and 98.7%, respectively. 
False-positive interpretations were due primarily to artifact and nonischemic 
causes of ST elevation; false-negatives were rare, but related primarily to algo-
rithmic shortcomings.8 A study comparing three automated algorithms, however, 
reported much lower sensitivities and specificities.9 Computerized readings 
are not reliable for diagnosis of rhythm disturbances, a striking weakness of 
these programs. Over-reading by a physician, including comparison with previ-
ous tracings when available, remains mandatory.

 Electrocardiograms in Athletes
Extensive physical training leads to structural, electrophysiologic, and auto-
nomic adaptations that can appear abnormal on an uninformed ECG reading.10 
Among the most important are rhythms suggesting hypervagotonia, early 
repolarization, and increased chamber size (Table 48-6 and Fig. 48-7). Dif-
ferentiation between physiologic adaptations to exercise and potentially 



life-threatening abnormalities can be difficult and often requires expert con-
sultation. The early repolarization pattern is seen frequently in athletes and 
may not necessarily imply significant risk in this setting.

 Screening Electrocardiograms
Though frequently recommended by cardiologists and primary care physicians, 
screening ECGs and exercise ECGs (i.e., exercise stress test) have not been 
shown to improve outcomes in asymptomatic adults. The U.S. Preventative 
Services Task Force recommends against screening resting or exercise ECG 
in asymptomatic adults at low risk of coronary heart disease events (Chapter 
12). A1 ,11 For asymptomatic adults at intermediate or high risk, evidence is 
insufficient to make a recommendation. The American College of Cardiology 
specifically recommends against performing pre-procedure ECG screening 
in low risk, asymptomatic patients (Chapter 403).12 Electrocardiographic 
screening of competitive athletes prior to participation remains controversial.13

 Ambulatory Electrocardiography
Ambulatory electrocardiography (Chapter 56) is used primarily to correlate 
symptoms, such as palpitations and light-headedness, with intermittent cardiac 
arrhythmias.14 Ambulatory ST segment monitoring has been utilized to assess 
for coronary ischemia in a research setting but not clinically. Recent years 
have seen an explosion in smartphone-based heart rate and electrocardiographic 
monitoring applications. The use of these apps to promote fitness seems self-
evident, and physicians have begun to see “self diagnosis” of arrhythmias, 
both benign and more serious, using these technologies.

 Grade A Reference
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49 
ECHOCARDIOGRAPHY
CATHERINE M. OTTO

Echocardiography is the clinical standard for evaluation of cardiac function 
in patients with known or suspected heart disease. This chapter reviews the 
basic principles of echocardiography, echocardiographic approaches, quantita-
tive measurements, and clinical indications. The specific indications for echo-
cardiography and additional echocardiographic images are presented in other 
chapters on individual types of cardiovascular diseases.

 ECHOCARDIOGRAPHIC IMAGING
Principles
Echocardiography is based on the use of a piezoelectric crystal that converts 
electrical to mechanical energy, and vice versa, allowing both transmission 
and reception of an ultrasound signal. The frequency of ultrasound waves 
used for diagnostic imaging ranges from 2 to 10 MHz, with lower frequencies 
having greater tissue penetration and higher frequencies providing better image 
resolution. Each transducer consists of a complex array of piezoelectric crystals 
arranged to provide images in a fanlike two- or three-dimensional image, with 
the narrow top of this sector scan indicating the origin of the ultrasound signal. 
Transducers also include an acoustic lens that determines the focal depth, 
height, and width of the ultrasound beam.

Images are generated on the basis of the reflection of ultrasound from acoustic 
interfaces, for example, the boundary between the blood in the left ventricle 
and the myocardium. The time delay between transmission and reception is 
used to determine the depth of origin of the ultrasound reflection. The depths 
of the reflected signals from multiple ultrasound beams are combined to gen-
erate an image. The speed of signal analysis allows acquisition of two-dimensional 

ultrasound images at frame rates of 30 to 60 per second and of three-dimensional 
images at slower frame rates. Ultrasound is strongly attenuated by bone and 
air, so echocardiography relies on acoustic “windows,” where ultrasound can 
penetrate to the heart while avoiding the ribs and lungs. With transthoracic 
imaging, the patient is positioned to bring the cardiac structures close to the 
chest wall, usually in a left lateral decubitus position, and the transducer is 
placed on the chest, with use of gel to provide acoustic coupling between the 
transducer and skin. Standard acoustic windows are parasternal, apical, sub-
costal, and suprasternal notch.1

Standard Image Planes
From the parasternal window, the image plane is adjusted manually by an 
experienced physician or sonographer to provide long and short axis views. 
Standard cardiac imaging planes are aligned relative to the axis of the heart, 
with the long axis defined as the plane that intersects the cardiac apex and 
the middle of the aortic valve. Short axis views are perpendicular to this long 
axis, with standard image planes at the cardiac base (aortic valve level), mitral 
valve, and midventricular levels. From the apical window, the transducer is 
rotated to provide three views oriented 60 degrees from each other, producing 
a four-chamber, a two-chamber, and a long axis view (Fig. 49-1; Video 49-1). 
These image planes also can be acquired with three-dimensional ultrasound 
transducers with standard two-dimensional plane reconstructed from the 
three-dimensional data set.

Measurements
Echocardiography provides accurate cardiac dimensions from three-dimensional 
and two-dimensional recordings. The measurements typically provided include 
left ventricular end-diastolic and end-systolic chamber diameter and wall thick-
ness, left atrial diameter or volume, and aortic sinus diameter. Left ventricular 
ejection fraction (EF) is determined from three-dimensional or two-dimensional 
images in two orthogonal views (Figs. 49-2 and 49-3; Video 49-2).2 End-
diastolic and end-systolic ventricular volumes (EDV and ESV, respectively) 
are calculated by validated formulas, and the EF is calculated as:

EF EDV ESV EDV= −( )

Limitations
Echocardiography is an accurate, widely available imaging approach. In some 
patients, image quality may be suboptimal because of poor tissue penetration 
(e.g., excessive adipose tissue, position of the lungs relative to the heart), but 
images are nondiagnostic in less than 5% of patients. Reflections are stronger 
when the interface is perpendicular to the ultrasound beam, so structures that 
are parallel to the beam may not be visible, an artifact called echo dropout. This 
potential limitation is avoided by using multiple transducer positions and 
imaging planes. Ultrasound artifacts, such as beam width, shadowing, and 
reverberations, may be misinterpreted by inexperienced observers.

 DOPPLER ECHOCARDIOGRAPHY
Principles
Ultrasound energy that is backscattered from moving red blood cells is shifted 
to a higher frequency when the blood is moving toward the transducer and 
a lower frequency when it is moving away. The magnitude of this Doppler 
shift corresponds to the velocity of blood flow.

Modalities
Pulsed Doppler allows measurement of flow velocity at a specific intracardiac 
site with the advantages of high spatial and temporal resolution. However, 
spatial localization is based on intermittent sampling at a time interval cor-
responding to the depth of interest. The sampling frequency, which is depth 
dependent, limits the maximum detectable velocity because of a phenomenon 
called signal aliasing. Pulsed Doppler usually allows recording of normal intra-
cardiac flow velocities, which are about 1 m/second.

Continuous-wave Doppler allows measurement of high velocities along the 
entire length of the ultrasound beam, but the origin of the high-velocity signal 
must be inferred from the two-dimensional images. With stenotic and regur-
gitant valves, blood flow velocities may be as high as 5 to 6 m/second, requiring 
the use of the continuous-wave Doppler mode. Both pulsed and continuous-
wave Doppler velocities are displayed as a graph of velocity versus time, with 
the density of the spectral display corresponding to signal strength.

Color flow Doppler imaging is a modification of pulsed Doppler in which 
the flow velocity is displayed across a two-dimensional or three-dimensional 
image with a color scale to indicate direction and velocity. The advantage is 
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ABSTRACT
Echocardiography is the clinical standard for evaluation of cardiac function. 
Imaging allows accurate diagnosis of structural heart disease and measurement 
of left ventricular ejection fraction. Doppler velocity data provide quantitative 
measures of cardiac output, diastolic function, valve stenosis and regurgitation, 
and congenital heart disease. Stress echocardiography is appropriate for diag-
nosis of coronary disease based on inducible wall motion abnormalities with 
stress. Transesophageal echocardiography is more accurate than transthoracic 
imaging for diagnosis of endocarditis, evaluation of prosthetic valves, and 
visualization of posteriorly located cardiac structures. Point-of-care echocar-
diography increasingly is used by many clinicians in the acute care setting but 
does not replace a complete diagnostic study for clinical decision making. 
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in one cardiac cycle, which is the velocity-time integral (VTI, in centimeters) 
of flow. Therefore,

SV cm CSA cm VTI cm( ) ( ) ( )3 2= ×
This approach has been validated for measurement of transaortic, transmitral, 
and transpulmonic flow. Measurement of volume flow rate at two different 
intracardiac sites allows quantitation of intracardiac shunts and valvular 
regurgitation.

The relationship between the pressure gradient (ΔP) across a narrowing and 
the velocity (v) of blood flow is described by the simplified Bernoulli equation:

∆P v= 4 2

This equation allows calculation of maximum and mean gradients across ste-
notic valves, estimation of pulmonary systolic pressure, and detailed evaluation 
of intracardiac hemodynamics with regurgitant valves.

 ECHOCARDIOGRAPHIC APPROACHES
Transthoracic echocardiography is the standard clinical approach in most patients 
with suspected or known cardiac disease (Table 49-1). Advantages are that 
it is noninvasive, has no known adverse effects, and provides detailed data on 

a visually appealing display of intracardiac flow patterns. Disadvantages are 
low temporal resolution (frame rates of 10 to 30 per second) and poor velocity 
resolution due to signal aliasing.

Tissue Doppler uses the Doppler principle to record the velocity of motion 
of the myocardial wall. Tissue Doppler recordings of the myocardium adja-
cent to the mitral annulus are used to evaluate diastolic ventricular function. 
Speckle tracking strain imaging allows direct evaluation of myocardial mechan-
ics (E-Fig. 49-1).

Measurements
A standard echocardiographic study includes pulsed Doppler measurement 
of antegrade flow velocities (transmitral and transaortic) and evaluation for 
valve regurgitation by continuous-wave and color Doppler modalities. Other 
Doppler measurements depend on the specific clinical indication.

Quantitative measurements using Doppler data are derived from two basic 
concepts: volume flow rate and the pressure-velocity relationship. Stroke volume 
(SV, in cubic centimeters) is calculated as the volume of a cylinder, where the 
base is the spatial cross-sectional area (CSA, in square centimeters) of flow, 
determined as the area of a circle from a two-dimensional diameter measure-
ment. The height of the cylinder is the distance the average blood cell travels 
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FIGURE 49-1. The four basic image planes used in transthoracic echocardiography. a parasternal transducer position or “window” is used to obtain long and short axis views. The 
long axis view (purple outline) extends from the left ventricular apex through the aortic valve plane. The short axis view is perpendicular to the long axis view, resulting in a circular 
view of the left ventricle (red outline). The transducer is placed at the ventricular apex to obtain the two-chamber (blue outline) and four-chamber (green outline) views, each of which 
is about a 60-degree rotation from the long axis view and perpendicular to the short axis view. The four-chamber view includes both ventricles and both atria. The two-chamber view 
includes the left ventricle and left atrium; sometimes the atrial appendage is visualized. See Video 49-1. (From otto cM. Textbook of Clinical Echocardiography. 6th ed. philadelphia: 
Elsevier; 2018.)

FIGURE 49-2. Dilated cardiomyopathy on echocardiography. This example shows severe left ventricular dilation and systolic dysfunction in standard image planes of parasternal 
long axis (left), parasternal short axis (center), and apical four chamber (right). ao = aorta; La = left atrium; LV = left ventricle; ra = right atrium; rV = right ventricle. See Video 49-2. 
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E-FIGURE 49-1. Speckle tracking strain imaging. in an apical four-chamber view, 
myocardial strain is calculated by the change in distance (divided by the original distance) 
between echogenic myocardial speckles for each segment as shown by the colored dots. 
The relationship of time (x-axis) with strain (y-axis) is shown in colors corresponding to 
the colors on the two-dimensional image, with global longitudinal strain shown in white. 
This image is from the same patient as in Figures 49-2 and 49-3 and shows reduced (only 
7%) global longitudinal strain (normal is −16% to −22%). 
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cardiac anatomy and physiology. Limitations include poor image quality in 
some patients, limited visualization of structures distant from the transducer 
(e.g., atrial septum, left atrial appendage), and inability to visualize structures 
distal to prosthetic heart valves due to acoustic shadowing.

Transesophageal echocardiography offers superior image quality because of 
a shorter distance between the transducer and the heart, the absence of inter-
posed bone or lung, and the use of a higher-frequency transducer (Table 
49-2). Transesophageal echocardiography usually is well tolerated, but it entails 
some risk, because most clinicians do this procedure with the patient under 
moderate sedation. Transesophageal echocardiography is much more sensitive 
than transthoracic echocardiography for detection of left atrial thrombus (95% 
vs. 50%), valvular vegetations (99% vs. 60%), and prosthetic mitral valve 
regurgitation (Fig. 49-4).

Point-of-care ultrasound refers to the use of smaller, less expensive ultrasound 
systems carried by the physician to perform quick, limited examinations in the 
emergency department, at the inpatient bedside, or in the outpatient setting 
(Table 49-3).3 Point-of-care echocardiography units range from pocket sized 
to laptop sized. Some are very simple, with only two-dimensional imaging and 
limited controls; other systems provide high-quality imaging and all Doppler 
modalities. Point-of-care does not replace a complete imaging study but instead 
serves as an adjunct to the physical examination, particularly in the acute care 
setting, such as to distinguish ventricular dilation from a pericardial effusion, to 
estimate ventricular systolic performance, or to screen for critical aortic stenosis.

Contrast echocardiography may be performed with intravenous injection of 
agitated saline to opacify the right-sided heart chambers. These microbubbles 
are relatively large and do not pass through pulmonary capillaries. Therefore, 
appearance of contrast material in the left side of the heart within one or two 
beats after right-sided heart opacification is consistent with an intracardiac 
shunt. Although most atrial-level shunts are predominantly left-to-right shunts, 
a small amount of right-to-left shunting occurs, which is the basis of this 
approach.

Contrast echocardiography also may be performed with commercially avail-
able microbubbles in the range of 1 to 5 µm. Because these microbubbles are 
smaller than the pulmonary capillaries, right-sided heart opacification is fol-
lowed by left-sided heart opacification, which can enhance the evaluation of 

FIGURE 49-3. Three-dimensional echocardiographic measurement of left ventricular 
volumes and ejection fraction. Three-dimensional imaging shows the ventricle in four-
chamber (upper left), two-chamber (upper right), and short axis (lower left) views derived 
from the three-dimensional image acquisition. The left ventricular chamber is reconstructed 
in the lower right. The ejection fraction is 28.5%. 

TABLE 49-1 INDICATIONS FOR TRANSTHORACIC 
ECHOCARDIOGRAPHY IN THE ACUTE SETTING 
AND IN PATIENTS WITH CARDIAC SIGNS OR 
SYMPTOMS

CARDIAC SIGNS AND SYMPTOMS

•	 Cardiac	symptoms	including	chest	pain,	shortness	of	breath,	palpitations,	
syncope/presyncope, TIA, stroke, or peripheral embolic event

•	 Abnormal	cardiac	murmur	(any	diastolic	murmur	or	systolic	murmur	grade	3	or	
louder)

•	 Prior	test	results	suggesting	structural	heart	disease
•	 Atrial	fibrillation,	SVT,	VT,	frequent	or	exercise-induced	VPCs
•	 Evaluation	of	pulmonary	hypertension
•	 Suspected	infective	endocarditis	(native	or	prosthetic	valve)	with	positive	blood	

cultures or a new murmur
ACUTE SETTING

•	 Hypotension	or	hemodynamic	instability	of	suspected	cardiac	etiology
•	 Acute	chest	pain	with	suspected	MI	but	nondiagnostic	ECG
•	 Elevated	cardiac	biomarkers	without	other	features	of	ACS
•	 Suspected	complications	of	acute	MI
•	 Evaluation	of	ventricular	function	after	ACS
•	 Respiratory	failure	of	uncertain	etiology
•	 Guidance	of	therapy	with	acute	pulmonary	embolism
•	 Chest	trauma	or	severe	deceleration	injury	with	possible	cardiac	consequences
ACS =	acute	coronary	syndrome;	ECG	= electrocardiogram; MI = myocardial infarction; SVT = 
supraventricular tachycardia; TIA = transient ischemic attack; VPCs = ventricular premature 
contractions; VT = ventricular tachycardia.
Summarized	from	Douglas	PS,	Garcia	MJ,	Haines	DE,	et	al.	ACCF/ASE/AHA/ASNC/HFSA/
HRS/SCAI/SCCM/SCCT/SCMR 2011 Appropriate Use Criteria for Echocardiography. A Report 
of the American College of Cardiology Foundation Appropriate Use Criteria Task Force, American 
Society	of	Echocardiography,	American	Heart	Association,	American	Society	of	Nuclear	Cardiology,	
Heart Failure Society of America, Heart Rhythm Society, Society for Cardiovascular Angiography 
and Interventions, Society of Critical Care Medicine, Society of Cardiovascular Computed 
Tomography, and Society for Cardiovascular Magnetic Resonance Endorsed by the American 
College of Chest Physicians. J Am Coll Cardiol. 2011;57:1126-1166.
Reproduced from Otto CM. Textbook of Clinical Echocardiography. 6th ed. Philadelphia: Elsevier; 
2018.

TABLE 49-2 INDICATIONS FOR USE OF TRANSESOPHAGEAL 
ECHOCARDIOGRAPHY AS THE INITIAL OR 
SUPPLEMENTAL TEST

•	 Patients	with	a	high	likelihood	of	nondiagnostic	TTE	due	to	patient	characteristics	
or ability to visualize the structures of interest

•	 Suspected	acute	aortic	disease	including	dissection	and	transection
•	 Suspected	endocarditis	with	a	moderate	or	high	pretest	probability	(e.g.,	

staphylococcal bacteremia, fungemia, prosthetic heart valve or intracardiac 
device)

•	 Evaluation	of	valve	structure	and	function	to	evaluate	suitability	for	surgical	or	
transcatheter valve interventions

•	 Guidance	of	percutaneous	noncoronary	cardiac	interventions,	including	but	not	
limited to septal ablation, mitral valvuloplasty, PFO/ASD closure, radio frequency 
ablation

•	 Evaluation	of	patients	with	atrial	fibrillation	or	flutter	to	facilitate	clinical	decision	
making with regard to anticoagulation, cardioversion, or radio frequency ablation

•	 Evaluation	for	cardiac	source	of	embolus	with	no	identified	source	on	TTE
•	 Reevaluation	for	interval	changes	compared	with	prior	TEE	when	a	change	in	

therapy is anticipated.
•	 Suspected	complications	of	endocarditis	(e.g.,	abscess,	fistula)*
•	 Suspected	prosthetic	mitral	valve	dysfunction*
•	 Evaluation	of	posterior	structure	(e.g.,	atrial	baffles)	in	congenital	heart	disease	

patients*
*Not	considered	in	the	appropriateness	guidelines	document	but	generally	accepted	as	appropriate	
indications for transesophageal echocardiography as the initial approach.
PFO/ASD = patent foramen ovale/atrial septal defect; TEE = transesophageal echocardiography; 
TTE	= transthoracic echocardiography.
Abstracted	from	Douglas	PS,	Garcia	MJ,	Haines	DE,	et	al.	ACCF/ASE/AHA/ASNC/HFSA/HRS/
SCAI/SCCM/SCCT/SCMR 2011 Appropriate Use Criteria for Echocardiography. A Report of the 
American College of Cardiology Foundation Appropriate Use Criteria Task Force, American 
Society	of	Echocardiography,	American	Heart	Association,	American	Society	of	Nuclear	Cardiology,	
Heart Failure Society of America, Heart Rhythm Society, Society for Cardiovascular Angiography 
and Interventions, Society of Critical Care Medicine, Society of Cardiovascular Computed 
Tomography, and Society for Cardiovascular Magnetic Resonance Endorsed by the American 
College of Chest Physicians. J Am Coll Cardiol. 2011;57:1126-1166 with modification.
Reproduced from Otto CM. Textbook of Clinical Echocardiography. 6th ed. Philadelphia: Elsevier; 
2018.
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laboratory to guide percutaneous closure of a patent foramen ovale (PFO) 
and other procedures. In the electrophysiology laboratory, intracardiac echo-
cardiography helps guide catheter positioning and identify complications.

 CARDIAC FUNCTION MEASUREMENTS
In addition to qualitative descriptions of cardiac anatomy and physiology, 
echocardiography provides precise and accurate quantitation of cardiac func-
tion (including ventricular systolic and diastolic function), an estimate of the 
severity of valve stenosis and regurgitation, and a noninvasive estimate of 
pulmonary pressures.

Systolic Ventricular Function
Overall left ventricular systolic function is graded by visual estimation, with 
an approximate correspondence to EF as follows: normal (EF > 55%), mildly 
reduced (EF, 40 to 55%), moderately reduced (EF, 20 to 40%), and severely 
reduced (EF < 20%). However, more precise quantification with calculation 
of a two-dimensional biplane or three-dimensional ejection fraction now is 
routine. Cardiac output calculations are not routine but may be helpful for 
noninvasive monitoring of therapy in patients with heart failure. Because EF 
measurements are affected by preload and afterload, measures that are less 
dependent on loading conditions, including the end-systolic dimension or 
volume, are generally preferred for clinical decision making in situations such 
as the timing of surgery for chronic valvular regurgitation.

Speckle tracking strain imaging is less load-dependent than standard imaging 
and allows evaluation of global and regional ventricular function. A reduction 
in global longitudinal strain may be seen before a detectable reduction in 

systolic function when image quality is suboptimal, especially during stress 
echocardiography (Fig. 49-5).

Three-dimensional echocardiography is increasingly available and is recom-
mended for quantitation of left ventricular function, evaluation of complex 
structural heart disease, and guidance of transcatheter interventions (Fig. 49-6; 
Video 49-3).

Stress echocardiography is a standard approach for evaluating patients with 
known or suspected coronary artery disease with a high sensitivity (85 to 
95%) and specificity (80 to 90%).4 Myocardial infarction results in thinning 
and akinesis of the affected wall. However, in the absence of infarction, resting 
myocardial function is normal, even when severe epicardial coronary disease 
is present. The increased myocardial demand associated with exercise or phar-
macologic stress leads to myocardial ischemia, which results in a regional wall 
motion abnormality, often before the onset of chest pain or electrocardiographic 
changes (Fig. 49-7; Video 49-4).

In patients who can exercise, standard views of the left ventricle are recorded 
at baseline and immediately after maximal treadmill or bicycle exercise. If 
endocardial definition is suboptimal, left-sided contrast is used. The rest and 
exercise images are compared in a side-by-side cine loop format. Myocardial 
ischemia is present if resting wall motion is normal but hypokinesis or akinesis 
is seen after exercise. The pattern of regional wall motion accurately identifies 
the area of myocardium at risk and is reasonably reliable for identification of 
the affected coronary artery. With three-vessel coronary disease, rather than 
a regional wall motion abnormality, the only clue on imaging may be an absence 
of the expected decrease in chamber size at peak exercise, caused by diffuse 
ischemia. Interpretation of an exercise echocardiogram includes exercise dura-
tion, hemodynamic response, symptoms, and electrocardiographic changes 
in addition to the echocardiographic images.

In patients who are unable to exercise, stress testing is performed with 
a graded intravenous infusion of dobutamine, beginning at 5 to 10 µg/kg/
minute and gradually increasing to a maximum dose of 40 µg/kg/minute. 
If needed, atropine is used to achieve 85% of the maximum predicted heart 
rate. In addition to evaluation for myocardial ischemia, myocardial viability 
is evidenced by an improvement in endocardial motion from baseline to low-
dose dobutamine, with subsequent worsening of function at higher doses—the 
“biphasic” response.

Intracardiac echocardiography is performed with an ultrasound probe on a 
catheter that is inserted into the right side of the heart through the femoral 
vein. Intracardiac echocardiography is used in the cardiac catheterization 
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FIGURE 49-4. The problem of acoustic shadowing from a prosthetic mitral valve replacement (MVR). Left, With transthoracic echocardiography (TTE), the acoustic shadow distal 
to the prosthetic valve obscures the left atrium, limiting assessment of valve regurgitation by doppler techniques. Right, With transesophageal echocardiography (TEE), the left atrium 
now can be evaluated for valvular regurgitation. however, the acoustic shadow now obscures the left ventricle. (From otto cM. Textbook of Clinical Echocardiography. 5th ed. philadel-
phia: Elsevier; 2018.)

FIGURE 49-5. Poor-quality apical view (A) with marked improvement in definition 
of the left ventricular cavity after opacification by contrast echocardiography (B). The 
arrows indicate improved identification of the left ventricular endocardial border for 
calculation of ejection fraction. La = left atrium; LV = left ventricle; ra = right atrium; rV 
= right ventricle. 

FIGURE 49-6. The surgeon’s three-dimensional view of the mitral valve from the left atrial side of the valve with the aortic valve at the top of the image. in diastole, the anterior 
(a) leaflet and posterior leaflet (with p1, p2, and p3 scallops) are seen in the open position, with the normal mitral valve orifice (MVo). in systole, severe prolapse of the anterior leaflet 
is seen, particularly one bulging section (asterisk), and a flail segment with two small ruptured chords (arrow) is well visualized. These abnormalities cause severe, posteriorly directed 
mitral regurgitation. ao = aorta. See Video 49-3. (From otto cM. Textbook of Clinical Echocardiography. 6th ed. philadelphia: Elsevier; 2018.)

FIGURE 49-7. The concept of stress echocardiography in a patient with 70% stenosis in the proximal third of the left anterior descending coronary artery. at rest (left), endocardial 
motion and wall thickening are normal. after stress (right), either exercise or pharmacologic, the middle and apical segments of the anterior wall become ischemic, showing reduced 
endocardial wall motion and wall thickening. if the left anterior descending coronary artery extends around the apex, the apical segment of the posterior wall also will be affected, as 
shown here. The normal segment of the posterior wall shows compensatory hyperkinesis. See Video 49-4. (From otto cM. Textbook of Clinical Echocardiography. 6th ed. philadelphia: 
Elsevier; 2018.)

TABLE 49-3 INDICATIONS FOR POINT-OF-CARE 
ECHOCARDIOGRAPHY

Urgent Clinical Evaluation (Emergency Department or Intensive Care Unit)
•	 Left	ventricular	size	(volume	status)	and	systolic	function
•	 Right	ventricular	size	and	systolic	function
•	 Pericardial	effusion/tamponade
Screening at risk populations (athletes, rheumatic heart disease, etc.)
Frequent serial exams for known abnormality (e.g., response to heart failure therapy)
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FIGURE 49-6. The surgeon’s three-dimensional view of the mitral valve from the left atrial side of the valve with the aortic valve at the top of the image. in diastole, the anterior 
(a) leaflet and posterior leaflet (with p1, p2, and p3 scallops) are seen in the open position, with the normal mitral valve orifice (MVo). in systole, severe prolapse of the anterior leaflet 
is seen, particularly one bulging section (asterisk), and a flail segment with two small ruptured chords (arrow) is well visualized. These abnormalities cause severe, posteriorly directed 
mitral regurgitation. ao = aorta. See Video 49-3. (From otto cM. Textbook of Clinical Echocardiography. 6th ed. philadelphia: Elsevier; 2018.)

Resting Stress

Aorta
Left atrium Left atrium

Left
ventricle

Left
ventricle

Aorta

FIGURE 49-7. The concept of stress echocardiography in a patient with 70% stenosis in the proximal third of the left anterior descending coronary artery. at rest (left), endocardial 
motion and wall thickening are normal. after stress (right), either exercise or pharmacologic, the middle and apical segments of the anterior wall become ischemic, showing reduced 
endocardial wall motion and wall thickening. if the left anterior descending coronary artery extends around the apex, the apical segment of the posterior wall also will be affected, as 
shown here. The normal segment of the posterior wall shows compensatory hyperkinesis. See Video 49-4. (From otto cM. Textbook of Clinical Echocardiography. 6th ed. philadelphia: 
Elsevier; 2018.)

ejection fraction in patients with inherited cardiomyopathies or after treatment 
with cardiotoxic chemotherapy. Strain imaging also provides information on 
ventricular dyssynchrony, although the clinical utlity of these measurements 
remains controversial.

Quantitative evaluation of right ventricular function by echocardiography 
is difficult because of the complex shape of the chamber. Useful measurements 
include the basal diameter, the tricuspid annular plane systolic excursion, and 
the systolic Doppler tissue velocity at the annulus. Cardiac magnetic resonance 
imaging provides more accurate quantitation of right ventricular volumes and 
function when it is clinically needed.

Diastolic Ventricular Function
Evaluation of diastolic ventricular function is challenging because the pat-
terns of ventricular filling are affected by preload, heart rate, and coexisting 
valvular regurgitation in addition to the diastolic properties of the ventricle. 
However, echocardiography can classify diastolic function on the basis of the 
combination of left ventricular inflow, pulmonary vein flow, tissue Doppler 
velocities, and isovolumic relaxation time.5 An estimate of left ventricular filling 
pressure (e.g., left ventricular end-diastolic pressure) also can be inferred by 
these approaches.

Valvular Stenosis
Echocardiography is the clinical standard for evaluation of valvular stenosis 
(see Figs. 66-2 and 66-4). Cardiac catheterization is reserved for cases in 
which echocardiography is nondiagnostic, clinical data are discrepant with 
echocardiographic findings, or the coronary anatomy needs to be assessed 
(Chapter 66).

In patients with aortic stenosis, the most direct measure of stenosis severity 
is the antegrade velocity across the valve, indicating mild (<3 m/second), 
moderate (3 to 4 m/second), or severe (>4 m/second) valve obstruction. 
The maximum and mean transaortic pressure gradients also can be calculated 
by the Bernoulli equation. Accurate evaluation depends on a careful examina-
tion by an experienced echocardiographer.

Aortic valve area (AVA) is calculated by the continuity equation, based on 
the concept that volume flow rates proximal to and within the narrowed orifice 
are equal:

AVA VTI CSA VTIAS LVOT LVOT× = ×
or

AVA CSA VTI VTILVOT LVOT AS= ×( )
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FIGURE 49-8. In a patient with aortic stenosis, the aortic jet velocity is recorded with 
continuous-wave Doppler from the window that yields the highest velocity signal. 
Maximum velocity (Vmax) is used to calculate the maximum systolic gradient. The doppler 
curve is traced, as shown, to calculate the mean systolic gradient with the Bernoulli equa-
tion, by which the pressure gradient (Δp) equals four times the square of the velocity. 

where LVOT is left ventricular outflow tract, VTI is velocity-time integral, 
CSA is cross-sectional area, and AS is aortic stenosis (Fig. 49-8). It is especially 
important to calculate the AVA when left ventricular systolic dysfunction 
accompanies aortic valve disease. In some patients, low-dose dobutamine stress 
echocardiography is helpful in distinguishing ventricular dysfunction caused 
by severe aortic stenosis from primary myocardial disease with concurrent 
moderate stenosis.

The evaluation of mitral stenosis (see Fig. 66-4) includes measurement of 
the mean transmitral gradient from the velocity curve and calculation of the 
valve area, both from direct planimetry of orifice area on three-dimensional 
or two-dimensional images and from the deceleration slope of the Doppler 
curve (pressure half-time method).

Valvular Regurgitation
The current approach to evaluating valvular regurgitation (see Figs. 66-5 and 
66-8) is based on the proximal geometry of the regurgitant jet, with measure-
ment of the narrowest jet width (vena contracta). When further quantitation 
is needed, regurgitant volume, regurgitant fraction, and regurgitant orifice 
area are calculated. Although color flow visualization of the flow disturbance 
may be helpful for detection of regurgitation and for understanding the mecha-
nism of valve dysfunction, this approach should no longer be used to evaluate 
severity.

For aortic regurgitation, a narrow vena contracta (<3 mm) indicates mild 
regurgitation, whereas a wide vena contracta (>6 mm) indicates severe 

regurgitation. Additional evaluation of the severity of aortic regurgitation is 
based on the presence of holodiastolic flow reversal in the abdominal aorta 
and the density and slope of the continuous-wave Doppler velocity curve. 
The approach to evaluating mitral regurgitation (see Fig. 66-5) is similar, 
beginning with measurement of the vena contracta. In addition to calculation 
based on transmitral versus transaortic volume flow rates, the proximal accel-
eration of flow into the regurgitant orifice allows evaluation with central 
regurgitant jets. Color flow shows a proximal isovelocity surface area.

Pulmonary Pressures
Estimation of pulmonary artery systolic pressure (PAP) is a standard com-
ponent of a complete examination. The systolic pressure difference between 
the right ventricle and right atrium is calculated from the peak velocity in the 
tricuspid regurgitant (VTR) jet, with use of the Bernoulli equation. Then, the 
right atrial pressure (RAP) is estimated from the size and appearance of the 
inferior vena cava. Because right ventricular and pulmonary artery systolic 
pressures are equal (in the absence of pulmonic stenosis),

PAP V RAPTR= +4 2( )

A small amount of tricuspid regurgitation is present in most patients, so 
pulmonary pressures can be estimated with this approach in more than 90% 
of patients. Because this approach measures only pulmonary systolic pressure, 
not pulmonary vascular resistance, invasive evaluation may still be needed in 
some clinical situations (Chapter 75).

 THE ECHOCARDIOGRAPHIC EXAMINATION
Clinical Indications
Echocardiography is not useful for screening of the general population in 
developed countries, A1  but it is an effective approach to the initial evaluation 
of many cardiac signs and symptoms (Table 49-4).6,7 Screening can also be 
effective in low resource settings with a high prevalence of rheumatic heart 
disease.8,9 Even when transesophageal imaging might be helpful, most clini-
cians begin with a transthoracic examination; exceptions are for the patient 
with a possible acute aortic dissection (Chapter 69), in whom transesophageal 
echocardiography should be performed as quickly as possible, and in the 
evaluation of possible left atrial thrombosis before cardioversion (Chapter 
58). Resting echocardiography is not helpful for diagnosis of coronary artery 
disease; stress imaging is needed if this diagnosis is suspected (Chapter 62). 
In patients with known cardiac disease, echocardiography is used to evaluate 
severity, to assess the results of medical and surgical interventions, and to 
guide procedures. Point-of-care ultrasound is useful for rapid screening to 
evaluate overall left ventricular function and to detect pericardial effusion 
(Fig. 49-9; Video 49-5).

Normal Findings
Trace to mild valve regurgitation is considered “physiologic” and is seen with 
70 to 80% of mitral valves, 80 to 90% of tricuspid valves, and 70 to 80% of 

TABLE 49-4 INDICATIONS FOR TRANSTHORACIC ECHOCARDIOGRAPHY (TTE) BY KNOWN DIAGNOSIS
CLINICAL DIAGNOSIS KEY ECHOCARDIOGRAPHIC FINDINGS LIMITATIONS OF ECHOCARDIOGRAPHY ALTERNATIVE APPROACHES
VALVULAR HEART DISEASE (CHAPTER 66)

Valve stenosis Cause of stenosis, valve anatomy Possible underestimation of the stenosis severity Cardiac catheterization; CMR
Transvalvular ΔP, valve area Possible coexisting coronary artery disease
Chamber enlargement and hypertrophy
LV and RV systolic function
Associated valvular regurgitation

Valve regurgitation Mechanism and cause of regurgitation
Severity of regurgitation
Chamber enlargement
LV and RV systolic function
PA pressure estimate

TEE may be needed to evaluate mitral regurgitant 
severity and valve anatomy (especially before 
MV repair)

Cardiac catheterization; CMR

Prosthetic valve function Evidence for stenosis
Detection of regurgitation
Chamber enlargement
Ventricular function PA pressure estimate

TTE	is	limited	by	shadowing	and	reverberations
TEE is needed for suspected prosthetic MR due to 

“masking”	of	the	LA	on	TTE

Cardiac catheterization; fluoroscopy

Endocarditis (Chapter 67) Detection	of	vegetations	(TTE	sensitivity,	70-85%)
Presence and degree of valve dysfunction
Chamber enlargement and function
Detection of abscess
Possible prognostic implications

TEE more sensitive for detection of vegetations 
(>90%)

A definite diagnosis of endocarditis also depends 
on bacteriologic criteria

TEE more sensitive for detection abscess

Blood cultures and clinical findings 
also are diagnostic criteria for 
endocarditis
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TABLE 49-4 INDICATIONS FOR TRANSTHORACIC ECHOCARDIOGRAPHY (TTE) BY KNOWN DIAGNOSIS—cont’d
CLINICAL DIAGNOSIS KEY ECHOCARDIOGRAPHIC FINDINGS LIMITATIONS OF ECHOCARDIOGRAPHY ALTERNATIVE APPROACHES
CORONARY ARTERY DISEASE

Acute myocardial infarction 
(Chapters 63 and 64)

Segmental wall motion abnormality reflects 
“myocardium at risk”

Global	LV	function	(EF)
Complications:
 Acute MR vs. VSD
 Pericarditis
 LV thrombus, aneurysm, or rupture
 RV infarct

Coronary artery anatomy itself is not directly 
visualized

Coronary angiography 
(catheterization or CT)

Radionuclide or PET imaging for 
myocardial perfusion

Angina (Chapter 62) Global	and	segmental	LV	systolic	function
Exclude other causes of angina (e.g., AS, HCM)

Resting wall motion may be normal despite 
significant CAD

Stress echocardiography is needed to induce 
ischemia and wall motion abnormality

Coronary angiography
Radionuclide or PET imaging
ETT

Pre-revascularization/
post-revascularization 
(Chapter 65)

Assess wall thickening and endocardial motion at 
baseline

Improvement in segmental function after procedure

Dobutamine stress or contrast echocardiography is 
needed to detect viable but nonfunctioning 
myocardium

CMR
Coronary angiography
Radionuclide or PET imaging
Contrast echocardiography

End-stage ischemic disease Overall LV systolic function (EF) — Coronary angiography (Cath or CT)
PA pressures Radionuclide or PET imaging
Associated MR CMR for myocardial viability
LV thrombus
RV systolic function

CARDIOMYOPATHY (CHAPTERS 52-54)

Dilated Chamber dilation (all four)
LV and RV systolic function (qualitative and EF)
Coexisting atrioventricular valve regurgitation
PA systolic pressure
LV thrombus

Indirect measures of LVEDP
Accurate EF may be difficult if image quality is 

poor

CMR for LV size, function, and 
myocardial fibrosis

LV angiography with left and right 
heart hemodynamics

Restrictive LV wall thickness
LV systolic function
LV diastolic function
PA systolic pressure

Must be distinguished from constrictive pericarditis Cardiac catheterization with direct, 
simultaneous RV and LV pressure 
measurement after volume loading

CMR
Hypertrophic Pattern and extent of LV hypertrophy

Dynamic LVOT obstruction (imaging and 
Doppler)

Exercise echo to detect inducible LV outflow tract 
obstruction

CMR
Strain and strain rate imaging

Coexisting MR
Diastolic LV dysfunction

HYPERTENSION (CHAPTER 70)

LV wall thickness and chamber dimensions
LV hypertrophy
LV diastolic dysfunction
LV systolic function
Aortic valve sclerosis, MAC

Diastolic dysfunction precedes systolic dysfunction, 
but detection is challenging because of age and 
other factors

Speckle tracking; strain and strain 
rate imaging

LV twist and torsion

PERICARDIAL DISEASE (CHAPTER 68)

Pericardial thickening
Detection, size, and location of PE
Two-dimensional signs of tamponade physiology
Doppler signs of tamponade physiology

Diagnosis of tamponade is a hemodynamic and 
clinical diagnosis

Constrictive pericarditis is a difficult diagnosis
Not	all	patients	with	pericarditis	have	an	effusion

Intracardiac pressure measurements 
for tamponade or constriction

CMR or CT to detect pericardial 
thickening

DISEASES OF THE AORTA (CHAPTER 69)

Aortic root dilation Cause of aortic dilation
Accurate aortic root diameter measurements
Anatomy of sinuses of Valsalva (especially Marfan 

syndrome)
Associated aortic regurgitation

The ascending aorta is only partially visualized on 
TTE	in	most	patients

CT
CMR
TEE

Aortic dissection Two-dimensional images of ascending aorta, aortic 
arch, descending thoracic and proximal 
abdominal aorta

TEE more sensitive (97%) and more specific 
(100%)

Cannot assess distal vascular beds

Aortography

Imaging of dissection “flap” CT
Associated aortic regurgitation CMR
Ventricular function TEE

CARDIAC MASSES (CHAPTER 54)

LV thrombus High sensitivity and specificity for diagnosis of LV 
thrombus

Suspect with apical wall motion abnormality or 
diffuse LV systolic dysfunction

Technical artifacts can be misleading
5-MHz or higher frequency transducer and 

angulated apical views needed

LV thrombus may not be recognized 
on radionuclide or contrast 
angiography

LA thrombus Low sensitivity for detection of LA thrombus, 
although specificity is high

TEE needed to detect LA thrombus reliably TEE

Suspect with LA enlargement, MV disease
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CLINICAL DIAGNOSIS KEY ECHOCARDIOGRAPHIC FINDINGS LIMITATIONS OF ECHOCARDIOGRAPHY ALTERNATIVE APPROACHES
Cardiac tumors Size, location, and physiologic consequences of 

tumor mass
Extracardiac involvement is not well seen
Cannot distinguish benign from malignant tumor 

or tumor from thrombus

TEE
CT
CMR (with cardiac gating)
Intracardiac echocardiography

PULMONARY HYPERTENSION (CHAPTER 75)

PA pressure estimate Indirect PA pressure measurement Cardiac catheterization
Evidence of left-sided heart disease to account for 

increased PA pressures
Difficult to determine pulmonary vascular 

resistance accurately
RV size and systolic function (cor pulmonale)
Associated TR

CONGENITAL HEART DISEASE (CHAPTER 61)

Detection and assessment of anatomic 
abnormalities

Quantitation of physiologic abnormalities
Chamber enlargement
Ventricular function

No	direct	intracardiac	pressure	measurements
Complicated anatomy may be difficult to evaluate  

if image quality is poor (TEE is helpful)

CMR with three-dimensional 
reconstruction

Cardiac catheterization
TEE
Three-dimensional echocardiography

TABLE 49-4 INDICATIONS FOR TRANSTHORACIC ECHOCARDIOGRAPHY (TTE) BY KNOWN DIAGNOSIS—cont’d

AS = aortic stenosis; CAD = coronary artery disease; CMR = cardiac magnetic resonance; CT = computed tomography; EF =	ejection	fraction;	ETT	= exercise treadmill test; HCM = hypertrophic 
cardiomyopathy; LA = left atrium; LV = left ventricle; LVEDP = left ventricular end-diastolic pressure; LVOT = left ventricular outflow tract; MR = mitral regurgitation; MV = mitral valve; ΔP = pressure 
gradient; PA = pulmonary artery; PE = pericardial effusion; PET = positron emission tomography; RV = right ventricle; TEE = transesophageal echocardiography; TR =	tricuspid	regurgitation;	TTE	= 
transthoracic echocardiography; VSD = ventricular septal defect.
From Otto CM. Textbook of Clinical Echocardiography. 6th ed. Philadelphia: Elsevier; 2018.

FIGURE 49-9. Pericardial effusion. a large echo-free space is seen anterior and posterior to the cardiac structure in the parasternal long axis view (left), short axis view (center), and 
apical four-chamber view (right) consistent with a pericardial effusion (pE). ao = aorta; La = left atrium; LV = left ventricle; ra = right atrium; rV = right ventricle. See Video 49-5. 

then can be tailored to answer the clinical question. Educational programs 
can reduce the ordering of unnecessary echocardiograms and perhaps 
increase the ordering of indicated echocardiograms, even for experienced  
cardiologists. A2 

,
 A3 

The echocardiographic results should be interpreted in conjunction with 
other clinical data. If the echocardiographic data seem discrepant with the 
clinical data, the requesting physician should review the images with the echo-
cardiographer to identify areas of uncertainty and to determine the next best 
diagnostic step.

pulmonic valves in normal individuals. The prevalence of aortic regurgitation 
increases with age, but it is found in only 5% of young normal adults; the 
presence of aortic regurgitation raises the possibility of subtle aortic valve or 
root abnormalities.

A patent foramen ovale (Chapter 61) is present in 25 to 35% of normal 
individuals and may be identified by color Doppler or by contrast echocar-
diography. Use of the Valsalva maneuver enhances identification of a patent 
foramen ovale because the slight elevation in right atrial pressure may lead to 
a brief right-to-left shunt. The significance of a patent foramen ovale in patients 
without clinical events is unclear. Other common anatomic variants seen on 
echocardiography include aberrant chords (or “webs”) in the left ventricle; 
small, linear, mobile echoes associated with the valves (Lambl’s excrescences); 
and normal ridges in the left and right atria.

Unexpected abnormal findings also may be found on studies requested for 
other indications. A bicuspid aortic valve is present in 1 to 2% of the popula-
tion; most of these patients are asymptomatic until late in life, so many cases 
are diagnosed “incidentally” by echocardiography. Aortic valve sclerosis, which 
is a frequent unexpected echocardiographic diagnosis, is a marker of cardio-
vascular disease and an increased risk of myocardial infarction even if valve 
function is normal.

 INTEGRATING THE ECHOCARDIOGRAPHIC AND 
CLINICAL FINDINGS

The echocardiographic request should indicate the specific reason for the 
study and any relevant symptoms or signs. The echocardiographic examination 
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4. A 63-year-old woman presents with a 6-month history of midsternal chest 
pressure that occurs both at rest and with exertion. Her only cardiac risk 
factor is chronic hypertension with medical therapy. She also has osteo-
arthritis of her knees and is able to walk only short distances. The base-
line electrocardiogram shows left ventricular hypertrophy with a strain 
pattern. An appropriate diagnostic test to evaluate this patient for coronary  
disease is:
 A. Treadmill electrocardiographic stress test.
 B. Treadmill echocardiographic stress test.
 C. Supine bicycle nuclear perfusion stress test.
 D. Dobutamine stress echocardiography.
 E. Coronary angiography.

Answer: D Coronary artery disease may explain symptoms in this patient, 
so stress testing is appropriate for diagnosis and risk stratification. Electrocar-
diographic stress testing will not be diagnostic because her abnormal baseline 
electrocardiogram limits the accuracy of changes in ST segments with exercise 
for diagnosis of coronary disease. This patient also has significant lower extrem-
ity arthritis, which limits her ability to exercise. Diagnostic accuracy with an 
exercise test (either treadmill or bicycle) requires that the patient reach 85% 
of the maximum predicted heart rate for age. Exercise testing is likely to be 
nondiagnostic in this patient with lower extremity arthritis. Pharmacologic 
stress testing, either dobutamine stress echocardiography or pharmacologic 
nuclear perfusion imaging, is the most appropriate test choice. Coronary 
angiography would be appropriate only if stress testing suggests high-risk 
coronary disease that might benefit from revascularization.

5. A 68-year-old man presents to the emergency department with a 1-hour 
history of severe chest pain and diaphoresis. The electrocardiogram shows 
ST depression in the lateral leads. Point-of-care echocardiography is appro-
priate to evaluate for:
 A. Aortic dissection.
 B. Aortic valve stenosis.
 C. Acute anterior infarction.
 D. Papillary muscle rupture.
 E. Pericardial effusion.

Answer: E All of these diseases can be accurately diagnosed by a complete 
transthoracic or transesophageal echocardiographic study under the supervision 
of a cardiologist. Point-of-care ultrasound systems typically have fewer fea-
tures and limited image quality compared with complete diagnostic ultrasound 
systems. In addition, point-of-care ultrasound is performed and interpreted by 
physicians with limited training in this modality. The recommended scope of 
practice for point-of-care ultrasound studies includes diagnosis of pericardial 
effusion and evaluation of global left ventricular systolic function. In contrast, 
diagnosis of aortic dissection requires transesophageal echocardiographic or 
computed tomographic or magnetic resonance imaging. Diagnosis of aortic 
valve stenosis requires continuous-wave Doppler recording of the transvalvular 
velocity by an experienced sonographer. Acute anterior myocardial infarction 
results in hypokinesis or akinesis of the anterior wall, which can be visualized 
by echocardiography, but evaluation of regional myocardial dysfunction is 
challenging and requires additional training and experience. Papillary muscle 
rupture might be diagnosed on transthoracic imaging, but transesophageal 
imaging often is required. Papillary muscle rupture is likely to be missed with 
current point-of-care ultrasound systems or by less experienced clinicians.

REVIEW QUESTIONS

1. Echocardiographic three-dimensional left ventricular volumes measured 
in a 55-year-old man receiving cardiotoxic chemotherapy are 120 mL at 
end diastole and 60 mL at end systole. Left ventricular ejection fraction is:
 A. 30%
 B. 40%
 C. 50%
 D. 60%
 E. 70%

Answer: C Left ventricular ejection fraction (EF) is calculated as stroke volume 
(end-diastolic volume [EDV] minus end-systolic volume [ESV]) divided by 
end-diastolic volume multiplied by 100%. In this case:

EF EDV ESV EDV= − × = − × =) % ( ) % %100 120 60 60 100 50

2. Echocardiographic evaluation in an 82-year-old woman with a systolic 
murmur shows a heavily calcified aortic valve. The severity of valve obstruc-
tion is best evaluated by:
 A. Three-dimensional imaging.
 B. Pulsed Doppler.
 C. Tissue Doppler.
 D. Color flow Doppler imaging.
 E. Continuous-wave Doppler.

Answer: E Valve obstruction with reduced systolic opening of the aortic 
valve results in an increased velocity across the valve. Velocity is a direct measure 
of the severity of the stenosis and predicts clinical outcome. The velocity (v) 
across a stenotic valve is related to the pressure gradient (ΔP) as stated in the 
Bernoulli equation, ΔP = 4v2. Measurement of high velocities requires con-
tinuous-wave Doppler ultrasound, which typically is not available on point-
of-care ultrasound systems. Three-dimensional imaging allows more accurate 
identification of the number of valve leaflets and may show the degree of valve 
opening, but it is not accurate for measuring the severity of stenosis. Pulsed 
Doppler velocity measurements are accurate only at low velocities. Tissue 
Doppler measures the velocity of myocardial motion, which reflects left ven-
tricular systolic and diastolic function, not the severity of stenosis. Color 
Doppler flow imaging is useful for visualizing the location of intracardiac flow 
disturbances but cannot measure high-flow velocities.

3. A 68-year-old man presents with a 2-week history of increasing dyspnea 
and is found to be in atrial fibrillation with a ventricular rate of 120 beats 
per minute. The most appropriate test to evaluate for left atrial thrombus 
before cardioversion is:
 A. Point-of-care echocardiography.
 B. Transthoracic echocardiography.
 C. Intracardiac echocardiography.
 D. Transesophageal echocardiography.
	E.	 No	testing	is	needed.

Answer: D In patients being considered for cardioversion for atrial fibrilla-
tion, clinical approaches to avoiding systemic embolization with restoration 
of normal sinus rhythm include effective anticoagulation for several weeks 
before cardioversion or exclusion of a left atrial thrombus by visualizing the 
left atrial appendage. Left atrial thrombi cannot be accurately diagnosed by 
transthoracic or point-of-care echocardiography because atrial thrombi occur 
most often in the atrial appendage, which is distant from the transducer and 
difficult to visualize. Transesophageal echocardiography provides superior 
images of the left atrial appendage and is reliable for exclusion of atrial throm-
bus when images are obtained in at least two orthogonal views with use of 
zoom mode and a high-frequency transducer. Intracardiac echocardiography 
also may provide images of the left atrial appendage and may be used during 
an electrophysiologic or interventional cardiology procedure. However, intra-
cardiac echocardiography is not used as a stand-alone diagnostic test.
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50 
NONINVASIVE CARDIAC IMAGING
CHRISTOPHER M. KRAMER, GEORGE A. BELLER,  
AND KLAUS D. HAGSPIEL

 RADIOGRAPHY OF THE HEART
Chest radiography is a widely available, relatively inexpensive, and rapid imaging 
modality, with an average effective radiation dose of 0.03 to 0.1 mSv. The 
heart is best evaluated on posteroanterior (PA) and lateral radiographs, with 
the heart closest to the image detector.

On the chest radiograph, the heart appears as a homogeneous shadow sur-
rounded by lung, so diagnostic assessment of the heart and great vessels is 
based on the size and shape of the cardiac silhouette, rather than on direct 
visualization of the heart’s internal anatomy. Nevertheless, the size and shape 
of the heart and their changes over time, together with the appearance of the 
pulmonary vasculature, aid in the diagnosis of cardiac diseases. The radiographic 
appearance of the heart is also influenced by the radiographic technique, pro-
jection, body habitus, degree of inspiration, and whether the patient is supine 
or erect during the examination.

On the PA projection, the normal heart is located in the middle media-
stinum, with approximately two thirds projecting to the left of the mid sternum 
(Fig. 50-1). The superior segment of the right heart border is a more or less 
straight line formed by the superior vena cava and right innominate vein. 
The inferior segment is convex and formed by the right atrium. The left heart 
border consists of three segments: the aortic arch superiorly, the main pul-
monary artery in the middle, and the left ventricle (LV) inferiorly. The left 
atrial appendage is situated in the junction between the lower and middle seg-
ments; if enlarged, it can appear as a separate, prominent segment. The inferior 
border of the heart sometimes is not well differentiated from the diaphragm  
(see Fig. 50-1).

On lateral chest images, the right ventricle (RV) and the RV outflow tract 
form the anterior heart border, with the RV in contact with the lower third 
of the sternum. Lung between the sternum and the posteriorly curving RV 

and RV outflow tract forms the retrosternal clear space. The posterior heart 
border, which is seen between the carina and the diaphragm on lateral images, 
consists of the left atrium superiorly and the LV inferiorly. The inferior vena 
cava courses obliquely upward before it joins the right atrium. The ascending 
aorta, aortic arch, and proximal descending thoracic aorta are usually well 
seen on lateral images (see Fig. 50-1).

Alterations of the contour of the heart are generally caused by dilation of 
the atria, ventricles, or blood vessels. Chest images are not sensitive for detect-
ing cardiac hypertrophy unless it is severe.

Comprehensive cardiovascular analysis of chest radiographs requires evalu-
ation of the size and morphology of the heart and the great vessels, the pul-
monary vasculature, and the presence and positioning of any calcifications or 
implanted devices such as valves, pacemakers, and defibrillators.

Radiographic Assessment of Heart Size
The cardiothoracic ratio (see Fig. 50-1) estimates the size of the heart. A 
value of less than 0.5 is considered normal on a radiograph taken during deep 
inspiration. Pectus excavatum deformities (Chapter 92) and epicardial fat pads 
can result in an abnormally large cardiothoracic ratio despite a normal-sized 
heart. Dilation of the LV, which increases the cardiothoracic ratio, appears as 
a concave mid left heart border and lengthening of the entire left heart border, 
with a downward pointing apex projecting below the diaphragm on PA views 
(Fig. 50-2). Extension of the posterior margin of the left ventricle more than 
2 cm posterior to the inferior vena cava on the lateral film is considered a sign 
of left ventricular enlargement. Localized rather than global LV enlargement 
usually indicates the presence of ventricular aneurysms (Chapter 64). LV 
hypertrophy without dilation usually is not detectable on chest radiographs.

The most common cause of left atrial enlargement is secondary to LV dys-
function, especially LV dilation. Isolated enlargement of the left atrium is 
usually a sequela of mitral valve abnormalities or atrial fibrillation. Enlarge-
ment of the left atrium can also occur with LV hypertrophy without dilation 
in patients with aortic stenosis (Chapter 66) or hypertrophic cardiomyopa-
thy (Chapter 54). Straightening of the left heart border between the main 
pulmonary artery and the LV just below the left main bronchus owing to 
enlargement of the left atrial appendage is one of the earliest signs of left atrial 
enlargement; with increasing size, this segment becomes convex. A double 
contour within the right cardiac border (double density sign), splaying of 
the carina, and elevation of the right main bronchus are less frequent signs  
(Fig. 50-3).

The RV normally does not form part of the heart’s border on PA radiographs, 
but significant RV enlargement can lead to an abnormal convexity of the left 
heart border, with elevation and leftward displacement of the cardiac apex. 
The best radiographic indication of RV enlargement is obliteration of the 
retrosternal clear space in the lateral view owing to dilation of the RV outflow 
tract (Fig. 50-4).

Dilation of the right atrium causes the lower segment of the right heart 
border to become more prominent and increasingly round. In more severe 
cases, the entire right heart border is enlarged, and in extreme cases, the right 
atrium can become border-forming on the lateral view (see Fig. 50-3).

Pericardial Effusion
Large pericardial effusions cause significant enlargement of the cardiac sil-
houette despite a normal superior mediastinum—the so-called water-bottle 
sign. The fluid in the pericardial sac will obscure the hilar vessels on a PA 
chest film (Fig. 50-5), unlike cardiomegaly without effusion, in which the 
hilar structures often are relatively conspicuous. Posterior displacement of 
the pericardial fat line on lateral images is also a valuable finding for the detec-
tion of pericardial effusions.

Pulmonary Vasculature
The large and medium-sized pulmonary arteries and veins can be seen on the 
radiograph as linear shadows, and their size and appearance correlate with 
pulmonary blood flow and pulmonary venous pressure. The vessels in the 
lower lung zones are normally larger than in the upper zones as a result of the 
normal distribution of pulmonary blood flow (see Fig. 50-1). In patients with 
right-to-left shunts (Chapter 61), the pulmonary vasculature is decreased in 
caliber. In left-to-right shunts, the vascularity is increased, and the vessels are 
sharply outlined if the patient does not have heart failure (Fig. 50-6). With 
increasing pulmonary venous pressure, as is seen in heart failure (Chapters 
52 and 53), the vessels in the upper zone enlarge on the chest radiograph. 
With further increases in pulmonary venous pressures, fluid extravasates into 
the pulmonary interstitium, and the pulmonary vessels lose their sharp 

A B

C D

FIGURE 50-1. Normal anatomy. Posteroanterior (A) and lateral (B) chest radiograph 
projections in a healthy 28-year-old man. The cardiac chambers and the great vessels 
are marked on the corresponding drawings (C, D). The cardiothoracic ratio (C) is calculated 
by dividing the maximum transverse diameter of the cardiac silhouette (blue line: widest 
distance of the right heart border from the midpoint of the spine; orange line: widest 
distance from the left heart border to the midpoint of the spine) through the distance 
between the internal margin of the ribs at the top of the right diaphragm (black line). ao 
= aorta; ivC = inferior vena cava; La = left atrium; Lv = left ventricle; ra = right atrium; 
rv= right ventricle; Pa = pulmonary artery; svC = superior vena cava. 
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ABSTRACT
This chapter reviews noninvasive cardiac imaging technologies other than 
echocardiography. Chest radiography is a widely available, relatively inexpen-
sive, and rapid imaging modality that can be used to assess heart size, presence 
of a pulmonary effusion, size of the pulmonary vasculature, calcifications, and 
location of cardiac devices. Nuclear cardiology permits the noninvasive imaging 
of myocardial perfusion under stress and resting conditions and of resting 
regional and global function to assess myocardial viability and prognosis. 
Coronary CT angiography can capture a three-dimensional image of the heart 
in one to two heartbeats and provide coronary artery calcium scoring without 
the use of contrast and with little radiation. Recent studies demonstrate the 
equivalence of coronary CT to stress testing in the initial evaluation of patients 
with low-intermediate risk chest pain. Cardiac magnetic resonance is a versatile 
and flexible imaging modality that is accurate in the evaluation of myocardial 
ischemia and viability in coronary heart disease, as well as the cause and 
prognosis of cardiomyopathies, congenital heart disease, aortic disease, peri-
cardial disease, and cardiac masses.
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FIGURE 50-2. Left ventricular enlargement and pulmonary edema in two different patients. The image on the left (A) was obtained in a patient who had acute myocardial infarction 
and who had previously undergone aortic bypass grafting (sternotomy wires and bypass clips are seen). interstitial edema is evidenced by the presence of vascular redistribution, Kerley 
B lines (arrowhead), and peribronchial cuffing (arrow). The image on the right (B) was obtained in a patient with cardiogenic alveolar edema. The left ventricle is significantly enlarged, 
and there is extensive bilateral air space consolidation with air bronchogram. Note normal position of an endotracheal tube (asterisk) and a nasogastric tube. 

A B C

FIGURE 50-3. Biatrial enlargement in a patient who has undergone mitral valve repair. The posteroanterior (A) chest radiograph shows a prominent left atrial appendage (asterisk), 
the double density sign (arrowheads), and splaying of the carina. There is also enlargement of the right atrium, as evidenced by prominence and round shape of the right side border 
on the posteroanterior view (arrows). Posterior bulging of the heart (arrows) owing to biatrial enlargement is seen on the lateral view (B). interstitial pulmonary edema is present. The 
location of the cardiac valves is best assessed on a lateral view (B) by drawing a line from the carina to the anterior costophrenic recess (black line). The pulmonic and aortic valves 
usually are positioned superior to this line, and the tricuspid and mitral valves are inferior to it. a computed tomographic image (C) also demonstrates biatrial enlargement as well as 
pericardial calcifications. La = left atrium; ra = right atrium. 

A B C

FIGURE 50-4. Pulmonary arterial hypertension in a patient with severe pulmonary emphysema and chronic pulmonary embolism. enlarged central pulmonary arteries (asterisks) 
and the pruned-tree sign can be seen on the posteroanterior (A) and lateral (B) projections. Hyperlucency in both upper lobes is present owing to extensive pulmonary emphysema. 
right ventricular enlargement has obliterated the retrosternal clear space on the lateral view (arrowhead) (B). The computed tomographic scan demonstrates dilated central pulmonary 
arteries with wall adherent chronic pulmonary embolus (asterisk) (C) as well as right ventricle (rv) dilation and hypertrophy. 
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pulmonary venous hypertension, a small aortic knob, and enlargement of the 
main pulmonary artery are typical findings. In aortic stenosis, LV enlargement, 
calcifications of the aortic valve, and dilation of the ascending aorta are often 
present. In pulmonic valve stenosis, enlargement of the pulmonary trunk is 
the most common radiographic sign, with or without signs of RV enlargement. 
In atrial septal defects, the heart is usually normal in size, with prominent 
pulmonary vasculature (shunt vascularity). In ventricular septal defects, the 
left atrium and LV are prominent, and shunt vascularity is present. A number 
of classic chest radiographic signs have been described for patients with more 
complex congenital heart disease (Chapter 61). These findings include the 
egg-on-a-string sign in transposition of the great arteries, the gooseneck sign 
in endocardial cushion defects, the boot-shaped heart in tetralogy of Fallot 
(E-Fig. 50-1), the figure-of-3 and reversed figure-of-3 signs in coarctation of 
the aorta, the box-shaped heart in Ebstein anomaly, the snowman sign in total 
anomalous pulmonary venous return, and the scimitar sign in partial anomalous 
pulmonary venous return. Due to earlier diagnosis and treatment of congenital 
heart disease, the diagnostic role of chest radiography for these conditions is 
limited today, but it remains a useful technique for monitoring the progression 
of disease and its response to treatment.

 NUCLEAR CARDIOLOGY
The techniques of nuclear cardiology permit the noninvasive imaging of myo-
cardial perfusion under stress and resting conditions and of resting regional 
and global function by use of radionuclide imaging agents and gamma or 
positron cameras with associated computer processing. All these techniques 
are based on acquiring images of radioactivity emanating from tracers localized 
in heart muscle or in the blood pools of the LV and RV. Myocardial perfusion 
imaging is the most commonly performed nuclear cardiology technique, most 
often in conjunction with either exercise or pharmacologic stress intended 
to produce flow heterogeneity between relatively hypoperfused and normally 
perfused myocardial regions. Single-photon emission computed tomography 
(SPECT) is one technique used to image uptake of tracers in the myocardium. 
With radionuclide angiography, technetium-99m (99mTc)-labeled red blood 
cells or other 99mTc-labeled agents are injected intravenously for measurement 
of LV ejection fraction and assessment of regional wall motion, especially 
to monitor changes in global LV function. Positron emission tomography 
(PET) can assess regional myocardial metabolism to estimate myocardial 
viability, most often with fluorine-18-labeled 2-deoxyglucose (FDG), as 
well as myocardial perfusion by use of either nitrogen-13 (13N) ammonia or  
rubidium-82 (82Rb).

Myocardial Perfusion Imaging
IMAGING AGENTS
For the assessment of myocardial perfusion using SPECT technology, 99mTc-
labeled perfusion agents or thallium-201 (201Tl) are used for exercise or phar-
macologic stress perfusion imaging to evaluate patients with suspected or 
known coronary heart disease (CHD). Of the various 99mTc-labeled agents, 
99mTc-sestamibi and 99mTc-tetrofosmin are the most common. These 99mTc 

demarcation. Horizontal lines in the periphery of the lungs (Kerley B) and 
vertical lines in the upper lobes (Kerley A) represent thickened interlobular 
septae. Fluid in the interstitium of the bronchial walls causes peribronchial 
thickening or cuffing (see Fig. 50-2). In more advanced cases, the lungs show 
a diffuse ground-glass appearance that masks the vascular structures, and 
pulmonary edema ultimately develops (see Fig. 50-2). Long-standing pulmo-
nary arterial hypertension leads to dilation of the central pulmonary arteries 
with abrupt change in caliber instead of the normal tapering. The size and 
number of the peripheral arterial branches diminish, resulting in a pruned-tree 
appearance (see Fig. 50-4).

Calcifications
Calcifications can often be seen on chest radiographs. In the heart, calcifica-
tions most frequently involve the valves and the mitral annulus (Chapter 66). 
Most aortic valvular calcifications are degenerative in nature and occur in 
otherwise normal valves, but their incidence is increased in bicuspid valves 
or in patients who have had rheumatic fever. Calcification of the mitral annulus 
is common and usually an asymptomatic finding. Coronary artery calcifica-
tions are frequent but are rarely seen on chest radiographs. Calcifications of 
the ventricles are most often seen in patients with prior myocardial infarction 
or ventricular aneurysms (Fig. 50-7). Pericardial calcifications tend to be thicker 
than calcifications in the myocardium and, in severe cases, can entirely sur-
round the heart (see Fig. 50-3).

Implanted Devices
A great number of devices can be seen on a chest radiograph, and it is impor-
tant to be familiar with their appearance to assess their correct position and 
integrity. The accurate assessment of device position can occasionally require 
cross-sectional imaging (see Figs. 50-2, 50-3, and 50-7).

Characteristic Appearance of Cardiac Silhouette
Certain constellations of findings on chest radiographs can be characteristic 
of specific disorders. For example, in mitral stenosis, left atrial enlargement, 
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FIGURE 50-5. A 17-year-old girl presenting with massive pericardial effusion. The 
posteroanterior radiograph (A) shows the water-bottle sign; the hilar vessels are obscured. 
a coronal reformatted computed tomographic scan (B) shows the fluid in the pericardial 
sac as well as dilation of the right atrium and the left atrial appendage (asterisk). Lv, left 
ventricle; ra, right atrium. 

A B

FIGURE 50-6. Female patient with known secundum type atrial septal defect. The 
posteroanterior radiograph (A) shows enlargement of the pulmonary arteries, shunt 
vascularity, and enlargement of the right heart border. a computed tomographic scan 
(B) shows the septal defect (asterisk) with left-to-right shunt. enlargement of the right 
heart is also seen. 

A B

FIGURE 50-7. Calcified chronic myocardial infarction. Lateral radiograph (A) demon-
strates thin curvilinear calcifications (arrowheads) in the region of the left ventricular 
apex. a reformatted cardiac computed tomographic scan (B) shows aneurysmal dilation 
and thinning of the apex, curvilinear calcifications, and thrombus (arrow). dual-chamber 
pacer leads, aortocoronary bypass clips, and fracture of the most inferior sternotomy 
wire (asterisk) are also seen on the lateral radiograph (A). 
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E-FIGURE 50-1. Infant with tetralogy of Fallot, pulmonary atresia, and partial anomalous pulmonary venous return. anteroposterior radiograph (A) shows the classic boot-shaped 
heart seen with tetralogy of Fallot; the scimitar sign, owing to abnormal right pulmonary vein draining into the inferior vena cava (arrowheads); and abnormal superior parasternal 
left-sided mediastinal density caused by a left upper pulmonary vein draining into the left innominate vein (arrow). Coronal reformatted computed tomography (B) confirms these 
findings. The pulmonary arteries are diminutive (asterisks). 
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conventional 1-day SPECT protocol entails performing a resting SPECT study 
first, followed by a stress study a few hours later using higher doses of the 
tracer. With the stress-only approach, the stress study is done first. If the stress 
study is normal, the resting study is not performed; but if the stress study is 
abnormal, then the patient is brought back the following day for the resting 
study to see if the perfusion defect in question is reversible and indicative of 
inducible ischemia. The two approaches are equally good for predicting future 
CHD event rates (E-Fig. 50-2).

Some gamma and PET cameras are combined with a computed tomography 
(CT) scanner, which allows for multimodality hybrid imaging of anatomy 
and physiology. Myocardial perfusion imaging can be added to the coronary 
CT angiographic study if the latter shows an intermediate coronary stenosis 
of 50 to 70% in diameter. Conversely, the CT angiogram can be performed 
after an equivocal SPECT or PET study to distinguish between true-positive 
and false-positive perfusion defects. Hybrid imaging also permits combined 
coronary artery calcium scoring with myocardial perfusion.

PHARMACOLOGIC STRESS IMAGING
In patients who are unable to exercise to 85% of their age-prediction maximum 
heart rate on exercise stress testing protocols, pharmacologic stress testing 
with use of vasodilators or dobutamine is an alternative to exercise for detect-
ing physiologically significant coronary artery stenoses. Vasodilator stress 
SPECT myocardial perfusion imaging can use dipyridamole, adenosine, or 
regadenoson. The most commonly used vasodilator stress agent is now regad-
enoson, an A2A adenosine receptor agonist, administered as an intravenous 
bolus. The addition of limited exercise to adenosine or regadenoson imaging 
can attenuate the vasodilator-induced decrease in blood pressure and enhance 
image quality by increasing the heart-to-liver ratio of tracer uptake. Dobuta-
mine stress is preferred in patients who have bronchospasm or a history of 
asthma or who have consumed caffeine, which is an adenosine receptor antago-
nist, within 12 hours before testing. Patients who experience side effects such 
as hypotension and chest pain during vasodilator infusion should be treated 
with intravenous aminophylline, an adenosine antagonist. Regadenoson admin-
istration normally increases the heart rate, and its failure to do so is an adverse 
prognostic sign.

ASSESSMENT OF PROGNOSIS
The extent of hypoperfusion and inducible ischemia (i.e., reversible defects) 
on post-stress SPECT perfusion images provides important incremental 

agents permit simultaneous assessment of regional and global LV function 
and volumes with ECG-gated SPECT technology. Advantages of PET myo-
cardial perfusion imaging compared with SPECT include higher sensitivity 
and specificity for the detection of coronary artery disease with a lower dose 
of radiation. By comparing stress blood flow to resting flow, dynamic cardiac 
PET imaging also permits the quantification of absolute regional myocardial 
blood flow in mL/min/g and coronary flow reserve.

DETECTION OF CORONARY HEART DISEASE
The major indications for stress and rest myocardial perfusion imaging are to 
diagnose CHD, to assess prognosis, and to detect myocardial viability.1 Exercise 
or pharmacologic stress myocardial perfusion imaging in patients with chest 
pain yields a sensitivity for detecting CHD of 88% for SPECT and 93% for 
PET.2 The specificity for excluding CHD is 76% for SPECT and 81% for PET. 
Exercise or pharmacologic stress SPECT perfusion imaging has sensitivities 
and specificities that are superior to those of exercise electrocardiogram (ECG) 
testing alone. Specificity for SPECT myocardial perfusion imaging is enhanced 
by inspection of regional function on ECG-gated images and with computer 
algorithms, which correct for attenuation.3 Both the sensitivity and specificity 
for detecting CHD are enhanced by image quantitation.

Myocardial perfusion imaging is of particular value compared with exercise 
ECG testing alone in patients with resting ECG abnormalities, such as those 
seen with LV hypertrophy, and left bundle branch block. Vasodilatory stress 
perfusion imaging enhances the detection of CHD in patients who fail to 
achieve more than 85% of maximal predicted heart rate. Detection of multi-
vessel CHD is enhanced by identifying regional systolic thickening or wall 
motion abnormalities on the gated SPECT images compared with assessment 
based on perfusion alone. If possible, drugs such as long-acting nitrates, 
β-blockers, and rate-lowering calcium blockers should be discontinued for 
24 hours before exercise stress testing that is performed to diagnose or to 
exclude CHD as the cause of chest pain. Advances in gamma camera technol-
ogy have yielded a new generation of high-speed gamma SPECT cameras 
that use cadmium zinc telluride semiconductor detectors.4 This technology 
has better spatial resolution, permits use of a lower effective dose of tracer for 
imaging, and requires less time compared with a conventional gamma camera 
(Fig. 50-8).

Employing a “stress-only” protocol for SPECT myocardial perfusion imaging 
in patients with a low or low-to-intermediate pretest probability of CHD based 
on clinical variables has reduced radiation exposure and imaging time. The 

FIGURE 50-8. Post-stress supine, rest, and post-stress prone single-photon emission computerized tomography (SPECT) images (left) as well as coronary angiographic images 
(right) in a patient with angina pectoris. Note the presence of reversible perfusion defects involving the apical to mid anterior/apex and apical to mid lateral walls. The summed stress 
score (sss) was 24, and the summed rest score was zero, thereby indicating ischemia only with stress. This patient’s coronary angiogram showed severe 2-vessel coronary artery disease 
with stenoses in the left anterior descending and left circumflex coronary arteries corresponding to the two perfusion defects seen on sPeCT images. (images courtesy of the University 
of virginia.)
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E-FIGURE 50-2. Survival curves in patients with normal gated single-photon emission computed tomography stress-only images compared with patients who underwent both 
stress and rest imaging. survival curves are unadjusted or adjusted for baseline clinical characteristics (age, sex, body mass index, history of coronary artery disease, smoking, hyper-
lipidemia, hypertension, diabetes, chest pain symptoms, and stress electrocardiogram results). after adjustment for baseline clinical characteristics, the two imaging protocols were 
equally predictive. (reproduced from oddstig J, Hedeer F, Jögi J, et al. reduced administered activity, reduced acquisition time, and preserved image quality for the new CZT camera. 
J Nucl Cardiol. 2013;20:38-44.)
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imaging with FDG has been effective in both diagnosing the inflammation 
in cardiac sarcoidosis and monitoring response to therapy for this disease  
(Chapter 54).

Imaging of Ventricular Function
Global and segmental left and right ventricular function can be evaluated 
accurately by gated cardiac blood pool imaging to provide a radionuclide 
angiogram or ventriculogram. This technique is performed after thorough 
mixing of 99mTc-labeled blood cells within the intravascular compartment after 
intravenous tracer injection. Because 99mTc remains within the blood pool, 
serial imaging studies can be acquired during several hours. Acquisition of 
the images is synchronized with the QRS complex on the ECG through a 
multigated approach by which each cardiac cycle is divided into multiple 
frames. A uniform diminution of LV systolic function without segmental wall 
motion abnormalities suggests nonischemic dilated cardiomyopathy (Chapter 
54), whereas depressed global LV function associated with segmental wall 
motion abnormalities suggests ischemic heart disease. LV function can also 
be assessed by gated SPECT myocardial perfusion imaging, and the LV 
ejection fraction and extent of wall motion abnormalities measured by this 
approach add prognostic information for risk stratification compared with  
perfusion alone.

 CARDIAC COMPUTED TOMOGRAPHY
For CT, imaging with high spatial and temporal resolution and ECG gating 
during a breath-hold yields snapshots of the heart reconstructed from the 
same phase of the cardiac cycle.6 Coronary CT angiography can capture a 
three-dimensional image of the heart in one to two heartbeats on the latest 
generation scanners as well as provide coronary artery calcium scoring 
without the use of contrast and with little radiation. Coronary CT angiography 
requires 60 to 100 mL of iodinated contrast. With latest generation scanners, 
radiation doses of 1 to 2 mSv are achievable although radiation can still be 
on the order of 5 to 20 mSv on older 64-detector scanners. β-Blockade is 
often used to achieve a heart rate of 60 beats per minute or less to optimize 
imaging, and irregular rhythms such as atrial fibrillation may diminish image  
quality.

Coronary Artery Calcium Scoring
Coronary calcium is an indicator of the burden of atherosclerotic plaque, 
although there is no correlation of the amount of local coronary calcium with 
the physiologic or anatomic significance of an underlying coronary stenosis. 
Calcium scores are generally calculated as an Agatston score, which corresponds 
to each coronary lesion’s calcium area multiplied by the maximal CT attenu-
ation value of that lesion, and then summed for the entire coronary tree (Fig. 
50-9). High scores confer an increased risk for future cardiac events and death, 
with overall 15-year mortality rates in asymptomatic patients ranging from 3 
to 28% with coronary artery calcification scores from 0 to 1000 or greater.7 
Calcium scores are age, gender, and race dependent, but they predict CHD 
events independently of standard risk factors. The utility of calcium scoring 
is highest in patients who are at intermediate risk for CHD, based on 

prognostic information when added to clinical characteristics, the resting 
LV ejection fraction, exercise ECG stress test variables, and even coronary 
artery anatomy. Nondiabetic patients with chest pain and a normal myocardial 
perfusion scan at peak exercise or under vasodilator stress have a subsequent 
cardiac death or infarction rate of less than 1% per year and are generally 
appropriate candidates for medical therapy (Chapter 62) or require further 
diagnostic evaluation for a noncardiac cause of chest pain (Chapters 45 and 
128). Conversely, patients with high-risk imaging results may benefit from early 
referral for invasive strategies, including coronary revascularization (Chapter 
65), even if symptoms are mild. Patients who show ischemic perfusion defects 
(E-Fig. 50-3) involving more than 10% of the LV myocardium may have a 
better outcome with coronary revascularization compared with medical  
therapy.

Transient ischemic LV cavity dilation, by which the LV cavity appears more 
dilated on stress images compared with rest images, occurs when subendo-
cardial ischemia after stress causes a decrease in tracer uptake in the suben-
docardium. This finding is predictive of poorer outcomes in patients who also 
exhibit perfusion defects, but it is of limited value in low-risk patients whose 
scans are otherwise normal with no defects noted.5

Assessment of regional LV function on post-stress gated SPECT images 
enhances the detection of multivessel CHD. LV ejection fraction and end-
systolic and end-diastolic volumes can also be measured by gated SPECT 
imaging. Stress myocardial perfusion imaging does not appear to add any 
useful prognostic information over exercise ECG testing alone in patients 
who achieve 10 metabolic equivalents or more of workload without ischemic 
ST segment depression on the exercise ECG. Similarly, in low-risk women 
with good physical capacity, a diagnostic strategy using the exercise ECG 
alone is as good as exercise SPECT myocardial perfusion imaging for pre-
dicting 2-year outcomes at lower cost. One significant limitation of SPECT 
myocardial perfusion imaging is failure to identify multivessel and left main 
coronary artery disease in some patients who have balanced ischemia, in 
which uptake of the imaging agent at peak stress is homogeneously dimin-
ished throughout the LV myocardium because of diffusely reduced flow 
in regions supplied by all three major coronary arteries. Quantitative PET 
myocardial perfusion imaging will identify these patients by demonstrating 
a global reduction in absolute coronary flow and an abnormal coronary flow  
reserve.

DETERMINATION OF MYOCARDIAL VIABILITY WITH  
SINGLE-PHOTON EMISSION COMPUTED TOMOGRAPHY  
OR POSITRON EMISSION TOMOGRAPHY
SPECT perfusion imaging is performed in the resting state to identify residual 
myocardial viability in zones corresponding to severe regional wall motion 
abnormalities in patients with CHD and depressed LV function. When severe 
LV dysfunction is caused by “hibernation” (a state of chronic reduced con-
tractility because of substantial ischemia), and not by irreversible myocardial 
necrosis, areas of resting hypoperfusion that are viable and contributing to 
hibernation show initial defects on early images but no or less severe defects 
on 3-hour delayed images. If uptake ultimately exceeds 50 or 60% of peak 
uptake in these regions, there is a high probability (65 to 75%) that regional 
myocardial function will improve after successful revascularization, compared 
with only a 10 to 20% probability for myocardial zones showing less than 
50% of peak uptake on resting images.

Regional myocardial metabolism can be assessed noninvasively by PET 
with FDG and a flow tracer such as [13N]ammonia or 82Rb. FDG is a glucose 
analogue that is taken up initially in myocardial cells and is trapped by con-
version to FDG-6-phosphate. FDG is cell-membrane impermeable and 
remains within viable cells at high concentrations for more than 40 to 60 
minutes. Increased FDG activity on clinical PET images in areas of diminished 
regional blood flow, as determined by [13N]ammonia imaging, is characteristic 
of myocardial viability. These areas of blood flow–FDG mismatch usually 
show improved regional function after coronary revascularization. When 
the extent of viability (hibernation) by PET-FDG exceeds 10% of the LV, 
revascularization is associated with improved long-term survival compared 
with medical therapy. Regions of the heart that show both diminished per-
fusion and FDG uptake (a “match” pattern) represent predominantly nonvi-
able myocardium, with only a 10 to 15% probability of showing improved 
systolic function after revascularization. Patients who have an ischemic 
cardiomyopathy with poor viability on either resting SPECT or PET have 
a worse outcome after coronary revascularization compared with patients 
with predominantly viable myocardium. The combination of PET perfusion 

A B

FIGURE 50-9. Non-contrast-enhanced computed tomography axial slices through 
the heart at two locations for coronary calcium scoring as risk assessment in an asymp-
tomatic patient. A, The slice includes the left anterior descending artery with extensive 
calcification in its proximal portion (arrow). B, The slice includes the right coronary artery 
with proximal spotty calcification (arrow). This patient’s calcium score was 457, putting 
him in a higher risk group regardless of his Framingham risk score. 



CHAPTER 50 NoNiNvasive CardiaC imagiNg 265.e1

E-FIGURE 50-3. exercise stress (rows 1 and 3 from top to bottom) and rest (rows 2 and 
4) short axis, stress (row 5) and rest (row 6) vertical long axis, and stress (row 7) and rest 
(row 8) horizontal long axis single-photon emission computed tomography images showing 
reversible perfusion defects in the interventricular septum (white arrows) and the antero-
apical region (green arrows). (reproduced from Beller ga, Bateman Tm. Provisional use 
of myocardial perfusion imaging in patients undergoing exercise stress testing. J Nucl 
Cardiol. 2013;20:711-714.)
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Framingham risk data (Chapter 46). By comparison, a calcium score in oth-
erwise low- or high-risk patients will rarely change management, although 
very high calcium scores may sometimes encourage cardiac stress testing.

Coronary Computed Tomographic Angiography
Coronary CT angiography is an excellent technique to diagnose anomalous 
coronary arterial anatomy in adults (E-Fig. 50-4). For detection of coronary 
artery disease, positive-predictive values are in the range of 64 to 91%, and 
negative-predictive values approach 99%. Thus, the technique is an excellent 
way to exclude (Fig. 50-10) or detect significant coronary artery disease in 
the three major coronary vessels (Fig. 50-11). A limitation of the technique, 
however, is its lower specificity in heavily calcified vessels, which are more 
common in elderly patients. The accuracy for detecting stenoses in bypass 
grafts is quite high, although evaluation of native vessel coronary artery disease 
is limited in these patients owing to extensive calcification and smaller size 
vessels. Imaging within most coronary stents has proved difficult. Measure-
ment of coronary artery-specific fractional flow reserve using computational 
flow dynamics can improve upon the accuracy (especially specificity) of angi-
ography (E-Fig. 50-5).

Coronary CT angiography is not recommended as a routine screening test 
in asymptomatic patients, even those with diabetes. A1  However, it is useful in 
selected situations, such as in low- or low-intermediate-risk patients who present 
to the emergency department with chest pain but without ECG changes or 
elevations of cardiac biomarkers (Chapters 45 and 63). A2 

,
 A3  The high negative-

predictive value of CT angiography often can exclude CHD and avoid the 
need for other testing in this patient group.

In symptomatic patients with suspected coronary disease, the strategies of 
initial coronary CT angiography and functional testing using exercise elec-
trocardiography, nuclear stress testing, or stress echocardiography, provide 
equivalent clinical outcomes at an equivalent cost over a median follow-up 
of 2 years. A4 

,
 A5 

,
 A6  However, CT angiography can improve outcomes compared 

with standard care in patients with stable chest pain by stimulating the use of 
more aggressive medical therapies without increasing rates of coronary angi-
ography or coronary revascularization. A7  CT angiography also may be useful 
in patients with equivocal or nondiagnostic stress testing or new-onset heart 
failure. The extent and severity of coronary disease found at CT angiography 

FIGURE 50-10. Contrast-enhanced computed tomographic coronary angiogram obtained on a dual-source 64-detector scanner in a patient with atypical chest pain. The left 
anterior descending (Lad) artery has a nonobstructive lesion (arrow) containing both noncalcified (soft) plaque, which appears dark, and a focal area of calcification. The right coronary 
artery (rCa) and left circumflex coronary artery (LCx) are normal. 

correlate with subsequent all-cause mortality in a similar fashion to catheter-
based coronary angiography,8 and progression of calcification is associated 
with a mildly increased risk of subsequent events after adjusting for other risk 
factors.9 In asymptomatic patients, however, CT angiography does not improve 
risk stratification over calcium scoring.

Other Cardiac Applications
The same data acquired by coronary CT angiography can be reformatted and 
used for functional cardiac imaging, including measurement of LV volumes, 
ejection fraction, wall thickness, and global and segmental wall motion. CT 
angiography can complement echocardiography to evaluate cardiac anatomy 
in patients with congenital heart disease. CT can evaluate pericardial thick-
ness and calcification in patients with suspected constrictive pericarditis 
(see Fig. 68-7) and can evaluate native and prosthetic valvular structures 
(E-Fig. 50-6) and cardiac masses when imaging with other modalities is  
inadequate.

CT angiography is often used to image the left atrium and pulmonary venous 
anatomy and to exclude left atrial thrombus prior to pulmonary vein ablation 
for atrial fibrillation (Chapter 60). CT is an important tool for peri-preprocedural 
planning in patients being considered for transcatheter aortic valve replace-
ment (Chapter 66).

 CARDIOVASCULAR MAGNETIC  
RESONANCE IMAGING

Indications, Contraindications, and Pulse Sequences
CMR is a versatile and flexible imaging modality that can be applied in diverse 
cardiovascular conditions using either 1.5- or 3-Tesla (T) scanners. Advantages 
of CMR include the lack of ionizing radiation, the variety of tissues that can 
be characterized, and the ability to image the heart in any arbitrary plane. 
Images typically are obtained using ECG gating and breath-hold techniques.

Although some metallic devices are contraindications to CMR, patients 
with newer pacemaker and defibrillator systems can be imaged by carefully 
following the manufacturer’s instructions. In addition, some non-pacemaker-
dependent patients with older pacemaker and defibrillator models can be 
scanned safely with close monitoring and testing, as well as reprogramming 
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E-FIGURE 50-4. Contrast-enhanced computed tomographic angiogram in a young 
patient with chest pain and an anomalous right coronary artery (RCA). The rCa origi-
nates with a slitlike origin from the left coronary cusp (arrow) and passes anteriorly 
between the aorta and right ventricular outflow tract. The left main coronary artery 
originates normally from the left cusp. 

E-FIGURE 50-5. Fractional flow reserve (FFR) data computed from a typical CT coro-
nary angiogram. a FFr value of ≥0.8 is considered normal. Thus the Lad demonstrates 
reduced FFr at 0.75 and therefore is considered to have a significant stenosis whereas 
the right and left circumflex coronary arteries do not. 

E-FIGURE 50-6. Three-dimensional reconstruction of a computed tomographic angio-
gram in a patient with a st. Jude’s mechanical mitral valve with a paravalvular leak that 
has been closed with four amplatzer devices. 
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unnecessary angiography within 12 months compared with routine clinical 
care but not compared with myocardial perfusion scintigraphy. A8  Coronary 
CT angiography has superior spatial resolution and accuracy compared with 
CMR for imaging of the coronary arteries, but CMR coronary imaging is 
useful for the diagnosis of anomalous coronary arteries.

CMR with late gadolinium enhancement is the gold standard technique 
for assessment of myocardial scar caused by myocardial infarction, with a 
better accuracy than nuclear imaging approaches, especially for smaller non–Q 
wave infarctions (Fig. 50-13). In acute myocardial infarction, CMR T2-weighted 
techniques can assess the myocardium at risk and estimate the amount of 
salvaged myocardium owing to reperfusion. Areas of low signal in the suben-
docardial core of the infarction represent regions of microvascular obstruction 
with severe capillary destruction and are a marker of subsequent adverse LV 
remodeling and poorer outcome. To assess myocardial viability in patients 
with chronic CHD, CMR with late gadolinium enhancement has the best 
sensitivity for recovery of function with revascularization, but low-dose dobu-
tamine contractile reserve has better specificity.

CARDIOMYOPATHIES
CMR is often used to identify the underlying etiology of cardiomyopathies 
(Chapter 54).11 In patients who present in acute heart failure or with chest 
pain, elevated troponin levels, but a negative coronary arteriogram, CMR is 
ideally suited to identify myocarditis (Chapter 54) (Fig. 50-14). In patients 
with hypertrophic cardiomyopathy (Chapter 54), CMR is more sensitive than 
echocardiography for identifying increased regional wall thickness and can 
demonstrate late gadolinium enhancement (Fig. 50-15), the extent of which 
correlates with the risk of sudden death. Cardiac amyloidosis (Chapters 54 
and 179) can be seen as diffuse subendocardial or patchy enhancement or 
simply difficulty in nulling normal myocardium. A noncontrast method, native 
T1 mapping can identify amyloidosis by measuring markedly elevated T1 
values in the myocardium. Patchy fibrosis is readily identified in cardiac sar-
coidosis (Chapters 54 and 89) (Fig. 50-16) and is more sensitive than endo-
myocardial biopsy. The finding of fibrosis by late gadolinium enhancement 
in almost any form of heart disease is associated with adverse prognosis com-
pared with those without fibrosis.

CMR is often used in the diagnosis of arrhythmogenic right ventricular 
cardiomyopathy (Fig. 50-17; Chapters 54 and 59), which is characterized 
by global RV dilation and regional RV akinesis or dyskinesis. Late gadolin-
ium enhancement sometimes may be seen but can be difficult to identify 
in the thin-walled right ventricle. Fat is a nonspecific finding. In iron over-
load conditions such as thalassemia (Chapter 153), multi-echo T1-weighted 
imaging of T2* can identify the extent of iron overload and can be used to 
follow effects of chelation therapy. Rarer causes of cardiomyopathy, such 
as ventricular noncompaction, Chagas disease (Chapters 54 and 326), and 
takotsubo cardiomyopathy (Chapter 54), also have characteristic CMR  
findings.

AORTIC DISEASE, PERICARDIAL DISEASE, AND MASSES
CMR is an excellent test to image aneurysms but is a second-line test to detect 
acute aortic dissection (see Fig. 69-5) or intraluminal aortic hematoma (see 
Fig. 69-6) in stable patients. CMR is also an excellent test for the evaluation 
of chronic pericardial disease (Fig. 50-18) because it accurately identifies 
pericardial thickness as well as adherence of the pericardium to the epicardium 
in constrictive pericarditis. Real-time imaging can demonstrate ventricular 
interdependence, a hallmark of this disease. CMR is also an ideal tool to diag-
nose intracardiac (Fig. 50-19) and extracardiac masses such as myxomas, 
thrombus, and tumors (Chapter 54), owing to its high spatial resolution and 
ability to perform tissue characterization.

CONGENITAL HEART DISEASE
CMR is useful for the assessment of both simple and complex congenital 
heart disease and is often used as an adjunct to echocardiography (Chapter 
61). For example, phase velocity CMR readily quantifies blood flow through 
the major blood vessels, thereby facilitating accurate assessment of the ratio 
of pulmonary to systemic blood flow in the presence of shunts. CMR is par-
ticularly valuable for assessing abnormalities of the great vessels, such as aortic 
coarctation (Fig. 50-20), extracardiac anatomy, or anomalous pulmonary 
venous drainage, and in patients with complex congenital heart disease who 
have undergone prior corrective or palliative shunt surgery, such as in tetralogy 
of Fallot or hypoplastic left heart syndrome. CMR is uniquely able to measure 
right ventricular volumes accurately, an often important determination in this 
setting.

FIGURE 50-11. Contrast-enhanced computed tomographic coronary angiogram of 
the left anterior descending artery (LAD) in a 54-year-old man who presented to an 
emergency department with risk factors but atypical chest pain. The mid Lad demon-
strates mixed obstructive plaque with calcified and noncalcified components. 

of the device after the procedure. CMR is safe for all prosthetic heart valves 
and intracoronary stents. Gadolinium-based contrast agents are contra-
indicated in patients with a glomerular filtration rate of less than 30 mL/
minute/1.83 m2, owing to their association with nephrogenic systemic fibrosis  
(Chapter 251).

A comprehensive CMR study includes evaluation of cardiac structure, func-
tion, tissue characteristics, perfusion, and scarring or fibrosis. CMR is highly 
accurate for the noninvasive quantitative assessment of LV and RV volumes 
and ejection fraction. The components of the examination are tailored to the 
particular diagnostic question at hand.

Specific Clinical Applications
CORONARY ARTERY DISEASE
For detection of myocardial ischemia, first-pass gadolinium perfusion imaging 
during vasodilator stress with adenosine or regadenoson shows defects, gener-
ally in the subendocardium, that persist for at least five heartbeats during the 
first pass of contrast in patients with CHD (Fig. 50-12). CMR without gado-
linium can also distinguish epicardial from microvascular coronary disease.10 
Imaging is often repeated at rest after approximately 10 minutes to be sure 
any defect seen with stress was not either artifactual or caused by an infarct 
(the latter is excluded in combination with late gadolinium enhancement). 
CMR stress testing is more accurate than SPECT and is a strong predictor of 
cardiac events and survival. In patients with suspected angina, CMR can reduce 
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FIGURE 50-13. Late gadolinium-enhanced four-chamber long axis image in a patient 
with a scar (arrow) from a prior anterior myocardial infarction. 

FIGURE 50-14. gadolinium-enhanced image in a 22-year-old man shows patchy sub-
epicardial enhancement (arrows), characteristic of acute myocarditis. 

FIGURE 50-12. Set of first-pass gadolinium-enhanced magnetic resonance perfusion images during adenosine stress (top row) and at rest (bottom row) at the base (left), mid 
ventricle (center), and apex (right). The stress images demonstrate a large perfusion deficit in the anterolateral and inferolateral walls (from 1 o’clock to 7 o’clock), especially in the mid 
ventricle and apex, whereas the same regions appear normal at rest.
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FIGURE 50-15. Late gadolinium-enhanced magnetic resonance short axis image of a 
35-year-old man with hypertrophic cardiomyopathy demonstrates a classic pattern of 
enhancement, which identifies fibrosis (arrows), in the right ventricular insertion sites. 

FIGURE 50-16. Late gadolinium-enhanced magnetic resonance image in a 47-year-old 
man with heart failure, heart block, and hilar lymphadenopathy shows patchy late gado-
linium enhancement in a noncoronary distribution, including subepicardial anterior wall 
enhancement (upper arrow) and near transmural apical enhancement (lower arrow) con-
sistent with myocardial sarcoidosis. 

FIGURE 50-17. Magnetic resonance image in a 27-year-old woman with arrhythmo-
genic right ventricular cardiomyopathy demonstrates regional right ventricular (RV) 
systolic dysfunction, which is the hallmark of the disease. The arrow points to a region 
of rv dyskinesis at end systole, and the rv appears like an accordion at end systole. 

FIGURE 50-18. magnetic resonance image of a 35-year-old man with dyspnea many 
years after mantle radiation for Hodgkin lymphoma shows a thickened pericardium 
(arrows) circumferentially around the left and right ventricles. 

FIGURE 50-19. diastolic magnetic resonance image of a large left atrial myxoma (arrow) 
showing that it is attached to the atrial septum and is prolapsing across the mitral valve. 



FIGURE 50-20. Three-dimensional contrast-enhanced magnetic resonance angiogram 
in a patient with an aortic coarctation (arrow). 
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4. A 62-year-old white male presents with substernal chest discomfort that 
is “aching” in nature and occurs with mild exertion but also occasionally 
at rest. It seems to radiate to the throat and is relieved in a few minutes 
with rest. He has also noted some recent shortness of breath when walking 
up hills. He has a history of gastroesophageal reflux disease and a hiatal 
hernia. He has no history of hypertension, diabetes, or smoking. His BMI 
is 35, and his LDL cholesterol is 162 mg/dL. His father died suddenly of 
an unknown cause when he was 60 years old. He has been on a Mediter-
ranean diet for the past 2 months. On physical examination, his blood 
pressure is 130/80 and the remainder of his exam is unremarkable. The 
patient is referred by his physician for an exercise SPECT myocardial per-
fusion scan. He exercises to a workload of 6 METS and a peak heart rate 
representing 77% of his age-predicted maximum. He stopped because of 
dyspnea and some slight chest discomfort. His exercise ECG showed some 
ST segment flattening but no depression of more than 0.5 mm. These 
changes resolved in recovery. His myocardial perfusion scan showed no 
perfusion defects. The left ventricular cavity size appeared larger on the 
stress than on the rest images. There was diffuse hypokinesis, and the left 
ventricular ejection fraction was 42%. Which one of the following state-
ments is INCORRECT regarding this patient?
 A. His blood pressure does not need to be reduced further.
 B. He most likely has a nonischemic cardiomyopathy.
 C. He most likely has multivessel coronary artery disease.
 D. His diet has been shown to reduce the risk for developing coronary 

artery disease.
 E. According to guidelines, he should be started on statin therapy.

Answer: B He does not have a nonischemic cardiomyopathy. His SPECT 
scan shows transient ischemic cavity dilation of the left ventricle in association 
with diffuse left ventricular hypokinesis. The reason he has no perfusion defects 
is because of balanced ischemia in the supply regions of all 3 major coronary 
vessels. No focal defects will be observed if the reduction in perfusion is rather 
homogeneous in the myocardium. He has an intermediate-high pretest likeli-
hood of coronary disease by clinical criteria. His blood pressure is adequately 
controlled. Diets such as the Mediterranean diet have been shown to reduce 
the risk of coronary disease. Due to the high likelihood of coronary disease, 
he should be started on statin therapy and is a good candidate for coronary 
arteriography because of likely multivessel disease with a reduced ejection 
fraction.

5. Cardiomyopathies that can be identified and characterized by cardiac mag-
netic resonance CMR with late gadolinium enhancement include all except:
 A. Amyloidosis
 B. Sarciodosis
 C. Hemochromatosis
 D. Myocarditis

Answer: C Iron overload diseases of the myocardium are identified by T2* 
imaging with a T2* value of less than 20 defining iron deposition in the heart. 
A T2* less than 10 generally is associated with LV dysfunction and clinical 
heart failure. Amyloidosis can be identified by either very elevated native T1 
values or by difficult nulling of the myocardium post-contrast or by charac-
teristic LGE findings with diffuse subendocardial enhancement. Focal regions 
of LGE in a noncoronary distribution are characteristic of cardiac sarcoidosis. 
Myocarditis can be identified by identification of myocardial edema/inflam-
mation using T1 or T2 mapping and by characteristic subepicardial or midwall 
LGE in patients with the appropriate clinical presentation.

REVIEW QUESTIONS

1. Which statement regarding the evaluation of the heart on chest radiography 
is correct?
 A. The main value of a chest radiograph is the ability to diagnose congenital 

cardiac disorders owing to a large number of disease-specific imaging 
signs.

 B. Since the advent of echocardiography, the chest radiograph no longer 
plays a role in the evaluation of the patient with cardiac disease.

 C. The chest radiograph is useful to monitor the progression of cardiac 
disease and its response to treatment.

 D. The chest radiograph is an accurate imaging modality to assess the exact 
position of an implanted device.

 E. All of the above
Answer: C Although echocardiography and the other cross-sectional imaging 
modalities have replaced chest radiography for the diagnosis of most cardiac 
diseases, the value of chest radiography is its ability to monitor the progression 
of cardiac disease and its response to treatment rapidly and inexpensively. The 
diagnosis of congenital cardiac disorders is made with echocardiography, 
cardiac catheterization, and cardiac magnetic resonance imaging and computed 
tomography. Despite the ready availability of echocardiography, the chest 
radiograph is valuable for rapid evaluation of changes in heart size and pul-
monary vascularity, as well as signs of heart failure. The radiograph shows the 
position of a device on a two-dimensional image, but assessment of the exact 
position may require cross-sectional imaging.

2. Which of the following groups of patients are good candidates for coronary 
artery calcium scoring?
 A. After coronary artery bypass surgery
 B. After coronary stenting
 C High-risk Framingham score
 D. Intermediate risk Framingham score
 E. Low-risk Framingham score

Answer: D In patients at intermediate risk, knowing the coronary artery 
calcium score might change management in terms of aggressive lipid lowering. 
High-risk patients should already be receiving aggressive therapy, and no 
additional therapy is needed in low-risk patients. In patients with previously 
revascularized coronary artery disease (coronary artery bypass surgery or 
stenting), calcium scoring is not useful as a risk stratification tool.

3. Coronary computed tomographic angiography (CTA) is useful for the 
following indication:
 A. Evaluating native vessels in post-CABG patients
 B. Evaluating in-stent restenosis
 C. Screening asymptomatic patients with strong family histories of CHD
 D. Evaluating low-to-intermediate risk patients in the emergency 

department
 E. All of the above

Answer: D Randomized trials have demonstrated the utility of CTA compared 
with standard evaluation in the emergency department. Native vessels are 
difficult to image post-CABG because they tend to shrink and calcify. Imaging 
within stents remains a challenge. Coronary CTA is not appropriate as a screen-
ing test in asymptomatic individuals.
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51 
CATHETERIZATION AND ANGIOGRAPHY
MORTON J. KERN AND AJAY J. KIRTANE

Cardiac catheterization is the insertion and passage of small plastic tubes 
(catheters) into arteries and veins of the heart to obtain radiographic images 
of the coronary vasculature and cardiac chambers (angiography and ventricu-
lography) and to measure pressures in the heart (hemodynamics). Coronary 
angiography, which is performed by selective injections into the epicardial 
coronary arteries, can define their morphology as well as the site and severity 

of (typically atherosclerotic) coronary artery lesions. Coronary angiography 
can also identify anomalous coronary vasculature as well as any visible col-
lateral blood supply beyond occluded vessel segments. Cardiac catheterization 
is used not only to diagnose coronary artery, valvular (Chapter 66), and myo-
cardial diseases (Chapter 54) but also to perform therapeutic (interventional) 
procedures to relieve obstructing arterial stenoses (Chapter 65), to open or 
replace narrowed valves, or to close intracardiac defects (Chapter 61) through 
catheter-based, minimally invasive percutaneous techniques (E-Table 51-1). 
Many of the same diagnostic and therapeutic techniques are also used in the 
peripheral arterial circulation in a modified fashion to address carotid, renal, 
and peripheral vascular disease (Chapters 71 and 72), aortic aneurysms (Chapter 
69), and vascular shunts (Table 51-1).

 INDICATIONS FOR AND CONTRAINDICATIONS 
TO CARDIAC CATHETERIZATION

The indications to perform cardiac catheterization include the need to diagnose 
coronary artery disease, abnormalities of cardiac muscle function (cardiomy-
opathies), valvular abnormalities, and congenital heart disease (Table 51-2). 
Contraindications to cardiac catheterization are few, although it is always 
important to remember that cardiac catheterization is an invasive procedure 
and that there are noninvasive alternatives to diagnose coronary and valvular 
heart disease. Absolute contraindications involve only inadequate facilities or 
equipment for catheterization. Relative contraindications depend on the 
urgency of the procedure and clinical conditions.

 THE CATHETERIZATION PROCEDURE
After the procedure and its indications, risks, and benefits are explained to 
the patient and informed consent is obtained, the patient is placed on the 
cardiac catheterization table and centered under the C-arm of the radiographic 
gantry (E-Fig. 51-1). Following an appropriate procedural safety “time-out,” 
sterile preparations and draping are completed. Vascular access is performed 
using local anesthetic administered over the vascular access site—preferably 
the radial artery or alternatively the femoral artery. Compared with femoral 
access, radial artery access is associated with less access site bleeding and 
better outcomes in patients with ST segment elevation myocardial infarction 
and acute coronary syndromes. A1  The artery is punctured, and a vascular sheath 
is inserted, through which the angiographic catheter is advanced over a soft 
spring-tipped 0.035-inch guidewire that permits safe, atraumatic passage of 
the catheter to the heart. Specially shaped catheters are positioned in the 
coronary artery ostium and connected to a manifold to measure pressure and 
to inject radiographic contrast media for coronary arteriography and left ven-
triculography (as indicated). In addition, hemodynamic data are typically 
acquired to assist in the evaluation of cardiac function under resting conditions 
(or in some cases following stationary exercise). Following diagnostic coronary 
angiography, percutaneous coronary intervention (Chapter 65) may be under-
taken in appropriate individuals.

At the conclusion of the catheterization procedure, the catheters are removed, 
and hemostasis of the puncture site initiated. For the radial approach, the 
arterial sheath is removed with the application of a specialized compression 
wrist band; the patient can ambulate immediately thereafter and may be dis-
charged 2 to 4 hours after the procedure. For the femoral artery, hemostasis 
is achieved either by manual compression, which requires the patient to remain 
stationary in bed for 4 hours, or by use of a vascular closure device while the 
patient remains in bed for 1 to 2 hours; patients are usually discharged after 
4 to 6 hours of recovery.

 CORONARY ANGIOGRAPHY
Coronary arteriography records the images of the contrast-filled coronary 
arteries from multiple angles using a rotating C-arm radiographic system. The 
images are displayed and preserved on digital imaging systems. For the two-
dimensional radiographic images to depict the three-dimensional coronary 
tree, multiple angulations of the radiographic imaging system are required (Fig. 
51-1). Coronary angiography documents the course of the coronary arteries 
(including anomalous origins and branches) and evaluates other attributes of 
their lumens. Angiography can identify not only the presence and location of 
stenoses but also proximity to major and minor side branches, luminal abnor-
malities (e.g., thrombi), areas of calcification, and collateral supply, which will 
influence the decision and techniques used for revascularization.

 Assessment of Coronary Stenoses
The degree of a stenosis is most often reported as the visually estimated per-
centage of luminal diameter reduction of the most severely narrowed segment 
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ABSTRACT
Cardiac catheterization has evolved from simple angiography to complex 
therapeutic interventions. The procedure is integral to the care and correct 
diagnosis of cardiovascular disease. An introduction to the procedure, its 
indications, risks, complications, and benefits is provided in this chapter.
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E-TABLE 51-1 PROCEDURES PERFORMED IN CURRENT DAY 
CARDIAC CATHETERIZATION LABORATORIES

Diagnostic cardiac catheterization (right and/or left heart catheterization, including 
drug studies)

Coronary angiography
Coronary intervention including stents
Coronary intravascular imaging and translesional hemodynamic assessment
Coronary atherectomy (rotational, orbital, laser)
Endomyocardial biopsy
Insertion of an intra-aortic balloon pump
Insertion of percutaneous ventricular assist devices
Pericardiocentesis
Alcohol septal ablation
Transseptal puncture
Balloon valvuloplasty
Percutaneous valve repair/replacement (tricuspid, pulmonic, mitral, aortic)
Percutaneous treatment of large-bore access complications (balloon occlusion, 

covered stenting of iliofemoral vessels)
Closure of a patient foramen ovale
Treatment of congenital heart defects (atrial septal defect, patent ductus arteriosus, 

coarctation, post-congenital surgery procedures)
Implantation of intra-atrial shunt devices
Closure of a left atrial appendage
Implantation of pulmonary artery pressure sensor (for remote hemodynamic 

monitoring)
Peripheral angiography/peripheral intervention (subclavian, lower extremity: iliac, 

femoral, popliteal, tibial)
Cerebral angiography and intervention
Carotid angiography and interventions (stenting)
Venous thrombectomy/intravascular thrombolysis/vena cava filter
Renal angiography and intervention
Repair of an abdominal or thoracic aortic aneurysm
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E-FIGURE 51-1. Modern cardiac catheterization laboratory. (1) anteroposterior imaging gantry. the image intensifier is above the patient and the x-ray tube below. (2) Lateral 
imaging gantry with the x-ray system to the patient’s right and (3) the lateral plane imaging intensifier on the patient’s left side. (4) Catheterization laboratory table pad position for 
patient’s head. (5) power injector for radiographic contrast material. (6) angiographic and hemodynamic monitor bank. (7) Crash cart. (8) pressure transducer holders. (9) Control panel 
for intravascular imaging system and display. (10) Control panel for x-ray images. (11) table controls for movement of x-ray system. (12) Under-table lead shield. (13) Foot pedal controls 
for fluoroscopy and cineangiography imaging. 
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(e.g., hyperemia induced by adenosine). The ratio of coronary to aortic pres-
sure measured at maximal flow, called the fractional flow reserve, represents 
the percentage of normal flow across the stenosis.1 Stable lesions with fractional 
flow reserve values higher than 0.80 are considered nonischemic and typically 
do not require revascularization. Conversely, a percutaneous coronary inter-
vention (PCI) may be justified for a lesion with a fractional flow reserve lower 
than 0.80 in the appropriate clinical scenario. During the performance of PCI, 
the lesion’s length, true diameter, eccentricity, and degree of calcification can 
be determined by intravascular ultrasound with catheter-based imaging or 
with reflected light by optical coherence tomography (E-Fig. 51-2). However, 
neither intravascular ultrasound nor optical coherence tomography can sub-
stitute for a calculated determination of the severity of a stenosis by fractional 
flow reserve. Interventions (Chapter 65) based on fractional flow reserve can 
improve the outcome of stable coronary disease A2  and can improve decisions 
regarding the approach to non-culprit lesions for patients with non-ST eleva-
tion myocardial infarction. A3  Alternative resting (nonhyperemic) physiologic 
measurements are under study.

The degree of collateralization detected on angiography is also important. 
For example, stable coronary artery disease patients with a high degree of 
collateral vessels have about 35% lower mortality compared with patients with 
low collateralization.

 Coronary Artery Anomalies
Coronary artery anomalies may be present in patients with chest pain syn-
dromes or in young individuals who have survived sudden death. The angio-
graphic appearance of coronary anomalies is not always straightforward, and 
computed tomographic angiography (Chapter 50) has become the diagnostic 
modality best suited to delineate the origin and course of the anomaly (Fig. 
51-3). Nonetheless, coronary anomalies are sometimes first recognized on 
invasive coronary angiography.

 Left Ventriculography
Assessment of the left ventricle (LV) can be an integral part of a cardiac cath-
eterization procedure, although it is increasingly being supplanted by nonin-
vasive assessments of ventricular function (e.g., echocardiography and cardiac 
magnetic resonance imaging). A specialized ventriculography catheter that 
allows for injection of radiocontrast dye through multiple holes within the 
catheter is inserted into the left ventricle. After LV pressure is measured, ven-
triculography is performed by injecting radiographic contrast medium (approxi-
mately 25 to 45 mL) under high pressure (1000 psi) to acquire images of LV 
wall motion (Fig. 51-4), chamber size, presence of mitral valve regurgitation, 

compared with the adjacent angiographically “normal” or unobstructed vessel 
segment, as seen in the radiographic projection in which it is most severe (Fig. 
51-2). Because the operator traditionally uses an estimation of stenosis sever-
ity, variations of 20% between readings of two or more experienced angiog-
raphers are typical. Especially for stenoses in the 40 to 90% range, the severity 
of a stenosis alone should not always be assumed to predict the degree of 
abnormal physiology (flow) and resultant ischemia. Moreover, because coro-
nary artery disease is a diffuse process, minimal luminal irregularities on 
angiography may represent significant, albeit nonobstructive, coronary artery 
disease.

The precise physiologic impact or morphologic detail of specific stenoses 
can be assessed more reproducibly with specialized catheters and sensor-tipped 
guidewires. For example, intermediately severe lesions (40 to 90% narrowed) 
without prior evidence of ischemia can be assessed with a pressure sensor 
guidewire to measure the translesional pressure during maximal blood flow 

Modified from Kern MJ, ed. The Interventional Cardiac Catheterization Handbook. 3rd ed. 
Philadelphia: Elsevier; 2012.

TABLE 51-1 PROCEDURES THAT MAY ACCOMPANY 
CORONARY ANGIOGRAPHY

PROCEDURE COMMENTS
Central venous access: femoral, 

antecubital, internal jugular, 
subclavian

Uses IV access for emergency medications 
or fluids, temporary pacemaker; 
pacemaker not mandatory for most 
coronary angiography

Hemodynamic assessment, left-sided 
heart pressures, aorta, and left 
ventricle

Routine for all studies

Right- and left-sided heart combined 
pressures

Not routine for coronary artery disease but 
mandatory for valvular heart disease 
and routine for heart failure, right 
ventricular dysfunction, pericardial 
disease, cardiomyopathy, intracardiac 
shunts, and congenital abnormalities

Left ventriculography Routine for all studies; may be excluded 
with high-risk patients and those with 
left main coronary or aortic stenosis, 
severe congestive heart failure, or renal 
failure

Internal mammary and saphenous vein 
graft angiography

Routine for coronary bypass conduits

Pharmacologic studies:
Assessment of coronary spasm (use 

of ergonovine or acetylcholine 
conducted in specialized centers 
for research only)

Use of vasodilators

Conducted routinely for coronary 
angiography with nitroglycerin (for 
coronary spasm)

Nitric oxide used for pulmonary 
hypertension

Aortography Routine for aortic insufficiency, aortic 
dissection, and aneurysm and may be 
performed in patients with aortic 
stenosis; routine to locate bypass graft 
conduits not visualized by selective 
angiography

Cardiac pacing electrophysiologic 
studies

Arrhythmia evaluation

Interventional and special techniques Percutaneous coronary intervention: 
includes balloon angioplasty, bare metal 
or drug-eluting stent, and rotational 
coronary atherectomy

 Intravascular ultrasound imaging and 
measurement of fractional flow reserve 
to assess the functional severity of a 
coronary stenosis

Balloon catheter valvuloplasty; 
transcatheter aortic valve replacement; 
myocardial biopsy; atrial septal defect 
or patent foramen ovale defect closure; 
transseptal puncture to assess valvular 
heart disease; electrophysiologic 
catheter ablation

Vascular closure devices Routinely available for patients prone to 
femoral artery access bleeding

TABLE 51-2 INDICATIONS FOR AND CONTRAINDICATIONS 
TO CARDIAC CATHETERIZATION

INDICATIONS

Identification of the extent and severity of coronary artery disease and evaluation of 
left ventricular function

Assessment of the severity of valvular or myocardial disorders, such as aortic stenosis 
or insufficiency, mitral stenosis or insufficiency, and various cardiomyopathies, to 
determine the need for surgical correction

Collection of data to confirm and to complement noninvasive studies
Determination of the presence of coronary artery disease in patients with confusing 

clinical presentations or chest pain of uncertain origin
ABSOLUTE CONTRAINDICATIONS

Inadequate facilities
Patient refusal
RELATIVE CONTRAINDICATIONS

Severe uncontrolled hypertension
Ventricular arrhythmias
Recent acute stroke
Severe anemia
Active gastrointestinal bleeding
Allergy to radiographic contrast agents
Acute renal failure
Uncompensated congestive failure (patient cannot lie flat)
Unexplained febrile illness or untreated active infection
Electrolyte abnormalities (e.g., hypokalemia)
Severe coagulopathy
Pregnancy
Uncontrolled arrhythmias, hypertension
Uncooperative patient or patient refusal
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E-FIGURE 51-2. Cross-sectional image within a coronary artery by optical coherence tomography (left) and intravascular ultrasound (right). 
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FIGURE 51-1. Coronary vessels. the right anterior oblique (A) and left anterior oblique (B) views are shown. the major arteries are the left main, left anterior descending, circumflex, 
and right coronary arteries. aV = atrioventricular; Sa = sinoatrial. (Modified from yang SS, Bentivoglio Lg, Maranhao V, et al, eds. From Cardiac Catheterization Data to Hemodynamic 
Parameters. philadelphia: oxford University press; 1988.)

FIGURE 51-2. Example of a significant stenosis (arrow) in the right coronary artery. 

FIGURE 51-3. Frame from a computed tomographic angiographic study showing the 
origin of the left main coronary artery arising from the right sinus of Valsalva and 
coursing anteriorly between the aorta and pulmonary artery. 

and shape of the aortic root. The normal pattern of LV contraction is a coor-
dinated, uniform, almost concentric inward motion of all points along the 
ventricular inner surface during systole. Uncoordinated contractions are named 
according to their severity (e.g., moderate or severe hypokinesis, akinesis, and 
aneurysm-dyskinesis). Focal abnormal wall motion indicates the presence of 
ischemia, infarction, or aneurysm. The LV ejection fraction is computed as a 
percentage of the diastolic volume ejected (normal is 50 to 70%).

 Percutaneous Coronary Interventions Following the Catheterization Procedure
After diagnostic coronary angiography is completed, the need for coronary 
revascularization (Chapter 65) is assessed. If suitable symptomatic coronary 
artery obstructions are present, percutaneous coronary intervention (PCI) 
may be performed at the same time provided the decision was discussed with 
the patient and consented to in advance. Alternatively, the patient may be 
referred for escalation (or de-escalation) of medical therapy, or for discussions 
regarding coronary artery bypass graft surgery or even PCI at a later date.

 COMPLICATIONS OF CARDIAC 
CATHETERIZATION

For diagnostic cardiac catheterization, risks are less than 0.2% for death, less 
than 0.5% for myocardial infarction, less than 0.07% for stroke, less than 0.5% 
for serious arrhythmia, and less than 1% for major vascular complications, 
including thrombosis, cholesterol embolization (Chapter 116),2 and bleeding 
requiring transfusion or pseudoaneurysm (Table 51-3).3 Vascular complica-
tions occur more frequently with the femoral artery approach than with the 
radial artery approach. The brachial artery approach, which is used only when 
neither femoral nor radial access is possible, has the highest rate of vascular 
complications, and the radial artery has the lowest.

Patients are not routinely anticoagulated for a diagnostic catheterization. For 
the radial approach, preexisting anticoagulation can typically be maintained 
without interruption. For patients who are taking either warfarin or novel oral 
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anticoagulants and undergoing catheterization via the femoral approach, the 
catheterization can be performed without interruption of anticoagulation; 
however, the bleeding risk will typically be greater, so anticoagulation often 
is interrupted for two or three days before the procedure. For a patient taking 
warfarin after a mechanical valve replacement, the warfarin would be withheld 
for about 3 days before the catheterization, the international normalized ratio 
should be monitored, and the patient might be administered bridging heparin 
to the time of the procedure; warfarin would be restarted after the procedure.

For elective catheterizations in patients with insulin-dependent diabetes, 
half of the usual morning dose of insulin generally is given the morning of 
the procedure to provide reasonable diabetic coverage and to avoid hypo-
glycemia. Metformin should be withheld before the study to prevent the 
occurrence of lactic acidosis should the patient have contrast-induced acute 
kidney injury following catheterization. Medications for hypertension and 
other medical conditions are typically continued up to and including the 
morning of the procedure.

Contrast-induced nephropathy, which generally becomes clinically apparent 
2 to 3 days after the catheterization, is uncommon.4 Patients with diabetes or 
renal insufficiency and patients who are dehydrated from any cause are at a 
three- to five-fold increased risk for contrast-induced acute kidney injury. For 
patients with renal insufficiency and those at high risk for contrast-induced 
renal failure because of diabetes or dehydration, hydration with sodium chloride 
can be used to increase urine output, A4  although recent data raise questions 
about its utility in current care in which patients are otherwise kept well 
hydrated. A5  Treatment with N-acetylcysteine (Mucomyst) or sodium bicar-
bonate is of no incremental value and is not routinely recommended to prevent 
contrast nephropathy. A6 

,
 A7  Preprocedural administration of an oral statin (e.g., 

rosuvastatin, either 40 mg on admission followed by 20 mg per day for patients 
with an acute coronary syndrome or 10 mg for two days before and three 
days afterward for patients with diabetes and chronic kidney disease) can 
reduce the risk of acute kidney injury by about 50%. A8 

Contrast media adverse reactions are rare, with an overall incidence of 5% 
or less, but potentially serious. Adverse reactions occur in 10 to 12% of patients 
with a history of allergy and in 15% of patients with reported reaction on a 
previous contrast radiographic examination. There are three types of allergies 
to contrast media: cutaneous and mucosal manifestations, smooth muscle 
and minor anaphylactoid responses, and cardiovascular and major anaphy-
lactoid responses involving laryngeal or pulmonary edema. Pretreatment with 
corticosteroids is helpful in reducing all types of reactions except urticaria. 
Patients reporting previous allergic reactions to contrast media should be 
premedicated with prednisone (60 mg orally the evening before and morning 
of the procedure) and diphenhydramine (25 to 50 mg orally the morning of 
the procedure). Patients with known prior anaphylactoid reactions should be 
pretreated with steroids in the same dose. Routine treatment with a histamine2-
receptor blocker (e.g., cimetidine) does not appear to have any benefit.

Hypotension during and after cardiac catheterization may occur from a 
vasovagal response, occult retroperitoneal bleeding, myocardial ischemia or 
infarction, or cardiac tamponade. Vasovagal hypotension is treated with volume 
and atropine (0.5 to 1.0 mg intravenously). Hypotension with back pain sug-
gests retroperitoneal bleeding and hematoma. Hypotension due to cardiac 
tamponade, which may occur during or after PCI or other cardiac interven-
tions, requires rapid diagnosis, urgent pericardiocentesis, and treatment of 
the underlying condition (e.g., a coronary perforation) (Chapter 68).

Pulmonary congestion may develop in patients with marginal LV function 
or critical valvular heart disease. Congestion compromising respiratory and 
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FIGURE 51-4. Example of left ventriculography. the ventricular contour is seen in diastole (left) and in systole (right). 

TABLE 51-3 COMPLICATIONS OF CARDIAC 
CATHETERIZATION

MAJOR COMPLICATIONS

Death
Cerebrovascular accident
Myocardial infarction, shock
Ventricular tachycardia or fibrillation
RARE BUT SERIOUS COMPLICATIONS

Aortic dissection
Cardiac perforation
Tamponade
Heart failure
Reaction to contrast agents, anaphylaxis
Nephrotoxicity
Arrhythmias, including heart block, asystole, supraventricular tachyarrhythmias
Hemorrhage, including local or retroperitoneal
Infection
Protamine reaction
Vascular complications, including thrombosis, embolus, vascular injury, 

pseudoaneurysm
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 Electrophysiologic Studies and Ablation Techniques
An electrophysiologic study (EPS) is an invasive procedure that involves the 
placement of multipolar catheter electrodes at various intracardiac sites (Chapter 
56). The general purposes of an EPS are to characterize the electrophysiologic 
properties of the conduction system, to induce and analyze the mechanism 
of arrhythmias, and to evaluate the effects of therapeutic interventions. Elec-
trode catheters are routinely placed in the right atrium, across the tricuspid 
valve annulus in the area of the atrioventricular node and His bundle, in the 
right ventricle, in the coronary sinus, and sometimes in the left ventricle. EPS 
is routinely used in the clinical management of patients who have supraven-
tricular and ventricular arrhythmias (Chapters 58 and 59). These studies can 
also be used as the basis for therapeutic ablation procedures for symptomatic 
and/or malignant arrhythmias.

 STRUCTURAL HEART DISEASE INTERVENTIONS
 Transseptal Heart Catheterization
Transseptal access by use of a long catheter with a needle to puncture the thin 
atrial septal membrane at the fossa ovalis permits placement of a catheter into 
the left atrium and then the left ventricle. Transseptal puncture is an established 
technique used to acquire precise, high-quality hemodynamic data for patients 
with aortic stenosis, mitral valve disease (both stenosis and regurgitation), 
and hypertrophic cardiomyopathy (outflow tract obstructive gradient) and 
to provide access for mitral valvuloplasty techniques (Chapter 66). Transseptal 
punctures also are used for transcatheter mitral valve interventions and the 
closure of a left atrial appendage. The risks of transseptal catheterization—
which include punctures of the aortic root, the coronary sinus, or the posterior 
free wall of the atrium—are potentially lethal problems.

 Endomyocardial Biopsy
Endomyocardial biopsy procedures use venous access from the internal jugular 
vein or femoral vein to insert a flexible metal bioptome to obtain four to six 
1-μL pieces of right ventricular myocardium. There are two definitive indica-
tions for endomyocardial biopsy: monitoring for cardiac transplant rejection 
(Chapter 53) and detection of anthracycline cardiotoxicity (Chapter 54). 
Other indications in selected patients include diagnosis of cardiomyopathy 
and myocarditis and differentiation between restrictive and constrictive 
cardiomyopathies.

 Other Procedures
Pericardiocentesis (Chapter 68) and PCI (Chapter 65) are performed in the 
catheterization laboratory for specific indications. Other procedures include 

hemodynamic function is an emergency treated with oxygen, diuretics, nitro-
glycerin, inotropic agents, intubation, and LV mechanical support (e.g., an 
intra-aortic balloon pump, percutaneous left ventricular assist device, or extra-
corporeal membrane oxygenation) as indicated (Chapter 99).

Chest pain during coronary angiography is unusual, but myocardial ischemia 
with pain and ST segment changes may occur during PCI (Chapter 65). Treat-
ment with nitroglycerin, heparin, and antiplatelet medications usually controls 
myocardial ischemia before revascularization (Chapter 63). Minor arrhythmias 
(e.g., atrial or ventricular premature beats, brief episodes of supraventricular 
tachycardia) are common and usually resolve without treatment. Ventricular 
tachycardia or fibrillation is a rare occurrence but requires prompt defibrilla-
tion (Chapter 57).

 HEMODYNAMIC DATA OBTAINED DURING 
CARDIAC CATHETERIZATION

Hemodynamic data are the recordings of the pressure and flow signals gener-
ated by the heart during the catheterization procedure. A pressure wave is 
created by cardiac muscle contraction and is transmitted through the arterial 
circuit. The pressure waves are measured by the fluid-filled catheters with a 
pressure transducer, which converts the mechanical pressure to an electrical 
signal that is displayed on a video monitor.

Simultaneous pressure measurements across the heart valves are often used 
to diagnose valve function (stenosis or regurgitation). In addition to pressure 
measurements, hemodynamic data also include analysis of multiple blood 
oxygen saturations sampled throughout the right and left sides of the heart to 
identify possible intracardiac shunting. Cardiac output is commonly measured 
by either the thermodilution or Fick technique.5 Hemodynamic data (Table 
47-1) permit calculation of vascular and pulmonary resistances and cardiac 
valve areas. Complete hemodynamic data requiring catheterization of the right 
and left sides of the heart are indicated to evaluate dyspnea of any cause; to 
confirm echocardiographic findings when data are not concordant with clinical 
or other testing results; and to determine the status of valvular heart disease, 
cardiomyopathy, and constrictive or restrictive cardiac physiology.

Complications of right-sided heart catheterization are rare. The most common 
problem is transient arrhythmia resulting from mechanical stimulation by the 
catheter as it passes through the right ventricular outflow tract. In patients 
with left bundle branch block, a temporary pacemaker may be needed if right 
bundle branch block occurs during right-sided heart catheterization.

 Examples of Hemodynamics for Valvular Heart Disease
The severity of a valvular stenosis is based on the pressure gradient and flow 
across the valve. In patients with suspected aortic stenosis, a transvalvular 
pressure gradient should be obtained whenever there is conflicting clinical or 
echocardiographic data (E-Fig. 51-3 and Fig. 51-5). The normal aortic valve 
area is 2.5 to 3.5 cm2 in adults. Severe aortic valve stenosis is associated with 
valve areas smaller than 1.0 cm2.

In patients with mitral stenosis, the valve gradient often is measured with 
the LV and pulmonary capillary wedge pressures (E-Fig 51-4). The normal 
mitral valve area is 4 to 6 cm2. Valve areas smaller than 1.0 to 1.2 cm2 are 
considered severe mitral stenosis.

In patients with mitral regurgitation, the hemodynamics often show a char-
acteristic large v wave on the pulmonary capillary wedge tracing (E-Fig. 51-5). 
During left ventriculography, the angiographic grading of mitral regurgitation 
is on a semiquantitative severity scale of 1 to 4 based on the amount of contrast 
material seen passing backward from the left ventricle through the incompetent 
mitral valve into the left atrium. Grade 1 angiographic mitral regurgitation 
demonstrates a brief puff of contrast material filling the left atrium and empty-
ing immediately; grade 2 shows contrast material filling the left atrium on 
three beats with moderate density; grade 3 shows contrast material filling 
immediately and moderate density persisting for two or three beats; and grade 
4 shows contrast material filling the entire left atrium, often including the 
appendage, with a density equal to that of the left ventricle for several beats 
after injection.

 ADDITIONAL PROCEDURES PERFORMED IN THE 
CATHETERIZATION LABORATORY

 Noncardiac Angiography
Other cardiovascular angiographic studies that may accompany coronary 
angiography and left ventriculography include aortography (Chapter 69), 
pulmonary angiography (Chapter 74), and peripheral vascular angiography 
of aorta, great vessels (including carotid arteries), iliac and lower extremity 
arteries (Chapters 71 and 72) or renal arteries (Chapter 116).

FIGURE 51-5. Hemodynamics of aortic stenosis. aortic (ao) and left ventricular (LV) 
pressure in patient with aortic stenosis measured with single dual-lumen catheter. d = 
earliest point of diastolic LV pressure; edp = end-diastolic pressure; S = peak LV pressure 
(systole). 
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E-FIGURE 51-3. Normal left ventricular (LV) and aortic (Ao) pressures measured with 
a high-fidelity dual-transducer catheter. 

E-FIGURE 51-4. Mitral stenosis. the difference between the pulmonary capillary  
wedge (pCW, left panel, with left atrial, right panel) pressure and the left ventricular (LV) 
pressure during diastole defines the gradient (shaded area) in mitral valve stenosis. Left 
atrial pressure is more accurate than pCW pressure to measure the gradient in mitral 
stenosis. 

E-FIGURE 51-5. Hemodynamic tracings in a patient with mitral regurgitation characterized by giant v wave in the left atrial pressure. giant v wave of severe mitral regurgitation 
seen on left atrial (La) pressure tracing (blue) compared with left ventricular (LV) pressure tracing (red) on a scale of 0 to 40 mm hg. 
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4. Which of the following is an absolute contraindication to cardiac 
catheterization?
 A. Ventricular tachycardia
 B. Sepsis
 C. Inadequate imaging equipment
 D. Uncontrolled hypertension
 E. Creatinine concentration of 2.4 mg/dL

Answer: C Absolute contraindications to catheterization include inadequate 
facilities and patient refusal. Relative contraindications include severe uncon-
trolled hypertension, ventricular arrhythmias, recent acute stroke, severe anemia, 
active gastrointestinal bleeding, allergy to radiographic contrast material, acute 
renal failure, uncompensated heart failure such that the patient cannot lie flat, 
unexplained febrile illness or untreated active infection, electrolyte abnormali-
ties (e.g., hypokalemia), severe coagulopathy, pregnancy, uncontrolled arrhyth-
mias or hypertension, and an uncooperative patient.

5. Which of the following coronary anomalies is associated with sudden death?
 A. A right coronary artery originating from the left coronary sinus
 B. A right coronary artery originating from the anterior coronary cusp
 C. A left coronary artery that originates from the right coronary cusp and 

traverses between the aorta and pulmonary artery
 D. A circumflex coronary artery that arises from the right coronary cusp 

and traverses between the aorta and pulmonary artery
 E. A circumflex coronary artery that arises from the right coronary cusp 

and traverses behind the aorta
Answer: C The most critical coronary anomaly is when the left main coronary 
artery arises from the right cusp and traverses a course between the aorta and 
pulmonary artery. The artery’s initial course through the aortic wall creates a 
narrow oval opening; when the aorta stretches during exercise, coronary blood 
flow is limited.

REVIEW QUESTIONS

1. Which of the following patients is suitable for cardiac catheterization?
 A. A 60-year-old man with atypical chest discomfort, no risk factors for 

coronary artery disease, a negative stress test result, and relief of symp-
toms with famotidine

 B. A 67-year-old man with prior coronary artery bypass surgery who is 
asymptomatic and fully active and now wants to buy new life insurance

 C. A 39-year-old woman with shortness of breath and a midsystolic click 
on physical examination

 D. A 41-year-old man with palpitations
 E. A 53-year-old man with palpitations, hypertension with β-blockers and 

aspirin, and reversible defect on stress perfusion imaging
Answer: E Indications for cardiac catheterization and coronary angiogra-
phy according to guidelines recommend invasive angiography for patients 
with objective evidence of myocardial ischemia after treatment with medical 
therapy. Patient A has no ischemia and likely has gastrointestinal symptoms. 
Patient B is asymptomatic and is not in need of angiography. Patient C needs 
an echocardiogram before consideration of invasive assessment. Patient D has 
palpitations of unknown cause and could be evaluated with an echocardiogram, 
ambulatory arrhythmia monitoring, or a stress test, but cardiac catheterization 
is not indicated unless an ischemic origin is demonstrated for his palpitations.

2. Which patient has the highest risk of complications of cardiac catheterization?
 A. An 82-year-old woman with hypertension
 B. A 76-year-old man with creatinine concentration of 1.7 mg/dL
 C. A 61-year-old woman with body mass index of 28
 D. A 58-year-old man with a heart murmur
 E. A 40-year-old woman with a history of syncope

Answer: B Cardiac catheterization requires administration of radiocontrast 
media, which can impair renal function. In patients with preexisting renal 
failure, worsening renal failure is likely. Measures to prevent contrast-induced 
renal failure include preprocedural hydration to increase urine output.

3. Which of the following conditions does not require a right-sided heart 
hemodynamic study?
 A. Left ventricular systolic failure
 B. Left ventricular diastolic failure
 C. Pericardial disease
 D. Aortic stenosis
 E. Severe three-vessel coronary artery disease

Answer: E Right-sided heart catheterization is not routine for coronary artery 
disease but is mandatory for valvular heart disease and routine for heart failure, 
right ventricular dysfunction, pericardial disease, cardiomyopathy, intracardiac 
shunts, and congenital abnormalities.
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52 
HEART FAILURE: PATHOPHYSIOLOGY 
AND DIAGNOSIS
JOSEPH G. ROGERS AND CHRISTOPHER M. O’CONNOR

 DEFINITION
Heart failure is a clinical syndrome that results when abnormalities in the 
structure and function of the myocardium impair cardiac output or decrease 
filling of the ventricles.1 Characteristic features of the heart failure syndrome 
include dyspnea, fatigue, impaired exercise performance, and edema. Conges-
tion is a common but not universal feature, so the term congestive heart failure 
is no longer used.

 EPIDEMIOLOGY
The lifetime risk of heart failure ranges between 20 to 45% depending upon 
age and race. The prevalence of heart failure continues to increase owing to 
improved long-term survival of patients with other forms of heart disease and 
its strong association with advancing age.2 More than 40% of people older 
than age 85 years have heart failure,3 and more than 8 million people in the 
United States will have heart failure by 2030. In the United States, heart failure 
is the leading cause of hospitalization in patients older than age 65 years, and 
once a patient is hospitalized for heart failure, the 30-day risk of rehospitaliza-
tion is 25%, with a 10% risk of 30-day postdischarge mortality. Although 
survival has improved, the absolute mortality rates for heart failure remain 
approximately 50% within 5 years of diagnosis.

Nearly half of patients with heart failure have a preserved ejection fraction. 
Compared with patients who have heart failure with reduced ejection fraction, 
heart failure patients with a preserved ejection fraction tend to be older and 
are more likely to be women with a prior history of hypertension and diabetes. 
The mortality rate of patients with a preserved ejection fraction is somewhat 
lower than the rate for patients with reduced ejection fraction but is still higher 
than for an age-matched population. Hospitalization and rehospitalization 

rates are comparable for heart failure patients regardless of their ejection 
fractions.

Disparities
African Americans are at increased risk for incident heart failure compared 
with white Americans and also have more frequent hospitalizations. African 
Americans with heart failure also have a higher mortality rate than white 
populations. The reasons for these disparities are multifactorial and include 
differences in heart failure etiology, prevalence of comorbidities, socioeconomic 
status, and response to therapies.

Hispanics represent a growing number of heart failure patients in the United 
States. Although large-scale studies are currently limited, preliminary data 
suggest this population is particularly vulnerable to heart failure.

Classification
The classification of heart failure considers the disease state and progression, 
degree of exercise intolerance (Chapter 45), measurement of heart function by 
ejection fraction, and its cause.4 In the first approach, heart failure is classified 
by its progression through four stages from pre-disease to advanced symptoms 
(Fig. 52-1). The second approach evaluates functional states by standardized 
classification systems such as the New York Heart Association classification, 
the Canadian Cardiovascular Society system, or other validated measures of 
exercise tolerance (see Table 45-5). Functional status is the most appropriate 
way to understand a patient’s limitations and the impact of heart failure on 
quality of life. It also correlates with prognosis and is commonly used as a 
secondary end point in clinical trials. The third approach is to describe heart 
failure based upon ejection fraction. This method stratifies patients into those 
with reduced (<40%), midrange (40 to 50%), and preserved (>50%) ejection 
fraction. This approach also helps in understanding the patient’s underlying 
pathophysiologic process and in guiding appropriate therapies. Classification 
based on etiology, usually ischemic versus nonischemic (Chapter 54), is useful 
in guiding the diagnostic evaluation and in tailoring treatment.

Causes of Heart Failure
Heart failure has numerous causes (Table 52-1). In developed countries, coro-
nary artery disease, usually with a prior myocardial infarction, accounts for 
nearly 70% of heart failure cases (Chapter 64). Comorbid conditions such as 
hypertension, diabetes, and obesity are commonly associated with heart failure.5 
Diseases of the myocardium (Chapter 54), valves (Chapter 66), and pericar-
dium (Chapter 68) as well as endocrinopathies, metabolic abnormalities, and 
genetic conditions may cause heart failure. Chemotherapy (e.g., anthracyclines 
and trastuzumab; Chapter 169) and chest radiation (Chapter 17) may damage 
the myocardium. Reversible myocardial dysfunction from toxin exposure (e.g., 
cocaine [Chapter 31] and excessive alcohol intake [Chapter 30]), persistent 
tachycardia (Chapters 58 and 59), and severe mental/emotional stress (e.g., 

TABLE 52-1 CAUSES OF HEART FAILURE
Coronary artery disease or prior myocardial infarction or ischemic injury
Hypertension
Familial and genetic disorders, including dilated cardiomyopathies, hypertrophic 

cardiomyopathies, storage diseases, and muscular dystrophies
Valvular disease: valvular stenosis or regurgitation
Toxic/drug-induced damage, including prior chemotherapy
Infiltrative processes, such as sarcoid, amyloid, and hemochromatosis (i.e., restrictive 

cardiomyopathy)
Arrhythmia-related dysfunction, including premature ventricular contraction–

induced cardiomyopathy and atrial tachyarrhythmia–related dysfunction
Arrhythmogenic right ventricular cardiomyopathy
Pulmonary heart disease, including cor pulmonale
Infectious agents, including viral infections and Chagas disease
Immunologically mediated myocardial injury
Intra- and extra-cardiac shunts
Constrictive pericarditis (i.e., nonmyocardial processes)
Nutritional disorders, such as beriberi
Inflammatory heart disease such as systemic lupus erythematosus
High-output states, such as chronic anemia, thyrotoxicosis
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ABSTRACT
The prevalence of heart failure is increasing worldwide owing to the aging 
population and development of more effective treatments of many of the heart 
diseases that injure the myocardium. Heart failure is now classified by the 
presence or absence of systolic dysfunction of the left ventricle, with an increas-
ing appreciation for the complexity of patients who have symptoms of heart 
failure despite normal left ventricular function. The evaluation of heart failure 
integrates a carefully performed history and physical examination, a thorough 
knowledge of general medicine, and the appropriate use of diagnostic testing.
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Myocardial relaxation is an energy-dependent process. Processes that 
interfere with myocardial energy metabolism, such as ischemia, compro-
mise myocardial relaxation. These changes reduce ventricular compliance 
and increase filling pressures. Elevated filling pressures raise the pulmonary 
capillary wedge pressure and contribute to the sensation of dyspnea. Diastolic 
dysfunction may remain asymptomatic for years, but increasing age, renal 
dysfunction, hypertension, and progressive left ventricular dysfunction are 
associated with the development of symptomatic heart failure. The resting 
hemodynamic profile in heart failure with preserved ejection fraction is fre-
quently normal, but physiologic perturbations such as tachycardia or exercise 
result in exaggerated increases in filling pressures. This phenomenon accounts 
for the exertional limitations seen in this syndrome.7 Furthermore, because 
atrial contraction is responsible for a disproportionately large proportion of 
ventricular diastolic filling into a noncompliant ventricle, atrial fibrillation can 
exacerbate symptoms. Abnormalities in ventricular relaxation and myocardial 
stiffness limit ventricular filling, so patients may have a narrow window for 
optimal fluid volume. Modest volume overload can substantially exacerbate 
symptoms of dyspnea, and diuresis may precipitate symptomatic hypoten-
sion owing to ventricular underfilling. Although isolated diastolic dysfunction 
can occur, the majority of patients with ventricular dysfunction have both 
systolic and diastolic components. As a result, it is preferable to characterize 
patients as having heart failure with a preserved ejection fraction or heart 
failure with a reduced ejection fraction rather than as having systolic or diastolic  
heart failure.

High-output heart failure is seen in severe anemia and hyperthyroidism 
(Chapter 213). It is also seen in patients with vasodilative states such as obesity 
(Chapter 207), late-stage liver disease (Chapter 145), arteriovenous shunts, 
hypoxic-hypercapnic lung disease, and myeloproliferative/myelofibrotic dis-
orders with extramedullary hematopoiesis (Chapter 157).8

 CLINICAL MANIFESTATIONS
The diagnosis of heart failure may be apparent when patients present with 
classic symptoms of shortness of breath in combination with a clinical exami-
nation consistent with volume overload. A previous history of a myocardial 
infarction or poorly controlled hypertension should increase the clinician’s 
suspicion for the diagnosis. In contrast, the diagnosis may be missed or delayed 
in patients who experience a more insidious course with vague symptoms, 
such as fatigue and exercise intolerance. The use of biomarkers such as natri-
uretic peptides has significantly improved diagnostic accuracy in recent years.

The evaluation of a patient with suspected heart failure should proceed in 
an organized and focused manner (Fig. 52-2 and Table 52-5).

Symptoms
Shortness of Breath
Dyspnea (Chapter 77) is the most common but nonspecific symptom of heart 
failure because patients with predominant lung disease or anemia may have 
similar symptoms. In most heart failure patients, dyspnea is present only with 
activity. It is the most common reason that patients seek care for heart failure, 
both during the chronic state and with acutely decompensated heart failure. 
The most important cause of dyspnea is pulmonary congestion that increases 
the accumulation of interstitial or intra-alveolar fluid, reduces lung compliance, 
and increases the work of breathing (E-Fig. 52-2). The relief of dyspnea is a 
primary treatment goal because of its effect on quality of life and its associa-
tion with worse in-hospital and postdischarge outcomes.

When dyspnea occurs in the recumbent position, it is called orthopnea. 
Orthopnea results from the increase in venous return from the extremities 
and splanchnic circulation to the central circulation with changes in posture. 
The increase in ventricular preload raises pulmonary venous and pulmonary 
capillary hydrostatic pressures. Orthopnea is clinically characterized by the 
number of pillows a patient requires to sleep comfortably without shortness 
of breath. Patients with orthopnea may report an inability to sleep in a bed 
and instead may sleep sitting upright. Orthopnea is a specific symptom of 
heart failure, and it correlates well with the severity of pulmonary congestion.

Bendopnea is defined as dyspnea that occurs while bending over. The mecha-
nism of bendopnea is poorly defined but appears to be related to increases in 
left ventricular filling pressures during bending in patients with a baseline 
elevation in pulmonary capillary wedge pressure. There appears to be an asso-
ciation between bendopnea and baseline mismatch of left- and right-sided 
filling pressures (i.e., elevated wedge pressure out of proportion to right atrial 
pressure). The clinical spectrum of this symptom and its relationship to out-
comes are not well understood, but recent data suggest that this symptom 
may be more common than has previously been recognized.

TABLE 52-2 FACTORS THAT MAY PRECIPITATE ACUTE 
DECOMPENSATION OF CHRONIC HEART 
FAILURE

Myocardial ischemia or infarction
Arrhythmias
Worsening hypertension
Worsening mitral or tricuspid regurgitation
Initiation of medications that worsen heart failure (calcium antagonists, β-blockers, 

nonsteroidal anti-inflammatory drugs, antiarrhythmic agents, chemotherapeutic 
drugs, anti-diabetic drugs)

Failure to adhere to guideline-directed management
Dietary indiscretion
Iatrogenic volume overload (transfusion, fluid administration)
Alcohol consumption
Fever or infection
Anemia
Thyroid abnormalities
Exposure to environmental toxins
Exposure to high altitude
Pregnancy

TABLE 52-3 PATHOBIOLOGIC MECHANISMS OF HEART 
FAILURE

Hemodynamics
Neurohormones
Cardiorenal interactions
Abnormal calcium cycling
Cell death
Myocardial genetics

Stage A
At high risk for HF

but without structural
heart disease or
symptoms of HF 

Stage B
Structural heart

disease but without
signs or symptoms

of HF

Structural
heart

disease

Development 
of symptoms of 

HF

Stage C
Structural heart

disease with prior
or current signs or
symptoms of HF

Therapy
See Figure 53–2 

Heart failure At risk for heart failure 

e.g., Patients with: 
• hypertension
• atherosclerotic 
 disease 
• diabetes
• obesity
• metabolic syndrome 

 or 
Patients

• using cardiotoxins
• with FHx CM 

e.g., Patients with: 
• previous MI

 • LV remodeling 
 including LVH 
 and low EF
• asymptomatic 
 valvular disease

e.g., Patients with: 
• known structural 

heart disease 
 and
• shortness of breath

 and fatigue, reduced  
 exercise tolerance

Stage D
Refractory HF

requiring specialized
interventions

e.g., Patients with:
     marked symptoms at
     rest despite maximal
     medical therapy
     (e.g., those who are
     recurrently hospitalized
     or cannot be safely
     discharged from the
     hospital without
     specialized
     interventions)

Refractory
symptoms of

HF at rest

FIGURE 52-1. Stages of heart failure. eF = ejection fraction; FHx CM = family history of cardiomyopathy; HF = heart failure; lV = left ventricle; lVH = left ventricular hypertrophy; Mi 
= myocardial infarction. (Modified from Hunt sa. aCC/aHa 2005 guideline update for the diagnosis and management of chronic heart failure in the adult: a report of the american 
College of Cardiology/american Heart association task Force on Practice guidelines [Writing Committee to update the 2001 guidelines for the evaluation and Management of Heart 
Failure]. J Am Coll Cardiol. 2005;46:e1-e82.)

takotsubo cardiomyopathy [Chapter 54]) may cause ventricular dysfunction 
that resolves following withdrawal of the inciting etiology.

The pathophysiologic mechanisms that contribute to the burden of heart 
failure vary by region. For instance, Chagas cardiomyopathy (Chapter 54) is 
prevalent in Central and South America. Rheumatic valvular disease is a 
common cause of heart failure in developing countries but is infrequent in 
developed countries.

The large number of potential causes of heart failure can challenge the clini-
cian. Acute decompensation of heart failure may be related to worsening of 
the primary cause, a new cardiac or pulmonary condition, the influence of 
other disease states that require increased cardiac output, poor adherence to 
medical therapies, or the addition of medications used to treat other condi-
tions (Table 52-2). As a result, a systematic approach to the clinical evaluation 
is critical. Some patients will have decompensated heart failure that requires 
hospitalization, whereas others will have heart failure as a comorbidity during 
hospitalization for another problem.

 PATHOBIOLOGY
A number of factors contribute to the development and progression of heart 
failure (Table 52-3). The relative contribution of these mechanisms to the 

overall pathophysiologic manifestations of heart failure (E-Fig. 52-1) varies 
in individual patients.

Heart Failure with a Reduced Ejection Fraction
A central tenet of heart failure is that an abnormality of myocardial function 
is responsible for the failure of the heart to pump blood at a rate commensurate 
with the requirements of the metabolizing tissues or that it can do so only in 
the setting of elevated cardiac filling pressures. The pathobiology of the failing 
heart results in maladaptive regulation of multiple neurohormonal pathways 
that reduce intrinsic cardiac contractility and cause prototypical ventricular 
remodeling (Chapter 47). Alterations in cardiac extracellular matrix and 
replacement fibrosis increase the connective tissue content and further impair 
systolic and diastolic function (Chapter 47). Several neurohormonal pathways 
regulate myocardial fibrosis including aldosterone, matrix metalloproteinases, 
tissue inhibitors of metalloproteinases (TIMPS), TNF-alpha, and ST2.

Adrenergic nervous system activation plays a pivotal role in the development 
and progression of left ventricular dysfunction. Reduced pulse pressure activates 
arterial baroreceptors and stimulates sympathetic nervous system activity, 
elevated levels of circulating norepinephrine, and increased release of norepi-
nephrine by several organs, including the heart. Exposure of cardiac myocytes 
to chronically elevated levels of norepinephrine reduces the density of their 
β-adrenergic receptors, downregulates signaling pathways, and is directly toxic. 
The renin-angiotensin-aldosterone system, which is also activated relatively early 
in heart failure, causes vasoconstriction and sodium retention. The presumptive 
mechanisms of induction include renal hypoperfusion, β-adrenergic system 
stimulation, and hyponatremia. Adrenergic and renin-angiotensin-aldosterone 
system activation stimulate the failing heart and support the circulation in the 
short-term. Over time, however, the prolonged activation of these systems 
causes maladaptive remodeling and further ventricular dysfunction. Further, 
the sympathetic nervous system and renin-angiotensin-aldosterone system 
are co-regulated, such that increased activity of each pathway stimulates a 
simultaneous increase in the other.

Natriuretic peptides counterbalance the vasoconstricting and sodium-
retaining properties of the renin-angiotensin-aldosterone system and sympa-
thetic nervous systems by causing both arterial and venous vasodilation, 
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Comorbidities:
Diabetes, Lung
Disease, Sleep

Disorders
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E-FIGURE 52-1. Pathophysiology of heart failure. the contributing and exacerbating 
factors to the pathophysiologic process of heart failure. 
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Myocardial relaxation is an energy-dependent process. Processes that 
interfere with myocardial energy metabolism, such as ischemia, compro-
mise myocardial relaxation. These changes reduce ventricular compliance 
and increase filling pressures. Elevated filling pressures raise the pulmonary 
capillary wedge pressure and contribute to the sensation of dyspnea. Diastolic 
dysfunction may remain asymptomatic for years, but increasing age, renal 
dysfunction, hypertension, and progressive left ventricular dysfunction are 
associated with the development of symptomatic heart failure. The resting 
hemodynamic profile in heart failure with preserved ejection fraction is fre-
quently normal, but physiologic perturbations such as tachycardia or exercise 
result in exaggerated increases in filling pressures. This phenomenon accounts 
for the exertional limitations seen in this syndrome.7 Furthermore, because 
atrial contraction is responsible for a disproportionately large proportion of 
ventricular diastolic filling into a noncompliant ventricle, atrial fibrillation can 
exacerbate symptoms. Abnormalities in ventricular relaxation and myocardial 
stiffness limit ventricular filling, so patients may have a narrow window for 
optimal fluid volume. Modest volume overload can substantially exacerbate 
symptoms of dyspnea, and diuresis may precipitate symptomatic hypoten-
sion owing to ventricular underfilling. Although isolated diastolic dysfunction 
can occur, the majority of patients with ventricular dysfunction have both 
systolic and diastolic components. As a result, it is preferable to characterize 
patients as having heart failure with a preserved ejection fraction or heart 
failure with a reduced ejection fraction rather than as having systolic or diastolic  
heart failure.

High-output heart failure is seen in severe anemia and hyperthyroidism 
(Chapter 213). It is also seen in patients with vasodilative states such as obesity 
(Chapter 207), late-stage liver disease (Chapter 145), arteriovenous shunts, 
hypoxic-hypercapnic lung disease, and myeloproliferative/myelofibrotic dis-
orders with extramedullary hematopoiesis (Chapter 157).8

 CLINICAL MANIFESTATIONS
The diagnosis of heart failure may be apparent when patients present with 
classic symptoms of shortness of breath in combination with a clinical exami-
nation consistent with volume overload. A previous history of a myocardial 
infarction or poorly controlled hypertension should increase the clinician’s 
suspicion for the diagnosis. In contrast, the diagnosis may be missed or delayed 
in patients who experience a more insidious course with vague symptoms, 
such as fatigue and exercise intolerance. The use of biomarkers such as natri-
uretic peptides has significantly improved diagnostic accuracy in recent years.

The evaluation of a patient with suspected heart failure should proceed in 
an organized and focused manner (Fig. 52-2 and Table 52-5).

Symptoms
Shortness of Breath
Dyspnea (Chapter 77) is the most common but nonspecific symptom of heart 
failure because patients with predominant lung disease or anemia may have 
similar symptoms. In most heart failure patients, dyspnea is present only with 
activity. It is the most common reason that patients seek care for heart failure, 
both during the chronic state and with acutely decompensated heart failure. 
The most important cause of dyspnea is pulmonary congestion that increases 
the accumulation of interstitial or intra-alveolar fluid, reduces lung compliance, 
and increases the work of breathing (E-Fig. 52-2). The relief of dyspnea is a 
primary treatment goal because of its effect on quality of life and its associa-
tion with worse in-hospital and postdischarge outcomes.

When dyspnea occurs in the recumbent position, it is called orthopnea. 
Orthopnea results from the increase in venous return from the extremities 
and splanchnic circulation to the central circulation with changes in posture. 
The increase in ventricular preload raises pulmonary venous and pulmonary 
capillary hydrostatic pressures. Orthopnea is clinically characterized by the 
number of pillows a patient requires to sleep comfortably without shortness 
of breath. Patients with orthopnea may report an inability to sleep in a bed 
and instead may sleep sitting upright. Orthopnea is a specific symptom of 
heart failure, and it correlates well with the severity of pulmonary congestion.

Bendopnea is defined as dyspnea that occurs while bending over. The mecha-
nism of bendopnea is poorly defined but appears to be related to increases in 
left ventricular filling pressures during bending in patients with a baseline 
elevation in pulmonary capillary wedge pressure. There appears to be an asso-
ciation between bendopnea and baseline mismatch of left- and right-sided 
filling pressures (i.e., elevated wedge pressure out of proportion to right atrial 
pressure). The clinical spectrum of this symptom and its relationship to out-
comes are not well understood, but recent data suggest that this symptom 
may be more common than has previously been recognized.

natriuresis, and diuresis. The extent of natriuretic pathway activation is a marker 
of the severity of heart failure and is associated with adverse outcomes, includ-
ing the risk for hospitalization and death.6

Many patients with heart failure have elevated levels of endothelin and 
arginine vasopressin. Arginine vasopressin induces vasoconstriction through 
a vascular (V1) receptor and reduces free water clearance through a renal 
tubular (V2) receptor. Endothelin causes prolonged vasoconstriction, reduc-
tions in glomerular filtration, and pulmonary arteriolar constriction.

Cardiorenal interactions highlight the integral role of kidney dysfunction 
in the worsening of heart failure, with both organs contributing to the reten-
tion of sodium and water. In most patients with chronic heart failure, the 
kidneys are anatomically and structurally normal, but passive venous conges-
tion and reduced renal perfusion lead to worsening renal function and a vicious 
cycle of progressive dysfunction of both organ systems. Renal failure may 
limit the ability to use inhibitors of the renin-angiotensin-aldosterone system 
to treat heart failure.

Abnormal calcium cycling reduces the calcium content in the cardiac sar-
coplasmic reticulum owing to diastolic leak through altered ryanodine recep-
tors. The reduced calcium content of the sarcoplasmic reticulum alters the 
contraction interactions between cardiac myosin and actin myofilaments. In 
addition, a loss of function of cardiac SERCA2a (sarcoendoplasmic reticulum 
calcium transport ATPase 2a) pumps, which are responsible for removal of 
cytoplasmic calcium, affects ventricular relaxation and causes diastolic 
dysfunction.

In all forms of heart failure, a variety of stimuli (e.g., elevated neurohormone 
levels, adrenergic activation, inflammatory mechanisms, and toxin exposure) 
enhance cell death. Elevated serum levels of proinflammatory cytokines (includ-
ing tumor necrosis factor-α, interleukin-1β, and interleukin-6) induce contractile 
dysfunction, myocardial fibrosis, and myocyte necrosis, perhaps by mediat-
ing some of the deleterious responses to catecholamines and angiotensin II.

Persistent tachycardia (e.g., atrial fibrillation with rapid ventricular response) 
also can result in heart failure, presumably related to chronic hyperadrenergic 
stimulation. In some patients, the tachycardic response to heart failure may 
itself contribute to worsening heart failure. These forms of heart failure may 
be reversible, depending on the relative contribution of the tachycardia to the 
underlying myocardial dysfunction.

Genetic mutations are increasingly identified as important mediators of 
the cardiac structural and functional abnormalities linked to symptomatic 
heart failure (see E-Table 54-1). The majority of familial cardiomyopathies 
(Chapter 54), most of which are inherited in an autosomal dominant fashion, 
are related to defects in cytoskeletal or nuclear proteins. Inherited cardiomy-
opathies are also associated with muscular dystrophies, infiltrative diseases 
such as hemochromatosis, and mitochondrial disorders.

Heart Failure with a Preserved Ejection Fraction
The pathophysiologic mechanism of heart failure with a preserved ejection 
fraction is complex and includes alterations in cardiac structure and function, 
vascular abnormalities, end-organ dysfunction, and interrelated comorbidities 
(Table 52-4). In principle, diastolic dysfunction in heart failure with a preserved 
ejection fraction can result from increased ventricular stiffness due to hyper-
trophy and interstitial fibrosis as well as from abnormal ventricular relaxation 
due to dysfunctional calcium cycling. Although there are many potential causes 
of heart failure with preserved ejection fraction, most patients have current 
or prior hypertension; the resulting left ventricular hypertrophy and fibrosis 
are responsible for increased chamber stiffness. Ischemic heart disease also 
may contribute to heart failure with a preserved ejection fraction by virtue of 
subendocardial fibrosis or as a result of intermittent ischemic dysfunction. 
Age itself is a crucial predisposing factor because it causes loss of myocytes 
(apoptosis), increased fibrosis with shifts to more rigid forms of collagen, and 
loss of vascular compliance.

TABLE 52-4 CONTRIBUTIONS TO HEART FAILURE WITH 
PRESERVED EJECTION FRACTION

Left ventricular hypertrophy
Hypertension
Myocardial fibrosis
Subendocardial fibrosis (from intermittent ischemia, especially with diabetes)
Arterial stiffness
Endothelial dysfunction
Inflammation
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E-FIGURE 52-2. Role of congestion in heart failure. JVd = jugular venous distention; la = left atrial; lV = left ventricular; lVdP = left ventricular diastolic pressure; Pa = pulmonary 
artery; PCWP = pulmonary capillary wedge pressure; ra = right atrial; rV = right ventricular. (From gheorghiade M, Follath F, Ponikowski P, et al. assessing and grading congestion in 
acute heart failure: a scientific statement from the acute Heart Failure Committee of the Heart Failure association of the european society of Cardiology and endorsed by the european 
society of intensive Care Medicine. Eur J Heart Fail. 2010;12:423-433.)
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Chest Pain
Chest pain (Chapter 45) may be mediated by myocardial ischemia related to 
underlying coronary artery disease or increased wall stress that is proportional 
to the degree of left ventricular dilation. Left ventricular hypertrophy may 
cause chest pain from a mismatch between oxygen supply and oxygen demand. 
Patients with amyloid heart disease can have chest pain owing to transient 
ischemia caused by deposition of amyloid protein in the medial layer of myo-
cardial arterioles.

Cardiac Cachexia
As heart failure progresses, patients may develop constitutional symptoms, 
including nausea, vomiting, anorexia, abdominal pain, and muscle wasting. 
The development of cardiac cachexia is associated with a poor prognosis.9 In 
many patients, these symptoms arise from right-sided heart failure, with or 
without concomitant tricuspid regurgitation, and resulting passive venous 
congestion in the abdominal vasculature or liver. Patients with significant 
hepatic congestion may develop right upper quadrant abdominal pain and 
jaundice that can be difficult to distinguish clinically from gallbladder disease 
or other abdominal conditions (Chapter 146). In patients with advanced 
cardiogenic shock (Chapter 99), severe abdominal pain can be a particularly 
ominous sign of abdominal ischemia (Chapter 134).

Cognitive Dysfunction and Mood Disorders
Cognitive dysfunction (Chapter 374) is common, particularly in elderly heart 
failure patients. Confusion can be a manifestation of worsening heart failure 
related to relative hypotension or precipitated by medications used to treat 
heart failure such as a β-blocker. Although intrinsic brain function itself is 
not affected in most patients with heart failure, cerebral hypoperfusion in 
advanced heart failure can cause memory impairment, limited attention span, 
and altered mentation.

Depressive symptoms (Chapter 369) occur in up to 25% of patients with 
heart failure. Depressive symptoms can be detected by simple questions such 
as the Patient Health Questionnaire depression module (see Chapter 21), 
which has an 80% predictive value for depression and is associated with worse 
outcomes in heart failure patients.

Sleep Disorders
Sleep-disordered breathing is observed in upward of 70% of heart failure patients 
and is associated with increased morbidity and mortality. Patterns of sleep-
disordered breathing include obstructive sleep apnea and central sleep apnea/
Cheyne-Stokes respiration (Chapter 80). Patients may have both types, and 
the relative proportion of each type varies with the severity of heart failure and 
its treatment. Nocturnal rostral fluid movement from the lower extremities of 
heart failure patients may worsen obstructive sleep apnea. Central sleep apnea 
is due in part to the instability of the ventilatory control systems in heart failure.

Paroxysmal nocturnal dyspnea is acute, severe shortness of breath that awakens 
the patient from sleep. Paroxysmal nocturnal dyspnea usually occurs about 1 
hour after the patient lies in a recumbent position and subsides with sitting 
or standing. Paroxysmal nocturnal dyspnea results from increased venous 
return and the mobilization of interstitial fluid from the splanchnic circulation 
and lower extremities, with accumulation of alveolar edema. Paroxysmal noc-
turnal dyspnea is relatively uncommon but almost always represents severe 
heart failure, and it appears to be associated with increased mortality.

Fatigue
Fatigue occurs in more than 90% of patients with heart failure. Although 
nonspecific and difficult to quantify, it can be an occult and troublesome 
manifestation of heart failure.
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FIGURE 52-2. Diagnostic evaluation of heart failure. the various components of the diagnostic evaluation of heart failure patients are presented from the history, symptoms, and 
examination to diagnostic testing. Mri = magnetic resonance imaging; Pnd = paroxysmal nocturnal dyspnea. 

appreciated as rales (Chapter 77). These findings are more common in patients 
with acute pulmonary edema due to sudden decompensation from an inciting 
event.

Fluid may also accumulate in the pleural space related to the increased 
transudation of fluid and impaired lymphatic drainage in the setting of elevated 
systemic venous pressures (Chapter 92).The clinician should listen and percuss 
for the possible presence of pleural effusions (Chapter 92), which tend to 
lateralize to the right side owing to the greater surface area of the lungs and 
the position of the diaphragm.10 The diagnosis of a moderate or large pleural 
effusion is critical because draining the effusion may improve dyspnea.

Cardiac Examination
The cardiac examination is the cornerstone of the evaluation of the patient 
with heart failure. Visual inspection and palpation may reveal a right ventricular 
heave, suggestive of right ventricular dysfunction and underlying pulmonary 
hypertension. The location, size, and duration of the point of maximal impulse 
against the chest wall may provide details related to the degree of left ventricular 
dilation; the impulse is typically laterally displaced in the setting of left ven-
tricular enlargement and may be sustained in the setting of left ventricular 
hypertrophy.

Auscultation of the heart sounds provides important information related 
to the underlying rhythm and frequency of ectopic beats. Auscultation of a 
loud P2 or the ability to hear a P2 beyond the pulmonic listening area suggests 
pulmonary hypertension. The presence (or worsening) of valvular disorders 
(Chapter 66) can be characterized for their potential contribution to cardiac 
dysfunction. An apical S3 gallop (see Fig. 45-6 in Chapter 45) is common in 
severe LV dysfunction, and its presence is correlated with an elevated left 
ventricular end-diastolic pressure and a poor prognosis. An S4 gallop is common 
in patients who have ischemic heart disease and hypertension, and it is more 
likely indicative of diastolic dysfunction. Pericardial effusions (Chapter 68) 
may also occasionally occur in the setting of heart failure, particularly in inflam-
matory cardiomyopathies.

Abdomen
The physical examination should estimate the size of the liver and spleen and 
elicit the presence of ascites (Chapter 137). Abdominal venous congestion 
may cause renal venous hypertension and subsequent renal dysfunction. An 
enlarged and pulsatile liver is seen in individuals with markedly elevated right 
heart pressures and in patients with significant tricuspid insufficiency. In the 
setting of irreversible liver disease (i.e., cardiac cirrhosis), patients with heart 
failure are at a substantially increased risk during surgical interventions. Thus, 
a thorough abdominal examination represents a critical component of the 
evaluation of heart failure patients.

Extremities
Edema (Chapter 45) results from the retention of sodium due to low cardiac 
output and reduced renal perfusion pressures, which ultimately result in elevated 
right-sided filling pressures, increased hydrostatic pressures in the venous 
circulation, and transudation of fluid into dependent interstitial spaces, espe-
cially in the ankles or lower extremities.11 Edema is commonly measured on 
a scale of 0 to 3+, but this system has marked interobserver variation. Peripheral 
edema is a nonspecific finding, and edema due to heart failure must be dis-
tinguished from edema related to medication use (e.g., calcium-channel block-
ers, thiazolidinediones, or nonsteroidal anti-inflammatory drugs), venous 
insufficiency, or hypoproteinemia.

The temperature of the extremities should also be assessed. Cool extremi-
ties suggest low cardiac output or concomitant peripheral arterial disease 
(Chapter 71).

 DIAGNOSIS
Patterns of Presentation
The initial presentation ranges from subtle outpatient findings to acute decom-
pensation that requires hospitalization. In critically ill patients with respiratory 
compromise, the distinction between cardiac pulmonary edema compared with 
the acute respiratory distress syndrome (Chapter 96) can be challenging.12

An initial presentation of heart failure may represent the gradual progres-
sion of known but previously asymptomatic (stage A or B) heart failure or be 
the first indication of altered cardiac function. In patients without an antecedent 
history of heart failure, precipitating factors, such as acute myocardial infarc-
tion (Chapter 64), tachyarrhythmias (Chapters 58 and 59), previously unrec-
ognized or new valvular abnormalities (Chapter 66), toxic injury (including 
alcohol excess), or acute myocarditis (Chapter 54), should be considered.

TABLE 52-5 APPROACH TO THE DIAGNOSIS OF HEART 
FAILURE

Obtain a history and physical examination to identify disorders or behaviors that 
might cause or exacerbate heart failure.

Obtain a family history to aid in diagnosis of heritable causes of heart failure.
Assess volume status and vital signs at each encounter.
Patients with suspected new-onset or acute heart failure should undergo chest 

radiography to assess heart size and pulmonary congestion and to detect other 
diseases that may cause or contribute to the patient’s symptoms.

A 12-lead electrocardiogram should be obtained for all patients presenting with heart 
failure.

Echocardiography should be performed during the initial evaluation of patients with 
heart failure to assess ventricular function and valve function.

Measurement of natriuretic peptides is recommended for the following indications:
To support the diagnosis of heart failure in ambulatory patients with dyspnea as 

well as in those with possible acute heart failure, especially in the setting of an 
uncertain diagnosis.

To establish prognosis or disease severity in heart failure.
The initial evaluation of patients presenting with heart failure should include a 

complete blood count, urinalysis and renal function, serum electrolytes, glucose 
and lipid profile, liver function tests, and thyroid-stimulating hormone.

Hemodynamic monitoring is recommended to guide therapy in patients who have 
respiratory distress or clinical evidence of impaired perfusion in whom the 
adequacy or excess of intracardiac filling pressures cannot be determined from 
clinical assessment.

Modified from Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA guideline for the 
management of heart failure: a report of the American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2013;62:e147-e239.
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appreciated as rales (Chapter 77). These findings are more common in patients 
with acute pulmonary edema due to sudden decompensation from an inciting 
event.

Fluid may also accumulate in the pleural space related to the increased 
transudation of fluid and impaired lymphatic drainage in the setting of elevated 
systemic venous pressures (Chapter 92).The clinician should listen and percuss 
for the possible presence of pleural effusions (Chapter 92), which tend to 
lateralize to the right side owing to the greater surface area of the lungs and 
the position of the diaphragm.10 The diagnosis of a moderate or large pleural 
effusion is critical because draining the effusion may improve dyspnea.

Cardiac Examination
The cardiac examination is the cornerstone of the evaluation of the patient 
with heart failure. Visual inspection and palpation may reveal a right ventricular 
heave, suggestive of right ventricular dysfunction and underlying pulmonary 
hypertension. The location, size, and duration of the point of maximal impulse 
against the chest wall may provide details related to the degree of left ventricular 
dilation; the impulse is typically laterally displaced in the setting of left ven-
tricular enlargement and may be sustained in the setting of left ventricular 
hypertrophy.

Auscultation of the heart sounds provides important information related 
to the underlying rhythm and frequency of ectopic beats. Auscultation of a 
loud P2 or the ability to hear a P2 beyond the pulmonic listening area suggests 
pulmonary hypertension. The presence (or worsening) of valvular disorders 
(Chapter 66) can be characterized for their potential contribution to cardiac 
dysfunction. An apical S3 gallop (see Fig. 45-6 in Chapter 45) is common in 
severe LV dysfunction, and its presence is correlated with an elevated left 
ventricular end-diastolic pressure and a poor prognosis. An S4 gallop is common 
in patients who have ischemic heart disease and hypertension, and it is more 
likely indicative of diastolic dysfunction. Pericardial effusions (Chapter 68) 
may also occasionally occur in the setting of heart failure, particularly in inflam-
matory cardiomyopathies.

Abdomen
The physical examination should estimate the size of the liver and spleen and 
elicit the presence of ascites (Chapter 137). Abdominal venous congestion 
may cause renal venous hypertension and subsequent renal dysfunction. An 
enlarged and pulsatile liver is seen in individuals with markedly elevated right 
heart pressures and in patients with significant tricuspid insufficiency. In the 
setting of irreversible liver disease (i.e., cardiac cirrhosis), patients with heart 
failure are at a substantially increased risk during surgical interventions. Thus, 
a thorough abdominal examination represents a critical component of the 
evaluation of heart failure patients.

Extremities
Edema (Chapter 45) results from the retention of sodium due to low cardiac 
output and reduced renal perfusion pressures, which ultimately result in elevated 
right-sided filling pressures, increased hydrostatic pressures in the venous 
circulation, and transudation of fluid into dependent interstitial spaces, espe-
cially in the ankles or lower extremities.11 Edema is commonly measured on 
a scale of 0 to 3+, but this system has marked interobserver variation. Peripheral 
edema is a nonspecific finding, and edema due to heart failure must be dis-
tinguished from edema related to medication use (e.g., calcium-channel block-
ers, thiazolidinediones, or nonsteroidal anti-inflammatory drugs), venous 
insufficiency, or hypoproteinemia.

The temperature of the extremities should also be assessed. Cool extremi-
ties suggest low cardiac output or concomitant peripheral arterial disease 
(Chapter 71).

 DIAGNOSIS
Patterns of Presentation
The initial presentation ranges from subtle outpatient findings to acute decom-
pensation that requires hospitalization. In critically ill patients with respiratory 
compromise, the distinction between cardiac pulmonary edema compared with 
the acute respiratory distress syndrome (Chapter 96) can be challenging.12

An initial presentation of heart failure may represent the gradual progres-
sion of known but previously asymptomatic (stage A or B) heart failure or be 
the first indication of altered cardiac function. In patients without an antecedent 
history of heart failure, precipitating factors, such as acute myocardial infarc-
tion (Chapter 64), tachyarrhythmias (Chapters 58 and 59), previously unrec-
ognized or new valvular abnormalities (Chapter 66), toxic injury (including 
alcohol excess), or acute myocarditis (Chapter 54), should be considered.

Chronic sleep-disordered breathing also causes a series of derangements 
that may precipitate or exacerbate heart failure. Sleep-disordered breathing 
increases blood pressure and the risk of arrhythmias.

Symptoms of sleep-disordered breathing (Chapter 377) include hypersom-
nolence, choking or gasping during sleep, recurrent awakenings, unrefreshing 
sleep, daytime fatigue, and impaired concentration or memory. The symptoms 
may be difficult to distinguish from other symptoms of heart failure, including 
unrefreshing sleep due to orthopnea and paroxysmal nocturnal dyspnea. Pre-
liminary data suggest that diagnosis and treatment of sleep-disordered breathing 
with positive-pressure ventilation can improve quality of life in some patients 
with heart failure, but it does not reduce mortality. A1  The use of adaptive 
servo-ventilation increases mortality and should be avoided in this patient 
population. A2 

Physical Examination
A carefully performed physical examination is critical to make an accurate 
diagnosis, to assess comorbid conditions, and to estimate prognosis.

Global Observation and Vital Signs
The patient’s general appearance may provide details related to the acuity and 
severity of the heart failure. Patients with severe symptoms may be pale or 
diaphoretic and unable to speak in complete sentences. In extreme circum-
stances, they may be unable to lie recumbent in bed because of severe dyspnea. 
The heart rate may be elevated (>100 beats per minute), and premature ven-
tricular beats or atrial arrhythmias are common. Approximately 30% of heart 
failure patients have atrial fibrillation (Chapter 58). Pulsus alternans (alternating 
amplitude of successive beats) is an uncommon sign but is virtually diagnostic 
for advanced heart failure. Blood pressure is most commonly normal or high, 
but it may be low (systolic blood pressure <90 mm Hg) in advanced low-
output heart failure. Blood pressure has historically been identified as an 
important prognostic marker (i.e., higher blood pressure is associated with 
improved long-term outcomes), but these associated data may not be applicable 
to all subgroups of patients, especially the elderly. A narrow pulse pressure 
(e.g., <30 to 35 mm Hg) is indicative of more severe heart failure. Weight 
should be assessed and compared with the patient’s known dry weight or 
recent weight trajectory. The assessment of weight not only helps the clinician 
to appreciate the severity of volume overload, but it may also assist with quan-
tifying the degree of cardiac cachexia. The respiratory rate should be measured. 
Both low rates and high rates may be seen in heart failure. Likewise, both 
hypothermia and hyperthermia can be informative of impending shock or 
secondary causes of heart failure.

Jugular Veins
Examination of the jugular veins assesses right atrial pressure (see Fig. 45-2). 
Right atrial pressure can be estimated by measuring the height of the jugular 
pulse in centimeters above the sternal angle and adding 5 cm H2O (normal 
= 8 cm H2O; see Fig. 45-3). An alternative is to assess the height of the veins 
in relationship to the clavicle. Jugular pulsations can be distinguished from 
carotid pulsations by their more lateral location, lack of palpability, and a 
visible double waveform. It may also be useful to compare the timing to the 
contralateral carotid or radial pulse. If the jugular pulsation is not seen in the 
neck, the right atrial pressure may be either very high or low. The presence 
of abdominal-jugular reflux, which is a sign of abnormally elevated right-sided 
filling pressures, should be assessed by putting sustained pressure on the 
abdomen for 30 seconds; a positive finding is at least a 1-cm rise in the jugular 
pressure, which then slowly declines when abdominal pressure is removed. 
Either an elevated jugular venous pressure or an abnormal abdominal jugular 
reflux has been reported in 80% of patients with advanced heart failure.

An additional important finding in the neck is evidence of tricuspid regur-
gitation, which is visualized as a large cv wave (see Fig. 45-3). This finding is 
often corroborated by hepatic pulsations, which can be detected during the 
abdominal examination. Difficulty palpating the carotid pulses may suggest 
low cardiac output from heart failure, aortic stenosis, or carotid artery disease 
(see Fig. 45-4).

Pulmonary Examination
Despite elevated left ventricular filling pressures that are transmitted back into 
the left atrium and pulmonary circulation, most patients with heart failure do 
not have evidence of pulmonary congestion on physical examination. The 
lungs of chronic heart failure patients undergo adaptive changes and have 
robust lymphatic drainage to compensate for elevated filling pressures. However, 
a subset of patients may develop alveolar fluid accumulation, which is 
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profile to diagnose diabetes and dyslipidemia, which should be carefully 
managed in patients with heart failure; and thyroid-stimulating hormone level. 
Markers of hepatic congestion, such as elevated serum aminotransferase and 
bilirubin levels (Chapter 138), also should be measured because they have 
prognostic importance. Screening for hemochromatosis (Chapter 201) or 
human immunodeficiency virus (HIV) infection is reasonable in selected 
patients with heart failure. Diagnostic tests for rheumatologic diseases (Chapter 
241), amyloidosis (Chapter 179), or pheochromocytoma (Chapter 215) are 
not routinely indicated but rather should be targeted to patients with other 
ancillary findings suggestive of these conditions. Viral antibody titers yield 
relatively little incremental information and are rarely indicated in the evalu-
ation of heart failure.

Natriuretic Peptides
Brain natriuretic peptide (BNP) and its amino-terminal fragment (NT-proBNP) 
provide incremental diagnostic and prognostic information above and beyond 
the history and physical examination in patients with heart failure. A natriuretic 
peptide level should be measured to support the diagnosis of heart failure in 
ambulatory patients with dyspnea as well as in patients with possible acute 
heart failure, especially in the setting of an uncertain diagnosis. It also is useful 
to estimate the severity of heart failure and its prognosis.

BNP levels are relatively sensitive (about 95 to 99%) but less specific 
(about 50 to 60%) markers for diagnosing clinically confirmed heart failure. 
Circulating levels are influenced by comorbid processes. For example, 
obesity reduces BNP levels, whereas advancing age and renal dysfunction 
are associated with higher levels. Most heart failure therapies reduce BNP 
levels, but the usefulness of BNP-guided heart failure therapy is not well  
established. A3 

,
 A4 

Troponin
Owing to the increased sensitivity of currently available troponin assays, the 
majority of patients admitted with acute heart failure have elevations in cir-
culating troponin even without any obvious myocardial ischemia. These eleva-
tions, which suggest ongoing myocyte injury or necrosis, are associated with 
worse clinical outcomes and mortality.14

Other Biomarkers: Galectin-3 and ST2
A number of additional biomarkers characterize inflammation, myocyte injury, 
neurohormonal upregulation, and extracellular matrix turnover in patients 
with heart failure (E-Table 52-1 and E-Fig. 52-3). In the future, strategies that 
combine multiple biomarkers into a risk stratification model may prove addi-
tive to clinical judgment.

Echocardiography
An echocardiogram should be obtained during the initial evaluation of patients 
with heart failure to assess ventricular and valvular function. Repeated echo-
cardiograms are also indicated when patients have a significant change in their 
clinical status or receive treatment that may have had a significant effect on 
cardiac function. In contrast, routine repeated measurements of left ventricular 
function in the absence of a change in clinical status or treatment should not 
be performed.15

Echocardiography (Chapter 49) allows the assessment of systolic and dia-
stolic ventricular function (see Figs. 49-2 and 49-3). Wall thickness, chamber 
size, and regional wall motion abnormalities provide evidence of the underlying 
etiology and chronicity of heart failure. Echocardiography also evaluates val-
vular dysfunction (Chapter 66), which may be the result of or cause worsening 
ventricular function or symptoms. Quantitative measurements of pulmonary 
artery pressure and central venous pressure help characterize the degree of 
pulmonary hypertension and may guide diuretic therapies in circumstances 
in which the jugular veins are difficult to visualize. Detection of atrial or ven-
tricular thrombi requires anticoagulation. Novel methods using ventricular 
strain analysis and three-dimensional echocardiography can provide additional 
insights about myocardial performance.

Nuclear Cardiology and Coronary Angiography
When myocardial ischemia may be contributing to heart failure, coronary 
arteriography (Chapter 51) is reasonable to assess eligibility for revasculariza-
tion. The most powerful predictors of prognosis for patients with ischemic 
cardiomyopathy are a history of prior myocardial infarction, stenosis of 75% 
or greater of the left main or proximal left anterior descending artery, stenosis 
of 75% or greater of two or more epicardial vessels, and the severity of ven-
tricular dysfunction. Coronary computed tomographic angiography (Chapter 

When patients with stage C or D heart failure present with worsening symp-
toms, precipitating factors may also include myocardial ischemia, arrhythmias, 
or worsening of valvular function (see Table 52-2). Other conditions can 
include anemia, infection, thyroid abnormalities, and any disease process 
that may accompany or require a higher cardiac output. In many patients, 
however, the worsening may be gradual, augured by subtle signs and symptoms  
(Fig. 52-3).

Electrocardiography
A 12-lead electrocardiogram (Chapter 48) should be obtained for all patients 
who present with possible heart failure to evaluate the cardiac rhythm, identify 
current ischemia or prior myocardial infarction, and detect evidence of left 
ventricular hypertrophy. Rhythm abnormalities may be responsible for the 
development or exacerbation of underlying cardiac dysfunction. For example, 
an underlying tachyarrhythmia can lead to the development of left ventricular 
systolic dysfunction that is reversible with appropriate intervention. Q waves 
suggest coronary artery disease as a likely contributor to ventricular dysfunc-
tion. Voltage criteria for left ventricular hypertrophy support a diagnosis of 
hypertensive heart disease, including heart failure with a preserved ejection 
fraction. Underlying conduction abnormalities, such as delayed ventricular 
conduction (i.e., bundle branch morphology), determine eligibility criteria 
for cardiac resynchronization therapy in appropriate patients (Chapters 53 
and 60) and have important prognostic implications. Holter monitoring some-
times may be helpful to determine the burden of ventricular arrhythmias or 
ectopic beats because tachycardia-mediated cardiomyopathies may be reversible 
with medical or ablation therapy.

Chest Radiography
Patients with suspected new-onset or worsening heart failure should undergo 
chest radiography to assess heart size and pulmonary congestion as well as to 
detect other diseases that may cause or contribute to the patient’s symptoms.13 
Many patients with acute heart failure but only a minority of those with chronic 
heart failure have clear evidence of pulmonary venous hypertension (upper 
lobe vascular redistribution, enlarged pulmonary veins) or pulmonary edema 
(perihilar or patchy peripheral infiltrates; see Fig. 50-2). Pleural effusions, 
usually on the right if unilateral but often bilateral, are also identified on the 
chest radiograph (see Fig. 92-3). Chest radiography may also play a role in 
identifying the location of the lead placement of intracardiac devices, such as 
biventricular pacemakers. Inappropriate lead placement may be observed in 
patients with worsening heart failure symptoms.

Laboratory Testing
The initial evaluation of patients presenting with heart failure should include 
a complete blood count to detect anemia and systemic diseases with hema-
tologic manifestations; urinalysis and tests of renal function to assess underlying 
renal disease; serum electrolyte values to identify abnormalities needing treat-
ment and to provide a baseline for subsequent therapy; glucose level and lipid 
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E-TABLE 52-1 EMERGING BIOMARKERS IN CHRONIC HEART FAILURE
BIOMARKER PROPOSED PATHOPHYSIOLOGY POTENTIAL ROLE IN PATIENTS WITH CHRONIC HF
Copeptin Stable plasma surrogate for vasopressin, which is released from 

the hypothalamus in response to changes in plasma osmolarity 
and reduced cardiac output

Independent role as a prognostic marker in patients with chronic HF

Elevated levels of vasopressin contribute to development of 
hyponatremia, vasoconstriction, and adverse cardiac 
remodeling

Potential role of molecular marker for tailored therapies with vasopressin antagonism

Cystatin C Cysteine protease inhibitor that is more sensitive and specific to 
changes in GFR than creatinine

Independent predictor of mortality in patients with chronic HF

Produced at a constant rate by all nucleated cells of the body Identifies poor prognosis even in patients with a normal creatinine level, pointing to a 
role as a marker of the CRS

Endothelin 1 Produced by the endothelium in response to ATII, inflammation, 
and vascular shear stress

Independent predictor of mortality in patients with chronic HF

Causes vasoconstriction and adverse cardiac remodeling Clinical application requires measurement of the more stable precursor (CT-proET-1)
Whether patients with elevated levels of CT-proET-1 would benefit from endothelin 1 

antagonism is unclear
Galectin-3 β-Galactoside-binding lectin produced by several tissues Predicts mortality independent of natriuretic peptides in patients with chronic HF

Promotes cardiac fibroblast proliferation and collagen synthesis 
(maladaptive remodeling)

Does not appear to be modified by treatment
Potential role as a target for therapy

GDF-15 Member of the TGF-β cytokine family Predictive of mortality in patients with chronic HF independent of established 
biomarker

Expressed in most tissues Serial changes are associated with prognosis
Expression in myocytes is triggered by ischemia, stretch, 

inflammation, and neurohormonal activation
Could lead to the development of unique treatments for patients with chronic HF

May protect myocytes against apoptosis and hypertrophy
hs-cTn Proteins involved in the regulation of cardiac and skeletal muscle 

contraction
Predictive of chronic HF mortality in patients with no known CHD

Released after loss of myocytes from necrosis, apoptosis, or 
reversible injury with increased membrane permeability

Independently predictive of mortality in patients with chronic HF
The effect of serial changes in hs-cTn levels on prognosis, and how therapy should be 

modified on the basis of increased levels of hs-cTn, is unknown.
MR-proADM Produced by various tissues within the cardiovascular system in 

response to hemodynamic stress
May add prognostic value to predictive models for patients with chronic HF beyond 

that provided by natriuretic peptides and traditional clinical risk factors
Favorable effects on the vasculature—positive inotropy and 

vasodilation
Neuregulin 1 Belongs to a family of growth factors with an important role in 

cardiac development and the pathogenesis of chronic HF
Preliminary studies show independent associations with disease severity and risk of 

adverse outcomes in patients with chronic HF
Has an important role in promoting cardiomyocyte growth in 

function and regulation of the stress response
A promising target for drug therapy
Trials with recombinant neuregulin are already under way, with a phase II trial showing 

improvement in cardiac structure and function.
NGAL Small glycoprotein released by multiple cell types during 

inflammation and injury
Early detection of renal injury in patients with chronic HF

Involved in cell survival, inflammation, and matrix degradation A more effective marker of CRS than creatinine
Early marker of renal tubular damage Independent predictor of mortality in patients with chronic HF
Increased levels found in patients with chronic HF

sST2 Member of the IL-1 receptor family that is secreted from 
myocytes during biomechanical strain

Independent predictor of morbidity and mortality in patients with chronic HF

Possible mediator of myocardial hypertrophy and fibrosis by 
compromising the favorable effects of IL-33/ST2 signaling

Possible role as a novel therapeutic target

From Ahmad T, Fiuzat M, Felker GM, et al. Novel biomarkers in chronic heart failure. Nat Rev Cardiol. 2012;9:347-359.
ATII = angiotensin II; CHD = coronary heart disease; CRS = cardiac-renal syndrome; CT-proET-1 = C-terminal pro-endothelin 1; GDF = growth differentiation factor; GFR = glomerular filtration rate; HF = 
heart failure; hs-cTn = cardiac troponins measured by a highly sensitive assay; IL = interleukin; MR-proADM = mid-regional pro-adrenomedullin; NGAL = neutrophil gelatinase-associated lipocalin; TGF = 
transforming growth factor.
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 CONSEQUENCES OF MISDIAGNOSIS
The diagnosis of heart failure may be straightforward in a patient with dyspnea, 
signs of congestion, and an elevated BNP level. Conversely, many patients 
have multiple comorbid conditions that make the assessment of shortness of 
breath a diagnostic dilemma. Pulmonary conditions such as chronic obstructive 
pulmonary disease (Chapter 82) represent the most common reason for 
misdiagnosis. The BNP level and echocardiogram provide useful information 
to make this distinction. Other potential causes of edema or volume overload 
include renal failure (Chapter 122), venous thrombosis (Chapter 74), and 
venous insufficiency. If left ventricular systolic function is normal, it may be 
difficult to make a conclusive determination of the relative role of heart failure 
with preserved ejection fraction compared with other concomitant conditions, 
such as pericardial constriction,17 severe obesity, deconditioning, chronic 
anemia, or other systemic illnesses. BNP levels may be helpful in some 
circumstances. In other situations, exercise testing or invasive hemodynamic 
testing may be necessary to establish the appropriate diagnosis. Misdiagnosis 
can result in excessive and unnecessary diagnostic testing, higher costs, and 
increased morbidity and mortality because of the inappropriate use or nonuse 
of heart failure therapies.

50) may represent a noninvasive modality for assessing coronary disease in 
appropriately selected patients.

Noninvasive imaging (Chapter 50) to detect myocardial ischemia and 
viability is reasonable in patients who present with de novo heart failure and 
in patients who have known coronary artery disease and no angina, unless 
they are not eligible for revascularization. Viability assessment is reasonable 
in select situations in planning revascularization for patients who have heart 
failure and coronary artery disease.16 However, stress testing to assess myo-
cardial viability so far has not been able to identify patients who will benefit 
from revascularization compared with medical therapy alone.

The single-photon emission computed tomography tracer m- 
iodobenzylguanidine (mIBG) has been widely used for studying causes and 
effects of cardiac sympathetic hyperactivity. Cardiac sympathetic imaging 
with mIBG is a noninvasive tool that may assist with the risk stratification of 
patients with heart failure. With mIBG imaging, the myocardial uptake and 
distribution can be visually assessed and quantified by calculating a heart-
to-mediastinum ratio. This approach provides a highly reproducible index of 
cardiac sympathetic activity. Further study is required to determine the role 
of this imaging modality in heart failure risk stratification and clinical care.

Cardiac Magnetic Resonance Imaging
Cardiac magnetic resonance imaging (Chapter 50) provides accurate measure-
ments of left ventricular volume and ejection fraction, and it is useful when 
echocardiography is inadequate. It is also helpful to assess for potential infil-
trative cardiomyopathies when the cause of heart failure, especially heart failure 
with a preserved ejection fraction, is unclear. Late gadolinium enhancement 
adds important prognostic information related to ventricular arrhythmia and 
mortality risk (see Fig. 50-15).

Myocardial Biopsy
Guidelines indicate that endomyocardial biopsy should not be performed in 
the routine evaluation of patients with heart failure. However, endomyocardial 
biopsy may be useful in patients who present with heart failure when a specific 
suspected diagnosis would influence therapy. For example, in patients with 
acute myocarditis or giant cell myocarditis and in patients with sarcoid or 
amyloid cardiomyopathy (Chapter 54), the appropriate pathologic diagnosis 
may inform treatment recommendations and prognosis. In certain circum-
stances, biopsy may be performed along with genetic testing (e.g., transthyretin 
gene mutation) to inform decisions on management and counseling of family 
members.

Assessment of Exercise Capacity
A heart failure patient’s exercise capacity can be quantified by several testing 
modalities, including 6-minute walk distance and cardiopulmonary exercise 
testing (Chapter 79). Although these tests are not routinely recommended, 
they are helpful for determining the relative contribution of cardiac compared 
with pulmonary causes of functional limitation. The results of cardiopulmonary 
exercise testing are critical to determine candidacy for heart transplantation 
or placement of a ventricular assist device (Chapter 53). A maximal oxygen 
consumption of less than 14 mL/kg/minute is associated with a sufficiently 
poor prognosis that transplantation or implantation of a left ventricular assist 
device is warranted. Serial cardiopulmonary exercise testing, the 6-minute 
walk test, or the 60-foot walk test also can be useful to follow the disease 
course of specific patients objectively.

Invasive Diagnostics and Hemodynamic Monitoring
Invasive monitoring may be useful in selected patients who have acute heart 
failure, who have persistent symptoms despite adjustment of standard therapies, 
and whose fluid status or perfusion is uncertain. However, the routine use of 
pulmonary artery catheters should be discouraged.

Up to 30% of patients with heart failure with a reduced ejection fraction 
have an implantable device that detects arrhythmias and can provide hemo-
dynamic assessment. Indirect measures, such as changes in impedance or heart 
rate variability, are precursors to worsening heart failure symptoms. Chronic 
hemodynamic monitors (i.e., direct measures of pulmonary pressures and 
right ventricular pressures) have been approved by the U.S. Food and Drug 
Administration and are now available for the serial measurement of left ven-
tricular filling pressure surrogates. Interrogation of these devices may become 
part of the routine diagnostic follow-up to guide therapy in patients who have 
respiratory distress or clinical evidence of impaired perfusion in whom the 
adequacy or excess of intracardiac filling pressures cannot be determined from 
clinical assessment.
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3. Which of the following statements is correct regarding the history and 
physical examination in heart failure patients?
 A. Sleep disordered breathing has a similar prevalence in heart failure 

patients compared with the general population.
 B. Lower extremity edema is a relatively specific sign of underlying heart 

failure.
 C. Rales on the pulmonary examination are common in chronic heart 

failure patients due to elevated ventricular filling pressures.
 D. An apical S3 gallop is a strong indicator of left ventricular systolic dys-

function and elevated left ventricular filling pressures.
 E. The blood pressure is most commonly low (systolic blood pressure 

<90 mm Hg) in chronic heart failure patients.
Answer: D An apical S3 gallop is a strong indicator of left ventricular systolic 
dysfunction and elevated left ventricular filling pressures. Sleep disordered 
breathing is prevalent in heart failure patients and is associated with increased 
morbidity and mortality. Upward of 70% of heart failure patients have sleep 
disordered breathing. The majority of patients with heart failure have a normal 
pulmonary examination. Despite having an elevation in left ventricular filling 
pressures that is transmitted back into the left atrium and pulmonary vascu-
lature, most patients with compensated heart failure do not have evidence of 
pulmonary congestion. In heart failure patients, the blood pressure is most 
commonly normal or high, but it may be low (systolic blood pressure <90 mm 
Hg) in advanced low-output heart failure. Orthopnea (not lower extremity 
edema) is a relatively specific sign of heart failure.

REVIEW QUESTIONS

1. Which of the following statements is true regarding heart failure 
epidemiology?
 A. White patients have an increased incidence of heart failure compared 

with black patients.
 B. Black patients are at an increased risk for rehospitalization for heart 

failure.
 C. Women have better long-term survival after the diagnosis of heart failure 

compared with men.
 D. The heart failure with preserved ejection fraction population represents 

approximately a third of overall heart failure cases.
 E. The absolute mortality rate following the diagnosis of heart failure is 

approximately 25% at 5 years.
Answer: B Black patients are at an increased risk for developing heart failure 
and have an increased risk for heart failure rehospitalization compared with 
white patients. Median survival is lower in women than men. Heart failure 
with preserved ejection fraction represents approximately half of heart failure 
cases. The absolute mortality rate following heart failure diagnosis is 
approximately 50% at 5 years.

2. Which is the correct statement regarding guideline recommendations for 
the diagnosis of heart failure?
 A. Routine repeat measurements of left ventricular function in the absence 

of a clinical status change are reasonable.
 B. Measurement of natriuretic peptides is recommended to support the 

diagnosis of heart failure in ambulatory patients with dyspnea as well 
as those with possible acute heart failure.

 C. There is an established role for routine or periodic invasive hemodynamic 
measurements in the management of heart failure.

 D. Endomyocardial biopsy should be performed in the routine evaluation 
of patients with heart failure given the need to diagnose the underlying 
etiology.

 E. On cardiopulmonary exercise testing, a peak oxygen uptake (peak VO2) 
greater than 20 mL/kg/min is associated with a relatively poor 
prognosis.

Answer: B Routine repeat measurements of left ventricular function in the 
absence of a clinical status change or treatment intervention should not be 
performed. An echocardiogram should be performed during the initial evalu-
ation of patients with heart failure to assess ventricular function and valve 
function. Measurement of natriuretic peptides is recommended to support 
the diagnosis of heart failure in ambulatory patients with dyspnea as well as 
those with possible acute heart failure. Routine or periodic invasive hemody-
namic measurements in the management of heart failure are not recommended. 
Guidelines indicate that endomyocardial biopsy should not be performed in 
the routine evaluation of patients with heart failure. However, endomyocardial 
biopsy may be useful in patients presenting with heart failure when a specific 
diagnosis is suspected that would influence therapy. A peak oxygen uptake 
(peak VO2) less than 14 mL/kg/min is associated with a relatively poor 
prognosis.
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53 
HEART FAILURE: MANAGEMENT 
AND PROGNOSIS
JOHN J.V. MCMURRAY AND MARC A. PFEFFER

 EVALUATION AND MANAGEMENT  
OF HEART FAILURE

Heart failure is an overarching term for a syndrome (i.e., a constellation of 
signs and symptoms) that encompasses a vast spectrum of cardiovascular 
disorders and is associated with a greatly heightened risk for death and nonfatal 
adverse cardiovascular events (Chapter 52). Treatment is initially directed 
toward prevention of cardiac injury (e.g., due to hypertension or myocardial 
infarction) or toward limiting structural progression if cardiac damage has 
already occurred (e.g., left ventricular remodeling with declining left ventricular 
ejection fraction) and delaying the development of symptomatic heart failure. 
When symptoms develop, treatments are also directed at improving functional 
status as well as prognosis.

Approximately one in five adults will develop heart failure. In the United 
States, 6.5 million people have heart failure, and 900,000 patients are discharged 
from U.S. hospitals annually with a primary diagnosis of heart failure.1 The 
estimated cost of heart failure in the United States is about $31 billion per 
year. Randomized controlled clinical trials (RCTs) supply the framework for 
quantifying what different therapeutic approaches can offer. Even when they 
are definitive, RCTs only generate data about average risks and benefits of the 
tested therapeutic option in a selected cohort. Because an individual patient’s 
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ABSTRACT
The treatment of heart failure is guided by its stage: patients at risk of heart 
failure (stage A), asymptomatic structural or functional heart disease (stage 
B), structural heart disease with prior current symptoms of heart failure (stage 
C), and refractory heart failure requiring specialized interventions (stage D). 
Treatment of hypertension and lipid disorders, smoking cessation, regular 
exercise, discouraging alcohol intake, and control of a metabolic syndrome 
are cornerstones of therapy for all stages. An ACE inhibitor or an angiotensin 
receptor blocker is indicated for stages A, B, and C, with beta blockers added 
in stages B and C, and implantable defibrillators oftentimes in stages B and 
C, and mineralocorticoid antagonists, biventricular pacing, and sometimes 
other medications in stage C. For stage D, left ventricular mechanical support, 
heart transplantation, and compassionate and often palliative care are often 
indicated. The treatment of heart failure is guided by its stage: patients at risk 
of heart failure (stage A), asymptomatic structural or functional heart disease 
(stage B), structural heart disease with prior current symptoms of heart failure 
(stage C), and refractory heart failure requiring specialized interventions (stage 
D). Treatment of hypertension and lipid disorders, smoking cessation, regular 
exercise, discouraging alcohol intake, and control of a metabolic syndrome 
are cornerstones of therapy for all stages. An ACE inhibitor or an angiotensin 
receptor blocker is indicated for stages A, B, and C, with beta blockers added 
in stages B and C, and implantable defibrillators oftentimes in stages B and C, 
and mineralocorticoid antagonists, biventricular pacing, and sometimes other 
medications in stage C. For stage D, left ventricular mechanical support, heart 
transplantation, and compassionate and often palliative care are often indicated.
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TABLE 53-1 THERAPIES OF PROVEN BENEFIT IN HEART 
FAILURE

Angiotensin-converting enzyme inhibitors
Angiotensin receptor blockers
β-Blockers
Mineralocorticoid receptor antagonists
Sacubitril-valsartan
Hydralazine-isosorbide dinitrate
Ivabradine
Digitalis
Cardiac resynchronization therapy
Cardioverter-defibrillator
Ventricular assist device
Heart transplantation
Exercise training

responses can only be inferred from the overall estimated group responses, 
RCTs cannot definitively direct the approach of every patient or answer the 
myriad questions that confront the practitioner regarding the specific 
circumstances of the patient. Another major limitation of RCTs is the relatively 
narrow time frame of observation, generally only months to several years, 
compared with epidemiologic experiences during decades. Despite these 
limitations, RCTs are the premier tool of evidence-based medicine, and the 
field of heart failure has fortunately been the focus of relatively high-quality 
RCTs that have provided robust evidence to improve clinical care and prog-
nosis (Table 53-1). Indeed, the implementation of evidence from RCTs into 
clinical practice has resulted in impressive temporal improvements in survival 
after discharge from a first hospital admission for heart failure. Moreover, the 
age at which symptomatic heart failure first becomes evident has increased. 
Despite these tangible advances, heart failure continues to be a leading cause 
of morbidity and mortality in elderly people.

 STAGES OF HEART FAILURE
The American Heart Association/American College of Cardiology Guidelines 
for the Evaluation and Management of Chronic Heart Failure in the Adult 
use a staging classification to underscore the evolution and progression of 
heart failure severity (Fig. 53-1).2 This classification emphasizes the use of 
different strategies and therapeutic options across the full spectrum of the 
syndrome, from prevention of heart failure to palliation of patients with end-
stage disease.

 Stage A: Individuals at Risk for Development  
of Heart Failure
Stage A designates patients at risk for development of heart failure based on 
concomitant cardiovascular diseases such as hypertension, coronary artery 
disease, and diabetes mellitus. Also included in stage A are individuals with 
prior exposure to cardiotoxic agents such as doxorubicin (Chapter 169) and 
those with a family history of a cardiomyopathy (Chapter 54). Although these 
predisposing factors do not by themselves technically constitute the syndrome 
of heart failure, the guidelines stress the importance of identifying individuals 
with modifiable factors because this represents an important opportunity to 
reduce the reservoir of patients at risk.

Population-based preventive approaches can reduce the incidence of heart 
failure. For example, public health programs targeting the eradication of the 
insect vector for Trypanosoma cruzi (Chapter 326) have reduced the incidence 
of Chagas cardiomyopathy (Chapter 54) in endemic regions of South and 
Central America.

Other population-based approaches to reduce the incidence of heart failure 
require specific screening efforts to identify individuals with modifiable risk 
factors. The most important although unfortunately nonmodifiable risk factor 
for the development of heart failure is advanced age; the incidence of heart 
failure rises sharply per decade after the age of 45 years (Chapter 52). For 
each decade of age after 45 years, the incidence of heart failure doubles, and 
heart failure is the leading hospital diagnosis for patients older than 65 years 
in the United States.

 HYPERTENSION
Of the modifiable factors, hypertension (Chapter 70) undoubtedly contributes 
the greatest population attributable risk for heart failure. In other words, even 

though the increased risk for heart failure in an individual with hypertension 
is modest, the high prevalence of hypertension in the general population means 
that at a population level, hypertension is the major cause of heart failure.

The contribution of hypertension to the risk for heart failure was a con-
sistent finding from all major cardiovascular epidemiologic studies, and the 
earliest RCTs of antihypertensive therapy showed unambiguous reductions 
in the risk for heart failure. Of the components of blood pressure, elevated 
systolic pressure has a greater influence on the incidence of heart failure than 
does diastolic pressure. In fact, aging is associated with a progressive rise in 
systolic blood pressure and fall in diastolic pressure as the compliance of the 
arterial tree diminishes (Chapter 70). In community-based studies, isolated 
systolic hypertension and elevated pulse pressure have been the most predictive 
blood pressure measurements for development of heart failure. Antihyper-
tensive treatment to a systolic blood pressure goal of 130 mm Hg appears to 
reduce the risk of developing heart failure. A1  Reduction to lower than 120 mm 
Hg systolic provides additional benefit for reducing nonfatal cardiovascular 
events and all-cause mortality in patients without diabetes or prior heart  
failure, A2  but at the cost of more hypotension, electrolyte abnormalities, and 
renal impairment (Chapter 70). The current blood pressure goal is lower than 
120 mm Hg for selected patients at high cardiovascular risk without diabetes 
or prior heart failure and lower than 130 mm Hg otherwise.3

 DIABETES
Individuals with diabetes (Chapter 216) are also at heightened risk for pre-
mature cardiovascular mortality and morbidity, including heart failure. Type 
2 diabetes frequently clusters with hypertension, obesity, and a sedentary 
lifestyle, thereby exacerbating the risks associated with each condition. However, 
the glucose level is an independent risk factor for cardiovascular events, includ-
ing heart failure. Unlike hypertension, where pharmacologic therapy has had 
a generally favorable impact on reducing the risk of heart failure, historically, 
glucose lowering therapy has not been shown to reduce this risk. Recently, 
however, sodium-glucose cotransporter type 2 inhibitors (Chapter 216) have 
been shown to reduce the risk of heart failure hospitalization in patients with 
type 2 diabetes and cardiovascular risk factors or preexisting cardiovascular 
disease. A3 

,
 A4  The glucagon-like peptide-1 (GLP-1) receptor agonists, the alpha-

glucosidase inhibitor acarbose, insulin, and the meglitinide nateglinide do not 
increase the risk of developing heart failure in patients with impaired glucose 
tolerance, diabetes, or both. A5 

By comparison, thiazolidinediones cause retention of sodium and water 
and should not be used in patients at risk for developing heart failure. Sax-
agliptin also increases the risk that patients with type 2 diabetes and car-
diovascular risk factors or prior cardiovascular disease will develop heart  
failure. A6 

 OTHER RISK FACTORS
Treatment of atherosclerotic risk factors, such as hypercholesterolemia (Chapter 
195), and promotion of measures that encourage healthier lifestyles, such as 
smoking cessation (Chapter 29), weight control (Chapter 207), adoption of 
a Mediterranean diet (Chapter 202), and aerobic exercise (Chapter 13), should 
also reduce the number of individuals who progress from stage A to stage B 
(structural heart disease but without symptoms of heart failure). ACE inhibi-
tors protect against the development of heart failure in patients with diabetes 
mellitus or with evidence of atherosclerosis. Elevated natriuretic peptide levels 
and elevated troponin levels may help identify patients with an elevated risk 
of developing heart failure.

Many anticancer drugs—particularly anthracyclines, cyclophosphamide, 
and trastuzumab—can cause myocardial damage and heart failure, as can 
mediastinal radiotherapy. Pericardial constriction can be a result of previous 
radiotherapy, and malignant pericardial involvement can cause effusion and 
tamponade (Chapter 68).

 Stage B: Asymptomatic Structural or  
Functional Heart Disease
Stage B identifies asymptomatic (New York Heart Association or Canadian 
Cardiovascular Society class I; Chapter 52) patients who have a structural or 
functional cardiac disorder (e.g., left ventricular hypertrophy, enlargement, 
or dysfunction and valvar abnormalities) but do not have the signs and symp-
toms, such as dyspnea and fatigue, of the heart failure syndrome. In addition 
to history, physical examination, and electrocardiography (Chapter 48), more 
extensive screening with echocardiography (Chapter 49) or other imaging 
modalities (Chapter 50) is often required to detect patients with asymptomatic 
cardiac structural abnormalities.
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THERAPY

Goals
• Treat hypertension
• Encourage smoking cessation
• Treat lipid disorders
• Encourage regular exercise
• Discourage alcohol intake, illicit

drug use
• Control metabolic syndrome
• Dietary salt restriction
Drugs for routine use
• Diuretics for fluid retention
• ACEI or ARNI
• β-blockers
• Mineralocorticoid antagonists
Drugs in selected patients
• ARBs
• Digitalis
• Hydralazine/nitrates
• Ivabradine
Device in selected patients
• Biventricular pacing (CRT)
• Implantable defibrillators

Stage B
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• Previous MI
• LV remodeling including

LVH and low EF
• Asymptomatic valvular
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Stage C
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Refractory HF requiring
specialized interventions

Patients with marked
symptoms at rest despite
maximal medical therapy
(e.g., those who are
recurrently hospitalized
or cannot be safely
discharged from the
hospital without specialized
interventions)

Antihypertensive
agents

Statins

β-blockers

ACE inhibitors

Angiotensin II
receptor blockers
(ARBs)

Hydralazine/
nitrates

ARNI

Digoxin
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Mineralocorticoid
antagonists

Implantable
cardioverter-
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FIGURE 53-1. Stages of heart failure and therapies at various stages of heart failure (HF). Check marks indicate therapies proved by randomized trials to be beneficial; check marks 
in brackets indicate benefits uncertain. aCei = angiotensin converting enzyme inhibitor; arB = angiotensin receptor blocker; arni = angiotensin receptor/neprilysin inhibitor; Crt = 
cardiac resynchronization therapy; eF = ejection fraction; FHx CM = family history of cardiomyopathy; HF = heart failure; lV = left ventricle; lVH = left ventricular hypertrophy; Mi = 
myocardial infarction. 
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A patient who has an acute myocardial infarction not complicated by early 
heart failure is an obvious example of someone who transitions from stage 
A to stage B. Rapid mechanical or pharmacologic coronary reperfusion is 
one of the immediate goals of therapy, with the aim of limiting the extent of 
myocardial injury and reducing the risk for death and future development of 
heart failure (Chapters 63 and 64). Survivors of the acute phase of myocardial 
infarction, a well-studied stage B cohort, are at particularly high risk for the 
future development of heart failure, with an overall annual incidence of 2% 
per year—but higher in patients who are older, have a lower left ventricular 
ejection fraction, do not routinely perform at least moderate exercise, or 
have concomitant hypertension or diabetes mellitus. For example, a clinically 
stable asymptomatic patient who has recovered from a myocardial infarction 
but who is older than 60 years with a left ventricular ejection fraction of less 
than 50% and a history of diabetes and hypertension has an estimated 30% 
5-year likelihood of experiencing death or heart failure; without diabetes 
or hypertension, the 5-year estimated rate becomes 12%. By comparison, 
a younger myocardial infarction survivor who has a left ventricular ejec-
tion fraction over 50% and does not have hypertension or diabetes would 
be anticipated to have a 5-year rate for heart failure or death of only 3%. 
Measures of right ventricular function and biomarkers such as natriuretic 
peptides and troponin provide further independent incremental prediction 
for the risk for developing heart failure. With the continued improvements 
in care of patients with acute myocardial infarction (Chapters 63 and 64) 
and the use of implantable cardioverter-defibrillators (ICDs) after myocar-
dial infarction in patients with reduced left ventricular ejection fraction, 
this pool of stage B patients, who represent a reservoir for new-onset heart 
failure, has been expanding. An ICD is recommended in patients who have 
a left ventricular ejection fraction of 35% or less and who survive at least 
40 days after an acute myocardial infarction to reduce the risk for death  
(Chapter 64).

The impaired left ventricle, often due to a prior myocardial infarction, can 
undergo progressive chamber enlargement. This process, also termed left 
ventricular remodeling, describes the time-dependent and often insidious 
structural alterations of the impaired left ventricle, whereby the relationship 
of the left ventricular cavity volume increases out of proportion to mass, so 
the overall ventricular geometry becomes more distorted, usually more spheri-
cal. This distortion of left ventricular geometry often leads to mitral regurgita-
tion. These structural changes produce regional and global increases in 
myocardial wall stress, which can promote further remodeling and contribute 
to the progressive deterioration of cardiac function and structure often associ-
ated with the later stages of symptomatic heart failure.

 Stages C and D: Symptomatic Heart Failure
The development of symptoms and signs of the heart failure syndrome defines 
the transition from patients in the asymptomatic “at-risk” stages (A and B) to 
those who fulfill the clinical diagnosis of symptomatic heart failure (Chapter 
52). This transition to the symptomatic phase underscores the progressive 
nature of heart failure and heralds a marked decline in prognosis. In one study, 
for example, the 2-year mortality rate was 27% in symptomatic patients com-
pared with 10% in asymptomatic patients despite similarly reduced left ven-
tricular ejection fractions and comorbidities.

The treatment of heart failure is guided by the stage of symptoms and signs 
(see Fig. 53-1) as well as a robust literature on therapies proved to be beneficial 
by randomized trials (Fig. 53-2).4

Angiotensin-Converting Enzyme Inhibitors and 
Angiotensin Receptor Blockers

Mechanistic studies confirm that ACE inhibitors inhibit progressive left ven-
tricular enlargement by reducing wall stress during the entire cardiac cycle as 
well as by more direct inhibition of the intracellular signaling pathways involved 
in myocardial hypertrophy and interstitial fibrosis. This attenuation of ventricular 
remodeling by ACE inhibitors reduces the development of symptomatic heart 
failure or death, including sudden and unexpected deaths, in stage B asymp-
tomatic patients with left ventricular dysfunction by about 20%.

Several ACE inhibitors are effective as prophylactic therapy for high-risk stage 
B patients, and the target dose of each agent is established (Table 53-2). There-
fore, patients with left ventricular systolic dysfunction, heart failure, or both 
complicating acute myocardial infarction should receive an ACE inhibitor to 
reduce the risk for chronic heart failure, reinfarction, stroke, and death. The 
angiotensin receptor blocker (ARB) valsartan is as effective as captopril in reduc-
ing risk for cardiovascular death and other nonfatal cardiovascular outcomes, 
thereby providing an alternative pharmacologic class of agents for patients 
who cannot tolerate an ACE inhibitor because of cough or angioedema. Impor-
tantly, in patients with left ventricular dysfunction or acute heart failure in the 
context of a myocardial infarction, the combination of an ACE inhibitor and 
ARB is not better than either alone, so combination therapy is not recommended 
in this setting.

β-Blockers
β-Adrenergic receptor blockers (β-blockers) have long been known to reduce 

death and recurrent myocardial infarction when they are administered during 

TREATMENT 

The goals of treatment for patients with stage C and stage D heart failure 
are relief of symptoms, avoidance of hospital admission with worsening heart 
failure, and prevention of premature death. In general, the preventive measures 
that are of value during stages A and B should be sustained in patients with 
stages C and D heart failure.

Heart Failure with Reduced Left Ventricular  
Ejection Fraction
Pharmacologic treatment

Drugs are the mainstay of the treatment of patients with symptomatic heart 
failure on the basis of the cumulative experiences from RCTs, particularly for 
patients with reduced left ventricular ejection fraction. However, devices and 
surgery have an important and increasing role in patients with advanced symp-
tomatic heart failure (stages C and D; see Fig. 53-1). Exercise clearly improves 
well-being and clinical outcomes, but the evidence base for other lifestyle 
interventions is less robust. The organization and delivery of care can also have 
a substantial impact on outcomes.

Diuretics
Mechanism of Action

Conventional diuretics (see Table 108-6 in Chapter 108) act by blocking 
sodium reabsorption in the loop of Henle and distal renal tubule, thereby 
enhancing urinary excretion of sodium and water.

Clinical Benefits
Although not proven to improve mortality and morbidity in large trials, 

diuretics are required in nearly all patients with symptomatic heart failure (stages 
C and D) to relieve dyspnea and the signs of sodium and water retention (“con-
gestion”), that is, peripheral and pulmonary edema. No other treatment relieves 
symptoms and the signs of sodium and water overload as rapidly and effectively. 
Once a patient needs a diuretic, treatment is usually necessary for the rest of 
the patient’s life, although the dose and type of diuretic may vary.

Practical Use
The key principle is to prescribe the minimum dose of diuretic needed to 

maintain an edema-free state (“dry weight”). Excessive use can lead to electrolyte 
imbalances, such as hyponatremia, hypokalemia (and risk for digitalis toxicity), 
hyperuricemia (and risk for gout), and uremia. The risk for renal dysfunction is 
increased by concomitant use of nonsteroidal anti-inflammatory drugs (NSAIDs). 

TREATMENT 

the acute phase of myocardial infarction in patients without pulmonary con-
gestion (Chapter 64). However, carvedilol (Table 53-3) also improves survival, 
reduces subsequent nonfatal myocardial infarctions, and has a favorable trend 
for reduced hospitalizations for heart failure in patients with a recent myocardial 
infarction and reduced left ventricular ejection fraction (≤40%) when it is added 
to an ACE inhibitor and should be considered in such patients. For stage B 
patients whose left ventricular dysfunction does not have an ischemic etiology, 
the evidence for β-blockers is less firm.

Treatment of Arrhythmias
Functional as well as structural problems may lead to the development of 

heart failure. For example, a persistently rapid ventricular rate in patients with 
atrial fibrillation can cause a rate-related (tachycardia-induced) cardiomyopathy 
(Chapter 58). Adequate pharmacologic control of the ventricular rate or inter-
ventions to restore sinus rhythm or to ablate re-entry pathways (Chapter 60) 
may reduce the risk for heart failure.

Other Therapies
Any treatments that control hypertension or reduce the risk for myocardial 

infarction will benefit stage B patients. Examples include statins, antiplatelet 
agents, and smoking cessation.
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Treatment of stage C heart failure with
a reduced ejection fraction

ACE inhibitor/ARB
AND

β-blocker with
diuretic as needed

For patients with
persistent volume

overload,
NYHA class II-IV

Titrate

Diuretics
Hydralazine
+ isosorbide

dinitrate
ARNI

For NYHA class II-IV patients,
consider device therapy as

appropriate (see text)

For otherwise refractory NYHA
class IV patients

•    ICD
•    CRT

•    LV assist device
•    heart transplantation

Aldosterone
antagonist Ivabradine

Add Switch Add Add

For persistently
symptomatic

African Americans,
NYHA class III-IV

For patients
stable on ACE
inhibitor/ARB,

NYHA class II-III

For patients
with eGFR ≥

30 mL/min/1.72 m2

K+< 5.0 mEq/dL
NYHA class II-IV

For patients with
resting HR ≥ 70,

on maximally
tolerated beta

blocker dose in
sinus rhythm,

NYHA class II-III

FIGURE 53-2. General approach to heart failure. stage C heart failure with a reduced ejection fraction. evidence-based, guideline-directed medical therapy. aCe = angiotensin-
converting enzyme; arB = angiotensin-receptor blocker; arni = angiotensin receptor-neprilysin inhibitor; Crt = cardiac resynchronization therapy; egFr = estimated glomerular filtration 
rate; Hr = heart rate; iCd = implantable cardiovascular-defibrillator; lV = left ventricular; Mra = mineralocorticoid receptor antagonist; nYHa = new York Heart association. (adapted 
from Yancy CW, Januzzi Jl, Jr., allen la, et al. 2017 aCC expert Consensus decision Pathway for optimization of heart failure treatment: answers to 10 pivotal issues about heart failure 
with reduced ejection fraction: a report of the american College of Cardiology task Force on expert Consensus decision Pathways. J Am Coll Cardiol. 2018;71:201-230.)

Diuretic-induced hypovolemia may also cause symptomatic hypotension and 
prerenal azotemia. Restriction of dietary sodium intake may help reduce but 
does not eliminate the requirement for diuretics. Diuretic dosing should be 
flexible, with temporary increases for evidence of fluid retention (e.g., increasing 
symptoms, weight gain, edema) and decreases for evidence of hypovolemia 
(e.g., as a consequence of increased electrolyte loss due to gastroenteritis, 
decreased fluid intake, or both).

In some patients with milder symptoms of heart failure and preserved renal 
function (stage C), a thiazide diuretic such as chlorthalidone may suffice. In 
more advanced heart failure (stage D) or in patients with concomitant renal 
dysfunction, a loop diuretic such as furosemide is often needed. Loop diuretics 

cause a rapid onset of an intense but relatively short-lived diuresis compared 
with the longer lasting but gentler effect of a thiazide diuretic. The timing of 
administration of a loop diuretic, which need not be taken first thing every 
morning, can be adjusted according to the patient’s social activities. The dose 
may be postponed or even temporarily omitted if the patient has to travel or 
has another activity that might be compromised by the prompt action of the 
diuretic. In severe heart failure (stage D), the effects of long-term administra-
tion of a loop diuretic may be diminished by increased sodium reabsorption 
at the distal tubule. This problem can be offset by use of the combination of 
a loop diuretic and a thiazide or thiazide-like diuretic (e.g., hydrochlorothia-
zide or metolazone), which act in synergy with a loop diuretic by blocking 
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WHY?

Randomized trials have conclusively shown that angiotensin-converting enzyme (ACE) 
inhibitors increase survival, reduce hospital admissions, and improve New York 
Heart Association (NYHA) class and quality of life in patients with all grades of 
symptomatic heart failure. Other randomized trials in patients with systolic 
dysfunction after acute myocardial infarction show that ACE inhibitors increase 
survival. In patients with heart failure, the composite end point of death or hospital 
admission is reduced by higher doses of an ACE inhibitor compared with lower 
doses. ACE inhibitors also delay or prevent the development of symptomatic heart 
failure in patients with asymptomatic left ventricular systolic dysfunction.

In patients who are intolerant of an ACE inhibitor, an angiotensin receptor blocker 
(ARB) is indicated. For example, candesartan reduces the risk for the composite 
outcome of cardiovascular death or heart failure hospitalization, reduces the risk of 
hospital admission for heart failure, and improves NYHA class. Valsartan is as 
effective as the ACE inhibitor captopril in reducing mortality and cardiovascular 
morbidity in patients with left ventricular systolic dysfunction, heart failure, or both 
complicating acute myocardial infarction.

IN WHOM AND WHEN?

aCe inhibitors/arBs
Indications
 Potentially all patients with heart failure and a low ejection fraction
 First-line treatment (along with β-blockers) in patients with NYHA class II to IV 

heart failure; start as early as possible in course of disease. ACE inhibitors (and 
probably ARBs) are also of benefit in patients with asymptomatic left ventricular 
systolic dysfunction (NYHA class I).

Contraindications
 ACE inhibitors only—history of angioedema

Known bilateral renal artery stenosis
Combination with an angiotensin receptor blocker-neprilysin inhibitor (valsartan/

sacubitril)—risk of angioedema if combined with an ACE inhibitor (and renal 
dysfunction and hyperkalemia when combined with ACE inhibitor or an ARB)

Cautions/seek specialist advice
 Significant hyperkalemia (K+ > 5.0 mmol/L)
 Significant renal dysfunction (creatinine 221 µmol/L or >2.5 mg/dL)
 Symptomatic or severe asymptomatic hypotension (systolic blood pressure  

<90 mm Hg)
Drug interactions to look out for
 K+ supplements/K+-sparing diuretics (e.g., amiloride and triamterene [beware 

combination preparations with furosemide])
 Mineralocorticoid receptor antagonists (spironolactone, eplerenone), ARBs, 

NSAIDs*
“Low-salt” substitutes with a high K+ content
Angiotensin receptor blocker-neprilysin inhibitor (sacubitril/valsartan)—see above 

(contraindicated)
WHERE?

In the community for most patients
Exceptions—see Cautions/seek specialist advice
WHICH ACE INHIBITOR AND WHAT DOSE?

STARTING DOSE TARGET DOSE
Captopril 6.25 mg thrice daily 50 mg thrice daily
Enalapril 2.5 mg twice daily 10-20 mg twice daily
Lisinopril 2.5-5.0 mg once daily 20-35 mg once daily
Ramipril 2.5 mg once daily 5 mg twice daily or 10 mg once daily
Trandolapril 0.5 mg once daily 4 mg once daily
WHICH ARB AND WHAT DOSE?

STARTING DOSE TARGET DOSE
Candesartan 4 or 8 mg once daily 32 mg once daily
Valsartan 40 mg twice daily 160 mg twice daily
Losartan 50 mg once daily 150 mg daily

TABLE 53-2 PRACTICAL GUIDANCE ON THE USE OF ANGIOTENSIN-CONVERTING ENZYME INHIBITORS AND ANGIOTENSIN 
RECEPTOR BLOCKERS IN PATIENTS WITH HEART FAILURE DUE TO LEFT VENTRICULAR SYSTOLIC DYSFUNCTION

HOW TO USE?

Start with a low dose (see doses in previous column).
Double dose at not less than 2-week intervals.
Aim for target dose (see doses in previous column) or, failing that, the highest tolerated 

dose.
Remember: some ACE inhibitor/ARB is better than no ACE inhibitor/ARB.
Monitor blood pressure and blood chemistry (urea/blood urea nitrogen, creatinine, 

K+).
Check blood chemistry 1 to 2 weeks after initiation and 1 to 2 weeks after final dose 

titration.
When to stop up-titration, reduce dose, stop treatment—see Problem Solving.
A specialist heart failure nurse or pharmacist may assist with education of the patient, 

follow-up (in person or by telephone), biochemical monitoring, and dose 
up-titration.

ADVICE TO PATIENT

Explain expected benefits (see Why?).
Treatment is given to improve symptoms, to prevent worsening of heart failure leading 

to hospital admission, and to increase survival.
Symptoms improve within a few weeks to a few months of starting treatment.
Advise patients to report principal adverse effects, (i.e., dizziness/symptomatic 

hypotension, cough)—see Problem Solving.
Advise patients to avoid NSAIDs* not prescribed by a physician (self-purchased 

over-the-counter) and salt substitutes high in K+—see Problem Solving.
PROBLEM SOLVING

Asymptomatic low blood pressure
 Does not usually require any change in therapy
Symptomatic hypotension
 If dizziness, lightheadedness, or confusion and a low blood pressure, reconsider need 

for nitrates, calcium-channel blockers,† and other vasodilators.
 If no signs or symptoms of congestion, consider reducing diuretic dose.
 If these measures do not solve problem, seek specialist advice.
Cough
 Cough is common in patients with heart failure, many of whom have smoking-related 

lung disease.
 Cough is also a symptom of pulmonary edema, which should be excluded when a 

new or worsening cough develops.
 ACE inhibitor–induced cough rarely may not require treatment discontinuation.
 When a troublesome cough does develop (e.g., one stopping the patient from 

sleeping) and can be proved to be due to ACE inhibition (i.e., recurs after ACE 
inhibitor withdrawal and rechallenge), substitution of an ARB should be 
considered.

Worsening renal function
 Some rise in urea (blood urea nitrogen), creatinine, and potassium is to be expected 

after initiation of an ACE inhibitor/ARB; if an increase is small and 
asymptomatic, no action is necessary.

 An increase in creatinine of up to 50% above baseline, or 266 µmol/L (3 mg/dL), 
whichever is the smaller, is acceptable.

 An increase in potassium to ≤5.5 mmol/L is acceptable but must be rechecked.
 If urea, creatinine, or potassium does rise excessively, consider stopping concomitant 

nephrotoxic drugs (e.g., NSAIDs*) and other potassium supplements or retaining 
agents (triamterene, amiloride, spironolactone-eplerenone) and, if no signs of 
congestion, reducing the dose of diuretic.

 If greater rises in creatinine or potassium than those outlined above persist despite 
adjustment of concomitant medications, the dose of the ACE inhibitor should be 
halved and blood chemistry rechecked within 1 to 2 weeks; if there is still an 
unsatisfactory response, specialist advice should be sought.

 If potassium rises to >5.5 mmol/L or creatinine increases by >100% or to above 
310 µmol/L (3.5 mg/dL), the ACE inhibitor/ARB should be stopped and 
specialist advice sought.

 Blood chemistry should be monitored frequently and serially until potassium and 
creatinine have plateaued.

Note: It is rarely necessary to stop an ACE inhibitor/ARB, and clinical deterioration is likely if treatment is withdrawn. Ideally, specialist advice should be sought before treatment discontinuation.
*Avoid nonsteroidal anti-inflammatory drugs (NSAIDs) unless essential.
†Calcium-channel blockers should be discontinued unless absolutely essential (e.g., for angina or hypertension).
Modified from McMurray J, Cohen-Solal A, Dietz R, et al. Practical recommendations for the use of ACE inhibitors, β-blockers, mineralocorticoid receptor antagonists and angiotensin receptor blockers in 
heart failure: putting guidelines into practice. Eur J Heart Fail. 2005;7:710-721.
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WHY?

Several major randomized controlled trials have shown, conclusively, that certain 
β-blockers increase survival, reduce hospital admissions, and improve New York 
Heart Association (NYHA) class and quality of life when added to standard therapy 
(diuretics, digoxin, and angiotensin-converting enzyme [ACE] inhibitors) in patients 
with heart failure. Carvedilol is substantially more effective than a low dose of 
short-acting metoprolol.*

IN WHOM AND WHEN?

Indications
 Potentially all patients with stable heart failure with mild to moderate symptoms; 

patients with severe heart failure should be referred for specialist advice.
 First-line treatment (along with ACE inhibitors) in patients with stable NYHA class 

II to III heart failure; start as early as possible in course of disease.
Contraindications
 Asthma
 Second- or third-degree atrioventricular block
Cautions/seek specialist advice
 Severe (NYHA class IV) heart failure
 Current or recent (<4 weeks) exacerbation of heart failure (e.g., hospital admission 

with worsening heart failure, heart block, or heart rate <60 beats/minute).
 Persisting signs of congestion, hypotension/low blood pressure (systolic < 90 mm 

Hg), raised jugular venous pressure, ascites, marked peripheral edema
Drug interactions to look out for
 Verapamil, diltiazem (should be discontinued)†

 Digoxin, amiodarone
WHERE?

In the community in stable patients (NYHA class IV/severe heart failure patients 
should be referred for specialist advice)

Not in unstable patients hospitalized with worsening heart failure
Other exceptions—see Cautions/seek specialist advice

WHICH β-BLOCKER AND WHAT DOSE?

STARTING DOSE TARGET DOSE
Bisoprolol 1.25 mg once daily 10 mg once daily
Carvedilol 3.125 mg twice daily 25-50 mg twice daily
Metoprolol CR/XL 12.5-25 mg once daily 200 mg once daily*
Nebivolol 1.25 mg once daily 10 mg once daily

TABLE 53-3 PRACTICAL GUIDANCE ON THE USE OF β-BLOCKERS IN PATIENTS WITH HEART FAILURE DUE TO LEFT VENTRICULAR 
SYSTOLIC DYSFUNCTION

HOW TO USE?

Start with a low dose (see dose shown in previous column).
Double dose at not less than 2-week intervals.
Aim for target dose (see dose shown in previous column) or, failing that, the highest 

tolerated dose.
Remember: some β-blocker is better than no β-blocker.
Monitor heart rate, blood pressure, and clinical status (symptoms, signs—especially 

signs of congestion, increased body weight).
Check blood chemistry 1 to 2 weeks after initiation and 1 to 2 weeks after final dose 

titration.
When to stop up-titration, reduce dose, stop treatment—see Problem Solving.
A specialist heart failure nurse may assist with education of the patient, follow-up (in 

person or by telephone), and dose up-titration.
ADVICE TO PATIENT

Explain expected benefits (see Why?).
Treatment is given to improve symptoms, to prevent worsening of heart failure leading 

to hospital admission, and to increase survival.
Symptomatic improvement may develop slowly after starting treatment, taking 3 to 6 

months or longer.
Temporary symptomatic deterioration may occur during initiation or up-titration phase; 

in the long term, β-blockers improve well-being.
Advise patient to report deterioration (see Problem Solving) and that deterioration 

(tiredness, fatigue, breathlessness) can usually be easily managed by adjustment of 
other medication; patients should be advised not to stop β-blocker therapy without 
consulting the physician.

To detect and to treat deterioration early, patients should be encouraged to weigh 
themselves daily (after waking, before dressing, after voiding, before eating) and to 
increase their diuretic dose should their weight increase, persistently (>2 days), by 
>1.5–2.0 kg.‡

PROBLEM SOLVING

Worsening symptoms or signs (e.g., increasing dyspnea, fatigue, edema, weight gain)
 If increasing congestion, increase dose of diuretic or halve dose of β-blocker (if 

increasing diuretic does not work).
 If marked fatigue (or bradycardia—see below), halve dose of β-blocker (rarely 

necessary); review patient in 1 to 2 weeks; if not improved, seek specialist advice.
 If serious deterioration, halve dose of β-blocker or stop this treatment (rarely 

necessary); seek specialist advice.
Low heart rate
 If <50 beats/minute and worsening symptoms, halve dose of β-blocker or, if severe 

deterioration, stop β-blocker (rarely necessary).
 Review need for other heart rate–slowing drugs (e.g., digoxin, amiodarone, diltiazem, 

or verapamil†).
 Arrange electrocardiogram to exclude heart block.
 Seek specialist advice.
Asymptomatic low blood pressure
 Does not usually require any change in therapy.
Symptomatic hypotension
 If dizziness, lightheadedness, or confusion and a low blood pressure, reconsider need 

for nitrates, calcium-channel blockers,† and other vasodilators.
 If no signs or symptoms of congestion, consider reducing diuretic dose.
 If these measures do not solve problem, seek specialist advice.

Note: β-Blockers should not be stopped suddenly unless absolutely necessary (there is a risk for a “rebound” increase in myocardial ischemia or infarction and arrhythmias). Ideally, specialist advice should be 
sought before treatment discontinuation.
*Metoprolol tartrate should not be used in preference to an evidence-based β-blocker in heart failure.
†Calcium-channel blockers should be discontinued unless absolutely necessary, and diltiazem and verapamil are generally contraindicated in heart failure.
‡This is generally good advice for all patients with heart failure.
Modified from McMurray J, Cohen-Solal A, Dietz R, et al. Practical recommendations for the use of ACE inhibitors, β-blockers, mineralocorticoid receptor antagonists and angiotensin receptor blockers in 
heart failure: putting guidelines into practice. Eur J Heart Fail. 2005;7:710-721.

sodium reabsorption in different segments of the nephron. This combination 
requires more frequent monitoring of electrolytes and renal function for diuretic-
induced hyponatremia, abnormalities of the serum potassium level, and prerenal  
azotemia.

A period of intravenous loop diuretic, given either as bolus injections or by 
continuous infusion, may be required either in the ambulatory setting or as 
an in-patient in patients who become resistant to the action of oral diuretics. 
Why this resistance develops is uncertain, but factors thought to be important 
include impaired absorption of oral diuretics due to gut edema, hypotension, 
reduced renal blood flow, renal venous congestion, and adaptive changes in 
the nephron.

Patients with symptomatic heart failure (stages C and D) should be also 
considered for treatment with a mineralocorticoid receptor (aldosterone) 
antagonist, such as spironolactone, which increases excretion of sodium but 
not of potassium (see later). Patients receiving a combination of diuretics require 
careful monitoring of blood chemistry and clinical status. The use of a 

mineralocorticoid receptor (or, rarely, a potassium-sparing diuretic) along with 
an ACE inhibitor, ARB, or angiotensin receptor neprilysin inhibitor (ARNI) 
(treatment with all three is not recommended) requires particular care and 
surveillance for hyperkalemia.

Although they are highly effective in relieving symptoms and signs, diuretics 
alone are not sufficient for treatment of heart failure. In cases of severe resistant 
volume overload, mechanical removal of fluid by ultrafiltration may be consid-
ered. The addition of other disease-modifying treatments will slow structural 
progression, better maintain clinical stability, and reduce the risk for hospital 
admission and premature death.

ACE Inhibitors and Angiotensin Receptor Blockers (ARBs)
Mechanism of Action

ACE inhibitors inhibit the enzyme that converts the inactive decapeptide 
angiotensin I to the active octapeptide angiotensin II (and that also breaks 
down bradykinin). In patients with heart failure, excessive angiotensin II is 
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Practical Use
Switching to sacubitril/valsartan should be considered in patients who have 

persisting symptoms despite tolerating treatment with an ACE inhibitor or ARB 
(Table 53-4). Sacubitril/valsartan can also be considered as first-line therapy 
instead of an ACE inhibitor or ARB. Because neprilysin inhibition with sacubitril 
increases bradykinin, a history of angioedema is a contraindication to sacubitril/
valsartan. Sacubitril/valsartan should never be combined with an ACE inhibitor, 
and a “wash-out” period of 36 hours is required between stopping an ACE 
inhibitor and starting the ARNI. Because neprilysin inhibition increases a number 
of vasodilator peptides, hypotension is more common with sacubitril/valsartan 
than with an ACE inhibitor or ARB, and switching is not recommended in a 
patient with a systolic blood pressure lower than 95 mm Hg.
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TABLE 53-4 PRACTICAL GUIDANCE ON THE USE OF A 
COMBINED ANGIOTENSIN RECEPTOR BLOCKER-
NEPRILYSIN INHIBITOR (SACUBITRIL/
VALSARTAN) IN PATIENTS WITH HEART FAILURE 
DUE TO LEFT VENTRICULAR SYSTOLIC 
DYSFUNCTION

WHY?

In one major randomized trial, patients who had symptomatic heart failure and who 
were previously treated with an angiotensin-converting enzyme (ACE) inhibitor 
or angiotensin receptor blocker (ARB) were randomized to an ARB plus a 
neprilysin inhibitor (ARNI) sacubitril/valsartan or the ACE inhibitor enalapril, 
added to standard pharmacologic therapy (diuretics, β-blockers, mineralocorticoid 
receptor antagonists [MRAs], and digoxin). Patients treated with sacubitril/
valsartan had a better survival, fewer hospital admissions, and improved New York 
Heart Association (NYHA) class and quality of life compared with patients who 
were treated with enalapril.

IN WHOM AND WHEN?

Indications
Potentially all patients with heart failure and a low ejection fraction
First-line treatment (along with β-blockers and MRA) in patients with NYHA 

class II to IV heart failure as an alternative to an ACE inhibitor or ARB.
Contraindications

History of angioedema
Known bilateral renal artery stenosis
Combination with an ACE inhibitor or ARB—risk of angioedema if combined 

with an ACE inhibitor (and renal dysfunction and hyperkalemia when 
combined with ACE inhibitor or an ARB)

Cautions/seek specialist advice
Significant hyperkalemia (K+ > 5.0 mmol/L)
Significant renal dysfunction (creatinine 221 µmol/L or >2.5 mg/dL)
Symptomatic or asymptomatic hypotension (systolic blood pressure < 95 mm Hg)

Drug interactions to look out for
K+ supplements/K+-sparing diuretics (e.g., amiloride and triamterene [beware 

combination preparations with furosemide])
Mineralocorticoid receptor antagonists (spironolactone, eplerenone), NSAIDs*
“Low-salt” substitutes with a high K+ content
ACE inhibitor/ARB—see above (contraindicated)

WHERE?

In the community for most patients
Exceptions—see Cautions/seek specialist advice
WHAT DOSE?

STARTING DOSE usually sacubitril/valsartan 49 mg/51 mg twice daily if switching 
from ACE inhibitor/ARB (24 mg/26 mg twice daily if starting de novo)

TARGET DOSE sacubitril/valsartan 97/103 mg twice daily
HOW TO USE?

As for ACE inhibitors/ARBs
ACE inhibitor treatment must be stopped for 36 hours before starting sacubitril/

valsartan (to minimize risk of angioedema)
ADVICE TO PATIENT

As for ACE inhibitors/ARBs
PROBLEM SOLVING

As for ACE inhibitors/ARBs (manage cough related to neprilysin inhibition in same 
way as ACE inhibitor–induced cough)

*Avoid nonsteroidal anti-inflammatory drugs (NSAIDs) unless essential.

thought to exert myriad harmful actions mediated through stimulation of the 
angiotensin II type 1 receptor subtype (AT1R), including vasoconstriction (which 
increases ventricular afterload), excessive growth of myocytes and the extracel-
lular matrix (contributing to maladaptive left ventricular remodeling), activation 
of the sympathetic nervous system, prothrombotic actions, and augmentation 
of the release of arginine vasopressin and the retention of sodium (both directly 
and through stimulation of secretion of aldosterone, which activates the min-
eralocorticoid receptor). ARBs selectively block the action of angiotensin II at 
the AT1 receptor. Although pharmacologically distinct from ACE inhibitors, their 
clinical effects are similar.

ACE inhibitors also reduce the breakdown of bradykinin, and the resultant 
accumulation of bradykinin is directly or indirectly responsible for two of the 
specific adverse effects of ACE inhibitors: cough and angioedema. ARBs do not 
inhibit kininase II or the breakdown of bradykinin, so they do not cause cough 
and are associated with lower rates of angioedema than are ACE inhibitors. This 
difference between ARBs and ACE inhibitors explains why the combination of 
neprilysin (which also breaks down bradykinin and may itself cause angioedema) 
and an ARB is safe (and why the combination of an ACE inhibitor and neprilysin 
inhibitor poses a significant risk of angioedema and is not recommended).

Clinical Benefits
Clinical trials have shown that treatment with an ACE inhibitor, when it is 

used alone or added to diuretics and digoxin, decreases left ventricular size, 
improves ejection fraction, reduces symptoms and hospital admissions, and 
prolongs survival. These agents also reduce the risk of developing myocardial 
infarction and possibly diabetes and atrial fibrillation. Consequently, treatment 
with an ACE inhibitor is recommended for all patients with left ventricular 
systolic dysfunction, irrespective of symptoms or etiology. ACE inhibitors are 
not a substitute for a diuretic but mitigate diuretic-induced hypokalemia.

When used as the sole agent in heart failure, ARBs produce benefits similar 
to those of ACE inhibitors. An ARB may be used as a substitute in patients who 
have cough or angioedema with an ACE inhibitor. When they are used in clini-
cally effective doses, other adverse effects such as hypotension, renal dysfunc-
tion, and hyperkalemia are encountered as frequently as with an ACE inhibitor.

Practical Use
An ACE inhibitor (or ARB) should be introduced as early as possible in a patient’s 

treatment. The only contraindications are a history of angioedema (for an ACE 
inhibitor), current symptomatic hypotension, and bilateral renal artery stenosis 
(Chapter 116); the latter is often associated with a prompt and marked increase 
in serum levels of blood urea nitrogen and creatinine when renal perfusion is 
reduced precipitously by inhibiting the production and actions of angiotensin 
II. Combined use of an ACE inhibitor and an ARB is contraindicated because it 
results in increased side effects without an increase in efficacy.

Treatment should be started in a low dose (see Table 53-2), with the dose 
gradually increased toward a target dose of proven benefit in a clinical trial. 
The patient should be evaluated for symptomatic hypotension, uremia, and 
hyperkalemia after each dose increment; these adverse effects are uncommon 
and can usually be resolved by reduction in the dose of diuretic (if the patient 
is edema free) or concomitant hypotensive or nephrotoxic medications (e.g., 
nitrates, calcium-channel blockers, or NSAIDs). A dry, nonproductive cough 
occurs in approximately 15% of patients treated with an ACE inhibitor, and if 
it is troublesome, substitution of an ARB is recommended. In the rare cases of 
angioedema (Chapter 237), the ACE inhibitor should be stopped and not used 
again; an ARB can be cautiously substituted (see later).

Neprilysin Inhibition
Mechanism of Action

Neprilysin is an enzyme that breaks down natriuretic peptides and other 
vasoactive substances, including adrenomedullin and bradykinin. Inhibiting 
neprilysin augments the concentrations of these substances, which have vaso-
dilator and natriuretic actions, and also inhibits pathologic growth, including 
hypertrophy and fibrosis. Because neprilysin also degrades angiotensin II, a 
neprilysin inhibitor must be combined with an agent that blocks the renin-
angiotensin system. Because ACE and neprilysin each degrade bradykinin, 
inhibiting both enzymes leads to a significant increase in the risk of angioedema. 
When added to a β-blocker and a mineralocorticoid receptor antagonist, the 
ARNI compound valsartan/sacubitril (200 mg twice daily) reduces heart failure 
hospitalization, cardiovascular mortality, death from all causes, and other 
measures of progressive worsening of heart failure compared with adding 
enalapril (10 mg twice daily). A7  Compared with enalapril, sacubitril/valsartan 
causes more hypotension and slightly more angioedema but less renal 
dysfunction and hyperkalemia. Neprilysin inhibition increases levels of B-type 
natriuretic peptide but not NT pro-B-type natriuretic peptide.

β-Blockers
Mechanism of Action

Heart failure is characterized by excessive activation of the sympathetic 
nervous system, which causes vasoconstriction and sodium retention, thereby 
increasing cardiac preload and afterload and often inducing myocardial ischemia 
or arrhythmias. In addition, norepinephrine can cause hypertrophy of myocytes 
and augment their apoptosis. β-Blockers counteract many of these harmful 

effects of the hyperactivity of the sympathetic nervous system. A rapid heart 
rate is an important prognostic factor in heart failure among patients in sinus 
rhythm, and β-blockers reduce heart rate.

Clinical Benefits
The long-term addition of a β-blocker to an ACE inhibitor (or an ARB or ARNI) 

and diuretic, digoxin, and mineralocorticoid receptor antagonist further improves 
left ventricular function and symptoms, reduces hospital admissions, and 
strikingly improves survival. Consequently, a β-blocker is recommended for all 
patients with symptomatic systolic dysfunction, irrespective of etiology and 
severity, and the combination of a β-blocker with an ACE inhibitor (or ARB or 
ARNI) is now the cornerstone of the treatment of symptomatic heart failure 
(see Fig. 53-1). Treatment with a β-blocker, added to an ACE inhibitor (or ARB 
or ARNI) and a mineralocorticoid receptor antagonist, is generally recommended 
for all patients with symptoms (NYHA classes II to IV) and left ventricular systolic 
dysfunction, irrespective of etiology.

In a retrospective analysis of pooled data from 11 randomized trials in patients 
with heart failure, β-blockers improved the left ventricular ejection fraction 
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but did not appear to reduce all-cause mortality in patients with atrial fibril-
lation, whereas they reduced mortality by 27% in patients who were in sinus  
rhythm. A8  Although the interpretation of these results is controversial, β-blockers 
remain the preferred treatment for control of the ventricular rate in patients 
who have both atrial fibrillation and heart failure with a reduced ejection frac-
tion because of their excellent safety profile.

Practical Use
The major contraindications to use of a β-blocker are asthma (although it is 

important to note that the dyspnea caused by pulmonary congestion can be 
confused with reactive airway disease) and second- or third-degree atrioven-
tricular block. Initiation of treatment during an episode of acute decompensated 
heart failure should also be avoided until the patient is stabilized. In addition, 
caution is advised in patients with a heart rate below 60 beats per minute or 
a systolic blood pressure below 90 mm Hg. It is recommended that a β-blocker 
shown to produce benefits in a randomized trial be used.

Like an ACE inhibitor (or an ARB or ARNI), β-blockers should be introduced 
as early as possible in a patient’s treatment, started in a low dose (see Table 
53-3), and increased gradually toward a target dose used in a clinical trial (the 
“start low–go slow” approach). The patient should be checked for symptomatic 
hypotension and excessive bradycardia after each dose increment, but both of 
these side effects are uncommon, and hypotension can often be resolved by 
reduction in the dose of other nonessential blood pressure–lowering medica-
tions (e.g., nitrates and calcium-channel blockers). Bradycardia is more likely in 
patients who are also taking digoxin or amiodarone, and the simultaneous use 
of these agents should be reviewed if excessive bradycardia occurs. On occa-
sion, symptomatic worsening and fluid retention (e.g., weight gain or edema) 
may occur after initiation of a β-blocker or during dose up-titration; these side 
effects usually can be resolved by a temporary increase in the diuretic dose 
without necessitating discontinuation of the β-blocker.

Treatment with a β-blocker should be given for life, although the dose may 
need to be decreased (or, rarely, treatment discontinued) temporarily during 
episodes of acute decompensation if the patient shows signs of circulatory 
underperfusion or refractory congestion.

Mineralocorticoid Receptor (Aldosterone) Antagonists (MRAs)
Mechanism of Action

Aldosterone, which is the second effector hormone in the renin-angiotensin-
aldosterone cascade, has detrimental vascular, renal, autonomic, and cardiac 
actions when it is produced in excess in patients with heart failure. Excessive 
aldosterone promotes sodium retention and hypokalemia, and it is believed 
to contribute to myocardial fibrosis, all of which predispose to arrhythmias. 
Aldosterone mediates its effects by activating the mineralocorticoid receptor, 
which is also stimulated by other endogenous corticosteroids. Mineralocorticoid 
receptor antagonists block these undesirable actions and, at high doses, also 
act as potassium-sparing diuretics.

Clinical Benefits
The mineralocorticoid receptor antagonist spironolactone improves symp-

toms, reduces hospital admissions, and increases survival when it is added to 
an ACE inhibitor (and diuretics and digoxin) in patients with a reduced left 
ventricular ejection fraction and severely symptomatic heart failure. Eplerenone, 
another mineralocorticoid receptor antagonist, reduces mortality and morbidity 
when it is added to both an ACE inhibitor and β-blocker in patients with a 
reduced left ventricular ejection fraction and heart failure with mild symptoms 
(NYHA class II). Consequently, a mineralocorticoid receptor antagonist should 
be considered in all patients who remain symptomatic (class II to IV) despite 
treatment with a diuretic, ACE inhibitor (or ARB or ARNI), and β-blocker. A9  When 
begun, a mineralocorticoid receptor antagonist should be given indefinitely.

Practical Use
Treatment with a mineralocorticoid receptor antagonist should be initiated 

with a low dose (Table 53-5) with careful monitoring of serum electrolytes and 
renal function. Hyperkalemia and uremia are the adverse effects of greatest 
concern (as with ACE inhibitors, ARBs, or an ARNI), and a mineralocorticoid 
receptor antagonist should not be given to patients with a serum potassium 
concentration of more than 5.0 mmol/L, serum creatinine concentration above 
2.5 mg/dL (>221 µmol/L), or other evidence of markedly impaired renal function. 
The importance of selection of patients and dose is underscored by reports 

WHY?

Treatment with a MRA (spironolactone or eplerenone) increases survival, reduces 
hospital admissions, and improves New York Heart Association (NYHA) class when 
added to standard therapy (diuretic, digoxin, ACE inhibitor/ARB, and, β-blocker) in 
patients with symptomatic (NYHA class II to IV) heart failure. Eplerenone also 
increases survival and reduces hospital admission for cardiac causes in patients with 
left ventricular systolic dysfunction and heart failure (or diabetes) complicating acute 
myocardial infarction.

IN WHOM AND WHEN?

Indications
 Potentially all patients with symptomatic heart failure (NYHA class II to IV)
 Second-line therapy (after ACE inhibitor/ARB/ARNI and β-blocker) in patients 

with symptomatic heart failure (NYHA class II to IV) and a LVEF ≤40%
Cautions/seek specialist advice
 Significant hyperkalemia (K+ > 5.0 mmol/L)†

 Significant renal dysfunction (creatinine >221 µmol/L or 2.5 mg/dL)†

Drug interactions to look out for
 K+ supplements/K+-sparing diuretics (e.g., amiloride and triamterene; beware 

combination preparations with furosemide)
 ACE inhibitor, ARBs, ARNIs, NSAIDs‡

 “Low-salt” substitutes with a high K+ content
WHERE?

In the community or in the hospital
Exceptions—see Cautions/seek specialist advice
WHICH DOSE?†

STARTING DOSE TARGET DOSE
Spironolactone 25 mg once daily or on alternate days 25-50 mg once daily
Eplerenone 25 mg once daily 50 mg once daily

TABLE 53-5 PRACTICAL GUIDANCE ON THE USE OF MINERALOCORTICOID RECEPTOR ANTAGONISTS (MRAs) IN PATIENTS WITH 
HEART FAILURE DUE TO LEFT VENTRICULAR SYSTOLIC DYSFUNCTION

HOW TO USE?

Start with a low dose (see dose shown in previous column).
Check blood chemistry at 1, 4, 8, and 12 weeks; 6, 9, and 12 months; 6-monthly 

thereafter.
If K+ rises above 5.5 mmol/L or creatinine rises to 221 µmol/L (2.5 mg/dL), reduce 

dose to 25 mg on alternate days and monitor blood chemistry closely.
If K+ rises to >6.0 mmol/L or creatinine to >310 µmol/L (3.5 mg/dL), stop MRA 

immediately and seek specialist advice.
A specialist heart failure nurse may assist with education of the patient, follow-up (in 

person or by telephone), biochemical monitoring, and dose up-titration.
ADVICE TO PATIENT

Explain expected benefits (see Why?).
Treatment is given to improve symptoms, to prevent worsening of heart failure leading 

to hospital admission, and to increase survival.
Symptom improvement occurs within a few weeks to a few months of starting 

treatment.
Avoid NSAIDs‡ not prescribed by a physician (self-purchased over-the-counter agent) 

and salt substitutes high in K+.
If diarrhea or vomiting occurs, patients should stop the MRA and contact the physician.
PROBLEM SOLVING

Worsening renal function/hyperkalemia
 See How to Use? section.
Major concern is hyperkalemia (>6.0 mmol/L)
 Conversely, a high-normal potassium level may be desirable in patients with heart 

failure, especially if they are taking digoxin.
It is important to avoid other K+-retaining drugs (e.g., K+-sparing diuretics such as 

amiloride and triamterene) and nephrotoxic agents (e.g., NSAIDs‡)
The safety of the approach of starting a K+ binder to allow a MRA to be continued is 

unknown and is not recommended until further evidence is available.
Some “low-salt” substitutes have a high K+ content.
Male patients treated with spironolactone may develop breast discomfort or 

gynecomastia (these problems are significantly less common with eplerenone).
Modified from McMurray J, Cohen-Solal A, Dietz R, et al. Practical recommendations for the use of ACE inhibitors, β-blockers, aldosterone antagonists and angiotensin receptor blockers in heart failure: 
putting guidelines into practice. Eur J Heart Fail. 2005;7:710-721.
ACE = angiotensin converter enzyme; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor/neprilysin inhibitor; MRA = mineralocorticoid receptor antagonist; NSAID = nonsteroidal 
anti-inflammatory drug.
†It is extremely important to adhere to these cautions and doses in light of recent evidence of serious hyperkalemia with spironolactone in usual clinical practice in Ontario.
‡Avoid nonsteroidal anti-inflammatory drugs (NSAIDs) unless essential.
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of a worrisome incidence of serious hyperkalemia in community practice set-
tings. Spironolactone can have antiandrogenic effects, especially painful gyne-
comastia, in men; because eplerenone has less of an action on the androgen 
receptor, it is a reasonable substitute in patients who experience this adverse  
effect.

Sinus Node Inhibitors: Ivabradine
Mechanism of Action

Ivabradine is the first of a new class of drugs developed to inhibit the mixed 
sodium-potassium channel or current (also known as the funny channel, abbre-
viated as If or Ikf) in the sinoatrial node and, in so doing, reduce heart rate. 
Reduction in heart rate is the only known cardiac action of ivabradine, which 
has this effect only in patients in sinus rhythm.

Clinical Benefits
In patients with symptomatic heart failure (NYHA class II to IV), a reduced 

ejection fraction (≤35%), and sinus rhythm with a rate of 70 beats per minute 
or higher, ivabradine improves symptoms and ejection fraction and reduces 
the risk for hospitalization for heart failure (but not mortality) when added to 
an ACE inhibitor (or ARB or, presumably, ARNI), a β-blocker, and a mineralocor-
ticoid receptor antagonist.

Practical Use
Ivabradine should be considered in patients who have persistent symptoms 

(NYHA class II to IV) despite treatment with a diuretic and other disease-modifying 
therapies (i.e., an ACE inhibitor [or ARB or ARNI], β-blocker, and a mineralocor-
ticoid receptor antagonist) and who are in sinus rhythm with a heart rate of 
70 beats per minute or greater. Ivabradine is not a substitute for a β-blocker 
and is not effective in atrial fibrillation. Treatment should be started at 5 mg 
twice daily, increased to 7.5 mg twice daily after 14 days unless the heart rate 
is 60 beats per minute or less, and reduced usually to 2.5 mg twice daily if the 
rate is less than 50 beats per minute. Symptomatic bradycardia and visual 
disturbance (phosphenes) are uncommon but require the dose be reduced or 
ivabradine be discontinued. Ivabradine also may increase the risk of developing 
atrial fibrillation, which should prompt discontinuation of the drug. Ivabradine 
should not be used in combination with agents that prolong the QT interval 
(e.g., amiodarone) and must be used cautiously with inhibitors (including 
grapefruit juice) or inducers of CYP3A4.

Digoxin
Mechanism of Action

Digitalis glycosides inhibit the cell membrane Na+, K+-ATPase pump, thereby 
increasing intracellular calcium and myocardial contractility. In addition, digoxin 
is thought to enhance parasympathetic and reduce sympathetic nervous activity 
as well as to inhibit renin release.

Clinical Benefits
In the only large RCT that examined the effects of starting (as opposed to 

withdrawing) digoxin, digoxin did not reduce mortality but did decrease the 
risk for admission to hospital for worsening heart failure and improve quality 
of life when it was added to a diuretic and an ACE inhibitor. In patients in sinus 
rhythm, the addition of digoxin can be considered if heart failure remains 
symptomatic despite standard treatment with a diuretic and three disease-
modifying drugs (i.e., an ACE inhibitor [or ARB or ARNI], a β-blocker, and a 
mineralocorticoid receptor antagonist). However, digoxin has not been as well 
studied and may not be as safe as ivabradine when used in conjunction with 
contemporary therapies. In patients with atrial fibrillation, digoxin may be used 
at an earlier stage if a β-blocker fails to control the ventricular rate during 
exercise (Chapter 58). Digoxin can also be used to control the ventricular rate 
when β-blocker treatment is being initiated or up-titrated.

If the effect of digoxin is needed urgently, loading with 10 to 15 µg/kg lean 
body weight, given in three divided doses 6 hours apart, may be used. The 
maintenance dose should be one third of the loading dose. Smaller maintenance 
doses (e.g., one fourth of the loading dose and not more than 62.5 µg/day) 
should be used in elderly patients and in patients with reduced renal function 
as well as in patients with a low body mass. Monitoring of the serum digoxin 
concentration is recommended because of the narrow therapeutic window. A 
steady state is reached 7 to 10 days after treatment is started; blood should 
be collected at least 6 hours (and ideally 8 to 24 hours) after the last dose. The 
currently recommended therapeutic range is 0.5 to 1.0 ng/mL).

Digoxin can cause anorexia, nausea, arrhythmias, confusion, and visual dis-
turbances, especially if the serum concentration is above 2.0 ng/mL. Hypokalemia 
increases susceptibility to the adverse effects. The dose of digoxin should be 
reduced in elderly patients and in patients with renal dysfunction. Certain drugs 
increase serum digoxin concentration, including amiodarone.

Hydralazine and Isosorbide Dinitrate
Mechanism of Action

Hydralazine is a powerful direct-acting arterial vasodilator. Its mechanism 
of action is not understood, although it may inhibit enzymatic production of 
superoxide, which neutralizes nitric oxide and may induce nitrate tolerance. 
Nitrates dilate both veins and arteries, thereby reducing preload and afterload 
by stimulating the nitric oxide pathway and increasing cyclic guanosine 

monophosphate in vascular smooth muscle. Neither drug on its own nor any 
other direct-acting vasodilator has been demonstrated to be beneficial in heart 
failure.

Clinical Benefits
The addition of hydralazine and isosorbide dinitrate reduces mortality, hos-

pital admissions for heart failure, and heart failure symptoms when added to 
standard disease-modifying drugs (i.e., an ACE inhibitor [or presumably an ARB 
or ARNI, a β-blocker, and a mineralocorticoid receptor antagonist) in African 
American patients with NYHA class III or IV symptoms and an ejection fraction 
of 45% or less. The dose is a fixed combination of 37.5 mg of hydralazine and 
20 mg of isosorbide dinitrate; if one tablet is tolerated, a second is given 12 
hours later. Then the tablet is given three times daily for 3 to 5 days, at which 
point the dose is increased to the target maintenance of two tablets three 
times daily (i.e., a daily dose of 225 mg hydralazine and 120 mg isosorbide 
dinitrate). It is uncertain whether hydralazine/isosorbide dinitrate is an effective 
addition to standard therapy in non-African American patients.

Practical Use
Other than for African Americans, the main indication for hydralazine and iso-

sorbide dinitrate is as a substitute in patients who are intolerant to an ACE inhibitor, 
an ARB, and an ARNI. However, many patients who cannot tolerate these three 
drugs also do not tolerate hydralazine and isosorbide dinitrate. Hydralazine and 
isosorbide dinitrate can also be used as additional treatment in non-African Ameri-
cans who remain symptomatic with other proven therapies. The main dose-limiting 
adverse effects of hydralazine and isosorbide dinitrate are headache and dizziness. 
A rare adverse effect of higher doses of hydralazine, especially in slow acetylators, 
is a systemic lupus erythematosus–like syndrome (Chapter 250).

Omega-3 Polyunsaturated Fatty Acids
In one trial, 1 gram of n-3 PUFA (850 to 852 mg eicosapentaenoic acid and 

docosahexaenoic acid as ethyl esters in the average ratio of 1 : 1.2) per day led 
to a small reduction in cardiovascular morbidity and mortality in patients with 
heart failure. Although this agent may have beneficial anti-inflammatory and 
antiarrhythmic effects, its current role in the treatment of heart failure is uncer-
tain, especially because trials in survivors of acute myocardial infarction have 
not shown benefit (Chapter 64). A10 

Other Agents
Other treatments have been tested in randomized trials and have been 

shown to have a neutral (e.g., amlodipine) or uncertain (e.g., bosentan and 
etanercept) effect on mortality and morbidity or to increase mortality (e.g., 
dronedarone, milrinone, flosequinan, vesnarinone, and moxonidine). The direct 
renin inhibitor aliskiren is inferior to an ACE inhibitor and is not recommended 
as an alternative to an ACE inhibitor (or ARB or ARNI) in patients with heart 
failure and a reduced ejection fraction. A11 

Other Pharmacologic Issues
Some therapies that are of proven value for cardiovascular conditions that 

underlie or are associated with heart failure are of uncertain benefit (antiplatelet 
treatment, Chapter 76) or do not improve outcomes (statins, Chapter 195) in 
patients with persistent, symptomatic heart failure. Newer direct-acting oral 
anticoagulants or warfarin are indicated in patients with atrial fibrillation to 
reduce the risk for thromboembolism, unless patients have contraindications 
to their use (Chapter 58). Anticoagulants may also be used in patients with 
evidence of intracardiac thrombus (e.g., detected during echocardiographic 
examination) or systemic thromboembolism but otherwise are not indicated 
in patients who are not in atrial fibrillation. A12  The many interactions of warfarin 
with other drugs, including some statins and amiodarone (Chapter 76), must 
always be considered. The non–vitamin K oral anticoagulants are contraindicated 
in patients with severe renal impairment and should be given at a reduced 
dose in patients with less severe impairment (Chapter 76).5 Heparin prophylaxis 
(Chapter 76) against deep vein thrombosis is indicated when patients with 
heart failure are bed bound, such as during hospital admission. Vaccination 
against influenza and pneumococcal infection is advised (Chapter 15) in all 
patients with heart failure because these infections can lead to severe clinical 
deterioration.

Refractory Heart Failure and Pulmonary Edema
Patients presenting with acute heart failure include those who develop heart 

failure de novo as a consequence of another cardiac event, usually a myocardial 
infarction,6 and those who present for the first time with decompensation of previ-
ously asymptomatic and often unrecognized cardiac dysfunction (patients previ-
ously in stage B, a transition with profound prognostic implications). However, 
because of frequent recurrences, most episodes of decompensation occur in 
patients with established, chronic heart failure that has worsened as a result 
of the unavoidable natural progression of the syndrome, with an intercurrent 
cardiac (e.g., arrhythmia) or noncardiac (e.g., pneumonia) event, or as a conse-
quence of an avoidable reason, such as nonadherence with treatment or use 
of an agent that can alter renal function. Although it is not always identified, 
searching for a reversible precipitant is an important aspect of the initial therapy 
plan (Table 53-6). Many patients with decompensated heart failure experience 
worsening over a period of days or weeks before presenting to their doctor.
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Most patients with decompensated heart failure require admission to the 
hospital, especially if pulmonary edema is present. In contrast to the ambula-
tory setting, data from RCTs generally are not available to guide effective therapy 
for worsening of chronic heart failure or new-onset acute heart failure. The 
principal goals of management of this heterogeneous group of patients are to 
relieve symptoms, the most important of which is extreme dyspnea, and to 
maintain or to restore vital organ perfusion.7 The early administration of an 
intravenous bolus or infusion of a loop diuretic and, in hypoxemic patients, 
oxygen are the key first-line treatments.8 A small RCT suggested that high-dose 
diuretic (more than 2.5 times previous oral dose) resulted in greater relief of 
dyspnea and congestion compared with low-dose diuretic (same intravenous 
dose as prior oral dose), but at the expense of more, albeit transient, renal 
dysfunction. A13  An intravenous opiate may also be used cautiously in selected 
patients to relieve anxiety and distress.

Noninvasive ventilation using a tight-fitting mask to provide positive-pressure 
ventilation reduces respiratory distress and metabolic disturbances more rapidly 
than standard oxygen therapy but has not reduced short-term mortality. Intra-
venous infusion of a nitrate (e.g., continuous intravenous infusion of 20 to 200 
µg/mm of nitroglycerin, titrated according to the symptomatic response and 
hemodynamic measurements, particularly arterial blood pressure) may also 
be valuable in patients with hypertension or myocardial ischemia (Fig. 53-3).

TABLE 53-6 SOME COMMON PRECIPITATING CAUSES OF 
HEART FAILURE

Myocardial ischemia or infarction
Atrial fibrillation or other supraventricular tachycardias
Uncontrolled hypertension
Valvular disease
Ventricular tachycardia
Pulmonary embolism
Pericardial disease
Sepsis
Anemia
Poor dietary or medical adherence
Adverse drug effects
Hyperthyroidism or hypothyroidism
Unknown/unexplained*
*Commonly, no clear precipitant is identified.
Adapted from Kimmelstiel CD, DeNofrio D, Konstam MA. Heart failure. In: Wachter RM, 
Goldman L, Hollander H, eds. Hospital Medicine. 2nd ed. Philadelphia: Lippincott Williams & 
Wilkins; 2005:360.

Acute pulmonary edema

Hypotension/shock

Assess response8

Unsatisfactory Satisfactory

Continue

Persisting hypoxemia

Consider CPAP9 or
invasive ventilation

Consider IV vasodilator
(e.g., NTG,10 SNP, nesiritide)

1 Casual arrhythmia (e.g., ventricular tachycardia). It can be difficult to determine whether atrial fibrillation is a
primary cause of acute pulmonary edema or secondary to it. An ECG is an essential investigation.

2 Acute mechanical problems include ventricular septal rupture and mitral valve papillary muscle rupture.
Mechanical support (e.g., an intra-aortic balloon pump) and urgent surgery should be considered. An
echocardiogram should be performed as soon as possible, especially in a patient without a prior diagnosis of
heart failure/other relevant heart disease (e.g., prior myocardial infarction or valve disease).

3 Dose of diuretic depends on prior diuretic use and renal function—a lower dose may suffice if preserved
renal function and no prior diuretic use.

4 Oxygen causes an increase in systemic vascular resistance and a reduction in heart rate and cardiac output
and should only be administered to patients with hypoxemia.

5 Consider if patient is agitated/distressed/in pain; may cause respiratory depression and dose should be
reduced in very elderly.

6 An intravenous infusion of dobutamine may be started at a dose of 2.5 µg/kg/min, doubling every 15 minutes
according to response and tolerability (dose titration usually limited by excessive tachycardia, arrhythmias, or
ischemia). A dose above 20 µg/kg/min is rarely needed.

7 E.g., an intra-aortic balloon pump
8 Improvement in symptoms and peripheral perfusion and adequate urine output—patient should be monitored

closely, and usually a response will occur within 30 minutes. Bladder catheterization may help in monitoring
urine output.

9 Continuous positive airways pressure (CPAP) is valuable in severe pulmonary edema, especially if associated
with hypoxemia. Endotracheal intubation and invasive mechanical ventilation should be considered in patients
with persisting hypoxemia and physical ventilatory exhaustion.

10 If systolic blood pressure is adequate (>100 mm Hg), an intravenous infusion of nitroglycerin (NTG) can be
considered. Start at a dose of 10 µg/min and double every 10 minutes according to response and tolerability
(usually dose up-titration is limited by hypotension). A dose of more than 100 µg/min is rarely needed.

Exclude/treat arrhythmia1

+/or acute mechanical problem2

+/or acute coronary syndrome

IV diuretic (e.g., 50 mg furosemide3)
High flow oxygen4

Consider IV opiate + antiemetic (e.g., 4-8 mg
morphine + 10 mg metoclopramide5) 

Consider IV inotrope (e.g.,
dobutamine6/invasive hemodynamic

monitoring/mechanical circulatory support7)

FIGURE 53-3. Approach to the patient with acute pulmonary edema. snP = sodium nitroprusside. 
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will be attempted. “Established” operative treatments for patients with heart 
failure include coronary artery bypass grafting, surgery, surgical or percutaneous 
interventions for aortic valve stenosis and mitral valve incompetence (Chapter 
66), implantation of ventricular assist devices, and heart transplantation.

Percutaneous Coronary Intervention or Coronary Artery Bypass Grafting
Percutaneous coronary intervention or coronary artery bypass grafting 

(Chapter 65), as appropriate, is indicated for relief of angina. The extent of 
ischemia and residual myocardial viability can be determined by noninvasive 
assessments such as dobutamine echocardiography (Chapter 49), magnetic 
resonance imaging (Chapter 50), and positron emission tomographic scanning 
(Chapter 50) in patients with impaired left ventricular ejection fraction. Coronary 
artery bypass grafting reduces the risk for cardiovascular death and cardiovas-
cular hospitalization (including heart failure hospitalization) in patients with 
ischemic cardiomyopathy, an ejection fraction of 35% or less, and coronary 
artery disease amenable to coronary-artery bypass grafting (although the trial 
excluded individuals with left main disease and Canadian Cardiovascular Society 
angina classes III-IV). A19  The net benefit was not apparent until approximately 
2 years after randomization because of the perioperative mortality related to 
surgery. Coronary artery bypass grafting is therefore recommended in such 
patients who are otherwise fit for surgery and have an anticipated life expec-
tancy of 2 years or more. Whether percutaneous coronary intervention has a 
similar prognostic benefit is unknown.

Cardiac Transplantation
Cardiac transplantation remains the most accepted (Table 53-7) surgical 

intervention in end-stage heart failure. Selection criteria usually focus on patients 
with refractory heart failure, that is, those with severe symptoms and functional 
limitations (peak oxygen consumption of less than 12 mL/kg per minute), as 
well as a particularly worrisome clinical course and prognosis attributed to 
their cardiac condition. These patients are often dependent on intravenous 
inotropic agents and mechanical support.

About 3000 heart transplant procedures are performed annually in the United 
States (compared with about 4000 ventricular assist device implantations). The 
major limitation is the scarcity of donor organs. Absolute and relative exclusion 
criteria for heart transplantation (Table 53-8) include advanced age, serious 
comorbid conditions, and nonreversible pulmonary vascular resistance of more 
than 6 Wood units.

To diagnose allograft rejection, which can be antibody-mediated or cell-
mediated, transjugular endomyocardial biopsies are usually performed weekly 
for one month, every other week for 2 months, and then every 1 to 2 months 
for the first year. In patients who are asymptomatic on low doses of cortico-
steroids, a gene expression profile of peripheral blood10 can provide equivalent 
clinical outcomes despite fewer biopsies. A20  Cellular rejection is usually easily 
treated with high-dose corticosteroids, but humoral rejection may require more 
aggressive immunosuppression (Chapter 43).

Another form of chronic rejection is transplant vasculopathy, which occurs 
at an annual rate of 5 to 10%.11 Patients are more likely to present with fatigue, 
heart failure, myocardial infarction, ventricular arrhythmia, or sudden death 
than with exertional angina. Patients are typically screened with annual coronary 
angiography, stress echocardiography, or positron emission tomography. 
Treatment emphasizes high-dose statins (see Table 195-3 in Chapter 195) and 
mTOR inhibitors (e.g., sirolimus or everolimus), A21  but repeat transplantation 
may be required.

The survival rate after heart transplantation is currently about 85 to 90% at 
one year, 70 to 75% at 5 years, and 20% at 20 years. Transplant vasculopathy 
and malignancies account for about one third of deaths among patients who 
survive for ten or more years.

Mechanical Circulatory Support
Given the scarcity of organ donors, mechanical circulatory support using a 

left ventricular (or biventricular) assist device (LVAD) may be used as a “bridge 
to transplantation” or, in some centers, as a permanent and definitive alter-
native to transplantation (“destination therapy”).12 Mechanical circulatory 

TABLE 53-7 INDICATIONS FOR HEART TRANSPLANTATION
1. Refractory cardiogenic shock requiring continuous intravenous inotropic support 

or mechanical circulatory support with an intra-aortic balloon pump, venoarterial 
extracorporeal membrane oxygenation, or left ventricular assist device

2. Persistent class IV New York Heart Association congestive heart failure  
symptoms refractory to maximal medical therapy (peak oxygen  
consumption < 10-12 mL/kg/min)

3. Intractable or severe symptoms of ischemia in patients with coronary artery 
disease not amenable to percutaneous or surgical revascularization

4. Recurrent life-threatening arrhythmias refractory to medical therapy, catheter 
ablation, implantation of intracardiac defibrillator, or a combination of these

5. Congenital heart disease with severe ventricular dysfunction or that cannot be 
corrected or palliated by either surgical or medical treatment

From Mancini D, Naka Y. Cardiac transplantation. In: Goldman L, Schafer AI, eds. Goldman-Cecil 
Medicine. 25th ed. Philadelphia: Elsevier Saunders; 2016.

Intravenous nesiritide can reduce the pulmonary capillary wedge pressure 
more promptly than intravenous nitroglycerin but has minimal effect on dyspnea 
and does not improve other clinical outcomes. A14  In volume-overloaded patients 
with severe heart failure unresponsive to diuretics, ultrafiltration is an option 
at specialized centers, although it was not superior to intensified pharmacologic 
therapy in a recent trial.

In patients with marked hypotension or other evidence of organ hypoperfu-
sion, an inotropic agent such as dobutamine (continuous intravenous infusion 
of 2.5 to 25 µg/kg/min, titrated according to hemodynamic and heart rate 
response and induction of arrhythmias or myocardial ischemia) or a phospho-
diesterase inhibitor (e.g., milrinone) should be considered, although neither 
treatment has ever been shown to reduce in-hospital deaths. In some countries, 
the calcium sensitizer levosimendan is also available for use in these patients. 
In general, potent inotropic agents should be used in a cardiac monitored 
setting at the lowest clinically effective dose and for the shortest duration 
possible (Chapter 99). Although low-dose dopamine (intravenous infusion of 
2.5 µg/kg/mm) is often administered in an attempt to improve diuresis and 
renal function, such benefits have not been confirmed in RCTs.

devices and surgery
In critically ill patients (Chapter 99), temporary percutaneous mechanical 

circulatory support (e.g., with an intra-aortic balloon pump) may also be con-
sidered. The aim of treatment is to support the patient’s circulation and vital 
organ function until either the patient’s own heart recovers or a definitive 
operative procedure can be performed (e.g., percutaneous coronary interven-
tion, implantation of a ventricular assist device, or cardiac transplantation).

Implantable Cardioverter-Defibrillators
About half of patients with heart failure die suddenly, mainly as the result 

of a ventricular arrhythmia. The relative risk for sudden death, as opposed to 
death from progressive heart failure, is greatest in patients with milder symp-
toms. In patients with more advanced heart failure, progressive pump failure 
deaths are relatively more common. Antiarrhythmic drugs do not improve 
survival in heart failure. ICDs (Chapter 60), however, reduce the risk for death 
in selected patients after myocardial infarction (Chapter 64) and, in one large 
RCT, improved survival in patients with class II to III heart failure and systolic 
dysfunction who were otherwise treated with what was considered optimal 
medical therapy at the time. Recently, however, a large RCT with longer follow-
up found no reduction in all-cause mortality when an ICD was added to excellent 
contemporary pharmacologic and device therapy in older patients with non-
ischemic heart failure. A15  Currently, in addition to their role in patients with an 
ischemic etiology, the balance of evidence also favors use of an ICD in patients 
who have nonischemic heart failure, A16  limited comorbidity (i.e., a low risk of 
noncardiovascular death), an anticipated survival of at least a year, and a left 
ventricular ejection fraction remaining at 35% or less despite at least 3 months 
of treatment with disease-modifying therapy (i.e., an ACE inhibitor [or ARB or 
ARNI], β-blocker, and mineralocorticoid receptor antagonist).9

Cardiac Resynchronization Therapy
About 30% of patients with heart failure and a reduced ejection fraction 

have substantial prolongation of the QRS duration on the surface electrocar-
diogram, which is a marker of abnormal electrical activation of the left ventricle 
causing dyssynchronous contraction, less efficient ventricular emptying, and, 
often, mitral regurgitation. Atrioventricular coupling may also be abnormal, as 
reflected by a prolonged PR interval, as may interventricular synchrony. Cardiac 
resynchronization therapy (CRT) with atrial-biventricular or multisite pacing 
optimizes atrioventricular timing and improves synchronization of cardiac con-
traction. In symptomatic patients (NYHA class II to IV) who are in sinus rhythm, 
have marked systolic dysfunction (left ventricular ejection fraction ≤35%), and 
have a wide QRS, the addition of CRT to optimal medical therapy and an ICD 
improves pump function, reduces mitral regurgitation, relieves symptoms, and 
significantly prolongs exercise capacity. CRT also substantially reduces the  
risk for death and for hospital admission for worsening heart failure in such 
patients. A17  Many other outcome measures, including quality of life, are also 
improved. Whether CRT is beneficial in patients in atrial fibrillation or with 
non-left bundle branch block (LBBB) QRS widening is uncertain. All patients in 
sinus rhythm with persistent symptoms (NYHA class II to IV) and an ejection 
fraction of 35% or less despite optimal disease-modifying medical therapy (ACE 
inhibitor, or ARB or ARNI plus a β-blocker and a mineralocorticoid receptor 
antagonist) should be considered for CRT if they have a QRS duration 130 msec 
or longer, especially if they have LBBB morphology, with the greatest benefit 
seen in patients with a QRS duration 150 msec or longer. Conversely, patients 
with a QRS duration less than 130 msec may be harmed by CRT. A18 

Surgery
With the exception of cardiac transplantation and ventricular assist devices, 

there are no generally accepted criteria for surgical intervention. Use of operative 
procedures is variable among centers and greatly dependent on local experi-
ence and expertise. Expert imaging and detailed hemodynamic and functional 
assessments are usually required when any patient with heart failure is consid-
ered for surgery, and close liaison between the relevant experts in these fields 
is essential. The collective expertise in surgical centers is often used to make 
highly individualized decisions about whether to operate and what procedures 
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support may also be used as “bridge to candidacy” (i.e., to try to improve a 
patient’s clinical status sufficiently to become eligible for transplantation).13  
A continuous axial-flow device can provide a 46% 2-year survival free of repeat 
device surgery or disabling stroke. A newer ventricular magnetically levitated 
centrifugal-flow pump may provide better short-term outcomes than the  
axial-flow pump. A22 

Because not every hospital could or should be expected to offer all these 
levels of support for patients with advanced heart failure, there is a general 
recognition that such services should be concentrated in a limited number of 
tertiary centers. Centers implanting these devices use criteria such as persis-
tent (>2 months) severe symptoms despite optimal drug and device therapy 
and other features placing patients at high risk for death (e.g., left ventricular 
ejection fraction <25%, three or more heart failure hospitalizations in the prior 
12 months, peak oxygen consumption <12 mL/kg per minute, dependence on 
intravenous inotropic therapy, progressive end-organ dysfunction, and dete-
riorating right ventricular function) to decide who should be considered for 
mechanical circulatory support.

Organization of Care and Remote Monitoring
Several studies have shown that organized, nurse-led, multidisciplinary care 

can improve outcomes in patients with heart failure, particularly by reduc-
ing recurrent hospital admissions. Thus it is recommended that all patients 
with heart failure be enrolled in a disease management program. The most 
successful disease management approach seems to involve education of the 
patients, their families, and caregivers about heart failure and its treatment 
(including flexible diuretic dosing and reinforcing the importance of adher-
ence), recognizing (and acting on) early deterioration (dyspnea, sudden weight 
gain, edema), and optimizing proven pharmacologic treatments. A home-based 
rather than clinic-based approach may be best, although trials are needed to 
compare these types of interventions directly. Even telephone follow-up is of  
value. A23  New technology enabling noninvasive home telemonitoring of physi-
ologic measures (e.g., heart rate and rhythm, blood pressure, temperature, 
respiratory rate, weight, and estimated body water content) and implanted 
devices, which collect similar data and may be interrogated remotely, are also 
being tested as aids to monitoring and management, but studies to date have 
not given consistent results. Despite the usefulness of brain-type natriuretic 
peptide (BNP) in the diagnosis of heart failure and as a prognostic measure, 
treatment guided by BNP levels has not been shown in randomized trials to 

be consistently better than standard, evidence-based care. Conversely, in one 
moderately large RCT, treatment based on hemodynamic data transmitted 
from an implantable pulmonary artery pressure sensor reduced heart failure 
hospitalizations by 30% over a six-month period. A24 

education
Education of the patient, family, and caregivers is valuable (Table 53-9). Self-

detection of early signs and symptoms of deterioration provides for earlier 
intervention. Counseling on the proper use of therapies, with an emphasis on 
adherence, is critical.

Useful patient-oriented material is available from several reliable sources: the 
Heart Failure Society of America (http://www.hfsa.org/patient/patient-tools/), 
American Heart Association (http://www.heart.org/HEARTORG/Conditions/
HeartFailure/Heart-Failure_UCM_002019_SubHomePage.jsp), National Heart, 
Lung and Blood Institute (http://www.nhlbi.nih.gov/health/dci/Diseases/Hf/
HF_WhatIs.html), the Heart Failure Association of the European Society of Car-
diology (http://www.heartfailurematters.org/en_GB), and other organizations.

Medication Use Counseling
When appropriate, a patient should be taught how to adjust the dose of 

diuretic within individualized limits. The dose should be increased (or a supple-
mentary diuretic added) if there is evidence of fluid retention (symptoms of 
congestion) and decreased if there is evidence of hypovolemia (e.g., increased 
thirst associated with weight loss or postural dizziness, especially during hot 
weather or an illness causing decreased fluid intake or sodium and water loss). 
If hypovolemia is more marked, the doses of other medications also will have 
to be reduced.

TABLE 53-8 CARDIAC TRANSPLANTATION 
CONTRAINDICATION CRITERIA

 I. Absolute Contraindications
1. Systemic illness with a limited life expectancy despite heart transplant 

including:
 a. Active or recent solid organ or blood malignancy
 b. Irreversible renal or hepatic dysfunction in patients considered for 

heart-only transplantation
 c. Severe obstructive pulmonary disease (FEV1 < 1 L/min)
 d. Active multisystem diseases

2. Fixed pulmonary hypertension with a mean transpulmonary gradient >5 mm 
Hg or pulmonary vascular resistance >6 Wood units not reduced with 
vasodilators, parenteral inotropic agents, phosphodiesterase type V inhibitors, 
endothelin receptor antagonists, or a mechanical assist device.

 II. Relative Contraindications
1. Age >72 yr
2. Any active infection (with exception of device-related infection in ventricular 

assist device recipients)
3. Active peptic ulcer disease
4. Diabetes mellitus with moderate end-organ involvement (neuropathy, 

nephropathy, or retinopathy)
5. Severe peripheral vascular or cerebrovascular disease
6. Morbid obesity (BMI > 35) or cachexia (BMI < 18)
7. Significant chronic renal impairment with creatinine >2.5 mg/dL or 

creatinine clearance <25 mL/min*
8. Significant hepatic impairment with bilirubin >2.5 mg/dL, serum 

transaminase levels >3 times normal, INR >1.5 off warfarin
9. Severe pulmonary dysfunction with FEV1 <40% normal

10. Recent pulmonary infarction within 6-8 wk
11. Irreversible neurologic or neuromuscular disorder
12. Active mental illness or psychosocial instability
13. Drug, tobacco, or alcohol abuse within 6 mo
14. Significant coagulopathies

*May be suitable for cardiac transplantation if inotropic support and hemodynamic management 
produce a creatinine <2 mg/dL and creatinine clearance >50 mL/min. Transplantation may also be 
advisable as combined heart-kidney transplant.
BMI = body mass index; FEV1 = forced expiratory volume in one second; INR = international 
normalized ratio.
From Mancini D, Naka Y. Cardiac transplantation. In: Goldman L, Schafer AI, eds. Goldman-Cecil 
Medicine. 25th ed. Philadelphia: Elsevier Saunders; 2016.

TABLE 53-9 TOPICS THAT SHOULD BE DISCUSSED WITH A 
PATIENT WITH HEART FAILURE AND WITH HIS 
OR HER FAMILY AND CAREGIVERS

GENERAL ADVICE

Explain what heart failure is and why symptoms occur
 Causes of heart failure
 How to recognize symptoms
 What to do if symptoms occur
 Self-weighing (to identify fluid retention)
RATIONALE FOR TREATMENTS

Importance of adhering to pharmacologic and nonpharmacologic (e.g., dietary) 
treatments

Smoking advice
Prognosis
DRUG COUNSELING

Rationale (i.e., benefits of individual drugs)
Dose and time of administration
Potential adverse affects (and what, if any, action to take)
What to do in case of missed or skipped doses
Self-management (e.g., flexible diuretic dosing)
REST AND EXERCISE

Rest
Exercise and activities related to work
Daily physical activity
Sexual activity
Rehabilitation
PSYCHOSOCIAL ASPECTS

Depression
Cognitive function
Social support
VACCINATIONS AND IMMUNIZATIONS

Influenza
Pneumococcal
OTHER

Travel
Driving
Dietary and social habits
 Control sodium intake when necessary (e.g., some patients with severe heart 

failure)
 Avoid excessive fluids in severe heart failure
 Avoid excessive alcohol intake and illicit drugs
Modified from McMurray JJ, Adamopoulos S, Anker SD, et al. ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart failure 2012: the Task Force for the Diagnosis and Treatment 
of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in 
collaboration with the Heart Failure Association (HFA) of the ESC. Eur Heart J. 
2012;33:1787-1847.

http://www.hfsa.org/patient/patient-tools/
http://www.heart.org/HEARTORG/Conditions/HeartFailure/Heart-Failure_UCM_002019_SubHomePage.jsp
http://www.heart.org/HEARTORG/Conditions/HeartFailure/Heart-Failure_UCM_002019_SubHomePage.jsp
http://www.nhlbi.nih.gov/health/dci/Diseases/Hf/HF_WhatIs.html
http://www.nhlbi.nih.gov/health/dci/Diseases/Hf/HF_WhatIs.html
http://www.heartfailurematters.org/en_GB
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The expected effects, beneficial and adverse, of other drugs should also be 
explained in detail (e.g., possible association of cough with ACE inhibitor). It is 
useful to inform patients that improvement with many drugs is gradual and 
may become fully apparent only after several weeks or even months of treat-
ment. It is also important to explain the need for gradual titration with an ACE 
inhibitor, ARB, ARNI, and β-blocker to a desired dose level, which again may 
take weeks or even months to achieve. Patients should be advised not to use 
NSAIDs without consultation and to be cautious about using herbal or other 
nonproprietary preparations (Chapter 34).

Adherence
Education and counseling of the patient, caregiver, and family promotes 

adherence, which is associated with better outcomes. Drug adherence can also 
be helped by home visits, specialized follow-up programs, and certain pharmacy 
aids, such as dose allocation (pill-organizing) boxes.

lifestyle Modification
Exercise

Tailored, structured, supervised aerobic exercise is safe and improves functional 
capacity and quality of life in patients with heart failure. An appropriate exercise 
prescription may also reduce hospitalizations and mortality in patients with 
heart failure. Regular physical activity or exercise training if available is 
recommended for all patients with heart failure who are able to participate.

Diet, Nutrition, and Alcohol
Most guidelines advocate avoidance of foods containing relatively high salt 

content in the belief that doing so may reduce the need for diuretic therapy. 
This recommendation is based on clinical experience, which suggests that excess 
sodium intake can be a precipitant of clinical decompensation. Some salt sub-
stitutes have a high potassium content, which can lead to hyperkalemia.

Restriction of fluid intake is indicated only during episodes of decompensa-
tion associated with peripheral edema or hyponatremia. In these situations, 
daily intake should be restricted to 1.5 to 2.0 L to help facilitate reduction in 
extracellular fluid volume and to avoid hyponatremia.

Reducing excessive weight will reduce the work of the heart and may lower 
blood pressure (Chapter 70). Conversely, malnutrition is common in severe 
heart failure, and the development of cardiac cachexia is an ominous sign. 
Reduced food intake is sometimes caused by nausea (e.g., related to digoxin 
use or hepatosplenic congestion) or abdominal bloating (e.g., due to ascites). 
In these cases, small frequent meals and high-protein and high-calorie liquids 
may be helpful. In severe decompensated heart failure, eating and bending 
may be difficult because of dyspnea—so called “bendopnea.”

Moderate alcohol intake is not thought to be harmful in heart failure, although 
excessive intake can cause cardiomyopathy and atrial arrhythmias in susceptible 
individuals. In patients with suspected alcoholic cardiomyopathy, abstinence 
from alcohol may improve cardiac function.

Smoking
Smoking causes peripheral vasoconstriction, which is detrimental in heart 

failure. Nicotine replacement therapy (Chapter 29) is believed to be safe in 
heart failure. The safety of bupropion in heart failure is uncertain, especially 
because it is known to increase blood pressure, and varenicline may increase 
cardiovascular risk.

Sexual Activity
Sexual activity need not be restricted in patients with compensated heart 

failure, although dyspnea may be limiting. In men with erectile dysfunction 
(Chapter 221), treatment with a cyclic guanine monophosphate phosphodies-
terase type 5 inhibitor can be useful, but these drugs must not be taken within 
24 hours of prior nitrate use, and nitrates must not be restarted for at least 24 
hours afterward. Caution should be exercised when sildenafil or another type-5 
phosphodiesterase inhibitor is used in addition to sacubitril/valsartan because 
of the risk of hypotension.

Driving
Patients with heart failure can continue to drive, provided their condition 

does not induce undue dyspnea, fatigue, or other incapacitating symptoms. 
Patients with recent syncope, cardiac surgery, percutaneous coronary interven-
tion, or device placement may be restricted from driving, at least temporarily, 
according to local regulations. Patients holding an occupational or commercial 
license may also be subject to additional restrictions.

Traveling
Short flights are unlikely to cause problems for a patient with compensated 

heart failure. For patients with an LVAD, travel should be planned in advance 
and in conjunction with the heart failure team. Cabin pressure is generally 
maintained to provide an oxygen level no lower than equivalent to 6000 feet 
above sea level, which should be well tolerated in patients without severe 
pulmonary disease or pulmonary hypertension. Longer journeys may cause 
limb edema and dehydration, owing to insensible fluid loss, aggravated by 
caffeinated drinks and alcohol, thereby predisposing to venous thrombosis. 
Avoidance of dehydration is especially important in patients with an LVAD 
because the function of these devices is sensitive to blood volume. Adjustment 

of the dose of diuretics and other treatments should be discussed with the 
patient wishing to travel to a warm climate or a country where the risk for 
gastroenteritis is high. It is also advisable for heart failure patients to carry a 
list of medications and contact information for their health care provider and 
device cards for airport security. In those with an LVAD, contact with a health 
care provider at the patient’s destination may be advisable.

Comorbidity
Comorbid conditions, which are common and important in patients with 

heart failure, may be due to the underlying cardiovascular disease that caused 
or contributed to heart failure (e.g., hypertension, coronary artery disease, 
diabetes mellitus), may arise as a complication of heart failure (e.g., arrhythmias), 
or can result from an adverse effect of treatment given for heart failure (e.g., 
gout). The exact causes of other comorbidities in heart failure, such as diabetes 
(Chapter 216), depression (Chapter 369), sleep apnea (Chapter 377), renal dys-
function (Chapter 121), and anemia (Chapter 149), are complex and uncertain. 
These and other comorbid conditions, such as chronic obstructive pulmonary 
disease and asthma, are important because they are a major determinant of 
prognosis and may limit the use of certain treatments for heart failure (e.g., 
renal dysfunction limiting use of ACE inhibitors or asthma limiting β-blockers) 
and because treatment of comorbidities may affect the stability of heart failure 
(e.g., NSAIDs needed for rheumatic conditions can cause salt and water reten-
tion and renal dysfunction). Both prevention (e.g., diabetes mellitus) and treat-
ment (e.g., anemia) of comorbidities are being evaluated as a potential new 
therapeutic goal in heart failure.

Angina and Ischemia
β-Blockers are of benefit in both angina (Chapter 62) and heart failure. Simi-

larly, ivabradine, which reduces heart rate by inhibiting the If current in the 
sinus node, is also beneficial in both angina and heart failure. Nitrates relieve 
angina but on their own are not of proven value in chronic heart failure. Calcium-
channel blockers should generally be avoided in heart failure because they 
have a negative inotropic action and cause peripheral edema; only amlodipine 
has been shown to have no adverse effect on survival, but it may increase the 
risk for pulmonary edema. Trimetazidine, ranolazine, and nicorandil are anti-
anginal drugs that are available in certain countries; their safety in patients 
with heart failure is uncertain. Percutaneous and surgical (Chapter 65) revas-
cularization is also of value in relieving angina in selected patients with heart 
failure (see later). Coronary artery bypass grafting may reduce the risk for death 
from cardiovascular causes and cardiovascular hospitalization (including heart 
failure hospitalization) in selected heart failure patients with angina and a 
reduced ejection fraction. A25 

Atrial Fibrillation
Atrial fibrillation (Chapter 58) may be the cause of or a consequence of heart 

failure in a patient presenting with atrial fibrillation and a rapid ventricular rate, 
and the distinction can be difficult, especially because prolonged atrial fibril-
lation may lead to a rate-related cardiomyopathy. Thyrotoxicosis (Chapter 213) 
and mitral valve disease (Chapter 66), especially stenosis, must be excluded. 
Alcohol abuse should also be considered. β-Blockers and digoxin are given to 
control the ventricular rate. The patient should be supervised closely after the 
initiation of these treatments because underlying sinus node dysfunction may 
raise the risk for bradycardia. If the patient presents emergently with severe 
heart failure, shock, or myocardial ischemia, urgent electrical or pharmacologic 
cardioversion may be considered (Chapter 60). Otherwise there is little or no 
evidence to support a strategy of restoring sinus rhythm rather than controlling 
the ventricular rate in most patients with atrial fibrillation and heart failure 
(Chapter 58). One modest-sized RCT showed that catheter ablation can reduce 
hospitalizations and mortality in selected patients with heart failure and atrial 
fibrillation, A26  but these findings require confirmation in additional trials. If 
pharmacologic therapy fails to control the ventricular rate, atrioventricular node 
ablation and pacing may be required (Chapter 60). There is a strong indication 
for thromboembolism prophylaxis with a direct-acting anticoagulant or warfarin 
in patients who have heart failure with paroxysmal, persistent, or permanent 
atrial fibrillation (Chapter 58).

Asthma and Reversible Airway Obstruction
Asthma is a contraindication for use of a β-blocker, but most patients with 

chronic obstructive pulmonary disease (Chapter 82) can tolerate a β-blocker. 
Pulmonary congestion can mimic chronic obstructive pulmonary disease. Sys-
temic administration of a corticosteroid to treat reversible airways obstruction 
may cause sodium and water retention and exacerbate heart failure, whereas 
inhalation therapy is better tolerated.

Diabetes Mellitus
The prevalence and incidence of diabetes mellitus are high in heart failure, 

and the risk for development of type 2 diabetes may be reduced by ACE inhibi-
tors and ARBs. β-Blocker treatment is not contraindicated and is of benefit in 
patients with diabetes and heart failure. In patients who have heart failure and 
type 2 diabetes, using sacubitril/valsartan reduces the glycated hemoglobin 
level and the need to institute insulin treatment compared with using an ACE 
inhibitor.
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For diabetic patients with heart failure, the ideal would be to use medica-
tions that do not worsen or may even improve heart failure symptoms or 
prognosis. For example, neither insulin nor glucagon-like peptide-1 (GLP-1) 
receptor agonists (GP-1 RAs) increase the risk of developing heart failure, and 
both are considered to be safe in patients with heart failure. The sodium-glucose 
cotransporter type 2 inhibitors, which reduce the risk of developing heart failure, 
are currently being studied in patients who have persistent heart failure. By 
comparison, several agents are not recommended in patients with severe heart 
failure. Thiazolidinediones cause sodium and water retention, metformin may 
cause lactic acidosis in patients with severe heart failure, and saxagliptin, which 
increases the risk for developing heart failure, should be avoided. Although 
there is no evidence of a similar risk with other dipeptidyl peptidase-4 inhibi-
tors, these medications also are not recommended.

Abnormal Thyroid Function
Both thyrotoxicosis and hypothyroidism can cause heart failure (and thyro-

toxicosis can cause atrial fibrillation, which may precipitate heart failure). Amio-
darone can also induce both hypothyroidism and hyperthyroidism, the latter 
being particularly difficult to diagnose. The risk for thyroid dysfunction may 
be less with the related antiarrhythmic agent dronedarone, but dronedarone 
increases mortality in severe heart failure and should be avoided in patients 
with stage C or D heart failure or recently decompensated heart failure.

gout
Hyperuricemia and gout (Chapter 257) are common in heart failure and 

can be caused or aggravated by diuretic treatment. Acute gout attacks are 
better treated with colchicine, oral steroids, or intra-articular steroids rather 
than with an NSAID. Allopurinol can prevent gouty attacks more safely than  
febuxostat. A27 

Renal Dysfunction
Most patients with heart failure have a reduced glomerular filtration rate. 

ACE inhibitors, ARBs, sacubitril/valsartan, and mineralocorticoid receptor antago-
nists often cause an early, but small, further reduction in glomerular filtration 
rate and rise in serum blood urea nitrogen and creatinine levels, which, if limited, 
should not lead to discontinuation of treatment. Marked increases in blood 
urea nitrogen and creatinine, however, should prompt consideration of underly-
ing renal artery stenosis (Chapter 116). Renal dysfunction may also be caused 
by sodium and water depletion (e.g., due to excessive diuresis, diarrhea, and 
vomiting) that leads to relative hypovolemia and hypotension. Conversely, renal 
venous congestion can contribute to renal impairment in patients who are 
markedly volume-overloaded. Nephrotoxic agents such as NSAIDs are also a 
common cause of renal dysfunction in heart failure.

Prostatic Obstruction
For prostatic disease (Chapter 120), a 5α-reductase inhibitor may be prefer-

able to an α-adrenoceptor antagonist, which can cause hypotension and salt 
and water retention. A phosphodiesterase type 5 inhibitor is an alternative, 
but it cannot be used in patients taking nitrates and only with caution in those 
taking sacubitril/valsartan. Prostatic obstruction should also be considered in 
male patients with deteriorating renal function.

Anemia
A normocytic, normochromic anemia (Chapter 149) is common in heart 

failure, in part because of the high prevalence of renal dysfunction. Malnutri-
tion and blood loss may also contribute. Three short-term RCTs showed that 
intravenous iron treatment with ferric carboxymaltose safely improved quality 
of life, reduced symptoms, and increased functional capacity in patients who 
had NYHA class II to III systolic heart failure and iron deficiency, but another 
trial showed no benefit with oral iron. The erythropoiesis-stimulating agent 
darbepoetin is not of benefit in heart failure patients with anemia.

Depression
Depression (Chapter 369) is common in patients with heart failure, perhaps 

partly owing to disturbance of the hypothalamic-pituitary axis and other neu-
rochemical pathways but also as a result of social isolation and the adjustment 
to chronic disease. Depression is associated with worse functional status, reduced 
adherence to treatment, and poor clinical outcomes. Both psychosocial inter-
ventions and pharmacologic treatment are helpful. Selective serotonin reuptake 
inhibitors are believed to be the best tolerated pharmacologic agents, whereas 
tricyclic antidepressants should be avoided because of their anticholinergic 
actions and potential to cause arrhythmias.

Sleep Apnea
Sleep disordered breathing, including both obstructive and central sleep 

apnea (Chapter 377), are common in patients with heart failure. Continuous 
positive airway pressure can improve the symptoms of obstructive sleep apnea 
in selected patients (Chapter 377), but adaptive servo-ventilation increases the 
risk of death in patients with heart failure and central sleep apnea.

Drugs to Use with Caution in Heart Failure
Patients with heart failure, especially if it is severe, often have renal and 

hepatic dysfunction, so any drug excreted predominantly by the kidneys or 

metabolized by the liver may accumulate (Chapter 26). Similarly, because of 
their extensive comorbidity, patients with heart failure are inevitably treated 
with multiple drugs, thereby increasing the risk for drug interactions.

Drugs that should be avoided, if possible, in heart failure include most antiar-
rhythmic drugs (including dronedarone, although amiodarone and dofetilide 
may be used), most calcium-channel blockers (with the possible exception of 
amlodipine, although this drug may increase the risk for pulmonary edema), 
corticosteroids, NSAIDs, cyclooxygenase-2 inhibitors, thiazolidinediones, saxa-
gliptin, metformin, many antipsychotics (e.g., clozapine), and antihistamines. 
The U.S. Food and Drug Administration recently raised the concern that the 
dopamine agonist pramipexole used to treat Parkinson disease (Chapter 381) 
also might increase the risk for developing heart failure. Some salt substitutes 
contain substantial amounts of potassium and must be used cautiously. Other 
dietary constituents (e.g., grapefruit and cranberry juice) and supplements such 
as St. John’s wort can interact with drugs taken by patients with heart failure, 
especially warfarin and digoxin. Alpha adrenoceptor antagonists, commonly 
given for prostatic symptoms (Chapter 120), may cause hypotension and fluid 
retention. A variety of anti-cancer drugs including trastuzumab may aggravate 
heart failure (see Table 169-4).

Subtypes of Heart Failure
Heart Failure with Preserved left Ventricular ejection Fraction

Although all patients with symptomatic heart failure share a constellation 
of signs and symptoms, impaired physical capacity, and reduced quality of life, 
some have a preserved left ventricular ejection fraction (generally >45%),14 and 
many are thought to have diastolic dysfunction (Chapter 52). Heart failure with 
preserved ejection fraction often has a cause different from that of systolic 
heart failure and a better survival rate (Chapters 47, 52, and 54). The distinction 
is important, however, because most of the RCTs that generated the evidence 
for treatment of heart failure included only patients with reduced left ventricular 
ejection fractions. Treatment of the underlying cardiovascular and other dis-
orders that contribute to symptomatic stage C and stage D of heart failure with 
preserved left ventricular ejection fraction, such as hypertension, myocardial 
ischemia, and diabetes, is critical and is as for stages A and B (see earlier). In 
patients with atrial fibrillation, control of the ventricular rate with a β-blocker 
or a rate-limiting calcium-channel blocker (or restoration of sinus rhythm) may 
help (Chapter 58). Diuretics are used empirically to treat sodium and water 
retention, according to the same principles as in heart failure with reduced left 
ventricular ejection fraction. Treatment with the mineralocorticoid receptor 
antagonist spironolactone can decrease the risk for hospital admission for heart 
failure and may be beneficial for reducing cardiovascular death. A28  Small studies 
in patients in sinus rhythm show that the calcium-channel blocker verapamil 
may improve symptoms and exercise capacity in patients with heart failure 
and preserved left ventricular ejection fraction, but it has not been shown to 
reduce mortality. In patients with heart failure and preserved ejection fraction, 
ivabradine has no benefit on exercise capacity, and isosorbide mononitrate 
treatment tends to worsen activity levels. A29 

In one small RCT, a transcatheter intracardiac device to create a left-to-right 
interatrial shunt reduced left atrial pressure at rest and during exercise.15 However, 
large trials will be needed to assess long-term efficacy and safety.

Heart Failure due to Valvular Heart disease
Heart failure also can arise as a result of regurgitant and stenotic valve disease 

(Chapter 66). It can sometimes be difficult to determine whether mitral regur-
gitation is primary or secondary in a patient with heart failure and left ventricular 
dilation, although a prior history of known valve disease or rheumatic fever 
may suggest a primary valve problem. The objective of treatment of primary 
valve disease is the prevention of heart failure by surgical repair or replacement 
of the diseased valve or valves (Chapter 66). The development of overt heart 
failure is an ominous sign, sometimes requiring emergent valve replacement 
(e.g., aortic stenosis) but sometimes indicating that valve replacement may not 
be possible (e.g., because of severe pulmonary hypertension).

Aortic Stenosis
Evaluation of the aortic valve (Chapter 66) can be difficult in patients with 

poor left ventricular systolic function. Such patients may have insufficient cardiac 
output to generate a high gradient across even a severely stenotic valve. Con-
versely, a calcified and degenerate but nonstenotic aortic valve may appear 
stenosed simply because it does not open normally in patients with very low 
cardiac output. A calculated valve area provides a better assessment of the 
severity of aortic stenosis in these patients. Stress echocardiography (Chapter 
49) may help assess the potential for ventricular recovery after relief of aortic 
stenosis. Consideration should be given as to whether concomitant myocardial 
ischemia from coronary artery disease may also be contributing to a reversible 
depression of systolic function. Transcatheter valve replacement is a valuable 
technique for patients who have aortic stenosis but are at very high risk for 
open valve replacement.

Mitral Regurgitation
Mitral regurgitation can be a primary cause (organic) or a secondary mani-

festation (functional) in a patient with heart failure and left ventricular dilation 
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(Chapter 66). In primary mitral regurgitation, surgery sometimes will result in 
clinical improvement, but some patients with advanced left ventricular dysfunc-
tion will not achieve substantial benefit (e.g., mitral valve surgery in a patient 
with long-standing severe mitral regurgitation). Valve repair is preferable to 
valve replacement, A30  although neither procedure is proven to improve survival. 
Generally, medical and device therapy (e.g., CRT) is preferred to isolated valve 
surgery for secondary regurgitation.

The role of percutaneous mitral valve repair is still uncertain and is under 
investigation. Two recent trials have reported conflicting findings, A31 

,
 A32  but 

one suggested that this approach could reduce the risk of death and hospital-
ization for heart failure in carefully selected patients.

Heart Failure due to nonischemic dilated Cardiomyopathy
Patients with heart failure and normal coronary arteries should be evaluated 

for possible reversible causes. Untreated hypertension is now an unusual cause 
of dilated cardiomyopathy in the United States, but hypertension was once a 
leading cause in the United States and remains a major consideration in many 
parts of the world. Infiltrative cardiomyopathies (e.g., hemochromatosis, amyloid, 
sarcoid) and arteritides sometimes have specific recommended therapies (Chap-
ters 54, 89, 179, and 201). Chagas disease (Chapter 326) must be considered 
in patients from endemic areas. Alcohol and other toxins (e.g., chemotherapeutic 
agents) are other recognized causes of dilated cardiomyopathy. Dilated car-
diomyopathy can also develop in the peripartum period. Most cases of non-
ischemic dilated cardiomyopathy are usually labeled “idiopathic” (i.e., no specific 
etiology can be determined), although many may have a genetic origin, especially 
if there is a positive family history. In many centers routine genetic testing is 
undertaken in younger patients with unexplained dilated cardiomyopathy, 
especially in individuals with a family history of heart failure or sudden death 
and in those with conduction disease (e.g., bundle branch block). Irrespective 
of etiology, nonischemic dilated cardiomyopathy should be treated in the same 
way as dilated ischemic cardiomyopathy.

Heart Failure due to Hypertrophic Cardiomyopathy
Heart failure can arise in patients with hypertrophic cardiomyopathy because 

of predominant diastolic dysfunction, associated mitral incompetence, or the 
development of systolic dysfunction. The management of hypertrophic car-
diomyopathy and its complications is often very different from the management 
of dilated cardiomyopathy (Chapter 54), thereby underscoring the value of 
echocardiography in the evaluation of the patient with heart failure.

Outpatient Follow-Up
In patients being sent home from the hospital, discharge planning and sub-

sequent management to reduce the risk for readmission are important. Ideally, 
an effective oral diuretic regimen should have been identified, and fluid-volume 
and biochemical stability should have been achieved. This optimization of 
volume status and development of a stable oral regimen before discharge is 
thought to reduce the risk for early readmission. Treatment with an ACE inhibi-
tor (or ARB or ARNI), β-blocker, and mineralocorticoid receptor antagonist, as 
appropriate, should also be started and titrated in the stabilized patient before 
discharge. Outpatient follow-up should be arranged to ensure that any of those 
treatments that have not been started before discharge are initiated after dis-
charge and that the dose of each drug is increased, as tolerated, to the appro-
priate target.

The key to successful follow-up is the careful tracking of clinical symptoms 
and the patient’s weight, which often involves interviewing not only the patient 
but also family members, who may be more aware of changes in status than 
the patient is. Treatment of established heart failure based on natriuretic peptide 
levels does not appear to improve outcomes compared with best standard 
care. A33 

,
 A34  Continuity of care and seamless transitions from the inpatient to 

the outpatient setting are crucial aspects of optimal management. Patients 
with advanced heart failure and patients requiring frequent hospitalization 
require special attention. Programs that provide telephone-based tracking of 
daily weights and symptoms can detect deterioration in time to intervene 
before the need for hospitalization, and an implanted pulmonary artery pres-
sure monitor may be valuable in selected patients. Although these programs 
may be costly, several evaluations have found them to be cost effective. Because 
the care of these patients requires considerable experience and expertise, spe-
cialized disease management programs and clinics have been developed and 
may provide additional benefit compared with traditional care.

 PROGNOSIS
The prognosis of patients with heart failure has improved with advances in 
therapy. Although it is difficult to predict prognosis in individual patients, 
until recently patients with symptoms at rest (NYHA class IV) have a 30 to 
50% annual mortality rate, patients who are symptomatic with mild activity 
(class III) have mortality rates of 10 to 20% annually, and patients with symp-
toms only with moderate activity (class II) have a 5 to 10% annual mortality 
rate. Mortality rates are higher in older patients, men, patients with a reduced 

left ventricular ejection fraction16 or underlying coronary heart disease, and 
patients with higher serum levels of certain biomarkers (e.g., natriuretic pep-
tides and high-sensitivity troponin).17,18

End-of-Life Considerations
Although predicting the trajectory of illness in patients with advanced heart 
failure is notoriously difficult, it is often apparent when a patient has pro-
gressed to end-stage heart failure, commonly associated with concomitant 
renal failure. In these circumstances, the expertise of the palliative care 
team may be especially helpful (Chapter 3). A35  Useful websites providing 
information on palliative care relevant to heart failure are available (http://
www.goldstandardsframework.org.uk/, and http://www.palliativecarescotland 
.org.uk/content/links, https://www.hospiceuk.org/what-we-offer/clinical-and 
-care-support/heart-failure-and-hospice-care). Medications such as parenteral 
opiates (with an antiemetic) and benzodiazepines may be particularly helpful in 
relieving dyspnea, anxiety, and pain that arises from ascites, hepatic congestion, 
lower limb edema, and pressure points. At this stage in the patient’s illness, it 
may be appropriate to discuss withdrawal of conventional treatment, deactiva-
tion of an ICD to avoid undesired and unpleasant electrical discharges, and 
a do-not-resuscitate order if the patient and others involved in the patient’s 
care agree that comfort care is appropriate.19 Hospice care may be chosen by 
some at this point.

 FUTURE DIRECTIONS
Multiple experimental approaches employing regenerative biology are under 
investigation, but none has yet generated sufficient data to warrant clinical 
use. Device therapy continues to advance, and development of the total artificial 
heart remains a long-term goal.
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54 
DISEASES OF THE MYOCARDIUM 
AND ENDOCARDIUM
WILLIAM J. MCKENNA AND PERRY M. ELLIOTT

 MYOCARDIAL DISEASE
A substantial minority of cases of heart failure result from familial (genetic) 
or nonfamilial (acquired) disorders, which can be confined to the heart or be 
multisystem disorders. The term cardiomyopathy refers to myocardial disorders 
in which the heart muscle is structurally and functionally abnormal in the 
absence of coronary artery disease (Chapter 64), hypertension (Chapter 70), 
valvular disease (Chapter 66), or congenital heart disease (Chapter 61) sufficient 
to cause the observed myocardial abnormality. Cardiomyopathies are classified 
according to ventricular morphology and pathophysiology into four major 
types: dilated cardiomyopathy, hypertrophic cardiomyopathy, restrictive car-
diomyopathy, and arrhythmogenic cardiomyopathy (Table 54-1 and Fig. 54-1). 
Diseases that do not fit into these groups (such as endocardial fibroelastosis 
and left ventricular noncompaction) are termed unclassified cardiomyopathies. 
Mixed phenotypes can exist; for example, patients with hypertrophic and 
dilated cardiomyopathies frequently have a restrictive left ventricular physiol-
ogy or develop ventricular dilation.

 Hypertrophic Cardiomyopathy
 DEFINITION AND EPIDEMIOLOGY

Hypertrophic cardiomyopathy is defined as unexplained left ventricular hyper-
trophy in the absence of abnormal loading conditions (valve disease, hyper-
tension, congenital heart defects) sufficient to explain the degree of hypertrophy.1 
The disease occurs in all racial groups, with a prevalence of between 0.2 and 
0.5%.

 PATHOBIOLOGY
Hypertrophic cardiomyopathy is usually familial with autosomal dominant 
inheritance. Mutations in sarcomeric contractile protein genes (E-Table 54-1) 

account for approximately 50 to 60% of cases. More than 1400 different muta-
tions have been identified, with marked variation in disease penetrance and 
clinical expression. A similar clinical phenotype is seen in association with 
other uncommon genetic disorders, including Noonan syndrome (Chapter 
61), Friedreich ataxia (Chapter 393), neurofibromatosis (Chapter 389), 
hereditary spherocytosis (Chapter 152), respiratory chain disorders, glycogen 
storage diseases (Chapter 196), and lysosomal storage disorders (Chapter 
197), especially Fabry disease.2

Pathology
In the common form of autosomal dominant hypertrophic cardiomyopathy, 
myocardial hypertrophy usually affects the interventricular septum more than 
other regions of the left ventricle. Other patterns, including concentric, mid-
ventricular (sometimes associated with a left ventricular apical diverticulum), 
and apical, also occur. Coexistent right ventricular hypertrophy is present in 
up to 44% of cases. The papillary muscles are often poorly developed and may 
be displaced anteriorly, thereby contributing to systolic anterior motion of 
the anterior mitral valve leaflet in 25% of patients and of the posterior leaflets 
in 10% of cases in the resting state. Often, the mitral valve is structurally 
abnormal, with elongation of the anterior leaflet and occasional direct inser-
tion of the papillary muscle into the anterior leaflet. The histologic hallmark 
of hypertrophic cardiomyopathy is a triad of myocyte hypertrophy, myocyte 
disarray, and interstitial fibrosis. Myocyte disarray refers to architectural dis-
organization of the myocardium, with adjacent myocytes aligned obliquely 
or perpendicular to each other in association with increased interstitial col-
lagen. The myofibrillar architecture within the myocyte is also disorganized. 
Although myocyte disarray occurs in aortic stenosis, long-standing hyperten-
sion, and some forms of congenital heart disease, the presence of extensive 
disarray (more than 10% of ventricular septal myocytes) is thought to be a 
highly specific marker for hypertrophic cardiomyopathy. Small intramural 
coronary arteries are often dysplastic and narrowed because of wall thickening 
by smooth muscle cell hyperplasia.

 PATHOPHYSIOLOGY
Abnormal ventricular geometry, wall thickening, myocyte hypertrophy, myocyte 
and myofibrillar disarray, and myocardial fibrosis all contribute to impairment 
of left ventricular diastolic function. The net result is elevation of left ventricular 
end-diastolic pressures, symptoms of heart failure, and reduced exercise toler-
ance. Global measures of left ventricular systolic function are often normal, 
but regional myocardial dysfunction and progressive systolic impairment are 
relatively common.

Approximately 25% of patients have left ventricular outflow tract obstruc-
tion at rest caused by contact between the anterior leaflet of the mitral valve 
and the interventricular septum during ventricular systole. Many patients 
without outflow obstruction at rest develop it during physiologic and phar-
macologic interventions that reduce left ventricular end-diastolic volume or 
increase left ventricular contractility.

 CLINICAL MANIFESTATIONS
Most patients are asymptomatic or have only mild or intermittent symptoms. 
Symptomatic progression is usually slow, age related, and associated with a 
gradual deterioration in left ventricular function during decades. Less than 
5% of patients may have rapid, symptomatic deterioration. Symptoms can 
develop at any age, even many years after the appearance of electrocardiographic 
(ECG) or echocardiographic manifestations of left ventricular hypertrophy. 
On occasion, sudden death may be the initial presentation. However, most 
individuals with hypertrophic cardiomyopathy have few if any symptoms, and 
the diagnosis is often made as a result of family screening or the incidental 
detection of a heart murmur or ECG abnormality.

Approximately 20 to 30% of adults develop chest pain (Chapters 45 and 
62), which may occur on exertion, at rest, or nocturnally. Postprandial angina 
associated with mild exertion is typical. Mild to moderate dyspnea on exertion 
is relatively common, and some patients develop paroxysmal nocturnal dyspnea 
that may be caused by transient myocardial ischemia or arrhythmia. Approxi-
mately 20% of patients experience syncope (Chapters 45 and 56), and a similar 
proportion complain of presyncope. Palpitations (Chapter 56) are frequent 
and are usually attributable to supraventricular or ventricular ectopy or to 
forceful cardiac contraction. Sustained palpitations are usually caused by 
supraventricular tachyarrhythmias, but initial presentation with a symptomatic 
arrhythmia is uncommon. Patients with distal or apical hypertrophy have 
fewer symptoms and arrhythmias, better exercise capacity, and good prognosis. 
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ABSTRACT
Diseases of the myocardium and endocardium commonly present with heart 
failure and/or arrhythmia. Myocardial diseases are termed cardiomyopathies 
when they occur in the absence of significant coronary artery, hypertensive, 
valvular, or congenital heart disease and are classified by their predominant 
phenotype. Most cardiomyopathies are familial, with autosomal dominant 
inheritance, and have a defined genetic cause with mutations in sarcomere, 
cytoskeletal, and desmosomal genes causing hypertrophic (HCM), dilated, 
and arrhythmogenic cardiomyopathy, respectively. Other uncommon genetic 
disorders may present with overlapping phenotypes but different inheritance 
patterns and genetic bases (e.g., HCM in Anderson-Fabry disease or Noonan 
syndrome). Diagnosis of the cardiomyopathies relies on ECG and imaging 
and exclusion of significant abnormalities related to more common cardiac 
disorders. Management focuses on familial evaluation and counseling regarding 
genetic and clinical risk, treatments to improve symptoms, assessment of 
arrhythmic risk, and, when necessary, treatments, potentially implantable 
defibrillators, to prevent sudden death. Mutation analysis is recommended 
when there is a diagnostic phenotype and is particularly valuable when cascade 
screening of family members is feasible. Myocarditis, an inflammatory process 
of the myocardium, is most often caused by infections (e.g., Chagas disease, 
virus), toxins (e.g., chemotherapy, recreational drugs), and immunologic disease 
(e.g., systemic lupus erythematosus). Definitive diagnosis relies on demonstration 
of inflammation in the myocardium; more often a presumptive diagnosis is 
made based on clinical and ECG features as endomyocardial biopsy is usually 
only performed in the deteriorating patient, or to exclude giant cell myocarditis, 
which is usually fatal if not treated with prolonged immunosuppression. 
Endocardial disease, characterized as with or without hypereosinophilia, and 
primary cardiac tumors are rare.
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E-TABLE 54-1 GENETIC CAUSES OF CARDIOMYOPATHY
GENE SYMBOL INHERITANCE PHENOTYPE ESTIMATED FREQUENCY
SARCOMERIC PROTEINS

Cardiac β-myosin heavy chain MYH7 AD Variable: moderate to severe prognosis; 
HCM; LVNC; DCM; Laing distal 
myopathy

HCM 30-40%; DCM 4-6%

Cardiac myosin-binding protein 
C

MYBPC3 AD Late onset of HCM described; cases of 
children with a severe hypertrophy also 
reported; DCM

HCM 30-40%; DCM ∼1%

Cardiac troponin T TNNT2 AD HCM: possible high incidence of sudden 
death; DCM

HCM 10-15%; DCM 3-5%

Cardiac troponin I TNNI3 HCM: AD DCM: AD, 
AR

RCM; HCM; DCM HCM 2-5%; DCM <1%

α-Tropomyosin TPM1 AD HCM; DCM HCM ∼1-2%; DCM <1%
Regulatory myosin light chain MYL2 AD HCM; DCM HCM ∼1%; DCM rare
Cardiac actin ACTC AD DCM; LVNC; HCM DCM ∼1%; HCM ∼1%
Essential myosin light chain MYL3 AD HCM; DCM Rare
Cardiac α-myosin heavy chain MYH6 AD DCM; HCM HCM <1%; DCM rare
Cardiac troponin C TNNC AD HCM; DCM Rare
SARCOMERE AND Z-DISC–RELATED PROTEINS

Titin TTN AD DCM; HCM; ACM HCM rare; DCM 15-25%; 
ACM rare

BCL2-associated athanogene 3 BAG3 AD DCM 2-4%
Cypher/ZASP LDB3 AD LVNC; DCM; ACM DCM <1%
Titin-cap or telethonin TCAP AD HCM; DCM HCM <1%; DCM rare
α-Actinin-2 ACTN2 AD HCM; DCM Rare
Ankyrin repeat domain-

containing protein 1
ANKRD1 AD DCM Rare

Cysteine and glycine-rich protein 
3 (cardiac LIM protein)

CSRP3 AD DCM; HCM Rare

Four-and-a-half LIM protein 1 FHL1 AD DCM Rare
Four-and-a-half LIM protein 2 FHL2 AD DCM Rare
Myozenin 2 MYOZ2 AD HCM Rare
Myopalladin MYPN AD DCM Rare
Nexilin NEXN AD HCM; DCM Rare
Nebulette NEBL AD DCM Rare
PDZ and LIM domain protein 3 PDLIM3 AD DCM; HCM Rare
Metavinculin VCL AD DCM; HCM Rare
CYTOSKELETAL PROTEINS

Desmin DES AD, AR DCM; desminopathies; DCM with clinical 
features usually associated with ACM

DCM <1%

Dystrophin DMD XL DCM in Duchenne muscular dystrophy 
(DMD); Becker muscular dystrophy 
(BMD)DCM <1%

Caveolin-3 CAV3 AD HCM Rare
α-B crystallin CRYAB AD DCM; myofibrillar myopathies Rare
α-, β-, γ-, and δ-sarcoglycans SGCA, SGCB, SGCG, SGCD SGCD: AD DCM Rare
Filamin C FLNC AD DCM; ACM; HCM; RCM; Myofibrillar 

myopathy
DCM 1%; ACM ∼5%

NUCLEAR PROTEINS

Lamin A/C LMNA LVNC, DCM: AD 
EMD2: AD EMD3: 
AR LGMD1B: AD 
ACM: AD

LVNC; DCM; DCM in Emery-Dreifuss 
muscular dystrophy types 2 and 3 
(EMD2 and EMD3); DCM in limb 
girdle muscular dystrophy; DCM with 
clinical features usually associated with 
ACM

DCM 4-8%

Dystrobrevin α-DTNA AD DCM; LVNC Rare
Emerin EMD XL DCM, Emery-Dreifuss muscular dystrophy Rare
PR domain-containing protein 16 PRDM16 AD LVNC; DCM Rare
Syntrophin SNTA1 AD DCM Rare
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E-TABLE 54-1 GENETIC CAUSES OF CARDIOMYOPATHY—cont’d
GENE SYMBOL INHERITANCE PHENOTYPE ESTIMATED FREQUENCY
Spectrin repeat containing, 

nuclear envelope 1
SYNE1 AD DCM Rare

Spectrin repeat containing, 
nuclear envelope 2

SYNE2 AD DCM Rare

Transmembrane protein 43 TMEM43 AD ACM Rare
Thymopoietin TMPO AD DCM Rare
α-Kinase 3 deficiency ALPK3 AD? Infantile HCM, DCM Rare
ION CHANNEL AND ION CHANNEL RELATED

Cardiac sodium channel SCN5A AD DCM; LVNC DCM 1-2%
Regulatory SUR2A subunit of the 

cardiac K(ATP) channel
ABCC9 AD DCM Rare

DESMOSOMAL PROTEINS

Plakophilin 2 PKP2 AD, AR ARVC AD 30-40%; AR rare
Desmoglein 2 DSG2 AD ARVC, ACM 12-40%
Desmoplakin DSP ARVC: AD Carvajal 

syndrome: AR
ACM, ARVC; DCM in Carvajal syndrome ACM/ARVC 6-39%

Desmocollin 2 DSC2 AD ARVC Rare
Plakoglobin JUP ARVC: AD Naxos 

disease: AR
ARVC; Naxos disease Rare

CALCIUM-HANDLING PROTEINS

Phospholamban PLN AD DCM; HCM; ACM DCM founder effect in 
Holland, otherwise rare

Calsequestrin 2 (cardiac muscle) CASQ2 AD LVNC; CPVT Rare
Junctophilin 2 JPH2 AD HCM Rare
Cardiac ryanodine receptor RYR2 AD CPVT; ARVC Rare
Calreticulin-3 CALR3 AD ARVC, DCM Rare
METABOLIC PROTEINS

Amylo-1,6-glucosidase AGL AR Cardiomyopathy in Forbes disease ?
Acid α-1,4-glucosidase GAA AR Cardiomyopathy in Pompe disease ?
α-Galactosidase A GLA XL HCM in Anderson-Fabry disease ?
Lysosomal-associated membrane 

protein 2
LAMP2 XL HCM in Danon disease ?

Protein kinase, AMP-activated, γ2 
noncatalytic subunit

PRKAG2 AD HCM in Wolff-Parkinson-White syndrome Rare

Frataxin FRDA AR HCM in Friedreich ataxia ?
OTHERS

RNA-binding protein 20 RBM20 AD DCM 3-5%
M2 muscarinic receptor CHRM2 AD DCM Rare
Cardiotrophin 1 CTF1 AD DCM Rare
αT-catenin CTNNA3 AD ARVC Rare
Dolichol kinase DOLK AD DCM Rare
Eyes absent 4 EYA4 AD DCM Rare
Fukutin-related protein FKRP AD, AR DCM as part of limb-girdle muscular 

dystrophy 2I
Rare

Fukutin FKTN AD, AR DCM; Limb-girdle muscular dystrophy Rare
GATA zinc finger domain-

containing protein 1
GATAD1 AR DCM Rare

Hereditary hemochromatosis HFE AR DCM and RCM in hereditary 
hemochromatosis

Rare

Laminin α2 LAMA2 AD DCM Rare
Laminin α4 LAMA4 AD DCM Rare
Integrin-linked kinase ILK AD DCM Rare
Genes encoding mitochondrial 

components
MTTG, MTTY, MTND5, others AD, maternal HCM in MELAS, MERRF, LHON 

syndromes
?

Muscle-related coiled-coil protein MURC AD DCM Rare
Myosin light chain kinase 2 MYLK2 AD HCM Rare
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E-TABLE 54-1 GENETIC CAUSES OF CARDIOMYOPATHY—cont’d
GENE SYMBOL INHERITANCE PHENOTYPE ESTIMATED FREQUENCY
Myomesin 1 MYOM1 AD HCM Rare
Myomesin 2 MYOM2 AD HCM Rare
Myotilin MYOT AD DCM Rare
Presenilin 1 PSEN1 AD DCM Rare
Presenilin 2 PSEN2 AD DCM Rare
RAS-MAPK pathway genes PTPN11, RAF1, SOS1, KRAS, 

HRAS, BRAF, MEK1-2, others
AD HCM in Noonan syndrome and 

LEOPARD syndrome
?

Tafazzin TAZ XL DCM; LVNC; Barth syndrome Rare
Transcription factor TBX20 TBX20 AD DCM with developmental anomalies Rare
Transforming growth factor β3 TGFB3 AD ARVC Rare
Muscle RING Finger 1 (MuRF1) TRIM63 AD HCM Rare
Hereditary amyloidosis TTR AD HCM and RCM in hereditary amyloidosis Rare
Centrosome and basal 

body-associated protein
ALSM1 AD DCM; Alstrom syndrome Rare

Pleckstrin homology domain PLEKHM2 AR DCM; LVNC Rare
ACM = arrythmogenic cardiomyopathy AD = autosomal dominant; AR = autosomal recessive; ARVC = arrhythmogenic right ventricular cardiomyopathy; CPVT = catecholaminergic polymorphic ventricular 
tachycardia; DCM = dilated cardiomyopathy; HCM = hypertrophic cardiomyopathy; LVNC = left ventricular noncompaction; RCM = restrictive cardiomyopathy; XL = X-linked.
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ptosis, low-set posteriorly rotated ears, and webbed neck. These features are 
shared with the less common LEOPARD syndrome. Angiokeratomas, anhi-
drosis, Raynaud-like symptoms with neuropathy, cornea verticillata, retinal 
vascular dilation, tinnitus, diarrhea, and proteinuria are typical features of 
Fabry disease (Chapter 197).

Clinical examination of the cardiovascular system is often normal. In the 
presence of left ventricular outflow tract obstruction, the arterial pulse has a 
rapid upstroke and downstroke (sometimes with a bisferiens character), the apex 
beat is sustained or double (reflecting a palpable atrial impulse followed by left 
ventricular contraction), and auscultation will demonstrate a systolic ejection 
murmur that is heard loudest at the left sternal edge and that radiates to the right 
upper sternal edge and apex (Chapter 45). Most patients with left ventricular 
outflow tract obstruction also have the murmur of mitral regurgitation, which 
results from failure of the mitral valve leaflets to coapt due to the systolic 
anterior motion of the mitral valve. Physiologic and pharmacologic maneuvers 
that decrease afterload or venous return (e.g., standing, Valsalva maneuver, 

On occasion, however, patients with distal or apical hypertrophy may have 
severe refractory chest pain or may present with troublesome supraventricular 
arrhythmias.

 DIAGNOSIS
A three- to four-generation family history, which should be obtained in all 
patients with a new diagnosis of cardiomyopathy, helps determine the prob-
ability of familial disease and its mode of inheritance. The initial diagnostic 
evaluation includes a family history focusing on premature cardiac disease or 
death, a comprehensive medical history focusing on cardiovascular symptoms, 
a careful physical examination, a 12-lead electrocardiogram, and a two-
dimensional echocardiogram.3

The general evaluation may provide diagnostic clues in patients whose 
hypertrophic cardiomyopathy is associated with syndromes or metabolic 
disorders. For example, Noonan syndrome is characterized by short stature, 
developmental delay, cutaneous abnormalities (cafe au lait spots), hypertelorism, 

TABLE 54-1 PROFILES OF MYOCARDIAL DISEASE
HYPERTROPHIC DILATED RESTRICTIVE ARRHYTHMOGENIC

Causes Genetic (see E-Table 54-1) Myocarditis (see Table 54-3)
Metabolic/endocrine
Genetic (see E-Table 54-1)

Infiltrative or storage diseases (see Table 54-7)
Endomyocardial (e.g., Löffler, carcinoid)
Genetic (see E-Table 54-1)

Genetic (see E-Table 54-1)

Ejection fraction Increased Reduced 25-50% LV and RV normal or mildly 
reduced until end stage

LV end-diastolic 
dimension

Usually decreased Increased Normal LV and RV normal or mildly 
increased until end stage

LV wall thickness Increased Normal Normal or mildly increased Normal
Atrial size Increased Increased Increased; may be massive Atria normal until end stage
Valvular disease Mitral regurgitation (SAM) Mitral (functional); tricuspid 

regurgitation in late stages
Mitral and tricuspid regurgitation, rarely 

severe
Common symptoms Dyspnea; chest pain, syncope

Late: orthopnea, PND
Dyspnea, fatigue
Late: orthopnea, PND

Dyspnea
Late: orthopnea, PND, right-sided heart 

failure

Palpitations, syncope
End stage: right and/or left heart 

failure
Arrhythmia Atrial fibrillation, ventricular 

tachycardia; conduction block 
in PRKAG2, mitochondrial; 
Fabry disease

Ventricular tachyarrhythmias; 
heart block in Chagas disease, 
giant cell myocarditis, 
laminopathies

Atrial fibrillation; conduction block in sarcoid, 
amyloidosis, desminopathy

Biventricular ectopy and 
tachycardia

LV = left ventricular; PRKAG2 = protein kinase, AMP-activated, gamma 2 non-catalytic subunit mutation; SAM = systolic anterior motion of mitral valve; PND = paroxysmal nocturnal dyspnea.

Symptoms and signs
suggestive of heart failure

Document cardiac cause?
Physical examination
Electrocardiogram
Echocardiography

Specific structural heart disease?

Abnormal systolic and/or
diastolic function

Dilated
cardiomyopathy

Restrictive
cardiomyopathy

Coronary artery disease
Valvular heart disease
Congenital heart disease

Seek other causes (e.g.,
dyspnea due to pulmonary

disease)
No

No

Yes

Yes

May need cardiac
catheterization to define

Hypertrophic
cardiomyopathy

Arrhythmogenic
cardiomyopathy

FIGURE 54-1. Initial approach to classification of cardiomyopathy. the evaluation of symptoms or signs consistent with heart failure first includes confirmation that they can be 
attributed to a cardiac cause. although this conclusion is often apparent from routine physical examination and electrocardiography, echocardiography serves to confirm cardiac disease 
and provides clues to the presence of other cardiac diseases, such as focal abnormalities suggesting primary valve disease or congenital heart disease. having excluded these condi-
tions, cardiomyopathy is generally considered to be dilated, restrictive, or hypertrophic, as shown in table 54-1. Patients with apparently normal cardiac structure and contraction are 
occasionally found to demonstrate abnormal intracardiac flow patterns consistent with diastolic dysfunction but should also be evaluated carefully for other causes of their symptoms. 
Most patients with so-called diastolic dysfunction also demonstrate at least borderline criteria for left ventricular hypertrophy, frequently in the setting of chronic hypertension and 
diabetes. a moderately decreased ejection fraction without marked dilation or a pattern of restrictive cardiomyopathy is sometimes referred to as minimally dilated cardiomyopathy, 
which may represent either a distinct entity or a transition between acute and chronic disease. 
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inhalation of amyl nitrite) or increase contractility (e.g., a post-extrasystole 
beat) will increase the intensity of the murmur, whereas interventions that 
increase afterload and venous return (e.g., squatting or handgrip) will reduce 
it (see Table 45-8). In contrast, physical signs in most patients who do not 
have left ventricular outflow tract obstruction are subtle and are limited to 
features that reflect the hyperdynamic contraction (rapid upstroke pulse) and 
poorly compliant right (prominent a wave in jugular venous pressure) and 
left (S4 gallop, double-apex beat) ventricles (Chapter 45).

Diagnostic Testing
More than 95% of patients have abnormal ECG findings, but no changes are 
disease specific. The most common abnormalities are increased QRS voltage 
consistent with left ventricular hypertrophy, left axis deviation (15 to 20%), 
abnormal Q waves (25 to 30%, most commonly in inferolateral leads), and 
ST segment or T wave changes (>50%). An isolated increase in the QRS 
voltage without ST segment changes or T wave inversion is rare in hypertrophic 
cardiomyopathy. The presence of predominantly distal or apical thickening is 
associated with giant negative T wave inversion, which is maximal in leads 
V3 and V4.

Two-dimensional echocardiography (Chapter 49) is the mainstay of diag-
nostic imaging, but magnetic resonance imaging (Chapter 50) and computed 
tomography (Chapter 50) provide alternatives if the echocardiogram is of 
poor quality. In most patients, the hypertrophy is asymmetric and involves 
the anterior and posterior intraventricular septum (Fig. 54-2). The hypertrophy, 
however, may be more generalized and involve the free wall of the left ventricle, 
or it may be localized and confined to areas other than the septum, such as 
the lateral or posterior wall of the left ventricle. The echocardiogram can 
measure left ventricular outflow tract obstruction, both at rest and after pro-
vocative maneuvers. Patients with an outflow tract gradient of 30 mm Hg or 
more typically have systolic anterior motion of the mitral valve, with contact 
of either the anterior or (less commonly) the posterior mitral leaflet with the 
intraventricular septum during systole, in association with a posteriorly directed 
jet of mitral regurgitation, the severity of which is proportionate to the severity 
of the obstruction. Most patients with hypertrophic cardiomyopathy have left 
atrial enlargement as well as echocardiographic evidence of diastolic dysfunction. 
Magnetic resonance imaging, although not needed for the diagnosis, readily 
demonstrates the characteristic abnormalities (E-Figs. 54-1 to 54-4).

When it is available, cardiopulmonary exercise testing with metabolic gas 
exchange measurements provides an accurate and reproducible assessment 
of exercise capacity, which can be followed serially. Cardiac catheterization is 
rarely required for diagnosis or management, but it may be indicated when 
measurement of intracardiac pressures is required to guide therapeutic deci-
sions (e.g., in patients with severe mitral regurgitation) and for the exclusion 
of coexistent coronary artery disease in patients with chest pain.

Diagnostic Criteria
A wall thickness of more than 2 standard deviations above the mean, corrected 
for age, gender, and height, is generally accepted as diagnostic. In adults, this 

A B

FIGURE 54-2. Hypertrophic obstructive cardiomyopathy. A, the two-dimensional long axis parasternal view shows the chambers of the heart. the left ventricle posterior wall (LVPW) 
is thickened, and the most striking abnormality is the hypertrophy of the interventricular septum (iVs). another characteristic feature is a Venturi effect: as blood leaves the left ventricle 
(LV), it sucks the anterior leaflet of the mitral valve forward, a phenomenon called systolic anterior motion (saM). B, this phenomenon is more clearly shown in the parasternal long 
axis M-mode echocardiogram. the massive thickening of the septum is also obvious in the M-mode image (iVs). ao = aorta; La = left atrium; rV = right ventricle. (from forbes cD, 
Jackson Wf. Color Atlas and Text of Clinical Medicine. 3rd ed. London: Mosby; 2003.)

TABLE 54-2 DIAGNOSTIC CRITERIA FOR HYPERTROPHIC 
CARDIOMYOPATHY IN FIRST-DEGREE RELATIVES 
OF AFFECTED PATIENTS*

MAJOR CRITERIA MINOR CRITERIA
ECHOCARDIOGRAPHY

Left ventricular wall thickness ≥13 mm in 
the anterior septum or posterior wall or 
≥15 mm in the posterior septum or free 
wall

Severe SAM of the mitral valve 
(septal-leaflet contact)

Left ventricular wall thickness of 12 mm 
in the anterior septum or posterior 
wall or of 14 mm in the posterior 
septum or free wall

Moderate SAM of the mitral valve (no 
mitral leaflet–septal contact)

Redundant mitral valve leaflets
ELECTROCARDIOGRAPHY

Left ventricular hypertrophy with 
repolarization changes (Romhilt and 
Estes)

Complete bundle branch block or 
(minor) interventricular conduction 
defects (in left ventricular leads)

T wave inversion in leads I and aVL 
(≥3 mm with QRS-T wave axis 
difference ≥30 degrees), V3-V6 
(≥3 mm), or II and III and aVF 
(≥5 mm)

Minor repolarization changes in left 
ventricular leads

Deep S wave in lead V2 (>25 mm)

Abnormal Q waves (>40 msec or >25% R 
wave) in at least two leads from II, III, 
aVF (in absence of left anterior 
hemiblock), and V1-V4; or I, aVL, V5-V6

Unexplained chest pain, dyspnea, or 
syncope

*The diagnosis of hypertrophic cardiomyopathy in first-degree relatives of patients with the disease 
is based on the presence of one major criterion, two minor echocardiographic criteria, or one minor 
echocardiographic criterion and two minor electrocardiographic criteria.
aVF = augmented voltage unipolar left foot lead; aVL = augmented voltage unipolar left arm lead;
SAM = systolic anterior motion.
Modified from McKenna WJ, Spirito P, Desnos M, et al. Experience in clinical genetics in 
hypertrophic cardiomyopathy. Heart. 1997;77:130-132.

value is typically 1.5 cm or more in men and 1.3 cm or more in women. In the 
presence of other causes of left ventricular hypertrophy, such as long-standing 
systemic hypertension or aortic stenosis, the diagnosis of hypertrophic car-
diomyopathy may be problematic. However, secondary hypertrophy from 
other causes rarely exceeds 1.8 cm. Hypertrophy in the highly trained athlete 
is usually less than 1.6 cm in men and 1.4 cm in women and typically occurs 
in association with an increased left ventricular end-diastolic dimension and 
stroke volume. An ECG tracing showing Q waves or inferolateral repolarization 
changes in an athlete favors the diagnosis of hypertrophic cardiomyopathy.

Given the 50% probability of disease in first-degree relatives of a patient 
with hypertrophic cardiomyopathy, modified diagnostic criteria (Table 54-2) 
consider the high probability that their otherwise unexplained ECG and echo-
cardiographic findings reflect incomplete disease expression, with the cor-
responding risks for complications and for passing the gene to their children.
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E-FIGURE 54-1. Cardiac magnetic resonance image in a 40-year-old man with hypertrophic cardiomyopathy. three-chamber cine in diastole (A) and systole (B). there is mid-cavity 
obliteration and left ventricular outflow tract obstruction with complete systolic anterior motion of the mitral valve. the basal short axis cine (C) in diastole measures 30 mm, and there 
is mid-myocardial scar, visualized as late gadolinium enhancement (D). 
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E-FIGURE 54-2. A 70-year-old man with apical hypertrophic cardiomyopathy. four-chamber cine in diastole (A) and systole (B). there is apical hypertrophy (16 mm) with 3 cm of 
apical cavity obliteration in systole. note the papillary muscle insertion distally. apical scar is present (C, D) without an overt apical aneurysm. 
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E-FIGURE 54-3. Cardiac magnetic resonance images in a 70-year-old man with an electrocardiographic abnormality, previous ventricular tachycardia (nonsustained), and recent 
ischemic stroke. cardiac magnetic resonance images (A, diastole; B, systole) show mid-cavity hypertrophy and obstruction with an apical aneurysm containing a filling defect, shown 
to be avascular on early gadolinium-enhanced imaging (C, arrow, thrombus), with extensive apical scar (D). this is apical hypertrophic cardiomyopathy with apical aneurysm 
formation. 



CHAPTER 54 Diseases of the MyocarDiuM anD enDocarDiuM299.e4

A B

C D

E-FIGURE 54-4. A 50-year-old man with hypertrophic cardiomyopathy in a progressive (dilated) disease phase. the left ventricular ejection fraction is 35% with probably restrictive 
physiology, although the patient is in atrial fibrillation. there is left ventricular dilation, particularly for hypertrophic cardiomyopathy, and severe atrial dilation (A, diastolic frame). the 
maximal wall thickness is known to have reduced during recent follow-up (C, was 23 mm, now 18 mm). there is extensive, non-ischemic myocardial scar estimated at 40% of the myo-
cardium (B, D) and left atrial thrombus (arrow, B). 
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FIGURE 54-3. Approach to the management of hypertrophic cardiomyopathy (HCM). DDD = dual chamber, icD = implantable cardioverter-defibrillator. (Modified from Maron BJ, 
McKenna WJ, Danielson GK, et al. american college of cardiology/european society of cardiology clinical expert consensus document on hypertrophic cardiomyopathy. J Am Coll Cardiol. 
2003;42:1687-1713.)

TREATMENT 

Clinical management is based mainly on symptoms (Fig. 54-3).4,5 Exceptions 
include specific therapies for lysosomal storage diseases, such as Pompe disease 
(Chapter 196) and Fabry disease (E-Fig. 54-5; Chapter 197), and for Friedreich 
ataxia (Chapter 393). The treatment of the remaining patients with hypertrophic 
cardiomyopathy focuses on the counseling of family members, the manage-
ment of symptoms, lifestyle advice related to exercise, A1  and the prevention 
of disease-related complications.

Family Evaluation
All patients with hypertrophic cardiomyopathy should be counseled on 

the implications of the diagnosis for their families. Careful pedigree analysis 
can reassure relatives who are not at risk for inheriting the disease. For those 
who are at risk, current guidelines recommend screening with a 12-lead elec-
trocardiogram and echocardiogram at intervals of 12 to 18 months, usually 
starting at the age of 12 years (unless there is a “malignant” family history of 
premature sudden death, the child is symptomatic or a competitive athlete, 
or there is a clinical suspicion of left ventricular hypertrophy) until full growth 
and maturation are achieved (usually by the age of 18 to 21 years). Thereafter, if 
there are no signs of disease expression, screening approximately every 5 years 
is advised because the onset of left ventricular hypertrophy may be delayed 
until well into adulthood in some families. Modified diagnostic criteria (see 
Table 54-2) consider the high probability that otherwise unexplained ECG and 
echocardiographic findings in first-degree relatives reflect incomplete disease  
expression.

When it is available, genetic testing can identify a disease-causing mutation 
in an index case and thereby provide presymptomatic diagnosis of family 
members. Whenever genetic testing is considered, individuals should be informed 

about the purpose of the test, the most probable mode of inheritance, and 
the potential hazards and limitations of genetic testing.

Symptom Management
Medical therapy

Therapeutic options in patients without left ventricular outflow gradients 
are limited predominantly to pharmacologic therapy. β-Blockade may improve 
chest pain and dyspnea. The dose (starting at a dose equivalent to propranolol 
120 mg/day) should be titrated to achieve a target heart rate of 50 to 70 beats 
per minute at rest and 130 to 140 beats per minute at peak exercise. Calcium 
antagonists such as verapamil (starting at a dose of 120 mg/day) and diltiazem 
(starting at a dose of 180 mg/day) are useful alternatives, particularly in patients 
with refractory chest pain, but high doses (e.g., verapamil >480 mg/day, diltia-
zem >360 mg/day) may be required. In patients with paroxysmal nocturnal 
dyspnea and no evidence of ventricular outflow obstruction, a transient mecha-
nism such as myocardial ischemia or arrhythmia may be implicated, although 
investigations usually fail to identify the precise cause. Such patients as well 
as those with chronically raised pulmonary pressures may require diuretics 
(e.g., furosemide, 20 to 40 mg orally as needed, followed by 20 mg/day if 
required). The dose and duration of diuretic therapy should be minimized 
because injudicious use of these drugs can be dangerous, particularly in patients 
with severe diastolic impairment or labile obstruction.

In patients with symptoms caused by left ventricular outflow tract obstruc-
tion, the main aim of treatment is to reduce the outflow tract gradient. Options 
include negative inotropic drugs, surgery, atrioventricular sequential pacing, 
and percutaneous alcohol ablation of the interventricular septum. Approxi-
mately 60 to 70% of patients improve with β-blockers, although high doses 
(equivalent to propranolol at 480 mg/day) are frequently required, and side 
effects are often limiting. When β-blockade alone is ineffective, disopyramide, 

 PROGNOSIS
Most patients with hypertrophic cardiomyopathy follow a stable and benign 
course with a low risk for adverse events and a survival similar to that of age- 
and gender-matched normal populations, but many experience progressive 
symptoms caused by atrial arrhythmia and gradual deterioration in left ven-
tricular systolic and diastolic function. With modern therapy, the mortality 
rate related specifically to hypertrophic cardiomyopathy is 0.53% per year, 
with 5- and 10-year cardiomyopathy-related survival rates of 98% and 94%, 
respectively.7 The annual incidence of stroke varies from 0.56 to 0.8% per year, 
rising to 1.9% in patients older than 60 years, and 23% of strokes are fatal. 
The development of severe systolic heart failure is associated with a poor 
prognosis, with an overall mortality rate of up to 11% per year. The incidence 
of infective endocarditis is 1.4 per 1000 person-years overall but 3.8 per 1000 
person-years in patients with obstruction.

 Myocarditis
 DEFINITION AND EPIDEMIOLOGY

Myocarditis, which is an inflammatory process involving the myocardium, 
can be caused by infections, immune-mediated damage, or toxins (Table 54-3). 
The incidence and prevalence of myocarditis are difficult to estimate because 
the clinical presentation varies from asymptomatic ECG abnormalities to 
hemodynamic collapse and sudden death. Population estimates of the preva-
lence of myocarditis range from 1 in 100,000 to 1 in 10,000, whereas post-
mortem studies report myocarditis in up to 12% of young victims of sudden 
cardiac death.

Worldwide, the most common infective myocarditis is Chagas disease, 
caused by Trypanosoma cruzi, a protozoan organism endemic in rural areas 
of South and Central America (Chapter 326).8 In the Western world, viral 
myocarditis is the most common cause of inflammatory heart disease. Human 
immunodeficiency virus (HIV) infection (Chapter 360) is associated with 
lymphocytic myocarditis and is a strong predictor of poor prognosis. Smallpox 
vaccination (Chapter 15) causes myopericarditis with a reported incidence 
of 7.8 cases per 100,000 vaccine administrations. Other rare myocarditides 
include giant cell myocarditis, myocarditis complicating autoimmune disorders 
such as systemic lupus erythematosus (Chapter 250), cocaine abuse (Chapter 
31), and as a complication of combination immune checkpoint inhibitor 
therapy (Chapter 169).9

 PATHOBIOLOGY
Myocarditis is defined histologically by the presence of myocyte injury, with 
degeneration or necrosis, and an inflammatory infiltrate not due to ischemia. 
Four patterns are recognized: active myocarditis, with myocyte degeneration 
or necrosis and definite cellular infiltrate with or without fibrosis; borderline 
myocarditis, with a definite cellular infiltrate without evidence of myocardial 
cellular injury; persistent myocarditis, with continued active myocarditis on 
repeated biopsy; and resolving or resolved myocarditis, characterized by a dimin-
ished or absent infiltrate with evidence of connective tissue healing on repeated 
biopsy. Despite their widespread use, the so-called Dallas criteria have low 
specificity and sensitivity, with a diagnostic yield as low as 10 to 20% in some 
series. Therefore, newer virology techniques used in conjunction with con-
ventional light microscopy include nested polymerase chain reaction or reverse 
transcription polymerase chain reaction on RNA and DNA extracted from 
endomyocardial biopsy specimens and immunohistochemical staining for 
subtypes of infiltrating lymphocytes and abnormal expression of cellular adhe-
sion molecules on interstitial or endothelial cells.

 Viral Myocarditis
Most data on the pathology of viral myocarditis come from murine models. 
Initially, there is direct invasion of the myocardium by cardiotropic viruses, 
which enter the cardiomyocyte through receptor-mediated endocytosis. The 
viral genome, which translated intracellularly to produce viral protein or is 
incorporated into the host cell genome, may contribute to myocyte dysfunc-
tion by cleaving dystrophin. In the second phase, activation of the host immune 
system, including recruitment of natural killer cells and macrophages, increases 
the expression of proinflammatory cytokines such as interleukin-1 and tumor 
necrosis factor. Activation of CD4+ T lymphocytes promotes clonal expansion 
of B lymphocytes, thereby resulting in further myocardial cell damage, inflam-
mation, and the production of circulating antiheart antibodies directed against 
contractile, structural, and mitochondrial proteins. This autoimmune response 
may result in long-term ventricular remodeling by direct effects on myocardial 
structural components or alterations in the extracellular matrix.
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E-FIGURE 54-5. A 38-year-old man with Fabry disease and cardiac involvement. cardiac magnetic resonance image shows a mild hypertrophy in the four-chamber (A) and short 
axis end-diastolic (C) views. the non–contrast-enhanced t1 map shows blue areas (t1 lowering) present circumferentially at the basal segments (B, D). this finding is in keeping with 
accumulation of glycosphingolipid in myocytes. this case does not have high t1 in the basal inferolateral wall (in many such patients, red signal indicating fibrosis on this color scale 
is seen here in an area matched by scar after contrast enhancement). 
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titrated to the maximal tolerated dose (usually between 400 and 600 mg/day), 
may be effective in up to two thirds of patients, but side effects related to the 
anticholinergic effects (e.g., dry eyes and mouth, urinary retention) limit its use. 
Disopyramide should be given concomitantly with a small to medium dose of 
a β-blocker (e.g., propranolol, 120 to 240 mg/day), which will slow the heart 
rate and also blunt rapid atrioventricular nodal conduction should supraven-
tricular arrhythmias develop. In patients who have left ventricular outflow tract 
obstruction and are taking a β-blocker and disopyramide, other antiarrhythmic 
drugs that alter repolarization (e.g., sotalol or amiodarone) must be avoided 
because of the potential proarrhythmic effect. In patients with outflow tract 
gradients, verapamil can be effective, but caution is required in patients with 
severe obstruction or elevated pulmonary pressures. Losartan (100 mg/day) is 
safe but has no benefit in terms of myocardial performance or progression of  
disease. A2  Similarly, ranolazine (1000 mg twice daily) is safe for reducing ven-
tricular ectopy, but it does not change exercise performance, plasma prohor-
mone brain natriuretic peptide levels, diastolic function, or quality of life. A3  An 
experimental small molecule inhibitor of sarcomere contractility can suppress 
hypertrophic cardiomyopathy in mice, but no such therapy is currently available  
in humans.

interventional therapy
Surgery should be considered for significant outflow obstruction (gradient 

>50 mm Hg) in patients who have symptoms refractory to medical therapy.6 
The most commonly performed surgical procedure, ventricular septal myectomy, 
either abolishes or substantially reduces the gradient in 95% of cases, reduces 
mitral regurgitation, and improves exercise capacity and symptoms. Surgery 
should be performed in an experienced center, where mortality rates should 
be less than 1% for isolated myomectomy. The main complications (atrioventricular 
block, ventricular septal defects) are uncommon (2 to 5%). When concomitant 
procedures (e.g., mitral valve repair or replacement, coronary artery bypass 
grafting) are required or when other significant comorbidities are present, 
perioperative mortality rates are higher (4 to 5%).

In experienced centers, the selective injection of alcohol into a septal per-
forator branch of the left anterior descending coronary artery to create a local-
ized septal scar yields outcomes similar to surgery. The main nonfatal complication 
is atrioventricular block requiring a pacemaker in 5 to 20% of patients.

Dual-chamber pacing with a short programmed atrial ventricular delay to 
produce maximal preexcitation while maintaining effective atrial transport 
can reduce the outflow gradient by 30 to 50% but provides little objective 
improvement in exercise capacity in most patients. Outcomes (gradient reduc-
tion, improved symptoms) are best in older patients with angulated septa and 
localized upper septal hypertrophy.

supraventricular arrhythmia
Atrial fibrillation in hypertrophic cardiomyopathy is associated with a high 

risk for systemic embolization, so anticoagulation (international normalized 
ratio in the range of 2.0 to 3.0) should be considered in all patients with sus-
tained or paroxysmal atrial fibrillation (Chapter 58). Treatment with low-dose 
amiodarone, 1000 to 1400 mg/week, is effective in maintaining sinus rhythm 
and in controlling the ventricular response during breakthrough episodes. The 
addition of a low-dose β-blocker, verapamil, or diltiazem may be required for 
rate control. Serious side effects with low-dose amiodarone are uncommon. 
β-Blockers, particularly those with class III action (e.g., sotalol), are less effective 
alternatives. In general, the principles of managing atrial fibrillation in patients 
with hypertrophic cardiomyopathy are similar to those in other conditions 
(Chapter 58), with the provision that the threshold to use anticoagulation should 
be low because of the significant embolic risk.

Prevention of sudden Death
The overall risk for sudden death in children and adults with hypertrophic 

cardiomyopathy is approximately 0.5 to 1% per year, but a minority of individu-
als have a much greater risk for ventricular arrhythmia and sudden death. The 
most powerful predictor of sudden cardiac death in hypertrophic cardiomy-
opathy is a history of previous cardiac arrest. In patients without such a history, 
the most useful markers of risk are a family history of premature (<40 years of 
age) sudden cardiac death, unexplained syncope (unrelated to neurocardiogenic 
mechanisms), flat or hypotensive blood pressure response to upright exercise, 
nonsustained ventricular tachycardia on ambulatory ECG monitoring or during 
exercise, and severe left ventricular hypertrophy on echocardiography (defined 
as a maximal left ventricular wall thickness of 30 mm or more). A clinical risk 
prediction model for sudden death (available online at http://www.hcmrisk.
org/) can estimate an individual patient’s absolute 5-year risk of sudden death. 
Patients with an annual mortality rate of 4 to 6% based on the online risk 
predictor or on the presence of two or more of these markers should be con-
sidered for an implantable cardioverter-defibrillator (ICD) (Chapter 60). All 
patients with hypertrophic cardiomyopathy should be advised to avoid com-
petitive sports and intense physical exertion. Patients without any risk factors 
do not warrant an ICD. For patients with one risk factor, decisions about an 
ICD should be individualized on the basis of the patient’s age and severity of 
disease and level of risk that is acceptable to the patient.

 PROGNOSIS
Most patients with hypertrophic cardiomyopathy follow a stable and benign 
course with a low risk for adverse events and a survival similar to that of age- 
and gender-matched normal populations, but many experience progressive 
symptoms caused by atrial arrhythmia and gradual deterioration in left ven-
tricular systolic and diastolic function. With modern therapy, the mortality 
rate related specifically to hypertrophic cardiomyopathy is 0.53% per year, 
with 5- and 10-year cardiomyopathy-related survival rates of 98% and 94%, 
respectively.7 The annual incidence of stroke varies from 0.56 to 0.8% per year, 
rising to 1.9% in patients older than 60 years, and 23% of strokes are fatal. 
The development of severe systolic heart failure is associated with a poor 
prognosis, with an overall mortality rate of up to 11% per year. The incidence 
of infective endocarditis is 1.4 per 1000 person-years overall but 3.8 per 1000 
person-years in patients with obstruction.

 Myocarditis
 DEFINITION AND EPIDEMIOLOGY

Myocarditis, which is an inflammatory process involving the myocardium, 
can be caused by infections, immune-mediated damage, or toxins (Table 54-3). 
The incidence and prevalence of myocarditis are difficult to estimate because 
the clinical presentation varies from asymptomatic ECG abnormalities to 
hemodynamic collapse and sudden death. Population estimates of the preva-
lence of myocarditis range from 1 in 100,000 to 1 in 10,000, whereas post-
mortem studies report myocarditis in up to 12% of young victims of sudden 
cardiac death.

Worldwide, the most common infective myocarditis is Chagas disease, 
caused by Trypanosoma cruzi, a protozoan organism endemic in rural areas 
of South and Central America (Chapter 326).8 In the Western world, viral 
myocarditis is the most common cause of inflammatory heart disease. Human 
immunodeficiency virus (HIV) infection (Chapter 360) is associated with 
lymphocytic myocarditis and is a strong predictor of poor prognosis. Smallpox 
vaccination (Chapter 15) causes myopericarditis with a reported incidence 
of 7.8 cases per 100,000 vaccine administrations. Other rare myocarditides 
include giant cell myocarditis, myocarditis complicating autoimmune disorders 
such as systemic lupus erythematosus (Chapter 250), cocaine abuse (Chapter 
31), and as a complication of combination immune checkpoint inhibitor 
therapy (Chapter 169).9

 PATHOBIOLOGY
Myocarditis is defined histologically by the presence of myocyte injury, with 
degeneration or necrosis, and an inflammatory infiltrate not due to ischemia. 
Four patterns are recognized: active myocarditis, with myocyte degeneration 
or necrosis and definite cellular infiltrate with or without fibrosis; borderline 
myocarditis, with a definite cellular infiltrate without evidence of myocardial 
cellular injury; persistent myocarditis, with continued active myocarditis on 
repeated biopsy; and resolving or resolved myocarditis, characterized by a dimin-
ished or absent infiltrate with evidence of connective tissue healing on repeated 
biopsy. Despite their widespread use, the so-called Dallas criteria have low 
specificity and sensitivity, with a diagnostic yield as low as 10 to 20% in some 
series. Therefore, newer virology techniques used in conjunction with con-
ventional light microscopy include nested polymerase chain reaction or reverse 
transcription polymerase chain reaction on RNA and DNA extracted from 
endomyocardial biopsy specimens and immunohistochemical staining for 
subtypes of infiltrating lymphocytes and abnormal expression of cellular adhe-
sion molecules on interstitial or endothelial cells.

 Viral Myocarditis
Most data on the pathology of viral myocarditis come from murine models. 
Initially, there is direct invasion of the myocardium by cardiotropic viruses, 
which enter the cardiomyocyte through receptor-mediated endocytosis. The 
viral genome, which translated intracellularly to produce viral protein or is 
incorporated into the host cell genome, may contribute to myocyte dysfunc-
tion by cleaving dystrophin. In the second phase, activation of the host immune 
system, including recruitment of natural killer cells and macrophages, increases 
the expression of proinflammatory cytokines such as interleukin-1 and tumor 
necrosis factor. Activation of CD4+ T lymphocytes promotes clonal expansion 
of B lymphocytes, thereby resulting in further myocardial cell damage, inflam-
mation, and the production of circulating antiheart antibodies directed against 
contractile, structural, and mitochondrial proteins. This autoimmune response 
may result in long-term ventricular remodeling by direct effects on myocardial 
structural components or alterations in the extracellular matrix.

http://www.hcmrisk.org/
http://www.hcmrisk.org/
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echocardiography, but impaired left or right ventricular systolic performance 
(with or without ventricular dilation), regional wall motion abnormalities, left 
(or right) ventricular thrombus, diastolic impairment, and pericardial effusions 
may be present. Cardiac magnetic resonance imaging can detect myocardial 
inflammation and myocyte injury, with pericellular and cellular edema.

Routine blood tests, such as full blood count and erythrocyte sedimenta-
tion rate, are usually unhelpful. Serum markers of myocardial injury, such as 
troponins T and I, may be elevated, but myocarditis may be proven by biopsy 
even in the absence of elevated serum troponin levels. Creatine kinase and 
its cardiac isoform CK-MB are less sensitive and specific than troponin. Increased 
levels of autoantibodies against myocardial proteins (such as myosin and the 
adenine nucleotide translocator protein) are biomarkers of autoimmune myo-
carditis and correlate with progressive worsening of ventricular function.

Cardiac magnetic resonance imaging with gadolinium enhancement can 
show evidence of myocarditis (Fig. 54-4), but cardiac catheterization with 
right ventricular endomyocardial biopsy remains the “gold standard” diagnostic 
test. In the United States, biopsy has generally been reserved for patients with 
heart failure refractory to standard management, features suggestive of systemic 
disease (e.g., connective tissue disease [Chapter 244], amyloidosis [Chapter 
179], hemochromatosis [Chapter 201], sarcoidosis [Chapter 89]), or suspicion 
of giant cell myocarditis because of new-onset heart failure associated with 
tachyarrhythmias or conduction disease. By comparison, a European consensus 
statement recommends endomyocardial biopsy to achieve an etiologic diag-
nosis and to guide potential novel treatment options in patients with “clinically 
suspected myocarditis,” despite the absence of definitive outcome data to 
support this recommendation.

Specific Causes
Viral myocarditis may be suspected from the clinical picture of recent febrile 
illness, often with prominent myalgias, followed by angina-like chest pain, 
dyspnea, or arrhythmias. Elevated troponin levels support the diagnosis, and 
increasing viral titers (to coxsackievirus, echovirus, adenovirus, or influenza 
virus) are consistent with recent infection. The correlation with biopsy-proven 
myocarditis is strongest with HIV and Lyme disease. Clinical cardiomyopathy 
occurs in 10 to 40% of patients infected with HIV due to the HIV infection 
itself or to coinfection with cytomegalovirus.

Giant cell myocarditis, which accounts for 10 to 20% of biopsy-positive cases 
of myocarditis, is manifested with the rapid onset of chest pain, fever, and 
hemodynamic compromise, often with ventricular tachycardia or atrioven-
tricular block. When ventricular tachyarrhythmias or progressive heart failure 
are major features of clinically suspected myocarditis, particularly in a young 
person, endomyocardial biopsy is recommended to determine whether giant 
cell myocarditis is present.

Toxoplasmosis (Chapter 328) myocarditis, due to intermittent rupture of 
cysts in the myocardium, can cause atypical chest pain, arrhythmias, pericar-
ditis, and symptomatic heart failure. Diagnosis is made from antibody titers. 
Lyme carditis (Chapter 305) is classically manifested with conduction system 
abnormalities resulting from infection with Borrelia burgdorferi, which is diag-
nosed serologically.

Immune-mediated myocarditis can be associated with polymyositis (Chapter 
253) or systemic lupus erythematosus (Chapter 250), although pericarditis 
and coronary artery vasculitis are more common. Hypersensitivity reactions, 
especially to drugs (Chapter 239), can cause myocarditis that is often associ-
ated with peripheral eosinophilia and can be confirmed by endomyocardial 
biopsy.

 CLINICAL MANIFESTATIONS
Some patients report prodromal symptoms of viremia, including fever, myalgia, 
coryzal symptoms, and gastroenteritis, but many individuals with myocarditis 
are asymptomatic and manifest only transient ECG abnormalities, such as 
nonspecific ST segment and T wave abnormalities, pathologic Q waves, and low 
QRS voltages. Less common presentations include acute myocardial infarction 
with angiographically normal coronary arteries (Chapter 64), atrioventricular 
block (Chapter 58), and ventricular arrhythmias (Chapter 59). Patients with 
impairment of left ventricular function may present with symptoms and signs 
of fulminant cardiogenic shock (Chapter 99) with acute cardiovascular col-
lapse. In some cases, sudden cardiac death is the first presentation.

 DIAGNOSIS
The diagnosis of myocarditis requires a high index of suspicion because 
it may mimic other common conditions. There are no typical features on 

TABLE 54-3 CAUSES OF MYOCARDITIS
INFECTION

Viral
Coxsackievirus, human immunodeficiency virus, echovirus, adenovirus, influenza, 

measles, mumps, parvovirus, poliovirus, rubella, varicella-zoster virus, herpes 
simplex virus, cytomegalovirus, hepatitis C virus, rabies virus, respiratory 
syncytial virus, vaccine virus, dengue virus, yellow fever virus

Protozoal
Trypanosoma cruzi, Toxoplasma gondii

Bacterial
Brucella, Corynebacterium diphtheriae, Salmonella, Haemophilus influenzae, 

Mycoplasma pneumoniae, Neisseria meningitidis (meningococcus), Streptococcus 
pneumoniae, Staphylococcus, Mycobacterium, Neisseria gonorrhoeae (gonococcus), 
Vibrio cholerae

spirochetal
Treponema pallidum, Borrelia, Leptospira

fungal
Aspergillus, Candida, Cryptococcus, Actinomyces, Blastomyces, Histoplasma, Coccidioides

rickettsial
Coxiella burnetii, Rickettsia rickettsii, Rickettsia tsutsugamushi

Parasitic
Trichinella spiralis, Echinococcus granulosus, Taenia solium
IMMUNE-MEDIATED DISORDERS

alloantigens
Heart transplant rejection

autoantigens
Eosinophilic granulomatosis with polyangiitis (formerly Churg-Strauss syndrome), 

celiac disease, Whipple disease, giant cell myocarditis, Kawasaki disease, systemic 
lupus erythematosus, systemic sclerosis, sarcoidosis, scleroderma, polymyositis, 
thrombocytopenic purpura

allergens (Drugs)
Penicillin, sulfonamides, tetracycline, methyldopa, streptomycin, tricyclic 

antidepressants, thiazide diuretics, dobutamine, indomethacin
TOXIC CAUSES

Drugs
Anthracyclines, catecholamines, amphetamines, cocaine, cyclophosphamide, 

5-fluorouracil, trastuzumab, interferon, interleukin-2

Physical agents
Electric shock, radiation, hyperpyrexia

heavy Metals
Copper, iron, lead

others
Arsenic, snake bite, scorpion bite, wasp and spider stings, phosphorus, carbon 

monoxide
GENETIC DISORDERS

Inherited cardiomyopathies with immune-mediated pathogenesis (dilated and right 
ventricular cardiomyopathy)

The first-line treatment of myocarditis is supportive with afterload reduction 
and diuresis (Chapter 53). Patients with fulminant acute myocarditis may require 
inotropic support, mechanical assist devices, or extracorporeal membrane 
oxygenation (Chapter 99). After initial stabilization, patients with symptoms 
and signs of heart failure should receive angiotensin-converting enzyme inhibi-
tors, diuretics, β-blockers, and anticoagulants in accordance with standard 
guidelines (Chapter 53). Patients with intractable and deteriorating heart failure 
may require cardiac transplantation (Chapter 53).

The role of immunosuppression is uncertain. In one randomized, placebo-
controlled trial of 111 adults with biopsy-proven myocarditis, there was no 
difference in mortality or improvement in left ventricular function in patients 
treated with prednisolone plus either cyclosporine or azathioprine. Conversely, 
in a randomized trial of patients who had major histocompatibility complex 

TREATMENT 

 PROGNOSIS
Patients with acute myocarditis with mild heart failure or symptoms suggestive 
of myocardial ischemia or infarction typically improve within weeks without 
sequelae. An acute presentation of myocarditis with advanced heart failure 
(ejection fraction <35%) may resolve but can lead to chronic left ventricular 
dysfunction (dilated cardiomyopathy) or progress to death or cardiac 
transplantation. Patients who present with acute fulminant myocarditis, however, 
may have an excellent prognosis, with survival rates of more than 90%. Overall, 
however, biopsy-proven viral myocarditis is associated with a long-term mor-
tality of almost 20% at 4.7 years, and the presence of biventricular dysfunction 
at presentation is the best predictor of all-cause mortality. Giant cell myocarditis 
is usually fatal without heart transplantation, but it can be stabilized by early 
diagnosis and prompt introduction of immunosuppression.11

 Dilated Cardiomyopathy
 DEFINITION AND EPIDEMIOLOGY

Dilated cardiomyopathy is a heart muscle disorder defined by dilation and 
impaired systolic function of the left ventricle or both ventricles, in the absence 
of coronary artery disease, valvular abnormalities, or pericardial disease. In 
adults, prevalence estimates range from 14 to 36 per 100,000. In children, 

dilated cardiomyopathy is the most common cardiomyopathy, accounting for 
up to 58% of cases. Overall, males and females are approximately equally 
affected, except for dilated cardiomyopathy associated with neuromuscular 
disorders or inborn errors of metabolism, for which there is male predominance 
because some of these conditions have an X-linked inheritance.

 PATHOBIOLOGY
A number of conditions are associated with dilated cardiomyopathy, including 
neuromuscular disorders, inborn errors of metabolism, and malformation 
syndromes. In most patients, no identifiable cause is found, and the disease 
is termed idiopathic dilated cardiomyopathy.

Genetic Dilated Cardiomyopathy
Between 20 and 50% of individuals with dilated cardiomyopathy have evidence 
of familial disease (see E-Table 54-1).12 Autosomal dominant inheritance, 
which accounts for 68% of familial cases, has two major forms: isolated dilated 
cardiomyopathy, which is manifested with a clinical picture of heart failure; 
and dilated cardiomyopathy, in which an associated arrhythmia (i.e., atrial 
fibrillation, conduction system disease, ventricular tachycardia, or fibrillation) 
is usually the initial manifestation. The latter cardiomyopathy, now termed 
arrhythmogenic cardiomyopathy, may also result in heart failure or be associ-
ated with a skeletal myopathy. Genes implicated in heart-failure-predominant 
dilated cardiomyopathy include cytoskeletal and sarcomeric protein genes. 
Truncating mutations in TTN, the gene encoding the sarcomere protein titin, 
occur in approximately 25% of familial cases of dilated cardiomyopathy and 
in 18% of sporadic cases. Genes implicated in arrhythmogenic cardiomyopathy 
include desmosomal, ion channel, and nuclear envelope protein genes. Muta-
tions in the lamin A/C gene, which encodes a nuclear envelope protein, cause 
atrial and ventricular arrhythmia and progressive atrioventricular conduction 
disease, which may precede the development of dilated cardiomyopathy.

X-linked inheritance accounts for between 2 and 5% of familial cases of 
dilated cardiomyopathy. Neuromuscular disorders account for 26% of cases, 
90% of which are Duchenne, Becker, and Emery-Dreifuss muscular dystrophies 
(Chapter 393). Isolated X-linked dilated cardiomyopathy, also caused by muta-
tions in the dystrophin gene, is characterized by raised serum creatine kinase 
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FIGURE 54-4. A 17-year-old man presenting with apparent acute myopericarditis. the four-chamber end-diastolic view (A) presents a mildly dilated left ventricle. there is patchy 
late gadolinium enhancement involving the inferior and lateral walls (B, D, arrows). edema is seen on t1 imaging (C), and there is extensive late enhancement. the differential diagnosis 
of this appearance also includes sarcoid and giant cell myocarditis. 

expression on endomyocardial biopsy samples and who were randomized to 
prednisolone (1 mg/kg/day tapering to a maintenance dose of 0.2 mg/kg/day for 
a total of 90 days) and azathioprine (1 mg/kg/day for a total of 100 days) versus 
placebo, left ventricular ejection fraction improved in the immunosuppressed 
group, but no difference was observed in mortality or rates of transplantation 
or rehospitalization during a 2-year follow-up period.10 Immunosuppression 
appears to be beneficial for patients with giant cell myocarditis, and current 
recommendations extend immunosuppression to other biopsy-proven, infec-
tion-negative immune-mediated forms of myocarditis including eosinophilic 
myocarditis, cardiac sarcoidosis, and lymphocytic myocarditis that is refractory 
to conventional heart failure therapy. A4  The optimal regimens remain to be 
determined, and intravenous immune globulin therapy is not helpful.

 PROGNOSIS
Patients with acute myocarditis with mild heart failure or symptoms suggestive 
of myocardial ischemia or infarction typically improve within weeks without 
sequelae. An acute presentation of myocarditis with advanced heart failure 
(ejection fraction <35%) may resolve but can lead to chronic left ventricular 
dysfunction (dilated cardiomyopathy) or progress to death or cardiac 
transplantation. Patients who present with acute fulminant myocarditis, however, 
may have an excellent prognosis, with survival rates of more than 90%. Overall, 
however, biopsy-proven viral myocarditis is associated with a long-term mor-
tality of almost 20% at 4.7 years, and the presence of biventricular dysfunction 
at presentation is the best predictor of all-cause mortality. Giant cell myocarditis 
is usually fatal without heart transplantation, but it can be stabilized by early 
diagnosis and prompt introduction of immunosuppression.11

 Dilated Cardiomyopathy
 DEFINITION AND EPIDEMIOLOGY

Dilated cardiomyopathy is a heart muscle disorder defined by dilation and 
impaired systolic function of the left ventricle or both ventricles, in the absence 
of coronary artery disease, valvular abnormalities, or pericardial disease. In 
adults, prevalence estimates range from 14 to 36 per 100,000. In children, 

dilated cardiomyopathy is the most common cardiomyopathy, accounting for 
up to 58% of cases. Overall, males and females are approximately equally 
affected, except for dilated cardiomyopathy associated with neuromuscular 
disorders or inborn errors of metabolism, for which there is male predominance 
because some of these conditions have an X-linked inheritance.

 PATHOBIOLOGY
A number of conditions are associated with dilated cardiomyopathy, including 
neuromuscular disorders, inborn errors of metabolism, and malformation 
syndromes. In most patients, no identifiable cause is found, and the disease 
is termed idiopathic dilated cardiomyopathy.

Genetic Dilated Cardiomyopathy
Between 20 and 50% of individuals with dilated cardiomyopathy have evidence 
of familial disease (see E-Table 54-1).12 Autosomal dominant inheritance, 
which accounts for 68% of familial cases, has two major forms: isolated dilated 
cardiomyopathy, which is manifested with a clinical picture of heart failure; 
and dilated cardiomyopathy, in which an associated arrhythmia (i.e., atrial 
fibrillation, conduction system disease, ventricular tachycardia, or fibrillation) 
is usually the initial manifestation. The latter cardiomyopathy, now termed 
arrhythmogenic cardiomyopathy, may also result in heart failure or be associ-
ated with a skeletal myopathy. Genes implicated in heart-failure-predominant 
dilated cardiomyopathy include cytoskeletal and sarcomeric protein genes. 
Truncating mutations in TTN, the gene encoding the sarcomere protein titin, 
occur in approximately 25% of familial cases of dilated cardiomyopathy and 
in 18% of sporadic cases. Genes implicated in arrhythmogenic cardiomyopathy 
include desmosomal, ion channel, and nuclear envelope protein genes. Muta-
tions in the lamin A/C gene, which encodes a nuclear envelope protein, cause 
atrial and ventricular arrhythmia and progressive atrioventricular conduction 
disease, which may precede the development of dilated cardiomyopathy.

X-linked inheritance accounts for between 2 and 5% of familial cases of 
dilated cardiomyopathy. Neuromuscular disorders account for 26% of cases, 
90% of which are Duchenne, Becker, and Emery-Dreifuss muscular dystrophies 
(Chapter 393). Isolated X-linked dilated cardiomyopathy, also caused by muta-
tions in the dystrophin gene, is characterized by raised serum creatine kinase 
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Hemodynamic assessment of left ventricular end-diastolic and pulmonary 
artery pressures may be necessary before transplantation.

muscle isoforms but does not result in clinical signs or symptoms of skeletal 
muscular dystrophy.

Acquired Dilated Cardiomyopathy
Common acquired causes of dilated cardiomyopathy include infectious myo-
carditis, chemotherapy (Chapter 169), radiation therapy (Chapter 17), alcohol 
(Chapter 30), cocaine (Chapter 31), nutritional deficiencies (Chapter 203), 
iron overload (Chapter 201), inflammatory and autoimmune disorders (Chap-
ters 250 and 254), endocrinopathies (Chapter 213), and pregnancy (Chapter 
226). Tachycardia-mediated cardiomyopathy (tachycardiomyopathy) is rare 
and usually reverses once the tachycardia is controlled.

 CLINICAL MANIFESTATIONS
The symptoms and signs associated with dilated cardiomyopathy depend on 
the age of the patient and the degree of left ventricular dysfunction. Although 
the first presentation may be with sudden death or a thromboembolic event, 
most patients present with symptoms of high pulmonary venous pressure or 
low cardiac output (Chapter 52), which can be acute, sometimes precipitated 
by intercurrent illness or arrhythmia, or chronic. Increasingly, dilated cardio-
myopathy is diagnosed incidentally in asymptomatic individuals during family 
screening.

Adults initially present with reduced exercise tolerance and dyspnea on 
exertion. With worsening left ventricular function, patients may develop dyspnea 
at rest, orthopnea, paroxysmal nocturnal dyspnea, peripheral edema, and 
ascites. Symptoms related to mesenteric ischemia, such as abdominal pain 
after meals, nausea, vomiting, and anorexia, may dominate, especially in chil-
dren. Arrhythmia symptoms, such as palpitations, presyncope, and syncope, 
can occur at any age.

In advanced disease, features of low cardiac output include sinus tachycardia, 
weak peripheral pulses, and hypotension. The jugular venous pressure may 
be elevated, and the apical impulse is displaced. Peripheral edema, hepato-
megaly, and ascites are common in patients with heart failure. Auscultation 
of the chest typically reveals basal crackles. Auscultation of the heart may 
reveal the presence of a third (and sometimes also a fourth) heart sound. In 
patients with functional mitral regurgitation, a pansystolic murmur may be 
heard at the apex and radiate to the axilla, but frequently no murmurs are 
heard, even in the presence of mitral incompetence, especially if cardiac output 
is very low.

 DIAGNOSIS
The electrocardiogram may be normal but more typically shows sinus tachy-
cardia, nonspecific ST segment and T wave changes (most commonly in the 
inferior and lateral leads), atrial enlargement, and voltage criteria for ventricular 
hypertrophy. Atrioventricular block raises the possibility of mutations in the 
lamin A/C gene. Supraventricular and ventricular arrhythmias are common. 
The chest radiograph is usually abnormal, with an increased cardiothoracic 
ratio (>0.5) reflecting left ventricular and left atrial dilation. Patients with 
pulmonary edema have increased pulmonary vascular markings and pleural 
effusion.

On echocardiography, the presence of ventricular end-diastolic dimensions 
greater than 2 standard deviations above body surface area–corrected means 
(or greater than 112% of predicted dimension) and fractional shortening less 
than 25% are sufficient to make the diagnosis. Other common features include 
functional mitral and tricuspid regurgitation and abnormalities of diastolic 
left ventricular function. Cardiac magnetic resonance imaging may show areas 
of myocardial fibrosis (E-Fig. 54-6).

Other recommended tests (Table 54-4) include a complete blood count 
and tests of renal, thyroid, and hepatic function. Levels of serum creatine 
kinase should be measured in all patients with dilated cardiomyopathy because 
this may provide important clues to the etiology. For example, dystrophin-
linked dilated cardiomyopathy has been diagnosed in up to 8% of men with 
dilated cardiomyopathy and should be considered in men with increased serum 
creatine kinase levels and an X-linked family history. Other cardiac biomarkers, 
such as troponin I and troponin T, can be elevated. Plasma B-type natriuretic 
peptide levels predict survival, hospitalization rates, and listing for cardiac 
transplantation. Symptom-limited exercise testing, combined with respiratory 
gas analysis, is a useful technique to assess functional limitation and disease 
progression in patients with stable dilated cardiomyopathy.

Cardiac catheterization is rarely needed except perhaps to exclude severe 
coronary artery disease or to provide more precise information about possible 
valvular heart disease. Endomyocardial biopsy may be diagnostic for myocar-
ditis and for some metabolic or mitochondrial disorders but is rarely advised. 

TABLE 54-4 LABORATORY EVALUATION OF 
CARDIOMYOPATHY

CLINICAL EVALUATION

History and physical examination to identify cardiac and noncardiac disorders*
Assessment of ability to perform routine and desired activities*
Assessment of volume status*
LABORATORY EVALUATION

Electrocardiogram*
Chest radiograph*
Two-dimensional and Doppler echocardiogram*
Chemistry

Serum sodium,* potassium,* glucose, creatinine,* blood urea nitrogen,* calcium,* 
magnesium*

Albumin,* total protein,* liver function tests,* serum iron, ferritin
Urinalysis
Creatine kinase
Thyroid-stimulating hormone*

Hematology
Hemoglobin/hematocrit*
White blood cell count with differential,* including eosinophils
Erythrocyte sedimentation rate

INITIAL EVALUATION IN SELECTED PATIENTS ONLY

Titers for suspected infection
Acute viral (coxsackievirus, echovirus, influenza virus)
Human immunodeficiency virus, Epstein-Barr virus
Lyme disease, toxoplasmosis
Chagas disease

Catheterization with coronary angiography in patients with angina who are 
candidates for intervention*

Serologic studies for active rheumatologic disease
Endomyocardial biopsy
*Level I recommendations from Hunt SA, Abraham WT, Chin MH, et al. ACC/AHA 2005 
Guideline Update for the Diagnosis and Management of Chronic Heart Failure in the Adult. 
Circulation. 2005;112:e154-e235.

Supportive therapy includes sodium and fluid restriction, avoidance of alcohol 
and other toxins, and use of established heart failure medications (Chapter 53).13 
Although older recommendations emphasized rest and avoidance of exercise, this 
advice should be limited to patients with myocarditis or peripartum cardiomy-
opathy; for other patients, a submaximal exercise regimen is desirable to sustain 
mobility, to avoid deconditioning, and to maintain physical and psychological 
health. Patients with atrial fibrillation or with echocardiographic evidence of a 
left atrial or left ventricular mural thrombosis should be anticoagulated to an 
international normalized ratio of 2.0 to 3.0. An ICD is preferred to medication for 
ventricular arrhythmias, A5  and some patients require management for advanced 
heart failure (Chapter 53) with biventricular pacing, inotropic medications, ven-
tricular assist devices, and cardiac transplantation (Chapter 53).14

Family Screening
Familial evaluation of first-degree relatives by history, physical examination, 

and genetic testing15 is warranted at the time of diagnosis. If genetic testing 
is positive or indeterminate, a 12-lead ECG and two-dimensional echocardiogram 
should be obtained. Precise algorithms to guide the interval of serial evaluation 
remain to be determined; because disease progression is usually slow, evalu-
ation about every 5 years until the age of 50 years appears appropriate. The 
detection of early disease in a family member offers an opportunity to initiate 
treatment, usually with an angiotensin-converting enzyme inhibitor or β-blocker, 
but the efficacy of such therapy remains to be proved.

TREATMENT 

Peripartum Cardiomyopathy
Peripartum cardiomyopathy appears in the last month of pregnancy or in the 
first 5 months after delivery in the absence of preexisting cardiac disease 
(Chapter 226).17 The incidence is between 1 in 3000 and 1 in 15,000 deliver-
ies, with increased risk in older mothers or in the setting of twins, malnutrition, 
tocolytic therapy, toxemia, or hypertension. Lymphocytic myocarditis, found 
in 30 to 50% of biopsy specimens, suggests an immune component, perhaps 
cross-reactivity between uterine and cardiac myocyte proteins or an enhanced 
susceptibility to viral myocarditis. More recently, it has been suggested that 
enhanced oxidative stress triggers activation of cathepsin D, an ubiquitous 
lysosomal enzyme that cleaves serum prolactin in its antiangiogenic and pro-
apoptotic 16-kD form, which appears to promote endothelial inflammation 
and impair cardiomyocyte metabolism and contraction. About 15% of patients 
have truncating mutations in the same genes that have been implicated in 
dilated cardiomyopathy, especially the TTN gene.

Presentation is usually with orthopnea and dyspnea on minimal exertion, 
most often within the first weeks after delivery when the excess volume of 
pregnancy would normally be mobilized. Preexisting cardiac disease must 
be excluded. Diuretics facilitate postpartum diuresis, and angiotensin-
converting enzyme inhibitors improve symptoms (Chapter 53).18 Oral 
bromocriptine (2.5 mg twice daily for 2 weeks, then daily for 6 weeks) can 
significantly improve the recovery of left ventricular function and may reduce  
deaths. A8  The prognosis is improvement to normal or near-normal ejection 
fraction during the next 6 months in more than 50% of patients. About 4% 
require heart transplantation, and about 9% die suddenly or from complica-
tions of heart transplantation.

Overlap with Restrictive Cardiomyopathy
Diseases causing primarily restrictive cardiomyopathies can occasionally overlap 
to cause a picture consistent with dilated cardiomyopathy. For example, 
hemochromatosis (Chapter 201) and sarcoidosis (Chapter 89) should be 
considered in evaluating any patient with a cardiomyopathy, although these 
conditions are more often considered with the restrictive diseases. Amyloidosis 
(Chapter 179) is less commonly confused with dilated than with hypertrophic 
cardiomyopathy but should be considered in a patient with a thick-walled 
ventricle with moderately depressed contractile function.

 Arrhythmogenic Right Ventricular Cardiomyopathy
 DEFINITION AND EPIDEMIOLOGY

Arrythmogenic right ventricular cardiomyopathy (Chapter 59) is a genetically 
determined type of arrhythmogenic cardiomyopathy, which is characterized 
histologically by loss of cardiomyocytes with replacement by fibrous or fibro-
fatty tissue in the right ventricular myocardium; clinically by ventricular 
arrhythmias, heart failure, and sudden death; and histologically by cardio-
myocyte loss and replacement. The disease is seen in patients of European, 
African, and Asian descent, with an estimated prevalence between 1 in 1000 
and 1 in 5000 adults.

 PATHOBIOLOGY
Arrhythmogenic right ventricular cardiomyopathy is inherited as an autosomal 
dominant disease with incomplete penetrance, although recessive forms with 
cutaneous manifestations are recognized (see E-Table 54-1). Most cases are 
caused by heterozygous mutations in genes encoding components of the des-
mosomal junction of cardiomyocytes. The most common occur in plakophilin 
2, desmocollin 2, desmoplakin, and desmoglein 2. Homozygous mutations 
in plakoglobin and desmoplakin are responsible for the rare autosomal reces-
sive forms (i.e., Naxos disease and Carvajal syndrome). A highly penetrant 
and lethal mutation in the transmembrane cytoplasmic protein 43 (TMEM43) 
has been described in families from Newfoundland. Two other nondesmosomal 
genes, the cardiac ryanodine receptor and transforming growth factor-β3, 
have been linked with arrhythmogenic right ventricular cardiomyopathy but 
are probably not important in most patients.

Pathology
The main pathologic feature is progressive loss of right ventricular myocardium, 
which is replaced by adipose and fibrous tissue. These changes begin in the 
inflow, outflow, and apical regions of the right ventricle. Aneurysm formation 
in these areas is typical. Progressive myocardial involvement may lead to global 
right ventricular dilation. Severe right ventricular disease is often associated 
with fibrofatty substitution of the left ventricular myocardium, with the pos-
terolateral wall preferentially affected.

 PROGNOSIS
The prognosis of idiopathic and genetically determined dilated cardiomyopathy 
is related to the severity of disease at the time of presentation and the response 
to treatment. Most patients improve with treatment, but 5-year survival is less 
than 50% in patients who present with severe disease (e.g., ejection fraction 
<25%, left ventricular end-diastolic dimension >65 mm, peak oxygen con-
sumption <12 mL/kg/minute).
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E-FIGURE 54-6. A 45-year-old woman with dilated cardiomyopathy, left bundle branch block, and heart failure. the left ventricular ejection fraction is 27%, and the left ventricle 
is severely dilated (diastolic volume of 288 mL; A, diastolic; B, C, systolic frames). there is a rim of mid-myocardial late gadolinium enhancement at the inferior wall (arrows, D). 
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Specific Causes of Dilated Cardiomyopathy
Alcoholic Cardiomyopathy
In the United States, excess alcohol consumption (Chapter 30) contributes to 
more than 10% of cases of heart failure. Alcohol and its metabolite, acetaldehyde, 
are cardiotoxins. Myocardial depression is initially reversible but, if alcohol 
consumption is sustained, can lead to myocyte vacuolization, mitochondrial 
abnormalities, and myocardial fibrosis. Even in chronic stages, however, the 
heart failure represents a sum of both reversible and irreversible myocardial 
dysfunction. The amount of alcohol necessary to produce symptomatic cardio-
myopathy in susceptible individuals is not known but has been estimated to be six 
drinks (∼4 oz of pure ethanol) a day for 5 to 10 years. Frequent binging without 
heavy daily consumption may also be sufficient. Alcoholic cardiomyopathy can 
develop in patients without social evidence of an alcohol problem. Abstinence 
leads to improvement in at least 50% of patients with severe symptoms, some 
of whom normalize their left ventricular ejection fractions. Patients with other 
causes of heart failure also should limit alcohol consumption.

Chemotherapy
Anthracycline (doxorubicin, daunorubicin, epirubicin) cardiotoxicity (Chapter 
169) causes characteristic histologic changes on endomyocardial biopsy with 
overt heart failure in 5 to 10% of patients who receive doses of 450 mg/m2 
of body surface area or more. Most cardiotoxicity occurs within the first year 
and is associated with a higher anthracycline dose and a lower left ventricular 
ejection fraction.16 In adults who receive these drugs, combined treatment 
with enalapril (starting at 1.25 mg or 2.5 mg twice daily, increasing to 10 mg 
twice daily as tolerated with systolic blood pressure ≥90 mm Hg) and carvedilol 
(starting at 6.25 mg twice daily and increasing to 25 mg twice daily if there 
is no heart failure, bradycardia, or atrioventricular block) can significantly 
reduce the risk of left ventricular dilation and heart failure. A6 

,
 A7  Patients who 

have received anthracyclines in the prepubertal period without apparent car-
diotoxicity may develop cardiac failure in young adulthood. The risk is higher 
in patients who have lower baseline ejection fractions, concomitant radiation 
therapy, or higher doses of anthracycline. Cyclophosphamide and ifosfamide 
can cause acute severe heart failure and malignant ventricular arrhythmias. 
Some tyrosine kinase inhibitors (e.g., sunitinib) cause a reduction in systolic 
function, especially in the presence of coronary artery disease, but there is 
good response to withdrawal and conventional medical therapy (Chapter 169). 
5-Fluorouracil can cause coronary artery spasm and depressed left ventricular 
contractility. Up to 11% of patients who receive trastuzumab (Chapter 188), 
a recombinant monoclonal antibody that binds to human epidermal growth 
factor type 2, develop dilated cardiomyopathy, which is reversible after with-
drawal and conventional drug treatment. The risk for cardiotoxicity increases 
with previous anthracycline and radiation treatment. Interferon alfa may be 
associated with hypotension and arrhythmias in up to 10% of patients, and 
interleukin-2 rarely has been associated with cardiotoxicity.

Metabolic and Endocrine Disease
Excess catecholamines, as in pheochromocytoma (Chapter 215), may injure 
the heart by compromising the coronary microcirculation or by direct toxic 
effects on myocytes. Cocaine (Chapter 31) increases synaptic concentrations 
of catecholamines by inhibiting reuptake at nerve terminals; the result may 
be an acute coronary syndrome or chronic cardiomyopathy.

Thiamine deficiency from poor nutrition or alcoholism (Chapter 205) can 
cause beriberi heart disease, with vasodilation and high cardiac output fol-
lowed by low output. Calcium deficiency resulting from hypoparathyroidism, 
gastrointestinal abnormalities, or chelation directly compromises myocardial 
contractility.

Hypophosphatemia (Chapter 111), which may occur in alcoholism, during 
recovery from malnutrition, and in hyperalimentation, also reduces myocardial 
contractility. Patients with magnesium depletion due to impaired absorption 
or increased renal excretion (Chapter 111) also may present with left ven-
tricular dysfunction.

Hypothyroidism (Chapter 213) depresses contractility and conduction and 
may cause pericardial effusions, whereas hyperthyroidism increases cardiac 
output, can worsen underlying heart failure, and may rarely be the sole cause 
of heart failure.

The presenting sign of diabetes (Chapter 216) can be cardiomyopathy, 
especially with diastolic dysfunction, independent of epicardial coronary ath-
erosclerosis, for which it is a major risk factor.

Obesity (Chapter 207) can cause cardiomyopathy with increased ventricular 
mass and decreased contractility, which improve after weight loss, or it can 
aggravate underlying heart failure from other causes.

Peripartum Cardiomyopathy
Peripartum cardiomyopathy appears in the last month of pregnancy or in the 
first 5 months after delivery in the absence of preexisting cardiac disease 
(Chapter 226).17 The incidence is between 1 in 3000 and 1 in 15,000 deliver-
ies, with increased risk in older mothers or in the setting of twins, malnutrition, 
tocolytic therapy, toxemia, or hypertension. Lymphocytic myocarditis, found 
in 30 to 50% of biopsy specimens, suggests an immune component, perhaps 
cross-reactivity between uterine and cardiac myocyte proteins or an enhanced 
susceptibility to viral myocarditis. More recently, it has been suggested that 
enhanced oxidative stress triggers activation of cathepsin D, an ubiquitous 
lysosomal enzyme that cleaves serum prolactin in its antiangiogenic and pro-
apoptotic 16-kD form, which appears to promote endothelial inflammation 
and impair cardiomyocyte metabolism and contraction. About 15% of patients 
have truncating mutations in the same genes that have been implicated in 
dilated cardiomyopathy, especially the TTN gene.

Presentation is usually with orthopnea and dyspnea on minimal exertion, 
most often within the first weeks after delivery when the excess volume of 
pregnancy would normally be mobilized. Preexisting cardiac disease must 
be excluded. Diuretics facilitate postpartum diuresis, and angiotensin-
converting enzyme inhibitors improve symptoms (Chapter 53).18 Oral 
bromocriptine (2.5 mg twice daily for 2 weeks, then daily for 6 weeks) can 
significantly improve the recovery of left ventricular function and may reduce  
deaths. A8  The prognosis is improvement to normal or near-normal ejection 
fraction during the next 6 months in more than 50% of patients. About 4% 
require heart transplantation, and about 9% die suddenly or from complica-
tions of heart transplantation.

Overlap with Restrictive Cardiomyopathy
Diseases causing primarily restrictive cardiomyopathies can occasionally overlap 
to cause a picture consistent with dilated cardiomyopathy. For example, 
hemochromatosis (Chapter 201) and sarcoidosis (Chapter 89) should be 
considered in evaluating any patient with a cardiomyopathy, although these 
conditions are more often considered with the restrictive diseases. Amyloidosis 
(Chapter 179) is less commonly confused with dilated than with hypertrophic 
cardiomyopathy but should be considered in a patient with a thick-walled 
ventricle with moderately depressed contractile function.

 Arrhythmogenic Right Ventricular Cardiomyopathy
 DEFINITION AND EPIDEMIOLOGY

Arrythmogenic right ventricular cardiomyopathy (Chapter 59) is a genetically 
determined type of arrhythmogenic cardiomyopathy, which is characterized 
histologically by loss of cardiomyocytes with replacement by fibrous or fibro-
fatty tissue in the right ventricular myocardium; clinically by ventricular 
arrhythmias, heart failure, and sudden death; and histologically by cardio-
myocyte loss and replacement. The disease is seen in patients of European, 
African, and Asian descent, with an estimated prevalence between 1 in 1000 
and 1 in 5000 adults.

 PATHOBIOLOGY
Arrhythmogenic right ventricular cardiomyopathy is inherited as an autosomal 
dominant disease with incomplete penetrance, although recessive forms with 
cutaneous manifestations are recognized (see E-Table 54-1). Most cases are 
caused by heterozygous mutations in genes encoding components of the des-
mosomal junction of cardiomyocytes. The most common occur in plakophilin 
2, desmocollin 2, desmoplakin, and desmoglein 2. Homozygous mutations 
in plakoglobin and desmoplakin are responsible for the rare autosomal reces-
sive forms (i.e., Naxos disease and Carvajal syndrome). A highly penetrant 
and lethal mutation in the transmembrane cytoplasmic protein 43 (TMEM43) 
has been described in families from Newfoundland. Two other nondesmosomal 
genes, the cardiac ryanodine receptor and transforming growth factor-β3, 
have been linked with arrhythmogenic right ventricular cardiomyopathy but 
are probably not important in most patients.

Pathology
The main pathologic feature is progressive loss of right ventricular myocardium, 
which is replaced by adipose and fibrous tissue. These changes begin in the 
inflow, outflow, and apical regions of the right ventricle. Aneurysm formation 
in these areas is typical. Progressive myocardial involvement may lead to global 
right ventricular dilation. Severe right ventricular disease is often associated 
with fibrofatty substitution of the left ventricular myocardium, with the pos-
terolateral wall preferentially affected.
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cardiomyopathy. A small proportion of patients progress to a more advanced 
phase, which is characterized by diffuse right or left ventricular impairment 
that requires conventional treatment for heart failure (Chapter 53).

 DIAGNOSIS
Clinical evaluation includes inquiry for symptoms of arrhythmia (syncope, 
presyncope, sustained palpitation); a family history of premature cardiac 
symptoms or sudden death; 12-lead, 24-hour, and maximal exercise ECG 
testing; and two-dimensional echocardiography with specific right ventricular 
views. Contrast echocardiography may be required to obtain better endocardial 
definition of the right ventricular myocardium and apex of the left ventricle. 
Magnetic resonance imaging (Chapter 50) may provide accurate assessment 
of ventricular volumes as well as noninvasive characterization of the charac-
teristic fibrous tissue and fat that establishes the diagnosis and provides prog-
nostic information (Fig. 54-5).19

Ventricular arrhythmias with a left bundle branch block morphology, con-
sistent with a right ventricular origin, are characteristic. However, the ECG 
and arrhythmic manifestations are not specific to arrhythmogenic right ven-
tricular cardiomyopathy and overlap with many other disease states, so standard 
criteria are recommended for diagnosis (Table 54-5). Because these criteria 
are highly specific but lack sensitivity for detection of early disease, more 
sensitive criteria are recommended for first-degree relatives of known cases 
(Table 54-6). The diagnosis in a proband also raises the possibility of mutation 
analysis in the family to identify those at risk and in need of serial evaluation 
as well as those who need no specific follow-up.

Mutations in desmosomal protein genes may increase the susceptibility of 
the myocardium to the damaging effects of mechanical stress, thereby predis-
posing to cardiomyocyte detachment, death, and eventual replacement with 
fibrofatty tissue. The acute phase of myocardial injury may be accompanied 
by inflammation. The predilection for the right ventricle has been explained 
by its thin wall and greater distensibility. As desmosomal proteins interact 
with many other proteins, including components of the cellular cytoskeleton 
and intermediate filaments, it is possible that ventricular dysfunction occurs 
as the result of reduced cytoskeletal integrity and impaired force transduction. 
Some desmosomal proteins, in particular plakoglobin, are also important 
signaling molecules that regulate the transcription of many other genes. Finally, 
a reduction in the number and size of gap junctions may result in an electrical 
coupling defect, thereby increasing the propensity to arrhythmia without 
significant morphologic changes.

 CLINICAL MANIFESTATIONS
By convention, the natural history of arrhythmogenic right ventricular car-
diomyopathy is divided into phases, but it is not inevitable that patients will 
progress through all phases. In the early phase, patients are usually asymptomatic, 
but resuscitated cardiac arrest and sudden death may be the initial manifesta-
tions, particularly in adolescents and young adults. The overt arrhythmic phase 
usually begins in adolescents and young adults, when patients note palpitations 
or syncope. Symptomatic sustained arrhythmias are usually accompanied by 
ECG, morphologic, and functional abnormalities of the right ventricle suf-
ficient to fulfill diagnostic criteria for arrhythmogenic right ventricular 
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FIGURE 54-5. A 21-year-old man with arrhythmogenic right ventricular cardiomyopathy. end-diastolic (A) and end-systolic (B) frames from a four-chamber view, with a dilated and 
impaired right ventricle with a basal wall motion abnormality (arrow), confirmed on end-diastolic (C) and end-systolic (D) short axis views. this individual had no scar in the left ventricle 
with well preserved systolic function; scar imaging in the thin right ventricle (with adjacent fat and small effusion) was equivocal. 

TREATMENT 
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TABLE 54-5 REVISED TASK FORCE CRITERIA FOR ARRHYTHMOGENIC RIGHT VENTRICULAR CARDIOMYOPATHY IN PROBANDS*
CRITERIA

MAJOR MINOR
I. GLOBAL OR REGIONAL DYSFUNCTION AND STRUCTURAL ALTERATIONS*

By two-Dimensional echo By two-Dimensional echo
•	 Regional	RV	akinesia,	dyskinesia,	or	aneurysm •	 Regional	RV	akinesia	or	dyskinesia
•	 and 1 of the following (end diastole): •	 and 1 of the following (end diastole):

PLAX RVOT ≥32 mm (corrected for body size [PLAX/BSA] ≥19 mm/m2)
PSAX RVOT ≥36 mm (corrected for body size [PLAX/BSA] ≥21 mm/m2)
or fractional area change ≤33%

PLAX RVOT ≥29 to <32 mm (corrected for body size [PLAX/BSA] ≥16 to 
<19 mm/m2)

PSAX RVOT ≥32 to <36 mm (corrected for body size [PSAX/BSA] ≥18 to 
<21 mm/m2)

or fractional area change >33% to ≤40%

By Mri By Mri
•	 Regional	RV	akinesia	or	dyskinesia	or	dyssynchronous	RV	contraction •	 Regional	RV	akinesia	or	dyskinesia	or	dyssynchronous	RV	contraction
•	 and 1 of the following: •	 and 1 of the following:

RV end-diastolic volume indexed to BSA ≥110 mL/m2 (male) or ≥100 mL/m2 
(female)

RV end-diastolic volume indexed to BSA ≥100 to <110 mL/m2 (male) or ≥90 to 
<100 mL/m2 (female)

or RV ejection fraction ≤40% or RV ejection fraction >40% to ≤45%

By rV angiography
•	 Regional	RV	akinesia,	dyskinesia,	or	aneurysm
II. TISSUE CHARACTERIZATION OF WALL

•	 Residual	myocytes	<60% by morphometric analysis (or <50% if estimated), with 
fibrous replacement of the RV free wall myocardium in ≥1 sample, with or without 
fatty replacement of tissue on endomyocardial biopsy

•	 Residual	myocytes	60%	to	75%	by	morphometric	analysis	(or	50%	to	65%	if	
estimated), with fibrous replacement of the RV free wall myocardium in ≥1 sample, 
with or without fatty replacement of tissue on endomyocardial biopsy

III. REPOLARIZATION ABNORMALITIES

•	 Inverted	T	waves	in	right	precordial	leads	(V1,V2, and V3) or beyond in individuals 
>14 years of age (in the absence of complete right bundle branch block QRS 
≥120 msec)

•	 Inverted	T	waves	in	leads	V1 and V2 in individuals >14 years of age (in the absence of 
complete right bundle branch block) or in V4, V5, or V6

•	 Inverted	T	waves	in	leads	V1, V2, V3, and V4 in individuals >14 years
IV. DEPOLARIZATION/CONDUCTION ABNORMALITIES

•	 Epsilon	wave	(reproducible	low-amplitude	signals	between	end	of	QRS	complex	to	
onset of the T wave) in the right precordial leads (V1 to V3)

•	 Late	potentials	by	SAECG	in	≥1 of 3 parameters in the absence of a QRS duration 
≥110 msec on the standard ECG

•	 Filtered	QRS	duration	(fQRS)	≥114 msec
•	 Duration	of	terminal	QRS	<40 µV (low-amplitude signal duration) ≥38 msec
•	 Root-mean-square	voltage	of	terminal	40	msec	≥20 µV
•	 Terminal	activation	duration	of	QRS	≥55 msec measured to the end of the QRS, 

including R′, in V1, V2, or V3, in the absence of complete right bundle branch block
V. ARRHYTHMIAS

•	 Nonsustained	or	sustained	ventricular	tachycardia	of	left	bundle	branch	morphology	
with superior axis (negative or indeterminate QRS in leads II, III, and aVF and 
positive in lead aVL)

•	 Nonsustained	or	sustained	ventricular	tachycardia	of	RV	outflow	configuration,	left	
bundle branch block morphology with inferior axis (positive QRS in leads II, III, 
and aVF and negative in lead aVL) or of unknown axis

•	 >500 ventricular extrasystoles per 24 hours (Holter)
VI. FAMILY HISTORY

•	 ARVC	confirmed	in	a	first-degree	relative	who	meets	current	Task	Force	criteria
•	 ARVC	confirmed	pathologically	at	autopsy	or	surgery	in	a	first-degree	relative
•	 Identification	of	a	pathogenic	mutation† categorized as associated or probably 

associated with ARVC in the patient under evaluation

•	 History	of	ARVC	in	a	first-degree	relative	in	whom	it	is	not	possible	or	practical	to	
determine whether the family member meets current Task Force criteria

•	 Premature	sudden	death	(<35 years of age) due to suspected ARVC in a first-degree 
relative

*Hypokinesis is not included in this or subsequent definitions of right ventricular (RV) regional wall motion abnormalities for the proposed modified criteria.
†A pathogenic mutation is a DNA alteration associated with ARVC that alters or is expected to alter the encoded protein, is unobserved or rare in a large non-ARVC control population, and either alters or is 
predicted to alter the structure or function of the protein or has demonstrated linkage to the disease phenotype in a conclusive pedigree.
ARVC = arrhythmogenic right ventricular cardiomyopathy; aVF = augmented voltage unipolar left foot lead; aVL = augmented voltage unipolar left arm lead; BSA = body surface area; ECG = 
electrocardiogram; MRI = magnetic resonance imaging; PLAX = parasternal long axis view; PSAX = parasternal short axis view; RVOT = right ventricular outflow tract; SAECG = signal-averaged 
electrocardiogram.
Diagnostic terminology for original criteria: this diagnosis is fulfilled by the presence of 2 major, 1 major plus 2 minor, or 4 minor criteria from different groups.
Diagnostic terminology for revised criteria: definite diagnosis: 2 major, 1 major and 2 minor, or 4 minor criteria from different categories; borderline: 1 major and 1 minor or 3 minor criteria from different 
categories; possible: 1 major or 2 minor criteria from different categories.
From Marcus FI, McKenna WJ, Sherrill D, et al. Diagnosis of arrhythmogenic right ventricular cardiomyopathy/dysplasia: proposed modification of the task force criteria. Circulation. 2010;121:1533-1541.

Differential Diagnosis
The differential diagnosis includes other inherited cardiomyopathies, the 
inherited arrhythmia syndromes (long QT syndrome, Brugada syndrome, 
and catecholaminergic polymorphic ventricular tachycardia; Chapter 59), 
cardiac sarcoidosis, myocarditis, and causes of right ventricular dilation such 
as intracardiac or extracardiac shunts (Chapter 61). The differentiation from 
so-called benign right ventricular outflow tract tachycardia may be problematic, 
although the 12-lead ECG and right ventricular imaging studies are typically 
normal, and no familial disease is present. Some patients with desmosomal 
protein gene mutations demonstrate left ventricular involvement early in the 
disease, and a minority may have a predominant left ventricular dilated car-
diomyopathy phenotype.

TREATMENT 
Pharmacologic treatment is the first-line therapy for patients with well-

tolerated, non–life-threatening ventricular arrhythmias, such as frequent ven-
tricular extrasystoles. Treatment of patients with symptomatic ventricular 
arrhythmias is with an ICD,20 with supplemental sotalol (160 to 240 mg/day) 
or even amiodarone (maintenance dose of 200 mg/day). Catheter ablation 
(Chapter 60) may be required in patients with drug-refractory incessant ventricular 
arrhythmia or frequent recurrences of ventricular tachycardia after implantation 
of an ICD, although recurrence is common.

Retrospective analyses of clinical and pathologic series have identified a 
number of possible predictors of adverse outcome in probands, including an 
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early age at onset of symptoms, competitive sporting activity, severe right 
ventricular dilation, left ventricular involvement, syncope, episodes of complex 
ventricular arrhythmias or VT, and increased QRS dispersion on the 12-lead 
electrocardiogram. ICD implantation is recommended for the prevention of 
sudden cardiac death in patients with documented sustained ventricular tachy-
cardia or ventricular fibrillation and a reasonable expectation of survival with 
a good functional status for longer than 1 year. ICD implantation may also be 
appropriate in patients with extensive disease, including those with left ventricular 
involvement, or undiagnosed syncope when ventricular tachycardia or ventricular 
fibrillation has not been excluded as the cause.

Standard heart failure therapy, including diuretics, angiotensin-converting 
enzyme inhibitors, and β-blockers, is indicated in patients in whom arrhyth-
mogenic right ventricular cardiomyopathy has progressed to severe heart failure 
or biventricular systolic dysfunction (Chapter 53). Anticoagulation should be 
considered in the presence of atrial fibrillation (Chapter 58), marked ventricular 
dilation, or ventricular aneurysms. In patients in whom heart failure is refractory, 
cardiac transplantation (Chapter 53) should be considered.

the diagnosis, but imaging with a gallium scan, T2 magnetic resonance imaging, 
or positron emission tomography/computed tomography often demonstrates 
cardiac inflammation. A myocardial biopsy may show granulomas but, because 
of the focal distribution of the lesions, may be nondiagnostic. Corticosteroid 
therapy may improve arrhythmias, but heart failure may worsen despite such 
therapy. An ICD is generally indicated for ventricular arrhythmias.23 Estimates 
for 1-, 5-, and 10-year transplantation-free cardiac survival are 97%, 90%, and 
83%, respectively, but heart failure at presentation predicts a poor outcome, 
with a 10-year transplantation-free cardiac survival of only 53%.

 AMYLOIDOSIS
 EPIDEMIOLOGY AND PATHOBIOLOGY

Amyloidosis can result in deposition of amyloid protein in the atria, ventricles, 
coronary vessels, conduction system, and valves. The degree of cardiac involve-
ment varies among subtypes.24 Hematologic disorders (Chapter 178) associated 
with excessive light chain (AL) immunoglobulin production are the most 
common cause of cardiac amyloid. Familial forms caused by the accumulation 
of mutant proteins (transthyretin or apolipoprotein A) (Chapter 179) have 
variable cardiac involvement. Secondary amyloidosis, due to deposition of 
serum amyloid A protein in chronic inflammatory diseases, rarely affects the 
heart. In senile systemic amyloidosis, cardiomyopathy is caused by deposition 
of normal wild-type transthyretin; this disease nearly always affects elderly 
persons (>70 years), with a clinical course that is considerably slower than 
with other types of amyloid.

 DIAGNOSIS
The ECG tracing in most forms of cardiac amyloid characteristically shows 
decreased voltage despite increased wall thickness on echocardiography. 
Characteristic two-dimensional echocardiographic findings in advanced cardiac 
amyloidosis are biventricular hypertrophy, thickened valves and interatrial 
septum, dilated atria, and a small pericardial effusion. The myocardium has a 
hyperreflective granular texture (Fig. 54-7), best seen on digital image analysis. 
Echo Doppler in advanced disease demonstrates a restrictive left ventricular 
filling pattern. Cardiac magnetic resonance imaging may show subendocardial 
late gadolinium enhancement with abnormal gadolinium kinetics (Fig. 54-8). 
Nuclear scans with 123I-labeled serum amyloid P component are highly specific. 
In hereditary transthyretin-related amyloidosis, abnormalities usually can be 
detected on 99mTc-DPD scintigraphy before the appearance of echocardiographic 
changes and can differentiate it from AL amyloidosis or other cardiomyopathies 
with a preserved ejection fraction.

A definitive diagnosis of amyloidosis requires a tissue biopsy specimen, 
which can be obtained from other sites. For example, fine-needle aspira-
tion of abdominal fat is positive for amyloid deposits in more than 80% of 
patients with AL amyloidosis, but is less sensitive for diagnosing other forms 
of amyloid.25 If the result is negative, endomyocardial biopsy has a very high  
sensitivity.

TABLE 54-6 ARRHYTHMOGENIC RIGHT VENTRICULAR 
CARDIOMYOPATHY: CRITERIA FOR DIAGNOSIS 
OF FIRST-DEGREE RELATIVES WHO DO NOT 
FULFILL CRITERIA AS PROBANDS*

ARVC in a first-degree relative plus one of the following:
ECG T wave inversion in right precordial leads (V2 and V3)
Signal-averaged ECG Late potentials seen on signal-averaged ECG
Arrhythmia Left bundle branch block–type ventricular tachycardia 

on ECG, on Holter monitoring, or during exercise 
testing; >200 extrasystoles during a 24-hour period

Structural or functional 
abnormality of the right 
ventricle

Mild global right ventricular dilation or reduction in 
ejection fraction with normal left ventricle; mild 
segmental dilation of the right ventricle; regional 
right ventricular hypokinesia

*Any one criterion is adequate for the diagnosis.
ARVC = arrhythmogenic right ventricular cardiomyopathy; ECG = electrocardiogram.
From Hamid MS, Norman M, Quraishi A, et al: Prospective evaluation of relatives for familial 
arrhythmogenic right ventricular cardiomyopathy reveals a need to broaden diagnostic criteria. J Am 
Coll Cardiol. 2002;40:1445-1450.

TABLE 54-7 CAUSES OF RESTRICTIVE CARDIOMYOPATHIES
INFILTRATIVE DISORDERS

Amyloidosis
Sarcoidosis
STORAGE DISORDERS

Hemochromatosis
Fabry disease
Glycogen storage diseases
FIBROTIC DISORDERS

Radiation
Scleroderma
Drugs (e.g., doxorubicin, serotonin, ergotamine)
METABOLIC DISORDERS

Carnitine deficiency
Defects in fatty acid metabolism
ENDOMYOCARDIAL DISORDERS

Endomyocardial fibrosis
Hypereosinophilic syndrome (Löffler endocarditis)
MISCELLANEOUS CAUSES

Carcinoid syndrome

TREATMENT 

 PROGNOSIS
Most data on prognosis are derived from small, high-risk populations. By the age 
of 40 years, event-free survival is 50 to 60% in patients with Naxos disease and 
some autosomal dominant forms. In patients who have syncope or sustained 
ventricular arrhythmias and are treated with an ICD, freedom from appropriate 
shock therapy is about 75% at 48 months after implantation, with 96% of patients 
alive. Risk factors for sudden cardiac death include severe right ventricular 
disease, left ventricular involvement, and a history of unexplained syncope.

 Restrictive Cardiomyopathy
 DEFINITION AND EPIDEMIOLOGY

The incidence and prevalence of restrictive cardiomyopathy in adults are 
unknown. Restrictive cardiomyopathies (Table 54-7) are characterized by 
stiffness, impaired filling, elevated left ventricular diastolic pressures, and 
reduced diastolic volume of the left or right ventricle despite normal or near-
normal systolic function and wall thickness.21,22 Primary forms are uncommon, 
whereas secondary forms, in which the heart is affected as part of a multisystem 
disorder, usually present at the advanced stage of an infiltrative disease (e.g., 
amyloidosis or sarcoidosis) or a systemic storage disease (e.g., hemochroma-
tosis). Idiopathic restrictive cardiomyopathy affects both male and female 
patients and may be manifested in children and young adults.

 PATHOBIOLOGY
Approximately 30% of patients with idiopathic restrictive cardiomyopathy 
have familial disease, and most of these patients will have mutations in the 
cardiac sarcomere protein genes, particularly troponin I and β-myosin heavy 
chain. Mutations in the gene encoding desmin (an intermediate filament) 
cause restrictive cardiomyopathy associated with skeletal myopathy and cardiac 
conduction system abnormalities.

The macroscopic features of restrictive cardiomyopathy include biatrial 
dilation and small ventricular cavities. In many hearts, there is thrombus in 

the atrial appendages and patchy endocardial fibrosis. The histologic features 
of idiopathic restrictive cardiomyopathy are typically nonspecific with patchy 
interstitial fibrosis, but myocyte disarray is not uncommon in patients with 
pure restrictive cardiomyopathy. Amyloidosis, hemochromatosis, and sarcoid-
osis are among the systemic diseases that cause restrictive cardiomyopathy  
(see later).

 CLINICAL MANIFESTATIONS
Most patients present with symptoms and signs of heart failure and arrhythmia. 
Common symptoms include dyspnea on exertion, recurrent respiratory tract 
infections, general fatigue, and weakness. Symptoms may progress rapidly to 
dyspnea at rest, orthopnea, paroxysmal nocturnal dyspnea, and abdominal 
discomfort due to hepatic engorgement. Many patients complain of chest 
pain and palpitation. Syncope is a presenting symptom in 10% of children. 
Rarely, sudden death is the initial manifestation of the disease.

Physical examination typically reveals an elevated jugular venous pressure, 
which has a prominent y descent and fails to fall (or rises) during inspira-
tion (Kussmaul sign). On cardiac auscultation, the pulmonary component 
of the second heart sound may be loud if pulmonary vascular resistance is 
high. A third heart sound and occasionally a fourth heart sound commonly 
produce a gallop rhythm. Peripheral edema, ascites, and hepatomegaly are  
common.

 DIAGNOSIS
The most frequent ECG abnormalities include P mitrale and P pulmonale, 
nonspecific ST segment and T wave abnormalities, ST segment depression, 
and T wave inversion, usually in the inferolateral leads. Voltage criteria for left 
and right ventricular hypertrophy may be present, although patients with 
amyloidosis have low-voltage QRS complexes. Conduction abnormalities 
include intraventricular conduction delay and abnormal Q waves.

On cardiac imaging, both atria are markedly dilated and can dwarf the size 
of the ventricles in patients with normal global systolic function and a non-
hypertrophied, nondilated left ventricle. Pulsed-wave Doppler velocities typi-
cally show increased early diastolic filling velocity, decreased atrial filling 
velocity, increased ratio of early diastolic filling to atrial filling, decreased E 
wave deceleration time, and decreased isovolumic relaxation time. Pulmonary 
vein and hepatic vein pulsed-wave Doppler velocities demonstrate higher 
diastolic than systolic velocities, increased atrial reversal velocities, and atrial 
reversal duration greater than mitral atrial filling duration. Tissue Doppler 
imaging usually shows reduced diastolic annular velocities and an increased 
ratio of early diastolic tissue Doppler annular velocity to mitral early diastolic 
filling velocity, reflecting elevated left ventricular end-diastolic pressures.

The characteristic hemodynamic feature on cardiac catheterization is a deep 
and rapid early decline in ventricular pressure at the onset of diastole, with a 
rapid rise to a plateau in early diastole (“dip-and-plateau” or “square root sign”) 
(Fig. 54-6). Left ventricular end-diastolic, left atrial, and pulmonary capillary 

 PROGNOSIS
In adults with restrictive cardiomyopathy, the clinical course is usually slow 
and protracted. Survival from the time of diagnosis is often 10 years or more, 
except for AL amyloidosis, which progresses much more rapidly. Symptoms 
of heart failure are generally progressive and respond poorly to treatments for 
heart failure.

 Specific Clinical Syndromes
 SARCOIDOSIS
The frequency of myocardial involvement in patients with sarcoidosis (Chapter 
89) is difficult to determine because it is frequently subclinical and patchy 
in nature. Postmortem studies suggest that the heart is involved in at least 
25% of patients, but clinical cardiac involvement occurs in less than 10% of 
patients. Clinical manifestations of sarcoid include heart failure, conduction 
abnormalities, atrial and ventricular arrhythmias, pericardial effusion, valvu-
lar dysfunction, and, rarely, sudden cardiac death. Right-sided heart failure 
secondary to pulmonary hypertension may occur in patients with extensive 
fibrotic lung disease. Myocardial infiltration by sarcoid granulomas results in 
restrictive or dilated cardiomyopathy. The most common site is in the lateral 
wall of the left ventricle. Papillary muscle involvement is responsible for the 
most common valvulopathy, mitral regurgitation. Granuloma formation in the 
basal interventricular septum may cause conduction abnormalities. Ventricular 
arrhythmias are also frequent. Biopsy of extracardiac sites is usually adequate for 
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the diagnosis, but imaging with a gallium scan, T2 magnetic resonance imaging, 
or positron emission tomography/computed tomography often demonstrates 
cardiac inflammation. A myocardial biopsy may show granulomas but, because 
of the focal distribution of the lesions, may be nondiagnostic. Corticosteroid 
therapy may improve arrhythmias, but heart failure may worsen despite such 
therapy. An ICD is generally indicated for ventricular arrhythmias.23 Estimates 
for 1-, 5-, and 10-year transplantation-free cardiac survival are 97%, 90%, and 
83%, respectively, but heart failure at presentation predicts a poor outcome, 
with a 10-year transplantation-free cardiac survival of only 53%.

 AMYLOIDOSIS
 EPIDEMIOLOGY AND PATHOBIOLOGY

Amyloidosis can result in deposition of amyloid protein in the atria, ventricles, 
coronary vessels, conduction system, and valves. The degree of cardiac involve-
ment varies among subtypes.24 Hematologic disorders (Chapter 178) associated 
with excessive light chain (AL) immunoglobulin production are the most 
common cause of cardiac amyloid. Familial forms caused by the accumulation 
of mutant proteins (transthyretin or apolipoprotein A) (Chapter 179) have 
variable cardiac involvement. Secondary amyloidosis, due to deposition of 
serum amyloid A protein in chronic inflammatory diseases, rarely affects the 
heart. In senile systemic amyloidosis, cardiomyopathy is caused by deposition 
of normal wild-type transthyretin; this disease nearly always affects elderly 
persons (>70 years), with a clinical course that is considerably slower than 
with other types of amyloid.

 DIAGNOSIS
The ECG tracing in most forms of cardiac amyloid characteristically shows 
decreased voltage despite increased wall thickness on echocardiography. 
Characteristic two-dimensional echocardiographic findings in advanced cardiac 
amyloidosis are biventricular hypertrophy, thickened valves and interatrial 
septum, dilated atria, and a small pericardial effusion. The myocardium has a 
hyperreflective granular texture (Fig. 54-7), best seen on digital image analysis. 
Echo Doppler in advanced disease demonstrates a restrictive left ventricular 
filling pattern. Cardiac magnetic resonance imaging may show subendocardial 
late gadolinium enhancement with abnormal gadolinium kinetics (Fig. 54-8). 
Nuclear scans with 123I-labeled serum amyloid P component are highly specific. 
In hereditary transthyretin-related amyloidosis, abnormalities usually can be 
detected on 99mTc-DPD scintigraphy before the appearance of echocardiographic 
changes and can differentiate it from AL amyloidosis or other cardiomyopathies 
with a preserved ejection fraction.

A definitive diagnosis of amyloidosis requires a tissue biopsy specimen, 
which can be obtained from other sites. For example, fine-needle aspira-
tion of abdominal fat is positive for amyloid deposits in more than 80% of 
patients with AL amyloidosis, but is less sensitive for diagnosing other forms 
of amyloid.25 If the result is negative, endomyocardial biopsy has a very high  
sensitivity.

wedge pressures are markedly elevated, usually 5 mm Hg or more above right 
atrial and right ventricular end-diastolic pressures. Volume loading and exercise 
accentuate the difference between left-sided and right-sided pressures.

The diagnostic evaluation aims to exclude potentially reversible conditions. 
In such cases, the cardiac manifestations may provide the clues, but definitive 
diagnosis relies on the demonstration of disease-specific features, such as 
amyloid protein in amyloidosis (Chapter 179), noncaseating granulomas in 
sarcoidosis (Chapter 89), abnormal iron studies in hemochromatosis (Chapter 
201), or reduced α-galactosidase A levels in Fabry disease (Chapter 197). 
Endomyocardial biopsy is rarely required to make these diagnoses.

Diuretics are the main therapy for heart failure symptoms (Chapter 53), but 
they must be carefully administered so as not to reduce left ventricular filling 
pressures to the point of hypotension. Angiotensin-converting enzyme inhibi-
tors and β-blockers are commonly recommended despite few data on their 
benefit. In patients with secondary restrictive cardiomyopathies, specific treat-
ment of the underlying systemic disease is often appropriate (see later). Referral 
for transplant assessment should be considered early because pulmonary 
hypertension may develop and necessitate heart and lung transplantation.

TREATMENT 
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FIGURE 54-6. Idiopathic restrictive cardiomyopathy. right ventricular (rV) and left 
ventricular (LV) pressure electrocardiographic (ecG) tracings in a patient with idiopathic 
restrictive cardiomyopathy. a dip-and-plateau pattern is seen in both ventricles, and 
diastolic filling pressures are elevated. the plateaus occur at different pressures, approxi-
mately 16 mm hg for the rV tracing compared with 20 mm hg for the LV tracing. the 
diagnosis of restrictive disease was confirmed by thoracotomy. (redrawn from Benofti 
Jr, Grossman W, cohn Pf. the clinical profile of restrictive cardiomyopathy. Circulation. 
1980;61:1206.)

 PROGNOSIS
In adults with restrictive cardiomyopathy, the clinical course is usually slow 
and protracted. Survival from the time of diagnosis is often 10 years or more, 
except for AL amyloidosis, which progresses much more rapidly. Symptoms 
of heart failure are generally progressive and respond poorly to treatments for 
heart failure.

 Specific Clinical Syndromes
 SARCOIDOSIS
The frequency of myocardial involvement in patients with sarcoidosis (Chapter 
89) is difficult to determine because it is frequently subclinical and patchy 
in nature. Postmortem studies suggest that the heart is involved in at least 
25% of patients, but clinical cardiac involvement occurs in less than 10% of 
patients. Clinical manifestations of sarcoid include heart failure, conduction 
abnormalities, atrial and ventricular arrhythmias, pericardial effusion, valvu-
lar dysfunction, and, rarely, sudden cardiac death. Right-sided heart failure 
secondary to pulmonary hypertension may occur in patients with extensive 
fibrotic lung disease. Myocardial infiltration by sarcoid granulomas results in 
restrictive or dilated cardiomyopathy. The most common site is in the lateral 
wall of the left ventricle. Papillary muscle involvement is responsible for the 
most common valvulopathy, mitral regurgitation. Granuloma formation in the 
basal interventricular septum may cause conduction abnormalities. Ventricular 
arrhythmias are also frequent. Biopsy of extracardiac sites is usually adequate for 
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FIGURE 54-7. Amyloidosis. an apical four-chamber echocardiographic image demon-
strates biventricular hypertrophy in a patient with biopsy-proven amyloidosis. La = left 
atrium; LV = left ventricle. (from Levine ra. echocardiographic assessment of the cardio-
myopathies. in: Weyman ae, ed. Principles and Practice of Echocardiography. 2nd ed. 
Philadelphia: Lea & febiger; 1994:810.)
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Specific therapies to impede precursor protein production and fibril for-
mation should be implemented whenever possible (Chapter 179). Tafamadis 
(20 to 80 mg daily) can reduce the rate of functional decline and all-cause 
mortality in transthyretin amyloid cardiomyopathy, A9  and patisiran (0.3 mg/kg 
intravenously every 3 weeks) can reduce functional decline and adverse cardiac 
outcomes. A10  Diuretics, often in high doses (e.g., furosemide, 40 to 80 mg daily), 
are the mainstay of the palliative heart failure regimen. Angiotensin-converting 
enzyme or angiotensin II inhibitors should be used cautiously because they are 
often poorly tolerated and of unproven efficacy in cardiac amyloid. Aldosterone 
inhibitors might be helpful in advanced cases. Patients may be hypersensitive 
to digoxin because of enhanced drug binding with amyloid fibrils. Patients with 
atrial fibrillation in AL amyloidosis should receive anticoagulation (Chapter 76) 
because of a high rate of thromboembolism. Cardiac transplantation remains 
controversial, but heart transplantation (Chapter 53) with high-dose chemo-
therapy and with stem cell transplantation (Chapter 168) has been used in 
patients with AL amyloidosis.

Patients with amyloidosis with heart failure have had a median survival time 
of less than 1 year and a 5-year survival rate of less than 5%, but new therapies 
such as tafamadis have reduced mortality by about 30%. Most deaths occur 
suddenly. Patients with familial amyloidosis have a slower course than that of 
patients with a monoclonal gammopathy.

TREATMENT AND PROGNOSIS 

Conservative treatment with rehydration and removal of the determinants 
of stress usually results in rapid resolution within hours of the symptoms, 
ECG changes, and wall motion abnormalities. Of the approximately 12,000 
patients who develop takotsubo cardiomyopathy each year in the United States, 
in-hospital mortality is 4.2%, mostly in people who have another underlying 
critical illness. However, many patients have persistent cardiac limitations,28 
the long-term rate of cardiovascular and cerebrovascular events can be as high 
as 10% per year, and the mortality rate is about 5.5% per year.

 DISEASES OF THE ENDOCARDIUM
Endocardial fibrosis, fibroelastosis, and thrombosis are subclassified into endo-
myocardial diseases with hypereosinophilia (hypereosinophilic syndromes) 
and endomyocardial disease without hypereosinophilia (e.g., endomyocardial 
fibrosis) (see Table 54-7).

 Hypereosinophilic Syndrome
Hypereosinophilic syndromes are a rare and heterogeneous group of dis-
orders defined as persistent blood eosinophilia (>1.5 × 109/L) for more 
than 6 consecutive months, associated with evidence of eosinophil-induced 
organ damage in the absence of causes of hypereosinophilia, such as allergic, 
parasitic, and malignant disorders (Chapter 161). Pathogenic mechanisms 
include stem cell mutations that lead to expression of PDGFRA-containing 
fusion genes, mainly the FIP1L1-PDGFRA fusion gene, with constitutive 
tyrosine kinase activity and sustained overproduction of interleukin-5 by 
activated T-cell subsets. Clinically, hypereosinophilic syndrome can be clas-
sified into chronic eosinophilic leukemia, lymphocytic hypereosinophilic 

defects and coarctation of the aorta (Chapter 61), and with the rare X-linked 
multisystem disorder Barth syndrome.26 With recent improvements in imaging 
technology, it has also been recognized in patients with hypertrophic and 
dilated cardiomyopathy. The prevalence of localized areas of noncompaction 
is unknown, but clinically significant isolated left ventricular noncompaction 
in the absence of other cardiac abnormalities is uncommon.

Areas of noncompacted myocardium may be best delineated from normal 
myocardium by the demonstration of flow within the myocardium by Doppler 
or contrast echocardiography or cardiac magnetic resonance imaging (Fig. 
54-9). When extensive areas are involved, systolic performance may be impaired, 
and there is a risk of ventricular arrhythmias and systemic emboli. Treatment, 
when necessary, is for associated heart failure (Chapter 53), arrhythmias 
(Chapters 58 and 59), and the risk of emboli (Chapter 53). Natural history 
and prognosis are not well established.

 TAKOTSUBO CARDIOMYOPATHY
Takotsubo cardiomyopathy is a syndrome of transient apical left ventricular 
dysfunction that mimics myocardial infarction (Chapter 64).27 About 90% of 
patients are women. Postulated mechanisms include coronary artery spasm, 
myocarditis, a hyperadrenergic syndrome, and dynamic mid-cavity obstruc-
tion. About 35% of events are triggered by emotional events and about 30% 
of events are triggered by physical events, with no obvious triggers in the 
remainder of patients.

The clinical syndrome classically includes chest pain, ST segment elevation, 
and raised cardiac biomarkers. Coronary arteriography reveals normal epicardial 
vessels. The mean ejection fraction in one large series was 40%.

A B

C D

FIGURE 54-8. A 66-year-old woman with AL amyloidosis and cardiac involvement. note the concentric hypertrophy in the short axis (A) and the presence of red signal in the myo-
cardium suggestive of high “native” t1 (B). there is a transmural and circumferential late gadolinium pattern (C) that is typical of cardiac amyloidosis. on the postcontrast image (D), 
the dark blue areas inside the myocardium are characterized by presence of gadolinium and lower t1 than in the other parts of the myocardium and the blood (green). these findings 
suggest high extracellular volume (amyloid fibrils substitution) inside the myocardium. 

 HEREDITARY HEMOCHROMATOSIS
Hereditary hemochromatosis (Chapter 201) is an autosomal recessive disorder 
caused by excessive iron deposition in various organs, including the liver, 
spleen, pancreas, endocrine glands, and heart. In whites, its prevalence is 
between 1 in 200 and 1 in 500, with an even higher prevalence in the Irish 
population. The most common form is caused by mutations in the HFE gene, 
with two missense mutations accounting for most cases (C282Y and H63D).

Most patients with classic disease present between the ages of 40 and 60 
years with hyperpigmentation, diabetes mellitus, and hepatomegaly. Up to 
35% of patients with hemochromatosis experience heart failure, and 36% 
develop arrhythmias. Restrictive physiologic features dominate early in the 
disease, followed by ventricular dilation. The diagnosis is generally made from 
the clinical picture, an elevated serum iron level, and a high transferrin saturation. 
Genetic testing is helpful, and the diagnosis can be confirmed by endomyocardial 
biopsy. Phlebotomy and iron chelation therapy with deferoxamine (Chapter 
201) may improve cardiac function before cell injury becomes irreversible. 
Standard heart failure treatment (Chapter 53) is generally recommended. 
Death from hemochromatosis results more often from cirrhosis and liver 
carcinoma than from cardiac disease.

 Unclassified Cardiomyopathies
 LEFT VENTRICULAR NONCOMPACTION
Failure of the trabecular or spongiform layer of the myocardium to compact 
may occur with congenital heart disease, including atrial and ventricular septal 
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Conservative treatment with rehydration and removal of the determinants 
of stress usually results in rapid resolution within hours of the symptoms, 
ECG changes, and wall motion abnormalities. Of the approximately 12,000 
patients who develop takotsubo cardiomyopathy each year in the United States, 
in-hospital mortality is 4.2%, mostly in people who have another underlying 
critical illness. However, many patients have persistent cardiac limitations,28 
the long-term rate of cardiovascular and cerebrovascular events can be as high 
as 10% per year, and the mortality rate is about 5.5% per year.

 DISEASES OF THE ENDOCARDIUM
Endocardial fibrosis, fibroelastosis, and thrombosis are subclassified into endo-
myocardial diseases with hypereosinophilia (hypereosinophilic syndromes) 
and endomyocardial disease without hypereosinophilia (e.g., endomyocardial 
fibrosis) (see Table 54-7).

 Hypereosinophilic Syndrome
Hypereosinophilic syndromes are a rare and heterogeneous group of dis-
orders defined as persistent blood eosinophilia (>1.5 × 109/L) for more 
than 6 consecutive months, associated with evidence of eosinophil-induced 
organ damage in the absence of causes of hypereosinophilia, such as allergic, 
parasitic, and malignant disorders (Chapter 161). Pathogenic mechanisms 
include stem cell mutations that lead to expression of PDGFRA-containing 
fusion genes, mainly the FIP1L1-PDGFRA fusion gene, with constitutive 
tyrosine kinase activity and sustained overproduction of interleukin-5 by 
activated T-cell subsets. Clinically, hypereosinophilic syndrome can be clas-
sified into chronic eosinophilic leukemia, lymphocytic hypereosinophilic 

defects and coarctation of the aorta (Chapter 61), and with the rare X-linked 
multisystem disorder Barth syndrome.26 With recent improvements in imaging 
technology, it has also been recognized in patients with hypertrophic and 
dilated cardiomyopathy. The prevalence of localized areas of noncompaction 
is unknown, but clinically significant isolated left ventricular noncompaction 
in the absence of other cardiac abnormalities is uncommon.

Areas of noncompacted myocardium may be best delineated from normal 
myocardium by the demonstration of flow within the myocardium by Doppler 
or contrast echocardiography or cardiac magnetic resonance imaging (Fig. 
54-9). When extensive areas are involved, systolic performance may be impaired, 
and there is a risk of ventricular arrhythmias and systemic emboli. Treatment, 
when necessary, is for associated heart failure (Chapter 53), arrhythmias 
(Chapters 58 and 59), and the risk of emboli (Chapter 53). Natural history 
and prognosis are not well established.

 TAKOTSUBO CARDIOMYOPATHY
Takotsubo cardiomyopathy is a syndrome of transient apical left ventricular 
dysfunction that mimics myocardial infarction (Chapter 64).27 About 90% of 
patients are women. Postulated mechanisms include coronary artery spasm, 
myocarditis, a hyperadrenergic syndrome, and dynamic mid-cavity obstruc-
tion. About 35% of events are triggered by emotional events and about 30% 
of events are triggered by physical events, with no obvious triggers in the 
remainder of patients.

The clinical syndrome classically includes chest pain, ST segment elevation, 
and raised cardiac biomarkers. Coronary arteriography reveals normal epicardial 
vessels. The mean ejection fraction in one large series was 40%.

A B

C D

FIGURE 54-9. A 23-year-old white man with left ventricular noncompaction. four-chamber end-diastolic (A) and short axis (C) views show left ventricular dilation, prominent tra-
beculae (long arrows), and poorly formed papillary muscles. the ejection fraction was 55%. there is limited mid-myocardial septal late gadolinium enhancement (B, D, short arrows). 
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syndrome, myeloproliferative hypereosinophilic syndrome, and idiopathic 
hypereosinophilic syndrome. The term organ-restricted eosinophilic disease, 
such as eosinophilic gastroenteritis, dermatitis, or pneumonia, is used when 
a specific organ or tissue is the exclusive target of eosinophilic infiltration 
and damage. The term Löffler fibroplastic endocarditis with eosinophilia has 
been used to describe cardiac damage caused by direct toxicity of circulating 
eosinophils in patients with persistent hypereosinophilia, but its use is now  
discouraged.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Hypereosinophilic syndrome is a rare disorder that tends to occur in patients 
20 to 50 years of age, but all age groups are affected. Cardiac involvement 
generally evolves in three phases: an early necrotic stage that involves the 
endomyocardium, which is usually asymptomatic but can be manifested as 
acute heart failure; a thrombotic stage, in which thrombi develop on the ven-
tricular endocardium, sometimes causing peripheral emboli; and the final 
fibrotic stage, endomyocardial fibrosis, which causes restrictive cardiomyopathy 
and damage to atrioventricular valves.29 Chest pain, cough, dyspnea or orthop-
nea, and edema of the lower extremities are typical symptoms. Some patients 
may develop arrhythmias.

The characteristic two-dimensional echocardiographic findings include 
endocardial thickening, apical obliteration of one or both ventricles by an 
echogenic material, hyperdynamic contraction of the spared ventricular walls 
with bilateral atrial enlargement, and a restrictive pattern on echo Doppler.

 Carcinoid Syndrome
 EPIDEMIOLOGY AND PATHOBIOLOGY

Carcinoid tumors are rare (1 in 100,000) neuroendocrine malignant neoplasms 
originating mostly from enterochromaffin cells in the gastrointestinal tract 
(Chapter 219). Carcinoid syndrome, with flushing, diarrhea, and bronchospasm, 
occurs after tumor cells metastasize to the liver and the vasoactive substances 
produced by the tumors enter the systemic circulation through the hepatic vein. 
Carcinoid heart disease occurs in up to 70% of cases of carcinoid syndrome.

The typical cardiac lesion is the carcinoid plaque, which is composed of 
smooth muscle cells, myofibroblasts, and elastic tissue that forms a fibrous 
layer on the endocardial surface of the right ventricle and atrium, the valve 
leaflets, and the subvalvular apparatus, including the chordae and papillary 
muscles. The tricuspid valve plaques tend to develop on the ventricular side 
of the leaflets, where they adhere to the mural endocardium and cause valvular 
regurgitation. On the pulmonary valve, the predominant lesion is stenosis. In 
patients with a patent foramen ovale, left-sided valvular involvement can occur. 
Occasional patients may have concomitant myocardial metastases and peri-
cardial effusions from direct tumor invasion.

The most common presentation is dyspnea with signs and symptoms of 
right-sided heart failure. The electrocardiogram and radiograph are nonspecific. 
Echocardiography shows thickening of the tricuspid valve, the subvalvular 
apparatus, and the pulmonary valve. In severe disease, the tricuspid leaflets 
are retracted and fixed, with loss of normal coaptation. Similar findings can 
be seen on cardiac magnetic resonance imaging.

 Intracavitary Tumors
 MYXOMA

 DEFINITION AND EPIDEMIOLOGY
A myxoma is a benign polypoid neoplasm that originates from endocardial 
cells and is attached to the interatrial septum, usually protruding into the left 
atrium but occasionally into the right atrium and rarely into the ventricles. 
Myxomas are more common in women, especially between the ages of 30 
and 60 years, than in men. These tumors can be familial and are rarely associ-
ated with other systemic abnormalities.

 CLINICAL MANIFESTATIONS
Myxomas are slow growing and usually do not produce symptoms or signs 
until they enlarge. The typical presentation is with a tumor embolus, whereby 
usually small portions of the myxoma break loose and cause a single embolism 
or a shower of emboli. However, a large embolism from a myxoma can be of 
sufficient size to obstruct a medium-sized artery. Some patients have systemic 
symptoms, including fever, malaise, and arthralgias, as part of a clinical syn-
drome that may be confused with bacterial endocarditis (Chapter 67) or a 
collagen vascular disease. Large myxomas can prolapse into the mitral valve 
orifice during diastole, or they may obstruct blood flow from the left atrium 
to the left ventricle and mimic rheumatic mitral stenosis.

 DIAGNOSIS
A myxoma large enough to obstruct the mitral orifice can produce an audible 
“tumor plop” when the myxoma prolapses and obstructs blood flow during 
diastole, at the same time that the opening snap of mitral stenosis would 
typically be heard. If obstruction is incomplete, the tumor plop may be followed 
by a diastolic rumble. As obstruction becomes more severe, cardiac output 
may fall precipitously. Echocardiography (Chapter 49) is usually definitive; 
transesophageal echocardiography provides a higher sensitivity than does 
transthoracic echocardiography, and magnetic resonance imaging can be helpful.

Treatment of the underlying carcinoid with a somatostatin analogue can 
improve systemic symptoms (Chapter 219). Valve replacement now has an 
operative mortality of less than 10% (Chapter 219). Without treatment, patients 
with carcinoid heart disease have a mean life expectancy of 1.6 years, but 
cardiac surgery for valve disease is associated with a better outcome.31

TREATMENT AND PROGNOSIS 

No treatment has been proved efficacious. However, systemic anticoagulation 
similar to that used in patients with tumor-associated deep venous thrombosis 
is often tried (Chapters 74 and 162).

TREATMENT 

Patients with the F/P fusion gene chromosomal rearrangement should be 
treated with the tyrosine kinase inhibitor imatinib (100 mg daily for 1 week, 
increasing by 100 mg each week to 400 mg as guided by toxicity and hema-
tologic response); the duration of therapy is still under investigation. Because 
some patients develop severe congestive heart failure within days after initiation 
of therapy, pretreatment with corticosteroids is recommended by some authori-
ties. For patients without the F/P fusion gene, corticosteroids (median maximal 
daily dose of prednisone of 40 mg [range, 5 to 60 mg] for a duration of 2 months 
to 20 years; median maintenance dose of 10 mg daily [range, 1 to 40 mg/day]) 
are the most common first-line therapy. Steroid-sparing and second-line drugs 
include hydroxyurea (median maximal daily dose of 1000 mg [range, 500 to 
2000 mg], adjusted to response), interferon alfa (median maximal dose of 14 
million units per week [range, 3 to 40 million units per week], adjusted to 
response), and imatinib (as before).

TREATMENT 
are seen in children, especially with tuberous sclerosis (Chapter 389). The rare 
primary malignant tumors include sarcomas, especially angiosarcomas (see Table 
54-8). Rarely, a primary mesothelioma or lymphoma may originate in the heart.

Up to 20% of advanced cancers may involve the pericardium, epicardium, 
or cardiac chambers either by direct extension of the primary tumor or by 
metastatic disease. Direct extension occurs principally from cancers of the 
lung, breast, esophagus, and mediastinum. Extension through the inferior 
vena cava to the right atrium and even to the right ventricle occurs with cancers 
of the kidney, adrenal gland, and liver. Metastatic spread is most common 
with melanomas or lymphomas.

 Pericardial Tumors
 CLINICAL MANIFESTATIONS

Pericardial tumors almost always result from direct extension of tumors, 
principally lung and breast, which produce a pericardial effusion that can progress 
to cardiac tamponade (Chapter 68). Patients typically are asymptomatic or 
minimally symptomatic in terms of the cardiac involvement until the effusion is 
large, although they often may be very ill because of progressive tumor elsewhere.

 DIAGNOSIS
The diagnosis is often suspected in a patient with advanced malignant disease 
on the basis of evidence of heart failure, hypertension, or arrhythmia and is 
confirmed by echocardiography. The differentiation between pericardial involve-
ment by tumor and postradiation pericarditis depends on pericardiocentesis, 
often guided by echocardiography, and cytologic examination.

 Tropical Endomyocardial Fibrosis
Tropical endomyocardial fibrosis is probably the most common type of restric-
tive cardiomyopathy worldwide.30 The disease occurs predominantly within 
the tropics and affects mostly children and adolescents, usually from low 
socioeconomic backgrounds. Its cause is unknown, but potential contributors 
include infection, autoimmunity, genetic predisposition, ethnicity, diet, climate, 
and poverty.

Severe hypereosinophilia is found in some patients early in the initial stage 
of the illness; it is characterized by febrile illness, pancarditis, facial and 
periorbital swelling, pruritus, urticaria, and neurologic symptoms. This phase 
is followed by ventricular thrombosis that affects the apices and the subvalvular 
apparatus and then evolves to endocardial fibrosis. The final stage is character-
ized by restrictive physiology, atrioventricular valve regurgitation, and marked 
atrial dilation. Death results from complications of chronic heart failure but 
can occur suddenly from thromboembolism or arrhythmia.

Atrial fibrillation is common at presentation. In advanced disease, the elec-
trocardiogram shows low-voltage QRS complexes, nonspecific ST-T wave 
changes, and conduction abnormalities. Echocardiography demonstrates apical 
obliteration, reduction of ventricular cavity size, and tethering or retraction 
of mitral or tricuspid leaflets or both. There is no specific laboratory test, and 
hypereosinophilia is present only early in the disease.

There is no specific treatment for endomyocardial fibrosis. Medical treat-
ment is used to control the heart failure (Chapter 53) and arrhythmias (Chapters 
58 and 59). Surgical endocardial resection, combined with valve repair or 
replacement, has an early postoperative mortality between 15 and 30%. The 
overall prognosis is poor, with a 44% mortality rate at 1 year, increasing to 
nearly 90% at 3 years.

 Nonbacterial Thrombotic (Marantic) Endocarditis
 EPIDEMIOLOGY AND PATHOBIOLOGY

Platelet-fiber masses that are adherent to the mitral or aortic valves are seen 
in about 20% of patients with malignant tumors, especially mucin-producing 
adenocarcinomas, melanomas, leukemias, and lymphomas. The lesions are 
sterile, commonly verruciform, and without accompanying inflammation.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Nonbacterial thrombotic endocarditis is virtually always asymptomatic but 
occasionally is a source of systemic emboli. Because of the small size of many 
of the emboli, the first presentation is often with cerebral symptoms. Larger 
lesions are detectable by echocardiography, but even transesophageal echo-
cardiography is not sufficiently sensitive to identify lesions that may be found 
at autopsy and that may have been the source of systemic emboli.

 CARDIAC TUMORS
 Myocardial Tumors
Most primary cardiac tumors (Table 54-8) are benign. However, all tumors 
that extend from other tissues into the heart are malignant, as are metastatic 
lesions.

 EPIDEMIOLOGY AND PATHOBIOLOGY
Primary tumors of the heart are unusual, with a prevalence of 1 in 2000 to 1 in 
4000 in autopsy series. Nearly all these primary tumors are benign myxomas, 
although fibromas, lipomas, and fibroelastomas also occur. Rhabdomyomas 

TREATMENT 

 PROGNOSIS
In many cases, a tumor that is causing pericarditis has extended or will eventu-
ally extend through the pericardial space and into the myocardium, so no 
therapy is likely to be successful. The prognosis is very poor, except in unusual 
cases in which the tumor responds dramatically to systemic therapy.

TREATMENT 

 OTHER PRIMARY INTRACAVITARY TUMORS
Papillary fibroelastomas are rare, typically frondlike tumors that may arise from 
a cardiac valve, often the mitral valve, and are generally detected incidentally 
by echocardiography. However, like myxomas, they can be manifested with 
systemic or even coronary emboli. Surgical excision is usually successful.

Angiosarcomas, which are more frequent in men than in women, typically 
involve the pericardium and right atrium. They cause obstruction with clinical 
signs and symptoms of right-sided heart failure. These sarcomas are generally 
not amenable to therapy.

 EXTENSION OF TUMOR INTO THE CARDIAC CAVITIES
Direct extension of tumor up the inferior vena cava into the right atrium can 
be seen with renal cell carcinomas and less commonly with liver and adrenal 
cancers. In some cases, tumor extension is accompanied by adherent clot, 
and either the tumor or the clot may cause obstruction or pulmonary emboli 
(Chapter 74). No treatments are generally successful, and the prognosis is grim.

 Intramyocardial Tumors
Primary malignant intracardiac tumors are rare, with an incidence rate of 
about 35 per 100 million. The most common tumors are sarcomas (Chapter 
192), lymphomas (Chapters 176 and 177), and mesotheliomas (Chapters 92 
and 182). Current overall survival rates for these tumors are about 10%, 35%, 
and 25%, respectively at five years.32

Benign tumors in the myocardium include lipomas, fibromas, and rhabdo-
myomas. Primary malignant tumors include sarcomas, lymphomas, and meso-
theliomas. Metastatic tumors include melanomas, lymphomas, and leukemias. 
The tumors may be clinically silent, or they may produce arrhythmias or even 
impinge on coronary arteries, thereby causing ischemic syndromes. Large 
tumors may protrude into the cardiac chamber and cause obstruction. 
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 Intracavitary Tumors
 MYXOMA

 DEFINITION AND EPIDEMIOLOGY
A myxoma is a benign polypoid neoplasm that originates from endocardial 
cells and is attached to the interatrial septum, usually protruding into the left 
atrium but occasionally into the right atrium and rarely into the ventricles. 
Myxomas are more common in women, especially between the ages of 30 
and 60 years, than in men. These tumors can be familial and are rarely associ-
ated with other systemic abnormalities.

 CLINICAL MANIFESTATIONS
Myxomas are slow growing and usually do not produce symptoms or signs 
until they enlarge. The typical presentation is with a tumor embolus, whereby 
usually small portions of the myxoma break loose and cause a single embolism 
or a shower of emboli. However, a large embolism from a myxoma can be of 
sufficient size to obstruct a medium-sized artery. Some patients have systemic 
symptoms, including fever, malaise, and arthralgias, as part of a clinical syn-
drome that may be confused with bacterial endocarditis (Chapter 67) or a 
collagen vascular disease. Large myxomas can prolapse into the mitral valve 
orifice during diastole, or they may obstruct blood flow from the left atrium 
to the left ventricle and mimic rheumatic mitral stenosis.

 DIAGNOSIS
A myxoma large enough to obstruct the mitral orifice can produce an audible 
“tumor plop” when the myxoma prolapses and obstructs blood flow during 
diastole, at the same time that the opening snap of mitral stenosis would 
typically be heard. If obstruction is incomplete, the tumor plop may be followed 
by a diastolic rumble. As obstruction becomes more severe, cardiac output 
may fall precipitously. Echocardiography (Chapter 49) is usually definitive; 
transesophageal echocardiography provides a higher sensitivity than does 
transthoracic echocardiography, and magnetic resonance imaging can be helpful.

TABLE 54-8 CARDIAC TUMORS
PRIMARY

Benign
Myxoma
Lipoma
Fibroma
Rhabdomyoma
Fibroelastoma
Malignant
Sarcoma
Mesothelioma
Lymphoma
SECONDARY

Direct extension
Lung cancer
Breast cancer
Mediastinal tumors

Metastatic tumors
Malignant melanoma
Leukemia
Lymphoma

Venous extension
Renal cell cancer
Adrenal cancer
Liver cancer

are seen in children, especially with tuberous sclerosis (Chapter 389). The rare 
primary malignant tumors include sarcomas, especially angiosarcomas (see Table 
54-8). Rarely, a primary mesothelioma or lymphoma may originate in the heart.

Up to 20% of advanced cancers may involve the pericardium, epicardium, 
or cardiac chambers either by direct extension of the primary tumor or by 
metastatic disease. Direct extension occurs principally from cancers of the 
lung, breast, esophagus, and mediastinum. Extension through the inferior 
vena cava to the right atrium and even to the right ventricle occurs with cancers 
of the kidney, adrenal gland, and liver. Metastatic spread is most common 
with melanomas or lymphomas.

 Pericardial Tumors
 CLINICAL MANIFESTATIONS

Pericardial tumors almost always result from direct extension of tumors, 
principally lung and breast, which produce a pericardial effusion that can progress 
to cardiac tamponade (Chapter 68). Patients typically are asymptomatic or 
minimally symptomatic in terms of the cardiac involvement until the effusion is 
large, although they often may be very ill because of progressive tumor elsewhere.

 DIAGNOSIS
The diagnosis is often suspected in a patient with advanced malignant disease 
on the basis of evidence of heart failure, hypertension, or arrhythmia and is 
confirmed by echocardiography. The differentiation between pericardial involve-
ment by tumor and postradiation pericarditis depends on pericardiocentesis, 
often guided by echocardiography, and cytologic examination.

Cardiac tamponade must be treated with urgent pericardiocentesis, prefer-
ably under echocardiographic or radiologic guidance (Chapter 68). Although 
such a procedure can be life-saving and provide short-term to intermediate-
term palliation, control of the effusion often requires prolonged drainage, 
administration of intrapericardial chemotherapeutic agents, or limited or full 
pericardiectomy (Chapter 68). Some patients with pericardial tumors may respond 
to aggressive systemic chemotherapy, but recurrent accumulation of fluid is 
sufficiently likely that creation of a pericardial window should be considered 
before hospital discharge.

TREATMENT 

 PROGNOSIS
In many cases, a tumor that is causing pericarditis has extended or will eventu-
ally extend through the pericardial space and into the myocardium, so no 
therapy is likely to be successful. The prognosis is very poor, except in unusual 
cases in which the tumor responds dramatically to systemic therapy.

Surgical removal is generally curative, although myxomas can be multiple 
or recur in about 5% of cases. Follow-up postoperative echocardiography is 
generally recommended. However, the optimal frequency and duration for 
follow-up screening are uncertain.

TREATMENT 

 OTHER PRIMARY INTRACAVITARY TUMORS
Papillary fibroelastomas are rare, typically frondlike tumors that may arise from 
a cardiac valve, often the mitral valve, and are generally detected incidentally 
by echocardiography. However, like myxomas, they can be manifested with 
systemic or even coronary emboli. Surgical excision is usually successful.

Angiosarcomas, which are more frequent in men than in women, typically 
involve the pericardium and right atrium. They cause obstruction with clinical 
signs and symptoms of right-sided heart failure. These sarcomas are generally 
not amenable to therapy.

 EXTENSION OF TUMOR INTO THE CARDIAC CAVITIES
Direct extension of tumor up the inferior vena cava into the right atrium can 
be seen with renal cell carcinomas and less commonly with liver and adrenal 
cancers. In some cases, tumor extension is accompanied by adherent clot, 
and either the tumor or the clot may cause obstruction or pulmonary emboli 
(Chapter 74). No treatments are generally successful, and the prognosis is grim.

 Intramyocardial Tumors
Primary malignant intracardiac tumors are rare, with an incidence rate of 
about 35 per 100 million. The most common tumors are sarcomas (Chapter 
192), lymphomas (Chapters 176 and 177), and mesotheliomas (Chapters 92 
and 182). Current overall survival rates for these tumors are about 10%, 35%, 
and 25%, respectively at five years.32

Benign tumors in the myocardium include lipomas, fibromas, and rhabdo-
myomas. Primary malignant tumors include sarcomas, lymphomas, and meso-
theliomas. Metastatic tumors include melanomas, lymphomas, and leukemias. 
The tumors may be clinically silent, or they may produce arrhythmias or even 
impinge on coronary arteries, thereby causing ischemic syndromes. Large 
tumors may protrude into the cardiac chamber and cause obstruction. 



Therapies are not successful, except for occasional patients whose metastatic 
tumors may respond to systemic chemotherapy or whose primary tumors 
have been cured by heart transplantation.
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REVIEW QUESTIONS

1. A 35-year-old man without vascular disease risk factors is found to have 
an abnormality on the electrocardiogram (ECG) with left axis deviation 
(−45 degrees) and a prolonged PR interval (260 msec) in association with 
mild left ventricular dilation and a mildly reduced ejection fraction (56%). 
Physical examination is unremarkable. A diagnosis of dilated cardiomy-
opathy with conduction disease is made. Which of the following is the 
most appropriate recommendation?
 A. Orchestrate a three-generation family history focusing on premature 

cardiac disease.
 B. Perform myocardial perfusion studies to determine the need for coronary 

angiography.
 C. Perform computed tomography or invasive coronary angiography to 

exclude significant coronary artery disease.
 D. Initiate and up-titrate treatment with a β-blocker and an angiotensin-

converting enzyme inhibitor.
 E. Refer to a geneticist for mutation analysis.

Answer: A A clinical presentation with unexplained conduction disease and 
left ventricular dysfunction usually results in a diagnosis of dilated cardiomy-
opathy (in Europe) or nonischemic cardiomyopathy (in the United States). 
When conduction disease is part of the early presentation of a dilated or 
nonischemic cardiomyopathy, it is a “red flag” for an arrhythmic form of dilated 
cardiomyopathy. A family history focusing on relatives who required pacemak-
ers, had ventricular arrhythmias, died suddenly, or had associated phenotypes 
(e.g., skeletal myopathy, retinitis pigmentosa, sensory neural deafness) may 
provide clues to the ultimate diagnosis, requirements for genetic testing, and 
potential need for an implantable cardioverter-defibrillator.

2. An asymptomatic 70-year-old man is found to have an abnormality on the 
12-lead ECG during a preoperative clinical evaluation. A two-dimensional 
echocardiogram reveals 2-cm asymmetrical septal hypertrophy without 
features of a left ventricular outflow tract gradient. Familial evaluation for 
hypertrophic cardiomyopathy reveals that his 43-year-old son has an abnor-
mality on the ECG but normal findings on echocardiography, whereas an 
18-year-old asymptomatic grandson has 2.2-cm asymmetric septal hyper-
trophy without left ventricular outflow tract obstruction. A 24-hour ECG 
reveals three beats of nonsustained ventricular tachycardia at 130 beats 
per minute. The estimated absolute 5-year risk for sudden cardiac death 
in the grandfather is 3.4%; in the son, 2.2%; and in the grandson, 5.2%. 
Which of the following recommendations is most appropriate?
 A. The grandson should receive an implantable cardioverter-defibrillator.
 B. Mutation analysis should be performed to enable genetic cascade screen-

ing of the family.
 C. Septal reduction therapies should be considered if the grandfather’s 

exercise capacity is less than 75% of predicted during objective testing.
 D. Both the patient and his grandson should receive an implantable 

cardioverter-defibrillator.
 E. No interventions are warranted in the patient, his son, or his grandson, 

but serial evaluations should continue to assess risk of atrial fibrillation, 
emboli, and serious ventricular arrhythmia with a view to early intro-
duction of prophylactic therapy.

Answer: A Nonsustained ventricular tachycardia recorded during ambulatory 
ECG monitoring is usually asymptomatic, brief, and at rates of 140 to 160 
beats per minute. It is, however, associated with increased risk of sudden death, 
particularly in the young, in whom it carries a relative risk of approximately 
5 and an absolute 5-year sudden cardiac death event rate of 5 to 6% in a 
20-year-old compared with a relative risk of 2 or 3 and absolute 5-year risk of 
4% in a 70-year-old. Ultimately, the decision to implant an implantable car-
dioverter-defibrillator is individualized on the basis of the physician’s assess-
ment of the level of risk and the level of risk acceptable to the patient. The 
estimated events risks quoted here are excessive in an adolescent but only 
mildly increased in someone in the seventh to eighth decade.

3. An 18-year-old African American female marathon runner presents with 
postexertional syncope. Her 12-lead ECG tracing is abnormal, with a biphasic 
T wave in leads V2 to V4. Family history reveals a maternal nephew who 
died suddenly at the age of 23 years while dancing in a discotheque. Her 
two-dimensional echocardiogram is unremarkable. Which of the following 
is incorrect?
 A. An implantable cardioverter-defibrillator should be recommended, given 

the family history and the postexertional syncopal episode.
 B. An abnormality on the ECG is often the earliest manifestation of hyper-

trophic cardiomyopathy, arrhythmogenic right ventricular cardiomy-
opathy, and cardiac sarcoidosis.

 C. Imaging with two-dimensional echocardiography or cardiac magnetic 
resonance imaging provides the definitive diagnosis for hypertrophic 
cardiomyopathy.

 D. Familial evaluation is paramount to determine a diagnosis and potential 
risk to the patient.

 E. A biphasic T wave in V2 and V3 is a recognized normal variant in African 
American athletes.

Answer: A Electrocardiographic abnormalities in heart muscle disease are 
rarely diagnostic but are often the earliest manifestation of disease and warrant 
further diagnostic evaluation. Inverted or biphasic T waves in V1 to V3 are 
seen in African American athletes, but changes that extend to V4 or beyond 
are usually associated with myocardial disease. New-onset conduction disease 
and ventricular arrhythmia are common presenting features of Chagas disease 
and cardiac sarcoidosis, whereas conduction disease is rarely seen early in 
arrhythmogenic right ventricular cardiomyopathy or hypertrophic cardiomy-
opathy. Demonstration of left ventricular hypertrophy with echocardiographic 
or cardiac magnetic resonance imaging is usually diagnostic of hypertrophic 
cardiomyopathy, but concern should be raised about the accuracy of the mea-
surements when the ECG recording is normal. Imaging abnormalities often 
provide the definitive diagnosis but are late manifestations of arrhythmogenic 
right ventricular cardiomyopathy because they reflect myocyte cell death with 
replacement scar. The onset of dilated cardiomyopathy in adults is usually 
insidious, with slow progression of left ventricular dilation and impaired con-
traction. The implantable cardioverter-defibrillator may be life-saving, but it 
is associated with lifelong consequences and should not be recommended 
without a diagnosis and clear estimate of sudden death risk.
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55 
PRINCIPLES OF ELECTROPHYSIOLOGY
GLENN I. FISHMAN

The rhythmic beating of the heart reflects the tightly regulated and exquisitely 
integrated activity of numerous protein complexes that control the flow of 
ions across cell membranes, including channels, transporters, exchangers, and 
gap junction channels.1 The human heart beats almost 3 billion times during 
a normal lifespan, and even brief periods of dysfunction may lead to life-
threatening consequences. Thus, the failure rate of cardiac rhythmicity is 
exceptionally low. Nonetheless, inherited syndromes, as well as acquired heart 
disease, may affect cardiac rhythmicity, and these disorders lead to substantial 
morbidity and mortality, including sudden cardiac death (Chapter 57). This 
chapter reviews the molecular, cellular, and organ-level determinants of cardiac 
rhythmicity and relates these principles to fundamental mechanisms respon-
sible for clinically important arrhythmias.

 BASIC CONCEPTS
The function of the heart as a highly dynamic pump is intricately entwined 
with the tightly regulated electrical activation of its constituent cardiomyocytes. 
During each cardiac cycle, an electrical impulse known as an action potential 
is spontaneously generated by a relatively small number of pacemaker cells 
in the sinoatrial node and then propagated to neighboring cardiac myocytes 
through arrays of intercellular channels known as gap junctions. Subpopula-
tions of myocytes within the heart have unique electrical properties that reflect 
regional specialization. Myocytes within the sinoatrial and atrioventricular 
nodes produce spontaneous action potentials that reflect their pacemaking 
function. Cells within the His-Purkinje network are optimized to rapidly deliver 
excitatory current to the large mass of ventricular myocardium, whereas ven-
tricular myocytes display action potentials optimized to facilitate excitation-
contraction coupling, that is, to trigger the release of calcium ions from the 
sarcoplasmic reticulum and to promote the actomyosin cross-bridge formation 
that underlies cardiac contraction (Chapter 47). Abnormalities in cardiac 

electrophysiology, whether the result of mendelian disorders, oligogenic syn-
dromes, or environmental stressors that evoke acquired heart disease, can 
lead to disturbances in the initiation, propagation, or conduction of electrical 
impulses and, as a result, to a wide variety of arrhythmic syndromes.

 IONIC BASIS OF CARDIAC ELECTROPHYSIOLOGY
The Cardiac Action Potential
The cardiac action potential (Fig. 55-1) is a recording of a cell’s membrane 
potential, Vm, versus time. During each cardiac cycle, ions move back and 
forth across the cardiomyocyte cell membrane, thereby changing Vm. The 
cardiac action potential, which reflects the integrated behavior of numerous 
individual ionic currents, is largely dominated by the movement of Na+, Ca2+, 
and K+ ions. These ions traverse the cell membrane through ion-selective 
pores formed by assemblies of integral membrane-spanning proteins and 
accessory proteins. The behavior of these ionic pathways is highly regulated, 
and permeation of specific ions is influenced by multiple factors, the most 
prominent of which are changes in membrane potential (i.e., voltage gating), 
ligand binding, second messengers such as cyclic adenosine monophosphate, 
and post-translational modification. Channel function and, by extension, action 
potential behavior are dynamically tuned in response to normal physiologic 
factors, especially heart rate. However, a number of pathologic stressors influ-
ence channel activity, including acquired syndromes that are associated with 
cardiac hypertrophy and failure, as well as an ever-growing number of congenital 
diseases. Regardless of the underlying pathology, the effects on action potential 
behavior may trigger arrhythmic activity.

The cardiac action potential is divided into phases, each reflecting the major 
ionic movements that take place. In working cardiomyocytes, such as ven-
tricular or atrial myocytes, the resting membrane potential during diastole, or 
phase 4 of the cardiac action potential, is determined by the baseline ionic 
and charge gradients that exist across the sarcolemmal membrane. These gra-
dients are generated by pumps and transporters, the most important of which 
is the Na+, K+-ATPase. This energy-requiring electrogenic pump, which is the 
major target of ouabain-like compounds such as digoxin, extrudes three Na+ 
ions from the intracellular compartment in exchange for two K+ ions, thereby 
resulting in directionally opposite gradients of Na+ ions (outside > inside) 
and K+ ions (inside > outside). Under resting conditions, a subset of membrane 
channels highly permeable to K+ is open, but those that allow for the passage 
of other ions such as Na+ or Ca2+ are only minimally permeable. As a conse-
quence, the concentration gradient promotes the movement of potassium 
ions from inside to outside of the cell, until the resulting excess of negative 
charge within the cell balances the diffusional forces and an electrochemical 
equilibrium is established. The equilibrium potential for a given ion is calcu-
lated by the Nernst equation, where Eeq is the equilibrium potential, R is the 
universal gas constant, T is the absolute temperature, z is the valence of the 
ionic species, and F is Faraday constant:

E
RT
zF

ln
X
X

eq
out

in

= 





[ ]
[ ]

If the cell membrane were only permeable to K+ ions, at the measured con-
centrations of intracellular and extracellular K+, the resting membrane potential 
would be approximately −100 mV. However, because of the slight but measur-
able permeability to other ionic species, which have Nernst potentials that 
are less negative than that for K+, the actual resting membrane potential in a 
typical ventricular cardiac myocyte is closer to −85 mV.

When the cardiac cell is depolarized to its excitatory threshold, an action 
potential is triggered through a series of highly regulated time-dependent 
changes in ionic conductances (see Fig. 55-1B). The fast sodium current is 
activated and very rapidly depolarizes the membrane during phase 0 of the 
action potential. The sodium current is inactivated at the peak of depolariza-
tion, which is approximately +40 mV. The increase in Vm during phase 0 activates 
several additional voltage-gated currents. A transient outward potassium current, 
or Ito, partially repolarizes the cell, thereby producing a small notch in the 
action potential, denoted as phase 1. The increase in Vm during phase 0 also 
activates, albeit more slowly, the inward L-type calcium current, ICa-L. It is this 
trigger for Ca2+ that is responsible for Ca2+-induced release from the sarco-
plasmic reticulum and is integral to the process of excitation-contraction 
coupling (Chapter 47). The inward Ca2+ current is balanced by several outward 
repolarizing currents, including the rapid component of the delayed rectifier 
potassium current IKr, the slow component of the delayed rectifier potassium 
current IKs, and the electrogenic Na+-Ca2+ exchanger, thereby resulting in a 
plateau in the action potential known as phase 2. When the outward 
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rhythmicity and relates these principles to fundamental mechanisms respon-
sible for clinically important arrhythmias.
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Fig. 55-1C). Much of this heterogeneity is due to differences in the magnitude 
of various repolarizing K+ currents. For example, although electrotonic coupling 
through gap junction channels mitigates this intrinsic heterogeneity, action 
potentials recorded from epicardial, mid-myocardial, and endocardial cells 
show substantial differences in morphology, both at rest and especially in 
response to provocative stimuli such as changes in rate or pharmacologic agents. 
Moreover, action potential morphology is not static; it varies in response to 
changes in physiologic state. Action potential duration adaptation, which reflects 
the normal shortening of the action potential observed during increased heart 
rate, provides a mechanism to preserve adequate time for ventricular filling 
during diastole. Action potential duration shortening in this setting is due to 
a net increase in repolarizing currents, primarily from increased IKs and reverse-
mode INaCa. This adaptation is regulated, at least in part, by the kinetics of 
activation and inactivation of the channels that are responsible for these cur-
rents, as well as their modulation by various signaling cascades, such as those 
regulated by the autonomic nervous system. However, maladaptive regulation 
of ionic currents is a frequent manifestation of acquired forms of heart disease, 
and this pathologic electrical remodeling may amplify intrinsic heterogeneities 
in cardiac electrophysiology and form a substrate that promotes arrhythmic 
behavior.

Impulse Propagation
In the intact heart, action potentials not only must be generated but also must 
propagate from cell to cell as a wave of excitation throughout the atrial and 
ventricular myocardium. For successful propagation, the upstream excited 
cell must provide sufficient charge to bring the membrane potential, Vm, of 
downstream cells up to their excitation threshold potential. Gap junctions, 
which comprise arrays of intercellular channels, provide the structural basis 
for this electrotonic flow of current from cell to cell. For propagation to be 
successful, the ratio of the charge generated to charge consumed during the 
excitation cycle, known as the safety factor, must be greater than 1.

Unlike nerves, the action potential duration of human cardiomyocytes is 
quite long, on the order of 200 msec. This longer action potential duration is 
required so that each myocyte has sufficient time for contraction and relaxation 

potassium currents increase and the calcium current decreases at the end of 
phase 2, the action potential progresses to phase 3, which is the phase of rapid 
repolarization. The inward rectifier potassium current IK1 contributes signifi-
cantly to this final phase of repolarization and brings the action potential back 
to its resting membrane potential, or phase 4, at which point the cell is primed 
for another action potential.

Action potential recordings from atrial cardiomyocytes and from cells of 
the His-Purkinje system are qualitatively similar to those described previously, 
but with some notable differences that primarily reflect the differential expres-
sion of repolarizing potassium currents that tend to abbreviate (in the case 
of atrial cells) or lengthen (for Purkinje cells) the action potential duration 
(see Fig. 55-1C).

The relatively small populations of cells in the sinoatrial node (SAN) and 
atrioventricular node (AVN) express unique complements of ionic currents 
that are responsible for spontaneous depolarization during phase 4 and the 
triggering of action potentials. Pacemaker cells express substantially less IK1 
compared with ventricular myocytes, and as a consequence, their minimum 
Vm is −65 mV, and they do not repolarize to the same extent as working ven-
tricular cardiomyocytes. In addition, pacemaker cells display what is known 
as the funny current, If, which is activated by hyperpolarization and carried 
by sodium. Activation of If during phase 4 slowly depolarizes the cell mem-
brane. In addition, a subsarcolemmal calcium clock contributes to diastolic 
depolarization through the spontaneous, rhythmic release of Ca2+ from the 
sarcoplasmic reticulum, a process that is linked to the voltage clock through 
the activity of the sodium-calcium exchange current, INCX. Inasmuch as there 
is minimal fast inward INa expressed in nodal cells, the action potential trig-
gered by this spontaneous phase 4 depolarization is due to activation of calcium 
currents carried by ICa,L and ICa,T. The magnitude of If and ICa, and hence the 
slope of phase 4 depolarization as well as the upstroke velocity of the action 
potential in pacemaker cells, is augmented by adrenergic stimulation, which 
produces a chronotropic response.

Owing to considerable regional heterogeneity in the density of individual 
ionic currents, even within distinct compartments of the heart such as the 
ventricular myocardium, not all ventricular action potentials are identical (see 
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FIGURE 55-1. Ion channels and the cardiac action potential. A, Key channels involved in cardiac excitability and generation of the cardiac action potential. inward currents are carried 
by na+ channels (purple) and ca2+ channels (red). repolarizing currents are primarily carried by K+ channels (blue). the na+/K+ AtPase is an energy-requiring exchanger that pumps na+ 
out of the cell in exchange for K+ and is essential for establishing resting ionic gradients and the resting membrane potential. B, time-course and relative magnitude of ionic currents 
active during the cardiac action potential. inward currents are represented by downward deflections and outward currents by upward deflections. C, Action potentials from different 
regions of the heart and their relationship to the surface electrocardiogram are indicated. (Adapted from Marbán e. cardiac channelopathies. Nature. 2002;415:213-218.)
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is post-translationally processed through cleavage and disulfide bond forma-
tion. The dominant α1-subunit in the heart is Cav1.2, whereas Cav1.3 is restricted 
primarily to nodal and atrial cells. Both α1-subunits are alternatively spliced 
to produce variants that are uniquely regulated.

The related T-type calcium channels are also found in the heart but display 
distinct biophysical properties compared with L-type Ca2+ channels; they 
activate at more negative voltages (−70 mV) and inactivate more rapidly. The 
major isoform expressed in the heart is Cav3.1 and, to a lesser extent, Cav3.2. 
These channels are normally restricted to the nodes, Purkinje cells, and atrial 
myocytes. In pacemaking cells, the T-type currents contribute to phase 4 
depolarization. Mutations in Ca2+ channel subunits are also responsible for a 
number of arrhythmic syndromes, including Timothy syndrome (LQT8) and 
a subset of individuals with Brugada syndrome.

Potassium Channels
Numerous classes of potassium channels are expressed in the heart, where 
they contribute to repolarization and maintenance of the resting membrane 
potential. The heterogeneous expression of potassium channels in different 
regions and cell types is largely responsible for the variable action potential 
morphologies that are observed. As with sodium and calcium channels, potas-
sium channels are formed from the assembly of pore-forming subunits along 
with various accessory β-subunits. However, α-subunits of potassium channels 
include between two and six transmembrane domains, and the full channel 
is formed as a dimer or tetramer, depending on the specific subfamily. Dys-
regulation of expression and function of potassium channels is quite common 
in many acquired forms of heart disease. The resulting loss of repolarizing 
currents leads to action potential duration prolongation and acquired long 
QT syndrome. In addition, heritable mutations that diminish potassium cur-
rents are responsible for several forms of inherited long QT syndrome, whereas 
gain of function mutations may produce the short QT syndrome.

Voltage-gated potassium channels, or Kv channels, are activated by mem-
brane depolarization. Numerous classes of Kv channels have been identified 
in the heart. The α-subunits are six transmembrane domain proteins. Unlike 
sodium and calcium channels, functional potassium channels are formed by 
the assembly of four such subunits and various β-subunits. The transient 
outward current is composed of two components, Ito,fast and Ito,slow; both are 
rapidly activated and contribute to phase 1 of the cardiac action potential, 
but their recovery kinetics differ. Ito,fast is particularly prominent in the epicardial 
layer of the ventricles, especially in the right ventricle. This differential expres-
sion is thought to contribute to the pathology of J wave syndromes, including 
Brugada syndrome.

The other major class of voltage-gated potassium channels in the heart is 
responsible for the delayed rectifier currents, broadly classified as IK currents. 
These channels include the ultra-rapidly activating IKur, which is restricted to 
atrial myocytes, and the delayed rectifier currents, IKr and IKs, both of which 
contribute to phase 3 repolarization of the cardiac action potential. IKr activates 
and inactivates rapidly and shows strong inward rectification; that is, current 
moves more easily (but not exclusively) in the inward direction than in the 
outward direction, although it is the outward current that is physiologically 
relevant. IKs activates slowly and does not display inward rectification. Both 
currents also show marked regional heterogeneity. Numerous cardiac and 
noncardiac medications, as well as heritable syndromes that reduce the mag-
nitude of these currents (particularly IKr), result in action potential duration 
prolongation and acquired or heritable long QT syndrome.

The second major class of potassium currents in the heart are the Kir cur-
rents carried by inwardly rectifying potassium channels. IK1 is observed in both 
atrial and ventricular cardiomyocytes. Conductance through these channels 
is high at negative membrane potentials, so this current is critical for terminal 
repolarization (phase 3) and for setting the resting membrane potential (phase 
4). Another inwardly rectifying potassium current is carried by IKATP channels. 
The full channels include not only the pore-forming subunit but also auxiliary 
SUR subunits, which are targets for channel inhibition by the sulfonylurea class 
of drugs. Because IKATP currents are inhibited by intracellular adenosine triphos-
phate, they are activated in the setting of ischemia. The augmented outward 
current shortens action potential duration and abbreviates systole, thereby 
diminishing energetic requirements. Thus IKATP channels provide a link between 
metabolic state and membrane excitability. Importantly, the resulting action 
potential duration shortening diminishes refractoriness, which may enhance 
the risk for re-entrant arrhythmias. The last major class of inward rectifiers 
includes the acetylcholine- and adenosine-activated potassium channels, which 
are encoded by Kir3.1 and Kir3.4. These channels, which are enriched in nodal 
and atrial cardiac myocytes, are activated when ligands bind to muscarinic or 

before the next heartbeat. Impulses that arrive too early in the cardiac cycle 
will not produce normal action potentials. If the impulse occurs during the 
upstroke or plateau phase (phases 0 to 2), the sodium channels will not have 
had sufficient time to recover from fast inactivation, and the cell displays abso-
lute refractoriness. If the impulse occurs somewhat later, during phase 3 of the 
action potential, a supranormal stimulus is required to overcome the potassium 
currents that remain active during the terminal portion of the action potential, 
a phenomenon known as relative refractoriness. Moreover, because not all of 
the sodium channels will have recovered from inactivation, the rate of rise of 
voltage during phase 0 of the premature beat may be diminished.

 MOLECULAR BASIS OF CARDIAC 
ELECTROPHYSIOLOGY

The individual currents that are responsible for cardiac excitability reflect the 
integrated behavior of various protein complexes that are assembled into ion-
specific channels, transporters, and exchangers.2 At the molecular level, ion 
channels comprise multi-subunit glycoproteins, including a pore-forming 
major, or α-subunit, and one or several accessory proteins (E-Fig. 55-1). The 
latter influence a range of channel properties including trafficking of the major 
subunit to the sarcolemmal membrane as well as regulation of channel bio-
physical properties, that is, the opening and closing of the channel in response 
to various factors such as membrane voltage, ligands, mechanical stimuli, 
second messengers, or post-translational modification.

Sodium Channels
Voltage-gated sodium channels are responsible for the activation and propaga-
tion of the cardiac action potential. Not surprisingly, acquired and inherited 
syndromes that affect the function of voltage-gated sodium channels in the 
heart are responsible for a broad range of arrhythmic phenotypes. Cardiac 
sodium channels activate extremely rapidly, within 1 msec, and begin to inac-
tivate almost completely within several milliseconds. The very small proportion 
of channels that remain active for several hundred milliseconds results in the 
persistent or late Na+ current, INaL.

The most abundant cardiac sodium channel comprises a pore-forming 
α-subunit known as Nav1.5 and several smaller accessory subunits, or β-subunits, 
designated Navβ1 to 4. The α-subunit is an approximately 260-kD protein 
that consists of four homologous domains, each comprising six transmembrane 
segments. Substantial experimental work has identified the key regions of the 
protein that regulate channel properties, including voltage dependence, activa-
tion, and inactivation, as well as the binding sites for pharmacologic agents 
such as local anesthetics, antiarrhythmic drugs, and neurotoxins. The β-subunits 
are single-membrane-spanning proteins that associate with Nav1.5 through 
their extracellular immunoglobulin-fold domains. They serve to increase the 
delivery of the α-subunit to the sarcolemmal membrane and to influence 
channel function. The β-subunits also enhance the subcellular localization of 
the channel and its interactions with various adaptors, signaling molecules, 
and cytoskeletal proteins. In addition to Nav1.5, several “neuronal” α-subunits 
are expressed at low levels in the heart and likely contribute to regional het-
erogeneity in sodium channel function. Mutations in Nav1.5, in specific 
β-subunits, and in several interacting regulatory and scaffolding proteins all 
may influence the behavior of the sodium current in the heart and thereby 
produce a range of arrhythmic syndromes, including long QT syndrome type 
3 (LQT3) and Brugada syndrome (Chapter 59).3

The If current contributes to phase 4 depolarization in pacemaker cells and 
is a reflection of the activity of hyperpolarization-activated cyclic nucleotide 
gated, or HCN channels. The full channels are composed of dimers of HCN 
proteins, each of which has six transmembrane domains. HCN4 and HCN1 
are the predominant isoforms found in the nodes, whereas HCN2 is found 
throughout the conduction system. Binding of cyclic adenosine monophos-
phate, a key second messenger in the adrenergic signaling cascade, to the 
carboxy terminus of the channel shifts activation positively, thereby increasing 
the slope of phase 4 depolarization and linking autonomic tone to heart rate.

Calcium Channels
Voltage-gated calcium channels are important for generating the action potential 
in the sinoatrial and atrioventricular nodes and for excitation-contraction cou-
pling in virtually all contractile cardiomyocytes. The dominant forms expressed 
in the heart are the L-type (large and long-lasting) and the T-type (tiny and 
transient) calcium channels, both of which include pore-forming α-subunits, 
similar in overall structure to that of voltage-gated sodium channels.

L-type Ca2+ channels comprise an α1 subunit, a noncovalently bound β 
accessory subunit (Cavβ1-4), and an alternatively spliced α2-δ-subunit that 
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E-FIGURE 55-1. Structure of the pore-forming subunits of ion channels expressed in the heart. individual barrels represent transmembrane domains. in all cases, the amino and 
carboxy-terminal domains reside within the cytoplasmic compartment. A, Voltage-gated sodium and calcium channels. B, Voltage-gated potassium channel. C, inwardly rectifying 
potassium channel. D, two-pore domain potassium channel. E, gap junction channel. F, sodium-potassium adenosine triphosphatase. 
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de pointes (Chapter 59), a polymorphic ventricular tachycardia, especially 
when there is increased dispersion of repolarization. Delayed afterdepolariza-
tions, in contrast, are usually the result of intracellular Ca2+ overload and are 
typically seen in the setting of catecholamine excess, ischemia, toxic concen-
trations of digitalis-like agents, and some congenital syndromes, including 
catecholaminergic polymorphic ventricular tachycardia. The excessive Ca2+ 
load activates the electrogenic Na+-Ca2+ exchanger, producing a depolarizing 
transient inward current, ITI.

Disorders of Impulse Conduction
During each cardiac cycle, impulses must be generated in pacemaker cells 
within the sinus node, and a wave of excitation must propagate throughout 
the atria, travel down the specialized conduction system (including the atrio-
ventricular node and His-Purkinje network), and then activate the ventricular 
myocardium. Processes that diminish intercellular coupling, such as fibrosis 
or calcification of the specialized conduction system, can diminish the safety 
factor for conduction and produce varying degrees of heart block. Inherited 
defects in conduction have been observed with mutations in sodium channel 
subunits SCN5A and SCN1B, which affect phase 0 of the cardiac action poten-
tial; in KCNJ2, which affects terminal repolarization and the resting membrane 
potential; and in a number of developmental disorders that affect the cardiac 
conduction system, such as Holt-Oram syndrome, Emery-Dreifuss muscular 
dystrophy, and myotonic dystrophy type 1. Conduction block may also be 
seen with the secondary electrical remodeling that is associated with structural 
heart disease and with many cardioactive drugs.

Re-entry
Re-entry is considered the most common mechanism responsible for clinically 
significant cardiac arrhythmias, including both supraventricular and ventricular 
disorders. Fundamentally, re-entry involves self-perpetuating waves of excita-
tion that circulate around an inexcitable obstacle. Depending on the number 
of re-entrant waves within a tissue (one or multiple), their size, and their 
spatial stability, the surface electrocardiogram may reveal a relatively organized 
rhythm, such as atrial flutter or monomorphic ventricular tachycardia, or a 
seemingly disorganized rhythm, such as atrial fibrillation or polymorphic 
ventricular tachycardia. Re-entry normally requires the presence of unidirec-
tional block within a “fast” conducting pathway around an obstacle, combined 
with recirculation of the impulse from a second “slow” pathway in the retro-
grade direction, as might be the case at a bifurcating Purkinje-ventricular 
junction or around scar tissue of a healed myocardial infarction (E-Fig. 55-2). 
However, the “obstacle” may also be viable myocardium that is inexcitable 
owing to its intrinsic electrophysiologic properties, such as cellular uncoupling 
or refractoriness, a phenomenon referred to as functional block. Because refrac-
toriness is critically dependent on the action potential duration, areas of myo-
cardium with prolongation of the action potential duration may form a suitable 
substrate for functional re-entry.

Heterogeneity in action potential duration and the concomitant dispersion 
of refractoriness also play critical roles in the maintenance of arrhythmic behav-
ior, especially through a phenomenon known as phase 2 re-entry. This term 
refers to the flow of current during phase 2 of the cardiac action potential 
from a depolarized cell to neighboring cells that are more fully repolarized 
and not refractory to reexcitation. This principle is best characterized in the 
J wave syndromes,6 especially Brugada syndrome, in which loss of function 
of inward currents (INa or ICa) or gain of function of outward currents (Ito, 
IK-ATP) causes loss of the action potential dome during phase 2 and an abbrevi-
ated action potential duration in a subset of cardiac myocytes. Current can 
then flow into these cells from neighboring cells in which the action potential 
dome is maintained, thereby causing local reexcitation, a closely coupled 
extrasystole, and the initiation of re-entry. In Brugada syndrome, this process 
is thought to arise in the right ventricular outflow tract, where the transient 
outward current density is significantly greater in the epicardium compared 
with the endocardium (Fig. 55-2).

 SUMMARY
The concepts of cardiac electrophysiology, including the genesis of the action 
potential, the molecular basis of cardiac excitability, and the mechanisms that 
are responsible for abnormal cardiac rhythms, provide a foundation for under-
standing and identifying clinically relevant arrhythmias. Insights into the 
biophysical basis of heritable arrhythmic syndromes and into the pathologic 
remodeling observed in acquired arrhythmic syndromes have already resulted 
in several targeted new therapies informed by the expression, function, and 
regulation of ion channels.

purinergic G protein–coupled receptors, which facilitate the uncoupling of Gβγ 
from Gα and the activation of the Kir channels by the released Gβγ.

Gap Junction Channels
Gap junction channels, which are responsible for the electrotonic coupling of 
cardiac myocytes, are essential for normal impulse propagation throughout the 
myocardium. The channels are formed by the hexameric assembly of connexin 
monomers, each of which is a tetramembrane spanning protein. Connexin 43 is 
the dominant isoform expressed in ventricular and atrial myocardium, whereas 
connexin 40 is also abundantly expressed in the atrium. The nodes express vari-
able amounts of connexin 45 and connexin 30.2, and the bundle branches and 
Purkinje fibers express significant levels of connexin 40. Gap junctions in the 
node integrate the intrinsic beating rate of each nodal cell into a single functional 
unit. Abnormalities in connexin expression and function, a process known as 
pathologic gap junction remodeling, are observed in atrial and ventricular myo-
cardium in many acquired forms of heart disease. The remodeling contributes 
to aberrant impulse propagation and predisposes to arrhythmic behavior. In 
addition, germline or somatic mutations in cardiac connexin genes are associ-
ated with arrhythmic syndromes, especially atrial fibrillation.

 MECHANISMS OF ARRYHTHMOGENESIS
Cardiac arrhythmias, which are disturbances in the rate or rhythm of the heart-
beat, are a reflection of abnormal impulse formation or conduction. Inasmuch 
as cardiac myocytes reside within a complex multicellular environment and are 
electrotonically coupled by gap junction channels, arrhythmic syndromes almost 
always reflect a complex interplay of individual, or cell autonomous, properties 
within a multicellular network. Most clinically important arrhythmias arise in 
the setting of acquired heart disease, in which pathologic electrical remodeling, 
resulting from dysregulation of ion channel expression or function, accom-
panies structural remodeling. However, many arrhythmic syndromes, includ-
ing those that are drug-induced,4 result from, or are exacerbated by, genetic 
variations, including disease-causing alterations in coding regions that directly 
affect the function of proteins, which regulate cardiac electrophysiology, as 
well as sequence variants in regulatory or other noncoding genome regions, 
which appear to regulate transcriptional and post-transcriptional behavior.5

Disorders of Impulse Formation
In the healthy heart, the sinus node, which is located at the junction of the right 
atrium and the superior vena cava, is the predominant pacemaker. Secondary 
pacemakers with intrinsically slower pacing rates are found further downstream 
in the specialized conduction system within the atrioventricular node and the 
His-Purkinje system. The firing rate of pacemaker cells is regulated primarily 
by autonomic tone: sympathetic stimulation increases the slope of phase 4 
depolarization, whereas parasympathetic stimulation decreases the slope by 
augmenting repolarizing currents. Nodal suppression may result from phar-
macologic agents, such as β-adrenergic blockers, calcium channel blockers, or 
digitalis, as well as from fibrotic diseases. Moreover, mutations in several genes 
that affect the voltage clock (SCN5A and HCN4), the calcium clock (RYR2 
and CASQ2), or both (ANKB) may cause familial sinus node dysfunction.

Conversely, under pathologic conditions, myocardial cells outside the spe-
cialized conduction system may exhibit spontaneous activity, a phenomenon 
termed abnormal automaticity. Abnormal automaticity is most often seen with 
ischemia or reperfusion, in which maximum diastolic potentials are reduced 
to approximately −60 mV to −50 mV, a level at which Na+ or Ca2+ channels 
may reach their activation threshold and trigger action potentials.

Afterdepolarizations and Triggered Activity
During cardiac repolarization, a number of inward and outward currents are 
active, and small changes in conductance of individual channels can markedly 
affect the trajectory of repolarization. Afterdepolarizations, which are abnormal 
oscillations in membrane potential, occur either during (early afterdepolariza-
tions) or after (delayed afterdepolarizations) an action potential. Afterdepo-
larizations of sufficient magnitude to evoke an action potential produce triggered 
activity. Early afterdepolarizations are almost always observed in the setting 
of abnormal action potential duration prolongation, which provides sufficient 
time for re-activation of L-type Ca2+ channels during the plateau phase of the 
action potential. Thus, congenital syndromes, as well as bradycardia, hypo-
kalemia, hypomagnesemia, antiarrhythmic medications, and many noncardiac 
drugs, are associated with QT prolongation and promote early afterdepolariza-
tions. Conversely, rapid pacing and drugs that shorten the action potential 
duration tend to suppress early afterdepolarizations. Early afterdepolarizations 
in the setting of action potential duration prolongation often trigger torsades 
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E-FIGURE 55-2. Re-entrant cardiac arrhythmias. A, re-entry at the Purkinje-ventricular junction. Upper panel: normally an impulse propagates along a Purkinje fiber and divides 
into two pathways (1), and together they activate the underlying ventricular myocardium. Lower panel: the impulse propagates along the right pathway (3) but is blocked within the 
left pathway (2). the original impulse travels within the ventricular myocardium, re-enters the left pathway in the retrograde direction (4), and successfully propagates through the area 
with block (5). continued propagation throughout this circuit (red circle) would produce re-entrant ventricular tachycardia. B, re-entry associated with myocardium scar. Upper panel: 
Diagram representing a single circuit of re-entry that initiates with unidirectional block. the circuit length must be longer than the longest refractory period in the circuit. Middle panel: 
A figure 8, in which re-entry is established owing to dispersion of refractoriness during tachycardia. Lower panel: Anatomic labyrinth circuit, created by strands of viable myocardium 
within the scar, with potential for multiple re-entry circuits. (the image to the right is reproduced from Benito B, Josephson Me. Ventricular tachycardia in coronary artery disease. Rev 
Esp Cardiol [Engl Ed]. 2012;65:939-955.)
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56 
APPROACH TO THE PATIENT WITH 
SUSPECTED ARRHYTHMIA
JEFFREY E. OLGIN

 CLINICAL MANIFESTATIONS
Patients with suspected arrhythmias can present in a variety of ways. Typical 
symptoms include palpitations, syncope, and presyncope (dizziness). On occa-
sion, arrhythmias can manifest more subtly as exercise intolerance, lethargy, 
and vague complaints of malaise or without any symptoms at all. Conversely, 
arrhythmias occasionally manifest as aborted sudden cardiac death (cardiac 
arrest) (Chapter 57). The specific differential diagnosis, prognosis, and treat-
ment of these symptoms are determined by the severity of the symptom (i.e., 
whether it results in syncope) and whether the patient has underlying struc-
tural heart disease. In general, the likelihood of a life-threatening arrhythmia, 
such as ventricular tachycardia or ventricular fibrillation, in a patient with 
symptoms of palpitations or syncope is significantly greater in a patient who 
has structural heart disease. Therefore, the determination of whether struc-
tural heart disease is present is a key step in the diagnosis and prognosis of 
patients with suspected arrhythmias. The exception to this general rule is in 
patients with a significant family history suggestive of an inherited arrhythmia 
syndrome (e.g., long QT syndrome, Brugada syndrome), for whom a family 
history of syncope and/or sudden death should prompt referral to a cardiac  
electrophysiologist.

Palpitations
Palpitations, defined as an awareness of an irregular or rapid heartbeat, are 
most commonly due to ectopic beats—namely, premature atrial contractions 
(PACs; Chapter 58) and premature ventricular contractions (PVCs; Chapter 
59)—or to tachyarrhythmias. A careful history can often distinguish benign 
palpitations from those that need further evaluation. It can be useful to have 
the patient tap out with a finger what the palpitations feel like. An irregularly 

irregular pattern suggests atrial fibrillation, whereas a more regular, rapid 
pattern suggests a sustained tachycardia. A reliable symptom suggesting that 
palpitations are caused by a tachyarrhythmia, particularly a supraventricular 
tachycardia, is the sensation of a regular, rapid-pounding sensation in the 
neck. Conversely, most patients who complain of symptoms from PACs or 
PVCs are often more aware of the post-extrasystolic pause or the accentuated 
output of the post-extrasystolic beat than of the actual premature beat itself. 
Most patients who have symptoms suggestive of premature beats but not of 
sustained tachycardia do not require further evaluation if they have no other 
symptoms and no evidence of structural heart disease—that is, an otherwise 
normal cardiac history, physical examination, and electrocardiogram (ECG) 
(see Table 45-4). If, however, the symptoms are not due to a single occasional 
extrasystole or are accompanied by presyncope or syncope, further evaluation 
is required (Fig. 56-1). Antiarrhythmic therapy is usually not necessary to treat 
PACs or PVCs unless the symptoms are frequent or severe. β-Blockers (e.g., 
metoprolol 25 mg/day or atenolol 25 mg/day) are first-line therapy in highly 
symptomatic patients with documented PACs or PVCs. Recent data suggest 
that patients in whom PVCs exceed 24% of beats during 24-hour monitoring 
may have a higher risk of developing PVC-induced cardiomyopathy.1

Palpitations are the most common presentation of tachyarrhythmias, whereas 
bradyarrhythmias rarely manifest as palpitations. Most tachyarrhythmias in 
patients without structural heart disease are due to supraventricular tachycardias 
(Chapter 58) that resolve spontaneously within several seconds. When the 
tachyarrhythmia is more prolonged, it often resolves with simple interventions. 
Patients themselves can cough several times, perform the Valsalva maneuver, 
exhale forcefully against a closed glottis for several seconds, or even rub gently 
on their eyeballs. A physician can use carotid sinus massage (Chapter 58), 
performed by pressing and rubbing the carotid pulse just below the angle of 
the mandible for 5 to 15 seconds. This maneuver should be avoided in elderly 
patients and in patients with a history of cerebrovascular accident, known carotid 
artery stenosis, or carotid bruit on auscultation. In patients with structural 
heart disease, palpitations may signify ventricular tachycardia (Chapter 59), 
particularly if they occur with syncope or presyncope. An occasional patient 
without structural heart disease may have idiopathic ventricular tachycardia 
(typically arising from the ventricular outflow tracts; Chapter 59), but such 
patients generally have a more benign course than patients with structural 
heart disease and are readily curable with ablation (Chapter 60).

Presyncope and Syncope
Syncope, defined as a sudden loss of consciousness, and presyncope, or  
lightheadedness, are caused by global impairment of blood flow to the brain 
(Table 56-1). Syncope can be a manifestation of tachyarrhythmias, bradyarrhyth-
mias, or neurocardiogenic syncope, or it can be unrelated to any arrhythmia. A 
careful history and physical examination are necessary to exclude other cardiac 
causes (e.g., acute ischemia, aortic stenosis) or neurologic causes. Important 
historical features that suggest an arrhythmic cause are an association with 
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ABSTRACT
Patients with suspected arrhythmias can present in a variety of ways. Typical 
symptoms include palpitations, presyncope (dizziness), and syncope. On 
occasion, arrhythmias can manifest more subtly as exercise intolerance, leth-
argy, and vague complaints of malaise or without any symptoms at all. Con-
versely, arrhythmias occasionally manifest as aborted sudden cardiac death 
(cardiac arrest). This chapter discusses the causes, diagnosis, and treatment 
of these conditions.
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FIGURE 56-1. Algorithm for evaluating patients with symptoms of palpitation, dizziness, or syncope. ArVd = arrhythmogenic right ventricular dysplasia; AV = atrioventricular; cAd 
= coronary artery disease; ecG = electrocardiogram; echo = echocardiogram; ep = electrophysiology; icd = implantable cardioverter-defibrillator; LQtS = long Qt syndrome; Scd = 
sudden cardiac death; SVt = supraventricular tachycardia; wpw = wolff-parkinson-white syndrome. 

TABLE 56-1 CAUSES OF SYNCOPE AND THEIR PREVALENCE
NEUROCARDIOGENIC CAUSES

Vasovagal (8-41% of patients)
Situational (1-8% of patients)

Micturition
Defecation
Swallow
Cough

Carotid sinus syncope (0.4% of patients)
Neuralgias
Psychiatric disorders
Medications, exercise
ORTHOSTATIC HYPOTENSION (4-10% OF PATIENTS)

DECREASED CARDIAC OUTPUT

Obstruction to flow (1-8% of patients)
Obstruction to left ventricular outflow or inflow: aortic stenosis, hypertrophic 

obstructive cardiomyopathy, mitral stenosis, myxoma
Obstruction to right ventricular outflow or inflow: pulmonic stenosis, pulmonary 

embolism, pulmonary hypertension, myxoma
Other heart disease
Pump failure, myocardial infarction, coronary artery disease, coronary spasm, 

tamponade, aortic dissection
ARRHYTHMIAS (4-38% OF PATIENTS)

Bradyarrhythmias: sinus node disease, second- and third-degree atrioventricular 
block, pacemaker malfunction, drug-induced bradyarrhythmias

Tachyarrhythmias: ventricular tachycardia, torsades de pointes (e.g., associated with 
congenital long QT syndrome or acquired QT prolongation), supraventricular 
tachycardia

NEUROLOGIC AND PSYCHIATRIC DISEASES (3-32% OF PATIENTS)

Migraine
Transient ischemic attacks
UNKNOWN (13-41% OF PATIENTS)
Adapted from Kapoor W. Approach to the patient with syncope. In: Braunwald E, Goldman L, eds. 
Primary Cardiology, 2nd ed. Philadelphia: Saunders; 2003.

palpitations and the lack of any neurologic deficits preceding or following 
the event. Left ventricular outflow obstruction, due either to aortic stenosis 
(Chapter 66) or hypertrophic obstructive cardiomyopathy (Chapter 54), can 
present as syncope, often during or just after exertion.

Important differential diagnoses include conditions other than lightheaded-
ness that may be termed dizziness by the patient. Vertigo (Chapter 400), a 
sense of imbalance or of the “room spinning,” and ataxia (Chapter 382) can 
usually be distinguished by the history and physical examination. The possibil-
ity of seizures (Chapter 375) must also be evaluated; syncope from an arrhyth-
mia or neurocardiogenic syncope occasionally results in seizure-like activity, 
and seizures can sometimes be confused with syncope. The most important 
distinguishing feature is that postictal symptoms, a key feature of seizure dis-
orders, are absent when syncope is the result of an arrhythmia. Patients with 
syncope from an arrhythmia usually awaken without any neurologic residual, 
unless the patient experienced a cardiac arrest with prolonged hypoxia and 
required resuscitation. Among patients who are hospitalized with a first episode 
of syncope and in whom pulmonary embolism cannot be excluded based on 
a low Wells score (see Table 74-3) and a negative D-dimer assay, pulmonary 
embolism may be found in 25% of patients who do not have another obvious 
cause of their syncope and in about 13% of patients who do have an alterna-
tive explanation for their syncope.2

Because most spells of episodic loss of consciousness occur outside medical 
observation, the history is the most critical part of the evaluation (Table 56-2). 
Each syncopal episode should be reviewed in detail, with special attention to 
symptoms preceding the episode, events during unconsciousness, and the 
symptoms and time course of regaining orientation after consciousness is 
restored. Information from a witness can be essential to the evaluation.

The patient’s presymptomatic activity and positioning, as well as symptoms 
when the syncopal episode began, are important clues to diagnosis. Seizures 
or cardiac arrhythmias can occur in any body position, but recumbent patients 
rarely develop neurocardiogenic (vasovagal) syncope and never have ortho-
static hypotension. Prodromal lightheadedness, dizziness (but uncommonly 
vertigo), bilateral tinnitus, nausea, diffuse weakness, and dimming of vision are 
symptoms of cerebral hypoperfusion and support the diagnosis of syncope, 
which may be from a cardiac, orthostatic, or neurocardiogenic cause. Loss 
of consciousness so rapid that a prodrome is absent may occur with seizures 
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 DIAGNOSIS
The likelihood of an arrhythmic cause of syncope is higher in patients with 
underlying heart disease, a systolic blood pressure below 90 or above 180 mm 
Hg, a QRS duration >130 msec, or a QTc interval >480 msec.3 Arrhythmias 
are generally categorized as bradyarrhythmias (slow heart rates), tachyarrhyth-
mias (fast heart rates), or premature beats (single extrasystoles from the atrium 
or the ventricle—PACs [see Fig. 58-10] or PVCs [see Fig. 59-2], respectively) 
(see Table 56-1). Although not a primary arrhythmia, neurocardiogenic syncope 
is a related diagnostic and management issue because its symptoms are fre-
quently similar to those of arrhythmias and because neurocardiogenic syncope 
secondarily results in bradycardia (see later). A systematic approach can opti-
mize the likelihood of identifying the cause of transient loss of consciousness 
(Table 56-3).

Bradyarrhythmias
Bradyarrhythmias (Chapter 58) can be due to dysfunction in the sinoatrial 
node, atrioventricular (AV) node, or His-Purkinje system (below the AV node). 
Sinus bradycardia manifests as a slow atrial (sinus) rate and can occur at rest 

and with some cardiac arrhythmias such as asystole, which typically causes 
loss of consciousness within 4 to 8 seconds in the upright position but usually 
requires 12 to 15 seconds in the recumbent position. Palpitations during the 
prodrome suggest a tachyarrhythmia. The activity of the patient immediately 
before the onset of symptoms may also provide clues. Syncope associated with 
the cessation of exertion or with anxiety or pain suggests neurocardiogenic 
syncope, whereas symptoms during exertion suggest an arrhythmia. Syncope 
associated with a change in posture suggests orthostatic causes, whereas syncope 
while straining at urination suggests situational neurocardiogenic syncope.

A witness’s description of the events during the episode of unconsciousness 
is very helpful. Although body stiffening and limb jerking occur with general-
ized seizures, similar movements can result from cerebral hypoperfusion, 
especially if perfusion is not restored rapidly. Such muscle jerking is often 
multifocal and can be synchronous or asynchronous. In contrast to epileptic 
seizures, which generally produce tonic-clonic activity for at least 1 to 2 minutes, 
muscle jerking in syncope rarely persists for longer than 30 seconds. If an 
arrhythmia continues or the patient is physically maintained upright, tonic 
stiffening of the body followed by jerking movements of the limbs can occur. 
Occasionally, motor movements identical to a tonic-clonic seizure occur, and 
a mistaken diagnosis of epilepsy can be made. Urinary incontinence during 
the spell is frequently used to support or refute a diagnosis of epilepsy; however, 
fainting with a full bladder can result in incontinence, whereas seizures with 
an empty bladder will not. Tongue biting favors seizures.

The time frame over which consciousness and orientation are regained is 
perhaps the most important clue in differentiating seizures from syncope. 
Recovery of orientation after neurocardiogenic syncope occurs within seconds 
of regaining consciousness. Recovery of orientation after self-reversible 
arrhythmia-associated syncope is usually proportional to the duration of the 
unconsciousness and is usually rapid (0 to 10 seconds). Life-threatening 
arrhythmias (e.g., prolonged asystole or ventricular fibrillation) usually do 
not resolve without resuscitation, and the confusion after regaining conscious-
ness may be permanent owing to ischemic brain injury (Chapter 57). By 
comparison, the period of confusion after seizures, often accompanied by 
agitation, continues for 2 to 20 minutes after recovery of consciousness.

TABLE 56-3 SUMMARY OF CLINICAL RECOMMENDATIONS 
FOR TRANSIENT LOSS OF CONSCIOUSNESS

TOPIC RECOMMENDATIONS
Initial assessment Detailed history, especially from witnesses

Full clinical examination
12-lead ECG

Uncomplicated 
faints

Suggestive features include:
Posture: occurrence during prolonged standing or similar 

previous episodes avoided by lying down
Provoking factors, such as pain or a medical procedure
Prodromal symptoms, such as sweating or feeling warm or hot 

before TLoC
Further investigation and specialist referral are not needed.

Epilepsy Suggestive features are a bitten tongue; head turning to one side 
during TLoC; no memory of abnormal behavior that occurred 
before, during, or after TLoC; unusual posturing; prolonged 
limb jerking (brief seizure-like activity often occurs during 
syncope, including uncomplicated faints); confusion after the 
event; or prodromal déjà vu or jamais vu.

If features of epilepsy are present, arrange for early review by an 
epilepsy specialist.

Do not arrange for EEG before neurologic assessment.
Note that brief seizure-like activity often occurs during syncope, 

including uncomplicated faints.
Do not suspect epilepsy unless suggestive features are present. 

Arrange for cardiovascular assessment if the cause of TLoC is 
unclear.

Urgent specialist 
referral

Give immediate treatment for clinically urgent problems (such as 
complete AV block or severe bleeding).

Arrange for urgent specialist cardiovascular assessment for 
patients at risk for a severe adverse event (such as those with 
long QT interval, cardiac arrhythmia, or structural heart 
disease).

Further 
cardiovascular 
assessment

Focus on specific disorders that may cause TLoC, such as 
orthostatic hypotension, the carotid sinus syndrome, structural 
heart disease, or cardiac arrhythmia.

Assessment should include repeated history, clinical examination, 
and 12-lead ECG.

For suspected cardiac arrhythmia or unexplained TLoC, use 
ambulatory ECG for further assessment:
Very frequent episodes: use 24- to 48-hour Holter monitoring.
Moderately frequent episodes: use external event monitoring.
Infrequent episodes: use an implantable event recorder.

In patients who are sick or worrisome enough for hospital 
admission and do not have both a low Wells score (see 
Chapter 74) and a negative D-dimer assay, evaluate for 
possible pulmonary embolism (computed tomographic 
pulmonary angiography or ventilation-perfusion lung 
scanning).

AV = atrioventricular; ECG = electrocardiography; EEG = electroencephalogram; TLoC = transient 
loss of consciousness.
Adapted from Cooper PN, et al. Synopsis of the National Institute for Health and Clinical 
Excellence Guideline for management of transient loss of consciousness. Ann Intern Med. 
2011;155:543-549.

TABLE 56-2 CLINICAL FEATURES SUGGESTING  
SPECIFIC CAUSES

DIAGNOSTIC CONSIDERATION

neurocardiogenic
Symptoms after prolonged motionless standing, sudden unexpected pain, fear, or 

unpleasant sight, sound, or smell
Syncope in a well-trained athlete after exertion (without heart disease)
Situational syncope during or immediately after micturition, cough, swallowing, or 

defecation
Syncope with throat or facial pain (glossopharyngeal or trigeminal neuralgia)

organic heart disease (e.g., coronary artery disease, aortic stenosis, 
primary arrhythmia, obstructive hypertrophic cardiomyopathy, 
pulmonary hypertension)
Brief loss of consciousness, no prodrome, history of heart disease
Syncope with exertion
Family history of sudden death

neurological
Seizures: confusion for >5 min after regaining consciousness
Transient ischemic attack, subclavian steal, basilar migraine: syncope associated with 

vertigo, dysarthria, diplopia, arm exercise
Migraine: syncope associated with antecedent headaches

other Vascular
Carotid sinus: syncope with head rotation or pressure on the carotid sinus (as in 

tumors, shaving, tight collars)
Orthostatic hypotension: syncope immediately on standing
Subclavian steal or aortic dissection: differences in blood pressure or pulse between 

the two arms

drug-induced
Patient is taking a medication that may lead to long QT syndrome, orthostasis, or 

bradycardia

psychiatric illness
Frequent syncope, somatic complaints, no heart disease
Adapted from Kapoor WN. Syncope. N Engl J Med. 2000;343:1856-1862.
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frequently seen in older patients (particularly men older than 60 years), in 
whom episodes are associated with mechanical stimulation of the neck (e.g., 
turning the head, shaving, wearing a tight collar or necktie). Use of β-blockers, 
calcium-channel blockers, and digitalis can exacerbate or predispose to this 
condition. This form of syncope is diagnosed by documenting pauses longer 
than 3 seconds in response to carotid sinus massage.

Postural or orthostatic hypotension can result in recurrent syncope.4 The 
history confirms that the patient is in the upright posture during spells, that 
the prodromal symptoms are those of cerebral hypoperfusion, and that the 
symptoms are relieved with recumbency. The diagnosis is supported by detect-
ing a decrease of 30 mm Hg or greater in systolic blood pressure or a decrease 
of 10 mm Hg or greater in diastolic blood pressure between recumbent and 
upright postures. The many causes include drugs, polyneuropathies (Chapter 
392), and neurodegenerative disorders (Chapter 381).

Cerebrovascular syncope results from cerebral hypoperfusion due to vascular 
phenomena, as opposed to generalized hypotension caused by arrhythmias 
or neurocardiogenic reflexes. Loss of consciousness can be a component of 
a basilar artery transient ischemic attack, but other brain stem symptoms 
nearly always precede or accompany the unconsciousness. Vertigo is most 
frequent, but diplopia or visual field disturbances, hemifacial or perioral numb-
ness, and dysarthria or ataxia are also common. Recovery of consciousness 
may require 30 to 60 minutes. Although the diagnosis is suggested by the 
history and clinical presentation, imaging studies can be useful to confirm the 
diagnosis. Carotid Doppler studies may show various degrees of stenosis, 
especially in older patients. However, unconsciousness requires bihemispheric 
dysfunction; thus, unilateral carotid stenosis alone does not cause syncope. 
Transcranial Doppler studies or magnetic resonance angiography of the basilar 
artery is indicated only if brain stem ischemic symptoms are present in addi-
tion to loss of consciousness; false-positive tests are common, especially with 
increasing age.

Other syndromes that can cause syncope include subclavian artery stenosis, 
which may result in retrograde blood flow from the vertebral artery to one 
arm, with resultant brain stem hypoperfusion (i.e., subclavian steal syndrome). 
Asymmetry in upper extremity systolic blood pressure, typically averaging 
45 mm Hg, is nearly always present. Brain stem symptoms are similar to those 
in basilar transient ischemic attacks, including loss of consciousness, but a 
subsequent stroke from subclavian steal is rare. Syncope may also occur in up 
to 10% of patients with basilar artery migraine (Chapter 370). It can have a 
postural (orthostatic) manifestation or be associated with other basilar artery 
symptoms.

Neuropsychiatric syncope is a diagnosis of exclusion but is suggested by 
young age, frequent spells, multiple symptoms (e.g., dizziness, vertigo, light-
headedness, numbness), and duplication of the patient’s symptoms by hyper-
ventilation with the mouth open for 2 to 3 minutes. Whereas syncope and 
seizures occur with the eyes open, often with gaze deviation, psychogenic 
events frequently begin with eye closing.

Seizures (Chapter 375) can cause loss of consciousness and occasionally 
present clinically as syncope. However, seizures usually have a characteristic 
presentation and include a postictal phase, whereas most patients experiencing 
a syncopal episode quickly regain consciousness, except when cerebral perfu-
sion is so compromised as to cause a secondary seizure or persistent anoxia 
and brain damage.

Diagnostic Tests
Electrocardiography
The baseline ECG is critical in the evaluation of a patient with palpitations 
or syncope. The presence of ventricular preexcitation, as manifested by a short 
PR interval and a delta wave (see Fig. 58-19 and E-Fig. 58-2), establishes the 
likely diagnosis of Wolff-Parkinson-White syndrome in a patient with palpita-
tions and AV reciprocating tachycardia (Chapter 58); it can also be used to 
determine the location of the responsible accessory pathway. The baseline 
ECG provides useful predictive information about the likelihood of conduc-
tion system abnormalities being responsible for bradyarrhythmias (e.g., sinus 
bradycardia suggests sinus node dysfunction, a prolonged PR interval suggests 
AV nodal disease, and a widened QRS suggests disease below the AV node). 
The ECG is also useful in diagnosing prior myocardial infarction (i.e., patho-
logic Q waves), which raises the likelihood of ventricular tachycardia as a 
potential cause of syncope or palpitations. Abnormalities such as a prolonged 
QT interval in a patient with syncope and a family history of syncope or 
sudden death suggest one of the congenital long QT syndromes (Chapter 
59). An incomplete right bundle branch block with coved ST segment eleva-
tion in ECG lead V1 or V2 in a patient with syncope or palpitations suggests 

or as an inappropriately slow rate during exercise (chronotropic incompetence). 
Sinus arrest can be intermittent, when transient loss of sinus activity (loss of 
the P wave on the ECG) causes brief sinus pauses, or persistent, with prolonged 
loss of atrial activation. The sinus rate and even the presence of sinus pauses 
are influenced by autonomic tone. Therefore, healthy individuals—particularly 
younger patients and well-trained athletes (with high vagal tone)—have occa-
sional sinus slowing, often during sleep. A sinus pause of more than 3 seconds 
is considered pathologic if it is associated with symptoms while a patient is 
awake. Sinus bradycardia and sinus arrest can also be the result of medications, 
typically β-blockers and calcium-channel blockers. When not “physiologic” 
or due to medications, sinus bradycardia and sinus arrest are the result of 
intrinsic conduction system disease. Sinus bradycardia, especially if it is inter-
mittent, can also signify disease of the right coronary artery.

Bradyarrhythmias from AV nodal disease result from the failure of impulse 
conduction from the atrium to the ventricle. Like the sinus node, the AV 
node is dramatically affected by autonomic tone. Mobitz type I second-degree 
AV block (Wenckebach block; see Fig. 58-6) can be seen during periods of 
high vagal tone (such as while sleeping) and is not necessarily pathologic; for 
example, it does not progress to complete heart block and is not associated 
with a widened QRS. Many drugs, such as β-blockers and calcium-channel 
blockers, commonly cause first-degree AV block and should be considered 
a potential cause of any degree of AV block. Mobitz type II block (see Fig. 
58-7) signifies that the level of AV block is below the AV node in the His-
Purkinje system, which is not sensitive to autonomic tone; the resulting QRS 
is widened, and there is a high likelihood of progression to complete heart 
block (third-degree AV block; see Figs. 58-8 and 58-9). Idiopathic paroxysmal 
atrioventricular block, detected by continuous ECG monitoring, can also cause 
syncope. Intermittent complete heart block, which can result in drop attacks 
or Stokes-Adams attacks, is usually preceded by abnormal baseline findings 
on the ECG, such as a bundle branch block or second-degree AV block.

Tachyarrhythmias
Tachyarrhythmias can arise from the atrium or AV node (supraventricular 
tachycardias) or from the ventricle (ventricular tachycardias). Supraventricular 
tachyarrhythmias that may be associated with palpitations, presyncope, or 
syncope include atrial tachycardia (see Fig. 58-16), AV nodal re-entrant tachy-
cardia (see Fig. 58-20), AV junctional tachycardia (see Fig. 58-18), atrial flutter 
(see Fig. 58-21), atrial fibrillation (see Fig. 58-22), or sometimes in association 
with accessory conduction pathways that facilitate the re-entry needed to 
sustain the arrhythmia (AV reciprocating tachycardia). Ventricular tachyar-
rhythmias include the various forms of ventricular tachycardia (see Figs. 59-1 
through 59-5).

Neurocardiogenic Syncope and Related Syndromes
Neurocardiogenic syncope is the sudden onset of lightheadedness or loss of 
consciousness as a result of autonomic reflexes and is more common in younger 
patients (teenage to third decade of life). It is sometimes called a vasovagal 
episode, a common faint, or situational syncope if it is clearly induced by a 
particular activity (e.g., micturition syncope). Some families have autosomal 
dominant vasovagal syncope, which is genetically heterogeneous but seems 
to be linked to chromosome 15q26.

In neurocardiogenic syncope, heightened parasympathetic output, either 
due to direct stimulation (e.g., micturition, defecation, abdominal pain, or 
other gastrointestinal conditions) or as a reflex in response to sympathetic 
stimulation (e.g., seeing blood, abrupt cessation of exercise), results in arterial 
dilation (called the vasodilatory response) and an inhibition of sinus and AV 
node activity (the cardioinhibitory response). The result is a transient decrease 
in blood pressure, often manifested as lightheadedness or syncope. Because 
they are associated with parasympathetic (vagal) output, episodes are frequently 
accompanied by nausea, diaphoresis, and salivation. Twin analyses provide 
strong evidence for genetic factors in vasovagal syncope.

Rarely, situational syncope is associated with swallowing or coughing. Swal-
lowing can trigger brain stem reflexes that lead to vagally induced bradyar-
rhythmias, with resultant syncope. This phenomenon may or may not be 
associated with severe pain in the tonsillar pillar, which may radiate to the ear 
(i.e., glossopharyngeal neuralgia Chapter 370). Cough-related syncope can 
occur with severe, repeated coughing, which may increase thoracic pressure 
and result in increased vagal tone or a transient reduction in outflow from the 
intracranial veins, followed by a transient increase in intracranial pressure and 
impaired blood flow.

A related cause of syncope is carotid body hypersensitivity, in which vagal 
tone is increased by direct stimulation of the carotid body. This condition is 
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at rest) atrial rate (P wave) conducts to the ventricle. Sinus arrest or sinus 
pauses are diagnosed by absent or dropped P waves. First-degree AV block 
(see Fig. 58-5) is defined as a prolonged PR interval (>200 msec), and 
second-degree AV block is defined by P waves that occasionally do not 
conduct to the ventricle (P wave without an ensuing QRS); Mobitz type I 
second-degree AV block (also known as Wenckebach block; see Fig. 58-6) 
is characterized by progressive lengthening of the PR interval until one P 
wave does not conduct to the ventricle. This form of AV block is often seen 
in younger patients, is usually benign, and rarely progresses to complete AV 
(third-degree) block. Mobitz type II second-degree AV block (see Fig. 58-7), 
which is characterized by the sudden, unexpected loss of conduction of a P 
wave to the ventricle (dropped QRS), signifies disease of the His-Purkinje 
system and often progresses to complete heart block. Complete heart block 
or third-degree AV block (see Figs. 58-8 and 58-9) is diagnosed by the dis-
sociation of P waves from QRS complexes, with an atrial rate faster than the  
ventricular rate.

Ambulatory Monitoring
For intermittent symptoms such as palpitations, dizziness, or syncope, it is 
often difficult to obtain a 12-lead ECG while the symptoms are occurring. 
Therefore, ambulatory monitoring, which allows ECG monitoring over long 
periods, is a vital diagnostic tool.5 There are currently four general types of 
ambulatory monitors: Holter monitors, which continuously record the ECG 
for 24 to 48 hours; event recorders, which are wearable loop recorders that 
record only during specific events (when the patient activates the recorder 
because of symptoms or the recorder detects a heart rate above or below a 
specified threshold) and can be worn for 1 month or more; mobile cardiac 
outpatient telemetry that functions similarly to external event recorders but 
transmits data in real time through a wireless network to a central monitoring 
center and can be worn for up to 1 month; and implantable loop recorders, 
which function similarly to event recorders but can be used for up to 3 years. 
More recently, consumer-directed smartphone ECGs have been developed 
that attach to a smartphone and can record an on-demand single-lead ECG 
rhythm strip. The choice among ambulatory monitoring methods is largely 
determined by the frequency and severity of the symptoms and the likelihood 
of capturing an episode during a given monitoring period.

Brugada syndrome, whereas an epsilon wave, incomplete right bundle branch 
block, and inverted T waves in V1 are suggestive of right ventricular dysplasia 
(Chapter 59). All these syndromes carry an increased risk for recurrent syncope 
and sudden death if untreated (Chapters 57 through 59). The short QT syn-
drome (QTc ≤330 msec or QTc ≤360 plus a family history of sudden death) 
also predisposes to ventricular arrhythmias duration.

Performing an ECG during an episode of palpitations is extremely useful 
in making a definitive diagnosis. For narrow–QRS complex tachycardias, the 
specific supraventricular tachycardia can often be surmised from the 12-lead 
ECG obtained during symptoms (Fig. 56-2). Moreover, for wide–QRS complex 
tachycardias, the 12-lead ECG is useful in distinguishing a supraventricular 
tachycardia (with aberrancy) from a ventricular tachycardia (Fig. 56-3). The 
presence of fusion beats or AV dissociation during a wide–QRS complex 
tachycardia leads to the diagnosis of ventricular tachycardia. For ventricular 
tachycardias, the morphology of the QRS complex is useful in determining 
the location of the ventricular tachycardia focus and in identifying idiopathic 
ventricular tachycardia (right ventricular outflow tract or fascicular), which 
has a much more benign course than ventricular tachycardia in the setting of 
coronary disease (Chapter 59).

The effect of carotid sinus massage, vagal maneuvers, or adenosine (given 
as a rapid intravenous bolus of 6 mg and repeated at a dose of 12 mg if the 
initial dose is ineffective) is also useful in narrowing the differential diagnosis 
of a tachycardia. These maneuvers slow conduction through the AV node. 
Therefore, tachycardias that terminate with either maneuver are likely to involve 
the AV node as a critical component of the re-entrant circuit (AV nodal re-
entrant tachycardia or AV re-entrant tachycardia). If the maneuver induces 
AV block but does not terminate the arrhythmia, likely causes are atrial fibril-
lation, atrial flutter, and atrial tachycardias (or occasionally ventricular tachy-
cardia if the QRS is wide). On rare occasions, atrial tachycardias and some 
idiopathic ventricular tachycardias terminate in response to adenosine. Important 
clues to the specific mechanism can be obtained at the onset or termination 
of tachycardia, so obtaining a continuous 12-lead ECG during carotid sinus 
massage or the administration of adenosine is very useful.

During bradycardias, the ECG is useful in determining the level of the 
conduction system (sinus node, AV node, or His bundle) responsible for 
the bradycardia. Sinus bradycardia is diagnosed when a slow (<50/minute 

No Yes 

No 

Narrow QRS tachycardia
(QRS duration less than 120 msec)

Regular tachycardia? 

Visible P waves? 

Atrial rate greater than 
ventricular rate? 

Atrial fibrillation 
Atrial tachycardia/flutter with 

variable AV conduction 
MAT

No Yes 

Yes 

Atrial flutter or 
Atrial tachycardia 

Analyze RP interval

Short 
(RP shorter than PR) 

RP shorter than 70 msec

AVNRT AVRT 
AVNRT

Atrial tachycardia 

Atrial tachycardia 
PJRT 

Atypical AVNRT 

RP longer than 70 msec

Long 
(RP longer than PR) 

FIGURE 56-2. ECG algorithm for diagnosis of narrow-complex tachycardias. AVnrt = atrioventricular nodal reciprocating tachycardia; AVrt = atrioventricular reciprocating tachy-
cardia; mAt = multifocal atrial tachycardia; pJrt = permanent form of junctional reciprocating tachycardia. (From Blomstrom-Lundqvist c, Scheinman mm, Aliot em, et al. Acc/AhA/eSc 
guidelines for the management of patients with supraventricular arrhythmias—executive summary. Circulation. 2003;108:1871-1909.)



CHAPTER 56 ApproAch to the pAtient with SuSpected ArrhythmiA 323

patients with less frequent symptoms. The system records the ECG into a loop 
buffer that is continuously updated and overwritten. The duration of memory 
varies from a few seconds to a few minutes and is usually programmable. 
When activated, the information is “locked” into memory and continues to 
record forward for a preprogrammed amount of time. Newer systems allow 
both patient-activated (when symptoms occur) and event-triggered (when 
the heart rate is above or below a preset threshold) recording. Some recorders 
have algorithms to detect and record atrial fibrillation automatically, regardless 
of the heart rate. After episodes have been recorded, the patient transmits the 
recording over the telephone to centralized receivers. Newer systems use cell-
phone technology to transmit the data automatically. Some event monitors 
require leads similar to Holter monitors, whereas others are worn on the wrist 
or are put into small credit card–sized devices that are placed on the chest 
during symptoms. The latter type is useful only in patients whose symptoms 
last for several minutes and who do not have syncope.

Mobile Cardiac Outpatient Telemetry
Mobile cardiac outpatient telemetry units are similar to external event monitors, 
except that data are transmitted wirelessly in real time to a monitoring center. 
These devices are useful for patients in whom intermittent symptoms are severe 
or the differential diagnosis includes potentially dangerous arrhythmias that 
should be diagnosed expeditiously. For example, a wearable ECG sensor patch 
can expedite the diagnosis of AF in patients at high risk for it. A1  The monitoring 
center also has the ability to dispatch emergency medical services if necessary.

Ambulatory monitoring is diagnostic only if abnormalities occur during 
symptoms or if the patient has typical symptoms without any concurrent 
abnormalities. A “normal” monitoring record is nondiagnostic if the patient 
does not have symptoms during the period.

Holter Monitors
Holter monitors use either a tape (in older devices) or digital media (in newer 
devices) to record a 3-, 5-, or 12-lead surface ECG continuously, usually for 
24 to 48 hours but for 3 weeks or more when indicated. Processing, printing, 
and analysis of the recordings are performed offline with commercial systems. 
In addition to recording the rhythm, analyses of heart rate variability and ST 
segment changes and accurate counts of PACs and PVCs can be automated. 
Some systems allow extrapolation to produce a “virtual” 12-lead recording at 
any time during the monitoring period. Holter monitoring is useful for detect-
ing symptoms that are frequent (multiple times daily) and for diagnosing 
sinus node dysfunction (sinus node arrest, sick sinus syndrome) or intermittent 
AV block. It can also be useful to assess the adequacy of ventricular rate control 
in a patient with atrial fibrillation or burden of PVCs. New form factors have 
enabled longer, more comfortable monitors (such as a self-contained patch) 
that can record for several weeks.

Event Monitors
Event monitors, also known as loop recorders, are designed to record intermit-
tent episodes during long periods (weeks to months) and are thus useful for 

F
un

ct
io

n

Wide–QRS compIex tachycardia
(QRS duration greater than 120 msec)

Regular or irregular? 

Is QRS identical to that during SR?
If yes, consider:
• SVT and BBB
• Antidromic AVRT

Previous myocardial infarction or
structural heart disease? If yes, VT is likely

Regular

Vagal maneuvers
or adenosine

1 to 1 AV relationship?

Yes or
unknown

QRS morphology in precordial leads

No

V rate faster than A rate A rate faster than V rate

Atrial tachycardia
Atrial flutter

VT

Irregular

Atrial fibrillation
Atrial flutter/AT with variable 

conduction and 
a) BBB or 

b) antegrade conduction via AP

Typical RBBB
or LBBB SVT

VT

Precordial leads
• Concordant
• No R/S pattern
• Onset of R to nadir

longer than 100 msec

VT

RBBB pattern
• qR, Rs, or Rr1 in V1

• Frontal plane axis
range from +90 degrees
to –90 degrees

VT

LBBB pattern
• R in V1 longer than 30 msec
• R to nadir of S in V1

greater than 60 msec
• qR or qS in V6

FIGURE 56-3. ECG algorithm for diagnosis of wide-complex tachycardias. A = atrial; Ap = accessory pathway; At = atrial tachycardia; AV = atrioventricular; AVrt = atrioventricular 
reciprocating tachycardia; BBB = bundle branch block; LBBB = left bundle branch block; rBBB = right bundle branch block; Sr = sinus rhythm; SVt = supraventricular tachycardia; V = 
ventricular; Vt = ventricular tachycardia. (From Blomstrom-Lundqvist c, Scheinman mm, Aliot em, et al. Acc/AhA/eSc guidelines for the management of patients with supraventricular 
arrhythmias—executive summary. Circulation. 2003;108:1871-1909.)



CHAPTER 56 ApproAch to the pAtient with SuSpected ArrhythmiA324

Implantable Loop Recorders
Implantable loop recorders are small devices with integrated leads that are 
implanted in a small subcutaneous pocket during a simple surgery, usually 
performed in the electrophysiology laboratory. They function similarly to event 
recorders in terms of recording ECGs. Patients can activate the device with 
a small transmitter, or the device can be autotriggered on the basis of prepro-
grammed heart rates.6 The device can be interrogated by a computer, similar 
to the way pacemakers are interrogated to program the device’s parameters 
and to retrieve ECGs that have been recorded. Newer devices can wirelessly 
communicate with a telephone-connected base-station in the home to upload 
data after an event. In patients with recurrent, difficult-to-diagnose syncope, 
an implantable loop recorder is better than the combination of tilt testing, an 
external loop recorder, and electrophysiologic testing for establishing an 
arrhythmic diagnosis. A2 

Tilt Table Testing
Tilt table testing is used to confirm the diagnosis of neurocardiogenic syncope. 
The test involves continuous heart rate and blood pressure monitoring during 
head-up tilting. After baseline measurements in the supine position, the patient 
is tilted head-up at 60 to 80 degrees for 60 minutes. Some laboratories use 
isoproterenol or nitroglycerin as additional provocation. A positive result is 
a sudden and precipitous fall in blood pressure and heart rate, with concurrent 
reproducibility of symptoms (syncope). Because there is an appreciable false-
positive rate, the test is best used as a confirmatory test in patients with a 
history suggestive of neurocardiogenic syncope or in patients with syncope 
in whom structural heart disease and other causes of syncope have been 
excluded.

Electrophysiologic Studies
Electrophysiologic studies involve the placement of several transvenous cath-
eters in the heart to make temporary measurements of intracardiac electrograms 
and to perform pacing. Electrophysiologic studies are useful to identify the 
precise mechanism of tachyarrhythmias and are a necessary prelude to cura-
tive ablation (Chapter 60). Most arrhythmias, especially those with re-entrant 
mechanisms, can be readily induced during electrophysiologic studies. In 
addition, the existence and characteristics of accessory AV pathways (i.e., those 
responsible for Wolff-Parkinson-White syndrome or other re-entrant tachyar-
rhythmias) can be readily assessed by an electrophysiologic study. In patients 
with previous myocardial infarction, electrophysiologic studies are useful in 
determining the existence of a substrate for ventricular arrhythmias (Chapter 
59), which may be treated with ablation or implantable defibrillators (Chapter 
60). Electrophysiologic studies are also useful to determine the integrity of 
the conduction system and the precise mechanism of bradyarrhythmias that 
may be causing syncope. Therefore, electrophysiologic studies may be indicated 
in patients with documented or suspected tachyarrhythmias as a prelude to 
curative ablation in patients with documented or suspected supraventricular 
tachycardia or idiopathic ventricular tachycardia; in patients with a previous 
myocardial infarction (but left ventricular ejection fraction >30 to 35%) and 
syncope, presyncope, or palpitations to exclude ventricular tachycardia; and 
in patients with severe or prolonged symptoms and no apparent diagnosis by 
history or ambulatory monitoring, in the setting of an abnormal ECG. However, 
with the advent of implantable loop recorders capable of prolonged electro-
cardiographic monitoring and the known benefit of implantable cardioverter-
defibrillator therapy in many patients with depressed left ventricular function, 
the role of invasive diagnostic cardiac electrophysiologic studies has been 
substantially reduced in patients with unexplained syncope.

Other Tests
Echocardiography
Echocardiography (Chapter 49) can be useful to ensure that a patient does not 
have underlying structural heart disease, which can be an important prognostic 
factor in patients with ventricular tachycardia or syncope. Echocardiography 
should be performed in patients who present with syncope that is not obvi-
ously neurocardiogenic to ensure that there is no valvular or myocardial cause.

Exercise Testing
Exercise testing (Chapters 45 and 62) can be useful to assess arrhythmias, 
particularly in patients whose symptoms are exercise related. Exercise testing 
can also be useful in the evaluation of patients with bradyarrhythmias to diag-
nose chronotropic incompetence, and it can differentiate AV block due to 
autonomic tone (improves with exercise) from intrinsic conduction disease 
(generally worsens with an increasing rate).

Treatment of syncope depends on the underlying cause (Chapters 58 and 59).8 
Immediate hospital admission (e.g., observation in a chest pain unit, syncope 
unit, or the equivalent) is recommended when the patient has high-risk char-
acteristics (see Table 56-4); when the cause of syncope is unclear (especially in 
elderly patients, otherwise fragile or worrisome patients); the syncope resulted 
in significant injury; the patient is suspected of having a cardiac or cerebrovas-
cular cause of syncope; or the patient meets criteria established by professional 
societies (Table 56-5).9 Patients at highest risk have a systolic blood pressure 
below 90 mm Hg, a history of myocardial infarction or heart failure, a complaint 
of shortness of breath, an abnormal initial ECG, or a hematocrit less than 30%.

Until the cause of the syncope is determined and treated, patients should be 
instructed to avoid situations that may cause injury as a result of the syncope, 
especially if there is no prodrome and episodes are frequent. Careful consider-
ation should be given to driving restrictions, which may be mandatory depend-
ing on local laws, and restrictions on dangerous work-related activity (e.g., for 
pilots, heavy machine operators, bus drivers) until definitive therapy is given.

Cardiac Syncope
In patients with a cardiac cause of syncope, targeted treatments include 

valve replacement for aortic stenosis (Chapter 66); medications for hypertrophic 
cardiomyopathy (Chapter 54); a pacemaker for bradyarrhythmias (Chapters 58 
and 60) and for carotid body hypersensitivity; cardioversion, an implantable 
cardioverter-defibrillator, ablation, or medications for tachyarrhythmias (Table 
56-6; Chapters 57 through 59); and fluid repletion for orthostatic hypotension.

TREATMENT 

TABLE 56-4 CHARACTERISTICS OF HIGH-RISK SYNCOPE, 
GENERALLY REQUIRING MONITORING, 
ADMISSION, AND/OR SPECIALIST CONSULTATION

HISTORY

During exertion
In supine position
New onset of chest discomfort
Palpitations before syncope
Family history of sudden death
Heart failure or left ventricular ejection fraction <35%
Aortic stenosis or left ventricular outflow obstruction
Cardiomyopathy (dilated or hypertrophic)
Arrhythmogenic right ventricular cardiomyopathy
Previously documented ventricular arrhythmia
Coronary artery disease
Congenital heart disease
Pulmonary hypertension
Previous ICD implantation
PHYSICAL EXAMINATION

Lowest systolic blood pressure <90 mm Hg
Sinus bradycardia (<40 bpm)
Suspected valvular heart disease
LABORATORY EVALUATION

Anemia (hemoglobin <9 g/dL)
Hypoxia
ELECTROCARDIOGRAM

New (or previously unknown) ischemic changes, left bundle branch block, or 
nonsinus rhythm

Bifascicular block
Prolonged QTc (>450 ms)
Brugada pattern
Adapted from Costantino G, Sun BC, Barbic F, et al. Syncope clinical management in the 
emergency department: a consensus from the first international workshop on syncope risk 
stratification in the emergency department. Eur Heart J. 2016;37:1493-1498.

Neurologic Testing
Routine electroencephalography (Chapter 368) is not helpful because a single 
study may be normal, even in epileptic patients. Structural brain diseases 
rarely cause episodic loss of consciousness, and routine brain imaging studies 
are indicated only in patients with focal neurologic findings.7 Carotid Doppler 
(Chapter 379) studies can document stenosis, but unconsciousness requires 
bihemispheric dysfunction. Transcranial Doppler or magnetic resonance angi-
ography of the basilar artery is indicated only in patients with symptoms 
suggestive of brain stem ischemia.
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TABLE 56-5 INDICATIONS FOR INITIAL OBSERVATION AND 
RAPID EVALUATION OF SYNCOPE

EUROPEAN SOCIETY OF 
CARDIOLOGY*

CANADIAN CARDIOVASCULAR 
SOCIETY†

Known coronary or structural heart 
disease, heart failure, or prior 
arrhythmia

Heart failure or history of ischemic, 
arrhythmic, obstructive, or valvular 
heart disease

ECG showing nonsustained ventricular 
tachycardia, bifascicular block, sinus 
bradycardia <50 beats/min, sinoatrial 
block, preexcitation, or evidence of an 
inherited disease

Abnormal ECG: arrhythmia, conduction 
disease, new ischemia, or evidence of 
prior myocardial infarction

Syncope during exertion or when supine, 
palpitations preceding syncope, family 
history of sudden cardiac death

Systolic blood pressure <90 mm Hg

Important comorbidities (e.g., severe 
anemia, electrolyte disturbance)

Comorbid conditions: age >60 years, 
dyspnea, hematocrit <30%, 
hypertension, cerebrovascular disease, 
family history of sudden death before 
age 50 years, syncope while supine, 
syncope during exercise, syncope with 
no prodromal symptoms

ECG = electrocardiogram.
*Moya A, Sutton R, Ammirati F, et al. Guidelines for the diagnosis and management of syncope 
(version 2009): the Task Force for the Diagnosis and Management of Syncope of the European 
Society of Cardiology (ESC). Eur Heart J. 2009;30:2631-2671.
†Sanatani S, Chau V, Fournier A, et al. Canadian Cardiovascular Society and Canadian Pediatric 
Cardiology Association Position Statement on the Approach to Syncope in the Pediatric Patient. 
Can J Cardiol. 2017;33:189-198.

Neurocardiogenic Syncope
In patients with neurocardiogenic syncope, the most effective therapies are 

behavioral: avoidance of triggers, wearing of compression stockings, and main-
tenance of adequate hydration and salt intake. Lying down with the feet elevated 
and performing isometric hand exercises may abort an acute episode. Patients 
should specifically be taught how to tense their arms and legs and grip their 
hands during prodromal symptoms to increase peripheral resistance and sys-
temic blood pressure.

If neurocardiogenic syncope recurs despite education and lifestyle changes, 
fludrocortisone (0.1 mg/day, starting dose, increasing to 0.2 mg daily if tolerated 
or decreasing to 0.05 mg daily if not) can expand intravascular volume and reduce 
syncopal episodes A3  but has not been definitively proven to prevent syncope. 
Midodrine (usually 5 to 10 mg three times daily), an α1-receptor agonist and 
vasoconstrictor, has shown potential benefit, A4  but other α-agonists have not. 
Paroxetine (20 mg/day), a selective serotonin reuptake inhibitor, has been disap-
pointing. Fluoxetine (10 to 40 mg daily) may be useful in patients with recurrent 
neurocardiogenic syncope triggered by anxiety. A5  β-blockers (e.g., pindolol, 5 
to 15 mg twice daily) can be of limited benefit. Pacemakers reduce recurrent 
neurocardiogenic syncope in selected patients with primarily a cardioinhibitory 
component or with severely asystolic neurally mediated syncope.10 For example, 
in patients older than 40 years with frequent syncopal episodes (at least three 
episodes in 2 years) and either (a) demonstrated bradycardia (asystole or AV 
block) during an event (≥3 seconds during a syncopal episode or ≥6 seconds 
during a presyncopal episode), or (b) a positive tilt test, dual-chamber pacing 
reduces subsequent syncope significantly. A6 

,
 A7 

In syncope related to glossopharyngeal neuralgia (Chapter 370), the pain 
can usually be prevented by carbamazepine (400 to 1000 mg/day total in divided 
doses of 2 to 3 times per day orally). In refractory cases, 300 mg/day in divided 
doses of 1 to 4 times per day of phenytoin can be added.

Neurological Syncope
Patients who are at risk for basilar artery stroke should be treated with aspirin 

and should be considered for other treatments (e.g., surgery, stent placement) 
appropriate for their symptoms and anatomy (Chapter 379). For subclavian 

TABLE 56-6 ARRHYTHMIC CAUSES OF PALPITATIONS AND SYNCOPE

ETIOLOGY
SPECIFIC 

ARRHYTHMIA

SYMPTOMS

TREATMENT COMMENTSPALPITATIONS DIZZINESS SYNCOPE
BRADYARRHYTHMIAS

Sinus node dysfunction Sinus bradycardia No Occasional Rare Pacemaker (if symptoms) Can be seen in association with 
neurocardiogenic syncope

Sinus arrest Occasional Yes Occasional Pacemaker Pause >3 sec
Sick sinus syndrome Occasional Yes Occasional Pacemaker

AV nodal disease First-degree AV block No No No None
Type I second-degree 

AV block
Occasional No No None Can be seen in association with 

neurocardiogenic syncope
Type II second-degree 

AV block
Occasional Rare No Pacemaker if severe Can progress to complete heart block

Third-degree AV block Yes Yes Yes Pacemaker
Tachy-brady syndrome Yes Yes Occasional Treat tachycardia if possible

Pacemaker
Can also be manifestation of sick 

sinus syndrome
TACHYARRHYTHMIAS

SVT Atrial tachycardia Yes Occasional Rare Ablation
β-Blockers (e.g., metoprolol, 

atenolol)*
Calcium-channel blockers 

(e.g., diltiazem)*
Atrial flutter Yes Occasional Rare Ablation

Antiarrhythmic drugs (e.g., 
amiodarone)*

Cardioversion (acute episode)

Often difficult to control rate

Atrial fibrillation Yes Occasional Rare Ventricular rate control
Warfarin
Antiarrhythmic drugs (e.g., 

amiodarone)*
Cardioversion (acute episode)
Ablation

AV nodal re-entrant 
tachycardia

Yes Yes Rare Ablation
β-Blockers (e.g., metoprolol, 

atenolol)*
Calcium-channel blockers 

(e.g., diltiazem)*
AV re-entrant 

tachycardia (WPW)
Yes Yes Rare Ablation

Antiarrhythmic drugs*
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TABLE 56-7 DRIVING IN PATIENTS WITH ARRHYTHMIAS
CARDIOVASCULAR DISORDER DRIVING RESTRICTION
SVT: atrial fibrillation, atrial flutter, 

narrow complex SVT, wide-complex 
SVT

No driving if symptomatic
Can drive if asymptomatic for 1 month 

(3-6 months for wide-complex SVT)
VT, VF No driving for 6 months
Bradyarrhythmias No restriction if asymptomatic; no 

driving if syncope occurs
After successful catheter ablation Can drive after recovery from procedure
After pacemaker implantation No driving for 1 week (4 weeks for 

commercial drivers)
After ICD implantation No driving for 6 months (barred from 

commercial driving)
ICD = implantable cardioverter-defibrillator; SVT = supraventricular tachycardia; VF = ventricular 
fibrillator; VT = ventricular tachycardia.
Adapted from Banning AS, Ng GA. Driving and arrhythmia: a review of scientific basis for 
international guidelines. Eur Heart J. 2013;34:236-244.

 PROGNOSIS
One syncopal event predicts a substantial risk for recurrent syncope. Although 
syncope itself does not appear to increase the risk for death, patients with 
cardiac or cerebrovascular causes have higher mortality rates than patients with 
definable noncardiac causes or those without a definable cause. For otherwise 
healthy individuals discharged with a primary diagnosis of syncope, the subse-
quent risk for all-cause mortality is increased by 6%, with stroke increased by 
35% and a cardiovascular hospitalization by 75%. Among patients who come 
to an emergency department, the overall death rate is about 7.5% at 1 year. In 
patients with inherited arrhythmias, such as the long QT syndrome (Chapter 
59), syncope worsens prognosis. Compared with other patients with supra-
ventricular tachycardia, syncope per se does not increase mortality but does 
increase the likelihood of needing medical or ablation therapy (Chapter 60).

In patients with arrhythmias, a key issue is whether they should be allowed 
to drive a motor vehicle. Consensus recommendations vary depending on 
the arrhythmia and its treatment (Table 56-7).
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stenosis, repair of the stenosis is the treatment of choice. For other patients 
with cerebrovascular disease, the potential value of antithrombotic therapy and 
cerebral revascularization procedures must be considered according to standard 
criteria (Chapter 379). Seizures require anti-epileptic medications (Chapter 375). 
Basilar artery migraine requires careful medical therapy (Chapter 370).
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ETIOLOGY
SPECIFIC 

ARRHYTHMIA

SYMPTOMS

TREATMENT COMMENTSPALPITATIONS DIZZINESS SYNCOPE
VT Idiopathic (RV outflow 

tract, fascicular)
Yes Yes Occasional Ablation Absence of structural heart disease

Low risk for sudden death
VT secondary to CAD, 

cardiomyopathy
Yes Yes Yes ICD

Amiodarone (400 mg qd)*
Ablation

Increased incidence of sudden death

Bundle branch re-entry Yes Yes Yes Ablation Usually in the setting of LV 
dysfunction and baseline 
intraventricular conduction delay

Genetic syndromes (e.g., 
long QT syndrome, 
Brugada, arrhythmic 
right ventricular 
dysplasia)

Occasional Yes Yes ICD Not always a clear family history
Increased incidence of sudden death

Ectopy PACs Occasional No No None
β-Blockers (e.g., atenolol, 

metoprolol) if 
symptomatic*

PVCs Occasional No No None
β-Blockers (e.g., atenolol, 

metoprolol) if 
symptomatic*

Benign in absence of structural heart 
disease

NEUROCARDIOGENIC 
SYNCOPE

No Yes Yes Behavioral (hydration, avoid 
triggers, abort episodes)

Midodrine (10 mg tid)

TABLE 56-6 ARRHYTHMIC CAUSES OF PALPITATIONS AND SYNCOPE—cont’d

*See Table 58-5 for drug doses.
AV = atrioventricular; CAD = coronary artery disease; ICD = implantable cardioverter-defibrillator; LV = left ventricle; PACs = premature atrial contractions; PVCs = premature ventricular contractions; RV = 
right ventricle; SVT = supraventricular tachycardia; VT = ventricular tachycardia; WPW = Wolff-Parkinson-White syndrome.

https://expertconsult.inkling.com/
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REVIEW QUESTIONS

1. The most import factor in determining the prognosis in patients with sus-
pected arrhythmias is which of the following?
 A. The existence of underlying structural heart disease (e.g., coronary artery 

disease, prior myocardial infarction, or ventricular dysfunction)
 B. The duration of the symptoms
 C. The frequency of the symptoms
 D. Family history of palpitations
 E. Responsiveness to Valsalva maneuvers

Answer: A See Clinical Manifestations. In general, the most important factor 
determining the prognosis of arrhythmias is whether they occur in the setting 
of underlying heart disease. Specifically, patients with heart failure, prior myo-
cardial infarction, aortic stenosis, and hypertrophic cardiomyopathy have a 
much higher likelihood of having ventricular tachycardia or ventricular fibril-
lation that may lead to a cardiac arrest than do patients with a normal heart. 
In addition, other nonlethal arrhythmias, such as atrial fibrillation, also are 
more prevalent in these patients. Evaluation and treatment of symptoms of a 
suspected arrhythmia are therefore different in patients with and without 
structural heart disease.

2. A 25-year-old patient without any known prior cardiac disease presents 
with a 3-month history of intermittent palpitations, which occur every few 
weeks, persist for up to about 5 minutes, and spontaneously resolve. On 
occasion they are accompanied by dizziness, and on a recent episode he 
had a syncopal episode. What would be the most appropriate first test to 
obtain for him in the evaluation of his symptoms?
 A. A cardiac catheterization
 B. A head-up tilt table test
 C. A 12-lead electrocardiogram (ECG)
 D. A 24-hour Holter monitor
 E. A complete blood count and electrolyte panel

Answer: C See Diagnostic Tests: Electrocardiography. Even though the patient 
is not having palpitations at this time, there may be clues on the ECG to 
indicate their cause and to guide further evaluation. For example, ventricular 
preexcitation makes supraventricular tachycardia (SVT) and Wolff-Parkinson-
White syndrome the likely diagnosis. In addition, other syndromes such as 
the long QT syndrome, hypertrophic cardiomyopathy, or other abnormalities 
may be seen on a baseline ECG. The evaluation would not end with an ECG 
and would likely require further ambulatory monitoring. However, because 
the symptoms do not occur every day, a 24-hour Holter monitor is unlikely 
to capture the rhythm during his symptoms.

3. What type of ambulatory monitoring would be most appropriate for a 
patient who has intermittent palpitations that occur every 1 to 2 weeks?
 A. A 48-hour Holter monitor
 B. An implantable loop recorder
 C. Ambulatory blood pressure monitor
 D. A wearable event monitor
 E. A wearable defibrillator vest

Answer: D See Diagnostic Tests: Ambulatory Monitoring. Because the symp-
toms occur less frequently than daily, it is very unlikely that a 24- or 48-hour 
Holter monitor will detect an event. A wearable event monitor, which can be 
worn for 3 to 4 weeks, is likely to capture an event. Although an implantable 
loop recorder would likely capture an event, it is inappropriate in this setting 
because of its expense and invasive nature. An ambulatory blood pressure 
monitor is unable to detect an arrhythmia. A wearable defibrillator vest is not 
necessary because the patient has not had a cardiac arrest. Assuming a baseline 
ECG was obtained as part of the initial evaluation (see previous question), 
an ECG following an episode when the patient is asymptomatic is unlikely 
to be helpful.

4. When a patient presents in a narrow-complex tachycardia, which of the 
following is the most useful diagnostic test?
 A. Carotid sinus massage
 B. A 12-lead ECG of the tachycardia
 C. Administration of adenosine while recording a continuous 12-lead ECG
 D. An echocardiogram while still in the tachycardia
 E. A nuclear stress test

Answer: C See Diagnostic Tests. Adenosine is useful for narrow-complex 
tachycardias both diagnostically and therapeutically. For example, if the tachy-
cardia continues with flutter waves or P waves during atrioventricular (AV) 
block, then a diagnosis of atrial flutter or atrial tachycardia is established. 
Likewise, the termination of the tachycardia with a P wave that is not con-
ducted to the ventricle is much more likely to be an AV or AV nodal re-entrant 
tachycardia. In addition, adenosine after termination of the tachycardia can 
bring out ventricular preexcitation suggestive of Wolff-Parkinson-White syn-
drome that may be otherwise subtle on the baseline ECG. Comparison of the 
narrow complex tachycardia to the baseline ECG can also be very useful in 
identifying subtle differences in the QRS complexes that can be important 
clues to the mechanism of tachycardia. For example, in orthodromic AV re-
entrant circus tachycardia (with the antegrade limb being the AV node and 
retrograde limb being an AV accessory pathway), preexcitation will be lost 
during tachycardia but may be present during normal sinus rhythm (though 
with concealed accessory pathways in which there is no antegrade conduction, 
there will not ever be ventricular preexcitation). Carotid massage can also 
terminate SVTs but is less useful diagnostically if not performed during simul-
taneous 12-lead ECG. A tilt table test is not a useful test in patients with 
palpitations or clearly documented tachycardia, even with syncope; it is useful 
only in neurocardiogenic syncope. A 12-lead ECG during the tachycardia is 
very useful and should be obtained whenever possible; however, more infor-
mation will be obtained from a 12-lead ECG during adenosine administration. 
An echocardiogram might be useful in excluding valvular or structural heart 
disease, depending on the history and physical examination, but it does not 
need to be performed during the tachycardia. Similarly, a nuclear stress test 
is indicated only if there is suspicion of coronary artery disease, which is rarely 
the primary cause of an SVT.

5. What features from the history are most important in distinguishing neu-
rocardiogenic syncope from seizure disorder?
 A. Post-episode confusion lasting more than 5 minutes
 B. Jerking movements of limbs during the episode
 C. Triggered by pain
 D. A prodrome of nausea and sweatiness
 E. A, C, and D

Answer: E See Table 56-2 and Neurocardiogenic Syncope and Related Syn-
dromes. Because neurocardiogenic syncope commonly presents in young, 
otherwise healthy individuals, the differential diagnosis often involves a new 
seizure disorder. Several important historical features and the appearance of 
the patient during the syncopal episode (when observed by a bystander) can 
be very useful in distinguishing neurocardiogenic syncope from a seizure 
disorder. In seizure disorders, a postictal confusion period lasting more than 
5 minutes is common; in neurocardiogenic syncope, by comparison, disori-
entation rapidly resolves within 1 or 2 minutes upon regaining consciousness. 
In a patient who has had a cardiac arrest (distinct from syncope), the period 
of confusion can last very long if the patient has suffered anoxic brain injury; 
however, anoxic brain injury is very uncommon in neurocardiogenic syncope. 
Jerking movements of the limbs can be confused with myoclonic movements 
that are common in neurocardiogenic syncope, so these movements are not 
helpful in distinguishing between seizure disorder and neurocardiogenic 
syncope. Neurocardiogenic syncope is often triggered by pain or prolonged 
standing; commonly one can elicit history of syncope or presyncope with 
abdominal cramping, phlebotomy, or other painful stimuli. Seizures are not 
usually triggered by pain. Although seizure disorders can sometimes be associ-
ated with prodromes, they commonly involve sensory auras. Neurocardiogenic 
syncope often is preceded by reproducible prodromes of nausea and sweati-
ness, which are triggered by the heightened parasympathetic tone that causes 
the acute drop in blood pressure and heart rate and which can persist after 
the episode.
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57 
APPROACH TO CARDIAC ARREST AND 
LIFE-THREATENING ARRHYTHMIAS
ROBERT J. MYERBURG

Sudden cardiac arrest is characterized by an abrupt loss of consciousness 
because of absence of blood flow owing to loss of cardiac pumping action. If 
not treated promptly, it will lead to central nervous system injury or death 
within minutes. Sudden cardiac arrest is often forewarned by a change in 
cardiovascular status, as indicated by the onset or worsening of symptoms 
related to transient arrhythmias, such as palpitations, lightheadedness, or near-
syncope or syncope (Chapter 56). Other forewarnings may include new or 
worsening chest pain, dyspnea, or weakness. In individual patients, however, 
these warning symptoms have limited sensitivity and predictive power for 
sudden cardiac arrest because they also predict acute coronary syndromes 
(Chapter 63) and acute myocardial infarction (MI) (Chapter 64).

 EPIDEMIOLOGY
The population burden of sudden cardiac arrest leading to sudden cardiac 
death is described by the rule of 50s—accounting for 50% of all cardiovascular 
deaths, 50% of which are first cardiac events in apparently healthy individuals 
with unrecognized disease and resulting in 50% of the loss of years of pro-
ductivity owing to cardiovascular diseases.1 The incidence in the general 
population over the age of 35 years is 1 to 2 per 1000 per year. Among ado-
lescents and young adults, it is 1 per 100,000 per year. Most sudden cardiac 
arrests occur out of hospital (>375,000/year in the United States, with an 
average survival rate of 10%), and an additional 200,000 occur in hospital 
with a 26% survival rate.2

Coronary artery disease is the most common cause of sudden cardiac arrest, 
either during acute events or as a consequence of chronic disease. Patients 
with advanced ischemic and nonischemic cardiomyopathies (Chapter 54) 
and with heart failure (Chapters 52 and 53) are at higher risk, although the 
incidence in heart failure appears to be decreasing as a result of improved 
long-term therapies. Patients with certain acquired and inherited arrhythmia 
syndromes (Chapters 58 and 59) are also at increased risk for sudden cardiac 
arrest. In addition, competitive and high-intensity recreational athletes have 
a low but finite increase in risk for sudden cardiac arrest. Risk is higher in 
males and in association with specific sports, such as basketball and football 
in the United States and cycling, jogging, and soccer in Europe.3 In adolescents 
and younger adults in the United States, hypertrophic cardiomyopathy (Chapter 
54) is the most commonly identified structural cause in competitive athletes4; 
but beyond the age of 30 to 35 years, coronary artery disease is more common 
(Chapter 64). Offspring in families in which sudden cardiac arrest was the 
initial manifestation of heart disease are themselves at increased risk for arrest 
as the initial manifestation of heart disease, thereby emphasizing the impor-
tance of a careful family history for assessing risk.5

 PATHOBIOLOGY
In the past, ventricular fibrillation (VF) and pulseless ventricular tachycardia 
(VT) were the most common initially identified electrical mechanisms of 
sudden cardiac arrest (Chapter 59), largely in association with acute MI. 
However, asystole and pulseless electrical activity are now the first recorded 
rhythm in the majority of both in-hospital and out-of-hospital cases. Asystole 
may be primary or may follow deterioration or active termination of VF by 
electrical cardioversion. Pulseless electrical activity is defined as primary when 
it is the initial rhythm noted in patients with predisposing cardiac disorders 
and as secondary when it occurs in the setting of noncardiac predisposing 
factors, such as hypoxia, metabolic disorders, massive pulmonary embolism, 
or blood loss.

Premature ventricular contractions (PVCs) and short runs of nonsustained 
VT may forewarn a long-term risk for sudden cardiac arrest, primarily when 
associated with advanced structural heart disease, but there is no evidence that 
suppression of chronic PVCs is protective. In contrast, sustained wide-QRS 
tachycardias are of greater concern and should be considered of ventricular 
origin, because of their potentially high immediate risk, until determined oth-
erwise (Chapter 56). Most wide-QRS tachycardias (Fig. 56-3) are approached 

as a medical urgency or emergency, whereas most narrow-QRS tachycardias 
(Fig. 56-2) are supraventricular tachycardias (SVTs) and are approached with 
less urgency (Chapters 58 and 59). However, any rapid rates that are associated 
with near-syncope or syncope must be managed urgently.

It is important to recognize that not all out-of-hospital sudden deaths are 
cardiac in origin. Other causes include pulmonary embolism (Chapter 74), 
ruptured aortic aneurysm (Chapter 69), aortic dissection (Chapter 69), and 
acute neurologic events such as intracerebral or subarachnoid hemorrhage 
(Chapter 380).6,7

 CLINICAL MANIFESTATIONS
The absence of a pulse, in conjunction with no respiratory efforts or only 
gasping or agonal respirations, is diagnostic of cardiac arrest. Although the 
absence of a carotid or femoral pulse is a primary diagnostic criterion for 
health care professionals, palpation for a pulse is no longer recommended for 
lay responders. The absence of respiratory efforts or severe stridor with per-
sistence of a pulse suggests a primary respiratory arrest that may lead to cardiac 
arrest in a short time. In the latter circumstance, initial efforts should include 
oropharyngeal exploration in search of a foreign body and the Heimlich 
maneuver, which entails wrapping the arms around the victim from the back 
and delivering a sharp thrust to the upper part of the abdomen with a closed 
fist, particularly in a setting in which aspiration is likely (e.g., collapse in a 
restaurant).

 DIAGNOSIS
Distinguishing Supraventricular  
from Ventricular Tachycardias
Differentiating SVT (Chapter 58) with either narrow or wide QRS complexes 
from VT is an important clinical challenge for both risk prediction and therapy. 
Although it is generally assumed that narrow-QRS tachycardias are SVTs, VT 
occasionally has a narrow QRS complex, especially when analyzed on a one- 
or two-lead rhythm strip, thereby mimicking SVT. Whenever possible, the 
classification of a tachycardia as SVT or VT should be based on a 12-lead 
electrocardiogram (ECG). However, a standard ECG will not always suffice 
because patients with intraventricular conduction abnormalities (such as a 
left or right bundle branch block) will have wide-complex tachycardias during 
SVTs. In addition, when an SVT is very rapid, a functional bundle branch 
block may transiently prolong the QRS duration and shift the QRS axis. Recur-
rent wide-complex QRS tachycardias that could be an SVT mimicking VT 
may require an electrophysiologic study to clarify the diagnosis (Chapter 56).

When wide-complex SVT is suspected clinically, transient vagal stimulation 
by carotid sinus massage or an atrioventricular nodal blocking agent, such as 
intravenous adenosine (see Table 58-5), may be useful for transiently slowing 
the ventricular rate or terminating an SVT. A continuous rhythm strip should 
be recorded during vagal maneuvers or administration of adenosine because 
characterizing transient changes on a monitor screen may be unreliable. Intra-
venous calcium-blocking agents generally should not be used for the diagnosis 
or treatment of wide-QRS tachycardias, especially in the presence of structural 
heart disease, because of their myocardial depressant effects. The exception 
is when it is known with certainty that the rhythm is an SVT in a patient with 
normal or near-normal left ventricular function.

Sustained VT occurs most commonly in the presence of structural heart 
disease and must be interpreted as a forewarning of fatal arrhythmia in that 
setting. It is characterized by QRS complexes that are usually longer than 0.12 
second, with a mean vector that is markedly different from the QRS vector 
of normally conducted impulses. The rate of most VTs is between 140 and 
200 impulses per minute, but it may be slower or faster. VT may be electrically 
stable (such as monomorphic VT patterns at relatively slow rates; Fig. 57-1A) 
or unstable (such as polymorphic VTs or monomorphic VTs at rates exceed-
ing 190 to 200 per minute; see Fig. 57-1B) (Chapter 59).

The management of a patient in cardiac arrest involves artificial maintenance 
of blood flow to preserve viability of the central nervous system, heart, and 
other vital organs, while striving to restore spontaneous circulation as quickly 
as possible. These goals are accomplished by assessing the patient and contact-
ing an emergency response system (EMS), followed quickly by: initiating basic 
life support (BLS); early defibrillation for those with VF or pulseless VT; advanced 
life support (ACLS) as needed; and post–cardiac arrest care.

TREATMENT 
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ABSTRACT
Sudden cardiac arrest (SCA), as the mechanism for unexpected deaths, accounts 
for 50% of all cardiovascular deaths and is the first clinically recognized car-
diovascular event in 50% of these victims. Electrical mechanisms of SCA 
include shockable rhythms, such as ventricular fibrillation and pulseless ven-
tricular tachycardia, and non-shockable rhythms, such as pulseless electrical 
activity and asystole. Shockable rhythms provide a better opportunity for 
return spontaneous circulation and survival. The most common causes of 
cardiac arrest are the consequences of coronary artery disease, such as acute 
ischemia and ischemic cardiomyopathy. The various non-ischemic cardiomy-
opathies and other acquired or inherited disorders account for a smaller pro-
portion of the events. Survival from SCA free of neurologic dysfunction is 
dependent upon a rapid return of spontaneous circulation (ROSC). CPR by 
bystanders immediately after summoning emergency rescue and rapid defibril-
lation with community-based automated defibrillators improve survival. 
Advanced life support includes activities—such as intubation, administration 
of antiarrhythmic drugs, and other therapies—that may restore circulation 
when ROSC is not immediate. An important consequence of SCA is brain 
damage, due to ischemic encephalopathy and resulting coma. Among out-of-
hospital cardiac arrest victims who are resuscitated and hospitalized, brain 
damage is the most important cause of subsequent in-hospital death and long-
term disabilities. Outcomes can be improved by hypothermia in the range of 
32-36°C in the comatose cardiac arrest victim. Among those whose SCA is 
not secondary to a reversible causes, implantable cardioverter-defibrillators 
provide long-term protection against death from recurrent SCA.
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Cardiopulmonary resuscitation (CPR) performed by bystanders before EMS 
arrival is associated with a 30-day survival rate that is more than twice as high 
as that associated with no CPR before the arrival of EMS.8 A mobile-phone 
system dispatch of lay volunteers trained in CPR and located within about one 
third of a mile of the victim can increase the rate of lay response by about 
40%. A1 

Basic Life Support
After an initial evaluation for response to voice or tactile stimulation, obser-

vation for respiratory movements and skin color, and simultaneous palpation 
of major arteries for the presence of a pulse, the determination that a life-
threatening incident is in progress should immediately prompt a call to EMS 
(911).

After confirming the cardiac arrest, the goal of BLS is to establish perfusion 
as quickly as possible using CPR or the concept of cardiocerebral resuscitation 
(see later). The “ABC” algorithm of BLS (airway-breathing-compression) has been 
changed to “CAB” (compression-airway-breathing), based on the recognition 
that compression alone is the primary maneuver because the patient is better 
perfused by minimizing interruptions between compressions and can be harmed 
by excessive ventilation.

A precordial thump may be attempted by a trained rescuer as part of an 
initial response, although its added benefit is questionable. The technique 
involves one or two blows delivered firmly to the junction of the middle and 
lower thirds of the sternum from a height of 8 to 10 inches. It should not be 
used in an unmonitored patient with a perceptible rapid tachycardia or without 
complete loss of consciousness because of concern about converting organized 
electrical activity into VF.

Prompt initiation of CPR, which can be performed by professional and para-
professional personnel, by emergency medical technicians, and by trained 
laypersons, is the key element for successful resuscitation. The delay between 
diagnosis and starting CPR should be minimal. If only one witness is present, 
the only activity that should precede BLS is telephone contact (911) of EMS. 
The untrained lay bystander can be prompted on how to perform CPR by the 
EMS telecommunicator.9

Clearing the airway includes tilting the head backward and lifting the chin, 
in addition to exploring the airway for foreign bodies—including dentures—and 
removing them. The Heimlich maneuver should be performed if there is reason 
to suspect a foreign body lodged in the oropharynx, as suggested by severe 
respiratory stridor rather than by slow agonal respirations or apnea. When the 
person at the scene has insufficient physical strength to perform the maneuver, 
mechanical dislodgment of a foreign body can sometimes be achieved by 
abdominal thrusts with the unconscious patient in a supine position. If there 
is suspicion that respiratory arrest precipitated the cardiac arrest, particularly 
in the presence of a mechanical airway obstruction, a second precordial thump 
should be delivered after the airway has been cleared.

With the head properly positioned and the oropharynx clear, mouth-to-
mouth respiration can be initiated. With the exception of Heimlich maneuvers, 

however, mechanical ventilation strategies are now reserved for EMS respond-
ers and medical professionals, rather than bystanders. Devices for establish-
ing ventilation include plastic oropharyngeal airways, esophageal obturators 
for establishing ventilation, a masked Ambu bag, and endotracheal tubes. 
Intubation is the preferred procedure, but time should not be sacrificed, even 
in the in-hospital setting, while awaiting an endotracheal tube or a person 
trained to insert it. Temporary support with Ambu bag ventilation is the usual 
method in the hospital until endotracheal intubation can be accomplished. 
When ventilatory support is provided by EMS responders in the out-of-hospital 
setting, the lungs should be inflated twice in succession after every 30 chest  
compressions.

Circulatory support, which is the primary element of BLS, is intended to 
maintain blood flow until definitive steps can be taken. The rationale is based 
on the hypothesis that chest compression maintains an externally driven pump 
function by sequential emptying and filling of its chambers, with competent 
valves favoring forward flow. The palm of one hand is placed over the lower 
sternum while the heel of the other rests on the dorsum of the lower hand. 
The sternum is then depressed with the resuscitator’s arms straight at the elbows 
to provide a less tiring and more forceful fulcrum at the junction of the shoulders 
and back. A force sufficient to depress the sternum at least 2 inches (>5 cm) 
should be applied, with abrupt relaxation. The cycle is carried out at a rate of 
about 100 compressions per minute. Compression-only CPR is as good as, if 
not perhaps slightly better than, compression plus rescue breathing, in part 
because it may be more effective than compression-ventilation sequences, 
encourages more bystander CPR by untrained or remotely trained bystanders 
who lack confidence, and also allays concerns about mouth-to-mouth ventila-
tion of unknown victims in the absence of mechanical airway devices. A2 

,
 A3  An 

alternative is a compression-ventilation ratio of 30 : 2 for single responders to 
victims through adulthood and for two responders to adult victims. For two-
rescuer CPR for infants and children, the recommended compression-ventilation 
ratio is 15 : 2. Another recently suggested modification is the “hands-only” 
(cardiac-only, compression-only) technique, which uses 200 successive com-
pressions without interruption. In the pre-hospital setting, current recommen-
dations are for external cooling to between 32° C and 36° C.10 Therapeutic 
hypothermia using cold intravenous saline is not beneficial A4  in adults and 
may actually be harmful.

Intermediate Life Support: Automated  
External Defibrillators

Despite the temporizing benefit of BLS, time to defibrillation is the major 
determinant of survival for victims in VF or pulseless VT. Because ACLS strate-
gies are generally implemented by in-hospital personnel or out-of-hospital EMS 
responders, an intermediate strategy is for nonconventional first responders 
to use automated external defibrillators.11 These devices prompt the user to 
deliver a defibrillation shock when deemed appropriate by a computerized 
rhythm detection system integrated into the device. The operators can be trained 
police officers, security guards, airline personnel, or trained or untrained lay 
bystanders (Table 57-1). A number of studies have suggested improved survival 
rates when such strategies are deployed in public sites, A5  but an initial study 
of a home deployment strategy was disappointing. Further study is warranted 
because 70 to 80% of out-of-hospital cardiac arrests occur at home, with sur-
vival rates less than 6%. Automated external defibrillators, which serve as an 
intermediate supplement to the BLS-ACLS sequence, are intended to attempt 
earlier defibrillation while awaiting the arrival of ACLS-trained emergency  
personnel.

Advanced Cardiac Life Support
ACLS methods, other than those directly related to control of tachyarrhyth-

mias, are guided by comprehensive protocols to aid responders over a broad 
expanse of clinical circumstances and mechanisms of cardiac arrest, ranging 
from transient clinical events to end-stage multisystem disease. The general 
goals of ACLS are to restore a hemodynamically effective cardiac rhythm, opti-
mize ventilation, and maintain and support the restored circulation. During 
ACLS, persisting pulseless VT or VF is promptly cardioverted or defibrillated as 
the first priority, if appropriate equipment is immediately available. If cardiac 
arrest has lasted for 4 to 5 minutes before the availability of a defibrillator, a 
short period of cardiac compression immediately before defibrillation increases 
the probability of survival. The administration of epinephrine in this setting to 
all patients can increase 30-day overall survival but not survival with a favorable 
neurologic outcome. A6 

After the initial attempt to restore a hemodynamically effective rhythm, the 
patient is intubated and oxygenated, if needed. Electrical pacing of the heart 
should be attempted if a severe bradyarrhythmia or asystole is present (Chapter 
60). An intravenous line is established to deliver medications. After intubation, 
the goal of ventilation is to reverse hypoxemia and not merely to achieve a 
high alveolar PO2. When available, oxygen rather than room air should be used 
to ventilate the patient, and arterial O2 saturation should be monitored, when 
possible. In the out-of-hospital setting, a face mask or an Ambu bag by means 
of an endotracheal tube is generally used.

Monomorphic Nonsustained Ventricular Tachycardia

Polymorphic Nonsustained Ventricular Tachycardia

A

B

FIGURE 57-1. Nonsustained ventricular tachycardia. monomorphic patterns (A) are 
characterized by a slower and more stable electrical pattern than polymorphic patterns 
(B). Both have long-term prognostic implications in patients with advanced structural 
heart disease, but monomorphic patterns tend to be more stable over the short term. 
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TABLE 57-1 AUTOMATED EXTERNAL DEFIBRILLATOR STRATEGIES FOR RAPID RESPONSE TO CARDIAC ARRESTS CAUSED BY 
VENTRICULAR FIBRILLATION

DEPLOYMENT EXAMPLES RESCUERS ADVANTAGES LIMITATIONS
Emergency vehicles Police cars

Fire engines
Ambulances

Trained emergency personnel Experienced users
Broad deployment
Objectivity

Deployment time
Arrival delays
Community variations

Public access sites Public buildings
Stadiums, malls
Airports
Airliners

Security personnel
Designated rescuers
Random laypersons

Population density
Shorter delays
Lay and emergency personnel access

Low event rates
Inexperienced users
Panic and confusion

Multifamily dwellings Apartments
Condominiums
Hotels

Security personnel
Designated rescuers
Family members

Familiar locations
Defined personnel
Shorter delays

Infrequent use
Low event rates
Geographic factors

Single-family dwellings Private homes
Apartments
Neighborhood “heart watch”

Family members Immediate access
Familiar setting

Acceptance
Victim may be alone
One-time user; panic

Approach to Specific Arrhythmias
tachyarrhythmic cardiac Arrest

Slow, well-tolerated monomorphic VTs, especially in the absence of structural 
heart disease, can usually be treated with antiarrhythmic drugs or β-adrenergic 
blocking agents in some circumstances (see Table 58-5). In contrast, when rapid 
VT or VF is identified on a monitor or by telemetry, immediate cardioversion 
or defibrillation should be performed (Fig. 57-2).12 When a reversible cause, 
such as an acute ischemic syndrome or electrolyte disturbance, is the mecha-
nism, normal rhythm can be successfully restored in up to 90% of VF victims 
weighing up to 90 kg with a direct current (DC) monophasic shock of up to 
360 joules (J), or a with a biphasic shock of up to 200 J, delivered within 2 to 
3 minutes. Failure of the initial shock to restore an effective rhythm is a poor 
prognostic sign. Although some previous algorithms suggested a succession 
of monophasic shock energies from 200 to 360 J, or biphasic waveforms from 
100 to 200 J, during a sequence of attempts, there is little to be gained from 
beginning with energies less than 300 J monophasic or less than 150 J biphasic 
during a cardiac arrest.

After a single shock, the patient should be checked immediately for restora-
tion of a spontaneous pulse; CPR should be continued for five cycles if a pulse 
remains absent. Subsequently, a second shock should be delivered, followed 
by epinephrine, 1 mg intravenously (IV). If a pulse is still absent, CPR is repeated 
for five cycles before the next shock. Epinephrine may be repeated at 3- to 
5-minute intervals with defibrillator shocks in between, but high-dose epi-
nephrine does not appear to provide added benefit. Vasopressin, 40 U given 
IV once, is an equally good alternative to epinephrine, A7  but the combination 
does not appear to be better than either one alone.

SVTs can precipitate cardiac arrest in two circumstances. One is in patients 
with high-grade coronary artery disease, in whom rapid heart rates can cause 
myocardial ischemia because of the dependence of coronary blood flow on 
the diastolic interval. In this setting, the arrhythmia should be treated urgently 
by restoring sinus rhythm or slowing the heart rate, either by medical therapy 
(e.g., intravenous adenosine, β-blockers, or Ca2+ blockers) (Chapter 58) or by 
electrical DC cardioversion (Chapter 60). The second mechanism of concern is 
atrial fibrillation in patients with Wolff-Parkinson-White syndrome, who may 
have ventricular rates greater than 300 beats per minute when the accessory 
pathway has a short refractory period (see Fig. 58-19). This pathophysiology 
can cause hypotensive VT or VF and requires prompt slowing or termination 
of the SVT (Chapter 58).

pharmacotherapy for resistant Arrhythmias
For a patient who continues in VF or pulseless VT despite multiple attempts 

at DC cardioversion after epinephrine, or who has recurrent episodes of VF or 
VT after cardioversion, the likelihood of return of spontaneous circulation and 
survival to hospitalization may be increased by administering intravenous anti-
arrhythmic agents while continuing resuscitative efforts (see Fig. 57-2). Data 
from randomized trials suggest that amiodarone and lidocaine are equivalent 
and better than placebo when the cardiac arrest is witnessed by bystanders 
or EMS, but neither is better than placebo for patients who suffer unwitnessed 
arrests. A8 

Amiodarone is given as a 150 mg intravenous bolus over a 10-minute period, 
followed by 1 mg/minute for up to 6 hours and 0.5 mg/minute thereafter. 
Additional bolus dosing, to a maximum of 500 mg, can be tried if the initial 
bolus is unsuccessful. The lidocaine dose is a 1.0- to 1.5-mg/kg intravenous 
bolus, with the dose repeated in 2 minutes. Neither drug needs to be given as 
a routine to individuals who respond to initial defibrillation with a persistently 
stable rhythm. For patients who remain electrically unstable or have recurrent 
episodes of VT or VF after initial defibrillation and oxygenation, continued 
antiarrhythmic therapy is indicated.

ECG—Documented ventricular fibrillation or 
pulseless ventricular tachycardia

Epinephrine, 1 mg IV
Repeat q 3-5 min

Vasopressin, 
40 units IV once

If not successful, 
continue CPR for 2 minutes

If not successful, continue CPR,
IV access, intubate

If not successful or VF/VT recurs,
continue CPR, start antiarrhythmic

drug protocol

Epinephrine, increase dose…

NaHCO3, 1 mEq/kg (for    K+)…

Antiarrhythmic drugs

Check rhythm; if VF/VT, deliver second shock

Check rhythm; continue CPR; repeat shock sequence, if necessary

Defibrillate, 360 J within 30 to 60 sec

Defibrillate, 360 J: Drug—shock—drug—shock…

Deliver single shock for persistent VF/VT
150-200 J (biphasic waveform); 300-360 J (monophasic)

Resume CPR; check rhythm

Magnesium sulfate:
 1-2 g IV (polymorphic VT)
Procainamide
(limited use; see text):
 30 mg/min, to 17 mg/kg
 (monomorphic VT)

Amiodarone (primary):
300 mg bolus; 150 mg
over 10 min if  VF/VT persists;
then 1 mg/min for 6 hours.

Lidocaine (option; see text):
1.5 mg/kg; repeat in 3-5 min

or

FIGURE 57-2. General algorithm for advanced cardiac life support (ACLS) response 
to ventricular fibrillation (VF) or pulseless ventricular tachycardia (VT). for more detail, 
see the AcLs guidelines in the grade A references. Note: in a 2008 advisory, 200 com-
pression-only sequences were suggested as an alternative to standard cardiopulmonary 
resuscitation (cpr) cycles between shocks, and this approach is under consideration for 
future guidelines. ecg = electrocardiogram; iV = intravenous; K+ = potassium; nahco3 = 
sodium bicarbonate. 
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If there is sufficient clinical evidence that the cardiac arrest was associated 
with an acute coronary syndrome or that recurrent arrhythmias are precipitated 
by ischemia, lidocaine may be used in preference to amiodarone. Under other 
circumstances, intravenous amiodarone may be the preferred initial drug. Under 
all circumstances, the alternative drug may be tried if the initial choice fails. 
Intravenous procainamide (loading infusion of 100 mg/5 minutes to a total dose 
of 500 to 800 mg, followed by a continuous infusion at 2 to 5 mg/minute) is 
now rarely used but may be tried in those with persisting, hemodynamically 
unstable arrhythmias.

In patients with acute hyperkalemia as the triggering event for resistant VF, 
hypocalcemia, or arrest potentially caused by excess doses of calcium-blocking 
drugs, 10% calcium gluconate (5 to 20 mL infused at a rate of 2 to 4 mL/minute) 
may be helpful. Otherwise, calcium should not be used routinely during resus-
citation, even though ionized Ca2+ levels may be low during resuscitation from 
cardiac arrest.

Resistant forms of polymorphic VT (torsades de pointes), rapid monomorphic 
VT, ventricular flutter (rate >260/minute), or resistant VF may respond to mag-
nesium sulfate (MgSO4) (1 to 2 g given IV over a 1- to 2-minute period) or to 
β-blocker therapy (propranolol, 1-mg boluses IV to a total dose of up to 15 to 
20 mg; or metoprolol, 5 mg IV, up to 20 mg). MgSO4 is specifically indicated 
for polymorphic VTs due to inherited or acquired (drug-induced) long QT pat-
terns (Chapter 59). This VT pattern also occurs with marked hypokalemia, so 
20 mEq/hour of intravenous potassium chloride should be included in the 
treatment of patients who have a serum K+ of less than 3 mEq/L. However, 
hypokalemia also may follow the acid-base and electrolyte shifts associated 
with prolonged arrests and should not be considered a primary cause of the 
cardiac arrest in that circumstance.

Asystole, Bradyarrhythmias, and pulseless electrical Activity
The approach to a patient with bradyarrhythmia, asystolic arrest, or pulseless 

electrical activity differs from the approach to patients with tachyarrhythmic 
events (pulseless VT/VF). Effective CPR is critical because no electrical strategies 
are effective for restoring circulation. As soon as this mechanism of cardiac 
arrest is recognized, efforts should focus on continuing CPR, intubation, and 
establishing intravenous access. Possible reversible causes, including hypo-
volemia, hypoxia, cardiac tamponade, tension pneumothorax, preexisting 
acidosis, drug overdose, hypothermia, and hyperkalemia, must be identified 
and treated immediately (Fig. 57-3). Respiratory causes of pulseless electri-
cal activity or asystole may respond promptly to appropriate interventions, 
as do tamponade and hypovolemic causes. Epinephrine (1.0 mg IV every 3 
to 5 minutes) or isoproterenol (up to 15 to 20 µg/minute IV), which are com-
monly used in an attempt to elicit spontaneous electrical activity or increase 
the rate of a bradycardia, have only limited success. In one observational study, 
prehospital epinephrine increased the chance of return of spontaneous circu-
lation before hospital arrival but decreased the chance of survival and good 
functional outcomes 1 month after the event. In a randomized trial of patients 
with cardiac arrest requiring vasopressors, combined vasopressin-epinephrine 
and methylprednisolone during CPR and stress-dose hydrocortisone in post-
resuscitation shock improved survival to hospital discharge with favorable neu-
rologic status compared with epinephrine-saline placebo. A9  In the absence of 
an intravenous line, epinephrine (1 mg, i.e., 10 mL of a 1 : 10,000 solution) may 
be given by the intracardiac route, but there is danger of coronary artery or 
myocardial laceration. Sodium bicarbonate, 1 mEq/kg, may be tried for known or 
strongly suspected preexisting hyperkalemia or bicarbonate-responsive acidosis 
but is no longer recommended for routine use. Atropine is no longer recom-
mended for management of bradyarrhythmic cardiac arrests because of lack of  
efficacy.

External pacing (Chapter 60) should be tried for out-of-hospital bradycardic 
or asystolic arrest, although existing data suggest little effect on outcome. 
In-hospital, external pacing is generally used during the initial response to a 
bradycardic or asystolic arrest, but it should be superseded by transvenous 
pacing if the arrest is prolonged, if continuous pacing is needed, or if the external 
device fails to pace. Unfortunately, an asystolic patient continues to have a very 
poor prognosis.

Post-Resuscitation Care
After return of spontaneous circulation, particularly after a prolonged resus-

citation, attention shifts to the elements of injury caused by cardiac arrest. The 
four components of the post–cardiac arrest syndrome include brain injury, 
myocardial dysfunction, systemic ischemia-reperfusion responses, and control 
of persistent precipitating factors. The therapeutic goal is to maintain a stable 
electrical, hemodynamic, and central nervous system status. Specific therapy 
is determined by the clinical circumstances. The most pressing issue is the 
presence of anoxic encephalopathy, which is a strong predictor of in-hospital 
death and post-arrest disability. To prevent post-arrest encephalopathy, thera-
peutic hypothermia to 33° C or 34° C is no better than cooling to 36° C, A10 ,13 
suggesting that the benefit of hypothermia may be more closely related to 
prevention of post-arrest fever than reduction of metabolic demands. After 24 
to 48 hours of cooling, patients should be gradually rewarmed to 37° C. For 
patients who suffer in-hospital cardiac arrest, therapeutic hypothermia does 
not appear to be beneficial.

During or after therapy targeted to restoration of an electrically stable cardiac 
rhythm, the patient’s general metabolic state should be addressed by improv-
ing oxygenation and reversing acidosis. Intravenous sodium bicarbonate 
(1 mEq/kg), with up to 50% of this dose repeated every 10 to 15 minutes during 
the course of CPR, is recommended for patients with known or suspected 
preexisting bicarbonate-responsive causes of acidosis, for certain drug overdoses 
(Chapter 102), and after prolonged and unsuccessful attempts at resuscitation. 
Caution must be exercised, however, because excessive quantities of sodium 
bicarbonate can be deleterious by causing alkalosis, hypernatremia, and hyper-
osmolality. When possible, arterial pH, PO2, and PCO2 should be monitored during 
the resuscitation. Myocardial injury (Chapter 64) and hemodynamic dysfunction 
(Chapter 99) are managed by standard techniques.

In parallel with post-arrest therapeutic support, diagnostic actions are also 
indicated, especially when the arrest is suspected to be due to an acute coronary 
syndrome (Chapter 63). The most pressing is emergency cardiac catheterization 
followed by coronary interventions (Chapter 65) to help control unstable rhythms 
associated with ongoing ischemia and preserve myocardium in survivors.14 
These activities require EMS transport to hospitals capable of advanced care 
on a 24-7 basis. An added transport time of less than 15 minutes to achieve 
prompt advanced care has been suggested as an appropriate tradeoff.

Bradyarrhythmia/asystole or pulseless 
electrical activity

Initiate and continue CPR

Pacing—external or pacing wire

• Hypoxia

• Hyper-/Hypokalemia

• Severe acidosis 

• Drug overdose 

• Hypothermia

• Terminal disease

• Hypovolemia  • Pulmonary embolus

• Hypoxia  • Drug overdose

• Tamponade • Hyperkalemia

• Pneumothorax • Severe acidosis

• Hypothermia • Massive acute MI

• Severe CHF • Shock

• Terminal disease

Confirm electrical
asystole 

Confirm absence of 
mechanical pulse

Ventilation; IV access

Identify and manage treatable causes

Consider sodium
bicarbonate
1 mEq/kg IV

Atropine
1 mg IV (repeat

for bradycardia only; 
no benefit for 

pulseless electrical 
activity or asystole)

Epinephrine
1 mg IV (repeat 

every 3-5 minutes)

FIGURE 57-3. General algorithm for advanced cardiac life support response to bra-
dycardic or asystolic cardiac arrest or pulseless electrical activity. for more detail, see 
the grade A references. chf = congestive heart failure; cpr = cardiopulmonary resuscita-
tion; iV = intravenous; mi = myocardial infarction. 

 PROGNOSIS
The probability of survival after a prompt intervention is about 25 to 30% for 
VF/pulseless VT compared with about 10 to 15% for pulseless electrical activ-
ity and less than 5% for asystole. In the hospital, the probability of survival is 
determined by the specific patient category (acute syndromes better than end-
stage diseases), the mechanism of cardiac arrest (better for tachyarrhythmias 



than for bradyarrhythmias, asystole, or pulseless electrical activity), and the 
hospital site (better in intensive care units or other monitored settings than 
on an unmonitored general care unit). Immediate defibrillation in highly pro-
tected settings, such as a cardiac catheterization laboratory where response 
times of less than 60 seconds are the norm, is associated with greater than a 
90% survival rate for VF in the absence of pathophysiologic conditions that 
tend to perpetuate the potentially fatal arrhythmia. In many acute care set-
tings, including patients with acute coronary syndromes (Chapters 63 and 
64), outcomes also can be excellent. For other in-hospital settings and most 
out-of-hospital settings, the absolute number and proportion of survivors 
remain low.

Some public locations amenable to very rapid response times achieve 
survival rates of 50% or higher. If, however, 3 to 4 minutes elapse from the 
onset of sudden cardiac arrest to attempted defibrillation, the survival falls 
below 50% in most in-hospital and out-of-hospital circumstances. Survival 
rates continue to fall rapidly thereafter, decreasing to 25% or less by 4 to 6 
minutes and to less than 10% by 10 minutes. Although immediate defibril-
lation is preferred within the first few minutes after the onset, a brief period 
of CPR improves survivability when the time to defibrillation exceeds 4 to  
5 minutes.

Long-term prognosis after discharge is determined by a number of factors, 
including pre-event ventricular function, history of heart failure, and the sever-
ity of residual neurologic injury. Bystander resuscitation and defibrillation not 
only improve survival but also reduce the rate of brain damage and nursing 
home admission.15 Overall, about 40% of survivors of out-of-hospital cardiac 
arrest have good quality of life and functional status. Patients whose sudden 
cardiac arrest was due to transient factors, who have preserved left ventricular 
function, and who have minimal if any neurologic defects, have a good prog-
nosis. In contrast, patients with advanced heart disease have annual mortality 
rates that range from 10 to 50%. Survivors who receive an implantable defi-
brillator after a sudden cardiac arrest not due to transient factors (Chapter 
60) achieve a relative risk reduction of 25 to 30%, with absolute risk decreasing 
from 21 to 25% to 15 to 18% over a 2-year follow-up. A11 
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4. A 72-year-old woman with a prior myocardial infarction and an ejection 
fraction of 40% collapsed in a shopping mall. A bystander found her to be 
pulseless and began “compression-only” cardiopulmonary resuscitation 
(CPR). An automated external defibrillator was deployed approximately 
3 minutes after collapse and demonstrated ventricular fibrillation. An initial 
200-J biphasic shock failed to restore sinus rhythm. Which of the following 
should be the next step in management?
 A. Deliver a second 200-J biphasic shock immediately.
 B. Inflate the lungs with mouth-to-mouth respirations twice and then 

deliver a second shock.
 C. Resume CPR for five cycles of 15 : 2 compressions/ventilations before 

delivering another shock.
 D. Deliver a precordial thump, and recheck the rhythm.
 E. Resume CPR immediately and deliver another 200-J biphasic shock 

after 2 minutes of chest compressions.
Answer: E Based on the concept of maximizing chest compressions for pre-
serving organ viability, the prior strategy of delivering three successive shocks 
before resuming CPR has been replaced by the guideline that CPR should be 
resumed after a single shock that fails to restore circulation. CPR should be 
continued using the compression-only technique for 2 minutes before the 
second shock is delivered.

5. A cardiac arrest victim, whose collapse was witnessed by a bystander, was 
found to be in ventricular fibrillation. Multiple attempts to restore a spon-
taneous circulation failed despite CPR, attempted defibrillation, and epi-
nephrine. Which of the following intravenous medications should be tried 
next?
 A. Amiodarone in the preferred drug
 B. Lidocaine or amiodarone are acceptable alternatives
 C. Magnesium sulfate
 D. Procainamide
 E. Propranolol

Answer: B After failure to restore sinus rhythm by three cycles of defibrillator 
shocks and chest compressions, including the administration of epinephrine 
or vasopressin, a recent randomized clinical trial demonstrated that either 
amiodarone or lidocaine intravenously is more effective than placebo for 
restoring circulation. Lidocaine may be preferred if the ventricular fibrillation 
(VF) event is due to an acute ischemic syndrome, and magnesium sulfate is 
preferable when VF is due to prolonged QT interval syndrome. Procainamide 
can be tried after amiodarone and/or lidocaine has failed, but it is unlikely to 
be of benefit.

REVIEW QUESTIONS

1. Which of the following electrocardiogram (ECG) patterns at first contact 
with a cardiac arrest victim has the lowest probability of survival?
 A. Asystole
 B. Polymorphic ventricular tachycardia
 C. Pulseless ventricular tachycardia
 D. Pulseless electrical activity
 E. Ventricular fibrillation

Answer: A Cardiac arrest victims with shockable rhythms (B, C, and E) have 
higher probabilities of survival than pulseless electrical activity or asystole (A 
and D). Asystole may appear after delayed or prolonged treatment of ventricular 
tachyarrhythmias or fibrillation, or as a primary mechanism in patients with 
preexisting advanced heart disease or terminal noncardiac diseases. In either 
situation, survival is low. Pulseless electrical activity also has a low probability 
of survival because it generally takes longer to restore circulation in nonshock-
able rhythms, but survival is better than for asystole, in part because it is more 
commonly associated with reversible respiratory or metabolic causes.

2. A 19-year-old female college student athlete suffered a cardiac arrest while 
playing basketball and was found to be in ventricular fibrillation by emer-
gency rescue personnel. She had no prior history of chest pain, palpitations, 
or a recent viral infection, and a recent pre-participation ECG was normal. 
A structural cause for her cardiac arrest was identified at postmortem 
examination. Which of the following disorders is the most likely cause of 
her cardiac arrest?
 A. Aortic stenosis
 B. Congenital long QT interval syndrome
 C. Anomalous origin of a coronary artery
 D. Hypertrophic cardiomyopathy
 E. Nonischemic dilated cardiomyopathy

Answer: C The most common cause of cardiac arrest in competitive athletes 
in the United States is hypertrophic cardiomyopathy, which is more common 
in basketball players but also more common in male athletes. The majority 
of subjects with clinically significant hypertrophic cardiomyopathy will have 
an abnormal ECG, as is the case for aortic stenosis. The second most common 
cause is anomalous origin of a coronary artery, which has no sex predilection 
and typically is not associated with any ECG changes. Cardiac arrest usually 
occurs during exercise in this condition.

3. A 45-year-old man comes to the emergency department because of the 
sudden onset of a tachycardia associated with mild lightheadedness. Initial 
ECG shows a regular wide QRS tachycardia at a rate of 165 beats per 
minute; blood pressure is 126/82 mm Hg. He denies a prior history of 
heart disease, and no information is available on his left ventricular func-
tion. Which of the following drugs should not be used as initial management 
of this arrhythmia?
 A. Adenosine
 B. Digoxin
 C. Metoprolol
 D. Procainamide
 E. Verapamil

Answer: E Verapamil given intravenously causes clinically relevant myocardial 
depression in patients with left ventricular dysfunction due to structural heart 
disease. Therefore, regardless of the mechanism of a tachycardia, intravenous 
verapamil should not be used in the absence of prior knowledge that left 
ventricular function is normal.
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58 
SUPRAVENTRICULAR CARDIAC 
ARRHYTHMIAS
PETER ZIMETBAUM

Supraventricular arrhythmias are divided into bradyarrhythmias and tachyar-
rhythmias. Any rhythm that originates above where the His bundle bifurcates 
into the right and left bundle branches is considered to be supraventricular 
in origin.

 ANATOMY AND NORMAL ELECTROPHYSIOLOGY
The normal cardiac impulse begins in the sinus node complex, which is 
located at the junction of the right atrium and the superior vena cava. It 
then travels through the right atrium and primarily activates the left atrium  
through the coronary sinus. The time it takes to activate the atria is repre-
sented by the P wave on the electrocardiogram (ECG). After depolarizing 
the atria, the impulse enters the atrioventricular (AV) node, which is located 
in the inferior septal region of the right atrium, where a delay occurs. This 
delay allows time for the atria to contract and fill the ventricles. In most indi-
viduals, the impulse travels through the AV node over a uniform functional 
pathway or route. Some people have two or more functional pathways called 
dual AV nodal pathways (fast and slow pathways). The delay in the AV node 
represents most of the isoelectric portion of the PR interval on the ECG 
(E-Fig. 58-1). The usual duration of atrial activation including delay in the 
AV node is up to 140 msec and can be measured directly as the atrial-His 
interval. The impulse then travels into the specialized infranodal conducting 
system, that is, through the His bundle, then right and left bundle branches, 
and into the Purkinje network. The Purkinje network extends or fans out 
throughout the ventricular endocardium. Impulses conduct rapidly through 
the Purkinje network, thereby allowing nearly simultaneous activation of 
the ventricles. A small portion of the isoelectric segment of the PR interval 
represents infranodal conduction. This infranodal conduction through the 
His-Purkinje system can also be measured directly (His-ventricle interval) and 
should take between 40 and 60 msec. Once out of the Purkinje network, the 
impulse proceeds relatively slowly from the endocardial to epicardial surface 
of the ventricles. The QRS complex on ECG represents depolarization of the 
bundle branches and ventricular myocardium. Patients who have ventricular 
preexcitation activate the ventricles through an alternative route to the normal 
ventricular conduction system. These patients have bypass tracts or accessory 
pathways over which the ventricular myocardium can be activated directly rather 
than traveling over the AV node and His-Purkinje network. These pathways, 
which develop as a failure of the normal fibrous separation of the atria and 
ventricles, are located in proximity to the tricuspid and mitral valves. Direct 
activation of the ventricular myocardium without the usual delay in the AV 
node results in a slurred upstroke of the QRS complex called a delta (δ) wave  
(E-Fig. 58-2).

The normal heart rate is generated by tissues or pacemaker cells with intrinsic 
automaticity. The sinus node cells produce the greatest rate (60 to 100 beats 
per minute) of automaticity and suppress other potentially automatic (AV 
junctional, 40 to 55 beats per minute; His-Purkinje cells, 15 to 40 beats per 
minute) tissues with slower rates of depolarization. The sinus node and AV 
node are heavily influenced by the parasympathetic (vagal) and sympathetic 
(adrenergic) nervous systems. At rest, the parasympathetic system controls 
sinus node automaticity. With exertion or emotional or physical stress, a with-
drawal of parasympathetic tone and an increase in heart rate, which is then 
perpetuated by sympathetic tone, further increase heart rate. Sinus arrhythmia 
refers to the normal variation in heart rate with inspiration and expiration. 
With inspiration, a withdrawal of vagal tone increases heart rate; by compari-
son, expiration is associated with a drop in heart rate (Fig. 58-1). During sleep, 
a dominance of vagal tone slows heart rate.

 BRADYARRHYTHMIAS
Bradyarrhythmias may be caused by sinus node, AV node, or His-Purkinje 
dysfunction (Table 58-1).
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ABSTRACT
This chapter reviews the definition, diagnosis, and treatment of different forms 
of bradycardia and supraventricular tachycardia. It also reviews the current 
guidelines and drug options for thromboembolic prophylaxis for nonvalvular 
atrial fibrillation.
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E-FIGURE 58-1. Diagram of the surface electrocardiogram (P, QRS, T, and U waves) and the related intracardiac electrograms (SA, His, and V). the atrial (Sa) electrogram represents 
intra-atrial conduction. the his bundle electrogram (his) represents the recording of a his potential, and the ventricular (v) electrogram represents activation of the ventricles. the 
Sa-his interval corresponds to intra-atrial conduction and delay in the atrioventricular node. the his-v interval represents conduction between the his bundle and the ventricles 
(infranodal conduction). 

P δ

E-FIGURE 58-2. Conduction over an accessory pathway resulting in a delta (δ) wave. 
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second degree (type 1 or 2), and third degree. First-degree SA block is difficult 
to diagnose from the surface ECG. Second-degree SA exit block type 1 is 
manifest by progressive PP shortening preceding the sinus pause. The PP 
interval following the pause must be greater than twice the PP interval that 
preceded the pause. Second-degree SA exit block type 2 is characterized by 
a pause equaling an exact multiple of the sinus rate (i.e., constant PP interval 
before and after the pause). High-degree SA exit block refers to the absence 
of multiple P waves with a pause still corresponding to an absolute multiple 
of the underlying PP intervals, and third-degree AV block results in a complete 
absence of sinus P waves.

Chronotropic incompetence refers to the inability to increase the sinus rate 
appropriately in response to exercise or other physiologic demand. In most 
patients, chronotropic incompetence is manifest by a maximal heart rate of 
less than 100 beats per minute.

 ATRIOVENTRICULAR CONDUCTION DISTURBANCES
AV conduction disturbances refer to abnormal conduction in the AV node 
or in the His-Purkinje system (HPS) below the AV node. Electrical transmis-
sion through the AV conduction system is primarily limited by the AV node, 
which conducts in a decremental fashion to prevent excessively rapid conduc-
tion to the ventricles. The normal AV node rarely conducts faster than 200 
beats per minute and slows with aging. The AV node is heavily influenced by 
autonomic tone and may conduct more than 200 beats per minute in the 
presence of heightened sympathetic and withdrawal of parasympathetic tone. 
Conduction through the HPS system is faster and nondecremental.

The AV blocks are classified as first, second, high, and third degree. First-
degree AV block is a misnomer because nothing is actually blocked—rather, 
there is delay, usually in the AV node, manifest by a prolonged PR interval 
(Fig. 58-5). Second-degree AV block is divided into Mobitz type I (Wencke-
bach) or Mobitz type II. Mobitz type I is defined by progressive PR prolonga-
tion with eventual block after a P wave (Fig. 58-6). The initial PR prolongation 
is longest, the subsequent RR intervals shorten, and the PR interval following 
the blocked P wave is shorter than the last conducted PR interval before the 
blocked P wave. Mobitz type I usually occurs in the AV node. Mobitz type 
II, which is characterized by the abrupt failure of conduction after a P wave 
without preceding PR prolongation, usually represents conduction disease 
below the AV node. In patients with 2 : 1 block (two P waves for every QRS), 

 Sinus Bradycardia and Sinus Node Dysfunction
Sinus bradycardia (Fig. 58-2) is generally defined as a sinus rate of less than 
60 beats per minute. It should be noted, however, that sinus rates as low as 
45 to 50 beats per minute, particularly at rest, can be physiologically normal. 
Sinus node dysfunction encompasses a group of disorders including sinus 
bradycardia, sinoatrial (SA) exit block, sinus arrest (pause of >2 to 3 seconds) 
during sinus rhythm, chronotropic incompetence, and tachycardia-bradycardia 
(tachy-brady) syndrome.1 Sinus node dysfunction in combination with symp-
toms such as fatigue, dizziness, near or complete syncope (Chapters 45 and 
56), or worsening of heart failure (Chapter 52) is called sick sinus syndrome. 
The tachy-brady syndrome is often identified by a prolonged delay in sinus 
node recovery following the termination of atrial fibrillation (AF) (Fig. 58-3). 
SA exit block refers to the electrophysiologic phenomenon of sinus node 
firing with delay or block of the impulse as it travels from the sinus node to 
the surrounding atrial tissue (Fig. 58-4). SA exit block can be first degree, 

II

FIGURE 58-1. Sinus arrhythmia. note the variation in sinus rates, which fluctuate with normal variations in autonomic tone 

TABLE 58-1 BRADYCARDIAS
SINUS NODE DYSFUNCTION

Sinus bradycardia <45 beats/min
Sinoatrial exit block

First-degree
Second-degree
Third-degree

Sinus arrest
Bradycardia-tachycardia syndrome
ATRIOVENTRICULAR BLOCK

First-degree
Second-degree

Mobitz type I (Wenckebach phenomenon)
Mobitz type II
Higher degree (e.g., 2 : 1, 3 : 1)

Third-degree
Atrioventricular node
His-Purkinje system

FIGURE 58-2. Sinus bradycardia. progressive sinus bradycardia—in this case related to heightened vagal tone while sleeping. 

FIGURE 58-3. Electrocardiographic evidence of tachy-brady syndrome. atrial fibrillation with a tachycardic ventricular response followed by conversion to sinus bradycardia. 

FIGURE 58-4. Sinoatrial block. Sinoatrial exit block, probably type 2, is characterized by a pause equaling an exact multiple of the sinus rate. 

Eventually, the pacing rate can be reduced to more physiologic levels without 
the ongoing risk for ventricular arrhythmia. Complete heart block and other 
types of severe bradyarrhythmia may present with syncope if there is a pro-
longed pause before an escape rhythm develops. More often, these rhythms 
present with fatigue and dyspnea. The blood pressure is often elevated owing 
to peripheral vasoconstriction, and there may be renal insufficiency secondary 
to reduced cardiac output.

The term AV dissociation refers to any rhythm in which the atria and ven-
tricles beat independently of one another. If the atrial rate is faster than the 
ventricular rate, it is called complete heart block or third-degree AV block. 
AV dissociation with an atrial rate slower than the subsidiary pacemaker is 
usually seen with junctional or ventricular tachycardias.

 CLINICAL MANIFESTATIONS
Sinus bradycardia and various degrees of AV nodal blocks can occur asymp-
tomatically during sleep in healthy individuals. Asymptomatic first- and second-
degree AV block, particularly when partially or completely reversed by exercise, 
is usually benign. Persistent second-degree and third-degree AV nodal block 
is abnormal and is often associated with dizziness, fatigue, exertional dyspnea, 
worsening of heart failure, near-syncope, or syncope. Third-degree AV block 
with a good junctional escape mechanism that accelerates during exercise, as 
often noted in patients with congenital AV block, may remain asymptomatic. 
Patients with congenital heart block may not appreciate their potential for a 
more active lifestyle because of the lack of a reference point but often feel 
much better when an appropriate heart rate acceleration can be achieved after 
pacemaker therapy.

 DIAGNOSIS
Bradycardias are typically diagnosed by the ECG. In symptomatic patients 
with symptoms suggestive of bradyarrhythmia, 24-hour Holter monitoring 
or prolonged loop monitoring usually can make the diagnosis, but some 
patients may require formal electrophysiologic testing (Chapter 56). Any 
bradycardias, including sinus node dysfunction (Table 58-2) and AV nodal 
block (Table 58-3), can be caused at least in part by vagal influences, such 
as vasovagal episodes, vomiting, abdominal surgery, and upper and lower 
gastrointestinal invasive procedures. Syncope, sometimes caused by the bra-
dycardia and sometimes by vasodepression with hypotension, may result 
(Chapters 45 and 56). Medications, infiltrative diseases, fibrocalcific degen-
eration, and a variety of other causes must be considered. Lyme disease also 
is a common cause of reversible complete heart block, usually localized to the  
AV node.
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FIGURE 58-5. First-degree atrioventricular (AV) block. note the prolonged (>200 msec) 
av conduction. 

PR 320 615 310 msec

FIGURE 58-6. Mobitz I block. progressive pr prolongation from 320 to 615 msec, fol-
lowed by a blocked p wave. the subsequent conducted pr interval is less than the pr 
interval before the dropped p wave. 

it can be difficult to determine whether the block is Mobitz I in the AV node 
or Mobitz II below the AV node. Clues to conduction disease in the AV node 
include a prolonged PR interval (i.e., more than 300 msec) and a narrow QRS 
duration. Clues to conduction disease below the node include a normal PR 
interval but with bundle branch block (Fig. 58-7).

High-degree or advanced AV block, which is a form of second-degree block 
with multiple or successive nonconducted P waves, or both (Fig. 58-8), fre-
quently recurs or persists. Third-degree block (or complete heart block) refers 
to a rhythm in which the atrial and ventricular activity occurs independently, 
and the atrial rate usually exceeds the ventricular rate. Third-degree heart 
block can be seen with sinus rhythm or any atrial tachyarrhythmia with a 
regular escape rhythm in the AV junction or below (Fig. 58-9). Sometimes 
there is no escape rhythm, and heart block results in asystole. Complete heart 
block, particularly when it is acute and accompanied by an escape rhythm, 
can be associated with marked QT prolongation, which signifies a risk for 
torsades de pointes (Chapter 59). For this reason, patients who undergo AV 
node ablation have their pacemakers set at 80 beats per minute for at least 6 
weeks after the procedure to prevent QT prolongation and torsades de pointes. 

A

B

FIGURE 58-7. Two-to-one conduction in the atrioventricular (AV) node and below 
the AV node. A, two-to-one conduction, with the conducted beats demonstrating a 
prolonged pr interval (>300 msec) and a narrow QrS, indicating mobitz i block in the 
av node. B, normal-duration conducted pr interval and a wide QrS duration favoring 
mobitz ii block into an infranodal site of block. 

FIGURE 58-8. High-degree atrioventricular block. periods of complete heart block 
with three nonconducted p waves (the first of which is buried in the first QrS complex) 
followed by two p waves, the second of which is conducted to the ventricle with a long 
pr interval. the subsequent three p waves are once again nonconducted, with the last 
p wave buried in the last QrS complex. 

Eventually, the pacing rate can be reduced to more physiologic levels without 
the ongoing risk for ventricular arrhythmia. Complete heart block and other 
types of severe bradyarrhythmia may present with syncope if there is a pro-
longed pause before an escape rhythm develops. More often, these rhythms 
present with fatigue and dyspnea. The blood pressure is often elevated owing 
to peripheral vasoconstriction, and there may be renal insufficiency secondary 
to reduced cardiac output.

The term AV dissociation refers to any rhythm in which the atria and ven-
tricles beat independently of one another. If the atrial rate is faster than the 
ventricular rate, it is called complete heart block or third-degree AV block. 
AV dissociation with an atrial rate slower than the subsidiary pacemaker is 
usually seen with junctional or ventricular tachycardias.

 CLINICAL MANIFESTATIONS
Sinus bradycardia and various degrees of AV nodal blocks can occur asymp-
tomatically during sleep in healthy individuals. Asymptomatic first- and second-
degree AV block, particularly when partially or completely reversed by exercise, 
is usually benign. Persistent second-degree and third-degree AV nodal block 
is abnormal and is often associated with dizziness, fatigue, exertional dyspnea, 
worsening of heart failure, near-syncope, or syncope. Third-degree AV block 
with a good junctional escape mechanism that accelerates during exercise, as 
often noted in patients with congenital AV block, may remain asymptomatic. 
Patients with congenital heart block may not appreciate their potential for a 
more active lifestyle because of the lack of a reference point but often feel 
much better when an appropriate heart rate acceleration can be achieved after 
pacemaker therapy.

 DIAGNOSIS
Bradycardias are typically diagnosed by the ECG. In symptomatic patients 
with symptoms suggestive of bradyarrhythmia, 24-hour Holter monitoring 
or prolonged loop monitoring usually can make the diagnosis, but some 
patients may require formal electrophysiologic testing (Chapter 56). Any 
bradycardias, including sinus node dysfunction (Table 58-2) and AV nodal 
block (Table 58-3), can be caused at least in part by vagal influences, such 
as vasovagal episodes, vomiting, abdominal surgery, and upper and lower 
gastrointestinal invasive procedures. Syncope, sometimes caused by the bra-
dycardia and sometimes by vasodepression with hypotension, may result 
(Chapters 45 and 56). Medications, infiltrative diseases, fibrocalcific degen-
eration, and a variety of other causes must be considered. Lyme disease also 
is a common cause of reversible complete heart block, usually localized to the  
AV node.

TABLE 58-2 CAUSES OF SINUS NODE DYSFUNCTION
INTRINSIC

Hypothyroidism
Fibrocalcific degeneration
Increased vagal tone, especially in sleep apnea
Congenital mutations
Scleroderma
Amyloidosis
Chagas disease
EXTRINSIC

Trauma, including cardiac surgery
Drugs

Calcium-channel blockers
β-Blockers
Digoxin
Antiarrhythmic medications (amiodarone, dronedarone, sotalol, flecainide, 

propafenone)
Lithium

II

FIGURE 58-9. Complete heart block with the atrial beats (black arrows) dissociated from the ventricular beats (red arrows). note the St elevation in leads iii and avF indicating 
acute inferior myocardial infarction as the cause of complete heart block. 
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 Supraventricular Rhythms with a Normal Rate
Atrial premature beats (APBs) can arise from the right or left atrium or the 
pulmonary veins. The P wave, which differs from the P wave of sinus rhythm 
unless the APB originates near the sinus node, always precedes the QRS 
complex (Fig. 58-10). If the P wave is blocked, however, it is not followed by 
a QRS complex. A blocked premature atrial contraction may be confused 
with second-degree AV block, unless its prematurity is recognized, or with 
sinus node dysfunction, if it is inconspicuous. Altered appearance of the ST-T 
segment is often a clue to the presence of a P wave. A premature QRS complex 
with the morphology of the underlying sinus rhythm in the absence of a 
premature P wave represents an AV junctional beat (Fig. 58-11).

An ectopic atrial rhythm refers to a nonsinus atrial rhythm from a single 
focus with a single P wave morphology (Fig. 58-12). Wandering atrial 

FIGURE 58-10. Atrial premature beat. Sinus rhythm with an atrial premature beat as 
the third complex in the rhythm strip. the p wave is buried in the preceding t wave. 

 SINUS TACHYCARDIA
Sinus tachycardia (Fig. 58-14) is an arrhythmia that is almost always a physi-
ologic response to an emotional or physical stress such as anxiety, exercise, 
anemia, hypotension, hypoxemia, fever, thyrotoxicosis, or heart failure. It is 
characterized by a gradual increase and decrease in heart rate and rarely exceeds 
180 beats per minute. In rare cases, it may be a nonphysiologic condition 
called inappropriate sinus tachycardia, which is characterized by sinus tachy-
cardia that develops in response to minimal stress and that continues beyond 
the time when the normal response would have slowed.

Sinus node re-entry is a rare form of SVT caused by re-entry in the sinus 
node. As opposed to physiologic ST, it begins abruptly, is often triggered by 
a premature atrial beat, and ends abruptly. The P wave morphology is identical 
to sinus rhythm, and β-blockers are the treatment of choice if required for 
symptoms.

 ATRIAL TACHYCARDIA
The term atrial tachycardia refers to a group of SVTs that originate from focal 
anatomic locations in the atria and propagate in a centrifugal pattern (Fig. 
58-15). These locations include the pulmonary veins, crista terminalis in the 
right atrium, tricuspid or mitral annulus, coronary sinus, atrial septa, left atrial 
appendage, aortomitral continuity, or regions of scar tissue from previous 
cardiac surgery. Atrial tachycardias, which are usually regular rhythms that 
rarely exceed 200 beats per minute, may present in young age but more often 
develop later in life. Atrial tachycardias can be re-entrant, triggered, or auto-
matic in mechanism. Some forms of atrial tachycardia are incessant and can 
predispose to a tachycardia-related cardiomyopathy (Chapter 54). Other forms 
of atrial tachycardia are paroxysmal and may remit spontaneously without 
treatment. When persistent, atrial tachycardias can be managed with medica-
tions (calcium-channel or β-blockers or other antiarrhythmic drugs). Electrical 
mapping and ablation (Chapter 60) of atrial tachycardia are highly effective 
and are increasingly offered as first-line therapy. Multifocal atrial tachycardia 
(Fig. 58-16), which is a unique form of atrial tachycardia characterized by 
three or more P wave morphologies, is distinguished from wandering atrial 
pacemaker when the rate is 100 beats per minute or more, rather than less 
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FIGURE 58-12. Ectopic atrial rhythm. the inverted p waves in leads ii, iii, and avF 
indicate a nonsinus p wave originating in the low right atrium. 

FIGURE 58-13. Wandering atrial pacemaker. rhythm with three distinct p wave 
morphologies. 

Premature atrial contractions do not generally require treatment unless they 
are associated with significant symptoms. Treatment consists primarily of 
β-blockers (e.g., atenolol, 25 to 100 mg daily) or calcium-channel blockers (e.g., 
long-acting diltiazem, 180 to 300 mg daily). Ectopic atrial rhythms and wander-
ing atrial pacemakers are rarely symptomatic and are not treated with medica-
tions. Rarely, a slow ectopic rhythm associated with fatigue can be treated with 
atrial pacing at a rate faster than the ectopic atrial rhythm. Very frequent pre-
mature atrial contractions may portend a higher risk of AF and other serious 
atrial arrhythmia, and they are associated with an increased long-term risk of 
stroke and clinical cardiovascular disease.3

TREATMENT 

FIGURE 58-11. Junctional premature beat. the premature beat is narrow but slightly 
different in morphology compared with the surrounding sinus beats. this premature 
beat is from the atrioventricular junction or slightly more distal in the fascicles. the inverted 
p wave following the QrS represents retrograde activation of the atria. 

 Supraventricular Tachyarrhythmias
The supraventricular tachycardias (SVTs) are defined as arrhythmias with 
three or more beats at a rate of greater than 100 beats per minute (Table 58-4). 
The beats, which can be regular or irregular, are usually narrow complex but 
can be wide complex when associated with bundle branch block (aberration) 
or conduction over an accessory pathway. Atrial dilation, acute myocardial 
infarction, pulmonary embolism, acute or chronic inflammatory states, or 
scars from prior surgery involving atrial myocardium or pericardium are among 
the causes of atrial tachyarrhythmias.

The most important diagnostic clues for diagnosing the type of SVT include 
the ventricular response rate, regularity, and, if known, the suddenness of the 
onset of tachycardia. The QRS is regular during sinus tachycardia, atrial flutter, 
AV nodal re-entrant tachycardia, AV reciprocating tachycardia, and atrial 
tachycardia; it is irregular with AF, atrial flutter with variable AV block, multiple 
atrial premature contractions, and multifocal atrial tachycardia. Sudden onset 
and termination suggest acute AF, atrial flutter, AV nodal re-entrant tachycardia, 
AV reciprocating tachycardia, and atrial tachycardia. Gradual onset and reces-
sion suggest sinus tachycardia, chronic AF, atrial premature contractions and 
multifocal atrial tachycardia.

TABLE 58-3 CAUSES OF ATRIOVENTRICULAR BLOCK
All causes of sinus node dysfunction listed in Table 58-2 and also:

Lyme disease
Bacterial endocarditis with abscess formation
Cardiac sarcoidosis with granuloma
Inferior myocardial infarction
Anterior myocardial infarction (less common and often associated with 

cardiogenic shock)
Congenital mutations (possibly associated with maternal lupus erythematosus 

and transmission of anti-Ro and La antibodies)
Corrected transposition of the great vessels
Chagas disease
Some neurologic conditions (especially myotonic dystrophy)
Drugs as in Table 58-2

The treatment of sinus node dysfunction and AV blocks consists of first 
removing any medications that may precipitate dysfunction (see Table 58-2). 
Although some patients will recover normal conduction, the susceptibility to 
medications usually indicates an underlying conduction abnormality that may 
worsen over time. For example, asymptomatic sinus bradycardia (<50 per minute) 
in middle-aged or older adults does not appear to be associated with incident 
cardiovascular disease or mortality except in patients who take heart-rate–
modifying drugs.2

Asymptomatic sinus node dysfunction requires no therapy. Asymptomatic 
AV nodal block, particularly if the QRS escape complex is narrow, can also be 
managed without intervention unless the QT interval is markedly prolonged, 
in which case a pacemaker should be considered. For symptomatic sinus node 
dysfunction and second- and third-degree AV block, acute management includes 
intravenous atropine (1 mg) or isoproterenol (usually 1 to 2 µg/minute infusion) 
to increase the heart rate. Temporary cardiac pacing (Chapter 60) may be required. 
If sinus node dysfunction or AV block is due to transient abnormalities, such 
as drug-induced, acute ischemic syndromes, temporary pacing is usually suf-
ficient; however, when intra-His or infra-His block is suspected (e.g., exercise-
induced AV block or asymptomatic Mobitz type II block) and the site can be 
documented with His bundle recording, permanent pacing (see Tables 60-1 
and 60-2) is the only effective long-term therapy, and consensus recommenda-
tions for pacemaker implantation should guide its use. For all forms of persistent 
symptomatic sinus node dysfunction or second- or third-degree AV block, 
permanent pacing is the therapy of choice (Chapter 60). In patients with AV 
block and systolic dysfunction, biventricular pacing is preferred. A1  The only 
exception is Lyme disease, in which most cases of heart block resolve within 
a week of antibiotic therapy (Chapter 305).

TREATMENT 

pacemaker refers to an ectopic atrial rhythm with at least three distinct P wave 
morphologies at rates between 50 and 100 beats per minute (Fig. 58-13).

 CLINICAL MANIFESTATIONS
APBs are most often asymptomatic but can occasionally be experienced as 
palpitations (Chapter 56). Similarly, ectopic atrial rhythms, including a wan-
dering atrial pacemaker, are virtually always asymptomatic. Rarely, ectopic 
atrial rhythm can be very slow and associated with symptoms of fatigue.

 DIAGNOSIS
The diagnoses of APBs, ectopic atrial rhythms, and wandering atrial pacemak-
ers are all made by ECG or on an ambulatory Holter monitor or loop event 
recorder (Chapter 56).
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 SINUS TACHYCARDIA
Sinus tachycardia (Fig. 58-14) is an arrhythmia that is almost always a physi-
ologic response to an emotional or physical stress such as anxiety, exercise, 
anemia, hypotension, hypoxemia, fever, thyrotoxicosis, or heart failure. It is 
characterized by a gradual increase and decrease in heart rate and rarely exceeds 
180 beats per minute. In rare cases, it may be a nonphysiologic condition 
called inappropriate sinus tachycardia, which is characterized by sinus tachy-
cardia that develops in response to minimal stress and that continues beyond 
the time when the normal response would have slowed.

Sinus node re-entry is a rare form of SVT caused by re-entry in the sinus 
node. As opposed to physiologic ST, it begins abruptly, is often triggered by 
a premature atrial beat, and ends abruptly. The P wave morphology is identical 
to sinus rhythm, and β-blockers are the treatment of choice if required for 
symptoms.

 ATRIAL TACHYCARDIA
The term atrial tachycardia refers to a group of SVTs that originate from focal 
anatomic locations in the atria and propagate in a centrifugal pattern (Fig. 
58-15). These locations include the pulmonary veins, crista terminalis in the 
right atrium, tricuspid or mitral annulus, coronary sinus, atrial septa, left atrial 
appendage, aortomitral continuity, or regions of scar tissue from previous 
cardiac surgery. Atrial tachycardias, which are usually regular rhythms that 
rarely exceed 200 beats per minute, may present in young age but more often 
develop later in life. Atrial tachycardias can be re-entrant, triggered, or auto-
matic in mechanism. Some forms of atrial tachycardia are incessant and can 
predispose to a tachycardia-related cardiomyopathy (Chapter 54). Other forms 
of atrial tachycardia are paroxysmal and may remit spontaneously without 
treatment. When persistent, atrial tachycardias can be managed with medica-
tions (calcium-channel or β-blockers or other antiarrhythmic drugs). Electrical 
mapping and ablation (Chapter 60) of atrial tachycardia are highly effective 
and are increasingly offered as first-line therapy. Multifocal atrial tachycardia 
(Fig. 58-16), which is a unique form of atrial tachycardia characterized by 
three or more P wave morphologies, is distinguished from wandering atrial 
pacemaker when the rate is 100 beats per minute or more, rather than less 

TABLE 58-4 SUPRAVENTRICULAR TACHYCARDIAS
R-R REGULARITY P WAVE MORPHOLOGY

ATRIAL TACHYCARDIAS

Sinus tachycardia Regular Positive in II, III, aVF; 
negative in aVR

Sinus node re-entry Regular Positive in II, III, aVF; 
negative in aVR

Atrial tachycardia, unifocal Regular P different from sinus
Atrial tachycardia, 

multifocal
Irregular Three or more different P 

wave morphologies
Atrial flutter, common: 

Counterclockwise
Regular; irregular if 

variable AV block
Sawtooth flutter waves; 

regular waveform; 
negative in II, III, aVF, 
positive in V1, negative 
in V6

 Clockwise Positive in II, III, aVF; 
negative in V1; positive 
in V6

Atrial flutter: uncommon Regular; irregular if 
variable AV block

Pattern different than 
common atrial flutter 
(counterclockwise or 
clockwise)

Atrial fibrillation Irregularly irregular Irregular fibrillation waves
AV JUNCTIONAL TACHYCARDIAS

AV re-entry (using 
accessory pathways)

 Orthodromic Regular Retrograde P in ST-T wave
 Antidromic Regular preexcited, except 

in irregular preexcited 
atrial fibrillation

Retrograde P, short RP

 Slow conducting Regular Retrograde P at end of T 
wave or later (long RP)

 Atriofascicular 
(antidromic)

Regular preexcited Retrograde P, short RP

AV nodal re-entry
 Common (slow-fast) Regular Retrograde P obscured by 

QRS or alters the end 
of QRS (short RP)

 Uncommon (fast-slow) Regular Retrograde P at end of T 
wave or later (long RP)

 Others (slow-slow) Regular PR-RP approximately 
equal

Nonparoxysmal junctional 
tachycardia*

Regular, slow rate AV dissociation

Automatic junctional 
tachycardia*

Regular AV dissociation

*Site of origin is usually infranodal.
AV = atrioventricular.

 Supraventricular Tachyarrhythmias
The supraventricular tachycardias (SVTs) are defined as arrhythmias with 
three or more beats at a rate of greater than 100 beats per minute (Table 58-4). 
The beats, which can be regular or irregular, are usually narrow complex but 
can be wide complex when associated with bundle branch block (aberration) 
or conduction over an accessory pathway. Atrial dilation, acute myocardial 
infarction, pulmonary embolism, acute or chronic inflammatory states, or 
scars from prior surgery involving atrial myocardium or pericardium are among 
the causes of atrial tachyarrhythmias.

The most important diagnostic clues for diagnosing the type of SVT include 
the ventricular response rate, regularity, and, if known, the suddenness of the 
onset of tachycardia. The QRS is regular during sinus tachycardia, atrial flutter, 
AV nodal re-entrant tachycardia, AV reciprocating tachycardia, and atrial 
tachycardia; it is irregular with AF, atrial flutter with variable AV block, multiple 
atrial premature contractions, and multifocal atrial tachycardia. Sudden onset 
and termination suggest acute AF, atrial flutter, AV nodal re-entrant tachycardia, 
AV reciprocating tachycardia, and atrial tachycardia. Gradual onset and reces-
sion suggest sinus tachycardia, chronic AF, atrial premature contractions and 
multifocal atrial tachycardia.

FIGURE 58-14. Sinus tachycardia at 120 beats/minute. 

Orthodromic
AVRTAVNRT

Atrial tachycardia

Counterclockwise
atrial flutter

FIGURE 58-15. Diagram of the site and mechanism of common forms of supraven-
tricular tachycardia. avnrt = atrioventricular nodal re-entrant tachycardia; avrt = 
atrioventricular re-entrant tachycardia. 
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in the pediatric population, is associated with very rapid rates and a risk for 
tachycardia-related cardiomyopathy.

 ACCESSORY PATHWAY TACHYCARDIAS
Tachycardias associated with an accessory pathway or bypass tract are called 
AV re-entrant tachycardia (AVRT). These tachycardias most often conduct 
down the normal AV conducting system and back up the accessory pathway 
(orthodromic AVRT) (see Fig. 58-15). Antidromic tachycardia is rare and 
represents conduction down the accessory pathway and back up the normal 
conducting system or, less commonly, a second accessory pathway. Wolff-
Parkinson-White syndrome is defined by the presence of delta waves or pre-
excitation on the ECG in sinus rhythm (Fig. 58-19), in combination with a 
history of AVRT. It is important to recognize, however, that many patients 
with ventricular preexcitation never get AVRT. In addition, up to 40% of patients 
with accessory pathways have AF. Because accessory pathway tissue, unlike 

FIGURE 58-16. Multifocal atrial tachycardia. an atrial tachycardia with three different 
p wave morphologies. 

than 100 beats per minute. It is an irregular rhythm and occurs almost exclu-
sively in patients with advanced pulmonary disease.

 ATRIOVENTRICULAR NODAL RE-ENTRANT TACHYCARDIA
AV nodal re-entrant tachycardia (AVNRT), which is a common form of SVT 
in all age groups, presents most often in young adulthood and frequently 
occurs after a change in position.4 It is more common in women than men 
and may develop or be exacerbated by pregnancy or certain phases of the 
menstrual cycle. Patients with AVNRT have two functional AV nodal pathways 
(dual pathways). Typically, an APB blocks in one pathway (fast pathway) and 
conducts slowly over the other pathway (slow pathway). If this beat conducts 
back up the fast pathway and then re-enters the slow pathway, AV nodal re-
entry occurs (Fig. 58-17). This re-entrant circuit is confined to the AV node, 
and the result is that both the atria and ventricles are activated nearly simul-
taneously. P waves may not be visible on the ECG because they are buried in 
the QRS complex. When P waves are present, they usually are seen just after 
the QRS and have a negative or superior axis (negative in leads II, III, and 
aVF; short RP tachycardia) (see Fig. 58-15). Atypical AVNRT is rare and 
occurs with conduction down the fast pathway and up the slow pathway, with 
a long interval between the preceding R wave and subsequent negative P wave 
(e.g., long RP tachycardia).

 JUNCTIONAL TACHYCARDIA
Junctional tachycardia refers to a focal (non-re-entrant) tachycardia originating 
in the AV junction (Fig. 58-18).5 A number of different forms of junctional 
tachycardia have differing clinical patterns. Nonparoxysmal junctional tachy-
cardia is a benign arrhythmia that rarely exceeds 120 beats per minute and 
typically exhibits a “warm-up” and “cool-down” pattern. A more rapid parox-
ysmal form of junctional tachycardia occurs in young adults and is often asso-
ciated with exercise. Congenital junctional ectopic tachycardia, which occurs 
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FIGURE 58-18. Junctional tachycardia. a tachycardia without evident p waves. the 
negative deflections at the end of leads ii, iii, and avF represent retrograde p waves. this 
rhythm is impossible to distinguish from atrioventricular nodal re-entrant tachycardia 
on the surface electrocardiogram. 
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FIGURE 58-17. Electrocardiograms demonstrating different rhythms in the same patient. A, atrioventricular nodal re-entrant tachycardia, with arrows indicating retrograde p waves 
(negative in lead ii, positive in v1). B, Same patient in sinus rhythm. the absence of a negative deflection at the end of the QrS in lead ii and positive deflection in v1 confirms that those 
findings in panel A were retrograde p waves. 

the AV node, is usually nondecremental, a rapidly conducting accessory pathway 
may allow AF to conduct to the ventricles at excessive rates and precipitate 
ventricular fibrillation. Drugs like digoxin, which accelerate accessory pathway 
conduction, should be avoided in these patients.

The ECG during orthodromic AVRT can have a narrow complex, but a 
wide QRS complex will be seen if there is aberration from a bundle branch 
block, especially at more rapid rates. The retrograde P wave is negative in 
leads I and aVL if it conducts over a left lateral accessory pathway and negative 
in leads II, III, and aVF if it conducts over a septal or posteroseptal accessory 
pathway (Fig. 58-20). The P wave occurs later (after the preceding R wave) 
compared with AVNRT because in AVRT, the impulse must conduct beyond 
the AV node and into the ventricle before returning to the atria over an acces-
sory pathway. In antidromic AVRT, the QRS complex is wide with a slurred 
upstroke and resembles that seen with ventricular tachycardia as opposed to 
a bundle branch block. Antidromic conduction with AF is often fast, broad, 
and irregular (see Fig. 58-19).

 ATRIAL FLUTTER
Atrial flutter is an arrhythmia with an atrial rate of approximately 300 beats 
per minute and a ventricular response of 150 (2 : 1), 100 (3 : 1), or slower 
multiples.6 Typical atrial flutter is a macro-re-entrant circuit that circulates in 
the right atrium in a clockwise or counterclockwise loop (Fig. 58-21). The 
inferior portion of typical flutter uses the narrow region between the inferior 
vena cava and tricuspid annulus as a critical isthmus of conduction. Typical 
atrial flutter almost always occurs in patients with underlying cardiovascular 
or pulmonary disease. It can also develop in patients who receive antiarrhyth-
mic drugs (e.g., sodium-channel blocking drugs) for AF. Atypical atrial flutter 
refers to macro-re-entrant atrial circuits that do not use this critical cavotri-
cuspid isthmus of tissue. These atypical forms of atrial flutter often occur in 
the left atrium after mitral valve surgery or catheter ablation of AF. Typical 
atrial flutter can be recognized by a “sawtooth” P wave morphology, which is 
predominantly negative in leads II, III, and aVF and positive in V1 (counter-
clockwise atrial flutter) or positive in leads II, III, and aVF and negative in V1 
(clockwise atrial flutter).

 ATRIAL FIBRILLATION
AF is identified by the absence of P waves and the presence of an irregularly 
irregular ventricular rate. Coarse AF, which describes the presence of residual 
atrial activity on the ECG, is generally best seen in lead V1 with the absence 
of P wave–like activity in other leads (Fig. 58-22). AF can be present with a 
regular ventricular rate when there is concomitant AV dissociation (e.g., com-
plete heart block or ventricular tachycardia).
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V4V1

Atrial Fibrillation with Preexcitation Sinus Rhythm with Preexcitation

V4V1

FIGURE 58-19. Two panels of the same patient with ventricular preexcitation. the rhythm on the left is fast, broad, and irregular, indicating atrial fibrillation with conduction over 
an accessory pathway. the rhythm on the right is sinus with conduction over an accessory pathway. 

the AV node, is usually nondecremental, a rapidly conducting accessory pathway 
may allow AF to conduct to the ventricles at excessive rates and precipitate 
ventricular fibrillation. Drugs like digoxin, which accelerate accessory pathway 
conduction, should be avoided in these patients.

The ECG during orthodromic AVRT can have a narrow complex, but a 
wide QRS complex will be seen if there is aberration from a bundle branch 
block, especially at more rapid rates. The retrograde P wave is negative in 
leads I and aVL if it conducts over a left lateral accessory pathway and negative 
in leads II, III, and aVF if it conducts over a septal or posteroseptal accessory 
pathway (Fig. 58-20). The P wave occurs later (after the preceding R wave) 
compared with AVNRT because in AVRT, the impulse must conduct beyond 
the AV node and into the ventricle before returning to the atria over an acces-
sory pathway. In antidromic AVRT, the QRS complex is wide with a slurred 
upstroke and resembles that seen with ventricular tachycardia as opposed to 
a bundle branch block. Antidromic conduction with AF is often fast, broad, 
and irregular (see Fig. 58-19).

 ATRIAL FLUTTER
Atrial flutter is an arrhythmia with an atrial rate of approximately 300 beats 
per minute and a ventricular response of 150 (2 : 1), 100 (3 : 1), or slower 
multiples.6 Typical atrial flutter is a macro-re-entrant circuit that circulates in 
the right atrium in a clockwise or counterclockwise loop (Fig. 58-21). The 
inferior portion of typical flutter uses the narrow region between the inferior 
vena cava and tricuspid annulus as a critical isthmus of conduction. Typical 
atrial flutter almost always occurs in patients with underlying cardiovascular 
or pulmonary disease. It can also develop in patients who receive antiarrhyth-
mic drugs (e.g., sodium-channel blocking drugs) for AF. Atypical atrial flutter 
refers to macro-re-entrant atrial circuits that do not use this critical cavotri-
cuspid isthmus of tissue. These atypical forms of atrial flutter often occur in 
the left atrium after mitral valve surgery or catheter ablation of AF. Typical 
atrial flutter can be recognized by a “sawtooth” P wave morphology, which is 
predominantly negative in leads II, III, and aVF and positive in V1 (counter-
clockwise atrial flutter) or positive in leads II, III, and aVF and negative in V1 
(clockwise atrial flutter).
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FIGURE 58-20. Atrioventricular re-entrant tachycardia. negative p waves are seen in 
leads ii, iii, and avF indicative of retrograde conduction to the atria over a septal acces-
sory pathway. 

 ATRIAL FIBRILLATION
AF is identified by the absence of P waves and the presence of an irregularly 
irregular ventricular rate. Coarse AF, which describes the presence of residual 
atrial activity on the ECG, is generally best seen in lead V1 with the absence 
of P wave–like activity in other leads (Fig. 58-22). AF can be present with a 
regular ventricular rate when there is concomitant AV dissociation (e.g., com-
plete heart block or ventricular tachycardia).
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FIGURE 58-21. Two examples of atrial flutter. A, typical counterclockwise right atrial 
flutter with classic sawtooth flutter waves seen in leads ii, iii, and avF. B, clockwise right 
atrial flutter. 

FIGURE 58-22. Coarse atrial fibrillation. the wavy baseline is suggestive of atrial activ-
ity and can be misinterpreted as p waves or flutter waves. the irregularity of the QrS 
complexes indicates that this is atrial fibrillation. 
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a continuous loop event recorder, which can be worn for up to a month and 
activated by the patient for symptoms, is preferred if the arrhythmia is less 
frequent (Chapter 56). Another alternative is a device that records data con-
tinuously and transmits to a central station, capturing both symptomatic and 
asymptomatic arrhythmias over a period of up to 1 month.

On physical examination, patients with a blocked atrial beat or AVNRT 
may have large (cannon) “a” waves detected in their jugular veins (see Fig. 
45-3). Carotid sinus massage, which has a vagal effect on the AV node, can 
terminate SVTs that depend on the AV node as part of the circuit (AVNRT 
and AVRT). Carotid sinus massage also can occasionally terminate atrial 
tachycardia but more often will slow the pulse by reducing the number of 
atrial inputs conducted through the AV node. Similarly, carotid sinus massage 
will slow but not terminate atrial flutter and AF.

Adenosine (6 mg rapidly intravenously in 1 to 3 seconds) slows the heart 
rate in sinus tachycardia, atrial tachycardia, AF, or atrial flutter, and can ter-
minate AV nodal re-entrant tachycardia, AV reciprocating tachycardia, and 
some atrial tachycardias. It should not be used in patients with wide, irregular 
QRS because it may exacerbate the AF of Wolff-Parkinson-White syndrome.

Electrophysiologic testing (Chapter 60) is the definitive way to distinguish 
SVT from ventricular tachycardia (see Table 59-2). The SVT can often be 
initiated by paced premature beats, after which the mechanism and location 
of the arrhythmia can be determined.

Acute Therapy8

Sinus, atrial, atrioventricular nodal re-entrant,  
and Junctional tachycardias

Sinus tachycardia rarely should be treated directly. Instead, treatment should 
focus on identifying and treating any precipitating underlying conditions, espe-
cially heart failure, pulmonary disease, fever, anemia, and thyroid disease. In 
the occasional patients who require treatment for symptoms associated with 
inappropriate sinus tachycardia, ivabradine 5 mg twice daily provides significant 
improvement and completely eliminates symptoms in approximately half of 
the patients.9

Multifocal atrial tachycardia is relatively unresponsive to medical therapy, is 
very difficult to ablate, and is best treated by management of the underlying 
pulmonary or cardiac disorder. For absolutely required acute treatment, options 
include intravenous diltiazem, verapamil, or metoprolol (Table 58-5). Cardiover-
sion is not useful.

Sustained or repeated episodes of nonsustained SVT, however, generally 
require effective therapy. If rapid control is desired (e.g., in patients with myo-
cardial ischemia or hypotension), cardioversion is the best solution (Chapter 
60). Atrial tachycardias, including atrial flutter or AF, may also convert spontane-
ously or convert after treatment of an underlying cause, such as hypoxia or 
heart failure, or after cessation of precipitating medications.

An acute episode of AVNRT can often be terminated with vagal maneu-
vers, such as carotid massage. In one randomized trial, modified Valsalva 
maneuver done semi-recumbent with supine repositioning and passive leg 
raising immediately after the Valsalva strain increased the conversion of SVT 
to 43% compared with 17% for the standard Valsalva maneuver. A2  In most 
atrial tachycardias, adenosine or vagal stimulation (or both) produces enough 
AV block to unmask the atrial origin of the tachycardia. However, some atrial 
tachycardias and most episodes of AVNRT terminate after administration of 
adenosine. Intravenous β-blockers or calcium-channel blockers (see Table 
58-5) can be used for the same purpose. For sustained control of the ven-
tricular rate during atrial tachycardia, intravenous esmolol and diltiazem are  
effective.

accessory pathway tachycardia
The acute management of SVTs that use an accessory pathway (AVRT) depends 

on the mechanism of the rhythm. If the tachycardia uses the AV node as one 
limb of the circuit, it may terminate with vagal maneuvers such as carotid sinus 
massage. If the tachycardia uses an accessory pathway as the antegrade limb 
(antidromic AVRT), it is important to avoid measures that may accelerate the 
conduction properties of the accessory pathway. For example, digoxin and 
epinephrine will increase conduction over the accessory pathway and potentially 
accelerate the tachycardia. Patients may have an adrenergic response to a drop 
in blood pressure induced by the vasodilating properties of β-blockers and 
calcium-channel blockers, particularly when AF conducts over an accessory 
pathway. As a result of these potential complications, adenosine (see Table 
58-5) is the drug of choice for the acute termination of antidromic AVRT, but 
a true antiarrhythmic drug, such as intravenous amiodarone, or cardioversion 
should be considered for antidromically conducted AF. In orthodromic AVRT, 
in which the AV node is the antegrade limb of the tachycardia, β-blockers or 
calcium-channel blockers can be used as well as adenosine.

TREATMENT 

AF, which is the most common arrhythmia in clinical practice, afflicts more 
than 2 million Americans. The likelihood of developing AF increases with 
aging, with an anticipated three-fold increase in prevalence as the U.S. popula-
tion ages in the next 20 years. AF is almost always a recurrent disorder, with 
the possible exception of AF that develops in association with hyperthyroidism 
(Chapter 213) and surgery (Chapter 405). AF can be paroxysmal (terminates 
spontaneously) or persistent (persists for at least 7 days or until cardioverted). 
Paroxysmal AF can occur as self-remitting arrhythmia for decades or can 
progress to permanent AF. Patients with persistent AF generally progress to 
permanent AF unless sinus rhythm is restored with cardioversion.

In addition to its association with aging, AF frequently occurs in association 
with hypertension (Chapter 70) or other comorbid conditions such as diabetes 
mellitus, thyrotoxicosis, heart failure, coronary artery disease, valvular heart 
disease, or lung disease such as chronic obstructive pulmonary disease or 
obstructive sleep apnea. About 20% of patients have no associated comorbidity 
and have what may be termed lone AF. Some patients develop AF after binges 
of alcohol use (“holiday heart”)7 or after parasympathetic surges such as after 
vigorous exercise or a large meal (vagally induced AF). Excessive caffeine 
intake is an often cited but very rare cause of AF. AF requires a trigger in the 
form of atrial premature depolarizations, which often originate in the pulmo-
nary veins and which, in the susceptible individual, result in AF. The suscep-
tibility to AF may relate to changes in the electrical function of the left atrium. 
Prolonged periods of AF can lead to electrical and structural remodeling of 
the atria and promote the further perpetuation of AF (“AF begets AF”).

AF results in the loss of the atrial contribution to ventricular filling. This 
so-called loss of atrial kick is generally well tolerated in normal individuals, 
in whom only about 15% of ventricular filling is the result of atrial contraction. 
In patients who have stiff, noncompliant ventricles (e.g., patients with aortic 
stenosis, hypertrophic or restrictive cardiomyopathy, or long-standing hyper-
tension), however, up to 40% of ventricular filling may be related to atrial 
contraction, so stroke volume may fall noticeably in such patients.

The primary morbidity associated with AF is thromboembolism. Throm-
boembolism in patients with nonvalvular AF typically results from thrombus 
formation in and dislodgment from the left atrial appendage. The risk for 
thromboembolism is related to the presence of underlying vascular disease 
but not to the pattern of AF (paroxysmal or persistent). For example, even 
subclinical AF is associated with a 2.5-fold increased risk for ischemic stroke 
or systemic embolism. However, the risk for embolization is further increased 
in the first 3 to 4 weeks after cardioversion, when the gradual return of atrial 
mechanical function can result in a particularly high risk for thromboembolism. 
The risk for thromboembolism in AF increases with age, diabetes mellitus, 
hypertension, previous embolic episodes, vascular disease, and heart failure. 
The lowest incidence (<1% annually) is in patients younger than 65 years 
with lone AF. AF is associated with about a 1.4-fold higher risk for cognitive 
impairment and dementia, with or without a history of clinical stroke. About 
12% of clinical embolic events are extracranial, about 70% of which affect the 
extremities, with most of the remainder affecting the visceral mesenteric 
circulation.

 CLINICAL MANIFESTATIONS
SVTs can produce symptoms specifically related to the rhythm itself, including 
fatigue, palpitations (Chapter 56), dizziness, shortness of breath, chest dis-
comfort, presyncope, and syncope. These symptoms are mostly related to the 
rapidity of the ventricular response and are most prevalent at the onset of the 
arrhythmia. In contrast to other forms of SVT, asymptomatic episodes of AF 
are common in patients who also have symptomatic AF.

Incessant SVT and uncontrolled ventricular rates can cause tachycardia-
related cardiomyopathy, which is reversible with control of these arrhythmias. 
In some situations, however, the clinical presentation may be dominated by 
the underlying condition that precipitates the arrhythmia, such as fever, physical 
stress, hypovolemia, heart failure (Chapter 52), hypoxia, sympathomimetic 
or parasympatholytic medications, thyrotoxicosis (Chapter 213), and pheo-
chromocytoma (Chapter 215).

Re-entrant tachycardias begin and end abruptly, whether without treatment 
or when terminated with vagal maneuvers or intravenous medications. An 
accessory pathway with ventricular preexcitation can be undiagnosed into 
adulthood, when it can mimic myocardial infarction or right ventricular hyper-
trophy on the ECG.

 DIAGNOSIS
The first key to diagnosis is the 12-lead ECG. A Holter monitor is useful if 
the arrhythmia is likely to be detected by 24 to 48 hours of monitoring, whereas 
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TABLE 58-5 ANTIARRHYTHMIC DRUGS: DOSES AND SIDE EFFECTS
ANTIARRHYTHMIC DRUG 
AND COMMON USE DOSE/METABOLISM

SIDE EFFECTS AND REQUIRED 
MONITORING SELECTED DRUG INTERACTIONS

RATE CONTROL

β-Blockers (selected) Hepatic, renal
Only renal (atenolol, nadolol)
IV: esmolol, 250-500 µg over 1 min, then 

50-300 µg/kg/min over 4 min; 
metoprolol, 2.5-5 mg bolus over 2 min, 
up to 3 doses 10 min apart

Oral: acebutolol, 200-600 mg bid; atenolol, 
25-100 mg qd; carvedilol, 3.125-50 mg 
bid; metoprolol, 25-150 mg bid; nadolol, 
20-120 mg qd; nebivolol, 5-40 mg qd; 
propranolol, 10-120 mg bid

Fatigue, depression, bronchospasm, 
impotence

Minimal, except for carvedilol and 
metoprolol, whose levels may be increased 
by amiodarone, propafenone, quinidine, 
fluoxetine, haloperidol, paroxetine, and 
cimetidine

Calcium-channel blocker 
(nondihydropyridine)

Hepatic
Inhibit CYP 3A4
IV: diltiazem, 20 mg bolus over 2 min, then 

5-15 mg per hour maintenance infusion; 
verapamil, 5-10 mg bolus over 2 min (if 
no response, an additional 10 mg after 
30 min and then a 0.005-mg/kg/min 
infusion)

Oral: verapamil long-acting 120-480 mg qd
Diltiazem long-acting 180-300 mg qd

Constipation, rash, peripheral edema Inhibits CYP 3A4—will increase levels of 
alprazolam, carbamazepine, 
dihydropyridine, cyclosporine, HMG-CoA 
inhibitors. Verapamil (but not diltiazem) 
increases digoxin levels

Digoxin Renal, hepatic, gastrointestinal, 0.125-
375 mg/day

Anorexia, nausea, fatigue, confusion, 
altered vision with green-yellow halos

Levels of or sensitivity to digoxin increased 
by hypokalemia, quinidine, verapamil, 
amiodarone, propafenone, renal failure, 
hypoxia, decreased muscle mass

Levels of or sensitivity to digoxin decreased 
by malabsorption, hyperkalemia, 
hypocalcemia

RHYTHM CONTROL

Adenosine Erythrocyte, endothelial cell
6-mg IV push, followed if necessary by 

12 mg after 1-2 min

Nausea, headache, flushing, chest pain, 
bronchospasm (contraindicated if 
asthma)

Methylxanthines compete for adenosine 
receptors with adenosine

Dipyridamole decreases the metabolism of 
adenosine

Amiodarone Hepatic half-life 50 days
PO load 10 g over 7-10 days, then 400 mg 

for 3 wk, then 200 mg/day for atrial 
fibrillation

Maintenance dose of 400 mg/day for VT
Dose reduce load for bradycardia or QT 

prolongation
IV: 150-300 mg bolus, then 1 mg/min 

infusion for 6 hr, followed by 0.5 mg/min 
thereafter

Pulmonary (acute hypersensitivity 
pneumonitis, chronic interstitial 
infiltrates), hepatitis

Thyroid (hypo- or hyperthyroidism)
Photosensitivity, blue-gray discoloration 

with chronic high dose, nausea, ataxia, 
tremor, alopecia

Avoid if identified thyroid nodule
LFTs two to three times a year, TFTs 

twice yearly, PFTs and CXR at 
initiation and CXR yearly thereafter

QT prolongation expected; reduce dose if 
exceeds 500 msec

Inhibits CYP 450 enzymes—increases 
concentrations of warfarin, digoxin, 
cyclosporine, alprazolam, carbamazepine, 
HMG-CoA inhibitors, phenytoin, and 
quinidine

Sotalol Renal: 80-120 mg bid
Max dose, 240 mg bid

Bronchospasm
QT prolongation/torsades de pointes

No significant interactions

Ibutilide Hepatic CYP 3A4
1 mg IV over 10 min, repeat after 10 min if 

necessary

Nausea
QT prolongation and torsades de pointes
Must monitor for 4 hr after drug initiation

None

Propafenone Hepatic
150-300 mg q8h or sustained release 

225-425 mg bid

Metallic taste, dizziness, SIADH
Atrial flutter, ventricular tachycardia

May decrease the metabolism of warfarin
Increase digoxin levels

Flecainide Renal, hepatic CYP 2D6
50-100 mg bid; max dose, 300-400 mg/day

Dizziness, headache, visual blurring
Atrial flutter, ventricular tachycardia

May increase digoxin levels
Flecainide levels increased by amiodarone, 

haloperidol, quinidine, cimetidine, and 
fluoxetine

Disopyramide Renal, hepatic (CYP 3A4)
Dose: 100-400 mg q8-12h; max dose, 

800 mg/24 hr
Reduce dose for renal or hepatic dysfunction

Anticholinergic (contraindicated for 
narrow-angle glaucoma): dry mouth, 
urinary retention, constipation, blurry 
vision

QT prolongation/torsades de pointes

None

Procainamide Mostly hepatic—rapid acetylators produce 
more NAPA; NAPA renally cleared

PO dose: 50 mg/kg/24 hr
IV dose: 1 g over 25 min, then 

20-60 µg/kg/min infusion
Reduce dose for renal dysfunction or low 

cardiac output

Rash, fever, arthralgias, drug-induced 
lupus, particularly in slow acetylators

Agranulocytosis
QT prolongation/torsades de pointes

Procainamide clearance reduced by 
trimethoprim, cimetidine, and ranitidine
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perspective, patients commonly require a combination of medications to achieve 
goal heart rates.

If a strategy of rhythm control12 is chosen, many patients will first require 
cardioversion, either pharmacologic or electrical (Chapter 60). The risk for clot 
formation must be mitigated before cardioversion in all patients with AF of 
more than 48 hours’ duration. The first step generally is to perform transesopha-
geal echocardiography (TEE) (Chapter 49). If TEE shows no evidence of a left 
atrial clot, cardioversion can be undertaken without systemic anticoagulation; 
if the patient has risk factors for stroke in association with AF, however, most 
clinicians administer anticoagulation during the cardioversion and for the sub-
sequent 4 weeks. If the TEE shows evidence of clot, 4 consecutive weeks of 
pre-cardioversion anticoagulation (with therapeutic doses of dabigatran, riva-
roxaban, A4  apixaban, or endoxaban, A5  or warfarin with an INR of at least 2) is 
required; anticoagulation must be maintained for at least 3 to 4 weeks after 
cardioversion. Even in the absence of clot, long-term anticoagulation is com-
monly recommended for patients with paroxysmal or recurrent AF (see later). 
Electrical cardioversion, which should be performed with a minimum of 200 
joules, is successful in more than 90% of cases. Pharmacologic cardioversion 
can be performed with intravenous drugs such as ibutilide, which is more 
successful for atrial flutter (60% efficacy) than AF (50%). Oral medications can 
also be used as a “pill in the pocket” strategy. Patients can take a single dose 
of propafenone (600 mg) or flecainide (300 mg) with a conversion rate for 
recent-onset AF (<48 hours’ duration) of approximately 50% without the need 
for a screening TEE. Oral amiodarone (typically loaded with 10 g over the first 
week, followed by 400 to 600 mg a day for the next 3 weeks) can also be used 
for cardioversion and is successful in approximately 50% of patients with both 
recent and more prolonged AF.

Long-Term Management
avnrt, avrt, atrial tachycardias, and atrial Flutter

Chronic therapy for multifocal atrial tachycardia should be instituted only if 
absolutely necessary despite best efforts to treat the underlying pulmonary or 
cardiac disease. Options include diltiazem or verapamil.

Chronic treatment for AVNRT is guided by the frequency and severity of 
symptoms. Many patients are able to live with this rhythm with infrequent 
recurrences, which terminate spontaneously or with adenosine. Ablation of 
AVNRT (Chapter 60) is effective and should be considered as first-line therapy. 
In patients who are not candidates for ablation or refuse it, β-blockers or calcium-
channel blockers are used. Sodium- or potassium-channel blocking drugs are 
options when other approaches fail.

Most patients with symptomatic AVRT are treated with catheter ablation 
(Chapter 60). Ablation of an accessory pathway located near the AV node or 
His bundle carries a 1% risk for complete heart block, whereas ablation of 

ANTIARRHYTHMIC DRUG 
AND COMMON USE DOSE/METABOLISM

SIDE EFFECTS AND REQUIRED 
MONITORING SELECTED DRUG INTERACTIONS

Quinidine Hepatic CYP 3A4 (70%), renal (30%)
Dose: sulfate—600 mg tid, gluconate—324 

to 648 mg q8h
Dose reduced for renal failure

Thrombocytopenia, cinchonism
Pruritus, rash
QT prolongation/torsades de pointes

↑ Digoxin and amiodarone concentrations
Quinidine inhibits CYP 2D6 and may 

increase drugs metabolized by this 
enzyme, e.g., ↑ effect of tricyclic 
antidepressants, haloperidol, some 
β-blockers, fluoxetine, narcotics

Quinidine metabolism inhibited by 
cimetidine

Quinidine metabolism increased by 
phenobarbital, phenytoin, and rifampicin

Dofetilide Renal, hepatic CYP 3A4
CrCl >60 (500 µg bid), CrCl 40-60 (250 µg 

bid), CrCl 20-39 (125 µg bid)

QT prolongation and torsades de pointes
Three days of in-hospital monitoring is 

required during drug initiation

Contraindicated with verapamil, 
ketoconazole, cimetidine, megestrol, 
prochlorperazine, and trimethoprim

Hydrochlorothiazide increases dofetilide 
levels

Must discontinue amiodarone at least 3 mo 
before dofetilide initiation

Ivabradine (not available in 
the United States)

2.5 mg starting dose, 5 mg bid for 1 month 
followed by increase to 7.5 bid if needed

Sinus bradycardia
Headaches
Visual brightness

Azole antifungals, macrolide antibiotics, 
nefazodone, nelfinavir, ritonavir

Dronedarone Hepatic CYP 3A4 half-life 30 hr
PO 400 mg bid
Improved absorption with food

Reduces the secretion of creatinine 
without a reduction in GFR

Hepatic failure
Avoid in heart failure

Increases digoxin levels (dose reduce digoxin 
by half)

May increase myositis with simvastatin
Avoid grapefruit

TABLE 58-5 ANTIARRHYTHMIC DRUGS: DOSES AND SIDE EFFECTS—cont’d

CrCl = creatinine clearance; CXR = chest x-ray; CYP = cytochrome P-450; GFR = glomerular filtration rate; HMG-CoA = 3-hydroxy-3-methylglutaryl coenzyme A; IV = intravenous administration; LFT = 
liver function test; max = maximum; NAPA = N-acetyl procainamide; PFT = pulmonary function test; PO = oral administration; SIADH = syndrome of inappropriate diuretic hormone; TFT = thyroid 
function test; VT = ventricular tachycardia.

atrial Flutter
It can be very difficult to control the rate of acute atrial flutter, which gen-

erally must be treated by restoring sinus rhythm. Intravenous ibutilide is 
approximately 60% effective for converting atrial flutter to sinus rhythm. Direct 
current electrical cardioversion, which is highly (>95%) effective for restoring 
sinus rhythm, should not be performed unless the episode of atrial flutter is 
believed to be less than 48 hours in duration, or transesophageal echocar-
diogram has excluded clot in the left atrial appendage, or until the risk for 
stroke has been minimized by achieving a therapeutic international normal-
ized ratio (INR) of 2 to 3 with warfarin or administration of a therapeutic dose 
of dabigatran, rivaroxaban, apixaban, or edoxaban (Chapter 76) for the prior  
4 weeks.

atrial Fibrillation
For acute AF without hypotension, rate control is crucial and can be accom-

plished with esmolol, metoprolol, verapamil, or diltiazem (see Table 58-5); digoxin 
is usually a third-line agent (Fig. 58-23).10 Most patients who have new-onset AF 
who are considered good candidates for cardioversion should be anticoagu-
lated with a therapeutic dose of one of the direct acting oral anticoagulants 
(dabigatran, rivaroxaban, apixaban, or edoxaban; Chapter 76), which are now 
typically used rather than heparin and warfarin. One half of patients with acute-
onset AF will spontaneously revert to sinus rhythm within for the first 48 to 96 
hours. The decision of whether to restore and maintain sinus rhythm or allow 
recurrences or progression to permanent AF is a fundamental component of 
AF management. Trials of a strategy of rate control compared with a strategy of 
rhythm control with antiarrhythmic drugs have demonstrated no difference in 
total or arrhythmic mortality associated with these two approaches, even after 
cardiac surgery A3  and in patients with a reduced ejection fraction. Because a 
significant component of the adverse events experienced in the rhythm control 
arms of these studies was due to stroke in un-anticoagulated patients and toxic-
ity from antiarrhythmic drugs, advances in antiarrhythmic and anticoagulant 
medications as well as the advent of reliable ablative therapies for AF may 
necessitate a re-evaluation of this question.

If a strategy of rate control11 is chosen, it is important to confirm a heart rate 
of 80 to 110 beats per minute at rest and less than 140 beats per minute with 
exercise, preferably by monitoring the heart rate during exercise on an exercise 
treadmill test or with an ambulatory monitor. More strict rate control is not 
beneficial. Failure to confirm rate control can result in the development of 
tachycardia-induced cardiomyopathy. First-line therapy for rate control includes 
β-blockers or calcium-channel blockers; digoxin can also be used but is gener-
ally less effective. Interestingly, β-blockers do not appear to reduce all-cause 
mortality when used in patients whose AF is complicated by heart failure, but 
it is not clear whether digoxin is preferred in this setting. From a practical 
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accessory pathways on the left side of the heart and distant from the AV node 
and His bundle region is not associated with a risk for heart block but carries 
a small risk for stroke. At present, it is not standard of care to ablate accessory 
pathways in patients without symptomatic arrhythmias. Medical options include 
β-blockers, diltiazem, and verapamil, with drugs such as flecainide or propafe-
none reserved for refractory cases.

The long-term management of atrial tachycardia depends on symptoms. If 
the rhythm is highly symptomatic, it is generally managed with a β-blocker or 
calcium-channel blocker. If these medications are unsuccessful or not tolerated, 
ablation is frequently recommended, but antiarrhythmic medications are an 
alternative.

In patients with atrial flutter, ventricular rate control is possible by achieving 
AV nodal block with β-blockers, calcium-channel blockers, and digitalis. However, 
radiofrequency ablation, which is curative, is now the preferred choice for most 
patients with atrial flutter (Chapter 60), especially recurrent atrial flutter. Because 
atrial flutter carries a 3% per year risk for thromboembolism, patients with atrial 
flutter should also receive long-term anticoagulation similar to what is recom-
mended for AF (see later). If atrial flutter ablation is successful, the risk for 
recurrence is very small, and long-term anticoagulation is not necessary.

atrial Fibrillation
Therapies for the chronic maintenance of sinus rhythm in patients with AF 

include pharmacologic and procedural approaches (Fig. 58-24). Careful follow-
up with multidisciplinary support may increase time out of the hospital. The 
procedural approaches include catheter-based ablation inside the left atrium 
with the goal of electrically isolating the pulmonary veins from the left atrium. 
Similarly, a minimally invasive surgical approach can electrically isolate the 
pulmonary veins from the external surface of the heart with the additional 
resection of the left atrial appendage. Both these procedures have become 
standard options for AF, especially in patients who have recurrent AF despite 
at least one antiarrhythmic drug.

Because of its improving efficacy with better techniques,13 catheter ablation 
increasingly is offered as a first-line therapy for persistent AF. A6  Interestingly, 

Cardiovert

Clear
evidence of
AF duration

< 48 hr

AF > 48 hr
duration

Stroke Risk Factors
Age > 65
Hypertension
Diabetes mellitus
Congestive heart failure
Prior stroke or TIA

Drug dosages
Dabigatran 150 mg bid, 75 mg bid if
  creatinine clearance < 30
Rivaroxaban 20 mg qd, 15 mg qd if
  creatinine clearance 15-50
Apixaban 5 mg bid, 2.5 mg bid if 2 or more
  (age > 80, body weight ≤  60 kg, 
  creatinine ≥ 1.5 mg/dL)
Edoxaban 60 mg qd (avoid if CrCI > 95
  mL/min)

Cardiovert; dabigatran,
rivaroxaban, apixaban, or
edoxaban for at least 1

month. If risk factors present
continue indefinitely*

No
thrombus present

If INR < 2,
consider heparin or

equivalent therapy (low
molecular weight heparin,
dabigatran, apixaban, or

rivaroxaban then cardiovert)

Dabigatran, apixaban,
rivaroxaban, or edoxaban

for at least
1 month or indefinitely if

there is stroke risk*

Dabigatran, apixaban,
rivaroxaban, or

edoxaban for 3-4 weeks
Cardiovert

TEE

Dabigatran, rivaroxaban,
apixaban, or edoxaban for

at least 1 month after which
consider TEE or proceed to

CV*

Thrombus present

Yes

No

Dabigatran, rivaroxaban,
apixaban, or edoxaban
for at least 1 month, or

indefinitely if risk factors
present*

FIGURE 58-23. Management of recent-onset atrial fibrillation (AF). crcl = creatinine clearance; cv = cardioversion; inr = international normalized ratio; tee = transesophageal 
echocardiography; tia, transient ischemic attack. 

continuing previously ineffective antiarrhythmic therapy after ablation can 
further reduce the risk of recurrent AF. A7  The catheter approach carries a small 
risk for cardiac perforation, including pericardial tamponade and atrioesopha-
geal fistula formation, and a 1% risk for stroke. There is also a small risk for 
pulmonary vein stenosis, which has been reduced by newer technologies. A 
second procedure typically is offered to patients who have recurrent AF fol-
lowing a first catheter-based procedure. Adding linear ablation or ablation of 
complex fractionated electrograms does not reduce recurrent AF in patients with  
persistent AF.

Catheter ablation is clearly the preferred initial therapy in patients with per-
sistent AF and symptomatic heart failure, especially heart failure patients who 
are sick enough to require a cardioverter-defibrillator or cardiac resynchroniza-
tion therapy (Chapter 53). A8 

,
 A9  For patients with long-standing persistent AF, 

5-year success rates are 20% for a single ablation procedure and 45% for multiple 
ablation procedures. Electric isolation of the left atrial appendage can further 
reduce recurrent AF. A10 

For paroxysmal AF, catheter ablation reduces recurrences and may improve 
quality of life compared with antiarrhythmic medication, but recurrence rates 
are high. A11 

,
 A12  As a result, ablation is not currently seen as first-line therapy for 

most patients with paroxysmal AF, especially if they respond well to “pill-in-a-
pocket” approach (see Fig. 58-24).14

The surgical approach carries a higher risk for cardiac bleeding, particularly 
during the resection of the left atrial appendage, and is associated with a sig-
nificantly longer recovery time than the percutaneous approach. However, there 
should be no stroke risk associated with the surgical procedure because it is 
performed completely from the epicardial surface of the heart. A more extensive 
surgical operation, called the maze procedure, requires a full thoracotomy and 
is most often performed concomitantly as part of open coronary artery bypass 
surgery or an open valve operation. In this procedure, electrical lines of block 
are created in the left atrium to interrupt the perpetuation of AF, the pulmonary 
veins are isolated, and the left atrial appendage is resected. Success rates for 
this procedure, which should be reserved for refractory, symptomatic AF, exceed 
80%. For example, surgical ablation of persistent AF during open mitral valve 
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Assess and treat reversible causes
(e.g., hypoxemia, medications,
hyperthyroidism, heart failure)

Anticoagulant therapy guided by
CHA2DS2-VASc score (Table 58-7)

Paroxysmal AF

Bothersome symptoms?

Routine follow-up Initial treatment
(see Fig. 58-23)

Acute control with “pill-
in-a-pocket”

(propafenone 600 mg
or flecainide 300 mg)

Persistent AF

Rate control (see Table 58-5)

Symptoms related to
AF resolve?

Rhythm control with
antiarrhythmic drugs
(see Table 58-5) or
catheter ablation

Routine follow-up

No Yes

No Yes

Or

Or

FIGURE 58-24. Treatment of chronic paroxysmal or persistent atrial fibrillation (AF). newer oral anticoagulants are preferred over warfarin. if warfarin is used, the goal international 
normalized ratio is generally 2 to 3. (adapted from prystowsky en, padanilam BJ, Fogel ri. treatment of atrial fibrillation. JAMA. 2015;314:278-288.)

surgery significantly reduces subsequent AF but with a small increase in the 
need for a permanent pacemaker. A13 

The pharmacologic options for the treatment of AF work by blocking sodium, 
potassium, or a combination of cardiac channels. Blockade of these channels 
results in slowing of cardiac conduction (sodium channels) and prolongation 
of cardiac repolarization (potassium channels) as well as additional effects from 
modulation of the autonomic nervous system. The choice of antiarrhythmic 
drug is based on the patient’s underlying clinical condition (Table 58-6).

Amiodarone is the most widely used medication for AF with an efficacy of 
60 to 70% at 1 year. It is associated with a number of drug interactions, most 
notably with warfarin and digoxin. Its associated risk for thyroid, liver, and lung 
toxicities, related in part to the iodine moieties on this compound, necessitate 
careful follow-up. For prevention of recurrent AF, oral amiodarone is significantly 
more effective than propafenone, flecainide, dofetilide, or sotalol, which are 
the recommended alternatives. Dronedarone (400 mg twice daily), which is 
related to amiodarone but has no iodine and a 24-hour half-life, is well toler-
ated in terms of noncardiovascular side effects but has been associated with 
an increased risk for heart failure, stroke, and death in patients with permanent 
AF. As a result, it should be discontinued in patients in whom sinus rhythm is 
not well maintained.

Quinidine, procainamide, and disopyramide are predominantly sodium-
channel blocking drugs that also block potassium channels at slow heart rates. 
Each of these drugs is moderately successful in AF, with about 50% of treated 
patients in sinus rhythm at 1 year, but each also has idiosyncratic noncardio-
vascular toxicities that can significantly limit their utility (see Table 58-5). Propafe-
none and flecainide are also sodium-channel blockers that are widely used for 

the maintenance of sinus rhythm. These drugs are moderately effective, with 
a 50% rate of sinus rhythm at 1 year, and are generally well tolerated but must 
be avoided in patients with structural heart disease, particularly with a history 
of prior myocardial infarction and impaired left ventricular function, because 
of a risk for drug-induced ventricular arrhythmia. Dofetilide is a potassium-
channel blocking medication that is moderately effective for suppressing AF 
but carries a dose-dependent risk for QT prolongation and torsades de pointes.

anticoagulation
Long-term anticoagulation therapy with dabigatran, rivaroxaban, apixaban, 

or edoxaban (or, less likely, warfarin) is generally recommended in all patients 
who have persistent or paroxysmal AF, who are older than 65 years, and who 
have no contraindications to anticoagulation (Table 58-7).15,16 Anticoagulation 
also should be maintained for 6 months after both catheter and surgical pro-
cedures in patients without clinical risk factors for stroke and chronically in 
patients with risk factors.

For thromboembolic prophylaxis in patients who have AF without a prosthetic 
valve or rheumatic heart disease nonvalvular AF, new or direct acting oral anti-
coagulant medications (Table 76-3) have generally replaced warfarin because 
of their ease of use, superior or equivalent efficacy, and excellent safety profile.  A14  
Options included rivaroxaban (an oral factor Xa inhibitor at 20 mg per day), 

TABLE 58-6 SELECTION OF ANTIARRHYTHMIC DRUGS
PATIENT’S CHARACTERISTICS ANTIARRHYTHMIC DRUG CHOICES
No structural heart disease First line: flecainide, propafenone, 

dronedarone, sotalol
amiodarone, dofetilide

Depressed left ventricular ejection 
fraction with heart failure

First line: amiodarone, dofetilide
Avoid: dronedarone, flecainide, 

propafenone
Coronary artery disease without 

congestive heart failure
First line: sotalol, dronedarone, dofetilide, 

amiodarone
Avoid: flecainide, propafenone

Hypertrophic cardiomyopathy First line: amiodarone, sotalol
Second line: disopyramide

TABLE 58-7 CURRENT RECOMMENDATIONS FOR 
THROMBOEMBOLIC PROPHYLAXIS FOR 
PATIENTS WITH ATRIAL FIBRILLATION BASED 
ON RISK FACTORS FOR STROKE

RISK FACTORS* RECOMMENDATIONS
Heart failure (1 point)
Hypertension (1 point)
Age ≥65 (1 point), ≥75 (2 points)
Diabetes (1 point)
Stroke/TIA (2 points)
Vascular disease (1 point)
Female gender (1 point)

2 or more points: anticoagulation with warfarin 
or a new oral anticoagulant

1 point: anticoagulation or no therapy 
depending on the preference of the patient 
and treating physician

0 points: no therapy

*Based on the CHA2DS2-VASc risk stratification scoring system.
TIA = transient ischemic attack.
Data from January CT, Wann S, Alpert JS, et al. 2014 AHA/ACC/HRS guideline for the 
management of patients with atrial fibrillation: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines and the Heart Rhythm Society. J 
Am Coll Cardiol. 2014;64:e1-e76.
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apixaban (an oral factor Xa inhibitor at 5 mg twice daily), dabigatran (a direct 
thrombin inhibitor at 150 mg twice daily), and edoxaban (30 or 60 mg once 
daily). All four drugs are eliminated by the kidney (apixaban 25%, edoxaban 
50%, rivaroxaban 65%, and dabigatran 85%), so they are not recommended in 
patients with substantial renal dysfunction, and the doses should be reduced 
in patients with moderate renal dysfunction (Chapter 76).17 Even in patients 
older than 75 years, these agents appear to be at least as effective as warfarin. 
Idarucizumab (4 to 5 g intravenously) can rapidly reverse dabigatran,18 and 
andexanet alfa (400 to 800 mg bolus over 15 to 30 minutes followed by a 400 
to 960 mg infusion) can reverse rivaroxaban or apixaban and achieve good to 
excellent hemostasis in about 75% of bleeding patients within 12 hours.19

Thromboembolic prophylaxis in patients with AF and a recent coronary stent 
includes dual antiplatelet therapy plus an anticoagulant. In a randomized trial, 
very low dose rivaroxaban (2.5 mg twice daily) was as efficacious as adding 
warfarin in patients with AF who required dual antiplatelet therapy after coro-
nary stenting, but rivaroxaban reduced the risk of significant bleeding by about 
one third, from about 15% per year to about 10% per year. Another efficacious 
option for such patients is dual therapy with dabigatran (110 or 150 mg twice 
daily) plus clopidogrel or ticagrelor. A15  The addition of aspirin to dabigatran, 
rivaroxaban, or apixaban also can decrease vascular events and is recommended, 
despite its increased risk of causing bleeding, in some AF patients with con-
comitant risk factors, such as coronary artery disease or a prior stroke that is 
attributed to vascular disease rather than to AF. A16  In this setting, these agents 
appear to be both safer and more effective than warfarin. Bridging anticoagula-
tion is no better than interrupting anticoagulation A17  at the time of an invasive 
procedure (Chapter 403).20

Warfarin alone reduces the risk of stroke by approximately 60%. Although 
there is some protective effect at an INR as low as 1.8, the target INR for chronic 
anticoagulation with warfarin should be 2 to 3 to avoid INRs less than 1.8. 
However, the newer oral anticoagulants are safer, more efficacious, or both for 
this purpose as well.
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REVIEW QUESTIONS

1. Supraventricular tachyarrhythmias. A 25-year-old woman presents to the emergency department with palpitations and the attached electrocardiogram. 
Which of the following statements is false?

II

I

II

III

aVR

aVL

aVF

V1 V4

V2

V3 V6

V5

 A. The rhythm can be treated with intravenous diltiazem.
 B. The rhythm is best treated with adenosine.
 C. The rhythm is curable with radiofrequency ablation.
 D. The rhythm is most consistent with atrial flutter.
 E. The rhythm is most consistent with atrioventricular (AV) nodal re-entrant tachycardia.

Answer: D The rhythm is AV nodal re-entrant tachycardia given the absence of evident P waves. This rhythm is typical in women in this age group. It can be 
treated acutely with adenosine or diltiazem, and long-term treatment can include a curative ablation procedure. The absence of flutter waves makes atrial flutter 
unlikely.

2. Supraventricular tachyarrhythmias. A 54-year-old man presents to the emergency department with the new onset of palpitations and shortness of breath. 
The accompanying electrocardiogram is obtained. What is the diagnosis?

aVR V1 V4

aVLI V2 V5

aVFII

I II II II

V3 V6

 A. AV nodal re-entrant tachycardia
 B. AV re-entrant tachycardia
 C. Atrial flutter
 D. Atrial fibrillation
 E. Atrial tachycardia

Answer: C The electrocardiogram demonstrates negative (“sawtooth”) waves in leads 2, 3, and aVF, positive flutter waves in V1 and negative in V6. There are 
two flutter waves for every QRS complex, consistent with typical atrial flutter with 2 : 1 conduction.
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3. Atrioventricular conduction disturbances. An 18-year-old man presents to the hospital with fatigue for the prior week. It is late August and he has spent 
the summer on Nantucket as a life guard. His pulse is 40 beats per minute, and the accompanying electrocardiogram is obtained. What is the most likely 
diagnosis?

aVRI V1 V4

aVLII

III

V2 V5

aVF V3 V6

 A. Sinus bradycardia
 B. AV Wenckebach
 C. Complete heart block
 D. 2 : 1 AV block
 E. Junctional rhythm

Answer: D The rhythm shows 2 : 1 AV block with a long PR interval associated with the conducted P wave. The clinical history is consistent AV block second-
ary to Lyme disease. It should be treated with antibiotics, and in most cases there will be resolution of conduction disease.

4. Supraventricular tachycardia. An 18-year-old man presents with a syncopal episode while playing basketball. He is brought to the emergency department 
where the following electrocardiogram is recorded. His blood pressure is stable. What is the diagnosis?

aVRI

I

V1 V4

aVLII

III

V2 V5

aVF V3 V6

 A. Ventricular tachycardia
 B. Atrioventricular tachycardia with aberration
 C. Atrioventricular tachycardia without aberration
 D. Atrial fibrillation with conduction over an accessory pathway (bypass tract)
 E. None of the above

Answer: D The rhythm is irregularly irregular, consistent with atrial fibrillation, and the variable QRS durations are consistent with varying amounts of con-
duction over an accessory pathway. This classic fast, broad, and irregular pattern is consistent with atrial fibrillation conducted over an accessory pathway.
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5. Bradyarrhythmias. A 45-year-old man complains of daytime somnolence. Evaluation is notable for morbid obesity and hypertension. He takes 20 mg of 
lisinopril for hypertension. The following telemetry strip occurred during sleep and was not associated with symptoms. During daytime hours, his heart 
rate never dropped below 70 beats per minute. Which statement is true?

N N N N N

NNNN

N M

1 mV
II

PLETA

2 : 04 : 10

2 : 04 : 16

2 : 04 : 22

5/2/07 22 : 04 : 21 ***BRADY  39 < 40

 A. The telemetry strip shows complete heart block.
 B. The telemetry strip shows sinus node dysfunction, which requires a pacemaker.
 C. The telemetry strip shows sinus bradycardia progressing to sinus arrest, consistent with a vagal mechanism.
 D. Sinus bradycardia is due to metoprolol.
 E. The telemetry strip shows sinus arrhythmia.

Answer: C The telemetry strip shows sinus bradycardia progressing to a sinus pause. This finding is most consistent with a vagal mechanism, probably associ-
ated with obstructive sleep apnea. The best approach is to treat the sleep apnea. In the absence of symptoms such as syncope, a pacemaker is not indicated.
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59 
VENTRICULAR ARRHYTHMIAS
HASAN GARAN

 DEFINITIONS
Ventricular arrhythmias are cardiac rhythms that originate in the ventricular 
myocardium or in the His-Purkinje tissue. They include a wide spectrum of 
arrhythmias, including isolated premature ventricular contractions (PVCs) 
(Fig. 59-1A), nonsustained ventricular tachycardia (Fig. 59-1B), sustained 
ventricular tachycardia (Fig. 59-1C), and immediately life-threatening ven-
tricular fibrillation (VF) (Fig. 59-2).

Two consecutive PVCs are termed a couplet, whereas ventricular tachycardia 
(VT) is arbitrarily defined as three or more ventricular contractions in a row 
at a rate faster than 100 beats per minute (see Fig. 59-1B). The definition of 
sustained VT—a continuous ventricular rhythm, at a rate faster than 100 beats 
per minute, with no interruption for 30 seconds or longer—is equally arbitrary. 
However, most if not all sustained VTs are much faster than 100 beats per 
minute (see Fig. 59-1C), persist for more than 30 seconds, and cause a sub-
stantial decrease in ventricular function and cardiac output, especially in patients 
with underlying organic heart disease. These abrupt physiologic changes may 
result in acute heart failure, hypotension, syncope, or even circulatory collapse 
within several seconds to minutes after the onset of VT.

Monomorphic VT is electrocardiographically defined as a wide-complex 
tachycardia with no change in QRS configuration, frontal axis, or horizontal 
axis from one beat to the next (Fig. 59-3A). Polymorphic VT is characterized 
by beat-to-beat changes in the QRS morphology and axis, and very fast poly-
morphic VT may be difficult to distinguish from ventricular fibrillation (VF) 
(Fig. 59-3B). VF, which is a grossly irregular ventricular rhythm usually at a 
rate faster than 300 beats per minute, appears as low-amplitude continuous 
electrical activity on the surface electrocardiogram (ECG), and generates no 
cardiac output. Torsades de pointes and bidirectional polymorphic VT are 
two distinct subtypes of polymorphic VT. Pleomorphic VT describes the phe-
nomenon of multiple clinical monomorphic VTs, each with distinct QRS 
configurations and axis observed at different times in the same patient.

 EPIDEMIOLOGY
The prevalence of PVCs is a function of sampling method and duration, and 
PVCs may be seen in 50% of apparently healthy individuals if the monitoring 
time is 24 hours or longer. Asymptomatic PVCs may, however, be a marker 
of more serious underlying heart disease.

Nonsustained VT may be recorded in up to 3% of apparently healthy indi-
viduals with no identifiable heart disease. The prevalence of PVCs and non-
sustained VT not only increases with age, but also with the presence and 
severity of an underlying heart disease. Therefore, the finding of nonsustained 
VT often leads to a cardiac evaluation to exclude organic heart disease, even 
if it is incidentally discovered in an asymptomatic patient. The prevalence of 
nonsustained VT rises to 7 to 12% in the late phase of myocardial infarction 
(MI) and may be as high as 80% in patients with heart failure owing to dilated 
cardiomyopathy (Chapter 54).

Approximately 10% of patients with documented sustained VT have no 
identifiable heart disease, in which case idiopathic VT is diagnosed. Idiopathic 
VF is exceedingly rare. Sudden cardiac death (Chapter 57) owing to ventricular 
arrhythmias accounts for an estimated 50% of all annual cardiovascular deaths 
in the United States.

The nature of the underlying heart disease in patients dying of VT or VF 
is age dependent. Before 30 years of age, the organic heart disease most com-
monly associated with VT and VF is genetic cardiomyopathy (Chapter 54), 
whereas acute MI and chronic ischemic cardiomyopathy are the most common 
underlying heart diseases in individuals older than 40 years. In 13% of cases 
of sudden cardiac death without obvious underlying organic heart disease at 
autopsy, postmortem genetic analysis may identify a clinically actionable 
pathologic mutation in an ion channel—a so-called deleterious channelopathy 
that predisposes to VT and VF.1

 PATHOBIOLOGY
Based on their underlying mechanisms, ventricular arrhythmias are classified 
as re-entrant, triggered, or automatic (Chapter 55). Re-entry, commonly the 
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ABSTRACT
Ventricular arrhythmias are cardiac rhythm disturbances that originate in the 
right or left ventricular myocardium or in the His-Purkinje (HP) tissue. The 
diagnosis of monomorphic ventricular tachycardia (VT) on 12-lead ECG 
may be challenging, and the differential diagnosis of regular-rate, wide-complex 
tachycardia includes any type of supraventricular tachycardia with aberrant 
conduction or with ventricular pre-excitation, as well as VT. The most reliable 
ECG observation in favor of VT is evidence of atrio-ventricular dissociation, 
but the clinical setting and the patient’s background also play major roles in 
making an accurate diagnosis. A small proportion of the patients with docu-
mented, sustained VT have no identifiable structural heart disease. These 
idiopathic VTs may originate in the outflow tract of either ventricle or may 
arise in left fascicles of the HP system. Rare, genetically acquired ion channel 
mutations may be the cause of specific types of VT, such as polymorphic 
torsade-de-pointes. Most commonly, however, VT occurs in patients with 
organic heart disease, such as acute or prior myocardial infarction, dilated or 
hypertrophic cardiomyopathy. VT may be immediately life-threatening. Heart 
failure from any cause significantly increases the risk of ventricular arrhythmias. 
Acute management of hemodynamically unstable VT and ventricular fibril-
lation (VF) should conform to the guidelines for advanced cardiac life support. 
Sustained VT or VF in patients with organic heart disease is a primary indica-
tion for implantable cardioverter defibrillator (ICD) therapy. Catheter ablation 
therapy may be curative for idiopathic VTs and should be considered as a 
preferred alternative to long-term antiarrhythmic drug therapy. In contrast, 
the role of catheter ablation or antiarrhythmic drug therapy is palliative in 
patients with VT and advanced organic heart disease after they are protected 
with ICD implantation.
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diagnosis may be confirmed by 24-hour ambulatory ECG monitoring (Chapter 
56), but more extended monitoring by a loop recorder is often needed because 
the arrhythmia may be rare and intermittent. Ambulatory monitoring can also 
help correlate arrhythmias with any potentially related symptoms. In some 
patients, exercise testing can be helpful for diagnosis, especially in patients 
with exercise-induced symptoms.

Acute Myocardial Infarction
VT and VF may arise as early as minutes to hours after the onset of symptoms 
during acute MI, and prehospital VT and VF during acute MI are responsible 
for a large proportion of out-of-hospital sudden cardiac deaths (Chapter 57). 
The incidence of peri-infarction VF has declined over the past two decades, 
perhaps related to the widespread application of successful early coronary 
revascularization (Chapter 65) during acute MI.2 Among patients with ST 
elevation MI who now reach the hospital, about 3 to 4% develop VT, mostly 
during the acute phase. The incidence of VT in patients with non–ST eleva-
tion MI (Chapter 63) is lower, about 1%. Accelerated idioventricular rhythm 
(AIVR) is an automatic ventricular rhythm that is faster than the sinus rate 
but usually less than 120 beats per minute. It may occur in the setting of acute 
MI and is commonly observed immediately after coronary reperfusion; it 
typically terminates spontaneously without causing hemodynamic instability.

 DIAGNOSIS
Not every wide-complex tachycardia is VT (Fig. 56-3). The diagnosis is 
straightforward when a His bundle electrogram is recorded during a wide-
complex tachycardia in the cardiac electrophysiology laboratory, but diagnosis 
on a standard 12-lead ECG may be challenging (Table 59-2). The differential 
diagnosis of a sustained regular-rate wide-complex tachycardia includes any 
type of supraventricular tachycardia with aberrant conduction (Chapter 58),3 
supraventricular tachycardia with ventricular preexcitation, bundle branch re-
entry (which is a specific type of VT), and myocardial VT. The clinical setting 
and the patient’s background (e.g., history of previous MI or cardiomyopathy) 
play a major role in making an accurate diagnosis. New-onset wide-complex 
tachycardia in a young and otherwise healthy individual with no structural 
heart disease is most likely supraventricular tachycardia (SVT) with aberration, 
or an SVT with preexcitation, but it also may be idiopathic VT.

The most reliable electrocardiographic observation in favor of VT is evidence 
of AV dissociation (i.e., absence of any relationship between the atrial and 

A

B

C

FIGURE 59-1. Ventricular arrhythmias. A, multifocal premature ventricular beats. B, nonsustained monomorphic ventricular tachycardia (Vt). note dissociated P waves indicated by 
arrows. C, sustained monomorphic Vt. Dissociated P waves are indicated by arrows, and the eighth beat in the tracing is a fusion beat. 

V6

FIGURE 59-2. This electrocardiogram in a patient with idiopathic ventricular fibrillation (VF) shows recurrent closely coupled premature ventricular contractions (PVCs) and the 
initiation of VF by one of these closely coupled PVCs. 
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III

A

V3

V6

FIGURE 59-3. A, monomorphic ventricular tachycardia (Vt) in a patient with a prior myocardial infarction. the arrows identify P waves in lead V1, showing atrioventricular dissociation. 
no r wave is recorded in any of the precordial leads V1 to V6 during Vt. B, Polymorphic Vt in a patient with chronic ischemic cardiomyopathy and marked first-degree atrioventricular 
block. there is no Qt prolongation before the onset of the polymorphic Vt. 

result of activation in adjacent circuits sharing a common pathway referred 
to as the isthmus, is initiated by the simultaneous presence of conduction 
block in one limb and abnormally slow conduction in an adjacent limb, thereby 
allowing recovery of excitability in the former (E-Fig. 59-1A). One type of 
triggered activity results from early afterdepolarizations, which are oscillatory 
depolarizations occurring during the late phase of the action potential in the 
setting of an abnormally delayed repolarization process (E-Fig. 59-1B). Another 
type of triggered activity results from delayed afterdepolarizations, which occur 
in the setting of elevated intracellular calcium concentrations. These transient 
depolarizations occur immediately after the termination of the action potential 
and may reach activation threshold (see E-Fig. 59-1B). Automatic arrhythmias 
arise from accelerated pacemaker activity (E-Fig. 59-1C).

Sustained re-entrant activation in the myocardium is the most common 
cause of monomorphic VT. Re-entry usually arises when scarring (which may 
be subendocardial, transmural, or subepicardial), most commonly as the result 
of prior ischemic injury, creates an electrophysiologically abnormal substrate. 
Other pathologic conditions capable of creating a substrate for re-entry include 
inflammation, granuloma (e.g., cardiac sarcoidosis), fibrofatty infiltration (e.g., 
arrhythmogenic right ventricular cardiomyopathy), genetically caused sarco-
meric disarray (e.g., hypertrophic cardiomyopathy), and iatrogenic scar or 
patch (e.g., surgical repair of tetralogy of Fallot). These substrates may also 
result in polymorphic VT and VF by a similar re-entrant mechanism.

In the Brugada syndrome, the primary cause is abnormal conduction in 
the epicardium of the right ventricular outflow tract. Triggered activity, which 
results from delayed afterdepolarizations rather than re-entry, is thought to 
be the underlying mechanism for idiopathic monomorphic VT that has a 
focal site of origin in the right ventricular outflow tract, in one of the sinuses 
of Valsalva, in the endocardium underneath the aortic valve, or in the myo-
cardial segment termed the left ventricular summit. Idiopathic VT from re-
entry in the fascicles of the left bundle branch has a relatively narrow QRS 
complex that mimics right bundle branch block (RBBB) and anterior or 
posterior fascicular block.

Torsades de pointes is caused by early afterdepolarizations that arise during 
an abnormally prolonged action potential owing to a delayed repolarization 
process in the setting of genetic long QT syndromes or acquired long QT during 
therapy with QT-prolonging drugs. The cause may be either diminished out-
flowing potassium currents or enhanced inflowing sodium or calcium currents. 
Although many episodes terminate spontaneously, the rates are usually very 
fast, and a torsade episode, if long enough, can transform into sustained VF.

Bundle branch re-entry, which results from re-entrant activation incorporat-
ing the right and the left bundle branches distally joined by the slowly con-
ducting septal myocardium, may cause one or two nonsustained ventricular 
beats in a normal heart. However, sustained bundle branch re-entry occurs 
when myocardial disease causes chamber enlargement and bundle branch 
elongation and/or disease in the conduction system causes abnormally slow 
conduction, thereby creating the scenario for sustained bundle branch re-entry. 
The common type of bundle branch re-entry has anterograde activation over 
the right bundle and uses the left bundle retrogradely, thereby resulting in a 
left bunch branch block (LBBB) pattern on the surface ECG, but the reverse 
direction with RBBB pattern may also occur rarely.

Accelerated pacemaker activity in an ectopic location, with rates exceeding 
the underlying sinus rhythm rate, may arise in settings such as transient inflam-
mation, excess digoxin levels, intracellular calcium loading, electrolyte imbal-
ance, and coronary reperfusion following thrombotic occlusion. Bidirectional 
VT is thought to result from calcium overload of the myocytes owing to 
congenitally acquired, abnormal ryanodine receptor or calsequestrin function, 
or from digitalis toxicity; it may be a prelude to more malignant polymorphic 
VT and VF.

Finally, there is no consensus regarding the mechanisms underlying VF. 
Theoretically, VF may be initiated when a premature contraction falls in the 
vulnerable period of the action potential, thereby precipitating a re-entrant 
wave that breaks into sister wavelets and results in high-frequency electrical 
activity. In fact, VF may be regarded as an end stage for a variety of severe 
electrophysiologic abnormalities that result in chaotic activation.

 CLINICAL MANIFESTATIONS
Ventricular arrhythmias can present in a variety of clinical settings (Table 
59-1). Often, ventricular arrhythmias are asymptomatic and are detected by 
an irregular pulse on a physical examination, on a routine ECG, on an exercise 
test, or on routine inpatient monitoring. In other patients, symptomatic ven-
tricular arrhythmias can present as palpitations, dizziness, syncope (Chapters 
45 and 56), shortness of breath, or sudden cardiac arrest (Chapter 57). The 
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diagnosis may be confirmed by 24-hour ambulatory ECG monitoring (Chapter 
56), but more extended monitoring by a loop recorder is often needed because 
the arrhythmia may be rare and intermittent. Ambulatory monitoring can also 
help correlate arrhythmias with any potentially related symptoms. In some 
patients, exercise testing can be helpful for diagnosis, especially in patients 
with exercise-induced symptoms.

Acute Myocardial Infarction
VT and VF may arise as early as minutes to hours after the onset of symptoms 
during acute MI, and prehospital VT and VF during acute MI are responsible 
for a large proportion of out-of-hospital sudden cardiac deaths (Chapter 57). 
The incidence of peri-infarction VF has declined over the past two decades, 
perhaps related to the widespread application of successful early coronary 
revascularization (Chapter 65) during acute MI.2 Among patients with ST 
elevation MI who now reach the hospital, about 3 to 4% develop VT, mostly 
during the acute phase. The incidence of VT in patients with non–ST eleva-
tion MI (Chapter 63) is lower, about 1%. Accelerated idioventricular rhythm 
(AIVR) is an automatic ventricular rhythm that is faster than the sinus rate 
but usually less than 120 beats per minute. It may occur in the setting of acute 
MI and is commonly observed immediately after coronary reperfusion; it 
typically terminates spontaneously without causing hemodynamic instability.

 DIAGNOSIS
Not every wide-complex tachycardia is VT (Fig. 56-3). The diagnosis is 
straightforward when a His bundle electrogram is recorded during a wide-
complex tachycardia in the cardiac electrophysiology laboratory, but diagnosis 
on a standard 12-lead ECG may be challenging (Table 59-2). The differential 
diagnosis of a sustained regular-rate wide-complex tachycardia includes any 
type of supraventricular tachycardia with aberrant conduction (Chapter 58),3 
supraventricular tachycardia with ventricular preexcitation, bundle branch re-
entry (which is a specific type of VT), and myocardial VT. The clinical setting 
and the patient’s background (e.g., history of previous MI or cardiomyopathy) 
play a major role in making an accurate diagnosis. New-onset wide-complex 
tachycardia in a young and otherwise healthy individual with no structural 
heart disease is most likely supraventricular tachycardia (SVT) with aberration, 
or an SVT with preexcitation, but it also may be idiopathic VT.

The most reliable electrocardiographic observation in favor of VT is evidence 
of AV dissociation (i.e., absence of any relationship between the atrial and 

TABLE 59-1 VENTRICULAR TACHYCARDIA AND CARDIAC 
DIAGNOSIS

STRUCTURAL HEART DISEASE

Acquired heart disease
Acute myocardial infarction
Prior myocardial infarction, ischemic heart disease
Nonischemic dilated cardiomyopathy
Hypertensive heart disease
Valvular heart disease
Cardiac sarcoidosis
Cardiac amyloidosis
Other infiltrative diseases (e.g., Chagas disease)
Cardiac tumors

Congenital heart disease
Arrhythmogenic right ventricular cardiomyopathy
Hypertrophic cardiomyopathy
Genetic dilated cardiomyopathies

Iatrogenic
Surgically repaired congenital heart disease
Left ventricular assist devices

NO STRUCTURAL HEART DISEASE

Idiopathic ventricular tachycardia
Right and left ventricular outflow tract tachycardias
Left intrafascicular reentry
Papillary muscle tachycardias

Ion channel/ryanodine receptor mutations
Long QT syndromes
Catecholaminergic polymorphic ventricular tachycardia
Short QT syndrome

Mixed etiology
Brugada syndrome

Idiopathic ventricular fibrillation

result of activation in adjacent circuits sharing a common pathway referred 
to as the isthmus, is initiated by the simultaneous presence of conduction 
block in one limb and abnormally slow conduction in an adjacent limb, thereby 
allowing recovery of excitability in the former (E-Fig. 59-1A). One type of 
triggered activity results from early afterdepolarizations, which are oscillatory 
depolarizations occurring during the late phase of the action potential in the 
setting of an abnormally delayed repolarization process (E-Fig. 59-1B). Another 
type of triggered activity results from delayed afterdepolarizations, which occur 
in the setting of elevated intracellular calcium concentrations. These transient 
depolarizations occur immediately after the termination of the action potential 
and may reach activation threshold (see E-Fig. 59-1B). Automatic arrhythmias 
arise from accelerated pacemaker activity (E-Fig. 59-1C).

Sustained re-entrant activation in the myocardium is the most common 
cause of monomorphic VT. Re-entry usually arises when scarring (which may 
be subendocardial, transmural, or subepicardial), most commonly as the result 
of prior ischemic injury, creates an electrophysiologically abnormal substrate. 
Other pathologic conditions capable of creating a substrate for re-entry include 
inflammation, granuloma (e.g., cardiac sarcoidosis), fibrofatty infiltration (e.g., 
arrhythmogenic right ventricular cardiomyopathy), genetically caused sarco-
meric disarray (e.g., hypertrophic cardiomyopathy), and iatrogenic scar or 
patch (e.g., surgical repair of tetralogy of Fallot). These substrates may also 
result in polymorphic VT and VF by a similar re-entrant mechanism.

In the Brugada syndrome, the primary cause is abnormal conduction in 
the epicardium of the right ventricular outflow tract. Triggered activity, which 
results from delayed afterdepolarizations rather than re-entry, is thought to 
be the underlying mechanism for idiopathic monomorphic VT that has a 
focal site of origin in the right ventricular outflow tract, in one of the sinuses 
of Valsalva, in the endocardium underneath the aortic valve, or in the myo-
cardial segment termed the left ventricular summit. Idiopathic VT from re-
entry in the fascicles of the left bundle branch has a relatively narrow QRS 
complex that mimics right bundle branch block (RBBB) and anterior or 
posterior fascicular block.

Torsades de pointes is caused by early afterdepolarizations that arise during 
an abnormally prolonged action potential owing to a delayed repolarization 
process in the setting of genetic long QT syndromes or acquired long QT during 
therapy with QT-prolonging drugs. The cause may be either diminished out-
flowing potassium currents or enhanced inflowing sodium or calcium currents. 
Although many episodes terminate spontaneously, the rates are usually very 
fast, and a torsade episode, if long enough, can transform into sustained VF.

Bundle branch re-entry, which results from re-entrant activation incorporat-
ing the right and the left bundle branches distally joined by the slowly con-
ducting septal myocardium, may cause one or two nonsustained ventricular 
beats in a normal heart. However, sustained bundle branch re-entry occurs 
when myocardial disease causes chamber enlargement and bundle branch 
elongation and/or disease in the conduction system causes abnormally slow 
conduction, thereby creating the scenario for sustained bundle branch re-entry. 
The common type of bundle branch re-entry has anterograde activation over 
the right bundle and uses the left bundle retrogradely, thereby resulting in a 
left bunch branch block (LBBB) pattern on the surface ECG, but the reverse 
direction with RBBB pattern may also occur rarely.

Accelerated pacemaker activity in an ectopic location, with rates exceeding 
the underlying sinus rhythm rate, may arise in settings such as transient inflam-
mation, excess digoxin levels, intracellular calcium loading, electrolyte imbal-
ance, and coronary reperfusion following thrombotic occlusion. Bidirectional 
VT is thought to result from calcium overload of the myocytes owing to 
congenitally acquired, abnormal ryanodine receptor or calsequestrin function, 
or from digitalis toxicity; it may be a prelude to more malignant polymorphic 
VT and VF.

Finally, there is no consensus regarding the mechanisms underlying VF. 
Theoretically, VF may be initiated when a premature contraction falls in the 
vulnerable period of the action potential, thereby precipitating a re-entrant 
wave that breaks into sister wavelets and results in high-frequency electrical 
activity. In fact, VF may be regarded as an end stage for a variety of severe 
electrophysiologic abnormalities that result in chaotic activation.

 CLINICAL MANIFESTATIONS
Ventricular arrhythmias can present in a variety of clinical settings (Table 
59-1). Often, ventricular arrhythmias are asymptomatic and are detected by 
an irregular pulse on a physical examination, on a routine ECG, on an exercise 
test, or on routine inpatient monitoring. In other patients, symptomatic ven-
tricular arrhythmias can present as palpitations, dizziness, syncope (Chapters 
45 and 56), shortness of breath, or sudden cardiac arrest (Chapter 57). The 
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E-FIGURE 59-1. A, re-entry within the myocardial infarction zone in an experimental canine model of ventricular tachycardia (Vt). the central region of slow abnormal conduction, 
commonly referred to as the isthmus, is characterized by narrow crowded isochrones flanked by arcs of bidirectional conduction block depicted by dark lines, isolating the isthmus and 
enabling the maintenance of re-entry. the arrows indicate the spread of the wave of depolarization outside the central isthmus, in the shape of a figure of eight, with the red zone as 
the early breakthrough of activation and the dark blue area as the late activation in the Vt cycle, which is also the point of re-entry into the isthmus. laD = left anterior descending. B, 
schematic depiction of the cardiac action potential with early afterdepolarizations (eaD) during phase 3 of a prolonged action potential (dotted lines) and delayed afterdepolarizations 
(DaD) reaching threshold and resulting in a premature action potential at the end of the phase 3 and the very start of the phase 4. em = membrane potential. C, schematic depiction 
of cardiac action potential with an increased slope of depolarization toward the threshold during phase 4, at a site of automatic tachycardia. 
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TABLE 59-3 ELECTROCARDIOGRAPHIC PARAMETERS TO 
HELP PREDICT AN EPICARDIAL ORIGIN OF 
VENTRICULAR TACHYCARDIA

PARAMETER CRITERIA
Pseudo-delta wave >75 msec favors epicardial site
Intrinsicoid deflection time >85 msec favors epicardial site
Onset of R to nadir of S in precordial leads >120 msec favors epicardial site
QRS duration Epicardial longer
Q waves during VT in lead I Favors epicardial site
Q waves during VT in II, III, aVF Favors endocardial site
aVR/aVL amplitude ratio Epicardial higher
VT = ventricular tachycardia.

I

II

III

aVL

aVF

aVR V1 V4

V5
V2

220 ms

V6V3

FIGURE 59-4. Monomorphic ventricular tachycardia in a patient with chronic ischemic cardiomyopathy. in lead V2, the duration from the onset of the r wave to the nadir of the s 
wave is 220 msec. see text for further explanation. 

ventricular rate, with the ventricular rate faster than the atrial) (see Fig. 59-1C), 
or a regular wide-complex tachycardia with the atria fibrillating. However, the 
absence of atrioventricular (AV) dissociation does not exclude VT because 
ventriculoatrial conduction is present in about 25% of VTs. Fusion beats (which 
occur when an occasional sinus beat conducts through the AV node and reaches 
the His-Purkinje system at the same time as the VT source activates the myo-
cardium, thereby resulting in a beat with a morphology that is the hybrid of 
a conducted QRS complex and the VT complex) (see Fig. 59-1C) also confirm 
AV dissociation but are observed only when VT rates are relatively slow. Other 
findings that favor VT include a QRS duration longer than 160 msec, or longer 
than 140 msec with an RBBB pattern. One approach, based on the QRS con-
figuration on the ECG, uses the absence of RS complex in all precordial leads 
or an interval of more than 100 msec from the onset of R to the nadir of S 
wave as observations strongly favoring VT (Fig. 59-4; and see Fig. 59-3A). 
The absence of any R waves in the QRS complexes recorded from all six 
precordial leads (see Fig. 59-3A), described as negative concordance, strongly 
suggests VT, but unfortunately is not a common finding. Prominent R waves 
observed in all six precordial ECG leads, termed positive concordance, may be 
seen in SVT with left ventricular preexcitation but otherwise also suggests 
VT with a basal site of origin. In the absence of preexcitation, a slow rate of 
rise in the voltage during the first 40 to 60 msec of the QRS onset suggests 
VT, as does the presence of initial R wave in lead aVR. A wide-complex tachy-
cardia with a QRS morphology identical to that of aberrantly conducted sinus 
rhythm manifesting bundle branch block (BBB) on a previously recorded 
ECG in the same patient should raise suspicion of bundle branch re-entry 
VT if the ECG shows AV dissociation, which excludes 1 : 1 aberrantly con-
ducted supraventricular tachycardia.

If AV dissociation is not present, the differential diagnosis includes SVT 
with aberrant conduction, but the rare condition of preexcitation with an 
atriofascicular accessory pathway should also be considered in a patient with 
LBBB pattern and 1 : 1 AV ratio. A monomorphic wide-complex tachycardia 
with an irregular rate, manifested by more than 60-msec difference in cycle 
length from one beat to the next, is likely to be atrial fibrillation (AF) or atrial 
flutter, with variable AV block and aberrant conduction or with preexcitation. 

It is important to emphasize that severe electrolyte imbalances or the use of 
antiarrhythmic drugs diminishes the predictive accuracy of all of these diag-
nostic clues.

Sustained polymorphic wide-complex tachycardia with marked beat-to-beat 
changes in the QRS morphology is always ventricular and either terminates 
spontaneously or transforms into VF. Torsades de pointes, a specific type of 
polymorphic VT, derives its name from the “twisting” or rotating of the QRS 
axis as the tachycardia progresses. It occurs in genetic or acquired long QT 
syndrome and is frequently pause dependent—typically starting when a pre-
mature beat falls on the prolonged T wave of the beat following a long RR 
interval (Fig. 59-5). Finally, bidirectional VT manifesting a unique feature of 
beat-by-beat axis alternans may occur with digitalis toxicity or in the congenital 
catecholaminergic polymorphic VT syndrome.

Several different algorithms based on the configurations of the QRS com-
plexes have high sensitivity, high specificity, and acceptable predictive accu-
racy for distinguishing epicardial VT from endocardial VT (Table 59-3). All 
are based on ECG criteria for whether the initial activation likely starts at 
an epicardial site. If so, the rapidly conducting His-Purkinje system is not 
available immediately, and the intramyocardial conduction delay produces 
a slurred initial component of the QRS complex, often called a pseudo-delta 
wave, which is manifested as a slow rate of rise of voltage before it reaches 
the intrinsicoid deflection (Fig. 59-6). Early recognition of ECG findings sug-
gesting an epicardial origin of VT is important in planning and preparing a 
patient before a catheter ablation procedure (Chapter 60) because the epi-
cardial approach requires a special technique in the cardiac electrophysiology  
laboratory.

Cardiac electrophysiology testing (Chapter 56) may be indicated in patients 
who have organic heart disease and recurrent syncope but in whom the history, 
physical examination, ECG, echocardiogram, and ambulatory cardiac rhythm 
monitoring fail to clarify the cause, especially if the patient has a history of 
MI or cardiomyopathy, either of which increases the probability that VT may 
be the cause of syncope. Such a study may also diagnose or exclude advanced 
conduction system disease. Another diagnostic indication for a cardiac elec-
trophysiology study is to identify the mechanism underlying a documented 

TABLE 59-2 DISTINGUISHING VENTRICULAR TACHYCARDIA 
FROM SUPRAVENTRICULAR TACHYCARDIA 
WITH ABERRANT CONDUCTION

VENTRICULAR TACHYCARDIA
SUPRAVENTRICULAR 

TACHYCARDIA
AV dissociation
aVR: initial R > S or initial R or Q 

>40 msec
Absence of any R waves in V1 to V6

V1 to V6: onset of R to S >100 msec in any 
lead

QRS duration >160 msec
Initial R wave in aVR

Same QRS morphology as preexisting 
bundle branch block in sinus rhythm

V1: rsR′

AV = atrioventricular.



CHAPTER 59 Ventricular arrhythmias 347

Chronic Ischemic Heart Disease and Post–Myocardial 
Infarction Ventricular Tachycardia
In survivors of ST elevation MI (Chapter 64), the risk of sudden cardiac death 
is 10 times higher during the first month than later during recovery. The preva-
lence of sustained VT by 6 weeks is about 1%, and VT may occur as late as 
15 to 20 years after the acute MI without any intervening event. VT commonly, 
but not invariably, reflects poor left ventricular function. The electrophysiologic 
substrate is the surviving but electrophysiologically abnormal tissue embedded 
in the infarcted zone, which creates the conditions for re-entry. The areas that 
harbor pathways underlying re-entry may be identified by low-amplitude 
fractionated local electrograms recorded in late systole from the endocardium 
during sinus rhythm in the cardiac electrophysiology laboratory. Up to 16% 
of the VTs in ischemic heart disease are of epicardial origin. The same patho-
logic substrate may cause polymorphic VT and VF, which do not depend on 
a long QT interval and are different from torsades de pointes seen with repo-
larization abnormalities.

Nonischemic Dilated Cardiomyopathy
The most common cause of sustained monomorphic VT in nonischemic 
cardiomyopathy (Chapter 54) is also re-entry within the myocardium, but it 
differs from the post-infarction VT of chronic ischemic heart disease. The 
pathologic substrate, such as fibrosis, may be hard to identify. The abnormal, 
low-voltage, fractionated local electrograms tend to be located in basal, lateral, 
and often perivalvular left ventricular areas, which may correlate with the 
location of intramyocardial or subepicardial scarring identified by cardiac 
magnetic resonance imaging. The proportion of monomorphic VTs due to 
bundle branch re-entry is higher in nonischemic dilated cardiomyopathy 
compared with chronic ischemic heart disease, and VT with a focal rather 
than re-entrant mechanism rarely may be observed. Also, VT in nonischemic 
dilated cardiomyopathy is more likely to have an epicardial origin—as high 
as 22 to 35% in many series, and reaching 70% in Chagas disease.

Rapidly Reversing Cardiomyopathy
Patients with stress-induced (takotsubo) cardiomyopathy (Chapter 54) will 
recover over several days to weeks, and patients with viral myocarditis may 
also recover. Despite recovery of their ventricular systolic function, 

wide-complex tachycardia before the consideration of catheter ablation therapy 
(Chapter 60).

Identifying the Underlying Cause of  
Ventricular Arrhythmias
In patients with a diagnosed ventricular arrhythmia, the next step is to conduct 
a careful evaluation to exclude any underlying structural heart disease. This 
evaluation must include a comprehensive history and physical examination 
(Chapter 45), electrocardiography, echocardiography (Chapter 49), and stress 
testing (Chapter 62). The family history may provide clues for the presence 
of an inherited cardiomyopathy (Chapter 54). Cardiac magnetic resonance 
imaging (Chapter 50) is indicated in selected patients to exclude conditions 
such as sarcoidosis and arrhythmogenic right ventricular cardiomyopathy, or 
for risk stratification in hypertrophic cardiomyopathy.

Despite a comprehensive evaluation, about 10 to 15% of patients will have 
PVCs or VT with no identifiable structural or genetically identifiable cause. 
Most of the idiopathic monomorphic VTs are in one of two categories, distin-
guishable by ECG morphology. VTs that arise in the right or left ventricular 
outflow tract typically manifest an inferiorly directed frontal axis markedly 
positive in inferior leads (E-Fig. 59-2); the QRS configuration observed in 
the right precordial leads (V1 and V2) may further discriminate the sites of 
origin as the right or the left ventricular outflow tract or one of the sinuses of 
Valsalva. VT originating in the right sinus of Valsalva closely resembles VT 
originating in the right ventricular outflow tract. In VT originating in the left 
sinus of Valsalva, the R wave duration and R/S wave amplitude ratio in leads V1 
and V2 are significantly increased compared with VT from the right ventricular 
outflow tract. By comparison, idiopathic left ventricular tachycardia resulting 
from intrafascicular re-entry usually mimics RBBB and left axis deviation, 
but there may also be right axis deviation. The QRS complexes typically are 
not very wide because the involved region is His-Purkinje tissue adjacent to 
the interventricular septum. The differential diagnosis includes idiopathic VT 
arising in one of the left ventricular papillary muscles with QRS complexes 
similar to those of intrafascicular re-entry (E-Fig. 59-3). When either of these 
typical patterns is observed in a patient with no structural heart disease, the 
physician should suspect idiopathic VT. Conversely, sustained VT that does 
not fall into either of these two broad categories should always raise a high 
index of suspicion that organic heart disease may be present.

V1

V5

FIGURE 59-5. Torsades de pointes (TdP) in a patient with a markedly prolonged QT interval. a premature ventricular beat just after the peak of the t wave initiates tdP. as the 
tachycardia progresses, the rotation or the “twist” in the Qrs axis is clearly observed in lead V1, with the polarity of the signal changing gradually from negative to positive. 
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FIGURE 59-6. Monomorphic epicardial ventricular tachycardia in a patient with nonischemic dilated cardiomyopathy. the positive polarity pseudo-delta wave is prominent in the 
right precordial leads, and the negative polarity pseudo-delta wave is prominent in the inferior limb leads. 
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E-FIGURE 59-2. Electrocardiogram recorded during idiopathic ventricular tachycardia originating in the right ventricular outflow tract and manifesting a deeply inferior frontal 
axis and left bundle branch block mimicry in the precordial leads. 
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E-FIGURE 59-3. Ventricular tachycardia (VT) originating in the anterolateral papillary muscle. note the right bundle branch mimicry of the Qrs and the right axis deviation, similar 
to the electrocardiographic configuration of an interfascicular re-entrant Vt. 



CHAPTER 59 Ventricular arrhythmias348

The fibrofatty infiltration of the right ventricular myocardium, which may also 
involve the interventricular septum and the left ventricle, results in progressive 
histologic change and marked electrophysiologic abnormalities, which may 
be manifest on the surface ECG as an epsilon wave (Fig. 59-7). The markedly 
altered conduction characteristics are conducive to re-entry. The incidence of 
VT in arrhythmic right ventricular cardiomyopathy is related to the severity 
of the pathologic myocardial changes and ranges from 25 to 100%, depending 
on the penetrance and the expressivity of the disease. VT typically is initiated 
by exercise and mimics LBBB in the precordial ECG leads. However, unlike 
idiopathic right ventricular outflow tract VT, the frontal axis may not always 
be inferiorly directed, and multiple endocardial and epicardial sites of origin 
exist in about 60% of cases. Vigorous exercise may accelerate the progression 
of cardiomyopathy.

Genetically Inherited “Channelopathies”
Several genetically acquired syndromes, including the long QT syndromes, 
Brugada syndrome, and catecholaminergic polymorphic VT, increase the risk 
for sudden cardiac death due to ventricular tachyarrhythmias. Despite the 
remarkable genetic heterogeneity of the long QT syndrome, most cases of 
LQT1, LQT2, and LQT3 result from mutations in the genes coding for one 
of the potassium channels or the sodium channel.7 The other genetic muta-
tions are extremely rare. The VT of long QT syndrome is torsades de pointes, 
and both bradycardia and pauses increase its probability in patients who are 
predisposed. The incidence of torsades de pointes is influenced by multiple 
factors, including age, gender, the particular genetic mutation, and the mag-
nitude of QT prolongation (Fig. 59-8A).

The electrocardiographic hallmark of Brugada syndrome, which also pre-
disposes to ventricular tachyarrhythmias and sudden cardiac death, is coved 
ST segment elevations in the right precordial leads (Fig. 59-8B). In some 
cases, this pattern may not be present except when the patient is febrile. The 
inheritance is autosomal dominant, but the genetics are complex. A patho-
genic variant of SCN5A gene is present in 20% of the cases. Catecholamin-
ergic polymorphic VT is a rare genetic condition resulting from abnormal 
calcium homeostasis. It is characterized by exercise-induced, wide-complex 
tachycardia manifesting alternating ECG axes from one beat to the next. This 
condition also predisposes the patient to exercise-induced VF. In addition, a 
chromosomal haplotype causing overexpression of dipeptidyl peptidase-like 
protein-6 has been described in one type of familial idiopathic VF, a rare 
but challenging subset of inheritable arrhythmia syndromes causing sudden  
cardiac death.

Iatrogenic Ventricular Tachycardia and  
Ventricular Fibrillation
QT-prolonging drugs, including class III antiarrhythmic drugs (see 
www.torsades.org), may precipitate torsades de pointes and VF in genetically 
predisposed individuals even if the baseline QTc is normal or borderline. 
Class IC antiarrhythmic drugs may cause life-threatening VT in patients with 
ischemic or any other organic heart disease and in patients with Brugada 
syndrome. Ventricular scarring owing to aneurysmectomy, tetralogy of Fallot 
repair, ventricular septal defect repair, alcohol ablation of the interventricular 
septum to relieve dynamic outflow tract obstruction in hypertrophic cardio-
myopathy, or implantation of a left ventricular assist device may create a sub-
strate for re-entry and VT.

observational data suggest that certain subgroups with a history of myocarditis 
have a higher incidence of subsequent VT and mortality than the healthy 
controls over long-term follow-up.4

Heart Failure
The failing heart from any underlying cause (Chapter 52) is highly vulner-
able to ventricular arrhythmias. The proportion of sudden arrhythmic death 
depends on heart failure class and may be as high as 60 % in class II to III 
heart failure, whereas the proportion of deaths due to advanced heart failure, 
rather than sudden ventricular arrhythmia, is higher in patients with class IV 
heart failure. Re-entrant VT is common especially in patients whose heart 
failure is due to advanced ischemic heart disease, but triggered activity result-
ing from derangements of calcium homeostasis may also play a prominent 
role. In addition, hormonal factors, electrolyte abnormalities, and changes in 
autonomic nervous system activity also increase the vulnerability of the failing 
heart to ventricular arrhythmias.

Inflammatory and Infiltrative Disease
Among patients with sarcoidosis (Chapter 89), about 40 to 50% have cardiac 
involvement, which may first manifest as progressive AV block, VT, or both. 
Although the true prevalence of VT in sarcoidosis is not known, in the selected 
patients who have received implantable cardiac defibrillators (ICDs) for cardiac 
sarcoidosis diagnosed by endomyocardial biopsy, cardiac magnetic resonance 
imaging, or cardiac positron emission tomographic scans, about 15% per year 
have appropriate ICD discharges for sustained VT. Patients with other infiltra-
tive heart diseases such as amyloidosis (Chapter 179), Fabry disease (Chapter 
197), and hemochromatosis (Chapter 201) also have an elevated risk for VT 
and life-threatening ventricular arrhythmias.

Adult Congenital Heart Disease
VT may occur in the setting of any adult congenital heart disease with a 
ventricular surgical scar or patch, as is seen after repair of tetralogy of Fallot 
or a ventricular septal defect closure, or a failing systemic ventricle (Chapter 
61). In patients with surgically repaired tetralogy of Fallot, the right ventricular 
outflow tract, with its scarring and artificial material, serves as an ideal milieu 
for re-entry and VT. In these patients, the prevalence of VT is about 5 to 10%, 
and about 2% have sudden cardiac death.

Genetically Inherited Cardiomyopathies
Hypertrophic cardiomyopathy (Chapter 54) is responsible for more than 
one third of sudden cardiac deaths in patients younger than age 25 years 
(Chapter 57), and mortality in young hypertrophic cardiomyopathy patients 
is almost exclusively due to VT and VF. Neither genetic testing nor a cardiac 
electrophysiology study can definitively identify patients at high risk for VT 
and VF, and the risk is determined based on findings such as a history of 
syncope, documented nonsustained VT especially in a young patient, a mark-
edly thickened (>3 cm) interventricular septum, and a paradoxical decrease in 
blood pressure during exercise. Recent studies suggest that the extent of late 
gadolinium enhancement on cardiac magnetic resonance imaging may be a 
reliable predictor of serious ventricular arrhythmias in patients with hyper-
trophic cardiomyopathy.5

Arrhythmogenic right ventricular cardiomyopathy is a congenital cardio-
myopathy (Chapter 54),6 usually with an autosomal dominant inheritance. 
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FIGURE 59-7. This electrocardiogram was recorded in a patient with arrhythmogenic right ventricular cardiomyopathy, marked first-degree heart block, and recurrent ventricular 
tachycardia. epsilon waves, marked by the arrow, are visible in the right precordial leads. 
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FIGURE 59-8. A, electrocardiogram showing a Qt interval of 640 msec in a woman with Qt1 syndrome, with the terminal portion of the Q wave merging with the P wave. B, electro-
cardiogram of a man with Brugada syndrome, showing the typical “coved” elevation in lead V1. 

Treatment of PVCs and Idiopathic  
Ventricular Tachycardia

In the absence of structural heart disease, there is no convincing evidence 
that ventricular ectopic activity influences survival, although with PVCs there 
have been very rare reported anecdotes where PVCs trigger VF. Therefore PVCs 
do not need treatment in asymptomatic patients. If ventricular ectopy results 
in symptoms that substantially decrease quality of life, a cardioselective β-blocker 
(e.g., metoprolol 50 mg twice daily or atenolol 50 mg once daily) is a safe but 
not a very effective first-choice therapy to diminish the frequency of PVCs. 
Patients with PVCs have a higher long-term likelihood of developing heart 
failure,9 and frequent PVCs and nonsustained VT can reach a critical level that 
results in decreased systolic ventricular function. These patients should be 
treated aggressively, including catheter mapping and ablation (Chapter 60), 
to avoid potential advanced cardiomyopathy without the adverse effects of 
antiarrhythmic drugs.

In patients with advanced organic heart disease, frequent PVCs and non-
sustained VT portend a poor prognosis, but there is no evidence that suppres-
sion of ventricular ectopic activity with antiarrhythmic drugs reduces this risk. 
In fact, suppression of PVCs with class IC antiarrhythmic drugs in patients with 
prior MI increases mortality.

Although cardiac arrest resulting from transformation of idiopathic VT to VF 
is exceedingly rare, sustained VT at a rate faster than 200 beats per minute 
commonly causes cardiopulmonary symptoms and may cause syncope (Chapter 
56), even in the absence of structural heart disease. Idiopathic VTs of outflow 
tract origin may respond to β-blocker therapy (e.g., metoprolol 50 mg every 
12 hours, or atenolol 50 mg daily), and a few may respond to an empirical trial 
of calcium-channel blockers (e.g., sustained-release diltiazem 120 to 240 mg 
daily, or sustained-release verapamil 120 to 240 mg daily). However success 
rates are low, ranging from 25 to 50%. The so-called idiopathic left ventricular 
tachycardia resulting from left fascicular re-entry frequently responds to vera-
pamil (e.g., sustained-release 180 to 360 mg daily), but papillary muscle VT 
may not.

Catheter ablation therapy (Chapter 60) may be curative for idiopathic VTs 
and should be considered as a preferred alternative to long-term antiarrhythmic 
drug therapy. Left ventricular outflow tract or the aortomitral continuity should 
be considered as a possible site of origin if careful catheter mapping in the 
right ventricular outflow tract does not yield a suitable target. When the origin 
resides in one of the sinuses of Valsalva, a distinct early presystolic signal can 
often be recorded during VT in the cardiac electrophysiology laboratory. The 

Acute Management of Ventricular Tachycardia and 
Ventricular Fibrillation

The management of hemodynamically unstable VT and VF should conform 
to the guidelines for advanced cardiac life support (Chapter 57), with an emphasis 
on defibrillation. For patients who have sustained VT with modest hypotension 
and normal mental status, intravenous drug therapy with lidocaine (given as 
a 50-mg bolus), procainamide (10 mg/kg over 20 minutes), or amiodarone 
(150 mg infused intravenously over 10 minutes) may be tried. Lidocaine is an 
effective drug to terminate VT, which invariably occurs at a high rate, but not 
to prevent recurrences, except in the setting of acute ischemia. In one random-
ized trial, procainamide was superior to amiodarone for promptly terminating 
wide-complex tachycardia with fewer adverse effects. A1  By comparison, amio-
darone is more effective at slower heart rates and therefore is better for pre-
venting recurrent VT after sinus rhythm is restored. Intravenous calcium-channel 
blocker therapy should not be given unless the mechanism is known with 
certainty to be verapamil-sensitive idiopathic left ventricular tachycardia.

The most important factors in preventing early recurrence are the prompt 
identification and reversal of any precipitating causes. Examples include hypo-
kalemia and other electrolyte imbalances, low oxygen saturation, intravenous 
β-agonist agents or milrinone, acute heart failure (Chapter 53), or myocardial 
ischemia (Chapters 63 and 64). Heart failure should be rigorously treated (Chapter 
53) and the presence of residual myocardial ischemia suspected if VF is recur-
rent. The feasibility of coronary revascularization (Chapter 65) should be 
addressed, but even then recurrences are common.

Treatment of Electrical Storm
Electrical storm is a term used to describe frequently recurrent VT or VF requir-

ing repeated defibrillations. Electrical storm rarely occurs in nonischemic car-
diomyopathy or in genetically acquired ventricular arrhythmias. When this 
condition is encountered in the early phase of acute MI, relief of ischemia is of 
paramount importance. If the electrical storm continues even after coronary 
reperfusion, insertion of an intra-aortic balloon pump and use of an intravenous 
β-blocker therapy, preferably with a short half-life drug (e.g., esmolol 50 to 
300 µg/kg per minute by intravenous infusion) should be considered. Intrave-
nous lidocaine (2 to 4 mg per minute) or intravenous amiodarone (0.5 to 1.0 mg 
per minute) may also be used if esmolol is ineffective. Catheter ablation, if 
possible, may reduce the recurrence rate and potentially improve survival.8

TREATMENT 
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 PROGNOSIS
VT or VF in the early minutes or hours of acute MI has not been shown to 
affect the long-term prognosis in patients who survive to hospital discharge. 
Sustained monomorphic VT occurring after the hyperacute phase but within 
the next few days of an anterior wall MI portends poor prognosis, with about 
a seven-fold increase in subsequent mortality, because it usually occurs after 
the necrosis of a large amount of myocardium.

The modern natural course of untreated VT and VF perhaps can best be 
assessed from prospective studies of patients receiving ICD therapy. Among 
patients who have had documented sustained VT, appropriate ICD therapy 
for VT or VF occurs in about 70% of patients within 2 years and 85% of 
patients within 3 years. For patients who have survived cardiac arrest, the rate 
is about 70% at 3 years. These figures underscore the high rate of recurrence 
of VT and VF in patients with organic heart disease presenting with sustained 
ventricular arrhythmias.

The prognosis of patients with PVCs or nonsustained VT is less well known 
but is critically dependent on the underlying heart disease. No study to date 
has shown any survival benefit of treating PVCs or nonsustained VT in patients 
who do not have underlying organic heart disease and who do not develop a 
cardiomyopathy as a result of their ventricular ectopic activity. In high-risk 
patients who have ischemic heart disease, an ejection fraction of less than 
40%, and electrically induced sustained VT, the 2-year rate of cardiac arrest 
or death from ventricular arrhythmia is more than 30%.

mapping and ablation may be the most effective method of treatment. However, 
catheter ablation cannot substitute for concomitant ICD therapy. In patients 
with hypertrophic cardiomyopathy, ICD therapy is routinely recommended in 
high-risk patients (Chapter 54), and amiodarone may sometimes be useful.

For Brugada syndrome, catheter ablation of the electrophysiologically abnor-
mal substrate in the right ventricular outflow tract epicardium can lead  
to eventual disappearance of the pathognomonic ST elevation on the ECG. 
Quinidine (600 to 900 mg daily in three or four divided doses) is the only antiar-
rhythmic drug that appears to be useful to treat this syndrome, but whether 
catheter ablation or quinidine will be a substitute for an ICD in the high-risk 
patients, who have unprovoked Brugada pattern in their resting ECG and have 
a history of syncope, is unproved.

Iatrogenic Ventricular Tachycardia
For sustained monomorphic VT in patients with surgically repaired congenital 

heart disease, catheter mapping and ablation are recommended. The techniques 
are similar to those used for catheter ablation of ischemic VT. Although sustained 
VT or VF during the course of left ventricular assist device therapy is usually 
well tolerated acutely, recurrent intractable VT or VF can result in right heart 
failure and in frequent ICD shocks, both of which may carry significant morbid-
ity. Amiodarone (200 to 400 mg daily) and β-blocker therapy (e.g., metoprolol 
100 to 200 mg daily) may be effective in at least rendering VT no longer inces-
sant, and catheter ablation therapy has occasionally been tried in refractory 
VT with modest success.
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long-term success rate of catheter ablation for these focal sites can be close 
to 90%. Patients with idiopathic left ventricular interfascicular re-entry and 
those with papillary muscle tachycardia can be cured with catheter ablation 
therapy.

By comparison to the relatively benign prognosis of idiopathic sustained 
VT, idiopathic VF accounts for 5 to 10% of all cases of sudden cardiac death 
(Chapter 57). The appropriate treatment for survivors of idiopathic VF is no 
different than for any other survivor of VF (i.e., ICD therapy), but some patients 
may have findings on electrophysiologic testing that are amenable to catheter 
ablation—which may decrease the risk for recurrence but still does not obviate 
the need for ICD protection.

Therapy for Ventricular Tachycardia and Ventricular 
Fibrillation in Structural Heart Disease
implantable cardiac Defibrillator therapy and  
anti-arrhythmic Drugs

Sustained VT or VF in patients with organic heart disease is a primary indica-
tion for ICD therapy.10,11, A2

,
 A3  After an acute MI, an ICD implanted as primary 

prevention therapy reduces mortality in patients who have survived more than 
40 days and have a left ventricular ejection fraction of 30% or less. For patients 
who have class II or III heart failure regardless of the etiology of their organic 
heart disease and who have a left ventricular ejection fraction of less than 35%, 
an ICD also significantly reduces sudden cardiac death, although it may not 
prolong life in patients with nonischemic heart failure because of the high 
burden of death from other causes. A4  By comparison, ICDs do not reduce mor-
tality when routinely implanted soon after MI or in patients after recent coronary 
artery revascularization.

In patients with ischemic heart disease and a chronically depressed ejection 
fraction of less than 30%, insertion of an ICD reduces the mortality rate by 20%, 
from 36 to 29%, over the next 5 years. By comparison, amiodarone (Table 58-5) 
reduces the risk of sudden arrhythmic death but does not improve survival.

No randomized trials have compared antiarrhythmic drug therapy with 
placebo for the secondary prevention of recurrent VT in patients with organic 
heart disease. As a result, antiarrhythmic drugs currently serve as palliative 
treatments to modify the course of VT, rather than as definitive therapy. In 
patients with ICD, amiodarone (100 to 400 mg daily) is more successful than 
β-blockers or sotalol for palliative therapy of VT. A5 

In patients who are clinically unstable because of incessant VT despite an 
ICD, reversible precipitating factors should be sought and, if present, corrected 
promptly. Intravenous β-blockers (e.g., esmolol 50 to 300 µg/kg per minute) and 
amiodarone (0.5 to 1.0 mg per minute) constitute first-line therapy. Intravenous 
lidocaine (e.g., 2 to 4 mg per minute) can be added, especially if myocardial 
ischemia is present, and emergent catheter ablation may be considered.

catheter ablation
Catheter ablation can significantly reduce the frequency of recurrent VT and 

ICD discharge in patients with ventricular arrhythmias and prior MI.12 Catheter 
ablation is most successful when clinical VT can be reproduced in the cardiac 
electrophysiology laboratory and tolerated for a long enough period to allow 
detailed catheter mapping. For example, patients undergoing catheter ablation 
for scar-related VT can achieve 1-year freedom from VT in 70 to 75% of cases, 
with slightly lower success rates in patients with heart failure.13 However, in 
the absence of prospective randomized trials, catheter ablation remains a method 
of palliative treatment and an adjunct to ICD therapy.

Torsades de Pointes
The first line of therapy for torsades de pointes in patients with long QT 

syndrome is β-blocker therapy (e.g., metoprolol 50 to 100 mg daily, atenolol 
50 mg daily, or nadolol 40 mg daily, and titrated as tolerated), but its success 
is influenced by gender and the magnitude of QT prolongation, as well as by 
the specific genotype. In an acute setting with frequently recurrent torsades 
de pointes, magnesium sulfate (1 to 2 g intravenous infusion over 10 to 30 
minutes) may be effective. An ICD is recommended for patients who present 
with aborted cardiac arrest and those who develop recurrent syncope or docu-
mented torsades de pointes while on beta blocker therapy. Left cardiac sym-
pathetic denervation can result in a substantial reduction in the incidence of 
torsades de pointes and syncope in high-risk patients who experience ventricular 
arrhythmia storms.

β-Blockers (Table 58-5) are also the drugs of choice for catecholaminergic 
polymorphic VT, with ICD therapy recommended for patients with recurrent 
syncope or documented VT while on β-blocker therapy. Oral flecainide (Table 
58-5) may be an effective adjunct in such patients.

Treatment of Genetically Acquired Ventricular 
Tachycardia and Ventricular Fibrillation

Most of the VTs observed in patients with arrhythmogenic right ventricular 
cardiomyopathy may be reproducibly induced by programmed cardiac stimula-
tion and are amenable to catheter ablation. Nearly half of these VTs have an 
epicardial site of origin, and simultaneous endocardial and epicardial catheter 
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 TRANSTHORACIC CARDIOVERSION  
AND DEFIBRILLATION

Transthoracic defibrillation, which rapidly delivers a stored charge to the heart 
across two surface pads or paddle electrodes, is used emergently for life-
threatening tachycardias (Chapter 57). Cardioversion, which refers to shock 
delivery synchronized with the QRS complex, is advised in patients with 
either supraventricular arrhythmias (Chapter 58) or ventricular tachycardia 
(VT) (Chapter 59) because a nonsynchronized shock coincident with the 
vulnerable period of the T wave may precipitate ventricular fibrillation (VF). 
The resulting shock extinguishes re-entrant arrhythmias by simultaneously 
depolarizing large portions of the atria and/or ventricles. Defibrillation is 
used for disorganized rhythms in which synchronization to the QRS complex 
is not appropriate, such as VF or rapid polymorphic VT. In these emergent 
situations, attempts to synchronize may delay delivery of the shock.

The success of cardioversion or defibrillation is affected by the shock wave-
form and shock strength. Biphasic shock waveforms are recommended because 
they are significantly more effective than monophasic waveforms at equivalent 
energies. Shock energies vary by indication and between defibrillator units 
but are generally from 50 to 360 J. Other technique-dependent variables that 
maximize the energy delivered to the heart include increasing paddle pressure, 
delivery of the shock during expiration, and repetitive shocks. Patient-related 
factors that may decrease the probability of successful cardioversion and defi-
brillation include metabolic disturbances, a longer duration of arrhythmia, 
cardiac enlargement, chronic obstructive pulmonary disease, barrel-chested 
habitus, and higher body weight. Elective cardioversion is performed with 
the patient in the fasting state, usually with a short-acting anesthetic agent.

 Precautions and Complications
Cardioversion of atrial fibrillation (AF) and atrial flutter (Chapter 58) may 
be complicated by thromboembolism, but this risk can be minimized by 
excluding the presence of an atrial thrombus on a transesophageal echocar-
diogram or by therapeutic anticoagulation for 3 weeks before elective cardio-
version. Newer oral anticoagulants are at least as safe and effective as warfarin 
for this purpose (Chapters 58 and 76). A1 

,
 A2  All patients should be anticoagulated 

for 1 month after cardioversion if AF or atrial flutter has been present for 
longer than 48 hours.

VF may rarely occur even when shocks are synchronized to the QRS complex. 
The risk is increased with electrolyte disturbances and digitalis toxicity, so 
elective cardioversion should be delayed in such patients. Although patients 
may develop mild elevations of serum troponin levels after cardioversion, 
sometimes with transient ST segment elevation, clinical myocardial dysfunc-
tion is rare. Post-shock bradycardia or asystole sometimes can require atropine 
(0.5-2 mg intravenously) or emergency transcutaneous pacing. If a patient 
has a pacemaker or an implantable cardioverter-defibrillator (ICD), the shock-
ing electrodes should be placed as far away from the generator as possible, 
and both the generator and pacing threshold should be checked after the 
procedure.

 CARDIAC IMPLANTABLE ELECTRONIC DEVICES
Cardiac implantable electronic devices are a cornerstone of the modern man-
agement of arrhythmias. Implantable loop recorders can detect infrequent 
paroxysmal arrhythmias (Chapter 56). Pacemakers are implanted to eliminate 
bradycardia, and ICDs offer highly effective protection for life-threatening 
ventricular tachyarrhythmias (Chapter 59). Furthermore, cardiac resynchro-
nization pacing has become an essential tool for managing heart failure (Chapter 
53) and is available in devices that also include both pacemakers and ICDs.

Modern devices are highly programmable and provide a wealth of diagnostic 
information that the clinician can use to diagnose abnormalities and to tailor 

therapy. Oftentimes data can be transmitted directly from home to the appro-
priate health care provider.

An increasingly important issue is the use of magnetic resonance imaging 
(MRI) in patients with an implanted cardiac device. Historically, such devices 
were considered a contraindication to MRI, but many are now engineered to 
be classified as “MRI conditional,” and patients with such device can safely 
undergo MRI with appropriate device management. Even many patients with 
more modern MRI nonconditional devices can safely undergo MRI for both 
thoracic and nonthoracic indications, provided that the patients are appro-
priately screened and that their devices are reprogrammed according to standard 
protocols.1,2, A3 

 Temporary Pacing
Temporary pacing is used in patients who may not require long-term pacing 
as well as in emergencies, such as asystolic cardiac arrest (Chapter 57). Trans-
cutaneous pacing with electrode pads applied to the chest wall may be the 
quickest option and can be life-saving, but it is uncomfortable and should be 
used sparingly. Usually, however, time allows for temporary pacemaker leads to 
be inserted percutaneously, through an internal jugular or subclavian vein and 
to be positioned gently in the right ventricular apex, ideally under fluoroscopic 
guidance. Another indication for temporary pacing is to maintain a rate of 85 
to 100 beats per minute in order to suppress torsades de pointes (Chapter 59) 
until the causative factor, especially an offending drug, has been eliminated. 
Prophylactic temporary pacing is used in patients who have high-degree atrio-
ventricular (AV) block in the setting of an acute myocardial infarction (Chapter 
64) and for patients who are at a high risk for developing symptomatic brady-
cardia during an interventional or surgical cardiac procedure.

The most common complication of temporary pacing is infection. The risk 
can be minimized by proper sterile technique, limiting temporary pacing to 
48 hours, or replacing the lead at that time under optimal sterile conditions.

 Permanent Pacing
Permanent pacing systems most commonly consist of a pulse generator con-
nected with one to three leads implanted into the heart to sense intrinsic 
activity and to deliver pacing pulses as needed (Fig. 60-1). Leadless pacing, 
with a miniaturized generator and delivery system combined into a single 
unit, is a newer option for an implantation within the heart.3

With traditional systems, the pulse generators are powered by lithium-based 
pacemaker batteries, which have an 8- to 12-year (or more) lifespan and can 
weigh less than 30 g. These generators typically are implanted subcutaneously 
in the infraclavicular region. The programmability of many different parameters 
has become standard, as has the ability of the pacemaker to provide diagnostic 
and telemetric data.

Pacemaker leads are inserted percutaneously via the axillary or subclavian 
vein, or by cephalic vein cutdown. Less often, leads are placed epicardially 
during cardiac surgery. Ventricular leads are typically positioned in the right 
ventricular apex, right ventricular septum, or outflow tract, and they are secured 
in place with a helical screw, known as “active fixation.” Atrial leads are often 
placed in the right atrial appendage, but they may be placed in a variety of 

FIGURE 60-1. Chest x-ray of a leadless single-chamber permanent pacemaker (arrow) 
with septal right ventricular positioning. a prior transcatheter aortic valve replacement 
is also present. 
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ABSTRACT
Modern arrhythmia management utilizes a variety of interventional and surgi-
cal procedures in order to optimize patient outcomes. In this chapter, we 
discuss the roles of cardioversion/defibrillation, implantable electronic devices, 
catheter ablation, and arrhythmia surgery in the management of these patients. 
Implantable electronic devices, which have been utilized for years in the man-
agement of dangerous bradycardias and ventricular tachyarrhythmias, have 
saved countless lives. Now, cardiac resynchronization therapy has become a 
crucial tool in the management of heart failure with reduced ejection fraction 
and a widened QRS. Within the category of implantable electronic devices, 
both traditional and leadless pacemakers, transvenous and subcutaneous 
implantable cardioverter-defibrillators, and cardiac resynchronization therapy 
are discussed. The role for catheter ablation is explored for supraventricular 
tachycardias, atrial fibrillation, and ventricular tachycardia. Catheter ablation 
has become the most effective and definitive treatment for most forms of 
supraventricular tachycardia, including AV nodal reentry, reciprocating tachy-
cardias due to accessory pathways, focal atrial tachycardias, and typical and 
complex atrial flutters. It has become an increasingly common treatment for 
both paroxysmal and persistent atrial fibrillation and retains an important and 
expanding role in the management of ventricular tachycardias as well. Arrhyth-
mia surgery remains a common treatment for atrial fibrillation, particularly 
in patients undergoing cardiac surgery for other reasons. 
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 Complications of Pacemakers
Complications can be either acute or late. About 1 to 2% of patients develop 
complications from the implantation procedure itself, including infection, 
pneumothorax, perforation of the atrium or ventricle, lead dislodgement, 
subclavian vein thrombosis, and pocket complications. The subcutaneous 
pocket may develop a hematoma, seroma, dehiscence or local infection. Pocket 
hematomas can be painful and increase the risk of infection. Their occurrence 
can be minimized by meticulous operative technique and postoperative care, 
as well as by interrupting anticoagulation when feasible. In patients who require 
uninterrupted anticoagulation, a strategy of continued warfarin treatment at 
the time of implantation of a pacemaker or an ICD markedly reduces the 
incidence of clinically significant device-pocket hematoma compared with 
bridging therapy with heparin. The newer oral anticoagulants can also be used 
with minimal or no interruption of treatment.

In addition to infection, long-term complications include venous thrombosis 
or obstruction (including the superior vena cava syndrome; Fig. 92-8), the 
pacemaker syndrome, pacing induced ventricular dyssynchrony, and various 
forms of pacemaker malfunction. The latter include failure to pace, failure to 
capture, and sensing abnormalities, most often resulting from lead abnormali-
ties (conductor fractures, insulation breaks or changes at the lead-tissue inter-
face). Pacemaker infections typically involve primarily the subcutaneous 
pacemaker pocket, but long-term resolution of infection generally requires 
removal of both the pulse generator and leads as well as extended antibiotic 
therapy (Chapter 67). Nearly 40% of patients have coexisting valve involve-
ment, predominantly tricuspid valve infection (Chapter 67), with mortality 
rates as high as 15% in the hospital and 20 to 25% at 1 year. Less commonly, 
pulse generator malfunctions, including premature battery depletion, may 
occur. Long-term problems may also result from inappropriate programming. 
The emerging use of leadless pacing eliminates many of the risks of conven-
tional pacing systems and will likely become increasingly common as experi-
ence grows with this technology.

 Implantable Cardioverter-Defibrillators
Indications
ICDs initially evolved as secondary prevention to treat patients who had sur-
vived an episode of VF or hemodynamically unstable VT and were at high 
risk for subsequent death owing to recurrent ventricular arrhythmias. However, 
survival rates from an initial cardiac arrest are quite low, and ICDs now are 
more commonly implanted as primary prevention in individuals at high risk 
for a first cardiac arrest based on multiple randomized trials and careful risk-
to-benefit analyses (Table 60-3). Examples include patients who have dilated 
ischemic or nonischemic cardiomyopathy with an ejection fraction of 35% 
or less and class II or III heart failure, A4  as well as selected patients with condi-
tions such as hypertrophic cardiomyopathy, Brugada syndrome, and long QT 
syndrome (Chapters 54, 59, and 64). These indications continue to evolve as 
more data become available.

ICD Pulse Generators and Leads
Procedures for implanting ICDs are analogous to those used for permanent 
pacemakers. The pulse generators, although still somewhat larger than pace-
makers (with some models now <1 cm in thickness, <28 mL in volume, and 
around 60 g), deliver biphasic shocks at programmable energies while recording 
the electrogram during the arrhythmia and its treatment. They also can provide 
antitachycardia pacing (Fig. 60-2), as well as dual-chamber bradycardia pacing 
or cardiac resynchronization pacing therapy.

ICD implantation and lead configuration are designed to deliver sufficient 
energy to the ventricular myocardium to ensure reliable defibrillation. The 
most common pathway for this energy is from the implanted pectoral pulse 
generator to a coil electrode on the distal portion of the transvenous lead that 
is positioned in the right ventricle. The energy required for successful defibril-
lation is probabilistic, with an intermediate zone in which the success rate of 
any single defibrillation attempt is variable. The majority of transvenous ICD 
pulse generators can deliver up to 30 to 40 J, which exceeds the typical defi-
brillation energy threshold of 10 to 15 J, thereby allowing a substantial margin 
of safety for defibrillation.

A more recent alternative is the totally subcutaneous ICD. As this system 
does not require any leads within the heart or vasculature, a number of potential 
complications of transvenous systems can be avoided. However, these systems 
currently have a larger pulse generator, somewhat shorter battery longevity, 
and do not provide usual bradycardic, antitachycardic, or resynchronization 
pacing therapy. Defibrillation is achieved by current flowing between a pulse 

locations, in part based on local electrical threshold measurements (E-Fig. 
60-1). Permanent His-bundle pacing utilizes the patient’s intrinsic conduction 
system, thereby avoiding ventricular dyssynchrony. It is an emerging option 
for physiologic pacing but still is used on a limited basis because of technical 
issues and a lack of sufficient outcome data.4

Indications for Permanent Pacemaking
Pacemakers are implanted either to alleviate symptoms caused by bradycardia 
or to prevent severe symptoms in patients in whom symptomatic bradycardia 
is likely to develop (Tables 60-1 and 60-2).5 The most common bradycardia-
induced symptoms are dizziness or lightheadedness, syncope or near-syncope 
(Chapters 45 and 56), and heart failure. Exercise intolerance caused by a 
poor heart rate response to exertion (chronotropic incompetence) is another 
common indication. Because these symptoms can be nonspecific, documenta-
tion of an association between symptoms and bradycardia should be obtained 
whenever possible before a pacemaker is recommended. In some patients, a 
simple electrocardiogram (ECG) may be sufficient to document the need 
for a pacemaker. If the bradycardia is intermittent, other diagnostic testing, 
such as 24-hour ambulatory monitoring, a continuous external or implant-
able loop recorder, an implantable event monitor, or an electrophysiology test 
(Chapter 56), may be needed to document a relationship between symptoms 
and bradycardia.

Correctable causes of bradycardia (Chapter 58) should be excluded. Examples 
include hypothyroidism (Chapter 213), electrolyte disturbances, and medica-
tions such as β-adrenergic blocking agents, calcium-channel blocking agents, 
digitalis, and antiarrhythmic medications (Chapter 58). Other temporary 
causes of bradycardia that may not require a permanent pacemaker include 
acute ischemia or infarction, perioperative bradycardia following cardiac surgery, 
and neurocardiogenic causes. At times, a pacemaker is necessary to allow 
continued treatment with a medication that is responsible for the bradycardia, 
such as a β-adrenergic blocking agent needed for paroxysmal AF with a rapid 
ventricular response.

TABLE 60-1 CLASS I INDICATIONS* FOR IMPLANTATION OF 
A PERMANENT PACEMAKER

SINUS NODE DYSFUNCTION

Symptomatic sinus bradycardia
Symptomatic chronotropic incompetence
Symptomatic sinus bradycardia resulting from required drug therapy
ATRIOVENTRICULAR BLOCK

Third-degree and advanced second-degree AV block associated with symptomatic 
bradycardia

Third-degree and advanced second-degree AV block in an awake patient with 
asystole of >3 seconds or an escape rate of <40 beats per minute or with an 
infranodal escape rhythm

Atrial fibrillation with a pause of ≥5 seconds
Third-degree and advanced second-degree AV block due to postoperative AV block 

that is not expected to resolve
Third-degree and advanced second-degree AV block with neuromuscular diseases 

such as myotonic muscular dystrophy, Kearns-Sayre syndrome, and Erb dystrophy
Asymptomatic third-degree AV block if cardiomegaly or left ventricular dysfunction 

is present, or if the block is below the AV node
CHRONIC BIFASCICULAR BLOCK

Advanced second-degree or intermittent third-degree AV block
Type II second-degree AV block
Alternating bundle branch block
AFTER ACUTE PHASE OF MYOCARDIAL INFARCTION

Second-degree infranodal AV block with alternating bundle branch block
Third-degree infranodal AV block
Transient advanced second-degree or third-degree infranodal AV block and 

associated bundle branch block
Persistent symptomatic second-degree or third-degree AV block
CAROTID SINUS SYNDROME

Recurrent syncope caused by spontaneous carotid sinus stimulation or carotid sinus 
pressure that induces asystole of >3 seconds in duration

*Class I indications are conditions for which a pacemaker is indicated.
AV = atrioventricular.
Adapted from Gillis AM, Russo AM, Ellenbogen KA, et al. HRS/ACCF expert consensus statement 
on pacemaker device and mode selection. J Am Coll Cardiol. 2012;60:682-703.

Pacing Modes
Pacing modes are described by a simple code. The first letter represents the 
chamber being paced (A for atrium, V for ventricle, D for dual chamber). The 
second letter identifies the chamber whose depolarizations are being sensed 
by the pacemaker (A, V, D, or O for no sensing). The third letter indicates 
whether the pacemaker is functioning in an inhibited (I) mode, a tracking 
(T) mode, in both modes (D), or asynchronously (O). The fourth letter des-
ignates whether the pacemaker can modulate the pacing rate, usually by increas-
ing pacing rates with physical activity (R). An additional fifth letter is 
infrequently used to define the pacemaker’s ability to provide antitachycardia 
pacing (P), to deliver shocks (S), or both (D).

The most appropriate pacing mode must be determined for each individual. 
By far the most common permanent pacing modes now used in the United 
States are DDD and DDDR. VVI and VVIR modes are used in patients who 
have chronic AF with symptomatic pauses or bradycardia. Mode-switching 
pacemakers can pace in the DDD mode during sinus rhythm and automati-
cally switch to rate-responsive (VVIR) ventricular pacing during paroxysmal 
AF or other supraventricular arrhythmias. Automatic mode switching from 
AAI(R) to DDD(R) is also available for patients with sinus node dysfunction 
and intermittent AV block.

Many patients’ devices are programmed at settings chosen to minimize the 
pacing burden, not only to conserve battery, but also to reduce pacing-induced 
ventricular dyssynchrony, which sometimes can lead to impaired ventricular 
function. This potential side effect is particularly common in patients who 
have a normal intrinsic QRS duration and then undergo single-chamber right 
ventricular pacing.

In patients with sinus node dysfunction, atrial or dual-chamber pacing sig-
nificantly reduces the risk for AF and improves quality of life compared with 
ventricular pacing. Because such patients are at substantial risk of symptomatic 
AV block, initial dual-chamber pacing is commonly used, although atrial pacing 
alone is an option for selected patients with normal AV conduction. Because 
chronotropic incompetence is frequent in this patient population, a rate-
responsive mode (AAIR or DDDR) is usually recommended. In patients with 
AV block, dual-chamber pacing improves quality of life, reduces the risk for 
developing AF, and avoids the 7 to 25% risk for developing the pacemaker 
syndrome, which consists of symptoms of weakness, lightheadedness, exercise 
intolerance, or palpitations owing to the absence of AV synchrony during 
single-chamber ventricular pacing. For these reasons, current consensus guide-
lines recommend dual-chamber pacing for most patients with sinus node 
dysfunction or AV block.

TABLE 60-2 CLASS IIA INDICATIONS* FOR IMPLANTATION 
OF A PERMANENT PACEMAKER

SINUS NODE DYSFUNCTION

Heart rate of <40 beats per minute when a clear association between symptoms 
consistent with bradycardia and the actual presence of bradycardia has not been 
demonstrated

Syncope of unclear etiology when sinus node dysfunction is demonstrated by 
electrophysiologic testing

ATRIOVENTRICULAR BLOCK

Persistent third-degree AV block with an escape rate of >40 beats per minute in an 
asymptomatic adult without cardiomegaly

Asymptomatic second-degree infranodal AV block
First-degree or second-degree AV block associated with symptoms similar to 

pacemaker syndrome
Asymptomatic type II second-degree AV block with a narrow QRS
CHRONIC BIFASCICULAR BLOCK

Syncope, when other potential causes of syncope have been excluded
An HV interval of ≥100 msec
Pathologic pacing-induced infranodal AV block during electrophysiologic testing
CAROTID SINUS SYNDROME

Syncope without clear provocative events and with asystole of >3 seconds during 
carotid sinus pressure

*Class IIA indications are conditions for which a pacemaker is reasonable.
AV = atrioventricular; HV = His-ventricle.
Adapted from Tracy CM, Epstein AE, Darbar D, et al. 2012 ACCF/AHA/HRS focused update of 
the 2008 guidelines for device-based therapy of cardiac rhythm abnormalities: a report of the 
American College of Cardiology Foundation/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol. 2012;60:1297-1313.



CHAPTER 60 ElEctrophysiologic intErvEntional procEdurEs and surgEry 352.e1

E-FIGURE 60-1. Typical lead placement for a dual-chamber permanent pacemaker. 
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 Complications of Pacemakers
Complications can be either acute or late. About 1 to 2% of patients develop 
complications from the implantation procedure itself, including infection, 
pneumothorax, perforation of the atrium or ventricle, lead dislodgement, 
subclavian vein thrombosis, and pocket complications. The subcutaneous 
pocket may develop a hematoma, seroma, dehiscence or local infection. Pocket 
hematomas can be painful and increase the risk of infection. Their occurrence 
can be minimized by meticulous operative technique and postoperative care, 
as well as by interrupting anticoagulation when feasible. In patients who require 
uninterrupted anticoagulation, a strategy of continued warfarin treatment at 
the time of implantation of a pacemaker or an ICD markedly reduces the 
incidence of clinically significant device-pocket hematoma compared with 
bridging therapy with heparin. The newer oral anticoagulants can also be used 
with minimal or no interruption of treatment.

In addition to infection, long-term complications include venous thrombosis 
or obstruction (including the superior vena cava syndrome; Fig. 92-8), the 
pacemaker syndrome, pacing induced ventricular dyssynchrony, and various 
forms of pacemaker malfunction. The latter include failure to pace, failure to 
capture, and sensing abnormalities, most often resulting from lead abnormali-
ties (conductor fractures, insulation breaks or changes at the lead-tissue inter-
face). Pacemaker infections typically involve primarily the subcutaneous 
pacemaker pocket, but long-term resolution of infection generally requires 
removal of both the pulse generator and leads as well as extended antibiotic 
therapy (Chapter 67). Nearly 40% of patients have coexisting valve involve-
ment, predominantly tricuspid valve infection (Chapter 67), with mortality 
rates as high as 15% in the hospital and 20 to 25% at 1 year. Less commonly, 
pulse generator malfunctions, including premature battery depletion, may 
occur. Long-term problems may also result from inappropriate programming. 
The emerging use of leadless pacing eliminates many of the risks of conven-
tional pacing systems and will likely become increasingly common as experi-
ence grows with this technology.

 Implantable Cardioverter-Defibrillators
Indications
ICDs initially evolved as secondary prevention to treat patients who had sur-
vived an episode of VF or hemodynamically unstable VT and were at high 
risk for subsequent death owing to recurrent ventricular arrhythmias. However, 
survival rates from an initial cardiac arrest are quite low, and ICDs now are 
more commonly implanted as primary prevention in individuals at high risk 
for a first cardiac arrest based on multiple randomized trials and careful risk-
to-benefit analyses (Table 60-3). Examples include patients who have dilated 
ischemic or nonischemic cardiomyopathy with an ejection fraction of 35% 
or less and class II or III heart failure, A4  as well as selected patients with condi-
tions such as hypertrophic cardiomyopathy, Brugada syndrome, and long QT 
syndrome (Chapters 54, 59, and 64). These indications continue to evolve as 
more data become available.

ICD Pulse Generators and Leads
Procedures for implanting ICDs are analogous to those used for permanent 
pacemakers. The pulse generators, although still somewhat larger than pace-
makers (with some models now <1 cm in thickness, <28 mL in volume, and 
around 60 g), deliver biphasic shocks at programmable energies while recording 
the electrogram during the arrhythmia and its treatment. They also can provide 
antitachycardia pacing (Fig. 60-2), as well as dual-chamber bradycardia pacing 
or cardiac resynchronization pacing therapy.

ICD implantation and lead configuration are designed to deliver sufficient 
energy to the ventricular myocardium to ensure reliable defibrillation. The 
most common pathway for this energy is from the implanted pectoral pulse 
generator to a coil electrode on the distal portion of the transvenous lead that 
is positioned in the right ventricle. The energy required for successful defibril-
lation is probabilistic, with an intermediate zone in which the success rate of 
any single defibrillation attempt is variable. The majority of transvenous ICD 
pulse generators can deliver up to 30 to 40 J, which exceeds the typical defi-
brillation energy threshold of 10 to 15 J, thereby allowing a substantial margin 
of safety for defibrillation.

A more recent alternative is the totally subcutaneous ICD. As this system 
does not require any leads within the heart or vasculature, a number of potential 
complications of transvenous systems can be avoided. However, these systems 
currently have a larger pulse generator, somewhat shorter battery longevity, 
and do not provide usual bradycardic, antitachycardic, or resynchronization 
pacing therapy. Defibrillation is achieved by current flowing between a pulse 

generator implanted below the axilla and a subcutaneous coil implanted parallel 
and over or just lateral to the sternum (Fig. 60-3). The pulse generator must 
deliver higher stored energy (80 J) compared with transvenous defibrillation 
to ensure an adequate margin of safety for defibrillation, but data suggest that 
the device’s effectiveness for sensing and terminating VF is comparable to 
transvenous systems. It is an attractive option for patients who have had prior 
complications from transvenous systems (e.g., vein thrombosis, infection) or 
issues with intravenous access, as well as for primary prevention in patients 
in whom frequent shocks are not anticipated. However, the choice of an ICD 
system must be individualized to a patient’s overall needs.6

Programming of ICDs
Ideal ICD programming allows for: appropriate detection of all arrhythmias; 
discrimination of ventricular from supraventricular rhythms; appropriate 
antitachycardia therapy only when needed and desired for sustained arrhyth-
mias; avoiding unnecessary therapies; and minimizing shock delivery. Anti-
tachycardic pacing should be optimal for successful termination of VT while 
minimizing acceleration to VF, and the shocks are programmed to provide 
an adequate margin of safety for reliable cardioversion and defibrillation. In 
addition, bradycardic pacing therapy should be optimized, providing appropri-
ate heart rate response to exertion while minimizing right ventricular pacing. 
Conversely, the ventricles are ideally paced for all beats in patients in whom 
cardiac resynchronization is needed.

A substantial proportion of ICD recipients have sustained monomorphic 
VT that can be painlessly terminated by appropriately timed, overdrive anti-
tachycardia pacing. ICD shocks are uncomfortable, so they are not intended 
for routine conversion of more benign tachycardias. ICDs incorporate a variety 
of programmable discrimination algorithms designed to withhold unnecessary 
therapies for brief episodes of rapid supraventricular arrhythmias, especially 
sinus tachycardia or AF. In addition, many ventricular arrhythmias, particularly 
at lower rates, will self-terminate within seconds, so algorithms designed to 
delay therapy for a short time can reduce unnecessary shocks. Optimal pro-
gramming reduces the patient’s discomfort, maximizes the life of the pulse 
generator battery, and reduces the potential adverse effects of unneeded shocks. 
Incorporating higher rate cutoffs, detection delay, rhythm discriminators, and 
antitachycardia pacing can reduce inappropriate device shocks by 50% and 

TABLE 60-3 INDICATIONS FOR IMPLANTABLE 
CARDIOVERTER-DEFIBRILLATOR IMPLANTATION

CLASS I*: SECONDARY PREVENTION

Cardiac arrest survivor (VF or unstable sustained VT not associated with a 
completely reversible cause)

Spontaneous sustained VT (irrespective of stability) and structural heart disease
Syncope of unknown origin associated with clinically relevant and hemodynamically 

significant sustained VT or VT induced at electrophysiologic testing
CLASS I*: PRIMARY PREVENTION

Prior myocardial infarction (≥40 days), LVEF <35%, NYHA class II or III
Prior myocardial infarction (≥40 days), LVEF <30%, NYHA class I
Nonischemic dilated cardiomyopathy, LVEF ≤35%, NYHA class II or III
Prior myocardial infarction, LVEF <40%, spontaneous NSVT, inducible sustained 

VT or VF at electrophysiologic testing
CLASS IIA†

Nonischemic dilated cardiomyopathy, significant LV dysfunction, and syncope
Sustained VT and normal or near-normal ventricular function
Hypertrophic cardiomyopathy and one or more risk factors for sudden death
Arrhythmogenic right ventricular cardiomyopathy and one or more risk factors for 

sudden death
Long QT syndrome with syncope or VT despite β-blocker therapy
Nonhospitalized patients awaiting cardiac transplantation
Brugada syndrome and syncope or VT
Catecholaminergic polymorphic VT and syncope or VT on β-blocker therapy
Cardiac sarcoidosis, giant cell myocarditis, or Chagas disease
*Class I indications are conditions for which an implantable cardioverter-defibrillator is indicated.
†Class IIA indications are conditions for which an implantable cardioverter-defibrillator is 
reasonable.
LVEF = left ventricular ejection fraction; NSVT = nonsustained ventricular tachycardia, VF = 
ventricular fibrillation; VT = ventricular tachycardia.
Adapted from Tracy CM, Epstein AE, Darbar D, et al. 2012 ACCF/AHA/HRS focused update of 
the 2008 guidelines for device-based therapy of cardiac rhythm abnormalities: a report of the 
American College of Cardiology Foundation/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol. 2012;60:1297-1313.
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devices with both functions (CRT-D) may provide additional mortality benefit. 
However, CRT alone may be appropriate for some patients with more advanced 
heart failure, extensive comorbidity, and limited life expectancy when the 
primary objective is symptomatic improvement, and the added value of defi-
brillation is less clear, such as in certain patients with nonischemic cardiomy-
opathy and a high risk of dying of causes other than sudden death. A6 

 Complications
Many of the complications related to ICD and CRT implantation procedures 
are similar to those associated with pacemakers. Major procedure-related 
complications include pneumothorax, myocardial perforation, and infection, 
all of which should have an incidence of less than 1%. Overall, major compli-
cations occur in 2 to 3% of new ICD implants and are more common during 
pulse generator replacement (5 to 6%). Long-term complications are primarily 
related to infection and lead failure. Given their larger size and complexity, 
ICD leads are more likely to fail (1 to 4% annually) than are pacemaker leads 
(<0.5% annually). Lead failure is most often due to insulation failure or fracture 
of the conductor wires. CRT devices have the highest likelihood of procedure-
related complications, predominantly owing to dislodgement of the coronary 
sinus lead.

Although an occasional therapeutic ICD discharge is common, flurries of 
discharges require urgent evaluation to determine the cause. Such causes can 
range from flurries of VT or VF, which may have a correctable precipitant 
(e.g., an electrolyte imbalance, drug toxicity), to AF or another supraventricular 
tachycardia (SVT) with a rapid ventricular response, lead fracture, or insula-
tion failure. In some cases, antiarrhythmic drug therapy (see Tables 58-5 and 
58-6), catheter ablation, or both may reduce or eliminate the arrhythmias 
associated with frequent shocks.

 CATHETER ABLATION
Catheter-based ablation techniques have become common in the management 
of numerous forms of tachycardias. For appropriate arrhythmias, ablation often 
has higher success rates and is more definitive when compared with medical 
therapy. In addition, the treatment can be curative for some arrhythmias and 
avoid the need for chronic medication or urgent intervention. Ablation is 
based on the concept that each arrhythmia requires a critical anatomic region 
or regions of myocardial tissue to initiate and/or maintain the abnormal impulse 
that can be selectively necrosed to eliminate the arrhythmia. For many arrhyth-
mias, target sites for ablation are selected by recording the electrical activation 
sequence during an episode of sustained tachycardia. For these arrhythmias, 
reproduction of the clinical arrhythmia during diagnostic electrophysiologic 
testing (Chapter 56) is critical and can be facilitated by judicious use of seda-
tion and intravenous infusion of catecholamines. Alternatively, the target site(s) 
can sometimes be selected based on specific anatomic landmarks or tissue 
and electrical characteristics identified during sinus rhythm. Electroanatomic 
mapping has facilitated the ablation of many forms of tachyarrhythmias, allowed 
for substantial reductions in the need for fluoroscopy, and enabled ablation 
of complex arrhythmias with good success rates (Fig. 60-5).

FIGURE 60-2. Intracardiac stored electrograms (atrial [A], ventricular [V], and marker channels) from implantable cardioverter-defibrillator therapy for ventricular tachycardia 
(VT). rapid vt (270 msec) is appropriately detected, initiating antitachycardia pacing therapy at 240 msec (between arrows), which successfully terminates the tachycardia painlessly 
without the need for a shock. v-a dissociation is apparent during vt. 

Pulse
generator

FIGURE 60-3. Schematic of pulse generator and lead position for the subcutaneous 
defibrillator. (With permission from Bardy gh, smith WM, hood Ma, et al. an entirely 
subcutaneous implantable cardioverter-defibrillator. N Engl J Med. 2010;363:36-44.)

mortality by 30% compared with standard ICD programming, without sig-
nificantly increasing the risk for syncope. Many athletes with ICDs can engage 
in vigorous and competitive sports without physical injury or failure to ter-
minate the arrhythmia.7

 Cardiac Resynchronization Therapy
Abnormal and prolonged ventricular activation, indicated by QRS duration 
longer than 120 msec, contributes to poorly coordinated, dyssynchronous 
activation of the left ventricle, which often comprises systolic function. Right 
ventricular pacing, particularly from the apex, also is associated with a delayed 
activation sequence and, as a result, inter- and intraventricular mechanical 
dyssynchrony. Cardiac resynchronization therapy (CRT) requires synchronized 
pacing of both ventricles (biventricular pacing)—most commonly by the 
transvenous placement of one electrode into the right ventricle and one into 
the coronary venous system to pace the lateral left ventricle (Fig. 60-4).

Indications for CRT
Optimization of the timing between pacing of the right ventricular septum 
and the left ventricular free wall promotes more synchronous ventricular 
contraction and results in “reverse remodeling” with a reduction in ventricular 
volumes, improved systolic function, and clinical improvement in heart failure 
(Chapter 53). In clinical trials of patients with reduced systolic function, QRS 
duration longer than 120 msec, and class III or ambulatory class IV heart 
failure,8 the addition of CRT to guideline-directed medical therapy is associ-
ated with an approximately 30% reduction in hospitalizations and a 24 to 36% 
reduction in total mortality. Functional improvement in heart failure symptoms 
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FIGURE 60-4. Typical position of the left ventricular pacing lead (yellow arrows) in a posterolateral branch of the coronary sinus in a patient with a cardiac resynchronization 
device. note the presence of a defibrillator coil on the distal right ventricular lead (blue arrow), indicating that the device is also capable of defibrillation. lat = lateral; pa = 
posteroanterior. 

TABLE 60-4 INDICATIONS FOR IMPLANTATION OF CRT 
DEVICE

CLASS I INDICATIONS*

LVEF ≤35%, sinus rhythm, LBBB (≥150 msec), NYHA class II, III, or ambulatory 
class IV on guideline-directed medical therapy

CLASS IIA INDICATIONS†

LVEF ≤35%, sinus rhythm, LBBB (120-149 msec), NYHA class II, III, or 
ambulatory class IV on guideline-directed medical therapy

LVEF <35%, sinus rhythm, non-LBBB (≥150 msec), NYHA class III or ambulatory 
class IV on guideline-directed medical therapy

LVEF ≤35%, atrial fibrillation, on guideline-directed medical therapy, and both:
•	 Requires	ventricular	pacing	or	otherwise	meets	CRT	criteria
•	 Near	100%	pacing	with	CRT	can	be	achieved	by	either	atrioventricular	node	

ablation or pharmacologic rate control
LVEF ≤35% on guideline-directed medical therapy and are undergoing new or 

replacement device implantation with anticipated requirement for significant 
(>40%) ventricular pacing

*Class I indications are conditions for which CRT is indicated.
†Class IIA indications are conditions for which CRT is reasonable.
CRT = cardiac resynchronization therapy; LBBB = left bundle branch block; LVEF = left ventricular 
ejection fraction; NYHA=New York Heart Association (functional class).
Adapted from Brignole M, Auricchio A, Baron-Esquivias G, et al. 2013 ESC Guidelines on cardiac 
pacing and cardiac resynchronization therapy: the Task Force on cardiac pacing and 
resynchronization therapy of the European Society of Cardiology (ESC). Developed in 
collaboration with the European Heart Rhythm Association (EHRA). Eur Heart J. 2013;34:2281-
2329; and Tracy CM, Epstein AE, Darbar D, et al. 2012 ACCF/AHA/HRS focused update of the 
2008 guidelines for device-based therapy of cardiac rhythm abnormalities: a report of the American 
College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. 
J Am Coll Cardiol. 2012;60:1297-1313.

and quality of life is seen in a majority of patients, but 30 to 40% of patients 
may not improve symptomatically. Superior outcomes are associated with 
longer QRS delays (>150 msec) and a left bundle branch block QRS configu-
ration, whereas patients with imaging-identified mechanical dyssynchrony 
alone, in the absence of QRS prolongation, do not improve with CRT.

Clinical trials have also established that the benefit of CRT extends to patients 
with less severe heart failure symptoms (class I or II), in whom CRT appears 
to delay the onset of symptomatic heart failure and significantly reduce heart 
failure events over the next 1 to 7 years if the ejection fraction is 30% or less 
and the QRS duration is more than 130 msec, especially in patients with 
left bundle branch block. Furthermore, the burden of comorbidity does not 
appear to compromise the clinical benefits of CRT-D compared with ICD  
alone. A5  In patients with bradycardia and a left ventricular ejection fraction of 
up to 50%, CRT should be considered if significant right ventricular pacing 
(>40% of heartbeats) is anticipated.

Current indications for CRT therapy (Table 60-4) likely will continue to 
evolve as additional evidence accrues. In patients who meet criteria for both 
CRT and ICD implantation, some evidence suggests that implantation of 

devices with both functions (CRT-D) may provide additional mortality benefit. 
However, CRT alone may be appropriate for some patients with more advanced 
heart failure, extensive comorbidity, and limited life expectancy when the 
primary objective is symptomatic improvement, and the added value of defi-
brillation is less clear, such as in certain patients with nonischemic cardiomy-
opathy and a high risk of dying of causes other than sudden death. A6 

 Complications
Many of the complications related to ICD and CRT implantation procedures 
are similar to those associated with pacemakers. Major procedure-related 
complications include pneumothorax, myocardial perforation, and infection, 
all of which should have an incidence of less than 1%. Overall, major compli-
cations occur in 2 to 3% of new ICD implants and are more common during 
pulse generator replacement (5 to 6%). Long-term complications are primarily 
related to infection and lead failure. Given their larger size and complexity, 
ICD leads are more likely to fail (1 to 4% annually) than are pacemaker leads 
(<0.5% annually). Lead failure is most often due to insulation failure or fracture 
of the conductor wires. CRT devices have the highest likelihood of procedure-
related complications, predominantly owing to dislodgement of the coronary 
sinus lead.

Although an occasional therapeutic ICD discharge is common, flurries of 
discharges require urgent evaluation to determine the cause. Such causes can 
range from flurries of VT or VF, which may have a correctable precipitant 
(e.g., an electrolyte imbalance, drug toxicity), to AF or another supraventricular 
tachycardia (SVT) with a rapid ventricular response, lead fracture, or insula-
tion failure. In some cases, antiarrhythmic drug therapy (see Tables 58-5 and 
58-6), catheter ablation, or both may reduce or eliminate the arrhythmias 
associated with frequent shocks.

 CATHETER ABLATION
Catheter-based ablation techniques have become common in the management 
of numerous forms of tachycardias. For appropriate arrhythmias, ablation often 
has higher success rates and is more definitive when compared with medical 
therapy. In addition, the treatment can be curative for some arrhythmias and 
avoid the need for chronic medication or urgent intervention. Ablation is 
based on the concept that each arrhythmia requires a critical anatomic region 
or regions of myocardial tissue to initiate and/or maintain the abnormal impulse 
that can be selectively necrosed to eliminate the arrhythmia. For many arrhyth-
mias, target sites for ablation are selected by recording the electrical activation 
sequence during an episode of sustained tachycardia. For these arrhythmias, 
reproduction of the clinical arrhythmia during diagnostic electrophysiologic 
testing (Chapter 56) is critical and can be facilitated by judicious use of seda-
tion and intravenous infusion of catecholamines. Alternatively, the target site(s) 
can sometimes be selected based on specific anatomic landmarks or tissue 
and electrical characteristics identified during sinus rhythm. Electroanatomic 
mapping has facilitated the ablation of many forms of tachyarrhythmias, allowed 
for substantial reductions in the need for fluoroscopy, and enabled ablation 
of complex arrhythmias with good success rates (Fig. 60-5).
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venous approach, but left atrial tachycardias require a transseptal approach. 
Approximately 10 to 20% of patients with atrial tachycardia have more than 
one focus and may be associated with other forms of SVT, particularly AV 
nodal re-entrant tachycardia. If the atrial tachycardia originates from a single 
site, ablation has about a 90% success rate, and complications are rare. For 
patients with multiple sources of atrial tachycardia, long-term success rates 
are lower.

Typical atrial flutter (Chapter 58), which arises in the right atrium, can be 
eliminated by ablation directed at a critical isthmus located in the low right 
atrium, between the tricuspid annulus and the inferior vena cava. The long-
term success rate is more than 90%, with a less than 1% risk for serious 
complications.

The most common serious complications of ablation are cardiac tamponade, 
owing to mechanical perforation of the heart by an electrode catheter, and 
high-degree AV block when the target is near the AV node. Cryoablation is a 
reasonable alternative when the targeted tissue is near the AV node.

 Ablation of Atrial Fibrillation
The primary aim of AF ablation currently is to reduce the burden of recurrent 
AF episodes in patients with symptoms and thereby to improve quality of 
life. Catheter ablation of AF has been effective in treating paroxysmal, persis-
tent, and long-standing persistent (>1 year) AF. The optimal approach for AF 
ablation (Chapter 58) is an area of active investigation, but pulmonary vein 
isolation remains the cornerstone of most AF ablation procedures. For patients 
with recurrent paroxysmal AF, a primary driver of the arrhythmia is from focal 
sources in the regions surrounding the proximal portions of the pulmonary 
vein and sometimes other thoracic veins as they insert into atrial myocardium. 
Focally triggered arrhythmias may arise from other right and left atrial sites 
in 10 to 20% of patients.

For patients with recurrent symptomatic paroxysmal AF despite at least 
one antiarrhythmic drug trial, radio frequency or cryoballoon catheter abla-
tion reduces the risk for recurrent atrial arrhythmias by 50 to 70% and sig-
nificantly improves quality of life compared with continued attempts to control 
the arrhythmia with alternative drug therapy.9 Cryoballoon ablation and radio 
frequency ablation have similar efficacy for paroxysmal AF. A7  Clinical trial 
data also demonstrate improved outcomes for reducing recurrent AF in selected 
patients with paroxysmal AF in whom catheter ablation is used as first-line 
treatment, although recurrences remain common even in patients who undergo 
ablation. Because AF is a progressive disease, however, the window of oppor-
tunity for intervention to prevent progression from paroxysmal to permanent 
AF or to prevent stroke, heart failure, or death may be limited.

In patients with persistent AF, pulmonary vein isolation is also commonly 
performed, but it is less successful in patients with persistent AF of longer 
than 1 year’s duration.10 For patients with symptomatic heart failure, a left 
ventricular ejection fraction of 35% or less, and persistent AF, ablation can 
improve symptoms and neurohormonal status compared with rate control 
therapy. In patients with persistent AF in the setting of heart failure (and 
either a dual-chamber ICD or a CRT defibrillator), catheter ablation of AF 
is superior to amiodarone treatment for achieving freedom from AF at long-
term follow-up, as well as for reducing unplanned hospitalization and mortal-
ity. A8  Furthermore, catheter ablation is associated with a lower rate of total 
mortality plus heart failure hospitalization in patients with heart failure and 
an ejection fraction of less than 35%. A9  Catheter ablation also may be better 
than rate control in patients with unexplained heart failure owing to left ven-
tricular systolic dysfunction. A10 

Due to limited responses with pulmonary vein isolation alone, a variety of 
additional ablation targets have been tried, with mixed and often disappointing 
results. Empirical electrical left atrial appendage isolation plus extensive abla-
tion may be better than extensive ablation alone for providing long-term 
freedom from atrial arrhythmias. A11  However, the value of more extensive 
ablation strategies continues to be evaluated, without any clear consensus on 
the best approach.

Overall, the 1-year success rate of catheter ablation is 75 to 85% for parox-
ysmal AF and 60 to 75% for persistent AF. The most serious complications 
of AF ablation are atrial perforation, thromboembolism, and atrioesophageal 
fistula, with an overall risk of about 2%. Other complications are phrenic 
nerve injury, pulmonary vein stenosis, or vascular access issues. Left atrial 
macro-re-entrant arrhythmias, which can be a sequela of AF ablation, may 
require additional ablation.

In patients with refractory AF associated with an uncontrolled ventricular 
rate despite pharmacologic AV node blockade, ablation of the AV node can 
improve symptoms, functional capacity, and left ventricular function. In AV 

 Tissue Effects of Applied Energy
The most common form of energy used in catheter ablation is radio frequency 
current, typically in the range of 300 to 750 kHz. The energy is applied in a 
unipolar fashion between a small catheter-tip electrode in contact with the 
targeted myocardium and a large dispersive cutaneous patch electrode. The 
small electrode area results in a high-density current and rapid resistive heating 
in the myocardium immediately subjacent to the electrode, with slower con-
ductive heating of deeper myocardial layers. Irreversible myocyte injury occurs 
with a tissue temperature higher than 50° C, with visually apparent tissue 
destruction at higher than 60° C. Saline irrigation of the electrode reduces 
heating at the tissue-electrode interface, allows for higher energy delivery 
when needed, moves the zone of maximal heating deeper into the tissue, and 
thus can allow for larger and deeper lesions with less risk of surface char and 
coagulum. Among other energy sources, cryoablation is the most widely used, 
whereas microwave, laser, and ultrasound have limited applications at present.

 Radio Frequency Ablation of Supraventricular Tachycardias
Radio frequency ablation is the recommended first-line treatment for parox-
ysmal SVT, Wolff-Parkinson-White (WPW) syndrome, or type 1 (typical) 
atrial flutter that is symptomatic enough to warrant therapy (Chapter 58). 
For atypical atrial flutters, ablation is becoming more common as success rates 
now approach those for typical atrial flutter. Ablation is rarely recommended 
for inappropriate sinus tachycardia because outcomes are less predictable, 
often partial, and may result in undesired sinus node dysfunction. AV nodal 
re-entrant tachycardia (Chapter 58), which is the most common type of par-
oxysmal SVT, is successfully eliminated in 98% of cases (with a <1% risk for 
high-degree AV block) by radio frequency ablation of the “slow” limb of the 
re-entry circuit, usually at the posteroseptal aspect of the right atrium.

Accessory pathways are the next most common cause of paroxysmal SVT 
and can be due to manifest accessory pathways showing pre-excitation (WPW 
syndrome) or concealed pathways that conduct only in retrograde fashion 
(no pre-excitation on an ECG). Left-sided accessory pathways are ablated by 
using either a retrograde aortic or a transseptal approach, whereas right-sided 
and septal lesions are ablated with a venous approach. Detailed mapping is 
essential to identify the optimal site for ablation, usually on either the atrial 
or the ventricular aspect of the mitral or tricuspid annulus. For the ablation 
of an accessory pathway, the success rate is 90 to 98%, with an overall com-
plication rate of 2 to 3% and a less than 0.1% risk for a fatal complication. 
Most atrial tachycardias arise in the right atrium and are mapped using a 

FIGURE 60-5. Electroanatomic map of a complex left atrial tachycardia due to macro-
re-entry. ablation delivered to a critical channel on the atrial roof (dark red tags) eliminated 
this tachycardia. ap = anteroposterior; lat = local activation time. 
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node ablation, third-degree AV block is intentionally induced with a success 
rate that approaches 100%. When the ablation lesions are placed sufficiently 
proximal in the AV junction, a junctional escape rhythm usually can be pre-
served. All patients require a permanent pacemaker to provide adequate rate 
response to physical activity.

 Ablation of Ventricular Arrhythmias
Radio frequency ablation is becoming a common treatment for VT, not only 
for idiopathic monomorphic VT but also in VT associated with structural 
heart disease, including ischemic cardiomyopathy, nonischemic dilated car-
diomyopathy, arrhythmogenic right ventricular cardiomyopathy, sarcoidosis, 
and the Brugada syndrome.11 It carries an 85 to 100% success rate for the 
treatment of focal idiopathic VT (Chapter 59), whether it arises in the outflow 
tract of the right ventricle (with a left bundle branch block configuration and 
inferior axis) or arises from other sites, including the AV valve annuli, the 
sinuses of Valsalva, the left ventricular septum, or the papillary muscles. Given 
these outcomes, ablation is recommended in symptomatic patients, either 
after failure of initial drug therapy or as first-line therapy, depending on a 
patient’s preference. Complications are rare, and patients can avoid medica-
tions or an ICD.

By comparison, VT in patients with coronary artery disease and other forms 
of structural heart disease usually arises in diseased tissue in either ventricle. 
In patients with a prior myocardial infarction, ablation is often performed 
endocardially adjacent to or within an area of previous infarction in the left 
ventricle. In patients with recurrent VT despite antiarrhythmic medications, 
VT ablation is more effective than an escalation of drug therapy. A12 

In other forms of structural disease, percutaneous epicardial ablation is 
often needed. Radio frequency ablation may not be curative, but it may mark-
edly diminish the frequency of VT episodes and reduce ICD discharges. 
Success rates range from 65 to 95%, with serious complications in about 5% 
of patients. For patients with high-risk refractory VT, noninvasive treatment with 
electrophysiology-guided radioablation is a promising experimental technique.12

 ARRHYTHMIA SURGERY
 Atrial Fibrillation
Surgical ablation of AF can involve isolation of the pulmonary vein or a full 
biatrial Maze procedure, in which a series of incisions or linear lesions created 
by cryoablation or radio frequency ablation subdivides the atria into parts too 
small to sustain AF. The most common current indication for the Maze pro-
cedure is the treatment of symptomatic AF in patients undergoing other cardiac 
surgical procedures, such as coronary revascularization or valve replacement 
or repair. AF surgery added to mitral valve surgery significantly reduces the 
recurrence of AF in patients with persistent or long-standing persistent  
AF. A13  A variety of simpler and even minimally invasive operative procedures 
have been developed for AF, but their long-term efficacy and their role in the 
treatment of AF remain unclear.

 Ventricular Tachycardia
Subendocardial resection or cryoablation of the scar tissue that triggers mono-
morphic VT (Chapter 59) in patients with a prior myocardial infarction can 
eliminate VT in selected patients, with a success rate of 85 to 90% but an 
operative mortality rate of 5 to 15% even in experienced centers. Because of 
this high mortality and the development of catheter-based techniques, this 
procedure is generally limited to patients who have refractory VT or who 
have recurrent VT and other indications for cardiac surgery, such as large 
aneurysms associated with heart failure or the need to implant a left ventricular 
assist device.
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REVIEW QUESTIONS

1. A 43-year-old woman with hypertrophic cardiomyopathy and a dual-chamber 
implantable cardioverter defibrillator requires magnetic resonance imaging 
of the brain. The electrocardiogram shows atrial fibrillation, with a con-
ducted rate of 86 beats per minute. Which of the following is the most 
appropriate recommendation?
 A. Remove the ICD to allow the MRI; then re-implant after completion.
 B. Proceed with MRI. No special precautions are required.
 C. Clarify device compatibility with MRI. Proceed with MRI only if the 

ICD system is MRI-conditional (compatible).
 D. Proceed with MRI. Personnel with expertise in device management 

should be present if the device or lead is MRI-nonconditional.
 E. MRI is contraindicated. Use only alternative imaging.

Answer: D Evidence indicates that MRI can be performed with low risk in 
patients with MRI-conditional and nonconditional devices if proper precau-
tions and protocols are followed.

2. An active 84-year-old man has sinus bradycardia at 56 beats per minute 
and dyspnea on exertion. On a treadmill stress test, his maximum heart 
rate is 74 beats per minute. Sinus rhythm with RBBB and a QRS duration 
of 150 msec is present throughout. An angiogram 8 months ago showed 
no coronary artery disease. An echocardiogram is normal. A pacemaker is 
recommended. What is the appropriate pacing modality?
 A. Single-chamber VVIR
 B. Single-chamber AAI
 C. Dual-chamber VDD mode
 D. Dual-chamber DDDR mode
 E. Dual-chamber biventricular pacing (CRT-P) in DDD mode

Answer: D A dual-chamber pacemaker with rate-responsive pacing is most 
appropriate for sinus node dysfunction with chronotropic incompetence. CRT 
is not required in the absence of left ventricular dysfunction or heart block.

3. A 61-year-old man with heart failure (left ventricular ejection fraction of 
30%) owing to ischemic cardiomyopathy for 2 years presents with edema 
and worsened dyspnea on exertion. ECG and telemetry show sinus rhythm 
with persisting 2 : 1 AV block (rate, 38 beats per minute) and episodes of 
atrial fibrillation at 65 beats per minute. The QRS duration is normal 
(105 msec). Which device should be recommended?
 A. AAIR pacemaker
 B. Dual-chamber pacemaker
 C. Single-chamber ICD
 D. Subcutaneous ICD
 E. ICD with cardiac resynchronization therapy (CRT-D)

Answer: E With ischemic cardiomyopathy and an ejection fraction of 30%, 
an ICD is indicated because of the risk of ventricular arrhythmias and sudden 
death. The patient needs pacing because of heart block, and the preferred 
modality is biventricular pacing because of an expected high burden (>40%) 
of ventricular pacing.
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61 
CONGENITAL HEART DISEASE 
IN ADULTS
JUDITH THERRIEN AND ARIANE J. MARELLI

The convergence of major progress in medicine, pediatrics, and cardiovascular 
surgery has resulted in the survival of an increasingly large number of adult patients 
with congenital heart disease. An estimated 2.4 million people are currently 
living with congenital heart disease in the United States, two thirds of whom 
are adults.1 Adult care providers are becoming increasingly responsible for these 
patients, commonly in concert with a cardiologist and a tertiary care facility.

 EPIDEMIOLOGY
Congenital heart defects are diagnosed in approximately 1% of births in the 
United States. An overall prevalence of 3 to 4 per 1000 adults has been docu-
mented. The median age of patients with severe lesions has increased from 
childhood to late adolescence. Advances in medical and surgical therapy have 
increased the survival of patients with congenital heart defects. Nearly 300,000 
people in the United States are estimated to have severe congenital heart 
disease, defined as combination of at least two or more abnormalities, typically 
associated with cyanosis at birth.

Bicuspid aortic valve occurs in about 2% of the general population, is the 
most common congenital cardiac anomaly encountered in adult populations, 
and accounts for up to half of surgical cases of aortic stenosis in adults (Chapter 
66). Atrial septal defects (ASDs) constitute 30 to 40% of cases of congenital 
heart disease in adults, with ostium secundum ASD accounting for 7% of all 
congenital lesions. A solitary ventricular septal defect (VSD) represents 15 
to 20% of all congenital lesions and is the most common lesion observed in 
children; its high spontaneous closure rates explain the lesser prevalence in 
adults. Patent ductus arteriosus (PDA) accounts for 5 to 10% of all congenital 
cardiac lesions in infants with a normal birthweight. Pulmonary stenosis and 
coarctation of the aorta represent 3 to 10% of all congenital lesions.

Tetralogy of Fallot is the most common cyanotic congenital anomaly observed 
in adults. Together with complete transposition of the great arteries, these 
lesions account for 5 to 12% of congenital heart disease in infants. More complex 
lesions, such as tricuspid atresia, univentricular heart, congenitally corrected 
transposition of the great arteries, Ebstein anomaly, and double-outlet right 
ventricle, account for 2.5% or less of all congenital heart disease.

 PATHOBIOLOGY
Genetic Determinants
About 20% of congenital heart defects are associated with a syndrome or 
chromosomal anomaly, and the most common such chromosomal anomaly 
is Down syndrome (trisomy 21), in which about 50% of patients have defects 
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ABSTRACT
As a result of major advances in diagnosis and interventional therapy, there 
are now more adults than children living with congenital heart disease in the 
United States and other industrialized countries worldwide. More than 20 
phenotypes range from defects between the atria, the ventricles, and the great 
arteries to well-recognized associations of defects such as tetralogy of Fallot 
and atrioventricular canal defects. Follow-up is often shared between inter-
nists and specialized adult congenital heart disease centers to ensure adequate 
surveillance for potential complications and timely interventions to prevent 
long-term morbidity and mortality. Common cardiovascular complications 
include arrhythmias, residual valvular dysfunction, heart failure, and infective 
endocarditis. Superimposed cardiovascular disease as a result of atherosclerosis 
increases the cumulative burden of heart disease. This chapter is a concise 
starting point for understanding the life-long management of cardiovascular 
and systemic issues facing this growing group of patients and their caregivers.
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TREATMENT AND PROGNOSIS 

 Ventricular Septal Defect
For anatomic classification of VSDs, the interventricular septum can be divided 
into four regions. Defects of the membranous septum, or infracristal VSDs, are 
located in a small translucent area beneath the aortic valve and account for up 
to 80% of VSDs. These VSDs typically show a variable degree of extension into 
the inlet or outlet septum, hence their designation as perimembranous (Video 
61-2). Infundibular defects or supracristal outlet VSDs occur in the conal septum 
above the crista supraventricularis and below the pulmonary valve. Inlet defects 
are identified at the crux of the heart between the tricuspid and mitral valves 
and are usually associated with other anomalies of the atrioventricular canal. 
Defects of the trabecular or muscular septum can be multiple and occur distal 
to the septal attachment of the tricuspid valve and toward the apex.

Approximately half of all native VSDs are small, and more than half of them 
close spontaneously; moderate or even large VSDs may also close in 10% or 
less of cases. The highest closure rates are observed in the first decade of life; 
spontaneous closure in adult life is unusual.

Patients who have a small defect with trivial or mild shunts are defined as 
those with a shunt of less than 1.5 and normal pulmonary artery pressure and 
vascular resistance. Minimal or mild defects usually cause no significant hemo-
dynamic or physiologic abnormality.

Patients with moderate defects have a shunt ratio of greater than 1.2, with 
elevated pulmonary artery pressure but not elevated pulmonary vascular resis-
tance. Patients with a large and severe defect have an elevated left-to-right 
shunt (1.5 : 1 or higher) with high pulmonary pressure and elevated pulmonary 
vascular resistance. A moderate or severe defect causes left atrial and ventricular 
dilation consistent with the degree of left-to-right shunting. Shunting across 
the ventricular septum occurs predominantly during systole when left ven-
tricular pressure exceeds that on the right; diastolic filling abnormalities occur 
in the left atrium. With moderate or severe defects, the right side of the heart 
becomes affected as a function of the rise in pulmonary artery pressure and 
pulmonary blood flow.

Eisenmenger complex develops in about 10% of patients with VSDs, usually 
when there is no resistance to flow at the level of the defect, which can be as 
large as the aorta. When a systolic pressure gradient is present between the 
ventricles, the physiologic severity may be trivial or mild but can also be 
moderate or severe.

 DIAGNOSIS
An adult with a VSD most commonly has a small restrictive lesion that either 
was small at birth or has undergone some degree of spontaneous closure. 

right-sided volume overload and progressive ventricular and atrial dilation. 
Stroke can result from paradoxical emboli, atrial arrhythmias, or both. A rise 
in pulmonary pressure occurs because of the increased pulmonary blood flow. 
Pulmonary hypertension is unusual before 20 years of age but is seen in 50% 
of patients older than 40 years. The overall incidence of pulmonary vascular 
obstructive disease is 15 to 20% in patients with ASD. Eisenmenger complex 
(see below) with reverse shunting, a late and rare complication of isolated 
secundum ASD, is reported in 5 to 10% of patients.

Up to 30% of adults have evidence of a pink-patent foramen ovale without 
hemodynamic evidence of shunt at rest. Clinical studies have demonstrated 
that the prevalence of patent foramen ovale is three times higher in patients 
with cryptogenic stroke (Chapter 379), particularly before the age of 55 years, 
because of right-to-left shunting and paradoxical embolization of material 
from the venous circulation.

 DIAGNOSIS
Atrial Septal Defect
Although most ASDs are minimally symptomatic in the first three decades, 
more than 70% become impaired by the fifth decade. Initial symptoms include 
exercise intolerance, dyspnea on exertion, and fatigue caused most commonly 
by right-sided heart failure and pulmonary hypertension. Palpitations, syncope, 
and stroke can occur with the development of atrial arrhythmias.

Precordial palpation typically discloses a normal left ventricular impulse 
unless the patient also has mitral valve disease. If the patient has a significant 
left-to-right shunt, the right ventricular impulse usually can be felt in the left 
parasternal area in end expiration or in the subxiphoid area in end inspiration. 
A dilated pulmonary artery can sometimes be felt in the second left intercostal 
space. On auscultation, the hallmark of an ASD is the wide and fixed splitting 
of the second heart sound, because the increase in venous return elevates the 
right atrial pressure during inspiration, thereby decreasing the degree of left-
to-right shunting and offsetting the usual phasic respiratory changes. Pulmonary 
valve closure, as reflected by P2, is delayed because of right ventricular overload 
and the increased capacitance of the pulmonary vascular bed. A soft midsystolic 
murmur generated by the increased flow across the pulmonary valve is usually 
heard in the second left interspace. In the presence of a high left-to-right shunt 
volume, increased flow across the tricuspid valve is heard as a mid-diastolic 
murmur at the lower left sternal border. With advanced right-sided heart failure, 
evidence of systemic venous congestion is present.

The ECG characteristically shows an incomplete right bundle branch block 
pattern (Fig. 61-2). Right axis deviation and atrial abnormalities, including a 
prolonged PR interval, atrial fibrillation, and flutter, are also seen. Typically, 
the chest radiograph shows pulmonary vascular plethora with increased mark-
ings in both lung fields consistent with increased pulmonary blood flow (see 
Fig. 50-6). The main pulmonary artery and both its branches are dilated. Right 
atrial and right ventricular dilation can be seen. Echocardiography is diagnostic 
and provides important prognostic information (E-Fig. 61-1). Ostium primum 
and secundum ASDs are easily identifiable with transthoracic imaging, but a 
sinus venosus ASD can be missed unless it is specifically sought. With Doppler 
study, pulmonary artery pressures can be quantified, and the inter-atrial shunt 
ratio can be estimated.

of the endocardial cushions and the ventricular septum. VSDs also occur in 
90% of patients with trisomy 13 and trisomy 18. The most frequently observed 
defects in patients with Turner syndrome (45,X) are aortic coarctation, aortic 
stenosis, and atrial septal defect. About 15% of patients with tetralogy of Fallot 
have a deletion on chromosome 22q11; prevalence is higher in those with a 
right aortic arch. Abnormalities involving the chromosomal band 22q11 can 
also result in a group of syndromes, the most common of which is DiGeorge 
syndrome. The shared phenotypic features are designated CATCH-22 syn-
dromes, that is, a combination of cardiac defects, abnormal facies, thymic 
hypoplasia, cleft palate, and hypocalcemia. For families with a child who carries 
a congenital cardiac malformation due to a chromosomal anomaly, the risk 
of the cardiac malformation in future children is related to the risk of recur-
rence of the chromosomal anomaly itself.

Typically, single mutant genes are also associated with syndromes of car-
diovascular malformations, although not every patient with the syndrome has 
the characteristic cardiac anomaly. Examples include osteogenesis imperfecta 
(autosomal recessive; Chapter 244), associated with aortic valve disease; Jervell 
and Lange-Nielsen syndrome (autosomal recessive) and Romano-Ward syn-
drome (autosomal dominant), associated with a prolonged QT interval and 
sudden death; and Holt-Oram syndrome (autosomal dominant), in which an 
ASD occurs with a range of other skeletal anomalies. Osler-Weber-Rendu 
telangiectasias (Chapter 164) are associated with pulmonary arteriovenous 
fistulas. Williams syndrome (Chapters 35 and 36) occurs with supravalvular 
aortic stenosis in most cases. Noonan syndrome is associated with pulmonary 
stenosis, ASD, and hypertrophic cardiomyopathy. Although autosomal domi-
nant inheritance has been implicated for both, most cases are sporadic. Deletion 
at chromosome 7q11.23 has been identified in patients with Williams syndrome, 
and a gene defect has been mapped to 12q22-qter in patients with Noonan 
syndrome (Chapter 54).

The risk for recurrence when the mother carries a sporadically occurring 
congenital lesion varies from 2.5 to 18%, depending on the lesion. Obstructive 
lesions of the left ventricular outflow tract have the highest recurrence rates 
in offspring. When the father carries the lesion, 1.5 to 3% of the offspring are 
affected. When a sibling has a congenital cardiac anomaly, the risk for recur-
rence in another sibling varies from 1 to 3%.

Genetic screening for the 22q11.2 microdeletion should be considered if 
patients with tetralogy of Fallot plan to have children. Without the 22q11 
deletion, the risk of congenital heart disease in the fetus is 4 to 6%.

 CLINICAL MANIFESTATIONS
History
Congenital heart disease is a lifelong condition during which the patient and 
the lesion evolve concurrently. The differential diagnosis of native and surgical 
anatomy in the adult with an unknown diagnosis depends on whether the 
patient is cyanotic or acyanotic. On completion of the evaluation, the follow-
ing questions should be answered (Fig. 61-1): What is the native anatomy? 
Has this patient undergone surgery for the condition? What, if any, are the 
residual hemodynamic sequela?

Physical Examination
Physical examination of the heart and circulation includes the general physical 
appearance, the arterial pulse, the jugular venous pulse, the chest inspection, 
precordial percussion and palpation, and auscultation (Chapter 45).

Laboratory Investigations
A 12-lead electrocardiogram (ECG), chest radiograph, and baseline oxygen 
saturation should be part of every initial assessment. Two-dimensional trans-
thoracic echocardiography (Chapter 49) and Doppler and color flow imaging 
are used to establish the diagnosis and to monitor the evolution of documented 
hemodynamic complications. Transesophageal echocardiographic examination is 
particularly useful in adults and is increasingly important during interventional 
catheter-guided therapy and surgery. Magnetic resonance imaging (Chapter 
50) and computed tomography (Chapter 50) are useful adjuncts. Cardiac 
catheterization for congenital heart disease has shifted from pure diagnosis 
to include intervention. Coronary arteriography is recommended for adults 
older than 40 years in whom surgical intervention is contemplated.

 SIMPLE LESIONS
 Isolated Shunt Lesions
Hemodynamic complications of significant shunts relate to volume overload 
and chamber dilation of the primary chamber receiving the excess left-to-right 

shunt and to damage to the pulmonary vascular bed. The size and duration 
of the shunt determine the clinical course and therefore the indications for 
closure. The degree of shunting is a function of both the size of the commu-
nication and, depending on its location, biventricular compliance or pulmonary 
and systemic vascular resistance. Clinically apparent hemodynamic sequelae 
of shunts are typically apparent or can be expected to occur when pulmonary 
to systemic flow ratios, as inferred by Doppler echocardiography or measured 
by cardiac catheterization, exceed 1.5 : 1. Secondary enlargement of the cardiac 
chambers receiving excess shunt flow in diastole occurs if the shunt size is 
hemodynamically significant; in addition, the pulmonary artery becomes 
enlarged as pulmonary pressure rises.

 Patent Foramen Ovale and Atrial Septal Defect
Classification of ASDs is based on anatomic location. Most commonly, an 
ostium secundum ASD occurs in the central portion of the interatrial septum 
as a result of an enlarged foramen ovale or excessive resorption of the septum 
primum (Video 61-1). The combination of a secundum ASD and acquired 
mitral stenosis is known as Lutembacher syndrome, the pathophysiology of 
which is determined by the relative severity of each. Abnormal development 
of the embryologic endocardial cushions results in a variety of atrioventricular 
canal defects, the most common of which consists of a defect in the lower 
part of the atrial septum in the ostium primum location, typically accompanied 
by a cleft mitral valve and mitral regurgitation. The sinus venosus defect, which 
accounts for 2 to 3% of all interatrial communications, is located superiorly 
at the junction of the superior vena cava and right atrium and is generally 
associated with anomalous drainage of the right-sided pulmonary veins into 
the superior vena cava or right atrium. Less commonly, interatrial communica-
tions can be seen at the site of the coronary sinus, typically associated with 
an anomalous left superior vena cava.

The pathophysiology is determined by the effects of the shunt on the heart 
and pulmonary circulation. Right atrial and right ventricular dilation occurs 
as shunt size increases with pulmonary to systemic flow ratios greater than 
1.5 : 1. Superimposed systemic hypertension and coronary artery disease modify 
left ventricular compliance and favor left-to-right shunting. Mitral valve disease 
can occur in up to 15% of patients older than 50 years. Right-sided heart 
failure, atrial fibrillation, or atrial flutter can occur as a result of chronic 
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FIGURE 61-1. the goals of complete clinical assessment in congenital heart disease 
are to define the anatomy and residual sequela to determine appropriate management 
and follow-up. 
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Patent Foramen Ovale
A patent foramen ovale without a resting shunt is not detectable on physical 
examination and is not associated with ECG abnormalities. The diagnosis is 
established by transesophageal Doppler echocardiography accompanied by 
injections of agitated saline to detect a right-to-left shunt during the Valsalva 
maneuver (Chapter 45).

Closure of an ASD either percutaneously or surgically is indicated in the pres-
ence of right-sided heart enlargement, with or without symptoms. In patients 
older than 40 years with symptoms and significant shunts, closure improves 
functional status and survival. A centrally located ASD or patent foramen ovale 
measuring up to 3.5 cm can be occluded by transcatheter techniques in a cardiac 
catheterization laboratory.2 Advantages of this approach include the avoidance 
of sternotomy and cardiopulmonary bypass. A1  Surgical closure is usually reserved 
for patients in whom concomitant repair of associated valvular anomalies is 
required, anomalous pulmonary veins are present, or device closure is not tech-
nically feasible. In patients who have had a cryptogenic stroke,3 percutaneous 
closure of a patent foramen reduces the risk of recurrent stroke and chronic 
anticoagulations but at the expense of a higher rate of atrial fibrillation. A2-A4 

In the presence of a significant shunt, closure of an ASD before 25 years of 
age without evidence of pulmonary hypertension results in a long-term outcome 
that is similar to that of age- and sex-matched controls. Advanced age (60 
years) is not a contraindication to ASD closure in the presence of a significant 
shunt because a significant number of patients will show evidence of symp-
tomatic improvement. Preoperative pulmonary artery pressure and the presence 
or absence of pulmonary vascular disease are important predictors of successful 
interventional outcome.

TREATMENT AND PROGNOSIS 

 Ventricular Septal Defect
For anatomic classification of VSDs, the interventricular septum can be divided 
into four regions. Defects of the membranous septum, or infracristal VSDs, are 
located in a small translucent area beneath the aortic valve and account for up 
to 80% of VSDs. These VSDs typically show a variable degree of extension into 
the inlet or outlet septum, hence their designation as perimembranous (Video 
61-2). Infundibular defects or supracristal outlet VSDs occur in the conal septum 
above the crista supraventricularis and below the pulmonary valve. Inlet defects 
are identified at the crux of the heart between the tricuspid and mitral valves 
and are usually associated with other anomalies of the atrioventricular canal. 
Defects of the trabecular or muscular septum can be multiple and occur distal 
to the septal attachment of the tricuspid valve and toward the apex.

Approximately half of all native VSDs are small, and more than half of them 
close spontaneously; moderate or even large VSDs may also close in 10% or 
less of cases. The highest closure rates are observed in the first decade of life; 
spontaneous closure in adult life is unusual.

Patients who have a small defect with trivial or mild shunts are defined as 
those with a shunt of less than 1.5 and normal pulmonary artery pressure and 
vascular resistance. Minimal or mild defects usually cause no significant hemo-
dynamic or physiologic abnormality.

Patients with moderate defects have a shunt ratio of greater than 1.2, with 
elevated pulmonary artery pressure but not elevated pulmonary vascular resis-
tance. Patients with a large and severe defect have an elevated left-to-right 
shunt (1.5 : 1 or higher) with high pulmonary pressure and elevated pulmonary 
vascular resistance. A moderate or severe defect causes left atrial and ventricular 
dilation consistent with the degree of left-to-right shunting. Shunting across 
the ventricular septum occurs predominantly during systole when left ven-
tricular pressure exceeds that on the right; diastolic filling abnormalities occur 
in the left atrium. With moderate or severe defects, the right side of the heart 
becomes affected as a function of the rise in pulmonary artery pressure and 
pulmonary blood flow.

Eisenmenger complex develops in about 10% of patients with VSDs, usually 
when there is no resistance to flow at the level of the defect, which can be as 
large as the aorta. When a systolic pressure gradient is present between the 
ventricles, the physiologic severity may be trivial or mild but can also be 
moderate or severe.

 DIAGNOSIS
An adult with a VSD most commonly has a small restrictive lesion that either 
was small at birth or has undergone some degree of spontaneous closure. 

right-sided volume overload and progressive ventricular and atrial dilation. 
Stroke can result from paradoxical emboli, atrial arrhythmias, or both. A rise 
in pulmonary pressure occurs because of the increased pulmonary blood flow. 
Pulmonary hypertension is unusual before 20 years of age but is seen in 50% 
of patients older than 40 years. The overall incidence of pulmonary vascular 
obstructive disease is 15 to 20% in patients with ASD. Eisenmenger complex 
(see below) with reverse shunting, a late and rare complication of isolated 
secundum ASD, is reported in 5 to 10% of patients.

Up to 30% of adults have evidence of a pink-patent foramen ovale without 
hemodynamic evidence of shunt at rest. Clinical studies have demonstrated 
that the prevalence of patent foramen ovale is three times higher in patients 
with cryptogenic stroke (Chapter 379), particularly before the age of 55 years, 
because of right-to-left shunting and paradoxical embolization of material 
from the venous circulation.

 DIAGNOSIS
Atrial Septal Defect
Although most ASDs are minimally symptomatic in the first three decades, 
more than 70% become impaired by the fifth decade. Initial symptoms include 
exercise intolerance, dyspnea on exertion, and fatigue caused most commonly 
by right-sided heart failure and pulmonary hypertension. Palpitations, syncope, 
and stroke can occur with the development of atrial arrhythmias.

Precordial palpation typically discloses a normal left ventricular impulse 
unless the patient also has mitral valve disease. If the patient has a significant 
left-to-right shunt, the right ventricular impulse usually can be felt in the left 
parasternal area in end expiration or in the subxiphoid area in end inspiration. 
A dilated pulmonary artery can sometimes be felt in the second left intercostal 
space. On auscultation, the hallmark of an ASD is the wide and fixed splitting 
of the second heart sound, because the increase in venous return elevates the 
right atrial pressure during inspiration, thereby decreasing the degree of left-
to-right shunting and offsetting the usual phasic respiratory changes. Pulmonary 
valve closure, as reflected by P2, is delayed because of right ventricular overload 
and the increased capacitance of the pulmonary vascular bed. A soft midsystolic 
murmur generated by the increased flow across the pulmonary valve is usually 
heard in the second left interspace. In the presence of a high left-to-right shunt 
volume, increased flow across the tricuspid valve is heard as a mid-diastolic 
murmur at the lower left sternal border. With advanced right-sided heart failure, 
evidence of systemic venous congestion is present.

The ECG characteristically shows an incomplete right bundle branch block 
pattern (Fig. 61-2). Right axis deviation and atrial abnormalities, including a 
prolonged PR interval, atrial fibrillation, and flutter, are also seen. Typically, 
the chest radiograph shows pulmonary vascular plethora with increased mark-
ings in both lung fields consistent with increased pulmonary blood flow (see 
Fig. 50-6). The main pulmonary artery and both its branches are dilated. Right 
atrial and right ventricular dilation can be seen. Echocardiography is diagnostic 
and provides important prognostic information (E-Fig. 61-1). Ostium primum 
and secundum ASDs are easily identifiable with transthoracic imaging, but a 
sinus venosus ASD can be missed unless it is specifically sought. With Doppler 
study, pulmonary artery pressures can be quantified, and the inter-atrial shunt 
ratio can be estimated.

A

B

V1

V2

V1

V2

FIGURE 61-2. Electrocardiographic hallmark in atrial septal defect. right precordial 
leads V1 and V2 illustrate two variants of an incomplete right bundle branch block pattern, 
the rsrt pattern (A) and the rsr′ pattern (B). 
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E-FIGURE 61-1. Color flow Doppler apical four-chamber view showing blood flow 
from the left atrium (LA) to the right atrium (RA) through a moderately sized atrial 
septal defect. lV = left ventricle; rV = right ventricle. (From Forbes CD, Jackson WF. Color 
Atlas and Text of Clinical Medicine. 3rd ed. london: Mosby; 2003.)
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TREATMENT AND PROGNOSIS 

TREATMENT AND PROGNOSIS 

 LEFT VENTRICULAR OUTFLOW TRACT OBSTRUCTION
Stenosis of the left ventricular outflow tract can occur at, below, or above the 
aortic valve. Discrete subaortic stenosis, most commonly caused by a fibro-
muscular ring just below the valve, accounts for 15 to 20% of all cases of 
congenital obstruction of the left ventricular outflow tract. Concomitant aortic 
insufficiency occurs in 50% of cases. Supravalvular aortic stenosis results from 
thickened media and intima above the aortic sinuses; early coronary athero-
sclerosis or even ostial coronary obstruction can occur.

 CONGENITAL VALVULAR AORTIC STENOSIS
The normal aortic valve has three cusps and commissures. A unicuspid aortic 
valve accounts for most cases of severe aortic stenosis in infants (Chapter 66). 
A bicuspid aortic valve, which is the most common congenital cardiac mal-
formation, functions normally at birth but often becomes gradually obstructed 
as calcific and fibrous changes occur.

 DIAGNOSIS
Symptoms include angina, exertional dyspnea, presyncope, and syncope and 
may progress to heart failure. The auscultatory hallmark of a bicuspid aortic 
valve in an adolescent or young adult is an audible systolic ejection click that 
is typically of a higher pitch than the first heart sound and is best heard not 
at the cardiac base but at the apex. The sound is caused by sudden movement 
of the stenotic valve as it moves superiorly in systole and is followed by the 
typical aortic stenosis murmur (Chapter 66). When significant calcification 
of the valve results in reduced mobility, the ejection sound is no longer heard. 
The diagnosis is easily confirmed by two-dimensional echocardiography, with 
which the number and orientation of aortic cusps can readily be identified.

 COARCTATION OF THE AORTA
Aortic coarctation typically occurs just distal to the left subclavian artery at 
the site of the aortic ductal attachment or its residual ligamentum arteriosum. 
Less commonly, the coarctation ridge lies proximal to the left subclavian. A 

enough to result in dilation of the left atrium and ventricle. Heart failure is 
unusual. Hemoptysis can result if a fistula ruptures into a bronchus. In patients 
with hereditary hemorrhagic telangiectasia, angiomas occur on the lips and 
mouth as well as in the gastrointestinal tract and on pleural, liver, and vaginal 
surfaces. Epistaxis is most common, but cerebrovascular accidents can also 
occur. Patients with hereditary hemorrhagic telangiectasia can have symptoms 
that resemble those of a transient ischemic attack even in the absence of right-
to-left shunting. On physical examination, cyanosis and clubbing can be notable 
or barely detectable. Auscultation can disclose soft systolic or continuous 
noncardiac murmurs on the chest wall adjacent to the fistula. The murmur 
typically increases with inspiration. The ECG is usually normal. The chest 
radiograph shows one or more densities, typically in the lower lobes or in the 
right middle lobe. An echocardiogram can confirm the presence of the fistula 
by showing early opacification of the left atrium in the absence of any other 
intracardiac communication when saline is injected into a peripheral vein. 
The absence of a hemodynamically significant shunt can be confirmed by 
documenting normal cardiac chamber size.

If the hypoxemia is progressive or if a neurologic complication is documented 
to have occurred because of paradoxical emboli, fistula closure should be 
considered.4 Options include percutaneous catheter techniques if the fistula 
is small and accessible or a pulmonary wedge resection or lobectomy if the 
fistula is large. Multiple or recurrent fistulas create a major therapeutic 
challenge.

 Isolated Obstructive Lesions of the Right and Left 
Ventricular Outflow Tract
Complications of obstructive lesions of the outflow tract relate to the second-
ary effects of exposure to pressure overload in the chamber proximal to the 
obstruction. The inability to increase systemic or pulmonary blood flow in 
the face of a fixed obstruction can cause exercise intolerance, inadequate myo-
cardial perfusion, ventricular arrhythmias, and sudden death.

 RIGHT VENTRICULAR OUTFLOW TRACT OBSTRUCTION
Obstruction of the right ventricular outflow tract can occur at the level of the 
pulmonary valve (see later), above it in the main pulmonary artery or its 
branches, or below it in the right ventricle itself. Supravalvular and branch 
pulmonary artery stenoses are important and common complications in patients 
with tetralogy of Fallot (see later). Residual supravalvular pulmonary stenosis 
is sometimes seen after palliative pulmonary artery banding to decrease pul-
monary blood flow in patients with large left-to-right shunts. Congenital branch 
pulmonary artery stenosis can occur in isolation or with valvular pulmonary 
stenosis, shunt lesions, or a variety of syndromes.

 VALVULAR PULMONARY STENOSIS
Isolated congenital valvular pulmonary stenosis (Chapter 66) is a common 
lesion due to a bicuspid valve in 20% of cases, a dysplastic valve caused by 
myxomatous changes and severe thickening in 10% of cases, and an abnormal 
trileaflet valve in most of the remaining cases. Fusion of the leaflets results in 
a variable degree of thickening and calcification in older patients.

 DIAGNOSIS
A patient with moderate or even severe pulmonary stenosis may be asymp-
tomatic. With severe stenosis, exercise intolerance can be associated with 
presyncope and ventricular arrhythmias. Progressive right-sided heart failure 
is the most common cause of death. On physical examination of patients with 
significant pulmonary stenosis, jugular venous pressure has a dominant a wave, 
reflecting a noncompliant right ventricle. Palpation discloses a sustained para-
sternal lift of right ventricular hypertrophy. An expiratory systolic ejection 
click is characteristic if the leaflets are still mobile. In moderate or severe 
stenosis, a grade 3 or louder systolic murmur can be heard and felt in the 
second left interspace. The length of the murmur increases as it peaks progres-
sively later in systole with an increasing degree of obstruction. If right-sided 
heart failure occurs, tricuspid insufficiency and systemic venous congestion 
develop. The ECG can show right axis deviation and tall, peaked right atrial 
P waves in lead II. With more than mild stenosis, the R wave exceeds the S 
wave in lead V1. On chest radiography, the main pulmonary artery can be 
dilated even if the stenosis is mild. Characteristically, the left pulmonary artery 
is more dilated than the right because of the leftward direction of the high-
velocity jet. A variable degree of right ventricular hypertrophy is manifested 
as right-sided chamber enlargement. Echocardiography can establish the 
diagnosis and determine the severity by Doppler ultrasound examination, so 
cardiac catheterization is not required.

Patients with a trivial or mild shunt across a small, restrictive VSD are usually 
asymptomatic. Physical examination discloses no evidence of systemic or 
pulmonary venous congestion, and jugular venous pressure is normal. A thrill 
may be palpable at the left sternal border. Auscultation reveals normal S1 and 
S2 without gallops. A grade 4 or louder, widely radiating, high-frequency, 
pansystolic murmur is heard maximally in the third or fourth intercostal space 
and reflects the high-pressure gradient between the left and right ventricles 
throughout systole. The striking contrast between a loud murmur and other-
wise normal findings on cardiac examination is an important diagnostic clue. 
The ECG and chest radiograph are also normal in patients with small VSDs.

Patients with moderately sized VSDs typically are symptomatic as children 
and are therefore more likely to have repair at a young age. Adults with large, 
nonrestrictive VSDs that have not been operated on typically have had Eisen-
menger complex for most of their lives. If not, they usually have a combination 
of pulmonary hypertension and left-sided volume overload resulting from a 
significant left-to-right shunt. Such patients are rarely seen today in developed 
countries but may still be encountered in the developing world.

In adults, shortness of breath on exertion can be the result of both pulmo-
nary venous congestion and elevated pulmonary pressure. On physical exami-
nation, a diffuse palpable left ventricular impulse occurs with a variable degree 
of right ventricular hypertrophy and an accentuated second heart sound. A 
systolic murmur persists as long as pulmonary vascular resistance is below 
systemic resistance. The ECG commonly shows left atrial enlargement and 
left ventricular hypertrophy. The chest radiograph shows shunt vascularity 
with an enlarged left atrium and ventricle. The degree of pulmonary hyperten-
sion determines the size of the pulmonary artery trunk.

Echocardiography can identify the defect and determine the significance 
of the shunt by assessing left atrial and ventricular size, pulmonary artery 
pressure, and presence or absence of right ventricular hypertrophy. Cardiac 
catheterization is reserved for those in whom surgery is considered. Adults 
with a small defect of no physiologic significance need not be studied invasively. 
Those with Eisenmenger complex have severe pulmonary vascular disease 
and are not surgical candidates. Patients who have a moderately sized shunt 
that appears hemodynamically significant and in whom pulmonary pressures 
are elevated are most likely to benefit from direct measurements of pulmonary 
vascular resistance and reactivity.

Patients with Eisenmenger complex have pulmonary vascular resistance that 
is prohibitive to surgery. For this group of patients, management centers on 
the medical complications of cyanosis (see later). In a few patients with small 
defects, complications can relate to progressive tricuspid insufficiency caused 
by septal aneurysm formation or to acquired aortic insufficiency when an aortic 
cusp becomes engaged in the high-velocity jet flow generated by the defect. 
The intermediate group of patients with a defect of moderate physiologic sig-
nificance should have their VSDs closed unless closure is contraindicated by 
high pulmonary vascular resistance. For a perimembranous VSD, transcatheter 
closure is as effective as open surgical closure and has a lower rate of minor 
adverse events. A5 

Cumulative survival, which is about 85% at 40 years, is slightly lower than in 
the general population. Cumulative event-free survival after surgery is about 
70% at 40 years, and a concomitant cardiac lesion (e.g., patent ductus arteriosus) 
and aortic cross-clamp time are determinants of late events. Late results after 
operative closure of isolated VSDs include residual patency in up to 20% of 
patients, only about 5% of whom need a reoperation. Rhythm disturbances after 
surgical closure of VSDs include tachyarrhythmias and conduction disturbances. 
Right bundle branch block occurs in one third to two thirds of patients, whereas 
first-degree atrioventricular block and complete heart block occur in less than 
10%. Sudden cardiac death after surgical repair of VSD occurs in 2% of patients.

TREATMENT AND PROGNOSIS 

 Patent Ductus Arteriosus
The ductus arteriosus connects the descending aorta to the main pulmonary 
trunk near the origin of the left subclavian artery (E-Fig. 61-2). Normal post-
natal closure results in fibrosis and degenerative changes in the ductal lumen, 
leaving in its place the residual ligamentum arteriosum, which rarely can become 
part of an abnormal vascular ring.

The physiologic consequences of a PDA are determined by its size and 
length as well as by the ratio of pressure and resistance of the pulmonary and 
aortic circulations on either end of the duct. If systolic and diastolic pressure 
in the aorta exceeds that in the pulmonary artery, aortic blood flows 

continuously down a pressure gradient into the pulmonary artery and then 
returns to the left atrium. The left atrium and subsequently the left ventricle 
dilate, whereas the right side of the heart becomes progressively affected as 
pulmonary hypertension develops.

A small PDA has continuous flow throughout the entire cardiac cycle without 
left-sided heart dilation, pulmonary hypertension, or symptoms. However, 
patients with a small PDA develop infectious endarteritis at a rate of about 
0.45% per year after the second decade, and closure should be considered.

A PDA is of moderate or large size but still restrictive when a left-to-right 
shunt occurs throughout systole and diastole is of variable duration. Left atrial 
or ventricular dilation and pulmonary hypertension will vary with the quantity 
of left-to-right shunting as well as with the secondary effects on the pulmonary 
vascular bed. Symptoms generally increase by the second and third decades 
and include dyspnea, palpitations, and exercise intolerance. As heart failure, 
pulmonary hypertension, or endarteritis develops, mortality rises to 3 to 4% 
per year by the fourth decade, and two thirds of patients die by 60 years of 
age. Eisenmenger complex with systemic or suprasystemic pulmonary pressure 
and a right-to-left shunt develops in 5% of patients with an isolated PDA.

 DIAGNOSIS
In patients with Eisenmenger physiology, a right-to-left shunt from the pul-
monary artery to the descending aorta results in decreased oxygen saturation 
in the lower extremities compared with the upper extremities. This difference 
in cyanosis and clubbing is most prominent in the toes. With a large left-to-
right shunt, the pulse pressure widens as diastolic flow into the pulmonary 
artery lowers systemic diastolic pressure. The arterial pulse becomes bounding 
as a result of increased stroke volume. Precordial palpation discloses variable 
left and right ventricular impulses as determined by the relative degree of 
left-sided volume overload and pulmonary hypertension. In the presence of 
a continuous aortopulmonary gradient, the classic “machinery” murmur of a 
PDA can be heard at the first or second left intercostal space below the left 
clavicle. As the pulmonary pressure rises, the diastolic component of the 
murmur becomes progressively shorter. With the development of Eisenmenger 
physiology and equalization of aortic and pulmonary pressure, the entire 
murmur may disappear, and the clinical findings are dominated by pulmonary 
hypertension.

In older patients, the chest radiograph shows calcification at the location 
of the PDA. Characteristically, the ascending aorta and pulmonary artery are 
dilated, and the left-sided chambers are enlarged. Echocardiography may not 
directly visualize the PDA but can accurately identify it by a Doppler signal 
that often parallels the length of the murmur. Cardiac catheterization to assess 
pulmonary vascular resistance is commonly indicated before closure.

After ligation of a PDA in infancy or early childhood, cardiac function is 
commonly normal, and no special follow-up is required. If pulmonary artery 
pressure and pulmonary vascular resistance are substantially elevated, preop-
erative evaluation should assess the degree of reversibility. With Eisenmenger 
complex, closure is contraindicated. Closure of a PDA either percutaneously or 
surgically is indicated in the presence of left-sided heart enlargement or if prior 
endarteritis has occurred. Reported operative mortality rates vary from less 
than 1 to 8%, depending on the presence of calcification and the degree of 
pulmonary hypertension. Transcatheter or coil occlusion is an accepted pro-
cedure in adults. Residual shunt rates vary from 0.5 to 8%, depending on the 
device used.

TREATMENT AND PROGNOSIS 

 Pulmonary Arteriovenous Fistulas
Pulmonary arteriovenous fistulas can occur as isolated congenital disorders 
or as part of generalized hereditary hemorrhagic telangiectasia (Osler-Weber-
Rendu syndrome; Chapter 164). These fistulas typically occur in the lower 
lobes or the right middle lobe and can be small or large, single or multiple. 
The arterial supply usually comes from a dilated, tortuous branch of the pul-
monary artery.

The most common finding is that of abnormal opacity on a chest radiograph 
in a patient with buccal ruby patches or in an otherwise healthy adult who 
has mild cyanosis. Shunting between deoxygenated pulmonary arterial blood 
and the oxygenated pulmonary venous blood results in a physiologic right-
to-left shunt. The degree of shunting is typically small and not significant 
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E-FIGURE 61-2. Anatomy of a patent ductus arteriosus. note the relationships of  
the position of the ductus, left subclavian artery, and pulmonary artery bifurcation. ao 
= aorta; BCa = brachiocephalic; CCa = common carotid artery; lPa = left pulmonary 
artery; PDa = patent ductus arteriosus; Pt = pulmonary trunk; rPa = right pulmonary 
artery; sCa = subclavian artery. (From Perloff JK, ed. Clinical Recognition of Congenital 
Heart Disease. 4th ed. Philadelphia: WB saunders; 1994:510.)
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The 25-year survival of patients with valvular pulmonary stenosis is greater 
than 95%. For patients with mild (<50 mm Hg gradients) and moderate (50 to 
80 mm Hg gradients) pulmonary stenosis, bacterial endocarditis, complex ven-
tricular arrhythmias, and progression of the stenosis are uncommon.

Depending on symptoms, percutaneous balloon valvotomy should be consid-
ered for patients with isolated valvular pulmonary stenosis and mean Doppler 
gradients of 30 mm Hg or greater unless there is moderate or severe pulmonary 
regurgitation. In the presence of a doming valve, pulmonary valvuloplasty is 
the procedure of choice for adults, who achieve persistently good results at 
10-year follow-up. When valvuloplasty cannot be performed or is unsuccess-
ful, transcatheter pulmonary valve replacement provides good hemodynamic 
and clinical outcomes for at least 7 years after implantation. For patients with 
hypoplastic pulmonary arteries or subvalvular stenosis (double-chambered right 
ventricle), surgical resection of right ventricular muscle bands can be performed.

TREATMENT AND PROGNOSIS 

Conservative management is generally indicated for mild stenosis with a 
peak gradient of less than 25 mm Hg, but close supervision is required because 
20% of these patients require an intervention during long-term follow-up. 
Unlimited athletic participation is allowed only for asymptomatic patients with 
peak gradients of less than 20 to 25 mm Hg, a normal ECG, and a normal 
exercise test result. Aortic valvuloplasty can be considered in young adults, but 
calcification limits its success, and valve replacement is usually required (Chapter 
66). For adults, treatment decisions are similar to those for aortic stenosis from 
other causes. For patients with subvalvular aortic stenosis, surgical intervention 
is indicated in the presence of peak gradients above 50 mm Hg, symptoms, or 
progressive significant aortic insufficiency.

The estimated overall 25-year survival rate for patients with congenital val-
vular aortic stenosis diagnosed in childhood is 85%. Children with initial peak 
cardiac catheterization gradients of less than 50 mm Hg have long-term survival 
rates of higher than 90%, as opposed to survival rates of 80% in those with 
gradients of 50 mm Hg or greater.

TREATMENT AND PROGNOSIS 

 LEFT VENTRICULAR OUTFLOW TRACT OBSTRUCTION
Stenosis of the left ventricular outflow tract can occur at, below, or above the 
aortic valve. Discrete subaortic stenosis, most commonly caused by a fibro-
muscular ring just below the valve, accounts for 15 to 20% of all cases of 
congenital obstruction of the left ventricular outflow tract. Concomitant aortic 
insufficiency occurs in 50% of cases. Supravalvular aortic stenosis results from 
thickened media and intima above the aortic sinuses; early coronary athero-
sclerosis or even ostial coronary obstruction can occur.

 CONGENITAL VALVULAR AORTIC STENOSIS
The normal aortic valve has three cusps and commissures. A unicuspid aortic 
valve accounts for most cases of severe aortic stenosis in infants (Chapter 66). 
A bicuspid aortic valve, which is the most common congenital cardiac mal-
formation, functions normally at birth but often becomes gradually obstructed 
as calcific and fibrous changes occur.

 DIAGNOSIS
Symptoms include angina, exertional dyspnea, presyncope, and syncope and 
may progress to heart failure. The auscultatory hallmark of a bicuspid aortic 
valve in an adolescent or young adult is an audible systolic ejection click that 
is typically of a higher pitch than the first heart sound and is best heard not 
at the cardiac base but at the apex. The sound is caused by sudden movement 
of the stenotic valve as it moves superiorly in systole and is followed by the 
typical aortic stenosis murmur (Chapter 66). When significant calcification 
of the valve results in reduced mobility, the ejection sound is no longer heard. 
The diagnosis is easily confirmed by two-dimensional echocardiography, with 
which the number and orientation of aortic cusps can readily be identified.

 COARCTATION OF THE AORTA
Aortic coarctation typically occurs just distal to the left subclavian artery at 
the site of the aortic ductal attachment or its residual ligamentum arteriosum. 
Less commonly, the coarctation ridge lies proximal to the left subclavian. A 

enough to result in dilation of the left atrium and ventricle. Heart failure is 
unusual. Hemoptysis can result if a fistula ruptures into a bronchus. In patients 
with hereditary hemorrhagic telangiectasia, angiomas occur on the lips and 
mouth as well as in the gastrointestinal tract and on pleural, liver, and vaginal 
surfaces. Epistaxis is most common, but cerebrovascular accidents can also 
occur. Patients with hereditary hemorrhagic telangiectasia can have symptoms 
that resemble those of a transient ischemic attack even in the absence of right-
to-left shunting. On physical examination, cyanosis and clubbing can be notable 
or barely detectable. Auscultation can disclose soft systolic or continuous 
noncardiac murmurs on the chest wall adjacent to the fistula. The murmur 
typically increases with inspiration. The ECG is usually normal. The chest 
radiograph shows one or more densities, typically in the lower lobes or in the 
right middle lobe. An echocardiogram can confirm the presence of the fistula 
by showing early opacification of the left atrium in the absence of any other 
intracardiac communication when saline is injected into a peripheral vein. 
The absence of a hemodynamically significant shunt can be confirmed by 
documenting normal cardiac chamber size.

If the hypoxemia is progressive or if a neurologic complication is documented 
to have occurred because of paradoxical emboli, fistula closure should be 
considered.4 Options include percutaneous catheter techniques if the fistula 
is small and accessible or a pulmonary wedge resection or lobectomy if the 
fistula is large. Multiple or recurrent fistulas create a major therapeutic 
challenge.

 Isolated Obstructive Lesions of the Right and Left 
Ventricular Outflow Tract
Complications of obstructive lesions of the outflow tract relate to the second-
ary effects of exposure to pressure overload in the chamber proximal to the 
obstruction. The inability to increase systemic or pulmonary blood flow in 
the face of a fixed obstruction can cause exercise intolerance, inadequate myo-
cardial perfusion, ventricular arrhythmias, and sudden death.

 RIGHT VENTRICULAR OUTFLOW TRACT OBSTRUCTION
Obstruction of the right ventricular outflow tract can occur at the level of the 
pulmonary valve (see later), above it in the main pulmonary artery or its 
branches, or below it in the right ventricle itself. Supravalvular and branch 
pulmonary artery stenoses are important and common complications in patients 
with tetralogy of Fallot (see later). Residual supravalvular pulmonary stenosis 
is sometimes seen after palliative pulmonary artery banding to decrease pul-
monary blood flow in patients with large left-to-right shunts. Congenital branch 
pulmonary artery stenosis can occur in isolation or with valvular pulmonary 
stenosis, shunt lesions, or a variety of syndromes.

 VALVULAR PULMONARY STENOSIS
Isolated congenital valvular pulmonary stenosis (Chapter 66) is a common 
lesion due to a bicuspid valve in 20% of cases, a dysplastic valve caused by 
myxomatous changes and severe thickening in 10% of cases, and an abnormal 
trileaflet valve in most of the remaining cases. Fusion of the leaflets results in 
a variable degree of thickening and calcification in older patients.

 DIAGNOSIS
A patient with moderate or even severe pulmonary stenosis may be asymp-
tomatic. With severe stenosis, exercise intolerance can be associated with 
presyncope and ventricular arrhythmias. Progressive right-sided heart failure 
is the most common cause of death. On physical examination of patients with 
significant pulmonary stenosis, jugular venous pressure has a dominant a wave, 
reflecting a noncompliant right ventricle. Palpation discloses a sustained para-
sternal lift of right ventricular hypertrophy. An expiratory systolic ejection 
click is characteristic if the leaflets are still mobile. In moderate or severe 
stenosis, a grade 3 or louder systolic murmur can be heard and felt in the 
second left interspace. The length of the murmur increases as it peaks progres-
sively later in systole with an increasing degree of obstruction. If right-sided 
heart failure occurs, tricuspid insufficiency and systemic venous congestion 
develop. The ECG can show right axis deviation and tall, peaked right atrial 
P waves in lead II. With more than mild stenosis, the R wave exceeds the S 
wave in lead V1. On chest radiography, the main pulmonary artery can be 
dilated even if the stenosis is mild. Characteristically, the left pulmonary artery 
is more dilated than the right because of the leftward direction of the high-
velocity jet. A variable degree of right ventricular hypertrophy is manifested 
as right-sided chamber enlargement. Echocardiography can establish the 
diagnosis and determine the severity by Doppler ultrasound examination, so 
cardiac catheterization is not required.
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unrepaired patients. Shunt patency can be determined by Doppler examina-
tion. Magnetic resonance imaging can accurately document stenosis in the 
distal pulmonary artery bed. Cardiac catheterization is reserved for patients 
in whom operative or reoperative treatment is contemplated or in whom the 
integrity of the coronary circulation needs to be verified.

Patients with a change in exercise tolerance, angina, or evidence of right-
sided heart failure and those with symptomatic arrhythmias or syncope should 
be referred for complete evaluation. Surgical reintervention is generally con-
sidered when right ventricular pressure is more than two thirds the systemic 
pressure because of residual right ventricular outflow tract obstruction, free 
pulmonary regurgitation with right ventricular dysfunction, sustained arrhyth-
mias, or a residual VSD causes a significant shunt.

Patients should be seen yearly by an adult congenital heart specialist for 
assessment of right ventricular function, pulmonary valve dysfunction, and 
arrhythmia. Surveillance should include a history, physical examination, and 
12-lead ECG. Sudden cardiac death can occur in 3 to 6% of patients observed 
between 20 and 30 years, sometimes despite favorable hemodynamics.6

 Complete Transposition of the Great Arteries
Complete transposition of the great arteries is the second most common cya-
notic lesion, and surgically corrected adults are increasingly common. In simple 
transposition of the great arteries, the atria and ventricles are in their normal 
positions, but the aorta arises from the right ventricle, and the pulmonary 
artery arises from the left ventricle. When the aorta is anterior and rightward 
with respect to the pulmonary artery, as is most common, D-transposition is 
present. The native anatomy has the pulmonary and systemic circulations in 
parallel, with deoxygenated blood recirculating between the right side of the 
heart and the systemic circulation, whereas oxygenated blood recirculates 
from the left side of the heart to the lungs. The condition is incompatible with 
life unless a VSD, PDA, or ASD is present or an ASD is created; a hemody-
namically significant VSD is present in 15% of cases. Subpulmonary obstruction 
of the left ventricular outflow tract occurs in 10 to 25% of cases.

The arterial switch operation transects the aorta and pulmonary artery above 
their respective valves and switches them to become realigned with their physi-
ologic outflow tracts and appropriate ventricles. The proximal coronary arteries 
are translocated from the sinuses of the native aorta to the neoaorta (native 
pulmonary artery). The 22-year survival rate of patients with transposition of 
the great arteries who underwent operation between 1990 and 2009 is 93%. 
Long-term complications include neoaortic regurgitation, supravalvular ste-
nosis, and coronary artery complications.7

 Congenitally Corrected Transposition of the Great Arteries
In congenitally corrected transposition of the great arteries, the great arteries 
are transposed, the ventricles are inverted, but the atria remain in their normal 

The most common anomaly is ectopic origin of the left circumflex artery 
from the right sinus of Valsalva, followed by anomalous origin of the right 
coronary artery from the left sinus and anomalous origin of the left main 
coronary artery from the right sinus. If the anomalous coronary artery does 
not course between the pulmonary artery and aorta, the prognosis is favorable. 
Risks of ischemia, myocardial infarction, and death are greatest when the left 
main coronary artery courses between both great vessels.

Coronary arteries can also originate from the pulmonary trunk. If both the 
right and left arteries originate from the pulmonary trunk, death usually occurs 
in the neonatal period. If only the left anterior descending coronary artery 
originates from the pulmonary trunk, the rate of survival to adulthood is 
approximately 10%, depending on the development of collateral retrograde 
flow to the anomalous artery from a normal coronary artery. This collateral 
flow may cause a continuous murmur along the left sternal border, congestive 
heart failure from the large shunt, and a coronary steal syndrome as blood is 
diverted away from the normal artery.

A single coronary ostium can provide a single coronary artery that branches 
into right and left coronary arteries, the left then giving rise to the circumflex 
and the anterior descending arteries. The ostium can originate from the right 
or left aortic sinus. The coronary circulation is functionally normal unless one 
of the branches passes between the aorta and the pulmonary artery.

Diagnostic procedures include angiography, magnetic resonance imaging, 
and transesophageal echocardiography. For an anomalous coronary artery 
that originates from the pulmonary artery, surgical reimplantation into the 
aorta is preferred. For an anomalous artery that courses between the pulmonary 
artery and aorta, a bypass graft to the distal vessel is preferred.

 SPECIFIC COMPLEX LESIONS
 Tetralogy of Fallot
Tetralogy of Fallot, the most common cyanotic malformation, is characterized 
by superior and anterior displacement of the subpulmonary infundibular 
septum, which causes the tetrad of pulmonary stenosis, VSD, aortic override, 
and right ventricular hypertrophy. The VSD is perimembranous in 80% of 
cases. Additional cardiac anomalies include a right-sided aortic arch in up to 
25% of patients. An anomalous left anterior descending artery originating 
from the right coronary cusp and crossing over the right ventricular outflow 
tract is seen in 10% of cases. Other associated anomalies include ASD, left 
superior vena cava, defects of the atrioventricular canal, and aortic insufficiency. 
With pulmonary atresia, pulmonary blood flow occurs through aortic to pul-
monary collaterals.

Complete surgical repair in childhood consists of patch closure of the VSD 
and relief of the right ventricular outflow tract obstruction. Adequate pulmo-
nary blood flow is ensured by reconstruction of the distal pulmonary artery 
bed. Previous palliative shunts are usually taken down. Complete repair in 
childhood yields a 90 to 95% 10-year survival rate with good functional results, 
and 30-year survival rates may be as high as 85%.

After repair, residual pulmonary stenosis, proximal or distal, can be seen. 
Some degree of pulmonary insufficiency is common, particularly if a patch 
has been inserted at the level of the pulmonary valve or if a pulmonary val-
votomy has been performed. Residual VSDs can be found in up to 20% of 
patients. Patients may be asymptomatic or may have symptoms related to 
long-term complications after surgical repair. Symptoms can reflect residual 
right ventricular pressure or volume overload or arrhythmias at rest or with 
exercise. Angina can occur in a young patient if surgical repair has damaged 
an anomalous left anterior descending artery as it courses across the right 
ventricular outflow tract. In acyanotic adults, clubbing commonly regresses.

On physical examination, a right ventricular impulse is often felt as a result 
of residual pulmonary insufficiency or stenosis. A systolic murmur can rep-
resent residual pulmonary stenosis, residual VSD, or tricuspid insufficiency. 
A diastolic murmur can reflect aortic or pulmonary insufficiency. Ventricular 
arrhythmias are common after repair, with an incidence of sudden death as 
high as 5%.

The ECG in unrepaired tetralogy of Fallot shows right axis deviation, right 
atrial enlargement, and dominant right ventricular forces over the precordial 
leads. The most common finding after repair is complete right bundle branch 
block, which is seen in 80 to 90% of patients. The chest radiograph typically 
shows an upturned apex with a concave pulmonary artery segment giving the 
classic appearance of a boot-shaped heart. Figure 61-4 demonstrates the find-
ings in an adult after repair. The apex is persistently upturned, although the 
pulmonary artery segment is no longer concave. Echocardiography can confirm 
the diagnosis and document intracardiac complications in repaired and 

bicuspid aortic valve is the most common coexisting anomaly, but VSDs and 
PDAs are also seen.

The most common complications of aortic coarctation are systemic hyper-
tension (Chapter 70) and secondary left ventricular hypertrophy with heart 
failure. Heart failure occurs most commonly in infants and then after 40 years 
of age. The high pressure proximal to the obstruction stimulates the growth 
of collateral vessels from the internal mammary, scapular, and superior inter-
costal arteries to the intercostals of the descending aorta. Collateral circulation 
increases with age and contributes to perfusion of the lower extremities and 
the spinal cord. Aneurysms occur most notably in the ascending aorta and in 
the circle of Willis. Premature coronary disease is thought to be related to the 
resulting hypertension. Complications, including bacterial endarteritis at the 
coarctation site or, more commonly, endocarditis at the site of a bicuspid 
aortic valve, cerebrovascular complications, myocardial infarction, heart failure, 
and aortic dissection, occur in 2 to 6% of patients, more frequently in those 
with advancing age who have not undergone surgery.

 DIAGNOSIS
Young adults may be asymptomatic with incidental systemic hypertension 
and decreased lower extremity pulses.5 Coarctation should always be consid-
ered in adolescents and young adult men with unexplained upper extremity 
hypertension. The pressure differential can cause epistaxis, headaches, leg 
fatigue, or claudication. Older patients have angina, symptoms of heart failure, 
and vascular complications.

On physical examination, the lower half of the body is typically slightly less 
developed than the upper half. Blood pressure measurements should be obtained 
in each arm and one leg; an abnormal measurement is an increase of less than 
10 mm Hg in popliteal systolic blood pressure compared with arm systolic 
blood pressure. The diastolic pressure should be the same in the upper and 
lower extremities. A pressure differential of more than 30 mm Hg between 
the right and the left arms is consistent with compromised flow in the left 
subclavian artery. Right brachial palpation characteristically reveals a strong 
or even bounding pulse compared with a slowly rising or absent femoral, 
popliteal, or pedal pulse. Examination of the eyegrounds can reveal tortuous 
or corkscrew retinal arteries. Precordial palpation is consistent with left ven-
tricular pressure overload. On auscultation, a systolic ejection sound reflecting 
the presence of a bicuspid aortic valve should be sought. The coarctation itself 
generates a systolic murmur heard posteriorly, in the midthoracic region, the 
length of which correlates with the severity of the coarctation. Over the anterior 
of the chest, systolic murmurs reflecting increased collateral flow can be heard 
in the infraclavicular areas and the sternal edge or in the axillae.

In adult coarctation, the most common finding on the ECG is left ventricular 
hypertrophy. On the chest radiograph, the location of the coarctation segment 
between the dilated left subclavian artery above and the leftward convexity 
of the descending aorta below results in the “3 sign” (Fig. 61-3). Bilateral rib 
notching as a result of dilation of the posterior intercostal arteries is seen on 
the posterior of the third to eighth ribs when the coarctation is below the left 
subclavian. Unilateral rib notching sparing the left ribs is observed when the 
coarctation occurs proximal to the left subclavian artery. Transthoracic echo-
cardiography documents the gradient in the descending aorta and determines 
the presence of left ventricular hypertrophy. Magnetic resonance imaging 
(Chapter 50) is the best modality for visualizing the anatomy of the descend-
ing aorta. Cardiac catheterization should measure pressures and assess col-
laterals when surgery is contemplated.

Intervention, typically catheter-based in adults, is recommended in patients 
who have systemic hypertension with a peak gradient of 20 mm Hg or more 
on cardiac catheterization (Chapter 51) or who have evidence of significant 
collateral flow on imaging studies. Fifty percent of patients repaired when they 
are older than 40 years have residual hypertension, whereas those who have 
undergone surgery between the ages of 1 and 5 years have a less than 10% 
prevalence of hypertension on long-term follow-up.

TREATMENT AND PROGNOSIS 

 Anomalies of the Sinuses of Valsalva and  
Coronary Arteries
 SINUS OF VALSALVA ANEURYSMS
At the base of the aortic root, the aortic valve cusps are attached to the aortic 
wall, above which three small pouches, or sinuses, are seated. The right 

coronary artery originates from one sinus and the left main coronary artery 
from a second; the third is called the noncoronary sinus. A weakness in the 
wall of the sinus can result in aneurysm formation with or without rupture. 
In more than 90% of cases, the aneurysm involves the right or noncoronary 
cusp. Rupture typically occurs into the right side of the heart at the right atrial 
or ventricular level with a resulting large left-to-right shunt driven by the high 
aortic pressure.

A previously asymptomatic young man typically has chest pain and rapidly 
progressing shortness of breath sometimes after physical strain. The physical 
examination is consistent with significant heart failure. Even if the commu-
nication is between the aorta and the right side of the heart, biventricular 
failure is not unusual. The classic murmur is loud and continuous, often with 
a thrill. A murmur of aortic insufficiency secondary to damage to the adjacent 
aortic valve may be superimposed. The chest radiograph shows volume over-
load of both ventricles with evidence of shunt vascularity and pulmonary 
venous congestion. The echocardiogram is diagnostic. Cardiac catheterization 
can verify the integrity of the coronary artery adjacent to the ruptured 
aneurysm.

Even though symptoms may abate as the heart dilates, progressive cardiac 
decompensation typically results in death within 1 year of the rupture. A 
ruptured sinus of Valsalva aneurysm therefore requires urgent surgical repair.

 CORONARY ARTERY FISTULAS
Fistulas arise from the right or left coronary arteries and in 90% of cases drain 
into the right ventricle, the right atrium, or the pulmonary artery in order of 
decreasing frequency. Typically, young patients are asymptomatic, but supra-
ventricular arrhythmias are seen with progressive dilation of the intracardiac 
chambers. Angina can occur as the fistula creates a coronary steal by diverting 
blood away from the myocardium. Heart failure is seen with large fistulas. A 
continuous murmur heard in a young, otherwise normal acyanotic, asymp-
tomatic patient should suggest the diagnosis. Most fistulas are associated with 
a small shunt, and hence the murmur is often less than grade 3 and is heard 
in the precordial area. Unless the shunt is large, the ECG is normal, as is the 
chest radiograph. The echocardiogram, especially the transesophageal echo-
cardiogram, is diagnostic. Percutaneous transcatheter closure with coil embo-
lization is preferred, but surgical ligation is also an alternative.

 ANOMALOUS ORIGIN OF THE CORONARY ARTERIES
The left main coronary artery normally arises from the left sinus of Valsalva 
and courses leftward, posterior to the right ventricular outflow tract. The right 
coronary artery arises from the right sinus of Valsalva and courses rightward 
to the right ventricle. Isolated ectopic or anomalous origins of the coronary 
arteries (see Fig. 51-3) are seen in 0.6 to 1.5% of patients undergoing coronary 
angiography.

FIGURE 61-3. Chest radiograph of a patient with coarctation of the aorta. the radio-
graphic “3 sign” formed by the dilated subclavian artery above and the dilated aorta 
below (short arrow) is shown. note the notching, best seen at the level of the seventh 
and eighth ribs (long arrows). the dilated ascending aortic segment can also be seen. 
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unrepaired patients. Shunt patency can be determined by Doppler examina-
tion. Magnetic resonance imaging can accurately document stenosis in the 
distal pulmonary artery bed. Cardiac catheterization is reserved for patients 
in whom operative or reoperative treatment is contemplated or in whom the 
integrity of the coronary circulation needs to be verified.

Patients with a change in exercise tolerance, angina, or evidence of right-
sided heart failure and those with symptomatic arrhythmias or syncope should 
be referred for complete evaluation. Surgical reintervention is generally con-
sidered when right ventricular pressure is more than two thirds the systemic 
pressure because of residual right ventricular outflow tract obstruction, free 
pulmonary regurgitation with right ventricular dysfunction, sustained arrhyth-
mias, or a residual VSD causes a significant shunt.

Patients should be seen yearly by an adult congenital heart specialist for 
assessment of right ventricular function, pulmonary valve dysfunction, and 
arrhythmia. Surveillance should include a history, physical examination, and 
12-lead ECG. Sudden cardiac death can occur in 3 to 6% of patients observed 
between 20 and 30 years, sometimes despite favorable hemodynamics.6

 Complete Transposition of the Great Arteries
Complete transposition of the great arteries is the second most common cya-
notic lesion, and surgically corrected adults are increasingly common. In simple 
transposition of the great arteries, the atria and ventricles are in their normal 
positions, but the aorta arises from the right ventricle, and the pulmonary 
artery arises from the left ventricle. When the aorta is anterior and rightward 
with respect to the pulmonary artery, as is most common, D-transposition is 
present. The native anatomy has the pulmonary and systemic circulations in 
parallel, with deoxygenated blood recirculating between the right side of the 
heart and the systemic circulation, whereas oxygenated blood recirculates 
from the left side of the heart to the lungs. The condition is incompatible with 
life unless a VSD, PDA, or ASD is present or an ASD is created; a hemody-
namically significant VSD is present in 15% of cases. Subpulmonary obstruction 
of the left ventricular outflow tract occurs in 10 to 25% of cases.

The arterial switch operation transects the aorta and pulmonary artery above 
their respective valves and switches them to become realigned with their physi-
ologic outflow tracts and appropriate ventricles. The proximal coronary arteries 
are translocated from the sinuses of the native aorta to the neoaorta (native 
pulmonary artery). The 22-year survival rate of patients with transposition of 
the great arteries who underwent operation between 1990 and 2009 is 93%. 
Long-term complications include neoaortic regurgitation, supravalvular ste-
nosis, and coronary artery complications.7

 Congenitally Corrected Transposition of the Great Arteries
In congenitally corrected transposition of the great arteries, the great arteries 
are transposed, the ventricles are inverted, but the atria remain in their normal 

FIGURE 61-4. Chest radiograph of an adult after tetralogy of Fallot repair. a right 
aortic arch with rightward indentation of the trachea (long arrow) can be seen. the right 
ventricular apex remains upturned (short arrow). note the sternal wires consistent with 
intracardiac repair, clarifying the fullness of the pulmonary artery segment often seen 
after extensive enlargement of the right ventricular outflow tract. 

The most common anomaly is ectopic origin of the left circumflex artery 
from the right sinus of Valsalva, followed by anomalous origin of the right 
coronary artery from the left sinus and anomalous origin of the left main 
coronary artery from the right sinus. If the anomalous coronary artery does 
not course between the pulmonary artery and aorta, the prognosis is favorable. 
Risks of ischemia, myocardial infarction, and death are greatest when the left 
main coronary artery courses between both great vessels.

Coronary arteries can also originate from the pulmonary trunk. If both the 
right and left arteries originate from the pulmonary trunk, death usually occurs 
in the neonatal period. If only the left anterior descending coronary artery 
originates from the pulmonary trunk, the rate of survival to adulthood is 
approximately 10%, depending on the development of collateral retrograde 
flow to the anomalous artery from a normal coronary artery. This collateral 
flow may cause a continuous murmur along the left sternal border, congestive 
heart failure from the large shunt, and a coronary steal syndrome as blood is 
diverted away from the normal artery.

A single coronary ostium can provide a single coronary artery that branches 
into right and left coronary arteries, the left then giving rise to the circumflex 
and the anterior descending arteries. The ostium can originate from the right 
or left aortic sinus. The coronary circulation is functionally normal unless one 
of the branches passes between the aorta and the pulmonary artery.

Diagnostic procedures include angiography, magnetic resonance imaging, 
and transesophageal echocardiography. For an anomalous coronary artery 
that originates from the pulmonary artery, surgical reimplantation into the 
aorta is preferred. For an anomalous artery that courses between the pulmonary 
artery and aorta, a bypass graft to the distal vessel is preferred.

 SPECIFIC COMPLEX LESIONS
 Tetralogy of Fallot
Tetralogy of Fallot, the most common cyanotic malformation, is characterized 
by superior and anterior displacement of the subpulmonary infundibular 
septum, which causes the tetrad of pulmonary stenosis, VSD, aortic override, 
and right ventricular hypertrophy. The VSD is perimembranous in 80% of 
cases. Additional cardiac anomalies include a right-sided aortic arch in up to 
25% of patients. An anomalous left anterior descending artery originating 
from the right coronary cusp and crossing over the right ventricular outflow 
tract is seen in 10% of cases. Other associated anomalies include ASD, left 
superior vena cava, defects of the atrioventricular canal, and aortic insufficiency. 
With pulmonary atresia, pulmonary blood flow occurs through aortic to pul-
monary collaterals.

Complete surgical repair in childhood consists of patch closure of the VSD 
and relief of the right ventricular outflow tract obstruction. Adequate pulmo-
nary blood flow is ensured by reconstruction of the distal pulmonary artery 
bed. Previous palliative shunts are usually taken down. Complete repair in 
childhood yields a 90 to 95% 10-year survival rate with good functional results, 
and 30-year survival rates may be as high as 85%.

After repair, residual pulmonary stenosis, proximal or distal, can be seen. 
Some degree of pulmonary insufficiency is common, particularly if a patch 
has been inserted at the level of the pulmonary valve or if a pulmonary val-
votomy has been performed. Residual VSDs can be found in up to 20% of 
patients. Patients may be asymptomatic or may have symptoms related to 
long-term complications after surgical repair. Symptoms can reflect residual 
right ventricular pressure or volume overload or arrhythmias at rest or with 
exercise. Angina can occur in a young patient if surgical repair has damaged 
an anomalous left anterior descending artery as it courses across the right 
ventricular outflow tract. In acyanotic adults, clubbing commonly regresses.

On physical examination, a right ventricular impulse is often felt as a result 
of residual pulmonary insufficiency or stenosis. A systolic murmur can rep-
resent residual pulmonary stenosis, residual VSD, or tricuspid insufficiency. 
A diastolic murmur can reflect aortic or pulmonary insufficiency. Ventricular 
arrhythmias are common after repair, with an incidence of sudden death as 
high as 5%.

The ECG in unrepaired tetralogy of Fallot shows right axis deviation, right 
atrial enlargement, and dominant right ventricular forces over the precordial 
leads. The most common finding after repair is complete right bundle branch 
block, which is seen in 80 to 90% of patients. The chest radiograph typically 
shows an upturned apex with a concave pulmonary artery segment giving the 
classic appearance of a boot-shaped heart. Figure 61-4 demonstrates the find-
ings in an adult after repair. The apex is persistently upturned, although the 
pulmonary artery segment is no longer concave. Echocardiography can confirm 
the diagnosis and document intracardiac complications in repaired and 
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position. The systemic circulation (left atrium, morphologic right ventricle, 
and aorta) and pulmonary circulation (right atrium, morphologic left ventricle, 
and pulmonary artery) are in series. The patient is therefore acyanotic unless 
an intracardiac shunt is also present. The right ventricle is aligned with the 
aorta and performs lifelong systemic work, which accounts in part for its 
eventual failure. Patients with congenitally corrected transposition of the great 
arteries and no other associated defects can remain free of symptoms until 
the sixth decade, at which time significant atrioventricular valve regurgitation, 
failure of the right (systemic) ventricle, supraventricular arrhythmias, and 
heart block occur.

 Ebstein Anomaly
In Ebstein anomaly of the tricuspid valve, the right side of the heart consists 
of three anatomic components: the right atrium proper, the true right ven-
tricle, and the atrialized portion of the right ventricle between the two. The 
displaced septal and posterior tricuspid leaflets lie between the atrialized right 
ventricle and the true right ventricle. Functionally, the valve is regurgitant 
because it is unable to appose its three leaflets during ventricular contraction. 
Valvular regurgitation and asynchronous, abnormal right ventricular func-
tion cause the dilation and right-sided heart failure observed in the more 
severe forms of the lesion. The wide spectrum of severity of the anomaly is 
based on the degree of tricuspid leaflet tethering and the relative proportion 
of atrialized and true right ventricle. The most common associated cardiac 
defect, a secundum ASD or patent foramen ovale, is reported in more than 
50% of patients. On physical examination, a clicking “sail sound” is heard as 
the second component of S1 when tricuspid valve closure becomes loud and  
delayed.

The 12-lead ECG typically shows highly peaked P waves with a wide, often 
bizarre-looking QRS complex. Preexcitation (Chapter 58) occurs in 20% of 
patients, whereas supraventricular tachyarrhythmias, atrial fibrillation, and 
atrial flutter occur in 30 to 40% of patients.

When patients of all ages are taken together, the predicted mortality is 
approximately 50% by the fourth or fifth decade. Complications include atrial 
arrhythmias, cyanosis, and, if there is an intra-atrial communication, stroke.

Intervention is considered when functional status or cyanosis worsens, 
significant atrial arrhythmias are documented, or a cerebrovascular accident 
occurs. Surgical options include replacement or repair of the tricuspid valve 
and closure of the ASD.

 Atrioventricular Canal Defect
A partial atrioventricular canal defect refers to an ostium primum ASD with 
a cleft mitral valve. The anomaly is manifested as a hemodynamic combination 
of an ASD with a variable degree of mitral regurgitation. The 12-lead ECG 
shows the typical findings of left axis deviation with a Q wave in leads I and 
aVL and a prolonged PR interval. The echocardiogram shows a defect in the 
inferior portion of the interatrial septum and a cleft mitral valve.

A complete atrioventricular canal defect is an uncommon defect consisting 
of a primum ASD, an inlet VSD that usually extends to the membranous 
interventricular septum, and a common atrioventricular valve. Adults who 
have not been operated on usually have Eisenmenger syndrome.

Surgical repair consists of closing the interatrial or interventricular com-
munication with reconstruction of the common atrioventricular valve or closure 
of the cleft in the mitral valve. An adult who has undergone repair may have 
significant residual regurgitation of the mitral or tricuspid valve. Even after 
surgery, acquired subaortic obstruction can occur.

 Univentricular Heart and Tricuspid Atresia
The terms single ventricle, common ventricle, and univentricular heart have been 
used interchangeably to describe the double-inlet ventricle, in which one 
ventricular chamber receives flow from both the tricuspid and mitral valves. 
In 75 to 90% of cases, the single ventricle is a morphologic left ventricle. 
Obstruction of one of the great arteries is common.

In tricuspid atresia, no orifice is found between the right atrium and right 
ventricle, and an underdeveloped or hypoplastic right ventricle is present. 
The morphologic left ventricle is consistently normally developed and therefore 
becomes the single functional ventricle. Typically, blood flows into the right 
atrium, then through an obligatory ASD and to the left atrium, where it then 
proceeds to the left ventricle. Variable features include a VSD, the abnormal 
position of the great arteries, and the relative degree of pulmonary stenosis, 
all of which are used to classify tricuspid atresia.

Adult patients rarely have not been operated on. They may be acyanotic 
after the Fontan operation. At 5-year follow-up, 80% or more of Fontan 

survivors are in New York Heart Association functional class I or II, with 
successful pregnancy reported in a small number of patients. When patients 
of all ages are considered together, 10-year survival rates vary from 60 to 70%. 
Late deaths are due to reoperation, arrhythmia, ventricular failure, protein-
losing enteropathy, and liver dysfunction. Yearly follow-up with specialized 
imaging is recommended.

 Anomalies of Pulmonary Venous Return
In partial anomalous pulmonary venous return, one or more but not all four 
pulmonary veins are not connected to the left atrium. The most common 
pattern has the right pulmonary veins connected to the superior vena cava, 
usually with a sinus venosus ASD.

In total anomalous pulmonary venous return,8 all the pulmonary veins 
connect abnormally to either the right atrium or one of the systemic veins 
above or below the diaphragm. Concurrent obstruction of the pulmonary 
veins is present when drainage occurs below the diaphragm and variable when 
drainage occurs above it. An ASD is essential to sustain life. One third of cases 
occur with major complex cardiac malformations. Surgical treatment is 
indicated.

In cor triatriatum, the pulmonary veins drain into an accessory chamber 
that is usually connected to the left atrium through an opening of variable 
size. The hemodynamic consequences are determined by the size of this opening 
and are similar to those of mitral stenosis.

 Dextrocardia and Mesocardia
In dextrocardia, the heart is on the right side of the thorax with or without 
situs inversus. When the heart is right sided with inverted atria, the stomach 
is right sided, and the liver is left sided, the combination is dextrocardia with 
situs inversus. The heart usually functions normally, and the diagnosis is often 
fortuitous. The heart sounds are louder on the right side of the chest, and the 
liver is palpable on the left. The chest radiograph shows a right-sided cardiac 
apex with a lower left hemidiaphragm and a right-sided stomach bubble. The 
ECG shows an inverted P and T wave in lead I with a negative QRS deflection 
and a reverse pattern between aVR and aVL. A mirror-image progression is 
seen from V1 to a right-sided V6 lead. An echocardiogram should be performed 
to ensure that intracardiac anatomy is normal.

When dextrocardia with situs solitus occurs, the ventricles are inverted but 
not the viscera and therefore not the atria. Associated severe cardiac malfor-
mations are typical. In mesocardia, the heart is centrally located in the chest 
with normal atrial and visceral anatomy. The apex is central or rightward dis-
placed on the chest radiograph. Typically, no associated cardiac malformations 
are present.

 SPECIALIZED ISSUES
 Pulmonary Hypertension and Its Complications
Pulmonary hypertension (Chapter 75) secondary to structural disease of the 
heart or circulation can occur with or without an increase in pulmonary vas-
cular resistance. Pulmonary vascular obstructive disease occurs when pulmonary 
vascular resistance rises and becomes fixed and irreversible. Eisenmenger physi-
ology designates the physiologic response of shunt lesions in which a right-
to-left shunt occurs in response to an elevation in pulmonary vascular 
resistance.

In the most common congenital anomalies, pulmonary hypertension is a 
result of increased pulmonary blood flow because of a native left-to-right shunt. 
Examples include ASD, a large sized VSD, PDA, and a variety of complex 
lesions. The rate at which pulmonary hypertension progresses to become 
pulmonary vascular obstructive disease varies from one lesion to another and 
depends at least in part on the source of pulmonary blood flow. Pulmonary 
hypertension typically develops in patients with an ASD after the fourth decade; 
Eisenmenger syndrome is a late complication seen in only 5 to 10% of cases. 
In contrast, in patients with a large VSD or persistent PDA, progressive eleva-
tion in pulmonary vascular resistance occurs rapidly because the pulmonary 
vascular bed is exposed not only to the excess volume of the left-to-right shunt 
but also to systemic arterial pressures. As a result, Eisenmenger complex devel-
ops in approximately 10% of patients with a large VSD during the first decade.

The term Eisenmenger syndrome should be reserved for patients in whom 
pulmonary vascular obstructive disease is present and pulmonary vascular 
resistance is fixed and irreversible. These findings, in combination with the 
absence of left-to-right shunting, render the patient inoperable.

The clinical manifestations of Eisenmenger syndrome include dyspnea on 
exertion, syncope, chest pain, congestive heart failure, and symptoms related 
to erythrocytosis and hyperviscosity. On physical examination, central cyanosis 

palliative shunts or conduits, prosthetic valves or prosthetic materials used 
for valve repair, repaired congenital heart disease with prosthetic material or 
transcatheter device within 6 months of intervention, and repaired congenital 
heart disease with residual lesions at or adjacent to the site of a prosthetic 
patch or device (Chapter 67). It is also reasonable to consider prophylaxis 
against endocarditis before vaginal delivery at the time of membrane rupture 
in such patients. Prophylaxis is not indicated for nondental procedures in the 
absence of active infection.

 Exercise
The goal of exercise evaluation is to assess the functional results of therapeutic 
interventions and to provide guidelines for exercise prescriptions. Patients 
with residual hemodynamic lesions or unrepaired congenital cardiac anomalies 
should be evaluated on an annual basis with a physical examination, an ECG, 
and a cardiac ultrasonographic examination if indicated. Pertinent additional 
tests may include Holter monitoring and exercise testing. Attention should 
be directed to the detection of pulmonary hypertension, arrhythmias, myo-
cardial dysfunction, and symptoms such as exercise-induced dizziness, syncope, 
dyspnea, or chest pain.

Patients beyond 6 months after repair of a single shunt lesion without pul-
monary hypertension, arrhythmias, or evidence of myocardial dysfunction 
can participate in all sports (E-Table 61-1). With residual shunts, if the peak 
pulmonary artery pressure is less than 40 mm Hg in the absence of ventricular 
dysfunction or significant arrhythmias, patients can enjoy a free range of activ-
ity. Patients with elevated pulmonary vascular resistance are at risk of sudden 
death during intense exercise; although most self-limit their activity, participa-
tion in competitive sports is contraindicated. Patients with aortic and pulmonary 
stenosis should be counseled as recommended earlier, according to gradient 
severity. For patients with uncomplicated aortic coarctation, athletic participa-
tion is permitted if the arm-leg blood pressure gradient is 20 mm Hg or less 
at rest and the peak systolic blood pressure during exercise is normal. For 
patients after tetralogy of Fallot repair, repair of transposition of the great 
arteries, and the Fontan operation, exercise recommendations vary according 
to residual ventricular function and the presence or absence of arrhythmias.

 Older Patients
Overall survival is similar to the general population in patients without cya-
nosis, univentricular physiology, genetic disorders, ventricular dysfunction, 
residual hemodynamic lesions or acquired late complications. However, median 
survival is only 56 years in patients with one or more of these risk factors.10 
Among women who become pregnant, fetal growth retardation is about 30% 
more common if the congenital heart condition has simple, but complex con-
genital lesions are associated with a 60% increased risk of fetal growth retarda-
tion and an 80-fold increased risk of maternal death.11

The increasing number of older adults are surgical survivors who are subject 
to developing the full range of age-related cardiac conditions as well as late 
complications from their surgically repaired congenital anomaly. Careful atten-
tion to blood pressure (Chapter 70), lipid levels (Chapter 195), and other 
preventive approaches (Chapter 46), including physical activity (Chapter 
13), diet (Chapter 202), and smoking cessation (Chapter 29), is critically 
important. Neurodevelopmental problems in childhood and adolescence also 
may contribute to detectable cognitive decline (Chapter 374) and dementia 
in adulthood.12

 Grade A References

TREATMENT AND PROGNOSIS 

 Endocarditis Prophylaxis
Prolonged survival of patients with complex congenital heart disease has 
resulted in a population at increased risk for infective endocarditis (Chapter 
67). Adults with congenital heart disease should be informed about the risks 
of endocarditis. Any unexplained fever requires blood cultures to be drawn 
before antibiotics are initiated. Thorough transthoracic and transesophageal 
echocardiograms should be performed to assess the presence of vegetations. 
If infection of prosthetic material is suspected, early consultation with a spe-
cialist who has access to a congenital heart surgeon should be initiated because 
of the potential for rapid deterioration. The risk of endocarditis is highest in 
patients with cyanotic congenital heart disease and prosthetic material.

Antibiotic prophylaxis before dental procedures that involve manipulation 
of the gingiva, periapical regions of the teeth, or mucosal tissue is indicated 
in patients with previous infective endocarditis, unrepaired cyanotic lesions, 
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palliative shunts or conduits, prosthetic valves or prosthetic materials used 
for valve repair, repaired congenital heart disease with prosthetic material or 
transcatheter device within 6 months of intervention, and repaired congenital 
heart disease with residual lesions at or adjacent to the site of a prosthetic 
patch or device (Chapter 67). It is also reasonable to consider prophylaxis 
against endocarditis before vaginal delivery at the time of membrane rupture 
in such patients. Prophylaxis is not indicated for nondental procedures in the 
absence of active infection.

 Exercise
The goal of exercise evaluation is to assess the functional results of therapeutic 
interventions and to provide guidelines for exercise prescriptions. Patients 
with residual hemodynamic lesions or unrepaired congenital cardiac anomalies 
should be evaluated on an annual basis with a physical examination, an ECG, 
and a cardiac ultrasonographic examination if indicated. Pertinent additional 
tests may include Holter monitoring and exercise testing. Attention should 
be directed to the detection of pulmonary hypertension, arrhythmias, myo-
cardial dysfunction, and symptoms such as exercise-induced dizziness, syncope, 
dyspnea, or chest pain.

Patients beyond 6 months after repair of a single shunt lesion without pul-
monary hypertension, arrhythmias, or evidence of myocardial dysfunction 
can participate in all sports (E-Table 61-1). With residual shunts, if the peak 
pulmonary artery pressure is less than 40 mm Hg in the absence of ventricular 
dysfunction or significant arrhythmias, patients can enjoy a free range of activ-
ity. Patients with elevated pulmonary vascular resistance are at risk of sudden 
death during intense exercise; although most self-limit their activity, participa-
tion in competitive sports is contraindicated. Patients with aortic and pulmonary 
stenosis should be counseled as recommended earlier, according to gradient 
severity. For patients with uncomplicated aortic coarctation, athletic participa-
tion is permitted if the arm-leg blood pressure gradient is 20 mm Hg or less 
at rest and the peak systolic blood pressure during exercise is normal. For 
patients after tetralogy of Fallot repair, repair of transposition of the great 
arteries, and the Fontan operation, exercise recommendations vary according 
to residual ventricular function and the presence or absence of arrhythmias.

 Older Patients
Overall survival is similar to the general population in patients without cya-
nosis, univentricular physiology, genetic disorders, ventricular dysfunction, 
residual hemodynamic lesions or acquired late complications. However, median 
survival is only 56 years in patients with one or more of these risk factors.10 
Among women who become pregnant, fetal growth retardation is about 30% 
more common if the congenital heart condition has simple, but complex con-
genital lesions are associated with a 60% increased risk of fetal growth retarda-
tion and an 80-fold increased risk of maternal death.11

The increasing number of older adults are surgical survivors who are subject 
to developing the full range of age-related cardiac conditions as well as late 
complications from their surgically repaired congenital anomaly. Careful atten-
tion to blood pressure (Chapter 70), lipid levels (Chapter 195), and other 
preventive approaches (Chapter 46), including physical activity (Chapter 
13), diet (Chapter 202), and smoking cessation (Chapter 29), is critically 
important. Neurodevelopmental problems in childhood and adolescence also 
may contribute to detectable cognitive decline (Chapter 374) and dementia 
in adulthood.12
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and digital clubbing are hallmark findings. Systemic oxygen saturations typi-
cally vary between 75 and 85%. The pulse pressure narrows as the cardiac 
output falls. Examination of jugular venous pressure can reveal a dominant a 
wave reflecting a noncompliant right ventricle until tricuspid insufficiency is 
severe enough to generate a large v wave. A prominent right ventricular impulse 
is felt in the left parasternal border in end expiration or in the subcostal area 
in end inspiration. A palpable pulmonary artery is commonly felt. The pul-
monary component of the second heart sound is increased and can be felt in 
most cases. Pulmonary ejection sounds are common when the pulmonary 
artery is dilated with a structurally normal valve. Right atrial gallop is heard 
more frequently when the a wave is dominant. A murmur of tricuspid insuf-
ficiency is common, but the inspiratory increase in the murmur (Carvallo 
sign) disappears when right ventricular failure occurs. In diastole, a pulmonary 
insufficiency murmur is often heard. The 12-lead ECG shows evidence of 
right atrial enlargement, right ventricular hypertrophy, and right axis deviation. 
Chest radiographic findings include a dilated pulmonary artery segment, cardiac 
enlargement, and diminished pulmonary vascular markings. Echocardiography 
confirms the right-sided pressure overload and pulmonary artery enlargement 
as well as the tricuspid and pulmonary insufficiency. Cardiac catheterization 
is indicated if doubt exists about the potential reversibility of the elevated 
pulmonary vascular resistance in a patient who might otherwise benefit from 
surgery.9

Cyanosis occurs when persistent venous to arterial mixing results in hypox-
emia. Adaptive mechanisms to increase oxygen delivery include an increase 
in oxygen content, a rightward shift in the oxyhemoglobin dissociation curve, 
a higher hematocrit, and an increase in cardiac output. When cyanosis is not 
relieved, chronic hypoxemia and erythrocytosis result in hematologic, neu-
rologic, renal, and rheumatic complications.

In patients with Eisenmenger syndrome, bosentan (e.g., 62.5 mg twice daily 
for 4 weeks, then 125 mg twice daily) may improve hemodynamics and exercise 
capacity after 4 months of use. Chronic oxygen therapy is unlikely to benefit 
hypoxemia caused by right-to-left shunting in the setting of a fixed pulmonary 
vascular resistance. Oxygen therapy may be considered for cyanotic patients 
during long-distance flights.

Indications for phlebotomy are symptomatic hyperviscosity in an iron-replete 
patient and prevention of excessive bleeding perioperatively. In the iron-replete 
state, moderate to severe hyperviscosity symptoms typically occur when hema-
tocrit levels exceed 65%. If no evidence of dehydration is present, removal of 
500 mL of blood during a 30- to 45-minute period should be followed by quan-
titative volume replacement with normal saline or dextran (E-Fig. 61-3). The 
procedure may be repeated every 24 hours until symptomatic improvement 
occurs.

Treatment of spontaneous bleeding is dictated by its severity and the abnor-
mal hemostatic parameters (E-Fig. 61-4). For severe bleeding, platelet transfu-
sions, fresh-frozen plasma, vitamin K, cryoprecipitate, and desmopressin have 
been used. Reduction in erythrocyte mass also improves hemostasis, so cyanotic 
patients undergoing surgery should have prophylactic phlebotomy if the hema-
tocrit is greater than 65%.

Symptomatic hyperuricemia and gouty arthritis (Chapter 257) can be treated 
as necessary with colchicine, probenecid, or allopurinol. Nonsteroidal anti-
inflammatory drugs are best avoided, given the baseline hemostatic anomalies 
in these patients.

TREATMENT AND PROGNOSIS 

 Endocarditis Prophylaxis
Prolonged survival of patients with complex congenital heart disease has 
resulted in a population at increased risk for infective endocarditis (Chapter 
67). Adults with congenital heart disease should be informed about the risks 
of endocarditis. Any unexplained fever requires blood cultures to be drawn 
before antibiotics are initiated. Thorough transthoracic and transesophageal 
echocardiograms should be performed to assess the presence of vegetations. 
If infection of prosthetic material is suspected, early consultation with a spe-
cialist who has access to a congenital heart surgeon should be initiated because 
of the potential for rapid deterioration. The risk of endocarditis is highest in 
patients with cyanotic congenital heart disease and prosthetic material.

Antibiotic prophylaxis before dental procedures that involve manipulation 
of the gingiva, periapical regions of the teeth, or mucosal tissue is indicated 
in patients with previous infective endocarditis, unrepaired cyanotic lesions, 

https://expertconsult.inkling.com/
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E-FIGURE 61-3. treatment algorithm for erythrocytosis of cyanotic congenital heart 
disease. 
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E-FIGURE 61-4. Treatment algorithm for bleeding diathesis of cyanotic congenital 
heart disease. asa = acetylsalicylic acid; FFP = fresh-frozen plasma; Hb = hemoglobin; 
Hct = hematocrit; nsaiDs = nonsteroidal anti-inflammatory drugs; Plts = platelets; Pt = 
prothrombin time; Ptt = partial thromboplastin time. 
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E-TABLE 61-1 EXERCISE RECOMMENDATIONS IN ADULTS WITH CONGENITAL HEART DISEASE
CONDITION UNRESTRICTED LOW-MODERATE INTENSITY* PROHIBITED
ASD† No PHT; no arrhythmia; normal 

ventricular function
PA pressure >40 mm Hg with normal 

ETT; no arrhythmia
Eisenmenger

VSD† Small; no PHT; no arrhythmia; normal 
ventricular function

Moderate VSD Eisenmenger

PDA† Small; no PHT; no arrhythmia; normal 
ventricular function

PA pressure >40 mm Hg with normal 
ETT; no arrhythmia

Eisenmenger

Coarctation‡ Gradient ≤20 mm Hg arm to leg; 
normal BP at rest and exercise

Gradient ≥20 mm Hg arm to leg with 
normal BP and normal ETT

Gradient ≥50 mm Hg arm to leg or aortic aneurysm

PS Gradient <40 mm Hg; no arrhythmia; 
normal ventricular function

Gradient 40-60 mm Hg Gradient ≥70 mm Hg or ventricular arrhythmia

AS Gradient, <30 mm Hg; normal ECG; 
normal ETT; asymptomatic

Gradient 30-50 mm Hg with normal 
ECG, normal ETT; asymptomatic

Gradient >50 mm Hg or ventricular arrhythmia

TOF after repair Normal RV pressure; no shunt; no 
arrhythmia

Increased RV pressure or moderate PR 
or SVT

RV pressure ≥65% systemic or ventricular arrhythmia 
on ETT or severe PR

Mustard or Senning No cardiomegaly, arrhythmia, or 
syncope; normal ETT

Cardiomegaly or arrhythmia at rest or exercise

c-TGA unoperated No cardiomegaly; mild TR; no 
arrhythmia; normal ETT

Moderate RV dysfunction, moderate 
TR; no arrhythmia

Severe TR or uncontrolled arrhythmia

Ebstein anomaly Mild Ebstein; no arrhythmia; operated 
with mild TR

Moderate TR with no arrhythmia Severe Ebstein or uncontrolled arrhythmia

Fontan Normal O2 saturation with near-normal 
ETT and ventricular function

Moderate-severe MR or TR or uncontrolled 
arrhythmia

*Based on peak dynamic and static components of exercise during competition for individual sports (see credit line).
†Unoperated or 6 months after surgery.
‡Unoperated or 1 year after surgery.
AS = aortic stenosis; ASD = atrial septal defect; BP = blood pressure; c-TGA = corrected transposition of the great arteries; ECG = electrocardiogram; ETT = exercise tolerance test; MR = mitral regurgitation; 
PA = pulmonary artery; PDA = patent ductus arteriosus; PHT = pulmonary hypertension; PR = pulmonary regurgitation; PS = pulmonary stenosis; RV = right ventricle; SVT = supraventricular 
tachyarrhythmia; TOF = tetralogy of Fallot; TR = tricuspid regurgitation; VSD = ventricular septal defect.
Based on guidelines recommended in Graham TP, Driscoll DJ, Gersony WM, et al. Task Force 2: Congenital heart disease. J Am Coll Cardiol. 2005;45:1326-1333.
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REVIEW QUESTIONS

1. A 43-year-old man presents to the emergency department with a history 
of tetralogy of Fallot and syncope. He currently feels well. He has no chest 
pain. His 12-lead electrocardiogram (ECG) shows a right bundle branch 
block and three premature ventricular ectopic beats. What is your plan 
with respect to this patient’s disposition?
 A. You admit him to a monitored bed and consult a cardiologist with 

expertise in adult congenital heart disease.
 B. You check his old ECG and find that this one is unchanged, so you send 

him home to follow up with his cardiologist as an outpatient.
 C. You consult the neurologist because you are worried that given his 

history, he may have had a seizure.
 D. You admit him for a cardiac catheterization because you know that 

tetralogy of Fallot may be associated with an anomalous coronary artery.
 E. None of the above

Answer: A Patients with tetralogy of Fallot have up to a 5% risk of sudden 
cardiac death. Therefore, the presentation of syncope should always prompt 
an admission for monitoring to exclude a malignant ventricular arrhythmia. 
In addition, consultation with a congenital heart disease expert should always 
be initiated to exclude any new or progressive hemodynamic abnormality, 
such as pulmonary regurgitation that may require intervention. Although 
patients with tetralogy of Fallot may have coronary artery anomalies, syncope 
always warrants monitoring, and unexplained syncope may warrant an elec-
trophysiology study.

2. A 50-year-old woman presents with shortness of breath to your office. One 
year ago, she had a moderate-sized myocardial infarction, for which she 
underwent successful dilation of a midcircumflex lesion with no complica-
tions. She denies angina. You examine her and find that her blood pressure 
is 140/90 mm Hg and her heart rate is 80 beats per minute. She has no 
evidence of systemic or pulmonary venous congestion. She has a positive 
hepatojugular reflux and a widely split second heart sound. She has an 
incomplete right bundle branch block on the ECG with no ischemic changes. 
You order an echocardiogram and find that she has an enlarged right side 
of the heart, which was not seen on her last echocardiogram 1 year ago. 
What investigations are you interested in?
 A. You review the echocardiogram looking for evidence of a right-to-left 

shunt at the atrial level.
 B. You order a cardiac catheterization to exclude disease of the right coro-

nary artery.
 C. You review the echocardiogram looking for evidence of a left-to-right 

shunt at the atrial level.
 D. You order an exercise echocardiogram to see if there are new wall motion 

anomalies.
 E. None of the above

Answer: C This is a classic presentation of an atrial septal defect that becomes 
symptomatic when diastolic dysfunction from acquired cardiovascular disease 
reduces left ventricular compliance, increases left ventricular end-diastolic 
pressure and left atrial pressure, and increases left-to-right shunting. Patients 
who have an atrial septal defect may be asymptomatic into their fourth and 
fifth decade until a condition such as hypertension, mitral regurgitation, aortic 
valve disease, cardiomyopathy, or myocardial infarction decreases left ventricular 
compliance and increases left-to-right shunting. Atrial septal defects can be 
easily missed on echocardiography if they are not specifically sought. The 
patient is not cyanotic, so an increase in right-to-left shunting may not be 
found. In addition, although the patient has coronary disease, an echocardio-
gram would still be the best initial test to evaluate ventricular function.

3. A 20-year-old man is referred to you for unexplained hypertension. He 
otherwise feels well. You notice he has a well-developed torso, and he tells 
you he lifts weights. His blood pressure is 150/90 mm Hg in both arms. He 
has a sustained apical impulse and a midsystolic ejection click. His ECG 
shows left ventricular hypertrophy. What is in your management plan?

 A. You order an echocardiogram to exclude a bicuspid aortic valve and 
initiate β-blocker therapy.

 B. You order an evaluation for renal artery stenosis and initiate therapy 
with an angiotensin-converting enzyme inhibitor.

 C. You are unsure of what to do so you refer him to a local cardiologist.
 D. You order an echocardiogram to exclude aortic coarctation, you order 

a 24-hour blood pressure monitor to confirm his hypertension, and 
you give him a follow-up appointment in 2 weeks with the intention 
of starting antihypertensive medication.

 E. None of the above
Answer: D The finding of unexplained hypertension in a young man should 
always prompt a careful clinical examination to detect a possible brachial-to-
femoral pulse delay and an echocardiogram to exclude aortic coarctation. 
Because blood flow is decreased in the lower extremities, these patients often 
have small hips relative to a well-developed torso. A significant portion of 
patients also have a bicuspid aortic valve, and associated ascending aortopathy. 
Because aortic coarctation is a reversible cause of hypertension, it is important 
to look for it and to address its complications.

4. A 45-year-old woman is referred to you from another general internal 
medicine practice where the internist is retiring. She is in a wheelchair 
with an oxygen tank and nasal prongs. She has bluish discoloration of her 
skin and clubbing of her fingernails. She explains that she has a heart condi-
tion and is here to have her monthly phlebotomy. What should you do?
 A. You order the phlebotomy, and you have her come back in 1 month.
 B. You review her medical record, take a history for symptoms of hyper-

viscosity, exclude dehydration, and order serum iron studies.
 C. You make sure she does not smoke and consult a pulmonologist to 

determine if she needs the oxygen.
 D. You go through the medical record and wonder why she has not had 

an operation for her cyanosis. You consult the nearest adult congenital 
heart specialist.

 E. All of the above
Answer: B Patients with cyanotic congenital heart disease often undergo 
unnecessary phlebotomy. This clinical scenario requires a careful history to 
establish the presence or absence of hyperviscosity, which is an indication for 
phlebotomy in the absence of iron deficiency, and a discussion of the need 
or lack thereof for phlebotomy. Patients are often resistant initially; but after 
their hemoglobin levels stabilize and in the absence of iron deficiency, they 
often feel much better.

5. A 25-year-old woman with a bicuspid aortic valve and mild aortic regur-
gitation consults you before visiting her dentist. She requests a prescription 
for antibiotic prophylaxis before undergoing extensive dental cleaning. 
How do you respond?
 A. You give her the prescription as she requests.
 B. You call the dentist, who confirms the request, and you give her the 

prescription.
 C. You take a careful history to be sure she is not allergic to penicillin.
 D. You explain that antibiotic prophylaxis is no longer required for dental 

procedures and write her dentist a confirmatory letter.
 E. None of the above

Answer: D Bacterial endocarditis prophylaxis is no longer recommended for 
isolated native valve lesions, such as a bicuspid aortic valve, in the absence of 
surgery or a previous episode of infective endocarditis. It is important to 
understand the rationale for the change in guidelines. It is not that infective 
endocarditis does not occur in patients with isolated lesions; rather, antibiotic 
prophylaxis cannot be shown to reduce the risk of this complication, especially 
because bacteremias after routine dental procedures are no worse than after 
brushing one’s teeth. This situation requires careful discussion and accurate 
transmission of information to the patient.
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62 
ANGINA PECTORIS AND STABLE 
ISCHEMIC HEART DISEASE
WILLIAM E. BODEN

 DEFINITION
Ischemic heart disease is most commonly caused by obstruction or stenosis 
of one or more of the epicardial coronary arteries by atheromatous plaque, 
but it is increasingly recognized that both angina and ischemia can occur in 
the absence of epicardial coronary artery obstruction—particularly in women 
who may exhibit microvascular ischemia. Both coronary stenosis and obstruc-
tion can result in myocardial ischemia and may culminate in infarction (Chapters 
63 and 64) with associated symptoms of angina, dyspnea, heart failure (Chapter 
52), arrhythmic complications (Chapters 57, 58, and 59), and ultimately death.

Angina pectoris results from an imbalance in myocardial oxygen supply 
and demand when an increase in activity or emotional stress increases cardiac 
workload or “demand” with a concomitant increase in heart rate, blood pres-
sure, and contractility, which, in turn, leads to an increase in left ventricular 
(LV) wall tension; but stenotic coronary arteries (Chapter 51) are unable to 
augment antegrade flow or “supply” adequately in response to this increase in 
demand. Such an imbalance classically results in chest discomfort (Chapter 
45) of varying intensity and duration. Angina pectoris is generally defined as 
a discomfort in the chest or adjacent areas that occurs predictably and repro-
ducibly at a certain level of exertion and is relieved with rest or nitroglycerin.

Grading of Angina Pectoris
The Canadian Cardiovascular Society (CCS) angina grading scale is a widely 
used four-point ordinal scale that classifies angina pectoris from mild (class 
I: angina occurring only during strenuous or prolonged physical activity) to 
severe (class IV: inability to perform any activity without angina, or angina at 
rest) and includes the full spectrum of angina from chronic stable to unstable 
(see Table 45-5). Operationally, the CCS angina scale permits clinicians to 
categorize patients as mild or stable (generally CCS classes I and II) versus 
severe or unstable (typically CCS classes III and IV). For classification purposes, 
subjects with stable ischemic heart disease generally exhibit CCS class I-II 
symptoms, which are typically provoked by exertion. Other grading systems 
include a specific activity scale, which is based on the metabolic cost of spe-
cific activities, and an anginal score, which integrates the clinical features and 
tempo of angina with electrocardiographic changes and offers independent 
prognostic information beyond that provided by age, sex, ventricular function, 
and coronary anatomy.

 EPIDEMIOLOGY
More than 85 million American adults (more than 1 in 3) have at least one 
type of cardiovascular disease, which includes more than 17 million persons 
with coronary heart disease (Chapter 45), including 7.6 million who have 
survived a myocardial infarction (MI), nearly 10 million with angina pectoris, 
5.7 million with heart failure, and 6.6 million with stroke (of all types). Among 
adults aged 60 to 79 years, approximately 25% of men and 16% of women 
have coronary heart disease, and among persons older than age 80 years, the 
percentages increase to 37% and 23%, respectively.1

The Global Burden of Disease Study estimates that about 17 million annual 
deaths worldwide are related to cardiovascular diseases, a more than 40% 
increase since 1990.2 Although deaths attributable to coronary heart disease 
have declined in the United States during the past several decades, there were 
nonetheless over 600,000 deaths in the United States during 2015. Moreover, 
coronary heart disease is now the leading cause of death worldwide, and it is 
expected that this rate of rise will continue to accelerate in the coming decade 
as a consequence of the epidemic rise in obesity (Chapter 207), type 2 diabetes 
(Chapter 216), and the metabolic syndrome, which may give rise to an increas-
ing risk for development of premature coronary artery disease in younger 
generations.

 PATHOBIOLOGY
Angina is the most frequent clinical expression of myocardial ischemia. Ischemia, 
which rapidly develops when a mismatch arises between myocardial oxygen 
needs and myocardial oxygen supply, can be manifested clinically in many 
ways besides angina, from no symptoms (e.g., silent myocardial ischemia) to 
unstable angina, MI, or sudden cardiac death. It may remain stable for many 
years in selected patients or may be rapidly progressive with an abrupt change 
in frequency and tempo during days to weeks. Conversely, atherosclerosis, 
which is the most common cause of myocardial ischemia, may evolve for years 
without any manifestations of ischemia.

In contrast to the inherent pathogenetic complexity mediated by differ-
ing mechanisms associated with abrupt plaque rupture, fissuring, or erosion 
in patients who present with an acute coronary syndrome (ACS; Chapter 
63), the pathogenesis of stable ischemic heart disease is, by comparison, 
seemingly less complicated and heterogeneous because it is a consequence 
of a myocardial supply-demand mismatch. In most patients, atherosclerosis 
involves a fundamentally different histopathologic process (small necrotic lipid 
core with an overlying thick or very thick fibrous cap and a low proclivity to 
plaque rupture) compared with ACS, in which the principal histopathologic 
picture is that of a large lipid core subtended by a thin-capped fibroatheroma, 
which harbors the high-risk or vulnerable plaque with a high proclivity for  
rupture.

Two major pathogenetic mechanisms may result in myocardial ischemia 
and angina in the chronic setting: so-called demand angina, which is caused 
by an increase in myocardial oxygen requirements and workload; and supply 
angina, which is caused by diminished oxygen delivery to myocardial tissue. 
Demand angina is a consequence of the increased myocardial oxygen require-
ments that occur with increased physical activity, emotion, or stress. In a 
patient with decreased myocardial perfusion owing to chronic atherosclerotic 
narrowing of a coronary artery, this increased demand may precipitate angina. 
Other extracardiac precipitants of angina include the excessive metabolic 
demands imposed by fever, thyrotoxicosis (Chapter 213), severe anemia 
(Chapter 149) from blood loss, tachycardia from any cause (Chapters 56, 57, 
and 58), hypoglycemia (Chapter 217), and pain.

By contrast, supply angina may occur in patients with either ACS (Chapter 
63) or stable ischemic heart disease by transient reductions in myocardial 
oxygen delivery as a consequence of coronary vasoconstriction with resulting 
dynamic coronary stenosis. In the presence of coronary luminal narrowing 
due to atherosclerosis, superimposed platelet thrombi and leukocytes may 
elaborate vasoconstrictor substances, such as serotonin and thromboxane A2, 
whereas endothelial damage in diseased coronary arteries may decrease pro-
duction of vasodilator substances such as nitric oxide and adenosine. The 
result is an abnormal physiologic vasoconstrictor response to exercise and 
other stimuli, such as exogenously administered adenosine, or the paradoxical 
vasoconstrictor response to the typical flow-mediated reactive hyperemia 
associated with brachial artery compression. Some patients with normal coro-
nary angiograms or non–flow-limiting stenoses may exhibit dynamic obstruc-
tion alone, which can cause myocardial ischemia and result in angina at rest 
(Prinzmetal [variant] angina). Conversely, in patients with flow-limiting 
coronary stenoses, only a minor increase in dynamic obstruction can reduce 
blood flow sufficiently to cause myocardial ischemia.

The pathophysiologic basis for angina and ischemia in patients with stable 
ischemic heart disease has important implications for the selection of anti-
ischemic agents. In patents with demand angina—in which increases in myo-
cardial oxygen requirements are triggered by increases in heart rate, blood 
pressure, and contractility—therapeutic agents that reduce heart rate and wall 
tension, such as β-blockers or non-dihydropyridine calcium antagonists, will 
often provide the most clinical benefit. By comparison, nitrates and calcium 
antagonists with more potent vasodilatory properties (particularly the dihy-
dropyridines) will be more beneficial to alleviate angina and ischemia mediated 
by coronary vasoconstriction and reductions in myocardial oxygen delivery.

Although the most common cause of stable ischemic heart disease is 
atherosclerotic coronary artery narrowing and flow-limiting obstruction 
to epicardial blood flow, obstructive coronary artery disease may also have 
nonatherosclerotic causes, including congenital abnormalities of the coro-
nary arteries (Chapter 61), coronary artery dissection, myocardial bridg-
ing, coronary arteritis in association with systemic vasculitides (Chapter 
254), and radiation-induced coronary disease (Chapter 17). Myocardial 
ischemia and angina pectoris may also occur in the absence of obstructive 
coronary artery disease, as in the case of aortic valve disease (Chapter 66), 
hypertrophic cardiomyopathy (Chapter 54), and dilated cardiomyopathy. 

Moreover, stable ischemic heart disease may coexist with these other forms of  
heart disease.

 CLINICAL MANIFESTATIONS
History
It is important to recognize that there are many causes of chest discomfort 
(see Table 45-2), that angina-like chest pain may not represent ischemic heart 
disease (Table 62-1), that ischemic heart disease causes symptoms other than 
anginal pain (Table 62-2), and that nonatherosclerotic coronary artery abnor-
malities may cause ischemic chest pain (Table 62-3).

Angina pectoris has four cardinal clinical features: the character of the dis-
comfort, its site and distribution, its provocation, and its duration. The character 
of anginal discomfort is typically described as a pressure sensation that conveys 
a feeling of strangling and anxiety (Chapter 45), but patients may also use 
descriptors such as heaviness, squeezing, constricting, viselike, suffocating, 
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ABSTRACT
Stable ischemic heart disease (SIHD) is a chronic condition that results from 
an inadequate supply of blood flow and oxygen to an area of myocardium, 
typically resulting from a mismatch of myocardial oxygen demand and supply. 
Exertional angina or dyspnea are the common symptoms of SIHD. Obstruc-
tive coronary artery disease, which may have either acute or chronic presenta-
tions, most commonly, which results from a significant stenosis of greater 
than 70% in one or more of the major epicardial coronary arteries secondary 
to an atherosclerotic plaque, which, in acute disease expressions, may rupture 
or fissure, while in more chronic expressions, SIHD typically results from a 
slowly advancing constrictive process that compromises the arterial lumen. 
Increasingly, attention is being directed to SIHD that may occur in the absence 
of epicardial coronary artery narrowing such as is observed in patients (most 
often women) who may exhibit “microvascular angina” due to involvement 
of the arteriolar resistance vessels resulting in impaired coronary vasodilator 
reserve. Other manifestations of SIHD include vasospastic angina and silent 
myocardial ischemia (as detected electrographically or by imaging) in the 
absence of angina. Multiple diagnostic tests include laboratory assessments 
and both non-invasive and invasive approaches, which are often used in com-
bination to risk-stratify patients and inform treatment options. These include 
aggressive secondary prevention with both disease-modifying pharmacologic 
agents and drugs directed at angina/ischemia relief as well as intensive lifestyle 
intervention, which together comprise optimal medical therapy. Revascular-
ization is also indicated in SIHD patients with progressive/refractory symptoms, 
or in those who cannot tolerate anti-anginal medications. To date, whether a 
strategy of routine upfront revascularization (with either percutaneous coro-
nary intervention or coronary artery bypass graft surgery) plus optimal medical 
therapy reduces the rates of death or myocardial infarction or improves quality 
of life compared with an intensive medical therapy alone, remains unproven.
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and crushing. In some patients, especially women and the elderly, the quality 
of the sensation is more vague and atypical. Some patients may describe the 
discomfort as a burning sensation in the mid-epigastrium or as an uncomfort-
able, numb sensation. Anginal equivalents (i.e., symptoms of myocardial ischemia 
other than angina), such as dyspnea, fatigue, lightheadedness or dizziness, 
and gastric eructations, also may be manifestations of ischemic heart disease.

The site and distribution of anginal discomfort are predominantly midsternal 
or retrosternal but can be precordial. Radiation is common, usually to the left 
side of the neck and shoulder and down the ulnar surface of the left arm; 
radiation to the right arm is less common. Discomfort radiating to the jaw is 
common and must be distinguished from dental pain. Epigastric discomfort 
alone or in association with chest pressure may occur. Provocation of angina 
is classically caused by physical exertion or activity, emotional stress, exposure 
to the cold, sexual intercourse, or eating a large meal. Angina that occurs at 
rest or nocturnally often heralds a change in the pattern from stable to unstable 
and may indicate that there is an incipient plaque rupture leading to ACS. 
Vasospastic (or Prinzmetal) angina may occur spontaneously at rest or noc-
turnally without provocation.

The typical duration of an episode of angina pectoris is brief. An episode 
usually begins gradually and reaches its maximal intensity during a period of 
minutes before abating. It is unusual for angina pectoris to peak and trough 
in less than a minute, and it is common that patients with exertional angina 
usually prefer to rest, to sit, or to stop walking during episodes that may be 
precipitated by the offending activity. Chest discomfort that persists for more 
than 15 to 20 minutes, especially at rest or nocturnally, is likely to represent 
ACS or MI. By contrast, features that suggest a noncardiac etiology of angina 
pectoris include pleuritic pain, pain reproduced by movement or palpation 
of the chest wall, sharp or constant pain lasting for many hours, pain or dis-
comfort that a patient can localize to the chest wall with the tip of one finger, 
and very brief episodes of pain lasting seconds (Chapter 45). Typical angina 
pectoris is generally relieved within minutes by rest or the use of sublingual, 
oral, or cutaneous nitroglycerin. The response to sublingual nitroglycerin is 
often a helpful diagnostic tool, although some noncardiac pain (e.g., esophageal 
spasm) may also respond to nitroglycerin.

Although chest discomfort is usually the predominant symptom in stable 
ischemic heart disease, chest discomfort may be absent, atypical, or not promi-
nent in some patients. Patients with stable ischemic heart disease may complain 
predominantly or exclusively of dyspnea, diminishing exercise tolerance, fatigue, 
or weakness. Others will first present with an abnormal exercise test result or 
other evidence of myocardial ischemia without any symptoms (so-called silent 
myocardial ischemia). Some patients may present with cardiac arrhythmias or 
even sudden cardiac death.

Physical Examination
Many patients with stable ischemic heart disease present with normal physical 
findings, but a diligent physical examination may reveal findings that represent 
either the consequences of myocardial ischemia or evidence of risk factors 

Moreover, stable ischemic heart disease may coexist with these other forms of  
heart disease.

 CLINICAL MANIFESTATIONS
History
It is important to recognize that there are many causes of chest discomfort 
(see Table 45-2), that angina-like chest pain may not represent ischemic heart 
disease (Table 62-1), that ischemic heart disease causes symptoms other than 
anginal pain (Table 62-2), and that nonatherosclerotic coronary artery abnor-
malities may cause ischemic chest pain (Table 62-3).

Angina pectoris has four cardinal clinical features: the character of the dis-
comfort, its site and distribution, its provocation, and its duration. The character 
of anginal discomfort is typically described as a pressure sensation that conveys 
a feeling of strangling and anxiety (Chapter 45), but patients may also use 
descriptors such as heaviness, squeezing, constricting, viselike, suffocating, 

TABLE 62-1 PRETEST PROBABILITY OF CORONARY ARTERY 
DISEASE BY AGE, SEX, AND SYMPTOMS

AGE 
(YEARS) SEX

TYPICAL/
DEFINITE ANGINA 

PECTORIS

ATYPICAL/
PROBABLE 

ANGINA PECTORIS
NONANGINAL 
CHEST PAIN

≤39 Men Intermediate Intermediate Low
Women Intermediate Very low Very low

40-49 Men High Intermediate Intermediate
Women Intermediate Low Very low

50-59 Men High Intermediate Intermediate
Women Intermediate Intermediate Low

≥60 Men High Intermediate Intermediate
Women High Intermediate Intermediate

High: >90% pretest probability. Intermediate: between 10% and 90% pretest probability. Low: 
between 5% and 10% pretest probability. Very low: <5% pretest probability.
Adapted from Wolk MJ, Bailey SR, Doherty JU, et al. ACCF/AHA/ASE/ASNC/HFSA/HRS/
SCAI/SCCT/SCMR/STS 2013 multimodality appropriate use criteria for the detection and risk 
assessment of stable ischemic heart disease: a report of the American College of Cardiology 
Foundation Appropriate Use Criteria Task Force, American Heart Association, American Society of 
Echocardiography, American Society of Nuclear Cardiology, Heart Failure Society of America, 
Heart Rhythm Society, Society for Cardiovascular Angiography and Interventions, Society of 
Cardiovascular Computed Tomography, Society for Cardiovascular Magnetic Resonance, and 
Society of Thoracic Surgeons. J Am Coll Cardiol. 2014;63:380-406.

TABLE 62-2 NON–CHEST PAIN SYMPTOMS OF CHRONIC 
ISCHEMIC HEART DISEASE

DYSPNEA

Dyspnea on exertion
Dyspnea at rest
Paroxysmal nocturnal dyspnea
Temporal change of increasing exertional dyspnea with declining effort tolerance
NON–CHEST LOCATIONS OF DISCOMFORT (EITHER EXERTIONAL OR 
AT REST)

Neck or mandibular discomfort or pain
Throat tightness
Shoulder discomfort
Upper arm or forearm discomfort (more often left-sided)
Interscapular or infrascapular discomfort
MID-EPIGASTRIC OR ABDOMINAL

Mid-epigastric burning, often postprandially
Sharp abdominal pain (atypical, but more common in women)
Right upper quadrant discomfort (may mimic gallbladder disease or pancreatitis)
Nausea or vomiting (often associated with increased vagal tone secondary to inferior 

myocardial ischemia or infarction)
DIAPHORESIS

EXCESSIVE FATIGUE AND WEAKNESS

Often a discernible prodrome of increasing fatigue with declining effort tolerance
DIZZINESS AND SYNCOPE

Uncommon, unless precipitated or exacerbated by alterations in heart rate or rhythm 
(e.g., bradyarrhythmia, tachyarrhythmia, heart block), blood pressure (e.g., 
hypotension), or cardiac output (e.g., decreased cerebral perfusion)

TABLE 62-3 NONATHEROSCLEROTIC CAUSES OF ISCHEMIC 
CHEST PAIN

PRIMARY CARDIAC CAUSE

Coronary artery abnormalities
Coronary spasm
Coronary arteritis
Coronary dissection
Coronary artery anomalies
Radiation-induced coronary disease

Myocardial bridging
Aortic stenosis
Hypertrophic cardiomyopathy
Dilated cardiomyopathy
Tachycardia
PRIMARY NONCARDIAC CAUSE

Anemia
Sickle cell disease
Hypoxemia
Carbon monoxide poisoning
Hyperviscosity (e.g., polycythemia)
Hyperthyroidism
Pheochromocytoma
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disease (e.g., aortic stenosis, hypertrophic cardiomyopathy), electrolyte abnor-
malities, neurogenic effects, and antiarrhythmic drugs. The presence of new 
ST-T wave abnormalities on the resting ECG, however, can be helpful in the 
diagnosis of coronary artery disease and may correlate with the severity of 
the underlying heart disease.

In addition to focal ST-T wave abnormalities, the ECG may reveal various 
conduction disturbances, most frequently left bundle branch block and left 
anterior fascicular block (Chapter 48). The finding of abnormal Q waves is 
relatively specific for the presence of previous MI but may not help determine 
when such an event occurred. Arrhythmias, especially ventricular premature 
beats (Chapter 59), may be present on the ECG but have a low sensitivity 
and specificity for coronary artery disease.

During a spontaneous episode of angina pectoris or during exertion or 
stress, the ECG becomes abnormal in 50% or more of patients with normal 
resting ECGs. The most common abnormality observed is focal ST segment 

for coronary heart disease. Inspection of the eyes may reveal a corneal arcus, 
and examination of the skin may show xanthomas (see E-Fig. 45-2). Retinal 
arteriolar changes are common in patients with coronary heart disease who 
have hypertension or diabetes mellitus (see Figs. 395-22 and 395-24).

The cardiac examination is generally of limited benefit in evaluating patients 
with chest pain or establishing a diagnosis of stable ischemic heart disease. 
During an episode of chest discomfort, myocardial ischemia may produce 
either a third or fourth heart sound.

Myocardial ischemia also can cause a transient holosystolic or mid-late 
systolic apical murmur due to reversible papillary muscle dysfunction that 
results in mitral regurgitation. These murmurs are more prevalent in patients 
with extensive coronary artery disease, especially with inferior or inferopos-
terior ischemia due to right coronary artery disease. It is important to distin-
guish such a murmur from the murmur of aortic stenosis or obstructive 
hypertrophic cardiomyopathy (see Tables 45-7 and 45-8). A displaced LV 
apical impulse, particularly if dyskinetic, is a sign of significant LV systolic 
dysfunction.

If patients have coexisting heart failure, an elevated jugular venous pressure, 
pulmonary rales, and peripheral edema may be present (Chapter 52). The 
physical examination may reveal other implicating or contributing conditions, 
such as thyroid enlargement (Chapter 213) or severe anemia (Chapter 149).

 DIAGNOSIS
In addition to a careful history and physical examination, assessment of patients 
with stable ischemic heart disease includes the 12-lead electrocardiogram 
(ECG), measurement of biochemical and inflammatory markers, and nonin-
vasive diagnostic testing.3 The first goal is to assess the patient’s probability 
of ischemia so that an appropriate evaluation can expedite effective therapy 
(Fig. 62-1).

Resting Electrocardiogram
Although there may be focal, diagnostic findings of ST segment depression 
or T wave inversions (Fig. 62-2) on the resting ECG in patients with stable 
ischemic heart disease, even those with extensive anatomic coronary artery 
disease may have a normal tracing at rest. In addition to myocardial ischemia, 
other conditions that can produce ST-T wave abnormalities include LV hyper-
trophy and dilation due to long-standing hypertension and valvular heart 
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Contributive factors
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Reperfusion
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(Chapter 64)
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(Chapter 63)
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FIGURE 62-1. Evaluation of chest pain. Acs = acute coronary syndrome; cAbg = coronary artery bypass graft; lV = left ventricular; Pci = percutaneous coronary intervention. (modi-
fied from théroux P. Angina pectoris. in: goldman l, Ausiello dA, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia: saunders elsevier; 2008.)
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FIGURE 62-2. Ischemic ST segment shifts and repolarization changes on electrocar-
diogram (ECG). 
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Differential Diagnosis of Angina
Many common noncardiac disorders may be manifested with clinical features 
that can be confused with angina pectoris (see Table 45-2). In some instances, 
symptoms may be indistinguishable from ischemic heart disease. For example, 
many patients with angina have coexisting esophageal disorders (Chapter 
129), and both angina and esophageal discomfort may be relieved by nitro-
glycerin (Chapter 45). A distinguishing feature from angina is that esophageal 
discomfort is often relieved by antacids, proton pump inhibitors, or food.

Costochondritis can mimic angina but can typically be distinguished by 
the presence of well-localized pain on palpation. However, pressure, if it is 
applied too firmly to the anterior chest wall during examination of a patient 
with suspected angina pectoris, may elicit symptoms of discomfort even in 
normal subjects. Cervical radiculopathy may cause pain radiating to the shoul-
ders, neck, or upper arms and can be confused with angina. However, this 
condition typically causes a constant ache that is often exacerbated by neck 
movement or rotation and may be accompanied by a focal sensory deficit or 
radiculopathy.

Pulmonary hypertension (Chapter 75) can cause exertional chest discomfort 
that may share many of the characteristics of angina pectoris. It is believed that 
right ventricular ischemia during physical exertion may cause this discomfort 
along with associated symptoms of exertional dyspnea, dizziness, and syncope. 
Findings on physical examination typically include a parasternal lift, a loud 
(and sometimes palpable) pulmonary component of the second heart sound, 
and findings of right ventricular hypertrophy on electrocardiography.

Chest pain may also be an important presenting clinical feature of pulmonary 
embolism (Chapter 74). Physical findings typically include tachycardia and 
tachypnea, an accentuated pulmonic component of the second heart sound, 
and occasionally a right-sided S4 gallop. Pleuritic discomfort suggests pulmo-
nary infarction, whereas a history of pain exacerbated by inspiration or deep 
breathing, along with a pleural friction rub, usually helps distinguish it from 
angina pectoris.

Acute pericarditis (Chapter 68) may be confused with the discomfort of 
angina pectoris, but pericarditis tends to cause chest pain that is generally 
sharp, is not relieved by rest or nitroglycerin, is exacerbated by movement or 
deep breathing, and is associated with a pericardial friction rub that may be 
evanescent. Aortic dissection (Chapter 69), which may be manifested with 
acute, severe chest pain, may be confused with an acute MI but generally not 
with angina.

Pretest Probability in Patients with Angina or Ischemic 
Equivalents
When symptoms of angina or exertional dyspnea prompt consideration of 
coronary heart disease and the need for additional cardiac evaluation, the 
clinician should first make a probability estimate of the likelihood that obstruc-
tive coronary disease is present. A number of validated risk assessment models 
exist which, in general, are useful in calculating this probability as follows:

•	 Low	Pretest	Probability:	 less	 than	10%	pretest	probability	of	coronary	
heart disease;

•	 Intermediate	Pretest	Probability:	between	10%	and	90%	pretest	probability	
of coronary heart disease;

•	 High	Pretest	Probability:	greater	than	90%	pretest	probability	of	coronary	
heart disease.

Noninvasive Testing
Noninvasive stress testing with a standard electrocardiographic treadmill or 
bicycle exercise, radionuclide imaging (Chapter 50), stress echocardiography 
(Chapter 49), or newer diagnostic modalities such as cardiac magnetic reso-
nance (CMR; Chapter 50) and positron emission tomography (PET; Chapter 
50) is a useful and clinically important approach to establishing the diagnosis 
and prognosis in patients with stable ischemic heart disease (Fig. 62-3). The 
predictive accuracy of these tests is defined not only by their sensitivity and 
specificity but also by the prevalence of disease (or pretest probability) in the 
population under study. Noninvasive testing should be performed only if the 
incremental information is likely to alter the planned management strategy. 
Thus, the value of noninvasive stress testing is limited in patients with a very 
low likelihood of ischemic heart disease (Chapter 46) and is greatest when 
the pretest likelihood is intermediate because the test result is likely to have 
the greatest effect on the post-test probability of coronary artery disease and, 
hence, on clinical decision making.6

Each noninvasive test has a sensitivity and specificity (Table 62-5) that, 
when combined with a patient’s pretest probability (see Table 62-1), can yield 

depression, usually in one or more ECG lead groups, which signifies the pres-
ence of subendocardial ischemia. On occasion, transient but diminutive ST 
segment elevation and normalization of previous resting ST-T wave depression 
or inversion (pseudonormalization) may develop during chronic angina and 
ischemia, although ST segment elevation is far more commonly observed in 
ACS patients with plaque rupture.

Chest Radiography
Unless there is a history of prior MI, heart failure, or structural heart disease, 
the chest radiograph (Chapter 50) is usually normal in patients with chronic 
angina or stable ischemic heart disease. If an enlarged cardiac silhouette is 
present, it is generally indicative of a previous MI with LV dilation and cardiac 
remodeling. Other causes of cardiomegaly include long-standing hypertension 
(Chapter 70), concomitant valvular heart disease (Chapter 66), pericardial 
effusion (Chapter 68), and nonischemic cardiomyopathy (Chapter 54).

Laboratory Testing
In patients with new-onset or worsening symptoms, serial troponin measure-
ments can distinguish MI and ACS from stable ischemic heart disease (Chapters 
63 and 64). The plasma level of brain natriuretic peptide, which increases in 
response to spontaneous or provoked ischemia, does not reliably distinguish 
stable from unstable ischemic heart disease but is associated with the risk of 
future cardiovascular events in patients who are at risk for coronary disease.

All patients with chronic angina should have biochemical evaluation of 
total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density 
lipoprotein (HDL) cholesterol, triglyceride, serum creatinine (estimated glo-
merular filtration), and fasting blood glucose levels (Table 62-4). Other bio-
chemical markers that are not routinely recommended but are associated with 
higher risk of future cardiovascular events include lipoprotein (a), apolipoprotein 
B, small dense LDL cholesterol, and lipoprotein-associated phospholipase A2. 
Homocysteine levels correlate with the risk for development of coronary heart 
disease, but randomized trials have failed to demonstrate a reduction of clinical 
events when elevated homocysteine levels are reduced; as a result, routine 
screening for an elevated homocysteine level is not recommended.

High-sensitivity C-reactive protein, an acute phase reactant of inflammation, 
has a strong and consistent relationship to the risk of future cardiovascular 
events, and an elevated level may warrant more aggressive diagnostic evalua-
tion and therapy. Similarly, elevated levels of N-terminal pro-B-type natriuretic 
peptide can predict worse outcomes in patients with stable ischemic heart 
disease.4 A novel whole blood test incorporating an age- and sex-matched 
gene expression score derived from the micro-RNA levels of 23 genes selected 
from over 1,000 patients with chest pain referred for diagnostic coronary 
angiography may help clinicians exclude obstructive coronary artery disease.5

TABLE 62-4 BLOOD TESTS TO OBTAIN ROUTINELY (OR 
SELECTIVELY*) IN PATIENTS WITH CHRONIC 
STABLE ISCHEMIC HEART DISEASE

LIPID LEVELS

Low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol
Triglyceride level
*LDL electrophoresis (especially apolipoprotein B and small dense LDL)
*Lipoprotein (a)
*Lipoprotein-associated phospholipase A2

METABOLIC EVALUATION

Fasting plasma glucose concentration
Serum creatinine level
Thyroxine level
*Hemoglobin A1c in patients with known or suspected diabetes
MARKERS OF INFLAMMATION OR CARDIAC FUNCTION

*High-sensitivity C-reactive protein
*Brain natriuretic peptide
PROTHROMBOTIC ASSESSMENT

Plasma fibrinogen
Platelet count
*Factor V Leiden
*D-dimer
*Plasminogen activator inhibitor type 1
TO ASSESS OTHER POTENTIAL CARDIAC RISK FACTORS

*Serum homocysteine level



CHAPTER 62 AnginA Pectoris And stAble ischemic heArt diseAse370

noninvasive angiography of the proximal coronary arteries. Although coronary 
calcification is a highly sensitive (approximately 90%) finding in patients with 
coronary artery disease, the specificity for identifying patients with obstructive 
coronary artery disease is much lower (approximately 50%). Because of the 
potential unnecessary testing from false-positive results, CCTA is currently 
not recommended as a routine screening approach for suspected obstructive 
coronary artery disease in individuals who are asymptomatic or are at low 
risk (<10% 10-year estimated risk of coronary events).

By contrast, selective screening of intermediate-risk patients may be reason-
able because a high calcium score may reclassify such individuals as higher 
risk and thereby lead to more intensive risk factor modification. In symptomatic 
patients who have an intermediate pretest probability of obstructive coronary 
artery disease, stress myocardial perfusion imaging and CCTA are equivalent 
in predicting the composite end point of death, MI, or hospitalization for 
ACS. A1 

,
 A2  A negative CCTA portends a very favorable prognosis.7 Since CCTA 

identifies both obstructive and nonobstructive coronary artery disease, however, 
it appears to provide better overall prognostic information A3 

,
 A4  and has replaced 

functional testing in some recent guidelines.8

Exercise Electrocardiography
An exercise ECG is the preferred test in patients who have suspected angina 
pectoris and are considered to have a moderate probability of coronary artery 
disease if the resting ECG is interpretable (i.e., ST segments are not obscured 
by structural heart disease or medication), provided subjects are capable of 
achieving an adequate workload. Interpretation of the exercise ECG should 
include the exercise capacity achieved (duration and metabolic equivalents of 
the external workload; see Table 45-5), the magnitude and extent of ST segment 
deviation, the clinical and hemodynamic responses to exercise, and the rapidity 
with which the heart rate returns to normal after exercise (recovery phase).

The exercise test protocol is usually adjusted to a patient’s tolerance, aiming 
for 6 to 12 minutes of exercise time (i.e., Bruce protocol stages II to IV) to 
achieve maximal oxygen consumption and to elicit objective evidence of 
inducible ischemia, if present. Exercise stress testing is generally safe, with 
death or MI occurring in less than one case per 2500 tests, when such pro-
vocative testing is avoided in patients with ACS, severe aortic stenosis, severe 
hypertension, or uncontrolled heart failure. Other contraindications are acute 
MI, symptomatic arrhythmias, acute pulmonary embolism, and suspected 
acute aortic dissection. Relative contraindications are hypertension above 
200 mm Hg systolic or 110 mm Hg diastolic, significant aortic stenosis, hyper-
trophic cardiomyopathy, and high-degree atrioventricular block.

Concomitant antianginal therapy (notably the use of β-blockers) reduces 
the sensitivity of exercise testing as a screening tool. If the purpose of the 
exercise test is to diagnose ischemia, it should be performed, whenever pos-
sible, before β-blockers are initiated or 2 to 3 days after their discontinuation.

a post-test probability for coronary artery disease (Fig. 62-4). The choice 
among tests depends on the patient’s characteristics (Table 62-6).

Cardiac Computed Tomographic Angiography
Cardiac computed tomographic angiography (CCTA; Chapter 50) is a highly 
sensitive method to detect coronary calcification (see Fig. 50-9), which is 
strongly associated with coronary atherosclerosis, and can also provide 
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FIGURE 62-3. Approach to the use of stress testing and angiography for the evalu-
ation of chronic stable angina. ecg = electrocardiogram. (modified from American college 
of cardiology/American heart Association task Force on Practice guidelines. management 
of Patients with chronic stable Angina. ACC/AHA/ACP-ASIM Pocket Guidelines. Philadelphia: 
elsevier science; 2000.)

TABLE 62-5 APPROXIMATE SENSITIVITY AND SPECIFICITY 
OF COMMON TESTS TO DIAGNOSE CORONARY 
ARTERY DISEASE

CCTA SENSITIVITY SPECIFICITY
EXERCISE ELECTROCARDIOGRAPHY

>1 mm ST depression 0.70 0.75
>2 mm ST depression 0.33 0.97
>3 mm ST depression 0.20 0.99
PERFUSION SCINTIGRAPHY

Exercise SPECT 0.88 0.72
Pharmacologic SPECT 0.90 0.82
ECHOCARDIOGRAPHY

Exercise 0.85 0.81
Pharmacologic stress 0.81 0.79
CCTA 0.95 0.83
PET 0.95 0.95
CCTA = cardiac computed tomographic angiography; PET = positron emission tomography; 
SPECT = single-photon emission computed tomography.
Adapted from Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the 
management of patients with chronic stable angina—summary article: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines (Committee 
on Management of Patients with Chronic Stable Angina). Circulation. 2003;107:149-158.
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adequately, however, myocardial perfusion imaging with pharmacologic vaso-
dilator stress with dipyridamole, adenosine, or regadenoson may be the pre-
ferred approach to noninvasive testing.

Stress Echocardiography (Chapter 49)
Stress two-dimensional echocardiography with exercise or pharmacologic 
stress can detect regional ischemia by identifying new wall motion abnormali-
ties (see Fig. 49-7). Additional clinical information about associated structural 
heart disease, chamber dimensions, and valve function can be readily obtained. 
Exercise echocardiography can detect the presence of coronary artery disease 
with an accuracy similar to that achieved with stress myocardial perfusion 
imaging and is useful for localizing and quantifying ischemic myocardial seg-
ments. Pharmacologic stress is usually performed with dobutamine in patients 
who are unable to exercise and in those unable to achieve adequate heart rates 
with exercise.

Stress Cardiac Magnetic Resonance Imaging (Chapter 50)
Pharmacologic stress perfusion with CMR imaging is becoming increasingly 
available in many centers and may provide additional diagnostic capability in 
detecting the presence of structural heart disease, in addition to suspected 
coronary artery disease. CMR with gadolinium enhancement is the most 
accurate way to diagnose a scar from a prior MI (see Fig. 50-13).

Diagnostic Coronary Angiography
Despite the continued evolution of noninvasive diagnostic testing, invasive 
coronary angiography (Chapter 51) remains the “gold standard” for anatomic 

Nuclear Cardiology Imaging
Stress myocardial perfusion imaging (Chapter 50) with single-photon emis-
sion computed tomography (SPECT) with simultaneous electrocardiographic 
testing (see Fig. 50-8) is particularly helpful in the diagnosis of coronary artery 
disease in patients with abnormal resting ECGs and among those in whom 
ST segment responses cannot be interpreted accurately, such as patients with 
repolarization abnormalities caused by LV hypertrophy, those with left bundle 
branch block, and those receiving digitalis. Its sensitivity and specificity are 
superior to exercise electrocardiography alone in detecting coronary artery 
disease (especially multivessel disease), in identifying regional perfusion defects 
that may localize to and correlate with diseased vessels, and in delineating the 
magnitude and extent of ischemic and infarcted myocardium. Treadmill testing 
is preferred for patients who are capable of performing such physical activity 
because of the additional diagnostic and prognostic information achieved 
with graded exercise. In the 40 to 50% of patients who are unable to exercise 
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FIGURE 62-4. Approximate probabilities of coronary artery disease in different patient 
groups. A, Approximate probability of coronary artery disease before and after nonin-
vasive testing in a patient with typical angina pectoris. these percentages demonstrate 
how the sequential use of an electrocardiogram (ecg) and an exercise thallium test may 
affect the probability of coronary artery disease in a patient with typical angina pectoris. 
B, Approximate probability of coronary artery disease before and after noninvasive testing 
in a patient with atypical angina symptoms. C, Approximate probability of coronary artery 
disease before and after noninvasive testing in an asymptomatic subject in the coronary 
artery disease age range. (redrawn from branch Wb Jr, ed. Office Practice of Medicine. 3rd 
ed. Philadelphia: Wb saunders; 1994:45.)

TABLE 62-6 SUGGESTED NONINVASIVE TESTS IN DIFFERENT 
TYPES OF PATIENTS WITH STABLE ANGINA

Exertional angina, mixed angina, 
walk-through angina, postprandial 
angina with or without prior 
myocardial infarction
Normal resting ECG Treadmill exercise ECG test
Abnormal, uninterpretable resting 

ECG
Exercise myocardial perfusion 

scintigraphy (201Tl, 99mTc-sestamibi) or 
exercise echocardiography

Unsuitable for exercise Dipyridamole, adenosine, or 
regadenoson myocardial perfusion 
scintigraphy; dobutamine stress 
echocardiography

Atypical chest pain with normal or 
borderline abnormal resting ECG or 
with nondiagnostic stress ECG, 
particularly in women

Exercise myocardial perfusion 
scintigraphy, exercise 
echocardiography

Vasospastic angina ECG during chest pain, ST segment 
ambulatory ECG, exercise test

Dilated ischemic cardiomyopathy with 
typical angina or for assessment of 
hibernating or stunned myocardium

Regional and global ejection fraction by 
radionuclide ventriculography or 
two-dimensional echocardiography, 
radionuclide myocardial perfusion 
scintigraphy; in selected patients, flow 
and metabolic studies with positron 
emission tomography

Syndrome X Treadmill exercise stress ECG, coronary 
blood flow by positron emission 
tomography, Doppler probe

Known severe aortic stenosis or severe 
hypertrophic cardiomyopathy with 
stable angina

Exercise stress tests contraindicated; 
dipyridamole, adenosine, or 
regadenoson myocardial perfusion 
scintigraphy in selected patients; 
coronary angiography preferred

Mild aortic valvular disease or 
hypertrophic cardiomyopathy with 
typical exertional angina

“Prudent” treadmill myocardial perfusion 
scintigraphy; dipyridamole, adenosine, 
or regadenoson myocardial perfusion 
scintigraphy

ECG = 12-lead electrocardiogram.
Modified from Braunwald E, Goldman L, eds. Primary Care Cardiology. 2nd ed. Philadelphia: WB 
Saunders; 2003.
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is present. This technique may be useful when there is a borderline (50 to 
60%) visual coronary stenosis at angiography, particularly if such a stenosis 
subtends an ischemic myocardial segment observed on noninvasive testing. 
An FFR below 0.8 is generally considered to represent a sufficiently important 
reduction in coronary flow to justify proceeding to percutaneous coronary 
intervention (Chapter 65) to reduce symptoms and the subsequent need for 
urgent revascularization. A5  By contrast, an FFR of 0.8 or higher would indicate 
that myocardial revascularization of the stenotic coronary artery would be of 
little benefit clinically.

Risk Stratification
Clinical and noninvasive criteria can be used in a complementary fashion to 
refine the estimate of risk for the individual patient with stable ischemic heart 
disease (Table 62-8). Clinical characteristics that include age, male sex, diabetes 
mellitus, previous MI, and symptoms typical of angina are predictive of the 
presence of coronary artery disease. Heart failure and LV dysfunction (gener-
ally defined by an ejection fraction <50%), the severity and extent of angina, 
and associated symptoms such as dyspnea are also important predictors of 
outcome in patients with stable ischemic heart disease.

The simple classification of disease into single-, double-, or triple-vessel or 
left main coronary artery disease remains the most widely used approach 
(Table 62-9). Additional prognostic information is provided by the severity 
and extent of coronary luminal narrowing and its location. For example, high-
grade lesions of the left main coronary artery or its equivalent, as defined by 
severe proximal left anterior descending and proximal left circumflex coronary 
artery disease, are particularly life-threatening. The SYNTAX trial has permit-
ted the identification of subsets of coronary artery disease patients into three 
tertiles of low-, moderate-, and high-risk anatomic findings based on multiple 
lesional characteristics (see Tables 62-8 and 62-9). However, the plaque causing 
the most severe chronic stenosis is not necessarily the one that will subse-
quently rupture to cause ACS or acute MI.

definition of coronary artery disease. Among patients with the clinical diagnosis 
of stable ischemic heart disease referred for coronary angiography, a 70% or 
more luminal diameter narrowing is found in one (about 25%), two (about 
25%), or all three (about 25%) epicardial coronary arteries in about 75% of 
cases; another 5 to 10% of patients have obstruction of the left main coronary 
artery; and the remaining 15 to 20% have no flow-limiting coronary obstruc-
tions. These data emphasize the persisting role of coronary angiography for 
diagnostic purposes (Table 62-7), but angiography is also helpful for risk 
stratification in patients with clear-cut angina and ischemic heart disease. In 
patients with less severe coronary stenoses (i.e., 50 to 70% on angiography), 
coronary intravascular ultrasonography (see Fig. 51-2) can substantially enhance 
the quantification of obstruction and vulnerability of the coronary atheroma 
to future instability. Alternatively, an invasive physiologic approach with use 
of a pressure wire positioned proximal and distal to a coronary stenosis can 
measure the severity of the stenosis and determine whether functionally sig-
nificant flow reduction (i.e., a decreased fractional flow reserve [FFR] <0.8) 

TABLE 62-7 CORONARY ANGIOGRAPHY FOR DIAGNOSIS 
AND RISK STRATIFICATION IN PATIENTS WITH 
CHRONIC ANGINA AND STABLE ISCHEMIC 
HEART DISEASE

FOR INITIAL DIAGNOSTIC INDICATION

recommended on the basis of evidence or general consensus
Patients with suspected angina and evidence of intermediate-high risk, moderate-

severe ischemia on noninvasive testing, or a changing angina pattern who have 
survived sudden cardiac death or serious ventricular arrhythmia

Weight of evidence or opinion is in Favor
Uncertain diagnosis after noninvasive testing, and the benefit of a more certain 

diagnosis outweighs the risk and cost of coronary angiography
Inability to undergo noninvasive testing because of disability, illness, or morbid 

obesity
Occupational requirement for a definitive diagnosis
Suspected nonatherosclerotic cause of myocardial ischemia
Suspicion of a coronary spasm
High pretest probability of left main or three-vessel disease
Recurrent hospitalization for chest pain in the absence of definitive diagnosis
Overriding desire for a definitive diagnosis and a greater than low probability of 

CAD
not recommended
Significant comorbidity in patients in whom the risk of coronary arteriography 

outweighs the benefit of the procedure
Overriding personal desire for a definitive diagnosis and a low probability of CAD
FOR INITIAL RISK STRATIFICATION OR TREATMENT INDICATION

recommended on the basis of evidence or general consensus
With disabling (CCS class III and class IV) chronic stable angina despite medical 

therapy
With high-risk criteria on noninvasive testing regardless of anginal severity
Patients with angina who have survived sudden cardiac death or serious ventricular 

arrhythmia
Angina and symptoms and signs of congestive heart failure
Clinical characteristics that indicate a high likelihood of severe CAD
Weight of evidence or opinion is in Favor
Significant left ventricular dysfunction (EF < 45%), CCS class I or class II angina, 

and demonstrable ischemia but less than high-risk criteria on noninvasive testing
High-risk criteria suggesting ischemia on noninvasive testing
Inadequate prognostic information after noninvasive testing
Clinical characteristics that indicate a high likelihood of severe CAD
CCS class I or class II angina, preserved left ventricular function (EF > 45%), and 

less than high-risk criteria on noninvasive testing
CCS class III or class IV angina that improves to class I or class II with medical 

therapy
CCS class I or class II angina but intolerance (unacceptable side effects) to adequate 

medical therapy
not recommended
CCS class I or class II angina in patients who respond to medical therapy and who 

have no evidence of ischemia on noninvasive testing
Patients who prefer to avoid revascularization after adequate explanation
CAD = coronary artery disease; CCS = Canadian Cardiovascular Society; EF = ejection fraction.
Modified from Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the 
management of patients with chronic stable angina—summary article: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines (Committee 
on Management of Patients with Chronic Stable Angina). Circulation. 2003;107:149-158.

TABLE 62-8 USING THE RESULTS OF NONINVASIVE RISK 
STRATIFICATION TO GUIDE CLINICAL DECISION 
MAKING

HIGH RISK (>3% ANNUAL MORTALITY RATE)

Severe resting left ventricular dysfunction (LVEF < 35%)
High-risk treadmill score (≤−11)*
Severe exercise left ventricular dysfunction (exercise LVEF <35%)
Stress-induced large perfusion defect (particularly if anterior)
Stress-induced multiple perfusion defects of moderate size
Large, fixed perfusion defect with left ventricular dilation or increased lung uptake 

(201Tl)
Stress-induced moderate perfusion defect with left ventricular dilation or increased 

lung uptake (201Tl)
Echocardiographic wall motion abnormality (involving more than two segments) 

developing at low dose of dobutamine or at a low heart rate (<120 beats/min)
Stress echocardiographic evidence of extensive ischemia
INTERMEDIATE RISK (1-3% ANNUAL MORTALITY RATE)

Mild to moderate resting left ventricular dysfunction (LVEF = 35-49%)
Intermediate-risk treadmill score (−11 < score < 5)*
Stress-induced moderate perfusion defect without left ventricular dilation or 

increased lung intake (201Tl)
Limited stress echocardiographic ischemia with a wall motion abnormality only at 

higher doses of dobutamine involving two segments or less

LOW RISK (<1% ANNUAL MORTALITY RATE)

Low-risk treadmill score (≥5)*
Normal or small myocardial perfusion defect at rest or with stress†

Normal stress echocardiographic wall motion or no change of limited resting wall 
motion abnormalities during stress†

*Score = (duration of exercise in minutes) − (5 × mm of ST segment depression) − (4 × angina 
score), where 0 = no angina, 1 = nonlimiting angina, and 2 = angina that causes discontinuation of 
the test.
†Although the published data are limited, patients with these findings will probably not be at low 
risk in the presence of either a high-risk treadmill score or severe resting left ventricular dysfunction 
(LVEF < 35%).
LVEF = left ventricular ejection fraction.
From Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline update for the 
management of patients with chronic stable angina—summary article: a report of the American 
College of Cardiology/American Heart Association Task Force on practice guidelines (Committee 
on the Management of Patients with Chronic Stable Angina). J Am Coll Cardiol. 2003;41:159-168.

TREATMENT 



CHAPTER 62 AnginA Pectoris And stAble ischemic heArt diseAse 373

Comprehensive management of angina and stable ischemic heart disease 
(Fig. 62-5) entails multiple therapeutic approaches to the identification and 
treatment of associated diseases that can precipitate or worsen angina and 
ischemia (Table 62-10): cardiac risk factor identification and intervention; appli-
cation of pharmacologic and nonpharmacologic interventions for secondary 
prevention; pharmacologic and symptomatic management of angina and 
ischemia; and myocardial revascularization with percutaneous coronary inter-
vention (PCI) or coronary artery bypass graft (CABG) surgery, when indicated 
(Table 62-11). A multidimensional management approach integrates all of these 
considerations, often simultaneously, in each patient. Among pharmacothera-
pies, three drug classes are classified as being “disease modifying” in that they 
have been demonstrated to reduce mortality and morbidity in patients with 
stable ischemic heart disease and preserved LV function: antiplatelet agents 
such as aspirin; inhibitors of the renin-angiotensin-aldosterone system, especially 
angiotensin-converting enzyme (ACE) inhibitors; and effective lipid-lowering 
agents, principally statins. Other therapies, such as nitrates, β-blockers, calcium 
antagonists, and ranolazine, can reduce myocardial ischemia, ameliorate or 
prevent angina, and improve exercise performance, but they have not been 
shown to reduce mortality in patients with stable ischemic heart disease.

Disease-Modifying Therapies
Careful attention to lifestyle and the management of coronary risk factors 

is essential (Fig. 62-6). Such secondary prevention strategies can reduce the 
risk of progressive coronary disease, morbidity, and mortality.

drugs that Alter lipid metabolism
Each 1% increase in the LDL cholesterol level results in a 2 to 3% increase 

in risk for coronary events (Chapter 46). Large, randomized clinical trials in 
patients with ischemic heart disease have shown a consistent and significant 
reduction in mortality and cardiac events with statin therapy (Chapter 195). 
Patients with stable angina should routinely be treated with statins9 (see Table 
195-3). Current U.S. guidelines recommend high-dose statin therapy (e.g., ator-
vastatin up to 80 mg per day or rosuvastatin up to 40 mg per day) without 
monitoring of LDL levels. By comparison, European guidelines generally recom-
mend monitoring LDL levels, often to a target of less than 70 mg/dL. With the 
recent documentation of additional benefit from ezetimibe and PCSK9 antago-
nists, most U.S. cardiologists have also adopted this targeted approach.10

Ezetimibe added to statins lowers LDL and reduces subsequent cardio-
vascular events in patients who have survived an acute coronary syn-
drome, A6  even when statins have reduced LDL levels to 50 to 125 mg/dL. Whether 
they will be similarly efficacious in patients with stable angina is unproven but 
likely. PCSK9 antagonists, which can reduce LDL levels by 60%, are an effective 
option for patients with elevated LDL levels despite oral agents (Chapter 195). A7 

Despite the epidemiologic link of LDL with coronary disease events, other 
lipid-lowering agents targeted to reduce triglycerides or raise HDL cholesterol 
have not been proved to provide incremental clinical benefit over and above 
that achieved with statins. These agents include bile acid sequestrants, fibrates, 
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TABLE 62-9 CORONARY ARTERY DISEASE PROGNOSTIC 
INDEX

EXTENT OF CORONARY  
ARTERY DISEASE 5-YEAR MORTALITY RATE (%)*
1-vessel disease, 75% 7
>1-vessel disease, 50-74% 7
1-vessel disease, ≥95% 9
2-vessel disease 12
2-vessel disease, both ≥95% 14
1-vessel disease, ≥95% proximal LAD 17
2-vessel disease, ≥95% LAD 17
2-vessel disease, ≥95% proximal LAD 21
3-vessel disease 21
3-vessel disease, ≥95% in at least 1 27
3-vessel disease, 75% proximal LAD 33
3-vessel disease, ≥95% proximal LAD 41
*Assuming medical treatment only.
LAD = left anterior descending coronary artery.
From Califf RM, Armstrong PW, Carver JR, et al. Task Force 5: stratification of patients into high, 
medium and low risk subgroups for purposes of risk factor management. J Am Coll Cardiol. 
1996;27:1007-1019.

and various fish oil preparations (Chapters 195). However, a pure eicosapen-
taenoic acid derivative (an icosapent ethyl ester) can reduce cardiovascular 
death, MI, and stroke and all-cause mortality when added to statins in patients 
with stable ischemic heart disease, well-controlled LDL levels (40-100 mg/dL), 
and elevated baseline triglycerides (135-500 mg/dL). A8  For selected high-risk 
subgroups whose LDL cholesterol levels are at goal but who have persistently 
elevated triglyceride levels and/or non-HDL cholesterol levels, fibrates may be 
added as adjunctive lipid lowering therapy. Drug therapy that elevates HDL 
levels with either niacin or cholesteryl ester transfer protein inhibitors has been 
universally disappointing.

Angiotensin-converting enzyme inhibitors
ACE inhibitors and angiotensin receptor blockers (see Table 70-5) reduce 

cardiac events, cardiovascular mortality, and all-cause mortality in patients with 
risk factors for or with previously diagnosed coronary artery disease, including 
high-risk patients with vascular disease or diabetes and patients with stable 
coronary artery disease and no clinical evidence of heart failure. However, the 
incremental benefit of such agents in otherwise well-treated patients with stable 
ischemic heart disease and no other indications for them is unclear. A9 

Antiplatelet Agents and Anticoagulants
Aspirin reduces the risk of adverse cardiovascular events by 33% in patients 

with stable angina. The reduction in vascular events is comparable for doses 
of 75 to 150 mg daily and 160 to 325 mg daily, but daily doses of less than 
75 mg have less benefit. Therefore, in the absence of contraindications, aspirin, 
75 to 325 mg once daily, should be administered routinely in all patients with 
angina and stable ischemic heart disease.

Dual antiplatelet therapy appears to be preferable to aspirin alone.11 Although 
clopidogrel and ticagrelor (Chapter 76) are of proven benefit when combined 
with aspirin to reduce the composite end point of death, MI, or stroke in ACS 
patients and in patients who undergo PCI, especially with drug-eluting stents 
(Chapters 63 and 65), these agents have not been shown to be superior to 
low-dose (75 to 162 mg/day) aspirin alone in patients with angina and stable 
ischemic heart disease. However, ticagrelor 60 to 90 mg daily when added to 
low-dose aspirin in patients with a history of prior myocardial infarction (1 to 3 
years) is superior to aspirin alone for reducing a primary composite end point of 
MI, stroke, or death from cardiovascular causes. A10  In addition, clopidogrel should 
be used for patients who cannot tolerate aspirin or have aspirin insensitivity.

Low-dose rivaroxaban (2.5 mg twice daily) combined with low-dose aspirin 
(81-100 mg daily) is superior to aspirin alone for reducing the composite primary 
endpoint of cardiovascular death, MI, or stroke, A11  including a 23% reduction 
in death in patients with stable coronary artery disease, A12  although it causes 
more bleeding. Warfarin is generally as effective as aspirin for preventing coro-
nary events in patients with angina and is preferred to aspirin for patients with 
concomitant atrial fibrillation (Chapter 58), but it is associated with a higher 
risk of bleeding. Combination therapy with warfarin plus aspirin is superior to 
aspirin alone if the international normalized ratio is maintained above 2.0, but 
the benefit of the combination must be weighed against a 1 per 100 patient-
years risk of bleeding.

therapeutic Agents to reduce Angina and ischemia
The goal of antianginal therapy is to reduce symptoms of cardiac ischemia 

and to improve quality of life.12,13 β-Blockers, which prevent the binding of 
catecholamines to the β-adrenergic receptor, lower heart rate and myocardial 
contractility, thereby reducing myocardial workload, myocardial oxygen demand, 
and ischemia and anginal symptoms. β-Blockers raise the ischemic threshold and 
delay or prevent the onset of angina with exercise. β-Blockers also reduce the 
rate of secondary cardiac events and sudden cardiac death in post-MI patients, 
but to date there have been no placebo-controlled outcome trials in angina 
patients. All β-blockers appear to be equally effective in patients with chronic 
stable angina (Table 62-12). The β-blocker dose should be titrated to a target 
resting heart rate of 50 to 60 beats per minute as tolerated by the patient.

Calcium-channel blockers (Table 62-13) reduce afterload by their peripheral 
vasodilatory effects and thus lower myocardial workload and myocardial oxygen 
demand. Calcium-channel blockers also reduce coronary vascular resistance 
and inhibit coronary vasospasm by preventing coronary arterial smooth muscle 
contraction. This favorable reduction in myocardial oxygen demand, coupled 
with an increase in myocardial oxygen supply, results in a reduction in angina 
and ischemia. Non-dihydropyridine calcium-channel blockers, such as verapamil 
and diltiazem, also reduce heart rate. Conversely, dihydropyridine calcium-
channel antagonists, such as amlodipine, have greater effect on vascular smooth 
muscle, are better peripheral and coronary vasodilators, and hence may have 
advantages for use in the hypertensive patient with angina. In randomized 
clinical trials, calcium-channel blockers and β-blockers are generally equally 
effective in relieving angina, improving time to onset of angina, and improving 
time to ischemic ST depression during exercise. Because calcium-channel block-
ers have not been shown to reduce death or MI in patients with stable or previ-
ously unstable ischemic heart disease, these agents are usually used in patients 
who cannot tolerate β-blockers or who require additional pharmacotherapy 
to control their symptoms. When calcium-channel blockers are used with 
β-blockers, care must be taken not to cause symptomatic bradycardia with 
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Yes Yes

Yes

ANTIANGINAL
DRUG TREATMENT

EDUCATION AND
RISK FACTOR
MODIFICATION

Initiate education
program

Aspirin 81 to 325 mg qd
if no contraindication

Serious adverse effect
or contraindication

Smoking cessation
program (Chapter 29)

Cigarette
smoking?

Yes
Cholesterol

high? See Chapter 195

See Chapter 70

Clopidogrel

Sublingual NTG

History suggests
vasospastic 

(Prinzmetal) angina?

Medications or
conditions that

provoke or
exacerbate angina?

β-Blocker therapy
(especially if prior MI
or other indication)

if no contraindication
(Table 62-12)

Serious
contraindication

Add or substitute
Ca2+ channel blocker

or ranolazine
if no contraindication

(Table 62-13)

 Ca2+ channel blocker,
long-acting nitrate therapy

Treat
appropriately

Successful
treatment?

Serious
contraindication

Add long-acting
nitrate therapy if no

contraindication
(Table 62-14)

Consider
revascularization

therapy**
(Chapter 65)

No

Yes

Yes

Yes

Yes

Yes

Continue medical
treatment unless

there is a prognostic
indication for  

revascularization
(Table 62-11)

Yes

No

No

No

No

Yes

Blood
pressure

high?

No

Chest pain:
Intermediate to high probability
   of coronary artery
High-risk CAD unlikely
Risk stratification complete or
   not required

Yes

Routine follow-up including
(as appropriate) diet, exercise

program, diabetes management

*Conditions that exacerbate or provoke angina:
Medications: Other medical problems: Other cardiac problems:
Vasodilators Profound anemia Tachyarrhythmias
Excessive thyroid replacement Uncontrolled hypertension Bradyarrhythmias
Vasoconstrictors Hyperthyroidism Valvular heart disease (espec. AS)

Hypoxemia Hypertrophic cardiomyopathy

No

**At any point in this process, based on coronary anatomy, severity of anginal symptoms, and patient preferences, it is
reasonable to consider evaluation for coronary revascularization. Unless a patient is documented to have left main,
three-vessel, or two-vessel CAD with significant stenosis of the proximal left anterior descending coronary artery,
there is no demonstrated survival advantage associated with revascularization in low-risk patients with chronic stable
angina; thus, medical therapy should be attempted in most patients before considering PTCA or CABG.

Successful
treatment?

Successful
treatment?

Successful
treatment?

FIGURE 62-5. Algorithm for the treatment of stable angina. As = aortic stenosis; cAbg = coronary artery bypass graft; cAd = coronary artery disease; mi = myocardial infarction; 
ntg = nitroglycerin; PtcA = percutaneous transluminal coronary angioplasty. (modified from American college of cardiology/American heart Association task Force on Practice guide-
lines. management of Patients with chronic stable Angina. ACC/AHA/ACP-ASIM Pocket Guidelines. Philadelphia: elsevier science; 2000.)

verapamil and diltiazem. When calcium-channel blockers are used alone, dil-
tiazem is often preferred because dihydropyridine calcium-channel blockers 
can increase the heart rate.

Nitrates (Table 62-14) continue to be widely prescribed for antianginal treat-
ment and are effective when they are administered sublingually, orally, or topi-
cally.14 They act as vasodilators by entering vascular smooth muscle, where they 
are metabolized to nitric oxide, which relaxes vascular smooth muscle, including 
in coronary arteries. These effects reduce angina by improving coronary blood 
flow. Nitrates also lower preload because of their venodilatory effects, with a 
resulting reduction in LV end-diastolic pressure and wall tension, which in turn 
lowers subendocardial oxygen demand. When nitrates are used in patients with 

stable angina, they improve exercise tolerance, time to onset of angina, and ST 
segment depression during treadmill exercise testing. Long-acting nitrates, which 
are frequently combined with β-blockers and calcium-channel blockers, have 
additive antianginal and anti-ischemic effects in patients with stable ischemic 
heart disease. Sublingual nitroglycerin or oral spray can terminate an angina 
attack and can be used as prophylaxis to prevent exertional angina. Long-acting 
nitrates administered orally or transdermally are used to prevent angina and to 
improve exercise tolerance. For avoidance of nitrate tolerance or tachyphylaxis, 
an 8- to 12-hour nitrate-free interval daily is recommended. Nitroglycerin and 
nitrates can cause vasodilation-induced headache, a decrease in blood pressure, 
and, more rarely, severe hypotension with bradycardia due to activation of the 
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TABLE 62-11 CURRENT RECOMMENDATIONS FOR 
MYOCARDIAL REVASCULARIZATION IN 
PATIENTS WITH CHRONIC STABLE ANGINA

CABG SURGERY VERSUS MEDICAL THERAPY

Among patients with medically refractory angina pectoris, CABG surgery is 
indicated for symptom improvement.

Among patients with medically stable angina pectoris, CABG surgery is indicated to 
prolong life in left main coronary artery disease or three-vessel disease (regardless 
of left ventricular function) and, possibly, to help symptoms.

CABG surgery may be indicated for prolongation of life if the proximal left anterior 
descending coronary artery is involved (regardless of the number of diseased 
vessels).

CABG surgery may reduce the composite end point of death, myocardial infarction, 
or stroke in diabetic patients with extensive multivessel (two- to three-vessel) 
coronary artery disease compared with medical therapy.

CABG surgery can reduce symptoms, cardiovascular events, and death in diabetic 
patients with stable angina.

PCI VERSUS MEDICAL THERAPY

For the initial management of patients with stable ischemic heart disease, PCI does 
not reduce the risk of death, myocardial infarction, or other major cardiovascular 
events when it is added to optimal medical therapy.

Among patients with symptomatic angina pectoris, PCI is indicated to improve 
symptoms.

PCI may be indicated in the presence of severe myocardial ischemia, regardless of 
symptoms. PCI does not appear to improve survival compared with medical 
treatment among patients with one- or two-vessel disease.

In the absence of symptoms or myocardial ischemia, PCI is not indicated (merely for 
the presence of an anatomic stenosis).

PCI VERSUS CABG SURGERY

For single-vessel disease, PCI and CABG surgery provide excellent symptom relief, 
but repeated revascularization procedures are required more frequently after PCI. 
Intracoronary stenting is preferred to regular PCI, but direct comparison with 
CABG surgery is limited.

For treated diabetic patients with two- or three-vessel disease, CABG surgery is the 
treatment of choice.

For nondiabetic patients, multivessel PCI and CABG surgery are acceptable 
alternatives. The choice of PCI or CABG surgery for initial treatment depends 
primarily on local expertise and the patient’s and physician’s preferences.

In general, PCI is preferred for patients at low risk and CABG surgery for patients at 
high risk.

CABG = coronary artery bypass graft; PCI = percutaneous coronary intervention.

vagal Bezold-Jarisch reflex. Because the vasodilation by nitroglycerin is markedly 
exaggerated and prolonged in the presence of the phosphodiesterase inhibitors 
sildenafil (Viagra), vardenafil (Levitra), and tadalafil (Cialis), these agents and 
nitrates should not be used concurrently.

Ranolazine (initiated at a dose of 500 mg twice daily and titrated up to a 
maximal dose of 1000 mg twice daily) acts by reducing intracellular calcium 
overload in ischemic myocytes by inhibiting late inward sodium current entry. 
The net effect of reduced late inward sodium current is a reduction in LV wall 
tension and myocardial oxygen demand, thereby reducing angina and ischemia. 
Ranolazine increases exercise tolerance in patients with stable angina, reduces 
episodes of recurrent ischemia, and provides additional antianginal benefit in 
patients who are already receiving intensive antianginal therapy with β-blockers 
and calcium-channel blockers, but it has not been shown to reduce the rates 
of ischemia-driven hospitalizations or coronary revascularizations. A13  Whether 
ranolazine can reduce death, MI, or recurrent ischemia compared with placebo 
in patients with chronic angina is unproven.

treating inflammation
Injections of a monoclonal antibody (canakinumab) targeting interleukin-

1beta (IL-1β), administered in combination with standard of care (including 

lipid lowering therapy) in patients with a prior MI and an hsCRP greater than 
or equal to 2 mg/L, reduces the primary composite end point of nonfatal MI, 
stroke, and cardiovascular death by 15% during a median 3.7 years of follow-
up. A14  By comparison, a randomized trial of low-dose methotrexate reduced 
neither inflammatory biomarkers nor cardiovascular events. A15  Thus, whether 
the treatment of inflammatory pathways will become a part of standard care 
is uncertain owing to their unknown concomitant effect on blood lipids.

Nonpharmacologic Treatment
Enhanced external counterpulsation (EECP) is an alternative treatment for 

patients with refractory angina. EECP is generally administered as 35 sequential 
treatments (1 hour daily; 5 days/week) during 7 weeks. EECP does not reduce 
ischemia on myocardial perfusion imaging, and the mechanisms underlying 
its effects are poorly understood. Possible mechanisms include durable hemo-
dynamic changes that reduce myocardial oxygen demand, improvement in 
myocardial perfusion by diastolic augmentation of retrograde coronary flow, 
and improved endothelial function. Although EECP increased the time to ST 
segment depression during exercise testing, reduced angina, and improved 
health-related quality of life for at least 1 year in one randomized, double-blind 
study of patients with chronic stable angina, its role in the treatment of angina 
remains unclear. In patients who have refractory angina despite medical therapy 
and are not candidates for revascularization, reduction of coronary venous 
return via the coronary sinus can potentially redistribute flow to areas of isch-
emic myocardium and is an experimental approach to reducing symptoms and 
improving quality of life.

Myocardial Revascularization
Coronary revascularization with CABG surgery (but not PCI) (Chapter 65) 

prolongs life, reduces major cardiovascular events, and improves health status, 
quality of life, and functional capacity in selected patients with chronic, stable 

TABLE 62-10 TREATMENT OF PATIENTS WITH STABLE 
ANGINA

GENERAL MEASURES

Rule out and control aggravating conditions
Associated noncardiac diseases
Associated cardiac disease
Use of drugs aggravating angina

Smoking cessation
Dietary counseling for body weight and lipid control
Exercise prescription
Treat to targets

Hypertension
Blood lipids
Diabetes

PHARMACOLOGIC THERAPY: RECOMMENDATIONS FOR 
PHARMACOTHERAPY TO PREVENT MI AND DEATH AND TO REDUCE 
SYMPTOMS

recommended on the basis of evidence or general consensus
Aspirin in the absence of contraindications
β-Blockers as initial therapy in the absence of contraindications in patients with prior 

MI or without prior MI
Angiotensin-converting enzyme inhibitor in all patients with CAD who also have 

diabetes or left ventricular systolic dysfunction
Low-density lipoprotein–lowering therapy in patients with documented or suspected 

CAD, with a target <55 mg/dL using high-potency statins, ezetimibe, and PCSK9 
inhibitors

Sublingual nitroglycerin or nitroglycerin spray for the immediate relief of angina
Calcium-channel antagonists or long-acting nitrates as initial therapy for reduction of 

symptoms when β-blockers are contraindicated
Calcium-channel antagonists or long-acting nitrates in combination with β-blockers 

when initial treatment with β-blockers is not successful
Calcium-channel antagonists and long-acting nitrates as a substitute for β-blockers if 

initial treatment with β-blockers leads to unacceptable side effects
Weight of evidence or opinion is in Favor
Rivaroxaban 2.5 mg twice daily added to low-dose (81-100 mg daily) aspirin
Clopidogrel when aspirin is contraindicated
Long-acting non-dihydropyridine calcium-channel antagonists instead of β-blockers 

as initial therapy
Weight reduction and increased physical activity in persons with the metabolic 

syndrome
Consider fibric acid derivatives for high-risk patients with elevated triglycerides if 

LDL-cholesterol is at target on statin therapy
Angiotensin-converting enzyme inhibitor in patients with CAD or other vascular 

disease
not recommended
Dipyridamole
Chelation therapy
CAD = coronary artery disease; HDL = high-density lipoprotein; LDL = low-density lipoprotein; 
MI = myocardial infarction.
From Fihn SD, Blankenship JC, Alexander KP, et al. 2014 ACC/AHA/AATS/PCNA/SCAI/STS 
focused update of the guideline for the diagnosis and management of patients with stable ischemic 
heart disease: a report of the American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines, and the American Association for Thoracic Surgery, Preventive 
Cardiovascular Nurses Association, Society for Cardiovascular Angiography and Interventions, and 
Society of Thoracic Surgeons. J Am Coll Cardiol. 2014;64:1929-1949.
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  Yes

No

Contraindication or
serious side effect

Cardiac rehab
program

Cigarette
smoking?

  Yes

No

No

Smoking cessation
program

Diet, exercise, 
and/or weight

reduction 
needed

Rx ACE inhibitor
in all subjects if no

contraindication

Rx β-blocker if
post-MI, ischemia, 

heart failure, or
arrhythmia present

(if no contraindication)

Check HbA1c in all
subjects with diabetes

Continue therapy with
periodic monitoring

(Chapter 216)

HbA1c ≤ 7%? Refer to diabetes specialist

Consider ARB in
individuals with heart
failure or LVEF < 40%

FIGURE 62-6. Approach to lifestyle interventions and pharmacotherapy. Ace = 
angiotensin-converting enzyme; Arb = angiotensin receptor blocker; hbA1c = hemoglobin 
A1c; lVeF = left ventricular ejection fraction; mi = myocardial infarction; rx = prescribe. 

TABLE 62-12 CLINICAL USE OF β-BLOCKERS

COMPOUND BY 
RECEPTOR ACTIVITY

INTRINSIC 
SYMPATHOMIMETIC 

ACTIVITY*
MEMBRANE 

STABILITY EFFECT HALF-LIFE (hr) EXCRETION USE

β1 AND β2

Propranolol − ++ 1-6 Hepatic 20-80 mg bid-tid
Propranolol long-acting − ++ 8-11 Hepatic 80-360 mg/day
Nadolol − − 40-80 Renal 40-80 mg/day
Pindolol + + 3-4 Renal 2.5-7.5 mg tid
Sotalol − − 7-18 Renal 40-160 mg bid
Timolol − − 4-5 Hepatic-renal 10-15 mg bid

β1 SELECTIVE

Acebutolol + + 3-4 Hepatic 200-600 mg bid
Atenolol − − 6-9 Renal 50-200 mg/day†

Bisoprolol − − 9-12 50% renal 5-20 mg/day
Metoprolol − − 3-7 Hepatic 50-200 mg bid
Metoprolol long-acting − − 14-25 Hepatic 25-400 mg
Esmolol − − 4.5 min Esterases in red cells Bolus 500 µg/kg

50-300 µg/kg/min IV

β1, β2, α2

Labetalol + − 6 Hepatic 200-600 mg bid
Carvedilol − + 6-10 Hepatic 25-50 mg bid
*Presence commonly associated with maintenance of or increase in heart rate; absence associated with decrease in heart rate.
†Atenolol may be used in older individuals at a lower dose of 25 mg once daily.
From Théroux P. Angina pectoris. In: Goldman L, Ausiello DA, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia: Saunders Elsevier; 2008.

ischemic heart disease who meet certain anatomic criteria: the presence of 
significant left main coronary artery disease, three-vessel coronary artery disease, 
or multivessel coronary artery disease in patients who have an LV ejection 
fraction below 50% or have diabetes.15

comparisons of Pci with optimal medical therapy
Numerous randomized clinical trials have compared PCI with medical therapy 

in patients who have stable coronary heart disease. PCI improves angina symp-
toms but does not reduce the risk of death, MI, or other major cardiovascular 
events when it is added to optimal medical therapy as an initial management 
strategy in patients with stable ischemic heart disease,  A16 

,
 A17  including patients 

with a chronic total occlusion of a major coronary artery. A18  As a result, optimal 
medical therapy to control symptoms is justifiable and more cost-effective for 
patients whose stable coronary disease is not associated with anatomic features 
for which revascularization with CABG has been shown to prolong life. For 
patients with stable angina and coronary lesions with reduced FFR below 0.8 
in one or more visually stenotic arteries (≥50% stenosis), initial PCI significantly 
reduces the need for hospitalization for urgent revascularization but has not 
been shown to reduce the composite end point of MI or death. Thus, intensive 
secondary prevention with proven pharmacotherapies combined with lifestyle 
modification is of paramount importance in reducing major cardiovascular 
events in such patients and must be considered the foundation of treatment.16

comparisons of cAbg with medical therapy
Randomized trials comparing CABG with medical therapy indicate that a 

greater severity of ischemia, a greater extent of anatomic coronary disease, 
and the presence of LV systolic dysfunction favor a greater magnitude of survival 
benefit of CABG over medical therapy. CABG prolongs survival in patients with 
significant left main coronary artery disease irrespective of symptoms, in patients 
with multivessel coronary artery disease and impaired LV function (ejection 
fraction < 50%), and in patients with two- or three-vessel coronary artery disease 
that includes the proximal left anterior descending coronary artery. Patients 
with extensive multivessel coronary artery disease appear to derive a survival 
benefit from CABG surgery, particularly if they also have diabetes, whereas PCI 
may be considered appropriate for symptom relief, particularly in patients with 
one- or two-vessel coronary artery disease. It is also worth emphasizing, however, 
that the randomized trials of CABG surgery compared with medical therapy 
were conducted more than 40 years ago, and subsequent improvements in 
both medical therapy and CABG surgery make it increasingly difficult to extrapo-
late these earlier findings to contemporary clinical practice.

comparisons of Pci with cAbg surgery for multivessel coronary 
Artery disease

In randomized trials that have compared PCI with CABG in patients with 
multivessel coronary artery disease, most excluded patients with significant 
left main coronary artery disease and were conducted in an era before the 
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TABLE 62-13 PROPERTIES OF CALCIUM-CHANNEL BLOCKING DRUGS IN CLINICAL USE

DRUGS USUAL DOSE
ELIMINATION  

HALF-LIFE (hr)

HEMODYNAMIC 
EFFECT

SIDE EFFECTSHR PVR
DIHYDROPYRIDINES

Nifedipine PA* 10-40 mg bid 10 ↑↑ ↓↓↓ Hypotension, dizziness, flushing, 
edema, constipation

Nifedipine XL* 30-120 mg/day 24 ↑ ↓↓

Amlodipine 2.5-10 mg/day 30-50 = ↓↓↓ Headache, edema
Felodipine 2.5-10 mg/day 11-16 ↑ ↓↓↓ Headache, dizziness
Isradipine 2.5-10 mg bid 8 = ↓↓↓ Headache, fatigue
Nicardipine 20-40 mg tid 2-4 ↑ ↓↓↓

Nicardipine SR* 30-60 mg bid 8-10 ↑ ↓↓ Headache, dizziness, flushing, edema
Nisoldipine 10-40 mg/day 7-12 = ↓↓↓ As for nifedipine
Nitrendipine 20 mg/day or bid 5-12 ↑ ↓↓↓ As for nifedipine
OTHERS

Bepridil 200-400 mg/day 24-40 ↓ ↓ Arrhythmias, dizziness, nausea
Diltiazem 30-90 mg tid 4-6 ↓ ↓ Hypotension, dizziness, bradycardia, 

edema
Diltiazem CD* 120-540 mg/day — ↓ ↓

Verapamil 80-160 mg tid 3-8 ↓ ↓↓

Verapamil SR* 120-480 mg/day — ↓ ↓↓ Hypotension, heart failure, edema, 
bradycardia

*PA, XL, SR, CD: long acting.
HR = heart rate; PVR = peripheral vascular resistance.
From Théroux P. Angina pectoris. In: Goldman L, Ausiello DA, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia: Saunders Elsevier; 2008.

TABLE 62-14 CLINICAL USE OF NITROGLYCERIN AND NITRATES
DOSE DURATION OF ACTION INDICATION

NITROGLYCERIN

Sublingual or buccal spray 0.15-1.5 mg Relief of angina Before or at onset of pain
Ointment 7.5-40 mg 8-12 hr Prophylaxis of angina
Transdermal 0.1-0.8 mg/hr 8-16 hr Prophylaxis of angina
Intravenous 5-400 µg/hr Ongoing; increasing doses as needed Recurrent chest pain, systemic hypertension, left-sided heart failure
ISOSORBIDE DINITRATE

Oral 5-40 mg tid 6-8 hr Prophylaxis of angina
ISOSORBIDE-5-MONONITRATE

Oral 20 mg bid 8-12 hr Prophylaxis of angina
Oral, slow release 30-240 mg/day 12-20 hr Prophylaxis of angina
From Théroux P. Angina pectoris. In: Goldman L, Ausiello DA, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia: Saunders Elsevier; 2008.

advent of stents and other advances in PCI technology, including newer adjunc-
tive medical therapies that are increasingly in widespread clinical use. In patients 
with severe three-vessel disease or left main disease randomized to either CABG 
surgery or PCI with a paclitaxel drug-eluting stent, CABG significantly reduced 
the end point of cardiac death, recurrent MI, and repeated revascularization in 
the CABG-treated patients with multivessel disease, especially in patients with 
diabetes. A19  In a large randomized trial of diabetic patients with multivessel 
but stable ischemic heart disease, CABG significantly reduced both death and 
MI, as well as the composite of death, MI, and stroke, as compared with PCI 
during up to 5-years of follow-up. A20  In addition, a pooled analysis of diabetic 
patients showed that CABG surgery is superior to both PCI and optimal medical 
therapy in reducing the composite outcome of death or MI in stable ischemic 
heart disease patients with two-and three-vessel coronary disease during a 
5-year follow-up. A21 

In summary, among patients who remain symptomatic despite intensive 
treatment or who have substantial ischemia or extensive coronary artery disease, 
revascularization with either PCI or CABG is appropriate for subjects who have 
failed optimal medical therapy; however, if the goal of revascularization is 
improved survival or reduced clinical events, CABG surgery is clearly superior 
to PCI in symptomatic patients who have stable ischemic heart disease and 

who have more anatomically complex disease, including three-vessel or left 
main coronary artery disease and in diabetic patients with multivessel coronary 
disease (see Table 62-11; Chapter 64). Although PCI appears to provide equiva-
lent survival outcomes in lower risk patients (principally in patients with one- or 
two-vessel coronary disease), repeated procedures are more often needed 
during follow-up.

 OTHER ANGINAL SYNDROMES
Variant Angina or Prinzmetal Angina
The diagnosis of variant or Prinzmetal angina is based on the documentation 
of transient ST segment elevation during an episode of chest pain in the absence 
of a severe, fixed coronary stenosis.16 Prinzmetal variant angina typically is 
caused by an occlusive spasm superimposed on a coronary artery stenosis 
that otherwise does not limit blood flow significantly. In some patients, however, 
no underlying stenoses are seen. Associated Raynaud phenomenon and migraine 
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(95% confidence interval [CI], 1.7 to 2.1), with a 2.9% (95% CI, 2.6 to 3.2) 
rate of all-cause mortality and a 4.5% (95% CI, 4.2 to 4.8) rate of the combined 
outcome of cardiovascular death, MI, or stroke. Even in patients who have 
refractory angina and are not candidates for revascularization, modern medical 
treatment is associated with a 1-year mortality of only 4% and a 9-year mortal-
ity of 30%.

Recurrent angina is a common subsequent complaint in many patients with 
stable ischemic heart disease, even those who were initially treated successfully 
with PCI. About 30% of patients continue to experience angina one or more 
times per week, with associated greater physical limitation and worse quality 
of life, and almost 80% of patients who underwent initially successful PCI for 
chronic angina still take one or more antianginal agents at 1 year. Exercise 
rehabilitation may slightly increase exercise capacity but otherwise does not 
have any clear prognostic implications. A22 

Patients with chronic stable angina require follow-up on a regular basis (in 
general, at least every 6 to 12 months). At each visit, a detailed history and 
physical examination should be performed to discern any important develop-
ments such as:

•	 A	change	in	physical	activity
•	 Any	change	in	the	frequency,	severity,	or	pattern	of	angina
•	 Tolerance	of	and	adherence	to	the	prescribed	medical	regimen
•	 Modification	of	cardiac	risk	factors
•	 The	development	of	new	or	worsened	comorbid	illnesses
In addition to a lipid profile and blood glucose level, an electrocardiogram 

should be obtained if medications have changed, and echocardiography as 
well as electrocardiography is indicated if there are new findings on the history 
or physical examination. However, routine noninvasive surveillance is not 
needed in stable patients.

Selection of optimal treatment requires a full understanding of the potential 
risks and benefits of each treatment approach. In patients with stable symptoms 
who have not had an adequate trial of medical therapy (e.g., 8 to 12 weeks of 
multifaceted medical therapy and lifestyle intervention), such an initial approach 
of aggressive medical therapy and lifestyle intervention is strongly recom-
mended and supported by professional guidelines. Finally, it is important to 
emphasize that the results of randomized trials involving both pharmacotherapy 
and revascularization must be individualized for specific patients, while a 
multidisciplinary approach to clinical decision making can ensure that all 
therapeutic options are fully and transparently discussed so that patients are 
offered the most appropriate evidence-based treatment recommendations that 
are tailored to the level of ischemic risk and coronary anatomic findings.

headache have been described in some patients, suggesting that the syndrome 
may be part of a more generalized vasospastic disorder.

The chest discomfort occurs predominantly at rest, although approximately 
one third of patients may also experience pain during exercise. There is a 
predilection for the pain to wake the patient in the early morning hours when 
sympathetic activity is increasing. The syndrome is often cyclical; periods of 
exacerbation with repetitive episodes of chest pain may persist only for seconds 
or be more prolonged and severe, alternating with periods with few or no 
symptoms. The symptoms are typically relieved by nitroglycerin. The ST 
segment elevation accompanying the pain signifies transmural ischemia due 
to total abrupt occlusion of a nonsignificant epicardial coronary stenosis in 
the absence of adequate collateral circulation. The subsequent rapid reperfu-
sion may explain the high prevalence of severe life-threatening arrhythmias.

Coronary angiography, with a provocative test for spasm such as injection 
of acetylcholine into the affected coronary artery, usually precipitates the 
syndrome. Such testing is useful to establish the diagnosis and to assess the 
response to therapy, especially in patients with normal or nearly normal coro-
nary angiograms, in whom the diagnosis is otherwise unclear. Dihydropyridine 
calcium-channel blockers (e.g., amlodipine, 5 to 10 mg orally per day) are 
preferred in patients with Prinzmetal angina.

Microvascular Angina with Normal Coronary Angiography
Angina can occur despite normal coronary arteries, even after an acetylcholine 
challenge. The majority of patients who have angina but no detectable obstruc-
tive coronary artery disease on angiography have occult coronary abnormalities 
that can be detected by cardiac MR imaging17 or by a detailed coronary cath-
eterization. Such detailed testing may reveal increased coronary resistance 
and an inability to increase coronary resistance and to increase coronary flow 
in response to stimuli such as exercise, adenosine, dipyridamole, and atrial 
pacing.

Symptoms occur most frequently at rest and often in relation to emotional 
stress. Periods of exacerbation commonly alternate with symptom-free periods. 
The syndrome is more frequent in women, and some patients have an altered 
perception of pain or hypersensitivity to certain stimuli.

The diagnosis requires objective documentation of ischemia based on ST-T 
segment changes, a metabolic abnormality, a transient regional perfusion defect 
or new wall motion abnormality on echocardiography, or endothelial dysfunc-
tion that limits blood flow reserve. Abnormal endothelium-dependent vaso-
reactivity can be associated with regional myocardial perfusion defects on 
SPECT and PET imaging.

β-Blockers or heart rate-lowering calcium channel blockers may be useful, 
particularly when a relative tachycardia, hypertension, or decreased heart rate 
variability on Holter monitoring is present. Nitroglycerin can relieve symptoms 
in approximately 50% of patients, and long-acting nitrates are also sometimes 
helpful.

The prognosis is generally favorable and not different from that of a general 
age-matched population in the absence of coronary artery disease.18 However, 
some studies have indicated that an ischemic response to exercise is associated 
with increased mortality.

Silent Myocardial Ischemia
Up to 20% of patients with ischemic heart disease may not present with angina 
and are often described as having silent myocardial ischemia. Some patients 
are totally asymptomatic despite obstructive coronary artery disease, which 
may be severe. Others have silent ischemia after a prior documented MI. The 
third and most common form occurs in patients who may also exhibit the 
usual forms of chronic stable angina, unstable angina, and Prinzmetal angina. 
When monitored, these patients, who typically have silent ischemia episodes 
in addition to symptomatic ischemia, are sometimes referred to as having 
mixed angina. This mixed angina is estimated to be present in approximately 
one third of all treated patients with angina, although an even higher prevalence 
has been reported in diabetic patients. In these patients, about 85% of ambulant 
ischemic episodes occur without chest pain, and 66% of angina episodes are 
not accompanied by ST segment depression, suggesting that overt angina 
pectoris is merely the “tip of the ischemic iceberg.” Pharmacologic agents that 
reduce or abolish episodes of symptomatic ischemia also reduce or abolish 
episodes of silent ischemia.

 PROGNOSIS WITH OPTIMAL MANAGEMENT
Modern treatments have improved the prognosis of patients with stable ische-
mic heart disease to an annual mortality rate of 1 to 3% and a 1 to 2% rate of 
major ischemic events. The 1-year rate of cardiovascular death is now 1.9% 
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63 
ACUTE CORONARY SYNDROME: 
UNSTABLE ANGINA AND NON–ST 
ELEVATION MYOCARDIAL INFARCTION
RICHARD A. LANGE AND DEBABRATA MUKHERJEE

 DEFINITION
The term acute coronary syndrome (ACS) is used to describe the continuum 
of myocardial ischemia (unstable angina pectoris) or infarction (with or without 
concomitant ST segment elevation). The patient with unstable angina has 
cardiac chest pain that is new, worsening (i.e., more severe, prolonged, or 
frequent than previous episodes of angina), or occurring at rest, without sero-
logic evidence of myocyte necrosis—that is, no elevation of serum concentra-
tions of troponin or the MB isoenzyme of creatine kinase (CK-MB). The 
patient with cardiac chest pain with serologic evidence of myonecrosis and 
without ST segment elevation is said to have a non–ST segment elevation myo-
cardial infarction (MI). Because unstable angina and non–ST segment elevation 
MI are characterized by the absence of ST segment elevation, they are col-
lectively termed non–ST segment elevation ACS, or NSTE ACS (Fig. 63-1). 
The patient with acute-onset cardiac chest pain, serologic evidence of myo-
necrosis, and persistent (>20 minutes) ST segment elevation is said to have 
an ST segment elevation MI (Chapter 64).

 EPIDEMIOLOGY
Almost 1.2 million individuals in the United States are hospitalized annually 
with ACS, of whom approximately two thirds have NSTE ACS. More than 
half of those with NSTE ACS are older than 65 years, and almost half are 
women. NSTE ACS is more common in individuals with one or more risk 
factors for atherosclerosis (Chapter 46), peripheral vascular disease, or a chronic 
inflammatory disorder, such as rheumatoid arthritis, psoriasis, or infection.

Most subjects with ACS have so-called primary ACS, which is precipitated 
by rupture of a coronary arterial atherosclerotic plaque, with subsequent platelet 
aggregation and thrombus formation, leading in turn to diminished blood 
flow in the involved artery. An occasional individual has so-called secondary 
ACS, which is caused by a transient or sustained marked imbalance between 
myocardial oxygen supply and demand. Substantial reductions in oxygen 
supply, for example, can be caused by severe systemic arterial hypotension, 
anemia, or hypoxemia; dramatic increases in oxygen demand can be caused 
by tachycardia, severe systemic arterial hypertension, or thyrotoxicosis. In the 
subject thought to have secondary ACS, therapy should be directed at the 
underlying cause.

 PATHOBIOLOGY
The precipitating event in almost all subjects with NSTE ACS is coronary 
arterial atherosclerotic plaque rupture or erosion, with subsequent platelet 
aggregation and thrombus formation, leading to subtotal occlusion of the 
involved artery (Type 1 MI).1 In an occasional patient, total thrombotic occlu-
sion of the artery leads to NSTE ACS rather than to ST segment elevation 
MI when extensive collateral blood supply perfuses the region of myocardium 
that is distal to the occluded artery.

Some patients have mismatch between myocardial oxygen supply and demand 
caused by a secondary process other than coronary artery disease (Type 2 
MI). For example, intense vasospasm of a segment of an epicardial coronary 
artery, due to focal endothelial dysfunction (i.e., Prinzmetal angina) or drug 
ingestion (caused, for example, by cocaine, chemotherapeutic agents, or one 
of the serotonin receptor agonist “triptans”) causes a transient or sustained 
compromise of coronary arterial blood flow, with resultant NSTE ACS. Spon-
taneous coronary arterial dissection, which occurs most often in peripartum 
women and patients with vasculitis, may result in NSTE ACS.

Plaque Rupture
Coronary arterial atherosclerotic plaque rupture (Chapter 47) or erosion is 
the initiating event in most patients with NSTE ACS. Several factors may play 
a role in the deterioration of the protective fibrous cap that separates the 
atheroma in the vessel wall from the coronary arterial lumen. Local and sys-
temic inflammation, mechanical features, and anatomic changes contribute 
to the transformation of a stable atherosclerotic plaque to a so-called vulnerable 
plaque, the rupture of which triggers platelet adherence, activation, and aggre-
gation, with subsequent thrombus formation.

The deposition of oxidized low-density lipoprotein in the coronary arterial 
wall stimulates an inflammatory response, which results in the accumulation 
of macrophages and T lymphocytes at the plaque border. These inflammatory 
cells secrete cytokines (e.g., tissue necrosis factor, interleukin-1, interferon-γ), 
which inhibit collagen synthesis and deposition, as well as enzymes (e.g., 
matrix metalloproteinases and cathepsins), which promote collagen and elastin 
degradation, thereby rendering the overlying fibrous cap vulnerable to rupture.

Systemic inflammation may play a role in plaque rupture, as evidenced by 
the predisposition to development of ACS in individuals with chronic gingi-
vitis, rheumatoid arthritis, and chronic or acute infection. Angiographic and 
angioscopic studies of the coronary arteries of ACS patients often demonstrate 
plaque ulceration and thrombosis at more than one site, thereby suggesting 
that a systemic and diffuse inflammatory process is present.

The mechanical characteristics and location of coronary arterial plaques 
appear to influence their stability. For example, thin fibrous caps are more 
likely to erode or to rupture than are thick ones. Sites of low shear stress, such 
as vessel bifurcations, have reduced production of endothelial vasodilator 
substances (i.e., nitric oxide and prostacyclin), accelerated accumulation of 
lipids and inflammatory cells, increased degradation of the extracellular matrix, 
and thinning of the fibrous cap, all of which contribute to plaque instability.

Detailed histologic examination of evolving atherosclerotic plaques reveals 
a rich neovascularization that is the result of angiogenic peptides, such as 
fibroblast growth factors, vascular endothelial growth factor, placental growth 
factor, oncostatin M, and hypoxia-inducible factor, which are secreted by 
smooth muscle cells, inflammatory cells, and platelets. This neovascularization 
contributes to the growth of atheroma and to leukocyte trafficking, plaque 
hemorrhage, and destabilization.

Thrombus Formation
Platelets play a pivotal role in the pathobiology of ACS. After erosion or rupture 
of a vulnerable plaque, circulating platelets adhere to the exposed subendothelial 
proteins, after which they are activated. With activation, the platelets change 
shape from discoid to stellate, thereby increasing the surface area on which 
thrombin formation can occur. The platelets then release the contents of their 
intracellular granules (i.e., thromboxane, serotonin, adenosine diphosphate 
[ADP], von Willebrand factor, fibrinogen) into the immediate environment 
and promote focal vasoconstriction of the adjacent arterial segment and acti-
vation of nearby platelets. Platelets also increase the number of glycoprotein 
IIb/IIIa receptors on their surface and the affinity of these receptors to bind 
circulating fibrinogen. The result is platelet aggregation, which occurs as fibrino-
gen binds to the glycoprotein IIb/IIIa receptors of adjacent platelets, thereby 
creating a “platelet plug.”

With formation of the platelet plug, the coagulation system activates and 
generates thrombin, which is a powerful stimulator of further platelet 
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ABSTRACT
The term acute coronary syndrome (ACS) is used to describe the continuum 
of myocardial ischemia (unstable angina pectoris) or infarction (with or without 
concomitant ST segment elevation). The patient with unstable angina has 
cardiac chest pain that is new, worsening (i.e., more severe, prolonged, or 
frequent than previous episodes of angina), or occurring at rest, without sero-
logic evidence of myocyte necrosis—that is, no elevation of serum concentra-
tions of troponin or the MB isoenzyme of creatine kinase (CK-MB). The 
patient with cardiac chest pain with serologic evidence of myonecrosis and 
without ST segment elevation is said to have a non–ST segment elevation 
myocardial infarction (MI). Because unstable angina and non–ST segment 
elevation MI are characterized by the absence of ST segment elevation, they 
are collectively termed non–ST segment elevation ACS, or NSTE ACS.
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important goal of the physical examination is to exclude other potential causes 
of the patient’s symptoms, including both noncardiac causes (i.e., costochon-
dritis, pneumothorax, pulmonary embolism, pneumonia) and other cardiac 
disorders not attributable to myocardial ischemia (i.e., aortic dissection, peri-
carditis, severe systemic arterial hypertension, arrhythmias; Chapter 45). 
Accordingly, differences in blood pressure between the upper and lower limbs, 
decreased lung sounds, friction rubs, and pain on sternal palpation suggest a 
diagnosis other than NSTE ACS. Other findings on physical examination—
such as an elevated blood pressure, tachycardia, pallor, or increased sweating 
or tremor—point toward precipitating conditions, such as uncontrolled hyper-
tension (Chapter 70), arrhythmias (Chapters 58 and 59), anemia (Chapter 
149), or thyrotoxicosis (Chapter 213).

 DIAGNOSIS
The patient with suspected ACS should be evaluated promptly because an 
expedient and accurate diagnosis permits the timely initiation of appropriate 
therapy, which can reduce the rate of complications. The initial assessment 
should be directed at determining whether the subject’s symptoms are likely 
to be caused by myocardial ischemia, MI, or some other disorder. The likeli-
hood of ACS can be estimated from the history, physical examination, and 
electrocardiogram (ECG). In the acute setting, the presence or absence of 
traditional risk factors for atherosclerosis is less important for determining 
the presence or absence of ACS than are the patient’s symptoms, ECG find-
ings, and serologic evidence of myonecrosis. As a result, these long-term risk 
factors are not integral in determining whether an individual should be evalu-
ated, hospitalized, or treated for ACS. Conditions that increase the likelihood 
that the symptomatic patient is experiencing myocardial ischemia or MI include 
older age, diabetes mellitus, extracardiac vascular disease, and chest pain radi-
ating to the left arm, neck, or jaw as the presenting symptom. Myocardial 
ischemia is highly likely if anginal symptoms are accompanied by ECG abnor-
malities (i.e., Q waves, ST segment depression or elevation ≥1 mm in magnitude, 
or T wave inversion in multiple precordial leads) or elevated serum concentra-
tions of troponin or CK-MB.

In a patient with known coronary artery disease, typical symptoms are likely 
to be caused by myocardial ischemia or MI rather than by another condition, 

activation and aggregation. Thrombin also converts fibrinogen to fibrin, which 
is incorporated into the thrombus. Subtotal coronary arterial occlusion by 
this platelet-rich thrombus compromises blood flow in the involved artery, 
thereby resulting in an imbalance of oxygen supply and demand of the myo-
cytes perfused by the artery. Distal embolization of platelet-rich thrombi from 
the site of a ruptured plaque may contribute to the compromise in blood flow. 
If the supply-demand imbalance is transient, the involved myocytes become 
ischemic but do not die because the ischemia is of insufficient duration to 
cause necrosis. The patient typically complains of cardiac chest pain at rest, 
but serologic evidence of myonecrosis, as evidenced by elevated serum con-
centrations of troponin or CK-MB, is absent; a diagnosis of unstable angina 
is made. In contrast, if the supply-demand imbalance is sustained, ischemic 
myocytes begin to die, and infarction occurs. The patient typically complains 
of cardiac chest pain at rest, and serologic evidence of myonecrosis confirms 
the diagnosis of non–ST segment elevation MI.

 CLINICAL MANIFESTATIONS
Symptoms
The patient with NSTE ACS typically complains of retrosternal pressure, 
squeezing, or heaviness that may be intermittent and recurrent or persistent 
(Chapter 45). If the episodes are intermittent and recurrent, the duration of 
each episode may range from only a few minutes to several hours. The chest 
pain may radiate to the left arm, neck, or jaw, and it may be accompanied by 
diaphoresis, nausea, abdominal pain, dyspnea, or syncope.

Atypical presentations of NSTE ACS are not uncommon and may include 
aching or vague chest discomfort, epigastric pain, acute-onset indigestion, 
unexplained fatigue, or dyspnea. Such atypical complaints are often observed 
in younger (25 to 40 years of age) and older (>75 years of age) patients, women, 
and patients with diabetes mellitus, chronic renal insufficiency, or dementia.

Physical Examination
The patient with NSTE ACS often has normal findings on physical examina-
tion. On occasion, evidence of left ventricular dysfunction (Chapter 52), such 
as basilar rales or a ventricular gallop, hypotension, or peripheral hypoperfusion, 
may accompany an episode of NSTE ACS or appear shortly thereafter. An 
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with a negative troponin assay and a nonischemic ECG.  A2  Conversely, the 
patient who is believed to be at higher risk for ACS or who continues to have 
typical ischemic chest pain with ECG abnormalities or elevated cardiac bio-
markers should not undergo stress testing or coronary computed tomographic 
angiography but rather should either undergo coronary angiography or be 
rendered symptom free with medical therapy before stress testing.

An echocardiogram may be helpful in the patient with chest pain if the 
ECG is nondiagnostic (i.e., minimal ST segment or T wave abnormalities). 
If left ventricular hypokinesis or akinesis is observed during an episode of 
chest pain and then improves when symptoms resolve, myocardial ischemia 
is likely. In the patient with anterior T wave inversion of uncertain etiology, 
hypokinesis of the left ventricular anterior wall suggests that the observed T 
wave abnormality is due to a severe stenosis of the left anterior descending 
coronary artery. Because echocardiography can help evaluate and identify 
alternative causes for the patient’s chest pain (i.e., myocarditis [Chapter 54], 
aortic dissection [Chapter 69], or pulmonary embolism [Chapter 74]), it is 
recommended in patients whose diagnosis is uncertain.

Coronary Angiography
Coronary angiography (Chapter 51) should be performed in patients who 
are thought to be at high risk for death, MI, or recurrent ischemia in the 
ensuing days, weeks, and months (see later); in patients who have spontane-
ous or inducible myocardial ischemia despite appropriate medical therapy; 
and in patients who have a confusing or difficult clinical presentation and a 
subsequent inconclusive noninvasive evaluation. The results of angiography 
help determine whether revascularization is appropriate and, if so, whether 
it should be attempted by coronary artery bypass grafting or percutaneous 
coronary intervention (PCI) (Chapter 65).

In patients with NSTE ACS, coronary angiography demonstrates significant 
stenosis of the left main coronary artery in about 15% of patients, of all three 
major epicardial coronary arteries in about 30 to 35% of patients, of two of 
the three epicardial arteries in about 20 to 30% of patients, and of one major 
epicardial artery in 20 to 30% of patients. About 15% of patients have no 
coronary arterial narrowing of hemodynamic significance. Women with NSTE 
ACS are likely to have less extensive coronary artery disease than men have, 
and patients with non–ST segment elevation MI usually have more extensive 
disease than those with unstable angina.

On angiography, the coronary arterial lesion responsible for NSTE ACS 
(the so-called culprit lesion) typically is asymmetrical or eccentric, with scal-
loped or overhanging edges and a narrow base or neck, features that reflect 
underlying plaque disruption and thrombus formation. Although obvious 
thrombus is visible by angiography in only one third of patients with NSTE 
ACS, coronary angioscopy shows plaque rupture with overlying thrombus in 
the majority. Interestingly, the lesion that is the nidus for ACS often is not 
severely stenotic when it is assessed on recently performed angiograms; in 
fact, two thirds of culprit lesions previously had less than 50% luminal diameter 
narrowing (and therefore would not have been considered appropriate for 
revascularization).

Risk Assessment and Triage
The initial evaluation of the patient with possible or suspected ACS should 
focus on an assessment of the patient’s risk of acutely sustaining a cardiac isch-
emic event (death, MI, or recurrent ischemia).5 Patients considered to be at 
low risk for a cardiac ischemic event may be observed in a chest pain evaluation 
unit for several hours, with repeated troponin level and ECG. If the findings 
of that brief evaluation are normal, the patient should be discharged home, 
with further evaluation performed on an outpatient basis. Conversely, patients 
not at low risk should be hospitalized for further evaluation and treatment. 
The availability of high-sensitivity cardiac troponin assays has significantly 
impacted the initial triage for patients with symptoms suggestive of an ACS 
(Fig. 63-2).6 In making this assessment, the greatest safety comes from continued 
observation or admission of patients who have a positive troponin level on 
presentation or at serial testing, have evidence of ischemia on their ECG, or 
have symptoms indicative of an acute exacerbation of prior coronary disease.7

After the initial triage decision is made, therapeutic interventions are based 
on the risk of adverse events in the ensuing hours, days, weeks, and months—
estimated by either the Thrombolysis in Myocardial Infarction (TIMI) or 
Global Registry of Acute Coronary Events (GRACE) risk algorithm—balanced 
against the risk of a bleeding complication from intensive medical therapy 
(Table 63-1) or an adverse event from an invasive cardiac procedure. On the 
basis of this initial assessment, the patient’s therapy should be tailored to 
minimize the likelihood of adverse events.

particularly if the patient confirms that the symptoms are similar to previous 
anginal episodes. Conversely, a young individual who has a normal ECG and 
no risk factors for atherosclerosis is unlikely to be having ACS even when 
complaining of chest pain with features consistent with ischemia or infarction.

It is important to inquire about the use of cocaine and methamphetamines 
in the patient with suspected ACS, especially in those who are younger than 
40 years or have few traditional risk factors for atherosclerosis. These drugs 
can increase myocardial oxygen demand and concomitantly decrease oxygen 
supply by causing vasospasm and thrombosis. A urine toxicologic analysis 
should be considered when substance abuse is suspected as a cause of ACS.

Electrocardiogram
An ECG, which should be performed and interpreted within 10 minutes or 
less of the patient’s arrival at a facility, is particularly valuable if it is obtained 
during a symptomatic episode. If the patient has persistent (>20 minutes) ST 
segment elevation, prompt reperfusion therapy should be initiated (Chapter 
64). Transient ST segment abnormalities that develop during a symptomatic 
episode at rest and resolve when the patient is asymptomatic strongly suggest 
NSTE ACS. ST segment depression (or transient ST segment elevation) and 
T wave abnormalities occur in up to 50% of NSTE ACS patients.

A completely normal ECG does not exclude the possibility of NSTE ACS; 
in fact, about 5% of patients who are discharged from the emergency depart-
ment and ultimately diagnosed with ACS have a normal ECG. Ischemia or 
infarction in the territory of the left circumflex coronary artery often escapes 
detection with a standard 12-lead ECG, but it may be detected with right-sided 
leads (V4R and V3R) or posterior leads (V7 to V9). In the patient whose initial 
ECG is normal, serial ECGs (e.g., 15- to 30-minute intervals during the first 
hour) should be performed routinely and during symptomatic episodes, and 
they should be compared with previous tracings to identify new ST segment 
or T wave abnormalities. Deep (>2 mm), symmetrical T wave inversion in 
the anterior chest leads is often associated with a hemodynamically significant 
stenosis of the left main or proximal left anterior descending coronary artery.

Serum Biomarkers
Unfortunately, the initial history, physical examination, and ECG alone cannot 
confirm or exclude an ACS.2 By comparison, modern high-sensitivity assays 
can detect troponin (Chapter 64) in the blood within 2 hours of the onset of 
symptoms in patients with non–ST segment elevation MI. A1  An undetectable 
high-sensitivity troponin level at presentation to the hospital reduces the prob-
ability of acute MI to less than 1%3 and can identify two thirds of very low-risk 
patients who can be safely sent home.4 With conventional assays, troponin 
elevations are generally detectable within 4 hours of the onset of myonecrosis, 
but detection may be delayed for up to 8 hours in some individuals. Because 
a single normal serum troponin measurement is insufficient to exclude MI in 
a patient with recent symptoms, patients with suspected MI are generally 
observed, either in the emergency department or in a chest pain evaluation 
unit, with a repeated troponin measurement (and a repeated ECG) at 3 to 6 
hours after the onset of symptoms or whenever chest pain recurs. Serum 
troponin levels also help in acute risk stratification of all ACS patients at the 
time of the patient’s arrival to the hospital.

Serum troponin concentrations can be measured with point-of-care instru-
ments at the patient’s bedside by desktop devices or handheld rapid qualitative 
assays. The advantage of point-of-care systems for avoiding delays must be 
weighed against their higher costs and the need for stringent quality control. 
In addition, point-of-care assays are qualitative or semiquantitative and observer 
dependent, whereas the central laboratory provides more accurate quantitative 
information concerning biomarker concentrations.

Noninvasive Testing
A chest radiograph may identify pulmonary causes of chest pain and may 
show a widened mediastinum in aortic dissection (Chapter 69). The patient 
considered to have a low likelihood for ACS (on the basis of the history, 
physical examination, ECG, and serum biomarkers) should undergo timely 
stress testing (Chapter 45). Although stress testing does not absolutely establish 
or exclude the presence of coronary artery disease, it has the advantage of 
also defining a patient’s exercise tolerance, which helps tailor therapeutic deci-
sions. Alternatively, multidetector coronary computed tomographic angiography, 
which has a high (>98%) negative predictive value to exclude coronary artery 
disease when it is performed and interpreted at experienced centers, can help 
reduce hospital stay when the findings are normal in emergency department 
patients at low to intermediate risk of possible ACS. However, coronary com-
puted tomographic angiography does not have incremental value in patients 
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Although serum markers of myonecrosis represent only one of the TIMI 
or GRACE risk variables, the presence of this variable alone identifies the 
patient as being at high risk. However, although elevated serum markers indi-
cate myonecrosis, they provide no insight into its cause because myonecrosis 
can occur with disease entities other than coronary artery disease (e.g., pul-
monary embolism, decompensated heart failure, severe hypertension or tachy-
cardia, anemia, sepsis). Thus, in evaluation of the patient with possible ACS, 
the presence of elevated serum markers should be assessed in conjunction 
with other variables.

Increasing age is associated with a higher incidence of both ACS-related 
cardiac ischemic events and complications from intensive medical therapy 
and invasive cardiac procedures. Even though elderly individuals are at increased 
risk of treatment-related complications, they nonetheless derive a greater 
absolute and relative benefit from such intensive therapy compared with younger 
individuals. Apart from this initial risk assessment, the ACS patient’s general 
medical and cognitive status, anticipated life expectancy, and, most important, 
personal preferences should be evaluated and considered.

Differential Diagnoses
Several cardiac and noncardiac conditions, some of which are potentially life-
threatening, may mimic NSTE ACS. The patient with a pulmonary embolism 
(Chapter 74) will often complain of chest pain and dyspnea and may have 
ECG abnormalities and an elevated serum troponin concentration. Aortic 
dissection (Chapter 69) should be considered and excluded because the 
therapies for NSTE ACS are contraindicated in patients with this condition. 
Stroke (Chapter 379) and subarachnoid hemorrhage (Chapter 380) may be 
accompanied by ECG abnormalities, left ventricular segmental wall motion 
abnormalities, and elevated serum biomarker concentrations. Underlying 
chronic cardiac conditions, such as valvular heart disease (i.e., aortic stenosis, 
aortic regurgitation) and hypertrophic cardiomyopathy (Chapter 54), may 
be associated with symptoms similar to those of NSTE ACS, elevated serum 
biomarker concentrations, and ECG abnormalities. Myocarditis (Chapter 
54), pericarditis (Chapter 68), and myopericarditis often cause chest pain 
that resembles angina, ECG abnormalities, and elevated serum biomarker 
concentrations; an influenza-like or upper respiratory tract infection often pre-
cedes or accompanies these conditions. Patients with “stress cardiomyopathy” 
(takotsubo syndrome) typically have chest pain, ST segment abnormalities and 
deeply inverted T waves, and mildly elevated serum biomarker concentrations  
(Chapter 54).
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FIGURE 63-2. Initial triage for patients with symptoms suggestive of an acute coronary syndrome (ACS) using high-sensitivity cardiac troponin assays. GRACE = Global Registry 
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The goals of treatment of the subject with NSTE ACS are to prevent recurrent 
ischemia (by correcting the imbalance between myocardial oxygen supply and 
demand), to prevent thrombus propagation, and to stabilize the vulnerable 
plaque. Antianginal medications, such as nitroglycerin (see Table 62-14), 
β-adrenergic blockers (see Table 62-12), and calcium-channel blockers (see Table 
62-13), favorably affect myocardial oxygen supply and demand, thereby pre-
venting recurrent ischemia. Antiplatelet and antithrombotic agents retard 
thrombus propagation, and statins promote plaque stabilization.

Once the risk status of the ACS patient is established, therapy is initiated 
and tailored to the patient’s risk of sustaining a subsequent ischemic cardiac 
event or a treatment-related complication (Table 63-2).8 For example, the 
patient considered to be at low risk of a subsequent ischemic event does not 
benefit from intensive antithrombotic therapy or routine coronary angiography 
and revascularization. Conversely, in patients considered to be at high risk of 
sustaining an ischemic event, optimal therapy—including coronary angiog-
raphy and revascularization (if appropriate)—results in a 20 to 40% decrease 
in the risk of recurrent ischemia and MI and an approximately 10% reduc-
tion in mortality, with about an 18-month postponement of recurrent MI or 
death. A3  An invasive approach also appears to be preferable in patients over age  
75 years. A4 

Every NSTE ACS patient, regardless of the level of risk, should promptly 
receive antianginal medications, antiplatelet therapy, and a statin, unless con-
traindicated. A patient considered to be at low risk may receive unfractionated 
heparin, but more intensive anticoagulant therapy is not necessary because 
such therapy increases the risk of bleeding without further reducing the risk 
of an ischemic cardiac event. Routine coronary angiography and revasculariza-
tion are not beneficial and should be reserved for the patient with recurrent 
ischemia despite intensive medical therapy.

Conversely, the high-risk patient should receive antianginal medications, 
antiplatelet therapy, a statin, intensive anticoagulant therapy, and coronary 
angiography followed by revascularization (if indicated). In the patient whose 
coronary anatomy is suitable, revascularization reduces the incidence of ischemia 
and recurrent MI, and it also improves survival in certain patients (see later).

Antianginal Therapy
Nitroglycerin

Nitroglycerin (see Table 62-14), which is a venodilator at low doses and an 
arteriolar dilator at higher doses, may prevent recurrent ischemia in patients 
with unstable angina, but no studies of sufficient statistical power have deter-
mined whether it reduces the risk of MI in this population of patients. In patients 

TREATMENT 
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who complain of recurrent symptoms, nitroglycerin should be given sublingually 
or by buccal spray (0.3 to 0.6 mg). Patients with ongoing or recurrent chest 
pain should receive intravenous nitroglycerin (5 to 10 µg/minute with use of 
nonabsorbable tubing), with escalation of the dose in increments of 10 µg/
minute until symptoms resolve or adverse effects develop. Nitroglycerin’s most 
common adverse effects are headache, nausea, dizziness, hypotension, and 
reflex tachycardia.

Nitrate tolerance can be avoided by periodically providing the patient with 
a nitrate-free period (i.e., a brief cessation of drug administration). Nitroglycerin 
should not be given to patients who have received a phosphodiesterase-5 
inhibitor (i.e., sildenafil, tadalafil, or vardenafil) within the previous 24 to 48 
hours because severe hypotension may ensue.

β-Adrenergic Blockers
β-Adrenergic blockers diminish symptoms and the risk of MI in ACS patients 

who are not already taking a β-blocker at the time of hospitalization. In the 
normotensive patient without ongoing chest pain or tachycardia and without 
contraindications to β-blockers, metoprolol should be initiated at 25 to 50 mg 
orally every 6 to 8 hours, with the dose increased (to 100 mg twice daily) as 
necessary to control heart rate, blood pressure, and symptoms. In high-risk 
patients and in patients with tachycardia or elevated systemic arterial pressure, 
metoprolol should be administered intravenously (three boluses of 5 mg each 
given 5 minutes apart) initially, after which an oral dose should be initiated. A 
reasonable target heart rate is 50 to 60 beats per minute at rest.

β-Blockers should not be administered to patients with decompensated 
heart failure, hypotension, hemodynamic instability, or advanced atrioventricular 
block. Because most patients with chronic obstructive pulmonary disease or 
peripheral vascular disease tolerate β-blockers without difficulty, these condi-
tions should not automatically preclude their use.

Calcium-Channel Blockers
Calcium-channel blockers, which cause arterial vasodilation, increase coronary 

arterial blood flow and lower systemic arterial pressure. The non-dihydropyridine 
calcium-channel blockers diltiazem and verapamil slow heart rate and are rec-
ommended for the patient with a contraindication to a β-adrenergic blocker 
or persistent or recurrent symptoms despite treatment with nitroglycerin or 
a β-blocker. Oral diltiazem (30 to 90 mg four times daily of the short-acting 
preparation or up to 360 mg once daily of the long-acting preparation) is the 
preferred calcium-channel blocker because it reduces the incidence of myo-
cardial ischemia and recurrent MI in patients with NSTE ACS. Diltiazem is con-
traindicated in patients with left ventricular systolic dysfunction or pulmonary 
vascular congestion. Caution should be exercised when combining a β-blocker 
with diltiazem because the two drugs may act synergistically to depress left 
ventricular systolic function as well as sinus and atrioventricular nodal con-
duction. Patients with ACS should not be prescribed short-acting nifedipine 
unless they are already receiving a β-blocker because it may increase the risk 
of death. The risks and benefits of long-acting dihydropyridines in patients 
with NSTE ACS are undefined.

Antiplatelet Agents
ACS patients should receive dual antiplatelet therapy (aspirin and an ADP 

receptor inhibitor) acutely and for up to 1 year unless the patient has an aspirin 

TABLE 63-1 RISK VARIABLES FOR ISCHEMIC EVENTS AND 
BLEEDING COMPLICATIONS

RISK VARIABLES PREDICTIVE OF DEATH, MYOCARDIAL INFARCTION, 
OR RECURRENT ISCHEMIA

Thrombolysis in Myocardial Infarction (TIMI) Score*
Age > 65 years
Three or more risk factors for atherosclerosis
Known coronary artery disease (previous coronary arteriography or myocardial 

infarction)
Two or more episodes of anginal chest pain at rest in the 24 hours before 

hospitalization
Use of aspirin in the 7 days before hospitalization
ST segment deviation ≥0.5 mV
Elevated serum concentrations of troponin or CK-MB

Global Registry of Acute Coronary Events (GRACE)†

Age
Heart failure (Killip) class
Heart rate
Systolic blood pressure
ST segment deviation
Cardiac arrest during presentation
Serum creatinine concentration
Elevated serum markers of myonecrosis
RISK FACTORS FOR BLEEDING COMPLICATIONS WITH INTENSIVE 
THERAPY‡

Female gender
Older age
Renal insufficiency
Low body weight
Tachycardia
Systolic arterial pressure (high or low)
Anemia
Diabetes mellitus
*Individuals with three or more of these variables are considered to be at high risk, whereas those 
with none, one, or two are considered to be at low risk.
(From Diez JG, Cohen M. Balancing myocardial ischemic and bleeding risks in patients with 
non-ST-segment elevation myocardial infarction. Am J Cardiol. 2009;103:1396-1402.)
†Each variable is assigned a numerical score on the basis of its specific value, and the eight scores are 
summed to yield a total score, which is applied to a reference nomogram to determine the patient’s 
risk. The GRACE application tool is available online at www.outcomes-umassmed.org/grace. (From 
Brieger D, Fox KA, Fitzgerald G, et al. Predicting freedom from clinical events in non-ST-elevation 
acute coronary syndromes: the Global Registry of Acute Coronary Events. Heart. 
2009;95:888-894.)
‡The patient’s bleeding risk can be estimated with the tool available at www.crusadebleedingscore.
org. (From Subherwal S, Bach RG, Chen AY, et al. Baseline risk of major bleeding in non-ST-
segment-elevation myocardial infarction: the CRUSADE [Can Rapid risk stratification of Unstable 
angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA 
Guidelines] Bleeding Score. Circulation. 2009;119:1873-1882.)

TABLE 63-2 MANAGEMENT STRATEGIES FOR PATIENTS WITH ACUTE CORONARY SYNDROME

THERAPY INITIATION DURATION DOSE, ROUTE, AND DURATION

BENEFIT VS. PLACEBO 
(REDUCED INCIDENCE 

OF …)
LOW-RISK PATIENT

Antianginal
β-Blocker* Within 24 hours Hospitalization ± indefinitely Metoprolol, 25-50 mg orally twice daily, titrated up to 

100 mg twice daily; or atenolol, 50-100 mg orally 
daily

Recurrent ischemia

Nitroglycerin Immediately Hospitalization ± indefinitely 0.3-0.6 mg sublingually or 5-10 µg/min IV initially 
and increased by 10 µg/min every 5 minutes

Not studied

Diltiazem or verapamil† Immediately Hospitalization ± indefinitely 30-90 mg orally four times daily or up to 360 mg of 
long-acting preparation orally daily

MI, recurrent ischemia

Lipid Lowering
Statin Immediately Indefinitely Atorvastatin, 40-80 mg or rosuvastatin 20-40 mg 

orally daily
Recurrent ischemia

Antiplatelet
Aspirin Immediately Indefinitely 162-325 mg orally initial dose, then 81 mg orally daily Death, MI
Clopidogrel Immediately 1-12 months 300 mg orally initial dose, then 75 mg orally daily MI, recurrent ischemia

http://www.outcomes-umassmed.org/grace
http://www.crusadebleedingscore.org/
http://www.crusadebleedingscore.org/
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TABLE 63-2 MANAGEMENT STRATEGIES FOR PATIENTS WITH ACUTE CORONARY SYNDROME—cont’d

THERAPY INITIATION DURATION DOSE, ROUTE, AND DURATION

BENEFIT VS. PLACEBO 
(REDUCED INCIDENCE 

OF …)

Anticoagulant
Unfractionated heparin Immediately 2 to 5 days IV bolus of 60 U/kg, then 12 U/kg/hour IV adjusted 

to achieve an aPTT of 50 to 70 seconds
Death or MI (combined)

HIGH-RISK PATIENT

Antianginal
β-Blocker* Within 24 hours Hospitalization ± indefinitely Metoprolol, 25-50 mg orally twice daily, titrated up to 

100 mg twice daily; or atenolol, 50-100 mg orally 
daily

Death, MI, recurrent 
ischemia

Nitroglycerin Immediately Hospitalization ± indefinitely 0.3-0.6 mg sublingually or 5-10 µg/min IV initially 
and increased by 10 µg/min every 5 minutes

Not studied

Diltiazem or verapamil† Immediately Hospitalization ± indefinitely 30-90 mg orally four times daily or up to 360 mg of 
long-acting preparation orally daily

MI, recurrent ischemia

Lipid Lowering
Statin Before hospital discharge Indefinitely Atorvastatin 40-80 mg or rosuvastatin 20-40 mg orally 

daily
Recurrent ischemia

Antiplatelet
Aspirin
and
Clopidogrel
or
Prasugrel
or
Ticagrelor

Immediately

Immediately

At time of PCI

Immediately

Indefinitely

≥12 months

≥12 months

≥12 months

162-325 mg orally initial dose, then 81 mg orally

300-600 mg orally initial dose, then 75 mg orally daily

60 mg orally initial dose, then 10 mg orally daily

180 mg orally initially, then 90 mg twice daily

Death, MI

MI, recurrent ischemia

Cardiovascular death, MI 
or stroke (combined)‡

Vascular death, MI or 
stroke (combined)‡

Glycoprotein IIb/IIIa 
inhibitor (eptifibatide, 
tirofiban, or abciximab)

At time of PCI 12-24 hours after PCI Abciximab, IV bolus of 0.25 mg/kg, then 0.125 µg/
kg/min IV (max. 10 µg/min) for 12 hours; or 
eptifibatide, IV bolus of 180 µg/kg, then 2.0 µg/
kg/min IV for 18-24 hours; or tirofiban, 0.4 µg/
kg/min IV for 30 minutes, then 0.1 µg/kg/min IV 
for 12 to 24 hours

MI

Anticoagulants
Unfractionated heparin
or

Immediately 2 to 5 days; discontinue after 
successful PCI

IV bolus of 60 U/kg, then 12 U/kg/hour IV adjusted 
to achieve an aPTT of 50 to 70 seconds

Death or MI (combined)

Enoxaparin
or

Immediately Duration of hospitalization (up 
to 8 days); discontinue after 
successful PCI

1 mg/kg subcutaneously twice daily MI, recurrent ischemia§

Bivalirudin
or

Immediately (only in 
patients managed with 
an early invasive 
strategy),

Up to 72 hours; discontinue 4 
hours after PCI

0.10 mg/kg loading dose followed by 0.25 mg/kg/
hour

Bleeding#

Fondaparinux Immediately Duration of hospitalization (up 
to 8 days); if used during PCI, 
it must be coadministered 
with another anticoagulant 
with factor IIa activity

2.5-mg subcutaneous injection once daily Bleeding¶

Invasive Management
Coronary angiography 

followed by 
revascularization (if 
appropriate)

Up to 36-80 hours after 
hospitalization; within 
24 hours in “very high 
risk” patients

  MI, recurrent ischemia

*Avoid in the patient with signs of decompensated heart failure, evidence of low-output state, increased risk for cardiogenic shock, or other contraindications to beta blockade (e.g., PR interval >0.24 seconds, 
second- or third-degree atrioventricular block without a cardiac pacemaker, active asthma, or reactive airway disease).
†Avoid in patients with clinically significant left ventricular dysfunction, increased risk for cardiogenic shock, PR interval >0.24 seconds, or second- or third-degree atrioventricular block without a cardiac 
pacemaker.
‡Compared with clopidogrel.
§Compared with unfractionated heparin.
#As monotherapy compared with heparin and glycoprotein IIb/IIIa inhibitor combination.
¶Compared with enoxaparin.
aPTT = activated partial thromboplastin time; MI = myocardial infarction; PCI = percutaneous coronary intervention.
Modified from Lange RA, Hillis LD. Optimal management of acute coronary syndromes. N Engl J Med. 2009;260:2237-2240.
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allergy or active bleeding.9 In patients with NSTE ACS, aspirin (Chapter 76) 
reduces the risk of death or MI by about 50%. The recommended dose is 81 mg 
daily, continued indefinitely. The choice of which ADP receptor antagonist to 
use in combination with aspirin is determined by each patient’s characteristics 
(i.e., risk of bleeding), medication costs, and pharmacologic properties of the 
agent (see following details). The patient who is allergic to or intolerant of 
aspirin should be treated with an ADP receptor inhibitor (clopidogrel, ticagrelor, 
or prasugrel [if PCI treated]) alone.

Clopidogrel (Chapter 76) is a thienopyridine that blocks the P2Y12 ADP recep-
tor, thereby diminishing ADP-mediated platelet activation. Its antiplatelet activity 
is synergistic with aspirin because the two agents inhibit different platelet-
activating pathways. Clopidogrel is a prodrug that must be metabolized by 
the cytochrome P-450 system to the active form. Polymorphisms in the cyto-
chrome P-450 isoform CYP2C19, which are present in 15 to 20% of individuals, 
slow metabolism of the prodrug to the active form, thereby reducing the 
magnitude of platelet inhibition. Drugs that are potent inhibitors of the CYP2C19 
enzyme (e.g., omeprazole, esomeprazole, cimetidine, fluconazole, ketoconazole, 
voriconazole, etravirine, felbamate, fluoxetine, and fluvoxamine) should not be 
administered with clopidogrel because they affect the metabolism to its active 
form and reduce its antiplatelet effects.

In subjects with NSTE ACS, the addition of clopidogrel (a loading dose of 
300 to 600 mg, then 75 mg daily for up to 1 year) to aspirin reduces the com-
posite end point of cardiovascular death, nonfatal MI, or stroke by 20% (2.1% 
reduction in absolute risk) compared with treatment with aspirin alone. The 
benefit of an aspirin-clopidogrel combination is seen as early as 24 hours after 
drug initiation and persisted for the 12 months of the study, despite an increase 
in minor bleeding.

Prasugrel (Chapter 76), another thienopyridine, has a greater antiplatelet 
effect and a more rapid onset of action than clopidogrel. In patients with ACS 
who are referred for PCI, prasugrel in combination with aspirin reduces ischemic 
events (i.e., a combination of cardiovascular death, nonfatal MI, and stroke) by 
20% compared with concomitant clopidogrel and aspirin (2.2% absolute risk 
reduction) therapy. A5  However, this benefit is obtained at a 0.5% increased risk 
of life-threatening bleeding and a 0.3% increased risk of fatal bleeding. At 
present, prasugrel is approved for use in the ACS patient who is referred for 
PCI. In combination with aspirin, it is administered as a 60-mg oral loading 
dose followed by a 10-mg daily maintenance dose. Because prasugrel-associated 
bleeding complications are highest in patients with a previous stroke or transient 
ischemic attack, age older than 75 years, or a body weight of less than 60 kg, 
it should not be used in patients with any of these features.

Ticagrelor (Chapter 76), a thienopyridine that does not require hepatic activa-
tion, has more rapid onset and more pronounced platelet inhibition than 
clopidogrel. It is a reversible inhibitor of the P2Y12 receptor, so platelet function 
returns more rapidly after discontinuation than with clopidogrel. In a random-
ized trial in NSTE ACS patients, the addition of ticagrelor to aspirin reduced the 
composite end point of vascular death, nonfatal MI, or stroke by about 15% 
compared with treatment with clopidogrel and aspirin but increased non–
procedure-related bleeding by an absolute 0.7%. In combination with aspirin, 
ticagrelor is administered as a 180-mg oral loading dose, followed by a 90-mg 
twice-daily maintenance dose. In patients who receive ticagrelor, the daily 
aspirin maintenance dose should be 100 mg or less, and ticagrelor should not 
be used in patients with a history of intracranial hemorrhage. Even in patients 
more than 1 year after a NSTEMI, treatment with ticagrelor at 60 or 90 mg twice 
daily in addition to aspirin significantly reduces the risk of cardiovascular death, 
MI, or stroke but not of overall death because of an increased risk of major 
bleeding. A6 

Glycoprotein IIb/IIIa inhibitors (Chapter 76) block platelet aggregation in 
response to all potential agonists, so they are the most potent antiplatelet 
agents available. Three glycoprotein IIb/IIIa inhibitors, each of which must be 
administered parenterally, are available: abciximab is the Fab fragment of a 
monoclonal antibody to the receptor; eptifibatide is a peptide; and tirofiban 
is a peptidomimetic molecule.

Glycoprotein IIb/IIIa inhibitors reduce the incidence of recurrent ischemic 
events in patients with NSTE ACS who undergo PCI but not in patients who 
are managed with medical therapy alone. When a glycoprotein IIb/IIIa inhibitor 
is administered to PCI patients, it should be initiated at the time of angiography 
because its routine administration beforehand carries an increased bleeding 
risk and no improvement in outcomes. The glycoprotein IIb/IIIa inhibitor infu-
sion (see Table 63-2) typically is continued for 12 to 24 hours after PCI.

Anticoagulants
Anticoagulant therapy should be administered to all patients with ACS unless 

a contraindication, such as active bleeding, is present. For the patient in whom 
a noninvasive, ischemia-guided management strategy is selected, treatment 
with unfractionated heparin, low-molecular-weight heparin (LMWH), or 
fondaparinux is appropriate, with fondaparinux recommended for the patient 
at increased risk of bleeding. For the patient in whom an invasive management 
strategy is selected, unfractionated heparin and LMWH are the agents of choice. 
Although bivalirudin may be preferred in patients undergoing PCI, it is not 
used in the initial management of the patient with ACS.

Heparin
Unfractionated heparin (Chapter 76) exerts its anticoagulant effect by accel-

erating the action of circulating antithrombin; it prevents thrombus propagation 
but does not lyse existing thrombi. In the patient with NSTE ACS, the addition 
of heparin to aspirin reduces the rate of in-hospital ischemic events (i.e., death 
or MI) by 33%.

Unfractionated heparin should be initiated with an intravenous bolus of 
60 U/kg, followed by a continuous infusion of approximately 12 U/kg/hour 
(maximum, 1000 U/hour), adjusted to maintain the activated partial thrombo-
plastin time (aPTT) at 1.5 to 2.5 times control (i.e., 50 to 70 seconds) or a heparin 
concentration at 0.3 to 0.7 U/mL (by anti–factor Xa determinations). The infusion 
should be continued for 48 hours or until revascularization is performed, which-
ever occurs sooner. Frequent monitoring of the aPTT or heparin concentration 
is necessary because the anticoagulant response to a standard dose of unfrac-
tionated heparin varies widely among individuals; even when a weight-based 
nomogram (see Table 74-6) is followed, the aPTT is outside the therapeutic 
range more than one third of the time.

Mild thrombocytopenia occurs in 10 to 20% of patients treated with unfrac-
tionated heparin. In 1 to 5% of patients, a more severe form of thrombocytopenia 
develops. This antibody-mediated response usually occurs 4 to 14 days after 
the initiation of treatment (although it may appear more quickly in patients 
who received heparin within the preceding 6 months) and is associated with 
thromboembolic sequelae in 30 to 80% of subjects (Chapter 163).

Low-Molecular-Weight Heparin
LMWHs (Chapter 76), which are fragments of unfractionated heparin, exert 

a more predictable anticoagulant effect, have a longer half-life, and are less 
likely to cause thrombocytopenia compared with unfractionated heparin. 
Because they provide predictable and sustained anticoagulation with once- or 
twice-daily subcutaneous administration, monitoring of their anticoagulant 
effect is not required.

LMWH is superior to unfractionated heparin in preventing MI or death during 
hospitalization in NSTE ACS patients who have elevated serum cardiac biomark-
ers as well as in those considered to be at high risk for recurrent ischemia (see 
Table 63-1). In the low-risk subject, unfractionated heparin and LMWH have 
similar efficacy.

Two LMWHs, enoxaparin and dalteparin, are approved for the treatment of 
the patient with NSTE ACS. The dose of enoxaparin is 1 mg/kg subcutaneously 
twice daily, and the dose of dalteparin is 120 IU/kg (maximum, 10,000 IU) sub-
cutaneously twice daily. Therapy should be continued for the duration of the 
hospitalization, up to 8 days, or until revascularization is performed (whichever 
occurs first). In obese (>120 kg), thin (<60 kg), or renally impaired (creatinine 
clearance < 30 mL/minute) patients, the LMWH dose should be adjusted to 
achieve an anti–factor Xa concentration of 0.5 to 1.5 IU/mL 4 to 6 hours after 
drug administration. LMWH should be avoided in the patient with a history of 
heparin-induced thrombocytopenia. In the patient with renal failure, treatment 
with LMWH has been associated with the development of hyperkalemia.

Fondaparinux
Fondaparinux (Chapter 76), which is a selective factor Xa inhibitor, does not 

require dose adjustment and monitoring. Fondaparinux does not cause throm-
bocytopenia. Fondaparinux is as effective as enoxaparin in preventing ischemic 
cardiac events but with 50% fewer major bleeding episodes (2.2% vs 4.1%). 
Because an increased incidence of catheter-related thrombosis has been reported 
after fondaparinux treatment, it is not recommended for patients who are likely 
to undergo coronary angiography. Fondaparinux is a desirable anticoagulant 
for the ACS patients who are managed in an ischemia-guided fashion, especially 
patients at higher risk of a bleeding complication with anticoagulant therapy, 
but not for other patients.

For the patient with ACS, fondaparinux is administered as a 2.5-mg subcu-
taneous injection once daily for up to 5 days or until hospital discharge. Its use 
is contraindicated in patients with severe renal impairment and in those who 
weigh 50 kg or less, and it should not be used as the sole anticoagulant during 
a PCI.

Bivalirudin
Bivalirudin, a direct thrombin inhibitor, is currently recommended as an 

alternative anticoagulant for patients undergoing PCI. In patients whose ACS 
is managed with an ischemia-guided strategy, its administration in a setting 
other than the cardiac catheterization laboratory is not recommended. In the 
patient undergoing PCI, bivalirudin (0.75 mg/kg intravenous bolus followed 
by an infusion of 1.75 mg/kg/hour for up to 4 hours after the PCI) is as effective 
as unfractionated heparin A7  and as combination heparin and glycoprotein IIb/
IIIa inhibitor therapy in preventing ischemic events, but it causes fewer major 
bleeding episodes. Bivalirudin is the anticoagulant of choice for the patient 
with ACS who has heparin-induced thrombocytopenia.

New Oral Anticoagulants
Adding a new oral coagulant (e.g., apixaban, rivaroxaban, and dabigatran) 

to a single antiplatelet agent appears to have little effect on bleeding or car-
diovascular complications in patients with ACS. By comparison, adding one to 
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TABLE 63-3 SELECTION OF INITIAL TREATMENT STRATEGY: 
INVASIVE VERSUS CONSERVATIVE

GENERALLY PREFERRED 
STRATEGY PATIENT CHARACTERISTICS
Invasive Recurrent angina or ischemia at rest or with low-level 

activities despite intensive medical therapy
Elevated cardiac biomarkers (troponin)
New or presumably new ST segment depression
Signs or symptoms of heart failure or new or 

worsening mitral regurgitation
High-risk findings from noninvasive testing
Hemodynamic instability
Sustained ventricular tachycardia
PCI within 6 months
Previous CABG
High-risk score (e.g., TIMI, GRACE)
Mild to moderate renal dysfunction
Diabetes mellitus
Reduced left ventricular systolic function (EF <40%)

Conservative Low-risk score (e.g., TIMI [0 or 1] or GRACE 
[<109])

Low-risk, troponin-negative female patients
Patient or physician preference in the absence of 

high-risk features
CABG = coronary artery bypass grafting; EF = left ventricular ejection fraction; GRACE = Global 
Registry of Acute Coronary Events; HF = heart failure; PCI = percutaneous coronary intervention; 
TIMI = Thrombolysis in Myocardial Infarction.

dual anti-platelet therapy appears to increase significant bleeding about 2.2-fold 
with only a modest 14% reduction in adverse cardiac events. A8 

Cholesterol Reduction
Prompt initiation of statin therapy is recommended in all patients with NSTE 

ACS to promote plaque stabilization and to restore endothelial function. More-
over, when statin therapy is initiated during the patient’s hospitalization (rather 
than at hospital discharge), long-term medical compliance is substantially 
improved. In the absence of contraindications, high-dose atorvastatin (40 to 
80 mg daily) or rosuvastatin (20 to 40 mg daily) should be given orally to the 
patient with NSTE ACS, regardless of the baseline serum low-density lipoprotein 
cholesterol concentration; a lower dose is not as effective in reducing ischemic 
events.10 The addition of ezetimibe (10 mg daily) should be considered even 
in patients who achieve a low-density lipoprotein level of 50 to 125 mg/dL on 
a statin. A9 

Recurrent or Refractory Unstable Angina
In most patients hospitalized with NSTE ACS, symptoms do not recur after 

the institution of appropriate antianginal therapy. The occasional patient with 
continued or recurrent chest pain despite optimal medical therapy is at high 
risk for an MI. For the patient with refractory myocardial ischemia or hemody-
namic instability despite optimal medical therapy, intra-aortic balloon coun-
terpulsation can reduce the incidence of ischemic episodes until revascularization 
can be performed. Intra-aortic balloon function is synchronized with the patient’s 
ECG so that it inflates during diastole and deflates during systole, thereby aug-
menting coronary arterial blood flow and reducing myocardial oxygen demand 
by decreasing afterload. Intra-aortic balloon counterpulsation causes lower 
limb ischemia in approximately 3% of patients in whom the device is placed, 
but this complication usually resolves with its removal.

Coronary Revascularization
Coronary revascularization is performed to relieve angina that is persistent 

or recurrent despite optimal medical therapy, to prevent recurrent ischemia or 
MI in patients at high risk for a subsequent ischemic event, and to improve 
survival in patients with suitable coronary arterial anatomy.

Coronary revascularization is successful in relieving symptoms in 90% of the 
patients with angina refractory to medical therapy. Whether coronary bypass 
surgery or PCI is the more appropriate method of revascularization is determined 
by the location and severity of coronary arterial stenoses and the presence of 
comorbid medical conditions that may affect the performance or safety of the 
revascularization procedure.

The patient who has been rendered symptom free with optimal medical 
therapy should undergo an assessment to determine whether he or she is at 
high risk or relatively low risk of sustaining a cardiac ischemic event (death, MI, 
or recurrent ischemia) in the ensuing days, weeks, and months and a bleeding 
complication from intensive medical therapy or an invasive cardiac procedure. 
Patients who are at low risk of having a subsequent ischemic event (those with 
a normal serum troponin concentration, age younger than 75 years, and zero, 
one, or two TIMI risk variables) should be evaluated noninvasively for inducible 
ischemia before hospital discharge. If the patient has spontaneous or provocable 
ischemia, coronary angiography and, if appropriate, revascularization should 
be performed.

The ACS patient with a detectable serum troponin concentration, age older 
than 75 years, or three or more TIMI risk variables is considered to be at high 
risk for a subsequent event and should be referred for routine coronary angi-
ography and revascularization (if appropriate) during the hospitalization because 
this management strategy reduces the incidence of subsequent ischemic cardiac 
events. A10  In most subjects, early (within 24 hours of hospitalization) invasive 
therapy is no better at preventing death, MI, or stroke than somewhat delayed 
(median, 60 hours) invasive management, A11  although it is associated with a 
modest decrease in the occurrence of recurrent ischemia. In contrast, in the 
one third of subjects considered to be at very high risk (GRACE risk score of 
>140, corresponding to an incidence of in-hospital death or MI of >20%), an 
early invasive management strategy is superior to a delayed strategy in reduc-
ing the incidence of death, MI, or stroke.

The patient with clinical features or noninvasive test results suggestive of 
severe coronary artery disease (i.e., left ventricular dysfunction, hemodynamic 
instability, life-threatening ventricular arrhythmias, or extensive inducible isch-
emia) should be referred for coronary angiography (Table 63-3) to determine 
if left main or three-vessel coronary arterial disease is present because patients 
with these coronary anatomic findings derive a survival benefit with coronary 
revascularization compared with medical therapy (Chapter 65). In patients who 
are taking an ADP receptor inhibitor and in whom coronary artery bypass graft-
ing can be delayed, the drug should be discontinued (5 days for clopidogrel 
or ticagrelor and at least 7 days for prasugrel) to allow dissipation of the anti-
platelet effect. The timing of coronary bypass surgery in patients with NSTE 
ACS treated with a P2Y12 inhibitor should balance a potential increased risk 
of bleeding against the risks of delaying surgery.

For PCI, a single-stage complete revascularization is probably preferred 
compared with staged revascularization of the culprit artery immediately 

followed by other significant stenoses later. A12  Drug-eluting stents are preferred 
over bare metal stents. A13  Stenting can be performed safely at centers without 
on-site cardiac surgery.11

Complications
Patients with NSTE ACS can develop recurrent ischemic events or any of the 

complications associated with ST segment elevation MI, including arrhythmias, 
heart failure, and mechanical complications (Chapter 64). However, the acute 
complications other than recurrent ischemia occur less often in subjects with 
NSTE ACS because the amount of myocardial damage usually is less.

Because intensive medical therapy in conjunction with invasive manage-
ment can lead to life-threatening bleeding complications, the patient’s risk of 
such should be assessed before these therapies are instituted. Female gender, 
older age, renal insufficiency, low body weight, tachycardia, systolic arterial 
pressure, hematocrit, and diabetes mellitus predict an increased risk of major 
bleeding, often due to excessive dosing of antiplatelet or anticoagulant agents. 
The bleeding risk can be estimated with the tool available at www.crusade-
bleedingscore.org.

Integrated Approach to Treatment
Although the treatment of the subject with NSTE ACS should be individual-

ized, taking into account the specific features of the disease and the particular 
circumstances of the patient, algorithms nonetheless provide a useful framework 
(Fig. 63-3). Smoking cessation (Chapter 29), cholesterol lowering (Chapter 195), 
and control of blood pressure (Chapter 70), obesity, and diabetes mellitus 
(Chapter 216) are important long-term prevention strategies.12-14 Maintaining 
compliance long term with medical therapy appears to reduce the risk of a 
future ischemic event by up to 80%.

 PROGNOSIS
Because the number of ECG leads demonstrating ST segment depression and 
the magnitude of such depression are indicative of the extent and severity of 
myocardial ischemia and MI, it is not surprising that ST segment depression 
correlates with the patient’s prognosis. Compared with subjects without ST 
segment depression, the patient with NSTE ACS who has ST segment depres-
sion of 1 mm or greater in two or more leads is almost four times as likely to 
die within 1 year, and the patient with ST segment depression of 2 mm or 
greater in magnitude is almost six times as likely to die within 1 year. If ST 
segment depression of 2 mm or greater is present in more than one region of 
the ECG, the mortality is increased ten-fold. Even the 20% of patients with 
ACS who have only 0.5 to 1 mm of ST segment depression have an adverse 
prognosis. Patients with ST segment depression also have a higher risk for 

http://www.crusadebleedingscore.org/
http://www.crusadebleedingscore.org/


NSTE-ACS:
definite or likely

Ischemia-guided strategy Early invasive strategy

Initiate DAPT and anticoagulant therapy
1. ASA (Class I; LOE: A)

2. P2Y12 inhibitor (in addition to ASA) (Class I; LOE: B):
    • Clopidogrel or
    • Ticagrelor

3. Anticoagulant:
    • UFH (Class I; LOE: B) or
    • Enoxaparin (Class I; LOE: A) or
    • Fondaparinux† (Class I; LOE: B)

Initiate DAPT and anticoagulant therapy
1. ASA (Class I; LOE: A)

2. P2Y12 inhibitor (in addition to ASA) (Class I; LOE: B):
    • Clopidogrel or
    • Ticagrelor

3. Anticoagulant:
    • UFH (Class I; LOE: B) or
    • Enoxaparin (Class I; LOE: A) or
    • Fondaparinux† (Class I; LOE: B) or
    • Bivalirudin (Class I; LOE: B)

Can consider GPI in addition to ASA and P2Y12 inhibitor
in high-risk (e.g., troponin positive) pts
(Class IIb; LOE: B)
    • Eptifibatide
    • Tirofiban

Medical therapy
chosen based on cath

findings

Therapy
ineffective

Therapy
ineffective

PCI with stenting
Initiate/continue antiplatelet and anticoagulant

therapy
1. ASA (Class I; LOE: B)

2. P2Y12 inhibitor (in addition to ASA):
    • Clopidogrel (Class I; LOE: B) or
    • Prasugrel (Class I; LOE: B) or
    • Ticagrelor (Class I; LOE: B)

3.GPI (if not treated with bivalirudin at time of PCI)
    • High-risk features, not adequately pretreated
     with clopidogrel (Class I; LOE: A)
    • High-risk features adequately pretreated with
     clopidogrel (Class lIa; LOE: B)

4. Anticoagulant:
    • Enoxaparin (Class I; LOE: A) or
    • Bivalirudin (Class I; LOE: B) or
    • Fondaparinux† as the sole anticoagulant (Class
      III: Harm; LOE: B) or
    • UFH (Class I; LOE: B)

CABG
Initiate/continue ASA therapy and

discontinue P2Y12 and/or GPI therapy
1. ASA (Class I; LOE: B)

2. Discontinue clopidogrel/ticagrelor 5 d
    before, and prasugrel at least 7 d before
    elective CABG

3. Discontinue clopidogrel/ticagrelor up to
    24 h before urgent CABG (Class I; LOE: B).
    May perform urgent CABG <5 d after
    clopidogrel/ticagrelor and <7 d after
    prasugrel discontinued

4. Discontinue eptifibatide/tirofiban at
    least 2-4 h before, and abciximab ≥12 h
    before CABG (Class I; LOE: B)

Late hospital/posthospital care
1. ASA indefinitely (Class I; LOE: A)

2. P2Y12 inhibitor (clopidogrel or
   ticagrelor), in addition to ASA, up
   to 12 mo if medically treated
   (Class I; LOE: B)

3. P2Y12 inhibitor (clopidogrel,
   prasugrel, or ticagrelor), in
   addition to ASA, at least 12 mo if
   treated with coronary stenting
   (Class I; LOE: B)

FIGURE 63-3. Approach to the patient with non–ST segment elevation acute coronary syndrome (NSTE ACS). *Enoxaparin or fondaparinux is preferred to unfractionated heparin 
(UFH). ASA = aspirin; CABG = coronary artery bypass grafting; D/C = discontinue; DAPT = dual antiplatelet therapy; GP = glycoprotein; PCI = percutaneous coronary intervention. (Based 
on Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC guideline for the management of patients with non–ST-elevation acute coronary syndromes: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2014;64:e139-228.) 



subsequent cardiac events compared with patients with only T wave inversions 
(>1 mm).

The magnitude of the serum troponin concentration predicts short-term 
(30 days) and long-term (1 year) risks of recurrent MI and death, independent 
of ECG abnormalities or markers of inflammatory activity. Patients with a 
high-sensitivity troponin level <5 mg/L are at low risk for an event in the next 
30 days,15 but risks increase progressively into higher levels even if the levels 
are stable and therefore not indicative of ACS.16

C-reactive protein measured with a highly sensitive assay, which is a widely 
used marker of inflammation, has no role in the diagnosis of ACS but is pre-
dictive of long-term (6 months) mortality among patients with troponin-
negative NSTE ACS. Elevated serum concentrations of natriuretic peptides 
(B-type natriuretic peptide [BNP] or its N-terminal prohormone [NT-pro-
BNP]) are associated with a three- to five-fold increased mortality in patients 
with NSTE ACS, although they have limited value for diagnosis, initial risk 
stratification, and selection of an initial management strategy. Natriuretic 
peptide concentrations measured a few days after the onset of symptoms have 
better predictive value than those measured at the time of hospitalization. In 
patients with NSTE ACS, a simultaneous assessment of troponin, high-
sensitivity C-reactive protein, and BNP is superior to a single biomarker 
assessment at predicting short-term outcome.

In contrast to patients with ST segment elevation MI, in whom most events 
occur before or shortly after presentation to the hospital, patients with NSTE 
ACS continue to be at high risk for such events during the ensuing days, 
weeks, and months. Although in-hospital mortality is higher in patients with 
ST segment elevation MI than among those with NSTE ACS (7 vs. 5%, respec-
tively), the mortality rates at 6 months are similar for the two conditions (12 
vs. 13%, respectively). During long-term follow-up of patients hospitalized 
with ACS, rates of death are actually higher in those with NSTE ACS than in 
those with ST segment elevation MI, with a two-fold difference after 4 years. 
As a result, treatment strategies for NSTE ACS should address the issues 
related to both the acute event and longer-term treatment.
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3. To promote plaque stabilization, all patients with NSTE ACS should receive 
the following before and after hospital discharge:
 A. Rosuvastatin, 10 mg daily
 B. Simvastatin, 40 mg daily
 C. Rosuvastatin, 5 mg daily
 D. Pravastatin, 40 mg daily
 E. Atorvastatin, 80 mg daily

Answer: E Randomized trials have shown that high-dose atorvastatin (80 mg 
daily), begun in-hospital and continued indefinitely, effectively reduces the 
incidence of recurrent ischemic events. Lower doses of the same drug and 
other statins have not been assessed in this population of patients. Pravastatin 
40 mg and simvastatin 40 mg are inferior to high-dose atorvastatin in NSTE 
ACS patients. Although rosuvastatin 20 to 40 mg is equivalent to high dose 
atorvastatin, low dose rosuvastatin is inferior.

4. The anticoagulant of choice for the subject with heparin-induced throm-
bocytopenia who is referred for coronary arteriography is:
 A. Low-molecular-weight heparin
 B. Dextran
 C. Fondaparinux
 D. Bivalirudin
 E. High-dose aspirin and clopidogrel

Answer: D In the subject with heparin-induced thrombocytopenia, any form 
of heparin is contraindicated (hence, low-molecular-weight heparin is an incor-
rect choice). Intensive high-dose antiplatelet therapy (aspirin and clopidogrel) 
is of no additional benefit. Dextran is of no benefit at all. Because an increased 
incidence of catheter-related thrombosis has been reported after fondaparinux 
treatment, it is not recommended for the patient who is likely to undergo 
coronary angiography.

REVIEW QUESTIONS

1. In comparison to patients with ST segment elevation myocardial infarction 
(STEMI), the mortality rates for subjects with non–ST segment elevation 
acute coronary syndrome (NSTE ACS) are:
 A. Lower in-hospital, similar at 6 months, and higher long term
 B. Similar in-hospital, at 6 months, and long term
 C. Higher in-hospital, 6 months later, and long term
 D. Lower in-hospital, 6 months later, and long term
 E. Higher in-hospital, then similar at 6 months as well as long term

Answer: A Large observational cohort studies have demonstrated that mor-
tality rates with NSTE ACS are lower in-hospital, similar at 6 months, and 
actually higher long term, such that 4 years after the event, the mortality 
for those with NSTE ACS is twice that of survivors of STEMI. As a result, 
the chosen management strategy for patients with NSTE ACS is designed to 
minimize the chance of recurrent ACS or death, both acutely and chronically.

2. The acute coronary syndrome (ACS) patient with the following criteria 
is considered to be at high risk and, unless it is contraindicated, should be 
managed with aggressive medical therapy as well as coronary angiography 
and revascularization if it is anatomically appropriate:
 A. Age younger than 65 years, diabetes mellitus, and a history of smoking
 B. Three or more Thrombolysis in Myocardial Infarction (TIMI) risk 

variables, age older than 75 years, and a positive serum troponin 
concentration

 C. ST segment depression, positive serum troponin concentration, and 
male gender

 D. Previous coronary artery bypass grafting or percutaneous coronary 
intervention, diabetes mellitus, and hypertension

 E. Heart rate above 100 beats per minute, T wave inversions in multiple 
leads, and more than three TIMI risk variables

Answer: B Meta-analyses of all randomized trials of management of subjects 
with NSTE ACS have demonstrated that those with more than three TIMI 
risk variables, age older than 75 years, and a positive serum troponin concen-
tration are at high risk of a recurrent ischemic event (myocardial infarction, 
recurrent ischemia, or death) and obtain a substantial benefit when they are 
managed invasively (intensive medical therapy and coronary angiography/
revascularization within 72 hours of hospitalization).
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in situ thrombosis, vasculitis, primary vasospasm, infiltrative or degenerative 
disease, diseases of the aorta, congenital anomalies of a coronary artery, or 
trauma (Table 64-1).

 RISK FACTORS
The lifetime risk for coronary artery disease varies dramatically depending 
on age, gender, lipid profile (Chapter 195), blood pressure (Chapter 70), 
diabetes (Chapter 216), smoking status (Chapter 29), family history, and 
ethnicity (Chapter 46). When all modifiable risk factors are optimal, the life-
time risk of coronary artery disease for a 45 year old is estimated to be less 
than 5%; with two or more major risk factors by comparison, it is 50% for 
men and 31% for women. All modifiable risk factors combined (including 
obesity, diet, physical activity, alcohol consumption, and psychosocial factors) 
account for more than 90% of the population-attributable risk of acute MI 
globally. The genetic contribution to the risk of coronary artery disease is 
estimated to be about 40%, and polygenic risk scores based on common genetic 
variants can provide supplementary prognostic information.4

 CLINICAL MANIFESTATIONS
The diagnosis of acute MI has traditionally rested on the triad of ischemic-type 
chest discomfort, ECG abnormalities, and elevated serum cardiac biomarkers 
of necrosis. Acute MI was considered present when at least two of the three 
were present. With their increasing sensitivity and specificity, serum cardiac 
troponin levels (i.e., troponin I [TnI] and troponin T [TnT]) have assumed 
a dominant role in confirming the diagnosis of acute MI in patients with 
suggestive clinical or ECG features.5

History
Acute MI may present with typical ischemic-type chest discomfort or atypi-
cally with dyspnea, nausea, epigastric discomfort, malaise, and/or unexplained 
weakness. Ischemic-type chest discomfort, usually the most prominent clinical 
symptom in acute MI, is perceived as a persistent (>10 to 20 minutes), diffuse, 
deep, and heavy retrosternal pressure or burning sensation; it rarely is perceived 
as sharp pain and generally not as stabbing pain (see Table 45-2). The dis-
comfort associated with acute MI is qualitatively similar to that of angina 
pectoris but more severe and persistent (Chapters 45 and 62).

The primary location of typical ischemic pain is most consistently retroster-
nal, but it also can present left parasternally, left precordially, or across the 
anterior chest (Chapter 45). On occasion, discomfort is predominantly per-
ceived in the anterior neck, jaw, arms, or epigastrium. It generally is somewhat 
diffuse; highly localized pain (finger point) is rarely angina or acute MI. The 
most characteristic pattern of radiation is to the left arm, but the right arm or 

64 
ST ELEVATION ACUTE MYOCARDIAL 
INFARCTION AND COMPLICATIONS  
OF MYOCARDIAL INFARCTION
JEFFREY L. ANDERSON AND JAMES C. FANG

 DEFINITION
Conceptually, acute myocardial infarction (MI) is myocardial necrosis caused 
by ischemia.1 Practically, MI can be diagnosed and evaluated by clinical, elec-
trocardiographic (ECG), biochemical, radiologic, and pathologic methods. 
Acute MI is classified based on whether the ECG shows ST segment elevation 
(ST elevation MI) or not (non–ST elevation MI). Acute MI can be further 
classified into six types: type 1, acute MI due to coronary atherothrombosis; 
type 2, acute MI due to a demand/supply mismatch; type 3, acute MI causing 
(sudden) death without the opportunity for biomarker or ECG confirmation; 
type 4a, acute MI related to a percutaneous coronary intervention (PCI); 
type 4b, acute MI related to thrombosis of a coronary stent; and type 5, acute 
MI related to coronary bypass graft surgery (CABG). This chapter focuses 
primarily on type 1 ST elevation MI. Non–ST elevation MI is covered in 
Chapter 63.

ST elevation MI is characterized by profound (“transmural”) acute myocar-
dial ischemia affecting relatively larger areas of myocardium. The underlying 
cause is essentially complete interruption of regional myocardial blood flow. 
In contrast, non–ST elevation MI is characterized by incomplete blockage of 
coronary flow, for which different acute therapies are appropriate (Chapter 63).

 EPIDEMIOLOGY
The risk of cardiovascular disease and MI has declined over the past several 
decades. Since 1987, the adjusted incidence rate of hospitalization for acute 
MI or fatal coronary artery disease in the United States has decreased by 4 to 
5% per year. Nevertheless, cardiovascular disease remains the number 1 cause 
of mortality in the United States, with 801,000 deaths annually (31% of all 
deaths), and it has become the leading contributor to the burden of disease 
worldwide (Chapter 46). Coronary artery disease is the leading cardiovascular 
disease, causing 580,000 first acute MIs, 210,000 recurrent MIs, and an esti-
mated 160,000 “silent” MIs annually; 360,000 deaths per year are attributed 
to coronary artery disease, or 1 of every 7 deaths.

The declines in cardiovascular disease and MI have been particularly note-
worthy for ST elevation MI, with rates falling by two thirds since 2008. ST 
elevation MI currently comprises 25% or less of acute coronary syndromes.2 
This decline is attributable to changing demographics, lifestyles, and medical 
therapies.

 PATHOBIOLOGY
The usual initiating mechanism of acute MI is fissure, rupture, or erosion of 
a vulnerable, lipid-laden atherosclerotic coronary plaque, thereby resulting in 
exposure of circulating blood to highly thrombogenic plaque core and matrix 
materials (Chapter 47). In the statin era, plaque erosion has become an increas-
ingly common cause. Platelets adhere, are activated, and aggregate. Thrombin 
is generated, thereby accelerating platelet activation, and the resulting fibrin 
traps red blood cells and leads to the formation of thrombus. A totally occlud-
ing thrombus typically leads to ST elevation MI. By comparison, partial occlu-
sion, or occlusion in the presence of collateral circulation, results in a non–ST 
segment elevation acute coronary syndrome, often with ST depression or T 
wave inversion (Chapter 63). Ischemia resulting from reduced coronary flow 
leads to myocardial cell injury or death, ventricular dysfunction, and cardiac 
arrhythmias. Myocardial necrosis begins after as little as 15 to 20 minutes of 
coronary occlusion and proceeds rapidly in a wave front from endocardium 
to epicardium. Partial myocardial salvage can be achieved by reperfusion within 
3 to 6 hours, the degree of salvage being inversely proportional to the duration 
and extent of ischemia. The extent of myocardial necrosis also depends on 
metabolic demand and collateral blood supply.

Acute MI in the absence of critical epicardial coronary atherosclerosis 
accounts for about 10% of acute MIs.3 The mechanisms include microvascular 
disease, endothelial dysfunction, coronary artery dissection, coronary emboli, 
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ABSTRACT
ST segment elevation myocardial infarction is an event of myocardial injury 
associated with essentially complete interruption of regional myocardial blood 
flow, typically caused by a coronary artery thrombus overlying a ruptured or 
eroded atherosclerotic plaque and resulting in rapidly evolving myocardial 
necrosis. The progression of necrosis can be interrupted by coronary reperfu-
sion, achieved either mechanically with percutaneous coronary intervention 
(PCI) or with fibrinolytic therapy. Emergent reperfusion therapy, which has 
become the primary treatment objective, results in marked reductions in mor-
bidity and mortality if performed in a timely fashion. ST segment elevation 
on the electrocardiogram and associated clinical symptoms, including ischemic-
type chest discomfort, are used to triage rapidly patients to reperfusion therapy. 
Cardiac troponin levels are the preferred biomarkers of myocardial injury but 
should not delay the triage decision. Ancillary medical therapy to primary 
PCI, preferred when available, includes an anticoagulant (before and during 
PCI), dual antiplatelet therapy with aspirin and a P2Y12 inhibitor, a high-
intensity statin, a beta-blocker, and an angiotensin converting enzyme inhibitor 
or angiotensin receptor blocker (selectively), with nitroglycerin and morphine 
as needed. Telemetry to monitor for cardiac arrhythmias, as well as clinical 
observation and echocardiography to detect mechanical complications and 
assess cardiac function, are key components of hospital care. Predischarge 
planning includes patient education and risk stratification, initiation of aggres-
sive secondary prevention measures, and arrangements for outpatient reha-
bilitation and medical follow-up. With improved prevention and care measures, 
the risk of ST segment myocardial infarction has declined, and its prognosis 
has improved, although the need for additional improvement remains. 
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both arms can be involved. The shoulders, neck, jaw, teeth, epigastrium, and 
interscapular areas also are sites of radiation. Discomfort above the jaws or 
below the umbilicus is not typical of acute MI. Associated symptoms often 
include nausea, vomiting, diaphoresis, weakness, dyspnea, restlessness, and 
apprehension.

The discomfort of acute MI is not reliably relieved by rest or nitroglycerin. 
The onset of acute MI usually is unrelated to exercise or other apparent pre-
cipitating factors. Nevertheless, acute MI may begin during or within a few 
hours following physical or emotional stress and is more common in this situ-
ation than is explained by chance.

It is estimated that at least 20% of acute MIs are painless (“silent”) or atypi-
cal (unrecognized). Elderly patients, especially women, and patients with 
diabetes are particularly prone to painless or atypical MI, which is the pre-
sentation of MI in as many as one third to one half of such patients. Because 
the prognosis is worse in elderly and diabetic patients, diagnostic vigilance is 
required. In these patients, acute MI can be manifested as sudden dyspnea 
(which can progress to pulmonary edema), weakness, lightheadedness, nausea, 
and vomiting. Confusional states, sudden loss of consciousness, a new rhythm 
disorder, and an unexplained fall in blood pressure are other uncommon pre-
sentations. The differential diagnosis of ischemic chest discomfort also should 
include gastrointestinal disorders (e.g., reflux esophagitis; Chapter 129), 
musculoskeletal pain (e.g., costochondritis), anxiety or panic attacks, pleurisy 
or pulmonary embolism (Chapter 74), and acute aortic dissection (see Table 
45-2 and Chapter 69).

Physical Examination
No physical findings are diagnostic or pathognomonic of acute MI. The physical 
examination often is entirely normal or may reveal only nonspecific abnor-
malities. An S4 gallop frequently is found if it is carefully sought. Blood pressure 
often is initially elevated, but it may be normal or low. Signs of sympathetic 
hyperactivity (tachycardia, hypertension, diaphoresis, or any combination of 
these three) often accompany anterior wall MI, whereas parasympathetic 
hyperactivity (bradycardia, hypotension, or both) is more common with infe-
rior wall MI.

The examination is best focused on an overall assessment of cardiac func-
tion. Adequacy of vital signs and peripheral perfusion should be noted. 
Signs of cardiac failure, both left and right sided (e.g., S3 gallop, pulmonary 
congestion, elevated neck veins) should be sought, and observation for 
arrhythmias and mechanical complications (e.g., new murmurs) is essen-
tial. If hypoperfusion is present, determination of its primary cause (e.g., 
hypovolemia, right-sided heart failure, left-sided heart failure) is critical  
to management.

in situ thrombosis, vasculitis, primary vasospasm, infiltrative or degenerative 
disease, diseases of the aorta, congenital anomalies of a coronary artery, or 
trauma (Table 64-1).

 RISK FACTORS
The lifetime risk for coronary artery disease varies dramatically depending 
on age, gender, lipid profile (Chapter 195), blood pressure (Chapter 70), 
diabetes (Chapter 216), smoking status (Chapter 29), family history, and 
ethnicity (Chapter 46). When all modifiable risk factors are optimal, the life-
time risk of coronary artery disease for a 45 year old is estimated to be less 
than 5%; with two or more major risk factors by comparison, it is 50% for 
men and 31% for women. All modifiable risk factors combined (including 
obesity, diet, physical activity, alcohol consumption, and psychosocial factors) 
account for more than 90% of the population-attributable risk of acute MI 
globally. The genetic contribution to the risk of coronary artery disease is 
estimated to be about 40%, and polygenic risk scores based on common genetic 
variants can provide supplementary prognostic information.4

 CLINICAL MANIFESTATIONS
The diagnosis of acute MI has traditionally rested on the triad of ischemic-type 
chest discomfort, ECG abnormalities, and elevated serum cardiac biomarkers 
of necrosis. Acute MI was considered present when at least two of the three 
were present. With their increasing sensitivity and specificity, serum cardiac 
troponin levels (i.e., troponin I [TnI] and troponin T [TnT]) have assumed 
a dominant role in confirming the diagnosis of acute MI in patients with 
suggestive clinical or ECG features.5

History
Acute MI may present with typical ischemic-type chest discomfort or atypi-
cally with dyspnea, nausea, epigastric discomfort, malaise, and/or unexplained 
weakness. Ischemic-type chest discomfort, usually the most prominent clinical 
symptom in acute MI, is perceived as a persistent (>10 to 20 minutes), diffuse, 
deep, and heavy retrosternal pressure or burning sensation; it rarely is perceived 
as sharp pain and generally not as stabbing pain (see Table 45-2). The dis-
comfort associated with acute MI is qualitatively similar to that of angina 
pectoris but more severe and persistent (Chapters 45 and 62).

The primary location of typical ischemic pain is most consistently retroster-
nal, but it also can present left parasternally, left precordially, or across the 
anterior chest (Chapter 45). On occasion, discomfort is predominantly per-
ceived in the anterior neck, jaw, arms, or epigastrium. It generally is somewhat 
diffuse; highly localized pain (finger point) is rarely angina or acute MI. The 
most characteristic pattern of radiation is to the left arm, but the right arm or 

TABLE 64-1 CONDITIONS OTHER THAN CORONARY ATHEROSCLEROSIS THAT CAN CAUSE ACUTE MYOCARDIAL INFARCTION
Coronary emboli Causes include aortic or mitral valve lesions, left atrial or ventricular thrombi, prosthetic valves, fat emboli, intracardiac neoplasms, 

infective endocarditis, and paradoxical emboli
Thrombotic coronary artery disease Can occur with oral contraceptive use, sickle cell anemia and other hemoglobinopathies, polycythemia vera, essential 

thrombocythemia, thrombotic thrombocytopenic purpura, disseminated intravascular coagulation, antithrombin III deficiency and 
other hypercoagulable states, macroglobulinemia and other hyperviscosity states, multiple myeloma, leukemia, malaria, and 
fibrinolytic system blockade secondary to impaired plasminogen activation or excessive inhibition

Coronary vasculitis Seen with Takayasu disease, Kawasaki disease, polyarteritis nodosa, lupus erythematosus, scleroderma, rheumatoid arthritis, and 
immune-mediated vascular degeneration in cardiac allografts

Coronary vasospasm Can be associated with variant angina, nitrate withdrawal, cocaine or amphetamine abuse, and angina with “normal” coronary arteries
Infiltrative and degenerative coronary 

vascular disease
Can result from amyloidosis, connective tissue disorders (e.g., pseudoxanthoma elasticum), lipid storage disorders and 

mucopolysaccharidoses, homocystinuria, diabetes mellitus, collagen vascular disease, muscular dystrophies, and Friedreich ataxia
Spontaneous coronary dissection More than 90% of cases occur in younger women. The dominant predisposing cause is fibromuscular dysplasia (Chapter 69); other 

causes include various arteriopathies and pregnancy-related conditions. Precipitating factors include extreme physical and 
emotional stressors; intense hormonal therapy; and labor, delivery, and postpartum status. Presentation is ST elevation MI in about 
50% of cases, and the estimated 10-year rate of subsequent major adverse cardiac events is about 50%.

Coronary ostial occlusion Associated with aortic dissection, luetic aortitis, aortic stenosis, and ankylosing spondylitis
Congenital coronary anomalies Including Bland-White-Garland syndrome of anomalous origin of the left coronary artery from the pulmonary artery, left coronary 

artery origin from the anterior sinus of Valsalva, coronary arteriovenous fistula or aneurysms, and myocardial bridging with 
secondary vascular degeneration

Trauma Associated with and responsible for coronary dissection, laceration, or thrombosis (with endothelial damage secondary to trauma 
such as angioplasty) and direct myocardial injury with radiation and cardiac contusion

Augmented myocardial oxygen 
requirements exceeding oxygen 
delivery

Encountered with aortic stenosis, aortic insufficiency, hypertension with severe left ventricular hypertrophy, pheochromocytoma, 
thyrotoxicosis, methemoglobinemia, carbon monoxide poisoning, shock, and hyperviscosity syndromes
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Electrocardiographic Evolution
Serial ECG tracings improve the sensitivity and specificity of the ECG for the 
diagnosis of acute MI and assist in assessing the outcomes of therapy. When 
typical ST segment elevation persists for hours and is followed within hours 
to days by T wave inversions and Q waves, the diagnosis of acute MI can be 
made with virtual certainty. The ECG changes in acute ST elevation MI evolve 
through three overlapping phases: hyperacute or early acute, evolved acute, 
and chronic (stabilized).

Early Acute Phase
This earliest phase begins within minutes, persists, and evolves during hours. 
T waves increase in amplitude and widen over the area of injury (hyperacute 
pattern). ST segments evolve from concave to straightened to convex upward 
patterns (acute pattern). When prominent, the acute injury pattern of blended 
ST-T waves can take on a tombstone appearance (Figs. 64-1 and 64-2). ST 
segment depressions that occur in leads opposite those with ST segment eleva-
tion are known as reciprocal changes and are associated with larger areas of 
injury and a worse prognosis but also with greater potential for benefit from 
reperfusion therapy.

Other causes of ST segment elevation must be considered and excluded 
(Table 64-2). These conditions include pericarditis (Chapter 68), LV hyper-
trophy with J point elevation, and normal variant early repolarization (Chapter 
48). Pericarditis (or perimyocarditis) is of particular concern because it can 
mimic acute MI clinically, but fibrinolytic therapy is not indicated and can be 
hazardous.

 DIAGNOSIS
Electrocardiography
In patients with a possible acute MI, a 12-lead ECG should be obtained imme-
diately, with a goal of less than 10 minutes from arrival at a health care facility. 
Although the initial ECG is neither perfectly sensitive nor specific in patients 
who develop acute ST elevation MI, it plays a critical role in initial stratifica-
tion, triage, and management (Chapter 45).6 In an appropriate clinical setting, 
a pattern of ST segment elevation of 2 mm (0.2 mV) or more at the J point 
in V2 to V3 in men or 1.5 mm (0.15 mV) or more in women in the absence 
of left ventricular (LV) hypertrophy, or 1 mm (0.1 mV) or more in two or 
more other contiguous chest or limb leads, suggests coronary occlusion causing 
marked myocardial ischemia. In such patients, emergency reperfusion (primary 
angioplasty or fibrinolysis) should be performed unless it is contraindicated. 
Hyperacute T wave changes may suggest the diagnosis in the early phase of 
ST elevation MI before the onset of ST elevation. A new or presumably new 
left bundle branch block (LBBB), which may obscure ST elevation analysis, 
may suggest an ST elevation MI equivalent in the appropriate clinical setting. 
ST depression in two or more precordial leads V1 to V4 may indicate transmural 
posterior injury due to occlusion of the left circumflex coronary artery; extend-
ing ECG analysis to leads V7 to V9 (i.e., over the left posterior chest) can help 
confirm this diagnosis. Other ECG patterns (ST segment depression, T wave 
inversion, nonspecific changes, normal ECG) in association with ischemic 
chest discomfort are consistent with a non–ST segment elevation acute coro-
nary syndrome and are treated with different triage and initial management 
strategies (Chapter 63).

10 mm/mV  25 mm/s  Filter ON
1-11-111

10 mm/mV
V1-V2-V3aVR  aVL  aVF

V4-V5-V6

FIGURE 64-1. Electrocardiographic tracing shows an acute anterolateral myocardial infarction. Note ST segment elevation in leads I, aVL, and V1 to V6 with Q waves in V1 to V4. 
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FIGURE 64-2. Electrocardiographic tracing shows an acute inferoposterior myocardial infarction. 
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as patients with ST elevation MI do. Certain ECG patterns, although relatively 
insensitive, suggest acute MI if they are present in the setting of LBBB: Q 
waves in two of leads I, aVL, V5, and V6; R wave regression from V1 to V4; ST 
segment elevation of 1 mm or more in leads with a positive QRS complex; 
ST segment depression of 1 mm or more in leads V1, V2, or V3; and ST segment 
elevation of 5 mm or more associated with a negative QRS complex. The 
presence of right bundle branch block (RBBB) usually does not mask typical 
ST-T wave or Q wave changes except in rare cases of isolated true posterior 
acute MI, which are characterized by tall right precordial R waves and ST 
segment depressions.

Differential Diagnosis
Although ST elevation MI is often an easy diagnosis to make on the basis of 
the presentation and test results (see later), other considerations include acute 
pericarditis (Chapter 68), acute myocarditis (Chapter 54), stress-induced 
cardiomyopathy (takotsubo syndrome) (Chapter 54), hyperkalemia, and early 
repolarization (see Table 64-2). All but early repolarization can be associated 
with abnormal biomarkers, but none are associated with a coronary occlusion. 
Early coronary angiography is advised when the cause of ST segment elevation 
is unclear (see Table 64-1).

Serum Cardiac Biomarkers of Necrosis
Cardiac-derived troponin-I (cTnI) and troponin-T (cTnT) are proteins specific 
to sarcomeres. Serial measurement of cardiac troponins now has become the 
preferred biomarker approach for differentiating acute MI from unstable angina 
and nonacute coronary syndromes. In the appropriate clinical setting, acute 
MI is indicated by a rising and/or falling pattern of troponin, with one or 
more value(s) above the 99th percentile upper reference limit. This rising-
falling pattern has become increasingly important as more and more sensitive 
assays have appeared. Troponins become detectable by traditional assays 1 to 
4 hours after the onset of acute MI. With highest-sensitivity assays, increased 
diagnostic sensitivity offers the possibility to exclude MI effectively in 1 to 2 
hours.7 Indeed, investigational pathways now have been proposed that may 
exclude acute MI after a single sample.8 However, such testing has decreased 
clinical specificity for acute MI because high-sensitivity assays can detect the 
presence of troponin in most normal individuals, and increased levels are 
observed in a number of non-MI settings, including myocarditis (Chapter 
54) and other causes of cardiac injury, such as cardiac, renal, and respiratory 
failure (Chapter 96); stroke (Chapter 379) and intracranial hemorrhage 
(Chapter 380); septic shock (Chapter 100); and chronic structural heart 
diseases (Chapter 62) (Table 64-3). As a result, the clinician always must 
consider the clinical context as well as the finding of a temporal rise and fall 
of troponin levels.8

The sensitivity and specificity of cardiac-specific TnI and TnT make them 
the “gold standard” for detection of myocardial necrosis. However, the 

Evolved Acute Phase
During the second phase, ST segment elevation begins to regress, T waves in 
leads with ST segment elevation become inverted, and pathologic Q or QS 
waves become fully developed (>0.03-second duration or depth >30% of R 
wave amplitude, or both).

Chronic Phase
Resolution of ST segment elevation is variable. Resolution is usually complete 
within 2 weeks of inferior MI, but it can be delayed further after anterior MI. 
Persistent ST segment elevation, often seen with a large anterior MI, is indica-
tive of a large area of akinesis, dyskinesis, or ventricular aneurysm. Symmetrical 
T wave inversions can resolve during weeks to months or can persist for an 
indefinite period; hence, the age of an MI in the presence of T wave inversions 
is often termed indeterminate. Q waves usually do not resolve after anterior 
MI but often disappear after inferior wall MI.

Early reperfusion therapy accelerates the time course of ECG changes to 
minutes or hours instead of days to weeks. ST segments recede rapidly, T 
wave inversions and loss of R waves occur earlier, and Q waves may not develop 
or progress and occasionally may regress. Indeed, failure of ST segment eleva-
tion to resolve by more than 50 to 70% within 1 to 2 hours suggests failure 
of fibrinolysis and should prompt referral for urgent angiography and consid-
eration of “rescue angioplasty.”

True Posterior Myocardial Infarction and Left Circumflex 
Myocardial Infarction Patterns
“True posterior” MI presents a mirror-image pattern of ECG injury in leads 
V1 to V2 to V4 (see Fig. 64-2). The location of injury of an isolated true pos-
terior MI by magnetic resonance imaging actually involves portions of the 
lateral LV wall and is typically caused by occlusion of a nondominant left 
circumflex artery. In the precordial leads, the acute phase is characterized by 
ST segment depression rather than by ST segment elevation. The evolved and 
chronic phases show increased R wave amplitude and widening instead of Q 
waves. Recognition of an isolated true posterior acute MI pattern is challeng-
ing but important because the diagnosis should lead to an immediate reperfu-
sion strategy. Extending the ECG to measure left posterior leads V7 to V9 
increases sensitivity for detection of acute left circumflex–related injury patterns 
(i.e., ST segment elevation) with excellent specificity (Chapter 48). Other 
causes of prominent upright anteroseptal forces include right ventricular (RV) 
hypertrophy, ventricular preexcitation variants (Wolff-Parkinson-White syn-
drome; Chapter 58), cardiomyopathies, right bundle branch block, and normal 
variants with early R wave progression. New appearance of these changes or 
the association with an acute or evolving inferior MI usually allows the diag-
nosis to be made.

Right Ventricular Infarction
Proximal occlusion of the right coronary artery before the acute marginal 
branch can cause RV infarction as well as acute inferior MI in about 30% of 
cases. Because the prognosis and treatment of acute inferior MI differ in the 
presence of RV infarction, it is important to make this diagnosis. The diagnosis 
is assisted by obtaining right precordial ECG leads, which are routinely indi-
cated for inferior acute MI (Chapter 48). Acute ST segment elevation of at 
least 1 mm (0.1  mV) in one or more leads V4R to V6R is both sensitive and 
specific (>90%) for identifying acute RV injury, and Q or QS waves effectively 
identify RV infarction.

Diagnosis in the Presence of Bundle Branch Block
The presence of LBBB often obscures ST segment analysis in patients with 
suspected acute MI. The presence of a new (or presumed new) LBBB in asso-
ciation with clinical (and laboratory) findings suggesting acute MI is associated 
with high mortality; patients with new-onset LBBB benefit substantially from 
reperfusion therapy and should undergo triage and treatment in the same way 

TABLE 64-3 NON–MYOCARDIAL INFARCTION CAUSES OF 
AN ELEVATED TROPONIN LEVEL

OTHER CARDIAC CAUSES

Myocardial injury: cardiac contusion, surgery, ablation, shocks
Myocardial inflammation: myocarditis, pericarditis
Heart failure
Cardiomyopathies: infiltrative, stress, hypertensive, hypertrophic
Aortic dissection
Severe aortic stenosis
Tachycardias
PULMONARY CAUSES

Pulmonary embolism
Pulmonary hypertension
Respiratory failure
NEUROLOGIC CAUSES

Stroke
Intracranial hemorrhage
OTHER

Shock: septic, hypovolemic, cardiogenic
Renal failure
Modified from Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of myocardial 
infarction. Circulation. 2012;126:2020-2035.

TABLE 64-2 CONDITIONS THAT CAN MIMIC ST SEGMENT 
ELEVATION MYOCARDIAL INFARCTION

Early repolarization with noncoronary chest pain
Myocarditis
Pericarditis
Takotsubo syndrome (stress cardiomyopathy)
Hyperkalemia
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decision to proceed with urgent reperfusion (primary angioplasty or fibrino-
lysis) in ST elevation MI should be based on the patient’s clinical history and 
the initial ECG and not be delayed by troponin testing (Chapter 45).

Clinically, cTnI and cTnT are of approximately equivalent utility, except 
that renal failure (Chapter 122) is more likely to be associated with false-
positive elevations of cTnT than of cTnI. The troponins are maximally sensitive 
at 8 to 12 hours, peak at 10 to 24 hours, and persist for 5 to 14 days. However, 
this persistence makes more challenging the diagnosis of an early recurrent 
MI, for which more rapidly cleared markers (i.e., the MB isoenzyme of creatine 
kinase [CK-MB]) may be selectively complementary. Otherwise, however, 
with current troponin assays, concomitant measurement of levels of CK-MB 
or myoglobin is redundant and not recommended.

Other Laboratory Tests
On admission, routine assessment of complete blood count and platelet count, 
standard blood chemistry studies, a lipid panel, and coagulation tests (pro-
thrombin time, partial thromboplastin time) is useful. Results assist in assessing 
comorbid conditions and prognosis and in guiding therapy. Hematologic tests 
provide a useful baseline before initiation of antiplatelet, anticoagulant, and 
fibrinolytic therapy or coronary angiography or angioplasty. Myocardial injury 
precipitates polymorphonuclear leukocytosis, commonly resulting in an eleva-
tion of the white blood cell count to up to 12,000 to 15,000/µL, which appears 
within a few hours and peaks at 2 to 4 days. The metabolic panel provides a 
useful check on electrolytes, glucose, and renal function. The lactate dehy-
drogenase level and aspartate aminotransferase level also may be elevated, 
particularly in the setting of large infarctions, but should not be ordered for 
diagnostic purposes.

On hospital admission or the next morning, a fasting lipid panel is recom-
mended as a baseline for lipid-lowering (statin) therapy (Chapter 195). Unless 
carbon dioxide retention is suspected, finger oximetry is adequate to diagnose 
hypoxemia and titrate oxygen therapy. The level of C-reactive protein increases 
with acute MI, but its incremental prognostic value in the acute setting has 
not been established. B-type natriuretic peptide, which increases with ven-
tricular wall stress and relative circulatory fluid overload, may provide useful 
incremental prognostic information in the setting of acute MI.

Imaging
The rapid triage of ST elevation MI patients to reperfusion therapy, most 
often for coronary angiography with intent to perform PCI, should not be 
delayed by routine imaging studies. A chest radiograph is the only imaging 
test routinely considered in the emergency department for ST elevation MI, 
and its usefulness is limited to selected patients with a concern for findings 
that might impact initial management. Although the chest radiograph is 
often normal, findings of pulmonary venous congestion, cardiomegaly, or a 
widened mediastinum can contribute importantly to diagnosis and manage-
ment decisions. For example, a history of severe, “tearing” chest and back 
pain in association with a widened mediastinum should raise the question of 
a dissecting aortic aneurysm (Chapter 69). In such cases, fibrinolytic therapy 
must be withheld pending more definitive diagnostic imaging of the aorta, and 
the approach to angiography may be modified. Other noninvasive imaging 
(e.g., echocardiography [Chapter 49], cardiac nuclear scanning [Chapter 50], 
and other testing) may be performed during the course of hospitalization to 
evaluate specific clinical issues, including suspected complications of acute 
MI, or for predischarge risk stratification. Coronary angiography (Chapter 
51) is performed urgently as part of an interventional strategy for ST eleva-
tion MI or later for risk stratification in higher-risk patients who are initially 
managed medically.

Echocardiography
Two-dimensional transthoracic echocardiography with color flow Doppler 
imaging is the most generally useful noninvasive test obtained during the 
hospital course (Chapter 49). Echocardiography efficiently assesses global 
and regional cardiac function and enables the clinician to evaluate suspected 
complications of acute MI. The sensitivity and specificity of echocardiography 
for regional wall motion assessment are high (>90%), although the age of the 
abnormality (new vs. old) must be distinguished clinically or by ECG. Echo-
cardiography is helpful in determining the cause of circulatory failure with 
hypotension (relative hypovolemia, LV failure, RV failure, or mechanical 
complication of acute MI). Echocardiography also can assist in differentiating 
pericarditis and perimyocarditis from acute MI. Doppler echocardiography 
is indicated to evaluate a new murmur and other suspected mechanical com-
plications of acute MI (e.g., papillary muscle dysfunction or rupture, acute 

ventricular septal defect, and LV free wall rupture with tamponade or pseu-
doaneurysm). Later in the course of acute MI, echocardiography may be used 
to assess the degree of recovery of stunned myocardium after reperfusion 
therapy, the degree of residual cardiac dysfunction and indications for 
angiotensin-converting enzyme (ACE) inhibitors and other therapies for heart 
failure, and the presence of LV aneurysm and mural thrombus (requiring oral 
anticoagulants).

Radionuclide, Magnetic Resonance, and Other Imaging Studies
Radionuclide techniques generally are too time-consuming and cumbersome 
for routine use in the acute setting of definite or probable acute MI. More 
commonly, they are used in risk stratification before or after hospital discharge 
to augment exercise or pharmacologic stress testing (Chapter 50). Thallium 
(Tl 201) or technetium (Tc 99m) sestamibi nuclear scans or rubidium (Rb 
82) positron emission tomography scans can assess myocardial perfusion and 
viability as well as infarct size. Cardiac magnetic resonance imaging (Chapter 
50) with late gadolinium enhancement also can assess infarct size as well as 
myocardial function during the convalescent phase. Computed tomography 
and magnetic resonance imaging also can be useful to evaluate patients with 
a suspected dissecting aortic aneurysm (Chapter 69). When a nonatheroscle-
rotic cause of myocardial necrosis is suspected (e.g., perimyocarditis simulating 
acute MI), contemporary multislice (e.g., 64- to 256-slice) coronary computed 
tomography can assess coronary artery disease qualitatively and semiquanti-
tatively as well as distinguish other causes of chest pain syndromes (Chapters 
45 and 50).

Prehospital Phase
Prehospital cardiac arrest (Chapter 57) and extensive necrosis are major 

causes of acute MI-associated morbidity and mortality. The first hour after the 
onset of symptoms represents the best opportunity for myocardial salvage 
with reperfusion therapy. Thus, the primary goals of prehospital care are to 
recognize symptoms promptly and seek medical attention, deploy an emergency 
medical system (EMS) trained in emergency cardiac care, and transport the 
patient expeditiously to a medical facility capable of advanced coronary care, 
including reperfusion therapy (primary PCI or fibrinolysis).9 Guidelines set an 
average system time goal for first medical contact-to-device of 90 minutes or 
less. For patients who initially arrive at or are transported to a non–PCI-capable 
hospital, the system time goal to device is 120 minutes or less. The greatest 
time lag to reperfusion therapy is the patient’s delay in calling for help. Public 
education efforts aimed at reducing this delay have yielded mixed results, and 
innovative approaches are needed.

Expert EMS teams perform prehospital ECGs, communicate preliminary 
diagnoses, and transport patients preferentially to a PCI-capable hospital where 
an ST elevation MI team is on alert. This approach results in more rapid primary 
PCI (average savings of about 15 minutes) and superior clinical outcomes. Direct 
triage to the catheterization laboratory rather than to the emergency depart-
ment also may decrease time to reperfusion. However, as many as one third 
of initial activations of the ST elevation MI team may be false positive.

Aspirin (162 to 325 mg, chewed) and sublingual nitroglycerin (0.4 mg every 
5 minutes for up to three doses) are administered at first medical contact where 
appropriate. Administering fibrinolytic therapy in the field by physician-directed 
EMS systems is feasible when the expected transit time is long (i.e., >120 minutes), 
but this practice is rare in the United States. Prehospital antiplatelet therapy 
of ST elevation MI patients with ticagrelor does not improve pre-PCI coronary 
reperfusion.

Hospital Phases
Emergency Department

The goals of emergency department care are to identify patients with acute 
myocardial ischemia rapidly, to stratify them into acute ST elevation MI versus 
other acute coronary syndromes (Fig. 64-3), to initiate a reperfusion strategy 
and other appropriate medical care, to assess risk (E-Fig. 64-1), and to triage 
them rapidly to inpatient care (patients with suspected acute coronary syndrome 
(ACS)) or outpatient care (patients without suspected ischemia) (see Fig. 63-2).

The evaluation of patients with chest pain and other suspected acute coro-
nary syndromes begins with a 12-lead ECG (with a goal of within 10 minutes 
of hospital arrival) and continues with a focused history and a targeted physical 
examination. Continuous ECG monitoring is started, an intravenous (IV) line is 
established, and admission blood tests are drawn (including for cardiac bio-
markers, i.e., cTnI or cTnT). As rapidly as possible, the patient is stratified into 
acute ST elevation MI, likely or definite non–ST elevation ACS, possible non–ST 
elevation ACS, or noncardiac chest pain categories.

TREATMENT 
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Medical history

Risk calculator for 6-month postdischarge mortality after hospitalization for acute coronary syndrome
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Record the points for each variable at the bottom left and sum the points to calculate the total risk score. Find the 
total score on the x-axis of the nomogram plot. The corresponding probability on the y-axis is the estimated 

probability of all-cause mortality from hospital discharge to 6 months.
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E-FIGURE 64-1. Global Registry of Acute Coronary Events (GRACE) risk score calculator for all-cause mortality from discharge after acute coronary syndrome to 6 months. 
(Reprinted with permission from Eagle KA, Lim MJ, Dabbous OH, et al. A validated prediction model for all forms of acute coronary syndrome: estimating the risk of 6-month postdis-
charge death in an international registry. JAMA. 2004;291:2727-2733.)
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DIDO time ≤ 30 min

STEMI patient who is a 
candidate for reperfusion

Initially seen at a 
PCI-capable hospital

Send to cath lab for 
primary PCI within

≤ 90 min of first 
medical contact

Diagnostic angiogram

PCI CABGMedical 
therapy only

Initially seen at a
non-PCI-capable hospital*

Urgent transfer for 
PCI for patients 
with evidence of 
failed reperfusion 

or reocclusion

Transfer for primary 
PCI within ≤ 120 min of 

first medical contact

Transfer for 
angiography and 
revascularization 

within 3–24 h for other 
patients as part of an 

invasive strategy†

Administer fibrinolytic 
agent within 30 min 
of arrival if time to 

PCI is anticipated to 
be >120 min after 

first medical contact

Reperfusion therapy for patients with STEMI

FIGURE 64-3. Reperfusion therapy for patients with ST segment elevation myocardial infarction (STEMI). All eligible patients with STEMI also are treated with dual antiplatelet 
therapy and an anticoagulant on admission (see text). *Patients with cardiogenic shock or severe heart failure initially seen at a non–percutaneous coronary intervention (PCI)-capable 
hospital should be transferred for cardiac catheterization (cath lab) and revascularization as soon as possible, irrespective of time delay from MI onset (class I, level of evidence: B). 
†Angiography and revascularization should not be performed within the first 2 to 3 hours after administration of fibrinolytic therapy. CABG = coronary artery bypass grafting; DIDO = 
door in–door out. (Modified from O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation. 2013;127:e362-e425.)

Longer-acting variants of tissue-type plasminogen activator (t-PA), given 
as single-bolus (tenecteplase) or double-bolus (reteplase) injections, now 
are more commonly used than t-PA (alteplase) in clinical practice because 
they are more convenient to administer, but they do not further improve  
survival. A8 

Emergent Therapeutic Measures and Early Inpatient Care
Reperfusion Therapy

Coronary reperfusion is accomplished by primary PCI (angioplasty and stent-
ing) or by IV fibrinolytic therapy.10

Primary PCI: Prompt PCI (with a goal of <90 minutes from first medical 
contact) is the preferred approach at PCI-capable hospitals for ST elevation MI 
patients within 12 hours of the onset of symptoms and is reasonable for ECG 
and clinical evidence of ongoing ischemia within 12 to 24 hours after the onset 
of symptoms (Table 64-4). It also is indicated with cardiogenic shock (Chapter 
99) or severe acute heart failure regardless of time delay. Advantages of primary 
PCI over fibrinolysis include lower rates of early mortality, reinfarction, and 
intracranial hemorrhage.

Current ST elevation MI guidelines support implantation of either drug-
eluting stents or bare-metal stents,11 but advanced-generation drug-eluting 
stents provide the best outcomes. A1  Aspiration thrombectomy does not provide 
incremental benefit and is not indicated.

Randomized trials support that the emergent PCI address not only the infarct-
related artery but also significant stenoses in “non-culprit” arteries A2 

,
 A3  except 

in patients who are in cardiogenic shock. A4  Such an approach reduces the need 
for repeat revascularization and lowers the subsequent rate of recurrent, nonfatal 
MI, especially if the hemodynamic significance of these additional stenoses  
is documented by the assessment of fractional flow reserve. A5  However, the 
impact of this more aggressive strategy on subsequent overall mortality is 
uncertain. A6 

The preferred access site for emergent PCI is the radial artery, A7  because it 
results in lower mortality as well as less bleeding compared with a femoral 
artery approach.

Fibrinolytic therapy: With the increasing availability of PCI-capable facilities, 
the use of fibrinolytic therapy (Table 64-5) has decreased. When PCI will be 
delayed by more than 120 minutes, however, fibrinolytic therapy, in the absence 
of contraindications, is indicated within 12 hours of the onset of symptoms. It 
should begin immediately in the emergency department (or ambulance, if 
available) with a goal of a door-to-needle time of less than 30 minutes. When 
PCI is not available, fibrinolysis also is reasonable for ECG and clinical evidence 
of ischemic injury within 12 to 24 hours of the onset of symptoms in patients 
who are hemodynamically unstable or have a large area of myocardium at risk 
(see Fig. 64-3).

When fibrinolysis is used, an accelerated regimen of a tissue plasminogen 
activator (plus IV heparin) is preferred to streptokinase because the patency 
rate of the infarct-related artery at 90 minutes is higher and mortality is lower. 

TABLE 64-4 INDICATIONS FOR PRIMARY ANGIOPLASTY 
AND COMPARISON WITH FIBRINOLYTIC 
THERAPY

INDICATIONS

A preferred reperfusion strategy for ST segment elevation or LBBB acute MI within 
12 hours of symptom onset (or >12 hours if symptoms persist)

Cardiogenic shock developing within 36 hours of ST segment elevation/Q wave 
acute MI or LBBB acute MI in patients <75 years old who can be revascularized 
within 18 hours of shock onset

Recommended at centers performing >400 PCIs/year with backup cardiac surgery 
and for operators performing >75 PCIs/year

Primary PCI can be performed at centers without on-site cardiac surgery if 
performed on carefully selected patients by experienced operators and if 
arrangements are in place for rapid transfer to a surgery-capable center when 
needed

ADVANTAGES OF PRIMARY PCI

Higher initial reperfusion rates
Reduced risk of intracerebral hemorrhage
Less residual stenosis; less recurrent ischemia or infarction
Usefulness when fibrinolysis is contraindicated
Improvement in outcomes with cardiogenic shock
DISADVANTAGES OF PRIMARY PCI (COMPARED WITH FIBRINOLYTIC 
THERAPY)

Access, advantages restricted to high-volume centers and operators
Longer average time to treatment
Greater dependence on operators for results
Higher system complexity and costs
LBBB = left bundle branch block; MI = myocardial infarction; PCI = percutaneous coronary 
intervention (includes balloon angioplasty, stenting).
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TABLE 64-5 CHARACTERISTICS OF INTRAVENOUS FIBRINOLYTIC AGENTS APPROVED BY THE U.S. FOOD AND DRUG 
ADMINISTRATION

CHARACTERISTICS STREPTOKINASE (SK) ALTEPLASE (t-PA) RETEPLASE (r-PA) TENECTEPLASE (TNK–t-PA)
Dose 1.5 MU in 30-60 minutes 100 mg in 90 minutes* 10 U + 10 U, 30 minutes apart 30-50 mg† during 5 seconds
Circulating half-life (minutes) ≅20 ≅4 ≅18 ≅20
Antigenic/allergic reactions Yes No No No
Systemic fibrinogen depletion Severe Mild to moderate Moderate Minimal
Intracerebral hemorrhage ≅0.4% ≅0.7% ≅0.8% ≅0.7%
Patency (TIMI 2/3) rate, 90 minutes‡ ≅51% ≅73-84% ≅83% ≅77-88%
Lives saved per 100 treated ≅3§ ≅4‖ ≅4 ≅4

Cost per dose (approximate U.S. dollars) 300 1800 2200 2200
*An accelerated alteplase regimen is given as follows: 15-mg bolus, then 0.75 mg/kg during 30 minutes (maximum, 50 mg), then 0.50 mg/kg during 60 minutes (maximum, 35 mg).
†TNK–t-PA is dosed by weight (supplied in 5-mg/mL vials): <60 kg = 6 mL; 61-70 kg = 7 mL; 71-80 kg = 8 mL; 81-90 kg = 9 mL; >90 kg = 10 mL.
‡TIMI = Thrombolysis in Myocardial Infarction. Data from Granger CB, Califf RM, Topol EJ. Thrombolytic therapy for acute myocardial infarction: a review. Drugs. 1992;44:293-325; and Bode C, Smalling 
RW, Berg G, et al. Randomized comparison of coronary thrombolysis achieved with double-bolus reteplase (recombinant plasminogen activator) and front-loaded, accelerated alteplase (recombinant tissue 
plasminogen activator) in patients with acute myocardial infarction: the RAPID II Investigators. Circulation. 1996;94:891-898.
§Patients with ST segment elevation or bundle branch block, treated <6 hours.
‖Based on the finding from the GUSTO trial that t-PA saves one more additional life per 100 treated than does SK. Data from The GUSTO Investigators. An international randomized trial comparing four 
thrombolytic strategies for acute myocardial infarction. N Engl J Med. 1993;329:673-682; and Simes RJ, Topol EJ, Holmes DR Jr, et al. Link between the angiographic substudy and mortality outcomes in a large 
randomized trial of myocardial reperfusion: importance of early and complete infarct artery reperfusion. GUSTO-I Investigators. Circulation. 1995;91:1923-1928.

The risk-to-benefit ratio should be assessed in each patient when fibrinolysis 
is considered and specific regimens are selected (Table 64-6). The major risk 
of fibrinolytic therapy is bleeding. Intracranial hemorrhage is the most serious 
and frequently fatal complication; its incidence rate is 0.5 to 1% with currently 
approved regimens. Older age (>70 to 75 years), female gender, hypertension, 
and higher relative doses of plasminogen activators and heparin increase the 
risk of intracranial hemorrhage.

For failed fibrinolysis, urgent transfer to a PCI-capable hospital for rescue 
PCI is more effective than repeated fibrinolysis. Even for patients successfully 
reperfused, rapid transfer to a PCI-capable facility, where angiography and PCI 
are performed as early as feasible within the window of 3 to 24 hours after 
fibrinolysis, can reduce the risk for recurrent ischemia, reinfarction, heart failure, 
cardiogenic shock, or death by about 35%.

Ancillary and Other Therapies
General Medical Management

Beyond prompt initiation of reperfusion and other antithrombotic therapy, 
initial management includes bedrest (i.e., for 12 hours or until ischemia 
has been relieved and hemodynamic parameters have stabilized) with ECG 
monitoring. Routine oxygen supplementation does not benefit normoxemic  
patients. A9 

,
 A10  Oxygen should be used in doses just sufficient to avoid hypoxemia 

(e.g., initially at 2 to 4 L/minute by nasal cannula; fingertip oximetry may be used 
to monitor effect) in patients with hypoxemia (oxygen saturation <90%), respira-
tory distress, or other high-risk features for hypoxemia. Initiation or continuation 
of high-intensity statin therapy (e.g., atorvastatin 80 mg/day or rosuvastatin 20 
to 40 mg/day), beginning on admission, is supported by clinical trials.

Patients with ischemic chest discomfort or pain should be given sublingual 
nitroglycerin (0.4 mg every 5 minutes for up to three doses). Subsequently, 
IV nitroglycerin, titrated to symptom relief and blood pressure effects, may 
be considered to treat ongoing discomfort, uncontrolled hypertension, or 
heart failure. Bradycardia is a relative contraindication to nitrates, particu-
larly in the setting of acute inferior ST elevation MI, in which it may slow the 
heart rate even more. Persistent ischemic pain may be treated with titrated IV 
doses of morphine (i.e., 1 to 4 mg, repeated in 5 to 30 minutes as needed to  
relieve pain).

Routine IV β-blocker therapy does not benefit ST elevation MI patients treated 
with primary PCI. A11  Nevertheless, older trials and guideline recommendations 
support the in-hospital initiation of titrated oral β-blockers (e.g., metoprolol 
tartrate, 12.5 mg orally every 6 hours, increased to 25 to 50 mg every 6 hours 
as tolerated) in eligible patients, beginning within the first 24 hours. IV therapy 
(e.g., metoprolol tartrate, 5 mg every 2 to 5 minutes, up to 3 doses, then tran-
sitioning to oral therapy, e.g., 25 to 50 mg every 8 hours) may be used for 
unrelieved hypertension. β-Blockers should be avoided in patients with active 
heart failure or cardiogenic shock. However, β-blockade, preferably with carvedilol, 
should be considered in patients with an LV ejection fraction <40% once the 
heart failure has resolved.

In the absence of contraindications (e.g., hypotension), ACE inhibitors (e.g., 
initially captopril 6.25 mg every 8 hours or lisinopril 2.5 mg twice daily, titrated 
upward as tolerated) or angiotensin receptor blockers (e.g., losartan 12.5 to 
25 mg once or twice daily, titrated upward as tolerated) should be started 
within 24 hours in patients with an anterior MI, LV dysfunction, or heart failure. 
Subsequently (e.g., at 3 to 14 days), patients with an ejection fraction less than 
or equal to 40% and either symptomatic heart failure or diabetes become 

TABLE 64-6 INDICATIONS FOR AND CONTRAINDICATIONS 
TO FIBRINOLYTIC THERAPY

INDICATIONS

Ischemic-type chest discomfort or equivalent for 30 minutes-12 hours with new or 
presumed new ST segment elevation in two contiguous leads of ≥2 mm 
(≥0.2 mV) in leads V1, V2, or V3 or ≥1 mm in other leads

New or presumed new left bundle branch block with symptoms consistent with 
myocardial infarction

Absence of contraindications
CONTRAINDICATIONS, ABSOLUTE

Active bleeding or bleeding diathesis (menses excluded)
Prior hemorrhagic stroke, ischemic stroke within 3 months, except acute ischemic 

stroke within 3-4.5 hours
Intracranial or spinal cord neoplasm or arteriovenous malformation
Suspected or known aortic dissection
Closed head or facial trauma within 3 months
CONTRAINDICATIONS, RELATIVE

Severe, uncontrolled hypertension by history or on presentation (>180/110 mm Hg)
Anticoagulation with therapeutic or elevated international normalized ratio (>2-3)
Old ischemic stroke (>3 months ago); intracerebral disease other than above
Recent (<3 weeks) major trauma/surgery or prolonged (>10 minutes) 

cardiopulmonary resuscitation or internal bleeding
Active peptic ulcer
Recent noncompressible vascular punctures
Pregnancy
For streptokinase/anistreplase: prior exposure (especially if >5 days ago) or allergic 

reaction
Modified from Kushner FG, Hand M, Smith SC Jr, et al. 2009 Focused updates: ACC/AHA 
guidelines for the management of patients with ST-elevation myocardial infarction and the ACC/
AHA/SCAI guidelines on percutaneous coronary intervention. Circulation. 2009;120:2271-2306.

candidates for the addition of an aldosterone antagonist (i.e., eplerenone; ini-
tially, 25 mg once daily) or spironolactone (12.5 to 25 mg twice daily).

The optimal systolic blood pressure range during acute MI is generally 100 
to 140 mm Hg. Excessive hypertension usually responds to titrated nitroglycerin, 
β-blocker therapy, and morphine. Relative hypotension could require discon-
tinuation of these medications, fluid administration, and/or other measures as 
appropriate to the hemodynamic subset (Table 64-7). Atropine (0.5 to 1.5 mg 
intravenously) should be available to treat symptomatic bradycardia and hypo-
tension related to hypervagotonia.

Antiplatelet Therapy
Given the critical role of coronary thrombosis in the precipitation of acute 

MI, antithrombotic therapy, supplemental to primary PCI or fibrinolysis, plays 
a key role in management of ST elevation MI (Fig. 64-4 and see Table 64-7).

Aspirin (162 to 325 mg, non–enteric-coated) should be given on presentation 
to all patients unless it is contraindicated (see Fig. 64-4). A daily maintenance 



CHAPTER 64 ST ELEVATION ACUTE MYOCARDIAL INFARCTION 395

TABLE 64-7 IN-HOSPITAL DOSING OF SELECTED 
ANTITHROMBOTIC DRUGS

DRUG INITIAL DOSE MAINTENANCE DOSE
Abciximab 0.25 mg/kg IV bolus 0.125 µg/kg/min [max, 10 µg/min] for 

up to 12 hr
Aspirin 162-325 mg 81 mg*-325 mg/day
Clopidogrel PCI: 300-600 mg*

Fibrinolysis and age >75: 
75-150 mg

75 mg/day (optional: 150 mg/day × 
1 wk)

Eptifibatide 180 µg/kg IV bolus × 2† 2.0 µg/kg/min for up to 18 hr; reduce 
rate by 50% for CrCl <50 mL/min

Prasugrel 60 mg 10 mg daily
Ticagrelor 180 mg 90 mg bid (given with aspirin 81 mg/

day)
Tirofiban 25 µg/kg IV bolus 0.15 µg/kg/min for up to 12-18 hr; 

reduce rate by 50% for CrCl 
<30 mL/min

UFH PCI‡: 70-100 U/kg IV 
bolus

Fibrinolytic§: 60 U/kg IV 
bolus (max, 4000 U)

Repeat to achieve, maintain target ACT
12 U/kg/hr [max, 1000 U/hr] initial 

adjust aPTT to 1.5-2.0 × control 
[~50-70 sec]

Bivalirudin PCI‡: 0.75 mg/kg IV bolus
Additional 0.3 mg/kg PRN

1.75 mg/kg/hr infusion
1 mg/kg/hr for CrCl <30 mL/min

Enoxaparin Fibrinolytic§: 30 mg IV 
bolus

Age >75: no bolus

1 mg/kg SC at 15 min and q12h [max, 
100 mg]

0.75 mg/kg SC q12h [max, 75 mg]
All ages, CrCl <30 mL/min: 1 mg/kg 

q24h
Fondaparinux Fibrinolytic§: 2.5 mg IV 2.5 mg SC daily, starting the next day

Contraindicated if CrCl <30 mL/min
*Generally preferred dose.
†Boluses are separated by 10 minutes.
‡Anticoagulants are generally stopped following uncomplicated PCI.
§Given for the index hospitalization [up to 48 hours (UFH) or up to 8 days (enoxaparin or 
fondaparinux)] or until revascularization.
ACT = activated clotting time; aPTT = activated partial thromboplastin time; bid = twice daily; 
CrCl = creatinine clearance; IV = intravenous; max = maximum; PCI = percutaneous coronary 
intervention (e.g., stenting); PRN = as needed; SC = subcutaneous; UFH = unfractionated heparin.

Recommendations for
antiplatelet and anticoagulant therapy for STEMI

Aspirin

Select management strategy

Invasive Medical (Fibrinolysis)

Anticoagulant therapy:
Pre-angiography: UFH
At angiography: bivalirudin or UFH

Anticoagulant therapy:
Enoxaparin or fondaparinux
(UFH if renal dysfunction)

Antiplatelet therapy:
Pre-angiography: prasugrel
                            or ticagrelor
                            (or clopidogrel)
At angiography: may add GPI
                            (selectively)

Antiplatelet therapy:
Clopidogrel

FIGURE 64-4. Recommendations for antiplatelet and anticoagulant therapy for ST 
segment elevation myocardial infarction (STEMI). See text for doses. GPI = glycoprotein 
IIb/IIIa inhibitor; UFH = unfractionated heparin. 

aspirin dose of 81 to 325 mg is then given and continued indefinitely. An 81-mg 
maintenance dose of aspirin is required with ticagrelor and preferred with 
prasugrel. However, a higher initial dose (325 mg daily for 30 days) of aspirin 
may be preferred with clopidogrel.

In addition to aspirin, a loading dose of an adenosine diphosphate receptor 
(P2Y12) inhibitor (i.e., clopidogrel 600 mg, prasugrel 60 mg, or ticagrelor 180 mg) 
should be given as early as possible or at the time of primary PCI to ST eleva-
tion MI patients for whom an invasive approach is planned, followed by a daily 
maintenance dose for at least 1 year. The more potent prasugrel and ticagrelor 
are preferred over clopidogrel for ST elevation MI patients undergoing primary 
PCI when their bleeding risk is acceptable. By comparison, clopidogrel is pre-
ferred in patients with a history of a stroke or transient ischemic attack, and it 
also is recommended for at least 14 days and up to 1 year after fibrinolytic 
therapy. Cangrelor, a short-acting IV P2Y12 inhibitor (given as a 30 µg/kg IV 
bolus followed immediately by a 4 µg/kg/min infusion for at least 2 hours or 
until the end of the procedure), has a rapid onset/offset of action (3- to 6-minute 
half-life) and is better than clopidogrel for preventing ischemic events, but at 
the cost of increased bleeding. A12 

Glycoprotein (GP) IIb/IIIa inhibitors (see Table 64-7) can provide a rapid onset 
of antiplatelet activity in the precatheterization laboratory setting or for the 
prevention and treatment of periprocedural thrombotic complications. Other-
wise, their use is now limited.

Anticoagulant Therapy
Inhibition of thrombin generation is crucial to the management of occluding 

coronary thrombi in ST elevation MI. Initiation of a parenteral anticoagulant 
thrombin inhibitor is recommended at the time of presentation for all ST eleva-
tion MI patients (see Fig. 64-4). IV unfractionated heparin and bivalirudin are 
comparably effective alternatives for the composite end point of death, recur-
rent MI, and major bleeding in supporting PCI and intensive antiplatelet 
therapy. A13  Anticoagulants are generally stopped after an uncomplicated PCI. 
Recommended options to support fibrinolytic therapy include unfractionated 
heparin, enoxaparin, and fondaparinux (see Table 64-7).

Combined Oral Anticoagulant and Antiplatelet Therapy
Based on limited evidence, current guidelines recommend dual antiplatelet 

therapy combined with warfarin for ST elevation MI patients with high-risk 
atrial fibrillation (AF) (Chapter 58), a mechanical heart valve, venous thrombo-
embolism (Chapter 74), or hypercoagulable disorders (Chapter 73), but that 
the duration of triple therapy be as short as possible (e.g., 6 months, minimum 
1 month). Alternative regimens thereafter include warfarin plus clopidogrel 
without aspirin, A14  low-dose rivaroxaban (15 mg daily) plus a P2Y12 inhibitor 
(primarily clopidogrel) without aspirin, or very-low-dose rivaroxaban (2.5 mg 
twice daily) plus dual antiplatelet therapy A15 ; these latter regimens are associ-
ated with less bleeding but no increase in thrombotic events.

Coronary Intensive Care
Prompt reperfusion therapy has dramatically lowered the prevalence of MI-

related ventricular arrhythmias. After early successful primary PCI, patients with 
small infarcts who are hemodynamically and electrically stable may be trans-
ferred to a telemetry step-down unit within 24 hours.

In the contemporary care of patients with an ST elevation MI, the primary 
role of coronary intensive care unit admission (Table 64-8) is to manage patients 
with or at risk for complications of acute MI. The goals of the coronary intensive 
care unit include continuous ECG monitoring and therapy for serious arrhyth-
mias (e.g., rapid defibrillation of ventricular fibrillation [VF]; Chapter 59), moni-
toring the success of the primary PCI, monitoring or continuing fibrinolytic 
therapy, initiating or continuing other acute medical therapies (as discussed 
earlier), appropriate hemodynamic assessment and monitoring, and diagnosis 
and treatment of mechanical and physiologic complications of acute MI.

General care measures in the coronary intensive care unit include attention 
to activity, diet and bowels, education, reassurance, and sedation. Bedrest is 
encouraged for the first 12 hours. In the absence of complications, dangling, 
bed-to-chair, and self-care activities can begin within 24 hours or earlier after 
successful reperfusion therapy. When stabilization has occurred, usually within 
1 to 3 days, patients may be transferred to a step-down unit where progressive 
reambulation occurs. The risk for emesis and aspiration or the anticipation of 
angiography or other procedures usually dictates nothing by mouth or clear 
liquids for the first 4 to 12 hours. Thereafter, a heart-healthy diet in small por-
tions is recommended. In patients at high risk for bleeding gastric stress ulcers, 
a proton pump inhibitor or an H2-receptor antagonist is recommended. Many 
patients benefit from an analgesic (e.g., morphine sulfate, in 1- to 4-mg incre-
ments) to relieve ongoing pain and an anxiolytic or sedative during the acute 
phase. A benzodiazepine is frequently selected, but routine use of anxiolytics 
is neither necessary nor recommended. Sedatives should not substitute for 
education and reassurance from concerned caregivers to relieve emotional 
distress and improve behavior. Constipation often occurs with bedrest and 
narcotics; stool softeners and a bedside commode are advised.

The ECG should be monitored continuously during the entire hospital course 
to detect serious arrhythmias and to guide therapy. Measures to limit infarct 
size (i.e., coronary reperfusion) and to optimize hemodynamics also stabilize 
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TABLE 64-8 SAMPLE ADMISSION ORDERS FOR ST SEGMENT ELEVATION ACUTE MYOCARDIAL INFARCTION
Diagnosis Acute ST segment elevation myocardial infarction
Admit Coronary care unit with telemetry
Condition Serious
Vital signs q h1

2  until stable, then q1-4h and PRN; pulse oximetry × 24 hr; notify if heart rate <50 or >100; respiratory rate <8 or >20; SBP <90 or >150 mm Hg; 
O2 saturation <90%

Activity Bedrest × 12 hr with bedside commode; thereafter, light activity if stable
Diet NPO except for sips of water until pain free and stable; then 2 g sodium, heart-healthy diet as tolerated, unless on call for catheterization (or other test 

requiring NPO)
Laboratory tests* Troponin I or T at 2 hr, then q8h × 3; comprehensive blood chemistry, magnesium, CBC with platelets; PT/INR, aPTT; BNP; lipid profile (fasting in 

morning); portable CXR
IV therapy D5W or NS to keep vein open (increase fluids for relative hypovolemia); second IV if IV medication given
Reperfusion therapy* Emergency primary coronary angioplasty or fibrinolysis (if appropriate and if not already performed)

1. Primary angioplasty (preferred if available within 90 min)
2. Tenecteplase, reteplase or alteplase (preferred); or streptokinase (see Table 64-5 for doses), if primary PCI is unavailable within 90-120 min

Medications 1. Nasal O2 at 2 L/min if with or at risk of hypoxemia, titrated to keep O2 saturation >90%
2. Aspirin 162-325 mg chewed on admission, then 81-365 mg PO daily
3. IV heparin, 60-U/kg bolus (maximum, 4000 U) and 12 U/kg/hr (maximum, 1000 U/hr), titrate to target aPTT 1.5-2.0 × control (about 50-70 sec); 

or enoxaparin (preferred with fibrinolytic), 30 mg IV, then 1 mg/kg SC q12h (maximum SC doses, 100 mg on day 1; reduce to 0.75 mg/kg for age 
≥75 yr, increase interval to q24h for CrCl <30 mL/min); or bivalirudin (with primary PCI), 0.75-mg/kg IV bolus, then 1.75 mg/kg/hr (delay 
30 min if heparin given)

4. Metoprolol, 12.5 mg PO q6h, incremented to 25-50 mg q6h as tolerated (hold for SBP <100 mm Hg, pulse <50 beats/min, asthma, heart failure); 
may consider IV metoprolol if immediate effect required (tachyarrhythmia, severe hypertension, unrelieved pain) in the absence of heart failure

5. Consider IV nitroglycerin drip × 24-48 hr (titrated to SBP 100-140 mm Hg)
6. Morphine sulfate, 1-4 mg IV and increment at 5-30 min PRN for unrelieved pain
7. Stool softener
8. Anxiolytic or hypnotic if needed
9. ACE inhibitor for hypertension, anterior acute MI, or LV dysfunction, in low oral dose (e.g., captopril, 6.25 mg q8h), begun within 24 hr or when 

stable (SBP >100 mm Hg) and adjusted upward
10. Lipid-lowering therapy (i.e., high-intensity statin) regardless of LDL: target LDL reduction of ≥50%; give atorvastatin 80 mg PO or rosuvastatin 

20-40 mg PO on admission (pre-cath) and continue daily
11. Antiplatelet therapy: Ticagrelor, 180 mg PO on admission, then 90 mg bid or prasugrel, 60 mg PO on admission, then 10 mg PO daily with a 

primary PCI strategy (preferred to clopidogrel if acceptable bleeding risk); or clopidogrel, 600 mg PO on admission for a primary PCI strategy, or 
300 mg PO with fibrinolytic, then 75 mg PO daily

For specific treatments for hemodynamic subgroups, see Table 64-9.
*If not ordered in the emergency department.
ACE = angiotensin-converting enzyme; aPTT = activated partial thromboplastin time; bid = twice daily; BNP = brain natriuretic peptide; cath = catheterization; CBC = complete blood count; CrCl = 
creatinine clearance; CXR = chest radiograph; D5W = 5% dextrose in water; INR = international normalized ratio; IV = intravenous; LDL = low-density lipoprotein; LV = left ventricle; MI = myocardial 
infarction; NPO = nothing by mouth; NS = normal saline; PCI = percutaneous coronary intervention; PO = orally; PRN = as needed; PT = prothrombin time; daily = once daily; SBP = systolic blood 
pressure; SC = subcutaneous(ly).

the heart electrically. Routine antiarrhythmic prophylaxis (e.g., with lidocaine 
or amiodarone) is not indicated, but specific arrhythmias require treatment 
(see later text).

Hemodynamic evaluation is helpful in assessing prognosis and in guiding 
therapy (Table 64-9). Clinical and noninvasive evaluation of vital signs is adequate 
for normotensive patients without pulmonary congestion. Patients with pul-
monary venous congestion are at high risk and must be carefully monitored 
in terms of fluid status, oxygenation, and urine output (Chapter 53). Invasive 
hemodynamic monitoring is appropriate only when the cause of circulatory 
failure is uncertain or when titration of IV therapies depends on hemodynamic 
measurements (e.g., pulmonary capillary wedge pressure and cardiac output). 
Arterial catheters are appropriate and useful in clinically unstable, hypotensive 
patients who do not respond to IV fluids to replete or to expand intravascular 
volume (see the later discussion of complications).

Later Hospital Phase
Transfer from coronary intensive care to a step-down unit usually occurs 

within 1 to 3 days, when the cardiac rhythm and hemodynamics are stable. 
The duration of this late phase of hospital care is usually an additional 1 to 3 
days in uncomplicated cases. Activity levels should be increased progressively 
under continuous ECG monitoring. Medical therapy should progress from par-
enteral and short-acting agents to oral medications appropriate and convenient 
for long-term outpatient use.

Risk stratification and functional evaluations are critical to assess prognosis 
and to guide therapy at the time of discharge, which may be as early as 2 to 
3 days in uncomplicated, successfully reperfused patients. Functional evaluation 
also can be extended to the early period after hospital discharge. Education 
must be provided about diet, activity, smoking, and other risk factors (e.g., 
lipids, hypertension, and diabetes—see later).

Management of Complications
Complications of acute MI have declined with early reperfusion and modern 

medical therapy, but they remain an important cause of morbidity and mortality.12

Recurrent Chest Pain
Recurrent chest pain can be caused by post-infarction ischemia of the border 

zones of the infarcted territory, acute closure of the treated infarct-related artery, 
non–infarct-related coronary lesions, mechanical complications (see later), and 
pericarditis. Characterization of the pain, physical examination, ECG, echocar-
diography, and cardiac marker determinations assist in the differential diagnosis. 
Treatment should be specific to the cause.

Post-infarction angina developing spontaneously during hospitalization 
for acute MI despite medical therapy may indicate infarct extension or rein-
farction and usually merits coronary angiography. Infarct expansion implies 
circumferential slippage with thinning of the infarcted myocardium. Infarct 
expansion can be associated with chest pain but without recurrent elevation 
of cardiac markers. Expansive remodeling can lead to an LV aneurysm. The 
risk for remodeling is reduced by early reperfusion therapy and administra-
tion of ACE inhibitors. β-Blockers and nitroglycerin are recommended medical  
therapies.

Pain with recurrent ST segment elevation or recurrent elevation of cardiac 
markers may be due to acute closure (e.g., stent thrombosis) of the treated 
infarct-related artery. An invasive approach is recommended and preferred 
to relieve discomfort that occurs hours to days after an acute MI and that 
is associated with objective signs of re-infarction. Other potential treatment 
strategies include readministration of thrombolytic therapy or a GP IIb/IIIa 
inhibitor, along with nitroglycerin, β-blockade, and heparin. Streptokinase, 
which induces neutralizing antibodies, generally should not be readministered 
beyond the first few days of an initial administration. Radionuclide perfusion 
stress testing can be helpful in patients with discomfort that is transient or 
of uncertain ischemic origin. For lesions with questionable degrees of ste-
nosis at angiography, coronary pressure gradient (fractional flow reserve) or 
Doppler velocimetry or intracoronary ultrasound can determine whether PCI  
is warranted.

The treatment of non–infarct-related coronary lesions that produce ischemia 
should be individualized, but these lesions generally warrant treatment, either 
at the time of the initial PCI or in a staged manner. Benefits include a reduction 
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TABLE 64-9 HEMODYNAMIC SUBSETS OF ACUTE MYOCARDIAL INFARCTION
BLOOD PRESSURE 

(RELATIVE)
TYPICAL PHYSICAL 

FINDINGS
CARDIAC INDEX  

(L/min/m2)
PA WEDGE PRESSURE 

(mm Hg) SUGGESTED INTERVENTIONS
Normal Normal ±S4 >2.5 ≤12 None required
Hyperdynamic Normal or high Anxious >3 <12 Control pain, anxiety; β-blocker; treat SBP to 

<140 mm Hg
Hypovolemia Low Dry ≤2.7 ≤9 Add fluids to maintain normal pressure; can develop 

pulmonary edema if hypotension is caused by 
unrecognized LV failure

Mild LV failure Low to high Rales, ±S3 2-2.5 >15 Diuresis; nitrates, ACE inhibitor; consider low-dose 
β-blocker

Severe LV failure Low to normal Above +S3, ± ↑ JVP, ± 
edema

<2 >20 Diuresis; nitrates; low-dose ACE inhibitor; avoid 
β-blockers; consider inotropes, urgent 
revascularization

Cardiogenic shock Very low Above + cool, clammy; ↓ 
mental or renal function

≤1.5 >25 Avoid hypotensive agents; place intra-aortic balloon 
pump or LV assist device; urgent revascularization 
if possible

RV infarct Very low ↑ JVP with clear lungs <2.5 ≤12 Give IV fluids; avoid nitrates and hypotensive agents; 
dobutamine if refractory to fluids

↑ = increased; ↓ = decreased; ACE = angiotensin-converting enzyme; IV = intravenous; JVP = jugular venous pressure; LV = left ventricle; PA = pulmonary artery; RV = right ventricle; SBP = systolic blood 
pressure.
Modified from Forrester JS, Diamond G, Chatterjee K, et al. Medical therapy of acute myocardial infarction by application of hemodynamic subsets (second of two parts). N Engl J Med. 1976;295:1404-1413.

in recurrent MI and in the need for future revascularization. However, a reduc-
tion in cardiovascular or overall mortality has not been established.

Acute pericarditis most commonly is manifested on days 2 to 4 when a large, 
transmural infarction causes pericardial inflammation. On occasion, hemorrhagic 
effusion with tamponade develops, so excessive anticoagulation should be 
avoided. Pericarditis developing later (2 to 10 weeks) after acute MI could rep-
resent Dressler syndrome, which is believed to be immune mediated. The 
incidence of this post-MI syndrome has decreased dramatically in the modern 
reperfusion era. Pericardial pain after ST elevation MI is usually treated with 
aspirin, but colchicine, acetaminophen, or narcotic analgesics (Chapter 68) are 
reasonable if aspirin (even in high doses) is not effective. Glucocorticoids and 
nonsteroidal anti-inflammatory drugs are potentially harmful after ST elevation 
MI and should be avoided.

Rhythm Disturbances
Ventricular Arrhythmias

Acute MI is associated with a pro-arrhythmic environment that includes 
heterogeneous myocardial ischemia, heightened adrenergic tone, intracellular 
electrolyte disturbance, lipolysis and free fatty acid production, and the genera-
tion of oxygen free radicals by reperfusion. As a result, arrhythmias are common 
early during acute MI. Micro-re-entry likely is the most common electrophysi-
ologic mechanism of early-phase arrhythmias although enhanced automaticity 
and triggered activity also are observed in experimental models.

Accelerated idioventricular rhythm (60 to 100 beats per minute) frequently 
occurs within the first 12 hours and is generally benign (i.e., is not a risk factor 
for more serious ventricular arrhythmias). Indeed, accelerated idioventricular 
rhythm frequently heralds successful reperfusion. Antiarrhythmic therapy is 
not indicated except for sustained, hemodynamically compromising accelerated 
idioventricular rhythm.

Primary VF is associated with a higher rate of 24-hour in-hospital and short-
term mortality, but the longer-term risk of recurrent ventricular tachycardia 
(VT) or VF and mortality is largely unaffected in survivors. Polymorphic VT and, 
less commonly, monomorphic VT are associated life-threatening arrhythmias 
that can occur in almost 6% of patients in the early phase of acute MI. Clinical 
features (including warning arrhythmias) are not adequately specific or sensi-
tive to identify patients at risk for sustained ventricular tachyarrhythmias, so 
all patients should be continuously monitored. Prophylactic lidocaine, which 
reduces primary VF but does not decrease (and may increase) mortality, is not 
recommended.

In comatose ST elevation MI patients resuscitated from out-of-hospital cardiac 
arrest due to VF or pulseless VT, therapeutic hypothermia to a targeted tem-
perature of 36° C is beneficial and should be started as soon as possible after 
hospital arrival (Chapter 57). Prehospital cooling does not provide incremental 
benefit.

Electrical cardioversion is required for VF and sustained polymorphic VT 
(unsynchronized shock) and for sustained monomorphic VT (synchronized 
shock) that causes hemodynamic compromise (Chapters 59 and 60). Brief IV 
sedation is given to conscious, “stable” patients. For slower, stable VT and non-
sustained VT requiring therapy, IV amiodarone or IV lidocaine is commonly 
considered. After episodes of VT or VF, infusions of antiarrhythmic drugs may 

be given for 6 to 24 hours; the ongoing risk for arrhythmia then is reassessed. 
Electrolyte and acid-base imbalance and hypoxia should be corrected. β-Blockade 
is useful in patients with frequent polymorphic VT associated with adrenergic 
activation (“electrical storm”). Additional, aggressive measures should be con-
sidered to reduce cardiac ischemia (e.g., emergency PCI or CABG) and to address 
LV dysfunction (e.g., intra-aortic balloon pump or LV assist device) in patients 
with recurrent polymorphic VT despite the use of β-blockers or amiodarone, 
or both.

Late VF, which is defined as VF developing more than 48 hours after the 
onset of acute MI, portends a worse prognosis and deserves aggressive therapy 
(see next paragraph). Monomorphic VT resulting from re-entry in the context 
of a recent or old MI also can appear late after MI, and patients may require 
long-term therapy (see later).

An implantable cardioverter-defibrillator (ICD; Chapter 60) is indicated in 
patients with VF or hemodynamically significant sustained VT occurring more 
than 2 days after ST elevation MI and not due to a transient or reversible cause 
(e.g., ischemia, reinfarction, metabolic abnormalities) (Fig. 64-5). An ICD also 
may be considered for patients with severe LV dysfunction (ejection fraction 
≤0.30) at least 40 days after ST elevation MI and 3 months after CABG, even 
without spontaneous or induced VT or VF. By comparison, early ICD implanta-
tion is not beneficial in a broader group of patients because its usefulness in 
preventing sudden deaths is offset by a high rate of nonsudden deaths.

Atrial Fibrillation and Other Supraventricular Tachyarrhythmias
AF, which is an important and relatively common acute MI-related arrhythmia, 

occurs in 5 to 10% of patients with an acute MI, often within the first day 
(Chapter 58). The incidence of atrial flutter and other supraventricular tachyar-
rhythmias is much lower. The risk for AF increases with age, larger MIs, heart 
failure, pericarditis, atrial infarction, hypokalemia, hypomagnesemia, hypoxia, 
pulmonary disease, and hyperadrenergic states. The incidence of AF is reduced 
by effective early reperfusion. Hemodynamic compromise with rapid rates and 
systemic embolism (in about 2% of cases) are adverse consequences of AF. 
Systemic embolism can occur on the first day, so prompt anticoagulation with 
heparin is indicated.

Recommendations for management of AF include electrical cardioversion 
for patients with hemodynamic compromise or ischemia; rate control with IV 
digoxin for patients with ventricular dysfunction (i.e., give 1.0 mg, half initially 
and half in 4 hours), with an IV β-blocker (e.g., metoprolol, 5 mg over 2 minutes 
to a total of 15 mg over 10 to 15 minutes) in those without clinical ventricular 
dysfunction, or with IV diltiazem or verapamil in hemodynamically compensated 
patients with a contraindication to β-blockers; and anticoagulation with heparin 
(or low-molecular-weight heparin [LMWH]). Amiodarone, which is generally 
reserved for patients with or at high risk for AF recurrence, may be started and 
continued for 6 weeks if sinus rhythm is restored and maintained. Long-term 
anticoagulation may not be necessary thereafter unless other indications exist.

Bradycardias, Conduction Delays, and Heart Block
Bradycardias caused by sinus or atrioventricular (AV)-nodal delay, typically 

owing to increased parasympathetic tone associated with an inferior wall MI, 
are common and usually benign. Atropine (0.5 to 1.5 mg IV) is useful for 
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ICD

EF≤0.30 EF≥0.400.31≤EF≤0.40

Is there additional
evidence of electrical

instability (e.g., NSVT)?

No ICDEPS

Path A Path B Path C

Class IIb;
LOE: B

Class IIa;
LOE: B

Class IIb;
LOE: B

Class III;
LOE: B

Class I;
LOE: B

Yes

No

+ –

NO spontaneous VF or sustained VT
more than 48 hours after STEMI

EF measured at least 1 month after STEMI

FIGURE 64-5. Algorithm to aid in selection of implantable cardioverter-defibrillator 
(ICD) in patients with ST segment elevation myocardial infarction (STEMI) and dimin-
ished ejection fraction (EF). The appropriate management path is selected on the basis 
of left ventricular EF measured at least 1 month after STEMI. All patients, whether an ICD 
is implanted or not, should receive medical therapy. EPS = electrophysiologic studies; 
LOE = level of evidence; NSVT = nonsustained ventricular tachycardia; VF = ventricular 
fibrillation; VT = ventricular tachycardia. (Modified from Antman EM, Anbe DT, Armstrong 
PW, et al. 2004 Update: ACC/AHA guidelines for the management of patients with ST-
elevation myocardial infarction—executive summary. A Report of the American College 
of Cardiology/American Heart Association Task Force on Practice Guidelines [Writing 
Committee to Revise the 1999 Guidelines for the Management of Patients with Acute 
Myocardial Infarction]. Circulation. 2004;110:588-636.)

symptomatic cases (e.g., heart rates generally <50 beats per minute associated 
with hypotension, ischemia, or escape ventricular arrhythmias). Temporary 
pacing is needed rarely. By comparison, atropine can worsen infranodal AV 
block (usually observed in association with anterior MI and a wide-complex 
escape rhythm), so it is important to differentiate the two (Chapter 58).

New-onset infranodal AV, intraventricular, and bundle branch blocks predict 
a four- to six-fold increase in in-hospital mortality, but this increase is related 
more to extensive myocardial damage than to the heart block itself. Temporary 
pacing usually is indicated, but it only modestly improves survival. Fortunately, 
the incidence of these arrhythmias has declined markedly in the reperfusion 
era (from 10 to 20% to ~4%).

Indications for permanent pacing after acute MI depend on the prognosis 
of the AV block and not solely on symptoms. Indications include even transient 
second- or third-degree AV block in association with bundle branch block and 
ongoing symptomatic AV block at any level. However, block at the AV nodal 
level (Wenckebach) rarely is persistent or symptomatic enough to warrant 
permanent pacing.

Heart Failure and Other Low-Output States
Of all serious acute MI-related complications, heart failure (Chapters 52 and 

53) is the most common and is the leading cause of in-hospital acute MI-related 
death.13 Manifestations of circulatory failure can include a weak pulse, low 
blood pressure, cool extremities, a third heart sound, pulmonary congestion, 
oliguria, and obtundation. However, pump failure has several distinct mecha-
nisms and causes, which must be distinguished from each other as well as from 
volume depletion as the cause of a low cardiac output state. Each requires a 
specific approach to diagnosis, monitoring, and therapy (see Table 64-7).

Left Ventricular Dysfunction
The degree of LV dysfunction correlates well with the extent of acute ischemia 

and infarction. Hemodynamic compromise becomes evident when impairment 
involves 20 to 25% of the left ventricle, and cardiogenic shock or death occurs 
with involvement of 40% or more (Chapter 99). Pulmonary congestion and S3 
and S4 gallops are the most common physical findings. Early reperfusion (with 
fibrinolytic agents, PCI, or CABG) is the most effective therapy to reduce infarct 
size, ventricular dysfunction, and associated heart failure. Medical treatment 
of heart failure related to the ventricular dysfunction of acute MI is otherwise 
generally similar to that of heart failure in other settings (Chapter 53) and 
includes adequate oxygenation and diuresis (begun early, blood pressure per-
mitting, and continued on a long-term basis if needed). Morphine sulfate (i.e., 
1 to 4 mg intravenously, with increments as needed after 5 to 30 minutes or 
more) is useful for patients with pulmonary congestion. Titrated oral ACE inhibi-
tor therapy (e.g., captopril, incremented from 3.125 to 6.25 mg three times 
daily to 50 mg twice daily as tolerated, or lisinopril, 1.25 to 2.5 mg one or twice 
daily, titrated as tolerated up to 10 to 20 mg twice daily) also is indicated for 

heart failure and pulmonary edema unless excessive hypotension (systolic blood 
pressure <100 mm Hg) is present. Nitroglycerin reduces preload as well as 
afterload and effectively relieves congestive symptoms; treatment can be begun 
sublingually (0.4 mg every 5 minutes times three), and then transition can be 
made to IV therapy (initially 5 to 10 µg/minute, incrementing by 5 to 20 µg/
minute until symptoms are relieved or until mean arterial pressure falls by 10% 
in normotensive patients or 30% in hypertensive patients but not <90 mm Hg 
or >30 mm Hg lower than baseline).

Volume Depletion
Relative or absolute hypovolemia is a frequent cause of hypotension and 

circulatory failure and is easily corrected if it is recognized and treated promptly. 
Poor hydration, vomiting, diuresis, and disease- or drug-induced peripheral 
vasodilation can contribute to this condition. Hypovolemia should be identified 
and corrected with IV fluids before more aggressive therapies are considered. 
An empirical fluid challenge may be tried in the appropriate clinical setting (e.g., 
for hypotension in the absence of congestion, for inferior or RV infarction, and 
for hypervagotonia). If filling pressures are measured, cautious fluid administra-
tion to a pulmonary capillary wedge pressure of up to about 18 mm Hg may 
optimize cardiac output and blood pressure without impairing oxygenation.

Right Ventricular Infarction
RV ischemia and infarction occur with proximal occlusion of the right coronary 

artery (before the take-off of the RV branches). Ten percent to 15% of inferior 
acute ST elevation MIs show classic hemodynamic features, and these patients 
form the highest-risk inferior MI subgroup for morbidity and mortality (25 to 
30% vs. <6% hospital mortality). Improvement in RV function commonly occurs 
over time, a finding suggesting reversal of ischemic stunning and other favor-
able accommodations if short-term management is successful.

Hypotension in patients with clear lung fields and elevated jugular venous 
pressure in the setting of inferior or inferoposterior acute MI should raise the 
suspicion of RV infarction. The Kussmaul sign (distention of the jugular veins 
on inspiration) is relatively specific and sensitive in this setting. ST segment 
elevation in lead V1 and in right precordial lead V4R (Chapter 48), particularly 
in the first 24 hours, is the most sensitive ECG marker of RV infarction. Echocar-
diography is helpful in confirming the diagnosis. (RV dilation and dysfunction 
are observed.) When right-sided heart pressures are measured, a right atrial 
pressure of 10 mm Hg or greater and 80% or more of the pulmonary capillary 
wedge pressure are relatively sensitive and specific for RV ischemic dysfunction.

Management of RV infarction consists of early maintenance of RV preload 
with IV fluids, reduction of RV afterload (i.e., afterload-only reducing drugs as 
for LV dysfunction; consideration of an intra-aortic balloon pump [IABP] or an 
LV assist device), early reperfusion, short-term inotropic support if needed, and 
avoidance of venodilators (e.g., nitrates) and diuretics used for LV failure (they 
may cause marked hypotension). Volume loading with normal saline solution 
alone is often effective. If the cardiac output fails to improve after 0.5 to 1 L of 
fluid, inotropic support with IV dobutamine (starting at 2 µg/kg/minute and 
titrating to hemodynamic effect or tolerance, up to 20 µg/kg/minute) is recom-
mended. High-grade AV block is common, and restoration of AV synchrony 
with temporary AV sequential pacing can lead to substantial improvement in 
cardiac output. Because the onset of AF (in up to one third of RV infarcts) can 
cause severe hemodynamic compromise, it requires prompt cardioversion. Early 
coronary reperfusion with PCI or fibrinolysis markedly improves outcomes.

Cardiogenic Shock
Cardiogenic shock (Chapter 99) is a form of severe LV failure characterized 

by marked hypotension (systolic pressures <90 mm Hg) and reductions in cardiac 
index (to <1.8 L/minute/m2) despite high LV filling pressure (pulmonary capil-
lary wedge pressure >18 mm Hg). The cause is loss of a critical functional mass 
(>40%) of the left ventricle. Risk factors include age, large (usually anterior) 
acute MI, previous MI, and diabetes. The treatment and prognosis of cardiogenic 
shock are discussed in Chapter 53.

Mechanical Complications
Mechanical complications of acute MI may occur throughout the hospital 

course and include acute mitral valve regurgitation (often caused by papillary 
muscle dysfunction or rupture), ventricular septal defect, and LV free wall 
rupture.14 These mechanical complications have decreased substantially over 
the past three decades, in large part due to early reperfusion therapy: in ST 
elevation MI patients treated with primary PCI, current risks are about 0.5% for 
free wall rupture, 0.2% for ventricular septal defect, and 0.3% for papillary muscle 
rupture, for a total mechanical complication rate of 1% or less. Prompt diagnosis 
and early surgery, although still associated with a high mortality rate, lead to 
better outcomes than delayed diagnosis and medical therapy alone.

An LV aneurysm can develop after a large, most commonly anterior, acute 
MI and create mechanical and electrical complications. If refractory heart failure, 
VT, or systemic embolization occurs despite medical therapy and PCI, aneurys-
mectomy with CABG is indicated.

Thromboembolic Complications
Arterial thromboembolism, typically arising from the left ventricle or left 

atrium, has declined markedly in ST elevation MI patients with early reperfusion 
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and aggressive antithrombotic therapies. Arterial embolism can cause dramatic 
clinical events, such as hemiparesis (Chapter 379), loss of a pulse, ischemic 
bowel (Chapter 134), or sudden changes in blood pressure, depending on the 
regional circulation involved.

Mural thrombosis with embolism occurs typically in the setting of a large 
(especially anterior) acute ST elevation MI and heart failure. The risk for embolism 
is particularly high when a mural thrombus is detected by echocardiography. Thus, 
in patients with anterior acute ST elevation MI and in other high-risk patients, 
echocardiography should be performed during hospitalization; if results are 
positive, oral anticoagulation should be started and continued for 6 months.

Pulmonary emboli commonly arise from thrombi in leg veins. Deep vein 
thrombosis can be prevented by lower extremity compression therapy, by limit-
ing the duration of bedrest, and by the use of subcutaneous unfractionated 
heparin or LMWH (in patients at risk and not receiving IV heparin) until patients 
are fully ambulatory (Chapter 74).

Adding an anticoagulant to aspirin and a P2Y12 inhibitor for the prevention 
of venous thromboembolic disease (Chapters 73 and 74) or the prevention of 
systemic embolization in patients with AF (Chapter 58) should be restricted to 
situations in which the benefit of preventing a thromboembolic event exceeds 
that of the increased risk of bleeding. Anticoagulant therapy is indicated in ST 
elevation MI patients with AF and a high risk of systemic emboli, mechanical 
heart valves, recent venous thromboembolism, or a hypercoagulable disorder. 
The duration of triple antithrombotic therapy should be limited to the shortest 
time possible to minimize the risk of bleeding. Anticoagulant therapy also is 
appropriate for patients with ST elevation MI and an asymptomatic LV mural 
thrombus and generally should be added to antiplatelet therapy for this purpose15 
(and might be considered for at-risk patients with anterior akinesis or dyskinesis) 
for 3 months. In the absence of sufficient data on the newer oral anticoagulants 
(Chapter 76) in settings other than AF, warfarin, usually to an international 
normalized ratio of 2.0 to 2.5, is recommended. To minimize bleeding in at-risk 
patients, careful attention must be paid to the appropriate selection and doses 
of antithrombotic regimens based on age, weight, renal function, and other 
comorbidities.

Risk Stratification after Myocardial Infarction
Risk stratification is a continuous process that begins on admission and 

continues through hospital discharge. The goals of risk stratification before 
and early after discharge for acute MI are to assess ventricular and clinical 
function, latent ischemia, and arrhythmic risk; to use this information for patient 
education and prognostic assessment; and to guide therapeutic strategies. 
Formal risk stratification tools (e.g., Thrombolysis in Myocardial Infarction [TIMI], 
Global Registry of Acute Coronary Events [GRACE]) have been developed and 
validated for acute coronary syndrome patients for use on admission and at 
discharge (see E-Fig. 64-1).

Cardiac Functional Assessment
An echocardiogram should be obtained to assess resting LV function before 

discharge in all patients with ST elevation MI. Patients who initially have a 
reduced LV ejection fraction and who are possible candidates for ICD therapy 
should have the LV ejection fraction re-evaluated 40 days or more after 
discharge.

Risk stratification during hospitalization or around the time of discharge also 
generally involves assessment of exercise capacity with submaximal exercise 
stress testing at 4 to 6 days after the infarction or limited stress testing at 2 
to 6 weeks after discharge (to peak heart rate of 120 to 130 beats per minute 
or 70% of the predicted maximum) unless patients have unstable post-MI 
angina, uncompensated heart failure, or serious cardiac arrhythmias. Alterna-
tively or in addition, patients may undergo symptom-limited stress testing at 
2 to 6 weeks before they return to work or resume other increased physical 
activities. Abnormal test results include not only ECG ST segment depression 
but also low functional capacity, exertional hypotension, and serious arrhyth-
mias. Patients with positive test results should be considered for coronary 
angiography. Imaging-enhanced stress testing with radionuclide perfusion 
tests (Chapter 50), echocardiography (Chapter 49), or cardiac magnetic reso-
nance (Chapter 50), can increase the sensitivity for detecting latent ischemia 
compared with stress ECG tests, can provide information about ejection frac-
tion and infarct size, and should be used for patients with ECG changes that 
preclude accurate ECG interpretation during stress. For patients unable to 
exercise, pharmacologic stress testing can be performed with adenosine, a 
long-acting bolus analogue of adenosine (e.g., regadenoson), or by dipyridamole  
scintigraphy.

Electrocardiographic Monitoring
Modern telemetry systems capture complete rhythm information during 

hospital observations and allow identification of patients with serious arrhyth-
mias, so routine 24- to 48-hour ambulatory ECG (Holter) monitoring before or 
after hospital discharge is no longer recommended. Patients with sustained 
VT or VF occurring late during hospitalization or provoked during electrophysi-
ologic study or with nonsustained VT on monitoring are candidates for an ICD, 
especially if the ejection fraction is less than 40% (see Fig. 64-5) (Chapters 59 

and 60). Prophylactic ICD placement at least 1 month after acute MI prevents 
sudden death for patients with severely depressed function (ejection fraction 
≤30%) regardless of the rhythm status.

Secondary Prevention
Advances in secondary prevention have resulted in increasingly effective 

measures to reduce recurrent MI and cardiovascular death. Secondary preven-
tion should be conscientiously applied after acute MI (Table 64-10).

A fasting lipid profile is recommended within 24 hours of admission, and 
high-intensity lipid-lowering therapy with a statin should start in the hospital, 
preferably on admission, and be continued as outpatient therapy in all patients 
with ST elevation MI and no contraindication to its use (e.g., atorvastatin, 80 mg 
daily, or rosuvastatin, 20 to 40 mg daily) (Chapter 195).16 Ezetimibe (10 mg 
daily) or a PCSK9 inhibitor can be considered in patients who have not achieved 
a low-density lipoprotein cholesterol goal17 of 70 mg/dL or lower.

Continued smoking doubles the subsequent mortality risk after acute MI, 
and smoking cessation reduces the risk for reinfarction and death within 1 year 
(Chapter 29). An individualized smoking cessation plan should be formulated, 
including pharmacologic aids (nicotine gum and patches, bupropion, or 
varenicline).

Antiplatelet therapy (Chapter 76; Fig. 64-6) at discharge should consist of 
aspirin, given on a long-term basis to all patients without contraindications 
(recommended maintenance dose, 81 mg/day). Clopidogrel (75 mg/day) or 
prasugrel (10 mg/day) or ticagrelor (90 mg twice daily) is given to patients who 
received PCI with stenting, and clopidogrel is appropriate also for other patients 
at higher risk for recurrent vascular events. Therapy should continue for 1 year 
after stent placement, although a shorter duration may be considered for patients 
experiencing or at high risk of major bleeding, especially if they have a bare 
metal stent or a second-generation drug-eluting stent. Even in patients more 
than 1 year after an MI, treatment with a P2Y12 inhibitor can significantly reduce 
the risk of longer-term ischemic events but at the cost of an increased risk of 
major bleeding. A16 

,
 A17  Hence, continuation of dual antiplatelet therapy beyond 

1 year should be individualized.18

Anticoagulant therapy (e.g., warfarin, with an international normalized ratio 
goal of 2.0 to 3.0) is indicated after acute MI for patients unable to take anti-
platelet therapy, for patients with persistent or paroxysmal AF, for patients with 
LV thrombus, and for patients who have had a systemic or pulmonary embolism. 
Anticoagulants also may be considered for patients with extensive wall motion 
abnormalities and markedly depressed ejection fraction with or without heart 
failure. Data on the benefits and risks of warfarin added to antiplatelet therapy 
(Fig. 64-6) are sparse.

ACE inhibitor therapy can prevent adverse myocardial remodeling after acute 
MI and can reduce heart failure and death; it is strongly indicated for long-term 
use in patients with anterior acute MI or an LV ejection fraction of less than 
40%. ACE inhibitors also reduce recurrent MI in higher-risk patients with an 
ejection fraction greater than 40%. In contrast, ACE inhibition, when added to 
other contemporary therapies, provides little additional benefit in reducing 
cardiovascular events in patients who have stable coronary disease and a low 
risk for a recurrent coronary event. These data support the long-term use of 
ACE inhibitors (e.g., ramipril, 2.5 mg titrated to 10 mg/day, or lisinopril, 2.5 to 
5 mg titrated to 10 mg/day) in most patients after MI, except perhaps those 
at lowest risk (i.e., without heart failure, hypertension, glucose intolerance, or 
reduced ejection fraction). An ARB (e.g., valsartan, 80 to 160 mg twice daily, or 
losartan, 50 to 100 mg/day) should be substituted in patients who cannot toler-
ate an ACE inhibitor (Chapter 53). An aldosterone receptor blocker (e.g., eplere-
none, 25 mg/day orally, increased to 50 mg/day after 4 weeks if tolerated, with 
monitoring of serum potassium levels) also should be added to the ACE inhibitor 
or ARB (but not both) regimen on a long-term basis in patients with depressed 
ejection fraction (≤0.40) and clinical heart failure or diabetes, unless this approach 
is contraindicated.

Long-term β-blocker therapy is recommended for MI survivors without uncom-
pensated heart failure or other contraindications. Options include metoprolol, 
25 to 200 mg/day, and carvedilol, 6.25 to 25 mg twice daily. However, long-term 
β-blocker therapy in patients at low subsequent cardiovascular risk (normal 
ventricular function, successful reperfusion, absence of arrhythmias) currently 
is viewed as reasonable but not mandatory.19

Nitroglycerin (0.4 mg) is prescribed routinely for sublingual or buccal admin-
istration for acute anginal attacks. Longer-acting oral therapy (isosorbide mono-
nitrate, 30 to 60 mg orally every morning, or dinitrate, 10 to 40 mg orally two 
or three times daily) or topical nitroglycerin (e.g., start with 0.5 inch; can be 
titrated up to 2 inches, every 6 hours for 2 days) may be added to treatment 
regimens for angina or heart failure in selected patients.

Calcium-channel blockers are negatively inotropic and are not routinely given 
on a long-term basis. However, they may be used in selected patients without LV 
dysfunction (ejection fraction >0.40) who are intolerant of β-blockers and who 
require these drugs for antianginal therapy (e.g., amlodipine, 5 to 10 mg/day 
orally; or diltiazem, 120 to 480 mg/day orally as sustained-release preparations 
or in divided doses) or for control of heart rate in AF (e.g., diltiazem, 120 to 
480 mg/day orally; or verapamil, 180 to 480 mg/day orally, as sustained-release 
preparations or in divided doses). Short-acting nifedipine should be avoided.
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TABLE 64-10 DISCHARGE MEDICATION CHECKLIST AFTER MYOCARDIAL INFARCTION*
MEDICATION DOSES REASONS NOT TO USE COMMENTS
Aspirin 81 (preferred) to 325 mg daily High bleeding risk Reduces mortality, reinfarction, and stroke
Clopidogrel
or

75 mg daily High bleeding risk; 
suboptimal antiplatelet 
response

Indicated after PCI for at least 1 yr (shorter time for BMS if high bleeding 
risk); also reduces vascular events when added to aspirin in non–ST 
segment elevation acute MI (also useful on the basis of clinical trials after 
ST segment elevation acute MI)

Genetic variants (CYP2C19) may reduce response
Controversial interaction with proton pump inhibitors (e.g., omeprazole)

Prasugrel
or

10 mg daily High bleeding risk Avoid with history of prior stroke or TIA

Ticagrelor 90 mg bid Consider 5 mg prasugrel daily in patients >75 yr or <60 kg
Avoid if history of intracranial bleeding
Limit daily aspirin dose to 81 mg

β-Blocker (e.g., metoprolol, 
carvedilol)

Metoprolol: 25-200 mg daily
Carvedilol: 6.25-25 mg bid

Asthma, bradycardia, heart 
failure

Reduces mortality, reinfarction, sudden death, arrhythmia, hypertension, 
angina, atherosclerosis progression

ACE inhibitor (e.g., ramipril, 
lisinopril) or ARB (e.g., 
valsartan, losartan)

Ramipril: 2.5-10 mg daily
Lisinopril: 5-10 mg daily
Valsartan: 80-160 mg daily-bid
Losartan: 50-100 mg daily

Hypotension, allergy, 
hyperkalemia

Reduces mortality, reinfarction, stroke, heart failure, diabetes, atherosclerosis 
progression

Lipid-lowering agent (i.e., a 
high-intensity statin; e.g., 
atorvastatin, rosuvastatin)

Atorvastatin: 80 mg daily
Rosuvastatin: 20-40 mg daily

Myopathy, rhabdomyolysis, 
hepatitis

Goal = LDL ≥50% reduction (statins also can benefit patients with lower 
LDL†)

Nitroglycerin sublingual 0.4 mg SL PRN for angina Aortic stenosis; sildenafil 
(Viagra) use

Instruct on PRN use and appropriate need for medical attention

*Medications given at hospital discharge improve long-term compliance.
†Heart Protection Study (Lancet. 2002;360:7); and PROVE-IT study (N Engl J Med. 2004;350:1495).
ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; bid = twice daily; BMS = bare metal stent; LDL = low-density lipoprotein; MI = myocardial infarction; PCI = percutaneous 
coronary intervention; PRN = as needed; daily = once daily; SL = sublingual; TIA = transient ischemic attack.
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FIGURE 64-6. Long-term antithrombotic therapy at hospital discharge after ST segment elevation myocardial infarction (STEMI). *Clopidogrel is preferred to warfarin because of 
increased risk of bleeding and low patient compliance in warfarin trials. †For 12 months. ‡Discontinue clopidogrel 1 month after implantation of a bare metal stent or several months 
after implantation of a drug-eluting stent (3 months after sirolimus and 6 months after paclitaxel) because of the potentially increased risk of bleeding with warfarin and two antiplatelet 
agents. Continue aspirin (ASA) and warfarin on a long-term basis if warfarin is indicated for other reasons, such as atrial fibrillation, left ventricular thrombus, cerebral emboli, or exten-
sive regional wall motion abnormality. §An international normalized ratio (INR) of 2.0 to 3.0 is acceptable with tight control, but the lower end of this range is preferable. The combination 
of antiplatelet therapy and warfarin may be considered in patients younger than 75 years who have a low bleeding risk and who can be monitored reliably. LOE = level of evidence. 
(Modified from Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA guidelines for the management of patients with ST-elevation myocardial infarction—executive summary. A report 
of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines [Writing Committee to Revise the 1999 Guidelines for the Management of Patients 
with Acute Myocardial Infarction]. Circulation. 2004;110:588-636.)



 PROGNOSIS
With the broad application of reperfusion and other contemporary therapies, 
the 30-day mortality after ST elevation MI is now less than 6%, and the 1-year 
mortality rate is 7 to 8%. Because reductions in mortality can be directly 
related to the number of evidence-based therapies given, patients treated at 
high-performing hospitals live about 1 year longer than do patients treated at 
low-performing hospitals.20 Of note is that the long-term survival is similar in 
patients who do and do not have evidence of obstructive coronary disease on 
acute coronary arteriography,21 and is reasonably similar in patients diagnosed 
with an acute MI compared with those whose MI was initially unrecognized.22

 Grade A References

A1. Sabaté M, Brugaletta S, Cequier A, et al. Clinical outcomes in patients with ST-segment elevation 
myocardial infarction treated with everolimus-eluting stents versus bare-metal stents (EXAMINA-
TION): 5-year results of a randomised trial. Lancet. 2016;387:357-366.

A2. Wald DS, Morris JK, Wald NJ, et al. Randomized trial of preventive angioplasty in myocardial 
infarction. N Engl J Med. 2013;369:1115-1123.

A3. Engstrom T, Kelbaek H, Helqvist S, et al. Complete revascularisation versus treatment of the culprit 
lesion only in patients with ST-segment elevation myocardial infarction and multivessel disease 
(DANAMI-3-PRIMULTI): an open-label, randomised controlled trial. Lancet. 2015;386:665-671.

A4. Thiele H, Akin I, Sandri M, et al. One-year outcomes after PCI strategies in cardiogenic shock. N 
Engl J Med. 2018;379:1699-1710.

A5. Smits PC, Abdel-Wahab M, Neumann FJ, et al. Fractional flow reserve-guided multivessel angioplasty 
in myocardial infarction. N Engl J Med. 2017;376:1234-1244.

A6. Spencer FA, Sekercioglu N, Prasad M, et al. Culprit vessel versus immediate complete revasculariza-
tion in patients with ST-segment myocardial infarction-a systematic review. Am Heart J. 2015; 
170:1133-1139.

A7. Valgimigli M, Frigoli E, Leonardi S, et al. Radial versus femoral access and bivalirudin versus unfrac-
tionated heparin in invasively managed patients with acute coronary syndrome (MATRIX): final 
1-year results of a multicentre, randomised controlled trial. Lancet. 2018;392:835-848.

A8. Jinatongthai P, Kongwatcharapong J, Foo CY, et al. Comparative efficacy and safety of reperfusion 
therapy with fibrinolytic agents in patients with ST-segment elevation myocardial infarction: a 
systematic review and network meta-analysis. Lancet. 2017;390:747-759.

In patients who have survived an MI and have a high-sensitivity C reactive 
protein level of 2 mg/L or greater, the use of canakinumab, a monoclonal anti-
body against interleukin-1β (150 mg subcutaneously every 3 months) reduced 
the risk of subsequent nonfatal MI, nonfatal stroke, or cardiovascular death. A18  
Whether this or less expensive anti–interleukin-1β therapy will become a part 
of post-MI medical care is to be determined.

Hormone replacement therapy (Chapter 227) with estrogen with or without 
progestin is not begun after an acute MI because it increases thromboembolic 
risk and does not prevent reinfarction. For women already receiving hormone 
replacement, therapy should be discontinued unless it is being given for a 
compelling indication.

Hypertension (Chapter 70) and diabetes mellitus (Chapter 216) must be assessed 
and tightly controlled in patients after an acute MI. ACE inhibitors or β-blockers 
as described earlier are usually the first-choice therapies for hypertension, with 
ARBs indicated when ACE inhibitors are not tolerated. ACE inhibitors and ARBs 
also can reduce the long-term complications of diabetes.

Antioxidant supplementation (e.g., vitamin E, vitamin C) does not benefit 
patients after acute MI and is not recommended. Folate therapy reduces 
homocyst(e)ine levels but does not reduce clinical events. Routine fish oil 
supplements also are not supported by current evidence.

Antiarrhythmic drugs are not generally recommended after acute MI, and 
class I antiarrhythmic agents can increase the risk for sudden death. Class III 
drugs (amiodarone, sotalol, dofetilide) may be used as part of the management 
strategy for specific arrhythmias (e.g., AF, VT) (Chapters 58 and 59).

Patient Education and Rehabilitation
The hospital stay provides an important opportunity to educate patients about 

their MI and its treatment, coronary risk factors, and behavioral modification. 
Education should begin on admission and continue to and beyond discharge. At 
hospital discharge, a detailed, evidence-based plan of care should emphasize the 
importance of a healthy lifestyle, including diet (Chapter 202), exercise (Chapter 
13), smoking cessation (Chapter 29), and compliance with medications. Timely 
outpatient health care follow-up also should be scheduled, and a rehabilitation 
program referral provided. Exercise-based cardiac rehabilitation may reduce 
reinfarction by about 50% and overall mortality by about 25%, with home-
based programs being as safe and effective as center-based programs. A19  Many 
hospitals use case managers and prevention specialists to augment physicians 
and nurses, to provide educational materials, to review important concepts, 
to assist in formulating and actualizing individual risk reduction plans, and to 
ensure proper and timely outpatient follow-up. This follow-up should include 
early return appointments with the patient’s physician (within 2 weeks to a 
few weeks). Instructions on activities also should be given before discharge.
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REVIEW QUESTIONS

1. The recommended duration of antiplatelet therapy with a P2Y12 inhibitor 
after drug-eluting stent placement for ST segment elevation myocardial 
infarction (STEMI) is:
 A. 1 month
 B. 3 months
 C. 6 months
 D. 1 year
 E. Indefinitely

Answer: D Early discontinuation of P2Y12 inhibition is associated with an 
increased risk of stent thrombosis. A favorable benefit-to-risk ratio of longer-
term/indefinite therapy has not been proved.

2. Which of the following scenarios should not be considered for immediate 
reperfusion therapy (e.g., primary percutaneous coronary intervention) in 
a patient presenting with suspected acute coronary syndrome?
 A. ST elevation >2 mm in precordial leads or >1 mm in limb leads
 B. New-onset left bundle branch block
 C. Resuscitated ventricular fibrillation (VF) arrest
 D. ST depression in precordial leads and ST elevation in supplemental 

leads V7 to V9

 E. None of the above (i.e., all of the above are correct)
Answer: E A and B are classic indications. VF in the setting of suspected 
acute coronary syndrome/STEMI is also an indication for rapid percutaneous 
coronary intervention. D represents a posterior myocardial infarction, which 
typically is caused by occlusion of the left circumflex coronary artery and 
should be treated as STEMI.

3. Newly available high-sensitivity, cardiac-specific troponin assays promise 
the following diagnostic advantages except:
 A. Increased diagnostic sensitivity
 B. Increased diagnostic specificity
 C. Reduced time to diagnostic rise in troponin levels after the onset of 

pain
 D. All of the above
 E. None of the above

Answer: B There are many non–myocardial infarction causes of troponin 
elevation; the newer, high-sensitivity assays can detect circulating troponin 
at baseline in a higher percentage of all patients, including those without acute 
coronary syndromes. As a result, the assays increase sensitivity, reduce time 
to diagnosis, and reduce specificity, thereby necessitating improved clinical 
judgment in their interpretation.

4. An implantable cardioverter-defibrillator (ICD) should be considered before 
discharge for which of the following STEMI patients?
 A. STEMI presenting with VF (successfully resuscitated)
 B. STEMI with sustained ventricular tachycardia (VT)/VF occurring more 

than 48 hours after presentation
 C. STEMI with ongoing runs of nonsustained VT on telemetry
 D. STEMI with predischarge ejection fraction of 30% or less, regardless 

of rhythm
 E. All of the above

Answer: B The risk of recurrent VT/VF is generally low for early (ischemic) 
VF, given current reperfusion and antithrombotic therapies. In contrast, con-
valescent presentation (at >48 hours) of sustained VT/VF carries a high risk 
of recurrence, and early ICD implantation should be considered. For patients 
with low ejection fractions, clinical trials (and Medicare reimbursement rules) 
support a waiting period of at least 40 days after myocardial infarction before 
considering an ICD. For nonsustained VT, implantation of an ICD is generally 
not indicated except in patients who have a reduced left ventricular ejection 
fraction and in whom it is induced on an electrophysiologic study.
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65 
INTERVENTIONAL AND SURGICAL 
TREATMENT OF CORONARY 
ARTERY DISEASE
PAUL S. TEIRSTEIN

Percutaneous coronary intervention (PCI) and coronary artery bypass graft 
(CABG) surgery represent alternative and sometimes complementary 
approaches to coronary revascularization. Each has its relative indications, 
advantages, disadvantages, and contraindications. Presumably because of 
improved medical care, the number of these revascularization procedures in 
U.S. Medicare beneficiaries has declined by more than 4% per year since 2010.

 PERCUTANEOUS CORONARY INTERVENTION
Percutaneous coronary intervention is applicable to most forms of coronary 
artery disease, including multivessel disease, total occlusions, saphenous vein 
graft disease, unstable angina (Chapter 63), and acute myocardial infarction 
(MI) (Chapter 64). An estimated 2 million PCIs are performed worldwide 
each year, making it one of the most widely used medical procedures. Its 
popularity is based largely on its simplicity, the need for only local anesthesia, 
a short (≈1 day or even outpatient) hospitalization, and negligible postpro-
cedure recovery time. In the United States, PCI is a cornerstone of the treat-
ment of acute coronary syndromes (Chapters 63 and 64), but the number of 
nonacute PCIs has declined by over one third since 2010.

 Mechanisms and Technical Considerations
Under local anesthesia, a hollow-bore needle is inserted percutaneously into 
a peripheral artery (usually the radial or femoral artery). A guidewire is placed 
through this needle and advanced into the aorta. The needle is removed, 
leaving the guidewire, over which a small-caliber (≈3 mm), specially shaped 
catheter (called a guiding catheter) is advanced under fluoroscopic guidance 
into the ostium of the obstructed coronary artery. By use of radiographic 
contrast injections that provide fluoroscopic visualization of the coronary 
artery lumen, a thin (≈0.014 inch), highly steerable guidewire is directed down 
the coronary artery and across the stenotic lesion. This guidewire becomes a 
“rail” over which therapeutic tools such as inflatable balloons, stents, and 
atherectomy catheters are passed to the diseased segment (Fig. 65-1).

Balloon catheters (Fig. 65-2) typically have two lumens, one to allow passage 
over the guidewire and another to carry a mixture of saline and radiographic 
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ABSTRACT
Percutaneous coronary intervention (PCI) and coronary artery bypass graft 
(CABG) surgery are two commonly performed procedures used to increase 
blood flow to cardiac muscle receiving inadequate blood supply due to coro-
nary artery blockages. PCI and CABG can be competitive or, at times, comple-
mentary techniques. PCI is one of the most widely used medical procedures 
based on its simplicity, usually only requiring entry of a small diameter catheter 
into the radial (wrist) artery under local anesthesia. In an awake patient, a 
thin guide wire is passed through catheter, across the arterial blockage. A 
metallic stent is then passed over the wire and expanded by balloon inflation 
to push the plaque aside. The balloon is then removed, thereby leaving the 
stent in place and creating a normal diameter lumen. Patients are often dis-
charged the same day. The advantages of PCI include its high effectiveness, 
little morbidity, a very short hospitalization, and complete recovery within 
hours. Its main disadvantage is a recurrence of the blockage (called “resteno-
sis”), which occurs in 5 to 20% of patients. CABG is performed using the 
internal thoracic artery or a reverse saphenous vein from the leg. One end of 
the bypass is attached to the aorta and the other to the obstructed coronary 
artery beyond the obstruction. Open chest surgery with general anesthesia 
is required. The advantages of CABG include its high effectiveness and the 
durability of the result. Its main disadvantage is the need for open chest surgery, 
which results in increased procedural morbidity, requires a 4 to 7 day hospital 
stay, and several weeks for full recovery. The decision between PCI and CABG 
is largely determined by clinical status and anatomic features, but in some 
patients the decision between the two procedures is controversial.



CHAPTER 65 InterventIonal and SurgIcal treatment of coronary artery dISeaSe402

infarction). A5 ,3 In patients with atrial fibrillation (Chapter 58), dual therapy 
with dabigatran (110 mg or 150 mg twice daily) plus clopidogrel or ticagrelor 
carries equivalent benefit with a lower risk of bleeding compared with triple 
therapy with aspirin, warfarin, and either clopidogrel or ticagrelor. A6  If a patient 
is unlikely to be able to adhere to such therapy because of bleeding risks or 
the need for an invasive or surgical procedure, a bare metal stent is preferable 
because antiplatelet therapy is required for only 2 to 4 weeks, although polymer-
free drug-eluting stents may become an alternative.4 Biodegradable drug-eluting 
scaffolds, which completely dissolve over 2 to 3 years, are a promising new 
technology but appear to be associated with a higher risk of in-stent thrombosis 
and myocardial infarction compared with metallic drug-eluting stents at three-
year follow-up. A7 

Atherectomy pulverizes plaque into microparticles that pass through the 
coronary microcirculation and is particularly helpful for the treatment of heavily 
calcified lesions. After plaque debulking with atherectomy, a drug-eluting stent 
is usually implanted.

 Discharge Issues
Discharge planning after PCI represents an important opportunity to emphasize 
evidence-based medical treatment of atherothrombotic disease and coronary 
risk factor modification. All patients should receive aspirin (81 mg/day) indefi-
nitely. For patients receiving bare metal stents, a minimum 2-week course of 
a thienopyridine (e.g., clopidogrel 75 mg/day, prasugrel 10 mg/day, or ticagrelor 
90 mg/day) is mandatory. If a drug-eluting stent is deployed, this dual anti-
platelet therapy is required for 3 to 12 months.5 Extending dual antiplatelet 
therapy to 30 or 36 months reduces cardiovascular events but increases bleed-
ing. A8  Prolonged use of aspirin, clopidogrel, angiotensin-converting enzyme 
inhibitors, β-blockers, and lipid-lowering agents should be considered on the 
basis of randomized trials showing improved long-term outcome, particularly 
in patients who present with unstable coronary syndromes (Chapters 62, 63, 
64). Smoking cessation (Chapter 29), blood pressure control (Chapter 70), 
stress management, exercise, weight loss, changes in dietary habits, and strict 
blood glucose control for patients with diabetes (Chapter 216) also are impor-
tant elements of the discharge plan.

During the PCI procedure, the interventional cardiologist is able to assess 
the target vessel fluoroscopically by injections of contrast material through 
the guiding catheter (Fig. 65-3). When the coronary artery has been opened 
successfully, all catheters are withdrawn, and the arterial access site is sealed 
by mechanical pressure, an absorbable plug, or a remote suturing device. 
Patients without comorbidity ambulate in 3 to 6 hours. Discharge from the 
hospital usually occurs 3 to 6 hours later or the morning after the procedure 
after stability of the arterial access site, cardiac biomarkers, and electrocardio-
gram are confirmed.

 Selection of Patients for Percutaneous Coronary Intervention
Any decision to perform PCI must include a review of the coronary angiogram 
(Chapter 51) by an experienced interventional cardiologist to assess the lesion’s 
technical suitability for the procedure. The disease must narrow the coronary 
artery lumen by at least 60%, and the quantity of myocardium subtended by 
the vessel should not be trivial. The pressure drop across a stenosis, called the 
fractional flow reserve (FFR), during maximum hyperemia (usually induced 
by intravenous adenosine) reflects its hemodynamic severity. A pressure drop 
of more than 20% (which corresponds to an FFR <0.80) predicts a clinical 
benefit from PCI. A1 

,
 A2  Patients with lesions characterized by longer length, 

vessel tortuosity, calcification, or the presence of thrombus can be treated 
with PCI but are associated with increased risk. For each patient, the benefits 
of PCI must be weighed against the procedural risk. Patient characteristics 
conveying increased risk include advanced age (i.e., >75 years), diabetes, smaller 
vessels that are often found in women, prior MI, significant impairment of 
left ventricular function, and renal insufficiency.

 Procedural Success and Complications
With use of modern techniques in appropriately selected patients, most PCI 
procedures have a greater than 95% success rate. The single exception is a 
chronic total coronary occlusion (100% obstruction of the lumen), in which 
the interventional cardiologist’s ability to negotiate a guidewire through the 
blockage is only about 60% to 90% and varies substantially with the operator’s 
expertise. With the increased use of coronary stents and adjunctive antiplatelet 
agents, coronary artery closure is rarely encountered. When PCI is performed 
by an experienced interventional cardiologist in appropriately selected patients, 
the risk of in-hospital death is less than 1%; MI (usually small, non–ST segment 
elevation MI) is approximately 5%, the need for urgent or emergent CABG 
surgery is less than 1%, the risk of stroke is less than 0.1%, the chance of coro-
nary perforation is less than 1%, and morbidity at the arterial access site (i.e., 
hematoma, pseudoaneurysm, or arteriovenous fistula) occurs in fewer than 
5% of patients. As a result of these low complication rates, PCI without the 
availability of onsite surgery is not associated with higher mortality or rate of 
emergency CABG surgery.

Restenosis and Thrombosis
Restenosis is a renarrowing of an artery after a PCI procedure, usually result-
ing from one of two mechanisms.2 The first mechanism, unfavorable remodeling 
and elastic recoil, is a mechanical renarrowing caused by adventitial constric-
tion and shrinkage of the vessel lumen. The second mechanism, neointimal 
hyperplasia, is caused by the proliferation of smooth muscle cells and matrix 
in response to the injury caused by balloons, stents, or atherectomy devices. 
Restenosis occurs in 10% to 50% of PCI patients after balloon angioplasty 
without stenting, usually within the first 6 months after the procedure. Bare 
metal coronary stents, which provide a semirigid scaffolding within the lumen 
and reduce restenosis by eliminating the mechanical renarrowing caused by 
unfavorable remodeling and elastic recoil, reduce restenosis by about one 
third compared with balloon angioplasty alone.

Although bare metal stents eliminate the mechanical component of reste-
nosis, the proliferative component is enhanced. Smooth muscle cell division 
and matrix formation can migrate through the stent struts to renarrow the 
vessel lumen. Drug-eluting stents, which contain and release antiproliferative 
drugs (e.g., sirolimus, everolimus, zotarolimus, and paclitaxel) reduce the need 
for early repeat PCI to less than 5%. A3 

 Choices Related to Stenting
Modern drug-eluting stents have low rates of both restenosis and thrombotic 
complications, so bare metal stents are now rarely used. A4  However, patients 
receiving drug-eluting stents must continue dual antiplatelet therapy with 
aspirin and a thienopyridine for a minimum of 3 to 6 months if the stent was 
implanted in a stable patient and 6 to 12 months if stenting was performed 
due to an acute coronary syndrome (unstable angina or myocardial 

A

B
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FIGURE 65-1. Schematic view of coronary angioplasty technique. a guide catheter 
(A) is inserted into the orifice of the coronary artery (in this figure, the left main artery), 
and a balloon catheter (B) is advanced over a thin guidewire (C) into the lesion. Balloon 
inflation dilates the stenotic region. (modified from Baim dS. Percutaneous balloon angio-
plasty and general coronary intervention. In: Baim dS, ed. Grossman’s Cardiac Catheteriza-
tion, Angiography, and Intervention. 7th ed. Philadelphia: lippincott Williams & Wilkins; 
2005.)

FIGURE 65-2. Balloon angioplasty catheter. the catheter consists of two lumens, an 
inflation lumen and a guidewire lumen. two radiopaque markers, indicating the lateral 
balloon margins, aid in positioning of the balloon before inflation 

contrast material to inflate a balloon at the distal catheter tip. Under fluoros-
copy, the balloon is centered across the lesion and inflated to 3 to 20 atmo-
spheres of pressure. Balloon inflation widens the narrowed lumen by stretching 
the vessel and, in most cases, causing a tear (a therapeutic dissection) at the 
edges of the plaque, where the atheroma meets the nondiseased media. Ather-
ectomy catheters, which also are passed over a guidewire to the diseased 
segment, remove plaque by a shaving, grinding, slicing, or suction mechanism. 
Coronary stents are metallic or polymeric scaffolding devices that are crimped 
onto a deflated balloon catheter before insertion into the diseased vessel (Videos 
65-1, 65-2, and 65-3). During balloon inflation, the collapsed stent expands 
to support the vessel lumen (E-Fig. 65-1 and Video 65-4). While balloons 
and atherectomy devices create an adequate, albeit rough channel through 
diseased arteries, the supporting structure of the stent can widen the lumen 
to near its predisease dimensions. With a stent, tissue flaps are “pinned” against 
the wall, and recoil is limited (Video 65-5). Most stents are designed so that 
the metallic struts comprise only about 20% of the surface area, thereby allow-
ing for endothelialization, which reduces the risk of thrombosis.1

Filters deployed within a coronary vessel beyond the target lesion to limit 
distal embolization of plaque, platelet aggregates, and other “debris” can further 
reduce ischemic complications in vessels with a friable endothelium, such as 
saphenous vein grafts. Stents composed of polymers or metals that provide 
a temporary scaffolding and then biodegrade (usually over several years) are 
currently undergoing intense clinical study.
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B

A

E-FIGURE 65-1. Balloon-expandable coronary stent. the stainless steel stent is  
crimped onto a balloon catheter to allow low-profile passage through the coronary artery. 
When it is positioned across the lesion, the balloon is inflated, expanding the stent (A). 
after balloon deflation and removal, the stent remains, providing a scaffold that supports 
the vessel lumen and conforms to the vessel’s geometry (B). 
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FIGURE 65-3. Angiographic images before, after, and at late follow-up after placement of a drug-eluting stent. the left anterior descending artery contains a tight stenosis (arrow, 
upper left panel). after stent implantation (upper right panel), the stenosis is abolished (arrow). follow-up at 4 and 12 months (bottom panels) reveals a completely open lumen with no 
evidence of restenosis (arrows). 

infarction). A5 ,3 In patients with atrial fibrillation (Chapter 58), dual therapy 
with dabigatran (110 mg or 150 mg twice daily) plus clopidogrel or ticagrelor 
carries equivalent benefit with a lower risk of bleeding compared with triple 
therapy with aspirin, warfarin, and either clopidogrel or ticagrelor. A6  If a patient 
is unlikely to be able to adhere to such therapy because of bleeding risks or 
the need for an invasive or surgical procedure, a bare metal stent is preferable 
because antiplatelet therapy is required for only 2 to 4 weeks, although polymer-
free drug-eluting stents may become an alternative.4 Biodegradable drug-eluting 
scaffolds, which completely dissolve over 2 to 3 years, are a promising new 
technology but appear to be associated with a higher risk of in-stent thrombosis 
and myocardial infarction compared with metallic drug-eluting stents at three-
year follow-up. A7 

Atherectomy pulverizes plaque into microparticles that pass through the 
coronary microcirculation and is particularly helpful for the treatment of heavily 
calcified lesions. After plaque debulking with atherectomy, a drug-eluting stent 
is usually implanted.

 Discharge Issues
Discharge planning after PCI represents an important opportunity to emphasize 
evidence-based medical treatment of atherothrombotic disease and coronary 
risk factor modification. All patients should receive aspirin (81 mg/day) indefi-
nitely. For patients receiving bare metal stents, a minimum 2-week course of 
a thienopyridine (e.g., clopidogrel 75 mg/day, prasugrel 10 mg/day, or ticagrelor 
90 mg/day) is mandatory. If a drug-eluting stent is deployed, this dual anti-
platelet therapy is required for 3 to 12 months.5 Extending dual antiplatelet 
therapy to 30 or 36 months reduces cardiovascular events but increases bleed-
ing. A8  Prolonged use of aspirin, clopidogrel, angiotensin-converting enzyme 
inhibitors, β-blockers, and lipid-lowering agents should be considered on the 
basis of randomized trials showing improved long-term outcome, particularly 
in patients who present with unstable coronary syndromes (Chapters 62, 63, 
64). Smoking cessation (Chapter 29), blood pressure control (Chapter 70), 
stress management, exercise, weight loss, changes in dietary habits, and strict 
blood glucose control for patients with diabetes (Chapter 216) also are impor-
tant elements of the discharge plan.

Activity restrictions after PCI are modest. If the femoral artery was instru-
mented, heavy lifting is discouraged for several days. Intense aerobic exercise 
is usually discouraged for 2 to 4 weeks (especially after stent implantation) 
because exercise can activate platelets and lead to formation of thrombus at 
the angioplasty site. Patients may return to work 1 or 2 days after the procedure 
if their occupation does not include heavy lifting or excessive physical exercise. 
There is usually no restriction on driving an automobile.

 CORONARY ANGIOPLASTY VERSUS  
MEDICAL THERAPY

Percutaneous coronary intervention reduces angina and commonly leads to 
better treadmill exercise performance and improved quality-of-life measure-
ments. However, PCI has not been shown to reduce the risks of death, MI, 
or other major cardiovascular events compared with modern optimal medical 
therapy in patients with stable angina (Chapter 62). A9 

,
 A10  In truly asymptomatic 

patients, significant ischemia first should be documented by functional testing, 
or a large quantity of myocardium should be supplied by the stenotic coronary 
artery. Patients experiencing acute ST segment elevation MI (Chapter 64) 
represent an important subgroup in whom PCI has proved beneficial compared 
with medical therapy (Fig. 65-4). In ST segment elevation MI, randomized 
trials have consistently shown a reduction in mortality, stroke, subsequent 
MI, and recurrent ischemia with immediate PCI compared with thrombolytic 
therapy or with initial thrombolytic therapy followed by rescue PCI as needed 
even if immediate PCI requires transfer to another hospital. For non–ST 
segment elevation MI and many patients with unstable angina, an early aggres-
sive approach that includes either PCI or CABG in angiographically suitable 
patients is generally preferable to a conservative strategy except in lower risk 
patients (Chapter 63).6

 CORONARY ARTERY SURGERY
Coronary artery bypass graft surgery is based on the premise that the morbid-
ity and mortality associated with coronary atherosclerosis are largely related 
to atherosclerotic coronary stenoses that can be demonstrated by coronary 
angiography (Chapter 51) and that if grafts are constructed to route blood 
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Failed Percutaneous Coronary Intervention
The availability of intracoronary stents has decreased the need for emergency 
CABG to treat acute failure of PCIs. Current indications for emergency CABG 
include closure or threatened closure of a vessel supplying a significant amount 
of myocardium.

Coronary Bypass Reoperations
Patients in whom new stenoses develop in native arteries or in bypass grafts 
may have recurrent ischemic syndromes. Severe vein graft atherosclerosis is 
an unstable lesion that often leads to serious cardiac events, particularly if the 
LAD or multiple vessels are jeopardized; reoperation appears to improve the 
survival rate of these patients. Conversely, if the LAD coronary artery is sup-
plied by a patent internal thoracic artery graft, reoperation does not appear 
to improve survival, although it may improve symptoms. Reoperations are 
more difficult and dangerous than primary procedures, but the risk now 
approaches that for primary procedures in institutions performing a large 
number of reoperations. PCI is sometimes an alternative for the treatment of 
vein graft disease.

 Coexisting Cardiac Disease
During cardiac operations performed for valvular (Chapter 66) or aortic 
(Chapter 69) disease, the standard treatment is to perform bypass grafts to 
major coronary arteries with angiographic stenoses of more than 50% of the 
luminal diameter. No randomized trials have addressed this issue, and these 
indications, although logical given the natural history of atherosclerosis, remain 
practice patterns based on consensus but not on definitive data.

 PERCUTANEOUS CORONARY INTERVENTION 
VERSUS CORONARY ARTERY BYPASS GRAFTING

The decision between PCI and CABG surgery is largely determined by clinical 
status and anatomic features, but some areas remain controversial. For patients 
with acute coronary syndromes, PCI is the preferred initial approach and is 
known to improve the survival rate of patients with ST segment elevation MI. 
CABG is reserved for patients with failed acute PCI or residual myocardial 
ischemia. For patients with chronic coronary syndromes, there are currently 
no data to confirm that PCI prolongs life regardless of anatomy, but random-
ized trials, albeit older trials, demonstrate that CABG prolongs the life expec-
tancy of patients with severe coronary artery disease, particularly patients 
with left ventricular dysfunction or severe ischemia. Surgery, therefore, is often 
the initial approach to these patient subsets.

Randomized trials have provided information aiding in the selection of 
therapy.10 Patients with more complex, multivessel coronary artery disease 
benefit most from CABG, including a clear improvement in survival rate, but 
patients with more limited coronary disease have equivalent survival outcomes 
with drug-eluting PCI. A15  PCI appears to be approximately equivalent to CABG 
for left main coronary artery disease in terms of subsequent death, stroke, or 
myocardial infarction, despite a slightly higher need for repeat revasculariza-
tion. A16  Randomized trials also show that diabetic patients with multivessel 
coronary artery disease have better survival rates with CABG compared  
with PCI. A17 

complete revascularization (bypass grafts to all stenotic coronary vessels) and 
the use of internal thoracic artery grafts improve long-term survival rates and 
symptomatic status.

For subgroups of patients with severe coronary artery disease, CABG pro-
longs life expectancy (see later discussion). More than 80% of patients are 
alive more than 10 years after operation. Over the long term, control of the 
progression of atherosclerosis by lifestyle modifications, pharmacologic treat-
ment of hypertension (Chapter 70) and lipids (Chapter 195), and platelet 
inhibitors (Chapter 76) appear to extend the benefits of CABG.

 INDICATIONS FOR BYPASS SURGERY
The goals of CABG are to relieve symptoms and to prolong life expectancy. 
On the basis of randomized trials and the emergence of alternative medical 
treatments and PCI, the surgical population has evolved toward patients who 
benefit most from CABG relative to other treatments: those with complex 
conditions, often involving left main or triple-vessel disease, diffuse coronary 
stenoses, totally obstructed vessels, abnormal left ventricular function, and 
diabetes.8 Surgically treated patients with single-vessel disease usually have 
LAD stenoses or have failed alternative treatments.

 Symptom Relief
If patients who experience angina have severe stenoses in graftable coronary 
arteries that supply areas of myocardium ischemic at rest or with stress, CABG 
will reliably relieve angina. Randomized trials have shown that the relief of 
angina after CABG is more consistent than that achieved with alternative treat-
ments. When intermittent heart failure symptoms represent an “anginal equiva-
lent” that is also caused by ischemia, such symptoms also respond well to relief 
of that ischemia by CABG. For patients with symptoms of heart failure at rest, 
dobutamine echocardiography (Chapter 49), positron emission tomography 
(Chapter 50), and cardiac magnetic resonance imaging (Chapter 50) can identify 
segments of viable but hibernating myocardium (ischemic at rest) that may 
improve with bypass grafting, thus reducing symptoms of heart failure.

 Survival
Chronic Stable Angina
In randomized trials of patients with mild to moderate chronic stable angina, 
an improved survival rate has been documented for patients treated with initial 
CABG compared with those treated with initial medical treatment in the 
presence of a left main stenosis of more than 50% of the diameter, triple-vessel 
disease, double-vessel disease with a proximal LAD lesion, abnormal left ven-
tricular function, or a strongly abnormal exercise test result (Chapter 62). 
Meta-analysis of these randomized trials also suggests a survival benefit of 
CABG for any patient with a proximal LAD lesion and myocardial ischemia. 
These are subgroups of patients for whom bypass surgery should be strongly 
considered even in the absence of severe symptoms. During these trials, patients 
with severe angina were not randomized but were included in observational 
studies that noted improved survival rates with CABG for patients with double- 
and triple-vessel disease and normal or abnormal left ventricular function. 
Medical, interventional, and surgical treatments have all advanced substantially 
since these trials were completed.

Acute Coronary Syndrome and Ischemic Cardiomyopathy
Current data suggest an aggressive strategy, including CABG when indicated, 
in patients with unstable angina or non–ST segment elevation acute MI (Chapter 
63).9 Patients with coronary artery disease, heart failure, and severe left ven-
tricular systolic dysfunction often can be controlled symptomatically with 
medications (Chapter 53). However, a randomized trial showed that CABG 
added to guideline-directed medical therapy significantly reduced all-cause 
death, death from cardiovascular causes, and death from any cause or hospi-
talization for cardiovascular causes at 10 years. A14 

Ischemic Syndromes without Randomized Trials
ST Segment Elevation Acute Myocardial Infarction
For patients with ST segment elevation acute MI, CABG may be indicated 
in the acute setting when thrombolytic therapy or PCI has not been effective, 
ischemia is ongoing, and large areas of myocardium remain jeopardized. CABG 
after a completed MI may be indicated in patients in whom persistent ischemia 
in noninfarcted areas of myocardium produces post-infarction angina or hemo-
dynamic instability. Mechanical complications of myocardial necrosis, including 
papillary muscle rupture, ventricular septal rupture, and myocardial free wall 
rupture, are acute life-threatening situations that usually require urgent opera-
tion for repair of the defect, often combined with CABG (Chapter 64).

 Grade A References
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FIGURE 65-4. Primary coronary angioplasty for acute myocardial infarction. this 
50-year-old man presented at midnight with 70 minutes of crushing substernal chest 
pressure accompanied by inferior St segment elevation. emergency angiography per-
formed 45 minutes after arrival found 100% occlusion of the right coronary artery (A, 
arrow). Within 10 minutes, a guidewire was negotiated through the obstruction (presum-
ably caused by fresh thrombus), allowing perfusion into the distal vessel and uncovering 
a high-grade stenotic lesion (B, arrow). after deployment of a coronary stent (C, arrow), 
the stenosis was abolished and significant myocardial damage aborted. 
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FIGURE 65-5. Types of bypass grafts. Bypass grafts include reversed saphenous vein 
graft from the aorta to the right coronary artery (A), in situ left internal mammary artery 
graft to the anterior descending coronary artery (B), y graft of the right internal mammary 
artery from the left internal mammary artery to the circumflex coronary artery (C), radial 
artery graft from the aorta to the circumflex coronary artery (D), and in situ gastroepiploic 
graft to the posterior descending branch of the right coronary artery (E). 

Most CABG operations are performed with a full median sternotomy inci-
sion, historically with the aid of cardiopulmonary bypass, aortic cross-clamping, 
and cardioplegic solution—techniques that allow exposure and arrest of the 
heart such that detailed microsurgical anastomoses can be constructed while 
myocardial function is effectively protected. By comparison, operations per-
formed through smaller incisions (minimally invasive surgery) have had limited 
application for coronary revascularizations. In randomized trials, beating heart 
(“off-pump”) surgery without cardiopulmonary bypass has not consistently 
reduced morbidity and has often been associated with a lower rate of long-
term graft patency and does not provide better outcomes A13 ; as a result, it is 
usually reserved for carefully selected patients.

 Perioperative Risks
The risk of mortality associated with CABG correlates with ischemia at the 
time of operation, left ventricular function, extent of coronary stenoses, non-
cardiac atherosclerosis, and comorbid conditions, as well as with the experi-
ence, skill, and judgment of the surgeon. Effective myocardial protection has 
diminished much of the incremental risk based on the severity of cardiac 
disease. For patients younger than 70 years without serious comorbid condi-
tions, the mortality risk of primary CABG surgery is less than 1% in experienced 
hands. Nevertheless, CABG surgery in the presence of ongoing myocardial 
ischemia caused by acute MI, unstable angina, or acute vessel closure after 
PCI is still associated with increased risk. Noncardiac comorbid conditions 
(aortic atherosclerosis, renal function, chronic obstructive pulmonary disease, 
and coagulation system disorders) increase perioperative risk when these 
conditions are severe.

The most serious postoperative morbidity after CABG is stroke, often related 
to aortic or cerebrovascular atherosclerosis and atherosclerotic embolization. 
Heightened awareness of the importance of aortic and carotid atherosclerosis 
and improved management strategies appear to have decreased the risk of 
focal stroke in patients previously at high risk. Serious wound complications 
of median sternotomy are uncommon (1%-2%).

 Late Outcomes
The late outcomes after CABG are related to age, severity of cardiac disease 
before operation, noncardiac comorbid conditions, progression of atheroscle-
rosis, and the operation itself. CABG tends to diminish but not eliminate 
long-term survival differences based on the number of diseased coronary 
vessels, left main stenosis, and left ventricular function. The achievement of 

flow around these stenoses, myocardial blood supply can be improved or 
preserved, cardiac symptoms relieved, cardiac events diminished, and survival 
prolonged.7

The most common types of grafts for coronary artery bypass have been 
reversed segments of saphenous vein and the internal thoracic arteries. Saphe-
nous vein grafts are anastomosed to the aorta (proximal anastomosis) and to 
the coronary artery distal to the major obstruction (Fig. 65-5). Saphenous 
vein grafts have the advantages of availability, larger size than most coronary 
arteries, and favorable handling characteristics. With time, however, saphenous 
vein grafts may develop intrinsic pathologic changes, intimal fibroplasia, and 
vein graft atherosclerosis, each of which may lead to narrowing or occlusions. 
Modern treatment with platelet inhibitors and statins (Chapter 195) decreases 
the risk of vein graft failure but cannot eliminate it. Internal thoracic artery 
grafts, on the other hand, are resistant to the development of late athero-
sclerosis. When used as an in situ (subclavian origin intact) graft to the left 
anterior descending (LAD) coronary artery, the left internal thoracic artery 
graft has a more than 90% patency rate up to 20 years after operation. As a 
result, patients who receive a left internal thoracic artery to LAD graft, with 
or without saphenous vein grafts, have a better long-term survival rate, fewer 
reoperations, and fewer cardiac events compared with patients receiving only 
saphenous vein grafts. The right internal thoracic artery may also be used for 
revascularization as an in situ graft, as an aorta to coronary artery graft, or as 
a composite arterial graft from the left internal thoracic artery to a coronary 
artery. Despite its theoretical appeal, use of both internal thoracic arteries as 
grafts provides no incremental benefit over a single internal thoracic artery 
graft strategy and is associated with a higher rate of sternal infections and 
complications. A11  For the second graft, use of the radial artery is preferred 
over a saphenous vein graft. A12 
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Failed Percutaneous Coronary Intervention
The availability of intracoronary stents has decreased the need for emergency 
CABG to treat acute failure of PCIs. Current indications for emergency CABG 
include closure or threatened closure of a vessel supplying a significant amount 
of myocardium.

Coronary Bypass Reoperations
Patients in whom new stenoses develop in native arteries or in bypass grafts 
may have recurrent ischemic syndromes. Severe vein graft atherosclerosis is 
an unstable lesion that often leads to serious cardiac events, particularly if the 
LAD or multiple vessels are jeopardized; reoperation appears to improve the 
survival rate of these patients. Conversely, if the LAD coronary artery is sup-
plied by a patent internal thoracic artery graft, reoperation does not appear 
to improve survival, although it may improve symptoms. Reoperations are 
more difficult and dangerous than primary procedures, but the risk now 
approaches that for primary procedures in institutions performing a large 
number of reoperations. PCI is sometimes an alternative for the treatment of 
vein graft disease.

 Coexisting Cardiac Disease
During cardiac operations performed for valvular (Chapter 66) or aortic 
(Chapter 69) disease, the standard treatment is to perform bypass grafts to 
major coronary arteries with angiographic stenoses of more than 50% of the 
luminal diameter. No randomized trials have addressed this issue, and these 
indications, although logical given the natural history of atherosclerosis, remain 
practice patterns based on consensus but not on definitive data.

 PERCUTANEOUS CORONARY INTERVENTION 
VERSUS CORONARY ARTERY BYPASS GRAFTING

The decision between PCI and CABG surgery is largely determined by clinical 
status and anatomic features, but some areas remain controversial. For patients 
with acute coronary syndromes, PCI is the preferred initial approach and is 
known to improve the survival rate of patients with ST segment elevation MI. 
CABG is reserved for patients with failed acute PCI or residual myocardial 
ischemia. For patients with chronic coronary syndromes, there are currently 
no data to confirm that PCI prolongs life regardless of anatomy, but random-
ized trials, albeit older trials, demonstrate that CABG prolongs the life expec-
tancy of patients with severe coronary artery disease, particularly patients 
with left ventricular dysfunction or severe ischemia. Surgery, therefore, is often 
the initial approach to these patient subsets.

Randomized trials have provided information aiding in the selection of 
therapy.10 Patients with more complex, multivessel coronary artery disease 
benefit most from CABG, including a clear improvement in survival rate, but 
patients with more limited coronary disease have equivalent survival outcomes 
with drug-eluting PCI. A15  PCI appears to be approximately equivalent to CABG 
for left main coronary artery disease in terms of subsequent death, stroke, or 
myocardial infarction, despite a slightly higher need for repeat revasculariza-
tion. A16  Randomized trials also show that diabetic patients with multivessel 
coronary artery disease have better survival rates with CABG compared  
with PCI. A17 

complete revascularization (bypass grafts to all stenotic coronary vessels) and 
the use of internal thoracic artery grafts improve long-term survival rates and 
symptomatic status.

For subgroups of patients with severe coronary artery disease, CABG pro-
longs life expectancy (see later discussion). More than 80% of patients are 
alive more than 10 years after operation. Over the long term, control of the 
progression of atherosclerosis by lifestyle modifications, pharmacologic treat-
ment of hypertension (Chapter 70) and lipids (Chapter 195), and platelet 
inhibitors (Chapter 76) appear to extend the benefits of CABG.

 INDICATIONS FOR BYPASS SURGERY
The goals of CABG are to relieve symptoms and to prolong life expectancy. 
On the basis of randomized trials and the emergence of alternative medical 
treatments and PCI, the surgical population has evolved toward patients who 
benefit most from CABG relative to other treatments: those with complex 
conditions, often involving left main or triple-vessel disease, diffuse coronary 
stenoses, totally obstructed vessels, abnormal left ventricular function, and 
diabetes.8 Surgically treated patients with single-vessel disease usually have 
LAD stenoses or have failed alternative treatments.

 Symptom Relief
If patients who experience angina have severe stenoses in graftable coronary 
arteries that supply areas of myocardium ischemic at rest or with stress, CABG 
will reliably relieve angina. Randomized trials have shown that the relief of 
angina after CABG is more consistent than that achieved with alternative treat-
ments. When intermittent heart failure symptoms represent an “anginal equiva-
lent” that is also caused by ischemia, such symptoms also respond well to relief 
of that ischemia by CABG. For patients with symptoms of heart failure at rest, 
dobutamine echocardiography (Chapter 49), positron emission tomography 
(Chapter 50), and cardiac magnetic resonance imaging (Chapter 50) can identify 
segments of viable but hibernating myocardium (ischemic at rest) that may 
improve with bypass grafting, thus reducing symptoms of heart failure.

 Survival
Chronic Stable Angina
In randomized trials of patients with mild to moderate chronic stable angina, 
an improved survival rate has been documented for patients treated with initial 
CABG compared with those treated with initial medical treatment in the 
presence of a left main stenosis of more than 50% of the diameter, triple-vessel 
disease, double-vessel disease with a proximal LAD lesion, abnormal left ven-
tricular function, or a strongly abnormal exercise test result (Chapter 62). 
Meta-analysis of these randomized trials also suggests a survival benefit of 
CABG for any patient with a proximal LAD lesion and myocardial ischemia. 
These are subgroups of patients for whom bypass surgery should be strongly 
considered even in the absence of severe symptoms. During these trials, patients 
with severe angina were not randomized but were included in observational 
studies that noted improved survival rates with CABG for patients with double- 
and triple-vessel disease and normal or abnormal left ventricular function. 
Medical, interventional, and surgical treatments have all advanced substantially 
since these trials were completed.

Acute Coronary Syndrome and Ischemic Cardiomyopathy
Current data suggest an aggressive strategy, including CABG when indicated, 
in patients with unstable angina or non–ST segment elevation acute MI (Chapter 
63).9 Patients with coronary artery disease, heart failure, and severe left ven-
tricular systolic dysfunction often can be controlled symptomatically with 
medications (Chapter 53). However, a randomized trial showed that CABG 
added to guideline-directed medical therapy significantly reduced all-cause 
death, death from cardiovascular causes, and death from any cause or hospi-
talization for cardiovascular causes at 10 years. A14 

Ischemic Syndromes without Randomized Trials
ST Segment Elevation Acute Myocardial Infarction
For patients with ST segment elevation acute MI, CABG may be indicated 
in the acute setting when thrombolytic therapy or PCI has not been effective, 
ischemia is ongoing, and large areas of myocardium remain jeopardized. CABG 
after a completed MI may be indicated in patients in whom persistent ischemia 
in noninfarcted areas of myocardium produces post-infarction angina or hemo-
dynamic instability. Mechanical complications of myocardial necrosis, including 
papillary muscle rupture, ventricular septal rupture, and myocardial free wall 
rupture, are acute life-threatening situations that usually require urgent opera-
tion for repair of the defect, often combined with CABG (Chapter 64).
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REVIEW QUESTIONS

1. Bare metal coronary stents reduce restenosis by:
 A. Providing a semirigid scaffold that resists vessel recoil and remodeling.
 B. Inhibiting intimal proliferation.
 C. Reducing thrombus formation.
 D. Increasing blood flow within the coronary artery.
 E. Reducing vessel spasm.

Answer: A Bare metal stents use mechanical force to hold a vessel open. They 
do not reduce vessel spasm or thrombus formation. Stents increase intimal 
proliferation. Although stents increase vessel blood flow, the increased blood 
flow does not influence restenosis rates.

2. Compared with medical therapy, percutaneous coronary intervention:
 A. Reduces the mortality rate in patients with stable angina.
 B. Reduces costs associated with medical care.
 C. Reduces the mortality rate in patients experiencing an acute myocardial 

infarction.
 D. Decreases myocardial infarction in patients with stable coronary artery 

disease.
 E. Reduces hospitalization rates.

Answer: C In randomized trials, coronary stents have been shown to reduce 
mortality rates compared with medical therapy alone in patients experiencing 
an acute myocardial infarction (MI). In patients with stable coronary disease, 
stents reduce angina but do not reduce death, MI, hospitalization rates, or 
costs.

3. Randomized trials comparing bypass surgery to coronary stents:
 A. Found an increased late stroke rate in patients receiving bypass surgery.
 B. Found less angina in patients who underwent bypass surgery.
 C. Found higher MI rates in patients undergoing stenting.
 D. Demonstrated improved late outcomes in patients with diabetes under-

going stenting.
 E. Demonstrate improved survival for bypass surgery in patients with 

extensive complex coronary disease

Answer: E In randomized trials, bypass surgery has been shown to reduce 
mortality rates compared with coronary stenting in patients with three-vessel, 
complex coronary disease. Stroke rates are higher in bypass patients early after 
surgery, but stroke rates are similar at later follow-up. Rates of MI and angina 
are equivalent on long-term follow-up. Patients with diabetes who have mul-
tivessel disease have better long-term outcomes with bypass surgery.

4. What is an important component of the coronary bypass surgery operation 
for increasing life expectancy?
 A. Saphenous vein graft to the left anterior descending (LAD) coronary 

artery
 B. Radial graft to the right coronary artery
 C. Minimally invasive surgery
 D. Left internal mammary artery graft to the LAD coronary artery
 E. The right gastroepiploic graft to the right coronary artery

Answer: D Although no randomized trials have examined the impact of the 
left internal mammary artery to LAD graft, many observational comparative 
studies have established the long-term survival benefit of this surgical 
strategy.

5. What is the most common indication for recommending bypass surgery 
for patients with stable angina in preference to other treatment options?
 A. To prevent myocardial infarction
 B. To increase exercise capacity
 C. To improve life expectancy
 D. To decrease the side effects of optimal medical therapy

Answer: C Advances in medical therapy and in percutaneous interventions 
have commonly been successful in controlling symptoms of angina; therefore, 
coronary bypass surgery is rarely needed to treat symptoms that are unre-
sponsive to alternative management strategies. However, for patients with 
severe coronary artery disease, bypass surgery is the form of therapy that has 
been most clearly shown to improve life expectancy. The most common indi-
cations for CABG are in anatomic and clinical situations in which it offers a 
survival benefit.
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66 
VALVULAR HEART DISEASE
BLASE A. CARABELLO

The cardiac valves permit unobstructed forward blood flow through the heart 
when they are open while preventing backward flow when they are closed. 
Most valvular heart diseases cause either valvular stenosis with obstruction 
to forward flow or valvular regurgitation with backward flow. Valvular stenosis 
imparts a pressure overload on the left or right ventricle (RV) because these 
chambers must generate higher than normal pressure to overcome the obstruc-
tion to pump blood forward. Valvular regurgitation imparts a volume overload 
on the heart, which now must pump additional volume to compensate for 
what is regurgitated. When valve disease is severe, these hemodynamic burdens 
can lead to ventricular dysfunction, heart failure, and sudden death (Table 
66-1). In almost every instance, definitive therapy for severe valvular heart 
disease is mechanical restoration of valve function.

 AORTIC STENOSIS

 EPIDEMIOLOGY
Bicuspid and Other Congenitally Abnormal Aortic Valves
Approximately 1% of the population is born with a bicuspid aortic valve, with 
a male preponderance (Chapter 61). Although this abnormality does not 
usually cause a hemodynamic disturbance at birth, bicuspid aortic valves tend 
to deteriorate with age. Approximately one third of these valves become ste-
notic, another third become regurgitant, and the remainder cause only minor 
hemodynamic abnormalities. When stenosis develops, it usually occurs when 
patients are in their 40s, 50s, and 60s.1

Sometimes congenital aortic stenosis from a unicuspid, bicuspid, or even 
abnormal tricuspid valve causes symptoms during childhood and requires 
correction by adolescence. Occasionally, these congenitally stenotic aortic 
valves escape detection until adulthood.

Tricuspid Aortic Valve Stenosis
In some patients born with apparently normal tricuspid aortic valves, thicken-
ing and calcification develop similar to what occurs in bicuspid valves. When 
aortic stenosis develops in previously normal tricuspid aortic valves, it usually 
does so in the 60s to 80s. Although stenosis and calcifications of bicuspid and 
tricuspid aortic valves were formerly considered to be degenerative processes, 
it is clear that this type of aortic stenosis arises from an active inflammatory 
process similar to that of coronary heart disease. This concept is supported 
by many pieces of evidence. First, the initial lesion of aortic stenosis is similar 
to the plaque of coronary disease. Second, both diseases have hypertension 
and hyperlipidemia, including elevated levels of lipoprotein(a), as risk factors. 

Third, there is excellent correlation between calcification of the aortic valve 
and calcification of the coronary arteries. Fourth, patients with the most severe 
aortic stenosis have the highest levels of C-reactive protein. However, many 
diseased aortic valves demonstrate actual bone formation, not merely calcifica-
tion. Future targets for controlling or preventing the disease likely will aim at 
bone-forming pathways.

Rheumatic Valvular Heart Disease
Rheumatic valve disease is now a rare cause of aortic stenosis in developed 
countries, but rheumatic fever and its sequelae remain an important issue in 
many developing countries (Chapter 274). In virtually every case, the mitral 
valve is also detectably abnormal.

 PATHOBIOLOGY
The normal aortic valve area is 3 to 4 cm2, and little hemodynamic disturbance 
occurs until the orifice is reduced to about one half of normal, at which point 
a systolic gradient develops between the left ventricle (LV) and aorta. LV and 
aortic pressures are normally nearly equal during systole. In aortic stenosis, 
intracavitary LV pressure must increase above aortic pressure, however, to 
produce forward flow across the stenotic valve and to achieve acceptable 
downstream pressure (see Fig. 51-5 in Chapter 51). Each of the processes 
that cause aortic stenosis has a typical pathoanatomic configuration (Fig. 66-1). 
There is a geometric progression in the magnitude of the gradient as the valve 
area narrows. Given a normal cardiac output, the gradient rises rapidly from 
10 to 15 mm Hg at valve areas of 1.5 to 1.3 cm2 to about 25 mm Hg at 1.0 cm2, 
50 mm Hg at 0.8 cm2, 70 mm Hg at 0.6 cm2, and 100 mm Hg at 0.5 cm2. The 
rate of progression of aortic stenosis varies widely from patient to patient; it 
may remain stable for many years or increase by more than 15 mm Hg per 
year. A major compensatory response to the increased LV pressure associated 
with aortic stenosis is the development of concentric LV hypertrophy (LVH). 
The Laplace equation—Stress (s) = Pressure (p) × Radius (r)/2 Thickness 
(th)—indicates that the systolic force on any unit of LV myocardium (after-
load) varies directly with ventricular pressure and radius and inversely with 
wall thickness. As pressure increases, it can be offset by increased LV wall 
thickness (concentric hypertrophy). The determinants of LV ejection fraction 
are contractility, preload, and afterload. By normalizing afterload, the develop-
ment of concentric hypertrophy helps preserve ejection fraction and cardiac 
output despite the pressure overload. Although hypertrophy may serve as a 
compensatory function, it also has a pathologic role and is in part responsible 
for the classic symptoms and the poor outcome of untreated symptomatic 
aortic stenosis.

Angina
In general, angina (Chapter 62) results from myocardial ischemia when LV 
oxygen (and other nutrient) demand exceeds supply, which is predicated on 
coronary blood flow. In normal subjects, coronary blood flow can increase 
five- to eight-fold under maximum metabolic demand, but in patients with 
aortic stenosis, this reserve is limited. Reduced coronary blood flow reserve 
may be caused by a relative diminution in capillary ingrowth to serve the 
needs of the hypertrophied LV or by a reduced transcoronary gradient for 
coronary blood flow because of the elevated LV end-diastolic pressure. Restricted 
coronary blood flow reserve is in part responsible for angina in many patients 
who have aortic stenosis despite normal epicardial coronary arteries, but many 
patients with restricted flow do not develop angina. In other patients, angina 
is caused by increased oxygen demand when inadequate hypertrophy allows 
wall stress, a key determinant of myocardial oxygen consumption, to increase.

Syncope
Syncope (Chapters 45 and 56) generally occurs because of inadequate cerebral 
perfusion. In aortic stenosis, syncope is usually related to exertion. It may 
result when exertion causes a fall in total peripheral resistance that cannot be 
compensated for by increased cardiac output because output is limited by the 
obstruction to LV outflow. Furthermore, patients with small LV cavity size 
are more prone to syncope because of lower stroke volume; this combination 
reduces systemic blood pressure and cerebral perfusion. In addition, high LV 
pressure during exercise may trigger a systemic vasodepressor response that 
lowers blood pressure and produces syncope. Cardiac arrhythmias, possibly 
caused by exertional ischemia, also cause hypotension and syncope.

Heart Failure
In aortic stenosis, contractile dysfunction (systolic failure) and failure of normal 
relaxation (diastolic failure) occur and cause symptoms (Chapter 52). The 
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ABSTRACT
The heart valves are mechanical structures that control one-way circulation 
through the heart. Valve malfunction is manifest either by stenosis, which 
creates obstruction to flow, or by regurgitation, which allows backward flow. 
When severe, valve disease is almost universally fatal, but when treated prop-
erly, the outcome is excellent. In most cases, mechanical problems created by 
valve disease require mechanical solutions for proper management. The advent 
of transcatheter valve repair and replacement have broadened applicability of 
these solutions to a wide range of previously untreatable patients. Increased 
therapeutic options also increase the need for an understanding of their place 
in the valve disease armamentarium. This chapter describes the etiology and 
diagnosis of valvular heart disease, with a special emphasis on the proper 
timing and appropriate use of the therapeutic options.
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TABLE 66-1 SUMMARY OF SEVERE VALVULAR HEART DISEASE
AORTIC STENOSIS MITRAL STENOSIS MITRAL REGURGITATION AORTIC REGURGITATION

Etiology Idiopathic calcification of a 
bicuspid or tricuspid valve

Congenital
Rheumatic

Rheumatic fever
Annular calcification

Mitral valve prolapse
Ruptured chordae
Endocarditis
Ischemic papillary muscle 

dysfunction or rupture
Collagen vascular diseases and 

syndromes
Secondary to LV myocardial diseases

Annuloaortic ectasia
Hypertension
Endocarditis
Marfan syndrome
Ankylosing spondylitis
Aortic dissection
Syphilis
Collagen vascular disease

Pathophysiology Pressure overload on the LV with 
compensation by LVH

As disease advances, reduced 
coronary flow reserve 
predisposes to angina.

Hypertrophy and afterload excess 
lead to systolic and diastolic LV 
dysfunction.

Obstruction to LV inflow 
increases LA pressure and 
limits cardiac output, thus 
mimicking LV failure.

Mitral valve obstruction increases 
the pressure work of the RV.

Right ventricular pressure 
overload is augmented further 
when pulmonary hypertension 
develops.

Places volume overload on the LV. 
Ventricle responds with eccentric 
hypertrophy and dilation, which 
allow increased ventricular stroke 
volume.

Eventually, however, LV dysfunction 
develops if volume overload is 
uncorrected.

Chronic:
Total stroke volume causes hyperdynamic 

circulation, induces systolic hypertension, 
and causes pressure and volume overload. 
Compensation is by concentric and 
eccentric hypertrophy.

Acute:
Because cardiac dilation has not developed, 

hyperdynamic findings are absent. High 
diastolic LV pressure causes mitral valve 
preclosure and potentiates LV ischemia 
and failure.

Symptoms Angina
Syncope
Heart failure

Dyspnea
Orthopnea
PND
Hemoptysis
Hoarseness
Edema
Ascites

Dyspnea
Orthopnea
PND

Dyspnea
Orthopnea
PND
Angina
Syncope

Signs Systolic ejection murmur radiating 
to the neck

Delayed carotid upstroke
S4, soft or paradoxical S2

Diastolic rumble after an opening 
snap

Loud S1

RV lift
Loud P2

Holosystolic apical murmur radiating 
to the axilla, S3

Displaced PMI

Chronic:
Diastolic blowing murmur
Hyperdynamic circulation
Displaced PMI
Quincke pulse
de Musset sign
Austin Flint murmur
Acute:
Short diastolic blowing murmur
Soft S1

Electrocardiogram LAA
LVH

LAA
RVH

LAA
LVH

LAA
LVH

Chest radiograph Boot-shaped heart
Aortic valve calcification on lateral 

view

Straightening of left heart border
Double density at right heart 

border
Kerley B lines
Enlarged pulmonary arteries

Cardiac enlargement Chronic:
Cardiac enlargement
Uncoiling of the aorta
Acute:
Pulmonary congestion with normal heart 

size
Echocardiographic 

findings
Concentric LVH
Reduced aortic valve cusp 

separation
Doppler shows mean gradient 

≥40 mm Hg in most severe cases

Restricted mitral leaflet motion
Valve area ≤1.5 cm2 in most 

severe cases
Tricuspid Doppler may reveal 

pulmonary hypertension

LV and LAA in chronic severe 
disease

Doppler: large regurgitant jet

Chronic:
LV enlargement
Large Doppler jet PHT <400 msec
Acute:
Small LV
Mitral valve preclosure

Catheterization 
findings

Increased LVEDP
Transaortic gradient 40 mm Hg
AVA ≤0.8 in most severe cases

Elevated pulmonary capillary 
wedge pressure

Transmitral gradient usually 
>5 mm Hg in severe cases 
MVA <1.5 cm2

Elevated pulmonary capillary wedge 
pressure

Ventriculography shows 
regurgitation of dye into LV

Wide pulse pressure
Aortography shows regurgitation of dye into 

LV
Usually unnecessary

Medical therapy Avoid vasodilators
Digitalis, diuretics, and 

nitroglycerin in inoperable cases

Diuretics for mild symptoms
Anticoagulation in atrial 

fibrillation
Digitalis, β-blockers, verapamil, 

or diltiazem for rate control

Vasodilators in acute disease
No proven therapy in chronic disease

Chronic:
Vasodilators in chronic asymptomatic 

disease with hypertension even if LV 
function is normal

Acute:
Vasodilators

Indications for 
surgery

Appearance of symptoms in 
patients with severe disease (see 
text)

Appearance of more than mild 
symptoms

Development of pulmonary 
hypertension

Appearance of persistent atrial 
fibrillation

Appearance of symptoms
EF <0.60
ESD ≥40 mm

Chronic:
Appearance of symptoms
EF <0.50
ESD ≥50 mm
Acute:
Even mild heart failure
Mitral valve preclosure

AVA = aortic valve area; EF = ejection fraction; ESD = end-systolic diameter; LA = left atrial; LAA = left atrial abnormality; LV = left ventricle or left ventricular; LVEDP = left ventricular end-diastolic pressure; 
LVH = left ventricular hypertrophy; MVA = mitral valve area; PHT = pressure half-time; PMI = point of maximal impulse; PND = paroxysmal nocturnal dyspnea; RV = right ventricle or right ventricular;  
RVH = right ventricular hypertrophy.
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In calcific disease, S2 may be single and soft when the aortic component is 
lost because the valve neither opens nor closes well. In some cases, delayed 
LV emptying secondary to LV dysfunction may create paradoxical splitting 
of S2. An S4 gallop is common. In advanced disease, pulmonary hypertension 
and signs of right-sided failure are common.

Because of the dire consequences of missing the diagnosis of aortic stenosis, 
the physician must have a low threshold for obtaining an echocardiogram 
whenever aortic stenosis cannot be excluded by physical examination, especially 
in patients with a history of angina, syncope, or heart failure. In asymptomatic 
patients with suspicious murmurs, early diagnosis allows the patient and physi-
cian to be more vigilant regarding possible early signs and symptoms.

The advent of Doppler echocardiography and trends in the causes of aortic 
stenosis have changed the natural history, pathophysiology, and even the physical 
examination findings of aortic stenosis over the past 40 years. Mild symptoms 
result in earlier therapy. As a result, the definition of severe aortic stenosis 
has changed from a valve area of 0.75 cm2 to 1.0 cm2, with the mean gradi-
ent associated with severe aortic stenosis decreasing from 50 to 40 mm Hg. 
Consequently, the delay in the carotid upstroke is less pronounced today than 
half a century ago, and the second heart sound is more often physiologically 
split. At the same time, the etiology of aortic stenosis in the developed world 
has changed from rheumatic disease in relatively young patients to calcific 
disease of the elderly. Patients are now commonly identified while seemingly 
asymptomatic, but they and their physicians are more attuned to the earliest of 
symptoms. Some older patients are more likely to have higher blood pressures, 
and obstruction to LV outflow may be impaired somewhat less by the aortic 
stenosis itself and somewhat more by elevated peripheral vascular resistance. 
Therefore even after successful aortic valve replacement, some patients may 
fail to improve if their hypertension is not successfully treated.

 DIAGNOSIS
The electrocardiogram (ECG) in patients with aortic stenosis usually shows 
LVH (Chapter 48). In some cases of even severe aortic stenosis, however, 

extent of ventricular contraction is governed by contractility and afterload. 
In aortic stenosis, contractility (the ability to generate force) is often reduced. 
The mechanisms of contractile dysfunction may include abnormal calcium 
handling, microtubular hyperpolymerization causing an internal viscous load 
on the myocyte, and myocardial ischemia. In some cases, contractile function 
is normal, but the hypertrophy is inadequate to normalize wall stress and 
excessive afterload results. Excessive afterload inhibits ejection, reduces forward 
output, and leads to heart failure.

The increased wall thickness that helps normalize stress increases diastolic 
stiffness. Even if muscle properties remain normal, higher filling pressure is 
required to distend a thicker ventricle. As aortic stenosis advances, collagen 
deposition also stiffens the myocardium and adds to the diastolic dysfunction.

 CLINICAL MANIFESTATIONS
The diagnosis of aortic stenosis is usually first suspected when the classic 
systolic ejection murmur is heard during physical examination (Chapter 45). 
The murmur is loudest in the aortic area and radiates to the neck. In some 
cases, the murmur may disappear over the sternum and reappear over the LV 
apex, thereby giving the false impression that a murmur of mitral regurgitation 
is also present (Gallavardin phenomenon). The intensity of the murmur increases 
with cycle length because longer cycles are associated with greater aortic flow. 
In mild disease, the murmur peaks in intensity in early systole or mid systole. 
As the severity of stenosis worsens, the murmur peaks progressively later in 
systole. Perhaps the most helpful clue to the severity of aortic stenosis by 
physical examination is the characteristic delay in the carotid pulse with a 
diminution in its volume (see Fig. 45-4 in Chapter 45); in elderly patients, 
however, increasing carotid stiffness may pseudonormalize the carotid upstrokes. 
The LV apical impulse in aortic stenosis is not displaced but is enlarged and 
forceful. The simultaneous palpation of a forceful LV apex beat and a delayed 
and weakened carotid pulse is a persuasive clue that severe aortic stenosis is 
present. S1 in aortic stenosis is generally normal. In congenital aortic stenosis 
when the valve is not calcified, S1 may be followed by a systolic ejection click. 

A

C

B

D

FIGURE 66-1. Pathology of aortic stenosis. A, a normal aortic valve. B, a stenotic congenital bicuspid valve. C, rheumatic aortic stenosis. D, a stenotic calcified tricuspid aortic valve. 
(From Bonow rO, Braunwald e. Valvular heart disease. in: Zipes DP, libby P, Bonow rO, Braunwald e, eds. Heart Disease: A Textbook of Cardiovascular Medicine. 7th ed. Philadelphia: WB 
saunders; 2005:1583.)

TREATMENT 



CHAPTER 66 ValVular Heart Disease 409

LVH is absent on the ECG, possibly because of the lack of LV dilation. Left 
atrial (LA) abnormality is common because the stiff LV increases LA afterload 
and causes the LA to dilate.

The chest radiograph in aortic stenosis is generally nondiagnostic. The 
cardiac silhouette is not usually enlarged but may assume a boot-shaped con-
figuration. In advanced cases, there may be signs of cardiomegaly and pulmonary 
congestion; aortic valve calcification may be seen in the lateral view.

Echocardiography (Chapter 49) is indispensable to assess the extent of 
LVH, systolic ejection performance, and aortic valve anatomy (Fig. 66-2). 
Doppler interrogation of the aortic valve makes use of the modified Bernoulli 
equation (Gradient = 4 × Velocity2) to assess the severity of the stenosis 
(Chapter 49). As blood flows from the body of the LV across the stenotic 
valve, the flow rate must accelerate for the volume to remain constant. Doppler 
interrogation of the valve can be performed to detect this increase in velocity 
for estimation of the valve gradient and valve area. The peak aortic flow veloc-
ity in patients with preserved LV systolic function is a useful clinical guide to 
prognosis. In patients with a flow velocity of 3.0 m/second or less, symptoms 
are unlikely to develop in the next 5 years; by comparison, in patients with a 
flow velocity of 4.0 m/second or greater, symptoms usually develop within 2 
years; and when the velocity exceeds 5 m/second, symptoms are likely to 
develop within 1 year.

Although exercise testing is contraindicated in symptomatic patients with 
aortic stenosis because of the high risk for complications, cautious exercise 
testing is gaining favor in asymptomatic patients.2 Such testing often reveals 
latent symptoms or hemodynamic instability that has gone unrecognized 
during the patient’s normal daily activities. Exercise-induced hypotension or 
symptoms are indications for aortic valve replacement in patients with severe 
aortic stenosis3; in patients with mild to moderate aortic stenosis, another 
source of exercise limitation should be sought.

Brain natriuretic peptide (BNP) levels may be higher in patients who will 
become symptomatic in a short time span. Levels exceeding 550 pg/mL portend 
a poor prognosis, and rising BNP levels on repeated measurements should 
be a cause for concern. However, it is still premature to rely on this biomarker 
to indicate the need for valve replacement.

It is now recognized that the extent of valve calcification correlates directly 
and well with the severity of aortic stenosis. Thus quantification of aortic 
stenosis using a valve calcium score is gaining acceptance as an adjunctive 
test when other measures leave its severity in doubt.4

Cardiac catheterization for performance of coronary arteriography is usually 
undertaken before surgery because most patients with aortic stenosis are of 
the age at which coronary disease is common. When echocardiography shows 
severe aortic stenosis and the patient has one or more of the classic symptoms 
of the disease, formal invasive documentation of the severity of the stenosis 
is not necessary, and coronary angiography need not be performed in young 
adults. When the hemodynamic diagnosis is unclear, however, right- and left-
sided heart catheterization should be performed to determine the transaortic 

FIGURE 66-2. Doppler echocardiogram from a patient with aortic stenosis. the left 
panel shows thickened aortic valve leaflets that dome into the aorta with restricted opening 
in systole. the top right panel shows a miniaturized apical four-chamber view at the top 
with a Doppler cursor through the aorta, and the bottom right panel shows a continuous-
wave spectral Doppler signal with a peak velocity of 3 m/second. the peak valve gradient 
can be calculated as 4 × 32, or 36 mm Hg. aO = aorta; la = left atrium; lV = left ventricle; 
rV = right ventricle. (Courtesy of Dr. anthony DeMaria.)

Medical Therapy
In asymptomatic patients, close follow-up is very important, but no medical 

treatment is indicated, nor is any known to be beneficial. Even statins are not 
useful despite the similar pathobiology between aortic stenosis and coronary 
disease.

There also is no accepted effective medical therapy for symptomatic aortic 
stenosis. In patients with heart failure awaiting surgery, diuretics can be used 
cautiously to relieve pulmonary congestion. Nitrates may also be used cau-
tiously to treat angina pectoris. Although vasodilators, especially angiotensin-
converting enzyme (ACE) inhibitors, have become a cornerstone of therapy for 
heart failure, they are not recommended for aortic stenosis. With fixed valvular 
obstruction to outflow, vasodilation reduces pressure distal to the obstruction 
without increasing cardiac output and may cause syncope. When surgery is 
unsuccessful or impossible, diuretics can be used to improve symptoms with 
the understanding that they will not improve life expectancy.

Invasive Therapy
Valve replacement surgery

The only proven effective therapy for aortic stenosis is aortic valve replace-
ment. Even octogenarians benefit from valve replacement unless other comorbid 
factors preclude surgery, so aortic valve replacement should not be denied 
simply on the basis of age. Class I indications for aortic valve replacement 
include the presence of symptoms, asymptomatic LV dysfunction thought to 
be caused by aortic stenosis, or severe disease in patients who are undergoing 
another cardiac operation. However, valve replacement may also be considered 
in patients with very high jet velocities (>5 m/second) and in patients with 
positive exercise tolerance tests. Valve replacement should also not be denied 
because the ejection fraction is reduced, because the excess afterload imposed 
by the stenotic valve is relieved with valve replacement, and a depressed ejec-
tion fraction usually improves dramatically after surgery. The exception to this 
rule is a severely reduced ejection fraction in the face of only a small aortic 
valve gradient; in this case, the severity of the aortic stenosis may be overes-
timated because the failing LV has difficulty opening a mildly to moderately 
stenotic valve. In such patients, LV muscle dysfunction either has another cause 
or is often so severe that it does not recover after valve replacement. Evidence 
indicates, however, that even some well-selected patients in this category, such 
as patients who demonstrate increased cardiac output during dobutamine 
infusion, may benefit from aortic valve replacement.

Percutaneous aortic Valve replacement
Percutaneous transcatheter aortic valve implantation reduces the 1-year 

mortality rate by 45% (from 51 to 31%) in patients who have severe aortic 
stenosis and are too ill to undergo surgery. This 1-year survival advantage 
remains significant (a subsequent 42% reduction in mortality) among patients 
who survive beyond the first year, but the mortality benefit may be limited to 
patients who do not have extensive coexisting conditions. Percutaneous trans-
femoral valve implantation also is as good as or better than standard valve 
replacement in high-risk adults and in intermediate risk adults, A1-A4  and it may 

TREATMENT 

valvular pressure gradient and cardiac output, which are used to calculate the 
aortic valve area by the Gorlin formula:

A
CO SEP HR

h
=

×
44 3.

where CO is cardiac output (mL/minute), SEP is the systolic ejection period 
(seconds), HR is the heart rate, and h is the mean gradient.

Low Flow, Low Gradient Aortic Stenosis
Two types of pathophysiology can reduce cardiac output and reduce the aortic 
gradient, thereby misleading the clinician into underestimating the severity 
and clinical gravity of aortic stenosis. The first type occurs in patients who 
have developed systolic dysfunction. Many of these patients may not be able 
to tolerate pressure overload. In such patients, the ejection fraction and stroke 
volume are reduced, as is the transvalvular gradient. Although these patients 
have a poorer prognosis than do patients with preserved LV function, many 
still benefit from aortic valve replacement. The second type is patients who 
have severe LVH, which reduces LV volume. Although the ejection fraction 
is normal, stroke volume and the valve gradient are reduced. Such patients 
also usually benefit from valve replacement.

In general the diagnosis of severe aortic stenosis should not rely on a single 
diagnostic value or test. Rather, the findings of the physical examination, jet 
velocity, transvalvular gradient, valve area, biomarkers, and valve calcium should 
be viewed in their totality.5,6
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far-advanced disease, the mitral valve may be so damaged, however, that it 
neither opens nor closes well, so S1 may become soft. S2 is normally split; the 
pulmonic component is increased in intensity if pulmonary hypertension has 
developed. Left-sided S3 and S4 gallop sounds, which represent the ventricular 
and atrial components of rapid LV filling, are exceedingly rare in mitral stenosis 
because obstruction at the mitral valve prevents rapid filling. S2 is usually 
followed by an opening snap. The distance between S2 and the opening snap 
provides a reasonable estimation of LA pressure and the severity of the mitral 
stenosis. The higher the LA pressure, the sooner the LA pressure and the 
falling LV pressure of early ventricular relaxation equilibrate. At this equilibra-
tion point, the mitral valve opens, and the opening snap occurs. When LA 
pressure is high, the opening snap closely (0.06 second) follows S2. Conversely, 
when LA pressure is relatively normal, the snap occurs later (0.12 second) 
and may mimic the cadence of an S3 gallop. The opening snap is followed by 
the classic low-pitched early diastolic mitral stenosis rumble, which increases 
in length as the mitral stenosis worsens. This murmur may be inaudible if the 
patient has a relatively low resting cardiac output. Modest exercise, such as 
isometric handgrip, may accentuate the murmur’s intensity. If the patient is 
in sinus rhythm, atrial systole may produce a presystolic accentuation of the 
murmur. If pulmonary hypertension has developed, the pulmonic component 
of S2 increases in intensity to become as loud as or louder than the aortic 
component. With pulmonary hypertension, a diastolic blowing murmur of 
pulmonary insufficiency (Graham Steell murmur) is often heard, although in 
many cases, a coexistent murmur of mild aortic insufficiency is mistaken for 
this murmur. Neck vein elevation, ascites, and edema are present if RV failure 
has developed.

 DIAGNOSIS
Atrial fibrillation is common, especially in patients older than 50 years of 
age, but LA abnormality is generally present on the ECG if the patient is 
in sinus rhythm. If pulmonary hypertension has developed, there is often 
evidence of RVH.

On the chest radiograph, LA enlargement produces straightening of the 
left heart border and a double density at the right heart border as a result of 
the combined silhouettes of the RA and LA. Pulmonary venous hypertension 
produces increased vascularity. Kerley B lines, which represent thickening of the 
pulmonary septa secondary to chronic venous engorgement, may also be seen.

The echocardiogram produces excellent images of the mitral valve and is 
the most important diagnostic tool in confirming the diagnosis (Fig. 66-4). 
Transthoracic echocardiography or, if necessary, transesophageal echocardiog-
raphy makes the diagnosis in nearly 100% of cases and accurately assesses 
severity. Mitral stenosis, similar to aortic stenosis, can be quantified by assessing 
the transvalvular gradient with the modified Bernoulli principle. The stenosis 
is considered severe when the area is smaller than 1.5 cm2 and very severe 
when the valve area is smaller than 1.0 cm2.

annulus is increasingly causing mitral stenosis in elderly adults in the absence 
of rheumatic involvement. Rheumatic mitral stenosis is three times more 
common in women and usually develops in the 40s and 50s. Although the 
disease has become rare in developed countries because of the waning inci-
dence of rheumatic fever, mitral stenosis is still prevalent in developing nations, 
where rheumatic fever is common (Chapter 274). It also is seen in about 5% 
of patients with severe calcification of the mitral annulus.8

 PATHOBIOLOGY
At the beginning of diastole, a transient gradient between the LA and LV 
normally initiates LV filling. After early filling, LA and LV pressures equilibrate. 
In mitral stenosis, obstruction to LV filling increases LA pressure and produces 
a persistent gradient between the LA and the LV. The combination of elevated 
LA pressure (and pulmonary venous pressure) and restriction of inflow into 
the LV limits cardiac output. Although myocardial involvement from the 
rheumatic process occasionally affects LV muscle function, the muscle itself 
is normal in most patients with mitral stenosis. However, in approximately 
one third of patients with mitral stenosis, LV ejection performance is reduced 
despite normal muscle function because of reduced preload (from inflow 
obstruction) and increased afterload as a result of reflex vasoconstriction caused 
by reduced cardiac output.

Because the RV generates most of the force that propels blood across the 
mitral valve, the RV incurs the pressure overload of the transmitral gradient. 
In addition, secondary but reversible pulmonary vasoconstriction develops, 
thus further increasing pulmonary artery pressure and the burden on the RV. 
As mitral stenosis worsens, RV failure develops.

 CLINICAL MANIFESTATIONS
Patients with mitral stenosis usually remain asymptomatic until the valve area 
is reduced to about one third its normal size of 4 to 5 cm2. Then the symptoms 
typical of left-sided failure—dyspnea on exertion, orthopnea, and paroxysmal 
nocturnal dyspnea—develop. As the disease progresses and RV failure occurs, 
ascites and edema are common. Hemoptysis, which is common in mitral 
stenosis but uncommon in other causes of LA hypertension, develops when 
high LA pressure ruptures the anastomoses of small bronchial veins. In some 
cases, a large LA may impinge on the left recurrent laryngeal nerve and cause 
hoarseness (Ortner syndrome) or may impinge on the esophagus and cause 
dysphagia.

Physical Examination
Although mitral stenosis produces typical and diagnostic findings on physical 
examination, the diagnosis is missed frequently because the auscultatory find-
ings may be subtle. Palpation of the precordium finds a quiet apical impulse. 
If pulmonary hypertension and RV hypertrophy (RVH) have developed, the 
examiner notes a parasternal lift. S1 is typically loud and may be the most 
prominent physical finding of the disease. A loud S1 is present because the 
transmitral gradient holds the mitral valve open throughout diastole until 
ventricular systole closes the fully opened valve with a loud closing sound. In 

 PROGNOSIS
In asymptomatic patients with normally functioning or minimally dysfunctional 
bicuspid aortic valves, the survival rate is similar to age-matched control par-
ticipants, and sudden death is rare, occurring in fewer than 1% of asymptomatic 
patients. However, 27% of patients require surgery by 20 years after diagnosis. 
In adults with asymptomatic but hemodynamically significant aortic stenosis, 
symptoms typically develop within 5 years. A higher peak aortic jet velocity, 
heavy valve calcification, a positive exercise test result, severe LV dysfunction, 
and high β-type natriuretic peptide levels predict a worse prognosis and may 
warrant consideration of valve replacement in asymptomatic patients with 
severe disease.

The progression of mild to moderate aortic stenosis to severe disease is the 
key to the natural history of the disease and is quite variable. Aortic stenosis 
may remain mild for a decade or more in some patients, but in others, it may 
progress to severe disease in as little as 5 years.

When symptoms develop, survival declines precipitously. Approximately 
35% of patients with aortic stenosis are initially evaluated for angina. Of these, 
50% are dead in 5 years unless aortic valve replacement is performed. Approxi-
mately 15% have syncope; of these, 50% are dead in only 3 years unless the 
aortic valve is replaced. Of the 50% with symptoms of heart failure, 50% are 
dead in 2 years without aortic valve replacement. In all, only 25% of patients 
with symptomatic aortic stenosis survive 3 years in the absence of valve replace-
ment, and the annual risk for sudden death ranges from 10% in patients with 
angina to 15% with syncope to 25% with heart failure. After valve replacement 
surgery, prognosis improves to near normal, especially for patients older than 
65 years at the time of valve implantation, presumably because older patients 
have fewer years at risk for valve-related complications.

 MITRAL STENOSIS

 EPIDEMIOLOGY
In almost all cases of acquired mitral stenosis, the cause is rheumatic heart 
disease.7 As the population ages, however, severe calcification of the mitral 
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FIGURE 66-3. Steps for transcatheter aortic valve replacement. A, Dilation of the native stenotic valve. B, a crimped stented valve has been inserted over a guidewire into the aortic 
annulus. C, inflation of the balloon deploys the valve. D, the balloon is deflated and removed with the aortic valve replaced. (Modified from Cleveland Clinic. Heart valve disease— 
percutaneous interventions. http://my.clevelandclinic.org/heart/percutaneous/percutaneousValve.aspx.)

be even better with the newer self-expanding prostheses. Even in the high-risk 
patients who undergo the procedure, national statistics show a 5.5% in-hospital 
mortality rate and a 2% stroke rate, with the stroke rate now probably lower 
than with surgical valve replacement. Percutaneous valve implantation also 
benefits patients with severe low-flow aortic stenosis.

Two types of valves are available throughout much of the world, including 
the United States. One is balloon expandable, and the other uses a self-expanding 
platform. In the first type, the native valve is dilated, and then a stented valve 
is inserted over a balloon into the aortic annulus (Fig. 66-3). The balloon is 
expanded to secure the valve and its stent, which is intended to help prevent 
restenosis. In the second type, the bimetallic frame expands when it contacts 
body heat. Paravalvular regurgitation, which was a major concern with the first 
generation of percutaneous valves, now occurs rarely with newer valves.

PREVENTION, TREATMENT,  
AND PROGNOSIS 
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far-advanced disease, the mitral valve may be so damaged, however, that it 
neither opens nor closes well, so S1 may become soft. S2 is normally split; the 
pulmonic component is increased in intensity if pulmonary hypertension has 
developed. Left-sided S3 and S4 gallop sounds, which represent the ventricular 
and atrial components of rapid LV filling, are exceedingly rare in mitral stenosis 
because obstruction at the mitral valve prevents rapid filling. S2 is usually 
followed by an opening snap. The distance between S2 and the opening snap 
provides a reasonable estimation of LA pressure and the severity of the mitral 
stenosis. The higher the LA pressure, the sooner the LA pressure and the 
falling LV pressure of early ventricular relaxation equilibrate. At this equilibra-
tion point, the mitral valve opens, and the opening snap occurs. When LA 
pressure is high, the opening snap closely (0.06 second) follows S2. Conversely, 
when LA pressure is relatively normal, the snap occurs later (0.12 second) 
and may mimic the cadence of an S3 gallop. The opening snap is followed by 
the classic low-pitched early diastolic mitral stenosis rumble, which increases 
in length as the mitral stenosis worsens. This murmur may be inaudible if the 
patient has a relatively low resting cardiac output. Modest exercise, such as 
isometric handgrip, may accentuate the murmur’s intensity. If the patient is 
in sinus rhythm, atrial systole may produce a presystolic accentuation of the 
murmur. If pulmonary hypertension has developed, the pulmonic component 
of S2 increases in intensity to become as loud as or louder than the aortic 
component. With pulmonary hypertension, a diastolic blowing murmur of 
pulmonary insufficiency (Graham Steell murmur) is often heard, although in 
many cases, a coexistent murmur of mild aortic insufficiency is mistaken for 
this murmur. Neck vein elevation, ascites, and edema are present if RV failure 
has developed.

 DIAGNOSIS
Atrial fibrillation is common, especially in patients older than 50 years of 
age, but LA abnormality is generally present on the ECG if the patient is 
in sinus rhythm. If pulmonary hypertension has developed, there is often 
evidence of RVH.

On the chest radiograph, LA enlargement produces straightening of the 
left heart border and a double density at the right heart border as a result of 
the combined silhouettes of the RA and LA. Pulmonary venous hypertension 
produces increased vascularity. Kerley B lines, which represent thickening of the 
pulmonary septa secondary to chronic venous engorgement, may also be seen.

The echocardiogram produces excellent images of the mitral valve and is 
the most important diagnostic tool in confirming the diagnosis (Fig. 66-4). 
Transthoracic echocardiography or, if necessary, transesophageal echocardiog-
raphy makes the diagnosis in nearly 100% of cases and accurately assesses 
severity. Mitral stenosis, similar to aortic stenosis, can be quantified by assessing 
the transvalvular gradient with the modified Bernoulli principle. The stenosis 
is considered severe when the area is smaller than 1.5 cm2 and very severe 
when the valve area is smaller than 1.0 cm2.

During echocardiography, the suitability of the valve for balloon valvotomy 
can also be assessed (see later). If even mild tricuspid regurgitation is present, 
the systolic gradient across the tricuspid valve can be used to gauge pulmonary 
artery pressure, which is an important prognostic factor in mitral stenosis 
because the prognosis worsens as pulmonary pressure increases.

Invasive Evaluation
Cardiac Catheterization
Cardiac catheterization is usually unnecessary to assess the severity of mitral 
stenosis. Because many patients with mitral stenosis are of an age when coro-
nary disease might be present, however, coronary arteriography is generally 
performed if cardiac surgery is anticipated or if the patient has coexistent 
angina. In these cases, it is common to perform left- and right-sided heart 
catheterization to confirm the transmitral gradient and to calculate the valve 
area from the Gorlin formula (see earlier).

FIGURE 66-4. Mitral stenosis. an en face view of a stenotic mitral valve in the short 
axis view of the left ventricle is shown on the left. Planimetry for the mitral valve orifice 
yielded an area of 1.09 cm2. the M-mode echocardiogram on the right has been aligned 
with the appropriate structures on the left. it shows the restricted opening of the mitral 
valve in diastole associated with the classic diastolic rumbling murmur. rV = right ventricle. 
(From assey Me, usher BW, Carabello Ba. the patient with valvular heart disease. in: 
Pepine CJ, Hill Ja, lambert Cr, eds. Diagnostic and Therapeutic Cardiac Catheterization. 
3rd ed. Baltimore: Williams & Wilkins; 1998:709.)

Mitral stenosis can be prevented by appropriate antibiotic treatment of 
β-hemolytic streptococcal infections (Chapter 274).

Medical Therapy
Asymptomatic patients with mitral stenosis and sinus rhythm require no 

therapy. Symptoms of mild dyspnea and orthopnea can be treated with diuret-
ics alone. When symptoms worsen to more than mild or if pulmonary hyperten-
sion develops, mechanical correction of the stenosis is preferable to medical 
therapy because it improves longevity in severely symptomatic patients.

Patients with mitral stenosis in whom atrial fibrillation develops usually 
decompensate because the rapid heart rate reduces diastolic filling time, increases 
LA pressure, and decreases cardiac output. The heart rate must be controlled 
promptly, preferably with an infusion of diltiazem, amiodarone, or esmolol for 
acute atrial fibrillation or with a β-blocker, a calcium-channel blocker, or oral 
digoxin in chronic atrial fibrillation (Chapter 58).

Conversion to sinus rhythm is routinely recommended either pharmacologi-
cally or with direct-current countershock (Chapter 58) after anticoagulation is 
therapeutic. It should be noted that patients with rheumatic atrial fibrillation 
have been excluded from trials of echocardiogram-guided cardioversion without 
anticoagulation and trials of rate control versus rhythm control for the chronic 
management of atrial fibrillation. If sinus rhythm cannot be maintained, mechani-
cal therapy for the mitral stenosis is generally recommended in the hope that 
sinus rhythm can be restored after the obstruction to atrial outflow is corrected. 
However, the cause of atrial fibrillation in patients with mitral stenosis probably 
includes atrial rheumatic inflammation, so restoration of sinus rhythm is unpre-
dictable even after mechanical intervention.

Because patients with concomitant mitral stenosis and atrial fibrillation have 
an extraordinarily high risk for systemic embolism, they should undergo chronic 
anticoagulation with warfarin at an international normalized ratio (INR) target 
of 2.5 to 3.5 unless there is a serious contraindication to its use. It should be 
noted that atrial fibrillation with rheumatic mitral stenosis or a mechanical 
heart valve requires vitamin K antagonist anticoagulation instead of newer oral 
anticoagulants (Chapter 76).

Mechanical Therapy
When symptoms progress past early functional class II, that is, symptoms 

with more than ordinary activity, or if pulmonary hypertension develops, the 
prognosis is worse unless the mitral stenosis is relieved. In most instances, 
an excellent result can be achieved with percutaneous balloon valvotomy. In 
contrast to aortic stenosis, in mitral stenosis, there is fusion of the valve leaf-
lets at the commissures. Balloon dilation produces a commissurotomy and a 
substantial increase in valve area that appears to persist for at least a decade 
and provides improvement comparable to that of closed or open commis-
surotomy in suitable patients. Nonrheumatic mitral stenosis caused by mitral 
annular calcification does not respond to balloon valvotomy. The only effective 
mechanical therapy for this condition is surgical débridement of the mitral 
annulus followed by mitral valve replacement. Suitability for balloon valvotomy 
is determined partially during echocardiography. Patients with pliable valves, 
little valvular calcification, little involvement of the subvalvular apparatus, and 
less than moderate mitral regurgitation are ideal candidates. Even when valve 
anatomy is not ideal, however, valvotomy may be attempted in patients with 
advanced age or in situations in which comorbid risk factors increase surgical 
risk. In otherwise healthy patients with unfavorable valve anatomy, surgery to 
perform an open commissurotomy or valve replacement is undertaken. Even at 
20 years, 30% of patients have durable functional benefit after a percutaneous 
mitral commissurotomy.

PREVENTION, TREATMENT,  
AND PROGNOSIS 
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 CLINICAL MANIFESTATIONS
In the medical history, the standard symptoms of left-sided heart failure should 
be sought (Chapter 52). An attempt to discover potential causes should be 
made by questioning for a prior history of a heart murmur or abnormal find-
ings on cardiac examination (Chapter 45), rheumatic heart disease, endocarditis 
(Chapter 67), or the use of anorexigenic drugs.

Volume overload of the LV displaces the apical impulse downward and to 
the left. S1 may be reduced in intensity, whereas S2 is usually physiologically 
split. In severe mitral regurgitation, S2 is followed by S3, which may not indicate 
heart failure but reflects rapid filling of the LV by the large volume of blood 
stored in the LA during systole. The typical murmur of mitral regurgitation 
is a holosystolic apical murmur that often radiates toward the axilla (Chapter 

 PRIMARY (ORGANIC) MITRAL REGURGITATION

 EPIDEMIOLOGY
The mitral valve is composed of the mitral annulus, the leaflets, the chordae 
tendineae, and the papillary muscles. Abnormalities in any of these structures 
may lead to mitral regurgitation. In primary mitral regurgitation, valvular 
abnormalities cause the valve to leak; the resulting hemodynamic overload, 
if prolonged and severe, causes LV damage, heart failure, and eventual death 
if untreated. This condition must be distinguished from secondary or functional 
mitral regurgitation, wherein disease of the LV causes the valve to leak; this 
secondary mitral regurgitation is discussed later in this chapter.

The most common cause of primary mitral regurgitation in the United 
States is mitral valve prolapse, which is responsible for approximately 90% of 
all cases and comprises many diseases, including myxomatous degeneration 
of the valve (E-Fig. 66-1). Annular calcification, endocarditis, papillary muscle 
dysfunction or infarction, collagen vascular disease, and rheumatic heart disease 
are less common causes. Dopamine receptor agonists such as pergolide, cab-
ergoline and ergot derivatives and serotonin receptor agonists such as fenflu-
ramine when used in high doses and for prolonged periods of time may lead 
to mitral regurgitation.

Primary mitral regurgitation can be subdivided on the basis of chronicity. 
Common causes of severe acute mitral regurgitation include ruptured chordae 
tendineae and infective endocarditis. Chronic severe mitral regurgitation is 
more likely to be caused by myxomatous degeneration of the valve, rheumatic 
heart disease, or annular calcification.

 PATHOBIOLOGY
The pathophysiology of mitral regurgitation can be divided into three phases 
(Fig. 66-5). In acute mitral regurgitation of any cause, the sudden option for 
ejection of blood into the LA “wastes” a portion of the LV stroke volume as 
backward rather than forward flow. The combined regurgitant and forward 
flow causes volume overload of the LV and stretches the existing sarcomeres 
toward their maximum length. Use of the Frank-Starling mechanism is maxi-
mized, and end-diastolic volume increases concomitantly. The regurgitant 
pathway unloads the LV in systole because it allows ejection into the relatively 
low-impedance LA and thereby reduces end-systolic volume. Although increased 
end-diastolic volume and decreased end-systolic volume act in concert to 
increase total stroke volume, forward stroke volume is subnormal because a 
large portion of the total stroke volume is regurgitated into the LA. This regur-
gitant volume increases LA pressure, so the patient experiences heart failure 
with low cardiac output and pulmonary congestion despite normal LV con-
tractile function.

In many cases, severe acute mitral regurgitation necessitates emergency 
surgical correction. By comparison, patients who can be managed through 
the acute phase or in whom the valve abnormalities develop more slowly may 
enter the phase of hemodynamic compensation. In this phase, eccentric LVH 
and increased end-diastolic volume, combined with normal contractile func-
tion, allow ejection of a sufficiently large total stroke volume to permit forward 
stroke volume to return toward normal. LA enlargement allows accommoda-
tion of the regurgitant volume at a lower filling pressure. In this phase, the 
patient may be relatively asymptomatic even during strenuous exercise. Although 
mitral regurgitation is often thought to reduce LV afterload, reduced afterload 
occurs only in acute, severe, primary mitral regurgitation. In the chronic phase, 
the increased LV radius returns afterload (wall stress) to normal, and imped-
ance is decreased only in the most severe cases.9

Although severe mitral regurgitation may be tolerated for many years, the 
lesion often causes LV dysfunction, atrial fibrillation, or heart failure within 
5 years of the detection of severe mitral regurgitation. The now damaged 
ventricle has impaired ejection performance, and end-systolic volume increases. 
Greater LV residual volume at end systole increases end-diastolic volume and 
end-diastolic pressure, and the symptoms of pulmonary congestion may reap-
pear. Additional LV dilation may worsen the amount of regurgitation by causing 
further enlargement of the mitral annulus and malalignment of the papillary 
muscles. Although there is substantial contractile dysfunction, the increased 
preload and the presence of the regurgitant pathway, which mitigates the 
increased afterload expected from ventricular enlargement, augment the ejec-
tion fraction and may maintain it in a relatively normal range.

The causes of LV contractile dysfunction in patients with mitral regurgita-
tion may relate to loss of contractile proteins and abnormalities in calcium 
handling. In at least some cases, contractile dysfunction is reversible by timely 
mitral valve surgery.
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FIGURE 66-5. Mitral regurgitation (MR). Normal physiology (N) (A) is compared with 
the physiology of acute mitral regurgitation (aMr) (B). acutely, the volume overload 
increases preload (sarcomere length [sl]), and end-diastolic volume (eDV) increases from 
150 to 170 ml. unloading of the left ventricle by the presence of the regurgitant pathway 
decreases afterload (end-systolic stress [ess]), and end-systolic volume (esV) falls from 
50 to 30 ml. these changes result in an increase in the ejection fraction (eF). Because 
50% of the total left ventricular (lV) stroke volume (regurgitant fraction [rF]) is ejected 
into the left atrium (la), however, forward stroke volume (FsV) falls from 100 to 70 ml. 
at this stage, contractile function (CF) is normal. C, Chronic compensated mitral regur-
gitation (CCMr). in CCMr, eccentric cardiac hypertrophy has developed, and eDV has 
increased substantially. increased eDV, combined with normal contractile function, permits 
ejection of a larger total stroke volume and a larger forward stroke volume than in the 
acute phase. left atrial enlargement permits lower left atrial pressure. Because the radius 
term in the laplace equation has increased with increasing lV volume, afterload and esV 
return to normal. D, Chronic decompensated mitral regurgitation (CDMr). in this stage, 
contractile dysfunction causes a large increase in esV with a fall in total and forward 
stroke volume. additional lV enlargement leads to worsening mitral regurgitation. the 
relatively favorable loading conditions in this phase still permit a normal eF, however, 
despite contractile dysfunction. (From Carabello Ba. Mitral regurgitation: basic patho-
physiologic principles. Mod Concepts Cardiovasc Dis. 1988;57:53-57.)

45). There is a rough correlation between the intensity of the murmur and 
the severity of the disease, but this correlation is too weak to use in clinical 
decision making because the murmur may be soft when cardiac output is low. 
In contrast to aortic stenosis, murmur intensity does not usually vary with 
the RR interval. In acute mitral regurgitation, the presence of a large v wave 
may produce rapid equilibration of LA and LV pressure, thereby reducing the 
driving gradient and shortening the murmur. Pulmonary hypertension may 
develop and produce right-sided signs; including an RV lift, an increased P2; 
and if RV dysfunction has developed, signs of right-sided heart failure.

 DIAGNOSIS
The ECG usually shows LVH and LA abnormality. The chest radiograph typi-
cally shows cardiomegaly; the absence of cardiomegaly indicates either that 
the mitral regurgitation is mild or that it has not been chronic enough to allow 
cardiac dilation to occur.

Echocardiography shows the extent of LA and LV enlargement (Chapter 
49). Ultrasonic imaging of the mitral valve is excellent and offers clues to the 
mitral valve abnormalities responsible for the regurgitation. In some patients, 
three-dimensional echocardiography can add pathoanatomic information of 
potential use in aiding surgical repair of the valve. Color-flow Doppler inter-
rogation of the valve (Fig. 66-6) helps assess the severity of regurgitation, but 
because this technique images flow velocity rather than actual flow, it is subject 
to errors in interpretation. The Doppler technique is excellent for excluding 
the presence of mitral regurgitation and for distinguishing between mild and 
severe degrees. Newer techniques may quantify regurgitation more precisely 
but are not applicable in every patient, and standard color-flow Doppler exami-
nation may not be sufficient for exact quantification of mitral regurgitation 
or to determine whether the severity of the lesion is sufficient to cause eventual 
LV dysfunction. Cardiac magnetic resonance imaging (MRI) (Chapter 50), 
when available, can more precisely quantify the severity of the regurgitation. 
When the severity of mitral regurgitation is in doubt or if mitral valve surgery 
is being contemplated, cardiac catheterization (Chapter 51) can be helpful 
in resolving the severity of the lesion; coronary arteriography should be included 
in patients older than 40 years or with symptoms suggesting coronary disease 
(Chapter 62).

TREATMENT AND PROGNOSIS 
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E-FIGURE 66-1. Pathology specimens of myxomatous degeneration of the mitral valve showing the progression of disease from its simplest form (fibroelastic deficiency, FED) 
to more extensive FED (FED+) to the early stages of a Barlow-type valve (forme fruste) to the highly redundant Barlow type valve. (From adams DH, rosenhek r, Falk V. Degenerative 
mitral valve regurgitation: best practice revolution. Eur Heart J. 2010;31:1958-1966.)
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45). There is a rough correlation between the intensity of the murmur and 
the severity of the disease, but this correlation is too weak to use in clinical 
decision making because the murmur may be soft when cardiac output is low. 
In contrast to aortic stenosis, murmur intensity does not usually vary with 
the RR interval. In acute mitral regurgitation, the presence of a large v wave 
may produce rapid equilibration of LA and LV pressure, thereby reducing the 
driving gradient and shortening the murmur. Pulmonary hypertension may 
develop and produce right-sided signs; including an RV lift, an increased P2; 
and if RV dysfunction has developed, signs of right-sided heart failure.

 DIAGNOSIS
The ECG usually shows LVH and LA abnormality. The chest radiograph typi-
cally shows cardiomegaly; the absence of cardiomegaly indicates either that 
the mitral regurgitation is mild or that it has not been chronic enough to allow 
cardiac dilation to occur.

Echocardiography shows the extent of LA and LV enlargement (Chapter 
49). Ultrasonic imaging of the mitral valve is excellent and offers clues to the 
mitral valve abnormalities responsible for the regurgitation. In some patients, 
three-dimensional echocardiography can add pathoanatomic information of 
potential use in aiding surgical repair of the valve. Color-flow Doppler inter-
rogation of the valve (Fig. 66-6) helps assess the severity of regurgitation, but 
because this technique images flow velocity rather than actual flow, it is subject 
to errors in interpretation. The Doppler technique is excellent for excluding 
the presence of mitral regurgitation and for distinguishing between mild and 
severe degrees. Newer techniques may quantify regurgitation more precisely 
but are not applicable in every patient, and standard color-flow Doppler exami-
nation may not be sufficient for exact quantification of mitral regurgitation 
or to determine whether the severity of the lesion is sufficient to cause eventual 
LV dysfunction. Cardiac magnetic resonance imaging (MRI) (Chapter 50), 
when available, can more precisely quantify the severity of the regurgitation. 
When the severity of mitral regurgitation is in doubt or if mitral valve surgery 
is being contemplated, cardiac catheterization (Chapter 51) can be helpful 
in resolving the severity of the lesion; coronary arteriography should be included 
in patients older than 40 years or with symptoms suggesting coronary disease 
(Chapter 62).

FIGURE 66-6. Two-dimensional echocardiogram of mitral regurgitation with Doppler 
flow mapping superimposed on a portion of the image. the color information is rep-
resented in the sector of the imaging plane extending from the apex of the triangular 
plane to the two small arrows at the bottom of the image plane. Mitral regurgitation (Mr) 
is indicated (open arrows) and extends from the mitral valve leaflets toward the posterior 
aspect of the left atrium (la) during systole. the mosaic of colors representing the mitral 
regurgitant signal is typical of high-velocity turbulent flow. the low-intensity orange-
brown signal represents flow directed away from the transducer on the chest wall, and 
the blue shades represent blood in the left ventricular outflow tract moving toward the 
transducer. aO = aorta; lV = left ventricle; rV = right ventricle. 

Medical Therapy
severe acute Mitral regurgitation

In severe acute mitral regurgitation, the patient is usually symptomatic with 
heart failure or even shock. The goal of medical therapy is to increase forward 
cardiac output while concomitantly reducing regurgitant volume (Chapter 53).10 
Arterial vasodilators reduce systemic resistance to flow and preferentially increase 
aortic outflow and simultaneously decrease the amount of mitral regurgitation 
and LA hypertension. If hypotension already exists, vasodilators such as 
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FIGURE 66-7. The stages of mitral valve repair. (Modified from Cleveland Clinic. Mitral 
valve repair. http://my.clevelandclinic.org/heart/disorders/valve/mvrepair.aspx.)

nitroprusside lower blood pressure further and cannot be used. In these cases, 
intra-aortic balloon counterpulsation (Chapter 99) is preferred if the aortic valve 
is competent. Counterpulsation increases forward cardiac output by lowering 
ventricular afterload while augmenting systemic diastolic pressure.

Chronic symptomatic Mitral regurgitation
In patients with symptomatic mitral regurgitation, ACE inhibitors (e.g., lisino-

pril, 20 mg/day) reduce LV volume and improve symptoms but do not alter 
outcome and are reserved for inoperable patients. Observational evidence 
suggests that such patients may benefit from administration of β-blockers. 
Mitral valve surgery rather than medical therapy is indicated in most symp-
tomatic patients with mitral regurgitation. When atrial fibrillation is present, 
anticoagulation is indicated.

Chronic asymptomatic Mitral regurgitation
Vasodilators have had little effect in reducing LV volume or improving normal 

exercise tolerance in patients with mitral regurgitation, perhaps because after-
load is not usually increased in those with chronic asymptomatic mitral regur-
gitation. There is no definitive indication to begin afterload reduction before 
symptoms appear because no large randomized trials have been performed, 
and smaller trials have generally shown no benefit from these therapies.

Surgical Therapy
The timing of mitral valve surgery must weigh the risks of the operation and 

placement of a prosthesis, if one is inserted, against the risk for irreversible LV 
dysfunction if surgery is delayed unwisely. For most other types of valve diseases, 
surgical correction usually requires placement of a prosthetic valve, but in 
patients with mitral regurgitation, the native valve can often be repaired. Because 
conservation of the native valve obviates the risks associated with a prosthesis, 
the option of mitral valve repair should influence the patient and physician 
toward earlier surgery.

types of Mitral Valve surgery
Mitral Valve Repair

When feasible, mitral valve repair (Fig. 66-7) is the preferred operation.11 
Repair restores valve competence, maintains the functional aspects of the 
apparatus, and avoids the insertion of a prosthesis. Repair is most applicable 
in cases of posterior chordal rupture; anterior involvement and rheumatic 
involvement make repair more difficult. Currently, the percentage of mitral 
valve surgeries that are valve repair varies from 0 to 95% at different hospital 
centers, averaging about 70% across the United States overall.

http://my.clevelandclinic.org/heart/disorders/valve/mvrepair.aspx


CHAPTER 66 ValVular Heart Disease414

Percutaneous mitral valve repair with implantation of a clip device is less 
invasive than conventional mitral valve repair but is also substantially less effec-
tive than open surgery for reducing the amount of mitral regurgitation. A5  It is 
approved in the United States for use in symptomatic inoperable patients. 
Percutaneous repair usually leaves the patient with mild to moderate residual 
regurgitation, which does not usually worsen over time. In all cases, the feasibil-
ity of repair depends on the pathoanatomy that is causing the mitral regurgita-
tion and the skill and experience of the operating surgeon.

Mitral Valve Replacement with Preservation of the Mitral Apparatus
In this procedure, a prosthetic valve is inserted, but continuity between the 

native leaflets and the papillary muscles is maintained. This procedure has the 
advantage of ensuring mitral valve competence while preserving the LV func-
tional aspects of the mitral apparatus. Even if only the posterior leaflets and 
chordae are preserved, the patient benefits from improved postoperative ven-
tricular function and possibly better survival. In many cases, it is possible to 
preserve the anterior and posterior chordal attachments, although anterior 
continuity can be associated with LV outflow tract obstruction. Although the 
patient benefits from restored mitral valve competence and maintenance of 
LV function, insertion of a prosthesis still carries all prosthesis-associated risks. 
Operative mortality with all mitral valve replacement operations is at least 
twice as high as with mitral valve repair.

Mitral Valve Replacement without Preservation of the Mitral Apparatus
When the native valve cannot be repaired or the chordae preserved, such 

as in severe rheumatic deformity, the mitral valve leaflets and its apparatus are 
removed, and a prosthetic valve is inserted. Although this operation almost 
guarantees mitral valve competence, the mitral valve apparatus is responsible 
for coordinating LV contraction and for helping maintain the efficient prolate 
ellipsoid shape of the LV. Destruction of the apparatus leads to a sudden fall 
in LV function and a decline in postoperative ejection fraction that is often 
permanent.

Transcatheter Mitral Valve Replacement
Transcatheter mitral valve replacement is also feasible and has been used 

especially in patients who have severe mitral annular calcification12 or have 
been considered at extremely high operative risk.13 Although the technical 
success rate has been promising, the procedure is still experimental.

timing of surgery
Symptomatic Patients

Most patients with symptoms of dyspnea, orthopnea, or fatigue should 
undergo surgery regardless of which operation is performed because they 
already have lifestyle limitations from their disease. The mere presence of symp-
toms worsens the prognosis despite relatively well-preserved LV function. The 
onset or worsening of symptoms is a summary of the patient’s pathophysiology 
and may give a broader view of cardiovascular integrity than possible with any 
single measurement of pressure or function. For patients with acute mitral 
regurgitation owing to flail mitral valve leaflets, earlier surgery appears to be 
better than prolonged medical management, but randomized trials have not 
been performed.

Asymptomatic Patients with Normal Left Ventricular Function
Surgery has increasingly been considered in asymptomatic patients who 

have normal LV function but echocardiographic findings indicating that valve 
repair is likely to be successful. Although these patients are at low risk without 
surgery, the risk associated with valve repair is less than 1%, and this approach 
reduces the risks of subsequent LV dysfunction or atrial fibrillation, which may 
occur if the valvular disease progresses. Furthermore, lifespan can be normal 
after successful repair before LV dysfunction has developed. Valve repair obvi-
ates the need for protracted, expensive follow-up and provides a durable cor-
rection of the lesion. This approach is sensible, however, only if it is certain that 
valve repair can be performed because insertion of a prosthesis carries unac-
ceptable risk in this low-risk group.

Asymptomatic Patients with Left Ventricular Dysfunction
The onset of LV dysfunction in patients with mitral regurgitation may occur 

without causing symptoms. Early surgery is warranted to prevent the muscle 
dysfunction from becoming severe or irreversible. Regardless of whether valve 
repair or replacement is eventually performed, survival is prolonged if surgery 
is performed before the ejection fraction declines to less than 0.60 or before 
the LV is unable to contract to an end-systolic dimension of 40 mm. Patients 
with severe mitral regurgitation should be monitored yearly with a history, 
physical examination, and echocardiographic evaluation of LV function. When 
the patient reports symptoms or echocardiography shows the onset of LV dys-
function, surgery should be undertaken. However it is not necessary to wait 
until these thresholds are reached to recommend surgery. If it is clear that valve 
repair is highly likely and the patient is approaching these “triggers” for inter-
vention, surgery should be considered at that time.

Asymptomatic Elderly Patients
Among Medicare recipients, the operative mortality rate is 4% for patients 

undergoing mitral valve repair and 9% for patients undergoing replacement. 

Because most cases of mitral valve prolapse are asymptomatic, therapy is 
usually unnecessary. Although prophylaxis against infective endocarditis was 
previously recommended in these patients, guidelines no longer recommend 
antibiotic prophylaxis based on available data (Chapter 67). In patients with 
palpitations and autonomic dysfunction, β-blockers are often effective in 
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The 1-, 5-, and 10-year survival estimates are 91%, 77%, and 54%, respectively, 
for patients undergoing repair compared with 83%, 65%, and 37% for patients 
undergoing replacement, respectively. Patients older than 75 years of age may 
have poorer surgical results than younger patients, especially if coronary disease 
is present or if mitral valve replacement rather than repair must be performed. 
However, results of surgery in older patients with mitral regurgitation have 
steadily improved during the past decade, and elderly patients with symptoms 
refractory to medical therapy are often undertreated even though they may 
benefit from surgery.14 Nevertheless, there is little compelling reason to commit 
elderly asymptomatic patients to a mitral valve operation.

 MITRAL VALVE PROLAPSE

 DEFINITION
Mitral valve prolapse occurs when one or both of the mitral valve leaflets 
prolapse into the LA superior to the mitral valve annular plane during systole.15 
The importance of mitral valve prolapse varies from patient to patient. In 
some cases, prolapse is simply a consequence of normal LV physiology without 
significant medical impact, such as in situations that produce a small LV (e.g., 
the Valsalva maneuver or an atrial septal defect), in which reduction of ven-
tricular volume causes relative lengthening of the chordae tendineae and 
subsequent mitral valve prolapse. At the other end of the spectrum, severe 
redundancy and deformity of the valve, which occur in myxomatous valve 
degeneration, increase the risk for stroke, arrhythmia, endocarditis, and pro-
gression to severe mitral regurgitation.

 DIAGNOSIS
History
Most patients with mitral valve prolapse are asymptomatic. In some cases, 
however, mitral valve prolapse is associated with symptoms, including palpita-
tions, syncope, and chest pain. In some cases, chest pain is associated with a 
positive thallium scintigram indicating the presence of true ischemia despite 
normal epicardial coronary arteries, perhaps because excessive tension on the 
papillary muscles increases oxygen consumption and causes ischemia. Palpita-
tions, syncope, and presyncope, when present, are linked to autonomic dys-
function (Chapters 45, 56, and 390), which appears to be more prevalent in 
patients with mitral valve prolapse.

Physical Examination
On physical examination, the mitral valve prolapse syndrome produces the 
characteristic findings of a midsystolic click and a late systolic murmur. The 
click occurs when the chordae tendineae are stretched taut by the prolapsing 
mitral valve in mid systole. As this occurs, the mitral leaflets move past their 
coaptation point, permit mitral regurgitation, and cause the late systolic murmur 
(see Table 45-7 in Chapter 45). Maneuvers that make the LV smaller, such 
as the Valsalva maneuver, cause the click to appear earlier and the murmur to 
be more holosystolic and often louder (see Table 45-8 in Chapter 45). In 
some cases of echocardiographically proven mitral valve prolapse, neither the 
click nor the murmur is present; in other cases, only one of these findings is 
present.

Noninvasive Evaluation
Echocardiography is useful to prove that prolapse is present, to image the 
amount of regurgitation and its physiologic effects, and to discern the patho-
anatomy of the mitral valve. Although an echocardiogram is not necessary to 
diagnose prolapse in patients with the classic physical findings, the echocar-
diogram adds significant prognostic information because it can detect patients 
who have specifically abnormal valve morphology and in whom most of the 
complications of the disease occur. Prolapse shown in the four-chamber echo-
cardiographic view should be confirmed in the parasternal long axis view.

 PROGNOSIS
In about 25% of community-diagnosed cases, mitral valve prolapse progresses 
to significant mitral regurgitation. Nevertheless, most patients with mitral valve 
prolapse have a benign clinical course; even for complication-prone patients 
with redundant and misshapen mitral leaflets, complications are relatively rare. 
Approximately 10% of patients with thickened leaflets experience infective 
endocarditis, stroke, progression to severe mitral regurgitation, or sudden death. 
The progression to severe mitral regurgitation varies with gender and age, and 
men are approximately twice as likely to progress as women. By 50 years of 
age, only approximately one in 200 men requires surgery to correct mitral 
regurgitation. By the age of 70 years, the risk increases to approximately 3%.

 SECONDARY (FUNCTIONAL) MITRAL 
REGURGITATION

 DEFINITION
Secondary or functional mitral regurgitation is a very different disease than is 
primary mitral regurgitation. In primary mitral regurgitation, treating the mitral 
regurgitation cures the patient. Conversely, secondary mitral regurgitation is a 
consequence of LV myocardial dysfunction caused either by myocardial infarc-
tion or dilated cardiomyopathy.16 Because treating secondary mitral regurgita-
tion cannot reverse those entities, the role of valve therapy is often unclear.

 EPIDEMIOLOGY
An estimated 5 million Americans have heart failure (Chapters 52 and 53), 
and about half of them have heart failure with a reduced ejection fraction. 
About 75% of these latter patients also have some degree of secondary mitral 
regurgitation, which is severe in about 20% of them.

 PATHOBIOLOGY
In secondary mitral regurgitation, the valve itself is normal. Regurgitation occurs 
because ventricular damage leads to dilation, which causes displacement of 
the papillary muscles, which in turn prevents a normal valve from reaching its 
coaptation point. Mitral closing is further impaired by mitral annular dilation 
and reduced closing force from the weakened myocardium.

 CLINICAL MANIFESTATIONS
Because virtually all patients with secondary mitral regurgitation have heart 
failure, almost all complain of the symptoms of heart failure. Some may note 
a worsening of symptoms when more than mild secondary mitral regurgitation 
develops. Probably because the mitral valve itself is normal, as well as because 
of the weakened force of contraction, the murmur of functional mitral regur-
gitation may be unimpressive or even inaudible.

 DIAGNOSIS
Echocardiography is the mainstay of the diagnosis. In addition to evaluating 
the severity of the mitral regurgitation itself, the echocardiogram is helpful in 
establishing the extent of the dilated cardiomyopathy or of the prior myocardial 
infarction that is responsible for causing the secondary mitral regurgitation.

THERAPY AND PROGNOSIS 

 AORTIC REGURGITATION

 DEFINITION
Aortic regurgitation is caused either by abnormalities of the aortic leaflets or 
by abnormalities of the proximal aortic root. Leaflet abnormalities causing 
aortic regurgitation include a bicuspid aortic valve, infective endocarditis, and 
rheumatic heart disease. Dopamine receptor agonists and serotonin receptor 
agonists have also been implicated. Common aortic root abnormalities that 
cause aortic regurgitation include Marfan syndrome (Chapter 244), 
hypertension-induced annuloaortic ectasia, aortic dissection (Chapter 69), 
syphilis (Chapter 303), ankylosing spondylitis (Chapter 249), and psoriatic 
arthritis (Chapter 249). Acute aortic regurgitation is usually caused by infec-
tive endocarditis (Chapter 67) or aortic dissection.

 PATHOBIOLOGY
As with mitral regurgitation, aortic regurgitation imparts a volume overload 
on the LV because the LV must pump the forward flow entering from the LA 
and the regurgitant volume returning through the incompetent aortic valve. 
Also as with mitral regurgitation, the volume overload is compensated for by 
the development of eccentric cardiac hypertrophy, which increases chamber 
size and allows the ventricle to pump a greater total stroke volume and a 
greater forward stroke volume. Ventricular enlargement also allows the LV to 
accommodate the volume overload at a lower filling pressure. In contrast to 
mitral regurgitation, the entire stroke volume is ejected into the aorta in aortic 
regurgitation. Because pulse pressure is proportional to stroke volume and 
elastance of the aorta, the increased stroke volume increases systolic pressure. 
Systolic hypertension leads to afterload excess, which does not generally occur 
in mitral regurgitation. Accordingly, ventricular geometry also differs between 
mitral and aortic regurgitation because the afterload excess in aortic regurgita-
tion causes a modest element of concentric hypertrophy, as well as severe 
eccentric hypertrophy.

In acute aortic insufficiency, such as might occur in infective endocarditis, 
severe volume overload of the previously unprepared LV results in a sudden 
fall in forward output while precipitously increasing LV filling pressure. It is 
probably this combination of pathophysiologic factors that leads to rapid 
decompensation, presumably because the severely diminished gradient for 
coronary blood flow causes ischemia and progressive deterioration in LV func-
tion. In acute aortic insufficiency, reflex vasoconstriction increases peripheral 
vascular resistance. In compensated chronic aortic insufficiency, vasoconstric-
tion is absent, and vascular resistance may be reduced and contribute to the 
hyperdynamic circulation observed in these patients.

 CLINICAL MANIFESTATIONS
The most common symptoms from chronic aortic regurgitation are those of 
left-sided heart failure, that is, dyspnea on exertion, orthopnea, and fatigue. 
In acute aortic regurgitation, cardiac output and shock may develop rapidly. 
The onset of symptoms in patients with chronic aortic regurgitation usually 
heralds the onset of LV systolic dysfunction. Some patients with symptoms 
have apparently normal systolic function, however, and the symptoms may 
be attributed to diastolic dysfunction. Other patients may have ventricular 
dysfunction yet remain asymptomatic.

Angina may also occur in patients with aortic insufficiency but less commonly 
than in those with aortic stenosis. The cause of angina in aortic regurgitation 
is probably multifactorial. Coronary blood flow reserve is reduced in some 
patients because diastolic runoff into the LV lowers aortic diastolic pressure 
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relieving symptoms. Low-dose aspirin therapy has been recommended for 
patients with redundant leaflets because these patients have a slightly increased 
risk for stroke. No data from large studies are available to support this conten-
tion, however. If severe mitral regurgitation or a flail mitral leaflet develops, 
the therapy is the same as for other causes of mitral regurgitation.

 PROGNOSIS
In about 25% of community-diagnosed cases, mitral valve prolapse progresses 
to significant mitral regurgitation. Nevertheless, most patients with mitral valve 
prolapse have a benign clinical course; even for complication-prone patients 
with redundant and misshapen mitral leaflets, complications are relatively rare. 
Approximately 10% of patients with thickened leaflets experience infective 
endocarditis, stroke, progression to severe mitral regurgitation, or sudden death. 
The progression to severe mitral regurgitation varies with gender and age, and 
men are approximately twice as likely to progress as women. By 50 years of 
age, only approximately one in 200 men requires surgery to correct mitral 
regurgitation. By the age of 70 years, the risk increases to approximately 3%.

 SECONDARY (FUNCTIONAL) MITRAL 
REGURGITATION

 DEFINITION
Secondary or functional mitral regurgitation is a very different disease than is 
primary mitral regurgitation. In primary mitral regurgitation, treating the mitral 
regurgitation cures the patient. Conversely, secondary mitral regurgitation is a 
consequence of LV myocardial dysfunction caused either by myocardial infarc-
tion or dilated cardiomyopathy.16 Because treating secondary mitral regurgita-
tion cannot reverse those entities, the role of valve therapy is often unclear.

 EPIDEMIOLOGY
An estimated 5 million Americans have heart failure (Chapters 52 and 53), 
and about half of them have heart failure with a reduced ejection fraction. 
About 75% of these latter patients also have some degree of secondary mitral 
regurgitation, which is severe in about 20% of them.

 PATHOBIOLOGY
In secondary mitral regurgitation, the valve itself is normal. Regurgitation occurs 
because ventricular damage leads to dilation, which causes displacement of 
the papillary muscles, which in turn prevents a normal valve from reaching its 
coaptation point. Mitral closing is further impaired by mitral annular dilation 
and reduced closing force from the weakened myocardium.

 CLINICAL MANIFESTATIONS
Because virtually all patients with secondary mitral regurgitation have heart 
failure, almost all complain of the symptoms of heart failure. Some may note 
a worsening of symptoms when more than mild secondary mitral regurgitation 
develops. Probably because the mitral valve itself is normal, as well as because 
of the weakened force of contraction, the murmur of functional mitral regur-
gitation may be unimpressive or even inaudible.

 DIAGNOSIS
Echocardiography is the mainstay of the diagnosis. In addition to evaluating 
the severity of the mitral regurgitation itself, the echocardiogram is helpful in 
establishing the extent of the dilated cardiomyopathy or of the prior myocardial 
infarction that is responsible for causing the secondary mitral regurgitation.

The presence of mitral regurgitation in patients with systolic dysfunction is 
associated with worsened prognosis, which in turn probably reflects both poorer 
LV function and the imposition of an extra volume overload on an already 
weakened LV.

Because almost all patients with secondary mitral regurgitation have heart 
failure, they should receive standard treatment for heart failure (Chapter 53). 
Many patients with secondary mitral regurgitation also have conducting system 
abnormalities, and patients with left bundle branch block may benefit from 
cardiac resynchronization therapy (Chapters 53 and 60), which improves systolic 
function while often reducing secondary mitral regurgitation, sometimes even 
eliminating it. When the above therapies fail to relieve symptoms, surgical 

THERAPY AND PROGNOSIS 

treatment can be considered. Unlike in primary mitral regurgitation, it is unclear 
whether valve repair is superior to valve replacement, and it is also unclear 
whether mitral surgery prolongs life.

For severe ischemic mitral regurgitation, mitral valve repair and chordal-sparing 
mitral valve replacement provide equivalent clinical outcomes at 1 and 2 years, 
although replacement has resulted in less residual mitral regurgitation and is 
associated with less severe heart failure, fewer heart failure-related adverse 
events, and fewer cardiovascular admissions. A6  For moderate ischemic mitral 
regurgitation, mitral valve repair does not clearly add benefit above and beyond 
the benefits of coronary artery bypass surgery. A7 

For mitral regurgitation secondary to heart failure, the data are more mixed. 
Several studies have shown percutaneous mitral repair to be no better than 
optimal medical therapy A8  or open surgery, A9  but one trial demonstrated better 
survival than medical therapy. A10  The average survival rate at 5 years is about 
50%, and this figure has not changed much over the past several decades.

 AORTIC REGURGITATION

 DEFINITION
Aortic regurgitation is caused either by abnormalities of the aortic leaflets or 
by abnormalities of the proximal aortic root. Leaflet abnormalities causing 
aortic regurgitation include a bicuspid aortic valve, infective endocarditis, and 
rheumatic heart disease. Dopamine receptor agonists and serotonin receptor 
agonists have also been implicated. Common aortic root abnormalities that 
cause aortic regurgitation include Marfan syndrome (Chapter 244), 
hypertension-induced annuloaortic ectasia, aortic dissection (Chapter 69), 
syphilis (Chapter 303), ankylosing spondylitis (Chapter 249), and psoriatic 
arthritis (Chapter 249). Acute aortic regurgitation is usually caused by infec-
tive endocarditis (Chapter 67) or aortic dissection.

 PATHOBIOLOGY
As with mitral regurgitation, aortic regurgitation imparts a volume overload 
on the LV because the LV must pump the forward flow entering from the LA 
and the regurgitant volume returning through the incompetent aortic valve. 
Also as with mitral regurgitation, the volume overload is compensated for by 
the development of eccentric cardiac hypertrophy, which increases chamber 
size and allows the ventricle to pump a greater total stroke volume and a 
greater forward stroke volume. Ventricular enlargement also allows the LV to 
accommodate the volume overload at a lower filling pressure. In contrast to 
mitral regurgitation, the entire stroke volume is ejected into the aorta in aortic 
regurgitation. Because pulse pressure is proportional to stroke volume and 
elastance of the aorta, the increased stroke volume increases systolic pressure. 
Systolic hypertension leads to afterload excess, which does not generally occur 
in mitral regurgitation. Accordingly, ventricular geometry also differs between 
mitral and aortic regurgitation because the afterload excess in aortic regurgita-
tion causes a modest element of concentric hypertrophy, as well as severe 
eccentric hypertrophy.

In acute aortic insufficiency, such as might occur in infective endocarditis, 
severe volume overload of the previously unprepared LV results in a sudden 
fall in forward output while precipitously increasing LV filling pressure. It is 
probably this combination of pathophysiologic factors that leads to rapid 
decompensation, presumably because the severely diminished gradient for 
coronary blood flow causes ischemia and progressive deterioration in LV func-
tion. In acute aortic insufficiency, reflex vasoconstriction increases peripheral 
vascular resistance. In compensated chronic aortic insufficiency, vasoconstric-
tion is absent, and vascular resistance may be reduced and contribute to the 
hyperdynamic circulation observed in these patients.

 CLINICAL MANIFESTATIONS
The most common symptoms from chronic aortic regurgitation are those of 
left-sided heart failure, that is, dyspnea on exertion, orthopnea, and fatigue. 
In acute aortic regurgitation, cardiac output and shock may develop rapidly. 
The onset of symptoms in patients with chronic aortic regurgitation usually 
heralds the onset of LV systolic dysfunction. Some patients with symptoms 
have apparently normal systolic function, however, and the symptoms may 
be attributed to diastolic dysfunction. Other patients may have ventricular 
dysfunction yet remain asymptomatic.

Angina may also occur in patients with aortic insufficiency but less commonly 
than in those with aortic stenosis. The cause of angina in aortic regurgitation 
is probably multifactorial. Coronary blood flow reserve is reduced in some 
patients because diastolic runoff into the LV lowers aortic diastolic pressure 
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examination of the aortic valve helps quantify the severity of aortic regurgita-
tion by assessing the depth and width to which the diastolic jet penetrates 
the LV. Another way to assess the severity of aortic regurgitation is the pressure 
half-time method: continuous-wave Doppler interrogation of the aortic valve 
displays the decay of the velocity of retrograde flow across the valve. In mild 
aortic insufficiency, the gradient across the valve is high throughout diastole, 
and its rate of decay is slow, with production of a long Doppler half-time (the 
time that it takes the velocity to decay from its peak to that value divided by 
the square root of 2). In severe aortic regurgitation, there is rapid equilibration 
between pressure in the aorta and pressure in the LV, and the Doppler half-
time is short. If mitral valve preclosure is detected in acute aortic insufficiency, 
urgent surgery is necessary. In cases in which the severity of aortic insufficiency 
is in doubt, MRI can quantify regurgitant flow or catheterization with aor-
tography can visualize regurgitant flow to resolve the issue.

while increasing LV diastolic pressure; these two influences lower the driving 
pressure gradient for flow across the coronary bed. When angina occurs in 
aortic regurgitation, it may be accompanied by flushing. Other symptoms 
include carotid artery pain and an unpleasant awareness of the heartbeat.

 DIAGNOSIS
Physical Examination
Chronic aortic regurgitation produces a myriad of signs because a hyperdy-
namic, enlarged LV ejects a large stroke volume at high pressure into the 
systemic circulation. Palpation of the precordium finds a hyperactive apical 
impulse displaced downward and to the left. S1 and S2 are usually normal. S2 
is followed by a diastolic blowing murmur heard best along the left sternal 
border with the patient sitting upright. In mild disease, the murmur may be 
short and heard only in the beginning of diastole when the gradient between 
the aorta and the LV is highest. As the disease worsens, the murmur may 
persist throughout diastole. A second murmur, a mitral valve rumble, is heard 
at the LV apex in patients with severe aortic insufficiency. Although the cause 
is still debated, this Austin Flint murmur is probably produced as the regur-
gitant jet impinges on the mitral valve and causes it to vibrate.

In chronic aortic regurgitation, the high stroke volume and reduced systemic 
arterial resistance result in a wide pulse pressure, which may generate a number 
of signs, including Corrigan pulse (sharp upstroke and rapid decline of the 
carotid pulse), de Musset sign (head bobbing), Duroziez sign (combined 
systolic and diastolic bruits created by compression of the femoral artery with 
the stethoscope), and Quincke pulse (systolic plethora and diastolic blanching 
in the nail bed when gentle traction is placed on the nail). Perhaps the most 
reliable of physical signs indicating severe aortic regurgitation is Hill sign, an 
increase in femoral systolic pressure of 40 mm Hg or more compared with 
systolic pressure in the brachial artery.

In contrast to chronic aortic insufficiency with its myriad clinical signs, 
acute aortic insufficiency may have a subtle manifestation. The eccentric hyper-
trophy, which compensates for chronic aortic insufficiency, has not yet had 
time to develop, and the large total stroke volume responsible for most of the 
signs of chronic aortic insufficiency is absent. The only clues to the presence 
of acute aortic insufficiency may be a short diastolic blowing murmur and 
reduced intensity of S1. This latter sign occurs because high diastolic LV pres-
sure closes the mitral valve early in diastole (mitral valve preclosure) so that 
when ventricular systole occurs, only the tricuspid component of S1 is heard.

Noninvasive Evaluation
The ECG in patients with aortic insufficiency is nonspecific but almost always 
demonstrates LVH. The chest radiograph shows an enlarged heart, often with 
uncoiling and enlargement of the aortic root.

Echocardiography (Chapter 49) is the most important noninvasive tool 
for assessing the severity of aortic insufficiency and its impact on LV geometry 
and function (Fig. 66-8). During echocardiography, the LV end-diastolic 
dimension, end-systolic dimension, and fractional shortening are determined. 
Aortic valve anatomy and aortic root anatomy can be assessed, and the cause 
of the aortic regurgitation can often be determined. Color-flow Doppler 

the force that is needed to fill the LV is provided by the RV, LV dysfunction 
leading to elevated LV filling pressure also places the RV under a hemodynamic 
load and can eventually lead to RV failure and tricuspid regurgitation. In some 
instances, tricuspid regurgitation may be caused by pathology of the valve 
itself. The most common cause of primary tricuspid regurgitation is infective 
endocarditis, usually stemming from drug abuse and unsterile injections. Other 
causes include trauma (especially from hitting the steering wheel or dashboard 
in motor vehicle accidents), carcinoid syndrome, rheumatic involvement of 
the tricuspid valve, myxomatous degeneration, RV infarction, and mishaps 
during endomyocardial biopsy. Pacemaker leads placed across the tricuspid 
valve are also a common cause of significant tricuspid regurgitation.

 DIAGNOSIS
The symptoms of tricuspid regurgitation are those of right-sided heart failure 
and include ascites, edema, and occasionally right upper quadrant pain.18 On 
physical examination, tricuspid regurgitation produces jugular venous disten-
tion accentuated by a large v wave as blood is regurgitated into the RA during 
systole. Regurgitation into the hepatic veins causes hepatic enlargement and 
liver pulsation. RV enlargement is detected as a parasternal lift. Ascites and 
edema are common. The murmur of tricuspid regurgitation is a holosystolic 
murmur heard along the left sternal border, often increasing with inspiration. 
The murmur may be faint, and it usually can be heard only under the best 
auscultatory conditions.

The definitive diagnosis of tricuspid regurgitation is made during echocar-
diography. Doppler interrogation of the tricuspid valve shows systolic distur-
bance of the right atrial blood pool. Echocardiography (Chapter 49) can also 
be used to determine the severity of pulmonary hypertension, measure RV 
dilation, and assess whether the valve itself is intrinsically normal or abnormal.

FIGURE 66-8. Echocardiogram of a patient with aortic regurgitation caused by infec-
tive endocarditis. the left panel shows a linear vegetation (arrow) prolapsing into the left 
ventricular (lV) outflow tract from the aortic valve leaflet in diastole. the right panel is a 
color-flow Doppler image exhibiting turbulent blood flow filling the lV tract during dias-
tole. aO = aorta; la = left atrium; rV = right ventricle. (Courtesy of Dr. anthony DeMaria.)

Medical Therapy
asymptomatic Patients with Normal left Ventricular Function

Because aortic regurgitation increases LV afterload, which decreases cardiac 
efficiency, afterload reduction with nifedipine and other vasodilators, including 
ACE inhibitors and hydralazine, improves hemodynamics in the short term. 
Although initial data suggested that such therapy could delay or reduce the 
need for aortic valve surgery without any adverse effects when surgery is finally 
performed, more recent data suggest no benefit from such therapy. These 
discrepant results from relatively small trials preclude firm recommendations. 
When hypertension accompanies aortic regurgitation, it should be treated 
according to standard guidelines (Chapter 70).

symptomatic Patients or Patients with left Ventricular 
Dysfunction

Patients who have symptoms or manifest LV dysfunction should not be 
treated medically, except for short-term stabilization, but should undergo aortic 
valve surgery as soon as feasible.

Surgical Therapy
acute aortic regurgitation

When any of the symptoms or signs of heart failure develop, even if mild, 
the medical mortality rate is high and approaches 75%. Echocardiographic 
evidence of preclosure of the mitral valve from high diastolic intracavitary LV 
pressure is an especially ominous sign. Therapy with vasodilators, such as nitro-
prusside, may temporarily improve the patient’s condition before surgery but 
is never a substitute for surgery. In patients with acute aortic regurgitation 
caused by bacterial endocarditis (Chapter 67), surgery may be delayed to permit 
a full or partial course of antibiotics, but persistent, severe aortic regurgitation 
requires emergency valve replacement. Even when blood cultures have been 
positive recently and antibiotic therapy has been of brief duration, the valve 
reinfection rate is low, 0 to 10%, with valve replacement or valve repair. Emer-
gency surgery should not be withheld simply because the duration of antibiotic 
therapy has been brief.

Chronic aortic regurgitation
Asymptomatic patients who manifest evidence of LV dysfunction benefit 

from surgery. Because loading conditions differ between aortic and mitral 
regurgitation, the objective markers for the presence of LV dysfunction also 
differ. In aortic regurgitation, when the ejection fraction is less than 0.50 or the 
end-systolic dimension is greater than 50 mm, postoperative outcome is impaired, 
presumably because these markers indicate that LV dysfunction has developed. 
Data suggest that surgery should be timed even before an end-diastolic dimen-
sion of 45 mm has been reached.17 A calculated regurgitant orifice above 30 mm2 
portends a poorer prognosis and may warrant surgery.

Patients with advanced symptoms are at increased risk for a suboptimal surgi-
cal outcome regardless of whether they have evidence of LV dysfunction. Patients 
should undergo aortic valve replacement before symptoms impair lifestyle.

Although some patients may be able to undergo successful aortic valve 
repair to restore aortic valve competence, most patients require insertion of 
an aortic valve prosthesis.

TREATMENT AND PROGNOSIS 

 TRICUSPID REGURGITATION

 DEFINITION
Tricuspid regurgitation is usually secondary to a hemodynamic load on the 
RV rather than a structural valve deformity. Diseases that cause pulmonary 
hypertension, such as chronic obstructive airway disease or intracardiac shunts, 
lead to RV dilation and subsequent tricuspid regurgitation. Because most of 

TREATMENT AND PROGNOSIS 

 PULMONIC STENOSIS

 DEFINITION
Pulmonic stenosis is a congenital disease resulting from fusion of the pulmonic 
valve cusps (Chapter 61). It is usually detected and corrected during child-
hood, but occasionally cases are diagnosed for the first time in adulthood. 
Symptoms of pulmonic stenosis include angina and syncope. Occasionally, 
symptoms of right-sided heart failure develop. During physical examination, 
the uncalcified valve in pulmonic stenosis produces an early systolic ejection 
click on opening. During inspiration, the click diminishes or disappears because 
increased flow into the right side of the heart during inspiration partially opens 
the pulmonic valve in diastole so that systole causes less of an opening sound. 
The click is followed by a systolic ejection murmur that radiates to the base 
of the heart. If the transvalvular gradient is severe, RVH develops and produces 
a parasternal lift.

The diagnosis of pulmonic stenosis is confirmed by echocardiography, which 
quantifies the transvalvular gradient and the degree of RVH and dysfunction.

TREATMENT AND PROGNOSIS 



CHAPTER 66 ValVular Heart Disease 417

the force that is needed to fill the LV is provided by the RV, LV dysfunction 
leading to elevated LV filling pressure also places the RV under a hemodynamic 
load and can eventually lead to RV failure and tricuspid regurgitation. In some 
instances, tricuspid regurgitation may be caused by pathology of the valve 
itself. The most common cause of primary tricuspid regurgitation is infective 
endocarditis, usually stemming from drug abuse and unsterile injections. Other 
causes include trauma (especially from hitting the steering wheel or dashboard 
in motor vehicle accidents), carcinoid syndrome, rheumatic involvement of 
the tricuspid valve, myxomatous degeneration, RV infarction, and mishaps 
during endomyocardial biopsy. Pacemaker leads placed across the tricuspid 
valve are also a common cause of significant tricuspid regurgitation.

 DIAGNOSIS
The symptoms of tricuspid regurgitation are those of right-sided heart failure 
and include ascites, edema, and occasionally right upper quadrant pain.18 On 
physical examination, tricuspid regurgitation produces jugular venous disten-
tion accentuated by a large v wave as blood is regurgitated into the RA during 
systole. Regurgitation into the hepatic veins causes hepatic enlargement and 
liver pulsation. RV enlargement is detected as a parasternal lift. Ascites and 
edema are common. The murmur of tricuspid regurgitation is a holosystolic 
murmur heard along the left sternal border, often increasing with inspiration. 
The murmur may be faint, and it usually can be heard only under the best 
auscultatory conditions.

The definitive diagnosis of tricuspid regurgitation is made during echocar-
diography. Doppler interrogation of the tricuspid valve shows systolic distur-
bance of the right atrial blood pool. Echocardiography (Chapter 49) can also 
be used to determine the severity of pulmonary hypertension, measure RV 
dilation, and assess whether the valve itself is intrinsically normal or abnormal.

Therapy for secondary tricuspid regurgitation is generally aimed at the cause 
of the lesion. If LV failure has been responsible for RV failure and tricuspid 
regurgitation, the standard therapy for improving LV failure (Chapter 53) lowers 
LV filling pressure, reduces secondary pulmonary hypertension, relieves some 
of the hemodynamic burden of the RV, and partially restores tricuspid valve 
competence. If pulmonary disease is the primary cause, therapy is directed 
toward improving lung function. Medical therapy directed at tricuspid regur-
gitation is usually limited to diuretics because the vasodilators that are so useful 
in the treatment of left-sided heart failure are often ineffective in treating pul-
monary hypertension. However, a number of options can improve late-stage 
symptoms that are primarily caused by the pulmonary hypertension itself 
(Chapter 75).

Surgical intervention for the tricuspid valve is rarely entertained in isolation. 
However, if other cardiac surgery is planned in a patient with severe tricuspid 
regurgitation, concomitant ring annuloplasty or tricuspid valve repair is frequently 
attempted to ensure postoperative tricuspid competence. Because a second 
operation to address residual tricuspid regurgitation after successful left-sided 
valve surgery carries an unacceptably high mortality rate, concomitant tricuspid 
annuloplasty is now entertained for even mild to moderate tricuspid regurgita-
tion during left-sided valve surgery. Tricuspid valve replacement is often not 
well tolerated and is rarely performed except when severe deformity, as is often 
seen in endocarditis or carcinoid disease, precludes valve repair. Transcatheter 
tricuspid valve repair is a potentially promising experimental technique.19

TREATMENT AND PROGNOSIS 

 PULMONIC STENOSIS

 DEFINITION
Pulmonic stenosis is a congenital disease resulting from fusion of the pulmonic 
valve cusps (Chapter 61). It is usually detected and corrected during child-
hood, but occasionally cases are diagnosed for the first time in adulthood. 
Symptoms of pulmonic stenosis include angina and syncope. Occasionally, 
symptoms of right-sided heart failure develop. During physical examination, 
the uncalcified valve in pulmonic stenosis produces an early systolic ejection 
click on opening. During inspiration, the click diminishes or disappears because 
increased flow into the right side of the heart during inspiration partially opens 
the pulmonic valve in diastole so that systole causes less of an opening sound. 
The click is followed by a systolic ejection murmur that radiates to the base 
of the heart. If the transvalvular gradient is severe, RVH develops and produces 
a parasternal lift.

The diagnosis of pulmonic stenosis is confirmed by echocardiography, which 
quantifies the transvalvular gradient and the degree of RVH and dysfunction.

TABLE 66-2 ADVANTAGES AND DISADVANTAGES OF 
SUBSTITUTE CARDIAC VALVES

TYPE OF VALVE ADVANTAGES DISADVANTAGES
Bioprosthesis (Carpentier-

Edwards, Hancock)
Avoids anticoagulation in 

patients with sinus 
rhythm

Durability limited to 
10-15 yr

Relatively stenotic
Mechanical valves (St. 

Jude, Medtronic-Hall, 
Starr-Edwards)

Good flow characteristics in 
small sizes

Durable

Require anticoagulation

Homografts and autografts Anticoagulation not required
Durability increased over 

that of bioprostheses

Surgical implantation 
technically demanding

In asymptomatic patients with a gradient less than 25 mm Hg, no therapy 
is required. If symptoms develop or the gradient exceeds 50 mm Hg, balloon 
commissurotomy is effective in reducing the gradient and relieving symptoms. 
Although long-term prognosis is not yet established, 90% of patients do not 
require reintervention 10 years after balloon therapy.

Postoperative Care of Patients with Substitute  
Heart Valves

After a prosthetic valve has been inserted, a baseline echocardiogram should 
be obtained to provide a reference point in the event that valve dysfunction 
is suspected at a later date. Echocardiography does not need to be repeated 
unless there is a change in clinical status or physical findings. The major causes 
of mechanical valve dysfunction are infective endocarditis and thrombus for-
mation. For bioprostheses, endocarditis is also a risk, but valve degeneration, 
which can cause either stenosis or regurgitation, is a major concern.

Whenever a patient with a prosthetic heart valve has a temperature higher 
than 100° F, endocarditis must be excluded by blood culture; for fever with 
signs of sepsis, broad-spectrum antibiotics must be begun while awaiting culture 
results. For patients with bioprosthetic valves, mechanical prostheses, and 
homografts, endocarditis prophylaxis should be instituted at the time of pro-
cedures that are associated with a high risk for bacteremia (Chapter 67). Whether 
prophylaxis is necessary for pulmonary autografts is currently unclear, but 
physicians usually prescribe prophylaxis for these patients.

All patients with a mechanical heart valve require anticoagulation. Recom-
mended INR values range from 2.0 for a young normotensive patient in sinus 
rhythm with an aortic valve prosthesis to 3.5 for a patient with atrial fibrillation 
and a mitral valve prosthesis. Aspirin, 325 mg, is recommended in addition to 
warfarin to reduce the risk for valve thrombosis in patients who have mechani-
cal prosthetic valves that are at higher risk for thromboembolic complications. 
Newer anticoagulants such as dabigatran are associated with more thrombosis 
and bleeding in patients with mechanical prosthetic valves and should not be 
used. When thrombosis occurs on a prosthetic valve, about 60% of patients 
can have restored valve function after intravenous infusion of a thrombolytic 
agent. In patients with periprosthetic paravalvular leaks, a percutaneous pro-
cedure can successfully close about 85% of the leaks.

Choices among Prosthetic Valves
Different types of prosthetic valves (Fig. 66-9) have different advantages 

and disadvantages (Table 66-2). At long-term follow-up, primary valve failure 
with resulting need for reoperation is much more common with bioprosthetic 
valves, and bleeding is generally more common with mechanical valves. For 
mitral valves, long-term survival is similar with bioprosthetic and mechanical 
valves. Survival after aortic valve replacement is probably better with mechanical 
valves. Another alternative, which is attractive in young patients with congenital 
bicuspid aortic stenosis, is to use the patient’s own pulmonic valve to replace 
the diseased aortic valve and then to implant a prosthetic pulmonic valve 
(the Ross procedure).20 In a randomized trial, this procedure was superior to 
homograft valve and root replacement, with a 10-year survival rate of 97% 
compared with 83%.

In general, a tissue valve is recommended in patients who have a life expec-
tancy of less than 15 years or who are unable or unwilling to maintain warfarin 
anticoagulation.21 A mechanical valve is preferred in patients who already have 
another indication for anticoagulation or who have a longer life expectancy 
and want to minimize the risk of reoperation.22 Because many patients prefer 
the risk of reoperation to that of anticoagulation, the age at which bioprostheses 
are implanted has steadily declined, and many 60-year-old patients now request 
and receive a bioprosthetic valve.

TREATMENT AND PROGNOSIS 
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FIGURE 66-9. A, Common mechanical valves: a, a bileaflet st. Jude Medical valve; b, a Medtronic-Hall tilting disc valve; c, a starr-edwards ball cage valve (no longer manufactured 
but still in use). (From antunes MJ, Burke aP, Carabello B. Valvular heart disease. in: Braunwald e, rahimtoola sH, eds. Essential Atlas of Heart Diseases. 3rd ed. Philadelphia: Current 
Medicine Group; 2005:296-297.) B, Common bioprostheses: a, Hancock modified orifice stented valve; b, Carpentier-edwards stented porcine valve; c, Medtronic free style stentless 
valve; d, st. Jude Medical toronto sPV stentless valve; e, Carpentier-edwards pericardial valve; f, autologous pericardial valve. (From Grunkemeier Gl, rahimtoola sH, starr a. Prosthetic 
heart valves. in: rahimtoola sH, ed. Valvular Heart Disease. Philadelphia: Current Medicine Group; 1997:13.9-13.11.)
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Answer: E A patient with functional mitral regurgitation should undergo 
evaluation for cardiac resynchronization therapy, which might substantially 
improve his or her mitral regurgitation. A patient with aortic stenosis has 
classic symptoms that require aortic valve replacement. Pulmonary hyperten-
sion in mitral stenosis worsens prognosis, so further delay is contraindicated. 
The other two patients have developed left ventricular dysfunction requiring 
prompt surgical intervention to prevent further deterioration.

4. The best defined need for medical therapy in valve disease is:
 A. The use of vasodilators in chronic aortic regurgitation.
 B. The use of statins in aortic stenosis.
 C. The use of vasodilators in asymptomatic aortic regurgitation.
 D. The use of vasodilators in asymptomatic mitral regurgitation.
 E. The use of warfarin in patients with mitral stenosis, atrial fibrillation, 

and a remote history of peptic ulcer disease.
Answer: E The risk of stroke in the patient with mitral stenosis far outweighs 
the small risk of gastrointestinal bleeding. Statins in aortic stenosis and vaso-
dilators in asymptomatic regurgitant disease have not been proven to be 
effective.

5. The least desirable option for the treatment of severe valvular heart  
disease is:
 A. Mitral repair for mitral regurgitation.
 B. Balloon valvotomy for mitral stenosis.
 C. Mitral valve replacement for a patient with posterior leaflet prolapse.
 D. A pulmonary autograft for a young patient with aortic stenosis.
 E. A tricuspid valve repair for tricuspid regurgitation.

Answer: C Mitral valve replacement for a patient with simple posterior leaflet 
prolapse that can easily be repaired is an error in management because mitral 
valve repair is far superior to mitral valve replacement. Balloon valvotomy is 
preferred over surgery in most cases of mitral stenosis. A pulmonary autograft 
is a good choice in a young patient in whom lifelong anticoagulation with a 
mechanical valve may be undesirable.

REVIEW QUESTIONS

1. Each of the following findings indicates severe valvular heart disease except:
 A. In mitral stenosis, the S2 opening snap interval is 0.06 seconds.
 B. In aortic stenosis, there is a harsh systolic murmur peaking in mid systole.
 C. In aortic stenosis, there is a soft single second sound.
 D. In aortic regurgitation, an Austin Flint murmur is heard.
 E. In mitral regurgitation, an S3 is heard.

Answer: B The murmur of severe aortic stenosis peaks late in systole, not in 
mid systole. An S2-OS interval of 0.06 seconds is short, indicating high left 
atrial pressure and severe mitral stenosis. Severe aortic regurgitation impinges 
on the mitral valve, thereby causing an Austin Flint murmur. A severely calci-
fied and stenotic aortic valve produces little sound when it closes, so S2 will 
be soft and single.

2. Pick the best choice regarding the hemodynamic overload of valvular heart 
disease.
 A. Aortic regurgitation places a pure volume overload on the left ventricle.
 B. Aortic stenosis produces a combined pressure and volume overload on 

the left ventricle.
 C. Aortic regurgitation places a combined pressure and volume overload 

on the left ventricle.
 D. Mitral regurgitation places a combined pressure and volume overload 

on the left ventricle.
 E. Tricuspid regurgitation places a combined pressure and volume overload 

on the right ventricle.
Answer: C The increased total stroke volume in aortic regurgitation increases 
systolic blood pressure, thereby placing a combined pressure and volume 
overload on the left ventricle. Whereas aortic stenosis causes a pure left ven-
tricle pressure overload, mitral and tricuspid regurgitation place a pure volume 
overload on the left ventricle and right ventricle, respectively.

3. Indications for valve surgery or other valve intervention include all but 
which of the following?
 A. A patient with syncope and an aortic valve area of 0.9 cm2.
 B. An asymptomatic patient with severe mitral regurgitation and an ejec-

tion fraction of 0.55.
 C. An asymptomatic patient with mitral stenosis and a pulmonary artery 

pressure of 60 mm Hg.
 D. An asymptomatic patient with an Austin Flint murmur and an ejection 

fraction that has decreased from 0.60 to 0.45.
 E. A patient with functional mitral regurgitation, class II symptoms, and 

a left bundle branch block.
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67 
INFECTIVE ENDOCARDITIS
VANCE G. FOWLER, JR., ARNOLD S. BAYER, AND  
LARRY M. BADDOUR

 DEFINITION
Infective endocarditis is defined as an infection, usually bacterial, of the endo-
cardial surface of the heart. Infective endocarditis affects primarily the cardiac 
valves, although in some cases, the septa between the chambers, the mural 
endocardium, or cardiovascular implantable electronic devices (e.g., pacemak-
ers) may be involved. Traditionally, infective endocarditis was categorized as 
“acute” or “subacute,” based on the duration of symptoms before presentation. 
Typically, acute infective endocarditis was caused by Staphylococcus aureus, 
and subacute infective endocarditis was caused by viridans group streptococci. 
However, these categories have proven to be unreliable. A classification that 
considers the causative organism and the involved valve is much more clini-
cally relevant.

 EPIDEMIOLOGY
The true incidence of infective endocarditis is difficult to determine because 
of the different criteria for diagnosis and methods of reporting. An analysis 
based on strict case definitions reveals that only a relatively small propor-
tion (≈20%) of clinically diagnosed cases are categorized as “definite.” In 10 
large surveys, infective endocarditis accounted for approximately one case 
per 1000 U.S. hospital admissions, with a range of 0.16 to 5.4 cases per 1000 
admissions. Estimates from the American Heart Association (AHA) place the 
incidence of infective endocarditis in the United States at 10,000 to 20,000 
new cases per year. Recent data also suggest that rates of S. aureus infective 
endocarditis have increased significantly.

Men are more commonly affected than women (mean male : female ratio, 
1.7 : 1 in 18 large series). However, in patients younger than 35 years, more 
cases occur in women. More than 50% of patients with infective endocarditis 
in the United States are now older than 50 years of age, due in part to the low 
incidence of acute rheumatic heart disease (Chapter 274), the low subsequent 
development of rheumatic heart disease, and a simultaneous rise in the preva-
lence of degenerative valvular heart disease in the aging population.

Although some patients have no clearly definable risk factor for endocar-
ditis, cardiac conditions that cause turbulent flow at the endocardial surface 
or across a valve (Chapter 66) predispose patients to infective endocarditis 
(Table 67-1). The most commonly affected valves in descending order of 
prevalence are the mitral valve only, the aortic valve, the mitral and aortic 
valves together, the tricuspid valve, mixed right- and left-sided infection, and 
the pulmonic valve.

Historically, rheumatic heart disease with valvular dysfunction was the most 
common underlying condition, although its contribution has diminished in 
the antibiotic era, especially in developed countries. Degenerative valvular 
disease is also associated with infective endocarditis, particularly in elderly 
patients; the increasing relevance of senile calcification as a risk factor is reflected 
in the increasing proportion of aortic valve involvement in infective endocar-
ditis. Most significant congenital heart defects (Chapter 61) confer an increased 
risk of infective endocarditis, particularly complex cyanotic disease such as 
single-ventricle states, transposition of the great vessels, and tetralogy of Fallot. 
Similarly, surgically constructed pulmonary–systemic shunts and ventricular 
septal defects are risk factors associated with infective endocarditis.

Mitral valve prolapse is currently the most common underlying cardiac 
condition in patients with infective endocarditis, a statistic that reflects its 
prevalence in the general population (4%). Notably, mitral valve prolapse is 
a risk only in patients with thickened mitral leaflets or significant regurgitation, 
in which case the risk of endocarditis increases by about 10-fold over that of 
the general population. In addition, patients with hypertrophic cardiomyopathy 
are at increased risk of infective endocarditis, particularly in the presence of 
outflow obstruction. Finally, previous endocarditis is among the highest risk 
factors for subsequent infective endocarditis cases.

Prosthetic cardiac valves represent an important risk factor for infective 
endocarditis. More than 150,000 heart valves are implanted annually world-
wide, and prosthetic valve infective endocarditis develops in 1 to 4% of 

prosthetic valve recipients in the first year after valve replacement and in 
approximately 0.8% of recipients annually thereafter. Mechanical prosthetic 
valves may initially be more susceptible to infective endocarditis, but biopros-
thetic valves are more likely to develop infective endocarditis after 1 year; 
overall, the rate is similar with either type of valve.

The incidence of infective endocarditis in injection drug users (Chapter 
31) may be 30 times higher than in the general population and four times 
higher than in adults with rheumatic heart disease.1 In some areas of the United 
States, injection drug use is the most common predisposing cause of infective 
endocarditis in patients younger than 40 years. S. aureus is the predominant 
organism, and tricuspid valve involvement is noted in 78% of cases, mitral 
involvement in 24%, and aortic involvement in 8%. More than one valve is 
infected in approximately 20% of cases, and some of these infections are 
polymicrobial.

Health care–associated infective endocarditis arises primarily as a conse-
quence of invasive therapies, including intravenous (IV) catheters, hyperali-
mentation lines, pacemakers, other cardiovascular implantable electronic 
devices, and hemodialysis devices.2 In a recent prospective, multinational 
cohort study of more than 1600 non–drug-using patients with native valve 
endocarditis, more than one third of patients had health care–associated endo-
carditis, many cases of which originated in the community (e.g., in patients 
on outpatient hemodialysis). The emerging importance of health care–associated 
infective endocarditis in industrialized nations has also influenced the micro-
biology of the disease, with an increasing prevalence of S. aureus and a decreas-
ing prevalence of viridans group streptococci in much of the industrialized 
world.

Cardiovascular electronic devices can become infected at the time they are 
implanted, particularly if patients develop complications, such as a hematoma, 
at the incision site or need the device to be revised or replaced. Other factors 
that increase the risk of device infection include older age, comorbid condi-
tions (particularly dialysis-dependent renal failure), and a larger number of 
device leads.3

Systemic medical conditions predispose patients to the development of 
infective endocarditis. For example, HIV infection is an independent risk 
factor for the development of infective endocarditis in injection drug users, 
with the risk increasing as the CD4 count decreases. Vascular catheter–related 
bacteremia is an important risk factor for nosocomial infective endocarditis. 
Patients with end-stage renal disease, particularly those receiving long-term 
hemodialysis, and patients with diabetes mellitus are also at increased risk, 
presumably because of the recurrent vascular access infections associated 
with the former and the low-level immunosuppression associated with both  
conditions.

 PATHOBIOLOGY
Experimental models of infective endocarditis have demonstrated that the 
disease follows a predictable sequence: endocardial damage, aggregation of 
platelets and fibrin to create a sterile vegetation, transient bacteremia resulting 
in seeding of the vegetation, microbial proliferation on and invasion of the 
endocardial surface, and metastatic infection to visceral organs (e.g., kidneys, 
spleen) and brain.

Most cases of infective endocarditis begin with a damaged endocardial 
surface. Damage to the endocardium may be caused by a number of factors, 
ranging from inflammatory (e.g., rheumatic fever) to congenital (e.g., mitral 
valve prolapse) to senile degeneration and calcification; indeed, any excessive 
turbulence or high-pressure gradient can cause injury to the nearby endocar-
dium. Next, fibrin-platelet aggregates develop at the site of damage to form 
sterile vegetations, also termed nonbacterial thrombotic endocarditis. Nonbacte-
rial thrombotic endocarditis may occur spontaneously in patients with systemic 
illnesses (e.g., the marantic endocarditis of malignancy [Chapter 54] or other 
wasting diseases or Libman-Sacks endocarditis in systemic lupus erythematosus 
[Chapter 250]). When transient bacteremia occurs—for example, as a result 
of distant infection or gingival manipulations—the previously sterile vegeta-
tion may be seeded. Some bacterial species, such as staphylococci and strep-
tococci, are more avidly adherent to vegetations and better able to evade innate 
endovascular host defenses, so they more frequently cause endocarditis. The 
bacteria then proliferate within the vegetation and may ultimately achieve an 
organism load of 109 to 1011 colony-forming units per gram of tissue. Last, 
the surfaces of cardiac valves and vegetations are avascular, thereby making 
antibiotic therapy and healing difficult. Implantable cardiac devices disrupt 
the endothelial surface and predispose to infection and the formation of bio-
films, particularly early after their placement and before endothelialization 
and fibrosis occur.
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ABSTRACT
Infective endocarditis is an uncommon illness associated with increased mor-
bidity and mortality. The patient’s presentation can sometimes present diag-
nostic challenges. Management of patients with infective endocarditis includes 
antimicrobial therapy and, often, valve surgery. Timing of surgery can be 
challenging, so a multispecialty team with expertise in the care of patients 
with infective endocarditis is helpful.
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the course of their disease. Patients with device-related infective endocarditis 
often have local signs and symptoms of infection at the site of implantation.

 DIAGNOSIS
The “gold standard” for the diagnosis of infective endocarditis is culture of a 
pathologic organism from a valve or other endocardial surface. However, unless 

 CLINICAL MANIFESTATIONS
History
The initial presentation of infective endocarditis varies enormously from patient 
to patient. Some cases develop acutely, with symptoms progressing rapidly 
over several days. Other cases develop insidiously and present with progressive 
but nonspecific symptoms for weeks or months. In patients suspected of having 
infective endocarditis, the initial history should include a complete review of 
systems, a travel history, and a thorough discussion of health-related behaviors 
such as illicit drug use and sexual activity. Most patients complain of fever 
and nonspecific constitutional symptoms such as fatigue, malaise, or weight 
loss. Nearly 50% of patients complain of musculoskeletal symptoms ranging 
from frank arthritis to diffuse myalgias. In about 5 to 10% of patients, low 
back pain is the chief complaint, even in the absence of osteomyelitis or epi-
dural abscess. In IV drug users with tricuspid valve infective endocarditis and 
patients with venous or right heart implantable devices, endocarditis can 
present as pleuritic chest pain and multilobar pneumonia. Health care–associated 
infective endocarditis is more likely to be clinically occult and requires a high 
index of suspicion.

Physical Examination
A thorough physical examination should include a search for the peripheral 
stigmata (Table 67-2), which are very helpful when present but are less fre-
quent now than in the past. Although fever is present in up to 90% of patients, 
it is less common in elderly patients and in patients with renal or heart failure. 
A widened pulse pressure should alert the clinician to the possibility of acute 
aortic insufficiency (Chapter 66). The skin and nails should be carefully exam-
ined for suggestive but nonspecific embolic phenomena such as petechiae 
(Fig. 67-1), Osler nodes, Janeway lesions, and splinter hemorrhages. Petechiae 
are most often found on the conjunctiva, palate, and extremities. Osler nodes 
are small, painful nodules found most often on the palmar surfaces of the 
fingers and toes; they frequently wax and wane (Fig. 67-2). Classically con-
sidered to be an immunologic phenomenon, Osler nodes may have an immune 
complex–mediated component but are most likely initiated by microemboli. 
Janeway lesions (Fig. 45-10 in Chapter 45) are hemorrhagic, nonpainful macules 
also found primarily on the palms and soles; they are embolic in origin and 
are less frequently noted than the other cutaneous stigmata. Splinter hemor-
rhages (see Fig. 45-10 in Chapter 45) are nonblanching, linear, brownish red 
lesions in the nail beds parallel to the direction of nail growth; they are non-
specific and may also be found in a significant percentage of hospitalized 
patients without infective endocarditis.

Funduscopic examination should be performed to look for Roth spots (see 
Fig. 395-26 in Chapter 395), chorioretinitis, or endophthalmitis; the latter 
two are present in a substantial proportion of cases of fungal endocarditis. A 
careful cardiac examination should be performed to detect any systolic or 
diastolic murmurs, especially new murmurs, or evidence of heart failure, which 
is an ominous sign. Of note, patients with health care–associated infective 
endocarditis are less likely than others to have a pathologic murmur on initial 
presentation. The abdomen should be examined for evidence of splenomegaly 
(Chapter 159), which is more common in patients with subacute endocarditis. 
Finally, a thorough neurologic examination should be performed, both to 
assess for any focal neurologic deficits and to serve as a baseline during the 
patient’s hospital stay. The neurologic examination may demonstrate evidence 
of major vessel embolism, cranial nerve palsies, visual field defects, or general-
ized toxic-metabolic encephalopathy with altered mental status. Up to 15 to 
20% of patients with endocarditis have a stroke before presentation or during 

TABLE 67-1 PREDISPOSING CONDITIONS ASSOCIATED WITH 
INCREASED RISK OF ENDOCARDITIS

MORE COMMON LESS COMMON
Mitral valve prolapse
Degenerative valvular disease
Intravenous drug use*
Prosthetic valve*
Congenital (valvular heart disease or  

ventricular septal defect)

Rheumatic heart disease†

Idiopathic hypertrophic subaortic 
stenosis

Pulmonary–systemic shunts*
Coarctation of the aorta
Previous endocarditis*
Complex cyanotic congenital heart 

disease*
*Indicates conditions with highest risk for endocarditis.
†Still common in developing countries.

TABLE 67-2 PHYSICAL EXAMINATION AND LABORATORY 
FINDINGS IN INFECTIVE ENDOCARDITIS

FINDING % OF CASES
Fever 96
Worsening of previous murmur 20
New murmur 48
Vascular embolic event 17
Splenomegaly 11
Splinter hemorrhages 8
Osler nodes 3
Janeway lesions 5
Roth spots 2
Elevated ESR 61
Hematuria 26
Positive rheumatoid factor 5
Abnormal chest radiography findings (effusion, 

infiltrate, septic emboli)
67-85 

(right-sided infective endocarditis)
ESR = erythrocyte sedimentation rate.
Adapted from Murdoch DR, Corey GR, Hoen B, et al. Clinical presentation, etiology, and outcome 
of infective endocarditis in the 21st century: International Collaboration on Endocarditis—
Prospective Cohort Study. Arch Intern Med. 2009;169:463-473.

FIGURE 67-1. Petechiae in infective endocarditis. 

FIGURE 67-2. Osler node in infective endocarditis. 
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epidemiologic risk factors, S. aureus (Chapter 272) is the predominant cause 
of infective endocarditis. Because of the emergence of health care contact as 
the predominant risk factor for blood stream infections, S. aureus is now the 
most common cause of infective endocarditis in most industrialized regions 
of the world.

Viridans group streptococci (Chapter 274) are the most common strepto-
cocci implicated in native valve endocarditis. This group of organisms, which 
normally inhabit the oropharynx, includes species such as Streptococcus sanguis, 
Streptococcus mutans, and Streptococcus mitis. Group B streptococci, β-hemolytic 
organisms that are also normal oropharyngeal and urogenital flora, most fre-
quently cause infective endocarditis in patients with cirrhosis or diabetes 
mellitus, as well as in injection drug users. In contrast, group A streptococci, 
although also β-hemolytic, rarely cause infective endocarditis. Streptococcus 
gallolyticus, a group D streptococcus (previously known as Streptococcus bovis), 
is now a leading cause of infective endocarditis in some parts of the world; 
for example, its incidence in France has increased significantly in recent years. 
Its presence in blood cultures should prompt endoscopic evaluation for adeno-
carcinoma of the colon or other malignant lesions of the gastrointestinal tract.

S. aureus (Chapter 272) is the pathogen of primary concern among injec-
tion drug users and patients with health care contact. The clinical course of 
S. aureus endocarditis is typically acute, with a rapid progression over the 
course of days. Because about 10 to 15% of patients with S. aureus bacteremia 
have echocardiographic evidence of endocarditis even in the absence of classic 
stigmata, possible cardiac involvement should always be considered in any 
patient with S. aureus bacteremia but especially in patients with relapsing or 
persistent bacteremia or fever, community-acquired infection, or an implant-
able cardiac device. Coagulase-negative staphylococci are a relatively uncom-
mon cause of native valve endocarditis but are important pathogens in prosthetic 
valve endocarditis.

Enterococcal bacteremia is far more common, particularly in hospitalized 
patients, than enterococcal endocarditis. However, enterococci are responsible 
for a significant number of cases of both community-acquired and nosocomial 
endocarditis. In most cases, the source of the bacteremia is thought to be the 
genitourinary tract, and the presentation is usually subacute. Enterococcal 
endocarditis, as opposed to enterococcal bacteremia, is suggested by com-
munity acquisition of infection, the absence of a clear source of infection, 
preexistent valvular heart disease, and the absence of polymicrobial bacteremia. 
As in most enterococcal infections, the overwhelming majority of cases (>90%) 
are caused by Enterococcus faecalis.

The HACEK group of gram-negative organisms (Haemophilus spp., Aggre-
gatibacter spp. [formerly Actinobacillus actinomycetemcomitans], Cardiobacterium 
hominis, Eikenella corrodens, and Kingella spp.) accounts for about 5% of endo-
carditis cases. Because these fastidious organisms usually grow in blood cultures 
within 7 days using current methods, prolonged incubation is no longer required 
to isolate HACEK strains. Many other gram-negative bacilli have been reported 
to cause infective endocarditis but are even more unusual. Traditionally, injec-
tion drug use has been regarded as the primary risk factor for enteric gram-
negative bacterial endocarditis. However, recent experience from large 
multinational studies shows that health care contact, not injection drug use, 
is the most common risk factor for enteric gram-negative endocarditis.

Fungal endocarditis is often difficult to diagnose and treat; it is most com-
monly found in patients with a history of injection drug use, recent cardiac 
valve surgery, or prolonged use of indwelling vascular catheters, especially 
those used for total parenteral nutrition. The most common fungi found in 
infective endocarditis are Aspergillus and Candida spp. Aspergillus (Chapter 
319) rarely grows in blood cultures and must usually be cultured from a patho-
logic specimen (either an embolic site or vegetation); by contrast, Candida 
spp. (Chapter 318) frequently grows in blood cultures. Mortality is very high, 
and valve replacement surgery is usually necessary for fungal endocarditis.

Prosthetic valve endocarditis can be classified into one of two groups based 
on the time between valve surgery and disease onset: early (<2 months after 
surgery) and late (>2 months) (Table 67-4). Staphylococci, particularly S. 
aureus, predominate during the early period, when most episodes of infective 
endocarditis are thought to be related to perioperative infection. In the late 
period, the spectrum of organisms becomes more akin to that of community-
acquired native valve disease, in which S. aureus and viridans group streptococci 
predominate. Of note, among the coagulase-negative staphylococci, oxacillin 
resistance can be seen in these late cases. More recently, prosthetic valve place-
ment by a transcatheter procedure has become more common and has been 
complicated by endocarditis.

Staphylococcal species account for the large majority (≥70%) of implant-
able cardiac device infections. The prevalence of oxacillin resistance among 

the patient undergoes valve replacement or postmortem examination, the 
diagnosis is made clinically. The most widely accepted clinical criteria are the 
modified Duke criteria (Table 67-3), which rely heavily on blood culture 
results and echocardiographic data and which have an estimated 76 to 100% 
sensitivity and 88 to 100% specificity, with a negative predictive value of at 
least 92%.4

Microbiology
At least three sets of blood cultures, each set consisting of one aerobic and 
one anaerobic bottle, should be obtained from separate sites, with careful 
attention to aseptic technique. Ideally, these sets should be collected at least 
1 hour apart to document continuous bacteremia; however, when patients 
are critically ill, this approach may not be feasible.

Causative Organisms
About 90% of community-acquired, native valve infective endocarditis is caused 
by staphylococci, streptococci, or enterococci, which are normal inhabitants 
of the skin, oropharynx, urogenital, and gastrointestinal tracts, respectively, 
and which have frequent access to the blood stream. These organisms express 
specific receptors for attachment and adherence to damaged endothelial sur-
faces. Streptococcal species (Chapter 274) are the most common cause of 
community-acquired infective endocarditis in patients with no history of 
injection drug use or health care contact. In patients with either of these latter 

TABLE 67-3 MODIFIED DUKE CRITERIA FOR THE DIAGNOSIS 
OF INFECTIVE ENDOCARDITIS

MAJOR CRITERIA

1. Blood culture positive (a OR b)
 a. Typical organism (α-hemolytic streptococcus, Streptococcus bovis, HACEK 

organisms, or Staphylococcus aureus, or community-acquired Enterococcus 
species, without a primary focus) from 2 separate blood cultures OR

 b. Persistent bacteremia with any organism (two positive cultures >12 hr apart or 
three positive cultures or a majority of ≥4 cultures positive >1 hr apart)

2. Evidence of endocardial involvement (a OR b)
 a. Echocardiographic findings: mobile mass attached to valve or valve apparatus, 

abscess, or new partial dehiscence of prosthetic valve OR
 b. New valvular regurgitation

3. Serology: single positive blood culture for Coxiella burnetii or antiphase 1 IgG 
antibody titer ≥1 : 800

MINOR CRITERIA

1. Predisposing condition: IV drug use or predisposing cardiac condition
2. Fever ≥38° C
3. Vascular phenomena: arterial embolism, septic pulmonary emboli, mycotic 

aneurysm, intracranial hemorrhage, conjunctival hemorrhages, Janeway lesions
4. Immunologic phenomena: glomerulonephritis, Osler nodes, Roth spots, 

rheumatoid factor
5. Echocardiogram findings consistent with endocarditis but not meeting major 

criteria
6. Microbiologic evidence: positive blood cultures not meeting major criteria or 

serologic evidence of active infection consistent with endocarditis
DEFINITE INFECTIVE ENDOCARDITIS (1 OR 2)

1. Pathologically proven infective endocarditis OR
2. Clinical diagnosis defined by

 a. Two major criteria OR
 b. One major and three minor criteria OR
 c. Five minor criteria

POSSIBLE INFECTIVE ENDOCARDITIS (1 OR 2)

1. One major criterion and one minor criterion OR
2. Three minor criteria
REJECTED INFECTIVE ENDOCARDITIS

1. Firm alternative diagnosis OR
2. Resolution of infective endocarditis syndrome with antibiotic therapy for ≤4 days 

OR
3. No pathologic evidence of infective endocarditis at surgery or autopsy with 

antibiotic therapy for ≤4 days OR
4. Does not meet criteria for possible infective endocarditis, as above
HACEK = Haemophilus spp., Aggregatibacter spp. (formerly Actinobacillus actinomycetemcomitans), 
Cardiobacterium hominis, Eikenella corrodens, and Kingella spp.; IgG = immunoglobulin G; IV = 
intravenous.
Adapted from Li JS, Sexton DJ, Mick N, et al. Proposed modifications to the Duke criteria for the 
diagnosis of infective endocarditis. Clin Infect Dis. 2000;30:633-638.
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cultures for 2 to 4 weeks is no longer required routinely. Specific serologic 
tests can diagnose endocarditis related to C. burnetii (the agent of Q fever), 
Brucella spp., Bartonella spp., and C. psittaci. Tropheryma whippelii, the etiologic 
agent in Whipple disease, and multiple other organisms may be diagnosed by 
polymerase chain reaction. Histopathologic features of resected tissue also 
can provide clues in the etiologic diagnosis of culture-negative endocarditis. 
If the search for a causative organism is fruitless, noninfectious causes such 
as marantic or Libman-Sacks endocarditis and atrial myxoma (Chapter 54) 
should be considered.

Laboratory Findings
Initial laboratory tests should include a complete blood count with differential, 
serum electrolytes, measurement of renal function, and urinalysis. Most patients 
with subacute infective endocarditis have the serum iron profile of anemia of 
chronic disease (Chapter 150). The white blood cell count is frequently elevated 
in acute infective endocarditis, particularly if S. aureus is the causative organ-
ism, but may not be elevated in more subacute forms. Microscopic hematuria 
is common, as is proteinuria.

The chest radiograph is abnormal—demonstrating consolidation, atelec-
tasis, pleural effusion, or clear septic emboli—in the overwhelming majority 
of patients with right-sided endocarditis. In others, it may show evidence of 
heart failure. The electrocardiogram (ECG) should be carefully examined for 
evidence of atrioventricular conduction blocks, especially a prolonged PR 
interval (see Figs. 58-5 through 58-9 in Chapter 58), suggestive of an aortic ring 
abscess or frank myocardial infarction (see Figs. 64-1 and 64-2 in Chapter 64).

Rheumatoid factor, which is an ancillary test that has been included in the 
modified Duke criteria as a “minor criterion” in the category of “immunologic 
phenomenon,” may be positive in subacute or chronic endocarditis. Other 
ancillary tests, such as the erythrocyte sedimentation rate, the C-reactive 
protein level, and the procalcitonin level, are generally not helpful in establish-
ing an endocarditis diagnosis. Other than echocardiography, imaging is rarely 
helpful in establishing the diagnosis, although computed tomography (CT) 
with positron emission tomography (PET) (PET/CT) may sometimes identify 
a noncardiac primary source of infection.

Echocardiography
Both transthoracic echocardiography (TTE) and transesophageal echocar-
diography (TEE) (Chapter 49) are highly specific tests (≈98%) when used 
as part of the diagnostic evaluation of suspected endocarditis. By contrast, 
TEE has a much higher sensitivity (90-95%) in this setting than TTE (48-
63%). In most cases in which endocarditis is a serious diagnostic consideration, 

S. aureus strains varies from study to study but is generally in the 30 to  
50% range.

Endocarditis with Negative Blood Cultures
In most patients with infective endocarditis who have not received previous 
antibiotic therapy, every blood culture is positive because the bacteremia of 
endocarditis is continuous. Blood cultures are truly negative in fewer than 5% 
of cases of endocarditis; however, prior antibiotic administration may decrease 
the yield of blood cultures by up to 35%. Accordingly, most “culture-negative” 
cases of endocarditis occur in patients who have recently received antimicrobial 
agents. These cases are probably caused by the same organisms responsible 
for most native valve endocarditis; viridans group streptococci and the HACEK 
organisms are the most likely suspects because they are much more fastidious 
than staphylococci and enterococci and are therefore more likely to be affected 
by previous antibiotic administration.5 Ultimately, however, when blood cul-
tures are negative and endocarditis is suspected, especially when a history of 
recent antimicrobial treatment is lacking, consideration should be given to 
fastidious organisms, fungi, and noncultivatable organisms (Table 67-5), par-
ticularly when the patient’s history suggests exposure to farm animals or 
unpasteurized milk (Coxiella burnetii, Brucella spp.), cats (Bartonella henselae), 
body lice (Bartonella quintana), or birds (Chlamydia psittaci). It is important 
to notify the microbiology laboratory that endocarditis is suspected because 
special culture techniques can increase the yield for the HACEK species, 
nutritionally variant streptococci (Abiotrophia and Granulicatella spp.), Brucella 
spp., Legionella spp., and some fungi. The traditional practice of holding blood 

TABLE 67-4 CAUSES OF PROSTHETIC VALVE 
ENDOCARDITIS*

EARLY (<2 mo POSTOPERATIVELY) LATE (>2 mo POSTOPERATIVELY)
Staphylococcus aureus Coagulase-negative staphylococci
Coagulase-negative staphylococci Staphylococcus aureus
Gram-negative bacilli Viridans group streptococci
Enterococci Enterococci
Fungi
Diphtheroids
*Listed in order of relative frequency.
Adapted from Wang A, Athan E, Pappas PA, et al. Contemporary clinical profile and outcome of 
prosthetic valve endocarditis. JAMA. 2007; 297:1354-1361.

TABLE 67-5 ORGANISMS CAUSING “CULTURE-NEGATIVE” ENDOCARDITIS*
ORGANISM EPIDEMIOLOGY DIAGNOSTIC TESTS
HACEK spp. Mostly oral flora, so often history of periodontal disease May require up to 7 days to grow
Nutritionally variant 

streptococci
Slow and indolent course Supplemented culture media or growth as satellite colonies around Staphylococcus 

aureus streak
Coxiella burnetii  

(Q fever)
Worldwide; exposure to raw milk, farm environment, or rural 

areas
Serologic tests (high titers of antibody to both phase 1 and phase 2 antigens); also 

PCR on blood or valve tissue
Brucella spp. Ingestion of contaminated milk or milk products; close contact 

with infected livestock
Bulky vegetations usually seen on echocardiography; blood cultures positive in 80% 

of cases with incubation time of 4-6 wk; lysis-centrifugation technique may 
expedite growth; serologic tests are available

Bartonella spp. Bartonella henselae: transmitted by cat scratch or bite or by cat 
fleas; Bartonella quintana: transmitted by human body 
louse; predisposing factors include homelessness and 
alcohol abuse

Serologic testing (may cross-react with Chlamydia spp.); PCR of valve or emboli is 
best test; lysis-centrifugation technique may be useful

Chlamydia psittaci Exposure to birds Serologic tests available, but must exclude Bartonella spp. because of cross-reactivity; 
monoclonal antibody direct stains on tissue may be useful; PCR now available

Tropheryma whippelii  
(Whipple disease)

Systemic symptoms include arthralgias, diarrhea, abdominal 
pain, lymphadenopathy, weight loss, CNS involvement; 
however, endocarditis may be present without systemic 
symptoms

Histologic examination of valve with PAS stain; valve cultures may be done using 
fibroblast cell lines; PCR on vegetation material

Legionella spp. Contaminated water distribution systems; often nosocomial 
outbreaks; usually prosthetic valves

Lysis-centrifugation technique; also periodic subcultures onto buffered charcoal yeast 
extract medium; serologic tests and PCR available

Aspergillus and other 
noncandidal fungi

Prosthetic valve Lysis-centrifugation technique; also culture and direct examination of any emboli

*Listed in approximate order of relative frequency.
CNS = central nervous system; HACEK = Haemophilus spp., Aggregatibacter spp., Cardiobacterium hominis, Eikenella corrodens, and Kingella spp.; PAS = periodic acid–Schiff; PCR = polymerase chain reaction.

TREATMENT 



CHAPTER 67 InfectIve endocardItIs 423

the evaluation should begin with initial TTE followed by TEE as soon as 
possible since both studies provide complementary information (Fig. 67-3). 
Because TEE is a relatively noninvasive means of detecting perivalvular exten-
sion of infection, any patient with a new conduction system abnormality or 
persistent fever—clinical predictors of perivalvular extension—should be 
evaluated with TEE. Likewise, TEE is strongly preferred in the evaluation of 
suspected prosthetic valve– or device–related endocarditis, although bland 
clots can occur on the leads of 5 to 10% of patients with intracardiac devices, 
and the finding of a “vegetation” on a lead is not specific for infection. The 
high sensitivity of TEE in detecting valvular vegetations on native valves also 
may be used in combination with clinical parameters (e.g., prompt resolution 
of bacteremia and defervescence) to support the clinical decision to abbreviate 
therapy in patients with vascular catheter–associated S. aureus bacteremia. A 
vegetation greater than 10 mm is a significant predictor of an increased risk 
of embolization and mortality.6

A negative TEE result has a negative predictive value of about 95%. Nev-
ertheless, when clinical suspicion of endocarditis is high and the initial TEE 
is negative, repeat TEE in 3 to 5 days may reveal the diagnosis. If TEE is 
unavailable, technically impossible, or considered too invasive by the patient, 
it is reasonable to begin with TTE.
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extension, or secondary ventricular dysfunction.
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FIGURE 67-3. Approach to the diagnostic use of echocardiography (Echo). rx = treatment, tee = transesophageal echocardiography, tte = transthoracic echocardiography. (adapted 
from Baddour LM, Wilson Wr, Bayer as, et al. Infective endocarditis in adults: diagnosis, antimicrobial therapy, and management of complications: a scientific statement for healthcare 
professionals from the american Heart association. Circulation. 2015;132:1435-1486.)

Definitive antibiotic treatment of infective endocarditis (Table 67-6) is guided 
by antimicrobial susceptibility testing of the responsible pathogen isolated from 
clinical cultures.7-9 Although it is often advisable to begin empirical treatment 

TREATMENT 

before definitive culture results are available, not all patients who are admitted 
because of possible endocarditis necessarily need to be treated empirically. 
Patients who are clinically stable, with a subacute presentation syndrome, and 
without evidence of heart failure or other end-organ complications, can be 
closely observed without antibiotics so that serial blood cultures can be obtained. 
Likewise, such stable patients who were started on empiric antibiotics before 
hospitalization and before blood was drawn for cultures can discontinue anti-
biotics so that blood cultures can be obtained, preferably as long as possible 
after stopping the antibiotics. By contrast, acutely ill patients, patients with 
evidence of complications of endocarditis, and patients who are at high risk 
for endocarditis (e.g., prosthetic valve recipients) should be treated empirically 
with antibiotics pending culture results. An infectious diseases specialist, as 
part of an endocarditis “team,” is critical in guiding the diagnostic evaluation 
and designing an appropriate empiric and the subsequent antibiotic regimen.

Either of two regimens provides appropriate empirical coverage for patients 
with suspected native valve endocarditis when cultures have not revealed a 
specific organism: nafcillin (or oxacillin)–penicillin–gentamicin or vancomycin–
gentamicin (Table 67-7). Some experts recommend a regimen of nafcillin–ceftriax-
one–penicillin–gentamicin to cover for HACEK isolates that produce β-lactamase. 
If methicillin-resistant S. aureus (MRSA) is an important consideration, as in 
injection drug users and patients with health care contact, empirical therapy 
should consist of vancomycin–ceftriaxone–gentamicin. Patients with prosthetic 
valves should be empirically treated with vancomycin–gentamicin–rifampin for 
adequate coverage of the most important pathogens in this setting (MRSA, 
methicillin-sensitive staphylococci, and coagulase-negative staphylococci).

Treatment of Specific Organisms
When the organism is definitively identified, antibiotic treatment must 

be narrowed accordingly, and validated regimens should be followed (see  
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TABLE 67-6 DEFINITIVE THERAPY OF BACTERIAL ENDOCARDITIS
ORGANISM AND REGIMEN* COMMENTS

PCN-SUSCEPTIBLE VIRIDANS STREPTOCOCCI (MIC ≤0.1 μg/mL) AND STREPTOCOCCUS GALLOLYTICUS ( formerly S. bovis)

1. PCN 2-3 million units IV q4h × 4 wk 1. Also effective for other PCN-susceptible nonviridans streptococci
2. Ceftriaxone 2 g IV qd × 4 wk 2. Uncomplicated infection with viridans streptococci in a candidate for outpatient 

therapy; also for those with PCN allergy
3. PCN 2-3 million units IV q4h × 2 wk plus gentamicin 1 mg/kg IV q8h × 2 wk 3. Uncomplicated infection with none of the following features: renal insufficiency, 

eighth cranial nerve deficit, prosthetic valve infection, CNS complications, severe 
heart failure, age >65 yr; also not acceptable for nutritionally variant streptococci

4. PCN 2-4 million units IV q4h × 4 wk plus gentamicin 1 mg/kg IV q8h for at least 
2 wk with ID input

4. Nutritionally variant strain; for prosthetic valve, give 6 wk of PCN

5. Vancomycin 15-20 mg/kg IV q8-12h × 4 wk 5. For PCN allergy; goal trough level of 15-20 mg/L

RELATIVELY PCN-RESISTANT VIRIDANS STREPTOCOCCI (MIC 0.12- <0.5 μg/mL)

1. PCN 4 million units IV q4h × 4 wk plus gentamicin 1 mg/kg IV q8h × 2 wk —
2. Vancomycin 15-20 mg/kg IV q8-12h × 4 wk 2. For PCN allergy or to avoid gentamicin; goal trough level of 15-20 mg/L

ENTEROCOCCI† AND PCN-RESISTANT VIRIDANS STREPTOCOCCI (PCN MIC >0.5 μg/mL)

1. PCN‡ 18-30 million units IV per day in divided doses × 4-6 wk or ampicillin 
12 g/24 hr IV in 6 equally divided doses plus gentamicin 1 mg/kg IV q8h × 4-6 wk

1. Increase duration of both drugs to 6 wk for prosthetic valve infection or symptoms 
>3 mo in enterococcal infection

2. Vancomycin 15-20 mg/kg IV q8-12h × 6 wk plus gentamicin 1 mg/kg q8h × 6 wk§ 2. For PCN allergy; PCN desensitization is also an option; high risk of nephrotoxicity 
with this regimen

3. Ampicillin 12 g/24 h IV in 6 equally divided doses plus ceftriaxone 2 g IV q12h 3. PCN-susceptible, aminoglycoside-resistant enterococci or patients who have 
significant underlying renal disease

STAPHYLOCOCCUS AUREUS

1. Nafcillin 2 g IV q4h × 4-6 wk 1. Methicillin-susceptible strain; omit gentamicin if significant renal insufficiency
2. Vancomycin 15-20 mg/kg IV q8-12h × 6 wk 2. PCN allergy (immediate hypersensitivity or anaphylaxis) or MRSA
3. Nafcillin 2 g IV q4h × 2 wk plus gentamicin 1 mg/kg IV q8h × 2 wk 3. Methicillin-susceptible strain; 2-wk regimen only for use in IV drug abusers with 

only tricuspid valve infection, no renal insufficiency, and no extrapulmonary 
infection

4. Nafcillin 2 g IV q4h × >6 wk plus gentamicin 1 mg/kg IV q8h × 2 wk plus rifampin 
300 mg PO/IV q8h × ≥6 wk

4. Prosthetic valve infection with methicillin-susceptible strain; use vancomycin instead 
of nafcillin for MRSA

5. Cefazolin 2 g IV q8h × 4-6 wk 5. PCN allergy other than immediate hypersensitivity
6. Daptomycin 6 mg/kg IV qd × 14-42 days 6. Daptomycin is FDA-approved for treatment of right-sided S. aureus infective 

endocarditis; for adults, some experts recommend 8-10 mg/kg IV
COAGULASE-NEGATIVE STAPHYLOCOCCI, PROSTHETIC VALVE INFECTION

Vancomycin 15-20 mg/kg IV q8-12h × >6 wk plus gentamicin 1 mg/kg IV q8h × 2 wk 
plus rifampin 300 mg PO/IV q8h × >6 wk

Can substitute nafcillin in above doses for vancomycin if isolate is methicillin sensitive

HACEK STRAINS

1. Ceftriaxone 2 g IV qd × 4 wk; 6 wk for prosthetic valves —
2. Ampicillin–sulbactam 3 g IV q6h × 4 wk; 6 wk for prosthetic valves 2. HACEK strains increasingly may produce β-lactamase
NON-HACEK GRAM-NEGATIVE BACILLI

enterobacteriaceae
Extended-spectrum PCN or cephalosporin plus aminoglycosides for susceptible strains Treat for a minimum of 6-8 wk; some species exhibit inducible resistance to third-

generation cephalosporins; valve surgery is required for most patients with left-sided 
endocarditis caused by gram-negative bacilli; consultation with a specialist in 
infectious diseases is recommended

Pseudomonas aeruginosa
High-dose tobramycin (8 mg/kg/day IV or IM in once-daily doses) with maintenance 

of peak and trough concentrations of 15 to 20 µg/mL and ≤2 µg/mL, respectively, in 
combination with an extended-spectrum PCN (e.g., ticarcillin, piperacillin, 
azlocillin); ceftazidime, cefepime, or imipenem in full doses; or imipenem

Treat for a minimum of 6-8 wk; early valve surgery usually required for left-sided 
Pseudomonas endocarditis; consultation with a specialist in infectious diseases is 
recommended

fungi
Treatment with a parenteral antifungal agent (usually a lipid-containing amphotericin B 

product, 3-5 mg/kg/day IV for at least 6 weeks) and valve replacement;
Fluconazole, 400 mg daily PO is an alternative for susceptible yeasts; other azoles, such 

as voriconazole, may be required for resistant yeasts or molds.

Long-term or lifelong suppressive therapy with PO antifungal agents often required; 
consultation with a specialist in infectious diseases is recommended

*Dosages are for patients with normal renal function; for those with renal insufficiency, adjustments must be made for all drugs except nafcillin, rifampin, and ceftriaxone. Gentamicin doses should be adjusted 
to achieve a peak serum concentration of approximately 3 µg/mL 30 min after dosing and a trough gentamicin level of <1 µg/mL.
†Enterococci must be tested for antimicrobial susceptibility. These recommendations are for enterococci sensitive to PCN, gentamicin, and vancomycin.
‡Ampicillin 12 g/day can be used instead of PCN.
§The need to add an aminoglycoside has not been demonstrated for PCN-resistant streptococci.
HACEK = Haemophilus spp., Aggregatibacter spp. (formerly Actinobacillus actinomycetemcomitans), Cardiobacterium hominis, Eikenella corrodens, and Kingella spp.; ID = infectious diseases; IM = intramuscular;  
IV = intravenous; MIC = minimum inhibitory concentration; MRSA = methicillin-resistant Staphylococcus aureus; PCN = penicillin; PO = oral; q = every; qd = every day.
Adapted from Baddour LM, Wilson WR, Bayer AS, et al. Infective endocarditis in adults. Circulation. 2015;132:1435-1486.
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TABLE 67-7 EMPIRICAL TREATMENT OF ENDOCARDITIS
CHARACTERISTICS OF PATIENTS TREATMENT REGIMEN*

Native valve, community-acquired 
infection, MRSA unlikely

Nafcillin 2 g IV q4h plus penicillin 4 
million units IV q4h plus gentamicin 
1 mg/kg IV q8h

Any of the following: health care–
associated infection or other reason to 
suspect MRSA; severe penicillin allergy

Vancomycin 15-20 mg/kg IV q8-12h† 
plus gentamicin 1 mg/kg IV q8h

Prosthetic valve Vancomycin 15-20 mg/kg IV q8-12h† 
plus gentamicin 1 mg/kg IV q8h plus 
rifampin 300 mg PO/IV q8h

IV = intravenous; MRSA = methicillin-resistant Staphylococcus aureus; PO = oral; q = every.
*Dosages are for patients with normal renal function; for those with renal insufficiency, adjustments 
must be made for all drugs except nafcillin.
†Goal is trough level of 15-20 mg/L.

Table 67-6). More controversy exists over the treatment of unusual organisms, 
and consultation with infectious disease specialists is advisable in such circum-
stances, especially since data from randomized trials provide little evidence 
about preferable antibiotic regimens. A1 

Many regimens recommend consideration of low-dose gentamicin to provide 
antibacterial synergy with a low risk of toxicity. However, aminoglycoside toxic-
ity is a significant risk in elderly patients and in patients with preexisting renal 
disease or hearing impairment; even low-dose gentamicin increases the likeli-
hood of a decrease in creatinine clearance by about three-fold. Among the 
organisms listed in Table 67-6, gentamicin is critical for cure only in enterococcal 
endocarditis. As a result of these risks and the minimal data supporting its 
benefit, initial low-dose gentamicin should not be routinely used.

In uncomplicated viridans group streptococcal endocarditis, outpatient 
therapy with once-daily ceftriaxone is as effective as more complex regimens, 
provided the patient has been observed in the hospital for the development 
of complications. The decision to administer antimicrobial therapy in the out-
patient setting must, of course, take into account the patient’s social situation, 
likelihood of compliance, and other risks involved with either an indwelling IV 
line or recurrent peripheral IV line placements.

Standard therapy for infective endocarditis caused by fully susceptible entero-
cocci includes penicillin or ampicillin plus gentamicin. Although gentamicin is 
preferred over streptomycin, the choice of a specific aminoglycoside should 
be based on in vitro susceptibility testing. Nonrandomized data suggest that 
the duration of aminoglycoside therapy can be limited to 2 to 3 weeks in com-
bination with either penicillin, ampicillin, or vancomycin or that aminoglycoside 
therapy can be avoided in favor of combination therapy with ampicillin plus 
high-dose (2 g IV every 12 hours) ceftriaxone. Optimal therapy for enterococci 
that are resistant to aminoglycosides or vancomycin is not well defined. Endo-
carditis caused by vancomycin-resistant enterococci may be treated with dap-
tomycin, quinupristin–dalfopristin (7.5 mg/kg IV every 8 hours), or linezolid 
(600 mg orally or IV twice daily); however, clinical experience with these agents 
is limited. In this situation, relapse or failure rates are likely to be high, and 
many cases require surgical intervention (discussed later).

Semisynthetic penicillins, such as nafcillin, are advocated for endocarditis 
caused by methicillin-susceptible S. aureus. Cefazolin represents an alternative 
to semisynthetic penicillins in cases in which the latter are not tolerated or 
feasible to administer. Although vancomycin is recommended in patients who 
are allergic to β-lactams, the microbiologic and clinical cure rates are less than 
that of β-lactam therapy. In a recent randomized trial, daptomycin (6 mg/kg/
day for 10 to 42 days, depending on the severity of infection) was as effective 
as either a semisynthetic antistaphylococcal penicillin or vancomycin for the 
treatment of S. aureus bacteremia and right-sided infective endocarditis caused 
by methicillin-susceptible S. aureus and MRSA, and this agent is now approved 
by the Food and Drug Administration for these indications. Ceftaroline, a fifth-
generation cephalosporin, can be successful in patients with MRSA bacteremia 
and endocarditis.

Rifampin or gentamicin can be added to either nafcillin or vancomycin for 
the treatment of prosthetic valve infection caused by methicillin-susceptible 
S. aureus or to MRSA, respectively. Gentamicin is administered for 2 weeks, and 
rifampin is given for the duration of either nafcillin or vancomycin therapy. 
Rifampin is never used as monotherapy because of the rapid development of 
resistance.

Fungal endocarditis is usually a consequence of extensive health care contact. 
Traditionally, fungal endocarditis was regarded as a primary indication for val-
vular surgery, and amphotericin B (Chapter 315) was considered the adjunctive 
treatment of choice. However, many patients with Candida endocarditis can 
be treated medically with azole-containing antimicrobial agents, with or without 
amphotericin. The management of fungal endocarditis should always involve 
the collaboration of an experienced infectious diseases specialist.

Zoonotic endocarditis is usually culture negative and most commonly caused 
by Bartonella spp. (Chapter 299), C. burnetii (Chapter 311), or Brucella species 
(Chapter 294). The treatments of choice for these fastidious pathogens are 
based on limited data, but documented Bartonella endocarditis is treated with 
doxycycline for 6 weeks plus gentamicin for the first 2 weeks.

In cases of presumed culture-negative endocarditis in which unusual organ-
isms (see Table 67-5) and other infections have been reasonably excluded, an 
empirical course of treatment may be undertaken. The choice of antimicrobial 
therapy should be influenced by the specifics of the patient’s presentation, 
and an infectious diseases consultation is recommended.

Continuing Care of the Patient with Endocarditis
In addition to antibiotics, appropriate inpatient care includes surveillance 

for the development of complications. Widening of the pulse pressure should 
alert the clinician to the possible development of acute aortic insufficiency 
(Chapter 66). A careful cardiac examination should be performed on a daily 
basis to assess for new regurgitant murmurs.

Repeat echocardiography is recommended during therapy for patients with 
persistent fever, recurrent embolic events, a new murmur, widening of the 
pulse pressure, or signs or symptoms of heart failure. It is also recommended 
to screen for periannular complications, especially in prosthetic valve endo-
carditis. By comparison, repeat echocardiography is not routinely recommended 
if patients respond adequately to antimicrobial therapy, although serial echo-
cardiography is usually suggested over the ensuing years to screen for long-term 
valvular dysfunction.

Routine serial ECGs are not recommended. ECG-documented conduction 
abnormalities are a late sign of perivalvular infections in patients with endo-
carditis; TEE is the screening method of choice if this complication is suspected.

Any new neurologic findings should prompt a search for evidence of central 
nervous system (CNS) complications such as embolic events, cerebral hemor-
rhage, mycotic aneurysm, or brain abscess. Renal function should be closely 
monitored so that antibiotic doses can be adjusted if necessary. If gentamicin 
is used for more than a few days, the patient should be alerted to watch for 
the signs and symptoms of vestibular or otic toxicity. Audiometric testing at 
baseline and periodically thereafter should be considered in patients at high 
risk for aminoglycoside-induced ototoxicity, including elderly patients, patients 
with preexisting renal dysfunction or hearing damage, patients receiving pro-
longed courses of gentamicin, and patients who also receive other potentially 
nephrotoxic agents. Serum gentamicin trough concentrations should also be 
assayed at regular intervals (e.g., twice weekly and more often if renal function 
is changing) and should be targeted for 1 to 3 µg/mL or less; higher concentra-
tions should prompt either lower or less frequent dosing or both.

Follow-up blood cultures may be indicated toward the end of the first week 
of therapy in patients whose infective endocarditis is caused by organisms that 
commonly fail first-line treatment, such as S. aureus or aerobic gram-negative 
bacilli. Positive cultures in this setting might suggest the need to change therapy, 
search for metastatic abscesses, or repeat echocardiography, but negative cul-
tures are reassuring.

Patients with infective endocarditis may continue to be febrile for some 
time after the institution of appropriate antibiotic treatment. About 50% of 
patients defervesce within 3 days of starting antibiotics, 75% by 1 week, and 
90% by 2 weeks. Patients whose endocarditis is caused by S. aureus, aerobic 
gram-negative organisms, or fungi tend to defervesce more slowly than patients 
infected with other organisms. Prolonged fever (>1 week after the institution of 
appropriate antibiotics) should prompt repeat blood cultures. If such cultures 
are negative, several possibilities should be considered: myocardial abscess, 
extracardiac infection (e.g., mycotic aneurysm, psoas or splenic abscess, verte-
bral osteomyelitis, septic arthritis), immune complex–mediated tissue damage, 
or a complication of hospitalization and therapy (e.g., drug fever, nosocomial 
superinfection, pulmonary embolism). Appropriate studies might include TEE, 
CT scan of the abdomen, bone scan, and urinalysis with microscopy (to elicit 
evidence of interstitial nephritis). IV line sites should be carefully examined for 
evidence of infection, and indwelling central lines should be changed accord-
ing to published guidelines.

Anticoagulation in individuals with infective endocarditis is controversial. 
Although new anticoagulation in the setting of native valve endocarditis does 
not appear to provide a benefit, continuing ongoing anticoagulation may be 
advisable. Some authorities recommend continuing anticoagulation in patients 
with mechanical prosthetic valve endocarditis. However, discontinuation of all 
anticoagulation for at least the first 2 weeks of antibiotic therapy is generally 
advised in patients with S. aureus prosthetic valve endocarditis who have expe-
rienced a recent CNS embolic event; this approach allows the thrombus to 
organize and potentially prevents the acute hemorrhagic transformation of 
embolic lesions. Reintroduction of anticoagulation in these patients must be 
cautious, and the international normalized ratio must be monitored carefully. 
The best option for patients with other indications for anticoagulation, such 
as deep vein thrombosis, major vessel embolization, or atrial fibrillation, is less 
clear and should be decided in a multidisciplinary fashion that balances the 
risks and benefits for each individual patient.

High-dose (325 mg/day) aspirin does not prevent embolic events and tends 
to increase the incidence of bleeding in patients with infective endocarditis. 
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TABLE 67-8 INDICATIONS FOR SURGERY IN ENDOCARDITIS
INDICATION CLASS*

NATIVE VALVE ENDOCARDITIS

Acute aortic insufficiency or mitral regurgitation with heart failure I
Acute aortic insufficiency with tachycardia and early closure of the mitral 

valve on echocardiogram
I

Fungal endocarditis I
Evidence of annular or aortic abscess, sinus or aortic true or false 

aneurysm, valvular dehiscence, rupture, perforation, or fistula
I

Evidence of valve dysfunction and persistent infection after a prolonged 
period (7-10 days) of appropriate therapy, provided there are no 
noncardiac causes of infection

I

Recurrent emboli after appropriate antibiotic therapy I
Infection with enteric gram-negative organisms or organisms with a poor 

response to antibiotics in patients with evidence of valve dysfunction
I

Anterior mitral leaflet vegetation (especially with size >10 mm) or 
persistent vegetation after systemic embolization

IIa

Increase in vegetation size despite appropriate antimicrobial therapy IIb
Early infections of the mitral valve that can probably be repaired, 

especially in the presence of large vegetations and/or recurrent emboli
III

Persistent fever and leukocytosis with negative blood cultures III
PROSTHETIC VALVE ENDOCARDITIS

Early prosthetic valve endocarditis (<2 mo after surgery) I
Heart failure with prosthetic valve dysfunction I
Nonstreptococcal endocarditis I
Evidence of perivalvular leak, annular or aortic abscess, sinus or aortic 

true or false aneurysm, fistula formation, or new-onset conduction 
disturbances

I

Persistent bacteremia after 7-10 days of appropriate antibiotic therapy, 
with noncardiac causes for bacteremia excluded

IIa

Recurrent peripheral embolus despite therapy IIa
Vegetation of any size seen on or near the prosthesis IIb
*Class I = conditions for which there is evidence or general agreement that a given procedure or 
treatment is useful and effective; class II = conditions for which there is conflicting evidence or a 
divergence of opinion about the usefulness or efficacy of a procedure or treatment; class IIa = 
weight of evidence or opinion is in favor of usefulness or efficacy; class IIb = usefulness or efficacy is 
less well established by evidence or opinion; class III = conditions for which there is evidence or 
general agreement that the procedure or treatment is not useful and in some cases may be harmful.
Adapted with permission from Bonow RO, Carabello B, de Leon AC, et al. Guidelines for the 
management of patients with valvular heart disease. Circulation. 1998;98:1949-1984.

the therapeutic regimen should contain an agent active against staphylococci 
and β-hemolytic streptococci.

Patients with implanted cardiac devices do not require antibiotic prophylaxis 
for dental or other invasive procedures. However, such patients require surgical 
site prophylaxis at the time of device placement. The recommended regimens 
generally include a β-lactam (commonly cefazolin, 1 g IV 1 hour before device 
placement), regardless of whether a new device is being placed or a device is 
being revised. More aggressive prophylaxis with vancomycin, intraprocedural 
bacitracin pocket wash, and 2 days of postprocedural oral cephalexin does 
not significantly reduce infection rates. A4 

 PROGNOSIS
Untreated infective endocarditis is uniformly fatal. Aggressive medical and 
surgical management dramatically improves the outcome. The overall mortality 
rate from both native and prosthetic valve endocarditis remains fairly high, 
ranging from 17 to 36%. Whereas certain subgroups, such as patients with 
viridans group streptococcal endocarditis, have a lower risk of death, patients 
with S. aureus, fungal, and zoonotic endocarditis have higher mortality rates. 
Heart failure and CNS events are the most frequent causes of death.

Endocarditis recurs in about 12 to 16% of patients and is more common 
in injection drug users, elderly people, and patients with prosthetic valves. 

Whether a patient should remain on chronic, low-dose (81 mg) aspirin if they 
develop subsequent infective endocarditis is uncertain.

Complications
The complications of infective endocarditis can be divided into four groups 

for ease of classification: direct valvular damage and consequences of local 
invasion, embolic complications, metastatic infections from bacteremia, and 
immunologic phenomena. Local damage to the endocardium or myocardium 
may directly erode through the involved cardiac valve or adjacent myocardial 
wall, resulting in hemodynamically significant valvular perforations or intra- or 
extracardiac fistulae. Such local complications typically present clinically with 
the acute onset of heart failure and carry a poor prognosis, even with prompt 
cardiac surgery. Valve ring abscesses also require surgical intervention and are 
more frequent in patients with prosthetic valves. Although a conduction defect 
on ECG may suggest the diagnosis, TEE is the diagnostic technique of choice 
for detecting paravalvular abscess, valve perforation, or intracardiac fistulae. 
Frank myocardial abscesses are found in up to 20% of cases on autopsy, and 
Aspergillus endocarditis invades the myocardium in more than 50% of cases. 
Pericarditis is rare and is usually associated with myocardial abscess. Myocardial 
infarction (MI), thought to be caused by embolism of vegetative material into 
the coronary arteries, is seen in 40 to 60% of cases on autopsy, although most 
cases are clinically silent and lack characteristic ECG changes. However, up to 
15% of elderly patients may present with clinical evidence of acute MI, with 
potentially disastrous complications if the MI is thought to be the primary 
event and the patient is given thrombolytic therapy. Heart failure is the leading 
cause of death in infective endocarditis, usually related to direct valvular damage.

Embolic events are less common now than in the preantibiotic era, but about 
35% of patients have at least one clinically evident embolic event. In fungal 
endocarditis, the majority of patients have at least one embolic event, frequently 
with a large embolus. The presence of large (>10 mm), mobile vegetations on 
the echocardiogram, particularly when the anterior mitral valve leaflet is involved, 
predicts a high risk of embolic complications. In addition, patients may have 
frank infarction of cutaneous tissue from emboli. In addition to the skin, systemic 
emboli most commonly lodge in the kidneys, spleen, large blood vessels, or 
CNS. Vegetations of right-sided endocarditis usually embolize to the lungs and 
cause abnormalities on the chest radiograph, although occasionally such emboli 
reach the left-sided circulation via a patent foramen ovale.

Renal abscesses are rare in infective endocarditis; however, bland renal infarc-
tion is a frequent asymptomatic finding on abdominal CT scanning, seen in 
more than 50% of cases at autopsy. Similarly, splenic infarction occurs in up to 
44% of autopsy-confirmed cases. Such emboli may be asymptomatic but also 
can cause left upper quadrant pain radiating to the left shoulder, sometimes 
as the presenting symptom of infective endocarditis. A splenic infarction that 
progresses to form an abscess can cause persistent fever or bacteremia, so 
such patients should undergo abdominal CT to search for this complication.

Mycotic vascular aneurysms, which frequently occur at bifurcation points, 
may be clinically silent until they rupture (which may be months to years after 
apparently successful antibiotic treatment of infective endocarditis) and have 
been found in 10 to 15% of cases at autopsy. Whereas peripheral mycotic aneu-
rysms require surgical resection, intracerebral aneurysms can be resected or 
managed with intravascular techniques (e.g., coils) if they bleed or if they are 
causing a mass effect. For mycotic aneurysms of the abdominal aorta, endo-
vascular repair may be preferable; but if endovascular therapy is used, long-term 
antibiotics are generally required.

Many patients may have evidence of cerebrovascular emboli, which have a 
predilection for the middle cerebral artery distribution and may be devastating. 
Most emboli to the CNS occur early in the course of the disease and are evident 
at the time of presentation or shortly thereafter. Embolic strokes may undergo 
hemorrhagic transformation, with a sudden worsening of the patient’s neuro-
logic status. Many patients with fungal endocarditis present with an embolic 
stroke or large emboli that occlude major vessels.

Some complications of infective endocarditis result when bacteremic seeding 
causes metastatic infection at a distant site. Patients may present with or develop 
osteomyelitis, septic arthritis, or epidural abscess. Purulent meningitis (Chapter 
384) is a rare complication except in pneumococcal endocarditis, although 
many patients with S. aureus infective endocarditis who undergo lumbar punc-
ture have a pleocytosis. Importantly, the finding of one metastatic complication 
of infective endocarditis does not exclude the possibility of additional sites of 
hematogenous infection, particularly in S. aureus endocarditis. Thus, the need 
for additional diagnostic evaluations should be guided by the patient’s clinical 
course.

The immunologic phenomena of infective endocarditis are often directly 
related to high levels of circulating immune complexes. Renal biopsy results 
nearly always are abnormal in the setting of active infective endocarditis, which 
classically causes a hypocomplementemic glomerulonephritis (Chapter 113). 
Histopathologically, the glomerular changes may be focal, diffuse, or membrano-
proliferative, or they may be akin to the immune complex disease found in 
systemic lupus erythematosus. In addition, many of the musculoskeletal condi-
tions associated with infective endocarditis, including monoarticular and oli-
goarticular arthritides, are probably immune mediated. These immunologic 
phenomena usually abate with successful antimicrobial therapy.

Surgery
Some patients with infective endocarditis require surgical treatment, either 

to cure the infection or to avoid its complications10,11 (Table 67-8). Most patients 
with evidence of direct extension of infection to myocardial structures, pros-
thetic valve dysfunction, or heart failure from endocarditis-induced valvular 
damage should undergo surgery. In addition, many cases of endocarditis caused 
by fungi, by aerobic gram-negative bacilli or multidrug-resistant organisms 
(e.g., vancomycin- or gentamicin-resistant enterococci) require surgical man-
agement. Progression of disease or persistence of fever and bacteremia for 
more than 7 to 10 days in the presence of appropriate antibiotic therapy may 
indicate the need for surgery; however, a thorough search must first be con-
ducted to exclude other metastatic foci of infection. In a randomized trial of 
patients with left-sided infective endocarditis, severe valve disease, and large 
vegetations (>10 mm), early surgery did not significantly reduce all-cause mor-
tality at 6 months but markedly decreased the risk of systemic embolism, 
including stroke and MI. A2  Surgical management should also be considered 
for patients with recurrent (two or more) embolic events or those with large 
vegetations (>10 mm) on echocardiography and one embolic event, although 
the data in these situations are less convincing. The presence of S. aureus endo-
carditis involving the anterior mitral valve leaflet and large vegetations (>10 mm) 
may be a special circumstance calling for early surgical intervention to reduce 
the high risk of CNS emboli, especially when mitral valve repair, rather than 
valve replacement, can be accomplished. Unfortunately, only about 15 to 20% 
of these latter patients end up being good candidates for valve repair.

Delaying surgery in patients with deteriorating cardiac function in an attempt 
to sterilize the affected valve is ill advised because the risk of progressive heart 
failure or further complications usually outweighs the relatively small risk of 
recurrent infective endocarditis after prosthetic valve implantation. Relative 

 PREVENTION
Despite a lack of definitive data for dental procedures, prophylactic antibiotics 
are recommended to prevent infective endocarditis (Table 67-9) when patients 
with the highest risk of adverse outcomes from endocarditis undergo dental 
procedures that involve manipulation of gingival tissue or the periapical region 
of teeth or perforation of the oral mucosa; an invasive procedure of the respi-
ratory tract, with incision or biopsy of the respiratory mucosa, such as tonsil-
lectomy and adenoidectomy; or invasive procedures involving infected skin, 
skin structures, or musculoskeletal tissue (Table 67-10). Other consensus 
guidelines have also narrowed the indications for antimicrobial prophylaxis. 
In the United Kingdom, for example, no prophylaxis is advised for any dental 
patient, regardless of underlying cardiac valvular conditions. In contrast,  
guidelines from the European Society of Cardiology are largely consistent 
with current AHA guidelines. Since the recent publication of these more limited 
recommendations from the AHA, ESC, and NICE, follow-up surveys in these 
countries have generated mixed results without definitive evidence of cause-
and-effect between reduction in dental prophylaxis use and increased endo-
carditis incidence due to viridans group streptococci. In the United States, 
however, some data suggest that streptococcal endocarditis rates have increased 
since the adoption of less aggressive prophylaxis strategies in 2007.14

The antibiotics chosen for preprocedure prophylaxis should be active against 
the organisms most likely to be released into the blood stream by the pro-
cedure of interest (Table 67-11). Data suggest that amoxicillin/clavulanate 
(1000 mg/200 mg) is the best therapy for preventing bacteremia, that amoxi-
cillin alone is better than azithromycin, and that clindamycin is no better than 
placebo at preventing bacteremia A3  after dental procedures. Whether these data 
translate into preventing endocarditis, however, is unknown.15 Thus, antibiotics 
that cover primarily oral flora are recommended for dental and upper respira-
tory procedures. For patients with the conditions listed in Table 67-9 who 
undergo a procedure for infected skin, skin structure, or musculoskeletal tissue, 



CHAPTER 67 InfectIve endocardItIs 427

Adapted from Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective endocarditis 
guidelines from the American Heart Association: a guideline from the American Heart Association 
Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee, Council on Cardiovascular 
Disease in the Young, and the Council on Clinical Cardiology, Council on Cardiovascular Surgery 
and Anesthesia, and the Quality of Care and Outcomes Research Interdisciplinary Working Group. 
Circulation. 2007;116:1736-1754.

TABLE 67-9 HIGH-RISK CARDIAC CONDITIONS FOR WHICH 
ENDOCARDITIS PROPHYLAXIS WITH DENTAL 
PROCEDURES IS REASONABLE

Prosthetic cardiac valve or prosthetic material used for cardiac valve repair
Previous endocarditis
Complex congenital heart disease involving unrepaired cyanotic congenital heart 

disease (including palliative shunts and conduits), completely repaired congenital 
heart disease with prosthetic material within 6 mo of the procedure, or repaired 
congenital heart disease with residual defects at the site or adjacent to the site of 
prosthetic material

Cardiac transplantation recipients who develop cardiac valvulopathy

TABLE 67-10 RECOMMENDATIONS FOR ENDOCARDITIS 
PROPHYLAXIS

PROPHYLAXIS IS RECOMMENDED*

Dental: all dental procedures involving manipulation of gingival tissue or the 
periapical region of teeth or perforation of the oral mucosa

Respiratory: procedures involving incision or biopsy of the respiratory mucosa, such 
as tonsillectomy and adenoidectomy

Other: procedures involving infected skin, skin structures, or musculoskeletal tissue 
prior to incision and drainage

PROPHYLAXIS IS NOT RECOMMENDED

Dental: routine anesthetic injections through noninfected tissue, dental radiographs, 
placement of removable prosthodontic or orthodontic appliances, adjustment of 
orthodontic appliances, placement of orthodontic brackets, shedding of 
deciduous teeth, bleeding from trauma to the lips or oral mucosa

Respiratory: procedures not involving incision or biopsy of the respiratory mucosa, 
including bronchoscopy (unless the procedure involves incision of the respiratory 
tract mucosa)

Genitourinary: antibiotic prophylaxis solely to prevent infective endocarditis is not 
recommended

Gastrointestinal: antibiotic prophylaxis solely to prevent infective endocarditis is not 
recommended

*Only in patients with underlying cardiac conditions associated with the highest risk for adverse 
outcome from endocarditis (listed in Table 67-9).
Adapted from Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective endocarditis 
guidelines from the American Heart Association: a guideline from the American Heart Association 
Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee, Council on Cardiovascular 
Disease in the Young, and the Council on Clinical Cardiology, Council on Cardiovascular Surgery 
and Anesthesia, and the Quality of Care and Outcomes Research Interdisciplinary Working Group. 
Circulation. 2007;116:1736-1754.

the therapeutic regimen should contain an agent active against staphylococci 
and β-hemolytic streptococci.

Patients with implanted cardiac devices do not require antibiotic prophylaxis 
for dental or other invasive procedures. However, such patients require surgical 
site prophylaxis at the time of device placement. The recommended regimens 
generally include a β-lactam (commonly cefazolin, 1 g IV 1 hour before device 
placement), regardless of whether a new device is being placed or a device is 
being revised. More aggressive prophylaxis with vancomycin, intraprocedural 
bacitracin pocket wash, and 2 days of postprocedural oral cephalexin does 
not significantly reduce infection rates. A4 

 PROGNOSIS
Untreated infective endocarditis is uniformly fatal. Aggressive medical and 
surgical management dramatically improves the outcome. The overall mortality 
rate from both native and prosthetic valve endocarditis remains fairly high, 
ranging from 17 to 36%. Whereas certain subgroups, such as patients with 
viridans group streptococcal endocarditis, have a lower risk of death, patients 
with S. aureus, fungal, and zoonotic endocarditis have higher mortality rates. 
Heart failure and CNS events are the most frequent causes of death.

Endocarditis recurs in about 12 to 16% of patients and is more common 
in injection drug users, elderly people, and patients with prosthetic valves. 

contraindications to valve replacement include recent large CNS emboli (>2 cm) 
or bleed (because of the risk of bleeding in the perioperative period, when 
systemic anticoagulation is required), multiple prior valve replacements (because 
of the difficulty of sewing a new valve into tissue already weakened from previ-
ous surgeries), and ongoing injection drug use. On occasion, patients have 
both a compelling indication for valve replacement (e.g., acute heart failure) 
and a recent CNS embolic event. The risk of hemorrhagic transformation of 
such lesions during cardiac bypass–associated anticoagulation is controversial. 
However, it appears that the greatest risk of such transformation events is in 
larger (>2 cm) emboli, especially those that have exhibited a hemorrhagic 
component. In these latter scenarios, it is prudent to try to delay surgery for 
at least 2 to 4 weeks to allow organization and resolution of such emboli. 
However, there appears to be no survival benefit in delaying indicated valve 
replacement surgery (>7 days) after an ischemic stroke.

After definitive surgical treatment, most patients should receive further 
antibiotic therapy unless a full course of antibiotics was administered before 
surgery and there is no evidence of ongoing infection. If the patient received 
antibiotics for less than 1 week before surgery or the culture from the operative 
site is positive, the patient should receive the equivalent of a full initial course 
of antibiotics appropriate for the organism. If the patient received antibiotics 
for 2 weeks or more and the culture result from the operative site is negative 
(regardless of whether valve histopathology shows inflammation or a positive 
Gram stain result), the patient should receive whatever remains of the originally 
planned course of appropriate antibiotic therapy.

In patients with infective endocarditis related to implanted cardiovascular 
devices, complete device removal is mandatory, regardless of the pathogen, 
if the goal is to cure the infection. In patients who truly cannot tolerate device 
removal, chronic antibiotic therapy is the best alternative.12 If a replacement 
device needs to be implanted, the optimal timing for such a procedure is unclear. 
However, blood culture results should be negative, and any concomitant local 
or pocket site infection should be completely resolved.

The duration of antimicrobial therapy after device extraction depends on 
the device and the infection.13 For lead-related infective endocarditis, which is 
usually associated with bloodstream infection, 2 weeks of therapy is recom-
mended if there are no infection complications. For infection caused by S. 
aureus, therapy should be extended for up to 4 weeks.

Nearly 40% of patients with infective endocarditis related to implantable 
cardiovascular devices have concomitant valve involvement, predominantly 
tricuspid valve infection, with in-hospital and 1-year mortality rates of 15% and 
23%, respectively. Device removal appears to reduce the mortality rate by about 
50% (from about 40% to about 20%). In such patients, concomitant 4 to 6 
weeks of therapy is recommended.

 PREVENTION
Despite a lack of definitive data for dental procedures, prophylactic antibiotics 
are recommended to prevent infective endocarditis (Table 67-9) when patients 
with the highest risk of adverse outcomes from endocarditis undergo dental 
procedures that involve manipulation of gingival tissue or the periapical region 
of teeth or perforation of the oral mucosa; an invasive procedure of the respi-
ratory tract, with incision or biopsy of the respiratory mucosa, such as tonsil-
lectomy and adenoidectomy; or invasive procedures involving infected skin, 
skin structures, or musculoskeletal tissue (Table 67-10). Other consensus 
guidelines have also narrowed the indications for antimicrobial prophylaxis. 
In the United Kingdom, for example, no prophylaxis is advised for any dental 
patient, regardless of underlying cardiac valvular conditions. In contrast,  
guidelines from the European Society of Cardiology are largely consistent 
with current AHA guidelines. Since the recent publication of these more limited 
recommendations from the AHA, ESC, and NICE, follow-up surveys in these 
countries have generated mixed results without definitive evidence of cause-
and-effect between reduction in dental prophylaxis use and increased endo-
carditis incidence due to viridans group streptococci. In the United States, 
however, some data suggest that streptococcal endocarditis rates have increased 
since the adoption of less aggressive prophylaxis strategies in 2007.14

The antibiotics chosen for preprocedure prophylaxis should be active against 
the organisms most likely to be released into the blood stream by the pro-
cedure of interest (Table 67-11). Data suggest that amoxicillin/clavulanate 
(1000 mg/200 mg) is the best therapy for preventing bacteremia, that amoxi-
cillin alone is better than azithromycin, and that clindamycin is no better than 
placebo at preventing bacteremia A3  after dental procedures. Whether these data 
translate into preventing endocarditis, however, is unknown.15 Thus, antibiotics 
that cover primarily oral flora are recommended for dental and upper respira-
tory procedures. For patients with the conditions listed in Table 67-9 who 
undergo a procedure for infected skin, skin structure, or musculoskeletal tissue, 



TABLE 67-11 SUGGESTED ANTIBIOTICS FOR ENDOCARDITIS 
PROPHYLAXIS FOR DENTAL OR RESPIRATORY 
TRACT PROCEDURES* IN PATIENTS WITH 
HIGH-RISK CARDIAC CONDITIONS†

PATIENT CHARACTERISTICS REGIMEN‡

Able to take oral medications Amoxicillin 2 g PO
Unable to take oral medications Ampicillin 2 g IV or IM; or cefazolin or 

ceftriaxone 1 g IM or IV
Allergic to penicillin or ampicillin and 

able to take oral medications
Cephalexin 2 g PO (or other first- or 

second-generation oral cephalosporin 
in equivalent adult doses); clindamycin 
600 mg PO; azithromycin 500 mg PO; 
or clarithromycin 500 mg PO

Cephalosporins should not be used in an 
individual with a history of 
anaphylaxis, angioedema, or urticaria 
with penicillin or ampicillin

Allergic to penicillin or ampicillin and 
unable to take oral medications

Cefazolin or ceftriaxone 1 g IM or IV; or 
clindamycin 600 mg IM or IV

*For the applicable procedures, see Table 67-10.
†For the applicable conditions, see Table 67-9.
‡All regimens consist of a single dose 30-60 min before the procedure.
IM = intramuscular; IV = intravenous; PO = oral.
Adapted from Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective endocarditis 
guidelines from the American Heart Association: a guideline from the American Heart Association 
Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee, Council on Cardiovascular 
Disease in the Young, and the Council on Clinical Cardiology, Council on Cardiovascular Surgery 
and Anesthesia, and the Quality of Care and Outcomes Research Interdisciplinary Working Group. 
Circulation. 2007;116:1736-1754.
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The rate of relapse also varies depending on the causative organism. Easily 
treated infections, such as those with viridans group streptococci, have a low 
rate of relapse (5%), but more difficult-to-eradicate organisms may have sig-
nificantly higher rates.
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REVIEW QUESTIONS

1. A 76-year-old man with known rheumatic valvular heart disease underwent 
elective mitral valve replacement with a Saint Jude prosthetic valve. His 
dentist calls you for advice regarding choice of antibiotic prophylaxis before 
dental extraction because the patient had developed bronchospasm and a 
diffuse urticarial rash after amoxicillin administration before a dental clean-
ing approximately 6 months ago. Which antibiotic should be administered?
 A. Clindamycin 600 mg orally 1 hour before the procedure
 B. Cefuroxime axetil 500 mg orally before the procedure
 C. Amoxicillin 2 g intravenously 1 hour before the procedure with corti-

costeroid and antihistamine coverage
 D. Nafcillin sodium 2 g IV 1 hour before the procedure
 E. Gentamicin sulfate 1 mg/kg IV 1 hour before the procedure

Answer: A The current (2007) AHA guidelines recommend clindamycin in 
patients who have a history of an immediate type hypersensitivity reaction 
to β-lactam antibiotics, which this patient demonstrated. Therefore, amoxicil-
lin, cephalosporins, and nafcillin should be avoided. Levofloxacin and genta-
micin are not recommended in these guidelines. (Wilson W, Taubert KA, 
Gewitz M, et al. Prevention of infective endocarditis: guidelines from the 
American Heart Association: a guideline from the American Heart Associa-
tion Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee, Council 
on Cardiovascular Disease in the Young, and the Council on Clinical Cardiol-
ogy, Council on Cardiovascular Surgery and Anesthesia, and the Quality of 
Care and Outcomes Research Interdisciplinary Working Group. Circulation. 
2007;116:1736-1754.)

2. A 68-year-old man with diabetes on chronic hemodialysis developed the 
acute onset of fever, chills, and left-sided abdominal pain. He had an ICD 
implanted 3 years ago. Blood cultures grew Staphylococcus aureus, and 
transesophageal echocardiography demonstrated vegetations on the mitral 
valve. Splenic infarctions were seen on computed tomographic scanning. 
Which one of the following is true regarding this presentation?
 A. Health care–associated infection is accounting for an increasing number 

of infective endocarditis cases in this country.
 B. Escherichia coli is a common cause of infective endocarditis in the hemo-

dialysis population.
 C. Pending susceptibility testing results, gentamicin should be administered.
 D. To reduce health care costs, transthoracic echocardiography should have 

been performed instead of transesophageal echocardiography.
 E. For chronic hemodialysis, a tunneled catheter has a lower risk of blood 

stream infection compared with an arteriovenous fistula.
Answer: A Health care exposure accounts for an increasing number of cases of 
infective endocarditis in developed countries. Staphylococcus aureus, including 
methicillin-resistant strains, is a common cause of these infections. Empiric 
vancomycin should be administered until susceptibility results are known. 
(Athan E, Chu VH, Tattevin P, et al. Clinical characteristics and outcome 
of infective endocarditis involving implantable cardiac devices. JAMA. 
2012;307:1727-1735.)

3. A 55-year-old veterinarian presents with several months of low-grade fever 
and night sweats. On an echocardiograph, he has evidence of endocarditis. 
Despite no recent antibiotic therapy, three sets of blood cultures remain 
negative for 7 days. Which one of the following is the most likely pathogen?
 A. Coagulase-negative staphylococcus
 B. Coxiella burnetii
 C. Enterococcus faecium
 D. Escherichia coli
 E. Orf virus

Answer: B Exposure to animals, particularly sheep and goats, is a risk factor 
for Coxiella infection and a well-known cause of culture-negative endocarditis. 
Orf virus does not cause endocarditis. The other choices should result in 
positive blood culture results in a patient who has infective endocarditis and 
who has not received antibiotic therapy recently. (Baddour LM, Wilson WR, 
Bayer AS, et al. Infective endocarditis: diagnosis, antimicrobial therapy, and 
management of complications: a statement for healthcare professionals from 
the Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease, 
Council on Cardiovascular Disease in the Young, and the Councils on Clinical 
Cardiology, Stroke, and Cardiovascular Surgery and Anesthesia, American 
Heart Association: endorsed by the Infectious Diseases Society of America. 
Circulation. 2005;111:e394-434.)

4. A 78-year-old woman presents with left upper chest pain, swelling, and 
purulent drainage at the site where a permanent pacemaker generator was 
implanted. She has had no fever or chills, and her white blood cell count 
is normal. She underwent generator exchange 4 months ago and underwent 
a dental cleaning without prophylaxis 3 months ago. Which one of the 
following is true regarding cardiac implantable electronic device (CIED) 
infections?
 A. Surgical site prophylaxis has not been shown to reduce the risk of a 

CIED site infection.
 B. Prophylactic antibiotic should have been given before her dental 

cleaning.
 C. Device manipulation is a risk factor for device infection.
 D. The most likely cause of this infection is a HACEK organism.
 E. Antibiotic therapy for 4 weeks will likely cure the device infection without 

the device being removed.
Answer: C Manipulation of an implantable cardiac device is associated with 
the development of acute infection. Antibiotic prophylaxis before manipula-
tion of the surgical site is beneficial, but dental prophylaxis is not. The most 
likely cause is Staphylococcus spp., and removal of the device is required for 
cure of the infection. (Baddour LM, Cha YM, Wilson WR. Clinical practice. 
Infections of cardiovascular implantable electronic devices. N Engl J Med. 
2012;367:842-849.)

5. A 25-year-old morbidly obese man who injects heroin and cocaine presents 
with fever and blood cultures that grow Staphylococcus aureus. He had a 
past history of prior S. aureus blood stream infection 2 years ago, when he 
had an allergic reaction to vancomycin. At that time, he had evidence of 
tricuspid valve endocarditis. Which one of the following is true?
 A. A transthoracic echocardiography should be obtained.
 B. Initial empiric therapy should include daptomycin until susceptibility 

results are known.
 C. His mortality risk is high (>50%).
 D. Two weeks of antibiotic therapy should be curative.
 E. Rifampin should be administered.

Answer: B Daptomycin should be administered in case the blood culture 
isolate is methicillin-resistant Staphylococcus aureus. Transesophageal, rather 
than transthoracic, echocardiography should be obtained to evaluate for both 
right-sided and left-sided endocarditis. Cure rates with active antibiotic therapy 
for 2 weeks are high, provided there is no evidence of left-sided endocarditis 
or of metastatic foci of infection. Rifampin is not routinely recommended 
in native valve infections caused by staphylococci. (Fowler VG Jr, Boucher 
HW, Corey GR, et al. Daptomycin versus standard therapy for bacteremia and 
endocarditis caused by Staphylococcus aureus. N Engl J Med. 2006;355:653-665.)
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68 
PERICARDIAL DISEASES
BRIAN D. HOIT AND JAE K. OH

The pericardium is a two-layered sac composed of visceral and parietal com-
ponents. The visceral pericardium is a serosal cell monolayer that adheres 
firmly to the epicardium, reflects over the origin of the great vessels, and 
together with a tough, fibrous parietal layer encases the heart. The pericardial 
space enclosed between the two serosal layers normally contains up to 50 mL 
of plasma ultrafiltrate. The pericardium is well innervated, so pericardial inflam-
mation may produce severe pain and trigger vagally mediated reflexes.

As a result of its relatively inelastic physical properties, the pericardium 
limits acute cardiac dilation and enhances mechanical interactions of the cardiac 
chambers. In response to chronic stretch, the pericardium dilates to allow a 

slowly accumulating pericardial effusion to become quite large without com-
pressing the cardiac chambers and to allow left ventricular remodeling to 
occur without excessive pericardial restraint. Conversely, a scarred or thickened 
pericardium can limit the filling of the heart, resulting in pericardial constric-
tion. Despite the important functions of the normal pericardium, congenital 
absence or surgical resection of the pericardium does not appear to have any 
major untoward effects.

 ACUTE PERICARDITIS

 EPIDEMIOLOGY AND PATHOBIOLOGY
Acute inflammation of the pericardium, with or without an associated peri-
cardial effusion, can occur as an isolated clinical problem or as a manifestation 
of systemic disease. Although about 85% of isolated cases of acute pericarditis 
are idiopathic or viral, the list of other potential causes is quite extensive 
(Table 68-1). Viral causes include echoviruses and group B coxsackieviruses, 
but obtaining specific viral titers does not alter patient management. About 
6% of cases are neoplastic in origin, about 4% are caused by tuberculosis, 
about 3% are caused by other bacterial or fungal infections, and about 2% are 
caused by collagen vascular disease.1 Patients with fever greater than 38° C or 
a subacute course or who fail to respond promptly to therapy are most likely 
to have pericarditis caused by a systemic autoimmune disease, malignancy, 
or bacterial infection.

 CLINICAL MANIFESTATIONS
Most patients with acute pericarditis experience sharp retrosternal chest pain 
(see Table 45-2 in Chapter 45), which can be quite severe and debilitating. 
In some cases, however, pericarditis is asymptomatic, such as when it accom-
panies rheumatoid arthritis. Pericardial pain is usually worse with inspiration 
and when supine, and it is generally relieved by sitting and leaning forward. 
Typically, pericardial pain is referred to the scapular ridge, presumably owing 
to irritation of the phrenic nerves, which provide sensory innervation to the 
pericardium. The chest pain of acute pericarditis must be differentiated from 
pulmonary embolism and myocardial ischemia or infarction (Table 68-2).

The pericardial friction rub is the classic finding in patients with acute peri-
carditis. A friction rub is a high-pitched, scratchy sound that can have one, 
two, or three components corresponding to ventricular ejection, rapid ven-
tricular filling in early diastole, and atrial systole. A pericardial rub, which is 
differentiated from a murmur by its scratchy quality, is sometimes localized 
to a small area on the chest wall and may come and go spontaneously or with 
changes in position. To hear a rub, it may be necessary to auscultate the heart 
with the patient in multiple positions, especially using the diaphragm with 
the patient learning forward and not breathing after full expiration. The peri-
cardial friction rub must be differentiated from a pleural rub, which is absent 
during suspended respiration, but the pericardial rub is unaffected.

 DIAGNOSIS
A targeted evaluation (Table 68-3) can help distinguish pericarditis from other 
conditions2 as well as help establish the cause of true pericarditis (Table 68-4).3 
The diagnosis of acute pericarditis can be made with two of the following criteria: 
typical chest pain; pericardial friction rub; characteristic electrocardiogram 
(ECG) changes; and pericardial effusion.4 Early in the course of acute pericar-
ditis, the ECG typically displays diffuse ST elevation in association with PR 
depression (Fig. 68-1). The ST elevation is usually present in all leads except 
for aVR, but the changes may be atypical in post-MI pericarditis. Classically, 
the ECG changes of acute pericarditis evolve over several days; resolution of 
the ST elevation is followed by widespread T wave inversion that subsequently 
normalizes, although the temporal evolution of ECG changes is highly variable. 
Uremic pericarditis usually occurs without the typical ECG abnormalities.

Patients with acute pericarditis usually have evidence of systemic inflam-
mation, including leukocytosis, an elevated erythrocyte sedimentation rate 
(ESR), and increased C-reactive protein (CRP) level. A low-grade fever is 
common, but a temperature greater than 38° C is unusual and suggests the 
possibility of bacterial pericarditis.

Troponin levels typically are minimally elevated in acute pericarditis owing 
to some involvement of the epicardium by the inflammatory process. An 
elevated troponin level in acute pericarditis usually returns to normal within 
1 to 2 weeks and is not associated with a worse prognosis. Although the 
elevated troponin level may lead to the misdiagnosis of an ST elevation MI 
(Chapter 64), most patients with elevated troponin levels and acute pericarditis 
have normal coronary angiograms. An echocardiogram (Chapter 49) can help 
avoid a misdiagnosis of MI.

TREATMENT 
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ABSTRACT
The pericardium is a two-layered sac that encases the heart and constrains its 
filling. The pericardium can be affected by virtually every category of disease, 
including infectious, neoplastic, immune-inflammatory, metabolic, iatrogenic, 
traumatic, and congenital causes. Pericardial heart disease includes pericarditis, 
cardiac tamponade, constrictive pericarditis, and cysts. Pericarditis is an acute 
inflammatory condition, typically as a result of viral infection. Such cases 
usually resolve, occasionally recur, and infrequently progress to pericardial 
tamponade. Pericarditis caused by acute bacterial infection requires urgent 
drainage. Tuberculous pericarditis can progress to chronic constriction. The 
primary abnormality of cardiac tamponade is pan-cyclic compression of the 
cardiac chambers by increased pericardial fluid, so that all four cardiac cham-
bers compete for a fixed intrapericardial volume. Features responsible for the 
pathophysiology include transmission of thoracic pressure through the peri-
cardium and heightened ventricular interdependence. In constrictive pericarditis, 
the pericardium limits diastolic filling, causes dissociation of intracardiac and 
intrathoracic pressures, and heightens ventricular interdependence. Both con-
ditions result in diastolic dysfunction, elevated and equal venous and ventricular 
diastolic pressure, respiratory variation in ventricular filling, and, ultimately, 
reduced cardiac output.
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TABLE 68-1 CAUSES OF PERICARDITIS: INFECTIOUS AND NONINFECTIOUS
INFECTIOUS PERICARDITIS (⅔ OF CASES)

Viral (most common): echovirus and coxsackievirus (usual), influenza, EBV, CMV, adenovirus, varicella, rubella, mumps, HBV, HCV, HIV, parvovirus B19, human herpesvirus 6 
(increasing reports)

Bacterial: tuberculosis (4-5%)* and Coxiella burnetii (most common); other bacterial causes (rare) include pneumococcosis, meningococcosis, gonococcosis, Haemophilus, 
staphylococci, Chlamydia, Mycoplasma, Legionella, Leptospira, Listeria

Fungal (rare): histoplasmosis more likely in immunocompetent patients; aspergillosis, blastomycosis, candidiasis more likely in immunosuppressed patients
Parasitic (very rare): Echinococcus, Toxoplasma
NONINFECTIOUS PERICARDITIS (⅓ OF CASES)

autoimmune Pericarditis (<10%)*
Pericardial injury syndromes: post–myocardial infarction syndrome; postpericardiotomy syndrome; posttraumatic pericarditis, including iatrogenic pericarditis (e.g., after 

percutaneous coronary interventions, pacemaker insertion, ablation)
Pericarditis in systemic autoimmune and autoinflammatory diseases: more common in systemic lupus erythematosus, Sjögren syndrome, rheumatoid arthritis, systemic sclerosis, 

systemic vasculitides, Behçet syndrome, sarcoidosis, familial Mediterranean fever
Autoreactive pericarditis*†

Neoplastic Pericarditis (5-7%)*
Primary tumors (rare): pericardial mesothelioma
Secondary metastatic tumors (common): lung and breast cancer, lymphoma
Metabolic Pericarditis: Uremia, Myxedema (common); others rare
Traumatic Pericarditis (rare)
Direct injury: penetrating thoracic injury, esophageal perforation, iatrogenic
Indirect injury: nonpenetrating thoracic injury, radiation injury
Drug-related pericarditis (rare): procainamide, hydralazine, isoniazid, and phenytoin (lupus-like syndrome), penicillins (hypersensitivity pericarditis with eosinophilia), 

doxorubicin, and daunorubicin (often associated with cardiomyopathy; may cause pericardiopathy)
*Percentages refer to unselected cases.
†The diagnosis of autoreactive pericarditis is established using the following criteria: (1) increased number of lymphocytes and mononuclear cells >5000/μL (autoreactive lymphocytic) or the presence of 
antibodies against heart muscle tissue (antisarcolemmal) in the pericardial fluid (autoreactive antibody mediated); (2) signs of myocarditis on epicardial or endomyocardial biopsies by ≥14 cells/mm2; and (3) 
exclusion of infections, neoplasia, and systemic and metabolic disorders.
CMV = cytomegalovirus; EBV = Epstein-Barr virus; HBV = hepatitis B virus; HCV = hepatitis C virus; HIV = human immunodeficiency virus.
From Imazio M, Spodick DH, Brucato A, et al. Controversial issues in the management of pericardial diseases. Circulation. 2010;121:916-928.

Modified from Little WC, Freeman GL. Pericardial disease. Circulation. 2006;113:1622-1632.

TABLE 68-2 DIFFERENTIATION OF PERICARDITIS FROM MYOCARDIAL ISCHEMIA OR INFARCTION AND PULMONARY EMBOLISM

FINDINGS
MYOCARDIAL ISCHEMIA OR 

INFARCTION PERICARDITIS PULMONARY EMBOLISM
CHEST PAIN

Character Pressure-like heavy, squeezing Sharp, stabbing, occasionally dull Sharp, stabbing
Change with respiration No Worsened with inspiration In phase with respiration (absent when 

the patient is apneic)
Change with position No Worse when supine; improved when sitting up 

or leaning forward
No

Duration Minutes (ischemia); hours (infarction) Hours to days Hours to days
Response to nitroglycerin Improved No change No change
PHYSICAL EXAMINATION

Friction rub Absent (unless pericarditis is present) Present in most patients Pleural friction rub may occur
ELECTROCARDIOGRAM

ST segment elevation Localized convex Widespread concave Limited to leads III, aVF, and V1

PR segment depression Rare Frequent None

Patients who have manifestations of an underlying systemic process, such 
as an inflammatory disease, have high risk features (i.e., fever >38° C, subacute 
course, failure to respond to treatment, an elevated troponin level with evidence 
of concomitant left ventricular dysfunction, a large pericardial effusion, incipient 

TREATMENT 

Echocardiography may demonstrate a small pericardial effusion in the pres-
ence of acute pericarditis, but a normal echocardiogram does not exclude the 
diagnosis of acute pericarditis. An echocardiogram is critical, however, in 
excluding the diagnosis of cardiac tamponade (see later). When the diagnosis 
of acute pericarditis is unclear, cardiac magnetic resonance imaging (MRI) 
can demonstrate pericardial inflammation as delayed enhancement of the 
pericardium (E-Fig. 68-1). Diagnostic pericardiocentesis is indicated in sus-
pected purulent tuberculosis or malignant pericarditis or if the patient has 
cardiac tamponade.

or established pericardial tamponade), or have suspected acute MI (Chapter 
64) warrant hospitalization and further evaluation. Patients without these fea-
tures can usually be followed as outpatients (Fig. 68-2).

If acute pericarditis is a manifestation of an underlying disease, it often 
responds to treatment of the primary condition. Most cases of acute idiopathic 
or viral pericarditis are self-limited and respond to treatment with aspirin (650 mg 
every 6 hours) or another nonsteroidal anti-inflammatory drug (NSAID) such 
as ibuprofen (300 to 800 mg every 6 to 8 hours). The dose of NSAID should be 
tapered after symptoms and any pericardial effusion have resolved, but the 
medication should be taken for at least 3 to 4 weeks to minimize the risk of 
recurrent pericarditis.

In addition, colchicine (0.6 to 1.2 mg/day for 3 months) should be started 
in all patients with acute pericarditis5 to reduce the rate of persistent symptoms 
at 72 hours, reduce the likelihood of recurrent pericarditis from 55 to 24% at 
18 months, and reduce the rate of subsequent hospitalization. A1  The major 
side effect of colchicine is diarrhea. The lower dose of colchicine should be 
used in patients who weigh less than 70 kg or who have side effects with the 
higher dose. Colchicine should be avoided in patients with abnormal renal or 
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E-FIGURE 68-1. Cardiac magnetic resonance image of a patient with acute pericar-
ditis shows late gadolinium hyperenhancement of the pericardium and epicardium. 
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TABLE 68-3 SELECTED DIAGNOSTIC TESTS IN ACUTE 
PERICARDITIS

IN ALL PATIENTS

Tuberculin skin test (plus control skin test to exclude anergy)
BUN and creatinine to exclude uremia
Erythrocyte sedimentation rate
Electrocardiogram
Chest radiograph
Echocardiogram
IN SELECTED PATIENTS

Cardiac magnetic resonance imaging
ANA and rheumatoid factor to exclude SLE or rheumatoid arthritis in patients with 

acute arthritis or pleural effusion
TSH and T4 to exclude hypothyroidism in patients with clinical findings suggestive 

of hypothyroidism and in asymptomatic patients with unexplained pericardial 
effusion

HIV test to exclude AIDS in patients with risk factors for HIV disease or a 
compatible clinical syndrome

Blood cultures in febrile patients to exclude infective endocarditis and bacteremia
Fungal serologic tests in patients from endemic areas or in immunocompromised 

patients
ASO titer in children or teenagers with suspected rheumatic fever
Heterophil antibody test to exclude mononucleosis in young or middle-aged patients 

with a compatible clinical syndrome or acute fever, weakness, and 
lymphadenopathy

AIDS = acquired immunodeficiency virus; ANA = antinuclear antibody; ASO = antistreptolysin O; 
BUN = blood urea nitrogen; HIV = human immunodeficiency virus; SLE = systemic lupus 
erythematosus; T4 = thyroxine; TSH = thyroid-stimulating hormone.
Modified from Nishimura RA, Kidd KR. Recognition and management of patients with pericardial 
disease. In: Braunwald E, Goldman L, eds. Primary Cardiology. 2nd ed. Philadelphia: WB Saunders; 
2003:625.

TABLE 68-4 PRESENTATION AND TREATMENT OF THE MOST COMMON CAUSES OF PERICARDITIS

TYPE
PATHOGENESIS OR 

ETIOLOGY DIAGNOSIS TREATMENT COMPLICATIONS COMMENTS
Viral Coxsackievirus B

Echovirus type 8
Epstein-Barr virus

Leukocytosis
Elevated ESR
Mild cardiac biomarker 

elevation

Symptomatic relief, NSAIDs, 
colchicine

Tamponade
Relapsing 

pericarditis

Peaks in spring and fall

Tuberculous Mycobacterium tuberculosis Isolation of organism 
from biopsy fluid

Granulomas not specific

Triple-drug antituberculosis regimen
Pericardial drainage followed by early 

(4-6 wk) pericardiectomy if signs 
of tamponade or constriction 
develop

Tamponade
Constrictive 

pericarditis

1-8% of patients with 
tuberculosis pneumonia; 
rule out HIV infection

Bacterial Group A streptococcus
Staphylococcus aureus
Streptococcus pneumoniae

Leukocytosis with marked 
left shift

Purulent pericardial fluid

Pericardial drainage by catheter or 
surgery

Systemic antibiotics
Pericardiectomy if constrictive 

physiology develops

Tamponade in one 
third of patients

Very high mortality rate if 
not recognized early

Post–myocardial 
infarction

12 hours-10 days after 
infarction

Fever
Pericardial friction rub
Echo: effusion

Aspirin
Prednisone

Tamponade rare More frequent in large Q 
wave infarctions

Anterior > inferior
Uremic Untreated renal failure: 50%

Chronic dialysis: 20%
Pericardial rub: 90% Intensive dialysis

Indomethacin: probably ineffective
Catheter drainage
Surgical drainage

Tamponade
Hemodynamic 

instability on 
dialysis

Avoid NSAIDs
≈50% respond to intensive 

dialysis

Neoplastic In order of frequency: lung 
cancer, breast cancer, 
leukemia and lymphoma, 
others

Chest pain, dyspnea
Echo: effusion
CT, MRI: tumor 

metastases to 
pericardium

Cytologic examination of 
fluid positive in 85%

Catheter drainage
Subxiphoid pericardiectomy
Chemotherapy directed at 

underlying malignant neoplasm

Tamponade
Constriction

CT = computed tomography; Echo = echocardiogram; ESR = erythrocyte sedimentation rate; HIV = human immunodeficiency virus; MRI = magnetic resonance imaging; NSAIDs = nonsteroidal 
anti-inflammatory drugs.
Modified from Malik F, Foster E. Pericardial disease. In: Wachter RM, Goldman L, Hollander H, eds. Hospital Medicine. 2nd ed. Philadelphia: Lippincott Williams & Wilkins; 2005:449.

hepatic function and in patients being treated with macrolide antibiotics, which 
alter its metabolism.

A proton pump inhibitor, such as omeprazole (20 mg/day), should be con-
sidered to improve the gastric tolerability of NSAIDs. Warfarin and heparin 
should be avoided to minimize the risk of hemopericardium, but anticoagulation 

may be required if the patient is in atrial fibrillation or has a prosthetic heart 
valve. It is prudent to avoid exercise until after the chest pain completely resolves. 
If pericarditis recurs, the patient can be reloaded with colchicine and intravenous 
ketorolac (20 mg) and then continued on an oral NSAID and colchicine for at 
least 3 months.

Although acute pericarditis usually responds dramatically to systemic 
corticosteroids, observational studies strongly suggest that the use of steroids 
increases the probability of relapse in patients treated with colchicine. Except 
when needed to treat an underlying inflammatory disease, every effort should 
be made to avoid the use of steroids, reserving low-dose steroids for patients 
who cannot tolerate aspirin and other NSAIDs or whose recurrence is not 
responsive to colchicine and intravenous NSAIDs. If steroids are used, low-dose 
prednisone (0.2 to 0.5 mg/kg) appears to be as effective as higher doses and 
is less likely to be associated with recurrence. Steroids should be continued for 
at least 1 month before slow tapering, which can be guided by return of the 
CRP level to the normal range. Pericardiocentesis is not recommended unless 
purulent or tuberculous pericarditis is clinically suspected or the patient fails 
to respond to 2 to 3 weeks of NSAID therapy.

 PROGNOSIS
The course of viral and idiopathic pericarditis is usually self-limited, and most 
patients recover completely. About 25% of patients, however, have recurrent 
pericarditis weeks to months later, probably caused by an immune response, 
and some patients may have multiple debilitating episodes. Interestingly, in 
patients whose acute pericarditis is accompanied by myocarditis, as evidenced 
by elevation of serum troponin levels, the recurrence rate is closer to 10%. 
Recurrent pericarditis is more common in patients treated with steroids for 
the acute episode, especially during a rapid steroid taper. Prolonged high-dose 
NSAID treatment (e.g., ibuprofen 300 to 600 mg three times a day) plus 
colchicine (0.5 to 0.6 mg twice daily, reducing to once daily after 3 to 6 months) 
is effective for recurrent pericarditis. A2 

,
 A3  In patients who cannot tolerate col-

chicine or who have recurrent episodes despite colchicine and high-dose 
NSAID treatment (e.g., indomethacin 50 mg three times a day or ibuprofen 
800 mg four times a day), oral steroids (e.g., prednisone 0.2 to 0.5 mg/kg/
day for 2 to 4 weeks; then slowly tapered over several months) are generally 
recommended. In one small randomized trial of colchicine-resistant patients 

with recurrent pericarditis and corticosteroid dependence, anakinra (an inter-
leukin 1β recombinant receptor antagonist at 2 mg/kg per day, up to 100 mg, 
for 2 months) was useful in reducing the recurrence rate. A4  A review of case 
series and single case reports suggests that human intravenous immunoglobulins 
(cycles of 400 to 500 mg/kg/d for 5 days) are well tolerated, steroid-sparing 
agents in recurrent pericarditis.6 In patients with refractory, recurrent pericar-
ditis, surgical pericardiectomy can be considered.7 Patients who have tuber-
culous or purulent pericarditis have the highest risk for progression to 
constrictive pericarditis (see later).

 PERICARDIAL EFFUSION AND TAMPONADE

 EPIDEMIOLOGY
A pericardial effusion can be caused by any disease that causes acute pericarditis 
(see Table 68-1), but a majority of cases are caused by conditions other than 
viral or idiopathic pericarditis (Table 68-5). For example, tamponade occurs 
in about 10 to 15% of patients with idiopathic pericarditis, but it develops in 
more than 50% of patients with malignant, tuberculous, or purulent pericar-
ditis. Tuberculosis and neoplastic disease are typically associated with 

serosanguineous effusions, but such effusions can also be seen with typical 
viral or idiopathic pericarditis, with uremia, and after mediastinal irradiation. 
Hemopericardium is seen most commonly with trauma, myocardial rupture 
after MI, catheter-induced myocardial or epicardial coronary artery rupture, 
aortic dissection with rupture into the pericardial space, or primary hemor-
rhage in patients receiving anticoagulant therapy, often after cardiac valve 
surgery. Chylopericardium is rare and usually results from traumatic or surgical 
injury to, or neoplastic obstruction of, the thoracic duct.

 PATHOBIOLOGY
Under normal conditions, the space between the parietal and visceral peri-
cardium can accommodate only a small amount of fluid before the develop-
ment of tamponade physiology. The clinical consequences of a pericardial 
effusion depend on the rate of increase. A rapidly accumulating effusion, as 
in hemopericardium caused by trauma or aortic dissection, may result in tam-
ponade physiology with just 100 to 200 mL of fluid. It is not surprising, there-
fore, that cardiac perforation quickly results in tamponade. By comparison, a 
more slowly developing effusion gradually stretches the pericardium and shifts 
the normally steep pericardial pressure-volume relation to the right; this explains 
why large but slowly developing effusions may not produce tamponade.

Tamponade physiology occurs when fluid accumulation in the intraperi-
cardial space is sufficient to compress the heart, resulting in impaired cardiac 
filling. The increased pericardial pressure in cardiac tamponade accentuates 
the interdependence among the cardiac chambers as the total cardiac volume 
is limited by the pericardial effusion. With normal inspiration, right ventricular 
filling is enhanced, the intraventricular septum is displaced toward the left 
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with recurrent pericarditis and corticosteroid dependence, anakinra (an inter-
leukin 1β recombinant receptor antagonist at 2 mg/kg per day, up to 100 mg, 
for 2 months) was useful in reducing the recurrence rate. A4  A review of case 
series and single case reports suggests that human intravenous immunoglobulins 
(cycles of 400 to 500 mg/kg/d for 5 days) are well tolerated, steroid-sparing 
agents in recurrent pericarditis.6 In patients with refractory, recurrent pericar-
ditis, surgical pericardiectomy can be considered.7 Patients who have tuber-
culous or purulent pericarditis have the highest risk for progression to 
constrictive pericarditis (see later).

 PERICARDIAL EFFUSION AND TAMPONADE

 EPIDEMIOLOGY
A pericardial effusion can be caused by any disease that causes acute pericarditis 
(see Table 68-1), but a majority of cases are caused by conditions other than 
viral or idiopathic pericarditis (Table 68-5). For example, tamponade occurs 
in about 10 to 15% of patients with idiopathic pericarditis, but it develops in 
more than 50% of patients with malignant, tuberculous, or purulent pericar-
ditis. Tuberculosis and neoplastic disease are typically associated with 
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FIGURE 68-1. Electrocardiogram demonstrating typical features of acute pericarditis on presentation. There are diffuse sT elevation and Pr depression except in aVr, where there 
is sT depression and Pr elevation 

Drain effusion

Yes No

Cardiac tamponade?

Yes No

Yes No

Evaluate per Table 68-3

Evidence of high risk?
• Tamponade
• Moderate or large effusion
• Fever >38° C
• Suspicion of systemic illness

Admit to hospital
NSAIDs + colchicine
Search for etiology

Trial of NSAIDs
Pain relieved in <6 hr?

Outpatient follow-up
Taper NSAIDs after 3-4 weeks
Continue colchicine for 3
months

Admit to hospital
Add colchicine
Search for etiology

FIGURE 68-2. Initial management of patients with pericarditis. Nsaid = nonsteroidal 
anti-inflammatory drug. 

Modified from Nishimura RA, Kidd KR. Recognition and management of patients with pericardial 
disease. In: Braunwald E, Goldman L, eds. Primary Cardiology. 2nd ed. Philadelphia: WB Saunders; 
2003:625.

TABLE 68-5 CAUSES OF MODERATE TO LARGE 
ASYMPTOMATIC PERICARDIAL EFFUSIONS

CAUSE CASES (%)
Idiopathic or viral 37
Neoplastic 19
Iatrogenic or trauma 13
Tuberculous or purulent 6
Acute myocardial infarction 6
Collagen vascular disease 4
Heart failure 4
Uremia 4
Radiation induced 2
Aortic dissection 2
Hypothyroidism 1
Other 2

serosanguineous effusions, but such effusions can also be seen with typical 
viral or idiopathic pericarditis, with uremia, and after mediastinal irradiation. 
Hemopericardium is seen most commonly with trauma, myocardial rupture 
after MI, catheter-induced myocardial or epicardial coronary artery rupture, 
aortic dissection with rupture into the pericardial space, or primary hemor-
rhage in patients receiving anticoagulant therapy, often after cardiac valve 
surgery. Chylopericardium is rare and usually results from traumatic or surgical 
injury to, or neoplastic obstruction of, the thoracic duct.

 PATHOBIOLOGY
Under normal conditions, the space between the parietal and visceral peri-
cardium can accommodate only a small amount of fluid before the develop-
ment of tamponade physiology. The clinical consequences of a pericardial 
effusion depend on the rate of increase. A rapidly accumulating effusion, as 
in hemopericardium caused by trauma or aortic dissection, may result in tam-
ponade physiology with just 100 to 200 mL of fluid. It is not surprising, there-
fore, that cardiac perforation quickly results in tamponade. By comparison, a 
more slowly developing effusion gradually stretches the pericardium and shifts 
the normally steep pericardial pressure-volume relation to the right; this explains 
why large but slowly developing effusions may not produce tamponade.

Tamponade physiology occurs when fluid accumulation in the intraperi-
cardial space is sufficient to compress the heart, resulting in impaired cardiac 
filling. The increased pericardial pressure in cardiac tamponade accentuates 
the interdependence among the cardiac chambers as the total cardiac volume 
is limited by the pericardial effusion. With normal inspiration, right ventricular 
filling is enhanced, the intraventricular septum is displaced toward the left 
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FIGURE 68-3. Chest radiographs in a patient with a large pericardial effusion. The cardiac silhouette on the posteroanterior view (A) is enlarged with a “water bag” configuration. 
The lateral view (B) shows a separation between the pericardial and epicardial fat stripes (arrows). 

FIGURE 68-4. Two-dimensional echocardiogram from a patient with cardiac tamponade. a large pericardial effusion (Pe) is apparent as an echo-free space surrounding the left 
ventricle (lV) and right ventricle (rV). in diastole, there is collapse of the right ventricle (arrow). 

TREATMENT 

ventricle, and left ventricular filling and the resulting stroke volume are reduced; 
these changes are reversed during expiration. In tamponade, these physiologic 
variations are enhanced and are responsible for the clinical finding of “para-
doxical pulse.” A small (<10 mm Hg) pulsus paradoxus, which is a decline in 
systemic blood pressure during inspiration, is normal and is related to the 
ventricles being confined within the pericardium and sharing a common 
septum. In cardiac tamponade, this phenomenon is exaggerated, and systemic 
blood pressure falls by more than 10 mm Hg during inspiration. A pulsus 
paradoxus also may be present with hypovolemic shock, chronic obstructive 
pulmonary disease, and bronchospasm.

 CLINICAL MANIFESTATIONS
A slowly accumulating, isolated pericardial effusion is often completely asymp-
tomatic. The physical examination results may be normal, but the heart sounds 
may be muffled. The diagnosis is usually suggested by a chest radiograph that 
shows cardiomegaly with a globular heart (Fig. 68-3; see also Fig. 50-5) or 
by an echocardiogram, computed tomography (CT) scan, or MRI performed 
for another indication. Patients with hypothyroidism, uremia, or collagen 
vascular disease may have asymptomatic effusions discovered during com-
prehensive evaluations.

Patients with tamponade are usually anxious and tachycardic, and they may 
complain of dyspnea, orthopnea, and chest pain. The increased venous pres-
sure is usually apparent as jugular venous distention. The x descent (during 
ventricular systole) is typically the dominant jugular venous wave, with little 
or no y descent (during early diastole) (Chapter 45). The heart sounds are 
classically soft or muffled, especially if there is a large pericardial effusion. In 
rapidly developing cardiac tamponade, especially hemorrhagic cardiac tam-
ponade, the jugular veins may not be distended because the time course has 
been insufficient for a compensatory increase in venous pressure. Such “low-
pressure” tamponade may also occur in volume-depleted patients. The patient 

may have signs of right heart failure, with peripheral edema, right upper quadrant 
pain caused by hepatic congestion, or abnormal liver enzymes and serum 
bilirubin level.

The hallmark of cardiac tamponade is a paradoxical pulse, which is defined 
as more than a 10–mm Hg drop in inspiratory systolic arterial pressure (usually 
measured with a sphygmomanometer during slow inspiration). When severe, 
the paradoxical pulse may be apparent as the absence of a palpable brachial 
or radial pulse during inspiration. A paradoxical pulse can also occur when 
there are wide swings in intrathoracic pressure, pulmonary embolism (Chapter 
74), or hypovolemic shock (Chapter 98). A paradoxical pulse may be difficult 
to recognize in the presence of severe shock.

 DIAGNOSIS
Cardiac tamponade, which is a treatable cause of shock (Chapter 99), can be 
rapidly fatal if unrecognized. As such, cardiac tamponade should be considered 
in the differential diagnosis of any patient with shock or pulseless electrical 
activity.

Cardiac tamponade is usually suspected based on jugular venous distention, 
sinus tachycardia with hypotension, narrow pulse pressure, elevated (>10 mm 
Hg) pulsus paradoxus, and distant heart sounds.

The ECG often shows low voltage and sometimes electrical alternans (E-Fig. 
68-2) when the heart swings within a large pericardial effusion. The chest 
radiograph shows a globular, enlarged cardiac shadow (see Fig. 50-5 and Fig. 
68-3) without pulmonary venous congestion.

Echocardiography, which is the key diagnostic test for cardiac tamponade, 
must be performed without delay in any patient suspected of having this con-
dition. Echocardiography detects pericardial effusions as an echo-free space 
around the heart (Fig. 68-4), demonstrates the size and distribution of the 
pericardial effusion, and reflects its hemodynamic consequences. The inferior 
vena cava is almost always enlarged, right atrial and right ventricular collapse 
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E-FIGURE 68-2. Electrical alternans. lead V5 rhythm strip from a patient with a large 
pericardial effusion and tamponade physiology. Note the relatively low voltage and 
electrical alternans. 
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indicates cardiac compression, and enhanced respiratory variation of ventricular 
filling is a manifestation of increased ventricular interdependence. Right ven-
tricular collapse is more specific for tamponade than is right atrial collapse, 
but the right-sided chambers may not collapse when tamponade occurs in 
patients with pulmonary hypertension. Cardiac tamponade can result from 
a loculated pericardial effusion after cardiac surgery or trauma and may present 
atypically. A loculated effusion may not be apparent on transthoracic echo-
cardiography, but transesophageal echocardiography and thoracic CT or MRI 
can delineate loculated pericardial effusions.

On Doppler study, mitral inflow velocity (especially early diastolic velocity, 
designated as E velocity) normally increases with expiration and decreases 
with inspiration; the opposite respiratory variation is seen in tricuspid inflow 
velocity. Doppler findings for tamponade, which are more sensitive than two-
dimensional echocardiography, include augmented respiratory variation of 
mitral and tricuspid inflow E velocities as a function of ventricular interde-
pendence. These changes may be seen even before frank hemodynamic com-
promise caused by pericardial effusion. Although Doppler echocardiography 
provides important information, it must be emphasized that cardiac tamponade 
is ultimately a clinical diagnosis.

The routine evaluation should include an assessment of renal function, a 
thyroid-stimulating hormone level, a complete blood count with differential, 
a platelet count, coagulation parameters, and a tuberculin skin test. Common 
medications that can cause a pericardial effusion include cromolyn, isoniazid, 
phenytoin, hydralazine, and procainamide. Blood cultures are indicated if an 
infectious cause is suspected. Complement levels, antinuclear antibodies, and 
the ESR can suggest systemic lupus erythematosus (Chapter 250), which may 
initially present as an isolated pericardial effusion.

Pericardial Effusion without Tamponade
Acute pericarditis is often accompanied by a small pericardial effusion that 

does not produce tamponade. If there is no hemodynamic compromise and 
the diagnosis can be established by other means, pericardiocentesis is not 
necessary (Fig. 68-5). Even small pericardial effusions may be related to underly-
ing systemic illnesses such as systemic lupus erythematosus (Chapter 250), 
cardiac amyloid (Chapter 179), scleroderma (Chapter 251), hypothyroidism 
(Chapter 213), or AIDS, so it is important to consider and treat associated ill-
nesses. Chylous pericardial effusion, which is usually related to obstruction of 
the thoracic duct, may require a surgical procedure for relief.

For suspected pericardial effusion, transthoracic echocardiography is the 
initial test of choice, although loculated effusions may be identified better by 
CT or MRI. If a small (0.5 to 1 cm) echolucent or “organized” pericardial effusion 
is observed, a follow-up echocardiogram in 1 to 2 weeks, or sooner if the patient 
deteriorates, is recommended. If the effusion is getting smaller, subsequent 
echocardiograms are not necessary unless the patient’s clinical condition 
changes.8

For moderate (1 to 2 cm) or large (>2 cm) effusions in patients who are 
hemodynamically stable and in whom tamponade is not suspected, a follow-up 
echocardiogram should be performed in 7 days and then every month until 
the effusion is minimal.9 If bacterial or malignant pericarditis is suspected, 
diagnostic pericardiocentesis should be performed immediately even in the 
absence of clinical instability or suggestion of tamponade; tuberculous peri-
carditis is diagnosed best by pericardial biopsy. Anticoagulation with heparin 
or warfarin should be discontinued unless the patient has a mechanical heart 
valve or atrial fibrillation.

In hypothyroidism (Chapter 213), the effusion and the coexistent cardiomy-
opathy respond to hormone replacement, sometimes over several months. 
Uremic pericardial effusions often respond to initiation of dialysis or more 
intensive dialysis (Chapter 122).

Cardiac Tamponade
The treatment of cardiac tamponade is urgent drainage of the pericardial 

effusion, especially when there is hemodynamic compromise. Fluid resuscita-
tion may be of transient benefit if the patient is volume depleted (hypovolemic 
cardiac tamponade), but inotropic agents are usually ineffective because there 
is already intense endogenous adrenergic stimulation. The initiation of mechani-
cal ventilation in a patient with tamponade may produce a sudden drop in 
blood pressure because the positive intrathoracic pressure further impairs 
cardiac filling.

Echocardiographic-guided percutaneous pericardiocentesis, which can be 
performed at the bedside by experienced operators (Fig. 68-6), is indicated if 
a patient is in dire circumstances and at least 1 cm of fluid is seen anterior to 
the mid-right ventricular free wall throughout diastole. The ideal entry site 

TREATMENT 

Drain effusion Large effusion (>20 mm)?

Treat pericarditis Present for <1 mo or 
suspicion of malignancy?

Moderate-large pericardial
effusion

Cardiac tamponade 
or suspicion of infection?

Treat pericarditis Drain effusion

Yes No

YesNo

No Yes

FIGURE 68-5. Algorithm for managing patients with moderate to large pericar-
dial effusions. (Modified from little Wc, Freeman Gl. Pericardial disease. Circulation. 
2006;113:1622-1632.)

(usually the apex) is defined using echocardiography as the minimal distance 
from the skin to pericardial fluid without intervening structures. The pericardial 
space is entered with a needle and then drained through a catheter. Although 
clinical and epidemiologic clues should tailor the extent of the diagnostic evalu-
ation, pericardial fluid should be analyzed for lactate dehydrogenase, protein, 
cell count, cytology, polymerase chain reaction for tuberculosis, and culture 
for bacteria and tuberculosis. Continued drainage of the pericardial fluid through 
an indwelling catheter minimizes the risk of recurrent effusion. For hemody-
namically significant effusions of less than 1 cm, organized or multiloculated 
effusions, and focal effusions, a limited thoracotomy-mediastinoscopy and 
creation of a pericardial window are advised.

Surgical drainage may be the preferred treatment if pericardial tissue is 
required for diagnosis or in the case of recurrent effusions or bacterial pericar-
ditis. Malignant pericardial effusions frequently recur and, similar to other 
recurrent pericardial effusions, may necessitate the surgical creation of a peri-
cardial window that allows the effusion to drain into the pleural space, preventing 
recurrence of cardiac tamponade. An attractive alternative in these patients, 
especially if their overall prognosis is poor from the malignancy, is the percu-
taneous creation of a pericardial window by balloon dilation. Hemorrhagic 
effusions related to cardiac trauma or aortic dissection are best managed by 
emergency surgery.

FIGURE 68-6. Aspiration of pericardial fluid is indicated in cardiac tamponade or to 
obtain fluid for diagnostic purposes. a wide-bore needle is inserted in the epigastrium 
below the xiphoid process and advanced in the direction of the medial third of the right 
clavicle. an alternative site is over the left ventricular apex. The procedure should be 
performed under echocardiographic guidance, but it may need to be performed emer-
gently for life-saving purposes in other settings. complications of the procedure include 
puncture of the heart, arrhythmias, vasovagal attack, and pneumothorax. (From Forbes 
cd, Jackson WF. Color Atlas and Text of Clinical Medicine. 3rd ed. london: Mosby; 2003.)
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Transesophageal Doppler echocardiography may demonstrate pericardial 
thickening and calcification, but increased pericardial thickness can be missed 
on a transthoracic echocardiogram. Echocardiography also differentiates peri-
cardial constriction from right heart failure caused by tricuspid valve disease 
or associated pulmonary hypertension.

At cardiac catheterization, both cardiac tamponade and pericardial constric-
tion impair diastolic ventricular filling and elevate venous pressure. However, 
the impairment in ventricular filling with constriction is minimal in early 
diastole until cardiac volume reaches the anatomic limit set by the noncompli-
ant pericardium, at which time diastolic pressure rises abruptly and remains 
elevated until the onset of systole. The result is a prominent y descent with 
an elevated plateau of ventricular pressure, which has been termed the “square 
root” sign (E-Fig. 68-3) that differentiates constriction from tamponade, in 
which the y descent is absent. Stroke volume and cardiac output are reduced 
because of impaired filling, but the intrinsic systolic function of the ventricles 
can be normal.

Differential Diagnosis
The most difficult differentiation is between pericardial constriction and restric-
tive cardiomyopathy (Chapter 54) (E-Fig. 68-4), the clinical manifestations 
of which may be very similar to those of pericardial constriction (Table 68-6).10 
Doppler echocardiography is the most useful method to distinguish constric-
tion from restriction. Whereas patients with pericardial constriction usually 
have pronounced respiratory variation (>25%) of mitral inflow E velocity, 
patients with restrictive cardiomyopathies do not. In some patients with peri-
cardial constriction and markedly elevated venous pressures, the respiratory 
variation may be present only after head-up tilt. The tissue Doppler measure-
ment of early diastolic septal mitral annular velocity (e′) is almost always 
reduced in patients with myocardial restriction, but it remains normal or 
increased in patients with pericardial constriction. In addition, lateral e′, which 
is higher than septal or medial e′ velocity in normal and restrictive cardiomy-
opathy, is lower than septal e′ in most patients with constrictive pericarditis. 
Whereas a prominent diastolic reversal of hepatic vein flow velocity during 
expiration is characteristic of constriction, the reversal flow velocity occurs 
during inspiration in patients with right heart failure from other causes. Patients 
with pericardial constriction usually have only minimally elevated (<200 pg/
mL) brain natriuretic peptide (BNP), but BNP levels are typically markedly 
increased (<600 pg/mL) in patients with restrictive cardiomyopathy.

Confirmation of the diagnosis of constriction may require cardiac catheter-
ization in patients whose noninvasive evaluation is not clear cut. Traditional 
invasive hemodynamic findings of equalized end-diastolic pressures in the 
right and left ventricles and the “dip and plateau” pattern of left ventricular 
diastolic pressure do not reliably differentiate constriction from restrictive 
cardiomyopathy. More specific invasive hemodynamic features of constriction 
and restriction are based on the respiratory variation in ventricular filling; the 
simultaneous measurement of left and right ventricular pressures demonstrates 
discordant changes in their systolic pressures with respiration in constrictive 
pericarditis. By comparison, the direction of these pressures is concordant 

 PROGNOSIS
A pericardial effusion may recur or persist. Symptoms are usually weight loss, 
fatigue, dyspnea on exertion, and whatever symptoms are associated with the 
specific cause. Treatment of chronic or recurrent idiopathic effusions is similar 
to the treatment of recurrent pericarditis. If medical therapy is unsuccessful, 
creation of a pericardial window is indicated.

A large idiopathic, asymptomatic effusion that persists for 6 months or 
longer can unpredictably result in tamponade in as many as 30% of patients 
over long-term follow-up; diagnostic pericardiocentesis occasionally detects 
a neoplastic or tuberculous cause. Pericardiocentesis with prolonged drainage 
resolves many chronic large pericardial effusions, but pericardiectomy is often 
required. The long-term prognosis depends on the cause of the effusion. With 
pericardial tamponade, the in-hospital mortality rate is less than 10%, but the 
subsequent mortality rate is about 75% with a malignant effusion compared 
with only a 3 to 5% subsequent annual mortality rate for other causes.

 PERICARDIAL CONSTRICTION

 EPIDEMIOLOGY AND PATHOBIOLOGY
Pericardial constriction, which is usually the result of long-standing pericardial 
inflammation, occurs when a scarred, thickened, or calcified pericardium 
impairs cardiac filling, thereby limiting the total cardiac volume. The most 
frequent causes in the developed world are previous cardiac surgery, chronic 
idiopathic or viral pericarditis, and mediastinal radiation. Constriction may 
follow cardiac surgery by several weeks to months and may occur decades 
after chest wall irradiation. In developing countries, tuberculous pericarditis 
is a more common cause of constrictive pericarditis. Other less common causes 
include malignant disease, especially lung cancer, breast cancer, or lymphoma; 
histoplasmosis; rheumatoid arthritis; and uremia. However, a specific cause 
may not be identified in many patients.

With chronic constriction, the pericardium may thicken from its normal 
2 mm or less, calcify, and adhere to the epicardium. In a subset of the patients 
with constriction, the pericardium may be only minimally thickened and less 
calcified. Fibrous scarring and adhesions of both pericardial layers obliterate 
the pericardial cavity. The ventricles are unable to fill beyond the rapid filling 
period because of physical constraints imposed by a thickened, rigid, and 
sometimes calcified pericardium. The pathophysiologic hallmarks of pericardial 
constriction are exaggerated interventricular dependence and the dissociation 
of intracardiac and intrathoracic pressures.

 CLINICAL MANIFESTATIONS
Patients with pericardial constriction typically present with manifestations of 
elevated systemic venous pressures and low cardiac output. Because there is 
equalization of all cardiac pressures (including right and left atrial pressures), 
systemic congestion is much more marked than pulmonary congestion. Typi-
cally, patients develop marked jugular venous distention, hepatic congestion, 
ascites, and peripheral edema, but their lungs remain clear. The limited cardiac 
output typically presents as exercise intolerance and may progress to cardiac 
cachexia with muscle wasting. In long-standing pericardial constriction, pleural 
effusions, ascites, and hepatic dysfunction may be prominent clinical features. 
Patients with pericardial constriction are much more likely to have left-sided or 
bilateral pleural effusions than right-sided effusions. Because of the prominent 
clinical symptoms of ascites and liver enzyme abnormalities, patients may be 
evaluated for hepatic disease before constrictive pericarditis is recognized.

The jugular veins are distended with prominent x and y descents. The normal 
inspiratory drop in jugular venous distention may be replaced by a rise in 
venous pressure (Kussmaul sign). The classic auscultatory finding of pericardial 
constriction is a pericardial knock (Chapter 45), which is a high-pitched sound 
early in diastole when there is the sudden cessation of rapid ventricular diastolic 
filling, coinciding with the nadir of the y descent.

 DIAGNOSIS
Pericardial constriction should be considered in any patient with unexplained 
systemic venous congestion. Pericardial calcification, seen best on the lateral 
plain chest radiograph, is a classic finding but is present in only 25% of patients 
with constrictive pericarditis, mostly in those with long-standing constriction. 
Similarly, most patients with pericardial constriction have a thickened peri-
cardium (>2 mm) that can be imaged by echocardiography, CT, and MRI 
(Fig. 68-7). It is important to recognize, however, that pericardial constriction 
can be present without pericardial calcification and, in about 20% of patients, 
without any obvious pericardial thickening.

Effusive-constrictive pericarditis13 most likely represents an intermediate transi-
tion from acute pericarditis with pericardial effusion to pericardial constriction. 
Frequently, the symptoms resolve after several weeks of treatment with an 
NSAID (e.g., ibuprofen 300 to 800 mg every 6 to 8 hours).

 SPECIFIC FORMS OF PERICARDIAL DISEASE
 Postpericardiotomy Syndrome
The post-cardiac injury syndromes comprise the postpericardiotomy syndrome, 
post–myocardial infarction pericarditis (Dressler syndrome), and post-traumatic 
pericarditis. The postpericardiotomy syndrome, like all of the post-cardiac 
injury syndromes, is initiated by the combination of damage to mesothelial 
pericardial cells and blood in the pericardial space, which releases cardiac 
antigens and stimulates an immune response. An inflammatory response is 
later generated by immune complexes that deposit in the pericardium, pleura, 
and lungs. This syndrome occurs several days to weeks after cardiothoracic 
surgery. It most commonly occurs after surgery involving the pericardium, 
but it can also occur after pacemaker lead implantation, coronary stenting, 
and other therapeutic misadventures. Patients have typical symptoms of acute 
pericarditis, which is associated with antimyocardial antibodies. Leukocytosis 
and elevated inflammatory markers are common laboratory findings. Pericardial 
effusions are commonly seen, but tamponade physiology is rare. Pleural effu-
sions or pulmonary infiltrates may also be seen.

Treatment of postcardiotomy syndrome is similar to the treatment of acute 
pericarditis. One month of colchicine therapy (0.5 mg twice daily for patients 
weighing 70 kg or more; half that dose for smaller patients or patients with 
side effects) started 48 to 72 hours prior to cardiac surgery appears to reduce 
the rate of the postcardiotomy syndrome from about 30% to less than 20% 
but did not reduce the occurrence of atrial fibrillation. A5 

Some patients who have undergone cardiac surgery develop late pericardial 
constriction without preceding acute pericarditis owing to bleeding in and 
around the open pericardium followed by inflammation, scarring, and fibrosis. 
If active inflammation is present, a trial of anti-inflammatory agents may be 
instituted; however, surgical removal of the blood clot, usually accompanied 
by more extensive pericardiectomy, is typically required.

 Uremic Pericarditis
Pericardial effusions develop in patients with severe renal failure, especially 
those on dialysis (Chapter 122). Aggressive dialysis may decrease the peri-
cardial effusion, but sometimes the effusion persists and requires drainage or 
even pericardiectomy.

 Infectious Pericarditis
 BACTERIAL PERICARDITIS
Purulent bacterial pericarditis may result from direct extension of bacterial 
pneumonia; direct extension of pleural empyema; or, rarely, peritonitis or a 
subphrenic abscess. Most patients are acutely ill with systemic sepsis and 
develop acute tamponade. The most common organisms are streptococci, 
pneumococci, and staphylococci. Urgent pericardiocentesis, which is required 
for both diagnosis and therapy, shows leukocytosis and frank pus, and the 
fluid glucose level is markedly depressed. Persistent or recurrent drainage with 
an indwelling catheter or repeated taps combined with antimicrobial therapy 
lead to a high survival rate, but late constrictive pericarditis requiring pericar-
diectomy develops in 30 to 40% of patients.

 TUBERCULOUS PERICARDITIS
Tuberculous pericarditis is common in developing countries but accounts for 
less than 5% of cases of acute pericarditis in developed countries, usually in 
patients who are immunosuppressed, including patients infected with the 
human immunodeficiency virus. Symptoms are often nonspecific, and acute 
painful pericarditis is rare. Most patients have an effusive-constrictive physiol-
ogy or pericardial constriction. The chest radiograph suggests active pulmonary 
tuberculosis in about 30% of cases, and a pleural effusion is present in 40 to 
60% of cases. The echocardiogram typically shows fibrinous strands in the 
pericardial effusion, with multiple echo densities adherent to the pericardial 
surface. Pericardiocentesis is mandatory if tuberculous pericarditis is suspected. 
About 75% of patients have a positive culture, and a pericardial fluid adenosine 
deaminase level of 40 U/L or greater is seen in 75% of patients. Polymerase 
chain reaction testing and pericardial biopsy are recommended when tuber-
culous pericarditis is strongly suspected but not otherwise confirmed.

Aggressive antituberculosis therapy (Chapter 308) yields a cure rate of 
about 85 to 90%. Neither corticosteroids nor adjunctive immunotherapy 

FIGURE 68-7. Computed tomography in a patient with constrictive pericarditis shows 
a thickened pericardium (arrow). 

TREATMENT AND PROGNOSIS 

 Effusive-Constrictive Pericarditis
In some patients (<10%) who present with cardiac tamponade, the elevated 
right atrial pressure and jugular venous distention do not resolve after removal 
of the pericardial fluid. In these patients, pericardiocentesis converts the hemo-
dynamics from those typical of tamponade to those of constriction. Thus, the 
restriction of cardiac filling is not only attributable to pericardial effusion but also 
to pericardial constriction, predominantly involving the visceral pericardium. 
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E-FIGURE 68-3. Right atrial (RA) pressure recording from a patient with constrictive 
pericarditis. Note the elevation in pressure and the prominent y descent, corresponding 
to rapid, early diastolic right atrial emptying. ecG = electrocardiogram; Fa = femoral 
artery. (From lorell BH. Profiles in constriction, restriction and tamponade. in: Baim ds, 
Grossman W, eds. Cardiac Catheterization, Angiography, and Intervention. 6th ed. Phila-
delphia: Williams Wilkins; 2000: 832.)
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Effusive-constrictive pericarditis13 most likely represents an intermediate transi-
tion from acute pericarditis with pericardial effusion to pericardial constriction. 
Frequently, the symptoms resolve after several weeks of treatment with an 
NSAID (e.g., ibuprofen 300 to 800 mg every 6 to 8 hours).

 SPECIFIC FORMS OF PERICARDIAL DISEASE
 Postpericardiotomy Syndrome
The post-cardiac injury syndromes comprise the postpericardiotomy syndrome, 
post–myocardial infarction pericarditis (Dressler syndrome), and post-traumatic 
pericarditis. The postpericardiotomy syndrome, like all of the post-cardiac 
injury syndromes, is initiated by the combination of damage to mesothelial 
pericardial cells and blood in the pericardial space, which releases cardiac 
antigens and stimulates an immune response. An inflammatory response is 
later generated by immune complexes that deposit in the pericardium, pleura, 
and lungs. This syndrome occurs several days to weeks after cardiothoracic 
surgery. It most commonly occurs after surgery involving the pericardium, 
but it can also occur after pacemaker lead implantation, coronary stenting, 
and other therapeutic misadventures. Patients have typical symptoms of acute 
pericarditis, which is associated with antimyocardial antibodies. Leukocytosis 
and elevated inflammatory markers are common laboratory findings. Pericardial 
effusions are commonly seen, but tamponade physiology is rare. Pleural effu-
sions or pulmonary infiltrates may also be seen.

Treatment of postcardiotomy syndrome is similar to the treatment of acute 
pericarditis. One month of colchicine therapy (0.5 mg twice daily for patients 
weighing 70 kg or more; half that dose for smaller patients or patients with 
side effects) started 48 to 72 hours prior to cardiac surgery appears to reduce 
the rate of the postcardiotomy syndrome from about 30% to less than 20% 
but did not reduce the occurrence of atrial fibrillation. A5 

Some patients who have undergone cardiac surgery develop late pericardial 
constriction without preceding acute pericarditis owing to bleeding in and 
around the open pericardium followed by inflammation, scarring, and fibrosis. 
If active inflammation is present, a trial of anti-inflammatory agents may be 
instituted; however, surgical removal of the blood clot, usually accompanied 
by more extensive pericardiectomy, is typically required.

 Uremic Pericarditis
Pericardial effusions develop in patients with severe renal failure, especially 
those on dialysis (Chapter 122). Aggressive dialysis may decrease the peri-
cardial effusion, but sometimes the effusion persists and requires drainage or 
even pericardiectomy.

 Infectious Pericarditis
 BACTERIAL PERICARDITIS
Purulent bacterial pericarditis may result from direct extension of bacterial 
pneumonia; direct extension of pleural empyema; or, rarely, peritonitis or a 
subphrenic abscess. Most patients are acutely ill with systemic sepsis and 
develop acute tamponade. The most common organisms are streptococci, 
pneumococci, and staphylococci. Urgent pericardiocentesis, which is required 
for both diagnosis and therapy, shows leukocytosis and frank pus, and the 
fluid glucose level is markedly depressed. Persistent or recurrent drainage with 
an indwelling catheter or repeated taps combined with antimicrobial therapy 
lead to a high survival rate, but late constrictive pericarditis requiring pericar-
diectomy develops in 30 to 40% of patients.

 TUBERCULOUS PERICARDITIS
Tuberculous pericarditis is common in developing countries but accounts for 
less than 5% of cases of acute pericarditis in developed countries, usually in 
patients who are immunosuppressed, including patients infected with the 
human immunodeficiency virus. Symptoms are often nonspecific, and acute 
painful pericarditis is rare. Most patients have an effusive-constrictive physiol-
ogy or pericardial constriction. The chest radiograph suggests active pulmonary 
tuberculosis in about 30% of cases, and a pleural effusion is present in 40 to 
60% of cases. The echocardiogram typically shows fibrinous strands in the 
pericardial effusion, with multiple echo densities adherent to the pericardial 
surface. Pericardiocentesis is mandatory if tuberculous pericarditis is suspected. 
About 75% of patients have a positive culture, and a pericardial fluid adenosine 
deaminase level of 40 U/L or greater is seen in 75% of patients. Polymerase 
chain reaction testing and pericardial biopsy are recommended when tuber-
culous pericarditis is strongly suspected but not otherwise confirmed.

Aggressive antituberculosis therapy (Chapter 308) yields a cure rate of 
about 85 to 90%. Neither corticosteroids nor adjunctive immunotherapy 

(both left and right sides increase with expiration and decrease with inspira-
tion) in restrictive cardiomyopathy.

All patients with documented but otherwise unexplained pericardial con-
striction should be evaluated for potential tuberculosis.

TABLE 68-6 DIFFERENTIATION OF PERICARDIAL 
CONSTRICTION FROM RESTRICTIVE 
CARDIOMYOPATHY

FINDINGS
PERICARDIAL 

CONSTRICTION
RESTRICTIVE 

CARDIOMYOPATHY
PHYSICAL EXAMINATION

Pulmonary congestion Usually absent Usually present
Early diastolic sound Pericardial knock S3 (low pitched)
ECHO/DOPPLER

Respiratory variation in E 
wave (%)

>25 <20

Mitral septal annular early 
diastolic velocity (cm/sec)

>7 <7

CT/MRI

Pericardial thickness >2 mm (but <2 mm 
in 20%)

<2 mm

BIOMARKER

B-type natriuretic peptide 
(pg/mL)

<200 >600

HEMODYNAMICS

PA systolic pressure  
(mm Hg)

<60 >60

PCW-LV diastolic pressure Respiratory variation 
with reduction in 
inspiration

No variation

Respiratory variation in RV/
LV peak systolic pressure

Discordant Concordant

CT = computed tomography; LV = left ventricular; MRI = magnetic resonance imaging; PA = 
pulmonary artery; PCW = pulmonary capillary wedge; RV = right ventricular.
Modified from Little WC, Freeman GL. Pericardial disease. Circulation. 2006;113:1622-1632.

In some patients with pericardial constriction of less than 3 months’ duration, 
the symptoms and constriction may resolve over several weeks with medical 
therapy consisting of NSAIDs (e.g., ibuprofen 300-800 mg every 6-8 hours), 
colchicine (0.6 mg once or twice daily), and the cautious use of diuretics. If the 
patient is severely compromised hemodynamically, steroid therapy (e.g., 
0.5-1.0 mg/kg up to a maximum dose of 60 mg tapered slowly over 3 months 
as guided by the clinical response and normalization of the CRP) can be very 
effective.11 The patients with constriction who respond to medical therapy 
usually have high inflammatory biomarkers (ESR and CRP) and intense inflam-
mation of the pericardium on cardiac MRI. For more chronic pericardial con-
striction or cases that do not respond to medical therapy, the definitive treatment 
is surgical pericardial decortication, with a wide resection of both the visceral 
and parietal pericardium. This operation is a major undertaking with substantial 
risk (≈10% mortality rate even in the most experienced centers).12 In many 
patients, surgery does not immediately restore normal cardiac function; it may 
take weeks after removal of the constricting pericardium to return to normal. 
Empirical treatment of tuberculosis (Chapter 308) may be required in patients 
with constriction and a high suspicion of tuberculosis, even without a definitive 
diagnosis.

TREATMENT AND PROGNOSIS 

 Effusive-Constrictive Pericarditis
In some patients (<10%) who present with cardiac tamponade, the elevated 
right atrial pressure and jugular venous distention do not resolve after removal 
of the pericardial fluid. In these patients, pericardiocentesis converts the hemo-
dynamics from those typical of tamponade to those of constriction. Thus, the 
restriction of cardiac filling is not only attributable to pericardial effusion but also 
to pericardial constriction, predominantly involving the visceral pericardium. 
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Acute pericarditis or asymptomatic pericardial effusions can develop in 
patients with advanced rheumatoid arthritis (Chapter 248), scleroderma 
(Chapter 251), or mixed connective tissue disease (Chapter 251). The process 
is usually self-limited or responds to aggressive treatment of the underlying 
disease, although cardiac tamponade can develop.

 Myopericarditis
Concomitant myopericarditis (Chapter 54) may develop in patients with 
pericarditis, probably owing to direct extension of the inflammatory process. 
It is often manifested by ECG conduction delays, ventricular arrhythmias, 
and elevated troponin levels. No specific treatment is available.

Acute ventricular dilation and sudden or progressive heart failure develop 
in some patients after pericardiectomy for constrictive pericarditis or even 
after drainage of a large pericardial effusion. The syndrome may be due to an 
underlying myocarditis.

 Congenital Abnormalities
Congenital total absence of the pericardium is asymptomatic and clinically 
unimportant. However, partial or localized absence of the pericardium around 
the left atrium can cause focal herniation and lead to strangulation. CT or 
MRI can establish the diagnosis. Patients may present with atypical chest pain 
or sudden death. Surgical repair is often recommended for a partial pericardial 
defect.

 Benign Cysts
Benign pericardial cysts are rare and are usually asymptomatic, but they can 
be associated with chest pain. They are typically seen as rounded or lobulated 
structures adjacent to the heart on the chest radiograph or adjacent to the 
right atrium on transthoracic echocardiography (Chapter 49). Thoracic CT 
and MRI are useful for the diagnosis. Cysts rarely rupture and do not require 
treatment unless they become symptomatic with chest pain. In this situa-
tion, the cyst can be removed surgically or drained percutaneously or with a  
thoracoscope.15

improves outcome. A6  Empirical treatment may be required in patients with a 
consistent clinical picture but without a confirmed diagnosis.

Even with prompt treatment, 30 to 60% of patients develop constrictive 
pericarditis, for which surgical pericardiectomy is the treatment of choice. In 
cases of suspected tuberculous constriction, antituberculosis therapy (Chapter 
308) should be administered before and after pericardial surgery.

 FUNGAL PERICARDITIS
The most common fungal pericarditis is histoplasmosis, which usually resolves 
in several weeks and can be treated successfully with NSAIDs. Specific anti-
fungal therapy (Chapter 315) is recommended only in patients with dissemi-
nated histoplasmosis (Chapter 316).

 Malignant Pericarditis
About 6% of cases of acute pericarditis that initially have no obvious cause, 
and about 20% of cases of moderate to large pericardial effusions are related 
to malignant diseases; in patients with cardiac tamponade, the percentage is 
even higher. About 80% of malignant pericarditis is linked to breast cancer 
(Chapter 188), lymphoma (Chapters 176 and 177), and leukemia (Chapters 
173, 174, and 175). Melanoma (Chapter 193) is an uncommon cause of 
malignant pericarditis, but a large proportion of patients with melanoma have 
pericardial involvement.

Most patients have direct tumor extension from an adjacent malignant lesion 
or a tumor from hematogenous or lymphatic spread. Pericardial effusions also 
may be caused by pericardial irritation or compromised lymphatic drainage 
in patients with mediastinal lymphoma.

Pericardiocentesis is key to diagnosis and management. Fluid cytology 
results are positive in about 85% of patients. Complete drainage with an 
indwelling catheter for 2 or 3 days is the treatment of choice; if the effusion 
does not resolve, pericardiectomy is generally recommended, but extended 
catheter drainage is also an option.14

The prognosis depends on the treatment of the underlying malignancy. 
The 1-year mortality rate is 80% or higher, but patients with breast cancer 
may have 1-year survival rates as high as 40%.

 Postradiation Pericarditis
Postradiation pericarditis develops in about 2% of patients after mantle radia-
tion for Hodgkin disease (Chapter 177) and in 0.4 to 5% of patients after 
irradiation for breast cancer. Pericardial injury occasionally manifests during 
treatment, but it more commonly appears months or even a decade later. The 
initial pericarditis and effusion may resolve spontaneously, but constrictive 
pericarditis, adjacent myocarditis, and even coronary artery damage can develop. 
Pericardiocentesis is critical to distinguish postradiation pericarditis from 
malignant pericardial disease. Pericardiectomy is recommended for recurrent 
pericarditis and for large recurrent pericardial effusions.

 Autoimmune Pericarditis
Up to 50% of patients with systemic lupus erythematosus (Chapter 250) have 
pericarditis, usually during an acute flare. Patients usually present with acute 
pericarditis or an asymptomatic effusion; cardiac tamponade is uncommon, 
and constrictive pericarditis is rare. If purulent pericarditis is not suspected, 
pericardiocentesis is not usually required. The underlying disease should be 
treated aggressively.
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69 
DISEASES OF THE AORTA
FRANK A. LEDERLE

The ascending aorta, which is located in the anterior mediastinum, is about 
3 cm in diameter and 5 cm long. The aortic root, which is just above the aortic 
valve, is composed of the three sinuses of Valsalva. The ascending aorta meets 
the aortic arch in the superior mediastinum, where the brachiocephalic arteries 
branch off it. The descending thoracic aorta, which is about 2.5 cm in diameter 
and 20 cm long, courses posteriorly, crosses the diaphragm, and becomes the 
abdominal aorta, which is normally 2 cm in diameter and extends for 15 cm 
until it bifurcates into two common iliac arteries.

The aorta itself is composed of three layers. The thin inner layer, the intima, 
is lined with endothelial cells. In the thick middle layer, the media, sheets of 
elastic tissue provide the tensile strength to withstand needed systolic pres-
sures. The outer adventitia, which is composed mostly of collagen, provides 
arterial and venous blood supply to the aorta itself.

 AORTIC ANEURYSMS

 DEFINITION
An aneurysm is a pathologic dilation of the artery, often defined as a 50% 
increase over the expected diameter. An aneurysm can be defined based on 
its cause, location, shape, and size. In terms of shape, whereas a fusiform aneu-
rysm is a symmetrical dilation of the aorta, a saccular aneurysm involves dila-
tion mainly of one wall. A false aneurysm or pseudoaneurysm occurs when 
the aorta is enlarged because of dilation of only the outer layers of the vessel 
wall, as may occur with a contained rupture of the aortic wall.

 EPIDEMIOLOGY
Although an aneurysm can develop in any part of the aorta, abdominal aortic 
aneurysms are much more common than thoracic aneurysms. Thoracic aortic 
aneurysms are most common in the ascending aorta, followed in frequency 
by the descending aorta and the aortic arch. When an aneurysm in the descend-
ing thoracic aorta extends into the abdominal aorta, it is termed a thoracoab-
dominal aortic aneurysm.

For abdominal aortic aneurysms, risk factors include increased age, male 
gender, smoking,1 a family history of the disease, and occlusive atherosclerotic 
disease. Diabetes and black race are associated with a reduced risk.

Ascending thoracic aortic aneurysms are often associated with genetic muta-
tions as in Marfan or Ehlers-Danlos syndromes (Chapter 244). Risk factors 
for descending thoracic and thoracoabdominal aortic aneurysms include age, 
smoking, and chronic obstructive pulmonary disease. Compared with abdomi-
nal aortic aneurysms, thoracic aneurysms have a stronger familial component 
and no gender predilection.

Deaths from abdominal aortic aneurysm increased markedly from 1950 to 
1970 but have been declining in the United States since the 1990s (E-Fig. 
69-1). The prevalence of an asymptomatic abdominal aortic aneurysm, defined 
as diameter larger than 3 cm, detected by screening, has also declined sharply, 
from more than 5% in older men in 1990 to less than 2%. The most likely 
explanation for these changes is the increase and then decrease in U.S. rates 
of smoking, which accounts for about three fourths of all abdominal aortic 
aneurysms. By comparison, global death rates for abdominal aortic aneurysm 
have not declined because smoking rates and levels of other cardiovascular 
risk factors have not declined. In the United States, deaths from rupture of 
thoracic aortic aneurysms also have decreased by more than 50% since 1997.

 PATHOBIOLOGY
Atherosclerosis was once considered the most common underlying cause of 
abdominal aortic aneurysms, but this relationship has been called into ques-
tion by a variety of observations. For example, abdominal aortic aneurysm is 
less common in patients with diabetes and is much more strongly associated 
with smoking and male gender than is atherosclerosis. Although aortic ath-
erosclerosis may contribute to the process, the pathogenesis of abdominal 
aortic aneurysms appears to include genetic, environmental, hemodynamic, 
and immunologic factors. The strength of the aortic wall depends on elastin 
and collagen within the extracellular matrix of its media. The degradation of 

these structural proteins by matrix metalloproteinases and inflammatory infil-
trates, especially macrophages and T lymphocytes, weakens the aortic wall 
and allows aneurysms to develop. However, attempts to retard the process 
using doxycycline, which suppresses matrix metalloproteinase, have not been 
successful.

In the ascending thoracic aorta, the most important cause of aneurysms is 
cystic medial degeneration, with necrosis of smooth muscle cells and degen-
eration of elastic layers within the media, often related to a genetic mutation 
such as Marfan or Ehlers-Danlos syndrome. Almost all patients with Marfan 
syndrome, who are at very high risk for developing thoracic aortic aneurysms, 
have underlying cystic medial degeneration. In patients who develop ascend-
ing aortic aneurysms without overt evidence of connective tissue disease, a 
bicuspid aortic valve and familial thoracic aortic aneurysm syndrome are 
important congenital causes. Syphilis (Chapter 303) was formerly a common 
cause of thoracic aortic aneurysms in the United States but is rarely implicated 
now. Other uncommon causes of ascending thoracic aortic aneurysms include 
infectious aortitis, great vessel arteritis, aortic trauma, and aortic dissection. 
Descending thoracic and thoracoabdominal aortic aneurysms can also result 
from previous dissection, but they are usually idiopathic and degenerative.

 CLINICAL MANIFESTATIONS
The majority of aortic aneurysms are asymptomatic and are discovered inci-
dentally on an imaging study or on routine abdominal palpation. Symptoms 
resulting from progressive enlargement of unruptured aneurysms, such as 
vertebral erosion or nerve compression, are very rare.

Abdominal aortic aneurysm rupture can cause sudden death from cardio-
vascular collapse. Other patients present with pain in the hypogastrium, flank, 
lower back, or hips. The pain is often severe and frightening to the patient 
and may be accompanied by abdominal tenderness. Symptoms of bloating, 
constipation, or urinary retention may be caused by a hematoma that com-
presses the bowel or the urinary tract or by impaired blood supply to these 
organs. These symptoms typically persist for hours to a few days before death 
ensues or the aneurysm is repaired, although a few cases of chronic contained 
rupture persisting for weeks or even months have been reported.

Thoracic aortic aneurysm can expand and compress adjacent mediastinal 
structures. Symptoms include coughing, wheezing, dyspnea, hoarseness, 
recurrent pneumonia, and dysphagia. A ruptured thoracic aneurysm may 
present with chest or back pain. Vascular complications include aortic insuf-
ficiency, sometimes with secondary heart failure, hemoptysis, and arterial 
thromboembolism.

 DIAGNOSIS
Abdominal aortic aneurysms may be detectable on deep abdominal palpation 
as a pulsatile mass, although obesity can obscure even large aneurysms. The 
examiner first feels deeply for the aortic pulsation, usually found a few centi-
meters cephalad of the umbilicus (the umbilicus marks the level of the aortic 
bifurcation) and slightly to the left of midline. The examiner then positions 
both hands on the abdomen with the palms down and an index finger on 
either side of the pulsation, both to confirm that it is the aorta (each systole 
should move the two fingers apart) and to measure the aortic width. Sufficient 
abdominal skin should be included between the two index fingers, and time 
should be taken to allow the abdominal muscles to relax. On examination, 
the width, not the intensity, of the pulsation guides the diagnosis. A pulsatile 
abdominal mass should be confirmed by ultrasonography, which provides an 
accurate measure of diameter; a width of 3 cm or larger establishes the diag-
nosis and warrants ongoing surveillance.

Clinical diagnosis of a rupturing abdominal aortic aneurysm can be chal-
lenging. The classic triad of abdominal pain, hypotension, and a pulsatile 
abdominal mass is insensitive because the blood pressure may be normal or 
near normal at presentation, and palpation may be difficult owing to guarding 
or bloating. Furthermore, accompanying bowel and bladder symptoms can 
lead to misdiagnoses. In patients with ruptured aneurysms, the white blood 
cell count is usually elevated, but the hematocrit can initially be normal because 
hemodilution does not occur acutely. The physician should have a low threshold 
for obtaining appropriate imaging, particularly in older men with a history of 
smoking.

Abdominal aortic aneurysms can be detected and measured by either 
abdominal ultrasonography or computed tomography (CT) (Fig. 69-1). 
However, CT should be obtained when rupture is considered because rupture 
is not reliably diagnosed by ultrasonography.

Thoracic aortic aneurysms usually cannot be palpated even when they are 
very large. As a result, thoracic aortic aneurysms are frequently recognized 

 PREVENTION
Ultrasonography, which is the safest and most practical method for detecting 
abdominal aortic aneurysms so that early intervention can prevent rupture, 
is recommended as one-time screening for men age 65 to 75 years, especially 
if they have ever smoked.5 No medical therapy has been shown to reduce 
abdominal aortic aneurysm enlargement, but smoking cessation is important 
both for prevention and to slow progression. For example, data from Sweden 
and Finland suggest that reductions in smoking have reduced the incidence 
of abdominal aortic aneurysms6 and may be more important than screening 
for reducing overall mortality.

 PROGNOSIS
Most aneurysms expand over time, and the risk of rupture increases with 
diameter. Abdominal aortic aneurysms with diameters less than 5.5 cm have 
an annual rupture risk of 1% or less. Rupture rates are unknown for good 
operative candidates with larger aneurysms but are 10% or more per year in 
poor surgical candidates with large abdominal aortic aneurysms. For thoracic 
aortic aneurysms, a population-based study reported a 5-year rupture risk of 
0% for aneurysms less than 4.0 cm in diameter, 16% for aneurysms 4.0 to 
6.0 cm in diameter, and 31% for aneurysms larger than 6.0 cm in diameter.

The overall mortality rate in patients with a ruptured aortic aneurysm remains 
about 75%, including about a 35% mortality rate even among those who are 
able to undergo emergent intervention.7 Lifelong imaging surveillance is rec-
ommended after endovascular aneurysm repair. Otherwise, the prognosis after 
aneurysm repair is determined largely by risk factors and comorbidities rather 
than the aneurysm itself.

Endovascular repair of abdominal aortic aneurysm is associated with a 
substantial early survival advantage compared with open repair, but this advan-
tage gradually decreases over time in part because of the risk of late rupture.8 
Observational data suggest that survival after repair may be improved by treat-
ment with statins, probably because it reduces the risk of death from concurrent 
coronary artery disease.

 INTRAMURAL AORTIC HEMATOMA AND  
AORTIC DISSECTION

 DEFINITION
An intramural aortic hematoma develops when blood accumulates within the 
aortic media because of either bleeding from the vasa vasorum or a tear in 
the intima. An aortic dissection occurs when the media of the artery becomes 
longitudinally cleaved, thereby forming a false lumen that communicates with 
the true lumen.

About two thirds of aortic dissections are classified as type A (involving 
the ascending aorta), and the other third are classified as type B (not involving 
the ascending aorta) (Fig. 69-2). Hematomas and dissections are classified 
as acute if they developed within the prior 2 weeks and chronic thereafter. 
Hematomas and dissections that are acute and involve the ascending aorta 
are more likely to rupture and cause severe disability or death.

TREATMENT 
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ABSTRACT
Diseases of the aorta include abdominal and thoracic aortic aneurysms, intra-
mural aortic hematomas and aortic dissections, and arteritides (e.g., Takayasu 
and giant cell) with a predilection for the aorta and aortic arch. Routine one-
time screening of men aged 65 to 75 years, especially if they have ever smoked, 
can detect asymptomatic abdominal aortic aneurysms and reduce subsequent 
morbidity and mortality. Repair is recommended for asymptomatic abdominal 
aortic aneurysms of 5.5 cm diameter or greater; endovascular repair is associ-
ated with a lower postoperative mortality but not a better long-term prognosis. 
Endovascular repair is recommended for unruptured descending thoracic 
aortic aneurysms. Intramural aortic hematoma and aortic dissection are emer-
gent conditions, with urgent surgical repair recommended for type A disease 
involving the aortic arch, but a trial of medical therapy recommended for type 
B (distal) disease. Takayasu arteritis is a chronic inflammatory condition of 
unknown cause, best treated with corticosteroids and additional immunosup-
pressive medications as needed. Giant cell arteritis is often associated with 
systemic symptoms (e.g., headaches, visual disturbances, polymyalgia rheu-
matica, and fever) and an elevated erythrocyte sedimentation rate. Management 
is high-dose corticosteroids, with tocilizumab or abatacept being useful for 
reducing corticosteroid doses and the risk of relapse.
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 PREVENTION
Ultrasonography, which is the safest and most practical method for detecting 
abdominal aortic aneurysms so that early intervention can prevent rupture, 
is recommended as one-time screening for men age 65 to 75 years, especially 
if they have ever smoked.5 No medical therapy has been shown to reduce 
abdominal aortic aneurysm enlargement, but smoking cessation is important 
both for prevention and to slow progression. For example, data from Sweden 
and Finland suggest that reductions in smoking have reduced the incidence 
of abdominal aortic aneurysms6 and may be more important than screening 
for reducing overall mortality.

 PROGNOSIS
Most aneurysms expand over time, and the risk of rupture increases with 
diameter. Abdominal aortic aneurysms with diameters less than 5.5 cm have 
an annual rupture risk of 1% or less. Rupture rates are unknown for good 
operative candidates with larger aneurysms but are 10% or more per year in 
poor surgical candidates with large abdominal aortic aneurysms. For thoracic 
aortic aneurysms, a population-based study reported a 5-year rupture risk of 
0% for aneurysms less than 4.0 cm in diameter, 16% for aneurysms 4.0 to 
6.0 cm in diameter, and 31% for aneurysms larger than 6.0 cm in diameter.

The overall mortality rate in patients with a ruptured aortic aneurysm remains 
about 75%, including about a 35% mortality rate even among those who are 
able to undergo emergent intervention.7 Lifelong imaging surveillance is rec-
ommended after endovascular aneurysm repair. Otherwise, the prognosis after 
aneurysm repair is determined largely by risk factors and comorbidities rather 
than the aneurysm itself.

Endovascular repair of abdominal aortic aneurysm is associated with a 
substantial early survival advantage compared with open repair, but this advan-
tage gradually decreases over time in part because of the risk of late rupture.8 
Observational data suggest that survival after repair may be improved by treat-
ment with statins, probably because it reduces the risk of death from concurrent 
coronary artery disease.

 INTRAMURAL AORTIC HEMATOMA AND  
AORTIC DISSECTION

 DEFINITION
An intramural aortic hematoma develops when blood accumulates within the 
aortic media because of either bleeding from the vasa vasorum or a tear in 
the intima. An aortic dissection occurs when the media of the artery becomes 
longitudinally cleaved, thereby forming a false lumen that communicates with 
the true lumen.

About two thirds of aortic dissections are classified as type A (involving 
the ascending aorta), and the other third are classified as type B (not involving 
the ascending aorta) (Fig. 69-2). Hematomas and dissections are classified 
as acute if they developed within the prior 2 weeks and chronic thereafter. 
Hematomas and dissections that are acute and involve the ascending aorta 
are more likely to rupture and cause severe disability or death.

on chest radiographs, where they often are diagnosed by a widened mediastinal 
silhouette, enlarged aortic knob, or a trachea that is displaced from the midline. 
CT is accurate for detecting and measuring thoracic aneurysms and monitor-
ing their diameter over time. Transthoracic echocardiography, which generally 
visualizes the aortic root and ascending aorta, is useful for screening patients 
with Marfan syndrome (Chapter 244), who are at particular risk for aneurysms 
involving this portion of the aorta.

FIGURE 69-1. Abdominal aortic aneurysm on computed tomography. this sensi-
tive imaging method allows precise measurement of size (point A to point B) and dem-
onstrates the thickened wall of the aneurysm. (from forbes CD, Jackson Wf. Color Atlas 
and Text of Clinical Medicine. 3rd ed. London: Mosby; 2003.)

The morbidity and mortality of aortic aneurysms result from both rupture 
and elective repair. A judicious strategy for intervention is therefore essential. 
Open surgical repair consists of insertion of a synthetic prosthetic tube graft. 
When aneurysms involve branch vessels, such as the renal or mesenteric arter-
ies, the vessels must be reimplanted into the graft. Similarly, when a dilated 
aortic root must be replaced in the repair of an ascending thoracic aortic aneu-
rysm, the coronary arteries must be reimplanted. An alternative approach to 
repair abdominal aortic aneurysms and some descending thoracic aneurysms 
is the percutaneous placement of an expandable endovascular stent graft inside 
the aneurysm.2

In a patient with a ruptured aortic aneurysm, emergent repair, preferably 
by the endovascular method when feasible, A1  is required. Randomized trials 
in patients with stab wounds and upper gastrointestinal bleeding and obser-
vational studies of ruptured abdominal aortic aneurysms have raised concerns 
that excessive volume expansion and transfusion before control of bleeding 
may increase the mortality rate.

For patients with asymptomatic abdominal aortic aneurysms smaller than 
5.5 cm in diameter, elective repair, by either the open or endovascular method, 
does not reduce the overall mortality rate. A2  The benefit of elective repair of 
larger abdominal aortic aneurysms has been demonstrated indirectly through 
randomized trials of ultrasound screening, which reduces both aneurysm-related 
and total mortality. A3  Elective endovascular repair has a lower postoperative 
mortality rate than open repair (1.5% vs. 4%), but excess late deaths after endo-
vascular repair result in similar survival rates after 3 to 5 years A4 

,
 A5  and, in one 

trial, a higher mortality rate by 8 years after repair. A6  Patients who have large 
aneurysms and who are medically unfit for open repair have a high rupture 
rate but may not benefit from endovascular repair because of their burdens 
of comorbid conditions. A7  Randomized trial data are insufficient for women, 
who have both a higher rate of rupture and a higher operative mortality rate.

Small aortic aneurysms should be monitored periodically to detect progres-
sive enlargement, which may indicate the need for surgical repair. Whereas 
ultrasonography is the preferred modality for monitoring abdominal aneurysms, 
CT is used for thoracic aneurysms. Surveillance intervals are based on the prob-
ability of exceeding the operative threshold.

For abdominal aortic aneurysms, proposed screening intervals are every 3 
years for aneurysms of 3.0 to 3.9 cm in diameter, 2 years for 4.0 to 4.4 cm in 
diameter, and yearly for 4.5 to 5.4 cm in diameter. Elective repair should be 
considered when the diameter exceeds 5.5 cm. High-volume surgeons and 
hospitals have better outcomes from elective repair.

TREATMENT 

For asymptomatic thoracic aneurysms, management is less certain. No ran-
domized trials have addressed when thoracic aortic aneurysms should be 
repaired or which method is preferable, and data on natural history are limited. 
Endovascular repair of unruptured descending thoracic aortic aneurysms is 
associated with lower perioperative mortality rate than open repair (5-6% vs. 
7-12%), but it does not improve the adjusted 5-year survival rate.3 Normal aortic 
diameter is 1.5 to 2 times greater, and the operative mortality rate is two to 
four times higher in the thoracic aorta compared with the abdominal aorta, 
and the risk of rupture is low for thoracic aneurysms less than 6.0 cm in diameter. 
These comparisons suggest that diameter thresholds for elective repair should 
probably be higher than the 5.5 cm established for abdominal aortic aneurysms. 
An exception may be patients with Marfan syndrome, in whom the risk of 
dissection or rupture is higher and operative mortality rate is lower, perhaps 
because of their younger age. Patients with Marfan syndrome with aortic diam-
eters less than 5 cm are at low risk, but natural history data are inadequate for 
larger diameters. Randomized trials in patients with Marfan syndrome (Chapter 
244), which mostly involve small numbers of patients with normal aortic diam-
eters, have suggested that several drugs (e.g., losartan) can reduce subsequent 
aortic root enlargement, but no differences have yet been demonstrated in 
the progression to aneurysm or in clinical outcomes.

For the rare mycotic aortic aneurysm in patients who have survived bacterial 
endocarditis (Chapter 67), open surgery and endovascular treatment are options.4 
However, late infections, which are often lethal and may be more common after 
endovascular treatment, warrant long-term antibiotic treatment and follow-up.
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blood pressure is falsely low because the subclavian artery is involved in the 
dissection. Pulse delays or deficits, which help identify which blood vessels 
are compromised by the dissection, are evident on physical examination in 
patients whose dissections involve the subclavian, carotid, or femoral arteries.

More than one third of patients with a proximal aortic dissection develop 
acute aortic valve insufficiency. In some patients with acute aortic insufficiency, 
the murmur may be undetectable or unimpressive until the finding of a widened 
pulse pressure leads to more careful examinations. When aortic dissection 
compromises a coronary artery, especially the right coronary artery, myocardial 
ischemia or infarction (Chapter 64) develops. Retrograde dissection can also 
cause acute and even fatal hemopericardium and tamponade (Chapter 62). 
Whereas compromise of flow through the brachiocephalic arteries may produce 
stroke (Chapter 379) or coma, involvement of the spinal arteries may produce 
paraplegia. When a dissection extends into the abdominal aorta, compromised 
flow to one or both renal arteries may result in acute renal failure (Chapter 
112). Mesenteric ischemia or infarction (Chapter 134) may manifest as abdomi-
nal pain and bloody diarrhea. Dissection distal to the aortic bifurcation can 
compromise or occlude one or both common iliac arteries, with a resulting 
femoral pulse deficit and lower extremity ischemia (Chapter 71).

 DIAGNOSIS
Aortic dissection may be suspected based on a typical history or when pulse 
deficits are noted on physical examination. Often, however, an enlarged medi-
astinal silhouette on the chest radiograph of a patient who is being evaluated 
for chest pain (Chapter 45) and possible myocardial ischemia raises concerns 
even though mediastinal widening may be seen in only two thirds of patients 
in whom dissection is ultimately diagnosed. If the descending thoracic aorta 
is involved, a left pleural effusion is commonly seen, sometimes because of 
frank blood but often because of a small exudate from the inflamed aortic 
wall. Electrocardiographic findings in aortic dissection are nonspecific. Blood 
tests are not very helpful, but an acute aortic dissection is unlikely if the plasma 
D-dimer level is below 500 ng/mL.

When the clinical suspicion of aortic dissection is high, the diagnosis must 
be confirmed or excluded emergently with an imaging study (Fig. 69-3).9 
Transesophageal echocardiography (Fig. 69-4) is the most rapid means of 
providing sufficient detail to proceed directly to the operating room. CT (Fig. 
69-5) provides complementary information. Magnetic resonance imaging 
(MRI) provides even better anatomical detail, but it is not as easy to obtain 
emergently, and it can be difficult to provide needed acute care in an MRI 
suite. On cross-sectional imaging, an isolated intramural hematoma appears 
as a crescentic thickening around the aortic wall rather than true and false 
lumens separated by an intimal flap.

Aortic dissection causes about 3000 deaths per year in the United States. 
In patients without Marfan syndrome, the peak incidence of aortic dissection 
is in individuals between 60 and 80 years of age, with men affected 1.5 times 
more frequently than women. Hypertension, especially uncontrolled hyper-
tension, is the dominant risk factor, although patients with a bicuspid aortic 
valve are also at increased risk. Some patients are known to have preexisting 
thoracic aortic aneurysms. Aortic dissections are a rare complication in young 
women during the peripartum period (Chapter 226). Intra-aortic catheteriza-
tion procedures and cardiac surgery are iatrogenic causes of aortic dissection.

 PATHOBIOLOGY
The most common predisposing factor for aortic dissection is degeneration 
of the collagen and elastin in the aortic media. Classic cystic medial degenera-
tion in patients with Marfan syndrome explains the particularly high risk for 
aortic dissection at a relatively young age. Mutations in the transcription factor 
FOXE3 also predispose to thoracic aortic aneurysms and acute aortic dissec-
tions, apparently because they reduce the aorta’s ability to withstand biome-
chanical forces from pulsatile blood. Iatrogenic catheter dissection of the aorta 
is a rare complication of diagnostic or interventional coronary procedures.

Spontaneous aortic dissection typically begins either when a tear in the 
aortic intima exposes the diseased medial layer to the systemic pressure of 
intraluminal blood or when a leaking vasa vasorum creates an intramural 
hematoma. This hematoma may remain relatively localized, or, alternatively 
may propagate longitudinally along a variable length of the aorta and rupture 
through the intima and into the aortic lumen. If such communication occurs, 
the result of an initially intramural hematoma becomes no different from a 
dissection that began with an intimal tear. With dissection, the media cleaves 
longitudinally into two layers, thereby producing a blood-filled false lumen 
that propagates, usually distally but sometimes retrograde, within the aortic 
wall for a variable distance from the site of the intimal tear. The abdominal 
aorta rarely dissects except as an extension of a dissecting thoracic aorta.

 CLINICAL MANIFESTATIONS
Pain, which is the most common initial symptom, occurs in 96% of cases of 
both aortic intramural hematoma and dissection. The pain is typically severe 
and is usually felt in the chest or back, although it may involve the abdomen. 
Pain commonly begins suddenly and is worst at the start. It is often described 
as sharp or ripping. An isolated hematoma rarely causes symptoms other than 
pain. A dissection, however, can cause signs and symptoms related to its propa-
gation, such as acute aortic insufficiency, right coronary artery occlusion, 
hemopericardium, cerebrovascular accident, mesenteric ischemia, or ischemic 
peripheral neuropathy. Syncope (Chapter 56) is associated with proximal dis-
section and worse outcomes.

True hypotension, which is present in more than 25% of patients, augurs a 
poor prognosis. Pseudohypotension occurs when measured upper extremity 

Type A or proximal Type B or distal

Type I Type II Type III

FIGURE 69-2. Classification systems for aortic dissection. (from isselbacher eM. Dis-
eases of the aorta. in: Braunwald e, Zipes DP, Libby P, Bonow ro, eds. Braunwald’s Heart 
Disease: A Textbook of Cardiovascular Medicine. 7th ed. Philadelphia: saunders; 2004:1416.)

Whenever aortic intramural hematoma or dissection is suspected, therapy 
should be instituted immediately even while imaging studies are ordered rather 
than waiting until the diagnosis is confirmed.10 The goals of initial medical 
therapy, which are to halt further progression and reduce the risk for rupture, 
should be the same for an isolated hematoma as for true dissection because 
of the risk that the hematoma will propagate.

Despite the absence of randomized trials, current guidelines recommend 
emergent medical therapy directed at lowering the blood pressure, usually to 
below 120 mm Hg, and heart rate, usually to below 60 beats/min, while main-
taining perfusion to the brain, heart, kidneys, and any other organs whose 
arterial supply may be jeopardized by dissection.11

For acute type A dissection, urgent surgical repair is recommended to reduce 
the risk of life-threatening complications such as rupture, cardiac tamponade, 
severe aortic insufficiency, or stroke. When patients have significant hypoten-
sion, pseudohypotension should be excluded. True hypotension may be caused 
by acute myocardial infarction (Chapter 64) owing to a compromise of the right 
coronary artery or by hemopericardium and cardiac tamponade (Chapter 68) 
as a result of rupture of the dissection into the pericardium. Patients with tam-
ponade should be treated with volume expansion and taken to surgery as 
quickly as possible because the probability of early death is extremely high; 
pericardiocentesis should be performed only as a last resort because it may 
precipitate hemodynamic collapse and death. By comparison, patients with 
chronic type A dissections can often be managed medically because they have 
already survived the early period of high mortality associated with acute proxi-
mal dissections.

Patients with acute type B dissection are at much lower risk for life-threatening 
complications and are usually managed with medical therapy12 because the 
addition of routine endovascular repair to medical treatment has not improved 
survival in small randomized trials of type B dissection. A8  If, however, a type B 

TREATMENT 
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FIGURE 69-3. Algorithms for the evaluation of suspected acute aortic dissection. A, this approach is used in many community hospitals where cardiac surgery is not performed.  
B, this approach is used in many tertiary care centers where transesophageal echocardiography (tee) and cardiac surgery are available. Ct = computed tomography. (Courtesy of eric 
M. isselbacher, MD.)

FIGURE 69-4. Transesophageal echocardiogram of the ascending aorta in the long 
axis in a patient with type A aortic dissection. the aortic valve (aV) is on the left, and 
the ascending aorta extends to the right. Within the aorta is an intimal flap (i) that origi-
nates at the level of the sinotubular junction. the true (t) and the false (f) lumens are 
separated by the intimal flap. La = left atrium. (from isselbacher eM. Diseases of the 
aorta. in: Braunwald e, Zipes DP, Libby P, Bonow ro, eds. Braunwald’s Heart Disease: A 
Textbook of Cardiovascular Medicine. 7th ed. Philadelphia: saunders; 2004:1423.)

A I

I

D

FIGURE 69-5. Aortic dissection. Contrast-enhanced computed tomography scan of 
the chest at the level of the pulmonary artery shows an intimal flap (i) separating the 
two lumens of the ascending (a) and descending (D) thoracic aorta in a type a aortic 
dissection. (Courtesy of eric M. isselbacher, MD.)dissection is associated with a serious complication, such as end-organ ischemia, 

intervention is indicated, with endovascular techniques increasingly preferred 
over open surgery.

For an isolated intramural hematoma, the likelihood of progressive dissection 
or other complications is lower than in patients who initially have dissection, 
especially if the hematoma is small and aortic dimensions are normal. In one 
series of East Asian patients, most intramural hematomas regressed, and surgery 
usually was not necessary. In a Western series, an estimated 10% of hematomas 
regressed spontaneously, and 25 to 50% progressed during the follow-up period. 
Hematomas in the ascending aorta have the highest risk, and surgery is often 
recommended for them. For distal intramural hematomas, management is 
generally the same as for distal dissection, with surgery reserved for patients 
with progressive disease (Fig. 69-6).

Iatrogenic aortic dissection during a diagnostic or interventional coronary 
procedure carries an excellent short- and long-term prognosis with conservative 

treatment, which includes stenting when a coronary artery is involved as an 
entry point. Before discharge, medically managed patients should be started 
on a regimen that will control hypertension and reduce ventricular contractility. 
Recommendations emphasize β-blockers (e.g., metoprolol 25 to 200 mg twice 
daily) as the drugs of choice in this setting, but a second (e.g., lisinopril 5 to 
40 mg/day) or third (amlodipine 2.5 to 10 mg/day or hydrochlorothiazide 12.5 
to 50 mg/day) agent usually is required to achieve the goal of systolic blood 
pressure less than 120 mm Hg (Chapter 70), although little evidence supports 
treatment goals different from those used for the general population.
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with serial aortic imaging at 6-month intervals for the first 2 years and annu-
ally thereafter, provided that their anatomy is stable.

 TAKAYASU ARTERITIS
Takayasu arteritis is a chronic inflammatory disease of unknown cause. The 
median age at onset is 29 years, and it is eight times more frequent in women 
than in men. It occurs more often in Asia and Africa than in Europe or North 
America. The early stage is characterized by active inflammation involving the 
aorta and its branches. The disease often progresses at a variable rate to a 
sclerotic stage with intimal hyperplasia, medial degeneration, and obliterative 
changes. Most of the resulting arterial lesions are stenotic, but aneurysms may 
also occur.

Takayasu arteritis involves the aorta and its branches, and it occasionally 
involves the pulmonary artery as well. The disease tends to be most pronounced 
at branch points in the aorta, especially the aortic arch, brachiocephalic vessels, 
and abdominal aorta. Takayasu arteritis can be diffuse or patchy, and affected 
areas may be separated by variable lengths of normal aorta.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Most patients initially develop symptoms of a systemic inflammatory process, 
including fatigue, headache, fever, night sweats, arthralgia, and weight loss.13 
By the time of diagnosis, however, 90% of patients have symptoms of vascular 
insufficiency, typically with claudication in the upper extremities and some-
times in the lower extremities.

Physical examination commonly reveals absent pulses and diminished blood 
pressure in the upper extremities, consistent with why Takayasu arteritis has 
sometimes been called pulseless disease. Bruits may be heard in over the affected 
arteries. More than 50% of patients have significant hypertension because 
of renal artery involvement, but hypertension may be difficult to diagnose 
on routine examination because of the diminished pulses. Proximal aortic 
involvement can cause aortic valve insufficiency. Involvement of the ostia of 
the coronary arteries may cause angina or myocardial infarction, and patients 
may develop heart failure owing to myocardial infarction, hypertension, or 
aortic insufficiency. Carotid artery involvement may cause cerebral ischemia 
or stroke. Abdominal angina may result from compromise of the mesenteric 
circulation.

Laboratory abnormalities during the acute phase include elevated C-reactive 
protein (CRP) level, an elevated erythrocyte sedimentation rate (ESR), anemia, 
mild leukocytosis, and elevated immunoglobulin levels. The diagnosis is best 
made by aortography, CT angiography, or MR angiography, which reveal ste-
nosis of the aorta and stenosis or occlusion of its branch vessels, often with 
poststenotic dilation or associated aneurysms.

 TREATMENT AND PROGNOSIS
Corticosteroids (e.g., prednisone 60 to 100 mg/day, often continued for months 
and tapered only when symptoms or evidence of inflammation subside) are 
the primary therapy for the acute inflammatory stage and may be effective in 
improving constitutional symptoms, lowering the ESR, and slowing the pro-
gression of the disease. Additional immunosuppressive medications that are 
used when corticosteroid therapy alone is ineffective include the interleukin-6 
receptor antibody tocilizumab (162 mg/week subcutaneously)14 and metho-
trexate (15 to 25 mg/week). It is unknown whether medical therapy reduces 
the risk for major complications or prolongs life.

Percutaneous balloon angioplasty can effectively dilate short stenotic lesions 
of the aorta and its branch arteries, although restenosis is common. Surgery 
may be necessary to bypass or reconstruct key segments, such as the coronary, 
carotid, or renal arteries, or to treat aortic insufficiency. Ideally, surgery should 
not be performed during the inflammatory phase.

About 50% of patients will suffer a relapse within 10 years of diagnosis.15 
The overall 15-year survival rate in patients diagnosed with Takayasu arteritis 
is about 85%, about 65% in patients with major complications, and about 
95% in patients without major complications. Most deaths result from stroke, 
myocardial infarction, or heart failure.

 GIANT CELL ARTERITIS
Giant cell arteritis (Chapter 255) typically affects medium-sized arteries, but 
in 15% of cases, it involves the aorta and branches of the aortic arch.16,17 Nar-
rowing of the aorta is rare, but weakening of the wall of the ascending aorta 
may lead to localized thoracic aortic aneurysms and secondary aortic valve 
insufficiency. If branches of the aortic arch are narrowed, symptoms will be 
similar to those seen in Takayasu arteritis. The arteriographic lesions of the 
aorta and its primary branches are generally similar to Takayasu arteritis, 
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FIGURE 69-6. Intramural aortic hematoma. A, Contrast-enhanced computed tomog-
raphy (Ct) scan of the chest at the level of the pulmonary artery demonstrates an intra-
mural hematoma (h) of the descending thoracic aorta (D). the hematoma appears as a 
crescentic thickening of the aortic wall that does not enhance from the contrast within 
the aortic lumen. the ascending thoracic aorta (a) is unaffected. B, Corresponding image 
from a non–contrast-enhanced Ct scan in which the intramural hematoma appears as a 
bright crescentic thickening of the aortic wall because the density of the hematoma is 
greater than that of the blood within the aortic lumen. C, Corresponding image from a 
contrast-enhanced Ct scan performed 1 week later for surveillance in which the intramural 
hematoma has evolved into a classic aortic dissection with an intimal flap (i) and contrast 
evident within a patent false lumen. (Courtesy of eric M. isselbacher, MD.)

 PROGNOSIS
The acute mortality rate from untreated type A dissection is about 1% per 
hour, and most deaths with either type occur within 7 days of the onset of 
symptoms. Patients are at highest risk for complications during the first 2 
years, but patients who survive the initial hospitalization generally do well 
thereafter, regardless of whether they were treated medically or surgically. 
Continued blood pressure control may reduce the long-term risk of complica-
tions such as aortic insufficiency, recurrent dissection, aneurysm formation, 
and aneurysm rupture. Some progressive aortic expansion typically occurs 
without symptoms, so medically treated patients must be observed closely 
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thereby suggesting that Takayasu arteritis and giant cell arteritis may be part 
of a spectrum of the same disease. Giant cell arteritis is associated with increased 
risks for atherosclerotic events, such as myocardial infarction and stroke.

The mean age of onset is about 67 years. Symptoms include headaches, 
visual disturbances, polymyalgia rheumatica, jaw claudication, and fever 
(Chapter 255). An elevated ESR is a universal finding; the serum CRP level 
is typically elevated, and anemia is common. Because the temporal artery is 
commonly involved, the diagnosis is usually made by temporal artery biopsy, 
including contralateral biopsy if the first biopsy is negative. In patients with 
visual symptoms, scheduling of temporal artery biopsy should not delay treat-
ment because of the risk of sudden blindness and because biopsy specimens 
remain diagnostic for weeks after the onset of therapy. Management is with 
high-dose corticosteroid therapy (e.g., prednisone 60 to 100 mg/day, often 
for months and tapered only after symptoms or evidence of inflammation 
subside), to which the disease is usually responsive. Tocilizumab (162 mg 
subcutaneously every other week) has substantial benefit for inducing and 
sustaining corticosteroid-free remission. A9  The addition of abatacept (10 mg/
kg on days 1, 15, and 29 and week 8) to prednisone can reduce the risk of 
relapse. A10  Initial use of an intravenous corticosteroid pulse dose or of metho-
trexate does not add benefit.
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70 
ARTERIAL HYPERTENSION
RONALD G. VICTOR

 DEFINITION
Hypertension was traditionally defined as a usual office blood pressure of 
140/90 mm Hg or higher, but recent U.S. guidelines have changed the defini-
tion to 130/801 based on blood pressure levels for which the benefits of drug 
treatment seem to outweigh the risks. This new definition is supported by 
epidemiologic data showing continuous positive relationships between the risks 
of coronary artery disease and stroke deaths with office blood pressure down 
to as low as 100 to 110/75 mm Hg, as well as new data showing additional 
benefits of intensive lowering of systolic blood pressure to 120 mm Hg in 
certain high-risk groups of patients. In addition, increasing evidence indicates 

that unattended automated office blood pressures, home blood pressures, and 
especially 24-hour ambulatory blood pressures are superior to manual office 
blood pressure readings for establishing the diagnosis of hypertension and 
for guiding therapy.

 EPIDEMIOLOGY
Arterial hypertension affects about 30% of the world’s adult population (80 
million adults in the United States and 1.4 billion people worldwide). It is 
the leading cause of death in the world and the most common cause for an 
outpatient visit to a physician.

Hypertension also is a treatable risk factor for stroke (Chapters 378, 379, 
and 380), myocardial infarction (Chapters 63 and 64), heart failure (Chapters 
52 and 53), peripheral vascular disease (Chapter 71), aortic dissection (Chapter 
69), atrial fibrillation (Chapter 58), end-stage renal disease (Chapter 121), 
and dementia (Chapter 374). Between 2000 and 2015, the burden of hyper-
tension rose markedly—especially in low-income countries of Africa, Asia, 
and Eastern Europe—largely because of an aging population.2 The greatest 
hypertension-related disability is from ischemic heart disease, followed by 
hemorrhagic and ischemic stroke. About 60% of this disability occurs in indi-
viduals with office systolic blood pressure 140 mm Hg or higher, and the 
other 40% occurs in individuals with office systolic blood pressure between 
115 to 139 mm Hg.

Because of delays in diagnosis, frequent undertreatment, and poor adher-
ence with medications, blood pressure remains 140/90 mm Hg or higher in 
half of affected individuals in the United States. The resultant annual cost to 
the U.S. health care system exceeds $48 billion and is projected to increase 
to $274 billion by the year 2030.

Aging and Pulse Pressure
Both systolic and diastolic blood pressure are important. In industrialized 
societies, systolic blood pressure rises progressively with age; if individuals 
live long enough, almost all (>90%) will develop hypertension (Fig. 70-1). 
This age-dependent rise in blood pressure, especially systolic blood pressure, is 
not, however, an essential part of human biology. In less developed countries 
where consumption of salt and calories is low, blood pressure is lower and 
does not rise as much with age. In more developed countries, diastolic blood 
pressure rises until the age of 50 years and decreases thereafter, thereby pro-
ducing a progressive rise in pulse pressure (systolic pressure minus diastolic 
pressure) (E-Fig. 70-1).

Different hemodynamic problems underlie hypertension in middle-age and 
older persons. Patients who develop hypertension before age 50 typically 
have combined systolic and diastolic hypertension: systolic blood pressure140 
mm Hg or higher and diastolic blood pressure 90 mm Hg or higher. The 
main hemodynamic problem is vasoconstriction at the level of the resis-
tance arterioles. In contrast, most patients who develop hypertension after 
the age of 50 years have isolated systolic hypertension: systolic blood pressure 
140 mm Hg or higher but diastolic pressure below 90 mm Hg. In isolated 
systolic hypertension, the primary hemodynamic problem is decreased dis-
tensibility of the large conduit arteries. Collagen replaces elastin in the elastic 
lamina of the aorta, a process that is accelerated by both aging and hyper-
tension. When pulse wave velocity increases sufficiently, the rapid return 
of the arterial pulse wave from the periphery augments aortic systolic pres-
sure. The augmented systolic load on the left ventricle increases myocardial  
oxygen demand.

Gender and Race/Ethnicity
Before the age of 50 years, hypertension is less common in women than men, 
thereby suggesting a protective effect of estrogen. After menopause, hyperten-
sion is more common in women than men.

Currently, about 40% of non-Hispanic black adults in the United States 
have hypertension, compared with about 30% of non-Hispanic white adults, 
25% of Asian adults, and 25% of Hispanic adults. Black Americans also have 
an earlier onset and more severe hypertension, and they suffer greater target 
organ damage that leads to excess premature disability and death. In the Boga-
lusa Heart Study, African American children already had higher blood pressures 
than white children by grade school. Hypertension and its complications are 
even more prevalent in many predominantly white European countries than 
among black Americans, but are far less prevalent among black Africans (E-Fig. 
70-2). Furthermore, the prevalence of hypertension does not vary between 
black and non-black Hispanic adults in Cuba. These international data under-
score the importance of environment and social determinants of blood pressure 
specifically and health in general (Chapter 4).
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ABSTRACT
Arterial hypertension, which is now defined as a blood pressure of 
130/80 mm Hg or higher, is a major risk factor for cardiovascular disease, 
including stroke, myocardial infarction, heart failure, peripheral vascular disease, 
aortic dissection, atrial fibrillation, end-stage renal disease, and dementia. 
Comprehensive evaluation, accurate measurement, assessment of global car-
diovascular risk, and detection of any secondary forms of hypertension are 
critical initial goals. Conventional blood pressure measurement in the office 
is an excellent screening approach, but treatment is oftentimes better guided 
by ambulatory blood pressure monitoring. Secondary causes of hypertension 
include primary aldosteronism, chronic kidney disease, renal vascular disease, 
coarctation of the aorta, Cushing syndrome, and pheochromocytoma. Modern 
treatment options emphasize the use of several low-dose medications simul-
taneously, especially calcium-channel blockers, renin-angiotensin system 
blockers, and thiazide-type diuretics. Specific choices among drugs are often 
guided by the presence or absence of specific clinical characteristics. Poorly 
responsive hypertension is usually the result of inadequate therapy, poor adher-
ence to therapy, or medications that interfere with anti-hypertensive therapy. 
Hypertensive emergencies (typically blood pressure above 220/130 mm Hg) 
require urgent intervention. Prognosis is excellent if blood pressure is adequately 
treated, but undertreatment is common, and overtreatment can result in symp-
tomatic hypotension, syncope, and falls.
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The complex regulation of blood pressure has thwarted the genetic dissec-
tion of primary human hypertension, with genome-wide association studies 
suggesting multiple risk alleles, each having very small effects. Mutations in 
20 salt-handling genes cause ultra-rare syndromes of severe, early-onset hypo-
tension (salt-wasting syndromes) or hypertension (all inherited as mendelian 
traits). The clinical relevance of these mutations to common primary hyper-
tension has been limited, although heterozygous mutations in genes underlying 
the pediatric salt-wasting syndromes (Bartter and Gitelman; Chapter 119) 
are present in 1 to 2% of the general adult population and confer resistance 
against primary hypertension.

 CLINICAL MANIFESTATIONS
The asymptomatic nature of hypertension and the inherent variability in blood 
pressure delay the diagnosis of hypertension. Hypertension is commonly 
considered a “silent killer,” which can be asymptomatic, undetected, and 
untreated, while it silently damages the blood vessels, heart, brain, and kidneys.

The principal clinical manifestations are related to end-organ damage, espe-
cially ischemic heart disease (Chapters 62, 63, and 64), heart failure (Chapters 
52 and 53), and stroke (Chapters 379 and 380). Renal damage (Chapter 116) 
commonly is first suspected by an asymptomatic elevation in the serum cre-
atinine level (Chapter 106). Rarely in industrialized countries but more com-
monly in developing countries, a previously undiagnosed patient may present 
with a hypertensive emergency—blood pressure typically 220/130 or higher 
with acute cardiac or neurologic signs and symptoms (see later).

 DIAGNOSIS
Initial Evaluation for Hypertension
The initial evaluation for hypertension should accomplish three goals: accurate 
blood pressure measurement, assessment of the patient’s global cardiovascular 
disease risk, and detection of secondary (i.e., identifiable and potentially 
curable) forms of hypertension.

Goal 1: Accurate Measurement of Blood Pressure
Four options are available for the reliable measurement of blood pressure 
(Table 70-1).

Conventional Auscultatory Office Blood Pressure
Auscultatory measurement of blood pressure by medical personnel is the 
conventional—and least accurate—approach to diagnose hypertension. The 
diagnosis should be made on the average of two or more readings taken at 
two or more office visits. Blood pressure should be measured at least twice 
after 5 minutes of rest, with the patient seated in a chair, the back supported, 
and the arm bare and at heart level. A large adult-sized cuff should be used to 
measure blood pressure in overweight adults, because the standard-sized cuff 
can spuriously elevate readings. Tobacco and caffeine should be avoided for 
more than 30 minutes. Blood pressure should be measured in both arms and 
after 5 minutes of standing, the latter to exclude orthostatic hypotension, 
especially in older persons and in patients with diabetes or other conditions 
(e.g., Parkinson disease) that predispose to autonomic insufficiency (Chapter 
390). Unfortunately, conventional office-based readings often are inaccurate 
because of measurement errors, the small number of readings, the white coat 
(alerting) reaction, stressors encountered in daily life, and the inability to 
diagnose nocturnal hypertension.

 PATHOBIOLOGY
In 90 to 95% of hypertensive patients, a single reversible cause cannot be 
identified, hence the term primary hypertension. However, in most patients 
with primary hypertension, readily identifiable behaviors—excessive consump-
tion of salt, calories, or alcohol—contribute to the elevated blood pressure. 
In the remaining 5 to 10%, a more discrete mechanism can be identified, and 
the condition is termed secondary or identifiable hypertension. At the organ-
system level, hypertension results from a gain-in-function of pathways that 
promote vasoconstriction and renal sodium retention or a loss-in-function of 
pathways that promote vasodilation and renal sodium excretion. Neural, hor-
monal, renal, and vascular mechanisms all are involved, hence the advantage 
of multidrug treatment regimens.

Behavioral Determinants of Human Blood  
Pressure Variation
The most important behavioral determinants of blood pressure are related to 
dietary consumption of calories and salt. Across populations, the prevalence 
of hypertension increases linearly with average body mass index. With the 
obesity epidemic, increasing attention is being paid to the metabolic syndrome 
(Chapter 216): the frequent clustering of hypertension with abdominal adi-
posity, insulin resistance with glucose intolerance, and a dyslipidemic pattern 
consisting typically of elevated plasma triglyceride and low high-density lipo-
protein cholesterol levels. The underlying mechanisms by which weight gain 
leads to hypertension are incompletely understood, but there is compelling 
evidence for an expanded plasma volume plus sympathetic overactivity. The 
sympathetic overactivity is thought to be a compensatory attempt to burn fat 
but at the expense of peripheral vasoconstriction, renal salt and water reten-
tion, and hypertension. Obese persons often have obstructive sleep apnea, 
which may contribute to nocturnal hypertension by causing frequent arousal 
from sleep and resulting sympathetic activation (Chapter 377).

Dietary sodium intake is another key behavioral determinant of human 
hypertension. In the INTERSALT study of 52 locations around the world, 
the risk of developing hypertension during three decades of adult life was 
linearly and tightly related to dietary sodium intake. Interindividual variability 
in blood pressure responses to dietary sodium loading and sodium restriction 
indicates an important genetic underpinning.

Genetic Determinants of Human Blood Pressure Variation
Concordance of blood pressure is greater within families than in unrelated 
individuals, greater between monozygotic twins than between dizygotic twins, 
and greater between biologic siblings than between adoptive siblings living 
in the same household. As much as 70% of the familial aggregation of blood 
pressure is attributed to shared genes rather than to shared environment.
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FIGURE 70-1. Aging and blood pressure. Age-dependent changes in systolic and dia-
stolic blood pressure in the United states. (From Burt V, Whelton p, rocella eJ, et al. 
prevalence of hypertension in the U.s. adult population: results from the third national 
Health and nutrition examination survey, 1988-1991. Hypertension. 1995;25:305-313.)

TABLE 70-1 DEFINITIONS OF HYPERTENSION BY OFFICE 
AND OUT-OF-OFFICE BLOOD PRESSURE LEVELS

CATEGORY
SYSTOLIC 
(mm Hg)

DIASTOLIC 
(mm Hg)

Conventional office blood pressure ≥140 and/or ≥90
Unattended automated office blood pressure ≥135 and/or ≥85
Home blood pressure ≥135 and/or ≥85
Ambulatory blood pressure monitor

•	 Daytime	(or	awake) ≥135 and/or ≥85
•	 Nighttime	(or	sleep) ≥120 and/or ≥70
•	 24	hour ≥130 and/or ≥80

Modified from Parati G, Stergiou G, O’Brien E, et al. European Society of Hypertension practice 
guidelines for ambulatory blood pressure monitoring. J Hypertens. 2014;32:1359-1366. Gabb GM, 
Mangoni AA, Anderson CS, et al. Guideline for the diagnosis and management of hypertension in 
adults—2016. Med J Aust. 2016;205:85-89.
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be used to screen high-risk patient populations such as African Americans 
and patients with diabetes to prevent undertreatment of masked hypertension 
is unclear.

Goal 2: Cardiovascular Risk Stratification
Although the risk of cardiovascular disease increases with increasing blood 
pressure, it also increases if the patient has hypertensive target organ damage 
or additional cardiovascular risk factors (Table 70-2).6 The minimal laboratory 
testing required for the initial evaluation of hypertension is determination of 
blood electrolyte, fasting glucose, and serum creatinine levels (with calculated 
glomerular filtration rate [GFR]), a fasting lipid panel, hematocrit, spot uri-
nalysis (including urine albumin-to-creatinine ratio), and a resting 12-lead 
electrocardiogram (ECG).

The gradient of increasing blood pressure levels with cardiovascular risk 
steepens as additional risk factors accumulate (see AHA/ACC Pooled Cohort 
Calculator http://tools.acc.org/ASCVD-Risk-Estimator/). Patients with high 
cardiovascular risk scores merit consideration for intensive blood pressure 
lowering therapy. Many hypertensive patients also will benefit from statin 
therapy because of their overall increase in cardiovascular risk (Chapter 195).

Goal 3: Identification and Treatment of Secondary 
(Identifiable) Causes of Hypertension
The third goal of the initial evaluation is to screen for identifiable causes of 
hypertension (Table 70-3), in the hope of finding a surgical cure. Although 
a search for identifiable causes is not cost-effective in most patients with hyper-
tension, it becomes critically important when there is a compelling finding 
on the initial evaluation or when the hypertension is severe, difficult to manage, 
or associated with target organ damage.

 PRIMARY ALDOSTERONISM
Primary aldosteronism is the most common reversible form of hypertension.7 
Its prevalence ranges from 1% of patients with Stage 1 hypertension to as high 
as 20% of patients with resistant hypertension. Excessive aldosterone secretion 
overstimulates the mineralocorticoid receptor in the distal nephron, thereby 
causing excess sodium retention via the epithelial sodium channel (ENaC). 
Sodium retention both expands the blood volume to cause hypertension and 
drives the renal Na+,K+-ATPase to cause renal potassium wasting. The classic 
picture of primary aldosteronism is a middle-aged adult with severe systolic/
diastolic hypertension and unprovoked or easily provoked hypokalemia. 
However, more than one third of patients with this condition do not have 

TABLE 70-2 RISKS INFLUENCING PROGNOSIS IN PATIENTS 
WITH HYPERTENSION

RISK FACTORS FOR CARDIOVASCULAR DISEASE

Higher systolic and diastolic blood pressure levels
Higher levels of pulse pressure (in the elderly)
Age: men >55 years; women >65 years
Smoking
Dyslipidemia (LDL-C >115 mg/dL)
Diabetes mellitus
Impaired fasting glucose level (102-125 mg/dL) or abnormal glucose tolerance test 

result
Family history of premature cardiovascular disease
Abdominal obesity
SUBCLINICAL TARGET ORGAN DAMAGE

Left ventricular hypertrophy
Carotid wall thickening or plaque
Low estimated glomerular filtration rate (≤60 mL/min/1.73 m2)
Microalbuminuria with urine albumin-to-creatinine ratio ≥30 mg/g
Ankle-brachial blood pressure index <0.9
ESTABLISHED TARGET ORGAN DAMAGE

Cerebrovascular disease: ischemic stroke, cerebral hemorrhage, transient ischemic 
attack

Heart disease: myocardial infarction, angina, coronary revascularization, heart failure
Renal disease: diabetic nephropathy, renal impairment
Peripheral arterial disease
Eye disease: retinopathy with hemorrhages or exudates; papilledema
LDL-C = low-density lipoprotein-cholesterol.
Modified from Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC practice guidelines for the 
management of arterial hypertension. Blood Press. 2014;23:3-16

Automated Office Blood Pressure
Unattended automated office blood pressure can be measured using an oscil-
lometric monitor that takes 3 readings at 1-minute intervals after the patient 
is unattended by medical staff and unaccompanied by family members in the 
examination room for 5 minutes. Hypertension is diagnosed when the mea-
surement is135/85 mm Hg or higher. Automated office blood pressure reduces 
but does not eliminate the white coat reaction.

Home Blood Pressure Monitoring
Office blood pressure, whether measured by medical personnel or by an auto-
mated monitor, can both overestimate and underestimate a person’s blood 
pressure as measured at home. Home blood pressure monitoring improves 
medication compliance by engaging patients in their own medical care. Patients 
should be instructed to perform home monitoring as follows: rest quietly for 
5 minutes in the seated position with the back supported and the arm sup-
ported on a table at heart level; take 3 readings in the morning and 3 readings 
in the evening for at least 4 consecutive days. The first day’s readings should 
be discarded as being falsely elevated, and all other readings should be aver-
aged to make clinical decisions. Hypertension is diagnosed by average home 
blood pressure 135/85 mm Hg or higher. Each monitor should be checked 
in the office for accuracy and cuff size. Unfortunately, some patients become 
obsessive about monitoring their blood pressure at home and may need to 
be advised to stop altogether.

Ambulatory Blood Pressure Monitoring
Ambulatory monitoring is the gold standard: it provides automated measure-
ments of blood pressure during a 24- or 48-hour period while patients are 
engaged in their usual activities, including sleep (E-Fig. 70-3). Ambulatory 
monitoring predicts fatal and nonfatal MI and stroke better than standard 
office measurement does. Current consensus guidelines define out-of-office 
hypertension as: average daytime blood pressure 135/85 mm Hg or higher, 
or nighttime blood pressure 120/70 mm Hg or higher, or 24-hour blood pres-
sure 130/80 mm Hg or higher (see Table 70-1). Optimal values are: daytime 
less than 130/80, nighttime less than 110/65, and 24-hour less than 125/75. 
Ambulatory monitoring prevents both overtreatment and undertreatment of 
blood pressure.

White Coat and Masked Hypertension
Patients with high office blood pressures can have normal blood pressures at 
home and on ambulatory blood pressure monitoring. If the out-of-office blood 
pressure is normal and there is no target organ damage despite high office 
readings, the patient has “white coat” hypertension, which is caused by a 
transient adrenergic response to the measurement of blood pressure only in 
the medical setting. White coat hypertension is benign if the global risk of 
cardiovascular disease is low.3 Both the prevalence and the severity of white 
coat hypertension increase sharply with age.4 Many patients do not have pure 
white coat hypertension but rather a white coat reaction superimposed on a 
milder level of out-of-office hypertension that needs treatment (E-Fig. 70-3).

In other patients, office readings underestimate ambulatory blood pressures, 
presumably because of sympathetic overactivity (e.g., owing to job stress, 
home stress, or tobacco smoke) that dissipates when the patient comes to the 
office. Such “masked hypertension” carries the same increased cardiovascular 
risk as sustained office and home hypertension and is particularly common 
in elderly persons and patients with diabetes or chronic kidney disease (E-Fig. 
70-4).5 Both white coat and masked hypertension are so common in elderly 
patients that office blood pressure measurements alone, without home or 
ambulatory monitoring, lead to either overtreatment or undertreatment in 
three out of every four patients.

Ambulatory monitoring is the only way to detect hypertension during sleep 
(see E-Fig. 70-4). Blood pressure normally dips during sleep and increases 
sharply when a person awakens and becomes active. Nocturnal hypertension 
increases the aggregate hemodynamic load on the cardiovascular system and 
predicts future cardiovascular disease better than do measurements of blood 
pressure in the office or during the daytime. Based on mounting evidence, 
the 2015 U.S. Preventive Services Task Force concluded that ambulatory 
monitoring is the best method for diagnosing hypertension and recommended 
it to confirm or reject the diagnosis of hypertension in patients with an elevated 
office blood pressure below 180/110 mm Hg. Ambulatory monitoring also 
is invaluable for managing patients with apparent drug-resistant hypertension 
and patients with orthostatic hypotension/supine hypertension related to 
autonomic failure (Chapter 390). Whether ambulatory monitoring should 

http://tools.acc.org/ASCVD-Risk-Estimator/
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hypokalemia on initial presentation, and the diagnosis should also be consid-
ered in any patient with resistant hypertension, hypertensive heart disease, 
easily provoked hypokalemia on diuretic therapy, a family history of aldoste-
ronism, or an incidentally discovered adrenal mass.

 DIAGNOSIS
Patients with suspected primary aldosteronism should be screened with a 
serum aldosterone level and plasma renin activity at 8 am, when aldosterone 
secretion is highest.8 Patients with a positive screening test (serum aldosterone 
≥12 and plasma renin activity <1) should be referred to a hypertension spe-
cialist for confirmatory testing, because two thirds may have a unilateral 
aldosterone-producing adenoma (Conn syndrome) and be candidates for 
surgical cure. Because small microadenomas typically cause Conn syndrome, 
both computed tomography (CT) and magnetic resonance imaging (MRI) 
have too many false-positive and false-negative results to be used as a nonin-
vasive alternative to invasive adrenal vein sampling, which should be performed 
only by an experienced interventional radiologist in a high-volume tertiary 
center.

Laparoscopic adrenalectomy is recommended for patients with Conn syn-
drome. Mineralocorticoid receptor blockade with eplerenone (typically 50 to 
100 mg per day in divided doses) is recommended for patients who are not 
surgical candidates or who have bilateral adrenal hyperplasia rather than a 
discrete adema or microadema. The FDA-approved daily dose of 100 mg may 
need to be exceeded (200 to 400 mg per day in divided doses) to achieve the 
desired clinical end points: plasma renin activity >1, serum potassium level 
>4.0 without any potassium supplements, and control of hypertension with a 
tolerable multidrug regimen.

TREATMENT 

 RENAL PARENCHYMAL HYPERTENSION
Hypertension is present in more than 85% of patients with chronic kidney 
disease (Chapter 121) and is a major factor causing their increased cardio-
vascular morbidity and mortality. The mechanisms causing the hypertension 
include an expanded plasma volume and peripheral vasoconstriction; the 
peripheral vasoconstriction is caused by both activation of vasoconstrictor 
pathways (renin-angiotensin and sympathetic nervous systems) and inhibition 
of vasodilator pathways (nitric oxide).

Measurement of serum creatinine alone is an inadequate screening test for 
renal insufficiency. Creatinine clearance should be calculated (www.nephron.com) 
(Chapter 106) to screen for an estimated GFR less than 60 mL/minute per 
1.73 m2. Also, a spot urine specimen should be obtained to screen for micro-
albuminuria, which is defined as a urine albumin-to-urine creatinine ratio of 

TREATMENT 

TABLE 70-3 GUIDE TO EVALUATION OF IDENTIFIABLE CAUSES OF HYPERTENSION
SUSPECTED DIAGNOSIS CLINICAL CLUES DIAGNOSTIC TESTING
Primary aldosteronism (Chapter 214) Drug-resistant hypertension, hypertensive heart disease 

(left ventricular hypertrophy, atrial fibrillation), 
hypokalemia, incidentally discovered adrenal mass

Plasma renin and serum aldosterone; 24-hour urine aldosterone after oral 
salt loading; adrenal vein sampling

Chronic kidney disease (Chapter 121) Estimated GFR <60 mL/min/1.73 m2 Urine albumin-to-creatinine ratio ≥30 mg/g
Renal sonography

Renovascular disease (Chapter 116) New elevation in serum creatinine; marked elevation in 
serum creatinine with ACE inhibitor or ARB; 
drug-resistant hypertension, flash pulmonary edema, 
abdominal or flank bruit

Renal duplex Doppler sonography; CT or MR angiography; invasive 
angiography

Coarctation of the aorta (Chapter 61) Arm pulses > leg pulses, arm BP > leg BP, chest bruits, rib 
notching on chest radiography

MR angiography; TEE; invasive angiography

Cushing syndrome (Chapter 214) Incidental adrenal mass, truncal obesity, wide and 
blanching purple striae, muscle weakness

1 mg dexamethasone-suppression test; urinary cortisol after 
dexamethasone; adrenal CT

Pheochromocytoma (Chapter 215) Incidental adrenal mass; paroxysms of hypertension, 
palpitations, perspiration, and pallor; diabetes

Plasma metanephrines; 24-hour urinary metanephrines and catecholamines; 
abdominal CT or MR imaging

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BP = blood pressure; CT = computed tomography; GFR = glomerular filtration rate; MR, magnetic resonance; TEE = 
transesophageal echocardiography.

30 to 300 mg/g (equivalent to excretion of 30 to 300 mg of albumin per 24 
hours), with higher levels of albuminuria indicating more advanced chronic 
kidney disorder.

In patients with mild (stage 2: GFR of 60 to 90 mL/minute per 1.73 m2) 
or moderate (stage 3: GFR of 30 to 60 mL/minute per 1.73 m2) proteinuric 
chronic kidney disease, stringent blood pressure control is important both to 
slow the progression of renal disease and to reduce the excessive cardiovascular 
risk. In patients with severe chronic kidney disease, hypertension often becomes 
difficult to treat and may require either (1) intensive medical treatment with 
loop diuretics, potent vasodilators (e.g., minoxidil), high-dose β-adrenergic 
blockers, and central sympatholytics; or (2) initiation of chronic hemodialysis 
as the only effective way to reduce plasma volume. In chronic hemodialysis 
patients, the challenge is to control interdialytic hypertension without exac-
erbating dialysis-induced hypotension. The annual mortality rate in the hemo-
dialysis population (Chapter 122) is 25%, with half of the excess mortality 
caused by cardiovascular events related, at least in part, to hypertension.

 RENOVASCULAR HYPERTENSION
The two main causes of renal artery stenosis (Chapter 116) are atherosclerosis 
(85% of cases), typically in older persons with other clinical manifestations 
of systemic atherosclerosis, and fibromuscular dysplasia (15% of cases), typi-
cally in otherwise healthy young women. Unilateral renal artery stenosis can 
cause underperfusion of the juxtaglomerular cells, thereby resulting in renin-
dependent hypertension even though the contralateral kidney maintains normal 
blood volume. In contrast, bilateral renal artery stenosis (or unilateral stenosis 
with a solitary kidney) constitutes a potentially reversible cause of progressive 
renal failure and volume-dependent hypertension.

 CLINICAL MANIFESTATIONS
Most patients with atherosclerotic renal artery are older persons with hyper-
tension, hyperlipidemia, and clinically evident atherosclerosis in their coronary, 
peripheral arterial, or cerebrovascular circulation. Although atherosclerotic 
renal artery stenosis and hypertension frequently coexist, the presence of a 
renal artery stenosis proves neither that the patient’s hypertension is renovas-
cular in origin nor that revascularization will improve renal perfusion and 
blood pressure.

Three typical presentations of severe atherosclerotic renal artery are: (1) 
drug-refractory hypertension, (2) flash pulmonary edema, and (3) ische-
mic nephropathy. Fibromuscular hyperplasia may be suggested based on 
disease in the carotid or other arteries in young patients, especially women, 
with difficult-to-treat hypertension (Chapter 116) but no family history of  
hypertension.

 DIAGNOSIS
Patients suspected of having renal artery stenosis (<5% of all hypertensive 
persons) should be screened using noninvasive duplex ultrasonography in an 
experienced vascular laboratory. If renal artery stenosis is detected and the 

http://www.nephron.com/
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Balloon angioplasty, without stenting, is the intervention of choice for fibro-
muscular dysplasia, with correction of the hypertension in about 45% of patients 
(Chapter 116). In contrast, most atherosclerotic renal artery lesions do not cause 
hypertension or progressive renal failure, and most patients will not benefit 
from revascularization (stenting), which carries substantial risks for serious 
complications.9 As a result, medical management of hypertension (with a regimen 
that includes a renin-angiotensin system inhibitor) and associated atherosclerotic 
risk factors is first-line treatment for atherosclerotic renal artery. Whether inter-
ventions are helpful in a select group of patients with truly drug-resistant 
hypertension, a progressive decline in renal function (ischemic nephropathy), 
or recurrent acute (“flash”) pulmonary edema, is unproven (Chapter 116).

TREATMENT 

the extra-adrenal chromaffin cells (Chapter 215). The diagnosis should be 
suspected when hypertension is drug resistant or paroxysmal, particularly 
when accompanied by paroxysms of headache, palpitations, pallor, or diapho-
resis. Pheochromocytoma can be misdiagnosed as panic disorder. A family 
history of early-onset hypertension may suggest pheochromocytoma as part 
of the multiple endocrine neoplasia syndromes (Chapter 218). An increasing 
number of pheochromocytomas are being detected incidentally on abdominal 
imaging studies for nonadrenal indications. If the diagnosis is missed, out-
pouring of catecholamines from the tumor can cause unsuspected hyperten-
sive crisis during unrelated surgical procedures, in which case mortality rates  
exceed 80%.

 OTHER NEUROGENIC CAUSES
Other causes of neurogenic hypertension that can be confused with pheo-
chromocytoma include sympathomimetic agents (cocaine, methamphetamine; 
Chapter 31), baroreflex failure, and obstructive sleep apnea (Chapter 377). 
A history of surgery and radiation therapy for head and neck tumors (Chapter 
181) raises suspicion of baroreceptor damage. Snoring and somnolence suggest 
sleep apnea, but continuous positive airway pressure to treat the sleep apnea 
does not improve blood pressure (Chapter 377).

 OTHER CAUSES OF SECONDARY HYPERTENSION
Coarctation of the aorta (Chapter 61) typically occurs just distal to the origin 
of the left subclavian artery, so the blood pressure is lower in the legs than in 
the arms (opposite of the normal situation). Pulses are weaker in the lower 
than in the upper extremities, so blood pressure should be measured in the 
legs as well as in both arms. Intercostal collaterals can produce bruits on 
examination and rib notching on the chest radiograph. Coarctations can be 
cured with surgery or angioplasty.

Hyperthyroidism (Chapter 213) can cause systolic hypertension with 
a wide pulse pressure. Hypothyroidism may cause diastolic hypertension, 
but this association is uncertain. Hyperparathyroidism (Chapter 232) also 
has been associated with hypertension. Cyclosporine and tacrolimus often 
cause hypertension in transplant recipients by inhibiting calcineurin, the 
calcium-dependent phosphatase that is expressed not only in lymphoid 
tissue but also in neural, vascular, and renal tissue. In the absence of out-
comes data, nondihydropyridine calcium-channel blockers have become the 
drugs of first choice, but they increase cyclosporine blood levels. Combina-
tion therapy with diuretics, calcium-channel blockers, and central sympa-
tholytics often is required. Also, hypertension can be markedly improved if 
immunosuppression can be achieved using newer agents that do not inhibit  
calcineurin.

A

“String of beads”

Fibromuscular Dysplasia

B

Proximal 
stenosis

Atherosclerosis

FIGURE 70-2. Computed tomographic angiogram with three-dimensional reconstruction. A, the classic “string of beads” lesion of fibromuscular dysplasia (bilateral in this patient). 
B, A severe proximal atherosclerotic stenosis of the right renal artery and mild stenosis of the left renal artery. (images courtesy of Bart Domatch, MD, radiology Department, University 
of texas southwestern Medical Center, Dallas, texas.)

resistive index is less than 80 (indicating insignificant microvascular disease), 
high-grade stenosis should be confirmed by spiral CT or MR angiography. 
Gadolinium-enhanced MRI is contraindicated in patients who have advanced 
chronic kidney disease and are at risk for gadolinium-induced nephrogenic 
systemic fibrosis (Chapter 251). Fibromuscular dysplasia classically causes a 
“string of beads” lesion in the midportion of a renal artery (Fig. 70-2A), whereas 
atherosclerotic renal artery lesions are proximal and discrete (Fig. 70-2B). 
Digital subtraction angiography is the gold standard for confirming the diag-
nosis of a severe stenosis with a gradient amenable to intervention.

 MENDELIAN FORMS OF 
MINERALOCORTICOID-INDUCED 
HYPERTENSION

Almost all the rare mendelian forms of hypertension are mineralocorticoid-
induced and involve excessive activation of ENaC, the final common pathway 
for reabsorption of sodium from the distal nephron. Thus, salt-dependent 
hypertension can be caused both by gain-of-function mutations of ENaC or 
the mineralocorticoid receptor and by increased production or decreased 
clearance of mineralocorticoid receptor ligands, which are aldosterone, deoxy-
corticosterone, and cortisol.

 PHEOCHROMOCYTOMA AND PARAGANGLIOMA
Pheochromocytomas are rare catecholamine-producing tumors of the 
adrenal chromaffin cells, whereas paragangliomas are even rarer tumors of 
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At the population level, the primary prevention of hypertension requires 
large-scale societal changes, including further efforts to influence the food 
industry to reduce salt in processed foods, efforts to increase exercise, and the 
availability of fresh fruits and vegetables. After a person’s blood pressure rises 
to hypertensive or even prehypertensive levels, lifestyle modification alone is 
almost never enough to return it to normal, and recidivism is typical.

Effective management of hypertension requires continuity of care by a 
knowledgeable clinician and frequent medical encounters, which are less 
accessed by men and members of low-income minority groups. Management 
remains empiric, often requiring three drugs with complementary mechanisms 
of action, often in conjunction with other medication for comorbid conditions.10 
Pill burden, prescription drug costs, medication side-effects, and insufficient 
time for patient engagement contribute to medication noncompliance. Busy 
primary care physicians often undertreat hypertension.

Although short-term pharmacologic therapy with a low-dose angiotensin 
receptor blocker (ARB) may prevent the conversion from prehypertension to 
hypertension, blood pressure quickly rises again if the ARB is discontinued. 
Thus, lifelong prescription medication is the cornerstone of effective therapy 
for primary hypertension, with lifestyle modification serving as a very important 
adjunct but not as an alternative. The objective is to use antihypertensive drug 
therapy to reduce the blood pressure and associated metabolic abnormalities 
sufficiently to reduce cardiovascular disease risk, with benefits that are propor-
tional to the reduction in blood pressure achieved, A1 

,
 A2  without compromising 

the patient’s quality of life.
In practice, however, most treated patients do not achieve the same low 

risk levels of truly normotensive persons because their blood pressures remain 
higher than optimal owing to conservative guidelines, hesitation of practicing 
physicians to start and intensify drug treatment, and medication nonadherence. 
In addition, damaged target organs may have been untreated and concomitant 
hyperlipidemia may have been undertreated before antihypertension therapy 
was instituted.

Multidrug regimens with two or three medications of different drug classes 
are almost always required to achieve recommended blood pressure goals. 
Low-dose drug combinations exert synergistic beneficial effects while minimiz-
ing dose-dependent side effects. For most patients with hypertension, moderate 
or intensive statin therapy (Chapter 195) is indicated as part of a comprehensive 
cardiovascular risk-reduction strategy (Chapter 46). For example, the addition 
of 10 mg of rosuvastatin daily lowers this residual risk in patients who have 
intermediate cardiovascular risk and mildly elevated blood pressure and who 
are treated with a mild blood pressure-lowering regimen (candesartan 16 mg 
daily and HCTZ 12.5 mg daily). A3 

Lifestyle Modification
Although difficult to sustain long term, lifestyle modification (Table 70-4) 

should be part of every antihypertensive regimen. A Mediterranean diet (empha-
sizing fresh fruit, vegetables, fatty fish, and canola or olive oil) and the Dietary 
Approaches to Stop Hypertension (emphasizing fresh fruit, vegetables, and 
low-fat dairy products) can lower blood pressure in individuals with prehyper-
tension or stage 1 hypertension by an average 6/3 mm Hg even without restrict-
ing caloric or sodium intake. Modest restriction of dietary sodium reduces blood 
pressure and decreases cardiovascular risk.11 Although food labels and some 
restaurants provide information on sodium content (6 g of NaCl = 2.4 g of 
sodium = 100 mmol of sodium), societal pressure and regulation are critical 
because most dietary sodium comes from processed foods and restaurant foods.

PREVENTION AND TREATMENT  
OF HYPERTENSION

Moderately intense aerobic exercise programs can lower systolic blood 
pressure by 5 mm Hg. Larger reductions can be seen immediately after a 
bout of aerobic exercise (Chapter 13), with smaller reductions that can persist  
for hours.

Relaxation and stress management techniques (e.g., meditation, biofeedback, 
breathing exercises) can decrease blood pressure while being practiced (Chapter 
34). Some individuals with overwhelming home or job strain or recurrent anger 
(rumination) can benefit from cognitive behavior therapy (Chapter 369).

Blood pressure increases transiently by 10 to 15 mm Hg after each cigarette, 
so smokers of more than 20 cigarettes per day often have higher blood pres-
sures out of the office than in the smoke-free medical office. Smokers should 
be counseled to quit completely (Chapter 29) because smoking as few as 4 
cigarettes per day greatly increases cardiovascular risk.

Blood pressure increases by up to 10 to 15 mm Hg with the first morning 
cup of coffee, but the pressor response to caffeine often habituates throughout 
the day. Thus, caffeine consumption should be reduced but need not be 
eliminated.

Moderate alcohol (Chapter 30) consumption (one or two drinks per day) 
does not seem to increase the risk for hypertension in Western populations; 
but in Japanese populations, hypertension is more common in men who are 
moderate drinkers than in men who cannot drink because of a loss-of-function 
mutation in the alcohol dehydrogenase gene. In all populations, heavy drinking 
(three or more standard-sized drinks per day) activates the sympathetic nervous 
system the next day during withdrawal and is associated with an increased 
prevalence and severity of hypertension, which is reversible if alcohol consump-
tion decreases.

Antihypertensive Drugs
Every hypertensive patient should adopt a sensible lifestyle, but almost all 

will require medications to optimize outcomes. Blood pressure medication 
reduces but does not eliminate the risk of serious complications.

Classes of oral Antihypertensive Drugs
Multiple classes of oral antihypertensive drugs are approved by the U.S. 

Food and Drug Administration, although all have specific contraindications 
(Tables 70-5 and 70-6).

First-Line Drugs for Hypertension
Recent practice guidelines recommend initiating drug treatment with one 

or more of three classes of first-line drugs, which have additive or synergistic 
effects when used in combination: (1) calcium-channel blockers, (2) renin-
angiotensin system blockers—either ACE inhibitors or ARBs, and (3) thiazide-
type diuretics.12,13

Calcium-Channel Blockers
Mechanism of Action. All calcium-channel blockers block the opening of 

voltage-gated (L-type) Ca2+ channels in cardiac myocytes and vascular smooth 
muscle cells. They lower blood pressure by causing peripheral arterial dilation, 
with the rank order of potency being dihydropyridines > diltiazem > verapamil.

Clinical Use.  Calcium-channel blockers are generally well tolerated, do 
not require monitoring with blood tests, and are proven to be safe and effec-
tive. They also are useful antianginal drugs (Chapter 362) and provide better 
stroke protection than do other antihypertensive agents. Amlodipine is equivalent 
to chlorthalidone (a potent thiazide-like diuretic) and lisinopril (an ACE inhibi-
tor) in protecting against nonfatal coronary events, stroke, and death but provides 
less protection against heart failure. Advantages of amlodipine include predict-
able dose-dependent potency, once-daily dosing because of its long half-life, 
tolerability, and cost (≤$10 per month for generic amlodipine). Unlike diuretics, 
ACE inhibitors and ARBs, a high-salt diet or concurrent nonsteroidal anti-
inflammatory drug (NSAID) therapy does not compromise the effectiveness of 
dihydropyridine calcium-channel blockers. These drugs, which have some diuretic 
action, lower blood pressure and prevent hypertensive complications equally 
in black and nonblack patients. Amlodipine and other dihydropyridine calcium-
channel blockers are less renoprotective than ACE inhibitors or ARBs in patients 
with proteinuric chronic kidney disease. Such patients should not receive amlo-
dipine as first-line therapy but often benefit from it as an adjunct after initiation 
of appropriate first-line therapy with either an ACE inhibitor or ARB, as well as 
a diuretic. Diltiazem is a usually well-tolerated alternative in patients who cannot 
tolerate amlodipine or would benefit from its other effects. Verapamil is not 
recommended because it is a weak antihypertensive medication and causes 
constipation.

Side Effects. Short-acting dihydropyridines are not to be used to treat hyper-
tension. By triggering an abrupt fall in blood pressure with reflex sympathetic 
activation, these rapidly acting arterial vasodilators can precipitate myocardial 
ischemia/infarction and death. The principal side effect of the dihydropyridines 
is dose-dependent ankle edema. With amlodipine, ankle edema is far more 
common with a 10-mg dose than with 2.5- or 5-mg doses. The edema, which 
is mainly vasogenic because of selective arterial dilation, can be improved by 
concomitant therapy with an ACE inhibitor or ARB that causes balanced arterial 
and venous dilation. Long-acting dihydropyridine calcium-channel blockers 
are rarely associated with flushing and headache. All calcium-channel blockers 

Adapted from Eckel RH, Jakicic JM, Ard JD, et al. 2013 AHA/ACC guideline on lifestyle 
management to reduce cardiovascular risk: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 
2014;63:2960-2984.

TABLE 70-4 LIFESTYLE RECOMMENDATIONS TO LOWER 
BLOOD PRESSURE IN ADULTS WITH 
HYPERTENSION OR PRE-HYPERTENSION

DIET

1. Adopt a diet that is:
•	 High in vegetables, nuts, fruits, grains, low-fat dairy products, fish, poultry, etc.
•	 Low in sweets, sugar-sweetened beverages, and red meats

 Adapt this dietary pattern to calorie requirements, personal/cultural food 
preferences, and medical conditions such as diabetes.

2. Lower sodium intake
PHYSICAL ACTIVITY

1. Engage in three to four 40-minute sessions of moderate-to-intense aerobic 
physical activity per week.



TABLE 70-5 SELECTED ORAL ANTIHYPERTENSIVE AGENTS

DRUG

DOSE RANGE, TOTAL, 
MG/DAY (DOSES PER 

DAY)

USUAL STARTING 
DOSE, MG/DAY 

(DOSES PER DAY)
Metoprolol XL 50-200 (1-2) 50 (1)
Nadolol 20-320 (1) 40 (1)
Penbutolol 10-80 (1) 10 (1)
Pindolol 10-60 (2) 10 (1)
Propranolol 40-180 (2) 40 (2)
Propranolol LA 60-180 (1-2) 60 (1)
Timolol 20-60 (2) 20 (2)

VASODILATING β-BLOCKERS

Carvedilol 6.25-50 (2) 6.25 (2)
Carvedilol CR 10-80 (1) 20 (1)
Labetalol 100-2400 (2) 200 (2)
Nebivolol 5-40 (1) 5 (1)
DIRECT RENIN INHIBITOR

Aliskiren 150-300 (1) 150 (1)

α-BLOCKERS

Doxazosin 1-16 (1-2) 1 (1)
Prazosin 1-40 (2-3) 1 (2)
Terazosin 1-20 (1) 1 (1)
Phenoxybenzamine for 

pheochromocytoma
20-120 (2) 20 (2)

CENTRAL SYMPATHOLYTICS

Clonidine 0.3-1.2 (3) 0.3 (3)
Clonidine patch 0.1-0.6 (weekly) 0.1 (weekly)
Guanabenz 2-32 (2) 2 (2)
Guanfacine 1-3 (1) (qhs) 1 (1)
Methyldopa 250-1000 (2) 250 (2)
Reserpine 0.05-0.25 (1) 0.05 (1)
DIRECT VASODILATORS

Hydralazine 10-200 (3) 25 (3)
Minoxidil 2.5-100 (1) 2.5 (1)
FIXED-DOSE COMBINATIONS

Aliskiren/HCTZ 75-300/12.5-25 (1) 150/12.5 (1)
Amiloride/HCTZ 5/50 (1) 5/50 (1)
Amlodipine/benazepril 2.5-5/10-20 (1) 2.5/10 (1)
Amlodipine/olmesartan 5-10/20-40 (1) 5/20 (1)
Amlodipine/telmisartan 5/20-10/80 (1) 5/20 (1)
Amlodipine/valsartan 5-10/160-320 (1) 5/160 (1)
Atenolol/chlorthalidone 50-100/25 (1) 50/25 (1)
Azilsartan/chlorthalidone 40-80/12.5-25 (1) 40/12.5 (1)
Benazepril/HCTZ 5-20/6.25-25 (1) 20/6.25 (1)
Bisoprolol/HCTZ 2.5-10/6.25 (1) 2.5/6.25 (1)
Candesartan/HCTZ 16-32/12.5-25 (1) 16/12.5 (1)
Enalapril/HCTZ 5-10/25 (1-2) 5/25 (1)
Eprosartan/HCTZ 600/12.5-25 (1) 600/12.5 (1)
Fosinopril/HCTZ 10-20/12.5 (1) 10/12.5 (1)
Irbesartan/HCTZ 150-300/12.5-25 (1) 150/12.5 (1)
Losartan/HCTZ 50-100/12.5-25 (1) 50/12.5 (1)
Olmesartan/HCTZ 20-40/12.5 (1) 20/12.5 (1)
Olmesartan/amlodine/HCTZ 20-40/5-10/12.5-25 (1) 20/5/12.5 (1)
Spironolactone/HCTZ 25/25 ( )1

2 1- 25/25 (1/2)
Telmisartan/HCTZ 40-80/12.5-25 (1) 40/12.5 (1)
Telmisartan/amlodipine/HCTZ 40-80/2.5-10/12.5-25 (1) 40/5/12.5 (1)
Trandolapril/verapamil 2-4/180-240 (1) 2/180 (1)
Triamterene/HCTZ 37.5/25 ( )1

2 1- 37.5/25 (1/2)
Valsartan/HCTZ 80-160/12.5-25 (1) 160/12.5 (1)
Valsartan/Amlodipine/HCTZ 80-160/5-10/12.5-25 (1) 160/5/12.5 (1)

DRUG

DOSE RANGE, TOTAL, 
MG/DAY (DOSES PER 

DAY)

USUAL STARTING 
DOSE, MG/DAY 

(DOSES PER DAY)
CALCIUM-CHANNEL BLOCKERS

Dihydropyridines
Amlodipine 2.5-10 (1) 2.5 (1)
Felodipine 2.5-20 (1-2) 2.5 (2)
Isradipine CR 2.5-20 (2) 2.5 (2)
Nicardipine SR 30-120 (2) 30 (2)
Nifedipine XL 30-120 (1) 30 (1)
Nisoldipine 10-40 (1-2) 10 (2)

nondihydropyridines
Diltiazem CD 120-540 (1-2) 180 (1)
Verapamil HS 120-480 (1) 180 (1)
ANGIOTENSIN-CONVERTING ENZYME INHIBITORS

Benazepril 10-80 (1-2) 20 (1)
Captopril 25-150 (2) 25 (2)
Enalapril 2.5-40 (2) 5 (2)
Fosinopril 10-80 (1-2) 20 (2)
Lisinopril 5-80 (1-2) 40 (2)
Moexipril 7.5-30 (1) 7.5 (1)
Perindopril 4-16 (1) 4 (1)
Quinapril 5-80 (1-2) 40 (2)
Ramipril 2.5-20 (1) 2.5 (1)
Trandolapril 1-8 (1) 2 (1)
ANGIOTENSIN RECEPTOR BLOCKERS

Azilsartan 40-80 (1) 40 (1)
Candesartan 8-32 (1-2) 8 (1)
Eprosartan 400-800 (1-2) 400 (1)
Irbesartan 75-300 (1) 150 (1)
Losartan 25-100 (2) 50 (1)
Olmesartan 5-40 (1) 20 (1)
Telmisartan 10-80 (1) 40 (1)
Valsartan 80-320 (1-2) 160 (2)
DIURETICS

thiazide-type Diuretics
Indapamide 0.625-2.5 (1) 1.25 (1)
Chlorthalidone 6.25-50 (1) 12.5 (1)
HCTZ* 12.5-50 (1) 12.5 (1)
Metolazone 2.5-5 (1) 2.5 (1)

loop Diuretics
Bumetanide 0.5-2 (2) 1 (2)
Ethacrynic acid 25-100 (2) 25 (2)
Furosemide 20-160 (2) 20 (2)
Torsemide 2.5-20 (1-2) 5 (2)

potassium sparing
Eplerenone 25-100 (1-2) 25 (1)
Spironolactone 12.5-100 (1-2) 12.5 (1)
Triamterene 25-100 (1) 37.5 (1)
Amiloride 5-20 (1) 10 (2)

STANDARD β-BLOCKERS

Acebutolol 200-800 (2) 200 (2)
Atenolol 25-100 (1) 25 (1)
Betaxolol 5-20 (1) 5 (1)
Bisoprolol 2.5-20 (1) 2.5 (1)
Carteolol 2.5-10 (1) 2.5 (1)
Metoprolol 50-450 (2) 50 (2)

*HCTZ = hydrochlorothiazide; there is no evidence to support the use of 12.5-25 mg of HCTZ to reduce the risk of cardiovascular events.
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TABLE 70-6 MAJOR CONTRAINDICATIONS AND SIDE EFFECTS OF ANTIHYPERTENSIVE DRUGS
DRUG CLASS MAJOR CONTRAINDICATIONS SIDE EFFECTS
Diuretics

Thiazides Gout Insulin resistance, new-onset type 2 diabetes
Hypokalemia, hyponatremia
Hypertriglyceridemia
Hyperuricemia, precipitation of gout
Erectile dysfunction (more than other drug classes)
Potentiate nondepolarizing muscle relaxants
Photosensitivity dermatitis

Loop diuretics Hepatic coma Interstitial nephritis
Hypokalemia
Potentiate succinylcholine
Potentiate aminoglycoside ototoxicity

Potassium-sparing 
diuretics

Serum potassium concentration >5.5 mEq/L
GFR <30 mg/mL/1.73 m2

Hyperkalemia

ACE inhibitors Pregnancy Cough
Bilateral renal artery stenosis Hyperkalemia
Hyperkalemia Angioedema

Leukopenia
Fetal toxicity
Cholestatic jaundice (rare fulminant hepatic necrosis if the drug is not discontinued)

Dihydropyridine CCBs As monotherapy in chronic kidney disease with 
proteinuria

Headaches
Flushing
Ankle edema
Heart failure
Gingival hyperplasia
Esophageal reflux

Nondihydropyridine CCBs Heart block Bradycardia, AV block (especially with verapamil)
Systolic heart failure Constipation (often severe with verapamil)

Worsening of systolic function, heart failure
Gingival edema or hypertrophy
Increase cyclosporine blood levels
Esophageal reflux

ARBs, DRI Pregnancy Hyperkalemia
Bilateral renal artery stenosis Angioedema (very rare)
Hyperkalemia Fetal toxicity

β-Adrenergic blockers Heart block New-onset type 2 diabetes (especially in combination with a thiazide)
Asthma Heart block, acute decompensated heart failure
Depression Bronchospasm
Cocaine and methamphetamine abuse Depression, nightmares, fatigue

Cold extremities, claudication (β2 effect)
Stevens-Johnson syndrome
Agranulocytosis

α-Adrenergic blockers Orthostatic hypotension Orthostatic hypotension
Systolic heart failure Drug tolerance (in the absence of diuretic therapy)
Left ventricular dysfunction Ankle edema

Heart failure
First-dose effect (acute hypotension)
Potentiate hypotension with PDE-5 inhibitors (e.g., sildenafil)

Central sympatholytics Orthostatic hypotension Depression, dry mouth, lethargy
Erectile dysfunction (dose dependent)
Rebound hypertension with clonidine withdrawal
Coombs test–positive hemolytic anemia and elevated liver enzymes with α-methyldopa

Direct vasodilators Orthostatic hypotension Reflex tachycardia
Fluid retention
Hirsutism, pericardial effusion with minoxidil
Lupus with hydralazine

ACE = angiotensin-converting enzyme; ARBs = angiotensin receptor blockers; AV = atrioventricular; CCBs = calcium-channel blockers; DRI = direct renin inhibitor; GFR = glomerular filtration rate; NSAIDs 
= nonsteroidal anti-inflammatory drugs; PDE-5 = phosphodiesterase-5.

can cause gingival hyperplasia, a rare but serious side effect that is reversible 
if detected early. Diltiazem and verapamil and can impair cardiac conduction, 
especially in older patients also receiving beta blockers, central sympatholytic 
agents, or digoxin.

Renin-Angiotensin System Inhibitors: ACE Inhibitors, ARBs, and Direct 
Renin Inhibitors

Mechanisms of Action. ACE inhibitors block conversion of the inactive 
precursor angiotensin I (AT1) to angiotensin 2 (AT2). ARBs block the action of 
AT2 on the type 1 angiotensin receptor. The direct renin inhibitor aliskiren 
blocks the conversion of pro-renin to renin, thereby blocking renin-angiotensin 
system activation at its origin. High levels of circulating pro-renin may stimulate 

AT1 receptor-independent signaling pathways that are both potentially ben-
eficial and potentially harmful.

Clinical Use.  ACE inhibitors are easy to use and have rather flat dose-
response curves. Monotherapy with lisinopril is equivalent to amlodipine or 
chlorthalidone monotherapy in all aspects except for producing a smaller 
reduction in blood pressure and thus less stroke protection in black hypertensive 
individuals. ACE inhibitor monotherapy is generally less effective in lowering 
blood pressure in black patients and in older patients with low-renin hyperten-
sion, but these agents are quite effective in these groups when combined with 
a calcium-channel blocker or low-dose diuretic. Meta-analyses show ACE inhibi-
tors are equivalent to calcium-channel blockers in protecting against coronary 
events, slightly less effective in protecting against stroke, but better in protecting 
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against heart failure. The ARBs confer the same benefits as ACE inhibitors in 
treating hypertension, while avoiding the ACE inhibitor cough (see later). Potent, 
once-daily, long-acting ARBs are olmesartan, irbesartan, telmisartan, and azil-
sartan (the last being most potent). By comparison, losartan is a weak antihy-
pertensive agent. The shorter half-life of valsartan requires twice daily dosing.

ACE inhibitors and ARBs are standard first-line therapy for patients with 
chronic kidney disease accompanied by proteinuria. ACE inhibitors and ARBs 
have comparable effects on renal function, but ARBs produce more regression 
of left ventricular hypertrophy than do other antihypertensives. ACE inhibitors 
and ARBs should not be used together because such use increases serious 
renal outcomes, hypotensive events, and hyperkalemia.

Side Effects. All renin-angiotensin system inhibitors are contraindicated 
in pregnancy because they cause fetal renal agenesis and other birth defects. 
ACE inhibitors block the degradation of bradykinin, which activates nociceptive 
sensory fibers in the lungs that trigger a dry cough, which is more common in 
black patients and even more common in Asian patients. Bradykinin also may 
underlie the much less common ACE inhibitor-induced angioedema. If a cough 
develops in a patient who is on an ACE inhibitor and who needs renin-angiotensin 
system blockade, an ARB should be substituted.

The ACE inhibitors and ARBs can provoke hyperkalemia in the setting of 
chronic kidney disease or diabetes with type 4 renal tubular acidosis (Chapter 
110). Serum potassium and creatinine levels must be monitored closely in all 
patients. In patients with stage 3 chronic kidney disease with proteinuria, initia-
tion of ACE inhibitor or ARB therapy often causes a small transient increase in 
the serum creatinine level, but these drugs should be decreased in dose or 
temporarily discontinued only if the elevation is more than 30%.

Diuretics
Mechanism of Action. With initiation of diuretic therapy, contraction of 

blood volume causes the initial fall in blood pressure. With continued therapy, 
blood volume is partially restored, and vasodilator mechanisms (e.g., opening 
of adenosine triphosphate [ATP]-sensitive K+ channels) sustain the antihyper-
tensive action. Loop diuretics block Na+-K+-2Cl− transport in the thick ascending 
loop of Henle, where a large portion of the filtered sodium is reabsorbed. Thiazide 
diuretics and longer-acting thiazide-type diuretics, such as chlorthalidone and 
indapamide, block Na+-Cl− cotransporter in the distal convoluted tubule, where 
a smaller portion of the filtered sodium is reabsorbed.

Clinical Use. Indapamide and chlorthalidone are superior to hydrochlo-
rothiazide (HCTZ) and should be the diuretic of choice. Part of the reason is 
that the equivalent doses for blood pressure reduction are 1.25 mg of indap-
amide = 25 mg of chlorthalidone = 50 to 60 mg of HCTZ. Even at that high a 
dose, however, HCTZ is less effective than chlorthalidone because chlorthalidone 
provides better and more prolonged blood pressure control, as documented 
by ambulatory monitoring, A4  and better cardiovascular outcomes. Comparable 
data from ambulatory monitoring are not yet available for indapamide, but it 
is more potent than HCTZ at commonly prescribed doses, without causing any 
more adverse metabolic side effects. Indapamide also has performed well in 
several major randomized trials. For uninsured patients, indapamide is more 
affordable than chlorthalidone.

Loop diuretics are less effective blood pressure-lowering agents and should 
be reserved for treating hypertension in the setting of advanced chronic kidney 
disease (stage 3 or higher). Indapamide or chlorthalidone also may be effective 
in such patients.

Side Effects. Thiazide-type diuretics can aggravate glucose intolerance 
(particularly in higher doses and when used in combination with a standard 
beta blocker); cause hypokalemia, hypomagnesemia, and hyponatremia; pre-
cipitate gout; elevate serum lipids, with increased hepatic triglyceride content; 
and cause photosensitivity dermatitis. They also may cause erectile dysfunction. 
Thiazide-type diuretics are the most common cause of severe hyponatremia, 
especially in older women, and some elderly hypertensive patients simply cannot 
tolerate even low-dose thiazides. In hypertensive patients with chronic kidney 
disease, high doses of loop diuretics may precipitate acute kidney injury, espe-
cially if combined with a high-dose ACE inhibitor or ARB.

Add-on Drug for Difficult Hypertension
Mineralocorticoid Receptor Antagonists and ENaC Antagonists 
(“Potassium-Sparing Diuretics”)

Mechanism of Action. Eplerenone and spironolactone prevent circulating 
aldosterone and other mineralocorticoids from activating the mineralocorticoid 
receptor in the distal nephron, thereby inhibiting the downstream activation 
of ENaC. By comparison, triamterene and amiloride block ENaC directly but 
weakly. Because less sodium is presented to the Na+, K+-ATPase on the vascular 
side of the collecting duct cells, less potassium is excreted in the urine than 
with thiazide or loop diuretics.

Clinical Use. Eplerenone (25-100 mg daily) or low-dose spironolactone 
(12.5-100 mg daily) are widely recommended as highly effective add-on drugs 
for difficult cases of hypertension. Eplerenone is a much more specific antagonist 
that avoids the infrequent but serious sexual side effects of low-dose spirono-
lactone (painful gynecomastia, erectile dysfunction, nonmenstrual uterine 
bleeding). Hyperkalemia must be avoided when using these agents in patients 
with chronic kidney disease.

β-Adrenergic Blockers
Mechanism of Action. With the initiation of standard β-blocker therapy, 

blood pressure changes little at first because a compensatory increase in periph-
eral resistance offsets the fall in cardiac output. Over time, blood pressure falls 
progressively as the peripheral vasculature relaxes. Thus, the antihypertensive 
effect of β-blockade involves decreases in cardiac output (β1-receptors), renin 
release (β1-receptors), and norepinephrine release (prejunctional β2-receptors). 
The prototype β-blocker propranolol nonselectively blocks both β1- and β2-
receptors. Other standard β-blockers (metoprolol, atenolol, acebutolol, and 
bisoprolol) are relatively cardioselective. In low doses, they exert a greater 
inhibitory effect on β1- than on β2-receptors, but selectivity is lost at high doses. 
Vasodilating β-blockers such as labetalol or carvedilol also block α-adrenergic 
receptors, whereas nebivolol stimulates endogenous production of nitric oxide.

Clinical Use and Side Effects. Vasodilating β-blockers (labetalol, carvedilol, 
and nebivolol) are highly effective add-on drugs for difficult hypertension. 
Standard β-blockers (e.g., metoprolol, atenolol) are no longer first-line or even 
second-line agents for uncomplicated hypertension. In addition to being rather 
weak antihypertensives, they are less effective than other agents in lowering 
central aortic blood pressure because bradycardia allows more time for wave 
reflection and thus central pressure augmentation. They also offer less stroke 
protection than other antihypertensive drugs; they provide modest protection 
against cardiovascular events but do not reduce all-cause mortality. A5 

Labetalol is first-line treatment for many hypertensive urgencies and for 
hypertension in pregnancy but is too short acting to be recommended for 
chronic management of hypertension. The main limitations with generic 
carvedilol are the short half-life, which requires twice daily dosing, and incon-
sistent gastrointestinal absorption, which is improved by dosing after breakfast 
and after dinner. Nebivolol is expensive but can be dosed once daily with more 
consistent absorption.

β-blockers predispose to diabetes, particularly when combined with a thia-
zide. Common side effects such as fatigability cause high discontinuation rates 
for all β-blockers. β-blockers also can impair cardiac conduction, precipitate 
acute bronchospasm, and promote weight gain.

α-Adrenergic Blockers
Mechanism of Action. By blocking the interaction of norepinephrine on 

vascular α-adrenergic receptors, these drugs cause peripheral vasodilation, 
thereby lowering blood pressure. By increasing skeletal muscle blood flow, 
they increase insulin sensitivity. By dilating urethral smooth muscle, they improve 
symptoms of prostatism. Prazosin, doxazosin, terazosin, and intravenous phen-
tolamine selectively block α1-adrenoreceptors; phenoxybenzamine blocks both 
α1- and α2-receptors.

Clinical Use and Side Effects. Phenoxybenzamine is the drug of choice 
for preoperative management of pheochromocytoma (Chapter 215); after 
α-blockade is achieved, a β-blocker should be added to block an otherwise 
excessive reflex tachycardia. The selective α1-blockers are not first-line antihy-
pertensive agents and should not be used as monotherapy because their pro-
pensity to cause fluid retention can lead to tachyphylaxis and unmask or 
exacerbate heart failure. When used in a combination regimen that includes a 
diuretic, however, they can be effective add-on therapy for difficult hyperten-
sion and are particularly useful in older men with prostatism. Although marketed 
specifically for prostatism and not as an antihypertensive agent, the selective 
α1A-blocker tamsulosin lowers blood pressure in some men.

Central Sympatholytics
Mechanism of Action. Stimulation of postsynaptic α2-adrenergic receptors 

and imidazoline receptors in the central nervous system lowers central sym-
pathetic outflow, while stimulation of presynaptic α2-receptors causes feedback 
inhibition of norepinephrine release from peripheral sympathetic nerve terminals. 
These combined actions reduce adrenergic drive to the heart and peripheral 
circulation.

Clinical Use and Side Effects. The central sympatholytics are best reserved 
for short-term oral treatment of hypertensive urgency. They are potent anti-
hypertensive agents that may be needed as add-on therapy for very difficult 
hypertension, but their troublesome central nervous system side effects reduce 
quality of life. To avoid rebound hypertension between doses, short-acting 
clonidine must be given every 6 to 8 hours or, whenever possible, discontinued 
using a gradual tapering schedule. Rebound hypertension between dosing is 
less of a problem with longer acting guanfacine, which is dosed at bedtime. 
The clonidine patch often causes a rash and absorption is unreliable. 
α-Methyldopa is no longer first-line therapy for hypertension in pregnancy 
(Chapter 226).

Direct Vasodilators
Mechanism of Action.  The potent hyperpolarizing arterial vasodilators 

minoxidil and hydralazine act by opening vascular ATP-sensitive K+ channels.
Clinical Use and Side Effects. By causing selective and rapid arterial dila-

tion, both drugs cause profound reflex sympathetic activation and tachycardia. 
A combination of hydralazine plus nitrates is useful for the treatment of heart 
failure specifically in African American patients, in whom hypertensive heart 
disease causes heart failure most commonly (Chapter 53). Severe hypertension 
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accompanying advanced chronic kidney disease is the main indication for 
minoxidil, which must be combined with a β-blocker to prevent excessive reflex 
tachycardia and with a loop diuretic to prevent excessive fluid retention. Initia-
tion of chronic hemodialysis usually is a more effective means of controlling 
hypertension in this setting.

Antihypertensive Drug interactions
By inhibiting the kidney’s ability to excrete sodium, NSAIDs can negate the 

antihypertensive action of diuretics and renin-angiotensin system inhibitors 
but not calcium-channel blockers. The risk for increased blood pressure and 
associated cardiovascular events is lowest with acetaminophen and low-dose 
aspirin (81 mg daily), intermediate with non-COX-2 selective NSAIDs including 
high-dose aspirin, and highest with COX-2-selective NSAIDs. Grapefruit juice 
increases the bioavailability of dihydropyridine calcium-channel blockers by 
inhibiting the intestinal cytochrome P-450 3A4 (CYP34A) system, which is 
responsible for the first-pass metabolism of many oral medications. Diltiazem 
and verapamil, which are potent CYP3A4 inhibitors, should be avoided in patients 
undergoing anti-VEGF cancer chemotherapy with either sunitinib or sorafenib 
and should be used with caution in patients receiving digoxin or immunosup-
pressive therapy with either cyclosporine or tacrolimus because blood levels 
will increase and must be monitored.

Evidence-Based Hypertension Management
Unequivocal evidence confirms that drug treatment of hypertension reduces 

the risk of major cardiovascular events and death. Because most clinical trials 
followed patients for only 3 to 5 years, the reported short-term risk reductions 
underestimate the lifetime benefit to be accrued over decades of effective 
treatment.

How Far to Lower Blood Pressure?
Controversy surrounds the optimal threshold level of systolic blood pressure 

to initiate medication therapy and the optimal target level of blood pressure 
to be achieved. Epidemiologic data establish that cardiovascular risk begins to 
increase with systolic blood pressure higher than 100-110 mm Hg, a level that 
is far below any currently recommended threshold for initiation of antihyper-
tensive medication.

Recent data show that a systolic blood pressure target of less than 120 mm 
Hg (with achieved blood pressures usually 120-124 mm Hg) reduced rates of 
fatal and nonfatal major cardiovascular events and all-cause death by more 
than 25% compared with a less than 140 mm Hg goal in nondiabetic patients 
at high cardiovascular risk but without prior stroke, prior heart failure, or advanced 
chronic kidney disease (Fig. 70-3). A6  However, this lowering blood pressure 
goal does not improve outcomes and may even worsen outcomes in low risk 
patients. A7 

,
 A8  Intensive therapy does not increase rates of symptomatic ortho-

static hypotension, injurious falls, or the acute coronary syndrome—even in 
patients over age 75 years. Intensive therapy is cost-effective and well-tolerated, 
as indicated by patient-reported outcomes. A9  It also reduces the risk of new 
left ventricular hypertrophy by about 50% in blacks and non-blacks, women 
and men, patients older and younger than 75 years of age, and in patients with 

a pretreatment systolic blood pressure as low as 132 mm Hg. A10  However, the 
benefits of intensive therapy come at a price: increased rates of hyponatremia, 
hypokalemia, hypotension, and acute kidney injury. Furthermore, these new 
data do not apply directly to patients excluded from the trial: patients with 
diabetes, advanced chronic kidney disease, prior heart failure or stroke, or elderly 
patients who are institutionalized.

Some meta-analyses A11  support lowering systolic blood pressure to 125 mm 
Hg or lower, even in patients with diabetes but others suggest that lowering 
office systolic blood pressure below 140 mm Hg is associated with an increased 
risk of cardiovascular death in patients with diabetes. A12  In the absence of ideal 
data, the 2017 American Diabetes Association (ADA) standards14 recommend 
considering a blood pressure goal of less than 130/80 mm Hg, whereas the 
American Association of Clinical Endocrinologists and the American College 
of Endocrinology guidelines15 recommended a goal of less than 120/80 mm 
Hg for diabetic patients with high cardiovascular risk but low risk for adverse 
medication effects (i.e., patients with rather recent diabetes who have developed 
neither chronic kidney disease nor orthostatic hypotension).

Recent data have potentially profound implications for changing both the 
routine diagnosis and the outpatient management of hypertension for tens of 
millions of patients in the United States.16 Although the overzealous reduction 
of blood pressure can cause hypotension, with falls resulting in frail elderly 
patients, myocardial ischemia in patients with significant coronary disease, and 
acute kidney injury in patients with chronic kidney disease, recent guidelines 
from multiple U.S. and international organizations but not presently the Ameri-
can College of Physicians/American Academy of Family Physicians17 generally 
support the overall benefits of more aggressive therapy (Fig. 70-4).

Which Drugs for Which Patients?
Current guidelines emphasize combination therapy with any two or all three 

of the first-line antihypertensive drug classes: (1) calcium-channel blockers, (2) 
renin-angiotensin system blockers, and (3) thiazide-type diuretics. However, 
the preferred antihypertensive drug classes differ for specific types of patients 
(Table 70-7 and E-Table 70-1).

Hypertensive patients in General
In general, the benefits of antihypertensive treatment depend on the reduc-

tion in systolic blood pressure rather than drug class used to obtain that reduc-
tion. However, several caveats should be kept in mind. First, the combination 
of a calcium-channel blocker plus an ARB or ACE inhibitor (see Fig. 70-4) is an 
excellent initial option because it is more effective than the combination of an 
ACE inhibitor plus a thiazide diuretic (E-Fig. 70-3). Furthermore, calcium-channel 
blockers are usually better tolerated than diuretics. Second, evidence-based 
diuretic therapy favors a thiazide-type diuretic—chlorthalidone or indapamide 
but not HCTZ. Third, β-blockers provide less stroke protection and calcium-
channel blockers more stroke protection compared with other drugs. Fourth, 
dual renin-angiotensin system blockade with both an ACE inhibitor plus an 
ARB is to be avoided because it has no advantage over monotherapy with 
either drug but results in much more symptomatic hypotension and more 
renal impairment.

Outcomes from the SPRINT trial

CVD event Death

Hazard ratio with intensive treatment,
0.75 (95% CI, 0.64–0.89)

Standard treatment

Intensive treatment

0.10

0.08

0.06
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Hazard ratio with intensive treatment,
0.73 (95% CI, 0.60–0.90)

Standard treatment

Intensive treatment

0            1            2            3            4           5
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FIGURE 70-3. Major Outcomes of the Systolic Blood Pressure Intervention Trial (SPRINT). intensive therapy was accompanied by a 25% reduction in the risk of a cardiovascular 
event and a 27% reduction in the risk of death (all-cause mortality). sprint inclusion criteria: (1) age >50 years; (2) systolic blood pressure 130-180 mm Hg; (3) high cardiovascular risk 
defined as clinical coronary disease, estimated glomerular filtration rate 20-59 ml/min/1.73 m2, 10-year score >15%*, or age ≥75 years. sprint exclusion criteria: (1) diabetes†; (2) history 
of stroke; (3) proteinuria >1 g in 24 hours; (4) heart failure; (5) estimated glomerular filtration rate <20 ml/min/1.73 m2 or on dialysis. *American College of Cardiology AsCVD pooled 
Cohort Calculator http://tools.acc.org/AsCVD-risk-estimator-plus/#!/calculate/estimate/. †intensive therapy may be considered in diabetic patients with diabetes who have neither 
significant orthostatic hypotension nor a glomerular filtration rate >60. (From Wright Jt, Jr., Williamson JD, Whelton, pK, et al. A randomized trial of intensive versus standard blood-
pressure control. N Engl J Med. 2015;373:2103-2116.)

http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/
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E-TABLE 70-1 DIFFERENCES AMONG CURRENT TREATMENT GUIDELINES FOR ADULTS WITH HYPERTENSION

GUIDELINE POPULATION
THRESHOLD OFFICE BP (mm Hg) TO START 

OR INTENSIFY THERAPY INITIAL DRUG OPTIONS
2017 AACE/ACE1 Diabetes ≥130/80 for most

≥120/80 if high CVD risk and low risk for adverse 
effects of intensive BP therapy

Less stringent goals for frail patients or those with 
adverse medication effects

ACE-I or ARB, CCB, thiazides, BB

2017 ADA2 Diabetes ≥140/90
≥130/80 if high CVD risk (especially for stroke)

ACE-I or ARB, CCB, Thiazide-type diuretic

2017 ACP/AAFP3 ≥60 y:
General
Stroke or TIA
High CV risk

≥150
≥140
≥140

Thiazide, ACE-I or ARB, CCB

2017 Hypertension 
Canada’s CHEP4

Low risk
Macrovascular target organ 

damage or other risk factors
Selected high risk (including 

≥75 y)
 Diabetes
 CKD

≥160/100
≥140/90

Consider goal SBP <120 by SPRINT criteria

≥130/80
≥140/90

Thiazide-type diuretic or BB (<60 y), or ACE-I or ARB 
(non-black), or long-acting CCB

Thiazide-type diuretic + ARB + CCB for intensive therapy

ACE-I or ARB, CCB, thiazide-type
ACE-I or ARB, CCB, thiazide-type

2016 Australia5 Low risk
Moderate risk
Selected high risk (including 

>75 y)
 Diabetes
 CKD

≥160/100
≥140/90
Consider goal SBP <120 by SPRINT criteria

≥140
≥140/90

Thiazide, or BB (<60 y), or ACE-I or ARB (non-black), or 
long-acting CCB

Thiazide-type diuretic + ARB + CCB for intensive therapy

ACE-I or ARB, CCB, thiazide-type
ACE-I or ARB, CCB, thiazide-type

2015 AHA/ACC/ASH6 Stable CAD ≥140/90
≥130/80 for some patients with CAD, prior MI, prior 

stroke or TIA, or CAD risk equivalents (carotid 
disease, PAD, AAA)

Avoid reducing DBP <60 in patients with diabetes or 
≥60 yr

BB, ACE-I or ARB; thiazide or thiazide-type diuretic; 
Non DHP-CCB for BB-intolerant patients; DHP-CBB 
for add-on therapy

2014 JNC 8 Committee7 General ≥60 yr <150/90 Nonblack: thiazide, ACE-I or ARB, CCB
General <60 yr <140/90  Black: thiazide, CCB
Diabetes <140/90 Thiazide, ACE-I or ARB, CCB
CKD <140/90 ACE-I or ARB

ACE-I = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; CAD = coronary artery disease; CCB = calcium-channel blocker; CKD = chronic kidney disease; CVD = cardiovascular 
disease; SBP = systolic blood pressure; TIA = transient ischemic attack.
1Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus statement by the American Association of Clinical Endocrinologists and American College of Endocrinology on the comprehensive type 2 diabetes 
management algorithm—2017 executive summary. Endocr Pract. 2017;23:207-238.
2Standards of medical care in diabetes-2017. Diabetes Care. 2017;40(Suppl 1):s1-s135.
3Qaseem A, Wilt TJ, Rich R, et al. Pharmacologic treatment of hypertension in adults aged 60 years or older to higher versus lower blood pressure targets: a clinical practice guideline from the American College 
of Physicians and the American Academy of Family Physicians. Ann Intern Med. 2017;166:430-437.
4Leung AA, Nerenberg K, Daskalopoulou SS, et al. Hypertension Canada’s 2016 Canadian Hypertension Education Program Guidelines for blood pressure measurement, diagnosis, assessment of risk, 
prevention, and treatment of hypertension. Canadian J Cardiol. 2016;32:569-588.
5Gabb GM, Mangoni A, Anderson CS, et al. Guideline for the diagnosis and management of hypertension in adults—2016. Med J Aust. 2016;205:85-89.
6Rosendorff C, Lackland DT, Allison M, et al. Treatment of hypertension in patients with coronary artery disease: a scientific statement from the American Heart Association, American College of Cardiology, 
and American Society of Hypertension. J Am Coll Cardiol. 2015;65:1998-2038.
7James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for the management of high blood pressure in adults: report from the panel members appointed to the Eighth Joint National Committee 
( JNC 8). JAMA. 2014;311:507-520.
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TABLE 70-7 PREFERRED ORAL ANTIHYPERTENSIVE DRUG 
CLASSES IN SPECIFIC CONDITIONS

CONDITION DRUG CLASS(ES)
Prehypertension ARB?
Hypertension in general CCB, ARB or ACE-I, or D
Hypertension in elderly patients CCB, ARB or ACE-I, or D
Hypertension with left ventricular hypertrophy ARB, D, CCB
Hypertension in patients with diabetes mellitus CCB, ARB or ACE-I, or D
Hypertension in patients with diabetic 

nephropathy
ARB, D

Hypertension in nondiabetic chronic kidney 
disease

ACE-I or ARB, BB, D

BP reduction for secondary prevention of 
coronary events

ACE-I, CCB, BB, D

BP reduction for secondary prevention of stroke D + ACE-I, CCB
BP management for patient with heart failure D, BB, ACE-I or ARB, aldosterone 

antagonist
Gestational hypertension (stage 2, without 

preeclampsia)
BB (labetalol), CCB (nifedipine)

Thoracic aortic aneurysm BB, ACE-I or ARB, D
Atrial fibrillation (ventricular rate control) BB, nondihydropyridine CCB
ACE-I = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; BB = 
β-blocker; CCB = calcium-channel blocker; D, diuretic (thiazide-like such as chlorthalidone is 
preferred).
Adapted from Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC Guidelines for the 
management of arterial hypertension: the Task Force for the management of arterial hypertension of 
the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). J 
Hypertens. 2013;31:1281-1357.

systolic Hypertension in elderly patients
Most hypertensive patients are older than age 65 years, and most have 

isolated systolic hypertension. Placebo-controlled trials provide unequivocal 
proof that any blood pressure–lowering regimen reduces coronary events, 
strokes, heart failure events, and deaths in elderly hypertensive patients, even 
ambulatory patients older than age 80 years. Furthermore, this reduction in 

Ambulatory adult patients with known or
suspected hypertension*

Low/intermediate risk

Goal daytime SBP < 135

High risk**

Goal daytime SBP £ 120

CCB + ARB or ACE-I
± thiazide-type diuretic

(see Tables 70-5, 70-6, and 70-7)
±

Moderate-intensity statin
(see Chapter 195)

CCB + ARB or ACE-I
± thiazide-type diuretic

(see Tables 70-5, 70-6, and 70-7)
+

High-intensity statin
(see Chapter 195)

FIGURE 70-4. A simplified risk-based hypertension management algorithm. For 
patients with uncomplicated hypertension and low or intermediate cardiovascular risk, 
the goal daytime systolic blood pressure (Bp) is <135 mm Hg as ideally assessed by 24-hour 
ambulatory blood pressure monitoring or, if not, by home monitoring or unattended 
automated measurement of office Bp. For patients at high risk, the daytime goal should 
be a systolic Bp ≤120 mm Hg. the Bp treatment goal must be personalized and made 
less intensive (systolic Bp ≥140 mm Hg) for patients who are frail, have orthostatic and/
or postprandial hypotension, or have unstable coronary disease. lifestyle modifications 
(table 70-4) are a key adjunct to antihypertensive medication. intensive therapy may be 
considered in diabetic patients who have neither significant orthostatic hypotension nor 
an estimated glomerular filtration rate >60 ml/mm/1.73 m2. ACe-i = angiotensin-converting 
enzyme inhibitor; ArB = angiotensin receptor blocker; CCB = calcium-channel blocker; 
CKD = chronic kidney disease; sBp = systolic blood pressure. 

cardiovascular events and death can be achieved without a corresponding 
increase in injurious falls with intensive reduction in ambulatory systolic blood 
pressure to a mean value of 124 mm Hg. In practice, the intensity of the blood 
pressure reduction must be weighed against increased risks for orthostatic 
hypotension; perindopril, amlodipine, azilsartan, chlorthalidone, and indapamide 
are the drugs with the best proven track record in achieving this balance.

Most elderly patients require combination therapy with two or three drugs 
to manage their hypertension; it is important to titrate medications slowly in 
the elderly and to check frequently for orthostatic hypotension. Ambulatory 
monitoring is key for detecting orthostatic hypotension and postprandial hypo-
tension, both of which are common in hypertensive elderly patients (E-Fig. 
70-5). Although management of postprandial hypotension is challenging, useful 
strategies include frequent small low-carbohydrate meals, caffeine with meals, 
and liberalized salt intake. If these nondrug strategies prove insufficient, fludro-
cortisone (0.1 to 0.2 mg daily) can be added; it often worsens supine hyperten-
sion, which can be managed with elevation of the head of the bed (with 6-inch 
cinder blocks producing a 30-degree head-up tilt) and a low-dose short-acting 
ARB (e.g., losartan 25-50 mg) at bedtime.

Other potential complications include acute kidney injury and adverse drug 
reactions, such as thiazide-induced hyponatremia. Nonadherence (due to poor 
eyesight, cognitive impairment) and potential drug-drug interactions from 
polypharmacy are key concerns.

Therapy should be simplified and individualized, based more on the patient’s 
overall health or frailty than on chronologic age. For example, a seated home 
systolic blood pressure of 155 mm Hg may be an appropriate treatment target 
for a frail 70-year-old patient with marked orthostatic and postprandial hypo-
tension, whereas a home seated blood pressure of 125 mm Hg may be an 
appropriate treatment target for a vigorous healthy 80-year-old patient whose 
chief concern is to avoid a disabling stroke.

patients with Hypertensive Heart Disease
The hallmark of hypertensive heart disease is left ventricular hypertrophy, 

which greatly increases a patient’s risk of atrial fibrillation, acute MI, stroke, and 
heart failure. ARBs appear to produce more regression of left ventricular hyper-
trophy than do other drug classes. In patients with stage 2 hypertension and 
left ventricular hypertrophy on ECG, an ARB-based regimen is more effective 
than a β-blocker-based regimen for reducing cardiovascular events, especially 
stroke. Data from randomized trials have found that more intensive therapy of 
hypertension protects against MI, and worries that hypoperfusion may cause 
myocardial ischemia are not a concern at suggested blood pressure targets.

For secondary prevention of coronary events in patients with stable coronary 
disease, first-line agents include the combination of β-blockers and dihydro-
pyridine-calcium-channel blockers, both of which are anti-anginal. Other first-
line agents are ACE inhibitors or ARBS, as well as thiazide-type diuretics. 
Non-dihydropyridine calcium-channel blockers are recommended for patients 
who are intolerant to β-blockers. Aldosterone antagonists are reserved for 
patients with heart failure or difficult-to-treat hypertension.

Hypertension in patients with Diabetes and normal  
renal Function

Patients with diabetes mellitus commonly have hypertension. No compelling 
evidence supports an indication for renin-angiotensin system blockers in type 
2 diabetes per se. A13  Antihypertensive therapy should be instituted with the 
standard first-line antihypertensive drugs. If additional drugs are needed to 
control hypertension, vasodilating beta-blockers do not aggravate glucose 
intolerance.

Hypertension in patients with Diabetic nephropathy or Chronic 
Kidney Disease

Diabetic nephropathy (Chapter 115) is accompanied by proteinuria, loss of 
renal autoregulation, hypertension, progression to end-stage renal disease, and 
a high incidence of cardiovascular events. Because the addition of an ARB but 
not amlodipine to background antihypertensive therapy slows the progres-
sion of nephropathy in patients with type 2 diabetes, type 2 diabetes with 
nephropathy is an indication for an ARB. Similarly, in patients with proteinuric 
nondiabetic chronic kidney disease, ramipril appears to be more renoprotective 
than either amlodipine or metoprolol.

Patients with chronic kidney disease are more likely to die from cardiovascular 
disease than to live long enough to develop dialysis-dependent, end-stage 
renal disease. In patients with baseline moderate nonproteinuric, nondiabetic 
chronic kidney disease, intensive blood pressure reduction prevents more car-
diovascular events compared with standard therapy.

secondary stroke prevention
Stroke survivors (Chapter 379) are at high risk for recurrent stroke, further 

disability, and death. Reduction in systolic blood pressure to less than 130 mm 
Hg with the combination of indapamide and perindopril can reduce these risks. 
In hypertensive patients with lacunar infarcts, a reduction in systolic blood 
pressure to less than 130 mm Hg rather than less than 140 mm Hg reduces 
the risk of subsequent hemorrhagic stroke (Chapter 380).
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E-FIGURE 70-5. The 24-hour blood pressure monitor tracing of a patient with post-
prandial and orthostatic hypotension. this frail 70-year-old woman was referred for 
evaluation of labile hypertension and dizziness. Blue arrows show repeated episodes of 
postprandial hypotension. the red arrow shows an episode of orthostatic hypotension 
when the patient walked to the bathroom 90 minutes after going to sleep. White coat 
reactions are also seen when the patient came to clinic both to have the monitor placed 
and then to have it removed. (provided by ronald G. Victor, MD, Hypertension Center, 
Cedars-sinai Heart institute, los Angeles, California.)
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Hypertension in African Americans
African Americans have a higher prevalence of hypertension, hypertensive 

complications, and death related to hypertension. Among African American 
patients, ACE inhibitors appear to provide less blood pressure reduction and 
thus less stroke protection than either thiazide-type diuretics or calcium-channel 
blockers. In clinical practice, however, achieving blood pressure targets and 
optimal cardiovascular protection typically requires combining an ACE inhibitor 
with either a calcium-channel blocker or a thiazide-type diuretic, or both. In 
this population, health promotion using pharmacist-led treatments promoted 
by black barbershops can markedly improve the rate of blood pressure control 
in previously uncontrolled hypertensive men. A14 

Hypertension Associated with oral Contraceptives and estrogen 
replacement

Oral contraceptives, particularly current low-dose estrogen preparations, 
cause a small increase in blood pressure in most women but rarely cause a 
large increase into the hypertensive range. The mechanism is unknown, but 
women older than 35 years and those who smoke or are overweight appear 
to be at increased risk. If hypertension develops, oral contraceptive therapy 
should be discontinued in favor of other methods of contraception. Oral estro-
gen replacement therapy after menopause appears to cause a small increase 
in blood pressure, whereas transdermal estrogen (which bypasses first-pass 
hepatic metabolism) appears to cause a small decrease in blood pressure.

Hypertension in pregnancy
Hypertensive disorders in pregnancy are a major cause of maternal-fetal 

morbidity and mortality, including a 25% incidence of preterm births (Chapter 
226). These disorders include chronic hypertension, gestational hypertension, 
and preeclampsia—a severe, progressive, multisystem disorder diagnosed when 
hypertension is accompanied by any one of the following: proteinuria, blood 
pressure of 160/110 mm Hg or higher despite bed rest, thrombocytopenia, 
impaired liver function, progressive renal insufficiency, pulmonary edema, or 
new-onset cerebral or visual disturbance.

The treatment of hypertension in pregnancy as well as the prevention and 
treatment of preeclampsia are discussed in Chapter 226.

Drug-resistant Hypertension
Up to one in five hypertensive patients has resistant hypertension, defined 

traditionally as high blood pressure uncontrolled despite three antihypertensive 
drugs, including a diuretic, or controlled on four or more drugs. More than half 
of such patients have pseudoresistance because of improper blood pressure 
measurement, white coat reactions, medication nonadherence, intake of drugs 
that raise blood pressure (e.g., NSAIDs, excessive alcohol, psychiatric drugs), or 
an inadequate antihypertensive regimen (Table 70-8). Common correctable 
issues include use of HCTZ rather than a far more effective thiazide-type diuretic 
(e.g., chlorthalidone or indapamide), inadequate diuretic therapy, inappropriate 
use of a loop diuretic in a patient with normal renal function, infrequent dosing 
with a short-acting loop diuretic (e.g., once-daily furosemide), and clonidine 
rebound (especially with as-needed dosing).

Truly drug-resistant patients are at high risk because of their severe hyper-
tension and target organ damage. Patients should be screened for secondary 
hypertension, especially primary aldosteronism (Chapter 214), chronic kidney 
disease, and pheochromocytoma (Chapter 215). In the absence of an identifi-
able cause for the hypertension, a mineralocorticoid receptor antagonist (e.g., 
eplerenone 50-100 mg daily or spironolactone 25-50 mg daily) is the most 
effective fourth drug, A15  even if the serum aldosterone level is within the normal 
range.18 The fifth drug, if needed, should be carvedilol or nebivolol if a β-blocker 
is not contraindicated.

Despite maximally tolerated doses of 5 or more different antihypertensive 
drugs, some patients still have uncontrolled hypertension. Catheter-based renal 
denervation can reduce blood pressure by about 7 mm Hg systolic compared 

TABLE 70-8 CAUSES OF PSEUDORESISTANT AND TRULY 
RESISTANT HYPERTENSION

PSEUDORESISTANT HYPERTENSION TRULY RESISTANT HYPERTENSION
Inadequate medical regimen Primary aldosteronism
Pressor substances (e.g., nonsteroidal 

anti-inflammatory drugs [NSAIDs], 
calcineurin inhibitors such as 
cyclosporine or tacrolimus, or 
sympathomimetics such as 
phenylephrine, cocaine or 
methamphetamine)

White coat reaction
Improper blood pressure measurement

Chronic kidney disease
Other secondary hypertension (e.g., 

pheochromocytoma, Cushing 
syndrome, atherosclerotic renal 
artery stenosis, fibromuscular renal 
artery stenosis, Takayasu arteritis, 
coarctation of the aorta, 
hyperthyroidism, hypothyroidism, 
hyperparathyroidism)

Medication nonadherence Difficult primary hypertension

with a sham procedure. A16 
,
 A17  A novel carotid stent—to increase carotid sinus 

distensibility and thus carotid baroeceptor firing—has yielded promising early 
data in patients with resistant hypertension.19

Acute severe Hypertension
Twenty-five percent of all emergency department patients present with an 

elevated blood pressure (Chapter 7). Hypertensive emergencies are acute, often 
severe elevations in blood pressure, accompanied by rapidly progressive target 
organ dysfunction, such as myocardial or cerebral ischemia or infarction, pul-
monary edema, or renal failure. The blood pressure typically is 220/130 mm 
Hg or higher, but it may be much lower in women who have preeclampsia in 
the absence of preexisting hypertension. The full-blown clinical picture of a 
hypertensive emergency is a critically ill patient who presents with a blood 
pressure typically above 220/130 mm Hg, headaches, confusion, blurred vision, 
nausea and vomiting, seizures, pulmonary edema, oliguria, and grade 3 or 
grade 4 hypertensive retinopathy (see Fig. 395-24 in Chapter 395). Hypertensive 
emergencies require immediate reduction of blood pressure with intravenous 
medication (Table 70-9) and intra-arterial monitoring in an intensive care unit 
(ICU). In contrast, hypertensive urgency denotes severe uncontrolled hyperten-
sion sometimes with vague symptoms (such as headache, malaise, anxiety) 
but without objective evidence of acute target organ damage. In the absence 
of acute target organ damage, a patient with a blood pressure of 220/130 mm 
Hg or higher should be treated with short-acting oral medication. Severe hyper-
tension, defined as a blood pressure between 180/110 and 219/129 mm Hg 
without symptoms or acute target organ damage, almost always occurs in 
patients who have chronic hypertension and who ran out of or stopped taking 
their antihypertensive medications. Long-acting oral medication simply can 
be restarted. Patients with a hypertensive urgency or severe hypertension require 
outpatient follow-up within 24 to 72 hours with either a primary care physician 
or hypertension specialist.

The most common hypertensive cardiac emergencies include acute aortic 
dissection (Chapter 69), hypertension after cardiac surgery (Chapter 65), acute 
myocardial infarction (Chapter 64), and unstable angina (Chapter 63). Other 
hypertensive emergencies include cocaine-induced sympathetic crisis, eclamp-
sia (Chapter 226), head trauma (Chapter 371), severe body burns (Chapter 103), 
postoperative bleeding from vascular suture lines, and epistaxis that cannot 
be controlled with anterior and posterior nasal packing. Neurologic emergen-
cies—acute ischemic stroke, hemorrhagic stroke, subarachnoid hemorrhage, and 
hypertensive encephalopathy—can be difficult to distinguish from one another 
(Chapters 378 to 380). Hypertensive encephalopathy (Chapter 380) is charac-
terized by severe hypertensive retinopathy (retinal hemorrhages and exudates, 
with or without papilledema) and a posterior leukoencephalopathy (affect-
ing mainly the white matter of the parieto-occipital regions) seen on cerebral 
MRI or CT. A new focal neurologic deficit suggests a stroke in evolution, which 
demands a much more conservative approach to the elevated blood pressure  
(Chapter 379).

In most other hypertensive emergencies, the goal of parenteral therapy is 
to achieve a controlled and gradual lowering of blood pressure. A good rule 
of thumb is to lower the initially high blood pressure by 10% in the first hour 
and by an additional 15% during the next 3 to 12 hours to a blood pressure 
of no less than 160/110 mm Hg. Blood pressure can be reduced further during 
the next 48 hours. Exceptions to this rule are aortic dissection (Chapter 69) and 
postoperative bleeding from vascular suture lines, two situations that demand 
much more rapid normalization of blood pressure. In most other cases, unnec-
essarily rapid correction of severe high blood pressure to completely normal 
values can cause cerebral, cardiac, and renal ischemia. In chronic hypertension, 
cerebral autoregulation is reset to tolerate higher than normal blood pressures. 
This compensatory adjustment prevents tissue overperfusion (increased intra-
cranial pressure) at very high blood pressures, but it also predisposes to tissue 
underperfusion (cerebral ischemia) when high blood pressure is lowered too 
quickly (Chapter 379). In patients with coronary disease, overly rapid or exces-
sive reduction in blood pressure in the ICU can precipitate or exacerbate an 
acute coronary syndrome (Chapter 63).

intravenous Drugs for Hypertensive emergencies
First-line drug options for hypertensive emergencies (Table 70-10) are intra-

venous labetalol (a combined α- and β-blocker), nitroprusside, nicardipine (a 
dihydropyridine CCB), or urapidil (a central sympatholytic that acts on brain 
serotonergic pathways and blocks peripheral α1-adrenergic receptors). In patients 
with impaired cerebral autoregulation (see later), labetalol causes a smaller 
adverse fall in cerebral blood flow than nitroprusside but has a longer half-life, 
thereby leading to more adverse episodes of systemic hypotension. Intravenous 
nicardipine appears to produce a more predictable and consistent reduction 
in blood pressure than labetalol with a similar safety profile; however, physi-
cians and hospital pharmacies are less familiar with nicardipine.

After the blood pressure has been brought under acute control, oral labetalol 
and dihydropyridine calcium-channel blockers are particularly useful agents 
in weaning patients from parenteral therapy so that they can be transferred 
from the ICU. A few doses of intravenous furosemide are often needed to over-
come drug resistance due to secondary volume expansion resulting from par-
enteral vasodilator therapy.
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Secondary hypertension should be suspected in patients admitted to the 
ICU with hypertensive crisis. Normal 24-hour urinary catecholamine values or 
normal plasma normetanephrine and metanephrine values collected when 
the blood pressure is the highest (first 24 hours in ICU) effectively rule out 
pheochromocytoma (Chapter 215). Bilateral renal artery stenosis (Chapter 116) 
and other secondary causes should be excluded after the patient has been 
transferred out of the ICU but before discharge from the hospital.

oral Medications for Hypertensive Urgencies
Labetalol is effective in a dose of 200 to 300 mg, which can be repeated in 

2 to 3 hours and then prescribed in twice-daily dosing. If a β-blocker is con-
traindicated, clonidine is effective in an initial dose of 0.1 or 0.2 mg followed 
by additional hourly doses of 0.1 mg. Captopril, a short-acting ACE inhibitor, 
lowers blood pressure within 15 to 30 minutes of oral dosing. A small test dose 
of 6.25 mg should be used to avoid an excessive fall in blood pressure in 

TABLE 70-9 RECOMMENDED TREATMENT OF HYPERTENSIVE EMERGENCIES BY END ORGAN INVOLVED
TYPE OF EMERGENCY TIME-LINE, TARGET BP FIRST-LINE THERAPY ALTERNATIVE THERAPY
Hypertensive crisis with retinopathy, microangiopathy, 

or acute renal insufficiency
Several hours,
MAP −20 to −25%

Labetalol Nitroprusside
Nicardipine
Urapidil

Hypertensive encephalopathy Immediate, MAP −20 to −25% Labetalol Nicardipine
Nitroprusside

Acute aortic dissection Immediate, Systolic BP <110 mm Hg Nitroprusside plus metoprolol Labetalol
Acute pulmonary edema Immediate, MAP 60 to 100 mm Hg Nitroprusside with loop diuretic Nitroglycerine

Urapidil with loop diuretic
Acute coronary syndrome Immediate, MAP 60 to 100 mm Hg Nitroglycerine Labetalol
Acute ischemic stroke and BP >220/120 mm Hg 1 hr,

MAP −15%
Labetalol Nicardipine

Nitroprusside
Cerebral hemorrhage and systolic BP >180 mm Hg or 

MAP >130 mm Hg
1 hr,
Systolic BP <180 mm Hg and MAP 

<130 mm Hg

Labetalol Nicardipine
Nitroprusside

Acute ischemic stroke with indication for thrombolytic 
therapy and BP >185/110 mm Hg

1 hr,
MAP <−15%

Labetalol Nicardipine
Nitroprusside

Cocaine/XTC intoxication Several hours, Systolic BP <140 mm Hg Phentolamine (after benzodiazepines) Nitroprusside
Pheochromocytoma crisis Immediate Phentolamine Nitroprusside

Urapidil
Perioperative hypertension during or after CABG Immediate Nicardipine Urapidil

Nitroglycerine
During or after craniotomy Immediate Nicardipine Labetalol
Severe preeclampsia/eclampsia Immediate,

BP <160/105 mm Hg
Labetalol (plus MgSO4 and oral 

antihypertensive medication such as 
nifedipine with or without methyldopa)

Ketanserin
Nicardipine

Adapted from van den Born BJ, Beutler JJ, Gaillard CA, et al. Dutch guideline for the management of hypertensive crisis: 2010 revision. Neth J Med. 2011;69:248-255.
BP = blood pressure; CABG = coronary artery bypass grafting; MAP = mean arterial pressure; MgSO4 = magnesium sulfate; XTC = ecstasy.

TABLE 70-10 INTRAVENOUS DRUGS FOR HYPERTENSIVE EMERGENCIES
DRUG ONSET OF ACTION HALF-LIFE DOSE CONTRAINDICATIONS AND SIDE EFFECTS
Labetalol 5-10 min 3-6 hr 0.25-0.5 mg/kg; 2-4 mg/min until goal BP is reached, 

thereafter 5-20 mg/hr
Second- or third-degree AV block; systolic heart failure, 

COPD (relative); bradycardia; fluid overload
Nicardipine 5-15 min 30-40 min 5-15 mg/hr as continuous infusion, starting dose 5 mg/hr, 

increase every 15-30 min with 2.5 mg until goal BP, 
thereafter decrease to 3 mg/hr

Liver failure

Nitroprusside Immediate 1-2 min 0.3-10 µg/kg/min, increase by 0.5 µg/kg/min every 5 min 
until goal BP

Liver/kidney failure (relative), cyanide toxicity

Nitroglycerine 1-5 min 3-5 min 5-200 µg/min, 5 µg/min increase every 5 min
Urapidil 3-5 min 4-6 hr 12.5-25 mg as bolus injections; 5-40 mg/hr as continuous 

infusion
Esmolol 1-2 min 10-30 min 0.5-1.0 mg/kg as bolus; 50-300 µg/kg/min as continuous 

infusion
Second- or third-degree AV block, systolic heart failure, 

COPD (relative); bradycardia
Phentolamine 1-2 min 3-5 min 1-5 mg, repeat after 5-15 min until goal BP is reached; 

0.5-1 mg/hr as continuous infusion
Tachyarrhythmia, angina pectoris

AV = atrioventricular; BP = blood pressure; COPD = chronic obstructive pulmonary disease.
Adapted from van den Born BJ, Beutler JJ, Gaillard CA, et al. Dutch guideline for the management of hypertensive crisis: 2010 revision. Neth J Med. 2011;69:248-255.

hypovolemic patients; then, the full oral dose is 25 mg, which can be repeated 
in 1 to 2 hours and prescribed as 25 to 75 mg twice daily.

incidental Blood pressure elevation in the emergency 
Department

A blood pressure 160/110 mm Hg or higher is a common incidental finding 
among patients who present to emergency departments and other acute care 
settings for urgent medical or surgical care of symptoms that are unrelated to 
blood pressure (e.g., musculoskeletal pain, orthopedic injury). In 90% of such 
patients, the high blood pressure is the first indication of undiagnosed chronic 
hypertension and not a simple physiologic stress reaction, so the finding rep-
resents an important opportunity to initiate internal medicine referral for formal 
evaluation of possible hypertension.20



 PROGNOSIS
The prognosis of the patient with hypertension is related both to the duration 
and severity of the blood pressure elevation and the presence of additional 
cardiovascular risk factors. Undertreatment of hypertension and underuse of 
combination drug therapy, both of which are common in busy outpatient 
practices, worsens outcomes, whereas pharmacist-based team management 
protocols with fixed-dose/once-daily combination pills, proactive follow-up, 
and access to walk-in blood pressure checks can improve hypertension control 
rates to 80% or higher (Table 70-11). At the community level, pharmacist 
prescribing can improve blood pressure control. A18  Long-term continuation 
rates are best for the ARBs, intermediate for ACE inhibitors and calcium-
channel blockers, and worst for diuretics and β-blockers. Patients with drug-
resistant hypertension should be referred to a hypertension specialist.

TABLE 70-11 STRATEGIES TO OPTIMIZE HYPERTENSION 
MANAGEMENT

HEALTH SYSTEM

•	 Standardized	medication	intensification	protocol
•	 Pharmacist-based	team	approach
•	 Automated	blood	pressure	measurement	protocol
DRUG TREATMENT

•	 Low-dose	combination	therapy
•	 Best-tolerated	drug	classes
•	 Fixed-dose	single	pill	combinations
•	 Long-acting	once	daily	drugs
•	 Low-cost	generics
PATIENT ENGAGEMENT

•	 Shared	goals
•	 Medication	reconciliation
•	 Out-of-office	blood	pressure	monitoring
•	 Social	support	from	family	and	peers
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Answer: E This patient is an ideal candidate for high-intensity blood pressure-
lowering therapy because of his age, his systolic blood pressure of 130 to 
180 mm Hg, and his 10-year cardiovascular disease risk estimate of 27% by 
the American College of Cardiology ASCVD Pooled Cohort Calculator http://
tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/. To achieve 
a home systolic blood pressure goal 120 mm Hg or lower, his current mild 
regimen should be discontinued and high-intensity therapy should be initi-
ated, with a potent, once-daily calcium-channel blocker (e.g., amlodipine 5 mg 
daily) and a potent, once-daily angiotensin II receptor blocker (e.g., olmesartan 
150 mg daily). The next step is to maximize the dose of both drugs: amlodipine 
up to 10 mg daily and olmesartan up to 300 mg daily. If his systolic blood 
pressure still is not at goal, a potent long-acting thiazide-type diuretic (e.g., 
indapamide 0.625 mg daily) should be added. Because of his high cardiovas-
cular risk, a high-intensity statin (e.g., atorvastatin up to 80 mg daily) should 
be initiated. Of course, smoking cessation must be addressed as well.

3. A 69-year-old woman has chronic hypertension with recently diagnosed 
type 2 diabetes, which is being treated with diet, exercise, and metformin. 
Her blood pressure medications are lisinopril/hydrochlorothiazide 40/25 mg 
daily and amlodipine 5 mg daily. On this regimen, she has a mild dry cough. 
Her unattended automated office blood pressure averages 145/91 mm Hg, 
which is similar to her average home blood pressure of 140/87 mm Hg. 
There is no orthostatic change in blood pressure after standing for 5 minutes. 
Her basic metabolic panel includes: Na 127 mEq/L, K 3.7 mEq/L, CO2 
25 mmol/L, Cl 100 mmol/L, creatinine 0.9 mg/dL, and BUN 20 mg/dL. 
Her estimated glomerular filtration rate (eGFR) is 69 mL/min/1.73 m2. 
Her hemoglobin A1C is 6.2%. A spot morning urine albumin-to-creatinine 
ratio is 39 mg/g. Her LDL cholesterol is 130 mg/dL. Which of the fol-
lowing is the most appropriate next step?
 A. Add an angiotensin receptor blocker (ARB) to the current regimen to 

prevent diabetic nephropathy.
 B. Add the direct renin inhibitor aliskiren to the current regimen to prevent 

diabetic nephropathy.
 C. Replace HCTZ with chlorthalidone while continuing lisinopril and 

amlodipine
 D. Replace lisinopril/HCTZ with irbesartan 150 mg QD and carvedilol 

6.25 mg twice daily after breakfast and dinner; continue amlodipine 
and add rosuvastatin 20 mg daily.

 E. Make no changes in her regimen.
Answer: D This complicated patient has uncontrolled hypertension in the 
setting of recent type 2 diabetes with borderline microalbuminuria and a 
normal eGFR. She has two medication-induced side effects: (1) an angiotensin-
converting enzyme (ACE) inhibitor cough, and (2) thiazide-induced hypo-
natremia, which is common after age 60 years, particularly in women. Dual 
renin-angiotensin system blockade, with either any combination of an ARB 
plus ACE inhibitor or an ACE inhibitor plus aliskiren, increases the risk of 
acute kidney injury and end-stage renal disease without providing cardiovas-
cular benefit compared with either an ACE inhibitor alone or an ARB alone 
and should not be used. Because this patient with recent type 2 diabetes has 
neither orthostatic hypotension nor chronic kidney disease, it is appropriate 
to consider intensified blood pressure lowering with a home systolic blood 
pressure goal of below 130 mm Hg. Also, ambulatory monitoring is indicated, 
if covered by her insurance (it was not), because masked nocturnal hyperten-
sion is common in patients with type 2 diabetes. Although chlorthalidone is 
far more effective than HCTZ in lowering blood pressure and preventing 
hypertensive complications, a potent thiazide-type diuretic is not an option 
for this patient because she already has hyponatremia from HCTZ. The best 
option is to replace the ACE inhibitor with an ARB (such as long-acting 
generic irbesartan) to eliminate her cough and to add a vasodilating β-blocker 
(such as carvedilol), which will not exacerbate her insulin resistance. A high-
intensity statin is indicated because of her high estimated 10-year cardiovascular 
disease risk of 28%.

REVIEW QUESTIONS

1. An 80-year-old woman makes an appointment for initial evaluation of 
hypertension, which was detected by her orthopedist. She has enjoyed 
excellent health her entire life and remains very active. She has never been 
treated for hypertension. Her only other medical issue is occasional sciatica 
from lumbar degenerative disc disease. Her only medication is vitamin D 
with calcium. In your office, her seated blood pressure averages 200/90 mm 
Hg and heart rate is 77 beats per minute. There are no significant orthostatic 
changes in her blood pressure or heart rate. Her complete metabolic panel 
and resting electrocardiogram are normal. Which of the following is the 
most appropriate course of action?
 A. Initiate antihypertensive therapy by prescribing a thiazide-type diuretic.
 B. Schedule a follow-up visit in 2 weeks to repeat the blood pressure mea-

surement to confirm the diagnosis of hypertension before prescribing 
medication.

 C. Order an ambulatory blood pressure monitor.
 D. Send the patient to the emergency department for treatment of a hyper-

tensive urgency.
 E. Initiate antihypertensive therapy immediately with an angiotensin-

converting enzyme (ACE) inhibitor plus a thiazide diuretic because 
the patient has stage 2 hypertension.

Answer: C White coat hypertension and masked hypertension are so common 
in elderly patients that the office blood pressure will lead to overtreatment or 
undertreatment of blood pressure in 3 out of 4 patients. Because this patient 
has no evidence of target organ damage, you suspect white coat hypertension; 
the best option is to order a 24-hour ambulatory blood pressure monitor. 
Suspected white coat hypertension without a diagnosis of hypertension and 
without target organ damage is the only Medicare-approved indication for 
ambulatory blood pressure monitoring. Her out-of-office daytime blood pres-
sure averages 141/55 mm Hg, and her nocturnal blood pressure averages 
143/57 mm Hg. Normal awake daytime blood pressure is less than 135/85 mm 
Hg, and normal nighttime sleeping blood pressure is less than 120/70 mm 
Hg. Thus, this patient has a brisk white coat reaction superimposed on mild 
daytime hypertension and significant nocturnal hypertension, which merits 
careful medication therapy. There is no indication that the patient has a hyper-
tensive urgency. It is not appropriate to institute medication therapy before 
confirming the diagnosis of hypertension, but a second office visit is almost 
certainly going to evoke another large white coat reaction. The size of the 
white coat reaction increases linearly with age and, in the absence of any 
cardiovascular risk factors other than age, white coat hypertension per se does 
not increase the risk of hypertensive complications.

2. A 61-year-old African American man is referred for evaluation of possible 
hypertension. His office blood pressures average 140/65 mm Hg. He has 
a 30 pack-year history of cigarette smoking and cannot quit. Complete 
metabolic panel is normal. HBA1C is 5.5% and his BMI is 31, so diet and 
exercise have been recommended. The patient biked 15 miles 5 days per 
week and lost more than 20 pounds in 9 months. His office blood pressure 
now averages 154/75 mm Hg. Single pill benezopril/HCTZ (20/12.5) 
was started, and his manual office blood pressure is now 143/70 mm Hg. 
The patient seeks a second opinion with you. In your office, his unattended 
office blood pressure is 132/65 mm Hg. A lipid panel shows total cholesterol 
240 mg/dL, HDL cholesterol 36 mg/dL, and LDL cholesterol 154 mg/
dL. What would you recommend?
 A. Continue current therapy because the patient’s hypertension is now 

well controlled.
 B. Discontinue the current medication and initiate intensive blood pressure-

lowering therapy with amlodipine 5 mg daily and olmesartan 150 mg 
daily, with plans to increase the doses of both drugs to achieve a home 
blood pressure 120 mm Hg or lower.

 C. Recommend a high-intensity statin (atorvastatin up to 80 mg daily).
 D. Recommend smoking cessation.
 E. B, C, and E.

http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/
http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/
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to suggest a pheochromocytoma, which is far less common than clonidine 
rebound, which itself can cause false-positive metanephrine screening. There 
is no orthostatic hypotension to suggest autonomic failure as the cause of his 
labile hypertension. Renal denervation remains an investigational intervention 
for drug-resistant hypertension, which he does not have.

5. A 57-year-old African American man has a progressive increase in his serum 
creatinine level from 1.7 to 2.8 mg/dL (eGFR 41) over the past 2 years, 
accompanied by macroalbuminuria (1.6 gram per 24 urine) and left ven-
tricular hypertrophy with repolarization abnormalities (“strain”) by elec-
trocardiogram despite having office blood pressures consistently averaging 
130/65 mm Hg on the following regimen: furosemide 40 mg daily, atenolol 
50 mg daily, and amlodipine 5 mg daily. He does not have diabetes and 
quit smoking 30 years ago. What would you recommend?
 A. Order a 24-hour ambulatory blood pressure monitor.
 B. Continue current medications and refer the patient to a nephrologist 

for renal biopsy.
 C. Replace furosemide with indapamide 1.25 mg daily, taper off atenolol, 

and add an angiotensin receptor blocker (telmisartan 40 mg daily), while 
continuing amlodipine 5 mg daily.

 D. A, B, and C
 E. A and C

Answer: E This patient with Stage 3B hypertensive (nondiabetic) chronic 
kidney disease likely has masked and nocturnal hypertension, which can be 
documented only by ambulatory blood pressure monitoring. Masked hyper-
tension and nocturnal hypertension are especially common in patients with 
chronic kidney disease, presumably owing to sympathetic overactivity, and 
they increase the risk for left ventricular hypertrophy and cardiovascular death. 
In fact, this patient has a greater chance of dying of a heart attack, stroke, or 
sudden cardiac death than living long enough to progress to end-stage renal 
disease requiring renal replacement therapy. His current regimen is not appro-
priate. An angiotensin receptor blocker is indicated for renal protection in 
chronic kidney disease with microalbuminuria and for regression of left ven-
tricular hypertrophy. Once-daily furosemide is not an effective antihypertensive 
medication because of its short half-life; indapamide or chlorthalidone is a 
much better diuretic for 24-hour blood pressure control and is effective in 
stage 3 chronic kidney disease. Furthermore, amlodipine should not be given 
without first starting an angiotensin receptor blocker or angiotensin-converting 
enzyme inhibitor in the setting of chronic kidney disease.

4. A 55-year-old male bus driver transfers to your care with a chief complaint 
of resistant and labile hypertension and an inability to return to work until 
you provide medical clearance. He has a normal complete metabolic panel 
and no history of cardiovascular disease. His current regimen is hydro-
chlorothiazide 25 mg daily, metoprolol XL 100 mg daily, and clonidine 
0.2 mg twice daily, with an extra dose of 0.1 mg if his systolic blood pressure 
is above 180 mm Hg or his diastolic blood pressure is above 110 mm Hg. 
His office blood pressure is 189/98 mm Hg with a heart rate of 50 seated, 
and 195/106 mm Hg with a heart rate of 50 standing. The patient’s home 
blood pressure readings range anywhere from 85/55 to 225/125 mm Hg. 
He is generally lethargic, often dizzy, and feels anxious when his blood 
pressure spikes. What is the most likely issue and best course of action?
 A. Medication nonadherence: draw drug blood levels and confront the 

patient if they are low.
 B. Clonidine rebound: taper clonidine gradually while starting a calcium-

channel blocker (amlodipine 5 mg daily) and an angiotensin receptor 
blocker (irbesartan 150 mg daily), and replace hydrochlorothiazide with 
indapamide 0.625 mg daily.

 C. Pheochromocytoma: measure plasma metanephrines and start an 
α-blocker (doxazosin 8 mg twice daily).

 D. Dysautonomia: refer the patient to a neurologist for autonomic function 
testing

 E. Resistant hypertension: refer the patient to a hypertension specialist 
for consideration of renal denervation

Answer: B This patient has pseudoresistant hypertension owing to an inad-
equate medical regimen with clonidine rebound. His blood pressure is rebound-
ing in your office (the appointment is 8 hours after his morning dose of 
clonidine). The appropriate course of action is to taper off the clonidine. One 
way is to reduce the clonidine dose to 0.1 mg at breakfast, lunch, and dinner 
so as to prevent rebound between doses and to add guanfacine 1 mg at bedtime 
temporarily to prevent rebound overnight. The next week, the clonidine dose 
can be reduced to 0.05 mg with meals for another week and then stopped; 
then, the guanfacine can be reduced to 0.5 mg QHS for one more week and 
then discontinued. At the same time, the patient should be started on the 
three first-line drugs for hypertension recommended by almost all current 
guidelines: a long-acting calcium-channel blocker, an angiotensin receptor 
blocker or an angiotensin-converting enzyme inhibitor, and a thiazide-type 
diuretic. The patient’s heart rate of 50 beats per minute indicates that he is 
taking his metoprolol, which is not a first-line drug for hypertension. Meto-
prolol should be tapered gradually later if he has no indication, such as coronary 
artery disease or heart failure, for a β-blocker. There is nothing in his history 
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71 
ATHEROSCLEROTIC PERIPHERAL 
ARTERIAL DISEASE
CHRISTOPHER J. WHITE

 DEFINITION
Lower extremity atherosclerotic peripheral arterial disease is one subset of 
a larger group of peripheral vascular diseases that includes all noncoronary 
vascular disorders that may affect the arterial, venous (Chapters 72 and 74), 
or lymphatic circulation. Atherosclerotic arterial diseases are characterized by 
arterial narrowing or occlusion caused by the accumulation of atherosclerotic 
plaque elements in the vessel wall. Atherosclerotic vascular disease can also 
lead to aneurysm formation, which is the pathologic enlargement of arte-
rial segments, and may result in rupture, dissection, or thromboembolism 
(Chapter 69).

 EPIDEMIOLOGY
The prevalence of lower extremity peripheral arterial disease in the United 
States, Europe, and Asia continues to increase as the population ages and is 
exposed to atherosclerotic risk factors (Chapter 46). The presence of peripheral 
arterial disease is defined as an ankle-brachial index (ABI)—the ratio of the 
highest systolic blood pressure in the ankle divided by the highest systolic 
blood pressure in the arm (Fig. 71-1)—less than 0.90. Among individuals 
age 40 years and older, the prevalence is 4.3% (95% confidence interval [CI], 
3.1 to 5.5%), but the prevalence in individuals with diabetes ranges from 20 
to 30%.1

Risk factors for atherosclerosis (Chapter 46) increase the likelihood of 
developing lower extremity peripheral arterial disease (Table 71-1).2 More 
than 95% of individuals with peripheral arterial disease have at least one tra-
ditional cardiovascular risk factor, and most have multiple risk factors. More 
than one third of patients with peripheral arterial disease have significant 
coronary disease, and up to one quarter have carotid artery disease. As a result, 
the risk of heart attack, stroke, and death are increased several-fold in patients 
with peripheral arterial disease.

Among conventional atherosclerotic risk factors, cigarette smoking is two 
to three times more likely to cause lower extremity peripheral arterial disease 
than to cause coronary artery disease. Hypertension is also associated with 
lower extremity peripheral arterial disease. The development of peripheral 
arterial disease is more likely in patients with lipid abnormalities (elevated 
total and low-density lipoprotein [LDL] cholesterol, decreased high-density 
lipoprotein [HDL] cholesterol, and hypertriglyceridemia), and the risk increases 
by 5 to 10% for each 10 mg/dL increase in total cholesterol. Increased homo-
cysteine levels are associated with a two- to three-fold increased risk for devel-
oping atherosclerotic peripheral arterial disease. Diabetes mellitus increases 
the risk of lower extremity peripheral arterial disease by two- to four-fold, and 
the risk of developing lower extremity peripheral arterial disease is proportional 
to the severity and duration of diabetes. Tight control of diabetes is important 
because the risk of developing peripheral arterial disease increases by 28% 
for every 1% increase in glycosylated hemoglobin (Chapter 216). Patients 
with diabetes who have lower extremity peripheral arterial disease are seven- 
to 15-fold more likely to undergo a major amputation than nondiabetics with 
lower extremity peripheral arterial disease.

Peripheral arterial disease disproportionately affects older individuals, non-
Hispanic blacks, current smokers, individuals with diabetes, and those with 
abnormal renal function. The overall prevalence of peripheral arterial disease 

in the United States among persons age 70 years and older is 14.5% (95% CI, 
10.8 to 18.2%), which corresponds to approximately 4 million individuals.

 PATHOBIOLOGY
Acute Limb Ischemia
Acute limb ischemia occurs when blood flow to an extremity is abruptly halted 
or markedly diminished, resulting in hypoperfusion that threatens the viability 
of the limb. Acute limb ischemia is most commonly caused by either throm-
bosis or embolism. Most emboli originate from the heart as a mural thrombus 
from a recent myocardial infarction (MI) (Chapter 64) or from the atrial 
appendage in a patient with atrial fibrillation (Chapter 58). A less common 
cause of lower extremity emboli is an abdominal aortic aneurysm (Chapter 
69) that serves as the source of cholesterol emboli (Chapter 72).

Arterial in situ thrombosis as a result of plaque rupture usually represents 
the final stage of a chronically diseased artery, most commonly the femoral 
or popliteal artery. If native artery thrombosis occurs in the absence of a pre-
existing stenosis, a thorough search for a hypercoagulable state should be 
undertaken. Thrombosis of a popliteal aneurysm may present as acute limb 
ischemia.

Chronic Limb Ischemia
Lower extremity peripheral artery disease may be manifest as either chronic 
stable disease or as critical limb ischemia.3 Peripheral arterial disease is most 

commonly caused by atherosclerosis, but it also may be caused by thrombo-
embolism, inflammatory disease, trauma, aneurysmal disease, adventitial cysts, 
entrapment syndromes, or congenital abnormalities. Aneurysms may be asso-
ciated with atherosclerosis, or they may be caused by underlying hereditary 
(familial) or acquired (e.g., smoking or trauma) causes.

Patients with critical limb ischemia have inadequate blood flow to sustain 
viability in the distal tissue bed. Critical limb ischemia is most often caused 
by atherosclerosis, but it can also be caused by atheroembolic or thrombo-
embolic disease, vasculitis, in situ thrombosis related to hypercoagulable states, 
thromboangiitis obliterans, cystic adventitial disease, popliteal entrapment, 
or trauma. Patients presenting with critical limb ischemia typically have mul-
tisegment disease along the length of the limb.

Inflammation plays a fundamental role in the development and progression 
of atherosclerosis. Elevated levels of C-reactive protein (CRP) are strongly 
associated with the development of peripheral arterial disease. Markers of 
inflammation such as interleukin-6, tumor necrosis factor-α, CRP, and platelet 
activation are increased compared with normal subjects.

No specific genetic markers have been confirmed for peripheral arterial 
disease, although one study identified a linkage on chromosome 1p. The pro-
portion of low ABIs attributable to heritability is estimated at 20%. Concordance 
rates among twins are about 33% for monozygotic pairs and about 31% for 
dizygotic pairs, suggesting a limited role for heritability. Taken together, these 
data suggest a modest but significant heritability factor for peripheral arterial 
disease.

 CLINICAL MANIFESTATIONS
Acute Limb Ischemia
A patient with acute limb ischemia presents with a cool, painful extremity 
(Table 71-2). Typically, the major muscle groups below the level of obstruc-
tion are symptomatic. The absence of a pulse may help localize the site of 
occlusion, but pulses may be normal in cases of microemboli or cholesterol 
emboli (Chapter 72). Venous and capillary filling is an indicator of the severity 
of acute limb ischemia. The leg should be carefully examined for color and 
temperature abnormalities. Pallor is seen early on, but with time, cyanosis is 
common. Poikilothermia, or coolness, is an important finding, particularly if 
the opposite limb is warm. A transition level for color and temperature changes, 
which is often clinically obvious, should be correlated with the pulses and 
denoted as a baseline reference at the initial examination for comparison with 
subsequent examinations.
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ABSTRACT
Atherosclerotic arterial diseases are characterized by arterial narrowing or 
occlusion caused by the accumulation of atherosclerotic plaque. The presence 
of peripheral arterial disease is defined as an ankle-brachial index (ABI) less 
than 0.90. More than one third of patients with peripheral arterial disease 
have significant coronary disease, and up to one quarter have carotid artery 
disease. The risks of heart attack, stroke, and death are increased several-fold 
in patients with peripheral arterial disease. Peripheral arterial disease dispro-
portionately affects older individuals, non-Hispanic blacks, current smokers, 
individuals with diabetes, and those with abnormal renal function. The overall 
prevalence of peripheral arterial disease in the United States among persons 
age 70 years and older is 14.5% (95% confidence interval [CI], 10.8 to 18.2%), 
which corresponds to approximately 4 million individuals. Peripheral arterial 
disease manifests as three clinical syndromes: chronic stable ischemia (clau-
dication), chronic critical ischemia, and acute limb ischemia. The primary 
treatment of patients with peripheral arterial disease is medical therapy directed 
at reducing the patient’s risk for life-threatening cardiovascular complications 
of atherosclerosis. Structured exercise therapy, with or without revasculariza-
tion, improves functional status such as walking distance. Revascularization 
strategies to improve walking distance and limb salvage have shifted from 
open surgical approaches to percutaneous, catheter-based endovascular treat-
ments because of the relative safety, success, and durability of stenting and 
drug-coated balloons. Among patients with peripheral arterial disease, those 
who have diabetes are 15 times more likely to have an amputation than are 
patients without diabetes, whose annual amputation rate is less than 1%.
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FIGURE 71-1. Performing pressure measurements and calculating the ankle-brachial index (ABI). to calculate the ABi, systolic pressures are determined in both arms and both 
ankles with the use of a handheld Doppler instrument. the higher reading in either the dorsalis pedis (DP) or the posterior tibial (Pt) arteries of the right foot and the left foot is divided 
by the higher systolic blood pressure reading in either the right or left arm to calculate the index. PArtNers = PAD [peripheral arterial disease] Awareness, risk, and treatment: New 
resources for survival. 

TABLE 71-1 PATIENTS AT RISK FOR PERIPHERAL ARTERIAL 
DISEASE

•	 Age	≥65 yr
•	 Age	50-64	yr	with	risk	factors	for	atherosclerosis	(e.g.,	diabetes	mellitus,	history	of	

smoking, hyperlipidemia, hypertension; see Chapter 46) or family history of 
peripheral arterial disease

•	 Age	<50 yr with diabetes mellitus and 1 additional risk factor for atherosclerosis
•	 Known	atherosclerotic	disease	in	another	vascular	bed	(e.g.,	coronary,	carotid,	

subclavian, renal, mesenteric artery stenosis, or abdominal aortic aneurysm)
Adapted from Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC guideline on the 
management of patients with lower extremity peripheral artery disease: executive summary: a report 
of the American College of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines. J Am Coll Cardiol. 2017;69:1465-1508.

in the United States among persons age 70 years and older is 14.5% (95% CI, 
10.8 to 18.2%), which corresponds to approximately 4 million individuals.

 PATHOBIOLOGY
Acute Limb Ischemia
Acute limb ischemia occurs when blood flow to an extremity is abruptly halted 
or markedly diminished, resulting in hypoperfusion that threatens the viability 
of the limb. Acute limb ischemia is most commonly caused by either throm-
bosis or embolism. Most emboli originate from the heart as a mural thrombus 
from a recent myocardial infarction (MI) (Chapter 64) or from the atrial 
appendage in a patient with atrial fibrillation (Chapter 58). A less common 
cause of lower extremity emboli is an abdominal aortic aneurysm (Chapter 
69) that serves as the source of cholesterol emboli (Chapter 72).

Arterial in situ thrombosis as a result of plaque rupture usually represents 
the final stage of a chronically diseased artery, most commonly the femoral 
or popliteal artery. If native artery thrombosis occurs in the absence of a pre-
existing stenosis, a thorough search for a hypercoagulable state should be 
undertaken. Thrombosis of a popliteal aneurysm may present as acute limb 
ischemia.

Chronic Limb Ischemia
Lower extremity peripheral artery disease may be manifest as either chronic 
stable disease or as critical limb ischemia.3 Peripheral arterial disease is most 

commonly caused by atherosclerosis, but it also may be caused by thrombo-
embolism, inflammatory disease, trauma, aneurysmal disease, adventitial cysts, 
entrapment syndromes, or congenital abnormalities. Aneurysms may be asso-
ciated with atherosclerosis, or they may be caused by underlying hereditary 
(familial) or acquired (e.g., smoking or trauma) causes.

Patients with critical limb ischemia have inadequate blood flow to sustain 
viability in the distal tissue bed. Critical limb ischemia is most often caused 
by atherosclerosis, but it can also be caused by atheroembolic or thrombo-
embolic disease, vasculitis, in situ thrombosis related to hypercoagulable states, 
thromboangiitis obliterans, cystic adventitial disease, popliteal entrapment, 
or trauma. Patients presenting with critical limb ischemia typically have mul-
tisegment disease along the length of the limb.

Inflammation plays a fundamental role in the development and progression 
of atherosclerosis. Elevated levels of C-reactive protein (CRP) are strongly 
associated with the development of peripheral arterial disease. Markers of 
inflammation such as interleukin-6, tumor necrosis factor-α, CRP, and platelet 
activation are increased compared with normal subjects.

No specific genetic markers have been confirmed for peripheral arterial 
disease, although one study identified a linkage on chromosome 1p. The pro-
portion of low ABIs attributable to heritability is estimated at 20%. Concordance 
rates among twins are about 33% for monozygotic pairs and about 31% for 
dizygotic pairs, suggesting a limited role for heritability. Taken together, these 
data suggest a modest but significant heritability factor for peripheral arterial 
disease.

 CLINICAL MANIFESTATIONS
Acute Limb Ischemia
A patient with acute limb ischemia presents with a cool, painful extremity 
(Table 71-2). Typically, the major muscle groups below the level of obstruc-
tion are symptomatic. The absence of a pulse may help localize the site of 
occlusion, but pulses may be normal in cases of microemboli or cholesterol 
emboli (Chapter 72). Venous and capillary filling is an indicator of the severity 
of acute limb ischemia. The leg should be carefully examined for color and 
temperature abnormalities. Pallor is seen early on, but with time, cyanosis is 
common. Poikilothermia, or coolness, is an important finding, particularly if 
the opposite limb is warm. A transition level for color and temperature changes, 
which is often clinically obvious, should be correlated with the pulses and 
denoted as a baseline reference at the initial examination for comparison with 
subsequent examinations.



CHAPTER 71 Atherosclerotic PeriPherAl ArteriAl DiseAse458

TABLE 71-2 CLINICAL CATEGORIES OF ACUTE LIMB ISCHEMIA
CATEGORY DESCRIPTION SENSORY LOSS MUSCLE WEAKNESS ARTERIAL DOPPLER VENOUS DOPPLER
I. Viable Not immediately threatened None None Audible Audible
IIa. Threatened marginally Salvageable if promptly treated Minimal or none None Inaudible Audible
IIb. Threatened immediately Salvageable if immediately treated More than toes, associated 

with rest pain
Mild to moderate Inaudible Audible

III. Irreversible Major tissue loss inevitable Profound, anesthetic Profound, paralysis, rigor Inaudible Inaudible
Adapted from Rutherford RB, Baker JD, Ernst C, et al. Recommended standards for reports dealing with lower extremity ischemia: revised version. J Vasc Surg. 1997;26:517-538.

Sensory changes include numbness and paresthesias. Paralysis indicates 
that ischemia had advanced to jeopardize the survival of the limb unless the 
patient undergoes urgent revascularization. Any motor deficit indicates tissue 
anoxia and implies a very poor prognosis. Motor deficits progress from distal 
to more proximal muscle groups, so early motor weakness is seen in the intrinsic 
foot muscles. Complete motor paralysis is a late symptom that suggests irre-
versible injury. With irreversible ischemia, paralysis progresses to rigor.

Chronic Stable Lower Limb Ischemia
Among patients with chronic stable lower extremity peripheral arterial disease, 
50% of patients are asymptomatic despite abnormal pulse examinations, the 
presence of a vascular bruit, or an abnormal ABI (see Fig. 71-1). About 40% 
of patients have atypical symptoms (e.g., leg tiredness or fatigue), and only 
about 10% of patients have classic symptoms of intermittent claudication.

Claudication is defined as exertional discomfort, relieved with rest, in spe-
cific muscle groups at risk for ischemia during exercise (Table 71-3). Symp-
toms usually begin one segment below the level of the arterial narrowing. 
For example, whereas vascular obstructions (occlusions or stenoses) of the 
iliac vessels typically cause hip, thigh, and calf pain, femoral and popliteal 
artery obstructions typically cause symptoms in the calf and foot muscles. 
Claudication, which is a specific vascular syndrome, must be distinguished 
from other conditions that cause exertional leg pain, which have been termed 
pseudoclaudication (Table 71-4).

Symptoms in individual patients are remarkably variable despite similar 
degrees of vascular stenosis, in part owing to collateral vessel formation. A 
patient with superficial femoral artery occlusion but robust collateral forma-
tion via the deep femoral artery and geniculate collaterals, which supply blood 
to the infrapopliteal vessels, may have minimal or no symptoms. Another 
patient with similar anatomy but poor collaterals may have severe functional 
limitation.

Chronic Critical Lower Limb Ischemia
Critical limb ischemia, which develops in about 10% of all patients with 
peripheral arterial disease, presents as resting limb pain, nonhealing lower 
extremity ulcers, or gangrene (see Table 71-3).4 These patients’ limbs are in 
jeopardy, and even the most minor trauma from a poorly fitting shoe or a 
carelessly clipped toenail may cause a nonhealing wound or infection that 

leads to amputation. Critical limb ischemia can be exacerbated by conditions 
that reduce blood flow to the microvascular bed, such as diabetes; severe low 
cardiac output states; and, rarely, vasospastic diseases.

 DIAGNOSIS
Acute Limb Ischemia
In patients with acute limb ischemia, the history and physical examination 
are the most important steps, not only for assessing the cause and severity of 
ischemia but also for determining the diagnostic and therapeutic path. Upon 
completion of the history and physical examination, the physician should be 
able to answer the following questions about the severity of acute limb ischemia: 
Is the limb viable? Is the limb’s viability immediately threatened? Are there 
already irreversible changes that may preclude salvage of the limb? Three find-
ings that help differentiate “threatened” from “viable” extremities are the pres-
ence of persistent pain, sensory loss, and muscle weakness.

Chronic Limb Ischemia
The clinical severity of chronic stable and chronic critical limb ischemia can 
be semiquantitatively assessed using either the Fontaine or the Rutherford 
classification (see Table 71-3). The clinician must distinguish intermittent 
claudication from nonvascular causes that may mimic claudication (i.e., pseu-
doclaudication), such as neurogenic pain from spinal stenosis or nerve root 
compression (Chapter 372), musculoskeletal or arthritic pain, or discomfort 
from venous congestion or a compartment syndrome (see Table 71-4). A 
typical history of claudication has a low sensitivity but a high specificity for 
peripheral arterial disease.

Patients presenting with peripheral arterial disease should be assessed for 
atherosclerotic risk factors (blood pressure, serum lipid and glucose levels, 
renal function) and undergo a complete vascular physical examination with 
their shoes and socks removed. A diminished palpable peripheral pulse is 
insufficiently sensitive to exclude the diagnosis, so measurement of the ABI 
(see Fig. 71-1) is required.5,6 ABI results should be uniformly reported, with 
noncompressible values defined as greater than 1.40, normal values defined 
as 1.00 to 1.40, borderline values as 0.91 to 0.99, and abnormal values as 0.90 
or less.7

Imaging
Duplex imaging combines ultrasound imaging and Doppler blood velocity 
measurements to localize vascular obstructions and estimate lesion severity. 
The sensitivity and specificity of duplex ultrasonography for the diagnosis of 
a 50% stenosis or greater in the lower extremity is 90% or higher.8

Computed tomography angiography (CTA) and magnetic resonance angi-
ography (MRA) offer cross-sectional images that can be reconstructed into 
a three-dimensional angiogram (Fig. 71-2). Whereas CTA requires iodinated 
intravenous contrast material and ionizing radiation, MRA uses gadolinium 
contrast and does not expose the patient to ionizing radiation but cannot be 
used in patients with ferromagnetic metallic implants such as pacemakers or 
defibrillators. The major toxicity of gadolinium is an uncommon but potentially 
lethal systemic disorder called nephrogenic systemic fibrosis or nephrogenic 
sclerosing dermopathy (Chapter 251); a glomerular filtration rate of 60 mL/
minute or less is a risk factor.

An advantage of CTA over MRA is its ability to visualize metallic stents 
and stent grafts (Fig. 71-3). CTA requires only about one fourth the radiation 
required for invasive digital angiography, and it can be performed more quickly 
and with less pretreatment planning than MRA. Vascular calcification may be 
a source of artifact with CTA but is inconsequential with MRA. MRA tends 
to overestimate lesions at the ostia of arteries owing to turbulent flow.

Invasive digital subtraction angiography remains the “gold standard” for 
the diagnosis and evaluation of peripheral arterial disease despite the need 

TABLE 71-3 FONTAINE’S AND RUTHERFORD’S CLINICAL 
CLASSIFICATIONS OF CHRONIC LOWER LIMB 
ISCHEMIA

FONTAINE RUTHERFORD

STAGE CLINICAL GRADE CATEGORY CLINICAL
I Asymptomatic 0 0 Asymptomatic
IIa Mild claudication I 1 Mild claudication
IIb Moderate to severe 

claudication
I 2 Moderate claudication

I 3 Severe claudication
III Rest pain II 4 Rest pain
IV Ulceration or 

gangrene
III 5 Minor tissue loss

IV 6 Ulceration or gangrene
Adapted from Norgren L, Hiatt WR, Dormandy JA, et al. Inter-society consensus for the 
management of peripheral arterial disease (TASC II). Eur J Vasc Endovasc Surg. 
2007;33(Suppl):S1-S75.

TREATMENT 
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TABLE 71-4 DIFFERENTIATION OF TRUE CLAUDICATION FROM PSEUDOCLAUDICATION
INTERMITTENT 
CLAUDICATION SPINAL STENOSIS ARTHRITIS VENOUS CONGESTION

COMPARTMENT 
SYNDROME

Character of discomfort Cramping, tightness, or 
tiredness

Same as claudication or tingling, 
weakness, clumsiness

Aching Tightness, bursting pain Tightness, bursting pain

Location of discomfort Buttock, hip, thigh, calf, 
foot

Buttock, hip, thigh Hip, knee Groin, thigh Calf

Exercise-induced discomfort Yes Variable Variable After walking Excessive exercise
Walking distance to discomfort Reproducible Variable Variable Variable Excessive exercise
Occurs with standing No Yes Yes, but positional Yes, but positional Yes, but positional
Relief of discomfort Rapid relief with rest Relief with sitting or changing 

position
Slow relief with avoidance 

of weight bearing
Slow relief with leg 

elevation
Slow relief with leg 

elevation
Other Associated with 

atherosclerosis and 
decreased pulses

History of lower back problems Discomfort at joint History of deep vein 
thrombosis, signs of 
venous congestion

Typical in athletes

From White C. Intermittent claudication. N Engl J Med. 2007;356:1241-1250.

DSA CTA MRA

FIGURE 71-2. Aortography with distal run-off in three different patients by three 
different methods: digital subtraction angiography (DsA), computed tomography angi-
ography (ctA), and magnetic resonance angiography (MrA). (From White c. intermittent 
claudication. N Engl J Med. 2007;356:1241-1250.) A B C D

FIGURE 71-3. A, Baseline angiogram of left leg showing occlusion (arrowheads) of 
the femoral-popliteal segment. B, Post-treatment angiogram after balloon angioplasty 
and stent placement. C, More than 5 years later, the patient returns with claudication 
and a reduced ankle-brachial index. Follow-up computed tomography angiogram shows 
narrowing of the superficial femoral artery between the two stents. D, Final angiogram 
following balloon angioplasty and stent placement. 

for iodinated contrast material and the exposure to ionizing radiation. Invasive 
angiographic procedures (Chapter 51) are associated with a relatively small 
but nontrivial rate of complications, including severe contrast allergy in 0.1%, 
access-related bleeding complications, and contrast-induced nephropathy 
(Chapter 51).

The primary treatment of patients with atherosclerotic lower extremity 
peripheral arterial disease is guideline-directed medical therapy to reduce the 
patient’s risk for life-threatening cardiovascular complications of atherosclerosis. 
Structured exercise therapy with or without revascularization strategies improves 

TREATMENT functional status such as walking distance. A1  Revascularization strategies to 
improve walking distance and limb preservation have shifted from open surgi-
cal approaches to percutaneous, catheter-based endovascular treatments 
because of the relative safety, success, and durability of stenting and drug-
coated balloons. As a result, amputation rates for peripheral arterial disease 
have fallen by more than 25% in the past decade or so.
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Acute Limb Ischemia
Patients with irreversible limb ischemia (nonviable limb) should not undergo 

angiography and should be scheduled for amputation (Fig. 71-4). All other 
patients with acute limb ischemia should undergo emergent angiography to 
define the culprit lesion and to treat it endovascularly if possible.

The options for prompt revascularization include (1) endovascular therapies, 
with intra-arterial thrombolysis (e.g., recombinant tissue plasminogen activator 
0.5 mg/hour intra-arterially) and/or catheter-based thrombectomy and stenting, 
or (2) open surgical thrombectomy with or without arterial bypass. In general, 
endovascular therapy is recommended for patients with an onset of acute 
symptoms less than 14 days earlier, and surgical revascularization is recom-
mended for patients with a duration of symptoms longer than 14 days.

Chronic Lower Limb Ischemia
The treatment of patients with claudication is directed at both improving 

the walking distance and, perhaps more importantly, reducing the patient’s 
risk for life-threatening cardiovascular complications of atherosclerosis. Risk 
factor modification (Chapter 46), an exercise prescription, antiplatelet agents 
(Chapter 76), and medical therapy to reduce claudication are the basic elements 
of treating chronic stable peripheral arterial disease.9

Risk Factor Modification
Patients with known peripheral arterial disease should be encouraged to 

modify or eliminate atherosclerotic risk factors such as diabetes (Chapter 216), 
tobacco use (Chapter 29), hyperlipidemia (Chapter 195), and hypertension 
(Chapter 70) and to exercise regularly (Chapter 13).

Patients who are smokers or former smokers should be asked about their 
status of tobacco use at every visit. Smokers should receive counseling, usually 
be offered pharmacotherapy (e.g., nicotine replacement therapy, sometimes 
with varenicline or bupropion), and be considered for referral to a smoking 
cessation program (Chapter 29). For patients with severe peripheral arterial 
disease and elevated CRP levels, statin therapy substantially improves overall 
survival.10 In patients who have peripheral arterial disease and are already on 
statin therapy, the proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibi-
tor evolocumab further reduces low-density lipoprotein cholesterol levels, 
cardiovascular events, and the risk of major adverse limb events. A2 

This finding in patients with peripheral arterial disease is consistent with 
findings in other studies of patients with a history of vascular disease, with or 
without peripheral arterial disease, and with either elevated LDL cholesterol 
levels or elevated CRP levels. Blood pressure control is very important, especially 

in patients with coexisting diabetes. β-Blockers are effective antihypertensive 
therapy and are not contraindicated in peripheral arterial disease.

Exercise Therapy
Patients should be reassured that exercising, even though it may precipi-

tate their claudication symptoms, is not harmful and is the preferred initial 
treatment. A meta-analysis comparing supervised with unsupervised exercise 
therapy demonstrated superior improvement in claudication with supervised  
exericise, A3  and home-based exercise does not appear to be as useful even if 
combined with a wearable activity monitor and telephone coaching. A4  Improve-
ment in walking distance can often be achieved with pharmacologic man-
agement; discontinuation of tobacco use; and a regular, supervised exercise 
program. For example, a randomized trial of patients with aortoiliac peripheral 
arterial disease who underwent a supervised exercise program showed greater 
improvement in walking performance compared with those who underwent 
primary stent therapy or home walking with cilostazol.

Antiplatelet and Antithrombotic Therapy
Antiplatelet therapy with aspirin (usually 75 to 325 mg/day) has an established 

role in the secondary prevention of cardiovascular events in all patients with 
peripheral arterial disease because they are at high risk of MI, stroke, and vas-
cular death, whether they are being managed medically, have had prior endo-
vascular or surgical revascularization, or have had prior amputation. The addition 
of low-dose rivaroxaban (2.5 mg twice daily) to aspirin (100 mg daily) can further 
reduce major cardiovascular events, limb events, A5  and perhaps all-cause mor-
tality A6  despite an increase in bleeding events.

The thienopyridines, such as clopidogrel (usually 75 mg/day), are indicated 
only if aspirin is not tolerated, based on clopidogrel’s efficacy compared with 
aspirin among patients with peripheral arterial disease. Recent evidence sug-
gests that another thienopyridine, ticagrelor (usually 90 or 60 mg twice daily), 
is not more effective than clopidogrel as monotherapy for reducing cardiovas-
cular events, A7  but ticagrelor on a background of low-dose aspirin therapy 
does reduce major cardiac events compared with aspirin alone in patients who 
have also had an MI. A8  A promising novel protease-activated receptor-1 antago-
nist, voraxapar, may significantly reduce the incidence acute limb ischemia and 
the need for revascularization in patients with peripheral arterial disease. A9 

Pharmacology
Cilostazol, a phosphodiesterase inhibitor, at 50 to 100 mg twice daily, improves 

maximal walking distance by 40 to 50% compared with placebo and has been 

FIGURE 71-4. Treatment algorithm for acute limb ischemia (ALI). (Modified from Gray Bh, conte Ms, Dake MD, et al. Atherosclerotic Peripheral Vascular Disease symposium ii: lower-
extremity revascularization: state of the art. Circulation. 2008;118:2864-2872.)
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shown in a randomized trial to reduce femoral artery stent restenosis. A10  Cilostazol 
is contraindicated in patients with heart failure. Oral vasodilating prostaglandins, 
vitamin E, and chelation therapy with EDTA (ethylenediaminetetraacetic acid) 
have not been effective in improving either symptoms or walking distance.

Revascularization
The decision to perform an endovascular or surgical revascularization pro-

cedure for the relief of claudication in a patient with chronic stable lower limb 
ischemia is based upon a risk-to-benefit assessment that weighs the patient’s 
disability and discomfort against the estimated short- and long-term benefits 
and risks of the procedure. Because very few patients with claudication are in 
danger of losing their limbs, the primary goal of revascularization is durable 
functional improvement, not limb salvage. Patients selected for revasculariza-
tion to relieve symptoms of intermittent claudication should have significant 
lifestyle limitation or be unable to work and should have failed to respond to 
medications and to a structured exercise program.11

Superficial femoral and popliteal artery stenoses or occlusions (E-Fig. 71-1) 
are commonly associated with calf claudication. Revascularization with endo-
vascular techniques or surgery is indicated for the relief of vocational or lifestyle-
limiting claudication in patients who have failed to respond to exercise and 
pharmacologic therapy.

In patients with claudication, the combination of a structured exercise 
program plus balloon angioplasty is superior to supervised exercise therapy 
alone for improving the ABI, A11  walking distance, and quality of life at 1 year. 
Randomized trials comparing surgery with angioplasty show similar rates of 
mortality, amputation, and patency at 4 years in patients with lower extremity 
ischemia. A12  Percutaneous therapy is preferred in amenable lesions because 
of its lower periprocedural mortality and morbidity. Angioplasty is more cost 
effective than surgery if the expected 5-year patency rate of the treated vessel 
is 30% or greater.

Drug-eluting stents and drug-coated balloons provide a superior and more 
durable benefit for claudication caused by femoral-popliteal disease than do 
angioplasty and stenting alone. A13 

,
 A14  Adjunctive angioplasty devices such as 

atherectomy, cryotherapy, and the cutting balloon have not been meaningfully 
tested in any population, and there are few data to support their use.

For chronic critical lower limb ischemia, endovascular therapy can reduce 
the rate of amputation. For patients with critical limb ischemia and salvageable 
limbs, the optimal treatment is urgent revascularization. The therapeutic goal 
is to reestablish pulsatile, straight-line flow to the distal extremity.

In patients with critical limb ischemia caused by infrainguinal disease, angio-
plasty and surgery are comparable as first-line therapies, but endovascular 
therapy is less costly and is associated with lower morbidity. It is reasonable 
to attempt a percutaneous therapy first if a patient is a candidate for either 
surgery or angioplasty, particularly if the patient’s life expectancy is less than 
2 years. The use of coronary drug-eluting stents in tibial arteries is superior to 
conventional therapies. A15 

Nevertheless, primary amputation is indicated in patients who have extensive 
necrosis or infectious gangrene with rest pain, are not ambulatory, and are not 
candidates for revascularization. Cellular therapies and growth factor therapy 
are being investigated for limb salvage, but none have yet proven clinically 
effective.

 PROGNOSIS
Peripheral arterial disease is a major cause of acute and chronic illness associ-
ated with impaired functional capacity, reduced quality of life, limb loss, and 
increased risk of death (E-Fig. 71-2). About 18% of patients who undergo 
peripheral arterial revascularization have an unplanned re-admission within 
30 days.12

Approximately two thirds of patients with peripheral arterial disease have 
at least one severely diseased coronary artery, and up to one quarter of patients 
have significant carotid artery stenosis. Consequently, patients with peripheral 
arterial disease face an increased risk of cardiovascular ischemic events such 
as MI, ischemic stroke, and death. It is estimated that coronary and cerebro-
vascular adverse events occur two- to four-fold more commonly than do limb 
adverse events in patients with peripheral arterial disease. Outcomes are 
improved when guideline-recommended therapy is followed.13

The annual mortality rate for patients with peripheral arterial disease is 
about 5%, but it is higher for patients with severe disease. For example, the 
estimated 1-year mortality rate for patients with critical limb ischemia is 25%, 
but this can climb to 45% for patients requiring amputation; in contrast, the 
annual mortality rate for patients with intermittent claudication is only 1 to 
2%. For patients presenting with acute limb ischemia, the 30-day amputation 
rate is as high as 40%, and mortality rates up to 30% have been reported.

Patients with lower extremity claudication should be reassured that the risk 
of limb loss is low. Moreover, a history of claudication by itself only slightly 

increases the risk of amputation after 10 years. However, a reduced ABI and 
diabetes mellitus are associated with the development of ischemic rest pain 
and ischemic ulceration, which may lead to limb loss. Among patients with 
peripheral arterial disease, those who have diabetes are 15 times more likely 
to have an amputation than are patients without diabetes, whose annual ampu-
tation rate is less than 1%.
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E-FIGURE 71-1. Discrete stenosis (arrows) of the left superficial femoral artery seen on computed tomography angiography (ctA Pre; left), digital subtraction angiography Angio 
Pre; middle), and digital angiography after percutaneous transluminal angioplasty (Post PtA; right). (From White c. intermittent claudication. N Engl J Med. 2007;356:1241-1250.)
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E-FIGURE 71-2. Survival curve of patients with intermittent claudication (IC) versus 
critical limb ischemia (CLI). (Modified from Norgren l, hiatt Wr, Dormandy JA, et al. 
inter-society consensus for the management of peripheral arterial disease [tAsc ii]. Eur 
J Vasc Endovasc Surg. 2007;33[suppl]:s1-s75.)
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4. Lower extremity amputation, rather than revascularization, is the most 
appropriate therapy for a patient with which of the following conditions?
 A. Acute limb ischemia for more than 2 weeks
 B. Critical limb ischemia in a diabetic with heavily calcified tibial 

arteries
 C. An inability to walk because of frailty and comorbidities
 D. Dry gangrene of the forefoot

Answer: C Patients who are unlikely to be ambulatory following revascular-
ization are often better suited to amputation of the affected portion of the 
lower limb. Patients with acute limb ischemia for more than 14 days can have 
their limb preserved if the extremity is viable. Calcified diabetic vessels can 
be treated with atherectomy. A patient with dry gangrene of the forefoot will 
benefit from revascularization even if the necrotic tissue auto-amputates at a 
later time.

5. The major advantage for magnetic resonance angiography over computed 
tomography angiography for lower extremity imaging is:
 A. Lower total diagnostic costs
 B. Better imaging of calcified arteries
 C. Better imaging of metallic stents
 D. Better throughput due to more rapid imaging

Answer: B Calcifications can cause artifacts that may be misdiagnosed as 
stenosis in computed tomography angiography but not magnetic resonance 
angiography. An advantage of computed tomographic angiography over mag-
netic resonance angiography is its ability to visualize metallic stents and stent 
grafts (see Fig. 71-4). Computed tomography angiography can be performed 
more quickly and with less pretreatment planning than magnetic resonance 
angiography. In a randomized trial comparing magnetic resonance angiography 
with computed tomography angiography for initial imaging in peripheral arte-
rial disease, there was no difference between the two techniques in terms of 
ease of use, clinical utility, or patient’s outcome, but computed tomography 
angiography reduced total diagnostic costs.

REVIEW QUESTIONS

1. With the following pressures, calculate the patient’s ankle-brachial index: 
right arm, 150/80 mm Hg; left arm, 120/98 mm Hg; right dorsalis pedis, 
100/50 mm Hg; right posterior tibial, 60/40 mm Hg; left dorsalis pedis, 
75/50 mm Hg; and left posterior tibial, 40/20 mm Hg.
 A. Right, 0.66; left, 0.50
 B. Right, 0.50; left, 0.33
 C. Right, 0.40; left, 0.33
 D. Right, 0.66; left, 0.625

Answer: A The highest arm systolic pressure is used as the denominator 
(150 mm Hg), with the highest ankle systolic pressure on the right (100 mm 
Hg) and left (75 mm Hg) as the numerator.

2. Which of the following has the strongest effect impact on walking distance 
for patients with claudication?
 A. Structured exercise therapy
 B. Revascularization
 C. Combination of structured exercise and revascularization
 D. Combination of guideline directed medical therapy, structured exercise, 

and revascularization
Answer: C The combination of structured exercise with revascularization is 
superior to either method alone. Adding guideline-directed medical therapy 
is valuable for reducing cardiovascular events, but it does not impact walking 
distance.

3. Which of the following serious complications is most likely to occur with 
magnetic resonance angiography imaging of the lower extremities?
 A. Contrast-induced nephropathy
 B. Anaphylaxis to gadolinium contrast
 C. Nephrogenic systemic fibrosis
 D. Hemolytic anemia

Answer: C The major toxicity of gadolinium is an uncommon but potentially 
lethal systemic disorder called nephrogenic systemic fibrosis or nephrogenic 
sclerosing dermopathy (Chapter 251). A glomerular filtration rate of 60 mL/
min or less is the major risk factor.
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72 
OTHER PERIPHERAL ARTERIAL 
DISEASES
MICHAEL R. JAFF AND JOHN R. BARTHOLOMEW

 POPLITEAL ARTERY ENTRAPMENT SYNDROME
Popliteal artery entrapment syndrome, which is a cause of intermittent claudica-
tion in young and often athletic patients, results from extrinsic compression on 
the popliteal artery by muscles or ligaments within or surrounding the popliteal 
fossa. The artery may be entrapped by various muscle components within the 
popliteal fossa. In a “functional” version of popliteal artery entrapment, the 
medial head of the gastrocnemius muscle becomes hypertrophied and occludes 
the popliteal artery without a true fixed anatomic abnormality. The popliteal 
vein also can be involved, rarely, and sometimes the symptoms are functional 
owing to hypertrophy of the medial head of the gastrocnemius muscle.
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ABSTRACT
Nonatherosclerotic peripheral artery disease is uncommon, however often 
affects patients who appear otherwise healthy. The manifestations may be 
subtle and related to environmental, thermal, other systemic disorders, or 
medications. Prompt identification of these vascular syndromes will prevent 
more serious outcomes.
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Surgical revascularization with vein-patch angioplasty or interposition grafts 
is the recommended treatment,4 and it usually ameliorates the symptoms. With 
continued trauma to the arterial segment, however, careful surveillance for 
recurrence is warranted.

TREATMENT AND PROGNOSIS 

TREATMENT AND PROGNOSIS 

Anatomic evidence of entrapment can be found on physical examination 
or imaging performed for unrelated reasons in up to 4% of apparently normal 
individuals and imaging evidence for popliteal artery compression with pro-
vocative maneuvers in as many of 80% of asymptomatic individuals. Clinically 
evident popliteal artery entrapment syndrome is rare, with one study showing 
a prevalence of approximately 0.16% among military recruits.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Symptoms of popliteal artery entrapment syndrome include exertional limb 
pain, paresthesias and cold feet after exercise, ischemic rest pain, and even 
tissue necrosis if undiagnosed cases progress to arterial degeneration with 
thromboembolization. Entrapment of the popliteal vein results in leg swelling, 
heaviness, varicosities, nocturnal calf cramping, and even deep vein throm-
bosis (Chapter 74).

The diagnosis of popliteal artery entrapment syndrome is suggested by 
demonstration of popliteal artery compression on active pedal plantar flexion 
against resistance. This compression is manifested by a decrease in the intensity 
of the pedal arterial pulse on physical examination and loss of the continuous 
wave Doppler signal over the pedal arteries. Pulse volume recordings and 
segmental limb pressures should be measured at rest with the knee extended 
and the ankle in the neutral, dorsiflexed, and plantarflexed positions. Exercise 
treadmill studies also may demonstrate diminished limb arterial pressure after 
exercise in the symptomatic limb. Arterial duplex ultrasonography, dynamic 
computerized tomographic (CT) arteriography, or magnetic resonance (MR) 
arteriography may confirm the diagnosis, and CT or MR arteriography also 
define the structures that cause the entrapment.

Treatment of structural popliteal artery entrapment is largely surgical, with 
relief of the entrapment by resection or translocation of the compressing ele-
ments. If popliteal artery entrapment syndrome is not identified until after the 
artery has been injured, arterial reconstruction or surgical bypass, ideally with a 
venous autologous graft, may be required. In functional popliteal artery entrap-
ment, exertional symptoms may respond to injection of botulinum toxin-A into 
the popliteal space.1 In patients whose functional entrapment symptoms persist, 
resection or translocation of the medial head of the gastrocnemius muscle is 
recommended. If therapy is offered early in the course of the syndrome, patients 
may expect full recovery with complete resolution of symptoms.

TREATMENT AND PROGNOSIS 

 CYSTIC ADVENTITIAL DISEASE OF THE LOWER 
EXTREMITY ARTERIES

In cystic adventitial disease, a mucinous cyst develops within the adventitial 
layers of the arterial wall and encroaches on the arterial lumen.2 Cystic adven-
titial disease most commonly affects the popliteal artery, where it results in 
intermittent claudication, classically in middle-aged men. It also has been 
described in the external iliac, femoral, radial, and ulnar arteries.

The exact cause of cystic adventitial disease is unknown. Theories include a 
systemic disorder, repetitive trauma, and a persistent embryonic synovial track.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Intermittent claudication is the most common manifesting symptom of cystic 
adventitial disease. However, limb discomfort may persist for up to 20 minutes 
after the cessation of activity, unlike the classic relief of limb pain on cessation 
of activity in atherosclerotic peripheral artery disease (Chapter 71). The limb 
symptoms of cystic adventitial disease also tend to be inconsistent, often reap-
pearing without obvious precipitants and resolving without an obvious expla-
nation. Acute limb ischemia (Chapter 71) secondary to arterial compression 
and thrombosis also can occur.

The diagnosis is suspected when pedal pulses disappear with passive knee 
flexion and occasionally with exercise. However, cystic adventitial disease is 
most often confirmed with MR angiography. By comparison, arteriography may 
demonstrate only compression of the arterial lumen without identifying the cyst.

Image-guided aspiration of the cyst may be attempted, but recurrence is 
likely. Balloon angioplasty is unlikely to be an effective and durable therapy 
and is not advised. Surgical resection of the cyst, potentially with placement 
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of a venous interposition graft, is the primary therapy.3 When this condition is 
identified early, patients may anticipate complete resolution of claudication 
after resection of the cyst.

 ENDOFIBROSIS OF THE ILIAC ARTERY
Endofibrosis of the iliac artery represents stenosis of the external iliac artery, 
thought to be due to repetitive trauma in highly functioning and competitive 
athletes. This condition commonly occurs in cyclists or runners 30 to 50 years 
of age.

Endofibrosis results from intimal hyperplasia and fibrosis of the arterial 
wall. Smooth muscle cell proliferation and medial and intimal proliferation 
also may occur.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Symptoms include exercise-interfering intermittent claudication along with 
a sensation of swelling or paresthesia in the proximal lower limb at the time 
of maximal exercise. Physical examination may be normal at rest, although a 
bruit may be heard over the ipsilateral pelvic fossa or inguinal region.

Diagnostic imaging includes preexercise and postexercise Doppler ankle 
pressure measurements at the time of maximal, symptom-limiting treadmill 
exercise. Ultrasound imaging and contrast angiography, preferably when the 
leg is flexed at the hip in the cycling position, will reveal concentric stenosis, 
often with lengthening of the affected iliac artery. Intravascular ultrasound 
and intra-arterial translesional pressure gradients may be helpful.

 FIBROMUSCULAR DYSPLASIA
Fibromuscular dysplasia (Chapter 116) is a noninflammatory, nonatheroscle-
rotic arterial disease that most commonly involves the medial layer of the 
artery wall and can affect any artery in the body. It is most commonly seen 
in women 20 to 60 years of age, with a mean age at onset of 52 years, but a 
range of 5 to 83 years. Its true prevalence is unknown, but a series of potential 
renal donors showed a prevalence as high as almost 4%.

Fibromuscular dysplasia is multifocal in 90% of cases and focal in 10% of 
cases. Multifocal fibromuscular dysplasia results in the classic “string of beads” 
appearance on contrast arteriography (Fig. 72-1). Pathology shows alternating 
segments of thinning and thickening of the arterial media, but the adventitia 
or intima may be predominantly affected, thereby resulting in an angiographic 
appearance different from that for medial fibroplasia. Other types of fibro-
muscular dysplasia include an intimal variant that causes a single, focal, weblike 
stenosis within the affected artery.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical presentation of patients with fibromuscular dysplasia depends on 
the arteries involved, and sometimes it may be incidentally discovered without 
any symptoms when imaging is performed for other reasons. Although most 
symptoms are related to stenoses, about 20% of patients develop aneurysms 
and about 25% develop dissections.5

The renal arteries are affected in almost 60% of cases (Chapter 116), and 
the extracranial carotid and vertebral arteries are involved in almost 40% of 
cases. Not surprisingly, hypertension (Chapter 70) and headache (Chapter 
370) represent the two most common manifesting signs and symptoms. Less 
common symptoms include dizziness, cervical bruits, and pulsatile tinnitus. 
Fibromuscular dysplasia may occasionally affect the iliac, femoral, or popliteal 
arteries.

The diagnosis of fibromuscular dysplasia relies on a combination of clinical 
and imaging findings. Duplex ultrasound, MR angiography, and CT angiog-
raphy can identify fibromuscular dysplasia and assess possible aneurysms, but 
contrast angiography and intravascular ultrasound are the best diagnostic tests. 
Because fibromuscular dysplasia may involve several vascular beds, patients 

 THROMBOANGIITIS OBLITERANS  
(BUERGER DISEASE)

Thromboangiitis obliterans is a nonatherosclerotic, segmental inflammatory 
disorder that affects small and medium-sized arteries, veins, and nerves. Throm-
boangiitis obliterans is typically found in patients who are under the age of 
50 years and who smoke or chew tobacco.

Although rarely performed, biopsy of affected digits demonstrates highly 
cellular inflammatory thrombi with sparing of the artery wall. Thromboangiitis 
obliterans is one of the few vascular disorders that affects both arteries and 
veins, so superficial thrombophlebitis can also develop.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients classically present with digital or extremity pain with digital ischemia, 
distal limb claudication (such as in the arch of the foot or arm), and digital 
ulcerations (Fig. 72-2). More than 40% of patients have Raynaud phenomenon.

Clinicians must maintain a high degree of clinical suspicion in young smokers 
with distal extremity ischemia and pain without evidence of atherosclerosis. 
Many patients will demonstrate an abnormal Allen test, in which one of two 
of the major arteries to the hand (radial or ulnar) does not fill after the exam-
iner compresses the other artery, as well as absent peripheral arterial pulses. 
The ankle brachial-index (Chapter 71) is classically abnormal, even though 
plethysmographic studies demonstrate essentially normal proximal artery 
circulation. Serologic results show no evidence for inflammatory vasculitis 
(Chapter 254), and proximal sources of arterial emboli are not found. Contrast 
arteriography is often needed to demonstrate distal arterial involvement with 
the absence of atherosclerosis. Segmental arterial occlusions with corkscrew 
collaterals are commonly found but are not pathognomonic.

TREATMENT AND PROGNOSIS 
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should initially undergo comprehensive MR or CT imaging of their intracranial 
arteries, the extracranial carotid arteries, the thoracic and abdominal aorta 
and its branches, and the renal arteries. Nearly 13% of patients have intracranial 
aneurysms detectable by imaging.6 If arterial aneurysms or dissections are 
identified without clear evidence of fibromuscular dysplasia, a genetic collagen 
disorder should be considered.

FIGURE 72-1. Angiogram showing a typical “string of beads” pattern, typical of the 
medial type in fibromuscular dysplasia, in the external iliac artery. also note the aneu-
rysm proximal to the area of dysplasia. (Courtesy Dr. Jeffrey W. Olin.)

Treatment of fibromuscular dysplasia depends on the clinical presentation and 
extent of arterial involvement.7 Asymptomatic patients are empirically prescribed 
aspirin. In young patients with sudden onset of hypertension and renal artery 
fibromuscular dysplasia, percutaneous transluminal angioplasty can cure the 
hypertension that is often found (Chapter 116). Renal and intracranial artery 
aneurysms should be followed closely for expansion and may require surgical 
repair. The decision about repair is often based on the size of the aneurysm, 
its rate of expansion, and the presence of associated symptoms. Carotid artery 
fibromuscular dysplasia is generally treated with antiplatelet therapy (e.g., aspirin 
81 to 325 mg/day) or 3 to 6 months of warfarin anticoagulation in the case of 
carotid artery dissection; percutaneous transluminal angioplasty is reserved for 
patients with hemispheric cerebral ischemic symptoms and progressive dissec-
tion. Peripheral artery percutaneous transluminal angioplasty is recommended 
only for patients with symptoms of intermittent claudication.

In general, patients with fibromuscular dysplasia have an excellent outcome. 
After percutaneous transluminal angioplasty of the renal arteries, approximately 
one third of patients with hypertension will have normal blood pressures and 
most others will have substantial improvement. Optimal antiplatelet therapy 
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FIGURE 72-2. Buerger disease. ischemic finger of a young male patient (A) and ischemic toe of a 28-year-old woman (B) with Buerger disease. (Courtesy Dr. Jeffrey W. Olin.)

 THROMBOANGIITIS OBLITERANS  
(BUERGER DISEASE)

Thromboangiitis obliterans is a nonatherosclerotic, segmental inflammatory 
disorder that affects small and medium-sized arteries, veins, and nerves. Throm-
boangiitis obliterans is typically found in patients who are under the age of 
50 years and who smoke or chew tobacco.

Although rarely performed, biopsy of affected digits demonstrates highly 
cellular inflammatory thrombi with sparing of the artery wall. Thromboangiitis 
obliterans is one of the few vascular disorders that affects both arteries and 
veins, so superficial thrombophlebitis can also develop.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients classically present with digital or extremity pain with digital ischemia, 
distal limb claudication (such as in the arch of the foot or arm), and digital 
ulcerations (Fig. 72-2). More than 40% of patients have Raynaud phenomenon.

Clinicians must maintain a high degree of clinical suspicion in young smokers 
with distal extremity ischemia and pain without evidence of atherosclerosis. 
Many patients will demonstrate an abnormal Allen test, in which one of two 
of the major arteries to the hand (radial or ulnar) does not fill after the exam-
iner compresses the other artery, as well as absent peripheral arterial pulses. 
The ankle brachial-index (Chapter 71) is classically abnormal, even though 
plethysmographic studies demonstrate essentially normal proximal artery 
circulation. Serologic results show no evidence for inflammatory vasculitis 
(Chapter 254), and proximal sources of arterial emboli are not found. Contrast 
arteriography is often needed to demonstrate distal arterial involvement with 
the absence of atherosclerosis. Segmental arterial occlusions with corkscrew 
collaterals are commonly found but are not pathognomonic.

The cornerstone of treatment is complete abstinence from tobacco use 
(Chapter 29).8 Although less effective, antiplatelet therapy (e.g., aspirin 81 to 
325/day) is commonly prescribed. A 28-day course of the prostacyclin analogue 
iloprost (1 ng/kg/minute intravenously for 6 hours daily) can improve pain and 
accelerate wound healing A1  compared with aspirin or lumbar sympathectomy. 
There are no data demonstrating benefit with vasodilators such as calcium 
channel antagonists, peripheral α-blockers, or sildenafil. Digital sympathectomy, 
bosentan, spinal cord stimulators, and intermittent pneumatic compression 
have all been tried with variable success. In a nonrandomized study, experi-
mental intramuscular injection of adipose-derived mesenchymal stem cells 
showed potential benefit.9

Patients with thromboangiitis obliterans must discontinue all exposure to 
tobacco. However, unsuccessful patients commonly have unremitting pain, 
recurrent tissue necrosis, and the need for progressive limb amputation.

TREATMENT AND PROGNOSIS 

(e.g., aspirin 81 to 325 mg/day) is recommended for the majority of patients 
with fibromuscular dysplasia. The most feared complications, which occur in 
less than 5% of patients, are stroke owing to progressive carotid dissection, 
rupture of an intracranial arterial aneurysm, or rupture of a visceral artery 
aneurysm.
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 LIVEDO RETICULARIS
Livedo reticularis, which typically involves the lower extremities, is an ische-
mic dermopathy caused by an increased prominence of venous beds owing 
to obstruction of arterial inflow, venous dilation, or blockage of venous outflow. 
It is a vasospastic disorder that appears as a violaceous or reddish-blue netlike 
discoloration surrounding a pale central area of skin.

Primary livedo reticularis is a benign condition exacerbated by cold tem-
peratures, tobacco, or emotional upset, whereas the secondary form, referred 
to as livedo racemosa, is a pathologic variant seen in association with a number 
of disorders (Table 72-1). Primary livedo reticularis is commonly found in 
healthy women during their second to fifth decade of life and is strongly asso-
ciated with antiphospholipid antibodies (Chapter 73). It is rare in males, in 
whom its presence warrants investigation for possible secondary causes.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The legs and to a lesser extent arms are most commonly involved in primary 
livedo reticularis, whereas the face, trunk, buttocks, and extremities may be 
involved with livedo racemosa. The discoloration of livedo reticularis is wors-
ened by dependency and improves with elevation, but livedo racemosa does 
not show such postural changes. It is important to differentiate the usually 
painless, symmetrical, unbroken vessel network of primary livedo reticularis 
from the frequently painful, irregular, asymmetrical, and broken pattern observed 
in livedo racemosa.

A thorough history should focus on exacerbating conditions. Laboratory 
investigation is usually not necessary for the primary form, but specific testing 
for diagnosing the secondary forms including antiphospholipid antibody levels 
(including circulating lupus anticoagulant; anticardiolipin antibodies; P and 
C antineutrophil cytoplasmic antibodies) should be performed. A skin biopsy 
may be necessary when serologies are indeterminate and the diagnosis remains 
unclear. The differential diagnosis includes erythema ab igne, retiform purpura, 
livedoid vasculopathy (a rare subtype of livedo racemosa), and acrocyanosis.

TABLE 72-1 DISORDERS ASSOCIATED WITH LIVEDO 
RACEMOSA

Polyarteritis nodosa, systemic lupus erythematosus, rheumatoid arthritis, Sjögren 
syndrome, scleroderma

Atheromatous embolization, atrial myxoma
Antiphospholipid syndrome, Sneddon syndrome
Infections
Polycythemia vera, essential thrombocythemia, cryoglobulinemia, 

cryofibrinogenemia, cold agglutinin disease
Calciphylaxis, hyperoxaluria
Medications: Amantadine, amphetamines, ergotamines, vasopressors (epinephrine, 

norepinephrine, dopamine), heparin, minocycline

Cold temperatures, tobacco, and stressful conditions should be avoided. 
Primary livedo reticularis does not require treatment, although calcium-channel 
blockers (e.g., nifedipine 10 to 20 mg PO every 6 hours or amlodipine 2.5 to 
10 mg/day PO) may be beneficial for patients who are uncomfortable with 
their appearance. Treatment for livedo racemosa should focus on the underly-
ing disorder. Anticoagulants, including warfarin to provide an international 
normalized ratio of 2.0 to 3.0, antiplatelet therapy (e.g., aspirin 81 to 325/day), 
or both are recommended for livedo racemosa associated with the antiphos-
pholipid syndrome, cerebrovascular disease (Sneddon syndrome), or both. The 
prognosis is excellent for primary livedo reticularis, but depends on the underly-
ing disorder for patients with livedo racemosa.
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embolization is unknown, in part because it is often poorly recognized. In 
unselected autopsy series, the prevalence ranges from 0.18% to 2%, although 
it is reported to be much higher in individuals who have undergone aortic 
manipulation, arteriography, or cardiac or vascular procedures. As many as 
5% to 10% of all cases of acute renal failure may result from atheroembo-
lism (Chapter 116). Atheromatous embolization is more common in elderly 
individuals with advanced atherosclerosis but is less commonly diagnosed in 
blacks, largely owing to a failure to recognize the classic dermatologic feature 
because of their skin pigmentation.

Atheromatous embolization usually originates from ulcerated or stenotic 
atherosclerotic plaques or aneurysms of both large and small arteries. Precipi-
tating factors include arteriography, endovascular procedures (cerebral, coronary, 
or peripheral),10 surgery, trauma, or anticoagulation. Atheroembolism also 
may occur spontaneously. Light microscopy demonstrates multiple biconvex, 
needle-shaped cholesterol crystals that lodge in arterioles and result in a foreign 
body inflammatory response in which polymorphonuclear leukocytes, mac-
rophages, and multinucleated giant cells are observed days to weeks after the 
initiating event. This process eventually leads to end-organ damage owing to 
intraluminal obliteration, ischemia, and even often infarction.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Dermatologic findings involving the lower extremities are the most common 
clinical presentation (Fig. 72-3), but atheromatous embolization may be seen 
in any organ (Table 72-2). Atheromatous embolization is frequently overlooked 
or misdiagnosed because the signs and symptoms are nonspecific and diverse. 
Once suspected, the diagnosis usually can be made on clinical grounds alone. 
The clinical triad of a history of a precipitating event, acute renal failure, and 
cutaneous or retinal findings should raise suspicion for the diagnosis. In some 
cases, the definitive diagnosis may require biopsy of the skin, kidney, or 
gastrointestinal tract. Patients may have elevated markers of inflammation 
(erythrocyte sedimentation rate, C-reactive protein) or transient eosinophilia. 
Elevations in amylase, hepatic aminotransferase, blood urea nitrogen, serum 
creatinine, or serum creatinine kinase levels may be seen with involvement 
of the pancreas, liver, kidney, or muscle, respectively. The urine is generally 
nonspecific, but eosinophiluria can be seen.

Invasive diagnostic angiographic procedures should be avoided. Noninvasive 
procedures including multidetector CT angiography, MR angiography, or 
transesophageal echocardiography may be helpful if they reveal a markedly 
irregular and shaggy aorta.

The differential diagnosis, which depends on the end organ involved, includes 
contrast-induced nephropathy (Chapters 51 and 112), polyarteritis nodosa 
(Chapter 254), leukocytoclastic vasculitis (Chapters 254 and 410), cryoglobu-
linemia (Chapter 178), the antiphospholipid syndrome (Chapter 73), and 
thrombotic thrombocytopenia purpura (Chapter 163). An underlying malig-
nancy must be considered in patients who present with constitutional symptoms 
such as anorexia and weight loss. Cardiac sources such as nonbacterial throm-
botic endocarditis (Chapter 67), infective endocarditis (Chapter 67), or atrial 
myxoma (Chapter 54) should be excluded.

 THERMAL DISORDERS
A variety of clinical syndromes can be caused by heat or cold (Fig. 72-4).11

 Erythromelalgia
The term erythromelalgia is derived from the Greek words erythros (“red”), 
melos (“extremities”), and algos (“pain”). It is characterized by episodic periods 
of erythema, increased warmth, and intense burning pain of the extremities.

Erythromelalgia is an uncommon disorder that affects younger to middle-
aged women, adolescents, and children. The exact incidence is not known 
but has been reported at 1.3 per 100,000 living in Olmsted County, Minnesota. 
Erythromelalgia also occurs in nearly 30% of patients with polycythemia vera 
(Chapter 157).

Both primary (familial and sporadic/idiopathic) and secondary forms occur. 
The primary trigger is heat exposure or increased ambient temperature. The 
familial form is autosomal dominant, with symptoms most often beginning 
in childhood. The pathophysiology is believed to be due to a small fiber neu-
ropathy and vasculopathy. Although the exact cause for primary erythromelalgia 
is unknown, it is a neuropathic disorder with neuronal hyperexcitability owing 
to sodium channel abnormalities because of a mutation of the gene (SCN9A) 
that encodes the Nav1.7v sodium channel (located on 2q).12 The causes of 
secondary erythromelalgia (Table 72-3) are not as well understood but are 
thought to be due to neuropathologic and microvascular functional changes 
caused by the underlying condition.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
A triad of clinical findings including erythema, increased warmth, and intense 
burning pain of the extremities is usually observed (Fig. 72-5). The lower 
limbs (soles of the feet) are more often affected than the hands. Involvement 
of the knees, elbows, ears, and face has been reported. Symptoms are generally 
bilateral and paroxysmal. An attack, which may last for several minutes or 

FIGURE 72-3. Livedo racemosa with ischemic ulcerations and violaceous, netlike, and 
broken patterns in a patient who developed atheromatous embolization after cardiac 
catheterization. 
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 ATHEROMATOUS EMBOLIZATION
Atheromatous embolization, also known as cholesterol crystal embolization, 
atheroembolic renal disease, or the blue or purple toe syndrome, refers to 
the showering of multiple small cholesterol crystals or fibrin-platelet aggre-
gates to the extremities or any organ. The exact incidence of atheromatous 
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 THERMAL DISORDERS
A variety of clinical syndromes can be caused by heat or cold (Fig. 72-4).11

 Erythromelalgia
The term erythromelalgia is derived from the Greek words erythros (“red”), 
melos (“extremities”), and algos (“pain”). It is characterized by episodic periods 
of erythema, increased warmth, and intense burning pain of the extremities.

Erythromelalgia is an uncommon disorder that affects younger to middle-
aged women, adolescents, and children. The exact incidence is not known 
but has been reported at 1.3 per 100,000 living in Olmsted County, Minnesota. 
Erythromelalgia also occurs in nearly 30% of patients with polycythemia vera 
(Chapter 157).

Both primary (familial and sporadic/idiopathic) and secondary forms occur. 
The primary trigger is heat exposure or increased ambient temperature. The 
familial form is autosomal dominant, with symptoms most often beginning 
in childhood. The pathophysiology is believed to be due to a small fiber neu-
ropathy and vasculopathy. Although the exact cause for primary erythromelalgia 
is unknown, it is a neuropathic disorder with neuronal hyperexcitability owing 
to sodium channel abnormalities because of a mutation of the gene (SCN9A) 
that encodes the Nav1.7v sodium channel (located on 2q).12 The causes of 
secondary erythromelalgia (Table 72-3) are not as well understood but are 
thought to be due to neuropathologic and microvascular functional changes 
caused by the underlying condition.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
A triad of clinical findings including erythema, increased warmth, and intense 
burning pain of the extremities is usually observed (Fig. 72-5). The lower 
limbs (soles of the feet) are more often affected than the hands. Involvement 
of the knees, elbows, ears, and face has been reported. Symptoms are generally 
bilateral and paroxysmal. An attack, which may last for several minutes or 

TABLE 72-2 CLINICAL MANIFESTATIONS OF 
ATHEROMATOUS EMBOLIZATION

Skin Purple or blue toes
Gangrenous digits
Livedo reticularis or livedo racemosa
Petechiae
Ulcers, nodules
Splinter hemorrhages

Kidney Uncontrolled hypertension
Advanced renal disease
End-stage renal disease

Neurologic Amaurosis fugax
Hollenhorst plaque
Transient ischemic attack or stroke
Confusion, organic brain syndrome
Spinal cord infarction

Gastrointestinal Abdominal pain
Diarrhea
Gastrointestinal bleeding
Ischemic bowel
Acute pancreatitis
Acute gangrenous cholecystitis

Cardiac Angina pectoris
Myocardial infarction

Constitutional symptoms Fever
Weight loss
Malaise, myalgias
Anorexia, nausea, vomiting

The most important aspect of treatment is prevention and avoidance of 
recurrent atheroembolism. Smoking cessation (Chapter 29) and aggressive 
control of hypertension (Chapter 70), diabetes (Chapter 216), and hyperlipidemia 
(Chapter 195) should be instituted to prevent progression of the disease. In 
the absence of data from randomized trials, therapy is directed toward avoiding 
recurrent embolization, removing the source of the atheroemboli, and provid-
ing symptomatic care of the end organ(s) involved.

Patients with ischemic ulcers require pain control and local wound care. 
Statins (e.g., atorvastatin 10 to 80 mg/day or rosuvastatin 10 to 40 mg/day to 
obtain optimal low-density lipoprotein cholesterol levels [Chapter 195]) may 
provide plaque-stabilizing activity. Other pharmacologic approaches—includ-
ing antiplatelet agents (aspirin or clopidogrel), calcium channel blockers (e.g., 
nifedipine 10 to 20 mg PO every 6 hours or amlodipine 2.5 to 10 mg/day PO), 
angiotensin-converting enzyme inhibitors (e.g., lisinopril 20 to 30 mg per day 
or enalapril 10 to 40 mg per day) or angiotensin receptor blockers (e.g., val-
sartan 80 to 160 mg daily or losartan 50 mg per day), cilostazol (100 mg PO 
every 12 hours), pentoxifylline (400 mg PO every 8 hours), and intravenous 
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FIGURE 72-4. Clinical syndromes caused by heat or cold. 
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prostaglandins—have been tried with varying degrees of success. The use 
of anticoagulants is controversial because of concerns that they may lead to 
plaque instability, and data do not support the use of corticosteroids. Aggres-
sive low-density lipoprotein apheresis is an experimental approach in patients 
with recurrent renal cholesterol embolism.

Nonpharmacologic approaches including chemical or surgical sympathec-
tomy, a spinal cord stimulator, and arterial flow pumps may help for pain control. 
Endovascular therapies (angioplasty, stent placement, atherectomy, or covered-
stent grafts, and the use of embolic protective devices) may help prevent future 
embolic events, but studies are limited and further clinical evaluation is needed. 
Surgical therapies including thromboendarterectomy, aortobiiliac or aortobi-
femoral bypass grafting, or extra-anatomic reconstruction may be necessary 
to eliminate the embolic source and reduce further embolization.

Patients with advanced atherosclerosis and atheromatous embolization have 
a poor prognosis. The estimated 1-year mortality rate is approximately 15% 
even with optimal medical care.
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hours to days, is generally aggravated by dependency, alcohol, warm rooms, 
summer heat, exercise, or simply wearing shoes and socks or gloves. Eryth-
romelalgia is often a disabling condition, and ulceration or even gangrene can 
occur in secondary forms.

The history and physical examination are keys to the diagnosis. The physical 
examination is usually normal unless the patient is examined during an attack. 
A thorough vascular and neurologic examination should include demonstra-
tion of color changes and measurement of elevated skin temperatures during 
an attack. A complete blood count is essential to exclude an underlying myelo-
proliferative disorder. Electromyography and nerve conduction studies, auto-
nomic and small fiber nerve testing, and vascular studies may help exclude 
other disorders. The quantitative sudomotor axon reflex test is useful to assess 
for small fiber neuropathy. Genetic testing is helpful for diagnosing primary 
erythromelalgia.

The differential diagnosis includes complex regional pain syndrome (Chapter 
27), cellulitis (Chapter 412), peripheral neuropathy (Chapter 392), osteo-
myelitis (Chapter 256), Raynaud syndrome, acrocyanosis, peripheral arterial 
disease (Chapter 71), and gout (Chapter 257).

TABLE 72-3 CAUSES OF SECONDARY ERYTHROMELALGIA
Myeloproliferative neoplasms: Essential thrombocythemia, polycythemia vera, 

chronic myelogenous leukemia, myelodysplastic syndrome
Drugs: Calcium-channel blockers, cyclosporine, bromocriptine, pergolide
Infectious diseases: Human immunodeficiency virus, hepatitis B vaccine, influenza 

vaccine, infectious mononucleosis, varicella virus
Connective tissue diseases: Systemic lupus erythematosus, rheumatoid arthritis
Neuropathic: Diabetic neuropathy, peripheral neuropathies, neurofibromatosis, 

Riley-Day syndrome, multiple sclerosis, spinal cord disease
Neoplastic: Paraneoplastic syndrome, astrocytoma, malignant thymoma, colorectal 

cancer, lung cancer, and thyroid cancer
Others: Mushroom ingestion, mercury poisoning

FIGURE 72-5. Erythromelalgia. Note the erythema of the feet. the patient also had 
pain and increased warmth on physical examination. 

 Erythema Ab Igne
Erythema ab igne is a hyperpigmented skin condition that results from repeated 
or chronic exposure to a heating source or infrared radiation that is not warm 
enough to burn the skin. Women are more frequently affected than men.

Skin manifestations result from damage to the dermis and venous plexus 
system. Dysplastic changes can predispose the patient to actinic keratosis and 
squamous cell carcinomas (Chapter 193). Erythema ab igne is an occupational 
hazard for persons whose arms are repeatedly exposed to fire in bakeries, 
foundries, or kitchens. It can also result from repeated application of a hot 
water bottle, heating pads, or electric blankets for the treatment of chronic 
pain, or it may be seen in persons who sit too close to space heaters, wood 
burning stoves, or even car heaters. It also has been reported involving the 
anterior thighs of persons using laptop computers.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients may report a slight burning or itching sensation but generally have 
no symptoms. The skin discoloration is described as reticular, erythematous, 
or brownish (Fig. 72-6). Ulceration and bullous lesions have been reported 
in chronic cases.

The diagnosis is made clinically based solely on dermatologic findings and 
the history. Exposure to a heating source or infrared radiation should be pursued 
because no laboratory tests are helpful. A biopsy must be obtained if there 
are signs of a malignant transformation. The differential diagnosis includes 
livedo reticularis and livedo racemosa.

Patients must avoid aggravating conditions, such as warm environments, 
exercise, tight shoes, and alcohol intake, as well as learn to cool their involved 
areas without causing tissue damage. Patients seek relief by cooling the affected 
area with a fan, cold towels, cooling blankets, or immersion in ice water. Eleva-
tion of the feet may help. Medications aimed at treatment of both the neuropathy 
and vasculopathy are often tried. Intravenous iloprost (at varying doses for up 
to 6 hours per day on 3 consecutive days) can significantly reduce symptoms 
and sympathetic dysfunction in about 60% of patients.13 In the genetic form, 
a small trial showed benefit from orally administered XEN402 (an inhibitor of 
Nav1.7 that is designated as an orphan drug by the U.S. Food and Drug Admin-
istration). A2  Patients with an infectious, traumatic, or surgical precipitant may 
respond to varying doses of glucocorticoids if given early in their course.14 
Aspirin can help patients with an underlying myeloproliferative disorder. Tricyclic 
antidepressants (e.g., nortriptyline 25 to 100 mg/day PO), anticonvulsants (e.g., 
pregabalin 50 to 100 mg PO three times daily), mexiletine (10 mg/kg/day PO), 
topical lidocaine patches, and opioids (e.g., hydromorphone 2 to 8 mg PO every 
4 to 6 hours as needed) have been used with benefit in some patients. A topical 
gel of 1% amitriptyline and 0.5% ketamine has demonstrated promise without 
systemic side effects. Small case series have reported some success with the 
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peripheral acting alpha-1 agonist midodrine (0.2% applied topically in a mois-
turizing cream three times daily) and with local injection of botulinum toxin.

Other methods, including a pain rehabilitation program, biofeedback, sym-
pathectomy, spinal cord stimulator, and epidural blocks, have been tried with 
varying degrees of success. Patients have a reduced quality of life, and life 
expectancy is also reduced, primarily owing to suicide.

in a characteristic triphasic color change from white to blue to red.15 Raynaud 
phenomenon affects 3 to 5% of the U.S. population and is seen more often 
in young women in whom it is reported to have a prevalence as high as 5 to 
15%. The prevalence is higher in cooler northern climates and in smokers. 
Family history (as many as 30% to 50% of patients with primary Raynaud 
have a first-degree relative with this condition), estrogen exposure, and emo-
tional stress are commonly associated with Raynaud phenomenon in women.

The pathophysiology of the vasoconstriction in Raynaud phenomenon is 
not well understood. It includes abnormalities of the blood vessel wall, neural 
control mechanisms, and intravascular factors, including platelet activation 
and oxidative stress. As the arterial vasoconstriction subsides, postcapillary 
venular constriction leads to deoxygenation of the blood and the cyanotic 
appearance. On rewarming, blood flow increases as a result of vasodilation, 
which leads to the red or hyperemic appearance of the digits.

Primary Raynaud phenomenon is a benign vasospastic disorder, whereas  
a number of conditions are associated with the secondary form (Table 
72-4). Several clinical features can help distinguish between these two forms  
(Table 72-5).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Raynaud phenomenon is characterized by triphasic color change of the digits, 
pallor, cyanosis, and rubor after exposure to cold or stressful stimuli (Fig. 
72-7). All three color changes are not seen in most individuals, and pallor 
may be the only finding. The middle and ring fingers are most commonly 
involved, whereas the thumb may be entirely spared. Raynaud phenomenon 
also can affect the toes, nose, ears, tongue, knees, or nipples. Patients may 
experience paresthesias and clumsiness of the hand during an attack.

A thorough history and physical examination is essential, but it may be 
normal in primary Raynaud phenomenon unless there is an ongoing attack. 
Secondary Raynaud findings may include ulceration or necrosis of the finger-
tips.16 Routine laboratory testing including a complete blood count, erythrocyte 
sedimentation rate and C-reactive protein, urinalysis, thyroid function tests, 
antinuclear antibody, serum protein electrophoresis, and chest radiograph 
should be performed to evaluate for secondary Raynaud phenomenon. If the 
antinuclear antibody is positive or if the patient’s history and physical exami-
nation indicate an underlying rheumatologic disorder, specific autoantibodies 

FIGURE 72-6. Erythema ab igne. Note the hyperpigmentation and livedo reticularis 
pattern in a patient who used a heating pad for back pain. 

Removing the offending heat source is essential for treatment, and patients 
should be advised to avoid prolonged exposure to any form of infrared heat. 
Topical therapies including topical tretinoin or hydroquinone have been used 
to reduce the hyperpigmentation.

The prognosis is favorable once the source is removed, but the condition 
can be chronic and progressive if prolonged and repeated exposure continues. 
Follow-up examinations are recommended because of the potential for malig-
nant conversion.

TREATMENT AND PROGNOSIS 

 Raynaud Phenomenon
Raynaud phenomenon is defined as episodic attacks of discoloration (white 
or blue) of the digits brought on by cold or emotional stimuli and resulting 

TREATMENT AND PROGNOSIS 
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in a characteristic triphasic color change from white to blue to red.15 Raynaud 
phenomenon affects 3 to 5% of the U.S. population and is seen more often 
in young women in whom it is reported to have a prevalence as high as 5 to 
15%. The prevalence is higher in cooler northern climates and in smokers. 
Family history (as many as 30% to 50% of patients with primary Raynaud 
have a first-degree relative with this condition), estrogen exposure, and emo-
tional stress are commonly associated with Raynaud phenomenon in women.

The pathophysiology of the vasoconstriction in Raynaud phenomenon is 
not well understood. It includes abnormalities of the blood vessel wall, neural 
control mechanisms, and intravascular factors, including platelet activation 
and oxidative stress. As the arterial vasoconstriction subsides, postcapillary 
venular constriction leads to deoxygenation of the blood and the cyanotic 
appearance. On rewarming, blood flow increases as a result of vasodilation, 
which leads to the red or hyperemic appearance of the digits.

Primary Raynaud phenomenon is a benign vasospastic disorder, whereas  
a number of conditions are associated with the secondary form (Table 
72-4). Several clinical features can help distinguish between these two forms  
(Table 72-5).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Raynaud phenomenon is characterized by triphasic color change of the digits, 
pallor, cyanosis, and rubor after exposure to cold or stressful stimuli (Fig. 
72-7). All three color changes are not seen in most individuals, and pallor 
may be the only finding. The middle and ring fingers are most commonly 
involved, whereas the thumb may be entirely spared. Raynaud phenomenon 
also can affect the toes, nose, ears, tongue, knees, or nipples. Patients may 
experience paresthesias and clumsiness of the hand during an attack.

A thorough history and physical examination is essential, but it may be 
normal in primary Raynaud phenomenon unless there is an ongoing attack. 
Secondary Raynaud findings may include ulceration or necrosis of the finger-
tips.16 Routine laboratory testing including a complete blood count, erythrocyte 
sedimentation rate and C-reactive protein, urinalysis, thyroid function tests, 
antinuclear antibody, serum protein electrophoresis, and chest radiograph 
should be performed to evaluate for secondary Raynaud phenomenon. If the 
antinuclear antibody is positive or if the patient’s history and physical exami-
nation indicate an underlying rheumatologic disorder, specific autoantibodies 

TABLE 72-4 UNDERLYING CONDITIONS ASSOCIATED WITH 
SECONDARY RAYNAUD PHENOMENON

Rheumatologic: Scleroderma, systemic lupus erythematosus, rheumatoid arthritis, 
Sjögren syndrome, mixed connective tissue disorders

Obstructive arterial disease: Atherosclerosis, thromboangiitis obliterans, arterial 
embolism

Occupational/environmental disorders: Hypothenar hammer syndrome, hand-arm 
vibration syndrome, frostbite

Endocrine: Hypothyroidism
Hematologic: Polycythemia vera, multiple myeloma, cryoglobulinemia, 

cryofibrinogenemia, cold agglutinins
Drugs: Amphetamines, cocaine, β-blockers, clonidine, ergot preparations, oral 

contraceptives, cyclosporine, certain antineoplastic agents
Infections: Hepatitis B and C antigenemia
Thoracic outlet syndrome, subclavian artery aneurysm
Complex regional pain syndrome
Arteriovenous fistula
Lead and arsenic poisoning

FIGURE 72-7. Unilateral Raynaud phenomenon. (From Forbes CD, Jackson WF. Color 
Atlas and Text of Clinical Medicine, 3rd ed. london: Mosby; 2003.)

TABLE 72-5 FEATURES SUGGESTIVE OF PRIMARY OR 
SECONDARY RAYNAUD PHENOMENON

CLINICAL FEATURE PRIMARY SECONDARY
Sex Female Female or male
Age <40 yr ≥40 yr
Involvement Bilateral Unilateral or bilateral
Ischemic digits or 

ulcerations
Absent ±

Underlying cause Absent Present
Systemic complaints Absent ±

should be ordered (Chapter 242). Other tests including cryoglobulin levels, 
cryofibrinogen, and cold agglutinins may be helpful, depending on the clinical 
presentation (Chapter 241).

A number of noninvasive tests may help differentiate primary and secondary 
Raynaud phenomenon and evaluate the extent of vasospasm, including pho-
toplethysmography, pulse volume recordings, laser Doppler flux, duplex ultra-
sonography, and nail-fold capillary microscopy. The presence of abnormal 
nail-fold capillaries on capillaroscopy is useful for distinguishing patients with 
primary Raynaud phenomenon from those with secondary causes. MR angi-
ography or contrast angiography may be necessary, and the latter can help 
determine the cause of ischemia.

Lifestyle modifications, including avoidance of cold exposure (such as when 
moving from a warm to an air-conditioned environment) and known stressful 
stimuli (with an emphasis on keeping the body core temperature and extremi-
ties warm) are essential for preventing attacks. Raynaud phenomenon can be 
treated with both pharmacologic and nonpharmacologic approaches (Table 
72-6). Topical nitroglycerin is effective for both primary and secondary Raynaud 
phenomenon. A3 

For primary Raynaud phenomenon, calcium-channel blockers (e.g., nifedipine 
10 to 20 mg orally every 6 hours or amlodipine 2.5 to 10 mg/day) can reduce 
attacks and the severity of symptoms. A4  For patients with secondary Raynaud 
phenomenon, aggressive treatment of the underlying condition is essential, 
and the addition of calcium-channel blockers also may be beneficial. If the 
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TABLE 72-6 PHARMACOLOGIC AND NONPHARMACOLOGIC 
THERAPIES FOR RAYNAUD PHENOMENON

NONPHARMACOLOGIC THERAPIES

Educate and reassure patients about their condition
Avoid cold exposure or other triggering factors
Use warm clothing to maintain core body temperature (cover the entire body and 

wear a hat and scarf)
Teach how to terminate attacks: Exit from cold, warming techniques
Avoid nicotine
Biofeedback
PHARMACOLOGIC THERAPIES

Nitroglycerin topical 1 inch q6 hr
Calcium channel blockers (nifedipine 10-20 mg q6h and amlodipine 2.5-10 mg 

q24 hr
Phosphodiesterase-5 inhibitors (sildenafil 25-50 mg TID, tadalafil 5-20 mg TID) and 

phosphodiesterase-3 inhibitors (cilostazol 100 mg BID)
Angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers (especially 

for scleroderma-associated Raynaud)
Others: Hydralazine 10-50 mg QID; reserpine 01.-0.25 mg/day PO; bosentan 

125 mg PO BID
Prostaglandins: Iloprost, epoprostenol, alprostadil, beraprost
Antithrombotics/anticoagulants: (aspirin 81-325 mg/day, dipyridamole 75 mg 

TID, heparin [via weight-based nomogram; see Table 74-6 in Chapter 74], 
low-molecular-weight heparin [e.g., enoxaparin 1 mg/kg q12h; see Table 76-2 
in Chapter 76])

Botulinum toxin A
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FIGURE 72-8. Pernio on the toes of the right foot. the lesions on the second, third, 
and fourth toes are the typical red, brown, and yellow scaling lesions. the lesion on the 
fifth toe can be confused with atheromatous embolization. (Courtesy Dr. Jeffrey W. Olin.)

Treatment begins by warming and drying the affected areas. Topical 
corticosteroids may be tried, and oral calcium-channel blockers (nifedipine 20 
to 60 mg/day or amlodipine 2.5 to 10 mg/day) may reduce symptoms. Nifedipine 
may also be given in a topical gel form. Pentoxifylline (400 mg three times 
daily) A6  and capsaicin have also been reported to be helpful.

TREATMENT AND PROGNOSIS 

Patients susceptible to pernio should be advised to avoid cold exposure. If 
they must go outside in cold or damp weather, they should dress appropriately 
with layered outdoor clothing, insulated footgear, gloves, scarf, and hat.

Pernio is usually self-limiting in the acute state. Chronic pernio can lead to 
scarring, atrophy, and chronic occlusive vascular disease.

PREVENTION 

 Pernio
Pernio, also known as chilblains, is a cold-induced vasospastic inflammatory 
process that affects the skin after exposure to nonfreezing temperatures or 
damp climates.17 Pernio is seen more commonly in the northern United States 
and northwestern Europe. It is most common in individuals with a low body 
mass and in young women between the ages of 15 to 30 years, although it 
also can occur in children and in the elderly.

The cause is unknown but is likely a result of cold-induced vasoconstriction 
that induces inflammation and ischemia of vessels and surrounding tissue. 
The histopathologic findings include dermal edema, keratinocyte necrosis, 
and a deep dermal lymphocytic infiltrate.

Pernio can be classified as acute or chronic. Acute pernio develops a few 
hours after exposure, whereas chronic pernio develops after repeated exposures 
to nonfreezing cold or damp conditions.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Pernio occurs most frequently in late fall to early spring in wet or nonfreezing 
cold environments. Acute pernio is characterized by intense itching, numb-
ness, or a burning sensation that develops shortly after exposure to cold or 
damp conditions and disappears within a few weeks. Pernio is generally sym-
metrical. It usually involves the toes and fingers and less commonly the nose, 
ears, or cheeks. Pernio may also affect the thighs of horse riders, young women 
wearing tight slacks, motorcycle riders, or people who frequently apply ice 
packs. Pernio is associated with single or multiple erythematous, brownish 
or purple-blue skin lesions (macules, papules, or plaques) that may progress 
to blisters or ulcers (Fig. 72-8).

Chronic pernio develops after repeated cold exposure and results in cyanotic 
papules, macules, or nodules. Patients often report a history of similar episodes 
that develop each year during the cold months and typically resolve with 
warmer temperatures.

The diagnosis is based on the history and physical examination. (Table 
72-7). Patients generally have a normal arterial examination. Pulse volume 
recordings may reveal vasoconstriction, but capillaroscopy is usually normal. 
A skin biopsy may be necessary to differentiate pernio from other disorders, 
such as Raynaud phenomenon, frostbite, acrocyanosis, atheromatous embo-
lization, erythema nodosum (Chapter 411), erythema induratum (Chapter 
411), lupus erythematosus (Chapter 250), sarcoidosis (Chapter 89), or ath-
erosclerosis (Chapter 71). Laboratory testing is important to exclude an 
underlying collagen vascular disease. Up to 35 to 40% of patients may have 
cold agglutinins as a precipitating cause (Chapter 241).

TABLE 72-7 PROPOSED DIAGNOSTIC CRITERIA OF PERNIO
MAJOR CRITERIA

Localized erythema and swelling involving acral sites and persisting for >24 hours
MINOR CRITERIA

Onset and/or worsening in cooler months (between November and March)
Skin biopsy consistent with pernio (dermal edema with superficial and deep 

perivascular lymphocytic infiltrate) without findings of lupus erythematosus.
Response to conservative treatments (warming and drying of affected areas)

symptoms of ischemia persist or side effects are not tolerable, the addition of 
phosphodiesterase-type 5 inhibitors (e.g., sildenafil 20 mg orally up to three 
times daily or tadalafil 5 mg orally daily) may help. A5  Additional options include 
an endothelin-1 inhibitor (e.g., bosentan 62.5 to 125 mg orally twice daily) or 
a prostanoid infusion (e.g., iloprost 1 ng/kg/minute for 6 hours intravenously 
daily). Pain control with narcotics, chemical or surgical sympathectomy, and 
spinal cord stimulation may be necessary in the most severe cases, particularly 
in situations of nonhealing digital ulceration and tissue loss.

The prognosis for primary Raynaud phenomenon is excellent, whereas the 
prognosis for secondary Raynaud phenomenon depends on the underlying 
condition.

 Frostbite
Frostbite is a local cold-induced injury (Chapter 101) that occurs when persons 
are exposed to temperatures below the freezing point of intact skin, or in 
above-freezing temperatures in association with wet environments, high alti-
tudes, and strong winds.18

Frostbite is more common in individuals 30 to 49 years who participate in 
winter outdoor sports and in individuals who are homeless, have psychiatric 
illnesses (Chapter 369), survive outdoor trauma (Chapter 103), consume 
excess alcohol (Chapter 30), or use illegal drugs (Chapter 31). Patients with 
peripheral arterial disease (Chapter 71), a smoking history (Chapter 29), 
younger or older age, or diabetes (Chapter 216) are also at increased risk. 
Frostbite injury involves three pathophysiologic components: tissue injury 
from extracellular and intracellular ice crystal formation, intracellular dehydra-
tion, and ischemia.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The severity of frostbite relates to the absolute temperature and to the dura-
tion of exposure. The digits of the hands and feet account for most injuries, 
although the ears, nose, and cheeks may be affected. Patients complain of 
numbness or paresthesias and report clumsiness and lack of fine coordination 
if the hands are involved. The numbness may persist even after rewarming. 
The skin may be pale, waxy, and cool to touch, and the patient may have mild 
to extensive swelling depending on the severity of the frostbite. Large, clear, 
blisters often appear (Fig. 72-9), followed by black scabs. Damage to the 
muscles, tendons, cartilage, joints, and bones occur in severe frostbite. Pain 
is often severe during the rewarming process.

The diagnosis of frostbite is made by the exposure history and physical 
examination. The differential diagnosis includes peripheral arterial disease, 
pernio, trench foot, or thermal burns.

Proper recognition of frostbite and removal from cold exposure is essential. 
Local rewarming should begin only if refreezing will not occur while the patient 
is being transferred to a hospital. Uninterrupted rapid rewarming in a water 
bath of between 40 and 42 degrees centigrade for 15 to 30 minutes is critical 

TREATMENT AND PROGNOSIS 



FIGURE 72-9. Blisters in a patient with frostbite. No treatment is necessary for primary acrocyanosis other than reassurance 
and avoidance of cold and damp exposures. A trial of α-adrenergic blocking 
agents such as prazosin may be considered. Calcium-channel blockers, includ-
ing amlodipine or nifedipine, are generally not helpful. Bioflavonoids and nicotinic 
acid derivatives have been reported beneficial in some cases, and sympathetic 
nerve block and sympathectomy may be tried for more severe cases. Treatment 
for secondary acrocyanosis depends on the underlying cause.

The prognosis of primary acrocyanosis is excellent. The prognosis of second-
ary acrocyanosis prognosis depends on the underlying cause.

TREATMENT AND PROGNOSIS 

 Acrocyanosis
 DEFINITION

Acrocyanosis is a poorly defined and often misunderstood clinical condition 
that manifests as painless, symmetrical, bluish or cyanotic discoloration affect-
ing the hands, the feet, or both.19 Acrocyanosis occurs in primary and secondary 
forms. Primary acrocyanosis is generally a benign condition seen most often 
in young women during their second to fourth decades of life. It may be more 
common in cooler temperatures, and a familial predisposition has been reported. 
The overall incidence is not known, but its prevalence has been reported to 
be approximately 20 to 40% in persons with anorexia nervosa (Chapter 206) 
and up to 25% of all patients with cancer.

Acrocyanosis was originally thought to be a vasospastic disorder that devel-
ops when small cutaneous arteries and arterioles constrict and reduce blood 
flow, dilation, and oxygen desaturation in the venules. More recent data suggest 
that low pressures and sluggish flow result in capillary constriction.

The underlying cause of primary acrocyanosis is unknown, but a role for 
estrogen is suggested. Some of the secondary causes of acrocyanosis can be 
associated with a number of conditions, including Ehlers-Danlos syndrome 
(Chapter 244), hypoxemia (Chapter 96), cryoglobulins (Chapter 178), cryo-
fibrinogens, cold agglutinins, antiphospholipid antibodies (Chapter 165), 
malignancy, spinal cord injury (Chapter 371), arsenic poisoning (Chapter 
19), starvation, and some medications. It is also seen with the “puffy hand 
syndrome,” a finding unique to intravenous drug abusers (Chapter 31) who 
inject their hands or fingers.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Persistent, painless, symmetrical bluish discoloration commonly involves the 
hands and feet but also can affect the forearms, nose, ears, and even nipples. 
Acrocyanosis may be exacerbated by cold exposure, emotional stress, or depen-
dency of the limbs. It improves with elevation. Patients also report clamminess 

and hyperhidrosis of their hands and feet. Secondary acrocyanosis may be 
asymmetrical and associated with pain, ulceration, or tissue loss or gangrene.

The diagnosis of acrocyanosis is based on the history and physical examina-
tion. Laboratory evaluation should include a complete blood count, metabolic 
profile, and levels of antiphospholipid antibodies, cold agglutinins, cryofibri-
nogens, and cryoglobulins, as well as testing for connective tissue disorders 
(Chapter 241).

The differential diagnosis includes Raynaud phenomenon, pernio, eryth-
romelalgia, and peripheral cyanosis. Acrocyanosis can be differentiated from 
peripheral cyanosis by the presence of cyanosis on the mucous membranes 
and hypoxia on an arterial blood sample.

to help minimize tissue loss. Removal of wet or damp clothing is important, 
but rubbing or massage should be avoided. Splinting and elevation of the 
affected limb can help minimize swelling and improve perfusion. Patients should 
receive tetanus toxoid, analgesics (e.g., hydromorphone 2 to 8 mg either PO 
or parenterally every 3 to 4 hours as needed for pain), and broad-spectrum 
antibiotics if secondary tissue infection is present. Daily cleansing in a warm 
whirlpool bath and physical therapy are important. Clear blisters should be left 
alone, but ruptured blisters should be covered with a topical antibiotic, such 
as neomycin/bacitracin/polymyxin B ointment. A combination of aspirin (250 mg), 
prostacyclin (0.5 to 2 ng/kg IV for 6 hours on 8 consecutive days), and tissue 
plasminogen activator (100 mg on day 1) has shown promise in markedly reduc-
ing the amputation rate in patients with severe frostbite, compared with aspirin 
plus buflomedil. A recent trial using a combination of iloprost for 5 days, alteplase 
up to maximum of 100 mg over day, and heparin led to healing without the 
need for amputation. If possible, surgical débridement and amputation should 
be avoided until complete demarcation occurs.

Patients subjected to frostbite are more susceptible to future cold injuries 
including frostbite arthritis of the small joints of the hands or feet. They also 
are susceptible to chronic pain, complex regional pain syndrome (Chapter 27), 
cold hypersensitivity, and a reduced sensitivity to touch.
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73 
THROMBOTIC DISORDERS: 
HYPERCOAGULABLE STATES
ANDREW I. SCHAFER

The hypercoagulable states, also referred to as thrombophilias, encompass a 
group of inherited or acquired conditions that are associated with an increased 
risk for thrombosis.

The primary hypercoagulable states are quantitative or qualitative abnor-
malities in specific coagulation proteins that induce a prothrombotic state. 
Most of these disorders involve inherited mutations and polymorphisms that 
lead to either a deficiency of a physiologic antithrombotic factor (typically 
associated with a loss-of-function mutation) or an increased level of a pro-
thrombotic factor (typically associated with a gain-of-function mutation) 
(Table 73-1). Particularly when they are combined with other inherited pro-
thrombotic mutations (multigene interactions), these primary hypercoagulable 
states are associated with a lifelong predisposition to thrombosis.

The secondary hypercoagulable states, a diverse group of mostly acquired 
conditions, cause a thrombotic tendency by more complex, often multifactorial 
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ABSTRACT
The hypercoagulable states, also referred to as thrombophilias, encompass a 
group of inherited or acquired conditions that are associated with an increased 
risk of thrombosis. Most patients who have a venous thromboembolic event, 
including deep vein thrombosis and pulmonary embolism, have an underlying 
inherited molecular abnormality that creates a lifelong hypercoagulable state. 
By contrast, patients who have arterial thrombotic events, such as myocardial 
infarction, stroke, or peripheral vascular occlusion, are much less likely to have 
an inherited clotting abnormality. The primary hypercoagulable states that 
can be diagnosed in the clinical laboratory include inherited deficiencies of 
physiologic anticoagulant factors (prototypically antithrombin III, protein C, 
or protein S deficiency) or increased levels of prothrombotic factors (proto-
typically factor V Leiden or the prothrombin gene G20210A mutation). The 
precipitating event that actually triggers a discrete thromboembolic event is 
usually an acquired or a secondary hypercoagulable state, such as pregnancy, 
cancer, the postoperative period, the use of estrogens, trauma, immobilization, 
or an inflammatory condition. When the precipitating event is clinically overt, 
the venous thromboembolism has been termed “provoked” and requires only 
3 to 6 months of prophylactic anticoagulation after the provoking factor has 
been eliminated. If the patient does not have a clinically overt precipitating 
condition, it is termed an “unprovoked” thromboembolic event and tradition-
ally requires an indefinite duration of prophylactic anticoagulation. It is increas-
ingly recognized, however, that the etiology of venous thromboembolism is 
not simply binary in this way but rather a spectrum of clinically overt to 
clinically occult provoking factors, usually superimposed on an inherited ten-
dency to thrombosis.
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Fig. 73-1). For example, thrombosis complicates pregnancy, especially during 
the puerperium, in about 30 to 60% of women with antithrombin deficiency, 
10 to 20% with protein C or protein S deficiency, and almost 30% with APC 
resistance (factor V Leiden) unless prophylactic anticoagulation is adminis-
tered during this period.

Whether or not an episode of VTE has been “provoked” is presently con-
sidered pivotal in determining the recommended duration of anticoagulation 
and possibly even the extent of the required evaluation for an underlying 
thrombophilia. Whereas active cancer, immobilization, oral contraceptives 
or hormone replacement therapy, pregnancy, and the postoperative state at 
the time of VTE are clearly “provoking” factors, many weak transient risk 
factors for thrombosis (e.g., minor soft tissue injury to a leg) or risk factors 
that preceded VTE by some length of time are less certainly related events. 
Furthermore, many acquired triggers for VTE are subclinical or undisclosed 
by the patient. Therefore, the notion of a straightforward binary distinction 
between “provoked” versus “unprovoked” VTE can be challenged as a primary 
determinant of diagnostic testing or the duration of anticoagulant therapy.

 DIAGNOSIS
Laboratory diagnosis (Chapter 162) of the primary hypercoagulable states 
requires testing for each of the disorders individually because no general 
screening test is currently available to determine whether a patient may have 
such a condition.3 Factor V Leiden can be diagnosed by a DNA-based assay 
or by a functional test for APC resistance; the DNA-based assay is required 
to distinguish between heterozygous and homozygous states. DNA-based 
assay is required to identify the prothrombin G20210A mutation. In contrast, 
many different mutations have been found in the genes for antithrombin, 

factor V Leiden mutation increases the risk for thrombosis by a factor of 5 to 
10, whereas homozygosity increases the risk by a factor of 50 to 100.

Prothrombin Gene Mutation (Prothrombin G20210A)
The substitution of G for A at nucleotide 20210 of the prothrombin gene has 
been associated with elevated plasma levels of prothrombin and an increased 
risk for venous thrombosis. The allele frequency for this gain-of-function 
mutation is 1 to 6% in white populations, but it is much less prevalent in other 
racial groups. The prothrombin G20210A mutation is found in 3 to 8% of all 
patients with VTE.

Other Primary Hypercoagulable States
The first X-linked thrombophilia was reported in a family with a gain-of-function 
mutation in the gene for coagulation factor IX (factor IX Padua). Hereditary 
thrombosis in a Japanese family was associated with a missense mutation in 
the prothrombin gene (prothrombin Yukuhashi) that causes impaired inhibi-
tion of its mutant thrombin product by antithrombin. Elevated levels of factor 
VIII coagulant activity are a significant risk factor for venous thrombosis and 
its recurrence, and family studies suggest that high factor VIII levels are often 
genetically determined. Increased levels of factor VII, factor IX, factor XI, 
fibrinogen, von Willebrand factor, and thrombin-activatable fibrinolysis inhibi-
tor as well as very low levels of tissue factor pathway inhibitor may also confer 
increased risk. Many other inherited abnormalities of specific physiologic 
antithrombotic systems may be associated with a thrombotic tendency. Most 
of these conditions are limited to case reports or family studies, their molecular 
genetic bases are less well defined, and their prevalence rates are unknown 
but are probably much lower than those of the disorders described earlier. 
They include heparin cofactor II deficiency, dysfunctional thrombomodulin, 
and many fibrinolytic disorders that lead to impaired fibrin degradation, includ-
ing hypoplasminogenemia, dysplasminogenemia, plasminogen activator defi-
ciency, and certain dysfibrinogenemias that cause a thrombotic rather than a 
bleeding diathesis.

 CLINICAL MANIFESTATIONS
The primary hypercoagulable states are associated with predominantly venous 
thromboembolic complications (see Table 162-3). Deep venous thrombosis 
(DVT) of the lower extremities and pulmonary embolism (pulmonary embo-
lism) are the most frequent clinical manifestations. Venous thromboses occur-
ring in more unusual sites include superficial thrombophlebitis and splanchnic 
and cerebral venous thrombosis (see Table 162-3). Arterial thrombosis involving 
the coronary, cerebrovascular, and peripheral circulations is not generally linked 
to any of the primary hypercoagulable states. However, venous thrombosis 
can result in arterial occlusion by paradoxical embolism across a patent foramen 
ovale. Also, epidemiologic studies have revealed increased overall risk of arte-
rial thrombotic and atherosclerotic vascular disease in patients with a history 
of VTE and vice versa. Recurrent pregnancy loss is probably increased in 
primary hypercoagulable states, but this association is not as strongly estab-
lished as it is in antiphospholipid syndrome (see later under Secondary Hyper-
coagulable States).

The initial episode of VTE can occur at any age in patients with primary 
hypercoagulable states, but it typically takes place in early adulthood. Positive 
family histories of thrombosis can frequently be elicited. Recurrent VTE, 
especially at a young age, and VTE in unusual sites (e.g., splanchnic or cerebral 
veins) are also suggestive of an underlying primary hypercoagulable state. The 
risk for thrombosis varies among the individual primary hypercoagulable states 
and is highest in patients with deficiencies of antithrombotic factors (Table 
73-2); it is also markedly increased with the coexistence of multiple prothrom-
botic mutations. Patients with homozygous deficiency states tend to have 
more severe thrombotic complications. Warfarin-induced skin necrosis (Fig. 
73-2) infrequently complicates the initiation of oral anticoagulant therapy in 
patients with heterozygous protein C or protein S deficiency. Because both 
these proteins depend on vitamin K for normal function, their plasma levels 
in patients with inherited deficiency states may drop to nearly zero within a 
few days of starting therapy with warfarin, a vitamin K antagonist, and lead 
to a transient prothrombotic imbalance and skin necrosis caused by dermal 
vascular thrombosis, especially in patients who are started on higher doses of 
warfarin without concurrent heparin. Nevertheless, oral anticoagulation does 
provide effective long-term antithrombotic prophylaxis in these individuals.

In most patients with primary hypercoagulable states, discrete clinical 
thrombotic complications appear to be provoked by acquired prothrombotic 
events (e.g., pregnancy, use of oral contraceptives, surgery, trauma, immo-
bilization), many of which are the secondary hypercoagulable states (see  

is associated with a low risk for thrombosis in its heterozygous form; other 
forms of homozygous antithrombin deficiency are probably incompatible  
with life due to thrombosis-related intrauterine demise.

Protein C Deficiency
Protein C deficiency leads to unregulated fibrin generation because of impaired 
inactivation of factors VIIIa and Va, two essential cofactors in the coagulation 
cascade.

 EPIDEMIOLOGY
The prevalence of heterozygous protein C deficiency in the general population 
is about 1 per 200 to 500. Protein C deficiency is found in 2 to 5% of all 
patients with VTE.

 PATHOBIOLOGY
As with antithrombin deficiency, two general forms of protein C deficiency 
are recognized: type I, in which quantitative deficiency of the protein is associ-
ated with a proportionate decrease in protein C antigen and activity; and type 
II, in which qualitative defects in protein C are associated with dispropor-
tionately reduced protein C activity relative to antigen. More than 270 muta-
tions are known to cause protein C deficiency. In the more common type I 
deficiency, frameshift, nonsense, or missense mutations cause premature 
termination of synthesis or loss of protein C stability. In type II deficiency, 
different mutations can cause abnormalities in protein C activation or func-
tion. The mode of inheritance of protein C deficiency is autosomal dominant. 
As in antithrombin deficiency, most affected individuals are heterozygotes. 
Neonatal purpura fulminans, a very rare complication involving widespread 
and sometimes fatal thrombosis, occurs in homozygous protein C– or protein 
S–deficient individuals.

Protein S Deficiency
Protein S is the principal cofactor of activated protein C (APC), and its defi-
ciency mimics that of protein C in causing loss of regulation of fibrin generation 
by impaired inactivation of factors VIIIa and Va. A population-based study 
showed that low levels of free protein S and total protein S could only margin-
ally identify subjects at risk for venous thrombosis. Only when cutoff levels 
for free protein S were far below the normal range, or when unprovoked venous 
thrombosis was considered an outcome event, was even just a two-fold to 
five-fold increased risk found.

 EPIDEMIOLOGY
Protein S deficiency is estimated to occur in about 1 in 500 in the general 
population. Its frequency in all patients evaluated for VTE (1 to 3%) is com-
parable to that of protein C deficiency.

 PATHOBIOLOGY
Protein S circulates in plasma partly in complex with C4b-binding protein; only 
free protein S, which normally constitutes about 35 to 40% of total protein 
S, can function as a cofactor of APC. As in antithrombin and protein C defi-
ciencies, quantitative (type I) and qualitative (type II) forms of inherited 
protein S deficiency are known. In addition, type III protein S deficiency is 
characterized by normal plasma levels of total protein S but low levels of free  
protein S.

More than 220 mutations of the protein S gene have been found to cause 
a deficiency state to date. Most involve frameshift, nonsense, or missense point 
mutations.

Activated Protein C Resistance (Factor V Leiden)
 EPIDEMIOLOGY

The factor V Leiden mutation is remarkably frequent (3 to 8%) in healthy 
white populations of European ancestry but is far less prevalent in certain 
black and Asian populations. It causes APC resistance. In various studies, 
APC resistance was found in a wide range of frequencies (10 to 64%) in 
patients with VTE.

 PATHOBIOLOGY
Almost all subjects with functional APC resistance have a single, specific point 
mutation in the gene for factor V, which is a critical target of the physiologic 
anticoagulant action of APC. In this mutation, termed factor V Leiden, guanine 
is replaced with adenine at nucleotide 1691 (G1691A), which leads to the 
amino acid substitution of Arg504 by Gln and renders factor Va incapable of 
being inactivated by APC. Heterozygosity for the autosomally transmitted 

TABLE 73-1 PRIMARY HYPERCOAGULABLE STATES
DEFICIENCY OF ANTITHROMBOTIC FACTORS

Antithrombin (III) deficiency
Protein C deficiency
Protein S deficiency
INCREASED PROTHROMBOTIC FACTORS

Factor Va (activated protein C resistance; factor V Leiden)
Prothrombin (prothrombin G20210A mutation)
Factor IX Padua (factor IX R338L mutation)
Factors VII, XI, IX, VIII; von Willebrand factor; fibrinogen (epidemiologic data; 

molecular mechanisms unknown)

Thrombosis

Acquired trigger:
Secondary hypercoagulable state

Genetic predisposition:
Primary hypercoagulable state

FIGURE 73-1. General scheme of thrombosis pathogenesis. a clinical episode of 
thrombosis is triggered by an acquired trigger, often one of the secondary hypercoagu-
lable states, superimposed on a genetic predisposition caused by a primary hypercoagu-
lable state. The magnitude of the acquired trigger varies from major (e.g., knee or hip 
surgery) to minor (e.g., lengthy air travel) to subclinical (not overt and identifiable). 
likewise, the magnitude of the lifelong genetic predisposition varies from major (e.g., 
heterozygous antithrombin iii, protein c, or protein s deficiency; homozygous factor V 
leiden or prothrombin gene mutation; or two or more primary hypercoagulable states) 
to minor (e.g., heterozygous factor V leiden or prothrombin gene mutation). 

mechanisms. The trigger for a discrete, clinical thrombotic event is often the 
development of one of the acquired, secondary hypercoagulable states super-
imposed on an inherited state of hypercoagulability (Fig. 73-1).1

 PRIMARY HYPERCOAGULABLE STATES
Antithrombin III Deficiency

 EPIDEMIOLOGY AND PATHOBIOLOGY
Inherited quantitative or qualitative deficiency of antithrombin III leads to 
increased fibrin accumulation and a lifelong propensity to thrombosis (Chapter 
162). Antithrombin is the major physiologic inhibitor of thrombin and other 
activated coagulation factors; therefore, its deficiency leads to increased pro-
tease activity and fibrin formation.2

The frequency of asymptomatic heterozygous antithrombin deficiency in the 
general population may be 1 in 350. Most of these individuals have clinically 
silent mutations and never have thrombotic manifestations. The frequency 
of symptomatic antithrombin deficiency in the general population has been 
estimated to be between 1 in 2000 and 1 in 3000. Among all patients seen 
with venous thromboembolism (VTE), antithrombin deficiency is detected 
in only about 1 to 2%, but it is found in approximately 2.5% of selected 
patients with recurrent thrombosis or onset of thrombosis at a younger age  
(<45 years old).

Patients with type I antithrombin deficiency have proportionately reduced 
plasma levels of antigenic and functional antithrombin that result from a 
quantitative deficiency of the normal protein. Impaired synthesis, defective 
secretion, or instability of antithrombin in type I antithrombin-deficient indi-
viduals is caused by major gene deletions, single nucleotide changes, or short 
insertions or deletions in the antithrombin gene. Patients with type II anti-
thrombin deficiency have normal or nearly normal plasma antigen accompanied 
by low activity levels, indicating a functionally defective molecule. Type II 
deficiency is usually caused by specific point mutations leading to single amino 
acid substitutions that produce a dysfunctional protein. More than 250 dif-
ferent mutations causing type I or type II antithrombin deficiency have been 
recognized to date.

The pattern of inheritance of antithrombin deficiency is autosomal domi-
nant. Most affected individuals are heterozygotes whose antithrombin levels 
are typically about 40 to 60% of normal. These individuals may have the 
full clinical manifestations of lifelong hypercoagulability. Rare homozy-
gous antithrombin-deficient patients generally have type II deficiency with 
reduced heparin affinity (and consequently heparin resistance), a variant that 
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Fig. 73-1). For example, thrombosis complicates pregnancy, especially during 
the puerperium, in about 30 to 60% of women with antithrombin deficiency, 
10 to 20% with protein C or protein S deficiency, and almost 30% with APC 
resistance (factor V Leiden) unless prophylactic anticoagulation is adminis-
tered during this period.

Whether or not an episode of VTE has been “provoked” is presently con-
sidered pivotal in determining the recommended duration of anticoagulation 
and possibly even the extent of the required evaluation for an underlying 
thrombophilia. Whereas active cancer, immobilization, oral contraceptives 
or hormone replacement therapy, pregnancy, and the postoperative state at 
the time of VTE are clearly “provoking” factors, many weak transient risk 
factors for thrombosis (e.g., minor soft tissue injury to a leg) or risk factors 
that preceded VTE by some length of time are less certainly related events. 
Furthermore, many acquired triggers for VTE are subclinical or undisclosed 
by the patient. Therefore, the notion of a straightforward binary distinction 
between “provoked” versus “unprovoked” VTE can be challenged as a primary 
determinant of diagnostic testing or the duration of anticoagulant therapy.

 DIAGNOSIS
Laboratory diagnosis (Chapter 162) of the primary hypercoagulable states 
requires testing for each of the disorders individually because no general 
screening test is currently available to determine whether a patient may have 
such a condition.3 Factor V Leiden can be diagnosed by a DNA-based assay 
or by a functional test for APC resistance; the DNA-based assay is required 
to distinguish between heterozygous and homozygous states. DNA-based 
assay is required to identify the prothrombin G20210A mutation. In contrast, 
many different mutations have been found in the genes for antithrombin, 

factor V Leiden mutation increases the risk for thrombosis by a factor of 5 to 
10, whereas homozygosity increases the risk by a factor of 50 to 100.

Prothrombin Gene Mutation (Prothrombin G20210A)
The substitution of G for A at nucleotide 20210 of the prothrombin gene has 
been associated with elevated plasma levels of prothrombin and an increased 
risk for venous thrombosis. The allele frequency for this gain-of-function 
mutation is 1 to 6% in white populations, but it is much less prevalent in other 
racial groups. The prothrombin G20210A mutation is found in 3 to 8% of all 
patients with VTE.

Other Primary Hypercoagulable States
The first X-linked thrombophilia was reported in a family with a gain-of-function 
mutation in the gene for coagulation factor IX (factor IX Padua). Hereditary 
thrombosis in a Japanese family was associated with a missense mutation in 
the prothrombin gene (prothrombin Yukuhashi) that causes impaired inhibi-
tion of its mutant thrombin product by antithrombin. Elevated levels of factor 
VIII coagulant activity are a significant risk factor for venous thrombosis and 
its recurrence, and family studies suggest that high factor VIII levels are often 
genetically determined. Increased levels of factor VII, factor IX, factor XI, 
fibrinogen, von Willebrand factor, and thrombin-activatable fibrinolysis inhibi-
tor as well as very low levels of tissue factor pathway inhibitor may also confer 
increased risk. Many other inherited abnormalities of specific physiologic 
antithrombotic systems may be associated with a thrombotic tendency. Most 
of these conditions are limited to case reports or family studies, their molecular 
genetic bases are less well defined, and their prevalence rates are unknown 
but are probably much lower than those of the disorders described earlier. 
They include heparin cofactor II deficiency, dysfunctional thrombomodulin, 
and many fibrinolytic disorders that lead to impaired fibrin degradation, includ-
ing hypoplasminogenemia, dysplasminogenemia, plasminogen activator defi-
ciency, and certain dysfibrinogenemias that cause a thrombotic rather than a 
bleeding diathesis.

 CLINICAL MANIFESTATIONS
The primary hypercoagulable states are associated with predominantly venous 
thromboembolic complications (see Table 162-3). Deep venous thrombosis 
(DVT) of the lower extremities and pulmonary embolism (pulmonary embo-
lism) are the most frequent clinical manifestations. Venous thromboses occur-
ring in more unusual sites include superficial thrombophlebitis and splanchnic 
and cerebral venous thrombosis (see Table 162-3). Arterial thrombosis involving 
the coronary, cerebrovascular, and peripheral circulations is not generally linked 
to any of the primary hypercoagulable states. However, venous thrombosis 
can result in arterial occlusion by paradoxical embolism across a patent foramen 
ovale. Also, epidemiologic studies have revealed increased overall risk of arte-
rial thrombotic and atherosclerotic vascular disease in patients with a history 
of VTE and vice versa. Recurrent pregnancy loss is probably increased in 
primary hypercoagulable states, but this association is not as strongly estab-
lished as it is in antiphospholipid syndrome (see later under Secondary Hyper-
coagulable States).

The initial episode of VTE can occur at any age in patients with primary 
hypercoagulable states, but it typically takes place in early adulthood. Positive 
family histories of thrombosis can frequently be elicited. Recurrent VTE, 
especially at a young age, and VTE in unusual sites (e.g., splanchnic or cerebral 
veins) are also suggestive of an underlying primary hypercoagulable state. The 
risk for thrombosis varies among the individual primary hypercoagulable states 
and is highest in patients with deficiencies of antithrombotic factors (Table 
73-2); it is also markedly increased with the coexistence of multiple prothrom-
botic mutations. Patients with homozygous deficiency states tend to have 
more severe thrombotic complications. Warfarin-induced skin necrosis (Fig. 
73-2) infrequently complicates the initiation of oral anticoagulant therapy in 
patients with heterozygous protein C or protein S deficiency. Because both 
these proteins depend on vitamin K for normal function, their plasma levels 
in patients with inherited deficiency states may drop to nearly zero within a 
few days of starting therapy with warfarin, a vitamin K antagonist, and lead 
to a transient prothrombotic imbalance and skin necrosis caused by dermal 
vascular thrombosis, especially in patients who are started on higher doses of 
warfarin without concurrent heparin. Nevertheless, oral anticoagulation does 
provide effective long-term antithrombotic prophylaxis in these individuals.

In most patients with primary hypercoagulable states, discrete clinical 
thrombotic complications appear to be provoked by acquired prothrombotic 
events (e.g., pregnancy, use of oral contraceptives, surgery, trauma, immo-
bilization), many of which are the secondary hypercoagulable states (see  

*Data refer to white populations. The prevalence of factor V Leiden and factor II G20210A is much 
lower in African, African American, and Asian populations.
†Relative risk of first VTE with homozygous factor V Leiden is up to 10-fold higher (50-100).
Modified from Coppola A, Tufano A, Cerbone AM, et al. Inherited thrombophilia: implications for 
prevention and treatment of venous thromboembolism. Semin Thromb Hemost. 2009;35:683-694.

TABLE 73-2 INHERITED HYPERCOAGULABLE STATES 
(THROMBOPHILIAS): EPIDEMIOLOGY AND  
RISK OF VENOUS THROMBOEMBOLISM (VTE)

THROMBOPHILIA

PREVALENCE (%) RELATIVE RISK

General 
Population*

Unselected 
VTE First VTE

Recurrent 
VTE

Antithrombin deficiency 0.02-0.3 1-2 5-8 2.5
Protein C deficiency 0.2-0.5 2-5 5-8 2.5
Protein S deficiency 0.5 1-3 1.7-8 2.5
Factor V Leiden 3-8 10-65 5-10† 1.3
Factor II G20210A 1-6 3-8 1.5-3.8 1.4
Factor V Leiden and 

factor II G20210A
0.01 — 20-60 2.5

FIGURE 73-2. Acute skin necrosis in a patient with previously not known protein C 
deficiency who was given prophylactic warfarin for prevention of deep venous throm-
bosis after elective hip surgery. Warfarin treatment was withdrawn and anticoagulation 
continued with heparin. skin grafting of the affected area was required. (From Forbes 
cD, Jackson WF. Color Atlas and Text of Clinical Medicine. 3rd ed. london: mosby; 2003.)
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guide family screening strategies (see Fig. 73-3). Individuals with arterial 
thrombosis generally should not be tested for any of these disorders because 
primary hypercoagulable states are not clearly associated with an increased 
risk for arterial thrombosis. In contrast, some of the secondary hypercoagulable 
states, including hyperhomocysteinemia and the antiphospholipid syndrome 
(see later), are associated with an increased risk for arterial as well as venous 
thrombosis.

In general, testing for primary hypercoagulable states is not recommended 
immediately after a major thrombotic event. Optimally, it should be performed 
in clinically stable patients after completion of oral anticoagulation following 
a thrombotic episode. This is because active thrombosis may transiently consume 
and deplete some of the antithrombotic proteins in plasma and lead to the 
erroneous diagnosis of inherited antithrombin, protein C, or protein S defi-
ciency. In addition to acute thrombosis, pregnancy, estrogen use, liver disease, 
and disseminated intravascular coagulation may cause acquired deficiencies 
of antithrombin, protein C, or protein S. Anticoagulation may also interfere 
with some of the functional tests for primary hypercoagulable states. Heparin 
treatment can cause a decline in antithrombin levels to the deficiency range 
even in normal individuals. In contrast, warfarin can elevate antithrombin 
levels into the normal range in patients who do have an inherited deficiency 
state. Warfarin therapy, by its very mode of action, also predictably reduces 
the functional levels and, less prominently, the immunologic levels of protein 
C and protein S. This warfarin action thereby potentially leads to a misdiagnosis 
of inherited deficiency. The direct oral anticoagulants can interfere with testing 
for lupus anticoagulant (see later). To avoid interference of oral anticoagulants 
with functional tests of hypercoagulable states or interpretation of their results, 
blood should be drawn at least 2 weeks after stopping warfarin and at least 
48 to 72 hours after stopping a direct oral anticoagulant.4

As noted previously, functional activity assays are the best screening tests for 
antithrombin, protein C, and protein S deficiencies because they detect both 
quantitative and qualitative defects; antigenic (immunologic) assays detect 
only quantitative deficiencies of these proteins. Functional coagulation assays 
for protein C and protein S may yield spuriously low values, however, if APC 
resistance is present. APC resistance can be diagnosed by newer high-sensitivity 
and high-specificity coagulation assays or by DNA analysis of peripheral blood 
for the factor V Leiden mutation.

protein C, and protein S, so DNA-based tests are not practical for the diagnosis 
of these inherited deficiency states. Therefore, they are detected by functional 
and immunologic tests. Because type II (qualitative) deficiencies of antithrom-
bin, protein C, and protein S exhibit normal immunologic levels, functional 
assays for these proteins are better screening tests.

The diagnostic approach to a patient with a documented episode of VTE 
includes a thorough history, physical examination, and basic laboratory tests 
to search for possible precipitating conditions or triggers for the acute event 
and to rule out underlying acquired causes of hypercoagulability, including 
occult malignant disease, as discussed later in the section on secondary hyper-
coagulable states.

As noted in Chapter 162 (section under Evaluation of the Patient with a 
Possible Hypercoagulable State), the lack of strong evidence of clearly increased 
risk of thrombosis recurrence in patients with a history of VTE associated with 
most of the primary hypercoagulable states (thrombophilias) has made throm-
bophilia testing after a first episode debatable. Although no randomized trials 
have yet answered the question of whether testing for inherited thrombophilia 
at the time of the first VTE alters the risk of recurrence, guidelines commonly 
recommend against detailed testing in adults who have VTE in the presence 
of major transient risk factors (Fig. 73-3).

A reasonable diagnostic approach at this time is to screen at least all “strongly 
thrombophilic” patients after an initial episode of VTE: individuals with a 
documented event before 40 years of age, a positive family history, or unpro-
voked or recurrent VTE. Thrombophilia testing is not routinely recommended, 
however, indiscriminately in all patients after a first VTE episode or in those 
with overt provoking factors. Analysis of results from a randomized trial showed 
that recurrent VTE was not increased, at least during warfarin therapy, in the 
presence of factor V Leiden, prothrombin G20210A mutation, antithrombin 
deficiency, or elevated levels of factor VIII, factor XI, or homocysteine. However, 
there have been no controlled clinical trials to date that have assessed the 
benefit of testing for thrombophilia on the risk of recurrent VTE. Although 
indefinite anticoagulation is recommended for patients who have had two or 
more VTE events, regardless of whether a primary hypercoagulable state is 
found, testing of these individuals for thrombophilia can still be useful to 

DVT and/or PE

Thrombophilia testing
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FIGURE 73-3. Algorithm for thrombophilia testing after a first episode of deep venous 
thrombosis (DVT) or pulmonary embolism (PE) and in asymptomatic, first-degree rela-
tives. in the absence of strong evidence-based guidelines (see text), decisions about 
thrombophilia testing should be individualized, ranging from “not routinely recommended” 
to “recommended in most cases.” VTe = venous thromboembolism. aThrombophilia testing 
to include antithrombin iii, protein c, protein s, factor V leiden, prothrombin 20210a 
gene mutation, and lupus anticoagulant/antiphospholipid antibodies. bprovoking factors 
include active malignant disease, postoperative state, immobilization, trauma, active 
chronic inflammatory disease (e.g., extensive psoriasis), myeloproliferative neoplasm, 
pregnancy, oral contraceptives, and hormone replacement therapy. cin asymptomatic 
first-degree relatives of such individuals, avoidance is an alternative to testing. 

The initial treatment of acute deep venous thrombosis or pulmonary embo-
lism in patients with primary hypercoagulable states is not different from that 
in patients without genetic defects (Chapter 74). As in patients without known 
thrombophilia, thrombolytic therapy should be considered after massive venous 
thrombosis or pulmonary embolism. Acute management is initiated with at 
least 5 days of unfractionated or low-molecular-weight heparin or fondaparinux. 
Oral anticoagulation with warfarin can be started on the first day of parenteral 
anticoagulation use and continued for at least 6 months in patients with a first 
episode of VTE in the absence of triggering factors (e.g., postoperative state), 
with regulation of the dose to maintain an international normalized ratio of 
the prothrombin time between 2.0 and 3.0.

Direct oral anticoagulants (like rivaroxaban, apixaban, and dabigatran) can 
be used for both acute treatment (at higher doses) and long-term prophylaxis 
against recurrence of venous thromboembolism. In addition to the convenience 
of fixed dosing, they have been demonstrated to be at least as effective and 
safer in terms of bleeding complications than warfarin. In some specific cir-
cumstances, particularly with mechanical heart valves and antiphospholipid 
syndrome, they have not been at this time shown to be superior or equivalent 
to warfarin in efficacy or safety (see later and in Chapters 74 and 76).

Continuing oral anticoagulant prophylaxis beyond the initial 6 to 12 months 
after an acute episode of VTE must weigh the risk of bleeding with continued 
treatment against the significant risk of recurrent VTE after stopping antico-
agulant prophylaxis. The risk of recurrence after an unprovoked episode of VTE 
following discontinuation of anticoagulation is greatest during the first six 
months and then decreases linearly by 4 to 5% per year, whereas the risk of 
major bleeding with continued anticoagulation (at least with warfarin) is low 
and decreases linearly by less than 2% per year. Among patients with a first 
episode of unprovoked pulmonary embolism who received 6 months of anti-
coagulation, an additional 18 months of treatment with warfarin reduced the 
rate of recurrent VTE compared with placebo, although that benefit was not 
maintained after discontinuation of anticoagulation prophylaxis. A1  These find-
ings, which are consistent with earlier studies, highlight the fact that unprovoked 
VTE is a chronic, often recurrent disease in the absence of prophylaxis. Patients 
with primary hypercoagulable states who have had two or more thrombotic 
events should receive indefinite or lifelong prophylactic oral anticoagulation 

TREATMENT 

 SECONDARY HYPERCOAGULABLE STATES

 DEFINITION
The secondary hypercoagulable states are diverse, mostly acquired disorders 
that predispose patients to thrombosis by complex, multifactorial pathophysi-
ologic mechanisms. Many of these conditions also represent the acquired 
provocative stimuli for clinical thrombotic events in individuals with a genetic 
predisposition (primary hypercoagulable states). Although each disorder causes 
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TABLE 73-3 LONG-TERM MANAGEMENT OF PATIENTS  
WITH PRIMARY HYPERCOAGULABLE STATES*

RISK CLASSIFICATION MANAGEMENT
High risk Indefinite or lifelong 

anticoagulation≥2 spontaneous thromboses
1 spontaneous life-threatening thrombosis
1 spontaneous thrombosis at an unusual site (e.g., 

mesenteric, cerebral venous)
1 spontaneous thrombosis in the presence of 

antiphospholipid syndrome, antithrombin deficiency, 
or more than a single hypercoagulable state

Moderate risk Vigorous prophylaxis 
during high-risk 
situations

1 thrombosis with an acquired prothrombotic stimulus

Asymptomatic
*Beyond initial period of thromboprophylaxis.
Modified from Bauer K. Approach to thrombosis. In: Loscalzo J, Schafer AI, eds. Thrombosis and 
Hemorrhage. 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 2003:330-342.

thrombosis primarily through abnormalities in blood flow (rheology), the 
composition of blood (coagulation factors and platelet function), or the vessel 
wall, multiple overlapping mechanisms are operative in many of them.

Hyperhomocysteinemia
Hyperhomocysteinemia is an elevated blood level of homocysteine, a sulfhydryl 
amino acid derived from methionine by a transmethylation pathway (E-Fig. 
73-1). Homocysteine is remethylated to methionine or catabolized to cysta-
thionine. The major remethylation pathway requires folate and cobalamin 
(vitamin B12) and involves the action of methylenetetrahydrofolate reductase 
(MTHFR); a minor remethylation pathway is mediated by betaine–
homocysteine methyltransferase. Alternatively, homocysteine is converted to 
cystathionine in a trans-sulfuration pathway catalyzed by cystathionine 
β-synthase (CBS), with pyridoxine used as a cofactor.

Homozygous CBS deficiency states that lead to severe hyperhomocyste-
inemia (homocystinuria) (Chapter 198) cause premature arterial atherosclerotic 
disease and VTE as well as mental retardation, neurologic defects, lens ectopy, 
and skeletal abnormalities. By comparison, adults with heterozygous CBS 
deficiency, with resultant mild to moderate hyperhomocysteinemia, may have 
only venous or arterial thrombotic manifestations. Hyperhomocysteinemia 
resulting from inherited remethylation pathway defects usually involves reduced 
activity of MTHFR. In some homozygous individuals with the autosomal 
recessive C677T mutation of the MTHFR gene, which occurs in 15% of certain 
populations, moderate hyperhomocysteinemia may occur and is correctable 
with folic acid, pyridoxine, and cobalamin, but it does not, by itself in the 
absence of coexisting hyperhomocysteinemia, appear to be related to risk of 
venous thrombosis. Acquired causes of hyperhomocysteinemia in adults most 
commonly involve nutritional deficiencies of the cofactors required for homo-
cysteine metabolism, including pyridoxine, cobalamin, and folate.

Vitamin supplementation with folate, pyridoxine, and cobalamin can nor-
malize elevated blood levels of homocysteine. However, several prospective 
clinical trials of homocysteine-lowering therapy have failed to show reduced 
rates of vascular events in patients with established vascular disease. It remains 
to be determined whether this disappointing lack of clinical benefit with 
homocysteine-lowering vitamin therapy indicates that homocysteine is not a 
direct atherogenic factor, or that vitamin therapy in this setting might have 
other, offsetting deleterious effects, or that possibly other mechanisms are 
operative.

Malignant Disease
Multiple abnormalities of hemostasis are involved in the hypercoagulable state 
in cancer patients, many of which initiate a systemic process of chronic dis-
seminated intravascular coagulation (Chapter 166). The thrombotic tendency 
of patients with cancer may also be related to mechanical factors, such as 
immobility, indwelling central venous catheters, or a bulky tumor mass com-
pressing vessels, and to comorbid conditions, such as sepsis, surgery, liver 
dysfunction secondary to metastases, and the prothrombotic effects of certain 
antineoplastic agents.5

The incidence of thrombotic complications in cancer patients depends in 
part on the type of malignant disease. Hypercoagulability is most prominent 
in patients with pancreatic cancer (Chapter 185), adenocarcinoma of the 
gastrointestinal tract (Chapters 183 and 184), lung cancer (Chapter 182), 
ovarian cancer (Chapter 189), and hematologic malignant neoplasms. The 
presence of underlying malignant disease compounds the independent risk 
for thrombosis in the postoperative state. There is a two-fold increase in risk 
of postoperative thrombosis (see later section, Postoperative State, Immobi-
lization, and Trauma) in cancer patients compared with noncancer patients. 
Thrombosis most commonly occurs in patients with established or concurrently 
diagnosed malignant disease. In these patients, the risk of venous thrombosis 
has been found to be highest in the first few months after the diagnosis of 
malignant disease, then decreases progressively during the subsequent 15 years.

The increased risk of harboring an undiagnosed, usually occult malignant 
neoplasm in patients who present with VTE is now well established. The 
overall prevalence of undiagnosed cancer in patients with unprovoked VTE 
is approximately 3.5 to 6% at the time of thrombosis and 5 to 10% within the 
first year after thrombosis.6 Beyond thorough history, physical examination, 
and routine laboratory tests and radiography, the benefit of extensive evalu-
ation for occult cancer including advanced imaging studies is not established, 
however.7 Because of the relatively low prevalence of occult cancer among 
adults with a first unprovoked VTE, routine screening with computed tomog-
raphy (CT) of the abdomen and pelvis A2  or with F-fluorodeoxyglucose positron 
emission tomography/CT A3  is generally not recommended. An algorithm for 

(Chapter 76). Indefinite or lifelong anticoagulation is probably indicated for 
individuals with recurrent thrombosis even in the absence of identifiable primary 
hypercoagulable states (Table 73-3).

Asymptomatic individuals with known thrombophilia who have not had 
previous thrombotic complications do not require prophylactic anticoagulation 
except during periods of high risk for thrombosis. Because about half of the 
first-degree relatives of a patient with a primary hypercoagulable state should 
be affected, these individuals should be counseled about the implications of 
testing them and potentially making a diagnosis.

Management of pregnancy in women with primary hypercoagulable states 
requires special consideration because of the high risk for thrombosis, particularly 
during the puerperium. Women with thrombophilia who have previously had 
thrombosis—and probably also asymptomatic women with thrombophilia—
should receive prophylactic anticoagulation throughout pregnancy and for at 
least 6 weeks postpartum, a particularly high-risk period. Coumarin derivatives 
cross the placenta and have the potential to cause both bleeding and teratogenic 
effects in the fetus. The safety to the fetus of the direct-oral anticoagulants has 
not yet been established. Therefore, oral anticoagulants should not be used 
during pregnancy. Heparin does not cross the placenta and does not cause 
these fetal complications. Fixed-dose, low-molecular-weight heparin is the anti-
coagulant of choice during pregnancy. Neither warfarin nor heparin induces an 
anticoagulant effect in a breast-fed infant when the drug is given to a nursing 
mother, so either can be given safely when indicated in the postpartum period. 
The same is not yet established for the direct oral anticoagulants.

Because warfarin-induced skin necrosis (see Fig. 73-2) is a rare problem, 
screening of all patients for inherited protein C or protein S deficiency, condi-
tions that are known to predispose to this complication, is not indicated before 
starting warfarin therapy. Most cases can be avoided by not initiating warfarin 
therapy with high loading doses and by concomitant coverage with heparin. 
When the complication does occur, as manifested by painful red and subse-
quently dark, necrotic skin lesions (see Fig. 73-2) within a few days of starting 
warfarin, such therapy must be discontinued immediately, vitamin K adminis-
tered, and heparin started (Chapter 76). The use of fresh-frozen plasma or puri-
fied protein C concentrate to normalize protein C levels rapidly can improve 
results. Despite this rare complication, warfarin is an effective, long-term pro-
phylactic anticoagulant in patients with inherited protein C or protein S 
deficiency.

Antithrombin concentrate purified from normal human plasma or human 
recombinant antithrombin may be a useful adjunct to anticoagulation in “heparin-
resistant” patients, who represent unusual cases of type II antithrombin deficiency, 
and in antithrombin-deficient patients with recurrent thrombosis despite 
adequate anticoagulation. Infusion of antithrombin concentrate can also be 
considered in some perioperative or obstetric settings in which anticoagulation 
poses an unacceptable bleeding risk.

 SECONDARY HYPERCOAGULABLE STATES

 DEFINITION
The secondary hypercoagulable states are diverse, mostly acquired disorders 
that predispose patients to thrombosis by complex, multifactorial pathophysi-
ologic mechanisms. Many of these conditions also represent the acquired 
provocative stimuli for clinical thrombotic events in individuals with a genetic 
predisposition (primary hypercoagulable states). Although each disorder causes 
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E-FIGURE 73-1. Intracellular metabolism of homocysteine occurs through remethylation to methionine or trans-sulfuration to cysteine. Numbered circles indicate the principal 
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Myeloproliferative Neoplasms and Paroxysmal  
Nocturnal Hemoglobinuria
Thrombosis and, apparently paradoxically, bleeding are major causes of mor-
bidity and mortality in patients with chronic myeloproliferative neoplasms 
(Chapter 157) and the related bone marrow stem cell disorder paroxysmal 
nocturnal hemoglobinuria (Chapter 151). In uncontrolled polycythemia vera, 
increased whole blood viscosity contributes to the thrombotic tendency. 
Thrombocytosis, abnormal platelet function, and other less well understood 
factors are also probably involved in the hemostatic defect of the myelopro-
liferative neoplasms and paroxysmal nocturnal hemoglobinuria.

In addition to DVT and pulmonary embolism, some distinctive thrombotic 
manifestations are seen. Hepatic vein thrombosis (Budd-Chiari syndrome) 
and portal and other intra-abdominal venous thromboses (Chapter 134) are 
associated with myeloproliferative neoplasms and paroxysmal nocturnal hemo-
globinuria (Chapter 151)9 and may be the initial manifestations of the disease. 
Myeloproliferative neoplasms, particularly polycythemia vera (Chapter 157) 
and essential thrombocythemia (Chapter 157), may cause erythromelalgia, 
a syndrome of microvascular thrombosis manifested by intense pain accom-
panied by warmth, duskiness, and mottled erythema, sometimes resembling 
livedo reticularis, in a patchy distribution in the extremities, most prominently 
in the feet; digital microvascular ischemia progressing to vascular insufficiency 
and gangrene may ensue (Chapter 72). A wide spectrum of neurologic 

evaluating a patient for occult malignant neoplasm after an episode of VTE 
is shown in Figure 73-4.

The most frequent thrombotic manifestations in patients with neoplasms 
are DVT and pulmonary embolism, but more unusual and distinctive throm-
botic complications are also found. Trousseau syndrome, characterized by 
migratory superficial thrombophlebitis of the upper or lower extremities, is 
strongly linked to cancer. Nonbacterial thrombotic endocarditis involves fibrin-
platelet vegetations on heart valves, which produce clinical manifestations by 
systemic embolization (Chapter 54). Of patients with nonbacterial thrombotic 
endocarditis, 75% have underlying malignant neoplasms at autopsy. Trousseau 
syndrome and nonbacterial thrombotic endocarditis are highly associated 
with adenocarcinomas. The occurrence of either syndrome in patients without 
known cancer demands a more vigorous search for occult malignant disease 
than in other patients with DVT or pulmonary embolism. Thrombotic micro-
angiopathy (Chapter 163), characterized by hemolysis with red blood cell 
fragmentation, thrombocytopenia, and microvascular thrombosis with involve-
ment of target organs, occurs in about 5% of patients with metastatic carci-
nomas, most commonly those with gastric (Chapter 183), lung (Chapter 
182), and breast (Chapter 188) primary sites.

Some antineoplastic agents themselves increase the risk of thrombosis in 
cancer patients. These include antiangiogenic agents (VTE with thalidomide 
and lenalidomide; arterial thrombosis with bevacizumab, sunitinib, sorafenib). 
In multiple myeloma (Chapter 178), the thrombotic risk of thalidomide is 
increased 10-fold when the drug is combined with high-dose dexamethasone 
and an anthracycline. Other thrombogenic chemotherapeutic agents include 
all-trans-retinoic acid and arsenic trioxide, particularly when used as induction 
chemotherapy for acute promyelocytic leukemia (Chapter 173); cisplatinum 
(causing both venous and arterial thrombosis); l-asparaginase (which can 
also cause bleeding); and methotrexate.
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FIGURE 73-4. Algorithm for evaluating a patient for occult malignant neoplasm after an unprovoked episode of deep venous thrombosis or pulmonary embolism or thrombosis 
at an unusual site. hcc = hepatocellular carcinoma; iVc = inferior vena cava; mpN = myeloproliferative neoplasm; NbTe = nonbacterial thrombotic endocarditis; pe = physical examina-
tion; pNh = paroxysmal nocturnal hemoglobinuria; VTe = venous thromboembolism. aphysical examination to include rectal (with stool sample for occult blood) and breast and pelvic 
examinations for women. broutine laboratory evaluations to include chest radiography, complete blood count, basic chemistries, and calcium concentration. cFollow-up suggested at 
6 to 12 months. dadvanced testing could include advanced imaging, endoscopies, cytologies, and the like. 

Treatment of acute VTE in cancer patients should be initiated as in other 
patients, but subsequent prophylactic anticoagulation generally should 
be continued while active malignant disease is present.8 In some patients, 

TREATMENT 

TREATMENT 

TREATMENT AND PREVENTION 

however, complete resolution of the VTE may allow treatment to be stopped  
safely.  A4   Anticoagulation can be difficult in many cancer patients; these patients 
may be resistant to warfarin prophylaxis. Anticoagulation can also be compli-
cated by bleeding into tumors. Long-term treatment of cancer patients with 
low-molecular-weight heparin (LMWH) after VTE (Chapter 76) reduces recur-
rences and possibly decreases bleeding complications compared with treatment  
with warfarin. LMWH also reduces the risk of a first VTE in patients with  
cancer A5  and is more effective than warfarin in doing so, A6  although it has not 
been shown to increase overall survival in this setting. A7  Edoxaban (60 mg daily) 
is as good as LMWH overall, with insignificantly lower rates of recurrent VTE 
balanced against insignificantly higher rates of bleeding. A8 

 PROGNOSIS
Patients with the lupus anticoagulant have a 6-fold higher risk of future throm-
bosis, a 2- to 4-fold increased risk of recurrent thrombosis, and 12% increased 
10-year mortality.13,14

Pregnancy, Assisted Reproductive Technologies, Oral 
Contraceptives, and Hormone Replacement Therapy
Activation of the coagulation system is initiated locally in the maternal utero-
placental circulation, where the placenta is the source of increased thrombin 
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generation. Platelet activation and increased platelet turnover also occur during 
normal pregnancy, and about 8% of healthy women have mild thrombocyto-
penia at term. Simultaneously, the fibrinolytic system is progressively blunted 
throughout pregnancy because of the action of placental plasminogen activator 
inhibitor type 2. The net effect of these coagulation changes is creation of a state 
of hypercoagulability that makes pregnant women vulnerable to thrombosis, 
particularly in the puerperium. These systemic alterations are compounded 
by prothrombotic mechanical and rheologic factors in pregnancy, including 
venous stasis in the legs (especially the left lower extremity) caused by the 
gravid uterus, pelvic vein injury during labor, and the trauma of cesarean section.

Assisted reproductive technologies, mainly in vitro fertilization (IVF), confer 
an increased risk of venous thromboembolism, although the absolute magni-
tude is quite low. With IVF, the incidence of VTE is approximately 0.1 to 
0.5% per treatment cycle. Ovarian hyperstimulation syndrome, which is an 
iatrogenic and potentially fatal complication of IVF, represents an important 
risk factor for thrombosis.

Oral contraceptives induce a prothrombotic state by increasing procoagulant 
effects and decreasing physiologic anticoagulant effects. The use of oral con-
traceptives is associated with an increased risk for venous thrombosis, myo-
cardial infarction, stroke, and peripheral arterial disease, particularly during 
the first year of use (Chapter 225). Unexpectedly, third-generation oral con-
traceptives, which contain less estrogen and a different progestin, double the 
risk for VTE in comparison to second-generation preparations. Postmenopausal 
hormone replacement increases the risk for deep VTE by a factor of 2 to 3.5, 
at least during the first year.15 Hormone replacement therapy has no beneficial 
effect and possibly even a detrimental effect on the risk for arterial disease 
(Chapter 227).16

DVT and pulmonary embolism are the most common thrombotic com-
plications of pregnancy and the use of oral contraceptives or hormone replace-
ment therapy. Coexisting primary hypercoagulable states are an at least additive 
risk factor in all these settings. In the absence of a clear family history of clinical 
VTE or a strongly thrombophilic mutation in a first-degree relative, there is 
little justification, however, to screen for prothrombotic mutations with preg-
nancy or before starting hormone replacement therapy or oral contraceptives. 
Increasing age, increasing parity, cesarean delivery, prolonged bedrest or 
immobilization, obesity, and previous thromboembolism are additional pro-
thrombotic risk factors in pregnant women. Most thrombotic events associated 
with pregnancy occur in the peripartum period, especially after delivery. Special 
considerations for anticoagulation in the setting of pregnancy are noted in 
the section on treatment of primary hypercoagulable states.

Systemic Inflammation
Systemic inflammation may be involved in the pathogenesis of VTE through 
vessel wall inflammation and damage as well as systemic hypercoagulability. 
Patients with autoimmune connective tissue diseases, particularly rheumatoid 
arthritis, juvenile rheumatoid arthritis, and systemic lupus erythematosus, are 
at increased risk of VTE. Psoriasis, an immunoinflammatory disease that is 
associated with cardiovascular risk and atherothrombotic events, has also been 
shown in a cohort study to carry an increased risk of VTE; the risk was found 
to be highest in younger patients with severe psoriasis. Other skin diseases 
that are autoimmune in etiology were not associated with VTE risk in another 
population-based case-control study.

Postoperative State, Immobilization, and Trauma
Postoperative thrombosis (Chapter 405) is caused by a combination of local 
mechanical factors, including decreased venous blood flow in the lower extremi-
ties, and systemic changes in coagulation.17 The level of risk for postoperative 
thrombosis depends largely on the type of surgery performed. It is compounded 
by coexisting risk factors, such as an underlying inherited primary hyperco-
agulable state or malignant disease (see earlier sections), advanced age, and 
prolonged procedures. Postoperative DVT and pulmonary embolism, the most 
common thrombotic complications, are often asymptomatic and detectable 
only by noninvasive studies. The incidence of DVT after general surgical pro-
cedures is about 20 to 25%, with almost 2% of these patients having clinically 
significant pulmonary embolism. Without prophylaxis, the risk for DVT after 
hip surgery and knee reconstruction ranges from 45 to 70%, and clinically 
significant pulmonary embolism occurs in 20% of patients undergoing hip 
surgery. Although the process of thrombosis generally begins intraoperatively 
or within a few days of surgery, the risk for this complication can be protracted 
beyond the time of discharge from the hospital, particularly in hip replacement 
patients.

Patients who are bedridden or experiencing prolonged air travel are at 
increased risk for VTE. VTE is also one of the most common causes of 

manifestations may be caused by cerebrovascular ischemia, especially in patients 
with essential thrombocythemia.

Treatment of VTE in patients with the myeloproliferative neoplasms and 
paroxysmal nocturnal hemoglobinuria should be initiated as in patients without 
these hematologic disorders. In patients with thrombosis associated with poly-
cythemia vera, the hematocrit should be maintained in the normal range with 
phlebotomies or chemotherapy, or with both. Patients maintained at a hematocrit 
target of less than 45% have a significantly lower rate of cardiovascular death 
and major thrombosis than do those with hematocrit targets of 45 to 50%. A9  
Low-dose aspirin (100 mg daily) can prevent thrombotic complications without 
increasing the incidence of major bleeding in patients with polycythemia vera 
who have no contraindications to such treatment. In patients with essential 
thrombocythemia and high risk or previous history of thrombosis, cytoreduction 
of the elevated platelet count should be achieved with chemotherapy.

TREATMENT 

Acute management of thrombosis in these patients is essentially the same 
as in other individuals. Monitoring of heparin anticoagulation is difficult in 
patients with a lupus anticoagulant because they already have a prolonged 
activated partial thromboplastin time at baseline; the use of low-molecular-
weight heparin, which does not require monitoring, can circumvent this problem. 
Warfarin is effective in preventing recurrent thrombosis but usually requires 
prolonged or indefinite therapy with doses to achieve an international normal-
ized ratio of 2.0 to 3.0. Direct oral anticoagulants are not as good as warfarin 
in patients with high-risk antiphospholipid syndrome.12, A10  Whereas laboratory 
evidence of antiphospholipid antibodies in patients with a first episode of VTE 
is still usually considered an indication for indefinite anticoagulant therapy, a 
systematic review showed that the strength of this association is uncertain 
because of low-quality evidence supporting it. No established treatment of 
women with antiphospholipid syndrome has been shown to prevent recurrent 
fetal loss. Treatment with prednisone and aspirin during pregnancy is not effec-
tive in promoting live birth and may increase the risk for prematurity.

TREATMENT AND PREVENTION 

Antiphospholipid Syndrome
Antiphospholipid syndrome (Chapter 165) is characterized by venous and 
arterial thrombosis, recurrent spontaneous pregnancy loss (which may also 
be due to thrombosis), thrombocytopenia, and a variety of neuropsychiatric 
manifestations.10 The syndrome is associated with a heterogeneous group of 
autoantibodies that bind to anionic phospholipid-protein complexes, a protein 
cofactor of which is β2-glycoprotein I. Patients with this syndrome have any 
combination of positive tests for different plasma antiphospholipid-protein 
antibodies (e.g., anticardiolipin antibodies) and phospholipid-based clotting 
tests (lupus anticoagulants; Chapter 242). The predominant prothrombotic 
effects of these antibodies are probably directed to the vessel wall.

DVT and pulmonary embolism are the most frequent venous thrombotic 
events in these patients.11 Cerebrovascular events are the most common arte-
rial thrombotic complications and are manifested as stroke, transient ischemic 
attacks (Chapter 379), multi-infarct dementia (Chapter 374), or retinal artery 
occlusion. Peripheral and intra-abdominal vascular occlusion is encountered 
more rarely. About one third of these patients have nonbacterial heart valve 
vegetations (Libman-Sacks endocarditis). The most prominent obstetric com-
plications are recurrent spontaneous pregnancy loss and fetal growth retarda-
tion, which are probably due to thrombosis of placental vessels. Patients are 
occasionally seen with “catastrophic” antiphospholipid syndrome involving 
a series of acute and sometimes fatal vascular occlusive events, or “thrombotic 
storm.” Thrombotic complications are limited largely to patients with primary 
antiphospholipid syndrome and patients in whom the antibodies are associ-
ated with collagen vascular disease, not with drugs or infections.

 PROGNOSIS
Patients with the lupus anticoagulant have a 6-fold higher risk of future throm-
bosis, a 2- to 4-fold increased risk of recurrent thrombosis, and 12% increased 
10-year mortality.13,14

Pregnancy, Assisted Reproductive Technologies, Oral 
Contraceptives, and Hormone Replacement Therapy
Activation of the coagulation system is initiated locally in the maternal utero-
placental circulation, where the placenta is the source of increased thrombin 
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morbidity and mortality in survivors of major trauma, and asymptomatic 
DVT of the lower extremities has been detected by venography in more than 
50% of hospitalized trauma patients. The risk for venous thrombosis after 
trauma is increased by advanced age, need for surgery or transfusions, and 
presence of lower extremity fractures or spinal cord injury.

Mechanical methods of prophylaxis against VTE should be considered in 
high-risk postoperative patients and bedridden patients with medical condi-
tions, either in combination with anticoagulant prophylaxis or instead of it 
in patients who have an unusually high risk for bleeding with anticoagulation. 
Such methods include graduated compression stockings, intermittent pneu-
matic compression devices, and venous foot pumps.

For long-distance travelers at increased risk of VTE, including those with 
previous VTE or hypercoagulable states, current recommendations include 
frequent ambulation, nonalcoholic hydration, calf muscle exercises, and the 
use of properly fitted, below-knee graduated compression stockings providing 
15 to 30 mm Hg of pressure at the ankle during travel; compression stockings 
are not recommended for other long-distance travelers. The use of aspirin or 
anticoagulants to prevent VTE is not recommended for long-distance travelers 
at increased risk of VTE.
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REVIEW QUESTIONS

1. A 45-year-old man was diagnosed 3 days ago to have a left lower extremity 
deep venous thrombosis (DVT) by ultrasound. No provoking factors were 
identified. He was discharged from the emergency department without 
further evaluation but with instructions to begin subcutaneous injections 
of therapeutic doses of a low-molecular-weight heparin together with daily 
warfarin at a dose of 7.5 mg/day, to be followed up by you in your primary 
care office. Which of the following would you do on this visit?
 A. Initiate an evaluation to search for occult malignant disease with CT 

imaging of chest, abdomen, and pelvis.
 B. Obtain a prothrombin time (international normalized ratio).
 C. Repeat the lower extremity ultrasound.
 D. Order multidetector chest computed tomographic angiography to diag-

nose or exclude a pulmonary embolism.
 E. Test for most common primary hypercoagulable states (thrombophilias).

Answer: B The emergency department physicians correctly initiated thera-
peutic heparin while at the same time beginning longer term warfarin oral 
anticoagulation to prevent recurrent venous thromboembolism (VTE). It is 
now time to begin regulating the warfarin dose on the basis of the prothrombin 
time, with a target international normalized ratio of 2.0 to 3.0. Although several 
studies have shown some otherwise healthy individuals with VTE have an 
increased risk of harboring an occult malignant neoplasm, a thorough history 
and physical examination, including stool samples for occult blood and basic 
studies such as chest radiography and mammography in women, are considered 
to be sufficient. Advanced imaging studies to look for cancer are indicated 
only if abnormalities are found in this basic evaluation. Another lower extrem-
ity ultrasound examination at this point is not indicated unless there is some 
uncertainty about the original diagnosis. The finding of a simultaneous, silent 
pulmonary embolism will not make any difference in your diagnostic and 
therapeutic plan. In fact, a large percentage (up to 50%) of patients with symp-
tomatic lower extremity DVT have silent pulmonary emboli on imaging. 
Whatever might be found on blood tests for a primary hypercoagulable state 
at this point would not alter therapy, and the test results may be misleading 
in a patient in warfarin therapy, especially this soon after an acute thrombotic 
event.

2. You are the primary care physician of a 50-year-old woman with a history 
of pregnancy-associated DVT 20 years ago. She has had no evaluation for 
hypercoagulable states (thrombophilias). The patient has had no recurrent 
venous thromboembolism and is not taking anticoagulants, but she is plan-
ning a nonstop flight from New York to Hong Kong. Which of the following 
would you recommend?
 A. Start aspirin 325 mg daily until she returns from Hong Kong.
 B. Prescribe a single dose of subcutaneous injection of low-molecular-

weight heparin immediately before embarking on flights to and from 
Hong Kong.

 C. Recommend nothing except frequent ambulation and hydration on the 
flights.

 D. Do thrombophilia testing before flights.
 E. Strongly recommend interrupting the flights with layovers.

Answer: C A single prior episode of deep venous thrombosis clearly related 
to a provoking event (i.e., pregnancy) does not require any special preventive 
measures before a long-haul flight, other than the general recommendation 
for ample hydration (with nonalcoholic beverages), frequent ambulation, and 
leg exercises. There is no evidence that prophylactic aspirin or low-molecular-
weight heparin coverage for the flights would significantly reduce her risk of 
flight-related venous thromboembolism, even if a thrombophilia were found. 
There is a very rough relationship between the duration of long-haul air travel 
and the risk of venous thromboembolism, but the risk in any case is very 
small, and there is no evidence to suggest that it requires interruption of nonstop 
flights.

3. Which of the following statements is INCORRECT with regard to cancer-
associated venous thromboembolism?
 A. Venous thromboembolism may precede detection of an occult malignant 

neoplasm by months or years.
 B. The risk of cancer-associated venous thromboembolism is further 

increased by surgery.
 C. The risk of cancer-associated venous thromboembolism is further 

increased by some chemotherapeutic drugs.
 D. The risk of venous thromboembolism is increased with localized as well 

as with advanced and metastatic cancers.
 E. The risk of recurrent venous thromboembolism is best prevented by 

use of warfarin for as long as the cancer is active.
Answer: E Although prophylactic anticoagulation is recommended in most 
cancer patients after one or more thrombotic events, low-molecular-weight 
heparin has been demonstrated to be superior to warfarin in this particular 
setting. Edoxaban is now also an alternative. Venous thromboembolism may 
be an indicator of an occult malignant neoplasm months or even years before 
its discovery (see algorithm in Figure 73-4). Major surgery clearly increases 
the risk of thrombosis in a patient with cancer. The same is true for certain 
antineoplastic agents, including antiangiogenic agents (thalidomide, lenalido-
mide, bevacizumab, sunitinib, sorafenib), all-trans-retinoic acid, and arsenic 
trioxide (used for treatment of acute promyelocytic leukemia), l-asparaginase, 
cisplatinum, and methotrexate. Thrombotic complications are more frequent 
in cancer patients with advanced disease but certainly can also develop in 
patients with localized tumors.
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of hypoxemia and low cardiac output. Central and peripheral cyanosis can 
occur, and a gallop rhythm may develop as a consequence of heart failure. 
The jugular veins may be distended if right heart failure develops. The second 
heart sound can be widely split and the pulmonic component may be loud 
because of delayed emptying of the right ventricle. A right ventricular heave 
may be present with massive pulmonary embolism and acute pulmonary 
hypertension. The combination of hypotension, hypoxemia, and increased 
cardiac workload may trigger angina (Chapter 62) or overt myocardial infarc-
tion (Chapters 63 and 64).

When patients present with chest symptoms suggestive of pulmonary 
embolism, the differential diagnosis includes pulmonary disorders, such as 
pneumonia (Chapter 91), an exacerbation of chronic obstructive lung disease 
(Chapter 82), or asthma (Chapter 81); pleurisy secondary to connective tissue 
disease (Chapter 92); cardiac disorders, such as heart failure (Chapter 52), 
acute coronary syndrome (Chapter 63), or pericarditis (Chapter 68); and 
musculoskeletal disorders, such as rib fracture.

 DIAGNOSIS
By itself, the clinical diagnosis of DVT or pulmonary embolism is inaccurate 
because no individual symptom or sign is sufficiently predictive for confirming 
or excluding the diagnosis. Therefore, diagnosis starts with determination of 
the pretest probability using validated risk assessment models for DVT (Table 
74-2) or pulmonary embolism (Table 74-3).4 Although these clinical assessment 
tools categorize patients according to their pretest probability of VTE with 
reasonable accuracy, they should rarely be used as stand-alone tests. Instead, risk 
assessment models should be combined with other tests such as the D-dimer, 
which if normal can be used to exclude the diagnosis of VTE in patients with low 
to moderate pretest probability. If the D-dimer test is positive or if the pretest 
probability is high, the diagnosis of DVT or pulmonary embolism should be 
confirmed using venous compression ultrasonography or computed tomography 
pulmonary angiography (CTPA), respectively (Fig. 74-2).

Diagnostic Tests
D-Dimer
A plasmin-derived degradation product of cross-linked fibrin, D-dimer can 
be measured in whole blood or plasma and is a biomarker that reflects ongoing 
activation of the coagulation system. D-dimer assays vary in their sensitivity 
and specificity. Enzyme-linked immunosorbent and advanced turbidimetric 
D-dimer assays have sensitivities over 95%, but they are not specific for the 
diagnosis of VTE.5 D-dimer levels can be elevated with advanced age, chronic 
inflammatory conditions, and malignancy. In addition, hospitalized patients 
are more likely to have elevated D-dimer levels than outpatients. Because of 
this lack of specificity, the value of the D-dimer assay resides with its high 
negative predictive value. A normal D-dimer level in a patient with a low or 
moderate pretest probability of DVT or pulmonary embolism essentially 
excludes the diagnosis, thereby obviating the need for further diagnostic testing.

dominant arm, can occur with strenuous effort—the so-called Paget-Schroetter 
syndrome.

 CLINICAL MANIFESTATIONS
Patients with DVT typically present with swelling, pain, warmth, and redness 
in the involved extremity (Fig. 74-1). However, some patients may have minimal 
symptoms. The differential diagnosis includes trauma, infection, a ruptured 
Baker cyst (Chapter 248; Table 74-1), peripheral artery disease (Chapter 71), 
and other venous diseases such as chronic venous insufficiency; DVT may 
coexist with these disorders.

The most common symptoms and signs of pulmonary embolism include 
dyspnea on exertion, chest pain which is often pleuritic in nature, tachypnea, 
and cough. Many patients with pulmonary emboli have concomitant symptoms 
and signs of DVT. Less common symptoms and signs include fever, hemop-
tysis, cyanosis, hypotension, and shock. Other nonspecific symptoms include 
palpitations, anxiety, and light-headedness.

Patients with massive pulmonary emboli often have dyspnea at rest and 
hypotension, and they may present with syncope (Chapters 45 and 56) because 
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VENOUS THROMBOSIS AND EMBOLISM
JEFFREY I. WEITZ AND JEFFREY S. GINSBERG

 DEFINITIONS
Venous thromboembolism (VTE) includes deep vein thrombosis (DVT) and 
pulmonary embolism. DVT usually involves the deep veins of the legs or 
arms, but it can occur in other sites. Occlusion of the deep veins in a limb by 
thrombus impairs drainage of blood, thereby leading to pain and swelling 
distal to the obstruction. Pulmonary embolism refers to an obstruction of a 
pulmonary artery by thrombus that has traveled from elsewhere in the body, 
through the blood stream, and to the lungs. DVT in the legs, or less commonly, 
the arms, is by far the leading source of pulmonary embolism.

Chronic complications of DVT and pulmonary embolism include post-
thrombotic syndrome and chronic thromboembolic pulmonary hypertension, 
respectively. Post-thrombotic syndrome, which occurs in up to 40% of patients 
with extensive DVT, is characterized by dependent swelling and discomfort 

in the affected limb and in severe cases can lead to venous ulcers. The syndrome 
is caused by venous hypertension as a result of venous obstruction by residual 
thrombus and reflux of blood because of incompetent venous valves. Chronic 
thromboembolic pulmonary hypertension, which complicates up to 4% of 
cases of pulmonary embolism, occurs when emboli in the major pulmonary 
arteries fail to resolve and are replaced by fibrous tissue that becomes incor-
porated into the vessel walls, thereby narrowing or obstructing them. Obstruc-
tion of the pulmonary vascular bed increases pulmonary arterial resistance 
and can lead to right heart failure.

Thrombosis also can occur in superficial veins. Although benign and self-
limiting when veins in the hand or antecubital fossa are involved as a compli-
cation of blood collection, intravenous catheters, or drug delivery, superficial 
vein thrombosis in the lower extremities can extend into the deep veins, thereby 
leading to DVT and pulmonary embolism.

 EPIDEMIOLOGY
A first episode of VTE occurs in about 1 to 2 persons per 1000 each year in 
the United States. The incidence rises with age, with 5 to 10 cases per 1000 
persons per year by the age of 80 years. Although men and women are affected 
equally, the incidence is higher in whites and African Americans than in His-
panic persons and Asian Pacific Islanders.1

Approximately one third of patients with symptomatic VTE present with 
pulmonary embolism, whereas the remainder present with DVT.2 Pulmonary 
embolism accounts for an estimated 15% of deaths in hospitalized patients 
and is responsible for about 150,000 deaths each year in the United States. 
As a result, VTE is the third most common cause of vascular death after 
myocardial infarction and stroke.

DVT usually starts in the calf veins. In patients with symptoms suggestive 
of DVT, the diagnosis is confirmed in up to 25%. DVT is isolated to the calf 
in about 15% of these patients. Most cases of isolated calf DVT resolve spon-
taneously, but in about 20% of such patients, the thrombus extends into the 
proximal veins, usually within a week of symptom onset. Once thrombi extend 
into the proximal veins of the leg, they can dislodge and cause pulmonary 
embolism.

 PATHOBIOLOGY
Heritable and acquired risk factors determine the intrinsic risk of VTE for 
each individual (E-Fig. 74-1). Heritable risk factors include abnormalities 
associated with hypercoagulability of the blood (Chapter 73), the most common 
of which are factor V Leiden and the prothrombin G20210A gene mutations.3 
Acquired risk factors include advanced age, history of previous VTE, obesity, 
and active cancer, all of which limit mobility and may be associated with 
hypercoagulability. Superimposed on this background risk, VTE often occurs 
in the presence of triggering factors, which increase the risk above the critical 
threshold. Triggering factors such as surgery, trauma, and pregnancy or estrogen 
therapy, lead to endothelial cell activation, stasis, and hypercoagulability, which 
are the components of Virchow triad.

Up to half of the patients with a first episode of VTE have no identifiable 
risk factors and are described as having unprovoked or idiopathic VTE. The 
remainder develop VTE secondary to risk or trigger factors; these episodes 
are considered provoked. Risk factors for VTE can be classified according to 
their magnitude and duration as major or minor and transient or persistent, 
respectively. Major transient risk factors include surgery or trauma, whereas 
active cancer is an example of a major persistent risk factor. Minor transient 
risk factors include estrogen therapy or prolonged travel, whereas obesity, a 
past or family history of VTE, and thrombophilic defects such as the factor 
V Leiden or prothrombin gene mutations are examples of minor persistent 
risk factors (Chapter 73).

DVT can occur in either leg. However, DVT in pregnancy involves the 
ileofemoral veins of the left leg in 90% of cases and typically spares the calf 
and popliteal veins. Localization to this site reflects compression of the left 
iliac vein by the enlarging uterus; an exaggeration of the so-called May-Thurner 
syndrome, in which venous webs and compression of the left iliac vein by the 
overlying right iliac artery reduce blood flow and can lead to DVT.

The majority of pulmonary emboli originate from DVT in the lower limbs, 
and pulmonary embolism can be detected in about 40% of patients with 
proximal DVT. Likewise, at least 50% of patients with proven pulmonary 
embolism have demonstrable DVT. Upper extremity DVT involving the axil-
lary or subclavian veins also can give rise to pulmonary embolism, but only 
in 10 to 15% of such patients. Upper extremity DVT most often occurs in 
patients with cancer (Chapter 169), particularly patients with indwelling central 
venous catheters. Spontaneous upper extremity DVT, usually involving the 
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ABSTRACT
Venous thromboembolism (VTE), which includes deep-vein thrombosis 
(DVT) and pulmonary embolism, is the third most common cause of vascular 
death after myocardial infarction and stroke. In patients with suspected VTE, 
the diagnosis can readily be established with noninvasive testing: compression 
ultrasonography for the diagnosis of DVT and computed tomographic pul-
monary angiography for the diagnosis of pulmonary embolism. Most patients 
with VTE have well-known risk factors such as a personal or family history 
of VTE, recent surgery, or hospitalization for medical illness or cancer. However, 
up to half have no readily identifiable risk factors and are said to have unpro-
voked or idiopathic VTE. Anticoagulation therapy is the mainstay for treatment 
of VTE. Adjunctive measures such as thrombolytic therapy or inferior vena 
cava filters are reserved for selected patients. The duration of anticoagulant 
therapy varies depending on whether the VTE is provoked or unprovoked 
and whether the provoking factors are transient or persistent. Direct oral anti-
coagulants, such as apixaban and rivaroxaban, are replacing warfarin for the 
treatment of VTE in patients without active cancer and are increasingly being 
used for VTE treatment in selected cancer patients.
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E-FIGURE 74-1. Thrombosis threshold. hereditary and acquired risk factors combine 
to create an intrinsic risk of thrombosis for each individual. This risk is increased by extrinsic 
triggering factors. if the intrinsic and extrinsic forces exceed a critical threshold where 
thrombin generation overwhelms protective mechanisms, thrombosis occurs. VTe = venous 
thromboembolism. 
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of hypoxemia and low cardiac output. Central and peripheral cyanosis can 
occur, and a gallop rhythm may develop as a consequence of heart failure. 
The jugular veins may be distended if right heart failure develops. The second 
heart sound can be widely split and the pulmonic component may be loud 
because of delayed emptying of the right ventricle. A right ventricular heave 
may be present with massive pulmonary embolism and acute pulmonary 
hypertension. The combination of hypotension, hypoxemia, and increased 
cardiac workload may trigger angina (Chapter 62) or overt myocardial infarc-
tion (Chapters 63 and 64).

When patients present with chest symptoms suggestive of pulmonary 
embolism, the differential diagnosis includes pulmonary disorders, such as 
pneumonia (Chapter 91), an exacerbation of chronic obstructive lung disease 
(Chapter 82), or asthma (Chapter 81); pleurisy secondary to connective tissue 
disease (Chapter 92); cardiac disorders, such as heart failure (Chapter 52), 
acute coronary syndrome (Chapter 63), or pericarditis (Chapter 68); and 
musculoskeletal disorders, such as rib fracture.

 DIAGNOSIS
By itself, the clinical diagnosis of DVT or pulmonary embolism is inaccurate 
because no individual symptom or sign is sufficiently predictive for confirming 
or excluding the diagnosis. Therefore, diagnosis starts with determination of 
the pretest probability using validated risk assessment models for DVT (Table 
74-2) or pulmonary embolism (Table 74-3).4 Although these clinical assessment 
tools categorize patients according to their pretest probability of VTE with 
reasonable accuracy, they should rarely be used as stand-alone tests. Instead, risk 
assessment models should be combined with other tests such as the D-dimer, 
which if normal can be used to exclude the diagnosis of VTE in patients with low 
to moderate pretest probability. If the D-dimer test is positive or if the pretest 
probability is high, the diagnosis of DVT or pulmonary embolism should be 
confirmed using venous compression ultrasonography or computed tomography 
pulmonary angiography (CTPA), respectively (Fig. 74-2).

Diagnostic Tests
D-Dimer
A plasmin-derived degradation product of cross-linked fibrin, D-dimer can 
be measured in whole blood or plasma and is a biomarker that reflects ongoing 
activation of the coagulation system. D-dimer assays vary in their sensitivity 
and specificity. Enzyme-linked immunosorbent and advanced turbidimetric 
D-dimer assays have sensitivities over 95%, but they are not specific for the 
diagnosis of VTE.5 D-dimer levels can be elevated with advanced age, chronic 
inflammatory conditions, and malignancy. In addition, hospitalized patients 
are more likely to have elevated D-dimer levels than outpatients. Because of 
this lack of specificity, the value of the D-dimer assay resides with its high 
negative predictive value. A normal D-dimer level in a patient with a low or 
moderate pretest probability of DVT or pulmonary embolism essentially 
excludes the diagnosis, thereby obviating the need for further diagnostic testing.

dominant arm, can occur with strenuous effort—the so-called Paget-Schroetter 
syndrome.

 CLINICAL MANIFESTATIONS
Patients with DVT typically present with swelling, pain, warmth, and redness 
in the involved extremity (Fig. 74-1). However, some patients may have minimal 
symptoms. The differential diagnosis includes trauma, infection, a ruptured 
Baker cyst (Chapter 248; Table 74-1), peripheral artery disease (Chapter 71), 
and other venous diseases such as chronic venous insufficiency; DVT may 
coexist with these disorders.

The most common symptoms and signs of pulmonary embolism include 
dyspnea on exertion, chest pain which is often pleuritic in nature, tachypnea, 
and cough. Many patients with pulmonary emboli have concomitant symptoms 
and signs of DVT. Less common symptoms and signs include fever, hemop-
tysis, cyanosis, hypotension, and shock. Other nonspecific symptoms include 
palpitations, anxiety, and light-headedness.

Patients with massive pulmonary emboli often have dyspnea at rest and 
hypotension, and they may present with syncope (Chapters 45 and 56) because 

FIGURE 74-1. Deep vein thrombosis (DVT) manifesting as an acutely swollen left leg. 
note the dilation of the superficial veins. The leg was hot to the touch, and there was 
tenderness along the course of the left popliteal and femoral veins. Fewer than 50% of 
patients with dVT present with these findings, and other conditions may mimic dVT, so 
further investigation is always indicated. note the coincidental psoriatic lesion below 
the right knee. (From Forbes Cd, Jackson WF. Color Atlas and Text of Clinical Medicine, 3rd 
ed. london: mosby; 2003.)

TABLE 74-1 ALTERNATIVE DIAGNOSES IN 87 CONSECUTIVE 
PATIENTS WITH CLINICALLY SUSPECTED  
DEEP VEIN THROMBOSIS AND NORMAL 
VENOGRAMS*

DIAGNOSIS PATIENTS (%)
Muscle strain 24
Direct twisting injury to the leg 10
Leg swelling in paralyzed limb 9
Lymphangitis, lymphatic obstruction 7
Venous reflux 7
Muscle tear 6
Baker cyst 5
Cellulitis 3
Internal abnormality of the knee 2
Unknown 26
*The diagnosis was made once deep vein thrombosis was excluded by venography.

TABLE 74-2 PREDICTION RULE FOR LIKELIHOOD OF DEEP 
VEIN THROMBOSIS

CLINICAL CHARACTERISTIC SCORE*

Active cancer (treatment ongoing within previous 6 mo or palliative)* 1
Paralysis, paresis, or recent plaster immobilization of the lower  

extremities
1

Recent bedrest of >3 days or major surgery within 3 mo requiring 
anesthesia

1

Localized tenderness of the deep veins of the leg 1
Entire leg swollen 1
Calf swelling of >3 cm larger than asymptomatic side measured 10 cm 

below tibial tuberosity
1

Pitting edema confined to the symptomatic leg 1
Collateral superficial veins (not varicose) 1
Previously documented deep vein thrombosis 1
Alternative diagnosis as likely as or more likely than deep vein  

thrombosis
−2

*A score of 0 or less indicates low probability, 1 or 2 indicates moderate probability, and 3 or more 
indicates high probability. Non-melanoma skin cancer is not a risk
Modified from Wells PS, Anderson DR, Bormanis J, et al. Value of assessment of pretest probability 
of deep-vein thrombosis in clinical management. Lancet. 1997;350:1795-1798.
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TABLE 74-3 PREDICTION RULE FOR LIKELIHOOD OF 
PULMONARY EMBOLISM

VARIABLE POINTS
PREDISPOSING FACTORS

Previous VTE 1.5
Recent surgery or immobilization 1.5
Cancer 1
SYMPTOMS

Hemoptysis 1
SIGNS

Heart rate >100 beats/min 1.5
Clinical signs of DVT 3
CLINICAL JUDGMENT

Alternative diagnosis less likely than PE 3

CLINICAL PROBABILITY TOTAL POINTS
Low <2
Moderate 2-6
High >6
DVT = deep vein thrombosis; PE = pulmonary embolism; VTE = venous thromboembolism.
Adapted from Wells PS, Ginsberg JS, Anderson DR, et al. Use of a clinical model for safe 
management of patients with suspected pulmonary embolism. Ann Intern Med. 1998;129:997-1005.

Suspected
DVT or PE

Pretest
Probability

Low to moderate High

D-dimer

Negative Positive

No VTE

CUS or
CTPA

Negative Positive

No VTE VTE confirmed

FIGURE 74-2. Clinical approach in patients with suspected deep vein thrombosis (DVT) or pulmonary embolism (PE). CTPa = computed tomographic pulmonary angiogram; Cus 
= compression ultrasound; VTe = venous thromboembolism. 

Compression Ultrasonography
Compression ultrasonography with or without Doppler imaging is the most 
widely used noninvasive test for diagnosis of DVT because of its accuracy for 
detecting thrombus involving the popliteal or more proximal veins. Noncom-
pressibility (Fig. 74-3) of the proximal leg veins on ultrasonography is diagnostic 
of DVT in symptomatic patients and is an indication for treatment. The sen-
sitivity of ultrasonography for detecting calf DVT is lower than for detecting 
proximal DVT; consequently, some centers examine only the veins above the 
trifurcation in the calf, whereas others examine both the proximal and calf 
veins. A normal whole leg ultrasound excludes the diagnosis of DVT. If only 
the proximal veins are examined, the ultrasound should be repeated in 1 week 

to identify the 20% of patients who initially have isolated calf vein thrombosis 
but whose thrombus subsequently extends into the proximal veins.

Contrast Venography
Although ascending contrast venography remains the gold standard for diag-
nosis of DVT, the test is rarely performed because of its expense, discomfort 
to the patient, and potential for complications. A constant intraluminal filling 
defect is diagnostic of acute thrombosis (Fig. 74-4), and DVT can be excluded 
in patients who have a normal, adequately performed venogram. Minor side 
effects, including local pain, nausea, and vomiting are not uncommon, whereas 
more serious adverse reactions, such as anaphylaxis or other allergic manifesta-
tions, are rare.

Computed Tomographic Pulmonary Angiography
Multidetector CT pulmonary angiography (CTPA) has largely replaced 
ventilation-perfusion lung scanning for diagnosing pulmonary embolism 
because of its wide availability, the rapidity of its results, and a sensitivity and 
specificity sufficient for its use as a stand-alone test. In contrast to lung scan-
ning, CTPA not only permits direct visualization of thrombi in the pulmonary 
arteries of patients with pulmonary embolism (Fig. 74-5), but also provides 
an alternative diagnosis in many of those who prove not to have pulmonary 
embolism. A CTPA showing thrombus in pulmonary arteries up to the seg-
mental level provides evidence of pulmonary embolism, whereas a negative 
CTPA excludes pulmonary embolism and is associated with subsequent clinical 
outcomes that are at least as good as those in patients with negative lung scans. 
Compared with lung scanning, CTPA detects more isolated subsegmental 
thrombi in about 1 to 5% of patients, but it is unclear whether isolated sub-
segmental defects are benign or associated with outcomes similar to those of 
more proximal thrombi. A negative D-dimer and/or normal bilateral venous 
compression ultrasound examination may help to exclude the possibility of 
VTE in this setting.

CTPA can be combined with CT venography so that the diagnosis of pul-
monary embolism and DVT can be established with a single test and only 
one injection of contrast dye. Compared with CTPA alone, the combination 
of CTPA and CT venography increases the sensitivity for diagnosing pulmo-
nary embolism from 83 to 90%, but the specificity remains unchanged, thereby 
resulting in only a modest increase in negative predictive value. CT venography 
adds significant radiation exposure and only marginally increases the overall 
detection rate. Therefore, venous compression ultrasonography is preferred 
over CT venography for the diagnosis of DVT because it provides the same 
information without exposing patients to ionizing radiation.
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FIGURE 74-3. Compression venous ultrasonography demonstrates thrombosis of the popliteal vein. The sonograms in the top row demonstrate examination without (left side) and 
with (right side) probe compression of the skin overlying the popliteal vein. The lack of compressibility is diagnostic of deep vein thrombosis. The bottom row shows analogous views 
of the femoral vein, which shows partial compressibility. 

FIGURE 74-4. Ascending venography. The venogram demonstrates a persistent (two 
or more different views) intraluminal filling defect in the popliteal vein. 

CLOT

ARTERY

FIGURE 74-5. Computed tomographic pulmonary angiography. The scan demonstrates 
a saddle pulmonary embolus in the main pulmonary artery. 
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of a thrombus, which appears as a filling defect or as a sudden cutoff of blood 
flow in a pulmonary arterial branch, establishes the diagnosis of pulmonary 
embolism. Although direct angiography allows visualization of small thrombi 
in subsegmental pulmonary arteries, high interobserver variability in the inter-
pretation of isolated filling defects at this level limits the specificity of this 
finding. As an invasive test, the mortality rate associated with pulmonary 
angiography is 0.2%, with deaths usually occurring in patients with hemody-
namic compromise or respiratory failure. Because of its associated risks and 
because CTPA offers similar or better information, direct pulmonary angiog-
raphy is rarely performed.

Other Tests
Routine blood tests in patients with suspected or diagnosed VTE should 
include a complete blood count, including a platelet count, and a baseline 
international normalized ratio (INR) and activated partial thromboplastin 
time (aPTT). Serum creatinine and blood urea nitrogen levels are needed to 
help guide the choice of anticoagulant therapy, and serum electrolytes and 
liver enzymes provide useful information.

Blood markers of right ventricular dysfunction, which occurs with extensive 
pulmonary embolism, include brain natriuretic peptide (BNP) or its precur-
sor, N-terminal proBNP, which are released in response to myocardial stretching 
(Chapter 52). Elevated levels of troponin I or T provide evidence of myocardial 
injury (Chapter 63). Although these markers are associated with a worse 
prognosis in patients with pulmonary embolism, their positive predictive value 
for making the diagnosis is low.

The ECG may show new changes suggestive of right ventricular strain, such 
as T wave inversion in leads V1 to V4; the classic S1, Q3, and T3 pattern (Fig. 
74-7); and complete or incomplete right bundle branch block. However, these 
ECG changes have limited sensitivity and are mainly found in patients with 
more extensive pulmonary emboli.

Echocardiographic findings suggestive of right ventricular dysfunction 
include right ventricular dilation or hypokinesis, increased right ventricular 
diameter relative to that of the left ventricle, and increased velocity of the jet 
of tricuspid regurgitation. Echocardiography can also detect a right-to-left 
shunt through a patent foramen ovale (Chapter 61) and may provide evidence 
of right ventricular thrombus, both of which are associated with increased 
mortality in patients with pulmonary emboli. With no universal criteria for 
the diagnosis of right ventricular dysfunction, however, the utility of routine 
echocardiography remains uncertain. In general, routine echocardiography is 
recommended only in patients with severe hypoxemia or other evidence to 
suggest hemodynamic compromise.

Ventilation-Perfusion Lung Scanning
This two-part test consists of a ventilation phase and a perfusion phase. The 
ventilation phase involves inhalation of an aerosol form of radioactive isotopes 
of xenon or technetium to assess air delivery to the various parts of the lung. 
In contrast, the perfusion phase involves the intravenous injection of technetium-
labeled macroaggregates of albumin, which enables assessment of blood flow 
within the lungs once the aggregates lodge in the pulmonary microcirculation. 
Images for both parts of the test are acquired using a gamma counter. Areas 
of lung affected by pulmonary embolism do not light up on the perfusion 
scan because the macroaggregates of albumin fail to reach sites where the 
pulmonary arteries are occluded (Fig. 74-6). By comparison, areas with abnor-
mal perfusion because of pulmonary embolism will ventilate normally, yielding 
a ventilation-perfusion mismatch.

A normal ventilation-perfusion lung scan effectively excludes the diagnosis 
of pulmonary embolism, but only 25% of patients with suspected pulmonary 
embolism have a normal scan. One or more segmental or larger perfusion 
defects that ventilate normally characterize a high probability lung scan, which 
establishes the diagnosis of pulmonary embolism. However, even with single-
photon emission CT technology, only about 10% of patients with suspected 
pulmonary emboli have a high-probability lung scan. The remaining 65% of 
lung scans exhibit smaller areas of mismatch or matched defects and fall within 
the non–high-probability category. Because up to 40% of patients with non–
high-probability scans have pulmonary emboli, such patients require additional 
investigations to exclude the diagnosis.6

Although CTPA has largely replaced lung scanning for the diagnosis of 
pulmonary embolism, the lung scan is the diagnostic test of choice for patients 
with renal impairment or a history of allergy to angiographic contrast media 
and for women younger than 40 years to reduce radiation exposure to the 
breasts. For the diagnosis of pulmonary embolism in pregnancy, lung scanning 
produces less maternal and fetal radiation exposure and is sometimes preferred 
over CTPA. However, the incremental value of a ventilation-perfusion scan 
is very low in patients with a nondiagnostic CTPA.7

Magnetic Resonance Imaging
In contrast to CTPA, gadolinium-enhanced magnetic resonance imaging (MRI) 
does not subject patients to ionizing radiation, and gadolinium can safely be 
given to patients with a history of allergy to contrast dye, but not to patients 
with renal impairment. The combination of MR pulmonary angiography with 
MR venography has a higher sensitivity than MR pulmonary angiography 
alone for the diagnosis of pulmonary embolism.8 However, MR angiography 
and venography protocols are technically demanding, so MRI should be used 
to diagnose pulmonary embolism only in experienced centers and in patients 
for whom standard tests are contraindicated.

Interventional Contrast Pulmonary Angiography
Pulmonary angiography requires direct contrast injection into the pulmonary 
arteries, followed by imaging using digital subtraction technology. Presence 

FIGURE 74-6. Ventilation-perfusion lung scan. The ventilation scan (V) is normal, 
whereas the perfusion scan (Q) shows multiple defects. This combination is diagnostic 
of pulmonary embolism. 
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FIGURE 74-7. Classic electrocardiogram findings with pulmonary embolism. note 
the s waves in lead i and the Q waves and inverted T waves in lead iii, findings that 
comprise the s1, Q3, and T3 pattern. 

TREATMENT 
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Outpatient treatment is as safe as routine inpatient treatment for most patients 
with DVT and for low-risk patients with acute pulmonary embolism. A1  In pul-
monary embolism patients at intermediate risk, such as patients with right 
ventricular enlargement, outpatient management can be considered, but brief 
admission to hospital may be a safer approach. Therefore, rapid risk stratifica-
tion is crucial to help guide treatment. Patients who have contraindications to 
anticoagulant therapy may require insertion of a retrievable inferior vena cava 
filter.

Anticoagulation is the cornerstone of treatment for VTE and should be ini-
tiated immediately in patients with suspected pulmonary embolism or DVT 
even while awaiting the results of confirmatory tests. Although anticoagulant 
therapy remains the main treatment of pulmonary embolism, patients with 
severe hemodynamic compromise require reperfusion therapy or surgical 
thrombectomy to rapidly restore blood flow to the pulmonary arteries and to 
reduce pulmonary artery pressure.9

The risk of recurrent VTE is highest in the first few weeks after diagnosis and 
progressively decreases thereafter. Consequently, VTE treatment has been 
divided into three stages: initial therapy for the first 1 to 3 weeks, the goals of 
which are to prevent thrombus extension and fatal pulmonary embolism; therapy 
for the subsequent 3 months, which is often termed long-term therapy and is 
given to treat the VTE and to reduce the risk of complications, such as post-
thrombotic syndrome and chronic thromboembolic pulmonary hypertension; 
and extended therapy beyond 3 months, which is administered when the risk 
of recurrent VTE without anticoagulant therapy is high and exceeds the risk of 
major bleeding with continued anticoagulant therapy.

High-Risk or Massive Pulmonary Embolism
High-risk patients can be identified at the bedside based on the presence 

of hemodynamic compromise. Such patients also may have right ventricular 
dysfunction and elevated levels of biomarkers. The most common cause of 
death in patients with severe pulmonary embolism is acute right ventricular 
failure, which causes low systemic output. To prevent this complication, patients 
with severe pulmonary embolism require hemodynamic and respiratory support 
and benefit from reperfusion therapy. Patients with right ventricular failure 
often require modest fluid expansion and may need inotropic agents, such as 
dobutamine, dopamine, or norepinephrine, for severe hypotension or shock. 
Emerging data raise the possibility that endothelin antagonists and phospho-
diesterase-5 inhibitors may attenuate the pulmonary hypertension in patients 
with severe pulmonary embolism, but these drugs are not currently approved 
for this indication.

Patients with pulmonary embolism frequently have hypoxemia and hypo-
capnia. Hypoxemia can usually be reversed with nasal oxygen. Measures to 
reduce fever and agitation with acetaminophen and mild sedation may help 
minimize oxygen consumption. In patients who have severe pulmonary embo-
lism and who require mechanical ventilation, low tidal volumes should be used, 
and positive end-expiratory pressure should be applied with caution because 
it can reduce venous return and worsen right ventricular failure (Chapter 97).

Patients with massive pulmonary embolism associated with hypotension or 
shock may benefit from pharmacologic, mechanical, or surgical reperfusion 
therapy. Pharmacologic reperfusion therapy involves the systemic administra-
tion of a fibrinolytic agent (Table 74-4), preferably within 48 hours of the onset 
of symptoms, but later treatment may still be of benefit. Up to 13% of patients 
who receive fibrinolytic therapy experience a major bleed, and the rate of intra-
cranial or fatal bleeding can reach 1.8%. Consequently, fibrinolytic therapy 
currently is justified only in patients who have severe pulmonary embolism 
and no contraindications (Table 74-5). In patients at intermediate risk, fibrolytic 
therapy prevents hemodynamic deterioration but increases bleeding and  
stroke. A2  If patients with severe pulmonary embolism are not treated with 
reperfusion therapy, they should be treated with heparin (Table 74-6) because 
the other agents have not been extensively evaluated in this setting.

Mechanical reperfusion includes percutaneous catheter thrombectomy, an 
approach that avoids the need for fibrinolytic drugs altogether, or catheter-
directed fibrinolytic therapy (without or with ultrasound assistance), which 
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TABLE 74-4 APPROVED REGIMENS FOR FIBRINOLYTIC 
THERAPY FOR TREATMENT OF SEVERE 
PULMONARY EMBOLISM

AGENTS RECOMMENDED REGIMENS
Streptokinase 250,000 IU as a loading dose over 30 min, followed 

by 100,000 IU/hr over 12 to 24 hr
Tissue plasminogen activator 100 mg over 2 hr, or 0.6 mg/kg over 10 to 15 min 

(maximal dose of 50 mg)

TABLE 74-5 CONTRAINDICATIONS TO FIBRINOLYTIC 
THERAPY

ABSOLUTE CONTRAINDICATIONS

Any hemorrhagic stroke or stroke of unknown origin
Central nervous system damage or neoplasm
Major trauma, surgery, or head injury in past 3 weeks
Gastrointestinal bleeding in past month
Significant ongoing bleeding
RELATIVE CONTRAINDICATIONS

Ischemic stroke or transient ischemic attack in past 6 months
Treatment with a vitamin K antagonist
Pregnancy or within 1 week of delivery
Noncompressible puncture site
Traumatic resuscitation
Advanced liver disease
Infective endocarditis
Active peptic ulcer disease

TABLE 74-6 WEIGHT-BASED NOMOGRAM FOR INITIAL 
INTRAVENOUS HEPARIN THERAPY

aPTT DOSE (IU/kg)
Initial dose 80 bolus, then 18/hr
<35 sec (<1.2×)* 80 bolus, then 4/hr
35-45 sec (1.2-1.5×) 40 bolus, then 2/hr
46-70 sec (1.5-2.3×) No change
71-90 sec (2.3-3×) Decrease infusion rate by 2/hr
>90 sec (>3×) Hold infusion 1 hr, then decrease infusion rate by 3/hr
Modified from Raschke RA, Reilly BM, Guidry JR, et al. The weight-based heparin dosing 
nomogram compared with a “standard care” nomogram: a randomized controlled trial. Ann Intern 
Med. 1993;119:874-881.
*Figures in parentheses show comparison with control.
aPTT = activated partial thromboplastin time. In general, with contemporary aPTT reagents, the 
target therapeutic range is more than 1.2 to 2.3 times control.

requires lower doses of fibrinolytic agents than are used for systemic admin-
istration. In some centers, surgical pulmonary embolectomy may be an option 
for patients who have severe pulmonary embolism, such as a saddle embolus 
occluding the main pulmonary artery (Fig. 74-5), and who are at high risk for 
bleeding with systemic fibrinolytic therapy or who have failed such treatment. 
Mechanical and surgical techniques require skilled operators and should only 
be performed in high-volume centers.

DVT and Low-Risk Pulmonary Embolism
Most patients with DVT and low-risk patients with pulmonary embolism are 

treated as outpatients.10 The principal indications for admission include clinical 
instability, the inability to adhere to outpatient therapy, or the need for inter-
ventions to treat massive pulmonary embolism or extensive iliofemoral DVT.

Treatment starts with either a rapidly acting parenteral anticoagulant (e.g., 
heparin, low-molecular-weight heparin [LMWH], fondaparinux, or an oral factor 
Xa inhibitor (e.g., rivaroxaban 15 mg twice daily or apixaban 10 mg twice daily). 
Heparin should be used in patients with severe renal impairment (creatinine 
clearance < 15 mL/minute) because LMWH, fondaparinux, rivaroxaban, and 
apixaban are cleared by the kidneys.

direct oral anticoagulants
The treatment of VTE has been revolutionized by the introduction of the 

direct oral anticoagulants, which can be given in fixed doses without routine 
monitoring (Table 76-3). Four direct oral anticoagulants are licensed for VTE 
treatment: dabigatran, which inhibits thrombin; and rivaroxaban, apixaban, 
and edoxaban, which inhibit factor Xa (Chapter 76). These agents are as effec-
tive as LMWH followed by warfarin but are associated with less bleeding. A3  In 
patients without active cancer, guidelines now favor these agents for the treat-
ment of VTE based on their efficacy and safety, as well as the ease of fixed 
dosing without the need for monitoring.

In patients suitable for treatment with direct oral anticoagulants,  
apixaban (begin at 10 mg twice daily for 7 days followed by 5 mg twice daily 
thereafter) and rivaroxaban (begin at 15 mg twice daily for 21 days followed 
by 20 mg once daily thereafter) can be started as soon as the diagnosis is 
established. A4 

,
 A5  If dabigatran or edoxaban is chosen, a minimum 5-day course 
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of treatment with a parenteral anticoagulant (see below) is needed prior to 
their initiation because these agents have not yet been evaluated for the initial 
treatment of VTE. A6 

,
 A7  Dabigatran is given at a dose of 150 mg twice daily, 

whereas edoxaban is given at a dose of 60 mg once daily. The dose of edoxaban 
is reduced to 30 mg once daily in patients who have a creatinine clearance 
of 15 to 50 ml/min, weigh 60 kg or less, or are taking potent P-glycoprotein 
inhibitors. Patients who require thrombolytic therapy for massive pulmonary 
embolism or pharmacomechanical treatment for extensive DVT are usually 
started on heparin or LMWH but can be switched to a direct oral anticoagulant 
when their condition stabilizes.

Direct oral anticoagulants should be avoided in patients with renal impair-
ment (creatinine clearance < 15 ml/min for rivaroxaban, apixaban, and edoxaban 
and <30 ml/min for dabigatran), in patients with severe hepatic impairment 
associated with coagulopathy, in patients younger than 18 years of age, and 
in women who are pregnant or breast-feeding. Warfarin remains the treatment 
of choice for VTE patients with a creatinine clearance less than 15 mL/min and 
for patients with antiphospholipid syndrome (Chapter 73). Direct oral antico-
agulants should be used with caution in patients who weigh more than 150 kg 
because data on their efficacy in such patients are limited. Patients who cannot 
afford direct oral anticoagulants should receive conventional anticoagulant 
treatment because warfarin is less expensive. Finally, if compliance is a concern, 
or if the patient is taking multiple medications that may interact with the direct 
oral anticoagulants (including strong inhibitors of P-glycoprotein, such as vera-
pamil or dronederone, or potent inducers or inhibitors of both P-glycoprotein 
and cytochrome P450 A34 isoenzymes, such as carbamazepine, phenytoin, 
refampin, or oral itraconazole or ketoconazole), warfarin may be a better choice 
because INR monitoring will ensure therapeutic dosing.

Parenteral anticoagulation Followed by Warfarin
Parenteral anticoagulant therapy starts with a rapidly acting agent such as 

unfractionated heparin, LMWH, or fondaparinux, given for at least 5 days and 
overlapped with warfarin.

Unfractionated heparin is the parenteral agent of choice for patients with 
a creatinine clearance less than 30 mL/min because LMWH and fondaparinux 
are cleared by the kidneys. Heparin should be administered by continuous 
intravenous infusion and dosed using a weight-based nomogram (see Table 
74-6). Typically, an 80 IU/kg bolus is followed by an infusion at the rate of 18 IU/
kg per hour, and subsequent doses are adjusted based on the results of the 
activated partial thromboplastin time (aPTT). The aPTT is determined 6 hours 
after starting heparin or after changing the infusion rate. Once daily aPTT deter-
mination is sufficient after a therapeutic value is achieved. Rapid achievement 
and maintenance of therapeutic aPTT values are important to reduce the risk 
for recurrent VTE.

Up to 25% of patients with acute VTE have resistance to unfractionated heparin, 
which is defined as a requirement for higher than expected doses to achieve 
a therapeutic aPTT. If available, anti–factor Xa monitoring is recommended in 
place of aPTT monitoring in such patients. In addition to coagulation moni-
toring, the platelet count should be measured at least two or three times per 
week because of the risk for heparin-induced thrombocytopenia (Chapter 163).

LMWH is administered using weight-based dosing, and the use of prefilled 
syringes simplifies its delivery. Dosage regimens differ for the various LMWH 
formulations (Table 74-7), but once-daily LMWH administration appears to be 
as safe and effective as twice-daily administration. Anti–factor Xa monitoring 
should be considered for three types of patients: patients with severe renal 
impairment (creatinine clearance < 30 mL/min); patients with morbid obesity 
because the volume of distribution of LMWH in such patients might render 
weight-adjusted dosing inappropriate; and pregnant women because the dose 
may require adjustment as their weight changes. Anti–factor Xa levels are usually 
determined on blood samples drawn 4 hours after subcutaneous injection; 
therapeutic ranges of 0.5 to 1.0 IU/mL for twice-daily dosing and 1.0 to 1.8 IU/
mL for once-daily dosing have been proposed.

Fondaparinux is a synthetic analogue of the pentasaccharide sequence 
required for the binding of heparin to antithrombin. The drug is given subcu-
taneously once daily in a weight-adjusted manner: 5 mg for a body weight 
below 50 kg; 7.5 mg for body weights of 50 to 100 kg, and 10 mg for body 
weights greater than 100 kg.

Warfarin can be started on the same day that parenteral anticoagulant therapy 
is initiated. Parenteral anticoagulant therapy should be continued for at least 
5 days and should only be stopped when the INR has been within the thera-
peutic range of 2 to 3 for at least 48 hours. Initiation of warfarin therapy should 
be delayed in patients with massive pulmonary embolism or extensive DVT; 
such patients should receive only a parenteral anticoagulant until they have 
stabilized. Pharmacogenetic factors influence the relatively wide range of war-
farin dose requirements among different populations, but their ability to guide 
warfarin dosing and increase the percentage of time that patients have INR 
values within the therapeutic range is limited. Warfarin requirements also vary 
over time in individual patients (Chapter 76), and it is unclear whether dosing 
algorithms enhance the efficacy or safety of warfarin therapy.

Although LMWH and fondaparinux are effective and safe, they require daily 
subcutaneous injection, which is difficult for some patients. Warfarin also is 
problematic because it requires frequent monitoring and dose adjustments, 
which are cumbersome for patients and physicians and costly for health care 
systems, The use of direct oral anticoagulants circumvents these problems.

Thrombolytic Therapy for dVT
Although catheter-directed thrombolytic therapy with or without mechanical 

intervention can increase early patency rates in patients with proximal DVT, 
such therapy has not been shown to reduce the subsequent rate of post-
thrombotic syndrome. A8  Therefore, thrombolysis is recommended only for 
patients whose proximal DVT is associated with extensive leg swelling or incipi-
ent venous gangrene.

Evaluation for Underlying Malignancy
Once treatment is underway, the possibility of an underlying malignancy 

must be considered, especially in patients with apparently unprovoked VTE. 
Age- and sex-specific cancer screening tests (such as colonoscopy and mam-
mography) can be considered to exclude a previously undiagnosed malignancy 
as the precipitant. If these tests are negative and a comprehensive history, 
physical examination, and routine testing (blood counts, serum chemistries, 
chest radiography, urine analysis, stool for blood) are unrevealing or if their 
abnormalties are evaluated further without pathologic findings, the likelihood 
of finding occult cancer within a year of diagnosis is about 5%.11 Therefore, 
routine abdominal and pelvic CT scanning or positron emission tomography 
is not recommended because such testing is expensive and does not increase 
the rate of cancer diagnosis or improve outcome. A9 

,
 A10 

Long-Term Anticoagulant Therapy
All VTE patients require anticoagulant therapy for at least 3 months,12 when 

a decision should be made as to whether to stop or to extend it based on the 
balance between the risk of recurrence if treatment is discontinued and the 
risk of bleeding if it is not. Patient preference also is an important factor to 
consider.

A 3-month course of treatment is sufficient for patients whose VTE was pro-
voked by major transient and reversible risk factors, such as surgery or trauma, 
provided that these risk factors have resolved. The risk of recurrence after stop-
ping anticoagulation treatment in such patients is about 1% at one year and 
5% at 5 years. Women who develop VTE with estrogen therapy also can be 
treated for 3 months if hormonal treatment is withdrawn.

Patients who have an unprovoked VTE or persistent major risk factors, such 
as active cancer, are at higher risk for recurrence if anticoagulant therapy is 
stopped and therefore require extended treatment unless they are at high risk 
for bleeding. Patients with pulmonary embolism are more likely to have recur-
rent pulmonary emboli, which are associated with a two-fold higher case-fatality 
rate than is DVT. Patients with a history of prior VTE have a 1.5-fold higher risk 
of recurrence than after a first VTE. Patients with recurrent DVT also are at 
higher risk for the post-thrombotic syndrome and may benefit from extended 
anticoagulation.

An elevated D-dimer level 1 month after stopping anticoagulant therapy 
identifies patients at higher risk for recurrence.13 Even with a normal D-dimer 
level, however, men have a one-year risk of recurrence of about 9%, which 
typically is too high to justify stopping anticoagulation. The risk of recurrence 
in women with a normal D-dimer level one month after stopping anticoagulant 
therapy is about 5%. Therefore, the only women who should stop treatment 
are those who are less than 65 years of age, are not obese, have no evidence 
of post-thrombotic syndrome, and have either a normal D-dimer level one 
month after stopping anticoagulant therapy or a D-dimer level <250 µg/liter 
while still on anticoagulant therapy.14

For extended anticoagulation therapy beyond 6 months, the dose of apixaban 
can be reduced from 5 mg twice daily to 2.5 mg twice daily and the dose of 
rivaroxaban can be reduced from 20 mg once daily to 10 mg once daily without 
compromising efficacy and with the potential of reducing the risk of bleeding. 
Anticoagulation therapy is superior to aspirin for secondary VTE prevention 
and is not associated with an increased risk of major bleeding. A11 

,
 A12  It remains 

unclear whether the lower-dose regimens of apixaban or rivaroxaban are as 
effective as the higher-dose regimens for prevention of recurrent VTE in patients 
with active cancer. The higher-dose regimens should be resumed if patients 
develop recurrent VTE when the dose is lowered.

TABLE 74-7 DOSING REGIMENS FOR VARIOUS LOW-
MOLECULAR-WEIGHT HEPARIN PREPARATIONS

AGENT DOSE INTERVAL
Enoxaparin 1 mg/kg

1.5 mg/kg
Twice daily
Once daily

Dalteparin 100 IU/kg
200 IU/kg

Twice daily
Once daily

Tinzaparin 175 IU/kg Once daily
IU = international unit (note that 1 mg of enoxaparin = 100 IU)

 PROGNOSIS
At 30 days, the mortality rates in patients with DVT and pulmonary embolism 
are about 6% and 12%, respectively. Many of these deaths are due to con-
comitant diseases rather than to the VTE. If anticoagulation therapy is stopped 
after 3 months, patients whose VTE was provoked by a major transient risk 
factor such as surgery or trauma have the lowest risk of recurrence (about 1% 
at 1 year and 5% at 5 years), whereas those with unprovoked VTE are at higher 
risk (about 10% at 1 year and 30% at 5 years). Patients whose VTE was pro-
voked by minor nonsurgical risk factors such as prolonged travel or short-term 
immobility are at intermediate risk for recurrent VTE (about 5% at 1 year 
and 15% at 5 years), whereas those with major persistent risk factors such as 
active cancer (particularly brain, pancreatic, or colorectal cancer) are at highest 
risk of recurrence (at least 15% at 1 year and 40% at 5 years). Therefore, when 
evaluating patients with VTE, it is important to determine whether the episode 
was unprovoked or provoked and if provoked, whether the provoking factor 
was major or minor and transient or persistent.

 LONG-TERM COMPLICATIONS OF VTE
The post-thrombotic syndrome, recurrent VTE, and chronic thromboembolic 
pulmonary hypertension are potential long-term complications of VTE.
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If warfarin is used for extended anticoagulation therapy, the target INR remains 
between 2.0 and 3.0. For patients with erratic INR values, consideration should 
be given to switching to a direct oral anticoagulant. Switching can also be 
considered for patients who find INR testing and warfarin dose adjustment 
burdensome, such as patients who have limited mobility or travel frequently.

side effects of anticoagulants
Bleeding is the most common side effect of anticoagulant therapy. Factors 

such as recent surgery, trauma, and concurrent aspirin or thrombolytic therapy 
increase the risk for bleeding.

Major bleeding—such as intracranial (Chapter 380), gastrointestinal (Chapter 
126), or retroperitoneal bleeding—leads to hospitalization, transfusion, or death 
in approximately 2% of patients treated with intravenous unfractionated heparin 
for acute VTE. The risk for major bleeding with adjusted-dose warfarin targeted 
to an INR of 2.0 to 3.0 ranges from 1 to 3% per year and appears to be highest 
soon after treatment is started or if anticoagulation is difficult to control. The 
rate of major bleeding in VTE patients treated with direct oral anticoagulants 
is about 40% lower than that with warfarin. With warfarin and direct oral anti-
coagulants, the risk for major bleeding increases with older age, the presence 
of comorbid conditions (e.g., diabetes, hypertension, renal insufficiency, previous 
gastrointestinal bleeding, or cancer), and the use of concomitant drugs, par-
ticularly antiplatelet agents.

If serious bleeding occurs with heparin or LMWH, protamine sulfate (Chapter 
76) completely reverses the anticoagulant effect of heparin but only partially 
reverses that of LMWH because it fails to bind to shorter LMWH chains. For 
serious bleeding with warfarin, vitamin K should be given by slow intravenous 
infusion along with four-factor prothrombin complex concentrate to replenish 
the missing vitamin K–dependent clotting factors (Chapter 76). Dabigatran can 
be rapidly reversed with idarucizumab (Chapter 76), a monoclonal antibody 
fragment that binds dabigatran with high affinity.15 Andexanet alfa, a recombi-
nant variant of factor Xa that competes with native factor Xa for binding these 
drugs, is licensed in the United States for reversal of apixaban and rivaroxaban 
(Chapter 76)16; if it is unavailable, four-factor prothrombin complex concentrate 
is recommended for life-threatening bleeding (Chapter 76).

Heparin-induced thrombocytopenia (Chapter 163), which is a relatively 
common nonhemorrhagic complication of unfractionated heparin but a very 
uncommon complication with LMWH or fondaparinux, typically presents with 
thrombocytopenia and new thrombosis (Chapter 163). Monitoring of the platelet 
count is recommended at least 2 to 3 times per week in patients who receive 
therapeutic unfractionated heparin but is not routinely recommended with 
LMWH or fondaparinux.

When Medications Fail or Are Contraindicated
Therapeutic strategies to manage patients in whom symptomatic VTE recurs 

while they are receiving conventional-intensity warfarin or direct oral antico-
agulants include LMWH, higher-intensity warfarin (INR range of 3.0 to 4.0), 
higher direct oral anticoagulant doses, or insertion of a vena cava filter. However, 
the optimal management of such patients is unknown because no randomized 
studies have been performed.

Inferior vena cava filters, which are inserted percutaneously, are usually placed 
below the level of the renal veins but can be placed higher if thrombus extends 
into the inferior vena cava. Both permanent and retrievable filters reduce the 
risk of recurrent pulmonary embolism17 but do not reduce mortality, in part 
because permanent filters can be associated with long-term complications, 
including inferior vena cava occlusion because of thrombus, recurrent DVT, 
and post-thrombotic syndrome. A13  Retrievable filters, designed to be removed 
within 2 to 4 weeks of implantation, can circumvent these long-term complica-
tions, but device migration or thrombosis occurs in up to 10% of patients with 
such filters because many are not removed. Because of these potential problems, 
vena cava filters should be used only in patients who are at high risk for pul-
monary embolism and who have an absolute contraindication for anticoagula-
tion therapy, such as patients who develop extensive DVT after major surgery, 
patients who experience major bleeding with anticoagulant therapy, and 
pregnant women who suffer a DVT shortly before delivery. Retrievable filters 
should be used in these cases, and the devices should be removed as soon as 
anticoagulant therapy can safely be administered. Permanent filters are suitable 
for patients who have ongoing contraindications to anticoagulation.

Specific Patient Subgroups
Patients with VTE in the setting of active cancer and women who suffer a 

VTE during pregnancy require special treatment.

Cancer-associated VTe
Active cancer (Chapter 73) and its treatment with chemotherapy, radiation 

therapy, and growth factors or other biologic agents increase the risk for VTE 
(Chapter 169). Patients with advanced cancer often have limited mobility, and 
venous compression by tumor adds to their risk for VTE. In addition, central 
venous access catheters can trigger upper extremity DVT, which can lead to 
pulmonary embolism. Therefore, the index of suspicion should be high in cancer 
patients who present with symptoms and signs suggestive of VTE. With advances 
in diagnostic imaging, incidental pulmonary emboli may be discovered on CT 

scans performed for staging purposes or for monitoring response to treatment. 
Incidental pulmonary emboli involving segmental or more proximal veins should 
be treated, but it remains unclear whether isolated subsegmental pulmonary 
emboli, particularly if only a single vessel is involved, require treatment.

In patients with active cancer, LMWH reduces the risk of recurrent VTE  
more effectively than warfarin without significantly increasing the risk of bleed-
ing. A14  However, treatment with LMWH is often limited because of its cost and 
the requirement for daily subcutaneous injections. Oral edoxaban reduces 
recurrent VTE compared with subcutaneous dalteparin but results in more 
overall bleeding A15 ; however, the rates of severe bleeding are similar with the 
two regimens, and most of the excess bleeding with edoxaban is from the 
gastrointestinal tract and occurs in patients with gastrointestinal cancers. Similar 
results have been reported with rivaroxaban and apixaban. A16  As a result, direct 
oral anticoagulants represent an alternative to LMWH for the treatment of 
cancer-associated VTE but should be used with caution in patients with cancers 
involving the gastrointestinal or urogenital tract.18

VTe in Pregnancy
The management of pregnant women with VTE (Chapter 226) is problematic 

because warfarin and direct oral anticoagulants cross the placenta. Warfarin 
can cause embryopathy, with nasal hypoplasia and epiphyseal stippling, if the 
newborn is exposed to warfarin between 6 and 12 weeks of gestation; fetal 
bleeding can occur with exposure later in gestation. Consequently, unfraction-
ated heparin or LMWH, which do not cross the placenta and are safe for the 
fetus, are the agents of choice for treatment of VTE in pregnancy. The easiest 
approach is to initiate therapy with weight-adjusted treatment doses of LMWH 
(see Table 74-7),19 which is continued for the duration of the pregnancy. As 
pregnancy progresses, women gain weight and generally require higher doses 
of LMWH to achieve an anti–factor Xa level similar to that achieved at the time 
of diagnosis. The adequacy of the dose can be assessed by measuring a 4-hour 
postinjection anti–factor Xa level and adjusting the dose to achieve a level of 
0.5 to 1.0 IU/mL for twice-daily LMWH and 0.8 to 1.5 IU/mL for once-daily LMWH. 
Alternatively, the dose of LMWH can simply be adjusted on the basis of weight.

Subcutaneous unfractionated heparin is less attractive than LMWH because 
it must be given twice daily and is associated with a greater reduction in bone 
density and a higher risk of heparin-induced thrombocytopenia than LMWH. 
Unfractionated heparin can be initiated by continuous intravenous infusion in 
doses adjusted to maintain an aPTT in the therapeutic range (see Table 74-6), 
or simply with 12-hourly subcutaneous injections throughout the course of 
pregnancy. The subcutaneous dose should be adjusted to achieve a therapeutic 
aPTT 6 hours after its injection.

Pregnant women with VTE should probably be treated for the duration of 
pregnancy and for at least 6 weeks postpartum. If the VTE occurs early in preg-
nancy, elective induction of delivery at approximately 37 weeks with discon-
tinuation of the heparin 24 hours earlier is recommended. If the VTE occurs in 
the latter part of the third trimester, intravenous heparin should be administered 
by continuous infusion until approximately 6 hours before the expected time 
of delivery.

Intravenous unfractionated heparin or subcutaneous LMWH should be started 
postpartum as soon as hemostasis has been achieved. Warfarin is safe for nursing 
mothers because neither the parent drug nor its metabolites are secreted into 
breast milk. Consequently, warfarin can be started after delivery, with bridging 
using LMWH or unfractionated heparin until the INR is 2.0 or higher. Direct oral 
anticoagulants should not be used in nursing mothers because small amounts 
may pass into the breast milk.

 PROGNOSIS
At 30 days, the mortality rates in patients with DVT and pulmonary embolism 
are about 6% and 12%, respectively. Many of these deaths are due to con-
comitant diseases rather than to the VTE. If anticoagulation therapy is stopped 
after 3 months, patients whose VTE was provoked by a major transient risk 
factor such as surgery or trauma have the lowest risk of recurrence (about 1% 
at 1 year and 5% at 5 years), whereas those with unprovoked VTE are at higher 
risk (about 10% at 1 year and 30% at 5 years). Patients whose VTE was pro-
voked by minor nonsurgical risk factors such as prolonged travel or short-term 
immobility are at intermediate risk for recurrent VTE (about 5% at 1 year 
and 15% at 5 years), whereas those with major persistent risk factors such as 
active cancer (particularly brain, pancreatic, or colorectal cancer) are at highest 
risk of recurrence (at least 15% at 1 year and 40% at 5 years). Therefore, when 
evaluating patients with VTE, it is important to determine whether the episode 
was unprovoked or provoked and if provoked, whether the provoking factor 
was major or minor and transient or persistent.

 LONG-TERM COMPLICATIONS OF VTE
The post-thrombotic syndrome, recurrent VTE, and chronic thromboembolic 
pulmonary hypertension are potential long-term complications of VTE.
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 Fat Embolism Syndrome
 EPIDEMIOLOGY

Fat embolism syndrome usually occurs in the setting of trauma, particularly 
after fracture of long bones or the pelvis. The risk increases with the number 
of fractured bones, and the syndrome occurs more often with closed fractures 
than with open ones. Fat embolism also can complicate orthopedic surgery 
or trauma to tissues rich in fat, such as may occur with liposuction.

 PATHOBIOLOGY
Characterized by a combination of respiratory, neurologic, hematologic, and 
cutaneous manifestations, fat embolism syndrome reflects a combination of 
vascular obstruction by fat globules (E-Fig. 74-2) as well as the deleterious 
effects of free fatty acids released from these fat globules by the action of 
lipoprotein lipases. These free fatty acids increase vascular permeability, induce 
a capillary leak syndrome, and can trigger platelet aggregation.

 CLINICAL MANIFESTATIONS
Symptoms typically develop 24 to 72 hours after trauma or surgery. Patients 
often complain of vague chest pain and shortness of breath.24 Tachypnea and 
fever associated with disproportionate tachycardia are common. The syndrome 
can rapidly progress to severe hypoxemia that requires mechanical ventilation. 
Neurologic manifestations, which often start after the respiratory distress, 
include drowsiness, confusion, decreased level of consciousness, and seizures. 
Patients may have petechiae, particularly involving the conjunctiva, oral mucosa, 
and upper half of the body.

 DIAGNOSIS
Fat embolism syndrome should be suspected when respiratory distress occurs 
a day or more after major trauma or orthopedic surgery, particularly when 
there are associated neurologic defects and petechiae. The chest radiograph 
may reveal diffuse alveolar infiltrates. Although fat droplets may be found in 
bronchoalveolar lavage fluid, this finding lacks specificity for the fat embolism 
syndrome.

 PREVENTION, TREATMENT, AND PROGNOSIS
Early stabilization of long bone fractures reduces the risk for fat embolization. 
Supportive treatment should be provided, including oxygen and mechanical 
ventilation. The utility of corticosteroids remains controversial.

Although mortality rates as high as 10% have been reported, the prognosis 
is generally good.

 Venous Air Embolism
 EPIDEMIOLOGY

Venous air embolism, which involves entrapment of environmental air or 
exogenous gas in the venous system, requires direct communication between 
the air and a vein, as well as a pressure gradient that favors entry of the air into 
the vein. Air can be introduced through indwelling central venous catheters as 
a consequence of invasive surgical or medical procedures or after barotrauma.

 PATHOBIOLOGY
Large venous air emboli obstruct the right ventricular pulmonary outflow 
tract, whereas mixtures of air bubbles and fibrin thrombi can obstruct pul-
monary arterioles. In either case, right ventricular failure can result. With a 
patent foramen ovale (Chapter 61), venous air emboli can enter the coronary, 
cerebral, or systemic circulation.

 CLINICAL MANIFESTATIONS
Symptoms and signs depend on the volume of air and the rapidity of its entry 
into the circulation. Large, rapid boluses of air are tolerated less well than slow 
entry of smaller amounts. Small air emboli may be asymptomatic. With larger 
emboli, patients often complain of dyspnea and retrosternal chest discomfort, 
and they may feel lightheaded.25 Physical findings include tachypnea, tachy-
cardia, and evidence of respiratory distress. Patients may have signs of right 
heart failure. A continuous, drum-like, mill-wheel murmur, which reflects air 
in the right ventricle, may be heard.

 DIAGNOSIS
Patients may present with ECG evidence of right ventricular dysfunction 
associated with elevated levels of troponin, indicative of myocardial injury. 
Echocardiography or chest CT may reveal air in the right ventricle. Patients 
may have hypoxemia and hypercapnia, and the platelet count may be low.

superficial vein thrombosis, particularly in patients with severe symptoms, 
proximal saphenous vein thrombosis, recurrent disease, or underlying cancer 
or thrombophilia. For less severe cases, topical or systemic NSAIDs can be 
prescribed. For treatment of varicose veins, laser and surgical treatments appear 
to be superior to foam sclerotherapy.

 PREVENTION OF VTE
At least half of all outpatients with newly diagnosed VTE have a history 
of recent hospitalization, and most failed to receive thromboprophylaxis 
during their hospital stay. Consequently, pulmonary embolism is the most 
common preventable cause of death in hospitalized patients in the United 
States. Therefore, every patient admitted to hospital should be assessed for 
their risk of VTE and if indicated, appropriate thromboprophylaxis should be  
administered.

Despite the plethora of large randomized trials demonstrating the efficacy 
and safety of mechanical and pharmacologic measures in reducing the risk 
for VTE in a wide range of hospitalized populations of patients, prophylaxis 
remains grossly underused. Factors that increase the risk for DVT include 
surgery (particularly major orthopedic surgery and neurosurgery [Chapters 
260 and 403]), major trauma (Chapter 103), prolonged bedrest or immobi-
lization, previous history of VTE, presence of malignant disease, paralysis or 
paresis, morbid obesity, and advanced age.

In general, mechanical prophylaxis (antiembolic stockings and intermittent 
pneumatic compression) should be used as an adjunct to pharmacologic pro-
phylaxis or as stand-alone prophylaxis in patients at high risk for bleeding. 
For general medical patients admitted to the hospital with a major illness and 
in whom mobility is likely to be reduced for 72 hours or longer, a 45-day 
course of oral betrixaban (80 mg once daily) is superior to a 10-day course 
of low-dose enoxaparin. A21  In patients who undergo major hip or knee surgery, 
oral rivaroxaban (10 mg once daily), apixaban (2.5 mg twice daily), warfarin 
(dose-adjusted to achieve an INR of 2.0 to 3.0), subcutaneous LMWH, or 
subcutaneous fondaparinux (2.5 mg/day) should be administered for at least 
14 days postoperatively. In patients with continued immobility, prophylaxis 
should be considered until full mobility is regained.

 NONTHROMBOTIC PULMONARY EMBOLISM

 DEFINITION
Nonthrombotic material that can embolize to the lungs includes fat, air, amni-
otic fluid, tumor cells, talc in intravenous drug abusers, and medical devices.

 Post-Thrombotic Syndrome
The initial pain and swelling in patients with DVT are caused by venous 
obstruction and the inflammation that accompanies venous thrombosis. After 
anticoagulant therapy is initiated, the acute obstruction usually resolves as 
recanalization occurs and collateral venous channels develop, thereby leading 
to a reduction in the pain and swelling. However, venous hypertension can 
occur if there is residual venous obstruction and incompetence of the venous 
valves. Venous hypertension is the hallmark of post-thrombotic syndrome, 
which develops in up to 50% of patients with proximal DVT, usually 6 months 
to 2 years after the event.20 The syndrome is characterized by dependent pain 
and swelling that is worse at the end of the day and is relieved with elevation 
of the legs.

Compression stockings do not prevent post-thrombotic syndrome, A17  so 
it is reasonable to delay the use of stockings for several months until the acute 
inflammatory process and outflow obstruction have subsided and then pre-
scribe them only for patients with persistent symptoms. Lifestyle alterations 
such as frequent leg elevation, avoidance of prolonged standing or sitting, and 
occasional use of analgesics relieve symptoms in many patients. If symptoms 
are severe, a lightweight stocking (such as support hose) can be helpful until 
the edema improves. A stocking that applies 30 to 40 mm Hg of pressure at 
the ankle can be prescribed if symptoms persist or worsen despite these mea-
sures. However, if symptoms subside or have little or no impact on quality of 
life, most patients opt to avoid the use of stockings.

Venous ulcers, which are the most severe complication of post-thrombotic 
syndrome, typically occur in the perimalleolar area of the leg. The best man-
agement is prevention by application of graduated compression stockings if 
skin changes develop in association with leg swelling. Treatment of ulcers 
consists of an emollient cream such as a moisturizer, with or without a low-
dose topical corticosteroid (Table 407-2), and regular leg wrapping. After the 
ulcer heals, graduated compression stockings should be prescribed. Surgical 
closure or removal of the incompetent saphenous veins does not accelerate 
healing time in patients with chronic venous ulcers compared with dressing 
management alone, but they can significantly reduce the rate of recurrent 
ulceration. A18 

 Suspected Recurrent VTE
Approximately 10% of patients with unprovoked VTE will experience a 
recurrent thromboembolic event in the first year after stopping anticoagu-
lant therapy. The diagnosis of recurrent DVT is complicated by the fact that 
many patients with prior DVT have positional leg swelling and pain as a 
result of the post-thrombotic syndrome. This syndrome and other venous 
disorders such as chronic venous insufficiency can produce symptoms that 
are similar to those of acute DVT, so accurate diagnostic testing to confirm 
recurrence is mandatory. Residual venous abnormalities on ultrasound are 
common in patients with a prior history of proximal DVT and are found in 
approximately 80% of patients at 3 months and in 50% of patients at 1 year after 
the event. Therefore, comparison with previous ultrasound images is required 
in patients with suspected recurrence. Although an increase in vein diameter 
of 4 mm or more in the compressed vein segment suggests recurrent DVT, a 
new noncompressible proximal venous segment is the most reliable criterion 
for the diagnosis of recurrence. A normal D-dimer test result helps to exclude  
recurrent DVT.

For patients with suspected recurrent pulmonary embolism, the diagnosis 
is confirmed by finding new thrombi on CTPA. Comparison with previous 
tests is important, particularly if ventilation-perfusion lung scanning is per-
formed because residual perfusion defects are common in patients with a 
prior history of pulmonary embolism. As with suspected recurrent DVT, a 
normal D-dimer test helps to exclude the diagnosis. The treatment of recurrent 
VTE is the same as for a first event, except that most patients with recurrent 
VTE that is either unprovoked or provoked by minor risk factors require 
extended anticoagulation therapy.

 Chronic Thromboembolic Pulmonary Hypertension
A rare complication of pulmonary embolism, chronic thromboembolic pul-
monary hypertension develops in 0.5 to 5% of patients over the course of 
months or years when emboli in major pulmonary arteries are replaced by 
fibrous tissue that becomes incorporated into the vessel walls, thereby nar-
rowing or obstructing them.21 Chronic obstruction of the pulmonary vas-
cular bed increases pulmonary arterial resistance and can lead to right heart 
failure. Although patients initially may be asymptomatic, they experience 
increasing dyspnea on exertion and hypoxemia as the disease progresses. 

Chronic thromboembolic pulmonary hypertension should be suspected in 
patients with pulmonary hypertension (Chapter 75), and the diagnosis can 
be established with a combination of echocardiography and lung scanning  
or CTPA.

Medical therapy focuses on treatment of right heart failure and the use of 
prostacyclin analogues such as treprostinil, which is given by continuous sub-
cutaneous infusion in doses ranging from 1 to 22 ng/kg/min; endothelin 
receptor antagonists, such as bosentan, which is started at a dose of 62.5 mg 
twice daily and increased to 125 mg twice daily in patients weighing more 
than 40 kg; phosphodiesterase-5 inhibitors, such as sildenafil 40 mg three 
times daily; or a combination of these, to lower pulmonary artery pressure. 
Riociguat, a soluble guanylate cyclase stimulator starting at 1 mg three times 
daily and titrated up to 2.5 mg three times per day, is another option. A19  These 
agents may be of limited utility, however, because of the fibrotic nature of the 
obstructing material. Therefore, definitive treatment involves surgical throm-
boendarterectomy to remove the occluding material from the pulmonary 
arteries. For patients who are considered to be too sick for surgery, balloon 
pulmonary angioplasty can be effective and, in selected patients, provide excel-
lent outcomes. This procedure is associated with a perioperative mortality 
rate that can be as high as 4%, depending on the severity of the disease, and 
a 3-year survival rate of about 80%.

 VENOUS THROMBOSIS OF THE UPPER 
EXTREMITIES

DVT of the upper extremities (including the axillary, subclavian, and internal 
jugular veins, as well as the superior vena cava) is much less common than 
DVT of the legs, but it is not rare, especially among critically ill adults in 
intensive care units.22 Factors associated with upper extremity DVT include 
central venous catheters, acquired or hereditary thrombophilias (Chapter 73), 
and anatomic (cervical rib) and physiologic (muscular individuals) impinge-
ment of the vein. The incidence of clinically important post-thrombotic syn-
drome is not high if patients receive anticoagulant therapy.

Contrast venography is the gold standard for the diagnosis of upper 
extremity DVT, but venous ultrasonography is accurate and less invasive. 
Because it is not feasible to test for compression of the subclavian vein, a 
diagnosis of subclavian DVT by ultrasonography is based on flow abnormali-
ties or direct visualization of thrombus by B-mode ultrasonography. Upper 
extremity DVT can cause pulmonary emboli, although the exact frequency 
is unknown. Controversy exists about the management of patients in whom 
DVT develops in association with a central venous catheter. If the line is no 
longer required or is nonfunctional, some experts recommend removing the 
line without subsequent anticoagulant therapy, whereas others recommend 
full-dose anticoagulant therapy. If the line is functional and is needed for 
drug delivery or venous access, full-dose anticoagulant therapy should be 
given. Such therapy should be given to all patients whose upper extremity 
DVT was not triggered by a central venous line. The medications, doses, regi-
mens, and treatment durations are identical to those for treatment of DVT of  
the leg.

 SUPERFICIAL VEIN THROMBOSIS
Superficial vein thrombosis usually manifests with pain, swelling, redness, 
and tenderness of superficial veins. Thrombosed varicose veins (Fig. 74-8) 
can be red, warm, and clustered in a circumscribed area. When superficial 
vein thrombosis involves the greater or lesser saphenous veins, a tender cord 
often follows the course of the involved vein in the thigh or medial aspect of 
calf, respectively. Superficial vein thrombosis also can occur at the insertion 
site of intravenous catheters. Approximately 25% of patients with superficial 
vein thrombosis in the lower extremity have concurrent DVT at the time of 
presentation, and approximately 3% of the others will subsequently develop 
DVT or pulmonary embolism in the next 3 months, with a subsequent risk 
of about 1% per year thereafter.23 Therefore, compression ultrasonography 
should be performed to exclude DVT in patients with superficial vein throm-
bosis in the lower extremity.

Treatment with nonsteroidal anti-inflammatory drugs (NSAIDs), moderate 
or full doses of LMWH, fondaparinux, and rivaroxaban are each approximately 
70% better than placebo for treating superficial vein thrombosis. LMWH 
relieves symptoms more quickly and prevents thrombotic extension more 
effectively than do NSAIDs. Fondaparinux, 2.5 mg/day for 45 days, reduces 
the risk of DVT or pulmonary embolism from approximately 1.3% to 0.2% 
without notable adverse effects. A 45-day course of rivaroxaban (10 mg once 
daily) is as effective and safe as fondaparinux. A20  Thus, it is reasonable to use 
moderate doses of rivaroxaban, fondaparinux, or LMWH to treat symptomatic 



CHAPTER 74 Venous Thrombosis and embolism 485

 Fat Embolism Syndrome
 EPIDEMIOLOGY

Fat embolism syndrome usually occurs in the setting of trauma, particularly 
after fracture of long bones or the pelvis. The risk increases with the number 
of fractured bones, and the syndrome occurs more often with closed fractures 
than with open ones. Fat embolism also can complicate orthopedic surgery 
or trauma to tissues rich in fat, such as may occur with liposuction.

 PATHOBIOLOGY
Characterized by a combination of respiratory, neurologic, hematologic, and 
cutaneous manifestations, fat embolism syndrome reflects a combination of 
vascular obstruction by fat globules (E-Fig. 74-2) as well as the deleterious 
effects of free fatty acids released from these fat globules by the action of 
lipoprotein lipases. These free fatty acids increase vascular permeability, induce 
a capillary leak syndrome, and can trigger platelet aggregation.

 CLINICAL MANIFESTATIONS
Symptoms typically develop 24 to 72 hours after trauma or surgery. Patients 
often complain of vague chest pain and shortness of breath.24 Tachypnea and 
fever associated with disproportionate tachycardia are common. The syndrome 
can rapidly progress to severe hypoxemia that requires mechanical ventilation. 
Neurologic manifestations, which often start after the respiratory distress, 
include drowsiness, confusion, decreased level of consciousness, and seizures. 
Patients may have petechiae, particularly involving the conjunctiva, oral mucosa, 
and upper half of the body.

 DIAGNOSIS
Fat embolism syndrome should be suspected when respiratory distress occurs 
a day or more after major trauma or orthopedic surgery, particularly when 
there are associated neurologic defects and petechiae. The chest radiograph 
may reveal diffuse alveolar infiltrates. Although fat droplets may be found in 
bronchoalveolar lavage fluid, this finding lacks specificity for the fat embolism 
syndrome.

 PREVENTION, TREATMENT, AND PROGNOSIS
Early stabilization of long bone fractures reduces the risk for fat embolization. 
Supportive treatment should be provided, including oxygen and mechanical 
ventilation. The utility of corticosteroids remains controversial.

Although mortality rates as high as 10% have been reported, the prognosis 
is generally good.

 Venous Air Embolism
 EPIDEMIOLOGY

Venous air embolism, which involves entrapment of environmental air or 
exogenous gas in the venous system, requires direct communication between 
the air and a vein, as well as a pressure gradient that favors entry of the air into 
the vein. Air can be introduced through indwelling central venous catheters as 
a consequence of invasive surgical or medical procedures or after barotrauma.

 PATHOBIOLOGY
Large venous air emboli obstruct the right ventricular pulmonary outflow 
tract, whereas mixtures of air bubbles and fibrin thrombi can obstruct pul-
monary arterioles. In either case, right ventricular failure can result. With a 
patent foramen ovale (Chapter 61), venous air emboli can enter the coronary, 
cerebral, or systemic circulation.

 CLINICAL MANIFESTATIONS
Symptoms and signs depend on the volume of air and the rapidity of its entry 
into the circulation. Large, rapid boluses of air are tolerated less well than slow 
entry of smaller amounts. Small air emboli may be asymptomatic. With larger 
emboli, patients often complain of dyspnea and retrosternal chest discomfort, 
and they may feel lightheaded.25 Physical findings include tachypnea, tachy-
cardia, and evidence of respiratory distress. Patients may have signs of right 
heart failure. A continuous, drum-like, mill-wheel murmur, which reflects air 
in the right ventricle, may be heard.

 DIAGNOSIS
Patients may present with ECG evidence of right ventricular dysfunction 
associated with elevated levels of troponin, indicative of myocardial injury. 
Echocardiography or chest CT may reveal air in the right ventricle. Patients 
may have hypoxemia and hypercapnia, and the platelet count may be low.

superficial vein thrombosis, particularly in patients with severe symptoms, 
proximal saphenous vein thrombosis, recurrent disease, or underlying cancer 
or thrombophilia. For less severe cases, topical or systemic NSAIDs can be 
prescribed. For treatment of varicose veins, laser and surgical treatments appear 
to be superior to foam sclerotherapy.

 PREVENTION OF VTE
At least half of all outpatients with newly diagnosed VTE have a history 
of recent hospitalization, and most failed to receive thromboprophylaxis 
during their hospital stay. Consequently, pulmonary embolism is the most 
common preventable cause of death in hospitalized patients in the United 
States. Therefore, every patient admitted to hospital should be assessed for 
their risk of VTE and if indicated, appropriate thromboprophylaxis should be  
administered.

Despite the plethora of large randomized trials demonstrating the efficacy 
and safety of mechanical and pharmacologic measures in reducing the risk 
for VTE in a wide range of hospitalized populations of patients, prophylaxis 
remains grossly underused. Factors that increase the risk for DVT include 
surgery (particularly major orthopedic surgery and neurosurgery [Chapters 
260 and 403]), major trauma (Chapter 103), prolonged bedrest or immobi-
lization, previous history of VTE, presence of malignant disease, paralysis or 
paresis, morbid obesity, and advanced age.

In general, mechanical prophylaxis (antiembolic stockings and intermittent 
pneumatic compression) should be used as an adjunct to pharmacologic pro-
phylaxis or as stand-alone prophylaxis in patients at high risk for bleeding. 
For general medical patients admitted to the hospital with a major illness and 
in whom mobility is likely to be reduced for 72 hours or longer, a 45-day 
course of oral betrixaban (80 mg once daily) is superior to a 10-day course 
of low-dose enoxaparin. A21  In patients who undergo major hip or knee surgery, 
oral rivaroxaban (10 mg once daily), apixaban (2.5 mg twice daily), warfarin 
(dose-adjusted to achieve an INR of 2.0 to 3.0), subcutaneous LMWH, or 
subcutaneous fondaparinux (2.5 mg/day) should be administered for at least 
14 days postoperatively. In patients with continued immobility, prophylaxis 
should be considered until full mobility is regained.

 NONTHROMBOTIC PULMONARY EMBOLISM

 DEFINITION
Nonthrombotic material that can embolize to the lungs includes fat, air, amni-
otic fluid, tumor cells, talc in intravenous drug abusers, and medical devices.

FIGURE 74-8. Varicose veins. Varicose veins are a risk factor for superficial and deep 
vein thrombosis. (From Forbes Cd, Jackson WF. Color Atlas and Text of Clinical Medicine, 
3rd ed. london: mosby; 2003.)
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E-FIGURE 74-2. Fat embolism. Fat globules in small vessels of the lung in a patient 
who died 2 days after traumatic fracture of the femur. 
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users (Chapter 31), mixed in liquids, and then injected intravenously. The 
filler particles can then be trapped in the pulmonary vasculature, where they 
can induce granuloma formation.

Tumor emboli28 in the lung can mimic pneumonia, tuberculosis, or inter-
stitial lung disease on the chest radiograph. Cancers of the prostate and breast 
are the most common sources of such emboli, followed by hepatocellular 
cancer and cancers of the stomach and pancreas. Although found in up to 
26% of autopsies in patients with advanced cancer, tumor emboli are infre-
quently identified before death.

Various types of intravascular devices can embolize to the lungs, including 
vena cava filters, broken catheter tips, guidewires, stent fragments, and coils 
used for embolization. Many of these devices lodge in the right atrium, right 
ventricle, or pulmonary arteries. Intravascular retrieval can recover most of 
these devices; open surgery may be required for the remainder.

All catheters should be removed using techniques that minimize air embo-
lism, air should be removed from syringes before injection, and care should 
be taken during surgery to ensure that air bubbles do not form in blood vessels. 
To avoid air embolism associated with barotrauma, divers require training in 
how to dive and surface safely (Chapter 88).

The source of any air embolism should be identified so that further embo-
lism can be prevented. Left lateral decubitus positioning may benefit patients 
who have a large air bubble trapped in the right ventricular outflow tract; 
such positioning places the outflow tract below the right ventricular cavity, 
thereby allowing the air bubble to migrate into a nonobstructing position. 
Aspiration of the right ventricle through a central venous catheter may also be 
of benefit. Patients should receive high-flow supplemental oxygen, and hyper-
baric oxygenation should be considered for patients with cardiac or neurologic  
dysfunction.

PREVENTION AND TREATMENT 

 PROGNOSIS
The outcome depends on the extent of air embolism. With good supportive 
care, the mortality rate can be less than 10%, even in patients with major air 
emboli. However, residual neurologic defects often persist.

 Amniotic Fluid Embolism
 EPIDEMIOLOGY AND PATHOBIOLOGY

Amniotic fluid embolism is a rare but catastrophic complication of pregnancy, 
occurring in about 1 in 8000 to 1 in 80,000 pregnancies.26 The syndrome 
develops when amniotic fluid and fetal cells enter the maternal blood stream 
through small tears in the uterine veins during labor. Emboli to the heart and 
lungs (E-Fig. 74-3) cause cardiac dysfunction and respiratory distress. In addi-
tion, amniotic fluid and other debris activate the coagulation system, and the 
resultant thrombin then triggers fibrin formation and platelet activation to 
induce disseminated intravascular coagulation (Chapter 166).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The syndrome often starts with the abrupt onset of dyspnea, cyanosis, and 
hypotension that can rapidly progress to cardiovascular collapse and death. 
Patients who survive this stage often develop manifestations of disseminated 
intravascular coagulation (Chapter 166) characterized by diffuse bleeding, 
petechiae, and ecchymoses.

The diagnosis should be suspected in women late in pregnancy, often in 
labor, who present with sudden onset of respiratory distress followed by cya-
nosis, hypotension, and shock. These findings are often associated with confu-
sion or reduced level of consciousness, seizures, and evidence of a consumptive 
coagulopathy.

 TREATMENT
Supportive measures include oxygen, mechanical ventilation, and hemody-
namic support. Fresh-frozen plasma, cryoprecipitate, and platelets transfusion 
can be given to replace consumed clotting factors and platelets. Heparin, often 
in low therapeutic doses, may be useful in some cases. If amniotic fluid embo-
lism occurs before or during delivery, the fetus often has a poor outcome. As 
soon as the mother stabilizes, therefore, every attempt should be made to 
deliver the fetus.

 PROGNOSIS
Although rare, amniotic fluid embolism remains the leading cause of maternal 
death during labor and the first few hours after delivery. Despite advances in 
critical care management, maternal and fetal mortality rates continue to be 
about 60% and 20%, respectively, with up to half of the survivors, both mother 
and baby, suffering from permanent hypoxia-induced neurologic dysfunction.

 Other Embolic Material
Many substances, such as talc, starch, and cellulose are used as fillers in the 
manufacture of illicit drugs.27 Some of these drugs are ground up by drug 
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E-FIGURE 74-3. Amniotic fluid embolism. Fetal squamous cells, hair, and mucin in the 
pulmonary vasculature of a woman who developed acute shortness of breath, circulatory 
collapse, and coagulopathy shortly after delivery. 
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REVIEW QUESTIONS

1. Which of the following statements about D-dimer testing is true?
 A. When abnormal, the test is diagnostic of VTE.
 B. The test can be used to diagnose pulmonary embolism when the pretest 

probability is high or intermediate.
 C. When the results are normal in combination with a low pretest probability 

in suspected DVT, DVT can be excluded.
 D. The degree of D-dimer elevation accurately estimates clot size.
 E. All D-dimer assays provide equivalent results.

Answer: C D-Dimer is a sensitive but not specific test for diagnosing VTE. 
As a result, a negative test in a low-risk patient effectively excludes the 
diagnosis.

2. Which of the statements about VTE in pregnancy is true?
 A. In at least 90% of pregnant women with DVT, the left leg is involved.
 B. Warfarin can be used in pregnant women between 6 and 12 weeks of 

gestation.
 C. Rivaroxaban or apixaban can be used safely to treat VTE in 

pregnancy.
 D. Rivaroxaban or apixaban can be used safely in nursing mothers.
 E. Fondaparinux is preferred over low-molecular-weight heparin for treat-

ment of VTE in pregnancy.
Answer: A DVT in pregnancy usually involves the left leg.

3. Which of these statements about post-thrombotic syndrome is true?
 A. It inevitably leads to skin ulcers.
 B. There is no gold standard test to diagnose it.
 C. Elastic stockings reduce the risk of post-thrombotic syndrome.
 D. It can be confused with recurrent DVT.
 E. Varicose veins increase the risk of post-thrombotic syndrome.

Answer: D It is often difficult to distinguish between post-thrombotic syn-
drome and recurrent DVT.

4. Which of the following is the most appropriate treatment for a patient 
with pulmonary embolism associated with right ventricular enlargement 
and an elevated troponin?
 A. Outpatient treatment with rivaroxaban
 B. Systemic thrombolytic therapy
 C. Catheter-directed thrombolysis
 D. Inpatient treatment with low-molecular-weight heparin until the patient 

is stable
 E. Inferior vena cava filter and low-molecular-weight heparin

Answer: D With the right ventricular enlargement and elevated troponin, 
the patient may decompensate. Therefore, admission and treatment with low-
molecular-weight heparin is advisable. Systemic or catheter-directed throm-
bolysis should be undertaken only if the patient decompensates and becomes 
hypotensive. There is no indication for an inferior vena cava filter. As soon as 
the patient is stable, rivaroxaban can be prescribed.

5. What is the suggested duration of treatment for a 65-year-old man with 
unprovoked pulmonary embolism who has no risk factors for bleeding?
 A. 3 months
 B. 6 months
 C. 12 months
 D. Stop after 3 months if the D-dimer level measured 1 month after stop-

ping is normal
 E. Indefinite

Answer: E The risk of recurrence if anticoagulation therapy is stopped after 
3, 6 or 12 months is about 10% at one year and 30% at five years even if the 
D-dimer is negative one month after stopping treatment. Therefore, indefinite 
anticoagulation is advisable.
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75 
PULMONARY HYPERTENSION
VALLERIE MCLAUGHLIN

 DEFINITION
The normal pulmonary vasculature is a low-pressure system, with less than one 
tenth the resistance to flow observed in the systemic vasculature. Pulmonary 
hypertension refers to the hemodynamic state in which the pressure in the 
pulmonary artery is elevated above a mean of 25 mm Hg. A specific type of 
pulmonary hypertension, pulmonary arterial hypertension, also requires that 
the left-sided heart filling pressure (pulmonary capillary wedge pressure, left 
ventricular end-diastolic pressure, or left atrial pressure) be 15 mm Hg or 
less and that the calculated pulmonary vascular resistance be greater than 3 
Wood units (Wood unit = [pulmonary artery pressure minus mean pulmo-
nary capillary wedge pressure] divided by cardiac output.) The syndrome 
of pulmonary arterial hypertension (Table 75-1) results when blood flow 

through the pulmonary circulation is restricted, thereby leading to pathologic 
increases in pulmonary vascular resistance and, ultimately, to right ventricular 
failure. Pulmonary hypertension may also be a consequence of many other 
chronic diseases, including left-sided heart failure (Chapter 52), a variety of 
parenchymal lung diseases, and thromboembolic disease (Chapter 74).

 EPIDEMIOLOGY
Normal pulmonary blood pressure is 20/10 (mean, 15) mm Hg at rest at sea 
level, rising to 30/13 (mean, 20) mm Hg with mild exercise. Pressures rise 
with altitude, and at an altitude of about 15,000 feet, normal resting pulmonary 
artery pressures are about 38/14 (mean, 20) mm Hg. Pulmonary arterial 
systolic pressure rises gradually with age, and each increase of 10 mm Hg is 
associated with a 2.7-fold greater risk for mortality.

Idiopathic pulmonary arterial hypertension, formerly called primary pul-
monary hypertension, is the prototype of group 1 pulmonary arterial hyper-
tension.1 This disease affects women more than men in a 2 : 1 ratio. It may be 
manifested at any age, with a mean age at onset in the fourth to sixth decade 
of life. The prevalence of pulmonary arterial hypertension is between 15 and 
50 per million persons. Heritable pulmonary arterial hypertension occurs in 
a familial context, most often (70%) due to a mutation in the bone morpho-
genetic protein receptor type 2. (See Pathobiology.)

Drug- and toxin-induced pulmonary arterial hypertension has been most 
clearly linked to anorexigens, including aminorex, fenfluramine, and dexfen-
fluramine. Although these agents are no longer used, observational studies 
link amphetamines, methamphetamines, and l-tryptophan to pulmonary 
arterial hypertension. The tyrosine kinase inhibitor dasatinib also has been 
associated with the development of pulmonary arterial hypertension.

One of the most common types of group 1 pulmonary arterial hypertension 
occurs in the setting of connective tissue diseases. For example, the prevalence 
of pulmonary arterial hypertension in patients with scleroderma (Chapter 
251)2 is in the range of 7 to 12%. It is less common in systemic lupus erythe-
matosus (Chapter 250), rheumatoid arthritis (Chapter 248), and other systemic 
vasculitides (Chapter 254). Pulmonary arterial hypertension is a rare but 
well-established complication of human immunodeficiency virus (HIV) infec-
tion (Chapter 366), and its prevalence of 0.5% in such patients has not changed 
with the widespread use of highly active antiretroviral therapy. Prospective 
hemodynamic studies show that 2 to 6% of patients with portal hypertension 
(Chapter 144) develop pulmonary arterial hypertension, although the reason 
for the association is not clear.

A significant proportion of patients with untreated systemic-to-pulmonary 
shunts, commonly due to congenital heart disease (Chapter 61), develop 
pulmonary arterial hypertension. Persistent exposure of the pulmonary vas-
culature to increased blood flow and pressure leads to an elevated pulmonary 
vascular resistance. In some cases, Eisenmenger syndrome (Chapter 61), with 
a reversal of flow across the defect, results in right-to-left shunting. Pulmonary 
veno-occlusive disease (Chapter 74)3 and pulmonary capillary hemangioma-
tosis are rare disorders that directly affect the pulmonary vasculature. The 
presentation of each is often similar to pulmonary arterial hypertension, but 
the prognosis is particularly poor.

Pulmonary hypertension due to left-sided heart disease probably represents 
the most frequent cause of pulmonary hypertension seen in practice (group 
2 patients).4 Left-sided ventricular (Chapter 52) or valvular (Chapter 66) 
disease may increase left atrial pressure, which then is transmitted back to the 
pulmonary vasculature. The pressure gradient across the lungs (i.e., the dif-
ference between the pulmonary arterial diastolic pressure compared with the 
pulmonary capillary wedge pressure) and pulmonary vascular resistance are 
often normal. In such cases, optimal treatment of the left-sided heart disease 
results in reduction of the left-sided heart filling pressures and, consequently, 
a reduction in the pulmonary artery pressures. However, some patients have 
an elevated (>12 mm Hg) transpulmonary gradient with a pulmonary vascular 
resistance greater than 3 Wood units in the setting of left-sided heart disease; 
such patients may have pulmonary vascular remodeling owing to persistently 
elevated left-sided filling pressures.

Group 3 patients have pulmonary hypertension due to lung diseases or 
hypoxia. Any disorder that results in hypoxemia (e.g., chronic obstructive 
lung disease [Chapter 82], interstitial lung disease [Chapter 86], sleep-
disordered breathing [Chapter 377]) may result in pulmonary hypertension, 
although the pressure elevation tends to be modest, with a mean pulmonary 
artery pressure of 25 to 35 mm Hg. Echocardiography-based observations 
have suggested that up to 80% of patients with chronic obstructive lung disease 
and idiopathic pulmonary fibrosis have elevated pulmonary artery pressures. 
In patients who have more advanced parenchymal lung disease and undergo 

TABLE 75-1 CLINICAL CLASSIFICATION OF PULMONARY 
HYPERTENSION

GROUP 1
Pulmonary arterial hypertension

Idiopathic pulmonary arterial hypertension
Heritable pulmonary arterial hypertension

BMPR2
ALK1, endoglin, SMAD9, CAV1, KCNK3
Unknown

Drug- and toxin-induced pulmonary hypertension
Associated with

Connective tissue diseases
HIV infection
Portal hypertension
Congenital heart diseases
Schistosomiasis

Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiomatosis
Persistent pulmonary hypertension of the newborn
GROUP 2
Pulmonary hypertension due to left heart disease

Systolic dysfunction
Diastolic dysfunction
Valvular disease
Congenital or acquired left heart inflow or outflow tract obstruction

GROUP 3
Pulmonary hypertension due to lung diseases and/or hypoxia

Chronic obstructive pulmonary disease
Interstitial lung disease
Other pulmonary diseases with mixed restrictive and obstructive pattern
Sleep-disordered breathing
Alveolar hypoventilation disorders
Chronic exposure to high altitude
Developmental lung diseases

Congenital diaphragmatic hernia
Bronchopulmonary dysplasia

GROUP 4
Chronic thromboembolic pulmonary hypertension
GROUP 5
Pulmonary hypertension with unclear multifactorial mechanisms

Hematologic disorders: chronic hemolytic anemias, myeloproliferative neoplasms, 
splenectomy

Systemic disorders: sarcoidosis, pulmonary Langerhans cell histiocytosis, 
lymphangioleiomyomatosis, neurofibromatosis, vasculitis

Metabolic disorders: glycogen storage disease, Gaucher disease, thyroid disorders
Others: segmental pulmonary arterial hypertension, tumoral obstruction, 

fibrosing mediastinitis, chronic renal failure
ALK1 = activin receptor-like kinase type 1; BMPR2 = bone morphogenetic protein receptor type 2; 
HIV = human immunodeficiency virus.
From Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clinical classification of pulmonary 
hypertension. J Am Coll Cardiol. 2013;62:D34-D41.
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ABSTRACT
Pulmonary hypertension can be idiopathic, inherited, induced by drugs 
or toxins, associated with a variety of systemic diseases that also affect the 
pulmonary arteries, secondary to left heart failure, caused by lung disease  
and/or hypoxia, or caused by chronic thromboemboli. Dyspnea is the most 
common presenting symptom, but patients can also have chest pain, palpita-
tions, light-headedness, or syncope. On physical examination, jugular venous 
distension, tricuspid valve regurgitation, pulmonary valve insufficiency, and 
peripheral edema are common. Treatment emphasizes medications that reduce 
pulmonary arterial resistance, but the prognosis is poor.
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evaluation for lung volume reduction surgery or lung transplantation, 40 to 
50% have pulmonary hypertension at the time of right-sided heart catheteriza-
tion. Most often, the elevations in pulmonary artery pressures are modest, 
but a small proportion of patients have more substantial elevations.

Group 4 patients have chronic thromboembolic pulmonary hypertension 
(Chapter 74), which must be differentiated from the other groups because 
the treatment is different. Approximately 4% of patients who have suffered 
an acute pulmonary embolism progress to development of chronic thrombo-
embolic pulmonary hypertension. Approximately half of those ultimately 
diagnosed with chronic thromboembolic pulmonary hypertension do not 
have a known history of an acute pulmonary embolism.

 PATHOBIOLOGY
The pathobiology of pulmonary arterial hypertension is complex and incom-
pletely elucidated (E-Fig. 75-1). The pulmonary arterial hypertension phenotype 
is characterized by endothelial dysfunction, a decreased ratio of apoptosis to 
proliferation in pulmonary artery smooth muscle cells, and a thickened, dis-
ordered adventitia in which adventitial metalloproteases are excessively acti-
vated. The evolution of pulmonary vascular disease frequently originates with 
the interaction of a predisposing state and one or more inciting stimuli, a 
concept referred to as the multiple-hit hypothesis.

In group 1 pulmonary arterial hypertension, patients have a panvasculopathy 
predominantly affecting the small pulmonary arterioles. It is characterized by 
a variety of arterial abnormalities, including intimal hyperplasia, medial hyper-
trophy, adventitial proliferation, thrombosis in situ, varying degrees of inflam-
mation, and plexiform lesions. An individual patient may manifest all or some 
of these lesions, and the distribution of the lesions may be diffuse or focal.

The genetic defect best characterized in heritable pulmonary arterial hyper-
tension is that of the bone morphogenetic protein receptor type 2, a member 
of the transforming growth factor-β (TGF-β) signaling family. Mutations in 
activin receptor–like kinase type 1, or endoglin, have also been identified, 
usually in families with coexistent hereditary hemorrhagic telangiectasia. Less 
commonly, mutations in activin receptor–like kinase type 1, or endoglin, have 
been identified in patients with pulmonary arterial hypertension, predomi-
nantly with coexistent hereditary hemorrhagic telangiectasia (Chapter 164). 
Mutations in other genes (i.e., BMPR1B, caveolin-1, and SMAD9), all of which 
are involved in the TGF-β signaling pathway, are considerably less common. 
A novel channelopathy of KCNK3, which has been identified in familial and 
idiopathic cases of pulmonary arterial hypertension, is the first indication that 
the disease may involve factors apparently independent of the TGF-β signaling 
pathway.

The imbalance in the production or metabolism of vasoactive mediators 
in the pulmonary vasculature includes a reduction in prostacyclin and nitric 
oxide, which have vasodilator and antiproliferative properties, and an increase 
in thromboxane and endothelin, which are vasoconstrictors as well as mitogens. 
The reduction in nitric oxide synthase in pulmonary arterial hypertension 
diminishes nitric oxide and, subsequently, cyclic guanosine monophosphate 
production. Endothelin-1 is a potent vasoconstrictor and smooth muscle 
mitogen that may contribute to the development of pulmonary arterial hyper-
tension. Prostacyclin synthase is reduced in pulmonary arterial hypertension, 
resulting in an inadequate production of prostacyclin, which is a vasodilator 
with potent antiproliferative effects. Other aberrations include those of the 
voltage-dependent potassium channels and serotonin pathways. Disorders of 
inflammatory and coagulation pathways have also been described.

Chronic changes in the pulmonary vasculature also occur as a result of 
other types of pulmonary hypertension. Chronic elevation of left-sided heart 
filling pressures causes a backward transmission of pressure to the pulmonary 
venous system and triggers vasoconstriction in the pulmonary arterial bed. 
On histologic evaluation, the veins are thickened abnormally, and a neointima 
is formed. As secondary features, medial hypertrophy and thickening of the 
neointima on the arterial side of the pulmonary circulation occur. These changes 
can be reversed with therapies that result in chronic reduction of left-sided 
heart filling pressures.

In parenchymal lung disease, changes in the distal pulmonary arterial vessels 
are related to hypoxia. Hypoxia induces muscularization of the distal vessels 
and medial hypertrophy of the more proximal vessels. Neither neointima 
formation nor the development of plexiform lesions is observed.

The pathologic process of chronic thromboembolic pulmonary hyperten-
sion is often distinct from idiopathic pulmonary arterial hypertension. The 
lesions are frequently more variable, with some arterial pathways that appear 
relatively unaffected and others that show recanalized vascular thromboses. 
However, the involvement of distal microvessels, particularly when thromboses 

have occurred in subsegmental arteries, can resemble idiopathic pulmonary 
arterial hypertension with the formation of plexiform lesions.

Pathophysiology
The normal pulmonary vasculature bed has a remarkable capacity to dilate 
and recruit unused vasculature to accommodate increases in pulmonary blood 
flow. In pulmonary hypertension, the pulmonary artery pressure and pulmo-
nary vascular resistance are increased at rest and further increase with exertion. 
In response to this increased afterload, the normally very thin right ventricle 
hypertrophies and eventually dilates. Early in the process, the right ventricle 
may be capable of maintaining normal cardiac output at rest, although it may 
fail to augment cardiac output with exercise, thereby leading to exertional 
dyspnea. As the disease progresses, the right ventricular dysfunction may pro-
gress to the point that resting cardiac output is impaired. Right ventricular 
function is a major determinant of functional capacity and prognosis in pul-
monary arterial hypertension. Although the left ventricle is not affected by 
pulmonary vascular disease itself, progressive right ventricular dilation can 
impair left ventricular filling and lead to mildly increased left-sided heart filling 
pressure. The pathophysiologic mechanism of pulmonary hypertension related 
to left-sided heart and lung disease is further complicated by those underlying 
disorders.

The two most frequent mechanisms of death are progressive right ventricular 
failure and sudden death. Right ventricular failure, as evidenced by elevated 
jugular venous pressure, lower extremity edema, and occasionally ascites, may 
also be accompanied by evidence of poor forward flow due to inadequate 
filling of the left ventricle. Hypotension, hypoperfusion, and renal insufficiency 
may result. Other potential causes of death include pneumonia, sepsis, and 
pulmonary embolism.

 CLINICAL MANIFESTATIONS
History
Dyspnea, which is the most common symptom of pulmonary hypertension, 
typically is insidious in onset and gradually progressive. Dyspnea is classified 
by the World Health Organization (WHO) system, which is similar to the 
New York Heart Association classification system for angina and heart failure 
(see Table 45-5), and may progress to dyspnea at rest.

Other common symptoms of pulmonary hypertension include fatigue, 
lightheadedness, chest pain (Chapter 45), and palpitations (Chapters 45 and 
56). Syncope (Chapter 56), which is an ominous finding, is often exertional 
in nature; it signifies the inability of the right ventricle to augment cardiac 
output as needed for physical activity. Symptoms of right-sided heart failure, 
including edema and ascites, signify advanced disease.

The nonspecific symptoms of pulmonary hypertension often explain its 
delayed recognition. In various reviews, the delay from onset of symptoms to 
diagnosis can be as long as 2 years.

Patients with group 2 pulmonary hypertension may also exhibit paroxysmal 
nocturnal dyspnea and orthopnea. Patients with group 3 disease may have 
cough, sputum production or wheezing. Patients with group 4 chronic throm-
boembolic pulmonary hypertension may have edema and hemoptysis.

Physical Examination
Distention of jugular veins (see Fig. 45-2) may signify right ventricular failure, 
and prominent v waves (see Fig. 45-3) may be a result of tricuspid regurgita-
tion. The amplitude of the carotid upstroke may give some insight into the 
cardiac output. The classic physical examination finding in pulmonary hyper-
tension is a loud pulmonic component to the second heart sound, which 
reflects high pulmonary pressures that increase the force of the pulmonic valve 
closure. Palpation of the sternum often reveals a parasternal lift as the hyper-
trophied, pressure-overloaded right ventricle obliterates the retrosternal air 
space. A right ventricular fourth heart sound reflects diastolic filling of the 
hypertrophied, noncompliant right ventricle, akin to the left-sided fourth heart 
sound in a patient with systemic hypertension and left ventricular hypertrophy. 
The murmur of tricuspid regurgitation, which is holosystolic, located at the 
left lower sternal border, and augments with inspiration, is common in patients 
with moderate to severe pulmonary hypertension. Other findings on ausculta-
tion may include an early systolic click and the murmur of pulmonic regurgita-
tion. A right ventricular third heart sound often signifies advanced disease 
and right-sided heart failure. Other signs consistent with right ventricular 
failure include hepatomegaly, peripheral edema (see Fig. 45-6), ascites, hypo-
tension, diminished pulse pressure, and cool extremities.

Other physical examination findings may give some insight into the etiology 
of the pulmonary hypertension. For example, central cyanosis and clubbing 

may suggest an intracardiac shunt and Eisenmenger physiology. Sclerodactyly, 
digital ischemia (see Fig. 251-4), telangiectasias (see Fig. 164-2), arthritis, 
Raynaud phenomenon (see Fig. 72-7), and rashes may increase the suspicion 
of an underlying connective tissue disease. Splenomegaly, spider angioma, 
palmar erythema (see Fig. 137-2), icterus (see Fig. 137-1), and caput medusae 
may suggest portal hypertension as an etiology. Signs of left-sided heart disease, 
such as pulmonary congestion, left-sided third heart sound, or findings of 
mitral or aortic valve disease on auscultation, may signify pulmonary hyper-
tension as a result of left-sided heart disease. Fine rales, accessory muscle use, 
wheezing, protracted expiration, and productive cough may denote group 3 
pulmonary hypertension as a result of hypoxic lung disease. Pulmonary vascular 
bruits suggest chronic thromboembolic pulmonary hypertension.

 DIAGNOSIS
Initial assessments include an electrocardiogram and chest radiograph.5 The 
electrocardiogram may show right axis deviation, right ventricular enlargement, 
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may suggest an intracardiac shunt and Eisenmenger physiology. Sclerodactyly, 
digital ischemia (see Fig. 251-4), telangiectasias (see Fig. 164-2), arthritis, 
Raynaud phenomenon (see Fig. 72-7), and rashes may increase the suspicion 
of an underlying connective tissue disease. Splenomegaly, spider angioma, 
palmar erythema (see Fig. 137-2), icterus (see Fig. 137-1), and caput medusae 
may suggest portal hypertension as an etiology. Signs of left-sided heart disease, 
such as pulmonary congestion, left-sided third heart sound, or findings of 
mitral or aortic valve disease on auscultation, may signify pulmonary hyper-
tension as a result of left-sided heart disease. Fine rales, accessory muscle use, 
wheezing, protracted expiration, and productive cough may denote group 3 
pulmonary hypertension as a result of hypoxic lung disease. Pulmonary vascular 
bruits suggest chronic thromboembolic pulmonary hypertension.

 DIAGNOSIS
Initial assessments include an electrocardiogram and chest radiograph.5 The 
electrocardiogram may show right axis deviation, right ventricular enlargement, 

right atrial enlargement, and ST and T wave changes across the anterior pre-
cordium that reflect right ventricular strain (Fig. 75-1). The chest radiograph 
may demonstrate enlarged proximal pulmonary arteries (see Fig. 50-4) with 
peripheral tapering or pruning of the pulmonary vasculature (Fig. 75-2A). 
The lateral radiograph may reveal the reduction in retrosternal air space as a 
result of right ventricular enlargement (Fig. 75-2B).

If, on the basis of history, physical examination, electrocardiogram, and 
chest radiograph, there is a reasonable suspicion for pulmonary hypertension, 
a series of diagnostic evaluations should follow (Fig. 75-3), usually beginning 
with an echocardiogram and with further testing guided by the patient’s subtype. 
The echocardiogram gives insight not only into the presence of pulmonary 
hypertension but also into the presence of common disorders of the left side 
of the heart that may result in pulmonary hypertension. Two-dimensional 
echocardiographic findings reflective of elevated pulmonary artery pressures 
include right atrial enlargement, right ventricular enlargement, flattening of 
the intraventricular septum, and underfilled left ventricle (Fig. 75-4). The 
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FIGURE 75-1. Electrocardiogram demonstrating sinus rhythm, right axis deviation, and right ventricular hypertrophy with a strain pattern. 
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FIGURE 75-2. Posterior-anterior (A) and lateral (B) chest radiographs demonstrating enlarged proximal pulmonary arteries and right ventricular enlargement. 
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FIGURE 75-3. Diagnostic algorithm. (adapted from Galie n, Humbert m, Vachiery Jl, et al. 2015 esC/ers guidelines for the diagnosis and treatment of pulmonary hypertension: the 
Joint task Force for the Diagnosis and treatment of Pulmonary Hypertension of the european society of Cardiology [esC] and the european respiratory society [ers]: endorsed by: 
association for european Paediatric and Congenital Cardiology [aePC], international society for Heart and lung transplantation [isHlt]. Eur Heart J. 2016;37:67-119.)

right ventricular systolic pressure may be estimated on the basis of the velocity 
of the tricuspid regurgitant jet by the modified Bernoulli equation (Chapter 
49) (Fig. 75-5), although a reliable estimate of right ventricular systolic pres-
sure is not always obtainable, and this measurement is prone to error, particularly 
in patients with parenchymal lung disease.

The echocardiogram is also useful to assess for left-sided heart causes of 
pulmonary hypertension, such as systolic dysfunction, diastolic dysfunction, 
and valvular heart disease. On occasion, a previously unknown congenital 
heart defect is discovered during this evaluation. In approximately 25% of 
patients, a previously trivial patent foramen ovale may shunt blood from the 

right atrium to the left atrium because of the high pulmonary vascular resis-
tance and thereby worsen systemic oxygenation.

In a patient with unexplained dyspnea and evidence of pulmonary hyperten-
sion on echocardiography, chronic thromboembolic pulmonary hypertension 
must be excluded.6 The study of choice for this assessment is the ventilation-
perfusion (V/Q) scan (see Fig. 74-6), which often shows multiple perfusion 
defects that are not matched on ventilation. Although spiral computed tomog-
raphy is excellent for the assessment of acute pulmonary embolus, it sometimes 
fails to detect surgically accessible chronic thromboembolic disease. If either 
of these studies detects an abnormality, further evaluation with pulmonary 

TREATMENT 
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FIGURE 75-4. Echocardiographic images of the heart. A, Four-chamber view. right atrial (ra) enlargement, right ventricular (rV) enlargement. the left atrium (la) and left ventricle 
(lV) are small and underfilled. B, short axis view. rV enlargement is present. Flattening of the intraventricular septum (iVs) results from pressure and volume overload of the rV. 

Modified Bernoulli Equation:
4 x (V)² + RAP = RVSP (PASP)

FIGURE 75-5. Calculation of estimated pulmonary artery pressure based on the velocity of the tricuspid regurgitant jet. raP = right atrial pressure; rVsP = right ventricular systolic 
pressure; PasP = pulmonary artery systolic pressure; V = tricuspid jet velocity (m/sec). 

angiography may be required to determine whether chronic thrombolic disease 
is the diagnosis and, if so, whether it is surgically accessible.

Pulmonary function tests in patients with pulmonary arterial hypertension 
may show mild restrictive disease and a mildly reduced diffusing capacity for 
carbon monoxide. Pulmonary function tests may disclose evidence of obstruc-
tive or restrictive lung disease; further evaluation with chest computed tomog-
raphy may be necessary. Polysomnography may be required to evaluate for 
obstructive sleep apnea (Chapter 377).

Recommended serologic testing, given the known associations, includes 
an antinuclear antibody test and HIV serology in addition to liver function 
tests to assess for chronic liver disease. A study of functional capacity, most 
commonly the 6-minute walk test, is useful to assess the severity of disease, 
to determine the potential need for oxygen, and to establish a baseline against 
which to assess subsequent changes in exercise capacity as a result of medical 
interventions. The high prevalence of pulmonary arterial hypertension in 
patients with scleroderma serves as an opportunity for screening of this high-
risk population with echocardiography to make an early diagnosis.7

If pulmonary arterial hypertension is suspected on the basis of the nonin-
vasive evaluation, the diagnosis must be confirmed with a right-sided heart 
catheterization that measures right atrial pressure, right ventricular pressure, 
pulmonary artery (systolic, diastolic, and mean) pressures, pulmonary arterial 
wedge pressure (reflective of left ventricular end-diastolic pressure or left atrial 
pressure), cardiac output and index, heart rate, systemic blood pressure, and 
oxygen saturations in the superior vena cava, inferior vena cava, pulmonary 
artery, and a systemic artery. From this information, pulmonary vascular resis-
tance and systemic vascular resistance may be calculated, right ventricular 
performance can be ensured, and an intracardiac or intrapulmonary shunt 
can be confirmed or excluded.

Measurement of the wedge pressure, a surrogate for left atrial pressure in 
the absence of pulmonary vein obstruction, is useful to exclude pulmonary 

hypertension caused by left-sided heart disease or, in rare cases, pulmonary 
veno-occlusive disease. If an optimal wedge pressure tracing cannot be obtained, 
or if there is any question about the accuracy of the wedge pressure tracing, 
a left ventricular end-diastolic pressure should be obtained. At the time of the 
initial right-sided heart catheterization, acute vasodilator testing is recom-
mended in patients with idiopathic pulmonary arterial hypertension and may 
be considered in patients with other subtypes, not only for its prognostic 
implications but also to identify patients who might be candidates for therapy 
with calcium-channel blockers.

The three agents most commonly used for acute vasodilator testing in the 
cardiac catheterization laboratory are inhaled nitric oxide, intravenous epo-
prostenol, and intravenous adenosine. A positive response to an acute vaso-
dilator is a decrease in mean pulmonary artery pressure by at least 10 mm Hg 
to a mean pulmonary artery pressure of less than 40 mm Hg, without a decrease 
in cardiac output. If a patient meets these criteria, it is reasonable to administer 
a trial of oral calcium-channel blockers.

TREATMENT 

General Measures
Basic counseling and education are important components in the care of 

patients with pulmonary arterial hypertension. Patients are encouraged to 
engage in low-level graded aerobic exercise, such as walking, as tolerated, 
and to enroll in an intensive pulmonary rehabilitation program, which can 
improve hemodynamic metrics and exercise tolerance. A1  Patients should 
avoid heavy physical exertion or isometric exercise, both of which may 
provoke exertional syncope. Exposure to high altitudes may contribute 
to hypoxic pulmonary vasoconstriction and may not be well tolerated. A 
sodium-restricted diet (<2400 mg/day) is advised and is particularly impor-
tant to manage volume status in patients with right ventricular failure. Routine 
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immunizations, such as those against influenza and pneumococcal pneumo-
nia (Chapter 15), are advised. Because hypoxia is a potent pulmonary vaso-
constrictor, supplemental oxygen is recommended to maintain saturations 
above 92% at rest, with exertion, and during sleep. In patients with intracar-
diac shunting and Eisenmenger physiology (Chapter 61), this goal may not be  
possible.

Women with pulmonary arterial hypertension have been advised to avoid 
pregnancy because the hemodynamic fluctuations of pregnancy, labor, delivery, 
and the postpartum period are potentially life-threatening. Current guidelines 
continue to recommend that pregnancy be avoided or terminated early in 
women with pulmonary arterial hypertension, although referral to a specialized 
center can be considered before termination. Women of childbearing potential 
should be counseled on contraception options at the time of diagnosis.

Background Therapy
Diuretics (e.g., furosemide, initiated at 20 mg and titrated as needed; Table 

108-6) are indicated to manage right ventricular volume overload; serum elec-
trolytes and renal function must be closely monitored. The use of anticoagulation 
in patients with idiopathic pulmonary arterial hypertension remains controversial, 
without adequate prospective data to support improved outcomes.

Medical Therapy
Medical therapy for pulmonary arterial hypertension8 is based on a careful 

assessment of risks and benefits (Table 75-2), as well as considerable data on 
agents that target known pathobiologic derangements (Fig. 75-6).9

It is important to consider prognosis and risk assessment when determining 
appropriate therapy. The factors considered for risk assessment in the 2015 
ESC guidelines (Table 75-2) have been validated in recently published registry 
populations.

Calcium-Channel Blockers
Approximately 7% of adult patients with idiopathic pulmonary arterial 

hypertension have a favorable response to acute vasodilator testing and an 
excellent prognosis with calcium-channel blockers. Long-acting nifedipine (90 
to 180 mg daily), diltiazem (360 to 720 mg daily), and amlodipine (10 to 20 mg 
daily) are the most commonly used calcium-channel blockers. Because of its 
potential negative inotropic effects, verapamil should be avoided. Patients must 
be observed closely for both the safety and efficacy of this therapy. If a patient 
who meets the definition of an acute response does not improve to WHO 
functional class I or II with calcium-channel blocker therapy, the patient should 
not be considered a chronic responder; alternative or additional pulmonary 
arterial hypertension–specific therapy should be instituted.

targeted therapies
In clinical trials, intravenous epoprostenol improves functional class, exercise 

endurance, hemodynamics, and survival in patients with idiopathic pulmonary 

TABLE 75-2 RISK ASSESSMENT IN PULMONARY ARTERIAL HYPERTENSION
DETERMINANTS OF PROGNOSIS* 
(ESTIMATED 1-YEAR MORTALITY) LOW RISK <5% INTERMEDIATE RISK 5-10% HIGH RISK >10%
Clinical signs of right heart failure Absent Absent Present
Progression of symptoms No Slow Rapid
Syncope No Occasional syncope† Repeated syncope‡

WHO functional class I, II III IV
6MWD >440 m 165-440 m <165 m
Cardiopulmonary exercise testing Peak VO2 > 15 mL/min/kg 

(>65% pred.)
VE/VCO2 slope < 36

Peak VO2 > 11-15 mL/min/kg 
(35-65% pred.)

VE/VCO2 slope 36-44.9

Peak VO2 > 11 mL/min/kg (<35% pred.)
VE/VCO2 slope > 45

NT-proBNP plasma levels BNP < 50 ng/L
NT-proBNP < 300 ng/L

BNP 50-300 ng/L
NT-proBNP 300-1400 ng/L

BNP > 300 ng/L
NT-proBNP < 300 ng/L

Imaging (echocardiography, CMR imaging) RA area < 18 cm2

No pericardial effusion
RA area 18-26 cm2

No or minimal pericardial effusion
RA area > 26 cm2

Pericardial effusion
Hemodynamics RAP < 8 mm Hg

CI ≥ 2.5 L/min/m2

SvO2 > 65%

RAP 8-14 mm Hg
CI 2.0-2.4 L/min/m2

SvO2 60-65%

RAP > 14 mm Hg
CI < 2.0 L/min/m2

SvO2 < 60%
6MWD = 6-minute walking distance; BNP = brain natriuretic peptide; CI = cardiac index; CMR = cardiac magnetic resonance; NT-proBNP = N-terminal pro-brain natriuretic peptide; pred. = predicted; RA = 
right atrium; RAP = right atrial pressure; SvO2 = mixed venous oxygen saturation; VE/VCO2 = ventilatory equivalents for carbon dioxide; VO2 = oxygen consumption; WHO = World Health Organization.
*Most of the proposed variables and cut-off values are based on expert opinion. They may provide prognostic information and may be used to guide therapeutic decisions, but application to individual patients 
must be done carefully. Most of these factors have been validated primarily for idiopathic pulmonary arterial hypertension, and the cut-off levels used above may not necessarily apply to other forms of 
pulmonary arterial hypertension. Furthermore, the use of approved therapies and their influence on the variables should be considered in the evaluation of the risk.
†Occasional syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient.
‡Repeated episodes of syncope, even with little or regular physical activity.
Adapted from Galie N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS guidelines for the diagnosis and treatment of pulmonary hypertension: the Joint Task Force for the Diagnosis and Treatment of 
Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS): endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), 
International Society for Heart and Lung Transplantation (ISHLT). Eur Heart J. 2016;37:67-119.

arterial hypertension, and it also improves exercise tolerance and hemodynamics 
in patients with pulmonary arterial hypertension related to the scleroderma 
spectrum of diseases. Uncontrolled studies have also reported favorable effects 
with intravenous epoprostenol in patients with numerous forms of associated 
pulmonary arterial hypertension. Epoprostenol must be delivered by continu-
ous intravenous infusion, commonly initiated in the hospital at a dose of 2 ng/
kg/minute, with the dose titrated up on the basis of symptoms of pulmo-
nary arterial hypertension and side effects of the therapy. Each patient must 
learn the techniques of sterile preparation of the medication, operation of the 
ambulatory infusion pump, and care of the central venous catheter. Although 
dosing must be highly individualized, maintenance doses in the range of 25 
to 40 ng/kg/minute are typically needed for patients receiving monotherapy. 
Common side effects include headache, jaw pain, flushing, nausea, diarrhea, 
rash, and musculoskeletal pain. Infections and infusion interruption can be  
life-threatening.

Subcutaneous treprostinil can provide a modest but statistically significant 
improvement in exercise tolerance. The main limitation of this therapy is pain 
and erythema at the site of the subcutaneous infusion, a complication that 
occurs in 85% of patients. Treprostinil may also be delivered as a continuous 
intravenous infusion. Oral treprostinil (starting at 0.25 mg with meals two to 
three times daily and increased to as high as 12 mg two to three times daily 
as tolerated) also is modestly effective as monotherapy. A2  For subcutaneous or 
oral therapy, other prostanoid-type side effects, including headache, diarrhea, 
rash, and nausea, also occur. Subcutaneous treprostinil is often started in the 
home, with the dose titrated up on the basis of symptoms of pulmonary arterial 
hypertension and drug side effects. Treprostinil is less potent than epopros-
tenol, and higher doses are required to achieve the desired efficacy. Inhaled 
treprostinil four times daily and inhaled iloprost six to nine times daily also are 
effective for improving exercise capacity. However, cough is an additional side 
effect with this method of administration.

Another option is selexipag, which is a selective prostacyclin-receptor agonist, 
at a maximum dose of 1600 µg orally twice daily. In a randomized trial, selexipag 
significantly reduced the risk of the composite end point of death from any 
cause or a complication related to pulmonary arterial hypertension, although 
it did not significantly reduce mortality. A3 

The endothelin receptor antagonist bosentan (initiated orally at 62.5 mg 
twice daily and titrated up to 125 mg twice daily after 1 month) improves 
hemodynamics, exercise capacity, and the clinical course of pulmonary arterial 
hypertension. A4  Liver enzymes must be monitored on a monthly basis; the 
dose should be reduced if liver enzymes rise to more than three to five times 
the upper limits of normal and discontinued if they rise to five times the upper 
limit of normal. Ambrisentan (administered orally at doses of either 5 mg or 
10 mg once daily) has similar benefits. A5  Other side effects include lower extrem-
ity edema, headache, and nasal congestion. Macitentan, a dual endothelin-
receptor antagonist, significantly reduces the composite end point of death, 
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FIGURE 75-6. Pulmonary hypertension evidence-based treatment algorithm. i.v. = intravenous; s.c. = subcutaneous; WHo = World Health organization. (modified from Galie n, 
Corris Pa, Frost a, et al. updated treatment algorithm of pulmonary arterial hypertension. J Am Coll Cardiol. 2013;62:D60-D72.)

atrial septostomy, lung transplantation, initiation of treatment with parenteral 
prostanoids, or worsening pulmonary arterial hypertension by 30% when it is 
given as 3 mg daily and by 46% if it is given as 10 mg daily. A6  The most frequent 
adverse events are headache, nasopharyngitis, and anemia, without any increased 
rate of peripheral edema or elevated liver enzymes.

The phosphodiesterase type 5 antagonists sildenafil and tadalafil are effec-
tive and useful for pulmonary arterial hypertension. A7  Sildenafil is approved at 
a dose of 20 mg three times daily and tadalafil at a dose of 40 mg once daily. 
The most common side effects of the inhibitors are headache, flushing, dys-
pepsia, and epistaxis.

Riociguat is a first in class soluble guanylate cyclase stimulator, which directly 
stimulates soluble guanylate cyclase independent of nitric oxide and increases 
the sensitivity of soluble guanylate cyclase to nitric oxide. In a randomized 
controlled trial that included some patients who previously had been treated 
with endothelin receptor antagonists or nonparenteral prostanoids, riociguat 
(at a dose of 1.0 mg up to 2.5 mg three times daily) significantly improved the 
primary end point of 6-minute walking distance as well as pulmonary vascular 
resistance, brain natriuretic peptide levels, functional class, and time to clinical 
worsening. A8  The most common adverse events included headache, dyspepsia, 
peripheral edema, and hypotension. Riociguat should not be used concurrently 
with phosphodiesterase type 5 inhibitors.

Many patients benefit from combination therapy. A9  For example, tadalafil 
plus ambrisentan is more effective than either drug alone. A10 

Invasive Therapies
Despite advances in medical therapies for pulmonary arterial hypertension, 

many patients experience progressive functional decline, largely related to 
worsening right-sided heart failure. In carefully selected patients, atrial septos-
tomy may improve symptoms. Atrial septostomy creates a right-to-left interatrial 
shunt, thereby decreasing right-sided heart filling pressures and improving 
right-sided heart function and left-sided heart filling. Although the right-to-left 
shunting decreases systemic arterial oxygen saturation, it is anticipated that 
the improvement in cardiac output will result in overall augmentation in sys-
temic oxygen delivery. Contraindications to performing atrial septostomy include 
severe right ventricular failure on cardiorespiratory support, mean right atrial 
pressure of more than 20 mm Hg, pulmonary vascular resistance index of more 
than 55 U/m2, resting oxygen saturation of less than 90% on room air, and left 
ventricular end-diastolic pressure of more than 18 mm Hg. Because of the high 
morbidity and mortality associated with this procedure, it should be performed 
only by experienced operators in specialized centers.

Bilateral lung (Chapter 93) or heart-lung (Chapter 53) transplantation is 
the final option for selected patients with pulmonary arterial hypertension 
when medical therapy fails. The 1-, 3-, 5-, and 10-year survival rates are 66%, 
57%, 47%, and 27%, respectively, in patients with idiopathic pulmonary arte-
rial hypertension who undergo transplantation. Transplantation as a poten-
tial therapeutic option should be discussed with selected patients at the 
time of diagnosis, although timing of referral is challenging. The International 
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TABLE 75-3 SUGGESTED ASSESSMENT AND TIMING FOR THE FOLLOW-UP OF PATIENTS WITH PULMONARY ARTERIAL 
HYPERTENSION

AT BASELINE
EVERY 3-6 
MONTHS*

EVERY 6-12 
MONTHS*

3-6 MONTHS AFTER 
CHANGES IN THERAPY*

IN CASE OF CLINICAL 
WORSENING

Medical assessment and determination of functional class + + + + +

Electrocardiogram + + + + +

6MWT/Borg dyspnea score + + + + +

Cardiopulmonary exercise testing + + +||

Echocardiography + + + +

Basic laboratory tests† + + + + +

Extended laboratory tests‡ + + +

Blood gas analysis§ + + + +

Right heart catheterization + +¶ +|| +||

ALAT = alanine aminotransferase; ASAT = aspartate aminotransferase; BGA = blood gas analysis; BNP = brain natriuretic peptide; ERAs = endothelin receptor antagonists; FC = functional class; INR = 
international normalized ratio; lab = laboratory assessment; NT-proBNP = N-terminal pro-brain natriuretic peptide; RHC = right heart catheterization; TSH = thyroid stimulating hormone; 6MWT = 6-minute 
walking test.
*Intervals to be adjusted according to patient needs.
†Basic lab includes blood count, INR (in patients receiving vitamin K antagonists), serum creatinine, sodium, potassium, ASAT/ALAT (in patients receiving ERAs), bilirubin and BNP/NT-proBNP.
‡Extended lab includes TSH, troponin, uric acid, iron status (iron, ferritin, soluble transferrin receptor) and other variables according to individual patient needs.
§From arterial or arterialized capillary blood; may be replaced by peripheral oxygen saturation in stable patients or if BGA is not available.
||Should be considered.
¶Some centers perform RHCs at regular intervals during follow-up.
Adapted from Galie N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS guidelines for the diagnosis and treatment of pulmonary hypertension: the Joint Task Force for the Diagnosis and Treatment of 
Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS): endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), 
International Society for Heart and Lung Transplantation (ISHLT). Eur Heart J. 2016;37:67-119.

Society for Heart and Lung Transplantation recommends that patients with 
pulmonary arterial hypertension be referred for transplantation evaluation 
if they have persistent functional class III or IV symptoms despite treatment 
with pulmonary arterial hypertension–specific therapies, including pros-
tanoids. Patients who are otherwise good transplant candidates should be 
referred when they have an unacceptable response to medical therapies. In 
some instances, advanced circulatory support may be required as a bridge to  
transplantation.

Special Populations
Group 2: Pulmonary Venous Hypertension

No specific therapy is currently approved for the treatment of pulmonary 
venous hypertension that causes secondary pulmonary hypertension. Treat-
ment should focus on the treatment of the heart failure itself (Chapter 53), with 
the goal of lowering pulmonary venous pressure and, as a result, pulmonary 
arterial pressure as well.

Group 3: Primary lung Disease
For these disorders, treatment of underlying lung disease is indicated.

Group 4: Chronic thromboembolic Hypertension
For patients with chronic thromboembolic pulmonary hypertension and a 

significant clot burden, pulmonary endarterectomy (E-Fig. 75-2) is the treatment 
of choice and is a potentially curative procedure.10 Balloon pulmonary angio-
plasty is an option for patients who are not surgical candidates owing to distal 
disease.11 Riociguat (1.0 up to 2.5 mg three times daily) improves 6-minute 
walking distance, pulmonary vascular resistance, NT-pro–brain natriuretic peptide 
level, and functional class A11  in patients with either inoperable chronic throm-
boembolic pulmonary hypertension or persistent pulmonary hypertension after 
pulmonary endarterectomy. Warfarin anticoagulation is also recommended; 
whether new oral anticoagulants will be useful is not yet known.

Group 5: other Causes
Pulmonary hypertension also consists of several forms for which the etiology 

is unclear or multifactorial. Among these conditions are a number of hemato-
logic, systemic, and metabolic disorders (see Table 75-1). No treatments are of 
proven value.

Assessing Response to Therapy
Given the complexity of the disease, the variable response to therapy, and 

the goal of optimizing and individualizing care, patients with pulmonary arterial 
hypertension must be observed closely (Table 75-3). Consensus recommenda-
tions rely on the routine assessment of important prognostic indicators, such 
as WHO functional class, 6-minute walking distance, and echocardiographic 
and hemodynamic parameters (Table 75-2).

Collaborative Care
Due to the rare and complex nature of pulmonary arterial hypertension, 

optimal care requires collaboration among multiple disciplines. At Pulmonary 

Hypertension Expert Centers, this collaboration helps patients receive high-
quality specialty care for a rare disease while also coordinating with the patient’s 
local primary care doctor and specialists.

 PROGNOSIS
The natural history of symptomatic idiopathic pulmonary arterial hyperten-
sion is a median survival of 2.8 years with 1-, 3-, and 5-year survival rates of 
68%, 48%, and 34%, respectively. In the era of targeted therapies, survival has 
improved but remains suboptimal, with 1-, 2-, and 3-year survival of 86%, 
70%, and 55% for incident cases. Several clinical factors are correlated with 
prognosis (see Table 75-2). Patients who have better functional, echocardio-
graphic, and hemodynamic parameters or who improve on these parameters 
with treatment, no matter which specific therapy or approach is used, have 
a better prognosis than those who do not achieve these goals or who experi-
ence pulmonary-hypertension-related morbidities.12 For example, achieving a 
6-minute walk of more than 440 meters, functional class 1 or 2 symptoms, and 
a normal brain natriuretic peptide level is associated with excellent survival.13

Patients with pulmonary arterial hypertension related to the scleroderma 
spectrum of diseases tend to have a poorer prognosis than that of those with 
idiopathic pulmonary arterial hypertension, whereas patients with pulmonary 
arterial hypertension related to congenital heart disease tend to have a better 
prognosis, perhaps because they have better right ventricular function. The 
natural history of patients with groups 2, 3, and 4 pulmonary hypertension 
is influenced by their left-sided heart and lung disease. In most cases, the 
presence of pulmonary hypertension in addition to the underlying disease 
portends a poor prognosis.
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E-FIGURE 75-2. Chronic thromboembolic material endarterectomized from a patient. 
(image courtesy Dr. Jonathan Haft.)
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3. A 32-year-old woman is diagnosed with idiopathic pulmonary arterial 
hypertension. On presentation, she had dyspnea with minimal exertion, 
exertional lightheadedness, and evidence of right-sided heart failure with 
2+ lower extremity edema. Her right-sided heart catheterization revealed 
a mean pulmonary artery pressure of 60 mm Hg, right atrial pressure of 
21 mm Hg, pulmonary capillary wedge pressure of 7 mm Hg, and cardiac 
index of 1.8 L/min/m2. What is the most appropriate initial therapy for 
her?
 A. Macitentan
 B. Sildenafil
 C. Riociguat
 D. Intravenous epoprostenol
 E. Inhaled iloprost

Answer: D This patient has advanced symptoms (functional class IV), signs 
of right-sided heart failure, and hemodynamics that portend a poor prognosis. 
Intravenous epoprostenol is the only pulmonary arterial hypertension therapy 
that has a grade A recommendation for patients with functional class IV symp-
toms. The other agents may be appropriate therapy for patients with less 
advanced symptom.

4. Which of the following are accepted treatment goals for patients with pul-
monary arterial hypertension?
 A. Functional class I or II symptoms
 B. Cardiac index > 2.5 L/min/m2

 C. Nearly normal right ventricular function on imaging study
 D. Normal brain natriuretic peptide
 E. All of the above

Answer: E Treatment goals of pulmonary arterial hypertension have been 
established primarily from observational studies. Improving right ventricular 
function and consequently symptoms and exercise tolerance portends a better 
prognosis, regardless of which therapies have been used to obtain the goal. 
Patients with pulmonary arterial hypertension should be observed with reas-
sessment of symptoms, exercise tolerance, and right ventricular function on 
a periodic basis. Combination therapy may be required to achieve treatment 
goals.

REVIEW QUESTIONS

1. A 63-year-old man presents with a 3-year history of progressive dyspnea 
on exertion. He is now unable to walk more than 100 feet without becom-
ing dyspneic. On physical examination, he has a parasternal lift, a loud 
pulmonic component to the second heart sound, a tricuspid regurgitant 
murmur, a pulmonary vascular bruit, and 1+ lower extremity edema. His 
echocardiogram demonstrates normal left ventricular function, moderate 
right ventricular enlargement and dysfunction, and an estimated right 
ventricular systolic pressure of 75 mm Hg. Which is the most likely 
diagnosis?
 A. Heart failure with preserved ejection fraction
 B. Chronic thromboembolic pulmonary hypertension
 C. Sleep-disordered breathing
 D. Idiopathic pulmonary arterial hypertension
 E. Pulmonary arterial hypertension due to an atrial septal defect

Answer: B The presence of a pulmonary vascular bruit on physical examina-
tion is specific to chronic thromboembolic pulmonary hypertension. Pulmonary 
vascular bruits arise from turbulent flow through partially obstructed pulmonary 
arteries. A history of a prior acute pulmonary embolism is absent in about 
50% of patients who are diagnosed with chronic thromboembolic pulmonary 
hypertension.

2. A 35-year-old woman presents with a 1-year history of progressive dyspnea. 
She has been treated with bronchodilators but has not improved. She has 
symptoms of dyspnea and chest discomfort with modest exertion. Her 
physical examination reveals a right ventricular heave, a loud pulmonic 
component to her second heart sound, and a 2/6 tricuspid regurgitant 
murmur. Her electrocardiogram demonstrates right axis deviation. What 
is the most appropriate next study in her evaluation?
 A. Exercise treadmill test
 B. Echocardiogram
 C. Pulmonary function tests
 D. High-resolution chest computed tomography
 E. Right-sided heart catheterization

Answer: B This patient has typical symptoms of pulmonary hypertension, 
and her physical examination is consistent with that diagnosis. The most 
appropriate next study is an echocardiogram to assess the size and function 
of her right-sided heart chambers, to estimate her right ventricular systolic 
pressure, and to evaluate her for other potential cardiac abnormalities that 
may contribute to pulmonary hypertension. Although she has exertional chest 
discomfort, coronary artery disease is unlikely to be the cause on the basis of 
her age and the findings on physical examination. Further evaluation of paren-
chymal lung disease may be appropriate at some point, but on the basis of 
her symptoms and physical examination findings, pulmonary hypertension 
is more likely.
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76 
ANTITHROMBOTIC AND 
ANTIPLATELET THERAPY
SAM SCHULMAN AND GLENN N. LEVINE

Antithrombotic therapy suppresses the natural hemostatic mechanisms (Chapter 
162) and is effective for preventing and treating venous, cardiac, and arterial 
thromboembolism. A variety of medications are now available that interfere 
with different steps in coagulation and platelet activation, sometimes with 
synergistic effects. Randomized clinical trials have produced a substantial body 
of evidence-based literature to guide the use of antithrombotic therapy for a 
wide range of clinical conditions.

 ANTICOAGULANT AGENTS
Vitamin K Antagonists
For more than 60 years, vitamin K antagonists have been the only oral anti-
coagulants available for clinical use. Now, with the development of new 
oral agents that target single coagulation enzymes (see later), the situation 
is changing. Coumarins are vitamin K antagonists, of which warfarin is the 
most widely used. Coumarins inhibit a vitamin K reductase that catalyzes the 
reduction of 2,3-epoxide (vitamin K epoxide), thereby leading to the deple-
tion of vitamin KH2, which is required for the production of functionally 
active (γ-carboxylated) coagulation proteins (factors II [prothrombin], VII, 
IX, and X) and anticoagulant proteins (protein C and protein S) (Chapter 
166). Vitamin K1 in food sources can reverse these effects of coumarins because 
it is reduced to vitamin KH2 by a warfarin-insensitive vitamin K reductase  
(E-Fig. 76-1).

Warfarin is rapidly and almost completely absorbed from the gastrointestinal 
tract. It has a half-life of about 40 hours, a delayed onset of action (2 to 7 days, 
depending on dose), and a residual anticoagulant effect for up to 5 days after 
treatment is discontinued. The dose-response relationship of warfarin varies 
widely among individuals and is influenced by many factors, including age, 
body weight, liver disease, dietary vitamin K1, genetic factors, concomitant 
drug use, compliance of the patient, and inappropriate dosage adjustments. 
Of these factors, inappropriate dosage adjustment and improved compliance 
through patient education are the most readily correctable.

The effect of warfarin must be monitored closely to prevent overdosing or 
underdosing. Laboratory monitoring is performed by measuring the prothrom-
bin time and is reported as an international normalized ratio (INR). During 
initiation of warfarin therapy, the INR reflects primarily the depression of factor 
VII, which has a half-life of only 6 hours. The reliability of warfarin monitoring 
appears to be improved by using nomograms or computer-assisted algorithms. 
The convenience of monitoring is increased with a portable point-of-care instru-
ment. Pharmacogenetic-guided dosing of warfarin has been disappointing. A1 

Indications for Warfarin
Warfarin is effective in the primary and secondary prevention of systemic 
embolism in patients with atrial fibrillation (Chapter 58) with rheumatic mitral 
valve complicated by stenosis or by left atrial thrombus; with bioprosthetic 
or mechanical heart valves (Chapter 66); in the primary and secondary 

prevention of venous thromboembolism (VTE) (Chapter 74); in the preven-
tion of acute myocardial infarction in high-risk patients (Chapters 63 and 64); 
and in the prevention of stroke (Chapter 379), recurrent infarction, and death 
in patients with acute myocardial infarction (Chapter 64). A target INR of 
2.5 (range, 2.0 to 3.0) is recommended for almost all indications. An exception 
is a mechanical prosthetic heart valve in the mitral position, for which an INR 
of 3.0 (range, 2.5 to 3.5) is recommended.

Dosing and Monitoring
If a rapid anticoagulant effect is required, heparin and warfarin should be 
started at the same time and overlapped for at least 5 days. Warfarin is started 
with the estimated maintenance dose of about 5 mg/day, with the first INR 
measurement after 2 to 3 days, and patients usually reach an INR of 2.0 in 4 
or 5 days. If there is no increase of the INR after two or three doses, the daily 
dose should be progressively increased until an INR response is observed. In 
patients with a low risk for bleeding, warfarin may be started at a dose of 
10 mg and then adjusted according to daily INR results. Heparin treatment 
is discontinued when the INR has been in the therapeutic range for 2 days. 
The INR is then performed two or three times weekly for 1 to 2 weeks and 
then weekly up to a maximal interval of 4 weeks, depending on the stability 
of INR results, and more frequently when a new drug is added to the treat-
ment. Once the dose is stable, warfarin assessment up to every 12 weeks 
appears as safe and effective as every 4 weeks.

Adjustments to the dose when the INR drifts out of the therapeutic range 
should be gradual and based on the weekly dose (e.g., 10 to 20% changes in 
weekly dose). Patients should be encouraged to keep a log of their dose and 
their INR response, because the benefits of warfarin are linked to the amount 
of time that the INR is in the target therapeutic range.1

Adverse Effects
Warfarin-related bleeding is increased by the level of the INR. The risk for 
bleeding is also increased with concomitant aspirin use, in persons older than 
65 years, in those with a history of stroke or gastrointestinal bleeding, and in 
those with serious comorbid conditions. Elderly patients are more sensitive 
to warfarin, requiring lower doses to reach the therapeutic range, and have an 
increased tendency to bleed, including intracranially, even when their INR is 
in the therapeutic range (Chapter 21).

Warfarin-induced skin necrosis (Fig. 73-2) occurs in 1 in 5000 patients, more 
frequently in women, and affects mainly breasts, buttocks, and thighs.2 An 
imbalance between moderately reduced procoagulant factors and severely 
depressed natural inhibitors may cause this hypercoagulable state in patients 
with congenital deficiency of protein C or protein S (Chapter 73), deficiency 
of vitamin K, cancer, or heparin-induced thrombocytopenia with premature 
start of vitamin K antagonists (Chapter 163).

Reversing the Effect of Warfarin
The anticoagulant effect of warfarin can be reversed in one of three ways: by 
discontinuation of therapy, with the expectation that the INR will return to 
baseline in about 5 days; by administration of vitamin K1, with the expectation 
that the anticoagulant effect will be reduced in 6 hours and reversed in 24 
hours; and by infusion of fresh-frozen plasma (FFP), prothrombin complex 
concentrate, or recombinant coagulation factor VIIa (rFVIIa), which produce 
immediate reversal (Table 76-1).

Heparin and Low-Molecular-Weight Heparins
Heparin
Heparin binds to antithrombin (AT), thereby increasing the rate at which AT 
inactivates thrombin, activated factor X (factor Xa), and other coagulation 
enzymes. Heparin accelerates the inactivation of thrombin by AT by providing 
a template to which both the enzyme and the inhibitor bind to form a ternary 
complex (E-Fig. 76-2). In contrast, the inactivation of factor Xa by the AT-
heparin complex does not require ternary complex formation and is achieved 
by binding of the heparin-bound AT to factor Xa. Heparin binds to a number 
of plasma, platelet, and endothelial cell–derived proteins that compete with 
AT for heparin binding. Binding of heparin to plasma proteins contributes to 
the variability of its anticoagulant response, whereas binding to hepatic mac-
rophages is responsible for its dose-dependent clearance. Both properties 
contribute to the unpredictable anticoagulant effect of heparin and the need 
for laboratory monitoring. The plasma half-life is about 60 minutes at thera-
peutic concentrations.

Heparin is effective for the prevention and treatment of VTE, for the early 
treatment of patients with non-ST-elevation acute coronary symptom (ACS) 
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ABSTRACT
This chapter provides up-to-date information on the anticoagulant, fibrinolytic, 
and antiplatelet drugs currently used. The mechanism of action, pharmacology, 
and clinical use of the anticoagulants—vitamin K antagonists, unfractionated 
heparin, low-molecular-weight heparins, fondaparinux, bivalirudin, argatroban, 
dabigatran, rivaroxaban, apixaban, edoxaban, edoxaban, and betrixaban; the 
fibrinolytics—streptokinase, urokinase, alteplase, reteplase, and tenecteplase; 
and the antiplatelet agents—aspirin, clopidogrel, prasugrel, ticagrelor, cangrelor, 
dipyridamole, cilostazol, and vorapaxar are discussed. The clinical information 
is supported by references to recent systematic reviews and meta-analyses or 
to large clinical trial results. The evidence for the direct oral anticoagulants 
(DOACs) has expanded from stroke prophylaxis in atrial fibrillation (AF) 
and treatment of venous thromboembolism (VTE) to combinations with 
antiplatelet agents after percutaneous coronary interventions (PCI) with con-
comitant AF, for stable angina, peripheral arterial disease, and cancer-related 
VTE. Reversal agents for the DOACs are now becoming available and are 
also described. Suggestions for which DOAC to use, depending on the indica-
tion or concurrent risk factor, are presented in table form. Different regimens 
of dual antiplatelet therapy are described in the context of PCI, stent implanta-
tions in other arteries, acute coronary syndromes, and cerebrovascular diseases. 
Thus, this chapter provides a comprehensive overview of the class of drugs 
that reduce thrombus formation, whereas the specific clinical scenarios in 
which the agents are used are described in more detail in the disease-related 
chapters.
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E-FIGURE 76-1. Warfarin inhibits vitamin K epoxide reductase and leads to the intra-
cellular depletion (in the hepatocyte) of vitamin KH2. Vitamin Kh2 is required for the 
conversion (by γ-carboxylation) of functionally inactive to active coagulation proteins. 
the anticoagulant effect of warfarin can be reversed by vitamin K1 in food because it is 
reduced to vitamin Kh2 by a warfarin-insensitive vitamin K reductase. 
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E-FIGURE 76-2. Only one third of high-affinity pentasaccharide-containing heparin 
molecules and one fifth of pentasaccharide-containing low-molecular-weight heparin 
(LMWH) molecules activate antithrombin (AT). Virtually all of the high-affinity heparin 
molecules are large enough to bridge between At and factor iia (thrombin). in contrast, 
only 25 to 50% of lmWh molecules have a molecular weight (mW) of 5400 or more, and 
although these smaller molecules inactivate factor Xa, they do not inactivate factor iia. 
Although heparin has equal anti–factor iia and anti–factor Xa activities, lmWh has reduced 
anti–factor iia activity. 
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Low-Molecular-Weight Heparins
Low-molecular-weight heparins (LMWHs) are fragments produced by either 
chemical or enzymatic depolymerization of heparin. LMWHs are approximately 
one third the size of heparin (Table 76-2). Depolymerization of heparin changes 
the anticoagulant profile. As a result, LMWHs have less protein and cellular 
binding and, as a consequence, have a more predictable dose response, better 
bioavailability, and a longer plasma half-life than regular heparin. LMWHs 
can therefore be administered subcutaneously once daily without laboratory 
monitoring.

Compared with heparin, which has a ratio of anti–factor Xa to anti–factor 
IIa activity of approximately 1 : 1, the various commercial LMWHs have ratios 
of anti–factor Xa to anti–factor IIa varying between 4 : 1 and 2 : 1, depending 
on their molecular size distribution. LMWHs are cleared principally by the 
renal route and the half-life is 3 to 4 hours. They are associated with a lower 
incidence of heparin-induced thrombocytopenia and heparin-induced osteo-
porosis than is heparin.

LMWHs are effective in the prevention and treatment of VTE (Chapter 
74), in the treatment of patients with unstable angina and non–ST-elevation 
ACS (Chapter 63), and as an adjunct to fibrinolytic therapy in patients with 
acute ST-elevation MI (Chapter 64). They are also commonly used for the 
treatment and prophylaxis of cancer-associated VTE (Chapter 73), for which 
they are more effective than unfractionated heparin A2  and somewhat less effec-
tive but safer than direct-acting oral anticoagulants. A3 

Pentasaccharides
On the basis of knowledge of the AT-binding sequence on heparin, a penta-
saccharide, fondaparinux, with high affinity for AT has been synthesized. The 
structure of fondaparinux has been modified to increase its affinity to AT. 
Fondaparinux inactivates factor Xa through an AT-mediated mechanism. 
Because it is too short to bridge AT to thrombin, fondaparinux has no activity 
against thrombin.

After subcutaneous injection, fondaparinux is rapidly and completely 
absorbed and exhibits a bioavailability of 100%. The volume of distribution 
is similar to the blood volume. The drug is mainly excreted unchanged in the 
urine, with a terminal half-life of 17 hours in young volunteers and 21 hours 
in elderly volunteers.

Fondaparinux circulates extensively bound to AT with minimal binding to 
other plasma proteins. Limited experimental and clinical studies suggest that 
fondaparinux has a lower risk for heparin-induced thrombocytopenia than 
that of heparin or LMWH as well as a lower risk for bone loss and of local 
skin reactions. Fondaparinux is effective in the prevention and treatment of 
VTE A4  and is also effective and safe in the treatment of ACS.

Direct-Acting Oral Anticoagulants
The limitations of established anticoagulants have prompted the development 
of a variety of new anticoagulant agents that target various specific steps in 
the coagulation mechanism.

and ST-elevation myocardial infarction (MI), for patients who have cardiac 
surgery with cardiopulmonary bypass, for patients undergoing vascular surgery, 
and during and after coronary angioplasty and coronary stent placement.

The anticoagulant effects of heparin are usually monitored by the activated 
partial thromboplastin time (aPTT). A therapeutic effect is achieved when 
the aPTT ratio is equivalent to a heparin level of 0.3 to 0.7 anti–factor Xa 
units, which for many reagents is an aPTT ratio of 1.5 to 2.5. The risk for 
bleeding complications is increased with increasing heparin dosage, which in 
turn is related to the anticoagulant response. However, other clinical factors, 
such as recent surgery, trauma, and invasive procedures, are also important 
as predictors of bleeding during heparin treatment.

For the treatment of VTE, heparin is given as a bolus dose of 80 U/kg 
followed by 18 U/kg per hour by continuous infusion; the dose is adjusted 
according to the aPTT result at 6 hours by use of a validated nomogram. Lower 
doses (70 U/kg or 5000 U followed by 15 U/kg/h or 1000 U/hour) of heparin 
are used in patients with acute myocardial ischemia, who also receive aspirin 
and platelet glycoprotein IIb/IIIa complex (GPIIb-IIIa) antagonists or throm-
bolytic therapy.

The main complications of heparin are bleeding and heparin-induced throm-
bocytopenia.3 Less common complications are heparin-induced osteoporosis 
and hyperkalemia. Heparin-related bleeding is dose related, and the risk is 
increased in patients who undergo an invasive procedure and if heparin is used 
in combination with a platelet GPIIb-IIIa antagonist or a thrombolytic agent.

If heparin-induced thrombocytopenia (Chapter 163) is suspected on clinical 
grounds and anticoagulant treatment is indicated, heparin should be stopped 
and replaced with a thrombin inhibitor: hirudin (lepirudin), argatroban, or 
danaparoid. Warfarin should not be used alone to treat acute heparin-induced 
thrombocytopenia because it can aggravate the thrombotic process, but it is 
safe in combination with a thrombin inhibitor after the platelet count has 
risen above 100 × 109/L.

TABLE 76-1 RECOMMENDED MANAGEMENT OF ELEVATED 
INR WITH OR WITHOUT BLEEDING IN PATIENTS 
TREATED WITH WARFARIN

INR BLEEDING WARFARIN VITAMIN K1

FFP/4F-PCC 
(Kcentra)/rFVIIa

<5.0 Negligible Hold 1 dose or 
reduce dose

No No

5.0-9.9 Negligible Hold 1-2 doses Generally no* No
≥10 Negligible Hold 2.5-5 mg PO No
Any Serious or life 

threatening
Hold 10 mg IV† and 

repeat PRN
Yes

*1-2.5 mg PO for patients at increased risk for bleeding.
†Intravenous (IV) infusion should be given slowly.
FFP = fresh-frozen plasma; INR = international normalized ratio; 4F-PCC = four factor 
prothrombin complex concentrate; PO = orally; PRN = as needed; rFVIIa, recombinant factor VIIa.

TABLE 76-2 ANTICOAGULANT PROFILES, MOLECULAR WEIGHTS, PLASMA HALF-LIVES, AND RECOMMENDED DOSES OF 
COMMERCIAL LOW-MOLECULAR-WEIGHT HEPARINS AND HEPARINOID

AGENT
ANTI-Xa/ANTI-IIa 

RATIO
MOLECULAR 

WEIGHT

PLASMA 
HALF-LIFE 

(min)

RECOMMENDED DOSE (INTERNATIONAL ANTI-XA UNITS)**

GENERAL SURGERY 
PROPHYLAXIS

ORTHOPEDIC SURGERY 
PROPHYLAXIS ACUTE TREATMENT

Enoxaparin 2.7 : 1 4500 129-180 4000 U SC daily 4000 U SC daily or 3000 U SC bid 7000 U SC bid*† or 10,500 U SC daily*
Dalteparin 2 : 1 5000 119-139 5000 U SC daily 2500 U SC bid or 5000 U SC daily 8400 U SC bid*† or 14,000 U SC daily*
Nadroparin 3.2 : 1 4500 132-162 2850 U SC daily 2700 U SC daily,* 4000 U SC daily* 

from day 4
13,300 U SC daily*

Tinzaparin 1.9 : 1 4500 111 3500 U SC daily 3500 U SC daily* or 4500 U SC daily* 12,250 U daily*
Ardeparin 2 : 1 6000 200 50 U/kg SC bid
Danaparoid‡ 20 : 1 6500 1100 750 U SC bid 750 U SC bid 2500 U IV, then 4 hr each of 400 U/hr 

and 300 U/hr, then 200 U/hr; or 
2000 U SC bid

*Weight-adjusted dose; stated dose for 70-kg patient.
†The higher daily dose is for acute coronary syndromes; the lower dose is for deep vein thrombosis.
‡Danaparoid sodium is a heparinoid.
**Dosing of low-molecular-weight heparins and heparinoid is based on international units (IU or U), representing anti-Xa activity. In the case of enoxaparin only, the conversion of U to mg is simple: 1 mg 
inhibits 100 anti-Xa units, so dosing of enoxaparin can be prescribed as either 1 mg or 100 U, for example.
IV = intravenously; SC = subcutaneously.
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and safety. In patients with ACS, rivaroxaban, when added to standard anti-
platelet therapy, reduces the risk for thromboembolic events at the cost of 
increased bleeding. In patients with stable coronary artery disease or peripheral 
arterial disease, the addition of a low dose of rivaroxaban (2.5 mg twice daily) 
to aspirin reduces mortality, ischemic stroke, and limb amputations at the 
cost of increased bleeding. A5  In the treatment of VTE, rivaroxaban has similar 
efficacy to vitamin K antagonists. For patients with pulmonary embolism, 
rivaroxaban reduces the risk for major bleeding. A6  For extended prophylaxis 
after VTE, rivaroxaban (at 10 mg or 20 mg once daily) is more effective than 
aspirin, with similar safety. A7 

Apixaban (2.5 mg twice daily) for prophylaxis against VTE after hip or 
knee arthroplasty has similar or better efficacy than LMWH and similar or 
lower risk for bleeding. In atrial fibrillation, apixaban (5 mg twice daily) reduces 
the risk for stroke and for major bleeding compared with warfarin, and it 
reduces the risk for stroke without any increase of major bleeding in com-
parison with aspirin. For patients with VTE, apixaban (5 mg twice daily) has 
similar benefit as warfarin but with a reduced risk for major bleeding. A8  In 
extended prophylaxis after VTE, apixaban (at 5 mg or 2.5 mg twice daily) is 
more effective than placebo with similar safety. A9 

Edoxaban (60 mg daily after initial LMWH) for patients with VTE has 
similar effect and risk for major bleeding as warfarin. A10  For patients with 
extensive pulmonary embolism, edoxaban appears to be more effective  
than warfarin. For patients with atrial fibrillation, edoxaban (60 mg daily) has 
similar risk for stroke and lower risk for major bleeding compared with war-
farin. A11  For cardioversion of patients with atrial fibrillation, edoxaban (60 mg 
per day) is as good as or slightly better than enoxaparin followed by warfarin 
for preventing stroke, a systemic embolic event, myocardial infarction, and 
cardiovascular mortality, but with a slightly higher risk of a major bleeding 
episode. A12 

Betrixaban (80 mg once daily for 35 to 42 days) for patients with acute 
medical illness reduces the risk for VTE with similar risk for major bleeding 
compared with 10 days of LMWH. A13 

Direct-Acting Oral Anticoagulant Overview
Dabigatran, rivaroxaban, apixaban, and edoxaban are associated with a relative 
risk reduction of 10% for death and approximately 50% for intracranial hem-
orrhage compared with warfarin (Table 76-4). Overall, these agents are as  
or more effective and safer than warfarin for preventing stroke or systemic 
embolism in patients with atrial fibrillation A14 ; for VTE these agents are prob-
ably no more effective than warfarin, but the risk of bleeding is somewhat 
lower. A15  It is difficult to claim that one direct-acting oral anticoagulant is 
better than another based solely on indirect comparisons, although some have 
been better studied in specific types of patients (Table 76-5).

In patients over age 75 years, these agents appear to be at least as effective 
as vitamin K antagonists: compared with warfarin, the direct oral factor Xa 
inhibitors apixaban and edoxaban have lower bleeding risks, rivaroxaban has 
similar bleeding risks, and dabigatran has higher risks for gastrointestinal 

Direct Thrombin Inhibitors
Direct thrombin inhibitors act independently of AT to inactivate both free 
thrombin and thrombin bound to fibrin. The direct thrombin inhibitors include 
hirudin, synthetic hirudin fragments (hirugen, lepirudin, and bivalirudin 
[Hirulog]), and low-molecular-weight inhibitors that react with the active 
site of thrombin (dabigatran and argatroban).

Bivalirudin is approved for use in coronary angioplasty (Chapter 65) and 
reduces the risk for major bleeding in comparison with heparin.4 Argatroban 
and lepirudin are approved in patients with heparin-induced thrombocytopenia 
(Chapter 163). Data comparing argatroban with hirudin in heparin-induced 
thrombocytopenia are too limited for conclusions to be drawn about their 
relative efficacy and safety. Argatroban is metabolized in the liver and can be 
used in patients with renal failure, whereas the other direct thrombin inhibi-
tors depend on elimination through renal excretion, and they may be used in 
patients with liver disease.

Dabigatran etexilate is administered orally and metabolized by ubiquitous 
esterases to dabigatran, a reversible, active-site thrombin inhibitor. The phar-
macokinetic characteristics of dabigatran and the oral factor Xa inhibitors are 
summarized in Table 76-3. Dabigatran etexilate has been approved in Europe 
and several other countries for prophylaxis against VTE after hip or knee 
arthroplasty (first dose, 110 mg; then 220 mg once daily; for patients older 
than 70 years or with creatinine clearance of 30 to 50 mL/minute, first dose 
75 mg and then 150 mg daily), and in the United States for hip arthroplasty 
(first dose, 110 mg; then 220 mg once daily, only if creatinine clearance is at 
least 30 mL/min. The effect is similar to that of enoxaparin (40 mg subcutane-
ously daily). Dabigatran (150 mg twice daily) is more effective than warfarin 
for stroke prophylaxis in atrial fibrillation, whereas a lower dose (110 mg 
twice daily) is equally effective with lower risk for major bleeding. Both doses 
result in fewer intracranial hemorrhages than warfarin.5 The 110-mg regimen 
has not been approved in the United States, but for patients with a calculated 
creatinine clearance of 15 to 30 mL/minute, the dose of 75 mg twice daily is 
available. In the treatment of VTE, dabigatran (150 mg twice daily) has com-
parable effect to warfarin and is at least as safe regarding bleeding. In terms 
of periprocedural bleeding, dabigatran and warfarin are equivalently safe, and 
dabigatran facilitates a shorter interruption of oral anticoagulation. Dabigatran 
can safely be continued during ablation therapy for atrial fibrillation.6

Direct Factor Xa Inhibitors
A number of orally available low-molecular-weight active site-directed factor 
Xa inhibitors have been designed (rivaroxaban, apixaban, betrixaban, edoxa-
ban). Unlike heparins and pentasaccharide, direct inhibitors inactivate factor 
Xa without the need for AT as a cofactor.

Rivaroxaban, an oxazolidinone derivative (10 mg daily for 30 to 39 days), 
is more effective than enoxaparin in patients undergoing hip or knee arthro-
plasty but with a trend to more bleeding. For stroke prophylaxis in atrial 
fibrillation, rivaroxaban when compared with warfarin showed similar efficacy 

TABLE 76-3 PHARMACOKINETIC CHARACTERISTICS AND DRUG INTERACTIONS OF THE ORAL THROMBIN AND FACTOR XA 
INHIBITORS

AGENT AND 
DOSE*

BIOAVAILABILITY 
(%)

TIME TO PEAK 
PLASMA CONCEN-

TRATION (hr) PATHWAYS OF ELIMINATION

PLASMA 
HALF-LIFE 

(hr)

PLASMA 
PROTEIN 

BINDING (%)
MECHANISMS FOR DRUG 

INTERACTIONS
Dabigatran 6 2 80% renal excretion active 14-17 35 Induction or inhibition of P-gp
Rivaroxaban 80 2-3 1

3  renal excretion active
1

3  metabolized, renal excretion 
inactive1

3

 liver metabolism, fecal excretion

7-11 92-95 Induction or inhibition of P-gp
Induction or inhibition of CYP3A4

Apixaban 50 3 Renal and fecal excretion, oxidative 
metabolism

8-14 87 Induction or inhibition of P-gp
Induction or inhibition of CYP3A4

Edoxaban 50 1-2 1
3  renal excretion active, 2

3  fecal 
excretion

8-10 40-59 Induction or inhibition of P-gp

Betrixaban 34 3-4 Mainly bile to fecal, 15% renal 
excretion

19-27 60 Induction or inhibition of P-gp

P-gp = P-glycoprotein.
*For dabigatran, the dose is 75, 110, or 150 mg twice daily for treatment but 75 or 150 mg first dose then 150 or 220 mg daily for orthopedic surgery. For rivaroxaban the dose is 10 mg daily for VTE 
prophylaxis, 15 mg twice daily for three weeks for acute VTE, and otherwise 15 or 20 mg daily. For apixaban, the dose is 2.5 mg twice daily for prophylaxis for orthopedic surgery, 2.5 or 5 mg twice daily for 
atrial fibrillation; for VTE, it is 10 mg twice daily first week, then 5 mg twice daily; and for long-term prophylaxis, it is 2.5 mg twice daily. Edoxaban (60 mg daily) and betrixaban (80 mg once daily for 35 to 42 
days) also have 3 different dose levels for different situations. Furthermore, the dose recommendations differ between the U.S. and Europe.
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available fibrinolytic agents, streptokinase and urokinase are not fibrin specific; 
in contrast, recombinant tissue-type plasminogen activator (rt-PA, alteplase) 
and the rt-PA variant tenecteplase are relatively fibrin specific (Chapter 64).

Streptokinase is an indirect fibrinolytic agent. It binds to plasminogen, 
converting it into a plasmin-like molecule that in turn converts plasminogen 
to plasmin. Streptokinase has a number of disadvantages. It is antigenic, ren-
dering its repeated use problematic, and allergenic, producing chills, fever, 
and rigors in some patients and, in rare instances, anaphylaxis. Anistreplase 
(APSAC) is an acylated complex of streptokinase and Lys-plasminogen. Com-
pared with streptokinase, it is more fibrin specific, has a longer plasma half-life, 
and is inactive until it is selectively activated by deacylation on the fibrin 
surface. Its side-effect profile, antigenicity, and efficacy are similar to those of 
streptokinase.

Urokinase is a naturally occurring plasminogen activator that differs from 
streptokinase in that it directly activates plasminogen and is not antigenic. 
Urokinase was used extensively to treat peripheral vascular occlusions, but 
production problems have curtailed its availability.

In its natural state, tissue plasminogen activator is produced by vascular 
endothelium; rt-PA (alteplase) is produced by recombinant DNA technology. 
Alteplase is not antigenic or allergenic, and it has greater fibrin specificity than 
streptokinase. It has a short half-life of about 3.5 minutes and therefore is 
given as a continuous intravenous infusion.

Truncated forms of rt-PA have been developed; the first was reteplase (r-PA), 
a single-chain deletion mutant that lacks certain domains. As a result, its half-
life is about twice that of rt-PA, permitting double-bolus therapy 30 minutes 
apart. r-PA has lower affinity for fibrin than does rt-PA, but fibrinogen deple-
tion with r-PA is less than that with streptokinase. No antigenicity has been 
reported with this compound.

Tenecteplase (TNK-tPA) is a mutant tissue plasminogen activator with 
amino acid substitutions at three sites. Compared with rt-PA, it has a longer 
half-life, allowing single-bolus administration, increased fibrin specificity, and 
increased resistance to inhibition by plasminogen activator inhibitor 1.

Clinical Uses
Thrombolytic therapy reduces mortality in patients with ST-elevation myocardial 
infarction and those for whom primary percutaneous coronary intervention 
is unavailable (Chapter 65), as well as in patients with extensive pulmonary 
embolism and hypotension. Treatment with rt-PA intravenously within 3 
hours from onset of symptoms of ischemic stroke increases the likelihood 
of good functional outcome despite a small increase in the risk for intra-
cerebral hemorrhage.9 Thrombolysis can be justified for severe pulmonary 
embolism (Chapter 74) without contraindications, but thrombolysis in 
patients with moderate-risk pulmonary embolism does not improve outcomes 
despite better hemodynamics, because of increases in major bleeding and  
stroke. A18 

Antiplatelet Agents
Platelets play an essential role in the maintenance of hemostasis after tissue 
trauma. Vascular injury and exposure of the extracellular matrix initiate the 
processes of platelet adhesion, activation, and aggregation (Chapter 162). 
This evolutionarily advantageous process can, however, become pathological 
in the setting of atherosclerotic plaque rupture, fissure, or disruption (Chapter 
47). In such cases, arterial thrombosis restricts or completely inhibits arterial 
blood flow. Platelets and fibrin are the primary components of arterial thrombi, 

bleeding but lower risks for intracranial bleeding. A16  For cancer-associated 
VTE, edoxaban is as effective as subcutaneous dalteparin for the composite 
outcome of recurrent VTE or major bleeding (Chapter 73), with less recur-
rent VTE but somewhat more major bleeding. A17  None of the new oral anti-
coagulants have, however, demonstrated equivalent or superior efficacy and 
safety compared with traditional anticoagulants in thromboprophylaxis for 
patients with mechanical heart valves, and therefore their use in this setting 
is not recommended at this time.

Reversing the Effect of New Anticoagulants
The anticoagulant effect of dabigatran can be reversed immediately and com-
pletely by the specific antidote idarucizumab, which is an Fab fragment of a 
monoclonal antibody, given as a bolus dose of 5 g intravenously.7 By 12 hours 
after administration, idarucizumab is essentially eliminated from the circula-
tion, and dabigatran can be resumed at 24 hours with full effect.

Another antidote, andexanet alfa, is a decoy factor Xa molecule that has 
no enzymatic effect but binds stoichiometrically to all factor Xa inhibitors 
(including rivaroxaban, apixaban, edoxaban, fondaparinux, and LMWH), 
thereby immediately and completely reversing them. An initial intravenous 
bolus dose must be followed by an infusion over 2 hours.8 Doses depend on 
the direct oral anticoagulant used, its dose, and the time elapsed since it was 
last taken. Four-factor prothrombin complex concentrate at a dose of 2000 
units also appears useful to manage major bleeding in patients on direct oral 
Xa inhibitors.

Fibrinolytic Agents
Fibrinolytic agents convert plasminogen to the enzyme plasmin, which then 
degrades fibrin to soluble fragments, thereby lysing the thrombus. Of the 

TABLE 76-4 ABSOLUTE ANNUAL RISK REDUCTION* OF MAIN CLINICAL OUTCOMES WITH THE ORAL THROMBIN AND FACTOR 
XA INHIBITORS COMPARED WITH WARFARIN IN PATIENTS WITH ATRIAL FIBRILLATION

AGENT
ISCHEMIC 

STROKE (%)
ALL-CAUSE 

MORTALITY (%)
MAJOR 

BLEEDING (%)
INTRACRANIAL 
BLEEDING (%)

GASTROINTESTINAL 
BLEEDING (%)

Warfarin Reference Reference Reference Reference Reference
Dabigatran 110 mg +0.14 −0.38 −0.65 −0.26 +0.10

Dabigatran 150 mg −0.28 −0.47 −0.25 −0.28 +0.49

Rivaroxaban −0.08 −0.4 +0.2 −0.18 +0.61

Apixaban −0.08 −0.42 −0.96 −0.47 −0.10

Edoxaban 30 mg +0.52 −0.55 −1.82 −0.31 −0.41

Edoxaban 60 mg 0.0 −0.36 −0.68 −0.21 +0.28
*Positive numbers correspond to absolute increase in risk. Statistically significant differences are in bold.

TABLE 76-5 POTENTIAL USES OF ORAL THROMBIN AND 
FACTOR XA INHIBITORS

INDICATIONS/ISSUES DRUG BEST STUDIED
Once per day dosing Rivaroxaban, edoxaban
Age ≥80 years Dabigatran 110 mg, apixaban, rivaroxaban, 

edoxaban
Stable cardiovascular disease Rivaroxaban 2.5 mg twice daily
Intended electrocardioversion Rivaroxaban
Ablation for atrial fibrillation Dabigatran
Previous gastrointestinal bleeding Apixaban
History of stroke Apixaban, rivaroxaban
High stroke risk, low bleeding risk Dabigatran 150 mg
High stroke risk, high bleeding risk Dabigatran 110 mg, apixaban, or edoxaban
Percutaneous coronary intervention Rivaroxaban 15 mg once daily or 2.5 mg 

twice daily, dabigatran 110 mg
Concomitant coronary disease Rivaroxaban
Concomitant kidney disease Apixaban, rivaroxaban, edoxaban
Adapted from Verheugt FW, Granger CB. Oral anticoagulants for stroke prevention in atrial 
fibrillation: current status, special situations, and unmet needs. Lancet. 2015;386:303-310.
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saphenous vein bypass graft patency, particularly during the first postoperative 
year, and thus is recommended (Chapter 65).

Aspirin reduces the risk of VTE in high-risk primary prevention settings 
(e.g., orthopedic surgery) and for recurrent VTE, although for the latter the 
reduction is much less than those achieved with oral anticoagulant therapy, 
which is preferentially used in most settings. Aspirin (81 mg daily) also reduces 
the risk of developing colorectal cancer (Chapter 184).

In individuals with true aspirin allergy (e.g., urticaria, bronchospasm, ana-
phylaxis), aspirin desensitization or use of clopidogrel is recommended. Aspirin 
is a component of dual antiplatelet treatment therapy for the prevention of 
stent thrombosis, as discussed below.

P2Y12 Inhibitors and Dual Antiplatelet Agents
Mechanism of Action
The three currently used oral inhibitors of the platelet-stimulatory ADP recep-
tor, P2Y12, are clopidogrel, prasugrel, and ticagrelor. The recommended oral 
doses are clopidogrel 75 mg once daily, prasugrel 10 mg once daily, and ticagrelor 
90 mg twice daily.

Cangrelor is an intravenously administered option. Clopidogrel and prasugrel 
irreversibly bind to and block the platelet P2Y12 receptor, whereas ticagrelor 
and cangrelor reversibly bind to and block the receptor. By this mechanism, 
these agents prevent ADP-mediated platelet activation.

Pharmacology
Clopidogrel and prasugrel are metabolized in the liver to active metabolites, 
whereas ticagrelor is an active drug. Depending on the dose, clopidogrel achieves 
clinically adequate antiplatelet effects 2 to 6 hours after ingestion; prasugrel 
and ticagrelor begin to produce clinically relevant platelet inhibition approxi-
mately 30 to 60 minutes after ingestion. Compared with clopidogrel, prasugrel 
and ticagrelor produce a greater and more reliable degree of platelet inhibition. 
Drugs that strongly interact with the liver enzyme CYP3A4 can inhibit (e.g., 
ketoconazole, itraconazole, clarithromycin) or potentiate (e.g., rifampin, phe-
nytoin, phenobarbital) the effects of ticagrelor. For still unclear reasons, uses 
of higher doses of aspirin (>100 mg) decrease the clinical efficacy of ticagrelor; 
when both aspirin and ticagrelor are used. The daily dose of aspirin in this 
setting therefore should be 75 to 100 mg.

Clinical Uses
Clopidogrel is used for antiplatelet monotherapy in patients with true aspirin 
allergy and may occasionally be used in patients who are being treated with 
“double” therapy (oral anticoagulant therapy plus antiplatelet monotherapy) 
for both atrial fibrillation and a recent percutaneous coronary intervention 
(Chapter 65). More commonly, the P2Y12 inhibitors are used, along with aspirin, 
as part of dual antiplatelet therapy to decrease the risk of future spontaneous 
MI and stent thrombosis. Dual antiplatelet therapy is recommended for at 
least one year in patients who have survived an ACS, either non–ST-elevation 
ACS or ST-elevation MI (Chapters 63 and 64), for at least one month after 
implantation of a bare metal stent, and for at least six months after implanta-
tion of a coronary drug-eluting stent for stable ischemic heart disease or 12 
months after implantation of a coronary drug-eluting stent for ACS (Fig. 76-1). 
Dual antiplatelet therapy for several years leads to about a 1 to 3% absolute 
decrease in late stent thrombosis and ischemic complications at the expense 
of about a 1% absolute increase in bleeding complications. A22 

Dual antiplatelet therapy is also used for one to several months in patients 
undergoing stent implantation in other vascular beds (e.g., renal or carotid 
artery)16 but is not recommended in patients who have undergone transcatheter 
aortic valve replacement (Chapter 66). A23  Dual antiplatelet therapy for the 
first 12 months after coronary artery bypass surgery may improve vein graft 
patency, and its use for such purposes may be reasonable.

Dual antiplatelet therapy (with clopidogrel) may be considered for 21 days 
instead of aspirin monotherapy in patients after a minor ischemic stroke or tran-
sient ischemic attack and for 90 days after a recent stroke or transient ischemic 
attack owing to severe stenosis of a major intracranial artery. In patients who 
have atrial fibrillation, have had an ischemic stroke, and are unable to take oral 
anticoagulant therapy, dual antiplatelet therapy (with clopidogrel) decreases 
the risk of recurrent stroke compared with aspirin alone. By comparison, dual 
antiplatelet therapy provides no net benefit in patients who have stable coro-
nary artery disease without a history of percutaneous intervention therapy, 
ACS, or recent CABG, so such therapy is not recommended in these patients.

Prasugrel is associated with an increased risk of intracranial hemorrhage in 
patients with a history of stroke or transient ischemic attack, and its use in 
such patients is contraindicated. The bleeding risk with prasugrel is also increased 

so platelets have become a primary focus for the prevention and treatment of 
atherothrombosis.

Aspirin
Mechanism of Action
Aspirin permanently inactivates cyclooxygenase (COX) isoenzymes (COX-1 
and COX-2) that catalyze the conversion of arachidonic acid to prostaglandin 
H2, a precursor of a cell type-specific variety of eicosanoids, including throm-
boxane A2 in platelets. Thromboxane A2, which is normally released by platelets 
in response to stimuli (including ADP, thrombin, and collagen) in turn leads 
to further platelet activation, thereby amplifying the cascade of platelet activa-
tion and subsequent aggregation. A single dose of aspirin functionally inhibits 
thromboxane A2-mediated platelet activation for the 8- to 10-day lifespan of 
the circulating platelets exposed to it because it irreversibly binds to and inac-
tivates COX in cells that are incapable of synthesizing new protein in order 
to produce unbound COX.

Pharmacology
Aspirin, which is rapidly absorbed in the stomach and upper intestine, attains 
peak plasma levels about 30 minutes after ingestion; it has a half-life of approxi-
mately 15 minutes. Inhibition of platelet function is evident by 1 hour with 
uncoated aspirin but can be delayed after administration of enteric-coated 
aspirin. Therefore, if only enteric-coated tablets are available when a rapid 
effect is required, the tablets should be chewed.

Daily aspirin doses as low as 30 to 50 mg inactivate the platelet COX enzyme 
of all circulating platelets exposed to it and inhibit thromboxane production.10 
Clinically, doses of 75 to 100 mg daily provide anti-ischemic effects that are 
comparable to higher doses (≥300 daily),11 although some data suggest that 
a 100 mg daily dose may be inadequate in individuals who weigh more than 
70 kg.12

The primary side effect of aspirin is bleeding, particularly gastrointestinal 
(GI) bleeding. Lower doses of aspirin (75 to 100 mg daily) are associated 
with a lesser bleeding risk compared with higher doses, both during aspirin 
monotherapy and when aspirin is combined with a P2Y12 inhibitor as part of 
dual antiplatelet therapy.13 Factors associated with an increased risk of bleeding 
in addition to dual antiplatelet therapy include concomitant use of an oral 
anticoagulant, prior history of GI ulcers or bleeding, the presence of a coagu-
lopathy, chronic kidney disease, severe liver disease, uncontrolled hypertension, 
and thrombocytopenia.

Given the comparable ischemic protection and lower bleeding risks associ-
ated with lower aspirin doses (75 to 100 mg daily), most guidelines now 
recommend such doses for chronic therapy. In the United States, the most 
commonly prescribed dose is 81 mg daily.

Clinical Uses
The principal clinical uses of aspirin are for the acute treatment of non–ST-
elevation ACS and ST-elevation MI, the primary and secondary prevention 
of cardiovascular disease (e.g., MI [Chapters 63 and 64] and stroke [Chapter 
379]), and the prevention of stent thrombosis (Chapter 65) after implantation 
in the coronary or other arterial blood vessels.

Aspirin (81 mg daily) may be of moderate benefit when used to reduce 
the risk of a first cardiovascular event (nonfatal MI and stroke) in adults 
aged 50 to 69 years who are at increased cardiovascular disease risk (10-year 
CVD risk ≥10%).14 However, the increased risk of bleeding offsets any 
antithrombotic benefits in individuals without pre-existing cardiovascular  
disease, A19  even if they have diabetes, A20  such that aspirin actually increases 
all-cause mortality in the healthy elderly. A21 

In patients with suspected acute MI (non–ST-elevation ACS or ST-elevation 
MI), aspirin reduces the incidence of nonfatal reinfarction and vascular mor-
tality and thus early treatment of such patients is recommended.

In patients with stable ischemic heart disease (Chapter 62), aspirin use is 
associated with a 37% relative reduction in the risk of serious vascular events. 
In patients with a history of prior MI (Chapters 63 and 64), aspirin therapy 
for a mean duration of 27 months reduces the incidence of recurrent nonfatal 
MI by 18 per 1000 patients and vascular death by 14 per 1000 patients. Long-
term aspirin therapy is thus recommended in all patients with known symp-
tomatic coronary artery disease.15

Aspirin is recommended for the primary prevention of stroke (Chapter 
379) in patients with asymptomatic carotid artery disease. Antiplatelet therapy, 
including the option of aspirin monotherapy, is recommended in patients 
with noncardioembolic ischemic stroke or transient ischemic attack. Aspirin 
therapy after coronary artery bypass surgery (CABG; Chapter 65) improves 
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juice) or CYP2C19 (e.g., omeprazole), the dose should be reduced to 50 mg 
twice daily.

Clinical Uses
Dipyridamole alone exerts little clinically relevant antithrombotic effect, and 
the drug is used primarily in combination with aspirin for platelet inhibition 
and reduction in cardiovascular ischemic events. Combination therapy with 
aspirin and dipyridamole is at least as effective as aspirin alone for the second-
ary prevention of stroke, but is less well tolerated. In current clinical practice, 
dipyridamole is not used for the prevention of cardiac ischemic events. However, 
extended-release dipyridamole plus aspirin is an effective option for the sec-
ondary prevention of noncardioembolic ischemic stroke (Chapter 379). Because 
of its vasodilatory effects and potential for a “coronary steal” phenomenon, 
dipyridamole should be used with caution in patients with a recent ACS or 
severe coronary artery disease.

Cilostazol, presumably owing to its vasodilatory action, improves claudica-
tion symptoms and is recommended as an effective therapy to improve symp-
toms and increase walking distance in patients with claudication (Chapter 
71).18,19 Cilostazol is contraindicated in patients with heart failure.

Thrombin Receptor Antagonists
Mechanism of Action
Thrombin is a potent platelet activator that acts via the platelet protease-activated 
receptor (PAR). The thrombin receptor antagonist vorapaxar inhibits thrombin-
mediated platelet activation by binding to the platelet PAR-1 receptor.

Pharmacology
Vorapaxar is rapidly and almost completely absorbed in the gastrointestinal tract. 
Peak antiplatelet activity occurs within 1 to 2 hours. Vorapaxar is metabolized 
in the liver via the P450 (CYP) 3A4 enzyme. Vorapaxar should not be used 
concomitantly with drugs that are strong inhibitors or inducers of CYP3A4. 
Although vorapaxar reversibly inhibits the PAR-1 receptor, the drug’s long 
half-life makes it effectively irreversible. The dose of vorapaxar is 2.08 mg 
once daily.

in patients 75 years of age or older or less than 60 kg, so a different P2Y12 
inhibitor should be used in such patients.

Laboratory Monitoring of Aspirin and  
P2Y12 Inhibitor Therapy
The platelet inhibitory effects of aspirin or a P2Y12 blocker can be monitored 
in any given individual receiving such therapy by a variety of in vitro methods, 
including point-of-care blood testing. However, randomized trials have been 
unable to demonstrate that personalized antiplatelet therapy based on point-
of-care testing of platelet function is effective in reducing ischemic events.17

Phosphodiesterase Inhibitors
Mechanism of Action
Dipyridamole inhibits the enzyme phosphodiesterase-5 in platelets, thereby 
increasing intraplatelet cyclic AMP and cyclic GMP levels, and also blocks 
the uptake of adenosine, thereby inhibiting platelet aggregation. Dipyridamole 
also leads to increased vascular smooth muscle cell cyclic GMP levels and 
coronary artery vasodilation. Cilostazol is a phosphodiesterase-3 inhibitor 
that inhibits platelet activation and leads to smooth muscle cell relaxation.

Pharmacology
The absorption and bioavailability of dipyridamole is variable, and multiple 
formulations of the drug are commercially available. In current clinical practice, 
more extended- or sustained-release formulations of dipyridamole are used. 
Dipyridamole is metabolized in the liver, and it should be avoided in patients 
with severe hepatic or renal disease. An extended release combination dipyri-
damole (200 mg) and aspirin (25 mg), used for prevention of stroke, is taken 
twice daily.

Cilostazol is rapidly absorbed; its antiplatelet effects are observed as early 
as 3 hours after a dose and persist for up to 12 hours. Cilostazol is metabolized 
in the liver by hepatic cytochrome P-450 enzymes 3A4 and 2C19. The usual 
dose is 100 mg twice daily, taken at least half an hour before or two hours 
after breakfast and dinner. In patients concomitantly taking strong or moderate 
inhibitors of CYP3A4 (e.g., ketoconazole, eryrothmycin, diltiazem, grapefruit 
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FIGURE 76-1. Treatment algorithm for duration of P2Y12 inhibitor therapy in patients with CAD treated with DAPT. colors correspond to class of recommendation. clopidogrel 
is the only currently used p2y12 inhibitor studied in patients with Sihd undergoing pci. Aspirin therapy is almost always continued indefinitely in patients with cAd. patients with a 
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Clinical Uses
Concerns about bleeding complications have limited the development, approval, 
and incorporation of thrombin receptor antagonists into clinical practice. 
Vorapaxar has been studied only as an addition to aspirin and/or clopidogrel 
therapy, not as a sole antiplatelet agent. It is FDA approved for the reduction 
of future thrombotic cardiovascular events in patients with a history of MI 
(Chapters 63 and 64) or with peripheral arterial disease (Chapter 71).
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REVIEW QUESTIONS

1. Based on the half-life and onset of action of warfarin, which of the follow-
ing is the optimal management of this drug in the case of uncomplicated 
major surgery?
 A. Warfarin should be stopped 5 days before surgery and restarted as soon 

as the patient can take oral medications after surgery.
 B. Warfarin should be stopped 2 days before surgery and restarted as soon 

as the patient can take oral medications after surgery.
 C. Warfarin should be stopped 5 days before surgery and restarted at least 

5 days after surgery.
 D. Warfarin should be stopped 2 days before surgery and restarted at least 

5 days after surgery.
 E. Warfarin should be stopped 1 day before surgery and a dose of vitamin 

K given 1 day before surgery to reverse warfarin, which then is restarted 
as soon as the patient can take oral medications after surgery.

Answer: A With a half-life of 40 hours, warfarin has to be stopped 5 days 
before surgery to eliminate the anticoagulant effect. It takes 5 to 7 days for 
warfarin to achieve therapeutic anticoagulant effect, and thus it can be started 
very shortly after surgery provided that there is no bowel paralysis or active 
bleeding.

2. For a patient requiring treatment for pulmonary embolism but with a high 
risk for bleeding, for whom quick elimination of the anticoagulant effect 
if needed is desirable, which one of the heparins is preferable?
 A. Unfractionated heparin (as intravenous infusion)
 B. Fondaparinux
 C. Danaparoid
 D. Low-molecular-weight heparin
 E. No difference—they are all equivalent

Answer: A With a half-life of 1 hour at therapeutic concentration, unfraction-
ated heparin is the heparin that will be eliminated fastest. Low-molecular-weight 
heparins have half-lives of 2 to 3 hours, and fondaparinux and danaparoid 
about 20 hours.

3. For which one of the new oral anticoagulants would screening with a 
thrombin time analysis be sensitive to identify clinically important plasma 
concentrations of the drug?
 A. Dabigatran
 B. Rivaroxaban
 C. Apixaban
 D. Edoxaban
 E. All of the above

Answer: A Dabigatran is a direct thrombin inhibitor, for which a thrombin 
time is a sensitive test. The others are factor Xa inhibitors, for which thrombin 
time is not sensitive.

4. A 59-year-old male with hypertension and obesity is seen in the emergency 
department with subsequent chest pain. The ECG shows ST-elevations 
and sinus rhythm. How should aspirin best be given—dose and duration—to 
this patient?
 A. 81 mg chewable aspirin immediately and then daily for the rest of his 

life
 B. 325 mg chewable aspirin immediately and then daily for one year, after 

which the dose is reduced to 81 mg daily
 C. 325 mg chewable aspirin immediately and then 81 mg daily for 1 year
 D. 162 to 325 mg chewable aspirin immediately and then 162 mg daily 

for 1 year
 E. 162 to 325 mg chewable aspirin immediately and then 81 mg daily for 

the rest of his life
Answer: E For patients with non–ST-elevation ACS or ST-elevation MI 162 
to 325 mg chewable aspirin should be given immediately. Subsequently, an 
81-mg dose gives comparable ischemic protection but lower risk of bleeding 
compared with a dose of 162 to 325 mg and is therefore preferable for long-
term use.
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77 
APPROACH TO THE PATIENT WITH 
RESPIRATORY DISEASE
MONICA KRAFT

Respiratory symptoms, which are among the most common reasons why 
patients seek medical care, are responsible for approximately 20% of office 
visits to a primary care physician. In addition to a careful history, a systematic 
physical examination is critical for accurate diagnosis. Even in young adults, 
persistent respiratory symptoms are associated with a greater likelihood of 
developing chronic lung disease.1

A careful pulmonary examination complements the cardiac physical exami-
nation (Chapter 45). Inspection may reveal an elevated jugular pressure, 
indicative of right heart failure owing to cor pulmonale (Chapter 75). Cervical 
or supraclavicular adenopathy (Chapter 159) may be the first clue to suggest 
a thoracic malignancy (Chapter 182) or mycobacterial infection (Chapter 
308). Unilateral arm swelling can be caused by venous thrombosis (Chapter 
74), whereas venous engorgement of the head and neck can be caused by a 
tumor that results in superior vena cava syndrome (see Fig. 92-8 in Chapter 
92). On the cardiac examination, a loud pulmonic second heart sound is 
suggestive of pulmonary hypertension, which also can result in a murmur of 
tricuspid (see Table 45-7 in Chapter 45) or pulmonic valve insufficiency.

Inspection of the chest may show hyperinflation and reduced diaphragmatic 
excursion, typical of chronic obstructive pulmonary disease (COPD; Chapter 
82), chest wall abnormalities such as kyphoscoliosis (Chapter 92), or dia-
phragmatic muscle wall weakness as in many hypoventilation syndromes 
(Chapter 80). Percussion may reveal dullness in patients with pleural effusions 
or with lung that has been consolidated by pneumonia.

Auscultation of the lungs includes listening at both apices and over both 
upper and lower lobes, anteriorly and posteriorly, and during inspiration and 
respiration. Normal lung sounds are heard during inspiration and early expira-
tion as soft and non-musical sounds (Table 77-1).2 Bronchial breath sounds, 
which sound similar to but often somewhat harsher than normal lung sounds, 
are heard throughout expiration as well as inspiration, similar to what would 
be heard by placing a stethoscope over the trachea.

The term rales is no longer used and has been replaced by the term crackles. 
Fine crackles are non-musical and heard typically in late inspiration; they are 
most commonly a sign of heart failure (Chapter 52) or interstitial lung disease 
(Chapter 86). By comparison, coarse crackles, which unlike fine crackles tend 
to be transmitted through the mouth and cleared by coughing, are typical of 
bronchitis (Chapter 90) and COPD (Chapter 82). Wheezes are high-pitched, 
musical sounds heard during expiration and sometimes inspiration, most 
commonly in asthma (Chapter 81) and sometimes in COPD (Chapter 82). 
When these diseases are severe, however, the degree of airflow may be insuf-
ficient to produce wheezes. A rhonchus is a musical, low-pitched sound typically 
heard in expiration and sometimes during inspiration; it often resolves with 
coughing. Like coarse crackles, rhonchi are common in bronchitis (Chapter 

90) and COPD (Chapter 82). A pleural friction rub, which classically occurs 
during inspiration but sometimes also during expiration, is heard in patients 
with inflammatory diseases or malignancies involving the pleura (Chapters 
92 and 182). Stridor is a musical, high-pitched sound that may be audible 
without a stethoscope and that indicates upper airway obstruction, such as 
found with acute inflammatory or chronic degenerative diseases of the larynx 
(Chapter 401) or obstruction of the trachea, as may be caused by intrathoracic 
malignant diseases (Chapter 182). An absence of breath sounds would be 
noted if the lung is not ventilated because of a complete bronchial obstruction 
or if it is displaced by a pleural effusion.

Tactile fremitus, which is a vibratory sensation noted during breathing, is 
increased in patients who have consolidated lung from pneumonia, because 
the vibratory sensation conducts better through such lung tissue and is dimin-
ished in patients with pleural effusion. Egophony, by which a patient’s recitation 
of the long E sound is heard on auscultation as a long A sound, is another 
indication of consolidation typical of pneumonia.

Evaluation of the abdomen may show a readily palpable liver, sometimes 
mistaken for hepatomegaly, in patients with COPD and low diaphragm. Exami-
nation of the extremities may reveal cyanosis in patients who are hypoxemic, 
usually with a partial pressure of oxygen less than 55 mm Hg, although it 
also may be observed in patients with methemoglobinemia (Chapter 149). 
Clubbing (Chapter 45) is indicative of chronic hypoxemia, as seen in patients 
with chronic right-to-left-shunting from congenital heart disease (Chapter 
61) or other causes of long-standing hypoxemia (Chapters 82 and 86), but 
it also may be indicative of pleural-based diseases (Chapter 92) as part of 
the syndrome of hypertrophic pulmonary osteoarthropathy (Chapters 169  
and 259).

In patients with suspected hypoxemia, careful analyses of arterial blood 
gases can help determine its severity and guide therapy (Chapter 95). In patients 
in whom it is difficult to distinguish heart failure from a pulmonary cause of 
hypoxemia, an elevated brain natriuretic peptide level may point to a cardiac 
cause (Chapter 52). Chest imaging (Chapter 78) is a crucial part of the evalu-
ation of many potential pulmonary complaints, and pulmonary function testing 
(Chapter 79) can be extremely helpful in distinguishing among causes of 
acute and chronic lung disease.

Among the most common respiratory complaints are cough, wheezing, 
dyspnea, and hemoptysis. Each can and should be approached in a system-
atic way.

 APPROACH TO THE PATIENT WITH COUGH
Cough is the single most common respiratory complaint for which patients 
seek care. Referrals of patients with persistently troublesome chronic cough 
of unknown cause account for 10 to 38% of outpatient visits to respiratory 
specialists.

For acute cough, defined as coughing that has been present for less than 8 
weeks, a careful medical history and physical examination will usually reveal 
the diagnosis3 (Table 77-2). Although most acute coughs are of minor con-
sequence, cough can occasionally be a sign of a potentially life-threatening 
illness, such as pulmonary embolism (Chapter 74), pneumonia (Chapter 91), 
or heart failure (Chapter 52).

Up to 98% of all cases of chronic cough, defined as a cough that persists 
for more than 8 weeks, in immunocompetent adults are caused by eight common 
conditions: postnasal drip syndrome from a variety of rhinosinus conditions 
often termed the “upper airway cough syndrome” (UACS, asthma (Chapter 
81), gastroesophageal reflux disease (GERD) (Chapter 129), chronic bronchitis 
(Chapter 82), eosinophilic bronchitis, bronchiectasis (Chapter 84), use of 
angiotensin-converting enzyme (ACE) inhibitors, and postinfectious cough. 
Postinfectious cough is usually nonproductive and generally persists for 3 to 
8 weeks after an upper respiratory tract infection; patients have a normal chest 
radiograph. Environmental and occupational factors can also contribute to 
chronic cough and should be assessed.4 Cough can also be seen in athletes, 
which requires a different diagnostic approach.5 Uncommon causes of chronic 
cough include bronchogenic carcinoma (Chapter 182), chronic interstitial 
pneumonia (Chapter 86), sarcoidosis (Chapter 89), left ventricular failure 
(Chapter 52), and aspiration (Chapter 88).

 DIAGNOSIS
In chronic cough (Fig. 77-1), the character and timing are not of diagnostic 
help. A chest radiograph should be obtained in all patients, but other tests 
should not be ordered in current smokers or patients taking ACE inhibitors 
until the response to smoking cessation or discontinuation of the drug for 
at least 4 weeks can be assessed. Sinus radiographs, barium esophagography, 

TABLE 77-1 DIAGNOSTIC UTILITY OF LUNG AUSCULTATION
AUSCULTATORY FINDING CLINICAL CORRELATION
Bronchial breathing Pneumonia or interstitial lung disease
Fine crackle Heart failure, interstitial lung disease, 

alveolar filling disorders
Coarse crackle Bronchitis
Wheeze Asthma, COPD
Rhonchus Bronchitis, COPD
Stridor Upper-airway obstruction from laryngeal or 

tracheal inflammation, mass lesions, or 
external compression

Pleural friction rub Pleural inflammation or tumors
COPD = chronic obstructive pulmonary disease.

The specific cause of cough can be diagnosed and treated successfully 84 
to 98% of the time, so nonspecific therapy aimed to suppress the cough per 
se is rarely indicated.7 There is no strong evidence that nonspecific therapies 
such as antitussives, mucolytics, decongestants, or antihistamine-decongestant 
combinations are efficacious for acute cough in the setting of an upper respira-
tory tract infection. A1  For nonspecific persistent cough,8 effective treatment of 
chronic gastroesophageal reflux disease with a proton pump inhibitor (Chapter 
129)9 provides no more than modest benefit, with approximately one in five 
patients improving. Inhaled corticosteroids can reduce cough but should be 
used only after evaluation by chest radiography and often spirometry. A2  Dex-
tromethorphan and codeine-containing cough suppressants can reduce chronic 
cough by approximately 40%. In adults with refractory chronic cough without 
active respiratory disease or infection, gabapentin (up to a maximum daily 
dose of 1800 mg) or pregabalin (300 mg daily) significantly improves cough-
specific quality of life compared with placebo. A3  For chronic refractory cough 
despite comprehensive evaluation and opioid therapy, a combination of educa-
tion, speech and language intervention, which includes cough suppression 
techniques, and counseling can significantly reduce cough and its negative 
impact on quality of life. A4  Coughing can also be reduced by training patients 
to focus externally rather than internally.

 DIAGNOSIS
On pulmonary function testing, the shape of inspiratory and expiratory flow-
volume loops provide key information about the presence of airway obstruction 
and whether the obstruction is extrathoracic or intrathoracic (E-Fig. 77-1). An 
important cause of extrathoracic obstruction is vocal cord lesions (Chapter 181). 
Variable intrathoracic obstruction can be caused by tracheomalacia, whereas 
fixed upper airway obstruction can be caused by a proximal tracheal tumor.

TREATMENT 

 APPROACH TO THE PATIENT WITH DYSPNEA
Dyspnea is the sensation of difficult, labored, or unpleasant breathing. The 
word unpleasant is very important to this definition because the labored or 
difficult breathing encountered by healthy individuals while exercising does 
not qualify as dyspnea because it is at the level expected for the degree of 
exertion. The sensation of dyspnea is often poorly or vaguely described by 
the patient. The physiology of dyspnea remains unclear, but multiple neural 
pathways can be involved in processes that lead to dyspnea.

In acute dyspnea, or shortness of breath of sudden onset, the history, physical 
examination, and laboratory testing must first focus on potential life-threatening 
conditions, including pulmonary embolism (Chapter 74), pulmonary edema 
(Chapters 52 and 53), acute airway obstruction from anaphylaxis or foreign 
bodies, pneumothorax (Chapter 92), or pneumonia (Chapter 91). For chronic 
dyspnea, specific conditions to consider include COPD (Chapter 82), asthma 
(Chapter 81), interstitial lung disease (Chapter 86), heart failure (Chapter 
52), cardiomyopathy (Chapter 54), GERD (Chapter 129), other respiratory 
diseases, or hyperventilation syndrome (Table 77-5).10

 DIAGNOSIS
In addition to an appropriate history and physical examination, a chest radio-
graph, electrocardiogram (ECG), pulmonary function testing, and an exercise 
test with electrocardiographic monitoring and pulse oximetry at rest and during 
exercise are key tests to assess patients with unexplained dyspnea (Fig. 77-2). 
For acute dyspnea, B-type natriuretic peptide testing can be extremely helpful 
in distinguishing heart failure from other causes.11 The utility of more detailed 
pulmonary testing with maximal inspiratory and expiratory pressures, flow-
volume loops, with or without methacholine challenge (Chapter 79), com-
puted tomographic screening of the chest, and echocardiography depends on 
history and physical examination and the results of these tests. When GERD 
is a suspected cause of dyspnea, a modified barium esophagogram or 24-hour 
esophageal pH monitoring, or both, should be considered (Chapter 129). 
Other more invasive tests such as cardiac catheterization or lung biopsy may 
be indicated when the results of less invasive tests have not been conclusive.12
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ABSTRACT
Respiratory symptoms, which are among the most common reasons why 
patients seek medical care, are responsible for approximately 20% of office 
visits to a primary care physician. In addition to a careful history, a systematic 
physical examination is critical for accurate diagnosis and subsequent evalu-
ation. Among the most common respiratory complaints are cough, wheezing, 
dyspnea, and hemoptysis. Each can and should be approached in a systematic 
way. This chapter discusses the necessary history, differential diagnosis, and 
evaluation to determine a diagnosis and guide therapy for these very common 
complaints.
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TABLE 77-2 SPECTRUM OF CAUSES AND FREQUENCIES OF 
COUGH IN IMMUNOCOMPETENT ADULTS

COMMON LESS COMMON
ACUTE COUGH

Common cold Asthma exacerbation
Acute bacterial sinusitis Pneumonia
Pertussis Heart failure
Exacerbations of COPD Aspiration syndromes
Allergic rhinitis Pulmonary embolism
Environmental irritant rhinitis Exacerbation of bronchiectasis
SUBACUTE COUGH

Postinfectious cough
Pertussis
CHRONIC COUGH

Rhinosinus conditions/UACS Bronchiolitis
Asthma Occupational and environmental
Non-asthma eosinophilic bronchitis Aspiration

Bronchogenic carcinoma 
Bronchiectasis Drug-induced cough
Gastroesophageal reflux Tuberculosis
Chronic bronchitis/COPD Interstitial lung disease
COPD = chronic obstructive pulmonary disease;
UACS = upper airway cough syndrome.

methacholine challenge, esophageal pH, and bronchoscopy can be ordered as 
part of the initial evaluation, depending on the history and physical examina-
tion (Table 77-3; see Fig. 77-1). If a test points toward a possible diagnosis, a 
trial of treatment for that condition is needed to confirm the diagnosis. The 
diagnosis of psychogenic cough is often a diagnosis of exclusion.6

The specific cause of cough can be diagnosed and treated successfully 84 
to 98% of the time, so nonspecific therapy aimed to suppress the cough per 
se is rarely indicated.7 There is no strong evidence that nonspecific therapies 
such as antitussives, mucolytics, decongestants, or antihistamine-decongestant 
combinations are efficacious for acute cough in the setting of an upper respira-
tory tract infection. A1  For nonspecific persistent cough,8 effective treatment of 
chronic gastroesophageal reflux disease with a proton pump inhibitor (Chapter 
129)9 provides no more than modest benefit, with approximately one in five 
patients improving. Inhaled corticosteroids can reduce cough but should be 
used only after evaluation by chest radiography and often spirometry. A2  Dex-
tromethorphan and codeine-containing cough suppressants can reduce chronic 
cough by approximately 40%. In adults with refractory chronic cough without 
active respiratory disease or infection, gabapentin (up to a maximum daily 
dose of 1800 mg) or pregabalin (300 mg daily) significantly improves cough-
specific quality of life compared with placebo. A3  For chronic refractory cough 
despite comprehensive evaluation and opioid therapy, a combination of educa-
tion, speech and language intervention, which includes cough suppression 
techniques, and counseling can significantly reduce cough and its negative 
impact on quality of life. A4  Coughing can also be reduced by training patients 
to focus externally rather than internally.

TREATMENT 

 APPROACH TO THE PATIENT WITH WHEEZING
Wheeze is a continuous musical sound that lasts longer than 80 to 100 msec, 
likely generated by flow through critically narrowed collapsible bronchi. 
Although expiratory wheezing is a common physical finding in asthma (Chapter 
81), the many causes of wheezing (Table 77-4) (e.g., COPD [Chapter 82], 
pulmonary edema [Chapter 52], bronchiolitis [Chapter 86], bronchiectasis 
[Chapter 84], and less common entities such as carcinoid [Chapter 219] and 
parasitic infections) often can be distinguished based on the history, physical 
examination, and pulmonary function testing (Chapter 79).

TABLE 77-3 TESTING CHARACTERISTICS OF DIAGNOSTIC 
PROTOCOL FOR EVALUATION OF CHRONIC 
COUGH

TESTS DIAGNOSIS

POSITIVE 
PREDICTIVE 

VALUE, %

NEGATIVE 
PREDICTIVE 
VALUE, %

Sinus radiograph Sinusitis 57-81 95-100
Methacholine 

inhalation challenge
Asthma 60-82 100

Modified barium 
esophagography

GERD, esophageal 
stricture

38-63 63-93

Esophageal pH* GERD 89-100
Bronchoscopy Endobronchial 

mass/lesion
50-89 100

*24-Hour esophageal pH monitoring.
GERD = gastroesophageal reflux disease.

 DIAGNOSIS
On pulmonary function testing, the shape of inspiratory and expiratory flow-
volume loops provide key information about the presence of airway obstruction 
and whether the obstruction is extrathoracic or intrathoracic (E-Fig. 77-1). An 
important cause of extrathoracic obstruction is vocal cord lesions (Chapter 181). 
Variable intrathoracic obstruction can be caused by tracheomalacia, whereas 
fixed upper airway obstruction can be caused by a proximal tracheal tumor.

Treatment of the specific cause will usually lead to complete or at least 
partial resolution of wheezing. However, treatment of associated asymptomatic 
or minimally symptomatic gastroesophageal reflux disease is not beneficial.

TREATMENT 

 APPROACH TO THE PATIENT WITH DYSPNEA
Dyspnea is the sensation of difficult, labored, or unpleasant breathing. The 
word unpleasant is very important to this definition because the labored or 
difficult breathing encountered by healthy individuals while exercising does 
not qualify as dyspnea because it is at the level expected for the degree of 
exertion. The sensation of dyspnea is often poorly or vaguely described by 
the patient. The physiology of dyspnea remains unclear, but multiple neural 
pathways can be involved in processes that lead to dyspnea.

In acute dyspnea, or shortness of breath of sudden onset, the history, physical 
examination, and laboratory testing must first focus on potential life-threatening 
conditions, including pulmonary embolism (Chapter 74), pulmonary edema 
(Chapters 52 and 53), acute airway obstruction from anaphylaxis or foreign 
bodies, pneumothorax (Chapter 92), or pneumonia (Chapter 91). For chronic 
dyspnea, specific conditions to consider include COPD (Chapter 82), asthma 
(Chapter 81), interstitial lung disease (Chapter 86), heart failure (Chapter 
52), cardiomyopathy (Chapter 54), GERD (Chapter 129), other respiratory 
diseases, or hyperventilation syndrome (Table 77-5).10

 DIAGNOSIS
In addition to an appropriate history and physical examination, a chest radio-
graph, electrocardiogram (ECG), pulmonary function testing, and an exercise 
test with electrocardiographic monitoring and pulse oximetry at rest and during 
exercise are key tests to assess patients with unexplained dyspnea (Fig. 77-2). 
For acute dyspnea, B-type natriuretic peptide testing can be extremely helpful 
in distinguishing heart failure from other causes.11 The utility of more detailed 
pulmonary testing with maximal inspiratory and expiratory pressures, flow-
volume loops, with or without methacholine challenge (Chapter 79), com-
puted tomographic screening of the chest, and echocardiography depends on 
history and physical examination and the results of these tests. When GERD 
is a suspected cause of dyspnea, a modified barium esophagogram or 24-hour 
esophageal pH monitoring, or both, should be considered (Chapter 129). 
Other more invasive tests such as cardiac catheterization or lung biopsy may 
be indicated when the results of less invasive tests have not been conclusive.12
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E-FIGURE 77-1. Schematic flow-volume loop configurations in a spectrum of airway 
lesions. A is normal; B is variable extrathoracic upper airway obstruction; C is variable 
intrathoracic upper airway lesion; D is fixed upper airway obstruction; and E is small 
airway obstruction. L/s = liters per second; = ventilation 
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Chronic cough

Investigate
and treat

Discontinue
A cause of
cough is

suggested 

History,
physical

examination,
chest radiograph

Smoking
ACE-inhibitor

Inadequate
response to
optimal Rx 

No response

Post-nasal drip/rhinitis/sinusitis
   Empiric treatment (Chapter 398) with
   anti-histamine/decongestant, nasal saline irrigation
Asthma (Chapter 81)
   Evaluate via spirometry, bronchodilator reversibility,
      methacholine challenge; then treat with inhaled
      corticosteroids, beta-adrenergic inhalers, leukotriene
      receptor antagonists (Chapter 81);
   Empiric treatment as a second option
Gastroesophageal Reflux Disease (GERD)
   Empiric treatment (Chapter 129) with protein pump
   inhibitor, diet/lifestyle

Important general considerations
Optimize therapy for each diagnosis
Check adherence with medications
Due to the possibility of multiple causes,
   maintain all partially effective treatments

Further investigations to consider if empiric
treatments partially effective or ineffective (see  
Table 77-3 for testing regarding specific diagnoses):
   • 24h esophageal pH monitoring
   • endoscopic or videofluoroscopic swallow evaluation
   • barium esophagram
   • sinus imaging
   • HRCT
   • bronchoscopy
   • echocardiogram
   • environmental assessment
   • polysomnogram

Inadequate
response to
optimal Rx 

FIGURE 77-1. Algorithm for the man-
agement of chronic cough lasting longer 
than 8 weeks. Ace = angiotensin-con-
verting enzyme; hrct = high-resolution 
computed tomography; rx = prescription. 

TABLE 77-4 DIAGNOSIS OF SELECTED WHEEZING ILLNESSES OTHER THAN ASTHMA
DISEASES DISTINGUISHING FEATURES
UPPER AIRWAY DISEASES

Postnasal drip syndrome History of postnasal drip, throat clearing, nasal discharge; physical examination shows oropharyngeal secretions or cobblestone appearance 
to mucosa.

Epiglottitis History of sore throat out of proportion to pharyngitis. Evidence of supraglottitis on endoscopy or lateral neck radiographs.
Vocal cord dysfunction syndrome Lack of symptomatic response to bronchodilators, presence of stridor plus wheeze in absence of increased P(A-a)o2; extrathoracic variable 

obstruction on flow-volume loops; paradoxical inspiratory and/or early expiratory adduction of vocal cords on laryngoscopy during 
wheezing. This syndrome can masquerade as asthma, be provoked by exercise, and often coexists with asthma.

Retropharyngeal abscess History of stiff neck, sore throat, fever, trauma to posterior pharynx; swelling noted by lateral neck or CT radiographs.
Laryngotracheal injury due to 

tracheal cannulation
History of cannulation of the trachea by endotracheal or tracheostomy tube; evidence of intrathoracic or extrathoracic variable obstruction 

on flow-volume loops, neck and chest radiographs, laryngoscopy, or bronchoscopy.
Neoplasms Bronchogenic carcinoma, adenoma, or carcinoid tumor is suspected when there is hemoptysis, unilateral wheeze, or evidence of lobar 

collapse on chest radiograph or combinations of these; diagnosis is confirmed by bronchoscopy.
Anaphylaxis Abrupt onset of wheezing with urticaria, angioedema, nausea, diarrhea, and hypotension, especially after insect bite, in association with 

other signs of anaphylaxis such as hypotension or hives, or administration of drug or IV contrast, or family history.
LOWER AIRWAY DISEASES

COPD History of dyspnea on exertion and productive cough in cigarette smoker. Because productive cough is nonspecific, it should only be 
ascribed to COPD when other cough-phlegm syndromes have been excluded, forced expiratory time to empty more than 80% of vital 
capacity is >4 sec, and there is decreased breath sound intensity, unforced wheezing during auscultation, and irreversible, expiratory 
airflow obstruction on spirometry.

Pulmonary edema History and physical examination consistent with passive congestion of the lungs, ARDS, impaired lung lymphatics; abnormal chest 
radiograph, echocardiogram, radionuclide ventriculography, cardiac catheterization, or combinations of these.

Aspiration History of risk for pharyngeal dysfunction or gastroesophageal reflux disease; abnormal modified barium swallow, 24-hr esophageal pH 
monitoring, or both.

TREATMENT 
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TABLE 77-5 DISEASES THAT CAUSE DYSPNEA GROUPED BY 
PHYSIOLOGICAL MECHANISMS OF ACTION*

INCREASED RESPIRATORY DRIVE

stimulation of chemoreceptors
Conditions leading to acute hypoxemia

Impaired gas exchanger (e.g., asthma, pulmonary embolism, pneumonia, 
congestive heart failure†)

Environmental hypoxia (e.g., altitude, contained space with fire)
Conditions leading to increased dead space, acute hypercapnia

Impaired gas exchanger (e.g., acute, severe asthma; exacerbation of COPD; severe 
pulmonary edema)

Impaired ventilator pump (e.g., muscle weakness, airflow obstruction)
Metabolic acidosis

Renal disease (e.g., renal failure, renal tubular acidosis)
Decreased oxygen carrying capacity (e.g., anemia)

Decreased release of oxygen to tissues (e.g., hemoglobinopathy)
Decreased cardiac output

stimulation of pulmonary receptors (irritant, Mechanical, Vascular)‡

Interstitial lung disease
Pleural effusion (compression atelectasis)
Pulmonary vascular disease (e.g., thromboembolism, idiopathic pulmonary 

hypertension)
Heart failure
Mild asthma

Behavioral Factors
Hyperventilation syndrome, anxiety disorders, panic attacks
VENTILATORY PUMP: INCREASED EFFORT OR WORK OF BREATHING

Muscle weakness
Myasthenia gravis, Guillain-Barré syndrome, spinal cord injury, myopathy, 

postpoliomyelitis syndrome

Decreased compliance of the chest wall
Severe kyphoscoliosis, obesity, pleural effusion

Airflow obstruction (including increased resistive load from narrowing of 
the airways and increased elastic load from hyperinflation)
Asthma, COPD, laryngospasm, aspiration of foreign body, bronchitis
*Some diseases appear in more than one category, because they act via several physiologic 
mechanisms.
†Heart failure includes both systolic and diastolic dysfunction. Systolic dysfunction may produce 
dyspnea at rest and with activity. Diastolic dysfunction typically leads to symptoms primarily with 
exercise. In addition to the mechanisms noted above, systolic heart failure may also produce 
dyspnea via metaboreceptors, which are postulated to exist in muscles and be stimulated by changes 
in the metabolic milieu when oxygen delivery does not meet oxygen demand.
‡These conditions probably produce dyspnea by a combination of increased ventilator drive and 
primary sensory input from the receptors.
COPD = chronic obstructive pulmonary disease.

TABLE 77-4 DIAGNOSIS OF SELECTED WHEEZING ILLNESSES OTHER THAN ASTHMA—cont’d
DISEASES DISTINGUISHING FEATURES
Pulmonary embolism History of risk for thromboembolic disease, positive confirmatory tests.
Bronchiolitis History of respiratory infection, connective tissue disease, transplantation, ulcerative colitis, development of chronic airway obstruction 

over months to a few years rather than over many years in a nonsmoker; mixed obstructive and restrictive pattern on PFTs and 
hyperinflation; may be accompanied by fine nodular infiltrates on chest radiograph.

Cystic fibrosis Combination of productive cough, digital clubbing, bronchiectasis, progressive COPD with Pseudomonas sp colonization and infection, 
obstructive azoospermia, family history, pancreatic insufficiency, and two sweat chloride determinations of >60 mEq/L; some patients 
are not diagnosed until adulthood, in one instance as late as age 69 yr; when sweat test is occasionally normal, definitive diagnosis may 
require nasal transepithelial voltage measurements and genotyping.

Carcinoid syndrome History of episodes of flushing and watery diarrhea; elevated 5-hydroxyindoleactic acid level in 24-hr urine specimen.
Bronchiectasis History of episodes of productive cough, fever, or recurrent pneumonias; suggestive chest radiographs or typical chest CT findings; ABPA 

should be considered when bronchiectasis is central.
Lymphangitic carcinomatosis History of dyspnea or prior malignancy; reticulonodular infiltrates with or without pleural effusions; suggestive high-resolution chest CT 

scan; confirmed by bronchoscopy with biopsies.
Parasitic infections Consider in a nonasthmatic patient who has traveled to an endemic area and complains of fatigue, weight loss, fever; peripheral blood 

eosinophilia; infiltrates on chest radiograph; stools for ova and parasites for nonfilarial causes; blood serologic studies for filarial causes.
ABPA = allergic bronchopulmonary aspergillosis; ARDS = acute respiratory distress syndrome; COPD = chronic obstructive pulmonary disease; CT = computed tomography; IV = intravenous; P(A-a)o2 = 
alveolar-arterial oxygen tension gradient; PFTs = pulmonary function tests.

 APPROACH TO THE PATIENT WITH HEMOPTYSIS
Hemoptysis is the expectoration of blood from the lung parenchyma or airways. 
Hemoptysis may be scant, with just the appearance of streaks of bright red 
blood in the sputum, or massive, with the expectoration of a large volume of 
blood. Massive hemoptysis, which is defined as the expectoration of at least 
600 mL of blood in 24 to 48 hours, may occur in 3 to 10% of patients with 
hemoptysis. Dark red clots also may be expectorated when the blood has been 
present in the lungs for days.

Pseudohemoptysis, which is the expectoration of blood from a source 
other than the lower respiratory tract, may cause diagnostic confusion when 
patients cannot clearly describe the source of the bleeding. Pseudohemop-
tysis can occur when blood from the oral cavity, nares, pharynx, or tongue 
clings to the back of the throat and initiates the cough reflex, or when patients 
who have hematemesis aspirate into the lower respiratory tract. When the 
oropharynx is colonized with Serratia marcescens, a red-pigment–producing 
aerobic gram-negative rod, the sputum can also be red and be confused with  
hemoptysis.

Hemoptysis can be caused by a wide variety of disorders. Virtually all causes 
of hemoptysis (Table 77-6) may result in massive hemoptysis, but massive 
hemoptysis is most frequently caused by infection (e.g., tuberculosis [Chapter 
308], bronchiectasis, lung abscess [Chapter 84], and cancer [Chapter 182]). 
Infections with aspergilloma (Chapter 319) and in patients with cystic fibrosis 
(Chapter 83) also are associated with massive hemoptysis. Iatrogenic causes 
of massive hemoptysis include rupture of a pulmonary artery after less than 
0.2% of cases of balloon-guided flotation catheterization and tracheal artery 
fistula as a complication of tracheostomy.

In nonmassive hemoptysis, the cause is bronchitis in more than one third 
of cases (Chapter 90), bronchogenic carcinoma (Chapter 182) in one fifth 
of cases, tuberculosis (Chapter 308) in 7%, pneumonia (Chapter 91) in 
5%, and bronchiectasis in 1% (Chapter 84). Using a systematic diagnostic 
approach (see later), the cause of hemoptysis can be found in 68 to 98% 
of cases. The remaining 2 to 32% have idiopathic or central hemoptysis, 
which occurs most commonly in men between 30 and 50 years of age. Pro-
longed follow-up of idiopathic hemoptysis almost always fails to reveal the 

Whenever possible, the final determination of the cause of dyspnea is made 
by observing which specific therapy eliminates it. Dyspnea may be simultane-
ously the result of more than one condition, each of which may need to be 
treated. In cases of refractory dyspnea despite maximally treated chronic heart 
and lung disease, judicious use of opioids can curb air hunger.13

TREATMENT 
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Patient with suspected chronic dyspnea

Conduct detailed history and physical examination.
Conduct appropriate level 1 testing as needed to confirm diagnosis.

Is the diagnosis evident?

Conduct appropriate
Level 2 testing

Conduct appropriate
level 3 testing

(specialty consultation
for these tests)

Possible diagnoses:
Asthma
Chronic obstructive
  pulmonary disease
Heart failure
Pleural effusion
Anemia
Kyphoscoliosis

Level 1:
Complete blood count
Metabolic profile
Chest radiograph
Electrocardiogram
Spirometry
Pulse Oximetry

Level 2:
Echocardiogram
Brain natriuretic peptide
Pulmonary function testing
Arterial blood gas
High-resolution computed
  tomography
Holter monitor
Radionuclide study
Ventilation-perfusion (V/Q) scan
Exercise treadmill testing

Level 3:
Bronchoscopy
Esophageal pH probe testing
Lung biopsy
Cardiac catheterization
Cardiopulmonary exercise
  testing
Bronchoscopy
Esophageal pH probe testing
Lung biopsy

Possible diagnoses:
Chronic pulmonary embolism
Restrictive lung disease
Interstitial lung disease
Pericardial disease
Heart failure
Valvular heart disease
Coronary artery disease
Cardiac dysrhythmia

Possible diagnoses:
Gastroesophageal reflux disease
Primary pulmonary hypertension
Coronary artery disease
Deconditioning

Consider:
Psychogenic dyspnea
Specialty consultation

Yes No

Is the diagnosis evident?

Yes No

Is the diagnosis evident?

Yes No

Evaluation of Patients with Chronic Dyspnea

FIGURE 77-2. Algorithm outlining the approach to chronic dyspnea. (Modified from Karnani nG, reisfield GM, wilson Gr. evaluation of chronic dyspnea. Am Fam Phys. 
2005;71:1529-1537.)

TABLE 77-6 COMMON CAUSES OF HEMOPTYSIS
Cardiovascular

Arteriovenous malformation
Congenital heart disease
Pulmonary embolism (fat, septic, thrombotic)
Heart failure, especially from mitral stenosis

Pulmonary vascular disease
Pulmonary veno-occlusive disease
Pulmonary artery rupture following catheterization
Tricuspid endocarditis

Pulmonary Infection
Anthrax
Lung abscess
Mycetoma/fungal infection
Necrotizing pneumonia
Parasitic (e.g., Paragonimus westermani)
Tuberculosis or nontuberculous mycobacterial disease
Tularemia
Viral (e.g., Herpes simplex)
Yersinia pestis (plague)

Rheumatic Disease
Amyloid
Anti-glomular basement membrane disease (Goodpasture)
Behçet disease
Genetic collagen defect (Ehlers-Danlos)
Granulomatosis with polyangiitis
Idiopathic pulmonary hemosiderosis
Primary anti-phospholipid syndrome
Systemic lupus erythematosus

Tracheobronchial/Airway Diseases
Bronchogenic carcinoma
Bronchiectasis, including cystic fibrosis
Bronchitis, acute and chronic
Bullous emphysema
Broncholithiasis
Bronchovascular fistula
Dieulafoy disease (subepithelial bronchial artery)
Foreign body
Metastatic cancer to bronchus or trachea

Drugs and Toxins
Argemone alkaloid (e.g., contaminated cooking oil)
Bevacizumab
Cocaine use
Nitrogen dioxide toxicity
Trimellitic anhydride

Trauma
Blunt chest trauma (bronchial rupture, lung contusion)
Penetrating lung injury

Iatrogenic
Airway stent
Aortobronchial fistula due to aortic graft or stent
Erosion of tracheal tube into innominate artery
Transthoracic needle aspiration
Vascular injury from pulmonary artery catheter

Miscellaneous and Rare Causes
Systemic coagulopathy or thrombolytic agents
Platelet dysfunction/antiplatelet medications/thrombocytopenia
von Willebrand disease
Catamenial hemoptysis (pulmonary endometriosis)
Leukemia/bone marrow transplant

source of bleeding, even though 10% continue to have occasional episodes of  
hemoptysis.

 DIAGNOSIS
The diagnostic evaluation for hemoptysis begins with a detailed medical history 
and a complete physical examination.14 Information on the amount of bleeding 
should be obtained, as well as details about the frequency, timing, and dura-
tion of hemoptysis. For example, repeated episodes of hemoptysis occurring 
over a period of months to years suggest a bronchial adenoma or bronchiectasis 
as the cause, whereas small amounts of hemoptysis occurring every day for 
weeks are more likely to be caused by bronchogenic carcinoma. A travel history 
can suggest coccidioidomycosis (Chapter 316) and histoplasmosis (Chapter 
316) in the United States, paragonimiasis and ascariasis (Chapter 334) in the 
Far East, and schistosomiasis (Chapter 334) in South America. Orthopnea 
and paroxysmal nocturnal dyspnea suggest heart failure (Chapter 52), espe-
cially from mitral stenosis (Chapter 66). In patients who have occupational 
exposure to trimellitic anhydride, which occurs when heated metal surfaces 
are sprayed with a corrosion-resistant epoxy resin, hemoptysis can be part of 
the postexposure syndrome. In a patient with the triad of upper airway disease, 
lower airway disease, and renal disease, granulomatosis with polyangiitis 
(Chapter 254) should be suspected. Pulmonary hemorrhage also may be a 
presenting manifestation of systemic lupus erythematosus (Chapter 250). 
Goodpasture syndrome, which typically occurs in young men, is also associ-
ated with renal disease (Chapter 113). Diffuse alveolar hemorrhage occurs 
in 20% of cases during autologous bone marrow transplantation (Chapter 
168) and should be suspected in patients who have undergone recent bone 
marrow transplantation when they present with cough, dyspnea, hypoxemia, 
and diffuse pulmonary infiltrates.

On physical examination, inspection of the skin and mucous membranes 
may show telangiectasias suggesting hereditary hemorrhagic telangiectasia 
(Chapter 164) or ecchymoses and petechiae, suggesting a hematologic abnor-
mality (Chapter 163). Pulsations transmitted to a tracheostomy cannula should 
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heighten suspicion of a tracheal artery fistula. Inspection of the thorax should 
show evidence of recent or old chest trauma, and unilateral wheeze or crackles 
may herald localized disease such as a bronchial adenoma or carcinoma. 
Although pulmonary embolism (Chapter 74) cannot be definitively diagnosed 
on physical examination, tachypnea, phlebitis, and pleural friction rub suggest 
this disorder. If crackles are heard on the chest examination, heart failure as 
well as other diseases causing diffuse pulmonary hemorrhage (see earlier) or 
idiopathic pulmonary hemosiderosis (Chapter 86) should be considered. 
Careful cardiovascular examination may help diagnose mitral stenosis (Chapter 
66), pulmonary artery fistulas, or pulmonary hypertension (Chapter 75).

Routine laboratory studies should include a complete blood count, urinalysis, 
and coagulation studies. The complete blood count may suggest an infection, 
hematologic disorder, or chronic blood loss. Urinalysis may reveal hematuria 
and suggest the presence of a systemic disease (e.g., Wegener granulomatosis, 
Goodpasture syndrome, systemic lupus erythematosus) associated with renal 
disease. Coagulation studies may uncover a hematologic disorder that is pri-
marily responsible for hemoptysis or that contributes to excessive bleeding 
from another disease. The ECG may help suggest the presence of a cardio-
vascular disorder. Although as many as 30% of patients with hemoptysis have 
a normal chest radiograph, a routine chest radiograph is the beginning of the 
diagnostic process (Fig. 77-3).

Bronchoscopy can localize the bleeding site in up to 93% of patients by 
fiberoptic bronchoscopy and in up to 86% with rigid bronchoscopy. It may 
establish sites of bleeding different from those suggested by the chest radio-
graph. The best results are obtained when bronchoscopy is performed during 
or within 24 hours of active bleeding, and rates of diagnosis fall to approxi-
mately 50% by 48 hours after bleeding. When there is no active bleeding, 
bronchoscopy with bronchoalveolar lavage can be helpful in patients thought 
to have diffuse intrapulmonary hemorrhage. Typical findings include bright 
red or blood-tinged lavage fluid from multiple lobes in both lungs or a sub-
stantial number of hemosiderin-laden macrophages (i.e., at least 20% of the 
total number of alveolar macrophages).

History and physical examination

Exclude pseudohemoptysis and hematemesis

Chest radiography

Infiltrate

Antibiotics

Mass

Chest CT

Other parenchymal disease Normal

Chest CT Consider oral antibiotics

Evaluation of Non-Massive Hemoptysis

Resolution No resolution

Repeat chest
radiography in 6-8

weeks

Chest CT, pulmonary
consult

Normal Abnormal

Chest CT

Bronchoscopy;
pulmonary consult

No specific
diagnosis Specific diagnosis

Condition-specific
evaluation and

treatment

No further
evaluation

Chest CT

Recurrence

FIGURE 77-3. Algorithm for evaluation of non-massive hemoptysis. ct = computed tomographic scan. (Adapted from earwood Js, thompson tD. hemoptysis: evaluation and 
management. Am Acad Fam Physicians. 2015;91;243-249.)

source of bleeding, even though 10% continue to have occasional episodes of  
hemoptysis.

 DIAGNOSIS
The diagnostic evaluation for hemoptysis begins with a detailed medical history 
and a complete physical examination.14 Information on the amount of bleeding 
should be obtained, as well as details about the frequency, timing, and dura-
tion of hemoptysis. For example, repeated episodes of hemoptysis occurring 
over a period of months to years suggest a bronchial adenoma or bronchiectasis 
as the cause, whereas small amounts of hemoptysis occurring every day for 
weeks are more likely to be caused by bronchogenic carcinoma. A travel history 
can suggest coccidioidomycosis (Chapter 316) and histoplasmosis (Chapter 
316) in the United States, paragonimiasis and ascariasis (Chapter 334) in the 
Far East, and schistosomiasis (Chapter 334) in South America. Orthopnea 
and paroxysmal nocturnal dyspnea suggest heart failure (Chapter 52), espe-
cially from mitral stenosis (Chapter 66). In patients who have occupational 
exposure to trimellitic anhydride, which occurs when heated metal surfaces 
are sprayed with a corrosion-resistant epoxy resin, hemoptysis can be part of 
the postexposure syndrome. In a patient with the triad of upper airway disease, 
lower airway disease, and renal disease, granulomatosis with polyangiitis 
(Chapter 254) should be suspected. Pulmonary hemorrhage also may be a 
presenting manifestation of systemic lupus erythematosus (Chapter 250). 
Goodpasture syndrome, which typically occurs in young men, is also associ-
ated with renal disease (Chapter 113). Diffuse alveolar hemorrhage occurs 
in 20% of cases during autologous bone marrow transplantation (Chapter 
168) and should be suspected in patients who have undergone recent bone 
marrow transplantation when they present with cough, dyspnea, hypoxemia, 
and diffuse pulmonary infiltrates.

On physical examination, inspection of the skin and mucous membranes 
may show telangiectasias suggesting hereditary hemorrhagic telangiectasia 
(Chapter 164) or ecchymoses and petechiae, suggesting a hematologic abnor-
mality (Chapter 163). Pulsations transmitted to a tracheostomy cannula should 



 Grade A References

A1. Smith SM, Schroeder K, Fahey T. Over-the-counter (OTC) medications for acute cough in children 
and adults in community settings. Cochrane Database Syst Rev. 2014;11:CD001831.

A2. Johnstone KJ, Chang AB, Fong KM, et al. Inhaled corticosteroids for subacute and chronic cough 
in adults. Cochrane Database Syst Rev. 2013;3:CD009305.

A3. Vertigan AE, Kapela SL, Ryan NM, et al. Pregabalin and speech pathology combination therapy for 
refractory chronic cough: a randomized controlled trial. Chest. 2016;149:639-648.

A4. Chamberlain Mitchell SA, Garrod R, Clark L, et al. Physiotherapy, and speech and language therapy 
intervention for patients with refractory chronic cough: a multicentre randomised control trial. Thorax. 
2017;72:129-136.

Treatment is targeted toward the cause of hemoptysis. Bronchoscopic 
approaches (Chapter 93) are increasingly used for endobronchial lesions as is 
bronchial artery embolization for the emergency treatment of hemoptysis and 
the treatment of hemoptysis associated with bronchiectasis.15

TREATMENT 
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For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

Depending on the results of the initial evaluation and the likely categories 
of hemoptysis, additional diagnostic tests can be helpful (Table 77-7). Bron-
choscopy may not be needed in patients who have stable chronic bronchitis 
(Chapter 82) with one episode of blood streaking or who have acute tracheo-
bronchitis (Chapter 82). Bronchoscopy also may not be needed with obvious 
cardiovascular causes of hemoptysis, such as heart failure and pulmonary 
embolism.

TABLE 77-7 EXAMPLES OF SPECIAL EVALUATIONS FOR 
HEMOPTYSIS ACCORDING TO CATEGORY OF 
DISEASE*

TRACHEOBRONCHIAL DISORDERS

Expectorated sputum for TB, parasites, fungi, and cytology
Bronchoscopy (if not done)
High-resolution chest CT scan
LOCALIZED PARENCHYMAL DISEASES

Expectorated sputum for TB, parasites, fungi, and cytology
Chest CT scan
Lung biopsy with special stains
DIFFUSE PARENCHYMAL DISEASES

Expectorated sputum for cytology
Blood for BUN, creatinine, ANA, RF, complement, cryoglobulins, ANCA, anti-GBM 

antibody
High-resolution chest CT scan
Lung or kidney biopsy with special stains
CARDIOVASCULAR DISORDERS

Echocardiogram
Arterial blood gas on 21% and 100% oxygen
Ventilation-perfusion scans
Chest CT with contrast
Aortogram,
HEMATOLOGIC DISORDERS

Coagulation studies
Bone marrow
*This table is not meant to be all inclusive.
ANA = antinuclear antibody; ANCA = antineutrophil cytoplasmic antibody; BUN = blood urea 
nitrogen; CT = computed tomography; GBM = glomerular basement membrane; RF = rheumatoid 
factor; TB = tuberculosis.

https://expertconsult.inkling.com/
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Answer: B This patient likely has chronic obstructive pulmonary disease 
(COPD) manifesting as dyspnea on exertion. His main risk factor is cigarette 
smoking. The presence of hypertension, obesity, and lack of exercise can suggest 
cardiovascular disease as a second and possibly contributing cause. A normal 
brain natriuretic peptide level and electrocardiogram make primary cardiac 
disease less likely but do not exclude it. Anemia is excluded by a normal 
complete blood count. COPD is the likely diagnosis, and oxygen testing to 
exclude hypoxemia is the best first test, and this test may also explain his 
hypertension. Additional testing likely will be required if the oxygen titration 
test is unrevealing.

4. A 17-year-old woman with a history of atopy with allergic rhinitis presents 
with wheezing of 3 months duration. The wheezing occurs primarily during 
the day while playing soccer, is triggered by cold air and exercise, and has 
not responded to a 6-week course of an inhaled corticosteroid and short-
acting β-agonist. She denies chest tightness, chest pain, or a history of lung 
or cardiovascular disease. Her history is notable for allergies to dust, multiple 
weeds, grasses, and animal dander. She has persistent rhinitis for which 
she performs nasal saline rinses and uses intranasal corticosteroids daily. 
Her physical examination reveals normal vital signs and erythema of the 
upper airway without nasal polyps. The remainder of her physical examina-
tion is normal without wheezing. Pulmonary function tests, chest radiograph, 
and methacholine challenge testing are normal. What is the next step in 
this patient’s evaluation?
 A. Sinus computed tomography
 B. High-resolution chest computed tomography
 C. Direct laryngoscopy after exercise
 D. Echocardiogram
 E. Bronchoscopy with biopsy

Answer: C This presentation suggests vocal cord dysfunction presenting as 
wheezing associated with exercise. Wheezing in the setting of rhinitis and 
exercise suggests an airway process (either upper, lower or both) as the most 
likely diagnosis. Because the patient has not responded to therapy for asthma 
and a methacholine challenge is negative, asthma is highly unlikely. In the 
setting of rhinitis, an evaluation of the upper airway to exclude vocal cord 
dysfunction during an episode of wheezing is the next appropriate step.

5. A 46-year-old man presents with a cough that has produced blood-streaked 
sputum for the past two days. Associated symptoms include rhinorrhea, 
congestion, and subjective fever. He estimates the total amount of blood 
loss to be less than one tablespoon. The medical history is unremarkable. 
He does not smoke cigarettes and has not recently traveled, lost weight, 
or experienced night sweats. His vital signs are within normal limits, and 
the patient appears to be breathing comfortably, except for an intermittent 
cough. No blood is produced during the office visit. Pulmonary examina-
tion reveals increased tactile fremitus with increased breath sounds and 
egophony over the right lower chest. Nasal, oropharyngeal, cardiovascular, 
and abdominal examinations are unremarkable. CBC is normal, and chest 
radiography reveals a right lower lobe pneumonia. What is the next step 
in this patient’s evaluation?
 A. High-resolution chest CT
 B. Bronchial artery embolization
 C. Treatment with inhaled bronchodilators
 D. Treatment with antibiotics
 E. Echocardiogram

Answer: D This patient presents with non-massive hemoptysis and no evi-
dence of underlying heart or lung disease. His hemoptysis is likely due to an 
infectious community-acquired pneumonia. He should receive antibiotic 
therapy with a follow-up chest radiograph in 6 to 8 weeks. If the hemoptysis 
or infiltrate persists, high-resolution chest CT is warranted to look for other 
causes, such as malignancy or bronchiectasis.

REVIEW QUESTIONS

1. Which of the following is true about eosinophilic bronchitis?
 A. The diagnosis improves with bronchodilator therapy.
 B. It is not associated with airways hyperresponsiveness.
 C. Sputum eosinophils are absent.
 D. The cough is not responsive to inhaled corticosteroids.
 E. Hemoptysis has been present on two occasions.

Answer: B Eosinophilic bronchitis is associated with eosinophilic infiltration 
of airway tissue but is it NOT associated with airways hyperresponsiveness 
noted in asthma. It responds to inhaled corticosteroids.

2. A 53-year-old woman returns for reevaluation of cough of one year in 
duration. The cough is not productive, occurs during the day and night, 
and is triggered by talking, laughing, and cold air. Her pulmonary function 
tests are normal. The cough has not responded to appropriate therapy for 
asthma with inhaled corticosteroids and short-acting β-agonists. She has a 
history of hypertension, hyperlipidemia, cigarette smoking (10 pack years, 
currently smokes half a pack per day). She denies any history of lung disease, 
atopy, rhinitis, gastroesophageal reflux disease, dysphagia, or obstructive 
sleep apnea. The physical examination reveals bibasilar crackles and trace 
pedal edema. Her cardiac and abdominal examinations were unremarkable. 
Further evaluation including esophageal impedance and manometry was 
unrevealing. What is the appropriate next step in this patient’s management?
 A. High-resolution computed tomography of the chest
 B. Computed tomography of the sinuses
 C. Bronchoscopy
 D. Echocardiogram
 E. Video swallowing study

Answer: D With a cough that is associated with bibasilar crackles and pedal 
edema, a cardiac cause is likely. A brain natriuretic peptide level should be 
checked, but an echocardiogram will be necessary to determine cardiac func-
tion and to exclude valvular abnormalities that may have been missed on 
physical examination. A chest radiograph would be warranted before chest 
computed tomography to exclude other causes of crackles, such as interstitial 
lung disease. The patient has no history of atopy or rhinitis, so sinus computed 
tomography is not indicated. A cough due to aspiration is not usually associ-
ated with pedal edema, and she has no history of dysphagia, so video swallow 
study would not be the next step in the evaluation. While cardiac causes are 
being considered, bronchoscopy would not be an appropriate choice at this 
point.

3. A 60-year-old man presents with dyspnea on exertion beginning approxi-
mately 2 months ago. He denies chest pain, cough, and wheezing but does 
admit to occasional chest tightness, particularly at night. He has no history 
of cardiovascular disease, lung disease or diabetes. He has a 30 pack-year 
history of cigarette smoking but quit five years ago. He takes medication 
daily for hypertension and gastroesophageal reflux disease. He does not 
exercise regularly. His BMI is 36 kg/m2. On physical examination his blood 
pressure is 140/88, and his other vital signs and examination are normal. 
Pulmonary function tests reveal a reduced FEV1 and preserved FVC, with 
an FEV1/FVC ratio of 65%, consistent with airflow limitation. Chest 
radiograph, complete blood count, electrocardiogram, and brain natriuretic 
peptide levels are normal. What is the next appropriate step in this patient’s 
evaluation?
 A. Echocardiogram
 B. Pulse oximetry with ambulation (6-minute walk test)
 C. Exercise treadmill test
 D. High-resolution chest computed tomography
 E. 24-hour Holter monitoring
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78 
IMAGING IN PULMONARY DISEASE
PAUL STARK

 IMAGING OF THE LUNGS, MEDIASTINUM,  
AND CHEST WALL

 EPIDEMIOLOGY
Worldwide, chest radiography is the most commonly performed imaging 
procedure; more than 75 million chest radiographs are performed every year 
in the United States alone. Chest radiographs provide useful information about 
the patient’s anatomy and disease at a minimal monetary cost and with radia-
tion exposure that most experts agree is negligible (0.05 to 0.1 mSv) (Chapter 
17). Although many novel imaging techniques are available, the conventional 
chest radiograph remains invaluable in the initial assessment of disorders of 
the lung, pleura, mediastinum, and chest wall.

 Imaging Techniques
The standard chest radiograph is performed at 2 m from the x-ray tube focal 
spot to the image detector, in frontal and lateral projections. If possible, the 
radiographs should be obtained with the patient inhaling to total lung capacity. 
These images, which provide views of the lungs, mediastinum, and chest wall 
simultaneously, are typically acquired, stored, and distributed digitally.

Bedside Radiography
Although bedside radiography accounts for a large number of chest radiographs, 
especially in the intensive care unit (ICU), the images obtained are generally 
of lower technical quality, cost more, and are more difficult to interpret. Lung 
volumes are low, thereby leading to crowding of vascular structures, and the 
low kilovoltage technique required for the mobile equipment yields radiographs 
with overexposed lungs and an underpenetrated mediastinum. The antero-
posterior projection and the slightly lordotic angulation of the x-ray beam 
combine to distort the basal lung structures and magnify the cardiac silhouette. 
Recumbent studies also make recognition of pleural effusions or pneumotho-
races more difficult. In the ICU, chest radiography can be ordered selectively 
rather than as a daily routine, without compromising care.

Computed Tomography
Computed tomography (CT) has multiple advantages over conventional radi-
ography. It displays cross-sectional anatomy free of superimposition, with 
a 10-fold higher contrast resolution. Multislice CT scanners acquire a con-
tinuous, volumetric, near-isotropic data set with possibilities for high-quality 
two-dimensional or three-dimensional reformatting (volume rendering) in any 
plane. High-resolution CT of the lung parenchyma is an important applica-
tion; narrow collimation of the beam combined with an edge-enhancing high 
spatial frequency algorithm results in exquisite detail of normal and abnormal 
lungs, and correlation with pathologic anatomy is high. CT angiography is 
also a key component of the evaluation of suspected pulmonary embolism  
(Chapter 74).1

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) depends on the magnetic properties of 
hydrogen atoms. Magnetic coils and radio frequency coils lead to induction, 
excitation, relaxation, and eventual readout of magnetized protons. The molecu-
lar environment of hydrogen atoms will affect the rate at which they release 
energy; this energy yields a spatial distribution of signals that is converted 
into an image by computer algorithms, similar to CT. Because of its soft tissue 
specificity, MRI has applications in the assessment of chest wall invasion, 
mediastinal infiltration, and diaphragmatic involvement by lung cancer or 
malignant mesothelioma.

Positron Emission Tomography
Fluorodeoxyglucose positron emission tomography (FDG-PET) uses labeled 
fluorodeoxyglucose to image the glycolytic pathway of tumor cells or other 
metabolically active tissues with affinity for glucose. This technique has proved 

helpful in studying intrathoracic tumors and has facilitated the work-up of 
solitary pulmonary nodules. Integrated PET-CT scans have improved the 
diagnosis and staging of intrathoracic tumors.2

Ultrasonography
Outside the heart, ultrasonography traditionally has played only a limited role 
in thoracic imaging. Its primary use has been to localize pleural effusions and 
guide their drainage (Chapter 92). However, some data suggest that lung 
ultrasound can be used as a preliminary screen for pneumonia, pulmonary 
edema,3 or pneumothorax. In the intensive care setting, ultrasound also may 
help with the diagnosis of ventilator-associated pneumonia (Chapter 91), 
pneumothorax (Chapter 92), and diffuse alveolar damage (Chapter 85).

 Evaluation of Chest Images
Images of the chest are best evaluated by examining regions of the lung for 
specific findings and relating these findings to known diagnostic groups. A 
number of critical radiographic features should be considered, with an appre-
ciation for the known causes of these changes.

Diffuse Lung Disease
Diffuse lung disease is an overall term for a number of related abnormal paren-
chymal radiographic patterns. Although radiologists have attempted to separate 
alveolar from interstitial lung disease radiographically, this distinction is no 
longer recommended because the correlation between the radiographic local-
ization to a compartment and the actual histopathologic findings is relatively 
poor. For example, nodular patterns can be produced by either interstitial or 
alveolar disease. Conversely, so-called alveolar disease processes can induce 
an interstitial reaction. Ground-glass opacities can be induced by either alveolar 
or interstitial disease. Air bronchograms, the presumed paradigm of air space 
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ABSTRACT
Thoracic imaging relies primarily on chest radiography and computed tomog-
raphy. Important radiologic features that allow for detection and localization 
of abnormalities on chest radiographs include the following signs:
1. Silhouette sign indicates obscuration of a contour or soft tissue border 

normally outlined by aerated lung owing to adjacent pulmonary or pleural 
opacification.

2. Spine sign relies on an increase in basal opacification over the lower thoracic 
spine as seen on the lateral chest radiograph, thereby raising the possibility 
of a subtle pulmonary opacity in the lower lobes.

3. Incomplete border sign in the context of an intrathoracic nodule or mass 
indicates that the opacity is not located in the lung parenchyma but rather 
represents a pleural, mediastinal, or chest wall lesion. It can also be described 
as a “one-edged” lesion; it can form obtuse angles of interface with the 
chest wall or the mediastinum and can display tapered borders.

4. Hilum overlay sign distinguishes a mediastinal mass from a hilar mass; 
only a hilar mass obscures the ipsilateral pulmonary artery.

5. Mach bands or Mach effect rely on retinal illusions due to edge enhance-
ment and facilitate visualization of contours on chest radiographs but can 
also mimic pathologic findings such as a pneumothorax.

The task of a thoracic radiologist consists of detection and description of 
abnormal findings followed by a differential diagnosis and discussion, which 
include comparison with prior imaging studies, recommendations for further 
imaging and follow up. In this way, the radiologist aims to decrease diagnostic 
uncertainty and increase the overall probability of a correct diagnosis.
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helpful in studying intrathoracic tumors and has facilitated the work-up of 
solitary pulmonary nodules. Integrated PET-CT scans have improved the 
diagnosis and staging of intrathoracic tumors.2

Ultrasonography
Outside the heart, ultrasonography traditionally has played only a limited role 
in thoracic imaging. Its primary use has been to localize pleural effusions and 
guide their drainage (Chapter 92). However, some data suggest that lung 
ultrasound can be used as a preliminary screen for pneumonia, pulmonary 
edema,3 or pneumothorax. In the intensive care setting, ultrasound also may 
help with the diagnosis of ventilator-associated pneumonia (Chapter 91), 
pneumothorax (Chapter 92), and diffuse alveolar damage (Chapter 85).

 Evaluation of Chest Images
Images of the chest are best evaluated by examining regions of the lung for 
specific findings and relating these findings to known diagnostic groups. A 
number of critical radiographic features should be considered, with an appre-
ciation for the known causes of these changes.

Diffuse Lung Disease
Diffuse lung disease is an overall term for a number of related abnormal paren-
chymal radiographic patterns. Although radiologists have attempted to separate 
alveolar from interstitial lung disease radiographically, this distinction is no 
longer recommended because the correlation between the radiographic local-
ization to a compartment and the actual histopathologic findings is relatively 
poor. For example, nodular patterns can be produced by either interstitial or 
alveolar disease. Conversely, so-called alveolar disease processes can induce 
an interstitial reaction. Ground-glass opacities can be induced by either alveolar 
or interstitial disease. Air bronchograms, the presumed paradigm of air space 

TABLE 78-1 CLASSIFICATION OF LARGE PULMONARY 
OPACITIES

Diffuse homogeneous
Multifocal patchy
Lobar without atelectasis
Lobar with atelectasis
Perihilar
Peripheral

A

C

A

C

BB

FIGURE 78-1. Diffuse alveolar damage. A, Chest radiograph shows diffuse homogeneous opacification of both lungs with clearly visible air bronchograms. B, Computed tomographic 
scan demonstrates diffuse consolidation with air-bronchograms extending to the periphery of both lungs in a patient with community-acquired pneumonia. C, Patient with acute vari-
cella pneumonia. Chest radiograph demonstrates multiple acinar nodules with tendency for confluence, yielding multifocal patchy parenchymal opacification. 

disease, can be identified in a small percentage of patients with predominantly 
interstitial lung disease, such as sarcoidosis, pulmonary lymphoma, and pul-
monary calcinosis.

Because of such limitations, a graphically descriptive approach that combines 
analysis of predominant opacities, assessment of lung expansion, and distribu-
tion and profusion of disease yields a differential diagnosis. The term infiltrate 
should be avoided; instead, the term pulmonary opacities should be used, with 
opacities further classified as large (i.e., >1 cm in largest dimension) or small 
(i.e., <1 cm in diameter).

Large Opacities
Large opacities (Table 78-1) are characterized according to their distribution. 
Diffuse homogeneous opacities are typical for diffuse alveolar damage (Fig. 
78-1), increased permeability (noncardiogenic) pulmonary edema, diffuse viral 
pneumonia (see Fig. 78-1B), or Pneumocystis jirovecii pneumonia. Multifocal 
patchy opacities (see Fig. 78-1C) are found in multifocal bronchopneumonia, 
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recurrent aspiration, or vasculitis (E-Fig. 78-1). Lobar opacities without atel-
ectasis are typically seen in lobar pneumonia (Fig. 78-2, E-Figs. 78-2 and 
78-3). Lobar opacities with atelectasis often result from obstruction of a lobar 
bronchus by foreign bodies, tumors, or mucous plugs. Perihilar opacities are 
seen in hydrostatic pulmonary edema as a result of left-sided heart failure 
(Figs. 78-3A and B; E-Fig. 78-4), renal failure, volume overload, or pulmonary 
hemorrhage.

Small Opacities
In contrast to the large pulmonary opacities, a number of radiographic pat-
terns characterize small pulmonary opacities in diffuse lung disease. It is 
helpful to differentiate small nodular, linear, reticular, or combined patterns  
(Table 78-2).

Nodular Patterns
Micronodular opacities, which include nodules 1 mm and smaller in diameter, 
can result from talc granulomatosis in intravenous drug abusers (Chapter 31), 
alveolar microlithiasis, rare cases of silicosis, talcosis, coal workers’ pneumo-
coniosis (Chapter 87), and beryllium-induced lung diseases (Chapter 87), as 
well as from occasional cases of sarcoidosis (Chapter 89) or hemosiderosis. 
The nodular pattern includes nodules up to 1 cm in diameter. Frequent causes 
include infections or inflammatory granulomata such as miliary tuberculosis 
(Chapter 308), sarcoidosis (Chapter 89), fungal diseases, hypersensitivity 
pneumonia, and Langerhans cell histiocytosis (Chapter 86).4

FIGURE 78-2. Bacterial pneumonia in the left upper lobe. Computed tomographic 
scan demonstrates segmental consolidation of the anterior segment of the left upper 
lobe with air-bronchograms. 

Linear Patterns
Linear patterns, also called Kerley lines, are mostly a reflection of thickened 
interlobular septa. Kerley A lines, which radiate 2 to 4 cm from the hilum 
toward the pulmonary periphery and particularly toward the upper lobes  
(Fig. 78-4), reflect thickening of the axial interstitial compartment and can 
be a feature of left ventricular failure or allergic reactions. Kerley B lines, which 
reflect thickening of the subpleural interstitial compartment, typically are 
approximately 1 cm in length and 1 mm in thickness and usually found in the 
periphery of the lower lobes, abutting the pleura. The B lines are characteristic 
of subacute and chronic left ventricular failure (Chapter 52), mitral valve 

A BB

FIGURE 78-3. A, Pulmonary edema. Chest frontal radiograph demonstrates classic “batwing” distribution of hydrostatic pulmonary edema. B, Computed tomographic scan shows 
bilateral perihilar consolidations and a small right pleural effusion in a patient with pulmonary edema. 

TABLE 78-2 PATTERNS OF SMALL PULMONARY OPACITIES
Micronodular
Acinar
Linear
Reticular
Bronchial
Arterial
Destructive

FIGURE 78-4. Patient with known transfusion reaction. Chest radiograph displays 
ground-glass opacification of both lungs and bilateral Kerley a lines, presenting as long 
linear structures extending from the hilar regions into the pulmonary periphery. 
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E-FIGURE 78-1. Microscopic polyangiitis with pulmonary hemorrhage. Computed 
tomographic scan shows heterogenous ground-glass opacification with mosaic attenuation. 

E-FIGURE 78-2. Primary coccidioidomycosis pneumonia. Computed tomographic scan 
shows segmental consolidation of the mediobasal segment of the right lower lobe. 

E-FIGURE 78-3. Mucormycosis in an immunocompromised patient. Computed tomo-
graphic scan shows a focal right upper lobe opacity with a “reversed halo sign,” typical 
of either focal cryptogenic pneumonia or mucormycosis. 

E-FIGURE 78-4. Unilateral reexpansion pulmonary edema after evacuation of right 
pneumothorax. Computed tomographic scan shows unilateral right-sided consolidation. 
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disease (Chapter 66), lymphangitic carcinomatosis, viral pneumonia, and 
pulmonary fibrosis (Chapter 86). Kerley C lines, which are rarely diagnosed 
by radiologists, result from thickening of the lung parenchymal interstitium 
and form a reticular pattern on chest radiographs.

Reticular Patterns
Reticular patterns are small polygonal, irregular, or curvilinear opacities on 
chest radiographs (Fig. 78-5). The differential diagnosis varies according to 
the timeline of the pathologic change. Acute onset of a reticular pattern can 
occur in interstitial pulmonary edema (e.g., due to left-sided heart failure), 
atypical pneumonias (e.g., viral or mycoplasmal pneumonia), early exudative 
changes in a connective tissue disorder (e.g., systemic lupus erythematosus; 
Chapter 250), and acute allergic reactions (e.g., transfusion reactions [Chapter 
167] or reactions to Hymenoptera stings). The common chronic processes 
resulting in a reticular pattern are idiopathic interstitial pneumonias (Chapter 
86), connective tissue diseases (particularly scleroderma and rheumatoid 
lung), asbestosis (Chapter 87), radiation fibrosis (Chapter 86), end-stage 
hypersensitivity pneumonia (Chapters 86 and 87), drug reactions, lymphangitic 
spread of cancer, end-stage granulomatous infection, lymphoma in its bron-
chovascular form, Kaposi sarcoma in its bronchovascular manifestation, and 
sarcoidosis.

Honeycombing
Honeycombing, which is an indication of end-stage interstitial lung disease 
(Chapter 86), reflects a restructuring of pulmonary anatomy accompanied 
by bronchiolectasis. Honeycombs (Fig. 78-6) form a multilayer of small sub-
pleural spaces between 3 and 10 mm in diameter. They can be distinguished 
from paraseptal emphysema by their thicker wall and multiple layers.

Alveolar Pattern
An alveolar (Chapter 85) or air space pattern is characterized by acinar nodules, 
0.6 to 1 cm in diameter. These nodules encompass more than the acinus, in 
the strict anatomic sense, with surrounding peribronchiolar lung tissue. Other 
patterns include ground-glass opacities (a reflection of incomplete alveolar 
filling), coalescent large opacities, consolidation involving whole lobes or 
segments, opacification in a bronchocentric distribution, air bronchograms, 
and air alveolograms. These radiographic features are helpful in placing a 
disease into a particular radiologic category, but the radiographic pattern 
called alveolar does not simply correspond to exclusive histologic alveolar 
filling because the interstitial compartment is involved as well in most cases. A 
more accurate description is parenchymal rather than alveolar opacification or  
consolidation.

Bronchial Patterns
Bronchial patterns, as best depicted by diffuse bronchiectasis (Chapter 84), 
are seen on conventional radiographs as linear, tubular, or cystic lucencies 

FIGURE 78-5. Diffuse reticular lung disease. Chest radiograph in a 94-year-old patient 
with diffuse reticular opacities due to idiopathic pulmonary fibrosis with honeycombing 
and traction bronchiectases. The lung volumes are typically reduced by a decreased 
pulmonary compliance. 

FIGURE 78-6. Honeycombing in a patient with idiopathic pulmonary fibrosis and 
usual interstitial pneumonia. Computed tomographic scan shows multiple bibasal reticular 
opacities with honeycombing and traction bronchiectases. 

and opacities that follow the expected path of bronchi, so-called tramlines 
because they resemble tram tracks. Mucoid impaction, as seen in patients 
with asthma, allergic bronchopulmonary aspergillosis, or plastic bronchitis, 
leads to opacities described as toothpaste, cluster of grapes, or finger-in-glove. 
The “dirty lung” pattern seen in smokers with chronic bronchitis (Chapter 
82) results from bronchial wall thickening, peribronchial fibrosis, respiratory 
bronchiolitis, and pulmonary arterial hypertension.

Vascular Patterns
Arterial patterns reflect changes in pulmonary perfusion. The term caudaliza-
tion reflects the normal blood flow distribution pattern in an upright person 
in which the basal pulmonary vessels are two to three times wider than the 
upper lobe vasculature. Cephalization, in which the ratios of diameters of vessels 
are reversed, is frequently seen in recumbent persons, in whom it may be 
considered normal; however, when it is present in individuals imaged in the 
upright position, it indicates left ventricular failure, mitral valve disease, or 
basal emphysema (Fig. 78-7). Equalization, or balanced flow with well-
demonstrated vessels to upper and lower lung zones, is found in hyperkinetic 
circulation due to anemia, obesity, pregnancy, hyperthyroidism, or left-to-right 
shunts. Equalization or balanced flow with oligemia can be seen in hypovo-
lemia, diffuse emphysema, or right-to-left shunts. Centralization reflects dilation 

FIGURE 78-7. Patient with left ventricular failure. Chest frontal radiograph shows 
cephalization of pulmonary blood flow. 
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of central pulmonary arteries, with accompanying normal or diminished 
peripheral circulation. Typically, it is seen in pulmonary arterial hypertension 
(Fig. 78-8). Lateralization of flow, favoring one lung over the other, also called 
asymmetrical perfusion, is visible with unilateral emphysema, unilateral bron-
chiolitis obliterans (Swyer-James-McLeod syndrome), or unilateral obstruction 
of the pulmonary artery. Locally dilated pulmonary vessels occur adjacent to 
affected oligemic lung regions in patchy emphysema, multiple pulmonary 
emboli, arteriovenous malformations, and nonuniform bronchiolitis obliterans. 
This pattern produces mosaic attenuation on high-resolution CT scanning. 
Focal oligemia with vascular deficiency is characteristically seen in emphysema 
but also can occur after pulmonary embolism (Westermark sign). Centrilobular 
emphysema, paraseptal emphysema, and bullous lung disease have a predilec-
tion for the upper lung regions, whereas panlobular emphysema induces basal 
oligemia with vascular deficiency.

Lung Volume
Conventional radiographs and CT scans are performed during a breath hold 
at full inspiration and total lung capacity. Low lung volumes are inferred by 
the high position of the diaphragm and the crowding of basal vascular struc-
tures (Table 78-3). Lung volumes larger than expected are commonly found 
in patients with diffuse emphysema (Fig. 78-9) (Chapter 82), chronic asthma 
(Chapter 81), or diffuse bronchiolitis obliterans and in highly trained athletes. 
With a few rare exceptions, chronic diffuse infiltrative lung diseases (Chapter 
86) lead to loss of volume.

Anatomic Distribution
The anatomic distribution of disease can significantly facilitate the approach to 
diagnosis (Table 78-4 and Fig. 78-10). Upper zone lung disease predominates 
in tuberculosis, fungal disease, sarcoidosis, pneumoconiosis (except asbestosis), 
Langerhans cell histiocytosis, ankylosing spondylitis, cystic fibrosis, cystic P. 
jirovecii pneumonia, radiation pneumonia, and end-stage hypersensitivity pneu-
monia. Basal lung disease is preferentially found in bronchiectases, aspiration, 
desquamative interstitial pneumonia, nonspecific interstitial pneumonia, usual 
interstitial pneumonia, drug reactions, asbestosis, scleroderma, and rheumatoid 
arthritis. Peripheral lung disease can be seen in eosinophilic pneumonia, cryp-
togenic organizing pneumonia, usual interstitial pneumonia, bronchioloalveolar 
cell carcinoma, adenocarcinoma in situ or minimally invasive adenocarcinoma 
(Chapter 182), and in occasional patients with so-called alveolar sarcoidosis 
(Table 78-5). However, any diffuse lung process will eventually progress to 
involve both lungs irrespective of zonal boundaries.

Lymph Nodes
Enlarged lymph nodes that are visible on chest CT scans and, when larger, 
on chest radiographs can provide diagnostic information (Table 78-6). The 

FIGURE 78-8. Patient with primary pulmonary arterial hypertension. Chest frontal 
radiograph shows centralization of flow with pulmonary artery aneurysms and peripheral 
pulmonary oligemia. 

TABLE 78-3 CONDITIONS ASSOCIATED WITH VARIOUS 
LUNG VOLUMES IN PATIENTS WITH AN 
UNDERLYING DIFFUSE LUNG DISEASE PATTERN

LARGE LUNG VOLUMES

Emphysema
Chronic asthma
Diffuse bronchiolitis obliterans
Highly trained athletes
Lymphangioleiomyomatosis
SMALL LUNG VOLUMES

End-stage lung fibrosis
Bilateral diaphragmatic paralysis
Massive ascites
NORMAL LUNG VOLUMES

Sarcoidosis
Langerhans cell histiocytosis
Neurofibromatosis
Combined pulmonary fibrosis and emphysema

FIGURE 78-9. Patient with severe emphysema. Chest radiograph shows hyperexpansion 
of both lungs with bullous changes at the right lung base and leftward mediastinal shift 

TABLE 78-4 CONDITIONS ASSOCIATED WITH DISEASE 
DISTRIBUTION PATTERNS

UPPER ZONE LUNG DISEASE

Bullous lung disease
Centrilobular and paraseptal emphysema
Tuberculosis
Fungal disease
Sarcoidosis
Pneumoconioses
Langerhans cell histiocytosis
Cystic fibrosis
End-stage hypersensitivity pneumonia
Ankylosing spondylitis
Radiation pneumonia
BASAL LUNG DISEASE

Panlobular emphysema
Bronchiectasis
Aspiration
Drug reactions
Interstitial pulmonary fibrosis, nonspecific interstitial pneumonia, desquamative 

interstitial pneumonia, cryptogenic organizing pneumonia also called 
bronchiolitis obliterans with organizing pneumonia

Asbestosis
Scleroderma
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following entities can be associated with diffuse lung disease and concurrent 
enlarged lymph nodes: sarcoidosis (Chapter 89); lymphoma; fungal disease; 
tuberculosis (Chapter 308); pneumoconiosis (Chapter 87), particularly sili-
cosis and beryllium-associated lung disease; lung cancer; and metastatic 
malignant disease other than lung cancer.

Pulmonary Nodules
Solitary pulmonary nodules are covered in Chapter 182. Most patients with 
multiple pulmonary nodules larger than 1 cm in diameter have metastatic 
disease from primary cancers either within or outside the lung (Fig. 78-11). 
These lesions have a predilection for subpleural lung regions, including the lung 
subtending the interlobar fissures. In patients with human immunodeficiency 
virus infection, Kaposi sarcoma and lymphoma can induce the formation of 
such nodules. Infectious processes that present with multiple nodules include 
multiple abscesses from recurrent aspiration (Chapter 88) or septic emboli 
(Chapter 67); tuberculous and nontuberculous mycobacterial granulomata 
(Chapters 308 and 309); fungal processes, including histoplasmosis (Chapter 
316), coccidioidomycosis (Chapter 316), and cryptococcosis (Chapter 317); 
and infestation with flukes, such as Paragonimus westermani (Chapter 334). 
Noninfectious inflammatory conditions that can present with multiple pul-
monary nodules include granulomatosis with polyangiitis (Chapter 254), 
rheumatoid nodules (Chapter 248), sarcoidosis (Chapter 89), and amyloi-
dosis (Chapter 179).

TABLE 78-5 DISEASES AFFECTING THE LUNG PERIPHERY
Chronic eosinophilic pneumonia
Cryptogenic organizing pneumonia
Idiopathic interstitial fibrosis (usual interstitial pneumonia)
Bronchioloalveolar cell carcinoma (rare)
Pseudo-alveolar sarcoidosis (rare)

TABLE 78-6 CONDITIONS ASSOCIATED WITH HILAR AND 
MEDIASTINAL LYMPH NODE ENLARGEMENT

Sarcoidosis
Lymphoma
Fungal disease
Tuberculosis
Metastatic cancer
Silicosis, coal worker’s pneumoconiosis, beryllium lung

Pleural Disease
Abnormalities of the pleural space (Chapter 92) can be displayed effectively 
by conventional radiographic methods supplemented by CT scanning. The 
volume of a pleural effusion (see Figs. 92-3 and 92-4 in Chapter 92) can 
be reliably estimated on standard frontal upright chest radiograph: 75 mL 
obscures the posterior costophrenic sulcus; 150 mL obscures the lateral cos-
tophrenic sulcus; 200 mL produces a rind of 1 cm in thickness on decubitus 
radiographs; 500 mL obscures the diaphragm and is visible on supine radio-
graphs; and 1000-mL effusions reach the level of the fourth anterior rib on 
upright chest radiographs. An effusion of 200 mL or more can be sampled by 
thoracentesis. The smallest amount visible on decubitus radiographs is 10 mL. 
With care, as little as 175 mL of effusion can be detected on supine images. 
Free layering pleural effusions produce a veil of opacity or filter effect super-
imposed on the aerated lung; pulmonary vessels are clearly visible through 
the added opacity generated by the effusion, and air bronchograms are  
absent.

A B

FIGURE 78-10. A, Basal pulmonary disease. Chest radiograph in a 48-year-old patient with known scleroderma. Bibasal fine reticular opacities and parenchymal bands are visible in 
both lower lobes. B, apical lung disease. Chest radiograph in a 42-year-old patient with ankylosing spondylitis. severe architectural distortion with cicatrizing atelectasis of both upper 
lobes, retraction of both pulmonary arteries cephalad, and bilateral bulla formation containing fungus balls are evident. 

FIGURE 78-11. Multifocal pulmonary opacities. Chest radiograph in a 70-year-old 
patient with known carcinoma of the thyroid gland widening the superior mediastinum 
and displacing the cervical trachea to the right. Bilateral large and small pulmonary 
nodules and masses due to metastatic tumor are present. 
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FIGURE 78-12. Bilateral subpulmonic pleural effusions. Chest frontal (A) and lateral (B) views. Both lung bases are elevated, with lateralization of the lung base curvature that mimics 
an elevated diaphragm. In the lateral projection, the configuration of the interface between the effusion and the aerated lung mimics the shape of the rock of gibraltar (arrows). 

FIGURE 78-13. Loculated right-sided pleural effusion. Chest frontal view. a right-sided 
peripheral pleural mass is seen with characteristic obtuse angles of interface toward the 
chest wall, with tapered borders and sharp contour towards the lung. These findings 
localize the mass to the pleural or extrapleural compartment and not to the lung paren-
chyma. This loculated effusion proved to be an empyema. 

Subpulmonic and Loculated Pleural Effusions
Subpulmonic pleural effusions elevate the lung base, mimicking a high-riding 
hemidiaphragm. The highest curvature point of the pseudodiaphragm is shifted 
laterally with an abrupt lateral descent, the so-called Rock of Gibraltar sign; 
it also can be seen in the lateral projection (Fig. 78-12). Large pleural effusions 
can lead to diaphragmatic inversion. Separation of the lung base from the 
gas-containing stomach is indicative of a subpulmonic effusion, particularly 
when the stomach gas bubble is displaced inferomedially.

Loculated pleural effusions suggest the presence of pleural adhesions or 
indicate an underlying parenchymal lung abnormality with a focal decrease 
in adjacent pleural pressure. Such encapsulated collections have obtuse 
angles of interface with the chest wall, tapered borders that are incomplete 
toward the chest wall, and a sharply defined contour with the adjacent lung  
(Fig. 78-13).

Pleural Plaques
Pleural plaques result from parietal pleural accumulation of hyalinized 
collagen fibers (Fig. 78-14); their presence suggests asbestos exposure 
(Chapter 87). Plaques preferentially involve the parietal pleura adjacent 
to ribs six through nine and the diaphragm. They are less pronounced in 
the intercostal spaces and spare the costophrenic sulci as well as the apices. 
Calcifications are visible on chest radiographs in 20% and on CT scans in 
50% of individuals with pleural plaques. Imaged in profile, pleural plaques 
produce focal areas of apparent pleural thickening. Over the diaphragm, they 
appear as curvilinear calcifications or scalloping. Pleural plaques viewed en 
face can simulate lung disease. Their appearance has been likened to holly 
leaves, sunburst patterns, or geographic patterns, and, when calcified, to a 
dripping candle, rolled margins, or stippled or irregular structures. Rare vis-
ceral pleural plaques that occur in interlobar fissures can mimic pulmonary  
nodules.

Diffuse Pleural Thickening
Diffuse thickening of the parietal and visceral pleurae is a response observed 
after exposure to any of a number of stimuli, including infection, inflammation, 
trauma, tumor, thromboembolism, radiation, and asbestos. Severe involvement 
results in formation of a generalized pleural peel with smooth margins, usually 
less than 2 cm in thickness. Radiologically diffuse pleural thickening is char-
acterized by a smooth, noninterrupted pleural opacity involving at least one 
fourth of the chest wall circumference, obliterating the costophrenic sulci and 
encompassing also the apices. The CT criteria for diffuse pleural thickening 
include a thickness of at least 3 mm.

Malignant Disease
Malignant tumors of the pleura are more common than benign ones, and 
metastatic disease is more frequent than primary pleural mesothelioma. Primary 

tumors originate from pleural membranes. Pleural invasion by lung cancer, 
subpleural plaques in lymphoma, hematogenous dissemination to the pleura, 
and direct pleural seeding are other mechanisms of pleural involvement by 
tumor. Benign pleural tumors include lipomas, fibrous tumors, and neurogenic 
tumors. Lipomas are most common; their diagnosis is facilitated by CT scan-
ning. Fibrous tumors of the pleura originate from pluripotent mesenchymal 
cells found in the visceral pleura or, less commonly, in the parietal pleura. 
They can induce paraneoplastic syndromes such as hypertrophic osteoar-
thropathy (Chapter 169) or hypoglycemia and only rarely invade or metastasize. 
In nearly half of these patients, the tumor can be on a pedicle and be mobile 
as a patient changes position. Torsion of this pedicle can, on rare occasions, 
lead to tumor necrosis with accumulation of gas in the mass.

 IMAGING OF THE MEDIASTINUM
The mediastinum encompasses midline thoracic structures that are delineated 
by mediastinal pleura, the diaphragm, the sternum, the spine, and the thoracic 
inlet. The mediastinum is commonly divided into an anterior prevascular 
compartment, a visceral middle compartment, and a paraspinal, posterior 
mediastinal compartment (Table 78-7). Each compartment contains specific 
pathologic entities.

 Imaging Techniques
On well-penetrated chest radiographs, the anterior junction line, the posterior-
superior junction line, the azygoesophageal stripe, the pleuroesophageal stripe, 
the paratracheal stripe, and the para-aortic and the paraspinal stripes or lines 
should be assessed (E-Fig. 78-5). Mediastinal masses need to be detected and 
localized first. Their obtuse angles of interface with the mediastinal pleura, 
incomplete border toward the mediastinum, sharp contour toward the lung, 
and extension into both hemithoraces indicate the mediastinal origin of such 
lesions.

CT facilitates localization of a mass to a specific mediastinal compartment. 
When it is known whether the mass is predominantly fatty or cystic, contains 
soft tissue, or is calcified, the differential diagnosis can be limited. MRI of the 
mediastinum has a role in diagnosis of vertebral disease or neurogenic tumors 
with extension into the spinal canal. It is equivalent to CT in diagnosis of 
aortic aneurysms and dissections (Chapter 69).

 Mediastinal Compartments
The anterior mediastinum or prevascular compartment is actually a potential 
space that may contain the fatty replaced thymus and small normal lymph 
nodes.5 Space-occupying lesions in this compartment typically include thy-
momas, lymphomas, teratomas, and other germ cell tumors, substernal thyroid 
goiters, lipomas, and other connective tissue tumors, as well as hemangiomas 
or lymphangiomas (Fig. 78-16A).

The middle mediastinum or visceral compartment is subdivided into the 
subcarinal space, paratracheal region, retrotracheal region, aortopulmonic 
window region, cardiac space, and retrocardiac space. Characteristic lesions 
are enlarged lymph nodes and bronchopulmonary foregut malformations (see 
Fig. 78-16B).

In the retrotracheal region, aberrant right subclavian arteries, posterior 
descending goiters, esophageal tumors, diverticula, or thoracic duct cysts can 
be found. In the aortopulmonic window, enlarged lymph nodes, ductus diver-
ticula, bronchopulmonary foregut malformations, and aortic or pulmonic 
artery aneurysms can form compartment-specific space-occupying lesions. 
Pericardial cysts, pericardial tumors, and cardiac masses are the common 
space-occupying lesions in the cardiac space.

The paraspinal region or paravertebral compartment are considered radio-
logically to belong to the posterior mediastinum. Important masses in that 
space include neurogenic tumors that originate from the sympathetic chain 
or from segmental nerve roots (see Fig. 78-16C). Extramedullary hematopoiesis 
in patients with severe anemia can result in paravertebral masses formed by 
hypertrophied bone marrow that extrudes from ribs or vertebral bodies. 
Enlarged lymph nodes due to lymphoma or metastatic disease are occasionally 
seen in a paraspinal location. Vertebral disease, including bacterial or tuber-
culous spondylitis, tumors, and post-traumatic hematomas, can widen the 
paraspinal region and produce contour abnormalities.
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FIGURE 78-14. Patient with known prior occupational asbestos exposure. Chest radio-
graph shows extensive bilateral calcified plaques seen en face, in profile, and along the 
diaphragmatic contour. 

Pneumothorax
Pneumothorax means gas in the pleural space (Chapter 92). The most 
important radiologic feature of a pneumothorax is a visceral pleural line or 
edge that is convex or straight toward the chest wall and produces a lucent 
separation of the visceral and parietal pleura (Fig. 78-15). In most cases, no 
pulmonary vascular structures are visible beyond the visceral pleura. On 
upright chest radiographs, gas is primarily found in the apicolateral pleural 
space. Expiratory chest radiographs are not necessary for the detection of 
small pneumothoraces because all pneumothoraces are visible on inspiratory 
studies. On supine chest radiographs, pleural gas accumulates in a subpul-
monic location; it outlines the costophrenic sulcus, forming the deep sulcus 
sign. A tension pneumothorax leads to a marked shift of the mediastinum to 
the contralateral side and to flattening or inversion of the ipsilateral hemi-
diaphragm. In supine patients with a hydropneumothorax, a veil of opacity 
can be seen with a gradient of decreasing attenuation toward the apex of the  
affected hemithorax.

FIGURE 78-15. Patient with spontaneous tension hydropneumothorax. Chest radio-
graph shows complete atelectasis of the left lung with a large pneumothorax and a left 
basal gas-liquid level. The patient had primary tuberculosis. 

TABLE 78-7 CLASSIFICATION OF MEDIASTINAL 
COMPARTMENTS

ANTERIOR MEDIASTINUM

Retrosternal: Prevascular compartment
MIDDLE MEDIASTINUM: VISCERAL COMPARTMENT

Subcarinal space
Paratracheal region
Retrotracheal space
Aortopulmonic window
Retrocardiac space
POSTERIOR MEDIASTINUM: PARAVERTEBRAL COMPARTMENT

Paraspinal region

 IMAGING OF THE MEDIASTINUM
The mediastinum encompasses midline thoracic structures that are delineated 
by mediastinal pleura, the diaphragm, the sternum, the spine, and the thoracic 
inlet. The mediastinum is commonly divided into an anterior prevascular 
compartment, a visceral middle compartment, and a paraspinal, posterior 
mediastinal compartment (Table 78-7). Each compartment contains specific 
pathologic entities.

 Imaging Techniques
On well-penetrated chest radiographs, the anterior junction line, the posterior-
superior junction line, the azygoesophageal stripe, the pleuroesophageal stripe, 
the paratracheal stripe, and the para-aortic and the paraspinal stripes or lines 
should be assessed (E-Fig. 78-5). Mediastinal masses need to be detected and 
localized first. Their obtuse angles of interface with the mediastinal pleura, 
incomplete border toward the mediastinum, sharp contour toward the lung, 
and extension into both hemithoraces indicate the mediastinal origin of such 
lesions.

CT facilitates localization of a mass to a specific mediastinal compartment. 
When it is known whether the mass is predominantly fatty or cystic, contains 
soft tissue, or is calcified, the differential diagnosis can be limited. MRI of the 
mediastinum has a role in diagnosis of vertebral disease or neurogenic tumors 
with extension into the spinal canal. It is equivalent to CT in diagnosis of 
aortic aneurysms and dissections (Chapter 69).

 Mediastinal Compartments
The anterior mediastinum or prevascular compartment is actually a potential 
space that may contain the fatty replaced thymus and small normal lymph 
nodes.5 Space-occupying lesions in this compartment typically include thy-
momas, lymphomas, teratomas, and other germ cell tumors, substernal thyroid 
goiters, lipomas, and other connective tissue tumors, as well as hemangiomas 
or lymphangiomas (Fig. 78-16A).

The middle mediastinum or visceral compartment is subdivided into the 
subcarinal space, paratracheal region, retrotracheal region, aortopulmonic 
window region, cardiac space, and retrocardiac space. Characteristic lesions 
are enlarged lymph nodes and bronchopulmonary foregut malformations (see 
Fig. 78-16B).

In the retrotracheal region, aberrant right subclavian arteries, posterior 
descending goiters, esophageal tumors, diverticula, or thoracic duct cysts can 
be found. In the aortopulmonic window, enlarged lymph nodes, ductus diver-
ticula, bronchopulmonary foregut malformations, and aortic or pulmonic 
artery aneurysms can form compartment-specific space-occupying lesions. 
Pericardial cysts, pericardial tumors, and cardiac masses are the common 
space-occupying lesions in the cardiac space.

The paraspinal region or paravertebral compartment are considered radio-
logically to belong to the posterior mediastinum. Important masses in that 
space include neurogenic tumors that originate from the sympathetic chain 
or from segmental nerve roots (see Fig. 78-16C). Extramedullary hematopoiesis 
in patients with severe anemia can result in paravertebral masses formed by 
hypertrophied bone marrow that extrudes from ribs or vertebral bodies. 
Enlarged lymph nodes due to lymphoma or metastatic disease are occasionally 
seen in a paraspinal location. Vertebral disease, including bacterial or tuber-
culous spondylitis, tumors, and post-traumatic hematomas, can widen the 
paraspinal region and produce contour abnormalities.
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E-FIGURE 78-5. Chest radiograph with superimposed mediastinal stripes. Yellow: 
right paratracheal stripe. Light blue: right and left paraspinal stripes. Red: azygoesopha-
geal stripe. Brown: Pleuroesophageal stripe. Purple: anterior junction line complex. Pink: 
left subclavian artery border. Light green: Posterior-superior junction line. Dark green: 
Para-aortic line. 
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FIGURE 78-16. A, Patient with anterior mediastinal teratoma. 
Chest radiograph shows a mediastinal contour abnormality due to 
projection of the mass into the right hemithorax. note the obtuse 
angle of interface formed by the pleura covering the mass with the 
mediastinum. The right descending pulmonary artery is visible through 
the mass, thereby proving that the mass is mediastinal and not hilar. 
This finding is called the hilum overlay sign. B, Patient with Castleman 
giant lymph node hyperplasia. Chest frontal radiograph shows large 
subcarinal middle mediastinal mass that projects lateral to the right 
atrium. C, Patient with paraspinal ganglioneuroma. Chest radiograph 
shows right lower paraspinal contour abnormality widening the right 
paraspinal region and encompassing the height of three thoracic 
vertebrae. 
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REVIEW QUESTIONS

1. Which of the following statements about computed tomography (CT) as 
compared with conventional radiography is false?
 A. It displays cross-sectional anatomy free of superimposition.
 B. CT images have a ten-fold higher contrast resolution compared with 

conventional radiography.
 C. Multislice CT scanners acquire a continuous, volumetric, near-isotropic 

data set.
 D. The acquired data set can yield high-quality two-dimensional or three-

dimensional reformatted images in any plane.
 E. High-resolution CT of the lung parenchyma can yield images with higher 

spatial resolution than conventional radiography.
Answer: E Conventional radiography has a higher spatial resolution than CT 
scanning, i.e., 5 line pairs per mm versus only 1 line pair per mm.

2. Which of the following radiologic descriptors of large pulmonary opacities 
is imprecise and should be avoided?
 A. Diffuse homogeneous
 B. Infiltrates
 C. Multifocal, patchy
 D. Lobar with or without atelectasis
 E. Perihilar or peripheral

Answer: B The term “infiltrate” is a descriptor with no meaning, and it should 
be avoided.

3. In which of the following conditions do chest radiographs show smaller 
than expected lung volumes?
 A. Emphysema
 B. Chronic asthma
 C. Diffuse bronchiolitis obliterans
 D. Combined pulmonary fibrosis and emphysema
 E. Lymphangioleiomtomatosis

Answer: D Combined pulmonary fibrosis and emphysema displays features 
of obstructive and restrictive lung disease, thereby resulting in near normal 
lung volumes and near normal spirometry but markedly reduced DLco and 
pulmonary hypertension.

4. In which of the following conditions do patients present with radiographi-
cally subnormal lung volumes?
 A. Sarcoidosis
 B. Langerhans cell histiocytosis
 C. Neurofibromatosis
 D. Normal person
 E. Bilateral phrenic nerve paralysis

Answer: E Bilateral phrenic nerve paralysis leads to low lung volumes.

5. In which of the following conditions is the pulmonary periphery spared 
from abnormalities on lung imaging?
 A. Hydrostatic pulmonary edema
 B. Chronic eosinophilic pneumonia
 C. Cryptogenic organizing pneumonia
 D. Usual interstitial pneumonia
 E. Pseudo-alveolar sarcoidosis

Answer: A Hydrostatic pulmonary edema has a predilection for the central, 
perihilar lung parenchyma and can, in rare cases, lead to a so-called butterfly 
or batwing pattern, which spares the pulmonary periphery.
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79 
RESPIRATORY TESTING AND FUNCTION
PAUL D. SCANLON

Pulmonary function testing has been used in the medical evaluation of patients 
with respiratory issues since Hutchinson’s 1846 demonstration that vital capac-
ity, the largest volume of air that can be exhaled, is an important measure of 
health. Lung function is one of the most important predictors of all-cause 
mortality.1 Although environmental exposures,2 especially exposure to tobacco 
smoke, and diseases are known to affect pulmonary function, genetic influ-
ences also contribute. Pulmonary function is central to our understanding of 
pulmonary disorders: many are classified as “obstructive” or “restrictive” dis-
orders in acknowledgement of their pulmonary function pattern. Change or 
stability of pulmonary function is a key outcome in many clinical trials of 
respiratory medications.

Measures of lung function include assessments of respiratory mechanics, 
for example, the volume of gas that is contained by the lung in various cir-
cumstances, the inspiratory and expiratory flow rates across the vital capacity, 
the pressures that can be generated by inspiratory and expiratory efforts, and 
the resistance to airflow, as well as calculations of gas exchange. The analysis 

of bronchoalveolar lavage fluid, obtained by bronchoscopy, can also provide 
important insights into pulmonary disease.

 SPIROMETRY
The simplest, most commonly performed pulmonary function test is spirom-
etry (Table 79-1).3 This test measures the forced vital capacity (FVC), which 
is the amount of air that can be forcefully expelled from the lungs, beginning 
at maximal inhalation (termed total lung capacity) and ending with the lungs 
emptied to their minimal volume (residual volume). Many secondary measures 
are derived from the FVC maneuver, including volume exhaled in a given 
time, termed the forced expiratory volume (FEV), with a subscript indicating 
the number of seconds during which this measurement is made (e.g., FEV1, 
FEV3). The ratio of the FEV1/FVC is the proportion of the total vital capacity 
that can be expelled in the first second of a maximal expiratory effort; a low 
FEV1/FVC ratio indicates obstructive lung disease. In addition, expiratory 
flow can be measured at specific portions of exhaled vital capacity, termed 
forced expiratory flow (FEF), followed by a number to represent the percent-
age of the FVC at which the flow was measured (e.g., FEF75, FEF50, FEF25). 
Expiratory flow can also be measured over a volume range (e.g., FEF25-75). 
Spirometry results are reproducible within a test session and over time between 
test sessions, thereby allowing comparisons over time for clinical evaluation 
and as an important outcome in research studies.

The data from a maximal exhalation is displayed with a flow-volume curve 
(Fig. 79-1A), which depicts exhaled flow at any given volume as a function 
of exhaled volume. The flow-volume curve has a unique shape for any indi-
vidual at any given time. It can reflect airway obstruction (Fig. 79-1B and C), 
such as is seen in asthma (Chapter 81) and chronic obstructive lung disease 
(COPD; Chapter 82), or lung restriction (Fig. 79-1D and E), such as is seen 
in many interstitial lung diseases (Chapter 86). A restrictive disorder may be 
indicated by a decreased FEV1 and FVC but a preserved or even an increased 
FEV1/FVC ratio. It also may demonstrate less common abnormalities, 
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ABSTRACT
Pulmonary function testing (PFT) is key to the evaluation and treatment of 
many disorders of the respiratory system and is central to the definition of 
obstructive and restrictive disorders. This chapter briefly summarizes methods 
for lung function testing, well illustrated with “real” flow volume curves and 
guided by a detailed algorithm. Bronchoalveolar lavage also is succinctly 
reviewed. Supplementary online materials include a more complete discussion 
of complex pulmonary function disorders (mixed, nonspecific, and complex 
restrictive), the effects of obesity on PFTs, and a series of review questions.



CHAPTER 79 RespiRatoRy testing and Function 519

TABLE 79-1 PULMONARY FUNCTION TESTS
LUNG VOLUMES

TLC Total lung capacity (volume of gas in lungs at the end of maximal 
inspiration)

FRC Functional residual capacity (volume of gas in the lungs at 
relaxation, when the inward pull of lungs is balanced by the 
outward pull of the relaxed chest wall)

RV Residual volume (FRC − ERV, volume of gas left in lungs after 
maximal exhalation)

ERV Expiratory reserve volume (volume of gas expired between FRC 
and RV)

EXPIRATORY FLOW

FEV1 Forced expiratory volume (in 1 second)
FVC Forced vital capacity
FEV1/FVC FEV1/FVC ratio (expressed as percentage)
DIFFUSING CAPACITY

Dlco Diffusing capacity of lungs for carbon monoxide
ARTERIAL BLOOD GASES

Pao2 Partial pressure of oxygen in arterial blood
Paco2 Partial pressure of carbon dioxide in arterial blood
pH Negative log of hydrogen ion concentration

including variable extrathoracic (Fig. 79-1F) or intrathoracic (Fig. 79-1G) 
obstruction, tracheal stenosis (Fig. 79-1H), or severe muscle weakness (Chapter 
80; Fig. 79-1I).

The FVC, FEV1, FEV1/FVC ratio, and shape of the flow-volume curves 
are highly reproducible measures of lung function if the tested individual 
makes an expiratory effort above a certain, easy-to-obtain level in a pulmo-
nary function laboratory with modern spirometry equipment and trained 
staff. In the absence of quality assurance, however, measurements of lung 
function are neither accurate nor reproducible; poor-quality pulmonary func-
tion testing results are biased to lower values, thereby giving an incorrect 
impression of disease where none may exist. In some but not all cases, poor 
performance is obvious from inspection of the flow-volume curve (Fig. 79-1L). 
One way to assess a patient’s performance is to compare multiple efforts and 
to document that the two best measures of both FVC and FEV1 are within 
150 mL of each other, a standard that most people can meet without diffi-
culty. Poor performance should be noted by the interpreter to avoid erroneous  
diagnoses.

Spirometry is recommended for diagnosis of airflow obstruction in symp-
tomatic patients. It is not recommended as a screening test for asymptomatic 
persons thought to be at risk for development of lung disease, such as current 
or former smokers, because an abnormal spirometry result has not been shown 
to improve the likelihood that such at-risk individuals will quit smoking. Fur-
thermore, a normal screening spirometry test result might be misinterpreted 
as an indicator that smokers can continue smoking without risk. Nevertheless, 
spirometry may be part of workplace respiratory health programs in at-risk 
occupational settings.

Spirometry is often performed before and after administration of an inhaled 
bronchodilator, either a β-agonist (e.g., albuterol) or a muscarinic antagonist 
(e.g., ipratropium) or both, especially if it shows changes consistent with airway 
obstruction. Dosing may use two or four puffs from a metered dose inhaler 
or nebulized aerosols. The degree of improvement after bronchodilator admin-
istration indicates the degree of airway reactivity, which is generally more in 
asthma (Chapter 81) and less in COPD (Chapter 82). Response to broncho-
dilators varies with dosage, is poorly repeatable from test to test, and is not a 
good predictor of the clinical response to bronchodilator therapy in an indi-
vidual patient.

 OTHER TESTS OF VENTILATION
Maximal voluntary ventilation (MVV) is an indication of the maximal ventila-
tion a patient can perform, expressed in liters per minute. MVV estimates a 
person’s upper limit of ventilatory capacity. Reductions in MVV may be due 
to inspiratory obstruction, muscle weakness, or poor performance. Because 
MVV is effort dependent, it may be a better predictor of postoperative respira-
tory complications (Chapter 405) than is FEV1. Inspiratory flows, which are 

not part of routine spirometry, may be useful for patients in whom there is a 
suspicion of upper airway disease, such as a patient who has stridor, whose 
MVV is reduced out of proportion to the FEV1, or has been referred by an 
otorhinolaryngologist.

 REFERENCE EQUATIONS
Normal lung size varies from person to person as a function of height, age, 
sex, and ethnicity, Therefore, values obtained from pulmonary function testing 
are compared with those of normal individuals with similar characteristics. 
Results are expressed as a percentage of a reference value calculated with those 
four factors. Normal values in African American individuals are about 12% 
lower than values from white persons of the same sex, age, and height. Normal 
values are also about 6 to 15% lower in southern Asians. Inspiratory capacity 
is also higher in people who live at higher altitudes.4 Genetic markers of ethnic 
ancestry are predictive of lung function and, in the future, might be used 
instead of self-declared ethnicity to improve on traditional methods of adjust-
ing for racial or ethnic variation.

 LUNG VOLUMES
The volume of air in the lung at any given time can be partitioned (Fig. 79-2). 
The air that remains in the lung after a maximal expiratory effort is the residual 
volume. The amount of air in the lungs at the relaxation point, when muscle 
effort is minimized and the inward recoil of the lung is balanced by the outward 
recoil of the chest wall, is the functional residual capacity (FRC). The differ-
ence between FRC and residual volume is the expiratory reserve volume. The 
volume exhaled in a normal breath is the tidal volume. The volume that can 
be inhaled above tidal volume is the inspiratory reserve volume.

A series of capacities consist of the sum of two or more different volumes. 
FRC is the sum of expiratory reserve volume plus residual volume. Inspi-
ratory capacity is the sum of tidal volume plus inspiratory reserve volume. 
Vital capacity is the sum of tidal volume plus inspiratory reserve volume plus 
expiratory reserve volume. Total lung capacity is the sum of residual volume 
plus expiratory reserve volume plus tidal volume plus inspiratory reserve  
volume.

Three of the volumes (tidal volume, inspiratory reserve volume, expiratory 
reserve volume) can be measured with a spirometer. Measurement of residual 
volume or any of the capacities that include it, so-called absolute lung volumes, 
requires more sophisticated methods, such as body plethysmography, the inert 
gas dilution technique, or the nitrogen washout technique.

Body Plethysmography
Body plethysmography, the preferred method for measuring lung volumes, is 
based on Boyle’s law: at a given temperature, the product of the pressure and 
volume of a quantity of gas at one time will be equal to the product of the 
pressure and volume of the gas at another time (P1 × V1 = P2 × V2). The 
process of measuring lung volume by plethysmography consists of panting 
against a closed shutter to compress and to rarify gas in the chest. The body 
plethysmograph, a sealed box in which the patient sits, measures the changes 
in lung volume during panting; pressure measured at the mouth represents 
the pressure changes within the lung during these volume changes. A similar 
panting maneuver with the shutter open is used to calculate airway resistance. 
Although body plethysmography is generally the most accurate method for 
measurement of lung volumes, particularly in patients with airway obstruction, 
it can overestimate lung volumes if panting is too rapid. A plethysmographic 
total lung capacity greater than 150% of the reference value should be viewed 
with suspicion.

Inert Gas Dilution Technique
Lung volumes also can be measured by having the patient rebreathe from a 
device containing a known volume and concentration of an inert gas (e.g., 
helium, neon, argon, or methane), which does not react with elements in the 
blood or tissues, until equilibrium is achieved. The final concentration of helium 
equals the initial helium concentration times the initial volume of the device 
divided by the final volume of the lungs plus the device, adjusting for oxygen 
consumption and carbon dioxide production during the test. The equation 
can be solved for lung volume. This method underestimates lung volumes 
when portions of the lung communicate poorly with the central airways, par-
ticularly in patients with emphysematous bullae.

Nitrogen Washout Technique
The air that we breathe consists of approximately 21% oxygen, 1% argon, 
0.04% carbon dioxide, and a variable amount of water vapor. The remainder 
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FIGURE 79-1. Common patterns of flow-volume curve. A, normal. B, Moderate obstruction. C, severe obstruction. D, Moderate restriction. E, severe restriction. F, Variable extratho-
racic obstruction (granulomatosis with polyangiitis). G, Variable intrathoracic obstruction (relapsing polychondritis). H, Fixed obstruction (tracheal stenosis). I, Weak effort (myopathy). 
J, normal but with a prominent tracheal plateau. K, sawtooth curve associated with obstructive sleep apnea. L, poor quality maneuver with both delay in peak flow and cough within 
the first second. control = patient’s baseline performance; insp = inspiration; challenge = methacholine challenge. 
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is nitrogen. Exhaled air contains a lower concentration of oxygen, usually 14 
to 16%, plus 3 to 5% carbon dioxide and water. For the nitrogen washout 
technique, the test subject inhales 100% oxygen beginning at FRC. As the 
subject breathes, exhaled gas is collected until the concentration of nitrogen 
reaches a plateau. Knowing that the initial concentration of exhaled nitrogen 
is approximately 75% and measuring the final concentration and volume of 
gases collected, the initial volume of gas in the lungs at FRC can be calculated. 
This method also underestimates lung volumes in patients with poorly com-
municating air spaces.

Lung volumes can also be measured from chest radiographs and computed 
tomography scans. The correlation among the measurement techniques is 
very good for people with reasonably normal lungs. In the presence of lung 
disease, however, each of the methods has limitations.

Absolute lung volumes as determined by body plethysmography or one 
of the gas dilution methods can be used to refine the spirometric evalua-
tion of both obstructive and restrictive disorders. In obstructive disorders, 
air trapping or hyperinflation can be inferred from an increased residual 
volume, total lung capacity, or residual volume/total lung capacity (RV/
TLC) ratio. If the total lung capacity is greater than 125 to 130% of predicted, 
hyperinflation is present. A residual volume or RV/TLC ratio greater than 
the upper limit of normal suggests air trapping. However, in subjects with 
chest wall limitation or neuromuscular weakness, residual volume may be 
increased—not because of true airway trapping but because of limitation to 
expiratory chest wall movement, so the term air trapping should be used with  
caution.

A restrictive disorder can be inferred from a spirometry pattern showing a 
reduced FVC with a normal or increased FEV1/FVC ratio. To confirm the 
presence of true restriction, lung volumes are required to demonstrate a TLC 
less than the lower limit of normal. If TLC is normal, the pattern is called a 
nonspecific pattern (see online supplement).

 DIFFUSING CAPACITY
The single-breath diffusing capacity for carbon monoxide (Dlco) is the most 
common clinically used measure of the gas exchange capacity of the lungs. 
The maneuver for measurement of Dlco requires breathing out to residual 
volume and then quickly inhaling a mixture of gas with a known concentra-
tion of an inert gas (e.g., helium or neon) plus a small concentration of carbon 
monoxide. After inhaling to total lung capacity, the patient holds his or her 
breath for 10 seconds, during which time the helium or other tracer gas mixes 
with other gases occupying the total lung capacity while the carbon monoxide 
is absorbed from the alveolar spaces because of the strong affinity of hemo-
globin for carbon monoxide. After a 10-second breath-hold, the remaining 

gas mixture is exhaled. The concentration of inert gas is used to calculate the 
volume of the lungs (alveolar volume); the concentration of carbon mon-
oxide is used to calculate the absorption of carbon monoxide, expressed in 
volume per minute per unit of pressure (mL/min per mm Hg). Methods for 
Dlco measurement have improved in recent years with the use of rapid gas  
analyzers.5

A normal value for Dlco indicates relatively normal gas exchange, which 
requires a normal pulmonary gas-exchanging surface, normal capillary blood 
volume, and relatively homogeneous ventilation-perfusion relationships. A 
low Dlco is indicative of impaired gas exchange. Among patients with obstruc-
tive disorders (Chapters 81 and 82), impaired gas exchange occurs most com-
monly in patients with emphysema as opposed to asthma. In restrictive disorders, 
impaired gas exchange is seen most commonly in patients with interstitial 
disorders rather than patients with chest wall disorders. Patients with pulmo-
nary vascular disorders typically have a low Dlco and may have restriction 
or normal lung mechanics (Chapter 86). An isolated reduction in Dlco (i.e., 
in association with normal total lung capacity, vital capacity, and FEV1) can 
indicate a pulmonary vascular disorder but is more commonly seen in associa-
tion with emphysema (Chapter 82), interstitial disease (Chapter 86), or a 
combination of the two.

An increased Dlco is relatively uncommon, most often seen in individuals 
with asthma (Chapter 81) or obesity (Chapter 207). It can also be seen in 
association with polycythemia (Chapter 157), left-to-right intracardiac shunt 
(Chapter 61), and acute pulmonary hemorrhage (Chapter 85) during or after 
exercise, or in the supine position.

 MAXIMAL RESPIRATORY PRESSURES
Maximal respiratory pressures help identify muscle weakness, which can cause 
a restrictive disorder, a nonspecific pattern, or an isolated reduction in MVV 
relative to FEV1. Maximal respiratory pressures do not distinguish muscle 
weakness from poor test performance (Fig. 79-3).

 INTERPRETATION OF LUNG FUNCTION TESTS
The interpretation of pulmonary function tests uses the data obtained to infer 
a physiologic diagnosis and to categorize the nature and magnitude of the 
impairments to lung function (Table 79-2). The four broad categories of physi-
ologic abnormalities include obstructive disorders, such as asthma and COPD 
(Chapters 81 and 82); restrictive disorders of the lung, such as pulmonary 
fibrosis (Chapter 86) or restriction due to factors outside the lung, such as 
chest wall limitation due to obesity, pleural disease, or musculoskeletal dis-
orders; weak chest wall (Chapter 92), such as Guillain-Barré syndrome (Chapter 
392); and disorders resulting in impaired gas exchange with normal mechanical 
function, such as pulmonary embolism (Chapter 74). Some patients have 
mixed physiologic defects, such as a combined restrictive and obstructive 
defect (see Fig. 79-3), or more than one cause of restriction (e.g., pulmonary 
fibrosis plus obesity or heart failure).

Spirometry screening of the U.S. adult population shows evidence of airflow 
obstruction in about 13.5% of individuals and evidence of restriction in about 
6.5%. Of individuals with spirometric evidence of restriction, about 50% have 
true restriction when lung volumes are measured, whereas the other 50% have 
a nonspecific pattern of pulmonary function abnormality.

The first step in interpretation of a set of pulmonary function measurements 
is to inspect the numerical data, the spirogram, and the flow-volume curve to 
assess the quality of the test. A poor-quality test result, whether it is due to 
poor performance by the patient or poor coaching by the technician, may have 
an irregular flow-volume curve (see Fig. 79-1L.) or poor reproducibility of 
results from one effort to another. Once good quality is affirmed, the presence 
of an abnormal pattern (e.g., obstruction or restriction) can be determined. 
If so, attention then turns to assessing gradations of severity, subtleties of 
the flow-volume curve, and other physiologic data (e.g., total lung capacity, 
residual volume, MVV, and Dlco) that either support or supplement the 
initial impression.

The normal flow-volume curve is roughly triangular (see Fig. 79-1A). A 
tracheal plateau, which is a normal variant (see Fig. 79-1J) usually seen in 
younger subjects, is caused by normal flow limitation in the trachea in the 
absence of peripheral airway obstruction.

Patients with obstructive disorders typically have a reduced FEV1/FVC ratio 
and a flow-volume curve with a “scooped out” appearance (see Fig. 79-1B and 
C). Atypical patients may have unusually shaped flow-volume curves or unusual 
patterns of obstruction (e.g., abnormal airway resistance despite a normally 
shaped flow-volume curve and normal FEV1/FVC ratio). If a patient has what 
appears to be obstruction, the next step is to determine the degree to which 
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FIGURE 79-3. An algorithm for interpreting pulmonary function tests in which spirometry, lung volumes, and DLCO are measured. if only spirometry is available, interpretation is 
more limited. the legend keys refer to numbered branch points in the algorithm. Bd = bronchodilator; dLco = diffusing capacity of the lung for carbon monoxide; FeV1 = forced expira-
tory volume in one second; FVc = forced vital capacity; Mep = maximal expiratory pressure; Mip = maximal inspiratory pressure; nl = normal; tLc = total lung capacity; Vc = vital 
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1. the algorithm begins at the top. inspect the data and flow-volume (FV) curve to assess test quality and then consider the basic type of abnormality (e.g., obstruction vs. 
restriction).

2. a reduced FeV1/FVc ratio suggests obstruction, and the obstruction algorithm on the right side should be followed. if the FeV1/FVc ratio is normal or high, the restriction side (left 
side) of the algorithm should be followed.

3. if FeV1/FVc is low and the Vc or FVc is normal or high, simple obstruction is present. if Vc or FVc is low, tLc should be checked.
4. if tLc is normal, simple obstruction is present. if tLc is high, obstruction with hyperinflation is present. if tLc is low, a mixed obstructive/restrictive pattern is present. (note that 

the inert gas dilution and nitrogen washout methods commonly underestimate tLc in the presence of obstruction and can give a false impression of a mixed disorder.)
5. the response to a bronchodilator (Bd) may be assessed to determine whether FeV1 or FVc meets criteria for a positive response (i.e., a ≥12% improvement and at least a 200 mL 

absolute increase) and to determine the degree of positivity.
6. the severity of obstruction should be graded. some algorithms grade severity based on post-bronchodilator values.
7. in current or former smokers with obstruction, a low dLco suggests emphysema or other pulmonary parenchymal or vascular disorders. a normal dLco may suggest asthma or 

bronchitis.
8. if FeV1/FVc is normal or high, the restriction (left) side of the algorithm is followed. if Vc or FVc is normal, spirometry is generally normal (occasional patients have an isolated 

abnormality of FeV1 of uncertain significance). if Vc or FVc is low, tLc should be checked.
9. if tLc is low, a restrictive disorder is present. if tLc is normal, the “nonspecific pattern” is present.

10. if the nonspecific pattern is identified, airway resistance (Raw) can be measured. an increased Raw suggests obstruction. a normal Raw suggests an alternative cause (see #13).
11. if true restriction is present, grade severity on the basis of the reduction in tLc percentage predicted.
12. if restriction is demonstrated, dLco should be measured next. if abnormal, it indicates a pulmonary parenchymal restrictive process. if normal, it suggests an extraparenchymal or 

nonpulmonary cause of restriction.
13. Restriction with a normal dLco or a nonspecific pattern with normal Raw suggests an alternative cause (chest wall limitation, weakness, heart failure, poor performance). consider 

measurement of maximal respiratory pressures and review the study for test performance.
14. if spirometry is normal, lung volumes are rarely useful, but dLco is sometimes helpful.
15. if dLco is normal, pulmonary function is normal. an isolated reduction in dLco is seen most often in patients with emphysema or pulmonary fibrosis or both. it less commonly 

indicates a pulmonary vascular disorder, such as primary pulmonary hypertension, or an obliterative vasculopathy, as sometimes seen in sjögren syndrome. 

TABLE 79-2 COMMON CHANGES ASSOCIATED WITH PATTERNS OF LUNG FUNCTION ABNORMALITY
FORCED EXPIRATORY VOLUME 

IN 1 SECOND(FEV1)
FORCED VITAL 

CAPACITY (FVC)
FEV1/FVC 

RATIO
RESIDUAL 
VOLUME

TOTAL LUNG 
CAPACITY

MAXIMAL RESPIRATORY 
PRESSURES

Normal Normal* Normal Normal Normal Normal Normal
Obstructive ↓ Normal to ↓ ↓ ↑ to ↑↑ Normal to ↑↑ Normal
Restrictive ↓ ↓ to ↓↓ Normal or ↑ Normal or ↓ ↓ to ↓↓ Normal
Weak chest wall ↓ ↓ to ↓↓ Normal or ↑ ↑ Normal or ↓ ↓

*Normal or abnormal values are determined by comparing the measured values with those predicted from regression equations based on the patient’s sex, age, height, and race. The normal range for FEV1/FVC 
also varies, mainly with age, ranging from 0.70 to 0.80 among 25-year-olds to 0.63 to 0.68 among 65-year-olds.
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the obstruction can be reversed by the administration of a bronchodilator. 
Hyperinflation or air trapping can be identified based on an increased total 
lung capacity or residual volume, and the adequacy of gas exchange can be 
assessed by measuring Dlco and oximetry. For individuals with normal spi-
rometry and alveolar volume (from the Dlco), measurement of total lung 
capacity can be avoided to save unnecessary expense.

In obstructive diseases, the degree of impairment of pulmonary function 
can be classified on the basis of the FEV1. According to one commonly used 
scale, an FEV1 less than the lower limit of normal but greater than 70% is 
mild, 60 to 69% is moderate, 50 to 59% is moderately severe, 35 to 49% is 
severe, and less than 35% is very severe.

Patients with restrictive disorders have reduced lung volumes and typically 
have a flow-volume curve with a “witch’s hat” shape—a tall peaked curve (see 
Fig. 79-1D and E). Restriction may be due to either reduced lung compliance 
or mechanical changes to the chest wall and tissues surrounding the lungs 
(e.g., obesity, muscle weakness, chest wall deformity, pregnancy, pleural effu-
sion, or heart failure). For many restrictive diseases, the severity of the restric-
tion can be graded with use of the total lung capacity as a percentage of the 
predicted value. Changes on serial testing help predict prognosis.

In patients with restriction caused by interstitial disease, the total lung 
capacity and the vital capacity or FVC are usually reduced by a similar propor-
tion. In some patients with restriction, the total lung capacity as a percentage 
of predicted and the vital capacity percentage of predicted are quite different 
(>10% difference). The usual cause is the presence of more than one restric-
tive process, such as a parenchymal restrictive disorder plus obesity, respiratory 
muscle weakness, atelectasis, or occult obstruction. Grading the severity of 
such a “complex restrictive disorder”6 requires additional consideration.

Some patients have a mixed disorder with evidence of both obstruction 
and restriction. Common causes include cystic fibrosis (Chapter 83), sarcoid-
osis (Chapter 89), and heart failure (Chapters 52 and 53) as well as cases in 
which the causes of the obstructive disorder and the restrictive disorder are 
unrelated.

Disorders of the central airways can cause characteristic patterns of abnor-
mality. In a “fixed airway obstruction” such as tracheal stenosis (see Fig. 79-1H), 
flow is typically reduced on both inspiration and expiration. In contrast, in a 
variable extrathoracic (upper) airway obstruction (see Fig. 79-1F), inspiration 
is disproportionately reduced; however, expiration is often abnormal, merely 
less so. Likewise, in variable intrathoracic obstruction (e.g., relapsing poly-
chondritis, tracheomalacia, or a dynamic intrathoracic tracheal tumor), the 
expiratory flow-volume curve is reduced but in a pattern unlike that seen in 
asthma or COPD (see Fig. 79-1G). These central airway obstructive patterns 
are often mistaken for COPD but may signify a locally treatable cause of 
obstruction.

In patients with heart disease, a decline in FEV1/FVC ratio is associated 
with underfilling of the left heart and low cardiac output. By comparison, a 
decline in FVC with preserved FEV1/FVC ratio is associated with left ven-
tricular hypertrophy and diastolic dysfunction.7

 PROVOCATIVE TESTING
Assessing Airway Responsiveness
Hyperresponsiveness of airways to the smooth muscle–contracting effect of 
pharmacologic agents such as methacholine, as well as to cold air, dry air, and 
other physical stimuli, is characteristic of asthma (Chapter 81). It is also 
observed in COPD and other obstructive airway diseases. Bronchoprovoca-
tion studies, in which graded doses of a stimulus are used to elicit airway 
constriction, are performed to measure airway responsiveness. A responsive 
airway, that is, one in which a small stimulus leads to a fall in FEV1, may be 
used to confirm the diagnosis of asthma (Chapter 81).

Exhaled nitric oxide is a marker of eosinophilic airway inflammation and 
can be used to predict the likelihood that airway obstruction will improve 
with corticosteroid treatment. However, the utility of exhaled nitric oxide 
levels for asthma management is controversial.

 CARDIOPULMONARY EXERCISE TESTS
Some patients have dyspnea (Chapter 77) or exercise limitation that is not 
adequately explained by the clinical examination, standard pulmonary function 

testing, and chest imaging. For such patients, laboratory testing of physiologic 
performance during exercise can be enlightening. Cardiopulmonary exercise 
testing, which is usually performed on a cycle ergometer or treadmill, includes 
monitoring of the heart rate, electrocardiography, and pulse oximetry as well 
as breath-by-breath measurement of tidal volume, breathing rate, oxygen con-
sumption, and carbon dioxide production. Optional measurements include 
arterial blood gases and noninvasive cardiac output. Outcomes include 
maximal oxygen uptake (V̇O2max), maximal workload, maximal heart rate, 
ventilation parameters during exercise, and measurements of gas exchange. 
Results are analyzed to determine if anaerobic metabolism occurs when the 
study subject reaches maximal effort and to determine what limits the ability 
of a patient to exercise—a gas exchange abnormality, ventilatory limitation, 
cardiac limitation, or deconditioning. Simple tests of exercise performance, 
such as the 6-minute walk test, can quantify and serially assess exercise  
performance.

 BRONCHOALVEOLAR LAVAGE
Bronchoalveolar lavage is useful for evaluation of opportunistic infections in 
immunocompromised hosts (Chapter 265),8 but its utility in the evaluation 
of interstitial lung disease is controversial. The procedure is generally safe, 
although provision must be made for the transient deterioration in gas exchange 
after the procedure. Oxygen supplementation is usually necessary, and intuba-
tion and mechanical ventilation are sometimes needed.

The differential cell count on a normal bronchoalveolar lavage specimen 
includes 85% macrophages or more, 10 to 15% lymphocytes, 3% neutrophils or 
less, 1% eosinophils or less, 1% mast cells or less, and less than 5% squamous 
epithelial cells (which are an indicator of contamination from the upper airway). 
Smokers may have higher cell counts and a higher percentage of neutrophils. 
Increased lymphocyte counts are seen in sarcoidosis (Chapter 89), hypersensi-
tivity pneumonitis (Chapter 88), nonspecific interstitial pneumonitis (Chapter 
86), collagen vascular diseases (Chapter 86), radiation pneumonitis (Chapter 
88), cryptogenic organizing pneumonia (Chapter 86), and lymphoproliferative 
disorders. Increased neutrophil counts are seen in idiopathic pulmonary fibro-
sis (Chapter 86), collagen vascular diseases (Chapter 86), infectious pneu-
monia (Chapter 91), aspiration pneumonia (Chapter 91), acute respiratory 
distress syndrome (Chapter 96), diffuse alveolar damage (Chapter 85), acute 
interstitial pneumonia (Chapter 86), and asbestosis (Chapter 87). Increased 
eosinophils can be seen in asthma (Chapter 81), bronchitis (Chapter 90), 
allergic bronchopulmonary aspergillosis (Chapter 319), eosinophilic granu-
lomatosis with polyangiitis (Chapter 254), Hodgkin lymphoma (Chapter 
177), and drug-induced lung disease (Chapter 88). If eosinophils are more 
than 25%, eosinophilic pneumonia is likely (Chapter 161). If lymphocytes 
are increased and the clinical differential diagnosis includes sarcoidosis or 
hypersensitivity pneumonitis, analysis of T-cell populations may be helpful; 
the CD4:CD8 ratio is typically increased in sarcoidosis but reduced in hyper-
sensitivity pneumonitis. If more than 20% of macrophages stain positive for 
hemosiderin, diffuse alveolar hemorrhage is considered likely (Chapter 85), 
particularly if lavage fluid is progressively bloody in successive aliquots of  
lavage fluid.

Cellular constituents of bronchoalveolar lavage are usually stained for cyto-
logic analysis for malignant cells and viral inclusions. If Langerhans cell his-
tiocytosis (Chapter 86) is considered possible, 5% or more CD1a–positive 
cells support the diagnosis. If chronic beryllium disease or beryllium sensitiza-
tion is possible, a lymphocyte proliferation test in response to exposure to 
beryllium salts can be helpful (Chapter 87). Staining of solid material from 
the bronchoalveolar lavage with periodic acid–Schiff (PAS) stain for the pres-
ence of PAS-positive material is essential to the diagnosis of pulmonary alveolar 
proteinosis (Chapter 85). A diagnosis of lipoid pneumonia (Chapter 88), 
caused by the aspiration of oil, can be confirmed by an excess of lipid-laden 
macrophages from bronchoalveolar lavage. The presence of asbestos bodies 
or silica is not diagnostic of lung disease related to these substances (Chapter 
87) but does indicate significant exposure.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

https://expertconsult.inkling.com/


CHAPTER 79 RespiRatoRy testing and Function 523.e1

 COMPLEX DISORDERS
Many pulmonary function tests have more than one physiologic defect, such 
as a combination of restriction plus obstruction, or more than one cause of 
restriction (e.g., pulmonary fibrosis plus obesity or heart failure). These cases 
do not fit neatly into standard interpretive patterns of typical obstruction or 
restriction, yet they can be described, and their patterns suggest a differential 
diagnosis.

A mixed disorder is a combination of both restriction, as indicated by a 
reduced TLC, plus obstruction, as indicated by a reduced FEV1/FVC ratio. 
Although it is widely recognized, it only occurs in 1 to 2% of pulmonary 
function tests. A mixed disorder may be due to a combination of a restrictive 
disorder plus an unrelated obstructive disorder, such as an interstitial disease 
plus COPD, but there are several disorders that typically produce a mixed 
pattern including cystic fibrosis (Chapter 83), sarcoidosis (Chapter 89), Lang-
erhans cell histiocytosis (Chapter 160), and heart failure (Chapters 52 and 
53). In a mixed pattern, the degree of severity of restriction can be determined 
from the TLC percent predicted. The overall impairment can be determined 
from the FEV1 percent predicted. The severity of the obstructive component 
can be inferred from the FEV1 percent predicted divided by the TLC percent 
predicted.

Reduced lung volumes are the sine qua non of the diagnosis of restriction. 
However, about half of patients whose spirometry suggests restriction (reduced 
vital capacity with normal FEV1/FVC ratio, also called preserved ratio impaired 
spirometry or PRISM) have a normal total lung capacity, so they do not have 
true restriction but rather what is called the nonspecific pattern. The nonspecific 
pattern is very common, occurring in 9 to 10% of all complete pulmonary 
function tests. It is approximately as frequent as true restriction. Patients with 
the nonspecific pattern commonly have evidence of an obstructive disorder, 
not restriction, as indicated either by increased airway resistance, a response 
to a bronchodilator, or other clinical indicator of obstruction. It can be argued 
that the clinical utility of the measurement of airway resistance is limited to 
patients with the nonspecific pattern of whom about half have an increased 
airway resistance. Some patients with a nonspecific pattern do not have evi-
dence of airway obstruction but are obese or have other chest wall limitations, 
neuromuscular weakness, poor performance, heart failure, pleural effusion, 
or a variety of other conditions.

In typical cases of restrictive lung disease, including most cases of interstitial 
lung disease, lung volumes are reduced in proportion to the severity of the 
interstitial disease. For example, TLC might be reduced to 60% of the predicted 
value and FVC would be similarly reduced to about 60% of the predicted 
value. In such a case, grading the severity of restriction is easy. One should 
be cautious not to overlook the fact that the gas exchange abnormality may 
be more or less severe, depending on the underlying pathology. In about one 
third of cases of restriction, the reductions in FEV1 and FVC are dispropor-
tionate (>10% of predicted value) to the reduction in TLC. The discrepancy 
may be large, for example TLC may be 70% predicted while FVC is only 25% 
predicted. Interpreting physicians sometimes disagree whether to grade sever-
ity of restriction based on TLC percent predicted or FVC percent predicted. 
In such a case, the impairment could be called either mild or very severe. In 
a study of such cases, the term “complex restriction” was proposed. Whereas 
cases of “typical restriction” were seen in association with interstitial lung 
disease, and hence weighted toward older men, patients with “complex restric-
tion” were more often women, younger, underweight, had slightly less severe 
reductions in Dlco, and more often had atelectasis, a mosaic pattern on com-
puted tomography, obesity, diaphragm dysfunction, or neuromuscular disease.

 PULMONARY FUNCTION IN OBESITY
The epidemic of obesity is manifested in many organ systems, including the 
respiratory system. Dyspnea, exercise limitation, and respiratory failure are 
more common in obese persons than in the nonobese. Asthma is more common 
and more severe in obese patients. The effects of obesity on lung function are 
usually relatively modest among ambulatory patients with a body mass index 
(BMI) less than 40. The most commonly observed effect of obesity on lung 
function is a reduction in expiratory reserve volume (the amount of air exhaled 
between FRC and residual volume), which is substantially reduced even in 
persons who are overweight (BMI 25 to 30) or mildly obese (BMI 30 to 35). 
Vital capacity is reduced in obesity, but the effect is modest, usually within 
the normal range, and highly variable. In large studies, vital capacity or FVC 
is reduced on average by 0.5 to 0.8% for each unit increase in BMI above 25. 
Effects of obesity on total lung capacity and FEV1 are somewhat smaller. The 
FEV1/FVC ratio and Dlco actually increase slightly with increasing BMI.

In exercise studies, the effects of obesity among ambulatory outpatients 
are likewise modest. Such patients have an increased work of breathing and 
decreased external work efficiency related to the work of moving their own 
body mass, but maximal oxygen uptake is often normal.
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REVIEW QUESTIONS

1. A 58-year-old man with exercise-related cough and a body mass index of 42 has a hemoglobin level of 14 g/dL, normal spirometry without a significant 
bronchodilator response, and a diffusing capacity (Dlco) that is 144% of the reference value. The most appropriate next test is:
 A. Bronchoalveolar lavage for hemosiderin-laden macrophages
 B. Echocardiography to exclude intracardiac shunt
 C. Quantitative assay for JAK2 mutation
 D. Methacholine challenge
 E. Measurement of hemoglobin P50

Answer: D Obesity and asthma are the most likely causes of an increased Dlco, and a search for rare causes of an increased Dlco usually is not indicated. 
Bronchoalveolar lavage can be useful if clinical information suggests pulmonary hemorrhage. An echocardiogram may demonstrate a left to right shunt, which 
is a rare cause of an increased Dlco. JAK2 mutations are associated with polycythemia vera, but the patient is not polycythemic.

2. A 61-year-old male former smoker (40 pack-years) complains of dyspnea and cough. Pulmonary function testing shows normal spirometry and lung 
volumes; there is an isolated reduction in diffusing capacity (Dlco). The most useful next test is:
 A. Echocardiography
 B. Right-sided heart catheterization
 C. High-resolution computed tomography of the chest
 D. Maximal respiratory pressures
 E. Bronchoalveolar lavage for hemosiderin-laden macrophages

Answer: C An isolated reduction in Dlco is most often associated with emphysema or fibrosis (or both), which are seen best with computed tomography. 
An isolated reduction in Dlco is less often due to pulmonary vascular disorders such as pulmonary hypertension, so echocardiography and right-sided heart 
catheterization may be valuable in some cases but would have a lower yield. Muscle weakness can reduce the Dlco, but it also reduces lung volumes. More 
than 20% hemosiderin-laden macrophages on bronchoalveolar lavage is suggestive of diffuse alveolar hemorrhage, which is a rare cause of an increased Dlco.

3. A 53-year-old never-smoker with a saddle nose deformity has severe dyspnea and dry cough. His pulmonary function test results are as follows:

53 yo M
Ht = 177 cm
Wt = 89 kg
BMI = 28
Never-smoker

CONTROL %PRED
FVC 4.51 93
FEV1 1.52 40
FEV1/FVC 33.7 43
MVV 55 36
FEF50/FIF50 0.3 30
FEFmax 2.7 32
FIFmax 4.5 75
%PRED = percentage of predicted value
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He reports episodes of ear pain and erythema, refractory to antibiotics but responsive to steroids. What is the next most appropriate test?
 A. Methacholine challenge
 B. Maximal respiratory pressures
 C. Airway resistance
 D. Imaging of the central airways (bronchoscopy or dynamic computed tomography)
 E. Measurement of exhaled nitric oxide

Answer: D He has relapsing polychondritis. His main respiratory issue is dynamic central airway collapse due to chondromalacia of the tracheal and bronchial 
cartilage. The flow-volume curve shows characteristic flattening, as opposed to the “scooped out” pattern of asthma and COPD. Inspiratory flows are normal. 
He does not have a disorder of airway reactivity, so methacholine challenge adds little useful information and may not be safe with this degree of obstruction. 
Maximal respiratory pressures are not likely to be abnormal. Airway resistance will be abnormal but will add nothing diagnostically. Exhaled nitric oxide is 
abnormal in patients with eosinophilic airway inflammation and would not be expected to be abnormal in this case.

4. A patient with mild obstruction on spirometry has a maximal voluntary ventilation that is reduced out of proportion to the FEV1. Which of the following 
is least likely to be helpful?
 A. Maximal respiratory pressures
 B. Inspiratory flow-volume curve
 C. Cardiopulmonary exercise challenge
 D. Airway resistance measurement
 E. Careful scrutiny of test for repeatability of measures and technician comments on patient performance

Answer: C A disproportionate reduction in maximal voluntary ventilation may be due to inspiratory obstruction, muscle weakness, or poor performance. 
Cardiopulmonary exercise testing is likely to be abnormal regardless of the cause of the abnormality. The other four options would yield more specific diagnostic 
information.

5. A 34-year-old man is being evaluated for dyspnea and lack of energy. Results are as follows: TLC, 62% predicted; FVC, 40%; FEV1, 36%; FEV1/FVC, 
0.90%; Dlco, 60%. The expiratory flow-volume curve is as shown:
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What test is likely to be most helpful?
 A. Maximal respiratory pressures
 B. Airway resistance
 C. Methacholine challenge
 D. Cardiopulmonary exercise test
 E. Arterial blood gases

Answer: A The convex shape of the flow-volume curve in an adult suggests muscle weakness or poor performance. In a patient with restriction, the dispro-
portionate reduction in FVC compared with TLC may be due to muscle weakness. This patient has a myopathy. Alternative considerations include chest wall 
limitation, poor performance, and occult airflow obstruction. The most helpful measurements on this patient will be maximal respiratory pressures, which will 
likely result in referral to a neurologist. Airway resistance is unlikely to be abnormal with this flow-volume curve. There is little to suggest asthma, and an 
exercise study is likely to be abnormal but may not reveal the cause of the abnormality. Arterial blood gases are usually normal in neuromuscular disorders 
until the FEV1 and FVC are severely reduced, after which hypercapnia develops as an indicator of respiratory failure.
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6. A 40-year-old woman is referred for second opinion about her “asthma.” She has never smoked and has been symptomatic since a hospitalization after a 
motor vehicle accident 10 years ago. She has not responded to bronchodilators and inhaled steroids. This is her first spirometry test.

40 yo F
Ht = 178 cm
Wt = 79 kg
BMI = 25

CONTROL %PRED
TLC 5.73 83
RV 2.32 124
RV/TLC 0.41 148
FVC 3.40 68
FEV1 1.51 38
FEV1/FVC 44.5 56
MVV 11 7
FEF50/FIF50 1.1 110
DLCO (hb adj) 18.58 61
SpO2 98
%PRED = percentage of predicted value.
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What test is most likely to be helpful?
 A. Computed tomography of the chest
 B. Oral exhaled nitric oxide
 C. Methacholine challenge
 D. Laryngoscopic examination of the upper airways
 E. Sputum examination for Charcot Leyden crystals and Curschmann spirals

Answer: D She has tracheal stenosis, which resulted from prolonged intubation or tracheostomy after her motor vehicle accident. CT of the chest does not 
always identify tracheal stenosis. Oral exhaled NO, methacholine challenge, and examination of the sputum for Charcot Leyden crystals and Curschmann 
spirals all are manifestations of asthma, but her flow-volume curve has the characteristic appearance of tracheal stenosis, not asthma. The tracheal stenosis is 
obvious on examination of the flow-volume curve and reinforces the need to perform spirometry for evaluation of patients thought to have common obstruc-
tive disorders such as asthma and COPD.

Suggested Interpretation: Abnormal. Severe fixed airway obstruction is indicated by the reduced FEV1 and MVV and shape of the inspiratory and expira-
tory flow-volume curves. There is no immediate response to bronchodilator. Dlco is mildly reduced, consistent with a pulmonary parenchymal or vascular 
process. Lung volumes and oxygen saturations are normal.
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7. An 80-year-old man who underwent right pneumonectomy 16 years ago for lung cancer has severe aortic stenosis and severe coronary disease. He has 
pulmonary function testing before aortic valvuloplasty.

12

10

8

6

4

2

0

Expired Volume, liters

M
ax

im
al

 E
xp

ira
to

ry
 F

lo
w

, l
ite

rs
/s

ec

0 1 2 3 4 5 6 7

PRED mayo
Control
Post dilator

Flow Volume Curve

80 yo M
Ht = 185 cm
Wt = 66 kg
BMI = 19

CONTROL %PRED
TLC 5.37 73
RV 3.53 142
RV/TLC 0.66 194
FVC 1.86 38
FEV1 1.25 35
FEV1/FVC 67.5 91
MVV 33 27
Max Insp Press
Max Exp Press

25
29

25
16

DLCO (hb adj) 9.5 38
SpO2 100 99
%PRED = percentage of predicted value.

How would you interpret his results?
 A. Mild restriction
 B. Severe restriction
 C. Mild-to-severe restriction
 D. Severe mixed obstruction/restriction
 E. Severe complex restrictive disorder

Answer: E This illustrates the dilemma posed by conventional thinking about grading restriction. Should one call this mild based on TLC or severe based on 
FVC or split the difference and call it mild-to-severe? When the reductions in TLC and FVC are discordant by more than 10%, there is usually a second process 
contributing to the restriction. In this case, the processes are a combination of pneumonectomy, heart failure, and weakness.

Suggested Interpretation: Abnormal. Complex restriction. A restrictive process is indicated by the mild reduction in TLC. The disproportionately severe 
reductions in vital capacity and FEV1, relative to TLC, suggests an additional process, which might include chest wall limitation, muscle weakness, poor per-
formance, heart failure, or occult obstruction. Dlco (adjusted for hemoglobin) is severely reduced, consistent with a pulmonary parenchymal or vascular 
process or anemia. Oximetry is normal at rest and during exercise.
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8. A 52-year-old woman with primary biliary cirrhosis, type 2 diabetes, and moderate persistent asthma was evaluated for increasing dyspnea.

52 yo F
Ht = 168 cm
Wt = 103 kg
BMI = 37

CONTROL %PRED POST DILATOR %CHANGE
TLC 5.22 97
RV 2.62 141
RV/TLC .50 69 
FVC 2.45 69 3.10 26
FEV1 1.98 69 2.37 20
FEV1/FVC 80.6 100 76.7
MVV 74 70
Raw 18.6 400
DLCO (hb adj) 25 107
SPO2 97 96
%PRED = percentage of predicted value.
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How would you interpret her results?
 A. Moderate restriction
 B. Moderate obstruction
 C. Poor test performance
 D. Nonspecific abnormality
 E. Complex restrictive disorder

Answer: D This pattern fits neither obstruction, because of the normal FEV1/FVC ratio, nor restriction, because of the normal TLC. The patient’s successive 
efforts were highly repeatable, within less than 150 mL, arguing against poor performance. The findings do not fit the description of complex restriction, because 
although the FVC % predicted is less than TLC % predicted, the TLC is not abnormal. This nonspecific pattern was described in 2009 and further character-
ized in 2011. It was previously thought that this pattern represented a variant of obstruction, and it is frequently associated with obstructive disorders, such as 
this patient’s asthma. However, 30 to 40% of cases have no evidence of obstruction but rather some form of chest wall limitation, such as obesity, muscle 
weakness, or chest wall deformity. For this patient, airway resistance was measured to evaluate the nonspecific pattern and proved to be very high. In addition, 
the shape of the flow-volume curve and the response to bronchodilator suggest an obstructive process.

Suggested Interpretation: Abnormal. FVC and FEV1 are moderately reduced in a nonspecific pattern with a normal TLC and FEV1/FVC ratio. The shape 
of the flow-volume curve, the increased airway resistance and the improved flows after bronchodilator all suggest a partly reversible obstructive process. Dlco 
and oximetry at rest and during exercise are all normal.
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9. A 62-year-old man is being evaluated for hematuria, coronary artery disease, peripheral arterial disease with an ischemic foot ulcer, and type 2 diabetes. 
He has smoked a pack of cigarettes per day for 40 years and quit 7 years ago. He complains of dyspnea on exertion.

62 yo M
Ht = 189 cm
Wt = 125 kg
BMI = 35

CONTROL %PRED POST DILATOR %CHANGE
FVC 5.08 92 5.53 9
FEV1 4.12 98 4.11 0
FEV1/FVC 81.2 107 74.3
MVV 127 84
DLCO 29.8 100
SPO2 94 93
%PRED = percentage of predicted value.
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What is the most appropriate next test?
 A. CT of the chest
 B. Overnight oximetry
 C. Cardiopulmonary exercise test
 D. Arterial blood gas

Answer: B Chest CT is not indicated by findings from pulmonary function testing. Nevertheless, it was done for lung cancer screening purposes. Like many 
U.S. Midwesterners, this patient has several indeterminate lung nodules that require follow-up. Cardiopulmonary exercise testing, if performed, might show 
evidence of deconditioning and also might identify evidence of myocardial ischemia. It was not performed because of the patient’s ischemic foot. A nuclear 
stress test was performed instead. It showed no evidence of stress-induced ischemia or infarction. Left ventricular size and function appeared to be normal. 
The patient had no evidence of hypoxemia, and hypercapnia would be unlikely with normal spirometry, so arterial blood gases were not obtained. An overnight 
oximetry showed frequent nocturnal desaturations with a pattern suggesting REM accentuation. The patient has severe obstructive sleep apnea as evidenced 
by the sawtooth abnormality, which indicates a two-fold increase in the likelihood of obstructive sleep apnea compared with normal subjects.

Suggested Interpretation: Numerical results of spirometry, DLCO and oximetry are normal, however, the sawtooth configuration of the flow-volume curve 
indicates redundant tissue in the upper airway. This correlates with snoring and may be predictive of obstructive sleep apnea.

Bourne MH, Jr., Scanlon PD, Schroeder DR, et al. The sawtooth sign is predictive of obstructive sleep apnea. Sleep Breath. 2017;21:469-474.
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10. A 58-year-old woman is a current smoker with a 40 pack-year smoking history. She is severely dyspneic and is oxygen dependent.

58 yo F
Ht = 162 cm
Wt = 60 kg
BMI = 23

CONTROL %PRED POST DILATOR %CHANGE
TLC 5.19 103
RV 1.39 75
RV/TLC .27 73
FVC 3.40 107 3.33 −2
FEV1 2.56 100 2.62 2
FEV1/FVC 75.3 93 78.7
MVV 96 99
DLCO 7.0 32
SPO2 91 (rest) 73 (exercise)
%PRED = percentage of predicted value.
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What is the most likely cause of this abnormality?
 A. Emphysema
 B. Pulmonary fibrosis
 C. Both A and B
 D. Primary pulmonary hypertension

Answer: A This is an isolated reduction in Dlco, which is often found in patients with emphysema or pulmonary fibrosis or both. Combined pulmonary 
fibrosis and emphysema is a recognized entity, mostly in current and former smokers. The curious aspect of this dual disease entity is that the increased lung 
recoil caused by the fibrosis can counterbalance the loss of recoil from emphysema. In some cases, the two are matched, thereby preserving airway patency 
and resulting in normal airflows and lung volumes as in this case. In other cases, however, either the restrictive or the obstructive physiology may predominate. 
Both processes impair gas exchange, however, often resulting in a very low Dlco as in this case. This patient had severe diffuse fibrosis with honeycombing 
plus emphysematous changes, particularly in the upper lungs.

Suggested Interpretation: Abnormal. TLC, FEV1, FVC, FEV1/FVC and MVV are within accepted ranges of normal. Dlco is severely reduced, consistent 
with emphysema or other pulmonary vascular or parenchymal process. Oxygen saturation is slightly reduced at rest and decreases markedly during exercise.

Tzilas V, Bouros D. Combined pulmonary fibrosis and emphysema, a clinical review. COPD Research and Practice. 2016;2:2. DOI: 10.1186/s40749-016 
-0018-1.
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80 
DISORDERS OF VENTILATORY CONTROL
ATUL MALHOTRA AND FRANK POWELL

 DEFINITIONS AND PATHOGENESIS
Ventilatory Control
Ventilation is controlled by complex interactions between central chemore-
ceptors, which respond mainly to arterial carbon dioxide tensions, and peripheral 
chemoreceptors, which respond to arterial carbon dioxide and oxygen tensions. 
These reflexes modulate the underlying respiratory rhythm, and disorders of 
ventilatory control are caused by derangements in these control systems.

 HYPOVENTILATION SYNDROMES
Hypoventilation syndromes are defined by a lack of adequate alveolar ventila-
tion to maintain a normal arterial carbon dioxide tension of 40 mm Hg. The 
two most common clinical settings that result in chronic hypoventilation are 
severe chronic obstructive pulmonary disease (COPD; Chapter 82) and morbid 
obesity (Chapters 377 and 207); less common causes are chronic opiate therapy, 
neuromuscular weakness (Chapters 393 and 394), and severe kyphoscoliosis 
(Chapter 92). The epidemiology of these hypoventilation syndromes is poorly 
studied, but about 15% of patients with severe COPD or morbid obesity have 
an elevated Paco2. Regardless of the cause, patients with hypoventilation fre-
quently have further worsening of their ventilation at the onset of sleep due 
to loss of the wakefulness stimulus, which is the normal drive to breathe while 
awake, and some degree of upper airway collapse after the onset of sleep 
(Chapter 377).

Patients with central sleep apnea (Chapter 377), which is a group of 
conditions in which cessation of airflow occurs because of a lack of respira-
tory effort, are classified into those with inadequate ventilatory drive and 
those with excessive drive (Table 80-1).1 The apparent paradox of how 
excessive drive leads to central apnea is explained by the concept of loop 
gain. A negative feedback control system with a high loop gain is prone to 
instability that leads to periods of excessive breathing followed by periods of 
apnea. The prototype of a condition with high loop gain is periodic breath-
ing or Cheyne-Stokes breathing (Fig. 80-1). Hypercapnic diseases include 
acquired diseases and the central congenital hyperventilation syndrome  
(Table 80-2).

 Cheyne-Stokes Breathing
Cheyne-Stokes breathing is a waxing and waning pattern of breathing, which 
is classically described as crescendo-decrescendo and often includes periods 
of central apnea. Cheyne-Stokes is seen most commonly during sleep in patients 
with heart failure.

 EPIDEMIOLOGY
Cheyne-Stokes breathing is a form of ventilatory instability that occurs in 20 
to 40% of patients with left ventricular systolic dysfunction.2 Male sex, advanced 
age, low baseline Paco2, and atrial fibrillation are risk factors for Cheyne-Stokes 
breathing among patients with heart failure. Controversy remains regarding 
whether this breathing pattern itself is deleterious or whether it is simply a 
marker of the underlying severity of cardiac disease. Cheyne-Stokes breathing 
represents about 5 to 10% of all cases of sleep apnea (Chapter 377) and is 
uncommon among patients who do not have heart failure.

 PATHOBIOLOGY
Individuals with Cheyne-Stokes breathing have robust chemosensitivity as 
evidenced by marked increases in ventilation with small increases in Paco2. 
The drive to breathe may be further increased by neural reflexes that are trig-
gered by extravascular lung fluid and an elevated left atrial pressure. Intermittent 
hypoxemia and catecholamine surges, which are frequent in these patients, 
contribute to oxidative stress and neuroendocrine activation, both of which 
are thought to contribute to worsening of the underlying heart failure.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with Cheyne-Stokes breathing can sometimes be diagnosed at the 
bedside by careful observation of their breathing pattern. During sleep or 

exercise, breathing becomes dependent primarily on metabolic stimuli. Patients 
may complain of fatigue or sleepiness because arousals from sleep tend to 
occur during the hyperpneic phase. Paroxysmal nocturnal dyspnea, a classic 
symptom of heart failure (Chapter 52), most commonly reflects underlying 
Cheyne-Stokes breathing. Patients often are diagnosed in the sleep laboratory 
while undergoing investigation for possible obstructive sleep apnea. However, 
in contrast to obstructive sleep apnea, Cheyne-Stokes breathing usually resolves 
during rapid eye movement (REM) sleep, and arousals on the electroencepha-
logram typically occur during the hyperpneic phase. Furthermore, Cheyne-
Stokes breathing generally does not resolve immediately when nasal continuous 
positive airway pressure (CPAP) is applied.

Medical management of Cheyne-Stokes breathing most often is treatment 
of the underlying heart failure (Chapter 53). After optimization of medical man-
agement, the Cheyne-Stokes breathing pattern frequently resolves. CPAP can 
improve breathing indices but is no better than standard medical therapy from 
the standpoint of mortality. Results have been similar with other ventilator 
techniques. A1 ,3 An implantable phrenic nerve stimulator remains experimental.4

TREATMENT 

 Central Congenital Hypoventilation Syndrome

 DEFINITION AND EPIDEMIOLOGY
Central congenital hypoventilation syndrome is a rare congenital condition, 
previously referred to as Ondine curse, characterized by a diminished ventila-
tory response to carbon dioxide.5 The central congenital hypoventilation 
syndrome was traditionally diagnosed in neonates, but more subtle forms of 
disease are increasingly noted in older children and adults.

 PATHOBIOLOGY
The syndrome is now defined by a mutation in the PHOX2B gene, located 
on chromosome 4p12. The PHOX2B gene is a highly conserved homeo-
box gene that is expressed in cardiopulmonary reflex pathways, including 
central CO2-sensitive chemoreceptors that are located in the retrotrap-
ezoid nucleus and that provide excitatory input to the respiratory pattern 
generator. Abnormalities in PHOX2B genes have also been associated with 
Hirschsprung disease (Chapter 127), neural crest tumors, cardiac asystole 
(Chapter 57), and other abnormalities of the autonomic nervous system  
(Chapter 390).

Because most parents of affected children with the central congenital 
hypoventilation syndrome do not carry a PHOX2B mutation, the mutations 
are de novo. About 90% of patients are heterozygous for a polyalanine repeat 
expansion mutation, in which the affected allele has 24 to 33 alanines rather 
than the normal 20 alanines. The remaining 10% of central congenital hypoven-
tilation syndrome patients have missense, nonsense, or frameshift mutations 
in the PHOX2B gene.6

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Neonates can present with cyanosis at birth, recurrent central apneas, or 
both. Adults can present with idiopathic central sleep apnea, unexplained 
hypercapnia, or autonomic abnormalities (Chapter 390). Confirma-
tion of the diagnosis requires the demonstration of an abnormality in the  
PHOX2B gene.

There are currently no specific therapies for central congenital hypoventila-
tion syndrome beyond supportive care. Genetic counseling is required for 
afflicted individuals and their families, given the autosomal dominant pattern 
of inheritance. Patients must be cautioned against the use of sedatives, which 
could precipitate respiratory failure. Mechanical ventilation during sleep either 
invasively (through tracheostomy) or noninvasively (through bilevel positive 
airway pressure support [Chapter 377]) is required in most patients. Some 
patients remain fully ventilator dependent. Diaphragmatic pacing can sometimes 
be effective7 but ventilatory stimulants are generally ineffective.

TREATMENT 

normal individuals; the most common underlying conditions are severe COPD 
(Chapter 82) and morbid obesity (Chapter 207) with the obesity-
hypoventilation syndrome. Such individuals have diminished but not absent 
chemoresponsiveness, which may be an acquired trait or may relate to an as 
yet unknown genetic predisposition. Another cause of inadequate gas exchange 
is neuromuscular disease; common causes include disorders of neuromuscular 
transmission (Chapter 394), severe muscle weakness (Chapter 393), the residua 
from poliovirus infection (Chapter 355), Guillain-Barré syndrome (Chapter 
392), and acute poisoning (Chapter 102).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with hypoventilation have myriad presentations ranging from asymp-
tomatic abnormalities in laboratory testing (e.g., elevated Paco2, unexplained 
low Sao2, or elevated serum bicarbonate level) to respiratory failure in the 
intensive care unit (e.g., respiratory infection with laboratory evidence of 
chronic abnormalities, such as acute-on-chronic respiratory acidosis). Patients 

 Acquired Hypoventilation Syndromes
 DEFINITION AND EPIDEMIOLOGY

Patients with hypoventilation syndromes cannot maintain adequate minute 
ventilation to keep their Paco2 at 40 mm Hg. Patients can be classified into 
those who lack central ventilatory drive and those who have a pulmonary 
mechanical or neuromuscular abnormality that prevents adequate gas exchange 
(see Table 80-2). The case frequency is unknown, but hypercapnic respira-
tory failure is one of the more common admission diagnoses in intensive  
care units.

 PATHOBIOLOGY
Patients with conditions characterized by the lack of central drive have reason-
ably normal lungs and respiratory muscle function but lack adequate response 
to carbon dioxide and hypoxia. In contrast, most patients with mechanical or 
neuromuscular abnormalities have a larger work of breathing compared with 
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ABSTRACT
Ventilation is controlled by complex interactions between central chemore-
ceptors, which respond mainly to arterial carbon dioxide tensions, and peripheral 
chemoreceptors, which respond to arterial carbon dioxide and oxygen tensions. 
Disorders of ventilatory control are caused by derangements in this control 
system. Hypoventilation syndromes, defined by a lack of adequate alveolar 
ventilation to maintain a normal arterial carbon dioxide tension of 40 mm 
Hg, are observed with morbid obesity, opiate overdoses, muscular weakness, 
and in some cases of severe chronic obstructive pulmonary disease (COPD). 
Central apneas can occur when the “loop gain” in the negative feedback ven-
tilatory control system is too high and becomes prone to instability, thereby 
leading to periods of excessive breathing followed by apnea. The prototype 
of this condition is Cheyne-Stokes breathing, which is common during sleep 
in patients with heart failure. Treatment of Cheyne-Stokes breathing is con-
troversial but starts with addressing any underlying medical causes such as 
optimizing medical therapy for heart failure. Finally, central congenital hypoven-
tilation syndrome is a rare condition that is defined by a mutation in the 
PHOX2B gene on chromosome 4p12 and characterized by a diminished 
ventilatory response to carbon dioxide and sleep apnea.
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normal individuals; the most common underlying conditions are severe COPD 
(Chapter 82) and morbid obesity (Chapter 207) with the obesity-
hypoventilation syndrome. Such individuals have diminished but not absent 
chemoresponsiveness, which may be an acquired trait or may relate to an as 
yet unknown genetic predisposition. Another cause of inadequate gas exchange 
is neuromuscular disease; common causes include disorders of neuromuscular 
transmission (Chapter 394), severe muscle weakness (Chapter 393), the residua 
from poliovirus infection (Chapter 355), Guillain-Barré syndrome (Chapter 
392), and acute poisoning (Chapter 102).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with hypoventilation have myriad presentations ranging from asymp-
tomatic abnormalities in laboratory testing (e.g., elevated Paco2, unexplained 
low Sao2, or elevated serum bicarbonate level) to respiratory failure in the 
intensive care unit (e.g., respiratory infection with laboratory evidence of 
chronic abnormalities, such as acute-on-chronic respiratory acidosis). Patients 

 Acquired Hypoventilation Syndromes
 DEFINITION AND EPIDEMIOLOGY

Patients with hypoventilation syndromes cannot maintain adequate minute 
ventilation to keep their Paco2 at 40 mm Hg. Patients can be classified into 
those who lack central ventilatory drive and those who have a pulmonary 
mechanical or neuromuscular abnormality that prevents adequate gas exchange 
(see Table 80-2). The case frequency is unknown, but hypercapnic respira-
tory failure is one of the more common admission diagnoses in intensive  
care units.

 PATHOBIOLOGY
Patients with conditions characterized by the lack of central drive have reason-
ably normal lungs and respiratory muscle function but lack adequate response 
to carbon dioxide and hypoxia. In contrast, most patients with mechanical or 
neuromuscular abnormalities have a larger work of breathing compared with 

Cheyne-Stokes Respiration

FIGURE 80-1. Cheyne-Stokes breathing with crescendo-decrescendo pattern of breathing. the thermistor detects air temperature changes at the mouth and nose. note absences 
in airflow without respiratory effort seen in the abdominal belts. this breathing pattern leads to intermittent desaturations, arousals from sleep, and bursts of tachycardia. the loop 
gain concept can be understood by considering the thermostat analogy in which a control system is working to regulate a stable room temperature (e.g., 20° C). By analogy, the respira-
tory control system is working primarily to maintain a stable PaCo2 of 40 mm Hg and stable pH. situations in which marked fluctuations in room temperature might occur would include 
one in which the thermostat is excessively sensitive (i.e., furnace turns on if room temperature falls to 19.999° C); if the furnace is too powerful, a marked overshoot in room temperature 
will be followed by a prolonged period when the furnace does not run. in the analogy to Cheyne-stokes breathing, carbon dioxide is equated to room temperature and would be 
predicted to be unstable if chemosensitivity (i.e., the thermostat) were excessively robust (i.e., a marked increase in ventilation for a small change in carbon dioxide) or if the efficiency 
of carbon dioxide excretion were high (i.e., marked fall in PaCo2 with increased ventilation). situations that increase the propensity for carbon dioxide fluctuations lead to elevated loop 
gain and thus increase the risk for Cheyne-stokes breathing. 

TABLE 80-1 CLASSIFICATION OF CENTRAL SLEEP APNEA
CENTRAL SLEEP APNEA SYNDROME MECHANISM THERAPY
Sleep transition apneas Carbon dioxide fluctuations during transitions from sleep to 

wake to sleep
Reassurance, occasionally hypnotics or oxygen

Chronic narcotic therapy Lack of central drive Reduce narcotic dose
Consider positive-pressure device

Cheyne-Stokes breathing High loop gain from robust chemosensitivity and ventilatory 
drive

Optimize medical therapy for heart failure; 
consider PAP device

Idiopathic central apnea Unknown Supportive, bilevel PAP; consider ventilatory 
stimulants

Treatment of emergent central apnea or “complex 
apnea”

Lowering upper airway resistance at CPAP initiation improves 
efficiency of carbon dioxide excretion

Reassurance, generally resolves spontaneously

Sleep hypoventilation syndromes Fall in drive with loss of wakefulness stimulus, loss of 
accessory muscle activity during REM sleep

Noninvasive ventilation

CPAP = continuous positive airway pressure; PAP = positive airway pressure; REM = rapid eye movement.
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who acutely overdose on sedative-hypnotic or narcotic agents may present 
with acute respiratory acidosis and loss of consciousness. Patients who take 
chronic narcotics may present with central sleep apnea-hypopnea or otherwise 
unexplained oxygen desaturation at night.

Once it is suspected, the diagnosis of hypoventilation is confirmed by the 
finding of Paco2 higher than 42 mm Hg on analysis of an arterial blood sample. 

If the increase in Paco2 is of short duration so that renal compensation has 
not yet occurred (Chapter 110), the serum bicarbonate level is increased by 
1 mEq/L for every rise of 10 mm Hg in Paco2. By comparison, if the respira-
tory acidosis is of sufficient duration for renal compensation to occur, the 
serum bicarbonate level will be increased by 4 mEq for every rise of 10 mm 
Hg in Paco2 (Fig. 80-2).

Won’t breathe:
Check duration

Low P0.1

PaCO2

pH > 7.4
Consider metabolic alkalosis if
a 10-mEq rise in HCO3 yields 

7-mm Hg rise in PaCO2
Treat underlying cause

Acute if
10-mm Hg rise in PaCO2 yields

1-mEq rise in HCO3 
Abrupt presentation

See Chapter 110

Chronic if 10-mm Hg rise
in PaCO2 yields 4-mEq 

rise in HCO3 

Consider cause
Careful history

Can’t breathe

Neuromuscular
• Immediate orthopnea

• Diaphragmatic percussion
MIPs/   MEPs

Chest wall
• Kyphoscoliosis

• Obesity-hypoventilation

Symptoms since birth:
√ PHOX2B gene

Acquired:
Consider brain stem
lesions, drugs, etc.

Parenchymal
√ Breath sounds

√ PFTs
Consider severe COPD

pH < 7.4

FIGURE 80-2. A flow chart of a systematic approach to hypercapnia and various causes of hypoventilation. the change in pH can help determine the cause and chronicity. a careful 
history and physical examination, coupled with pulmonary function testing, can help classify patients into those who “can’t breathe” because of neuromuscular or mechanical abnor-
malities of the respiratory system compared with those who “won’t breathe” because of central nervous system disease. CoPD = chronic obstructive pulmonary disease; MePs = maximal 
expiratory pressures; MiPs = maximal inspiratory pressures; P0.1 = the negative mouth pressure generated during the first 100 msec of an occluded inspiration; Pfts = pulmonary 
function tests. 

TABLE 80-2 CLASSIFICATION OF HYPERCAPNIC DISEASES
MECHANISM DIAGNOSIS TREATMENT

ACQUIRED DISEASE

Narcotic overdose Reduced central drive History, narcotized pupils, toxicology Supportive care, naloxone
Acute severe asthma Severe airflow obstruction, high dead 

space
Typical history, wheezing on examination, low 

FEV1/FVC
Bronchodilators, anti-inflammatories, 

mechanical ventilation (usually invasive)
Acute exacerbation of COPD Airflow obstruction, high dead space History, cigarette smoking, low FEV1/FVC, 

infectious etiology
Bronchodilators, anti-inflammatories, 

noninvasive ventilation
Obesity-hypoventilation 

syndrome
Low respiratory system compliance, 

high upper airway resistance, low 
central drive

High BMI, lack of other diagnoses; blunted 
carbon dioxide response

Weight loss, nocturnal bilevel positive 
airway pressure

Neuromuscular disease (e.g., 
myasthenia gravis, ALS, 
polymyositis, GBS/AIDP)

Lack of respiratory muscle force Immediate orthopnea, low VC, low MIPs/MEPs Underlying cause, nocturnal noninvasive 
ventilation, supportive care

Severe parenchymal lung disease, 
e.g., COPD

Lack of alveolar surface area; high 
pulmonary dead space and work of 
breathing

Typical history, smoking, low FEV1 and FEV1/
FVC

Bronchodilator, anti-inflammatory therapy, 
possible nocturnal noninvasive 
ventilation, smoking cessation

Kyphoscoliosis Low respiratory system compliance Physical examination Supportive care, noninvasive ventilation
CONGENITAL DISEASE

Central congenital 
hypoventilation syndrome

PHOX2B mutation, lack of central drive Genetic testing Supportive care, mechanical ventilation 
(usually noninvasive)

AIDP = acute inflammatory demyelinating polyneuropathy; ALS = amyotrophic lateral sclerosis; BMI = body mass index; COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in 
1 second; FVC = forced vital capacity; GBS = Guillain-Barré syndrome; MEPs = maximal expiratory pressures; MIPs = maximal inspiratory pressures; VC = vital capacity.



Once an elevated Paco2 is established, it is appropriate to distinguish patients 
who “can’t breathe” from those who “won’t breathe.” “Can’t breathe” implies 
that a respiratory mechanical problem or neuromuscular weakness is causing 
the elevation in Paco2. Abnormalities in pulmonary function testing (e.g., a 
very low vital capacity) suggest a parenchymal or chest wall disorder. Ultra-
sound can identify phrenic neuropathy causing diaphragmatic dysfunction. 
Patients who “won’t breathe” have central nervous system abnormalities that 
affect central drive, chemosensitivity, or both.
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The treatment of hypoventilation should focus on the underlying cause. 
Acute poisonings can be managed supportively or, in some cases, with specific 
antidotes (Chapter 102). Chronic conditions can be treated by addressing the 
underlying cause, such as weight loss in obesity-hypoventilation syndrome or 
cholinesterase inhibitors in myasthenia gravis (Chapter 394).8 For parenchymal 
lung disease, treatment is directed at the underlying cause, if possible (Chapters 
82 and 86).

Sedative medications should be used cautiously because they can occasion-
ally precipitate acute respiratory failure. Although profound hypoxemia can 
clearly be deleterious, oxygen occasionally can precipitate severe acute respira-
tory acidosis, particularly in patients with acute exacerbations of COPD (Chapter 
82). As a result, hypoventilating patients with COPD require cautious manage-
ment including the careful administration of supplemental oxygen, which should 
be titrated to an arterial oxygen saturation of 90% or an arterial oxygen tension 
of 60 mm Hg.

Severe hypoventilation requires mechanical ventilation (Chapter 97), such 
as noninvasive ventilation for an acute exacerbation of COPD. For other pre-
sentations in which the PaCO2 is believed to be acutely elevated, endotracheal 
intubation and mechanical ventilation are frequently used, especially in patients 
with impaired consciousness. For chronic hypoventilation in hypercapnic COPD, 
noninvasive bilevel positive airway pressure through a face mask during sleep 
can maintain alveolar ventilation, but there is no definitive evidence that non-
invasive positive-pressure ventilation can prolong life or reduce hospitalizations 
in patients with COPD and chronic respiratory failure. In addition, the consider-
able difficulty of adhering to nocturnal bilevel therapy in COPD emphasizes 
the need for discussions with patients and families regarding its risks and benefits. 
For obesity hypoventilation syndrome without severe obstructive sleep apnea, 
noninvasive ventilation improves PaCO2 and reduces daytime sleepiness, as 
well as improving health-related quality of life. A2  In a recent randomized trial 
of patients with central sleep apnea and heart failure, adaptive servo-ventilation, 
which provides inspiratory pressure support in addition to expiratory positive 
airway, was not helpful. A3 

Other chronic hypoventilation syndromes are also commonly treated with 
bilevel positive airway pressure, although data are not compelling. In some 
chronic conditions, such as motor neuron disease (Chapter 391), tracheostomy 
should be discussed, although the impact of such interventions on quality of 
life should be carefully considered. Regardless of the underlying cause, an 
elevation in the PaCO2 level is considered a poor prognostic sign. End-of-life 
discussions are also important in such cases because the prognosis of patients 
with chronic respiratory failure is generally poor.

TREATMENT AND PROGNOSIS 

https://expertconsult.inkling.com/
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3. Which of the following is the gene associated with the central congenital 
hypoventilation syndrome?
 A. CFTR
 B. PHOX2B
 C. A1AT
 D. MECP2
 E. BMP

Answer: B The PHOX2B gene is the hallmark for the diagnosis of central 
congenital hypoventilation syndrome. The other genes have been associated 
with various respiratory conditions but not with the central congenital hypoven-
tilation syndrome.

4. Which of the following is true regarding obesity-hypoventilation syndrome?
 A. Serum bicarbonate is a useful screening test.
 B. Leptin deficiency is generally seen in afflicted humans.
 C. Diaphragm pacing is first-line therapy.
 D. It is present in roughly 50% of patients with obstructive sleep apnea.
 E. Hypercapnia usually persists despite major weight loss.

Answer: A Serum bicarbonate is a useful screening test because it is elevated 
owing to a compensatory metabolic alkalosis in patients with chronic respira-
tory acidosis caused by chronic hypoventilation. Leptin is deficient in some 
animal models but rare in human obesity. Obstructive sleep apnea is common 
in the obesity-hypoventilation syndrome, and obesity-hypoventilation syn-
drome is seen in roughly 10% of obstructive sleep apnea. Weight loss usually 
improves gas exchange in these patients.

REVIEW QUESTIONS

1. Which of the following is currently the treatment of choice for Cheyne-
Stokes breathing in heart failure?
 A. Optimize medical therapy
 B. Nasal continuous positive airway pressure
 C. Nasal bilevel positive airway pressure
 D. Carotid body resection
 E. Uvulopalatopharyngoplasty

Answer: A The treatment of choice for Cheyne-Stokes breathing is currently 
optimization of medical therapy for the underlying heart failure. Trials of nasal 
continuous positive airway pressure have failed to improve outcome compared 
with usual care. Bilevel therapy has not been rigorously studied but may make 
the situation worse. Although the upper airway can sometimes narrow or 
collapse in central apnea, there is no role for uvulopalatopharyngoplasty in 
the absence of obstructive sleep apnea.

2. In which of the following conditions would the “loop gain” for reflexes 
that control breathing be expected to be greater than normal?
 A. Central congenital hypoventilation syndrome
 B. Obesity hypoventilation
 C. An acute exacerbation of chronic obstructive pulmonary disease
 D. Congestive heart failure
 E. During rapid eye movement sleep

Answer: D Loop gain refers to the overall instability in a negative feedback 
control system, such as the ventilatory control system, whose role is to maintain 
stable Paco2 levels. High loop gains (>1) lead to unstable breathing such as 
the waxing and waning pattern of Cheyne-Stokes breathing that is common 
in heart failure. The other factors listed all tend to decrease loop gain.



CHAPTER 81 AsthmA 527

81 
ASTHMA 
JEFFREY M. DRAZEN AND ELISABETH H. BEL

 DEFINITION
Asthma is a clinical syndrome of unknown etiology characterized by recurrent 
episodes of airway obstruction that resolve spontaneously or as a result of 
treatment. These changes occur in the setting of various types of airway inflam-
mation that are thought to reflect specific endotypes of this clinical syndrome. 
Although airway obstruction is largely reversible, some changes in the asthmatic 
airway may be irreversible.

 EPIDEMIOLOGY
Asthma is an extremely common disorder affecting boys more commonly 
than girls and, after puberty, women slightly more commonly than men; 
approximately 8% of the adult population of the United States has signs and 
symptoms consistent with a diagnosis of asthma. Although most cases begin 
before the age of 25 years, new-onset asthma may develop at any time through-
out life. An estimated 300 million people worldwide suffer from asthma, with 
250,000 annual deaths attributed to the disease.1

The worldwide prevalence of asthma increased more than 50% in the latter 
half of the 20th century. In the first decade of the 21st century, the prevalence 
of wheezing in children increased by about 0.1% per year, although it seems 
to have reached a plateau by 2015.

During the period from 1980 to 2010, the greatest increases in the preva-
lence of asthma have occurred in countries that adopted an “industrialized” 
lifestyle without contact with farm animals. In contrast, being raised in a farming 
environment in close contact with cows is associated with a much lower risk 
of asthma, independent of genetic factors.

 PATHOBIOLOGY
Genetics
In twin studies, asthma has about 60% heritability, indicating that both genetic 
and environmental factors are important in its etiology. Multiple genome-wide 
association studies have shown that there are multiple genetic loci associated 
with asthma. Each contributes only a small fraction of the total disease burden, 
and even when considered together, they can explain only a small fraction of 
the prevalence of asthma.

Pathology
The asthma syndrome is characterized by marked heterogeneity in clinical 
expression, environmental triggers, and immunopathologic mechanisms. 
Traditionally, clinicians have identified only two forms of asthma, atopic 
and non-atopic asthma, but it has become clear that this division into 
two subtypes is an oversimplification, and that multiple mechanisms also 
referred to as “endotypes” can lead to the “classic” signs and symptoms of  
asthma.

Atopic or allergic asthma represents the most common and most studied 
subtype of asthma. It is characterized by the presence of immunoglobu-
lin E (IgE) mediated sensitization to environmental allergens and can be 
observed in almost all school-aged children with asthma and about half of 
adult asthmatics. Inflammation and remodeling of the airways are charac-
teristic pathologic features of atopic asthma. Remodeling changes include 
epithelial fragility, edema and hyperemia of the mucosa, and thickening of 
the subepithelial reticular basement due to deposition of collagen type III 
and IV. In more severe chronic asthma, the airway wall thickens as a result 
of hyperplasia of airway smooth muscle, hypertrophy of mucus secreting 
glands, and subepithelial angiogenesis. Infiltration of the airway wall with 
inflammatory cells including adaptive T helper-2 (Th2) cells, mast cells, and 
eosinophils is a general finding, and occurs even in the mildest cases of atopic  
asthma.

Th2 cells initiate and propagate the inflammatory cascade associated with 
allergy by producing a variety of cytokines. These cytokines include interleukin 
(IL)-4, IL-5, and IL-13. IL-4 induces B-cell proliferation and is capable of 
stimulating these cells to produce IgE. IL-13 has similar effects of those to 
IL-4 with respect to B-cell stimulation and IgE production but, in addition, 
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ABSTRACT
Asthma is the most common lung disease in the world. This chapter reviews 
the epidemiology, pathobiology, and treatment of asthma. Specific treatment 
scenarios are reviewed based on the severity of asthma symptoms and airflow 
derangements manifested by the patient.
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inspiratory phase. Percussion of the thorax demonstrates hyperresonance, with 
loss of the normal variation in dullness due to diaphragmatic movement; 
tactile fremitus is diminished. Auscultation reveals wheezing, which is the 
cardinal physical finding in asthma but does not establish the diagnosis (Chapter 
77). Wheezing, commonly louder during expiration but heard during inspira-
tion as well, is characterized as polyphonic in that more than one pitch may 
be heard simultaneously (Video 81-1). Accompanying adventitious sounds 
may include rhonchi, which are suggestive of free secretions in the airway 
lumen, or rales, which should raise the suspicion of an alternative diagnosis 
and are indicative of localized infection or heart failure. The loss of intensity 
or the absence of breath sounds in a patient with asthma is an indication of 
severe airflow obstruction.

 DIAGNOSIS
Laboratory Findings
Pulmonary Function Findings
A decrease in airflow rates throughout the vital capacity is the cardinal pul-
monary function abnormality during an asthmatic episode.3 The peak expira-
tory flow rate (PEFR), the forced expiratory volume in the first second (FEV1), 
and the maximal mid-expiratory flow rate (MMEFR) are all decreased in 
asthma (Chapter 79). In severe asthma, dyspnea may be so severe as to prevent 
the patient from performing a complete spirogram. In this case, if 2 seconds 
of forced expiration can be recorded, useful values for PEFR and FEV1 can 
be obtained. Gradation of attack severity (Table 81-1) must be assessed by 
objective measures of airflow; no other methods yield accurate and reproduc-
ible results. As the attack resolves, the PEFR and the FEV1 increase toward 
normal together while the MMEFR remains substantially depressed; as the 
attack resolves further, the FEV1 and the PEFR may normalize while the 
MMEFR remains depressed (Fig. 81-1). Even when the attack has fully resolved 
clinically, residual depression of the MMEFR is not uncommon; this depres-
sion may resolve during a prolonged course of treatment. If the patient is able 

induces airway hyperresponsiveness, goblet cell metaplasia, and mucus hyper-
secretion. IL-5 plays a major role in the regulation of eosinophil formation, 
maturation, recruitment, and survival. Increased production of IL-5 may be 
related to the pathogenesis of severe eosinophilic asthma.

Mast cells are found in close association with airway smooth muscle cells 
and are classically activated by allergens when IgE is bound to the high affin-
ity IgE receptor. IgE-mediated mast cell degranulation and activation results 
in the release of histamine and in the generation of cysteinyl leukotrienes 
and prostaglandins, which contribute to bronchoconstriction and airway 
hyperresponsiveness.

Eosinophils accumulate in the airways after allergen exposure in sensitized 
persons. Upon activation these cells release toxic granule products (e.g., major 
basic protein and eosinophil cationic protein) that can damage airway epi-
thelium and nerves. These cells also produce lipid mediators such as leuko-
trienes and platelet activating factor, and a range of cytokines, growth factors, 
and chemokines.

Non-atopic or intrinsic asthma develops in adulthood and accounts for less 
than 5% of cases of asthma. It is not associated with allergies, is often accom-
panied by chronic rhinosinusitis and nasal polyposis, and is poorly responsive 
to inhaled glucocorticoids. The eosinophilic airway inflammation observed 
in this type of asthma is not dependent on adaptive immunity but is likely 
caused by type 2 innate lymphoid cells (ILC2) that produce high amounts 
of IL-5 and IL-13. The growth and maturation of ILC2 cells are stimulated 
by epithelial cytokines (“alarmins”), which are induced by chronic exposure 
to pollutants, viruses, or fungi. ILC2 cells produce little IL-4, so there is no 
associated IgE response from B-cells. Patients with intrinsic asthma often have 
a severe form of asthma with elevated eosinophil counts in peripheral blood, 
and generally require high doses of systemic glucocorticoids to keep their 
asthma under control.

Both atopic and intrinsic asthma are so called “Type-2-high” asthma phe-
notypes. However, cluster analyses of large cohorts of adult patients with 
asthma have identified at least three subtypes of asthma that are not charac-
terized by the presence of Type 2 cytokines or eosinophilic airway inflamma-
tion. These “Type-2-low” subtypes of asthma are characterized by increased 
numbers of neutrophils in the airway or no airway inflammation at all. One 
increasingly recognized “Type-2-low” asthma phenotype is obesity-associated 
asthma. This type of asthma occurs later in life, usually in female patients 
without prior airway disease. The mechanism of obesity associated asthma 
is not well understood. Other “Type-2-low” phenotypes of asthma include 
certain forms of occupational asthma (Chapter 87) (e.g., isocyanate-induced 
asthma), neutrophilic asthma with subclinical microbial infection, and asthma 
in athletes (e.g., in endurance aquatic sports). In clinical practice in adults, dif-
ferent asthma phenotypes often coexist and interact within the same patient, 
thereby underscoring the need for a personalized and targeted management  
approach.

Physiological Changes in Asthma
Increased resistance to airflow is the hallmark of asthma; it is due to airway 
obstruction resulting from smooth muscle constriction, thickening of the 
airway epithelium, and free liquid within the airway lumen. Obstruction to 
airflow is manifested by increased airway resistance and decreased flow rates 
throughout the vital capacity. At the onset of an asthma attack, obstruction 
occurs at all airway levels; as the attack resolves, these changes are reversed—
first in the large airways (i.e., mainstem, lobar, segmental, and subsegmental 
bronchi) and then in the more peripheral airways. This anatomic sequence 
of onset and reversal is reflected in the physiological changes observed during 
resolution of an asthmatic episode. Specifically, as an asthma attack resolves, 
flow rates first normalize at volumes high in the vital capacity and only later 
at volumes low in the vital capacity. Because asthma is largely an airway disease 
rather than an air space disease, no primary changes occur in the static pressure-
volume curve of the lungs. However, during an acute attack of asthma, airway 
narrowing may be so severe as to result in airway closure, with individual lung 
units closing at a volume that is near their maximal volume. This closure results 
in a change of the pressure-volume curve such that for a given contained gas 
volume within the thorax, elastic recoil is decreased, which in turn further 
depresses expiratory flow rates.

Exercise-induced bronchoconstriction, which is the transient narrowing of 
the airways after exercise, occurs frequently among athletes who may not have 
asthma or even have any respiratory symptoms. The mechanism is uncertain, 
but the key stimulus is probably airway dehydration because of increased 
ventilation.

Additional factors influence the mechanical behavior of the lungs during 
an acute attack of asthma. During inspiration in an asthma attack, the maximal 
inspiratory pleural pressure becomes more negative than the subatmospheric 
pressure of 4 to 6 cm H2O usually required for tidal airflow. The expiratory 
phase of respiration also becomes active as the patient tries to force air from 
the lungs. As a consequence, peak pleural pressures during expiration, which 
normally are, at most, only a few centimeters of water above atmospheric 
pressure, may be as high as 20 to 30 cm H2O above atmospheric pressure. 
The low pleural pressures during inspiration tend to dilate airways, whereas 
the high pleural pressures during expiration tend to narrow airways. During 
an asthma attack, the wide pressure swings, coupled with alterations in the 
mechanical properties of the airway wall, lead to a much higher resistance to 
expiratory airflow than to inspiratory airflow.

The respiratory rate is usually rapid during an acute asthmatic attack. This 
tachypnea is driven not by abnormalities in arterial blood gas composition 
but rather by stimulation of intrapulmonary receptors with subsequent effects 
on central respiratory centers. One consequence of the combination of airway 
narrowing and rapid airflow rates is a heightened mechanical load on the 
ventilatory pump. During a severe attack, the load can increase the work of 
breathing by a factor of 10 or more and can predispose to fatigue of the ven-
tilatory muscles. With respect to gas exchange, the patchy nature of asthmatic 
airway narrowing results in a maldistribution of ventilation (V) relative to 
pulmonary perfusion (Q). A shift occurs from the normal preponderance of 
V/Q units, with a ratio of near unity, to a distribution with a large number of 
alveolar-capillary units, with a V/Q ratio of less than unity. The net effect is 
to induce arterial hypoxemia. In addition, the hyperpnea of asthma is reflected 
as hyperventilation with a low arterial Pco2.

 CLINICAL MANIFESTATIONS
History
During an acute asthma attack, patients seek medical attention for short-
ness of breath accompanied by cough, wheezing, and anxiety. The degree of 
breathlessness experienced by the patient is not closely related to the degree 
of airflow obstruction but is often influenced by the acuteness of the attack. 
Dyspnea may occur only with exercise (exercise-induced asthma), after 
treatment with agents inhibiting the actions of cyclooxygenase 1 (aspirin-
exacerbated respiratory disease),2 after exposure to a specific known allergen 
(extrinsic asthma), or for no identifiable reason (intrinsic asthma). Variants 
of asthma exist in which cough, hoarseness, or inability to sleep through the 
night is the only symptom. Identification of a provoking stimulus through 
careful questioning helps establish the diagnosis of asthma and may be thera-
peutically useful if the stimulus can be avoided. Most patients with asthma 
complain of shortness of breath when they are exposed to rapid changes 
in the temperature and humidity of inspired air. For example, during the 
winter months in less temperate climates, patients commonly become short 
of breath on leaving a heated house; in warm humid climates, patients may 
complain of shortness of breath on entering a cold dry room, such as an  
air-conditioned theater.

An important factor to consider in taking a history from a patient with 
asthma is the potential for occupational exposures in asthma (Chapter 87). 
Asthma that is brought on by occupational exposures is termed occupational 
asthma; preexisting asthma that is exacerbated by workplace exposures is 
termed workplace-exacerbated asthma. In reactive airway dysfunction syn-
drome, a single large exposure leads to a persistent asthma-like phenotype in 
a previously normal individual.

Physical Examination
Vital Signs
Common features noted during an acute attack of asthma include a rapid 
respiratory rate (often 25 to 40 breaths per minute), tachycardia, and pulsus 
paradoxus (an exaggerated inspiratory decrease in the systolic pressure). The 
magnitude of the pulsus is related to the severity of the attack; a value greater 
than 15 mm Hg indicates an attack of moderate severity. Pulse oximetry, with 
the patient respiring ambient air, commonly reveals an oxygen saturation  
near 90%.

Thoracic Examination
Inspection may reveal that patients experiencing acute attacks of asthma are 
using their accessory muscles of ventilation; if so, the skin over the thorax 
may be retracted into the intercostal spaces during inspiration. The chest is 
usually hyperinflated, and the expiratory phase is prolonged relative to the 
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inspiratory phase. Percussion of the thorax demonstrates hyperresonance, with 
loss of the normal variation in dullness due to diaphragmatic movement; 
tactile fremitus is diminished. Auscultation reveals wheezing, which is the 
cardinal physical finding in asthma but does not establish the diagnosis (Chapter 
77). Wheezing, commonly louder during expiration but heard during inspira-
tion as well, is characterized as polyphonic in that more than one pitch may 
be heard simultaneously (Video 81-1). Accompanying adventitious sounds 
may include rhonchi, which are suggestive of free secretions in the airway 
lumen, or rales, which should raise the suspicion of an alternative diagnosis 
and are indicative of localized infection or heart failure. The loss of intensity 
or the absence of breath sounds in a patient with asthma is an indication of 
severe airflow obstruction.

 DIAGNOSIS
Laboratory Findings
Pulmonary Function Findings
A decrease in airflow rates throughout the vital capacity is the cardinal pul-
monary function abnormality during an asthmatic episode.3 The peak expira-
tory flow rate (PEFR), the forced expiratory volume in the first second (FEV1), 
and the maximal mid-expiratory flow rate (MMEFR) are all decreased in 
asthma (Chapter 79). In severe asthma, dyspnea may be so severe as to prevent 
the patient from performing a complete spirogram. In this case, if 2 seconds 
of forced expiration can be recorded, useful values for PEFR and FEV1 can 
be obtained. Gradation of attack severity (Table 81-1) must be assessed by 
objective measures of airflow; no other methods yield accurate and reproduc-
ible results. As the attack resolves, the PEFR and the FEV1 increase toward 
normal together while the MMEFR remains substantially depressed; as the 
attack resolves further, the FEV1 and the PEFR may normalize while the 
MMEFR remains depressed (Fig. 81-1). Even when the attack has fully resolved 
clinically, residual depression of the MMEFR is not uncommon; this depres-
sion may resolve during a prolonged course of treatment. If the patient is able 

TABLE 81-1 RELATIVE SEVERITY OF AN ASTHMATIC ATTACK 
AS INDICATED BY PEFR, FEV1, AND MMEFR

TEST PREDICTED VALUE (%) SEVERITY OF ASTHMA
PEFR >80
FEV1 >80 No spirometric abnormalities
MMEFR >80
PEFR >80
FEV1 >70 Mild asthma
MMEFR 55-75
PEFR >60
FEV1 45-70 Moderate asthma
MMEFR 30-50
PEFR <50
FEV1 <50 Severe asthma
MMEFR 10-30
FEV1 = forced expiratory volume in the first second; MMEFR = maximal mid-expiratory flow rate; 
PEFR = peak expiratory flow rate.
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FIGURE 81-1. Schematic flow-volume curves in various stages of asthma. In each figure, the dashed line depicts the normal flow-volume curve. Predicted and observed total lung 
capacity (tLC) and residual volume (RV) are shown at the extremes of each curve. V̇E = expiratory flow rate; VL = lung volume. 

to cooperate such that more complete measurements of lung function can be 
made, lung volume measurements made during an attack demonstrate an 
increase in both total lung capacity and residual volume; the changes in total 
lung capacity and residual volume resolve with treatment. Because of the extra 
cooperation needed for this testing, it is not advised during an acute asthmatic 
event but is indicated before discharge in a patient hospitalized for the treat-
ment of asthma or between episodes of asthma.

Pulmonary function testing obtained when the patient is relatively stable 
usually demonstrates airway obstruction, as indicated by low FEV1 (as a per-
centage of the patient’s predicted value), low forced vital capacity, and slightly 
elevated total lung capacity and residual volume values. These results may 
fully normalize after administration of a bronchodilator, but a “bronchodilator 
response” is canonically defined as a 12% increase in the FEV1, provided it is 
at least 200 mL (E-Fig. 81-1).

Exhaled NO•
The fraction of NO• in the exhaled air (FeNO) is elevated in patients with 
asthma. Although the exact concentration considered “elevated” will vary 
with the details of the technique used to obtain the gas sample, a concentra-
tion of 20 to 25 parts per billion is a convenient and reliable level that can 
be used to distinguish people without asthma from patients with untreated  
asthma.

Arterial Blood Gases
Blood gas analysis need not be undertaken in individuals with mild asthma. 
If the asthma is of sufficient severity to merit prolonged observation, however, 
blood gas analysis is indicated; in such cases, hypoxemia and hypocapnia are 
the rule. With the subject breathing ambient air near sea level, the Pao2 is 
usually between 55 and 70 mm Hg and the Paco2 between 25 and 35 mm 
Hg. At the onset of the attack, an appropriate pure respiratory alkalemia is 
usually evident; with attacks of prolonged duration, the pH returns toward 
normal as a result of a compensatory metabolic acidemia. A normal Paco2 in 
a patient with moderate to severe airflow obstruction is reason for concern 
because it may indicate that the mechanical load on the respiratory system is 
greater than can be sustained by the ventilatory muscles and that respiratory 
failure is imminent. When the Paco2 increases in such settings, the pH decreases 
quickly because the bicarbonate stores have become depleted as a result of 
renal compensation for the prolonged preceding respiratory alkalemia. Because 
this chain of events can take place rapidly, close observation is indicated for 
asthmatic patients with “normal” Paco2 levels and moderate to severe airflow 
obstruction.

Other Blood Findings
Asthmatic patients are frequently atopic; thus, blood eosinophilia is common 
but not universal. The number of eosinophils in a microliter of blood has 
been used as a method to forecast a given patient’s response to anti-cyto-
kine treatment in asthma (see below). In addition, elevated serum levels 
of immunoglobulin E (IgE) are often documented. If indicated by the 
patient’s history, specific immunosorbent tests, which measure IgE directed 
against specific offending antigens, can be conducted. Epidemiologic studies 
indicate that asthma is unusual in subjects with low IgE levels, but some 
patients with severe asthma have high blood eosinophil levels with low  
IgE levels.
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E-FIGURE 81-1. Lung function test results of a patient with asthma before and after treatment with inhaled albuterol. 
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Radiographic Findings
The chest radiograph of a subject with asthma is often normal. Severe asthma 
is associated with hyperinflation, as indicated by depression of the diaphragm 
and abnormally lucent lung fields. Complications of severe asthma, including 
subcutaneous emphysema, pneumomediastinum (E-Fig. 81-2), and pneumo-
thorax, may be detected radiographically. In mild to moderate asthma without 
adventitious sounds other than wheezing, a chest radiograph need not be 
obtained; if the asthma is of sufficient severity to merit hospital admission, a 
chest radiograph is advised.

Electrocardiographic Findings
The electrocardiogram, except for sinus tachycardia, is usually normal in acute 
asthma. However, right axis deviation, right bundle branch block, “P pulmo-
nale,” or even ST-T wave abnormalities may arise during severe asthma and 
resolve as the attack resolves.

Sputum Findings
The sputum of the asthmatic patient may be either clear or opaque with a 
green or yellow tinge. The presence of color does not invariably indicate infec-
tion, and examination of a Gram-stained and Wright-stained sputum smear 
is indicated. The sputum often contains eosinophils, Charcot-Leyden crystals 
(crystallized eosinophil lysophospholipase), Curschmann spirals (bronchiolar 
casts composed of mucus and cells), or Creola bodies (clusters of airway 
epithelial cells with identifiable cilia that, in fresh samples, can often be seen 
to beat), which can affect color without the presence of infection. Asthma 
specialists may examine induced sputum samples to help identify specific 
asthma endotypes.

 DIAGNOSIS
Differential Diagnosis
Asthma is easy to recognize in a young patient without comorbid medical 
conditions who has exacerbating and remitting airway obstruction accompa-
nied by blood eosinophilia. A rapid response to bronchodilator treatment is 
usually all that is needed to establish the diagnosis. However, in the patient 
with cryptic episodic shortness of breath, an elevated FeNO can help establish 
a diagnosis of asthma. However, in the absence of an elevated FeNO, other 
causes of wheezing (see Table 77-4) should be investigated. In fact, up to one 
third of patients who have physician-diagnosed asthma may not actually have 
asthma when they are studied systematically.4,5

The treatment of asthma is directed at two distinct facets of the disease: the 
control of symptoms and the prevention of exacerbations.

Symptomatic control is measured by the severity and frequency of asthma 
symptoms during the day, including limitations of activities of daily life, the 
need to use “rescue” β-agonist inhalers, and asthma symptoms that wake the 
patient from sleep. The prevention of exacerbations is less linked to symptoms 
than to levels of lung function, so management must include objective measures 
of lung function. The best measure is FEV1, but measures of PEFR can be sub-
stituted. Inexpensive and easy-to-use peak flowmeters make the measurement 
feasible in virtually all cases.

Treatment of asthma has two components. The first is the use of acute reliever 
(rescue) agents (i.e., bronchodilators) for acute asthmatic airway obstruction. 
The second is the use of controller treatments, which modify the asthmatic 
airway environment so that acute airway narrowing, requiring rescue treat-
ments, occurs much less frequently.

In a given individual, the intensity of asthma treatment is adjusted, for the 
most part, to achieve five goals:
1. to allow the patient to pursue the activities of her or his daily life without 

excessive interference from asthma;
2. to allow the patient to sleep without awakening because of asthmatic 

symptoms;
3. to minimize the use of rescue bronchodilator treatment;
4. to prevent the need for unscheduled medical care; and
5. to maintain lung function reasonably near normal.

A patient who meets these standards on the basis of a careful history, chest 
examination, and measurement of lung function is said to be “in control,” 
whereas a patient whose disease activities prevent these goals from being 
met is said to be “out of control.” Patients who are not in control should 
have their treatment stepped up, whereas patients whose asthma is in good 
control for 3 months should attempt to have their treatment stepped down  
(Fig. 81-2).

PREVENTION AND TREATMENT 

Rescue Treatments
All patients with asthma should be prescribed a rapid-acting β-agonist rescue 

inhaler (Table 81-2) to use if acute asthmatic airway obstruction develops. Patients 
should be shown how to use the inhaler (Video 81-2) and tested for their ability 
to use it correctly. All albuterol inhalers now contain hydrofluoroalkane pro-
pellants to protect the ozone layer, but these gasses may have a greenhouse 
effect. Aerosol “spacers” can help patients who have difficulty in coordinating 
their inspiratory effort and inhaler actuation. For an acute exacerbation, a self-
directed quadrupling of an inhaled glucocorticoid can abort the exacerbation 
and reduce the number of severe exacerbations by about 20%. A1 

β-Adrenergic Agents
Short-acting β-adrenergic agents given by inhalation are the mainstay of 

bronchodilator treatment of asthma.6 Constricted airway smooth muscle relaxes 
in response to stimulation of β2-adrenergic receptors. β-Adrenergic agonists 
with varying degrees of β2-selectivity are available for use in inhaled (by nebu-
lizer or metered-dose inhaler; Fig. 81-3), oral, or parenteral preparations. Most 
patients with mild intermittent asthma should be treated with a short-acting 
β2-selective inhaler (such as albuterol) on an as-needed basis. Regardless of 
the specific type of medication used, rescue treatment should consist of two 
“puffs” from the inhaler, with the first and second puffs separated by a 3- to 
5-minute interval, which is thought to allow enough time for the first puff to 
dilate narrowed airways, thus giving the agent better access to affected areas 
of the lung. Patients should be instructed to exhale to a comfortable volume, 
to breathe in very slowly (such as they would when sipping hot soup), and to 
actuate the inhaler as they inspire. Inspiration to near total lung capacity is 
followed by holding the breath for 5 seconds to allow the deposition of smaller 
aerosol particles in more peripheral airways; in a single treatment this process 
should be repeated. Two such “puffs” can be repeated every 4 to 6 hours; patients 
should be instructed to “advance” their asthma treatment (Table 81-2) if they 
need to use more than 12 puffs of a β-agonist in a 72-hour period.

Anticholinergics
Atropinic agents inhibit the effects of acetylcholine released from the intra-

pulmonary motor nerves that run in the vagus nerve and innervate airway 
smooth muscle. Ipratropium bromide, the atropinic agent used therapeutically 
in asthma, is available in a metered-dose inhaler; the recommended dose is 
two puffs from a metered-dose inhaler every 4 to 6 hours. In adults inhaled 
tiotropium (2.5 µg by MDI every morning) can be added to an inhaled gluco-
corticoid as asthma treatment. A2 

Controller Treatments
Inhaled Glucocorticoids

Inhaled glucocorticoids, which have less systemic impact than systemic 
steroids for a given level of therapeutic effect, are effective controller treat-
ments for improving lung function and preventing asthmatic exacerbations in 
patients with persistent asthma.7 Patients whose disease can be categorized 
as “mild persistent asthma” can be treated with an inhaled corticosteroid only 
when they have increased asthma symptoms rather than requiring an inhaled 
corticosteroid on a regularly scheduled basis. A3  However, inhaled glucocorti-
coids do not change the natural history of asthma. All available inhaled glu-
cocorticoids are effective treatments of persistent asthma but differ in terms 
of cost, the magnitude of adrenal suppression, and the potential for systemic 
effects, including growth retardation in children, loss of bone mineralization, 
cataracts, and glaucoma. Overall, no convincing data are available to suggest 
that there is reason to prefer one corticosteroid to the others. Adverse effects 
common to all inhaled glucocorticoids are oral thrush and hoarseness (attrib-
uted to myopathy of the laryngeal muscles); the risk and severity can be 
reduced by aerosol spacers and good oropharyngeal hygiene (i.e., rinsing 
out the mouth by gargling after dosing). Recent data indicate that a combi-
nation of a rapid-acting beta-agonist and an inhaled glucocorticoid can be 
used as “reliever” treatment for patients with mild intermittent to moderate  
persistent asthma. A2-A4 

Long-Acting β-Agonists
In contrast to short- to medium-acting β-agonists, a number of long-

acting β-agonists currently are available worldwide. These agents should not 
be used in patients with asthma unless given as concomitant treatment with 
an inhaled glucocorticoid. Therefore it is recommended that patients use 
an inhaler that contains both an inhaled glucocorticoid and a long-acting 
β-agonist together so that the treatments with these two agents cannot be  
separated.

A number of combination products contain both inhaled steroids and long-
acting β-agonists in the same aerosol device. These products prevent patients 
with asthma from using inhaled long-acting β-agonists without inhaled glu-
cocorticoids. When prescribing a combination inhaler, the physician should 
determine the inhaled dose of glucocorticoid (fluticasone, budesonide, beclo-
methasone, mometasone, and others) that the patient requires and then choose 
a combination product that will deliver a dose of long-acting β-agonist with 
the inhaled glucocorticoid when it is given as two puffs twice per day. The 
dose of long-acting β-agonist varies with brand and type of inhaler used.
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E-FIGURE 81-2. Chest radiograph showing substantial subcutaneous emphysema 
and pneumomediastinum in a patient with a severe asthma attack. (Radiograph courtesy 
Christopher Fanta, mD.)
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Medication options, to be adjusted for 
individual patients  

 
 

STEP 5 

Daily high-dose
IGC-LABA   

Seek expert
consultation for 
additional RX such 
as tiotropium, anti-
IgE, anti-IL5/5R, 
anti-IL4R  

STEP 4 

Daily medium-dose
IGC-LABA  

STEP 3 

Daily low-dose IGC-
LABA 

STEP 2 

Daily low-dose IGC,
or as-needed low-
dose IGC-ROLA  

CONTROLLER 
to prevent
exacerbations    

Primary options 

STEP 1 

As-needed low-dose
IGC  

Secondary options  As-needed low-dose
IGC-ROLA  

LTRA, or low-dose
IGC taken whenever 
SABA taken   

Daily medium-dose
IGC or low-dose 
IGC+LTRA  

Daily high-dose
IGC, add-on 
tiotropium, or add-
on LTRA 

Add oral
glucocorticoids at as 
low a dose as 
possible  

RELIEVERS
to treat symptoms  As-needed SABA or low-dose IGC-ROLA  

FIGURE 81-2. Asthma treatment algorithm. to use this algorithm determine what treatment your patient is receiving and then if her or his asthma is “in control” as noted in the text. 
If the patient’s asthma is in control (both by lung function and symptoms), leave the patient at the current treatment level or decrease one step as indicated in the figure. If the patient’s 
asthma is not in control, increase it from the current level of treatment by one or two steps depending on overall control. If it is not possible to get the patient’s asthma in control while 
using step 4 treatment, it is prudent to refer the patient to a specialty asthma center for evaluation by an asthma specialist. treatments such as asthma biologics (monoclonal antibod-
ies) or daily oral glucocorticoids should be monitored by such a specialist. In any setting the patient should have either a sABA or a combination ROLA with an IGC, to treat breakthrough 
symptoms. Ig = immunoglobulin; IGC = inhaled glucocorticoid; IL4R = interleukin-4 receptor; IL5/5R = interleukin-5 or its receptor; LABA = long-acting β2-agonist; LtRA = leukotriene 
receptor antagonist; ROLA = rapid onset, long-acting β2-agonist; sABA = short-acting β2-agonist. (modified from National Asthma Education and Prevention Program, third Expert Panel 
on the Diagnosis and management of Asthma. Expert Panel Report 3: Guidelines for the Diagnosis and management of Asthma. Bethesda [mD]: National heart, Lung, and Blood Institute 
[Us]; 2007 Aug. Available from: https://www.ncbi.nlm.nih.gov/books/NBK7232/.)

TABLE 81-2 SELECTED INHALED MEDICATIONS USED BY PATIENTS WITH ASTHMA
GENERIC NAME TRADE NAME* DOSE/PUFF DOSE AS PUFFS COMMENTS
BETA-AGONIST BRONCHODILATORS†

Albuterol-MDI‡ AccuNeb, Proair HFA, 
Proventil HFA, 
Ventolin HFA, 
Airomir HFA, 
Salamol HFA

Varies from 90 µg to 200 µg 2 puffs as needed for asthma 
symptoms. Can be repeated 
every 4 hrs. 10-12 puffs in 24 hrs 
is the maximum dose. Use of 
more than 6 puffs/day should 
prompt medical consultation for 
asthma control.

All are metered-dose inhalers that 
deliver a fixed amount of 
medication per puff

Albuterol-DPI Ventolin, Asmasal, 
Salbulin

100 or 200 µg 1 puff as needed, otherwise same as 
albuterol MDI

All are dry powder inhalers that 
deliver a fixed amount of 
medication per inhalation

Albuterol solution — Varies from 0.63 mg/mL to 5 mg/
mL

Inhale while breathing till solution 
consumed. Need for more than 6 
home treatments/day should 
prompt medical consultation.

This solution is for use with a liquid 
nebulizer driven by compressed 
gas. Mix the dose with a volume of 
sterile normal saline to achieve a 
nebulizer concentration of 
0.63 mg/mL

Levalbuterol-MDI Xopenex HFA Same as albuterol-MDI The isolated R-isomer of albuterol. 
Some studies show superiority to 
the racemic albuterol found in the 
MDIs listed above

Levalbuterol-
solution

Xopenex inhalation 
solution

0.63 mg/mL Same as albuterol solution Nebulizer solution as noted for 
albuterol above

Terbutaline-DPI Bricanyl 250 or 500 µg Same as albuterol-MDI Dry powder inhaler, uses patient 
generated effort to achieve airflow 
to disperse and deposit 
medication

Terbutaline 
solution

Bricanyl inhalation 
solution

2.5 mg/mL Same as albuterol The per dose amount is 2 mL with 
sterile saline added to achieve the 
requisite volume for the nebulizer 
used

LONG ACTING ANTICHOLINERGIC BRONCHODILATOR FOR USE IN SEVERE ASTHMA

Tiotropium 
bromide

Spiriva Respimat 
(MDI)

1.25 µg 2 puffs once/day For patients with asthma not 
controlled by β-agonist and 
inhaled glucocorticoid treatment

https://www.ncbi.nlm.nih.gov/books/NBK7232/
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TABLE 81-2 SELECTED INHALED MEDICATIONS USED BY PATIENTS WITH ASTHMA—cont’d
GENERIC NAME TRADE NAME* DOSE/PUFF DOSE AS PUFFS COMMENTS
INHALED GLUCOCORTICOIDS

Beclomethasone Beclovent, Clenil, 
Qvar, Asmabec

Comes in both MDI and DPI 
inhalers with amounts per puff 
varying from 50-400 µg

Adjust dose to achieve asthma 
control with a dose of 2 puffs 
twice/day. The maximum dose is 
two puffs twice daily of the 
highest strength.

Inhaled glucocorticoid with the 
longest use record. Although 
medication is generic, the inhaler 
type and propellant may be 
proprietary. Dose adjustments for 
patients in renal or hepatic failure 
are not needed.

Budesonide Budelin, Pulmicort Inhalers are all DPIs with amounts 
per dose 100 to 400 µg. 
Solution for nebulization is also 
available with amount of drug 
per treatment varies between 
0.5-1.0 mg.

Adjust dose to achieve asthma 
control with a dose of 2 puffs 
twice/day. The maximum dose is 
two puffs twice daily of the 
highest strength.

Dose adjustments for patients in 
renal or hepatic failure are not 
needed.

Fluticasone 
propionate

Flovent, Flixotide MDIs with 50, 125, 250 µg dose 
strengths as well as packets for 
nebulization at 0.25 and 
1.0 mg/mL

With MDI, start at low 
concentration and adjust dose to 
achieve asthma control with a 
dose of 2 puffs twice/day. The 
maximum dose is two puffs 
twice daily of the highest 
strength. With nebulizer, choose 
a concentration that gives 
asthma control when used twice 
daily.

Dose labels on U.S. marketed inhalers 
are 44, 110, and 220 µg/puff. The 
difference is the amount loaded in 
the metering chamber (outside of 
U.S.) vs the dose leaving the 
inhaler (U.S.). Dose adjustments 
for patients in renal failure not 
needed. In patients with hepatic 
failure, patients should be carefully 
monitored for steroid side effects 
and dose adjusted appropriately.

Ciclesonide Alvesco MDIs delivering 40, 80, or 160 µg With MDI, start at low 
concentration and adjust dose to 
achieve asthma control with a 
dose of 2 puffs twice/day. The 
maximum dose is two puffs 
twice daily of the highest 
strength.

Dose adjustments for patients in 
renal or hepatic failure are not 
needed.

Flunisolide Aerospan 80 µg Start at 2 puffs twice/day and 
escalate as needed. 4 puffs 
twice/day is maximal dose.

Dose adjustments for patients in 
renal or hepatic failure are not 
needed.

Mometasone Asmanex HFA 100 or 200 µg in HFA form; 110 
or 220 µg in DPI form

Start with 200 (220) µg once/day 
(PM dosing suggested). Max 
dose is 800 (880) µg once daily. 
Titrate dose down as control is 
achieved.

Dose adjustments for patients in 
renal failure not needed. In 
patients with hepatic failure, 
patients should be carefully 
monitored for steroid side effects 
and dose adjusted appropriately.

COMBINATION INHALERS CONTAINING BOTH IGC AND LABA§

IGC = fluticasone 
propionate

LABA = salmeterol

Advair, Seretide, 
AirFluSal, Sirdupla

Available as MDIs or DPIs. Each 
type contains a fixed dose of 
LABA with varying amounts of 
IGC. Exact amounts vary by 
inhaler type.

Start with one puff twice daily at 
the lowest dose of IGC that is 
effective for asthma control. 
Titrate up and down as symptom 
control requires. Max dose is 4 
puffs of highest strength per day.

Dose adjustments for patients in 
renal failure not needed. In 
patients with hepatic failure, 
patients should be carefully 
monitored for steroid side effects 
and dose adjusted appropriately.

IGC = fluticasone 
propionate

LABA = formoterol

Flutiform Available only as MDIs. Each 
strength contains a fixed dose 
of LABA with varying amounts 
of IGC.

Start with two puffs twice daily at 
the lowest dose of IGC that is 
effective for asthma control. 
Titrate up and down as symptom 
control requires. Max dose is 4 
puffs of highest strength per day.

Dose adjustments for patients in 
renal failure not needed. In 
patients with hepatic failure, 
patients should be carefully 
monitored for steroid side effects 
and dose adjusted appropriately. 
Not recommended for children 
under 12 years.

IGC = budesonide
LABA = formoterol

DuoResp, Symbicort, 
Bufoler

Available only as DPIs. Each 
strength contains a fixed dose 
of LABA with varying amounts 
of IGC. Exact amounts vary by 
inhaler type.

Start with one puff twice daily at 
the lowest dose of IGC that is 
effective for asthma control. 
Titrate up and down as symptom 
control requires. Max dose is 4 
puffs of highest strength per day.

Dose adjustments for patients in 
renal or hepatic failure are not 
needed.

IGC = budesonide
LABA = salmeterol

Busalair Available only as DPIs. Each 
strength contains a fixed dose 
of LABA with varying amounts 
of IGC. Exact amounts vary by 
inhaler type

Start with one puff twice daily at 
the lowest dose of IGC that is 
effective for asthma control. 
Titrate up and down as symptom 
control requires. Max dose is 4 
puffs of highest strength per day.

Dose adjustments for patients in 
renal or hepatic failure are not 
needed.
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GENERIC NAME TRADE NAME* DOSE/PUFF DOSE AS PUFFS COMMENTS
IGC = 

mometasone
LABA = formoterol

Dulera Available only as MDIs. Each 
strength contains a 5-µg dose 
of formoterol with varying 
amounts of IGC. Exact 
amounts vary by inhaler type.

Start with one puff twice daily at 
the lowest dose of IGC that is 
effective for asthma control. 
Titrate up and down as symptom 
control requires. Max dose is 4 
puffs of highest strength per day.

Dose adjustments for patients in 
renal or hepatic failure are not 
needed.

IGC = 
beclomethasone

LABA = formoterol

Fostair MDI or DPI or 
Fostair Inhalation 
Solution

All contain 6 µg of formoterol 
with amounts of glucocorticoid 
varying from 100-200 µg.

Adjust IGC dose to achieve asthma 
control with a dose of 2 puffs 
twice/day.

Not available in the U.S.

IGC=fluticasone 
furoate

LABA=vilanterol

Relvar Ellipta or Breo 
Ellipta

All forms contain 25 µg of 
vilanterol with amount of 
glucocorticoid varying from 
92-184 µg.

Adjust IGC dose to achieve asthma 
control with a dose of 2 puffs 
once/day.

Bronchodilator effect of vilanterol 
onsets in about 15 min. Dose 
adjustments for patients in renal 
failure not needed. In patients 
with hepatic failure, patients 
should be carefully monitored for 
steroid side effects and dose 
adjusted appropriately.

TABLE 81-2 SELECTED INHALED MEDICATIONS USED BY PATIENTS WITH ASTHMA—cont’d

DPI = dry powder inhale; HFA = hydrofluoroalkane; IGC = inhaled glucocorticoid; LABA = long-acting β-agonist; MDI = metered dose inhaler.
*Not all products marketing each medication are listed.
†All are short acting with onset of effect 5 to 10 minutes and duration of effect 4 to 8 hours. All patients with asthma should have a short-acting bronchodilator as a rescue inhaler to use for rescue from signs of 
airway obstruction.
‡The generic names albuterol and salbutamol are synonyms. Albuterol is used in the United States and salbutamol in many other countries.
§LABAs alone should not be used in patients with asthma.

Randomized controlled trials demonstrate that, when used with inhaled 
glucocorticoids, long-acting β-agonists do not result in a higher frequency of 
severe asthmatic events compared with inhaled glucocorticoids alone. A5  However, 
these studies have been criticized because asthma patients with recent life-
threatening events were excluded.

Antileukotrienes
Agents with the capacity to inhibit the synthesis of the leukotrienes (zileuton, 

600 mg four times a day, or controlled-release [Zyflo CR], 1200 mg twice daily) 
or the action of leukotrienes at the CysLT1 receptor (montelukast [Singulair], 
10 mg once a day; pranlukast [Onon, Ultair], 225 mg twice a day, not avail-
able in the United States; and zafirlukast [Accolate], 20 mg twice a day) are 
effective oral controller medications for some patients with mild or moderate 
persistent asthma. A6  In patients treated with zileuton, alanine aminotransferase 
levels should be monitored for the first 3 to 6 months of treatment; if levels 
rise to more than three times the upper limit of normal, the drug should be 
stopped. Theophylline metabolism is slowed by zileuton, so monitoring of levels 
is indicated if both are prescribed. These treatments can be used on their own 
for mild persistent asthma or in combination with inhaled steroids for more  
severe asthma.

theophylline
Theophylline and its more water-soluble congener aminophylline are mod-

erately potent bronchodilators that are useful in both inpatient and outpatient 
management of asthma. Treatment with theophylline is recommended only for 
patients who have moderate or severe persistent asthma and who are receiving 
controller medications, such as inhaled steroids or antileukotrienes, but whose 
asthma is not adequately controlled despite these treatments.

Theophylline is not widely used because of its toxicity and the wide varia-
tions in the rate of its metabolism, both in a single individual over time and 
among individuals in a population. Because blood levels need to be monitored 
for optimal dosing, most physicians have reserved theophylline for third- or 
fourth-line therapy. For most preparations, the starting dose should be about 
300 mg/day; the frequency will depend on the preparation used.

Acceptable plasma levels for therapeutic effects are between 10 and 20 µg/
mL; higher levels are associated with gastrointestinal, cardiac, and central 
nervous system toxicity, including anxiety, headache, nausea, vomiting, 
diarrhea, cardiac arrhythmias, and seizures. Most asthma care providers use 
dosing amounts and intervals to achieve steady-state theophylline levels of 
10 to 14 µg/mL, thereby avoiding the toxicity associated with decrements in  
metabolism.

systemic Glucocorticoids
Systemic glucocorticoids are effective for the treatment of moderate to severe 

persistent asthma8 as well as for occasional severe exacerbations of asthma in 
a patient with otherwise mild asthma, but the mechanism of their therapeutic 
effect has not been established. No consensus has been reached on the specific 
type, dose, or duration of corticosteroid to be used in the treatment of asthma. 
In nonhospitalized patients with asthma refractory to standard therapy, a steroid 
“pulse” with initial doses of prednisone on the order of 40 to 60 mg/day, tapered 
to zero during 7 to 14 days, is recommended. For patients who cannot stop 
taking steroids without having recurrent uncontrolled bronchospasm despite 
the addition of multiple other controller treatments, alternate-day adminis-
tration of oral steroids is preferable to daily treatment. For patients whose 
asthma requires in-hospital treatment but is not considered life-threatening, 
an initial intravenous bolus of 2 mg/kg of hydrocortisone, followed by con-
tinuous infusion of 0.5 mg/kg/hour, has been shown to be beneficial within 
12 hours. In attacks of asthma that are considered life-threatening, the use of 
intravenous methylprednisolone (125 mg every 6 hours) has been advocated. 
In each case, as the patient improves, oral steroids are substituted for intra-
venous steroids, and the oral dose is tapered during 1 to 3 weeks; addition of 
inhaled steroids to the regimen is strongly recommended when oral steroids  
are started.

monoclonal Antibody treatment
Omalizumab

Subcutaneous administration of omalizumab, a humanized murine mono-
clonal antibody that binds circulating IgE, is associated with decreased serum 
free (not total) IgE levels. In patients who have moderate to severe allergic 
asthma with elevated levels of serum IgE and who are receiving inhaled 

A B

FIGURE 81-3. Commonly used inhalers. A, A pressurized metered-dose inhaler for a 
branded form of albuterol. such inhalers propel the medication by means of a pressurized 
gas; many inhalers use propellants that do not harm the ozone layer. B, One of many 
types of dry powder inhalers; the one shown is a Flexhaler and dispenses budesonide. 
When this type of inhaler is activated, the active agent is released as a dry powder into 
a chamber. the patient creates the energy for airflow by means of an inspiratory effort 
that is directed through the device and that entrains medication into the inhaled airway. 
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glucocorticoids, omalizumab treatment improves asthma control even as doses 
of inhaled steroids are decreased. A7  Dosing is guided by weight and by pre-
treatment IgE levels: a monthly subcutaneous dose of 0.016 mg × body weight 
(kg) × IgE level (IU/mL). For example, in a patient weighing 70 kg with a pre-
treatment total IgE level of 300 IU/mL, 336 mg of omalizumab would be admin-
istered monthly by subcutaneous injection. Dosing calculators can be found 
online (e.g., http://www.xolairhcp.com/hcp/determining-the-dose.html). Anti-IgE 
antibodies can reduce exacerbations and improve quality of life in patients 
with severe allergic asthma, but their place in treatment schema has not been 
fully established. Because of the potential for anaphylaxis, all patients need to 
be monitored after injection; the duration of the monitoring period is not speci-
fied by the U.S. Food and Drug Administration (FDA), but most physicians monitor 
for 30 to 60 minutes.

Mepolizumab (Nucala) and Reslizumab (Cinqair)
Mepolizumab is a humanized monoclonal antibody directed against IL-5. In 

randomized trials, it reduces asthma exacerbations by about 50% among patients 
with severe asthma who still have blood eosinophils greater than 150 cells/µL 
despite treatment with oral or high-dose inhaled glucocorticoids. In patients 
requiring daily oral glucocorticoid therapy to maintain asthma control, mepo-
lizumab has a significant glucocorticoid-sparing effect. A8  The dose is 100 mg 
subcutaneously every 4 weeks.

Reslizumab is another humanized monoclonal antibody against circulating 
IL-5 for patients with severe eosinophilic asthma, which showed similar reduc-
tions of annual exacerbation rate as mepolizumab. In randomized trials, it 
reduced the frequency of exacerbations by about 50% in patients who had 
asthma and elevated blood eosinophil counts and who were inadequately 
controlled on inhaled corticosteroid-based therapy. A9  All these monoclonal 
antibodies are quite expensive, and most insurance companies require specific 
clearance before the drug can be administered.

Other monoclonal Antibodies
Benralizumab is a humanized monoclonal antibody against the α subunit 

of the IL-5 receptor that induces near-complete depletion of eosinophils and 
basophils in the circulation and lung tissue. In randomized trials, benralizumab 
(30 mg subcutaneously every 4 to 8 weeks) reduced exacerbations by 50% and 
improved lung function in patients with severe eosinophilic asthma, often 
despite a reduced dose of oral glucocorticoids. A10 

In patients with moderate to severe asthma, dupilumab, a monoclonal 
antibody against the α subunit of the shared interleukin-4 and interleukin-13 
receptor (at 300 mg subcutaneously every two weeks), can improve the control 
of asthma and allow the dose of inhaled glucocorticoid to be reduced, often-
times with an improvement in lung function as well. A11 

,
 A12  Tezepelumab, a 

human monoclonal antibody specific for the epithelial-cell-derived cytokine 
thymic stromal lymphopoietin (at 70 to 280 mg given intravenously every four 
weeks), has also been shown to reduce asthma exacerbations among patients 
treated with long-acting β-antagonists and medium-to-high doses of inhaled  
glucocorticoids. A13 

Other Controller Drugs
Cromolyn sodium (two to four times a day by nebulizer using 20-mg nebules) 

is a nonsteroid inhaled treatment used in the management of mild to moderate 
persistent asthma. It appears to be most useful in pediatric populations or 
when an identifiable stimulus (such as exercise or allergen exposure) elicits an 
asthmatic response.

Exacerbations of asthma may be triggered by infection. Data suggest  
that azithromycin (500 mg 3 times a week for 48 weeks) can reduce exacer-
bations and improve quality of life in patients with persistent symptoms but 
at the expense of more diarrhea and an unknown risk of selecting resistant  
organisms. A14 

Based on the concern that asthma could be caused by silent gastroesopha-
geal reflux disease, treatment with a proton pump inhibitor has been advocated 
in patients with mild to moderate asthma even in the absence of gastrointestinal 
symptoms. Adequately powered clinical studies suggest that this approach 
provides no benefit for asthma control.

Vaccination for Seasonal Influenza and  
Pneumococcal Disease

Vaccination of patients for seasonal influenza is safe and not associated with 
enhanced asthma exacerbations. Vaccination against seasonal influenza and 
pneumococcal disease is recommended in patients with asthma.

Radio Frequency Ablation of Airway Smooth Muscle
A proprietary system to ablate airway smooth muscle by delivery of radio 

frequency energy through a bronchoscopically placed probe has reduced asthma 
exacerbations in sham-controlled trials among patients whose asthma remained 
out of control despite the use of multiple controller medications.9 Although a 
device for such treatment has been approved by the FDA, the long-term impacts 
of this treatment on airway or lung function are not known and specific recom-
mendations with respect to its use are not available.

Control-Driven Asthma Therapy
All current asthma treatment is symptomatic (i.e., no current treatment has 

been proven to change the disease history), so the standard approach in the 
management of asthma is to titrate treatment to achieve an adequate level 
of control.

If a patient’s asthma is well controlled, treatment can be continued or stepped 
down (see Fig. 81-2). If a patient’s asthma is poorly controlled, treatment intensity 
should be stepped up. At the mild end of the spectrum, a patient who has rare 
limitations in activities of daily life, has nearly normal lung function, and sleeps 
without interruption from asthma can be prescribed nothing more than inhaled 
rescue treatment on an as-needed basis. In general, if a patient can control his 
or her asthma with the use of a single metered-dose inhaler of rescue treatment 
dispensed every 7 to 8 weeks or less frequently, there is no need for background 
controller treatment. If a patient has a requirement for more rescue treatment, 
has symptoms that interfere with sleeping through the night, or has moderately 
deranged lung function, controller therapy should be added. Whether inhaled 
glucocorticoids may provide benefit with respect to preventing future exacer-
bations in asymptomatic patients remains uncertain.10

When single-agent controller therapy is started, it should consist of an 
inhaled glucocorticoid or an antileukotriene. If control is not achieved with 
one of these agents, the patient can be switched to the other or have a second 
agent added. The best studied two-agent combination is an inhaled glucocor-
ticoid and a long-acting inhaled β2-adrenergic agonist, available in a single 
inhaler under a variety of formulations sold under many trade names. These 
combinations provide excellent disease control and often allow a reduction 
in the dose of the inhaled glucocorticoid. Data indicate that another combi-
nation, an antileukotriene and inhaled steroid, is more effective than either 
treatment alone, but this regimen does not have as substantial an evidence 
base as the combination of an inhaled glucocorticoid and a long-acting  
β-agonist.

Levels of exhaled nitric oxide are complementary to symptoms in assessing 
asthma control. In experienced hands, the measurement of exhaled nitric oxide 
when combined with symptomatic management has been shown to be of 
some potential value in the day-to-day management of asthma. A15 

Specific Treatment Scenarios
Concurrent Pulmonary Infection

In some patients, acute exacerbations of asthma may be due to concurrent 
infection, which requires targeted therapy (Chapters 82, 84, and 91).

Aspirin-Exacerbated Respiratory Disease (Previously termed 
Aspirin-Induced Asthma)

Approximately 5% of patients with moderate to severe persistent asthma 
develop asthma when they ingest agents that inhibit cyclooxygenase, such as 
aspirin and other nonsteroidal anti-inflammatory drugs.11 Inhibitors of cyclo-
oxygenase 2 are less likely to cause these reactions, but aspirin-type reactions 
have been reported in sensitive patients treated with selective cyclooxygenase 
2 inhibitors. Although the physiological manifestations of laboratory-based 
aspirin challenge can be blocked by leukotriene pathway inhibitors, these agents 
do not prevent clinical aspirin-exacerbated respiratory disease. Thus, patients 
with this form of asthma must avoid aspirin and other nonsteroidal anti-inflam-
matory drugs.

Asthma in the Emergency Department
When a patient with asthma presents for acute emergency care, objective 

measures of the severity of the attack, including quantification of pulsus para-
doxus and measurement of airflow rates (PEFR or FEV1), should be evaluated 
in addition to the usual vital signs. If the attack has been prolonged and failed 
to respond to treatment with bronchodilators (e.g., albuterol by metered-dose 
inhaler, two puffs every 2 to 3 hours) and high-dose inhaled steroids (e.g., more 
than 2000 µg/day of beclomethasone or half that amount of fluticasone) before 
arrival at the emergency department, intravenous steroids (40 to 60 mg of 
methylprednisolone or its equivalent) should be administered. If the patient 
has not been receiving treatment with a leukotriene receptor antagonist, such 
agents should be administered (10 mg of montelukast or 20 mg of zafirlukast) 
as soon as possible. Treatment with inhaled β-agonists (either nebulized albuterol, 
0.5 mL of a 0.5% solution repeated at 20- to 30-minute intervals, or albuterol 
by metered-dose inhaler, two puffs every 30 minutes) should be used until the 
PEFR or FEV1 increases to greater than 40% of the predicted values. If this point 
is not reached within 2 hours, admission to the hospital for further treatment 
is strongly advocated.

When patients have PEFR and FEV1 values that are greater than 60% of their 
predicted value on arrival in the emergency department, treatment with inhaled 
β2-agonists alone, albuterol (0.5 mL of an albuterol 0.083% solution) or equiva-
lent, is likely to result in an objective improvement in airflow rates. If significant 
improvement takes place in the emergency department, such patients can 
usually be treated as outpatients with inhaled β2-agonists and a controller 
agent (see Fig. 81-2). A good strategy is to add inhaled glucocorticoids if the 
patient has not been receiving this treatment or has been using a single con-
troller therapy.

http://www.xolairhcp.com/hcp/determining-the-dose.html


 PROGNOSIS
Asthma is a chronic relapsing disorder. Most patients have recurrent attacks 
without a major loss in lung function for many years. A minority of patients 
experience a significant irreversible loss in lung function over and above the 
normal pulmonary senescence. Methods to distinguish these various clinical 
phenotypes have not been developed.
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For patients whose PEFR and FEV1 values are between 40 and 60% of the 
values predicted at the time of initial evaluation in the emergency care setting, 
a plan of treatment varying in intensity between these two plans is indicated. 
Failure to respond to treatment by objective criteria (PEFR or FEV1) within 2 
hours of arrival at the emergency department is an indication for the use of 
systemic glucocorticoids.

status Asthmaticus
The asthmatic subject whose PEFR or FEV1 does not increase to greater than 

40% of the predicted value with treatment, whose PaCO2 increases without 
improvement of indices of airflow obstruction, or who develops major com-
plications such as pneumothorax or pneumomediastinum should be admitted 
to the hospital for close monitoring. Frequent treatments with inhaled β-agonists 
(0.5 mL of an albuterol 0.083% solution every 2 hours), intravenous aminophyl-
line (at doses to yield maximal acceptable plasma levels, that is, 15 to 20 µg/
mL; 500- to 1000-mg loading dose given during an hour followed by an infusion 
of 30 to 60 mg/hour), and high-dose intravenous steroids (methylprednisolone, 
40 to 60 mg every 4 to 6 hours) are indicated. Oxygen should be administered 
by face mask or nasal cannula in amounts sufficient to achieve SaO2 values 
between 92% and 94%; a higher FIO2 promotes absorption atelectasis and 
provides no therapeutic benefit. If objective evidence of an infection is present, 
appropriate treatment should be given for that infection. If no improvement 
is seen with treatment and if respiratory failure appears imminent, bronchodilator 
treatment should be intensified to the maximum tolerated by the patient as 
indicated by the maximum tolerated heart rate, usually 130 to 140 beats per 
minute. If indicated, intubation of the trachea and mechanical ventilation can 
be instituted; in this case, the goal should be to provide a level of ventilation 
just adequate to sustain life but not sufficient to normalize arterial blood gases. 
For example, a PaCO2 of 60 to 70 mm Hg, or even higher, is acceptable for a 
patient in status asthmaticus.

Asthma in Pregnancy
Asthma may be exacerbated, remain unchanged, or remit during pregnancy 

(Chapter 226). There need not be substantial departures from the ordinary 
management of asthma during pregnancy, although one randomized trial sug-
gests that unlike in other settings, measurement of the fraction of exhaled nitric 
oxide can improve the management of asthma during pregnancy. However, no 
unnecessary medications should be administered; systemic steroids should be 
used sparingly to avert fetal complications, and certain drugs should be avoided, 
including tetracycline (as a treatment of intercurrent infection), ipratropium 
bromide (which may cause fetal tachycardia), terbutaline (which is contrain-
dicated during active labor because of its tocolytic effects), and iodine-con-
taining mucolytics (such as saturated solution of potassium iodide). Moreover, 
use of prostaglandin F2α as an abortifacient should be avoided in asthmatic  
patients.
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REVIEW QUESTIONS

1. A 24-year-old lifetime nonsmoking woman consults you because of the 
new onset of dyspnea. It occurs during the recovery phase of aerobic exer-
cise, when she goes outdoors in the winter from her warm heated house 
into a cold dry atmosphere, and at parties when she is in an animated 
conversation. You suspect that she has asthma. What item of medical history 
would be of greatest value on confirming your diagnostic suspicions?
 A. A family history of asthma in her mother
 B. A family history of asthma in her younger brother
 C. A personal history of multiple trips to the emergency room when she 

was 2 to 4 years of age for shortness of breath
 D. A diagnosis of asthma made at age 8 by her pediatrician, for which  

she received albuterol and inhaled glucocorticoid treatment until she 
was 12

 E. Her occupation as an airline flight attendant.
Answer: D A personal history of asthma is strongly predictive of a diagnosis 
of asthma later in life. It is quite common for a person to have physician-
diagnosed asthma requiring treatment as a child, to “outgrow” their asthma 
in the peripubertal period, and then to have their asthma return later in life. 
Therefore when considering a diagnosis of asthma in an adult, it is impor-
tant to query the patient about a personal history of asthma. Answer C is 
not correct because many children who wheeze as toddlers never develop 
asthma, thus eliciting this early life history does not help with the differential  
diagnosis.

2. For the same patient as in question 1, what single test that you could order 
would provide the most useful information to either confirm or deny this 
diagnosis?
 A. A complete blood count with differential
 B. Spirometry before and after a bronchodilator
 C. An absolute blood eosinophil count
 D. A serum IgE level
 E. A chest radiograph

Answer: B Asthma is characterized by airway obstruction that resolves spon-
taneously or as a result of treatment. If her spirometry study shows airway 
obstruction—e.g., a forced expiratory volume in the first second (FEV1) of 
70% or less of predicted and an FEV1 to forced vital capacity (FVC) ratio of 
0.70 or less—it would strongly suggest asthma. If her FEV1 improves 15% or 
more (at least 200 mL) with inhalation of a bronchodilator, the test would 
provide virtual proof that asthma was the correct diagnosis. It is important 
to note that although the FEV1 improves with asthma, the FEV1/FVC ratio 
should not be considered when determining a bronchodilator response because 
both the FEV1 and FVC often improve.

3. On further questioning, the patient in question 1 relates that she awakens 
about once or twice a week at 3 to 4 in the morning with shortness of 
breath. She often gets out of bed and walks about her bedroom for 15 to 
20 minutes before she is able to return to bed and to sleep. You are reason-
ably convinced that she has mild-moderate persistent asthma. To confirm 
your diagnosis, you order spirometry before and after administration of a 
bronchodilator. Her FEV1/FVC is 0.63 and her FEV1 improves 330 mL 
after receiving treatment with inhaled albuterol. Which of the following 
prescriptions would be reasonable to give to the patient at this time?
 A. Albuterol MDI 2 puffs as needed for wheezing, not to exceed 12 puffs 

per day
 B. Albuterol MDI 2 puffs four times a day plus as needed for wheezing, 

not to exceed 12 puffs per day
 C. Oral montelukast 10 mg each morning for two weeks. If her symptoms 

do not abate, advance her treatment to a beclomethasone MDI 2 puffs 
twice a day. An albuterol inhaler to be used as needed for shortness of 
breath.

 D. A long-acting β-agonist 2 puffs twice a day and an albuterol inhaler to 
be used as needed for shortness of breath

 E. A combination inhaler containing a long-acting β-agonist and an inhaled 
glucocorticoid 2 puffs twice a day and an albuterol inhaler to be used 
as needed for shortness of breath.

Answer: C The patient has moderate persistent asthma and requires both 
controller and rescue treatment. Although many physicians will go immediately 
to an inhaled glucocorticoid, about one third of patients will have asthma that 
comes into control with a leukotriene receptor antagonist and will not require 
treatment with an inhaled glucocorticoid. Giving the patient sequential pre-
scriptions to fill allows you to determine this without need for a second visit. 
Answer D is incorrect because long-acting β-agonists should never be used 
in patients with asthma without accompanying treatment with an inhaled 
glucocorticoid.

4. A 53-year-old asthmatic woman presents with a history of gradually wors-
ening asthma despite the correct use of inhaled glucocorticoids combined 
with long-acting bronchodilators. She complains of regular night-time 
wakening and notes multiple uses of her rescue albuterol inhaler every day. 
She has had eight unexpected visits to the emergency department in the 
preceding year with acute asthma exacerbations and each had required a 
short course of prednisone. She is a life-long nonsmoker, and her asthma 
started only 4 years ago. The main triggers of her asthma include viral 
infections and exercise. She had pronounced upper respiratory tract symp-
toms, in particular nasal congestion and loss of smell. Her body mass index 
is 26, routine allergy tests were all negative, and her erythrocyte sedimenta-
tion rate is normal. Which of the following treatments could help reduce 
exacerbations in patients with this type of severe asthma?
 A. Anticholinergics
 B. Cromoglycates
 C. Leukotriene antagonists
 D. Proton pump inhibitors
 E. Inhaled magnesium sulfate

Answer: A The patient has severe, uncontrolled adult-onset nonallergic asthma. 
In adults with uncontrolled asthma, inhaled tiotropium (18 µg every morning) 
added to an inhaled glucocorticoid is more effective than a double dose of 
glucocorticoids and similar in effect to salmeterol. In addition, studies have 
shown that inhaled tiotropium reduces asthma exacerbations in patients who 
have severe, uncontrolled asthma who are already on treatment with inhaled 
glucocorticoids and long-acting β-2-agonists.

5. The patient in question 4 might be a candidate for monoclonal antibody 
therapy. Which test result would help in the choice of the right treatment 
for this patient?
 A. FEV1 values between 40 and 60% of predicted
 B. More than 20% diurnal variability in peak expiratory flow (PEF) values
 C. Blood eosinophils >400 cells/µL
 D. Serum IgE levels >100 IU/L
 E. All of the above

Answer: C Patients with severe asthma who have elevated eosinophils in 
peripheral blood, so called severe eosinophilic asthmatics, have shown to 
respond well to anti-eosinophil drugs such as monoclonal antibodies against 
interleukin-5. These drugs have been shown to reduce the exacerbation rate 
by about 50%. Lung function, PEF variability, or serum IgE are not good 
predictors of response to any of the new biologic agents against type-2  
inflammation.
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82 
CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE
JOHN REILLY

 DEFINITION
Chronic obstructive pulmonary disease (COPD) is an umbrella term for a 
number of conditions that result in fixed airway obstruction and dyspnea on 
exertion. COPD is characterized by persistent respiratory symptoms and 
airflow limitation that is due to airway or alveolar abnormalities usually caused 
by significant exposure to noxious particles or gases. Nearly all patients have 
both the air space destruction associated with emphysema as well as the patho-
logic airway changes that are consistent with chronic bronchitis. However, 
subsets of the COPD population can differ in terms of natural history and 
response to therapeutic intervention. Daily cough and sputum for 3 months 
for two or more years is the qualifying definition for chronic bronchitis.

Airflow limitation is defined as a ratio of forced expiratory volume in 1 
second (FEV1) and the forced vital capacity (FVC) of less than 0.7 (FEV1/
FVC <0.7) (Chapter 79). Classification systems can also incorporate other 
characteristics that are independent predictors of symptoms and mortality 
(Fig. 82-1).

 EPIDEMIOLOGY
COPD is a disease of adults, typically presenting in the sixth decade of life 
or later, with an estimated global prevalence of 175 million. The estimated 
annual 3.2 million deaths from COPD make it the third leading cause of death 
worldwide.1 Given the lag time between the initiation of smoking and the 
development of clinical disease, the global prevalence of cigarette smoking 
and the aging of the population implies that the number of cases will continue 
to increase. In the United States, the costs associated with COPD are estimated 
to be about $50 billion annually: $30 billion in direct medical costs and $20 
billion in indirect costs.

Epidemiologic data support the concept that habitual cigarette smoking is 
the major risk factor for the development of COPD.2 At the population level, 
the smoking “dose,” as measured in pack-years (the product of the number 
of packs of cigarettes smoked per day and the number of years with the habit 
at this intensity), is inversely related to FEV1. Factors that impair full lung 
growth, including childhood respiratory infections, result in lower peak lung 
function in adulthood; subsequent decline, whether accelerated or not, can 
result in the development of COPD (E-Fig. 82-1). Cigarette smoking is by 
far the major contributor to the development of COPD, but other implicated 
exposures include combustion of biomass fuels, especially in poorly venti-
lated spaces where such materials are used for cooking food and heating.3 
The role of environmental air pollution is less clear. Cough, sputum, and 
permanent loss of lung function may also occur among individuals who are 
exposed to workplace dust in mines, grain-handling facilities, and cotton mills. 
Although data show that increased pollution levels are temporally associated 
with increased mortality in patients with established COPD, it is less clear 
whether air pollution alone is a substantial risk factor for the disease. Whether 
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ABSTRACT
Chronic obstructive pulmonary disease (COPD) is a syndrome that encom-
passes a number of conditions that share the property of expiratory airflow 
obstruction that does not fully reverse with bronchodilator therapy. These 
syndromes include chronic bronchitis and emphysema. COPD is common 
and a major source of health care expenditures, morbidity, and mortality. It 
results in exercise limitation due to dyspnea, cough, sputum production, and, 
in a subset of patients, recurrent exacerbations. It most often results from 
habitual cigarette smoking, but other exposures have been implicated, as have 
genetic factors. The inflammatory response engendered by inhalational expo-
sure disrupts protease/antiprotease balance and can also affect vascular and 
apoptotic pathways and trigger an autoimmune response. A major source of 
morbidity and expense for this condition are acute exacerbations, character-
ized by increased dyspnea, increased cough, and an increase and/or change 
in character of sputum. Exacerbations are often accompanied by fever and 
systemic symptoms suggestive of infection. Current therapeutic strategies 
focus on prevention, primarily smoking cessation; symptom control; exacerba-
tion prevention; and, in selected cases, the use of supplemental oxygen, pul-
monary rehabilitation, surgical intervention, or lung transplantation. Current 
pharmacotherapy is delivered primarily by the inhalational route, and the 
three most common classes of agents are beta agonists, anticholinergics, and 
inhaled corticosteroids. The first two are bronchodilators, whereas inhaled 
corticosteroids are primarily anti-inflammatory. All have been shown to improve 
symptoms, produce modest improvements in measured lung function, and 
reduce the frequency of exacerbations. There is some additive benefit to using 
more than one class of agent. Exacerbations are treated with systemic corticoster-
oids, inhaled bronchodilators, oxygen when indicated, and, in most cases, 
antibiotics.
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Genetics
The most common monogenic trait associated with COPD is α1-antitrypsin 
deficiency. α1-Antitrypsin is encoded by the SERPINA1 gene; the gene product 
is a serine protease inhibitor synthesized and secreted by the liver. The most 
common mutations associated with deficiency result in polymerization of 
α1-antitrypsin in the liver and the inability to secrete a functional protein 
product. Circulating levels of α1-antitrypsin are decreased to about 15% of 
normal, a level that is associated with an increased incidence of emphysema 
and bronchiectasis (Chapter 84), as well as liver disease (Chapter 137) in 
some individuals. Very uncommon in non-white populations, the allele fre-
quency of mutations in the white population is as high as 4 to 5%. Because 
fewer patients are diagnosed with COPD and α1-antitrypsin deficiency than 
would be expected based on mathematical calculations, other factors, especially 
cigarette smoking, presumably influence whether clinically significant organ 
damage results from these mutations. Whether patients who are heterozygous 
for a mutant allele are at increased risk for lung disease is controversial.

Several other genetic syndromes include emphysema or airflow obstruction. 
Among these genes are cutis laxa (ATP7A, elastin, fibulin 4, and fibulin 5), 
Ehlers-Danlos syndrome (Chapter 244; collagen type 3 α1), and Marfan syn-
drome (Chapter 244; fibrillin 1).

The observations that there is familial clustering of COPD cases and that 
only a minority of smokers develop COPD have led to the hypothesis that 
genetic factors explain the differential response to cigarette smoke. A number 
of genes have been implicated, including MMP-12 and Serpin E2, but such 
findings have been inconsistent. Ongoing longitudinal studies may potentially 
provide more evidence concerning genetic contributions to COPD.

 CLINICAL MANIFESTATIONS
The hallmark symptom of COPD is breathlessness with exertion. Because 
maximal exertion typically is not limited by ventilatory capacity, individuals 
can develop significant COPD before becoming symptomatic. The gradual 
progression of disease, coupled with the fact that other factors such as cardiac 
disease, obesity, and deconditioning can also result in dyspnea on exertion, 
often results in patients being symptomatic for months to years before the 
diagnosis of COPD is made.

In many instances, the diagnosis of COPD is made when a patient presents 
with an exacerbation manifested by increased dyspnea, increased cough, and 
an increase or change in character of sputum production; it may or may not 
be accompanied by fever and constitutional symptoms suggestive of infection. 
The development of these symptoms may prompt the patient to seek medical 
evaluation, at which time the history may reveal exposure(s) that increase the 
risk of COPD (typically chronic cigarette smoking) and antecedent dyspnea 
on exertion. In a subset of patients, an important component of the natural 
history of COPD is recurrent exacerbations.

By definition, COPD with chronic bronchitis includes chronic cough and 
sputum. Hemoptysis may occur in patients with chronic bronchitis, particularly 
in the context of an exacerbation. Clubbing (Fig. 45-9) is not a manifestation 
in COPD, and its presence should prompt an evaluation for other conditions, 
notably lung cancer (Chapter 182) or pulmonary fibrosis (Chapter 86).

Patients with more advanced disease may develop hypoxemia or hypercarbia. 
Hypoxemia, which is usually documented by pulse oximetry, can produce 
cyanosis. Hypercarbia, which may be suggested by an elevated serum bicar-
bonate level, requires an arterial blood gas measurement for confirmation.

COPD also can have systemic manifestations. Patients with emphysema lose 
body mass and may develop sarcopenia. Pulmonary hypertension (Chapter 
75) may develop and be associated with a significant limitation in exercise. 
Depression (Chapter 369) is a frequent comorbidity with COPD.

 DIAGNOSIS
History and Physical Examination
Elements of the history relevant to establishing the diagnosis include a history 
of cigarette smoking, other inhalational or environmental exposures, a child-
hood history of recurrent lung infections or premature birth, cough (chronicity, 
frequency), and sputum production. Particular emphasis should be placed 
on the degree to which limitations are caused by dyspnea because patients 
may gradually restrict activity over time to avoid the uncomfortable sensation 
of being out of breath and may not report dyspnea during their daily activities. 
Patients should be asked about any family history of lung disease and about 
the presence of comorbid conditions.

The physical findings seen in COPD include whether or not the patients 
have evidence of cyanosis, use of pursed lip breathing, use of accessory muscles 
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prior respiratory infections produce residual effects on adult lung function  
is unclear.

 PATHOBIOLOGY
Pathology
The pathology of COPD includes parenchymal destruction characteristic of 
emphysema as well as inflammation and fibrosis in the small airways. The 
relative contributions of these distinct components vary from individual to 
individual. The parenchymal destruction, which is characterized by a loss of 
alveolar walls and their associated capillary beds, can be demonstrated by a 
reduction in the diffusing capacity for carbon monoxide (Dlco) on pulmonary 
function testing (Chapter 79) and by areas of reduced tissue density on com-
puted tomographic (CT) scanning of the lung.

Pathogenesis
Data suggest important roles for the airways, the lung parenchyma, and the 
pulmonary vasculature in patients with COPD. The relative importance of 
these mechanisms varies among patients and contributes to the heterogeneity 
of disease presentation and response to therapy.

The most widely accepted paradigm for the development of emphysema 
is the protease-antiprotease theory. This theory postulates that emphysema 
develops when elastolytic protease activity is in excess compared with anti-
protease levels. The prototype for this theory is that individuals deficient in 
α1-antiprotease are at higher risk for developing emphysema. α1-Antiprotease 
is a member of the serpin (serine protease inhibitor) superfamily and is the 
major inhibitor of neutrophil elastase. Proteases that degrade elastin can produce 
emphysema. In addition to neutrophil elastase, macrophage elastases can also 
produce emphysema. Cigarette smoking induces an influx of inflammatory 
cells into the lung, including neutrophils and macrophages. Quantitatively, 
macrophages are the largest component of this response. Experimental data 
also support the hypotheses that vascular mechanisms and apoptosis may 
contribute to the development of emphysema.

Small airway inflammation with the presence of pigmented macrophages 
is a consistent finding in cigarette smokers. CD8+ lymphocytes and neutrophils 
also are important components of the inflammatory response. In COPD, in 
contrast to many patients with asthma, eosinophils are a relatively small com-
ponent of the inflammatory response, but a subpopulation of patients with 
COPD manifest sputum and peripheral eosinophilia. The signaling that pro-
motes this inflammatory response may involve oxidative stress and the pro-
duction of reactive oxygen species.

In patients with COPD, the inflammatory response in the lung persists 
after smoking cessation. This observation, coupled with documented changes 
in the microbiome and the demonstration of autoimmunity in subjects with 
COPD, provide a potential mechanism for the clinical observation of the 
continued progression of disease despite smoking cessation.

In patients with emphysema, cigarette smoking induces intimal thickening 
and smooth muscle proliferation in the endothelium of the pulmonary vas-
culature, with decreased expression of vascular endothelial growth factor 
(VEGF) and apoptosis of endothelial cells in septal vessels. Manipulating 
VEGF expression in animal models can produce emphysema, thereby sug-
gesting that pulmonary vascular changes may be a primary driving event in 
some patients with COPD. In addition, chronic hypoxemia produces pulmonary 
vascular constriction that leads to the development of pulmonary hyperten-
sion (Chapter 75). Hypertrophied bronchial mucous glands, an expanded 
epithelial goblet cell population, and increased airway mucin concentration 
all correlate with symptoms of cough and excess sputum production in chronic 
bronchitis but do not correlate with airflow obstruction.4

Pathophysiology
By definition, COPD is characterized by obstruction of expiratory airflow. 
The anatomic site of this flow limitation is in the small airways (<2 mm). 
Obstruction may result from a variety of mechanisms: airway smooth 
muscle constriction; small airway inflammation, wall thickening, and scar-
ring; loss of small airways owing to parenchymal destruction; and dynamic 
airway collapse owing to the loss of parenchymal tethering secondary to the 
parenchymal destruction that is characteristic of emphysema. A concomitant 
alteration may be a decreased driving force owing to loss of elastic recoil 
in the setting of parenchymal destruction. This airflow obstruction results 
in a prolonged expiratory time, which can be measured as lower flow rates 
over time on a spirogram and which produces a characteristic “coving” of 
the expiratory portion of the flow volume loop. When the expiratory time is 
shortened owing to an increased respiratory rate, the previous tidal volume 
is incompletely exhaled prior to the initiation of the next inspiration. This 
phenomenon, termed dynamic hyperinflation, results in an increase in end-
expiratory lung volume (EELV) to a level at which expiratory flow rates 
increase enough to achieve complete exhalation of the prior tidal volume. 
The increase in EELV can produce a sensation of dyspnea independent of  
hypoxemia.

In its pure form, emphysema results in dynamic expiratory airway col-
lapse owing to a loss of tethering, a loss of small airways because of paren-
chymal destruction, and a loss of alveolar gas exchange surface. Chronic 
bronchitis, in contrast, is characterized by airway inflammation, increased 
airway reactivity with resultant dynamic airway smooth muscle constriction, 
mucous gland hypertrophy and hypersecretion. The result of this is airflow 
obstruction and a chronic productive cough with sputum. Clinical obser-
vation, pathologic studies, physiologic measurements, and imaging studies 
have shown neither of these entities typically exist in isolation; almost all 
patients with COPD have elements of both emphysema and chronic bron-
chitis, although the relative contributions of each process vary from patient to  
patient.
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of respiration or other signs of respiratory distress. The chronic hyperinflation 
associated with COPD may result in a large anteroposterior thoracic dimen-
sion (barrel chest), use of the arms to fix the shoulder girdle to allow the use 
of accessory muscles of respiration (tripod position, history of less dyspnea 
when pushing a cart than when walking), and, in advanced cases, retraction 
of the lower rib cage with inspiration owing to the altered biomechanics of 
flattened diaphragms (Hoover sign). The presence of paradoxical abdominal 
wall motion with inspiration suggests respiratory muscle fatigue. Percussion of 
the chest may reveal increased resonance. Auscultation may reveal decreased 
breath sounds in patients who primarily have emphysema; asymmetry raises 
the possibility of a pneumothorax. Patients with airway disease may exhibit 
rhonchi with inspiration and wheezing with forced exhalation.

Cardiac findings related to COPD mainly relate to chest wall geometry and 
right heart function. Heart sounds may be diminished owing to increased 
retrosternal airspace. Elevated jugular venous pressure (Fig. 45-2), an accentu-
ated pulmonic valve closure sound (P2), a right ventricular heave, hepatic 
congestion, and peripheral edema all raise the possibility of pulmonary hyper-
tension (cor pulmonale; Chapter 75). Given that cigarette smoking is also a 
risk factor for lung cancer and that patients with COPD have about a 2-fold 
increased risk of lung cancer compared with smokers without COPD, hemop-
tysis should prompt an evaluation to determine whether the patient has lung 
cancer. Patients whose COPD is manifested primarily as emphysema may 
develop weight loss and sarcopenia, evident on physical examination.

Diagnostic Testing
Spirometry demonstrating airflow obstruction (Fig. 82-2) establishes the 
diagnosis (Chapter 79). The hallmark of obstruction on spirometry is a reduc-
tion in the FEV1/FVC ratio to less than 0.7, with lower ratios commonly 
expressed as a percent of predicted calculated from reference data gathered 
for a normal population (standardized by age, sex, height, and ethnic back-
ground), indicating greater severity (Table 82-1). Lung volumes may dem-
onstrate an elevated residual volume (RV) and total lung capacity (TLC). In 
patients with emphysema or pulmonary hypertension, the Dlco may be 
reduced, consistent with the degree of loss of pulmonary capillary vessels 
participating in gas exchange.

All adults with COPD or bronchiectasis should be tested for alpha-1 anti-
trypsin deficiency, although the patients most at risk have a family history of 
COPD, lower lobe predominant emphysema or presentation at a relatively young 
age. The evidence for screening family members of patients with α1-antitrypsin 

Genetics
The most common monogenic trait associated with COPD is α1-antitrypsin 
deficiency. α1-Antitrypsin is encoded by the SERPINA1 gene; the gene product 
is a serine protease inhibitor synthesized and secreted by the liver. The most 
common mutations associated with deficiency result in polymerization of 
α1-antitrypsin in the liver and the inability to secrete a functional protein 
product. Circulating levels of α1-antitrypsin are decreased to about 15% of 
normal, a level that is associated with an increased incidence of emphysema 
and bronchiectasis (Chapter 84), as well as liver disease (Chapter 137) in 
some individuals. Very uncommon in non-white populations, the allele fre-
quency of mutations in the white population is as high as 4 to 5%. Because 
fewer patients are diagnosed with COPD and α1-antitrypsin deficiency than 
would be expected based on mathematical calculations, other factors, especially 
cigarette smoking, presumably influence whether clinically significant organ 
damage results from these mutations. Whether patients who are heterozygous 
for a mutant allele are at increased risk for lung disease is controversial.

Several other genetic syndromes include emphysema or airflow obstruction. 
Among these genes are cutis laxa (ATP7A, elastin, fibulin 4, and fibulin 5), 
Ehlers-Danlos syndrome (Chapter 244; collagen type 3 α1), and Marfan syn-
drome (Chapter 244; fibrillin 1).

The observations that there is familial clustering of COPD cases and that 
only a minority of smokers develop COPD have led to the hypothesis that 
genetic factors explain the differential response to cigarette smoke. A number 
of genes have been implicated, including MMP-12 and Serpin E2, but such 
findings have been inconsistent. Ongoing longitudinal studies may potentially 
provide more evidence concerning genetic contributions to COPD.

 CLINICAL MANIFESTATIONS
The hallmark symptom of COPD is breathlessness with exertion. Because 
maximal exertion typically is not limited by ventilatory capacity, individuals 
can develop significant COPD before becoming symptomatic. The gradual 
progression of disease, coupled with the fact that other factors such as cardiac 
disease, obesity, and deconditioning can also result in dyspnea on exertion, 
often results in patients being symptomatic for months to years before the 
diagnosis of COPD is made.

In many instances, the diagnosis of COPD is made when a patient presents 
with an exacerbation manifested by increased dyspnea, increased cough, and 
an increase or change in character of sputum production; it may or may not 
be accompanied by fever and constitutional symptoms suggestive of infection. 
The development of these symptoms may prompt the patient to seek medical 
evaluation, at which time the history may reveal exposure(s) that increase the 
risk of COPD (typically chronic cigarette smoking) and antecedent dyspnea 
on exertion. In a subset of patients, an important component of the natural 
history of COPD is recurrent exacerbations.

By definition, COPD with chronic bronchitis includes chronic cough and 
sputum. Hemoptysis may occur in patients with chronic bronchitis, particularly 
in the context of an exacerbation. Clubbing (Fig. 45-9) is not a manifestation 
in COPD, and its presence should prompt an evaluation for other conditions, 
notably lung cancer (Chapter 182) or pulmonary fibrosis (Chapter 86).

Patients with more advanced disease may develop hypoxemia or hypercarbia. 
Hypoxemia, which is usually documented by pulse oximetry, can produce 
cyanosis. Hypercarbia, which may be suggested by an elevated serum bicar-
bonate level, requires an arterial blood gas measurement for confirmation.

COPD also can have systemic manifestations. Patients with emphysema lose 
body mass and may develop sarcopenia. Pulmonary hypertension (Chapter 
75) may develop and be associated with a significant limitation in exercise. 
Depression (Chapter 369) is a frequent comorbidity with COPD.

 DIAGNOSIS
History and Physical Examination
Elements of the history relevant to establishing the diagnosis include a history 
of cigarette smoking, other inhalational or environmental exposures, a child-
hood history of recurrent lung infections or premature birth, cough (chronicity, 
frequency), and sputum production. Particular emphasis should be placed 
on the degree to which limitations are caused by dyspnea because patients 
may gradually restrict activity over time to avoid the uncomfortable sensation 
of being out of breath and may not report dyspnea during their daily activities. 
Patients should be asked about any family history of lung disease and about 
the presence of comorbid conditions.

The physical findings seen in COPD include whether or not the patients 
have evidence of cyanosis, use of pursed lip breathing, use of accessory muscles 
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FIGURE 82-2. Representative flow-volume loops in normal subjects (red) and COPD 
(blue). Flow-volume tracings are shown at rest, with exercise (dashed lines), and with 
maximal effort. the normal tracings demonstrate that the metabolic demands generated 
by exercise can be met with increased tidal volumes and frequency without reaching 
flow limitation, and that lung volumes do not change. in contrast, the patient with CoPD 
has flow limitation during tidal breathing. increasing tidal volumes and frequency limit 
expiratory time, and the flow limitation results in a failure to reach resting end-expiratory 
lung volume. the resulting increases in lung volumes, termed dynamic hyperinflation, 
are associated with an increased work of breathing and, hence, dyspnea. 



CHAPTER 82 ChroniC obstruCtive Pulmonary Disease538

pressures by assessing the velocity of any tricuspid regurgitant jet (Chapter 
49), but imaging may be compromised by retrosternal hyperinflation between 
the ultrasound probe and the heart. Transthoracic ultrasound is primarily 
used to assess for the presence of pleural effusion (Chapter 92) and to guide 
thoracentesis.

Arterial Blood Gases and Oximetry
Hypoxemia can be assessed by oximetry or arterial blood gases, whereas the 
diagnosis of hypercarbia requires an arterial blood gas sample. Chronic 

is not as strong, although the case can be made that such screening allows for 
an intensified focus on avoiding inhalational exposures, including smoking, 
and careful observation for the development of early signs of disease so that 
replacement therapy can be considered.

Imaging
Chest radiographs may demonstrate hyperinflation as evidenced by flattened 
diaphragmatic silhouette, increased retrosternal airspace on the lateral image, 
decreased parenchymal markings, and bullae in patients with emphysema (Fig. 
82-3). In patients with a suspected COPD exacerbation the chest radiograph 
may show an infiltrate suggestive of pneumonia (Chapter 91).

Chest CT (Fig. 82-4) provides a more detailed assessment of parenchymal 
characteristics and is more sensitive than plain chest radiographs for demon-
strating parenchymal loss consistent with emphysema, bullae, and pulmonary 
vascular changes suggestive of pulmonary hypertension. It is now the tool of 
choice for screening for lung cancer (Chapter 182) in an at-risk population 
that includes most patients with COPD and a significant smoking history. 
Although CT scanning provides information about the presence and extent 
of emphysema and airway abnormalities, most available therapeutic options 
are prescribed regardless of the relative contributions of emphysema and 
chronic bronchitis. Hence, CT scanning has little role in guiding therapy in 
COPD, with the exception of instances in which surgical intervention (dis-
cussed later) is being considered.

MRI has little clinical role in the assessment of COPD because the presence 
of air adversely impacts the ability to generate detailed images of lung paren-
chyma. Echocardiography can noninvasively quantify pulmonary artery 

COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in the first 
second; FVC = forced vital capacity.

TABLE 82-1 SEVERITY OF AIRFLOW OBSTRUCTION  
IN COPD ACCORDING TO  
POSTBRONCHODILATOR SPIROMETRY

STAGE AND SEVERITY DEFINITION
I: Mild FEV1/FVC <0.70, FEV1 ≥80% of predicted
II: Moderate FEV1/FVC <0.70, 50% ≤FEV1 <80% of predicted
III: Severe FEV1/FVC <0.70, 30% ≤FEV1 <50% of predicted
IV: Very severe FEV1/FVC <0.70, FEV1 <30% of predicted or FEV1 

<50% of predicted plus chronic respiratory failure

BA

FIGURE 82-3. Posteroanterior (A) and lateral (B) radiographs of the thorax in a patient with emphysema. the most obvious abnormalities are those associated with increased lung 
volume. the lungs appear dark because of their increased air relative to tissue. the diaphragms are caudal to their normal position and appear flatter than normal. the heart is oriented 
more vertically than normal because of caudal displacement of the diaphragm, and the transverse diameter of the rib cage is increased; as a result, the width of the heart relative to 
the rib cage on the posteroanterior view is decreased. the space between the sternum and heart and great vessels is increased on the lateral view. 

FIGURE 82-4. CT scan demonstrating emphysema. high-resolution Ct scan of the 
thorax at the level of the tracheal carina in a patient with emphysema. the left lung is 
seen on the right. there are multiple areas of confluent parenchymal loss (bullae) that 
appear as black areas with no parenchymal markings. there are additional small areas 
of parenchymal loss consistent with emphysema. the right upper lobe bronchus is seen 
entering the lung; its walls are thickened, thereby suggesting chronic inflammation. 
(Courtesy bruce maycher, mD.)

TREATMENT 
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Improving Symptoms
Interventions directed at improving COPD symptoms include pharmaco-

therapy, rehabilitation, and surgery.

Pharmacotherapy
For chronic symptoms, the mainstay of therapy is inhaled medications (Fig. 

82-5), which fall into three classes: β-agonists, muscarinic antagonists, and 
glucocorticoids (Table 82-2). Within each of these three classes, medications 
differ primarily by their pharmacokinetics and dosing intervals.

Each class of long-acting bronchodilators is about 15 to 20% more effective 
than placebo for reducing exacerbations, and only about six patients need to 
be treated to prevent one exacerbation per year. The adverse events of long-
acting bronchodilators are generally minor in patients with COPD.

Inhaled β-agonists
Although COPD is defined by airflow obstruction that is not completely 

reversible, many patients have a measurable increase in expiratory flow rates 
in response to inhaled β-agonists. Short-acting β-agonists have a rapid onset of 
action and a duration of action of 4 to 6 hours. The most commonly prescribed 
is albuterol (salbutamol), which produces modest increases in FEV1 and reduces 
symptoms in patients with moderate to severe COPD. Side effects include tachy-
cardia and tremor. These agents require frequent dosing, so they are typically 
used to relieve acute symptoms and to treat exacerbations.

Long-acting β-agonists, including salmeterol and formoterol, have a duration 
of action of about 12 hours, whereas indacaterol has a 24-hour duration of 
action. These agents modestly increase FEV1 and improve quality of life, with 
indacaterol perhaps having the largest improvement on quality of life. These 
agents also reduce the frequency of exacerbations by about 20%, although this 
benefit may be muted in patients who are also taking inhaled glucocorticoids. 
These agents can cause tachycardia and tremor, and they may increase the risk 
of cardiovascular events in patients with COPD.9

Muscarinic Antagonists
Muscarinic antagonists, which are used in the same way as β-agonists in 

patients with COPD, produce modest improvements in FEV1, significant improve-
ments in health-related quality of life, and also reduce the risk of exacerba-
tions. The primary short-acting muscarinic antagonist is ipratropium bromide, 
which can be used both acutely and chronically in symptomatic patients with 
COPD. However, its chronic use has largely been supplanted by the long-act-
ing muscarinic antagonists, which have a more convenient dosing schedule. 
Muscarinic antagonists are useful in patients with chronic symptoms and/or a 
history of recurrent exacerbations. These agents are generally well tolerated, 
with the most common side effects being related to anticholinergic activity: dry 
mouth, urinary retention, and constipation without any significant increase in  
cardiac risk.

Inhaled Glucocorticoids
Inhaled glucocorticoids reduce COPD exacerbations and the rate of decline 

in quality of life. However, they do not reliably improve measured lung function, 
reduce the rate of decline in FEV1, or decrease mortality. They are best prescribed 
in addition to a long-acting adrenergic agonist or muscarinic antagonist rather 
than as the sole treatment for COPD (see Table 82-2). Inhaled corticosteroids 
produce marginal improvements in lung function and respiratory health status 
in COPD patients, and they reduce COPD exacerbation rates by about 15 to 20% 
in relative terms. A5  Side effects are oropharyngeal candidiasis and dysphonia, as 
well as an apparent increase in the risk of pneumonia. Therefore, the decision 
to use inhaled corticosteroids in COPD should weigh the anticipated benefit 
against the small but significant risk of side effects.

Combined Treatment
Inhaled corticosteroids combined with an inhaled long-acting β2-agonist 

(e.g., vilanterol, formoterol, fumarate, or indacaterol) safely provide incremen-
tal benefit compared with either monotherapy. A6-A8  The combination of a 
long-acting β2-adrenergic agonist inhaler plus a long-acting anticholinergic 
inhaler or the combination of a once-daily inhaled glycopyrronium (a long-
acting antimuscarinic agent at 50 µg) plus long-acting indacaterol (110 µg) 
are also more effective than single-agent treatment. A9 

,
 A10  Furthermore, once 

daily triple therapy, which combines a long-acting muscarinic antagonist 
with a long-acting β-agonist and a corticosteroid (e.g., adding umeclidinium 
[62.5 µg] to vilanterol [25 mg] plus fluticasone furoate [100 µg]) is even more 
effective for preventing COPD exacerbations and hospitalizations than double  
therapy. A11 

,
 A12 

Phosphodiesterase 4 (PDE4) Inhibitors
Roflumilast and cilomilast are oral phosphodiesterase-4 inhibitors that reduce 

COPD exacerbations and result in modest improvements in lung function and 
quality of life, with benefits similar to those seen with inhaled corticosteroids. 
Oral roflumilast (500 µg once daily) can increase FEV1 by about 50 mL A13  and 
can reduce both exacerbations and hospital admissions in patients who have 
severe COPD and who have had severe or frequent exacerbations despite using 
inhaled corticosteroids and long-acting β2-agonists, even in combination with 
tiotropium. A14  However, these agents generally have more side effects than 

No intervention other than lung transplantation can reverse or cure COPD, 
so treatment focuses on modifying its natural history, improving symptoms, 
minimizing complications, and reducing mortality.7

Modifying the Natural History of COPD
Smoking cessation reduces the rate of decline in FEV1 and overall long-term 

mortality, including mortality attributable to lung cancer and cardiovascular 
disease. By comparison, pharmacotherapy has not been conclusively demon-
strated to alter the rate of decline of FEV1. An inhaled anticholinergic, ipratropium 
bromide, can provide a small initial increase in FEV1, but it does not impact the 
subsequent rate of decline. Inhaled tiotropium, another anticholinergic agent, 
can modestly reduce the rate of decline in post-bronchodilator FEV1 when used 
regularly in patients with early-stage COPD. A1  Multiple other studies of inhaled 
β-agonists, anticholinergic agents, and glucocorticoids have not consistently 
demonstrated an impact on the rate of decline in FEV1. Based on these disap-
pointing results, the United States Preventative Services Task Force has reinforced 
their recommendation against screening of asymptomatic individuals for COPD 
because of the lack of data to support a substantial beneficial effect of inter-
vention in such individuals.8

oxygen therapy
For patients with resting hypoxemia, defined as an arterial oxygen saturation 

less than 88% or a PaO2 less than 56 mm, continuous supplemental oxygen 
for 24 hours/day can significantly reduce mortality. In patients with persistent 
hypercapnia, adding noninvasive ventilation to oxygen therapy can reduce 
future hospital admissions and delay death. A2  The oxygen flow rate should be 
titrated in 1-L/minute increments every 15-minute interval to provide a resting 
oxygen saturation that is consistently above 90%. Long-term oxygen may 
decrease polycythemia and pulmonary hypertension, and it also can improve 
neuropsychiatric function.

For patients with COPD and moderate resting hypoxemia (SaO2 88 to 93%) 
accompanied by exertional desaturation or nocturnal desaturation that does 
not fall below an SaO2 of 80%, however, oxygen supplementation does not 
alter the time to first hospitalization or mortality. A3 

In patients who are normoxemic or minimally hypoxemic at rest while breath-
ing ambient air but develop oxygen desaturation with exercise, ambulatory 
oxygen can modestly improve dyspnea, lactic acidosis with exercise, and dynamic 
hyperinflation, but activities of daily living are rarely improved, A4  so these  
benefits do not routinely justify the expense and inconvenience of chronic 
supplemental oxygen therapy.

TREATMENT 

hypercarbia is typically accompanied by a respiratory acidosis with a com-
pensatory elevation in the serum pH and the serum bicarbonate level that 
incompletely corrects the acidemia (Chapter 95).

Differential Diagnosis
It is important to differentiate COPD from asthma (Chapter 81), especially 
in older patients.5 Clinical manifestations suggestive of asthma rather than 
COPD include the onset of symptoms at a young age, atopy, no history of 
smoking, varying symptoms over time, and airflow obstruction that is largely 
reversible. However, elderly people can develop new-onset asthma, some 
patients with asthma smoke, many asthmatics do not have a history of atopy, 
and long-standing, severe asthma may result in some degree of fixed airflow 
obstruction. As the treatments for asthma and COPD have become more 
similar, distinguishing between them has become less important. Furthermore, 
many COPD patients have asthma-like features.6

In bronchiectasis (Chapter 84), which is characterized by chronic inflam-
mation and results in abnormal airway dilation, clinical manifestations are 
dominated by cough and purulent sputum. Bronchiectasis can be distinguished 
from COPD by chest CT imaging that shows a predominant bronchitic  
component.

In bronchiolitis obliterans, cicatricial narrowing of distal airways is associ-
ated with severe and irreversible airflow obstruction. Bronchiolitis obliterans 
can develop in patients with collagen vascular diseases (Chapters 248 and 
250), and it is common after lung transplantation (Chapter 93). A similar 
disorder can be caused by industrial inhalants, such as diacetyl, which is a 
butter-like flavoring used with microwavable popcorn (Chapter 87). In non-
smokers, bronchiolitis obliterans can be reliably diagnosed based on a careful 
history and the presence of irreversible airflow obstruction in the absence of 
emphysema or other explanations on a chest CT. In smokers, however, the 
diagnosis is more difficult to make because exposure to diacetyl produces 
abnormalities similar to those caused by cigarette smoke.
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FIGURE 82-5. Approach to the patient with chronic obstructive pulmonary disease. *Dyspnea causes the patient to walk slower than patients of the same age or to stop to catch 
their breath when walking at their own pace; patient stops for breath after walking 100 yards or less or after a few minutes; or patient is breathless when dressing or housebound due 
to dyspnea. CoPD = chronic obstructive pulmonary disease; la = long acting; PDe = phosphodiesterase; sa = short acting. 
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TABLE 82-2 MEDICATIONS FOR CHRONIC OBSTRUCTIVE PULMONARY DISEASE
DRUG(S) FREQUENCY/FORMULATION DOSAGE SIDE EFFECTS

β-AGONISTS

Salmeterol Palpitations, hypokalemia
Formoterol BID

Nebulizer
20 µg

Indacaterol
Olodaterol QD

MDI
5 µg (2.5 µg/puff)

MUSCARINIC ANTAGONISTS

Aclidinium bromide BID
DPI

400 µg Dry mouth
Constipation
Aggravation of narrow angle 

glaucoma
Tiotropium bromide QD

MDI
DPI

5 µg (MDI)
18 µg (DPI)

Glycopyrronium BID
DPI

15.6 µg

Umeclidinium QD
DPI

62.5 µg

Ipratropium bromide QID
MDI

34 µg (17 µg/puff)

INHALED CORTICOSTEROIDS

Fluticasone BID
DPI

88-500 µg Oropharyngeal candidiasis 
and hoarseness, and risk of 
pneumoniaBudesonide BID or QD

Nebulized
0.5-1 mg daily total

Beclomethasone BID
MDI

40-320 µg twice daily

Mometasone QD
DPI

220-440 µg

Flunisolide BID
MDI

220-440 µg twice daily

PHOSPHODIESTERASE-4 INHIBITORS

Roflumilast Pill
QD

500 µg Diarrhea, nausea, and weight 
loss

COMBINATION INHALERS

Combination Long-acting β Agonist/Long-acting 
Muscarinic Antagonist

Formoterol/glycopyrrolate BID
MDI

9.6 µg formoterol/18 µg glycopyrrolate Side effects of each constituent

Indacaterol/glycopyrrolate BID
DPI

27.5 µg indacaterol/15.6 µg glycopyrrolate

Olodaterol/tiotropium QD
MDI

5 µg of each (2 puffs)

Vilanterol/umeclidinium QD
DPI

25 µg vilanterol/62.5 µg umeclidinium

Combination Short-acting β Agonist/
Short-acting Muscarinic Antagonist

Albuterol/ipratropium Q 4-6 hrs MDI
Nebulizer

Side effects of each constituent

Combination Long-acting β Agonist/Inhaled 
Corticosteroids

Salmeterol/fluticasone BID
MDI

Side effects of each constituent

Formoterol/budesonide BID
MDI

9 µg formoterol/160-320 µg budesonide 
(two strengths available)

Formoterol/mometasone BID
MDI

5 µg formoterol/100 or 200 µg mometasone; 
2 inhalations per administration

Vilanterol/fluticasone QD
DPI

25 µg vilanterol/100 µg fluticasone; one 
inhalation

Combination Long-acting β Agonist/Long-acting 
Muscarinic Antagonist/Inhaled Corticosteroids

Vilanterol/umeclidinium/fluticasone QD
DPI

25 µg vilanterol/62.5 µg umeclidinium/100 
µg fluticasone

Side effects of each constituent

BID = twice daily; DPI = dry powder inhaler; MDI = metered dose inhaler; QD = once daily
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with COPD is cigarette smoking, and smoking cessation, which slows the 
rate of decline in measured lung function, is critical (Chapter 29).

 ACUTE EXACERBATIONS OF COPD
An acute exacerbation of COPD is defined as an increase in dyspnea over 
the patient’s usual state, an increase in cough, or increase and change in 
character of mucus production. Acute exacerbations of COPD carry a short-
term mortality of about 10%, have an independent detrimental effect on 
quality of life, and are responsible for about 60% of the direct medical costs  
of COPD.

 EPIDEMIOLOGY
The risk of acute exacerbation of COPD increases with increasing chronic 
airflow obstruction, but there is substantial heterogeneity in the frequency of 
exacerbations at any degree of airflow obstruction. The best predictor of patients 
likely to have recurrent exacerbations is a history of recurrent exacerbations. 
Exacerbations exhibit a seasonality, with the highest frequency being during 
the winter months.

 PATHOBIOLOGY
The final common pathway for an exacerbation, regardless of the initial stimulus, 
is an inflammatory response characterized by airway inflammation, mucus 
hypersecretion, and airway smooth muscle constriction that combine to produce 
the classic triad of dyspnea, cough, and sputum. Viral or bacterial pathogens 
can be implicated in 75 to 80% of acute exacerbations of COPD. The most 
frequently implicated viruses are rhinovirus (Chapter 337), influenza (Chapter 
340), parainfluenza (Chapter 339), respiratory syncytial virus (Chapter 338), 
coronaviruses (Chapter 342), and adenovirus (Chapter 341). Many patients 
with chronic bronchitis are chronically colonized with bacterial species that 
have also been implicated in exacerbations, notably Streptococcus pneumoniae 
(Chapter 273), Haemophilus influenza (Chapter 284), Moraxella catarrhalis 
(Chapter 284), and, to a lesser extent, Pseudomonas aeruginosa (Chapter 290). 
In cohort studies of patients with chronic colonization, acquisition of a new 
genotype of these species is associated with an increased risk of exacerbation 
and the development of new strain-specific antibodies that contribute to the 
inflammatory response characteristic of an exacerbation.

Other environmental exposures also likely contribute, particularly in the 
20 to 25% for which no pathogen or infectious exposure is identified. For 
example, emergency department visits for respiratory symptoms in patients 
with COPD increase during times of higher ambient air pollution.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Because acute exacerbations of COPD are often accompanied by fever or 
occur after contact with other sick individuals, the symptoms are generally 
similar to those of acute bronchitis (Chapter 90). The patient should be ques-
tioned about acute symptoms, prior history of exacerbations, presence of 
comorbidities such as heart disease, any infectious exposures, baseline func-
tional status, past response to therapy (if any), and the presence of somnolence 
or confusion that may suggest hypercarbia. In addition to acute exacerbations 
of COPD, other possibilities that should be considered include decompensated 
heart failure (Chapter 52), pneumonia (Chapter 91), pulmonary embolism 
(Chapter 74), and pneumothorax (Chapter 92). Less likely is a tumor of the 
large airways.

The physical examination should include assessment of vital signs, signs of 
respiratory distress (i.e., use of accessory muscles, intercostal retractions, 
tachypnea, and the inability to speak in complete sentences). The cardiac 
examination should assess the presence of tachycardia, irregular rhythm, and 
signs of left or right heart failure, including bibasilar rales, an elevated jugular 
venous pressure, hepatic congestion, peripheral edema, and an S3 gallop. 
Abnormal mental status should raise concerns for hypercarbia.

Laboratory evaluation should include oximetry and, in patients in respira-
tory distress or other reasons to suspect hypercarbia, an arterial blood gas. 
Given that tachycardia, elevated jugular venous pressure, and peripheral edema 
can be seen in both left and right heart failure, measurement of the circulating 
level of brain natriuretic peptide in patients may help identify patients with 
significant left heart failure (Chapter 52).

A chest radiograph will demonstrate abnormalities in about 15% of patients 
but likely alter therapy in only about 5% of cases. A chest radiograph should 
always be obtained in any patient with chest pain, leukocytosis, a history of 
heart disease, or other complicating comorbidity. A chest CT scan is not 
routinely indicated, but a contrast-enhanced CT scan is the preferred mode 
of evaluation for patients in whom pulmonary embolism (Chapter 74) is a 

 PREVENTION
Annual influenza vaccination (Chapter 340) reduces COPD-related hospi-
talization. Data are less clear for polyvalent pneumococcal vaccination (Chapter 
15), but recommendations are to administer it in patients over 65 years of 
age, patients with heart disease or other comorbidities, and patients with 
severe COPD.

Patients who have an exacerbation requiring corticosteroid therapy are at 
increased risk for additional exacerbations in the year following the initial 
episode. Consideration should be given to the interventions demonstrated to 
decrease this risk.

The commonly prescribed inhaled agents (i.e., long-acting β-agonists, long-
acting muscarinic antagonists, inhaled corticosteroids) reduce exacerbations by 
about 20% in patients with a history of exacerbations. There is modest additive 
benefit, and recommendations are to add inhaled corticosteroids to single or 
double inhaled bronchodilator therapy in patients who are still experienc-
ing exacerbations. For patients who continue to have exacerbations on this 
regimen, a phosphodiesterase-4 inhibitor (roflumilast in patients with chronic 
bronchitis and recurrent exacerbations) or azithromycin (250 mg orally daily) 
can be added to reduce the risk of exacerbations by about 25% in patients 
with a history of COPD exacerbation. A20  Patients who receive chronic azithro-
mycin require assessment of their electrocardiographic QT interval and have 
a low (about 5%) but appreciable risk of reversible hearing loss on therapy. 
Unfortunately, other prophylactic antibiotics have generally failed to reduce 
exacerbations, and oral glucocorticoid therapy is also ineffective.

 PROGNOSIS
In patients with COPD, post-bronchodilator spirometry (see Table 82-1 and 
Figure 82-1), typically assessed as FEV1 (% predicted), predicts mortality and 
other important health outcomes. The body-mass index, airflow obstruction, 
dyspnea, and exercise capacity index (BODE) index has more predictive value 
for mortality than the FEV1 percent predicted alone. It incorporates patient-
reported dyspnea, spirometry results, 6-minute walk distance, and body mass 
index to generate a score ranging between 0 to 10, with higher scores indicating 
a higher risk of death, and scores ranging from 7 to 10 having a 48-month 
mortality of about 80%.

Exacerbations are independent determinants of health-related quality of 
life and are associated with an increase in short-term mortality (about 10% 
for patients hospitalized with an exacerbation) and longer-term mortality (43% 
at 1 year, 49% at 2 years). Resting hypoxemia, weight loss, a low body mass 
index, more severe dyspnea, and low exercise tolerance are independent pre-
dictors of mortality in patients with COPD. A diagnosis of COPD is also a 
risk factor for lung cancer (Chapter 182). Given that most patients with COPD 
have a significant smoking history, the prevalence of cardiovascular disease 
(Chapter 46) is also increased.

For patients with resting hypoxemia, supplemental oxygen therapy reduces 
mortality. For patients with significant exercise limitation in the setting of 
upper-lobe predominant emphysema, lung volume reduction surgery (Chapter 
93) reduces mortality.

inhaled corticosteroids, including nausea, diarrhea, and weight loss. Although 
these side effects tend to abate over time, patients often discontinue these drugs 
shortly after starting therapy. As a result, phosphodiesterase-4 inhibitors are 
recommended only in COPD patients who experience persistent symptoms or 
recurrent exacerbations despite treatment with long-acting muscarinic antago-
nists, long-acting β-agonists, and inhaled corticosteroids.

Eosinophilic COPD
Some patients have substantial eosinophilia in their sputum or blood. In 

such patients, treatment with mepolizumab, a monoclonal antibody directed 
against interleukin-5 as 100 mg subcutaneously every 4 weeks for one year, 
can reduce exacerbations. A15 

Alpha-1 Antitrypsin Replacement Therapy
Patients with α1-antitrypsin deficiency and signs of lung disease may benefit 

from replacement therapy, with weekly infusion of Prolastin (a proprietary mix 
of protease inhibitors) at 60 mg/kg.10 Replacement therapy is not recommended 
for heterozygous patients.

Pulmonary rehabilitation
Rehabilitation does not demonstrably change lung function, but educa-

tion and exercise training can significantly improve quality of life, patients’ 
sense of mastery of their disease, and exercise performance as assessed by 
ergometry and the 6-minute walk. In all patients with COPD, these effects 
are, on average, comparable to or greater than the benefit achievable with  
pharmacotherapy. A16 

surgical therapy
Three principal surgical interventions have been used in selected patients 

with COPD: bullectomy, lung volume reduction, and lung transplantation  
(Chapter 93).

Bullectomy
A bulla is defined as a contiguous airspace measuring more than 1 cm, and 

a giant bulla is defined as occupying more than 30% of a hemithorax. Bullectomy 
is a consideration in patients who have a giant bulla and who have persistent 
symptoms or exercise limitations despite medical therapy and rehabilitation. 
The likelihood of benefit and magnitude of risk for surgical intervention are 
largely dictated by an assessment of the characteristics of the parenchyma in 
the non-bullous lung. Patients with diffuse emphysema in addition to bullous 
disease are at higher risk for perioperative mortality and are less likely to experi-
ence substantial benefit than are those with relatively normal surrounding lung 
that is under expanded due to the volume occupied by the giant bulla.

Lung Volume Reduction
Lung volume reduction is based on the premise that reducing the increase 

in lung volume that develops in patients with emphysema would help promote 
better diaphragmatic mechanics, reduce dyspnea associated with thoracic 
hyperinflation, and improve parenchymal tethering of airways during exhala-
tion, thereby leading to improved expiratory flow rates. Two general interven-
tions attempt to achieve these goals: lung volume reduction surgery and 
bronchoscopic interventions designed to produce regional volume loss. Lung 
volume reduction surgery, most typically performed via a thoracoscopic approach, 
can reduce mortality in patients with predominantly upper lobe disease but 
not in patients with non–upper-lobe predominant emphysema. Patients with 
FEV1 less than 20% predicted and either low exercise capacity or a DLCO less 
than 20% are at high risk for perioperative mortality and should not be offered 
surgery.

The bronchoscopic approach eliminates the need for a chest wall incision. 
Emphysematous lung regions can be deflated by endoscopic placement of 
one-way bronchial valves, endobronchial coils, or transbronchial stents. Such 
procedures can provide modest benefit, primarily in patients with heteroge-
neous emphysema, intact interlobar fissures, and no collateral interlobar ven-
tilation (Chapter 93). A17  These procedures also may benefit patients with 
homogeneous emphysema but no collateral ventilation. Other devices, including 
airway bypass conduits, are under evaluation.

Lung Transplantation
Lung transplantation (Chapter 93) is an option for a broad variety of advanced 

lung diseases, including COPD. Initially, single lung transplantation was recom-
mended for patients with COPD, but emerging data suggests better long-term 
survival in those receiving bilateral lung transplants, so about 75% of transplants 
are currently bilateral procedures. COPD now accounts for about 25% of the 
lung transplants done in the United States. Median survival after lung transplant 
for COPD is 5.8 years.

 PREVENTION
Given that the vast majority of those with COPD develop it as the result of 
inhalational exposures, avoiding such exposures will reduce the incidence of 
the disease. The most commonly identified inhalational exposure associated 

TREATMENT 

 Grade A References
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serious consideration. In most circumstances, a sputum culture is unlikely to 
influence therapy.

TABLE 82-3 HOSPITAL MANAGEMENT OF EXACERBATIONS 
OF COPD*

Diagnostic testing Chest radiograph, oximetry, ABGs, and ECG
Other testing as warranted by clinical indication

Bronchodilator 
therapy

Inhaled short-acting β2-agonist
Consider ipratropium if inadequate clinical response

Antibiotics Recommended if (1) increases in dyspnea, sputum volume, 
and sputum purulence all are present; (2) increase in 
sputum purulence along with increase in either dyspnea or 
sputum volume; or (3) need for assisted ventilation

Initial empirical therapy with amoxicillin plus clavulanic acid 
(875 mg/125 mg orally twice daily for 5 to 7 days), a 
macrolide antibiotic (e.g., azithromycin 500 mg orally daily 
for 5 days), or doxycycline (100 mg orally twice daily for 5 
to 7 days) based on local bacterial resistance patterns

Subsequent therapy based on sputum and blood cultures
Systemic 

corticosteroids
Daily prednisolone 30-40 mg (or its equivalent) for 10-14 

days
Supplemental 

oxygen
Maintain oxygen saturation 88-92%
Monitor ABGs for hypercapnia and acidosis

Assisted 
ventilation

Indications for NPPV include respiratory acidemia (arterial 
pH ≤7.35) or severe dyspnea with clinical signs of 
respiratory muscle fatigue or increased work of breathing

ABGs = arterial blood gases; COPD = chronic obstructive pulmonary disease; ECG = 
electrocardiogram; ICU = intensive care unit; NPPV = noninvasive positive-pressure ventilation.
*Data from http://goldcopd.com.

 PREVENTION
Annual influenza vaccination (Chapter 340) reduces COPD-related hospi-
talization. Data are less clear for polyvalent pneumococcal vaccination (Chapter 
15), but recommendations are to administer it in patients over 65 years of 
age, patients with heart disease or other comorbidities, and patients with 
severe COPD.

Patients who have an exacerbation requiring corticosteroid therapy are at 
increased risk for additional exacerbations in the year following the initial 
episode. Consideration should be given to the interventions demonstrated to 
decrease this risk.

The commonly prescribed inhaled agents (i.e., long-acting β-agonists, long-
acting muscarinic antagonists, inhaled corticosteroids) reduce exacerbations by 
about 20% in patients with a history of exacerbations. There is modest additive 
benefit, and recommendations are to add inhaled corticosteroids to single or 
double inhaled bronchodilator therapy in patients who are still experienc-
ing exacerbations. For patients who continue to have exacerbations on this 
regimen, a phosphodiesterase-4 inhibitor (roflumilast in patients with chronic 
bronchitis and recurrent exacerbations) or azithromycin (250 mg orally daily) 
can be added to reduce the risk of exacerbations by about 25% in patients 
with a history of COPD exacerbation. A20  Patients who receive chronic azithro-
mycin require assessment of their electrocardiographic QT interval and have 
a low (about 5%) but appreciable risk of reversible hearing loss on therapy. 
Unfortunately, other prophylactic antibiotics have generally failed to reduce 
exacerbations, and oral glucocorticoid therapy is also ineffective.

 PROGNOSIS
In patients with COPD, post-bronchodilator spirometry (see Table 82-1 and 
Figure 82-1), typically assessed as FEV1 (% predicted), predicts mortality and 
other important health outcomes. The body-mass index, airflow obstruction, 
dyspnea, and exercise capacity index (BODE) index has more predictive value 
for mortality than the FEV1 percent predicted alone. It incorporates patient-
reported dyspnea, spirometry results, 6-minute walk distance, and body mass 
index to generate a score ranging between 0 to 10, with higher scores indicating 
a higher risk of death, and scores ranging from 7 to 10 having a 48-month 
mortality of about 80%.

Exacerbations are independent determinants of health-related quality of 
life and are associated with an increase in short-term mortality (about 10% 
for patients hospitalized with an exacerbation) and longer-term mortality (43% 
at 1 year, 49% at 2 years). Resting hypoxemia, weight loss, a low body mass 
index, more severe dyspnea, and low exercise tolerance are independent pre-
dictors of mortality in patients with COPD. A diagnosis of COPD is also a 
risk factor for lung cancer (Chapter 182). Given that most patients with COPD 
have a significant smoking history, the prevalence of cardiovascular disease 
(Chapter 46) is also increased.

For patients with resting hypoxemia, supplemental oxygen therapy reduces 
mortality. For patients with significant exercise limitation in the setting of 
upper-lobe predominant emphysema, lung volume reduction surgery (Chapter 
93) reduces mortality.

Indications for hospitalization include hypercarbia, acidemia, or significant 
respiratory distress despite bronchodilator therapy. In other cases, the decision 
is subjective and requires consideration of the patient’s living situation, social 
support, transportation, reliability, and ability to perform activities of daily living. 
Similarly, in patients who are admitted for inpatient treatment, the timing of 
discharge depends on these same considerations.

Bacterial infection is involved in about 50% of cases of acute exacerbations of 
COPD. Antibiotics, which should be selected based on the need to cover the most 
common pathogens (i.e., Streptococcus pneumoniae, Haemophilus influenza, and 
Moraxella catarrhalis) reduce the duration of symptoms, particularly in patients 
with the triad of cough, increased dyspnea, and sputum (Table 82-3). In patients 
with severe COPD, a history of recent hospitalization or prior colonization with 
Pseudomonas aeruginosa, an antibiotic with anti-pseudomonal activity should 
be considered, such as levofloxacin 750 mg orally daily for 7 to 10 days. The 
specific choice of agent should take into account the local antibiotic resistance 
patterns of these species, but examples include azithromycin (500 mg orally 
daily) or amoxicillin-clavulanate (875 mg/125 mg orally twice daily) for 5 days.

Glucocorticoids (e.g., 40 mg daily by mouth for 5 days) should be adminis-
tered to patients with symptoms severe enough to present for emergency care, 
and parenteral corticosteroids are no more effective and are associated with 
potential complications and morbidity. A18  Patients should be treated with a 
short-acting bronchodilator to help alleviate their dyspnea; β-agonists and 
antimuscarinics are equally efficacious in this setting. Methylxanthines are not 
recommended.

Patients with hypoxemia should be treated with supplemental oxygen at a 
dose sufficient to maintain an SaO2 of above 90%. Some patients may experi-
ence a modest increase in PCO2 owing to changes in their respiratory pattern 
and V/Q matching, but this phenomenon should not be a reason to withhold 
supplemental oxygen. In patients with persistent respiratory distress, acute 
hypercarbia, or acidemia, noninvasive positive pressure ventilation (NIPPV) 
(Chapter 97) can improve these parameters and reduce the need for invasive 
mechanical ventilation, the number of ICU days, and mortality. A19  For patients 
who have refractory hypoxemia, progressive hypercarbia or acidemia despite 
NIPPV, endotracheal intubation and mechanical ventilator support (Chapter 97) 
are indicated if such an intervention is consistent with the patient’s wishes. Care 
should be used to prescribe a relatively low respiratory rate to avoid dynamic 
hyperinflation (“auto-PEEP”) in the setting of expiratory airflow obstruction. If 
evaluation demonstrates the presence of auto-PEEP, exogenous PEEP can be 
used to reduce the chest wall muscle work associated with initiating inspiration.
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4. In patients who have chronic obstructive pulmonary disease and are being 
treated for an exacerbation that has caused hypercarbia despite antibiotics, 
corticosteroids, and inhaled bronchodilator therapy, the intervention that 
has been demonstrated to improve outcomes is:
 A. Noninvasive positive pressure ventilation (NIPPV).
 B. Administration of a continuous infusion of aminophylline.
 C. Administration of a respiratory stimulant such as progesterone.
 D. Pulmonary rehabilitation.
 E. Increasing the corticosteroid dose.

Answer: A NIPPV can shorten the hospital stay, reduce the need for endo-
tracheal intubation and mechanical ventilation, and reduce mortality in indi-
viduals being treated for an exacerbation of chronic obstructive pulmonary 
disease complicated by hypercarbic respiratory failure.

5. The most common risk factor for the development of chronic obstructive 
pulmonary disease is:
 A. Genetic.
 B. A history of asthma.
 C. A history of childhood pneumonia.
 D. Cigarette smoking.
 E. A history of household cigarette smoke exposure during childhood.

Answer: D A history of habitual cigarette smoking is by far the largest risk 
factor for the development of chronic obstructive pulmonary disease, with 
the risk being proportional to the duration and amount of cigarette consump-
tion (often reported as pack-years).

REVIEW QUESTIONS

1. Which of the following interventions has been demonstrated to reduce 
the risk of exacerbations of chronic obstructive pulmonary disease?
 A. Supplemental oxygen
 B. Pharmacotherapy (e.g., long-acting β-agonists, long-acting muscarinic 

antagonists, inhaled corticosteroids)
 C. Pneumococcal vaccine
 D. Switching to “low tar” cigarettes
 E. Chronic low-dose corticosteroid therapy

Answer: B All three of these classes of agents can significantly reduce exac-
erbations by about 20%. Using two or more agents in combination results in 
a modest increase in benefit to about 30%.

2. The primary benefit(s) of pharmacotherapy for chronic obstructive pul-
monary disease are:
 A. Increased life expectancy.
 B. Slowing the rate of decline in lung function.
 C. Reducing symptoms and improving health-related quality of life.
 D. Preventing the development of the disease.
 E. Preventing pneumonia.

Answer: C Most clinical trials demonstrate improvement in health-related 
quality of life and a reduction in exacerbations but have not consistently dem-
onstrated improvements in mortality or a meaningful change in the rate of 
decline in lung function. Inhaled corticosteroids are associated with a modest 
increase in the frequency of pneumonia.

3. A reduction in mortality attributable to oxygen therapy has been demon-
strated in individuals with chronic obstructive pulmonary disease and:
 A. Moderate resting hypoxemia (resting SaO2 88-92%).
 B. Arterial desaturation with exercise.
 C. Arterial desaturation during sleep.
 D. Severe resting hypoxemia (resting SaO2 <88%).
 E. An FEV1 less than30% predicted.

Answer: D Two randomized clinical trials demonstrated substantial mortality 
benefit of oxygen therapy in patients who have chronic obstructive pulmonary 
disease with a resting PaO2 of 55 mm Hg or lower (SaO2 <88%).
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CYSTIC FIBROSIS
HARTMUT GRASEMANN

 DEFINITION
Cystic fibrosis, which is among the most common life-shortening autosomal 
recessive genetic diseases in Caucasian populations, is caused by absent or 
reduced function of the cystic fibrosis transmembrane conductance regulator 
(CFTR) protein. CFTR, which is expressed at the mucosal surfaces of the 
aerodigestive tract, sweat glands, and vas deferens, conducts the flow of chlo-
ride, bicarbonate, and thiocyanate ions across cell membranes. The loss of 
CFTR function in the airways of patients with cystic fibrosis leads to progres-
sive lung disease, with respiratory failure often occurring before the fourth 
decade of life.

 EPIDEMIOLOGY
In Northern Europe and the Americas, the incidence of cystic fibrosis is 
approximately 1 : 2500 to 1 : 3000 births. The worldwide prevalence of cystic 
fibrosis is about 1 in 60,000, with about 100,000 total cases, but the prevalence 
in the United States is about 1 : 10,000 (resulting in about 35,000 cases). 
Although most patients are of European ancestry, the disease is also seen in 
Hispanic Americans (about 1 : 7000), African Americans (about 1 : 12,000), 
and infrequently in Native Americans. The disease is rarely diagnosed in Africa 
or Asia.

 PATHOBIOLOGY
Absent or deficient CFTR function causes dehydration of mucosal sur-
faces and viscous secretions that obstruct the luminal compartments and  
ducts.

Sweat Glands
Sweat gland sodium chloride (NaCl) concentrations are initially isotonic with 
plasma, but CFTR function normally reclaims NaCl to minimize salt loss as 
the sweat travels to the skin surface.1 In cystic fibrosis, sweat chloride con-
centrations are 60 mEq/L or more, a level that is used in the case definition, 
compared with sweat chloride concentrations that are almost always less than 
20 mEq/L in nonaffected individuals. Because the sweat of individuals with 

cystic fibrosis is almost isotonic with plasma, patients become dehydrated in 
conditions that cause substantial sweating. However, because their plasma 
sodium levels do not rise, they perceive less of a sense of thirst compared with 
when normal individuals sweat heavily.

Sinuses and Lungs
CFTR dysfunction in the airways results in reduced chloride and bicarbonate 
secretion by the respiratory epithelium into the airway lumen. In addition, 
sodium absorption by the airway epithelial cells is increased. This imbalance 
in ion transport leads to airway surface dehydration. Reduction in height of 
the airway surface liquid layer causes impaired mucociliary clearance and, 
subsequently, mucus plugging of airways.

For reasons that are not entirely clear, cystic fibrosis airways represent an 
ecologic niche that favors infections with pathogens such as Staphylococcus 
and Pseudomonas species. The infection is often characterized by the formation 
of biofilms, in which cells are mostly nondividing; as a result, antibiotics are 
less effective than they would be for traditional infections. These microorgan-
isms activate both innate and adaptive immune responses in the airway mucosa 
(E-Fig. 83-1). Unfortunately, chronic polymorphonuclear neutrophils cannot 
obliterate the biofilm, but their enzymes (especially neutrophil elastase) do 
cause collateral damage that leads to inflammation, destruction of the airway 
wall, and bronchiectasis (Chapter 84).

Exacerbations of cystic fibrosis lung disease are believed to occur when the 
increased metabolic activity in the biofilm results in the recruitment of more 
neutrophils into the airway. These neutrophils do not rapidly apoptose but 
instead disintegrate and form neutrophilic extracellular traps that activate local 
macrophages that then increase the inflammatory response. This process leads 
to more airway obstruction and a measurable decrease in the forced expiratory 
volume in one second (FEV1) on pulmonary function testing.

Pancreas
In classic cystic fibrosis, the inability of the exocrine pancreatic ducts to secrete 
bicarbonate and chloride leads to pancreatic autodigestion. Whereas the normal 
pancreas secretes about 1 to 1.5 L of bicarbonate- and chloride-rich fluid daily, 
patients with cystic fibrosis secrete less than half of that volume because the 
exocrine pancreas is replaced by fatty infiltration and chronic inflammation. 
In many cases, this inflammation also leads to loss of pancreatic endocrine 
function, thereby resulting in cystic fibrosis–related diabetes mellitus.

Liver
In the biliary tract, the absence of CFTR-mediated hydration leads to obstruc-
tion of the biliary canaliculi, which can then cause cirrhosis (Chapter 144) 
and its complications. In many patients with cystic fibrosis, mildly elevated 
aminotransferase levels are the only hepatic abnormality, but about 5% of 
patients progress to hepatic failure that requires transplantation (Chapter 145).2 
Liver disease often presents in childhood, and the SERPINA1 Z allele may 
lead to genetic predisposition.

Other Organs
The small intestine secretes about 1.8 L of fluid each day (per 70 kg body 
mass). Abnormal CFTR-mediated secretion leads to inadequate hydration of 
small bowel contents, which in turn can lead to obstipation and intussuscep-
tion, principally in the ileum and appendix.

Other associated conditions include short stature, delayed sexual matura-
tion, clubbing of the digits (Fig. 45-9), wrinkling of the hands and feet, hypo-
chloremic hypokalemic alkalosis (Chapter 110), gastric reflux (Chapter 129), 
and esophagitis (Chapter 129).

Genetics
Although over 2,000 CFTR variants have been described, about 70% of all 
patients with cystic fibrosis have at least one copy of F508del—the gene that 
encodes CFTR is missing the codon for phenylalanine at position 508. The 
origin is thought to be a founder mutation about 52,000 years ago in the 
Middle East.

The various cystic fibrosis–causing CFTR variants can interfere with virtu-
ally every aspect of protein expression (Tables 83-1 and 83-2). A limitation of 
the current classification system is that some mutations—including W1282X, 
F508del, and R117H—display combinatorial molecular defects, which may 
explain some of the variability seen in response to CFTR modulator therapies.

Patients with the most severe CFTR variants (Class I to III) usually develop 
pancreatic insufficiency, but other patients may retain some pancreatic func-
tion. Genome-wide association studies suggest that variants in genes encoding 

Up to 90% of patients with cystic fibrosis develop pancreatic insufficiency 
(Chapter 135) with resulting fat malabsorption that leads to deficiencies in 
fat soluble vitamins D, A, K, and E. Osteopenia and coagulopathies are common 
sequelae of these deficiencies.4 The minority of patients who initially retain 
pancreatic sufficiency usually have milder Class IV or V mutations but still 
are subject to chronic pancreatitis (Chapter 135) that may lead to eventual 
pancreatic insufficiency. The majority of patients with cystic fibrosis suffer 
from reflux esophagitis (Chapter 129). Portal hypertension owing to liver 
involvement increases the risk for esophageal varices.

Reproductive Issues
Some men are diagnosed with cystic fibrosis after evaluation for infertility 
(Chapter 221). Sperm production is normal, but virtually all men with cystic 
fibrosis have congenital bilateral absence of the vas deferens. Many females 
with cystic fibrosis have difficulty conceiving due to blockage of the cervix 
with viscid mucus.

Additional Manifestations
By 30 years of age, approximately one third of patients have cystic fibrosis–
related diabetes (Chapter 216). Although ketoacidosis rarely develops, the 
microvascular and macrovascular complications of diabetes mellitus can occur. 
The risks of osteoporosis (Chapter 230), osteopenia, and fracture also increase 
in frequency with age.

Patients who have cystic fibrosis are also predisposed to short stature, devel-
opmental delay, atypical mycobacterial infections (Chapter 309), obstructive 
sleep apnea (Chapter 377), pulmonary hypertension (Chapter 75), gallstones 
(Chapter 146), amenorrhea (Chapter 223), cystic fibrosis–related rheumatoid 
arthritis (Chapter 248), erythema nodosum (Chapter 411), renal calculi 
(Chapter 117), and chronic renal insufficiency (Chapter 121).

 DIAGNOSIS
In the United States, routine newborn screening for cystic fibrosis is performed 
by measuring immunoreactive trypsinogen from a heel stick at birth. This test 
is highly sensitive but relatively less specific. For babies who have initially 
positive results, most hospitals perform genetic mutation analysis as the next 
step. For patients whose genetic testing is negative using a panel of the 40 or 
so most common CFTR mutations, sequencing of the gene, which may not 
be available in all centers, is required. In patients who are suspected of having 
cystic fibrosis but who have only a single identified mutation, sweat testing 

mucin and alternative ion channel could explain some of the variation in lung, 
sinus, pancreatic, and hepatobiliary diseases. For example, patients who are 
homozygotic for the F508del mutation but who nevertheless have stable lung 
function into the fifth or sixth decades of life often have variants in the epi-
thelial sodium transporter.

 CLINICAL MANIFESTATIONS
Lung Disease
Pulmonary manifestations include chronic productive cough and crackles on 
auscultation.3 Mucus retention and airway inflammation may cause chronic 
wheezing. Bronchiectasis (Chapter 84) can be detected on chest computed 
tomography imaging in up to 30% of infants at 3 months of age, increasing 
to about 60% at 3 years of age even in the absence of clinically apparent lung 
disease.

As in asthma (Chapter 81) and chronic obstructive pulmonary disease 
(Chapter 82), an exacerbation of cystic fibrosis lung disease is frequently 
preceded by a viral respiratory infection. Exacerbations are characterized by 
increased cough, dyspnea, and often changes in sputum color and viscosity. 
Fever is uncommon, but hypoxemia may develop.

In cystic fibrosis, secondary polymicrobial endobronchial colonization is 
dominated by Staphylococcus aureus (including multidrug resistant Staphylococ-
cus aureus) and Pseudomonas aeruginosa. Burkholderia species, Stenotrophomonas, 
and anaerobes are less common but can be associated with a greater inflam-
matory response. Aspergillus and candida infections also can develop.

During an exacerbation, the FEV1 usually decreases by at least 10% from 
the previous baseline. Pulmonary function testing also typically shows a 
decreased mid-expiratory flow rate (MEFR 25 to 75) or an increase in the 
lung clearance index (Chapter 79). Over time, repeated exacerbations lead to 
a progressive loss in pulmonary function and to bronchiectasis (Chapter 84), 
predominantly in the upper lobes (Fig. 83-1). Radiographic evidence of sinusitis 
is common, as are nasal polyps, but only a minority of patients with cystic 
fibrosis have chronic sinus disease (Chapter 398) manifested with pain, anosmia, 
congestion, and discharge.

Gastrointestinal Disease
Infants with cystic fibrosis are susceptible to meconium ileus and small bowel 
obstruction that may necessitate life-saving surgery at birth. In many patients, 
inadequate hydration leads to the distal intestinal obstruction syndrome, which 
may result in ileo-ileal intussusception (Chapter 133) that can require emergent 
surgery. Bulky, inadequately hydrated stools may also cause chronic obstipa-
tion, abdominal pain, hemorrhoids, and rectal prolapse.
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ABSTRACT
Cystic fibrosis, which is among the most common genetic diseases in people 
of European descent, is caused by mutations in the cystic fibrosis transmem-
brane conductance regulator (CFTR). This gene codes for a transmembrane 
protein channel that conducts chloride, bicarbonate, and thiocyanate ions 
across the epithelium of the lung, mucus membranes, and sweat glands and 
also impacts the release of digestive enzymes. Among the hundreds of identi-
fied mutations, about a dozen account for most clinical disease worldwide. 
The most common variant, deletion of the codon for phenylalanine at position 
508 of the protein, termed F508del, is responsible for the largest fraction of 
cases. Clinically, cystic fibrosis has its biggest impact on the lungs, the diges-
tive system, and the reproductive system, with the onset of bronchiectasis 
and chronic lung infection at an early age. Specific treatments are now available 
for patients with two copies of the most common mutation, F508del, as well 
as some relatively uncommon variants.
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E-FIGURE 83-1. Lymphoid follicle from airway submucosa from lung explant prior 
to transplant. the b cell marker CD20 is stained red, and the DAPi nuclear counterstain 
is stained blue. 
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TABLE 83-1 CLASSIFICATION OF CYSTIC FIBROSIS–CAUSING 
VARIANTS

CFTR DYSFUNCTION COMMON VARIANTS
Class I Severe reduction or absence of synthesis W1282X, G542X, R563X
Class II Protein misfolding, premature 

degradation
F508del, N1303K

Class III Disordered regulation, ATP binding and 
hydrolysis

G551D, G551S, G1349D

Class IV Defective chloride conductance or gating R117H, R334W, R347P
Class V Reduced transcripts, promoter or splicing 2789 +5 G>A, A445E
Class VI Accelerated turnover from cell surface 120del23, rescued 

F508del, N287Y
CFTR = cystic fibrosis transmembrane conductance regulator.

Up to 90% of patients with cystic fibrosis develop pancreatic insufficiency 
(Chapter 135) with resulting fat malabsorption that leads to deficiencies in 
fat soluble vitamins D, A, K, and E. Osteopenia and coagulopathies are common 
sequelae of these deficiencies.4 The minority of patients who initially retain 
pancreatic sufficiency usually have milder Class IV or V mutations but still 
are subject to chronic pancreatitis (Chapter 135) that may lead to eventual 
pancreatic insufficiency. The majority of patients with cystic fibrosis suffer 
from reflux esophagitis (Chapter 129). Portal hypertension owing to liver 
involvement increases the risk for esophageal varices.

Reproductive Issues
Some men are diagnosed with cystic fibrosis after evaluation for infertility 
(Chapter 221). Sperm production is normal, but virtually all men with cystic 
fibrosis have congenital bilateral absence of the vas deferens. Many females 
with cystic fibrosis have difficulty conceiving due to blockage of the cervix 
with viscid mucus.

Additional Manifestations
By 30 years of age, approximately one third of patients have cystic fibrosis–
related diabetes (Chapter 216). Although ketoacidosis rarely develops, the 
microvascular and macrovascular complications of diabetes mellitus can occur. 
The risks of osteoporosis (Chapter 230), osteopenia, and fracture also increase 
in frequency with age.

Patients who have cystic fibrosis are also predisposed to short stature, devel-
opmental delay, atypical mycobacterial infections (Chapter 309), obstructive 
sleep apnea (Chapter 377), pulmonary hypertension (Chapter 75), gallstones 
(Chapter 146), amenorrhea (Chapter 223), cystic fibrosis–related rheumatoid 
arthritis (Chapter 248), erythema nodosum (Chapter 411), renal calculi 
(Chapter 117), and chronic renal insufficiency (Chapter 121).

 DIAGNOSIS
In the United States, routine newborn screening for cystic fibrosis is performed 
by measuring immunoreactive trypsinogen from a heel stick at birth. This test 
is highly sensitive but relatively less specific. For babies who have initially 
positive results, most hospitals perform genetic mutation analysis as the next 
step. For patients whose genetic testing is negative using a panel of the 40 or 
so most common CFTR mutations, sequencing of the gene, which may not 
be available in all centers, is required. In patients who are suspected of having 
cystic fibrosis but who have only a single identified mutation, sweat testing 

mucin and alternative ion channel could explain some of the variation in lung, 
sinus, pancreatic, and hepatobiliary diseases. For example, patients who are 
homozygotic for the F508del mutation but who nevertheless have stable lung 
function into the fifth or sixth decades of life often have variants in the epi-
thelial sodium transporter.

 CLINICAL MANIFESTATIONS
Lung Disease
Pulmonary manifestations include chronic productive cough and crackles on 
auscultation.3 Mucus retention and airway inflammation may cause chronic 
wheezing. Bronchiectasis (Chapter 84) can be detected on chest computed 
tomography imaging in up to 30% of infants at 3 months of age, increasing 
to about 60% at 3 years of age even in the absence of clinically apparent lung 
disease.

As in asthma (Chapter 81) and chronic obstructive pulmonary disease 
(Chapter 82), an exacerbation of cystic fibrosis lung disease is frequently 
preceded by a viral respiratory infection. Exacerbations are characterized by 
increased cough, dyspnea, and often changes in sputum color and viscosity. 
Fever is uncommon, but hypoxemia may develop.

In cystic fibrosis, secondary polymicrobial endobronchial colonization is 
dominated by Staphylococcus aureus (including multidrug resistant Staphylococ-
cus aureus) and Pseudomonas aeruginosa. Burkholderia species, Stenotrophomonas, 
and anaerobes are less common but can be associated with a greater inflam-
matory response. Aspergillus and candida infections also can develop.

During an exacerbation, the FEV1 usually decreases by at least 10% from 
the previous baseline. Pulmonary function testing also typically shows a 
decreased mid-expiratory flow rate (MEFR 25 to 75) or an increase in the 
lung clearance index (Chapter 79). Over time, repeated exacerbations lead to 
a progressive loss in pulmonary function and to bronchiectasis (Chapter 84), 
predominantly in the upper lobes (Fig. 83-1). Radiographic evidence of sinusitis 
is common, as are nasal polyps, but only a minority of patients with cystic 
fibrosis have chronic sinus disease (Chapter 398) manifested with pain, anosmia, 
congestion, and discharge.

Gastrointestinal Disease
Infants with cystic fibrosis are susceptible to meconium ileus and small bowel 
obstruction that may necessitate life-saving surgery at birth. In many patients, 
inadequate hydration leads to the distal intestinal obstruction syndrome, which 
may result in ileo-ileal intussusception (Chapter 133) that can require emergent 
surgery. Bulky, inadequately hydrated stools may also cause chronic obstipa-
tion, abdominal pain, hemorrhoids, and rectal prolapse.

TABLE 83-2 CYSTIC FIBROSIS–ASSOCIATED VARIANTS WITH 
A FREQUENCY OF >1%

VARIANT (>1%) PERCENTAGE OF ALL VARIANTS ORIGIN
F508del 66% Middle East
G542X 2.4% Spain
G551D 1.6% England
N1303K 1.3% Italy
W1282X 1.2% Ashkenazi Jewish
Data from http://www.genet.sickkids.on.ca/resource/Table1.html.

FIGURE 83-1. Cystic fibrosis. Chest radiograph shows cystic bronchiectasis preferentially 
involving both upper lobes with accompanying bilateral apical bullae. bilateral upper 
lobe loss of volume with retraction of the hilar regions cephalad. (Courtesy of Paul stark, 
MD.)

http://www.genet.sickkids.on.ca/resource/Table1.html
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FIGURE 83-2. Chest radiograph and computed tomographic scan show bronchiectasis in a patient with cystic fibrosis. 

In the United States, nearly every patient with cystic fibrosis receives care 
by a highly specialized multidisciplinary care team at a Cystic Fibrosis Founda-
tion accredited center, where better outcomes are achieved compared with 
treatment in other settings. Standard supportive therapy involves airway clear-
ance, mucolytic drugs, bronchodilators, treatment of infections, anti-inflammatory 

TREATMENT 

is required to establish the diagnosis. Even if patients have two CFTR muta-
tions, pilocarpine iontophoresis sweat testing is the gold standard diagnostic 
test.5 Chloride values greater than 60 mEq/L are diagnostic of cystic fibrosis, 
and values lower than 30 mEq/L are normal. Borderline results (between 30 
and 59 mEq/L) may be associated with milder CFTR variants and forme 
fruste cystic fibrosis.

In infants with steatorrhea or failure to thrive, CFTR variant genetic analyses 
should supplement standard testing. The sweat test can be falsely positive in 
patients who have nephrogenic diabetes insipidus (Chapter 212), malnutri-
tion (Chapter 203), Addison disease (Chapter 214), or hypoparathyroidism 
(Chapter 232).

In an occasional patient, cystic fibrosis can present in adulthood. Nearly 
all such patients have chronic rhinosinusitis (Chapter 398), and many have 
recurrent respiratory infections (including bronchitis [Chapter 90] and bron-
chiectasis [Chapter 84]), abdominal pain, and pancreatitis (Chapter 135).6 
If the sputum culture reveals pseudomonas, S. aureus, atypical mycobacteria 
or fungi, the physician should suspect possible cystic fibrosis. The clinical 
evaluation should include spirometry, computed tomographic scanning of 
the sinuses and chest, and sweat testing. The chest radiograph typically shows 
evidence of cystic bronchiectasis, especially involving the upper lobes (see 
Fig. 83-1), most evident in a computed tomographic scan (Fig. 83-2). In 
advanced cases, pulmonary hypertension can also develop (E-Fig. 83-2).

 DIFFERENTIAL DIAGNOSIS
Conditions that can mimic cystic fibrosis include bronchiectasis (Chapter 
84), chronic aspiration, tuberculosis (Chapter 308), primary or secondary 
immunodeficiencies (Chapter 236), Crohn disease (Chapter 132), and con-
nective tissue diseases (such as rheumatoid arthritis [Chapter 248] and Sjögren 
syndrome [Chapter 252]), primary ciliary dyskinesia (Chapter 84), and the 
Shwachman-Diamond syndrome (Chapter 236).

In some patients who have a clinical phenotype that suggests cystic fibrosis, 
the diagnosis cannot be established, either because their sweat test is normal 
or because two genetic mutations cannot be identified. Such patients have 
what is now termed CFTR-related disorder. In some such patients, compre-
hensive analysis of the CFTR coding and flanking regions may help establish 
the diagnosis of cystic fibrosis.

therapy, pancreatic enzyme replacement, and bowel clearance. More recently, 
CFTR potentiators and correctors have been approved for patients with certain 
CFTR mutations.

Airway Clearance
The clearance of viscid mucus from the airways is facilitated by  

exercise A1  as well as chest physical therapy, including postural drainage, percus-
sion, and external vests that utilize vibration. Chest physical therapy is optimally 
performed three times a day. A positive pressure expiratory mask, autogenic 
drainage, and the forced expiratory technique are also useful. Airway clearance 
can be improved by using mucolytics, including human recombinant DNase 
(dornase alfa, 2.5 mg once daily by inhalation), A2  N-acetyl cysteine (10% solu-
tion, 10 to 30 mL every six hours), and osmotic drugs (e.g., 7% hypertonic 
saline solution, 4 mL nebulized twice daily) immediately prior to these airway 
clearance techniques.

For nasal sinus symptoms, nasal saline irrigation with or without xylitol (12 mg 
dissolved into 240 mL water in a sinus irrigation bottle for 10 days) and topical 
corticosteroids (e.g., betamethasone 100 µg twice daily for 6 weeks) is effica-
cious. Nasal polyposis and sinus ostia blockage can also be treated surgically 
(Chapter 398).

Treatment of Infection
Antibiotic therapy should focus on the microorganisms identified in the 

sputum or on throat swab. Typical organisms include Staphylococcus sp. (Chapter 
272), Pseudomonas aeruginosa (Chapter 290), and atypical mycobacteria (Chapter 
309). Multidrug resistant Staphylococcus aureus are increasingly observed, and 
multidrug-resistant Burkholderia species (Chapter 290) are associated with high 
morbidity and mortality.

Outpatient therapies for chronic Pseudomonas infection include nebulized 
tobramycin solution (300 mg twice daily for 28 days on-off cycles), inhaled 
tobramycin powder (112 mg twice daily for 28 days on-off cycles), aerosolized 
colistin (1 to 2 million units twice daily), or inhaled aztreonam (75 mg inhaled 
every 8 hours for 28 days). A3  For Staphylococcus aureus infections, by comparison, 
there is insufficient evidence for chronic antimicrobial therapy.

For exacerbation of lung disease, oral antibiotics are usually prescribed 
for 2- to 3-week courses. Depending on culture and sensitivity results, 
options include ciprofloxacin (500 to 750 mg twice daily), trimethoprim/
sulfamethoxazole (1 double-strength tablet twice daily), amoxicillin (1 gram 
three times daily), linezolid (600 mg twice daily), erythromycin (500 mg four 
times a day), and clarithromycin (500 mg twice daily) (Chapters 84 and 271).7 
Other options include doxycycline, tetracycline, minocycline, and tigecycline  
(Chapter 271).

For severe exacerbations, patients may require intravenous antibiotics: options 
include penicillins, cephalosporins, aminoglycosides, macrolides, vancomy-
cin, carbapenems, aztreonam, colistin, sulfa drugs, and quinolones (Chapter 
271). For atypical mycobacterial infections, combination therapy is required  
(Chapter 309).

Unfortunately, many of these antimicrobial agents have significant side effects, 
including nephrotoxicity; dosing must be tailored to renal function. Antibiotic 
resistance is frequent and can complicate choices among antibiotic options.

 PREVENTION
Genetic counseling should be offered to all at-risk couples prior to pregnancy. 
Antenatal screening, especially if a previous child was diagnosed with cystic 
fibrosis, can identify whether future offspring may be affected as well. Prenatal 
screening can make the diagnosis in utero. Parents also can choose to undergo 
in vitro fertilization with an embryo that has undergone preimplantation 
screening for cystic fibrosis.

 Grade A References
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E-FIGURE 83-2. Cystic fibrosis with pulmonary hypertension and cor pulmonale. 
Chest radiograph shows bilateral dilated central pulmonary arteries with bilateral upper 
lobe tubular and cystic bronchiectases, mucoid impactions, and right apical bulla. (Cour-
tesy of Paul stark, MD.)
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 PREVENTION
Genetic counseling should be offered to all at-risk couples prior to pregnancy. 
Antenatal screening, especially if a previous child was diagnosed with cystic 
fibrosis, can identify whether future offspring may be affected as well. Prenatal 
screening can make the diagnosis in utero. Parents also can choose to undergo 
in vitro fertilization with an embryo that has undergone preimplantation 
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Bronchodilators
Clinically important airway hyperresponsiveness, presumably caused by 

chronic airway inflammation, is nearly universal among patients with cystic 
fibrosis (Chapter 81). Treatment with inhaled β-adrenergic bronchodilators may 
include albuterol (aerosol or dry powder 90 to 180 µg every 4 to 6 hours, or 
3 mL of a 0.083% solution [2.5 mg] nebulized three to four times daily) and 
salmeterol (50 µg inhalation twice daily). A β-adrenergic agent is typically com-
bined with an anticholinergic agent, such as ipratropium bromide (17 µg two 
puffs twice daily) or tiotropium (1.25 µg inhaled daily). Combination inhalers 
(such as ipratropium bromide 20 µg/albuterol sulfate 120 µg [Combivent Respi-
mat], 1 inhalation four times daily or ipratropium bromide 0.5 mg/albuterol 
sulfate 3.0 mg [DuoNeb], 3 mL vial nebulized four times daily) may be easier 
for patients to use.

Anti-Inflammatory Agents
Macrolide antibiotics have antimicrobial and immunomodulatory properties. 

Azithromycin in sub-inhibitory doses (250 to 500 mg 3 times weekly) can improve 
lung function and weight gain A4  and is often recommended regardless of 
whether patients have chronic Pseudomonas aeruginosa infection. Because 
chronic azithromycin may result in bacterial resistance, patients should be 
screened for nontuberculous mycobacterium (Chapter 309) before starting it 
and then at 6- or 12-month intervals; azithromycin should be withheld in the 
presence of active nontuberculous mycobacterial infection.

High-dose ibuprofen (800 mg tablets titrated to achieve serum concentra-
tions between 50 and 100 µg/mL) can slow the rate of decline in FEV1 and is 
recommended for patients who are under 18 years of age and who have an 
FEV1 lower than 60% of predicted. The narrow therapeutic window and side 
effects limit the clinical utility of this treatment.

Corticosteroids, both inhaled (e.g., beclomethasone, fluticasone, budesonide; 
see Chapter 81) and oral (e.g., prednisone up to 1 mg/kg on alternate days 
with close attention to adverse effects) are recommended for patients who 
have asthma or allergic bronchopulmonary aspergillosis (Chapter 319). Allergic 
bronchopulmonary aspergillosis should be treated with prednisone (0.5 to 
2.0 mg/kg/day for 1 to 2 weeks, then hopefully tapered over 1 to 3 months). 
Itraconazole (5 mg/kg/day, up to a maximum of 400 mg per day, for three to 
six months) can be added if patients with bronchopulmonary aspergillus have 
a slow or poor response to corticosteroids or if they relapse; it is also recom-
mended if patients develop steroid toxicity.

CFTR Correctors and Potentiators
In patients who have gating mutations (including G551D, which affect about 

4% of the cystic fibrosis population), ivacaftor (a CFTR potentiator at 150 mg 
twice daily) can increase FEV1 by approximately 10%, as well as decrease the 
sweat chloride concentration, increase weight, and decrease the rate of hos-
pitalization. A5  Ivacaftor is currently approved for patients with at least one of 
38 CFTR gating or splice mutations.

For the nearly 50% of cystic fibrosis patients who are homozygous for F508del 
alleles, a combination of a CFTR corrector (lumacaftor 400 mg daily) plus iva-
caftor (250 mg twice daily) can modestly improve FEV1 and increase the interval 
between hospitalizations. A6-A8  However, such treatment can cause serious side 
effects, and dosing needs to be reduced in patients who have hepatic failure 
or are taking CYP3A inhibitors. The combination of tezacaftor (100 mg once 
daily) plus ivacaftor (150 mg twice daily) also improves FEV1 and reduces pul-
monary exacerbation rates with an acceptable side effect profile in patients 
who are homozygous for F508del. A9 

,
 A10  The three-drug combination of an 

experimental CFTR corrector plus ivacaftor and tezacaftor can improve lung 
function in patients who are heterozygous for F508del and a minimal function 
mutation, thus extending such therapy to about 90% of patients. A11 

,
 A12 

Unfortunately, improving CFTR function may not halt the ongoing inflam-
matory response in chronically infected and bronchiectatic airways. Ion channel 
modulator agents may therefore need to be started perinatally to prevent cystic 
fibrosis lung disease.

Despite more than two decades of research since the discovery of CFTR, 
gene therapy is not currently an effective therapeutic option.8 Whether nucleic 
acid technologies, antisense oligonucleotides, CRISPR/Cas9, or induced plu-
ripotent stem cell therapy will become clinically useful is currently unknown.

Pancreatic Enzyme Replacement Therapy
The replacement of pancreatic enzymes (Chapter 135) is an essential com-

ponent of the treatment of patients with cystic fibrosis. Dosing (see Table 135-5) 
should aim for the near elimination of steatorrhea. Oral pancreatic enzymes 
are inactivated by stomach acid. Enteric coated capsules or acid-resistant micro-
spheres are preferred over acid suppression with H2 blockers or proton pump 
inhibitors (see Table 129-1), in part because protein pump inhibitors may increase 
the risk of pneumonia.9 The absorption of fat-soluble vitamins (D, A, K and E) 
may be inadequate despite pancreatic enzyme therapy, so the blood levels of 
these vitamins should be monitored, and the vitamins should be supplemented 
as needed.

Gastrointestinal Agents
Virtually all patients with cystic fibrosis should receive an empiric bowel 

regimen to avoid obstipation. Mineral oil (e.g., 15 to 45 mL/day depending on 

the product), senna (17.2 to 34.4 mg per day), and osmotic stool softeners (e.g., 
polyethylene glycol 3350 at 0.5 to 1 g/kg/day to a maximum of 40 g/day) are 
routinely used. Lactulose is another alternative, but it may cause flatulence or 
abdominal pain in high doses.

A more serious complication is distal intestinal obstructive syndrome, which 
may occur with dehydration or the use of opioid analgesics. This complication 
usually requires hospitalization, intravenous rehydration, and administration 
via a nasogastric tube of iso-osmotic polyethylene glycol 3350 plus an electrolyte 
solution (20 to 40 mL/kg/h up to a maximum of 1 L/h over 8 hours) or diatrizoate 
(Gastrografin). Surgical consultation is often required if small bowel obstruction 
persists.

Other Organ Systems
Sweating may cause excessive salt loss with resulting dehydration and hypo-

tension. Adolescents and adults with cystic fibrosis require about 6000 mg (3 
teaspoons) of salt per day. Foods naturally high in salt are recommended, but 
prophylactic sodium chloride tablets are often added.

Because pancreatic damage can lead to cystic fibrosis–related diabetes, 
annual glucose tolerance testing is recommended beginning at age 10 years 
for all patients who do not have diagnosed diabetes.10 Treatment is similar to 
type 1 diabetes (Chapter 216). The need for insulin therapy may be delayed by 
diet and exercise.

Women with cystic fibrosis can have children, but intrauterine insemina-
tion may be required if the cervix is blocked with viscid mucus. In men, epi-
didymal sperm aspiration is needed because of the ubiquitous absence of 
the vas deferens. Patients with cystic fibrosis should be routinely screened 
for depression (Chapter 369) and referred to mental health professionals as  
appropriate.

Lung Transplantation
Lung transplantation (Chapter 93), which is a life-saving therapy in patients 

with end-stage lung disease, results in improved quality of life because of better 
lung function, even though disease progresses in other organs. Current survival 
rates for adult lung transplant recipients with cystic fibrosis are about 75% at 
5 years and 50% at 10 years. In recipients with risk factors such as Burkholderia 
cepacia complex infection or retransplantation, however, outcomes are less 
favorable.11 Long-term (>5 years) survival is limited by chronic lung allograft 
dysfunction (bronchiolitis obliterans and restrictive allograft syndrome) and 
by reinfection of donor lungs with opportunistic pathogens.

Prognosis
Factors that influence the outcome of patients with cystic fibrosis include 

the initiation of effective treatment early in life, the number of hours per day 
each patient spends in physical therapy, adherence to an often-complicated 
medical regimen, transition from parental care to self care, insurance, and 
psychosocial coping.12 In 2017, median life expectancy was 41 years in the 
United States, but it was 51 years in Canada and about the same in U.S. patients 
who have private health insurance.13
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84 
BRONCHIECTASIS, ATELECTASIS, CYSTS, 
AND LOCALIZED LUNG DISORDERS
ANNE E. O’DONNELL

 BRONCHIECTASIS

 DEFINITION
Bronchiectasis is an abnormal permanent dilation of the bronchi and bron-
chioles caused by repeated cycles of airway infection and inflammation. The 
distal airways become thickened; the mucosal surfaces develop edema, inflam-
mation, and suppuration; and ultimately there is neovascularization of the 
adjacent bronchial arterioles. Bronchiectasis, which can be focal or diffuse, is 
triggered by a variety of genetic, anatomic, and systemic processes. Abnormali-
ties of cilia, mucus clearance, mucus rheology, airway drainage, and host defenses 
can result in bronchiectasis. Regardless of the cause, patients with bronchiectasis 
develop chronic infections, which may lead to progressive lung destruction.

 EPIDEMIOLOGY
Based on insurance claims reviews, an estimated 110,000 or more patients in 
the United States are receiving treatment for bronchiectasis that is not related 
to cystic fibrosis (Chapter 83), and these numbers appear to be increasing.1 
Similar findings have been reported in the United Kingdom and in other parts 
of the world. Recent U.S. data showed a prevalence of 4.2 per 100,000 persons 
aged 18 to 34 years and 272 per 100,000 among those older than 75 years. 
In the older age category, women are disproportionally represented. Other 
epidemiologic surveys suggest that there is increased risk for the development 
of bronchiectasis in individuals with reduced access to health care and higher 
rates of pulmonary infection in childhood.

 PATHOBIOLOGY
In up to one third of cases, the cause of bronchiectasis is not identified. Other 
cases are related to pulmonary infections, genetic causes, anatomic abnormali-
ties, and immune and autoimmune diseases.

Pulmonary Infections
Approximately one third of patients with bronchiectasis have an infectious 
trigger, usually years before the onset of the disease. Childhood viral infec-
tions, such as pertussis (Chapter 297) and bacterial infection, can cause 
permanent damage to the airways, leading to bronchiectasis years after the 
initial infection. Mycobacterial tuberculosis with its resultant granulomatous 
inflammation of the airway, lung parenchyma, and lymph nodes can cause 
subsequent bronchiectasis (Chapter 308), and nontuberculous mycobacte-
rial infections have been recognized as an increasing cause and complication 
of bronchiectasis, particularly in white women older than 55 years (Chapter 
309). Nontuberculous mycobacterial-related bronchiectasis typically involves 
the right middle lobe and lingula and can be associated with the “tree-in-bud” 
pattern of bronchiolar involvement on computed tomography (CT) scans.

Genetics
Cystic fibrosis (Chapter 83) is characterized by bilateral diffuse bronchiectasis. 
Although many cystic fibrosis patients are diagnosed in childhood with 

multisystem disease, older patients may present with only pulmonary or pul-
monary and sinus manifestations. Some patients with bronchiectasis may have 
subtle defects in the cystic fibrosis transmembrane conductance regulator 
channel without a clear-cut diagnosis of cystic fibrosis.

In primary ciliary dyskinesia, abnormalities in the dynein arms prevent 
normal ciliary beating. Patients with primary ciliary dyskinesia generally have 
significant sinopulmonary disease and infertility, and approximately half of 
these patients have Kartagener syndrome with situs inversus (Chapter 61). 
Patients with α1-antitrypsin deficiency also may develop bronchiectasis.

Anatomic Causes
Patients with chronic abnormalities of their swallowing mechanism or with 
esophageal dysfunction may develop focal or diffuse bronchiectasis with 
lower lobe predominance (Chapter 129). Direct lung injury caused by 
acid or particulate matter aspiration or recurrent pneumonia may lead to  
bronchiectasis.

Severe asthma (Chapter 81) and chronic obstructive pulmonary disease 
(COPD; Chapter 82) are sometimes complicated by bronchiectasis.2 Allergic 
bronchopulmonary aspergillosis (Chapter 319) can cause a distinct “finger-
in-glove” central bronchiectasis observed on CT scans owing to chronic inflam-
mation and mucous plugging. Airway abnormalities such as endobronchial 
tumors (Chapter 182), extrinsic compression by lymph nodes (right middle 
lobe syndrome), and foreign bodies are also rare causes of focal bronchiectasis. 
Tracheobronchomegaly (Mounier-Kuhn syndrome) is associated with distal 
bronchiectasis.

Immune and Autoimmune Diseases
Primary hypogammaglobulinemia (Chapter 236) leads to recurrent pulmonary 
infections that may result in bronchiectasis. Patients with immunoglobulin G 
subclass deficiencies may develop bronchiectasis if the deficiency leads to 
reduction in antibody production. Defects of neutrophil adhesion and che-
motaxis (Chapter 158) have been found to cause bronchiectasis. Patients with 
human immunodeficiency virus infection (Chapter 366) have a higher preva-
lence of bronchiectasis than individuals with a normally functioning immune 
system.

Bronchiectasis is an increasingly recognized complication of collagen vascular 
diseases, particularly rheumatoid arthritis (Chapter 248) and Sjögren syndrome 
(Chapter 252). The airway injury is likely attributable to chronic inflammation 
or esophageal dysfunction. Inflammatory bowel disease (Chapter 132) also 
causes bronchiectasis by undetermined mechanisms.

 CLINICAL MANIFESTATIONS
Patients present with chronic cough and usually have mucopurulent or purulent 
sputum production. Occasionally, a dry nonproductive cough is the primary 
manifestation. Other symptoms include dyspnea, intermittent hemoptysis, 
and pleuritic chest pain. Weight loss, malaise, and fatigue sometimes develop. 
When patients have infectious exacerbations, they may develop fever as well 
as an increase in their baseline symptoms. Physical findings in patients with 
bronchiectasis are nonspecific and include an abnormal chest examination 
with wheezing, crackles, or both. Clubbing of the digits is rare.

The clinical course of patients with bronchiectasis is variable. Some patients 
have few to no symptoms, others have daily cough with sputum production, 
and some patients have occasional to frequent exacerbations. A slow decline 
in pulmonary function is seen with bronchiectasis; the decline is more rapid 
in patients infected with Pseudomonas aeruginosa (Chapter 290) and in patients 
who have more frequent exacerbations.

 DIAGNOSIS
Imaging Studies
Although the diagnosis may be suspected by plain chest radiography, high-
resolution computed tomography (HRCT) is the current “gold standard” for 
confirming bronchiectasis. The characteristic CT findings are lack of bronchial 
tapering, bronchi visible in the peripheral 1 cm of the lungs, and an internal 
bronchial diameter greater than the diameter of the accompanying bronchial 
artery.3 Other associated HRCT findings are cysts off the end of a bronchus, 
tree-in-bud irregular branching lines (E-Fig. 84-1) indicating mucus impaction 
(E-Figs. 84-2 and 84-3), volume loss (E-Fig. 84-4), and occasionally associ-
ated consolidation (Fig. 84-1). The location of the bronchiectatic airways 
may suggest the cause: upper lobe predominance is seen in cystic fibrosis and 
lower lobe predominance in aspiration syndromes (E-Fig. 84-5). Whereas 
right middle lobe and lingula involvement suggests the presence of nontu-
berculous mycobacterial infection (Fig. 84-2 and E-Figs. 84-6A and 84-6B), 

TREATMENT 
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ABSTRACT
This chapter is an up-to-date review of bronchiectasis due to causes other 
than cystic fibrosis. Also covered are atelectasis, acquired and congenital lung 
cysts, and other localized lung disorders.
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E-FIGURE 84-1. A thin-slice high-resolution computed tomography image showing 
bronchiectasis and volume loss on the left and areas of mild cylindrical bronchiectasis 
and “tree-in-bud” bronchiolitis in the right lower lobe. 

E-FIGURE 84-2. A thin-slice high-resolution computed tomography image through 
the middle chest; there are mild bronchiectasis in the right middle lobe adjacent to 
the heart and mucous plugging in areas of bronchiectasis at the right base. 

E-FIGURE 84-3. Bronchiectatic changes and mucous plugging superimposed on 
diffuse emphysematous changes in the lungs. 

E-FIGURE 84-4. Extensive bronchiectasis in lower cuts through the right lung with 
associated volume loss. 
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E-FIGURE 84-5. Computed tomography slice showing a “signet ring” abnormality 
consistent with a localized area of bronchiectasis in the right lower lobe. 

A B

E-FIGURE 84-6. A, A pneumonic infiltrate superimposed on an area of bronchiectasis in the right middle lobe. Bilateral breast implants are also visible. the patient had a history 
of chronic mycobacterial infection but was acutely ill with a superimposed bacterial pneumonia when this study was performed. B, Follow-up imaging after treatment of the acute 
infection. a residual minor area of right middle lobe bronchiectasis is seen. 
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central bronchiectasis is seen with allergic bronchopulmonary aspergillosis  
(Fig. 84-3).

Pulmonary function testing, which should be performed on all patients 
with suspected bronchiectasis, usually shows airflow obstruction as measured 
by the ratio between the forced expiratory volume in 1 second (FEV1) and 
forced vital capacity (FVC) (Chapter 79). The severity of the airflow obstruc-
tion and the rate of decline correlate with radiographic extent of disease and 
frequency of exacerbation. Bronchoscopy will detect airway abnormalities, 
including tumors, structural deformities, and foreign bodies, and hence should 
be considered in the evaluation of localized bronchiectasis.

Cultures of sputum and of bronchoalveolar lavage when expectorated sputum 
is not available have an important role in assessing the infectious complications 
of bronchiectasis. Molecular techniques have recently demonstrated diverse 
polymicrobial communities in the lungs of patients with bronchiectasis, both 
when they are clinically stable and also during exacerbations. The dominant 
organisms are P. aeruginosa and Haemophilus influenzae, but anaerobic organisms 
may also be detected. The presence of P. aeruginosa portends a worse prognosis 
and more frequent exacerbations. Patients with no identifiable pathogens have 
the mildest disease. Staphylococcus aureus in the airway may suggest cystic 
fibrosis as the cause of the bronchiectasis. Nocardia and fungi, particularly 
aspergillus and candida, are sometimes cultured from bronchiectasis patients 
but do not always require treatment.4 Nontuberculous mycobacteria are found 
with increasing frequency in the airways of patients with bronchiectasis, usually 
as a complication of preexisting bronchiectasis but occasionally as its primary 
cause. The laboratory evaluation of patients with bronchiectasis should be 

AA B

FIGURE 84-1. A and B, High-resolution computed tomography images of bilateral bronchiectasis in a patient with primary ciliary dyskinesia. 

FIGURE 84-2. High-resolution computed tomography image of nodular bronchiectasis 
caused by a nontuberculous mycobacterium infection. 

The goals of treatment are to reduce the frequency of exacerbations and 
potentially to improve quality of life, reduce symptoms, and alter the natural 
history of the disease (Table 84-1).5 Multimodality maintenance treatment for 
patients with more advanced disease or three or more exacerbations may include 
airway clearance and anti-inflammatory therapies, as well as short and long-
term antibiotic therapy, which reduces markers of airways and systemic inflam-
mation. Pulmonary rehabilitation also is efficacious. A1  Exacerbations are treated 
based on clinical acuity. Because patients are heterogeneous and therapeutic 
trials are few, therapy is commonly individualized, especially because no thera-
pies are currently approved by the U.S. Food and Drug Administration for 
non–cystic fibrosis bronchiectasis and because the proven treatments for cystic 
fibrosis are often not effective in this patient population.6,7

Preventing Exacerbations
The 23-valent pneumococcal vaccination (Chapter 15) is recommended for 

patients with bronchiectasis. Routine seasonal influenza vaccination is also 
standard. At present, no vaccines are available for prevention of the other infec-
tious complications of bronchiectasis.

Treatment of the Underlying Etiology
For treatable conditions, such as immunoglobulin deficiency or α1-antitrypsin 

deficiency (Chapter 82), replacement therapy (Chapter 236) should be con-
sidered even though there are few data on whether those therapies alter the 
natural history of the bronchiectasis and resultant infections. Patients with 
allergic bronchopulmonary aspergillosis (Chapter 319) should be treated with 
steroids to mitigate the inflammatory process that leads to the bronchiectasis.

Airway Clearance
Chest physiotherapy and the use of devices to aid mucociliary clearance 

appear to be beneficial in non–cystic fibrosis bronchiectasis. In an older ran-
domized trial, for example, twice-daily use of an oscillatory positive expiratory 
pressure device (Acapella) improved sputum volume and quality of life end 
points compared with no routine physiotherapy. Other techniques that may 
also have a role for airway clearance include traditional chest physical therapy 
with postural drainage and the use of chest wall oscillator vests. A2  Personalizing 
the treatment yields the best compliance and results.8 Formal pulmonary reha-
bilitation and exercise likely benefit patients with bronchiectasis.

Inhaled therapy with nebulized hypertonic saline (3 to 7%) may enhance 
airway clearance, decrease exacerbations, and improve lung function as well 

TREATMENT 

individualized. All patients should have sputum cultures for bacterial, fungal, 
and mycobacterial testing. Other tests that should be considered include mea-
surement of serum immunoglobulin levels and screening for genetic diseases, 
particularly in patients with diffuse bronchiectasis. Cystic fibrosis (Chapter 83) 
is diagnosed by elevated sweat chloride levels and by genetic testing. Primary 
ciliary dyskinesia can be evaluated by measurement of nasal nitric oxide levels, 
ciliary beat frequency and pattern testing, and electron microscopy studies. 
α1-Antitrypsin deficiency is diagnosed by measuring levels and performing 
phenotyping (Chapter 82). Screening for rheumatoid arthritis (Chapter 248) 
or Sjögren syndrome (Chapter 252) also may be reasonable in patients with  
diffuse bronchiectasis.
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 PROGNOSIS
Non–cystic fibrosis bronchiectasis is a heterogeneous disease with a widely 
variable prognosis. Patients with more severe obstructive and restrictive find-
ings on pulmonary function tests, poor gas transfer, and chronic pseudomonal 
infection have the worst prognosis. Independent predictors of future hospi-
talization include prior hospital admissions, advanced dyspnea, FEV1 less than 
30% predicted, P. aeruginosa colonization, colonization with other pathogenic 
organisms, and three or more lobes involved on HRCT. Comorbidities, includ-
ing COPD and rheumatoid arthritis, increase the risk for mortality. Radio-
graphic extent of disease, hypoxemia, hypercapnia, and evidence of right heart 
failure are also predictors of outcome. Bronchiectasis patients who are admitted 
to an intensive care unit for respiratory failure have been reported to have a 
60% 4-year survival rate.

A B

FIGURE 84-3. a and B, high-resolution computed tomography images of finger-in-glove central bronchiectasis caused by allergic bronchopulmonary aspergillosis. 

as quality of life. A3  Although recombinant human DNase is efficacious in cystic 
fibrosis bronchiectasis, a large clinical trial showed it had deleterious effects 
when given as maintenance therapy in patients with non–cystic fibrosis bron-
chiectasis, so it should not be used. Other mucolytic agents are of unproven 
benefit.

No randomized trials support the use of routine short-acting β-agonist or 
anticholinergic bronchodilators in bronchiectasis. However, a subset of patients 
with airway reactivity likely benefits from use of these agents (Chapter 81).

Reduction of Airway Inflammation
One older clinical trial demonstrated that inhaled medium-dose budesonide, 

when combined with formoterol, is safe and more effective than high-dose 
budesonide in treating patients with non–cystic fibrosis bronchiectasis. Oral 
steroids, although occasionally used in patients with bronchiectasis, have never 
been evaluated in a clinical trial.

Antimicrobial Therapy
At present, there is no firm evidence to support the use of routine mainte-

nance antibiotics, although such therapy may be considered in patients with 
frequent exacerbations and progressive lung destruction. When mycobacterial 
species are cultured from patients with bronchiectasis, decisions regarding 
whether to treat and which antimicrobial agents to use are based on published 
guidelines (Chapters 308 and 309).9

Chronic low-dose oral macrolide therapy (e.g., azithromycin 500 mg three 
times per week or 250 mg/day or erythromycin ethylsuccinate 400 mg twice 
daily) can reduce exacerbations in patients with non–cystic fibrosis bronchi-
ectasis. A4  Whether patients will develop resistant organisms is of concern, and 
the respiratory microbiota is clearly changed by the chronic use of macrolides. 
Macrolide monotherapy should not be used in patients coinfected with non-
tuberculous mycobacteria.

Targeted inhaled antimicrobial therapies are also an option, particularly in 
patients infected with Pseudomonas spp. For example, nebulized gentamicin 
(80 mg twice daily) for 12 months can provide sustained bacteriologic and 

TABLE 84-1 POTENTIAL THERAPIES FOR BRONCHIECTASIS
Treatment of underlying condition, if possible
Mobilization of secretions

Pharmacologic
Mechanical

Anti-inflammatory therapy
Inhaled steroids
Macrolides

Antimicrobial therapy
Pathogen specific

Surgery
Localized or refractory disease

Transplantation
End-stage disease

Adapted from O’Donnell A. Bronchiectasis. Chest. 2008;134:815-823.

clinical benefit. Inhaled colistin, 1 million IU twice daily delivered by nebulizer, 
also is safe and possibly effective in adherent patients with bronchiectasis and 
P. aeruginosa infection. A5  Clinical trials have demonstrated microbiologic benefits 
with inhaled tobramycin, 300 mg twice per day as a 4-week trial for one cycle 
and a 2-week-on, 2-week-off trial for three cycles, but clinical benefit was not 
firmly established, and some patients experienced unacceptable respiratory 
side effects. A6  Of note, two recent large trials of inhaled aztreonam lysine showed 
no clinical benefit. Additional inhaled antibiotics currently being evaluated in 
clinical trials include dry powder ciprofloxacin, nebulized liposomal ciprofloxacin, 
and dry powder tobramycin. Other off-label antibiotic strategies include pro-
longed intravenous antibiotics targeted at the specific cultured pathogens.

Surgery and Transplantation
Resectional surgery may have a role for patients who have focal disease or 

for patients who have hemoptysis that cannot be controlled by embolization 
of the bleeding vessels (Chapter 93). Surgical resection can also benefit some 
patients who have diffuse bronchiectasis unresponsive to conventional therapy 
and some patients infected with nontuberculous mycobacteria. Double-lung 
transplantation (Chapter 93) has been successfully performed in patients with 
end-stage lung disease caused by non–cystic fibrosis bronchiectasis, and the 
clinical outcomes parallel those seen with transplantation for other end-stage 
lung diseases.

Treatment of Acute Exacerbations of Bronchiectasis
When a patient with bronchiectasis experiences an acute exacerbation, 

antimicrobial treatments should be aimed at the chronic infecting organisms.10 
Mild to moderate exacerbations can be treated with oral antibiotics, targeted 
to the results of the sputum culture, for 2 to 3 weeks. Viruses, including coro-
navirus, rhinovirus, and influenza A and B viruses also cause exacerbations. 
More severe exacerbations or exacerbations caused by resistant organisms 
generally require intravenous antibiotics administered in the hospital or at 
home. No benefit has yet been demonstrated by adding an inhaled antibiotic 
to systemic therapy for an acute exacerbation. Patients experiencing an acute 
exacerbation likely benefit from airway clearance modalities and the other 
nonantibiotic therapies discussed previously.

 ATELECTASIS

 DEFINITION
Atelectasis, or collapse, is caused by hypoventilation of lung units. Atelectasis 
may involve an entire lung or a lobe, segment, or subsegment. Atelectasis can 
be caused by intrinsic obstruction of an airway or external compression from 
lymph nodes, parenchymal masses, or other entities. When lung units are 
atelectatic, ventilation-perfusion mismatch leads to hypoxemia. Infection may 
result from sustained atelectasis.

 EPIDEMIOLOGY AND PATHOBIOLOGY
The lung bases and posterior segments are vulnerable to dependent atelectasis, 
which is caused by inadequate ventilation, particularly in an immobilized or 
postoperative patient. Patchy atelectasis is caused by alveolar filling processes, 
such as hemorrhage and edema (Chapter 85). Passive, relaxation, or compres-
sion atelectasis occurs when the lung recoils to a smaller volume because of 
fluid or air in the adjacent pleural space.

Obstructive or resorptive atelectasis is caused by bronchial block to the 
entry of air, with resultant retractile consolidation. Intrinsic airway obstruction 
may be caused by mucous plugs, foreign bodies, or tumors in the airway. 
Extrinsic airway obstruction results from compression of the airway owing 
to peribronchial lymph node enlargement or other masses impinging on the 
airway.

Rounded atelectasis is caused by pleural thickening that invaginates and 
traps adjacent lung. Any chronic pleural disease can cause rounded atelectasis, 
particularly asbestos-related pleural disease.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Atelectasis is typically asymptomatic and diagnosed on chest imaging; it may 
cause dyspnea and tachypnea and result in hypoxemia. In postoperative patients, 
atelectasis may be a cause of low-grade fever. An arterial oxygen saturation of 
96% or less after breathing oxygen through a venturi mask for 30 minutes is a 
moderately sensitive and specific test for diagnosing postoperative atelectasis.11

Plain chest radiography shows loss of lung volume and the displacement 
of the lobar fissure, mediastinum, or diaphragm toward the involved lung 
unit (Fig. 84-4). Platelike or discoid atelectasis manifests as horizontal or 
curvilinear lines on plain chest radiography. Rounded atelectasis (Fig. 84-5) 
is an ovoid masslike density abutting the pleura. Secondary atelectasis can be 
seen in association with a mass lesion (E-Figs. 84-7A and B). The type and 
cause of atelectasis can sometimes be elucidated by CT or ultrasonography. 
Bronchoscopy is required to confirm intrinsic versus extrinsic compression 
in obstructive-resorptive atelectasis and to determine the exact pathology of 
the obstruction.

At the bedside, a measurement of arterial oxygen saturation can help assess 
the severity of the atelectasis and overall lung dysfunction.

PREVENTION AND TREATMENT 
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 ATELECTASIS

 DEFINITION
Atelectasis, or collapse, is caused by hypoventilation of lung units. Atelectasis 
may involve an entire lung or a lobe, segment, or subsegment. Atelectasis can 
be caused by intrinsic obstruction of an airway or external compression from 
lymph nodes, parenchymal masses, or other entities. When lung units are 
atelectatic, ventilation-perfusion mismatch leads to hypoxemia. Infection may 
result from sustained atelectasis.

 EPIDEMIOLOGY AND PATHOBIOLOGY
The lung bases and posterior segments are vulnerable to dependent atelectasis, 
which is caused by inadequate ventilation, particularly in an immobilized or 
postoperative patient. Patchy atelectasis is caused by alveolar filling processes, 
such as hemorrhage and edema (Chapter 85). Passive, relaxation, or compres-
sion atelectasis occurs when the lung recoils to a smaller volume because of 
fluid or air in the adjacent pleural space.

Obstructive or resorptive atelectasis is caused by bronchial block to the 
entry of air, with resultant retractile consolidation. Intrinsic airway obstruction 
may be caused by mucous plugs, foreign bodies, or tumors in the airway. 
Extrinsic airway obstruction results from compression of the airway owing 
to peribronchial lymph node enlargement or other masses impinging on the 
airway.

Rounded atelectasis is caused by pleural thickening that invaginates and 
traps adjacent lung. Any chronic pleural disease can cause rounded atelectasis, 
particularly asbestos-related pleural disease.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Atelectasis is typically asymptomatic and diagnosed on chest imaging; it may 
cause dyspnea and tachypnea and result in hypoxemia. In postoperative patients, 
atelectasis may be a cause of low-grade fever. An arterial oxygen saturation of 
96% or less after breathing oxygen through a venturi mask for 30 minutes is a 
moderately sensitive and specific test for diagnosing postoperative atelectasis.11

Plain chest radiography shows loss of lung volume and the displacement 
of the lobar fissure, mediastinum, or diaphragm toward the involved lung 
unit (Fig. 84-4). Platelike or discoid atelectasis manifests as horizontal or 
curvilinear lines on plain chest radiography. Rounded atelectasis (Fig. 84-5) 
is an ovoid masslike density abutting the pleura. Secondary atelectasis can be 
seen in association with a mass lesion (E-Figs. 84-7A and B). The type and 
cause of atelectasis can sometimes be elucidated by CT or ultrasonography. 
Bronchoscopy is required to confirm intrinsic versus extrinsic compression 
in obstructive-resorptive atelectasis and to determine the exact pathology of 
the obstruction.

At the bedside, a measurement of arterial oxygen saturation can help assess 
the severity of the atelectasis and overall lung dysfunction.

FIGURE 84-4. Plain chest radiograph demonstrating right upper lobe atelectasis 
(caused by an endobronchial tumor). 

Incentive spirometry is commonly prescribed to prevent or treat atelectasis 
in patients with limited mobility because of recent surgery, neuromuscular 
weakness, or any prolonged immobilization, but no randomized controlled 
trials have proved its effectiveness. Preoperative inspiratory muscle training 
may reduce atelectasis in patients undergoing upper abdominal surgery,  
and prophylactic use of noninvasive ventilation may reduce pulmonary dys-
function after lung resection surgery. Other modalities such as incentive spi-
rometry, A7  positive expiratory pressure devices, high-frequency chest wall 
oscillation airway clearance, and pharmacologic agents are of no proven benefit.

Patchy atelectasis is treated by addressing the underlying disease process 
in the lung parenchyma. Compression atelectasis is treated by alleviating the 
pleural space process.

Obstructive or resorptive atelectasis often requires bronchoscopy for diag-
nosis and treatment. In patients with obstruction owing to retained secretions, 
multiple bronchoscopies are sometimes required, but the mucus often rapidly 
reaccumulates and will resolve only when the patient’s overall status improves.

Rounded atelectasis does not require treatment. CT is helpful in distinguish-
ing rounded atelectasis from parenchymal tumor.

PREVENTION AND TREATMENT 

FIGURE 84-5. Computed tomography image of rounded atelectasis. 

 CONGENITAL CYSTIC DISEASES OF THE THORAX
Thoracic cysts, which are exceedingly rare, develop because of abnormal devel-
opment or branching of the foregut. Cysts may develop in the mediastinum 
at an early stage of gestation or in the lung parenchyma at a later stage. Abnor-
malities include bronchogenic cysts (mediastinal and parenchymal), congenital 
pulmonary airway malformation, and pulmonary sequestrations. The cysts 
are lined with airway and alveolar epithelium but do not communicate in a 
normal fashion with the airways or lung tissue.

Most patients with thoracic cysts present in childhood, but the cysts can 
remain asymptomatic and unnoticed until adulthood. In the absence of symp-
toms, these cystic lesions sometimes present as an incidental finding on chest 
imaging performed for another indication. Congenital cystic diseases can cause 
recurrent pneumonia, hemoptysis, or compression of normal structures.

CT angiography can usually detect congenital cystic lesions of the thorax, 
but pulmonary or bronchial angiography is sometimes necessary to define 
the blood flow to the lesion.

Bronchogenic cysts are usually found in the right paratracheal or subcarinal 
areas of the mediastinum but are occasionally seen in the lung parenchyma.12 
These cysts are often asymptomatic, but they can cause wheezing, dyspnea, 
and cough when they compress adjacent structures. Secondary infection may 
develop in the cysts, and there are a few case reports of malignant transforma-
tion. Complete surgical resection is generally recommended, but partial exci-
sion with de-epithelization of the cysts has also been performed. Observation 
is also an option when the cysts are asymptomatic.

Congenital pulmonary airway malformation, previously called congenital cystic 
adenomatoid malformation of the lung, is an exceedingly rare abnormality with 
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E-FIGURE 84-7. Left upper lobe atelectasis due to left central bronchogenic carcinoma. A, Frontal chest radiograph shows veil of opacity over the left upper hemithorax with tracheal 
deviation to the left and horizontal reorientation of the left mainstem bronchus. B, lateral chest radiograph shows hyperexpansion of the left lower lobe with anterior displacement 
of the left major fissure. the collapsed left upper lobe and the lingula form an anterior, retrosternal band of opacity. (courtesy of Paul stark, Md.)
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reported incidence of one in every 25,000 to 35,000 pregnancies. The abnor-
mality is caused by arrested development of the bronchial tree. Most patients 
are diagnosed prenatally by ultrasonography, but a few adults have first pre-
sented with complications, including pneumothorax and air embolism. Treat-
ment is anatomic surgical resection.

Pulmonary sequestrations are areas of nonfunctioning pulmonary parenchyma 
with no communication to the tracheobronchial tree and abnormal arterial 
supply and venous drainage (Fig. 84-6). Intralobar sequestration, which accounts 
for about 75% of cases, does not have visceral pleura and is generally found 
in a lower lobe, the left more frequently than the right. Extralobar sequestra-
tions have their own visceral pleura, are separate from the normal lobes, and 
may even be found below the diaphragms. Sequestrations usually have a feeding 
vessel that arises from the aorta. Sequestrations may be asymptomatic but 
patients sometimes develop recurrent infections and or hemoptysis. Surgical 
excision with special care for the management of the feeding vessel is curative. 
Embolization of the feeding vessel is sometimes a successful treatment option.

Hyperlucent lungs are diagnosed by a paucity of vascular and interstitial 
markings noted on chest imaging. Lung parenchymal air collections can be 
caused by congenital parenchymal cysts, congenital lobar emphysema (almost 
exclusively diagnosed in infancy), giant bullous emphysema (vanishing lung 
syndrome), or Swyer-James syndrome. Lung parenchymal cysts may be a 
bullous alveolar type or may contain bronchial wall elements such as cartilage, 
smooth muscle, and glands. They may become infected and may rupture to 
cause pneumothorax. Surgical resection is generally recommended unless the 
lesions are small. Congenital lobar emphysema, otherwise known as congenital 
large hyperlucent lobe, may cause severe respiratory distress in infants owing 
to compression of surrounding lung tissue. Giant bullous emphysema is a rare 
condition that usually affects the upper lobes of young male smokers. Com-
pression of normal lung parenchyma from these overdistended lobes may 
require surgical resection.

Birt-Hogg-Dubé syndrome13 is caused by an autosomal dominant condition of 
germline mutations in the folliculin gene. It is characterized by pulmonary cysts, 
recurrent pneumothoraces, renal cell carcinomas, and skin fibrofolliculomas.

Swyer-James-Macleod syndrome, which is characterized by unilateral lucency of 
an entire lung, is caused by childhood bronchiolitis obliterans owing to viral or 
bacterial infection or toxic inhalation. CT shows air trapping and hyperlucency 
of the affected lung, with a normal contralateral lung. No therapy is required.

 ACQUIRED CYSTIC LUNG DISEASES
High-resolution CT scans can now detect a variety of acquired cystic lung 
diseases.14 Cysts typically represent as subpleural emphysema or bullae in the 
lung parenchyma. Causes of multifocal cysts include lymphocytic interstitial 
pneumonia (Chapter 86), Birt-Hogg-Dubé syndrome, tracheobronchial papil-
lomatosis, and primary and metastatic cancers. Multifocal cysts with associated 
nodules are seen in lymphocytic interstitial pneumonia (Chapter 86), light 
chain deposition disease (Chapter 178), amyloidosis (Chapter 179), and 
Langerhans cell histiocytosis (Chapter 160) and are associated with ground-
glass opacities in Pneumocystis jiroveci pneumonia (Chapter 321) and desqua-
mative interstitial pneumonia (Chapter 86). Emphysema (Chapter 82) and 
cystic bronchiectasis also can mimic cystic disease. A careful noninvasive 
evaluation can usually determine the cause, but bronchoalveolar lavage or 
even lung biopsy may be required.

A BA B

FIGURE 84-6. Pulmonary sequestration. A, computed tomography image of pulmonary sequestration in right lower lobe. B, Feeding vessel visible arising from the aorta. 
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REVIEW QUESTIONS

1. Which of the following diseases may cause bronchiectasis?
 A. α1-Antitrypsin deficiency
 B. Chronic pulmonary thromboembolic disease
 C. Adenocarcinoma of the lung
 D. Birt-Hogg-Dubé syndrome
 E. None of the above

Answer: A α1-Antitrypsin deficiency, though commonly associated with 
emphysema, may also cause bronchiectasis.

2. All of the following organisms may be seen in bronchiectasis EXCEPT:
 A. Mycobacterium avium complex
 B. Haemophilus influenzae
 C. Nocardia nova
 D. Mucormycosis
 E. Pseudomonas aeruginosa

Answer: D Mucormycosis is an invasive lung pathogen almost always related 
to systemic immunosuppression and not associated with bronchiectasis.

3. Patients with primary ciliary dyskinesia and bronchiectasis also have:
 A. Chronic sinusitis
 B. Chronic skin rashes
 C. Visual disturbances
 D. Gait abnormalities
 E. Urinary tract abnormalities

Answer: A Primary ciliary dyskinesia causes diffuse ciliary abnormalities that 
result in sinus infections.

4. Postoperative subsegmental atelectasis is best treated by:
 A. Therapeutic bronchoscopy
 B. Early mobilization
 C. Nebulized β2-agonist therapy
 D. Inhaled N-acetylcysteine
 E. Noninvasive ventilation

Answer: B For minor atelectasis, early mobilization of the patient is the best 
option of the choices listed; there are no controlled trials, but clinical experi-
ence suggests that noninvasive intervention is best for this scenario.

5. All of the following may occur as a complication of chronic macrolide 
therapy in bronchiectasis EXCEPT:
 A. Hearing loss
 B. Skin rash
 C. Gastrointestinal upset
 D. Drug-drug interaction with rifampin
 E. Thyroid dysfunction

Answer: E Thyroid dysfunction is not a known complication of macrolide 
therapy.
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85 
ALVEOLAR FILLING DISORDERS
STEPHANIE M. LEVINE

 DEFINITION
Alveolar filling disorders (Table 85-1) are characterized by chest radiographic 
findings of alveolar involvement ranging from a ground-glass appearance to 
consolidation; the pathologic process shows primary involvement of the alveolar 
air spaces distal to the terminal bronchioles. For example, in pulmonary alveolar 
proteinosis, the alveoli are filled by proteinaceous fluid. By comparison, the 
alveolar walls are lined by adenocarcinoma cells in invasive mucinous adeno-
carcinoma and lepidic predominant nonmucinous adenocarcinoma, formerly 
called bronchioloalveolar cell cancer. In acute interstitial pneumonia, exudative 
organizing fibroproliferative infiltrates fill the alveolar space; in the alveolar 
hemorrhage disorders, blood fills the alveolar space. Alveolar spaces filled 
with acute inflammatory cells, as in bacterial pneumonia (Chapter 91); water, 
as in cardiogenic or hydrostatic pulmonary edema (Chapter 52); or high-
protein fluid, as in noncardiogenic or increased permeability pulmonary edema 
(Chapter 96), are also part of the radiographic differential diagnosis of alveolar 
filling disorders and must be excluded.

A general approach to these suspected alveolar filling diseases (Fig. 85-1) 
can be stratified by the time elapsed since the onset of symptoms. The typical 

 PULMONARY ALVEOLAR PROTEINOSIS

 EPIDEMIOLOGY
Pulmonary alveolar proteinosis is a rare alveolar filling disease caused by the 
accumulation of phospholipoproteinaceous surfactant material in the alveoli. 
The incidence is estimated to be 3.7 cases per million people. Pulmonary 
alveolar proteinosis is a primary acquired, autoimmune disorder in more than 
90% of cases, but similar histopathologic features may be found with identifi-
able secondary causes, such as acute silicosis (silicoproteinosis; Chapter 87), 
aluminum dust exposure (Chapter 87), indium dust exposure, immunodefi-
ciency disorders (e.g., immunoglobulin G monoclonal gammopathy and severe 
combined immunodeficiency syndrome), hematologic malignant neoplasms 
(particularly myeloid leukemias; Chapters 173 and 175), and certain infec-
tions (e.g., Pneumocystis jiroveci pneumonia). Pulmonary alveolar proteinosis 
has also been described after bone marrow transplantation (Chapter 168). A 
congenital form also usually presents in infancy.

 PATHOBIOLOGY
The pathogenesis of pulmonary alveolar proteinosis is related to impaired 
processing of surfactant by alveolar macrophages caused by defects in 
granulocyte-macrophage colony-stimulating factor (GM-CSF) signaling. 
This impairment may be caused by autoantibodies against GM-CSF or 
GM-CSF receptor gene mutations, which are found in 90% of cases. The 
secondary forms are caused by a relative GM-CSF deficiency, leading to 
macrophage dysfunction and reduced surfactant clearance. The autosomal 
recessive congenital form of pulmonary alveolar proteinosis, caused by a 
mutation in the genes encoding surfactant protein B or C, or the GM-CSF 
receptor results in abnormal surfactant function and severe respiratory dis-
tress in homozygous infants. The result of this impairment is accumulation of 
surfactant-rich material and progressive dysfunction in phagocytosis caused 
by excessive production or diminished clearance of surfactant by alveolar  
macrophages.

Histologic examination in pulmonary alveolar proteinosis reveals alveoli filled 
with lipoproteinaceous material that stains pink (positive reaction) with periodic 
acid–Schiff stain. Classically, there is no destruction of alveolar architecture. 
Electron microscopy reveals lamellar (phospholipid-containing) myelin bodies.

 CLINICAL MANIFESTATIONS
Pulmonary alveolar proteinosis presents in patients in the third to fourth decade 
of life with a 2 : 1 male predominance. Most patients (72%) are smokers. 
Patients present with the insidious onset of dyspnea and cough, which may 
be dry or occasionally productive of grayish material.1 The duration of symp-
toms before diagnosis is typically 6 weeks to 6 to 8 months. Low-grade fevers, 
malaise, and weight loss may also be present. Hemoptysis is unusual. On 
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ABSTRACT
Alveolar filling disorders are characterized by chest radiographic findings of 
alveolar involvement ranging from a ground-glass appearance to consolidation. 
In pulmonary alveolar proteinosis, the alveoli are filled by proteinaceous fluid. 
In acute interstitial pneumonia, exudative organizing fibroproliferative infiltrates 
fill the alveolar space. In the alveolar hemorrhagic disorders, blood fills the 
alveolar space. In invasive mucinous adenocarcinoma and lepidic predominant 
nonmucinous adenocarcinoma, formerly called bronchioloalveolar cell cancer, 
the alveolar walls are lined by adenocarcinoma cells. This chapter reviews the 
definition, epidemiology, pathobiology, clinical manifestations, diagnosis, 
treatment, and prognosis for each of these disorders.
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TABLE 85-1 ALVEOLAR FILLING DISORDERS

DISEASES PATHOPHYSIOLOGY
RADIOGRAPHIC 

FINDINGS
Pulmonary alveolar 

proteinosis
Impaired processing of 

surfactant by alveolar 
macrophages caused by 
defects in GM-CSF 
signaling

Bilateral alveolar opacities 
with “crazy paving”  
and diffuse areas of 
ground-glass attenuation 
on CT scan

Acute interstitial 
pneumonia

Diffuse alveolar damage 
with temporal 
uniformity

Diffuse alveolar filling 
process similar to the 
acute respiratory distress 
syndrome

Diffuse alveolar 
hemorrhage

Bleeding from the 
pulmonary 
microcirculation, 
usually from the 
capillaries

Acute development of 
bilateral alveolar 
opacities

Invasive mucinous 
adenocarcinoma and 
lepidic predominant 
nonmucinous 
adenocarcinoma 
(formerly called 
bronchioloalveolar 
cell carcinoma)

Cancer cells growing 
along the alveolar septa

Pneumonic opacities, 
consolidation with air 
bronchograms, 
ground-glass opacities 
(either solitary or 
multiple)

CT = computed tomography; GM-CSF = granulocyte-macrophage colony-stimulating factor.

Possible acute interstitial pneumonia:
Symptom duration: days to weeks;
features of ARDS with no obvious 

cause unless fever is present

Confirm with surgical lung biopsy

Diffuse alveolar hemorrhage:
Symptom duration: hours to days;

hemoptysis in 70%; anemia

BAL with progressively more 
bloody return

BAL and TBBX with malignant 
adenocarcinoma cells 

Invasive mucinous  
adenocarcinoma and 

lepidic-predominant nonmucinous 
adenocarcinoma   

(bronchioloalveolar cell cancer):
Symptom duration: weeks to months, 

bronchorrhea may be present

Pulmonary alveolar proteinosis: 
Symptom duration: weeks to 

months

BAL with return of milky fluid 
BAL and TBBX show PAS- 

positive material 

Bronchoscopy

BAL without infectious etiology

Cough, dyspnea, alveolar infiltrates
Exclude pulmonary edema*

Exclude infectious pneumonia†

FIGURE 85-1. A general approach to the alveolar filling disorders. *see Chapter 52. †see Chapter 91. ArDs = acute respiratory distress syndrome; BAl = bronchoalveolar lavage; PAs 
= periodic acid–schiff; TBBX = transbronchial biopsy. 

patient may present with the onset of cough (usually dry) and dyspnea of 
variable duration, depending on the disease process. Hemoptysis is a frequent 
presenting symptom in the alveolar hemorrhagic disorders. With the excep-
tion of acute interstitial pneumonia, symptoms suggesting an acute infectious 
process such as fever, leukocytosis, and productive cough are usually absent. 
If the initial chest radiograph or chest computed tomography (CT) is consistent 
with a possible alveolar filling process (Chapter 78) and acute pneumonia 
and pulmonary edema are excluded, bronchoscopy with bronchoalveolar lavage 
(BAL) (Chapter 79) and transbronchial biopsy should be performed, par-
ticularly if pulmonary alveolar proteinosis, invasive mucinous adenocarcinoma, 
lepidic predominant nonmucinous adenocarcinoma (Chapter 182), or alveolar 
hemorrhage is suspected. When these tests are nondiagnostic, and in many 
cases of suspected acute interstitial pneumonia, a surgical lung biopsy obtained 
by thoracoscopy or an open surgical procedure may be indicated to establish 
a firm diagnosis.

 PULMONARY ALVEOLAR PROTEINOSIS

 EPIDEMIOLOGY
Pulmonary alveolar proteinosis is a rare alveolar filling disease caused by the 
accumulation of phospholipoproteinaceous surfactant material in the alveoli. 
The incidence is estimated to be 3.7 cases per million people. Pulmonary 
alveolar proteinosis is a primary acquired, autoimmune disorder in more than 
90% of cases, but similar histopathologic features may be found with identifi-
able secondary causes, such as acute silicosis (silicoproteinosis; Chapter 87), 
aluminum dust exposure (Chapter 87), indium dust exposure, immunodefi-
ciency disorders (e.g., immunoglobulin G monoclonal gammopathy and severe 
combined immunodeficiency syndrome), hematologic malignant neoplasms 
(particularly myeloid leukemias; Chapters 173 and 175), and certain infec-
tions (e.g., Pneumocystis jiroveci pneumonia). Pulmonary alveolar proteinosis 
has also been described after bone marrow transplantation (Chapter 168). A 
congenital form also usually presents in infancy.

 PATHOBIOLOGY
The pathogenesis of pulmonary alveolar proteinosis is related to impaired 
processing of surfactant by alveolar macrophages caused by defects in 
granulocyte-macrophage colony-stimulating factor (GM-CSF) signaling. 
This impairment may be caused by autoantibodies against GM-CSF or 
GM-CSF receptor gene mutations, which are found in 90% of cases. The 
secondary forms are caused by a relative GM-CSF deficiency, leading to 
macrophage dysfunction and reduced surfactant clearance. The autosomal 
recessive congenital form of pulmonary alveolar proteinosis, caused by a 
mutation in the genes encoding surfactant protein B or C, or the GM-CSF 
receptor results in abnormal surfactant function and severe respiratory dis-
tress in homozygous infants. The result of this impairment is accumulation of 
surfactant-rich material and progressive dysfunction in phagocytosis caused 
by excessive production or diminished clearance of surfactant by alveolar  
macrophages.

Histologic examination in pulmonary alveolar proteinosis reveals alveoli filled 
with lipoproteinaceous material that stains pink (positive reaction) with periodic 
acid–Schiff stain. Classically, there is no destruction of alveolar architecture. 
Electron microscopy reveals lamellar (phospholipid-containing) myelin bodies.

 CLINICAL MANIFESTATIONS
Pulmonary alveolar proteinosis presents in patients in the third to fourth decade 
of life with a 2 : 1 male predominance. Most patients (72%) are smokers. 
Patients present with the insidious onset of dyspnea and cough, which may 
be dry or occasionally productive of grayish material.1 The duration of symp-
toms before diagnosis is typically 6 weeks to 6 to 8 months. Low-grade fevers, 
malaise, and weight loss may also be present. Hemoptysis is unusual. On 
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antibodies is now often performed to support the diagnosis. GM-CSF auto-
antibody levels may be obtained and are thought to be 100% sensitive and 
specific for the autoimmune form of pulmonary alveolar proteinosis. There 
does not appear to be a correlation between antibody levels and the severity 
of disease.

FIGURE 85-2. A chest radiograph showing bilateral alveolar opacities in a patient with 
pulmonary alveolar proteinosis. 

FIGURE 85-3. A chest computed tomography scan showing the “crazy paving” pattern 
characteristic of pulmonary alveolar proteinosis. 

About 8 to 30% of cases of pulmonary alveolar proteinosis resolve spontane-
ously, and smoking cessation may contribute to spontaneous resolution. A 
second group of patients will progress to respiratory failure. The remainder will 
have stable disease. Superinfection with Nocardia spp, atypical mycobacteria, 
fungi, and other opportunistic organisms can occur in more than 15% of patients 
as a result of macrocyte phagocytic dysfunction.

Therapy depends on the severity of symptoms. Corticosteroids are ineffective 
and may be deleterious. Treatment of severely symptomatic patients with 
dyspnea and hypoxemia3 begins with multistage or sequential whole-lung 
lavage4 performed under general anesthesia with a double-lumen endotracheal 
tube.5 The recovered fluid initially has an opaque, sandy-colored appearance 
(E-Fig. 85-2). This procedure may have to be repeated at variable intervals. 
Asymptomatic patients should be observed and followed closely. Mildly symp-
tomatic patients should receive supportive therapy with supplemental oxygen 
as needed. Various doses of subcutaneous or inhaled GM-CSF,6 which is usually 
reserved for patients who cannot undergo whole-lung lavage or who have 
failed standard treatment with whole-lung lavage, can improve quality of life, 
oxygenation, pulmonary function, and exercise capacity in about half of treated 
patients. Isolated case series have reported variable responses to CD-20 mono-
clonal antibody, rituximab, or plasmapheresis. Corticosteroids are not routinely 
used. Lung transplantation can be performed, but recurrent pulmonary alveolar 
proteinosis has been reported.

Survival rates at 5 years approach 75%.

TREATMENT 

physical examination, rales are present in 50% of cases. Clubbing is an unusual 
finding until later stages of disease.

 DIAGNOSIS
Mildly elevated leukocyte counts and mildly to moderately elevated lactate 
dehydrogenase (LDH) levels may be found in more than 80% of patients; 
LDH levels may correlate with the severity of disease. Polycythemia and 
hypergammaglobulinemia may also be present. The chest radiograph (Fig. 
85-2) and chest CT scans demonstrate a diffuse symmetrical alveolar filling 
process with predominance in the lower two thirds of the lung fields; the 
radiographic appearance may mimic pulmonary edema.2 The characteristic 
CT pattern is often described as “crazy paving,” which is attributable to scat-
tered or diffuse areas of ground-glass attenuation with thickening of intralobular 
structures and interlobular septa in polygonal shapes (Fig. 85-3 and E-Fig. 
85-1). This radiographic pattern is not specific for this disorder and can be 
seen with acute respiratory distress syndrome (ARDS; Chapter 96), P. jiroveci 
pneumonia (Chapter 321), adenocarcinomas formerly described as bronchio-
loalveolar carcinoma (Chapter 182), lipoid pneumonia (Chapter 88), sarcoidosis 
(Chapter 89), organizing pneumonia, drug reactions, and pulmonary hemor-
rhage as well as with cardiogenic pulmonary edema (Chapter 53) and acute 
interstitial pneumonias. Pulmonary function tests often, but not always, show 
a restrictive pattern with a reduced diffusing capacity. Arterial blood gas analyses 
reveal hypoxemia.

Bronchoscopy should be the initial procedure when pulmonary alveolar 
proteinosis is suspected. The diagnosis of pulmonary alveolar proteinosis can 
be established in most cases by the recovery of milky white to sandy-colored 
or light brown fluid on BAL. When it is subjected to cytologic analysis, the 
BAL fluid has a positive reaction on periodic acid–Schiff staining and reveals 
alveolar macrophages filled with positive staining material. Transbronchial 
biopsy or thoracoscopic biopsy can confirm the diagnosis by providing tissue 
that has similar staining characteristics. Serologic analysis for GM-CSF 

 ACUTE INTERSTITIAL PNEUMONIA

 DEFINITION
Acute interstitial pneumonia, also referred to as the Hamman-Rich syndrome, 
is a rare and often fatal disease that mimics ARDS (Chapter 96). The etiology 
is unknown, and acute interstitial pneumonia is sometimes defined as the 
development of ARDS in the absence of known triggers. A similar acute pre-
sentation may be seen in patients with an acute exacerbation of idiopathic 
pulmonary fibrosis (Chapter 86), but most investigators believe that acute 
interstitial pneumonia is a separate disease process with no histologic evidence 
of underlying usual interstitial pneumonia.

 PATHOBIOLOGY
The pathogenesis of acute interstitial pneumonia is damage to the epithelium 
of the alveolar membranes by a neutrophil-mediated mechanism; the result 
is pouring of exudate into the air space in the initial exudative phase of disease. 
Histologic examination reveals diffuse alveolar damage with intra-alveolar 
hyaline membrane formation, interstitial and intra-alveolar edema, acute 
inflammation, and epithelial cell necrosis with a nonspecific distribution and 
temporal uniformity. This process progresses to the organizing phase, char-
acterized by alveolar septal thickening, type II pneumocyte hyperplasia, and 
fibroblast proliferation along the interstitium and alveolar spaces. In situ thrombi 
of small pulmonary arteries may be present. Finally, a fibrotic phase occurs 
with alveolar septal thickening from organizing fibrosis. One of the key patho-
logic findings in acute interstitial pneumonia is the temporal uniformity of 
the diffuse alveolar damage and of organizing and proliferating connective 
tissue. This uniformity supports a single acute injury at a particular point in 
time. Long-standing fibrosis is not a typical pathologic finding in acute inter-
stitial pneumonia.

 CLINICAL MANIFESTATIONS
Acute interstitial pneumonia manifests with equal frequency in men and 
women, typically in previously healthy individuals in the 50- to 55-year age 
range. It develops acutely to subacutely during a few days to a few weeks. The 
mean duration of symptoms is 7 to 15 days. Dry cough, shortness of breath, 
malaise, and fever (in 75% of patients) are typical clinical findings. A virus-like 
prodrome period has been described. Pulmonary rales are heard on physical 
examination, and hypoxemia is characteristic. Clubbing is rare. Leukocytosis 
may be present. Acute interstitial pneumonia often progresses to hypoxemic 
respiratory failure, and intensive care unit admission with mechanical ventilation 

C, trimellitic anhydride inhalation, all-trans retinoic acid, propylthiouracil, 
and isocyanates); bone marrow transplantation (Chapter 168); coagulopathy 
(Chapter 165); and mitral stenosis (Chapter 66). A small percentage of idio-
pathic and recurrent cases are termed idiopathic pulmonary hemosiderosis. In 
Goodpasture syndrome, there is a strong association with tobacco use and a 
male predominance, with young men most frequently affected. A viral syndrome 
and exposure to hydrocarbons may simulate Goodpasture disease. Idiopathic 
pulmonary hemosiderosis most often occurs in children and young adults.

 PATHOBIOLOGY
Alveolar hemorrhage is caused by bleeding from the pulmonary microcircula-
tion, including the capillaries, arterioles, and venules. It may be associated 
with injury or neutrophilic inflammation of the alveolar walls and adjacent 
interstitial capillaries (i.e., a capillaritis), usually when it is associated with 
collagen vascular or vasculitic processes. In Goodpasture syndrome, for example, 
the circulating anti–glomerular basement membrane antibodies are directed 
against the α3 chain of type IV collagen in the glomerular basement membrane, 
where they cause glomerulonephritis; these core antibodies can cross-react 
with the alveolar capillary basement membranes, resulting in alveolar hemor-
rhage. Alternatively, alveolar hemorrhage may be associated with relatively 
bland pathologic changes with red blood cells in the alveolar spaces. Idiopathic 
pulmonary hemosiderosis can be an example of bland hemorrhage.

 CLINICAL MANIFESTATIONS
Patients present acutely (usually in hours to a week) with dyspnea, shortness of 
breath, hemoptysis (which may be absent in up to one third of patients), and 
cough. Some patients also have low-grade fever. Lung examination reveals rales.

Laboratory examination may reveal anemia, and arterial blood gases reveal 
hypoxemia. In Goodpasture syndrome and the ANCA-associated vasculitides, 
hematuria and renal insufficiency caused by glomerulonephritis are typically 
present.

Radiographic features include the acute development of bilateral alveolar 
filling disease similar to pulmonary edema but without cardiomegaly or pleural 
effusions (E-Fig. 85-4). Rapid remission and recurrences are seen with repeated 
episodes of bleeding, which also may result in chronic interstitial changes on 
the chest radiograph. Pulmonary function testing may reveal an increase in 
the diffusion capacity for carbon monoxide because of the presence of hemo-
globin in the alveolar spaces.

 DIAGNOSIS
The diagnosis of alveolar hemorrhage is usually made in the appropriate clini-
cal setting by the triad of diffuse alveolar opacities (Fig. 85-5),11 hemoptysis 
(in two thirds of patients), and anemia. In immunosuppressed patients, the 
most frequent causes of diffuse alveolar hemorrhage are hematologic neoplasms, 
hematopoietic stem cell or solid organ transplantation, drug reaction or infec-
tion, and associated HIV infection. BAL typically demonstrates the return of 
progressively more bloody aliquots of fluid (E-Fig. 85-5), and cytologic analysis 
reveals that more than 20% of the macrophages are hemosiderin laden. Good-
pasture syndrome is diagnosed by circulating anti–glomerular basement 
membrane antibodies, which are present in more than 90% of patients, or by 
the demonstration of linear deposition of immunoglobulin G antibodies along 
the alveolar or renal capillary basement membrane tissue when it is viewed 
by direct immunofluorescence. c-ANCA– (cytoplasmic antineutrophil cyto-
plasmic antibody–) associated vasculitis causes a focal, segmental, necrotizing 
glomerulonephritis and is associated with the presence of proteinase 3 anti-
neutrophilic cytoplasmic antibodies in 90% of active cases of granulomatosis 
with polyangiitis (Chapter 254). Necrotizing granulomatous inflammation is 
often found in the upper airway in addition to the lungs and kidneys. A peri-
nuclear myeloperoxidase antineutrophilic antibody is often present in associa-
tion with microscopic polyarteritis (Chapter 254). Patients with systemic 
lupus erythematosus usually have antinuclear antibodies (Chapter 250). Patients 
using illicit drugs such as cocaine may have a positive drug screen. Idiopathic 
pulmonary hemosiderosis is a diagnosis of exclusion after other causes of 
diffuse alveolar hemorrhage have been eliminated.

is usually required. Early mortality rates are high. Radiographic features of acute 
interstitial pneumonia are diffuse alveolar opacities and air space consolidation 
similar to the appearance of ARDS7 (Fig. 85-4 and E-Fig. 85-3); CT scans 
reveal bilateral air space consolidation with areas of ground-glass opacities 
with little honeycombing. Septal thickening and a subpleural distribution of 
the opacities may also be present.

 DIAGNOSIS
The diagnosis of acute interstitial pneumonia is made in the appropriate clini-
cal setting in a patient who has a clinical presentation compatible with ARDS 
but without a clear etiology.8 The differential diagnosis histologically and 
clinically includes other causes of ARDS (Chapter 96), such as severe infec-
tion, trauma, and sepsis, as well as other causes of acute lung injury (Chapter 
88), such as drug toxicity, inhalation injury, and collagen vascular diseases. 
The presentation is clinically and radiographically similar to that of diffuse 
alveolar hemorrhage, acute hypersensitivity pneumonitis, acute exacerbation 
of pulmonary fibrosis, acute eosinophilic pneumonia, and cryptogenic orga-
nizing pneumonia. Bronchoscopy with BAL is often performed to exclude 
alveolar hemorrhage, eosinophilic pneumonias, and infectious causes of lung 
injury. In a small number of cases, transbronchial biopsy may yield the diag-
nosis, but definitive diagnosis in most cases of acute interstitial pneumonia 
requires a surgical lung biopsy revealing diffuse alveolar damage.

TREATMENT 

 DIFFUSE ALVEOLAR HEMORRHAGE

 DEFINITION
The alveolar hemorrhage syndromes cause alveolar filling disease, usually with 
an acute onset and often with life-threatening severity. They can be associated 
with ANCA- (antineutrophil cytoplasmic antibody–) associated vasculitides10 
such as microscopic polyangiitis (Chapter 254) and granulomatosis with poly-
angiitis (Chapter 254); immunologic diseases, such as Goodpasture syndrome 
(anti–glomerular basement membrane antibody disease; Chapter 113); col-
lagen vascular diseases, such as systemic lupus erythematosus (Chapter 250); 
cocaine inhalation (Chapter 31); drugs (including penicillamine, mitomycin 

TREATMENT 
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E-FIGURE 85-1. A chest computed tomography scan showing the “crazy paving”  
pattern characteristic of pulmonary alveolar proteinosis. 

E-FIGURE 85-2. Whole-lung lavage from a patient with pulmonary alveolar proteinosis 
revealing sandy-colored fluid. 
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C, trimellitic anhydride inhalation, all-trans retinoic acid, propylthiouracil, 
and isocyanates); bone marrow transplantation (Chapter 168); coagulopathy 
(Chapter 165); and mitral stenosis (Chapter 66). A small percentage of idio-
pathic and recurrent cases are termed idiopathic pulmonary hemosiderosis. In 
Goodpasture syndrome, there is a strong association with tobacco use and a 
male predominance, with young men most frequently affected. A viral syndrome 
and exposure to hydrocarbons may simulate Goodpasture disease. Idiopathic 
pulmonary hemosiderosis most often occurs in children and young adults.

 PATHOBIOLOGY
Alveolar hemorrhage is caused by bleeding from the pulmonary microcircula-
tion, including the capillaries, arterioles, and venules. It may be associated 
with injury or neutrophilic inflammation of the alveolar walls and adjacent 
interstitial capillaries (i.e., a capillaritis), usually when it is associated with 
collagen vascular or vasculitic processes. In Goodpasture syndrome, for example, 
the circulating anti–glomerular basement membrane antibodies are directed 
against the α3 chain of type IV collagen in the glomerular basement membrane, 
where they cause glomerulonephritis; these core antibodies can cross-react 
with the alveolar capillary basement membranes, resulting in alveolar hemor-
rhage. Alternatively, alveolar hemorrhage may be associated with relatively 
bland pathologic changes with red blood cells in the alveolar spaces. Idiopathic 
pulmonary hemosiderosis can be an example of bland hemorrhage.

 CLINICAL MANIFESTATIONS
Patients present acutely (usually in hours to a week) with dyspnea, shortness of 
breath, hemoptysis (which may be absent in up to one third of patients), and 
cough. Some patients also have low-grade fever. Lung examination reveals rales.

Laboratory examination may reveal anemia, and arterial blood gases reveal 
hypoxemia. In Goodpasture syndrome and the ANCA-associated vasculitides, 
hematuria and renal insufficiency caused by glomerulonephritis are typically 
present.

Radiographic features include the acute development of bilateral alveolar 
filling disease similar to pulmonary edema but without cardiomegaly or pleural 
effusions (E-Fig. 85-4). Rapid remission and recurrences are seen with repeated 
episodes of bleeding, which also may result in chronic interstitial changes on 
the chest radiograph. Pulmonary function testing may reveal an increase in 
the diffusion capacity for carbon monoxide because of the presence of hemo-
globin in the alveolar spaces.

 DIAGNOSIS
The diagnosis of alveolar hemorrhage is usually made in the appropriate clini-
cal setting by the triad of diffuse alveolar opacities (Fig. 85-5),11 hemoptysis 
(in two thirds of patients), and anemia. In immunosuppressed patients, the 
most frequent causes of diffuse alveolar hemorrhage are hematologic neoplasms, 
hematopoietic stem cell or solid organ transplantation, drug reaction or infec-
tion, and associated HIV infection. BAL typically demonstrates the return of 
progressively more bloody aliquots of fluid (E-Fig. 85-5), and cytologic analysis 
reveals that more than 20% of the macrophages are hemosiderin laden. Good-
pasture syndrome is diagnosed by circulating anti–glomerular basement 
membrane antibodies, which are present in more than 90% of patients, or by 
the demonstration of linear deposition of immunoglobulin G antibodies along 
the alveolar or renal capillary basement membrane tissue when it is viewed 
by direct immunofluorescence. c-ANCA– (cytoplasmic antineutrophil cyto-
plasmic antibody–) associated vasculitis causes a focal, segmental, necrotizing 
glomerulonephritis and is associated with the presence of proteinase 3 anti-
neutrophilic cytoplasmic antibodies in 90% of active cases of granulomatosis 
with polyangiitis (Chapter 254). Necrotizing granulomatous inflammation is 
often found in the upper airway in addition to the lungs and kidneys. A peri-
nuclear myeloperoxidase antineutrophilic antibody is often present in associa-
tion with microscopic polyarteritis (Chapter 254). Patients with systemic 
lupus erythematosus usually have antinuclear antibodies (Chapter 250). Patients 
using illicit drugs such as cocaine may have a positive drug screen. Idiopathic 
pulmonary hemosiderosis is a diagnosis of exclusion after other causes of 
diffuse alveolar hemorrhage have been eliminated.

is usually required. Early mortality rates are high. Radiographic features of acute 
interstitial pneumonia are diffuse alveolar opacities and air space consolidation 
similar to the appearance of ARDS7 (Fig. 85-4 and E-Fig. 85-3); CT scans 
reveal bilateral air space consolidation with areas of ground-glass opacities 
with little honeycombing. Septal thickening and a subpleural distribution of 
the opacities may also be present.

 DIAGNOSIS
The diagnosis of acute interstitial pneumonia is made in the appropriate clini-
cal setting in a patient who has a clinical presentation compatible with ARDS 
but without a clear etiology.8 The differential diagnosis histologically and 
clinically includes other causes of ARDS (Chapter 96), such as severe infec-
tion, trauma, and sepsis, as well as other causes of acute lung injury (Chapter 
88), such as drug toxicity, inhalation injury, and collagen vascular diseases. 
The presentation is clinically and radiographically similar to that of diffuse 
alveolar hemorrhage, acute hypersensitivity pneumonitis, acute exacerbation 
of pulmonary fibrosis, acute eosinophilic pneumonia, and cryptogenic orga-
nizing pneumonia. Bronchoscopy with BAL is often performed to exclude 
alveolar hemorrhage, eosinophilic pneumonias, and infectious causes of lung 
injury. In a small number of cases, transbronchial biopsy may yield the diag-
nosis, but definitive diagnosis in most cases of acute interstitial pneumonia 
requires a surgical lung biopsy revealing diffuse alveolar damage.

FIGURE 85-4. Acute interstitial pneumonia (AIP) also called idiopathic ARDS. Chest 
radiograph shows perihilar, right middle lobe and bibasal consolidations with air-bron-
chograms. (From Dr. stark with courtesy of Paul stark, M.D.)

Treatment includes supportive intensive care unit management. In small 
case series, corticosteroids at doses of 1 to 2 g of methylprednisolone in divided 
doses intravenously per day for 3 consecutive days followed by prednisone or 
equivalent at 1 mg/kg/day with a taper during several weeks to months, with 
or without cyclophosphamide, may be of benefit, but the mortality rate remains 
higher than 70%.9 Patients also can have recurrences in months to years. Some 
cases of acute interstitial pneumonia may resolve without sequelae, but in 
some series, more than 50% of survivors may be left with residual fibrosis.

TREATMENT 

 DIFFUSE ALVEOLAR HEMORRHAGE

 DEFINITION
The alveolar hemorrhage syndromes cause alveolar filling disease, usually with 
an acute onset and often with life-threatening severity. They can be associated 
with ANCA- (antineutrophil cytoplasmic antibody–) associated vasculitides10 
such as microscopic polyangiitis (Chapter 254) and granulomatosis with poly-
angiitis (Chapter 254); immunologic diseases, such as Goodpasture syndrome 
(anti–glomerular basement membrane antibody disease; Chapter 113); col-
lagen vascular diseases, such as systemic lupus erythematosus (Chapter 250); 
cocaine inhalation (Chapter 31); drugs (including penicillamine, mitomycin 

Treatment of alveolar hemorrhage varies according to its underlying cause. 
Massive hemoptysis (Chapter 77) from any cause of alveolar hemorrhage should 
be managed as needed. In the case of anticoagulation-, drug-, or toxin-related 
alveolar hemorrhage, the offending agent should be withdrawn, and supportive 

TREATMENT 
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E-FIGURE 85-3. A chest radiograph showing bilateral alveolar opacities in a patient 
with acute interstitial pneumonia. 

E-FIGURE 85-4. A chest radiograph showing bilateral alveolar opacities in a patient 
with diffuse alveolar hemorrhage. 

E-FIGURE 85-5. Bronchoalveolar lavage fluid revealing a progressively increasingly 
bloody lavage consistent with diffuse alveolar hemorrhage. 
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invasive adenocarcinoma and its subtypes.12 The types that would most likely 
be correlated with an alveolar filling appearance pathologically and on chest 
imaging are invasive mucinous adenocarcinoma, in which consolidation 
and air-bronchograms may be present, and lepidic-predominant nonmuci-
nous adenocarcinoma, in which a ground-glass appearance is characteristic. 
Both of these types of adenocarcinoma are among those formally charac-
terized as bronchioloalveolar cell carcinoma. In general, these tumors are 
characterized by malignant cells lining the alveolar cell wall (Chapter 182). 
Among bronchogenic carcinomas, these subtypes are the least associated 
with tobacco use, and patients with these cancers are more likely to be non-
smokers. Unlike other non–small cell lung cancers, the sex ratio approaches 
1 : 1 or may be slightly female predominant, and younger patients may be  
affected.

 PATHOBIOLOGY
These types of adenocarcinoma usually arise in the periphery of the lung and 
may be characterized by lepidic growth, which means contiguous growth along 
the intact alveolar septa, with varying degrees of stromal, pleural, vascular, 
or lymphatic invasion and without a known primary adenocarcinoma else-
where. The mucinous type is thought to derive from respiratory goblet cells 
and columnar cells, and the nonmucinous type from type II pneumocytes or  
Clara cells.

 CLINICAL MANIFESTATIONS
Patients present with a gradual onset of shortness of breath and cough. The 
duration of symptoms is usually several months. Constitutional symptoms 
such as malaise and weight loss may be present. Hemoptysis may occur. An 
unusual but unique clinical finding is bronchorrhea, with patients reporting 
the production of copious amounts of clear sputum daily. This finding is more 
common in the invasive mucinous form of the disease.

 DIAGNOSIS
Radiographic patterns vary and can include localized disease with peripheral 
solitary or multiple nodules or masses in 60% of cases or a persistent pneu-
monic pattern in 40% of cases. The radiographic findings of consolidation 
with air bronchograms are often initially thought to be consistent with acute 
pneumonia (Fig. 85-6), but the typical clinical presentation is that of a non-
resolving peripheral density on chest radiograph (E-Fig. 85-6). In addition, 
CT may show areas of ground-glass attenuation. Positron emission tomogra-
phy may be normal because of the low glucose uptake of these tumors. The 
diagnosis of invasive mucinous adenocarcinoma and lepidic predominant 
nonmucinous adenocarcinoma is most often made by bronchoscopy with 
transbronchial biopsy.

 PROGNOSIS
Alveolar hemorrhage can result in acute respiratory failure and death. Recur-
rent alveolar hemorrhage from any cause, such as idiopathic pulmonary hemo-
siderosis, can be associated with the development of pulmonary fibrosis. 
Alveolar hemorrhage related to collagen vascular disease, vasculitides, and 
idiopathic pulmonary hemosiderosis can have mortality rates ranging from 
25 to 50%. With Goodpasture syndrome, renal failure is common, and the 
degree of renal impairment may correlate with outcome.

 INVASIVE MUCINOUS ADENOCARCINOMA AND 
LEPIDIC PREDOMINANT NONMUCINOUS 
ADENOCARCINOMA (FORMERLY CALLED 
BRONCHIOLOALVEOLAR CELL CARCINOMA)

 DEFINITION
In 2011, a multidisciplinary committee eliminated the term bronchioloalveo-
lar cell carcinoma and divided pulmonary adenocarcinomas into five types: 
adenocarcinoma in situ, minimally invasive adenocarcinoma, lepidic predomi-
nant nonmucinous adenocarcinoma, invasive mucinous adenocarcinoma, and 

FIGURE 85-5. A chest computed tomography scan showing alveolar opacities in a 
patient with diffuse alveolar hemorrhage. 

FIGURE 85-6. Mucinous adenocarcinoma (bronchioloalveolar carcinoma). Chest 
radiograph shows right upper lobe complete consolidation with air bronchograms as 
well as left lower lobe consolidation. The findings mimic extensive lobar pneumonia. 
eventration of the left hemidiaphragm and gastric distention are unrelated. (From Dr. 
stark with courtesy of Paul stark, M.D.)

care is indicated. In Goodpasture syndrome, the ANCA-associated vasculitides, 
and other vasculitides (Chapter 254), treatment typically includes immunosup-
pressant agents such as corticosteroids (methylprednisolone, 500 to 2000 mg/
day in divided doses for 3 to 5 days followed by a prednisone taper beginning 
at 1 mg/kg/day during the next 6 to 9 months) and cyclophosphamide (2 mg/
kg/day orally or 0.5 g/m2 to 0.75 g/m2 intravenously for one dose) and then if 
needed, every 2 weeks or change to oral therapy. Plasmapheresis (3 to 14 
exchanges) to remove the offending circulating antibody is a mainstay therapy 
for Goodpasture syndrome and may also be used in some cases of alveolar 
hemorrhage from ANCA-associated vasculitis and systemic lupus erythematosus. 
In patients with ANCA-associated vasculitis, rituximab (375 mg/m2 once a week 
for 4 weeks) is at least as good as cyclophosphamide (2 mg/kg adjusted for 
renal function) followed by azathioprine (2 mg/kg) for 12 to 15 months for 
inducing and maintaining remission (≈50% at 12 months and about 40% at 18 
months), A1  and rituximab (at 500 mg on days 0 and 14 and at 6, 12, and 18 
months) is better than azathioprine for maintaining remission and improving 
quality of life at two years. A2 

,
 A3 
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E-FIGURE 85-6. A chest computed tomography scan in a patient with invasive  
mucinous adenocarcinoma. 
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For staging and treatment, these types of adenocarcinoma are approached 
like other types of non–small cell lung cancers (Chapter 182).13 Testing for epi-
dermal growth factor receptor (EGFR) mutations should be performed, and 
chemotherapy planned accordingly. In general, the invasive mucinous adeno-
carcinomas are KRAS positive and EGFR negative. The lepidic predominant 
nonmucinous type tends to be EGFR positive. Bilateral lung transplantation 
has been performed, but recurrence in the transplanted lungs has been reported.

TREATMENT 
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 PROGNOSIS
Prognosis correlates with disease stage and with the histologic and radiographic 
patterns. Patients who undergo surgical resection for adenocarcinoma in situ 
or minimally invasive adenocarcinoma with a single focus of disease have a 
better prognosis than patients with other adenocarcinomas of like stage, with 
the 5-year survival rate approaching 100%. More advanced forms likely have 
a prognosis similar to that of other adenocarcinomas.
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4. The most common type of pulmonary alveolar proteinosis is:
 A. Acquired or autoimmune.
 B. Congenital
 C. Associated with hematologic disease.
 D. Associated with metal dust exposure.
 E. Associated with respiratory infection.

Answer: A Autoimmune processes account for 90% of adult cases of pulmo-
nary alveolar proteinosis, usually caused by GM-CSF auto antibodies. It also 
can be congenital or secondary to dust exposure or hematologic malignancy 
and is the most common form overall.

5. Plasmapheresis is part of the standard treatment for diffuse alveolar hemor-
rhage caused by which of the following diseases?
 A. Idiopathic pulmonary hemosiderosis
 B. Goodpasture syndrome
 C. Cocaine inhalation
 D. Autologous bone marrow transplantation
 E. Pneumococcal pneumonia

Answer: B Plasmapheresis along with corticosteroids and cyclophosphamide 
is part of the standard treatment of diffuse alveolar hemorrhage related to 
Goodpasture syndrome.

REVIEW QUESTIONS

1. The correct treatment for patient with pulmonary alveolar proteinosis and 
hypoxemia is:
 A. Corticosteroids.
 B. Lung transplantation.
 C. Plasmapheresis.
 D. Whole-lung lavage.
 E. Azathioprine.

Answer: D Patients with pulmonary alveolar proteinosis and significant clini-
cal findings, such as dyspnea and hypoxemia, should be treated with whole-lung 
lavage, which is the current standard therapy.

2. Bronchorrhea is a finding sometimes associated with:
 A. Diffuse alveolar hemorrhage.
 B. Pulmonary alveolar proteinosis.
 C. Invasive mucinous adenocarcinoma.
 D. Cardiogenic pulmonary edema.
 E. ARDS.

Answer: C Bronchorrhea, which is the production of copious amounts of 
sputum that is usually clear and sometimes salty tasting, is seen in some cases 
of invasive mucinous adenocarcinoma.

3. Which of the following is best characterized radiographically as an alveolar 
filling disorder?
 A. Idiopathic pulmonary fibrosis
 B. Lymphangioleiomyomatosis
 C. Acute interstitial pneumonitis
 D. Lymphocytic interstitial pneumonitis
 E. Langerhans cell histiocytosis

Answer: C Acute interstitial pneumonia is characterized radiographically as 
an alveolar filling process. The other options have an interstitial pattern on 
chest imaging.
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86 
INTERSTITIAL LUNG DISEASE
GANESH RAGHU AND FERNANDO J. MARTINEZ

 DEFINITION
In an apparently immunocompetent host, interstitial lung disease (ILD) is a 
clinical term for a heterogenous group of acute and chronic lower respiratory 
tract disorders with many potential causes. Clinical and physiologic features 
common to ILDs include cough, exertional dyspnea, absence of pulmonary 
infection or neoplasm, and abnormal pulmonary physiology, including a restric-
tive pattern on pulmonary function testing (Chapter 79), coexistent airflow 
obstruction, decreased diffusing capacity (Dlco), and increased alveolar-arterial 
oxygen difference (Pao2-Pao2) (Chapter 95) at rest or during exertion. ILDs 
include acute and chronic lung disorders with variable degrees of pulmonary 
inflammation or fibrosis (Table 86-1). The term interstitial is a misnomer 
because the pathologic processes are not restricted to the interstitium, which 
is the microscopic space bounded by the basement membranes of epithelial 
and endothelial cells. All of the cellular and soluble constituents that make 
up the gas exchange units (alveolar wall, capillaries, alveolar space, and acini) 
and the bronchiolar lumen, terminal bronchioles, and pulmonary parenchyma 
beyond the gas exchange units (as well as the pleura and lymphatics and 
sometimes the lymph nodes) may be involved in the pathogenesis and mani-
festations of ILD.

 EPIDEMIOLOGY
Among persons 18 years or older, the prevalence of all ILDs in the United 
States is about 81 per 100,000 men and 67 per 100,000 women. The overall 
incidence is higher in men (31.5 per 100,000 per year) than in women (26.1 
per 100,000 per year). Moreover, the prevalence of undiagnosed or early ILD 
is estimated to be 10 times that of clinically recognized disease; as physicians’ 

awareness of these entities increases, it is expected that the frequency of the 
diagnosis of ILD will rise. Among the ILDs, the two most common are idio-
pathic pulmonary fibrosis and connective tissue–associated ILD.1 In the United 
States, the annual incidence of idiopathic pulmonary fibrosis is 94 per 100,000 
in the Medicare population, with a mean age of onset of 79 years. Recent data 
suggest that more than 5000 new cases are diagnosed each year in the United 
Kingdom.

 PATHOBIOLOGY
Interstitial lung diseases are thought to result from an unknown tissue injury 
and attempted repair in the lung of a genetically predisposed person. Numer-
ous genetic variants have been associated with subsets of familial pulmonary 

TABLE 86-1 CLINICAL CLASSIFICATION OF INTERSTITIAL 
LUNG DISEASE

IDIOPATHIC INTERSTITIAL PNEUMONIAS

Chronic Fibrosing Interstitial Pneumonias
Idiopathic pulmonary fibrosis
Nonspecific interstitial pneumonia

smoking-related Interstitial Pneumonias
Respiratory bronchiolitis–interstitial lung disease
Desquamative interstitial pneumonia

acute or subacute Idiopathic Interstitial Pneumonias
Cryptogenic organizing pneumonia
Acute interstitial pneumonia
Lymphoid and lymphocytic interstitial pneumonia

rare Interstitial Pneumonias
Histologic pattern of acute fibrinous and organizing pneumonia
Histological pattern of interstitial pneumonias with a bronchiolocentric distribution
Pleuroparenchymal fibroelastosis
INTERSTITIAL LUNG DISEASE ASSOCIATED WITH CONNECTIVE TISSUE 
DISEASE

Progressive systemic sclerosis
Rheumatoid arthritis
Systemic lupus erythematosus
Dermatomyositis and polymyositis
Sjögren syndrome
Mixed connective tissue disease
Ankylosing spondylitis
HYPERSENSITIVITY PNEUMONITIS

Occupational and environmental factors (e.g., farmer’s lung, bird fancier’s lung)
Iatrogenic
DRUG-INDUCED AND IATROGENIC INTERSTITIAL LUNG DISEASE

See Table 86-2
ALVEOLAR FILLING DISORDERS (Chapter 85)

Goodpasture syndrome
Pulmonary alveolar proteinosis
Pulmonary hemosiderosis
Alveolar hemorrhage syndromes
Chronic eosinophilic pneumonia
INTERSTITIAL LUNG DISEASE ASSOCIATED WITH PULMONARY 
VASCULITIS

Pulmonary capillaritis
Granulomatosis with polyangiitis (formerly known as Wegener granulomatosis)
Eosinophilic granulomatosis with polyangiitis (formerly known as Churg-Strauss 

syndrome)
OTHER SPECIFIC FORMS OF INTERSTITIAL LUNG DISEASE

Sarcoidosis
Langerhans cell histiocytosis (histiocytosis X)
Lymphangioleiomyomatosis
INHERITED FORMS OF INTERSTITIAL LUNG DISEASE

Familial idiopathic pulmonary fibrosis
Familial pulmonary fibrosis or interstitial pneumonia
Tuberous sclerosis
Neurofibromatosis
Gaucher disease
Niemann-Pick disease
Hermansky-Pudlak syndrome
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ABSTRACT
Interstitial lung diseases are heterogeneous lower respiratory tract disorders. 
They present with respiratory symptoms and abnormal pulmonary physiology 
in the absence of pulmonary infection or neoplasm. Interstitial lung diseases 
include acute and chronic disorders with variable degrees of pulmonary inflam-
mation and/or fibrosis. The idiopathic interstitial pneumonias include chronic 
fibrosing disorders such as idiopathic pulmonary fibrosis and nonspecific 
interstitial pneumonias. Smoking-related disorders include respiratory bron-
chiolitis, interstitial lung disease, and desquamative interstitial pneumonia. 
Acute or subacute interstitial pneumonias include cryptogenic organizing 
pneumonia, acute interstitial pneumonia, and lymphoid interstitial pneumonia. 
Demographic features, smoking/family history, and a careful assessment of 
environmental/occupational/drug exposures are vital. The onset and duration 
of symptoms, the rate of disease progression, and association with hemoptysis 
or extrathoracic symptoms are of diagnostic value. Extrapulmonary manifesta-
tions on the physical examination suggest a coexisting systemic disease, espe-
cially a connective tissue disorder. Routine laboratory testing and serological 
studies may prove valuable. High-resolution computed tomography has become 
the essential diagnostic study, although some patients may require video-assisted 
thoracoscopic biopsy or open lung biopsy. The key to management is an accu-
rate diagnosis. When the cause is clear, avoidance of the inciting agent is 
essential. Antifibrotic agents are helpful for the treatment of idiopathic pul-
monary fibrosis. For other interstitial lung diseases, immunosuppressive agents 
are typically recommended, but their optimal dose and duration are unclear. 
Selected patients may benefit from lung transplantation.
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fibrosis and with some sporadic cases. These variants include hTERT or hTR 
components of the telomerase gene, the surfactant protein gene, MUC5B, 
A-kinase anchoring protein 13 (AKAP13) and TOLLIP, among others.2 About 
3 to 4% of patients treated with programmed cell death-1 inhibitors can develop 
interstitial lung diseases.3

The short telomere syndromes are a group of genetic disorders that are 
caused by mutations of the telomerase enzyme and telomere genes. The preva-
lence of telomerase mutations in lung disease makes the short telomere syn-
dromes the most common premature aging disorders, with an estimated 10,000 
affected adult individuals in the United States alone. The most common short 
telomere syndromes are interstitial lung diseases, including idiopathic pul-
monary fibrosis. About 20% of patients with familial pulmonary fibrosis have 
mutations in telomerase enzyme genes.

In idiopathic pulmonary fibrosis, varying degrees of acute, subacute, and 
chronic fibroblast proliferation are present in the lungs. Ultimately, progressive 
fibrosis results in honeycombing, an end-stage finding that is often associated 
with increased pulmonary vascular resistance and secondary pulmonary hyper-
tension. As a reflection of these dynamic processes, histopathologic examina-
tion of lung tissue often reveals highly heterogeneous findings within the same 
biopsy specimen.

 CLINICAL MANIFESTATIONS
ILDs are typically characterized by cough and progressive dyspnea. Pleuritic 
chest pain may occur with certain connective tissue or drug-induced ILDs; 
acute pleuritic chest pain with dyspnea may represent a spontaneous pneu-
mothorax (Chapter 92) in association with lymphangioleiomyomatosis, tuber-
ous sclerosis (Chapter 389), neurofibromatosis, or Langerhans cell histiocytosis. 
Hemoptysis suggests a diffuse alveolar hemorrhagic syndrome, systemic lupus 
erythematosus (SLE) (Chapter 250), lymphangioleiomyomatosis, granulo-
matosis with polyangiitis (Chapter 254), or Goodpasture syndrome (Chapter 
113); it is rare in other ILDs. In patients with existing ILD, new hemoptysis 
should prompt consideration of a superimposed malignancy, pulmonary 
embolus, or infection such as aspergillosis.

In some patients, the first and the only clue to the presence of an ILD may 
be the incidental finding of parenchymal abnormalities in computed tomog-
raphy (CT) images of the chest or rales (crackles) on lung auscultation. A 
history of wheezing suggests the coexistence of occult hyperactive airways 
and airflow obstruction, thereby raising the possibility of allergic broncho-
pulmonary aspergillosis (Chapter 319), eosinophilic granulomatosis with 
polyangiitis (Chapter 254), chronic eosinophilic pneumonia (see later), or 
parasitic infection (Chapter 323). In some patients, the initial presentation 
may be with peripheral cyanosis, clubbing, or the signs and symptoms of an 
underlying systemic disease (see later).

 DIAGNOSIS
The first key in patients with an ILD is to establish the syndromic diagnosis 
and then pursue the differential diagnosis of its specific cause (Fig. 86-1). 
However, a conclusive cause often may not be identified despite an exhaustive 
medical history and invasive diagnostic interventions, including bronchoal-
veolar lavage and bronchoscopic or surgical lung biopsy specimens. Thus, the 
cause of several of the ILDs, even when diagnosed as specific entities, remains 
unknown.

History
The patient’s age, sex, and cigarette smoking history may provide useful clues 
to the diagnosis. Idiopathic pulmonary fibrosis is an adult disorder that usually 
occurs in patients older than 50 years. Pulmonary sarcoidosis (Chapter 89), in 
contrast, is more common in young and middle aged adults. Whereas pulmonary 
Langerhans cell histiocytosis (previously known as pulmonary histiocytosis X 
or eosinophilic granuloma) characteristically occurs in young cigarette-smoking 
men, lymphangioleiomyomatosis occurs exclusively in women of childbearing 
age. Respiratory bronchiolitis–associated ILD is seen almost exclusively in 
cigarette smokers but occurs in both men and women of all ages.

The medical history should include a careful assessment of environmental 
and occupational exposures, as well as medication and drug use (Chapters 
87 and 88). A family medical history should address possible familial ILD. 
Environmental risk factors that may suggest the diagnosis of hypersensitivity 
pneumonitis include: farming or exposure to overt or occult avian antigens at or 
in the close vicinity of home; bird droppings or feather duvets (“bird fancier’s 
lung” or “pigeon breeder’s lung”); visible molds; unkempt recreational hot 
tubs; dusty homes; unchanged filters in furnaces; unkempt ventilatory systems 
at home, in the work place, other frequently visited places or in automobiles; 
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FIGURE 86-1. A diagnostic approach to interstitial lung disease. the evaluation should 
include multidisciplinary discussions, including the pulmonologist, chest radiologist, 
thoracic surgeon, pathologist and rheumatologist. CBl = complete blood count; CrP = 
C reactive protein; DaD = diffuse alveolar damage; DIP = desquamative interstitial pneu-
monia; esr = erythrocyte sedimentation rate; HrCt = high-resolution computed tomog-
raphy; IIP = idiopathic interstitial pneumonia; IPF = idiopathic pulmonary fibrosis; lIP = 
lymphoid interstitial pneumonia; nsIP = nonspecific interstitial pneumonia; OP = organizing 
pneumonia; Pe = physical examination; PFt = pulmonary function test; rB-IlD = respira-
tory bronchiolitis–associated interstitial lung disease; tlB = transbronchial lung biopsy; 
uIP = usual interstitial pneumonia. (adapted from american thoracic society/european 
respiratory society: International multidisciplinary consensus classification of idiopathic 
interstitial pneumonias. Am J Respir Crit Care Med. 2002;165:277-304 and raghu g, Collard 
Hr, egan JJ, et al. an official ats/ers/Jrs/alat statement: idiopathic pulmonary fibrosis: 
evidence-based guidelines for diagnosis and management. Am J Respir Crit Care Med. 
2011;183:788-824.)
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water leaks or humidifiers in the domestic or work environment; and changes 
in environmental exposures (hypersensitivity to thermophilic actinomycetes, 
Aureobasidium pullulans). At-risk occupations include mining (pneumoconio-
ses), machine tool grinding, sandblasting and working with granite (silicosis), 
welding, as well as working in a shipyard (asbestosis) or the aerospace or 
electronic industries (berylliosis) (Chapters 87 and 88). Because of the long 
interval between the exposure and the onset of symptoms in many occupations 
associated with ILD, it is important to take a detailed, lifelong occupational 
history (Chapter 16) as well as to establish the interval between exposure and 
the onset of symptoms. Because the list of medications known to cause ILD 
is long and continues to grow (Table 86-2), a careful history regarding recent 
use of prescription and over-the-counter products is essential. Risk factors 
for immunosuppression, including infection with human immunodeficiency 
virus, raise the possibility of opportunistic lung infections (Chapter 366), 
neoplasm (Chapter 182), and transplant-related pulmonary complications.

Particular attention should be paid to the onset and duration of symptoms; 
the rate of disease progression; and association with hemoptysis, fever, or 
extrathoracic symptoms. Symptoms that persist 4 weeks or less and the pres-
ence of fever suggest infection, cryptogenic organizing pneumonia, drug-induced 
pulmonary injury, or acute hypersensitivity pneumonitis. Idiopathic pulmonary 
fibrosis, ILD associated with connective tissue diseases, and Langerhans cell 
histiocytosis tend to have a more subacute onset. Extrapulmonary symptoms 
suggest that the ILD may be associated with systemic disorders (e.g., sarcoid-
osis; Chapter 89), and symptoms such as dysphagia, dry eyes or mouth, skin 
rash, or arthritis may suggest a connective tissue disorder (Chapters 250 to 
254). Proximal muscle aches or weakness suggests the possibility of polymyo-
sitis or dermatomyositis (Chapter 253), and recurrent sinusitis suggests granu-
lomatosis with polyangiitis (Chapter 254). Extrathoracic manifestations present 
in tuberous sclerosis (Chapter 389) include hematuria, epilepsy, and mental 
retardation.

Physical Examination
Physical examination of the respiratory system is rarely helpful in the diagnostic 
evaluation of ILD because findings such as rhonchi and rales on auscultation 
and digital clubbing are nonspecific. An accentuated P2, a right ventricular 
heave, or tricuspid insufficiency on the cardiac examination suggest pulmonary 
hypertension (Chapter 75) and cor pulmonale in patients with advanced lung 
disease. However, extrathoracic findings such as skin abnormalities, peripheral 
lymphadenopathy, and hepatosplenomegaly may be more specifically associ-
ated with underlying sarcoidosis (Chapter 89); muscle tenderness and proximal 
muscle weakness may point to coexisting polymyositis (Chapter 253); and 
signs of arthritis may indicate connective tissue disease (Chapters 248, 250, 
and 254) or sarcoidosis (Chapter 89). Characteristic rashes occur in several 
connective tissue diseases, disseminated Langerhans cell histiocytosis, tuber-
ous sclerosis, and neurofibromatosis. Ophthalmologic findings (Chapter 395) 
such as iridocyclitis, uveitis, or conjunctivitis, may be a clue to the diagnosis 
of sarcoidosis or a connective tissue disease. Central nervous system abnor-
malities may be present in sarcoidosis, SLE, Langerhans cell histiocytosis, or 
tuberous sclerosis.

Laboratory Testing
Routine laboratory testing should include a complete blood count, leukocyte 
differential, erythrocyte sedimentation rate, C reactive protein, chemistry panel 
(calcium, liver enzymes, electrolytes, creatinine), serologies for connective 
tissue disease, and urinalysis. Although these data rarely yield a specific diag-
nosis, they may provide helpful clues. Routine serology for occult connective 
tissue diseases (Chapter 242) may reveal typical findings of SLE (e.g., anti-
nuclear antibodies), rheumatoid arthritis (rheumatoid factor, anticitrullinated 
peptide antibody), scleroderma (ScL 70), dermatomyositis or polymyositis 
(creatine kinase, aldolase, myositis panel [Chapter 253], and anti–Jo-1 anti-
body), granulomatosis with polyangiitis (antineutrophil cytoplasmic antibod-
ies), Sjögren syndrome, and Goodpasture syndrome (anti-basement membrane 
antibodies).

Mild hypoxemia is typically present on arterial blood gas analysis because 
of abnormal ventilation-perfusion ratios, especially in moderate to severe cases 
of ILD. However, carbon dioxide retention is rare and suggests possible coex-
isting emphysema (Chapter 82) or a hypoventilatory disorder (Chapter 80).

Noninvasive Evaluation
Chest Radiograph
The distribution and appearance of radiographic abnormalities (Chapter 78) 
may prove useful in differentiating the clinicopathologic syndromes in patients 

TABLE 86-2 DRUG-INDUCED AND IATROGENIC 
INTERSTITIAL LUNG DISEASE*

ANTIMICROBIAL AGENTS

Cephalosporins
Isoniazid
Nitrofurantoin
Penicillins
Sulfonamides
ANTI-INFLAMMATORY AGENTS

Aspirin
Everolimus
Gold
Methotrexate
Nonsteroidal anti-inflammatory agents
d-Penicillamine
Phenylbutazone
Sirolimus
Tensirolimus
Zafirlukast
CARDIOVASCULAR DRUGS

Amiodarone
Angiotensin-converting enzyme inhibitors
β-Blockers
Hydralazine
Hydrochlorothiazide
Procainamide
Protamine sulfate
Tocainide
IMMUNE MODULATING, ANTINEOPLASTIC, AND CHEMOTHERAPEUTIC 
AGENTS

Atezolizumab
Bleomycin
Busulfan
Chlorambucil
Cyclophosphamide
Durvalumab
Erlotinib
Gefitinib
Gemcitabine
Imatinib
Ipilimumab
Melphalan
Mercaptopurine
Methotrexate
Mitomycin
Nitrosoureas
Nivolumab
Pembrolizumab
Procarbazine
Tumor necrosis factor alpha modulating agents
CENTRAL NERVOUS SYSTEM DRUGS

Carbamazepine
Chlorpromazine
Imipramine
Phenytoin
ORAL HYPOGLYCEMIC AGENTS

Chlorpropamide
Tolazamide
Tolbutamide
ILLICIT DRUGS

Cocaine
Heroin
Methadone
Propoxyphene
OTHER AGENTS

Antithymocyte globulin
All-trans-retinoic acid
Colony-stimulating factors
Interferon-α and -β
Irradiation
Mycophenolate mofetil
High fraction of inspired oxygen (Fio2) with mechanical ventilation
*This list contains examples only and is not meant to be inclusive. A very exhaustive list is available 
at www.pneumotox.com.

http://www.pneumotox.com/
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present in sarcoidosis, berylliosis, Langerhans cell histiocytosis, silicosis, chronic 
hypersensitivity pneumonitis, cystic fibrosis, and ankylosing spondylitis. The 
middle and lower lung zones show the most prominent abnormalities in lym-
phangitic carcinomatosis, idiopathic pulmonary fibrosis, subacute eosinophilic 
pneumonia, asbestosis, and pulmonary fibrosis caused by rheumatoid arthritis 
or progressive systemic sclerosis. Hilar adenopathy and mediastinal adenopathy 
are not common in ILDs; their presence should suggest sarcoidosis, berylliosis, 
silicosis, lymphocytic interstitial pneumonia (LIP), amyloidosis, or Gaucher 
disease. A pattern of peripherally located pulmonary infiltrates in the upper 
and middle lung zones with relatively clear perihilar and central zones is a 
clue to chronic eosinophilic pneumonia. Recurrent infiltrates raise the pos-
sibility of cryptogenic organizing pneumonia, chronic eosinophilic pneumonia, 
or drug- or radiation-induced pneumonitis, and fleeting or migratory infiltrates 
may occur in eosinophilic granulomatosis with polyangiitis, cryptogenic orga-
nizing pneumonia, allergic bronchopulmonary aspergillosis, tropical eosino-
philic pneumonia, or Löffler syndrome. Whereas localized pleural plaques 
may indicate asbestosis, diffuse pleural thickening can result from asbestosis, 
rheumatoid arthritis, progressive systemic sclerosis, radiation pneumonitis, 
nitrofurantoin, or malignancy. In the absence of left ventricular failure, the 
presence of a pleural effusion (Chapter 92) raises the possibility of rheumatoid 
arthritis, SLE, acute hypersensitivity pneumonitis, sarcoidosis, asbestosis, 
amyloidosis, lymphangioleiomyomatosis, or lymphangitic carcinomatosis. A 
reduction of lung volumes is typical in most ILDs; the presence of preserved 
lung volumes or hyperinflation should raise suspicion for chronic hypersen-
sitivity pneumonitis, Langerhans cell histiocytosis, lymphangioleiomyomatosis, 
neurofibromatosis, sarcoidosis, the combination of idiopathic pulmonary 
fibrosis and emphysema, or tuberous sclerosis. However, plain chest radio-
graphs may be normal in about 10% of patients with ILD.

High-Resolution Computed Tomography
Because of its increased sensitivity and ability to distinguish ground-glass 
changes, which are generally considered to be reversible areas of lung disease, 
from irreversible fibrotic and honeycomb changes, high-resolution computed 
tomography (HRCT) is essential in both the diagnosis and staging of ILD. 
Although microscopic ILD cannot be excluded by a normal HRCT result, 
HRCT allows recognition of abnormalities not apparent in plain chest radio-
graphs and may lead to an earlier diagnosis, help narrow the differential diag-
nosis patterns (Table 86-4), aid in selecting the site or sites for bronchoalveolar 
lavage and lung biopsy, assist in choosing among therapeutic options, and 
allow monitoring the response to treatment. Whereas a normal HRCT excludes 
the diagnosis of pulmonary fibrosis, the presence of patchy subpleural reticular 
and basilar septal fibrosis, traction bronchiectasis, and honeycombing increases 
the level of diagnostic confidence for the pattern of usual interstitial pattern, 
which is characteristic of idiopathic pulmonary fibrosis. The finding of lung 
cysts, including their size, configuration, distribution, and appearance, helps 
differentiate among lymphangioleiomyomatosis, tuberous sclerosis, pulmonary 
Langerhans cell histiocytosis, Birt-Hogg-Dube syndrome, Erdheim-Chester 
disease, and lymphocytic interstitial pneumonia. HRCT can detect ILD despite 
normal chest radiographs in patients with asbestosis, silicosis, sarcoidosis, and 
scleroderma. Patients with respiratory bronchiolitis–associated ILD typically 
have patchy ground-glass attenuation on HRCT in concert with bilateral 
interstitial prominence, fine nodular radiographic opacities, and normal lung 
volumes. Images obtained in the supine and prone positions help to differenti-
ate fibrosis from atelectasis. Images obtained on deep inspiration and exhalation 
sometimes aid in identifying areas of air trapping, which reflect airway 
abnormalities.

Pulmonary Function Tests
The most characteristic physiologic abnormalities in patients with ILD, regard-
less of etiology, are a restrictive lung defect and decreased Dlco (see Table 
79-1 in Chapter 79). Forced expiratory volume in 1 second (FEV1) and forced 
vital capacity (FVC) are decreased proportionally such that the ratio of the 
two remains normal or may even be increased. Both total lung capacity (TLC) 
and lung volumes measured by body plethysmography are reduced. Pulmonary 
function tests (PFTs) may be useful in monitoring the progression of disease, 
assessing the response to therapy, and estimating prognosis; significant changes 
in FVC Dlco (corrected to hemoglobin) at 1 year after diagnosis portend a 
worse survival in patients with idiopathic pulmonary fibrosis.

Certain PFT findings may also aid in the differential diagnosis. A mixed 
obstructive–restrictive pattern occurs in patients with eosinophilic granulo-
matosis with polyangiitis syndrome, allergic bronchopulmonary aspergil-
losis, endobronchial sarcoidosis, hypersensitivity pneumonitis, cryptogenic 

with ILD (Table 86-3). Comparison of previous chest radiographs with the 
current one is important in establishing the rate of progression of the patient’s 
disease. A diffuse ground-glass pattern is often observed early in the course 
of ILD followed by progression to reticular (linear) infiltrates with nodules 
(reticulonodular infiltrates) or, in the case of alveolar filling disorders, ill-
defined nodules (acinar rosettes) with air bronchograms. Most ILDs cause 
infiltrates in the lower lung zones, but upper lobe predominance is typically 

TABLE 86-3 CHARACTERISTIC CHEST RADIOGRAPHIC 
PATTERNS IN PATIENTS WITH INTERSTITIAL 
LUNG DISEASE

PATTERN SUGGESTED DIAGNOSES*

Decreased lung volumes Idiopathic pulmonary fibrosis, nonspecific interstitial 
pneumonia, desquamative interstitial pneumonia, 
connective tissue disease, chronic eosinophilic 
pneumonia, asbestosis, chronic hypersensitivity 
pneumonitis, or drug-induced interstitial lung 
disease (ILD)

Increased or preserved lung 
volumes

Idiopathic pulmonary fibrosis with emphysema, 
respiratory bronchiolitis–associated ILD, 
cryptogenic organizing pneumonia, 
hypersensitivity pneumonitis, 
lymphangioleiomyomatosis, Langerhans cell 
histiocytosis, sarcoidosis, neurofibromatosis, 
tuberous sclerosis

Micronodules Infection, hypersensitivity pneumonitis, sarcoidosis, 
respiratory bronchiolitis–associated ILD

Septal thickening Malignancy, infection, chronic congestive heart 
failure, pulmonary veno-occlusive disease

Honeycombing Idiopathic pulmonary fibrosis, fibrotic nonspecific 
interstitial pneumonia, connective tissue disease, 
asbestosis, chronic hypersensitivity pneumonitis, 
sarcoidosis

Recurrent infiltrates Cryptogenic organizing pneumonia, chronic 
eosinophilic pneumonia, drug- or radiation-
induced ILD

Migratory or fleeting 
infiltrates

Cryptogenic organizing pneumonia, hypersensitivity 
pneumonitis, eosinophilic granulomatosis with 
polyangiitis, Löffler syndrome, allergic 
bronchopulmonary aspergillosis

Pleural disease Connective tissue disease, asbestosis, malignancy, 
radiation-induced ILD, amyloidosis, sarcoidosis, 
lymphangioleiomyomatosis, nitrofurantoin-
induced ILD

Pneumothorax Langerhans cell histiocytosis, 
lymphangioleiomyomatosis, tuberous sclerosis, 
neurofibromatosis

Mediastinal or hilar 
adenopathy

Lymphocytic interstitial pneumonia, connective 
tissue disease, silicosis, chronic berylliosis, 
malignancy, infection, sarcoidosis, amyloidosis, 
Gaucher disease

Normal (rare) Cellular nonspecific interstitial pneumonia, 
respiratory bronchiolitis–associated interstitial 
lung disease, connective tissue disease, 
hypersensitivity pneumonitis, sarcoidosis

LOCATION OF 
RADIOGRAPHIC 
ABNORMALITY SUGGESTED DIAGNOSES*

Mid to upper lung zone Hypersensitivity pneumonitis, chronic berylliosis, 
ankylosing spondylitis, silicosis, Langerhans cell 
histiocytosis, sarcoidosis, pleuroparenchymal 
fibroelastosis, cystic fibrosis

Lower lung zone Idiopathic pulmonary fibrosis, nonspecific interstitial 
pneumonia (fibrotic), connective tissue disease, 
asbestosis, chronic hypersensitivity pneumonitis

Peripheral Idiopathic pulmonary fibrosis, nonspecific interstitial 
pneumonia (fibrotic), cryptogenic organizing 
pneumonia, chronic eosinophilic pneumonia

*This list is not intended to be comprehensive.
Adapted from Raghu G, Brown K. Clinical issues: patient evaluation. In: Baughman RP, du Bois 
RM, eds. Diffuse Lung Disease: A Practical Approach. New York: Oxford University Press; 2004.

TREATMENT 

 SPECIFIC TYPES OF INTERSTITIAL  
LUNG DISEASE

 Idiopathic Interstitial Pneumonias
Idiopathic interstitial pneumonias, which are a subset of acute or chronic ILDs 
of unknown etiology, are characterized by the presence of varying degrees of 
interstitial and alveolar inflammation and fibrosis. Distinct clinicopathologic 
forms of idiopathic interstitial pneumonia include chronic fibrosing interstitial 
pneumonias (idiopathic pulmonary fibrosis and nonspecific interstitial pneu-
monia), smoking-related interstitial pneumonias (respiratory bronchiolitis–ILD 
and desquamative interstitial pneumonia), and acute or subacute idiopathic 
interstitial pneumonias (cryptogenic organizing pneumonia and acute inter-
stitial pneumonia). Rare histologic patterns of acute fibrinous and organizing 
pneumonia and interstitial pneumonias with a bronchiolocentric distribution 
and pleuroparenchymal fibroelastosis have been recently recognized. In some 
patients, mixed histopathologic features are evident in different segments of 
the same lung. When the distinct pathological forms are not evident, the 
diagnosis of unclassifiable interstitial pneumonia has been recently recognized. 
The accuracy of the diagnosis of idiopathic interstitial pneumonias is increased 
by multidisciplinary discussions among expert pulmonologists, radiologists, 
and pathologists familiar with interstitial lung diseases and idiopathic interstitial 
pneumonias.

Although the clinical severity may vary, the idiopathic interstitial pneumonias 
tend to manifest as an insidious onset of exertional dyspnea and a nonproduc-
tive cough. Chest pain and systemic symptoms such as weight loss and fatigue 
may be present. Bibasilar end-inspiratory crackles are often heard on ausculta-
tion. Clubbing, although not specific, is found in 25 to 50% of patients with 
idiopathic pulmonary fibrosis. Findings on the chest radiograph are most often 
nonspecific, and the presence of normal lung markings on the chest radiograph 
does not exclude ILD. On HRCT, many pathologic entities have characteristic 
image patterns that have greatly aided diagnosis (see Table 86-4). The clinical 
course of idiopathic pulmonary fibrosis is heterogeneous.
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TABLE 86-4 RADIOGRAPHIC FEATURES OF IDIOPATHIC 
INTERSTITIAL PNEUMONIAS

CLINICAL 
DIAGNOSIS

USUAL 
RADIOGRAPHIC 

FEATURES
TYPICAL FINDINGS ON 

HRCT
Idiopathic pulmonary 

fibrosis
Basal-predominant 

abnormality with 
volume loss

Pattern of usual interstitial 
pneumonia—peripheral, 
basal, subpleural 
reticulation; 
honeycombing, traction 
bronchiectasis

Nonspecific interstitial 
pneumonia

Ground-glass and 
reticular opacification

Peripheral, basal, subpleural, 
symmetrical ground-glass 
attenuation with irregular 
lines and consolidation; 
occasional subpleural 
sparing

Cryptogenic organizing 
pneumonia

Patchy bilateral 
consolidation

Subpleural or peribronchial 
patchy consolidation or 
nodules

Acute interstitial 
pneumonia

Diffuse ground-glass 
density or 
consolidation

Diffuse consolidation and 
ground-glass opacification, 
often with lobular sparing 
and late traction 
bronchiectasis

Desquamative 
interstitial 
pneumonia

Ground-glass opacity Peripheral, lower lung zone 
ground-glass attenuation 
with reticulation and/or 
small cysts

Respiratory 
bronchiolitis–
associated interstitial 
lung disease

Bronchial wall thickening, 
ground-glass 
opacification

Diffuse bronchial wall 
thickening with poorly 
defined centrilobular 
nodules and patchy 
ground-glass opacification

Lymphocytic 
interstitial 
pneumonia

Reticular opacities and 
nodules

Diffuse centrilobular nodules, 
ground-glass attenuation, 
septal and bronchovascular 
wall thickening, and 
thin-walled cysts

HRCT = high-resolution computed tomography.
Adapted from American Thoracic Society/European Respiratory Society. International 
multidisciplinary revised classification of the idiopathic interstitial pneumonias. Am J Respir Crit 
Care Med. 2002;165:277-304; Travis WD, Costabel U, Hansell DM, et al. An official American 
Thoracic Society/European Respiratory Society statement: update of the international 
multidisciplinary classification of the idiopathic interstitial pneumonias. Am J Respir Crit Care Med. 
2013;188:733-748; and Raghu G, Collard HR, Egan JJ, et al. An official ATS/ERS/JRS/ALAT 
statement: idiopathic pulmonary fibrosis: evidence-based guidelines for diagnosis and management. 
Am J Respir Crit Care Med. 2011;183:788-824.

organizing pneumonia, tropical pulmonary interstitial eosinophilia, coexisting 
chronic obstructive pulmonary disease or asthma, or secondary bronchiectasis. 
Diseases associated with respiratory muscle weakness, such as polymyositis, 
progressive systemic sclerosis, and SLE, may exhibit a decrease in maximal 
voluntary ventilation and increased residual volume out of proportion to the 
decrease in total lung capacity.

Exercise Testing
The magnitude of the increase in Pao2-Pao2 on exercise correlates well with 
the severity of disease and the degree of pulmonary fibrosis in patients with 
idiopathic pulmonary fibrosis. Other exercise-induced physiologic abnormali-
ties in ILD include a decrease in work rate and maximal oxygen consumption, 
abnormally high minute ventilation at submaximal work rates, decreased peak 
minute ventilation, and failure of tidal volumes to increase at submaximal 
levels of work while the respiratory rate increases disproportionately. The 
6-minute walk test, performed on a flat surface, can provide quantitative data 
on exercise capacity and on oxygen desaturation with exercise and can justify 
use of supplemental oxygen based on clinical and physiologic needs. It also 
provides prognostic information in patients with idiopathic pulmonary fibrosis.

Invasive Evaluation
A collegial interaction and multidisciplinary discussions among the clinician, 
chest radiologist, thoracic surgeon, pathologist, and rheumatologist can help 

determine the best diagnostic approach for an individual patient (see Fig. 
86-1).4 Findings on bronchoalveolar lavage can be diagnostic in some patients 
with ILD and can narrow the differential diagnosis in others (Chapter 79). 
For example, a lymphocyte-predominant cellular pattern raises the possibility 
of sarcoidosis or hypersensitivity pneumonitis in the appropriate clinical setting. 
Eosinophils may be seen in pulmonary Langerhans cell granulomatosis or 
eosinophilic pneumonia, an asbestos body count greater than 1 fiber per mil-
liliter of bronchoalveolar lavage fluid may be seen in asbestosis, and specially 
staining surfactant material may be seen in pulmonary alveolar proteinosis. 
A transbronchial lung biopsy may reveal noncaseating granulomas in sarcoid-
osis, “loose” noncaseating granulomas in hypersensitivity pneumonitis, giant 
cell granulomas in hard metal pneumoconiosis, or smooth muscle proliferation 
in lymphangioleiomyomatosis. However, failure to establish a diagnosis despite 
bronchoalveolar lavage and transbronchial lung biopsy does not exclude these 
entities. Although larger lung biopsy specimens obtained with transbronchial 
cryobiopsy may yield diagnostic histopathologic features, transbronchial cryo-
biopsy should be considered in centers with documented expertise.

Video-assisted thoracoscopic biopsy (Chapter 93) or open lung biopsy 
may be required to obtain an adequate sample for histologic evaluation of a 
patient with unexplained signs and symptoms when other studies have failed 
to establish a diagnosis. The mortality rate is generally less than 2% when the 
procedure is performed electively.

When the cause of the ILD is clearly known (e.g., acute or subacute hyper-
sensitivity pneumonitis, occupational ILD, iatrogenic), further avoidance of the 
inciting agent or agents is essential (Chapter 87). Although systemic corticoster-
oids are generally indicated and are associated with a favorable response in 
some ILDs, the dosage and duration are unclear and essentially based on anec-
dotal experience (Table 86-5).

Supportive oxygen supplementation is dictated by clinical needs. For selected 
patients with end-stage ILDs, such as those associated with significant pulmonary 
fibrosis and pulmonary hypertension, lung transplantation (Chapter 93) may 
be a viable option. Treatments for pulmonary hypertension associated with 
ILDs (Chapter 75) are indicated in patients with connective tissue diseases, 
but their clinical benefit for patients with other ILDs has been disappointing.

TREATMENT 

 SPECIFIC TYPES OF INTERSTITIAL  
LUNG DISEASE

 Idiopathic Interstitial Pneumonias
Idiopathic interstitial pneumonias, which are a subset of acute or chronic ILDs 
of unknown etiology, are characterized by the presence of varying degrees of 
interstitial and alveolar inflammation and fibrosis. Distinct clinicopathologic 
forms of idiopathic interstitial pneumonia include chronic fibrosing interstitial 
pneumonias (idiopathic pulmonary fibrosis and nonspecific interstitial pneu-
monia), smoking-related interstitial pneumonias (respiratory bronchiolitis–ILD 
and desquamative interstitial pneumonia), and acute or subacute idiopathic 
interstitial pneumonias (cryptogenic organizing pneumonia and acute inter-
stitial pneumonia). Rare histologic patterns of acute fibrinous and organizing 
pneumonia and interstitial pneumonias with a bronchiolocentric distribution 
and pleuroparenchymal fibroelastosis have been recently recognized. In some 
patients, mixed histopathologic features are evident in different segments of 
the same lung. When the distinct pathological forms are not evident, the 
diagnosis of unclassifiable interstitial pneumonia has been recently recognized. 
The accuracy of the diagnosis of idiopathic interstitial pneumonias is increased 
by multidisciplinary discussions among expert pulmonologists, radiologists, 
and pathologists familiar with interstitial lung diseases and idiopathic interstitial 
pneumonias.

Although the clinical severity may vary, the idiopathic interstitial pneumonias 
tend to manifest as an insidious onset of exertional dyspnea and a nonproduc-
tive cough. Chest pain and systemic symptoms such as weight loss and fatigue 
may be present. Bibasilar end-inspiratory crackles are often heard on ausculta-
tion. Clubbing, although not specific, is found in 25 to 50% of patients with 
idiopathic pulmonary fibrosis. Findings on the chest radiograph are most often 
nonspecific, and the presence of normal lung markings on the chest radiograph 
does not exclude ILD. On HRCT, many pathologic entities have characteristic 
image patterns that have greatly aided diagnosis (see Table 86-4). The clinical 
course of idiopathic pulmonary fibrosis is heterogeneous.
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TABLE 86-5 INTERSTITIAL LUNG DISEASE:  
CLINICAL RESPONSE TO SYSTEMIC 
CORTICOSTEROIDS ALONE*

GENERALLY RESPONSIVE UNRESPONSIVE†

Sarcoidosis
Acute hypersensitivity pneumonitis
Drug induced
Environmental causes (some)
Idiopathic interstitial pneumonia
Cryptogenic organizing pneumonia
Nonspecific interstitial pneumonia (cellular)
Respiratory bronchiolitis–associated ILD
Lymphocytic interstitial pneumonia
Desquamative interstitial pneumonia 

(subset)
Acute interstitial pneumonia (some)
Acute pulmonary capillaritis
Eosinophilic pneumonia (acute and 

chronic)
Acute radiation pneumonitis‡

Organizing pneumonia associated with 
connective tissue diseases

Idiopathic interstitial pneumonia
Idiopathic pulmonary fibrosis (usual 

interstitial pneumonia)
Desquamative interstitial pneumonia 

(subset)
Chronic secondary and advanced 

pulmonary fibrosis
Fibrotic hypersensitivity pneumonitis 

(subset)
Chronic radiation fibrosis
Cryptogenic organizing pneumonia 

(subset)
Acute interstitial pneumonia (?)
Chronic pulmonary hemorrhage 

syndromes
Pulmonary veno-occlusive disease
Environmental (e.g., asbestosis, 

pneumoconiosis)
End-stage ILDs, pulmonary fibrosis 

coexisting or associated with 
pulmonary hypertension

Pulmonary Langerhans cell 
granulomatosis

Lymphangioleiomyomatosis
ILD in inherited disorders (?)

*The dosage plus duration of corticosteroids used is variable and based on anecdotal experience, 
individual expert opinion, clinical judgment, and response as judged by objective measurements 
(clinical, radiologic, or physiologic). Oral prednisone or prednisolone is the most common 
corticosteroid used. Most patients who respond during the first few weeks of 20 to 60 mg of 
prednisone per day require maintenance low-dose oral prednisone at 5 to 10 mg/day beyond 6 
months. Some patients who require maintenance of oral prednisone doses higher than 20 mg/day 
beyond 4 to 6 months may tolerate lower doses of prednisone if other immune-modulating agents 
(e.g., azathioprine, mycophenolate) are used in combination. There is no evidence to recommend a 
specific regimen. Patients should be monitored carefully and regularly for known side effects of 
corticosteroid use (e.g., osteoporosis, glucose intolerance), and preventive and therapeutic measures 
must be undertaken appropriately.
†Some patients unresponsive to oral corticosteroids alone may respond to combined treatment with 
corticosteroids and other immune-modulating drugs (e.g., azathioprine, mycophenolate).
‡Although most patients respond to modest doses of oral prednisone (initially, 40-60 mg/day), it is 
important to taper the prednisone very slowly to reach a maintenance dose of 5 to 10 mg/day 
beyond 6 months; rapid taper of oral prednisone has been associated with “rebound,” which is an 
exaggerated lung injury beyond the irradiated segment of the lung and in the contralateral lung.
ILD = interstitial lung disease.

 DIAGNOSIS
Chest radiographs typically show basal-predominant reticular abnormalities 
with low lung volumes (Fig. 86-2). Compared with the other idiopathic inter-
stitial pneumonias, the HRCT appearance of idiopathic pulmonary fibrosis 
is distinguished by the presence of fibrotic abnormalities, predominantly in 
the bases of the lower lobes (E-Fig. 86-1), by subpleural reticulations (E-Fig. 
86-2), and by its hallmark honeycombing (E-Fig. 86-3) and traction bron-
chiectasis (E-Fig. 86-4).7 These features on HRCT are diagnostic in the appro-
priate clinical setting (Fig. 86-3A). Radiographs are notable for the absence 
of extensive ground-glass opacification, micronodules, cysts, consolidation, 
significant air trapping in multiple lobes, pleural plaques, pleural effusion, and 
extensive mediastinal adenopathy, all of which are inconsistent with the radio-
graphic pattern of usual interstitial pneumonia.

Pulmonary function tests usually show a progressive restrictive pattern. 
However, patients with milder disease may have normal lung volumes and a 
decreased Dlco; rarely, PFT results may be normal.

The cellular pattern in bronchoalveolar lavage fluid, which is nonspecific, 
is marked by an excess of neutrophils in proportion to the extent of reticular 
change on HRCT; the percentage of eosinophils may be mildly increased. 
The histopathologic pattern of usual interstitial pneumonia consists of 
patchy interstitial changes alternating with zones of honeycombing, fibro-
sis, minimal inflammatory cells, collagen deposition, and normal lung (Fig. 
86-3B). Subepithelial fibroblastic foci, small aggregates of myofibroblasts, 
and fibroblasts within myxoid matrix are invariably present and represent 
areas of active fibrosis. The presence of temporal heterogeneity, or areas at 
different stages of fibrosis transitioning with normal areas and honeycomb 
cysts, along with fibrotic foci within the lung, is an essential feature of usual 
interstitial pneumonia that distinguishes it from other processes such as non-
specific interstitial pneumonia. Interstitial cellular inflammation is minimal in 
usual interstitial pneumonia. Although usual interstitial pneumonia character-
izes the microscopic abnormality in idiopathic pulmonary fibrosis, the same 
histologic and radiologic pattern can also be seen in patients with rheuma-
tologic lung diseases, chronic hypersensitivity pneumonitis, and asbestosis 
(Chapter 87). In the appropriate clinical setting (and after definitive exclusion 
of other known clinical conditions associated with ILD) (see later), a defini-
tive diagnosis of idiopathic pulmonary fibrosis is based on the presence of 
a pattern of usual interstitial pneumonia on HRCT or surgical lung biopsy  
(Table 86-6).

 PROGNOSIS
The natural course of idiopathic pulmonary fibrosis is heterogeneous.10 Most 
patients exhibit a slow and steady decline in FVC (at a rate 150 to 200 mL at 
the end of first year of follow-up), with a mortality rate of about 7% at 1 year 
and 14% at 2 years after diagnosis. A small subset of patients declines rapidly 
over several months, but another subset of patients remains stable over several 
years before declining. Progressive impairment of lung function and gas exchange 
ultimately is fatal unless the patient undergoes lung transplantation. Patients 
who survive longer generally have less fibrosis on HRCT, less functional impair-
ment, no evidence of pulmonary hypertension, and no significant oxygen 
desaturation during a modified version of the 6-minute walk test. Patients 
with coexisting emphysema, pulmonary hypertension, or episodes of acute 
exacerbation have even shorter survival times. By comparison, patients who 
have a polymorphism in the gene encoding MUC5B may have better survival 
times.

 Nonspecific Interstitial Pneumonia
Nonspecific interstitial pneumonia is often associated with connective tissue 
diseases, but idiopathic nonspecific interstitial pneumonia is also recognized 
as a distinct clinical entity. It typically occurs in middle-aged, nonsmoking 
women with an average age at diagnosis of about 50 years. The prevalence of 
nonspecific interstitial pneumonia has been estimated at one to nine per 
100,000.

Two subgroups have been described, cellular and fibrotic. Because the 
average age at onset is about 10 years earlier in nonspecific interstitial 

FIGURE 86-2. Idiopathic pulmonary fibrosis. Chest radiograph shows low lung volumes 
with coarse diffuse bilateral reticular opacities and honeycombing. traction tracheomegaly 
is also present. (Courtesy of Paul stark, MD.)

 CHRONIC FIBROSING INTERSTITIAL PNEUMONIA
 Idiopathic Pulmonary Fibrosis
Idiopathic pulmonary fibrosis accounts for 50 to 60% of all idiopathic inter-
stitial pneumonias. Idiopathic pulmonary fibrosis occurs in adult men and 
women with a mean age at onset of 62 years. Some patients have familial 
disease, likely as an autosomal dominant with variable penetrance. The best 
validated genetic risk factor is a polymorphism in the promoter of the gene 
encoding mucin-5B (MUC5B), which is associated with both familial and 
sporadic forms. Recently, A-kinase anchoring protein 13 (AKAP13) also has 
been identified as a susceptibility gene. Variants in the gene encoding surfactant 
protein have been strongly associated with familial idiopathic pulmonary 
fibrosis, and mutations in the gene encoding surfactant protein A2 have been 
associated with familial pulmonary fibrosis and lung cancer. Telomere short-
ening caused by genetic variants within the human telomerase RNA or human 
telomerase reverse transcriptase has been associated with both familial and 
sporadic idiopathic pulmonary fibrosis.

Idiopathic pulmonary fibrosis is limited to the lungs in adults, usually older 
than 60 years, and generally occurs in men with a history of cigarette smoking.5 
Most often patients have otherwise been in good health and have no known 
connective tissue disease or exposure to drugs or environmental factors known 
to cause pulmonary fibrosis, although patients with significant cigarette smoking 
history may have coexisting emphysema. Typical clinical manifestations include 
a gradual onset and progression of exertional dyspnea, restrictive abnormali-
ties on PFTs (Chapter 79), and a distinct pattern of bilateral pulmonary fibrosis 
on HRCT.6

Pirfenidone (267 mg three times daily for 1 week, then 534 mg three times 
daily for 1 week, then 801 mg three times daily) decreases the rate of decline in 
forced vital capacity A1  and the number of respiratory-related hospitalizations A2  
in patients who have idiopathic pulmonary fibrosis and mild to moderate impair-
ment in pulmonary function, with pooled data suggesting an improvement in 

TREATMENT 
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Basal predominate distribution

E-FIGURE 86-1. Computed tomography scan demonstrating lower lobe predominant 
fibrosis in a patient with idiopathic pulmonary fibrosis. 

E-FIGURE 86-2. Computed tomography scan showing subpleural reticulations  
(arrows) in a patient with idiopathic pulmonary fibrosis. 

E-FIGURE 86-3. Computed tomography scan showing honeycombing (arrows) in a 
patient with idiopathic pulmonary fibrosis. 

E-FIGURE 86-4. Computed tomography scan showing traction bronchiectasis (arrows). 
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 PROGNOSIS
The natural course of idiopathic pulmonary fibrosis is heterogeneous.10 Most 
patients exhibit a slow and steady decline in FVC (at a rate 150 to 200 mL at 
the end of first year of follow-up), with a mortality rate of about 7% at 1 year 
and 14% at 2 years after diagnosis. A small subset of patients declines rapidly 
over several months, but another subset of patients remains stable over several 
years before declining. Progressive impairment of lung function and gas exchange 
ultimately is fatal unless the patient undergoes lung transplantation. Patients 
who survive longer generally have less fibrosis on HRCT, less functional impair-
ment, no evidence of pulmonary hypertension, and no significant oxygen 
desaturation during a modified version of the 6-minute walk test. Patients 
with coexisting emphysema, pulmonary hypertension, or episodes of acute 
exacerbation have even shorter survival times. By comparison, patients who 
have a polymorphism in the gene encoding MUC5B may have better survival 
times.

 Nonspecific Interstitial Pneumonia
Nonspecific interstitial pneumonia is often associated with connective tissue 
diseases, but idiopathic nonspecific interstitial pneumonia is also recognized 
as a distinct clinical entity. It typically occurs in middle-aged, nonsmoking 
women with an average age at diagnosis of about 50 years. The prevalence of 
nonspecific interstitial pneumonia has been estimated at one to nine per 
100,000.

Two subgroups have been described, cellular and fibrotic. Because the 
average age at onset is about 10 years earlier in nonspecific interstitial 
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FIGURE 86-3. Diagnosis of idiopathic pulmonary fibrosis. A, the usual interstitial pneumonia pattern of idiopathic pulmonary fibrosis in the lower lobes on high-resolution computed 
tomography consists of (1) subpleural fibrotic changes with (2) traction bronchiectasis and (3) honeycomb cysts in the lower lobes. B, usual interstitial pneumonia pattern of idiopathic 
pulmonary fibrosis. note the presence of (1) subpleural fibrosis with (2) traction emphysema, (3) fibroblastic foci, and temporal heterogeneity of microscopic abnormalities at low 
magnification. (Courtesy of Dr. Kevin leslie.)

survival. A3 ,8 Treatment with nintedanib (a tyrosine kinase inhibitor) at 150 mg 
orally twice daily also reduces the decline in FVC in patients with idiopathic 
pulmonary fibrosis and mild to moderate impairment in pulmonary function 
by a similar amount. A4  Recombinant human pentraxin 2 is an experimental 
therapy that may slow the decline in lung function in patients with idiopathic 
pulmonary fibrosis. A5  Sildenafil (a phosphodiesterase inhibitor at 20 mg orally 
three times a day) has shown small benefits in dyspnea, oxygenation, and 
quality of life but not exercise capacity in patients with idiopathic pulmonary 
fibrosis and severe impairment in pulmonary function. A6  Abnormal acid gas-
troesophageal reflux (Chapter 129) is very common in patients with idiopathic 
pulmonary fibrosis. Treatment with standard doses of proton pump inhibitors, 
H2 receptor antagonists, or both as used for gastroesophageal reflux disease 
(Chapter 129), and fundoplication may slow the rate of progression of idiopathic 
pulmonary fibrosis.9

Warfarin increases respiratory hospitalizations and death in patients with 
idiopathic pulmonary fibrosis. Interferon-γ1b, cyclophosphamide, colchicine, 
D-penicillamine, dual and selective endothelin receptor antagonists, simtuzumab, 
dual endothelin receptor antagonists (bosentan and macitentan), N-acetylcys-
teine, and oral corticosteroids, as monotherapy or in combination with aza-
thioprine or cyclophosphamide, are not beneficial.

TABLE 86-6 DIAGNOSIS CRITERIA FOR IDIOPATHIC 
PULMONARY FIBROSIS

The diagnosis of idiopathic pulmonary fibrosis requires the exclusion of other 
known causes of interstitial lung disease (e.g., domestic, occupational, and 
environmental exposures, connective tissue disease, and drug toxicity) AND 
either #1 or #2
1. the presence of HRCT pattern of usual interstitial pneumonia (UIP)
2. specific combinations of HRCT patterns for UIP and histopathology patterns 

of UIP in patients subjected to lung tissue sampling†

HRCT FEATURES OF UIP
HISTOPATHOLOGIC FEATURES 

OF UIP
•	 Subpleural,	basal	predominance
•	 Reticular	abnormality
•	 Distribution	is	often	heterogeneous
•	 Honeycombing	with	or	without	peripheral	

traction bronchiectasis or bronchiolectasis
•	 Absence	of	peribronchovascular	

predominance, extensive ground-glass 
abnormality, diffuse micronodules, discrete 
cysts, diffuse mosaic attenuation, or 
consolidation

•	 Marked	fibrosis/architectural	
distortion, +/− honeycombing 
in a predominantly subpleural/
paraseptal distribution

•	 Patchy	parenchymal	lung	fibrosis
•	 Fibroblast	foci
•	 No	features	suggesting	an	

alternative diagnosis*

*Based on data from Raghu G, Remy-Jardin M, Myers JL, et al. Diagnosis of idiopathic pulmonary 
fibrosis. An official ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med. 
2018;198:e44-e68.
†See above article by Raghu G et al. for specific criteria for patterns of probable UIP, indeterminate 
for UIP, and alternate diagnosis and combinations.
HRCT = high-resolution computed tomography.

Despite the absence of data, patients who require hospitalization and intensive 
care for an acute exacerbation with loss of respiratory function in the absence 
of infection or other complications are often treated with empirical intravenous 
corticosteroids (e.g., methylprednisolone 1.0 g intravenously as a pulse dose 
once a day for 3 days and followed by hydrocortisone, 125 mg every 6 hours for 
another 3 to 5 days), with further dosing dependent on the clinical response. 
Ancillary treatment measures, including supplemental oxygen (based on clinical 
and physiologic needs); prompt detection and treatment of respiratory tract 
infections and pulmonary embolism (Chapter 74); pulmonary rehabilitation; and 
immunization for influenza, herpes zoster, and pneumococcus, are all appropriate. 
Pulmonary hypertension, if present, may be treated (Chapter 75), but endothelin 
receptor antagonists (e.g., ambrisentan, bosentan, or macitentan) should not 
be used because of clear data that ambrisentan is harmful in all patients with 
idiopathic pulmonary fibrosis, even those who have pulmonary hypertension. 
Lung transplantation (Chapter 93) is indicated in selected patients, but most 
patients with idiopathic pulmonary fibrosis are older than age 65 years, an age 
that is a relative contraindication to lung transplantation. Nevertheless, lung 
transplantation should be considered in selected patients who are younger than 
70 years of age. Palliative care measures should be discussed and instituted 
before patients reach the terminal stages of the disease.
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histopathologically, it has uniformly dense interstitial fibrosis and may some-
times be difficult to distinguish from idiopathic pulmonary fibrosis and usual 
interstitial pneumonia in the early clinical stages. In these circumstances, the 
diagnosis of fibrotic nonspecific interstitial pneumonia can be ascertained only 
by the histologic features in a surgical lung biopsy specimen.

Patients with cellular nonspecific interstitial pneumonia usually respond to 
treatment with corticosteroids (see Table 86-5), and their prognosis is generally 
better than that of patients with idiopathic pulmonary fibrosis. Nonetheless, 
some patients progress over several years, and some manifest acute exacerba-
tions similar to patients with idiopathic pulmonary fibrosis. Immune-modulating 
drugs, including prednisone, azathioprine, and mycophenolate, have been used 
empirically, with their doses based on clinical response as assessed by clinicians 
and not on evidence with randomized clinical trials.

TREATMENT AND PROGNOSIS 

Subpleural sparing

FIGURE 86-4. Nonspecific interstitial pneumonia. Computed tomography scan  
showing characteristic subpleural sparing. 
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FIGURE 86-5. Respiratory bronchiolitis–associated interstitial lung disease. A, ground-glass attenuation with a mosaic pattern on high-resolution computed tomography. B, note 
the dense aggregates of (1) pigmented macrophages present in the air spaces around the terminal airways with (2) variable bronchiolar metaplasia and (3) interstitial fibrosis. 

 Desquamative Interstitial Pneumonia
Desquamative interstitial pneumonia is a rare entity (<3% of all ILDs) that 
may represent a form of respiratory bronchiolitis–associated ILD extending 
into the alveolar spaces and alveolar walls. Although most affected individuals 
are cigarette smokers, the histologic pattern of desquamative interstitial pneu-
monia may also occur in pneumoconiosis, rheumatologic disease, and drug-
associated ILD. Patients are often initially seen with advanced disease and 
striking hypoxemia. The histopathology features of desquamative interstitial 
pneumonia are characterized by accumulation of pigmented alveolar macro-
phages within the alveoli. Histologic changes within the respiratory bronchioles 
and within the alveolar spaces can coexist and represent a histopathologic 
spectrum of alveolar macrophage accumulation. The term desquamative inter-
stitial pneumonia is a misnomer because true desquamation of pneumocytes 
is not a histopathology feature. “Alveolar macrophage pneumonia” may be a 
more appropriate term, but it is not used in clinical practice.

 DIAGNOSIS
Pulmonary function tests reveal a restrictive lung defect and decreased Dlco 
with or without coexisting airway obstruction. The chest radiograph shows 
patchy basal consolidation with a lower lobe and peripheral predominance 
(Fig. 86-6). HRCT shows bilateral symmetrical ground-glass opacities with 
a predominantly basal and peripheral distribution as well as diffuse alveolar 
septal thickening (Fig. 86-7A). Irregular linear opacities, typically associated 
with traction bronchiectasis, may be noted. The finding of small discrete 
cysts, believed to represent trapped air in dilated bronchioles, within areas of 

Progression to honeycomb lung and end-stage fibrosis seldom occurs if 
patients completely cease smoking.11 Patients who discontinue cigarette smoking 
may benefit from low-dose corticosteroids (e.g., prednisone, 10 to 20 mg/day) 
for a few months.

TREATMENT AND PROGNOSIS 

pneumonia than in idiopathic pulmonary fibrosis and because the clinical 
features of idiopathic fibrotic nonspecific interstitial pneumonia are very similar 
to early cases of idiopathic pulmonary fibrosis, questions persist as to whether 
idiopathic fibrotic nonspecific interstitial pneumonia is a separate clinical entity 
or represents an early form of idiopathic pulmonary fibrosis.

 DIAGNOSIS
Chest radiographs show bilateral patchy pulmonary infiltrates with lower lung 
zone predominance. HRCT reveals a predominant ground-glass pattern of 
attenuation, usually bilateral and often associated with subpleural reticula-
tion (Fig. 86-4), and loss of volume in the lower lobe. In cellular nonspecific 
interstitial pneumonia, HRCT shows ground-glass opacification, consolidation, 
or both, but the biopsy shows mild to moderate lymphoplasmacytic intersti-
tial chronic inflammation. The major differential diagnosis to consider as an 
alternative to cellular nonspecific interstitial pneumonia is acute or subacute 
hypersensitivity pneumonitis, so a thorough history regarding environmental 
exposures is crucial. In contrast, fibrotic nonspecific interstitial pneumonia has 
a bilateral lower lobe distribution with architectural derangement on HRCT; 

 SMOKING-RELATED INTERSTITIAL PNEUMONIAS
 Respiratory Bronchiolitis–Associated Interstitial Lung Disease
This ILD is almost invariably associated with cigarette smoking, and usually 
manifests clinically during the fourth or fifth decade of life. However, it may 
also be detected incidentally on radiographs in relatively younger and asymp-
tomatic persons with a previous history of cigarette smoking or in people 
passively exposed to chronic cigarette smoke.

 DIAGNOSIS
Pulmonary function tests show varying degrees of airway obstruction, mildly 
decreased or preserved TLC, and decreased Dlco. The chest radiograph typi-
cally reveals bronchial wall thickening and areas of ground-glass attenuation. 
HRCT reveals centrilobular nodules with an upper lobe predominance, patchy 
ground-glass attenuation, and peribronchial alveolar septal thickening (Fig. 
86-5A). Areas of hypoattenuation (mosaic attenuation) represent air trapping 
as a result of small airways disease. The characteristic finding on bronchoalveo-
lar lavage is numerous brown-pigmented alveolar macrophages, often with a 
modest increase in neutrophils. Lung biopsy is rarely needed, but its hallmark 
histopathologic feature is the accumulation of pigmented alveolar macrophages 
with glassy eosinophilic cytoplasm and granular pigmentation within respira-
tory bronchioles, typically with a chronic inflammatory cell infiltrate in the 
bronchioles and surrounding alveolar walls (Fig. 86-5B). Fibroblastic foci and 
honeycomb change are not present, but centrilobular emphysema is frequent.

TREATMENT AND PROGNOSIS 

 ACUTE OR SUBACUTE IDIOPATHIC INTERSTITIAL PNEUMONIA
 Acute Interstitial Pneumonia
Acute interstitial pneumonia is seen in otherwise healthy persons usually after 
an apparent acute viral upper respiratory infection (Fig. 86-8). The syndrome, 
historically known as Hamman-Rich syndrome (Chapter 85), mimics acute 
respiratory distress syndrome (Chapter 96). Acute interstitial pneumonia is 
a rare and fulminant idiopathic interstitial pneumonia that presents with acute 
symptoms and leads to respiratory distress or failure.

 Cryptogenic Organizing Pneumonia
Cryptogenic organizing pneumonia, previously referred to as bronchiolitis oblit-
erans organizing pneumonia of unknown cause (BOOP), is an idiopathic 
form of organizing pneumonia. Organizing pneumonia affects the small airways, 
including the distal bronchioles, respiratory bronchioles, alveolar ducts, and 
alveolar walls. Although the incidence and prevalence of cryptogenic organiz-
ing pneumonia are unknown, the estimated annual incidence in the United 
States is six to seven cases per 100,000. The mean age at presentation is about 
60 years, and there is no sex predominance.

 DIAGNOSIS
Cryptogenic organizing pneumonia most commonly manifests as a flulike 
illness with a nonproductive cough followed by exertional dyspnea. PFTs 
show a restrictive defect, but 20% of patients, most of whom are current or 
past smokers, also have an obstructive defect. Chest radiography reveals patchy 
unilateral or bilateral alveolar opacities that may be peripheral or migratory; 
small nodular opacities are seen in 10 to 50% of cases (Fig. 86-9). In about 
90% of patients, HRCT shows areas of air space consolidation with lower 
lung zone predominance, frequently in a subpleural or peribronchial distribu-
tion (Fig. 86-10); other features include small nodules along bronchovascular 
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 Desquamative Interstitial Pneumonia
Desquamative interstitial pneumonia is a rare entity (<3% of all ILDs) that 
may represent a form of respiratory bronchiolitis–associated ILD extending 
into the alveolar spaces and alveolar walls. Although most affected individuals 
are cigarette smokers, the histologic pattern of desquamative interstitial pneu-
monia may also occur in pneumoconiosis, rheumatologic disease, and drug-
associated ILD. Patients are often initially seen with advanced disease and 
striking hypoxemia. The histopathology features of desquamative interstitial 
pneumonia are characterized by accumulation of pigmented alveolar macro-
phages within the alveoli. Histologic changes within the respiratory bronchioles 
and within the alveolar spaces can coexist and represent a histopathologic 
spectrum of alveolar macrophage accumulation. The term desquamative inter-
stitial pneumonia is a misnomer because true desquamation of pneumocytes 
is not a histopathology feature. “Alveolar macrophage pneumonia” may be a 
more appropriate term, but it is not used in clinical practice.

 DIAGNOSIS
Pulmonary function tests reveal a restrictive lung defect and decreased Dlco 
with or without coexisting airway obstruction. The chest radiograph shows 
patchy basal consolidation with a lower lobe and peripheral predominance 
(Fig. 86-6). HRCT shows bilateral symmetrical ground-glass opacities with 
a predominantly basal and peripheral distribution as well as diffuse alveolar 
septal thickening (Fig. 86-7A). Irregular linear opacities, typically associated 
with traction bronchiectasis, may be noted. The finding of small discrete 
cysts, believed to represent trapped air in dilated bronchioles, within areas of 

FIGURE 86-6. Desquamative interstitial pneumonia (DIP). Chest radiograph shows 
homogeneous bilateral perihilar ground-glass opacification and basal predominant con-
solidation. (Courtesy of Paul stark, MD.)

BA

FIGURE 86-7. Desquamative interstitial pneumonia. A, ground-glass attenuation with cystic spaces on high-resolution computed tomography. B, note that the alveolar spaces are 
densely filled with macrophages (arrowheads). 

ground-glass changes (E-Fig. 86-5) and intervening normal lung parenchyma 
is highly suggestive of desquamative interstitial pneumonia. Fluid recovered 
from bronchoalveolar lavage quite often shows increased numbers of pigmented 
alveolar macrophages, frequently with increased neutrophils. Histopathologic 
findings on biopsy include diffuse alveolar septal thickening, hyperplasia of 
type II pneumocytes, and intense accumulation of intra-alveolar granular pig-
mented macrophages in a uniform manner (Fig. 86-7B); fibrosis is minimal.

With total cessation of smoking and administration of oral corticosteroid 
therapy (see Table 86-5), outcomes are generally good, with an estimated overall 
survival rate of 70% at 10 years. However, a subset of patients may progress 
despite cessation of cigarette smoking, and a trial of corticosteroid therapy 
with or without immune modulating agents and lung transplantation is an 
appropriate consideration for selected patients.

TREATMENT AND PROGNOSIS 

 ACUTE OR SUBACUTE IDIOPATHIC INTERSTITIAL PNEUMONIA
 Acute Interstitial Pneumonia
Acute interstitial pneumonia is seen in otherwise healthy persons usually after 
an apparent acute viral upper respiratory infection (Fig. 86-8). The syndrome, 
historically known as Hamman-Rich syndrome (Chapter 85), mimics acute 
respiratory distress syndrome (Chapter 96). Acute interstitial pneumonia is 
a rare and fulminant idiopathic interstitial pneumonia that presents with acute 
symptoms and leads to respiratory distress or failure.

 Cryptogenic Organizing Pneumonia
Cryptogenic organizing pneumonia, previously referred to as bronchiolitis oblit-
erans organizing pneumonia of unknown cause (BOOP), is an idiopathic 
form of organizing pneumonia. Organizing pneumonia affects the small airways, 
including the distal bronchioles, respiratory bronchioles, alveolar ducts, and 
alveolar walls. Although the incidence and prevalence of cryptogenic organiz-
ing pneumonia are unknown, the estimated annual incidence in the United 
States is six to seven cases per 100,000. The mean age at presentation is about 
60 years, and there is no sex predominance.

 DIAGNOSIS
Cryptogenic organizing pneumonia most commonly manifests as a flulike 
illness with a nonproductive cough followed by exertional dyspnea. PFTs 
show a restrictive defect, but 20% of patients, most of whom are current or 
past smokers, also have an obstructive defect. Chest radiography reveals patchy 
unilateral or bilateral alveolar opacities that may be peripheral or migratory; 
small nodular opacities are seen in 10 to 50% of cases (Fig. 86-9). In about 
90% of patients, HRCT shows areas of air space consolidation with lower 
lung zone predominance, frequently in a subpleural or peribronchial distribu-
tion (Fig. 86-10); other features include small nodules along bronchovascular 
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Bronchial wall thickening Ground-glass opacities

E-FIGURE 86-5. Computed tomography scan showing ground-glass opacities and 
bronchial wall thickening in a patient with desquamative interstitial pneumonia. 
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 Lymphoid and Lymphocytic Interstitial Pneumonia
This condition is more common in women, especially in the fifth decade of 
life, but it may occur at any age. Patients should be evaluated for concurrent 
connective tissue disease, an autoimmune disorder (especially Sjögren syn-
drome; Chapter 252), or common variable immunoglobulin deficiency (Chapter 
236) because idiopathic LIP is very rare. Symptoms are nonspecific and include 
a gradual onset of cough and exertional dyspnea. Lymphoid and LIP is within 
the spectrum of benign lymphoproliferative disorders, and some patients 
manifest pseudolymphoma or lymphoma as a complication.

 DIAGNOSIS
Chest radiographs show a reticular or reticulonodular pattern predominantly 
involving the lower lung zones. HRCT reveals bilateral ground-glass attenu-
ation, small or large nodules, and scattered cysts; perivascular honeycombing 
and reticular abnormalities may also be seen (E-Fig. 86-6). Increased numbers 
of lymphocytes are found on bronchoalveolar lavage, and biopsy reveals a 
dense interstitial lymphocytic infiltrate.

FIGURE 86-8. Acute interstitial pneumonia with diffuse alveolar damage histologi-
cally. note the dense air space consolidation. 

FIGURE 86-9. Chest radiograph showing cryptogenic organizing pneumonia. note 
the bilateral patchy air space opacities. 

FIGURE 86-10. Peripheral ground-glass opacities in a patient with cryptogenic organiz-
ing pneumonia. 

Some patients respond to or stabilize with oral corticosteroids (see Table 
86-5). The prognosis is variable, with more than one third of patients progress-
ing to diffuse pulmonary fibrosis.

TREATMENT AND PROGNOSIS 

Most patients recover rapidly and completely when treated with oral 
corticosteroids (see Table 86-5) for 6 months but may relapse after discontinu-
ation and require oral corticosteroids for longer periods and sometimes indefi-
nitely, often with adjunct immunomodulating agents such as azathioprine or 
mycophenolate. Some data suggest that clarithromycin (500 mg twice daily 
for 3 months) is an alternative for patients whose pulmonary function tests are 
reasonably normal (forced vital capacity >80% of predicted).12 A small subset 
of patients in whom pulmonary fibrosis develops despite corticosteroids and 
immune modulating agents progress to pulmonary fibrosis and behave similarly 
to patients with idiopathic pulmonary fibrosis. Spontaneous remissions are 
known to occur.

TREATMENT AND PROGNOSIS 

ILD may also occur. Infection must always be considered in acutely ill patients 
who have received steroids or other immunosuppressive therapy. Rarely, the 
restrictive lung defect, which may be predominantly a result of diaphragmatic 
weakness, leads to a chest radiographic pattern of small-appearing lungs that 
may look progressively smaller over time. This so-called “shrinking lung” is 
generally resistant to corticosteroids or other immunosuppressive agents used 
to treat SLE. Otherwise, treatment of the ILD is similar to treatment of the 
underlying SLE.

 DERMATOMYOSITIS AND POLYMYOSITIS
In contrast to progressive systemic sclerosis, the pattern of lung involvement 
in dermatomyositis and polymyositis is more heterogeneous.16 Usual interstitial 
pneumonia, nonspecific interstitial pneumonia, and organizing pneumonia 
have all been reported. Most patients have anti–Jo-1 antibody, and the disease 
is typically progressive over time. An acute interstitial pneumonia–like syn-
drome occurs in a subset of patients and is associated with high mortality rate 
despite aggressive immunosuppressive agents and high-dose corticosteroids. 
ILD may precede the muscular manifestations by months to years or be super-
imposed on established muscle disease. The severity of the muscular disease 
does not correlate with that of the ILD. Treatment is directed at the underlying 
disease (Chapter 253).

 SJÖGREN SYNDROME
Interstitial lung disease is seen in patients with Sjögren syndrome, particularly 
those with the primary form of the disease. LIP is the most frequent subtype, 
but cryptogenic organizing pneumonia may also be present. Respiratory infec-
tions and bronchiectasis are common in advanced stages, perhaps because of 
inspissated mucus. Response to corticosteroid or immunosuppressive therapy 
is usually good (Chapter 252).

 MIXED CONNECTIVE TISSUE DISEASE
This overlap syndrome (Chapter 251) combines features of progressive sys-
temic sclerosis, SLE, rheumatoid arthritis, and polymyositis or dermatomyositis. 
Pulmonary disease is common, but it is most often subclinical and identified 
only radiographically. Treatment includes corticosteroids and other immune-
modulating agents for the underlying disease.

 ANKYLOSING SPONDYLITIS
The most common pulmonary manifestation of ankylosing spondylitis (Chapter 
249) is upper lobe, bilateral reticulonodular infiltrates with cyst formation as 
a result of parenchymal destruction. There is no known effective therapy for 
this apical fibrobullous disease.

 HYPERSENSITIVITY PNEUMONITIS
 PATHOBIOLOGY

Hypersensitivity pneumonitis, also known as extrinsic allergic alveolitis, is a 
syndrome caused by repeated inhalation of specific antigens from occupational 
or environmental exposure (Chapters 87 and 88) in sensitized individuals.17 
Within a short period after inhalation of an inciting agent, patients develop a 
nonspecific diffuse pneumonitis with inflammatory cell infiltration of the 
bronchioles, alveoli, and interstitium, sometimes associated with a pleural 
effusion. In the subacute and chronic stages, loosely formed, noncaseating, 
epithelioid cell granulomas and a mononuclear infiltrate may be dispersed in 
the interstitium. Hypersensitivity pneumonitis can occur with exposure to a 
wide range of inhaled antigens (Chapters 87 and 88). Some of the more 
common exposures are farmer’s lung, bird fancier’s lung, parakeet keeper’s 
lung, and pigeon breeder’s lung. The exposure to an avian antigen may be 
occult and related to bird droppings or bird nests. Hobbies (woodworker’s 
lung) and recreational activities (sauna taker’s lung; hot tub) may be implicated 
as well as occupations.18

 CLINICAL MANIFESTATIONS
The clinical features and severity of symptoms vary according to the frequency 
and intensity of exposure. The index of clinical suspicion for hypersensitivity 
pneumonitis should be high in every patient with new onset interstitial lung 
disease. This suspicion should prompt a detailed history of exposure to potential 
agents or changes in the domestic and other environments (or both) (Chapters 
16 and 87). The interval between exposure to the antigen and the clinical 
manifestations of lung disease is unknown, although symptoms can occur as 
soon as 4 to 12 hours after exposure. In such cases, fever and chills are common 
symptoms, are often temporally related to the workplace or to hobbies, and 
may actually disappear on vacations or during absence from the site of 

bundles and ground-glass attenuation. Bronchoalveolar lavage is nonspecific; 
increased lymphocytes, neutrophils, and eosinophils may be seen. On biopsy, 
key histologic features are excessive proliferation of granulation tissue within 
the small airways and alveolar ducts as well as chronic inflammation in the 
surrounding alveoli.

 Interstitial Lung Disease Associated with Connective 
Tissue Disease
Many of the connective tissue diseases, including progressive systemic sclerosis 
(Chapter 251), rheumatoid arthritis (Chapter 248), SLE (Chapter 250), der-
matomyositis and polymyositis (Chapter 253), Sjögren syndrome (Chapter 
252), and mixed connective tissue disorder (Chapter 251), may have ILD as 
one of their manifestations.13 In fact, up to 20% of patients with connective 
tissue diseases may initially be thought to have an ILD alone. Therefore, these 
diagnoses must be considered in patients with ILD, even in the absence of 
extrathoracic findings. Conversely, because pulmonary involvement is a major 
cause of death in patients with connective tissue diseases, the presence of ILD 
should be carefully sought in affected patients. All forms of interstitial pneu-
monia can occur in patients with connective tissue diseases. The natural history 

of ILD complicating connective tissue diseases is variable, especially because 
coexisting pulmonary vascular disease or nonparenchymal pulmonary involve-
ment may be present.

 PROGRESSIVE SYSTEMIC SCLEROSIS
Of the connective tissue diseases, progressive systemic sclerosis is most fre-
quently associated with ILD.14 Pulmonary symptoms may antedate cutaneous 
or digital manifestations of the disease by several years. Most patients affected 
have nonspecific interstitial pneumonia, with a minority having a usual inter-
stitial pneumonia pattern. Dlco levels correlate with mortality. Pulmonary 
hypertension, which can occur in the absence of pulmonary fibrosis, may 
result in cor pulmonale. Patients with chronic pulmonary fibrosis also have an 
increased risk for bronchogenic carcinoma, usually either bronchoalveolar cell 
carcinoma or adenocarcinoma. For scleroderma-associated ILD, mycophenolate 
(target dose 1500 mg twice daily) provides similar physiologic improvement 
and stabilization of pulmonary function compared with cyclophosphamide 
(2.0 mg/kg/day) with fewer side effects, A7  so mycophenolate is now considered 
first-line therapy. Rituximab (4 cycles of two 1000 mg intravenous infusions, 
2 weeks apart) is becoming a useful second-line therapy.

 RHEUMATOID ARTHRITIS
Although rheumatoid arthritis is more common in women (2 : 1 to 4 : 1 ratio), 
ILD associated with rheumatoid arthritis is more common in men (3 : 1 ratio). 
Most cases occur at 50 to 60 years of age, and pulmonary symptoms follow 
the onset of arthritis in about 75% of cases.15 Lung involvement in rheumatoid 
arthritis may take many forms, but bronchiectasis, bronchiolitis, idiopathic 
interstitial pneumonias (Fig. 86-11), and pleural effusions or pleural thicken-
ing are some of the most common. Early in the course, the histologic changes 
are similar to those of idiopathic interstitial pneumonias, including pulmonary 
fibrosis, but are distinguished by a prominent lymphocytic infiltrate that may 
contain germinal follicles adjacent to vessels and airways. As the disease pro-
gresses, the infiltration becomes less pronounced and is replaced by fibrous 
tissue, honeycomb changes, or both. Other pulmonary manifestations include 
pulmonary nodules, vasculitis, pulmonary hypertension, and Caplan syndrome 
(progressive upper lobe nodular pulmonary fibrosis in a coal miner with rheu-
matoid arthritis) but are relatively rare. Patients with usual interstitial pneu-
monia pattern on HRCT have worse prognosis than those with a nonspecific 
interstitial pneumonia pattern. Treatment is directed at the underlying rheu-
matoid arthritis (Chapter 248), but methotrexate therapy is generally avoided 
since one of its potential toxicities is the development of ILD.

 SYSTEMIC LUPUS ERYTHEMATOSUS
Pulmonary abnormalities complicating SLE (Chapter 250) may vary greatly. 
Pleural disease or pleural effusions (or both) are commonly present in lung 
disease that complicates SLE. Acute lupus pneumonitis may mimic acute 
interstitial pneumonia, with widespread ground-glass attenuation admixed 
with consolidation, or it may manifest as diffuse alveolar hemorrhage. Chronic 
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E-FIGURE 86-6. Lymphoid interstitial pneumonia. note the cysts within the patchy ground-glass attenuation in lower lobes (A). the cysts are interspersed within areas of ground-
glass attenuation (B and C). 
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ILD may also occur. Infection must always be considered in acutely ill patients 
who have received steroids or other immunosuppressive therapy. Rarely, the 
restrictive lung defect, which may be predominantly a result of diaphragmatic 
weakness, leads to a chest radiographic pattern of small-appearing lungs that 
may look progressively smaller over time. This so-called “shrinking lung” is 
generally resistant to corticosteroids or other immunosuppressive agents used 
to treat SLE. Otherwise, treatment of the ILD is similar to treatment of the 
underlying SLE.

 DERMATOMYOSITIS AND POLYMYOSITIS
In contrast to progressive systemic sclerosis, the pattern of lung involvement 
in dermatomyositis and polymyositis is more heterogeneous.16 Usual interstitial 
pneumonia, nonspecific interstitial pneumonia, and organizing pneumonia 
have all been reported. Most patients have anti–Jo-1 antibody, and the disease 
is typically progressive over time. An acute interstitial pneumonia–like syn-
drome occurs in a subset of patients and is associated with high mortality rate 
despite aggressive immunosuppressive agents and high-dose corticosteroids. 
ILD may precede the muscular manifestations by months to years or be super-
imposed on established muscle disease. The severity of the muscular disease 
does not correlate with that of the ILD. Treatment is directed at the underlying 
disease (Chapter 253).

 SJÖGREN SYNDROME
Interstitial lung disease is seen in patients with Sjögren syndrome, particularly 
those with the primary form of the disease. LIP is the most frequent subtype, 
but cryptogenic organizing pneumonia may also be present. Respiratory infec-
tions and bronchiectasis are common in advanced stages, perhaps because of 
inspissated mucus. Response to corticosteroid or immunosuppressive therapy 
is usually good (Chapter 252).

 MIXED CONNECTIVE TISSUE DISEASE
This overlap syndrome (Chapter 251) combines features of progressive sys-
temic sclerosis, SLE, rheumatoid arthritis, and polymyositis or dermatomyositis. 
Pulmonary disease is common, but it is most often subclinical and identified 
only radiographically. Treatment includes corticosteroids and other immune-
modulating agents for the underlying disease.

 ANKYLOSING SPONDYLITIS
The most common pulmonary manifestation of ankylosing spondylitis (Chapter 
249) is upper lobe, bilateral reticulonodular infiltrates with cyst formation as 
a result of parenchymal destruction. There is no known effective therapy for 
this apical fibrobullous disease.

 HYPERSENSITIVITY PNEUMONITIS
 PATHOBIOLOGY

Hypersensitivity pneumonitis, also known as extrinsic allergic alveolitis, is a 
syndrome caused by repeated inhalation of specific antigens from occupational 
or environmental exposure (Chapters 87 and 88) in sensitized individuals.17 
Within a short period after inhalation of an inciting agent, patients develop a 
nonspecific diffuse pneumonitis with inflammatory cell infiltration of the 
bronchioles, alveoli, and interstitium, sometimes associated with a pleural 
effusion. In the subacute and chronic stages, loosely formed, noncaseating, 
epithelioid cell granulomas and a mononuclear infiltrate may be dispersed in 
the interstitium. Hypersensitivity pneumonitis can occur with exposure to a 
wide range of inhaled antigens (Chapters 87 and 88). Some of the more 
common exposures are farmer’s lung, bird fancier’s lung, parakeet keeper’s 
lung, and pigeon breeder’s lung. The exposure to an avian antigen may be 
occult and related to bird droppings or bird nests. Hobbies (woodworker’s 
lung) and recreational activities (sauna taker’s lung; hot tub) may be implicated 
as well as occupations.18

 CLINICAL MANIFESTATIONS
The clinical features and severity of symptoms vary according to the frequency 
and intensity of exposure. The index of clinical suspicion for hypersensitivity 
pneumonitis should be high in every patient with new onset interstitial lung 
disease. This suspicion should prompt a detailed history of exposure to potential 
agents or changes in the domestic and other environments (or both) (Chapters 
16 and 87). The interval between exposure to the antigen and the clinical 
manifestations of lung disease is unknown, although symptoms can occur as 
soon as 4 to 12 hours after exposure. In such cases, fever and chills are common 
symptoms, are often temporally related to the workplace or to hobbies, and 
may actually disappear on vacations or during absence from the site of 

of ILD complicating connective tissue diseases is variable, especially because 
coexisting pulmonary vascular disease or nonparenchymal pulmonary involve-
ment may be present.

 PROGRESSIVE SYSTEMIC SCLEROSIS
Of the connective tissue diseases, progressive systemic sclerosis is most fre-
quently associated with ILD.14 Pulmonary symptoms may antedate cutaneous 
or digital manifestations of the disease by several years. Most patients affected 
have nonspecific interstitial pneumonia, with a minority having a usual inter-
stitial pneumonia pattern. Dlco levels correlate with mortality. Pulmonary 
hypertension, which can occur in the absence of pulmonary fibrosis, may 
result in cor pulmonale. Patients with chronic pulmonary fibrosis also have an 
increased risk for bronchogenic carcinoma, usually either bronchoalveolar cell 
carcinoma or adenocarcinoma. For scleroderma-associated ILD, mycophenolate 
(target dose 1500 mg twice daily) provides similar physiologic improvement 
and stabilization of pulmonary function compared with cyclophosphamide 
(2.0 mg/kg/day) with fewer side effects, A7  so mycophenolate is now considered 
first-line therapy. Rituximab (4 cycles of two 1000 mg intravenous infusions, 
2 weeks apart) is becoming a useful second-line therapy.

 RHEUMATOID ARTHRITIS
Although rheumatoid arthritis is more common in women (2 : 1 to 4 : 1 ratio), 
ILD associated with rheumatoid arthritis is more common in men (3 : 1 ratio). 
Most cases occur at 50 to 60 years of age, and pulmonary symptoms follow 
the onset of arthritis in about 75% of cases.15 Lung involvement in rheumatoid 
arthritis may take many forms, but bronchiectasis, bronchiolitis, idiopathic 
interstitial pneumonias (Fig. 86-11), and pleural effusions or pleural thicken-
ing are some of the most common. Early in the course, the histologic changes 
are similar to those of idiopathic interstitial pneumonias, including pulmonary 
fibrosis, but are distinguished by a prominent lymphocytic infiltrate that may 
contain germinal follicles adjacent to vessels and airways. As the disease pro-
gresses, the infiltration becomes less pronounced and is replaced by fibrous 
tissue, honeycomb changes, or both. Other pulmonary manifestations include 
pulmonary nodules, vasculitis, pulmonary hypertension, and Caplan syndrome 
(progressive upper lobe nodular pulmonary fibrosis in a coal miner with rheu-
matoid arthritis) but are relatively rare. Patients with usual interstitial pneu-
monia pattern on HRCT have worse prognosis than those with a nonspecific 
interstitial pneumonia pattern. Treatment is directed at the underlying rheu-
matoid arthritis (Chapter 248), but methotrexate therapy is generally avoided 
since one of its potential toxicities is the development of ILD.

 SYSTEMIC LUPUS ERYTHEMATOSUS
Pulmonary abnormalities complicating SLE (Chapter 250) may vary greatly. 
Pleural disease or pleural effusions (or both) are commonly present in lung 
disease that complicates SLE. Acute lupus pneumonitis may mimic acute 
interstitial pneumonia, with widespread ground-glass attenuation admixed 
with consolidation, or it may manifest as diffuse alveolar hemorrhage. Chronic 

FIGURE 86-11. Rheumatoid interstitial lung disease with usual interstitial pneumonia 
pattern. Chest radiograph shows low lung volumes, diffuse reticular opacities, and hon-
eycombing with basal predominance. (Courtesy of Paul stark, MD.)
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 DRUG-INDUCED INTERSTITIAL LUNG DISEASE
More than 300 drugs, biomolecules, or homeopathic remedies (see Table 86-2) 
can cause acute, subacute, or chronic ILD, and the list continues to increase 
as new medications are introduced (www.pneumotox.com). The clinical and 
radiographic manifestations are quite varied. Examples of known syndromes 
include: chronic nitrofurantoin-induced ILD that mimics idiopathic pulmo-
nary fibrosis (and is fatal in ≈8% of cases); granulomatous pneumonitis sec-
ondary to methotrexate (<5%); sarcoid-like granulomatous ILD induced by 
interferon-α and tumor necrosis factor modulating agents; nonspecific bilateral 
alveolar and interstitial inflammatory and fibrotic abnormalities caused by 
bleomycin, immune modulating agents, and other chemotherapeutic agents; 
and alveolar and interstitial abnormalities and nodular densities in acute and 
chronic amiodarone pulmonary toxicity. Most drug-induced ILD is revers-
ible if recognized early and if use of the responsible drug is discontinued. In 
addition to discontinuing the implicated drug, treatment with corticosteroids 
(see Table 86-5) is indicated in patients with moderate to severe functional  
impairment.

 Alveolar Filling Disorders
In alveolar filling disorders (Chapter 85), air spaces distal to the terminal 
bronchioles are filled with blood, lipid, protein, water, or inflammatory cells. 
The radiographic appearance is that of an alveolar infiltrate with small nodular 
densities and ill-defined margins; hence, the radiographic picture is similar 
to an ILD, and virtually all the alveolar filling disorders may result in ILD, 
including Goodpasture syndrome, pulmonary alveolar proteinosis (primary 
and secondary), alveolar hemorrhage syndromes (Chapter 85), acute interstitial 
pneumonia, and bronchoalveolar cell carcinoma (Chapter 182).

 IDIOPATHIC PULMONARY HEMOSIDEROSIS
This rare disorder of children and young adults is characterized by intermit-
tent, diffuse alveolar hemorrhage without evidence of vasculitis, inflammation, 
granulomas, or necrosis. The etiology is poorly understood. Anemia and 
hepatosplenomegaly may be present. Hemosiderin-laden macrophages in 
bronchoalveolar lavage fluid and lung tissue are part of the diagnostic picture. 
The chest radiograph reveals diffuse, bilateral alveolar infiltrates. A chronic 
interstitial infiltrate may develop after repeated episodes, infrequently with 
hilar and mediastinal adenopathy. Systemic corticosteroids (see Table 86-5) 
may be beneficial in treating acute disease.

 CHRONIC EOSINOPHILIC PNEUMONIA
The clinical manifestation of chronic eosinophilic pneumonia varies over a wide 
spectrum, from asymptomatic to respiratory failure. The disease often occurs 
in women in the second to fourth decades of life; such women often manifest 
constitutional symptoms of fevers, sweats, weight loss, fatigue, dyspnea, and 
cough. Peripheral blood eosinophilia (Chapter 161), usually at levels of 10 
to 40%, is common but may be absent in up to one third of affected patients 
at initial evaluation. On chest radiography and HRCT, the cardinal feature is 
peripheral multifocal consolidation, predominantly in the upper and mid lung 
zones. These dense peripheral infiltrates, which have sometimes been called the 
“photographic negative of pulmonary edema,” often resolve dramatically after 
treatment with corticosteroids. Ground-glass attenuation commonly accompa-
nies the consolidation. Bronchoalveolar lavage fluid may show greater than 40% 
eosinophils during exacerbations. Treatment with corticosteroids (see Table 
86-5) results in a rapid response, frequently within hours; in fact, such a dra-
matic resolution of symptoms with radiographic clearance of infiltrates shortly 
after initiation of corticosteroid therapy is considered “diagnostic.” However, 
the rate of relapse is high, so most patients require prolonged treatment with 
low-dose corticosteroids (prednisone, 5 to 10 mg/day) to stay in remission.

 Interstitial Lung Disease Associated with  
Pulmonary Vasculitides
 GRANULOMATOSIS WITH POLYANGIITIS (FORMERLY KNOWN AS  
WEGENER GRANULOMATOSIS)
Granulomatosis with polyangiitis (Chapter 254) is the most common form 
of vasculitis that involves the lung. The systemic necrotizing granulomatous 
inflammation and small-vessel vasculitis are often manifested first in the upper 
respiratory tract as chronic rhinitis or sinusitis (or both), epistaxis, oropha-
ryngeal ulcerations, gingival hyperplasia with clefting, or serous otitis media. 
Destruction of the nasal cartilage may lead to septal perforation or a saddle 
nose deformity. Ulcerative lesions of the tracheobronchial tree, cavitating 
nodules within the lung parenchyma, and diffuse alveolar hemorrhage caused 

exposure, only to recur when exposure is resumed. In more chronic and low-
level exposures, however, the onset is insidious. Some patients with chronic 
hypersensitivity pneumonitis owing to many years of exposure may manifest 
clinical features similar to those of patients with idiopathic pulmonary 
fibrosis.

 DIAGNOSIS
Findings on chest radiography are diverse, with focal patchy consolidation or 
a diffuse ground-glass appearance in acute hypersensitivity pneumonitis (E-Fig. 
86-7); micronodular and reticular shadowing in subacute forms; and diffuse, 
predominantly upper lung zone reticulation with honeycombing in the chronic 
form. Chest radiograph results may be normal in up to 30% of patients with 
significant physiologic abnormalities.

On HRCT, small centrilobular ill-defined nodules of ground-glass densities 
are seen, along with evidence of mosaic attenuation (trapped air) as a result 
of concomitant bronchiolitis and upper lobe predominance of the parenchymal 
abnormalities (E-Fig. 86-8). Chronically, findings of lung fibrosis may be 
indistinguishable from the patterns seen in usual interstitial pneumonia and 
idiopathic pulmonary fibrosis (E-Fig. 86-9).

Precipitating serum antibodies for potential causes of hypersensitivity pneu-
monitis confirm exposure but not cause and effect. The absence of antibodies 
does not exclude hypersensitivity pneumonitis. In some cases, a thorough 
investigation of the patient’s home and workplace by an industrial hygienist 
may reveal occult molds, spores, Thermoactinomycetes spp, Aureobasidium pul-
lulans, and other precipitating causes. When such exposures are evident and 
suspected to be the cause of the manifested ILD, further diagnostic interven-
tions such as bronchoalveolar lavage may be quite helpful by showing the most 
marked increase in T lymphocytes and an increased number of plasma cells. 
The characteristic histologic triad in hypersensitivity pneumonitis is cellular 
nonspecific interstitial pneumonia, cellular bronchiolitis, and granulomatous 
inflammation; however, this triad is seen in no more than 75% of affected 
patients. Differentiation from cellular nonspecific interstitial pneumonia may 
be challenging. Prompted by an elicited history of environmental exposure for 
an attributable antigen, bronchochallenge testing with the suspected antigen 
in experienced laboratories may provide further clues for the diagnosis of 
hypersensitivity pneumonitis in a patient otherwise suspected to have idio-
pathic pulmonary fibrosis. A subset of patients who meet the diagnostic criteria 
for idiopathic pulmonary fibrosis may be subsequently diagnosed as having 
chronic hypersensitivity pneumonitis after careful evaluation by experts who 
are familiar with hypersensitivity pneumonitis.

A thorough investigation must be undertaken to identify the antigen in the 
patient’s environment. Sometimes an industrial hygienist is needed to obtain 
samples for culture from potential sources in the patient’s domestic or workplace 
environment. The identified antigen must be eradicated from the patient’s 
environment. Avoidance of exposure to the identified antigen or antigens and 
treatment with corticosteroids (see Table 86-5) are important if improvement 
is to be obtained. However, despite thorough searches, the antigen may remain 
undetected in a substantial number of patients who have hypersensitivity 
pneumonitis confirmed by lung biopsy. Continued exposure to the unidentifi-
able antigens, prolonged exposure to antigens, or both can lead to chronic 
hypersensitivity pneumonitis and irreversible fibrosis that may not respond to 
any treatment regimen. In the fibrotic stages, the prognosis and clinical course 
may be similar to those of idiopathic pulmonary fibrosis.

TREATMENT AND PROGNOSIS 

by pulmonary capillaritis are lower respiratory tract manifestations. Focal 
segmental necrotizing glomerulonephritis is the most common extrathoracic 
manifestation, although pulmonary involvement may occur without renal 
disease. Chest radiography usually reveals multiple nodular or cavitating infil-
trates, but single nodules may be found as well. The diagnosis is most com-
monly made serologically, with demonstration of antineutrophil cytoplasmic 
antibodies, although a negative test result does not exclude the disease. Treat-
ment is usually with cyclophosphamide (50 to 100 mg/day or 2 mg/kg of 
ideal body weight per day but not more than 150 mg/day) in conjunction 
with oral corticosteroids (prednisone, 10 to 40 mg/day). Initial remission 
occurs in more than 90% of patients, but most patients require treatment for 
several years. Relapses may occur in up to 30% of patients, especially when 
treatment is tapered; such patients may need treatment indefinitely. Rituximab 
has become a first-line therapy for anti-neutrophil cytoplasma antibody (ANCA) 
associated vasculitis (remission-induction dose of 375 mg/m2, typically infused 
once a week for four weeks) A8  (Chapter 254). Prophylaxis for Pneumocystis 
jiroveci infection is indicated in patients receiving chronic treatment.

 EOSINOPHILIC GRANULOMATOSIS WITH POLYANGIITIS
This systemic necrotizing vasculitis, previously known as Churg-Strauss syn-
drome (Chapter 254), affects both the upper and lower respiratory tracts and 
is almost invariably preceded by allergic disorders such as asthma, allergic 
rhinitis, sinusitis, or a drug reaction. Peripheral and lung eosinophilia, bron-
chospasm, increased immunoglobulin E levels, and rashes are common mani-
festations. The pulmonary radiographic findings are bilateral patchy, fleeting 
infiltrates; diffuse nodular infiltrates; or diffuse reticulonodular disease. His-
topathologic examination of lung tissue is generally diagnostic with features 
of granulomatous angiitis or vasculitis. Although treatment with corticosteroids 
is indicated, the dosage and duration are unclear (see Table 86-5). Response 
rates are high when mepolizumab (an anti IL-5 monoclonal antibody at a 
dose of 300 mg administered subcutaneously every 4 weeks) is added to stan-
dard care. A9  Additional immunosuppression, usually with cyclophosphamide, 
is often used to achieve disease control, particularly in severe disease.

 IDIOPATHIC PULMONARY CAPILLARITIS
Idiopathic pulmonary capillaritis may involve the pulmonary vasculature within 
the alveolar walls and be manifested as ILD. Patients may also have subclinical 
alveolar hemorrhage, often associated with the presence of perinuclear anti-
neutrophilic cytoplasmic antibodies. Corticosteroids are the mainstay of treat-
ment, but the doses and duration of treatment are unclear. Frequently, patients 
need adjunctive treatment with cyclophosphamide or rituximab, similar to 
patients with vasculitis and granulomatosis with polyangiitis (Chapter 254).

 Other Forms of Interstitial Lung Disease
 SARCOIDOSIS
See Chapter 89.

 PULMONARY LANGERHANS CELL HISTIOCYTOSIS
This condition, previously known as pulmonary histiocytosis X or eosinophilic 
granuloma of the lung, is an idiopathic, granulomatous ILD that typically 
occurs in the second or third decade of life; there is a male preponderance. 
The currently accepted term is Langerhans cell histiocytosis. Pulmonary Lang-
erhans cell histiocytosis is rare, with an estimated incidence of two to five 
cases per million population. The large majority (≈90%) of affected individuals 
are male smokers, and current evidence suggests that the disorder results from 
an abnormal immune response to a component or derivative of cigarette smoke. 
The disease is thought to be a myeloid neoplasm, with up to about 50% of 
cells having activating BRAF or other MAPK mutations.19

 CLINICAL MANIFESTATIONS
The clinical findings are variable and range from an abnormal chest radiograph 
in an asymptomatic patient to progressive dyspnea with a nonproductive cough. 
Systemic symptoms of malaise, fever, and weight loss may be present. Hemop-
tysis is rare. Spontaneous pneumothorax, which occurs in approximately 25% 
of patients and is caused by rupture of subpleural cysts, may be an initial 
finding. Langerhans cell histiocytosis may be confined to the lung or may be 
a component of a multisystem disease that includes painful cystic bone lesions 
and diabetes insipidus (Chapter 212).

 DIAGNOSIS
The chest radiograph shows diffuse symmetrical reticulonodular opacities 
superimposed on multiple small cysts in the upper and mid lung zones. HRCT 

 OCCUPATIONAL INTERSTITIAL LUNG DISEASES
Interstitial lung diseases associated with specific occupations generally involve 
the inhalation and deposition of dust in the lungs followed by a tissue reaction 
that ultimately results in fibrosis. Examples include silicosis (inhalation of 
silica in crystalline form or silicon dioxide as quartz, cristobalite, or tridymite; 
at-risk occupations include sandblasting and working with granite), coal workers’ 
pneumoconiosis (inhalation of coal dust), asbestosis (deposition of fibers 
during mining, milling, or other handling of asbestos; welding and working 
in a shipyard are two at-risk occupations), berylliosis (seen in aerospace workers 
and in electronic industries), and hard metal disease (Chapter 87). Radio-
graphic features vary depending on the inciting inhalant. Cessation of the 
exposure is important, but the fibrosis is generally irreversible.

TREATMENT AND PROGNOSIS 

 LYMPHANGIOLEIOMYOMATOSIS
This rare ILD is limited to women, primarily of childbearing age. Proliferation 
of abnormal smooth muscle around bronchioles leads to bilateral small cysts, 
which give an appearance of ILD on chest radiographs, and progressive impair-
ment of lung function. Hemoptysis, pneumothorax (from rupture of subpleural 
cysts), and chylothorax (from lymphatic obstruction) may be initial symptoms 
that distinguish this disorder from other diffuse lung diseases. Although 
lymphangioleiomyomatosis is usually limited to the lungs, an association with 
angiomyolipomas of the mediastinal and retroperitoneal lymph nodes and 
kidney has been described, so the disease may mimic the manifestations of 
tuberous sclerosis (Chapter 389). Coarse reticulonodular infiltrates, often with 
cysts or bullae, are typically seen on chest radiographs.21 In contrast to most 
other ILDs, increased lung volumes may be present and should prompt con-
sideration of this diagnosis in a nonsmoking woman of reproductive age. HRCT 
shows characteristic diffuse thin-walled cysts (E-Fig. 86-11), generally less 
than 2 cm in diameter. For women who have characteristic cystic changes on 
chest HRCT but have no additional confirmatory features, a clinical diagnosis 
can be based on one or more of the following: presence of tuberous sclerosis 
complex (angiomyolipomas, chylous effusions, lymphangioleiomyomas; Chapter 
389), or a serum vascular endothelial growth factor-D level of 800 pg/mL or 
more. When a definitive diagnosis is required in patients who have charac-
teristic parenchymal cysts on HRCT but no additional confirmatory features, 
transbronchial lung biopsy should be considered before a surgical lung biopsy. 
Lung biopsy reveals abnormal smooth muscle cells lining the airways, lym-
phatics, and blood vessels, with concurrent airflow obstruction and replacement 
of the lung parenchyma with cysts.

TREATMENT AND PROGNOSIS 

http://www.pneumotox.com/
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E-FIGURE 86-7. Chest radiograph (left) and computed tomography scan (right) on the same patient with hypersensitivity pneumonitis. note the centrilobular nodules and ground-
glass opacities on the computed tomography scan. 

E-FIGURE 86-8. upper lobe air trapping and mosaic attenuation in a patient with 
hypersensitivity pneumonitis. 

E-FIGURE 86-9. upper lobe nodular and patchy fibrosis in a patient with chronic hyper-
sensitivity pneumonitis. 
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reveals subpleural nodules; scattered ground-glass densities; and irregular cysts 
of varying number, size, and configuration in both lungs, with sparing of the 
lung bases (E-Fig. 86-10). In the appropriate clinical setting, this pattern may 
be pathognomonic. As the disease progresses, the increase in fibrosis and 
cysts may lead to honeycombing of the lung. PFTs are characterized by a 
mixed restrictive and obstructive pattern, including a reduction in diffusing 
capacity. Vital capacity is disproportionately reduced compared with TLC 
because of air trapping within the cysts; the result is an increased residual 
volume. Bronchoalveolar lavage reveals Langerhans cells (atypical histiocytes) 
that have the characteristic “x body” (i.e., Birbeck granule) on electron 
microscopy; immunostaining shows CD1 antigen on the cell surface and S-100 
protein in the cytoplasm. However, the absence of these findings does not 
exclude the diagnosis. The diagnosis is usually made by transbronchial biopsy 
or surgical lung biopsy, which reveals interstitial and peribronchiolar collec-
tions of histiocytes, eosinophils, and lymphocytes; peribronchiolar nodules; 
and cysts with areas of central stellate fibrosis.

by pulmonary capillaritis are lower respiratory tract manifestations. Focal 
segmental necrotizing glomerulonephritis is the most common extrathoracic 
manifestation, although pulmonary involvement may occur without renal 
disease. Chest radiography usually reveals multiple nodular or cavitating infil-
trates, but single nodules may be found as well. The diagnosis is most com-
monly made serologically, with demonstration of antineutrophil cytoplasmic 
antibodies, although a negative test result does not exclude the disease. Treat-
ment is usually with cyclophosphamide (50 to 100 mg/day or 2 mg/kg of 
ideal body weight per day but not more than 150 mg/day) in conjunction 
with oral corticosteroids (prednisone, 10 to 40 mg/day). Initial remission 
occurs in more than 90% of patients, but most patients require treatment for 
several years. Relapses may occur in up to 30% of patients, especially when 
treatment is tapered; such patients may need treatment indefinitely. Rituximab 
has become a first-line therapy for anti-neutrophil cytoplasma antibody (ANCA) 
associated vasculitis (remission-induction dose of 375 mg/m2, typically infused 
once a week for four weeks) A8  (Chapter 254). Prophylaxis for Pneumocystis 
jiroveci infection is indicated in patients receiving chronic treatment.

 EOSINOPHILIC GRANULOMATOSIS WITH POLYANGIITIS
This systemic necrotizing vasculitis, previously known as Churg-Strauss syn-
drome (Chapter 254), affects both the upper and lower respiratory tracts and 
is almost invariably preceded by allergic disorders such as asthma, allergic 
rhinitis, sinusitis, or a drug reaction. Peripheral and lung eosinophilia, bron-
chospasm, increased immunoglobulin E levels, and rashes are common mani-
festations. The pulmonary radiographic findings are bilateral patchy, fleeting 
infiltrates; diffuse nodular infiltrates; or diffuse reticulonodular disease. His-
topathologic examination of lung tissue is generally diagnostic with features 
of granulomatous angiitis or vasculitis. Although treatment with corticosteroids 
is indicated, the dosage and duration are unclear (see Table 86-5). Response 
rates are high when mepolizumab (an anti IL-5 monoclonal antibody at a 
dose of 300 mg administered subcutaneously every 4 weeks) is added to stan-
dard care. A9  Additional immunosuppression, usually with cyclophosphamide, 
is often used to achieve disease control, particularly in severe disease.

 IDIOPATHIC PULMONARY CAPILLARITIS
Idiopathic pulmonary capillaritis may involve the pulmonary vasculature within 
the alveolar walls and be manifested as ILD. Patients may also have subclinical 
alveolar hemorrhage, often associated with the presence of perinuclear anti-
neutrophilic cytoplasmic antibodies. Corticosteroids are the mainstay of treat-
ment, but the doses and duration of treatment are unclear. Frequently, patients 
need adjunctive treatment with cyclophosphamide or rituximab, similar to 
patients with vasculitis and granulomatosis with polyangiitis (Chapter 254).

 Other Forms of Interstitial Lung Disease
 SARCOIDOSIS
See Chapter 89.

 PULMONARY LANGERHANS CELL HISTIOCYTOSIS
This condition, previously known as pulmonary histiocytosis X or eosinophilic 
granuloma of the lung, is an idiopathic, granulomatous ILD that typically 
occurs in the second or third decade of life; there is a male preponderance. 
The currently accepted term is Langerhans cell histiocytosis. Pulmonary Lang-
erhans cell histiocytosis is rare, with an estimated incidence of two to five 
cases per million population. The large majority (≈90%) of affected individuals 
are male smokers, and current evidence suggests that the disorder results from 
an abnormal immune response to a component or derivative of cigarette smoke. 
The disease is thought to be a myeloid neoplasm, with up to about 50% of 
cells having activating BRAF or other MAPK mutations.19

 CLINICAL MANIFESTATIONS
The clinical findings are variable and range from an abnormal chest radiograph 
in an asymptomatic patient to progressive dyspnea with a nonproductive cough. 
Systemic symptoms of malaise, fever, and weight loss may be present. Hemop-
tysis is rare. Spontaneous pneumothorax, which occurs in approximately 25% 
of patients and is caused by rupture of subpleural cysts, may be an initial 
finding. Langerhans cell histiocytosis may be confined to the lung or may be 
a component of a multisystem disease that includes painful cystic bone lesions 
and diabetes insipidus (Chapter 212).

 DIAGNOSIS
The chest radiograph shows diffuse symmetrical reticulonodular opacities 
superimposed on multiple small cysts in the upper and mid lung zones. HRCT 

Although definitive regression after discontinuation of smoking has not been 
proved, small series report improvement, so patients should be encouraged 
to discontinue smoking. The prognosis in pulmonary Langerhans cell histio-
cytosis is usually favorable, with approximately 75% of patients improving or 
stabilizing, especially with cessation of smoking; some patients, however, may 
progress to end-stage lung disease. In patients with progressive disease, 
corticosteroids (see Table 86-5) with or without vincristine, vemurafenib in 
patients with BRAF V600 mutations,20 arabinoside, cyclosporine, cyclophospha-
mide, and azathioprine have been used with some anecdotal reports of success. 
Lung transplantation has been performed, but recurrent disease has been 
reported in the allograft.

TREATMENT AND PROGNOSIS 

 LYMPHANGIOLEIOMYOMATOSIS
This rare ILD is limited to women, primarily of childbearing age. Proliferation 
of abnormal smooth muscle around bronchioles leads to bilateral small cysts, 
which give an appearance of ILD on chest radiographs, and progressive impair-
ment of lung function. Hemoptysis, pneumothorax (from rupture of subpleural 
cysts), and chylothorax (from lymphatic obstruction) may be initial symptoms 
that distinguish this disorder from other diffuse lung diseases. Although 
lymphangioleiomyomatosis is usually limited to the lungs, an association with 
angiomyolipomas of the mediastinal and retroperitoneal lymph nodes and 
kidney has been described, so the disease may mimic the manifestations of 
tuberous sclerosis (Chapter 389). Coarse reticulonodular infiltrates, often with 
cysts or bullae, are typically seen on chest radiographs.21 In contrast to most 
other ILDs, increased lung volumes may be present and should prompt con-
sideration of this diagnosis in a nonsmoking woman of reproductive age. HRCT 
shows characteristic diffuse thin-walled cysts (E-Fig. 86-11), generally less 
than 2 cm in diameter. For women who have characteristic cystic changes on 
chest HRCT but have no additional confirmatory features, a clinical diagnosis 
can be based on one or more of the following: presence of tuberous sclerosis 
complex (angiomyolipomas, chylous effusions, lymphangioleiomyomas; Chapter 
389), or a serum vascular endothelial growth factor-D level of 800 pg/mL or 
more. When a definitive diagnosis is required in patients who have charac-
teristic parenchymal cysts on HRCT but no additional confirmatory features, 
transbronchial lung biopsy should be considered before a surgical lung biopsy. 
Lung biopsy reveals abnormal smooth muscle cells lining the airways, lym-
phatics, and blood vessels, with concurrent airflow obstruction and replacement 
of the lung parenchyma with cysts.

Sirolimus, an inhibitor of rapamycin signaling, initially at 2 mg/day and titrated 
to maintain trough levels between 5 and 15 ng/mL, can safely stabilize lung 
function. Treatment with progesterone or tamoxifen has been tried, but no 
randomized trials support the use of interventions to alter the estrogen–pro-
gesterone balance. Although lung transplantation is indicated as the patient 
reaches severe functional impairment, the disease may recur in the transplanted 
lung. Most patients currently die of respiratory failure about 10 years after the 
onset of symptoms.

TREATMENT AND PROGNOSIS 
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A

B C

E-FIGURE 86-10. Pulmonary Langerhans cell histiocytosis. High-resolution computed tomography reveals subpleural nodules, scattered ground-glass densities (A and B), and 
irregular cysts of varying number and size (C). 

E-FIGURE 86-11. Bilateral thin wall cysts in a patient with lymphangioleiomyomatosis. 



GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

 Inherited Disorders
Several rare genetic disorders are associated with ILD and pulmonary fibrosis. 
Inheritance is autosomal dominant with variable penetrance for most cases 
of familial idiopathic pulmonary fibrosis and familial idiopathic interstitial 
pneumonia and for tuberous sclerosis (Chapter 389), neurofibromatosis 
(Chapter 389), and familial hypocalciuric hypercalcemia (Chapter 232). 
Inheritance is autosomal recessive for Gaucher disease (Chapter 197), Niemann-
Pick disease (Chapter 197), and Hermansky-Pudlak syndrome (Chapter 197). 
The congenital form of the alveolar filling disorder pulmonary alveolar pro-
teinosis also is inherited in an autosomal recessive manner.

Tuberous sclerosis (Chapter 389), an autosomal dominant disease of variable 
penetrance, is characterized pathologically by the presence of hamartomas in 
multiple organs. The most well-known clinical manifestations include epilepsy, 
mental retardation, adenoma sebaceum, and renal angiomyolipomas. ILD 
occurs in only 1% of patients with tuberous sclerosis, usually in women older 
than 30 years with little or no mental retardation. The pulmonary involvement, 
which is indistinguishable from lymphangioleiomyomatosis both radiographi-
cally and histopathologically, may be manifested as exertional dyspnea, recur-
rent pneumothorax, and hemoptysis. HRCT reveals thin-walled cysts and a 
diffuse reticulonodular infiltrate. Recurrent parenchymal hemorrhage may 
lead to hemosiderin deposition and interstitial pulmonary fibrosis. There is 
no cure, and treatment is supportive.

Neurofibromatosis (Chapter 389) may affect all age groups and both sexes. 
Type 1 (von Recklinghausen disease) is characterized by cafe au lait spots, 
neurofibromas, optic glioma, and bony lesions; the more rare type 2 is associated 
with bilateral acoustic neuromas. Diffuse ILD is manifested as bilateral lower 
lobe fibrosis as well as bullae or cystic changes. Interstitial fibrosis and alveolitis 
with thickening of the alveolar septa, accompanied by a cellular infiltrate, are 
seen on lung biopsy. Management is as for idiopathic pulmonary fibrosis.

Gaucher disease (Chapter 197), a lysosomal glycolipid storage disorder, has 
a predilection for the Ashkenazi Jewish population. Pulmonary manifestations, 
which occur most frequently in type 2 disease, may be a result of interstitial 
infiltration by Gaucher cells with fibrosis, alveolar consolidation, and filling 
of alveolar spaces; capillary plugging by Gaucher cells may cause secondary 
pulmonary hypertension. Treatment is as for the systemic disease, and the 
general approaches for idiopathic interstitial pneumonias and pulmonary arte-
rial hypertension may be followed for these patients.

Niemann-Pick disease (Chapter 197) is a rare lipid storage disease that may 
cause infiltration of the characteristic “foam cell” throughout the pulmonary 
lymphatics, the pulmonary arteries, and the pulmonary alveoli. Patients with 
type B may survive into adulthood. Treatment is as for the systemic disease.

Hermansky-Pudlak syndrome (Chapter 197) is characterized by oculocutane-
ous albinism, a bleeding diathesis, and ceroid inclusions in macrophages. Most 
patients are of Puerto Rican ancestry, and women are affected more frequently 
than men. Pulmonary fibrosis, with onset in the third or fourth decade, is 
slowly progressive. Treatment principles and interventions are largely sup-
portive and extrapolated from other related conditions, especially idiopathic 
pulmonary fibrosis.
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4. Which of the following high-resolution computed tomographic finding(s) 
is/are typical of cryptogenic organizing pneumonia.
 A. Bronchial wall thickening with ground-glass opacification
 B. Basilar predominant, subpleural honeycomb change
 C. Diffuse ground-glass opacification
 D. Patchy, bilateral consolidation
 E. Diffuse micronodules

Answer: D Patchy bilateral consolidation is the typical HRCT finding in 
cryptogenic organizing pneumonia.

5. Which of the following therapeutic agents is/are approved for the treat-
ment of idiopathic pulmonary fibrosis?
 A. Mycophenolate
 B. N-acetyl cysteine combined with azathioprine and prednisone
 C. Pirfenidone
 D. Nintedanib
 E. C and D

Answer: E Both pirfenidone and nintedanib are approved therapeutic agents 
for the management of idiopathic pulmonary fibrosis.

REVIEW QUESTIONS

1. The idiopathic interstitial pneumonias include all of the following except 
which one of the following?
 A. Idiopathic pulmonary fibrosis
 B. Acute interstitial pneumonia
 C. Progressive systemic sclerosis associated ILD
 D. Pleuroparenchymal fibroelastosis
 E. Desquamative interstitial pneumonia

Answer: C Progressive systemic sclerosis associated ILD is a secondary inter-
stitial pneumonia.

2. Which of the following have been associated with familial interstitial 
pneumonias?
 A. Telomerase gene mutations
 B. Surfactant protein gene mutations
 C. Tollip gene mutations
 D. MUC5B mutations
 E. All of the above

Answer: E All of these have been associated with familial interstitial 
pneumonias.

3. Which of the following radiographic features on high-resolution computed 
tomography is NOT typical of idiopathic pulmonary fibrosis?
 A. Decreased lung volumes
 B. Migratory infiltrates
 C. Honeycomb change
 D. Peripheral, reticular changes
 E. Lower lobe predominance

Answer: B Migratory infiltrates is not a typical manifestation of idiopathic 
pulmonary fibrosis, but is generally seen in the setting of cryptogenic organiz-
ing pneumonia, chronic eosinophilic pneumonia, drug-induced disease, or 
radiation-induced ILD.
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87 
OCCUPATIONAL LUNG DISEASE
SUSAN M. TARLO

Occupational lung diseases include a wide spectrum of respiratory disorders 
with symptoms, signs, and diagnostic test results that often present with fea-
tures similar to nonoccupational diseases (Table 87-1). For example, adult-
onset asthma (Chapter 81) may be occupational asthma, presumed sarcoidosis 
(Chapter 89) may actually be chronic beryllium disease, apparent idiopathic 
pulmonary fibrosis may be asbestosis, or a suspected viral pneumonia (Chapter 
91) may be hypersensitivity pneumonitis from an occupational cause such 
as contaminated metal-working fluid.

When evaluating any respiratory disease, the clinician should consider the 
possibility of an occupational cause or contribution (see E-Fig. 16-1; see Table 
87-1). The onset of disease after an occupational exposure may occur with a 
short latency period, as for an acute toxic inhalation injury, or over a period 
of months to years, as for occupational asthma or hypersensitivity pneumonitis. 
Latency can be 20 years or more in chronic beryllium disease or lung cancer 
from chromium, asbestos, or other carcinogens. The most relevant job and 
occupational exposure history will therefore depend in part on the type of 
lung disease: for acute syndromes, the recent job exposure is most relevant; 
for asthma or hypersensitivity pneumonitis, the exposures at the onset of 
symptoms and ongoing exposures are most relevant; but for chronic diseases 
or diseases that may result from a long latency exposure, a full working history 
is essential. Consideration also should be given to potentially relevant expo-
sures that may be related to a patient’s hobbies or avocations (e.g., woodwork-
ing, model building, or insect collecting).

The clinical relevance of a correct occupational attribution is most apparent 
for diseases with a close temporal relationship between exposure and the 
onset of symptoms because intervention to reduce or remove exposure may 
reverse the disease or prevent progression. In addition, interventions in the 
workplace may reduce or prevent disease in other workers. However, even for 
diseases with a potential long latency, such as chronic beryllium disease, iden-
tification of disease in one worker should be regarded as a sentinel event that 
can lead to investigation of the workplace exposures and introduction of pre-
ventive measures. With the assistance of their physicians, workers with occu-
pational lung diseases also often can qualify for workers’ compensation.

 EPIDEMIOLOGY
No reliable figures exist for the total incidence or prevalence of occupational 
lung diseases, and regional variation in occupations and exposures is substantial. 
Work-related asthma has become the most common chronic occupational 
lung disease in developed countries, where occupational asthma (asthma caused 
by work) accounts for about 15% of all adult-onset asthma, and work-
exacerbated asthma occurs in 25 to 52% of asthmatic workers. The occupational 
contribution of workplace dusts, fumes, and gases to chronic obstructive 
pulmonary disease (COPD) is estimated at 15%.

In contrast, pneumoconiosis from silica or coal dust, although still important 
in developing countries, has declined in incidence in developed countries 
(E-Fig. 87-1A and B) as a result of occupational hygiene measures. For example, 
approximately 25,000 Americans now receive benefits from the Federal Black 
Lung Program compared with about 500,000 funded in 1980, and the percent-
age of coal miners with pneumoconiosis has fallen from 11% in the mid-1970s 
down to approximately 3 to 4%. In some states, however, mortality rates have 
started to rise again, especially in smaller mines. Newer exposures that can 
cause silicosis include the textile industry’s use of jet silica blasting of denim 
jeans, the use of artificial stone for kitchen counters,1 and hydraulic fracturing 
(fracking) to extract oil and gas from subterranean deposits. Newly recognized 
asbestos-related diseases continue to occur, owing to the long latency period 
between exposure and clinical disease, despite the declining exposure to asbestos 
in developed countries. Although annual deaths from asbestosis have now 
reached a plateau in North America (E-Fig. 87-1C) and will likely decline, 
new cases of mesothelioma, which has a latency of up to 35 years or more, 
are not estimated to plateau until 2020.

Chronic beryllium disease declined in frequency and severity after the 
elimination of beryllium from fluorescent light bulbs in the 1950s, but then 
increased because of the increasing use of beryllium in nuclear facilities, 
aerospace, electronics, dental ceramics, metal alloys, recycling of metals, 

and products such as golf clubs and bicycles. The beryllium lymphocyte 
proliferation test can identify beryllium sensitization, which can be found 
in up to 10% of exposed workers and facilitates earlier diagnosis of chronic  
beryllium disease.

 SPECIFIC OCCUPATIONAL LUNG DISORDERS
Occupational lung diseases are often misdiagnosed as other common nonoc-
cupational diseases, but a careful history and appropriate investigations can 
lead to a correct diagnosis. For many occupational lung diseases, the diagnosis 
can significantly improve prognosis and lead to measures to prevent illness 
in other workers.

 Work-Related Asthma
Work-related asthma includes both occupational asthma that is caused by work 
and asthma that is not caused by work but is exacerbated by work exposures.2

 SENSITIZER-INDUCED OCCUPATIONAL ASTHMA
 EPIDEMIOLOGY

Occupational asthma is most commonly associated with a specific immune 
response to a high- or low-molecular-weight sensitizer (Table 87-2). Sensitizer-
induced occupational asthma usually affects no more than 5 to 10% of workers 

exposed to the sensitizing agent, but exposure to complex platinum salts or 
detergent enzymes may result in symptoms in about 50% of highly exposed 
workers. In most studies, higher levels of exposure are associated with higher 
rates of sensitization in the exposed populations, but there is no clear threshold 
exposure below which all workers are protected from the risk for sensitization.

 PATHOBIOLOGY
Genetic factors increase the risk for sensitization, but the risks appear to be 
polygenic and may differ for different allergens and sensitizers. Underlying 
atopy, as exemplified by a history of allergy or positive skin tests to common 
environmental allergens (Chapter 235), carries an increased risk for sensitiza-
tion to the high-molecular-weight allergens, and smoking (Chapter 29) has 
been reported as a risk factor for sensitization to complex platinum salts. 
Currently, no host factors are sufficiently specific to justify exclusion of workers 
from settings with exposure to potential sensitizers.

Occupational asthma from a high-molecular-weight allergen is associated 
with specific immunoglobulin E (IgE) antibody production. Low-molecular-
weight sensitizers may act as haptens or may induce neoantigens by reacting 
with proteins in vivo, but specific IgE antibodies have been demonstrated 
with only a few low-molecular-weight sensitizers, such as complex platinum 
salts and acid anhydrides used in epoxy compounds.
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ABSTRACT
Occupational lung diseases include a wide spectrum of respiratory disorders 
with symptoms, signs, and diagnostic test results that often present with fea-
tures similar to nonoccupational diseases. For example, adult-onset asthma 
may be occupational asthma, presumed sarcoidosis may actually be chronic 
beryllium disease, apparent idiopathic pulmonary fibrosis may be asbestosis, 
or a suspected viral pneumonia may be hypersensitivity pneumonitis from 
an occupational cause such as contaminated metal-working fluid. Therefore, 
when evaluating any respiratory disease, the clinician should consider the 
possibility of an occupational cause or contribution, which will be further 
suspected and investigated only with an appropriate work history. The onset 
of disease after an occupational exposure may occur with a short latency period, 
as for an acute toxic inhalation injury, or over a period of months to years, as 
for occupational asthma or hypersensitivity pneumonitis. Conversely, latency 
can be 20 years or more in chronic beryllium disease or lung cancer from 
chromium, asbestos, or other carcinogens. The most relevant job and occu-
pational exposure history will therefore depend in part on the type of lung 
disease: for acute syndromes, the recent job exposure is most relevant; for 
asthma or hypersensitivity pneumonitis, the exposures at the onset of symp-
toms and ongoing exposures are most relevant; but for chronic diseases or 
diseases that may result from a long latency exposure, a full working history 
is essential. Consideration also should be given to potentially relevant expo-
sures that may be related to a patient’s hobbies or avocations (e.g., woodwork-
ing, model building, or insect collecting).
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E-FIGURE 87-1. Changing patterns of mortality from silicosis (A), coal workers’ pneumoconiosis (B), and asbestosis (C)—United States, 1968-2010. (Data from national institute 
for Occupational safety and Health (niOsH), centers for Disease control and prevention, Division of Respiratory Disease studies, surveillance Branch. Work-Related lung Disease sur-
veillance system [eWoRlD]. 2014. http://www2a.cdc.gov/drds/WorldReportData/. accessed May 2, 2017.)

http://www2a.cdc.gov/drds/WorldReportData/
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and products such as golf clubs and bicycles. The beryllium lymphocyte 
proliferation test can identify beryllium sensitization, which can be found 
in up to 10% of exposed workers and facilitates earlier diagnosis of chronic  
beryllium disease.

 SPECIFIC OCCUPATIONAL LUNG DISORDERS
Occupational lung diseases are often misdiagnosed as other common nonoc-
cupational diseases, but a careful history and appropriate investigations can 
lead to a correct diagnosis. For many occupational lung diseases, the diagnosis 
can significantly improve prognosis and lead to measures to prevent illness 
in other workers.

 Work-Related Asthma
Work-related asthma includes both occupational asthma that is caused by work 
and asthma that is not caused by work but is exacerbated by work exposures.2

 SENSITIZER-INDUCED OCCUPATIONAL ASTHMA
 EPIDEMIOLOGY

Occupational asthma is most commonly associated with a specific immune 
response to a high- or low-molecular-weight sensitizer (Table 87-2). Sensitizer-
induced occupational asthma usually affects no more than 5 to 10% of workers 

exposed to the sensitizing agent, but exposure to complex platinum salts or 
detergent enzymes may result in symptoms in about 50% of highly exposed 
workers. In most studies, higher levels of exposure are associated with higher 
rates of sensitization in the exposed populations, but there is no clear threshold 
exposure below which all workers are protected from the risk for sensitization.

 PATHOBIOLOGY
Genetic factors increase the risk for sensitization, but the risks appear to be 
polygenic and may differ for different allergens and sensitizers. Underlying 
atopy, as exemplified by a history of allergy or positive skin tests to common 
environmental allergens (Chapter 235), carries an increased risk for sensitiza-
tion to the high-molecular-weight allergens, and smoking (Chapter 29) has 
been reported as a risk factor for sensitization to complex platinum salts. 
Currently, no host factors are sufficiently specific to justify exclusion of workers 
from settings with exposure to potential sensitizers.

Occupational asthma from a high-molecular-weight allergen is associated 
with specific immunoglobulin E (IgE) antibody production. Low-molecular-
weight sensitizers may act as haptens or may induce neoantigens by reacting 
with proteins in vivo, but specific IgE antibodies have been demonstrated 
with only a few low-molecular-weight sensitizers, such as complex platinum 
salts and acid anhydrides used in epoxy compounds.

TABLE 87-1 EXAMPLES OF OCCUPATIONAL RESPIRATORY DISEASES THAT COULD BE MISDIAGNOSED AS COMMON 
NONOCCUPATIONAL RESPIRATORY DISEASE

DISEASE THAT IS 
MIMICKED POSSIBLE OCCUPATIONAL DISEASE

EXAMPLES OF SUGGESTIVE FEATURES LEADING TO A CORRECT 
DIAGNOSIS

Asthma Occupational asthma from a work sensitizer Asthma symptoms begin and are worse during a working period, with some 
improvement on days or weeks off work. Exposure to a high- or low-
molecular-weight workplace sensitizer

Occupational asthma—irritant induced, including 
reactive airways dysfunction syndrome

Asthma begins within days after a high-level (accidental) workplace exposure

Work-exacerbated asthma Asthma usually began before starting the job or exposure, but severity is worse 
on days of work, or work exposures to expected asthma triggers or common 
allergens at work

COPD Occupational COPD Prolonged exposure at work to dusts, fumes, or gases
Pneumonia Acute hypersensitivity pneumonitis Symptoms typically resolve within days and recur on re-exposure to the same 

work trigger (e.g., metal-working fluid, moldy hay, humidifiers)
Acute viral respiratory illness or 

pneumonia
Humidifier fever, organic dust toxic syndrome, metal 

fume fever, polymer fume fever, cotton dust fever
Exposure triggers the episodes

Sarcoidosis Chronic beryllium disease History of exposure to beryllium dust or fumes up to 30 years or more before 
onset of disease

Silicosis History of exposure; typical radiographic findings of rounded opacities with 
upper lobe predominance and progressive massive fibrosis on biopsy

Idiopathic pulmonary fibrosis Asbestosis History of moderate or high previous asbestos exposure and appropriate latency 
period, often with other markers of asbestos exposure, such as radiographic 
evidence of pleural plaques

Chronic hypersensitivity pneumonitis ± Work exposure to a known trigger, ± improvement during periods away from 
exposure

Flock-worker’s lung Lymphocytic bronchiolitis and interstitial lung disease from nylon/synthetic 
textile microfibers

Idiopathic pulmonary fibrosis 
or alveolar proteinosis

Indium lung Exposure to indium-tin oxide in making of flat screens

Idiopathic pulmonary fibrosis 
or hypersensitivity 
pneumonitis

Hard metal disease History of exposure to hard metal (tungsten, cobalt), and histologic findings of 
giant cell pneumonitis on lung biopsy

Chest infections Occupational causes of chest infections, e.g., SARS 
or TB in health care workers, histoplasmosis in 
construction workers, anthrax in wool workers or 
farmers

History of occupation and exposures

Pleural effusion Asbestos-related benign pleural effusion Previous asbestos exposure with appropriate latency; pleural plaques commonly 
present

Incidental pulmonary nodule Rounded atelectasis from asbestos Previous asbestos exposure with appropriate latency; pleural plaques commonly 
present

Multiple nodules Silicosis or pneumoconiosis History of exposure, distribution of nodules, presence of progressive massive 
fibrosis

Lung cancer Occupational lung cancer History of exposure to carcinogens at work, with an appropriate latency period 
(e.g., asbestos, radon, chromium)

Bronchiolitis obliterans Popcorn lung; bronchiolitis in military personnel History of working with microwave popcorn or flavorings; history of deployment 
in Southeast Asia with exposure to burn pits and other irritants

COPD = chronic obstructive pulmonary disease; SARS = severe acute respiratory syndrome; TB = tuberculosis.
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TABLE 87-2 COMMON CAUSES OF SENSITIZER-INDUCED 
OCCUPATIONAL ASTHMA

OCCUPATION ALLERGEN BY SETTING
Bakers Wheat, rye, fungal amylase in flour
Laboratory workers Animal allergens, e.g., proteins in rat 

urine, mouse or rabbit dander
Detergent making, medical instrument 

cleaning, pharmaceuticals or 
laboratory workers

Enzymes, e.g., Bacillus subtilis, pancreatic 
enzymes

Farmers Grains, plant, and animal allergens; mites
Greenhouse workers and florists Pollen, fungi, mites
Food workers Airborne food allergens, e.g., powdered 

milk or eggs and vegetables
Some office workers Fungal allergens in moldy or “sick” 

buildings
Health care workers Latex allergens from gloves, 

glutaraldehyde, orthophthaldehyde, 
aerosolized medications

Factory or other industrial workers Chemicals in spray paints, glues, 
polyurethane, coatings and spray 
insulation, adhesives

Electronic workers Soldering flux with colophony

Transient work-exacerbated asthma is commonly diagnosed on the basis of 
the history of work exposures and the associated increase in asthmatic symp-
toms, medication requirements, or unscheduled physician visits. The recom-
mended evaluation of patients with daily or frequent work exacerbations of 
asthma is similar to that for patients with suspected occupational asthma. 
Work-related changes in serial peak flow recordings mimic those seen in occu-
pational asthma, but sputum eosinophil counts typically show less of a work-
related increase than is observed with occupational asthma. If the workplace 
exposure includes a potential work sensitizer, immunologic testing or a controlled 
challenge exposure may confirm whether respiratory sensitization has occurred.

Management includes the same pharmacologic measures as for non–work-
related exacerbations, including the optimization of pharmacologic asthma 
management (Chapter 81) and, when needed, adjusting the work exposures 
to avoid ongoing exacerbations. Occupational hygiene measures can reduce 
exposures, but some patients require a change in job description or work area. 
Workers’ compensation may be available for some patients who miss work 
owing to work exacerbation of asthma.

DIAGNOSIS AND TREATMENT 

 Irritant Exposure and Reactive Airways Dysfunction Syndrome
A high level of usually accidental exposure to an irritant agent can cause 
asthma. Although the clinical manifestations can be dramatic, irritant-induced 

The optimal management of patients with sensitizer-induced occupational 
asthma includes complete removal from further exposure to the sensitizer and 
cross-reacting agents combined with the usual pharmacologic approach to 
the treatment of asthma (Chapter 81) and advocacy for appropriate workers’ 
compensation.3 Consideration of the other exposed workers typically includes 
communication with the workplace or public health officials, in the hope that 
measures may be instituted to protect other workers from similar exposures 
and symptoms. Recommendations for primary prevention have been to reduce 
exposures to occupational sensitizers as far as possible, removing unnecessary 
sensitizing agents (e.g., removing high-powdered and high-protein latex gloves) 
and limiting exposures to sensitizers with occupational hygiene measures.4 
Ongoing medical surveillance measures in the workplace may also be of value.

TREATMENT AND PREVENTION 

 CLINICAL MANIFESTATIONS
Sensitizer-induced occupational asthma has a latency period ranging from 
weeks to several years before it develops, but most patients develop symptoms 
within the first few years of exposure. After a patient has become sensitized 
and has developed asthma, even very small subsequent exposures can trigger 
asthma, sometimes including exposures that may be below the limit of mea-
surable detection. Pulmonary function and histologic changes are similar to 
those in nonoccupational asthma (Chapter 81). Sensitizer-induced occupa-
tional asthma from a high-molecular-weight agent sensitizer typically causes 
a prompt asthmatic response within minutes after exposure with or without 
a late asthmatic response starting 4 to 6 hours after exposure. By compari-
son, responses to low-molecular-weight sensitizers typically start 4 to 6 hours  
after exposure.

 DIAGNOSIS
The diagnosis of sensitizer-induced occupation asthma is clinically suspected 
by history and should be considered in all cases of new-onset asthma in patients 
who work. Supportive features include symptomatic improvement when away 
from work, such as weekends off work or holidays, but not necessarily in the 
evenings after a work shift, when symptoms from a late asthmatic response 
may occur. In patients who are exposed to high-molecular-weight sensitizers, 
allergic rhinitis or conjunctivitis associated with work frequently appears before 
the development of asthma. A detailed occupational history (Chapter 16) or 
review of material safety data sheets or occupational hygiene reports may 
reveal a known occupational sensitizer. However, more than 300 occupational 
respiratory sensitizers are currently known, and new agents or exposures are 
reported each year; as a result, the absence of a recognized sensitizer does not 
exclude occupational asthma.

Although the history can be very helpful, the evaluation should always 
include objective pulmonary function testing (Chapter 79) to confirm asthma, 
either when the patient has symptoms or within 24 hours of the typical sus-
pected work exposure (Fig. 87-1). Allergy skin-prick tests, blood samples, or 
both should be obtained to test for specific IgE antibodies to any relevant 
sensitizer if feasible. Serial monitoring of peak expiratory flow rates, symptom 
diaries, or use of rescue inhalers can provide supportive information. The 
results of a methacholine challenge test (Chapter 81) toward the end of a 
typical work week can help when compared with results after 10 days or more 
without exposure. A comparison of eosinophil counts in induced sputum at 
work and after a period away from exposure, showing higher levels when 
exposed, provides supportive diagnostic information. If the diagnosis is still 
in doubt, a carefully controlled specific inhalation challenge with the suspected 
workplace sensitizer can be performed. Each investigation can be falsely posi-
tive or negative, so a combination of investigations is advised while the patient 
continues to work until the diagnosis is confirmed. Given the specialized 

nature of many of these studies, consultation with a specialist is recommended. 
The main differential diagnosis for patients with confirmed asthma is the 
coincidental onset of asthma with subsequent work-exacerbated asthma. Other 
conditions, such as vocal cord dysfunction, may explain symptoms or may 
coexist with asthma and confound the diagnosis.

 PROGNOSIS
Outcome is best if an early diagnosis results in removal from further expo-
sure while asthma is relatively mild. Improvement may continue to occur up 
to 10 years after removal from exposure, but asthma does not completely 
resolve in most patients. For patients with occupational asthma from natural 
rubber latex, use of powder-free, low-protein latex gloves by coworkers and 
direct avoidance of natural rubber products by the sensitized worker result 
in improvement that is similar to the improvement in patients who are com-
pletely removed from work.

 WORK-EXACERBATED ASTHMA
 EPIDEMIOLOGY AND CLINICAL MANIFESTATIONS

Work-exacerbated asthma is defined as asthma that is not caused by work but 
is aggravated or exacerbated by work conditions. Asthma may have been present 
before starting employment or may begin coincidentally during employment, 
but it is not caused by work. Work exposures that commonly exacerbate asthma 
include extreme temperature or humidity, exertion, dusts, fumes, and gases. 
Patients may be exposed at work to common environmental allergens (e.g., 
fungal allergens in an office setting or dust mites or animals in domestic set-
tings) that exacerbate asthma in patients who are sensitized to these allergens. 
Symptoms of work-exacerbated asthma may occur transiently with an unusual 
work exposure (e.g., during renovation in a work building) or may occur on 
a daily basis (e.g., daily exposure to fumes while performing physical exertion 
in an industrial setting).
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Consider the diagnosis in all patients with:
Work-related asthma symptoms, new asthma, and/or worsening asthma symptoms

 Confirm asthma and onset
Medical history—childhood asthma, allergies 
Symptoms—onset/nature/timing
Spirometry—bronchodilator response and/or
 airway reactivity–methacholine challenge
Medications

 Assess relationship of asthma to work** 
Symptoms—onset/timing/severity related to work, other environments
Physiology
 PEFRs, spirometry, methacholine responsiveness, SIC—changes related to work
Immunologic tests (IgE antibodies, skin prick)
** The more positive findings, the more certain the relationship to work
Best to complete evaluation and/or refer to specialist before removing patient from work

 Assess exposures/factors that cause or 
 exacerbate asthma
Occupational history
 Allergens, irritants
 Exertion, cold, infections
 Type of work process/setting
 Ventilation/use of respiratory protection
 Obtain MSDSs
 Coworkers—symptoms
 Magnitude/timing of exposures
Environmental history
 Pets, hobbies, home exposures, ambient 
  air pollution
Atopy/allergies

 Evaluate other causes of asthma-like 
 symptoms*
 Vocal cord dysfunction
 Upper respiratory tract irritation
 Hypersensitivity pneumonitis
 Rhinosinusitis
 Psychogenic factors
   *These conditions can coexist with asthma

Asthma No asthma

Decide if primary occupational asthma 
(sensitizer or irritant) based on above

 Occupational asthma (OA) Work-exacerbated asthma (WEA)

Yes No

Work-related asthma
Asthma but not work-related asthma

Management of OA
A) Sensitizer
 Avoid sensitizer exposures
 Consider reduction of exposure and/or 
  immunotherapy in selected situations
 Surveillance of exposed workers   
B)  Irritant
     Reduce irritant exposures
Both: 
 Optimize medical treatment of asthma
 Monitor patient— job change if severe/worse
  asthma
 Assist with compensation
 Consider prevention for other exposed workers

Management of WEA
Optimize medical treatment of asthma
Reduce workplace and nonwork triggers
Monitor patient—job change if severe/ 
 worse asthma
Consider compensation
Consider prevention for other exposed workers

FIGURE 87-1. Clinical evaluation and management of work-related asthma. ige = immunoglobulin e; MsDs = Material safety Data sheet; peFR = peak expiratory flow rates; sic = 
specific inhalation challenge. (From american college of chest physicians. consensus statement: diagnosis and management of work-related asthma. Chest. 2008;134:1s-41s.)

occupational asthma represents a relatively small proportion of all occupational 
asthma. The most definitive criteria for this condition are those applied to 
the term reactive airways dysfunction syndrome: the onset of asthma symp-
toms within 24 hours of the exposure, generally severe enough to lead to an 
unscheduled physician visit; exposure to a single high-level irritant; asthma 
symptoms that persist for at least 3 months; pulmonary function testing that 
confirms asthma with a significant beneficial response to bronchodilators or 

a bronchoconstrictor response to a methacholine challenge; and the lack of 
preexisting lung disease or other conditions to explain the symptoms. When 
these criteria are not completely met (e.g., symptoms start later than 24 hours 
after exposure or resolve within weeks after exposure), the term irritant-induced 
asthma is commonly applied, recognizing that this diagnosis is less certain 
than reactive airways dysfunction syndrome. Chronic low-level exposures to 
cleaning products and other irritants also may precipitate asthma.
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 CHRONIC BERYLLIUM DISEASE

 EPIDEMIOLOGY AND PATHOBIOLOGY
Acute toxic pneumonitis was described in workers who had high exposure to 
beryllium in the manufacture of fluorescent light bulbs in the 1940s, and a 
hypersensitivity response causing chronic beryllium disease was described in 
the 1950s. Acute toxic effects are now rare, but chronic beryllium disease 
remains a problem because of the expanded use of beryllium (Table 87-4) 
and better recognition of sensitization by development of an immunologic 
blood test.

Chronic beryllium disease is a hypersensitivity disease with a strong genetic 
association with HLA-DPB1 gene variants that code for Glu69 and that have 
been identified in 83 to 97% of patients with disease. However, this gene 
variant occurs in 30 to 48% of the general population and, as a result, is not 
useful alone as a screening test. Recently, HLA-DPB1 genotyping for groups 
of patients characterized by the number of E69-containing alleles and by the 
calculated surface electronegativity of the HLA-DPB1 allele has shown a 
stronger predictive value.13 The utility of using this information in future job 
selection is not known.

 CLINICAL MANIFESTATIONS
The pulmonary clinical features of chronic beryllium disease are similar to 
those of sarcoidosis (Chapter 89), ranging from asymptomatic histologic or 
radiographic findings, to potential progression, to severe granulomatous restric-
tive lung disease. Onset can occur up to 20 years or more after exposure to 
beryllium, even if the patient no longer is exposed. The clinical history in all 
patients with apparent sarcoidosis must include inquiry about possible beryl-
lium exposure, even many years ago.

Treatment principles are the same as for nonoccupational hypersensitivity 
pneumonitis (Chapter 88). Removal from exposure to the causative agent is 
the primary treatment measure. As with occupational asthma from a sensitizer, 
the removal must be complete and often requires a change in work if the 
causative agent cannot be removed. Reduction of exposure by use of respira-
tory protective devices is generally not practical and not effective, with the 

TREATMENT AND PROGNOSIS 

TABLE 87-3 EXAMPLES OF OCCUPATIONAL CAUSES OF 
HYPERSENSITIVITY PNEUMONITIS

OCCUPATION CAUSE
Farmer Thermophilic actinomycetes in moldy 

hay
Metal worker Contamination of metal-working fluids 

with microorganisms such as 
Mycobacteria immunogens or fungi

Worker exposed to humidifiers Contamination with microorganisms 
such as protozoa or fungi

Sugarcane worker Moldy sugarcane (bagassosis)
Maple bark stripper Fungi
Chicken or turkey worker Avian proteins
Pharmaceutical worker Penicillin
Food handler Soybeans
Office worker Microorganisms contaminating air 

conditioners or humidifiers
Swimming pool attendant Fungal contamination in sprays around 

pool area
Animal worker Rat proteins
Mushroom worker Fungi
Wheat farmer or handler Weevil-infested flour
Greenhouse worker Fungi
Workers spraying urethane paint or 

adhesives/sealants (or less often, other 
workers using diisocyanate)

Methylene diphenyl diisocyanate, 
hexamethylene diisocyanate, toluene 
diisocyanate

Chemical worker using plastics, resins, 
paints

Trimellitic anhydride

DIAGNOSIS AND TREATMENT 
Irritant-induced asthma and reactive airways dysfunction syndrome may 

clear after weeks or months. Management is the same as for other causes of 
asthma (Chapter 81), although these patients are often less responsive to the 
usual pharmacologic treatment.

Occupational hygiene measures at the workplace should be improved to 
prevent similar future exposures. Affected patients may need a modified work 
environment to prevent subsequent exacerbations of asthma.

 OCCUPATIONAL CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE

Chronic exposure to dusts, vapors, fumes, and gases can cause occupation-
ally induced COPD,5 with pathophysiologic changes essentially identical to 
those seen in COPD that is related to smoking (Chapter 82). Symptoms of 
chronic bronchitis, including chronic cough and sputum production, may 
occur with or without changes on pulmonary function testing, perhaps more 
commonly in individuals with a genetic susceptibility.6 Causes include mineral 
dusts such as silica and organic dust exposures such as those of farmers and 
woodworkers; particulate matter in diesel exhaust fumes; and nitrogen oxides, 
ozone, and ultrafine particles in welding fumes.7 Occupational COPD has 
been reported to be more severe than nonoccupational COPD. Occupa-
tional exposures such as diacetyl in artificial flavorings and styrene can cause  
constrictive bronchiolitis.

No specific diagnostic tests distinguish an occupational from a nonoccu-
pational cause of COPD. The history of exposure, with objective documenta-
tion, is helpful. Confirmation of the absence of a smoking history can assist 
in determining probability of an occupational cause. However, a positive 
smoking history does not exclude an occupational contribution because the 
two can be synergistic.

Management is the same as for patients with nonoccupational COPD 
(Chapter 82). In addition, however, further exposure to dusts, vapors, fumes, 
and gases that are likely to worsen disease should be minimized.

 HYPERSENSITIVITY PNEUMONITIS
Many exposures that lead to hypersensitivity pneumonitis (Chapters 86 and 
88) occur in the workplace, and several bear the name of the occupation or 
job associated with them: farmer’s lung; maple bark stripper’s lung; cheese 
washer’s lung; thatcher’s lung; mushroom worker’s lung; and metal-working 
fluid hypersensitivity pneumonitis (Table 87-3).8 Occupational causes also 
include exposure to contaminated humidifiers (with protozoa or fungi) in 
factories or office buildings (humidifier lung), as well as lifeguards exposed 
to sprays of water from pool fountains contaminated with microorganisms. 
One of the most common current causes of occupational hypersensitivity 
pneumonitis occurs when workers or machinists develop hypersensitivity 
pneumonitis from recirculated coolants that can become contaminated with 
gram-negative bacteria or atypical mycobacteria, which then are aerosolized 
in the coolant mist and inhaled.9

 PATHOBIOLOGY
Most antigenic exposures that lead to hypersensitivity pneumonitis are organic, 
especially thermophilic actinomycetes (Chapter 313), fungi, atypical myco-
bacteria (Chapter 309), and protozoa. Other common antigens include avian 
and rat proteins. Less commonly, hypersensitivity pneumonitis can be induced 
by low-molecular-weight chemical antigens, such as penicillin or methylene 
diphenyl diisocyanate (MDI), which is used as a sealant or binder. Small 
particles, commonly 3 to 5 µm in mass median aerodynamic diameter, reach 
the small airways and alveoli, where the immune response leads to hypersen-
sitivity pneumonitis. This immune response is associated with specific IgG 
antibodies and T lymphocytes, and it recurs with repeated exposures.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The acute form of disease manifests as cough, dyspnea, chills, and malaise, typi-
cally occurring 4 to 8 hours after exposure and clearing by 12 to 24 hours. On 
examination, patients typically are febrile and tachypneic, with reduced chest 
expansion and basal crackles. An elevated blood neutrophil count is common, 
and the chest radiograph shows acute infiltrates. Pulmonary function testing 
may show a restrictive pattern, with a reduced diffusing capacity, and arterial 
blood gases may show hypoxemia owing to ventilation-perfusion mismatch.

Chronic hypersensitivity pneumonitis may follow repeat acute episodes or 
start de novo. It causes a chronic dry cough, progressive dyspnea, and often, 
significant weight loss. The physical examination typically reveals reduced 
chest expansion and basal crackles. Results on pulmonary function testing 
and radiographic findings may be similar to nonspecific idiopathic pulmonary 

fibrosis (Chapter 86), and ground-glass opacities are often seen on a computed 
tomography (CT) scan of the chest.10 Bronchoalveolar fluid typically shows 
an increase in the lymphocyte count, and there may be a predominance of 
CD8+ T lymphocytes (Chapter 79).

The specific occupational cause for hypersensitivity pneumonitis may be 
suspected from a temporal relationship to work exposures. The differential 
diagnosis in the chronic form includes idiopathic pulmonary fibrosis, although 
clubbing is less common in hypersensitivity pneumonitis. Radiographic and 
pulmonary function test findings may also mimic idiopathic pulmonary fibrosis, 
but a distinguishing finding is often a bronchoalveolar lavage that shows lym-
phocytes as high as 60 to 80% of the cells, usually with a predominance of 
CD8+ T lymphocytes but sometimes with CD4+ cells in chronic forms of 
disease.

Laboratory investigations include determining the presence of serum IgG 
antibodies to the suspected antigen. However, IgG antibodies may also be 
present in exposed individuals who do not have disease and are therefore not 
specific to the diagnosis. Conversely, failure to demonstrate specific antibodies 
is not uncommon in hypersensitivity pneumonitis because the limited number 
of antigens used for testing may not include the relevant occupational antigen. 
Specific challenge with the suspected antigen in a laboratory setting is occa-
sionally needed if the diagnosis is in doubt.

Some patients can safely undergo “work challenge” that monitors changes 
in symptoms, fever, blood neutrophil count, radiographic findings, and pul-
monary function with and without exposure to the suspected agent. Lung 
biopsy, if performed, may show granulomas and foreign body giant cells. If 
other findings are supportive of hypersensitivity pneumonitis, however, open 
biopsy and challenges usually are not needed.
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 CHRONIC BERYLLIUM DISEASE

 EPIDEMIOLOGY AND PATHOBIOLOGY
Acute toxic pneumonitis was described in workers who had high exposure to 
beryllium in the manufacture of fluorescent light bulbs in the 1940s, and a 
hypersensitivity response causing chronic beryllium disease was described in 
the 1950s. Acute toxic effects are now rare, but chronic beryllium disease 
remains a problem because of the expanded use of beryllium (Table 87-4) 
and better recognition of sensitization by development of an immunologic 
blood test.

Chronic beryllium disease is a hypersensitivity disease with a strong genetic 
association with HLA-DPB1 gene variants that code for Glu69 and that have 
been identified in 83 to 97% of patients with disease. However, this gene 
variant occurs in 30 to 48% of the general population and, as a result, is not 
useful alone as a screening test. Recently, HLA-DPB1 genotyping for groups 
of patients characterized by the number of E69-containing alleles and by the 
calculated surface electronegativity of the HLA-DPB1 allele has shown a 
stronger predictive value.13 The utility of using this information in future job 
selection is not known.

 CLINICAL MANIFESTATIONS
The pulmonary clinical features of chronic beryllium disease are similar to 
those of sarcoidosis (Chapter 89), ranging from asymptomatic histologic or 
radiographic findings, to potential progression, to severe granulomatous restric-
tive lung disease. Onset can occur up to 20 years or more after exposure to 
beryllium, even if the patient no longer is exposed. The clinical history in all 
patients with apparent sarcoidosis must include inquiry about possible beryl-
lium exposure, even many years ago.

The chest radiograph shows changes that appear identical to sarcoidosis 
with enlarged hilar or mediastinal lymph nodes or multiple lung nodules, or 
both (Fig. 87-2). Sensitization to beryllium can be detected by a beryllium lym-
phocyte proliferation test that demonstrates the presence of sensitized lym-
phocytes in blood or bronchoalveolar lavage fluid. This test also can detect 
sensitization to beryllium among asymptomatic exposed workers, who can 
then be evaluated to assess possible chronic beryllium disease and provided 
with advice for reducing or eliminating further work exposures.

After disease develops, removal from exposure is advised, but the disease 
may still worsen. Progressive deterioration in lung function is treated similarly 
to sarcoidosis (Chapter 89), with oral corticosteroids and supportive measures.

DIAGNOSIS AND TREATMENT exception of air-supplied helmet respirators for occasional short-term exposures. 
Patients with acute hypersensitivity pneumonitis may not require any medica-
tions in addition to removal from antigen exposure, but if acute episodes are 
severe, they may need supportive measures, including corticosteroids (e.g., 20 
to 60 mg of prednisone orally per day), supplemental oxygen, and intensive 
care (Chapter 88). Chronic hypersensitivity pneumonitis, which can progress 
to interstitial lung disease (Chapter 86),11 may require additional oral cortico-
steroid treatment (e.g., 60 mg of prednisone orally per day, tapering down to 
<20 mg per day) as for nonoccupational chronic hypersensitivity pneumonitis, 
and severe end-stage fibrosis may lead to need for lung transplantation. Whether 
azathioprine or mycophenolate mofetil is preferable to corticosteroids for chronic 
hypersensitivity pneumonitis is unclear.12 Prognosis is better with early diagnosis 
and complete removal from exposure to the causative agent. Preventive mea-
sures include occupational hygiene measures to avoid contamination of aero-
solized fluid or dusts with bio-organisms and use of appropriate respiratory 
protective devices.

 ASBESTOS-RELATED DISEASES
Although the use of asbestos has declined, and better protective equipment 
has been mandated, asbestos-related disease has continued to occur owing to 
the long latency between exposure and disease. Chrysotile asbestos has less 
effect on the lungs than other forms of asbestos, that is, amphiboles. Effects 
of exposure include benign and malignant disease.

Benign asbestos disease is often asymptomatic and identified on chest imaging. 
Pleural thickening and pleural plaques, commonly with calcification, can occur 
20 to 30 years after first exposure and may initially appear on the chest radio-
graph as calcified linear opacities over the hemidiaphragms and cardiac border 
(see Fig. 78-2). If extensive, it may be difficult to exclude intrapulmonary opaci-
ties except by CT scan. Pleural plaques are a marker of asbestos exposure but 
do not occur in all workers with significant asbestos exposure. They generally 
do not cause significant changes in lung function, except that diffuse pleural 
thickening may result in exertional dyspnea and extrapulmonary restrictive 
lung disease. Pleural thickening may cause rounded atelectasis (Chapter 84) 
when encasement of a portion of the peripheral lung tissue by thickened 
pleura causes an apparent lung nodule, typically with a “comet sign” showing 
the thickened pleura. Benign pleural effusion can develop, usually about 10 
to 15 years after asbestos exposure. It requires further investigation because 
the differential diagnosis includes malignant pleural effusion (Chapter 92).

Asbestosis is the term for interstitial lung disease caused by asbestos. The 
clinical presentation is usually with dry cough and dyspnea on exertion. Physical 
examination usually reveals digital clubbing and basal crackles on lung aus-
cultation. Chest imaging shows basal interstitial lung disease, with or without 
additional pleural changes as described earlier. Pulmonary function testing 
shows restrictive lung disease (Chapter 79), and histologic findings are the 
same as in usual interstitial pneumonia (Chapter 86). Findings supporting 
the diagnosis of asbestosis rather than usual interstitial pneumonia include a 
significant duration and level of exposure to asbestos, an appropriate latency 
of usually 20 to 40 years after first exposure, and the finding of ferruginous 
asbestos bodies in sputum or lung tissue (Fig. 87-3). Unfortunately, pharma-
cologic treatment is not effective, and the lung disease may progress to end-
stage fibrosis. Management is supportive, including supplemental oxygen and 
consideration for lung transplantation (Chapter 93). As with the other diseases 
of long latency, preventing exposure is paramount.

Mesothelioma (Chapter 182), a malignant tumor of the pleura, peritoneum, 
or both, is the one complication of asbestos exposure that can occur after 
even relatively minor exposure, such as secondhand exposure from dust on 
clothing in the families of those working with exposure. It typically occurs 30 
to 40 years after exposure to asbestos and may present incidentally on chest 
imaging or with chest pain or weight loss. Radiographs show pleural thicken-
ing, and a pleural effusion may be present. Mesothelioma often is difficult to 
distinguish from benign pleural thickening without a biopsy. No treatment 
has proved effective (Chapter 182), so routine screening to detect mesothe-
lioma in exposed persons is not currently recommended. The risk for lung 
cancer (Chapter 182) increases after significant exposure to asbestos, with a 
usual latency period of 20 to 30 years. Smoking and asbestos exposure have 
additive effects, whereas smoking and asbestosis have even greater effects on 
the risk for lung cancer.

 SILICOSIS AND OTHER PNEUMOCONIOSES
The incidences of silicosis and other inorganic dust diseases of the lungs (Table 
87-5) have declined substantially in recent decades owing to better worksite 
protection in mines, sandblasting, and other settings.14 There is an association 

TABLE 87-4 POTENTIAL EXPOSURES TO BERYLLIUM
OCCUPATIONAL EXPOSURES

Metal and alloy production (alloys of aluminum, copper, and nickel; recently 
includes golf clubs and metal pen clips)

Ceramic manufacturing
Metal casting, including dental technicians (crowns, bridges)
Electronics, including computer components, transistors, microwave and x-ray 

windows, heat sinks, telecommunications
Aerospace and atomic engineering (rocket fuels, heat shields, nose cones, and metal 

parts)
Aircraft manufacture and repair
Nuclear reactors, nuclear weapons, and defense industry
Coating of cathode ray tubes for radar and similar installations
Laboratories
Extraction from ore
Metal reclamation and recycling
NONOCCUPATIONAL EXPOSURES

Family members exposed to dust from workers’ clothing
Breakage of old fluorescent lamps (made before 1950 in North America)
Downwind exposure from industrial accidents (e.g., from a nuclear processing plant 

in Kazakhstan, in the former Soviet Union in 1990)
From Tarlo SM, Rhee K, Powell E, et al. Marked tachypnoea in siblings with chronic beryllium 
disease due to copper-beryllium alloy. Chest. 2001;119:647-650.
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FIGURE 87-2. Posteroanterior chest radiograph (A) and high-resolution computed tomography scan (B) from patients with chronic beryllium disease. the chest radiograph dem-
onstrates hilar adenopathy and infiltrates, and the scan shows air space destruction and infiltrates. 

A B

FIGURE 87-3. Histology from a lung biopsy showing asbestos bodies. Ferruginous bodies consisting of asbestos fibers coated by iron-protein-mucopolysaccharide material with 
typical golden-brown, beaded appearance. the two longest asbestos bodies at the center of the figure are present within a multinucleated giant cell. (Hematoxylin and eosin stain, 
×400). (courtesy of Dr. David Hwang, toronto general Hospital.)

TABLE 87-5 JOBS THAT CAN LEAD TO SILICOSIS
Mining: surface or underground mining (tunneling)
Milling: ground silica for abrasives and filler
Quarrying
Sandblasting: e.g., of buildings, preparing steel for painting
Pottery: ceramic or clay work
Grinding and polishing using silica wheels
Stone work
Foundry work: grinding, molding, chipping
Refractory brick work
Glass making: to polish and as an abrasive
Boiler work: cleaning boilers
Manufacture of abrasives

between silicosis and the development of mycobacterial infection and of col-
lagen vascular disease, especially rheumatoid arthritis. Patients with pneumo-
coniosis and rheumatoid arthritis may be at higher risk for developing 
rheumatoid nodules in the lung, so-called Caplan syndrome, and mycobacterial 
infections.

Patients may initially be identified incidentally during a medical surveillance 
program or by a chest radiograph that shows multiple small lung nodules, 
often with enlarged mediastinal lymph nodes that can mimic sarcoidosis (Fig. 
87-4). Nodules can coalesce and lead to progressive massive fibrosis, especially 
in the upper lungs, sometimes mimicking malignancy, and can be positive on 

positron emission tomography scanning owing to their metabolic activity. 
There can be compensatory emphysema in the lower lung fields. On chest 
imaging, mediastinal lymph nodes may have a characteristic “eggshell” calci-
fication in silicosis. Treatment is supportive. Patients with exposure to silica 
or coal dust may develop COPD from the dust exposure or dust-related diffuse 
fibrosis. Patients who develop end-stage lung disease may be considered for 
lung transplantation.

 ACUTE FEBRILE SYNDROMES
A variety of occupational exposures can cause acute febrile respiratory syn-
dromes that may mimic acute viral respiratory illnesses (Table 87-6). The 
mechanism of these syndromes is incompletely understood, but they are 
associated with systemic neutrophilia and cytokine activation, often with 
increased interleukin-6 (IL-6) and IL-8.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Typically, chills, fever, malaise, dry cough, and chest tightness start about 6 
to 8 hours after onset of an exposure at work and generally resolve by the next 
day. Occasionally, shortness of breath and other respiratory symptoms are 
severe enough for patients to seek emergency medical attention. Infiltrates 
on the chest radiograph can occur with neutrophilia and hypoxemia that can 
mimic acute pneumonia or acute hypersensitivity pneumonitis. Symptoms 
and signs usually resolve in 24 to 48 hours without antibiotics and recur with 
further exposures, although the clinical manifestations generally become milder 
with repeated daily exposures (e.g., Monday morning fever in cotton mill 
workers). Workers are often familiar with the syndrome because it commonly 



affects up to 30% of exposed workers. If the diagnosis is not provided by the 
patient, however, careful elicitation of potential work exposures is needed.

A B

FIGURE 87-4. Posteroanterior chest radiographs from two patients with silicosis. A, small nodules and eggshell calcification of hilar lymph nodes. B, progressive massive fibrosis 
of the upper lung zones with compensatory emphysema. 

TABLE 87-6 OCCUPATIONAL CAUSES OF AN ACUTE FEBRILE 
SYNDROME

SYNDROME CAUSE
Polymer fume fever or Teflon fever Polytetrafluoroethylene and other 

fluorocarbon polymer fumes
Metal fume fever Zinc fumes from welding of galvanized 

steel, less commonly other metal fumes
Cotton mill fever Dust and endotoxins from bacterial 

contamination of unprocessed cotton, 
flax, and hemp

Humidifier fever Microorganisms found in reservoirs, e.g., 
humidifiers, air conditioners, aquariums

Organic dust toxic syndrome Grain dust, moldy wood chips

Treatment is supportive. If the causative exposure can be removed (e.g., 
cleaning a contaminated humidifier), symptoms can be prevented. If the cause 
cannot be removed and symptoms are severe, the patient may need reduction 
or change of the work exposure.

TREATMENT 

 OCCUPATIONAL LUNG CANCER
A significant duration and level of exposure to a recognized carcinogen such 
as asbestos,15 hexavalent chromium (as in chromate production and the pigment 
industry), soluble radon compounds or radon gas, polycyclic aromatic hydro-
carbons, chloromethyl ethers, arsenic, or silica16 can increase the risk for lung 
cancer (Chapter 182). Such a history should be elicited in all patients, and 
exposure to these agents represents a risk factor when considering whether 
to recommend patients for CT screening for lung cancer. The International 
Agency for Research on Cancer provides a listing of occupational lung car-
cinogens and the likelihood of their association with cancer.17
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Answer: E All of the listed features are needed for a diagnosis of reactive 
airways dysfunction syndrome as originally described. The original description 
included high exposure to irritant gases, fumes, or vapors but did not include 
exposure to high-level inhaled dust, although dusts are now included as a 
potential cause of reactive airways dysfunction syndrome. When the listed 
criteria are mostly but not fully met, a diagnosis of probable irritant-induced 
asthma may be made

4. In a 50-year-old man with features of sarcoidosis, which of the following 
previous work exposures would NOT lead to a suspicion of chronic beryl-
lium disease?
 A. Metal recycling
 B. Bicycle making
 C. Work in aerospace
 D. Work as a dental technician
 E. Work in postal delivery

Answer: E All the other occupations, as well as many others, can lead to 
exposure to beryllium. Even if the exposure occurred in the remote past, years 
before the diagnosis of “sarcoidosis,” beryllium can remain in the lung, and 
chronic beryllium disease can start many years after exposure.

5. Which of the following statements is correct about occupational chronic 
obstructive pulmonary disease?
 A. It can only occur in never-smokers
 B. Risks for chronic obstructive pulmonary disease are highest with expo-

sure to vapor/gas/dust/or fumes plus smoking
 C. Occupational chronic obstructive pulmonary disease is usually less 

severe than chronic obstructive pulmonary disease from smoking
 D. To make the diagnosis, the patient must have worked with exposure to 

vapor/gas/dust/or fumes for at least 40 years
 E. Miners cannot develop occupational chronic obstructive pulmonary 

disease
Answer: B A diagnosis of occupational chronic obstructive pulmonary disease 
is easier to make in nonsmokers who have been exposed to vapor/gas/dust/
or fumes, but the risks are more than additive for smokers with these exposures. 
There is no current case definition, and the diagnosis is usually reached in a 
patient who has chronic obstructive pulmonary disease by considering the 
extent of occupational exposure and other risk factors. Recent studies suggest 
that patients with occupational chronic obstructive pulmonary disease may 
have more severe functional impairment compared with those who have non-
occupational chronic obstructive pulmonary disease.

REVIEW QUESTIONS

1. A 45-year-old man has developed a dry cough, fever, and shortness of 
breath that clear within 3 days on holiday, slightly improve at the end of a 
weekend off work, and worsen at the end of his first shift back at work. He 
works as a machinist in a car manufacturing plant. Which of the following 
is/are most likely in the differential diagnosis?
 A. Occupational asthma
 B. Work-exacerbated asthma
 C. Hypersensitivity pneumonitis
 D. Metal fume fever
 E. Atypical mycobacterial infection

Answer: C He is likely exposed to mist from a coolant (metal-working fluid) 
in his work as a machinist. This exposure is now one of the most common 
causes of acute occupational hypersensitivity pneumonitis, and his history is 
suggestive because of the fever, dry cough, and dyspnea starting toward the 
end of a work shift and improving within a few days off work. He should be 
investigated with full pulmonary function tests, chest radiograph, and complete 
blood count when symptomatic. Coolant is often reused in workplaces, and 
despite use of biocides, it can be contaminated with bacteria or fungi, includ-
ing atypical mycobacteria. Mycobacteria immunogens can act as an antigen, 
causing hypersensitivity pneumonitis. Other microbial components or chemicals 
in the coolant may also cause hypersensitivity pneumonitis.

2. Which of the following is/are appropriate management for the patient in 
question 1 after diagnosis?
 A. Antibiotics
 B. Inhaled steroids
 C. Use of a fit-tested respirator when coolant is present in his work area
 D. Occupational hygiene intervention to ensure prevention of microbial 

contamination of the coolant. If that fails to resolve the matter, complete 
removal of the patient from this exposure and initiation of a workers’ 
compensation claim

 E. No treatment other than reassurance is needed.
Answer: D Although atypical mycobacteria are commonly the antigens 
responsible for hypersensitivity pneumonitis from coolants, the patient does 
not an have infection, and antibiotics are not routinely indicated. Inhaled 
steroids are not helpful, and oral steroids usually are not needed for acute 
hypersensitivity pneumonitis unless the disease is severe. Improvement usually 
occurs spontaneously after removal from exposure. Respirator use is not an 
adequate replacement for complete avoidance of exposure. When the diagnosis 
is confirmed, if appropriate, the patient should be supported for a workers’ 
compensation claim, and coworkers should be protected from development 
of hypersensitivity pneumonitis by a workplace occupational hygiene assess-
ment and intervention, such as measures to prevent microbial contamination 
of the coolant and to provide good ventilation and exhaust of the coolant.

3. Which of the following are criteria for a diagnosis of reactive airways dys-
function syndrome?
 A. History of onset of asthma symptoms within 24 hours of an acute expo-

sure to smoke/fumes/gases expected to cause an airway irritant effect
 B. Objective evidence of asthma as shown by a significant bronchodilator 

response or positive methacholine challenge
 C. No previous lung disease
 D. Persistence of symptoms for at least 3 months
 E. All of above
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88 
PHYSICAL AND CHEMICAL INJURIES 
OF THE LUNG
DAVID C. CHRISTIANI

 SUBMERSION INCIDENTS: DROWNING

 DEFINITION
Drowning is defined as the process of experiencing respiratory impairment 
from submersion/immersion in liquid. The term near-drowning was previously 
used to describe individuals who survived a submersion incident, at least 
temporarily, but it has been abandoned on the basis of recommendations of 
the First World Congress of Drowning in Amsterdam in 2002.

 EPIDEMIOLOGY
The estimated annual number of deaths worldwide due to drowning is about 
400,000, mostly in low- and middle-income countries.1 About 4200 persons 
are treated per year for nonfatal drowning in U.S. emergency departments, 
and about another 3400 suffer fatal drowning. Alcohol use, age younger than 
4 years, and male gender are associated with increased rates of both nonfatal 
and fatal drowning.

 PATHOBIOLOGY
The physiology of drowning is complex and relates to two different events: 
immersion (upper airway above water) and submersion (upper airway under 
water). Immersion involves integrated cardiorespiratory responses to skin and 
deep body temperature, including cold shock, physical incapacitation, and 
hypovolemia, as precursors of collapse and submersion. The initial response 
to submersion/immersion is apnea, followed almost invariably by aspiration. 
Laryngospasm may result in aspiration of a variable quantity of liquid medium 
into the lungs. Hypoxemia, hypercapnia, and acidemia develop acutely. Aspira-
tion of either fresh or salt water results in occlusion of the airway, reduced 
surfactant activity, direct alveolar injury, and bronchospasm. Acute lung injury 
or the acute respiratory distress syndrome (ARDS)—associated with non-
cardiogenic pulmonary edema, respiratory failure, and severe hypoxemia—may 
develop hours or days after the incident. Acute renal failure may also occur. 
Alcohol consumption also increases the risk for hypothermia. Changes to 
serum electrolytes with drowning in either fresh water or salt water are not 
clinically significant.
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ABSTRACT
Physical and chemical injuries to the lung constitute important health problems 
globally. These disorders include drowning, high-altitude pulmonary edema, 
decompression syndromes, carbon monoxide poisoning, smoke inhalation 
and thermal injury, toxic gas inhalation, lipoid pneumonia, and radiation injury. 
In the clinical setting, oxygen toxicity may be encountered and aspiration 
pneumonitis is common. This chapter describes these conditions and the 
latest approaches to their management.
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When the victim has been recovered from submersion, treatment should 
focus on basic life support, including notification of emergency response per-
sonnel, establishment of an adequate airway, and cardiopulmonary resuscita-
tion,2 if necessary (Chapter 57). If the victim is apneic, rescue breathing should 
occur immediately, even before removal from the water. Cervical spine stabi-
lization is needed if there is a history of diving, use of a water slide, signs of 
injury, or signs of alcohol intoxication. Spinal cord injury (Chapter 371) is oth-
erwise unlikely, and cervical spine stabilization techniques and equipment may 
impede timely and effective treatment. Attempts to remove water from the 
airway are unnecessary. Cardiac arrhythmias should be treated with Advanced 
Cardiac Life Support protocols, including the use of automated external defi-
brillators when appropriate (Chapter 57). A majority of drowning victims who 
receive cardiopulmonary resuscitation or rescue breathing will vomit; if vomiting 
occurs, the head should be turned to the side, and any visible vomitus remain-
ing in the oral cavity should be removed with a finger. When vomiting occurs 
in patients who may have spinal cord injury, log-rolling techniques are recom-
mended for turning the patient to the side.

All victims of a submersion incident should be transported to a hospital for 
further evaluation, treatment of potential respiratory failure (Chapter 96), and 
monitoring for up to 24 hours. Bronchoscopy may be required to evaluate 
localized wheezing or persistent atelectasis. Prophylactic antibiotics are not 
useful, but evidence of pneumonia (Chapter 91) should be treated with appro-
priate antibiotics. Because unusual microorganisms may be isolated from the 
lower airways, efforts should be made to identify specific microbial flora pertinent 
to the locus of the drowning incident. Randomized controlled trials of specific 
ventilator strategies have not been conducted, but lung-protective ventilation 
(i.e., a tidal volume of 4 to 6 mL/kg ideal body weight) with sufficient positive 
end expiratory pressure of 5 to 10 cm H2O to avoid atelectasis is commonly 
recommended.

TREATMENT 

 PROGNOSIS
Most drownings are fatal. The mortality rate for drowning victims who present 
alive to an emergency department is about 25%. Long-term neurologic deficits 
persist in approximately 6% of nonfatal drowning victims. Prolonged duration 
of submersion is associated with a worse prognosis, and the risk for death or 
severe permanent neurologic deficits increases from 10% after less than 5 
minutes of submersion, to about 55% with 6 to 10 minutes of submersion, 
nearly 90% with 11 to 25 minutes of submersion, and nearly 150% with more 
than 25 minutes of submersion. However, young children who are hypothermic 
when they are rescued after submersion times of up to 60 minutes have recov-
ered without neurologic damage. Other factors associated with poor prognosis 
include hypotension, persistent apnea, coma, more than a 10-minute delay 
in receiving basic life support, and duration of resuscitation of more than 25 
minutes.

 DISEASES OF HIGH ALTITUDE

 DEFINITION
Neurologic and pulmonary disturbances, primarily due to direct tissue effects 
of hypoxia, occur in individuals who either ascend to or reside at altitudes of 
7000 feet (2133 meters) or more (Table 88-1).3

 EPIDEMIOLOGY
Acute mountain sickness is the most common high-altitude syndrome. It 
occurs in approximately 20% of individuals who ascend to altitudes of 7000 
to 9000 feet, 40% at 10,000 to 14,000 feet, and more than 50% above 14,000 
feet. The incidence of chronic mountain sickness, also known as Monge disease, 
is thought to be between 5 and 18%. More severe neurologic disturbances 
due to high-altitude cerebral edema are rare, occurring in approximately 1 to 
2% of individuals who ascend to altitudes above 15,000 feet. High-altitude 
pulmonary edema occurs in approximately 2 to 6% of otherwise healthy indi-
viduals who ascend to altitudes of 8000 to 15,000 feet. However, the incidence 
in individuals with a prior history of high-altitude pulmonary edema may be 
as high as 60%, or higher during rapid ascents. The occurrence of high-altitude 

retinal hemorrhage is approximately 33% among individuals who ascend to 
very high altitudes (up to 19,000 feet) and is thought to be common at lower 
altitudes as well. High-altitude retinal hemorrhage is not associated with high-
altitude cerebral edema or long-term visual consequences.

 PATHOBIOLOGY
Clinically significant hypoxemia is the underlying factor in all high-altitude 
diseases. The decrease in barometric pressure during an ascent to altitude 
causes a decrease in the alveolar pressure of oxygen (Pao2). For example, Pao2 
drops from 105 mm Hg at sea level to 60 mm Hg at 10,000 feet and to 40 mm 
Hg at 18,000 feet. Below 60 mm Hg, oxygen dissociates from hemoglobin 
more readily (see Fig. 149-1), thereby decreasing oxygen saturation and oxygen 
delivery to tissues. The effect is even more noticeable in patients with impaired 
diffusion capacity, such as occurs in emphysema, interstitial lung diseases, or 
heart failure. Furthermore, increased ventilatory drive induces an acute respi-
ratory alkalosis. In the brain, tissue hypoxia causes cerebral vasodilation, whereas 
hypobaria causes cerebral vasoconstriction. In severe hypoxemia, vasodilation 
is the likely cause of cerebral edema in susceptible individuals. The response 
to hypoxemia in the lungs is primarily increased pulmonary arterial pressures 
due to hypoxic pulmonary vasoconstriction, which results in reversible injury 
to pulmonary capillaries, increased capillary permeability, and eventually 
pulmonary edema. Reduced oxygen consumption also occurs, perhaps because 
of impaired mitochondrial function. Sleep disordered breathing has also been 
noted but has minimal if any clinical significance.

 CLINICAL MANIFESTATIONS
Symptoms of acute mountain sickness begin 2 to 3 hours after ascent and 
include breathlessness, lightheadedness, fatigue, nausea, anorexia, headache, 
and insomnia.4 Most symptoms resolve within 2 to 3 days, although insomnia 
may persist. Chronic symptoms of headache, fatigue, sleep disturbances, 
dyspnea, and digestive complaints are seen with chronic mountain sickness 
in individuals residing at higher elevations. Chronic mountain sickness may 
be associated with polycythemia (hemoglobin concentrations above 21 g/
dL). Severe neurologic symptoms with high-altitude cerebral edema include 
ataxia and confusion that may progress to coma or death. Symptoms of high-
altitude pulmonary edema that usually begin 2 to 4 days after ascent to higher 
altitudes include dyspnea, cough, and tachycardia. Funduscopic changes of 
flame-shaped hemorrhages are seen with high-altitude retinal hemorrhage.

 DIAGNOSIS
Diagnosis of most high-altitude disease is made on the basis of clinical mani-
festations at high altitude. Diagnosis of chronic mountain sickness, and a milder 
form often termed subacute mountain sickness, is more challenging because 
it may mimic other cardiopulmonary, neurologic, or psychiatric disease. Indi-
viduals with chronic mountain sickness typically have higher hemoglobin 
concentrations, higher serum erythropoietin levels, higher nocturnal heart 
rates, lower nocturnal oxygen saturation, and higher systolic and diastolic 
arterial pressure than do normal individuals living at similar altitude.

 PREVENTION
Prevention of high-altitude disease can be achieved by avoidance in high-risk 
individuals, such as young children and persons with a history of high-altitude 
disease. Gradual ascent and acclimatization are crucial to prevention of high-
altitude illness, particularly at extreme altitudes. At altitudes up to 10,000 
feet, 2 to 3 days or more may be needed for adjustment to the effects of 
hypoxemia. For mountaineers, current recommendations are to ascend no 
more than approximately 984 feet (300 meters) per day at altitudes higher 
than 9843 feet (3000 meters).

When rapid ascent is unavoidable, such as flights to high-altitude locales, 
the carbonic anhydrase inhibitor acetazolamide (62.5 mg or 125 mg orally 
twice daily) A1  provides effective prophylaxis of acute mountain sickness, and 
125 mg at night may improve sleep A2  (Table 88-2). Other medications shown 
to be effective in the prevention of acute mountain sickness in randomized, 
controlled trials include dexamethasone (2 mg every 6 hours or 4 mg every 
12 hours), prednisolone (20 mg daily), A3  ibuprofen (600 mg three times 
daily), A4  and sumatriptan (50 mg orally once after ascent). For the prevention 
of high-altitude pulmonary edema in susceptible individuals, options include 
the long-acting β-adrenergic agonist salmeterol (125 µg inhaled twice daily), 
the phosphodiesterase inhibitor tadalafil (10 mg twice daily), the calcium-
channel blocker nifedipine (20 mg of slow-release formulation every 8 hours, or 
30 mg of slow-release formulation every 12 hours), and dexamethasone (8 mg  
twice daily).

TABLE 88-1 HIGH-ALTITUDE SYNDROMES
SYNDROME CLINICAL DESCRIPTION
Acute mountain sickness Common after recent ascent to altitudes 

above 7,000 feet; symptoms include 
headache, anorexia, and malaise

Chronic mountain sickness Occurs in 5-18% of people dwelling above 
10,000 feet; symptoms include headache, 
fatigue, dyspnea, and digestive disturbances

High-altitude pulmonary edema Occurs in 2-6% of people above 9500 feet; 
symptoms include dyspnea, cough, and 
tachycardia

High-altitude retinal hemorrhage Common above 15,000 feet; asymptomatic or 
reversible vision changes

High-altitude cerebral edema Occurs in 1-2% of people above 15,000 feet; 
symptoms include confusion, ataxia, 
hallucinations, coma, or death

The most serious secondary consequence of hypoxemia is anoxic brain 
injury. Fortunately, a reduction of brain temperature by 10° C during drowning 
decreases adenosine triphosphate (ATP) consumption by approximately 50%, 
thereby doubling the duration of time that the brain can survive. Mortality is 
primarily due to the cardiovascular sequelae of severe early or late hypoxemia.

 CLINICAL MANIFESTATIONS
The initial presentation of a drowning victim varies widely. Hypothermia, 
which is common in drowning victims, may be associated with bradycardia 
or cardiac arrest due to asystole or ventricular fibrillation. Tachypnea, tachy-
cardia, and low-grade fever are typical in nonhypothermic patients. Cyanosis 
may be present, and a coughing patient may produce pink frothy sputum. 
Neurologic evaluation may reveal agitation with or without intoxication or 
coma. The patient should be examined carefully for signs of associated trauma.

Expected laboratory findings include mild electrolyte abnormalities inde-
pendent of whether submersion occurs in salt water or fresh water, moderate 
leukocytosis, and slight decrease in hematocrit in the first 24 hours or slight 
increase in free hemoglobin with a stable hematocrit in fresh water submersion 
due to hemolysis, severe hypoxemia, and metabolic acidosis. Evidence of dis-
seminated intravascular coagulation (DIC) may occur. Initial electrocardio-
graphic changes include sinus tachycardia and nonspecific ST segment and 
T wave changes, which revert to normal within hours. Life-threatening ven-
tricular arrhythmias, complete heart block, or evidence of myocardial infarction 
can occur early or late in the course. Chest radiographs may initially be normal, 
despite severe respiratory impairment. Bilateral patchy alveolar infiltrates, 
which indicate progression to ARDS, may develop.

 DIAGNOSIS
The diagnosis of drowning is made on clinical history of submersion in liquid 
medium with resulting respiratory impairment. Patients with unusual pre-
senting circumstances should be carefully examined for evidence of trauma  
or assault.

 PREVENTION
Drowning incidents are largely preventable, particularly in children. Pool 
fencing is a proven, effective strategy to prevent drowning. The primary cause 
of drowning of infants and toddlers is lack of adult supervision, and supervi-
sion of all young children near any form of water is strongly recommended. 
The role of alcohol in teenage and adult drowning incidents is substantial, 
and all individuals participating in water-based activities should restrict alcohol 
intake. The use of personal flotation devices is recommended for children  
and adults.

Treatment of neurologic injury is focused on supportive care while the extent 
of cerebral edema is minimized. To decrease cerebral edema and intracranial 
pressure, intravenous hypertonic saline (7.5 to 23% to target serum sodium 
values of 145 to 155 mmol/L) or mannitol (1 g/kg bolus of 20% mannitol, with 
repeat dosing every 6 to 8 hours as necessary to target serum osmolality of 
less than 300 to 320 mOsm/kg) may be used, although their benefit in this 
setting is unproved. Hyperventilation to a PaCO2 of 34 to 36 mm Hg may be 
helpful. Intracranial pressure may increase in response to shivering or purpose-
less movements, which should be reduced. Induced therapeutic hypothermia 
to 36° C improves neurologic outcome after cardiac arrest (Chapter 57), and 
current recommendations for drowning victims who remain comatose after 
rescue are to avoid rewarming to core or tympanic temperatures above 34° C 
and to maintain temperature of 32° to 34° C for 24 to 48 hours. Hyperthermia 
should be avoided at all times.

TREATMENT 

 PROGNOSIS
Symptoms of high-altitude disease respond rapidly to immediate descent. 
However, high-altitude cerebral edema and high-altitude pulmonary edema 
can be fatal, particularly at extreme altitudes and weather when descent may 
be impossible.

 DECOMPRESSION ILLNESS: DECOMPRESSION 
SICKNESS, BAROTRAUMA, AND ARTERIAL  
GAS EMBOLISM

 DEFINITION
Exposures to changes in ambient pressure cause a spectrum of illness, either 
by increasing or decreasing the volume of gas in air-filled body cavities or 
by causing the release of inert gas bubbles from solution in tissues or blood 
vessels. Symptoms associated with decreasing ambient pressure, which occur 
most commonly with ascent from depth during recreational or occupational 
diving, are known as decompression illness. The most common form of decom-
pression illness is decompression sickness, which is classified as either type 
I (mild symptoms, such as general fatigue or joint pain) or type II (more 
severe neurologic or cardiopulmonary disturbances). Life-threatening forms of 
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retinal hemorrhage is approximately 33% among individuals who ascend to 
very high altitudes (up to 19,000 feet) and is thought to be common at lower 
altitudes as well. High-altitude retinal hemorrhage is not associated with high-
altitude cerebral edema or long-term visual consequences.

 PATHOBIOLOGY
Clinically significant hypoxemia is the underlying factor in all high-altitude 
diseases. The decrease in barometric pressure during an ascent to altitude 
causes a decrease in the alveolar pressure of oxygen (Pao2). For example, Pao2 
drops from 105 mm Hg at sea level to 60 mm Hg at 10,000 feet and to 40 mm 
Hg at 18,000 feet. Below 60 mm Hg, oxygen dissociates from hemoglobin 
more readily (see Fig. 149-1), thereby decreasing oxygen saturation and oxygen 
delivery to tissues. The effect is even more noticeable in patients with impaired 
diffusion capacity, such as occurs in emphysema, interstitial lung diseases, or 
heart failure. Furthermore, increased ventilatory drive induces an acute respi-
ratory alkalosis. In the brain, tissue hypoxia causes cerebral vasodilation, whereas 
hypobaria causes cerebral vasoconstriction. In severe hypoxemia, vasodilation 
is the likely cause of cerebral edema in susceptible individuals. The response 
to hypoxemia in the lungs is primarily increased pulmonary arterial pressures 
due to hypoxic pulmonary vasoconstriction, which results in reversible injury 
to pulmonary capillaries, increased capillary permeability, and eventually 
pulmonary edema. Reduced oxygen consumption also occurs, perhaps because 
of impaired mitochondrial function. Sleep disordered breathing has also been 
noted but has minimal if any clinical significance.

 CLINICAL MANIFESTATIONS
Symptoms of acute mountain sickness begin 2 to 3 hours after ascent and 
include breathlessness, lightheadedness, fatigue, nausea, anorexia, headache, 
and insomnia.4 Most symptoms resolve within 2 to 3 days, although insomnia 
may persist. Chronic symptoms of headache, fatigue, sleep disturbances, 
dyspnea, and digestive complaints are seen with chronic mountain sickness 
in individuals residing at higher elevations. Chronic mountain sickness may 
be associated with polycythemia (hemoglobin concentrations above 21 g/
dL). Severe neurologic symptoms with high-altitude cerebral edema include 
ataxia and confusion that may progress to coma or death. Symptoms of high-
altitude pulmonary edema that usually begin 2 to 4 days after ascent to higher 
altitudes include dyspnea, cough, and tachycardia. Funduscopic changes of 
flame-shaped hemorrhages are seen with high-altitude retinal hemorrhage.

 DIAGNOSIS
Diagnosis of most high-altitude disease is made on the basis of clinical mani-
festations at high altitude. Diagnosis of chronic mountain sickness, and a milder 
form often termed subacute mountain sickness, is more challenging because 
it may mimic other cardiopulmonary, neurologic, or psychiatric disease. Indi-
viduals with chronic mountain sickness typically have higher hemoglobin 
concentrations, higher serum erythropoietin levels, higher nocturnal heart 
rates, lower nocturnal oxygen saturation, and higher systolic and diastolic 
arterial pressure than do normal individuals living at similar altitude.

 PREVENTION
Prevention of high-altitude disease can be achieved by avoidance in high-risk 
individuals, such as young children and persons with a history of high-altitude 
disease. Gradual ascent and acclimatization are crucial to prevention of high-
altitude illness, particularly at extreme altitudes. At altitudes up to 10,000 
feet, 2 to 3 days or more may be needed for adjustment to the effects of 
hypoxemia. For mountaineers, current recommendations are to ascend no 
more than approximately 984 feet (300 meters) per day at altitudes higher 
than 9843 feet (3000 meters).

When rapid ascent is unavoidable, such as flights to high-altitude locales, 
the carbonic anhydrase inhibitor acetazolamide (62.5 mg or 125 mg orally 
twice daily) A1  provides effective prophylaxis of acute mountain sickness, and 
125 mg at night may improve sleep A2  (Table 88-2). Other medications shown 
to be effective in the prevention of acute mountain sickness in randomized, 
controlled trials include dexamethasone (2 mg every 6 hours or 4 mg every 
12 hours), prednisolone (20 mg daily), A3  ibuprofen (600 mg three times 
daily), A4  and sumatriptan (50 mg orally once after ascent). For the prevention 
of high-altitude pulmonary edema in susceptible individuals, options include 
the long-acting β-adrenergic agonist salmeterol (125 µg inhaled twice daily), 
the phosphodiesterase inhibitor tadalafil (10 mg twice daily), the calcium-
channel blocker nifedipine (20 mg of slow-release formulation every 8 hours, or 
30 mg of slow-release formulation every 12 hours), and dexamethasone (8 mg  
twice daily).

TABLE 88-2 RECOMMENDED MEDICATION FOR THE 
PREVENTION AND TREATMENT OF ALTITUDE 
SICKNESS

MEDICATION INDICATION ROUTE DOSE
Acetazolamide Prevention of 

AMS, HACE
Oral 62.5 mg or 125 mg twice per day

Pediatrics: 2.5 mg/kg every 12 hr
Treatment of 

AMS*
Oral 250 mg twice per day

Pediatrics: 2.5 mg/kg every 12 hr
Dexamethasone Prevention of 

AMS, HACE
Oral 2 mg every 6 hr or 4 mg every 

12 hr
Pediatrics: should not be used for 

prophylaxis
Treatment of 

AMS, HACE
Oral, IV, IM AMS: 4 mg every 6 hr

HACE: 8 mg once then 4 mg 
every 6 hr

Pediatrics: 0.15 mg/kg/dose 
every 6 hr

Nifedipine Prevention of 
HAPE

Oral 30 mg SR version every 12 hr, or 
20 mg of SR version every 8 hr

Treatment of 
HAPE

Oral 30 mg SR version every 12 hr, or 
20 mg of SR version every 8 hr

Tadalafil Prevention of 
HAPE

Oral 10 mg twice per day

Salmeterol Prevention of 
HAPE

Inhaled 125 µg twice per day†

*Acetazolamide can also be used at this dose as an adjunct to dexamethasone in HACE treatment, 
but dexamethasone remains the primary treatment for that disorder.
†Should not be used as monotherapy and should only be used in conjunction with oral medications.
AMS = acute mountain sickness; HACE = high-altitude cerebral edema; HAPE = high-altitude 
pulmonary edema; SR = sustained release; IV = intravenous; IM, intramuscular.

For acute, life-threatening symptoms such as high-altitude pulmonary edema 
and high-altitude cerebral edema, the best treatment is immediate descent, if 
possible, combined with supplemental oxygen therapy and, if needed, use of 
a portable hyperbaric chamber. For individuals who develop less severe symp-
toms, sildenafil (50 mg, one time dose) can increase exercise capacity at altitude 
by 10 to 35%. A5  Increasing inspired oxygen concentrations in high-altitude 
working facilities also improves productivity and quality of sleep. Sustained-
release theophylline (300 mg daily) significantly reduces the symptoms of acute 
mountain sickness compared with placebo, and acetazolamide (250 mg twice 
daily) is useful in treating symptoms of acute as well as chronic mountain sick-
ness. A6  Milder forms of acute mountain sickness, such as headache, can be 
treated with typical doses of nonsteroidal anti-inflammatory medications, 
including aspirin or acetaminophen.

TREATMENT 

 PROGNOSIS
Symptoms of high-altitude disease respond rapidly to immediate descent. 
However, high-altitude cerebral edema and high-altitude pulmonary edema 
can be fatal, particularly at extreme altitudes and weather when descent may 
be impossible.

 DECOMPRESSION ILLNESS: DECOMPRESSION 
SICKNESS, BAROTRAUMA, AND ARTERIAL  
GAS EMBOLISM

 DEFINITION
Exposures to changes in ambient pressure cause a spectrum of illness, either 
by increasing or decreasing the volume of gas in air-filled body cavities or 
by causing the release of inert gas bubbles from solution in tissues or blood 
vessels. Symptoms associated with decreasing ambient pressure, which occur 
most commonly with ascent from depth during recreational or occupational 
diving, are known as decompression illness. The most common form of decom-
pression illness is decompression sickness, which is classified as either type 
I (mild symptoms, such as general fatigue or joint pain) or type II (more 
severe neurologic or cardiopulmonary disturbances). Life-threatening forms of 
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rate and the magnitude of the change of ambient pressure and can vary among 
individuals. Diagnosis is based on clinical manifestations, which can be clas-
sified according to whether they are caused by formation of inert nitrogen 
gas bubbles or the localized toxic effects of gas (associated with decompression 
sickness), barotrauma associated with descent (sinus or otic barotrauma), 
barotrauma associated with ascent (pulmonary barotrauma), or more severe 
arterial gas embolism syndromes.

Symptoms vary according to location of bubble formation. For example, 
type I decompression sickness, also known as the bends or caisson disease, 
is typically associated with pain in the joints, from mild to severe, and numb-
ness of the extremities. Rashes and lymphedema may also occur. Symptoms 
of type II decompression sickness may be systemic (fatigue, hypovolemic 
shock), cardiopulmonary (cough, substernal chest pain, tachypnea, asphyxia), 
otic (vertigo, hearing loss), or neurologic (ataxia, aphasia, speech disturbances, 
incontinence, confusion, personality changes, depression, paralysis, and loss 
of consciousness).

Otic barotrauma, which typically occurs during descent, can affect the 
external, middle, or inner ear (Chapter 398). External ear symptoms, such as 
a sensation of ear fullness or otalgia, are caused by a blockage of the canal, 
for example, with the use of ear plugs or presence of cerumen. Middle ear 
symptoms of otalgia, vertigo, tinnitus, transient conductive hearing loss, and 
facial nerve palsy occur when inadequate equalization of pressures results 
from blocked eustachian tubes, typically in association with allergic rhinitis 
or upper respiratory infections. Inner ear barotrauma, which is a more serious 
form of otic barotrauma, is associated with elevated intracranial pressure and 
rupture of the inner ear membrane. Inner ear barotrauma causes symptoms 
of sensorineural deafness, tinnitus, vertigo, nausea, and vomiting. Sinus baro-
trauma typically occurs during descent, is associated with facial pain and 
epistaxis, and occurs more frequently in individuals with mucosal inflammation 
from allergies or infection.

Pulmonary barotrauma, which is the second leading cause of death among 
divers, should be suspected in postdive individuals, particularly at-risk indi-
viduals, with symptoms of sudden pleuritic pain, dyspnea, or coughing. Physical 
examination findings include tachypnea, subcutaneous emphysema, and dull-
ness to percussion or decreased breath sounds over a pneumothorax. Devel-
opment of tension pneumothorax (Chapter 92) or severe pneumomediastinum 
may lead to decreased venous return of systemic blood and reduced cardiac 
preload, a situation that is characterized by hypotension and may lead to refrac-
tory shock or cardiac arrest. Chest and neck radiographs are recommended 
for diagnosis, particularly because pneumothoraces must be treated with chest 
tube thoracostomy before recompression therapy.

Because arterial gas embolism syndromes are caused by pulmonary baro-
trauma, careful neurologic assessment is critical. The neurologic findings are 
similar to those of an acute stroke (Chapter 379), with manifestations of focal 
or unilateral motor deficits, visual disturbances, sensory deficits, speech dif-
ficulties, and cognitive disturbances, including loss of consciousness. Symptoms 
typically occur within 10 minutes after ascent. Delayed neurologic symptoms 
are more likely to be due to type II decompression sickness.

 PREVENTION
Education is the most effective method of preventing decompression illness.6 
Before participation in diving-related activities, all individuals should undergo 
a thorough and intensive training program. Instruction of proper pressure 
equalization techniques is critical in the prevention of decompression illness. 
Persons with asthma who wish to dive should be assessed by a physician 
(preferably knowledgeable in the field of diving medicine), have no wheezing 
on physical examination, and have normal spirometry before and after exercise. 
The presence of structural lung disease (e.g., lung cysts or bullae) is associated 
with a significant increase in the risk for pneumothorax and is a contraindica-
tion to diving. Presence of a known right-to-left intracardiac shunt, such as a 
patent foramen ovale, is not an absolute contraindication to diving, although 
conservative diving is recommended, and patients should be cautioned that 
they are at increased risk for decompression illness.

decompression illness include pulmonary barotrauma and arterial gas embo-
lism syndromes. During the descent of a dive, increasing ambient pressure 
may cause mild symptoms of facial or sinus pain, often called “the squeezes.”

 EPIDEMIOLOGY
In addition to the approximately 9 million recreational divers in the United 
States, aviators, astronauts, and compressed air workers are also exposed to 
changes in ambient pressure that may cause decompression illness. Among 
recreational divers, the annual incidence rate for either type I or type II decom-
pression sickness is estimated at 1 case per 5000 to 10,000 dives. Approximately 
1000 episodes of decompression illness severe enough to warrant recompres-
sion therapy occur each year, up to 10% of which are fatal. Well-recognized 
risk factors for decompression illness include long duration of dives, deep 
dives, repetitive dives, heavy exertion at depth, cold water, and rapid ascent. 
Additional risk occurs in individuals who experience further decreases in 
ambient pressure after the dive, such as on commercial or private aircraft or 
driving over mountainous areas.

 PATHOBIOLOGY
The principles of Boyle’s law and Henry’s law describe the properties of gases 
during changes in ambient pressure. Boyle’s law states that the volume of a 
gas varies inversely to changes in pressure, P1V1 = P2V2. During the descent 
of a dive, pain due to the “squeezes” is caused by increasing ambient pressures 
that are not equalized by a compensatory increase in gas volume. The resulting 
negative pressure causes a vacuum effect in the mask associated with engorge-
ment of the blood vessels in adjacent tissues, such as periorbital and ocular 
vessels, and may result in swelling, pain, and subconjunctival hemorrhages. 
Facial sinuses, the middle ear, and the external auditory canals may also be 
affected.

Barotrauma in sinus, otic, or pulmonary tissues may be due to changes in 
ambient pressures and the resulting increase or decrease in the volume of gas. 
During descent, the decreasing volume of gas causes vascular engorgement 
in the sinuses and otic compartments and may result in rupture of the tympanic 
or inner ear membranes. During ascent, breath holding, particularly with 
compressed air devices (SCUBA diving), and the presence of obstructive 
lung disease with delayed exhalation times and air trapping impair equilibra-
tion and increase the risk for pulmonary barotrauma (E-Fig. 88-1). If the 
expanding volume of gas causes a pressure gradient between the alveoli and 
pulmonary interstitium that exceeds the compliance of the lung, alveolar 
rupture will lead to pulmonary interstitial emphysema. Further extension of 
gas along pulmonary tissues may cause additional barotrauma, leading to 
pneumothorax, mediastinal emphysema, pneumopericardium, and soft tissue 
emphysema.

Arterial gas embolism, which is a serious consequence of pulmonary baro-
trauma, results in the development of free gas in the pulmonary arterial cir-
culation. The resulting bubbles may then enter the systemic circulation by 
overwhelming the filtering mechanism of the pulmonary capillaries or through 
a right-to-left intracardiac shunt (Chapter 61), such as a patent foramen ovale. 
Bubbles may then migrate to the brain, spinal cord, heart, lung, or kidney and 
lead to tissue ischemia or infarct.

Henry’s law states that the solubility of a gas in liquid is proportional to the 
partial pressure of that gas above the liquid. An increase in partial pressure of 
gases during descent will therefore cause the amount of gas dissolved in the 
pulmonary capillaries to increase. Dissolved oxygen is used during normal 
body metabolism; however, inert nitrogen, which is abundant in inspired 
air, becomes dissolved in the blood and tissues, particularly in fat, where it 
is five-fold more soluble than in water. During ascent, decreasing ambient 
pressure causes tissues to become supersaturated with nitrogen, and nitro-
gen is subsequently released into blood vessels and tissues as gas bubbles. 
Decompression-induced gas bubbles cause decompression illness by either 
mechanical compression of tissues or embolization through blood vessels to 
end organs. Bubbles that obstruct capillaries or venules damage the endo-
thelium and cause tissue ischemia, which leads to activation of inflammatory 
mediators or tissue reperfusion injury. Although not well understood, toxic 
effects due to increased partial pressure of gases also are likely to contribute 
to symptoms of decompression illness, possibly by denaturing of proteins and 
release of fatty acids from cell membranes.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Symptoms of decompression illness can occur within minutes and up to 24 
hours or more after exposure to changes in ambient pressure associated with 
dives of 20 feet in depth or more.5 The severity of symptoms depends on the 

Symptoms of decompression illness at altitude should be treated with supple-
mental oxygen and return to the lowest attainable altitude. Serious decompres-
sion illness associated with diving requires immediate medical evaluation by 
emergency personnel, including basic and advanced life support (Chapter 57) 

TREATMENT 

 PROGNOSIS
Survival of patients with decompression illness depends on prompt medical 
evaluation and treatment. Immediate hyperbaric oxygen therapy per standard 
protocols is associated with resolution of symptoms in 95% of cases. However, 
symptoms of decompression illness, even neurologic deficits, may respond 
to recompression therapy after delays of 24 hours or more.

 INHALATION INJURIES
 Smoke Inhalation and Thermal Injury

 DEFINITION
Pulmonary complications, largely caused by smoke inhalation, occur in a large 
proportion of burn victims (Chapter 103) and account for a substantial number 
of deaths in these patients. Even patients who do not sustain surface burns in 
a fire can inhale sufficient smoke to result in injury to the lungs or airways.

 EPIDEMIOLOGY
Modern building codes and the widespread presence of firefighting personnel 
in communities have decreased the importance of fire as a cause of death in 
the United States. However, fire continues to cause several thousand deaths 
annually. Also, larger scale fires with mass casualties and wildfires that affect 
large geographic areas still occur occasionally.

 PATHOGENESIS
Smoke loses heat rapidly as it traverses the upper airway, so direct thermal 
injury is often limited to the mucosa of the supraglottic airway. A notable 
exception is steam inhalation, which can produce thermal injury throughout 
the airways. Smoke inhalation injury affects the entire respiratory tract. The 
pathogenesis of smoke inhalation is complicated by the wide variety of pul-
monary irritants in smoke, many of which are directly toxic to respiratory 
epithelial or alveolar cells: aldehydes such as acrolein, acetaldehyde, and form-
aldehyde; acids such as hydrochloric, hydrofluoric, and hydrocyanic acid; and 
ammonia, nitrogen oxides, and phosgene.

Irritants can rapidly induce intense neutrophilic inflammation, which evolves 
during 12 to 24 hours after injury and is characterized by mucosal edema and 
ulceration, abnormally increased permeability of pulmonary capillaries with 
resultant capillary leak, and epithelial, alveolar, and immune cellular dysfunc-
tion. Bronchospasm or bronchorrhea may occur, and the processes may result 
in ARDS. In addition, because oxygen is consumed in fires, breathing of hypoxic 
air for prolonged periods may potentiate other injuries or cause clinically 
significant hypoxemia in its own right.

 CLINICAL MANIFESTATIONS
Thermal injury to upper airway mucosa can cause airway compromise, par-
ticularly due to laryngeal edema, sometimes rapidly and sometimes over the 
first 12 to 24 hours.7 Burns to the face, mouth, and neck can externally damage 
and distort structures of the upper airway and cause airway compromise, both 
subacutely and late in the course. Inhalation injury manifests primarily with 
bronchospasm and bronchorrhea, which cause cough, dyspnea, or wheezing 
and may progress rapidly to respiratory failure. Accumulation of secretions, 
failure of mucociliary clearance and immune mechanisms, and epithelial 
necrosis predispose to pulmonary infection, particularly 3 to 5 days after injury. 
Late pulmonary complications can also be caused indirectly by eschar forma-
tion and restriction of thoracic motion.

 DIAGNOSIS
Patients with apparent or suspected burn injuries (Chapter 103) should be 
assessed emergently for airway patency. Head or neck burns, respiratory 

TREATMENT 

 PROGNOSIS
Patients who survive burns and recover generally do not have long-term pul-
monary sequelae. Tracheostomies placed at the time of injury can usually be 
removed later, unless airway structures are damaged or distorted. Impaired 
pulmonary function is uncommon but may be manifested as airway hyper-
responsiveness that has been termed reactive airway dysfunction syndrome.

 Carbon Monoxide Poisoning
 DEFINITION AND EPIDEMIOLOGY

Carbon monoxide is a colorless, odorless gas produced by the combustion 
of carbon-based fuels. Because of the ubiquity of these substances, carbon 
monoxide inhalation is often coincident with smoke inhalation in fires or may 
occur accidentally in association with malfunctioning equipment or improper 
venting of emissions from heaters, stoves, combustion motors, or other similar 
devices. In addition, intentional inhalation of carbon monoxide is a method 
commonly used in suicide attempts. Carbon monoxide inhalation is the leading 
cause of death from poisoning (Chapter 102) worldwide.

 PATHOBIOLOGY
Carbon monoxide readily diffuses across the alveolar-capillary interface and 
binds to hemoglobin with extremely high affinity. When the resulting car-
boxyhemoglobin molecule undergoes an allosteric change at oxygen-binding 
sites, the ability of bound oxygen to dissociate and to be delivered to peripheral 
tissues is greatly reduced. This tissue hypoxia can cause severe functional 
impairment and ischemic injury of oxygen-sensitive tissues, particularly in 
the brain and heart.

 CLINICAL MANIFESTATIONS
Mild carbon monoxide intoxication may go unrecognized because the symp-
toms are nonspecific and may include headache, nausea, malaise, fatigue, and 
dizziness. With more severe intoxications, neuropsychiatric symptoms may 
range from minor disturbances in attention and cognition to agitation, confu-
sion, hallucination, or, in the worst intoxications, seizures or frank coma. 
Physical findings, which are generally nonspecific, can include tachycardia or 
hyperthermia. The classic “cherry-red” skin thought to be associated with 
carbon monoxide intoxication is rarely seen. Other manifestations of severe 
intoxications may include lactic acidosis, cardiac dysfunction with arrhythmia 
or ischemia, pulmonary edema, and rhabdomyolysis.

 DIAGNOSIS
A high index of suspicion is required for diagnosis because clinical findings 
are nonspecific. All patients known to have been involved in fires, suicide 
attempts, or other scenarios compatible with exposures should have arterial 
carboxyhemoglobin levels checked by co-oximetry. Although levels do not 
correlate well with clinical findings or risk for complications, symptoms gener-
ally occur at carboxyhemoglobin concentrations of 10% or higher.
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E-FIGURE 88-1. Pulmonary barotrauma in a diver during breath-holding ascent. (from Vann rd, Butler fK, mitchell sj, et al. decompression illness. Lancet. 2011;377:153-164,  
fig. 1, p. 154.)
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distress, stridor, or visibly erythematous or edematous oral mucosa should 
prompt immediate laryngoscopic evaluation of the oropharynx and supraglot-
tic airway. Hypoxemia may develop and may be severe enough to meet criteria 
for ARDS. Chest radiography should be performed serially to detect the evolu-
tion of lung injury or superinfection.

 PROGNOSIS
Survival of patients with decompression illness depends on prompt medical 
evaluation and treatment. Immediate hyperbaric oxygen therapy per standard 
protocols is associated with resolution of symptoms in 95% of cases. However, 
symptoms of decompression illness, even neurologic deficits, may respond 
to recompression therapy after delays of 24 hours or more.

 INHALATION INJURIES
 Smoke Inhalation and Thermal Injury

 DEFINITION
Pulmonary complications, largely caused by smoke inhalation, occur in a large 
proportion of burn victims (Chapter 103) and account for a substantial number 
of deaths in these patients. Even patients who do not sustain surface burns in 
a fire can inhale sufficient smoke to result in injury to the lungs or airways.

 EPIDEMIOLOGY
Modern building codes and the widespread presence of firefighting personnel 
in communities have decreased the importance of fire as a cause of death in 
the United States. However, fire continues to cause several thousand deaths 
annually. Also, larger scale fires with mass casualties and wildfires that affect 
large geographic areas still occur occasionally.

 PATHOGENESIS
Smoke loses heat rapidly as it traverses the upper airway, so direct thermal 
injury is often limited to the mucosa of the supraglottic airway. A notable 
exception is steam inhalation, which can produce thermal injury throughout 
the airways. Smoke inhalation injury affects the entire respiratory tract. The 
pathogenesis of smoke inhalation is complicated by the wide variety of pul-
monary irritants in smoke, many of which are directly toxic to respiratory 
epithelial or alveolar cells: aldehydes such as acrolein, acetaldehyde, and form-
aldehyde; acids such as hydrochloric, hydrofluoric, and hydrocyanic acid; and 
ammonia, nitrogen oxides, and phosgene.

Irritants can rapidly induce intense neutrophilic inflammation, which evolves 
during 12 to 24 hours after injury and is characterized by mucosal edema and 
ulceration, abnormally increased permeability of pulmonary capillaries with 
resultant capillary leak, and epithelial, alveolar, and immune cellular dysfunc-
tion. Bronchospasm or bronchorrhea may occur, and the processes may result 
in ARDS. In addition, because oxygen is consumed in fires, breathing of hypoxic 
air for prolonged periods may potentiate other injuries or cause clinically 
significant hypoxemia in its own right.

 CLINICAL MANIFESTATIONS
Thermal injury to upper airway mucosa can cause airway compromise, par-
ticularly due to laryngeal edema, sometimes rapidly and sometimes over the 
first 12 to 24 hours.7 Burns to the face, mouth, and neck can externally damage 
and distort structures of the upper airway and cause airway compromise, both 
subacutely and late in the course. Inhalation injury manifests primarily with 
bronchospasm and bronchorrhea, which cause cough, dyspnea, or wheezing 
and may progress rapidly to respiratory failure. Accumulation of secretions, 
failure of mucociliary clearance and immune mechanisms, and epithelial 
necrosis predispose to pulmonary infection, particularly 3 to 5 days after injury. 
Late pulmonary complications can also be caused indirectly by eschar forma-
tion and restriction of thoracic motion.

 DIAGNOSIS
Patients with apparent or suspected burn injuries (Chapter 103) should be 
assessed emergently for airway patency. Head or neck burns, respiratory 

If airway patency is threatened, endotracheal intubation should be performed 
immediately.8 Delay can result in increased edema and greater technical dif-
ficulty of intubation. Patients who cannot be intubated should have emergent 
tracheostomy performed surgically. Because of the risk for ARDS, mechanical 
ventilation with a goal tidal volume of 4 to 6 mL/kg of ideal body weight should 
be considered. All patients should receive supplemental oxygen with the goal 
of providing a high fractional concentration of inspired oxygen (FIO2) to reverse 
the effects of hypoxemia and carbon monoxide inhalation (see later). Preliminary 
data suggest a role for inhaled anticoagulants to mitigate the development of 
acute lung injury, although well-designed prospective trials are currently lacking.9 
Pulmonary toilet is essential to clear secretions in the face of bronchorrhea 
and epithelial sloughing. Because of the risk for superinfection, surveillance 
for infection should be vigilant, including diagnostic bronchoscopy if ventilator-
associated pneumonia is suspected.

TREATMENT 

 PROGNOSIS
Patients who survive burns and recover generally do not have long-term pul-
monary sequelae. Tracheostomies placed at the time of injury can usually be 
removed later, unless airway structures are damaged or distorted. Impaired 
pulmonary function is uncommon but may be manifested as airway hyper-
responsiveness that has been termed reactive airway dysfunction syndrome.

 Carbon Monoxide Poisoning
 DEFINITION AND EPIDEMIOLOGY

Carbon monoxide is a colorless, odorless gas produced by the combustion 
of carbon-based fuels. Because of the ubiquity of these substances, carbon 
monoxide inhalation is often coincident with smoke inhalation in fires or may 
occur accidentally in association with malfunctioning equipment or improper 
venting of emissions from heaters, stoves, combustion motors, or other similar 
devices. In addition, intentional inhalation of carbon monoxide is a method 
commonly used in suicide attempts. Carbon monoxide inhalation is the leading 
cause of death from poisoning (Chapter 102) worldwide.

 PATHOBIOLOGY
Carbon monoxide readily diffuses across the alveolar-capillary interface and 
binds to hemoglobin with extremely high affinity. When the resulting car-
boxyhemoglobin molecule undergoes an allosteric change at oxygen-binding 
sites, the ability of bound oxygen to dissociate and to be delivered to peripheral 
tissues is greatly reduced. This tissue hypoxia can cause severe functional 
impairment and ischemic injury of oxygen-sensitive tissues, particularly in 
the brain and heart.

 CLINICAL MANIFESTATIONS
Mild carbon monoxide intoxication may go unrecognized because the symp-
toms are nonspecific and may include headache, nausea, malaise, fatigue, and 
dizziness. With more severe intoxications, neuropsychiatric symptoms may 
range from minor disturbances in attention and cognition to agitation, confu-
sion, hallucination, or, in the worst intoxications, seizures or frank coma. 
Physical findings, which are generally nonspecific, can include tachycardia or 
hyperthermia. The classic “cherry-red” skin thought to be associated with 
carbon monoxide intoxication is rarely seen. Other manifestations of severe 
intoxications may include lactic acidosis, cardiac dysfunction with arrhythmia 
or ischemia, pulmonary edema, and rhabdomyolysis.

 DIAGNOSIS
A high index of suspicion is required for diagnosis because clinical findings 
are nonspecific. All patients known to have been involved in fires, suicide 
attempts, or other scenarios compatible with exposures should have arterial 
carboxyhemoglobin levels checked by co-oximetry. Although levels do not 
correlate well with clinical findings or risk for complications, symptoms gener-
ally occur at carboxyhemoglobin concentrations of 10% or higher.

when hemodynamic instability is present. Pneumothorax (Chapter 92) should be 
treated immediately with needle decompression or chest tube thoracostomy. 
Symptoms that persist for more than 2 hours or increase in intensity require 
recompression therapy, preferably with 100% oxygen or transfer to a facility 
with a hyperbaric chamber, where standard protocols should be followed. The 
only two randomized controlled trials to evaluate recompression therapy found 
that the addition of tenoxicam (20 mg daily, not available in the United States) 
or a helium-oxygen mixture (rather than pure oxygen) decreases the number 
of recompression treatments needed in divers with decompression illness, but 
neither improved the overall effectiveness of recompression treatment. A7 
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 PROGNOSIS
The mortality rate is highly variable according to the severity of intoxication 
but can approach 30% in severe cases. Approximately two thirds of patients 
who survive acute intoxication will recover without sequelae. However, the 
presence of acute brain abnormalities in magnetic resonance imaging portends 
long-term neuropsychiatric symptoms, including cognitive dysfunction, abnor-
mal mood or affect, memory disturbances, and other motor or sensory abnor-
malities, which can often occur within the first month but may be delayed for 
up to 6 to 9 months.13

 Cyanide and Other Gases
 PATHOBIOLOGY

In addition to carbon monoxide and pulmonary irritants, cyanide gas may be 
formed when a number of commonly found substances, particularly plastics 
and textiles, are combusted. This gas is highly toxic and can rapidly cause 
morbidity and death by binding to cytochrome enzymes and inhibiting cel-
lular respiration.

Other inhaled gases that can injure the lungs in occupational settings include 
ammonia, chlorine, nitrogen dioxide, organic dust, paraquat, phosgene (which 
has also been used as a chemical weapon), sulfur dioxide, and toxic metal 
fumes such as cadmium and mercury.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Cyanide intoxication typically includes shock, lactic acidosis, and coma; it 
can rapidly lead to death before results of laboratory studies are available. In 
the setting of possible exposure, an elevated venous oxygen saturation indicates 
that cyanide is preventing cells from extracting oxygen from arterial blood.

Other inhaled gases that can produce potent irritant responses include 
ammonia, chlorine, and nitrogen dioxide (“silo-filler’s lung”). Phosgene is 
notable for its propensity to cause delayed symptoms, up to 24 hours after 
exposure. Other inhalants may produce an acute chemical pneumonitis with 
respiratory distress (Chapter 87). A diverse group of inhaled toxins can cause 
syndromes of inhalational fever, including heavy metal fumes, polymer fumes, 
and organic dust aerosols that contain thermophilic bacteria, gram-negative 
bacteria and their associated endotoxins, and fungal elements. These inhala-
tions are characterized by fever and malaise with mild respiratory symptoms 
and are also notable for tachyphylaxis with repeated exposure (and thus referred 
to as Monday morning fever in some occupational settings).

All patients should be treated with 100% supplemental oxygen, which com-
petes with carbon monoxide for hemoglobin-binding sites and gradually elimi-
nates it from the blood. If patients require mechanical ventilation because of 
a depressed neurologic status or respiratory problems, 100% oxygen should 
be administered by endotracheal tube. Rigorously conducted randomized 
controlled trials are lacking, but most expert guidelines endorse treatment 
with hyperbaric oxygen at a pressure of 2.5 to 3.0 atm, which can increase the 
dissolved oxygen content of blood by more than 10-fold.10 At least one treat-
ment of approximately 2 hours should be considered in severe cases to reverse 
the effects of acute intoxication; three hyperbaric oxygen treatments within 
24 hours of diagnosis reduce neurocognitive sequelae. Experimental data in 
mice suggest that transesophageal phototherapy at wavelengths between 532 
and 690 nm can double the rate of the dissociation of carbon monoxide from 
hemoglobin,11 whereas other data show that engineered human neuroglobin 
can bind carbon monoxide 500 times more strongly than hemoglobin and 
could become an antidote to carbon monoxide poisoning.12 However, neither 
of these treatments are approved in humans.

TREATMENT 

Cyanide intoxication is treated by use of a Taylor Cyanide Antidote Package 
(Taylor Pharmaceuticals) that contains amyl nitrate gas ampules (one 0.3-mL 
ampule each minute until sodium nitrate infusion begins) for inhalation. This 
treatment is followed by intravenous administration of sodium nitrite (300 mg 
one-time dose; can give an additional 150 mg if symptoms return), which con-
verts hemoglobin to methemoglobin by attracting bound and unbound cyanide. 
Finally, patients are treated with intravenous sodium thiosulfate (12.5 g one-
time dose; can repeat half the original dose if symptoms return), which converts 

TREATMENT 

 OXYGEN TOXICITY

 DEFINITION
Hypoxemic respiratory failure often requires treatment with supplemental 
oxygen to maintain tissue oxygenation. In some settings, such as ARDS, patients 
may require high Fio2 for prolonged periods to combat severe hypoxia. However, 
it has long been recognized that oxygen may be toxic to the lungs when it is 
present in concentrations higher than those found in ambient air.

 PATHOBIOLOGY
When the concentration of oxygen in the airways is high, formation of reactive 
oxygen species and free radicals is increased. Under normal circumstances, 
innate antioxidant mechanisms in airway epithelia and alveoli are sufficient 
to abrogate the effect of these molecules. However, under conditions of critical 
illness, prolonged exposure to increased concentrations of these toxins may 
overwhelm these defenses. Superoxide, hydrogen peroxide, and hydroxyl 
radicals may directly oxidize cellular components. Cellular damage potentiates 
inflammation and may be synergistic with inflammatory processes already 
underway in the diseased lung; the result can be alveolar edema, formation 
of hyaline membranes, hypoxemia, and progression to fibrosis and obliteration 
of alveolar and capillary structures. In addition, washout of nitrogen from air 
spaces can result in absorptive atelectasis if oxygen is removed by the circula-
tion faster than it can be replenished by ventilation (especially in the setting 
of ventilation-perfusion mismatch). Hyperoxia can also worsen hypercapnia 
through multiple mechanisms, as occurs in patients with chronic obstructive 
pulmonary disease who suffer from carbon dioxide retention.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Although the exact levels of hyperoxia that cause lung injury are unclear, it 
appears to occur with exposure to Fio2 of 50 to 60% after exposures as short 
as 6 hours in duration. Because of the high flow of supplemental oxygen required 
to deliver this Fio2, oxygen toxicity is observed primarily in mechanically 
ventilated patients being treated for hypoxemic respiratory failure. This level 
of exposure can cause a clinically detectable tracheobronchitis, demonstrable 
by symptoms of cough and dyspnea, as well as airway erythema that is visible 
macroscopically on bronchoscopy. This syndrome may impair mucociliary 
clearance and result in impaction of secretions, especially in conjunction with 
absorptive atelectasis.

Patients who may be susceptible to oxygen toxicity generally already have 
a significant degree of parenchymal injury from other processes. Thus, although 
some patients may appear to display a syndrome of worsening air space disease, 
atelectasis, consolidation, hypoxemia, and diffuse alveolar damage, it is not 
clear when these changes are related to oxygen therapy or merely occur as 
part of the acute lung injury from other causes.

 PROGNOSIS
Patients who sustain oxygen toxicity in the setting of prior bleomycin exposure 
may be left with residual pulmonary fibrosis. In other patients, the incremental 
impact of oxygen toxicity on prognosis is unknown.

 LUNG INJURY
 Radiation Lung Injury

 DEFINITION
Accidental or occupational radiation exposures (Chapter 17) are generally 
characterized by systemic toxicity that outweighs any injury to the lungs. As 
such, radiation lung injury refers to a pneumonitis that can progress to pul-
monary fibrosis and that results from therapeutic use of ionizing radiation, 
usually in the treatment of malignant neoplasms.14

 EPIDEMIOLOGY
As many as 50% of patients receiving thoracic radiation will display radio-
graphic abnormalities after treatment; duration and dose of therapy affect the 
odds for development of lung injury. However, most of these patients will 
never have clinically significant radiation lung injury. For unclear reasons, the 
incidence of lung injury appears to vary by the type of underlying malignant 
disease and modality of treatment. The highest frequency is in lung cancer 
(10 to 20%).

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
The pathogenesis of radiation lung injury is often divided into three or four 
phases on the basis of time course. Typically, the early phase occurs immedi-
ately after exposure and is characterized by injury to alveolar cells, resulting 
in mild alveolitis, recruitment of inflammatory cells, capillary leak, and pul-
monary edema. These changes are usually asymptomatic; patients do not 
usually come to clinical attention, although the chest radiograph will be abnor-
mal if it is performed. In most patients, these changes resolve without progres-
sion within 1 to 3 months.

A minority of patients will progress to the next phase, in which alveolar 
cells desquamate and the air spaces fill with protein-rich fluid. In this phase, 
referred to as radiation pneumonitis, patients will complain of cough, dyspnea, 
and occasionally fever or pleuritic chest pain. Severe cases may present with 
hypoxemic respiratory failure. This phase generally resolves within 3 to 6 
months after exposure and is followed by an organizing phase, in which alveolar 
edema resolves and the damaged alveoli heal. Clinically, patients generally 
show improvement in symptoms during this period. However, this phase is 
also characterized by fibroblast proliferation and deposition of collagen in the 
lung. In a minority of patients, this process will proceed unchecked and result 
in clinically significant fibrosis, with progressive loss of alveolar-capillary surface 
and development of restrictive lung disease.

 DIAGNOSIS
Clinical history and radiographic evaluation are often sufficient for diagnosis 
of radiation lung injury as patients typically present with respiratory symptoms 
and opacities on chest radiography after undergoing radiation therapy. Radi-
ography may show air space disease with alveolar filling or consolidation during 
the pneumonitis phase, which may progress to an interstitial pattern and 
eventual honeycombing with parenchymal distortion in the chronic phase. 
Because radiation characteristically causes injury only within directly affected 
lung tissue, radiography may show opacities that are well delineated and form 
straight lines that cross anatomically distinct regions of lung. This finding is 
rarely if ever seen in other conditions.

The differential diagnosis may include pneumonia, recurrence, and metastatic 
malignant disease. On occasion, invasive evaluation with bronchoalveolar 
lavage or even biopsy is required to exclude these possibilities if the clinical 
history and imaging do not provide a diagnosis.

Because the threshold level for oxygen toxicity is unknown, a general guide-
line for treatment of hypoxemic respiratory failure (Chapter 96) is that patients 
be ventilated with the lowest possible FIO2 that is required to restore an accept-
able oxygen saturation. An SaO2 of 90%, corresponding to PaO2 of 55 to 60 mm 
Hg, is generally considered the minimum acceptable level. Unfortunately, under 
conditions of severe hypoxemia, such as ARDS, patients often require an FIO2 
approaching 100% to achieve this oxygen level. Maneuvers to improve oxy-
genation without increasing FIO2 include paralysis with continuous infusions 

TREATMENT 

TREATMENT AND PREVENTION 

 PROGNOSIS
Within 2 years after initial exposure, progression will usually slow, and symp-
toms and lung function will stabilize or improve. After this time, further 
improvement or worsening is uncommon. In severe cases that become chronic, 
patients may develop features of advanced interstitial lung disease, including 
pulmonary hypertension and hypoxic respiratory failure.

 Aspiration Injury
 DEFINITION

Aspiration, which is defined as the inhalation of any nongaseous foreign sub-
stance into the lungs, generally refers specifically to the inhalation of gastric 
contents or secretions from the oropharynx. Aspiration is a common occur-
rence, and in most cases it resolves spontaneously without clinical manifesta-
tions. Clinically significant aspiration can range from acute pneumonitis and 
respiratory failure caused by a single massive aspiration to chronic symptoms 
of respiratory disease caused by recurrent small-scale aspiration. These syn-
dromes may overlap with pneumonia that occurs when the lungs are exposed 
to bacteria from the gastrointestinal tract (Chapter 91).

 PATHOBIOLOGY
The common element of clinically significant aspiration is impairment of 
normal airway protective mechanisms. Under normal circumstances, the airway 
is protected by the normal swallowing mechanism, the cough reflex, and the 
anatomy of the supraglottic airway. However, even healthy individuals experi-
ence microaspiration despite having functional protective mechanisms. These 
secretions are handled by normal pulmonary clearance mechanisms.

Any disturbance of these protective mechanisms can result in aspiration 
injury to the lungs. An altered level of consciousness can impair normal swal-
lowing and suppress the cough reflex. Even in patients who are alert, neurologic 
injury can result in dysphagia and concomitant aspiration, as in patients who 
have bulbar neurologic deficits in association with ischemic stroke. Patients 
with altered airway or oropharyngeal anatomy, such as patients who have 
received surgical or radiation therapy for head and neck malignant neoplasms, 
may also be highly susceptible to aspiration of oral secretions.

The nature of the aspirated material is also important in determining whether 
an injury occurs. Materials with a pH lower than 2.5, such as acidic gastric 
contents, are much more likely to cause a significant chemical pneumonitis. 
Particulate matter also increases the likelihood for development of clinically 
significant inflammation. A large-volume aspiration with distribution through-
out the lungs is more likely to produce an acute, severe pneumonitis.

When material has been aspirated into the lungs, the injury that occurs is 
similar to a chemical burn. Acid rapidly injures airway epithelial and alveolar 
cells; within hours, cells become dysfunctional and capillary leak occurs, 
resulting in profound noncardiogenic pulmonary edema. In severe cases, diffuse 
alveolar damage may result.

 CLINICAL MANIFESTATIONS
The classic eponym applied to aspiration pneumonia is Mendelsohn syndrome, 
which refers to a single, large-volume aspiration of gastric contents followed 
by rapidly progressive hypoxemic respiratory failure that develops within hours. 
Patients may suffer from cough, dyspnea, fever, and respiratory distress. Physical 
examination may reveal diffuse crackles, wheezing, cyanosis, and hypotension. 
Chest radiography may show a pattern of alveolar filling with diffuse bilateral 
involvement or involvement of dependent regions, particularly the right lower 
lobe if the patient is upright at the time of aspiration. In many patients, this 

cyanide to less harmful thiocyanate ions. If carboxyhemoglobinemia is present 
or the patient has heart disease or lung disease, sodium thiosulfate should be 
used alone because of the additive toxicity of methemoglobinemia.

Hydroxocobalamin (5 mg given intravenously once, can be repeated for a 
total of 10 mg), which directly binds cyanide, can be used in conjunction with 
sodium thiosulfate. It is thought to be safer than the amyl nitrate gas ampules 
because it does not cause methemoglobinemia and is better suited to prehos-
pital care.

The mainstay for treatment of other irritating inhalations is to remove the 
patient immediately from the toxic environment and to provide supportive 
care for respiratory injury. Depending on the intensity and duration of exposure, 
most patients will recover completely without sequelae.
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 PROGNOSIS
Patients who sustain oxygen toxicity in the setting of prior bleomycin exposure 
may be left with residual pulmonary fibrosis. In other patients, the incremental 
impact of oxygen toxicity on prognosis is unknown.

 LUNG INJURY
 Radiation Lung Injury

 DEFINITION
Accidental or occupational radiation exposures (Chapter 17) are generally 
characterized by systemic toxicity that outweighs any injury to the lungs. As 
such, radiation lung injury refers to a pneumonitis that can progress to pul-
monary fibrosis and that results from therapeutic use of ionizing radiation, 
usually in the treatment of malignant neoplasms.14

 EPIDEMIOLOGY
As many as 50% of patients receiving thoracic radiation will display radio-
graphic abnormalities after treatment; duration and dose of therapy affect the 
odds for development of lung injury. However, most of these patients will 
never have clinically significant radiation lung injury. For unclear reasons, the 
incidence of lung injury appears to vary by the type of underlying malignant 
disease and modality of treatment. The highest frequency is in lung cancer 
(10 to 20%).

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
The pathogenesis of radiation lung injury is often divided into three or four 
phases on the basis of time course. Typically, the early phase occurs immedi-
ately after exposure and is characterized by injury to alveolar cells, resulting 
in mild alveolitis, recruitment of inflammatory cells, capillary leak, and pul-
monary edema. These changes are usually asymptomatic; patients do not 
usually come to clinical attention, although the chest radiograph will be abnor-
mal if it is performed. In most patients, these changes resolve without progres-
sion within 1 to 3 months.

A minority of patients will progress to the next phase, in which alveolar 
cells desquamate and the air spaces fill with protein-rich fluid. In this phase, 
referred to as radiation pneumonitis, patients will complain of cough, dyspnea, 
and occasionally fever or pleuritic chest pain. Severe cases may present with 
hypoxemic respiratory failure. This phase generally resolves within 3 to 6 
months after exposure and is followed by an organizing phase, in which alveolar 
edema resolves and the damaged alveoli heal. Clinically, patients generally 
show improvement in symptoms during this period. However, this phase is 
also characterized by fibroblast proliferation and deposition of collagen in the 
lung. In a minority of patients, this process will proceed unchecked and result 
in clinically significant fibrosis, with progressive loss of alveolar-capillary surface 
and development of restrictive lung disease.

 DIAGNOSIS
Clinical history and radiographic evaluation are often sufficient for diagnosis 
of radiation lung injury as patients typically present with respiratory symptoms 
and opacities on chest radiography after undergoing radiation therapy. Radi-
ography may show air space disease with alveolar filling or consolidation during 
the pneumonitis phase, which may progress to an interstitial pattern and 
eventual honeycombing with parenchymal distortion in the chronic phase. 
Because radiation characteristically causes injury only within directly affected 
lung tissue, radiography may show opacities that are well delineated and form 
straight lines that cross anatomically distinct regions of lung. This finding is 
rarely if ever seen in other conditions.

The differential diagnosis may include pneumonia, recurrence, and metastatic 
malignant disease. On occasion, invasive evaluation with bronchoalveolar 
lavage or even biopsy is required to exclude these possibilities if the clinical 
history and imaging do not provide a diagnosis.

Corticosteroids, such as prednisone 1 mg/kg body weight per day for 2 to 
3 weeks followed by a slow taper over several weeks or months, are the mainstay 
of therapy. Patients often show a dramatic response to treatment, and symptoms 
may recur after treatment is discontinued. Other immunosuppressive agents 
have been used successfully in case reports of patients who failed to respond 
to corticosteroids. Prophylactic amifostine, a cytoprotective agent, significantly 
reduces the risk for radiation pneumonitis but does not improve survival in 
patients who receive radiation treatment for lung cancer. Dixiong decoction, 
a Chinese herbal preparation, has also been reported to decrease the incidence 
and severity of radiation pneumonitis in patients with non–small cell lung 
cancer.

TREATMENT AND PREVENTION 

 PROGNOSIS
Within 2 years after initial exposure, progression will usually slow, and symp-
toms and lung function will stabilize or improve. After this time, further 
improvement or worsening is uncommon. In severe cases that become chronic, 
patients may develop features of advanced interstitial lung disease, including 
pulmonary hypertension and hypoxic respiratory failure.

 Aspiration Injury
 DEFINITION

Aspiration, which is defined as the inhalation of any nongaseous foreign sub-
stance into the lungs, generally refers specifically to the inhalation of gastric 
contents or secretions from the oropharynx. Aspiration is a common occur-
rence, and in most cases it resolves spontaneously without clinical manifesta-
tions. Clinically significant aspiration can range from acute pneumonitis and 
respiratory failure caused by a single massive aspiration to chronic symptoms 
of respiratory disease caused by recurrent small-scale aspiration. These syn-
dromes may overlap with pneumonia that occurs when the lungs are exposed 
to bacteria from the gastrointestinal tract (Chapter 91).

 PATHOBIOLOGY
The common element of clinically significant aspiration is impairment of 
normal airway protective mechanisms. Under normal circumstances, the airway 
is protected by the normal swallowing mechanism, the cough reflex, and the 
anatomy of the supraglottic airway. However, even healthy individuals experi-
ence microaspiration despite having functional protective mechanisms. These 
secretions are handled by normal pulmonary clearance mechanisms.

Any disturbance of these protective mechanisms can result in aspiration 
injury to the lungs. An altered level of consciousness can impair normal swal-
lowing and suppress the cough reflex. Even in patients who are alert, neurologic 
injury can result in dysphagia and concomitant aspiration, as in patients who 
have bulbar neurologic deficits in association with ischemic stroke. Patients 
with altered airway or oropharyngeal anatomy, such as patients who have 
received surgical or radiation therapy for head and neck malignant neoplasms, 
may also be highly susceptible to aspiration of oral secretions.

The nature of the aspirated material is also important in determining whether 
an injury occurs. Materials with a pH lower than 2.5, such as acidic gastric 
contents, are much more likely to cause a significant chemical pneumonitis. 
Particulate matter also increases the likelihood for development of clinically 
significant inflammation. A large-volume aspiration with distribution through-
out the lungs is more likely to produce an acute, severe pneumonitis.

When material has been aspirated into the lungs, the injury that occurs is 
similar to a chemical burn. Acid rapidly injures airway epithelial and alveolar 
cells; within hours, cells become dysfunctional and capillary leak occurs, 
resulting in profound noncardiogenic pulmonary edema. In severe cases, diffuse 
alveolar damage may result.

 CLINICAL MANIFESTATIONS
The classic eponym applied to aspiration pneumonia is Mendelsohn syndrome, 
which refers to a single, large-volume aspiration of gastric contents followed 
by rapidly progressive hypoxemic respiratory failure that develops within hours. 
Patients may suffer from cough, dyspnea, fever, and respiratory distress. Physical 
examination may reveal diffuse crackles, wheezing, cyanosis, and hypotension. 
Chest radiography may show a pattern of alveolar filling with diffuse bilateral 
involvement or involvement of dependent regions, particularly the right lower 
lobe if the patient is upright at the time of aspiration. In many patients, this 

of neuromuscular blocking agents; inhaled pulmonary vasodilators; red blood 
cell transfusions to improve the delivery of oxygen; alternative ventilatory 
strategies, such as high-frequency oscillatory ventilation, airway pressure-release 
ventilation, inverse-ratio ventilation, and prone positioning; and alveolar recruit-
ment maneuvers using positive end-expiratory pressure or transiently increased 
inflation pressures (Chapter 97).
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Mineral oils, which cannot be hydrolyzed in the body, provoke a chronic 
inflammatory reaction that may not become clinically overt until years later. 
In the alveolar spaces, macrophages accumulate and phagocytose the emulsi-
fied oil. Some macrophages disintegrate, releasing their lysosomal enzymes 
and oil. The alveolar septa become thickened and edematous, containing 
lymphocytes and lipid-laden macrophages. Oil droplets are seen in the pul-
monary lymphatics and hilar nodes. Later, fibrosis develops, and the normal 
lung architecture is effaced. A single pathologic specimen may include both 
the early inflammatory and the later fibrotic picture, in keeping with repetitive 
aspirations during many months or years. Nodular lesions may grossly resemble 
tumor and be called paraffinomas.

 CLINICAL MANIFESTATIONS
Most patients are asymptomatic and come to the physician’s attention because 
of an abnormal chest radiograph. When patients are symptomatic, cough and 
exertional dyspnea are the most frequent complaints. Chest pain (sometimes 
pleuritic), hemoptysis, fever (usually low grade), chills, night sweats, and weight 
loss may occur. Findings on physical examination may be completely normal, 
but fever, tachypnea, dullness on percussion of the chest, bronchial or bron-
chovesicular breath sounds, rales, and rhonchi may be found. Clubbing and 
cor pulmonale are rare.

 DIAGNOSIS
In mild lipoid pneumonia, arterial blood gas values may be normal with the 
patient at rest but may show hypoxemia after exercise. In more severe disease, 
resting hypoxemia, hypocapnia, and mild respiratory alkalosis develop. Pul-
monary function testing reveals a restrictive ventilatory defect; lung compliance 
is decreased. The only specific laboratory finding is the presence in sputum 
of macrophages with clusters of vacuoles that are 5 to 50 µm in diameter  
and that stain deep orange with Sudan IV; extracellular droplets may stain 
similarly.

On radiographic examination, the earliest abnormalities are air space infil-
trates, most often in the dependent portions of the lung. The infiltrates may 
be unilateral or bilateral, localized or diffuse. Air bronchograms may be seen. 
Hilar adenopathy and pleural reaction are rare. As fibrosis develops, volume 
loss occurs, and linear and nodular infiltrates appear. A solid lesion that closely 
resembles bronchogenic carcinoma may develop. High-resolution computed 
tomography usually shows consolidated areas of low attenuation and “crazy 
paving” (Fig. 88-1).

The differential diagnosis is extensive, particularly in the late phase, when 
multiple other causes of pulmonary fibrosis must be considered. The key to 
the correct diagnosis before biopsy is the history of chronic oral or intranasal 
use of an oil- or a lipid-based product or an occupational exposure to oil mists. 
The presence of lipid-laden macrophages in sputum or bronchoalveolar lavage 
fluid also can be used to confirm the diagnosis, particularly in conjunction 
with typical findings on high-resolution computed tomography.

period of acute deterioration is followed by stabilization and resolution within 
2 or 3 days. In other patients, deterioration may continue, and patients may 
meet clinical criteria for ARDS. If the volume of aspirated material is large 
enough, the initial aspiration may be sufficient to cause tracheal obstruction 
and asphyxiation.

In patients who initially improve, a small percentage will show further dete-
rioration after 2 or 3 days. This deterioration should prompt an investigation 
for bacterial superinfection.

 DIAGNOSIS
The clinical history and presentation are generally sufficient for diagno-
sis of aspiration pneumonitis. Bacterial pneumonia and other causes of 
ARDS also should be considered, as should cardiogenic pulmonary edema. 
Airway erythema and edema on bronchoscopy can be suggestive of aspira-
tion. Bronchoalveolar lavage may help evaluate for the presence of bacterial  
infection.

 PREVENTION
Prevention should focus on identification of patients who are at risk for aspira-
tion and then use of strategies to minimize the risk. Patients with swallowing 
dysfunction or airway abnormalities can work with speech pathologists to 
learn effective strategies for swallowing. Patients who are unsuccessful or not 
suitable for this approach may benefit from tracheostomy or enteral tube feed-
ings, which do not prevent microaspiration but can prevent large-volume 
aspiration. However, the risk for aspiration pneumonia is no different among 
patients with nasogastric tubes compared with patients who have percutane-
ous endoscopy gastrostomy tubes. In hospitalized patients, particularly patients 
with an altered mental status due to illness or sedation, simple strategies such 
as avoidance of oral feeding and semirecumbent positioning can effectively 
reduce the risk for aspiration. Use of histamine-2 blockers or proton pump 
inhibitors (Chapter 130) can alter gastric pH to reduce the risk for injury 
from acidic secretions.

Because of the acuity and severity of aspiration pneumonitis, immediate 
attention should be paid to maintaining a patent airway. The oropharynx and 
trachea should be suctioned to clear any potentially obstructing material, and 
endotracheal intubation should be performed if necessary (Chapter 97). Bron-
choscopy is often performed to clear residual particulate or solid matter, but 
it cannot remove acidic secretions, which damage airways and parenchyma 
quickly and then are rendered neutral. Oxygen supplementation should be 
provided as needed for hypoxia. Corticosteroids have not been shown to be 
beneficial. Antibiotics should be reserved for patients who appear to have 
developed bacterial superinfection (Chapter 91).

TREATMENT 

FIGURE 88-1. Lipoid pneumonia on a computed tomographic scan. 

 PROGNOSIS
For patients with severe respiratory failure or ARDS, mortality can be high. 
In others, improvement should be expected within days. If the underlying 
factor that led to aspiration is irreversible, patients have an increased likelihood 
of recurrent episodes.

 Lipoid Pneumonia
 DEFINITION

Lipoid pneumonia is a chronic inflammatory reaction of the lungs to the 
presence of lipid substances. Exogenous lipoid pneumonia results from the 
aspiration of vegetable, animal, or (most commonly) mineral oils.

 PATHOBIOLOGY
The most frequently implicated agent is mineral oil used as a laxative and to 
reduce dysphagia, either in clear liquid form or as petroleum jelly. Mineral oil 
is bland and, when introduced into the pharynx, can enter the bronchial tree 
without eliciting the cough reflex. It also mechanically impedes the ciliary 
action of the airway epithelium. The risk for mineral oil aspiration is increased 
in debilitated or senile patients, in those with neurologic disease that interferes 
with deglutition, and in patients with esophageal disease. Mineral oil taken 
as nose drops to relieve nasal dryness can also cause lipoid pneumonia. Inhala-
tion of mineral oil mist by airplane and automobile mechanics has also been 
implicated as a cause.



300 mm Hg or room air oxygen saturation of less than 90% during or within 
6 hours after a transfusion; bilateral infiltrates on the chest radiograph; no 
evidence of left atrial hypertension; no preexisting acute lung injury before 
transfusion; and no temporal relationship to an alternative risk factor for acute 
lung injury.

The diagnosis of “possible TRALI” is made in patients who have a concur-
rent diagnosis of another risk factor for acute lung injury, including direct 
lung injury due to aspiration, pneumonia, toxic inhalation, lung contusion, 
or nonfatal drowning, and indirect lung injury due to severe sepsis, shock, 
multiple trauma, burn injury, acute pancreatitis, cardiopulmonary bypass, or 
drug overdose. Absolute confirmation of the diagnosis requires testing for 
HLA and neutrophil-specific antigen antibodies, usually performed first in 
female donors, then in male donors, and finally in the recipient.

 Transfusion-Related Acute Lung Injury
 DEFINITION

The syndrome of transfusion-related acute lung injury (TRALI; Chapter 167) 
involves the rapid onset of respiratory distress within minutes to hours after 
the transfusion of blood products (fresh-frozen plasma, platelets, and red blood 
cells).15 The initial clinical picture is indistinguishable from acute lung injury 
or ARDS due to other causes, such as sepsis, multiple trauma, and lung injury. 
TRALI may similarly be confused with pulmonary edema due to volume 
overload (Chapter 52).

 EPIDEMIOLOGY
The true incidence of TRALI is unknown; incidence rates are underestimated 
because of the difficulty in distinguishing TRALI from other causes of acute 
respiratory failure and the labor-intensive and costly diagnostic evaluation 
required. Reported incidences range from 1 in 1000 to 1 in 100,000 units of 
blood products transfused. The risk for TRALI varies according to the type 
of blood product transfused, with pooled products associated with a higher 
incidence. Only 8 to 21 TRALI-related deaths are reported to the U.S. Food 
and Drug Administration annually, and even liberal estimates accounting for 
underreporting suggest the number may be only as high as 300 per year of 
an estimated 25 million transfusions in the United States.

 PATHOBIOLOGY
The physiologic manifestations of TRALI are caused by alveolar filling with 
fluid and protein. This alveolar process is the result of increased microvascular 
permeability due to pulmonary endothelial damage mediated by either leu-
kocyte antibodies or the priming and activation of neutrophils in the pulmonary 
circulation by bioactive substances.

TRALI most commonly occurs when human leukocyte antigen (HLA) 
type I or II or neutrophil-specific antigen antibodies from the donor attach 
to the recipient’s leukocytes, leading to the release of injurious oxidative and 
nonoxidative products. Development of HLA antibodies occurs commonly 
in women during pregnancy, and increasing parity in female blood donors is 
associated with an increased risk for TRALI.

Episodes of TRALI occurring in patients without HLA or neutrophil-specific 
antigen antibodies in either the donor or recipient are thought to be caused 
by a two-hit process of neutrophil priming and activation. Neutrophils are 
primed and sequestered in the lung by conditions that often occur in patients 
requiring blood products, such as multiple trauma, surgery, or sepsis. Primed 
neutrophils are then activated by bioactive lipids and cytokines stored in the 
blood products, thereby leading to lung injury and alveolar damage. Levels 
of these bioactive lipids or cytokines may increase after prolonged storage of 
blood products.

 CLINICAL MANIFESTATIONS
Although most cases of TRALI present within 1 to 2 hours after the transfusion 
of blood products, tachypnea, hypoxemia, cyanosis, dyspnea, and fever can 
develop during the transfusion or up to 6 hours later. Hypertension or hypo-
tension commonly occurs, depending on the severity of the reaction. Copious 
amounts of pink, frothy edema fluid may be present. Lung auscultation gener-
ally reveals bilateral crackles and decreased breath sounds in dependent lung 
zones.

 DIAGNOSIS
Bilateral patchy infiltrates consistent with alveolar edema are found on plain 
chest radiographs, typically without effusions. Arterial blood gas analysis 
demonstrates reduced Po2, and further laboratory testing may reveal throm-
bocytopenia or a transient leukopenia. Diagnosis of TRALI requires the pres-
ence of the following: acute onset of hypoxemia with Pao2/Fio2 of less than 

When the diagnosis has been made and the aspiration stopped, the subse-
quent course is variable. Because the only way the lung can dispose of mineral 
oil is by expectoration, the patient should be instructed in coughing exercises 
to be performed many times each day for months. Expectorants have not been 
shown to help. In some uncontrolled case reports, systemic corticosteroids 
have been used successfully at varying doses and length, but the literature 
suggests that they cannot be routinely recommended for treatment.

TREATMENT AND PREVENTION 

Most cases are self-limited and resolve within hours to days with supplemental 
oxygen and supportive care. Volume resuscitation, with or without vasopres-
sors, is required for hypotension. Mechanical ventilation should be managed 
as for any other case of acute lung injury, with the implementation of a low 
tidal volume ventilation strategy to prevent further ventilator-induced lung 
injury. Diuresis should be attempted cautiously and may even be detrimental 
because intravascular filling pressures are often low.

TREATMENT 

 PROGNOSIS
The mortality of TRALI is approximately 5%. If an implicated donor can be 
identified, the recipient should not receive any further transfusions from that 
donor, but patients are not at increased risk for further episodes of TRALI 
from nonimplicated donor transfusions.
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REVIEW QUESTIONS

1. Which one of the following is not part of the pathophysiologic response 
to drowning?
 A. Reduced surfactant levels and function
 B. Laryngospasm
 C. Increased Pao2

 D. Apnea
 E. Metabolic acidosis

Answer: C Aspiration, apnea, and laryngospasm all lead to hypoxemia. See 
Drowning: Pathobiology.

2. Which one of the following is not true regarding acute mountain sickness?
 A. The best treatment for life-threatening symptoms is immediate descent, 

if possible, combined with supplemental oxygen therapy.
 B. Acetazolamide 125 mg orally twice daily, has been shown to be effective 

in preventing acute mountain sickness.
 C. If descent is not possible, high-altitude pulmonary edema and high-

altitude cerebral edema can be fatal.
 D. Individuals who have previously suffered from acute mountain sickness 

or other diseases of altitude are protected from further episodes during 
their next ascent.

 E. The pathophysiology centers on the decreased partial pressure of oxygen 
at altitudes above 7000 feet, leading to decreased oxygen delivery to 
tissues.

Answer: D People who have developed acute mountain sickness, high-altitude 
pulmonary edema, or high-altitude cerebral edema are at significantly increased 
risk for subsequent episodes, especially during rapid ascents. See Diseases of 
High Altitude.

3. Which one of the following statements is not true about decompression 
sickness?
 A. The symptoms of decompression sickness are related to exposure to 

increasing ambient pressures.
 B. Breath holding while ascending from a dive leads to pulmonary baro-

trauma and potentially arterial gas embolism.
 C. Risk factors for decompression sickness include long duration of dives, 

repetitive dives, heavy exertion at depth, cold water, and rapid ascent.
 D. Bullous or cystic lung disease is a contraindication to diving.
 E. Recompression therapy with 100% oxygen in a hyperbaric chamber is 

the standard of care for severe or persistent decompression illness asso-
ciated with diving.

Answer: A Decompression sickness is caused by decreasing ambient pres-
sures, as the partial pressure of nitrogen decreases and tissues that have been 
supersaturated with nitrogen during descent begin releasing nitrogen into the 
surrounding tissues and bloodstream in the form of gas bubbles. These gas 
bubbles then cause damage either by mechanical compression of tissues or 
embolization through blood vessels to end organs. See Decompression Illness: 
Decompression Sickness, Barotrauma, and Arterial Gas Embolism.

4. Which on of the following is not an appropriate treatment for cyanide 
poisoning?
 A. Sodium nitrate, 300 mg IV
 B. At least one treatment with hyperbaric oxygen lasting approximately 2 

hours; can be repeated a second time if symptoms persist
 C. Hydroxocobalamin, 5 mg IV
 D. Amyl nitrate gas ampules, one 0.3-mL gas ampule each minute
 E. Sodium thiosulfate, 12.5g IV

Answer: B Hyperbaric oxygen therapy, which is central to treatment of 
decompression sickness and carbon monoxide poisoning, plays no role in 
cyanide poisoning. See Smoke Inhalation: Cyanide and Other Gases.

5. Which one of the following is not a correct statement regarding transfusion-
related acute lung injury (TRALI)?
 A. TRALI is a clinical syndrome that can be indistinguishable from acute 

lung injury or acute respiratory distress syndrome (ARDS).
 B. All blood products are associated with a similar incidence of TRALI.
 C. The causative antibodies are HLA type I or type II or neutrophil-specific 

antigen antibodies.
 D. Transfusions from women of increasing parity are associated with an 

increased risk for developing TRALI.
 E. Symptoms of TRALI (tachypnea, hypoxemia, cyanosis, dyspnea and 

fever) can develop up to 6 hours after the transfusion of blood products.
Answer: B Different blood products carry different risks for causing TRALI, 
with pooled products carrying the highest risk. See Transfusion-Related Acute 
Lung Injury.
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89 
SARCOIDOSIS
MICHAEL C. IANNUZZI

DEFINITION
Sarcoidosis, a systemic granulomatous disease of unknown cause, is character-
ized by a variable clinical presentation and course. More than 90% of patients 
exhibit thoracic involvement with mediastinal and hilar lymph node enlarge-
ment or parenchymal lung disease, but any organ may be involved. The pre-
sentation and course vary from asymptomatic disease with spontaneous 
resolution to organ system failure and even death.
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ABSTRACT
Sarcoidosis affects people of all racial and ethnic groups at any age, with an 
incidence peaking at 20 to 39 years. Sarcoidosis is immunologically mediated 
with the accumulation of granulomas representing the basic pathologic abnor-
mality. Multiple inciting infectious or environmental agents rather than a single 
pathogen likely cause sarcoidosis. Sarcoidosis clusters in families. Major his-
tocompatibility complex (MHC) genes and non-MHC genes have been 
implicated as genetic risk factors. Any organ may be involved. Intrathoracic 
involvement occurs in up to 90% of patients. Clinical presentation varies, with 
as many as 30 to 50% of patients without symptoms at the time of diagnosis. 
Symptomatic sarcoidosis may present insidiously or acutely. Symptomatic 
individuals commonly experience night sweats, weight loss, and fatigue. With 
respiratory tract involvement, symptoms include dry cough, dyspnea, and 
vague chest pain. The most common radiographic finding is intrathoracic 
lymph node enlargement, with or without parenchymal lung involvement. 
Skin involvement occurs in 25 to 35% of patients. Erythema nodosum occurs 
in about 10% of patients, usually as part of Löfgren syndrome. Any part of 
the eye and adnexa may be involved, with uveitis sometimes preceding the 
diagnosis of sarcoidosis by decades. MRI and positron emission tomography 
(PET) scans detect cardiac sarcoidosis in 25 to 30% of patients in the United 
States and up to 60% in Japan. The diagnosis of sarcoidosis should be based 
on compatible clinical and radiographic findings supported by histologic evi-
dence of noncaseating granulomas. Corticosteroids and other immunosup-
pressant drugs may be necessary for treating symptomatic patients or patients 
who develop organ dysfunction.

KEYWORDS
sarcoidosis
granuloma
Löfgren
neurosarcoidosis
uveitis
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FIGURE 89-1. chest radiograph demonstrating a stage 1 disease with enlarged medi-
astinal and hilar lymph nodes. 

EPIDEMIOLOGY
Sarcoidosis occurs worldwide, affects people of all racial and ethnic groups, 
and may present at any age. Sarcoidosis usually develops before the age of 50 
years, with the incidence peaking at 20 to 39 years. The incidence of sarcoidosis 
fluctuates throughout the world, most likely because of differences in the 
disease presentation and the surveillance methods used. The annual incidence 
of sarcoidosis is highest in northern European countries, where it is 5 to 40 
cases per 100,000 people. The incidence in Japan is about 1 to 2 cases per 
100,000 people. In the United States, the adjusted annual incidence among 
black Americans is about 3.5 times higher than among white Americans (35.5 
cases per 100,000 compared with 10.9 per 100,000). Regardless of ethnic or 
racial group, sarcoidosis affects women more often. The reportedly low inci-
dence in certain regions such as Africa, China, India, and Russia may be due 
to decreased access to health care, minimal surveillance, and misdiagnosis of 
sarcoidosis as tuberculosis or leprosy.

Black women in the United States have the highest lifetime risk for develop-
ing sarcoidosis (2.7%). In both black men and women, sarcoidosis occurs 
later in life, peaks in the fourth decade, and is more likely to be chronic and 
fatal. Socioeconomic status does not affect the incidence of sarcoidosis, but 
low income and other financial barriers to care are associated with more severe 
sarcoidosis, even after adjustment for age, sex, and race or ethnic group.

Sarcoidosis clusters in families.1 A Scandinavian registry study of 210 twin 
pairs identified an 80-fold increased risk for sarcoidosis in monozygotic com-
pared with a 7-fold increase in dizygotic twins. Familial sarcoidosis occurs in 
10% of cases from the Netherlands, 7.5% from Germany, 6% from the United 
Kingdom, 4.7% from Finland, and 0.8% from Spain. In the United States, 
sarcoidosis patients are five times as likely to have siblings or parents with 
sarcoidosis as control subjects. However, less than 1% of the first-degree rela-
tives of patients with sarcoidosis are affected, so screening for disease in 
asymptomatic relatives is ineffective.

PATHOBIOLOGY
The development and accumulation of granulomas represent the basic patho-
logic abnormality in sarcoidosis (E-Fig. 89-1). Sarcoidal granulomas are tightly 
organized collections of macrophages and macrophage-derived epithelioid 
cells encircled by lymphocytes. Fused epithelioid cells, which become mul-
tinucleated giant cells, are often found scattered throughout the granuloma. 
This structural appearance suggests that the granuloma is assembled to contain 
an inciting agent.

Granuloma formation begins with HLA-mediated processing of antigens 
by macrophages. T-cell activation follows, with oligoclonal expansion of CD4+ 
(helper-inducer) lymphocytes. These CD4+ cells, primarily of the TH1 phe-
notype, produce interleukin-2 (IL-2) and interferon-γ (IFN-γ). A complex 
interplay of cytokines, along with macrophage-derived tumor necrosis factor-α, 
organizes the inflammatory cells into granulomas. Additional T-cell pheno-
types, TH17 and T-regulatory cells (Treg), help to orchestrate the formation, 
perpetuation, and resolution of sarcoidal granulomas.2 Treg cell activity, which 
can abolish IL-2 production and inhibit T-cell proliferation, is likely responsible 
for the immune paradox that exists in sarcoidosis. Patients often develop anergy, 
as indicated by a suppressed response to tuberculin, despite active granulo-
matous inflammation. Amyloid precursor protein, serum amyloid A (SAA), 
appears to localize to granulomas. This poorly soluble, nonfibrillar protein 
may stimulate ongoing TH1 and TH17 cytokine production, thereby maintain-
ing chronic granulomatous inflammation. Although sarcoidosis is predominantly 
a T-cell driven disease, the presence of polyclonal hyperglobulinemia indicates 
that B lymphocytes may also play a role.

In some cases, fibroblasts and collagen encase the granulomas and lead to 
fibrosis, which in part may be due to a noninflammatory healing response to 
epithelial injury. The fibrotic process irreversibly alters organ architecture and 
function.

Multiple inciting agents rather than a single pathogen are likely to cause 
sarcoidosis.3 Airborne antigens are suspected because the lungs, followed 
by the eyes and skin, are the most commonly involved organs. A microbial 
origin of the antigens is favored because sarcoidosis occurs sporadically 
in clusters and is worldwide. Furthermore, sarcoidosis may recur in trans-
planted organs and can develop in recipients of tissues from donors with  
sarcoidosis.

Several environmental exposures are modestly associated with the risk for 
sarcoidosis, each with odds ratios of about 1.5: mold or mildew, musty odors 
at work, agricultural employment, and pesticide-using industries. Highly sensi-
tive methods for detecting microbial DNA and proteins, such as polymerase 

chain reaction and mass spectrometry, have yielded potential etiologic agents. 
The odds of detecting mycobacterial nucleic acids are 10 times higher in  
sarcoidosis tissues compared with control tissues.4

Major histocompatibility complex (MHC) genes and non-MHC genes 
located on the short arm of chromosome 6p have been implicated as genetic 
risk factors for sarcoidosis HLA-DQB1*0201, and HLA-DRB1*0301 alleles 
are strongly associated with acute disease and good prognosis. The 
HLA-DRB1*1501/DQB1*0602 haplotype predicts a chronic course and severe 
pulmonary sarcoidosis. Genome-wide scans have identified the gene candidates 
ANXA11 (annexin A11), BTNL2 (butryophillin-like 2 gene), Notch 4 (Neu-
rogenic Locus Notch Homolog Protein 4), Rab-23 (Ras-Related Protein), 
and XIAP-associated factor (XAF1).5

CLINICAL MANIFESTATIONS
Patients may present with any organ involved, with or without concomitant 
intrathoracic involvement. The severity of symptoms and organ dysfunction 
also varies, and as many as 30 to 50% of patients have no symptoms at the 
time of diagnosis. Clinical manifestations also vary by ethnicity, race, and sex, 
as well as by the particular organ system predominantly affected.

Sarcoidosis often first comes to attention during routine screening when 
enlarged mediastinal and hilar lymph nodes are detected on a chest radiograph 
(Figs. 89-1 and 89-2). Symptomatic individuals commonly experience night 
sweats and weight loss. Fatigue, which may be related to inflammation, depres-
sion, small fiber neuropathy, and corticosteroid use, often remains a prominent 
problem and can lead to impaired quality of life.

Symptomatic sarcoidosis may present insidiously or as an acute illness. 
Löfgren syndrome, an acute form of the disease, consists of erythema nodosum 
(see Fig. 411-24), arthritis, and bilateral hilar adenopathy. Fever and uveitis 
may also accompany Löfgren syndrome. Erythema nodosum occurs predomi-
nantly in women, whereas arthritis predominates in men.

Respiratory System Disease
More than 90% of patients have respiratory tract involvement, sometimes 
with symptoms and sometimes with asymptomatic radiographic abnormali-
ties. The most common respiratory symptoms are dry cough and dyspnea. 
Chest pain, when present, is vague and nonspecific.

Upper respiratory tract involvement occurs in 2 to 6% of patients, with 
most having nasal mucosal involvement. Severe upper respiratory tract disease 
may lead to anosmia, erosion of septal cartilage, and nasal deformity. Supra-
glottic and glottic involvement can lead to stridor, dysphonia, cough, and 
dysphagia.

Examination of the chest often reveals few or no findings. Localized wheez-
ing suggests endobronchial granulomatous disease, whereas diffuse wheezing 
suggests hyperreactive airways disease. Crackles may be heard when bronchi-
ectasis and fibrosis are present. Hemoptysis may occur with bronchiectasis 
or cavitary disease.
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E-FIGURE 89-1. Immunopathogenesis of sarcoidosis. aPc = antigen-presenting cell; 
GM-cSF = granulocyte-macrophage colony-stimulating factor; iFN-γ = interferon-γ; iL = 
interleukin; MiP-1 = macrophage inflammatory protein-1; TNF-α = tumor necrosis factor-α. 
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flesh-colored to violaceous lesions that have a predilection for the eyelids and 
perioral area. Scalp involvement with alopecia may occur. Skin lesions in black 
American patients frequently leave hyperpigmented scars and pale or depig-
mented areas.

Erythema nodosum occurs in about 10% of patients and commonly occurs 
as part of Löfgren syndrome. It presents as raised, red, hot, tender subcutane-
ous nodular lesions, most commonly on the shins, but sometimes also on the 
arms and buttocks (see Fig. 411-24). Lesions persist for 1 to 3 weeks and may 

The most common radiographic finding is intrathoracic lymph node enlarge-
ment with or without parenchymal lung involvement. Mediastinal lymph-
adenopathy without hilar adenopathy is extremely rare. Hilar lymph node 
enlargement is usually symmetrical, and less than 3% of patients have unilateral 
enlargement. Concurrent enlargement of right paratracheal and aortic-
pulmonary window lymph nodes is common.

The chest radiograph is traditionally categorized into five stages (Table 
89-1),6 but these stages do not necessarily denote the severity or chrono-
logic progression of disease, particularly when extrathoracic involvement is 
present. Furthermore, 50 to 94% of patients will have hilar or mediastinal 
lymphadenopathy on computed tomography (CT) scans irrespective of their 
stage on a plain chest radiograph.

Chest CT may demonstrate nodules, ground-glass opacities, bronchiectasis, 
cysts, and thickening of the pleural surface (Fig. 89-3). In more advanced 
cases, patients develop fibrotic changes (Fig. 89-4) and evidence of pulmo-
nary hypertension (Fig. 89-5). CT, however, generally adds little to diagnosis 
and management, particularly for those with a stage 1 chest radiograph. No 
evidence exists that CT changes help to guide therapy. CT can be justified 
when atypical clinical and chest radiographic findings are present, a normal 
chest radiograph is found during the evaluation of suspected extrathoracic 
disease, or complications are suspected.

Endobronchial sarcoidosis may lead to bronchial stenosis and recurrent 
obstructive pneumonias. Pleural effusions on plain radiography are uncom-
mon (1 to 3% of patients). Pulmonary hypertension (Chapter 75) may com-
plicate sarcoidosis, particularly when pulmonary fibrosis is present.

Skin Disease
Skin involvement occurs in 25 to 35% of patients, but lesions are commonly 
misdiagnosed because they can present as macules, papules, plaques, subcu-
taneous lesions, areas of increased or decreased pigmentation, and ulcerations. 
Lesions are commonly found on the upper back, the nape of the neck, and 
extremities (Fig. 89-6) and have a predilection for scars and tattoos. The most 
common skin manifestation is a maculopapular eruption, consisting of firm, 

FIGURE 89-2. chest computed tomographic scan showing typical hilar adenopathy, 
which correlates with stage 1. 

TABLE 89-1 CHEST RADIOGRAPHIC STAGING
Stage 0: Normal
Stage 1: Bilateral hilar adenopathy, often with right paratracheal adenopathy
Stage 2: Bilateral hilar adenopathy and parenchymal infiltration
Stage 3: Parenchymal infiltration without lymphadenopathy
Stage 4: Advanced parenchymal disease demonstrating fibrosis and possibly 

including honeycombing, cysts, bullae, and traction bronchiectasis

FIGURE 89-3. High-resolution chest computed tomographic scan demonstrating numer-
ous small nodules in a predominantly bronchovascular distribution. 

FIGURE 89-4. chest computed tomographic scan showing fibrotic changes in the upper 
lobes with bronchiectasis. 

FIGURE 89-5. chest computed tomographic scan showing diffuse bilateral fibrosis along 
with severe pulmonary artery enlargement consistent with pulmonary hypertension. 
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Cardiac Disease
Cardiac granulomas are found in about 25% of sarcoidosis patients who are 
examined at autopsy, and cardiac magnetic resonance imaging (MRI) and 
positron emission tomography (PET) scans reveal cardiac sarcoidosis in 25 
to 30% of patients with systemic sarcoidosis in the United States and nearly 
60% in Japan.7 Cardiac sarcoidosis may be the only manifestation of sarcoid-
osis in about 25% of patients. In cardiac sarcoidosis (Chapter 54), granulo-
mas most often infiltrate the left ventricular free wall. Next most frequently, 
sarcoidal granulomas infiltrate the intraventricular septum, where they often 
involve the conduction system. Cardiac manifestations include atrioventricu-
lar block, ventricular arrhythmias, left ventricular dysfunction, and sudden  
death.8

Neurologic Disease
Nervous system granulomas are found in up to 25% of sarcoidosis patients 
who undergo autopsy, but only 10% of patients present with neurologic symp-
toms (Table 89-2). In patients with neurologic involvement, the neurologic 
signs or symptoms precede the diagnosis of sarcoidosis in up to 75% of patients 
and may be the only manifestation of sarcoidosis.

Neurosarcoidosis has a predilection for the base of the brain, hypothalamus, 
and pituitary gland.9 When the pituitary gland is involved, the most common 
abnormalities are deficiencies in gonadotropins (Chapter 211) and thyroid-
stimulating hormone, as well as hyperprolactinemia. Myelopathy may occur 
anywhere in the spinal cord and carries a poor prognosis. Peripheral neuropathy 
(Chapter 392) may manifest as mononeuropathy or polyneuropathy.

Liver and Spleen
Liver involvement is twice as common in black Americans as in white Ameri-
cans. Symptoms due to liver disease are infrequent, but abdominal pain and 
pruritus are the most common symptoms. Fever, weight loss, and jaundice 
are present in less than 5% of those with liver involvement. About 20% of 
patients will have hepatomegaly on physical examination, and 35% will have 
an elevated serum aminotransferase or alkaline phosphatase level. Sarcoidosis 
can rarely (<1%) cause progressive liver disease that leads to portal hyperten-
sion with variceal bleeding; the hepatopulmonary syndrome, with refractory 
hypoxemia, cirrhosis, and liver failure, may also occur.

Splenomegaly is found on physical examination in 5 to 15% of patients 
with sarcoidosis. Massive splenomegaly is rare.

Bone and Joint
Most patients complain of arthralgias, but only about 35% develop arthritis. 
Acute sarcoid arthritis (Chapter 259) consists of large joint periarthritis, par-
ticularly involving the ankles and knees, and commonly occurs with Löfgren 
syndrome. These patients often report difficulty walking related to joint pain. 
Acute sarcoid arthritis usually persists for up to 3 months but is self-limited. 
Chronic sarcoid arthritis with direct granulomatous synovial infiltration is 
rare. Osseous sarcoidosis occurs in 3 to 13% of patients and usually does not 
produce symptoms.

Calcium Metabolism
Increased 1-α hydroxylase activity in macrophages within granulomas and 
the alveoli converts 25-hydroxyvitamin D to the biologically active form, 
1,25-dihydroxyvitamin D (calcitriol), resulting in increased intestinal absorp-
tion of calcium in up to 50% of patients and may result in renal stones (Chapter 

recur. The lesions of erythema nodosum typically show nonspecific septal 
panniculitis without sarcoidal granulomas, so biopsy is not usually helpful. 
Erythema nodosum portends a good prognosis, with up to 85% of patients 
resolving their sarcoidosis within 2 years.

Lupus pernio (Fig. 89-7) consists of chronic, lumpy, violaceous, indurated 
plaques and nodules distributed around the nose, cheeks, lips, and ears; it is 
specific to sarcoidosis. Patients with lupus pernio more commonly have a 
chronic course, fibrotic lung disease, and upper respiratory tract involvement.

Eye Disease
More than 25% of patients have ocular involvement (Chapter 395), and any 
part of the eye and adnexa may be involved. Women are more likely to develop 
ocular involvement. Dry eyes, the most common ocular manifestation, usually 
do not affect vision. Lacrimal gland enlargement and conjunctival involvement 
are common. Conjunctival involvement consists of pale yellow nodules, which 
demonstrate granulomas on biopsy. Corneal involvement is rare. Acute anterior 
uveitis presents with pain, photophobia, lacrimation, and redness. Chronic 
anterior uveitis, which is more common than acute uveitis, may have minimal 
symptoms. Posterior uveitis, which occurs in about 30% of patients with ocular 
sarcoidosis, is frequently accompanied by central nervous system involvement. 
Choroidal lesions may occur anywhere in the fundus and may be multifocal. 
In 10 to 15% of patients with uveitis, both the anterior and posterior segments 
are affected.

Uveitis can herald the nonocular signs of sarcoidosis and may precede the 
diagnosis of sarcoidosis by decades. Chronic anterior uveitis may lead to cata-
racts and glaucoma. Heerfordt syndrome consists of anterior uveitis accom-
panied by parotid gland enlargement and fever.

FIGURE 89-6. Skin lesions of sarcoidosis. Sarcoidal lesions may occur at any site. This 
patient’s papules have a waxy appearance and are located on the upper part of the back. 

FIGURE 89-7. Lupus pernio is the term used to describe infiltrative skin lesions affecting 
the nose, cheeks, and ears in chronic sarcoidosis. 

TABLE 89-2 NEUROSARCOIDOSIS
Cranial neuropathies

VII—Facial nerve palsy (unilateral, bilateral)
II—Optic nerve (unilateral and bilateral)
VIII—Hearing loss
Other cranial neuropathies

Myelopathy (sensory and motor)
Seizure
Basilar meningitis
Central diabetes insipidus
Panhypopituitarism
Intraparenchymal mass
Hydrocephalus
Peripheral neuropathy

117), nephrocalcinosis with renal insufficiency, and hypercalciuria (urine 
calcium > 300 mg/24 hours) with or without hypercalcemia (Chapter 232). 
In chronic sarcoidosis, 10 to 14% of patients have at least one symptomatic 
renal stone.

Renal Involvement
Renal involvement, other than as a result of dysregulated calcium metabolism, 
occurs in less than 1% of patients. Renal disease may include granulomatous 
interstitial nephritis, glomerular disease, renal tubular dysfunction, renal vas-
cular disease, and obstructive uropathy. Granulomatous interstitial nephritis 
is more common in white men.

DIAGNOSIS
The diagnosis of sarcoidosis should be based on compatible clinical and radio-
graphic findings supported by histologic evidence of noncaseating granulomas 
in one or more organs in the absence of any foreign particles or organisms. 
An occupational history consistent with beryllium exposure (Chapter 87), 
such as employment in the aerospace, automotive, ceramic, or computer 
industries, requires further investigation because chronic beryllium disease 
cannot be clinically or histologically distinguished from sarcoidosis.

A diagnosis of sarcoidosis is reasonably certain even without histologic 
confirmation in patients who present with Löfgren syndrome. In all other 
cases, a biopsy specimen from an involved organ should be obtained. The 
organ for which biopsy is safest, such as the skin, peripheral lymph nodes, 
lacrimal glands, or conjunctiva, should be sampled.

Up to 65% of patients will have granulomas on liver biopsy, but hepatic 
granulomas (Chapter 142) occur commonly with other disorders such as 
infection and drug-induced hepatitis. As a result, the diagnosis of sarcoidosis 
should not be based solely on detection of hepatic granulomas.

If diagnosis requires intrathoracic sampling, fine-needle aspiration of enlarged 
intrathoracic lymph nodes guided by endobronchial ultrasound has become 
the preferred procedure, A1  with a diagnostic yield of 80% or higher. Endo-
bronchial ultrasound visualizes mediastinal structures, including the subcarinal 
region, the paraesophageal space, and the aortopulmonary window. Additional 
endobronchial and transbronchial biopsies may be considered. Bronchoscopy 
and endobronchial ultrasound-guided fine-needle aspiration have generally 
replaced more invasive approaches, such as mediastinoscopy or video-assisted 
thoracoscopic surgical biopsies.

Bronchoalveolar lavage sampling demonstrates lymphocytosis with normal 
or low granulocyte counts in more than 85% of patients (Chapter 79). The 
CD4/CD8 ratio is increased in bronchoalveolar lavage in about 50% of patients 
with sarcoidosis, but bronchoalveolar lavage findings are nonspecific and should 
not be used to diagnose sarcoidosis. Bronchoalveolar lavage findings also 
cannot predict prognosis or responsiveness to corticosteroid therapy.

Sarcoidal granulomas produce angiotensin-converting enzyme (ACE). 
Although serum ACE levels are elevated in 60% of patients with sarcoidosis, 
the value of a serum ACE level in diagnosing sarcoidosis remains limited 
because positive and negative predictive values are only about 84% and 74%, 
respectively.

Patients should routinely undergo pulmonary function testing, which often 
does not correlate with the chest radiographic stage. For example, pulmonary 
function tests may be abnormal even in patients with a normal chest radio-
graph. Diffusion capacity for carbon monoxide (Dlco) is usually the first 
abnormality detected and the last to normalize on remission. A Dlco of less 
than 50% of predicted is associated with exercise-induced oxygen desaturation 
and should prompt formal oxygen saturation testing with exercise.

About two thirds of patients have airflow limitation at presentation. Spi-
rometry usually indicates restrictive ventilatory dysfunction with a reduced 
forced vital capacity (FVC) and reduced forced expiratory volume in 1 second 
(FEV1). At least 50% of patients have concurrent obstructive airways disease. 
Airway hyperreactivity, as measured by increased responsiveness to metha-
choline, occurs in up to 83% of patients. In patients with abnormal spirometric 
findings at diagnosis, spirometry returns to normal in 80%. Alterations in 
cardiopulmonary exercise testing have been reported in nearly 50% of patients 
with sarcoidosis. Abnormalities, including a ventilatory limitation with exercise 
and a widened alveolar-arterial O2 gradient, may be present. FVC is the single 
best test for following respiratory involvement and correlates well with FEV1, 
total lung capacity, and Dlco.

Because ocular involvement is common and vision loss may occur, complete 
ocular evaluation with slit lamp and funduscopic examinations should be 
routinely performed during the initial evaluation and then annually in patients 
with active systemic disease.

TREATMENT 
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An electrocardiogram (ECG) should be performed at the initial encounter. 
Screening for cardiac symptoms (palpitations, dizziness, and syncope) should 
be performed during the initial evaluation and routinely during follow-up 
visits if the disease is active. Any cardiac symptoms or abnormalities on the 
ECG should prompt further cardiac event monitoring (Chapter 56) and testing 
by echocardiography (Chapter 49). Endomyocardial biopsy has less than 20% 
diagnostic yield because cardiac involvement is patchy and is usually most 
dense in the left ventricle and basal ventricular septum where endomyocardial 
biopsies are avoided. If cardiac involvement is suspected, PET or cardiac MRI 
with contrast should be performed, separately or simultaneously.10 In patients 
who have arrhythmias, decreased ventricular function, or septal involvement 
detected on MRI or PET, electrophysiologic studies should be considered, 
and the need for an automatic implantable cardioverter-defibrillator (AICD) 
should be evaluated (Chapters 59 and 60).

A definite diagnosis of neurosarcoidosis requires histological confirma-
tion of noncaseating granulomas in affected tissue. A probable diagnosis of 
neurosarcoidosis requires compatible MRI findings and clinical presentation, 
exclusion of other neurologic disease, and histologic confirmation of sarcoid-
osis elsewhere. Histologic confirmation of disease elsewhere, which may be 
detected by PET scan, supports the diagnosis of neurosarcoidosis. Cerebro-
spinal fluid (CSF) analysis typically demonstrates nonspecific lymphocytic 
inflammation (Chapter 384). The CSF glucose can be as low as 14 mg/dL, 
with a white blood cell count as high as 350 cells/µL and a protein concentra-
tion as high as 670 mg/dL. CSF ACE levels are neither sensitive nor specific. 
CSF oligoclonal immunoglobulin bands are elevated in one third of patients, 
thereby making it difficult to differentiate sarcoidosis from multiple sclerosis  
(Chapter 383).

On plain radiographic images, most skeletal lesions of sarcoidosis are seen 
in the small bones of the hands and feet. MRI and PET scanning show much 
greater involvement of the axial skeleton and long bones, and osseous sar-
coidosis may appear similar to metastatic disease on a PET scan.

Drug-Induced Sarcoidosis and Sarcoidosis-like Reaction
Type 1 interferons, IFN-α and IFN-β, used to treat viral hepatitis (Chapter 
140), multiple sclerosis (Chapter 383), and autoimmune and malignant disease 
may increase the TH1 cytokines, IFN-γ, and IL-2 and rarely (<1 to 5%) result 
in sarcoidosis. Most reported cases of interferon-induced sarcoidosis occur 
within 6 months of therapy and manifest primarily with lung and skin involve-
ment. Paradoxically, patients receiving anti-TNF-α biologics for various 
autoimmune diseases also have developed sarcoidosis. Sarcoidosis-like syn-
drome has also been reported with the use of checkpoint inhibitors (antipro-
grammed cell death [PD-1]) to treat metastatic melanoma.11

117), nephrocalcinosis with renal insufficiency, and hypercalciuria (urine 
calcium > 300 mg/24 hours) with or without hypercalcemia (Chapter 232). 
In chronic sarcoidosis, 10 to 14% of patients have at least one symptomatic 
renal stone.

Renal Involvement
Renal involvement, other than as a result of dysregulated calcium metabolism, 
occurs in less than 1% of patients. Renal disease may include granulomatous 
interstitial nephritis, glomerular disease, renal tubular dysfunction, renal vas-
cular disease, and obstructive uropathy. Granulomatous interstitial nephritis 
is more common in white men.

DIAGNOSIS
The diagnosis of sarcoidosis should be based on compatible clinical and radio-
graphic findings supported by histologic evidence of noncaseating granulomas 
in one or more organs in the absence of any foreign particles or organisms. 
An occupational history consistent with beryllium exposure (Chapter 87), 
such as employment in the aerospace, automotive, ceramic, or computer 
industries, requires further investigation because chronic beryllium disease 
cannot be clinically or histologically distinguished from sarcoidosis.

A diagnosis of sarcoidosis is reasonably certain even without histologic 
confirmation in patients who present with Löfgren syndrome. In all other 
cases, a biopsy specimen from an involved organ should be obtained. The 
organ for which biopsy is safest, such as the skin, peripheral lymph nodes, 
lacrimal glands, or conjunctiva, should be sampled.

Up to 65% of patients will have granulomas on liver biopsy, but hepatic 
granulomas (Chapter 142) occur commonly with other disorders such as 
infection and drug-induced hepatitis. As a result, the diagnosis of sarcoidosis 
should not be based solely on detection of hepatic granulomas.

If diagnosis requires intrathoracic sampling, fine-needle aspiration of enlarged 
intrathoracic lymph nodes guided by endobronchial ultrasound has become 
the preferred procedure, A1  with a diagnostic yield of 80% or higher. Endo-
bronchial ultrasound visualizes mediastinal structures, including the subcarinal 
region, the paraesophageal space, and the aortopulmonary window. Additional 
endobronchial and transbronchial biopsies may be considered. Bronchoscopy 
and endobronchial ultrasound-guided fine-needle aspiration have generally 
replaced more invasive approaches, such as mediastinoscopy or video-assisted 
thoracoscopic surgical biopsies.

Bronchoalveolar lavage sampling demonstrates lymphocytosis with normal 
or low granulocyte counts in more than 85% of patients (Chapter 79). The 
CD4/CD8 ratio is increased in bronchoalveolar lavage in about 50% of patients 
with sarcoidosis, but bronchoalveolar lavage findings are nonspecific and should 
not be used to diagnose sarcoidosis. Bronchoalveolar lavage findings also 
cannot predict prognosis or responsiveness to corticosteroid therapy.

Sarcoidal granulomas produce angiotensin-converting enzyme (ACE). 
Although serum ACE levels are elevated in 60% of patients with sarcoidosis, 
the value of a serum ACE level in diagnosing sarcoidosis remains limited 
because positive and negative predictive values are only about 84% and 74%, 
respectively.

Patients should routinely undergo pulmonary function testing, which often 
does not correlate with the chest radiographic stage. For example, pulmonary 
function tests may be abnormal even in patients with a normal chest radio-
graph. Diffusion capacity for carbon monoxide (Dlco) is usually the first 
abnormality detected and the last to normalize on remission. A Dlco of less 
than 50% of predicted is associated with exercise-induced oxygen desaturation 
and should prompt formal oxygen saturation testing with exercise.

About two thirds of patients have airflow limitation at presentation. Spi-
rometry usually indicates restrictive ventilatory dysfunction with a reduced 
forced vital capacity (FVC) and reduced forced expiratory volume in 1 second 
(FEV1). At least 50% of patients have concurrent obstructive airways disease. 
Airway hyperreactivity, as measured by increased responsiveness to metha-
choline, occurs in up to 83% of patients. In patients with abnormal spirometric 
findings at diagnosis, spirometry returns to normal in 80%. Alterations in 
cardiopulmonary exercise testing have been reported in nearly 50% of patients 
with sarcoidosis. Abnormalities, including a ventilatory limitation with exercise 
and a widened alveolar-arterial O2 gradient, may be present. FVC is the single 
best test for following respiratory involvement and correlates well with FEV1, 
total lung capacity, and Dlco.

Because ocular involvement is common and vision loss may occur, complete 
ocular evaluation with slit lamp and funduscopic examinations should be 
routinely performed during the initial evaluation and then annually in patients 
with active systemic disease.

Because the inciting agent has not yet been identified nor genetic risk factors 
firmly established, no means exist to prevent sarcoidosis. Most patients with 
sarcoidosis are not disabled by their illness, so the decision to recommend 
treatment should weigh the risks of using corticosteroids (Chapter 32), which 
are the most common treatment, against potential benefits (Table 89-3). Hyper-
calcemia, cardiac disease, and neurologic disease are indications for treatment, 
and immediate treatment is appropriate whenever organ function is threatened 
or when symptoms are severe. Detection of granulomatous inflammation on 
physical examination, biopsy, or imaging or the presence of an elevated serum 
ACE level is not a mandate to provide treatment.

Treatment is, however, recommended for patients who have a progressive 
decline in their pulmonary function, which sometimes is accompanied by pro-
gressive changes on chest imaging. Oral prednisone at a dose of 20 to 40 mg 
per day for 3 months is usually the initial recommended therapy. Response to 
treatment is indicated by improvement in symptoms or objective measures, 
such as decreased size and number of skin lesions, increased FVC, or a reduc-
tion of detectable cardiac or brain lesions. For pulmonary involvement, steroids 
improve symptoms, pulmonary function test results, and chest radiographic 
findings. If a response is noted at 3 months, the prednisone dose should be 
tapered to 10 to 15 mg per day for an additional 6 to 9 months and then 
tapered off. Inhaled corticosteroids should be used only in patients with bron-
chial hyperreactivity or persistent cough.

Because recurrence after discontinuing therapy may occur in from 30 to 
80% of patients, patients should be followed closely for 1 to 2 years after dis-
continuing treatment. The indications for restarting treatment are the same as 
those used to begin treatment. When treatment or retreatment is indicated, 
short courses of high-dose steroids (burst and taper over a few weeks) are 
unlikely to result in sustained benefit. Lack of response after a 3-month trial 
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PROGNOSIS
Patients with Löfgren syndrome have a good prognosis characterized by spon-
taneous resolution with few consequences. Overall, spontaneous remission 
with few or no consequences occurs in more than 50% of patients within 3 
years of diagnosis and in two thirds of patients within a decade. After 1 or 
more years of remission without treatment, recurrence occurs in fewer than 
5% of patients. Up to one third of patients have unrelenting disease that leads 
to significant organ impairment, but less than 5% of patients die from sarcoid-
osis. Black Americans tend to have a worse prognosis with more chronic disease 
and more extrathoracic involvement of the eyes, liver, bone marrow, extra-
thoracic lymph nodes, and skin. In the absence of extrathoracic disease, patients 
with stage 1 radiographs generally have the best prognosis. Pulmonary function 
testing is more reliable in determining prognosis than is radiograph staging. 
Patients with neurologic and cardiac involvement have a poorer prognosis. 
For cardiac sarcoidosis, for example, estimates for 1-, 5-, and 10-year 
transplantation-free cardiac survival are 97%, 90%, and 83%, respectively, but 
heart failure at presentation predicts a poorer outcome, with a 10-year 
transplantation-free cardiac survival of only 53%.

TABLE 89-3 TREATMENT
ORGAN CLINICAL FINDINGS TREATMENT
Respiratory Dyspnea, persistent cough, 

FVC < 70%
Prednisone, 20-40 mg/day

Mild cough, wheezing Inhaled corticosteroid
Skin Lupus pernio Prednisone, 20-40 mg/day

Hydroxychloroquine, 400 mg/day
Methotrexate, 10-15 mg/wk
Infliximab, 3-5 mg/kg every 

2-4 wk
Maculopapular eruptions Topical corticosteroid

Hydroxychloroquine, 400 mg/day
Prednisone, 20-40 mg/day

Erythema nodosum NSAID*
Eyes Anterior uveitis Topical corticosteroid

Posterior uveitis Prednisone, 20-40 mg/day
Cardiac Complete heart block, 

ventricular arrhythmias
AICD, prednisone, 20-40 mg/day

Decreased LVEF (<35%) AICD, prednisone, 20-40 mg/day

Central nervous 
system

Cranial nerve palsies Prednisone, 20-40 mg/day
Myelopathy Prednisone, 40-60 mg/day, and 

azathioprine, 150 mg/day (or 
methotrexate 10-15 mg/wk  
or mycophenolate mofetil, 
1000-2000 mg/day, or 
cyclophosphamide,  
1-5 mg/kg/day)

Intracerebral involvement Prednisone, 40-60 mg/day, and 
azathioprine, 150 mg/day (or 
methotrexate 10-15 mg/wk or 
mycophenolate mofetil, 
1000-2000 mg/day, or 
cyclophosphamide, 1-5 mg/
kg/day)

Liver Cholestatic hepatitis Prednisone, 20-40 mg/day
Bone and joint Arthralgias NSAID

Granulomatous arthritis Prednisone, 20-40 mg/day
Methotrexate, 10-15 mg/wk

Bone destruction/pain Prednisone, 20-40 mg/day
Methotrexate, 10-15 mg/wk

Hypercalciuria and 
hypercalcemia

Kidney stones Prednisone, 20-40 mg/day
Hydroxychloroquine, 400 mg/day

*For example, ibuprofen, 200-800 mg three times a day.
AICD = automatic implantable cardioverter-defibrillator; FVC = forced vital capacity; LVEF = left 
ventricular ejection fraction; NSAID = nonsteroidal anti-inflammatory drug.
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suggests nonadherence to therapy, an inadequate dose of prednisone, or irre-
versible fibrotic disease. Neurologic disease generally requires much higher 
doses (80 to 100 mg prednisone a day). No difference in clinical response in 
cardiac sarcoidosis has been noted using more than 30 to 40 mg per day.

Despite the absence of definitive randomized trials, cytotoxic and immuno-
suppressive drugs have been used to treat patients who do not respond to 
corticosteroid therapy or who cannot tolerate it (see Table 89-3), and both 
methotrexate and azathioprine appear to have significant steroid-sparing effects. 
Corticosteroids should be continued for at least 1 month after the addition of 
immunosuppressive agents. Generally, 3 to 6 months of cytotoxic and immu-
nosuppressive treatment is required to determine whether a response has 
occurred. For patients who respond, the duration of treatment should be 9 to 
12 months. Bosentan (up to 125 mg daily) can significantly reduce pulmonary 
hypertension but has not been shown to improve exercise tolerance in patients 
with sarcoidosis. A2 

In patients who are steroid dependent but have ongoing disease, TNF-α 
antagonists may be useful despite their potential side effects.12 For example, 
the addition of infliximab (3 to 5 mg/kg for 24 weeks) can be efficacious 
for extrapulmonary disease,13 and adalimumab is effective for treating skin  
lesions. A3 

If neurosarcoidosis is not sufficiently responsive to corticosteroids alone, 
limited data suggest that the addition of methotrexate may be superior to the 
addition of mycophenolate mofetil.14 Data also suggest that infliximab may 
also be useful in refractory neurosarcoidosis.15

Moderate doses of corticosteroids (15 to 20 mg prednisone) reduce elevated 
serum and urinary calcium levels within a few days of starting treatment. Failure 

of serum calcium to normalize within 2 weeks should alert the clinician to an 
alternative diagnosis such as hyperparathyroidism or malignancy (Chapter 232). 
With treatment, most patients with granulomatous interstitial nephritis regain 
renal function but are often left with chronic kidney disease of varying severity.

Less than 1% of heart and liver and about 3% of lung transplantations are 
performed in patients with sarcoidosis. The 1- and 5-year graft survival rates 
for lung, liver, and heart transplantations in patients with sarcoidosis compare 
favorably with the results obtained for patients with other disorders.
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4. Which of the following drugs has been reported to induce sarcoidosis?
 A. Methotrexate
 B. Hydroxychloroquine
 C. Cytoxan
 D. TNF-α blockers
 E. Erthromycin

Answer: D Although TNF-α blockers are used to treat sarcoidosis, they have 
also been reported to cause sarcoidosis when used to treat a variety of auto-
immune diseases.

5. Which of the following are seen on pulmonary function testing in 
sarcoidosis?
 A. Decreased diffusion capacity (Dlco)
 B. Decreased forced vital capacity (FVC)
 C. Hyperreactive airways detected by methacholine challenge testing
 D. Decreased FEV1/FVC ratio
 E. All of the above

Answer: E Dlco is usually the first abnormality detected and the last to 
normalized during remissions. About two thirds of patients have airflow limita-
tion at presentation. Spirometry usually indicates restrictive ventilatory dys-
function with a reduced FVC and reduced FEV1. About 50% of patient have 
concurrent obstructive disease. Airway hyperreactivity, as measured by increased 
responsiveness to methacholine, occurs in up to 83% of patients.

REVIEW QUESTIONS

1. Which of the following lesions is compatible with skin involvement in 
sarcoidosis?
 A. Macules
 B. Papules
 C. Plaques
 D. Subcutaneous lesions
 E. All of the above

Answer: E Although maculopapular eruptions consisting of firm, flesh-colored 
to violaceous lesions are most common, sarcoidosis skin disease is often mis-
diagnosed because it can present in a variety of ways including papules, plaques, 
subcutaneous lesions, areas of increased or decreased pigmentation, and 
ulcerations.

2. Which of the following may precede the diagnosis of systemic 
sarcoidosis?
 A. Anterior uveitis
 B. Sudden cardiac death
 C. Myelopathy
 D. Hypothyroidism
 E. All of the above

Answer: E Uveitis may precede the diagnosis of sarcoidosis by decades. 
Cardiac sarcoidosis may occur as the initial or only manifestation of sarcoidosis, 
with 10% of cardiac sarcoidosis patients presenting with sudden cardiac death 
due to ventricular arrhythmias. Neurologic signs or symptoms precede the 
diagnosis of sarcoidosis in up to 75% of patients and may be the only mani-
festation of sarcoidosis. Pituitary involvement may lead to decreased thyroid-
stimulating hormone with resulting hypothyroidism.

3. Which of the following is not an indication for treatment with systemic 
corticosteroids?
 A. A stage 1 chest radiograph (bilateral hilar and mediastinal adenopathy)
 B. Cardiac magnetic resonance showing intraventricular septal infiltration, 

left ventricular wall infiltration, and mildly decreased ejection fraction
 C. Magnetic resonance imaging of the thoracic spine showing patchy intra-

medullary enhancement
 D. Forced vital capacity that decreased by 15% over the past 3 months 

with complaints of worsening dyspnea
 E. None of the above

Answer: A The presence of lymphadenopathy is not an indication for treat-
ment. Systemic corticosteroids should be used for cardiac and neurosarcoidosis, 
as well as for any decline in organ function.
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ACUTE BRONCHITIS AND TRACHEITIS
RICHARD P. WENZEL

 DEFINITION
The term acute bronchitis and tracheitis defines a self-limited (1 to 3 weeks) 
inflammation of the large airways of the lung that extends to the tertiary bronchi 
(E-Fig. 90-1). In patients with a primary symptom of cough (Chapter 77), the 
diagnosis is made if there is no clinical or radiologic evidence of pneumonia. 
At the bedside, the absence of criteria for systemic inflammatory response 
syndrome (SIRS) (Chapter 100) suggests bronchitis and tracheitis and makes 
a diagnosis of pneumonia (Chapter 91) unlikely. The SIRS criteria are met if 
the patient has more than two of the following: temperature lower than 36° 
C or higher than 38° C, pulse greater than 90 beats per minute, respiratory 
rate higher than 20 breaths per minute, or white blood cell count less than 
4000 cells/μL or higher than 12,000 cells/μL or with greater than 10% bands.

The definition of acute bronchitis and tracheitis also seeks to differentiate 
the illness from acute inflammation of the small airways (bronchiolitis), even 
though the accompanying symptoms with the former may include sputum 
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production, wheezing, and shortness of breath. Among patients with primarily 
small airways disease, some might be expected to have prominently decreased 
breath sounds in the areas involved. Acute bronchitis and tracheitis is also dif-
ferent from bronchiectasis (Chapter 84), which is associated with permanent 
dilation of bronchi and a chronic cough. Furthermore, a diagnosis of chronic 
bronchitis (Chapter 82) is reserved for patients who have prolonged cough 
and sputum production: at least 3 months of the year for 2 consecutive years.

 EPIDEMIOLOGY
Occurring at a rate of 44 per 1000 adults per year, acute bronchitis and tra-
cheitis affects approximately 5% of adults annually. A higher incidence is 
observed in the winter and fall than in the summer and spring. In the United 
States, acute bronchitis and tracheitis is the ninth most common illness in 
outpatients as reported by physicians.

The disorder is thought to be viral in origin almost all the time. However, 
viruses have been isolated in only 8 to 37% of patients. Thus, the true causes 
of the illness are unknown in most cases. Nevertheless, at least 70% of patients 
with acute bronchitis and tracheitis in the United States receive antibacterial 
antibiotics after visiting a physician. Importantly, although the same bacteria 
that are commonly implicated in community-acquired pneumonia are also 
isolated from the sputum in half the patients, their role in the pathobiology 
of acute bronchitis and tracheitis or its attendant symptoms is unclear, and 
bronchial biopsies have not shown bacterial invasion.

 PATHOBIOLOGY
Infections of the epithelium of the bronchi and trachea are thought to incite 
an inflammatory response. Pathologically, there is an accompanying micro-
scopic thickening of bronchial and tracheal mucosa corresponding to the 
inflamed areas. Such pathologic findings are also consistent with the occasional 
case report of upper airway inflammation confined to the bronchi and trachea 
detected by 18F-labeled fluorodeoxyglucose positron emission tomography 
(FDG-PET).

In various studies, specific pathogens have been found in more than half 
of patients with acute bronchitis. These pathogens include common respira-
tory viruses, typical respiratory bacteria, and atypical bacteria. At least three 
variables can influence the yield of specific pathogens: the presence of epidem-
ics, the season of the year, and the population’s influenza vaccination status. 
Furthermore, there are probably wide variations in the anatomic distribution 
of all pathogens causing acute bronchitis and tracheitis, extending from the 
nasal mucosa to the bronchiolar epithelium.

The viruses implicated in acute bronchitis and tracheitis include influenza A 
and B (Chapter 340), parainfluenza (Chapter 339), respiratory syncytial virus 
(Chapter 338), coronavirus (Chapter 342), adenovirus (Chapter 341), and 
rhinoviruses (Chapter 337), usually in this order from the most to the least 
common. Human metapneumovirus (Chapter 337) also has been identified as 
an etiologic agent. In children, bronchiolitis has been associated with respiratory 
syncytial virus, influenza virus, parainfluenza virus, and metapneumovirus.

Typical bacteria implicated in acute bronchitis include Haemophilus influ-
enzae (Chapter 284) and Moraxella catarrhalis (Chapter 284). Severe bron-
chiolitis has also been reported with Mycoplasma pneumoniae (Chapter 301), 
even though this pathogen is usually associated with either pneumonia or 
acute bronchitis and tracheitis in adults. Up to 25% of cases of acute bronchitis 
and tracheitis may be due to “atypical” bacteria: Bordetella pertussis (Chapter 
297), Chlamydophila (Chlamydia) pneumoniae (Chapter 302), and Mycoplasma 
pneumoniae (Chapter 301).

 CLINICAL MANIFESTATIONS
The cardinal clinical symptom is cough (Chapter 77) of recent onset. Because 
most upper respiratory infections resolve within 1 week, a more extended 
period of cough is useful for considering the diagnosis of acute bronchitis. 
Patients usually seek care from their physician after 4 to 7 days of coughing 
that is not resolving. With acute bronchitis, there is often a continued cough 
and sometimes a worsened cough that lasts an initial 1 to 3 weeks. Associated 
symptoms vary and include sputum production, fever, malaise, wheezing, and 
dyspnea. Adults with pertussis may exhibit paroxysms of coughing, whooping, 
or vomiting, although less commonly than seen in children with this infection. 
Pertussis can infrequently lead to a cough lasting months, but data are lacking 
on the prevalence of pertussis among adults with chronic cough.1

 DIAGNOSIS
Acutely ill patients may not be able to distinguish their early symptoms 
from those accompanying very mild upper respiratory infections. However, 
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ABSTRACT
Acute bronchitis and tracheitis affect 5% of adults annually, are caused by 
bacteria in fewer than 50% of cases, and are characterized by a cough that 
persists for an average of 10 to 14 days. The viruses implicated include influenza 
A and B, respiratory syncytial virus, coronavirus, human metapneumovirus, 
and rhinovirus. A substantial portion of patients have a decline in FEV1. Anti-
biotics lead to an approximately half day less of fever, productive cough, and 
feeling ill, but adverse effects, in aggregate, offset the mild improvement in 
these outcomes. 
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E-FIGURE 90-1. Many infecting agents that cause bronchitis and tracheitis can infect 
both large and small airways of the lung and occasionally the alveoli. not surprisingly, 
a wide spectrum of signs and symptoms are associated with bronchitis, including cough, 
wheezing, and shortness of breath. 



CHAPTER 90 Acute Bronchitis And trAcheitis 591

Although fewer than 50% of cases of acute bronchitis are probably caused 
by bacterial pathogens, antibiotics are used in 50 to 85% of cases worldwide 
and in about 45% of elderly patients with nonbacterial upper respiratory infec-
tions in the United States.4 In a meta-analysis of randomized trials of antibacterial 
antibiotics for acute bronchitis, patients receiving antibiotics were significantly 
less likely to have a cough, but their 0.58 fewer days with cough, 0.46 fewer 
days of productive cough, and 0.64 fewer days of feeling ill were not statistically 
significant and were generally offset by the adverse effects of the antibiotics 
themselves. A3  When antibiotics are prescribed, azithromycin (500 mg daily for 
3 days) is probably better than other alternatives. Another option is to delay 
the initiation of antibiotics and to use them only in patients with persistent 
symptoms. This strategy substantially reduces antibiotic use, slightly reduces 
patient satisfaction, but has had no detectable adverse clinical implications. A4  
Antibiotic use also can be safely reduced by physician education, peer review, 
and feedback. A5  Of note is that discolored sputum per se does not appear to 
predict responsiveness to antibiotics. Based on such data, guidelines suggest 
that antibiotics generally should be reserved for patients with suspected 
pneumonia.5

Antibiotics may be used in patients with known atypical pathogens, but 
even then their effect on outcomes is not clear except to limit the spread of 
pertussis, especially during a defined outbreak. In adults suspected of having 
pertussis, erythromycin, 500 mg four times a day for 14 days, is thought to be 
most effective. However, many patients cannot tolerate erythromycin, and either 
doxycycline, 100 mg every 12 hours, or a newer macrolide such as azithromy-
cin, 500 mg on day 1 and 250 mg/day thereafter, is effective. The latter two 
drugs are also active against C. pneumoniae and M. pneumoniae, although the 
optimal duration of therapy for acute bronchitis is unknown. A useful range is 5  
to 14 days.

During influenza season, anti-influenza agents may be useful in decreas-
ing symptoms by approximately 1 day and may lead to a 0.5-day earlier 
return to normal activity in patients with influenza. The first-generation drugs 
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production, wheezing, and shortness of breath. Among patients with primarily 
small airways disease, some might be expected to have prominently decreased 
breath sounds in the areas involved. Acute bronchitis and tracheitis is also dif-
ferent from bronchiectasis (Chapter 84), which is associated with permanent 
dilation of bronchi and a chronic cough. Furthermore, a diagnosis of chronic 
bronchitis (Chapter 82) is reserved for patients who have prolonged cough 
and sputum production: at least 3 months of the year for 2 consecutive years.

 EPIDEMIOLOGY
Occurring at a rate of 44 per 1000 adults per year, acute bronchitis and tra-
cheitis affects approximately 5% of adults annually. A higher incidence is 
observed in the winter and fall than in the summer and spring. In the United 
States, acute bronchitis and tracheitis is the ninth most common illness in 
outpatients as reported by physicians.

The disorder is thought to be viral in origin almost all the time. However, 
viruses have been isolated in only 8 to 37% of patients. Thus, the true causes 
of the illness are unknown in most cases. Nevertheless, at least 70% of patients 
with acute bronchitis and tracheitis in the United States receive antibacterial 
antibiotics after visiting a physician. Importantly, although the same bacteria 
that are commonly implicated in community-acquired pneumonia are also 
isolated from the sputum in half the patients, their role in the pathobiology 
of acute bronchitis and tracheitis or its attendant symptoms is unclear, and 
bronchial biopsies have not shown bacterial invasion.

 PATHOBIOLOGY
Infections of the epithelium of the bronchi and trachea are thought to incite 
an inflammatory response. Pathologically, there is an accompanying micro-
scopic thickening of bronchial and tracheal mucosa corresponding to the 
inflamed areas. Such pathologic findings are also consistent with the occasional 
case report of upper airway inflammation confined to the bronchi and trachea 
detected by 18F-labeled fluorodeoxyglucose positron emission tomography 
(FDG-PET).

In various studies, specific pathogens have been found in more than half 
of patients with acute bronchitis. These pathogens include common respira-
tory viruses, typical respiratory bacteria, and atypical bacteria. At least three 
variables can influence the yield of specific pathogens: the presence of epidem-
ics, the season of the year, and the population’s influenza vaccination status. 
Furthermore, there are probably wide variations in the anatomic distribution 
of all pathogens causing acute bronchitis and tracheitis, extending from the 
nasal mucosa to the bronchiolar epithelium.

The viruses implicated in acute bronchitis and tracheitis include influenza A 
and B (Chapter 340), parainfluenza (Chapter 339), respiratory syncytial virus 
(Chapter 338), coronavirus (Chapter 342), adenovirus (Chapter 341), and 
rhinoviruses (Chapter 337), usually in this order from the most to the least 
common. Human metapneumovirus (Chapter 337) also has been identified as 
an etiologic agent. In children, bronchiolitis has been associated with respiratory 
syncytial virus, influenza virus, parainfluenza virus, and metapneumovirus.

Typical bacteria implicated in acute bronchitis include Haemophilus influ-
enzae (Chapter 284) and Moraxella catarrhalis (Chapter 284). Severe bron-
chiolitis has also been reported with Mycoplasma pneumoniae (Chapter 301), 
even though this pathogen is usually associated with either pneumonia or 
acute bronchitis and tracheitis in adults. Up to 25% of cases of acute bronchitis 
and tracheitis may be due to “atypical” bacteria: Bordetella pertussis (Chapter 
297), Chlamydophila (Chlamydia) pneumoniae (Chapter 302), and Mycoplasma 
pneumoniae (Chapter 301).

 CLINICAL MANIFESTATIONS
The cardinal clinical symptom is cough (Chapter 77) of recent onset. Because 
most upper respiratory infections resolve within 1 week, a more extended 
period of cough is useful for considering the diagnosis of acute bronchitis. 
Patients usually seek care from their physician after 4 to 7 days of coughing 
that is not resolving. With acute bronchitis, there is often a continued cough 
and sometimes a worsened cough that lasts an initial 1 to 3 weeks. Associated 
symptoms vary and include sputum production, fever, malaise, wheezing, and 
dyspnea. Adults with pertussis may exhibit paroxysms of coughing, whooping, 
or vomiting, although less commonly than seen in children with this infection. 
Pertussis can infrequently lead to a cough lasting months, but data are lacking 
on the prevalence of pertussis among adults with chronic cough.1

 DIAGNOSIS
Acutely ill patients may not be able to distinguish their early symptoms 
from those accompanying very mild upper respiratory infections. However, 

with acute bronchitis and tracheitis, a protracted phase of coughing persists 
beyond 1 to 5 days, during which time a substantial proportion of patients 
will have significant declines in forced expiratory volume in 1 second (FEV1)  
(Chapter 79).

When “atypical” bacteria are identified by culture or serology, patients tend 
to be seen later in the course of their illness than patients with viral causes 
and more often have wheezing. In some studies, 12 to 32% of patients with 
coughing that persists for longer than 1 week have pertussis. In other studies, 
however, pertussis has been confirmed in only 1% of such patients.

Because a major issue is whether symptoms are caused by an organism 
that could be responsive to antibiotics, the differentiation between bacterial 
infection compared with viral infection is often more important than deter-
mining the precise organism responsible for the infection. Measurement of 
serum levels of procalcitonin, which is the prohormone of calcitonin and 
an inflammatory marker suggesting bacterial infection, can help guide the 
initiation or discontinuation of antibacterial antibiotics.2,3 A level lower than 
0.1 ng/L makes bacterial infection highly unlikely, and limiting treatment to 
patients with levels higher than 0.25 ng/L can markedly reduce the use of 
antibiotics without adverse clinical outcomes A1  in some settings but not in emer-
gency departments of U.S. hospitals with high adherence rates to pneumonia  
guidelines. A2  If the test is available, the finding of very low levels may help the 
clinician decide against prescribing antibiotics.

In the occasional instance in which it is important to diagnose specific viral 
cause, rapid diagnostic tests exist for most viruses linked to acute bronchitis 
and tracheitis. However, their value lies in identifying a virus for which there 
is therapy or avoiding antibacterial antibiotics if any virus is identified. Not 
all rapid tests are widely available, and they are expensive and rarely cost-
effective in an outpatient setting.

For diagnosing specific bacterial causes, polymerase chain reaction (PCR) 
testing of nasopharyngeal swabs or aspirates is the easiest and most sensitive 
way to diagnose infections by B. pertussis, M. pneumoniae, and C. pneumoniae; 
most experts recommend calcium alginate swabs for pertussis because cotton 
inhibits growth. Dacron swabs with aluminum handles are preferred for speci-
mens used to diagnose Chlamydophila because cotton, calcium alginate, and 
the wooden shaft can all inhibit growth of the organism. Cultures for M. 
pneumoniae are slow and insensitive. In general, testing for atypical organisms 
should not be done because of the cost of PCR and both the insensitivity and 
slowness of cultures. However, if the clinician suspects an outbreak in the 
community or the likelihood of pertussis, rapid testing with PCR may be 
quite beneficial.
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amantadine and rimantadine are ineffective against H3N2 influenza A viruses 
and are not recommended. Second-generation drugs such as zanamivir (two 
inhalations of 5 mg each, twice a day) or oseltamivir (75 mg twice a day) can 
be given for 5 days. Up to 20% of patients given oseltamivir will have nausea  
or vomiting.

Antihistamines and over-the-counter antitussives and expectorants have no 
apparent value. Although some subsets of patients with bronchial hyperre-
sponsiveness may benefit from β-agonists, overall they appear to confer no 
benefit. No data support the routine use of inhaled steroids. Mucolytic agents 
may be of small benefit.

In experimental rhinovirus colds, nonsteroidal drugs, alone or in combina-
tion with antihistamines, reduce the severity of symptoms, including cough. 
However, the widespread use of either type of drug alone or as a combination 
in naturally occurring, community-acquired bronchitis and tracheitis has not 
been evaluated.

In patients who do not have asthma (Chapter 81), oral corticosteroids are 
not helpful A6  and should not be used. In patients with acute bronchitis, various 
alternative medicines include Pelargonium sidoides (a herbaceous perennial 
widely used in Europe), extracts of thyme herb and primrose root, and a phyto-
medicine from essential oils. These medicines have shown some benefit com-
pared with placebo in acute bronchitis, but corroborating studies are needed 
before they can be routinely recommended.

Because antibiotics are overused and probably lead to community-wide 
alterations in antibiotic resistance, interventions to reduce overuse could have 
substantial long-term benefits while also reducing health care costs. Unfortu-
nately, such interventions have had only very modest success.

 PROGNOSIS
Coughing usually lasts 10 to 14 days, during which time the illness causes 
significant transient decrements in vitality and social functioning. Limited 
data on short- and long-term outcomes show that up to 20% of patients have 
persistent or recurrent symptoms for a month. Antibiotics may reduce symp-
toms by a fraction of a day, but side effects, the emergence of antibiotic resis-
tance, and cost must be weighed against their modest benefits.

https://expertconsult.inkling.com/
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REVIEW QUESTIONS

1. Which of the following best describes acute bronchitis?
 A. Affects 20% of adults annually, is caused by bacteria in 60% of cases, 

and is characterized by a cough that persists for an average of 7 days
 B. Affects 10% of adults annually, is caused by bacteria in only 5% of cases, 

and is characterized by a cough that persists for an average of 5 days
 C. Affects 5% of adults annually, is caused by bacteria in fewer than 50% 

of cases, and is characterized by a cough that persists for an average of 
10 to 14 days

 D. Affects 25% of adults annually, is caused by bacteria in 60% of cases, 
and is characterized by a cough that persists for an average of 6 weeks

 E. Affects 50% of adults annually, is caused by bacteria in 70% of cases, 
and is characterized by a cough that persists for an average of 3 days

Answer: C See Epidemiology, Treatment, and Prognosis sections of the 
chapter.

2. The viruses implicated in acute bronchitis include which of the 
following?
 A. Rhinovirus
 B. Respiratory syncytial virus
 C. Coronavirus and human metapneumovirus
 D. Influenza A and B
 E. All of the above

Answer: E See Pathobiology section of the chapter.

3. Which of the following best describes acute bronchitis?
 A. A substantial portion of patients have a decline in FEV1.
 B. PCR testing of nasopharyngeal swabs is very insensitive.
 C. A serum procalcitonin level of <0.1 ng/L makes bacterial infection 

unlikely.
 D. A and C
 E. All of the above

Answer: D See Diagnosis section of the chapter.

4. The effect of antibiotics on the outcome of acute bronchitis is best described 
by which of the following?
 A. Antibiotics clearly help in cases with atypical pathogens.
 B. Antibiotics lead to an approximately half day less of fever, productive 

cough, and feeling ill, but adverse events offset the mild outcomes.
 C. Antibiotics have few adverse events, which justifies their use.
 D. In pertussis, oral cephalosporins are the best option.
 E. Antibiotics have no role in acute bronchitis.

Answer: B See Treatment section of the chapter.

5. Which of the following best describes the outcomes of acute bronchitis?
 A. In an influenza outbreak, anti-influenza agents may reduce symptoms 

by 1 day.
 B. Antihistamines and over-the-counter antitussives help a substantial 

portion of patients.
 C. Nonsteroidal anti-inflammatory drugs and antihistamines have shown 

significant benefit in community cases linked to rhinovirus.
 D. Inhaled steroids have shown benefits in some studies.
 E. Delaying the use of antibiotics for patients with persistent symptoms 

does not reduce antibiotic use substantially.
Answer: A See Treatment section of the chapter.
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91 
OVERVIEW OF PNEUMONIA
DANIEL M. MUSHER

 DEFINITION
Pneumonia is a clinical syndrome resulting when infection of the lung paren-
chyma causes lower respiratory symptoms and characteristic changes on chest 
imaging. Pneumonias have commonly been classified as hospital acquired or 
community acquired. Hospital-acquired pneumonia either appears 48 hours 
or more after admission in a patient who did not already have or was not 

incubating pneumonia at the time of admission or develops soon after discharge 
from a hospital. All other pneumonias are considered to be community acquired.

 EPIDEMIOLOGY
Pneumonia is the most common potentially lethal acute infection in the United 
States, each year affecting >1% of the population and causing more than 1.25 
million hospitalizations. The incidence of pneumonia is high among infants 
and toddlers, declines greatly in childhood, remains relatively uncommon 
among young adults, but begins to increase after 50 years of age and especially 
after 65 years of age (E-Fig. 91-1). About 3% of persons over 65 years of age 
in the United States are likely to develop pneumonia each year, of whom 
nearly one half will be hospitalized, resulting in more than 1.5 million hospi-
talizations annually.1 Not only is pneumonia more prevalent in elderly patients, 
it is also more severe, with the risk for death rising steadily with increasing 
age. Overall, about 7% of patients hospitalized for pneumonia die within 7 
days, and another 7% die in the ensuing 30 days.

Bacterial pneumonia generally does not affect healthy young adults, rather 
most adults, of any age, who develop bacterial pneumonia are likely to have one 
or more underlying predisposing conditions (Table 91-1). Most common is an 
antecedent viral respiratory infection, which increases adherence of bacteria to 
respiratory epithelial cells and damages clearance mechanisms by interfering 
with ciliary action. Influenza virus infection (Chapter 340) greatly increases 
the susceptibility to pneumonia caused by Staphylococcus aureus (Chapter 272), 
Streptococcus pneumoniae (Chapter 273), or Haemophilus influenzae (Chapter 
284), and recent studies have confirmed that most of the deaths attributed to 
influenza virus during the great pandemic of 1918-1919 were due to bacte-
rial superinfection. Other viral respiratory infections, even if severe, appear 
to be less likely to predispose to bacterial pneumonia. Chronic obstructive 
pulmonary disease (COPD; Chapter 82), cystic fibrosis (Chapter 83), and 
bronchiectasis (Chapter 84) or other structural abnormalities of the lung greatly 
predispose to bacterial pneumonia, especially in patients who are also taking 
corticosteroids. Other predisposing factors include cigarette smoking (Chapter 
29), which increases pulmonary secretions and damages ciliary action; malnu-
trition (Chapter 203), which weakens the immune system; excessive alcohol 
intake (Chapter 30), which suppresses the cough reflex and affects migration 
of white blood cells (WBCs); hepatic or renal disease, both of which decrease 
antibody formation and WBC function; diabetes mellitus, which decreases 
WBC function; and immunoglobulin deficiencies of any cause. The nearly 
100-fold increase in bacterial pneumonia in young adults who have AIDS 
(Chapter 366) is thought to be related largely to defective antibody production.

Factors predisposing older adults (Chapter 22) to pneumonia include 
diminished gag and cough reflexes, poor glottal function, and diminished 
toll-like receptor and antibody responses. These factors are far more prominent 
in persons who are frail or bedridden—whether at home, in a nursing facility, 
or in a hospital—than they are in healthy aging persons.

In contrast to bacterial pneumonia, viral or mycoplasmal pneumonia may 
occur at any age when organisms are transmitted to immunologically naïve 
hosts. The presence or absence of preexisting immunity and the general com-
petence of the immune system itself appear to be principal determinants of 
whether infection occurs. Immune compromise contributes greatly to the 
severity of pneumonia due to respiratory syncytial virus (Chapter 338), influ-
enza virus (Chapter 340), and parainfluenza virus (Chapter 339), whereas 
pregnancy predisposes to severe influenza pneumonia.

Polymerase chain reaction (PCR) technology can identify respiratory viruses 
alone or together with a potential bacterial cause in 20 to 30% of patients 
hospitalized for pneumonia. Depending upon the season and year, influenza 
may be the most common, followed by respiratory syncytial virus and human 
metapneumovirus. Finding evidence for a viral infection by PCR does not 
exclude the possibility that a secondary bacterial infection is also present (see 
below, Differential Diagnosis).

 PATHOBIOLOGY
An array of host defense factors protects the lower respiratory tract against 
the entry of infectious organisms. The configuration of the upper airways 
ensures that a thin, laminar flow of air passes over hairs and sticky surfaces 
that can trap potentially infectious particles. Secretory immunoglobulin A 
(IgA), which constitutes 10% of the protein in nasal secretions, neutralizes 
viruses. Immunoglobulins also inhibit bacterial colonization. Closure of the 
epiglottis prevents food particles from passing into the trachea during swal-
lowing. The larynx prevents the passage of secretions into the trachea and 
allows the generation of intrapulmonic pressure needed for an effective cough. 
When microorganisms bypass these mechanisms, ciliary action of the epithelial 

viruses, such as influenza virus (Chapter 340), respiratory syncytial virus 
(Chapter 338), and human metapneumovirus (Chapter 337) that replicate 
and spread along cells that line the lower respiratory tract, usually after first 
gaining entry by inhalation.

Bacteria also may reach the lungs through the blood stream, be filtered by 
normal host clearance mechanisms, but then escape and cause pneumonia. 
S. aureus pneumonia (Chapter 272) is commonly caused by hematogenous 
spread, especially if an endovascular infection such as endocarditis is present. 
Escherichia coli (Chapter 288) and other gram-negative rods also may precipitate 
pneumonia through hematogenous spread.

When potentially infective organisms reach the lung, cells that line the respi-
ratory tract produce substances that inhibit or kill microorganisms, including 
lysozyme, lactoferrin, β-defensins, and surfactant. Bacterial cell wall components, 
such as lipopolysaccharides in gram-negative bacteria and peptidoglycans in 
gram-positive bacteria, activate the alternative complement cascade, leading 
to opsonization or direct killing of bacteria. They also upregulate toll-like 
receptors with subsequent enhancement of humoral and cellular immune 
mechanisms and stimulate production of IL-7 which acts through IL-17 to 
attract polymorphonuclear leukocytes. Antibodies to surface-expressed bacterial 
components greatly enhance the host defense response, and serotype-specific 
antibodies against bacterial capsular polysaccharide are especially important 
in protecting against pneumococcal infection.

Pathology
Pneumonia results from the replication and spread of microorganisms through 
the pulmonary interstitium and peripheral airways and airspaces. In bacterial 
pneumonia, microorganisms and the resulting inflammatory response, char-
acterized by release of cytokines and the accumulation of plasma and WBCs 
in alveoli, account for most of the clinical manifestations. In influenza pneu-
monia, the virus directly invades columnar epithelium cells, thereby resulting 
in pathologic changes that include damage to cilia, vacuolization of respiratory 
epithelial cells, and even desquamation of the entire epithelial layer. These 
widespread changes, which lead to a diffuse interstitial pattern on the chest 
radiograph, also predispose to secondary bacterial invasion. Chlamydia pneu-
moniae (Chapter 302) adheres to specific receptors and replicates within cells, 
thereby producing microcolonies that stimulate an inflammatory response 
and result in focal pneumonia. Mycoplasma also damages respiratory epithelial 
cells (Chapter 301) but, rather than invading cells, adheres to the cell surface, 
where it impairs ciliary activity and generates toxic substances. Secondary 
bacterial pneumonia is uncommon in Chlamydia or Mycoplasma pneumonia, 
perhaps because these organisms, unlike the influenza virus, do not cause 
such severe damage to ciliary function or adversely affect phagocytic cells.

 CLINICAL MANIFESTATIONS
Pneumonia is generally characterized by an acute onset of fever, a cough often 
with sputum production, and a newly recognized pulmonary infiltrate detected 
on a chest radiograph. In young adults who have bacterial pneumonia, acute 
severe malaise and subjective fever are common, often with chills, cough, and 
sputum production, or at least a sensation of needing to produce sputum. 
Some also have pleuritic chest pain. When sputum is produced, it may be 
tinged with blood. Some patients rapidly become severely ill and present with 
hypoxemia and septic shock. Others, however, especially old or frail adults, 
may not cough, may not produce sputum, and may be afebrile when first 
evaluated. The increased likelihood of elderly patients to have only some or 
even few of these specific manifestations of pneumonia in part reflects reduced 
production of cytokines and a less vigorous response to them. As a result, 
such individuals may present with little more than disorientation, confusion, 
fatigue, or more subtle changes in mental status. Diarrhea, which was identi-
fied as a prominent manifestation of Legionella pneumonia (Chapter 298), is 
also frequent in pneumococcal and probably in other bacterial pneumonias, 
likely indicating a nonspecific gastrointestinal response to circulating cytokines.

Viral pneumonia is more likely to present with upper respiratory symptoms 
such as rhinorrhea or a sore throat. Patients often recall being exposed to 
someone with a respiratory infection. Adults who have viral, chlamydial or 
mycoplasmal pneumonia are less likely to produce sputum than those with 
bacterial pneumonia. Mycoplasma and chlamydia pneumonias usually occur 
in younger adults.

 DIAGNOSIS
Physical Examination
Younger patients with bacterial or influenza pneumonia generally appear acutely 
ill. Those with noninfluenzal viral, Mycoplasma, or Chlamydia pneumonia 
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ABSTRACT
Pneumonia is an infection that causes a newly recognized pulmonary infiltrate 
together with fever, cough, sputum production, and pleuritic chest pain. Pneu-
mococcus causes about 10% of cases in the United States and twice as many 
in Europe; Haemophilus influenzae, Staphylococcus aureus, or gram-negative 
bacilli are implicated in 20%. Respiratory viruses are found in 20 to 30% of 
cases. Mycoplasma, chlamydia, and legionella each cause fewer than 1 to 2% 
of cases. Despite intense study, no cause is found in more than 50% of cases; 
so-called normal microbial flora of the nasopharynx and mouth may be respon-
sible for many of these cases. Guidelines can help determine the need for 
hospitalization. Empirical antibiotic treatment should be begun without undue 
delay and should then be modified based on results of microbiological studies. 
Empyema occurs in 3 to 5% of cases. Acute cardiac events, including myocardial 
infarction, atrial fibrillation, and new or worsening heart failure occur in 20 
to 25% of cases. About 7% of patients with community-acquired pneumonia 
die during hospitalization, and another 7% die in the ensuing 30 days. After 
treatment, recovery is slow, especially in older adults, and a burden of increased 
mortality persists. Prevention of pneumonia by use of pneumococcal and 
influenza vaccines is recommended. Hospital- and ventilator-acquired pneu-
monias are more likely to be caused by S. aureus or gram-negative bacilli, and 
initial empirical therapy needs to be modified based on results of cultures.

KEYWORDS
pneumonia
community-acquired pneumonia
hospital-acquired pneumonia
pneumonia etiology
pneumonia management
pneumonia treatment
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viruses, such as influenza virus (Chapter 340), respiratory syncytial virus 
(Chapter 338), and human metapneumovirus (Chapter 337) that replicate 
and spread along cells that line the lower respiratory tract, usually after first 
gaining entry by inhalation.

Bacteria also may reach the lungs through the blood stream, be filtered by 
normal host clearance mechanisms, but then escape and cause pneumonia. 
S. aureus pneumonia (Chapter 272) is commonly caused by hematogenous 
spread, especially if an endovascular infection such as endocarditis is present. 
Escherichia coli (Chapter 288) and other gram-negative rods also may precipitate 
pneumonia through hematogenous spread.

When potentially infective organisms reach the lung, cells that line the respi-
ratory tract produce substances that inhibit or kill microorganisms, including 
lysozyme, lactoferrin, β-defensins, and surfactant. Bacterial cell wall components, 
such as lipopolysaccharides in gram-negative bacteria and peptidoglycans in 
gram-positive bacteria, activate the alternative complement cascade, leading 
to opsonization or direct killing of bacteria. They also upregulate toll-like 
receptors with subsequent enhancement of humoral and cellular immune 
mechanisms and stimulate production of IL-7 which acts through IL-17 to 
attract polymorphonuclear leukocytes. Antibodies to surface-expressed bacterial 
components greatly enhance the host defense response, and serotype-specific 
antibodies against bacterial capsular polysaccharide are especially important 
in protecting against pneumococcal infection.

Pathology
Pneumonia results from the replication and spread of microorganisms through 
the pulmonary interstitium and peripheral airways and airspaces. In bacterial 
pneumonia, microorganisms and the resulting inflammatory response, char-
acterized by release of cytokines and the accumulation of plasma and WBCs 
in alveoli, account for most of the clinical manifestations. In influenza pneu-
monia, the virus directly invades columnar epithelium cells, thereby resulting 
in pathologic changes that include damage to cilia, vacuolization of respiratory 
epithelial cells, and even desquamation of the entire epithelial layer. These 
widespread changes, which lead to a diffuse interstitial pattern on the chest 
radiograph, also predispose to secondary bacterial invasion. Chlamydia pneu-
moniae (Chapter 302) adheres to specific receptors and replicates within cells, 
thereby producing microcolonies that stimulate an inflammatory response 
and result in focal pneumonia. Mycoplasma also damages respiratory epithelial 
cells (Chapter 301) but, rather than invading cells, adheres to the cell surface, 
where it impairs ciliary activity and generates toxic substances. Secondary 
bacterial pneumonia is uncommon in Chlamydia or Mycoplasma pneumonia, 
perhaps because these organisms, unlike the influenza virus, do not cause 
such severe damage to ciliary function or adversely affect phagocytic cells.

 CLINICAL MANIFESTATIONS
Pneumonia is generally characterized by an acute onset of fever, a cough often 
with sputum production, and a newly recognized pulmonary infiltrate detected 
on a chest radiograph. In young adults who have bacterial pneumonia, acute 
severe malaise and subjective fever are common, often with chills, cough, and 
sputum production, or at least a sensation of needing to produce sputum. 
Some also have pleuritic chest pain. When sputum is produced, it may be 
tinged with blood. Some patients rapidly become severely ill and present with 
hypoxemia and septic shock. Others, however, especially old or frail adults, 
may not cough, may not produce sputum, and may be afebrile when first 
evaluated. The increased likelihood of elderly patients to have only some or 
even few of these specific manifestations of pneumonia in part reflects reduced 
production of cytokines and a less vigorous response to them. As a result, 
such individuals may present with little more than disorientation, confusion, 
fatigue, or more subtle changes in mental status. Diarrhea, which was identi-
fied as a prominent manifestation of Legionella pneumonia (Chapter 298), is 
also frequent in pneumococcal and probably in other bacterial pneumonias, 
likely indicating a nonspecific gastrointestinal response to circulating cytokines.

Viral pneumonia is more likely to present with upper respiratory symptoms 
such as rhinorrhea or a sore throat. Patients often recall being exposed to 
someone with a respiratory infection. Adults who have viral, chlamydial or 
mycoplasmal pneumonia are less likely to produce sputum than those with 
bacterial pneumonia. Mycoplasma and chlamydia pneumonias usually occur 
in younger adults.

 DIAGNOSIS
Physical Examination
Younger patients with bacterial or influenza pneumonia generally appear acutely 
ill. Those with noninfluenzal viral, Mycoplasma, or Chlamydia pneumonia 

cells moves them steadily upward toward the larynx, and the cough reflex 
propels them more rapidly in the same direction. Tracheobronchial secretions 
maintain moist surfaces, and pulmonary surfactant probably helps to prevent 
atelectasis, which might interfere with distal clearance.

Aspiration of small amounts of nasopharyngeal secretions or mouth con-
tents, especially during sleep (“microaspiration”) is a normal occurrence. In 
this fashion, bacteria that normally colonize the upper airways, such as S. 
pneumoniae (Chapter 273) or H. influenzae (Chapter 284) may reach alveoli, 
where they can cause pneumonia. More substantial aspiration is prominent 
in older persons, especially those who are frail or bedridden. Such persons 
are likely to be colonized with S. aureus or gram-negative bacilli. Microaspira-
tion of other streptococci that colonize the upper airways (e.g., S. mitis) or 
mixed microaerophilic and anaerobic organisms may be responsible for a 
proportion of cases of pneumonia in which no causative organism is found.

This aspiration of small amounts of secretions should be distinguished from 
gross aspiration (Chapter 88). Gross aspiration occurs, for example, in persons 
who have seizures, who choke while vomiting, or in whom the gag reflex is 
suppressed by alcohol, drugs, or neurologic diseases. In such patients, the 
clinical syndrome of aspiration pneumonia includes the effects of the aspi-
rated microorganisms and other gastric material as well as the accompanying  
gastric acid.

Direct inhalation of aerosolized microorganisms may also cause pneumonia. 
This pathogenesis is uncommon for most bacterial pneumonias but is char-
acteristic of pneumonia due to Mycobacterium tuberculosis (Chapter 308) and 
Bacillus anthracis (Chapter 278). This mechanism also explains infection by 

TABLE 91-1 CONDITIONS SUGGESTING VARIOUS CAUSES 
OF PNEUMONIA

UNDERLYING CONDITION ASSOCIATED MICROORGANISM
Aspiration/poor dentition Microaerophilic and anaerobic mouth flora
Gross aspiration, bedridden person Staphylococcus aureus, gram-negative rods, 

microaerophilic and anaerobic mouth 
flora

Travel to southwestern United States Coccidioides immitis
Residence in Mississippi River basins, 

exposure to bats
Histoplasma capsulatum

Exposure to birds Cryptococcus neoformans, H. capsulatum
Exposure to sick psittacine birds Chlamydia psittaci
Exposure to rabbits Francisella tularensis
Exposure to farm animals Coxiella burnetii (Q fever)
Influenza active in community Influenza virus, S. aureus, S. pneumoniae, H. 

influenzae, Streptococcus pyogenes
Bronchiectasis, cystic fibrosis Pseudomonas aeruginosa, Burkholderia 

cepacia, S. aureus, Aspergillus species, 
nontuberculous mycobacteria

Cavitary lung lesion Microaerophilic and anaerobic mouth 
flora, S. aureus, tuberculous and 
nontuberculous mycobacteria, endemic 
fungi

Intravenous drug use S. aureus, M. tuberculosis, S. pneumoniae
Endobronchial obstruction Microaerophilic and anaerobic mouth 

flora, gram-negative bacilli, S. aureus
Recent antibiotic therapy Antibiotic-resistant S. pneumoniae
HIV (early) S. pneumoniae, H. influenzae, M. tuberculosis
HIV/AIDS Pathogens listed for early HIV infection, 

plus Pneumocystis jirovecii, Cryptococcus, 
Histoplasma, Aspergillus, Mycobacterium 
kansasii, Mycobacterium avium complex, 
P. aeruginosa

Travel to Middle East Middle East respiratory syndrome 
(MERS) coronavirus

Bioterrorism Bacillus anthracis (anthrax), Yersinia pestis 
(plague), Francisella tularensis 
(tularemia)

AIDS = acquired immunodeficiency syndrome; HIV = human immunodeficiency virus.
Data from Infectious Diseases Society of America/American Thoracic Society. Consensus guidelines 
on the management of community-acquired pneumonia in adults. Clin Infect Dis. 2007;44:S27-S72.
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necrosis that is visible on a chest radiograph in 2% of cases and on CT in 11% 
of cases (see Fig. 91-2).

One of the few radiologically distinctive bacterial pneumonia is that due 
to hematogenous spread of S. aureus (Chapter 272), especially when it occurs 
with endocarditis or an infected intravascular source (Chapter 67). Hema-
togenous S. aureus pneumonia causes 1- to 3-cm round lesions, which are 
likely to cavitate (Fig. 91-3A and B). Subsegmental or “patchy” pneumonia 
(Fig. 91-4) may be due to bacteria, viruses, Mycoplasma, or Chlamydia (Chap-
ters 301 and 302). Pneumocystis jirovecii (Chapter 321) causes a diffuse inter-
stitial infiltrate that may, in its earlier clinical stages, be mistaken for prominent 
pulmonary markings. Aspiration of mixed anaerobic, microaerophilic, and 
facultative bacteria from the mouth may cause pneumonia but may also lead 
to a lung abscess (Chapter 84) with a thick wall, a fluid level, and surrounding 

(Chapters 301 and 302) often do not look as acutely ill. In contrast, elderly 
and frail persons often lack many of these typical findings, simply appearing 
listless or confused. Patients with tuberculosis or other more chronic forms 
of pneumonia may appear chronically ill or may look relatively well.

The respiratory rate may be increased; a rate of more than 25 breaths per 
minute should cause serious concern. An oxygen saturation (Sao2) of less than 
92% is likely to indicate a very low partial pressure of oxygen in arterial blood, 
and a low saturation together with a rapid respiratory rate suggests serious 
respiratory compromise with impending respiratory distress (Chapter 96).

In bacterial pneumonia, crackles or rales are generally present over the 
affected area. Bronchial breath sounds and egophony strongly suggest pneu-
monia when present but are not sensitive for diagnosis. Dullness to percussion 
over the affected area may be detected in about one half of cases. Increased 
tactile fremitus is often present and is especially useful in distinguishing a 
pulmonary infiltrate from a pleural effusion, in which fremitus is diminished 
or absent. The failure to detect excursion of the diaphragm by percussion 
suggests an effusion. Unfortunately, the overall sensitivity and specificity of 
the physical examination for pneumonia is fairly low, perhaps related to inad-
equate training. In all cases, the diagnosis of pneumonia requires radiographic 
validation.

Radiographic Findings
Pneumonia is diagnosed by the presence of an infiltrate on chest imaging or 
excluded by its absence. Detection of radiographic infiltrates can be surpris-
ingly difficult, especially in patients who have chronic lung disease, are obese, 
or are evaluated with only a portable chest radiograph. Small areas of alveolar 
consolidation may be missed by a chest radiograph, especially an anterior-
posterior radiograph taken at the patient’s bedside, but be detected by the far 
more sensitive computed tomography (CT) scan. CT may also demonstrate 
that seeming abnormalities on plain chest radiography are false positives. 
However, small areas of apparent consolidation (“ground-glass changes”) are 
often described on the CT scan of patients who do not have pneumonia. 
Bedside ultrasonography may also be used to detect pulmonary infiltrates, 
but its sensitivity and specificity, though relatively high,2 are not sufficient to 
obviate the need for a chest radiograph. Up to 40% of patients with pneumonia 
also have a parapneumonic effusion that is detectable by special studies.

Although the presence of a newly recognized pulmonary infiltrate is the 
sine qua non of diagnosing pneumonia, the radiographic appearance provides 
very little insight into the etiology. Dense consolidation of a segment or lobe 
is usually bacterial (Fig. 91-1), especially due to S. pneumoniae or Klebsiella. 
Other bacteria, including Legionella (Fig. 91-2), may cause a similar picture, 
but many bacterial pneumonias cause subsegmental infiltrates. Viral pneumonia 
does not cause segmental or lobar consolidation.

Pneumonia due to microaspiration of S. aureus (Chapter 272) or gram-
negative bacilli cannot be distinguished radiographically from other bacterial 
pneumonias. Although these are said to be more likely to cavitate, that conclu-
sion may reflect reporting bias. Pneumococcal pneumonia also causes lung 

A B

FIGURE 91-1. Pneumococcal left lower lobe pneumonia as seen in posterior-anterior (A) and lateral (B) views. 

FIGURE 91-2. Dense lobar consolidation with air bronchograms in a patient with 
proven Legionella pneumonia. 
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elevations in the serum bilirubin level, aminotransferase levels, and lactate 
dehydrogenase (LDH) level are often noted. Marked elevations of the LDH 
level can be seen in Pneumocystis pneumonia and in disseminated Histoplasma 
infection (Chapters 316 and 321) in AIDS patients.

An elevated serum procalcitonin level increases the likelihood of a bacterial 
infection, but a low level is not sufficiently sensitive to exclude such a diag-
nosis. Although some randomized trials of patients who present with lower 
respiratory tract symptoms suggested that a treatment guided by the procal-
citonin level (antibiotics discouraged if the level is ≤0.25 µg/L and strongly 
discouraged if <0.1 µg/L) could safely reduce antibiotic usage, A1  the most 
recent U.S. trial found no benefit in hospitals with high adherence to guide-
lines for treating pneumonia. A2  Furthermore, 25% of patients with bacterial 
pneumonia have a normal procalcitonin level, and up to 25% of patients with a 
pneumonia syndrome but no evidence for bacterial infection have an elevated 
procalcitonin level, so this test cannot be used alone to determine therapeutic  
decisions.3,4

Microbiologic Diagnosis
The respiratory tract clears inflammatory exudate by the ciliary action of cells 
that line the bronchi and trachea as well as by the cough reflex. Sputum is 
composed of this exudate—plasma, WBCs, and bacteria—with a greater or 
lesser admixture of saliva. The presence of large numbers of a single type of 
bacterium (e.g., gram-positive cocci resembling pneumococci) in an inflam-
matory specimen that is relatively free of contaminating epithelial cells strongly 
suggests this organism as the etiologic agent of the pneumonia (Fig. 91-5). 
Haemophilus (Chapter 284), Moraxella (Chapter 284), and gram-negative 
rods (Chapters 289 and 290) are even more distinctive in their microscopic 
appearance. In patients who have bacteremic pneumococcal pneumonia, who 
cough up a valid specimen, and who have not received antibiotics, microscopic 
examination of a gram-stained sputum is greater than 85% sensitive for detect-
ing pneumococci and H. influenzae but may be lower for other bacteria. Because 

consolidation, especially in the superior segments of the lower lobes or pos-
terior segments of the upper lobes. A cavitary lesion of an upper lobe without 
a fluid level, especially if confined to the posterior segment, suggests tuber-
culosis (Chapter 308), a nontuberculous Mycobacterium, or nocardiosis. Occa-
sionally, more acute presentations of tuberculosis may mimic acute bacterial 
pneumonia. Aspergillus (Chapter 319) can proliferate within a cavity to cause 
the distinctive appearance of an intracavitary mycetoma (fungus ball) sur-
rounded by an arc or halo of air (E-Fig. 91-2).

Rapidly progressive pneumonia of any cause may result in diffuse pulmonary 
infiltrates consistent with the acute respiratory distress syndrome (Chapter 
96) or diffuse alveolar hemorrhage. Although the appearance or enlargement 
of infiltrates after patients are hospitalized and treatment is begun is often 
attributed to fluid repletion, such progression more likely reflects the ongoing 
inflammatory response. A chest CT scan may help clarify the nature of an 
infiltrate and will determine whether an effusion or mass is present, but it is 
usually not necessary at hospital admission for patients in whom a good-quality 
chest radiograph can be obtained.

Laboratory Findings
Most patients with bacterial pneumonia have a WBC count higher than 
11,500/µL at the time of admission to hospital, and about one third have 
a WBC count higher than 15,000 WBC/µL. A normal WBC count should 
not be interpreted as reassuring because WBC counts of 6000/µL or less may 
be seen in overwhelming bacterial infection. When overwhelming bacterial 
infection suppresses the WBC count, immature (band) cells are almost always 
elevated. About 40% of patients who present to the hospital with a syndrome 
consistent with community-acquired pneumonia but who are not infected, 
such as patients with pulmonary edema or lung cancer, also have WBC counts 
higher than 11,500/µL, so an elevated WBC count is by no means specific for 
pneumonia. Nevertheless, WBC counts higher than 20,000/µL are unusual in 
acute pulmonary conditions other than bacterial pneumonia. Mild nonspecific 

A B

FIGURE 91-3. Hematogenous Staphylococcus aureus pneumonia. A, The chest radiograph shows the characteristic round lesions with cavitation. B, The same lesions confirmed by 
computed tomographic scan. 

A B

FIGURE 91-4. A, Bilateral “patchy” infiltrates in a patient with coronavirus pneumonia. B, Chest radiograph of community-acquired pneumonia ultimately proved to be caused by 
human metapneumovirus infection. 
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A B

E-FIGURE 91-2. In a pulmonary aspergilloma, sometimes called an intracavitary fungus ball, a plain chest radiograph (A) or chest tomography (B), shows the fungal growth 
within a cavity and attached to the wall by a stalk. 
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pneumococcal pneumonia, 10 to 15% of patients with aerogenous pneumonia 
due to S. aureus or gram-negative rods, a much lower proportion of patients 
with nontypable H. influenzae pneumonia, and only rarely in pneumonia 
caused by Moraxella catarrhalis. By comparison, patients with hematogenous 
S. aureus pneumonia virtually always have positive blood cultures. Pneumo-
coccal pneumonia also can be diagnosed by the presence of serotype-specific 
urinary antigens.7

Differential Diagnosis
Patients do not come to medical attention with a label that says “pneumonia.” 
Rather, they have a syndrome consisting of a newly recognized pulmonary 
infiltrate together with some of the following findings: fever, cough, sputum 
production, pleuritic chest pain, crackles in the lungs, and leukocytosis. The 
differential diagnosis must include infectious and noninfectious causes.

Although pneumonia due to S. pneumoniae (Chapter 273) was the most 
common type in the first half of the twentieth century, the prevalence of S. 
pneumoniae as a cause of pneumonia has steadily decreased since the late 
1960s and continuing to the present.8 Now, no more than 10 to 12% of pneu-
monias leading to hospitalization of adults in the United States are due to this 
organism (Table 91-2). Other bacterial causes of pneumonia include S. aureus 
(Chapter 272), H. influenzae (Chapter 284), and gram-negative rods (Chapters 
288 and 289). Pseudomonas aeruginosa (Chapter 290), although important 
in hospitalized patients, is a less prominent cause of community-acquired 
pneumonia.

Atypical Bacterial Organisms
Despite their striking differences, Mycoplasma (Chapter 301), Chlamydia 
(Chapter 302), Coxiella burnetii (Chapter 311), and Legionella (Chapter 298) 
are lumped together as “atypical organisms.” These organisms have in common 
their lack of typical cell walls, which renders them nondetectable by Gram 
stain. They also all respond to treatment with tetracyclines, macrolides, and 
quinolones. However, these infections have little else in common.

Although Mycoplasma and C. pneumoniae (Chapters 301 and 302) may be 
common causes of pneumonia in the ambulatory setting, especially in young 
adults, they cause fewer than 1 to 2% of cases that require hospitalization. 
Pneumonia caused by these organisms is characterized by prolonged nonpro-
ductive cough, low-grade fever, and scattered pulmonary infiltrates. PCR is 
preferred over serologies for diagnosing Chlamydia or Mycoplasma infections, 
because serologic studies substantially overestimate the prevalence of acute 
infection with these agents.

the sensitivity of Gram stain falls dramatically after 6 hours, and that of culture, 
after 18 hours of antibiotic treatment, specimens are useful diagnostically 
only if they are collected in a timely fashion.

Examination of a gram-stained sputum specimen that shows many inflam-
matory cells is also useful if it does not show bacteria. If antibiotics have not 
already been administered, the absence of visible organisms suggests that the 
cause of pneumonia is either a bacterium that does not readily accept Gram 
stain (e.g., Legionella or Mycobacteria), an organism such as Mycoplasma or 
Chlamydia that lacks typical bacterial cell walls, or a virus.

Bacterial cultures will readily yield Haemophilus, Moraxella, S. aureus, or 
gram-negative bacilli when these organisms cause pneumonia. However, finding 
S. aureus or gram-negative rods by culture when they have not been seen 
microscopically in a good-quality sputum may suggest that these are contami-
nating mouth flora.

Enzyme-linked immunosorbent assay (ELISA) can detect pneumococcal 
cell wall or capsular polysaccharide in the urine of 60 to 80% of patients 
with bacteremic pneumococcal pneumonia and a smaller proportion of those 
with nonbacteremic disease; a urinary ELISA for specific pneumococcal sero-
types is substantially more sensitive. An ELISA for urinary Legionella antigen 
detects only the most common Legionella serotype but is positive in about 
70% of cases of Legionella pneumonia (Chapter 298), with higher sensitivity 
in more severe disease. Histoplasma (Chapter 316) urine and Cryptococcus 
(Chapter 317) serum antigen tests are positive in patients with disseminated 
disease but are less likely to be positive in patients with discrete pulmonary  
infiltrates.

PCR testing of a nasopharyngeal specimen is a highly sensitive technique 
for detecting the presence of potentially infecting microorganisms,5 but a posi-
tive PCR may indicate colonization rather than infection. Quantitative PCR 
testing in African patients with AIDS and suspected pneumonia reliably identi-
fies pneumococcal pneumonia, but the generalizability of this method to 
non-AIDS patients in developed countries remains to be determined. For 
organisms that do not normally colonize the upper airways, PCR is sensitive 
and specific. PCR on a throat swab can reliably detect Chlamydia and Myco-
plasma as well as 15 respiratory viruses (including influenza, parainfluenza, 
respiratory syncytial virus, human metapneumovirus, coronavirus, and adeno-
virus) with very high sensitivity. These respiratory viruses are present in fewer 
than 2% of healthy adults, so the finding of a respiratory virus by PCR in a 
patient with pneumonia suggests an etiologic role.6 As a result, PCR has gener-
ally replaced viral culture as the gold standard for diagnosing influenza virus 
infection (Chapter 340). It must be emphasized that finding evidence for a 
viral infection, especially due to influenza virus, does not preclude the pos-
sibility of a secondary bacterial infection. Sputum PCR also can detect M. 
tuberculosis (Chapter 308) and is now part of the recommended evaluation 
in patients suspected of having this diagnosis.

Bacteremia is documented in 5 to 10% of patients who are hospitalized 
for community-acquired pneumonia, including 20 to 25% of patients with 

TABLE 91-2 CAUSES OF PNEUMONIA (IN %) IN 
HOSPITALIZED ADULTS IN RECENT SERIES

SERIES MUSHER* JAIN† POSTMA‡

Bacteria 29 15 30
 S. pneumoniae 9 5 16
 Haemophilus 6 <1 7
 Staph aureus 5 2 3
 Pseudomonas 3 <1 2
 Legionella 1 1 1
 Mycoplasma, Chlamydia — <3 1
 Other 6 3 3
Mycobacteria 2 1 <1
Nocardia 1 0 0
Fungi, Matching PCP 3 1 2
Viruses 20 27 3
 Rhinovirus 13 9
 Coronavirus 3 2
 Human metapneumovirus 2 4
 Influenza 1 6 3
 Parainfluenza 2 3
 RSV 2 3
No cause identified 55 62 66
*Musher DM, Roig IL, Cazares G, et al. Can an etiologic agent be identified in adults who are 
hospitalized for community-acquired pneumonia: results of a one-year study. J Infect. 
2013;67:11-18.
†Jain S, Self WH, Wunderink RG, et al. Community-acquired pneumonia requiring hospitalization 
among U.S. adults. N Engl J Med. 2015;373:415-427.
‡Postma DF, van Werkhoven CH, van Elden LJ, et al. Antibiotic treatment strategies for 
community-acquired pneumonia in adults. N Engl J Med. 2015;372:1312-1323.
PCP = Pneumocystis carinii pneumonia; RSV = Respiratory syncytial virus.

FIGURE 91-5. Gram stain of sputum from a patient with pneumococcal pneumonia 
shows large numbers of polymorphonuclear leukocytes and many lancet-shaped gram-
positive cocci with no epithelial cells, indicating that this specimen originated in the 
lower airways. Such a specimen is diagnostic of pneumococcal pneumonia, although it 
cannot exclude coinfection by an organism such as a virus that is not seen by Gram stain. 

TREATMENT 
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Pneumonia due to Legionella behaves like a typical bacterial pneumonia 
and can often be traced to a water source, whereas pneumonia due to C. 
burnetii (Q fever) occurs late in summer in cattle country, especially in south 
Texas and the Midwest, and is associated with severe headache and elevation 
of liver enzymes.

Viral Pneumonia
During an influenza outbreak, this virus is identified in a substantial propor-
tion of patients admitted to intensive care for pneumonia. Identification of 
influenza virus in a patient with pneumonia should lead to appropriate anti-
viral treatment (Chapter 336), even if more than 48 hours have passed since 
the onset of symptoms. Secondary bacterial infection is common, with S. 
aureus, S. pneumonia, and Haemophilus predominating. Rhinovirus (Chapter 
337) is the virus most commonly recognized in patients with pneumonia. 
Parainfluenza virus (Chapter 339), respiratory syncytial virus (Chapter 338), 
coronavirus (Chapter 342), and human metapneumovirus (Chapter 337) are 
clearly implicated as causes of pneumonia in adults hospitalized for pneumonia 
and may require intensive care, so the severity of the lung involvement does 
not exclude the possibility that a viral infection alone is responsible. Outbreaks 
of adenovirus (Chapter 341) pneumonia occur in military recruits. Because 
coinfecting bacteria are also detected in 20 to 25% of cases of documented 
viral pneumonia, identifying a virus by PCR in a patient with pneumonia 
does not prove that the virus is the cause or especially the sole cause of illness. 
Other features, such as the history, severity of illness, sputum production 
(and, if present, microscopic examination), nature of the pulmonary infil-
trate, WBC count, and procalcitonin level may help to clarify the etiologic  
diagnosis.

Other Causes of a Pneumonia Syndrome
Fever, cough, and sputum production without an infiltrate is called acute 
bronchitis (Chapter 90). In persons who do not have chronic lung disease, 
acute bronchitis is generally a self-limited and presumed viral illness, but bac-
terial infection, for example with H. influenzae (Chapter 284), may cause 
bronchitis in patients who have COPD. Persistent cough (Chapter 77) of 
several weeks’ duration without fever or sputum suggests pertussis (Chapter 
297) or a postviral infection syndrome due, for example, to adenovirus.

Epidemiologic clues may suggest specific unusual infectious causes of pneu-
monia (Table 91-2). Coccidioides immitis (Chapter 316), found in arid regions 
of the Americas, or Histoplasma capsulatum (Chapter 316), found worldwide 
but especially in river basins of North America, cause a variable proportion 
of community-acquired pneumonia in endemic regions. Exposure to livestock 
or late summer residence in a hot and dry ranching area suggests Coxiella 
burnetii (Q fever) (Chapter 311), especially if patients have a severe headache 
and abnormal liver enzymes. Exposure to sick psittacine birds raises concern 
for Chlamydia psittaci (Chapter 302).

Tuberculosis (Chapter 308) should be suspected in persons who have lived 
in endemic areas, have been incarcerated or homeless, are taking immunosup-
pressive drugs or are immunocompromised, especially patients with concurrent 
HIV infection. Mycobacterium kansasii (Chapter 309) may cause an identical 
syndrome in patients with none of those risk factors. Mycobacterium avium, 
often called Mycobacterium avium-intracellulare (MAI) or Mycobacterium avium 
complex (MAC), causes diffuse bilateral pneumonia in immunocompromised 
patients (Chapter 309). Mycobacterium intracellulare also causes pneumonia 
in adults, usually in men with bronchiectasis (Chapter 84) or extensive lung 
scarring owing to emphysema (Chapter 82) or previously treated tuberculosis. 
M. intracellulare also causes disease in middle-aged women who, despite the 
absence of these risk factors, have prolonged coughing, weight loss, and subtle 
infiltrates that may be missed by routine chest radiography. Pneumocystis 
pneumonia (Chapter 321) occurs in patients who are taking corticosteroids.

Patients with HIV infection are susceptible to a variety of pulmonary infec-
tions depending on how immunocompromised they are (see Table 91-2 and 
Chapter 366). These opportunistic infections include tuberculous and non-
tuberculous mycobacteria, Pneumocystis (Chapter 321), Histoplasma (Chapter 
316), and Cryptococcus (Chapter 317). AIDS patients also have a 50- to 100-fold 
increased risk for developing pneumococcal disease.

Pneumonia without a Microbiological Diagnosis
Despite the intensive efforts with the most up-to-date technology, an etiologic 
diagnosis cannot be established in more than 50% of cases. One possibility 
is that so-called normal respiratory flora—mixed microaerophilic and anaerobic 
organisms of the mouth and pharynx, especially streptococci such as Strep-
tococcus mitis or corynebacteria—are responsible.

Noninfectious Considerations
Many noninfectious conditions cause patients to present with a syndrome 
consistent with acute or subacute pneumonia, and 15 to 20% of all patients 
admitted from the emergency department for suspected pneumonia may not 
be infected. Pulmonary edema (Chapter 52) is the most common noninfec-
tious cause of a pneumonia syndrome in middle-aged and older patients. The 
diagnosis should be made based on history, physical examination, and radio-
graphic findings, supported by elevated B-natriuretic peptide levels. Patients 
with lung cancer (Chapter 182) commonly present with fever and a pulmonary 
infiltrate, often called postobstructive pneumonia.9 Cavitary lesions may be 
present. Infection is actually not thought to be present in the majority of cases. 
Acute respiratory distress syndrome (Chapter 96) in response to a serious 
nonpulmonary infection is often indistinguishable from pneumonia because 
it commonly presents with fever, lung crackles, an elevated WBC count, and 
pulmonary infiltrates.

Cryptogenic organizing pneumonia (Chapter 85), acute interstitial pneu-
monia, eosinophilic pneumonia, sarcoidosis, and other interstitial pneumonias 
(Chapter 86) are uncommon conditions that are almost always initially mis-
diagnosed as community-acquired pneumonia. Pulmonary hemorrhage and 
vasculitis may also cause pulmonary infiltrates and fever. In ANCA-associated 
granulomatous vasculitis (Chapter 254), these infiltrates may also be associated 
with cavitary lesions. Attention to the patient’s history may reveal a longer history 
of symptoms, and careful review of earlier chest radiographs may reveal prior 
radiographic abnormalities, consistent with a chronic, noninfectious process. 
Pulmonary emboli with infarction (Chapter 74) can cause pleuritic chest pain 
and pulmonary infiltrates, with sputum that contains neutrophils but few or 
no bacteria. Patients with septic pulmonary emboli should be assessed for 
other foci of infection, such as an infected heart valve or intravascular device.

Hospital Admission
Several scoring systems may help in the decision as to whether a patient 

should be hospitalized, including the pneumonia severity index (Tables 91-3 
and 91-4) and SMART-COP (Table 91-5). A corollary decision, whether a patient 
should be admitted to an intensive care unit (ICU), can be guided by the mor-
tality risks as assessed by the pneumonia severity index or by the SMART-COP 
algorithim (Table 91-6). Other indicators of overwhelming infection that indicate 

TREATMENT 

TABLE 91-3 PNEUMONIA SEVERITY INDEX
POINTS ASSIGNED FOR 

EACH CRITERION
VITAL SIGNS

Pulse > 125/min 10
Systolic BP < 90 mm Hg 20
Temperature < 35 or >40° C 15
Respiratory rate > 30/min 20
HISTORY OF CO-MORBID CONDITIONS

Neoplasm (active, not skin) 30
Cirrhosis or chronic hepatitis 20
Heart failure, stroke, chronic renal insufficiency 10
Altered mental status 20
DEMOGRAPHY

Age age (subtract 10 for women)
Nursing home resident 10
LABORATORY DATA

Arterial pH < 7.35 30
BUN > 30 mg/dL 20
Serum sodium < 130 mEq/L 20
Glucose > 250 mg/dL 10
Hematocrit < 30% 10
pO2 < 60 mm Hg or O2 saturation < 90% 10
Pleural effusion on chest radiograph 10
For mortality associated with various pneumonia severity index scores, see Table 91-4.
Data from Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-risk patients with 
community-acquired pneumonia. N Engl J Med. 1997;336:243-250.
BUN = Blood urea nitrogen.
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TABLE 91-4 PORT SEVERITY INDEX (PSI) AND MORTALITY AT 30 DAYS

POINT SCORE CLASS

MORTALITY

COMMUNITY-ACQUIRED PNEUMONIA* COMMUNITY-ACQUIRED PNEUMONIA† PNEUMOCOCCAL PNEUMONIA‡

≤70 II <1% 3% —
71-90 III 3% 4% 3%
91-130 IV 8% 8% 21%
>130 V 29% 22% 35%
*Original calculation in patients with community-acquired pneumonia (Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-risk patients with community-acquired pneumonia. N Engl J Med. 
1997;336:243-250.)
†Mortality in patients admitted for pneumonia during a 1-year period, Veterans Affairs Medical Center, Houston (patients with noninfectious causes were excluded) (Musher DM, Roig IL, Cazares G, et al. Can 
an etiologic agent be identified in adults who are hospitalized for community-acquired pneumonia: results of a one-year study. J Infect. 2013;67:11-18.)
‡Results in patients with documented pneumococcal pneumonia (Musher DM, Alexandraki I, Graviss EA, et al. Bacteremic and nonbacteremic pneumococcal pneumonia. A prospective study. Medicine 
[Baltimore]. 2000;79:210-221.)

a need for ICU admission include a WBC count of 6000/µL or lower in bacterial 
pneumonia (usually seen with increased band forms), thrombocytopenia, hypo-
thermia, or a PO2 less than or equal to 90 in someone who has no underlying 
lung disease.

Supportive therapy should include fluid replacement to maintain blood 
pressure (e.g., an average of 4.5 liters of fluids with electrolytes are required in 
the first 24 hours to treat a patient with pneumonia and septic shock [Chapter 
100]), oxygen for hypoxemia, and mechanical ventilation if adequate gas 
exchange cannot otherwise be achieved (Chapter 97).

Antibiotic Therapy
Based on good evidence that outcomes are worse with prolonged delays, 

initial antibiotics should be given as soon as the diagnosis of pneumonia is 
considered likely, regardless of whether that be in a physician’s office or an 
emergency department.10 Guidelines for the empirical antibiotic therapy of 

TABLE 91-5 SMART-COP SCORING SYSTEM*
POINTS

Low Systolic blood pressure (<90 mm Hg) 2
Multilobar involvement (on chest radiograph) 1
Low Albumin (<3.5 g/dL) 1
High Respiratory rate (≥25 if <50 years old, ≥30 if >50 years old) 1
Tachycardia (heart rate >125 beats/min) 1
New-onset Confusion 1
Poor Oxygenation (Pao2 <70 mm Hg if <50 years old, <60 mm Hg 

if >50 years old)
2

Low arterial pH (<7.35) 2
*The risk for needing intensive respiratory or ventilatory support is low if ≤2 points, about 10-15% if 
3-4 points, about 35% if 5-6 points, and about 65% if ≥7 points.
Data from Chalmers JD, Singanayagam A, Hill AT. Predicting the need for mechanical ventilation 
and/or inotropic support for young adults admitted to the hospital with community-acquired 
pneumonia. Clin Infect Dis. 2008;47:1571-1574; and Charles PG, Wolfe R, Whitby M, et al. 
SMART-COP: a tool for predicting the need for intensive respiratory or vasopressor support in 
community-acquired pneumonia. Clin Infect Dis. 2008;47:375-384.

TABLE 91-6 CURB 65 PNEUMONIA SCORING SYSTEM*
POINTS

Confusion 1
Elevated blood Urea nitrogen 1
Respiratory rate ≥30/min 1
Low Blood pressure (hypotension) 1
Age ≥ 65 years 1
Assign 1 point each for each of the 5 features listed above. Hospital admission is 

recommended for patients with 2 or more points and intensive care admission for 
3 or more points.

*Eccles S, Pincus C, Higgins B, et al. Diagnosis and management of community and hospital 
acquired pneumonia in adults: summary of NICE guidance. BMJ. 2014;349:g6722.

community-acquired pneumonia in outpatients (Table 91-7) focus on common 
infectious causes of pneumonia and are generally successful because a specific 
etiologic agent is only infrequently determined.11 However, this approach should 
not discourage the careful consideration of possible noninfectious causes of 
fever and pulmonary infiltrates or reasonable attempts to establish a specific 
infectious diagnosis.

Outpatient antibiotic regimens
For empirical outpatient therapy,12 guidelines from the Infectious Diseases 

Society of America and the American Thoracic Society recommend a macrolide, 
doxycycline, a “respiratory” quinolone (levofloxacin or moxifloxacin, but not 
ciprofloxacin, which is thought to be slightly less effective against pneumococci), 
or a β-lactam antibiotic together with a macrolide. These recommendations 
are based on a desire to provide therapy effective for common bacterial causes 
of pneumonia such as S. pneumoniae (Chapter 273), H. influenzae (Chapter 340), 
M. catarrhalis (Chapter 284), and Legionella (Chapter 298), as well as infections 
due to Mycoplasma (Chapter 301) or Chlamydia (Chapter 302).

In contrast, Swedish and UK guidelines recommend outpatient treatment for 
pneumonia with oral penicillin or amoxicillin. The rationale for this approach 
is that pneumococcus, which is the most likely potentially dangerous cause of 
pneumonia, is much better treated by penicillin or amoxicillin than by doxycycline 
or macrolides (to which a varying proportion of pneumococci are resistant), 
whereas a patient who fails to respond to penicillin or amoxicillin within a few 
days can be switched to a macrolide or doxycycline to treat potential Myco-
plasma and Chlamydia. In the United States, one third of Haemophilus and the 
majority of Moraxella produce β-lactamase, which would make amoxicillin plus 
clavulanic acid a better choice in patients who have underlying lung disease. 
Patients with pneumonia and a history of low-grade fever and cough for more 
than 5 to 6 days should be treated with a macrolide or doxycycline because of 
the likelihood that Mycoplasma or Chlamydia are responsible.

in-Hospital antibiotic regimens
In a patient who is sick enough to be hospitalized, the physician should 

make a conscientious effort to determine an etiologic agent. Initial therapy 
may be empirical, but identifying a causative organism has at least three advan-
tages: (1) therapy can be tailored to an identified causative organism, thereby 
reducing antibiotic overuse and exposure of patients to antibiotics they do 
not need; (2) if a patient fails to respond promptly the physician can know 
whether simply to continue existing antibiotics or which ones to change to; 
(3) an alternative treatment can be selected appropriately for a patient who 
has an adverse drug reaction.

Recommended initial empirical antibiotic treatment of pneumonia that does 
not require ICU care (see Table 91-7) includes a respiratory fluoroquinolone 
(levofloxacin or moxifloxacin, but not ciprofloxacin) or a β-lactam (cefotaxime, 
ceftriaxone, ampicillin-sulbactam), together with a macrolide. A3  Either of these 
regimens will treat pneumonia due to S. pneumoniae, and they will also be 
effective against Haemophilus, methicillin-susceptible S. aureus, Moraxella, 
Legionella, Mycoplasma, and Chlamydia, as well as some less common organ-
isms. Such combination therapy appears to result in more rapid clinical improve-
ment A4  but not shorter in-hospital length of stay or lower mortality A5  compared 
with empirical β-lactam monotherapy.

To avoid overtreatment, every effort should be made to narrow treatment 
in accordance with identified pathogens. To avoid undertreatment, the risk of 
possible S. aureus infection including MRSA should be considered, especially 
in patients who may have influenza or a history of injection drug use, chronic 
renal failure, prior corticosteroid therapy, or progression despite outpatient 
antibiotics. In such patients, the prevalence of these organisms in the com-
munity mandates further consideration of ceftaroline as the β-lactam or the 
addition of vancomycin or linezolid. The absence of nasal carriage of MRSA  
on PCR testing greatly reduces the likelihood that this organism is causing 
pneumonia.
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TABLE 91-7 EMPIRICAL TREATMENT FOR COMMUNITY-ACQUIRED PNEUMONIA
OUTPATIENTS*

For syndromes suggesting “typical” bacterial pneumonia (acute onset of cough, sputum, high fever, high white cell count, dense segmental or lobar consolidation, elevated 
procalcitonin level):
Amoxicillin-clavulanic acid (500-125 mg every 6 hr for 5-7 days); add azithromycin (500 mg daily for 3 days orally) if Legionella is a consideration, or
Levofloxacin (750 mg daily), moxifloxacin (400 mg daily), or gatifloxacin (320 mg daily) for 5 days

For syndromes suggesting influenza pneumonia:
Oseltamivir (75 mg twice daily for 5 days); observe for secondary bacterial infection

For syndromes suggesting viral pneumonia other than influenza (exposure to someone with viral infection, upper respiratory tract symptoms, patient doesn’t look very ill,  
WBC < 9,500, procalcitonin level not elevated):
Symptomatic therapy

For subacute syndromes (e.g., cough and low-grade fever for >5 days) suggesting Mycoplasma or Chlamydia pneumonia:
Azithromycin (500 mg daily for 3 days) or doxycycline (100 mg twice daily for 7 days)

INPATIENTS

Patients hospitalized for pneumonia are sufficiently likely to have a bacterial infection that antibacterial agents are nearly always prescribed unless an alternate diagnosis is strongly 
suspected. In every hospitalized patient, all reasonable efforts should be made to determine an etiologic diagnosis. For initial empiric therapy:
A beta-lactam (ceftriaxone 1 g daily) AND a macrolide (azithromycin 500 mg)
Or
A quinolone (levofloxacin 750 mg, moxifloxacin 400 mg or gatifloxacin 400 mg daily)
Initial therapy is IV until patient is clinically stable; thereafter switch to oral therapy, tailoring therapy based on culture results or selecting agent(s) that provide similar 

coverage. Total duration of antibiotic therapy generally 5-7 days (see text).
If influenza is likely:

Oseltamivir (75 mg twice daily for 5 days) with vigilant observation for possible secondary bacterial infection
If influenza is complicated by secondary bacterial pneumonia, add to oseltamivir:

Ceftriaxone or ceftaroline, plus either vancomycin or linezolid
If Pseudomonas or other gram-negative organism is likely:

Antipseudomonal beta-lactam: piperacillin-tazobactam (4.5 g every 6 hr), cefepime 1-2 g every 6-8 hr
Or
A carbapenem (meropenem 500 mg IV every 6 hr or 1 g every 8 hr or imipenem-cilastatin 500 mg IV every 6 hr or 1 g every 8 hr; extended infusions of carbapenems after a 

loading dose may be preferable), plus azithromycin as above
Adapted from Musher DM, Thorner AT. Community-acquired pneumonia. N Engl J Med. 2014;371:1619-1628; and from Infectious Diseases Society of America/American Thoracic Society. Consensus 
guidelines on the management of community-acquired pneumonia in adults. Clin Infect Dis. 2007;44:S27-S72.
*A decision to treat pneumonia as an outpatient should be made after assessing need for hospitalization and only if follow-up contact is planned. If a viral etiology is established by polymerase chain reaction, it 
should be considered in making therapeutic decisions.
IM = intramuscularly; IV = intravenously.

iCu antibiotic regimens
For patients who require ICU admission, a β-lactam (cefotaxime, ceftriaxone, 

or ampicillin-sulbactam) should be given in combination with either azithro-
mycin or a respiratory fluoroquinolone. When Pseudomonas is a consideration 
(e.g., in patients who have pneumonia with predominant gram-negative rods 
on sputum examination; patients with end-stage COPD, bronchiectasis, or other 
structural lung disease; or patients who have been treated with glucocorticoids 
or other immunosuppressive drugs), an antipseudomonal β-lactam or carbape-
nem (piperacillin-tazobactam, cefepime, imipenem, or meropenem) should be 
selected. The benefit of adding a second antipseudomonal drug (so-called 
“double coverage”) has not been proven. A more important principle is that, 
once a diagnosis of gram-negative pneumonia is established, treatment should 
be based on the optimal dose of an appropriate antibiotic identified by sus-
ceptibility testing.

adjunctive Corticosteroids
Data on the efficacy of low-dose corticosteroids (e.g., 30 mg methyl-

prednisolone daily) in treating pneumonia have been conflicting. However, 
two recent meta-analyses concluded that 3 to 7 days of corticosteroids can 
reduce morbidity and mortality in patients with severe community-acquired  
pneumonia. A6 

,
 A7 

Hospital Course
The value of aggressive attempts to determine the cause of pneumonia 

becomes obvious during a patient’s hospital course. The expected response 
to therapy includes defervescence, return of the WBC count to normal, and 
disappearance of the systemic signs of acute infection within a few days after 
antibiotics have been begun. Pulmonary infiltrates may resolve slowly, cough 
may persist for weeks, and fatigue may persist for months, especially in elderly 
persons.

Patients may not respond or may even deteriorate during the first day or 
two of treatment despite appropriate antibiotic therapy. A further reason to 
identify the infecting organism is to avoid the temptation to add antibiotics 
that may provide no further benefit and may have deleterious side effects. For 
patients who do respond, identification of the causative organism allows broad-
spectrum antibiotics to be replaced by a simpler regimen, thereby potentially 
shortening the hospitalization, reducing the risk for complications such as 
Clostridium difficile colitis (Chapter 280), and avoiding uncertainty about the 
culprit medication should an adverse drug reaction occur.

Failure to Respond to Antibiotic Therapy
The failure to respond to antibiotic therapy raises a number of concerns 

(Table 91-8). If the patient simply does not improve, the antibiotic may not 
be appropriate for the infecting organism. The first step should be to review 
culture results and antibiotic susceptibilities to ensure that the patient has 
received an adequate dose of an appropriate antibiotic. When patients show 
an initial partial response but then have a persistent low-grade fever and leu-
kocytosis, the antimicrobial therapy may have been correct, and the causative 
organism may be susceptible, but there may be a loculated infection such as 
empyema (Chapter 92). A Mycobacterium or a nonbacterial organism (e.g., a 
fungus) may be responsible. Alternatively, a noninfectious disease such as lung 
cancer or pulmonary embolism, or an inflammatory lung condition such as 
eosinophilic pneumonia or interstitial lung disease (Chapter 86) may explain a 
newly recognized pulmonary infiltrate that is accompanied by other symptoms 
of pneumonia, such as fever, cough, and sputum production.

When antibiotics have been given empirically and cultures have not been 
obtained, the lack of a response creates a difficult therapeutic dilemma. For 
patients with a partial or inadequate response to initial therapy, the physician 
should aggressively pursue additional diagnostic measures, such as cultures, 
a chest CT scan, a thoracentesis if an effusion is present, bronchoscopy with 
bronchoalveolar lavage, and possibly transbronchial biopsy rather than simply 
changing or adding antibiotics.

Duration of Treatment
The optimal duration of therapy for pneumonia is uncertain. In general, 

outpatients with community-acquired pneumonia should be treated for 5 to 
7 days. Patients who are hospitalized should receive parenteral therapy until 
they are hemodynamically stable and able to ingest and absorb oral antibiot-
ics, after which oral antibiotics can be given. Three to 5 days of parenteral 
therapy and a final few days of oral treatment after the patient has become 
afebrile (temperature <99° F) may be the best approach for pneumococcal 
pneumonia. Treatment for community-acquired pneumonia of undetermined 
etiology should generally not exceed a total of 7 days, and 3 days of treatment 
has been shown to be as effective as 8 days for mild to moderately severe  
pneumonia. A8 

In contrast, pneumonia due to S. aureus (Chapter 272) or gram-negative 
bacilli (Chapters 288, 289, and 290), which tends to be associated with micro-
abscesses in the lung, probably requires longer treatment (for example, 10 to 
14 days, depending upon the rapidity of the response). Bacteremic S. aureus 
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TABLE 91-8 REASONS FOR FAILURE OF ANTIMICROBIAL 
THERAPY IN TREATING PNEUMONIA

Correct organism, inappropriate antibiotic choice or dose
Organism not susceptible
Wrong dosage (e.g., morbidly obese or fluid-overloaded patient)
Antibiotic not given

Correct organism and antibiotic, but infection is loculated
Empyema (the most common)
Obstruction (e.g., lung cancer, foreign body)

Unidentified causative organism responsible
Noninfectious condition

Pulmonary embolism
Malignancy
Inflammatory infiltrate

from the conjugate vaccine will be limited. However, non-vaccine serotypes are 
now causing more cases of pneumonia and offsetting some of the benefits of  
vaccination.

Conjugate pneumococcal vaccine followed by polysaccharide vaccine is 
recommended for all persons 65 years of age or older and for all persons 
19 to 64 years of age who are immunocompromised (e.g., congenital or 
acquired immunodeficiency, HIV infection, chronic renal failure, nephrotic 
syndrome, hematologic malignancies, iatrogenic immunosuppression, general-
ized malignancy, and organ transplantation) or have conditions that predispose 
to pneumococcal infection or that put an individual at particularly high risk 
for complications (e.g., asplenia, cerebrospinal fluid leak or cochlear implant, 
cigarette smoking, asthma, chronic lung disease, heart failure, diabetes, alco-
holism, chronic liver disease, cerebrospinal fluid leak, and cochlear implant).

If patients who meet these criteria have already received the polysaccharide 
vaccine, conjugate vaccine should be administered. Patients who received 
pneumococcal polysaccharide vaccine before age 65 years should receive 
another dose at or after age 65 years, provided at least 5 years have passed 
since the last dose. Multiple revaccinations after age 65 years are not recom-
mended, although some experts recommend repeated doses of the 23-valent 
polysaccharide vaccine at 7- to 10-year intervals for asplenic patients and 
elderly patients. There is no recommendation to administer more than one 
dose of conjugate vaccine to an adult.

 PROGNOSIS
In developed countries, the mortality at 30 days among outpatients with 
pneumonia is less than 2%, but it is about 14% in patients who are hospi-
talized and approaches 40% in patients who require admission to an ICU. 
The pneumonia severity index (see Table 91-4) can help predict mortality in 
patients who require hospital treatment for community-acquired pneumonia. 
In patients with pneumococcal pneumonia, a WBC count of less than 6000/µL 
is associated with greater than 65% mortality. Patients whose pneumonia is 
associated with a parapneumonic effusion have longer hospital lengths of stay 
and about a 2.5-times higher mortality, even after adjusting for other indices  
of severity.14

Patients, especially elderly ones, often recuperate from pneumonia slowly, 
with residual fatigue and weakness persisting for weeks or months. Some 
never return to their pre-pneumonia level of function.15 After recovery from 
bacterial pneumonia that has required hospitalization, mortality is substantially 
increased at 1 year and, at least in the case of pneumococcal pneumonia, is 
still significantly increased 3 to 5 and even ten years later, presumably because 
the pneumonia has served as a marker for inflammatory or other comorbid 
conditions that limit lifespan. There is a good correlation between the severity 
of the pneumonia and the later risk for death.

 ASPIRATION PNEUMONIA

 EPIDEMIOLOGY AND PATHOBIOLOGY
Although microaspiration is a regular occurrence and underlies most cases of 
pneumonia, some patients experience gross aspiration of oropharyngeal con-
tents. In such patients, predisposing social factors include alcoholism, cigarette 
smoking, poor dental hygiene, and homelessness. Predisposing medical condi-
tions include a bedridden state, acute or chronic mental status changes, neu-
romuscular disease, esophageal obstruction, and severe esophageal reflux 
(Chapter 129).16 Aspiration pneumonia may not be infectious if it results 
from damage produced by gastric acid or as a response to gastric contents 
other than bacteria. However, in practice, a distinction between infectious 
and noninfectious aspiration pneumonia cannot be made, and aspiration 
pneumonia is initially treated as if it is due to infection.

 CLINICAL MANIFESTATIONS
Patients with aspiration pneumonia can present acutely because of the aspira-
tion of food or the acute irritant effects of gastric acid. In most cases, however, 
clinical deterioration, decreased oxygenation, fever, dyspnea, purulent sputum, 
and leukocytosis evolve over a number of days. In cases of lung abscess, patients 
state that their sputum has a foul taste and odor. Physical examination gener-
ally reveals malnutrition, findings of chronic comorbid conditions, poor denti-
tion, signs of chronic lung disease, and coarse rhonchi in the lower lobes or 
dependent lung regions.

 DIAGNOSIS
On chest radiography, aspiration pneumonia is most commonly seen as a 
parenchymal bronchopneumonia process in the superior segment of the right 

to 25% of all ICU infections. Hospital-acquired pneumonia and ventilator-
associated pneumonia occurring within the first 2 to 3 hospital days tend to be 
caused by usual community-acquired antibiotic-susceptible bacteria, whereas 
later-onset infections are more frequently caused by hospital flora, including 
multidrug-resistant organisms (Table 91-9). Compared with community-
acquired pneumonia, nursing-home associated pneumonia often is caused 
by the same pathogens but does not show the same seasonal variations.17

 PATHOBIOLOGY
When pneumonia occurs in the first few days after hospitalization, including 
the 2 to 3 days after an elective surgical procedure, the most likely organisms 
include bacteria that normally cause community-acquired pneumonia, such 
as S. pneumoniae and H. influenzae and microaerophilic and anaerobic bacteria 
of the mouth. Thereafter, S. aureus and facultative gram-negative bacilli, (e.g., 
P. aeruginosa, E. coli, Klebsiella pneumoniae, and Acinetobacter species) become 
increasingly more common. Many cases are polymicrobial and include gram-
positive agents such as S. aureus, particularly MRSA strains, especially in patients 
with severe underlying chronic disease. P. aeruginosa, Acinetobacter species, 
Stenotrophomonas maltophilia, and Burkholderia cepacia complex rapidly become 
resistant to multiple classes of antibiotics, so routine local surveillance and 
monitoring are critical to help predict drug susceptibilities.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Hospital-acquired pneumonia, and ventilator-associated pneumonia can present 
with typical signs, such as fever, leukocytosis, and purulent sputum or as 
increased tracheal secretions in an intubated patient. Chest radiographs are 
often difficult to interpret, but they may show new or worsening pulmonary 
infiltrates. A lung ultrasound showing subpleural consolidation or air broncho-
grams may also be helpful in making the diagnosis.18 Hypoxemia is common 
in severe cases and the acute respiratory distress syndrome (Chapter 96) may 
develop.

If microscopic examination of gram-stained sputum or tracheal secretions 
does not show many inflammatory cells with a single organism, quantitative 
cultures of specimens obtained by bronchoscopy, using a protected brush, 
may be needed to determine the causative organism in patients who fail to 
respond to initial therapy. Sterile culture of lower respiratory tract secretions 
in the absence of a new antibiotic in the past 72 hours essentially excludes 
most bacterial pneumonias, although Legionella and viral infection are still 
possible in this situation.

TREATMENT 

pneumonia requires 4 weeks of treatment because of concerns regarding 
endocarditis, either as a cause or as a result of the pneumonia. For documented 
Legionella pneumonia (Chapter 298), the recommendation is 5 to 10 days of 
treatment with azithromycin, 14 days with a fluoroquinolone, or 3 weeks with 
either regimen if the patient is immunocompromised.

Patients may be discharged from the hospital when they are clinically stable, 
have no other medical problems requiring continued hospitalization, and have 
a suitable discharge environment. Reported markers of clinical stability include 
temperature of 37.8° C or lower, heart rate of 100 beats per minute or lower, 
respiratory rate of 24 breaths per minute or lower, systolic blood pressure of 
90 mm Hg or greater, oxygen saturation of 90% or higher, or PO2 of 60 mm Hg 
or higher on room air (for patients not previously dependent on supplemental 
oxygen), and mental status at baseline. Patients are commonly observed in an 
inpatient setting for up to 24 hours after switching from intravenous to oral 
therapy, but there is no evidence to support this practice, and it is not neces-
sary for patients who are otherwise stable.

Infectious Complications
Empyema (Chapter 92), which is the most common infectious complication 

of pneumonia, should be considered in patients who have persisting fever and 
leukocytosis after 4 to 5 days of appropriate antibiotic therapy for pneumonia. 
A repeat chest radiograph and a CT scan are important diagnostic tools. Other 
extrapulmonary infections occur when bacteria are carried by the blood stream 
to bones or joints (especially intervertebral spaces), peritoneal cavity (if peri-
toneal fluid was present when bacteremia occurred), meninges, heart valves, 
or even large muscle groups. Such infections will usually declare themselves 
by causing symptoms, to which the physician must remain attuned in patients 
whose recovery is not a rapid as was expected.

Noninfectious Complications
Myocardial infarction (Chapter 64) and new arrhythmias, especially atrial 

fibrillation (Chapter 58), are each seen in 7 to 10% of patients admitted for 
community-acquired pneumonia, and worsening of heart failure is even more 
frequent.13 These cardiac events are associated with substantial increases in 
morbidity and mortality.

 PREVENTION
Maintaining good general health, smoking cessation, avoidance of excessive 
alcohol ingestion, and control of blood sugar in diabetic patients are good 
general measures to reduce the risk for bacterial pneumonia. Vaccination 
against influenza (Chapters 15 and 340) reduces the risk not only of influenza 
but also of all causes of pneumonia because influenza infection predisposes 
to secondary bacterial pulmonary infection. Two currently available pneu-
mococcal vaccines specifically reduce the risk for pneumococcal pneumonia 
(Chapter 15): a polysaccharide vaccine that contains capsular polysaccharide 
from 23 different pneumococcal serotypes (marketed in the United States as 
Pneumovax 23 or Pnu-Imune), and a pneumococcal conjugate vaccine, in 
which capsular polysaccharides are conjugated to an immunogenic protein 
(originally marketed in the United States as Prevnar7 and now as Prevnar13). 
Each vaccine has been shown to have about 75% efficacy in reducing the risk of 
pneumococcal pneumonia. A9  Unlike polysaccharide vaccine, conjugate vaccine 
also eliminates detectable nasopharyngeal carriage of pneumococci and, as a 
result, the spread of pneumococci to unvaccinated individuals. Pneumococ-
cal infection caused by strains contained in the 7-valent vaccine has fallen in 
children by 95% and in adults by 85% since widespread vaccination of children 
has taken place. This same decline has already begun to be observed for strains 
contained in the 13-valent vaccine. These observations suggest that benefit 

 PROGNOSIS
Unless an empyema has developed, the prognosis for aspiration pneumonia 
or lung abscess is largely determined by the comorbid conditions that led to 
its occurrence rather than a failure of the pneumonia or abscess to respond.

 HOSPITAL-ACQUIRED PNEUMONIA, 
VENTILATOR-ASSOCIATED PNEUMONIA, AND 
HEALTH CARE–ASSOCIATED PNEUMONIA

 EPIDEMIOLOGY
Hospital-acquired pneumonia, ventilator-associated pneumonia, and health 
care–associated pneumonia comprise the second most common nosocomial 
infections (Chapter 266) in the United States. Hospital-acquired pneumonia, 
which increases costs and the length of hospital stay, is responsible for up 

TREATMENT 
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to 25% of all ICU infections. Hospital-acquired pneumonia and ventilator-
associated pneumonia occurring within the first 2 to 3 hospital days tend to be 
caused by usual community-acquired antibiotic-susceptible bacteria, whereas 
later-onset infections are more frequently caused by hospital flora, including 
multidrug-resistant organisms (Table 91-9). Compared with community-
acquired pneumonia, nursing-home associated pneumonia often is caused 
by the same pathogens but does not show the same seasonal variations.17

 PATHOBIOLOGY
When pneumonia occurs in the first few days after hospitalization, including 
the 2 to 3 days after an elective surgical procedure, the most likely organisms 
include bacteria that normally cause community-acquired pneumonia, such 
as S. pneumoniae and H. influenzae and microaerophilic and anaerobic bacteria 
of the mouth. Thereafter, S. aureus and facultative gram-negative bacilli, (e.g., 
P. aeruginosa, E. coli, Klebsiella pneumoniae, and Acinetobacter species) become 
increasingly more common. Many cases are polymicrobial and include gram-
positive agents such as S. aureus, particularly MRSA strains, especially in patients 
with severe underlying chronic disease. P. aeruginosa, Acinetobacter species, 
Stenotrophomonas maltophilia, and Burkholderia cepacia complex rapidly become 
resistant to multiple classes of antibiotics, so routine local surveillance and 
monitoring are critical to help predict drug susceptibilities.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Hospital-acquired pneumonia, and ventilator-associated pneumonia can present 
with typical signs, such as fever, leukocytosis, and purulent sputum or as 
increased tracheal secretions in an intubated patient. Chest radiographs are 
often difficult to interpret, but they may show new or worsening pulmonary 
infiltrates. A lung ultrasound showing subpleural consolidation or air broncho-
grams may also be helpful in making the diagnosis.18 Hypoxemia is common 
in severe cases and the acute respiratory distress syndrome (Chapter 96) may 
develop.

If microscopic examination of gram-stained sputum or tracheal secretions 
does not show many inflammatory cells with a single organism, quantitative 
cultures of specimens obtained by bronchoscopy, using a protected brush, 
may be needed to determine the causative organism in patients who fail to 
respond to initial therapy. Sterile culture of lower respiratory tract secretions 
in the absence of a new antibiotic in the past 72 hours essentially excludes 
most bacterial pneumonias, although Legionella and viral infection are still 
possible in this situation.

lower lobe and the posterior segment of the upper lobes, but aspiration can 
involve any part of the lung except the apices, depending on the patient’s 
position during aspiration. The finding of a thick-walled abscess (Chapter 84) 
with a fluid level provides strong confirmatory evidence.

Microbiology
Because oropharyngeal secretions contain large numbers of aerobic and anaero-
bic bacteria, aspiration pneumonia is usually a polymicrobial infection. The 
diagnosis of aspiration pneumonia can be made by examination of gram-stained 
sputum that shows many WBCs, few or no epithelial cells, and profuse numbers 
of mixed bacteria. Because the usual causative organisms are bacteria of the 
nasopharynx, cultures of sputum are not often helpful (the usual report com-
ments on normal respiratory flora), although they might demonstrate other 
pathogenic bacteria such as S. aureus or a multidrug-resistant gram-negative 
rod. Cultures of resected lung abscess or of transtracheal aspirates in patients 
with lung abscess typically yield expected mouth organisms, including micro-
aerophilic streptococci and staphylococci, Bacteroides species, Fusobacteria, 
and Prevotella species. S. pneumoniae, S. aureus, and H. influenzae may also be 
present. Because the oropharynx of hospitalized patients and residents of 
long-term care facilities is regularly colonized by facultative gram-negative 
bacteria, P. aeruginosa, and S. aureus, these organisms are also likely to be 
implicated in aspiration pneumonia in such individuals. Unless microscopic 
examination of gram-stained sputum shows prominent gram-negative rods 
or gram-positive cocci in clusters, the finding of Enterobacteriaceae or S. aureus 
by culture is likely to indicate contamination.

Patients who are admitted from the community with aspiration pneumonia 
or lung abscess should be treated initially with parenteral ampicillin-sulbactam 
(1.5 to 3 g intravenously every 6 hours) or clindamycin (600 mg intravenously 
every 8 hours) for at least 5 days. Results of cultures might suggest that other 
antibiotics be used as well, but the prominence of microaerophilic and anaerobic 
organisms that will not be identified by routine cultures mandates that one of 
these drugs be continued. When the patient is stable, treatment can be switched 
to oral therapy (e.g., clindamycin 600 mg three times daily or ampicillin-sulbactam 
750 mg three times daily). Aspiration pneumonia is treated for 7 to 10 days 
unless cavitation is present, in which case treatment is continued for several 
weeks or even until the cavity is no longer detectable. In elderly, bedridden 
patients, especially patients in nursing units or hospitals, intravenous piperacillin-
tazobactam (3.375 g intravenously every 6 hours), meropenem (1 g intravenously 
every 8 hours), or imipenem (1 g intravenously every 6 to 8 hours) for at least 
5 days is probably more appropriate initial therapy because of the likelihood 
of gram-negative bacteria, especially multidrug-resistant organisms that may 
produce extended-spectrum β-lactamases or a carbapenemase. If MRSA is 
suspected or is documented by culture, appropriate therapy must be added 
for it, as well (Chapter 272). Therapy can be tailored based on microbiologic 
results, but elderly patients who develop aspiration pneumonia are often unable 
to provide a sputum sample and should remain on the initial antibiotic therapy 
for a full course.

The most common serious complication of anaerobic pneumonia or a lung 
abscess is the development of an empyema. Insertion of one or more chest 
tubes is generally as good as surgical thoracostomy to remove the infected 
material. A10  Unfortunately, patients who develop this complication are often 
unable to undergo an aggressive procedure, thereby creating a major thera-
peutic dilemma. In patients with underlying neurologic disease or malignancy, 
a gastrostomy or jejunostomy feeding tube can be inserted to provide palliative 
nutrition, fluids, and medications.

TREATMENT 

 PROGNOSIS
Unless an empyema has developed, the prognosis for aspiration pneumonia 
or lung abscess is largely determined by the comorbid conditions that led to 
its occurrence rather than a failure of the pneumonia or abscess to respond.

 HOSPITAL-ACQUIRED PNEUMONIA, 
VENTILATOR-ASSOCIATED PNEUMONIA, AND 
HEALTH CARE–ASSOCIATED PNEUMONIA

 EPIDEMIOLOGY
Hospital-acquired pneumonia, ventilator-associated pneumonia, and health 
care–associated pneumonia comprise the second most common nosocomial 
infections (Chapter 266) in the United States. Hospital-acquired pneumonia, 
which increases costs and the length of hospital stay, is responsible for up 

If the patient is unstable, or if there is a high suspicion for hospital-acquired, 
ventilator-associated, or health care–associated pneumonia, prompt empirical 
antibiotic therapy (see Table 91-9) is required because delays in antimicrobial 
therapy increase mortality. For early-onset disease in the first 3 to 4 days of 
hospitalization or following an invasive pulmonary procedure, treatment should 
follow guidelines for community-acquired pneumonia. After that time, hospital-
acquired flora should be regarded as potentially causative. While awaiting the 
results of studies to determine an etiology, the initial choice of antibiotics should 
be guided by knowledge of the antibiotic susceptibility of commonly isolated 
organisms in the facility in question.19

Because such prediction can be very difficult, multiagent regimens are rec-
ommended, but this recommendation emphasizes the importance of obtain-
ing good culture specimens so that therapy can later be narrowed. Options 
include an antipseudomonal cephalosporin such as ceftazidime or cefepime, 
an anti pseudomonal carbapenem (meropenem or imipenem), or a β-lactam/β-
lactamase inhibitor agent such as piperacillin-tazobactam; in addition, either an 
anti pseudomonal fluoroquinolone (ciprofloxacin) or an aminoglycoside such 
as amikacin, gentamicin, or tobramycin can be considered. Newer agents such 
as ceftazidime/avibactam, plazomicin, and others may be needed in hospital 
settings where more highly resistant gram-negative bacilli are common. If Legio-
nella is strongly suspected, the fluoroquinolone should suffice; otherwise a 
macrolide such as azithromycin should be added. Finally, either vancomycin 
or linezolid should be added for treatment of MRSA unless the presence of 
this organism can be excluded.

If the patient improves over the first 48 to 72 hours, strong consideration 
should be given to de-escalating antibiotic therapy based on culture results. If 
lower respiratory cultures remain negative but the patient has not improved, 
an extrapulmonary site of infection should be considered, and additional radio-
graphic studies or cultures may be helpful. In most cases, anitmicrobial therapy 
should be limited to 7 days; therapy may be shorter or longer depending upon 
the certainty of the etiologic diagnosis and the clinical response.

TREATMENT 



TABLE 91-9 EMPIRICAL ANTIBIOTIC TREATMENT OF HOSPITAL-ACQUIRED PNEUMONIA, VENTILATOR-ASSOCIATED 
PNEUMONIA, AND HEALTH CARE–ASSOCIATED PNEUMONIA

GROUP A: PATIENTS WITH EITHER HOSPITAL-ACQUIRED PNEUMONIA OR VENTILATOR-ASSOCIATED PNEUMONIA, WITHOUT RISK FACTORS FOR 
MULTIDRUG-RESISTANT PATHOGENS, AND WITH EARLY-ONSET PNEUMONIA

POTENTIAL PATHOGENS RECOMMENDED THERAPY
Streptococcus pneumoniae
Haemophilus influenzae
Methicillin-sensitive Staphylococcus aureus
Antibiotic-sensitive enteric gram-negative bacilli
Escherichia coli
Klebsiella pneumoniae
Enterobacter species
Proteus species
Serratia marcescens

Ceftriaxone, 1-2 g IV/IM every 12-24 hr, maximum of 2 g/day*
Or
Levofloxacin, 750 mg IV every day, or ciprofloxacin, 400 mg IV every 8 hr, or moxifloxacin, 400 mg IV or orally 

every 24 hr*
Or
Ampicillin-sulbactam, 1.5-3 g (1-2 g ampicillin and 0.5-1 g sulbactam) IV/IM every 6 hr, maximum of 4 g 

sulbactam/day, depending on type and severity of infection*
Or
Ertapenem, 1 g IV/IM once a day*

GROUP B: PATIENTS WITH HOSPITAL-ACQUIRED PNEUMONIA, VENTILATOR-ASSOCIATED PNEUMONIA, OR HEALTH CARE–ASSOCIATED  
PNEUMONIA AND WITH LATE-ONSET PNEUMONIA OR WITH RISK FACTORS FOR MULTIDRUG-RESISTANT PATHOGENS

ORGANISMS THERAPY
S. pneumoniae
H. influenzae
Methicillin-sensitive S. aureus
Antibiotic-sensitive enteric gram-negative bacilli
E. coli
K. pneumoniae
Enterobacter species
Proteus species
S. marcescens
Multidrug-resistant pathogens
Pseudomonas aeruginosa
K. pneumoniae (extended spectrum β-lactamase producing)
Acinetobacter species
Methicillin-resistant S. aureus
Legionella pneumophila

Antipseudomonal cephalosporin (ceftazidime, 2 g IV every 8 hr, or cefepime, 1-2 g every 8-12 hr)*
Or
Antipseudomonal carbapenems (meropenem, 1 g every 8 hr, or imipenem, 500 mg every 6 hr or 1 g every 8 hr)*
Or
β-Lactam/β-lactamase inhibitor (piperacillin-tazobactam, 4.5 g IV every 6 hr)*
Or
Antipseudomonal fluoroquinolone (levofloxacin, 750 mg IV every day, or ciprofloxacin, 400 mg IV every 8 hr).* 

This choice is increasingly limited by antibiotic resistance.
plus
Vancomycin (15 mg/kg IV every 12 hr, with monitoring to maintain trough at 10-15 µg/mL and duration 

dependent on clinical response and individualized) or linezolid (600 mg IV every 12 hr)*

Data from American Thoracic Society. Guidelines modified from Kalil AC, Metersky ML, Klompas M, et al. Executive summary: management of adults with hospital-acquired and ventilator-associated 
pneumonia: 2016 clinical practice guidelines by the Infectious Diseases Society of America and the American Thoracic Society. Clin Infect Dis. 2016;63:575-582.
*The duration is dependent on the clinical response and should be individualized.
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4. Which of the following contributes to a need for intensive unit care admis-
sion in a patient who is hospitalized for bacterial pneumonia?
 A. Confusion
 B. Serum creatinine elevated to twice baseline
 C. Pao2 = 90 mm Hg
 D. White blood cell count < 6000 with >15% band forms
 E. All of the above

Answer: E Confusion, a rising serum creatinine, and a falling O2 saturation 
indicate severe disease. In a patient with a bacteremia pneumonia, a low WBC 
count with increased band forms is an ominous sign that is associated with a 
65% mortality in pneumococcal infections.

5. Which of the following conditions is not associated with an increased 
incidence or severity of community-acquired pneumonia?
 A. Poorly controlled hypertension
 B. Diabetes mellitus
 C. Renal insufficiency
 D. Cirrhosis of the liver
 E. Multiple myeloma

Answer: A In multiple myeloma, the inability to produce normal immuno-
globulins to new antigenic stimuli greatly increases the risk for pneumonia. 
The well-documented increased incidence of pneumonia in patients who have 
diabetes mellitus, renal insufficiency, and cirrhosis of the liver is multifactorial, 
with poor leukocyte function (migration, ingestion, and bacterial killing) as 
well as poor antibody responses contributing. In contrast, there is no associa-
tion between hypertension and pneumonia.

REVIEW QUESTIONS

1. Regarding etiology of community-acquired pneumonia, which is the most 
common finding?
 A. Haemophilus influenzae
 B. Streptococcus pneumoniae
 C. A gram-negative bacillus
 D. A respiratory virus
 E. No etiology can be determined

Answer: E No etiology of community-acquired pneumonia can be identified 
in over 50% of cases despite intensive prospective investigation using all avail-
able modern technology.

2. For which of the following groups is pneumococcal polysaccharide vaccine 
not routinely recommended?
 A. Otherwise healthy adults aged 50 to 65 years
 B. Adults aged 19 to 65 years who have immunocompromising conditions
 C. Cigarette smokers
 D. Adults with asthma
 E. Alcoholics, especially if liver disease is present

Answer: A The incidence of pneumococcal pneumonia is highest in persons 
younger than 2 years of age or older than 65 years of age. Thus, pneumococcal 
polysaccharide vaccine is not recommended for otherwise healthy adults aged 
50 to 65 years. This vaccine is, however, recommended for persons who have 
immunocompromising conditions or lung disease (such as chronic obstructive 
pulmonary disease or asthma) and for persons who are cigarette smokers and 
heavy consumers of alcohol.

3. Which of the following is the least likely to be found as a cause for a syn-
drome consistent with community-acquired pneumonia?
 A. Pulmonary edema
 B. Pulmonary fibrosis
 C. Lung cancer
 D. Nocardia infection
 E. Influenza virus infection

Answer: D Pulmonary edema, pulmonary fibrosis, and lung cancer, although 
not infectious in origin, are frequent causes of a new pulmonary infiltrate, 
cough, and sputum production, sometimes accompanied by fever. In well-
documented large case series, these symptoms and signs are only slightly more 
common in patients with bacterial pneumonia than in noninfectious conditions 
such as pulmonary edema, pulmonary fibrosis, or lung cancer. Whereas influ-
enza virus is a major cause of hospitalization for pneumonia (often with sec-
ondary bacterial infection), Nocardia is an infrequent cause.
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92 
DISEASES OF THE DIAPHRAGM, CHEST 
WALL, PLEURA, AND MEDIASTINUM
F. DENNIS MCCOOL

 DIAPHRAGM
The diaphragm is the major muscle of ventilation. It is a dome-shaped structure 
that separates the thorax from the abdomen. It consists of a central tendon 
and a muscular component that inserts into the rib cage laterally along the 
inner surface of the lower six ribs, anteromedially along the costal cartilages, 
and posteriorly along the upper three lumbar vertebral bodies. The diaphragm 
is innervated by the phrenic nerve, which originates from cervical nerve roots 
3 through 5.

 Diaphragmatic Weakness and Paralysis
 EPIDEMIOLOGY AND PATHOBIOLOGY

When activated, the diaphragm contracts and descends caudally. The down-
ward descent of the diaphragm expands the anterior abdominal wall and lower 
rib cage, lowers pleural pressure, and thereby promotes lung inflation. It is 
the major muscle of inspiration, and its action accounts for approximately 
70% of the inspired tidal volume in the normal individual. Diaphragm func-
tion can be impaired by disorders that affect the brain (Chapter 371), spinal 
cord, and peripheral nerves (Chapter 392), neuromuscular junction (Chapter 
394), and muscle itself (Chapter 393). The incidence and prevalence of dia-
phragmatic paralysis and weakness are unknown.

 CLINICAL MANIFESTATIONS
Diaphragmatic weakness or paralysis can involve either one or both hemidia-
phragms.1 With unilateral diaphragmatic paralysis, patients are generally 
asymptomatic at rest but may have dyspnea with exertion or when supine, 
especially with comorbid conditions such as obesity. If they are asymptomatic, 
the abnormality may be discovered as an incidental finding of an elevated 
hemidiaphragm on chest radiography.

Bilateral diaphragmatic paralysis is less common than unilateral paraly-
sis. The disability with bilateral paralysis is more dramatic than with uni-
lateral paralysis, and orthopnea is an especially prominent symptom. 
Other symptoms include dyspnea with exertion or when bending and 
lifting objects. These individuals also are at an increased risk of hypoven-
tilation during sleep, especially during rapid eye movement (REM) sleep. 
Occasionally patients may present with symptoms related to nocturnal 
hypoventilation, including frequent nocturnal awakenings, nocturia, vivid 
nightmares, night sweats, daytime hypersomnolence, depression, and morning  
headaches.

The physical examination is remarkable for use of accessory muscles of 
inspiration and paradoxical inward motion of the abdominal wall during inspi-
ration, particularly in patients with bilateral diaphragmatic paralysis. This 
finding is especially noticeable when these individuals are supine. Chest wall 
percussion during inspiration and expiration can detect the absence of dia-
phragmatic movement.

 DIAGNOSIS
Disorders that can cause unilateral diaphragmatic weakness or paralysis (Table 
92-1) include traumatic phrenic nerve injury, neuropathies such as neural-
gic amyotrophy (Chapter 392), herpes zoster (Chapter 351), cervical spinal 
disease (Chapter 372), compressive tumors, and phrenic nerve injury related 
to cardiac or thoracic surgery or prolonged mechanical ventilation. Neuralgic 
amyotrophy has been linked to the SEPT9 gene and may occasionally be an 
extrahepatic manifestation of hepatitis E (Chapter 140). Diagnosis of dia-
phragmatic dysfunction is often suggested by elevation of a hemidiaphragm 
on a chest radiograph (Fig. 92-1). The diagnosis of unilateral paralysis can 
be confirmed by performing a “sniff test” using fluoroscopy or ultrasound, 
in which paradoxical (cephalad) movement of the hemidiaphragmatic dome 
occurs during a sniff maneuver.

Bilateral diaphragmatic paralysis is more difficult to diagnose than unilateral 
paralysis. Chest radiography typically shows elevation of both hemidiaphragms. 
This finding may be interpreted as a “poor inspiratory effort” or “low lung 
volumes.” Routine pulmonary function testing (Chapter 79) is nonspecific; 
it typically demonstrates moderate to severe restriction, with both the vital 
capacity and total lung capacity reduced to 30 to 60% of predicted. A more 
specific test for diaphragmatic paralysis is the measurement of supine vital 
capacity. A decline of 20% or greater when supine is consistent with diaphrag-
matic paralysis. Maximal static inspiratory pressure measured at the airway 
opening (Pimax) also is reduced to 20 to 30% of predicted in individuals with 
bilateral diaphragmatic paralysis.

The diagnosis of unilateral or bilateral diaphragmatic paralysis can be con-
firmed using ultrasound. Absence of diaphragmatic thickening during inspiration 
indicates paralysis. A more invasive test is the measurement of transdiaphrag-
matic pressure (the pressure difference between the thoracic and abdominal 
cavity), which requires the patient to swallow a balloon for manometry. With 
diaphragmatic paralysis, there is no increase in transdiaphragmatic pressure 
during inspiration. Diaphragm electromyography and phrenic nerve conduction 
studies may be useful to distinguish neuropathy or myopathy. If the diagnosis 
of bilateral diaphragmatic paralysis is confirmed, the patient should be evalu-
ated for nocturnal hypoventilation (Chapter 377). Computed tomography 
(CT) of the chest may be needed to exclude a mediastinal mass, and magnetic 

TREATMENT AND PROGNOSIS 

 Miscellaneous Diaphragmatic Disorders
Diaphragmatic eventration results from localized atrophy of the diaphragm 
muscle or from part of the diaphragm being replaced with fibroelastic tissue. 
Eventration most often results in an elevation of the right anteromedial portion 
of the diaphragm. Metastatic tumors to the diaphragm usually are related to 
direct extension of lung cancer. Primary tumors of the diaphragm are very 
rare. Lipomas are the most common benign tumor, and fibrosarcomas are the 
most common malignant neoplasm.
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ABSTRACT
Diseases affecting the diaphragm and chest wall can produce severe restrictive 
respiratory disease that results in hypoventilation, dyspnea, impaired cough, 
and increased risk of respiratory complications. A broad array of diseases can 
involve the pleura and cause pleural effusions, which can be classified as tran-
sudates (protein-poor effusions) or exudates (protein-rich effusions). Large 
effusions can impair breathing, and malignant effusions are typically associated 
with a poor prognosis. Mediastinal masses in the anterior, middle, or posterior 
mediastinum may affect breathing by compressing airways or cause pleural 
effusions by blocking lymphatic drainage. Treatment options including non-
invasive positive pressure ventilation for diseases involving the diaphragm or 
chest wall, management of recurrent pleural effusions and malignant effusions, 
procedures directed toward correcting chest wall abnormalities, and manage-
ment of mediastinal masses.
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 Diaphragmatic Weakness and Paralysis
 EPIDEMIOLOGY AND PATHOBIOLOGY

When activated, the diaphragm contracts and descends caudally. The down-
ward descent of the diaphragm expands the anterior abdominal wall and lower 
rib cage, lowers pleural pressure, and thereby promotes lung inflation. It is 
the major muscle of inspiration, and its action accounts for approximately 
70% of the inspired tidal volume in the normal individual. Diaphragm func-
tion can be impaired by disorders that affect the brain (Chapter 371), spinal 
cord, and peripheral nerves (Chapter 392), neuromuscular junction (Chapter 
394), and muscle itself (Chapter 393). The incidence and prevalence of dia-
phragmatic paralysis and weakness are unknown.

 CLINICAL MANIFESTATIONS
Diaphragmatic weakness or paralysis can involve either one or both hemidia-
phragms.1 With unilateral diaphragmatic paralysis, patients are generally 
asymptomatic at rest but may have dyspnea with exertion or when supine, 
especially with comorbid conditions such as obesity. If they are asymptomatic, 
the abnormality may be discovered as an incidental finding of an elevated 
hemidiaphragm on chest radiography.

Bilateral diaphragmatic paralysis is less common than unilateral paraly-
sis. The disability with bilateral paralysis is more dramatic than with uni-
lateral paralysis, and orthopnea is an especially prominent symptom. 
Other symptoms include dyspnea with exertion or when bending and 
lifting objects. These individuals also are at an increased risk of hypoven-
tilation during sleep, especially during rapid eye movement (REM) sleep. 
Occasionally patients may present with symptoms related to nocturnal 
hypoventilation, including frequent nocturnal awakenings, nocturia, vivid 
nightmares, night sweats, daytime hypersomnolence, depression, and morning  
headaches.

The physical examination is remarkable for use of accessory muscles of 
inspiration and paradoxical inward motion of the abdominal wall during inspi-
ration, particularly in patients with bilateral diaphragmatic paralysis. This 
finding is especially noticeable when these individuals are supine. Chest wall 
percussion during inspiration and expiration can detect the absence of dia-
phragmatic movement.

 DIAGNOSIS
Disorders that can cause unilateral diaphragmatic weakness or paralysis (Table 
92-1) include traumatic phrenic nerve injury, neuropathies such as neural-
gic amyotrophy (Chapter 392), herpes zoster (Chapter 351), cervical spinal 
disease (Chapter 372), compressive tumors, and phrenic nerve injury related 
to cardiac or thoracic surgery or prolonged mechanical ventilation. Neuralgic 
amyotrophy has been linked to the SEPT9 gene and may occasionally be an 
extrahepatic manifestation of hepatitis E (Chapter 140). Diagnosis of dia-
phragmatic dysfunction is often suggested by elevation of a hemidiaphragm 
on a chest radiograph (Fig. 92-1). The diagnosis of unilateral paralysis can 
be confirmed by performing a “sniff test” using fluoroscopy or ultrasound, 
in which paradoxical (cephalad) movement of the hemidiaphragmatic dome 
occurs during a sniff maneuver.

Bilateral diaphragmatic paralysis is more difficult to diagnose than unilateral 
paralysis. Chest radiography typically shows elevation of both hemidiaphragms. 
This finding may be interpreted as a “poor inspiratory effort” or “low lung 
volumes.” Routine pulmonary function testing (Chapter 79) is nonspecific; 
it typically demonstrates moderate to severe restriction, with both the vital 
capacity and total lung capacity reduced to 30 to 60% of predicted. A more 
specific test for diaphragmatic paralysis is the measurement of supine vital 
capacity. A decline of 20% or greater when supine is consistent with diaphrag-
matic paralysis. Maximal static inspiratory pressure measured at the airway 
opening (Pimax) also is reduced to 20 to 30% of predicted in individuals with 
bilateral diaphragmatic paralysis.

The diagnosis of unilateral or bilateral diaphragmatic paralysis can be con-
firmed using ultrasound. Absence of diaphragmatic thickening during inspiration 
indicates paralysis. A more invasive test is the measurement of transdiaphrag-
matic pressure (the pressure difference between the thoracic and abdominal 
cavity), which requires the patient to swallow a balloon for manometry. With 
diaphragmatic paralysis, there is no increase in transdiaphragmatic pressure 
during inspiration. Diaphragm electromyography and phrenic nerve conduction 
studies may be useful to distinguish neuropathy or myopathy. If the diagnosis 
of bilateral diaphragmatic paralysis is confirmed, the patient should be evalu-
ated for nocturnal hypoventilation (Chapter 377). Computed tomography 
(CT) of the chest may be needed to exclude a mediastinal mass, and magnetic 

Bilateral diaphragmatic paralysis may not be reversible unless the underlying 
cause is treatable. For example, myopathies (Chapter 393) related to metabolic 
disturbances may be improved by correcting electrolyte imbalances or replac-
ing thyroid hormone. Toxic or metabolic disturbances related to diabetes, alcohol, 
or viral infections may resolve with treatment of the underlying disease. Idio-
pathic diaphragmatic paralysis or paralysis due to neuralgic amyotrophy may 
spontaneously improve or resolve completely in approximately 60% of indi-
viduals, but recovery can take 18 months to 3 years. Phrenic nerve damage 
related to cardiac surgery usually resolves spontaneously but may persist if the 
phrenic nerve is transected. For a high spinal cord injury, in which the phrenic 
nerve roots remain intact (injury above C3), phrenic nerve pacing can provide 
ventilation.

Noninvasive positive-pressure ventilation (NPPV) is the preferred method 
of treatment for patients with diaphragmatic paralysis because it can improve 
both symptoms and physiologic derangements related to nocturnal hypoven-
tilation (E-Table 92-1 and Chapter 377). NPPV also may reverse the brain’s adap-
tation to high levels of CO2 by “resetting” chemoreceptors in the medulla toward 
normal. When patients with unilateral paralysis have severe symptoms, surgical 
plication of the paralyzed hemidiaphragm may improve vital capacity, but this 
intervention has no role in bilateral diaphragmatic paralysis.

TREATMENT AND PROGNOSIS 

TABLE 92-1 CAUSES OF DIAPHRAGMATIC WEAKNESS  
AND PARALYSIS

TRAUMA

Cardiac surgery with cold cardioplegia
Blunt trauma
Spinal cord injury
Cervical manipulation
Scalene and brachial nerve block
TUMOR COMPRESSION

Lung cancer
Metastatic mediastinal tumor
METABOLIC

Diabetes
Vitamin deficiency (B6, B12, folate)
Hypothyroidism
Acid maltase deficiency
INFLAMMATORY NEURITIS

Neuralgic amyotrophy (Parsonage-Turner)
Mononeuritis multiplex
Vasculitis
Paraneoplastic
MUSCULAR DYSTROPHIES

Limb-girdle
Duchenne and Becker
MISCELLANEOUS

Amyloidosis
Malnutrition
Radiation injury
Cervical spondylosis
Poliomyelitis
Amyotrophic lateral sclerosis
IDIOPATHIC

resonance imaging (MRI) of the neck may be necessary to evaluate the spinal 
cord and nerve roots (E-Fig. 92-1).

 Miscellaneous Diaphragmatic Disorders
Diaphragmatic eventration results from localized atrophy of the diaphragm 
muscle or from part of the diaphragm being replaced with fibroelastic tissue. 
Eventration most often results in an elevation of the right anteromedial portion 
of the diaphragm. Metastatic tumors to the diaphragm usually are related to 
direct extension of lung cancer. Primary tumors of the diaphragm are very 
rare. Lipomas are the most common benign tumor, and fibrosarcomas are the 
most common malignant neoplasm.



CHAPTER 92 Diseases of the Diaphragm, Chest Wall, pleura, anD meDiastinum 603.e1

E-FIGURE 92-1. Magnetic resonance imaging of the neck in the same patient as in 
Figure 92-1. there is a hypervascular mass at the apex of the right axilla and right supra-
clavicular fossa that was a schwannoma. the right phrenic nerve was involved, resulting 
in right hemidiaphragm paralysis. 

E-TABLE 92-1 THERAPEUTIC BENEFITS OF NONINVASIVE 
MECHANICAL VENTILATION IN PATIENTS 
WITH CHEST WALL AND NEUROMUSCULAR 
DISORDERS*

GAS EXCHANGE INDICES

Pao2 Increase
Paco2 Decrease
Bicarbonate Decrease
RESPIRATORY MECHANICS

MIP, MEP No change or slight increase
HEMODYNAMIC PARAMETERS

PAP Decrease
VENTILATORY CONTROL

Hypercapnic ventilatory response Increase
SLEEP

Epworth sleepiness score Decrease
OTHER PARAMETERS

Quality of life Improvement
Survival Increase
*Efficacy data derived from mostly nonrandomized, noncontrolled studies.
MEP = maximal expiratory pressure; MIP = maximal inspiratory pressure; PAP = pulmonary artery 
pressure.
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deformities. The degree of spinal deformity should be calculated based on 
the angle of spinal curvature (the Cobb angle) from radiographs (E-Fig. 92-2). 
Angles more than 100 degrees are severe and are usually associated with respi-
ratory symptoms such as dyspnea.

Kyphoscoliosis produces a restrictive respiratory impairment, with total 
lung capacity and vital capacity reduced to as low as 30% of predicted values 
as the degree of spinal angulation increases. The patient’s age, degree of spinal 
rotation, presence of respiratory muscle weakness, and involvement of the 
thoracic vertebrae are all factors that promote the restrictive process.

 CHEST WALL
The chest wall is a key component of the “inspiratory pump” and allows for 
maintenance of normal alveolar ventilation. It consists of the bony structures 
of the rib cage, the articulations between the ribs and the vertebrae, the dia-
phragm, intercostal muscles, and abdomen. Disorders that affect any of the 
components of the chest wall can impair breathing.

 Kyphoscoliosis
 EPIDEMIOLOGY AND PATHOBIOLOGY

Kyphoscoliosis is a common spinal disorder that affects approximately 1 in 
1000 individuals, about 1 in 10,000 of whom has a severe spinal deformity. 
Deformities include excessive spinal curvature in the coronal (scoliosis) and 
sagittal (kyphosis) planes as well as rotation of the spinal axis. The most common 
form is idiopathic, but kyphoscoliosis also can be caused by congenital vertebral 
malformations or be secondary to neuromuscular disorders (Chapter 394).

A familial predilection may be related to the chromatin-remodeling gene 
family (CHD7). Kyphoscoliosis typically becomes more prominent in late 
childhood or early adolescence, with a female to male ratio of 4 : 1.

 CLINICAL MANIFESTATIONS
Kyphoscoliosis may be classified as mild, moderate, or severe based on the 
angle of spinal deformity. In younger individuals with milder spinal deformi-
ties, the physical findings may be subtle. Individuals with mild to moderate 
kyphoscoliosis may have complaints of back pain and have psychosocial prob-
lems related to the spinal deformity. Adolescents with mild idiopathic kypho-
scoliosis usually have normal exercise capacity, whereas those with moderate 
idiopathic kyphoscoliosis have reduced exercise capacity with additional exercise 
limitations owing to deconditioning. With severe deformities, patients may 
experience dyspnea with minimal exertion or at rest.

Typical findings of severe kyphoscoliosis are the dorsal hump, which is due 
to the angulated ribs and shoulder asymmetry and the presence of tilted hips. 
With severe kyphoscoliosis, signs of right heart failure (Chapter 52) may be 
present.

 DIAGNOSIS
Severe kyphoscoliosis can be readily diagnosed on physical examination, 
whereas mild or moderate degrees of kyphoscoliosis may only be noted on 
chest radiographs. The Adams forward bend test, in which the examiner observes 
for thoracic or lumbar region asymmetry while the patient bends forward at 
the waist until the spine becomes parallel to the floor, can help detect minor 

A B

FIGURE 92-1. patient with paralysis of the right hemidiaphragm as seen on the posteroanterior radiograph of the chest (a) and lateral radiograph of the chest (B). 

 DIAGNOSIS
Bedside inspection looking for paradoxical motion of the flail segment is key 
to the diagnosis. Gentle palpation of the rib cage and abdomen may reveal 
the characteristic paradoxical movement of the flail segment. Chest radiographs 
will confirm the presence of multiple rib fractures, but a three-dimensional 
reconstruction of a thoracic CT can provide better visualization of thoracic 
injuries, including lung contusion. The diagnosis may be less apparent in a 
sedated mechanically ventilated patient, in whom paradoxical motion of a 
segment of the rib cage may not occur because the positive alveolar and pleural 
pressures act as a “pneumatic splint” and allow for uniform inflation of the 
chest wall.

 TREATMENT
Nonsurgical management of flail chest consists of adequate analgesia, clear-
ance of bronchial secretions, and mechanical ventilatory assistance if needed. 
Pain relief (Chapter 27), which is crucial for averting atelectasis and achieving 
an effective cough, can be accomplished by oral medications (Table 27-4), 
patient-controlled analgesic pumps, intercostal nerve blocks, or epidural 

respiratory failure. Factors associated with progression of the spinal deformity 
include inspiratory muscle weakness, a large spinal curvature at the time of 
presentation, skeletal immaturity, and a thoracic location of the curve apex. 
For a given degree of spinal deformity, individuals with inspiratory muscle 
weakness and kyphoscoliosis are more prone to develop respiratory failure 
than those with kyphoscoliosis and normal inspiratory muscle strength. Treat-
ment with NPPV improves prognosis compared to treatment with oxygen  
alone.

In secondary kyphoscoliosis, early age of onset, rapid curve progression 
during growth, progression of scoliosis after skeletal maturity, large curves at 
the time of presentation, and a thoracic rather than a thoracolumbar or lumbar 
location of the curve apex are risk factors for respiratory complications. When 
cor pulmonale develops (Chapter 52), the prognosis is poor, and death may 
occur within 1 year without therapy.

 Pectus Excavatum
 EPIDEMIOLOGY AND PATHOBIOLOGY

Pectus excavatum (funnel chest) is a common congenital chest wall defor-
mity that occurs in approximately 0.5 to 2% of the population. It is char-
acterized by excessive depression of the sternum and its adjacent costal 
cartilages. It affects males more than females (4 : 1), and a family history is  
common.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Cosmetic concerns are the usual reason for seeking medical attention. 
Pectus excavatum typically produces minimal respiratory impairment, and 
it is occasionally associated with mild reductions in vital capacity and total 
lung capacity. Individuals with the most severe pectus deformities may 
exhibit a mild reduction in maximal exercise capacity. On physical exami-
nation, sternal depression is readily apparent. Rib cage excursion is normal 
during inspiration. A mild degree of scoliosis may be present in 40 to 60% of  
individuals.

Pectus excavatum is readily diagnosed by inspecting the rib cage. On the 
chest radiograph, the anteroposterior diameter is reduced (Fig. 92-2A and 
2B). The severity of the deformity is best assessed with a chest CT. A transverse-
to-anteroposterior diameter ratio greater than 3.5 signifies a significant pectus 
deformity.

TREATMENT AND PROGNOSIS 

Patients should be encouraged to remain physically active to minimize 
peripheral muscle deconditioning. A1  In addition, general supportive measures 
including immunizations against influenza and pneumococci (Chapter 15), 
smoking cessation (Chapter 29), maintenance of a normal body weight (Chapter 
207), and treatment of respiratory infections in a timely fashion should be 
instituted. Patients with severe kyphoscoliosis and Cobb angles of more than 
100 degrees should be monitored closely for respiratory complications and 
nocturnal hypoventilation.

Because sleep-related abnormalities and their effects on cardiorespiratory 
function are potentially treatable, individuals with kyphoscoliosis should be 
evaluated for nocturnal hypoventilation (Chapter 377), which typically precedes 
findings of daytime hypercapnia and hypoxemia. Indications for instituting 
NPPV include symptoms of nocturnal hypoventilation or signs of cor pulmonale 
(Chapter 52), with either an elevated daytime PaCO2 (≥45 mm Hg) or nocturnal 
oxygen saturation of 88% or less for 5 consecutive minutes while breathing 
ambient air. Supplemental oxygen is needed if hypoxemia persists despite 
correction of hypoventilation. NPPV can reduce the number and duration of 
hospitalizations and improve gas exchange, daytime blood gases, quality of 
life, and survival (see E-Table 92-1).

Surgical and nonsurgical (back-brace) treatments are useful in growing chil-
dren and adolescents with Cobb angles between 25 and 40 degrees, A2  whereas 
surgery has been used for adolescents with a Cobb angle of more than 45 
degrees.2 Although screening radiographs can detect otherwise asymptomatic 
scoliosis, there is no evidence to support screening for scoliosis in adults.3

TREATMENT 

 PROGNOSIS
Individuals with mild kyphoscoliosis have an overall benign course. Patients 
with moderate or severe deformities are at higher risk for developing respira-
tory complications. Cobb angles more than 120 degrees can be associated with 

 Flail Chest
 EPIDEMIOLOGY AND PATHOBIOLOGY

Flail chest occurs following chest trauma (Chapter 103)4 in which there have 
been either double fractures of three or more contiguous ribs or combined 
sternal and rib fractures. The result is an unstable segment of the chest wall, 
which moves paradoxically inward with inspiration and outward with expira-
tion. In adults, flail chest is most commonly a consequence of blunt chest wall 
trauma owing to automobile accidents or falls. Pulmonary contusion may be 
present and contribute to hypoxemia.

 CLINICAL MANIFESTATIONS
The vital capacity may be acutely reduced by 50% or more. Flail-related 
changes in respiratory muscle function can lead to acute respiratory failure 
(E-Fig. 92-3). The causes are an increase in the work of breathing (owing to 
excessive diaphragmatic shortening) in concert with reduced oxygen supply 
to the diaphragm (owing to pulmonary contusion or hypoventilation) and 
impaired cough (owing to pain associated with the rib fractures as well as 
paradoxical motion of the flail segment). Appropriate diagnostic studies should 
be undertaken to determine if the patient has a concomitant pneumothorax  
or hemothorax.
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E-FIGURE 92-2. Schematic drawings of the spine illustrating the lines constructed 
to measure the Cobb angle of scoliosis and kyphosis. the angle can be calculated either 
from the intersection of the lines parallel to the vertebrae (as shown for kyphosis, on the 
right) or from the intersection of lines perpendicular to these lines (as shown for scoliosis, 
on the left). 
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 DIAGNOSIS
Bedside inspection looking for paradoxical motion of the flail segment is key 
to the diagnosis. Gentle palpation of the rib cage and abdomen may reveal 
the characteristic paradoxical movement of the flail segment. Chest radiographs 
will confirm the presence of multiple rib fractures, but a three-dimensional 
reconstruction of a thoracic CT can provide better visualization of thoracic 
injuries, including lung contusion. The diagnosis may be less apparent in a 
sedated mechanically ventilated patient, in whom paradoxical motion of a 
segment of the rib cage may not occur because the positive alveolar and pleural 
pressures act as a “pneumatic splint” and allow for uniform inflation of the 
chest wall.

 TREATMENT
Nonsurgical management of flail chest consists of adequate analgesia, clear-
ance of bronchial secretions, and mechanical ventilatory assistance if needed. 
Pain relief (Chapter 27), which is crucial for averting atelectasis and achieving 
an effective cough, can be accomplished by oral medications (Table 27-4), 
patient-controlled analgesic pumps, intercostal nerve blocks, or epidural 

respiratory failure. Factors associated with progression of the spinal deformity 
include inspiratory muscle weakness, a large spinal curvature at the time of 
presentation, skeletal immaturity, and a thoracic location of the curve apex. 
For a given degree of spinal deformity, individuals with inspiratory muscle 
weakness and kyphoscoliosis are more prone to develop respiratory failure 
than those with kyphoscoliosis and normal inspiratory muscle strength. Treat-
ment with NPPV improves prognosis compared to treatment with oxygen  
alone.

In secondary kyphoscoliosis, early age of onset, rapid curve progression 
during growth, progression of scoliosis after skeletal maturity, large curves at 
the time of presentation, and a thoracic rather than a thoracolumbar or lumbar 
location of the curve apex are risk factors for respiratory complications. When 
cor pulmonale develops (Chapter 52), the prognosis is poor, and death may 
occur within 1 year without therapy.

 Pectus Excavatum
 EPIDEMIOLOGY AND PATHOBIOLOGY

Pectus excavatum (funnel chest) is a common congenital chest wall defor-
mity that occurs in approximately 0.5 to 2% of the population. It is char-
acterized by excessive depression of the sternum and its adjacent costal 
cartilages. It affects males more than females (4 : 1), and a family history is  
common.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Cosmetic concerns are the usual reason for seeking medical attention. 
Pectus excavatum typically produces minimal respiratory impairment, and 
it is occasionally associated with mild reductions in vital capacity and total 
lung capacity. Individuals with the most severe pectus deformities may 
exhibit a mild reduction in maximal exercise capacity. On physical exami-
nation, sternal depression is readily apparent. Rib cage excursion is normal 
during inspiration. A mild degree of scoliosis may be present in 40 to 60% of  
individuals.

Pectus excavatum is readily diagnosed by inspecting the rib cage. On the 
chest radiograph, the anteroposterior diameter is reduced (Fig. 92-2A and 
2B). The severity of the deformity is best assessed with a chest CT. A transverse-
to-anteroposterior diameter ratio greater than 3.5 signifies a significant pectus 
deformity.

A

B

FIGURE 92-2. Pectus excavatum deformity. A, Chest lateral radiograph. the pectus 
excavatum deformity is marked by dorsal displacement of the cardiac structures and a 
narrow ap diameter of the chest measuring less then 8 cm from the posterior cortex of 
the sternal body to the anterior cortex of the lower thoracic vertebrae. B, Chest frontal 
radiograph. the right heart border is obscured, mimicking right middle lobe disease. 
the cardiac silhouette is slightly rotated and shifted into the left hemithorax. (Courtesy 
of paul stark, mD.)

Surgical correction of the deformity is considered for patients with a trans-
verse to anteroposterior rib cage ratio of more than 3.0 to 3.5 in conjunction 
with symptoms of dyspnea or laboratory evidence of cardiac or pulmonary 
restriction. However, there is no convincing evidence that correction of the 
deformity improves either cardiopulmonary function or exercise capacity. Mini-
mally invasive approaches use rods to force the sternum outward gradually. 
The overall prognosis is excellent in individuals who have mild deformities and 
in patients whose more severe deformities have been corrected.

TREATMENT AND PROGNOSIS 

 Flail Chest
 EPIDEMIOLOGY AND PATHOBIOLOGY

Flail chest occurs following chest trauma (Chapter 103)4 in which there have 
been either double fractures of three or more contiguous ribs or combined 
sternal and rib fractures. The result is an unstable segment of the chest wall, 
which moves paradoxically inward with inspiration and outward with expira-
tion. In adults, flail chest is most commonly a consequence of blunt chest wall 
trauma owing to automobile accidents or falls. Pulmonary contusion may be 
present and contribute to hypoxemia.

 CLINICAL MANIFESTATIONS
The vital capacity may be acutely reduced by 50% or more. Flail-related 
changes in respiratory muscle function can lead to acute respiratory failure 
(E-Fig. 92-3). The causes are an increase in the work of breathing (owing to 
excessive diaphragmatic shortening) in concert with reduced oxygen supply 
to the diaphragm (owing to pulmonary contusion or hypoventilation) and 
impaired cough (owing to pain associated with the rib fractures as well as 
paradoxical motion of the flail segment). Appropriate diagnostic studies should 
be undertaken to determine if the patient has a concomitant pneumothorax  
or hemothorax.
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E-FIGURE 92-3. Factors involved in the pathophysiology of respiratory failure in flail 
chest. 
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84) can promote transudates by making pleural pressure more subatmospheric, 
and occasionally, oncotic pressure may be sufficiently reduced to cause tran-
sudates (e.g., with hypoalbuminemia). Changes in pleural membrane perme-
ability can produce high-protein effusions, which are characterized as exudates 
and can be seen in malignancy or inflammatory states such as pneumonia, 
tuberculosis, or rheumatoid arthritis. Tumors can disrupt the integrity of the 
mesothelial layer or the integrity of the capillary epithelium, thereby resulting 
in exudative effusions, or they may block lymphatic drainage either through 
interference with stomal openings into the pleural space or obstruction of 
lymphatic channels. Pleural effusions also may be caused from transdiaphrag-
matic movement of intra-abdominal fluid related to hepatic or pancreatic 
disease.

 CLINICAL MANIFESTATIONS
Patients with pleural effusions may be asymptomatic, experience dyspnea, or 
have pleuritic chest pain that is generally unilateral and sharp. At times, effu-
sions may be sufficiently large to contribute to respiratory failure. Physical 
findings include dullness to percussion in the area of the effusion, along with 
diminished breath sounds and absent tactile fremitus.

 DIAGNOSIS
Chest radiography (Chapter 78) is often the first imaging method used to 
detect an effusion (Fig. 92-3). The volume of fluid in the pleural space needs 
to exceed 250 mL to be visualized on the chest radiograph. When an effusion 
is present, there is blunting of the costophrenic angle on the posteroanterior 
chest radiograph (Fig. 92-3), and a meniscus can be seen posteriorly on the 
lateral chest radiograph (Fig. 92-3B). Fluid may also collect in either the minor 
or major fissures. Occasionally, pleural fluid collections in the major or minor 
fissures may appear as a pulmonary mass and are referred to as pseudotumors. 
Apparent elevation or changes in the contour of the diaphragm on a postero-
anterior chest radiograph may signify a subpulmonic effusion, which does 
not distort the general shape of the diaphragm but will be evident on the 
lateral film. A lateral decubitus chest radiograph can determine whether fluid 

 Obesity
Obesity (Chapter 207) can be accompanied by changes in pulmonary func-
tion or alterations in respiratory control. Obesity characteristically reduces 
functional reserve capacity and expiratory reserve volume. Total lung capacity 
and vital capacity may be normal or only mildly reduced, except in the most 
severe cases. Obesity also can be accompanied by alterations in respiratory 
control, thereby resulting in elevated levels of PaCO2 (Chapter 80).

Dyspnea and exercise intolerance, which are the most frequent respira-
tory complaints of obese individuals, may be related to disordered chest 
wall mechanics, altered respiratory control, or the presence of inflammatory 
mediators, such as those linking obesity to airway hyper-responsiveness. The 
increase in intra-abdominal pressure when supine will further reduce func-
tional residual capacity, impair lung emptying, increase auto positive end-
expiratory pressure, and contribute to orthopnea. The worsening of respiratory 
mechanics in the supine position must be considered when evaluating the 
risk for general anesthesia in obese patients. Weight loss (Chapter 207) is 
the optimal therapy, and it improves lung volumes, respiratory muscle perfor-
mance, gas exchange, dyspnea, and sleep apnea. In individuals with obesity-
hypoventilation syndrome (Chapter 80), NPPV can reverse abnormalities in  
gas exchange.

 PLEURA
The pleura is a thin membrane that covers the inner surfaces of the thoracic 
cavity. It consists of a layer of mesothelial cells supported by a network of 
connective and fibroelastic tissue. The visceral pleura lines the lung, whereas 
the parietal pleura lines the rib cage, diaphragm, and mediastinal structures. 
The closed space between the visceral and parietal pleura is referred to as the 
pleural space. The vascular supply of the parietal pleural surface is from the 
systemic circulation, and it contains sensory nerves and lymphatics. By con-
trast, the visceral pleura is supplied with blood vessels from the pulmonary 
circulation and has no sensory nerves.

 Pleural Effusion
 EPIDEMIOLOGY AND PATHOBIOLOGY

The overall frequency of pleural effusion on a chest radiograph ranges from 
0.3 to 1% but varies widely depending on the underlying disease. Pleural 
effusions can be caused by a vast number of disease processes and are most 
frequently seen in patients with pneumonia (Chapter 91) and heart failure 
(Chapter 52).5

Normally, a small amount of fluid in the pleural space forms a thin layer 
between the visceral and parietal pleural surfaces and acts as a lubricant to 
minimize friction between the chest wall and lung as they move against each 
other during inspiration and expiration. There is continual movement of fluid 
into and out of the pleural space. This flux of fluid depends on the oncotic 
and hydrostatic pressures within the parietal and visceral pleura as well as the 
pressure within the pleural space itself. Hydrostatic pressure in the parietal 
pleura is similar to systemic circulation (30 cm H2O), whereas that of the 
visceral pleura is similar to the pulmonary circulation (10 cm H2O). Accord-
ingly, most fluid in the pleural space is filtered from the higher pressure vascular 
structures in the parietal pleura. Because the pressure within the pleural space 
itself is more subatmospheric at the apex than at the base, most of the fluid 
filters in from the upper lung zones. Fluid is drained out primarily through 
lymphatic stomas on the surface of the parietal pleura. The normal turnover 
of fluid within the pleural space is 10 to 20 mL/day, with only 0.2 to 1 mL 
remaining in the pleural space. Excess fluid can accumulate in the pleural 
space because of decreased removal (owing to obstruction of pleural lymphat-
ics) or increased production (owing to an increase in hydrostatic pressure, a 
decrease in oncotic pressure, decreased pressure in the pleural space, or increased 
pleural membrane permeability; Table 92-2).

An increase in hydrostatic pressure or decrease in oncotic pressure will 
result in a low-protein collection of pleural fluid characterized as transudates 
(Table 92-3). Heart failure (Chapter 52) can produce transudates by increas-
ing hydrostatic pressure in the pulmonary venous system, atelectasis (Chapter 

anesthesia. NPPV delivered by a nasal or face mask to patients who are spon-
taneously breathing improves gas exchange, can stabilize the flail segment, 
and may allow for early mobilization and access to physical therapy. If respira-
tory failure ensues despite NPPV, intubation and positive pressure ventilation 
will stabilize the flail segment and enhance gas exchange. Surgical fixation of 
the flail segment may be needed for patients who are unable to wean from 
mechanical ventilation, patients with significant chest wall deformities, and 
patients who are undergoing thoracotomy for concomitant injuries.

 PROGNOSIS
A flail chest is a marker of increased mortality, both in patients with isolated 
chest wall trauma and in patients with multiple sites of trauma, with an overall 
mortality ranging from 7 to 16%. Patients who have flail chest without a con-
comitant lung contusion may have restrictive impairment that typically resolves, 
with the vital capacity returning to baseline values within 6 months. By contrast, 
patients who have both flail chest and a concomitant lung contusion often 
have impairment of pulmonary function that may persist for up to 4 years 
after injury. If concomitant lung contusion and flail chest are present, the 
mortality rate increases further and may be as high as 70%, in part due to the 
coexistence of other injuries.

 Ankylosing Spondylitis
 EPIDEMIOLOGY AND PATHOBIOLOGY

Ankylosing spondylitis (Chapter 249) is a chronic progressive inflammatory 
disease that involves the ligamentous structures of the spine, sacroiliac, and 
large peripheral joints. It affects men more than women, with the most common 
age of onset between 15 and 25 years. There is a genetic predisposition, with 
the HLA-B27 antigen present in 95% of whites with ankylosing spondylitis. 
Chronic inflammation of the spine and peripheral joints may cause fibrosis 
and ossification of structures adjacent to the spine. Fusion of the costovertebral 
and sternoclavicular joints produces relative fixation of the rib cage in an 
inspiratory position. This limited motion may produce mild restrictive respira-
tory impairment with the degree of restriction proportional to disease duration 
and activity, as well as to the degree of spinal and rib cage immobility. Con-
comitant kyphosis, which may occur in advanced disease or be secondary to 
osteoporosis, will further impair respiratory function. Because the rib cage is 
less distensible, the diaphragm shortens to a greater degree for a given tidal 
volume, thereby increasing the work performed by the diaphragm. Intercostal 
muscle atrophy secondary to decreased rib cage mobility may cause inspira-
tory muscle weakness.

Fibrobullous upper lobe disease, which is one of the extra-articular mani-
festations of ankylosing spondylitis (Chapter 249), occurs in roughly 1 to 4% 
of patients. The cause of this apical disease is unknown, but its presence may 
impair gas exchange. Occasionally, individuals with ankylosing spondylitis 
develop nonapical interstitial lung disease (Chapter 86). When these com-
plications occur, lung compliance, which otherwise is usually normal despite 
a pronounced reduction in rib cage mobility, may be reduced.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Ankylosing spondylitis is diagnosed when there is a history of low back pain 
and stiffness for more than 3 months, limited chest wall expansion (<2.5 cm 
at the fourth intercostal space), limited lumbar spine motion in the sagittal 
and frontal planes, and radiographic evidence of sacroiliitis. Radiographic 
findings include calcifications and ossifications of the vertebrae and paraver-
tebral tissues. Low back pain and spinal stiffness are the most common pre-
senting symptoms. Dyspnea may be present as the disease progresses and 
chest wall expansion becomes more restricted. Physical examination may reveal 
loss of lateral flexion of the lumbar spine, tenderness over the sacroiliac joints, 
and kyphosis. Respiratory function may be further impaired and kyphosis 
worsened by fractures involving the rigid spine. Endotracheal intubation should 
be performed with caution because hyperextension of a rigid cervical spine 
may lead to fracture because of frequent involvement of the cricoarytenoid 
joint.

Exercise and physiotherapy programs can enhance cardiorespiratory fitness 
and spinal mobility. A3  When ankylosing spondylitis is treated with nonsteroidal 
anti-inflammatory agents and biologic agents, such as tumor necrosis factor 
antagonists (Chapter 33), rib cage expansion can also improve. A high index 
of suspicion for possible reactivation of latent tuberculosis is required for patients 

TREATMENT AND PROGNOSIS 

treated with anti–tumor necrosis factor-α (anti-TNF-α) agents. Corticosteroids 
do not prevent the progression of fibrobullous disease, which can be compli-
cated by major hemoptysis. Thoracic surgery may be indicated for hemoptysis, 
but surgical intervention carries major risk, with 50 to 60% of patients develop-
ing bronchopleural fistulas. Ankylosing spondylitis rarely leads to pulmonary 
disability unless individuals develop fibrobullous disease.
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84) can promote transudates by making pleural pressure more subatmospheric, 
and occasionally, oncotic pressure may be sufficiently reduced to cause tran-
sudates (e.g., with hypoalbuminemia). Changes in pleural membrane perme-
ability can produce high-protein effusions, which are characterized as exudates 
and can be seen in malignancy or inflammatory states such as pneumonia, 
tuberculosis, or rheumatoid arthritis. Tumors can disrupt the integrity of the 
mesothelial layer or the integrity of the capillary epithelium, thereby resulting 
in exudative effusions, or they may block lymphatic drainage either through 
interference with stomal openings into the pleural space or obstruction of 
lymphatic channels. Pleural effusions also may be caused from transdiaphrag-
matic movement of intra-abdominal fluid related to hepatic or pancreatic 
disease.

 CLINICAL MANIFESTATIONS
Patients with pleural effusions may be asymptomatic, experience dyspnea, or 
have pleuritic chest pain that is generally unilateral and sharp. At times, effu-
sions may be sufficiently large to contribute to respiratory failure. Physical 
findings include dullness to percussion in the area of the effusion, along with 
diminished breath sounds and absent tactile fremitus.

 DIAGNOSIS
Chest radiography (Chapter 78) is often the first imaging method used to 
detect an effusion (Fig. 92-3). The volume of fluid in the pleural space needs 
to exceed 250 mL to be visualized on the chest radiograph. When an effusion 
is present, there is blunting of the costophrenic angle on the posteroanterior 
chest radiograph (Fig. 92-3), and a meniscus can be seen posteriorly on the 
lateral chest radiograph (Fig. 92-3B). Fluid may also collect in either the minor 
or major fissures. Occasionally, pleural fluid collections in the major or minor 
fissures may appear as a pulmonary mass and are referred to as pseudotumors. 
Apparent elevation or changes in the contour of the diaphragm on a postero-
anterior chest radiograph may signify a subpulmonic effusion, which does 
not distort the general shape of the diaphragm but will be evident on the 
lateral film. A lateral decubitus chest radiograph can determine whether fluid 

TABLE 92-2 MECHANISMS PROMOTING PLEURAL  
FLUID ACCUMULATION

MICROVASCULAR CIRCULATION

Increased hydrostatic pressure (heart failure)
Decreased oncotic pressure (severe hypoalbuminemia)
Increased permeability (pneumonia)
PLEURAL SPACE

Decreased pressure (lung collapse)
LYMPHATICS

Impaired lymphatic drainage (malignant effusion)
DIAPHRAGM

Movement of fluid from the peritoneal space (hepatic hydrothorax)

TABLE 92-3 CONDITIONS THAT CAUSE PLEURAL EFFUSION
TRANSUDATES

Heart failure
Nephrotic syndrome
Hepatic hydrothorax
Superior vena cava syndrome
Peritoneal dialysis
Atelectasis
Urinothorax
EXUDATES

Parapneumonic effusions
 Simple
 Complicated
 Empyema
Infections
 Tuberculosis
 Fungal
 Parasites
 Nocardia
Esophageal rupture
Malignancy
 Carcinoma
 Lymphoma
 Mesothelioma
 Metastatic disease
INFLAMMATORY DISORDERS

Connective tissue disease
 Rheumatoid arthritis
 Systemic lupus erythematosus
 Churg-Strauss syndrome (now termed eosinophilic granulomatosis with polyangiitis)
 Wegener granulomatosis (now termed granulomatosis with polyangiitis)
 Familial Mediterranean fever
Abdominal disease
 Subdiaphragmatic abscess (hepatic, splenic)
 Pancreatitis, pancreatic pseudocyst
 Postoperative
Iatrogenic
 Drug induced
 Misplacement of enteral feeding tube
 Esophageal endoscopic interventions
Miscellaneous
 Asbestos exposure
 Atelectasis
 Cholesterol effusion
 Chylothorax
 Dressler syndrome
 Meigs syndrome
 Pulmonary embolus
 Radiation
 Sarcoidosis
 Trapped lung
 Uremia
 Yellow nail syndrome

A B

FIGURE 92-3. Patient with bilateral pleural effusions as seen on the posteroanterior radiograph of the chest (A) and lateral radiograph of the chest (B). 
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Transudates
Effusions that accumulate owing to changes in osmotic and hydrostatic forces 
usually form transudates. Transudative effusions are most commonly due to 
heart failure, in which the effusions are often bilateral or, if unilateral, prefer-
entially involve the right hemithorax. Effusions caused by heart failure are 
usually related to elevated left and right heart pressures (Chapter 52), although 
right heart failure alone (such as seen in advanced pulmonary arterial hyper-
tension) may rarely cause an effusion. Transudates may also be seen in cirrhosis 
(Chapter 144), nephrotic syndrome (Chapter 113), myxedema (Chapter 213), 
pulmonary embolism (Chapter 74), superior vena caval obstruction, and 
peritoneal dialysis (Chapter 122). With cirrhosis, ascites may cross from the 
peritoneum into the pleural space through small defects in the diaphragm 
(hepatic hydrothorax; see Table 92-3). Unusual causes of transudates include 
peritoneal dialysis and atelectasis. Although malignancy typically causes an 
exudate, it can occasionally produce a transudate. Urinothorax,8 which is a 
rare cause of transudate, results from obstruction of the urinary system. Occa-
sionally, aggressive diuresis for heart failure may elevate the pleural fluid protein 
level sufficiently for the effusion to be classified as an exudate; in such cases, 
an N-terminal pro brain natriuretic peptide (BNP) level should be greater 
than 1500 pg/mL.

Exudates
Exudative effusions, which occur because of an alteration in vascular perme-
ability and/or pleural fluid resorption, can be seen in inflammatory states, 
infection, or neoplasm. Pleural fluid analysis helps distinguish among the causes 
of pleural exudates (Table 92-5). In some cases, however, definitive diagnosis 
may require the procurement of pleural tissue via a CT-guided needle biopsy 
or a video-assisted thoracoscopic pleural biopsy.

Parapneumonic Effusions
Parapneumonic effusions, which are the most common type of exudative 
pleural effusion, occur in up to 40% of patients with pneumonia, typically in 
patients with bacterial pneumonia (Chapter 91). In an uncomplicated para-
pneumonic effusion, the pH is generally greater than 7.3, the glucose content 
greater than 60 mg/dL, and the pleural fluid LDH less than 1000 IU/L. 
Uncomplicated parapneumonic effusions are usually free flowing, do not 

FIGURE 92-4. Chest computed tomography showing pleural effusion in the same 
patient as in Figure 92-3. 

Pleural effusion

Diaphragm

Consolidation

FIGURE 92-5. A right-sided pleural effusion as seen on ultrasound. the ultrasound 
can be performed at the bedside to aid in needle placement for thoracentesis. 

TABLE 92-4 PLEURAL FLUID CHARACTERISTICS  
OF EXUDATES

LIGHT CRITERIA

Protein >0.5 pleural fluid/serum value
LDH >0.6 pleural fluid/serum value
LDH >2

3  upper limit of normal serum value
LDH = lactate dehydrogenase.

is free flowing or loculated. Chest CT can detect much smaller amounts of 
pleural fluid and determine if an effusion is loculated. It also can identify 
pleural and parenchymal abnormalities that may be causing the effusion, dif-
ferentiate between atelectatic lung and fluid, and distinguish a loculated effusion 
from lung abscess (Fig. 92-4). Ultrasound can detect as little as 5 to 10 mL 
of fluid and is usually used to guide needle placement when performing a 
thoracentesis (Fig. 92-5).6 Positron emission tomography (PET) CT dem-
onstrating pleura uptake of fluorodeoxyglucose is suggestive of pleural 
malignancy.

The tests needed to diagnose the cause of the effusion require a relatively 
small amount of fluid (30 to 50 mL). Larger volumes of fluid (1 to 1.5 L) can 
be removed in an attempt to alleviate symptoms. Removing volumes greater 
than 1.5 L may result in re-expansion pulmonary edema. Relative contrain-
dications to a diagnostic thoracentesis include a bleeding diathesis, a very 
small volume of pleural fluid, and a low benefit-to-risk ratio.

The fluid can be classified as either a transudate or exudate (Table 92-4).7 
Pleural fluid is an exudate if one of the following criteria is met: the pleural 
fluid–to–serum protein ratio is greater than 0.5, the pleural fluid–to–serum 
lactate dehydrogenase (LDH) ratio is greater than 0.6, or the pleural fluid 
LDH level is greater than two thirds the normal serum LDH level. When all 
three criteria are met, the sensitivity, specificity, and positive predictive value 
exceed 98% for defining an exudative effusion. An exudate also can be defined 
if the pleural fluid cholesterol level is greater than 45 mg/dL in conjunction 
with a pleural fluid protein level greater than 2.9 g/dL and LDH level greater 
than 0.45 the upper limit of normal.

TABLE 92-5 CORRELATION OF THE CHARACTERISTICS OF 
PLEURAL EXUDATES WITH SPECIFIC DISEASE

TEST DISEASE
pH < 7.2 Empyema, malignancy, esophageal rupture; 

rheumatoid, lupus, and tuberculous pleuritis
Glucose (<60 mg/dL) Infection, rheumatoid pleurisy, tuberculous 

and lupus effusions, esophageal rupture
Amylase (>200 µg/dL) Pancreatic disease, esophageal rupture, 

malignancy, ruptured ectopic pregnancy
RF, ANA, LE cells Collagen vascular disease
↓ Complement SLE, RA
RBCs (>5000/µL) Trauma, malignancy, pulmonary embolus
Chylous effusion (triglycerides > 

110 mg/dL)
Tuberculosis, disruption of thoracic duct 

(trauma, malignancy)
Cytology or biopsy (+) Malignancy
ADA (>50 µg/L) Tuberculosis
ADA = adenosine deaminase; ANA = antinuclear antibody; RA = rheumatoid arthritis; RBC = red 
blood cell; RF, rheumatoid factor; SLE = systemic lupus erythematosus.
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patients with systemic lupus erythematosus (Chapter 250) and may be char-
acterized by the presence of lupus erythematosus cells, low levels of comple-
ment (C3 and C4), and a pleural fluid antinuclear antibody titer greater than 
1 : 160. Granulomatosis with polyangiitis (Chapter 254), Sjögren syndrome 
(Chapter 252), and sarcoidosis (Chapter 89) are less common causes of pleural 
effusions.

Pancreatitis
Patients with pancreatitis or pancreatic pseudocysts (Chapter 135) may develop 
exudative pleural effusions that often involve the left hemithorax. A pleural 
fluid amylase concentration that is greater than the upper limit of normal for 
serum amylase is consistent with the diagnosis. Extremely high amylase levels 
have been reported in effusions due to pancreaticopleural fistulas. Amylase 
also may be seen in the pleural fluid with an esophageal rupture or malignancy. 
Pancreatic disease is associated with pancreatic isoenzyme amylase, whereas 
malignancy and esophageal rupture are characterized by a predominance of 
salivary amylase isoenzymes.

Chylothorax
A chylothorax has a milky-white appearance and is characterized by high levels 
of triglycerides (>110 mg/dL) and chylomicrons. A chylothorax is caused by 
leakage of lymph from the thoracic duct into the pleural space, most com-
monly related to mediastinal malignancy but also occurring after trauma to 
the thoracic duct. Major complications from a chylothorax are malnutrition 
and immunologic compromise when fat, protein, and lymphocytes are depleted 
by repeated thoracentesis or chest tube drainage. Chylous effusions must be 
distinguished from pseudochylous effusions, which have a white appearance 
but are devoid of chylomicrons, and are indicative of a chronic long-standing 
effusion.

Hemothorax
A hemothorax has a pleural fluid hematocrit that is at least half that of the 
circulating hematocrit. By contrast, a bloody pleural effusion will appear 
red but have a lower hematocrit. A bloody effusion often suggests a malig-
nant process. Other causes include trauma, pulmonary infarction (Chapter 
74), tuberculosis (Chapter 308), collagen vascular disease (Chapters 248 
and 250), and hematologic disorders. Generally, blood removed from the 
pleural space does not clot, whereas blood due to the trauma of the thora-
centesis itself will clot when collected. Because blood in the pleural space 
does not clot, it can be removed by lymphatics if the volume is small. Larger 
hemothoraces that impair ventilatory function may require chest tube  
drainage.

Asbestos Exposure
Pleural effusion may occur after exposure to asbestos. The effusion is often 
small, unilateral, and serosanguineous, and it generally contains less than 
6000 cells/mL. The effusion tends to resolve within a year, resulting in pleural 
plaques that may calcify over time. Malignant mesothelioma should be excluded 
in these individuals.

Other Causes of Pleural Exudates
Meigs syndrome is the triad of ovarian tumor (Chapter 189), ascites, and 
pleural effusion. The effusion, which is usually large and on the right side, is 
formed when fluid moves from the abdomen to the pleural space through 
diaphragmatic defects. Meigs syndrome usually occurs in postmenopausal 
women and resolves following removal of the tumor.

Dressler syndrome may occur from 3 to 30 days after open heart surgery 
or myocardial infarction. The patient usually experiences pleuritic pain and 
has a small to moderate left-sided effusion. Treatment is as for the accompany-
ing pericardial effusion (Chapter 68).

Uremia (Chapter 121), which can cause a polyserositis with effusion, must 
be distinguished from the transudate that commonly is seen in the nephrotic 
syndrome (Chapter 113). Subdiaphragmatic processes, such as hepatic or 
splenic abscesses (Chapter 142), may cause effusions. Trapped lung occurs 
when a lobe or segment is unable to re-expand owing to a restrictive visceral 
pleural peel or an endobronchial mass. Increased negative intrapleural pres-
sures associated with trapped lung promote the formation of an effusion. A 
number of drugs, including amiodarone, bleomycin, dantrolene, hydralazine, 
isoniazid, methotrexate, methysergide, mitomycin, procainamide, and pro-
carbazine, can cause pleural effusions. Treatment consists of discontinuing 
the offending agent, although treatment with oral corticosteroids may be 
needed (Chapter 239).

require drainage, and will respond to the same antibiotic therapy as the pneu-
monia itself. However, uncomplicated effusions can transition rapidly to com-
plicated effusions, sometimes within 24 hours. Complicated effusions, which 
are characterized by a pH less than 7.2 and which often have a glucose content 
less than 60 mg/dL, generally will not respond to antibiotic therapy alone 
but require drainage to prevent formation of an empyema, cutaneous fistulas, 
bronchopleural fistulas, or a thick pleural peel (fibrothorax).

Empyema
An empyema is present when frank pus is aspirated from the pleural space or 
when the Gram stain of the fluid is positive for bacteria or when bacteria are 
cultured from the fluid. Patients with empyema often complain of pleuritic 
chest pain and have refractory fevers several days or more into the course of 
their pneumonia. Immunocompromised patients may develop empyema sooner 
and more rapidly. Pneumonia due to Streptococcus pneumoniae (Chapter 273) 
or Staphylococcus aureus (Chapter 272) infection can cause empyema. Patients 
who aspirate are at high risk for empyema caused by anaerobic organisms, 
and patients with tuberculosis (Chapter 308) can develop a tuberculous 
empyema. Methicillin-resistant staphylococci, Klebsiella species pneumonia, 
and Pseudomonas species infections may cause an empyema that is difficult 
to treat. Uncommon infectious causes of effusions include Actinomyces species 
(Chapter 313), Nocardia species (Chapter 314), amebiasis (Chapter 331), 
Echinococcus species (Chapter 333), and paragonimiasis (Chapter 334).

Tuberculous Effusions
Tuberculosis (Chapter 308) can cause pleural effusion in up to 30% of patients 
who reside in locations endemic for tuberculosis. The pleural effusion typically 
is not due to direct mycobacterial infection but rather to increased vascular 
permeability of the pleural membrane because of a hypersensitivity reaction 
to mycobacterial proteins. The pleural fluid is generally lymphocyte predomi-
nant and culture negative for acid-fast bacilli. Adenosine deaminase levels 
greater than 50 U/L may be helpful in identifying tuberculous pleural effu-
sions, especially when the effusion is lymphocytic. A tuberculous empyema, 
which is distinct from a tuberculous effusion, is characterized by direct exten-
sion of the infection from thoracic lymph nodes or hematogenous spread of 
tuberculosis into the pleural space.

Malignancy
Malignant effusions, which may account for up to 35% of exudative pleural 
effusions,9 may be due to seeding of the parietal or visceral pleura with malig-
nant cells that change vascular permeability and/or impede resorption. Tumor 
cells also may amplify the production of mediators that promote leakage of 
fluid into the pleural space. Rarely, a malignant effusion may be transudative. 
Lung cancer (Chapter 182) is the most frequent cause of malignant pleural 
effusion, and other malignancies that can involve the pleural space include 
breast cancer (Chapter 188), ovarian cancer (Chapter 189), gastric cancer 
(Chapter 183), and lymphoma (Chapters 176 and 177). When malignancy 
involves the pleural space, the prognosis is poor. However, the finding of a 
pleural effusion in an individual with underlying malignancy does not neces-
sarily imply that there is a metastatic malignant process involving the pleural 
space, because effusions in patients with underlying malignancy also may be 
due to atelectasis, postobstructive pneumonia, hypoalbuminemia, pulmonary 
emboli (Chapter 74), lymphatic obstruction, and complications from radia-
tion (Chapter 17) or chemotherapy. For this reason, it is critical to obtain 
a sample of pleural fluid in these individuals. The diagnosis of malignant 
pleural effusion is established by demonstrating malignant cells in the pleural 
fluid. Approximately 60% of malignant pleural effusions can be diagnosed 
with one thoracentesis, and the yield increases to 80% with repeat thora-
centeses. A chest CT may show a pleural mass, and pleural biopsy, obtained 
either by medical or surgical thoracoscopy (Chapter 93), may be helpful in  
difficult cases.

Systemic Inflammatory Disorders
Effusions may be seen in as many as 15% of patients with rheumatoid arthritis 
(Chapter 248), with a male preponderance. Effusions typically appear after 
the onset of disease but may precede joint disease. Rheumatoid factor in the 
pleural fluid is often greater than 1 : 320, and pleural fluid glucose is low 
(<60 mg/dL, or the pleural fluid–to–serum glucose ratio is <0.5). Other causes 
of low pleural fluid glucose levels include complicated parapneumonic effu-
sions or empyema, malignant effusions, tuberculous pleurisy, lupus pleuritis, 
and esophageal rupture, with the lowest concentrations typically seen in rheu-
matoid arthritis and empyema. Pleural effusions can be seen in 15 to 50% of 
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 Pneumothorax
Pneumothorax refers to the accumulation of air in the pleural space between 
the parietal pleura lining the rib cage and visceral pleura lining the lung (see 
Fig. 78-15). Normally, the pressure within the pleural space is slightly subat-
mospheric, but more than a very small amount of air within the pleural space 
causes positive pressure that compresses the underlying lung. A primary spon-
taneous pneumothorax occurs with no precipitating event in a person without 
underlying lung disease, whereas a secondary pneumothorax is a complication 
of underlying lung disease or trauma.16

 EPIDEMIOLOGY AND PATHOBIOLOGY
Spontaneous primary pneumothorax is more common in tall, young, thin 
men, presumably as a result of rupture of preexisting apical blebs. It is associ-
ated with Marfan syndrome (Chapter 244) and Birt-Hogg-Dube syndrome. 
Secondary pneumothorax may be associated with a number of lung diseases 
including emphysema (Chapter 82), cystic fibrosis (Chapter 83), granulo-
matous inflammation, necrotizing pneumonia, pulmonary fibrosis (Chapter 
86), eosinophilic granulomatous disease (Chapter 161), sarcoidosis (Chapter 
89), necrotizing pneumonia, and lung cancer (Chapter 182). Patients with 
underlying lung disease undergoing mechanical ventilation (Chapter 97) 
may acutely develop a pneumothorax when high local pressures disrupt lung 
tissue, thereby leading to a leak. Blunt or penetrating trauma (Chapter 103) 
can cause pneumothorax. Catamenial pneumothorax occurs in patients who 
have subpleural and diaphragmatic endometriosis (Chapter 223); rupture of 
the endometrial nodules at the time of menstruation causes pneumothorax.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Symptoms typically include acute shortness of breath and sharp chest pain. 
Physical examination is characterized by tachycardia, tachypnea, decreased 
breath sounds, decreased tactile fremitus, a pleural friction rub, subcutaneous 
emphysema, hyper-resonance to percussion, and a tracheal shift toward the 
uninvolved hemithorax.

Diagnosis can be made by obtaining an upright chest radiograph, and rapid 
assessment with point-of-care ultrasound can be used as well. Air within the 
pleural space appears as an area of lucency on the chest radiograph (Fig. 92-7). 
With a small pneumothorax, the lucency is best appreciated at the lung apex 

Treatment should be directed at the underlying cause of the effusion. The 
first step is to identify whether the effusion is malignant or nonmalignant. 
Nonmalignant effusions may be treated with thoracentesis if the patient is 
symptomatic. If the fluid reaccumulates, repeat thoracentesis may be needed. 
For a refractory effusion, options such as chemical pleurodesis with talc or 
placement of an indwelling catheter can be considered if the underlying lung 
is not expandable (trapped lung).

Empyemas and complicated parapneumonic effusions require prompt  
drainage by tube thoracostomy in concert with appropriate antibiotic  
therapy. A4  The combination of intrapleural t-PA (10 mg) and DNase (5 mg) therapy 
can improve chest tube drainage in patients with pleural infections. A5  If chest 
tube drainage is unsuccessful, video-assisted thoracic surgery (Chapter 93) is 
preferred, with intrapleural streptokinase reserved for patients who are poor 
candidates for the procedure. Occasionally, empyema requires thoracotomy 
and decortication.

Treatment options for malignant pleural effusion include observation and 
treatment of the underlying malignancy.10 Malignant effusions with a tendency 
to respond to generalized chemotherapy include those related to breast cancer 
(Chapter 188), small cell carcinoma of the lung (Chapter 182), and lymphomas 
(Chapters 176 and 177) with obstruction of lymphatic drainage of the pleural 
space.The other options are chemical pleurodesis with talc or tetracycline 
derivatives A6  and placement of an indwelling pleural catheter. These two options 
are equivalent initial options for relieving patient-reported dyspnea, with 
catheter-based treatment shortening hospital length-of-stay A7  but also produc-
ing more adverse effects. A complete response occurs in perhaps 50% of patients, 
but a low pleural fluid pH (<7.2) portends a poorer response to chemical 
pleurodesis. For patients with recurrent malignant effusions, the tunneled place-
ment of an indwelling pleural catheter can permit outpatient talc administration 
to increase the likelihood of successful resolution of the effusion, A8  intermittent 
drainage to relieve symptoms, and daily drainage via an indwelling catheter 
is more effective than every other day drainage. A9  The value of injecting intra-
pleural urokinase to facilitate treatment of a non-draining malignant pleural 
effusion is uncertain.11

Anti-inflammatory agents and corticosteroids are needed for inflammatory 
effusions (Chapters 248 and 250). Treatment of chylous effusions may involve 
chest tube drainage, although fat malnutrition may ensue. Attempts to decrease 
chyle formation can be accomplished by intravenous hyperalimentation, 
decreased oral fat intake, and the intake of medium- and light-chain fatty acids, 
which are absorbed directly into the portal circulation. Ligation of the thoracic 
duct should be considered for traumatic chylous effusions. Thoracic duct embo-
lization has been performed successfully for nontraumatic chylous effusion.

TREATMENT AND PROGNOSIS 

FIGURE 92-6. Computed tomographic angiogram of the chest in a patient with meso-
thelioma. there is diffuse thickening of the pleura and pericardium on the right with a 
rind-like appearance. 

In highly selected patients with localized disease and no comorbid illnesses, 
surgical resection or radical extrapleural pneumonectomy may be attempted, 
although the benefits are uncertain.12 Radiation therapy can provide symptom 
palliation and has been used following attempts at curative surgery. Even with 
the addition of chemotherapy,13 the prognosis is poor, with a median survival 
of only 8 to 12 months.14 Preliminary results suggest a gain of 4 to 5 months 
of life expectancy using nintedanib (200 mg twice daily), an inhibitor of pul-
monary fibrosis (Chapter 86).15 Palliative therapy includes pleurodesis with talc 
or pleurectomy. Benign mesotheliomas should be surgically resected.

TREATMENT AND PROGNOSIS 

 Mesothelioma
 EPIDEMIOLOGY AND PATHOBIOLOGY

Malignant mesotheliomas arise from the serosal membrane of body cavities 
and usually originate in the pleural space. Patients are typically male, older 
than age 60 years, and have a distant past history (30 to 40 years) of air- or 
water-borne exposure to asbestos. Smoking is not a risk factor for developing 
mesothelioma, but smoking in concert with asbestos exposure increases the risk 
for lung cancer. Mesothelioma is rare, with approximately 3000 cases annually 
in the United States. The annual incidence in the United States peaked in the 
early 1990s at 1.5 cases per 100,000 and has been decreasing since owing to 
better control of occupational exposure. However, the incidence may still be 
increasing in other countries that have fewer occupational regulations.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with mesothelioma may complain of dyspnea, loss of appetite, night 
sweats, weight loss, and chest pain. CT findings of malignant mesothelioma 
may include localized or circumferential pleural thickening, various amounts 
of calcified pleural plaque, a pleural based mass, and varying degrees of pleural 
effusion (Fig. 92-6). The diaphragm or the lung parenchyma also may be 
involved. The pleural fluid level of hyaluronic acid may be elevated, but pleural 
fluid cytology frequently is insufficient for diagnosis; as a result, a CT-guided 
video-assisted thoracoscopic biopsy is commonly needed. A PET-CT can 
assess mediastinal nodes for staging purposes. Pleural fluid biomarkers such 
as fibulin-3 and soluble mesothelin-related peptides may help detect meso-
thelioma at an earlier stage and distinguish it from other malignancies involving 
the pleura.

A fraction of mesotheliomas are benign. Benign mesotheliomas are usually 
large and often pedunculated at the time of diagnosis.

mediastinal structures or to systemic effects. Symptoms include chest pain, 
cough, hoarseness, stridor, dysphasia, dyspnea, fever, and night sweats. One 
third of patients with a mediastinal thymoma have symptoms or weakness 
owing to myasthenia gravis (Chapter 394), and individuals with mediastinal 
lymphoma (Chapters 176 and 177) may have systemic symptoms such as 
fever, night sweats, and weight loss. Occasionally, a mass may compress the 
superior vena cava, causing partial obstruction and resulting in facial edema 
and dilated neck and chest veins (Fig. 92-8).

 DIAGNOSIS
When a mass is identified by chest radiography or chest CT, further evaluation 
is mandatory. If a benign process is suspected, follow-up CT may be indicated. 
If a malignant process is suspected, radiologic evaluation may include angi-
ography, positron emission tomography, or MRI. A technetium scan may be 
useful if a goiter is suspected. Biopsies can be obtained by mediastinotomy, 
ultrasound-guided transbronchial needle aspiration biopsy, or transthoracic 
CT-guided needle aspiration. Biopsy should be avoided if thymoma is sus-
pected because of potential seeding of tumor cells.

The evaluation and differential diagnosis of mediastinal masses are guided 
by the compartment in which they arise (Table 92-6). The anterior medi-
astinal compartment includes lesions such as thymomas, germ cell tumors 
(teratomas), lymphomas, and intrathoracic thyroid tissue. Thymomas make 
up about 30% of mediastinal neoplasms in adults, in whom they are the most 
common anterior mediastinal primary neoplasm. Patients with systemic lym-
phoma often have involvement of the mediastinum, but only 5 to 10% of 
patients with lymphoma present with primary mediastinal lesions. Teratomas, 
which account for most mediastinal germ cell tumors, are benign but may 
undergo malignant transformation. They may contain squamous cells, hair 
follicles, sweat glands, cartilage, and linear calcifications; about one third are 
malignant. Intrathoracic goiters (Chapter 213) (Fig. 92-9) may compress the 
trachea and cause stridor, cough, dyspnea, and, occasionally, superior vena 
cava obstruction. Anterior masses in the right cardiophrenic angle, which are 
rare and may be associated with pericardial defects or obesity, may be due to 
herniation of liver or intestinal contents through the foramina of Morgagni. 
Lymphadenopathy related to sarcoid, lung cancer, or lymphoma accounts for 
most middle mediastinal masses.

when the patient is upright. An end-expiratory radiograph is particularly helpful 
in diagnosing a small pneumothorax. When a portable chest radiograph is 
obtained with the patient in the supine position, such as a patient in an inten-
sive care unit, the lucent area may be most noticeable over the lower rib cage 
(superior sulcus sign). Ultrasound may be more sensitive than the chest radio-
graph for detecting a small pneumothorax, especially in the intensive care 
unit setting.

A tension pneumothorax is associated with a contralateral mediastinal shift 
and hemodynamic compromise, usually because high intrathoracic pressures 
compress the vena cava and atrium. This physiology implies an ongoing leak 
of air into the pleural space.

 TREATMENT AND PROGNOSIS
If the pneumothorax is small (<3 cm of air between the lung and chest wall 
on the chest radiograph) and the patient is not in distress, observation alone 
may be sufficient. Supplemental oxygen may help the pleural air resorb more 
quickly. If a patient is symptomatic, the pleural air must be evacuated, prefer-
ably by inserting a thoracentesis catheter into the pleural space and evacuating 
the air with a syringe. If the pneumothorax occupies more than 50% of the 
hemithorax or a tension pneumothorax develops, management requires inser-
tion of a thoracostomy tube, suction, and water-seal drainage. A10  If a leak 
continues despite tube thoracostomy, a bronchopleural fistula may be suspected. 
In this instance, chemical pleurodesis or surgical correction, usually by video-
assisted thorascopic surgery, may be necessary (Chapter 93). For recurrent 
pneumothorax, which may occur in up to 50% of patients with primary spon-
taneous pneumothorax, pleurodesis is safe and effective. A11 

 MEDIASTINUM
The mediastinum, which is the central part of the thoracic cavity, lies between 
the right and left lungs. It contains the heart and aorta, esophagus, trachea, 
lymph nodes, thymus, and great vessels. It is bordered by the two pleural 
cavities laterally, the diaphragm inferiorly, and the thoracic inlet superiorly.

 Mediastinal Masses
 PATHOBIOLOGY

The mediastinum can be divided into three compartments: anterior, middle, 
and posterior (E-Fig. 92-4). The anterior compartment contains the thymus, 
substernal extensions of the thyroid, blood vessels, pericardium, and lymph 
nodes. The middle compartment contains the heart, great vessels, trachea, 
main bronchi, lymph nodes, and the phrenic and vagal nerves. The posterior 
compartment contains the vertebrae, descending aorta, esophagus, thoracic 
duct, azygous and hemizygous veins, lower portion of the vagus, sympathetic 
chain, and lymph nodes.

 CLINICAL MANIFESTATIONS
Mediastinal masses usually are not accompanied by symptoms, and most 
masses are incidentally found on either a chest radiograph or a chest CT scan. 
If present, however, symptoms may be related to compression of normal 
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mediastinal structures or to systemic effects. Symptoms include chest pain, 
cough, hoarseness, stridor, dysphasia, dyspnea, fever, and night sweats. One 
third of patients with a mediastinal thymoma have symptoms or weakness 
owing to myasthenia gravis (Chapter 394), and individuals with mediastinal 
lymphoma (Chapters 176 and 177) may have systemic symptoms such as 
fever, night sweats, and weight loss. Occasionally, a mass may compress the 
superior vena cava, causing partial obstruction and resulting in facial edema 
and dilated neck and chest veins (Fig. 92-8).

 DIAGNOSIS
When a mass is identified by chest radiography or chest CT, further evaluation 
is mandatory. If a benign process is suspected, follow-up CT may be indicated. 
If a malignant process is suspected, radiologic evaluation may include angi-
ography, positron emission tomography, or MRI. A technetium scan may be 
useful if a goiter is suspected. Biopsies can be obtained by mediastinotomy, 
ultrasound-guided transbronchial needle aspiration biopsy, or transthoracic 
CT-guided needle aspiration. Biopsy should be avoided if thymoma is sus-
pected because of potential seeding of tumor cells.

The evaluation and differential diagnosis of mediastinal masses are guided 
by the compartment in which they arise (Table 92-6). The anterior medi-
astinal compartment includes lesions such as thymomas, germ cell tumors 
(teratomas), lymphomas, and intrathoracic thyroid tissue. Thymomas make 
up about 30% of mediastinal neoplasms in adults, in whom they are the most 
common anterior mediastinal primary neoplasm. Patients with systemic lym-
phoma often have involvement of the mediastinum, but only 5 to 10% of 
patients with lymphoma present with primary mediastinal lesions. Teratomas, 
which account for most mediastinal germ cell tumors, are benign but may 
undergo malignant transformation. They may contain squamous cells, hair 
follicles, sweat glands, cartilage, and linear calcifications; about one third are 
malignant. Intrathoracic goiters (Chapter 213) (Fig. 92-9) may compress the 
trachea and cause stridor, cough, dyspnea, and, occasionally, superior vena 
cava obstruction. Anterior masses in the right cardiophrenic angle, which are 
rare and may be associated with pericardial defects or obesity, may be due to 
herniation of liver or intestinal contents through the foramina of Morgagni. 
Lymphadenopathy related to sarcoid, lung cancer, or lymphoma accounts for 
most middle mediastinal masses.

when the patient is upright. An end-expiratory radiograph is particularly helpful 
in diagnosing a small pneumothorax. When a portable chest radiograph is 
obtained with the patient in the supine position, such as a patient in an inten-
sive care unit, the lucent area may be most noticeable over the lower rib cage 
(superior sulcus sign). Ultrasound may be more sensitive than the chest radio-
graph for detecting a small pneumothorax, especially in the intensive care 
unit setting.

A tension pneumothorax is associated with a contralateral mediastinal shift 
and hemodynamic compromise, usually because high intrathoracic pressures 
compress the vena cava and atrium. This physiology implies an ongoing leak 
of air into the pleural space.

 TREATMENT AND PROGNOSIS
If the pneumothorax is small (<3 cm of air between the lung and chest wall 
on the chest radiograph) and the patient is not in distress, observation alone 
may be sufficient. Supplemental oxygen may help the pleural air resorb more 
quickly. If a patient is symptomatic, the pleural air must be evacuated, prefer-
ably by inserting a thoracentesis catheter into the pleural space and evacuating 
the air with a syringe. If the pneumothorax occupies more than 50% of the 
hemithorax or a tension pneumothorax develops, management requires inser-
tion of a thoracostomy tube, suction, and water-seal drainage. A10  If a leak 
continues despite tube thoracostomy, a bronchopleural fistula may be suspected. 
In this instance, chemical pleurodesis or surgical correction, usually by video-
assisted thorascopic surgery, may be necessary (Chapter 93). For recurrent 
pneumothorax, which may occur in up to 50% of patients with primary spon-
taneous pneumothorax, pleurodesis is safe and effective. A11 

 MEDIASTINUM
The mediastinum, which is the central part of the thoracic cavity, lies between 
the right and left lungs. It contains the heart and aorta, esophagus, trachea, 
lymph nodes, thymus, and great vessels. It is bordered by the two pleural 
cavities laterally, the diaphragm inferiorly, and the thoracic inlet superiorly.

 Mediastinal Masses
 PATHOBIOLOGY

The mediastinum can be divided into three compartments: anterior, middle, 
and posterior (E-Fig. 92-4). The anterior compartment contains the thymus, 
substernal extensions of the thyroid, blood vessels, pericardium, and lymph 
nodes. The middle compartment contains the heart, great vessels, trachea, 
main bronchi, lymph nodes, and the phrenic and vagal nerves. The posterior 
compartment contains the vertebrae, descending aorta, esophagus, thoracic 
duct, azygous and hemizygous veins, lower portion of the vagus, sympathetic 
chain, and lymph nodes.

 CLINICAL MANIFESTATIONS
Mediastinal masses usually are not accompanied by symptoms, and most 
masses are incidentally found on either a chest radiograph or a chest CT scan. 
If present, however, symptoms may be related to compression of normal 

FIGURE 92-7. A portable anteroposterior chest radiograph demonstrating a right-
sided pneumothorax. note that the right lung has collapsed to less than half the size of 
the right hemithorax. in addition, there is a pneumoperitoneum best seen as a collection 
of air under the right hemidiaphragm. 

FIGURE 92-8. Superior vena cava obstruction in bronchial carcinoma. note the swell-
ing of the face and neck and the development of collateral circulation in the veins of the 
chest wall. 

TABLE 92-6 CAUSES OF MEDIASTINAL MASSES
ANTERIOR MIDDLE POSTERIOR
Teratoma Pericardial cyst Neurogenic tumor
Thymoma Lymph node hyperplasia Esophageal tumor
Thyroid tumor Bronchogenic tumor Bronchogenic tumor
Goiter Bronchogenic cyst Bronchogenic cyst
Aneurysm Aneurysm Aneurysm
Lymphoma Lymphoma Lymphoma
Parathyroid tumor Meningocele
Lipoma Enteric cyst
Morgagni diaphragm hernia Esophageal diverticula

Bochdalek diaphragm 
hernia
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Anterior Posterior

Middle

E-FIGURE 92-4. Depiction of the mediastinal compartments. the anterior compart-
ment is bounded posteriorly by the pericardium, ascending aorta, and brachiocephalic 
vessels and anteriorly by the sternum. the middle compartment extends from the posterior 
limits of the anterior compartment to the posterior pericardial line. the posterior com-
partment extends from the pericardial line to the dorsal chest wall. 
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 Pneumomediastinum
Pneumomediastinum occurs when air infiltrates the mediastinal structures. Air 
leaks owing to alveolar rupture or less commonly esophageal tears will dissect 
into the hilum and mediastinal space because the pressure in the mediastinum 
is more negative than the pulmonary parenchymal pressure. Loss of esophageal 
or tracheal integrity often results from trauma, whereas leaks from alveoli 
may result from trauma, occur spontaneously, or can be a complication of 
mechanical ventilation (Chapter 97). Pneumomediastinum rarely is seen as 
a complication of an exacerbation of asthma (Chapter 81), violent coughing, 
or emesis. Pneumomediastinum may present as a sore throat, neck pain, or 
shortness of breath. A chest radiograph or CT scan will reveal thin columns 
of hyperlucency between mediastinal structures. Mediastinal air can dissect 
into the subcutaneous tissues of the neck and chest wall, where it results in 
subcutaneous emphysema with characteristic palpable crepitus. Spontaneous 
pneumomediastinum generally resolves without treatment. When more severe 
collections of subcutaneous air occur, surgical decompression may be warranted.

Neurogenic tumors are the most common lesions causing posterior medi-
astinal masses. Many of these tumors are benign and originate in the nerve 
sheath or sympathetic ganglion cells (schwannoma or ganglioneuroma). Pos-
terior mediastinal masses also include cysts, meningocele, and lymphoma 
(Chapters 176 and 177). Aortic aneurysm (Chapter 69) and esophageal dis-
orders (Chapter 129) such as diverticula and neoplasm may be seen in the 
middle or posterior mediastinum. Herniation of abdominal contents into the 
thorax can result in posterior mediastinal masses. Herniation of abdominal 
contents through the foramina of Bochdalek results in a mass in the postero-
lateral area of the diaphragm, usually on the left side; it is the most common 
congenital hernia and may contain spleen or kidney. Herniation of the stomach 
through the esophageal hiatus (Chapter 129), which is the most common 
type of diaphragmatic herniation, produces a mass posterior to the heart, 
often with an air-liquid level.

Benign cysts can occur in the anterior, middle, or posterior compartments. 
They can arise in the pericardium, bronchi, thymus, thoracic duct, esopha-
gus, and stomach and can produce compressive symptoms. Pericardial cysts, 
which are often located in the cardiophrenic angle, contain clear liquid. Bron-
chogenic cysts occur in the middle or posterior compartments and are filled 
with liquid and lined with respiratory epithelium; they often develop around 
the paratracheal area or carina and do not communicate with the tracheal  
bronchial tree.

FIGURE 92-9. Chest computed tomography of a patient with an anterior mediastinal 
mass that proved to be a substernal goiter. 

The treatment of a mediastinal mass depends on the underlying pathology. 
Some lesions, such as thymomas, teratomas, cysts, neurogenic tumors, and 
hernias, require surgical resection. Others, such as lymphoma, are treated with 
radiation or chemotherapy.

TREATMENT 
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 Mediastinitis
Acute mediastinal infections are most commonly seen as complications after 
cardiothoracic or other thoracic surgical procedures, such as sternotomy, or 
procedures involving the esophagus or tracheobronchial tree. Rupture of the 
esophagus or trachea from trauma or tissue necrosis can cause mediastinitis. 
Treatment of acute mediastinitis requires antibiotics, pleural drainage, and 
evacuation of necrotic tissue. Fibrosing mediastinitis is a rare, progressive 
illness that may be idiopathic or can be caused by chronic granulomatous 
infection (histoplasmosis), radiotherapy, autoimmune disease, or drugs (such 
as methysergide). Patients with fibrosing mediastinitis remain asymptomatic 
until vascular or neurologic structures are affected. When respiratory structures 
are involved, tracheobronchial narrowing is the most common presentation. 
The diagnosis and treatment often require surgical exploration. The prognosis 
is poor and treatment ineffective unless it is related to tuberculosis (Chapter 
308) or autoimmune disease.
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REVIEW QUESTIONS

1. A 28-year-old male is in an auto accident and suffers trauma to his chest 
wall. He has consecutive fractures of right ribs 5 through 8. On examina-
tion, he has paradoxical inward movement of the rib cage during inspiration. 
A computed tomographic chest scan shows a peripheral area of lung opaci-
fication involving the parts of the right middle and lower lobes but not in 
a segmental distribution. He is noted to have a fracture of the right fibula 
and tibia. All but one of the following are risk factors for a poor prognosis 
in patients with flail chest.
 A. Lung contusion
 B. Head trauma
 C. Age younger than 30 years
 D. Fibular fracture
 E. Tibular fracture

Answer: C Older age is a poor prognostic factor. Patients with flail chest and 
without lung contusion have a better prognosis than those with contusion. 
In addition to lung contusion and older age, the coexistence of other injuries, 
such as fractures of the long bones, head trauma, or rupture of major vascular 
structures contributes to the high mortality rate (as high as 70%) with chest 
wall trauma. In those who survive, the restrictive pulmonary impairment per-
sists for a longer time in patients with flail chest and pulmonary contusion 
than in those with flail chest alone.

2. Which of the following will not promote pleural fluid accumulation?
 A. Fluid passing through the diaphragm into the pleural space
 B. Blockage of mediastinal lymphatics
 C. Inflammatory changes in the pleural surface
 D. High pulmonary venous pressures
 E. High pleural pressure related to mechanical ventilation.

Answer: E The flux of fluid into and out of the pleural space depends on the 
hydrostatic pressures within the parietal and visceral pleura, the pressure within 
the pleural space itself, and oncotic pressure. Fluid drains out primarily through 
lymphatic stomas on the surface of the parietal pleura. Excess fluid can accu-
mulate in the pleural space when fluid removal is decreased, owing to obstruc-
tion of pleural lymphatics, or fluid production is increased, owing to increased 
hydrostatic pressure, decreased oncotic pressure, decreased pleural pressure, 
or increased pleural membrane permeability because of inflammatory changes. 
In addition, intra-abdominal fluid can pass through small defects in the dia-
phragm from the abdomen to the pleural space, which has a lower pressure 
than the abdomen.

3. Needle biopsy may be indicated in all but which of the following mediastinal 
masses?
 A. Thymoma
 B. Lymphoma
 C. Teratoma
 D. Thyroid
 E. Extramedullary hematopoesis

Answer: A If a malignant mediastinal mass is suspected by computed tomog-
raphy (CT), further radiologic evaluation may include angiography, positron 
emission tomography, or magnetic resonance imaging. Minimally invasive 
approaches to obtaining a tissue diagnosis include transthoracic CT-guided 
needle aspiration or endobronchial ultrasound-guided needle aspiration. 
However, if thymoma is suspected, needle aspiration biopsy should be avoided 
because of potential seeding of tumor cells. The mass should be resected if it 
is well circumscribed. Serum tumor markers for thymoma, such as anti-ace-
tylcholine receptor antibodies, may aid in determining the best approach to 
obtaining tissue.
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93 
INTERVENTIONAL AND SURGICAL 
APPROACHES TO LUNG DISEASE
DAVID J. FELLER-KOPMAN AND MALCOLM M. DECAMP

Interventional pulmonology and minimally invasive thoracic surgery have 
drastically changed the approach to the diagnosis and staging of lung cancer, 
the management of central airway obstruction, and the treatment of patients 
with pleural disease.

 BRONCHOSCOPY
Flexible bronchoscopy and endobronchial ultrasound have revolutionized the 
evaluation of airway and parenchymal diseases, the approach to hilar and 
mediastinal adenopathy, and the staging of lung cancer. New technologies offer 
bronchoscopic treatment for patients with severe asthma and emphysema.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
A high index of suspicion is essential because significant airway obstruction 
can be present before the development of symptoms or the characteristic 
abnormalities on the inspiratory and expiratory flow-volume curves (Chapter 
79). Patients with central airway obstruction often develop exertional dyspnea 
when the tracheal lumen is less than 8 mm in diameter (normal is about 18 
to 20 mm) but do not develop stridor, which usually is a sign of impending 
respiratory failure and the need for urgent intervention, until the tracheal 
diameter is less than 5 mm.

Hemoptysis (Chapter 77) may be present in patients with malignancies 
but is also seen in infectious and inflammatory conditions. Some patients may 
present with a postobstructive pneumonia that responds poorly to antibiotic 
treatment. Most patients, however, present with nonspecific symptoms includ-
ing dyspnea and cough.

Patients who have risk factors for chronic airway obstruction and present 
with symptoms consistent with obstruction unresponsive to conventional 
therapy should undergo airway imaging by CT (Fig. 93-1) and flexible bron-
choscopy (Fig. 93-2). Because loss of airway patency can be lethal, evaluation 
of these patients should be performed by individuals experienced in the man-
agement of critical airway disorders.
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ABSTRACT
Interventional approaches to lung disease include bronchoscopy, thoracoscopy, 
and surgery. Endobronchial stenting is the primary treatment for airway 
obstruction caused by external compression, whereas laser treatment, elec-
trocautery, or argon plasma coagulation can be used for intrabronchial obstruc-
tion. Lung reduction surgery is useful for predominantly upper lobe emphysema, 
but newer endoscopic approaches are less invasive and can significantly improve 
lung function and symptoms with severe emphysema. Lung transplantation 
is indicated for end-stage lung disease, usually as bilateral rather than unilateral 
transplantation. Post-transplant challenges include infection, acute rejection, 
chronic rejection, and the side effects of immunosuppressive therapy.
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Endobronchial Ultrasound
Bronchoscopy is a standard component of the evaluation and staging of 
patients with thoracic tumors. Convex-probe endobronchial ultrasound uses 
a curvilinear ultrasound probe, which is incorporated into the tip of the bron-
choscope, to visualize structures outside of the airway and sample hilar and 
mediastinal lymph nodes under direct, real-time imaging. This approach has 
largely replaced mediastinoscopy in the staging of patients with lung cancer1 
and in the diagnosis of sarcoidosis (Chapter 89) and certain lymphomas. 
Adding endobronchial ultrasound to surgical staging improves the sensitivity 
for finding nodal metastases and can reduce the unnecessary thoracotomy rate 
from 18 to 7%.2 Additionally, endobronchial ultrasound–guided biopsies can 
provide adequate tissue for identification of “tumor markers,” which are now 
required to guide lung cancer treatment. It also reduces complications as well 
as the need for additional procedures for molecular marker analysis compared 
with computed tomography (CT)-guided transthoracic needle aspiration.3 It 
is important to note, however, that the sensitivity of endobronchial ultrasound 
is not 100%, so nondiagnostic samples must be confirmed as true negatives 
with either surgical staging or clinical and radiologic follow-up.

In radial-probe endobronchial ultrasound, an ultrasound probe is passed 
through the working channel of the bronchoscope to visualize parenchymal 
lesions as well as to discriminate tumor invasion compared with compression 
of the central airways. When used with smaller bronchoscopes and advanced 
navigational technologies, such as electromagnetic navigation or virtual bron-
choscopic navigation, this technique can improve the diagnostic yield when 
sampling pulmonary nodules.

Bronchial Thermoplasty
Bronchial thermoplasty uses radio frequency energy to ablate airway smooth 
muscle in patients whose severe asthma (Chapter 81) remains symptomatic 
despite medical therapy. The patient must undergo three bronchoscopic pro-
cedures to treat all of the visible airways. The right lower lobe is treated during 
the first procedure, the left lower lobe in the second, and both upper lobes in 
the third (the right middle lobe is not treated). Although asthma may be exac-
erbated in the immediate peritreatment period, this approach can significantly 
improve asthma-related quality of life, days lost from work or school, and 
emergency department visits in carefully selected patients for at least five years. A1 

Bronchoscopy for Central Airway Obstruction
A variety of malignant and nonmalignant diseases can obstruct the central 
airways (Table 93-1). Malignant causes include bronchogenic carcinoma 
(Chapter 182) or metastatic malignancy to the airways, as well as extrinsic 
compression from adenopathy. Nonmalignant causes include granulation tissue 
arising after an intubation or tracheostomy, adenopathy from sarcoidosis 
(Chapter 89), inflammatory conditions such as relapsing polychondritis 
(Chapter 259), amyloidosis (Chapter 179), and infectious causes such as 
tuberculosis (Chapter 308) and respiratory papillomatosis.

Relief of airway obstruction requires a multidisciplinary approach by expert 
physicians.4 Techniques for achieving a patent airway include coring out the 
tissue with the barrel of the rigid bronchoscope; laser treatment to vaporize 
the tissue; electrocautery or argon plasma coagulation to carbonize the tissue, 
so it will later slough; cryotherapy; and mechanical débridement with forceps 
or a microdebrider. In the absence of definitive randomized trials, the choice 
of modality is often left to the expertise and resources of the bronchoscopist.

TREATMENT

TABLE 93-1 CAUSES OF CENTRAL AIRWAY OBSTRUCTION
NONMALIGNANT MALIGNANT
Congenital vascular sling
Cartilage

Relapsing polychondritis
Tracheobronchomalacia

Primary airway tumors (e.g., 
bronchogenic, mucoepidermoid, 
adenoid cystic carcinoid)

Tumors metastatic to the airway (e.g., 
bronchogenic, renal cell, breast, 
melanoma, thyroid, colon, 
esophageal)

External compression
Lymphadenopathy from any malignancy
Mediastinal tumors (e.g., thyroid, 

thymus, germ cell, lymphoma)

Lymphadenopathy
Infectious (e.g., histoplasmosis, 

tuberculosis)
Sarcoidosis

Granulation tissue associated with 
artificial airways, airway stenosis, 
aspirated foreign bodies, surgical 
anastomosis

Inflammatory lesions (e.g., granulomatosis 
with polyangiitis, amyloidosis, 
papillomatosis)

External compression (e.g., goiter)
Internal
 Secretions
 Blood clot
Adapted from Feller-Kopman D, Mehta AC, Wahidi MM. Therapeutic bronchoscopy. In: Broaddus 
VC, Mason RJ, Ernst JD, et al, eds. Murray & Nadel’s Textbook of Respiratory Medicine. 6th ed. 
Philadelphia, PA: Saunders; in press (2016).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
A high index of suspicion is essential because significant airway obstruction 
can be present before the development of symptoms or the characteristic 
abnormalities on the inspiratory and expiratory flow-volume curves (Chapter 
79). Patients with central airway obstruction often develop exertional dyspnea 
when the tracheal lumen is less than 8 mm in diameter (normal is about 18 
to 20 mm) but do not develop stridor, which usually is a sign of impending 
respiratory failure and the need for urgent intervention, until the tracheal 
diameter is less than 5 mm.

Hemoptysis (Chapter 77) may be present in patients with malignancies 
but is also seen in infectious and inflammatory conditions. Some patients may 
present with a postobstructive pneumonia that responds poorly to antibiotic 
treatment. Most patients, however, present with nonspecific symptoms includ-
ing dyspnea and cough.

Patients who have risk factors for chronic airway obstruction and present 
with symptoms consistent with obstruction unresponsive to conventional 
therapy should undergo airway imaging by CT (Fig. 93-1) and flexible bron-
choscopy (Fig. 93-2). Because loss of airway patency can be lethal, evaluation 
of these patients should be performed by individuals experienced in the man-
agement of critical airway disorders.

FIGURE 93-1. Three-dimensional reconstruction of a computed tomographic scan 
in a 20-year-old woman after bilateral lung transplantation. the image clearly shows 
the high-grade stenosis at the level of the left mainstem anastomosis. the right-sided 
airways are normal. 

FIGURE 93-2. Bronchoscopic view of the proximal trachea in a 54-year-old man with 
shortness of breath and stridor. Significant circumferential narrowing is noted in the 
subglottic space, consistent with gastric reflux–induced subglottic stenosis. 
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excisional biopsy (Video 93-1) of a small pulmonary nodule leads to a defini-
tive diagnosis in almost all cases and is generally preferred over transthoracic 
needle biopsy.5 Furthermore, thoracoscopy can allow concurrent nodal staging 
should a primary malignancy (Chapter 182) be confirmed. In the absence of 
regional adenopathy, patients with primary malignant lesions can undergo 
definitive resection at the same time.

Primary Lung Cancer
In patients with node-negative primary lung cancer and adequate pulmonary 
reserve, lobectomy or pneumonectomy is indicated to obtain optimal survival 
and to decrease the risk for local recurrence. Similar oncologic outcomes can 
be achieved by performing an open thoracotomy via VATS or robotic assis-
tance, and either of these minimally invasive approaches generally is associated 
with fewer complications, less pain, a shorter hospitalization, and a speedier 
recovery.6 Lobectomy is preferred because sublobar resection (segmentectomy 
or wedge) for stage I lung cancers is historically associated with a two- to 
three-fold higher incidence of locoregional recurrence.

Metastatic Cancer
The lung is a frequent site of metastatic recurrence. Common histologies 
include colorectal cancer (Chapter 184), renal cell carcinoma (Chapter 187), 
sarcoma (Chapter 192), melanoma (Chapter 193), breast cancer (Chapter 
188), and head and neck cancer (Chapter 181). VATS is often the diagnostic 
procedure of choice to locate and excise nodules that are too small for reliable 
percutaneous biopsy.

The role of pulmonary metastectomy as therapy for advanced disease remains 
controversial. Five-year survival rates of 20 to 30% have been reported for 
selected patients, especially if the disease-free interval from original diagnosis 
to lung metastasis is greater than two to three years.

 SURGERY FOR ADVANCED LUNG DISEASES: 
LUNG VOLUME REDUCTION SURGERY

Emphysema (Chapter 82) is the most common chronic progressive disabling 
lung disease treated by pulmonologists and thoracic surgeons. In eligible 
patients (Table 93-2), lung volume reduction surgery confers durable symp-
tomatic, physiologic, and survival benefits compared with medical therapy 
(E-Fig. 93-1) for patients who have severe emphysema but who do not have 
a forced expiratory volume in 1 second (FEV1) measure of less than 20% of 
predicted with either a homogeneous distribution of emphysema on CT or 
a diffusing capacity of less than 20% of predicted. However, subgroup analyses 

TABLE 93-2 INCLUSION AND EXCLUSION CRITERIA FOR 
LUNG VOLUME REDUCTION SURGERY

INCLUSION CRITERIA

Radiographic evidence of emphysema, especially involving upper lobes
Hyperinflation evidenced by TLC > 100% predicted and RV > 150% predicted
FEV1 > 20 and <45% predicted (after bronchodilator)
Dlco > 20% predicted
Severe dyspnea
Restricted activities of daily living
Decreased quality of life
Abstinence from tobacco
EXCLUSION CRITERIA

Active smoking
Bronchiectasis
Pulmonary nodule requiring evaluation
Excessive daily sputum production
Previous thoracotomy
Obvious pleural disease
Active or inducible coronary ischemia
Pulmonary hypertension
Depressed LVEF (<45%)
Obesity (BMI > 32)
Unable or unwilling to participate in pulmonary rehabilitation
Systemic steroids, ≥20 mg prednisone/day
BMI = body mass index; Dlco = diffusion capacity for carbon monoxide; FEV1 = first second 
forced expiratory volume; LVEF = left ventricular ejection fraction; RV = residual capacity; TLC = 
total lung capacity.
Adapted from DeCamp MM Jr, McKenna RJ Jr, Deschamps CC, et al. Lung volume reduction 
surgery: technique, operative mortality and morbidity. Proc Am Thorac Soc. 2008;5:442-446; and 
DeCamp MM Jr, Lipson D, Krasna M, et al. The evaluation and preparation of the patient for lung 
volume reduction surgery. Proc Am Thorac Soc. 2008;5:427-431.

In contrast to endobronchial disease, airway stenting is the primary treat-
ment for airway obstruction caused by extrinsic compression. Because airway 
stents can be associated with long-term complications, including stent fractures, 
the formation of granulation tissue, infection, and migration, they are primarily 
a palliative approach for malignant diseases and should be used sparingly in 
patients with nonmalignant airway obstruction.

 PROGNOSIS
Successful endoscopic treatment can significantly improve the quality of life of 
patients with malignant airway obstruction and improve their survival rates to 
be the equivalent of similar stage patients without airway obstruction. Patients 
with nonmalignant disease similarly experience significant improvements in 
physiology (pulmonary function), exercise capacity, and quality of life.

Surgical Approaches
Open Approaches
Thoracotomy has been the standard approach to evaluate the contents of the 
pleural space, lung parenchyma, pulmonary hilum, and ipsilateral mediastinum 
and diaphragm. Selective lung ventilation, achieved by use of a double-lumen 
endotracheal tube or mainstem bronchial blocker, allows one lung to be col-
lapsed and visualized. Given the precision and accuracy of contemporary 
preprocedure CT and magnetic resonance imaging (MRI), many procedures 
can be performed using smaller targeted incisions, with a muscle-sparing 
technique that allows specific access to regional pathology.

Minimally Invasive Approaches
Thoracoscopy or video-assisted thoracoscopic surgery (VATS) and robotic-
assisted thoracic surgery require between two and four port incisions to place 
a camera, light source, and instruments in almost any intercostal space. With 
a VATS or robotic approach, recovery is shorter than after an open thoracotomy 
because little if any muscle is divided and no mechanical rib spreading retrac-
tors are used.

 SURGERY FOR BENIGN LUNG DISEASE
A variety of benign lung diseases present as focal parenchymal lesions or diffuse 
processes that require a tissue biopsy for diagnosis. Thoracoscopy has essen-
tially replaced a limited thoracotomy and wedge resection for this purpose. 
VATS provides a more complete view of the ipsilateral hemithorax, including 
the visceral, parietal, and mediastinal pleura, as well as access to all lung lobes. 
In addition, nodules within 1 to 2 cm of the pleura can be identified so that 
representative excisional biopsies can be performed.

Spontaneous Pneumothorax
Although most spontaneous pneumothoraces (Chapter 92) are uncomplicated, 
up to 20% of patients with pneumothoraces experience complications such 
as tension pneumothorax, persistent air leak despite tube drainage, or recur-
rent pneumothoraces either ipsilaterally or contralaterally. Patients in whom 
a second pneumothorax develops have a 70 to 80% chance of a third recur-
rence within 2 years. The current surgical approach to the treatment of recur-
rent pneumothoraces is VATS resection of the subpleural blebs responsible 
for the pneumothorax, usually combined with mechanical abrasion of the 
parietal pleura or chemical pleurodesis (e.g., with 300 mg of minocycline or 
with insufflated talc) to induce an inflammatory reaction that will cause the 
visceral and parietal pleural surfaces to fuse, thereby preventing subsequent 
recurrence.

Giant Bullae
Most patients with chronic obstructive pulmonary disease (COPD) have diffuse 
parenchymal disease, but a small number of patients with COPD have dominant 
or giant bullae that may occupy 50% or more of the volume of the hemitho-
rax and that compress relatively preserved lung parenchyma. The indications 
for bullectomy include progressive symptoms with demonstrated disability, 
obstructive spirometry (Chapter 79), and a single or dominant bullous lesion 
with radiographic demonstration of compression of surrounding preserved 
lung parenchyma. Either excision or plication can remove the bullous lesion.

Malignant Lung Disease
Solitary Pulmonary Nodules
Most small pulmonary nodules (see Fig. 182-2) present in the periphery of 
the lung beyond the reach of diagnostic bronchoscopy. For such lesions, VATS 
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E-FIGURE 93-1. Long-term mortality of all patients treated with lung volume reduc-
tion surgery (LVRS) versus maximal medical therapy in the National Emphysema Treat-
ment Trial. note the statistically significant (P = .02) reduction in relative risk for death 
(rr = 0.85) in the surgical cohort. (adapted from naunheim KS, Wood de, Mohsenifar Z, 
et al., for the national emphysema treatment trial research group. long-term follow-up 
of patients receiving lung-volume-reduction surgery versus medical therapy for severe 
emphysema in the national emphysema treatment trial. Ann Thorac Surg. 2006;82: 
431-443.)
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The most common indications for transplantation (Table 93-4) are diseases 
or conditions that share the following features: they produce extreme disability 
in affected patients, they are unresponsive to medical therapy, and they are 
responsible for limited life expectancy in affected patients. With the exception 
of a small number of cases of sarcoidosis and lymphangioleiomyomatosis, the 
original lung disease does not usually recur after lung transplantation.

Types of Procedures
Currently, four types of lung transplantation procedures are performed. Bilateral 
lung transplantation is performed in a sequential fashion that is functionally 
equivalent to two single-lung transplantations completed during a single opera-
tion, most commonly through a transverse bilateral sternothoracotomy (“clam-
shell”) incision. It is the procedure of choice for patients with bilaterally infected 
lungs and is also performed in certain patients with emphysema, primary 
pulmonary hypertension, and other diseases (see Table 93-4). Bilateral trans-
plantation is preferred for nearly all indications because a double-lung recipient 
can expect a 7.3-year 50% survival compared with 4.6 years for a single-lung 
recipient. As a result, about 75% of the world’s reported lung transplants are 
now bilateral.

suggest that the benefit is mainly in patients with upper lobe predominant 
disease.

For eligible patients, most programs require a 6- to 10-week period of pre-
operative pulmonary rehabilitation followed by a cardiopulmonary exercise 
test to assess the risks and benefits of surgery. Patients with upper lobe pre-
dominant emphysema and a low preoperative exercise capacity have a nearly 
50% lower risk for death after lung volume reduction surgery compared with 
continued medical therapy. Lung volume reduction surgery also can reduce 
systemic blood pressure, allow for weight gain, and reduce COPD exacerba-
tions.7 High-risk patients with severe airflow obstruction (FEV1 < 20%) should 
be assessed for lung transplantation unless their disease is localized to the 
upper lobes and their gas exchange as defined by diffusing capacity is preserved 
(Table 93-3).

In experienced centers, bilateral stapled resection approaches yield nearly 
twice the physiologic benefit of unilateral lung volume reduction surgery 
without adversely affecting operative morbidity or mortality.

 ENDOSCOPIC MANAGEMENT OF EMPHYSEMA
Endoscopic approaches to lung volume reduction may offer a less invasive 
way to achieve some of the benefits of surgical lung volume reduction for 
patients with severe emphysema.8 As with surgical lung volume reduction, 
the goals of these technologies are to reduce the magnitude of overdistended 
and poorly perfused lung tissue, thereby increasing elastic recoil, diminishing 
dynamic hyperinflation, and redistributing airflow to better perfused areas of 
the lung. Bronchoscopic options include insertion of one-way valves, coils, 
steam, and perhaps targeted lung denervation. Although several randomized 
trials have not shown significant benefits, A2  recent studies have shown that 
unilateral lobar occlusion with endobronchial valves can significantly improve 
lung function, exercise capacity, and quality of life in patients who have het-
erogeneous emphysema with intact interlobar fissures and no interlobar col-
lateral ventilation, A3 

,
 A4  as well as in patients who have homogeneous emphysema 

without collateral ventilation. A5 
,
 A6  Overall, the preponderance of evidence from 

randomized trials supports meaningful one-year symptomatic benefit A7 
,
 A8  but 

no proven mortality benefit. A9 

 LUNG TRANSPLANTATION
More than 160 worldwide lung transplant centers perform nearly 4000 trans-
plantations per year.9 Lung transplantation is now an accepted therapy for all 
forms of advanced lung disease. The use of ex vivo perfusion to resuscitate 
lungs considered unsuitable for transplant by traditional procurement criteria 
appears to be expanding the availability of donor organs.

TABLE 93-3 DECISION GUIDE FOR SELECTION OF LUNG 
VOLUME REDUCTION SURGERY VERSUS 
TRANSPLANTATION FOR SEVERE CHRONIC 
OBSTRUCTIVE PULMONARY DISEASE

FACTORS FAVORING LVRS
FACTORS FAVORING 
TRANSPLANTATION

Age > 65 yr FEV1 ≤ 20% predicted
Upper lobe predominant disease Dlco ≤ 20% predicted
Chronic medical conditions

Hepatitis B and/or C
HIV infection
Renal insufficiency
Cirrhosis
Neuropathy
Poorly controlled diabetes
Osteoporosis
Severe GERD
Poor esophageal motility

Homogeneous or lower lobe distribution 
of disease

TLC < 100% predicted
RV < 150% predicted
Paco2 > 60 mm Hg
Pao2 < 45 mm Hg
6 MWD < 140 m or
<3 min unloaded pedaling cycle 

ergometer
Pulmonary hypertension

Malignancy Bronchiectasis
Unable to maintain long-term follow-up Recurrent pulmonary infections
Psychiatric issues limiting compliance
Insufficient social support
6 MWD = 6-minute walk distance; Dlco = diffusion capacity of carbon monoxide; FEV1 = first 
second forced expired volume; GERD = gastroesophageal reflux disease; HIV = human 
immunodeficiency virus; LVRS = lung volume reduction surgery; RV = residual volume; TLC = 
total lung capacity.
Adapted from Patel N, DeCamp M, Criner GJ. Lung transplantation and lung volume reduction 
surgery versus transplantation in chronic obstructive pulmonary disease. Proc Am Thorac Soc. 
2008;5:447-453.

TABLE 93-4 INDICATIONS AND CONTRAINDICATIONS FOR 
LUNG TRANSPLANTATION

SINGLE-LUNG 
TRANSPLANT

PATIENTS 
(%)

DOUBLE-LUNG 
TRANSPLANT

PATIENTS 
(%)

INDICATIONS

COPD 41 CF, bronchiectasis 28
Pulmonary fibrosis, 

sarcoid
43 Emphysema 26

α1-Antitrypsin 
deficiency

5 α1-Antitrypsin 
deficiency

5.4

PPH, Eisenmenger 1.2 PPH, Eisenmenger 6.1
CF, bronchiectasis 1.6 Pulmonary fibrosis, 

sarcoid
27

Retransplantation 5 Retransplantation 3.6
ABSOLUTE CONTRAINDICATIONS

Untreatable advanced extrapulmonary organ dysfunction (e.g., heart, liver, kidney)
 CAD not amenable to PCI or bypass
 Poor LV function (could consider heart-lung transplantation)
Malignancy within 2 years (excludes cutaneous squamous or basal cell carcinoma)
 5-year disease-free interval preferred
Noncurable extrapulmonary infection
 Infection with human immunodeficiency virus
 Hepatitis B antigen positivity
 Hepatitis C with histologic evidence of active liver disease
Active substance abuse (including cigarettes)
Severe musculoskeletal disease affecting the thorax
Documented noncompliance
Untreatable psychiatric condition that impairs compliance
Absence of consistent and reliable social support
RELATIVE CONTRAINDICATIONS

Physiologic age > 65 yr
Poor nutritional status (<70% ideal body weight)
Severe obesity (BMI > 30 kg/m)
Symptomatic osteoporosis
Colonization with highly virulent and/or highly resistant fungi, mycobacteria, or 

bacteria
Requirement for invasive ventilation and/or circulatory support
Uncontrolled chronic medical conditions (e.g., diabetes, hypertension, GERD)
Severely limited functional status with poor rehabilitation potential
Psychosocial problems likely to affect the outcome adversely
High-dose (>20 mg of prednisone daily) corticosteroid use
BMI = body mass index; CAD = coronary artery disease; CF = cystic fibrosis; COPD = chronic 
obstructive pulmonary disease; GERD = gastroesophageal reflux disease; LV = left ventricle; PCI = 
percutaneous coronary intervention; PPH = primary pulmonary hypertension.
Adapted from Chambers DC, Yusen RD, Cherikh WS, et al. The Registry of the International 
Society for Heart and Lung Transplantation: thirty-fourth adult lung and heart-lung transplantation 
report—2017. J Heart Lung Transplant. 2017;36:1047-1059; and Orens JB, Estenne M, Arcasoy S, 
et al. International guidelines for the selection of lung transplant candidates: 2006 update—a 
consensus report from the Pulmonary Scientific Council of the International Society for Heart and 
Lung Transplantation. J Heart Lung Transplant. 2006;25:745-755.
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or both. By convention, acute rejection is graded histologically from 0 (normal) 
to 4 (severe), with subclasses defined by the presence or absence of airway 
inflammation.

The risk for acute allograft rejection is highest in the early months after 
transplantation and declines with time. Multiple episodes of acute rejection 
are the major risk factor for the subsequent development of chronic rejection.

Clinically, patients may have fever, cough, and exertional dyspnea. Evaluation 
may demonstrate rales or rhonchi on chest examination, a decline in pulmo-
nary function by spirometry, leukocytosis, opacities on chest radiography, and 
exertional desaturation. The clinical manifestation is often indistinguishable 
from infectious pneumonia, and the clinical impression is accurate in only 
50% of cases. Histologic confirmation by a transbronchial biopsy is mandatory.

Treatment of acute rejection most often consists of high-dose corticosteroids 
(typically 500 to 1000 mg/day of methylprednisolone administered intrave-
nously for 3 days).

Chronic Rejection

 PATHOBIOLOGY
The bronchiolitis obliterans syndrome, also termed chronic lung allograft 
dysfunction,11 is thought to be a manifestation of chronic rejection. Risk 
factors include the number of acute rejection episodes and, in some series, 
previous symptomatic CMV infection. Pathologically, “early” lesions dem-
onstrate inflammation and disruption of the epithelium of small airways, 
followed by growth of granulation tissue into the airway lumen and subse-
quent complete or partial obstruction. The granulation tissue then organizes 
in a stereotypical pattern with resultant fibrosis that obliterates the lumen of  
the airway.

 CLINICAL MANIFESTATIONS
Clinically, bronchiolitis obliterans is accompanied by nonspecific symptoms. 
Progressive exertional breathlessness typically develops, and pulmonary func-
tion testing usually demonstrates evidence of progressive airflow obstruction 
(Chapter 79). Bronchiolitis obliterans is classified according to the FEV1: 0 
(no significant abnormality) if FEV1 is greater than 80% of baseline; 1 (mild) 
if FEV1 is 65 to 80% of baseline; 2 (moderate) if FEV1 is 50 to 65% of baseline; 
and 3 (severe) if FEV1 is 50% or less of baseline. Later stages of bronchiolitis 
obliterans may include a syndrome of bronchiectasis with chronic productive 
cough and airway colonization with Pseudomonas species.

 DIAGNOSIS
The diagnosis of bronchiolitis obliterans or chronic lung allograft dysfunction 
is made on both clinical and pathologic grounds. Transbronchial biopsy has 
a low yield for demonstrating histologic evidence of bronchiolitis obliterans, 
but when such evidence is seen, it is diagnostic. In patients with a compatible 
clinical syndrome, exclusion of anastomotic stenosis and occult pulmonary 
infection is sufficient to establish the diagnosis.

Single-lung transplantation is typically performed through a posterolateral 
thoracotomy incision. The contralateral lung is not removed, so single-lung 
transplantation is not appropriate for patients with bilaterally infected lungs 
(e.g., patients with cystic fibrosis or bronchiectasis) (see Table 93-4).

Heart-lung transplantation is now performed in only about 40 cases per year. 
It is performed in patients with advanced lung disease and coexistent irrepa-
rable cardiac disease, usually associated with fixed pulmonary hypertension, 
and in those with Eisenmenger syndrome (Chapter 61).

Living donor lobar transplantation involves the removal of a lower lobe from 
each of two living donors. One is implanted into each hemithorax of the 
recipient in a manner similar to bilateral lung transplantation.

Evaluation of Potential Transplant Recipients
The ideal candidate for lung transplantation has lung disease unresponsive to 
medical therapy but is in otherwise good health. Patients who experience 
critical illness as a result of lung disease often have poor nutritional status, 
coexistent major organ dysfunction, refractory infection, or other contrain-
dications to transplantation. The specific evidence-based recommendations 
for referral for transplant evaluation vary with the underlying disease.10

In the United States, the lung allocation score system is based on expected 
disease-specific and patient-specific survival during the waiting period and 
after engraftment, thereby reflecting net transplant benefit. Evaluations of 
the lung allocation score system, which was introduced in 2005, indicate 
shorter waiting times, an increase in the total number of transplants per-
formed, a decreased waitlist mortality, and unchanged overall survival after  
transplantation.

Post-transplantation Issues
Most of the medical issues that patients and physicians face after lung transplan-
tation are the consequence of the transplanted lung(s) and post-transplantation 
medication rather than the underlying disease for which the transplantation 
was performed. Examples include toxicities of immunosuppression, infections 
and their prophylaxis, acute allograft rejection, chronic allograft rejection, and 
nonpulmonary complications of transplantation.

Immunosuppression
The standard chemotherapeutic regimen for immunosuppression after lung 
transplantation consists of a calcineurin inhibitor such as cyclosporine or 
tacrolimus, an antimetabolite such as azathioprine or mycophenolate mofetil, 
and corticosteroids (Chapter 32). More than 50% of centers add a monoclonal 
or polyclonal antilymphocyte antibody preparation in the first days after trans-
plantation, and this practice has led to a small but statistically significant 
improvement in long-term survival.

Infections and Prophylaxis after Lung Transplantation
Lung transplant recipients are at high risk for bacterial, viral, fungal, and pro-
tozoal infections; infections are the leading causes of death during the early 
post-transplantation period. In the first 3 months after transplantation, bacterial 
infections are responsible for most deaths. In approximately one third of 
patients, pneumonia is diagnosed in the first weeks after transplantation, with 
gram-negative organisms as the cause in 75% of cases. Colonization and recur-
rent infections, usually with Pseudomonas species, often develop in patients 
with chronic rejection.

Among potential viral pathogens, cytomegalovirus (CMV; Chapter 352) is 
the most important in lung transplant recipients. Seronegative patients who 
receive an allograft from a seropositive donor are at particularly high risk for 
the development of a clinically significant CMV infection. Seronegative patients 
who have a seronegative donor are at low risk for infection if they are treated 
with seronegative blood products. Epstein-Barr virus (EBV) has been associated 
with the development of post-transplantation lymphoproliferative disorder.

Aspergillus species are the most common cause of invasive fungal infection 
(Chapter 319). Colonized patients and those deemed at risk may receive 
prophylactic inhaled amphotericin B.

Because of the nature of the immunosuppressive chemotherapeutic regimen 
used, patients are at high risk for infection by the protozoan Pneumocystis 
jirovecii (Chapter 321). The use of trimethoprim-sulfamethoxazole prophylaxis 
(typically 1 double-strength tablet three times weekly indefinitely) has virtu-
ally eliminated Pneumocystis pneumonia.

Acute Rejection
Histologically, the initial manifestation of acute rejection is a lymphocyte-
predominant inflammatory response, usually centered on blood vessels, airways, 

A variety of therapies have been tried for chronic rejection, including pulse 
corticosteroids, antilymphocyte antibodies, total lymphoid irradiation, photo-
pheresis, and nebulized cyclosporine, but none has been clearly established 
as effective. Most patients with bronchiolitis obliterans experience a progressive 
decline in pulmonary function despite immunosuppression.

TREATMENT

 Grade A References

 PROGNOSIS
Bronchiolitis obliterans is the leading cause of late mortality after lung trans-
plantation. Half of lung transplant recipients surviving to 5 years will have 
either clinically diagnosed or biopsy-proven bronchiolitis obliterans.

Nonpulmonary Medical Complications of Lung 
Transplantation
Most of the nonpulmonary medical complications that arise in patients after 
lung transplantation are the result of immunosuppressive therapy. One or 
more of these complications develop in virtually all lung transplant recipients.

Osteoporosis (Chapter 230) is common because of the long-term use of 
corticosteroids and cyclosporine. Bone density should be monitored periodi-
cally, and pharmacologic therapy should be instituted if excessive bone loss 
is identified.
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FIGURE 93-3. Kaplan-Meier survival estimates for all adult lung transplantations reported to the International Registry for Heart and Lung Transplantation from 1990 to 2015. 
note the highly statistically significant survival advantage conferred by double lung grafts. Because the decline in survival is greatest during the first year after transplantation, the 
conditional survival (i.e., when 50% of the recipients who survive to at least 1 year have died) provides a more realistic expectation of survival time for recipients who survive the early 
post-transplant period. (From lund lh, Khush KK, cherikh WS, et al. the registry of the International Society for heart and lung transplantation: thirty-fourth adult heart transplanta-
tion report-2017; focus theme: allograft ischemic time. J Heart Lung Transplant. 2017;36:1037-1046.)

Chronic renal insufficiency (Chapter 121) is common and is the result of 
therapy with the calcineurin inhibitors cyclosporine or tacrolimus, both of 
which affect afferent vascular tone in the kidneys and result in an average 50% 
drop in the glomerular filtration rate in the first 12 months after lung trans-
plantation. Systemic arterial hypertension is also common and is caused by 
corticosteroids and cyclosporine. Calcium-channel blockers, which are often 
used to treat hypertension, raise serum cyclosporine levels; appropriate moni-
toring and dose adjustment are needed when starting such therapy. Both 
corticosteroids and tacrolimus contribute to the development of diabetes 
mellitus and hyperlipidemia.

Solid organ transplantation is associated with an increased incidence of 
malignancy, thought to be due to pharmacologic immunosuppression and 
alteration in immune surveillance. Patients are at increased risk for lympho-
proliferative malignancies and other types of cancers. Post-transplantation 
lymphoproliferative disorders occur in about 4% of patients after organ trans-
plantation; most are associated with EBV. These syndromes can be polyclonal 
or monoclonal. Reduction in immunosuppression is sometimes therapeutic 
in those with polyclonal disease. The prognosis in patients with monoclonal 
disease is poor, with little response to modification of immunosuppression or 
antineoplastic chemotherapy. Patients are also at increased risk for skin, bladder, 
lung, cervical, and hepatobiliary malignancy after solid organ transplantation.

Outcomes after Lung Transplantation
Currently, the annual mortality rate following lung transplantation is 7 to 10% 
per year, largely owing to the bronchiolitis obliterans syndrome. The median 
survival after lung transplantation varies between 4.6 to 7.4 years12 depending 
on both the type of operation performed and the indication for transplant 
(Fig. 93-3).
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REVIEW QUESTIONS

1. Endobronchial ultrasound has been shown to:
 A. Allow guided treatment for solitary pulmonary nodules.
 B. Increase the diagnostic yield for sampling mediastinal and hilar lymph 

nodes.
 C. Eliminate the need for surgical staging.
 D. Not be useful for the diagnosis of lymphoma.
 E. Have higher complications than CT-guided trans-thoracic needle biopsy.

Answer: B Endobronchial ultrasound sampling of mediastinal and hilar lymph 
nodes has been shown to be equivalent (and even superior) to surgical lymph 
node staging. However, a nondiagnostic endobronchial ultrasound may need 
to be confirmed clinically (with radiographic follow-up) or with surgical staging.

2. All of the following are true regarding patients with central airway obstruc-
tion except:
 A. Stridor only results from malignant airway obstruction.
 B. Laser therapy is the treatment of choice for patients with extrinsic 

compression.
 C. Patients who have malignant central airway obstruction and undergo 

successful bronchoscopic treatment have a mortality similar to that  
of patients with the same underlying cancer without central airway 
obstruction.

 D. Stenting achieves better results than laser, mechanical debulking, or the 
microdebrider.

 E. A patient with hemoptysis likely has a malignant cause of central airway 
obstruction.

Answer: C Studies have shown that patients who undergo successful central 
airway obstruction have mortality rates similar to those of patients with the 
same malignancy without central airway obstruction. Stridor and hemoptysis 
can be seen in patients with nonmalignant central airway obstruction, and 
stenting is the treatment of choice for patients with extrinsic causes of airway 
obstruction.

3. The best approach to achieve optimal survival with fewer complica-
tions for a patient with a peripheral, node-negative non–small cell lung  
cancer is:
 A. Pneumonectomy.
 B. Thoracotomy and lobectomy.
 C. Video-assisted thoracoscopic surgery segmentectomy.
 D. Video-assisted thoracoscopic surgery or robotic lobectomy.
 E. Stereotactic radiosurgery.

Answer: D Lobectomy remains the gold standard in terms of survival for 
early stage non–small cell lung cancer. A minimally invasive approach to 
lobectomy (video-assisted thoracoscopic surgery or robotic) results in a 
shorter hospital stay with fewer perioperative complications and a lower cost  
of care.

4. Which of the following statements regarding lung volume reduction pro-
cedures is/are true?
 A. Pulmonary hypertension is a contraindication.
 B. Lung volume reduction surgery can lower systemic blood pressure, allow 

for weight gain, and decrease COPD exacerbation rates.
 C. Bronchoscopic lung volume reduction benefits only patients with intact 

interlobar fissures and no evidence of collateral ventilation.
 D. An upper lobe predominant pattern of emphysema and low exercise 

capacity despite completing preoperative pulmonary rehabilitation leads 
to improved survival after lung volume reduction surgery.

 E. All of the above.
Answer: E There is an excessive risk of surgical mortality when patients with 
pulmonary hypertension undergo lung volume reduction surgery, and sub-
sequent trials of bronchoscopic lung volume reduction have consistently 
considered pulmonary hypertension an exclusion criterion. Bronchoscopic 
lung volume reduction has not been effective in patients with collateral ven-
tilation; these patients typically have incomplete interlobar fissures. Lung 
volume reduction surgery in well-selected patients with an upper lobe pattern 
of disease has led to a variety of positive health benefits. Preoperative structured 
pulmonary rehabilitation has been critical in this selection process.

5. Which of the following statements regarding lung transplantation in 2017 
is true?
 A. Single lung transplantation is the most common procedure 

performed.
 B. The number of lung transplants performed annually has doubled in the 

last decade.
 C. Patients can commonly be weaned off steroids in the first year after 

lung transplantation.
 D. Cytomegalovirus disease is the most common infectious complication 

in the first month after transplant.
 E. A diagnosis of obliterative bronchiolitis or chronic lung allograft dys-

function requires a transbronchial biopsy.
Answer: B About 75% of the nearly 4200 lung transplants currently performed 
each year are bilateral/double lung procedures, up from 2100 lung transplants 
worldwide in 2004. Unlike heart, liver, and kidney transplantation, it is uncom-
mon to find recipients on a steroid-free immunosuppression regimen after a 
lung transplant. The early infectious complications after transplantation are 
bacterial. Obliterative bronchiolitis/chronic lung allograft dysfunction remains 
the most common cause of late mortality after lung transplantation. Half of 
all surviving recipients develop obliterative bronchiolitis by 5 years after engraft-
ment. Although a biopsy is helpful, many patients are diagnosed on clinical 
grounds based on a progressive decline in their FEV1.
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94 
APPROACH TO THE PATIENT IN A 
CRITICAL CARE SETTING
DEBORAH J. COOK

 THE INTENSIVIST-LED  
INTERPROFESSIONAL TEAM

Unlike many other specialties, critical care medicine is not limited to a particular 
population, disease, diagnosis, or organ system. Patients with critical illness in 
the intensive care unit (ICU) usually require advanced life support, such as 
mechanical ventilation, vasopressors, inotropic agents, or renal replacement 
therapy. Morbidity associated with critical illness includes complications of 
both acute and chronic diseases, nosocomial and iatrogenic consequences, 
and impaired quality of life. Accordingly, the goals of critical care are to 
reduce morbidity and mortality, to maintain organ function, and to restore 
health. The care of critically ill patients often follows a trajectory of resus-
citation, stabilization, improvement, and rehabilitation. However, patients 
who are critically ill are at a higher risk of death than any other hospital  
population.

Staffing of ICUs with critical care physicians, often referred to as intensivists, 
who provide mandatory consultations or principal ongoing care is associated 
with a significantly reduced ICU and hospital mortality and reduced ICU and 
hospital lengths of stay compared with other staffing models. The addition of 
nighttime intensivist staffing appears to reduce mortality by about 40% in 
ICUs with low-intensity daytime staffing but not in centers with high-intensity 
daytime staffing, such as academic ICUs. These findings emphasize the value 
of the on-site availability of trained physicians who are dedicated to appropri-
ate triaging, diagnosis, monitoring, treatment, and palliation of critically ill 
patients.

Daily rounds by an ICU physician who leads the coordinated work of nurses, 
pharmacists, respiratory therapists, physiotherapists, dietitians, chaplains, and 
other physicians appear to improve outcomes. Observational studies suggest 
that a standardized, goal-oriented approach to care delivered by multidisci-
plinary clinicians, with explicitly defined roles, an interprofessional perspective, 
and best practices checklists, can help improve the quality of ICU rounds. 
Critical care can be optimized by interprofessional leadership, communication, 
and a positive organizational culture. However, although processes of care 
may be improved, multifaceted quality improvement interventions with daily 
checklists, goal-setting, and clinician prompting have not been shown to reduce 
hospital mortality. A1 

 FLUID RESUSCITATION AND ACUTE  
KIDNEY INJURY

Intravenous fluids to maintain or to restore intravascular volume are an impor-
tant component of ICU therapy. Both crystalloid and colloid solutions are in 
widespread use. Crystalloids are readily available and inexpensive, whereas 
colloids generally require less volume to achieve a specific physiologic goal.

Fluid replacement with either normal saline or 4% albumin results in 
similar rates of death, organ failure, and other clinical outcomes, but crystal-
loids may lower mortality for patients with traumatic brain injury (Chapter 
371). Fluid management with hydroxyethyl starch increases the need for 
renal replacement therapy and increases mortality compared with crystal-
loid infusions. On the basis of these data, either crystalloid- or albumin-based 
colloid fluid resuscitation is recommended for most critically ill patients, 
crystalloids are recommended for head-injured patients, and starches are not  
recommended.

However, crystalloids differ regarding their pH, tonicity, and osmolality. 
Hypertonic saline is not recommended for general ICU patients. The most 
commonly used isotonic crystalloid is 0.9% (normal) saline, which contains 
a supraphysiologic concentration of chloride. Other isotonic crystalloids, 
referred to as balanced crystalloids, contain an organic anion (e.g., lactate) 
and have a lower chloride content that resembles the concentration in human 
plasma (e.g., Ringer lactate). In critically ill patients, balanced crystalloids 
reduce the composite outcome of all-cause death, new renal-replacement 
surgery, or persistent renal dysfunction compared with saline. A2 

The early initiation of renal replacement therapy in critically ill patients 
with acute kidney injury does not reduce mortality compared with stan-
dard therapy beginning at a serum creatinine level of approximately 10 mg/ 
dL. A3 

,
 A4  Furthermore, intensive dialytic renal support therapy is no better 

than standard dialytic therapy, and intermittent hemodialysis and continu-
ous renal replacement therapy lead to similar clinical outcomes in acute renal 
failure. It also is important to verify that the prescribed dialysis is received 
and that standardized measures of the intensity of dialysis are achieved. Some 
patients—especially patients in an increased catabolic state, trauma patients, 
and patients receiving glucocorticoids—may require dialysis more than three 
times per week to achieve adequate therapy (Chapter 122). Neither furosemide 
nor low-dose dopamine infusions improve outcome, even though low-dose 
dopamine may temporarily improve metrics of renal physiology.

 SEDATION, ANALGESIA, FEVER CONTROL, 
OXYGEN ADMINISTRATION, AND  
INTRAVENOUS ACCESS

Endotracheal intubation, central venous catheterization, postoperative pain 
management, and other ICU procedures require that most patients receive 
sedation, analgesia, or both. Sedatives and analgesics are used to ensure ongoing 
tolerance to mechanical ventilation, particularly in patients with shock or 
severe acute respiratory distress syndrome (ARDS). As long as pain1 and 
anxiety are well treated, bolus injections are preferred to continuous infusions 
because of emerging concerns about drug accumulation drug-induced delirium 
and delayed weaning from the ventilator. If patients are receiving drug infu-
sions, daily interruption of sedatives and analgesics, by protocols that provide 
an opportunity for the patient to be observed safely in a less sedated state, 
are associated with a shorter duration of mechanical ventilation and ICU 
length of stay than continuous infusions. A second key component of manag-
ing sedation and analgesia is to use a drug titration protocol and nurse-led 
sedation scale; in these situations, daily interruption of sedation infusions 
may confer no additional benefit.

Early administration of acetaminophen to treat fever due to probable  
infection in critically ill patients does not affect the number of ICU-free  
days. A5  Among general medical critically ill patients, oxygen to maintain an 
oxyhemoglobin saturation (Spo2) between 94% and 98% (conservative) is 
associated with lower rates of mortality, shock, liver failure, and bacteremia 
than Spo2 values between 97% and 100% (conventional control group). A6  In 
patients with septic shock, hyperoxia achieved by administration of Fio2 of 
1.0 also may increase the risk of death. A7 

In adult ICU patients, subclavian-vein catheterization is associated with a 
60% lower risk of bloodstream infection and less symptomatic thrombosis 
but a slightly higher risk of pneumothorax (1.5 vs. 0.5%) compared with 
jugular-vein catheterization. A8 

 SPONTANEOUS BREATHING TRIALS
Discontinuation of ventilation is affected by sedation and analgesic infusions, 
and vice versa. A daily sedation vacation followed by a spontaneous breathing 
test increases the days of breathing without assistance and shortens ICU stay 
and hospital stay compared with usual sedation management plus a daily 
spontaneous breathing test. In the year after enrollment, patients who were 
treated with a “wake up and breathe” protocol, which linked daily sedation 
vacation periods with daily spontaneous breathing trials, had a 32% better 
survival rate. On the basis of these data, a nurse-implemented sedation and 
analgesic management scale with daily drug interruption and daily spontane-
ous breathing trials are recommended for mechanically ventilated critically 
ill patients.

 LONG-TERM OUTCOMES FOR SURVIVORS
Biomarkers of inflammation, residual organ dysfunction, and functional dis-
abilities persist in most ICU survivors even after transfer out of the ICU. 
Treatments administered in the ICU also have serious sequelae. For example, 
neuromuscular blockers and corticosteroids may contribute to critical illness 
polyneuropathy. These problems have particularly serious adverse consequences 
for frail patients who are deconditioned before hospitalization.

Although highly selected patients may be discharged home directly from 
intensive care,2 the large majority of patients require further hospital care. 
Although ICU discharge and hospital discharge are milestones in a patient’s 
trajectory, sequelae of critical illness have rarely resolved completely when 
patients are on the regular hospital unit. For example, residual muscle weak-
ness is common,3 even 5 years after ICU discharge. In addition, anxiety, 
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ABSTRACT
Intensive care has become a mainstay of the care of critically ill patients. Chal-
lenges associated with intensive care include adequate fluid resuscitation 
(preferably with balanced crystalloid solutions, sedation), adequate oxygen-
ation, low tidal volume ventilation, a restrictive red blood cell transfusion 
threshold, early enteral small valve nutrition, thromboprophylaxis with low 
molecular weight heparin, and insulin therapy to avoid marked hyperglycemia 
but not to achieve normoglycemia. Early renal replacement therapy does not 
reduce mortality, and intensive dialytic renal support is no better than standard 
dialysis. Survivors often face a variety of psychological and physical challenges. 
When patients are unable to make decisions, surrogate decision-makers must 
be consulted. Patients, family members, and physicians often face difficult 
decisions about end-of-life care and death with dignity.
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Potential barriers to applying evidence in fast-paced ICUs include a perceived 
lack of responsibility, unclear decisional authority, and errors of omission. 
Passive dissemination of information, whether written or verbal, is generally 
ineffective in modifying physicians’ behavior. More effective strategies to 
encourage the implementation of evidence-based recommendations are inter-
active education, audit and feedback, reminders (written or computerized), 
involvement of local opinion leaders, and multifaceted approaches. In the 
high-acuity ICU setting, preprinted physician orders may help guide (but not 
dictate) management (Table 94-1). For example, a statewide intervention 
coached local safety teams to lead multidisciplinary education about central 
venous catheter management strategies known to decrease infection risk, 
including a procedural checklist that incorporated handwashing, full barrier 
precautions for catheter insertion, chlorhexidine skin cleansing, avoidance of 
the femoral site, and removal of unnecessary catheters. A multimethod approach 
including video conferencing, education, provision of algorithms, audit, and 
feedback can increase adoption of beneficial management strategies in com-
munity ICUs.

 PREDICTIONS, PREFERENCES, AND  
PALLIATIVE CARE

The prognosis of many critically ill patients improves once they are in the 
ICU. For others, treatment responsiveness is delayed or not realized, organ 
dysfunction evolves but does not resolve, and complications arise. Despite 
best efforts of the multidisciplinary ICU team, critical illness proves fatal to 
between 5% and 40% of adults. Approximately 2% of ICU patients discharged 
to a general inpatient service are readmitted within 48 hours and about 4% 
within 120 hours. When a therapeutic trial of critical care is started, and par-
ticularly when it is failing, it is crucial to discuss prognosis openly with families 
(Chapter 3). Among medical ICU patients older than 80 years at one tertiary 
care university hospital, ICU mortality was 46%, hospital mortality was 55%, 
and mortality among hospital survivors was 53% at 2 years. About 15% of 
patients who are admitted to an ICU have clinical courses that probably should 
generate discussion about palliative care. Families bring key information about 
the patient’s prior function and preferences.

post-traumatic stress, and major mood disorders are common among patients 
and their caregivers during recovery.4

 APPLYING EVIDENCE TO PREVENT 
COMPLICATIONS OF CRITICAL ILLNESS

Considerable evidence can guide the use of intensive care interventions. 
However, ICU admission is not beneficial for all seriously ill patients, and 
attempts to increase the use of ICUs for elderly patients do not necessarily 
improve outcomes. A9 

The Surviving Sepsis Campaign has developed data-based guidelines that 
are associated with better outcomes and lower costs.5 Evidence-based initial 
management of a patient with sepsis and ARDS includes low tidal volume 
ventilation, avoidance of early high-frequency oscillation, high positive end-
expiratory pressure, inotrope or vasopressor infusion, a restrictive red cell 
transfusion threshold, A10  early enteral small bowel nutrition (Chapter 204), 
avoidance of antioxidants, head of bed elevation, oral antisepsis with chlorhexi-
dine, thromboprophylaxis with low-molecular-weight heparin, and insulin 
therapy aimed at avoiding marked hyperglycemia but not achieving normo-
glycemia (Chapters 96 and 97). Stress ulcer prophylaxis can reduce the risk 
of gastrointestinal bleeding but not overall complications or mortality. A11 

In mechanically ventilated adults, chest radiographs on demand provide 
clinical outcomes equivalent to those of routine radiographs, despite about 
one-third fewer radiographs. Later during the stabilization and recovery phase 
of critical illness, evidence-based management includes targeted protocol-
driven sedation, daily interruption of sedation infusions, and daily spontaneous 
breathing trials. Low-dose (starting at 0.2 µg/kg/hour and titrated to sedation 
and agitation) nocturnal (9:30 pm to 6:15 am) intravenous dexmedetomidine 
can help prevent ICU delirium. A12 

Physical rehabilitation interventions delivered in the ICU can provide 
short-term benefits A13  but have not been shown to reduce mortality. For 
example, early, goal-directed mobilization in a surgical ICU can shorten 
length of stay and improve patients’ functional mobility at hospital  
discharge. A14  Unfortunately, the benefits of exercise rehabilitation after ICU 
discharge are less clear. A15   

TABLE 94-1 ICU ADMISSION ORDERS: EXAMPLE FOR A PATIENT WITH UROSEPSIS AND ARDS
MANAGEMENT STRATEGY ORDERS REEVALUATE
ACUTE PHASE

Mechanical ventilation Target TV 5-7 mL/kg of ideal body weight, PC 16 cm, rate 12, Fio2 0.7, PEEP 16 cm, plateau pressure <35 cm PRN
Maintenance fluid Lactated Ringer 75 mL/hr IV PRN
Norepinephrine Titrate to mean arterial pressure >65 mm Hg PRN
Corticosteroids Hydrocortisone 50 mg IV q6h while vasopressor dependent Daily
Sedation Midazolam 2-8 mg/hr IV, bolus 2-4 mg PRN PRN
Analgesia Morphine 1-4 mg IV PRN PRN
Red blood cell transfusion Transfuse 1 unit of packed red blood cells if hemoglobin <70 g/L PRN
Antibiotics Ampicillin 2 g IV q6h Daily
Head of bed 45-degree elevation from horizontal PRN
Oral antisepsis Chlorhexidine 15 mL q6h Daily
Small bowel enteral nutrition 10 mL/hr of a commercial balanced feed containing about 1 kcal/mL; increase by 20 mL q4h to 70 mL/hr Daily
Bowel protocol Individualized for constipation management PRN
Stress ulcer prophylaxis Pantoprazole 40 mg IV daily Daily
Thromboprophylaxis Dalteparin 5000 U SC daily Daily
Intensive insulin therapy if glucose 

>180 mg/dL
50 U insulin in 50 mL NS; start at 0.5 U/hr, repeat glucose q1h for 4 hr, and reassess; target 110-150 mg/dL Daily

Glucometer calibration Calibrate glucose from glucometer and central laboratory every morning Daily
Tests Glucose q4h when stable, ABG with each ventilator change, other tests as per ICU team PRN
Monitoring Arterial catheter for systolic blood pressure, central venous catheter for central venous pressure and mixed venous 

oxygen saturation, ECG, oximetry, ABGs, sedation scale, Foley catheter, others as per ICU monitoring protocols
PRN

STABILIZATION AND RECOVERY PHASES

Sedation vacation Daily interruption of sedation from 0700 h until 0900 h; restart at half prior infusion rate at 0900 h if necessary; 
aim to discontinue infusion as soon as possible

Daily

Spontaneous breathing trials Spontaneous breathing trial when weaning readiness criteria met Daily
Early mobility Individualized, graduated physiotherapy and occupational therapy Daily
ABG = arterial blood gas; ARDS = acute respiratory distress syndrome; ECG = electrocardiogram; Fio2 = fraction of inspired oxygen; ICU = intensive care unit; IV = intravenous; NS = normal saline;  
PC = pressure control; PEEP = positive end-expiratory pressure; PRN = as needed; SC = subcutaneous; TV = tidal volume.



In the shared decision-making model dominant in many settings today, 
these exchanges often result in plans to withhold or to withdraw basic or 
advanced life support. Physicians and the entire health care team must be well 
trained to discuss prognosis with surrogate decision-makers, to address requests 
for potentially inappropriate therapies, and to manage any resulting disputes.6 
Mechanical ventilation is the most frequent life support administered to and 
withdrawn from critically ill patients. Ventilator withdrawal very often precedes 
death in the ICU. Patients undergoing ventilator withdrawal or who die while 
mechanically ventilated have a shorter ICU stay than patients successfully 
weaned from the ventilator. When life support modalities are withdrawn 
because their further use would be futile, each can be discontinued or weaned, 
with attendant considerations and cautions (Table 94-2). Withdrawal may be 
guided by the severity of the illness and other physiologic characteristics, but 
it is more heavily influenced by the contemporary life support model that is 
attentive to a patient’s values and the physician’s predictions about future 
quality of life. A patient’s status at ICU discharge, particularly orders to limit 
subsequent medical therapy, is the major predictor of hospital survival. This 
complexity underscores the need for ICU teams to be expert communicators, 
sensitive in eliciting patients’ preferences (often through family members), 
timely in relieving suffering, and compassionate in providing dignity to the 
dying. In today’s pluralistic society, administering culturally competent, patient-
centered, and family-centered end-of-life care, including respect7 and expres-
sions of spirituality,8 is paramount. Family-support interventions also can 
reduce ICU length of stay. A16  A death with dignity in the ICU infers that 
whereas some treatments may be foregone, care can be enhanced as death 
ensues. Fundamental to maintaining dignity is the need to understand a patient’s 
unique perspectives on what gives life meaning in a setting replete with deper-
sonalizing devices. The goal is caring for patients in a manner consistent with 
their values at a time of incomparable vulnerability, when they cannot speak 
for themselves.

TABLE 94-2 CONSIDERATIONS AND CAUTIONS IN THE 
WITHDRAWAL OF LIFE SUPPORT

ISSUE RISKS OTHER CONSIDERATIONS
Weaning from 

inotropes or 
vasopressors

No risk of physical 
distress

May prolong the dying process, particularly 
if patient requires low doses and this is 
the only life support withdrawn

Discontinuation 
of inotropes or 
vasopressors

No risk of physical 
distress

Death may not occur quickly if the patient 
requires low doses, particularly if 
mechanical ventilation is ongoing

Death may occur quickly if the patient 
requires high doses, with or without 
withdrawal of mechanical ventilation

Weaning from 
mechanical 
ventilation

Low risk of 
dyspnea

May prolong the dying process, particularly 
if the patient requires low pressure 
settings or low oxygen levels and this is 
the only life support withdrawn

Discontinuation 
of mechanical 
ventilation

Risk of dyspnea Death may not occur quickly if the patient 
requires low pressure settings or low 
oxygen levels

Death may occur quickly if the patient 
requires high pressure settings or high 
oxygen levels

Preemptive sedation is typically needed to 
blunt air hunger due to rapid changes in 
mechanical ventilation

Extubation Risk of dyspnea 
Risk of stridor 
(steroids)

Risk of airway 
obstruction 
(jaw thrust)

Risk of noisy 
breathing 
(glycopyrrolate)

Avoids discomfort and suctioning of 
endotracheal tube

Can facilitate oral communication
Informing families about possible physical 

signs after extubation can prepare and 
reassure them

Allows for the most natural appearance
Not advised if the patient has hemoptysis

Discontinuation 
of renal 
replacement 
therapy

Low risk of 
physical distress

Death may take several days if this is the 
only advanced life support withdrawn

Reprinted with permission from Cook D, Rocker G. Dying with dignity in the intensive care unit. N 
Engl J Med. 2014;370:2506-2514. Copyright © 2014 Massachusetts Medical Society.
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REVIEW QUESTIONS

1. Modern day critical care should be:
 A. Patient and family centered
 B. Focused on resuscitation and stabilization
 C. Attempts to minimize the clinical and iatrogenic complications of critical 

illness
 D. Concerned about optimal end-of-life care as much as optimal rehabilita-

tion and recovery, when appropriate
 E. All of the above

Answer: E The stabilization of critically ill patients by resuscitation is followed 
by improvement and then stabilization and rehabilitation to maximize the 
chance of optimal recovery and minimize the adverse sequelae of critical illness. 
An ethos of patient- and family-centered care is important throughout the 
continuum of critical illness for both survivors and decedents.

2. The red blood cell transfusion threshold for hemoglobin values <7.0 g/dL 
in the ICU holds for:
 A. General critically ill patients
 B. Patients in septic shock
 C. Patients who have myocardial ischemia
 D. A and B
 E. A, B, and C

Answer: D General ICU patients and those in septic shock do not fare better 
when higher hemoglobin levels are targeted. Data are insufficient on the impact 
of transfusion triggers for patients with active myocardial ischemia in the ICU.

3. Regarding complications of central venous access, which of the following 
are false?
 A. Infectious complications have recently been virtually eradicated because 

of sterile insertion and management strategies.
 B. Complications can be thrombotic, infectious, and/or mechanical, regard-

less of access site.
 C. The internal jugular site is associated with a lower risk of pneumothorax 

than the subclavian site.
 D. A and B
 E. A and C

Answer: E Whether inserted in the internal jugular vein, subclavian vein, or 
femoral vein, central venous access can be complicated by events such as 
catheter-associated venous thrombosis or pulmonary embolism, catheter exit 
site infection, catheter-related bacteremia, pneumothorax, arterial bleeding, 
pseudoaneurysm, or nerve damage. Complications are operator dependent 
(e.g., the individual inserting the catheter) and patient dependent (e.g., influ-
enced by body habitus). All else being equal, subclavian access sites appear 
to be associated with a lower risk of infectious and thrombotic complications 
but higher risk of mechanical complications.

4. The concept of “less is more” or “less is better” in the critical care holds 
for:
 A. Tidal volume ventilation for patients with ARDS
 B. Enteral nutrition targets for general ICU patients
 C. Oxygen saturation targets for general ICU patients
 D. Hemoglobin levels for general ICU patients
 E. A, C, and D

Answer: E Many practices to “normalize” physiology in critical care medicine 
are harmful. For example, low rather than normal tidal volume ventilation is 
associated with lower mortality in patients with ARDS. Outcomes are similar 
or better when targeting a more modest oxygen saturation level than high 
saturation levels and when using lower compared with higher transfusion 
triggers. Data are insufficient on caloric exposure from enteral nutrition, but 
hypocaloric feeding generally is not recommended.

5. Regarding the rehabilitation of critically ill patients, which of the following 
is true?
 A. Patients at greatest risk of disability following critical illness are primarily 

frail elders.
 B. Disability among ICU survivors is primarily physical.
 C. Early physiotherapy in the ICU has been shown to decrease hospital 

length of stay but not ICU survival.
 D. Coordinating critical care rehabilitation with interruption of sedation 

and spontaneous breathing tests can hasten recovery.
 E. None of the above.

Answer: D Although frailty portends a poor prognosis following critical 
illness, frailty crosses all age boundaries, and the frail elderly are not the domi-
nant group who have poor outcomes. Disability following an ICU admission 
is multidimensional. Early physiotherapy within the ICU setting has not been 
clearly shown to decrease the risk of death, but combined approaches to “wake 
and wean” patients may improve the trajectory of recovery.
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95 
RESPIRATORY MONITORING 
IN CRITICAL CARE
JAMES K. STOLLER AND NICHOLAS S. HILL

Monitoring of the respiratory system involves a broad array of assessment tech-
niques ranging from low-technology approaches like a careful physical exami-
nation to sophisticated technologies to monitor oxygenation and ventilation.1

 PHYSICAL EXAMINATION
The physical examination can provide important information about the patient’s 
ventilation and oxygenation. Ventilation can be assessed by recording the 
respiratory rate (normally 12 to 20 breaths/minute in adults) as well as by 
closely inspecting the pattern of chest wall movement during inspiration and 
by noting the use of accessory inspiratory muscles (e.g., the scalene, trapezius, 
and sternocleidomastoid muscles). Hypopnea (shallow or slow breathing) or 
a slowed respiratory rate (bradypnea) can indicate decreased ventilation. 
Shallow breathing may relate to muscle weakness (Chapter 393) or increased 
lung stiffness, which is commonly accompanied by a compensatory increase 
in the ratio of the respiratory rate to maintain ventilation. Bradypnea may 
relate to a suppressed respiratory drive (e.g., excessive use of narcotics, slowing 
the respiratory rate). Conversely, sustained tachypnea (e.g., >35 breaths/minute 
in an adult) can indicate ongoing increased work of breathing, impending 
respiratory failure, and the need for mechanical assistance, such as noninvasive 
ventilation or intubation and mechanical ventilation, depending on the etiol-
ogy of the respiratory failure.
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ABSTRACT
Monitoring of the respiratory system involves a broad array of assessment 
techniques. Building upon fundamentals such as the physical examination, 
mechanisms of hypoxemia, and determination of arterial CO2 tensions, this 
chapter discusses the measurement and interpretation of arterial and venous 
blood gases, pulse oximetry, capnometry and ventilation, oxygen delivery, 
CO2 production, respiratory compliance, muscle strength, respiratory drive, 
and the work of breathing.
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When the patient is hypercapnic and hypoxemic, a useful step is to cal-
culate the ambient air P(A-a)o2 and to determine whether it is normal or 
increased for the patient’s age. Of the six mechanisms of hypoxemia, only two 
(hypoventilation and breathing decreased ambient oxygen, as at altitude or 
from a hypoxic gas mixture) are associated with a preserved P(A-a)o2 (Table 
95-1). Under clinical circumstances at sea level, hypoxemia in the face of a 
normal P(A-a)o2 indicates that the patient’s hypoxemia is caused by hypoven-
tilation and should prompt the clinician to consider the various causes of 
suppressed respiratory drive (Chapter 80) or respiratory insufficiency that 
interferes with a normal ventilatory response (e.g., respiratory muscle weakness;  
Chapter 393).

Increasingly, venous blood gases (VBGs) are being used instead of ABGs 
because they are easier and safer to obtain.3 Peripheral venous blood may be 
used, but central VBGs are considered more accurate. The correlation with 
arterial pH has been good, with venous pH averaging about 0.03 lower; Pvco2 
and Paco2 correlate less well, with Pvco2 averaging 3 to 8 mm Hg higher and 
not being reliably comparable to Paco2. VBGs are considered unacceptably 
inaccurate in hypotensive patients and patients with severe hypercapnia, but 
a normal Pvco2 may be used to exclude hypercapnia.

 PULSE OXIMETRY
Pulse oximetry is a noninvasive method to assess arterial blood oxygenation.4,5 
The percentage of hemoglobin that is oxygenated is measured by passing light 
of two different wavelengths (660 nm [for deoxyhemoglobin] and 940 nm 
[for oxyhemoglobin]) through a blood-carrying tissue (e.g., finger, earlobe, 
forehead), identifying the pulsatile component (which contains arterial blood 
and background tissue elements), and subtracting the nonpulsatile component 
to isolate the arterial component. The device can estimate the percentage of 
oxygenated hemoglobin over the range of 100% to about 75%. Most clinicians 
regard the output of pulse oximeters to be inaccurate for percentage saturation 
values of less than 70%, although the probability of a low saturation should 
not be discounted (Fig. 95-1). Pulse oximetry measurements may help identify 
significant drops in Pao2 below 60 to 65 mm Hg but are relatively insensitive 
to changes in Pao2 from 90 to 65 mm Hg.

Prolonged hypoxemic episodes are common in postoperative patients after 
noncardiac surgery, but it is not clear whether routine continuous monitoring 
will improve clinical outcomes. Similarly, the true value of pulse oximetry for 
decision making in the emergency department setting remains uncertain. A1 

 CARBON DIOXIDE MONITORING: CAPNOMETRY 
AND TRANSCUTANEOUS CARBON  
DIOXIDE MEASUREMENT

The fraction of carbon dioxide in exhaled air can be measured in real time by 
infrared capnometry.6,7 Partial pressures can then be calculated on the basis 

Pa HCOCO2 31 5 8 2 6= + ±−( . [ ] ) ( )

TABLE 95-1 PHYSIOLOGIC MECHANISMS OF HYPOXEMIA 
AND ACCOMPANYING VALUES OF THE 
ALVEOLAR-ARTERIAL OXYGEN GRADIENT ON 
BREATHING OF ROOM AIR

MECHANISM/
PHYSIOLOGIC PROCESS EXAMPLE

ALVEOLAR-ARTERIAL 
OXYGEN GRADIENT 

ON ROOM AIR
Ventilation-perfusion 

mismatch
Pneumonia Increased

Diffusion impairment Interstitial lung disease Increased
Anatomic right-to-left shunt Pulmonary arteriovenous 

malformation
Increased

Hypoventilation Neuromuscular weakness Normal
Breathing decreased ambient 

oxygen (from either 
hypobaric conditions 
[e.g., altitude] or 
breathing a gas mixture 
with decreased inspired 
oxygen fraction)

Altitude exposure Normal

Diffusion-perfusion 
impairment

Hepatopulmonary 
syndrome

Increased

Contraction of the sternocleidomastoid muscles or scalene muscles, often 
with a seated, bent posture, is called the tripod sign (E-Fig. 95-1). This response 
indicates inadequate diaphragmatic function, most commonly in the setting 
of emphysema with associated diaphragmatic flattening, which causes a mechani-
cal disadvantage of diaphragmatic contraction. In this circumstance, patients 
may demonstrate Hoover sign, which is inspiratory retraction of the rib cage 
at the level of the zone of apposition, where the diaphragm inserts on the 
chest wall.

The physical examination of the nail beds and lips may also reveal cyanosis, 
which suggests hypoxemia. Cyanosis occurs when saturation falls, but it requires 
the presence of 5 g of desaturated hemoglobin. As such, polycythemic patients 
may show cyanosis with relatively high oxyhemoglobin saturation values, 
whereas patients with profound anemia may not demonstrate cyanosis even 
in the face of low values of oxyhemoglobin saturation.

 SYSTEMIC ARTERIAL BLOOD GAS ANALYSIS
Sampling of arterial blood, either through a percutaneous arterial puncture 
or by withdrawal of blood from an indwelling arterial catheter, provides impor-
tant information about the patient’s oxygenation and ventilation status as well 
as the acuity of and compensation for derangements.2 The partial pressure of 
carbon dioxide (Paco2) reflects ventilation, the elimination of carbon dioxide. 
In many but not all cases, Paco2 is close to the mixed alveolar Paco2. The 
Paco2 in the arterial blood is closely related to the ratio of metabolic carbon 
dioxide production to alveolar ventilation:

Pa K CO production rate alveolar ventilation VCO A2 2 1= ( ) ( [ ]) ( )( )

The partial pressure of oxygen (Pao2) reflects the level of oxygenation. 
Normal levels of oxygenation are defined by the alveolar-arterial oxygen gradi-
ent, P(A-a)o2, which is calculated as

P A-a F P P at standard pressure and body temperaO IO B H O( ) (2 2 2= − tture
Pa Pa respiratory quotientO CO

)
( )

( )
− +2 2

2

where the respiratory quotient equals the number of moles of carbon dioxide 
produced for each mole of oxygen consumed (generally ≈0.8 under normal 
metabolic conditions at rest but variable with dietary intake and metabolic 
rate). The normal value of the alveolar-arterial oxygen gradient varies with 
age and position and can be approximated by the simple equation

Normal age-related values of Pao2 in the sitting position can be determined 
by the equation

Normal values of PaO2 are generally in the range of 70 to 95 mm Hg, depend-
ing on the patient’s age.

The Paco2 helps assess the adequacy of the patient’s ventilation. At sea 
level, normal values of Paco2 range from 35 to 45 mm Hg. Values of Paco2 
below 35 mm Hg indicate hyperventilation, either as a primary respiratory 
event (e.g., with anxiety) or in response to another insult (e.g., hypoxemia, 
sepsis, liver disease). Similarly, values of Paco2 exceeding 45 mm Hg indicate 
hypoventilation, hypercapnia, and respiratory acidosis, which may result either 
from suppression of the ventilatory drive (Chapter 80) (e.g., excess narcotics; 
Chapter 31) or from respiratory insufficiency (e.g., respiratory muscle weak-
ness; Chapter 393).

Assessment of the patient’s bicarbonate level (HCO3
−) helps define the 

chronicity of changes in the patient’s Paco2, where the value of bicarbonate 
is defined by the Henderson-Hasselbalch equation:

Acute increases in Paco2 drive the normal kidney to retain bicarbonate 
(Chapter 110), whereas acute decreases in Paco2, as in hyperventilation from 
anxiety or liver disease, would be expected to cause the normal kidney to 
waste bicarbonate to preserve the body’s pH (normally 7.35 to 7.45).

The clinician can also assess whether the patient’s ventilatory response 
to metabolic acidosis is appropriate or inadequate by the Winter equation, 
which predicts the expected Paco2 in the face of a decreased bicarbonate 
from a metabolic acidosis (Equation 6). Specifically, a measured Paco2 
above the expected value indicates an inadequate ventilatory response, 
whereas a value of Paco2 that falls within the expected range indicates an 
expected, appropriate ventilatory response to the metabolic derangement (i.e.,  
the acidosis).

P A-a ageO( ) ( ) ( )2 4 4 3= +

Pa sitting age in yearsO2 104 2 0 27 4= − ×. ( . ) ( )

pH HCO PaCO= + −6 1 0 003 510 3 2. log / . ( )[ ]
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E-FIGURE 95-1. This patient with chronic obstructive pulmonary disease (COPD) 
demonstrates the posture referred to as the tripod sign. the patient is sitting forward 
with his hands on his knees to provide a mechanical advantage to the accessory muscles 
of respiration, such as the sternocleidomastoid and trapezius. Diaphragmatic flattening 
accompanying CopD lessens the diaphragm’s ability to generate pressure, thereby result-
ing in increased dependence on the accessory muscles of respiration and leading to this 
posture. 



CHAPTER 95 RespiRatoRy MonitoRing in CRitiCal CaRe624

Oxygen content hemoglobin saturation PaO= +1 34 0 0031 2. ( ) % . (( ) ( ) 99)

Under normal conditions (with, for example, an arterial percentage satura-
tion of 95% and a hemoglobin level of 15 g/100 mL and an oxygen consump-
tion of 250 mL/minute), arterial oxygen content is about 20 mL/100 mL, 
and because mixed venous oxygen saturation is about 75%, central venous 
oxygen content is about 15 mL/100 mL, making the normal arteriovenous 
oxygen content difference with a normal cardiac output about 5 mL/100 mL.

Systemic oxygen transport defines the amount of oxygen delivered to the 
tissues and multiplies the arterial oxygen content by the cardiac output:

Systemic oxygen transport mL min cardiac output CaO( ) ( )= × 2 10

where the normal value is about 1000 mL/minute.

 MEASURING VENTILATION: MINUTE 
VENTILATION AND ALVEOLAR VENTILATION

Minute ventilation (Ve), which is the amount of gas exhaled from the airway 
per minute, is the product of the respiratory rate times the exhaled tidal volume, 
measured at body temperature and standardized to barometric pressure at sea 
level, saturated with water vapor (BTPS). The BTPS is a standard condition 
under which many measurements for most pulmonary function equipment 
and mechanical ventilators are made. These devices use an airflow meter to 
measure exhaled airflow and integrate the signal to derive tidal volume. An 
alternative way to measure tidal volume in an intensive care setting is respira-
tory impedance plethysmography, which uses calibrated magnetic coils in 
belts strapped around the chest and abdomen to monitor respiratory frequency 
and changes in thoracic volume.

Alveolar ventilation is the rate of gas delivery in liters per minute to gas-
exchanging areas of the lung (i.e., the alveoli and alveolar ducts). The portion 
of minute ventilation that fails to undergo gas exchange is dead space ventila-
tion (Vd) and is determined by Equation 7. Minute, alveolar (Va), and dead 
space ventilation are related as follows:

It follows that conditions such as acute lung injury and acute respiratory 
distress syndrome (ARDS; Chapter 96) that are associated with very high 
dead space ratios require high Ve to achieve a sufficient Va. Conversely, con-
ditions that cause neuromuscular weakness (Chapter 393) are associated 
with small tidal volumes and have a high Vd/Vt ratio because the anatomic 
dead space is fixed and constitutes a higher fraction of the diminished tidal  
volume.

 MEASURING CARBON DIOXIDE PRODUCTION
Measurement of carbon dioxide production is sometimes referred to as indi-
rect calorimetry because it provides an index of metabolic rate and permits 
estimation of calorie requirements. Metabolic “carts” that simultaneously 
measure not only carbon dioxide production but also oxygen consumption 
and respiratory quotient are commonly used clinically to estimate metabolic 
needs to prescribe nutritional repletion (Chapter 204). The normal baseline 
carbon dioxide production is in the range of 200 mL/minute but is subject 
to wide variation because of hypermetabolic states commonly encountered in 
critically ill patients, such as sepsis and the systemic inflammatory response  
syndrome.

The respiratory quotient also gives insight into the composition of feedings 
because carbohydrates yield a respiratory quotient of 1, whereas fatty acids 
yield a ratio of 0.8 and amino acids a ratio of 0.7. Thus, balanced nutrition 
should yield a respiratory quotient of approximately 0.85. A respiratory quo-
tient of 1 in combination with a high carbon dioxide production suggests that 
the dietary proportion of carbohydrates is excessive.

 MEASURING RESPIRATORY COMPLIANCE
Respiratory compliance is the change in respiratory system volume induced 
by a change in applied pressure (i.e., inspiratory pressure) and is the mathemati-
cal inverse of elastance. Compliance diminishes in conditions like lung injury 
and ARDS (Chapter 96) or pulmonary fibrosis (Chapter 86), in which diffuse 
inflammation and scarring alter lung structure and contribute to increased 
lung “stiffness.” Static respiratory compliance is measured in patients receiving 
volume-limited mechanical ventilation by imposing a brief inspiratory hold 
at end inspiration. Assuming the patient has no spontaneous breathing effort, 
the airway pressure measured when airflow ceases is referred to as the plateau 
pressure (Pplateau). The difference between this pressure and the positive end-
expiratory pressure (PEEP) is taken as the driving pressure required to deliver 

V V VE A D= + ( )11

of knowledge of atmospheric pressure. The expiratory capnogram (E-Fig. 95-2) 
represents a continuous plot of exhaled Pco2 versus time or exhaled volume 
and reflects the sequential appearance of gas from various compartments (e.g., 
the endotracheal tube, central airways, and finally the alveoli, where the Pco2 
is in equilibrium with end-capillary blood). The shape of the capnogram pro-
vides clues to the presence of chronic obstructive pulmonary disease, in that 
emptying of areas of lung with increased dead space (see later) can cause the 
capnogram to have a rising contour (E-Fig. 95-2A), whereas the attainment 
of a so-called alveolar plateau on the normal capnogram (E-Fig. 95-2B) indi-
cates that alveolar gas is composed of a mix with a relatively small contribution 
from areas of increased dead space. The value of Peco2 measured at the end 
of expiration on the capnometer (i.e., the highest value recorded) represents 
the end-tidal Petco2. Notably, the value of Petco2 is always below the Paco2 
because there is a normal component of dead space ventilation (Vd/Vt) 
related to the anatomic dead space of the conducting airways (i.e., the trachea 
and airways to the level of gas-exchanging alveolar ducts and alveoli). The 
numerical difference between the Paco2 and the mixed exhaled carbon dioxide 
tension (Peco2, defined as the partial pressure of carbon dioxide that would 
be measured in a balloon in which the entire exhaled volume is gathered) is 
related to the magnitude of dead space ventilation (i.e., areas of the lung that 
are ventilated without accompanying blood flow, normally ≈0.3 to 0.4) as 
defined by the Bohr equation:

V V Pa P PaD T CO ECO CO= −( ) ( )2 2 2 7

The difference between Paco2 and Peco2 may be as low as several milli-
meters of mercury, but changing conditions of ventilation-perfusion matching 
(e.g., with pulmonary embolism [Chapter 74], atelectasis [Chapter 84]) may 
change the gradient over time. Measurement of the Petco2 can be clinically 
useful to assess trends, to help detect esophageal intubation, to detect discon-
nection from the ventilator, and to detect perfusion during cardiopulmonary 
resuscitation, but it is not a reliable surrogate for Paco2. Furthermore, mea-
surement of the dead space fraction has prognostic value in patients with early 
acute respiratory distress syndrome (Chapter 96), in whom rising dead space 
is linearly related to increased mortality risk.

Measurement of transcutaneous Pco2 by heated probes applied to the skin 
represents an alternative noninvasive method for estimating Pco2. Despite 
recent technical improvements, this approach is less widely used clinically, at 
least in adults.

 ARTERIAL OXYGEN CONTENT AND SYSTEMIC 
OXYGEN DELIVERY

Arterial (Cao2) and venous oxygen content (Cvo2) are used to calculate cardiac 
output by the Fick equation (Equation 8), which is an alternative to determin-
ing cardiac output by the thermodilution method with a flow-directed pul-
monary artery (Swan-Ganz) catheter (Chapter 51). The Fick equation is

Oxygen consumption mL O cardiac output Ca CO VO( min) ( )( )2 2 2 8= × −
where oxygen content has the units of milliliters of oxygen per 100 mL of 
blood and is calculated as
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FIGURE 95-1. Illustration of inspiratory hold maneuver to determine plateau pressure 
(Pplateau). airway pressure during volume-targeted mechanical ventilation rises as the 
tidal volume is delivered and reaches a peak. an inspiratory hold is initiated at peak 
pressure that prevents exhalation, so pressure falls to a “plateau” of about 20 cm H2o. 
the drop in pressure reflects the pressure needed to overcome airway resistance. after 
slightly more than 1 second, the inspiratory hold is released, and airway pressure falls 
to positive end-expiratory pressure (peep). the difference between pplateau and peep is 
used to calculate static compliance by dividing the difference into the tidal volume. 
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E-FIGURE 95-2. Abnormal and normal end-tidal capnograms. A, illustration of a capnogram from a patient with chronic obstructive pulmonary disease in which the end-tidal pCo2 
rises throughout expiration as carbon dioxide excretion varies from different parts of the lung. B, illustration of a normal capnogram in which the end-tidal pCo2 reaches a plateau with 
more uniform carbon dioxide excretion. the end-tidal pCo2 is the highest point of the alveolar plateau. 
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FIGURE 95-2. Pressure-volume curves illustrating components of work in a normal 
subject and in patients with restrictive or obstructive disease. the line between a and 
c represents elastic work as the lung expands, but this work is a net zero because static 
forces return the lung to its neutral position. the restrictive curve is flatter than normal 
because the lung is stiffer and volume changes less for a given unit change in pressure. 
the obstructive curve has a greater slope because (e.g., in emphysema) the lung is more 
compliant and starts inhalation from a higher volume. the abc curve represents resistive 
work during inspiration, and cda represents resistive work during exhalation. Resistive 
work during exhalation is greater in patients with obstructive lung disease. 

gastric balloon manometers) as an index of diaphragmatic work. The work 
can be calculated as work of breathing per breath or as work of breathing per 
minute by multiplying the work per breath by the respiratory frequency. Com-
mercially available devices using esophageal manometry automatically calculate 
the inspiratory work of breathing, which may be of some value in assessing 
the likelihood of weaning from mechanical ventilation. If the drop in inspira-
tory pressure necessary to achieve an adequate tidal volume is too large, the 
calculated work of breathing will be high, and the likelihood of successful 
weaning will be reduced.
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the tidal volume (Fig. 95-1). Static respiratory system compliance (Crs) is 
then calculated as

This compliance not only reflects the status of the lung but also includes 
contributions of the chest wall and abdomen. Thus, patients with chest wall 
deformities or morbid obesity have lower values of respiratory compliance 
even in the absence of lung abnormalities (Chapter 92). The normal respira-
tory compliance is in the range of 50 to 70 mL/cm H2O, and patients with 
ARDS usually have values of Crs of less than 30 cm H2O. If respiratory com-
pliance is below 20 to 25 cm H2O, weaning from mechanical ventilation 
(Chapter 97) is difficult or impossible because of the high work of breathing 
requirements (see later).

 MEASURING RESPIRATORY DRIVE
The respiratory center, located in the pons and medulla, regulates respiratory 
drive. Hypercapnia is a strong stimulus to ventilation (Chapter 80). This 
response may be blunted by chronic carbon dioxide retention or by drugs 
like narcotics. Hypoxemia is a weaker ventilatory stimulus that is potentiated 
by hypercapnia and blunted by hypocapnia.

Thus, respiratory drive can be assessed as the response to carbon dioxide 
in the blood in the hypercapnic ventilatory response. In one technique to 
measure respiratory drive, the patient rebreathes his or her exhaled air while 
minute ventilation and Petco2 are monitored; a graph relating Petco2 with 
minute ventilation is used to measure respiratory drive. However, this technique 
is impractical in an intensive care unit (ICU) setting. Another technique is 
to measure the negative swing in airway pressure during the first 100 msec of 
inspiration (P100). This technique avoids the problem of diminished ventila-
tory response due to airway obstruction, but it is still subject to blunting by 
some drugs and still underestimates drive in patients with respiratory muscle 
weakness, a common problem in the ICU. In patients who are failing to be 
weaned from mechanical ventilation, a practical way to assess the integrity of 
respiratory drive is to determine whether the respiratory rate increases, usually 
into the range of 30 to 40 breaths/minute, as Paco2 rises after the patient is 
removed from ventilatory support.

 MEASURING RESPIRATORY MUSCLE STRENGTH
Respiratory muscle weakness has long been recognized as a contributor to 
respiratory failure and failure to be weaned from mechanical ventilation in 
the ICU (Chapter 97). This recognition has intensified in recent years with 
the increased awareness of ICU-acquired weakness after critical illness. However, 
measurement of respiratory muscle strength remains challenging because of 
the need to differentiate between actual weakness and reduced muscle per-
formance due to inability to cooperate or to exert a full inspiratory effort.

The most commonly used measures of respiratory muscle strength are the 
maximal inspiratory and expiratory pressures (Pimax or MIP and Pemax or 
MEP).8 These values are obtained by measuring the pressure change with a 
manometer when the patient inhales with maximal force from residual volume 
and exhales with maximal force from total lung capacity. Normal MIP is usually 
more negative than −75 cm H2O, and normal MEP is usually more positive 
than 125 cm H2O. When the value for MIP is less negative than −20 or −30 cm 
H2O, weaning from mechanical ventilation may be difficult, and values less 
positive than 60 cm H2O suggest cough insufficiency. However, these values 
have poor predictive value for weaning of mechanically ventilated patients 
because many of these patients are unable to cooperate. This problem may be 
addressed by attaching a one-way valve to the end of an endotracheal tube 
that permits exhalation but not inhalation and then measuring the inspiratory 
pressure efforts for 20 to 25 seconds.

 MEASURING WORK OF BREATHING
Work of breathing is the product of pressure and volume for each breath (Fig. 
95-2). The components include work needed to overcome elastic recoil of 
the lung and to displace the chest wall and abdomen as well as work needed 
to overcome airway resistance and lung viscosity and work needed to overcome 
inertia. With restrictive lung diseases, the inspiratory work of breathing is 
increased because of the decreased lung elasticity. With obstructive diseases, 
the work of breathing is increased because of increased airway resistance.

In clinical settings, a more practical way to assess the inspiratory work of 
breathing is to calculate the pressure-time product (in cm H2O-seconds). The 
pressure-time product can be calculated by the decrease in airway pressure 
during inspiration, esophageal pressure (measured with an esophageal balloon 
manometer), or transdiaphragmatic pressure (measured with esophageal and 

C V exhaled tidal volume P P PEEPRS plateau= −∆ ∆( ) ( ) ( )12
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REVIEW QUESTIONS

1. A patient’s ambient air arterial blood gas shows a Pao2 of 60 torr and a 
Paco2 of 60 torr (at sea level). What is this patient’s alveolar-arterial oxygen 
gradient?
 A. 4 torr
 B. 14 torr
 C. 24 torr
 D. 34 torr
 E. 37 torr

Answer: B The alveolar-arterial oxygen gradient at sea level (barometric pres-
sure = 760 mm Hg) is calculated as 149 − ([1.25] Paco2 + Pao2). The alveolar-
arterial oxygen gradients with these arterial blood gas values = 14 torr (or 
mm Hg).

2. Which of the following represents the normal response to hypercapnia?
 A. Polycythemia
 B. Decrease in serum bicarbonate
 C. Elevation of serum bicarbonate
 D. Decreased respiratory drive
 E. Increased oxygen binding to hemoglobin

Answer: C With normal renal function, serum bicarbonate will rise in response 
to hypercapnia as the kidney retains bicarbonate in an attempt to preserve a 
normal or near-normal pH.

3. Dead space ventilation occurs when:
 A. Areas of lung without ventilation receive blood flow.
 B. Perfusion increases in areas of non-aerated lung (i.e., atelectasis).
 C. A mainstem bronchus is occluded.
 D. Areas of lung are ventilated without accompanying perfusion.
 E. Cardiac output increases.

Answer: D Dead space ventilation occurs when areas of lung are ventilated 
without accompanying perfusion.

4. Which of the following conditions would be expected to decrease respira-
tory compliance?
 A. Pulmonary fibrosis
 B. Acute respiratory distress syndrome
 C. Morbid obesity
 D. Guillain-Barré syndrome
 E. All of the above

Answer: E All of the above conditions would be expected to decrease respira-
tory compliance because greater inspiratory pressure will be needed to inflate 
the lungs to the same or smaller volumes.
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96 
ACUTE RESPIRATORY FAILURE
MICHAEL A. MATTHAY AND LORRAINE B. WARE

 DEFINITION
Acute respiratory failure occurs when dysfunction of the respiratory system 
results in abnormal gas exchange that is potentially life-threatening. Each 
element of this definition is important to understand. The term acute implies 
a relatively sudden onset (from hours to days) and a substantial change from 
the patient’s baseline condition. Dysfunction indicates that the abnormal gas 
exchange may be caused by abnormalities in any element of the respiratory 
system (e.g., a central nervous system abnormality affecting the regulation of 
breathing or a musculoskeletal thoracic abnormality affecting ventilation 
[Chapter 77]) in addition to abnormalities of the lung itself. The term respira-
tion refers, in a broad sense, to the delivery of oxygen (O2) to metabolically 
active tissues for energy use and the removal of carbon dioxide (CO2) from 
these tissues (Table 96-1). Respiratory failure is a failure of the process of 
delivery of O2 to the tissues or removal of CO2 from the tissues. Abnormalities 
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ABSTRACT
This chapter discusses the physiologic and clinical basis for the diagnosis and 
management of the clinical disorders that lead to acute respiratory failure. 
Acute respiratory failure is defined by abnormal gas exchange that leads to 
life-threatening hypoxemia or hypercapnia. Acute hypercapnia with respiratory 
acidosis is caused by ventilation-perfusion mismatch in the lungs, abnormal 
neuromuscular function, or a decrease in central respiratory drive. The most 
common clinical causes are COPD, asthma, neuromuscular diseases such as 
Guillain-Barre, and drug overdoses. Severe hypoxemia is most commonly 
caused by ventilation-perfusion mismatch and intra-pulmonary shunting. 
Clinically, life threatening hypoxemia is commonly caused by pneumonia, 
ARDS, cardiogenic pulmonary edema, and pulmonary thromboembolism. 
Clinical assessment guided by the history, physical examination, and labora-
tory data (including chest radiographic imaging and arterial blood gas results) 
establishes the clinical disorder responsible for the patient’s respiratory failure. 
The first treatment objective is to improve oxygenation. In the spontaneously 
breathing patient, supplemental oxygen may be supplied with low flow oxygen 
by nasal cannula (2 to 6 liters/min), a face mask, or a non-rebreathing face 
mask. In more severely ill patients, oxygen may be delivered with continuous 
positive airway pressure (CPAP) or with humidified high flow nasal oxygen 
(10 to 60 liters/minute). In spontaneously breathing patients with severe 
hypercapnia, a trial of non-invasive positive pressure ventilation (NPPV) is 
often indicated. Endotracheal intubation with positive pressure ventilation is 
required if the patient’s hypoxemia or hypercapnia cannot be managed with 
the above interventions. For ARDS, patients should be ventilated with a low 
tidal volume (6 mL/kg PBW) and a plateau airway pressure <30 cm H2O.
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these conditions, it will be accompanied by significant hypoxemia (see later). 
The life-threatening aspect of the condition places the degree of abnormal gas 
exchange in a clinical context and calls for urgent treatment.

The diagnosis of acute respiratory failure requires a significant change in 
arterial blood gases or arterial oxygen saturation from baseline. Many patients 
with chronic respiratory problems can function with blood gas tensions that 
would be alarming in a physiologically normal individual. Over time, patients 
with so-called chronic respiratory failure or chronic respiratory insufficiency 
develop mechanisms to compensate for inadequate gas exchange. Conversely, 
this chronic condition makes patients vulnerable to respiratory insults that 
could be easily tolerated by a previously healthy individual.

In acute respiratory failure, the O2 content in the blood (available for tissue 
use) is reduced to a level at which the possibility of end-organ dysfunction, 
as a result of inadequate oxygen delivery, increases. The value of the partial 
pressure of O2 in the arterial blood (Pao2) that demarcates this vulnerable 
zone is often considered to be the point of the oxyhemoglobin dissociation 
relationship at which any further decrease in the Pao2 results in sharp decreases 
in the amount of hemoglobin saturated with O2 (Sao2) and in the arterial 
blood O2 content (Cao2). Thus, acute respiratory failure is often defined in 
practice as occurring when the Pao2 is less than about 55 to 60 mm Hg (Fig. 
96-1). However, it is important to note that the oxyhemoglobin dissociation 
curve of whole blood, which is the partial pressure at which O2 is being unloaded 
to the tissues, is a critical determinant of how much O2 is available for the 
cells and their mitochondria at a given PaO2. Conditions such as fever or 
acidosis can shift the curve rightward. Other than under conditions of an 
extremely hypoxic environment (e.g., in utero or on the summit of Mt. Everest), 
however, the enhanced ability to unload O2 at the tissue level more than com-
pensates for small decreases in the amount of O2 picked up in the lungs when 
the oxyhemoglobin dissociation curve is shifted rightward. With a leftward 
shift in the curve, O2 is bound more tightly to hemoglobin, so less O2 is avail-
able for tissue delivery.

These physiologic and clinical considerations imply that any definition of 
acute respiratory failure based on an absolute level of Pao2 is arbitrary. A 
healthy, young, conditioned individual climbing at high altitude may have a 
Pao2 of less than 50 mm Hg because of the reduction in inspired O2 pressure. 
This individual is not in acute respiratory failure, even though the Pao2 may 
be in the low 40s. A patient who has chronic obstructive pulmonary disease 
(COPD) and whose usual range of Pao2 is 50 to 55 mm Hg would not be 
considered to be in acute respiratory failure if the Pao2 was 50 mm Hg. However, 

TABLE 96-1 ABBREVIATIONS COMMONLY USED IN ACUTE 
RESPIRATORY FUNCTION

ABG Arterial blood gas or arterial blood gas analysis
ARDS Acute respiratory distress syndrome
ARF Acute respiratory failure
cm H2O Centimeters of water
Cao2 Content of oxygen in arterial blood
Cco2 Content of oxygen in end-capillary blood
CO2 Carbon dioxide
COPD Chronic obstructive pulmonary disease
CPAP Continuous positive airway pressure (used when positive pressure 

during exhalation is applied with spontaneous ventilation)
Cvo2 Content of oxygen in mixed venous blood
Fio2 Fraction of inspired oxygen
g/dL Grams per deciliter
HbO2 Saturation of hemoglobin by oxygen
L/min Liters per minute
mL/kg Milliliters per kilogram
mL/min Milliliters per minute
mm Hg Millimeters of mercury
NIPPV Noninvasive positive-pressure ventilation
O2 Oxygen
P(A-a)o2 Difference of partial pressure of oxygen between mean alveolar gas 

and arterial blood (alveolar-to-arterial oxygen difference)
Paco2 Partial pressure of carbon dioxide in alveolar gas
Paco2 Partial pressure of carbon dioxide in arterial blood
Pao2 Partial pressure of oxygen in alveolar gas
Pao2 Partial pressure of oxygen in arterial blood
Pao2/Fio2 Ratio of partial pressure of oxygen in arterial blood to fraction of 

inspired oxygen
PBW Predicted body weight

PcCO2 Partial pressure of carbon dioxide in end-capillary blood

PCO2 Partial pressure of carbon dioxide

PcO2 Partial pressure of oxygen in end-capillary blood

PEEP Positive end-expiratory pressure (used when positive pressure 
during exhalation is applied with mechanical ventilation)

P/F Pao2/Fio2 ratio
Pio2 Partial pressure of oxygen in inspired gas
Po2 Partial pressure of oxygen
Pvco2 Partial pressure of carbon dioxide in mixed venous blood
Pvo2 Partial pressure of oxygen in mixed venous blood
Q̇ Blood flow or perfusion
RR Respiratory rate
Sao2 Percentage of saturation of hemoglobin by oxygen in arterial blood
V̇ Ventilation

V̇/Q̇ Ventilation-perfusion ratio
Vt Tidal volume
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FIGURE 96-1. Oxyhemoglobin association-dissociation curve. the axis for oxygen 
saturation in the arterial blood (sao2) is on the left, and the axis for arterial content of 
oxygen (cao2) is on the right. cao2 is the sum of the oxygen dissolved in plasma (denoted 
as “Dissolved” in the figure) plus the oxygen bound to hemoglobin. With a normal hemo-
globin, most of the oxygen is carried in combination with hemoglobin, with only a relatively 
small amount of oxygen dissolved in plasma. When the value of the arterial partial pres-
sure of oxygen (pao2) is on the “flat” portion of the curve (pao2 ≥ 60 to 65 mm Hg, normal 
partial pressure of arterial carbon dioxide [paco2], and normal pH), raising the pao2 further 
has relatively little effect on total oxygen content. increases in temperature, pco2, hydrogen 
ion concentration, or 2,3-diphosphoglycerate cause a rightward shift in the oxyhemoglobin 
association-dissociation curve. 

in the periphery (e.g., cyanide poisoning, circulatory shock, pathologic dis-
tribution of organ blood flow in sepsis) can lead to tissue hypoxia; although 
these conditions represent forms of respiratory failure in the broadest terms, 
this chapter focuses on respiratory failure resulting from dysfunction of the 
lungs, chest wall, and control of respiration.

 PATHOBIOLOGY
Abnormal gas exchange is the physiologic hallmark of acute respiratory failure, 
which can be classified in several ways (Table 96-2). Although gas exchange 
can be abnormal for either oxygenation or CO2 removal, significant hypoxemia 
is nearly always present when patients with acute respiratory failure breathe 
ambient air. If CO2 is retained at a potentially life-threatening level under 

V̇/Q̇ mismatch is distinguished from shunting by assessing the Pao2 response 
to enhanced O2 administration. Hypoxemia caused by V̇/Q̇ mismatch can 
be corrected to a nearly complete O2 saturation of the hemoglobin in most 
patients by a relatively small increase in Fio2, such as from 0.24 to 0.28 by 
face mask or 1 to 2 L/minute O2 by nasal prongs, in patients with acute exac-
erbations of COPD. If the airways to poorly ventilated alveoli remain open 
and the enriched O2 mixture is administered for an adequate length of time 
(ranging from a few minutes to about 20 minutes, depending on the degree of  
V̇/Q̇ inequality), the increased Pio2 is reflected by an increased Pao2 and an 
increased Pao2. When a shunt is present (no ventilation but continued perfu-
sion), a relatively small increase in the Fio2 has little or no effect on the Pao2, 
and even large increases in Fio2 up to 1.0 result in only modest increases in 
Pao2 (Fig. 96-2).

For clinical purposes, diffusion abnormalities are not usually important 
causes of hypoxemia at sea level because there is sufficient time for adequate 
diffusion of O2 during the transit of a red blood cell through the pulmonary 
capillary bed, even in the presence of severe lung disease. When diffusion 
abnormalities are present and contribute to hypoxemia, V̇/Q̇ mismatch nearly 
always coexists with the shunting, and this mismatch is an important cause 
of hypoxemia. Except at high altitude or when a subject is breathing a gas 
mixture low in O2, hypoventilation, V̇/Q̇ mismatch, and shunting are the 
dominant causes of hypoxemia.

The sixth cause of arterial hypoxemia, a reduced mixed venous oxygen 
concentration, usually reflects a reduction in cardiac output, with increased 
oxygen extraction from the blood in the periphery leading to a decrease in 
oxygen content of blood returning to the heart. The most common causes are 
heart failure (Chapter 52) or hypovolemia.

 CLINICAL MANIFESTATIONS
The hallmark of acute respiratory failure is the inability to maintain adequate 
oxygenation or the inability to maintain an appropriate Paco2. Patients are 
typically dyspneic and tachypneic, unless progressive respiratory failure causes 
fatigue—sometimes leading to respiratory arrest—or a drug overdose or 
neuromuscular condition prevents an appropriate respiratory response to 
hypoxemia or hypercapnic acidosis. Neurologic function may deteriorate, and 
myocardial ischemia or even infarction may be precipitated by hypoxemia. In 
addition, each cause has its own specific manifestations (see later).

 DIAGNOSIS
As part of the diagnosis of acute respiratory failure, the physician has three 
objectives: (1) to confirm the clinical suspicion that acute respiratory failure 
is present, (2) to classify the type of acute respiratory failure as primary 
hypoxemia or primary hypercapnia (Table 96.2) (e.g., hypoxemia caused by 
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if a patient’s usual Pao2 is 80 mm Hg, a sudden drop to a Pao2 of 50 to 55 mm 
Hg could be associated with a substantial risk for a further life-threatening 
reduction in oxygenation; this patient should be considered to have acute 
respiratory failure.

Traditionally, the level of arterial CO2 partial pressure (Paco2) that defines 
acute respiratory failure has been 45 mm Hg or greater, if it is accompanied 
by arterial acidosis with a pH of less than about 7.35. The Paco2 is linked to 
pH in this definition because of the general belief that acidosis is what leads 
to tissue dysfunction and symptoms. Patients with severe COPD may have 
chronic CO2 retention, but renal compensation for the respiratory acidosis 
protects them against acidosis related to the elevation in CO2. A further acute 
rise in Paco2 can precipitate symptoms and other organ dysfunction; however, 
even severe respiratory acidosis (pH 7.1) seems to be better tolerated than 
metabolic acidosis of the same pH in most previously healthy individuals if 
arterial and tissue oxygenation is adequate.

Pathophysiology
Six mechanisms can lead to a reduction in Pao2: (1) decreased inspired partial 
pressure of O2 (Pio2) (e.g., at high altitude or when breathing a reduced per-
centage O2 mixture); (2) hypoventilation; (3) ventilation-perfusion mismatch; 
(4) shunting of blood from the pulmonary to systemic circulation, thereby 
bypassing the alveoli anatomically or functionally; in essence, a shunt is an 
extreme V̇/Q̇ mismatch in which blood perfuses alveoli with no ventilation, 
and it is differentiated clinically from other V̇/Q̇ mismatching by the response 
to breathing supplemental O2 (see later); (5) any barrier for diffusion of O2 
from the alveoli into the capillary blood; and (6) a decrease in the concentra-
tion of oxygen in the mixed venous blood in the pulmonary artery.

If only hypoventilation is present, the resulting hypoxemia is associated 
with a normal difference between the calculated alveolar and the measured 
arterial oxygenation levels [P(A-a)o2]. In this setting, an elevated Paco2 sug-
gests disease processes that affect nonpulmonary respiratory function (e.g., 
central respiratory depression resulting from drug overdose, neuromuscular 
diseases such as Guillain-Barré syndrome, or chest wall disease such as flail 
chest; Chapter 80). In contrast, V̇/Q̇ mismatch and shunting are associated 
with an elevated P(A-a)o2, which may or may not coexist with hypoventila-
tion. The normal value for P(A-a)o2 varies as a function of the fraction of 
inspired O2 (Fio2), increasing as Fio2 increases.

When V̇/Q̇ mismatch or shunting is the cause of hypoxemia, some alveolar 
regions have increased levels of Pco2 and associated reduced levels of Po2; 
the blood in the vessels perfusing these alveoli reflects these abnormal gas 
tensions. The resulting increased arterial Pco2 (Paco2) usually can be reversed 
by increasing overall ventilation, but this increased ventilation usually does 
not correct the decreased arterial Po2 (Pao2).

V̇/Q̇ mismatch is distinguished from shunting by assessing the Pao2 response 
to enhanced O2 administration. Hypoxemia caused by V̇/Q̇ mismatch can 
be corrected to a nearly complete O2 saturation of the hemoglobin in most 
patients by a relatively small increase in Fio2, such as from 0.24 to 0.28 by 
face mask or 1 to 2 L/minute O2 by nasal prongs, in patients with acute exac-
erbations of COPD. If the airways to poorly ventilated alveoli remain open 
and the enriched O2 mixture is administered for an adequate length of time 
(ranging from a few minutes to about 20 minutes, depending on the degree of  
V̇/Q̇ inequality), the increased Pio2 is reflected by an increased Pao2 and an 
increased Pao2. When a shunt is present (no ventilation but continued perfu-
sion), a relatively small increase in the Fio2 has little or no effect on the Pao2, 
and even large increases in Fio2 up to 1.0 result in only modest increases in 
Pao2 (Fig. 96-2).

For clinical purposes, diffusion abnormalities are not usually important 
causes of hypoxemia at sea level because there is sufficient time for adequate 
diffusion of O2 during the transit of a red blood cell through the pulmonary 
capillary bed, even in the presence of severe lung disease. When diffusion 
abnormalities are present and contribute to hypoxemia, V̇/Q̇ mismatch nearly 
always coexists with the shunting, and this mismatch is an important cause 
of hypoxemia. Except at high altitude or when a subject is breathing a gas 
mixture low in O2, hypoventilation, V̇/Q̇ mismatch, and shunting are the 
dominant causes of hypoxemia.

The sixth cause of arterial hypoxemia, a reduced mixed venous oxygen 
concentration, usually reflects a reduction in cardiac output, with increased 
oxygen extraction from the blood in the periphery leading to a decrease in 
oxygen content of blood returning to the heart. The most common causes are 
heart failure (Chapter 52) or hypovolemia.

 CLINICAL MANIFESTATIONS
The hallmark of acute respiratory failure is the inability to maintain adequate 
oxygenation or the inability to maintain an appropriate Paco2. Patients are 
typically dyspneic and tachypneic, unless progressive respiratory failure causes 
fatigue—sometimes leading to respiratory arrest—or a drug overdose or 
neuromuscular condition prevents an appropriate respiratory response to 
hypoxemia or hypercapnic acidosis. Neurologic function may deteriorate, and 
myocardial ischemia or even infarction may be precipitated by hypoxemia. In 
addition, each cause has its own specific manifestations (see later).

 DIAGNOSIS
As part of the diagnosis of acute respiratory failure, the physician has three 
objectives: (1) to confirm the clinical suspicion that acute respiratory failure 
is present, (2) to classify the type of acute respiratory failure as primary 
hypoxemia or primary hypercapnia (Table 96.2) (e.g., hypoxemia caused by 

TABLE 96-2 SYSTEMS TO CLASSIFY HYPOXEMIC VERSUS HYPERCAPNIC ACUTE RESPIRATORY FAILURE
common causes of primary Hypoxemic Acute Respiratory Failure

ARDS
Pneumonia
Pulmonary thromboembolism
Acute lobar atelectasis
Cardiogenic pulmonary edema
Lung contusion

common causes of primary Hypercapnic Acute Respiratory Failure
Pulmonary disease

COPD
Asthma: advanced, acute, severe asthma

Drugs causing respiratory depression
Neuromuscular

Guillain-Barré syndrome
Acute myasthenia gravis

Metabolic derangements causing weakness (including hypophosphatemia, 
hypomagnesemia)

Obesity hypoventilation syndrome (with additional acute, superimposed abnormality 
as cause of acute respiratory failure)

MECHANISMS OF HYPOXEMIA

Normal p(A-a)o2*
↓Pio2

High altitude; inadvertent administration of low Fio2s gas mixture
Hypoventilation

See causes of hypercapnic-hypoxemic acute respiratory failure above

increased p(A-a)o2*

Ventilation-perfusion (V̇/Q̇) mismatch (in severe disease V̇/Q̇ mismatch can act like 
shunt)
Airway disease
Vascular disease, including pulmonary thromboembolism
ARDS
Cardiogenic pulmonary edema
Pneumonia
Parenchymal lung disease
Pulmonary infarction

Shunt
Intracardiac right to left shunt
Intrapulmonary shunt, e.g. A-V malformation/trauma

Decreased mixed venous oxygen concentration (PvO2) (e.g., heart failure or 
hypovolemia)

*Calculated by the alveolar-air equation; see text for description.
ARDS = acute respiratory distress syndrome; A-V = arteriovenous; COPD = chronic obstructive pulmonary disease; Fio2 = fraction of inspired oxygen; P(A-a)o2 = alveolar-to-arterial oxygen difference; Pio2 = 
partial pressure of inspired oxygen; V̇/Q̇ = ventilation-perfusion ratio.
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FIGURE 96-2. Arterial oxygenation. comparison of the effect on arterial oxygenation of increasing the fraction of inspired oxygen (Fio2) from breathing of ambient air (Fio2 = 0.21) 
(A) to breathing of 100% oxygen (Fio2 = 1.0) (B) with a low ventilation-perfusion ratio (V̇/Q̇) (left) and a shunt (right), using a two-compartment lung model. shunting and decreased  
V̇/Q̇ can lead to identical arterial blood gases (partial pressure of oxygen in arterial blood [pao2] = 50 mm Hg; partial pressure of carbon dioxide in arterial blood [paco2] = 40 mm 
Hg). the response to supplemental oxygen administration is markedly different. Hypoxemia is only partially corrected by breathing of 100% oxygen when a shunt is present because 
arterial oxygenation represents an average of the end-capillary oxygen content (cco2) from various parts of the lung, not an average of the partial pressures of oxygen (partial pres-
sure of carbon dioxide in the end-capillary blood [pcco2]). When the cco2 values are mixed, the pao2 is determined from the resultant content of oxygen in the arterial blood (cao2) 
by the oxyhemoglobin association-dissociation relationship (see Fig. 96-1). With low V̇/Q̇ (as is often the case in patients with chronic obstructive pulmonary disease), an increase in 
Fio2 increases the alveolar partial pressure of oxygen (po2) of the low V̇/Q̇ unit and leads to a marked increase in arterial po2. the values in this figure were generated from modeling 
to result in the same paco2 (40 mm Hg) for all four situations shown; this is the reason for slight changes in alveolar ventilation (V) for some of the conditions. several assumptions 
are made: no diffusion limitation is present; oxygen consumption = 300 ml/minute, and co2 production = 240 ml/minute; cardiac output = 6.0 l/minute; the low V̇/Q̇ regions in the 
left panels represent 60% of the cardiac output perfusing alveoli with a V̇/Q̇ 25% of normal; and the shunts in the right panels represent a 37% shunt (i.e., 37% of the cardiac output 
is perfusing alveoli with no ventilation). 

hypoventilation vs. hypoxemia caused by V̇/Q̇ mismatch or shunting), and (3) 
to determine the specific cause. Defining the type of acute respiratory failure 
and determining the specific cause are prerequisites to optimal management.

The initial approach to diagnosis consists of considering information from 
four sources: (1) clinical history and physical examination; (2) physiologic 
abnormalities, particularly arterial blood gas derangements, which help establish 
the mechanisms of hypoxemia; (3) chest radiographic findings; and (4) other 
tests aimed at elucidating specific causes. In many cases, the clinical picture 
from the history is so clear that the presumptive type of acute respiratory 
failure (and sometimes the cause) is obvious, so treatment can be started 
while confirmatory laboratory studies are ordered. In other cases, a clinician 
may be asked to see a patient because of an abnormal chest radiograph, abnor-
mal oxygen saturation or abnormal arterial blood gases ordered by someone 
else and may elicit the pertinent history based on these clues. When the 
degree of hypoxemia is life-threatening, therapeutic decisions must be made 
quickly, even if data are limited. The clinician must obtain updated informa-
tion continually and should view most therapeutic decisions as therapeutic 
trials, with careful monitoring to assess for benefits and possible detrimental  
effects.

Clinical Evaluation
The presentation often reflects one of three clinical scenarios: (1) the systemic 
effects of hypoxemia or respiratory acidosis, (2) the local effects of primary 

(e.g., pneumonia) or secondary (e.g., heart failure) diseases on the lungs, and 
(3) the nonpulmonary effects of the underlying disease process (e.g., shock 
from sepsis). The clinical effects of hypoxemia and respiratory acidosis are 
manifested mainly in the central nervous system (e.g., irritability, agitation, 
anxiety, changes in personality, depressed level of consciousness, coma) and 
the cardiovascular system (e.g., arrhythmias, hypotension, hypertension) (Table 
96-3). In patients with underlying COPD (Chapter 82) with a gradual onset 
of acute respiratory failure, central nervous system abnormalities may be the 
major presenting findings. Cyanosis, which requires at least 5 g/dL of unsatu-
rated hemoglobin to be detectable, may not be present before serious tissue 
hypoxia develops, especially in patients with underlying anemia.

Pulmonary symptoms and signs often reflect the respiratory disease causing 
the acute respiratory failure. Examples include cough and sputum with pneu-
monia (Chapter 91) or pleuritic chest pain from pulmonary thromboembolism 
with infarction (Chapter 74). Dyspnea and respiratory distress are nonspecific 
reflections of the respiratory system’s difficulty in meeting the increased demands 
from both pulmonary and nonpulmonary diseases.

Physical findings may be associated with a particular pathologic lung process, 
such as pneumonia (Chapter 91), which often results in bronchial breathing 
and crackles on auscultation, or cardiogenic pulmonary edema (Chapter 52), 
which commonly is associated with crackles (rales) or an S3 heart sound. 
Abnormal findings may be minimal or absent in patients with ARDS or pul-
monary thromboembolism (Chapter 74).
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TABLE 96-3 CLINICAL MANIFESTATIONS OF HYPOXEMIA 
AND HYPERCAPNIA

HYPOXEMIA HYPERCAPNIA
Tachycardia Somnolence
Tachypnea Lethargy
Anxiety Restlessness
Diaphoresis Tremor
Altered mental status Slurred speech
Confusion Headache
Cyanosis Asterixis
Hypertension Papilledema
Hypotension Coma
Bradycardia Diaphoresis
Seizures
Coma
Lactic acidosis*
*Usually indicates additional reduction in oxygen delivery because of inadequate cardiac output, 
severe anemia, or redistribution of blood flow.

In some patients, the clinical picture is dominated by the underlying disease 
process, particularly with diseases that cause ARDS, such as sepsis (Chapter 
100), severe pneumonia (Chapter 91), aspiration of gastric contents (Chapter 
88), and trauma. In these conditions, the physical examination findings are 
often nonspecific, with no obvious clues except, for example, fever with sepsis 
or pneumonia and hypotension with septic shock.

Assessment of Physiologic Abnormalities
The clinical suspicion of acute respiratory failure must be addressed by arterial 
blood gas analysis to answer several questions.
Is hypoxemia present? The answer is based largely on the Fio2 and the Pao2 or 

Sao2. The degree of the hypoxemia not only confirms the diagnosis of acute 
respiratory failure but also helps define its severity.

Is hypoventilation present? If the Paco2 is elevated, alveolar hypoventilation is 
present.

Does the degree of hypoventilation fully explain the hypoxemia? If the P(A-a)o2 
is normal, hypoventilation fully explains the presence and degree of hypox-
emia. When this is the case, the most likely causes of acute respiratory 
failure are central nervous system abnormalities or a chest wall abnormality. 
If the P(A-a)o2 is increased but hypoventilation does not fully explain the 
hypoxemia, another condition must be present; common diagnoses include 
COPD (Chapter 82), severe asthma (Chapter 81), pneumonia (Chapter 
91), and early stages of ARDS.

If hypoxemia exists without hypoventilation, an elevated P(A-a)o2 should 
be confirmed, and the response to breathing of an enhanced O2 mixture 
would answer this question: Is the increase in P(A-a)O2 the result of a 
V̇/Q̇ abnormality or of shunting? If hypoxemia is primarily the result of 
a V̇/Q̇ abnormality, the likely cause is an airway disease, either COPD 
or acute severe asthma, or a vascular disease, such as pulmonary throm-
boembolism. If effective shunting (lung units with very low but not zero 
V̇/Q̇ values) is the major explanation for the hypoxemia, processes that 
fill the air spaces (e.g., cardiogenic pulmonary edema, noncardiogenic 
pulmonary edema or severe ARDS, or purulent pulmonary secretions in 
acute pneumonia) or, less commonly, an intracardiac or anatomic intrapul-
monary shunt is the likely cause. Conditions that fill air spaces should be 
confirmed by abnormal findings on a chest radiograph; if the radiograph 
is normal, the possibility of intracardiac shunt (Chapter 61) or throm-
boembolism (Chapter 74) should be evaluated. If there is a reduction 
in the mixed venous oxygen concentration, causes of a reduced cardiac 
output should be considered, including acute or chronic heart failure or  
hypovolemia.

Chest Radiography
The chest radiograph in acute respiratory failure is likely to show one of three 
patterns (Fig. 96-3): (1) normal (or relatively normal), (2) localized alveolar 
filling opacities, or (3) diffuse alveolar filling opacities. Diffuse interstitial 

A

B

C

FIGURE 96-3. Chest radiographs (left) and computed tomography scans (right) 
of the three most common findings in diseases causing acute respiratory failure. 
A, Relatively clear chest, consistent with an acute exacerbation of airway disease 
(e.g., asthma, chronic obstructive pulmonary disease) or a central nervous system or 
neuromuscular disease as the cause of acute respiratory failure. B, localized alveo-
lar filling opacity, most commonly seen with acute pneumonia. C, Diffuse bilateral 
alveolar filling opacities consistent with acute respiratory distress syndrome or car-
diogenic pulmonary edema. the computed tomography scan in c shows a small left 
pneumothorax and cavities or cysts that are not apparent on the anteroposterior chest  
radiograph. 

opacities are also possible, but diseases that cause this pattern usually have 
a more gradual onset and are associated with chronic respiratory failure. If 
the chest radiograph is normal (i.e., it is clear or relatively clear), airway dis-
eases, such as COPD and asthma, or pulmonary vascular diseases, such as 
thromboembolism, are more likely. If a localized alveolar filling abnormality 
is present, pneumonia is the major consideration, but pulmonary embolism 
with infarction should also be considered. When diffuse (bilateral) alveolar 
filling abnormalities (E-Fig. 96-1) are present, cardiogenic pulmonary edema 
and ARDS (e.g., as seen after sepsis, trauma, pneumonia, or aspiration of 
gastric contents) are the major considerations. The combination of the chest 
radiograph and the arterial blood gas interpretation can be helpful. The finding 
of a significant shunt may suggest ARDS in a patient in whom this diagnosis 
was not clinically obvious; the chest radiograph should help confirm that  
possibility.

Other Evaluations
All patients with acute respiratory failure should have a complete blood count 
including a platelet count, routine blood chemistry tests, prothrombin time, 
and urinalysis to screen for possible underlying causes and comorbid condi-
tions. Other blood tests should be guided by the clinical picture. Examples 
include a serum lipase level if pancreatitis is a possible cause of ARDS and 
thyroid indices if severe hypothyroidism is a possible cause of hypoventilation. 
Blood cultures are recommended when an infectious cause such as sepsis is 
suspected. A urine toxicology screen is recommended if drug overdose is a 
possibility.

Any abnormal fluid collections, especially pleural effusion (Chapter 92), 
should usually be aspirated for diagnostic purposes. Sputum Gram stain and 
culture are indicated when pneumonia is suspected.

Other specific tests should be directed by the history, physical examinations, 
arterial blood gas levels, and chest radiograph. An abdominal computed tomog-
raphy (CT) scan may be indicated to search for the source of infection in a 
patient with sepsis and ARDS. A chest CT scan may help define pulmonary 
disease if the chest radiograph is not definitive. CT arteriography of the pul-
monary circulation may diagnose pulmonary thromboembolism (Chapter 
74). A head CT scan may be indicated if a stroke involving the respiratory 
center is suspected. Routine blood chemistry studies can detect diabetic keto-
acidosis or renal failure as contributing causes.
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E-FIGURE 96-1. Diffuse alveolar damage in patient with ARDS. chest radiograph shows 
diffuse bilateral ground-glass opacification and consolidation in a patient with acute 
respiratory failure from ARDs and subsequent intubation. (courtesy of paul stark.)
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a known FIO2. High-flow O2 blenders can achieve this goal by delivering gas at 
80 L/minute or more to a nonintubated patient. These systems require a large 
flow of O2 (from a wall unit or tank), however, and are not universally available. 
Other systems for nonintubated patients (including nasal prongs, simple face 
masks, and non-rebreather and partial rebreather masks) use a simple regulator 
that mixes room air with O2 from a wall unit or tank, with resulting flows that 
are frequently unable to match the patient’s peak inspiratory flow rate. The 
patient entrains more air from the environment, and the resulting tracheal FIO2 
or partial pressure of oxygen in inspired gas (PaO2) is unknown. The amount 
of air entrained depends on the patient’s inspiratory pattern and minute ven-
tilation. Although the resulting FIO2 is unknown, these systems are satisfactory 
if the delivery is constant and if they result in adequate arterial O2 saturation, 
as monitored by arterial blood gases or oximetry. Standard nasal prongs can 
deliver a tracheal FIO2 of approximately 0.50, and non-rebreather masks can 
deliver 50 to 100% O2; in both cases, this depends on the inspiratory pattern 
and flow rate. If only hypoventilation or V̇/Q̇ mismatch is present, only a small 
increment in FIO2 (e.g., an FIO2 of 0.24 or 0.28 delivered by a Venturi principle 
face mask or by mechanical ventilation; or 1 to 2 L/minute O2 delivered by 
nasal prongs) is likely to be required. By comparison, if marked shunting or 
many lung units with low but not zero V̇/Q̇ are the cause of hypoxemia, a 
considerably higher FIO2 (e.g., >0.7) may be required, and even this high FIO2 
may not reverse the hypoxemia. A common practice when a significant shunt 
is suspected is to give an FIO2 of 1.0, then adjust the FIO2 downward as guided 
by the resulting PaO2 or SaO2.

The O2 concentration that is toxic to the lungs in critically ill patients is not 
known, but prior injury may provide tolerance to O2 toxicity, whereas prior 
exposure to conditioning agents, such as bleomycin, may enhance oxidative 
injury. An FIO2 of 0.7 or higher is generally considered injurious to the normal 
human lung. Because it is unknown what lower concentration is safe, however, 
patients should be given the lowest FIO2 that provides an adequate SaO2 (≥90%). 
If an FIO2 equal to or greater than 0.5 to 0.7 is required for adequate oxygenation, 
other measures, especially PEEP or CPAP, should be considered. Even a lower 
FIO2 of about 0.5 may be associated with impaired ciliary action in the airways 
and impaired bacterial killing by alveolar macrophages, but the clinical impor-
tance of these effects is not known.

A low concentration of supplemental O2 can be administered by nasal prongs 
or nasal cannula, which most patients find comfortable and allows them to 
cough, speak, eat, and drink while receiving O2. When the nasal passages are 
open, the PIO2 does not depend too much on whether the patient breathes 
through the nose or the mouth because O2 is entrained from the posterior 
nasal pharynx during a breath taken through the mouth. The level of O2 can 
be adjusted by the flow rate to the nasal prongs. In patients with COPD, flows 
as low as 0.5 to 2 L/minute are usually adequate unless an intrapulmonary 
shunt is contributing to the hypoxemia, as usually occurs in acute pneumonia. 
At flows greater than approximately 6 L/minute, only a small further augmenta-
tion in the PIO2 can be achieved. Because gas flow through the nose has a 
drying and irritating effect, a face mask should be considered at high flow rates. 
O2 face masks using the Venturi principle allow the regulation of FIO2 and can 
be particularly useful when COPD is suspected, and it is important to avoid 
the CO2 retention that can be associated with the unregulated administration 
of O2. A higher FIO2 of 0.5 to nearly 1.0 can be administered through a non-
rebreathing face mask with an O2 reservoir. An additional option for delivery 
of higher concentrations of oxygen to the spontaneously breathing patient is 
high flow nasal oxygen, which is humidified and can be delivered from 10 to 
60 L/min. This newer method of oxygen delivery provides a low level of positive 
end-expiratory airway pressure and a modest increase in carbon dioxide elimi-
nation. However, such therapy only marginally reduces subsequent rates of 
intubation, and its long-term benefit is uncertain. A4 

,
 A5 

If the patient has refractory hypoxemia, acidosis, or a high work of breathing, 
then endotracheal inubation should be considered to provide positive pressure 
ventilation. Indications for placement of an artificial airway in a patient with 
acute respiratory failure are to protect the airway against aspiration of gastric 
contents, to deliver an increased FIO2, to facilitate mechanical ventilation, and 
possibly to aid in the control of respiratory secretions (Chapter 97).

Ventilatory maneuvers that may increase arterial oxygenation include mechani-
cal ventilation itself and the administration of PEEP or CPAP, all of which allow 
ventilation of areas of the lung that were previously poorly ventilated or unven-
tilated. Although large tidal volumes with mechanical ventilation may open 
areas of atelectasis and may improve oxygenation initially, these higher tidal 
volumes can cause ventilator-induced lung injury, particularly if the lung has 
already been injured (Chapter 97).3

CPAP refers to the maintenance of positive pressure during the respiratory 
cycle while breathing spontaneously. PEEP refers to the maintenance of positive 
pressure throughout the expiratory cycle when it is applied together with 
mechanical ventilation (Chapter 97). CPAP and PEEP can result in recruitment 
of microatelectatic regions of the lung that are perfused but were not previ-
ously ventilated, thus contributing substantially to hypoxemia. CPAP and PEEP 
have the theoretical advantage of keeping some of these regions open during 
exhalation, thus preventing cyclic closure and reopening of lung units, which 
may result in alveolar wall stress and injury.

 SPECIFIC ACUTE RESPIRATORY  
FAILURE SYNDROMES

Chronic Obstructive Pulmonary Disease
 EPIDEMIOLOGY AND PATHOBIOLOGY

The epidemiology and pathobiology of COPD are discussed in Chapter 82.

 CLINICAL MANIFESTATIONS
When patients with COPD develop acute respiratory failure, they commonly 
have a history of increasing dyspnea and sputum production. Acute respiratory 
failure may also present with a change in mental status, arrhythmias, or other 
cardiovascular abnormalities. Acute respiratory failure must be considered 
whenever patients with COPD have significant nonspecific clinical changes.

 DIAGNOSIS
The diagnosis can be confirmed by an arterial blood gas that reveals alveolar 
hypoventilation with an elevated Paco2 and an acidemic pH. The pH is helpful 
in assessing whether the hypoventilation is partly or exclusively acute. The 
pH declines by approximately 0.08 for each rise of 10 mm Hg in the Paco2 
in acute respiratory acidosis without renal compensation. By comparison, in 
chronic respiratory acidosis with normal renal compensation, the pH declines 
by only about 0.03 for each 10 mm Hg rise in the Paco2.

TREATMENT 

General Measures
The management of acute respiratory failure depends on its cause, its clinical 

manifestations, and the patient’s underlying status. Certain goals apply to all 
patients: improvement of the hypoxemia to eliminate or markedly reduce the 
acute threat to life; improvement of the acidosis if it is considered life-threatening; 
maintenance of cardiac output or improvement if cardiac output is compro-
mised; treatment of the underlying disease process; and avoidance of predict-
able complications.

The precise methods for improving hypoxemia depend on the cause of the 
acute respiratory failure.1,2 However, an increase in the inspired O2 concentration 
is a cornerstone of treatment for nearly all patients, even though it may not 
produce a marked increase in PaO2 in patients whose underlying pathophysiologic 
process involves a significant amount of lung with low ventilation-perfusion 
ratios or true shunting. Earlier treatment is preferred. For example, continuous 
positive airway pressure (CPAP) begun in the prehospital setting can reduce 
subsequent intubation rates and mortality. A1  Often, however, initial oxygen 
therapy alone is as good as early noninvasive ventilation. A2  Conservative oxygen 
therapy is as good as more liberal therapy, and the peripheral SaO2 goal should 
not be above 94 to 96%. A3 

The level of acidosis that requires treatment other than for the underlying 
disease process is a matter of debate. Although normalization of the arterial 
pH was suggested in the past, respiratory acidosis seems to be well tolerated 
in many patients with severe ARDS, so a patient with a pH of 7.15 or higher 
may not require bicarbonate therapy. If the acidemia coexists with clinical 
complications, such as cardiac arrhythmias or a decreased level of conscious-
ness, that have no other obvious cause, treatments to increase pH should be 
considered. The therapeutic goal is alleviation or reduction of the accompanying 
complications by improving the level of acidosis; normalization of the pH usually 
is not indicated (Chapter 110).

The maintenance of cardiac output is crucial for O2 delivery in acute respira-
tory failure, especially because mechanical ventilation and positive end-expiratory 
pressure (PEEP) may compromise cardiac output. Placement of a pulmonary 
artery catheter allows measurement of cardiac output and filling pressures, 
but most patients who have these catheters do no better than similar patients 
managed without them. Nevertheless, selective use of diagnostic pulmonary 
artery catheterization can help determine the cause of the pulmonary edema 
(cardiogenic vs. noncardiogenic) and the physiologic basis for shock (sepsis, 
hypovolemia, or decreased cardiac output from impaired cardiac function) in 
selected patients in whom the diagnosis is not clear.

Many therapeutic interventions that improve short-term physiologic variables 
may worsen long-term, clinically important outcomes. For example, transfusing 
all patients to maintain a hemoglobin greater than 10 g/dL increases mortality 
in critically ill patients who have not had an acute myocardial infarction and 
do not have unstable angina, even though the O2-carrying capacity of the 
blood is acutely increased. Use of a relatively large tidal volume (e.g., 12 mL/
kg predicted body weight, which is equivalent to approximately 10 to 10.5 mL/
kg measured body weight in patients who are somewhat overweight) increases 
mortality in patients with ARDS compared with a lower tidal volume (6 mg/kg 
predicted body weight), even though it raises PaO2 more in the short term than 
does a lower tidal volume. When vasopressors are no longer required to support 
the systemic blood pressure in ARDS, liberal use of fluids to optimize organ 
perfusion is usually detrimental to lung function and increases the duration of 
mechanical ventilation and intensive care.

Improvements in oxygenation, acid-base status, and cardiac output are of 
no more than temporary benefit unless the underlying disease processes are 
diagnosed and treated properly. In patients with ARDS, untreated or suboptimally 
treated sepsis may worsen injury to the lung and other organs despite optimal 
supportive care. Similarly, if the precipitating cause of acute respiratory failure 
in a patient with COPD is not identified and treated, supportive care is likely 
to be futile. Complications may arise from the physiologic effects of the gas 
exchange abnormality, from the disease processes causing the acute respiratory 
failure, from being critically ill and its associated incursions on homeostasis (e.g., 
sleep deprivation), or from iatrogenic complications of therapy.

Therapy to Improve Oxygenation
A PaO2 greater than 60 mm Hg is usually adequate to produce an SaO2 in 

the low to middle 90s and to provide an adequate oxygen content of the blood 
for tissue oxygenation. The PaO2 can be increased by the administration of 
supplemental O2, by pharmacologic manipulations, by CPAP, by mechanical 
ventilation with or without maneuvers such as PEEP, and by the prone position. 
PEEP, pharmacologic manipulations, and positioning are used primarily in 
patients with ARDS (see later).

The initial choice of the concentration and amount of supplemental O2 is 
based on the severity of the hypoxemia, the clinical diagnosis, the likely mecha-
nism causing the hypoxemia, and the O2 delivery systems available. For the 
tracheal FIO2 to be the same as the delivered FIO2, the O2 delivery system must 
deliver a flow that matches the patient’s peak inspiratory flow rate with gas of 

TREATMENT 
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Supportive Measures
Every patient with acute respiratory failure is at risk for deep venous throm-

bosis, pulmonary thromboembolism, and gastric stress ulceration. Prophylactic 
anticoagulation to prevent venous thrombosis is recommended in patients 
who are not at high risk for bleeding complications; sequential leg compression 
therapy may be preferred for high-risk patients (Chapter 74). Nutrition is impor-
tant to maintain strength needed for weaning. In patients with ARDS, limited 
enteral feeding for up to 6 days is as good as full enteral feeding in terms of 
ventilator-free days, 60-day mortality, and infectious complications, and limited 
feedings induce less gastrointestinal intolerance.

The best means of preventing gastric stress ulceration is not known, but 
current evidence indicates that the use of an H2-receptor blocker is superior 
to the gastric administration of sucralfate on the basis of a large randomized, 
controlled trial that found a higher incidence of significant bleeding in patients 
receiving sucralfate than in those receiving ranitidine. Evidence also indicates 
that proton pump inhibitors may be useful in the acute care setting although 
there is concern that more complete acid suppression with these agents may 
lead to a higher incidence of ventilator-associated pneumonia (Chapter 91).

Current evidence supports maintaining the head of the bed at a 45-degree 
angle to reduce aspiration and the risk of ventilator-associated pneumonia in 
critically ill patients. Attempts should be made to ensure a normal day-night 
sleep pattern, including minimizing activity and reducing direct lighting at 
night. The patient should change position frequently, including sitting in a 
chair and walking short distances if possible, even while receiving mechanical 
ventilatory support. Mobilization can enhance the removal of secretions, help 
maintain musculoskeletal function, reduce the risk of deep venous thrombosis, 
and provide psychological benefits.

To facilitate early mobilization and weaning from the ventilator, sedating 
agents should be minimized and benzodiazepines should be avoided because 
of their potential to induce or exacerbate delirium in critical illness. Daily awak-
ening and spontaneous breathing trials in mechanically ventilated patients 
facilitate weaning, reduce time on the ventilator, and improve survival.4

 SPECIFIC ACUTE RESPIRATORY  
FAILURE SYNDROMES

Chronic Obstructive Pulmonary Disease
 EPIDEMIOLOGY AND PATHOBIOLOGY

The epidemiology and pathobiology of COPD are discussed in Chapter 82.

 CLINICAL MANIFESTATIONS
When patients with COPD develop acute respiratory failure, they commonly 
have a history of increasing dyspnea and sputum production. Acute respiratory 
failure may also present with a change in mental status, arrhythmias, or other 
cardiovascular abnormalities. Acute respiratory failure must be considered 
whenever patients with COPD have significant nonspecific clinical changes.

 DIAGNOSIS
The diagnosis can be confirmed by an arterial blood gas that reveals alveolar 
hypoventilation with an elevated Paco2 and an acidemic pH. The pH is helpful 
in assessing whether the hypoventilation is partly or exclusively acute. The 
pH declines by approximately 0.08 for each rise of 10 mm Hg in the Paco2 
in acute respiratory acidosis without renal compensation. By comparison, in 
chronic respiratory acidosis with normal renal compensation, the pH declines 
by only about 0.03 for each 10 mm Hg rise in the Paco2.

General Care
As soon as acute respiratory failure is confirmed in a patient with COPD, 

attention must focus on identifying the precipitating events (Table 96-4), includ-
ing increased airway resistance, caused by bronchospasm or increased secre-
tions, often associated with an upper respiratory viral infection; atelectasis, 
pneumonia, or pulmonary edema; decreased ventilatory drive, secondary to 
oversedation; decreased muscle strength or function, often related to electrolyte 
abnormalities, including hypophosphatemia and hypomagnesemia; decreased 
chest wall elasticity, possibly related to rib fracture, pleural effusion, ileus, or 
ascites; or increased metabolic O2 requirements that may be associated with 
a systemic infection. Some of these abnormalities can impair the cough mecha-
nism and diminish the clearance of airway secretions.

TREATMENT 

TABLE 96-4 PRINCIPLES IN THE MANAGEMENT OF CHRONIC 
OBSTRUCTIVE PULMONARY DISEASE PATIENTS 
WITH ACUTE RESPIRATORY FAILURE

1. Monitor and treat life-threatening hypoxemia (these measures should be 
performed simultaneously).
 a. Assess the patient clinically, and measure oxygenation by arterial blood gases 

and/or oximetry.
(1) If the patient is hypoxemic, initiate supplemental oxygen therapy with 

nasal prongs (low flows [1-2. L/min] are usually sufficient) or by Venturi 
face mask (24 or 28% oxygen delivered).

(2) If the patient needs ventilatory support, consider noninvasive ventilation.
(3) Determine whether the patient needs to be intubated; this is almost 

always a clinical decision. Immediate action is required if the patient is 
comatose or severely obtunded.

 b. A reasonable goal in most patients is Pao2 of 55-60 mm Hg or Sao2 of  
88-90%.

 c. After changes in Fio2, check blood gases and check regularly for signs of 
carbon dioxide retention and worsening respiratory acidosis.

2. Start to correct life-threatening acidosis.
 a. The most effective approach is to correct the underlying cause of acute 

respiratory failure (e.g., bronchospasm, infection, heart failure).
 b. Consider ventilatory support, based largely on clinical considerations.
 c. With severe acidosis, the use of bicarbonate is often ineffective, and there is 

little evidence of a clinical benefit.
3. If ventilatory support is required, consider noninvasive mechanical ventilation.

 a. The patient must have intact upper airway reflexes and be alert, cooperative, 
and hemodynamically stable.

 b. Careful monitoring is required; if the patient does not tolerate the mask, 
becomes hemodynamically unstable, or has a deteriorating mental status or 
worsening acidosis, consider intubation.

4. Treat airway obstruction and the underlying disease process that triggered the 
episode of acute respiratory failure.
 a. Treat airway obstruction with pharmacologic agents: systemic corticosteroids 

and bronchodilators (ipratropium and β-adrenergic agents).
 b. Improve secretion clearance: encourage the patient to cough, administer chest 

physical therapy if cough is impaired and a trial appears effective.
 c. Treat the underlying disease process (e.g., antibiotics, diuretics).

5. Prevent complications of the disease process and minimize iatrogenic 
complications.
 a. Pulmonary thromboembolism prophylaxis: use intermittent pneumatic 

compression or use subcutaneous low-dose unfractionated heparin or 
low-molecular-weight heparin if no contraindications exist

 b. Gastrointestinal complications: administer prophylaxis for gastrointestinal 
bleeding in patients requiring mechanical ventilation.

 c. Hemodynamics: if the patient is ventilated, monitor and minimize auto-PEEP, 
which can cause hypotension and barotrauma.
(1) Treat the underlying airway obstruction.
(2) Minimize minute ventilation; use controlled hypoventilation.
(3) Sedation may be required to slow the respiratory rate to allow adequate 

expiratory time
(4) Use small tidal volumes (6-8 ml/kg/PBW); increase the inspiratory flow 

rate to decrease the inspiratory time and lengthen the expiratory time.
 d. Cardiac arrhythmias: maintain oxygenation and normalize electrolytes.

Fio2 = fraction of inspired oxygen; Pao2 = partial pressure of oxygen in arterial blood; PBW = 
predicted body weight; PEEP = positive end-expiratory pressure; Sao2 = oxygen saturation.

Infection
The most common specific precipitating event is airway infection, especially 

acute bronchitis. The role played by viral agents, Mycoplasma pneumoniae, chronic 
colonizers of the lower airway such as Haemophilus influenzae and Streptococ-
cus pneumoniae, and other acute pathogens is difficult to determine. Acute 
exacerbations of COPD commonly result from new infections rather than from 
reemergence of an infection by preexisting colonization. Antibiotics modestly 
shorten the duration of the exacerbation, with no significant increase in tox-
icity, compared with placebo; the impact of antibiotics on the subsequent 
emergence of resistant organisms is not known. It is standard practice to use 
antibiotics to treat a patient with COPD who has an exacerbation severe enough 
to cause acute respiratory failure and who has evidence consistent with acute 
tracheobronchitis (Chapters 82 and 90). Pneumonia may account for 10 to 
20% of cases of acute respiratory failure in patients with COPD. Compared 
with the physiologically normal population, patients with COPD who have 
community-acquired pneumonia are more likely to have gram-negative enteric 
bacteria or Legionella infections and are more likely to have antibiotic-resistant  
organisms.
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 PROGNOSIS
Acute respiratory failure in patients with severe COPD is associated with an 
in-hospital mortality of 6 to 20%. The severity of the underlying disease and 
the severity of the acute precipitating illness are important determinants of 
hospital survival. Hospital mortality is higher if the respiratory failure is associ-
ated with a pH lower than 7.25 and if the patient requires invasive mechanical 
ventilation. However, the pH, the Paco2, and other clinical characteristics are 
not reliable in predicting a particular patient’s chances of survival to hospital 
discharge

Acute Respiratory Distress Syndrome
 DEFINITION

ARDS is the abrupt onset of diffuse lung injury characterized by severe hypox-
emia (shunting) and bilateral pulmonary infiltrates not explained by left-sided 
cardiac failure (Table 96-5). The severity of ARDS is determined on the basis 
of the Pao2 divided by the Fio2 (Pao2/Fio2, also called the P/F ratio). These 
oxygenation categories require positive-pressure ventilation with at least 5 cm 
H2O positive end-expiratory pressure.

One limitation of this definition is that it does not include patients who have 
ARDS-like acute respiratory failure but who are not receiving positive-pressure 
ventilation. Such early acute lung injury can be diagnosed in spontaneously 
breathing patients who have bilateral pulmonary infiltrates and in whom the 
inspired Fio2 can be estimated and the Pao2 measured.5 In addition, pulse 

TABLE 96-5 BERLIN DEFINITION OF ARDS
CRITERIA ACUTE RESPIRATORY DISTRESS SYNDROME
Timing Within 1 week of a known clinical insult or new/worsening 

respiratory symptoms
Chest 

Imaging
Bilateral opacities—not fully explained by effusions, lobar/lung 

collapse, or nodules
Origin of 

Edema
Respiratory failure not fully explained by cardiac failure or fluid 

overload;
Need objective assessment (e.g., echocardiography) to exclude 

hydrostatic edema
Oxygenation MILD MODERATE SEVERE

200 < Pao2/Fio2 ≤ 300
with
PEEP or CPAP ≥ 5 cm 

H2O

100 < Pao2/Fio2 ≤ 200
with
PEEP ≥ 5 cm H2O

Pao2/Fio2 ≤ 100
with
PEEP ≥ 5 cm H2O

CPAP = continuous positive airway pressure; Fio2 = fraction of inspired oxygen; Pao2 = partial 
pressure of oxygen in arterial blood; PEEP = positive end-expiratory pressure.
Ranieri VM, Rubenfeld GD, Thompson BT, et al. Acute respiratory distress syndrome: the Berlin 
Definition. JAMA. 2012;307:2526-2533.

Other Precipitating Causes
Other common precipitating causes of acute respiratory failure include heart 

failure and worsening of the underlying COPD, often related to noncompliance 
with medications. Pulmonary thromboembolism must also be considered, 
particularly if no other cause of acute respiratory failure is identified.

Mechanical Therapy
The decision to institute mechanical ventilation in patients with COPD and 

acute respiratory failure must be made on clinical grounds and is not dictated 
by any particular arterial blood gas values. In general, if the patient is alert and 
is able to cooperate with treatment, mechanical ventilation often is not neces-
sary. If ventilatory support is required (Chapter 97), the decision is whether to 
use noninvasive positive-pressure ventilation (NPPV) therapy (without endo-
tracheal intubation) or endotracheal intubation with positive-pressure ventila-
tion. A number of clinical trials have demonstrated that NPPV is preferred for 
patients with COPD and can decrease mortality if it is applied in appropriate 
patients with no characteristics that are likely to lead to complications, such 
as a markedly decreased mental status, hypotension, or an inability to tolerate 
the tight-fitting face mask that is required for NPPV. A trial of therapy with 
NPPV requires close monitoring. If the patient develops worsening acidosis 
(pH < 7.25), a decline in mental status, or worsening oxygenation, then endo-
tracheal intubation is indicated. In most patients, improvement in the pH and 
the PaCO2 within 30 minutes to two hours predicts success. Most patients with 
acute respiratory failure caused by an exacerbation of COPD require treatment 
in an intensive care unit where appropriate physician, nursing, and respiratory 
care are available (Chapter 82).

pulmonary dead space, and increased work of breathing. Initially, the Paco2 
is low or normal, usually associated with increased minute ventilation. The 
initial abnormalities in oxygenation are thought to be related to alveolar flood-
ing and collapse, which create a physiologic shunt. As the lung injury progresses, 
especially in patients who require ventilatory support, fibroproliferation may 
develop; the lungs (including alveoli, blood vessels, and small airways) remodel 
and scar, with a loss of microvasculature. In some patients, these changes may 
lead to pulmonary hypertension and increased pulmonary dead space; marked 
elevations in minute ventilation are sometimes required to achieve a normal 
Paco2, even as oxygenation abnormalities are improving.

 CLINICAL MANIFESTATIONS
In most cases of ARDS, the onset either coincides with or occurs within 72 
hours of the onset of the underlying disease process; the mean time from 
onset of the underlying cause to onset of ARDS is 12 to 24 hours. The pre-
senting clinical picture is dominated by respiratory distress and the accom-
panying laboratory findings of severe hypoxemia, tachypnea, an increase in 
minute ventilation, and generalized alveolar infiltrates or opacities on the chest 
radiograph. The clinical presentation may also reflect manifestations of the 
underlying disease process, such as severe sepsis with hypotension and other 
manifestations of systemic infection.

 DIAGNOSIS
The key to diagnosis is to distinguish ARDS from pure cardiogenic pulmo-
nary edema (Table 96-7). No specific blood test or bronchoalveolar lavage 

TABLE 96-6 DISORDERS ASSOCIATED WITH THE ACUTE 
RESPIRATORY DISTRESS SYNDROME

COMMON

Sepsis (gram-positive or gram-negative bacterial, viral, fungal, or parasitic infection; 
Chapter 100)

Diffuse pneumonia (bacterial, viral, or fungal; Chapter 91)
Aspiration of gastric contents
Trauma (usually severe; Chapter 103)
LESS COMMON

Near-drowning (fresh or salt water; Chapter 88)
Drug overdose
 Acetylsalicylic acid (Chapter 76)
 Heroin and other narcotic drugs (Chapter 31)
Transfusion-associated lung injury (Chapter 167)
Massive blood transfusion (likely a marker of severe trauma, but also seen with 

severe gastrointestinal bleeding, especially in patients with severe liver disease; 
Chapter 167)

Inhalation of smoke or corrosive gases (usually requires high concentrations; 
Chapter 88)

Acute pancreatitis (Chapter 135)
Fat embolism (Chapter 260)
Cardiopulmonary bypass (Chapter 65)

oximetric oxygen saturation can be substituted for the directly measured Pao2 
in most patients to measure the P/F ratio. If patients with early acute lung 
injury can be identified prior to the need for positive-pressure ventilation, 
they can be treated with strategies, such as high-flow nasal oxygen, that might 
reduce the progression of their acute respiratory failure.

 EPIDEMIOLOGY
ARDS is a clinical syndrome triggered most commonly by pulmonary or 
nonpulmonary infections, aspiration of gastric contents, or severe trauma 
(Table 96-6). The annual incidence of ARDS is about 80 cases per 100,000 
in the U.S. adult population, with a high frequency in intensive care units 
worldwide.6 The underlying precipitating factor may affect and injure the lungs 
directly, such as in diffuse pneumonia or aspiration of gastric contents, or it 
may affect the lungs indirectly, as in severe sepsis from a nonpulmonary source 
(Chapter 100) or severe nonthoracic trauma associated with shock (Chapter 
103).7 Sepsis is the most common precipitating cause of ARDS worldwide. 
The organisms vary widely, ranging from gram-negative and gram-positive 
bacteria and viruses (e.g., H1N1 influenza in 2009) to leptospiral infections 
or malaria. It can be difficult to determine whether pneumonia is diffuse, 
with endobronchial spread involving most of the lungs, or whether localized 
pneumonia has precipitated a sepsis syndrome, with secondary injury to other 
parts of the lung.

 PATHOBIOLOGY
Pathology
Despite the variety of underlying disease processes leading to ARDS, the 
lung’s response to these insults results in similar clinical findings, physiologic 
changes, and morphologic abnormalities. The pathologic abnormalities in ARDS 
are nonspecific and are described as diffuse alveolar damage by pathologists. 
Ultrastructural studies with electron microscopy usually show endothelial 
and alveolar epithelial injury. Routine histology shows acute inflammation, 
usually with neutrophils predominating in the alveolar edema fluid. Hyaline 
membranes are present in some but not all patients, similar to those seen in 
premature infants with infant respiratory distress syndrome, presumably related 
to a procoagulant environment in the injured alveoli. Large-molecular-weight 
plasma proteins, including fibrinogen, accumulate, and inflammatory factors lead 
to fibrin deposition. Alveolar flooding impairs surfactant, which is abnormal 
in quantity and quality. The result is microatelectasis, which may be associated 
with impaired immune function. The resolution of ARDS depends in part on 
restoration of a functional alveolar epithelial barrier that is capable of removing 
alveolar edema fluid by sodium-dependent vectorial fluid transport. Breakdown 
products of procollagen often lead to fibrosis. Lung function improves over 
time in survivors of some ARDS, but the fibrosis is often reversible.

Pathophysiology
The physiologic abnormalities are dominated by severe hypoxemia with shunt-
ing, decreased lung compliance, decreased functional residual capacity, increased 

TREATMENT 
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pulmonary dead space, and increased work of breathing. Initially, the Paco2 
is low or normal, usually associated with increased minute ventilation. The 
initial abnormalities in oxygenation are thought to be related to alveolar flood-
ing and collapse, which create a physiologic shunt. As the lung injury progresses, 
especially in patients who require ventilatory support, fibroproliferation may 
develop; the lungs (including alveoli, blood vessels, and small airways) remodel 
and scar, with a loss of microvasculature. In some patients, these changes may 
lead to pulmonary hypertension and increased pulmonary dead space; marked 
elevations in minute ventilation are sometimes required to achieve a normal 
Paco2, even as oxygenation abnormalities are improving.

 CLINICAL MANIFESTATIONS
In most cases of ARDS, the onset either coincides with or occurs within 72 
hours of the onset of the underlying disease process; the mean time from 
onset of the underlying cause to onset of ARDS is 12 to 24 hours. The pre-
senting clinical picture is dominated by respiratory distress and the accom-
panying laboratory findings of severe hypoxemia, tachypnea, an increase in 
minute ventilation, and generalized alveolar infiltrates or opacities on the chest 
radiograph. The clinical presentation may also reflect manifestations of the 
underlying disease process, such as severe sepsis with hypotension and other 
manifestations of systemic infection.

 DIAGNOSIS
The key to diagnosis is to distinguish ARDS from pure cardiogenic pulmo-
nary edema (Table 96-7). No specific blood test or bronchoalveolar lavage 

TABLE 96-7 FEATURES ASSOCIATED WITH 
NONCARDIOGENIC AND CARDIOGENIC 
PULMONARY EDEMA*

NONCARDIOGENIC EDEMA (ARDS)
CARDIOGENIC EDEMA/VOLUME 

OVERLOAD
PRIOR HISTORY

No history of heart disease Prior history of heart disease
Appropriate fluid balance (difficult to 

assess after resuscitation from shock 
or trauma)

Hypertension, chest pain, new-onset 
palpitations; positive fluid balance

PHYSICAL EXAMINATION

Flat neck veins Elevated neck veins
Hyperdynamic pulses Left ventricular enlargement, lift, heave, 

dyskinesis
Physiologic gallop S3 and S4; murmurs
Absence of edema Edema: flank, presacral, legs
ELECTROCARDIOGRAM

Sinus tachycardia, nonspecific ST-T wave 
changes

Evidence of prior or ongoing ischemia, 
supraventricular tachycardia, left 
ventricular hypertrophy

CHEST RADIOGRAPH

Normal heart size Cardiomegaly
Peripheral distribution of infiltrates Central or basilar infiltrates; 

peribronchial and vascular congestion
Air bronchograms common (80%) Septal lines (Kerley lines), air 

bronchograms (25%), pleural effusion
HEMODYNAMIC MEASUREMENTS

Pulmonary artery wedge pressure < 
15 mm Hg, cardiac index > 3.5 L/
min/m2

Pulmonary capillary wedge pressure > 
18 mm Hg, cardiac index < 3.5 L/
min/m2 with ischemia, may be 
>3.5 L/min/m2 with volume overload

ECHOCARDIOGRAM

Transthoracic echocardiogram showing a 
left ventricular ejection fraction >50%

Transthoracic echocardiogram showing a 
decreased left ventricular ejection 
fraction

LABORATORY VALUES

B-type natriuretic peptide < 100 pg/ml B-type natriuretic peptide > 500 pg/ml
*These features are neither highly sensitive nor specific. Although the findings are more commonly 
associated with the type of pulmonary edema as listed, they do not have high positive or negative 
predictive value.
ARDS = acute respiratory distress syndrome.

Treatment of ARDS consists predominantly of respiratory support and treat-
ment of the underlying disorder (Fig. 96-4).8,9 Sepsis, which is a common pre-
disposing condition for the development of ARDS, must be treated promptly 
(Chapter 100).10

Because infection is the most common cause of ARDS, it is very impor-
tant to identify the pulmonary or extra-pulmonary source of infection. The 
differential diagnosis of pneumonia (Chapter 91) should be carefully consid-
ered, including determining whether the patient is immunosuppressed and, 
as a result, susceptible to a wider variety of infectious agents. Viral pneumo-
nia from influenza (Chapter 340), respiratory syncytial virus (Chapter 338), 
or other viruses should be considered. A recent travel history should inform 
the patient’s exposure to malaria (Chapter 324), leptospirosis (Chapter 307), 
Ehrlichiosis (Chapter 311), or fungal infections such as coccidiomycosis (Chapter 
316) or blastomycosis (Chapter 316). If the patient has an abdominal source 
of infection, then appropriate diagnostic, radiologic, and surgical approaches 
are needed to establish a diagnosis and drain the infection. Any coexisting 
left heart failure or intravascular volume overload should be treated promptly  
(Chapter 53).

Current recommendations for lung-protective mechanical ventilation by 
endotracheal intubation in ARDS (Table 96-8) emphasize lower tidal volumes 
based on the patient’s predicted body weight (Chapter 97).11,12 This approach 
also includes achieving a plateau airway pressure less than 30 cm H2O. PEEP is 
a mainstay in the ventilatory strategy for ARDS; although the method for deter-
mining the optimal level of PEEP has not been established, higher PEEP levels 
appear to be detrimental compared with lower levels. A6  PEEP may allow a lower 
FIO2 to provide adequate oxygenation, thereby reducing the risk of O2 toxicity. 
It also may prevent the cyclic collapse and reopening of lung units, a process 
that is thought to be a major cause of ventilator-induced lung injury, even 
when adequate oxygenation can be obtained at relatively low levels of FIO2. 
On the basis of one clinical trial, the early use of cisatracurium besylate (15 mg 
rapid infusion followed by 37.5 mg/hour for 48 hours), a neuromuscular blocker, 
can reduce ARDS mortality rates by about 25% in patients with moderately 
severe ARDS with a P/F below 150 mm Hg. In patients with severe ARDS who 
do not respond to standard therapy but otherwise have a reasonable life expec-
tancy and do not have multiorgan failure, extracorporeal membrane oxygenation 
is an acceptable, albeit not fully proven rescue therapy13 that can be reserved 
for patients who require it as rescue therapy for refractory hypoxemia. A7  Data 
also indicate that prone positioning reduces mortality in patients with moder-
ate to severe ARDS (initial P/F < 150 mm Hg). A8 

In patients with ARDS, a conservative fluid strategy decreases the duration 
of positive-pressure ventilation A9  and can be instituted if a patient is not in 
shock, as defined by the need for vasopressors to support systemic blood pres-
sure. The primary principle of a conservative fluid strategy is to achieve a daily 
net negative fluid balance of 0.5 to 2 liters, usually by limiting intravenous 
fluids and administering diuretics at least twice daily, though more frequent 
dosing may be required. Measurement of pulmonary artery or central venous 
pressure is not of major value for guiding fluid balance in most cases.

TREATMENT 

TABLE 96-8 ARDS NETWORK VENTILATORY MANAGEMENT 
PROTOCOL FOR TIDAL VOLUME AND PLATEAU 
AIRWAY PRESSURE

Calculate PBW (in Kg):
Male PBW: 50 + 2.3 (height in inches − 60) or 50 + 0.91 (height in centimeters 

− 152.4)
Female PBW: 45.5 + 2.3 (height in inches − 60) or 45.5 + 0.91 (height in 

centimeters − 152.4)
Select assist control mode
Set initial Vt at 8 mL/kg PBW
Reduce Vt by 1 mL/kg at intervals <2 hr until Vt = 6 mL/kg PBW
Set initial RR to approximate baseline minute ventilation (maximum RR = 35/min)
Set inspiratory flow rate higher than patient’s demand (usually >80 L/min)
Adjust Vt and RR further to achieve Pplat and pH goals

If Pplat >30 cm H2O: decrease Vt by 1 mL/kg PBW (minimum = 4 mL/kg PBW)
If pH ≤7.30, increase RR (maximum = 35)
If pH <7.15, increase RR to 35; consider sodium bicarbonate administration or 

increase Vt
ARDS = acute respiratory distress syndrome; PBW = predicted body weight; Pplat = plateau pressure 
(airway pressure at the end of delivery of a tidal volume breath during a condition of no airflow); 
RR = respiratory rate; Vt = tidal volume.
See the ARDSNet website (http://www.ardsnet.org) for further details about the protocol, 
including the approach for setting positive end-expiratory pressure and fraction of inspired oxygen.

http://www.ardsnet.org/
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Management of Acute Respiratory Failure from Acute Lung Injury
and Acute Respiratory Distress Syndrome 

Begin management of precipitating events  including antibiotics for infection and 
work-up for possible sources of infection 

Consider two-dimensional echocardiogram to evaluate cardiac function

Place on non-rebreathing mask with 100% O2

Attach pulse oximeter for SpO2 and measure arterial blood gases

Patient alert and hemodynamically stable: RR < 35, PaCO2 < 35 mm Hg; SpO2 > 88%

Adjust FiO2 to yield SpO2 88-95%
Consider high flow nasal oxygen or
NIPPV to treat respiratory failure 

Yes 

No 

Consider intubation: volume cycled assist control ventilation:
VT 6 mL/kg PBW; use ARDSNet lung protective ventilation

guidelines with PEEP and FiO2 scale; conscious sedation as
needed; DVT prophylaxis; semi-recumbent (45°) position

Decrease VT to 5 mL/kg or (if
needed) 4 mL/kg to achieve

Pplat < 30 cm H2O if pH > 7.25 

Consider neuromuscular blockade,
inhaled nitric oxide,
and prone position 

Pplat > 30 cm H2O
Severe ARDS

 (P/F < 100 mm Hg) 

pH < 7.25 

Consider bicarbonate infusion and
CVVH to manage acidosis 

If still P/F < 100 mm Hg 

Consider ECMO 

FIGURE 96-4. Management of acute respiratory failure from acute lung injury and acute respiratory distress syndrome. cVVH = continuous veno-venous hemofiltration; DVt = 
deep venous thrombosis; ecMo = extracorporeal membrane oxygenation; NippV = non-invasive positive pressure ventilation; pBW = predicted body weight; peep = positive end-
expiration pressure; p/F = pao2/Fio2; pplat = plateau airway pressure; RR = respiratory rate; spo2 = arterial oxygen saturation; Vt = tidal volume. 

finding (Chapter 79) is sufficiently specific to be useful for diagnosing ARDS. 
Furthermore, ARDS may coexist with left ventricular failure or intravascular 
volume overload, and as many as 30% of ARDS patients can have an elevated 
pulmonary arterial wedge pressure at some point during their clinical course  
(Table 96-7).

 PROGNOSIS
Case-fatality rates are 30 to 50% and are highly dependent on disease severity, 
the underlying predisposing condition, and the presence of comorbid diseases. 
Based on the degree of hypoxemia (mild, 200 mm Hg < Pao2/Fio2 < 300 mm 
Hg; moderate, 100 mm Hg < Pao2/Fio2 < 200 mm Hg; and severe, Pao2/
Fio2 < 100 mm Hg), inpatient mortality rates are about 27%, 32%, and 45%, 
respectively, not including patients with severe underlying conditions, such 
as end-stage cancer.14 Patients who require higher driving pressures while 
intubated also have a worse prognosis.15 Memory, verbal fluency, and executive 
function are impaired in about 13%, 16%, and 49% of long-term survivors 
after ARDS.

Acute Respiratory Failure without Lung Disease
Acute respiratory failure without pulmonary abnormalities (see Table 96-2) 
develops in patients with depressed ventilatory drive secondary to central 
nervous system dysfunction and in patients with severe neuromuscular 
disease. The prototypical patient with suppressed ventilatory drive has taken 
an overdose of a sedative or tranquilizing medication (Chapter 102). The 
prototypical patient with neuromuscular disease has Guillain-Barré syndrome 
(Chapter 392). The treatment for both types of patients is supportive. In 
the case of a patient with a sedative overdose, the threshold for intubation 
with mechanical ventilatory support should be low because this temporary 
condition is quickly reversible when the responsible drug is eliminated. In 
addition, such a patient may require intubation for airway protection against 
aspiration of gastric contents regardless of whether acute respiratory failure has  
developed.

Patients with Guillain-Barré syndrome (Chapter 392) or other forms 
of progressive neuromuscular disease should be monitored with serial 
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mechanical ventilatory support should be considered without regard to the  
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97 
MECHANICAL VENTILATION
ARTHUR S. SLUTSKY AND LAURENT BROCHARD

Mechanical ventilation is a life-sustaining therapy in which a ventilator provides 
partial or full support for patients with respiratory failure (Chapter 96). The 
main goals of ventilatory support are to maintain adequate gas exchange, to 
rest the respiratory muscles, and to decrease the oxygen cost of breathing. To 
achieve these goals, the clinician can use a variety of modes of ventilation and 
can alter the inspired oxygen fraction, the pressure at the airway opening at 
the end of a breath, and other facets of the volume or pressure time pattern 
generated by the ventilator.1

Modern ventilation strategies focus on minimizing its iatrogenic conse-
quences, such as hyperinflation (from endogenously derived positive pressure 
at the end of a breath, i.e., auto-PEEP), disuse atrophy of the respiratory muscles, 
and ventilator-induced lung injury.2 A major goal of current ventilatory strate-
gies is to protect the ventilated aerated lung and, to some extent, to protect 
the respiratory muscles. In some patients, the physician should be willing to 
accept arterial blood gases that are not in the normal range to avoid these 
complications by using lower levels of minute ventilation or smaller tidal 
volumes.3 In many situations, “less may be more.” For example, among criti-
cally ill patients with an ICU length of stay of ≥72 hours, a conservative protocol 
for oxygen therapy (goal Pao2 between 70 and 100 mm Hg or arterial oxy-
hemoglobin saturation between 94% and 98%) appears to reduce mortality 
compared with conventional therapy (Pao2 up to 150 mm Hg or arterial 
oxyhemoglobin saturation values between 97% and 100%). A1 

,
 A2 

 TYPES OF MECHANICAL VENTILATORS
 Negative-Pressure Ventilators
Delivery of gas to the lungs requires a hydrostatic pressure gradient between 
the airway opening and the alveoli. During spontaneous breathing, this pres-
sure gradient is generated by respiratory muscle contraction, which produces 
negative pleural pressure. Some ventilators operate by generating negative 
pressure around the chest wall (e.g., cuirass) or around the entire body below 
the neck (e.g., iron lung). The iron lung makes nursing care difficult because 
it encircles the patient’s entire body.

 Positive-Pressure Ventilators
The most widely used approach to mechanical ventilation is to deliver gas to 
the lung with positive-pressure ventilation (PPV) applied through an endo-
tracheal tube, a tracheostomy, or a tight-fitting mask. The approach using a 
mask is considered noninvasive ventilation (NIV) and is discussed below.

The most basic mode of PPV is controlled ventilation, in which a preset 
tidal volume (volume-controlled) or a preset inspiratory pressure (pressure-
controlled) at a predetermined rate is delivered, regardless of the patient’s 
effort. This form of ventilation is usually used in patients who cannot initiate 
spontaneous breaths (e.g., heavily sedated or paralyzed patients) or in those 
who need full ventilatory support because of extremely severe pulmonary or 
cardiovascular disease (e.g., severe shock). However, if the patient is not making 
any respiratory efforts, respiratory muscle atrophy can occur relatively rapidly. 
In addition, spontaneous breathing added to mechanical support often results 
in better aeration and gas exchange. For these reasons, clinicians usually try 
to limit the time that a patient is paralyzed and receiving controlled ventila-
tion. Assisted ventilation is the term used when the patient’s spontaneous 
ventilatory efforts trigger the ventilator to deliver breaths, rather than having 
the breaths delivered by the ventilator at a fixed rate.

Positive End-Expiratory Pressure
A key characteristic that can be combined with most ventilatory modes is the 
pressure level at end expiration. Positive end-expiratory pressure (PEEP) is 
used in patients with diffuse pulmonary diseases (e.g., pulmonary edema or 
ARDS) so that collapsed alveolar regions opened during inspiration will remain 
open, to reopen collapsed lung units, to redistribute fluid in the lung, to increase 
functional residual capacity, and to redistribute ventilation to dependent regions. 
All these changes can improve the matching of ventilation to perfusion, thereby 
leading to improved oxygenation and allowing the fractional inspiratory con-
centration of oxygen (Fio2) to be reduced. In addition, when PEEP is able 
to keep part of the lung reopened, it allows ventilation to be delivered into a 
larger lung volume, thus reducing the risk of injury. PEEP does not usually 
improve alveolar ventilation and, in fact, may even increase dead space by 
overdistending alveoli, with a concomitant decrease in alveolar capillary blood 
flow in certain regions of the lung.

Volume- and Pressure-Controlled Ventilation
Volume-controlled ventilation (or volume-limited ventilation) refers to mechani-
cal ventilation in which the tidal volume is preset. The major advantage is that 
the delivered tidal volume is largely maintained even if lung mechanics change, 
thereby ensuring a more constant partial pressure of arterial carbon dioxide 
(Paco2). The potential disadvantage is that if lung mechanics deteriorate, 
higher pressures may be required to achieve the tidal volume goal, and regions 
of overinflation may result in regional lung injury. In volume-controlled ven-
tilation, an upper limit to applied airway pressure is commonly used for safety 
reasons.

With pressure-controlled ventilation, the ventilator delivers pressure-limited 
breaths to the patient; delivered volume becomes a dependent variable. The 
delivered tidal volume depends on the preset pressure, the ventilatory rate, 
the inspiratory-to-expiratory ratio, and the patient’s respiratory mechanics 
(resistance, compliance, and auto-PEEP).

The most common form of ventilation is one in which the patient assists the 
ventilator, usually triggering most or all the breaths. The term assisted mechani-
cal ventilation (volume-controlled or pressure-controlled) can refer to either 
volume-limited ventilation or pressure-limited ventilation when the patient 
triggers some or all of the breaths. In either case the ventilator deliver breaths 
if apnea occurs. This mode is also referred to as assist/control (A/C). During 
assisted ventilation, pressure control is often considered more comfortable 
for the patient because it does not limit delivered ventilation in response to 
patient’s demand. The downside is that tidal volume is more difficult to control 
because it is heavily influenced by patient effort. With volume assist-control, 
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ABSTRACT
Mechanical ventilation is a life-sustaining therapy that is used to treat respira-
tory failure. The main goals of ventilatory support are to maintain adequate 
gas exchange, to rest the respiratory muscles, and to decrease the oxygen cost 
of breathing, while at the same time minimizing iatrogenic consequences. 
These consequences include complications of intubation and sedation, hyper-
inflation (i.e., auto-peep), hemodynamic compromise, disuse atrophy of the 
respiratory muscles, and ventilator-induced lung injury. To mitigate complica-
tions, discontinuation of ventilatory support should be considered as early as 
possible, and the weaning process should occur expeditiously. This chapter 
summarizes the different types of ventilators, the various modes of ventilation, 
the physiology that underpins these modes, the complications of mechanical 
ventilation, and ventilatory strategies for specific disease entities, including 
the acute respiratory distress syndrome (ARDS) and chronic obstructive 
pulmonary disease (COPD).
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hyperinflation can be measured as the volume of gas that is released when 
the expiratory time of a given breath is lengthened by 20 to 30 seconds. The 
techniques for measuring auto-PEEP are based on the assumptions that no 
respiratory efforts are made and that the alveoli communicate with the airway 
opening, thereby allowing equilibration of pressures or exhalation of trapped 
gas. However, this assumption is not necessarily correct in patients with severe 
airways obstruction (e.g., status asthmaticus) because some airways may be 
completely closed.

Auto-PEEP should be suspected whenever flow at end expiration is detect-
able or when a patient fails to trigger the ventilator consistently with inspira-
tory efforts. This failure to trigger the ventilator occurs because the patient 
must generate sufficient pressure to overcome the level of auto-PEEP before 
a negative deflection of pressure or generation of inspiratory flow (either of 
which may be used by the ventilator to detect the onset of inspiration) is 
sensed at the airway opening. These failed attempts are referred to as ineffec-
tive efforts, and they occur often (>10% of breathing efforts) in about 25% 
of patients who receive pressure support ventilation, usually because they are  
over-assisted.

Auto-PEEP and the attendant dynamic hyperinflation have numerous det-
rimental consequences. In a patient who is not breathing spontaneously, 
dynamic hyperinflation increases pleural pressure and right atrial pressure, 
thereby leading to a decrease in the driving pressure for venous return, with 
a concomitant decrease in cardiac output. This effect can be magnified in 
patients with airway obstruction immediately after intubation and initiation 
of mechanical ventilation because compensatory mechanisms to enhance 
venous return are impaired by pharmacologic agents that are often used to 
prepare the patient for intubation but that also reduce venous and arterial 
tone. In these patients, auto-PEEP can also lead to overestimation of vascular 
intrathoracic pressures. This misinterpretation, coupled with the decreased 
cardiac output related to the high intrathoracic pressure, may suggest a diag-
nosis of cardiogenic shock rather than the correct diagnosis of auto-PEEP.

In a spontaneously breathing patient, dynamic hyperinflation can markedly 
increase the oxygen cost of breathing for two reasons. First, because the respi-
ratory system is stiffer at higher lung volumes, more energy is required to 
complete each ventilatory cycle. Second, to initiate flow into the lung, the 
patient must generate an alveolar pressure that is lower than atmospheric 
pressure. However, if dynamic hyperinflation is present, the patient first has 
to generate sufficient inspiratory effort to overcome the (positive) end-expiratory 
alveolar pressure before alveolar pressure can be lowered below atmospheric 
pressure; this is referred to as an inspiratory threshold load. Hyperinflation 
also puts the diaphragm at a mechanical disadvantage.

Auto-PEEP is more likely to occur in patients with airway obstruction, 
especially when expiratory flow limitation is present. Avoidance of high levels 
of auto-PEEP is a fundamental principle in ventilating patients who have severe 
airway obstruction. The level of auto-PEEP is usually best minimized by 
increasing expiratory time, decreasing airway resistance (e.g., bronchodilators, 
when appropriate), or decreasing minute ventilation. The last approach, called 
controlled hypoventilation, is usually the most effective ventilatory maneuver 
to prevent auto-PEEP. The resulting hypercapnia is usually an acceptable con-
sequence of this approach.

 Ventilator-Induced Lung Injury
Mechanical ventilation itself can cause lung injury (E-Fig. 97-2), and it can 
also lead to oxygen toxicity when high levels of inspired oxygen concentrations 
are administered. Barotrauma refers to pulmonary air leaks, such as pneumo-
thorax and pneumomediastinum. However, a much more subtle injury—diffuse 
alveolar damage presenting as pulmonary edema—can also occur. For both 
types of injury, the critical factor is the degree of overdistention of the lung, 
which is related to the transpulmonary pressure (PL), the airway opening 
minus pleural pressure (Ppl).7 The esophageal pressure (Pes), measured with 
an esophageal balloon, estimates Ppl, although this measurement is not routinely 
performed in clinical practice.

The usual pressures measured during mechanical ventilation are airway 
pressures referenced to atmospheric pressure. The peak inspiratory pressure 
(PIP) is easy to measure, but it represents the sum of the pressure needed to 
overcome the resistance to flow plus the pressure required to inflate the lungs 
and chest wall. Thus, a high PIP does not necessarily indicate an increased 
propensity to overdistension. For example, use of a smaller endotracheal tube 
will increase PIP, but the danger of pulmonary overdistention is no greater 
than would be present if the patient was ventilated with a larger-bore tube 
and a lower PIP. The plateau pressure (Pplat) is the airway (and usually the 
alveolar) pressure at the end of an end-inspiratory pause (usually after 0.2 to 

pneumonia (Chapter 91). Silver-coated tubes can reduce this risk but are 
considerably more expensive than conventional endotracheal tubes and are 
unlikely to be used routinely for initial intubation. Endotracheal tubes with 
a port that allows suctioning of secretions above the cuff may also reduce the 
incidence of ventilator-associated pneumonia, although results of studies have 
been mixed.

In addition, endotracheal intubation is often not well tolerated in awake 
patients, and there is always the danger that the tube will inadvertently be 
dislodged—a complication that can have tragic consequences. Sedation is 
designed to reduce this risk as well as to prevent or treat dyssynchronies or 
poor interaction of the patient with the ventilator. Modern strategies focus 
on reducing sedation as much as possible, including mobilizing the patient 
even while ventilated. Among the sedative drugs, studies suggest that dexme-
detomidine can reduce the time on the ventilator and decrease the incidence 
of delirium compared with benzodiazepines. A5 

To decrease sedation, enhance patient mobilization, and improve oral care 
and feeding, a tracheostomy can be performed. However, tracheostomy is 
associated with its own set of complications, and performing a tracheostomy 
in the first week is no better than waiting until the patient has been ventilated 
for about 10 to 15 days, A6  in part because clinicians are not accurate in pre-
dicting which patients will require prolonged ventilatory support.

 Hemodynamic Compromise
The major mechanical determinants of cardiovascular hemodynamics during 
mechanical ventilation are intrathoracic pressure, changes in lung volume, 
and the patient’s circulatory volume status. An increase in lung volume can 
be beneficial if it opens lung units that had been closed (thereby leading to a 
decrease in pulmonary vascular resistance) or can be detrimental if it increases 
pulmonary vascular resistance (because of pulmonary overdistention with 
concomitant compression of alveolar vessels). One complication of mechanical 
ventilation with high pressures is therefore right ventricular loading and acute 
cor pulmonale.6

PPV can affect cardiovascular hemodynamics through its effect on pleural 
pressure, an effect that is related to changes in lung volume and chest wall 
stiffness but not necessarily directly reflected in measurements of airway pres-
sure; the relation between alveolar pressure and lung volume depends on 
respiratory system mechanics. For example, in a patient with low lung compli-
ance (e.g., ARDS), a given increase in airway pressure will lead to much less 
of an increase in lung volume than in a patient with COPD, so the increase 
in pleural pressure will be much less in the patient with ARDS. As a result, 
patients with ARDS tolerate relatively higher PEEP levels compared with 
patients with COPD. At very high lung volumes, a direct effect of the pressure 
of the lung on the heart can increase pericardial pressure and can thereby 
decrease cardiac filling.

 Auto-PEEP, Dynamic Hyperinflation, and Ineffective Efforts
A key factor that affects cardiovascular hemodynamics and other physiologic 
variables is the development of auto-PEEP, defined as the difference between 
alveolar pressure and airway opening pressure at end expiration. Auto-PEEP 
is associated with dynamic hyperinflation, which is an increase in the end-
expiratory lung volume above the value that would be obtained if there was 
complete exhalation to the static functional residual capacity. This phenomenon 
occurs whenever there is insufficient time for complete exhalation to occur. 
The major determinants of auto-PEEP and hence dynamic hyperinflation are 
increased expiratory airway resistance, high minute ventilation, increased 
respiratory system compliance, and decreased expiratory time.

Auto-PEEP is not detected by measurements of pressure at the airway 
opening during the ventilator cycle, because the pressure drop occurs across 
the airways upstream of the airway pressure measurement. Moreover, mea-
surements of auto-PEEP are difficult to make in spontaneously breathing 
patients. When patients are not making spontaneous breathing efforts, auto-
PEEP can be assessed as the difference in pressure between the set PEEP and 
the pressure obtained when the airway opening is occluded at the end of 
expiration (E-Fig. 97-1). It can also be assessed by the change in plateau pres-
sure after a prolonged pause during volume cycle ventilation. If it is considered 
safe for the patient, a rapid estimate of the effect of auto-PEEP on cardiovascular 
hemodynamics can be obtained by transiently disconnecting the ventilator 
and allowing the auto-PEEP to approach zero during a long expiration. If the 
auto-PEEP is less than 5 cm H2O, it is unlikely to cause clinically important 
changes in the measured intravascular pressures.

If auto-PEEP is not considered in the interpretation of respiratory mechan-
ics, measurements of respiratory system compliance will be falsely low. Dynamic 

is not intubated, is conceptually simple but requires appropriate implementa-
tion and monitoring for successful application.4 Of particular importance are 
patient selection and appropriate training of hospital personnel. Patients must 
be alert, cooperative, and hemodynamically stable. Patients must also have 
intact upper airway reflexes to prevent aspiration of material from the upper 
airway into the lung, and they must not have any facial trauma that would 
preclude the use of a mask. Once patients are started on NIV, they should be 
carefully monitored, and NIV should be discontinued if the patient’s clinical 
condition deteriorates, if the patient develops cardiovascular instability, or 
if it appears that the patient is likely to aspirate. NIV can also be delivered 
through a “helmet” that avoids some of the problems associated with use  
of face masks.

NIV has potential advantages compared with invasive ventilation. It is rela-
tively easy to apply, and can be used for short intervals because it can be 
started and stopped easily. The major advantages are that it avoids the com-
plications associated with intubation, it is usually more comfortable for the 
patient, and it reduces the need for sedation. Patients receiving NIV are able 
to communicate verbally with medical staff and family members, are probably 
able to sleep better, and are able to eat if they are sufficiently stable to remove 
the mask for short periods.

However, NIV has several disadvantages. Implementation of NIV takes more 
time from caregivers at the bedside initially, and the time course of correction 
of blood gases is slower than usually occurs in patients who are intubated and 
ventilated. Gastric distention is unusual. Data strongly support the use of NIV 
for patients with chronic obstructive pulmonary disease (COPD; see later),5 
and it is preferred in cardiogenic pulmonary edema. It is uncertain, however, 
whether NIV improves outcomes in hypoxemic respiratory failure without 
ventilatory failure (i.e., hypoxemic, non-hypercapnic respiratory failure). A3 

PEEP alone can also be administered to spontaneously breathing patients 
by a technique termed continuous positive airway pressure (CPAP). In patients 
with exacerbations of COPD, PEEP and CPAP can overcome some of the 
mechanical consequences of auto-PEEP (see later) to minimize the work of 
breathing, provided that the magnitude of the PEEP is low enough that it 
does not cause additional hyperinflation. CPAP has also been found to be 
very effective for relieving the distress associated with cardiogenic pulmonary 
edema, with effects similar to NIV.

High-flow nasal cannula (HFNC) therapy offers an interesting alternative 
for supporting patients with hypoxemic respiratory failure. A4  Heated and fully 
humidified gas at adjustable levels of oxygen concentration is delivered to 
the upper airways. This technique generates small levels of positive pressure, 
washes out the upper airway dead space, and has been associated with reduced 
mortality in a randomized trial of patients with acute hypoxemic respiratory 
failure, mainly caused by pneumonia. Although HFNC represents an exciting 
new approach to ventilation, further studies are needed to determine which 
patients will benefit from it, when is the optimum time to start it, and what 
physiologic or clinical markers predict its failure to prevent delayed endotra-
cheal intubation.

 COMPLICATIONS OF  
MECHANICAL VENTILATION

 Intubation, Sedation, and Bed Immobilization
Endotracheal intubation can be used to secure a patient’s airway, to act as a 
conduit to deliver gas from the ventilator to the patient, to prevent aspiration, 
and to help with pulmonary toilet when secretions are increased. However, 
intubation can be associated with complications including the risk of aspira-
tion during insertion of the endotracheal tube, difficulty in swallowing and 
communicating, disruption of normal host defense mechanisms, and upper 
airway trauma. Pressure from the cuff of the tube that provides a pneumatic 
seal between the tube and trachea can lead to regions of tracheal ischemia 
and may eventually cause tracheal stenosis.

The upper airway is normally an effective means of heating and humidifying 
inspiratory gases. This natural system is bypassed by an endotracheal tube; 
inadequately humidified inspiratory gases can reduce mucociliary clearance 
and can lead to inspissation of tracheal secretions.

Intubation affects a number of factors that increase the likelihood of noso-
comial pneumonia (Chapters 91 and 266). Normally, cough involves an increase 
in airway pressure as respiratory muscles are contracted against a closed glottis; 
however, the mechanism is impaired by the presence of the tube. A cuffed 
endotracheal tube helps prevent gross aspiration, but pharyngeal secretions 
that pool at the top of the cuff often seep into the lungs. Endotracheal tubes 
often become colonized with the microorganisms that cause ventilator-associated 

the volume is strictly controlled, but local overdistension can still occur when 
the patient is breathing with a high respiratory drive. In this latter mode, high 
peak flows are required to minimize the work of breathing.

Intermittent Mandatory Ventilation
Intermittent mandatory ventilation (IMV) refers to a mode in which the patient 
receives some preset (and thus mandatory) volume or pressure-limited breaths 
from the ventilator but also breathes spontaneously with minimal or no support. 
The mandatory breaths are triggered by the patient and are synchronized 
(synchronized IMV), with spontaneous breaths often aided by pressure support 
ventilation. Although this mode was popular in the past, there are currently 
very few indications for its use.

Pressure-Support Ventilation
Pressure-support ventilation is a pressure-limited, patient-triggered ventilatory 
mode. Once the patient triggers the ventilator by creating either a small nega-
tive pressure or a low inspiratory flow at the airway opening, the ventilator 
switches to inspiratory mode and provides the airflow needed to maintain a 
preset level of pressure. In contrast to pressure-controlled ventilation, inspira-
tion terminates when the inspiratory airflow decreases to a threshold level 
(the specific algorithm varies from ventilator to ventilator and is often adjust-
able). This mode provides flexibility for the patient with respect to tidal volume, 
inspiratory flow, and ratio of time allowed for inspiration compared with 
expiration. Tidal volume depends on the patient’s effort, respiratory system 
mechanics, and the level of pressure set for support. It is considered to be 
comfortable for the patient. The downside is that it is easy to overassist the 
patient, thereby delivering breaths that exceed a patient’s needs and that can 
result in patient-ventilator asynchrony. Pressure-support ventilation has been 
used to wean patients because it provides a simple way of reducing the mag-
nitude of mechanical support as the patient assumes a larger fraction of the 
ventilatory work. It has become the most frequently used mode of ventilation 
after a few days of mechanical ventilation.

High-Frequency Ventilation
High-frequency ventilation refers to modes that have the common feature of 
providing ventilation at frequencies that are substantially greater than those 
used during normal breathing. During high-frequency ventilation, tidal volumes 
may be less than the dead space, so adequate gas transport takes place by 
various convective and diffusive mechanisms. Interest in these modes of ven-
tilation has waned for adult patients because it appears to be no better or even 
worse than conventional ventilation for adults with ARDS.

Proportional Assist Ventilation and Neurally Adjusted 
Ventilatory Assist
One of the difficulties in providing assisted ventilation is ensuring that there 
is adequate synchrony between the patient’s respiratory drive and the delivery 
of the ventilator’s breaths. This issue is a particular problem for patients with 
markedly abnormal respiratory mechanics, either restrictive or obstructive, or if 
the patient has significant auto-PEEP. Two modes of ventilation, proportional 
assist ventilation (PAV) and neurally adjusted ventilatory assist (NAVA), have 
been developed and implemented on some ventilators in part to address this 
concern. Although both modes deliver ventilation (and pressure) in direct 
proportion to the instantaneous effort of the patient, neither approach is in 
widespread use.

PAV is based on the mathematical relationships among airway pressure, 
volume, and airflow; these state that the pressure applied by the respiratory 
muscles is used to overcome the elastic losses (i.e., compliance) and the resis-
tive losses of the respiratory system. With PAV, the pressure that is applied 
during inspiration varies with the patient’s inspiratory effort and respiratory 
mechanics. On some ventilators, the patient’s compliance and resistance can 
now be estimated automatically, thereby greatly facilitating their clinical use.

NAVA makes use of the electrical activity of the diaphragm (EAdi) as mea-
sured by an array of electrodes attached to a nasogastric tube inserted into 
the esophagus. Pressure is then delivered by the ventilator in direct proportion 
to the (virtually) instantaneous EAdi. Once the array of electrodes has been 
inserted, the mode is relatively easy to use; the only parameter to set is the 
proportionality factor linking the EAdi and the pressure delivered by the 
ventilator.

Noninvasive Positive-Pressure Ventilatory Support
PPV can be provided through a mask rather than through an endotracheal 
tube. This method, which has been termed noninvasive because the patient 
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hyperinflation can be measured as the volume of gas that is released when 
the expiratory time of a given breath is lengthened by 20 to 30 seconds. The 
techniques for measuring auto-PEEP are based on the assumptions that no 
respiratory efforts are made and that the alveoli communicate with the airway 
opening, thereby allowing equilibration of pressures or exhalation of trapped 
gas. However, this assumption is not necessarily correct in patients with severe 
airways obstruction (e.g., status asthmaticus) because some airways may be 
completely closed.

Auto-PEEP should be suspected whenever flow at end expiration is detect-
able or when a patient fails to trigger the ventilator consistently with inspira-
tory efforts. This failure to trigger the ventilator occurs because the patient 
must generate sufficient pressure to overcome the level of auto-PEEP before 
a negative deflection of pressure or generation of inspiratory flow (either of 
which may be used by the ventilator to detect the onset of inspiration) is 
sensed at the airway opening. These failed attempts are referred to as ineffec-
tive efforts, and they occur often (>10% of breathing efforts) in about 25% 
of patients who receive pressure support ventilation, usually because they are  
over-assisted.

Auto-PEEP and the attendant dynamic hyperinflation have numerous det-
rimental consequences. In a patient who is not breathing spontaneously, 
dynamic hyperinflation increases pleural pressure and right atrial pressure, 
thereby leading to a decrease in the driving pressure for venous return, with 
a concomitant decrease in cardiac output. This effect can be magnified in 
patients with airway obstruction immediately after intubation and initiation 
of mechanical ventilation because compensatory mechanisms to enhance 
venous return are impaired by pharmacologic agents that are often used to 
prepare the patient for intubation but that also reduce venous and arterial 
tone. In these patients, auto-PEEP can also lead to overestimation of vascular 
intrathoracic pressures. This misinterpretation, coupled with the decreased 
cardiac output related to the high intrathoracic pressure, may suggest a diag-
nosis of cardiogenic shock rather than the correct diagnosis of auto-PEEP.

In a spontaneously breathing patient, dynamic hyperinflation can markedly 
increase the oxygen cost of breathing for two reasons. First, because the respi-
ratory system is stiffer at higher lung volumes, more energy is required to 
complete each ventilatory cycle. Second, to initiate flow into the lung, the 
patient must generate an alveolar pressure that is lower than atmospheric 
pressure. However, if dynamic hyperinflation is present, the patient first has 
to generate sufficient inspiratory effort to overcome the (positive) end-expiratory 
alveolar pressure before alveolar pressure can be lowered below atmospheric 
pressure; this is referred to as an inspiratory threshold load. Hyperinflation 
also puts the diaphragm at a mechanical disadvantage.

Auto-PEEP is more likely to occur in patients with airway obstruction, 
especially when expiratory flow limitation is present. Avoidance of high levels 
of auto-PEEP is a fundamental principle in ventilating patients who have severe 
airway obstruction. The level of auto-PEEP is usually best minimized by 
increasing expiratory time, decreasing airway resistance (e.g., bronchodilators, 
when appropriate), or decreasing minute ventilation. The last approach, called 
controlled hypoventilation, is usually the most effective ventilatory maneuver 
to prevent auto-PEEP. The resulting hypercapnia is usually an acceptable con-
sequence of this approach.

 Ventilator-Induced Lung Injury
Mechanical ventilation itself can cause lung injury (E-Fig. 97-2), and it can 
also lead to oxygen toxicity when high levels of inspired oxygen concentrations 
are administered. Barotrauma refers to pulmonary air leaks, such as pneumo-
thorax and pneumomediastinum. However, a much more subtle injury—diffuse 
alveolar damage presenting as pulmonary edema—can also occur. For both 
types of injury, the critical factor is the degree of overdistention of the lung, 
which is related to the transpulmonary pressure (PL), the airway opening 
minus pleural pressure (Ppl).7 The esophageal pressure (Pes), measured with 
an esophageal balloon, estimates Ppl, although this measurement is not routinely 
performed in clinical practice.

The usual pressures measured during mechanical ventilation are airway 
pressures referenced to atmospheric pressure. The peak inspiratory pressure 
(PIP) is easy to measure, but it represents the sum of the pressure needed to 
overcome the resistance to flow plus the pressure required to inflate the lungs 
and chest wall. Thus, a high PIP does not necessarily indicate an increased 
propensity to overdistension. For example, use of a smaller endotracheal tube 
will increase PIP, but the danger of pulmonary overdistention is no greater 
than would be present if the patient was ventilated with a larger-bore tube 
and a lower PIP. The plateau pressure (Pplat) is the airway (and usually the 
alveolar) pressure at the end of an end-inspiratory pause (usually after 0.2 to 

pneumonia (Chapter 91). Silver-coated tubes can reduce this risk but are 
considerably more expensive than conventional endotracheal tubes and are 
unlikely to be used routinely for initial intubation. Endotracheal tubes with 
a port that allows suctioning of secretions above the cuff may also reduce the 
incidence of ventilator-associated pneumonia, although results of studies have 
been mixed.

In addition, endotracheal intubation is often not well tolerated in awake 
patients, and there is always the danger that the tube will inadvertently be 
dislodged—a complication that can have tragic consequences. Sedation is 
designed to reduce this risk as well as to prevent or treat dyssynchronies or 
poor interaction of the patient with the ventilator. Modern strategies focus 
on reducing sedation as much as possible, including mobilizing the patient 
even while ventilated. Among the sedative drugs, studies suggest that dexme-
detomidine can reduce the time on the ventilator and decrease the incidence 
of delirium compared with benzodiazepines. A5 

To decrease sedation, enhance patient mobilization, and improve oral care 
and feeding, a tracheostomy can be performed. However, tracheostomy is 
associated with its own set of complications, and performing a tracheostomy 
in the first week is no better than waiting until the patient has been ventilated 
for about 10 to 15 days, A6  in part because clinicians are not accurate in pre-
dicting which patients will require prolonged ventilatory support.

 Hemodynamic Compromise
The major mechanical determinants of cardiovascular hemodynamics during 
mechanical ventilation are intrathoracic pressure, changes in lung volume, 
and the patient’s circulatory volume status. An increase in lung volume can 
be beneficial if it opens lung units that had been closed (thereby leading to a 
decrease in pulmonary vascular resistance) or can be detrimental if it increases 
pulmonary vascular resistance (because of pulmonary overdistention with 
concomitant compression of alveolar vessels). One complication of mechanical 
ventilation with high pressures is therefore right ventricular loading and acute 
cor pulmonale.6

PPV can affect cardiovascular hemodynamics through its effect on pleural 
pressure, an effect that is related to changes in lung volume and chest wall 
stiffness but not necessarily directly reflected in measurements of airway pres-
sure; the relation between alveolar pressure and lung volume depends on 
respiratory system mechanics. For example, in a patient with low lung compli-
ance (e.g., ARDS), a given increase in airway pressure will lead to much less 
of an increase in lung volume than in a patient with COPD, so the increase 
in pleural pressure will be much less in the patient with ARDS. As a result, 
patients with ARDS tolerate relatively higher PEEP levels compared with 
patients with COPD. At very high lung volumes, a direct effect of the pressure 
of the lung on the heart can increase pericardial pressure and can thereby 
decrease cardiac filling.

 Auto-PEEP, Dynamic Hyperinflation, and Ineffective Efforts
A key factor that affects cardiovascular hemodynamics and other physiologic 
variables is the development of auto-PEEP, defined as the difference between 
alveolar pressure and airway opening pressure at end expiration. Auto-PEEP 
is associated with dynamic hyperinflation, which is an increase in the end-
expiratory lung volume above the value that would be obtained if there was 
complete exhalation to the static functional residual capacity. This phenomenon 
occurs whenever there is insufficient time for complete exhalation to occur. 
The major determinants of auto-PEEP and hence dynamic hyperinflation are 
increased expiratory airway resistance, high minute ventilation, increased 
respiratory system compliance, and decreased expiratory time.

Auto-PEEP is not detected by measurements of pressure at the airway 
opening during the ventilator cycle, because the pressure drop occurs across 
the airways upstream of the airway pressure measurement. Moreover, mea-
surements of auto-PEEP are difficult to make in spontaneously breathing 
patients. When patients are not making spontaneous breathing efforts, auto-
PEEP can be assessed as the difference in pressure between the set PEEP and 
the pressure obtained when the airway opening is occluded at the end of 
expiration (E-Fig. 97-1). It can also be assessed by the change in plateau pres-
sure after a prolonged pause during volume cycle ventilation. If it is considered 
safe for the patient, a rapid estimate of the effect of auto-PEEP on cardiovascular 
hemodynamics can be obtained by transiently disconnecting the ventilator 
and allowing the auto-PEEP to approach zero during a long expiration. If the 
auto-PEEP is less than 5 cm H2O, it is unlikely to cause clinically important 
changes in the measured intravascular pressures.

If auto-PEEP is not considered in the interpretation of respiratory mechan-
ics, measurements of respiratory system compliance will be falsely low. Dynamic 
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E-FIGURE 97-1. The relationships among alveolar, central airway, and ventilator 
circuit pressure at the end of exhalation under the following conditions: A, normal 
conditions (no auto–positive end-expiratory pressure [auto-PeeP]). B, Severe dynamic 
airway obstruction with the expiratory port open. C, Severe dynamic airway obstruction 
with the expiratory port occluded at the end of exhalation. the auto-PeeP level is identi-
fied by creating an end-expiratory hold, thereby allowing the alveolar, central airway, 
and ventilator circuit pressures to equilibrate because there is no flow in the circuit. 
During equilibration, the level of auto-PeeP can be read on the manometer in the ventila-
tor circuit. (Modified from Pepe Pe, Marini JJ. occult positive end-expiratory pressure in 
mechanically ventilated patients with airflow obstruction: the auto-PeeP effect. Am Rev 
Respir Dis. 1982;126:166-170.)
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E-FIGURE 97-2. Schematic representation of the pressure-volume curve of a lung 
with diffuse alveolar edema. Mechanical ventilation can induce or worsen lung injury 
by numerous mechanisms when ventilation occurs at high lung volumes or when ventila-
tion occurs at low lung volumes. lung-protective strategies during ventilation of patients 
with acute respiratory distress syndrome should try to keep the ventilatory pattern in 
the injury-free zone. Data in patients confirm the benefit of limiting overdistention. 
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of mortality in ARDS patients than Vt, PEEP, or Pplat.11 The reason for this is 
that ΔP is equal to Vt/Respiratory system compliance(CRS) since CRS = Vt/
(Pplat − PEEP). Thus, ΔP is the tidal volume normalized to lung volume avail-
able for ventilation, since CRS is a reasonable surrogate for lung volume.

Adjunctive Approaches for Ventilating ARDS Patients
Although the neuromuscular blocking agent cisatracurium was shown to 
decrease mortality in moderate-severe ARDS in a study in 2010 and a subse-
quent small meta-analysis, A9  a recent study A10  found no change in mortality. 
Given that the more current study was more than twice as large as all prior 
studies, and used a less heavily sedated control group, which is more in keeping 
with current practice, the routine use of neuromuscular blockers is not recom-
mended in patients with moderate-severe ARDS.

The use of prone position in patients with ARDS can improve oxygenation 
compared with the supine position by permitting a more even distribution 
of pleural pressure and ventilation, thereby reducing ventilator-induced lung 
injury and decreasing Fio2. Use of the prone position decreases mortality by 
about 15 percentage points in patients with PaO2/FIO2 below 150 mm Hg. A11  
A critical factor in the use of the prone position is proper training of medical 
personnel in how to place patients safely in the prone position.

 Obstructive Airways Diseases
The major physiologic abnormality in patients with obstructive airways diseases 
(e.g., COPD, asthma) is an increase in airway resistance with tidal expiratory 
airflow limitation; patients may also have a concomitant increase in minute 
ventilation. These factors lead to dynamic hyperinflation, which is associated 
with numerous complications. Thus, the main goals in the ventilatory support 
of patients with obstructive airway diseases are to minimize auto-PEEP, to rest 
the respiratory muscles, to maintain adequate gas exchange, and to decrease 
the oxygen cost of breathing while simultaneously minimizing the iatrogenic 
complications of mechanical ventilation. These strategies allow time for the 
diagnosis and treatment of the primary cause of the exacerbation (Chapters 81 

most patients have a dependent zone that is consolidated, atelectatic, or fluid 
filled; a nondependent, often small, zone that looks normal; and a middle 
zone that has some collapsed regions that can be recruited to resemble the 
nondependent regions if high levels of airway pressure are transiently used 
(these approaches are called recruitment maneuvers). Gas exchange can often 
be improved by high tidal volumes, but at the expense of regional overdisten-
tion of those lung units that were not affected by the disease process itself—a 
treatment strategy that can lead to worse lung injury and poorer clinical 
outcomes.

Ventilator-induced lung injury can be minimized by strategies that avoid 
or diminish regional lung overdistention by using smaller tidal volumes. For 
example, the use of lower tidal volumes (6 mL/kg predicted body weight) 
decreases mortality by 22% (from an absolute value of 40 to 31%) compared 
with 12 mL/kg predicted body weight despite the fact that the larger tidal 
volume provides higher values of PaO2 (Fig. 97-1). Lung protective strate-
gies may also be useful in ventilated patients who are intubated for reasons 
other than ARDS (e.g., intubated ICU patients, patients undergoing major 
abdominal surgery, and patients with brain death whose lungs may be donated 
for transplantation). A7  A lung-protective strategy with limitation of tidal 

0.5 second) and is easy to measure at the bedside if the patient is passive (e.g., 
receiving a paralytic agent). Depending on Ppl, it has a direct relationship with 
the development of overdistention. Although Ppl can vary greatly and no single 
value of Pplat can be defined as “dangerous” from a lung injury perspective, a 
reasonable maximal value of Pplat in patients with ARDS is 30 cm H2O.

Certain caveats should be noted in interpreting Pplat and PIP, related to 
associated changes in Ppl. If the patient is breathing spontaneously, Ppl will be 
negative, and overdistention may occur even with a Pplat much lower than 
30 cm H2O. Conversely, in a patient who is either paralyzed or not making 
ventilatory efforts and who has a stiff chest wall (e.g., due to ascites, obesity, 
pregnancy), as airway pressure increases, most of the pressure drop will be 
dissipated across the chest wall, thus leading to values of Ppl that are positive. 
In this setting, a high Pplat may not be indicative of a high PL and hence may 
not indicate increased lung distention. Thus, the physician caring for a patient 
receiving mechanical ventilatory support must interpret the measured airway 
pressures within the clinical context. Measurement of Ppl, as noted earlier, 
may help resolve these difficulties.

During mechanical ventilation, some areas of the lung may undergo cyclic 
recruitment and de-recruitment. This process, which is of particular importance 
in patients with ARDS, has been termed atelectrauma and can cause lung 
injury. The precise mechanisms of injury are not entirely clear but are thought 
to result from shear stress due to opening and closing of lung units, regional 
hypoxia in atelectatic lung units, and effects on surfactant. Prevention of this 
type of injury provides part of the rationale for the use of PEEP to maintain 
recruitment of lung units during tidal ventilation (Video 97-1).

There is evidence that ventilatory strategies that promote overdistention 
and atelectrauma can lead to an inflammatory response in the lung, a mecha-
nism of injury termed biotrauma, with the release of proinflammatory cytokines 
and chemokines. These mediators can translocate from the lung into the sys-
temic circulation and can potentially lead to dysfunction of other organs (E-Fig. 
97-3). This concept suggests that optimal ventilatory strategies are important 
not only to maintain lung function but also to prevent the development of 
multiple-organ dysfunction (Chapter 96), a frequent condition in very sick, 
ventilated patients. This hypothesis may explain the decreased mortality 
observed in a large randomized trial in which patients with ARDS were ran-
domized to a strategy designed to minimize ventilator-induced lung injury 
compared to routine mechanical ventilation.8

Lung injury also can occur in patients who have high respiratory drive. This 
drive can translate into large negative intrathoracic pressures that lead to injury 
that has been termed “patient self-inflicted lung injury.” Such injury can occur 
whether the patient is being ventilated or not.9 This hypothesis suggests that 
pharmacologic approaches to decreasing respiratory drive could potentially 
be beneficial. Mechanical ventilation can also lead to diaphragmatic atrophy,10 
which may make extubation more difficult.

 SPECIFIC COMMON TREATMENT SCENARIOS
 Initiation of Mechanical Ventilation
The initiation of mechanical ventilation involves several steps in clinical deci-
sion making (Table 97-1). Despite the utility of such guidelines, each patient 
must be evaluated for specific factors that could modify the recommendation 
or mandate an alternative.

 Acute Respiratory Distress Syndrome
Patients with ARDS (Chapter 96) have noncardiogenic pulmonary edema, 
with a reduced functional residual capacity and a mortality rate that com-
monly exceeds 25%. Although therapy may be available for the underlying 
disease process that led to the development of ARDS (e.g., antibiotics for a 
predisposing pneumonia), no effective therapy directly reverses diffuse alveolar 
damage. These patients require mechanical ventilation as a life-supportive 
therapy to improve oxygenation and to decrease the oxygen cost of breath-
ing until their lungs recover from the primary insult that led to the alveolar 
damage. The major therapeutic goal is to provide adequate gas exchange while 
ensuring that damaged lungs are not further injured by the ventilatory strat-
egy and/or by spontaneous breathing. The ventilatory approaches used to 
achieve this goal are termed lung-protective ventilation or lung-protective  
strategies.

Lung-Protective Ventilation Strategies
The lungs of a patient with ARDS are characterized on computed tomographic 
scans by patchy, heterogeneous infiltrates that consist of airless atelectatic or 
consolidated regions. Because the heavy, edematous lungs behave like a sponge, 

TABLE 97-1 STEPS AND GUIDELINES FOR INITIATION OF 
MECHANICAL VENTILATION*

1. Ventilatory mode
Unintubated patients
•	 NIV	for	patients	with	COPD	and	acute	hypercapnic	respiratory	failure,	if	

patient is cooperative and hemodynamically stable
•	 NIV	not	routinely	recommended	for	acute	hypoxemic	respiratory	failure;	

high-flow oxygen therapy may be initiated in these patients, or the patients may 
be intubated

Intubated patients
•	 Assist/control	volume-limited	ventilation	or	PCV	as	initial	mode
•	 PSV:	consider	as	soon	as	patient’s	effort	reasonable,	mechanics	reasonable	such	

that pressure support levels of 10-15 can be used, ventilatory needs moderate 
to low, and patient more comfortable during PSV trial

2. Oxygenation
•	 If	there	are	infiltrates	on	chest	radiograph,	begin	with	Fio2 0.8 (avoid 1.0 if 

possible), reduce rapidly according to Spo2;	PEEP:	begin	with	5	cm	H2O, but 
use rapidly higher levels if oxygenation is poor and Pplat high (i.e., up to 15 cm 
H2O in severe ARDS). Adapt according to Pao2 or Spo2, Fio2 requirements, 
and hemodynamic effects; consider PEEP/Fio2 “ladder” (see Fig. 97-1); goal 
of Spo2 >90%, Fio2 ≤ 0.6

•	 If	infiltrates	on	chest	radiograph	(COPD,	asthma,	PTE),	start	at	Fio2 0.4 and 
adjust according to Spo2 (consider starting higher if pulmonary embolism is 
strongly suspected)

3. Ventilation
•	 Tidal	volume:	begin	with	8	mL/kg	PBW	(see	Fig.	97-1	for	formulas);	decrease	

to 6 mL/kg PBW over a few hours if ARDS present (see Fig. 97-1); inspiratory 
flow rate of 50-60 L/min

•	 Rate:	begin	with	10-20	breaths/min	(10-15	if	not	acidotic;	20-30	if	acidotic	or	
ARDS and small volumes); adjust for pH; goal pH > 7.3 with maximal rate of 
35; may accept higher Paco2 and lower pH goal if minute ventilation high

4. Secondary modifications
•	 Triggering:	in	spontaneous	modes,	minimize	diaphragm	inactivity
•	 Assessment	of	auto-PEEP,	especially	in	patients	with	increased	airways	

obstruction (e.g., asthma, COPD)
•	 I/E	ratio:	1	:	2-4,	either	set	or	as	function	of	flow	rate;	and	auto-PEEP

5. Monitoring
•	 Clinical:	blood	pressure,	ECG,	observation	of	ventilatory	pattern	including	

assessment of dyssynchrony, effort or work by the patient (P0.1 below 3-4 cm 
H2O); assessment of airflow throughout expiratory cycle

•	 Ventilator:	tidal	volume,	minute	ventilation,	airway	pressures	(including	
auto-PEEP), total compliance

•	 Arterial	blood	gases,	pulse	oximetry
*Decisions within this algorithm will be influenced by the specific conditions of the individual 
patient.
ARDS = acute respiratory distress syndrome; COPD = chronic obstructive pulmonary disease; 
ECG = electrocardiogram; Fio2 = fraction of inspired oxygen; HFOV = high-frequency oscillatory 
ventilation; I/E ratio = inspiratory-to-expiratory ratio; NIV = noninvasive ventilation; Pao2 = partial 
pressure of oxygen in arterial blood; PBW = predicted body weight; PCV = pressure-controlled 
ventilation; P0.1 = negative pressure generated against an occluded airway after 0.1 seconds, PEEP = 
positive end-expiratory pressure; PSV = pressure-support ventilation; PTE = pulmonary 
thromboembolism; Spo2 = arterial oxygen saturation by pulse oximetry.
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Mechanical Ventilation

Distal Organ Dysfunction

Biochemical injury
(biotrauma)

Epithelium/
interstitium

Neutrophils

Biophysical injury

• Shear
• Overdistention
• Cyclic stretch
•   Intrathoracic 
   pressure

Alveolar-capillary permeability
Cardiac output
Organ perfusion

Cytokines,
complement,
PGs, LTs, ROS,
proteases

Bacteriamφ

E-FIGURE 97-3. Mechanisms by which mechanical ventilation may lead to distal organ dysfunction. lts = leukotrienes; mφ = macrophages; PGs = prostaglandins; RoS = reactive 
oxygen species. (Modified from Slutsky aS, tremblay ln. Multiple system organ failure: is mechanical ventilation a contributing factor? Am J Respir Crit Care Med. 1998;157: 
1721-1725.)
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of mortality in ARDS patients than Vt, PEEP, or Pplat.11 The reason for this is 
that ΔP is equal to Vt/Respiratory system compliance(CRS) since CRS = Vt/
(Pplat − PEEP). Thus, ΔP is the tidal volume normalized to lung volume avail-
able for ventilation, since CRS is a reasonable surrogate for lung volume.

Adjunctive Approaches for Ventilating ARDS Patients
Although the neuromuscular blocking agent cisatracurium was shown to 
decrease mortality in moderate-severe ARDS in a study in 2010 and a subse-
quent small meta-analysis, A9  a recent study A10  found no change in mortality. 
Given that the more current study was more than twice as large as all prior 
studies, and used a less heavily sedated control group, which is more in keeping 
with current practice, the routine use of neuromuscular blockers is not recom-
mended in patients with moderate-severe ARDS.

The use of prone position in patients with ARDS can improve oxygenation 
compared with the supine position by permitting a more even distribution 
of pleural pressure and ventilation, thereby reducing ventilator-induced lung 
injury and decreasing Fio2. Use of the prone position decreases mortality by 
about 15 percentage points in patients with PaO2/FIO2 below 150 mm Hg. A11  
A critical factor in the use of the prone position is proper training of medical 
personnel in how to place patients safely in the prone position.

 Obstructive Airways Diseases
The major physiologic abnormality in patients with obstructive airways diseases 
(e.g., COPD, asthma) is an increase in airway resistance with tidal expiratory 
airflow limitation; patients may also have a concomitant increase in minute 
ventilation. These factors lead to dynamic hyperinflation, which is associated 
with numerous complications. Thus, the main goals in the ventilatory support 
of patients with obstructive airway diseases are to minimize auto-PEEP, to rest 
the respiratory muscles, to maintain adequate gas exchange, and to decrease 
the oxygen cost of breathing while simultaneously minimizing the iatrogenic 
complications of mechanical ventilation. These strategies allow time for the 
diagnosis and treatment of the primary cause of the exacerbation (Chapters 81 

volume should be considered in patients who are at high risk for development  
of ARDS.

Positive End-Expiratory Pressure
PEEP traditionally has been used to improve oxygenation while reducing 
Fio2. Within the context of the current paradigm of trying to minimize iat-
rogenic complications of mechanical ventilation, PEEP is a therapy that can 
potentially minimize the injury caused by ventilation at low lung volumes by 
recruiting lung units and keeping them open. The critical issues are how to 
set the optimum PEEP level in an individual patient and how to determine 
whether the procedures to recruit the lung units and keep them open are less 
harmful than allowing the lung units to remain de-recruited. One experimental 
option is chest computed tomography to assess whether areas of the lung are 
recruited, but this technique is not practical for routine assessment. Oxygen-
ation response to PEEP is also an indirect but imperfect assessment of the 
lung recruitability.

Data are inconclusive regarding the benefits of higher (≈13 cm H2O) com-
pared with lower (≈8 cm H2O) PEEP levels, and PEEP levels often are indi-
vidualized on the basis of a PEEP/Fio2 table (Fig. 97-1). Higher PEEP levels 
are probably associated with decreased mortality in ARDS patients with Pao2/
Fio2 of less than 200 mm Hg but not in patients with higher Pao2/Fio2 ratios. 
PEEP guided by esophageal pressure measured by an esophageal balloon to 
keep PL at end expiration positive can significantly increase Po2 levels and 
respiratory compliance compared with treatment guided by a standard pro-
tocol. A recent study in patients with moderate to severe ARDS found that a 
strategy using a lung recruitment maneuver and titrating PEEP to relatively 
high levels increased mortality compared to a strategy with lower PEEP. A8 

Driving Pressure (ΔP)
The optimal approach to picking the correct lung protective strategy is not 
known, but a recent individual patient data meta-analysis suggested that the 
driving pressure (ΔP = Plateau pressure (Pplat) − PEEP) was a better predictor 

Goal: 
pH: 7.30–7.45 
Acidosis algorithm 
  If pH 7.15–7.30 
 •    set rate until pH > 7.30 or PaCO2 < 25 mm Hg 
  (max RR = 35)
 •  if RR = 35 & pH < 7.30 NaHCO3 may be given 
  If pH < 7.15 
 •    set RR to 35
 •  if set RR = 35 & pH < 7.15, Vt may be     in 
  1 mL/kg steps until pH > 7.15 
 (Pplat target may be exceeded)
Alkalosis algorithm 
  If pH > 7.45 
 •     set RR until patient RR > set RR 
 (minimum set RR = 6/min) 

Goal 1: Low Vt /Pplat  

Initiation:
  Calculate PBW 
 —Male: 
  50 + 2. 3 (height [inches] – 60)
 —Female: 
  45.5 + 2.3 (height [inches] – 60)
  Initiate volume assist control 
 —start with 8 mL/kg, and     to 
  6 mL/kg over a few hours 

Keep Pplat (based on 0.5-sec pause)
< 35 cm H2O
  If Pplat > 30 cm H2O,     Vt by 
    1 mL/kg to 5 or 4 mL/kg
  If Pplat < 25 AND Vt < 6 mL/kg,  
      Vt by 1 mL/kg until Pplat > 
    25 cm H2O OR Vt = 6 mL/kg
  If patient severely distressed
    and/or breath stacking, consider
      Vt to 7 or 8 mL/kg, as long as
    Pplat ≤ 30 cm H2O †  

Goal 2: Adequate Oxygenation

Ventilatory Strategy for Patients with ARDS*

Specific goal:
PaO2 55-80 mm Hg
         or
SpO2 88-95%
  Use only FIO2 /PEEP combinations
 shown below to achieve this target
 • if oxygenation is low, choose 
  FIO2 /PEEP combination (from 
  FIO2 /PEEP table) to the right 
 • if oxygenation is high, choose 
  FIO2 /PEEP combination to the left 

Goal 3: Arterial pH

  FIO2/PEEP Table

FIO2  0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9  0.9     0.9    1.0

PEEP 5 5 8 8 10 10 10 12 14 14 14  16 18    18–24
*Based on ARDS Network Algorithm
†If compliance of the chest wall is markedly decreased (e.g., massive ascites), it may
  be reasonable or necessary (if the patient is very hypoxemic) to allow a Pplat >30 cm H2O.

FIGURE 97-1. Ventilatory strategy for patients with the acute respiratory distress syndrome (ARDS) as proposed by the ARDSNetwork. Several caveats should be considered in 
using the low tidal volume strategy. (1) tidal volume (Vt) is based on predicted body weight (PBW), not actual body weight; PBW tends to be about 20% lower than actual body weight. 
(2) the protocol mandates decreases in the Vt lower than 6 ml/kg of PBW if the plateau pressure (Pplat) is greater than 30 cm h2o and allows small increases in Vt if the patient is severely 
distressed or if there is breath stacking, as long as Pplat remains at 30 cm h2o or lower. (3) Because arterial carbon dioxide (co2) levels will rise, ph will fall; acidosis is treated with increas-
ingly aggressive strategies dependent on the arterial ph. (4) the protocol has no specific provisions for the patient with a stiff chest wall, which in this context refers to the rib cage 
and abdomen; in such patients, it seems reasonable to allow Pplat to increase to more than 30 cm h2o, even though it is not mandated by the protocol; in such cases, the limit on Pplat 
may be modified on the basis of analysis of abdominal pressure, which can be estimated by measuring bladder pressure. RR = respiratory rate; Spo2 = oxygen saturation based on pulse 
oximeter. Fio2 = fraction of inspired oxygen; Paco2 = arterial partial pressure of carbon dioxide; Pao2 = arterial partial pressure of oxygen; PBW = predicted body weight; Pplat = plateau 
pressure; PeeP = positive end-expiratory pressure; Vt = tidal volume. 
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certainty, but maintaining pH higher than approximately 7.20 is a reasonable 
target if the patient is not having side effects (e.g., arrhythmias, increasing 
right-sided heart failure), although lower values have been reported in clinical 
studies.

In patients with COPD who are spontaneously breathing, the addition of 
external (set) PEEP at a level that is just less than what is necessary to over-
come the auto-PEEP fully may not increase Pplat and may decrease the inspira-
tory effort that the patient needs to generate to initiate inspiratory airflow. 
This strategy does not appear to be as effective in patients with status asth-
maticus, in whom it may cause an increase in Pplat because expiratory flow 
limitation is not the major mechanism of obstruction.

 DISCONTINUATION OF  
MECHANICAL VENTILATION

Discontinuation of ventilatory support and extubation should occur as expedi-
tiously as possible to minimize the iatrogenic consequences of intubation and 
mechanical ventilation.12 However, the advantages of early discontinuation 
must be balanced against the detrimental consequences if patients deteriorate 
and require urgent reintubation. Patients who fail extubation and require 
reintubation (around 15%) have a high mortality, which to some degree may 
be precipitated by the failed extubation itself.

From the moment that mechanical ventilation is instituted, it is important 
that the clinician start planning for eventual discontinuation of ventilatory 
support. A key aspect of this approach is serial evaluation, with aggressive 
treatment of the factors contributing to the patient’s ventilatory dependence. 
The first reason for delayed extubation is the lack of systematic screening to 
determine if the patient is ready to be extubated. This can be performed by 
routine spontaneous breathing trials as soon as the patient meets a number 
of criteria (Fig. 97-2).

The majority of patients (between 60 and 75%) will be successfully extu-
bated on the first attempt. Several trials have demonstrated that protocols 
implemented by nonphysician health care professionals improved care 
and were associated with substantial cost savings compared with standard 

and 82). When the patient is being assisted by the ventilator, adding external 
PEEP to match the patient’s intrinsic PEEP is essential to decrease work of 
breathing.

Noninvasive Ventilation
For patients who have acute respiratory failure resulting from an exacerba-
tion of COPD and who require ventilatory support, the preferred approach 
is NIV if the patient is hemodynamically stable and does not need to be 
intubated to protect the airway. It is important to choose a comfortable 
mask and to reassure the patient because some patients find the mask dif-
ficult to tolerate. This strategy may be applied with several ventilation modes, 
including pressure support and positive end-expiratory airway pressure. The 
ventilation settings are adjusted to improve gas exchange and to ensure the 
patient’s comfort. Despite this approach, some patients with COPD require 
intubation and ventilation because of cardiac or respiratory arrest, agitation, 
increased sputum, worsening respiratory failure, or other concomitant severe  
disorders.

Intubation and Ventilation
The key goal after intubation of patients with airway obstruction is to minimize 
the detrimental effects of dynamic hyperinflation. The most effective way is 
to decrease the minute ventilation, even if this approach results in an increased 
Paco2—a strategy known as permissive hypercapnia (or controlled hypoven-
tilation). Judicious use of sedation may decrease carbon dioxide production 
and improve patient-ventilator synchrony, although the avoidance of sedation 
can reduce the duration of ventilation and hospitalization. Care must be taken 
when using paralytic agents in patients who have asthma and who are also 
receiving corticosteroids, because their use may lead to prolonged muscle 
weakness, and difficulty with extubation, and slower post–intensive care unit 
recovery.

Increasing expiratory time by use of a higher peak inspiratory flow may be 
somewhat helpful, but it is not nearly as effective as decreasing minute ventila-
tion. What level of Paco2 (and pH) should be tolerated is not known with 

1. Daily assessment: Is patient ready for a spontaneous breathing trial?
 • General: resolving process, patient alert, no continuous sedation 
 • Gas exchange: P/F > 200; FIO2 ≤ 50%
 • Hemodynamics: no vasopressors
 • Respiratory: PEEP ≤ 5-7 cm H2O

Evaluate and treat reversible 
causes of failure
• Sedation, fluid status, 

myocardial ischemia, pain 
control, bronchodilator 
need, etc.

2. Initiate screening for spontaneous breathing trial (SBT): 
 • Monitor patient with ECG, oximetry 
 • Patient breathes spontaneously on T-piece, or on PSV of 5-7 

  cm H2O
 • Monitor physiological variables (RR, gas exchange, hemodynamics,
       subjective comfort)

3. Continue SBT for 30-120 minutes: 
Discontinue if any of the following occurs: 

 • General:   anxiety or sweating 
 • Gas exchange: SpO2 < 88%; PaCO2    by >10 mm Hg
 • Hemodynamics: sustained HR changes of >± 20% OR

 HR > 140/min; SBP < 90 OR > 180 mm Hg 
 • Respiratory: RR > 35/min for > 5 min; signs of 

   WOB (paradoxical breathing, accessory muscles…)

Approach to Discontinuing Ventilation/Extubation

Yes

If patient physiologically
stable, continue

No failure criterion met

Failed criterion

If patient
physiologically

unstable

Failure

4. Extubate 5. Monitor

Reintubate

Reinstitute ventilation
• Stable, nonfatiguing,
  comfortable

FIGURE 97-2. Algorithm for assessing whether a patient is ready to be liberated from mechanical ventilation and extubated. ecG = electrocardiogram; hR = heart rate; Paco2 = 
arterial partial pressure of carbon dioxide; PeeP = positive end-expiratory pressure; P/F = Pao2/Fio2 ratio; PSV = pressure support ventilation; RR = respiratory rate; SBP = systolic blood 
pressure; Spo2 = oxygen saturation based on pulse oximeter; WoB = work of breathing. 



management approaches, even though the specifics of the protocols were 
different. A strategy that pairs spontaneous awakening, based on the inter-
ruption of sedatives, with spontaneous breathing trials improves extuba-
tion rates, reduces ICU length of stay, and decreases mortality by about  
one third.

Apart from new complications or persistence of the initial insult, three 
factors	contribute	to	inability	to	wean	and	prolong	the	time	on	the	ventilator:	
(1) respiratory muscle dysfunction at the time of weaning, which in part may 
be caused by the ventilatory process; (2) cardiovascular factors and volume 
status that may lead to weaning-induced pulmonary edema via diastolic dys-
function or ischemia; (3) neurologic factors including residual sedation or 
the inability to protect the airways.

The global approach to weaning suggests that screening should be performed 
using relatively simple criteria of stability (e.g., the patient has shown improve-
ment in the underlying process), and that the patient should be hemody-
namically stable with no or minimal need for vasopressors, and with oxygen 
requirements that can be met by face mask once the patient is extubated. 
If the patient meets these general criteria, a spontaneous breathing trial is 
recommended (Fig. 97-2); if the patient passes the trial, the patient can 
be extubated. Gradual weaning is not necessary; instead, patients should 
be assessed on a daily basis regarding their suitability for removal from 
ventilatory support, and if they are not ready, a comfortable, nonfatiguing 
form of mechanical ventilation should be used between the assessments. 
High-flow nasal cannula oxygen reduces the risk of reintubation within 72 
hours compared with conventional oxygen therapy in patients at low risk for  
reintubation A12  and is as good as NIV for high risk patients. A13 

Despite repeated attempts, a small group of patients (about 10 to 15%) will 
continue to be ventilator-dependent even after one week of weaning attempts.13 
In these patients, a global approach including mobilization, nutrition, and 
therapies focused on psychological factors may be important14; specialized 
weaning centers may be useful.15 It is possible that respiratory muscle reha-
bilitation may help, but the evidence for such an approach is weak. Trials of 
simple tracheostomy masks, during which patients breathe unassisted through 
their tracheostomy for varying periods of time before being reconnected to 
the ventilator, may be the preferred approach for weaning.
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REVIEW QUESTIONS

1. Which one of the following effects of positive end-expiratory pressure 
(PEEP) is NOT usually expected when used for a patient with the acute 
respiratory distress syndrome (ARDS)?
 A. Reduced right ventricle afterload
 B. Recruit alveolar regions
 C. Decrease ventilator-induced lung injury
 D. Increase oxygenation
 E. Increase functional residual capacity

Answer: A PEEP is expected to recruit the lung and increase lung volume, with 
beneficial effects on oxygenation and potentially a reduced risk of ventilator-
induced lung injury if the patient is recruitable. By increasing intrathoracic 
pressures, PEEP usually increases right ventricle afterload. In situations of 
major derecruitment, PEEP may recruit part of the pulmonary vasculature, 
which can decrease pulmonary resistance. However, under most clinical set-
tings, increasing PEEP from a baseline level increases right ventricle afterload.

2. Which one of the following benefits is NOT to be expected in a patient 
with an exacerbation of chronic obstructive pulmonary disease (COPD) who 
is	being	treated	with	noninvasive	ventilation	(NIV):
 A. Unload the respiratory muscles
 B. Increase tidal volume
 C. Reduce the need for intubation
 D. Reduced infectious complications
 E. Reduced readmission rates

Answer: E NIV improves gas exchange by increasing tidal volume and unload-
ing the respiratory muscles, thereby allowing the patient to avoid endotracheal 
intubation, with a subsequent reduction in infectious complications. NIV is 
therefore associated with less intubation and improved hospital survival, but 
there is no evidence that NIV reduces the rate of subsequent readmissions.

3. High-flow nasal cannula can provide short-term or outcome benefits in all 
of the following conditions except which one?
 A. Poor tolerance of face mask oxygen
 B. Postextubation period in low-risk patients
 C. Postextubation period in high-risk patients
 D. Exacerbation of COPD
 E. Hypoxemic respiratory failure due to pneumonia

Answer: D High flow oxygen is usually better tolerated than a classic Venturi 
mask to improve oxygenation and has been shown to have clinical benefits 
postextubation and in hypoxemia due to pneumonia. There is no good evidence 
concerning its role in obstructive lung disease.



CHAPTER 98 ApproAch to the pAtient with Shock 641

98 
APPROACH TO THE PATIENT 
WITH SHOCK
DEREK C. ANGUS

 DEFINITION
Shock, which is an acute circulatory dysfunction that results in inadequate 
tissue perfusion, is a medical emergency requiring prompt diagnosis and 
intervention to prevent circulatory collapse, multisystem organ failure, and 
death. The four major categories of shock are cardiogenic, distributive, hypo-
volemic, and obstructive (Fig. 98-1).

Cardiogenic shock (Chapter 92) is due to pump failure caused most com-
monly by acute myocardial ischemia, but also by acute valvular dysfunction, 
arrhythmias, myocarditis, or ventricular wall rupture. Distributive shock is 
caused by loss of peripheral vasomotor tone, most commonly due to sepsis 
(Chapter 100). Rarer causes of distributive shock include neurogenic shock, 
typically following major spinal cord injury (Chapter 371), and anaphylaxis 
(Chapter 238). Hypovolemic shock is caused by loss of circulating volume 
from dehydration, profound vascular leakage (e.g., secondary to the toxin-
mediated endothelial leak of dengue fever) or hemorrhage (e.g., secondary 
to trauma, perioperative, or gastrointestinal bleeding, or rupture of an aortic 
aneurysm). Obstructive shock, which is less common, is caused by intrinsic 
blockage of a major vessel, such as saddle pulmonary embolus (Chapter 74), 
or extrinsic compression, such as cardiac tamponade, status asthmaticus, or 
tension pneumothorax.

Patients also can present with combined forms of shock. For example, septic 
shock can include loss of autonomic tone (distributive), myocardial depres-
sion (cardiogenic), and loss of vascular volume (hypovolemic) owing to 
dehydration and vascular leak.

 EPIDEMIOLOGY
In the United States, an estimated 500,000 incident cases of shock occur each 
year. Septic shock, which is the most common cause, accounts for more than 
250,000 cases per year. Of the 1.6 million adults hospitalized with major 
trauma (Chapter 103) in the United States each year, about 100,000 (6%) 
present with shock, predominantly owing to hemorrhage.1 Of the 800,000 
cases per year of acute myocardial infarction, about 40,000-50,000 (5%) develop 
cardiogenic shock (Chapter 99).2 Of the 200,000 or so patients who suffer a 
clinically significant pulmonary embolus each year, about 25,000 (13%) present 
in shock (or cardiac arrest). Thus, over half of all shock is due to sepsis (pri-
marily distributive), one fifth is due to trauma (primarily hypovolemic), one 
tenth is due to coronary artery disease (cardiogenic), and the remaining 
(approximately 20%) is due to other causes. Shock occurs in both sexes, all 
age groups, and all racial and ethnic groups, with its incidence depending on 
the frequency of precipitating conditions within these populations.

 PATHOBIOLOGY
Shock is classically described in terms of cardiovascular pathophysiology when 
oxygen delivery to tissues is inadequate because of reduced cardiac output 
(hypovolemic, cardiogenic, or obstructive) or impaired vasomotor tone (dis-
tributive). However, these macrocirculatory changes are often accompanied 
by important pathobiologic changes in the cells and tissue beds of vital organs.

Cardiovascular Pathophysiology
In hypovolemic shock a decrease in circulating blood volume decreases venous 
return and thus cardiac preload. As preload decreases, the heart shifts left on 
the Starling curve to the point that stroke volume and, hence, both cardiac 
output and oxygen delivery fall. Decreases in cardiac output and oxygen delivery 
are detected by a complex system of baroreceptors and chemoreceptors that 
stimulate autonomic and endocrine-mediated compensatory changes in the 
heart and vasculature. Peripheral vasomotor tone is increased in arterial and 
venous capacitance vessels, thereby reducing total capacitance and effectively 
increasing the circulating volume, venous return, and preload. Selective auto-
regulatory changes also redistribute blood flow preferentially to vital organs 
(e.g., heart and brain) at the expense of the splanchnic, muscle, and skin vascular 
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ABSTRACT
Shock, which is acute circulatory dysfunction that results in inadequate tissue 
perfusion, is a medical emergency requiring prompt diagnosis and interven-
tion to prevent circulatory collapse, multisystem organ failure, and death. The 
four major categories of shock are cardiogenic, distributive, hypovolemic, and 
obstructive. Cardiogenic, hypovolemic, and obstructive shock are a result of 
reduced cardiac output, whereas distributive shock is caused by loss of vaso-
motor tone. Septic shock, which is predominantly distributive, accounts for 
over half of the 500,000 or so cases of shock per year in the United States. A 
presumptive diagnosis is based on hypotension, signs of hypoperfusion, and 
lactic acidosis. A rapid history, clinical examination, and bedside ultrasound 
help establish the probable type of shock, which can guide therapy as well as 
help identify the inciting cause and any concomitant problems. Respiratory 
support is provided with supplemental oxygen and mechanical ventilation. 
Obstructive shock requires specific procedures to relieve obstruction, such 
as needle thoracostomy for tension pneumothorax. Rapid intravenous fluid 
resuscitation with crystalloids, accompanied by vasopressors as necessary, is 
key for all forms of shock except cardiogenic shock. In cardiogenic shock, a 
small fluid bolus may still be necessary, but inotropic support is the primary 
strategy. The adequacy of resuscitation is determined by ensuring adequate 
cardiac preload via dynamic measures, such as straight leg raises, and monitor-
ing blood pressure, lactate clearance, and clinical signs of hypoperfusion. Even 
when the initial resuscitation is successful, patients often will develop multi-
system organ dysfunction that requires admission to intensive care for ongoing 
management.
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shock. Individuals with a high genetic risk load (a composite measure of varia-
tion across the 50 genetic loci) have twice the risk of serious coronary events, 
such as acute myocardial infarction or cardiac-related death.3 Similarly, asthma 
(Chapter 81; a risk factor for obstructive shock) has a strong genetic basis, 
and recent genome-wide association studies show an association between 
single nucleotide polymorphisms (SNPs) in 5 genes (gasdermin B, 
interleukin-33, DNA repair protein RAD50, interleukin 1 receptor-like 1, and 
encoding cadherin-related family member 3) and the likelihood of being hos-
pitalized for severe exacerbations of asthma, including status asthmaticus. 
Susceptibility and outcome of septic shock have also been linked to genetic 
variations, such as variable number tandem repeats, in genes involved in the 
detection of microbial products (e.g., mannose binding lectin-2 and Toll-like 
receptor (TLR)-4), activation of the inflammatory cascade (e.g., tumor necrosis 
factor-alpha), and downstream events, such as leukocyte recruitment (e.g., 
macrophage migration inhibitory factor-1), and coagulation activation (e.g., 
plasminogen activator inhibitor-1). For example, these relationships are well-
documented in sibling and familial studies of meningococcal disease (Chapter 
282). Genetic variation has also been described in other components of the 
host response to shock, such as the sympathetic receptors in the peripheral 
vasculature that are responsible for regulating vasomotor tone (e.g., alpha 1B 
adrenergic receptor gene), the innate immune response to DAMPs (e.g., TLR 
signaling), and activation of adaptive immunity.4 These variations may affect 
the trajectory and outcome of shock, as well as the therapeutic response to 
various agents, such as adrenergic vasopressors, used to treat shock. However, 
none of the described variation has yet led to a specific clinical approach for 
the management of shock.

 CLINICAL MANIFESTATIONS
Early Manifestations
Before the overt expression of shock, the dominant clinical features are those 
of the inciting event, such as the chest pain of an acute myocardial infarction 
(Chapter 64) or the fever, cough, and purulent sputum production of a wors-
ening pneumonia (Chapter 91). During these early phases, the body’s com-
pensatory mechanisms to ensure adequate oxygen delivery will produce only 
subtle nonspecific signs and symptoms (Chapter 7). For example, the respira-
tory rate will typically rise to generate a compensatory respiratory alkalosis 
to the incipient metabolic acidosis. Sympathetic autonomic responses to 
absolute or relative hypovolemia include tachycardia, sometimes a temporary 
increase in blood pressure, and peripheral vasoconstriction, which can result 
in cool skin, peripheral cyanosis, and sluggish capillary refill. However, in 
patients with impending distributive shock, impaired vasomotor control may 
paradoxically present as warm, flushed peripheries.

Overt Shock
The cardinal features of overt shock are hypotension together with evidence 
of inadequate perfusion (Table 98-1). Typically, a systolic blood pressure 
lower than 90 mm Hg or mean blood pressure lower than 60 mm Hg over-
whelms autoregulatory mechanisms so that selective vasoconstriction no longer 
can preserve adequate blood flow to vital organs. With decreased cerebral 
perfusion, confusion, disorientation, altered consciousness, or coma develop; 
focal or localizing signs are atypical and suggest an alternative diagnosis or 
preexisting cerebrovascular disease (Chapter 378) sensitive to low flow states. 
Oliguria develops but may not be noted immediately. Skin changes will be 
more apparent, and the patient will typically appear cold, clammy, and cyanotic, 
with loss or diminution of peripheral pulses (Chapter 7). Hypothermia is 
common, even in septic shock.

Reliance of hypoperfused tissue beds on anaerobic metabolism leads to 
hyperlactatemic metabolic acidosis (Chapter 110) which stimulates increased 
respiratory effort; as the patient fatigues or mental status worsens, however, 
air hunger may give way to agonal breathing. Similarly, although tachycardia 
is typical, worsening hypotension and myocardial ischemia in advanced shock 
can result in paroxysmal bradycardia. Although peripheral cyanosis is a common 
early feature, central cyanosis is also common in cardiogenic and obstructive 
shock. Even in hypotensive or septic shock, profound oxygen extraction coupled 
with compromised respiration may promote central cyanosis. All organs are 
compromised, even if not clinically evident. For example, splanchnic and 
hepatic flow is severely diminished, often resulting in ileus and hepatic ischemia 
(Chapter 134).

Cryptic Shock
In some patients, signs of hypoperfusion and hyperlactatemia develop despite 
blood pressure that is temporarily normal, either because of pronounced 

despite a seemingly adequate oxygen delivery, and blood returning from the 
peripheral beds can have a normal or elevated oxygen content.

Cellular and Organ Pathobiology
As oxygen delivery falls, hypoperfused tissue beds increase oxygen extraction, 
which decreases venous oxygen content but preserves aerobic metabolism. 
With further reduction in oxygen delivery, cells switch to glycolysis, thereby 
generating lactic acid and a base deficit. An acid environment helps oxygen 
dissociate from hemoglobin, partially offsetting the consequences of reduced 
oxygen delivery. Cells also decrease mitochondrial activity, a form of protec-
tive hypometabolism to decrease oxygen demand. However, these compensa-
tory mechanisms can be overwhelmed, thereby resulting in deepening ischemia 
and acidosis.

When cells are stressed or injured by ischemia, they release molecules that 
signal via damage-associated molecular pattern (DAMP) receptors, which 
stimulate innate immune cells (Chapters 32 and 33) to release a cascade of 
inflammatory mediators that alter endothelial function and permeability, 
coagulation and fibrinolysis, and leukocyte recruitment and activity. These 
changes disrupt microvascular flow and increase tissue edema and hypoxia. 
Tissue hypoxia also directly stimulates release of vasoactive mediators, such 
as nitric oxide and adenosine, thereby further contributing to vasomotor dys-
regulation. Reduced mitochondrial activity can also be maladaptive, with 
impaired oxygen utilization exacerbating cellular injury. After prolonged 
ischemia, reperfusion can aggravate these effects via reactive oxygen species, 
which induces local tissue ischemia-reperfusion injury. Thus, regardless of the 
initial cause of shock, prolonged tissue ischemia generates local changes char-
acteristic of distributive shock, and these changes can persist for hours or 
days after resuscitation. Untreated, prolonged ischemia eventually exhausts 
ATP stores; as a result, tissue cells undergo bioenergetic failure, which triggers 
widespread apoptotic and necrotic cell death.

Genetic Susceptibility
Many conditions that predispose to shock have a multifactorial etiology that 
includes a genetic component. For example, genetic variants at over 50 loci 
are associated with coronary artery disease, the principal cause of cardiogenic 

beds. In addition, sympathetic stimulation of the heart generates tachycardia 
and increases inotropy to increase cardiac output. The tradeoff initially sustains 
effective oxygen delivery. However, as blood volume decreases, compensation 
fails, and tissue hypoperfusion of vital organs ensues.

In cardiogenic shock (Chapter 99), cardiac output falls because of primary 
pump failure rather than reduced preload. When left ventricular failure pre-
dominates, accompanying pulmonary edema (Chapter 52) can lead to arterial 
hypoxemia, which further compromises oxygen delivery. Peripheral and central 
compensatory mechanisms are similar to those in hypovolemic shock, with 
the caveat that increasing sympathetic drive to increase myocardial contractility 
has limited effect.

In obstructive shock, the mechanism that reduces cardiac output depends 
on the cause: massive pulmonary embolus (Chapter 74) increases right ven-
tricular afterload but reduces left ventricular preload, whereas tension pneu-
mothorax (Chapter 92) and cardiac tamponade (Chapter 68) principally 
reduce cardiac output via reduced preload, akin to hypovolemic shock. As 
with cardiogenic shock, obstructive shock can be accompanied by impaired 
oxygenation, thereby further compromising oxygen delivery.

In distributive shock, the autoregulation of peripheral vasomotor tone is 
impaired. For example, neurogenic shock following acute spinal cord injury 
(Chapter 371) arises owing to loss of sympathetic tone, thereby leading to 
dilatation of capacitance vessels, increased arterial-venous shunting, and loss 
of selective autoregulation. Preload is reduced, but afterload is also reduced. 
Compensatory mechanisms, such as reflex tachycardia, will depend on the 
level of the cord injury. Thus, the effects on cardiac output are variable (and 
cardiac output can even be increased), but effective oxygen delivery to vital 
organs can still be compromised. Septic shock (Chapter 100) is primarily a 
form of distributive shock triggered initially by the release of circulating media-
tors that have local effects on peripheral vessels, thereby causing both vasodi-
lation and vascular leak. These effects impair autoregulation, increase capacitance, 
and reduce the absolute and effective circulating blood volume, thereby reducing 
preload and afterload, with variable effects on cardiac output. Inflammatory 
mediators released in sepsis also have direct myocardial depressant effects. 
Importantly, because of both impaired redistribution of flow and impaired 
tissue oxygen extraction (discussed below), distributive shock can persist 

Shock

Type

Etiology

Hypovolemic

Major trauma
Gastrointestinal bleed
Dehydration

Cardiogenic Obstructive Distributive

Myocardial infarction
Myocarditis
Arrhythmia

Pulmonary embolus
Cardiac tamponade
Tension pneumothorax
Status asthmaticus

Sepsis
Spinal cord injury
Anaphylaxis

Cardiovascular findings

Preload (filling pressures)

Cardiac contractility

Cardiac output

Afterload (peripheral tone)

Hemodynamic support

Relieve obstruction

Volume expansion

Inotropes

Vasopressors

FIGURE 98-1. The causes, cardiovascular findings, and hemodynamic support for different types of shock. Under cardiovascular findings, bidirectional arrows indicate variation in 
findings among patients with the particular type. Under hemodynamic support, the number of + signs indicate the importance of therapy. A combined + and − indicates that the 
intervention could help some patients but must be used with caution. 
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shock. Individuals with a high genetic risk load (a composite measure of varia-
tion across the 50 genetic loci) have twice the risk of serious coronary events, 
such as acute myocardial infarction or cardiac-related death.3 Similarly, asthma 
(Chapter 81; a risk factor for obstructive shock) has a strong genetic basis, 
and recent genome-wide association studies show an association between 
single nucleotide polymorphisms (SNPs) in 5 genes (gasdermin B, 
interleukin-33, DNA repair protein RAD50, interleukin 1 receptor-like 1, and 
encoding cadherin-related family member 3) and the likelihood of being hos-
pitalized for severe exacerbations of asthma, including status asthmaticus. 
Susceptibility and outcome of septic shock have also been linked to genetic 
variations, such as variable number tandem repeats, in genes involved in the 
detection of microbial products (e.g., mannose binding lectin-2 and Toll-like 
receptor (TLR)-4), activation of the inflammatory cascade (e.g., tumor necrosis 
factor-alpha), and downstream events, such as leukocyte recruitment (e.g., 
macrophage migration inhibitory factor-1), and coagulation activation (e.g., 
plasminogen activator inhibitor-1). For example, these relationships are well-
documented in sibling and familial studies of meningococcal disease (Chapter 
282). Genetic variation has also been described in other components of the 
host response to shock, such as the sympathetic receptors in the peripheral 
vasculature that are responsible for regulating vasomotor tone (e.g., alpha 1B 
adrenergic receptor gene), the innate immune response to DAMPs (e.g., TLR 
signaling), and activation of adaptive immunity.4 These variations may affect 
the trajectory and outcome of shock, as well as the therapeutic response to 
various agents, such as adrenergic vasopressors, used to treat shock. However, 
none of the described variation has yet led to a specific clinical approach for 
the management of shock.

 CLINICAL MANIFESTATIONS
Early Manifestations
Before the overt expression of shock, the dominant clinical features are those 
of the inciting event, such as the chest pain of an acute myocardial infarction 
(Chapter 64) or the fever, cough, and purulent sputum production of a wors-
ening pneumonia (Chapter 91). During these early phases, the body’s com-
pensatory mechanisms to ensure adequate oxygen delivery will produce only 
subtle nonspecific signs and symptoms (Chapter 7). For example, the respira-
tory rate will typically rise to generate a compensatory respiratory alkalosis 
to the incipient metabolic acidosis. Sympathetic autonomic responses to 
absolute or relative hypovolemia include tachycardia, sometimes a temporary 
increase in blood pressure, and peripheral vasoconstriction, which can result 
in cool skin, peripheral cyanosis, and sluggish capillary refill. However, in 
patients with impending distributive shock, impaired vasomotor control may 
paradoxically present as warm, flushed peripheries.

Overt Shock
The cardinal features of overt shock are hypotension together with evidence 
of inadequate perfusion (Table 98-1). Typically, a systolic blood pressure 
lower than 90 mm Hg or mean blood pressure lower than 60 mm Hg over-
whelms autoregulatory mechanisms so that selective vasoconstriction no longer 
can preserve adequate blood flow to vital organs. With decreased cerebral 
perfusion, confusion, disorientation, altered consciousness, or coma develop; 
focal or localizing signs are atypical and suggest an alternative diagnosis or 
preexisting cerebrovascular disease (Chapter 378) sensitive to low flow states. 
Oliguria develops but may not be noted immediately. Skin changes will be 
more apparent, and the patient will typically appear cold, clammy, and cyanotic, 
with loss or diminution of peripheral pulses (Chapter 7). Hypothermia is 
common, even in septic shock.

Reliance of hypoperfused tissue beds on anaerobic metabolism leads to 
hyperlactatemic metabolic acidosis (Chapter 110) which stimulates increased 
respiratory effort; as the patient fatigues or mental status worsens, however, 
air hunger may give way to agonal breathing. Similarly, although tachycardia 
is typical, worsening hypotension and myocardial ischemia in advanced shock 
can result in paroxysmal bradycardia. Although peripheral cyanosis is a common 
early feature, central cyanosis is also common in cardiogenic and obstructive 
shock. Even in hypotensive or septic shock, profound oxygen extraction coupled 
with compromised respiration may promote central cyanosis. All organs are 
compromised, even if not clinically evident. For example, splanchnic and 
hepatic flow is severely diminished, often resulting in ileus and hepatic ischemia 
(Chapter 134).

Cryptic Shock
In some patients, signs of hypoperfusion and hyperlactatemia develop despite 
blood pressure that is temporarily normal, either because of pronounced 
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TABLE 98-1 PHYSICAL EXAMINATION AND SELECTED 
LABORATORY SIGNS IN SHOCK

Central nervous 
system

Acute delirium, restlessness, disorientation, confusion, and 
coma, which may be secondary to decreased cerebral 
perfusion pressure (mean arterial pressure minus 
intracranial pressure). Patients with chronic hypertension 
or increased intracranial pressure may be symptomatic at 
normal blood pressures. Cheyne-Stokes respirations may 
be seen with severe decompensated heart failure. Blindness 
can be a presenting complaint or complication.

Temperature Hyperthermia results in excess tissue respiration and greater 
systemic oxygen delivery requirements. Hypothermia can 
occur when decreased systemic oxygen delivery or 
impaired cellular respiration decreases heat generation.

Skin Cool distal extremities (combined low serum bicarbonate and 
high arterial lactate levels) aid in identifying patients with 
hypoperfusion. Pallor, cyanosis, sweating, and decreased 
capillary refill and pale, dusky, clammy or mottled 
extremities indicate systemic hypoperfusion. Dry mucous 
membranes and decreased skin turgor indicate low 
vascular volume. Low toe temperature correlates with the 
severity of shock.

General 
cardiovascular

Neck vein distention (e.g., heart failure, pulmonary embolus, 
pericardial tamponade) or flattening (e.g., hypovolemia), 
tachycardia, and arrhythmias. Decreased coronary 
perfusion pressures can lead to ischemia, decreased 
ventricular compliance, and increased left ventricular 
diastolic pressure. A “mill wheel” heart murmur may be 
heard with an air embolus.

Heart rate Usually elevated. However, paradoxical bradycardia can be 
seen in patients with preexisting cardiac disease and severe 
hemorrhage. Heart rate variability is associated with poor 
outcomes.

Systolic blood 
pressure

May actually increase slightly when cardiac contractility 
increases in early shock and then fall as shock advances.  
A single episode of undifferentiated hypotension with a 
systolic blood pressure <80 mm Hg carries an in-hospital 
mortality of 18%.

Diastolic blood 
pressure

Correlates with arteriolar vasoconstriction and may rise early 
in shock and then fall when cardiovascular compensation 
fails.

Pulse pressure Defined as systolic minus diastolic pressure and related to 
stroke volume and the rigidity of the aorta. Increases early 
in shock and decreases before systolic pressure decreases.

Pulsus paradoxus An exaggerated change in systolic blood pressure with 
respiration (systolic blood pressure declines >10 mm Hg 
with inspiration) seen in asthma, cardiac tamponade, and 
air embolus.

Mean arterial blood 
pressure

Diastolic blood pressure + [pulse pressure/3]

Shock index Heart rate/systolic blood pressure. Normal = 0.5 to 0.7. A 
persistent elevation of the shock index (>1.0) indicates 
impaired left ventricular function (as a result of blood loss 
or cardiac depression) and is associated with increased 
mortality.

Respiratory Tachypnea, increased minute ventilation, increased dead 
space, bronchospasm, hypocapnia with progression to 
respiratory failure, acute lung injury, and adult respiratory 
distress syndrome.

Abdomen Low-flow states may result in abdominal pain, ileus, 
gastrointestinal bleeding, pancreatitis, acalculous 
cholecystitis, mesenteric ischemia, and shock liver.

Renal Because the kidney receives 20% of cardiac output, low 
cardiac output reduces the glomerular filtration rate and 
redistributes renal blood flow from the renal cortex toward 
the renal medulla, thereby leading to oliguria. Paradoxical 
polyuria in early sepsis may be confused with adequate 
hydration.

Metabolic Respiratory alkalosis is the first acid-base abnormality, but 
metabolic acidosis occurs as shock progresses. 
Hyperglycemia, hypoglycemia, and hyperkalemia may 
develop.
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vasoconstriction at the expense of compromised flow and hypoperfusion, or 
because the patient’s preexisting hypertension is masking an important decline 
relative to baseline blood pressure.

Untreated Shock
The length of time that a patient can survive in shock before diagnosis and 
intervention depends on the patient’s underlying fitness and the magnitude 
of the inciting event. For example, a patient with shock from major arterial 
hemorrhage may only survive minutes. A patient who suffers a massive acute 
myocardial infarction with ensuing cardiogenic shock may survive only a few 
hours. Similarly, gram-negative septic shock in patients with chemotherapy-
induced neutropenia may also be fatal within hours. However, other patients 
may survive for several days with altered mental status, borderline hypotension, 
and oliguria. Regardless of the rate of decline, untreated shock progresses to 
catastrophic ischemia, acidemia, vital organ failure, and death. The patient 
will lapse into coma, potentially with seizures typical of anoxic brain injury; 
worsening myocardial ischemia will accelerate pump failure and potentially 
cause fatal arrhythmias; and ventilation will degenerate to agonal breaths or 
apnea.

Typical Progression of Treated or Partially Treated Shock
A period of prolonged tissue hypoperfusion can compromise the function of 
any vital organ or tissue bed. Thus, even if the patient is resuscitated, sequelae 
that may blossom over the following hours and days include acute kidney 
injury (Chapter 112), shock liver (Chapters 137 and 138), intestinal ileus 
and ischemia (Chapter 134), anoxic brain injury (Chapter 371), and acute 
respiratory distress syndrome (Chapter 96).

 DIAGNOSIS
Discerning That the Patient Is in Shock
Shock, which is a syndrome with multiple causes, lacks unambiguous diag-
nostic criteria. Instead, the diagnosis is based on a constellation of features 
not otherwise explained by other causes (see Table 98-1). Three principles 
dominate the diagnosis of shock. First, the clinical context is critical to inform 
the index of suspicion, especially regarding the inciting event. Second, because 
shock requires immediate treatment, the emphasis must focus on establishing 
a presumptive diagnosis; if in doubt, the patient should be presumed to be 
in shock until proven otherwise. Third, other conditions (e.g., an acute cere-
brovascular accident [Chapter 379], drug overdose or poisoning [Chapter 
102], or diabetic ketoacidosis [Chapter 216]) can mimic shock yet be present 
concomitantly; their presence should not be inferred as evidence that shock 
is absent.

Shock is diagnosed when the patient is hypotensive (systolic blood pressure 
<90 mm Hg or mean arterial pressure <60 mm Hg) with signs of hypoperfusion 
not otherwise explained by another diagnosis. Even if other conditions could 
explain the clinical features, shock must be presumed to be present until 
definitively excluded, given its gravity and need for immediate intervention. 
These blood pressure cut-points reflect population norms and are somewhat 
arbitrary. Thus, borderline values should be interpreted in light of other find-
ings. If blood pressure is normal despite signs suggestive of hypoperfusion, a 
serum lactate level should be checked immediately; values above 2 mmol/L 
are clearly consistent with hypoperfusion and shock. In the appropriate clinical 
setting, however, any patient who has elevated serum lactate levels not explained 
by another cause (e.g., metformin-induced hyperlactatemia or recent seizure) 

The First Hour
When resuscitating a patient with shock, the goal is to restore adequate 

tissue perfusion as quickly as possible—a task that usually requires initiation 
of treatment before a definitive diagnosis and cause is established (Fig. 98-2). 

TREATMENT 

TABLE 98-2 RAPID ULTRASOUND IN SHOCK (RUSH) PROTOCOL*
RUSH EVALUATION HYPOVOLEMIC SHOCK CARDIOGENIC SHOCK OBSTRUCTIVE SHOCK DISTRIBUTIVE SHOCK
Heart Hypercontractile LV

Small LV chamber size
Hypocontractile or dilated LV Hypercontractile LV

Pericardial effusion
Cardiac tamponade
RV strain
Cardiac thrombus

Hypercontractile LV in early sepsis, 
hypocontractile LV in late sepsis

Fluid status Flat IVC
Flat jugular veins
Peritoneal fluid (fluid loss)
Pleural fluid (fluid loss)

Distended IVC
Distended jugular veins
Pulmonary edema
Pleural or peritoneal fluid 

(fluid loss)

Distended IVC
Distended jugular veins
Pneumothorax

Normal or small IVC in early sepsis
Peritoneal or pleural fluid (fluid 

loss)

Extracardiac circulatory system Abdominal aneurysm
Aortic dissection

Normal DVT Normal

*Data from Perera P, Mailhot T, Riley D, et al. The RUSH exam: Rapid Ultrasound in SHock in the evaluation of the critically ill. Emerg Med Clin North Am. 2010;28:29-56.
DVT = deep venous thrombosis; IVC = inferior vena cava; LV = left ventricle; RV = right ventricle.

should be presumed to have shock. Although the magnitude of hypoperfusion 
broadly correlates with the serum lactate level and even a minor elevation 
within the normal range (typically <2 mmol/L) can portend an increased 
risk of death, a mild elevation in the lactate level is not specific for shock. 
Thus, a sensitive but nonspecific cut-point for suspected shock is any value 
greater than 1 or greater than 1.5 mmol/L. A less sensitive but more specific 
cut-point, recommended by an international consensus statement for the 
diagnosis of septic shock, requires both hypotension and a serum lactate level 
greater than 4 mmol/L to establish the diagnosis.5

Differential Diagnosis
Acute emergencies that resemble shock include altered mental status owing 
to a variety of intoxications and drug overdoses (Chapter 102), acute metabolic 
derangements (e.g., hypoglycemia or diabetic ketoacidosis; Chapter 216), 
seizures (Chapter 375), or nonlocalizing stroke or intracranial hemorrhage 
(Chapters 379 and 380). Similarly, acute hypoxemic respiratory failure (Chapter 
96) due to any cause may present as respiratory distress, tachycardia, and 
cyanosis, and thus mimic shock.

Shock is caused by inadequate oxygen delivery owing to cardiovascular 
compromise, so conditions that impair the oxygen delivery/oxygen demand 
relationship via other mechanisms are not shock. For example, acute hypox-
emic respiratory failure (Chapter 96) or severe anemia (Chapter 149) can 
cause tissue hypoxia, but they are not shock states. Rare conditions, such as 
cyanide poisoning (Chapter 102), in which oxygen is unavailable to the tissues 
because it cannot be released from hemoglobin, or carbon monoxide poison-
ing (Chapter 88), in which carbon monoxide competitively blocks the binding 
of oxygen to hemoglobin, are not examples of true shock.

Discerning the Type of Shock
The history and physical examination provide strong clues to the type of shock. 
If the patient arrives following trauma (Chapter 103), gastrointestinal bleeding 
(Chapter 126), or several days of severe diarrhea (Chapter 131), hypovolemic 
shock will be most likely. If the presentation suggests an acute myocardial 
infarction (Chapter 64), then cardiogenic shock (Chapter 99) is most likely, 
and so on. In addition to a physical examination focused on features of potential 
inciting events, attention should be paid to the skin color and turgor, peripheral 
pulses, and signs suggestive of obstruction or pump failure, such as jugular 
venous distension, tachypnea, cyanosis, and late inspiratory basilar crackles 
(Chapters 45 and 77). A chest radiograph may help by demonstrating evidence 
of cardiomegaly and pulmonary edema (see Fig. 50-2) in cardiogenic shock 
or oligemic lung fields in massive pulmonary embolus or status asthmaticus. 
However, the most useful rapid imaging study is bedside ultrasound (Chapter 
49) to assess: the size, filling, and contractility of cardiac chambers to suggest 
cardiogenic shock (Chapter 99); the presence of a pericardial effusion (Chapter 
68) to suggest obstructive shock; and the collapsibility of the inferior vena 
cava to suggest hypovolemic shock (Table 98-2).
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emergency procedures (e.g., needle thoracostomy to relieve a tension pneumo-
thorax; Chapter 92) are also recommended, depending on the clinical situation.

Intravenous Access
Because all key treatment interventions are administered intravenously, 

intravenous access is a priority. If large volume resuscitation is anticipated 
(hypovolemic or distributive shock), large bore intravenous access (e.g., two 

Suspected shock

Approach to the patient with suspected shock

Diagnostic strategies Management priorities Treatment strategies

First hour

Rapid history
   • Clues of inciting cause and shock type

Physical examination to establish shock
   • Hypotension + signs of hypoperfusion =
     probable shock

Exam findings of inciting cause and likely
type of shock
   • For example, jugular venous distension is
     associated with cardiogenic and
     obstructive shock; frank bleeding and
     trauma are associated with hypovolemic
     shock; fever and signs of infection are
     associated with septic shock

Laboratory and imaging tests
   • Elevated serum lactate level
   • Blood, chest radiograph, and EKG to look
     for inciting causes
   • Bedside ultrasound to assess chamber
     size, filling, and contractility; pericardial
     effusion; inferior vena cava collapsibility;
     and pneumothorax

Determine if shock is present
   • Estimate likely type of shock
   • Assess likely inciting cause

Consider concurrent problems

Institute life-saving procedures
   • Respiratory support
   • Resuscitation
   • Other specific procedures

Respiratory support
   • Oxygen
   • Mechanical ventilation

Resuscitation
   • Establish large bore intravenous access
   • Possibly add central venous line
   • Give intravenous fluid bolus
     (size dependent on type of shock)
   • Start vasopressors if blood pressure
     very low
   • Alleviate suspected obstruction (e.g.,
     needle thoracostomy for tension
     pneumothorax)

Examples of inciting cause management
   • Sepsis: antibiotics and source control
   • Acute MI: percutaneous coronary
     intervention
   • Trauma: damage control surgery
   • Ruptured aortic aneurysm: emergency
     surgery

Concurrent problems
   • Treat hypoglycemia, seizures, etc.

Clinical response to resuscitation
   • Blood pressure, heart rate, and signs of
     hypoperfusion (mental status; urine
     output; skin appearance)
   • Respiratory status
   • Serum lactate level and base deficit

Hemodynamic adequacy of resuscitation
   • Dynamic preload dependency measures
   • Repeat cardiac ultrasound

Monitoring of inciting cause, concurrent
problems
   • For example, hemoglobin and coagulation
     status in hemorrhagic shock

Development of multiorgan dysfunction
   • For example, rising creatinine, abnormal
     liver function tests, ileus, persistent
     altered mental status, worsening gas
     exchange, and bilateral infiltrates on
     chest radiograph

Update and refine diagnosis
   • Type of shock
   • Inciting cause
   • Concurrent problems

Assess response to therapy
   • Shock
   • Inciting cause
   • Concurrent problems

Consider additional steps if
response poor

Determine need for ICU care
and organ support

Respiratory support
   • Intubate if deterioration on oxygen

Resuscitation
   • Continue IV fluids until pre-load
     independency
   • Consider arterial line
   • Titrate vasopressors as needed
   • Inotrope support for cardiogenic shock

Ongoing care of inciting causes

Admit to intensive care and institute vital
organ support as needed

Subsequent hours

FIGURE 98-2. Management principles for the diagnosis and treatment of shock. examples are intended to be representative. Further detail is provided in the corresponding text. 
Bp = blood pressure; ekG = electrocardiogram; icU = intensive care unit; iV = intravenous; Mi = myocardial infarction. 

The first steps focus on establishing adequate oxygen delivery by ensuring 
adequate preload, cardiac output, and arterial oxygenation. Therefore, resus-
citation begins with intravenous access to administer fluids (including blood 
products when indicated) and vasoactive agents (typically vasopressors), as well 
as the institution of ventilatory support (supplemental oxygen or mechanical 
ventilation [Chapter 97]). Optimal body positioning (e.g., the Trendelenburg 
position—elevation of the legs and feet to increase venous pressure) and other 
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#16 gauge peripheral catheters in case one malfunctions) will facilitate rapid 
resuscitation. Central venous catheterization, typically into a subclavian or 
internal jugular vein and preferably using ultrasound guidance, A1 

,
 A2  does  

not necessarily facilitate more rapid infusion, because central lines are longer 
and infusion rates are a function of both diameter and length. However, central 
access is preferred for the administration of vasopressors. If a central line is 
inserted for rapid infusion, a short #8.5 French catheter is ideal. Central venous 
access should be obtained with appropriate attention to sterile technique; a 
femoral vein can be used, albeit with a higher risk of infection.

Intravenous Fluids
Intravenous fluids are the primary method to ensure adequate preload—the 

point on the Starling curve (see Fig. 47-3) where further increases in preload 
do not increase output (preload independence). Intravenous fluids should ideally 
be given until the heart is preload independent, but not to the point that the 
heart is overfilled and pushed too far to the right on the Starling curve, with 
subsequent cardiac decompensation, pulmonary edema, and worsening oxygen 
delivery.6 The volume chosen for the initial bolus of fluids must be made some-
what empirically, but a challenge dose of 500 mL of crystalloids (e.g., normal 
saline, lactated Ringer solution) over 20 to 30 minutes, is typically used.7 Of 
note, even in cardiogenic shock, where a patient typically has high preload 
pressures, a small bolus of intravenous fluid (e.g., 125 to 250 mL) can sometimes 
improve cardiac output and oxygen delivery.

When the clinician can be confident that the ventricles are underfilled (e.g., 
major hemorrhage, severe dehydration or septic shock), resuscitation begins 
with a large volume of fluid—20 to 30 mL/kg administered as a bolus.8 However, 
when pulmonary edema or cardiogenic shock is evident, a smaller amount 
(e.g., a 250 mL bolus) is more prudent.

Broadly speaking, there is no clear advantage of colloid over crystalloid solu-
tions, A3  so crystalloids, which are less expensive, are preferred. Crystalloids have 
a greater volume of distribution than colloids, so the effective intravascular 
volume expansion is less once fluid redistributes. However, there is no evidence 
that use of colloids during the initial resuscitation improves patient outcomes. 
“Balanced” crystalloids, such as PlasmaLyte or lactated Ringer solution, have a 
lower chloride content than normal saline, and the use of such balanced solutions 
results in a reduced risk of the composite outcome of death from any cause, 
new renal-replacement therapy, or persistent renal dysfunction compared with 
the use of saline in critically ill adults. A4  Heta starches are never recommended 
because they are associated with worse outcomes.

Blood and Blood Products
Hemorrhagic shock9 can be classified by the degree of blood loss (Table 

98-3). In trauma-induced hemorrhagic shock (Chapter 103), guidelines suggest 
commencing with 1 to 2 L of intravenous crystalloid but augmenting resuscita-
tion of patients with massive hemorrhage by also administering plasma, platelets, 
and packed red blood cells in a ratio of 1 : 1 : 1 A5  until bleeding is controlled.10 
Some advocate a similar approach for massive nontraumatic hemorrhage, such 
as from upper gastrointestinal bleeding (Chapter 126), though data to support 
this approach are scant.

In septic shock, patients frequently become anemic—primarily because the 
considerable volume expansion with intravenous fluids leads to dilutional 

anemia, although hemolysis, coagulopathy-induced bleeding, and marrow 
suppression can all contribute over time. Anemia can compromise oxygen 
delivery, but transfusion of packed red blood cells beginning at a hemoglobin 
level of 7 g/dL is as good as beginning at a level of 9 g/dL. A6  Unlike hemorrhagic 
shock, there is no role for the routine use of platelets or other blood products 
in the resuscitation of septic shock.

Transfusion of blood products in cardiogenic shock (Chapter 99) runs the 
risk of exacerbating pulmonary edema and worsening heart failure. Typically, 
therefore, anemia is tolerated as low as a hemoglobin of 9 g/dL before transfusion 
(and a lower transfusion threshold, such as 7 g/dL, may be appropriate). When 
transfusing a patient with cardiac ischemia and cardiogenic shock, the patient 
must be monitored carefully for signs of worsening failure. Blood and blood 
products are not typically required in obstructive shock.

Vasopressors
Because fluid alone may be inadequate to restore blood pressure, especially 

in distributive shock, vasopressors (Table 98-4) are often required. Vasopressors 
increase afterload, so adequate hydration is important to optimize their effects. 
Vasopressors may have to be started concomitantly with fluid resuscitation, 
and they often can be reduced after adequate fluid resuscitation.

The preferred vasopressor for distributive shock is norepinephrine,11 because 
it is a strong vasoconstrictor with enough beta-adrenergic effects to increase 
myocardial contractibility and to protect the heart against the increased after-
load posed by vasoconstriction. Dopamine offers the theoretical advantage of 
selective vasodilation of the renal and splanchnic beds, but it has not provided 
renal protection in clinical practice; dopamine also had more side effects than 
norepinephrine in a large study of septic shock.

Vasopressin is not superior to norepinephrine as a single agent for septic 
shock, A7  but is useful as a second-line vasopressor when blood pressure remains 
inadequate despite high doses of norepinephrine. Vasopressin may also be a 
useful alternative to norepinephrine in non-septic distributive shock. A8  A syn-
thetic angiotensin II pharmacologic agent has adrenergic vasopressor-sparing 
effects in distributive shock and may prove to be a useful alternative, but it 
cannot be recommended now based on available data.12

Vasopressors play less of a role in cardiogenic shock (Chapter 99) but may 
be required temporarily in hypovolemic or obstructive shock until adequate 
cardiac output and blood pressure are restored. All vasopressors increase 
afterload, thereby potentially worsening cardiac failure, and can cause severe 
vasoconstriction, thereby leading to worsening acidosis and ischemia of the gut  
or limb.

Other Vasoactive Agents
Adrenergic (e.g., dobutamine) and nonadrenergic (e.g., milrinone) inotropic 

agents are used in cardiogenic shock (Chapter 99) but are not useful as routine 
agents in other forms of shock. Vasodilator therapy may be useful in cardiogenic 
shock, where it can increase cardiac output by reducing afterload without 
increasing myocardial oxygen demand (Chapter 99). However, the risk is wors-
ened by hypotension, so it is not a routine treatment for other forms of shock. 
Some data suggest that beta-blockade might be useful in some patients in 
whom over-stimulation by synthetic agents causes myocardial dysfunction akin 
to what is seen in patients with pheochromocytoma, but the clinical utility of 
such an approach is speculative at this time.

Respiratory Support
Although the primary cause of inadequate oxygen delivery is cardiovascular 

failure, supplemental oxygen can raise arterial oxygen content, thereby ame-
liorating tissue hypoxia. Supplemental oxygen by facemask is encouraged for 
all patients in suspected shock, with a greater emphasis placed on invasive 
mechanical ventilation (Chapter 97) via endotracheal intubation for patients 
with significant respiratory distress or severe hypotension or acidosis. A patient 
who is in shock and who is struggling to breathe despite supplemental oxygen 
should be intubated without a trial of noninvasive ventilation because it can 
be difficult to implement effectively, does not provide airway protection, and 
is less effective than invasive ventilation at reducing the work of breathing, 
facilitating gas exchange, and recruiting alveoli (Chapter 96). Invasive mechani-
cal ventilation (Chapter 97) protects the airway, reduces the risk of aspiration, 
decreases the work of breathing (and therefore decreases oxygen demand), 
and improves gas exchange (to increase oxygen delivery and facilitate com-
pensatory respiratory alkalosis). In cardiogenic shock (Chapter 99), mechanical 
ventilation provides the added benefit of improving alveolar recruitment and 
increasing transmural pressure on the heart, thereby reducing cardiac afterload 
and facilitating ventricular function.

The major complication of initiating mechanical ventilation in patients with 
shock is inadvertent worsening of cardiac output and hypotension because 
the positive intrathoracic pressure associated with mechanical ventilation retards 
right ventricular filling. This complication is most likely in patients with hypo-
volemic shock (who are most dependent on preload), but distributive shock, 
obstructive shock due to extrinsic compression, and some instances of cardio-
genic shock can all be preload-dependent. Many sedation agents typically used 
during intubation, such as etomidate or short-acting benzodiazepines, cause 
vasodilation and hypotension, thereby potentially exacerbating this problem. 

*Estimates based on a 70-kg patient. From Committee on Trauma of the American College of 
Surgeons. Advanced Trauma Life Support for Doctors. Chicago: American College of Surgeons; 
1997:108.

TABLE 98-3 CLASSIFICATION OF HEMORRHAGIC SHOCK*
CLASS I CLASS II CLASS III CLASS IV

Blood loss 
(mL)

Up to 750 750-1500 1500-2000 >2000

% Volume Up to 15 15-30 30-40 >40
Pulse rate  

(per minute)
<100 >100 >120 >140

Blood pressure Normal Normal Decreased Decreased
Pulse pressure Normal or 

increased
Decreased Decreased Decreased

Respiratory rate 
(per minute)

14-20 20-30 30-40 >35

Urine output 
(mL/hr)

>30 20-30 5-15 Negligible

Mental status Slightly 
anxious

Mildly 
anxious

Anxious, 
confused

Confused, 
lethargic

Fluid 
replacement

Crystalloid Crystalloid Crystalloid 
and blood

Crystalloid 
and blood

 PREVENTION
Shock can be prevented by preventing the events that cause it (e.g., trauma, 
sepsis, myocardial infarction) or intervening promptly in sick patients to prevent 
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A bolus of intravenous fluids (e.g., 500 mL normal saline) before or during 
intubation will frequently be necessary, together with judicious use of sedation 
agents, avoidance of excessive positive-pressure ventilation, and a potential 
increase in the dose of vasopressors.

Body Positioning
If the patient is very hypotensive, cardiac filling and cerebral perfusion can 

be augmented by having the patient lie flat or with the legs elevated (Tren-
delenburg position), especially patients in hypovolemic or distributive shock. 
Intubation and central line access are also facilitated by these positions. However, 
patients in severe respiratory distress, especially owing to pulmonary edema, 
usually cannot tolerate lying flat, and their hypoxemia may worsen. Similarly, 
until the airway is secured, a patient at risk of vomiting blood or gastric contents 
will be at higher risk of aspiration when managed flat. Furthermore, if a patient 
is suspected of having increased intracranial pressure (e.g., following major 
intracranial hemorrhage [Chapter 380], fulminant hepatic failure [Chapter 145], 
or traumatic brain injury [Chapter 371]), lying flat or in the Trendelenburg posi-
tion could paradoxically worsen cerebral perfusion.

Other Emergency Procedures
A variety of other procedures must be initiated immediately in specific situ-

ations. For example, obstructive shock owing to cardiac tamponade (Chapter 
68) will require emergency pericardial drainage, and a tension pneumothorax 
(Chapter 92) will require an emergency chest tube. A trauma patient (Chapter 
103) may require a pelvic binder or other tourniquet, a bedside ultrasound to 
evaluate possible intra-abdominal bleeding, and an emergency computed 
tomographic scan or exploratory laparotomy, depending on the findings. Simi-
larly, a patient with an obvious major upper gastrointestinal bleed (Chapter 
126) requires emergent endoscopy. Patients with septic shock and right upper 
quadrant pain require intravenous antibiotics and an urgent ultrasound fol-
lowed by endoscopic retrograde cholangiopancreatography if dilated biliary 
ducts or stones are seen (Chapter 146). Patients with cardiogenic shock (Chapter 
99) may require emergent percutaneous coronary intervention (Chapter 65). 
In addition, problems that can frequently co-occur with shock, such as general-
ized seizures (Chapter 375), acute alcohol intoxication (Chapter 30), drug overdose 
(Chapters 31 and 102), and hyperglycemia (Chapter 216) require emergency 
evaluation and treatment.

Monitoring the Adequacy of Resuscitation
After the initial appraisal and management, the subsequent hours are crucial 

to confirm the diagnosis and cause of shock, as well as to monitor the effective-
ness of resuscitation. Simple measures of the adequacy of resuscitation include 
restoration of normal blood pressure, improvement in the clinical signs of 
hypoperfusion (e.g., sustained production of urine output and improved mental 
status), and improvement in base deficit and hyperlactatemia.

Although blood pressure can be measured by cuff manometry, the unre-
liability of this method in patients who are in profound shock commonly 

Courtesy of Emanuel P. Rivers, MD.

TABLE 98-4 VASOPRESSOR AGENTS

AGENT DOSE RANGE

PERIPHERAL VASCULATURE CARDIAC EFFECTS

TYPICAL USEVASOCONSTRICTION VASODILATION HEART RATE CONTRACTILITY DYSRHYTHMIAS
Dopamine 1-4 µg/kg/min 0 1+ 1+ 1+ 1+ “Renal dose” does not improve 

renal function; may be used 
with bradycardia and 
hypotension

5-10 µg/kg/min 1-2+ 1+ 2+ 2+ 2+
11-20 µg/kg/min 2-3+ 1+ 2+ 2+ 3+ Vasopressor range

Vasopressin 0.04-0.1 units/min 3-4+ 0 0 0 1+ Septic shock, post–
cardiopulmonary bypass 
shock state, no outcome 
benefit in sepsis

Phenylephrine 20-200 µg/min 4+ 0 0 0 1+ Vasodilatory shock; best for 
supraventricular tachycardia

Norepinephrine 1-20 µg/min 4+ 0 2+ 2+ 2+ First-line vasopressor for septic 
shock, vasodilatory shock

Epinephrine 1-20 µg/min 4+ 0 4+ 4+ 4+ Refractory shock, shock with 
bradycardia, anaphylactic 
shock

Dobutamine 1-20 µg/kg/min 1+ 2+ 1-2+ 3+ 3+ Cardiogenic shock, septic shock
Milrinone 37.5-75 µg/kg bolus 

followed by 
0.375-0.75 µg/min

0 2+ 1+ 3+ 2+ Cardiogenic shock, right-sided 
heart failure, dilates 
pulmonary artery; caution in 
renal failure

requires placement of an arterial line if the patient does not improve rapidly. 
However, restoration of blood pressure does not mean that oxygen delivery 
has improved or that tissue perfusion has been restored. Clinical and bio-
chemical improvement may lag improvement in oxygen delivery by hours, or 
it may be obfuscated either by medical treatment, such as the need for sedat-
ing agents, or the blossoming of acute organ dysfunction despite successful  
resuscitation.

A pulmonary artery catheter can monitor right and pulmonary capillary 
wedge pressures, stroke volume, cardiac output, and mixed venous oxygen 
saturation. In shock states, inadequate oxygen delivery leads to increased 
peripheral oxygen extraction, and low venous oxygen saturation for venous 
blood returning to the right heart. However, multiple clinical trials failed to 
demonstrate better outcomes based on therapy guided by a pulmonary artery 
catheter, and it is no longer recommended in the routine management of  
shock.13

One way to assess the adequacy of fluid resuscitation is to determine the 
responses to maneuvers that increase preload. Examples include passive leg 
raising or administering a fluid challenge14 over 30 minutes.

Several multicenter trials of early goal-directed therapy, which specifi-
cally tries to improve measures of hemoglobin and oxygenation, have failed 
to demonstrate benefit beyond standard care. For example, a low central 
venous pressure suggests hypovolemia, but treatment of septic shock based 
on central venous pressure readings and blood pressure targets does not 
improve outcomes. A9  Current recommendations therefore emphasize: an 
early suspicion for shock; a low threshold to check a serum lactate level; 
prompt antibiotics if sepsis is a possible cause (Chapter 100); and an initial 
bolus of 20 to 30 mL/kg of intravenous fluids, followed by close monitoring 
of the adequacy of resuscitation using the clinical examination, serial blood 
lactate assessments, or measures of preload dependency, such as a passive leg  
raise test.

Ongoing Supportive Care
Unless a patient has advanced directives to limit care, shock should be treated 

with the goal of saving the patient’s life. Patients who do not rapidly improve 
are typically admitted to an intensive care unit, where vital organ function can 
be monitored and appropriate support can be instituted.

As soon as the patient is able or family members are available, conversa-
tions to understand preferences for cardiopulmonary resuscitation (Chapter 7), 
mechanical ventilation (Chapter 97), and other aspects of intensive care are 
extremely important (Chapter 3). The physician should provide the best possible 
information about the diagnosis, potential course, and prognosis.

 PREVENTION
Shock can be prevented by preventing the events that cause it (e.g., trauma, 
sepsis, myocardial infarction) or intervening promptly in sick patients to prevent 



their progression to shock. Many hospitals have instituted early warning systems 
to deploy rapid response teams for patients with abnormal vital signs (Chapter 
7). Such programs can facilitate early assessment and treatment, and they may 
also improve outcomes.

 PROGNOSIS
Mortality from shock is now about 25%. The degree to which blood pressure, 
cardiac output, and measures of hypoperfusion, such as serum lactate, are 
responding to resuscitation is prognostic, and early evidence of multiorgan 
dysfunction is predictive of the need for prolonged intensive care and higher 
mortality. For patients who survive, the long-term prognosis is variable but 
is a function of age, chronic health, the natural history of the inciting event, 
and the duration and intensity of the hospital course. Interestingly, acute fea-
tures of the shock itself (e.g., degree of hypotension) predict short-term mor-
tality but are less predictive of long-term outcomes.

 Grade A References

A1. Brass P, Hellmich M, Kolodziej L, et al. Ultrasound guidance versus anatomical landmarks for sub-
clavian or femoral vein catheterization. Cochrane Database Syst Rev. 2015;1:CD011447.

A2. Brass P, Hellmich M, Kolodziej L, et al. Ultrasound guidance versus anatomical landmarks for internal 
jugular vein catheterization. Cochrane Database Syst Rev. 2015;1:CD006962.

A3. Rochwerg B, Alhazzani W, Sindi A, et al. Fluid resuscitation in sepsis: a systematic review and network 
meta-analysis. Ann Intern Med. 2014;161:347-355.

A4. Semler MW, Self WH, Wanderer JP, et al. Balanced crystalloids versus saline in critically ill adults. 
N Engl J Med. 2018;378:829-839.

A5. Holcomb JB, Tilley BC, Baraniuk S, et al. Transfusion of plasma, platelets, and red blood cells in a 
1:1:1 vs a 1:1:2 ratio and mortality in patients with severe trauma: the PROPPR randomized clinical 
trial. JAMA. 2015;313:471-482.

A6. Holst LB, Haase N, Wetterslev J, et al. Lower versus higher hemoglobin threshold for transfusion in 
septic shock. N Engl J Med. 2014;371:1381-1391.

A7. Gordon AC, Mason AJ, Thirunavukkarasu N, et al. Effect of early vasopressin vs norepinephrine 
on kidney failure in patients with septic shock: the VANISH randomized clinical trial. JAMA. 
2016;316:509-518.

A8. Hajjar LA, Vincent JL, Barbosa Gomes Galas FR, et al. Vasopressin versus norepinephrine in patients 
with vasoplegic shock after cardiac surgery: the VANCS randomized controlled trial. Anesthesiology. 
2017;126:85-93.

A9. Rowan KM, Angus DC, Bailey M, et al. Early, goal-directed therapy for septic shock—a patient-level 
meta-analysis. N Engl J Med. 2017;376:2223-2234.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

https://expertconsult.inkling.com/


CHAPTER 98 ApproAch to the pAtient with Shock 648.e1

GENERAL REFERENCES

1. Spaite DW, Hu C, Bobrow BJ, et al. The effect of combined out-of-hospital hypotension and hypoxia 
on mortality in major traumatic brain injury. Ann Emerg Med. 2017;69:62-72.

2. Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart disease and stroke statistics-2017 update: a report 
from the American Heart Association. Circulation. 2017;135:e146-e603.

3. Khera AV, Emdin CA, Drake I, et al. Genetic risk, adherence to a healthy lifestyle, and coronary 
disease. N Engl J Med. 2016;375:2349-2358.

4. Adefurin A, Ghimire LV, Kohli U, et al. Genetic variation in the alpha1B-adrenergic receptor and 
vascular response. Pharmacogenomics J. 2017;17:366-371.

5. Singer M, Deutschman CS, Seymour CW, et al. The third international consensus definitions for 
sepsis and septic shock (sepsis-3). JAMA. 2016;315:801-810.

6. Arshed S, Pinsky MR. Applied physiology of fluid resuscitation in critical illness. Crit Care Clin. 
2018;34:267-277.

7. Messina A, Longhini F, Coppo C, et al. Use of the fluid challenge in critically ill adult patients: a 
systematic review. Anesth Analg. 2017;125:1532-1543.

8. Perner A, Cecconi M, Cronhjort M, et al. Expert statement for the management of hypovolemia in 
sepsis. Intensive Care Med. 2018;44:791-798.

9. Cannon JW. Hemorrhagic shock. N Engl J Med. 2018;378:370-379.
10. Wise R, Faurie M, Malbrain M, et al. Strategies for intravenous fluid resuscitation in trauma patients. 

World J Surg. 2017;41:1170-1183.
11. Moller MH, Claudius C, Junttila E, et al. Scandinavian SSAI clinical practice guideline on choice of 

first-line vasopressor for patients with acute circulatory failure. Acta Anaesthesiol Scand. 
2016;60:1347-1366.

12. Khanna A, English SW, Wang XS, et al. Angiotensin II for the treatment of vasodilatory shock. N 
Engl J Med. 2017;377:419-430.

13. Sionis A, Rivas-Lasarte M, Mebazaa A, et al. Current use and impact on 30-day mortality of pulmonary 
artery catheter in cardiogenic shock patients: results from the CardShock Study. J Intensive Care Med. 
2019. [Epub ahead of print.]

14. Bentzer P, Griesdale DE, Boyd J, et al. Will this hemodynamically unstable patient respond to a bolus 
of intravenous fluids? JAMA. 2016;316:1298-1309.



CHAPTER 98 ApproAch to the pAtient with Shock648.e2

4. After six hours of resuscitating a 65-year-old man in septic shock with 
several liters of intravenous fluids and high-dose norepinephrine, his blood 
pressure is currently 90/65 mm Hg. However, his nurse reports that his 
urine output is poor, and he is requiring increasing FiO2 to maintain an 
arterial oxygen saturation greater than 90%. At this point, you should:
 A. Add low-dose dopamine to increase urine output.
 B. Conduct a straight leg raise test to assess his preload dependency.
 C. Insert a pulmonary artery catheter to determine venous oxygen 

saturation.
 D. Add dobutamine to increase cardiac output.
 E. Stop intravenous fluids to avoid worsening pulmonary edema.

Answer: B See management and treatment section of “Approach to the patient 
with shock.” This patient still requires vasopressors to maintain his blood 
pressure, so he is still in shock. He also has signs suggestive of worsening 
organ dysfunction, including oliguria and poor oxygenation. However, even 
though many liters of IV fluid have been administered, it is unclear if he is 
adequately fluid-resuscitated. In particular, it is important to establish that he 
is preload independent. A straight leg raise can be used as a dynamic measure 
of preload dependency. Low-dose dopamine is not helpful in septic shock. A 
pulmonary artery catheter provides many measures of central hemodynamics, 
but a static measure of venous oxygen saturation will not help determine 
preload dependency; furthermore, trials using the pulmonary artery catheter-
ization in this setting have not shown improved outcome. Myocardial depres-
sion can occur in sepsis, so the patient may benefit from the judicious use of 
dobutamine. However, randomized trials of the routine use of inotropic agents 
have not shown improved outcomes, and dobutamine would be appropriate 
only if it was clear that he had impaired myocardial contractility (e.g., by a 
bedside echocardiogram). Until preload independency or fluid overload has 
been demonstrated, it would be very unwise to discontinue intravenous fluids.

5. The most common cause of shock in the United States is:
 A. Sepsis
 B. Major trauma
 C. Acute myocardial infarction
 D. Pulmonary embolus
 E. Status asthmaticus

Answer: A See epidemiology section of “Approach to the patient with shock.” 
Septic shock accounts for over half of all cases of shock in the United States, 
followed by trauma and acute myocardial infarction. Other causes are con-
siderably more rare.

REVIEW QUESTIONS

1. A 72-year-old woman weighing 60 kg presents to the emergency depart-
ment with 2 days of fever, rigors, and difficulty breathing. Her blood pressure 
is 85/50, her heart rate is 110/min, and she appears uncomfortable and 
somewhat confused. A chest radiograph shows a lobar pneumonia. Her 
blood lactate level is 4.2 mmol/L. In addition to treating her with supple-
mental oxygen, additional steps should include:
 A. Insert a peripheral IV catheter, obtain a sputum culture, and start normal 

saline at 100 cc/hr.
 B. Insert a peripheral IV catheter, obtain a sputum culture, and give a bolus 

of 1.5 L of normal saline.
 C. Insert a peripheral IV catheter, obtain blood and sputum cultures, start 

broad-spectrum antibiotics, and give a bolus of 1.5 L of lactated Ringer 
solution.

 D. Insert a peripheral IV catheter, obtain blood and sputum cultures, start 
broad-spectrum antibiotics, and give normal saline at 100 cc/hr.

 E. Insert a central venous catheter, obtain blood and sputum cultures, start 
broad-spectrum antibiotics, and give normal saline at 100 cc/hr.

Answer: C See clinical features, diagnosis, management and treatment sec-
tions of “Approach to the patient with shock.” This patient has pneumonia 
and features of septic shock (hypotension, altered mental status suggesting 
hypoperfusion, an elevated serum lactate level). Priorities for care, in addition 
to providing respiratory support, include establishing intravenous access, ini-
tiating treatment for the pneumonia (which is the inciting cause of sepsis), 
and starting with a 20 to 30 cc/kg bolus of lactated Ringer solution, which is 
preferred over normal saline. Central venous access is not required if adequate 
peripheral access can be established.

2. Regardless of the original type of shock, persistent tissue hypoperfusion 
can promote features typical of which form of shock:
 A. Hypovolemic shock
 B. Cardiogenic shock
 C. Distributive shock
 D. Dissociative shock
 E. Obstructive shock

Answer: C See pathobiology section of “Approach to the patient with shock.” 
Prolonged hypoperfusion of vital tissue beds results in activation of an innate 
immune response, with direct release of local vasoactive substances, that 
together disrupt microvascular flow and interfere with regional vasomotor 
control, thereby producing a distributive shock component.

3. When resuscitating a patient with massive bleeding caused by trauma, 
coagulopathic bleeding can be reduced by the following strategy:
 A. Avoid all crystalloid fluids.
 B. Give 1 to 2 L crystalloid followed by plasma to platelets to packed cells 

in a ratio of 1 : 1 : 1.
 C. Give 1 to 2 L crystalloid followed by plasma to platelets to packed cells 

in a ratio of 1 : 1 : 3.
 D. Give 1 to 2 L crystalloid followed by plasma to platelets to packed cells 

in a ratio of 1 : 3 : 1.
 E. Avoid all crystalloids and give plasma to platelets to packed cells in a 

ratio of 1 : 1 : 3.
Answer: B See blood and blood products section of “Approach to the patient 
with shock.” Current recommendations for the management of trauma-related 
hemorrhage are to commence with 1 to 2 L crystalloid followed by plasma, 
platelets, and packed cells. The ratio of 1 : 1 : 1 reduces the likelihood of 
coagulopathy.
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99 
CARDIOGENIC SHOCK
STEVEN M. HOLLENBERG

 DEFINITION
Cardiogenic shock occurs when the heart is unable to deliver enough blood 
to maintain adequate tissue perfusion. Cardiogenic shock is a hemodynamic 
syndrome defined by sustained systemic hypotension (systolic BP < 90 mm 
Hg), pulmonary capillary wedge pressure (PCWP) greater than 18 mm Hg, 
and cardiac index less than 2.2 L/minute/m2 (Table 99-1). The diagnosis of 
cardiogenic shock is often made on clinical grounds—hypotension combined 
with signs of poor tissue perfusion, including oliguria, clouded sensorium, 
and cool extremities, all in the setting of myocardial dysfunction. To make the 
diagnosis, it is important to document myocardial dysfunction and to exclude 
or correct factors such as hypovolemia, hypoxemia, and acidosis.

 EPIDEMIOLOGY
The predominant cause of cardiogenic shock (Fig. 99-1) is left ventricular 
failure secondary to an extensive acute myocardial infarction (MI) or cumula-
tive loss of myocardial function in a patient with previous MI. However, any 
cause of severe left ventricular (LV) or right ventricular (RV) dysfunction 
can lead to cardiogenic shock, including fulminant myocarditis (Chapter 54), 
end-stage cardiomyopathy (Chapter 54), a mechanical complication of an 

acute MI (Chapter 64), or prolonged cardiopulmonary bypass (Table 99-2). 
Stress-induced (takotsubo) cardiomyopathy may also present with cardiogenic 
shock (Chapter 54). Acute valvular regurgitation from endocarditis (Chapter 
67) or chordal rupture (Chapter 66) can lead to shock, as can physiologic 
stress in the setting of severe valvular stenosis. Cardiac tamponade (Chapter 
68) and massive pulmonary embolism (Chapter 74) with acute RV failure 
can cause shock without pulmonary edema. An important consideration is 
that some cardiogenic shock may have an iatrogenic component because 
of medications that exacerbate hypotension. Early diagnosis of impending 
shock and identification of patients at high risk for development of shock is 
essential, both to speed intervention and to avoid therapies that may worsen  
hemodynamics.

After a decline over the past two decades, the incidence of cardiogenic 
shock complicating acute MI appears to be increasing for unclear reasons. 
However, the mortality associated with cardiogenic shock continues to fall as 
effective early treatment and more widespread adoption of early revasculariza-
tion have improved outcomes.1

Only about 25% of patients who develop cardiogenic shock are in shock 
when they initially present to the hospital; in the others, shock usually evolves 
over several hours. Patients with early and late shock show similar demographic, 
historical, clinical, and hemodynamic characteristics.

Risk factors for the development of cardiogenic shock in MI parallel those 
for LV dysfunction and the severity of coronary artery disease (CAD). Patient 
characteristics include older age, anterior MI, diabetes, hypertension, multi-
vessel CAD, previous MI, and peripheral vascular or cerebrovascular disease. 
Clinical risk factors include decreased ejection fraction, larger infarctions, and 
lack of compensatory hyperkinesis in myocardial territories remote from the 
infarction. Clinical harbingers of impending shock include the degree of 

conceptually distinct, these two conditions may overlap. Repetitive episodes 
of myocardial stunning can occur in areas of viable myocardium subtended 
by a critical coronary stenosis. Contractile function of hibernating myocardium 
improves with revascularization, and the severity of the antecedent ischemic 
insult determines the intensity of stunning, thereby providing a rationale for 
reestablishing coronary patency in cardiogenic shock. The notion that some 
myocardial tissue may recover function emphasizes the importance of measures 
to provide hemodynamic support and minimize myocardial necrosis in patients 
with shock.

 CLINICAL MANIFESTATIONS
The physical examination should be geared toward characterizing the patient’s 
hemodynamic profile (Table 99-3) by evaluating congestion (“wet” or “dry”) 
and systemic perfusion (“cold” or “warm”). Signs of left-sided congestion 
(Chapter 52) include pulmonary rales, whereas jugular venous distention (see 
Fig. 45-1), peripheral edema, and ascites may indicate right-sided congestion.

Most patients with cardiogenic shock present wet and cold. Patients with 
shock are usually ashen or cyanotic, and they have cool skin and mottled 
extremities. Jugular venous distention and pulmonary rales are usually present, 
although their absence does not exclude the diagnosis. A precordial heave 
resulting from LV dyskinesis may be palpable. The heart sounds may be distant, 
and third and fourth heart sounds are usually present. A systolic murmur of 
mitral regurgitation or a ventricular septal defect may be heard, but either 
complication can occur without an audible murmur (Chapter 64). Signs or 
symptoms of kidney, liver, intestinal, and cognitive dysfunction may be 
observed.3

 DIAGNOSIS
After recognizing the clinical manifestations of apparent cardiogenic shock, 
the clinician must confirm its presence and assess its cause while simultane-
ously initiating supportive therapy before irreversible damage to vital organs 
ensues. The clinician must balance overzealous pursuit of an etiologic diagnosis 
before achieving stabilization with overzealous empirical treatment without 
adequate characterization of the underlying pathophysiologic process.

An electrocardiogram (ECG) should be performed immediately. In cardio-
genic shock caused by acute MI, the ECG most commonly shows ST elevation, 
but ST depression or nonspecific changes are found in 25% of cases. If RV 
infarction is suspected, ST elevation in modified right-sided leads may be 
diagnostic (Chapter 64). An ECG showing Q waves or bundle branch block 
may suggest extensive disease.

Other initial diagnostic tests include a chest radiograph, complete blood 
count, and measurement of arterial blood gases, electrolytes, and cardiac bio-
markers. A chest film may demonstrate pulmonary edema or suggest an alter-
native diagnosis, as when a widened mediastinum indicates aortic dissection 
(Chapter 69).

Echocardiography
Echocardiography is an indispensable tool for confirming the diagnosis of 
cardiogenic shock and should be performed as early as possible, prefer-
ably with Doppler (Chapter 49). Echocardiography provides information 
about overall and regional systolic function, diastolic function, and valvu-
lar disease, and it can rapidly diagnose mechanical causes of shock such as 

hypotension and tachycardia at hospital presentation. The factors that predict 
mortality after cardiogenic shock reflect the severity of the acute insult as well 
as comorbid conditions.

Coronary angiography most often demonstrates multivessel CAD, with left 
main stenosis in 30% of patients and three-vessel coronary disease in 60%. 
Multivessel CAD may help explain failure to develop compensatory hyper-
kinesis in remote myocardial segments.

 PATHOBIOLOGY
Cardiogenic shock is characterized by a downward cascade in which myocardial 
dysfunction reduces stroke volume, cardiac output, and blood pressure; these 
changes compromise myocardial perfusion, exacerbate ischemia, and further 
depress myocardial function, cardiac output, and systemic perfusion.2 Con-
comitant diastolic dysfunction increases left atrial pressure, which leads to 
pulmonary congestion and hypoxemia that can exacerbate myocardial ischemia 
and impair ventricular performance.

Compensatory mechanisms include sympathetic stimulation, which increases 
heart rate and contractility, thereby raising cardiac output but also increasing 
myocardial oxygen demand. Compensatory vasoconstriction can increase 
blood pressure, but it also increases myocardial afterload, further impairing 
cardiac performance and increasing myocardial oxygen demand. In the face 
of inadequate perfusion, this increased demand can worsen ischemia and 
perpetuate a vicious circle that, if unbroken, may culminate in death. Inter-
ruption of this cycle of myocardial dysfunction and ischemia is the basis for 
therapeutic regimens for cardiogenic shock.

Patients with cardiogenic shock do not always have severe LV dysfunction, 
so mechanisms other than primary pump failure are often operative. Further-
more, systemic vascular resistance is not always elevated, suggesting that 
compensatory vasoconstriction is not universal. Inflammatory responses may 
contribute to vasodilation and myocardial dysfunction in cardiogenic shock.

Patients in cardiogenic shock may have areas of nonfunctional but viable 
myocardium because of myocardial stunning or hibernation. Myocardial stun-
ning represents postischemic dysfunction that persists despite restoration of 
normal blood flow. Hibernating myocardial segments have persistently impaired 
function at rest owing to severely reduced coronary blood flow. Although 

TABLE 99-1 DIAGNOSIS OF CARDIOGENIC SHOCK
CLINICAL SIGNS

Hypotension
Oliguria
Clouded sensorium
Cool and mottled extremities
HEMODYNAMIC CRITERIA

Systolic blood pressure < 90 mm Hg or >30 mm Hg decrease from baseline for >30 
minutes

Cardiac index < 2.2 L/min/m2

Pulmonary capillary wedge pressure > 18 mm Hg
OTHER

Documented myocardial dysfunction
Exclusion of hypovolemia, hypoxemia, and acidosis

RV shock, 2.8%

VSD, 3.9%

Acute MR, 6.9%

Rupture/tamponade, 1.4%

Other, 6.5%

LV failure, 78.5%

FIGURE 99-1. Causes of cardiogenic shock in patients with myocardial infarction in 
the SHOCK trial registry. LV = left ventricular; Mr = mitral regurgitation; rV = right ven-
tricular; VSd = ventricular septal defect. (Modified from hochman JS, Buller J, Sleeper 
La, et al. Cardiogenic shock complicating acute myocardial infarction—etiologies, man-
agement and outcome: a report from the ShoCk Trial registry investigators. J Am Coll 
Cardiol. 2000; 36:1063-1070).
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ABSTRACT
Cardiogenic shock is the syndrome that ensues when the heart is unable to 
deliver enough blood to maintain adequate tissue perfusion. Acute myocar-
dial infarction is the leading cause, but other potential etiologies need to be 
considered. The pathogenesis of cardiogenic shock is a “downward spiral” in 
which myocardial dysfunction reduces stroke volume, cardiac output, and 
blood pressure; these changes compromise myocardial perfusion, exacerbate 
ischemia, and further depress myocardial function, cardiac output, and systemic 
perfusion. Evaluation and therapy must begin simultaneously. Echocardiog-
raphy should be performed promptly to assess overall and regional systolic 
function and to exclude mechanical causes of shock. Invasive hemodynamic 
monitoring is often useful in patients who do not respond to initial therapy 
because clinical estimates of filling pressures can be unreliable, hemodynamic 
status can change precipitously, and concomitant right ventricular dysfunction 
is often under-recognized. Vasopressor support may be needed to break the 
vicious circle of progressive hypotension and further myocardial ischemia. 
Patients who do not respond rapidly to inotropic agents may be considered 
for mechanical support. Routine use of an intra-aortic balloon pump (IABP) 
is not effective. Percutaneous cardiac assist devices provide better hemody-
namics compared with IABPs but have not been shown to improve mortality. 
Nevertheless, survival rates are improving as advances in supportive therapy 
and reperfusion are applied in clinical practice.
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conceptually distinct, these two conditions may overlap. Repetitive episodes 
of myocardial stunning can occur in areas of viable myocardium subtended 
by a critical coronary stenosis. Contractile function of hibernating myocardium 
improves with revascularization, and the severity of the antecedent ischemic 
insult determines the intensity of stunning, thereby providing a rationale for 
reestablishing coronary patency in cardiogenic shock. The notion that some 
myocardial tissue may recover function emphasizes the importance of measures 
to provide hemodynamic support and minimize myocardial necrosis in patients 
with shock.

 CLINICAL MANIFESTATIONS
The physical examination should be geared toward characterizing the patient’s 
hemodynamic profile (Table 99-3) by evaluating congestion (“wet” or “dry”) 
and systemic perfusion (“cold” or “warm”). Signs of left-sided congestion 
(Chapter 52) include pulmonary rales, whereas jugular venous distention (see 
Fig. 45-1), peripheral edema, and ascites may indicate right-sided congestion.

Most patients with cardiogenic shock present wet and cold. Patients with 
shock are usually ashen or cyanotic, and they have cool skin and mottled 
extremities. Jugular venous distention and pulmonary rales are usually present, 
although their absence does not exclude the diagnosis. A precordial heave 
resulting from LV dyskinesis may be palpable. The heart sounds may be distant, 
and third and fourth heart sounds are usually present. A systolic murmur of 
mitral regurgitation or a ventricular septal defect may be heard, but either 
complication can occur without an audible murmur (Chapter 64). Signs or 
symptoms of kidney, liver, intestinal, and cognitive dysfunction may be 
observed.3

 DIAGNOSIS
After recognizing the clinical manifestations of apparent cardiogenic shock, 
the clinician must confirm its presence and assess its cause while simultane-
ously initiating supportive therapy before irreversible damage to vital organs 
ensues. The clinician must balance overzealous pursuit of an etiologic diagnosis 
before achieving stabilization with overzealous empirical treatment without 
adequate characterization of the underlying pathophysiologic process.

An electrocardiogram (ECG) should be performed immediately. In cardio-
genic shock caused by acute MI, the ECG most commonly shows ST elevation, 
but ST depression or nonspecific changes are found in 25% of cases. If RV 
infarction is suspected, ST elevation in modified right-sided leads may be 
diagnostic (Chapter 64). An ECG showing Q waves or bundle branch block 
may suggest extensive disease.

Other initial diagnostic tests include a chest radiograph, complete blood 
count, and measurement of arterial blood gases, electrolytes, and cardiac bio-
markers. A chest film may demonstrate pulmonary edema or suggest an alter-
native diagnosis, as when a widened mediastinum indicates aortic dissection 
(Chapter 69).

Echocardiography
Echocardiography is an indispensable tool for confirming the diagnosis of 
cardiogenic shock and should be performed as early as possible, prefer-
ably with Doppler (Chapter 49). Echocardiography provides information 
about overall and regional systolic function, diastolic function, and valvu-
lar disease, and it can rapidly diagnose mechanical causes of shock such as 

hypotension and tachycardia at hospital presentation. The factors that predict 
mortality after cardiogenic shock reflect the severity of the acute insult as well 
as comorbid conditions.

Coronary angiography most often demonstrates multivessel CAD, with left 
main stenosis in 30% of patients and three-vessel coronary disease in 60%. 
Multivessel CAD may help explain failure to develop compensatory hyper-
kinesis in remote myocardial segments.

 PATHOBIOLOGY
Cardiogenic shock is characterized by a downward cascade in which myocardial 
dysfunction reduces stroke volume, cardiac output, and blood pressure; these 
changes compromise myocardial perfusion, exacerbate ischemia, and further 
depress myocardial function, cardiac output, and systemic perfusion.2 Con-
comitant diastolic dysfunction increases left atrial pressure, which leads to 
pulmonary congestion and hypoxemia that can exacerbate myocardial ischemia 
and impair ventricular performance.

Compensatory mechanisms include sympathetic stimulation, which increases 
heart rate and contractility, thereby raising cardiac output but also increasing 
myocardial oxygen demand. Compensatory vasoconstriction can increase 
blood pressure, but it also increases myocardial afterload, further impairing 
cardiac performance and increasing myocardial oxygen demand. In the face 
of inadequate perfusion, this increased demand can worsen ischemia and 
perpetuate a vicious circle that, if unbroken, may culminate in death. Inter-
ruption of this cycle of myocardial dysfunction and ischemia is the basis for 
therapeutic regimens for cardiogenic shock.

Patients with cardiogenic shock do not always have severe LV dysfunction, 
so mechanisms other than primary pump failure are often operative. Further-
more, systemic vascular resistance is not always elevated, suggesting that 
compensatory vasoconstriction is not universal. Inflammatory responses may 
contribute to vasodilation and myocardial dysfunction in cardiogenic shock.

Patients in cardiogenic shock may have areas of nonfunctional but viable 
myocardium because of myocardial stunning or hibernation. Myocardial stun-
ning represents postischemic dysfunction that persists despite restoration of 
normal blood flow. Hibernating myocardial segments have persistently impaired 
function at rest owing to severely reduced coronary blood flow. Although 

TABLE 99-2 CAUSES OF CARDIOGENIC SHOCK
ACUTE MYOCARDIAL INFARCTION

Pump failure
Large infarction
Smaller infarction with preexisting left ventricular dysfunction
Infarct extension
Reinfarction
Infarct expansion

Mechanical complications
Acute mitral regurgitation due to papillary muscle rupture
Ventricular septal defect
Free wall rupture
Pericardial tamponade

Right ventricular infarction
CARDIOMYOPATHY

Myocarditis
Peripartum cardiomyopathy
End-stage low-output heart failure
Hypertrophic cardiomyopathy with outflow tract obstruction
Stress cardiomyopathy
VALVULAR HEART DISEASE

Acute mitral regurgitation (chordal rupture)
Acute aortic regurgitation
Aortic or mitral stenosis with tachyarrhythmia or other comorbid condition causing 

decompensation
Prosthetic valve dysfunction
TACHYARRHYTHMIA

OTHER CONDITIONS

Prolonged cardiopulmonary bypass
Septic shock with severe myocardial depression
Penetrating or blunt cardiac trauma
Orthotopic transplant rejection
Massive pulmonary embolism
Pericardial tamponade

TABLE 99-3 CLINICAL SIGNS OF VOLUME STATUS  
AND PERFUSION

SIGNS AND SYMPTOMS OF CONGESTION

Orthopnea, paroxysmal nocturnal dyspnea
Jugular venous distention
Abdominojugular reflux
Rales
Hepatomegaly
Edema
Right upper quadrant tenderness
POSSIBLE EVIDENCE OF LOW PERFUSION

Narrow pulse pressure
Obtundation
Cool extremities
Decreased exercise tolerance
Renal/hepatic dysfunction
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papillary muscle rupture, acute ventricular septal defect, free wall rupture, and  
tamponade.

Right-Sided Heart Catheterization
If the history, physical examination, chest radiograph, and echocardiogram 
demonstrate systemic hypoperfusion, low cardiac output, and elevation of 
venous pressures, right heart catheterization may not be necessary for diagnosis. 
If there is any uncertainty, however, invasive monitoring can be quite useful 
to characterize hemodynamics and to exclude volume depletion, right ven-
tricular infarction, and mechanical complications

Right-sided heart catheterization is most useful, however, to optimize therapy 
in unstable patients. In such patients, clinical estimates of filling pressures can 
be unreliable, and optimal filling pressures may be even higher in individual 
patients with LV diastolic dysfunction. Changes in myocardial performance 
or therapeutic interventions, including revascularization, can change cardiac 
output and filling pressures precipitously. Concomitant right ventricular dys-
function is often underrecognized in patients with cardiogenic shock, and 
its importance underappreciated; right heart catheterization is the best and 
most expeditious way to assess right-sided hemodynamics in these patients. 
Measurement of cardiac output and mixed venous oxygen saturation can assess 
cardiac performance and help select patients for inotropic and/or mechanical  
support.

Initial Management
Initial stabilization of the patient with suspected cardiogenic shock includes 

venous access, supplemental oxygen, and continuous ECG monitoring (Fig. 
99-2).4 Many patients require endotracheal intubation and mechanical ven-
tilation (Chapter 97), not only to improve arterial blood gasses, but also to 
reduce the work of breathing and facilitate sedation. Electrolyte abnormalities 
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MANAGEMENT OF CARDIOGENIC SHOCK PATHWAY

Resuscitation and medical therapy
Inotropes/vasopressors
Mechanical ventilation

Cause-specific medical therapy

Emergent reperfusion (for Mi/ACS)
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FIGURE 99-2. Potential cardiogenic shock care pathway, care location, and care pro-
viders. aCS = acute coronary syndrome; CaBg = coronary artery bypass graft; eCMo = 
extracorporeal membrane oxygenation; iaBP = intra-aortic balloon pump; Mi = acute 
myocardial infarction; PCi = percutaneous coronary intervention; Vad = ventricular assist 
device. *Consider temporary mechanical support before reperfusion in cases of refractory 
cardiac shock. (adapted from van diepen S, katz Jn, albert nM, et al. Contemporary 
management of cardiogenic shock: a scientific statement from the american heart asso-
ciation. Circulation. 2017;136:e232-e268.)

should be corrected. Relief of pain and anxiety can reduce excessive sympa-
thetic activity, and decrease oxygen demand, preload, and afterload. Arrhyth-
mias (Chapter 58) can reduce cardiac output and should be corrected 
promptly with antiarrhythmic drugs (see Table 58-6), cardioversion, or pacing  
(Chapter 60).

If the cause is likely to be an acute MI, aspirin and heparin should be given 
immediately (Chapter 64).5 Some therapies routinely used in acute MI (e.g., 
nitrates, β-blockers, angiotensin-converting enzyme inhibitors) have the poten-
tial to exacerbate hypotension in cardiogenic shock and are associated with 
poorer outcomes in hypotensive patients. Consequently, these agents should 
be avoided in patients with a tenuous hemodynamic status until they stabilize.

An initial assessment of fluid status and systemic perfusion should be 
performed.6 Ischemia produces diastolic dysfunction, so high filling pres-
sures may be necessary to maintain stroke volume in some patients. Some 
patients may benefit from rapid bolus infusions of 100 to 200 mL of crystal-
loid titrated to clinical end points. Patients who do not respond rapidly to 
initial treatment should be considered for invasive hemodynamic monitoring 
to identify the filling pressure at which cardiac output is maximized. Main-
tenance of adequate preload is particularly important in patients with RV  
infarction.

Following initial stabilization and restoration of adequate blood pressure, 
tissue perfusion should be assessed. If tissue perfusion is adequate but signifi-
cant pulmonary congestion remains, diuretics (e.g., intravenous furosemide as 
a 20 to 40 mg bolus) may be employed. If tissue perfusion remains inadequate, 
inotropic support and/or mechanical support should be initiated.

Vasopressors and Inotropes
Maintenance of adequate blood pressure is essential to break the vicious 

circle of progressive hypotension and further myocardial ischemia. When arte-
rial pressure remains inadequate, therapy with vasopressor agents, titrated not 
only to blood pressure but also to clinical indices of perfusion and mixed venous 
oxygen saturation, may be required.7 Norepinephrine (0.02 to 1.0 µg/kg/minute) 
acts primarily as a vasoconstrictor, has only a relatively mild inotropic effect, 
and increases coronary flow. It is preferable to dopamine, A1 

,
 A2  which acts as 

both an inotrope (at 3 to 10 µg/kg/minute) and vasopressor (at 10 to 20 µg/
kg/minute). Vasopressor infusions must be titrated carefully in patients with 
cardiogenic shock to maximize coronary perfusion pressure with the least pos-
sible increase in inotropy myocardial oxygen demand. Invasive hemodynamic 
monitoring with an arterial line and temporary right heart catheterization are 
advisable during initial titration of vasoactive agents.

If tissue perfusion remains inadequate despite norepinephrine, inotropic 
therapy should be initiated. Dobutamine (2.5 to 20 µg/kg/minute), a selective 
β1-adrenergic receptor agonist, can improve myocardial contractility and increase 
cardiac output. Dobutamine is the initial agent of choice in patients with systolic 
blood pressures greater than 90 mm Hg, but it may exacerbate hypotension 
in some patients and can precipitate tachyarrhythmias. Milrinone (0.125 to 
0.75 µg/kg/minute without loading dose), a phosphodiesterase inhibitor, has 
fewer chronotropic and arrhythmogenic effects than catecholamines, but it 
has a long half-life and can cause hypotension; it is usually reserved for situa-
tions in which all other agents have proved ineffective.

Intra-aortic Balloon Pumps (IABP)
IABPs reduce systolic afterload and augment diastolic perfusion pressure 

without increasing oxygen demand, but they do not significantly improve blood 
flow distal to a critical coronary stenosis. Despite a convincing hemodynamic 
rationale for their use, randomized trials have shown no improvement in 30-day, 
1-year, or 6-year mortality with IABP insertion in patients who have cardiogenic 
shock and who undergo early revascularization for MI. A3 

,
 A4  Whether IABP inser-

tion may still be reasonable to support occasional patients through a critical 
period of shock until definitive therapy is undertaken is not known. Failure of 
IABP to reverse hypoperfusion is a poor prognostic sign, and such patients 
should be considered for more aggressive mechanical support.

Reperfusion
Supportive therapy may improve blood pressure and cardiac output in car-

diogenic shock, but rapid restoration of myocardial blood flow is the cornerstone 
of therapy for patients with cardiogenic shock due to MI (Chapter 64). Fibrinolytic 
therapy can restore patency of the infarcted artery and decreases the likelihood 
of progression to cardiogenic shock (see Table 64-6 in Chapter 64), but it is 
ineffective after cardiogenic shock has already developed.

Prompt revascularization is the only intervention that consistently reduces 
mortality rates in patients with cardiogenic shock, and randomized trials 
suggest that about 13 patients will be saved at 1 year for each 100 patients  
treated. A5  Furthermore, most survivors will have good functional status.

Outcomes are best when PCI is performed within 6 hours after the onset of 
symptoms, but survival benefits are still demonstrable up to 48 hours after the 
onset of MI and 18 hours after the onset of shock. In patients with multivessel 
disease, data suggest that stenting of the culprit lesion only is as good as 
immediate multivessel PCI, with a lower risk that the patient will require renal 
replacement therapy. A6  Patients over 75 years of age who are suitable for aggres-
sive therapy also appear to benefit.



CABG surgery is more likely to provide complete revascularization and achieves 
long-term survival rates comparable to those of PCI, often despite worse coro-
nary anatomy and a higher prevalence of diabetes. In practice, however, emer-
gency CABG is performed less than 10% of the time.

When cardiogenic shock results from mechanical complications of MI (Chapter 
64), surgery is recommended when feasible. For acute mitral regurgitation due 
to papillary muscle rupture, vasoactive and mechanical support are temporizing 
measures; definitive therapy requires expeditious surgical valve repair or replace-
ment (Chapter 66). Although mortality is 20 to 40%, surgical results are improv-
ing, and both survival and ventricular function are improved compared with 
medical therapy.

Timely surgery is also critical in patients whose cardiogenic shock is caused 
by ventricular septal or free wall rupture. Because perforations are exposed to 
shear forces, the rupture site can expand abruptly. Repair can be technically 
difficult owing to the need to suture in areas of necrosis. Surgical mortality is 
20 to 50% and is especially high for serpiginous inferoposterior ruptures, which 
are typically less well circumscribed than anteroapical ruptures. RV function is 
an important determinant of outcome in this setting. Timing of surgery has 
been controversial, but guidelines now recommend that operative repair be 
undertaken early, within 48 hours of the rupture. Placement of a septal occlud-
ing device may be helpful in selected patients.

Circulatory Support
Percutaneous mechanical circulatory support devices can potentially inter-

rupt the downward spiral of myocardial dysfunction, hypoperfusion, and ischemia 
in cardiogenic shock, thereby allowing time for myocardial recovery.8 These 
devices, to different extents, increase arterial pressure and cardiac output, reduce 
LV filling pressures and afterload, and support coronary perfusion. They can 
provide short-term support as a bridge to recovery or to transplantation,9 and 
sometimes are used as chronic therapy when transplantation cannot be per-
formed.10 For cardiogenic shock in acute MI, these devices improve hemodynamic 
function but have not been shown to reduce morbidity. A7 

Extracorporeal membrane oxygenation (ECMO) provides cardiopulmonary 
support for both heart and lungs using a membrane oxygenator and an arterial 
return catheter. ECMO reduces RV and LV preload but increases LV afterload, 
and it can be useful for refractory cardiogenic shock.11

A key issue in choosing among mechanical support options is right ventricular 
function. Some patients with both right and left heart failure benefit from initial 
biventricular support. The left ventricle rarely fails alone for long, and assess-
ment of right ventricular hemodynamics with invasive hemodynamic monitoring 
can be important to optimize mechanical support strategies.

Management of Special Conditions
At the end stage of a dilated or restrictive cardiomyopathy (Chapter 54), low 

cardiac output can result in cardiogenic shock. A search for reversible precipi-
tating causes should be undertaken. Some patients will respond to inotropic 
therapy and will have a brief period of relative improvement. Appropriate 
candidates should be referred for evaluation for possible cardiac transplantation 
(Chapter 53) or mechanical support. A fully magnetically levitated circulatory 
pump can provide an 85% survival rate free of device surgery or disabling 
stroke in appropriately selected patients at 6 months. A8  LVADs can be used 
either as a bridge to transplantation or as destination therapy. A discussion 
about end-of-life care is also warranted.

Acute myocarditis (Chapter 54) can take a fulminant course leading to shock 
in 10 to 15% of cases. Patients with acute myocarditis are typically younger 
than those with cardiogenic shock due to MI, and they more commonly present 
with dyspnea rather than chest pain. Echocardiography usually shows global 
LV dysfunction. Supportive therapy is indicated; some patients may require 
circulatory support and even consideration of cardiac transplantation. Immu-
nosuppressive therapy has not been shown to improve outcome in fulminant 
myocarditis.

Patients with hypertrophic cardiomyopathy (Chapter 54) may sometimes 
present with severe outflow tract obstruction and shock. In such patients, 
diuretics and inotropic therapy typically worsen the obstruction. Careful volume 
resuscitation and use of a pure α-agonist, such as phenylephrine (0.1 to 0.3 mg/
kg/minute), can reduce obstruction by increasing afterload and cavity size.

Stress (takotsubo) cardiomyopathy (Chapter 54) presents with chest pain 
and ECG changes similar to acute MI; exclusion of significant coronary obstruc-
tion and characteristic apical hypokinesis with basal sparing establish the 
diagnosis. Some patients may have LV dysfunction severe enough to produce 
shock. Treatment is supportive. Most patients recover LV function within days 
to weeks, and the long-term prognosis is excellent.

Acute mitral regurgitation (Chapter 66) presents with pulmonary edema 
and decreased forward cardiac output. Causes include papillary muscle rupture 
in acute MI, spontaneous chordal rupture, infective endocarditis (Chapter 67), 
and trauma (Chapter 103). The diagnosis is best made by echocardiography. 
Immediate stabilization may include inotropic or vasopressor therapy to support 
cardiac output and blood pressure. Definitive therapy, however, consists of 
surgical valve repair or replacement (Chapter 66).

Acute aortic regurgitation most commonly results from infective endocarditis 
(Chapter 67) with leaflet destruction, but it may also be due to traumatic injury 

 PROGNOSIS
Cardiogenic shock is still the most common cause of death in acute MI. Sur-
vival rates are improving as a result of advances in supportive therapy and 
reperfusion in appropriately selected patients. Hemodynamics predict short-
term but not long-term mortality.12 Age and time to revascularization inde-
pendently predict survival, but the benefits of revascularization are seen at 
every level of risk. Average 1-year survival after early revascularization is 50 
to 55%, and the survival benefit is maintained at 6-year follow-up, with 5-year 
survival approaching 45%. The quality of life in survivors is usually excellent; 
83% of patients are either asymptomatic or have only mildly symptomatic 
heart failure. For patients with end-stage nonischemic myocardial disease, the 
prognosis is very poor in the absence of heart transplantation or long-term 
mechanical support.13
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(Chapter 103) or acute aortic dissection (Chapter 69). The pulse pressure is 
usually narrow, indicating decreased forward stroke volume, and the bounding 
pulsations seen with chronic aortic regurgitation are usually absent. Tempo-
rizing measures include afterload reduction, with vasopressor and inotropic 
support as needed. IABP is contraindicated, and excessive slowing of the heart 
rate may worsen hemodynamics by prolonging diastole. Definitive therapy  
is surgical.

https://expertconsult.inkling.com/


CHAPTER 99 CardiogeniC ShoCk 651.e1

GENERAL REFERENCES

1. Kalavrouziotis D, Rodes-Cabau J, Mohammadi S. Moving beyond SHOCK: new paradigms in  
the management of acute myocardial infarction complicated by cardiogenic shock. Can J Cardiol. 
2017;33:36-43.

2. Furer A, Wessler J, Burkhoff D. Hemodynamics of cardiogenic shock. Interv Cardiol Clin. 
2017;6:359-371.

3. Harjola VP, Mullens W, Banaszewski M, et al. Organ dysfunction, injury and failure in acute heart 
failure: from pathophysiology to diagnosis and management. A review on behalf of the acute heart 
failure committee of the heart failure association (HFA) of the European Society of Cardiology 
(ESC). Eur J Heart Fail. 2017;19:821-836.

4. van Diepen S, Katz JN, Albert NM, et al. Contemporary management of cardiogenic shock: a scientific 
statement from the American Heart Association. Circulation. 2017;136:e232-e268.

5. Mebazaa A, Combes A, van Diepen S, et al. Management of cardiogenic shock complicating myo-
cardial infarction. Intensive Care Med. 2018;44:760-773.

6. Chakravarthy M, Tsukashita M, Murali S. A targeted management approach to cardiogenic shock. 
Crit Care Clin. 2018;34:423-437.

7. Moller MH, Claudius C, Junttila E, et al. Scandinavian SSAI clinical practice guideline on choice of 
first-line vasopressor for patients with acute circulatory failure. Acta Anaesthesiol Scand. 2016;60: 
1347-1366.

8. Bonello L, Delmas C, Schurtz G, et al. Mechanical circulatory support in patients with cardiogenic 
shock in intensive care units: a position paper of the “unite de soins intensifs de Cardiologie” group 
of the French Society of Cardiology, endorsed by the “groupe atherome et cardiologie Intervention-
nelle” of the French Society of Cardiology. Arch Cardiovasc Dis. 2018;111:601-612.

9. den Uil CA, Akin S, Jewbali LS, et al. Short-term mechanical circulatory support as a bridge to 
durable left ventricular assist device implantation in refractory cardiogenic shock: a systematic review 
and meta-analysis. Eur J Cardiothorac Surg. 2017;52:14-25.

10. Miller LW, Rogers JG. Evolution of left ventricular assist device therapy for advanced heart failure: 
a review. JAMA Cardiol. 2018;3:650-658.

11. Khorsandi M, Dougherty S, Bouamra O, et al. Extra-corporeal membrane oxygenation for refractory 
cardiogenic shock after adult cardiac surgery: a systematic review and meta-analysis. J Cardiothorac 
Surg. 2017;12:1-13.

12. Mahmoud AN, Elgendy IY, Mojadidi MK, et al. Prevalence, causes, and predictors of 30-day readmis-
sions following hospitalization with acute myocardial infarction complicated by cardiogenic shock: 
findings from the 2013-2014 national readmissions database. J Am Heart Assoc. 2018;7:1-13.

13. Shah M, Patel B, Tripathi B, et al. Hospital mortality and thirty day readmission among patients with 
non-acute myocardial infarction related cardiogenic shock. Int J Cardiol. 2018;270:60-67.



CHAPTER 99 CardiogeniC ShoCk651.e2

4. Complete the following statement correctly: Percutaneous left ventricular 
assist devices for cardiogenic shock:
 A. Improve hemodynamics compared with intra-aortic balloon pumping.
 B. Improve 30-day mortality compared with intra-aortic balloon pumping.
 C. Should be reserved for patients eligible for cardiac transplantation.
 D. Are associated with decreased vascular complication rates compared 

with intra-aortic balloon pumping.
 E. Provide support independent of right ventricular function.

Answer: A Percutaneous left ventricular assist devices (LVADs) provide 
short-term hemodynamic support after cardiogenic shock. By allowing time 
for left ventricular recovery, they are usually intended as a bridge to definitive 
therapy, such as transplantation. Percutaneous LVADs provide better hemo-
dynamics compared with an intra-aortic balloon pump, with higher cardiac 
indices and mean arterial pressures as well as lower filling pressures; however, 
they have not been shown to improve mortality at 30 days. Known complica-
tions of percutaneous LVADs include limb ischemia and bleeding. The available 
percutaneous devices support the left ventricle and thus require adequate 
right ventricular function.

5. Which of the following is true concerning prognosis after cardiogenic shock 
in the setting of myocardial infarction?
 A. Hemodynamics predict long-term mortality among patients undergoing 

revascularization.
 B. The early survival benefits of revascularization are lost by 5-year 

follow-up.
 C. Benefits of revascularization are seen only in younger patients.
 D. Prognosis is worse than in patients with end-stage nonischemic myo-

cardial disease.
 E. Quality of life in survivors is usually excellent.

Answer: E The quality of life in survivors of cardiogenic shock complicating 
acute myocardial infarction is usually excellent, with 83% of patients either 
asymptomatic or having only mildly symptomatic heart failure. Hemodynam-
ics predict short-term but not long-term mortality. The survival benefit of 
early revascularization is maintained at 6-year follow-up, with 5-year survival 
approaching 45%. Among patients undergoing revascularization, age and time 
to revascularization predict survival, but the benefits of revascularization are 
seen at every level of risk, with an average 1-year survival of 50 to 55%. For 
patients with end-stage nonischemic myocardial disease, the prognosis is very 
poor in the absence of heart transplantation.

REVIEW QUESTIONS

1. Which of the following is the most common cause of cardiogenic shock?
 A. Pump failure in acute myocardial infarction
 B. Myocarditis
 C. Mechanical complications of acute myocardial infarction
 D. Right ventricular infarction
 E. Valvular heart disease

Answer: A The predominant cause of cardiogenic shock is left ventricular 
failure secondary to acute myocardial infarction. The other listed answers can 
lead to cardiogenic shock but are less common.

2. Coronary angiography in patients with cardiogenic shock in the setting  
of acute myocardial infarction most commonly shows which of the 
following?
 A. Left main coronary artery disease
 B. Single-vessel left anterior descending coronary artery disease
 C. Multivessel disease
 D. Extensive collateralization
 E. Two-vessel disease involving the right coronary artery

Answer: C In cardiogenic shock resulting from acute myocardial infarction, 
coronary angiography most often demonstrates multivessel disease. About 
30% of patients have a left main coronary artery occlusion, about 60% have 
three-vessel coronary disease, and only about 20% have single-vessel disease.

3. Which of the following is true concerning the use of vasopressor agents 
in cardiogenic shock?
 A. Norepinephrine is more arrhythmogenic than dopamine.
 B. Norepinephrine is associated with decreased 28-day mortality compared 

with dopamine in patients with cardiogenic shock.
 C. Dopamine is preferable because it improves renal function.
 D. Dobutamine is more effective at raising blood pressure.
 E. Blood pressure should be monitored noninvasively to avoid vascular 

complications.
Answer: B In a randomized trial of patients with shock, norepinephrine 
reduced 28-day mortality in a prespecified subgroup of patients with cardio-
genic shock compared with dopamine. Dopamine was more arrhythmogenic 
and does not improve renal function in patients with shock, although some 
patients have increased urine output. Dobutamine has vasodilatory effects 
and can worsen hypotension. Noninvasive blood pressure monitoring can be 
unreliable in patients with shock; arterial line placement is recommended.
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100 
SHOCK SYNDROMES RELATED TO SEPSIS
JAMES A. RUSSELL

 DEFINITION
Sepsis is life-threatening organ dysfunction caused by a dysregulated host 
response to infection. Organ dysfunction is defined as an acute change of two 
or more points in the total Sequential Organ Failure Assessment (SOFA) 
score1 (Table 100-1). In addition to the full SOFA, a briefer quick SOFA—
defined by respiratory rate of 22/min or less, altered mentation, and systolic 
blood pressure higher than 100 mm Hg—provides simple bedside criteria to 
screen quickly for sepsis. Bacteremia is defined as the growth of bacteria in 
blood cultures, but infection does not have to be proved to diagnose sepsis 
at the onset. Septic shock was also redefined in 2016 as a subset of sepsis with 
persisting hypotension requiring vasopressors to maintain a mean arterial 
pressure of 65 mm Hg or higher accompanied by a serum lactate level greater 
than 18 mg/dL (2 mmol/L), despite adequate volume resuscitation.
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ABSTRACT
The definition of septic shock is life-threatening organ dysfunction caused by 
a dysregulated host response to infection. Endotoxins, which are innate immune 
receptors, are shuttled from HDL to LDL and are cleared mainly by the liver 
via the LDL receptor. Widespread endothelial injury increases endothelial 
permeability. Septic shock activates the coagulation system and causes sepsis-
associated coagulopathy. An immunosuppressed state, which can exceed the 
pro-inflammatory response starting about 3 to 4 days after the onset of sepsis, 
can be fatal. Cardiovascular features include vasodilation, hypovolemia, 
decreased ventricular contractility, and increased vascular permeability. Man-
agement includes oxygen (many patients require mechanical ventilation), early 
antibiotics (within 1 hour), fluid resuscitation (30 mL/kg crystalloid over 
first 3 hours followed by additional fluids), vasopressors (e.g., norepinephrine, 
1 to 50 µg/minute if the mean arterial pressure is less than 65 mm Hg despite 
adequate fluid resuscitation), consideration of vasopressin and hydrocortisone 
if the response to vasopressors is inadequate, transfusion if the hemoglobin 
level is less than 7 g/dL, and dobutamine if there is ventricular dysfunction. 
Early goal-directed therapy is no better than usual care. Continuous renal 
replacement therapy may be preferable to intermittent hemodialysis in patients 
with hemodynamic instability. The 28-day mortality is about 20 to 25%. Early 
deaths are usually due to refractory septic shock. Later deaths (after day 3) 
are usually due to multiple organ dysfunction, nosocomial infection, or both.
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TABLE 100-1 SCREENING FOR SEPSIS AND SEPTIC SHOCK
Step 1. Screen for sepsis using Quick SOFA (qSOFA):
One point is given for each adverse finding as follows:

1. Respiratory rate ≥22/minute
2. Altered mentation—Glasgow Coma Score less than 15
3. Systolic blood pressure ≤100 mm Hg

Step 2. Diagnose sepsis as a 2-point increase in SOFA as follows:
Sequential (Sepsis-related) Organ Failure Assessment (SOFA).
Step 3. Diagnose septic shock by the following:
Use of vasopressors (e.g., norepinephrine, epinephrine, phenylephrine) to maintain a mean arterial pressure ≥65 mm Hg
PLUS
Serum lactate >18 mg/dL (2 mmol/L) despite adequate volume resuscitation
SEQUENTIAL (SEPSIS-RELATED) ORGAN FAILURE ASSESSMENT SCORE

SCORE

SYSTEM 0 1 2 3 4
Respiratory (Pao2/Fio2) ≥400 <400 <300 <200 <100
Coagulation (platelet count × 103/µL) ≥150 <150 <100 <50 <20
Liver (bilirubin mg/dL [µmol/L]) <1.2 (20) 1.2-1.9 (20-32) 2.0-5.9 (33-101) 6.0-11.9 (102-204) >12 (204)
Cardiovascular MAP ≥70 mm Hg MAP <70 mm Hg Dopa <5

(or any dose dob*)
Dopa 5.1-15
or
epi <0.1
or
norepi ≤0.1

Dopa >15
or
epi >0.1
or
norepi >0.1

CNS GCS† 15 13-14 10-12 6-9 <6
Renal (creat mg/dL [µmol/L]) <1.2 (100) 1.2-1.9 (110-170) 2.0-3.4 (171-299) 3.5-4.9 (300-400) >5 (440)
Urine output, mL/d <500 <200
Dob = dobutamine; Dopa = dopamine; epi = epinephrine; Fio2 = fraction of inspired oxygen; MAP = mean arterial pressure; norepi = norepinephrine; Pao2 = partial pressure oxygen.
*Catecholamine doses are given as µg/kg/minute for at least 1 hour.
†Glasgow Coma Scale scores range from 3 to 15; higher score indicates better neurological function.
Data from Vincent JL, Moreno R, Takala J, et al; Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. The SOFA (Sepsis-related Organ Failure Assessment) score to 
describe organ dysfunction/failure. Intensive Care Med. 1996;22(7):707-710.

 EPIDEMIOLOGY
More than 750,000 cases of severe sepsis or septic shock occur every year in 
the United States, and more than 19 million cases occur globally each year. 
Sepsis, which is diagnosed in 6% of adult U.S. hospitalizations,2 causes as 
many deaths as acute myocardial infarction, and septic shock and its com-
plications are the most common causes of death in noncoronary intensive 
care units (ICUs). The medical care costs associated with sepsis are approxi-
mately $20 billion a year in the United States alone. The incidence of septic 
shock is increasing as physicians perform more aggressive surgery, as more 
resistant organisms are present in the environment, and as the prevalence of 
immune compromise resulting from disease and immunosuppressive drugs 
increases. Risk factors for septic shock include age, underlying chronic condi-
tions (e.g., chronic obstructive pulmonary disease, cancer) and immunosup-
pressive drugs. Studies suggest that African Americans have a higher incidence 
of sepsis than whites (6.0 vs. 3.6 per 1000 population) and a higher mortality 
in ICUs (32% vs. 29%) even after adjusting for poverty levels. The mecha-
nisms of this apparent difference in risk for and mortality from sepsis are  
not known.

Gram-positive or gram-negative bacteria, fungi, and, very rarely, protozoa 
or rickettsia can cause septic shock. Increasingly common causes of septic 
shock are antibiotic-resistant gram-positive bacteria, especially methicillin-
resistant Staphylococcus aureus, vancomycin-resistant enterococci, penicillin-
resistant Streptococcus pneumoniae, and resistant gram-negative bacilli.

The most common infections causing septic shock are pneumonia (about 
half of cases), peritonitis, pyelonephritis, abscess (especially intra-abdominal), 
primary bacteremia, cholangitis, cellulitis, necrotizing fasciitis, and meningitis. 
Nosocomial pneumonia is the most common cause of death from nosocomial 
infection. Blood cultures are positive in only about one third of patients with 
septic shock and 20 to 30% of cases are culture negative from all sites.

 PATHOBIOLOGY
At its onset, septic shock activates inflammation as evidenced by neutrophilia 
and a shift to immature neutrophils and a procoagulant phenotype (detected 
by an increased international normalized ratio and thrombocytopenia) owing 
to enhanced coagulation, activated platelets, and diminished fibrinolysis. After 
several days, an immunosuppressed state may emerge and may contribute to 
death. Several pathways amplify one another: inflammation triggers coagulation, 

coagulation triggers inflammation, and tissue hypoxia amplifies both inflam-
mation and coagulation, thereby resulting in positive proinflammatory and 
procoagulant feedback loops. Many mediators critical to homeostatic control 
of infection are also injurious to the host (e.g., tumor necrosis factor-α [TNF-
α]), perhaps in part explaining why therapies that neutralize such mediators 
have been ineffective to date.

Widespread endothelial injury is an important feature of septic shock; an 
injured endothelium is more permeable. Consequently, protein-rich edema 
fluid fluxes into tissues such as the lung where it leads to the acute respiratory 
distress syndrome. In septic shock, injured endothelial cells release nitric oxide, 
a potent vasodilator. Septic shock also injures epithelial cells of the lung and 
intestine. Intestinal epithelial injury increases intestinal permeability and the 
epithelial translocation of intestinal bacteria and endotoxin, thereby further 
augmenting the inflammatory phenotype of septic shock.

Early Infection, the Innate Immune Response, 
Inflammation, and the Endothelium
Bacteria have cell surface endotoxins (lipopolysaccharide [LPS] and lipotei-
choic acid [LTA] of gram-negative and gram-positive bacteria respectively) 
that are major ligands for innate immune receptors, mainly on various immune 
cells that launch the septic inflammatory response. Endotoxins are shuttled 
from high-density lipoprotein (HDL) to low-density lipoprotein (LDL) (E-Fig. 
100-1) and are cleared mainly by the liver via the LDL receptor—the same 
receptor that clears LDL cholesterol—and then are excreted harmlessly in 
bile (E-Fig. 100-2). Endotoxin clearance is modulated by proprotein convertase 
subtilisin/kexin type 9 (PCSK9); lower PCSK9 activity increases recycling 
of the LDL receptor to the hepatocyte cell surface, thereby increasing hepatic 
endotoxin clearance.

Host defense is organized into innate and adaptive immune responses. 
The innate immune system uses pattern recognition receptors (e.g., toll-like 
receptors [TLRs], C-type lectin receptors, retinoic acid inducible gene 1-like 
receptors, and nucleotide-binding oligomerization domain–like receptors) 
to bind pathogen-associated molecular patterns, which are extremely well 
conserved molecules of microorganisms. LPS and LTA of gram-negative and 
gram-positive bacteria, respectively, bind to TLR-4 and TLR-2, respectively 
(see E-Fig. 100-2; E-Fig. 100-3). TLR-4 and TLR-2 binding initiates an intracel-
lular signaling cascade that causes nuclear transport of the transcription factor 
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E-FIGURE 100-1. Pathogen lipid shuttling and clearance. pathogen lipids (pl) such as lipopolysaccharide (lpS) and lipoteichoic acid (lta) can induce a pro-inflammatory response 
(left side of figure) via innate immune receptors (toll-like receptor [tlr]) that induce the inflammatory response, upregulate adhesion molecules, and increase inducible nitric oxide 
(inoS) or, alternatively, can be sequestered and cleared from the circulation (right side of figure). Steps in this pathway include: binding by transfer proteins (lpS binding protein, lBp); 
bactericidal/permeability increasing protein (Bpi); phospholipid transfer protein (pltp); and cholesterol ester transfer protein [cetp]) incorporation into lipoprotein particles with shut-
tling from high-density lipoprotein (hdl) to low-density lipoprotein (ldl) and very-low-density lipoprotein (Vldl), binding to ldl receptor (ldlr) and possibly other receptors, and 
clearance, primarily by the liver. (Walley kr, thain kr, russell Ja, et al. pcSk9 is a critical regulator of the innate immune response and septic shock outcome. Sci Transl Med. 2014;6: 
258ra143.)
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E-FIGURE 100-2. Clearance of endotoxin by the liver via the LDL receptor pathway. Schematic view of hepatocytes within the liver. Free proprotein convertase subtilisin/kexin type 
9 (pcSk9) in plasma binds to an extracellular portion near the n terminus of the ldl receptor (ldlr) and triggers endosomal internalization. the c-terminus portion of pcSk9, which 
is now complexed to ldlr, mediates pcSk9 and ldlr degradation. the net result of increased pcSk9 activity is lower levels of membrane associated ldlr. Bacterial lipids, such as 
endotoxin, are carried within ldl and other lipoproteins. reduced levels of pcSk9 allow increased clearance of ldl and associated pathogen lipids, thereby reducing the harmful effects 
of the pathogen lipids. (Walley kr, thain kr, russell Ja, et al. pcSk9 is a critical regulator of the innate immune response and septic shock outcome. Sci Transl Med. 2014;6: 
258ra143.)
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E-FIGURE 100-3. Inflammatory responses to sepsis. Gram-positive and gram-negative bacteria, viruses, and fungi have unique cell wall molecules called pathogen-associated 
molecular patterns (pamps) that bind to pattern recognition receptors (called toll-like receptors [tlrs]) on the surface of immune cells as well as c-type lectin receptors, retinoic acid 
inducible gene 1–like receptors, and nucleotide-binding oligomerization domain–like receptors. nucleotide-binding oligomerization domain–like receptors alter protein complexes 
in the inflammasome. the lipopolysaccharide (lpS) of gram-negative bacilli binds to lpS-binding protein–cd14 complex. the lipoteichoic acid (lta) of gram-positive bacteria and the 
lpS of gram-negative bacteria bind to tlr-2 and tlr-4, respectively. tlr-2 and tlr-4 binding activates intracellular signal transduction pathways that lead to the activation of the 
cytosolic transcription factor nuclear factor κB (nF-κB). activated nF-κB moves from the cytoplasm to the nucleus, binds to transcription start sites, and increases the transcription of 
proinflammatory cytokines such as tumor necrosis factor-α (tnF-α), interleukin-1β (il-1β), and interleukin-6 (il-6). increased necrotic cell death releases damage-associated molecular 
patterns (damps or alarmins) that bind to tlrs and thus feedback to further amplify the proinflammatory response. tnF-α, il-1β, and il-6 are proinflammatory cytokines that activate 
the adaptive immune response but also cause both direct and indirect host injury (e.g., by complement activation). lpS and lta activation of inflammation is offset by hepatic low-
density-lipoprotein receptor (ldlr)–mediated lpS and lta clearance. Sepsis increases the activity of inducible nitric oxide synthase (inoS), which increases the synthesis of nitric oxide 
(no), a potent vasodilator. cytokines activate endothelial cells by upregulating adhesion receptors such as intercellular adhesion molecule (icam), and they injure endothelial cells 
by the activation and binding of neutrophils, monocytes, macrophages, and platelets to endothelial cells. these effector cells release mediators such as proteases, reactive oxygen 
species, prostaglandins, and leukotrienes. cytokines also activate the coagulation cascade. autophagy increases in neutrophils, thereby leading to increased neutrophil extracellular 
trap (net) formation. dysregulated autophagy in sepsis impairs net formation and is associated with decreased survival. endothelial permeability is increased by injurious agents 
such as heparin-binding protein (hBp) that is released by neutrophils, angiopoietin 2/tie 2 receptor interaction, and sphingosine 1-phosphate (S1p) ligation to its G protein–coupled  
receptor S1p1. 
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plasminogen activator inhibitor 1 (PAI-1). Activated protein C also decreases 
apoptosis, leukocyte activation and adhesion, and production of cytokines. 
Endothelial thrombomodulin expression is decreased in meningococcemia 
(Chapter 282), thereby explaining in part the profound DIC characteristic of 
meningococcemic shock.

Septic shock decreases the levels of the natural anticoagulants protein C, 
protein S, antithrombin, and tissue factor pathway inhibitor. Furthermore, 
lipopolysaccharide and TNF-α decrease the expression of thrombomodulin 
and EPCR, thereby further limiting the activation of protein C. Lipopolysac-
charide and TNF-α also increase levels of PAI-1, inhibiting fibrinolysis. The 
coagulation system is linked to the inflammatory response by protease activated 
receptors (PARs), especially PAR-1.

Tissue Hypoxia in Septic Shock
Tissue hypoxia independently activates inflammation (by activation of NF-κB 
and cytokines, synthesis of nitric oxide, and activation of HMGB-1), induces 
coagulation (through tissue factor and PAI-1), and activates neutrophils, 
monocytes, and platelets. Hypoxia disinhibits hypoxia-inducible factor-1α 
(HIF-1α), which upregulates erythropoietin, and vascular endothelial growth 
factor (VEGF). Erythropoietin is protective to brain and other tissues. VEGF 
inhibits fibrinolysis and increases inducible nitric oxide synthase, thereby 
increasing nitric oxide–induced vasodilation. Nitric oxide’s other injurious 
effects include inhibiting the beneficial actions of HIF-1α (e.g., upregulating 
synthesis of erythropoietin) during hypoxia. Tissue hypoxia also causes release 
of damage-associated molecular patterns (alarmins), which are ligands for the 
pattern recognition receptors described above, thereby increasing the inflam-
mation in septic shock.

Endocrine Responses Relevant to Cardiovascular Support
Complex interactions of several endocrine systems modulate vascular tone, 
heart rate, and other noncardiovascular functions such as immune function. 
The main axes stimulated to increase hormone production are the adrenal 
medullary release of norepinephrine and epinephrine (Chapter 215), 
hypothalamic-posterior pituitary release of vasopressin (Chapter 210), the 
hypothalamic-anterior pituitary-adrenal cortex release of corticosteroids (such 
as cortisone) (Chapter 214), and the renin-angiotensin-aldosterone (RAAS) 
release of angiotensin-II (E-Fig. 100-5). Norepinephrine binds to α1 recep-
tors, vasopressin binds to V1a receptors, and angiotensin II similarly binds 
to angiotensin II receptors on smooth muscle to stimulate calcium-mediated 
vasoconstriction. Cortisone modulates α1 receptor density. Deficiencies in 
each of these hormone levels and the downregulation of relevant receptors 
(such as V1a) in part explain the need for vasopressor(s)—such as first-line 
norepinephrine, and second-line epinephrine, vasopressin, and possibly angio-
tensin II—to increase vascular tone by producing vasoconstriction in patients 
who do not respond to volume resuscitation.

Immunosuppression and Apoptosis of Immune and 
Epithelial Cells
Septic shock can initiate an immunosuppressed state that can exceed the pro-
inflammatory response starting about 3 to 4 days after onset of septic shock 
and can be fatal. Patients move through the balance of pro- versus anti-
inflammatory/immunosuppressed states at different rates, likely accounting 
for the wide variability in the clinical progression and recovery from septic 
shock. Immunodepression occurs in the humoral, cellular, and neural regula-
tion of immunity. Immunosuppression is suggested by anergy, lymphopenia, 
a decreased CD-4 level, hypothermia, and nosocomial infection (E-Fig. 100-6). 
Multiple organ dysfunction may be an immunodepressed phenotype because 
of the apoptosis of immune (B and T cells as well as dendritic cells), epithelial, 
and endothelial cells. Activated CD4+ T cells evolve into either a TH1 proin-
flammatory (TNF-α, IL-1β) or a TH2 anti-inflammatory (IL-4, IL-10) phe-
notype. Sepsis leads to migration from a TH1 to a TH2 phenotype; for example, 
persistent elevation of IL-10 is associated with an increased risk of death. 
Immunosuppression also develops because of apoptosis of lymphocytes. Pro-
inflammatory cytokines, activated B and T cells, and glucocorticoids induce 
lymphocyte apoptosis, whereas TNF-α and endotoxin induce apoptosis of 
lung and intestinal epithelial cells. Other late features of septic shock include: 
expansion of regulatory T cells and myeloid suppressor cells, decreasing inflam-
mation, but impaired phagocytosis. The vagus nerve activates the splenic nerve, 
thereby causing CD4+ T cells to release acetylcholine, which further attenuates 
inflammation.

Death from infectious disease appears to be highly heritable. Sepsis is a 
prime example of a polygenic disease related to the interaction of multiple 

nuclear factor κB (NF-κB), which in turn initiates transcription of cytokines 
such as TNF-α and interleukin (IL)-6. Nucleotide-binding oligomerization 
domain–like receptors are important in the inflammasome response to sepsis. 
IL-3 also amplifies acute inflammation and is a potential therapeutic target  
in sepsis.

Cytokines upregulate adhesion molecules of neutrophils and endothelial 
cells, and neutrophil activation leads to bacterial killing. However, cytokines 
also directly injure host endothelial cells, as do activated neutrophils, mono-
cytes, and platelets. Inhibition of early cytokine mediators of sepsis, such as 
TNF-α and IL-1β, has not proved successful, probably because TNF-α and 
IL-1β peak and then decline quickly, before these antagonist therapies can 
be applied clinically.

After the early cytokine inflammatory response, immune cells, including 
macrophages and neutrophils, release later mediators, such as high-mobility 
group box 1 (HMGB-1). HMGB-1 activates neutrophils, monocytes, and 
endothelium. Unlike TNF-α antagonists, inhibitors of HMGB-1 decrease 
mortality even when they are given 24 hours after the induction of experimental 
peritonitis.

Autophagy is a self-degradative housekeeping cellular process in many tissues 
and is increased in sepsis in immune cells, heart, lung, kidney, and liver. 
Autophagy removes damaged mitochondria in hepatocytes, regulates inflam-
masome activation of immune cells (see E-Fig. 100-3), and is a pro-survival 
mechanism of cardiomyocytes. Dysregulated autophagy is associated with 
decreased survival in septic models. Autophagy research suggests that modula-
tion of autophagy in sepsis may prove beneficial. The inflammatory response 
to septic shock varies according to the organism load, host genotype, underly-
ing conditions, and prior immunosuppressing drugs.

Endothelial Injury
In septic shock, widespread endothelial injury is common and leads to increased 
endothelial permeability with loss of protein and fluid to the interstitial space. 
Endothelial permeability is a final common pathway for widespread tissue 
injury. Cytokines and other inflammatory mediators induce intercellular endo-
thelial cell gaps by disrupting intercellular junctions, by changing cytoskeletal 
structure, or by direct damage to endothelial cells. Several pathways of altered 
endothelial permeability have been implicated in sepsis, including protease-
activated receptor 1 (PAR-1) and disruption of the intercellular VE-cadherin, 
β-catenin, and p120-catenin complex. PAR-1 binding by activated protein C 
and low-dose thrombin is cytoprotective, whereas PAR-1 stimulation by high-
dose thrombin increases endothelial permeability. Binding of Slit to Robo4 
maintains the integrity of the intercellular VE-cadherin, β-catenin, and 
p120-catenin complexes and thus maintains healthy endothelial permeability. 
Mediators of increased permeability in sepsis include heparin-binding protein, 
soluble thrombomodulin, angiopoietin-2, sphingosine-1 phosphate, and natri-
uretic peptides.

Adaptive Immunity Adds Specificity and Amplifies the 
Immune Response
Microorganisms stimulate specific humoral and cell-mediated adaptive immune 
responses that amplify innate immunity. B cells release immunoglobulins that 
bind to microorganisms and thereby facilitate delivery of microorganisms to 
natural killer cells and neutrophils. In sepsis, type 1 helper T (TH1) cells 
generally secrete proinflammatory cytokines (TNF-α, IL-1β), and type 2 
helper T (TH2) cells secrete anti-inflammatory cytokines (IL-4, IL-10).

Coagulation Response to Infection
Septic shock activates the coagulation system, thereby causing sepsis-associated 
coagulopathy (E-Fig. 100-4), and ultimately converts fibrinogen to fibrin, which 
binds to platelets to form microvascular thrombi. A marked or sustained pro-
coagulant response to septic shock can lead to disseminated intravascular 
coagulation (DIC; Chapter 166) and widespread tissue injury, including loss 
of digits and limbs. The three main features of sepsis-associated coagulopathy 
are increased procoagulant activity, decreased anticoagulant, and fibrinolytic 
activity. Microvascular thrombi amplify endothelial injury by the release 
of inflammatory mediators and by tissue hypoxia because of obstruction  
to blood flow.

Normally, natural anticoagulants (protein C, protein S, antithrombin, and 
tissue factor pathway inhibitor) dampen coagulation, enhance fibrinolysis, 
and remove microthrombi. Thrombin-α binds to thrombomodulin, which 
activates protein C when protein C is bound to the endothelial protein C 
receptor (EPCR). Activated protein C dampens the procoagulant phenotype 
because it inactivates factors Va and VIIIa and inhibits the synthesis of 
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E-FIGURE 100-4. Procoagulant response in sepsis. Sepsis initiates coagulation by activating the endothelium to increase tissue factor. protease-activated receptors (pars), especially 
par-1, link the inflammatory and coagulation responses to sepsis. activation of factors Va and Viiia leads to the formation of thrombin-α, which converts fibrinogen to fibrin. Fibrin 
binds to platelets that adhere to endothelial cells, forming microvascular thrombi. microvascular thrombi amplify injury by the release of mediators and by microvascular obstruction, 
which causes distal ischemia and tissue hypoxia. normally, natural anticoagulants—protein c (pc), protein S (pS), antithrombin, and tissue factor pathway inhibitor (tFpi)—dampen 
coagulation, enhance fibrinolysis, and remove microthrombi. thrombin-α binds to thrombomodulin on endothelial cells and thus activates the binding of pc to endothelial pc receptor 
(epcr). pc forms a complex with its cofactor pS. pc binding to epcr increases the activation of pc to activated pc (apc). apc proteolytically inactivates factors Va and Viiia and decreases 
the synthesis of plasminogen activator inhibitor 1 (pai-1). Sepsis decreases levels of pc, pS, antithrombin, and tFpi. lipopolysaccharide and tumor necrosis factor-α (tnF-α) decrease 
thrombomodulin and epcr, thus decreasing the activation of pc. par-1 binding by activated protein c and low-dose thrombin is cytoprotective, whereas par-1 stimulation by high-
dose thrombin increases endothelial permeability. lipopolysaccharide and tnF-α also inhibit pai-1, so fibrinolysis is inhibited. hiFα = hypoxia-inducible factor-α; no = nitric oxide; tpa 
= tissue plasminogen activator; VeGF = vascular endothelial growth factor. 
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explaining in part when an elevated serum lactate level is a component of 
the diagnosis of septic shock. The clinical implication is that oxygen delivery 
should be increased (e.g., by increasing cardiac output by volume resuscita-
tion, infusion of dobutamine, or transfusion of erythrocytes) to more than the  
critical level.

Cardiovascular function is further compromised in septic shock because of 
decreased ventricular contractility.3 Within minutes of recognizing bacteria, 
cardiomyocytes secrete pro-inflammatory cytokines and chemokines that 
recruit inflammatory cells. Cardiomyocytes concurrently express cell-surface-
adhesion molecule ICAM-1, which interacts with actin filaments within the 
cell to reduce contractile efficiency. Decreased ventricular contractility may 
be difficult to detect clinically and may be diagnosed only by hemodynamic 
or echocardiographic assessment. Numerous circulating mediators of sepsis, 
including endotoxin, cytokines (e.g., IL-6, TNF-α), and nitric oxide (locally 
released into the coronary circulation), decrease contractility. Endotoxin signals 
through TLRs to upregulate the expression of proteins such as two small 
calcium regulated molecules (S110A8 and S100A9) to cause a receptor for 
advanced glycation end products (RAGE)–dependent decrease in calcium flux, 
thereby decreasing the ejection fraction. Coronary ischemia resulting from 
microvascular obstruction is another mechanism of decreased contractility.

Early in septic shock, patients who ultimately survive have increased left 
ventricular end-diastolic volume to help maintain cardiac output despite 
decreased contractility. In contrast, nonsurvivors do not increase their left 
ventricular end-diastolic volume, so cardiac output is compromised. In some 
patients with septic shock, concurrent ARDS causes secondary pulmonary 
hypertension, which increases right ventricular afterload and shifts the inter-
ventricular septum from right to left. This septal shift decreases left ventricular 
end-diastolic volume, thereby further limiting cardiac output.

 CLINICAL MANIFESTATIONS
Patients in septic shock have a systolic pressure of 100 mm Hg or less accom-
panied by an elevated respiratory rate (>22/mm) or altered mental status. 
About 80% of patients are febrile, but patients can be normothermic or even 
hypothermic (in about 20% of cases). On initial presentation, the source of 
infection may be obvious, especially if patients have previous evidence of a 
specific site of infection such as pneumonia or a surgical site infection, or be 
occult.

The cardiovascular dysfunction in septic shock is characterized by decreased 
preload (because of decreased intake, fluid losses, third spacing resulting from 
increased permeability, and venodilation), decreased afterload, and often 
decreased ventricular contractility. Decreased ventricular volume is detected 
clinically by low jugular venous pressure and hemodynamically by decreased 
central venous pressure. Left ventricular resistance, or afterload, is also com-
monly decreased and is detected clinically by warm, flushed skin and hemo-
dynamically by decreased systemic vascular resistance.

 DIAGNOSIS
The initial assessment of a critically ill patient must focus on the airway (need 
for intubation), breathing (respiratory rate, respiratory distress, pulse oximetry), 
circulation (heart rate, blood pressure, jugular venous pressure, skin perfu-
sion), and the rapid initiation of warranted resuscitation (Fig. 100-1). Arterial 
blood gases and lactate levels are useful especially since an elevated lactate 
level is a component of the clinical diagnosis of septic shock.

A secondary survey is designed to determine the source of infection and 
the status of organ function. Pneumonia (Chapter 91) is suggested by cough, 
sputum, and respiratory distress; empyema (Chapter 92) is suggested by pleuritic 
chest pain. Signs of peritonitis (Chapter 133), an abdominal mass (Chapter 
123), and right upper quadrant tenderness (Chapter 146) suggest abdominal 
sepsis (Chapter 123). Pyelonephritis (Chapter 268) is likely in patients with 
dysuria and costovertebral angle tenderness. Integumentary assessment for 
erythema (cellulitis), line site erythema (line sepsis), tenderness (necrotizing 
fasciitis; Chapter 280), crepitus (anaerobic myonecrosis), and petechiae and 
purpura (meningococcemia; Chapter 282) can be illuminating. Headache, stiff 
neck, and signs of meningismus raise the suspicion of meningitis (Chapter 
384). Focal neurologic signs suggest brain abscess (Chapter 385).

Laboratory investigations that are helpful to identify the source of infection 
include appropriate cultures and Gram stains (blood, sputum, urine, fluids, 
and cerebrospinal fluid). Blood cultures are positive in about 30 to 40% of 
patients with septic shock. The chest radiograph aids in the diagnosis of pneu-
monia, empyema, and acute respiratory distress syndrome.

Direct visualization of the heart by transthoracic bedside echocardiography 
can immediately estimate the left ventricular ejection fraction. It can also be 

genes and an environmental insult (infection). Single-nucleotide polymor-
phisms of cytokines (TNF-α, IL-6, IL-10), coagulation factors (protein C, 
fibrinogen-β), the catecholamine pathway (β-adrenergic receptor), and innate 
immunity genes (CD14, TLR-1, TLR-2) have been variably associated with 
an increased risk of death from sepsis. To date, none of these findings have 
evolved into actionable diagnostic or prognostic biomarkers for clinical use.

Cardiovascular Dysfunction
The main features of cardiovascular dysfunction in septic shock are vasodilation, 
hypovolemia, decreased ventricular contractility, and increased vascular per-
meability. Inadequate tissue perfusion and tissue hypoxia are the cardinal 
features of all types of shock. Peripheral levels of catecholamines are dramati-
cally increased in septic shock, but peripheral vasodilation indicates decreased 
responsiveness to these endogenous vasoconstrictors. Vasodilation in sepsis 
is mediated mainly by increased synthesis of nitric oxide and prostacyclin. 
Nitric oxide is increased by a calcium-independent nitric oxide synthase induced 
by endotoxin interaction with vascular endothelial cells. Prostacyclin is released 
by endothelial cells in response to both endotoxin and inflammatory cytokines. 
Adrenomedullin, which is a pleiotropic vasodilating hormone and cardiac 
depressant, is increased in septic shock. Early in septic shock, most patients 
have sinus tachycardia and, by definition, a need for vasopressor(s) because 
of decreased blood pressure (<90 mm Hg systolic, a decrease of ≥40 mm Hg 
from baseline systolic pressure, or mean arterial pressure <65 mm Hg; see 
Table 100-1). Septic shock is the classic form of distributive shock (Chapter 
98), characterized by increased pulse pressure (bounding pulses), decreased 
systemic vascular resistance (warm, flushed skin), and functional hypovolemia 
(low jugular venous pressure). Distributive shock means that the distribution 
of systemic blood flow is abnormal, with areas of low flow (and low venous 
oxygen saturation) and high flow (and high venous oxygen saturation) present. 
Nevertheless, about one third of patients with septic shock initially present 
with findings more typical of hypovolemic shock (low central venous pressure 
and low central venous oxygen saturation) because the clinical features depend 
on the stage and severity of septic shock as well as on the degree of fluid 
resuscitation that has occurred. After fluid resuscitation, patients typically 
develop the characteristic clinical and hemodynamic features of classic dis-
tributive shock.

Vascular volume and ventricular preload are commonly decreased in early 
septic shock for several reasons. First, patients may be volume depleted because 
of decreased fluid intake and because of increased fluid losses due to fever, 
vomiting, and diarrhea if gastrointestinal disease is present. Second, fluid loss 
from the intravascular to the interstitial space (capillary leak) is caused by 
mediators that induce widespread endothelial injury, which increases capillary 
permeability. Increased capillary permeability leads to loss of protein-rich 
edema fluid into the interstitial space. The increased vascular permeability 
exacerbates transmural vascular leak at any given transmural hydrostatic pres-
sure, thereby creating a vicious cycle. Sicker patients have greater increases in 
endothelial permeability, yet sicker patients have greater third space fluid losses, 
so they need more fluid input. If, however, fluid input increases transmural 
hydrostatic pressure even modestly, then sicker patients will have greater fluid 
leakage into tissues, with increasing organ edema, organ dysfunction, and 
mortality.

In the lung, increased permeability is a key component of ARDS (Chapter 
96). Ventricular preload is also decreased in septic shock because of venodila-
tion induced by mediators such as nitric oxide. Venodilation increases venous 
capacitance and relative volume depletion, thereby compounding absolute 
volume depletion. Ventricular afterload is decreased because of excessive release 
of potent vasodilators such as nitric oxide, prostaglandin I2, adenosine diphos-
phate, and other vasodilators.

In addition to abnormal vasodilation, patients have concurrent microvas-
cular vasoconstriction. Microvascular vasoconstriction may not be apparent 
clinically but can cause tissue hypoxia, detected by increased arterial lactate 
concentrations. Microvascular vasoconstriction is caused by increased nor-
epinephrine, thromboxanes, and other local vasoconstrictors. Microvascu-
lar vasoconstriction-induced focal hypoxia is exacerbated by microvascular 
obstruction by platelets and leukocytes.

The abnormal mismatch of oxygen delivery to oxygen demand disturbs 
the global relationship of oxygen delivery to oxygen consumption. Normally, 
oxygen consumption is independent of oxygen delivery over a wide range. 
When oxygen delivery decreases to less than the critical oxygen delivery 
level, oxygen consumption decreases and leads to a state in which oxygen 
consumption depends on oxygen delivery. At levels lower than the critical 
oxygen delivery level, arterial lactate increases as a result of tissue hypoxia, 
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coagulopathy, respectively. After determining source of sepsis, one must address 
source control by draining abscesses and empyemas; radiologically or surgically 
correcting urinary tract obstruction; and surgically managing peritonitis, bowel 
infarction, cholecystitis, cholangitis, necrotizing fasciitis, and gas gangrene.

Differential Diagnosis
The major differential diagnoses of septic shock are acute pancreatitis (Chapter 
135), acute respiratory distress syndrome (Chapter 96), aspiration pneumo-
nitis (Chapter 88), multiple trauma (Chapter 103), and recent major surgery 
without infection (Chapter 405).4 Other causes of distributive shock to consider 
are anaphylactic shock (suggested by angioedema and hives; Chapter 411), 
spinal shock (recent trauma and paraplegia; Chapter 371), acute adrenal insuf-
ficiency (“tanned skin,” hyperkalemia, metabolic alkalosis; Chapter 214), and 
acute or acute-on-chronic hepatic failure (jaundice, ascites, encephalopathy; 
Chapter 144).

The differential diagnosis of septic shock must include the other causes of 
shock: hypovolemic, cardiogenic, and obstructive shock (Chapters 98 and 
99). Patients with hypovolemic shock (from internal or external fluid losses, 
hemorrhage) present with a suggestive history and signs of hypovolemia (low 
jugular venous pressure) and skin hypoperfusion (cool and clammy skin, 
peripheral cyanosis, slow capillary refill). Cardiogenic shock (e.g., owing to 
myocardial infarction, heart failure or post cardiovascular surgery) is suggested 
by the history, signs of increased filling pressure (increased jugular venous 
pressure, crackles, S3, pulmonary edema, cardiomegaly), and skin hypoperfusion 
(Chapter 99). Some patients who have acute myocardial infarction and car-
diogenic shock have features of SIRS, with excessive vasodilation in the absence 

used to assess intravascular volume status (diagnosed by collapse of the inferior 
vena cava) and valvular dysfunction. Echocardiographic features of decreased 
ventricular contractility include decreased right and left ventricular ejection 
fractions and increased end-diastolic and end-systolic volumes. Early in septic 
shock, the left ventricular ejection fraction is decreased, and it remains low 
in nonsurvivors. In survivors, the left ventricular ejection fraction usually 
returns to normal during 5 to 10 days.

In early septic shock, central venous pressure is usually low and increases 
in response to volume resuscitation. Central venous oxygen saturation, cardiac 
output, and ventricular filling pressures may be determined. Central venous 
pressure measurement is recommended in patients who require vasopressors 
because their hypotension is not responsive to fluids alone. Pulmonary artery 
pressure is usually normal but may be increased because septic shock can 
cause pulmonary hypertension. Pulmonary artery occlusion (or wedge) pres-
sure is usually low before resuscitation, but it may be normal or increased if 
the patient has underlying preexisting heart disease (e.g., heart failure, prior 
myocardial infarction) or if left ventricular contractility is decreased by sepsis. 
Cardiac output may be low or normal before fluid resuscitation and typically 
increases to higher than normal after fluid resuscitation. If fluid resuscitation 
increases central venous pressure and pulmonary artery occlusion pressure 
but cardiac output does not increase, left ventricular dysfunction is presum-
ably present.

Vital signs and the leukocyte count quickly establish whether the patient 
has SIRS. Abdominal ultrasound and computed tomography are indicated if 
abdominal sepsis is suspected. Renal, hepatic, and coagulation function tests are 
helpful to evaluate acute kidney injury, hepatic dysfunction and sepsis-associated 

SIRS
(2 of 4)

•   HR (>90 min–1)
•   RR (>20 min–1) or PaCO2 < 32 mm Hg 

or mechanical ventilation
•   T (>38°C) or   T (<36°C)
•   WBC (>12,000 mm–3) or   WBC 

(<4,000 mm–3)

Clinical Evaluation Laboratory Evaluation Management

Airway 
Breathing

• RR
• Distress
• Pulse oximetry

Circulation
• HR, BP
• Skin
• JVP

Airway—high risk intubation
Breathing—oxygen, tidal volume 6
mL/kg IBW if ventilated
Circulation
• Fluids, vasopressors, inotropes,

transfusion
• MAP>65 mm Hg
• CVP 8-12 mm Hg
• Hct > 30%

Consider pulmonary artery catheter or 
echocardiogram especially if known CV 
disease

F. Fix source of sepsis
• Abscess, empyema
• Cholecystitis, cholangitis
• Urinary obstruction
• Peritonitis, bowel infarct
• Necrotizing fasciitis
• Gas gangrene

Organ Function
• Renal function: electrolytes, BUN,
creatinine

• Hepatic function: bilirubin, AST, AlkPhos
• Coagulation: INR, PTT, platelets, D-dimer
•

Source of Infection
• C&S, Gram stain: blood, sputum,

urine,+/– fluids, +/– CSF
• CXR
• U/S, CT scan

SIRS
• CBC
• WBC differential

• ABGs
• Arterial lactate

E. Evaluate source of sepsis

+

+ +

+

+

Source of Infection
• Respiratory (pneumonia,  empyema)
• Abdominal (peritonitis, abscess,

cholangitis)
• Skin (cellulitis, fasciitis)
• Pyelonephritis

• CNS (meningitis, brain abscess)

Organ Function
CNS

• LOC, focal

• Urine output

D. Drugs
Antibiotics: broad spectrum
Consider hydrocortisone

FIGURE 100-1. Algorithm for the clinical and laboratory evaluation and management of septic shock. aBGs = arterial blood gases; alkphos = alkaline phosphatase; aSt = aspartate 
aminotransferase; Bp = blood pressure; BUn = blood urea nitrogen; c&S = culture and sensitivity; cBc = complete blood count; cnS = central nervous system; cSF = cerebrospinal fluid; 
ct = computed tomography; cV = cardiovascular; cVp = central venous pressure; cXr = chest radiograph; hct = hematocrit; hr = heart rate; iBW = ideal body weight; inr = international 
normalized ratio; JVp = jugular venous pressure; loc = level of consciousness; map = mean arterial pressure; paco2 = partial pressure of carbon dioxide; ptt = partial thromboplastin 
time; rr = respiratory rate; Scvo2 = central venous oxygen saturation; SirS = systemic inflammatory response syndrome; t = temperature; U/S = ultrasound; WBc = white blood cell 
count. 
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of infection. Obstructive shock (e.g., pulmonary thromboembolism [Chapter 
74], cardiac tamponade [Chapter 68], pneumothorax [Chapter 92]) manifests 
similarly to cardiogenic shock.

 PREVENTION
Measures to prevent sepsis include caregiver handwashing before and after 
patient contact, elevation of the head of the bed, sterile techniques for the 
insertion of catheters, and possibly the use of antibiotic-impregnated catheters. 
New catheter insertion sites for catheter changes, isolation of patients who 
have resistant organisms, and isolation of significantly immunocompromised 
patients may also prevent infection.

Preventing the progression from sepsis to septic shock requires early diag-
nosis and aggressive resuscitation.5 Early intravenous antibiotics (within one 
hour), fluid resuscitation, and lung-protective ventilation are critical therapies 
in early septic shock (Table 100-2).

TABLE 100-2 HEMODYNAMIC VARIABLES, ABBREVIATIONS, 
AND NORMAL VALUES

Arterial pressure: systolic pressure (SAP) (>100 mm Hg), diastolic pressure, pulse 
pressure, mean arterial pressure (MAP) (>65 mm Hg)

Central venous pressure (CVP): normal, 6-12 mm Hg
Pulmonary artery pressure (PAP): normal, 25/15 mm Hg
Pulmonary vascular resistance (PVR): normal, 150-250 dynes*sec/cm5

= − ×( )PAP PAOP
CO

80

Pulmonary artery occlusion pressure (PAOP) or pulmonary artery wedge pressure 
(PAWP): normal, 8-15 mm Hg

Systemic vascular resistance (SVR): normal, 900-1400 dynes*sec/cm5

= − ×( )PAP CVP
CO

80

Cardiac output (CO): normal, 5 L/min
Left ventricular stroke work index (LVSWI): normal, (60-100 grams × meters/beats) 

= (SV × [MAP − PAWP] × 0.0136)
Oxygen delivery (Do2): normal, 1 L/min (= CO × [Hg × 1.38 × Sao2] + [0.003 × 

Po2])
Oxygen consumption (Vo2): normal, 250 mL/min (= CO × Hg × 1.38 × [Sao2 

− Svo2] + [0.003 × (Pao2 − Pvo2)])
Oxygen extraction ratio: normal, 0.23-0.32 (= Vo2/Do2)
Hemodynamic variables are often normalized to account for different body mass by 

dividing by body surface area (BSA)
 Pulmonary vascular resistance index (PVRI): normal (= PVR/BSA)
 Systemic vascular resistance index (SVRI): normal (= SVR/BSA)
 Cardiac index (CI): normal, 2.5-4.2 L/min/m2 (= CO/BSA)
 Left ventricular stroke work index (LVSWI): normal (= LVSW/BSA)
 Oxygen delivery index (Do2I): normal, 460-650 mL/min/m2 (= Do2/BSA)
 Oxygen consumption index (Vo2I): normal, 95-170 mL/min/m2 (= Vo2/BSA)

Respiratory Therapy
All patients in septic shock require oxygen initially, and many require mechani-

cal ventilation because acute respiratory distress syndrome (ARDS) is the most 
common complication of septic shock. Lung-protective ventilation (mechanical 
ventilation that minimizes lung injury by using a relatively low tidal volume, 
such as 6 to 8 mL/kg of predicted body weight) decreases mortality from ARDS 
(Chapter 97).

Patients on mechanical ventilation need adequate but not excessive sedation 
because excessive sedation worsens hemodynamic instability, prolongs mechani-
cal ventilation, and increases the risk for development of nosocomial pneumonia. 
Sedation should be titrated by objective assessment. Daily interruption of seda-
tion decreases the duration of mechanical ventilation and intensive care. Weaning 
from mechanical ventilation is often associated with fluid overload from prior 
fluid resuscitation and from the reduction in intrathoracic pressure. Patients 
whose weaning is guided by brain natriuretic peptide levels are weaned more 
quickly and have more ventilator-free days because they receive more aggres-
sive diuretic therapy.

Circulatory Therapy
Early therapy is the cornerstone of emergency management, A1  but such 

therapy need not achieve specific central hemodynamic or oxygen-delivery 

TREATMENT 

targets, or require the placement of a central venous catheter or the adminis-
tration of inotropic agents or blood transfusions. A2-A4  Standard therapies aim 
to increase perfusion and tissue oxygen delivery by increasing profoundly low 
blood pressure, increasing inadequate cardiac output, and increasing low arte-
rial oxygen saturation.

The overall goal is to achieve adequate mean arterial pressure (>65 mm Hg) 
and other indices of perfusion such as urine output (>0.5 mL/kg/hour), arterial 
lactate levels (<2 mmol/L), mental status, and skin perfusion. To assess the 
adequacy of early resuscitation of septic shock and to guide ongoing therapy, 
a central venous oxygen saturation goal greater than 70% or a lactate clearance 
of at least 10% are equivalent.6,7

A mean arterial blood pressure target of 65 to 70 mm Hg generally is as 
effective as a target of 80 to 85 mm Hg, A5  although a higher mean arterial 
pressure target (80 to 85 mm Hg) may decrease the risk of acute kidney injury 
and the need for renal replacement therapy in patients with preexisting hyper-
tension. In patients who have ARDS, no difference in outcomes is seen with 
management using a pulmonary artery catheter versus a central venous catheter, 
so CVP measurement and monitoring is recommended in patients who require 
vasopressor infusion. Patients whose ARDS is managed after 24 to 48 hours 
with a conservative fluid strategy (compared with a liberal fluid strategy) have 
shorter durations of ventilation and ICU stay.

Fluids (30 mL/kg of balanced intravenous crystalloid, such as lactated  
Ringer solution) should be given over the first 3 hours followed by additional 
fluids to achieve and maintain central venous pressure at 8 to 12 mm Hg and 
adequate tissue perfusion (e.g., mentation, urine output). In critically ill adults, 
balanced crystalloids are preferred over sodium chloride because of lower rates 
of acute kidney injury, less need for renal replacement therapy, and fewer 
deaths. A6  There are no convincing data indicating that albumin is better than 
crystalloid solutions. A7  Hetastarch should not be used in septic shock. Excess 
fluid resuscitation is associated with increased mortality from septic shock, and 
an increased CVP may indicate fluid overload and a higher risk of developing 
pulmonary edema.

Vasopressors (e.g., norepinephrine, 1 to 50 µg/minute; epinephrine, 1 to 
30 µg/minute) should be added if the mean arterial pressure is less than 
65 mm Hg despite adequate fluid resuscitation. Norepinephrine is slightly 
but not significantly better than dopamine for reducing mortality when used 
as the first-line vasopressor for patients with septic shock; however, norepi-
nephrine is associated with a lower rate of arrhythmias, especially atrial fibril-
lation. Norepinephrine is also at least as good as vasopressin for preventing 
acute kidney failure in patients with septic shock. A8  These accumulated data 
suggest that norepinephrine is the preferred first-line vasopressor in septic  
shock.

Although vasopressin deficiency and downregulation of vasopressin 
receptors are common findings in septic shock, a low-dose vasopressin infu-
sion added to norepinephrine is not significantly better than a norepineph-
rine infusion alone in septic shock. Vasopressin (up to 0.03 U/min) may be 
added in patients not responding adequately to norepinephrine to increase 
mean arterial pressure and to decrease norepinephrine dose. Whether 
vasopressin infusion may be beneficial in patients with less severe shock  
is uncertain.

Angiotensin II infusion (20 ng/kg/minute initially, adjusted upward to a 
maximum of 200 ng/kg/minute) can decrease early norepinephrine require-
ments and improve the cardiovascular component of the SOFA score. However, 
it does not significantly reduce mortality. A9  Levosimendan, which is an inotropic 
agent and mild vasodilator with anti-inflammatory properties, is not of added 
benefit in patients with septic shock. A10 

In some patients in septic shock, the cardiac index is inadequate, as reflected 
by a low mixed venous oxygen saturation despite a high central venous pres-
sure (>12 mm Hg) because of underlying cardiovascular dysfunction or because 
of acute left ventricular dysfunction resulting from sepsis. In such patients, 
clinicians can use epinephrine alone, norepinephrine alone, or norepinephrine 
plus dobutamine to raise cardiac output. Early use of an inotropic agent (e.g., 
dobutamine, initially 2 to 5 µg/kg/minute and increasing to 20 µg/kg/minute) 
should be considered to increase left ventricular contractility. In patients with 
septic shock, however, the combination of norepinephrine plus dobutamine 
results in a mortality similar to that with epinephrine alone, with no differences 
in organ dysfunction.

Fever is common in septic shock and may have beneficial effects for resisting 
infection but also increases oxygen demand. Reducing fever can decrease the 
need for vasopressors and possibly the risk of septic encephalopathy. External 
cooling for 48 hours to maintain core body temperature between 36.5° C and 
37° C is safe and can decrease the need for vasopressors and 14-day mortality 
rates. Cooling to reduce fever to normothermia is especially promising for febrile 
septic shock patients who are receiving high doses of vasopressors or inotropic 
agents, or who have marked tachycardia.

Transfusion of Red Blood Cells
Anemia is common in septic shock, but red cell transfusion can increase risk 

of nosocomial infection and other complications, so the appropriate hemoglobin 
level for resuscitation has been controversial. A transfusion threshold of a 
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hemoglobin level of 7 g/dL is equivalent to a threshold of 9 g/dL in terms of 
ischemic events, the need for life support, or death, and such a goal can decrease 
transfusions from a median of 4 units to a median of 1 unit. A11  The freshest 
available, compatible red blood cells are no better than standard-issue red 
blood cells for patients with septic shock. A12 

Drugs
antibiotics

The infected site and infecting organisms of septic shock are often not known 
initially, and clinicians often must select an empirical antibiotic regimen before 
knowing culture results. After appropriate culture specimens are obtained, 
intravenous broad-spectrum antibiotics as guided by an infectious disease 
consultation8 should be administered within 1 hour9 (while considering 
host factors such as immune and allergic status) complemented by control 
of the infectious source based on an anatomic diagnosis, which may require 
radiologic investigations (Chapters 264 and 265; see Fig. 100-1). Emergency, 
empirical antibiotic therapy (Table 100-3) should be guided by the greater 
frequency of gram-positive bacteria, the possibility of resistant organisms, and 
the local bacteriologic features. In a meta-analysis, the efficacies of β-lactam/β-
lactamase inhibitors and carbapenems appear to be equivalent for the treatment  
of sepsis. A13 

Procalcitonin-guided use of antibiotics decreases the duration of antibi-
otics and also decreases 28-day and 1-year mortality compared with usual 
care. A14  Meropenem alone is equivalent to the combination of meropenem 
and moxifloxacin in terms of mortality rates and organ dysfunction. Adding 
empirical fluconazole treatment does not result in better outcomes in critically 
ill, non-neutropenic patients. Continuous infusion of beta-lactam antibiotics 
results in higher clinical cure rates 14 days after cessation of antibiotics, better 
pharmacokinetic/pharmacodynamic target attainment, and more ventilator-
free days compared with an intermittent bolus of antibiotics but does not 
improve 30-day survival. A15 

Broad-spectrum antibiotics should be used for as short a time as possible. 
If a causative organism is identified (<20% of septic patients have negative 
cultures), the antibiotic regimen should be quickly narrowed within 3 to 5 days 
to decrease the emergence of resistant organisms. The duration of antibiotics 

should be guided by the cause of septic shock, but patients generally require 
10 to 14 days of therapy.

corticosteroids
Corticosteroids administered before antibiotics can decrease the neuro-

logic sequelae of bacterial (especially pneumococcal) meningitis (Chapter 
384). Although high-dose corticosteroids are not effective for preventing 
septic shock in patients who have sepsis but are not in shock, A16  the com-
bination of 50 mg intravenous hydrocortisone every 6 hours (200 mg daily) 
plus 50 µg fludrocortisone (orally via a nasogastric tube) once daily for 7 days 
can improve 90-day all-cause mortality in patients with septic shock. A17  By 
comparison, hydrocortisone (200 mg intravenously daily) treatment alone  
is associated with a shorter duration of shock but no reduction in 90-day  
mortality. A18  Current sepsis guidelines suggest that corticosteroids not be used if 
fluid resuscitation and vasopressors can restore hemodynamic stability, but high-
dose corticosteroids or the combination of hydrocortisone plus fludrocortisone 
may be added if hemodynamic stability cannot be achieved. Enthusiasm for 
steroid therapy must be tempered by the risk of complications such as super-
infection, neuromyopathy, hyperglycemia, immune suppression, and impaired  
wound healing.

Hyperglycemia and Intensive Insulin Therapy
Hyperglycemia and insulin resistance are common in septic shock, but inten-

sive insulin therapy to control hyperglycemia is not beneficial in patients in 
medical ICUs because of significantly higher rates of hypoglycemia and perhaps 
increased mortality. Aggressive insulin therapy to address the hyperglycemia 
that often accompanies corticosteroid treatment is no better than usual glucose 
control.

Renal Dysfunction and Dialysis
Acute kidney injury is an important complication of septic shock because 

of its associated morbidity, mortality, and resource use (Fig. 100-2). In critically 
ill patients who have acute kidney injury, hemodialysis six times per week is 
no better than conventional hemodialysis, and intensive renal replacement 
therapy is no better than standard therapy overall or in patients who have 
sepsis.

TABLE 100-3 POTENTIAL ANTIBIOTIC REGIMENS FOR PATIENTS WITH SEPTIC SHOCK*
SOURCE OF SEPSIS INITIAL ANTIBIOTIC REGIMEN ALTERNATIVE ANTIBIOTIC REGIMEN
Community-acquired pneumonia Third-generation cephalosporin (cefotaxime 2 g IV q6h; 

ceftriaxone 2 g IV q12h; ceftizoxime 2 g IV q8h) plus
Fluoroquinolone (e.g., ciprofloxacin 400 mg IV q12h, levofloxacin 

750 mg IV q24h, moxifloxacin 400 mg IV q24h) or
Macrolide (azithromycin 500 mg IV q24h)

Piperacillin-tazobactam 3.375 g IV q6h plus Fluoroquinolone (e.g., 
ciprofloxacin 400 mg IV q12h, levofloxacin 750 mg IV q24h, 
moxifloxacin 400 mg IV q24h) or

Macrolide (azithromycin 500 mg IV q24h)

Hospital-acquired pneumonia Vancomycin 15 mg/kg IV q 8-12h
(If increased risk of MRSA)
or
Linezolid 600 mg IV q12h
(If increased risk of MRSA)
plus
Carbapenem (Imipenem 0.5 g IV q6h or
Meropenem 1 g IV q8h)
plus
Fluoroquinolone (e.g., ciprofloxacin 400 mg IV q12h, levofloxacin 

750 mg IV q24h)

Fluoroquinolone (ciprofloxacin 400 mg IV q12h, levofloxacin 
750 mg IV q24h) plus

Vancomycin 1.5 g IV q12h plus
Piperacillin-tazobactam 3.375 g IV q6h or
Ceftazidime 2 g IV q8h
or
Aztreonam 2 g IV q8h

Abdominal
Spontaneous bacterial peritonitis
Gastrointestinal perforation

Ceftriaxone 1 g IV q12h
Piperacillin-tazobactam 3.375 g IV q6h or
Carbapenem (Imipenem 0.5 g IV q6h, meropenem 1 g IV q8h)

Moxifloxacin 400 mg IV q24h
Cefepime 1 g IV q8h plus
Metronidazole 500 mg IV q8h
or
Metronidazole 500 mg IV q8h plus Fluoroquinolone (ciprofloxacin 

400 mg IV q12h)
Urinary tract Third-generation cephalosporin (cefotaxime 2 g IV q6h, 

ceftriaxone 2 g IV q12h, or ceftizoxime 2 g IV q8h)
Ampicillin 2 g IV q4h plus
Gentamicin 1.5 mg/kg IV q8h or
Ertapenem 1 g IV q24h (if ESBL)

Necrotizing fasciitis Vancomycin 15 mg/kg IV q8-12h
plus
Piperacillin-tazobactam 3.375 g IV q6h
plus
Clindamycin 600 mg IV q8h

Vancomycin 15 mg/kg IV q8-12h
plus
Ciprofloxacin 400 mg IV q12h
plus
Clindamycin 600 mg IV q8h

Primary bacteremia (normal host) Piperacillin-tazobactam 3.375 g IV q6h plus
Vancomycin 1.5 g IV q12h

Carbapenem (Imipenem 0.5 g IV q6h, meropenem 1 g IV q8h)
plus
Vancomycin 1.5 g IV q12h

Primary bacteremia (intravenous 
drug user)

Vancomycin 1.5 g IV q12h plus
Fluoroquinolone (ciprofloxacin 400 mg IV q12h)

Piperacillin-tazobactam 3.375 g IV q6h plus
Vancomycin 1.5 g IV q12h
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TABLE 100-3 POTENTIAL ANTIBIOTIC REGIMENS FOR PATIENTS WITH SEPTIC SHOCK*—cont’d
SOURCE OF SEPSIS INITIAL ANTIBIOTIC REGIMEN ALTERNATIVE ANTIBIOTIC REGIMEN
Catheter-related bloodstream
Infection (CR-BSI)
If gram-positive cocci in clusters
≥2 blood cultures

Vancomycin 1.5 g IV q12h
+/− Cefepime 2 g IV q8h
Vancomycin 1.5 g IV q12h

Vancomycin 1.5 g IV q12h
+/− Carbapenem (Imipenem 0.5 g IV q6h, meropenem 1 g IV q8h)
or
Piperacillin-tazobactam 3.375 g IV q6h or
Ceftazidime 2 g IV q8h
or

Febrile neutropenia Cefepime 2 g IV q8h plus
Vancomycin 1.5 g IV q12h

Aztreonam 2 g IV q8h
Aztreonam 2 g IV q8h
plus
Gentamicin 1.5 mg/kg q8h
or
Cefepime 2 g IV q8h
plus
Gentamicin 1.5 mg/kg q8h
or
Piperacillin-tazobactam 3.375 g IV q6h plus
Gentamicin 1.5 mg/kg q8h
or
Carbapenem (Imipenem 0.5 g IV q6h, meropenem 1 g IV q8h)
plus
Gentamicin 1.5 mg/kg q8h
If beta-lactam allergy:
Vancomycin 1.5 g IV q12h
plus
Gentamicin 1.5 mg/kg q8h
plus
Ciprofloxacin 400 mg IV q12h

Bacterial meningitis Ceftriaxone 2 g IV q12h plus Gram-positive cocci: vancomycin plus ceftriaxone 2 g IV q12h
Ampicillin 3 g IV q6h plus Gram-negative diplococci: cefotaxime 2 g IV q4-6h or Ceftriaxone 

2 g IV q12h
Vancomycin 1.5 g IV q12h plus Gram-positive bacilli: ampicillin 3 g IV q6h plus gentamicin
Dexamethasone 0.15 mg/kg IV q6h for 2-4 days Gram-negative bacilli: ceftazidime 2 g IV q8h plus gentamicin 

1.5 mg/kg IV q8h or Cefepime 1 g IV q8h
All above plus dexamethasone

Cellulitis† Severe: Vancomycin 1.5 g IV q12h plus
Piperacillin-tazobactam 3.375 g IV q6h

Moderate:
Cefazolin 1-2 g IV q8h
or
Ceftriaxone 2 g IV q12h
or
Clindamycin 600 mg IV q8h

*Most antibiotic doses must be adjusted if there is hepatic or renal dysfunction. Some antibiotics require adjustment based on levels (e.g., gentamicin). In selecting a drug, carefully consider the patient’s history 
of antibiotic (especially penicillin) allergy.
†Assess for necrotizing fasciitis and consider surgical consultation; raise extremity. MRSA = methicillin-resistant S. aureus. ESBL = Gram-negative organisms including those that produce extended spectrum 
β-lactamases (ESBL).

Continuous renal replacement therapy may be preferable to intermittent 
hemodialysis in patients with septic shock who remain hemodynamically 
unstable.

The timing for initiation of renal replacement therapy in the critically ill 
remains uncertain. Two trials showed no difference in mortality, A19 

,
 A20  but 

another found a lower mortality with early initiation of renal replacement  
therapy. A21 

Low-dose dopamine (2 to 4 µg/kg/minute) does not decrease the need for 
renal support, does not improve outcomes, and is not recommended. Lactic 
acidosis is a common complication of septic shock, but administration of sodium 
bicarbonate for lactic acidosis does not improve hemodynamics or the response 
to vasopressors.

Other Therapies
Deep venous thrombosis prophylaxis with low-molecular-weight heparin 

(LMWH) may be superior to low-dose unfractionated heparin because it may 
decrease the risk of pulmonary emboli in the critically ill. LMWH is recommended 
for patients who do not have active bleeding, coagulopathy, or a contraindica-
tion to heparin (see Fig. 100-2). Stress ulcer prophylaxis with proton pump 
inhibitors or H2-receptor antagonists decreases the risk of gastrointestinal 
hemorrhage.

Enteral nutrition is generally safer and more effective than total parenteral 
nutrition, but total parenteral nutrition is sometimes required in patients with 
abdominal sepsis, surgery, or trauma. A22  Initial trophic feeding, which provides 
about 25% of normal calorie requirements, is comparable to full enteral feeding 
after stabilization of patients in septic shock. The use of sedation, neuromuscular 
blocking agents, and corticosteroids should be minimized because they can 
exacerbate septic encephalopathy and the polyneuropathy or myopathy of 

 PROGNOSIS
The survival and quality of life after hospital discharge after septic shock remain 
poorer than expected for at least the next 10 years.10 For example, the 28-day 
mortality of septic shock is about 25%11 in academic centers, where early 
initiation of appropriate therapies, especially antibiotics, is routine. Deaths in 
the first 72 hours are usually due to refractory septic shock despite increasing 
life support. Later deaths (after day 3) are usually due to multiple organ dys-
function, nosocomial infection, or both. The number of dysfunctional organs 
is a marker of poor prognosis, especially in patients who do not improve or 
have progressive organ dysfunction. Other markers of poor prognosis include 
delays in achieving adequate resuscitation and antibiotics, increased age, 
underlying chronic comorbidities, more severe critical illness, increased arte-
rial lactate, and the need for high doses of vasopressors. Patients who have an 
episode of acute kidney injury during septic shock also have a significantly 
decreased long-term survival than patients without it.

The increasing numbers of septic shock survivors highlight the importance 
of long-term sequelae, such as depression, cognitive dysfunction, and post-
traumatic stress disorder. Septic shock survivors have about a 35% risk of 

sepsis. Neutropenic patients may benefit from granulocyte colony-stimulating 
factor (Chapter 158). The risk of nosocomial infection is decreased by narrow-
spectrum antibiotics, early weaning from ventilation, and periodic removal and 
replacement of catheters (Chapter 266).
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hospital readmission within 6 months, higher than that of patients who are 
discharged after an acute myocardial infarction, heart failure, or chronic obstruc-
tive pulmonary disease.12

Quality of life is frequently impaired in survivors of septic shock. For example, 
survivors of septic shock accompanied by ARDS (Chapter 96) can have neu-
romuscular dysfunction (weakness) and dyspnea on exertion or other persistent 
organ dysfunction. Unfortunately, a trial of more intensive postdischarge 
therapy compared with usual care found no difference in mental health–related 
quality of life. A23 

Breathing—Oxygen, with a tidal volume 6 mL/kg IBW if ventilated.
Wean according to ARDSNet protocol (Chapters  and )

Circulation
• Fluids, vasopressors, inotropes, transfusion; goals include:

• MAP>65 mm Hg
• CVP 8-12 mm Hg
• Hg 70-90 g/L

  Consider pulmonary artery catheter or echocardiogram   
especially if known cardiovascular disease; goals include:
• Wedge pressure 8-15 mm Hg
• Cardiac index: normal or increased

Drugs:
Antibiotics: Narrow spectrum to cause of infection

Hydrocortisone (see text): hydrocortisone 50 mg
intravenously every 6 hours daily for 7 days

Other Organ Support
• Renal function: Continuous renal replacement
• DVT prophylaxis: 

5000 IU subcutaneously 
• Stress ulcer prophylaxis: 

H2-receptor antagonist
ranitidine 50 mg intravenously every 8 hours)

• Nutrition: Enteral preferred
• Sedation: Intermittent with daily awakening 

FIGURE 100-2. Ongoing critical care support and management in septic shock. cVp 
= central venous pressure; dVt = deep venous thrombosis; hg = hemoglobin; iBW = ideal 
body weight; map = mean arterial pressure; nG = nasogastric; Scvo2 = central venous 
oxygen saturation. 
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REVIEW QUESTIONS

1. The incidence of sepsis and septic shock are affected by all of the following 
except:
 A. Increasing age of the population.
 B. Increasing use of immunosuppression.
 C. Increasing frequency of resistant bacteria.
 D. Increasing rates of the acquired immune deficiency syndrome (AIDS).
 E. Increasing handwashing.

Answer: D The frequency of sepsis is not increasing because of increased 
incidence of AIDS. Factors A, B, and C, are associated with an increasing 
incidence of sepsis and septic shock. Increased handwashing decreases the 
risk of nosocomial transmission of infection by staff.

2. Several components of early emergency care are important and are associ-
ated with decreasing mortality of sepsis and septic shock. The best evidence 
for an association with decreased mortality is with which of the following 
early interventions?
 A. Insertion of a central venous catheter to monitor and modify mixed 

venous oxygen saturation by cardiovascular interventions using early 
goal-directed therapy

 B. Early prophylactic intubation
 C. Volume resuscitation great than 5 L
 D. Transfusion to a hemoglobin level of greater than 10 G/L
 E. Early initiation of antibiotics

Answer: E Very recent large multicenter studies show that early antibiotics 
are most associated with decreased mortality of septic shock. Insertion of a 
central venous catheter to monitor and modify mixed venous oxygen satura-
tion by cardiovascular interventions is no better than usual care. Early pro-
phylactic intubation has not been shown to change mortality of septic shock. 
Volume resuscitation great than 5 L has been associated with increased mortality 
of septic shock. Transfusion to a hemoglobin level of greater than 10 G/L is 
not associated with decreased mortality.

3. Which one of the following statements about the risk of acute kidney 
injury (AKI) in septic shock is true?
 A. Vasopressin has similar effects on risk of AKI compared with 

norepinephrine.
 B. A mean arterial pressure target of 80 to 85 mm Hg prevents AKI com-

pared to a mean arterial pressure target of 65 to 70 mm Hg in patients 
with septic shock.

 C. Early goal-directed therapy (EGDT) prevents AKI.
 D. Angiotensin II is better than norepinephrine to prevent AKI.
 E. Levosimendan infusion prevents AKI.

Answer: A Two trials show that vasopressin and norepinephrine had similar 
risk of AKI in patients with septic shock. In one trial, a higher mean arterial 
pressure target (80 to 85 mm Hg) may decrease the risk of acute kidney injury 
and the need for renal replacement therapy in patients with preexisting hyper-
tension, but not in septic shock in general. Early goal-directed therapy (A3, 
A4, A5), angiotensin II, and levosimendan do not prevent AKI.

4. Which of the following (up to two choices) should be present to now 
define septic shock according to Sepsis-3?
 A. Tachypnea >22/min.
 B. Tachycardia >100/min.
 C. Serum lactate >2 mmol/L
 D. Need for a second agent such as vasopressin or hydrocortisone
 E. Vasopressors to maintain a mean arterial pressure ≥65 mm Hg despite 

adequate volume resuscitation
Answer: C and E Both a serum lactate >2 mmol/L and vasopressors to main-
tain a mean arterial pressure ≥65 mm Hg despite adequate volume resuscitation 
are required in the latest definition of septic shock (Sepsis-3). Tachypnea 
>22/min and tachycardia >100/min are components of the quick SOFA, not 
septic shock. There is no need for a second agent such as vasopressin or hydro-
cortisone. Both should be considered in patients who do not respond adequately 
to norepinephrine.
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101 
DISORDERS DUE TO HEAT AND COLD
MICHAEL N. SAWKA AND FRANCIS G. O’CONNOR

 TEMPERATURE REGULATION
Body temperature is regulated through two parallel processes that modify 
body heat balance: behavioral (clothing, shelter, physical activity) and physi-
ologic (skin blood flow, sweating, shivering). Both peripheral (skin) and central 
(core) thermal receptors provide afferent input to a central nervous system 
integrator (hypothalamic thermoregulatory center), and any deviation between 
the controlled variable (body temperature) and a theoretical reference variable 
(“set point” temperature) results in a heat loss or conservation response.

Humans normally regulate body (core) temperature at about 37° C (98.6° 
F), and fluctuations within the narrow range of 35° C to 41° C (95° F to 105.8° 
F) can be tolerated by healthy acclimatized persons; core temperatures outside 
this range can induce morbidity and mortality. By one estimate, about 8% of 
worldwide mortality can be attributed to high or low ambient environmental 
temperatures, with about 90% of the fatalities due to cold.1

There is no single core temperature because it varies at different deep body 
sites and during rest and physical exercise. Arterial blood temperature, which 
provides the best invasive measurement of core temperature, is slightly lower 
than brain temperature. The most accurate noninvasive index of core tem-
perature is esophageal temperature, followed in order of preference by rectal, 
gastrointestinal tract (telemetry pill), and oral temperature. Ear (tympanic 
and auditory meatus) or scanned temporal artery temperature should not be 
relied on for clinical judgment. Rectal temperatures are most commonly rec-
ommended because they are easy to measure and are not biased by environ-
mental conditions.

 HEAT ILLNESS

 DEFINITION
Minor heat-related illnesses include miliaria rubra, heat syncope, and heat 
cramps. Serious heat illness represents a spectrum from heat exhaustion to 
heat injury and heatstroke.
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ABSTRACT
Humans normally regulate body (core) temperature at about 37° C (98.6° 
F), and fluctuations within the narrow range of 35° to 41° C can be tolerated 
by healthy acclimatized persons. Rectal, esophageal, and oral measures of core 
temperature can be used for clinical judgment but not ear or scanned temporal 
artery temperature. Serious heat illness includes heat exhaustion, heat injury, 
and heatstroke. Heat illness accounts for substantial morbidity and mortality 
in the world and appears to be increasing in the United States. Management 
of serious heat illness should stress aggressive whole-body cooling (e.g., cool/
cold water immersion or skin soaking with accelerated evaporation), rehydra-
tion, and monitoring. Cold injuries are classified as hypothermia (mild, mod-
erate, and profound) and peripheral cold injuries (nonfreezing and freezing), 
which often occur simultaneously. Moderate (core temperature < 32° C) and 
profound (core temperature < 26° C) cold require active rewarming with 
common complications including ventricular fibrillation. Frostbitten tissues 
should be protected from trauma and not thawed until confident that warmth 
can be maintained because refreezing causes additional injury. Gentle rewarm-
ing in a water-bath (38° to 43° C) with ibuprofen administration is recom-
mended. Imaging can help predict likelihood of tissue viability, and surgical 
consultation is recommended. Therapeutic hyperthermia and therapeutic 
hypothermia are experimental.
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TABLE 101-1 FACTORS PREDISPOSING TO SERIOUS HEAT 
ILLNESS

INDIVIDUAL FACTORS

Lack of acclimatization
Low physical fitness
Excessive body weight
Dehydration
Advanced age
Young age
Toll-like receptor-4 polymorphisms
HEALTH CONDITIONS

Inflammation and fever
Viral or bacterial infection
Cardiovascular disease
Diabetes mellitus
Gastroenteritis
Rash, sunburn, and previous burns to large areas of skin
Seizures
Thyroid storm
Neuroleptic malignant syndrome
Malignant hyperthermia
Sickle cell trait
Cystic fibrosis
DRUGS

Anticholinergic properties (atropine)
Antiepileptic (topiramate)
Antihistamines
Glutethimide (Doriden)
Phenothiazines
Tricyclic antidepressants
Amphetamines, cocaine, Ecstasy [3,4-methylenedioxy-methamphetamine (MDMA)]
Ergogenic stimulants (e.g., ephedrine, ephedra)
Lithium
Diuretics
β-Blockers
Ethanol
Nonsteroidal anti-inflammatory drugs
ENVIRONMENTAL FACTORS

High temperature
High humidity
Little air motion
Lack of shade
Heat wave
Physical exercise
Heavy clothing
Prior compromised heat exposures

PREVENTION AND TREATMENT 

 EPIDEMIOLOGY
Heat illness accounts for considerable morbidity and mortality in the world 
today. Serious heat illness is associated with a variety of individual factors, 
health conditions, drugs, and environmental factors (Table 101-1). Exertional 
heat illness is among the leading causes of death in young athletes, and its 
incidence appears to be increasing in the United States. Classic heat illness 
caused by high environmental temperatures remains a problem especially in 
homebound elderly persons without air conditioners.2 Anticholinergic and 
sympathomimetic poisoning (Chapter 102) can induce hyperthermia. Malig-
nant hyperthermia (Chapter 404) is a rare disorder occurring in genetically 
predisposed individuals. Rapid and massive skeletal muscle contraction from 
exposure to certain volatile anesthetic agents (most commonly halothane, 
sevoflurane, desflurane, isoflurane, or enflurane) or depolarizing muscle agents 
relaxants (e.g., succinylcholine) can trigger core temperature elevations well 
above 43° C (110° F). However, some data suggest that heat disorders with 
extreme exercise may represent a similar syndrome.3 Neuroleptic malignant 
syndrome (Chapter 406) is an idiosyncratic hyperthermic reaction caused 
by skeletal muscle rigidity from treatment with neuroleptic medications (e.g., 
antipsychotics, antidepressants, antiemetics). Both malignant hyperthermia 
and neuroleptic malignant syndrome are potentially fatal without prompt 
recognition and early intervention.

Heat illness can also occur in low-risk individuals who have taken appropri-
ate precautions relative to situations to which they have been exposed in the 
past. Historically, such unexpected cases were attributed to dehydration (which 

impairs thermoregulation and increases hyperthermia and cardiovascular 
strain), but it is now suspected that a previous heat exposure or a concurrent 
event (e.g., sickness or injury) might make these individuals more susceptible 
to serious heat illness. One theory is that previous heat injury or illness primes 
the acute phase response and augments the hyperthermia of exercise, inducing 
unexpected serious heat illness. Another theory is that previous infection 
produces proinflammatory cytokines that deactivate the cells’ ability to protect 
against heat shock.

 PATHOBIOLOGY
Body temperature can increase from a number of mechanisms: exposure to 
environmental heat (impeded heat dissipation); physical exercise (increased 
heat production); fever from systemic illness (elevated set point with subse-
quent activation of shivering); and medications (neuroleptic malignant syn-
drome and malignant hyperthermia). In addition, febrile persons have 
accentuated elevations in core temperature when they are exposed to high 
ambient temperature, physical exercise, or both. Environmental temperature 
and humidity, medications, and exercise heat stress in turn challenge the car-
diovascular system to provide high blood flow to the skin, where blood pools 
in warm, compliant vessels such as those found in the extremities. When 
blood flow is diverted to the skin, reduced perfusion of the intestines and 
other viscera can result in ischemia, endotoxemia, and oxidative stress. Several 
common mutations in toll-like receptor 4 are associated with endotoxin hypo-
responsiveness. In addition, excessively high tissue temperatures (heat shock: 
>41° C [105.8° F]) can produce direct tissue injury; the magnitude and dura-
tion of the heat shock influence whether cells respond by adaptation (acquired 
thermal tolerance), injury, or death (apoptotic or necrotic). Heat shock, 
ischemia, and systemic inflammatory responses can result in cellular dysfunc-
tion, disseminated intravascular coagulation, and multiorgan dysfunction 
syndrome (E-Fig. 101-1). Furthermore, reduced cerebral blood flow, combined 
with abnormal local metabolism and coagulopathy, can lead to dysfunction 
of the central nervous system.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Minor heat illness is common and can be recognized by its clinical features. 
Miliaria rubra (heat rash) results from the occlusion of eccrine sweat gland 
ducts and can be complicated by secondary staphylococcal infection. Heat 
syncope (fainting) is caused by temporary circulatory insufficiency as a result 
of blood pooling in the peripheral veins, especially the cutaneous and lower 
extremity veins. Skeletal muscle cramps most commonly occur during and 
after intense exercise and are probably related to dehydration, loss of sodium 
or potassium, and neurogenic fatigue rather than to overheating itself.

Serious heat illness includes heat exhaustion, heat injury, and heatstroke, 
with some individuals progressing along this spectrum. Patients who exhibit 
symptoms (e.g., dizziness, un-steady gait, ataxia, headache, confusion, weak-
ness, fatigue, nausea, vomiting, diarrhea) should have an immediate assessment 
of their mental status, core (rectal) temperature, and other vital signs. The 
most common causes of hospital admission are fluid and electrolyte disorders, 
renal failure, urinary tract infection, and heatstroke. Until proven otherwise, 
heatstroke should be the initial working diagnosis in anyone who is a heat 
casualty and has an altered mental status.

Heat exhaustion is defined as a syndrome of hyperthermia (temperature at 
time of event usually ≤40° C or 104° F) and debilitation that occur during or 
immediately after exertion in the heat, accompanied by no more than minor 
central nervous system dysfunction (headache, dizziness, mild confusion), 
which resolves rapidly with intervention. It is primarily a cardiovascular event 
(insufficient cardiac output) frequently accompanied by sweaty hot skin, 
dehydration, and collapse.

Heat injury is a moderate to severe illness characterized by evidence of 
damage to end organs (e.g., liver, renal, gut) and tissues (e.g., rhabdomyolysis) 
without sufficient neurologic symptoms to be diagnosed as heatstroke. It is 
usually associated with body temperatures above 40° C (104° F).

Heatstroke is a severe illness characterized by profound mental status changes 
with high body temperatures, usually but not always higher than 40° C (104° 
F). However, patients with a core temperature higher than 40° C do not uni-
versally have a heat injury or heatstroke, and core temperatures this high can 
be seen transiently after stressful exercise in the heat. To establish the diagnosis 
of heatstroke, the entire clinical picture, including mental status and labora-
tory results, must be considered. Heatstroke is often categorized as classic 
or exertional; classic heatstroke is observed primarily in otherwise sick and 
compromised individuals, and exertional heatstroke is observed primarily in 
apparently healthy and physically fit individuals during or after vigorous exercise  

 PROGNOSIS
A single episode of heat exhaustion does not imply a predisposition to heat 
illness, and most patients recover within several hours after cooling and rehydra-
tion. For patients who present to a hospital with heatstroke, however, mortal-
ity rates can range from 21 to 63%. Mortality in both classic and exertional 
heatstroke correlates directly with the magnitude and duration of temperature 
elevation, the delay in time to initiation of cooling, and the number of organ 
systems affected. Although most patients who survive a heatstroke event will 
have a full recovery, some can sustain permanent organ damage. Neurologic 
injury with cerebellar dysfunction is the most common clinical picture. Patients 
who have recovered from heatstroke with organ damage have a higher long-
term mortality from cardiovascular, liver, and digestive diseases.

Patients who have suffered heat injury or heatstroke should not be reexposed 
to heat until recovery is complete, which can be many weeks or months, and 
about 10% of heatstroke patients remain intolerant of heat.

 COLD INJURY

 DEFINITION
Cold injuries are classified as hypothermia and peripheral cold injuries. Hypo-
thermia is whole body cooling, whereas peripheral cold injuries are localized 
to the extremities and exposed skin. Hypothermia is further divided into three 
categories: mild (≈33° C to ≈35° C), moderate (≈27° C to ≈32° C), and 
profound (<27° C). Peripheral cold injuries can be divided into nonfreezing 
(chilblain, trench foot) and freezing (frostbite). Both hypothermia and periph-
eral cold injuries often occur simultaneously, and treatment priority should 
be given to rewarming in moderate and profound hypothermia.

 EPIDEMIOLOGY
A variety of individual factors, health conditions, medications, and environ-
mental factors are associated with a predisposition to cold injury (Table 101-4). 
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Heat stroke
High body temperature with CNS dysfunction

Tissue thermal injury
Necrotic/apoptotic cell

death

Coagulopathies
Fibrin deposition

Excessive bleeding

Immune modulators
Endotoxin, cytokines

Systemic inflammatory response syndrome

Multi-organ failure and death

E-FIGURE 101-1. Schematic of the sequence of events occurring in response to heat stroke that stimulate a systemic inflammatory response syndrome that leads to multiorgan 
dysfunction and death. (From leon lr, a. Bouchama. Heat stroke. Compr Physiol. 2015;5:611-647.)
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TABLE 101-2 COMPARISON OF CLASSIC AND EXERTIONAL 
HEATSTROKE

PATIENT 
CHARACTERISTICS CLASSIC EXERTIONAL
Age Young children or elderly 15-55 years
Health Chronic illness Usually healthy
Fever Unusual Common
Prevailing weather Frequent in heat waves Variable
Activity Sedentary Strenuous exercise
Drug use Diuretics, antidepressants, 

anticholinergics, 
phenothiazines

Ergogenic stimulants 
or cocaine

Sweating Often absent Common
Acid-base disturbances Respiratory alkalosis Lactic acidosis
Acute renal failure Uncommon Common (≈15%)
Rhabdomyolysis Uncommon Common (≈25%)
CK Mildly elevated Markedly elevated 

(500-1000 U/L)
ALT, AST Mildly elevated Markedly elevated
Hyperkalemia Uncommon Common
Hypocalcemia Uncommon Common
DIC Mild Marked
Hypoglycemia Uncommon Common
ALT = alanine aminotransferase; AST = aspartate aminotransferase; CK = creatine kinase; DIC = 
disseminated intravascular coagulation.

Heat illness can be prevented by heat acclimatization and acquired thermal 
tolerance, maintenance of adequate hydration, and avoidance of overwhelming 
heat exposure.4 Adequate fluid intake is critical, and oral rehydration solutions 
should contain sodium and other electrolytes to restore both intracellular and 
extracellular fluid.

Management of serious heat illness, which should begin in the field setting, 
includes cooling, rehydration, and monitoring (Table 101-3). The first priority 
should be immediately to initiate whole body cooling and to continue cooling 
until the core temperature falls below 38.8° C (102° F). Body cooling lowers 
skin temperatures, thereby facilitating conduction and convection from the 
core to the shell, and reduces cardiovascular stress by causing arterial and 
venous constriction that redirects blood back to the heart. Immersion or soaking 
of the skin in cool or ice water with skin massage is the most effective method, 
but other effective methods include soaking of the skin followed by accelerated 
evaporation with fans or the use of ice sheets and ice packs. These noninvasive 
treatments can be supplemented with the infusion of chilled (≈4° C) normal 
saline.5 Cooling can induce shivering, which is usually not sufficient to increase 
body temperature, so shivering need not be treated.

In the hospital, the highest priority for patient care remains urgent cooling, 
including cold intravascular fluid.6 Patients who are unconscious are at risk of 
poor airway control and may require endotracheal intubation to prevent aspira-
tion. Fluid and electrolyte deficits should be corrected; restoration of plasma 
volume with isotonic fluids (e.g., normal saline) sufficient to sustain adequate 
perfusion, as judged by carefully monitored urine output, is also a priority. 
Rapid overcorrection of serum electrolytes (e.g., sodium) should be avoided. 
If rhabdomyolysis (Chapter 105) and myoglobinuria are present, maintaining 
urine flow helps minimize renal injury.

For exercise-induced and environmental heat illness, no pharmacologic 
interventions have been proved to augment cooling. For patients with malignant 
hyperthermia, however, dantrolene should be administered as a loading bolus 
of 2.5 mg/kg intravenously, with subsequent bolus doses of 1 mg/kg intrave-
nously until the signs have abated.7

PREVENTION AND TREATMENT 

TABLE 101-3 MANAGEMENT OF HEAT ILLNESS
HEAT EXHAUSTION

Rest and shade
Loosen and remove clothing
Supine position and elevate legs
Actively cool skin
Fluids by mouth
Monitor core temperature
Monitor mental status
HYPERTHERMIA

Protect the airway
Insert at least two large-bore intravenous lines
Monitor core temperature; options include rectal, pulmonary artery, esophageal 

probe
Actively cool the skin until core temperature reaches <39° C (<102.2° F)
Ice baths or cool water (≈22° C [71.6° F]) immersion
Wetting with water (avoid alcohol rubs)
Continuous fanning
Exposure to cool environment
Axillary or perineal ice packs and ice sheets
Infusion of room-temperature saline
Gastric or colonic iced saline lavage
Peritoneal lavage with cool saline
Monitor electrocardiogram for arrhythmia
Obtain serial diagnostic studies*
*Electrocardiogram, chest radiograph, complete blood count with differential, platelet count, 
urinalysis, aminotransferases, alkaline phosphatase, bilirubin, creatine kinase, blood urea nitrogen, 
creatinine, phosphate, calcium, glucose, electrolytes, uric acid, prothrombin time and partial 
thromboplastin time, D-dimer, fibrinogen, arterial blood gases, toxicology screen.

(Table 101-2). In heatstroke, neuropsychiatric impairments (e.g., marked con-
fusion, disorientation, combativeness, and seizures) develop early and univer-
sally but are readily reversible with early cooling. In addition, heatstroke can 
be complicated by liver damage, rhabdomyolysis, disseminated intravascular 
coagulation, water and electrolyte imbalance, and renal failure. In fulminant 
heatstroke, patients have the full spectrum of abnormalities associated with 
the systemic inflammatory response syndrome (Chapter 100).

Patients should be carefully monitored to detect possible metabolic abnor-
malities (e.g., hyperkalemia), renal or hepatic failure, disseminated intravascular 
coagulation, cardiac arrhythmias, and acute respiratory failure. Medications to 
be avoided include antipyretics and sedatives with hepatic toxicities. Lorazepam 
(1 to 2 mg administered intravenously during a 2- to 5-minute period, repeated 
if necessary) is a safe sedative because of its low hepatotoxicity and rapid 
metabolism and may be indicated in patients who are combative or exhibit 
seizure activity.

 PROGNOSIS
A single episode of heat exhaustion does not imply a predisposition to heat 
illness, and most patients recover within several hours after cooling and rehydra-
tion. For patients who present to a hospital with heatstroke, however, mortal-
ity rates can range from 21 to 63%. Mortality in both classic and exertional 
heatstroke correlates directly with the magnitude and duration of temperature 
elevation, the delay in time to initiation of cooling, and the number of organ 
systems affected. Although most patients who survive a heatstroke event will 
have a full recovery, some can sustain permanent organ damage. Neurologic 
injury with cerebellar dysfunction is the most common clinical picture. Patients 
who have recovered from heatstroke with organ damage have a higher long-
term mortality from cardiovascular, liver, and digestive diseases.

Patients who have suffered heat injury or heatstroke should not be reexposed 
to heat until recovery is complete, which can be many weeks or months, and 
about 10% of heatstroke patients remain intolerant of heat.

 COLD INJURY

 DEFINITION
Cold injuries are classified as hypothermia and peripheral cold injuries. Hypo-
thermia is whole body cooling, whereas peripheral cold injuries are localized 
to the extremities and exposed skin. Hypothermia is further divided into three 
categories: mild (≈33° C to ≈35° C), moderate (≈27° C to ≈32° C), and 
profound (<27° C). Peripheral cold injuries can be divided into nonfreezing 
(chilblain, trench foot) and freezing (frostbite). Both hypothermia and periph-
eral cold injuries often occur simultaneously, and treatment priority should 
be given to rewarming in moderate and profound hypothermia.

 EPIDEMIOLOGY
A variety of individual factors, health conditions, medications, and environ-
mental factors are associated with a predisposition to cold injury (Table 101-4). 
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In trauma patients (Chapter 103), hypothermia is associated with increased 
morbidity and mortality. Unwarmed anesthetized patients (Chapter 404) 
typically become 1 to 2° C hypothermic because of an internal redistribution 
of body heat from the core to the periphery, so warming should be considered 
to maintain normothermia.8

 PATHOBIOLOGY
Cold exposure elicits peripheral vasoconstriction to reduce heat transfer between 
the body’s core and shell (skin, subcutaneous fat). If sufficiently cold, the 
underlying tissues (e.g., muscle) constrict to thicken the isolative shell while 
reducing the body’s core area. This vasoconstrictor response defends core 
temperature but at the expense of declining peripheral tissue temperatures, 
which contribute to peripheral cold injuries. Hypothermia depresses enzymatic 
activity, interferes with physiologic functions (e.g., clotting, respiration, cardiac 
conduction and rhythm), impairs the expression of cytokines, and can induce 
cellular injury and death.

The pathophysiologic mechanism of frostbite includes four overlapping 
pathologic phases: prefreeze, freeze-thaw, vascular stasis, and late ischemic. 
The prefreeze phase consists of tissue cooling with accompanying vasocon-
striction and ischemia but does not involve actual ice crystal formation. In 
the freeze-thaw phase, intracellular ice crystals form, thereby causing protein 
and lipid derangement, cellular electrolyte shifts, cellular dehydration, cell 
membrane lysis, and subsequent cell death. In the vascular stasis phase, vessels 
may fluctuate between constriction and dilation; blood may leak from vessels 
or coagulate within them. The late ischemic phase results from progressive 
tissue ischemia and infarction due to a cascade of inflammatory cytokines 
and prostaglandins, intermittent vasoconstriction with continued thrombus 
formation, and secondary reperfusion injury.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Hypothermia is a core temperature below 35° C (95° F), and clinical mani-
festations are related to the core temperature achieved (Table 101-5). The 

TABLE 101-4 FACTORS PREDISPOSING TO COLD INJURY
INDIVIDUAL FACTORS

Inadequate clothing and shelter
Lean and low body fat
Low physical fitness
Prior exhaustive physical exercise
Advanced age
Young age
Black race (men and women)
HEALTH CONDITIONS

Burns
Diabetes mellitus
Hypoglycemia
Neurologic lesions
Dementia
Hypoadrenalism, hypopituitarism, hypothyroidism
Prior frostbite or trench foot
Raynaud phenomenon
Sickle cell trait
Trauma
Spinal cord injury
DRUGS

Alcohol
Anesthetics
Antidepressants
Antithyroid agents
Sedatives and narcotics
ENVIRONMENTAL FACTORS

Cold temperatures
High air motion
Rain and immersion
Skin contact with metal and fuels
Repeated cold exposure
Physical fatigue
Immobility
High-altitude and low-oxygen-tension environments

TABLE 101-5 HYPOTHERMIA: STAGES AND ASSOCIATED 
CLINICAL MANIFESTATIONS

STAGE

CORE 
TEMPERATURE

CLINICAL MANIFESTATIONS°F °C
Normothermia 98.6 37.0
Mild 

hypothermia
95.0 35.0 Cold diuresis, maximal shivering
93.0 33.8 Ataxia, poor judgment, J wave
91.0 32.7 Amnesia, blood pressure difficult 

to measure
Moderate 

hypothermia
89.0 31.6 Stupor, pupils dilated
87.0 30.5 Shivering ceases
85.0 30.0 Cardiac arrhythmias, insulin 

inactive
82.0 27.8 Unconsciousness, ventricular 

fibrillation likely
80.0 26.6 No muscle reflexes

Profound 
hypothermia

78.0 25.5 Acid-base disturbances, no 
response to pain

75.0 23.8 Pulmonary edema, hypotension
73.0 22.7 No corneal reflexes
66.0 18.8 Heart standstill
62.0 16.6 Isoelectric electrocardiogram
57.6 14.2 Lowest infant survival from 

accidental hypothermia
48.2 9.0 Lowest adult survival from 

accidental hypothermia

classic J wave on the electrocardiogram (Fig. 101-1) appears at a core tem-
perature below about 33.8° C (93° F).

Chilblain (Chapter 72) appears as localized inflammatory lesions of the 
skin, most often involving the dorsal surface of fingers but also involving the 
ears, face, and exposed shins. Trench foot is caused by prolonged cold, wet 
exposure (e.g., wet socks or gloves), which can cause skin breakdown and 
nerve damage. Trench foot is often accompanied by infection and increased 
sensitivity to pain.

Frostbite, which is actual freezing of tissues, has traditionally been catego-
rized as first degree (superficial, “frostnip”), second degree (full skin), third 
degree (subcutaneous tissue), and fourth degree (extensive tissue and bone). 
For patients with frostbite, early surgical consultation is advised.9

cooled and contribute to impaired capillary blood flow in hypothermic tissues. 
Cold urticaria (Chapters 237 and 411) is the development of localized and 
general erythema and wheals in skin exposed to cold. Paroxysmal hypothermia 
is periodic lowering of the thermoregulatory set point and is often associated 
with hypothalamic abnormalities. Raynaud phenomenon (see Fig. 72-7) is 
intense vasoconstriction with sensitivity to pain in limbs exposed to cold.

 Trauma Hypothermia
In trauma patients (Chapter 103), unintended hypothermia (<34° C [93° F]) 
is associated with increased morbidity and mortality due to impaired coagula-
tion, peripheral vasoconstriction, respiratory depression, and increased risk 
for cardiac arrhythmias. Shivering aggravates perfusion problems by requiring 
blood flow to support increased metabolism in contracting muscles. Trauma 
patients become hypothermic because of heat loss from exposed cavities, 
environmental exposure, infusion of cool fluids, and ischemia, which depletes 
cell energy stores. Body temperature should be measured, and appropriate 
actions, as noted above, should be taken to restore normothermia during the 
early treatment of trauma patients.

 THERAPEUTIC HYPOTHERMIA AND 
HYPERTHERMIA

 Therapeutic Hypothermia
For adults after an out-of-hospital cardiac arrest (Chapter 57), therapeutic 
hypothermia (≈33° C for several hours) was initially reported to improve 
survival and neurologic outcomes. However, aggregate data from random-
ized trials has not confirmed the original finding for out-of-hospital cardiac  
arrest. A1 

,
 A2  All the recent studies have been negative, and the meta-analyses have 

turned negative. In-hospital hypothermia does not improve outcomes for brain 
trauma patients with intracranial hypertension, A3 

,
 A4  for patients after an in-hospital 

arrest, for patients who undergo decompressive hemicraniectomy for malignant 
middle cerebral artery stroke, A5 ,14 or for patients with convulsive status epilepticus  
(Chapter 375). A6 

 Therapeutic Hyperthermia
Hyperthermia treatment (whole body or regional) is an experimental technique 
used as an adjunct to chemotherapy or radiation therapy in patients with 
advanced cancer. Hyperthermia (40° C to 43° C [104° F to 109° F]) alone 
can damage or kill cancer cells, but more important, hyperthermia might 
potentiate the effectiveness of chemotherapy and radiation by softening the 
tumor tissue, thus reducing its interstitial pressure.

Externally applied radiant heat, microwaves, or extracorporeal circulation 
usually induces local, regional, or whole body hyperthermia. Target tissue 
temperatures are achieved and maintained based upon the specific cancer 
protocol, then followed by a passive cooling phase. Patients are usually sedated 
while core and skin temperatures are monitored. In regional hyperthermia, 
the part of the body where the tumor is located is heated while being perfused 
or bathed by a warmed solution containing anticancer drugs. The potential 
benefit of regional hyperthermia as an adjunct treatment of advanced prostate 
cancers is currently under investigation.

FIGURE 101-1. J (Osborne) wave. 

Humans demonstrate minimal cold acclimatization, so prevention depends 
primarily on avoiding cold exposure and having adequate protection and calorie 
intake to support metabolism.10 Management of hypothermia depends on the 
core temperature (Table 101-6). Patients’ wet clothing should be removed, and 
they should be provided with dry insulation. Shivering is an effective physiologic 
rewarming mechanism and should not be pharmacologically suppressed.

Moderately and profoundly hypothermic patients require active rewarming.11 
Rewarming of the hypothermic patient includes both passive (insulation of the 

PREVENTION AND TREATMENT 

 PROGNOSIS
Although noninvasive imaging with technetium pyrophosphate or magnetic 
resonance imaging can often predict the likelihood of tissue viability, it may 
take weeks to determine the precise demarcation of tissue that will require 
amputation. As morbidity may result from premature or unnecessary surgical 
intervention, consultation with a surgeon with experience evaluating and 
treating frostbite should be obtained to assess the need for and the timing of 
any amputations.

 Hypothermic Syndromes
Exercise-induced bronchospasm (Chapter 81) can be triggered by exercise 
in cold air, particularly in patients with asthma. Livedo reticularis is patchy 
mottling of the limbs with cold exposure. Cryoglobulinemia (Chapter 178) 
occurs when immunoglobulins (IgM, IgG) reversibly precipitate after being 

 Grade A References
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cooled and contribute to impaired capillary blood flow in hypothermic tissues. 
Cold urticaria (Chapters 237 and 411) is the development of localized and 
general erythema and wheals in skin exposed to cold. Paroxysmal hypothermia 
is periodic lowering of the thermoregulatory set point and is often associated 
with hypothalamic abnormalities. Raynaud phenomenon (see Fig. 72-7) is 
intense vasoconstriction with sensitivity to pain in limbs exposed to cold.

 Trauma Hypothermia
In trauma patients (Chapter 103), unintended hypothermia (<34° C [93° F]) 
is associated with increased morbidity and mortality due to impaired coagula-
tion, peripheral vasoconstriction, respiratory depression, and increased risk 
for cardiac arrhythmias. Shivering aggravates perfusion problems by requiring 
blood flow to support increased metabolism in contracting muscles. Trauma 
patients become hypothermic because of heat loss from exposed cavities, 
environmental exposure, infusion of cool fluids, and ischemia, which depletes 
cell energy stores. Body temperature should be measured, and appropriate 
actions, as noted above, should be taken to restore normothermia during the 
early treatment of trauma patients.

 THERAPEUTIC HYPOTHERMIA AND 
HYPERTHERMIA

 Therapeutic Hypothermia
For adults after an out-of-hospital cardiac arrest (Chapter 57), therapeutic 
hypothermia (≈33° C for several hours) was initially reported to improve 
survival and neurologic outcomes. However, aggregate data from random-
ized trials has not confirmed the original finding for out-of-hospital cardiac  
arrest. A1 

,
 A2  All the recent studies have been negative, and the meta-analyses have 

turned negative. In-hospital hypothermia does not improve outcomes for brain 
trauma patients with intracranial hypertension, A3 

,
 A4  for patients after an in-hospital 

arrest, for patients who undergo decompressive hemicraniectomy for malignant 
middle cerebral artery stroke, A5 ,14 or for patients with convulsive status epilepticus  
(Chapter 375). A6 

 Therapeutic Hyperthermia
Hyperthermia treatment (whole body or regional) is an experimental technique 
used as an adjunct to chemotherapy or radiation therapy in patients with 
advanced cancer. Hyperthermia (40° C to 43° C [104° F to 109° F]) alone 
can damage or kill cancer cells, but more important, hyperthermia might 
potentiate the effectiveness of chemotherapy and radiation by softening the 
tumor tissue, thus reducing its interstitial pressure.

Externally applied radiant heat, microwaves, or extracorporeal circulation 
usually induces local, regional, or whole body hyperthermia. Target tissue 
temperatures are achieved and maintained based upon the specific cancer 
protocol, then followed by a passive cooling phase. Patients are usually sedated 
while core and skin temperatures are monitored. In regional hyperthermia, 
the part of the body where the tumor is located is heated while being perfused 
or bathed by a warmed solution containing anticancer drugs. The potential 
benefit of regional hyperthermia as an adjunct treatment of advanced prostate 
cancers is currently under investigation.

TABLE 101-6 TREATMENT OF HYPOTHERMIA
STAGE MANAGEMENT BODY REWARMING
Mild hypothermia Monitor vital signs Insulate

Warm intravenous saline Shivering
Oxygen Warm bath
Monitor electrocardiogram 

for arrhythmia
Active warming blanket

Moderate hypothermia Diagnostic studies*
Intensive care
Anticipate infection and 

multiorgan dysfunction

Prevent extra heat loss by 
supplementing with 
airway rewarming

Colonic irrigation
Peritoneal dialysis

Profound hypothermia Diagnostic studies* Central rewarming
*See Table 101-3. Also lactate dehydrogenase, serum lactate, cortisol, thyroid-stimulating hormone, 
T3, and T4.

patient to prevent further heat loss) and active core (e.g., warmed saline and 
humidified oxygen) and external (e.g., warmed water bottles, electric blankets) 
techniques. Rewarming at a rate of 0.5° C to 1.0° C (0.9° F to 1.8° F) per hour is 
acceptable in most cases, except that aggressive rewarming is warranted in 
patients with significant trauma (because coagulation is hindered by hypo-
thermia) or cardiac arrest.

Complications commonly associated with rewarming of the hypothermic 
individual include both afterdrop (reduction of core temperature by cold blood 
returning to the circulation from the periphery) and aftershock (hypotension 
caused by peripheral vasodilation). Another potential complication of rewarm-
ing is ventricular fibrillation, which is more difficult to treat in the presence of 
moderate or profound hypothermia. If ventricular tachycardia or ventricular 
fibrillation develops, defibrillation should be attempted (Chapter 57). If ven-
tricular tachycardia or ventricular fibrillation persists after a single shock, addi-
tional defibrillation attempts should be made, concurrent with rewarming but 
without waiting for the patient to warm to a particular target body temperature. 
Standard resuscitation approaches generally should be followed (Chapter 57). 
Extracorporeal life support is an option for refractory hypothermia-induced 
cardiac arrest.12

Body cooling induces cold diuresis, so plasma volume must be reestablished 
to support adequate perfusion. Patients should receive an intravenous infusion 
of 250 to 1000 mL of heated (40° C to 42° C [104° F to 108° F]) 5% dextrose in 
normal saline. Lactated Ringer solution should be avoided because the liver 
cannot metabolize lactate efficiently during hypothermia. Patients should be 
monitored for disturbances in potassium and glucose. If hypoglycemia, alcohol, 
or opiate intoxication is contributing to hypothermia, intravenous glucose (50 
to 100 mL of 50% dextrose), thiamine (100 mg), or naloxone (1 to 2 mg), respec-
tively, may be indicated.

Frostbitten tissues should be protected from friction or trauma but should 
not be thawed until there is confidence in the ability to maintain warmth because 
refreezing causes more injury. Gentle rewarming in a water bath (38° C to 43° 
C [100° F to 108° F]) is recommended. Ibuprofen should be started in the field 
at a dose of 6 mg/kg every 12 hours to inhibit synthesis of harmful prostaglan-
dins. The dose can be increased to a maximum dose of 2400 mg/day (600 mgs 
every 6 hours) if the patient is experiencing pain. Common practice for blister 
care is selective draining of clear blisters while leaving hemorrhagic blisters 
intact. After tissue rewarming, the rapid initiation of intravenous or intra-arterial 
thrombolysis treatment is associated with improved tissue salvage after frostbite 
injury.13

 PROGNOSIS
Although noninvasive imaging with technetium pyrophosphate or magnetic 
resonance imaging can often predict the likelihood of tissue viability, it may 
take weeks to determine the precise demarcation of tissue that will require 
amputation. As morbidity may result from premature or unnecessary surgical 
intervention, consultation with a surgeon with experience evaluating and 
treating frostbite should be obtained to assess the need for and the timing of 
any amputations.

 Hypothermic Syndromes
Exercise-induced bronchospasm (Chapter 81) can be triggered by exercise 
in cold air, particularly in patients with asthma. Livedo reticularis is patchy 
mottling of the limbs with cold exposure. Cryoglobulinemia (Chapter 178) 
occurs when immunoglobulins (IgM, IgG) reversibly precipitate after being 
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4. Exertional heat stroke is one of the most common reported causes of exer-
tional sudden death in young adults, and is largely preventable. Which of 
the following is not a reported risk factor for exertional heat stroke?
 A. Lack of acclimatization
 B. A prior history of exertional heat stroke
 C. Previous compromised heat exposures
 D. Viral or bacterial infection
 E. All of the above represent proven risk factors.

Answer: E See Chapter 101, Heat Illness Epidemiology section. Exertional 
heat stroke is largely a preventable illness with multiple individual and envi-
ronmental factors including medical conditions and medications. The lack of 
acclimatization is perhaps the most important risk factor for exertional heat 
stroke, however ongoing infection, consecutive days of compromised heat 
exposure, and a history of a prior heat stroke event are all thought to represent 
important risk factors.

5. An important step in the initial management of the patient with potential 
exertional heat stroke is a correct assessment of temperature. Which of the 
following should not be relied on to assess temperature in a potential heat 
stroke victim?
 A. Rectal temperature
 B. Tympanic temperature
 C. Esophageal temperature
 D. Ingestible telemetry
 E. All of the above are reliable instruments

Answer: B See Chapter 101, Heat Illness, section on Temperature Regula-
tion. Ear (tympanic and auditory meatus) or scanned temporal artery tem-
perature should not be relied on for clinical judgment. These devices have 
not been validated to be reliable in exercising adults at potential risk for exer-
tional heat stroke.

REVIEW QUESTIONS

1. The diagnosis of exertional heat stroke primarily includes which signs and 
symptoms?
 A. Hot skin and low blood pressure
 B. Headache and collapse
 C. Heart rate greater than 180 bpm and dry skin
 D. Profound mental status change and core temperature more than 40° C
 E. Loss of consciousness and dehydration

Answer: D Exertional heat stroke is characterized by profound mental status 
changes with high body temperatures, usually but not always above 40° C.

2. Heat stroke is NOT associated with the following organ or tissue injuries 
and complications?
 A. Hypothalamic damage
 B. Liver failure
 C. Coagulopathies
 D. Systemic inflammatory response
 E. Rhabdomyolysis

Answer: A Hypothalamic damage. Heat stroke can be complicated by liver 
damage, rhabdomyolysis, disseminated intravascular coagulation, water and 
electrolyte imbalance, and renal failure.

3. Frostbitten tissues should be immediately treated by:
 A. Whole body rewarming and tissue salvage
 B. Vigorous rubbing to regain circulation, and the draining of hemorrhagic 

blisters
 C. Gentle rewarming, if the patient is able to maintain warmth, and ibuprofen
 D. Plasma volume restoration and thrombolytic treatment
 E. Tissue salvage and minimizing body temperature after-drop

Answer: C Frostbitten tissue should be protected from friction or trauma 
but should not be thawed until there is confidence in the ability to maintain 
warmth. Gentle rewarming in a water bath (30° to 43° C) is recommended. 
Ibuprofen should be started in the field at a dose of 12 mg/kg (divided twice 
daily) to inhibit harmful prostaglandins.
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102 
ACUTE POISONING
LEWIS S. NELSON

 EPIDEMIOLOGY
Each year, more than 4 million poisoning cases, suspected or verified, and 
300,000 related hospital admissions occur in the United States. Poisoning-
related deaths now total about 70,000 annually, and the number of opioid 
related deaths has tripled since 2000. Poisonings are the leading cause of 
injury-related death in the United States, where approximately 90% of these 
deaths involve drugs, predominantly opioids, such as heroin, fentanyl, and 
prescription analgesics.1 Worldwide, however, pesticides, insecticides, caustics, 
and snakebites (Chapter 104) are also common causes, as are intentional 
ingestions of toxic plants. The incidence of recurrent, purposeful self-poisoning 
is 12 to 18%, with most events occurring within 3 months of the original 
attempt. Poison centers provide support and collect data on more than 2 
million exposures annually.2 These facts emphasize the need for regulatory 
measures to improve the safety of prescription drugs, especially opioid anal-
gesics, including appropriate prescribing, and aggressive treatment of poisoned 
patients, including early psychiatric intervention for suicidal behavior, to reduce 
fatalities and repeated attempts (Chapter 369).

 DIAGNOSIS
Despite the vast array of toxins to which a patient may be exposed, the clinical 
manifestations of poisoning are fairly limited. In most cases, it is less important 
to predict exactly which toxin is responsible for the acute poisoning than it 
is to create a differential diagnosis based on a careful history and physical 
examination as well as basic laboratory assays. The recognition of the specific 
toxic syndrome, or toxidrome, guides the clinician toward the likely diagnosis 
based on reasonably solid evidence. On this basis, treatment, including initial 
stabilization, critical care, decontamination, and even the empirical adminis-
tration of antidotes, can be guided by an understanding of the pharmacology 
and physiology of the patient’s toxidrome. More advanced care, such as methods 
to enhance the elimination of specific toxicants, commonly requires serial 
examinations, additional history, and subsequent laboratory testing. Even then, 
however, the clinical picture is often clouded by exposures to multiple toxicants 
and an ill-defined time course since the initial exposure.

History
Details elicited about toxic exposures should include the involved drugs and 
other toxicants, their estimated or known amounts, the time and routes of 
exposure, the patient’s symptoms and signs, and any treatment already admin-
istered. Poisoning may result from acute, chronic, or acute-on-chronic exposure. 
A toxicant is defined as a chemical capable of harming a biologic organism; 
this definition encompasses toxins, which are derived from living organisms 
(such as plants, bacteria, venoms), as well as synthetic substances, such as 
medications, drugs of abuse, and industrial and other chemicals. Determina-
tion of chronicity is important because signs and symptoms of chronic exposure 
(Chapter 19) can differ from those of acute and acute-on-chronic exposure. 
For example, a history of acute multisystem organ failure narrows the toxicant 
possibilities to a few gases, chemicals, and drugs. A listing of available medica-
tions (e.g., those of the patient, spouse, relatives, or friends), nonprescription 
medications and herbals, dietary supplements, or ethnic remedies, and occu-
pational and avocational activities should be obtained. Occupational and 
avocational histories should include present and all past jobs and hobbies, 
with a focus on chemicals, metals, and gases. Known medical conditions may 
suggest classes of medications available to the patient. The patient’s history, 
which may be incomplete if the patient is confused or suicidal, should be 
correlated with the clinical manifestations and course. Further history from 
relatives and friends and findings from the scene as reported by the transport-
ing emergency medical services personnel may be relevant.

Physical Examination
The physical examination should focus on vital signs; the eye, ear, nose, and 
throat examination; and the neurologic, cardiopulmonary, gastrointestinal, 
and dermatologic systems. Findings can suggest certain toxidromes, which 
are clusters of signs and symptoms typical of poisoning. Among the dozens of 
toxidromes that assist in patient assessment and guide management, those due 
to adrenergic, anticholinergic, cholinomimetic, opioid, and sedative-hypnotic 
agents are most relevant to the emergency management of poisoned patients 
(Table 102-1). Patients may have some or all of these signs and symptoms; an 
incomplete clinical picture does not exclude a particular toxidrome, but it can 
still assist the clinician in identifying the correct category of toxicant involved.

Vital Signs
Tachycardia, which can occur with numerous toxicants, is most prominent in 
patients with anticholinergic and sympathomimetic toxidromes. However, 
because tachycardia also may occur with anxiety and other nontoxicologic 
conditions, it is not generally a helpful finding. The differential diagnosis 
for toxicant-induced bradycardia is more limited and includes β-adrenergic 

TABLE 102-1 TOXIDROMES AND ASSOCIATED DRUGS AND TOXICANTS

TOXIDROME

SYNDROME FEATURES

REPRESENTATIVE DRUGS AND TOXICANTSVITAL SIGNS END ORGAN
Adrenergic Hypertension, hyperthermia, tachycardia, 

tachypnea
Agitation, arrhythmias, diaphoresis, 

mydriasis, seizures
Amphetamines, caffeine, cathinone derivatives, cocaine, 

ephedrine, pseudoephedrine, Ephedra sp, phenylephrine,* 
synthetic cannabinomimetics, theophylline

Anticholinergic Hyperthermia, tachycardia, blood 
pressure generally normal

Agitation, delirium, decreased or absent 
bowel sounds, dry flushed skin and 
mucous membranes, mydriasis or 
blurred vision, seizures, urinary 
retention

First-generation H1-receptor antagonists (e.g., diphenhydramine), 
belladonna alkaloids (e.g., scopolamine, atropine) from plants 
(e.g., Datura sp—deadly nightshade, henbane), benztropine, 
cyclic antidepressants, dicyclomine, muscle relaxants (e.g., 
orphenadrine, cyclobenzaprine), trihexyphenidyl

Cholinomimetic Tachycardia or bradycardia† Agitation, delirium, coma; bronchorrhea, 
bronchospasm; diaphoresis; 
fasciculations; lacrimation; miosis; 
urination; diarrhea, vomiting; seizures

Carbamate cholinesterase inhibitors (e.g., physostigmine, 
neostigmine), organophosphorus compounds including 
pesticides (e.g., diazinon, malathion) and nerve agents (e.g., 
somin, sarin), Inocybe or Clitocybe mushroom spp

Opioid Bradypnea or apnea, bradycardia, 
hypotension (late), hypothermia

CNS depression; hypotonia; miosis Codeine, fentanyl, fentanyl analogs, heroin, hydrocodone, 
oxycodone, morphine, central α2-agonists (e.g., clonidine, 
imidazolines)

Sedative-hypnotic Generally near normal with 
benzodiazepines, but bradypnea or 
apnea, mild hypotension, and mild 
hypothermia can occur

Ataxia, CNS depression, hyporeflexia, 
slurred speech, stupor, or coma

Barbiturates, benzodiazepines, bromides, chloral hydrate, ethanol, 
etomidate, glutethimide, meprobamate, methyprylon, 
propofol, zolpidem

*Reflex bradycardia can occur as a result of a pure α-adrenergic agonist effect.
†Depending on the specific toxicant, tachycardia can occur early as a result of a preganglionic nicotinic effect; as toxicity progresses, postganglionic muscarinic effects may predominate, and bradycardia develops.
CNS = central nervous system.
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ABSTRACT
Although there are thousands of potentially toxic substances to which humans 
can be exposed, the majority of patients that are clinically evaluated can be 
managed with readily available clinical information. Historical information, 
including potential home and workplaces toxins, along with a brief physical 
examination, generally allow identification of one of the various toxicologic 
syndromes that expedites the decision making regarding treatment. For some 
patients, the use of routine or specialized clinical laboratory testing or imaging 
may be needed to confirm a diagnostic suspicion. More advanced testing is 
occasionally required for certain patients but is generally not available in a 
clinically relevant time frame, highlighting the need for empiric therapy in 
these cases. Some patients with toxic exposures may benefit from specific 
antidotal therapy or elimination techniques, but many require little more sup-
portive and symptomatic care.
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or carbamates; therapeutic cholinesterase inhibitors (e.g., pyridostigmine); 
topical miotic ophthalmic drugs (e.g., pilocarpine, carbachol); and, variably, 
phencyclidine, phenothiazines, ethanol, and some sedative-hypnotics (Chapter 
396). Pontine hemorrhage is a major nontoxicologic diagnosis to consider in a 
comatose patient with miotic pupils (Chapter 380). Mydriasis is a nonspecific 
finding. A unilateral dilated pupil may be due to topical ocular application of 
sympathomimetics (e.g., phenylephrine), antihistamines, or anticholinergic 
agents (e.g., inhaled anticholinergics such as ipratropium or tiotropium, dust 
or sap from Datura sp) and can be caused by a postauricular scopolamine 
patch. Failure of topical 4% pilocarpine ophthalmic drops to constrict the pupil 
supports the diagnosis of pupillary dilation from a topical mydriatic agent. 
Visual disturbances, including partial or total blindness as a result of systemic 
toxicity, have been reported with anticholinergic agents, carbon monoxide, 
digitalis, ethambutol, methanol, methyl bromide, quinine, and agents that are 
associated with pseudotumor cerebri, including antimicrobials (e.g., ampicil-
lin, metronidazole, nalidixic acid, nitrofurantoin, sulfa drugs, tetracycline), 
glucocorticosteroids, lead, lithium, oral contraceptives, phenothiazines, phe-
nytoin, and vitamin A. Nonarteritic anterior ischemic optic neuropathy has 
developed after the use of sildenafil and other related drugs (Chapter 221); 
the causal relationship is unknown.

Acute hearing loss (Chapter 400) can occur as a toxic effect of aminogly-
cosides, bromates, chloroquine, cisplatin, carboplatin, high-dose loop diuretics, 
nitrogen mustard, quinine, opioids, salicylates, vinblastine, and vincristine. 
Nasal septal erosions and perforations may be due to chronic exposure to 
intranasal cocaine (Chapter 31) or inhalation of fumes from chromium and 
nickel (Chapters 87 and 88).

Neurologic Signs
Many toxicants affect the central nervous system (CNS) and can produce 
agitated delirium, depression, or seizures (Table 102-2). Distinguishing features 
of various toxicants may assist in making the correct diagnosis. Patients who 
are withdrawing from opioids because of abstinence (as opposed to after being 
administered naloxone) are alert and oriented, whereas patients withdrawing 
from alcohol, barbiturates, benzodiazepines, and other sedative-hypnotics are 
often disoriented. Initial CNS depression can also develop with large inges-
tions of acetaminophen or ibuprofen. Isoniazid and theophylline are noted 
for producing seizures refractory to the usual doses of benzodiazepines and 
barbiturates. Pyridoxine treats isoniazid-induced seizures by increasing CNS 
γ-aminobutyric acid, synthesis of which is inhibited by isoniazid. Phenytoin 
is relatively ineffective for the majority of toxicant-induced seizures, perhaps 
because of the absence of a discrete seizure focus in most poisoned patients. 
Plant or mushroom ingestion can also produce CNS depression (e.g., Rho-
dodendron sp, Solanum [bittersweet], Taxus [yew], Sophora [mescal bean]), 

receptor antagonists, L-type calcium-channel antagonists (diltiazem or vera-
pamil), cardioactive steroids, peripheral α-adrenergic receptor agonists (e.g., 
phenylephrine, whose effects are mediated by baroreceptor reflexes), central 
α2-agonists such as clonidine, γ-hydroxybutyric acid, opioids, sedative-hypnotics, 
baclofen, organophosphorus and carbamate pesticides, muscarine-containing 
mushrooms (Clitocybe, Inocybe sp), plant- and animal-derived toxins (e.g., 
aconitine, andromedotoxin, ciguatoxin, and veratridine, all of which open 
sodium channels in the myocardium), therapeutic cholinesterase inhibitors 
(e.g., physostigmine), and some antiarrhythmic drugs (e.g., procainamide, fle-
cainide, and other class IA, IC, and III drugs, such as amiodarone and sotalol). 
Bradycardia also is a preterminal sign for many consequential toxicants, such 
as cyclic antidepressants and cyanide.

Many toxicants cause hypotension (Chapter 7). The primary mechanisms 
are decreased peripheral vascular resistance, decreased myocardial contractility, 
hypovolemia secondary to gastrointestinal or dermal loss of intravascular 
volume, and, occasionally, arrhythmias. Common causes of hypertension 
(Chapter 70), which is generally due to vasoconstriction with or without 
enhanced inotropy, include amphetamines, cocaine, ephedrine and similar 
agents, ergots, phencyclidine, nicotine, phenylephrine, thyroid hormones, 
yohimbine, and chronic lead toxicity. Blood pressure can rise early in poison-
ing with central α2-adrenergic agonists and monoamine oxidase inhibitors, 
but subsequent hypotension should be expected and is more concerning.

Hyperthermia (Chapter 101) occurs with toxicants that cause agitation or 
excessive psychomotor activity (e.g., cocaine, phencyclidine, monoamine oxidase 
inhibitors, strychnine), uncouple oxidative phosphorylation (e.g., salicylates, 
2,4-dinitrophenol), increase the metabolic rate (e.g., thyroid hormones), impair 
sweating (e.g., first-generation antihistamines, anticholinergics, phenothiazines), 
cause vasoconstriction (e.g., amphetamines, cocaine, ephedrine), or alter per-
ception of heat (e.g., cocaine). Other toxicant-induced states associated with 
hyperthermia include malignant hyperthermia, neuroleptic malignant syn-
drome, serotonin syndrome, metal fume fever, and aspiration pneumonitis. 
Toxicant-induced hypothermia is typically due to sedative-hypnotics, opioids, 
barbiturates, ethanol, phenothiazines, or hypoglycemic agents (such as insulin, 
sulfonylureas, and meglitinides) or rarely to unripe ackee fruit. Oxygen saturation 
(see Fig. 96-1) as measured by pulse oximetry decreases with true hypoxemia 
(see Table 96-3) or methemoglobinemia (not proportionally to concentra-
tion) (Chapter 149) but remains normal or may be increased in patients with 
carbon monoxide or cyanide poisoning (Chapter 88).

Eyes, Ears, Nose, and Throat
Toxicant-induced bilateral miosis (Fig. 102-1) has a limited differential 
diagnosis that includes central α2-agonists such as clonidine, guanfacine, 
and the imidazolines; olanzapine; opioids; organophosphorus compounds 
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FIGURE 102-1. Diagnostic algorithm using the size of the pupils. note that atypical toxidromes are common because of mixed toxicant exposures, so the examiner can be  
misled if relying only on this sign. 
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sculpturatus, in the United States), and crotaline (e.g., rattlesnakes) and elapid 
snakes; brevetoxin (shellfish) and ciguatoxin (various fish); neuromuscular 
blocking drugs; nicotine and related alkaloids; paralytic shellfish toxins; saxi-
toxin (shellfish); organophosphorus compounds and carbamates; tetrodotoxin 
(puffer fish [fugu], blue-ringed octopus, salamanders, newts, and others); and 
veratridine (e.g., false hellebore). Cranial nerves can be affected by carbon 
disulfide, ciguatoxin, domoic acid (shellfish), elapid venom, ethylene glycol 
metabolites, paralytic shellfish toxins, bark scorpion, saxitoxin, tetrodotoxin, 
thallium, and trichloroethylene. Mononeuropathies and vasculitic neuropathies 
are unlikely to be induced by toxicants (Chapter 104).

Cardiopulmonary Effects
The examination should focus on blood pressure, heart rate, electrocardiographic 
abnormalities (e.g., rhythm, conduction, depolarization, repolarization), and 
pulmonary findings, including pulse oximetry. Drugs and other toxicants that 
can cause arrhythmias or conduction abnormalities include β-adrenergic recep-
tor antagonists, butyrophenones (e.g., haloperidol), L-type calcium-channel 
antagonists, cardioactive steroids (e.g., bufadienolides, found in toxic toad 
venom and incorporated into some illicit aphrodisiacs; cardenolides, such as 
digoxin, found in plants such as foxglove, oleander, and lily of the valley), chloral 
hydrate, chloroquine, cocaine, cyclic antidepressants, ethanol, halogenated 
hydrocarbons (e.g., halothane, trichloroethylene), magnesium salts, potas-
sium salts, propoxyphene, thioridazine or mesoridazine, and antiarrhythmics 
and other agents that affect the myocardial voltage-gated sodium channels 
(e.g., bupivacaine, chloroquine, cocaine, cyclic antidepressants, flecainide, 
mexiletine, quinidine, procainamide, propafenone) and potassium channels 
(e.g., typical and atypical antipsychotics, cisapride, citalopram, erythromycin 
[especially when taken concomitantly with cytochrome P-450 A inhibitors; 
Chapter 26], quinidine, sotalol, terfenadine). Bedside echocardiography may 

CNS stimulation (e.g., Catha edulis [khat], Strychnos nux-vomica [contains 
strychnine], Cicuta sp [water hemlock], Ephedra [Mormon tea]), atropine-like 
effects (e.g., Atropa belladonna [deadly nightshade], Datura sp [jimsonweed]), 
and cholinomimetic effects (e.g., Nicotiana genus [tobacco], Conium macula-
tum [poison hemlock], Inocybe and Clitocybe mushrooms). Seizures can also 
occur with many of these plants and with mushrooms that contain gyromi-
trins (e.g., false morel, Gyromitra sp) and muscimol (e.g., Amanita muscaria, 
Amanita pantherina).

Distal axonopathy, a primary degeneration of peripheral nervous system 
axons with secondary degeneration of the myelin sheath, is the predominant 
type of toxicant-induced peripheral neuropathy. It usually is insidious in onset 
and follows chronic exposure; there is often slow recovery following termina-
tion of exposure but, depending on the exposure and extent of neuronal damage, 
the clinical effects may be permanent. Common causative agents include 
acrylamide monomer, allyl chloride, arsenic (inorganic), capsaicin, carbon 
disulfide, chloramphenicol, cisplatin, colchicine, cyanate, dapsone, dideoxy-
cytidine, dideoxyinosine, disulfiram, ethambutol, ethanol, ethylene oxide, gold 
salts, hexachlorophene, n-hexane, hydralazine, interferon, isoniazid, lead, 
linezolid, mercury, methyl bromide, methyl n-butyl ketone, metronidazole, 
nitrofurantoin, nitrous oxide, some organophosphorus compounds, phenol, 
platinum, podophyllotoxin, polychlorinated biphenyls, pyridoxine, tacrolimus, 
taxoids, thalidomide, thallium, vidarabine, vinca alkaloids, and vinyl chloride. 
Amiodarone, arsenic, and trichloroethylene can produce a demyelinating 
neuropathy, whereas pyridoxine can produce a sensory, sometimes painful, 
neuropathy. In addition, the neuropathy may be multifactorial in nature, such 
as vitamin deficiency associated with chronic ethanol consumption (Chapter 
388). Neuronal transmission can be altered by aminoglycosides; the venom 
of Latrodectus species (widow spiders)[see also Chapter 104 on envenomation 
and related injuries], scorpions (only the bark scorpion, Centruroides 

TABLE 102-2 CENTRAL NERVOUS SYSTEM EFFECTS OF TOXICANTS

TOXICANT CATEGORIES AND AGENTS

CNS EFFECTS

AGITATED DELIRIUM DECREASED LEVEL OF CONSCIOUSNESS SEIZURES
CLASSES

Anticholinergic agents + + +

Anticonvulsants + + + (paradoxical with some agents)
Antipsychotic drugs + +

β-Adrenergic receptor antagonists + + + (theophylline/caffeine)
Hallucinogenic agents + + + (certain amphetamines)
Monoamine oxidase inhibitors + + +

Opioids + (withdrawal, tramadol) + + (meperidine, tramadol)
Sedative-hypnotics + (rare, paradoxical) +

Serotonin agonists + (serotonin syndrome) + +

AGENTS

Amphetamines, cocaine + + (following binge use) +

Antidepressants (non SSRI) + (MAOI) + +

Antihistamines (first generation, e.g., diphenhydramine) + + +

Barbiturates +

Benzodiazepines + (rare, paradoxical) +

Cytochrome oxidase inhibitors (e.g., carbon monoxide, 
cyanide, hydrogen sulfide, azides)

+ +

Ephedra alkaloids and similar agents + + +

Ethylene glycol, methanol + +

γ-Hydroxybutyrate and precursors + (paradoxical) + + (vs. myoclonus)
Lithium + + + (rare)
Organophosphorus compounds (e.g., diazinon, 

malathion) and carbamates (e.g., carbaryl)
+ + +

Salicylates + (delirium) + + (often pre-terminal)
SSRIs/SRIs antidepressants + (serotonin syndrome) + +

Withdrawal from alcohol, barbiturates, benzodiazepines, 
other sedative-hypnotics

+ +

Withdrawal from opioids + + (only in neonates)
CNS = central nervous system; SRIs = serotonin re-uptake inhibitors; SSRIs = selective serotonin re-uptake inhibitors; MAOI = monamine oxidase inhibitors
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United States, acetaminophen and ethanol are the most common causes of 
toxicant-induced hepatotoxicity (Chapter 141).4 Other notable hepatotoxicants 
include aflatoxins (in food contaminated with Aspergillus flavus), arsenicals, 
carbon tetrachloride, copper sulfate, cyclopeptide mushrooms (e.g., Amanita 
phalloides),5 Ephedra species (e.g., ma huang), iron salts, methamphetamine, 
pennyroyal oil, pyrrolizidine alkaloids (various plant species used in herbal 
teas), and vitamin A in chronic excessive doses.

Dermatologic Signs
The skin, hair, nails, and mucous membranes should be examined for evidence 
of intravenous drug use; the presence or absence of skin and mucous mem-
brane moisture; abnormal skin coloration, including erythema and cyanosis; 
alopecia; and nail abnormalities. Bullous skin lesions have been reported with 
chronic barbiturate use, glutethimide, carbon monoxide, meprobamate, metha-
done, and valproic acid. Cyanosis may reflect hypoxemia or methemoglobin-
emia. Commonly used agents that can cause methemoglobinemia include 
aniline dyes, benzocaine and other amide anesthetics, dapsone, naphthalene, 
nitrates, nitrites, phenazopyridine, rifampin, and sulfonamides. Skin erythema 
or flushing occurs with anticholinergic agents, boric acid ingestion, monoso-
dium glutamate, niacin, scombroid toxicity as a result of the ingestion of 
inadequately refrigerated fish with a high histidine content (e.g., tuna, mahi-
mahi, amberjack), vancomycin, and interactions between ethanol and numerous 
agents that produce disulfiram or disulfiram-like reactions (e.g., carbon disulfide, 
some cephalosporins, Coprinus atramentarius mushroom, disulfiram, griseo-
fulvin, metronidazole, thiuram herbicides, trichloroethylene).

Specific Toxicants
Some common toxicants can be suspected from their characteristic manifesta-
tions (Table 102-3). These suspicions should guide specific diagnostic and 
therapeutic strategies that complement general decontamination and supportive 
treatments.

reveal depressed myocardial contractility as a result of agents that block the 
myocardial voltage-gated sodium channel, β-adrenergic receptor antagonists, 
calcium-channel antagonists, cyclic antidepressants, magnesium salts, arsenic 
salts, ciguatoxin, cyanide, ethanol, iron salts, and scorpion venom.

Toxicants can produce myriad pulmonary effects, including airway irrita-
tion, parenchymal and pleural diseases, vascular diseases, and barotrauma. 
Typical syndromes and etiologic agents include pulmonary edema (β-adrenergic 
receptor antagonists, calcium-channel antagonists, antiarrhythmics, dauno-
rubicin, doxorubicin), acute respiratory distress syndrome (Chapter 96) 
(amphetamines, cadmium, chlorine, cocaine, ethchlorvynol, methotrexate, 
opioids, heroin, paraquat, salicylates; inhalation of smoke, zinc chloride, methyl 
bromide, methyl chloride), and rapidly developing pulmonary fibrosis or 
bronchiolitis obliterans (nitrogen dioxide, paraquat). For organophosphorous 
nerve agent and insecticide poisoning, acute respiratory failure is the most 
common primary cause of death, but some patients develop delayed neuro-
muscular junction dysfunction (i.e., intermediate syndrome), aspiration pneu-
monia, and acute respiratory distress syndrome.3

Gastrointestinal Effects
Symptoms of nausea, vomiting, diarrhea, and abdominal pain are nonspecific 
and must be interpreted in the context of other findings. Agents that produce 
severe or life-threatening toxicity with early gastrointestinal findings include 
acid or large alkali ingestions; cardioactive steroids, colchicine and other 
microtubular toxicants (e.g., podophyllin, vincristine); metal salts such as 
arsenic, iron, mercury salts, and thallium; mushrooms containing amanitin 
(Amanita phalloides, Amanita virosa, Amanita verna, Lepiota chlorophyllum), 
gyromitrins (Gyromitra esculenta), orellanines (Cortinarius orellanus), or allenic 
norleucine (Amanita smithiana); nicotine; organophosphorus compounds; 
and theophylline. Severe abdominal pain and rigidity can occur with lower 
extremity envenomation by Latrodectus species (widow spiders). Hepatotoxic-
ity can occur as an adverse effect of the therapeutic use of many drugs; in the 

TABLE 102-3 PATHOPHYSIOLOGY, CLINICAL EFFECTS, AND MANAGEMENT OF SPECIFIC DRUGS AND TOXICANTS
DRUG OR TOXICANT PATHOPHYSIOLOGY CLINICAL EFFECTS LABORATORY SPECIFIC THERAPY
Acetaminophen NAPQI (toxic metabolite) 

binds hepatic and renal 
tubular cells; 
acetaminophen itself 
induces transient decrease 
in functional coagulation 
factor VII and can increase 
INR

Initial: nausea, vomiting, coma, 
lactic acidosis in severe cases

Days 1-3: elevated INR, 
aminotransferase levels; RUQ 
tenderness; increased creatinine 
level in severe cases

Days 4-14: gradual recovery or 
continued increase in INR and 
creatinine, lactic acidosis, coma, 
cerebral edema, death

Potentially toxic level ≥150 µg/
mL 4 hours after ingestion*

INR may be transiently elevated 
in first 24 hours because of 
decrease in functional factor 
VII; further increases indicate 
hepatic necrosis; elevated 
aminotransferase and bilirubin 
levels not predictive of hepatic 
failure

Creatinine elevated in severe 
cases

NAC (see dosing guidelines in  
Table 102-6); NAC can increase  
INR but not aPTT†

Amphetamines (also 
cathinones, which are a 
class of keto substituted 
amphetamines)

Increased release of 
presynaptic norepinephrine 
and dopamine

Increased serotonin release 
(especially MDMA, PMA, 
DOB, certain other 
amphetamines)

Mild: euphoria, decreased appetite, 
repetitive behavior

Moderate: vomiting, agitation, 
hypertension, tachycardia, 
mydriasis, bruxism, diaphoresis

Severe: hypertension or 
hypotension, arrhythmias, 
hyperthermia, seizures, coma, 
multisystem organ failure, 
hyponatremia (SIADH), cerebral 
infarction or hemorrhage

Not helpful; many false-positives 
and false-negatives on 
screening tests (see Table 
102-4)

IV crystalloids
External cooling
Benzodiazepines to control agitation or 

seizures
Benzodiazepines for hypertension
See SSRIs/SRIs for features and 

treatment of serotonin syndrome

β-Adrenergic receptor 
antagonists

Blocks catecholamines from 
β-adrenergic receptors

α- and β-adrenergic receptor 
antagonism: carvedilol, 
labetalol

Delayed rectifier potassium-
channel blockade: sotalol

Bradyarrhythmias (with high doses), 
decreased myocardial 
contractility, hypotension, 
respiratory depression, decreased 
consciousness with seizures or 
coma (lipophilic agents, e.g., 
propranolol), prolonged QT 
interval (sotalol)

ECG
No specific tests

Regular insulin, 1 U/kg by IV bolus 
followed by 1 U/kg/hr (plus dextrose, 
usually needed within 20-30 min, to 
maintain euglycemia), with upward 
titration every 10 min to max of  
10 U/kg/hr. Other options include 
(1) IV glucagon (3-5 mg over 
2-minute period; if no increase in BP 
or HR, can repeat up to 10 mg); if 
effective, immediately start continuous 
infusion at 2-10 mg/hr; or  
(2) norepinephrine or dobutamine 
infusion titrated to desirable BP and 
HR (less predictable)

Electrical pacing, IABP, or intravenous 
lipid emulsion therapy in refractory 
cases6
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TABLE 102-3 PATHOPHYSIOLOGY, CLINICAL EFFECTS, AND MANAGEMENT OF SPECIFIC DRUGS AND TOXICANTS—cont’d
DRUG OR TOXICANT PATHOPHYSIOLOGY CLINICAL EFFECTS LABORATORY SPECIFIC THERAPY
L-type calcium-channel 

antagonists
Blocks L-type voltage-

sensitive calcium channels, 
thereby decreasing calcium 
entry into myocardial 
(verapamil, diltiazem) and 
vascular smooth muscle 
cells (all, but predominant 
effect of dihydropyridines)

Decreases pancreatic insulin 
release and increases insulin 
resistance

Brady-arrhythmias (verapamil, 
diltiazem), hypotension, 
hyperglycemia

Tachycardia and hypotension 
(dihydropyridines such as 
amlodipine, nifedipine)

ECG
No specific tests

3 g (30 mL of 10% calcium gluconate 
solution) over 10 minutes  
(60 seconds if in extremis). Repeat in 
10-20 minutes up to 3 times as 
needed.

Ionized Ca2+ levels should not exceed 2× 
normal (severe cases will be refractory 
to calcium therapy)

Glucagon, high-dose insulin and dextrose, 
catecholamines, and milrinone (as for 
β-adrenergic antagonists)

Intravenous lipid emulsion therapy for 
verapamil and diltiazem, unclear for 
dihydropyridines; only indicated for 
moribund patients7

Cardioactive steroids, 
including digoxin, 
bufadienolides (toxic 
toad venom), and 
cardenolides (e.g., 
oleander, lily of the 
valley, dogbane)

Inhibits Na+,K+-ATPase
Decreased CNS sympathetic 

output
Decreased baroreceptor 

sensitivity
Increased vagal acetylcholine 

discharge

Bradyarrhythmias, including 
second- and third-degree AV 
block and asystole

Ventricular ectopy, tachycardia, 
fibrillation

Junctional tachycardia, paroxysmal 
atrial tachycardia with block

Weakness, visual disturbances, 
nausea, vomiting

ECG
Serum digoxin level
Serum potassium (hyperkalemia 

occurs in acute poisoning and 
is prognostic for poor 
outcome without Fab; 
hypokalemia may be present 
in chronic poisoning due to 
concomitant medications), 
magnesium, and creatinine 
levels

Correcting the hypokalemia and 
hypomagnesemia with electrolyte 
infusions is not helpful

Do not give calcium salts
Digoxin-specific antibody fragments 

(Fab) indicated if patient has rhythm 
disturbances such as sinus bradycardia, 
Mobitz II, or third-degree AV block, 
ventricular ectopy, serum potassium 
≥5 mEq/L if acute overdose, ingestion 
of bufadienolide- or cardenolide-
containing agents, or renal 
insufficiency

Empirical dose
Chronic: 2-5 vials
Acute: 10-20 vials

Calculated dose
Chronic: number of vials = serum 

digoxin level (ng/mL) × wt 
(kg)/100

Acute: number of vials = 2 × oral 
digoxin dose (mg) × 0.8

If hypokalemic (generally chronic 
overdose), replete serum potassium

Cyclic antidepressants Myocardial sodium- and 
potassium-channel 
blockade

Blockade of α-adrenergic and 
cholinergic muscarinic 
receptors

Inhibition of norepinephrine 
re-uptake

Decreased level of consciousness 
(can develop rapidly), myoclonus, 
seizures, coma

Anticholinergic toxidrome (see 
Table 102-1)

Sinus tachycardia, ventricular 
conduction delays, ventricular 
arrhythmias, asystole

Hypotension

Serum levels not helpful in 
management

Intermittent IV boluses of NaHCO3 
(1 mEq/kg) to narrow QRS to 
<100 msec; infusion of NaHCO3 is 
less effective; maintain arterial pH at 
7.5 because alkalemia and sodium ions 
can improve cardiovascular 
performance

Contraindicated drugs: types IA and IC 
antiarrhythmic agents, physostigmine, 
flumazenil

Ethylene glycol, methanol 
(e.g., antifreeze, 
window cleaners, 
camping stove fuels)

Ethylene glycol: toxic 
metabolites produce 
cytotoxicity in CNS, 
kidneys, lungs, heart, liver, 
muscles; metabolic acidosis 
is due to glycolate 
accumulation; oxalate 
complexes with calcium, so 
hypocalcemia can develop

Methanol: metabolized to 
formic acid, which is 
responsible for metabolic 
acidosis and inhibition of 
cytochrome aa3; target 
organs include retina, optic 
nerve, CNS

Ethylene glycol: CNS depression, 
cerebral edema, seizures, anion 
gap metabolic acidosis, renal 
failure with acute tubular 
necrosis, pulmonary edema, 
myositis

Methanol: nausea, vomiting; 
cerebral edema, hemorrhage, 
infarcts; necrosis of thalamus and 
putamen; anion gap metabolic 
acidosis; visual disturbances, 
papilledema, hyperemic optic 
disc, nonreactive pupils

Serum ethylene glycol and 
methanol levels; levels may be 
low or undetectable if 
significant metabolism has 
occurred

Ethylene glycol: serum calcium, 
creatinine, BUN levels; 
examine urine for calcium 
oxalate crystals; false 
hyperlactatemia occurs with 
certain analyzers using 
l-lactate oxidase, which 
cross-reacts with glycolic and 
glyoxylic acid metabolites

For both: fomepizole8 (inhibits alcohol 
dehydrogenase and blocks formation 
of toxic metabolites), 15 mg/kg IV 
loading dose, then 10 mg/kg IV every 
12 hours for 4 doses during the next 
48 hours, then 15 mg/kg for 
subsequent doses; interval dosing is 
q12h (q4h during hemodialysis, with 
dosing interval adjustments at start 
and finish); continue until ethylene 
glycol or methanol is no longer 
detectable

Use of ethanol is no longer recommended
Hemodialysis: initiate if level is ≥25 mg/

dL or metabolic acidosis with 
end-organ toxicity; continue until 
acidosis resolves and serum level of 
ethylene glycol or methanol is 
undetectable (if available)

Monitor for cerebral edema with possible 
herniation

Ethylene glycol: IV calcium for 
symptomatic hypocalcemia

Methanol: folic acid 1-2 mg/kg 
(50-75 mg) IV q4h × 24 h; extra dose 
at completion of hemodialysis; 
continue until methanol not detectable 
and acidosis cleared
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TABLE 102-3 PATHOPHYSIOLOGY, CLINICAL EFFECTS, AND MANAGEMENT OF SPECIFIC DRUGS AND TOXICANTS—cont’d
DRUG OR TOXICANT PATHOPHYSIOLOGY CLINICAL EFFECTS LABORATORY SPECIFIC THERAPY
γ-Hydroxybutyrate (GHB) 

and its precursors 
(γ-butyrolactone and 
1,4-butanediol)

Agonist effect on CNS GHB 
receptors; indirect action 
with opioid receptors (may 
increase proenkephalins); 
metabolized to GABA, 
interacts with GABAB 
receptors; decreases 
dopamine release

CNS: rapid loss of consciousness, 
myoclonus/seizure, with recovery 
typical within 2-4 hours; 
myoclonus (possible seizures)

Respiratory depression; bradycardia; 
nausea, vomiting

No specific tests for acute 
management. Forensic testing 
available

Supportive care, including respiratory 
support as needed

Withdrawal resembles sedative-hypnotic 
withdrawal and can be treated with 
benzodiazepines or pentobarbital

Lithium Decreases brain inositol; alters 
CNS serotonin, dopamine, 
and norepinephrine; 
inhibits adenylate cyclases, 
including those that 
mediate vasopressin-
induced renal concentration 
and thyroid function

Chronic toxicity usually more severe 
than acute toxicity: tremor, 
hyperreflexia, drowsiness, 
incoordination, clonus, confusion, 
ataxia; in severe cases, seizures 
(rare), coma, death (very rare); 
recovery may take weeks, and 
CNS deficits may persist 
(common)

Sinus node dysfunction, QT 
prolongation, T wave 
abnormalities, U waves

Nephrogenic diabetes insipidus, 
hypothyroidism, 
hyperthyroidism, hypercalcemia, 
pseudotumor cerebri

Acute toxicity: nausea, vomiting, 
diarrhea, and milder neurologic 
findings

Peak serum levels:
Normal dose, 2-3 hours; up to 

5 hours for sustained-
release lithium

Acute overdose: peak may be 
delayed ≥4-12 hours

Replenish intravascular volume, maintain 
urinary output at 1-2 mL/kg/hr

Consider gastrointestinal 
decontamination with oral 
polyethylene glycol electrolyte 
solution within 1-2 hours after acute 
overdose of sustained-release drug

Hemodialysis‡ in patients with altered 
mental status, ataxia, seizures, or coma 
or in patients with mild symptoms in 
the setting of acute overdose or renal 
insufficiency

Ineffective or contraindicated therapies 
include oral activated charcoal, 
diuretics, and aminophylline

Opioids (e.g., opiate 
[natural]: morphine, 
codeine; semisynthetic: 
heroin, oxycodone, 
hydrocodone; 
synthetic: methadone, 
fentanyl [recent 
appearance of 
“ultrapotent” fentanyl 
analogs such as 
carfentanil and 
acetylfentanyl])

Agonist effect at CNS µ, κ, 
and δ opioid receptors; 
result is cell 
hyperpolarization and 
decreased neurotransmitter 
release

CNS depression, respiratory 
depression, miosis (see Table 
102-1)

Nearly all patients die of respiratory 
depression, highlighting the 
importance of assessing and 
managing based on oxygenation 
and ventilation

Dextromethorphan increases CNS 
serotonin and inhibits NMDA 
receptors, which causes 
hallucinations

Seizure risk with tramadol, 
meperidine

QTc prolongation and torsades de 
pointes with methadone

Rapid urine drug screens detect 
morphine, poorly detect 
semisynthetic opioids, and do 
not detect semisynthetic 
opioids well or synthetic 
opioids at all; some 
interferents/irrelevants (see 
Table 102-4)

Ventilate and oxygenate
IV naloxone, 0.04 mg initial dose and 

titrate every 2-3 minutes in patients 
with likely opioid dependence; in 
patients known to be naïve, start 
0.4 mg; repeat in frequent, escalating 
doses up to 10 mg if no response

Continuous infusion for recurrent 
symptoms or sustained-release opioid 
ingestion; give 50% of dose that 
produces desired effect 15 minutes 
after initial effect is obtained, then 
infuse two thirds of this dose every 
hour; infusion rate can be increased or 
decreased to maintain normal 
respiration and to avoid withdrawal 
symptoms

Contraindicated therapies: naltrexone 
should not be used for acute opioid 
reversal9

Organophosphorus 
compounds and 
carbamates (e.g., 
diazinon, mevinphos, 
fenthion, aldicarb; 
nerve agents (e.g., 
sarin); medicinals 
(pyridostigmine for 
myasthenia gravis and 
donepezil for 
Alzheimer disease)

Inhibits acetylcholinesterase, 
resulting in excessive 
acetylcholine stimulation of 
nicotinic and muscarinic 
receptors in autonomic and 
somatic motor nervous 
systems and CNS

Nicotinic-mediated effects: 
tachycardia, mydriasis, 
hypertension, delirium, coma, 
seizures, muscle weakness, 
fasciculations

Muscarinic-mediated effects: 
salivation, lacrimation, urination, 
vomiting, defecation, miosis, 
bronchorrhea, bronchospasm, 
bradycardia

Serum (butyrylcholinesterase) or 
RBC (acetylcholinesterase) 
activity <50% of normal (see 
Table 102-6)

Clinical recovery occurs before 
serum cholinesterase levels 
normalize

Atropine, 1-2 mg by initial IV bolus; 
double the dose every 5 minutes 
(2 mg, 4 mg, 8 mg, 16 mg, and so on) 
until drying of bronchial secretions 
and adequate oxygenation is achieved 
or progress ceases; continuous 
infusion at 10-20% of total stabilizing 
dose per hour; stop infusion when 
patient develops concerning signs or 
symptoms of anticholinergic 
toxidrome (see Table 102-1); restart 
infusion at lower rate when signs or 
symptoms abate

Pralidoxime chloride 30 mg/kg 
(maximum 2 g) IV over 30 minutes, 
then 8-10 mg/kg/hr (maximum 
650 mg/hr) continuous infusion; 
administer as soon as possible after 
poisoning; continue 12-24 hours after 
atropine no longer required and 
symptoms resolve§

Magnesium sulfate (4 g IV over 30 
minutes upon ICU admission) can 
decrease the need for atropine, the 
need for intubation, and the length of 
ICU stay A1 

Treatment not generally needed for 
overdose of Alzheimer medications
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TABLE 102-3 PATHOPHYSIOLOGY, CLINICAL EFFECTS, AND MANAGEMENT OF SPECIFIC DRUGS AND TOXICANTS—cont’d
DRUG OR TOXICANT PATHOPHYSIOLOGY CLINICAL EFFECTS LABORATORY SPECIFIC THERAPY
Salicylates Inhibit cyclooxygenase; 

decrease formation of 
prostaglandins and 
thromboxane A2; stimulate 
CNS medullary respiratory 
center and chemoreceptor 
trigger zone; impair platelet 
function; disrupt 
carbohydrate metabolism; 
uncouple oxidative 
phosphorylation; increase 
vascular permeability

Acute toxicity
Mild: nausea, vomiting, 

diaphoresis, tinnitus, decreased 
hearing, hyperpnea, tachypnea

Moderate-severe: confusion, 
delirium, coma, seizures, 
hyperthermia, ARDS; death 
can occur within hours of 
overdose

Chronic toxicity: same as acute, but 
may not have diaphoresis or 
vomiting

Consider diagnosis in patients with 
new-onset confusion, anion gap 
metabolic acidosis, or acute lung 
injury

Serum salicylate level: acute: 
toxic ≥30 mg/dL; level 
≥100 mg/dL indicates 
life-threatening toxicity with 
possible sudden, rapid clinical 
deterioration; in chronic 
toxicity, levels may be 
minimally elevated (>30 mg/
dL), and clinical evaluation is 
more reliable for gauging 
degree of toxicity

Arterial blood gases: respiratory 
alkalosis with metabolic 
acidosis

Anion gap metabolic acidosis
Prolonged PT and PTT, 

ketonuria, ketonemia

Multidose activated charcoal q2-3h in 
acute overdose

Hemodialysis with progressive clinical 
findings, particularly neurologic, 
hyperthermia, renal failure, ARDS, 
with any moderately elevated salicylate 
level or salicylate level >100 even with 
minor clinical findings

SSRIs/SRIs Inhibit re-uptake of serotonin
SRIs have additional effects 

(e.g., duloxetine inhibits 
norepinephrine re-uptake, 
nefazodone inhibits 
serotonergic 5-HT2 
receptors, trazodone 
inhibits peripheral 
α-adrenergic receptors, 
venlafaxine inhibits 
norepinephrine and 
dopamine re-uptake)

Vomiting, blurred vision, CNS 
depression, tachycardia

Seizures and coma rare except with 
bupropion

Torsades de pointes reported with 
citalopram

Serotonin syndrome: clonus, 
agitation, tremor, diaphoresis, 
hyperreflexia; hyperthermia and 
hypertonicity in severe cases

No specific tests
If serotonin syndrome suspected: 

electrolytes, BUN, glucose, 
liver enzymes, coagulation 
panel, blood gases, chest 
radiograph

Respiratory support as needed
Benzodiazepines for agitation or seizures
Serotonin syndrome: consider 

cyproheptadine, 4-12 mg PO initial 
dose, then 2 mg PO q2h (to a 
maximum of 32 mg/day) until 
symptoms resolve

Critical therapies for hyperthermia, 
rhabdomyolysis, DIC, ARDS, renal 
and hepatic dysfunction, torsades de 
pointes; dantrolene not indicated

*A nomogram to evaluate the potential toxicity of levels drawn more than 4 hours after ingestion is provided in Rumack BH, Matthew H. Acetaminophen poisoning and toxicity. Pediatrics. 1975;55:871-876. 
The nomogram is valid only for levels drawn after a single acute ingestion.
†Intravenous N-acetylcysteine (NAC) has generally replaced oral NAC for the majority of cases, largely because of convenience, not efficacy. The full 21-hour course of intravenous NAC should be administered 
in most situations in which it is used. Oral NAC, which remains an acceptable alternative, can be discontinued in patients with uncomplicated disease after a loading dose plus six maintenance doses if hepatic 
aminotransferase levels are normal and acetaminophen is not detected; otherwise, the full regimen should be administered.
‡Continue hemodialysis until the serum lithium level is less than 1 mEq/L. Recheck the level 4 to 8 hours after dialysis, and restart hemodialysis if the level rebounds significantly or if clinical findings of lithium 
toxicity are present. Repeat this cycle until the serum lithium level remains low or the patients remains clinically well.
§Randomized, placebo-controlled trials of pralidoxime in acute organophosphorus poisoning have not found a significant difference in mortality rates or need for intubation.
aPTT = activated partial thromboplastin time; ARDS = acute respiratory distress syndrome; AV = atrioventricular; BP = blood pressure; BUN = blood urea nitrogen; CNS = central nervous system; DIC = 
disseminated intravascular coagulation; DOB = 4-bromo-2,5-dimethoxyamphetamine; ECG = electrocardiogram; GABA = γ-aminobutyric acid; HR = heart rate; IABP = intra-aortic balloon counterpulsation; 
ICU = intensive care unit; INR = international normalized ratio; MDMA = 3,4-methylenedioxymethamphetamine; Na+,K+-ATPase = sodium, potassium adenosine triphosphatase; NAC = N-acetylcysteine; 
NAPQI = N-acetyl-p-benzoquinone imine; NMDA = N-methyl-d-aspartate; PMA = paramethoxyamphetamine; PT = prothrombin time; PTT = partial thromboplastin time; RBC = red blood cell; RUQ = 
right upper quadrant (abdomen); SIADH = syndrome of inappropriate antidiuretic secretion; SRIs = serotonin re-uptake inhibitors; SSRIs = selective serotonin re-uptake inhibitor.

Diagnostic Tests
Drug testing should be guided by the history and physical examination, with 
emphasis on tests that can influence management. Rapid qualitative urine 
drug screening tests are readily available in most hospitals, but their clinical 
value is limited by the number of drugs that can be tested and the reliability 
of the tests themselves. Although such testing may be valuable for subsequent 
psychiatric evaluation, it is less reliable for urgent diagnosis and therapy. For 
example, a positive test result may be unrelated to the patient’s condition 
because drug analytes may be detectable for days after drug use, depending 
on the drug, dose, and frequency of use. In addition, both false-positive and 
false-negative results occur (Table 102-4), so the screening result must be 
verified with a second method, such as gas chromatography–mass spectrometry. 
The type of drug use in a population should be considered in determining 
the drugs to be screened to decrease the incidence of false-positive results. A 
test with 99% specificity for a drug with a prevalence of 0.1% in a population 
would produce 10 false-positive results for every true-positive result. Clinically 
irrelevant true-positive findings also occur, such as when poppy seeds produce 
a positive opiate assay result. Failure to consider these limitations of drug 
screens can result in misdiagnosis.

For a limited number of drugs and toxicants, levels in blood or urine are 
useful for diagnosis, therapy, or monitoring (Table 102-5). Threshold levels 
of certain toxicants indicate the need for specific therapies: acetaminophen 
(N-acetylcysteine), ethylene glycol (fomepizole and hemodialysis), iron (def-
eroxamine), methanol (fomepizole and hemodialysis), methemoglobin (methy-
lene blue), and salicylates (urine alkalinization and hemodialysis). In chronic 
poisoning with some drugs, such as salicylates or theophylline, these therapies 
may be indicated at lower drug levels. In general, any end-organ toxicity that 
is evident or anticipated (on the basis of the toxicant, amount ingested, and 

time required to produce toxic effects) is more important than a specific level 
in determining the need for treatment.

Occult acetaminophen ingestion with toxic serum levels occurs in 0.3 to 
1.9% of intentional ingestions. Given that these patients may be asymptomatic 
until hepatotoxicity develops and that administration of an antidote can prevent 
this hepatotoxicity, the current recommendation is to test the serum for acet-
aminophen in all patients with intentional self-harm ingestions.

Other Blood Tests
Anion gap metabolic acidosis resulting from primary lactic acidosis can be 
caused by cyanide, hydrogen sulfide, iron, isoniazid, metformin, nucleoside 
reverse transcriptase inhibitors, phenformin, sodium azide, and, rarely, acet-
aminophen with high serum levels. Anion gap metabolic acidosis not related 
to lactic acidosis occurs with diethylene glycol, ethylene glycol, nonsteroidal 
anti-inflammatory drugs, methanol, salicylates, and toluene. In poisonings 
resulting from ibuprofen, methanol, propylene glycol, and salicylates, lactic 
acid can also be produced, but the level is insufficient to account for the anion 
gap. Anion gap metabolic acidosis can also develop in patients with ongoing 
agitation, hyperthermia, and muscle rigidity, such as in neuroleptic malignant 
syndrome (Chapter 406), or in some cases of rhabdomyolysis (Chapter 105) 
secondary to toxicants such as doxylamine, phencyclidine, strychnine, cocaine, 
and amphetamines. Elevated serum creatinine and blood urea nitrogen levels 
indicative of declining renal function may be seen with numerous toxicants. 
Direct toxicity occurs with acetaminophen, aminoglycosides, cadmium, Chinese 
weight-loss botanicals (containing Stephania tetrandra or Magnolia officinalis), 
chromium, Crotalus durissus venom, diethylene glycol, diquat, ethylene glycol, 
fluorinated anesthetics, gold, heroin, lithium (diabetes insipidus), mercury salts, 
mushrooms (Amanita smithiana and Cortinarius sp), paraquat, radiocontrast 
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TABLE 102-4 QUALITATIVE URINE DRUG SCREENS: CAUSES OF ERRONEOUS RESULTS*
DRUG/TOXICANT INTERFERENTS/IRRELEVANTS† COMMENTS
Amphetamines Amantadine, bupropion, chlorpromazine, ephedrine, pseudoephedrine, 

desoxyephedrine, ephedra alkaloids (from Ephedra sp), mexiletine, 
phenylephrine, phenylpropanolamine, selegiline, trazodone

Many false-positives from medicinal sympathomimetics; nasal 
inhaler (desoxyephedrine) and selegiline cause positive GC-MS 
findings; chiral confirmation is required; newer immunoassays 
have reduced false rates but also lower sensitivity for the class of 
amphetamines

Benzodiazepines Oxaprozin, sertraline Most assays directed against oxazepam; poor detection of 
benzodiazepines without the oxazepam metabolite (e.g., 
alprazolam, lorazepam, triazolam)

Cocaine Coca leaf teas (clinical false-positive; still considered illicit use) Few analytical false-positives; urine is reliable for detecting true 
positives

Opioids Poppy seeds (contain morphine) Assay directed against morphine; poorly detects semisynthetic 
opioids and does not detect synthetic opioids (e.g., fentanyls, 
meperidine, methadone, propoxyphene)

Phencyclidine Dextromethorphan, diphenhydramine, doxylamine, ibuprofen, ketamine, 
tramadol, venlafaxine

Can be used, although not reliably, to identify dextromethorphan or 
ketamine

Tetrahydrocannabinol Dronabinol, efavirenz, proton pump inhibitors Positive result is seldom clinically relevant; synthetic 
cannabinomimetics (e.g., spice, K2) are not reliably detected

Tricyclic antidepressants Carbamazepine, cyclobenzaprine, cyproheptadine, diphenhydramine, 
phenothiazines, quetiapine

*Advances in drug screening and variability in immunoassay results should be considered by the clinician when interpreting qualitative drug screening results. There are many marketed assays, so consultation 
with the testing laboratory is advised. Positive screening results are considered presumptive and should be verified by GC-MS or another advanced analytical methodology.
†Irrelevants are agents causing true-positive but clinically irrelevant results on laboratory screening tests; they vary, depending on the screening method.
GC-MS = gas chromatography–mass spectrometry.

TABLE 102-5 CLINICALLY IMPORTANT QUANTITATIVE DRUG LEVELS

DRUG OR TOXICANT

LEVELS

THERAPEUTIC TOXIC*

SOURCE: BLOOD OR SERUM

Acetaminophen† 10-30 µg/mL ≥150 µg/mL 4 hours after ingestion‡

Carbamazepine 4-12 µg/mL >15 µg/mL
Carboxyhemoglobin Nonsmoker: 0.5-1.5% >20%§

Smoker: 4-9%
Cholinesterase|

Serum (butyrylcholinesterase) 3100-6500 U/L <50% of normal value
Red blood cell (acetylcholinesterase) 26.7-49.2 U/g of hemoglobin <50% of normal value

Digoxin (≥6 hours after oral dose for long-term therapy) 0.8-2.0 ng/mL¶ >2.0 ng/mL
Ethanol None measured >80 mg/dL**
Ethylene glycol None measured >25 mg/dL
Iron 50-175 µg/dL >350 g/dL
Lead <10 µg/dL >25 g/dL
Lithium 0.6-1.2 mEq/L >1.2 mEq/L††

Methanol None measured >25 mg/dL
Methemoglobin 1-2% >15%
Phenobarbital 15-40 µg/mL >40 g/mL
Phenytoin 10-20 µg/mL >20 g/mL
Salicylates ≤30 mg/dL >30 mg/dL
Theophylline 8-20 µg/mL >20 g/mL
Valproic acid 50-100 µg/mL >100 g/mL

NORMAL TOXIC*

SOURCE: URINE

Arsenic <50 µg/day >100 g/24-hr urine††

Mercury <20 µg/L >20 g/L††

Thallium <5.0 µg/L >200 g/L††

*The “toxic” level is provided for perspective. For many toxicants, simply being above this value does not imply a specific need for therapy or a necessarily poor prognosis. It does, however, generally suggest a 
need for additional evaluation, observation, or monitoring. Similarly, depending on the clinical context, levels below the “toxic” range may still be consequential.
†False-positive levels of 16 to 28 µg/mL have been reported in patients with bilirubin levels greater than 17 mg/dL.
‡Levels drawn more than 4 hours after ingestion should be plotted on the nomogram provided by Rumack and Matthew (Rumack BH, Matthew H. Acetaminophen poisoning and toxicity. Pediatrics. 
1975;55:871-876) to assess the potential for toxicity.
§Lower levels may be toxic in pregnant patients and in those with prolonged exposure to carbon monoxide.
|Consult a reference laboratory for normal values; results are assay dependent.
¶Some patients may require levels above the therapeutic range to control symptoms.
**The value of 80 mg/dL (0.08 g/dL) for ethanol is the statutory limit for operating a motor vehicle. Consequential clinical effects other than inebriation are uncommon with concentrations below 200 mg/dL.
††Lower values may indicate toxicity if appropriate clinical findings are present.
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agents, solvents (e.g., carbon tetrachloride, trichloroethylene, tetrachloroeth-
ylene, toluene), and sulfonamides. Agents that decrease glomerular perfusion 
by reducing renal blood flow include amphotericin, angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers, cocaine, cyclosporine, manni-
tol (excessive chronic doses), methotrexate, and nonsteroidal anti-inflammatory  
drugs.

Imaging
A computed tomographic scan of the head can detect life-threatening cerebral 
edema secondary to toxicant-induced hepatic failure, ethylene glycol, and 
methanol. It also detects intracranial bleeding caused by anticoagulants, scor-
pion venom, and sympathomimetics (e.g., amphetamines, cocaine, phenyl-
propanolamine). An abdominal radiograph can reveal radiopaque ferrous 
sulfate tablets, drug-filled packets in illicit drug smugglers (body packers), or 
metals such as arsenic, lead, mercury, and thallium.

Diagnostic Syndromes
Given the myriad combinations of signs, symptoms, and laboratory findings, 
making the correct diagnosis in a noncommunicative patient can be daunting. 
A thorough history from bystanders, friends, and prehospital medical person-
nel may yield crucial information. In addition, the diagnostic possibilities can 
be narrowed by findings that can narrow the differential diagnosis with modest 
certainty. For example, consider a patient with sudden loss of consciousness, 
anion gap metabolic acidosis, and bradycardia without hypoxemia. Among 
the relevant possible causes from the list of toxicants that cause an anion gap 
metabolic acidosis (see earlier) along with sudden loss of consciousness are 
hydrogen sulfide, cyanide, and sodium azide.

Initial Stabilization
intubation and Respiratory support

Appropriate airway management should be instituted to correct hypoxemia 
and respiratory acidosis and to protect against pulmonary aspiration (Fig. 102-
2); intubation should be considered if the patient has depressed consciousness 
and a decreased gag reflex. Rapid-sequence intubation facilitates airway man-
agement. Anatomic difficulties should be anticipated in patients with caustic 
ingestions (e.g., hypopharyngeal burns that may perforate); angioedema caused 
by angiotensin-converting enzyme inhibitor therapy or envenomation by some 
rattlesnakes, such as the canebrake (Crotalus horridus atricaudatus) and eastern 
diamondback (Crotalus adamanteus; Chapter 104); and swelling secondary to 
direct tissue injury (e.g., huffing compressed hydrocarbons, smoking crack) or 
secondary to anaphylactoid and anaphylactic reactions. Endotracheal intubation 
by flexible fiberoptic nasopharyngoscopy may be indicated in these cases. Hypox-
emia can occur with toxicants that produce CNS depression, such as opioids, 
antidepressants, barbiturates, sedative-hypnotics, and central α2-adrenergic 
receptor agonists (clonidine), or agents causing peripheral neuromuscular 
impairment, such as nicotine, organophosphorus compounds, tetrodotoxin 
(puffer fish, blue-ringed octopus), botulinum, or envenomation from elapids 
(coral snake), Mojave rattlesnakes, or certain coelenterates (box jellyfish;  
Chapter 104).

Respiratory acidosis can rapidly worsen the toxicities of cyclic antidepres-
sants and salicylates; sedation of these patients should be accompanied by 
immediate airway placement and ventilatory support. Intoxicated patients may 
have an increased risk for pulmonary aspiration because of concomitant CNS 
depression, attenuated airway reflexes, full stomachs, and delayed gastric 
emptying.

Succinylcholine can cause prolonged paralysis in patients with organophos-
phorus poisoning and can exacerbate hyperkalemia from cardioactive steroids 
(e.g., digoxin), hydrofluoric acid, or rhabdomyolysis (Chapter 105). Rhabdomy-
olysis has been reported with adrenergic agents, doxylamine, phencyclidine, 
heroin, carbon monoxide, Tricholoma equestre mushrooms, and envenomation 
by crotaline snakes, scorpions, or widow spiders (Latrodectus sp); short-acting 
nondepolarizing agents, such as vecuronium and rocuronium, are preferable 
in these cases.

Advanced Life support
Standard emergency cardiovascular care algorithms (Chapter 57) must be 

modified for effects caused by specific poisons. Atropine often does not reverse 
bradycardia secondary to β-adrenergic receptor antagonists, or L-type calcium-
channel antagonists and occasionally with cardioactive steroids, and it may 
actually impair the ability to do adequate gastrointestinal decontamination. In 
these cases, more specific therapy with intravenous calcium (calcium-channel 
antagonists), high doses of glucagon (β-adrenergic receptor antagonists, calcium-
channel antagonists), or digoxin-specific Fab antibody (cardiac glycosides) is 

TREATMENT 

indicated. High-dose insulin-glucose therapy can successfully reverse myocardial 
depression and conduction abnormalities in humans poisoned with β-adrenergic 
receptor antagonists10 and calcium-channel antagonists. Intravenous sodium 
bicarbonate may reverse cardiac conduction delays caused by antiarrhythmic 
drugs with sodium-channel blockade recovery rates of greater than 1 second 
(Vaughn-Williams classification IA and IC), cocaine, cyclic antidepressants, 
diphenhydramine, and quinine. β-Adrenergic receptor antagonists are con-
traindicated in patients with cocaine-induced myocardial syndromes because 
they can result in unopposed α-adrenergic–mediated vasoconstriction, but 
phentolamine can reverse the agonistic effects of cocaine on α-adrenergic 
receptors. Benzodiazepines can reverse significant sinus tachycardia from 
sympathomimetic agents. Calcium may also be life-saving in systemic hydro-
fluoric acid poisoning and severe hypermagnesemia, and it is indicated for 
symptomatic hypocalcemia caused by ethylene glycol toxicity. Drug-induced 
hypertension may be transitory; nitroprusside, phentolamine, or labetalol should 
be used if treatment is clinically indicated. In patients with toxicant-induced 
circulatory collapse refractory to maximal therapy, intravenous lipid emulsion 
therapy should be administered to those poisoned by lipophilic toxicants 
(e.g., calcium channel blockers) and circulatory assist devices may support the 
patient until sufficient toxicant is eliminated (see Table 102-6 for dosing details)  
(Chapter 99).

Decontamination
Activated charcoal

Single-dose activated charcoal without prior gastric emptying has been 
the preferred method of treatment for the ingestion of substances that have 
the potential to cause moderate to life-threatening toxicity and are known to 
adsorb to activated charcoal. The absence of clinical signs and symptoms does 
not preclude administration of activated charcoal because toxicant absorp-
tion and toxicity can be delayed. Activated charcoal can also be administered 
when the ingested toxicant cannot be identified but significant toxicity is 
a concern. Activated charcoal consists of pyrolysis products that have been 
specially cleaned to produce an internal pore structure to which substances 
can adsorb, thereby limiting their systemic absorption. Activated charcoal can 
be administered with antiemetic drugs or given through a nasogastric tube, 
when necessary. The oral dose is approximately 1 g/kg body weight, with a 
maximum single dose of 100 g. Efficacy in preventing toxicant absorption 
declines with time, so activated charcoal should be given as soon as pos-
sible after ingestion. However, the documented efficacy of activated charcoal 
for reducing toxicant blood levels has not translated into reduced mortal-
ity in reports or in randomized trials. A2  The decision to administer activated 
charcoal should be based on a risk/benefit assessment that includes nature 
of the exposure, clinical effects displayed during evaluation, and abilities of 
the medical facility and staff. For patients likely to have a good outcome, 
the risk and effort associated with activated charcoal administration are not 
worthwhile. Its use is justified in patients who present early (1 to 2 hours) 
after exposures to a large amount of a concerning toxin that is likely to be 
adsorbed to charcoal. Activated charcoal should not be used in patients 
at risk for aspiration until the airway is secure to minimize aspiration; the 
patient’s head should also be elevated unless it is contraindicated. Activated 
charcoal is contraindicated in patients with a perforated bowel, functional 
or mechanical bowel obstruction, ingestion of a pure aliphatic hydrocarbon 
such as gasoline or kerosene (no benefit and increased risk for aspiration), 
and ingestion of caustic acid and alkali (no benefit and obscures endoscopy). 
Certain agents, such as lithium, iron, and metal salts, and ethanol, do not adsorb 
significantly to activated charcoal, but its use is not precluded if the patient 
has ingested other toxicants that do adsorb to activated charcoal. Pulmonary 
aspiration and bowel obstruction from inspissated activated charcoal are the 
most common complications; both occur more frequently when multidose 
activated charcoal is administered, but they can be avoided by withholding 
treatment in patients who have suboptimal bowel function or decreased fecal  
elimination.

gastric emptying
Two methods of gastric emptying, syrup of ipecac and orogastric lavage 

through a large-bore tube, are no longer routinely used. Both are relatively 
ineffective therapies that potentially increase the risk for aspiration. No well-
designed study has documented any benefit of gastric emptying, either by 
lavage or by syrup of ipecac, compared with the use of activated charcoal 
alone. Gastric emptying by lavage or, rarely, by syrup of ipecac may be of 
benefit and should be performed in patients who have ingested toxicants 
that do not adsorb to activated charcoal and are known to produce signifi-
cant morbidity or for which aggressive decontamination may offer the best 
chance for survival (e.g., colchicine, sodium azide, sodium fluoroacetate). 
Removal of a liquid toxicant, such as ethylene glycol, may be accomplished 
by aspiration of gastric contents through a nasogastric tube. Contraindications 
to gastric emptying include those for activated charcoal, a bleeding diathe-
sis, and the ingestion of sharp objects. Placement of an endotracheal tube 
before gastric lavage may be necessary to protect the airway in patients who 
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Patient stable?

No

Administer antidote
Indicate for specific toxins

Correct hypovolemia
Initiate/continue

vasopressors
Consider circulatory assist,

e.g., balloon pump,
heart-lung bypass

Patient unstable

Continue
resuscitation

Hemodynamic
instability may prevent
use of extracorporeal

modalities

Is toxin removed
by extracorporeal

device?
Institute appropriate extracorporeal modality
(see Table 102-7)

Consider use of MDAC for toxins with known or
potential enhanced elimination
Indications:

Contraindications:
Same as for single-dose AC

Definite–carbamazepine, dapsone, phenobarbital,
quinine, salicylates, theophylline
Potential–amitriptyline, dextropropoxyphene,
digitoxin, digoxin, disopyramide, nadolol,
phenylbutazone, phenytoin, piroxicam, sotalol

Consider urinary alkalinization
Indications:

Contraindications:
Volume overload, pulmonary or cerebral edema

Chlorpropamide, 2,4-dichlorophenoxyacetic
acid, formic acid, methotrexate, phenobarbital,
salicylates

Is toxin eliminated
by kidneys?

Yes

Yes

Yes

Yes

Patient stable

Patient
hemodynamically

stable?

Decontamination
can be performed

simultaneously
with stabilization

therapies

1. AC 1g/kg (maximum 100 g)

Decontaminate
Oral

Indications:

Contraindications:
Nonprotected airway
Bowel obstruction/perforation
Ingestion of pure aliphatic hydrocarbon or
   caustics

2. Gastric emptying (large-bore orogastric
         tube lavage; nasogastric tube aspiration of
         liquid toxin)

Indications:

Contraindications:

3. Other:
Whole bowel irrigation with PEG
Surgical removal of drug packets
Dermal

Ocular
Irrigate with NS

Wash with soap and water

Toxins nonadsorbent to AC and with
potential for consequential toxicity;
ideally performed ≤1 hour post-ingestion

Same as for AC; also ingestion of sharp
  objects or presence of bleeding diathesis

Toxin with potential for serious toxicity
Toxin adsorbs to AC

No

Modifications:

to BARAs, CCAs, cardiac glycosides

tachycardia

Glucagon: for BARAs, CCAs

High-dose insulin-glucose: for BARAs, CCAs

NaHCO3: for myocardial sodium-channel blockers

Initiate ALS

Atropine: often ineffective for bradycardia due

Benzodiazepines: for cocaine-induced

Calcium: for CCAs, HF, hypermagnesemia

Digoxin-specific fab: for cardiac glycosides

Nitroprusside: for drug-induced hypertension

Phentolamine: reverses cocaine-induced

Avoid BARAs: in cocaine-induced ischemia
α-adrene rgicagonism

Assess airway
Intubate to correct or avoid:

Hypoxemia
Respiratory acidosis
Pulmonary aspiration

Is enhanced
elimination desired?

FIGURE 102-2. Algorithm for the management of acute poisoning. Ac = activated charcoal; ALs = advanced life support; BARAs = β-adrenergic receptor antagonists; ccAs = L-type 
calcium-channel antagonists; HF = hydrofluoric acid; MDAc = multidose activated charcoal; ns = 0.9% saline solution; Peg = nonabsorbable polyethylene glycol solution. 

have a decreased level of consciousness and impaired gag reflex but is not 
required in all cases. Major complications of gastric emptying include pulmo-
nary aspiration, esophageal tears and perforations, and laryngospasm (with  
lavage).

Whole Bowel irrigation
Whole bowel irrigation with a nonabsorbable polyethylene glycol solution has 

been recommended for iron and sustained-release medications, for agents not 
adsorbed to activated charcoal, and for body packers (smugglers who swallow 
packets of illicit drugs, usually heroin or cocaine). The most common compli-
cation is vomiting, and whole bowel irrigation is contraindicated in patients 
with bowel perforation, obstruction, hemorrhage, or hemodynamic or respira-
tory instability. The initial recommended dose is 500 mL/hour given orally or 
by nasogastric tube, with titration to 2000 mL/hour as tolerated; treatment 
continues until the rectal effluent clears. Rarely, surgery may be necessary 
to remove packets in smugglers who have symptoms of cocaine toxicity or 
are obstructed; heroin toxicity is usually adequate managed with naloxone. 

Endoscopic removal of cocaine packets should never be attempted because 
of the risk of packet rupture.

Antidotes
Few toxicants have specific therapies (Table 102-6). Although antidotes may 

be essential in treating patients exposed to certain toxicants, their use does 
not preclude the need for ongoing supportive care and, in some cases, extra-
corporeal elimination.

Enhanced Elimination
Methods to accelerate the elimination of toxicants or drugs from the body 

include multiple doses of activated charcoal, urinary alkalinization, and extra-
corporeal removal. Another method, using the oral ion exchange resins sodium 
polystyrene sulfonate and cholestyramine, has experimentally enhanced the 
elimination of lithium, digoxin, digitoxin, and organochlorines but has limited 
clinical usefulness.

Text continued on p. 678
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TABLE 102-6 ANTIDOTES AND INDICATIONS FOR USE§

ANTIDOTE INDICATION FOR USE DOSE* TREATMENT END POINT COMMENTS
Antivenom, Crotalidae 

(Fab)†¶ A3 
Crotaline snake (e.g., 

rattlesnakes, copperhead)
4-6 vials; repeat for persistent or 

worsening clinical condition; 
repeated doses of 2 vials at 6, 12, 
and 18 hours after initial 
antivenom dose are 
recommended

Halt in progression of 
circumferential and proximal 
swelling

Resolving systemic effects

Better safety profile than historical 
equine-derived antivenom

Repetitive dosing indicated for recurrent 
soft tissue swelling

Less effective at correcting hematologic 
(i.e., coagulation and platelet) disorders

Antivenom, Latrodectus 
(equine)†¶

Black widow spider 
(Latrodectus sp)

1 vial diluted in 50-100 mL NS, 
infused over 1 hour; can repeat

Resolution of symptoms, vital signs 
normal

Dilution and slow infusion rate are critical 
to avoid anaphylactoid reaction

Indications include severe pain 
unresponsive to opioids and severe 
hypertension

Serum sickness can occur
IV calcium is ineffective

Atropine Carbamates
Nerve agents
Organophosphorus 

compounds

2 mg IV; double the dose every 5 
minutes to achieve 
atropinization and 
hemodynamic stability; then 
start continuous infusion of 
10-20% of total stabilizing dose 
per hour

Cessation of excessive oral and 
pulmonary secretions, >80 
beats/min, systolic blood 
pressure >80 mm Hg

Doubling of the dose every 5 minutes (e.g., 
2 mg, 4 mg, 8 mg, 16 mg) estimated to 
achieve atropinization within 30 minutes

Stop infusion when patient develops 
concerning signs or symptoms of 
anticholinergic toxidrome (see Table 
102-1); restart infusion at lower rate 
when signs or symptoms abate

Calcium salt‡ Calcium-channel 
antagonists

Calcium chloride 10%, 10 mL 
(1 g) over 10 minutes; can be 
given in 1 minute if critically ill

Calcium gluconate 10%, 30 mL 
(3 g) over 10 minutes; can be 
given in 1 minute if critically ill

Reversal of hypotension; may not 
reverse bradycardia

All indications:
Monitor ionized calcium levels
IV extravasation causes tissue necrosis, 

especially with calcium chloride
Can administer at faster than stated rates 

for immediate life-threatening 
conditions (i.e., in 1 minute)

Calcium chloride contains three times 
more elemental calcium than calcium 
gluconate does

Hydrofluoric acid Systemic toxicity: calcium 
gluconate 10%, 1-3 g 
(10-30 mL) per dose IV over 
10-minute period; repeat as 
needed every 5-10 minutes

Topical toxicity: calcium chloride 
10%, 1 g (10 mL) mixed into 
water soluble lubricant

Reversal of life-threatening 
manifestations of hypocalcemia 
and hyperkalemia

Topical: reversal of severe 
neuropathic pain from dermal 
exposure

Can dilute and give intra-arterially or IV 
with a Bier block for extremity 
exposures and burns

Topical: apply to skin under occlusive 
dressing

Hyperkalemia (except 
cardiac glycosides)

Calcium gluconate 10%, 1 g 
(10 mL) per dose IV over 
10-minute period; repeat as 
needed every 5-10 minutes

Reversal of myocardial depression 
and conduction delays

May precipitate ventricular arrhythmias

Hypermagnesemia Calcium gluconate 10%, 1-2 g 
(10-20 mL) per dose IV over 
10-minute period; repeat as 
needed every 5-10 minutes

Reversal of respiratory depression, 
hypotension, and cardiac 
conduction blocks

Simultaneous therapies to increase 
magnesium elimination should be 
instituted

Hypocalcemia (e.g., 
ethylene glycol)

Calcium gluconate 10%, 0.5-1.0 g 
(5-10 mL) per dose over 
10-minute period; repeat as 
needed every 10 minutes

Reversal of tetany Correct symptomatic hypocalcemia; avoid 
excessive administration that may 
increase production of calcium oxalate 
crystals in ethylene glycol poisoning

L-Carnitine Valproate-induced 
hyperammonemia or 
hepatotoxicity

100 mg/kg (maximum 6 g) IV over 
30 minutes, then 15 mg/kg IV 
over 30-minute period q4h 
(maximum 6 g/day)

Treat until clinical improvement 
occurs

Levocarnitine is active form
Adjust dose for end-stage renal disease

Cyanide antidote kit
Amyl nitrite
Sodium nitrite
Sodium thiosulfate 

[Hydroxocobalamin 
is preferred if 
available, see 
below]

Cyanide Amyl nitrite: 0.3-mL pearls, crush 
and inhale over 30-second 
period

Sodium nitrite 3%: 10 mL IV over 
10-minute period

Sodium thiosulfate 25%: 50 mL 
(12.5 g) IV over 10-minute 
period

Resolution of lactic acidosis and 
moderate to severe clinical signs 
and symptoms: seizures, coma, 
dyspnea, apnea, hypotension, 
bradycardia

Coordinate amyl nitrite with continued 
oxygenation and give only until sodium 
nitrite infusion is begun; nitrites may 
produce hypotension and excess 
methemoglobinemia

Sodium nitrite dose must be adjusted if 
patient has hemoglobin <12 g/dL

Sodium thiosulfate dosing can be repeated
Deferoxamine Iron salts Initiate at 5 mg/kg/hr, titrate to 

15 mg/kg/hr IV (maximum 
8 g/day)

Mild to moderate: administer for 
6-12 hours

Severe toxicity: administer for 24 
hours

Resolution of clinical signs and 
symptoms

Do not use urine color, which is an 
unreliable marker for iron 
clearance

Laboratory testing is unreliable 
while antidote is being received

Indications: symptomatic patients with 
lethargy, severe abdominal pain, 
hypovolemia, acidosis, shock; any 
symptomatic patient with peak serum 
iron level >350 g/dL

Prolonged therapy can cause pulmonary 
toxicity
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TABLE 102-6 ANTIDOTES AND INDICATIONS FOR USE§—cont’d
ANTIDOTE INDICATION FOR USE DOSE* TREATMENT END POINT COMMENTS
Digoxin-specific antibody 

fragments (Fab)
Digoxin
Digitalis and related plants 

(e.g., oleander, lily of the 
valley)

Other cardiac glycosides 
(e.g., bufadienolides 
[Bufo toads])

Unknown digoxin dose or serum 
level, or for plant or toad source: 
acute toxicity—10-20 vials; 
chronic toxicity—3-6 vials

Digoxin dose known: number of 
vials = (mg ingested × 0.8) ÷ 0.5

Digoxin serum level known: 
number of vials = [serum level 
(ng/mL) × weight (kg)] ÷ 100

Infuse dose over 30 minutes

Resolution of hyperkalemia, 
symptomatic bradyarrhythmias, 
ventricular arrhythmias, Mobitz 
II or third-degree heart block

Each vial binds 0.5 mg of digoxin or 
digitoxin

Monitor ECG and potassium levels
Digoxin serum levels unreliable after 

antidote administered unless test is 
specific for free serum digoxin

Dimercaprol (BAL) Arsenic salts
Lead salts
Mercury, elemental and 

inorganic salts

Inorganic arsenic: 3-5 mg/kg IM 
q4h for 48 hours and then q12h 
for 7 to 10 days.

Lead: 75 mg/m2 (4 mg/kg) IM 
q4h for 5 days

Inorganic mercury: 5 mg/kg IM, 
then 2.5 mg/kg IM q12h for 10 
days or until patient is clinically 
improved

Arsenic: 24-hour urinary arsenic 
<50 µg/L

Lead: encephalopathy resolved, 
blood lead level <100 µg/dL, 
and succimer therapy can be 
started

Mercury, elemental and inorganic: 
24-hour urinary mercury 
<20 µg/L

Formulated in peanut oil; painful IM 
injection and caution with allergy

Maximum adult dose is 3 g/day
BAL started 4 hours before initiation of 

concomitant CaNa2EDTA for lead 
encephalopathy

Dosing not well established for arsenic and 
elemental or inorganic mercury toxicity; 
not used for organic mercury poisoning

Adverse effects: painful injections, fever, 
diaphoresis, agitation, headache, 
salivation, nausea and vomiting, 
hemolysis in G6PD-deficient patients, 
chelation of essential metals

Check essential metal levels if chelation is 
prolonged

Succimer is replacing BAL for many 
indications except lead encephalopathy

Treatment end points for arsenic and 
mercury include improving clinical 
condition

Edetate calcium disodium 
(CaNa2EDTA)

Lead 1500 mg/m2/24 hr (maximum 3 g) 
by continuous infusion

Treat for 5 days, followed by 2-day 
hiatus; repeat until 
encephalopathy resolved, lead 
level <100 µg/dL, and succimer 
therapy can be started

Use in patients with lead encephalopathy or 
lead level >100 g/dL

Administer BAL 4 hours before initiating 
CaNa2EDTA

Hydrate patient and establish good urinary 
output before starting therapy

Avoid thrombophlebitis by diluting in NS 
or D5W to a concentration ≤0.5%

Substitution of Na2EDTA can cause fatal 
hypocalcemia

Flumazenil Benzodiazepines 0.1 mg/min IV to a total dose of 
1 mg

Alternative: 0.2 mg IV over 2 min. 
Repeat with 0.3 mg, then 
0.5 mg. Total dose remains at 
1.0 mg

Reversal of coma Limit use to reversal of inadequate 
ventilation in benzodiazepine-toxic 
patients

Acute benzodiazepine withdrawal may 
occur in patients dependent on 
benzodiazepines

Increases intracranial pressure and risk for 
seizures in presence of underlying 
seizure disorder or ingestion of 
seizure-producing toxicants

Monitor for resedation up to 2 hours after 
last dose

Folinic acid 
(tetrahydrofolic acid 
[leucovorin])

Methanol
Methotrexate

Methanol intoxication: 50 mg IV 
q4h

Methotrexate overdose: 100 mg/
m2 IV over 15-30 minutes 
q3-6h; dosing lower when used 
as “rescue” in chemotherapy

Methanol: methanol undetectable, 
metabolic acidosis cleared

Methotrexate: serum level <1 × 10−8 
mol/L

Essential therapy for both toxicants
Little concern with excessive dosing when 

used for methotrexate overdose
Methotrexate: large overdoses may require 

increased dose
Glucarpidase administered 2-4 hours 

before or after folinic acid
Fomepizole Ethylene glycol

Methanol
Initial dose: 15 mg/kg IV bolus
10 mg/kg IV q12h for 4 doses 

(48 hr)
All subsequent doses: 15 mg/kg IV 

q12h
When HD performed:

HD initiation: additional dose if 
>6 hours since last dose

HD ongoing: q4h
End of HD (based on time of 

last dose): <1 hour, no dose 
until next scheduled dose 
immediately after HD 
completion; 1-3 hours, 50% 
dose; >3 hours, 100% dose

For both: serum level <25 mg/dL 
and metabolic acidosis resolved

Start immediately if toxic alcohol 
suspected, without waiting for 
confirmatory levels

Dose amount is not affected by interval 
timing of doses
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TABLE 102-6 ANTIDOTES AND INDICATIONS FOR USE§—cont’d
ANTIDOTE INDICATION FOR USE DOSE* TREATMENT END POINT COMMENTS
Glucagon β-Adrenergic receptor 

antagonists
Calcium-channel 

antagonists

Bolus of 3-5 mg IV; can repeat to 
achieve clinical effect, then 
infusion of 2-10 mg/hr

Reversal of hypotension and 
bradycardia; taper infusion

Can precipitate vomiting; be prepared to 
protect airway

Mild hyperglycemia occurs
Maximum dosing amounts unknown; bolus 

doses up to 30 mg reported
Duration of effect is 15 minutes; thus 

infusion must be started immediately
Hydroxocobalamin Cyanide Initial: 5 g IV over 15-minute 

period
Second dose: 5 g IV over 15 

minutes to 2 hours; maximum 
total dose is 10 g

Follow each hydroxocobalamin 
dose with sodium thiosulfate 
25%: 50 mL (12.5 g) IV over 
10-minute period

Resolution of lactic acidosis and 
moderate to severe clinical signs 
and symptoms: seizures, coma, 
dyspnea, apnea, hypotension, 
bradycardia

Can be administered IV push if patient is in 
cardiac arrest

Do not give hydroxocobalamin and sodium 
thiosulfate through the same IV line

Adverse effects: red discoloration of 
plasma, urine, mucous membranes, skin; 
transient hypertension

Interference with laboratory colorimetric 
assays:
Levels increased: bilirubin; creatinine; 

glucose; hemoglobin; magnesium; 
co-oximetry total Hb, COHb%, 
MetHb%

Levels decreased: AST, ALT, creatinine, 
co-oximetry O2Hb%

Hyperbaric oxygen 
(HBO)

Carbon monoxide
 COHb >25% 

independent of 
symptoms, 15% if 
pregnant

 Serious symptoms or 
findings with any 
elevated COHb 
concentration

Experimental: carbon 
tetrachloride, cyanide, 
hydrogen sulfide

3.0 atm pressure for 60 minutes 
(25 minutes O2, 5 minutes air, 
25 minutes O2, 5 minutes air), 
then 2.0 atm for 65 minutes (30 
minutes O2, 5 minutes air, 30 
minutes O2), then “surface” to 
1.0 atm

One treatment
Repeated treatment controversial

Carbon monoxide: treatment protocols 
may vary

HBO indicated for loss of consciousness; 
seizures; cerebellar dysfunction; 
impaired cognition; headache, nausea/
vomiting persisting after 4 hours of O2 
therapy regardless of repeat 
carboxyhemoglobin level

Insulin-glucose 
(hyperinsulinemic 
euglycemic therapy)

Calcium-channel 
antagonists

β-Adrenergic receptor 
antagonists

Regular insulin, 1 U/kg bolus, 
followed by 0.5-1 U/kg/hr; 
titrate up to 10 U/kg/hr as 
needed

Titrate 50% dextrose IV to avoid 
hypoglycemia and replete serum 
potassium as needed

Reversal of myocardial depression Initiate early to reverse myocardial 
depression

Monitor glucose and potassium; 
hypoglycemia can occur during and after 
therapy

Hyperglycemia results from calcium-
channel antagonist–induced insulin 
resistance, and initial dextrose 
requirements may be less than 
anticipated

Recovery may be heralded by 
normalization of glucose levels, with 
increased dextrose required to avoid 
hypoglycemia

Lipid emulsion Cardiac toxicity from local 
anesthetics (e.g., 
bupivacaine, 
ropivacaine), and other 
lipophilic toxicants:

Provisional: verapamil, 
diltiazem, tricyclic 
antidepressants, 
bupropion, propranolol 
and other lipophilic 
toxicants

Use 20% formulation
Initial bolus: 1.5 mL/kg IV during 

1 minute, followed immediately 
by infusion of 0.25 mL/kg/min 
for 30-60 minutes

Can repeat bolus for asystole

Return of hemodynamic stability Use for other than bupivacaine based on 
animal experiments and human case 
reports

Use if advanced life support measures fail; 
continue CPR as needed during drug 
administration

Methylene blue Methemoglobin-producing 
agents

1-2 mg/kg body weight (0.1-
0.2 mL/kg of 1%) methylene 
blue over 5-minute period; 
repeat dose for persistent or 
recurrent symptoms or signs

Resolution of dyspnea and altered 
mental status

Use if patient is symptomatic (i.e., 
dyspneic, altered mental status)

Maximum dose should not exceed 7 mg/kg 
(0.7 mL/kg)

Contraindicated in G6PD-deficient 
patients; may cause hemolysis

Some toxicants (e.g., dapsone) may require 
prolonged therapy
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TABLE 102-6 ANTIDOTES AND INDICATIONS FOR USE§—cont’d
ANTIDOTE INDICATION FOR USE DOSE* TREATMENT END POINT COMMENTS
N-Acetylcysteine 

(NAC)11
Acetaminophen A4 

Other hepatotoxins: carbon 
tetrachloride, 
chloroform, pennyroyal 
oil

Oral (total 72 hours)
Load: 140 mg/kg
Maintenance (starting 4 hours 

after load): 70 mg/kg q4h × 
17 doses

IV (total 21 hours)
Load: 150 mg/kg over 1-hour 

period
Maintenance infusion: 12.5 mg/

kg/hr over 4-hour period, 
then 6.25 mg/kg/hr over 16 
hours as continuous infusion

Intravenous administration is 
preferred.

At the end of therapy, repeat AST 
and APAP levels: if AST normal 
and APAP not detected, 
treatment complete; if AST 
normal and APAP detected, 
continue NAC; if AST elevated, 
continue NAC

After patient has received full 
course of NAC therapy, if INR 
≥2.0 or severe hepatotoxicity 
present (AST > 1000 U/L), 
continue NAC until INR <2.0 
and aminotransferases normalize

Most effective if initiated within 8 hours 
after acetaminophen ingestion; may be 
started any time after ingestion and is 
beneficial in patients with severe 
hepatotoxicity

Longer duration of treatment may be 
required in patients with persistently 
elevated acetaminophen levels or 
ongoing hepatotoxicity

Treatment end points simplified for ease of 
use

INR result not valid indicator if FFP 
recently administered

Naloxone Opioids Opioid dependence possible: 
40-50 µg (0.04-0.05 mg) IV 
titrated upward to reversal, while 
avoiding withdrawal if concerns 
for opioid dependence

Opioid dependence not likely: 
0.4 mg by any route and titrate 
up to 10 mg

Continuous infusion: establish 
bolus dose required to reverse 
respiratory depression; begin 
infusing two thirds of reversal 
dose every hour and titrate to 
maintain adequate respirations; 
repeated bolus with half of 
reversal dose 15 minutes after 
reversal of respiratory 
depression

Initial: reversal of respiratory 
depression with resolution of 
hypoxia and hypercapnia

Final: resolution of CNS and 
respiratory depression

Avoid rapid and full awakening in 
opioid dependent patients since 
the duration of naloxone is 
shorter than most opioids, and 
re-sedation requiring prolonged 
observation is likely

Pre-ventilate patients with respiratory 
depression by bag-valve-mask or 
intubation before administration

Use smaller doses in opioid-dependent 
patients

Some opioids (e.g., buprenorphine) may 
require larger doses of naloxone

Use continuous infusion for recurrent 
symptoms and prolonged action of some 
formulations (e.g., sustained-release 
morphine, methadone)

Re-sedation can occur
Do not use naltrexone to reverse acute 

toxicity

Octreotide Sulfonylurea-induced 
hypoglycemia

50 mg SC q6h Resolution of hypoglycemia and 
dextrose no longer required to 
maintain euglycemia

Maintain dextrose infusion as needed
Not for insulin-induced hypoglycemia

Physostigmine Anticholinergic agents (e.g., 
diphenhydramine, 
jimsonweed [Datura sp], 
scopolamine)

1-2 mg IV during 5-minute period; 
can repeat in 5 minutes if no 
effect and cholinergic effects do 
not occur

Reversal of anticholinergic effects Duration of effect is 60-90 minutes
Benzodiazepine used for subsequent 

treatment of agitation and seizures; 
additional physostigmine used rarely 
(e.g., refractory seizures or agitation)

Adverse effects include seizures, excessive 
oral secretions, bradyarrhythmias; 
contraindicated in cyclic antidepressant 
toxicity

Pralidoxime chloride Organophosphorus 
compounds

Nerve agents: sarin, VX

30 mg/kg IV bolus (maximum 2 g) 
over 30 minutes, followed by 
continuous infusion of 8-10 mg/
kg/hr (maximum 650 mg/hr)

Resolution of signs and symptoms, 
atropine no longer required

Can give initial dose over 2-minute period 
for life-threatening clinical effects

Administer early when diagnosis known or 
strongly suspected

Efficacy variable, depending on the 
organophosphate

Fat-soluble organophosphates may require 
prolonged treatment

Pyridoxine Ethylene glycol
Isoniazid
Monomethylhydrazine 

(Gyromitra esculenta 
mushrooms)

100 mg IV
5 g IV, repeat for refractory seizures

One dose
Resolution of seizures

Efficacy theoretical for ethylene glycol to 
enhance elimination of toxic metabolites

Pyridoxine may be required even with 
benzodiazepines to stop seizures, but 
patient can remain comatose (isoniazid, 
Gyromitra mushrooms)

Excessive dosing can cause neuropathy
Sodium bicarbonate 

(NaHCO3)
Reversal of myocardial 

sodium-channel blockers 
(e.g., cyclic 
antidepressants, cocaine, 
sodium-channel–
blocking antiarrhythmics 
with τrecovery >1 second, 
piperidine 
phenothiazines 
(thioridazine, 
mesoridazine)

1-2 mEq NaHCO3/kg by 
intermittent bolus; repeat as 
needed

Narrowing of prolonged QRS, 
resolution of ventricular 
arrhythmias, reversal of 
hypotension

Monitor blood pH (optimal pH 
approximately 7.50); avoid pH > 7.55
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TABLE 102-6 ANTIDOTES AND INDICATIONS FOR USE§—cont’d
ANTIDOTE INDICATION FOR USE DOSE* TREATMENT END POINT COMMENTS

Altered tissue distribution 
or enhanced elimination 
of salicylates; may be 
used for chlorophenoxy 
herbicides, formic acid, 
methotrexate, 
phenobarbital

1-2 mEq NaHCO3/kg, followed by 
3 ampules (150 mL) NaHCO3 
(44 mEq per 50 mL) in 850 mL 
of D5W, infused at 2-3 times 
normal maintenance fluid rate

Serum salicylate <30 mg/dL and 
patient clinically stable

Target blood pH: 7.50-7.55
Monitor urinary pH hourly; adjust infusion 

to maintain urine pH of 7.5-8.0 (avoid 
blood pH >7.55)

Monitor ABGs
Maintain normokalemia to allow urinary 

alkalinization
Succimer (DMSA) Arsenic

Lead
Mercury, all forms

10 mg/kg/dose q8h for 5 days, 
followed by q12h for 14 days

Drug holiday for 2 weeks; repeat if 
treatment end point not reached

Arsenic: 24-hour urinary arsenic 
<50 µg/L

Lead: resolution of encephalopathy, 
gastrointestinal symptoms, 
neuropathy, nephropathy, 
arthralgias, myalgias, and blood 
lead level <70 µg/dL

Mercury, elemental and inorganic: 
24-hour urinary mercury 
<20 µg/L

Mercury, organic: end point not 
well established

Oral chelator; adverse effects include rash, 
transient AST and alkaline phosphatase 
elevations, and gastrointestinal distress; 
minimal chelation of essential metals 
occurs

Dosing for arsenic and mercury not well 
established

Therapeutic end point for organic mercury 
not established; neurotoxicity not 
responsive to chelation therapy; suggest 
chelation until blood mercury level 
within normal value range for reference 
laboratory

Vitamin K Vitamin K antagonist 
anticoagulants (e.g., 
warfarin, long-acting 
anticoagulant 
rodenticides [LAARs]) 
[note this is not for 
normalizing a 
supratherapeutic INR in 
patients prescribed 
warfarin]

Subcutaneous: phytonadione (K1), 
10-25 mg, repeat every 6-12 
hours until oral vitamin K1 
started

Oral: 25-50 mg q6h; larger doses 
may be required

INR is normal 48-72 hours after 
stopping vitamin K1 therapy

Can also monitor factor VII activity

Anaphylactoid reaction can occur with 
rapid IV administration

Severe bleeding may also require FFP, 
prothrombin protein concentrate (off 
label), or factor concentrates

Base decision to treat on finding of elevated 
INR; do not administer prophylactic 
vitamin K1

Oral therapy may be required for months 
with LAAR poisoning because of 
lipophilicity of toxicant, with slow body 
clearance

*Dose concentrations and infusion times are not given. Drug dosages may require adjustment in patients with renal or hepatic failure.
†Administer antivenom in a monitored setting; antivenom must be reconstituted and then diluted; initially infuse at a rate of 2 to 5 mL/hr, and double the infusion rate every 5 minutes as tolerated to administer 
antivenom during a 1-hour period.
‡Ten percent calcium chloride solution = 100 mg/mL (27.2 mg/mL elemental calcium); 10% calcium gluconate solution = 100 mg/mL (9 mg/mL elemental calcium).
§See also Chapter 104, Envenomation Injury.
¶Given the relative infrequency of use of these antidotes, it is prudent that, when possible, the indications, alternatives, and doses for these antidotes should be confirmed if possible with a poison control center 
or medical toxicologist.
ABGs = arterial blood gases; ALT = alanine aminotransferase; APAP = acetyl-p-aminophenol (acetaminophen); AST = aspartate aminotransferase; BAL = British antilewisite; CNS = central nervous system; 
COHb% = percentage carboxyhemoglobin; CPR, cardiopulmonary resuscitation; D5W = 5% dextrose in water; DMSA = 2,3-dimercaptosuccinic acid; ECG = electrocardiogram; FFP = fresh-frozen plasma; 
G6PD = glucose-6-phosphate dehydrogenase; Hb = hemoglobin; HD = hemodialysis; INR = international normalized ratio; MetHb% = percentage methemoglobinemia; NS = normal saline; O2Hb% = 
percentage oxyhemoglobin; τrecovery = drug blockade recovery rate.

Multiple Doses of oral Activated charcoal
The rationale for administering multiple doses of oral activated charcoal 

includes the adsorption of any toxic agent remaining in the gastrointestinal 
tract (e.g., sustained-release drugs or drugs that retard their absorption, such 
as anticholinergics); interference with the enterohepatic and enteroenteric 
recirculation of toxicants; and enhancement of the elimination of drugs with 
a long half-life, a volume of distribution less than 1 L/kg body weight, and low 
protein binding (termed gastrointestinal dialysis). The existing evidence shows 
enhanced elimination of carbamazepine, dapsone, phenobarbital, quinine, 
salicylates, and theophylline, but multiple doses of activated charcoal may also 
be effective for amitriptyline, dextropropoxyphene, digitoxin, digoxin, diso-
pyramide, nadolol, phenytoin, piroxicam, and sotalol. Whether enhanced elimi-
nation provided by repeated doses of activated charcoal translates into decreased 
morbidity and mortality has not been adequately examined in large controlled 
clinical trials, except for yellow oleander and organophosphate ingestion, for 
which it has shown no benefit. The usual recommendations are an average 
dose of 12.5 g of activated charcoal (after the initial dose of 1 g/kg body weight, 
with a maximum single dose of 100 g) administered every 4 to 6 hours after 
the previous dose. The contraindications to single-dose activated charcoal also 
apply to multidose activated charcoal. Reported complications include pulmo-
nary aspiration, bowel obstruction from inspissated charcoal, and fluid and 
electrolyte imbalance from multiple doses of a simultaneously administered 
cathartic.

urinary Alkalinization
Alkalinization of the urine, which increases the renal elimination of weak 

acids, is used primarily to enhance the elimination of salicylates, but the 
elimination of chlorpropamide, 2,4-dichlorophenoxyacetic acid, formic acid, 
methotrexate, and phenobarbital may be increased with this method. Urinary 
alkalinization is accomplished by an intravenous bolus of 1 to 2 mEq of sodium 

bicarbonate per kilogram body weight, followed by three ampules (150 mL) 
of sodium bicarbonate (44 mEq/50 mL) in 850 mL of 5% dextrose in water 
infused at two to three times the normal maintenance fluid rate. Urinary pH 
should be checked hourly, and the infusion should be adjusted to maintain 
a urine pH of 7.5 to 8.0. Potassium should be administered simultaneously 
to avoid hypokalemia, which prevents urinary alkalinization because the 
distal tubule excretes hydrogen ion in exchange for potassium (Chapters 
108 and 109). Serum pH should be monitored and kept below 7.55 to avoid 
excessive alkalemia. Contraindications to this therapy include volume over-
load and cerebral or pulmonary edema. Urinary acidification is not recom-
mended to enhance the elimination of weak bases, such as amphetamines, 
because of the danger of precipitating tubular myoglobin in patients with  
rhabdomyolysis.

extracorporeal Removal
Extracorporeal techniques enhance the elimination of a few drugs and 

toxicants, especially those that exist in the blood and are otherwise poorly 
eliminated.12 Such drugs generally have single-compartment kinetics, a volume 
of distribution less than 1 L/kg, and endogenous clearance of less than 4 mL/
minute/kg (Table 102-7). For hemodialysis, the toxicant must be water soluble, 
have a molecular weight less than 500, and exhibit low protein binding. For 
continuous renal replacement therapy, the toxicant must have a molecular 
weight less than the permeability limit of the filter membrane. As a group, 
these latter forms of elimination are slow and likely to be of limited benefit 
to most patients with acute poisoning. Rarely, extracorporeal removal has 
been used for aminoglycosides, atenolol, bromide, carbamazepine, diethyl-
ene glycol, isopropanol, magnesium, metformin, methotrexate, N-acetylpro-
cainamide, phenobarbital, procainamide, sotalol, and trichloroethanol (chloral  
hydrate).



TABLE 102-7 COMMON TOXICANTS REMOVED BY HEMODIALYSIS
TOXICANT INDICATIONS COMMENTS
Ethylene glycol Serum level ≥50 mg/dL, or lower levels with concomitant 

metabolic acidosis and evidence of end-organ toxicity
Not routinely required in a patient with normal creatinine clearance and acid-base status who is 

receiving fomepizole
Lithium* Clinical indications, primarily CNS toxicity (e.g., 

decreased level of consciousness, ataxia, coma, 
seizures)

Use dialysate containing bicarbonate to decrease Na+/K+ antiporter intracellular sequestration of 
lithium

Methanol Serum level ≥50 mg/dL, or lower levels with concomitant 
metabolic acidosis and evidence of end-organ toxicity

Usually required because of slow elimination half-life in presence of fomepizole (mean, 52 hours; 
range, 22-87 hours), even in patients with no metabolic acidosis or evidence of end-organ toxicity

Phenobarbital Clinical indications Rarely necessary except when a patient is hemodynamically unstable despite aggressive support
Salicylates Acute toxicity: serum level ≥100 mg/dL without clinical 

abnormality or <100 mg/dL in the presence of a 
clinical indication

Chronic toxicity: any clinical indication

Serum protein binding decreases with increasing toxic levels, increasing the amount of free salicylate 
available for HD removal; clinical indications are one or more of the following: altered mental 
status, seizures, pulmonary edema, intractable acidosis, renal failure

Valproic acid Severe intoxication with serum concentration >850 mg/L Clinical indications include hepatic dysfunction; coma, especially with hyperammonemia; 
deteriorating clinical status despite aggressive support

*Hemodiafiltration removes lithium; the clinical benefit of this technique is unknown.
CNS = central nervous system; HD = hemodialysis.

 PROGNOSIS
Almost all patients who reach the hospital alive survive with appropriate care. 
Inpatient mortality rates are 0.2 to 0.5%.
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Answer: B Acetaminophen is ineffective for fever in which the body’s set 
point is elevated. This patient likely has serotonin toxicity (or serotonin syn-
drome), which is due to excessive production of heat. Dantrolene is indicated 
for malignant hyperthermia and may have nonspecific effects in other hyper-
thermic syndromes. Diazepam is similarly nonspecific. Diphenhydramine is 
contraindicated because of its impairment of heat loss through sweating, given 
its antimuscarinic effects. Cyproheptadine is a serotonin receptor antagonist; 
although it has not been adequately studied, in part given the rarity of serotonin 
toxicity, it is the preferred specific therapy.

4. In a patient with an acute, intentional overdose with suicidal intent, which 
of the following laboratory tests is mandatory?
 A. Acetaminophen level
 B. β-Human chorionic gonadotropin level
 C. Aspirin level
 D. Carbon monoxide (carboxyhemoglobin) level
 E. Urine drug screen

Answer: A A pregnancy test is indicated in women of childbearing potential 
but not in other patients. Blood aspirin levels and urine drug screens are often 
obtained, but they offer little information in acute management. Aspirin poi-
soning should be identified clinically. Urine drug-of-abuse screens may help 
in a psychiatric evaluation but are as likely to mislead the initial clinical evalu-
ation as they are to offer any insight. Carbon monoxide is a distinctly uncom-
mon form of suicide and should be assessed by the history or other findings. 
Acetaminophen overdose is extremely common because of the wide availability 
of this medication in various forms, and overdose is very difficult to detect 
clinically until hepatic failure develops. Given the availability of an effective 
antidote, early detection is critical and should be sought in all patients with 
suicidal intent.

5. Which of the following methods of gastrointestinal decontamination should 
be performed in the majority of patients with oral exposures to poisons?
 A. Ipecac-induced emesis
 B. No decontamination
 C. Oral activated charcoal
 D. Orogastric lavage
 E. Whole bowel irrigation

Answer: B The benefit of gastrointestinal decontamination has been difficult 
to prove. For patients with high-risk exposures to significant quantities of 
toxin (such as calcium-channel blockers, monoamine oxidase inhibitors, col-
chicine), the benefits generally outweigh the risks. For the majority of exposures, 
it is perfectly acceptable to avoid oral decontamination, including administra-
tion of oral activated charcoal. Whole bowel irrigation is reserved for sustained-
release medication (or drug mules), and orogastric lavage is generally performed 
only for the highest risk exposures in patients who present within several 
hours of ingestion. Ipecac is no longer used.

REVIEW QUESTIONS

1. A patient presents to the emergency department with a metabolic acidosis 
after exposure to an unknown toxin. For which one of the following toxic 
etiologies is hemodialysis indicated?
 A. Acetaminophen
 B. Aspirin
 C. Carbon monoxide
 D. Cyanide
 E. Isopropyl alcohol

Answer: B Acetaminophen can cause a metabolic acidosis immediately after 
massive overdose or after hepatic failure develops. N-Acetylcysteine in addi-
tion to supportive care is the treatment of choice. Both carbon monoxide and 
cyanide inhibit oxidative phosphorylation and cause an elevated lactate level. 
Accepted treatments include hyperbaric oxygen therapy and hydroxocobalamin, 
respectively. Isopropanol does not cause a significant metabolic acidosis, and 
hemodialysis is rarely needed. Aspirin can uncouple oxidative phosphorylation 
and cause an anion gap metabolic acidosis; treatment for severe clinical effects 
of aspirin poisoning should include hemodialysis.

2. A middle-aged patient who is enrolled in a methadone-maintenance program 
presents to the emergency department with altered mental status. On 
physical examination, he is deeply obtunded and has a respiratory rate of 
4/min with a pulse oximeter saturation reading of 85%. Which one of the 
following is the optimal initial approach?
 A. Bag-valve-mask ventilation
 B. Intubation and ventilation
 C. Irritant stimulation
 D. Naloxone, 2 mg IV
 E. Nasal cannula oxygen

Answer: A There is no rush to reverse the opioid intoxication with naloxone 
in patients who are in a health care setting because only oxygenation and 
ventilation are impaired by such an overdose. Simple external support of the 
patient’s respiratory efforts with bag-valve-mask ventilation for a short time 
is sufficient while assessing the patient. Delivery of oxygen alone is not suf-
ficient as it does not address the equally important ventilatory impairment. 
Naloxone may be used, but at a very low initial dose, such as 0.04 mg, to avoid 
intubation while also not precipitating opioid withdrawal, as can occur with 
larger doses. Endotracheal intubation is often required in patients who have 
the acute respiratory distress syndrome or who do not respond to naloxone.

3. A young woman with a history of depression presents to the emergency 
department after being started on a second psychiatric medication. Her 
initial vital signs include a body temperature of 108° F. After external cooling, 
what specific pharmacotherapy can be provided?
 A. Acetaminophen
 B. Cyproheptadine
 C. Dantrolene
 D. Diazepam
 E. Diphenhydramine
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103 
MEDICAL ASPECTS OF TRAUMA 
AND BURNS
ROBERT L. SHERIDAN

Injured or burned patients are complex to manage not only because of the 
vast number of potential anatomic derangements but also because of the 
complex physiologic cascades triggered by injury. Although most intense after 
extensive burns, stereotypical physiological derangements are a characteristic 
of all injuries. As a result, needed interventions are often predictable regardless 
of the mechanism of injury.

 EPIDEMIOLOGY
Trauma is an enormous public health issue. In the United States alone each 
year, about 2.5 million people are injured and 40,000 killed in automobile 
crashes, and about 78,000 are injured and 32,000 killed by gunshots. Burns 
and falls follow in frequency. Worldwide, injury by trauma and burns is the 
leading cause of death in children and young adults. In the middle-aged and 
elderly, injury follows only cancer and heart disease as a cause of death. Many 
long-term survivors of trauma and burns have high degrees of disability, which 
creates a particularly difficult problem given the young age of many victims.

Death after injury has a trimodal distribution. At least 50% of fatalities 
occur within minutes of the injury as a result of massive hemorrhage or 

nonsurvivable brain injury. Approximately one third of deaths occur within 
a few hours of injury, usually by hemorrhage, anoxia, or progressive brain 
trauma. This interval provides an opportunity for emergent intervention. Later 
fatalities are usually the result of multisystem organ dysfunction or overwhelm-
ing infection in the days and weeks after the injury. The likelihood of surviving 
a severe injury is better in communities that are closer to major trauma centers.1

 PATHOBIOLOGY
Early Local Response to Injury
The local response to blunt, penetrating, electrical, crush, thermal, blast, or 
other injury varies with the energy transferred. All are associated with some 
degree of secondary injury by progressive microvascular thrombosis, progres-
sive edema, and secondary compromise of perfusion. The most common 
preventable mechanisms are related to progressive edema beneath an inelastic 
eschar or fascial compartments or direct injury to vascular inflow or outflow.

Early Systemic Response to Injury
The early systemic response to burns and local trauma is driven by fluid loss 
and release of vasoactive mediators from injured tissue. In more severe injuries, 
including surface burns greater than about 20% of the body surface, interstitial 
edema develops in unburned skin as well as in distant organs and soft tissues. 
These distant microvascular effects, which can compromise the function of 
organs that were not directly injured, explain the frequent occurrence of pul-
monary and other organ dysfunctions in patients with large burns.

The capillary leak syndrome, in which the leak is typically proportional to 
the scope of the injury, is caused by the release of vasoactive substances from 
the injured and reperfused tissue. As a result, during the first 18 to 24 hours 
after a serious burn, both electrolytes and large colloid molecules freely diffuse 
into the interstitial space.

Late Local Response to Injury
At about 72 hours after the initial trauma, local wound issues are particularly 
important in patients who have extensive soft tissue damage, especially after 
burns or crush injury with extensive volumes of devitalized tissue. Tissue that 
has been crushed or suffered reduced blood flow is subject to progressive 
necrosis. As bacteria multiply in the avascular tissue during the succeeding 
days, proteases liquefy the eschar and necrotic tissue, which then separates 
and leaves a bed of granulation tissue. In healthy patients with smaller wounds 
and burns (<20% of the body surface), this septic process is usually tolerated. 
When injuries are larger, however, systemic infection results and explains the 
rare survival of patients who have burns in excess of 40% of body surface 
area or who have massive soft tissue injuries with incomplete early wound  
excision.

Late Hypermetabolic Systemic Response to Injury
Successfully resuscitated patients with large burns or major non-burn trauma 
demonstrate an initial decrease in cardiac output and metabolic rate. After 
successful resuscitation, a hypermetabolic response occurs, with a near dou-
bling of cardiac output and resting energy expenditure during the next 24 to 
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ABSTRACT
Injured or burned patients are complex to manage not only because of the 
vast number of potential anatomic derangements but also because of the 
complex physiologic changes triggered by injury. Proper support and manage-
ment of these derangements is an essential component of successful care, 
regardless of the mechanism of injury.
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TABLE 103-1 INJURY CLASSES
INJURY CLASS CLINICAL IMPLICATIONS COMMON ERRORS
Blunt Graded soft tissue and bone injury, edema

Occult vascular or visceral injury
Delayed consequences of edema
Missed visceral injury and secondary consequences

Penetrating Soft tissue and bone injuries vary with energy of injuring 
object (e.g., knife vs. fragment vs. bullet)

Occult vascular or visceral injury

Missed vascular or visceral injury
Secondary consequences of missed vascular injury

Thermal Graded soft tissue injury (first- to fourth-degree burns)
Capillary leak phenomenon

Inadequate appreciation of capillary leak phenomenon and consequent 
under-resuscitation

Inaccurate wound evaluation and over-resuscitation
Unanticipated local injury progression

Electrical Range of soft tissue injury with increasing voltage and 
contact duration and quality

Occult cardiac and muscle injury
Secondary compartment syndrome complications

Crush Graded soft tissue, bone, and visceral injury with 
secondary consequences of edema and of reperfusion

Underappreciation of injury severity
Missed muscle ischemia due to primary ischemia and to reperfusion edema

Blast Graded injury severity (primary to quaternary injury 
patterns)

Occult visceral injury

Underappreciation of secondary, tertiary, and quaternary components of injury
Missed associated visceral injury

Fragmentation injury Multiple unpredictable penetrations with associated 
visceral and vascular injury

Missed visceral and vascular injury
Associated blast trauma

FIGURE 103-1. Penetrating injury often is associated with visceral and bone trauma. 

FIGURE 103-2. Thermal injury is of variable depth. initial evaluation usually under-
estimates this depth. 

DIAGNOSIS AND TREATMENT 

72 hours. The magnitude of the response, which becomes greater with larger 
burns and more severe injuries, peaks at up to twice the normal metabolic 
rate in otherwise healthy patients with burn involving 60% or more of the 
body surface area. This hypermetabolic response is characterized by enhanced 
gluconeogenesis, insulin resistance, and increased protein catabolism. Although 
the causes of these physiologic changes are not well understood, they seem 
to involve the systemic release of bacterial products, the breakdown of gastro-
intestinal barrier dysfunction with translocation of bacteria and their byproducts 
into the circulation, and increases in the secretion of glucagon, cortisol, and 
catecholamines.

 CLINICAL MANIFESTATIONS
All injuries involve the transmission of energy to viable tissue. Classic injury 
mechanisms include blunt, penetrating, electrical, thermal, blast, and crush 
(Table 103-1), but combined mechanisms are common. For example, patients 
crushed in building collapses frequently suffer a concomitant penetrating 
component, and patients who suffer high-voltage injury frequently fall from 
a height, such as a utility pole. In all mechanisms, edema or vascular injury 
can compromise perfusion and lead to secondary injury.

Blunt injury is commonly seen in motor vehicle accidents and falls. Injuries 
are often multisystem. Penetrating soft tissue injuries vary widely (Fig. 103-1), 
but the overarching concern is the possibility of occult injury to vascular, 
bone, or visceral structures. The degree of trauma is directly related to the 
energy of the injury. For example, high-velocity gunshots cause greater injury 
than lower velocity rounds because they create a local blast effect, called cavi-
tation, along their trajectory.

Thermal injury (Fig. 103-2) by whatever mechanism (flame, scald, contact) 
is associated with a graded soft tissue injury described in degrees. As thermal 
injuries increase beyond about 15% of the body surface, a diffuse capillary 
leak phenomenon occurs that continues for 18 to 24 hours after injury and 
involves both burned and unburned tissue. This phenomenon can result in 
cardiovascular collapse and is the key physiologic derangement underlying 
the shock state accompanying burns.

The severity of electrical injuries (Fig. 103-3) varies with voltage, current 
flow, and contact quality. Low-voltage injuries are rarely associated with distant 
sequelae, whereas high-voltage injuries are commonly associated with com-
partment syndromes, cardiac complications, pigmenturia, and other trauma.

Crush injuries (Fig. 103-4) include direct soft tissue injuries as well as 
secondary ischemic damage due to a compartment syndrome or ischemia-
reperfusion. Associated bone, visceral, and vascular injuries are common. Major 
septic complications are common when necrotic soft tissues are left unexcised.

Blast injuries (Fig. 103-5) are graded complex injuries with four character-
istics: primary injury to air-filled structures and the central nervous system, 
secondary injury from flying debris, tertiary injury from collisions with sta-
tionary objects, and quaternary injury from associated crush or other trauma. 
Blast injuries of all types can be subtle or have a delayed clinical presentation, 
and visceral injuries often are not diagnosed promptly.2
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FIGURE 103-3. Electrical injury can be associated with a number of systemic sequelae, 
depending on current strength and pattern of flow. 

FIGURE 103-4. Crush injury is often associated with underappreciated deep muscle 
injury. 

Complex burns and trauma are most successfully and cost-effectively managed 
in high-volume programs.3 Trauma and burn center programs emphasize the 
comprehensive nature of injury care, including community involvement with 
injury prevention programs, thorough prehospital care, early resuscitation and 
surgery, and long-term rehabilitation and reconstruction. Most programs include 
imbedded specialty intensive care units and operating rooms. Multidisciplinary 
staff include physicians, physician assistants, nurse practitioners, nurses, physical 
and occupational therapists, respiratory therapists, psychiatrists, social workers, 
and nurse administrators. Coordination and scheduled communication are 
essential.

Care of individual patients with serious multisystem injury is complex and 
requires a longitudinal four-phase approach. Phase One, which describes the 
initial evaluation and resuscitation, generally is completed in the first 24 hours. 
Phase Two includes initial wound excision for burn patients and initial resuscita-
tive surgery and fracture stabilization for non-burn trauma patients. This phase 
frequently overlaps with Phase One but is usually completed within 72 hours. 
Phase Three involves definitive wound closure for burns and the completion 
of surgery for trauma patients. The duration of this phase varies greatly with 
injury but is usually complete at the time of discharge. Phase Four describes 
the sometimes long process of reconstruction, rehabilitation, and reintegration. 
This phase of care commonly spans the later part of the acute hospitalization, 
inpatient rehabilitation, and variable amounts of time in the home-based setting.

Prehospital Care and Interhospital Transport
When prehospital and interhospital transfers are being arranged, key issues 

include control of the airway, secure venous access, placement of bladder and 
nasogastric catheters, maintenance of body temperature, fluid administration 
if transport time will be more than 1 hour, documentation of the events of the 
injury from personnel who will not be available to the receiving facility, efforts 
to notify family members, and clear documentation of all interventions. Hypo-
thermia (Chapter 101) is a particular problem in burn patients because of their 
evaporative heat losses. Transporting vehicles and emergency department 
receiving areas should be heated before the patient’s arrival. Initial burn dress-
ings should be dry, clean sheets rather than wetted dressings. Cooling of a 
wound involving less than 15% of the body surface within minutes may help 
limit burn depth without causing systemic hypothermia, whereas cooling after 
a few minutes is generally unhelpful.

Phase One: Initial Evaluation and Resuscitation
primary survey

The organized approach to the initial evaluation of injured patients requires 
primary and subsequent patient surveys. The primary survey is an initial look 
for major aberrations in airway, circulatory, or neurologic status that justify 

DIAGNOSIS AND TREATMENT 

Fragmentation injuries (Fig. 103-6) are penetrating injuries characterized 
by multiple foreign bodies of variable size and energy as well as unpredictable 
trajectories. As with blast injuries, the full extent of injury is often underesti-
mated initially.

FIGURE 103-5. Blast injury is a complex of four injury subtypes. Missed injuries are 
common. 

FIGURE 103-6. Fragmentation injury is a particular form of penetrating injury fre-
quently associated with missed injuries. 
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emergent intervention. The airway is controlled with intubation if needed. 
Clinically obvious pneumothoraces (Chapter 92) should be decompressed, and 
hemothoraces must be diagnosed and drained. In suspicious cases, pericardial 
tamponade (Chapter 68) can usually be documented or excluded by handheld 
bedside ultrasonography. Vascular access is obtained and fluid resuscitation 
started. A very brief neurologic assessment (Chapter 368), including use of the 
Glasgow Coma Scale, is critical.

secondary survey
The secondary survey includes a much more detailed head-to-toe physical 

examination after the patient has a reliable airway and has been hemodynami-
cally stabilized. The physical examination should assess for evidence of closed 
head injury, skull and facial fractures, and eye and ear injuries, with a low 
threshold for a head computed tomography (CT) scan. The neck must be sta-
bilized and assessed for possible injury. Burns should be categorized as first-
degree burns, involving only the epidermis; second-degree burns, involving 
variable amounts of dermis; third-degree burns, involving the entire dermis; 
and fourth-degree burns, involving fat, muscle, and bone.

A constant concern is the potentially missed injury. In the chaos of initial 
care, major issues can be missed if they do not have a dramatic initial presenta-
tion. Unfortunately, many injuries, such as epidural hematoma and small bowel 
perforations, are initially subtle and become catastrophic hours or days later. 
The best way to deal with this difficult reality is to have a highly organized 
approach that includes both a detailed initial evaluation and subsequent reevalu-
ation so that all potential injuries are considered and reasonably excluded.

Projectiles often follow an unpredictable course through tissue and bone, 
thereby increasing the likelihood of missed injury. Missed visceral injury is also 
common with fragmentation injuries, especially because surgical exploration 
of all potential sites of injury is often impractical. Selected exploration is guided 
by initial and serial examination and by imaging when available.

Appropriate laboratory and imaging studies should be obtained. The fun-
damental goal is to consider carefully the injury mechanism and to exclude all 
potential occult injuries to a reasonable level of confidence. High-energy injuries, 
such as electrical burns, motor vehicle crashes, and blasts, are notorious for 
generating significant injuries that are missed during the initial evaluation. 
Bedside ultrasonography has emerged as a routine, rapid, and repeatable method 
to assess for abdominal fluid, usually blood. CT scanning of the head, chest, 
abdomen, and pelvis is justified if the mechanism of injury is consistent with 
head or abdominal trauma, and conventional imaging with selective CT scan-
ning is as good as immediate total-body CT scanning. A1  Rapid imaging has 
largely supplanted operative exploration for diagnostic purposes, except in 
unstable patients, in whom immediate operative exploration is performed for 
ongoing hemorrhage.

Chest Injuries
Tension pneumothorax (Chapter 92), hemothorax, cardiac tamponade (Chapter 

68), flail chest, open pneumothorax, and disruption of the thoracic aorta (Chapter 
69) are among the life-threatening injuries that should be considered during 
the primary and secondary surveys. All trauma patients should have a supine 
chest radiograph to examine the lung fields, the mediastinal contour, and chest 
wall. Thoracic aortic injury is usually an immediately fatal complication of severe 
acceleration-deceleration injury, but some patients may have a contained 
mediastinal hematoma that requires urgent diagnosis and medical or surgical 
management.

Myocardial contusion should be suspected in patients with blunt trauma, 
especially if they have a sternal fracture or anterior rib fractures. Such blunt 
cardiac injuries can result in electrocardiographic abnormalities, ventricular 
arrhythmias, and cardiogenic shock. Coronary artery injuries are uncommon, 
although lacerations and dissections can occur and require emergent percu-
taneous coronary intervention similar to a typical ST elevation myocardial 
infarction (Chapter 64).

Commotio cordis is sudden cardiac arrest (Chapter 57) after acute blunt 
chest trauma from softballs, baseballs, hockey pucks, or collisions. The trauma 
presumably occurs during an electrically vulnerable period between 30 and 
15 msec before the T wave peak and produces ventricular fibrillation. Death is 
essentially universal unless the victim receives immediate cardiopulmonary 
resuscitation.

Abdominal Injuries
The liver and spleen are the most frequently injured intra-abdominal organs. 

Suggested findings on physical examination include lower rib fractures, upper 
quadrant pain or tenderness, and pain referred to the shoulder secondary to 
diaphragmatic irritation. CT scanning is the test of choice. High-grade injuries 
require surgery, but most lesser injuries can be managed nonoperatively. Focused 
abdominal sonography has a sensitivity of 95% for detection of free blood in 
the abdomen (Fig. 103-7) but is not usually able to identify the source. An 
alternative in unstable patients or in austere environments is diagnostic peri-
toneal aspiration or lavage. Abdominal CT is a reliable determinant of both 
intraperitoneal and retroperitoneal injury (Fig. 103-8) and is preferable to diag-
nostic aspiration or lavage in stable patients.

Head and Spine Injuries
Neurologic issues often dominate the quality of long-term outcome. The 

initial evaluation of the neurotrauma patient focuses on detection of revers-
ible causes of elevated intracranial pressure or reduced perfusion (Chapter 
371), but routine measurement of intracranial pressures does not improve  
outcome. A2  Although many outcomes are fixed from the time of injury, oppor-
tunities for early intervention should not be missed. It is particularly important 
to avoid secondary neurologic injury, most commonly due to reduced perfusion 
from hypotension and cerebral edema.

Prevention of spinal cord injury (Chapter 371) and evaluation of the spine 
for bone and ligamentous disruption are also important components of the 
early evaluation. Multidetector CT images can be obtained quickly to detect 
occult spinal injuries, and routine magnetic resonance imaging is rarely clini-
cally indicated.4

A multidisciplinary approach to the evaluation and management of pain 
and anxiety in injured patients has important short- and long-term benefits.5 
An organized approach facilitates dealing with the inevitable pain and anxiety 
in an organized and consistent manner and allows the unit to determine the 
effectiveness of new interventions.

tertiary survey
The tertiary survey is a planned repeat physical examination, usually 1 or 2 

days after admission, often accompanied by focused imaging tests.6 The goal 

FIGURE 103-7. Positive focal abdominal sonography in trauma (FAST) study. there 
is a collection of fluid that shows up as a black strip between the liver and kidney. the 
white appearance is fat around the kidney. these findings are consistent with a fluid 
collection in Morison pouch. (courtesy robert H. demling, Md.)

FIGURE 103-8. Abdominal injury. an abdominal computed tomography scan shows 
an injury to the right lobe of the liver (arrow). (courtesy robert H. demling, Md.)
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TABLE 103-2 CATEGORIZATION AND INITIAL TREATMENT OF HEMORRHAGIC SHOCK*
CLASS I CLASS II CLASS III CLASS IV

Blood loss (mL) ≤750 750-1500 1500-2000 ≥2000
Blood loss (% of blood volume) ≤15 15-30 30-40 ≥40
Pulse rate <100 >100 >120 ≥140
Blood pressure Normal Normal Decreased Decreased
Capillary refill test Normal Positive Positive Positive
Respiratory rate 14-20 20-30 30-40 >35
Urine output (mL/hr) ≥30 20-30 5-15 Negligible
Mental status Slightly anxious Mildly anxious Anxious and confused Confused and lethargic
Fluid replacement (3 : 1 rule) Crystalloid Crystalloid Crystalloid + blood Crystalloid + blood
*Based on a 70-kg adult.
From Demling RH, Gates JD. Medical aspects of trauma and burn care. In: Goldman L, Schafer AI, eds. Goldman’s Cecil Medicine. 24th ed. Philadelphia: Saunders-Elsevier; 2012.

is to exclude missed subtle injuries that might otherwise cause significant long-
term morbidity. Examples include minor fractures of the wrist or foot, small 
deep lacerations of the scalp, subtle eye injuries, and some abdominal injuries, 
particularly retroperitoneal duodenal or colonic perforations. Such injuries can 
become the patient’s dominant source of long-term morbidity if they are missed 
during initial evaluation and treatment.

Key Management issues
Fluid Resuscitation and Transfusion

The clinical goal is to administer adequate but not excessive fluid while 
ensuring that soft tissues are not rendered ischemic by increasing pressure 
beneath inelastic eschar or tense muscle compartments. The severity of hemor-
rhagic shock should be assessed and treated appropriately (Table 103-2).

For burn patients, several formulas based on weight, surface area, and burn 
size have been developed over the years. These are general guides, and physi-
ologic monitoring is needed with individual titration of infusions to meet set 
resuscitation end points, such as urine output, base deficit, and vital signs  
(E-Table 103-1).7

In well-resuscitated trauma and burn patients, capillary integrity generally 
returns at 18 to 24 hours, and fluid requirements decrease to approximately 
1.5-fold maintenance in most patients. With the reduction in the infusion rate 
of isotonic crystalloid, topical care of large wounds will have a major impact 
on serum electrolytes. Wounds treated with nonaqueous topical antimicro-
bials, such as silver sulfadiazine cream or mafenide acetate cream, promote 
transeschar water loss and generate a free water requirement. By comparison, 
wounds treated with aqueous topical agents are associated with electrolyte 
leeching and secondary hyponatremia (Chapter 108). Serum levels of potas-
sium, calcium, and magnesium (Chapters 109-111 and 232) should be moni-
tored frequently and replaced as needed. In most patients, enteral feedings  
(Chapter 204) can be started.

Current fluid resuscitation practices in trauma patients emphasize initial 
“permissive hypotension” to reduce early bleeding (Chapters 96 and 98). Patients 
with mean systemic arterial pressures in the range of 60 to 80 mm Hg are 
resuscitated initially to modest hypotension (i.e., the range of 80 to 90 mm Hg) 
if they are otherwise alert and well perfused. They are then taken expeditiously 
to the operating room for surgical control before targeting a normotensive 
state. Early use of blood products such as fresh-frozen plasma and red cells 
rather than crystalloid can minimize the coagulopathy and improve outcomes 
in rapidly hemorrhaging patients. Among patients with severe trauma and 
major bleeding, early administration of plasma, platelets, and red blood cells 
in a 1 : 1:1 ratio of infusion units is better than a 1 : 1:2 ratio for achieving hemo-
stasis and reduces early death due to exsanguination. A3  Liberal use of tourniquets 
and compressive dressings before surgery further improves outcome by reduc-
ing blood loss. Among the various crystalloids, none seem to have any obvious 
advantages or disadvantages for treatment of hemorrhage. Tranexamic acid 
(e.g., loading dose of 1 g during 10 minutes, then infusion of 1 g during 8 
hours), which inhibits thrombolysis, beginning within 8 hours of injury may 
reduce bleeding in selected patients who require massive transfusion.

Pigmented urine is commonly seen in the setting of high-voltage, crush, 
blast, or very deep thermal injury. Myoglobin and hemoglobin that are liber-
ated from lysed muscle (Chapter 105) and red cells cause the pigmentation. 
To avoid renal tubular injury (Chapter 112), crystalloids should be administered 
to achieve a urine output of 2 mL/kg/hour (Chapter 105).

Decompression Procedures
An important component of the initial evaluation of the trauma and burn 

patient is to find and to rectify compartment syndromes before irreversible 
tissue ischemia occurs.8 Perfusion of the extremities can be compromised by 

inelastic near-circumferential burns, and the normal fascial envelopes of major 
muscle groups can cause high soft tissue pressure if muscles are injured by 
crush, thermal, or electrical injury or in association with major fractures. Extremi-
ties at risk should be dressed simply to facilitate frequent assessment for tem-
perature, pliability, voluntary motion, pain with passive motion, detectable 
pulsations, and low-pressure flow by capillary refill and Doppler signals in the 
digital vessels and digital pulp. In assessing capillary refill, it is important to 
elevate the extremity, as even a mottled nonperfused extremity will demonstrate 
venous refill when it is dependent. Measurement of compartment pressures 
may be valuable in selected patients, with decompression recommended when 
measured pressures are above 30 cm H2O. In most situations, serial clinical 
examination is sufficient to determine the need for escharotomy or fasciotomy, 
thereby avoiding the risk of bacterial seeding posed by passing pressure-
monitoring catheters through contaminated wounds. Compromised extremities 
should be promptly decompressed by escharotomy or fasciotomy before the 
development of irreversible tissue necrosis (E-Fig. 103-1).

Abdominal Compartment Syndrome
If abdominal viscera become extremely edematous, abdominal compartment 

syndrome may result. This syndrome, which is usually caused by edema of the 
bowel wall, occurs after abdominal trauma or after the gut is reperfused by 
resuscitative therapies. When intra-abdominal pressures exceed 25 mm Hg 
(34 cm H2O), renal blood flow, inferior vena cava blood return, and diaphrag-
matic excursion are impaired. This syndrome typically is manifested with oliguria, 
hypotension, and difficult ventilation. Diagnosis is by physical examination and 
measurement of bladder pressure. Treatment is by laparotomy with temporary 
abdominal closure.

Phase Two: Initial Surgical Care
Phase Two includes initial wound excision for burn patients and initial resus-

citative surgery and fracture stabilization for non-burn trauma patients. This 
phase frequently overlaps with Phase One but is usually completed within 72 
hours. Multiple subspecialty surgical teams may need to be coordinated by a 
trauma surgeon who directs overall care and reconciles conflicting priorities.

early Wound excision
Excisional débridement of nonviable soft tissues or deep burns during the 

first days following injury, before heavy microbial colonization occurs, will reduce 
the incidence and severity of sepsis from burns, crush, or other soft tissue 
trauma.

damage control surgery
Damage control surgery identifies the most important surgical tasks that 

must be done to save the patient’s life and only these are performed initially, 
thereby allowing a more stable patient to return to the operating room later 
for a subsequent definitive and often time-consuming operation. The proto-
typical example is for abdominal trauma, when bleeding and gastrointestinal 
contamination are addressed initially but the abdomen is left open so a warmed 
and more stable patient can return to the operating room in 12 to 36 hours 
for a definitive bowel anastomosis and abdominal closure. This concept can 
also be applied to the trauma care system. If multiple patients need to share 
limited operating room resources, truncating individual operations allows more 
patients to be treated urgently.9

early fracture fixation
Early surgical fixation of long bone fractures benefits injured patients by 

reducing the complications of immobilization, enhancing rehabilitation, and 
likely reducing the systemic inflammatory state and proclivity to thromboem-
bolic complications.
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E-TABLE 103-1 BURN RESUSCITATION FORMULA
FIRST 24 HOURS

Adults and Children >20 kg
•	 Lactated	Ringer	solution:	2-4	mL/kg	per	percentage	of	total	body	surface	area	

(TBSA) burned per 24 hours (first half in first 8 hours)
•	 Colloid:	in	many	patients,	particularly	those	with	small	injuries,	no	colloid	is	

advised in the first 24 hours. However, colloid, generally as 5% albumin solution, 
is increasingly used early in resuscitation of patients with large burn injuries. This 
is program specific and should ideally be discussed with the unit to which the 
child with a large injury will be referred.

SECOND 24 HOURS—ALL PATIENTS

•	 Crystalloid:	to	maintain	urine	output.	If	silver	nitrate	is	used,	sodium	leeching	will	
mandate continued isotonic crystalloid. If other topical agents are used, then free 
water requirement is significant. Serum sodium should be monitored closely.

•	 Nutritional	support	should	begin,	ideally	by	the	enteral	route.
•	 Colloid	(5%	albumin):

•	 0-30%	burn:	none
•	 30-50%	burn:	0.3	mL/kg	per	percentage	of	TBSA	burned	per	24	hours
•	 50-70%	burn:	0.4	mL/kg	per	percentage	of	TBSA	burned	per	24	hours
•	 70-100%	burn:	0.5	mL/kg	per	percentage	of	TBSA	burned	per	24	hours

E-FIGURE 103-1. Tight extremities should be promptly decompressed by escharotomy 
or fasciotomy before the development of irreversible tissue necrosis. 
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prophylaxis for thromboembolic complications, Gastrointestinal 
Hemorrhage, and infection

Trauma incites a hypercoagulable state, and seriously injured patients are 
prone to deep venous thrombosis and pulmonary embolism. Prophylaxis using 
low-molecular-weight heparin and/or automatic compression stockings has 
become routine in most trauma programs.

During the early hypodynamic phase with reduced splanchnic blood flow, 
gastrointestinal hemorrhage may occur in the seriously injured or burned patient. 
This complication can be sharply reduced with routine pharmacologic prophy-
laxis, including proton pump inhibitors or histamine-2 receptor blockers.

Randomized trials do not support the use of prophylactic antibiotics, 
even in burn patients, except perhaps those who have severe burns and 
require mechanical ventilation or who have undergone split-thickness skin  
grafting. A4  However, careful observation and prompt cultures in febrile patients 
are critical for optimal management.

Critical Care of the Injured or Burned
Many injured patients require transient intubation and mechanical ventila-

tion (Chapter 97) to facilitate resuscitation, evaluation, and initial care. Some 
will go on to develop respiratory failure (Chapter 96) requiring protracted ven-
tilator support.

Multiple mechanical and injury factors contribute to respiratory insufficiency 
in trauma patients, including chest wall trauma and pulmonary contusion. In 
patients with more severe injuries including flail chest, rib fixation is a useful 
intervention.

In burn patients, inhalation injury (Chapter 88) is an important cause of 
respiratory failure.10 The diagnosis of inhalation injury is best made by history 
and clinical examination revealing singed nasal vibrissae and carbonaceous 
debris in the mouth and pharynx (E-Fig. 103-2). Chest radiographs are usually 
normal initially. Carbon monoxide poisoning (Chapter 88) can be seen in con-
junction with inhalation injury; the standard of care is 100% oxygen at the 
prevailing atmospheric pressure for 6 hours, with hyperbaric oxygen reserved 
for patients with a carboxyhemoglobin level above 30% or neurologic changes.

Pneumonia (Chapter 91) or tracheobronchitis (Chapter 90) occurs in about 
30% of burn patients with inhalation injury. The acute respiratory distress syn-
drome (Chapter 96) also is common in burn and trauma patients, particularly 
those who go on to develop sepsis, pneumonia, and multiple organ failure. 
Antibiotic therapy is directed by sputum Gram stain and cultures and should 
not be prolonged beyond a 7- to 10-day therapeutic course. Vigorous pulmonary 
toilet, with directed bronchoscopy to clear secretions in selected patients, is 
an important component of therapy.

post-resuscitation Metabolic issues
In the days that follow successful resuscitation, a hyperdynamic state pre-

dictably occurs, characterized by a high cardiac output and low peripheral 
resistance. Excision of necrotic tissue, prevention of tissue ischemia by repair 
of vascular injuries, and prompt management of compartment syndromes will 
minimize the burden of necrotic tissue and reduce post-injury infection and 
hypermetabolism (E-Fig. 103-3).

Several formulas have been devised to predict non-protein calorie needs 
(E-Table 103-2). A very rough estimate of calorie needs is a range of 25 to 
35 kcal/kg/day, with the lower number applying to more stable and older 
patients and the upper number applying to more seriously injured and younger 
patients. Protein administration of 2 to 3 g per kilogram per day will adequately 
support the needs of most injured patients.

The route of nutritional support is ideally enteral (Chapter 204), with tube 
feeding beginning during resuscitation. However, some patients, particularly 
those with very severe and abdominal injuries or those with intervening sepsis, 
will not tolerate enteral feedings at goal rates and will require supplemental 
parenteral nutrition to ensure delivery of all needed nutrients (Chapter 204).

Safe and reliable modification of adverse components of the hypermetabolic 
response, particularly protein catabolism, has proved an elusive goal. Anabolic 
agents such as recombinant human growth hormone and anabolic steroids 
may help restore positive nitrogen balance but are not universally used because 
of their complications, expense, and conflicting data regarding the efficacy. 
Other attempted interventions, such as antipyretics, β-adrenergic blockade, 
β-adrenergic supplementation, nonsteroidal anti-inflammatory agents, recom-
binant growth hormone, insulin-like growth factor-I, and anabolic steroids, have 
been tried, but available data are inadequate to support any of these therapies 
as standard care.

septic complications and Multiple organ failure
Injured patients are at elevated risk for all types of infectious complications 

(Chapter 266). Multiple organ dysfunction and septic shock (Chapter 100) are 
manifestations of uncontrolled systemic inflammation for severe infection.

Phase Three: Definitive Surgical Care
Phase Three involves definitive wound closure for burns and completion 

surgery for trauma patients. In non-burn trauma patients, this phase may involve 
removal of vacuum wound dressings and definitive closure, closure of fasciotomy 
sites, and fixation of facial fractures. The duration of this phase varies greatly 
with injury, but it is usually complete at the time of acute hospital discharge. 

For example, in burn patients, this phase of care is defined by replacement of 
temporary membranes with permanent grafts and the important but time-
consuming grafting of hands and face.

Phase Four: Rehabilitation and Reintegration
Phase Four describes the sometimes long process of reconstruction, reha-

bilitation, and reintegration.11 This phase of care may begin in an inpatient 
rehabilitation setting and progress into the home environment. Depending on 
the specifics of the injury, the process may be a few weeks to months or years. 
Daily passive range of motion movements, splinting, anti-deformity positioning, 
and strengthening can reduce the frequency of these complications.

The environment of recovery is an important therapeutic consideration. Data 
suggest that specific qualities of the family have a major impact on multiple 
aspects of recovery, some that can potentially be modified. Community resources 
can be used to enhance recovery and are an important part of discharge planning

 REHABILITATION OF THE INJURED PATIENT
 Rehabilitation in the Critically Ill Patient
Passive range of motion movement, splinting, and anti-deformity positioning 
will minimize the capsular contraction and shortening of tendon and muscle 
groups that otherwise occur with protracted immobilization.

Emotional recovery after severe trauma can be limited by neurologic injury 
and post-traumatic stress. These issues can be anticipated and their adverse 
effects blunted by early and continuous involvement of emotional supports 
for the family and patient. Ideally, psychiatric, social service, and psychological 
resources are available.

 SPECIAL CONSIDERATIONS
 Electrical Injury
Cardiopulmonary arrest can be caused by low-voltage electrical injury but is 
more common with high-voltage electrical injury. Extensive tissue necrosis 
may also liberate enough potassium to cause cardiac dysfunction. Because 
cardiac arrhythmias may recur after resuscitation or develop 24 to 48 hours 
after injury, all patients who have sustained high-voltage electrical injury should 
undergo continuous electrocardiographic monitoring for at least 24 to 48 
hours after the last documented arrhythmia.

Deep muscle necrosis can be initially inapparent, so many patients benefit 
from serial operative evaluation and débridement. Recovery of function after 
direct electrical nerve damage is rare. Conversely, the nerves that are not injured 
directly commonly recover. Rarely, a polyneuritic syndrome of relatively late 
onset can cause deficits in the function of peripheral nerves far removed from 
the points of contact. Among patients hospitalized with serious high-voltage 
electrical injuries, about 8% die and another 22% have permanent neurologic 
deficits despite optimal care. Most patients with low-voltage injuries, such as 
can be caused by electrical flash burns, also develop long-term sequelae, includ-
ing neurologic (memory loss, numbness, headache, chronic pain, weakness) 
and musculoskeletal (pain, reduced range of motion, contracture) symptoms.

 Lightning Injury
Cardiopulmonary arrest is common in patients struck by lightning. The “flowers 
of Lichtenberg” is an evanescent cutaneous phenomenon commonly seen in 
lightning-struck patients (Fig. 103-9). Coma is also common acutely but typi-
cally resolves in a few hours. Keraunoparalysis, which is lightning-induced 
paralysis, is characterized by usually transient paresthesias and paralysis that 
develop during several days and typically involve the lower limbs. Ruptured 
tympanic membranes and hearing loss may also occur. With immediate car-
diopulmonary resuscitation, about two thirds of lightning victims survive, 
and persistent neurologic deficits are relatively uncommon.

 Considerations at the Extremes of Age
Injured patients at the extremes of age bring with them a number of impor-
tant physiologic and psychosocial issues that directly affect their care  
(E-Table 103-3). Older adults do not have the depth of physiologic reserve of 
the young (Chapter 22). Cardiopulmonary function may be compromised, and 
peripheral vascular disease is common. Muscle mass and respiratory muscle 
strength are often reduced. Reduced renal reserve increases sensitivity to 
nephrotoxic drugs. The skin is relatively atrophic and consequently tolerates 
burning and donor harvest poorly. Nutritional needs are not well predicted 
by standard equations.

As a result, a major injury is often the event that changes the subsequent 
living condition of an elderly person. Injuries are often the result of cognitive 
or functional changes (Chapter 24) and may be associated with syncopal 
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E-FIGURE 103-2. Inhalation injury is predicted by history and physical findings, 
including soot in the mouth and teeth as shown here. 

E-FIGURE 103-3. Prevention of tissue ischemia of edematous limbs by escharotomy 
or fasciotomy will minimize the burden of necrotic tissue. 

E-TABLE 103-3 PSYCHOSOCIAL AND PHYSIOLOGIC 
CONSIDERATIONS IN GERIATRICS

•	 Injury	mechanisms	more	often	involve	compromised	mobility	or	dexterity.
•	 Injuries	may	reflect	an	inability	to	safely	live	alone.
•	 Injuries	occur	during	syncopal	episodes.
•	 Resuscitation	should	be	carefully	considered	if	burns	are	very	large,	particularly	in	

the presence of inhalation injury.
•	 Patients	may	have	advanced	directives,	interested	families,	or	health	care	proxies	

who should be consulted as early as possible in their care.
•	 Older	adults	often	do	not	have	the	physiologic	reserve	of	the	young.
•	 Pulmonary	function	may	be	compromised	by	years	of	smoking.
•	 Occult	or	overt	coronary	artery	or	peripheral	vascular	disease	may	exist.
•	 Muscle	strength,	including	respiratory	muscles,	may	be	reduced.
•	 Renal	function	may	be	reduced	with	resulting	greater	sensitivity	to	nephrotoxic	

drugs or hypotensive insults.
•	 Nutritional	needs	of	the	elderly	are	poorly	predicted	by	standard	predictive	

equations.
•	 The	skin	of	the	elderly	person	is	thin	and	therefore	sustains	full-thickness	injury	

more readily and tolerates repeated donor harvest less well.
•	 Older	adults	may	live	alone	or	have	a	spouse	who	cannot	reasonably	meet	

postdischarge needs.
•	 Discharge	planning	may	be	very	involved	and	must	be	started	early.

E-TABLE 103-2 MODIFIED HARRIS-BENEDICT EQUATION
MALE PATIENTS

FEMALE PATIENTS

BMR weight in kg height in cm= + × + × −447 593 9 247 3 098 4 3. ( . ) ( . ) .( 330 × age in 
years)

BMR weight in kg height in cm= + × + × −88 362 13 397 4 799 5 6. ( . ) ( . ) .( 777 × age in 
years)

BMR = basal metabolic rate.
From Roza AM, Shizgal HM. The Harris Benedict equation reevaluated: resting energy 
requirements and the body cell mass. Am J Clin Nutr. 1984;40:168-182.



FIGURE 103-9. the “flowers of lichtenberg” is an evanescent cutaneous phenomenon 
commonly seen in lightning-struck patients. 

episodes (Chapter 56) that need to be concurrently evaluated. Resuscitation 
should be carefully considered if burns are very large or trauma is severe. Data 
suggest that mortality is nearly 90% in patients who are older than 60 years, 
have burns of more than 40% of their body surface, and have concomitant 
inhalation injury. Patients may have advanced directives, interested families, 
or health care proxies who should be consulted as early as possible in the care 
of such patients (Chapter 3).

Older adults bring unique psychosocial issues to the trauma and burn center. 
They may live alone or have a spouse who cannot meet their discharge care 
needs for wound care, transportation, or general support. Children may live 
far away and be unable to support them. Discharge planning can be very 
involved, requiring orchestration of many community resources, and must be 
started early.
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4. An 86-year-old woman falls in her home. Multiple rib fractures and respira-
tory distress are successfully managed nonoperatively with an epidural 
catheter and noninvasive positive pressure ventilation. She is referred to a 
rehabilitation facility to address her deconditioned state 3 weeks after injury. 
Discharge home is complicated by an inability to hold feeding utensils 
with her dominant hand. Radiography reveals a malunion of her wrist from 
a fracture probably incurred in the initial fall. How might this complication 
have been most reasonably avoided?
 A. CT scanning at the time of initial injury evaluation
 B. A scheduled structured tertiary survey during the initial hospitalization
 C. Skeletal radiographic survey of all extremities during the initial 

hospitalization
 D. Nuclear medicine bone scan prior to initial discharge
 E. Serial measurement of urinary calcium during the initial hospitalization

Answer: B The tertiary survey is a planned repeat physical examination, usually 
1 or 2 days after admission, often accompanied by focused imaging tests. The 
goal is to exclude missed subtle injuries that might otherwise cause significant 
long-term morbidity. Examples include minor fractures of the wrist or foot, 
small deep lacerations of the scalp, subtle eye injuries, and some abdominal 
injuries, particularly retroperitoneal duodenal or colonic perforations. Such 
injuries can become the patient’s dominant source of long-term morbidity if 
they are missed during initial evaluation and treatment. (Hajibandeh S, Hajiban-
deh S, Idehen N. Meta-analysis of the effect of tertiary survey on missed injury 
rate in trauma patients. Injury. 2015;46:2474-2482.)

5. A 71-year-old man is exposed to superheated air and smoke during an 
apartment fire, with his exposure prolonged by efforts to secure valuables 
prior to evacuation and by poor illumination of emergency exit signs. He 
suffered no cutaneous burn. On arrival to the emergency department, he 
is alert, coughing up black sputum, and has an oxygen saturation of 100% 
on supplemental humidified oxygen administered by face mask. He does 
not have stridor. Optimal management is most likely described by which 
of the following.
 A. Elevation of the head of the bed, continued humidified oxygen, inpatient 

observation, determination of carboxyhemoglobin level
 B. Immediate intubation
 C. Elevation of the head of the bed, continued humidified oxygen, broad 

spectrum antibiotics, intravenous steroids, inpatient observation
 D. Hyperbaric oxygen
 E. CT scanning of the chest

Answer: A In burn patients, inhalation injury is an important cause of respira-
tory failure. The diagnosis of inhalation injury is best made by history and by 
a clinical examination that reveals singed nasal vibrissae and carbonaceous 
debris in the mouth and pharynx. Chest radiographs are usually normal ini-
tially. Carbon monoxide poisoning can be seen in conjunction with inhalation 
injury; the standard of care is 100% oxygen at the prevailing atmospheric 
pressure for 6 hours, with hyperbaric oxygen reserved for patients who have 
a carboxyhemoglobin level above 30% or neurologic changes. (Sheridan RL. 
Fire-related inhalation injury. N Engl J Med. 2016;375:464-469.)

REVIEW QUESTIONS

1. A 56-year-old pedestrian is struck by a motor vehicle and suffers a closed 
head injury, bilateral lower extremity fractures, and a grade-one splenic 
laceration. At what time points does death typically occur in nonsurvivors 
of such trauma?
 A. Such injury combinations do not result in death.
 B. Immediate death is typical.
 C. A trimodal distribution of death can be expected: within minutes from 

massive hemorrhage or very severe brain trauma, within hours from 
hemorrhage or tissue anoxia or progressive brain injury, or later from 
sepsis and organ failures.

 D. All such deaths occur after several weeks from sepsis.
 E. Death typically occurs hours after injury from hemorrhage.

Answer: C Death after injury has a trimodal distribution. At least 50% of 
fatalities occur within minutes of the injury as a result of massive hemorrhage 
or nonsurvivable brain injury. Approximately one third of deaths occur within 
a few hours of injury, usually by hemorrhage, anoxia, or progressive brain 
trauma. This interval provides an opportunity for emergent intervention. Later 
fatalities are usually the result of multisystem organ dysfunction or overwhelm-
ing infection in the days and weeks after the injury. (Clark DE, Qian J, Sihler 
KC, et al. The distribution of survival times after injury. World J Surg. 
2012;36:1562-1570.)

2. A 25-year-old woman is standing at the periphery of a crowd in which a 
suicide bomb is detonated in a crowded mall. She is noted to be hemody-
namically stable without bleeding or violation of her skin, but she has 
multiple cutaneous petechiae and subconjunctival hemorrhages. Two days 
later she remains hemodynamically normal but complains of increasing 
abdominal pain and fever. What is the most pressing concern?
 A. Infected subconjunctival hematoma
 B. Missed pulmonary blast injury with pneumonia
 C. Acute cholecysitis
 D. Missed small bowel injury with evolving peritonitis
 E. Cellulitis as a complication of cutaneous petechia

Answer: D Blast injuries are graded complex injuries with four characteristics: 
primary injury to air-filled structures and the central nervous system, secondary 
injury from flying debris, tertiary injury from collisions with stationary objects, 
and quaternary injury from associated crush or other trauma. Blast injuries 
of all types can be subtle or have a delayed clinical presentation, and visceral 
injuries often are not diagnosed promptly. (Cancio LC, Sheridan RL, Dent 
R, et al. Guidelines for burn care under austere conditions: special etiologies: 
blast, radiation, and chemical injuries. J Burn Care Res. 2017;38:e482-e496.)

3. A 30-year-old man falls from a construction scaffold. Respiratory distress 
is addressed with intubation and tension pneumothorax with chest tho-
racostomy. After immediate primary survey and stabilization, what is the 
next most appropriate organizational step?
 A. The primary survey
 B. CT scanning of the abdomen and pelvis
 C. Transfusion of two units of type-specific blood
 D. Immediate fracture stabilization
 E. A secondary survey should be completed next, which is a careful head-

to-toe physical examination, including appropriate imaging and labora-
tory studies.

Answer: E The secondary survey includes a much more detailed head-to-toe 
physical examination after the patient has a reliable airway and has been hemo-
dynamically stabilized. (Sharrock AE, Midwinter M. Damage control−trauma 
care in the first hour and beyond: a clinical review of relevant developments 
in the field of trauma care. Ann R Coll Surg Engl. 2013;95: 177-183.)
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104 
ENVENOMATION, BITES, AND STINGS
STEVEN A. SEIFERT, RICHARD DART, AND JULIAN WHITE

 EPIDEMIOLOGY
Envenomation (e.g., snakebite, spider bite, scorpion stings, jellyfish stings) 
may seem to be a rare medical problem, but envenomation affects millions 
of humans annually and results in hundreds of thousands of deaths (Table 
104-1). For example, the annual number of venomous snakebites is estimated 
to be in excess of 2.5 million per year, with more than 100,000 fatalities and 

hence a case fatality rate of about 1 : 25. Another common envenomation, 
jellyfish stings, affects more than 1 million people per year, with a case fatality 
rate of about 1 : 10,000.

 PATHOBIOLOGY
Envenomation occurs when a venomous animal, usually via a bite or sting, 
injects a significant quantity of venom into a target animal. A venomous animal 
may bite or sting without injecting enough venom to cause effects (a “dry 
bite”), so signs of envenomation will not always develop. Some snake species 
lack the capacity to envenomate because they have no venom apparatus.

Venom is an often complex mixture of a number of substances, including 
toxins. Venoms can be produced in specialized glands (e.g., venomous snakes, 
scorpions, spiders, cone snails, venomous stinging fish, stingrays) or cell struc-
tures (e.g., jellyfish nematocysts), or they can be acquired from the environ-
ment and concentrated in specific glands/organs (e.g., venomous octopuses). 
The function of venom is to assist the animal as a predator and/or in defense 
against predation.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Most envenomations are accompanied by skin changes, commonly at the site 
of the bite or sting (Fig. 104-1). Snake, tick, blue-ringed octopus, and cone 
snail venoms are all capable of impairing transmission at the neuromuscular 
junction and causing paralysis (Table 104-2). Some scorpions, spiders, and 
jellyfish have venoms that can cause excitatory neurotoxicity, with pain, sweat-
ing, autonomic effects, cardiotoxicity, and pulmonary edema. Some snake, 
scorpion, and caterpillar venoms can produce hematologic abnormalities that 
result in thrombosis or uncontrolled bleeding. Other snakes, scorpions, spiders, 
and jellyfish commonly have venoms that can injure tissue, possibly progress-
ing to necrosis in the envenomation area.

Key points of the history include time, place, and circumstances of the bite 
or sting; whether the patient was bitten/stung once or multiple times; a descrip-
tion of the offending animal if witnessed; the type and timing of first aid 
application; the type and time of onset of any symptoms; relevant past medical 
history, and any medications used. Some envenomation scenarios (e.g., attempt-
ing to capture or kill an offending animal; collections of venomous animals, 
multiple stings by a colony of marine animals) may include multiple bites or 
stings and may include multiple envenomating animals. Any symptoms of 
specific toxic effects (e.g., symptoms of progressive paralysis, neuroexcitation, 
myolysis, coagulopathy, cardiotoxicity, acute kidney injury, allergy) and sys-
temic effects (e.g., headache, nausea/vomiting, abdominal pain, collapse, 
convulsions) should be sought. Examination should similarly target specific 
venom effects, including careful examination of the bite or sting site and a 
careful neurologic examination (Chapter 368).

Laboratory tests will vary depending on the likely animal and the consequent 
likely risks (e.g., a coagulation profile for venomous snakes). Clinical venom 
identity testing is available only for Australian snakebites. Hematologic tests 
typically should include a complete blood and platelet count, a fibrinogen 
level, and an international normalized ratio (INR). In some locations, the 
20-minute whole blood clotting test may be useful.

Envenomation may be an obvious diagnosis or a cryptic presentation in 
which a bite/sting may not be suspected. Many cases of venomous bites/stings 
result in only mild effects, but clinical events can progress rapidly and require 
similarly time-sensitive treatment. The best approach is to assume every case 
may develop into severe envenomation and to ensure urgent and context-
sensitive initial assessment, followed by ongoing reassessment over the major 
at-risk period. It is often very important to reassess all patients at 10- to 15-minute 
intervals for 8 to 12 hours to detect any developing symptoms, signs, and 
laboratory abnormalities.

The first aid provided to an envenomated patient before reaching definitive 
medical care may significantly impact final outcome.1 Bites and stings are trau-
matic wounds and should undergo thorough cleansing, exploration for retained 
foreign bodies (e.g., teeth, fangs), and tetanus prophylaxis as for any contami-
nated wound (Chapter 15). However, many commonly used first-aid methods 
for envenomation are ineffective or dangerous and should not be used: tour-
niquets, suction devices, electric shock, and snake stones. Key worthwhile first 
aid includes: immobilizing the bitten limb and the patient if possible; support 
of airway, breathing, and circulation (Chapters 7, 57, 96, 98) as needed; and 
rapid transport to medical care. For snakebites by species that do not cause 
significant local tissue damage (e.g., Australian snakes, sea snakes, coral snakes, 
kraits, non-necrotic cobras, and South American rattlesnakes) and for Australian 
funnel web spider bites, the Australian pressure bandage and immobilization 

TREATMENT 
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ABSTRACT
Envenomation (e.g., snakebite, spider bite, scorpion stings, jellyfish stings) 
may seem to be a rare medical problem, but envenomation affects millions 
of humans annually and results in hundreds of thousands of deaths. For example, 
the annual number of venomous snakebites is estimated to be in excess of 2.5 
million per year, with more than 100,000 fatalities (and hence a case fatality 
rate of about 1 : 25). Another common envenomation, jellyfish stings, affects 
more than 1 million people per year, with a case fatality rate of about 1 : 10,000. 
Envenomation by arthropods is also a substantial worldwide problem. In 
Australia, for example, spider bites cause nearly twice as many hospital visits 
as compared with snakebites. Dangerous scorpions, limited to mainly the 
Buthidae	family,	are	distributed	worldwide.	Ticks,	mites,	hymenoptera,	and	
various other insects also produce a wide array of envenomation syndromes. 
Finally, marine animals not only produce envenomations but also are a major 
source of foodborne illness.
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FIGURE 104-1. Clinical signs of envenomation. a, snake biting thumb (brown snake, Pseudonaja affinis). B, Bite and scratch marks on thumb, with minimal local reaction (brown 
snake, Pseudonaja textilis). C, Python bite with large number of teeth marks (nonvenomous). d, Early reaction to bite from fangs (Russell’s viper, Daboia siamensis). E, Local oozing and 
ecchymosis (puff adder, Bitis arietans). F, Local swelling of bitten hand (mulga snake, Pseudechis australis). g, developing skin damage around bite site (jararaca, Bothrops jararaca). H, 
developing skin necrosis around bite site (Russell’s viper, Daboia siamensis). i, Extensive full thickness necrosis days post-bite (Russell’s viper, Daboia siamensis). J, Blood ooze from 
around iv site indicative of active coagulopathy (inland taipan, Oxyuranus microlepidotus). K, Extensive bruising in bitten limb indicative of coagulopathy (green pit viper, Trimeresurus 
albolabris). L, massive bruising distant from bite site indicative of severe coagulopathy (Russell’s viper, Daboia siamensis). m, Chemosis indicative of developing capillary leak syndrome 
(Russell’s viper, Daboia siamensis). n, incomplete bilateral ptosis indicative of early developing neurotoxic flaccid paralysis (tiger snake, Notechis scutatus). o, incomplete bilateral ptosis 
plus lateral ophthalmoplegia indicative of progressing neurotoxic flaccid paralysis (death adder, Acanthophis antarcticus). P, Fixed dilated pupils indicative of progressive neurotoxic 
flaccid paralysis in snakebite, not intracranial pathology (tiger snake, Notechis scutatus). Q, Complete snakebite neurotoxic flaccid paralysis requiring intubation and ventilation (taipan, 
Oxyuranus scutullatus). R, myoglobinuria indicative of severe systemic rhabdomyolysis (mulga snake, Pseudechis australis). s, Widow spider bite with central blanching and surrounding 
erythema (red back spider, Latrodectus hasseltii). t, Widespread diaphoresis secondary to widow spider bite (red back spider, Latrodectus hasseltii). (all images copyright © Prof. Julian 
White; reproduced with permission.)

technique (E-Fig. 104-1)—which involves wrapping the entire extremity with 
a bandage, achieving lymphatic obstructive pressures of 40 to 70 mm Hg in 
the upper extremity and 55 to 70 mm Hg in the lower extremity, followed by 
immobilization to retard venom absorption—obstructs lymphatic flow but 
requires substantial training to apply effectively. Box jellyfish stings should be 
copiously irrigated with distilled (“white”) vinegar (5 to 8% acetic acid), whereas 
all other jellyfish stings and fish/stingray stings respond to immersion in hot 
water (up to 45° C).

Some types of envenomation are associated with acute coagulopathy,2 so 
potentially problematic cannulations and injections should be avoided until 
any coagulopathy has been corrected. Hemolysis may result in insufficient 
oxygen carrying capacity. The risk of spontaneous hemorrhage increases with 
platelet counts below 50,000/µL, and uncontrolled hemorrhage or thrombosis 
may occur with complete or near complete consumption of fibrinogen. Con-
sumption of clotting factors in the coagulation cascade may also increase the 
risk of spontaneous hemorrhage with an INR greater than 3.

In many cases of suspected envenomation, an intravenous fluid bolus (e.g., 
normal saline or a balanced salt solution, 10 to 20 mL/kg in the first hour of 
treatment) may be helpful, particularly in patients with fluid losses from sub-
cutaneous edema, diarrhea, or decreased intake.

A swollen limb should be elevated with frequent monitoring to exclude 
severe rhabdomyolysis or an acute compartment syndrome (Chapter 103). 
Surgical intervention should be reserved for patients with increased intracom-
partmental pressure despite adequate antivenom, elevation, and 20% mannitol 
(1 to 2 g/kg, IV over 1 to 2 hours). Similarly, dèbridement of necrotic tissue 

TABLE 104-1 ESTIMATED ANNUAL GLOBAL IMPACT OF 
SOME SELECTED MAJOR GROUPS OF 
VENOMOUS ANIMALS AFFECTING HUMANS

VENOMOUS ANIMAL 
GROUP

ESTIMATED NUMBER 
OF NEW CASES  

PER YEAR

ESTIMATED NUMBER 
OF FATAL CASES  

PER YEAR
Venomous snakes >2.5 million >100,000
Scorpions >1 million <5000
Stinging insects >1 million >1000 (mostly due to 

anaphylactic reaction 
to venom in sting)

Jellyfish >1 million <100
Spiders >100,000 <100
Venomous spiny fish & 

stingrays
>100,000 <10

Paralysis ticks >1000 <10
Venomous mollusks 

(blue-ringed octopus, 
cone snails)

<1000 <10

 SPECIFIC ENVENOMATION SYNDROMES
 Snakes
Snakes are the most important global cause of human envenomation.4,5 Venom 
composition varies not only between genera and species, but also can vary 
between individuals of the same species and even within a given individual 
over time.

 CLINICAL MANIFESTATIONS
The rate of dry bites varies among snake species, as do the average fang length, 
venom volume, venom toxicity, and range of clinical effects seen with enven-
omation (see www.toxinology.com and E-Table 104-1). Some African and 
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E-FIGURE 104-1. Pressure bandage with immobilization. this technique is to delay 
central progression of venom via lymphatics until definitive therapy (antivenom) can be 
administered. it was developed for australian Elapid snakes and other snakes that do 
not routinely produce significant local tissue injury, including sea snakes, coral snakes, 
kraits, mambas, some non-spitting cobras. this technique is considered inappropriate 
for most viperid envenomations (e.g., U.s. rattlesnakes, copperheads, cottonmouths) in 
which local tissue injury is a major effect. Upper image: a clean broad bandage (crepe 
or elastic) is bound over the bite site at about the same pressure as for a sprain. For bites 
to digits, the bandage should be applied proximally to the hand or foot, then over all 
digits together, rather than binding up the bitten digit alone, because this may potentially 
cause significant vascular impairment if local swelling develops, thereby increasing the 
likelihood of tissue injury to the affected digit. Central image: an elastic bandage is 
wrapped from the toes to the groin at about the same pressure as for a sprain. ideally, 
obtain a constant under-bandage pressure of 50 to 70 mm Hg, ensuring there is no vas-
cular compromise of the limb. Bottom image: the extremity is loosely splinted to ensure 
immobility. it also is important to also keep the patient immobile, as far as practical. 
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TABLE 104-2 A FUNCTIONAL CLASSIFICATION OF SELECTED MAJOR VENOM EFFECTS IMPACTING HUMANS AND SELECTED 
ANIMAL GROUPS IN WHICH ACTIVITY MAY BE PRESENT

TOXIN ACTIVITY AND 
TARGET SITE CLINICAL EFFECTS PRINCIPAL CLINICAL MANIFESTATIONS ANIMAL GROUPS
Paralytic neurotoxicity Progressive descending or ascending 

flaccid paralysis (may be presynaptic, 
postsynaptic, or intrasynaptic (e.g., 
fasciculins)

Descending type: initial cranial nerve paresis 
commencing with bilateral ptosis, progressing to 
limb weakness, loss of upper airway protection, 
finally respiratory paralysis.

Ascending type: initial ataxia, progressive paralysis, 
finally respiratory paralysis

•	 Some	snakes	(descending)
•	 Paralysis	ticks	(ascending)
•	 Blue-ringed	octopus	(descending)
•	 Some	cone	snails	(descending)

Excitatory neurotoxicity Rapid development of neuroexcitation Local pain, sweating, autonomic/catecholamine 
storm effects, cardiotoxicity, pulmonary edema

•	 Some	scorpions
•	 Some	spiders
•	 Some	jellyfish

Myotoxicity Progressive systemic damage of skeletal 
muscles throughout body OR locally 
adjacent to bite site

Systemic: muscle pain, weakness, tenderness, grossly 
elevated blood creatine kinase, myoglobinuria; 
potential secondary acute kidney injury and 
hyperkalemic cardiac toxicity

Local: local pain, swelling, potential compartment 
syndrome

•	 Some	snakes

Hemostasis: procoagulant or 
anticoagulant/antiplatelet

Activation and/or consumption of 
clotting components, or inhibition 
of clotting

Varies depending on toxin target: consumption of 
fibrinogen and/or platelets causing bleeding 
tendency, OR inhibition of hemostasis causing 
bleeding tendency, OR formation of thrombi with 
embolic infarction

•	 Some	snakes
•	 Iranian	scorpion	(Hemiscorpius)
•	 Lonomia caterpillars

Hemorrhagins: blood vessel 
wall

Direct damage to vessel wall allowing 
increased vascular permeability

Local swelling, bruising, bleeding
Systemic vascular damage, capillary leak syndrome

•	 Some	snakes

Cardiotoxins Direct or indirect cardiac damage Acute cardiac collapse or insufficiency •	 Some	snakes
•	 Some	scorpions
•	 Some	spiders
•	 Box	jellyfish

Nephrotoxins Direct or indirect renal damage Acute kidney injury; varies from mild rise in blood 
creatinine to full anuric renal failure

•	 Some	snakes
•	 Massed	bee/wasp	stings

Local necrotoxins Progressive local skin/tissue injury Skin discoloration, may progress to blister formation, 
and/or skin necrosis, and/or necrosis of 
underlying tissues

•	 Some	snakes
•	 Iranian	scorpion	(Hemiscorpius)
•	 Recluse	spiders
•	 Some	jellyfish
•	 Stingrays

Allergy stimulating toxins Can induce acute allergic response, 
usually on subsequent bites/stings

Varies from local immune reaction (swelling, 
erythema, pruritus) through to full anaphylaxis

•	 Potentially	all	venomous	animals
•	 Particular	problem	for	bees,	

wasps, and stinging ants

should generally be delayed until after acute envenomation problems have 
resolved, and it should be delayed for weeks for recluse spider bites.

In patients with evidence for neurotoxic paralysis, intubation and mechanical 
ventilation may be required (Chapter 97). Antivenom may reverse post-synaptic 
paralytic neurotoxicity, but an anticholinesterase (neostigmine, 35 µg/kg IV, 
repeated as needed and tolerated) may also be useful as adjunctive treatment. 
However, antivenom may not reverse established respiratory paralysis caused 
by presynaptic neurotoxins. Acute kidney injury may require dialysis (Chapter 
122) for days to weeks, but renal function usually recovers.

Antivenom
Antivenom is made by hyperimmunizing an animal (most commonly a horse, 

but also sheep, goats, dogs, and rabbits) against the venom, harvesting the 
antibody, and refining it into the final product. The product may be whole IgG, 
or its F(ab′)2 or Fab fractions, and these products may further undergo purifica-
tion by various methods to reduce adverse effects.

If the identity of the venomous animal is known, a monovalent antivenom 
should be administered. If the identity of the animal is uncertain, a polyvalent 
antivenom or mixture of antivenoms is preferred. For important venomous 
animals without a corresponding effective antivenom, non-antivenom treat-
ments must be used.

Adverse effects of antivenom include Type 1 hypersensitivity reactions, with 
immediate or early onset of pruritus, urticarial rash, wheezing, laryngeal edema, 
hypotension, and other signs of an anaphylactoid reaction or anaphylaxis 
(Chapter 238).3 Skin testing for sensitivity to antivenom, a dangerous and unreli-
able practice, is no longer recommended in the United States. Non-IgE-mediated 
reactions, which are nonspecific and related to the rate of infusion, are usually 
easily managed by slowing or stopping the infusion, treating with H1 and H2 
receptor antagonists (e.g., diphenhydramine, 25 to 50 mg IV, and ranitidine 25 
to 50 mg IV) as needed, and restarting the infusion at a slower rate. IgE-mediated 
reactions are usually seen in patients who previously have been exposed to 
antivenom or components from the source animal. IgE-mediated reactions, 

which are usually more severe, require cessation of the infusion, treatment 
with H1 and H2 receptor antagonists (as above), and possibly the addition of 
epinephrine (see Chapter 238).

Type III hypersensitivity reactions (“serum sickness”), with rash, fever, myalgia, 
and arthralgias, may be seen 5 to 21 days following antivenom treatment 
(Chapter 235). These effects are usually easily managed with H1 and H2 receptor 
antagonists (see above for dosing recommendations), analgesia, and tempera-
ture control (acetaminophen, 1 g every 6 hours as needed); oral corticosteroids 
(e.g., prednisone, 5 to 60 mg per day) are helpful if other treatments do not 
relieve signs of symptoms.

When the identity of the animal is unknown, particularly for venomous snakes, 
a characteristic clinical picture may indicate the most likely culprit. This process 
can be enhanced using diagnostic algorithms, which are available for Austra-
lia and parts of Asia (e.g., see http://www.toxinology.com/generic_static_files/ 
A%20Clinician’s%20Guide%20to%20Venomous%20Bites%20&%20Stings% 
202013.pdf).

 SPECIFIC ENVENOMATION SYNDROMES
 Snakes
Snakes are the most important global cause of human envenomation.4,5 Venom 
composition varies not only between genera and species, but also can vary 
between individuals of the same species and even within a given individual 
over time.

 CLINICAL MANIFESTATIONS
The rate of dry bites varies among snake species, as do the average fang length, 
venom volume, venom toxicity, and range of clinical effects seen with enven-
omation (see www.toxinology.com and E-Table 104-1). Some African and 

http://www.toxinology.com/generic_static_files/A%20Clinician's%20Guide%20to%20Venomous%20Bites%20&%20Stings%202013.pdf
http://www.toxinology.com/generic_static_files/A%20Clinician's%20Guide%20to%20Venomous%20Bites%20&%20Stings%202013.pdf
http://www.toxinology.com/generic_static_files/A%20Clinician's%20Guide%20to%20Venomous%20Bites%20&%20Stings%202013.pdf
http://www.toxinology.com/
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E-TABLE 104-1 SELECTED SNAKES OF MEDICAL SIGNIFICANCE

SCIENTIFIC 
NAME

COMMON 
NAME

CLINICAL EFFECTS

REGION

PRE-
SYMPTOMATIC 
NEUROTOXICITY

POST-
SYMPTOMATIC 
NEUROTOXICITY MYOTOXICITY COAGULOPATHY

ACUTE 
KIDNEY 
INJURY

HYPOTENSION/
SHOCK

LOCAL 
NECROSIS

Viperidae 
(Crotalinae)

Pit vipers (New 
World)

NA, SA, AS

Crotalus spp rattlesnakes r − − + − + + NA
Agkistrodon spp copperheads & 

moccasins
− − − + − + + NA

Sistrurus spp pygmy 
rattlesnakes

− − − + − − + NA

Crotalus spp rattlesnakes + − + + + − − SA
Bothrops spp lancehead vipers − − − + + + + SA
Bothriechis spp eyelash vipers − − − + − r + SA
Lachesis spp bushmaster − − − + + + + SA
Calloselasma 

rhodostoma
Malayan pit 

viper
− − − + + + + AS

Gloydius spp Mamushis r − − + + r + AS
Hypnale spp humpnose 

vipers
− − − + + + r AS

Trimeresurus 
spp

green tree pit 
vipers

− − − + + r + AS

Protobothrops 
spp

habus − − − + r + + AS

Deinagkistrodon 
acutus

hundred pace 
snake

− − − + − + + AS

Viperidae 
(Viperinae)

Vipers & 
adders (Old 
World)

E, ME, AF, 
AS

Daboia russelii 
& D. 
siamensis

Russell’s viper r − r + + + + AS

Echis spp Saw scaled 
vipers

− − − + + + + AF, ME, AS

Bitis spp Puff adder, 
Gaboon 
viper, etc.

r − − + r + + AF, ME

Causus spp night adders − − − − − − − AF
Atheris spp bush vipers − − − + r + r AF
Vipera spp, 

Macrovipera 
spp.

adders r r − + r + + E, ME, AF, 
AS

Cerastes spp horned vipers − − − + r + + AF, ME
Elapidae Cobras, kraits, 

etc.
G

Micrurus spp coral snakes + + r − − − − NA, SA
Naja spp cobras − + − − − r + AF, ME, AS
Hemachatus 

haemachatus
rhinkals − + − − − + + AF

Ophiophagus 
hannah

king cobra − + − − − + + AS

Bungarus spp kraits + + r − r − − AS
Dendroaspis spp mambas + − − − − r r AF
Acanthophis spp death adders + + r − − − − AU
Austrelaps spp copperheads + + r r − − − AU
Hoplocephalus 

spp
broad headed 

snakes
− − − + − − − AU

Notechis scutatus tiger snakes + + + + + − r AU
Oxyuranus spp taipans + + + + r − − AU
Pseudechis spp mulga & black 

snakes
− r + + r − r AU

Pseudonaja spp brown snakes r r − + + − − AU
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E-TABLE 104-1 SELECTED SNAKES OF MEDICAL SIGNIFICANCE—cont’d

SCIENTIFIC 
NAME

COMMON 
NAME

CLINICAL EFFECTS

REGION

PRE-
SYMPTOMATIC 
NEUROTOXICITY

POST-
SYMPTOMATIC 
NEUROTOXICITY MYOTOXICITY COAGULOPATHY

ACUTE 
KIDNEY 
INJURY

HYPOTENSION/
SHOCK

LOCAL 
NECROSIS

Tropidechis 
carinatus

rough scaled 
snake

+ + + + r − − AU

Hydrophiinae Sea snakes

Various species 
& genera

Yellow-bellied 
sea snake, etc.

− + + − + − − Marine

Colubridae 
(Colubrinae)

NFFC snakes G

Dispholidus 
typus

boomslang − − − + r + − AF

Thelotornis spp vine snakes − − − + r + − AF
Boiga spp brown tree 

snakes, etc.
− − − − − − − AS, AU

Natricidae NFFC snakes AS, AU
Rhabdophis spp keelback snakes − − − + r + − AS
Lamprophiidae mole vipers AF, ME
Atractaspis spp mole vipers − − − + − + + AF, ME
Clinical effects: + = present in many species; − = not generally present; r = rarely present or present in only a few species; Region: G = global; NA = North America; SA = South & Central America; E = Europe; 
ME = Middle East; AF = Africa; AS = Asia; AU = Australia, New Guinea, Pacific.
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from coral, nonvenomous, and non-native snakebites is usually easy, the snake 
does not need to be captured or killed for identification purposes. In the 
United States, expert assistance can be obtained through regional poison 
centers (1-800-222-1222).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Envenomation occurs in approximately 80% of viperid bites, invariably with 
tissue injury that manifests as proximal progression of edema, ecchymosis, 
and occasionally tissue loss. Pain is variable but is often severe. Swelling may 
be difficult to appreciate in certain areas of the body (e.g., the thigh), and 
patients should be observed for 8 to 12 hours to be certain that no local signs 
of envenomation are developing. Subcutaneous, circumferential extremity 
swelling may reach the elastic limits of the skin, thereby resulting in increased 
tissue pressures. Extravascular fluid loss from extensive edema may compromise 
circulating blood volume and cause hypotension or shock.

Hematologic effects, including thrombocytopenia, hypofibrinogenemia, or 
prolongation of INR and partial thromboplastin time (PTT), may occur, singly 
or in combination, usually beginning within one to two hours after the bite 
and	peaking	several	hours	later.	Bleeding	is	more	likely	to	occur	and	be	more	
severe with rattlesnake bites but can also occur with copperhead and cot-
tonmouth envenomations. Other systemic effects, including nausea, vomiting, 
diaphoresis, hypotension, and muscle fasciculation may also occur. Muscle 
fasciculation and weakness may be seen with Mojave (C. sculpturatus), Southern-
Pacific (C. helleri), and other species. It rarely progresses to respiratory com-
promise but may cause increased blood levels of creatine kinase. Rattlesnake 
envenomations are typically more severe than copperhead or cottonmouth 
envenomations.7 Elevation, antivenom, and mannitol (20% mannitol, 1 to 
2 g/kg intravenously over 1 to 2 hours) reduces local tissue pressures. Fasci-
otomy is generally neither indicated nor beneficial.

Asian cobra species have specially evolved fangs that allow them to spit a 
tightly direct stream of venom forward up to 2 to 3 m away. They specifically 
aim for the eyes, where the venom causes instant severe pain, blepharospasm, 
and temporary blindness, thereby incapacitating the victim and allowing the 
snake to escape. Without adequate treatment, particularly adequate irrigation, 
venom spit ophthalmia can result in permanent blindness, but it does not 
cause systemic envenomation and does not require antivenom.

Neurotoxic Paralysis
Pre- and postsynaptic snake venom neurotoxins target the neuromuscular 
junction and cause a progressive descending flaccid paralysis. In the United 
States, neurotoxic snakebite is often associated with coral snake bites (elapids), 
but some rattlesnake species also cause neurotoxicity. Once damaged, the 
axon must regrow, a process that can take days to weeks. It is critical that the 
earliest signs of developing paralysis be detected and antivenom given prior 
to more extensive damage, which antivenom cannot reverse. In contrast, post-
synaptic neurotoxins bind to the acetylcholine receptor on the muscle end 
plate at the neuromuscular junction, external to the cell, so antivenom may 
reverse this type of paralysis.

Myotoxicity
Some snake venoms contain myotoxins that target muscle, either systemically 
(mainly skeletal muscle) or locally in the adjacent bitten limb. The former can 
cause severe progressive myotoxicity, often peaking more than 24 hours post-
bite, with muscle pain, rhabdomyolysis, with occasionally massive elevations 
of serum creatine kinase levels (>100,000 IU/L), and myoglobinuria; acute 
kidney injury and hyperkalemic cardiotoxicity (see Chapter 105) may ensue. 
Local myotoxicity contributes to tissue injury in the bitten limb.

Coagulopathy
A consumptive coagulopathy reduces fibrinogen levels and may result in bleed-
ing, but venoms also may inhibit coagulation or interfere with platelet function. 
Some species also have hemorrhagins that damage blood vessels, thereby 
allowing extravasation of blood, swelling, and the potential for local necrosis 
or shock. The Martinique viper and related species of Bothrops have proco-
agulant toxins that cause thrombosis, thereby resulting in embolic infarction 
(e.g., brain, heart, lungs).

Local Tissue Injury
Many snake venoms cause significant tissue injury at and adjacent to the bite 
site. The resulting necrosis, fluid shift, and secondary shock can be the most 
medically important effect of the bite. Secondary infection is mainly from 
streptococcus and staphylococcus species, but gram-negative organisms, mainly 
Enterobacteriaceae and enterococci, are common in South Africa. Prophylactic 
treatment with amoxicillin clavulanate is not effective in preventing secondary 
infection. A1 

Other Envenomation Effects
Russell viper venom can cause direct nephrotoxicity and acute kidney injury 
(Chapter 112). The same species may cause hypopituitarism owing to anterior 
pituitary infarction (Chapter 211) and may also cause severe capillary leak 
syndrome. A number of other snake species may cause secondary acute kidney 
injury (Chapter 112), which is usually reversible, but rarely produces irrevers-
ible renal cortical necrosis.

 Snakebite Treatment in Particular Regions
 NORTH AMERICA
In the United States, an estimated 6000 to 8000 venomous snakebites occur 
per year.6 Pit vipers (i.e., Viperidae, subfamily Crotalinae—which includes 
rattlesnakes of the Crotalus and Sistrurus genera—and Agkistrodon species—
which include the copperhead and cottonmouth) comprise the vast majority 
of bites (E-Fig. 104-2). Coral snakes, the only native elapid (mainly Micrurus 
species), are responsible for fewer than 100 bites per year. Approximately 50 
non-native snake envenomations occur per year, primarily in private collec-
tions and zoos.

 Viperid Bites
Because	of	the	ready	availability	of	species-specific	antivenom	to	native	viperids	
and a highly developed health care system, there are fewer than 10 deaths per 
year.	Because	the	viperid	antivenoms	(a	Fab	antivenom,	CroFabTM and, sched-
uled to be marketed in 2018, a F(ab′)2 antivenom, AnavipTM) are effective 
against all North American viperid snake species, and because differentiation 

TABLE 104-3 LABORATORY INVESTIGATIONS FOR NORTH 
AMERICAN CROTALINAE BITES

Baseline	tests:
•	 Platelet	count,	fibrinogen	level,	INR,	PTT
•	 CK,	if	signs	of	muscle	injury,	fasciculation	or	elevated	tissue	pressures
Follow-up tests:
•	 Platelet	count,	fibrinogen	level,	INR	after	the	initial	dose	of	antivenom
•	 Add	D-dimer	× 1
•	 Platelet	count,	fibrinogen	level,	and	INR	after	each	antivenom	dose	given	for	

hematologic indications
•	 Predischarge	fibrinogen	level,	INR
•	 Platelet	count,	fibrinogen	level,	INR	at	4	and	8	days	after	envenomation
•	 Repeat	as	needed	if	values	severely	abnormal	or	worsening	trend
CK = creatine kinase; INR = international normalized ratio; PTT = partial thromboplastin time.

Jewelry and tight-fitting clothing should be removed, the bitten body part 
should be loosely splinted, and standard wound care should be applied. Immo-
bilization of the bitten body part at level of the heart is recommended. Aggres-
sive but appropriately monitored resuscitation with normal saline infusion may 
be needed depending on the presence of signs of shock (Chapter 98).

Antivenom treatment is usually initiated for any evidence of local enven-
omation, significant thrombocytopenia (<100,000/µL), or hypofibrinogenemia 
(<100 mg/dL). Isolated INR prolongation usually does not require antivenom, 
but significant prolongation (>6) may be a marker for profound hypofibri-
nogenemia. Intravenous treatment with Fab antivenom improves functional 
responses at 14 days compared with placebo, with few serious adverse  
events. A2  The dose should be titrated to control symptoms and signs. An initial 
dose is 4 to 6 vials of 1 gram each by intravenous bolus over one hour, with 
additional doses of 4 to 6 vials as needed for progressive or worsening symp-
toms or signs. Following initial control, maintenance doses of 2 vials over one 
hour, are given every six hours for three additional doses. Coagulation factors 
should be measured after treatment with antivenom, pre-discharge, and about 
4 to 8 days later (Table 104-3). Once antivenom is being administered, elevation 
of the bitten body part will help speed clearance of tissue edema. Complete 
resolution and return of function, however, may occur over several weeks or 
months. Rarely, additional antivenom is required for persistent, recurrent, or 
late-onset coagulopathy.

A F(ab′)2 antivenom, effective against North American Crotalinae (rattlesnakes, 
copperheads, and cottonmouths) has been approved by the U.S. Food and 
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American rattlesnakes (Crotalus spp) typically cause less swelling, blistering, 
and necrosis but more systemic envenomation, particularly neurotoxicity 
(descending paralysis), systemic rhabdomyolysis with secondary renal damage, 
and procoagulant coagulopathy.

 EUROPE
The medically important European snakes are the native vipers, mostly in 
southern	Europe	and	the	Balkans,	but	also	in	parts	of	Scandinavia	and	in	the	
United Kingdom. Several major species can cause severe, even lethal enven-
omation, especially in children.

Local swelling can be extensive with fluid shifts and secondary shock, par-
ticularly in children. Coagulopathy may develop with bleeding and extensive 
bruising. Cardiac problems and even acute kidney injury have been reported. 
The venom of some populations of vipers, particularly Vipera ammodytes and 
V. aspis, contains neurotoxins that can cause paralytic effects, primarily to the 
cranial nerves such as ptosis.

Significant adder/viper bites in Europe warrant antivenom. The dose depends 
on the type of antivenom, the type of snake, and the degree of severity of 
envenomation. Acute and ongoing fluid management is important.

 ASIA
Asia is home to many venomous vipers (including pit vipers) and elapids, 
with sea snakes in coastal marine waters (see E-Table 104-1). Snakebite and 
its consequences are more common in Asia than anywhere else in the world, 
with snakebites predominantly an occupational disease of rural workers. Con-
tributing explanations include the diversity of snake fauna, the size of the 
human population, and the extent of rural exposure without access to good 
health care. In India alone, at least 45,000 people die annually following snake-
bites.	In	adjacent	river	delta	regions	of	Bangladesh,	snakebites	are	the	second	
most common cause of death during flooding events—less than drowning 
but more than all infectious and other diseases. In Myanmar, snakebite accounts 
for more than 70% of all cases of acute kidney injury. In Sri Lanka, up to 
40,000 snakebites are recorded per year.

A variety of different snake envenomation syndromes can help guide diag-
nosis, which relies on a targeted history and physical examination, as well as 
simple tests for coagulopathy (20-minute whole blood clotting test), and kidney 
damage (dipstix urine test, hourly urine output measurement; E-Table 104-2).

Antivenom is the mainstay of treatment, www.toxinology.com, but the avail-
ability	and	quality	of	the	antivenom	is	often	an	issue.	Because	some	regional	
antivenoms have high rates of adverse reactions, including anaphylaxis, pre-
medication with subcutaneous epinephrine (0.25 mL of a 1 : 1000 solution, 
subcutaneously) is recommended to reduce overall risk. Corticosteroids, even 
intravenously, are not helpful, nor is the administration of fresh frozen plasma 
for coagulopathy in Russell viper envenomation. A4 

 AFRICA
Africa is an important global region for snakebite,8 but epidemiologic statistics 
are unreliable. Examples of known risks include saw scaled viper bites in West 
Africa as well as puff adder bites and cobra bites throughout much of sub-
Saharan Africa. In the more arid areas of North Africa, scorpion stings may 
surpass snakebites as the leading cause of envenomation.

Key African snake species include viperids (e.g., puff adders and relatives, 
saw scaled vipers, night adders, bush vipers, desert horned adders, Persian 
horned vipers, vipers; there are no pit vipers endemic to Africa) and elapids 
(e.g., cobras, some of which are spitters; coral snakes; mambas; rhinkals; desert 
cobras). Unique to Africa and the Middle East are the side fanged burrowing 
asps. A few non–front-fanged-colubrid African snakes can cause fatal enven-
omation (e.g., boomslang, vine snakes). Rarely the pelagic sea snake (Pelamis 
platurus) reaches east African coastal waters.

The clinical effects vary with the genus and species (see E-Table 104-1). 
Puff adders and their close relatives may cause local bleeding but rarely a 
detectable coagulopathy.

 Coral Snake Bites
Because	of	 their	 smaller	 size	 and	 short	 fangs,	 coral	 snakes	 (Elapid	 snakes)	
cause an envenomation in only about 50% of bites. Local effects in coral snake 
envenomation are variable—pain and swelling occur in less than 50% of cases, 
so their absence cannot exclude envenomation.

Approximately 40% of patients will have local tissue edema, but necrosis 
is unusual. Systemic effects may include euphoria, perioral paresthesia, hyper-
salivation, nausea, and vomiting. Neurologic effects include progressive, 
descending paralysis, beginning with bulbar muscles (ptosis, diplopia, dys-
phagia). Respiratory muscles may be involved and cause ventilatory insufficiency 
and death. Symptoms may be delayed in onset but progress rapidly once 
bulbar muscle symptoms have begun. No routine laboratory monitoring is 
needed. A variety of effective antivenoms are available for most species: (http://
apps.who.int/bloodproducts/snakeantivenoms/database/snakeframeset.html). 
Hematologic effects do not occur.

 MEXICO, CENTRAL AND SOUTH AMERICA
Snake envenomation causes more morbidity and mortality in Mexico, Central 
America, and South America than in North America. The viperids of major 
importance include species of the Bothrops, Crotalus, and Lachesis genera (see 
E-Table 104-1). Bothrops spp, which are the predominant cause of medically 
significant snakebite throughout most of South and Central America, can 
cause local tissue swelling, blistering, necrosis, fluid shifts, and systemic effects 
such as coagulopathy. A number of larger Micrurus (coral snake) species can 
produce neurotoxicity, which manifests as a descending paralysis that can 
result in respiratory compromise and arrest. Other viperid pit-viper genera 
(including Agkistrodon, Atropoides, Bothriechis, Cerrophidion, Ophryacus, Porthid-
ium), particularly in Central America, can cause significant envenomation 
similar to Bothrops spp. Compared with North American rattlesnakes, South 

TREATMENT 
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E-FIGURE 104-2. Global representation of venomous snakes. only a few selected species of medical significance are illustrated. (diagram and all images copyright © Prof. Julian 
White; reproduced with permission.)
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A pressure-immobilization bandage or blood pressure cuff inflated to impede 
lymphatic flow (upper extremity: 50 mm Hg; lower extremity: 70 mm Hg) may 
be considered if the transport time will be long or there will be a considerable 
delay in administering antivenom. The pressure-immobilization technique is 
not recommended for North American crotaline snakebites, but it may be useful 
for North American coral snake bites. Antivenom can be administered in cases 
with likely envenomation (e.g., deep fang penetration and prolonged contact 
time) before neurologic effects are seen. Alternatively, treatment can be with-
held unless and until neurologic signs appear if patients are observed very 
closely for 24 hours.

TREATMENT 

Drug Administration and should be available in late 2018. In one clinical trial, 
F(ab′)2 antivenom significantly reduced the rate of recurrent hematologic effects 
to 5 to 10% compared with the 30% rate after Fab (30%) antivenom, A3  but its 
ultimate role in treating North American Crotalinae envenomation is yet to be 
determined.

Type 1 hypersensitivity reactions are uncommon, usually mild, and rate 
related. When they occur, antivenom should be stopped. H1 (e.g., starting with 
diphenhydramine, 25 to 50 mg IV every 4 to 6 hours, maximum daily dose 
400 mg) and H2 receptor antagonists (e.g., starting with cimetidine, 300 mg IV 
every 6 to 8 hours, maximum daily dose 2400 mg), and beta-adrenergic agents 
(e.g., albuterol by inhalation) should be titrated for reactive airway symptoms. 
Epinephrine may be given as needed for symptoms and signs of anaphylaxis. 
If antivenom is still thought to be needed, it can be tried at a rate between 
one half and one tenth the initial rate, depending on the speed and severity 
of the initial reaction. A Type 3 hypersensitivity reaction (“serum sickness”), 
usually mild and managed symptomatically with diphenhydramine (25 to 50 mg 
orally every 6 hours with or without prednisone, 5 to 60 mg orally daily for 5 
days) may develop in 5% to 15% of patients treated with antivenom between 
5 and 21 days post-treatment. The F(ab′)2 antivenom has similar rates of hyper-
sensitivity reactions.

Infection is uncommon, and prophylactic antibiotics are not indicated to 
prevent infection. The inflammatory effects of venom (erythema, warmth, lym-
phangitic erythema) may mimic infection after the first 24 hours, and antibiotics 
may reasonably be given at that time or if frank necrosis develops. The spectrum 
of organisms in snakebite, when infection does occur, appears to be similar to 
that in other contaminated wounds, mainly streptococcus and staphylococcus, 
but organisms may vary by geographic location.

American rattlesnakes (Crotalus spp) typically cause less swelling, blistering, 
and necrosis but more systemic envenomation, particularly neurotoxicity 
(descending paralysis), systemic rhabdomyolysis with secondary renal damage, 
and procoagulant coagulopathy.

 EUROPE
The medically important European snakes are the native vipers, mostly in 
southern	Europe	and	the	Balkans,	but	also	in	parts	of	Scandinavia	and	in	the	
United Kingdom. Several major species can cause severe, even lethal enven-
omation, especially in children.

Local swelling can be extensive with fluid shifts and secondary shock, par-
ticularly in children. Coagulopathy may develop with bleeding and extensive 
bruising. Cardiac problems and even acute kidney injury have been reported. 
The venom of some populations of vipers, particularly Vipera ammodytes and 
V. aspis, contains neurotoxins that can cause paralytic effects, primarily to the 
cranial nerves such as ptosis.

Significant adder/viper bites in Europe warrant antivenom. The dose depends 
on the type of antivenom, the type of snake, and the degree of severity of 
envenomation. Acute and ongoing fluid management is important.

 ASIA
Asia is home to many venomous vipers (including pit vipers) and elapids, 
with sea snakes in coastal marine waters (see E-Table 104-1). Snakebite and 
its consequences are more common in Asia than anywhere else in the world, 
with snakebites predominantly an occupational disease of rural workers. Con-
tributing explanations include the diversity of snake fauna, the size of the 
human population, and the extent of rural exposure without access to good 
health care. In India alone, at least 45,000 people die annually following snake-
bites.	In	adjacent	river	delta	regions	of	Bangladesh,	snakebites	are	the	second	
most common cause of death during flooding events—less than drowning 
but more than all infectious and other diseases. In Myanmar, snakebite accounts 
for more than 70% of all cases of acute kidney injury. In Sri Lanka, up to 
40,000 snakebites are recorded per year.

A variety of different snake envenomation syndromes can help guide diag-
nosis, which relies on a targeted history and physical examination, as well as 
simple tests for coagulopathy (20-minute whole blood clotting test), and kidney 
damage (dipstix urine test, hourly urine output measurement; E-Table 104-2).

Antivenom is the mainstay of treatment, www.toxinology.com, but the avail-
ability	and	quality	of	the	antivenom	is	often	an	issue.	Because	some	regional	
antivenoms have high rates of adverse reactions, including anaphylaxis, pre-
medication with subcutaneous epinephrine (0.25 mL of a 1 : 1000 solution, 
subcutaneously) is recommended to reduce overall risk. Corticosteroids, even 
intravenously, are not helpful, nor is the administration of fresh frozen plasma 
for coagulopathy in Russell viper envenomation. A4 

 AFRICA
Africa is an important global region for snakebite,8 but epidemiologic statistics 
are unreliable. Examples of known risks include saw scaled viper bites in West 
Africa as well as puff adder bites and cobra bites throughout much of sub-
Saharan Africa. In the more arid areas of North Africa, scorpion stings may 
surpass snakebites as the leading cause of envenomation.

Key African snake species include viperids (e.g., puff adders and relatives, 
saw scaled vipers, night adders, bush vipers, desert horned adders, Persian 
horned vipers, vipers; there are no pit vipers endemic to Africa) and elapids 
(e.g., cobras, some of which are spitters; coral snakes; mambas; rhinkals; desert 
cobras). Unique to Africa and the Middle East are the side fanged burrowing 
asps. A few non–front-fanged-colubrid African snakes can cause fatal enven-
omation (e.g., boomslang, vine snakes). Rarely the pelagic sea snake (Pelamis 
platurus) reaches east African coastal waters.

The clinical effects vary with the genus and species (see E-Table 104-1). 
Puff adders and their close relatives may cause local bleeding but rarely a 
detectable coagulopathy.

 Coral Snake Bites
Because	of	 their	 smaller	 size	 and	 short	 fangs,	 coral	 snakes	 (Elapid	 snakes)	
cause an envenomation in only about 50% of bites. Local effects in coral snake 
envenomation are variable—pain and swelling occur in less than 50% of cases, 
so their absence cannot exclude envenomation.

Approximately 40% of patients will have local tissue edema, but necrosis 
is unusual. Systemic effects may include euphoria, perioral paresthesia, hyper-
salivation, nausea, and vomiting. Neurologic effects include progressive, 
descending paralysis, beginning with bulbar muscles (ptosis, diplopia, dys-
phagia). Respiratory muscles may be involved and cause ventilatory insufficiency 
and death. Symptoms may be delayed in onset but progress rapidly once 
bulbar muscle symptoms have begun. No routine laboratory monitoring is 
needed. A variety of effective antivenoms are available for most species: (http://
apps.who.int/bloodproducts/snakeantivenoms/database/snakeframeset.html). 
Hematologic effects do not occur.

 MEXICO, CENTRAL AND SOUTH AMERICA
Snake envenomation causes more morbidity and mortality in Mexico, Central 
America, and South America than in North America. The viperids of major 
importance include species of the Bothrops, Crotalus, and Lachesis genera (see 
E-Table 104-1). Bothrops spp, which are the predominant cause of medically 
significant snakebite throughout most of South and Central America, can 
cause local tissue swelling, blistering, necrosis, fluid shifts, and systemic effects 
such as coagulopathy. A number of larger Micrurus (coral snake) species can 
produce neurotoxicity, which manifests as a descending paralysis that can 
result in respiratory compromise and arrest. Other viperid pit-viper genera 
(including Agkistrodon, Atropoides, Bothriechis, Cerrophidion, Ophryacus, Porthid-
ium), particularly in Central America, can cause significant envenomation 
similar to Bothrops spp. Compared with North American rattlesnakes, South 

Treatment principles are similar to other regions, but antivenom is unavail-
able or unaffordable in most of sub-Saharan Africa. When available, antivenom 
is useful for saw scaled viper bites, but antivenoms may not be effective for 
coagulopathy caused by some other Echis and Cerastes spp. In that setting, 
clotting replacement factor may be helpful. For the rare cases of severe coagu-
lopathy caused by boomslang and vine snake bites, particularly for vine snake 

TREATMENT 

http://www.toxinology.com/
http://apps.who.int/bloodproducts/snakeantivenoms/database/snakeframeset.html
http://apps.who.int/bloodproducts/snakeantivenoms/database/snakeframeset.html
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E-TABLE 104-2 WORLD HEALTH ORGANIZATION SYNDROMES FOR SOUTHEAST ASIAN SNAKEBITE

SYNDROME PRIMARY EFFECT
ADDITIONAL 

EFFECTS ADDITIONAL EFFCTS
ADDITIONAL 

EFFECTS
ADDITIONAL 

EFFECTS LIKELY SNAKE
Syndrome 1 Local effects Coagulopathy/bleeding Viper bite
Syndrome 2 Local effects Coagulopathy/bleeding Shock or AKI Russell’s viper
 Syndrome 2A Local effects Coagulopathy/bleeding Shock or AKI Conjunctival edema 

(chemosis)
Acute pituitary 

insufficiency
Russell’s viper (Myanmar 

and South India)
	 Syndrome	2B Local effects Coagulopathy/bleeding Shock or AKI Minor neurotoxicity 

(ptosis, external 
ophthalmoplegia, 
facial paralysis)

Dark urine 
(myoglobinuria)

Russell’s viper (Sri Lanka 
and South India)

Syndrome 3 Local effects Neurotoxic paralysis Cobra or king cobra
Syndrome 4 Neurotoxic paralysis Minimal or no local 

effects
 Syndrome 4A Neurotoxic paralysis Minimal or no local 

effects
Bitten	on	land,	while	

sleeping on the ground
With or without 

abdominal pain
Krait

	 Syndrome	4B Neurotoxic paralysis Minimal or no local 
effect

Bitten	in	the	sea,	estuary Sea snake

 Syndrome 4C Neurotoxic paralysis Minimal or no local 
effects

Bitten	in	Indonesia,	
Maluku or West Papua

Coagulopathy/bleeding Australian elapid

Syndrome 5 Paralysis Dark urine and AKI
 Syndrome 5A Paralysis Dark urine and AKI Bitten	on	land Coagulopathy/bleeding Russell’s viper (Sri Lanka 

and South India)
	 Syndrome	5B Paralysis Dark urine and AKI Bitten	on	land	while	

sleeping indoors
Krait B. niger, B. candidus, 

B. multicinctus; 
Bangladesh,	Thailand

 Syndrome 5C Paralysis Dark urine and AKI Bitten	in	the	sea,	estuary No coagulopathy/
bleeding

Sea snake

AKI = acute kidney injury.
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Antivenom for developing or established systemic envenomation is the 
mainstay of treatment for Australian and New Guinea snakebites. Monovalent 
antivenoms are preferred if the type of snake can be determined. Otherwise, 
a polyvalent antivenom covering all land snake species is available. Sea snakes 
require sea snake specific antivenom, but if this is unavailable, tiger snake 
antivenom may provide some benefit. Antivenom is typically given as one vial 
diluted and infused intravenously over 20 to 30 minutes.

Although antivenom may neutralize circulating toxins, it cannot replenish 
consumed clotting factors, which should be replaced only in patients who have 
potentially life-threatening bleeding despite antivenom. For patients who 
develop microangiopathic hemolytic anemia (Chapter 151) with intravascular 
hemolysis, thrombocytopenia, and acute kidney injury, platelet infusions may 
be needed and dialysis may be required.

TREATMENT 

Widow spiders, principally of genus Latrodectus, are globally distributed and 
likely cause more significant bites than any other spider group. The venom 
contains α-latrotoxin, a potent neuroexcitatory toxin. Envenomation results 
in a classic syndrome, termed latrodectism, characterized by localized pain 
and sweating, followed in more severe cases by regional and sometimes 
systemic involvement, with generalized pain, sweating, hypertension, and 
malaise, that can persist for days or longer. Fatalities occur rarely. Treatment 
of latrodectism is controversial. Specific antivenom was efficacious in one U.S.  
study A5  but not in an Australian study. A6  However, since only a minority of 
patients develop major latrodectism, an appropriate approach is to use anal-
gesia first and to reserve antivenom for severe symptoms that do not respond 
to conservative treatment.

Recluse spiders, genus Loxosceles, have venomous toxins that cause both 
local tissue damage and necrosis (necrotic arachnidism) as well as potentially 
lethal systemic envenoming, with intravascular hemolysis, coagulopathy, and 
multiorgan failure. The bite is often painless, but local necrosis slowly develops 
and may become extensive. However, necrotic arachnidism is often over-
diagnosed in regions where the spider is not indigenous.10 Treatment is sup-
portive with surgical intervention avoided if possible because early dèbridement 
can spread venomous effects and necrosis. A specific antivenom is available 
in	Brazil,	but	evidence	for	its	effectiveness	is	equivocal.

Funnel web and mouse spiders, which are limited to Australia, have venom 
that contains potent neuroexcitatory toxins and can kill humans, but most of 
their	bites	are	minor.	Bites	are	generally	painful	and	the	spider	often	hangs	
on. The patient may develop systemic envenomation rapidly (minutes), similar 
to a catecholamine storm, with death occurring within 60 minutes in some 
cases.11 A specific antivenom is very effective, and no known fatalities have 
been reported since its availability.

Armed or banana spiders, genus Phoneutria, are native to South America, 
especially	Brazil,	but	are	occasionally	transported	accidentally	to	other	regions.	
They are large wandering spiders whose venom contains neuroexcitatory toxins 
with effects somewhat similar to latrodectism, though less severe. Pain and 
autonomic stimulation dominate the clinical picture, with priapism a common 
finding	in	boys.	A	specific	antivenom	is	available	in	Brazil,	where	bites	by	this	
genus are one of the most common forms of spider bite. Antivenom should 
be reserved for the most severe cases, with other cases treated with analgesia 
and, where appropriate, local anesthetic agents.

The goliath tarantula is found in upland rain forests of northern South 
America. It can bite humans but, if envenomation occurs, produces only mild 
effects similar to a wasp sting. Its urticating hairs also may produce intense 
mucosal irritation.

Other spider species, mostly larger spiders, can occasionally bite humans 
and cause variable effects such as local pain of limited duration. Treatment is 
supportive and symptomatic, with no antivenoms available.

 Scorpions
Scorpions cause more worldwide cases of significant envenomation12 of humans 
than any other venomous animal group, except snakes. In Mexico alone, for 
example, more than 300,000 scorpion stings are treated annually. Buthid scor-
pion venom is rich in peptide neuroexcitatory toxins, particularly ion channel 
toxins, some of which produce substantial pain. Immediate severe local pain 
can be followed quickly by autonomic stimulation, including sweating, tachy-
cardia or bradycardia, hypertension, and, for some species, cardiac toxicity 
and pulmonary edema. A sting can be lethal in children but rarely in adults. 
North American bark scorpions can cause unusual features such as dystonic 
eye movements, athetoid limb movements, and reduced consciousness.

A few species can cause lethal effects, particularly in children, but the advent 
of effective antivenoms, preferably administered intravenously, A7  has greatly 
reduced fatality rates. Oral prazosin (30 µg/kg/dose at 3-hour intervals until 
resolution of the clinical syndrome) is useful as an adjunct therapy in H. 
tamulus envenomations. A8 

Hemiscorpius lepturus is a scorpion found particularly in Iran, where it is 
responsible	for	severe	and	fatal	cases.	Unlike	Buthid	scorpions,	this	species	
has a cytotoxic venom, similar in clinical effects to Loxosceles spider venom. 
Stings cause minimal local pain, but an initially painless local necrosis develops 
over subsequent hours to several days, can be extensive, and may be associated 
with a systemic illness with potentially lethal intravascular hemolysis, coagu-
lopathy, and multiorgan failure. An antivenom is available in Iran.

 Ticks
Ticks are parasitic arachnid arthropods that feed on other animals, often with 
a complex life history involving multiple potential host species. A few tick 

species produce venom that contains paralytic neurotoxins, but the major 
medical significance of ticks and mites is as a vector for disease transmission 
(Chapters 306, 307, 312, and 332), or as a direct cause of disease.

Paralysis ticks, both hard-bodied Ixodid species and soft-bodied Argasid 
ticks, produce venomous saliva that can cause progressive ascending and 
potentially fatal flaccid paralysis. The most toxic ticks, genus Ixodes from Aus-
tralia, have caused more fatalities than either funnel web spiders or widow 
spiders in that country. However, most paralysis ticks cause local irritation, 
sometimes a local allergic reaction, without detectable neurotoxicity. When 
neurotoxicity occurs, it usually starts as an ataxic gait and may progress to 
more generalized paralysis, including ventilator muscle paralysis. Sometimes 
the	paralysis	can	be	localized,	such	as	a	Bell	palsy	(Chapter	392)	after	a	tick	
attaches behind the ear near the seventh cranial nerve.

Treatment consists of removing all attached ticks, searching carefully in the 
scalp, behind and in ears, and in body folds. No antivenom is available. Patients 
with signs of neurotoxicity should be observed closely for 24 hours (in Aus-
tralia for at least 48 hrs) and provided supportive care, including mechanical 
ventilation if indicated.

 Mites
 SCABIES
Human scabies is caused by Sarcoptes scabiei variant hominis. This mite is an 
obligate human pathogen. Scabies, which has a worldwide prevalence that 
ranges from about 0.2% to 71.4%, is most common in Latin America and the 
Pacific regions, but all regions of the world, except Europe and the Middle 
East, have populations with prevalences over 10%. In all parts of the world, the 
infection is seen much more often in children and adolescents than in adults.13

 PATHOBIOLOGY
After mating on the skin surface, the female mite burrows and lays eggs that 
hatch over 3 to 4 days. The larvae molt into adults 30 to 60 days later. Mites 
of all stages can penetrate the skin, and they may reach staggering proportions 
in immunosuppressed individuals.

 CLINICAL MANIFESTATIONS
In immunocompetent adults, the infection causes severe pruritus on both 
affected and unaffected skin, with a symmetrical erythematous, papulovesicular 
eruption, especially in the interdigital web spaces, wrists, anterior axillary folds, 
periumbilical area, the areolae in females, and the penis and scrotum in males. 
In nodular scabies, patients have intensely pruritic red-brown nodules that 
range from 2 to 20 mm in the axillary region, groin, buttocks, and genitalia; 
these nodules represent hypersensitivity to mite products and do not contain 
mites. The mite burrow—a short serpiginous gray to white keratotic line that 
is 1 to 4 mm in length—is most common on the hands and feet. Crusted 
scabies manifests in immunosuppressed individuals as silver to white crusts 
on any part of the body but especially the hands and ears. Elderly patients 
may have subtle manifestations with mild pruritus and papules on the trunk 
and extremities.

 DIAGNOSIS
The diagnosis is established by directly identifying mites, mite pellets, or eggs 
on microscopy (Fig. 104-2). The diagnosis also can be established by video-
dermoscopy or by using polymerase chain reaction (PCR) and enzyme-linked 
immunosorbent assay (ELISA) for mite products or specific immunoglobulin 
E (IgE).

involve the lower legs, the edges of underwear, and the genitalia, can cause 
summer penile syndrome with tender to itchy papules of the glans and scrotum 
resembling a scabies infection. In Asia and South America, chigger mites are 
vectors for scrub typhus (Chapter 311). In urban areas, house mouse mites 
can transmit rickettsial pox (Chapter 311). In endemic areas, an eschar in an 
acutely febrile patient strongly suggests a mite-borne rickettsial infection. Most 
mite-induced rashes can be treated symptomatically either with topical 
corticosteroids or with camphor and menthol lotion.

 Centipedes
Centipedes are multilegged arthropods that possess pincers with fangs and 
associated venom glands at their head end. Human bites by some species, 
especially larger centipedes, can result in a locally painful reaction and some-
times broken skin, which can uncommonly lead to secondary infection. The 
pain is short lived, systemic envenomation is unusual, and symptomatic treat-
ment is rarely required, unless a secondary infection develops.

 Millipedes
Millipedes are multilegged arthropods that possess venom glands in their 
body segments. Human skin contact may result in exudation of toxins, thereby 
resulting in either a local irritant ache, a residual odor, or skin staining. The 
latter can mimic skin necrosis or bruising. No treatment is available or gener-
ally required.

 Lice
Lice, which are obligate ectoparasites, cause three syndromes: Pediculus humanus 
capitis (the head louse), Pediculus humanus (the body louse), and Pthirus pubis 
(the crab louse).

 HEAD LICE
Head lice affect 6 to 12 million people annually in the United States. World-
wide, the prevalence is much higher, especially in children ages 3 to 12 years. 
Transmission is via direct contact or close contact with scarves and hats.

Head lice should be suspected in a child who has pruritus of the scalp 
accompanied by cervical adenopathy. Nits can be seen on visual inspection, 
especially behind the ears. On the scalp, small bites and crusting blood are 
commonly seen. Definitive diagnosis requires that at least one live louse be 
found on the scalp.

TREATMENT AND PREVENTION 

bites for which there is no antivenom, blood products and clotting factor con-
centrates may be useful.

Spitting cobra venom spat into the eye can cause permanent blindness if 
inadequately treated. Urgent copious irrigation of the affected eye(s) with water, 
saline, Ringer solution, buffered commercial eye wash, or other bland fluid 
is required, with analgesia/anesthesia as needed, followed by assessment for 
corneal injury and appropriate treatment. Antivenom should not be instilled into 
the eye. Systemic envenomation is not expected after venom spit into the eye.

 AUSTRALIA AND NEW GUINEA
 EPIDEMIOLOGY

All venomous snakes of medical significance in Australia and New Guinea 
are elapids, which account for more than about 1000 annual venomous snake-
bites in Australia and 3300 in Papua New Guinea.9 In Australia, up to several 
hundred patients will require antivenom, and two to four patients typically 
die each year, primarily from prehospital cardiac collapse. In Papua New Guinea, 
as	many	as	900	fatalities	occur	each	year,	most	outside	of	the	hospital	system.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Each individual snake may have a distinct venom. Significant local effects are 
uncommon for most species, except for genus Pseudechis, whose bites may 
cause local swelling and pain, without necrosis.

The combination of systemic and local effects can be interpreted using 
diagnostic algorithms to help determine the type of snake and, therefore, 
which type of antivenom to use. (See http://www.toxinology.com/generic_
static_files/A%20Clinician’s%20Guide%20to%20Venomous%20Bites%20
&%20Stings%202013.pdf). The venom detection kit can help determine which 
type of antivenom to use in a systemically envenomed patient. Laboratory 
tests should include coagulation studies (INR, PTT, fibrinogen, D-dimer, 
platelet count, whole blood clotting time), electrolytes, serum creatinine and 
blood urea nitrogen levels, and creatinine kinase levels repeated serially in 
asymptomatic cases for at least 12 hours after the snakebite or after any symp-
toms or laboratory abnormalities have appeared.

 SNAKE HANDLERS AND EXOTIC SNAKEBITE
Any person regularly exposed to venomous snakes, even without being bitten, 
is at risk of developing allergies to snakes or their venom, a situation acceler-
ated by a history of past bites. Thus, snake keepers and handlers may present 
with major, even life-threatening anaphylactic reactions that may eclipse the 
effects of the envenomation itself. Similarly, they may develop allergies to 
antivenom.

Exotic snakebites should always result in early consultation with experts in 
this area (e.g., www.toxinology.com), preferably a clinical toxinologist at a 
regional poison center.

 ARTHROPODS
 Spiders
Data from Australia indicate that spider bites result in nearly twice as many 
hospital visits as do snakebites, but very few spider species harm humans 
(E-Fig. 104-3), and fatalities are extremely rare.

 OTHER MITES
Mites are ubiquitous and frequently cause a dermatitis that can be a papular, 
vesicular, urticarial, or morbilliform eruption. Chigger mites, which commonly 

TREATMENT 

http://www.toxinology.com/generic_static_files/A%20Clinician's%20Guide%20to%20Venomous%20Bites%20&%20Stings%202013.pdf
http://www.toxinology.com/generic_static_files/A%20Clinician's%20Guide%20to%20Venomous%20Bites%20&%20Stings%202013.pdf
http://www.toxinology.com/generic_static_files/A%20Clinician's%20Guide%20to%20Venomous%20Bites%20&%20Stings%202013.pdf
http://www.toxinology.com/


CHAPTER 104 EnvEnomation, BitEs, and stings 690.e1

E-FIGURE 104-3. Global representation of venomous arthropods. only a few selected species of medical significance are illustrated. (diagram and all images copyright © Prof. Julian 
White; reproduced with permission.)
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species produce venom that contains paralytic neurotoxins, but the major 
medical significance of ticks and mites is as a vector for disease transmission 
(Chapters 306, 307, 312, and 332), or as a direct cause of disease.

Paralysis ticks, both hard-bodied Ixodid species and soft-bodied Argasid 
ticks, produce venomous saliva that can cause progressive ascending and 
potentially fatal flaccid paralysis. The most toxic ticks, genus Ixodes from Aus-
tralia, have caused more fatalities than either funnel web spiders or widow 
spiders in that country. However, most paralysis ticks cause local irritation, 
sometimes a local allergic reaction, without detectable neurotoxicity. When 
neurotoxicity occurs, it usually starts as an ataxic gait and may progress to 
more generalized paralysis, including ventilator muscle paralysis. Sometimes 
the	paralysis	can	be	localized,	such	as	a	Bell	palsy	(Chapter	392)	after	a	tick	
attaches behind the ear near the seventh cranial nerve.

Treatment consists of removing all attached ticks, searching carefully in the 
scalp, behind and in ears, and in body folds. No antivenom is available. Patients 
with signs of neurotoxicity should be observed closely for 24 hours (in Aus-
tralia for at least 48 hrs) and provided supportive care, including mechanical 
ventilation if indicated.

 Mites
 SCABIES
Human scabies is caused by Sarcoptes scabiei variant hominis. This mite is an 
obligate human pathogen. Scabies, which has a worldwide prevalence that 
ranges from about 0.2% to 71.4%, is most common in Latin America and the 
Pacific regions, but all regions of the world, except Europe and the Middle 
East, have populations with prevalences over 10%. In all parts of the world, the 
infection is seen much more often in children and adolescents than in adults.13

 PATHOBIOLOGY
After mating on the skin surface, the female mite burrows and lays eggs that 
hatch over 3 to 4 days. The larvae molt into adults 30 to 60 days later. Mites 
of all stages can penetrate the skin, and they may reach staggering proportions 
in immunosuppressed individuals.

 CLINICAL MANIFESTATIONS
In immunocompetent adults, the infection causes severe pruritus on both 
affected and unaffected skin, with a symmetrical erythematous, papulovesicular 
eruption, especially in the interdigital web spaces, wrists, anterior axillary folds, 
periumbilical area, the areolae in females, and the penis and scrotum in males. 
In nodular scabies, patients have intensely pruritic red-brown nodules that 
range from 2 to 20 mm in the axillary region, groin, buttocks, and genitalia; 
these nodules represent hypersensitivity to mite products and do not contain 
mites. The mite burrow—a short serpiginous gray to white keratotic line that 
is 1 to 4 mm in length—is most common on the hands and feet. Crusted 
scabies manifests in immunosuppressed individuals as silver to white crusts 
on any part of the body but especially the hands and ears. Elderly patients 
may have subtle manifestations with mild pruritus and papules on the trunk 
and extremities.

 DIAGNOSIS
The diagnosis is established by directly identifying mites, mite pellets, or eggs 
on microscopy (Fig. 104-2). The diagnosis also can be established by video-
dermoscopy or by using polymerase chain reaction (PCR) and enzyme-linked 
immunosorbent assay (ELISA) for mite products or specific immunoglobulin 
E (IgE).

involve the lower legs, the edges of underwear, and the genitalia, can cause 
summer penile syndrome with tender to itchy papules of the glans and scrotum 
resembling a scabies infection. In Asia and South America, chigger mites are 
vectors for scrub typhus (Chapter 311). In urban areas, house mouse mites 
can transmit rickettsial pox (Chapter 311). In endemic areas, an eschar in an 
acutely febrile patient strongly suggests a mite-borne rickettsial infection. Most 
mite-induced rashes can be treated symptomatically either with topical 
corticosteroids or with camphor and menthol lotion.

 Centipedes
Centipedes are multilegged arthropods that possess pincers with fangs and 
associated venom glands at their head end. Human bites by some species, 
especially larger centipedes, can result in a locally painful reaction and some-
times broken skin, which can uncommonly lead to secondary infection. The 
pain is short lived, systemic envenomation is unusual, and symptomatic treat-
ment is rarely required, unless a secondary infection develops.

 Millipedes
Millipedes are multilegged arthropods that possess venom glands in their 
body segments. Human skin contact may result in exudation of toxins, thereby 
resulting in either a local irritant ache, a residual odor, or skin staining. The 
latter can mimic skin necrosis or bruising. No treatment is available or gener-
ally required.

 Lice
Lice, which are obligate ectoparasites, cause three syndromes: Pediculus humanus 
capitis (the head louse), Pediculus humanus (the body louse), and Pthirus pubis 
(the crab louse).

 HEAD LICE
Head lice affect 6 to 12 million people annually in the United States. World-
wide, the prevalence is much higher, especially in children ages 3 to 12 years. 
Transmission is via direct contact or close contact with scarves and hats.

Head lice should be suspected in a child who has pruritus of the scalp 
accompanied by cervical adenopathy. Nits can be seen on visual inspection, 
especially behind the ears. On the scalp, small bites and crusting blood are 
commonly seen. Definitive diagnosis requires that at least one live louse be 
found on the scalp.

Topical options include permethrin 5% and precipitated sulfur 2 to 10% in 
petrolatum, benzyl benzoate 10 to 25%, monosulfiram 5 to 25%, malathion 
0.5%, and esdepallethrin 0.63%. Topical crotamiton 10% is a weak antiscabic 
agent but an effective antipruritic; it also has antibacterial activity. Oral iver-
mectin (200 to 400 µg/kg given as a single dose, then repeated in 10 days) is 
an effective alternative to topical therapy, and mass administration of ivermectin 
can control scabies in endemic areas. A9  Clothes and bed linens should be 
machine-washed at 60° C or higher followed by heated drying.

TREATMENT AND PREVENTION 

 OTHER MITES
Mites are ubiquitous and frequently cause a dermatitis that can be a papular, 
vesicular, urticarial, or morbilliform eruption. Chigger mites, which commonly 

FIGURE 104-2. Scabies preparation demonstrating an adult mite, ova, and feces. 
(Courtesy of dirk m. Elston, md.)

Ulesfia lotion contains benzyl alcohol to kill the louse by stunning and occlud-
ing its respiratory spiracle. Ivermectin (0.5% lotion in one ten-minute application 
at home) is 95% effective at 1 day, 85% effective at 7 days, and 74% effective 
at 14 days after treatment. A10  For refractory infestations in children, oral iver-
mectin (400 µg/kg, twice at a 7-day interval) is superior to topical malathion 
0.5% lotion. In epidemic settings, two applications of a shampoo-based neem 
extract is more ovicidal than typical dimethicone. A11 ,14

TREATMENT 
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anaphylaxis (Chapter 238), is the major risk. Fatal anaphylaxis to bee, wasp, 
or ant stings causes as many or more deaths as true envenomation in most 
developed countries. Hymenoptera typically cause local effects such as pain, 
erythema, swelling, blistering, and even minor ulceration. However, massed 
attacks involving 500 or more stings can cause major envenomation, often 
characterized by hemolysis, acute renal failure, cardiac complications, and 
other organ failure. Treatment of systemic hymenopteran envenomation is 
supportive and symptomatic, commencing with urgent and rapid removal of 
any remaining embedded stings (honeybee mass attacks only). If an individual 
has a history of a significant prior type 1 hypersensitivity reaction (e.g., hypo-
tension, airway edema), epinephrine should be carried to environments where 
exposure may occur. No antivenom is currently available. Any symptoms of 
anaphylaxis require urgent treatment (Chapter 238).

Lepidoptera larvae (caterpillars) pose a risk to humans because their hairs 
or spines can cause intense local skin irritation. Hairs may be removed by 
application of duct or masking tape to the exposed area. The venom of Lonomia 
caterpillar, found in the greater Amazon basin, includes a potent procoagulant 
that induces a consumptive coagulopathy and can result in severe and fatal 
bleeding. A specific anti-Lonomia	antivenom	is	available	in	Brazil.

 MARINE ANIMALS
Minor venomous interactions with marine animals probably occur frequently, 
but major envenomation is far less common, and fatalities are rare.16 Some 
marine envenomation-related infections may involve organisms not otherwise 
commonly encountered, including Vibrio spp, Aeromonas spp, Mycobacterium 
marinum, Sterptococcus iniae, and other organisms.

Jellyfish cause envenomation using a stinging organelle (nematocyst) located 
on its tentacles or main body. When the trigger hair makes contact with a 
biologic membrane, it fires the stinging tubule, which everts and injects venom 
into the victim within a fraction of a second.

Fortunately, most jellyfish venom causes local pain, erythema, and mild 
blistering without systemic effects. However, jellyfish venom can be allergenic 
in some people, thereby resulting in allergic reactions when stung on a sub-
sequent occasion.

 BODY LICE
Infestation with body lice is common among homeless people as well as in 
refugee situations and wars. The louse can serve as a vector for Bartonella 
quintana	(which	causes	trench	fever	and	endocarditis;	Chapter	299),	Rickettsia 
prowazekii (which causes epidemic typhus; Chapter 311), and Borrelia recur-
rentis (which causes louse-borne relapsing fever; Chapter 306).

Body	 lice	 produce	 a	widespread	 rash	 that	 can	be	 confused	with	 allergic	
contact dermatitis, atopic dermatitis, a viral exanthema, or scabies. The diag-
nosis is made on physical examination by identifying bluish-hued maculae 
cerulea (Fig. 104-3). This finding should then prompt a detailed search for 
body lice or nits, especially in the seams of clothing.

Lice are killed by washing and hot drying or ironing of the patient’s cloth-
ing. Permethrin also can be applied to clothing but may not be necessary.

 CRAB LICE
Crab louse infestation is a sexually transmitted disease, often concurrently 
with chlamydial (Chapter 302) or gonorrheal (Chapter 283) infection. Patients 
present with intense itching. Lice and nits may be found on pubic hairs and 
chest, abdominal, leg, and head hair. Infestation of the eyelashes can cause 
phthiriasis palpebrarum infection.

Treatment includes topical agents as used to treat head lice. Oral ivermectin 
(200 to 400 µg/kg, repeated in 10 days) is an alternative.

 Hemiptera: Bedbugs
Bedbugs	are	increasingly	recognized	in	homes,	hotels,	and	college	campuses,	
and bedbugs can be introduced into buildings by birds, bats, and luggage. 
They hide in cracks and crevices of beds, particularly along the seams of mat-
tresses. A bedbug is red-brown and about the size of a small tick (Fig. 104-4). 
Their bites, which characteristically are on the face, neck, and arms, typically 
present as a string of bites (Fig. 104-5). Symptomatic treatment is with topical 
corticosteroids (see Table 407-10), but disinfestation requires that all bedding 
be washed and dried in a hot setting, and that the mattress and box spring be 
placed in a zippered plastic case.15

 INSECTS
Insects have the largest diversity of species of any animal group, but few are 
venomous or medically significant.

 Venomous Insects
Only two orders of venomous species are of major medical importance: Hyme-
noptera (ants, including fire ants, bees, wasps) and Lepidoptera (moths and 
butterflies).

Hymenoptera have a modified ovipositor apparatus that functions as a sting 
to inject venom produced in an intra-abdominal venom gland. Hymenopteran 
venom contains highly allergenic peptides, and acute allergy, particularly 

FIGURE 104-3. Maculae cerulae are bluish-red spots that represent sites where body 
lice have fed. (Courtesy of dirk m. Elston, md.)

FIGURE 104-4. Bedbugs are red-brown and about the size of small ticks. (Courtesy 
of dirk m. Elston, md.)

FIGURE 104-5. Bedbug bites are often arranged in a characteristic “breakfast, lunch, 
and dinner” pattern. (Courtesy of dirk m. Elston, md.)

TREATMENT 

 Venomous Stinging Fish and Stingrays
 SPINY VENOMOUS FISH
Many fish species have evolved venomous spines that, upon skin puncture, 
release venom, which causes immediate intense local pain. Systemic effects 
are unusual. Treatment involves removing any residual spines from the wound. 
Hot water immersion (not more than 45° C) may provide adequate analgesia, 
but oral pain medications, including opioids (e.g., oxycodone, 5 to 15 mg 
orally every 4 to 6 hours) or even nerve block may be necessary. An effective 
specific antivenom is available for the Australian stonefish.

 VENOMOUS STINGRAYS
The sting of a venomous stingray causes intense local pain but not systemic 
envenomation. Treatment includes hot water immersion (no more than 45° 
C), but parenteral analgesia (e.g., morphine, 4 to 10 mg IV every 4 hours) or 
a regional nerve block may be needed. For extensive wounds, exploration and 
removal of any residual sting debris, followed by copious irrigation, is 
appropriate.

 Venomous Mollusks
A few venomous octopus species have a potent paralytic neurotoxin, tetrodo-
toxin, which causes rapid (5 to 20 minutes) onset of flaccid paralysis, including 
respiratory paralysis, that generally persists for a few hours. The actual bite is 
often painless and thus may go unrecognized. Treatment is supportive and 
focused on providing respiratory support until the paralysis resolves several 
hours later. No antivenom is available.

Cone snails can fire tiny venom-inoculated darts into prey. Humans may 
note instant pain or no significant pain, usually followed by the rapid onset 
of flaccid paralysis and, in severe cases, ventilatory paralysis. Treatment is 
supportive. No antivenom is available.

Sea urchins possess numerous sharp spines that can result in both a mechani-
cal injury and a local envenomation. The result is usually intense pain without 
systemic effects. Retained spines can act as a nidus for secondary infection. 
Treatment is symptomatic (analgesia; hot water immersion at no more than 
45° C), antibiotics if a secondary infection develops, and careful search for 
and surgical removal of embedded spines.

Many corals may cause cuts or abrasions and potentially a local envenom-
ation from coral nematocysts. Fire coral cuts may cause intense immediate 
pain and later local skin necrosis. Coral wounds may also be contaminated 
by microorganisms, and coral debris can act as a nidus for infection. Although 

the initial injury may appear trivial, it can progress to a more significant problem 
if left untended. Treatment includes standard wound care, analgesia as required, 
and antibiotics for secondary infection.

Sea anemone stings may cause envenomation with the rapid onset of severe 
local pain, which may progress to vesiculation and even ulceration or necrosis. 
The pain may persist for hours to days or even weeks. Treatment is symptomatic 
and supportive.

 Poisoning by Marine Animals
 TETRODOTOXIN POISONING
Tetrodotoxin is a small, highly potent, nonpeptide, paralytic neurotoxin. It is 
produced by microorganisms and then acquired and accumulated as a venom 
by certain marine animals for defensive purposes (e.g., fugu fish) or offensive 
purposes (e.g., blue-ringed octopus). Tetrodotoxin is not destroyed by cooking, 
so it may remain in contaminated animals prepared as human food. Competent 
preparation of these fish (i.e., removal of tissues and organs with high con-
centrations of the toxin) may reduce but not completely eliminate the risk of 
lethal poisoning.

Mild (Grade 1) poisoning causes only perioral numbness, paresthesia, and 
nausea. Grade 2 poisoning includes facial and tongue numbness, mild general-
ized paresis, incoordination, and slurred speech. More severe poisoning is 
defined by generalized flaccid paralysis with inability to speak, fixed dilated 
pupils, and respiratory compromise, often with respiratory paralysis. Progres-
sion and death can occur within 60 minutes. Treatment is supportive and 
focused on cardiopulmonary support until the toxin degrades within a few 
hours. There is no antidote.

 CIGUATERA POISONING
Ciguatera is a nonpeptide, small toxin produced by dinoflagellates and con-
centrated up the food chain. As a result, it accumulates in larger predatory 
fish, without any apparent effect on them. When the larger fish are eaten by 
humans, however, ciguatera poisoning may occur. Cooking does not destroy 
the toxin. Fish such as shark, barracuda, bass, and other predatory species are 
predominantly involved. Ciguatera poisoning is detected only when an out-
break occurs because the fish appear healthy and taste normal.

Clinical symptoms first appear about 6 to 12 hours after eating.17 Gastro-
intestinal effects include nausea, vomiting, diarrhea, and abdominal pain. 
Systemic symptoms, which can be variable in onset and delayed for hours, 
may include myalgia, arthralgia, circumoral parasthesiae, fatigue, generalized 
pruritus, headaches, and abnormal sensitivity to temperature. These effects 
can persist for days to months and are exacerbated in some patients by con-
sumption of any subsequent fish meal. Fatalities are rare and associated with 
acute phase dehydration, cardiac failure, or cerebral edema.

Ciguatera is notoriously resistant to treatment, and no specific antidote is 
available. Mannitol (one dose of 1 g/kg, IV) has been recommended, but trial 
results are conflicting.18 Amitriptyline (e.g., 25 mg, orally twice daily) has 
been used with anecdotal success. Indomethacin (25 mg orally three times 
daily) may assist with arthralgias.

 PALYTOXIN POISONING
Palytoxin poisoning is similar to ciguatera poisoning, except the toxin is pro-
duced by zoanthid corals in the Pacific and Mediterranean. A recent problem 
in the Mediterranean is that massive dinoflagellate blooms can release sea 
spume (aerosolized palytoxin), which exposes humans onshore, thereby result-
ing in skin irritation, dyspnea, and airway obstruction. Some beaches and 
even seaside communities have been closed during intense spume events.

 SHELLFISH POISONING
Shellfish poisoning can result from the contamination of shellfish fisheries by 
toxin-producing blooms of dinoflagellates.

Paralytic shellfish toxins are saxitoxin and gonyautoxins. Numbness (of fin-
gertips, lips, tongue), abdominal pain, and nausea develop 30 to 120 minutes 
after ingestion, followed by progressive flaccid paralysis that may extend to 
full respiratory paralysis. Patients also may have vertigo, ataxia, transient blind-
ness, headache, and back pain. No specific treatment is available. Management 
is symptomatic and supportive. Fatalities have occurred.

Neurotoxic shellfish poisoning is caused by brevetoxin, which particularly 
affects clams and oysters. Clinical manifestations seen several hours after inges-
tion include gastrointestinal effects (nausea, vomiting, diarrhea, abdominal 
pain) followed by paresthesias and incoordination but not paralysis. The poi-
soning is generally a self-limiting nonfatal disease treated with symptomatic 
and supportive care.
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The box jellyfish (Chironex fleckeri and Malo kingi), so named for their 
cube-shaped medusae, produce potent venom. Stings are generally very painful 
and may be fatal by causing cardiac arrest within 5 minutes of envenomation. 
Other jellyfish can also produce severe envenomation. A large jellyfish like 
an Australian or Pacific species may have millions of nematocysts, each able 
to inject venom in microseconds, with some entering capillaries and causing 
rapid systemic envenomation. However, most stings have smaller areas of skin 
contact with insufficient venom injected to cause life-threatening effects. Even 
small jellyfish such as the Australian irukandji can deliver a potentially lethal 
dose of venom.

Treatment of most jellyfish stings is supportive and symptomatic, but appli-
cation of hot water (no more than 45° C), preferably as a hot shower, will often 
provide rapid and lasting relief. The bluebottle or Portuguese-man-o-war jel-
lyfish occurs globally. It causes local pain and welt formation and is occasionally 
associated with allergic reactions. Treatment is supportive and symptomatic 
(e.g., a hot water shower). No antivenom is available.

For box jellyfish stings, prolonged cardiopulmonary resuscitation (Chapter 
57) should be provided for cardiac collapse because cardiotoxicity is likely to 
resolve within 60 minutes. An antivenom is available, but its effectiveness in 
severe cases is unclear. For less severe cases, supportive and symptomatic care 
is indicated. Any local tentacle track necrosis should be treated like a burn 
injury.

Irukandji syndrome, which is caused by a near painless sting, is characterized 
by the onset of severe cramping muscle pains, notably in the back, about 15 
to 60 minutes after the sting. Sweating, hypertension, and even cardiac com-
promise with elevated troponin levels and pulmonary edema may develop. 
Death is rare. No antivenom is available.

TREATMENT 

 Venomous Stinging Fish and Stingrays
 SPINY VENOMOUS FISH
Many fish species have evolved venomous spines that, upon skin puncture, 
release venom, which causes immediate intense local pain. Systemic effects 
are unusual. Treatment involves removing any residual spines from the wound. 
Hot water immersion (not more than 45° C) may provide adequate analgesia, 
but oral pain medications, including opioids (e.g., oxycodone, 5 to 15 mg 
orally every 4 to 6 hours) or even nerve block may be necessary. An effective 
specific antivenom is available for the Australian stonefish.

 VENOMOUS STINGRAYS
The sting of a venomous stingray causes intense local pain but not systemic 
envenomation. Treatment includes hot water immersion (no more than 45° 
C), but parenteral analgesia (e.g., morphine, 4 to 10 mg IV every 4 hours) or 
a regional nerve block may be needed. For extensive wounds, exploration and 
removal of any residual sting debris, followed by copious irrigation, is 
appropriate.
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A few venomous octopus species have a potent paralytic neurotoxin, tetrodo-
toxin, which causes rapid (5 to 20 minutes) onset of flaccid paralysis, including 
respiratory paralysis, that generally persists for a few hours. The actual bite is 
often painless and thus may go unrecognized. Treatment is supportive and 
focused on providing respiratory support until the paralysis resolves several 
hours later. No antivenom is available.

Cone snails can fire tiny venom-inoculated darts into prey. Humans may 
note instant pain or no significant pain, usually followed by the rapid onset 
of flaccid paralysis and, in severe cases, ventilatory paralysis. Treatment is 
supportive. No antivenom is available.

Sea urchins possess numerous sharp spines that can result in both a mechani-
cal injury and a local envenomation. The result is usually intense pain without 
systemic effects. Retained spines can act as a nidus for secondary infection. 
Treatment is symptomatic (analgesia; hot water immersion at no more than 
45° C), antibiotics if a secondary infection develops, and careful search for 
and surgical removal of embedded spines.

Many corals may cause cuts or abrasions and potentially a local envenom-
ation from coral nematocysts. Fire coral cuts may cause intense immediate 
pain and later local skin necrosis. Coral wounds may also be contaminated 
by microorganisms, and coral debris can act as a nidus for infection. Although 

the initial injury may appear trivial, it can progress to a more significant problem 
if left untended. Treatment includes standard wound care, analgesia as required, 
and antibiotics for secondary infection.

Sea anemone stings may cause envenomation with the rapid onset of severe 
local pain, which may progress to vesiculation and even ulceration or necrosis. 
The pain may persist for hours to days or even weeks. Treatment is symptomatic 
and supportive.
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 TETRODOTOXIN POISONING
Tetrodotoxin is a small, highly potent, nonpeptide, paralytic neurotoxin. It is 
produced by microorganisms and then acquired and accumulated as a venom 
by certain marine animals for defensive purposes (e.g., fugu fish) or offensive 
purposes (e.g., blue-ringed octopus). Tetrodotoxin is not destroyed by cooking, 
so it may remain in contaminated animals prepared as human food. Competent 
preparation of these fish (i.e., removal of tissues and organs with high con-
centrations of the toxin) may reduce but not completely eliminate the risk of 
lethal poisoning.

Mild (Grade 1) poisoning causes only perioral numbness, paresthesia, and 
nausea. Grade 2 poisoning includes facial and tongue numbness, mild general-
ized paresis, incoordination, and slurred speech. More severe poisoning is 
defined by generalized flaccid paralysis with inability to speak, fixed dilated 
pupils, and respiratory compromise, often with respiratory paralysis. Progres-
sion and death can occur within 60 minutes. Treatment is supportive and 
focused on cardiopulmonary support until the toxin degrades within a few 
hours. There is no antidote.

 CIGUATERA POISONING
Ciguatera is a nonpeptide, small toxin produced by dinoflagellates and con-
centrated up the food chain. As a result, it accumulates in larger predatory 
fish, without any apparent effect on them. When the larger fish are eaten by 
humans, however, ciguatera poisoning may occur. Cooking does not destroy 
the toxin. Fish such as shark, barracuda, bass, and other predatory species are 
predominantly involved. Ciguatera poisoning is detected only when an out-
break occurs because the fish appear healthy and taste normal.

Clinical symptoms first appear about 6 to 12 hours after eating.17 Gastro-
intestinal effects include nausea, vomiting, diarrhea, and abdominal pain. 
Systemic symptoms, which can be variable in onset and delayed for hours, 
may include myalgia, arthralgia, circumoral parasthesiae, fatigue, generalized 
pruritus, headaches, and abnormal sensitivity to temperature. These effects 
can persist for days to months and are exacerbated in some patients by con-
sumption of any subsequent fish meal. Fatalities are rare and associated with 
acute phase dehydration, cardiac failure, or cerebral edema.

Ciguatera is notoriously resistant to treatment, and no specific antidote is 
available. Mannitol (one dose of 1 g/kg, IV) has been recommended, but trial 
results are conflicting.18 Amitriptyline (e.g., 25 mg, orally twice daily) has 
been used with anecdotal success. Indomethacin (25 mg orally three times 
daily) may assist with arthralgias.

 PALYTOXIN POISONING
Palytoxin poisoning is similar to ciguatera poisoning, except the toxin is pro-
duced by zoanthid corals in the Pacific and Mediterranean. A recent problem 
in the Mediterranean is that massive dinoflagellate blooms can release sea 
spume (aerosolized palytoxin), which exposes humans onshore, thereby result-
ing in skin irritation, dyspnea, and airway obstruction. Some beaches and 
even seaside communities have been closed during intense spume events.

 SHELLFISH POISONING
Shellfish poisoning can result from the contamination of shellfish fisheries by 
toxin-producing blooms of dinoflagellates.

Paralytic shellfish toxins are saxitoxin and gonyautoxins. Numbness (of fin-
gertips, lips, tongue), abdominal pain, and nausea develop 30 to 120 minutes 
after ingestion, followed by progressive flaccid paralysis that may extend to 
full respiratory paralysis. Patients also may have vertigo, ataxia, transient blind-
ness, headache, and back pain. No specific treatment is available. Management 
is symptomatic and supportive. Fatalities have occurred.

Neurotoxic shellfish poisoning is caused by brevetoxin, which particularly 
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pain) followed by paresthesias and incoordination but not paralysis. The poi-
soning is generally a self-limiting nonfatal disease treated with symptomatic 
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Amnesic shellfish poisoning is caused by domoic acid, which accumulates 
predominantly in mussels. Gastrointestinal effects begin six or more hours 
after ingestion, but days to weeks later some patients develop encephalopathy, 
delirium, permanent memory loss, and, less commonly, hypotension, increased 
pulmonary secretions, cardiac dysrhythmias, hemiplegia, seizures, and coma. 
Fatalities occur. Treatment is symptomatic and supportive.

Diarrheic shellfish poisoning is caused by polycyclic ethers such as okadaic 
acid derivatives, which stimulate excessive intra-intestinal fluid accumulation. 
Patients present hours after ingestion with severe gastrointestinal effects, 
which can persist for days, and dehydration. Symptoms may mimic those 
of bacterial contaminants (e.g., vibrio parahaemolyticus [Chapter 286] and 
norovirus [Chapter 356]). Fatalities rarely occur. Treatment is symptomatic 
and supportive.

Scombroid poisoning is caused by histamine, which is produced by the 
degradation of histidine in dead fish that are poorly stored. Scombroid is a 
food processing/storage problem rather than a true toxin-based disease. Clini-
cally it presents within 1 hour of ingestion with a rash, flushing, tachycardia, 
and, in more severe cases, headache, gastrointestinal symptoms, bronchospasm, 
hypotension, angioedema, and airway compromise. It usually resolves spon-
taneously in 6 to 12 hours or at most 36 hours. Fatalities have been reported. 
Treatment includes use of antihistamines (see Table 407-10), beta-2 androgenic 
inhalers (e.g., albuterol as needed), corticosteroids (see Table 407-10), and 
intramuscular epinephrine (0.25 mL of a 1 : 1000 solution).
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REVIEW QUESTIONS

1. A 24 year-old, intoxicated man was bitten on the dominant index finger 
by a wild rattlesnake while hiking in an endogenous region of the United 
States. Prior to arrival, he had placed a belt at the mid-forearm. On exami-
nation, he has a puncture wound on the pad of the right index finger, with 
local pain and swelling currently beyond the wrist to the level of the belt. 
Wrist pulses are palpable, with good capillary refill to all fingers and normal 
sensation. Initial laboratory values: platelet count 110,000/µL, fibrinogen 
level 210 mg/dL, and INR 1.1. Management of this envenomation would 
include:
 A. Application of a venom-removing suction device before removing the 

belt.
	B.	 Leaving	the	belt	in	place	until	antivenom	is	started.	An	initial	dose	of	

4 to 6 vials should be given.
 C. Immediate removal of the belt and observation to see whether local 

swelling or hematologic effects worsen to determine the need for and 
dose of antivenom.

 D. Immediate removal of the belt and administration of a Mexican antivenom 
that the patient has brought with him and that he claims is the best 
treatment for his envenomation.

 E. Removal of the belt and measurement of tissue pressures, with fasci-
otomy if they are elevated.

Answer: B The belt, placed in the field by the patient to retard venom entry 
into circulation, may act as a tourniquet and impair vascular supply. If this 
problem occurs, the belt must be loosened immediately to no more tight than 
needed to obstruct lymphatic flow. However, if the patient has good pulses 
and distal sensation, the immediate removal of the belt might allow a bolus 
of venom to enter the circulation; in this situation, the belt should be loosened 
only after the administration of antivenom has begun. In this patient, both 
the swelling and hematologic effects (thrombocytopenia) are independent 
indications for antivenom. In the United States, a native snakebite should be 
treated with an FDA-approved medication, ideally obtained through a reputable 
wholesaler and stored according to manufacturer specifications. A foreign 
antivenom that is not FDA-approved may be necessary to treat exotic (non-
native) envenomations but would generally be obtained from a U.S. zoo through 
the online Antivenom Index. Suction devices do not remove significant amounts 
of venom and may cause additional tissue trauma. Outcomes following fas-
ciotomy are generally worse than with elevation and antivenom, even when 
tissue or compartment pressures are elevated.

2. A couple in their 50s went out for dinner at a seafood restaurant on the 
U.S. west coast. They both ordered the farm-raised salmon, which was 
cooked thoroughly in this recipe. A few hours after their meal, they both 
began to experience nausea, vomiting, and diarrhea, which were followed 
by a headache as well as numbness and tingling of their arms. The husband 
washed his face in cool water, but what came out of the tap felt hot to him. 
This couple most likely has:
 A. Scombroid poisoning
	B.	 Domoic	acid	poisoning
 C. Tetrodotoxin poisoning
 D. Ciguatera poisoning
 E. Faux salmon/fish substitution syndrome

Answer: D The type of fish, salmon, is associated with ciguatera poisoning. 
The toxin is heat stable and not inactivated by cooking. The onset and progres-
sion of symptoms described here are typical for this illness. Scombroid poi-
soning is caused by improper handling of histidine-rich fish and results in 
hives and other clinical manifestations of excessive histamine. Tetrodotoxin 
is a paralytic neurotoxin found in puffer fish, the blue-ringed octopus, and 
other marine species; it causes a progressive motor paralysis. Domoic acid 
poisoning is caused by a toxin that mostly accumulates in mussels and, days 
to weeks following a gastrointestinal illness, presents with an encephalopathy 
with injury to the structural central nervous system.
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calcium, potassium) can cause systemic effects. Prerenal azotemia, complicated 
by the toxicity of free myoglobin on the renal tubules, may lead to acute kidney 
injury (Chapter 112), which exacerbates other metabolic abnormalities. At 
the extreme, arrhythmias, caused by the release of intracellular potassium and 
organic acids, coupled with hypocalcemia may be fatal.

 EPIDEMIOLOGY
In the absence of a widely accepted laboratory definition or clinical diagnostic 
criteria, the true incidence of rhabdomyolysis is unclear, but about 26,000 
hospitalized cases are seen each year in the United States. The U.S. military 
also reports over 500 annual cases of exertional rhabdomyolysis.1 Among 
patients with rhabdomyolysis, anywhere from 13 to 67% may develop acute 
kidney injury, accounting for 5 to 10% of all cases of acute kidney failure in 
the United States.

Rhabdomyolysis is a complex and multifactorial clinical disorder, with 
multiple potential inherited and acquired causes (Table 105-1). In urban adults, 
abuse of alcohol and other drugs, muscle compression, and status epilepticus 
are common causes of rhabdomyolysis. In pediatric patients, the most common 
cause is trauma, followed by nonketotic hyperosmolar coma, viral myositis, 
dystonia, and malignant hyperthermia. However, exertional rhabdomyolysis 
from repetitive exercise is also a concern in young athletes. Importantly, chil-
dren and adolescents with recurrent rhabdomyolysis are increasingly being 
recognized as possibly having inherited metabolic disorders.

Drugs and Intoxications
Among intoxications, the most frequent illegal drug-associated causes are 
cocaine and heroin (Chapter 31), with nearly 20% of cocaine overdoses com-
plicated by rhabdomyolysis. Other recreational drugs, such as “bath salts” 
(of which methylenedioxypyrovalerone is the primary ingredient) and syn-
thetic cannabinoids (or “spice”), have been associated with rhabdomyolysis. 
Other substances that can induce rhabdomyolysis include ethanol (Chapter 
30), amphetamines, phenylalkylamine derivatives, antipsychotics, caffeine, 
and statins. Up to 10% of patients taking statins (Chapter 195) may expe-
rience myalgias, but reported rates of statin-induced rhabdomyolysis range 
from 0 to 2.2 cases per 1000 person-years,2 with cerivastatin being associated 
with the highest rates. Statins can also induce an autoimmune anti-HMG-
CoA antibody myopathy with proximal muscle weakness and profound 
creatine kinase elevations.3 Dietary supplements, in particular those with 
combinations of stimulants, have also been associated with exertional rhab-
domyolysis. Rhabdomyolysis can also be seen when severe hyponatremia is  
rapidly corrected.4

Exertional Rhabdomyolysis
Rhabdomyolysis can be a consequence of exertion in sports, (e.g., baseball, 
football, track, wrestling), military, and recreational exercise settings5 but none 
with a higher frequency than seen with high-intensity exercise training. In 
one series, 35 of 225,000 emergency department visits to an urban tertiary 
care center were for exertional rhabdomyolysis. The average creatine kinase 
(CK) level was 40,000 U/L, but no patient developed acute kidney injury. In 
a review of rhabdomyolysis cases (defined as a CK of greater than 25,000 
units/L) identified over a 12-month study period, 35% (12 of 34) had exer-
tional rhabdomyolysis and 10 of the 12 cases were related to high-intensity 
resistance training.6

According to data from the military, the incidence rate for exertional 
rhabdomyolysis) is higher among black, non-Hispanic men (60.0 cases per 
100,000 p-yrs) than for all other ethnic groups. Additionally, individuals 
with sickle cell trait have a slightly higher risk of exertional rhabdomyoly-
sis than those without sickle cell trait.7 Consistent risk factors for exertional 
rhabdomyolysis are low levels of physical fitness and early introduction of 
high-intensity repetitive exercises (e.g., squats, push-ups, sit-ups). Although 
most cases are self-limited, with no long-term evidence of kidney or muscle 
injury, patients who demonstrate systemic signs, generalized clinical findings, 
or acute kidney injury often have an underlying metabolic myopathy. Impor-
tantly, 25% of all heatstroke cases in the military between 1980 and 2000 were 
associated with exertional rhabdomyolysis; acute kidney injury developed  
in 33%.

The extreme exertion characteristics of military service carry over to the 
population of correctional inmates and civil servant first responders. Unsu-
pervised repetitive exercise in prison populations can lead to exertional rhab-
domyolysis. Among New York City firefighters, 32 of 16,506 candidates (0.2%) 
were hospitalized for exertional rhabdomyolysis after a physical fitness test, 
with four requiring hemodialysis. In a group of 50 prospective police officers 
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RHABDOMYOLYSIS
FRANCIS G. O’CONNOR AND PATRICIA A. DEUSTER

 DEFINITION
Rhabdomyolysis, an acute, potentially fatal clinical syndrome, reflects the dis-
solution and disintegration of striated muscle, with the release of muscle cell 
contents into the systemic circulation. Myoglobinemia and myoglobinuria are 
common sequelae. Other substances released from affected muscle cells (e.g., 

from Massachusetts, 13 trainees were hospitalized with exertional rhabdomy-
olysis and had CK levels higher than 32,000 U/L; six required dialysis, and 
one died 44 days later as a result of complications of exertional rhabdomyolysis, 
heatstroke, and kidney and hepatic failure.

 PATHOBIOLOGY
Pathophysiology
The final common pathway for all cases of rhabdomyolysis is from direct or 
indirect injury or destruction of muscle cells, with displacement of their intra-
cellular contents into extracellular fluid, the circulation, or both (E-Fig. 105-1). 
Cell function is critically dependent on the relationship between intracellular 
calcium (Ca2+) and sodium (Na+) concentrations. Sarcolemmal Na+,K+-ATPase 
regulates extracellular Ca2+ concentrations by exchanging Na+ for Ca2+ across 
the sarcolemma. A low intracellular Na+ concentration creates a gradient that 
actively results in efflux of Ca2+ as it is exchanged for Na+ ions. This process 
maintains intracellular Ca2+ levels at several orders of magnitude lower than 
extracellular Ca2+.

When the cell is subjected to mechanical stress, stretch-activated channels 
in the sarcolemma can open and cause an influx of Na+ and Ca2+. With exces-
sive intracellular Ca2+, several pathologic processes begin: persistent contraction 
of myofibers, depletion of adenosine triphosphate (ATP), production of free 
radicals, activation of vasoactive molecules, release of proteases, and, ultimately, 
cell death. Cell death is followed by an invasion of neutrophils, which amplify 
the damage by further release of proteases and increased production of free 
radicals. Rather than simple necrosis, a self-sustaining, inflammatory myolytic 
reaction develops.

Rhabdomyolysis can be further complicated by reperfusion injury and 
compartment syndrome. In reperfusion injury, restoration of vascular flow 
after a prolonged period of ischemia results in the delivery of activated neu-
trophils in combination with an abundance of oxygen, which contributes 
to the development of highly reactive free radicals. Because most muscle 
groups are contained within rigid fascial compartments, rhabdomyolysis can 
quickly precipitate a secondary acute compartment syndrome. The swell-
ing associated with traumatized tissue can also increase intracompartmen-
tal pressure and provoke additional damage by compromising both venous 
and arterial blood flow. Thus, compartment syndrome can also result in  
rhabdomyolysis.

Inherited and Acquired Rhabdomyolysis
Rhabdomyolysis can be classified as inherited or acquired (see Table 105-1).

Inherited Rhabdomyolysis
Patients who have recurrent episodes of high levels of CK in the blood trig-
gered by low levels of stress or exertion should be evaluated for a metabolic 
myopathy. A number of pathways leading to the formation of ATP can be 
disrupted by genetic defects (e.g., inherited disorders of glycogenolysis, gly-
colysis, and lipid and purine metabolism). In one series of 77 patients who 
underwent biopsy for idiopathic myoglobinuria, 47% were found to have 
enzymatic defects; the most common disorders were deficiencies of carnitine 
palmitoyltransferase II and myophosphorylase. Mutations in the ryanodine 
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ABSTRACT
Rhabdomyolysis, which is an acute and potentially fatal clinical syndrome, 
reflects the dissolution and disintegration of striated muscle, with the release 
of muscle cell contents into the systemic circulation. Myoglobinemia and 
myoglobinuria are common sequelae. Other substances released from affected 
muscle cells (e.g., calcium, potassium) can cause systemic effects. Prerenal 
azotemia, complicated by the toxicity of free myoglobin on the renal tubules, 
may lead to acute kidney injury, which exacerbates other metabolic abnormali-
ties. At the extreme, arrhythmias, caused by the release of intracellular potas-
sium and organic acids, coupled with hypocalcemia may be fatal.
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receptor 1 gene also can cause rhabdomyolysis.8 Carnitine palmitoyltransferase, 
acid maltase, and lipin deficiencies are other common causes of rhabdomy-
olysis. Malignant hyperthermia (Chapters 404 and 406) is a potentially fatal, 
heterogeneous, pharmacogenetic disorder triggered by volatile anesthetics in 
predisposed individuals. When a susceptible patient is exposed to a triggering 
anesthetic agent, excessive release of Ca2+ into the myoplasm leads to a hyper-
metabolic state manifested by hypercapnia, tachycardia, and metabolic acidosis. 
Although a genetic predisposition to malignant hyperthermia may be linked 
to a predisposition to exertional rhabdomyolysis and exercise-induced heat 
injury,9 this association has not been proved.

Acquired Rhabdomyolysis
Drugs and Toxins
Drugs and toxins, also common causes of rhabdomyolysis, operate through a 
number of mechanisms, including direct membrane toxicity (e.g., herbicides), 
indirect metabolic derangements (e.g., anticholinergics), ischemia (e.g., cocaine), 
and agitation (e.g., hemlock). The most commonly cited drugs precipitating 
rhabdomyolysis are alcohol, statins, cocaine, amphetamines, and antipsychot-
ics (phenothiazines), although new designer drugs (spice, bath salts) are also 
implicated. Alcohol can induce rhabdomyolysis through a combination of 
mechanisms, including immobilization, direct myotoxicity, and electrolyte 
abnormalities. Statins, which inhibit 3-hydroxy-3-methylglutaryl-coenzyme 
A (HMG-CoA) reductase, can be directly myotoxic and appear to trigger 
sustained increases in intracellular Ca2+. Although the precise mechanisms 
underlying statin-induced myopathy are currently incompletely understood, 
it can be aggravated by the concomitant administration of cytochrome P-450 
3A4 inhibitors (e.g., itraconazole, erythromycin, cyclosporine, danazol) and 
fibrates as well as by physical exercise, excessive alcohol intake, and preexisting 
comorbid medical conditions. Amphetamines and phenothiazines may lead to 
a clinical picture of rhabdomyolysis through the serotonin syndrome (Chapter 
406) and the neuroleptic malignant syndrome (Chapter 390), respectively. 
The mechanism whereby bath salts lead to rhabdomyolysis may be direct 
muscle toxicity, severe hyperthermia, or electrolyte disorders.

Infections
Both viral and bacterial infections can trigger rhabdomyolysis. Either cellular 
invasion or generation of various toxins may precipitate infection-induced 
rhabdomyolysis. Influenza A and B (Chapter 340) are the most common viral 
causes, followed by human immunodeficiency virus (Chapter 362), coxsackie-
virus (Chapter 355), and Epstein-Barr virus (Chapter 353). The most common 
bacterial organisms that induce rhabdomyolysis are Legionella species (Chapter 
298), followed by Francisella tularensis (Chapter 295) and Streptococcus pneu-
moniae (Chapter 273). Acute kidney injury develops in approximately 57% 
(33 to 100%) and 34% (0 to 100%) of bacterial and viral cases of rhabdomy-
olysis, respectively.

Trauma
Trauma is the most common cause of rhabdomyolysis. Wars, natural disasters, 
and traffic and occupational accidents are frequent causes of trauma-induced 
“crush injury syndrome” (Chapter 103). Other less frequent causes of trauma- or 

from Massachusetts, 13 trainees were hospitalized with exertional rhabdomy-
olysis and had CK levels higher than 32,000 U/L; six required dialysis, and 
one died 44 days later as a result of complications of exertional rhabdomyolysis, 
heatstroke, and kidney and hepatic failure.
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Pathophysiology
The final common pathway for all cases of rhabdomyolysis is from direct or 
indirect injury or destruction of muscle cells, with displacement of their intra-
cellular contents into extracellular fluid, the circulation, or both (E-Fig. 105-1). 
Cell function is critically dependent on the relationship between intracellular 
calcium (Ca2+) and sodium (Na+) concentrations. Sarcolemmal Na+,K+-ATPase 
regulates extracellular Ca2+ concentrations by exchanging Na+ for Ca2+ across 
the sarcolemma. A low intracellular Na+ concentration creates a gradient that 
actively results in efflux of Ca2+ as it is exchanged for Na+ ions. This process 
maintains intracellular Ca2+ levels at several orders of magnitude lower than 
extracellular Ca2+.

When the cell is subjected to mechanical stress, stretch-activated channels 
in the sarcolemma can open and cause an influx of Na+ and Ca2+. With exces-
sive intracellular Ca2+, several pathologic processes begin: persistent contraction 
of myofibers, depletion of adenosine triphosphate (ATP), production of free 
radicals, activation of vasoactive molecules, release of proteases, and, ultimately, 
cell death. Cell death is followed by an invasion of neutrophils, which amplify 
the damage by further release of proteases and increased production of free 
radicals. Rather than simple necrosis, a self-sustaining, inflammatory myolytic 
reaction develops.

Rhabdomyolysis can be further complicated by reperfusion injury and 
compartment syndrome. In reperfusion injury, restoration of vascular flow 
after a prolonged period of ischemia results in the delivery of activated neu-
trophils in combination with an abundance of oxygen, which contributes 
to the development of highly reactive free radicals. Because most muscle 
groups are contained within rigid fascial compartments, rhabdomyolysis can 
quickly precipitate a secondary acute compartment syndrome. The swell-
ing associated with traumatized tissue can also increase intracompartmen-
tal pressure and provoke additional damage by compromising both venous 
and arterial blood flow. Thus, compartment syndrome can also result in  
rhabdomyolysis.

Inherited and Acquired Rhabdomyolysis
Rhabdomyolysis can be classified as inherited or acquired (see Table 105-1).

Inherited Rhabdomyolysis
Patients who have recurrent episodes of high levels of CK in the blood trig-
gered by low levels of stress or exertion should be evaluated for a metabolic 
myopathy. A number of pathways leading to the formation of ATP can be 
disrupted by genetic defects (e.g., inherited disorders of glycogenolysis, gly-
colysis, and lipid and purine metabolism). In one series of 77 patients who 
underwent biopsy for idiopathic myoglobinuria, 47% were found to have 
enzymatic defects; the most common disorders were deficiencies of carnitine 
palmitoyltransferase II and myophosphorylase. Mutations in the ryanodine 

TABLE 105-1 INHERITED AND ACQUIRED CAUSES OF RHABDOMYOLYSIS
INHERITED ACQUIRED
Glycolytic/glycogenolytic, e.g., McArdle disease (myophosphorylase deficiency)
Fatty acid oxidation, e.g., carnitine palmitoyltransferase II deficiency
Krebs cycle, e.g., aconitase deficiency
Pentose phosphate pathway, e.g., glucose-6-phosphate dehydrogenase deficiency
Purine nucleotide cycle, e.g., myoadenylate deaminase deficiency
Mitochondrial respiratory chain, e.g., succinate dehydrogenase deficiency
Malignant hyperthermia susceptibility, e.g., familial malignant hyperthermia (RYR1) 

mutations, myotonic dystrophy, Duchenne and Becker dystrophies
Other, e.g., familial recurrent myoglobinuria

Exertion, e.g., exercise, status epilepticus, delirium, electrical shock, status 
asthmaticus, cardiopulmonary resuscitation (see also Table 105-2)

Crush, e.g., external weight, prolonged immobility, bariatric surgery
Ischemia, e.g., arterial occlusion, compartment syndrome, sickle cell disease, 

disseminated intravascular coagulation
Extremes of body temperature, e.g., fever, exertional heatstroke, burns, malignant 

hyperthermia, hypothermia, lightning
Metabolic, e.g., hypokalemia, hypernatremia or hyponatremia, hypophosphatemia, 

pancreatitis, diabetic ketoacidosis, renal tubular acidosis, hyperthyroidism or 
hypothyroidism, nonketotic hyperosmolar states

Drugs or toxins, e.g., anticholinergics, amphetamines, antihistamines, arsenic, 
ethanol, opiates, statins, cocaine, succinylcholine, halothane, corticosteroids, 
cyclosporine, itraconazole, phenothiazines, bath salts, synthetic cannabinoids

Infections, e.g., Epstein-Barr virus, human immunodeficiency virus, herpes simplex, 
influenza A and B, Borrelia burgdorferi, tetanus

Inflammatory and autoimmune disorders, e.g., polymyositis, dermatomyositis
Modified and reproduced with permission from Warren JD, Blumbergs PC, Thompson PD. Rhabdomyolysis: a review. Muscle Nerve. 2002;25:332-347.
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malaise. In extreme cases, patients complain of nausea and vomiting and dem-
onstrate confusion, agitation, or delirium. Whenever systemic features such 
as chills, fever, malaise, or generalized muscle involvement are observed, an 
underlying metabolic myopathy should be considered.

Clinical findings may also include compartment syndrome, which can occur 
in muscle groups encased by fascia, especially the lower leg, forearm, and 
thigh muscle groups. Pain with muscle group passive stretching and sensory 
abnormalities caused by nerve compression are early manifestations of com-
partment syndrome; the loss of a pulse as a result of vascular compromise is 
a later finding. If compartment syndrome is not addressed within 6 to 8 hours, 
irreversible ischemic muscle and nerve damage may occur.

Laboratory findings are related to the degree of muscle involvement. Early 
findings include elevated blood levels of CK, myoglobin, potassium, urea, and 
phosphorus. CK levels typically peak 2 to 5 days after the initial insult; levels 
of 15,000 to 20,000 U/L are more likely to be associated with acute kidney 
injury than lower levels, particularly when it is “crush injury syndrome.”10 
Hypocalcemia, caused by the influx and deposition of Ca2+ in damaged muscle 
tissue, may accompany rhabdomyolysis. Also, an anion gap metabolic acidosis 
may develop because of the release of organic acids from damaged muscle. 
With resolution of rhabdomyolysis, sequestered Ca2+ may be released back 
into the circulation and cause hypercalcemia.

 DIAGNOSIS
Creatine Kinase Levels
A diagnosis of rhabdomyolysis is made when there is clinical evidence of 
myonecrosis and release into the systemic circulation of muscle cell contents, 
including myoglobin, creatinine, CK, organic acids, potassium, aldolase, lactate 
dehydrogenase, and hydroxybutyrate dehydrogenase. The skeletal muscle 
subtype CK-MM is abundantly present in skeletal muscle and released as a 
result of muscle destruction. Serum levels exceeding 100,000 U/L are not 
uncommon with rhabdomyolysis. Because CK remains in the circulation 
longer than myoglobin and can be detected easily and efficiently, it is the most 
frequently used marker to diagnose rhabdomyolysis. No universally accepted 
clinical or laboratory definition of rhabdomyolysis currently exists, but CK 
elevations ranging from more than 5 times to more than 50 times the upper 
limits of normal, as well as varying requirements for serum creatinine elevation, 
have been proposed. Importantly, sex, ethnicity, and baseline physical activity 
levels all affect individual baseline CK levels. For example, African American 
males and young athletic men have the highest baseline CK levels, whereas 
non–African American women have the lowest. Thus, modifying factors such as 
sex, ethnicity, and physical fitness must be considered when CK is used for the 
diagnosis of rhabdomyolysis. In general, CK levels in excess of at least five times 
normal, in combination with the appropriate clinical presentation, are accepted 
as evidence of muscle breakdown, which may be consistent with a diagnosis of  
rhabdomyolysis.

Myoglobin Testing
Because myoglobinuria does not occur in the absence of rhabdomyolysis, 
myoglobin should be the most specific marker of rhabdomyolysis. However, 
testing for serum or urine myoglobin is problematic and not always consistent. 
Because myoglobin is normally bound to plasma globulins, only a small frac-
tion of the myoglobin that is released into the circulation reaches the glomeruli. 
In the presence of severe muscle damage, blood levels of myoglobin overwhelm 
the binding capacity of the circulating proteins, so free myoglobin reaches 
the glomeruli and eventually the renal tubules. Elevations in serum myoglobin 
occur before the rise in serum CK, but the elimination kinetics of serum 
myoglobin is more rapid than that of CK, which makes the often evanescent 
rise in serum myoglobin a less reliable marker of muscle injury. Furthermore, 
the liver can quickly metabolize myoglobin.

Because most laboratories will perform urine myoglobin testing no more 
often than once per day, urine myoglobin is neither a timely nor accurate 
predictor of acute kidney injury. Nevertheless, urine screening for rhabdo-
myolysis may be performed by dipstick. The orthotoluidine portion of urine 
dipsticks turns blue in the presence of hemoglobin or myoglobin, so if the 
urine sediment does not contain erythrocytes, one can assume, in the appro-
priate clinical setting, that a positive dipstick reading reflects the presence of  
myoglobin.

Other Laboratory Tests
Other associated laboratory findings in acute rhabdomyolysis can include 
hypocalcemia, hyperkalemia, hyperphosphatemia, metabolic (lactic) acidosis, 
thrombocytopenia, and disseminated intravascular coagulation. Muscle biopsy 

compression-induced rhabdomyolysis include struggling against restraints, 
direct blows, child abuse, torture, prolonged immobilization (e.g., anesthesia, 
coma, drug- or alcohol-induced stupor), and bariatric and other forms of 
surgery. The primary mechanism of crush syndrome and compression-induced 
rhabdomyolysis is reperfusion of damaged tissue after a period of ischemia.

Muscle breakdown occurs in response to strenuous exercise in fit and unfit 
individuals, particularly eccentrically based activities (lengthening contrac-
tions, such as lowering a weight). However, it is important to note that muscle 
breakdown in response to exercise is expected and physiologic, whereas exer-
tional rhabdomyolysis is pathophysiologic. Persons may present with delayed 
onset muscle soreness one to three days after a bout of moderate to strenuous 
exercise. Key findings distinguishing exertional rhabdomyolysis from physi-
ologic muscle breakdown and/or delayed onset muscle soreness include (1) 
pain out of proportion to what one would normally expect; (2) muscle swell-
ing; (3) significant limitation in active and passive range of motion; and (4) 
the presence of cola colored urine.

External rhabdomyolysis can be triggered by exertion in combination with 
prolonged heat exposure (Chapter 101) and altitude, as well as by the use 
of medications (e.g., anticholinergics) or dietary supplements (e.g., ephedra, 
caffeine). It can range from a minor clinical event to a catastrophic collapse 
and death; underlying mechanisms may be mechanical or metabolic in nature, 
but all are associated with elevated myoplasmic Ca2+ concentrations.

A number of underlying genetic polymorphisms and inherited disorders 
are associated with exertional rhabdomyolysis (Table 105-2). Multiple muta-
tions in the carnitine palmitoyl-transferase II and myophosphorylase genes 
have been found, and although each mutation has been associated with 
exercise-induced myoglobinuria, the mutations alone may not explain the 
clinical episodes. Mutations and variants in the ryanodine receptor 1 (RYR1) 
gene, which are common in malignant hyperthermia (Chapter 404), have 
also been found in persons with external rhabdomyolysis. Other single-
nucleotide polymorphisms associated with severe exertional rhabdomy-
olysis are found in the genes encoding CK muscle isoform (CKMM Ncol), 
α-actinin-3 (ACTN3 R577X), or myosin light chain kinase (MYLK C37885A). 
However, data are insufficient to use these or other variants to predict an indi-
vidual’s clinical susceptibility to infection-, toxin-, exertion-, or drug-induced  
rhabdomyolysis.

 CLINICAL MANIFESTATIONS
The classic manifestations of rhabdomyolysis include acute myalgia and pig-
menturia as a result of myoglobinuria in association with elevated serum muscle 
enzymes (CK in particular). Many clinical features are nonspecific, and the 
course and initial signs, symptoms, and laboratory abnormalities are clearly 
dependent on the underlying cause and severity of the event.

Rhabdomyolysis can be accompanied by both local and systemic features. 
Local features, generally noted in the area of the traumatized muscle groups, 
can occur within hours of the trauma and include muscle pain, tenderness, 
and swelling. Systemic features include tea-colored urine, chills, fever, and 

TABLE 105-2 GENETIC MUTATIONS/VARIANTS ASSOCIATED 
WITH EXERTIONAL RHABDOMYOLYSIS

GENE

Ryanodine receptor 1 RyR1
Myoadenylate deaminase AMPDA1
Carnitine palmitoyltransferase II CPT2
Myophosphorylase PYGM
Phosphofructokinase PFKM
Phosphorylase b kinase PHKA1
Very long chain acyl–coenzyme A dehydrogenase ACAD9
Phosphoglycerate mutase PGAMM
Phosphoglycerate kinase PGK1
Lactate dehydrogenase LDHA
Cytochrome c oxidase COX I, II, and III
Cytochrome b (complex III) CYTB
Mitochondrial tRNA Mt-tRNA
β-Sarcoglycan SGCB
Mitochondrial DNA MT-CO2

is not required to make a diagnosis of rhabdomyolysis, but it can be confirma-
tory, especially in cases of recurrent rhabdomyolysis or when the diagnosis is 
not clear. Histopathologic evaluation usually demonstrates muscle necrosis, 
loss of the cell nucleus, and muscle stria with the absence of inflammatory 
cells.

Differential Diagnosis
The clinical findings of acutely swollen muscles or muscle weakness (or both) 
with reddish brown urine are not always the result of rhabdomyolysis, and 
the examining clinician must be careful to scrutinize all information. The 
differential diagnosis includes disorders that may indirectly affect myocytes, 
such as Guillain-Barré syndrome and periodic paralysis. Guillain-Barré syn-
drome (Chapter 392) differs from rhabdomyolysis in that it is characterized 
as a fulminant polyneuropathy, usually after an antecedent viral infection. 
Periodic paralysis (Chapter 393) is frequently associated with transient elec-
trolyte disturbances and distinguished from rhabdomyolysis in that most cases 
follow periods of rest or sleep.

Myoglobinuria causes the urine to be reddish brown, but tea-colored (or 
cola-colored) urine does not necessarily indicate the presence of myoglobin. 
Other conditions associated with discoloration of urine include hemoglobinuria 
from hemolysis, intrinsic renal disease, porphyria, acute glomerulonephritis, 
“athletic pseudonephritis,” and external factors such as ingestion of beets and 
various drugs (e.g., phenytoin, rifampin) or dietary supplements (riboflavin, 
or vitamin B2).

The diagnosis of rhabdomyolysis is complete when the clinician determines 
the cause. This step, although it is frequently established during the history 
and physical examination, may require further diagnostic assessment after 
initiating clinical treatment during the acute phase. Individuals with recurrent 
rhabdomyolysis, a positive family history of rhabdomyolysis or malignant 
hyperthermia, low exercise tolerance, no apparent cause, or a fulminant form 
of rhabdomyolysis appear to warrant further testing.

Testing may include a nonischemic forearm test, which involves isometric 
exercise at 70% of maximal voluntary contraction for 30 seconds under non-
ischemic conditions; electromyography; more in-depth blood tests for muscle 
enzymes (e.g., mitochondrial myopathies [Chapter 393], fatty acid transport 
defects [Chapter 393], glycogen storage diseases [Chapter 196], diseases 
associated with myoglobinuria); muscle biopsy to investigate specific meta-
bolic myopathies and other enzyme or genetic defects; or any combination 
of such testing. The forearm exercise test may help identify metabolic and 
genetic causes of rhabdomyolysis. Patients who have had an episode of malig-
nant hyperthermia or exertional heat illness may be candidates for a caffeine 
halothane contracture test, which evaluates the force produced by biopsied 
muscle samples after separate exposures to caffeine, halothane, and caffeine/
halothane in the laboratory (Chapter 404).

 PREVENTION
Approaches for preventing rhabdomyolysis induced by infections, medications, 
and toxins may emerge in the future, but no definitive guidelines currently can 
be presented. Rhabdomyolysis secondary to heat stress or exercise are best 
prevented by adhering to recommended guidelines for acclimatization and 
exercise progression. To prevent further muscle injury, blood flow to ischemic 
areas must be promptly restored to minimize ischemia-reperfusion damage.

TREATMENT 
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The clinical findings of acutely swollen muscles or muscle weakness (or both) 
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differential diagnosis includes disorders that may indirectly affect myocytes, 
such as Guillain-Barré syndrome and periodic paralysis. Guillain-Barré syn-
drome (Chapter 392) differs from rhabdomyolysis in that it is characterized 
as a fulminant polyneuropathy, usually after an antecedent viral infection. 
Periodic paralysis (Chapter 393) is frequently associated with transient elec-
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follow periods of rest or sleep.

Myoglobinuria causes the urine to be reddish brown, but tea-colored (or 
cola-colored) urine does not necessarily indicate the presence of myoglobin. 
Other conditions associated with discoloration of urine include hemoglobinuria 
from hemolysis, intrinsic renal disease, porphyria, acute glomerulonephritis, 
“athletic pseudonephritis,” and external factors such as ingestion of beets and 
various drugs (e.g., phenytoin, rifampin) or dietary supplements (riboflavin, 
or vitamin B2).

The diagnosis of rhabdomyolysis is complete when the clinician determines 
the cause. This step, although it is frequently established during the history 
and physical examination, may require further diagnostic assessment after 
initiating clinical treatment during the acute phase. Individuals with recurrent 
rhabdomyolysis, a positive family history of rhabdomyolysis or malignant 
hyperthermia, low exercise tolerance, no apparent cause, or a fulminant form 
of rhabdomyolysis appear to warrant further testing.

Testing may include a nonischemic forearm test, which involves isometric 
exercise at 70% of maximal voluntary contraction for 30 seconds under non-
ischemic conditions; electromyography; more in-depth blood tests for muscle 
enzymes (e.g., mitochondrial myopathies [Chapter 393], fatty acid transport 
defects [Chapter 393], glycogen storage diseases [Chapter 196], diseases 
associated with myoglobinuria); muscle biopsy to investigate specific meta-
bolic myopathies and other enzyme or genetic defects; or any combination 
of such testing. The forearm exercise test may help identify metabolic and 
genetic causes of rhabdomyolysis. Patients who have had an episode of malig-
nant hyperthermia or exertional heat illness may be candidates for a caffeine 
halothane contracture test, which evaluates the force produced by biopsied 
muscle samples after separate exposures to caffeine, halothane, and caffeine/
halothane in the laboratory (Chapter 404).

 PREVENTION
Approaches for preventing rhabdomyolysis induced by infections, medications, 
and toxins may emerge in the future, but no definitive guidelines currently can 
be presented. Rhabdomyolysis secondary to heat stress or exercise are best 
prevented by adhering to recommended guidelines for acclimatization and 
exercise progression. To prevent further muscle injury, blood flow to ischemic 
areas must be promptly restored to minimize ischemia-reperfusion damage.

Treatment of rhabdomyolysis begins with a careful history and physical 
examination to identify and manage any underlying illness. Vital signs, urine 
output, and serial electrolyte and CK levels should be obtained as soon as 
possible. Patients require aggressive early management to preserve renal 
function (Table 105-3).11 Careful observation and treatment of potential early 
and late complications are critical, and intensive care monitoring may be  
required.12

Hydration
Hydration is the cornerstone of preserving kidney function in patients with 

rhabdomyolysis, and delaying fluid administration for more than 6 hours increases 
the risk for acute kidney injury. Inpatient hydration is indicated for victims of 
collapse, trauma, or exertional heat injury as well as for patients who have 
moderate early symptoms, more than mild elevations in CK, or abnormal serum 
levels of creatinine, potassium, calcium, phosphate, or bicarbonate. In adults, 
the target urine output is 300 mL/hr for at least 24 hours to prevent acute 
kidney injury. Hydration is accomplished by the aggressive administration of 
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isotonic intravenous fluids at a rate that results in a urine output of 200 to 
300 mL/hour until CK levels begin to decline. If fluid resuscitation fails to correct 
intractable hyperkalemia and acidosis, renal replacement therapy should be 
considered (Chapter 112). By comparison, adults with mild symptoms and serum 
CK levels less than 3000 U/L are considered to be at low risk and may be treated 
as outpatients with vigorous oral hydration, limited physical activity, and careful 
follow-up.

Specific Therapeutic Measures
Alkalinization of the urine decreases cast formation, minimizes the toxic 

effects of myoglobin on the renal tubules, inhibits lipid peroxidation, and 
decreases the risk for hyperkalemia. However, bicarbonate therapy can cause 
calcium to precipitate in the soft tissues and contribute to a hyperosmolar 
state. Mannitol is an osmotic diuretic, volume expander, and free radical scav-
enger, but it should be used only after adequate kidney function is estab-
lished and must be used with great caution in patients with marginal cardiac 
function. To date, no convincing evidence demonstrates that adding sodium 
bicarbonate or mannitol is superior to fluid therapy alone. Sodium bicarbon-
ate should be used only in patients with evidence of systemic acidosis, and 
mannitol should be used only when it is needed to maintain a urine output of  
300 mL/hour.

Deposition of calcium, which occurs early in rhabdomyolysis, is directly related 
to the degree of muscle destruction and to the administration of calcium. Fur-
thermore, reversal of hypocalcemia early in the patient’s course may worsen 
ectopic calcification and exacerbate hypercalcemia during the resolution phase. 
Accordingly, hypocalcemia should be treated only when patients develop clini-
cal symptoms, signs of tetany, or severe hyperkalemia.

Management of Compartment Syndrome
Compartment syndrome (Chapter 103) is a well-described late complication 

as well as a potential cause of rhabdomyolysis. Compartment syndrome can 
occur as a direct consequence of muscle injury associated with increased vas-
cular permeability, aggressive fluid resuscitation, or restoration of reperfusion. 
Compartment syndrome should be suspected when the muscles are tense and 
swollen, previously declining CK levels start to rise, or neurovascular compromise 
occurs. In these cases, compartment pressures should be measured; if pressures 
exceed 30 mm Hg, prompt fasciotomy should be considered. However, because 
late fasciotomy (>12 hours after the onset of symptoms) can convert a closed 

TABLE 105-3 STEPS IN THE PREVENTION AND TREATMENT 
OF RHABDOMYOLYSIS-INDUCED ACUTE 
KIDNEY INJURY

Check for extracellular volume status, central venous pressure, and urine output.*
Measure serum creatine kinase levels. Measurement of other muscle enzymes 

(myoglobin, aldolase, lactate dehydrogenase, alanine aminotransferase,  
aspartate aminotransferase) adds little information relevant to diagnosis or  
management.

Measure levels of plasma and urine creatinine, potassium, and sodium; blood urea 
nitrogen; total and ionized calcium, magnesium, and phosphorus; and uric acid 
and albumin. Evaluate acid-base status, blood cell count, and coagulation.

Perform a urine dipstick test and examine the urine sediment.
Initiate volume repletion with normal saline promptly at a rate of approximately 

400 mL/hr (200-1000 mL/hr, depending on the patient size, setting, and 
severity) and monitor the clinical course or central venous pressure.

Target urine output of approximately 3 mL/kg body weight/hr (200-300 mL/hr).
Check serum potassium levels frequently.
Correct hypocalcemia only if symptomatic (e.g., tetany, seizures) or severe 

hyperkalemia occurs.
Investigate the cause of rhabdomyolysis.
Consider treatment with bicarbonate. Check urine pH: if it is <6.5, alternate each 

liter of normal saline with 1 L 5% dextrose or 0.45% saline plus 100 mmol 
bicarbonate. Avoid potassium- and lactate-containing solutions.

Consider treatment with mannitol (up to 200 g/day with a maximum total 
cumulative dose up to 800 g). Check for plasma osmolality and calculate the 
plasma osmolal gap (Chapter 112). Discontinue if diuresis (>20 mL/hr) is not 
established within a few hours.

Maintain volume repletion until myoglobinuria is cleared (as evidenced by clear 
urine or urine dipstick test that is negative for blood).

Consider renal replacement therapy with resistant hyperkalemia (>6.5 mmol/L) that 
is symptomatic (as assessed by electrocardiography), rapidly rising serum 
potassium levels, oliguria (<0.5 mL of urine/kg/hr for 12 hours), anuria, volume 
overload, or resistant metabolic acidosis (pH < 7.1).

*In the case of crush syndrome (e.g., earthquake, building collapse, bariatric surgery), institute 
aggressive volume repletion promptly before evacuating the patient if creatine kinase level is 
>15,000 U/L.
Modified from Bosch X, Poch E, Grau JM. Rhabdomyolysis and acute kidney injury. N Engl J Med. 
2009;361:62-72.
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injury into an open wound and thereby increase the risk of uncontrollable 
infection, late fasciotomy is relatively contraindicated.

Management of Crush Injury
For victims of crush injury (Chapter 103), aggressive on-site hydration with 

intravenous normal saline is recommended. For massive damage, amputation 
of the extremity may be required to protect the patient’s overall health. The 
Mangled Extremity Severity Score can identify nonsalvageable extremities on 
the basis of the degree of skeletal and soft tissue injury, the patient’s blood 
pressure, the presence of a detectable pulse, and age (see http://www.mdcalc.
com/mangled-extremity-severity-score-mess-score/).

Malignant Hyperthermia
Rhabdomyolysis caused by malignant hyperthermia (Chapter 404) requires 

rapid diagnosis and aggressive management. Anesthetics should be discon-
tinued, and the patient should be treated with dantrolene sodium, 2.5 to 4 mg/
kg intravenously, followed by about 1 mg/kg every 4 hours for up to 48 hours 
to avoid recrudescence.

 PROGNOSIS
The most serious consequence of rhabdomyolysis is acute kidney injury, which 
occurs in up to 67% of all cases, regardless of cause. Predictors of the risk of 
needing renal replacement therapy or death in patients with rhabdomyolysis 
include age older than 50 years; initial serum creatinine level of 1.4 mg/dL 
or higher; initial serum calcium level below 7.5 mg/dL; initial serum phosphate 

level above 4.0 mg/dL; initial serum bicarbonate level below 1 mEq/L; and 
a cause other than syncope, seizures, exercise, statins, or myositis. A higher 
initial creatinine level but not a higher initial creatine kinase level predicts 
acute renal injury and mortality.13 Event rates range from 0% in patients with 
none of these criteria to 20% or more in patients with four or more criteria. 
For compartment syndrome, a poor prognosis is associated with an ischemic 
period lasting longer than 6 hours.

The prognosis of patients with rhabdomyolysis improves markedly when 
treatment is started soon after the diagnosis is made. With mild episodes, 
the prognosis is customarily excellent, and the patient can typically resume 
usual activities within several weeks after CK levels have normalized. However, 
some patients do not return to normal and continue to experience extreme 
fatigue and muscle pain on exertion. These patients require additional testing 
(nonischemic forearm test, electromyography, muscle disease enzyme 
panel, muscle biopsy; Chapter 393) to determine whether an underlying 
metabolic myopathy exists. The results of these tests will help determine 
future recommendations, but the patient’s tolerance and response to light 
and more strenuous exercise are important factors. Most authorities agree 
that statin-induced rhabdomyolysis is an indication for discontinuation of  
their use.
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4. The cornerstone of managing rhabdomyolysis is hydration to protect the 
kidney from the toxic effects of myoglobin. Although controversial, alka-
lization of the urine is recommended by some to assist in facilitating the 
clearance of myoglobin. Additionally, in some cases of rhabdomyolysis, 
renal replacement therapy should be considered earlier rather than later. 
Which of the following would not be a routinely recommended course of 
action in the management of exertional rhabdomyolysis?
 A. The patient should be treated with dantrolene sodium, 2.5 to 4 mg/kg 

intravenously, followed by about 1 mg/kg every 4 hours for up to 48 
hours to avoid recrudescence.

 B. Consider treatment with bicarbonate. Check urine pH: if it is <6.5, 
alternate each liter of normal saline with 1 L 5% dextrose or 0.45% 
saline plus 100 mmol bicarbonate. Avoid potassium- and lactate-con-
taining solutions.

 C. Consider renal replacement therapy in patients who have resistant 
hyperkalemia (>6.5 mmol/L) that is symptomatic (as assessed by elec-
trocardiography), rapidly rising serum potassium levels, oliguria (<0.5 mL 
of urine/kg/hr for 12 hours), anuria, volume overload, or resistant 
metabolic acidosis (pH < 7.1).

 D. Initiate volume repletion with normal saline promptly at a rate of approxi-
mately 400 mL/hr (200-1000 mL/hr, depending on the patient size, 
setting, and severity) and monitor the clinical course or central venous 
pressure.

 E. Consider treatment with mannitol (up to 200 g/day; cumulative dose 
up to 800 g). Check for plasma osmolality and calculate the plasma 
osmolal gap. Discontinue if diuresis (>20 mL/hr) is not established.

Answer: A All of the listed treatments above are cornerstone therapies in the 
management of exertional rhabdomyolysis to prevent the progression of acute 
kidney injury, except for the routine administration of dantrolene, which is 
commonly part of the treatment for malignant hyperthermia.

5. Exertional rhabdomyolysis is most commonly the result of unaccustomed 
exercise in either a novice or experienced exerciser. The most frequently 
identified forms of exercise that contribute to exertional rhabdomyolysis 
are thought to be eccentric in origin. Which of the following best describes 
eccentric exercise?
 A. Eccentric contractions are most often associated with exercises that 

involve lifts where the body weight is exceeded.
 B. Eccentric exercises are more commonly the result of aerobic training 

as opposed to resistance training.
 C. Eccentric contractions are those in which the muscle lengthens as it is 

attempting to contract, for example lowering a weight during a biceps 
curl.

 D. Eccentric contractions are those where the muscle shortens as it is 
attempting to contract, for example lifting a weight during a biceps curl.

 E. Eccentric contractions are most often associated with exercises that 
involve single maximal lifts.

Answer: C Eccentric exercise occurs when the muscle lengthens as it attempts 
to contract; in concentric exercise, the muscle shortens. The type of exercise 
is considered an important factor in the development of rhabdomyolysis, 
because it has been found that eccentric contraction of muscles may cause 
exertional rhabdomyolysis more often than concentric contraction. Kinematic 
factors of tension, changes in the length of eccentric contraction of the muscle, 
and attenuation of the bonding between contractile proteins have been sug-
gested to explain these findings.

REVIEW QUESTIONS

1. Rhabdomyolysis is a condition of muscular damage with many potential 
etiologies. Medications, dietary supplements, and intoxications have all 
been identified as potential culprits. Which of the following listed medica-
tions/supplements/intoxicants has not been found to be associated with 
rhabdomyolysis?
 A. Statins
 B. Creatine monohydrate
 C. Amphetamines
 D. Caffeine
 E. Alcohol

Answer: B Many drugs, supplements and intoxications have been implicated 
in the etiology of rhabdomyolysis. Although creatine monohydrate is com-
monly used by athletes, it does not appear to be causal in rhabdomyolysis.

2. Rhabdomyolysis is a clinically relevant condition when the patient has acute 
kidney injury or presents with signs of an acute compartment syndrome. 
Which of the following clinical signs represents the earliest manifestation 
of an acute compartment syndrome and warrants urgent consideration for 
assessment of intracompartmental pressure testing?
 A. Pulselessness
 B. Sensory abnormalities of the affected compartment
 C. Pain with passive stretch of the affected muscle group
 D. Purple discoloration of the affected muscle group
 E. Intense muscular cramping

Answer: C The traditional 5 P’s of acute ischemia in a limb affected by acute 
compartment syndrome include pain, paresthesia, pallor, pulselessness, and 
paralysis. They are not necessarily clinically reliable because they may manifest 
only in the late stages of compartment syndrome. Pain with certain move-
ments, particularly passive stretching of the muscles, is thought to be the 
earliest clinical sign of acute compartment syndrome.

3. Exertional rhabdomyolysis is most commonly the result of doing “too much, 
too soon and too fast.” On rare occasions, however, in particular with recur-
rent rhabdomyolysis, metabolic myopathic conditions may underlie the 
clinical presentation. Which of the following does not represent a metabolic 
myopathy?
 A. Mitochondrial dysfunction, e.g., succinate dehydrogenase deficiency
 B. Glycogen storage disorder, e.g., McArdle disease
 C. Fatty Acid beta oxidation disorder, e.g., carnitine palmitoyltransferase 

II deficiency
 D. Ryanodine receptor defect, e.g., malignant hyperthermia
 E. Protein metabolic disorder, e.g., myoadenylate deaminase deficiency

Answer: D All of the following represent metabolic myopathies, excluding 
malignant hyperthermia. Although malignant hyperthermia can result in 
rhabdomyolysis, malignant hyperthermia is not categorized as a metabolic 
myopathy. Malignant hyperthermia is a life-threatening clinical syndrome of 
hypermetabolism involving the skeletal muscle. Evidence from molecular 
studies indicates that 25% of patients who are susceptible to malignant hyper-
thermia have mutations in the ryanodine receptor (RYR1) gene, which encodes 
the protein for one of the primary Ca2+ release channels involved in triggering 
muscle contraction. When a susceptible patient is exposed to a triggering 
anesthetic agent, excessive release of Ca2+ into the myoplasm leads to a hyper-
metabolic state manifested by hypercapnia, tachycardia, and metabolic 
acidosis.
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The prominent functions of the kidney include the excretion of nitrogenous 
waste; the regulated excretion of water, sodium, potassium, calcium, magne-
sium, phosphate, and acid; and the synthesis of a variety of hormones, including 
1,25-dihydroxyvitamin D, erythropoietin, and renin. The kidney’s elaboration 
of a protein-free and cell-free ultrafiltrate is uniquely responsible for the excre-
tion of nitrogenous wastes. The approach to the patient with renal disease is 
largely focused on disordered ultrafiltration and not on defects in the isolated 
renal tubular processing of individual ions, molecules, water, or acids. A patient 
may, for example, present with an isolated defect in renal acid excretion (Chapter 
110), but in this case the “approach to the patient” is framed for the evaluation 
of metabolic acidosis, an abnormality for which the kidney is only one among 
the many causes in a broad differential diagnosis. In contrast, acute kidney 
injury (Chapter 112) and chronic kidney disease (Chapter 121) refer specifi-
cally and exclusively to defects in the filtration function of the kidney. In the 
context of a diminished magnitude of filtration, many of the other individual 
functions of the kidney (e.g., hormone synthesis, electrolyte homeostasis) 
may fail as well.

Primary diseases of the tubules, such as acute tubular necrosis (Chapter 
112) and tubulointerstitial disease (Chapter 114), also impair the rate of glo-
merular filtration and cause acute kidney injury and chronic kidney disease. 
In contrast, an impairment in ultrafiltration may, in early chronic kidney disease, 
be reflected solely in a decreased quality of glomerular filtration (e.g., the 
presence of albuminuria) rather than in a decreased quantity of filtrate with 
increased concentrations of nitrogenous waste. Similarly, the glomerular filtra-
tion rate (GFR) may be normal in nephrotic syndrome despite ultrafiltration 
defects that result in massive proteinuria. Defects in the filter can also allow 
passage of cells, such as red blood cells (RBCs), as is seen in the acute nephritic 
syndrome (Chapter 113), with or without heavy proteinuria. The paradox of 
glomerular hematuria without albuminuria is also possible. For example, in 
mild forms of immunoglobulin A (IgA) nephropathy (Chapter 113), relatively 
few defects in the glomerular filter will permit a detectable number of RBCs 
per high-power field in the urine despite a urine albumin level that still remains 
within normal limits (Fig. 106-1).

In this context, this chapter considers the approach to the patient with 
acute kidney injury, glomerular syndromes (nephrotic vs. nephritic), tubu-
lointerstitial disease, vasculitis and vascular diseases of the kidney, papillary 
necrosis, and chronic kidney disease.

 PATHOBIOLOGY
The approximately 2 million renal glomeruli normally filter about 180 L/day. 
The renal glomerulus is not simply a filter but rather a size- and charge-
dependent ultrafilter that impedes not only cells but also proteins larger than 
60 kD from entering the ultrafiltrate. Smaller proteins are variably filtered at 
the glomerulus and endocytosed in the proximal tubule so that the protein 
concentration of the urine is normally low. Kidney disease reflects a failure 
in the quantity or quality of the glomerular ultrafiltrate.

The normal GFR may decline in hours to days in acute kidney injury or 
during months to years in chronic kidney disease. An acute decline in glo-
merular filtration is the necessary and sufficient condition for the diagnosis 
of acute kidney injury, but abnormal urinary findings can assist with elucidating 
the etiology of the injury. Proteinuria, ranging from microscopic to nephrotic 
range (Chapter 113), and urinary findings, from a few cells per microscopic 
high-power field to gross hematuria or pyuria, may be the only evidence of 
the earliest stages of chronic kidney disease. As chronic kidney disease advances, 
the decline in the GFR progresses until dialysis or transplantation (Chapter 
122) is required to forestall or to treat the syndrome of uremia.

 DIAGNOSIS
Measuring Kidney Function
Although the most accurate method of evaluating kidney function is a formal 
measurement of GFR with iothalamate, iohexol, or similar markers, these 

tests are too expensive and time-consuming to be recommended for routine 
clinical practice. Currently, the most common methods used to estimate GFR 
are the serum creatinine concentration, the calculated creatinine clearance, 
and estimation equations based on serum creatinine.

Serum creatinine is, to a first approximation, neither secreted nor reabsorbed, 
so the amount appearing in the urine per unit time is a measure of the amount 
that was filtered at the glomerulus during that period. As a result, the rate of 
creatinine clearance is a reasonably close estimate of the GFR. A decrement 
in the GFR diminishes creatinine clearance but has no immediate effect on 
creatinine production by muscle; as a result, the serum creatinine concentra-
tion rises. The change in serum creatinine over time indicates the tempo of 
the renal disease and can distinguish acute injury from chronic kidney disease. 
The routine use of serum creatinine alone to infer GFR is ill-advised because 
of the differing rates of creatinine production among individuals, mainly related 
to variations in muscle mass. Women and the elderly can have deceptively 
low serum creatinine levels despite significant declines in GFR. In addition, 
the shape of the curve relating the GFR to serum creatinine (Fig. 106-2) has 
an important and potentially easily overlooked clinical implication, namely, 
that an initial small absolute rise in creatinine usually reflects a marked fall  
in GFR.

Approach to Diagnosis
The routine screening of asymptomatic adults without risk factors for kidney 
disease is not recommended.1 Most patients are diagnosed because other 
conditions lead to tests of kidney function. The evaluation of renal function 
should proceed in a systematic fashion. The use of the serum creatinine level 
and GFR to estimate renal function (Table 106-1) and additional tests (e.g., 
cystatin C or a formal creatinine clearance measurement with a 24-hour urine 
collection) can be confirmatory when needed.2 Creatinine clearance can be 
calculated with a 24-hour urine collection to measure the creatinine con-
centration. The patient must be instructed to discard the first morning urine 
before initiating the collection and to conclude the collection by including 
the next morning void. The formula for calculating creatinine clearance is  
as follows:

CCr urine Cr V plasma Cr= ×( ) ( )

where CCr is creatinine clearance, urine Cr is urine creatinine concentration, 
V is urine flow rate, and plasma Cr is plasma creatinine. The creatinine clear-
ance overestimates GFR by about 10% owing to tubular secretion of creatinine. 
Calculation of creatinine clearance from a 24-hour urine collection can be 
cumbersome for patients and is prone to error because of inaccurate urine 
collection.

Because of the logistical and practical limitations of a 24-hour urine col-
lection, several equations have been developed to estimate GFR on the basis 
of easily obtainable clinical data and laboratory results. To date, the most 
widely used equations are the Cockcroft-Gault, the Modification of Diet in 
Renal Disease (MDRD) Study, and the Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) equations (Table 106-1). Weight estimations 
or ideal weight estimations can make calculation and reporting of Cockcroft-
Gault results problematic. The MDRD equations (both the full and abbreviated 
forms) use data that are readily available to laboratories, but the equations 
systematically underestimate GFR at higher serum creatinine values, thereby 
raising concern for false diagnoses of chronic kidney disease. The CKD-EPI 
equation appears to be more precise and accurate than the MDRD equation, 
especially at higher GFRs. Cystatin C may provide a more accurate and prog-
nostic measurement of GFR in patients whose creatinine levels are in the 
upper end of the normal range,3 but it does not replace estimated GFR mea-
surements for most clinical purposes.

Urinalysis
Urinalysis can be a very useful test, although it can also be over-ordered in 
low-risk, asymptomatic individuals.4 The normal color of the urine is derived 
from urochromes, which are pigments excreted in the urine. Abnormal color 
or appearance of the urine may be explained by many conditions (Table 106-2). 
The basic analysis of the urine sample involves measurements with commer-
cially available dipsticks or microscopic analyses.

Urine Dipstick
The specific gravity of the urine generally is related linearly with osmolality. 
However, it can be raised by the presence of molecules with relatively high 
molecular weight, such as glucose or contrast dye. A fixed specific gravity of 
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ABSTRACT
The kidneys mediate critical homeostatic functions via excretion of nitrogenous 
waste and regulated excretion of water, sodium, potassium, calcium, magne-
sium, phosphate, and acid. The kidney is comprised of about 1 million func-
tional nephrons, and the primary mechanism for excretion is the production 
of a protein-free and cell-free ultrafiltrate at the vascular origin of the nephron, 
which is the glomerulus. Renal failure, which refers specifically to a defect in 
the filtration function, might first be uncovered by abnormalities in blood 
levels of urea nitrogen, creatinine, and electrolytes. Impaired sodium and water 
handling in acute kidney injury also may produce symptoms of volume over-
load, such as edema from decreased urine output. The approach to the patient 
with renal failure begins by distinguishing acute from chronic processes. Acute 
renal failure is subdivided into prerenal, intrarenal, and postrenal causes. Pre-
renal causes include processes that compromise blood flow to the glomerulus. 
Intrarenal insults (e.g., glomerulonephritis, acute tubular necrosis, and acute 
interstitial nephritis) affect the kidney’s vasculature, tubules, glomeruli, or 
interstitium. Postrenal causes can obstruct urine flow at any site within the 
urinary tract. Acute renal failure usually can be distinguished from chronic 
renal failure by analyzing the urine for protein, infection, and the presence of 
abnormal cells, as well as by assessing the trajectory of the serum creatinine 
level over time. Imaging with ultrasound or computerized tomography may 
identify the presence of postrenal causes, which commonly result in hydro-
nephrosis. Disorders of water and electrolytes may reflect a defect in renal 
filtration or tubular function, but they may also be caused by primary gastro-
intestinal, cardiovascular or endocrine abnormalities.
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metabolic acidosis may be seen in certain forms of renal tubular acidosis 
(Chapter 110). In a proximal renal tubular acidosis, the urine pH is high until 
the tubular reabsorption threshold for bicarbonate, which is abnormally low, 
is reached. At this point, the urine pH decreases to 5. In distal renal tubular 
acidosis, the inability to create a sufficient gradient for hydrogen ions results 
in a urine pH that is always higher than 5.5. In type 4 renal tubular acidosis, 
the urine pH is often 5, and the urine net charge is often positive, thereby 
confirming the absence of significant amounts of ammonium in the urine; 
this defect is exacerbated by the accompanying hyperkalemia.

Glucose in the urine is detected by an assay using dipsticks impregnated 
with the enzyme glucose oxidase. Glycosuria, which is seen in diabetes mel-
litus (Chapter 216), when pregnancy causes the tubular threshold for glucose 
reabsorption to change, and in tubular diseases that affect the proximal con-
voluted tubule and cause tubular glycosuria, is an independent risk factor for 

1.010, so-called isosthenuria, is characteristic of chronic kidney disease  
(Chapter 121).

Urine pH typically is 5 as a result of daily net acid excretion. An alkaline 
pH often is noted after meals, when an “alkaline tide” to balance gastric acid 
excretion increases urine pH. A high urine pH also is seen in patients who 
are on a vegetarian diet. An exceptionally high urine pH is indicative of an 
infection with a urea-splitting organism, such as Proteus species (Chapter 268). 
An inappropriately high urine pH in the setting of systemic non–anion gap 

Differential Diagnosis Diagnostic ApproachFiltration Defect

C3/C4

Qualitative

AKI

CKD

AKI on CKD

Prerenal

Intrarenal

Postrenal

BUN/Cr ratio, FENa  

Urinalysis and sediment, serologies, biopsy 

Imaging (US, CT)
   Scr (   GFR)

Quantitative

Proteinuria

CKD

Nephrotic syndrome

<3.5 g/day

1° - Id
iopathic MCD,

FSGS, MN

>3.5 g/day

Biopsy, antibody to M-type phospholipase
A2 receptor?  

Serologies (e.g., hepatitis B, hepatitis C, HIV, serum
light chains), imaging, biopsy 

Hematuria

Chronic glomerulopathy  

Acute glomerulonephritis

Without AKI

With AKI
Normal C3/C4

Genetic testing, biopsy

Serologies (ANA, SIEP, SFLC, ASLO,
cryoglobulins), biopsy 

Serologies (ANCA, anti-GBM, SIEP), biopsy 

2° - Systemic disease,
medication, reflux

FIGURE 106-1. Overview of approach to kidney disease. Quantitative defects in filtration, manifested by elevated serum creatinine (scr) and reduced glomerular filtration rate (GFr), 
should lead to a query into acute kidney injury (AKi) versus chronic kidney disease (cKD). AKi, in turn, is generally divided into prerenal, postrenal, and intrinsic causes. Qualitative 
defects in filtration, manifested by proteinuria or hematuria, can occur in the absence of changes in GFr and often require biopsy for diagnosis. proteinuria of more than 3.5 g/day 
signals nephrotic syndrome, which may be idiopathic or secondary to systemic diseases, such as hepatitis B or c, human immunodeficiency virus (hiV) infection, or diabetes. Glomerular 
hematuria without AKi is consistent with a chronic glomerulopathy, such as igA nephropathy, or familial diseases, such as thin basement membranes disease. when hematuria accom-
panies AKi, acute glomerulonephritis should be suspected and can diagnostically be divided into low-complement glomerulonephritides (immune complex–mediated lesions such as 
lupus nephritis, postinfectious glomerulonephritis, and cryoglobulinemic glomerulonephritis) and normocomplementemic glomerulonephritides (classically seen in the rapidly progres-
sive glomerulonephropathies due to antineutrophil cytoplasmic antibody [AncA] and anti–glomerular basement membrane [anti-GBM] antibody). AnA = antinuclear antibody; Aslo 
= antistreptolysin o; BUn = blood urea nitrogen; cr = creatinine; ct = computed tomography; McD = minimal change disease; Fena = fractional excretion of sodium; FsGs = focal segmental 
glomerulosclerosis; Mn = membranous nephropathy; sFlc = serum free light chain; siep = serum immunoelectrophoresis; Us, ultrasonography. 
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FIGURE 106-2. Relationship between plasma creatinine and glomerular filtration 
rate measured by inulin clearance in 171 patients (circles). the continuous line reflects 
the idealized relationship between these parameters if creatinine were excreted solely 
by glomerular filtration; the dashed line represents an upper limit of “normal” for the 
creatinine concentration of 1.4 mg/dl. (redrawn from shemesh o, Golbetz h, Kriss Jp, 
et al. limitations of creatinine as a filtration marker in glomerulopathic patients. Kidney 
Int. 1985;28:830-838.)

TABLE 106-1 EQUATIONS FOR ESTIMATION OF 
GLOMERULAR FILTRATION RATE

COCKCROFT-GAULT

CCr mL min
age  lean body weight (kg) (  0.85 if fem( ) = −( )× ×140 aale)

mg dLSCr( )×72

MODIFICATION OF DIET IN RENAL DISEASE 1

GFR = 170 × SCr−0.999 × age−0.176 × BUN−0.170 × Albumin0.318 × (1.18 if African 
American) × (0.762 if female)

MODIFICATION OF DIET IN RENAL DISEASE 2 (ABBREVIATED)

GFR (mL/min/1.73 m2) = 186 × SCr−1.154 × age−0.203 × (0.742 if female) × (1.21 if 
African American)

CHRONIC KIDNEY DISEASE EPIDEMIOLOGY COLLABORATION

GFR = 141 × min (SCr/κ, 1)α × max (SCr/κ, 1)−1.209 × 0.993age × (1.018 if female) × 
1.159 (if African American)

κ = 0.7 if female; κ = 0.9 if male; α = −0.329 if female; α = −0.411 if male
Min = the minimum of SCr/κ or 1; Max = the maximum of SCr/κ or 1
BUN = blood urea nitrogen; GFR = glomerular filtration rate; SCr = serum creatinine.
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Urine Sediment
RBCs, white blood cells (WBCs), tubular cells, transitional cells, and squamous 
epithelial cells may be seen in the urine. Casts are formed in tubules, may 
contain cells or cellular debris, or may be acellular.

Hematuria
RBCs may originate from intrarenal vessels, glomeruli, tubules, or anywhere 
in the urogenital tract (Fig. 106-3). Dysmorphic RBCs are cells that have been 
deformed by transit through the glomerulus and through the medullary inter-
stitium, as opposed to RBCs from the remainder of the genitourinary tract 
(Figs. 106-4 and 106-5); these cells are often lysed and less refractile than 
nonglomerular RBCs. Dysmorphic RBCs often fragment with poikilocytosis 
and with blebs, forming so-called “Mickey Mouse” RBCs. Phase contrast 
microscopy aids in the identification of dysmorphic RBCs. The presence of 
a majority of dysmorphic RBCs in a urine sediment points to a glomerular 
origin of the hematuria. The presence of RBC casts is often conclusive evidence 
for the presence of glomerulonephritis.

In asymptomatic individuals with 3 or more RBCs per high-powered field 
in a properly collected urine specimen, formal evaluation of the lower and 
upper urinary tract is commonly indicated, regardless of whether or not patients 
are taking anticoagulants, if infection, menstruation, and vigorous exercise 
can be excluded as causes.7 Lower urinary tract evaluation by cystoscopy should 
be performed in patients over age 35 years or with risk factors for urinary 
tract malignancies. Upper tract evaluation usually is performed by computed 
tomography (CT) or magnetic resonance (MR) imaging urography.8 Findings 
suggestive of intrinsic parenchymal renal disease (dysmorphic RBCs, RBC 
casts, proteinuria, cellular casts) require nephrologic evaluation but do not 
preclude the need for a urologic evaluation.9

Pyuria
WBCs are seen most commonly in bacterial urinary tract infections,10 but 
some patients with evident pyuria will have negative urine cultures. Infectious 
causes of sterile pyuria include tuberculosis (Chapter 308), gonorrhea (Chapter 
283), chlamydia (Chapter 302), mycoplasma (Chapter 301) and ureaplasma 
(Chapters 301, 268, and 269), genital herpes (Chapter 350), trichomoniasis 
(Chapter 332), fungal infections (Chapter 322), and schistosomiasis (Chapter 
334). Even when bacteriuria is confirmed, asymptomatic patients rarely require 
treatment (Chapter 268).11

WBCs also can be seen in acute interstitial nephritis, infections with Legio-
nella (Chapter 298) and Leptospira (Chapter 307) species, allergic interstitial 
nephritis (Chapter 114), atheroembolic diseases (Chapter 116), granulomatous 
diseases such as sarcoidosis (Chapter 89), IgG4-related interstitial nephritis, 
and tubulointerstitial nephritis and uveitis syndrome (Table 106-3). Mono-
nuclear cells often appear with transplant rejection. Tubular cells, which are 
seen in many conditions involving tubulointerstitial diseases, also are seen in 
ischemic and nephrotoxic injury, such as with myeloma kidney (Chapter 178) 
or cast nephropathy. Eosinophils require special stains, with the Giemsa stain 
being much less sensitive than the Hansel stain (Chapter 114). Urine eosino-
phils classically are seen in allergic interstitial nephritis (Chapter 114), but 
they also are seen in atheroembolic disease (Chapter 116), prostatitis (Chapter 
120), and vasculitis.

Casts and Crystals
Casts, which are formed in tubules, are characterized by the arrangement of 
the cells in a clearly formed matrix composed of Tamm-Horsfall protein. 
Because casts are formed in the renal parenchyma, they may give a clue to 
the origin of accompanying cellular elements.

Hyaline casts are composed of Tamm-Horsfall proteins that are formed 
normally and are seen in increased numbers after exercise (Fig. 106-6). 
Granular casts are degenerated tubular cell casts that are seen in the setting 
of tubular injury (Fig. 106-7). Pigmented granular casts are seen in rhab-
domyolysis (Chapter 105) with myoglobinuria or, rarely, hemoglobinuria. 
RBC casts (Fig. 106-8) are rarely seen in allergic interstitial nephritis and 
diabetic nephropathy, but they are frequently seen in acute glomerulonephritis 
(Chapter 113). The presence of RBC casts in a patient with microscopic 
hematuria can narrow the focus of the evaluation to a glomerular lesion. 
WBC casts are seen commonly in pyelonephritis (Chapter 268) and in acute 
and chronic nonbacterial infections. They also are seen in other conditions 
in which WBCs are associated with parenchymal renal processes, such as 
allergic interstitial nephritis (Chapter 114), atheroembolic diseases (Chapter 
116), and granulomatous diseases such as sarcoidosis (Chapter 89). Rarely, 

mortality.5 Evidence for pan–proximal tubular dysfunction (e.g., glycosuria, 
aminoaciduria, phosphaturia) indicates that Fanconi syndrome is present.

The dipstick for protein is a sensitive assay based on color change induced 
by the presence of proteins at a given pH. It is most sensitive to the presence 
of albumin and is much less sensitive to other proteins, such as the light chains 
of Bence Jones protein (Chapter 178). The presence of 1+ protein correlates 
with about 30 mg/dL of albuminuria, and 3+ protein correlates with more 
than 500 mg/dL of proteinuria. Because the dipstick is not a quantitative 
measurement, small amounts of proteinuria in an oliguric patient may give 
the false appearance of high-grade proteinuria. The excretion of abnormal 
quantities of albumin below the level detectable by the urine dipstick is called 
microalbuminuria. Normal albumin excretion, which is less than 30 mg/day, 
is best detected by radioimmunoassay or enzyme immunoassay. Microalbu-
minuria is the earliest clinically detectable stage of diabetic nephropathy 
(Chapter 115). Proteinuria of increasing severity is associated with a more 
rapid decline in the GFR, regardless of the GFR, except in minimal change 
disease (Chapter 113).

The dipstick for heme uses the peroxidase-like activity of hemoglobin and 
myoglobin molecules to detect the presence of heme pigment. The reaction 
occurs on exposure to hemoglobin, myoglobin, or intact RBCs. Urine dipstick 
testing is very sensitive (97%) and reasonably specific (75%) for the detection 
of hematuria. The presence of myoglobin, which is found in patients with 
rhabdomyolysis (Chapter 105), or free hemoglobin, which is seen in patients 
with intravascular hemolytic anemias (Chapter 151), is suspected if the heme 
reaction is intensely positive and there is a paucity of cellular elements in the 
sediment. Since RBCs lyse rapidly on storage, especially in a hypotonic urine, 
their absence on routine analysis of the urinary sediment is likely to provide 
false reassurance in the presence of a positive dipstick. Persistent, isolated, 
asymptomatic, microscopic hematuria is an independently significant risk 
factor for the subsequent development of end-stage renal disease.6 Although 
gross asymptomatic hematuria is associated with cancer in 8 to 25% of cases, 
only about 2.5% of patients with dipstick-positive hematuria have cancer, 
including <0.5% of people under 50 years.

The dipstick detection of leukocytes depends on the presence of leukocyte 
esterase. Leukocyte esterase is usually present in infections (Chapter 268) 
and in inflammatory conditions.

TABLE 106-2 MACROSCOPIC APPEARANCE OF URINE
APPEARANCE CAUSE
Milky Acid urine: urate crystals

Alkaline urine: insoluble phosphates
Infection: pus
Spermatozoa
Chyluria

Smoky pink Hematuria (>0.54 mL blood/L urine)
Foamy Proteinuria
Blue or green Pseudomonas urinary tract infection

Bilirubin
Methylene blue

Pink or red Aniline dyes in sweets
Porphyrins (on standing)
Blood, hemoglobin, myoglobin
Drugs: phenindione, phenolphthalein
Anthocyaninuria (beetroot, “beeturia”)

Orange Drugs: anthraquinones (laxatives), rifampicin
Urobilinogenuria

Yellow Mepacrine
Conjugated bilirubin
Phenacetin
Riboflavin

Brown or black Melanin (on standing)
Myoglobin (on standing)
Alkaptonuria

Green or black Phenol
Lysol

Brown Drugs: phenazopyridine, furazolidone, l-dopa, niridazole
Hemoglobin and myoglobin (on standing)
Bilirubin

From Forbes CD, Jackson WF. Color Atlas and Text of Clinical Medicine. 3rd ed. London: Mosby; 
2003.
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(Fig. 106-12), and calcium phosphate amorphous crystals are common and 
do not usually have pathologic significance.

Other Elements
Bacteria may be seen in the urine sediment. A spun urine sediment may show 
rods or cocci in chains, but bacteria are identified best by Gram staining of 
the urine sediment. Budding yeast forms (which are highly refractile), tricho-
monads, and spermatozoa also may be seen in the urinary sediment.

Disorders of Electrolytes
The kidneys mediate the homeostatic balance of a variety of electrolytes. 
Electrolyte disorders may accompany renal failure or may reflect isolated defects 

WBC casts can be a dominant feature of many diseases that traditionally are 
thought of as glomerular diseases, such as lupus nephritis (Chapter 250) 
and antineutrophil cytoplasmic antibody (ANCA)–associated glomerulo-
nephritis (Chapter 254). Tubular cell casts are seen with any acute tubular 
injury and are the dominant cellular casts in ischemic acute tubular necrosis 
(Chapter 112). They also can be seen with nephrotoxic injury, such as with 
aminoglycosides and cisplatin. Some casts may contain both leukocytes and  
tubule cells.

Crystals can be a normal finding in the urine or serve as clues to pathophysi-
ologic processes. Certain crystals, such as the hexagonal crystals seen with 
cystinuria (Chapter 119), are always abnormal (Fig. 106-9). Others, such as 
the octahedral calcium oxalate crystals (Fig. 106-10), may be a normal finding 
or may be evidence for ethylene glycol intoxication (Chapter 102). Coffin 
lid-shaped triple phosphate crystals, which are composed of ammonium mag-
nesium phosphate (Fig. 106-11), are seen in urinary tract infections with 
urea-splitting organisms (Chapter 268). Uric acid crystals, sodium urate crystals 

Persistent dipstick positive for heme
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Rule out UTI
Rule out
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hemoglobinuria

Negative for red cells

Nephrology 
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or

negative findings in a patient
with high risk of cancer  

Urology 
referral 

Observe
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and 

patient with low 
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glomerular hematuria (RBC 

casts + dipstick protein or
protein/creatinine > 0.5)
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Renal or urologic
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Hematologic or
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FIGURE 106-3. Algorithm for the evaluation of asymptomatic hematuria. Bph = benign prostatic hyperplasia; ct = computed tomography; GFr = glomerular filtration rate; Mri = 
magnetic resonance imaging; rBc = red blood cell; Uti = urinary tract infection. (courtesy Ali Gharavi, MD. Modified from cohen rA, Brown rs. Microscopic hematuria. N Engl J Med. 
2003;348:2330-2338).

FIGURE 106-4. Dysmorphic erythrocytes. these dysmorphic erythrocytes vary in size, 
shape, and hemoglobin content and reflect glomerular bleeding. (From Johnson rJ,  
Feehally J. Comprehensive Clinical Nephrology. london: Mosby; 2000.)

FIGURE 106-5. Isomorphic erythrocytes. these erythrocytes are similar in size, shape, 
and hemoglobin content. isomorphic cells reflect nonglomerular bleeding from lesions 
such as calculi and papillomas or hemorrhage from cysts in polycystic renal disease. 
(From Johnson rJ, Feehally J. Comprehensive Clinical Nephrology. london: Mosby;  
2000.)
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in tubular function or specific defects in ion transporters. The functional 
integrity of the renal tubules can be assessed by calculating the fractional 
excretion of an electrolyte X.
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Imbalances in renal sodium and water handling can lead to extracellular 
volume depletion or to the formation of edema (Chapter 108). Potassium 
homeostasis is regulated primarily at the distal nephron, but dietary intake, 
transcellular shifts, and gastrointestinal losses also contribute to balance (Fig. 
106-13; Chapter 109). Calcium homeostasis is regulated by the actions of 
parathyroid hormone, calcitonin, and vitamin D on bone, intestine, kidney, 
and parathyroid tissue. Although Ca++ is also filtered and excreted by the 
kidney, the important role of these hormones generally places disorders of 

FIGURE 106-6. Hyaline cast of the type seen in small numbers in normal urine. (From 
Johnson rJ, Feehally J. Comprehensive Clinical Nephrology. london: Mosby; 2000.)

FIGURE 106-7. Number and type of granules and their density in the cast vary in 
different casts. the presence of erythrocytes in this cast may mean that the granules are 
derived partly from disrupted erythrocytes. (From Johnson rJ, Feehally J. Comprehensive 
Clinical Nephrology. london: Mosby; 2000.)

FIGURE 106-8. A cast composed entirely of erythrocytes reflects heavy hematuria 
and active glomerular disease. crescentic nephritis is likely to be present if erythrocyte 
cast density is greater than 100/ml. (From Johnson rJ, Feehally J. Comprehensive Clinical 
Nephrology. london: Mosby; 2000.)

FIGURE 106-9. Typical hexagonal cystine crystal. A single crystal provides a definitive 
diagnosis of cystinuria. (From Johnson rJ, Feehally J. Comprehensive Clinical Nephrology. 
london: Mosby; 2000.)

FIGURE 106-10. Oxalate crystals. A pseudocast of calcium oxalate crystals accompanied 
by crystals of calcium oxalate dehydrate. (From Johnson rJ, Feehally J. Comprehensive 
Clinical Nephrology. london: Mosby; 2000.)

TABLE 106-3 CAUSES OF STERILE PYURIA
INFECTIOUS

Current use of antibiotics
Past treated urinary tract infection (within past 2 weeks)
Tuberculosis (Chapter 308)
Gonorrhea (Chapter 283) and chlamydia (Chapter 302)
Mycoplasma and ureaplasma (Chapter 301)
Genital herpes (Chapter 350)
Trichomoniasis (Chapter 332)
Fungal infections (Chapter 322)
Schistosomiasis (Chapter 334)
Prostatitis (Chapter 120)
Balanitis
Appendicitis (Chapter 133)
NONINFECTIOUS

Interstitial nephritis (e.g., analgesic nephropathy; Chapter 114)
Urinary tract stones (Chapter 117)
Polycystic kidney (Chapter 118)
Current or recent urinary tract manipulation
Catheter cystoscopy
Endoscopy
Foreign body such as surgical mesh in the urethra or a retained stent
Urinary tract neoplasm (Chapter 187)
Pelvic irradiation
Urinary fistula
Renal transplant rejection (Chapters 43 and 122)
Renal vein thrombosis (Chapter 116)
Papillary necrosis
Interstitial cystitis (Chapter 268)
Inflammatory diseases (e.g., systemic lupus erythematosus [Chapter 250] or 

Kawasaki disease [Chapter 254])
Adapted from Wise GJ, Schlegel PN. Sterile pyuria. N Engl J Med. 2015;372:1048-1054.

 SPECIFIC RENAL SYNDROMES
This chapter considers the approach to the patient with acute kidney injury 
(Chapter 112), glomerular syndromes (nephrotic vs. nephritic; Chapter 113), 
tubulointerstitial disease (Chapter 114), vasculitis and vascular diseases of 
the kidney (Chapter 116), papillary necrosis, and chronic kidney disease 
(Chapter 121).

 Acute Kidney Injury
Acute kidney injury (Chapter 112) is a syndrome in which glomerular filtra-
tion declines during a period of hours to days. The serum creatinine level is 
elevated in both acute and chronic kidney disease, but an actively rising serum 
creatinine level confirms an acute or acute-on-chronic insult to kidney func-
tion. As a blood filtration organ, the kidney is susceptible to an acute com-
promise of renal arterial perfusion (Chapter 116), such as prerenal kidney 
injury, or blockage in urine outflow, such as urinary obstruction due to benign 
prostatic hypertrophy (Chapter 120). Thus, the patient with acute renal failure 
is best approached by evaluation for prerenal, renal, and postrenal causes. The 
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FIGURE 106-11. Coffin-lid crystals of magnesium ammonium phosphate (struvite). 
(From Johnson rJ, Feehally J. Comprehensive Clinical Nephrology. london: Mosby; 2000.)

FIGURE 106-12. Urate crystals. complex crystals suggestive of acute urate nephropathy 
or urate nephrolithiasis. (From Johnson rJ, Feehally J. Comprehensive Clinical Nephrology. 
london: Mosby; 2000.)
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FIGURE 106-13. Regulation of potassium balance. Ace = angiotensin-converting enzyme; AKi = acute kidney injury; Gi = gastrointestinal. 

hypo- and hypercalcemia within endocrinology (Chapter 232). Magnesium 
deficiency (Chapter 111) may be caused by decreased intake (either orally 
or by impaired intestinal absorption) or by increased losses via the gastro-
intestinal tract, kidneys, or skin. Conversely, hypermagnesemia (Chapter 
111) can rarely occur in individuals with a normal GFR when the rate of 
intake exceeds capacity of renal clearance (e.g., excessive use of Mg++-based 
antacids or large parenteral doses given for preeclampsia). Similar to potas-
sium, hyperphosphatemia (Chapter 111) can arise from reduced excretion 
(primarily chronic kidney disease), excessive intake, or redistribution of cel-
lular phosphorus. Hypophosphatemia also can be caused by shifts into the 
intracellular compartment, or may occur from malnutrition or from renal 
losses. High urine phosphorus in the setting of hypophosphatemia suggests a 
renal tubule defect, hyperparathyroidism (Chapter 232), or a form of rickets 
(Chapter 231) and can be assessed by determining the fractional excretion.

 SPECIFIC RENAL SYNDROMES
This chapter considers the approach to the patient with acute kidney injury 
(Chapter 112), glomerular syndromes (nephrotic vs. nephritic; Chapter 113), 
tubulointerstitial disease (Chapter 114), vasculitis and vascular diseases of 
the kidney (Chapter 116), papillary necrosis, and chronic kidney disease 
(Chapter 121).

 Acute Kidney Injury
Acute kidney injury (Chapter 112) is a syndrome in which glomerular filtra-
tion declines during a period of hours to days. The serum creatinine level is 
elevated in both acute and chronic kidney disease, but an actively rising serum 
creatinine level confirms an acute or acute-on-chronic insult to kidney func-
tion. As a blood filtration organ, the kidney is susceptible to an acute com-
promise of renal arterial perfusion (Chapter 116), such as prerenal kidney 
injury, or blockage in urine outflow, such as urinary obstruction due to benign 
prostatic hypertrophy (Chapter 120). Thus, the patient with acute renal failure 
is best approached by evaluation for prerenal, renal, and postrenal causes. The 
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intrarenal causes of acute kidney injury include acute tubular necrosis (Chapter 
112), acute interstitial nephritis (Chapter 114), acute glomerulonephritis 
(Chapter 113), and acute vasculitis and vascular disease (Chapters 113 and 
116). The careful and systematic evaluation of the patient should start with 
a thorough history and physical examination, which should be followed by 
selected laboratory tests and often an imaging test, such as renal ultrasonog-
raphy. Most cases of acute renal failure in the hospital have hemodynamic or 
toxic causes, so prerenal azotemia and acute tubular necrosis must be considered 
carefully and distinguished from one another.

 DIAGNOSIS
Laboratory Testing
The normal concentration of blood urea nitrogen (BUN), which is a product 
of protein catabolism, is about 10-fold higher than the creatinine concentra-
tion. Because the BUN-to-creatinine ratio commonly rises with arterial under-
filling, BUN typically is used as a marker of effective volume status. Classically, 
the BUN-to-creatinine ratio will be higher than 15 to 20 in prerenal azotemia 
but 10 or close to it in acute tubular necrosis. However, the BUN concentra-
tion (and hence its ratio to creatinine concentration) may be inappropriately 
high in other circumstances, such as with high protein intake, gastrointestinal 
bleeding, or the use of steroids or tetracyclines. The BUN concentration and 
its ratio to creatinine concentration may be low in patients who have a poor 
dietary intake of protein, malnutrition, or liver disease.

The excretion of sodium in the setting of oliguria and acute kidney injury 
(Chapter 112) often gives insight into the appropriateness of tubular function. 
The fractional excretion of sodium (FeNa) is calculated as follows:

F urine plasma urine plasmaENa Na Na Cr Cr= ×( ) ( ) 100

where Na is the sodium concentration (in mmol/L) and Cr is the creatinine 
concentration (in mmol/L or mg/dL). In the setting of oliguria, FeNa below 
1% often denotes prerenal azotemia, whereas FeNa above 1% suggests intrinsic 
renal damage. Although this measurement is generally useful, FeNa below 1% 
may be seen without evidence of a prerenal component, including contrast 
nephropathy (Chapter 112), hepatorenal syndrome (Chapter 145), obstruc-
tive uropathy (Chapter 120), interstitial nephritis (Chapter 114), glomeru-
lonephritis (Chapter 113), and rhabdomyolysis (Chapter 105). Conversely, 
a high FeNa can be seen in cases in which there is a prerenal component, 
including diuretic use, adrenal insufficiency (Chapter 214), cerebral salt wasting, 
and salt-wasting nephropathy (Chapter 108). The FeNa must be evaluated in 
the context of the clinical situation because it can be low or high in a normal 
patient or in a patient with chronic kidney disease. Ultimately, a patient’s 
volume status is best evaluated at the bedside and should not be deduced 
solely from a measurement of electrolytes.

Imaging
Ultrasonography, which is the most commonly used renal imaging study (Fig. 
106-14), provides reliable information about obstruction, kidney size, pres-
ence of masses, and renal echotexture. Ultrasonography has only a 90% sen-
sitivity for the detection of hydronephrosis and hence is not sufficient to 
exclude obstruction (Chapter 120) with certainty. In addition, its inability to 
detect stones in the ureters and bladder limits its utility in the evaluation for 
kidney stones (Chapter 117). Ultrasonography can detect vascular disease, 

FIGURE 106-14. Normal findings on sagittal renal ultrasound. the cortex is hypoechoic 
compared with the echogenic fat containing the renal sinus. (From Johnson rJ, Feehally 
J. Comprehensive Clinical Nephrology. london: Mosby; 2000.)

FIGURE 106-15. Delayed excretion in the left kidney secondary to a distal calculus. 
contrast-enhanced computed tomography scan shows dilated left renal pelvis. (From 
Johnson rJ, Feehally J. Comprehensive Clinical Nephrology. london: Mosby; 2000.)

and Doppler imaging permits evaluation of the renal vessels with resistive 
indices. Resistive indices are crucial in ascribing renal dysfunction to the 
detected vascular disease (Chapter 116). A high resistive index reflects paren-
chymal disease with scarring and indicates that intervention on the vascular 
disease itself is unlikely to improve renal function.

A CT scan stone protocol to assess the kidneys, ureters, and bladder is the 
study of choice for detecting kidney stones (Chapter 117) because of its ability 
to detect all types of stones, nonobstructing stones, and stones in the ureters 
(Fig. 106-15). Masses in the kidney can be evaluated with either contrast CT 
or a renal ultrasound examination. CT angiography with iodinated contrast 
material can assess possible renal artery stenosis (Chapter 116) with an accu-
racy comparable to that of MR angiography.

 Glomerular Syndromes: Nephrotic versus Nephritic
The nephrotic syndrome (Chapter 113) is characterized by the presence of 
proteinuria of more than 3.5 g/day/1.73 m2, with accompanying edema, hyper-
tension, and hyperlipidemia. Other consequences include a predisposition 
to infection and hypercoagulability. In general, the diseases associated with 
nephrotic syndrome do not cause acute kidney injury, although acute kidney 
injury may be seen with minimal change disease, human immunodeficiency 
virus (HIV)–associated nephropathy, and bilateral renal vein thrombosis 
(Chapter 116). The causes of primary idiopathic nephrotic syndrome, in 
decreasing order of prevalence, are focal and segmental glomerulosclerosis, 
membranous nephropathy, minimal change disease, and membranoproliferative 
glomerulonephritis. Membranous nephropathy has been associated  
with antibodies to the M-type phospholipase A2 receptor. Secondary causes of 
the nephrotic syndrome include diabetic nephropathy (Chapter 115), amyloi-
dosis (Chapter 179), and membranous lupus nephritis (Chapters 113 and 250).

The acute nephritic syndrome is an uncommon but dramatic presentation 
of an acute glomerulonephritis (Chapter 113). The hallmark of the acute 
nephritic syndrome is the presence of dysmorphic RBCs and RBC casts, 
but their absence does not exclude the syndrome. The acute nephritic syn-
drome can be caused by any of the rapidly progressive glomerulonephropa-
thies with ANCA-associated vasculitis (granulomatosis with polyangiitis, 
microscopic polyangiitis, and eosinophilic granulomatosis with polyangi-
itis), anti–glomerular basement membrane (anti-GBM) glomerulonephri-
tis, and immune complex–mediated glomerulonephritis (including systemic 
lupus erythematosus, cryoglobulinemia, postinfectious glomerulonephri-
tis, endocarditis, IgA nephropathy, and Henoch-Schönlein purpura). The 
rapid decline in renal function often warrants urgent and usually inpatient  
evaluation.

 DIAGNOSIS
Laboratory Testing
Proteinuria (as albuminuria) of more than 3.5 g in 24 hours generally indicates 
glomerular disease (Chapter 113). Lesser quantities do not preclude glomerular 
disease, and electrophoresis gives valuable insight into the composition of the 
proteinuria (Chapter 178). On occasion, overflow proteinuria of a low-
molecular-weight protein, such as light chains in Bence Jones proteinuria, can 
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The antineutrophil cytoplasmic antibody (ANCA) assay has allowed earlier 
and more definitive recognition of vasculitic causes of rapidly progressive 
glomerulonephritis (Chapter 254), especially granulomatosis with polyangiitis, 
microscopic polyangiitis, and eosinophilic granulomatosis with polyangiitis, 
when it is confirmed by enzyme-linked immunosorbent assay. The antibodies 
cause two different patterns of staining: perinuclear staining (p-ANCA) and 
cytoplasmic staining (c-ANCA). Both antigens actually have a cytoplasmic 
distribution, and the perinuclear staining pattern is an artifact of the fixation 
method. In most cases, the antigen for p-ANCA is myeloperoxidase (MPO), 
whereas the antigen for c-ANCA is proteinase 3 (PR3). Anti-MPO antibodies 
are associated with microscopic polyangiitis, idiopathic crescentic glomeru-
lonephritis, or Churg-Strauss syndrome (eosinophilic granulomatosis with 
polyangiitis; Chapter 254). Anti-PR3 antibodies often correlate with the classic 
disease of granulomatosis with polyangiitis (formerly known as Wegener 
granulomatosis) (Chapter 254).

Anti–glomerular basement membrane (anti-GBM) antibodies are autoanti-
bodies to the Goodpasture antigen (Chapter 113), which resides in a domain 
of the α chain of type 4 collagen. An early and accurate diagnosis of Good-
pasture syndrome can be made by immunofluorescence and confirmed by 
Western blot analysis. Anti-GBM antibody staining also may occur in the 
presence of a positive ANCA. In these cases, the theory is that exposure of 
the Goodpasture antigen, as a result of the glomerular injury, leads to anti-
GBM antibody formation as a secondary process.

Cryoglobulins (Chapter 178) are thermolabile immunoglobulins. They are 
a single monoclonal type in type I cryoglobulinemia. In type II and type III 
cryoglobulinemia, however, the mixture of immunoglobulins includes one 
with rheumatoid factor activity against IgG. Type I and type II cryoglobu-
lins are more likely to be associated with clinical disease, especially at higher 
titers. Type III cryoglobulinemia is often of less clinical significance. Type 
I cryoglobulinemia is seen with Waldenström macroglobulinemia and mul-
tiple myeloma (Chapter 178); type II, with hepatitis C infection (Chapters 
139 and 140), Sjögren syndrome (Chapter 252), lymphomas (Chapters 176 
and 177), and systemic lupus erythematosus (Chapter 250); and type III, 
with hepatitis C (Chapters 139 and 140), chronic infections, and inflamma-
tory conditions. When cryoglobulinemia is associated with hepatitis C, the 
hepatitis C virus (HCV) RNA is concentrated in the cryoprecipitate as the 
antigen; the diagnosis can be made by an RNA assay of the cryoprecipitate  
at 37° C.

Membranous nephropathy is associated with chronic hepatitis B infection 
with hepatitis B surface antigenemia (Chapter 140). Classic polyarteritis nodosa 
(Chapter 254) occasionally is seen with chronic hepatitis B infection, often 
with surface antigenemia and hepatitis B e antigenemia. M-type phospholipase 
A2 receptor antibodies also have been detected as autoantibodies in idiopathic 
membranous nephropathy.

Hepatitis C serology is associated with a variety of renal diseases, including 
cryoglobulinemia, membranoproliferative glomerulonephritis, and membra-
nous nephropathy. The evaluation may include the antibody test and an assay 
for HCV RNA. On occasion, the HCV RNA analysis may have to be conducted 
on the cryoprecipitate at 37° C.

HIV-associated nephropathy (Chapter 113) is associated with nephrotic 
syndrome and acute kidney injury. In the appropriate clinical setting, HIV 
serology and viral titers are warranted tests for both clinical syndromes.

Streptococcal infection can be confirmed as the cause of postinfectious 
glomerulonephritis (Chapter 113) with an anti-DNase or antistreptolysin O 
assay. Acute and convalescent serology assays are used to confirm recent 
infection.

The erythrocyte sedimentation rate (ESR) is a relatively nonspecific test 
in the evaluation of renal disease. However, a high ESR often points to sys-
temic vasculitis (Chapter 254), multiple myeloma (Chapter 178), or malig-
nant disease as the underlying cause. However, the ESR often is elevated 
in the nephrotic syndrome (Chapter 113), including diabetic nephropathy  
(Chapter 115).

Exome sequencing can detect pathogenic findings and establish a genetic 
diagnosis in nearly 10% of patients with chronic kidney disease.13 However, 
healthy adults also may have potentially pathogenic variants,14 so careful inter-
pretation by expert clinicians is critical for proper diagnosis.

Renal Biopsy
No formal guidelines exist for the indications to perform a renal biopsy. Most 
nephrologists will perform a biopsy for adults with idiopathic nephrotic syn-
drome and for children with steroid-dependent or steroid-resistant nephrotic 
syndrome. In addition, acute kidney injury without an identifiable inciting 

be higher than 3.5 g/day without any of the manifestations or implications 
of the nephrotic syndrome; a urine protein electrophoresis study is important 
in making the distinction. A comparison of the microalbumin-to-creatinine 
ratio with the protein-to-creatinine ratio will give an insight into the presence 
of Bence Jones protein because of the absence of albuminuria despite significant 
proteinuria. Collection must be done by discarding the first morning void 
and collecting all urine output for the next 24 hours, including the first morning 
void the next day.

The 24-hour urine collection for protein excretion is cumbersome and 
subject to inaccuracies. Instead, a spot urine sample for protein and creatinine 
can be used to estimate the amount of protein excreted. A protein-to-creatinine 
ratio of 3 translates to a 24-hour protein excretion of about 3 g. The ratio is 
most accurate when the first morning urine collection is used and may be 
inaccurate in patients with orthostatic proteinuria.

The evaluation of proteinuric renal dysfunction, particularly when glomerular 
diseases are suspected, should follow a stepwise progression from noninvasive 
serologic evaluation to a definitive or confirmatory diagnostic evaluation, such 
as a renal biopsy.12 Sometimes an expeditious diagnosis is needed, and a biopsy 
may be done relatively early in the evaluation.

Serologies and Genetic Testing
An antinuclear antibody (ANA) titer can be useful to evaluate glomerular disease 
in either nephrotic or nephritic presentations. A high ANA titer (e.g., 1 : 320), 
especially if it is accompanied by a more specific finding such as anti–double-
stranded DNA antibody or anti-Smith antibody, can be highly specific for the 
diagnosis of lupus nephritis (Chapter 250), which usually requires a renal 
biopsy. Lower titers (e.g., 1 : 80 or 1 : 40) are nonspecific.

A rheumatoid factor titer will usually be elevated in patients with rheumatoid 
arthritis (Chapter 248), but vasculitis is a relatively late and rare event. Rheu-
matoid factor can be detected in some forms of cryoglobulinemia (Chapter 
178); for example, IgM and occasionally IgG, which is present in type II and 
type III cryoglobulinemia, has rheumatoid factor activity. Rheumatoid factor 
also can be seen as a nonspecific finding in bacterial endocarditis (Chapter 
67) and systemic vasculitis (Chapter 254).

The levels of complement components C3 and C4 and the 50% hemolyzing 
dose of complement (CH50) usually are measured to evaluate suspected rapidly 
progressive glomerulonephritis (Chapter 113). Complement levels are usually 
low in active systemic lupus erythematosus (Chapter 250), post-streptococcal 
glomerulonephritis (Chapter 113), endocarditis (Chapter 67), membrano-
proliferative glomerulonephritis, cryoglobulinemia (Chapter 178), shunt 
nephritis with infection of a ventriculoatrial shunt, and glomerulonephritis 
associated with visceral abscesses. A particularly depressed C4 compared with 
C3 should raise the suspicion of cryoglobulinemia.

Serum immunoelectrophoresis will detect elevated polyclonal IgA levels in 
about 50% of cases of IgA nephropathy (Chapter 113) and Henoch-Schönlein 
purpura (Chapter 113). Polyclonal elevation of IgG may occur in a variety of 
systemic diseases and is a nonspecific finding. The presence of a monoclonal 
protein in the serum should raise the suspicion for a monoclonal gammopathy–
associated disease (Chapter 178). The differential diagnosis includes monoclonal 
gammopathy of uncertain significance, myeloma kidney, lymphomas (Chapter 
176), amyloidosis (Chapter 179), light chain deposition disease, heavy chain 
deposition disease, immunotactoid glomerulonephritis, and cryoglobulinemia. 
These conditions, with the exception of monoclonal gammopathy of unde-
termined significance, have been collectively called monoclonal gammopathy 
of renal significance when they affect the kidney. The concentration of the 
monoclonal protein is higher when the diagnosis of multiple myeloma is made, 
but even small quantities of Bence Jones proteins in the serum can have clini-
cal significance.

A urine immunoelectrophoresis always should be obtained if myeloma is sus-
pected. Because a substantial fraction of multiple myelomas can have no heavy 
chain excretion and small quantities of light chains may be difficult to detect 
by serum immunoelectrophoresis, a urine immune electrophoresis test for 
Bence Jones protein should be obtained. In light chain myeloma, patients may 
have Bence Jones proteinuria even in the absence of an M component in the 
serum immunoelectrophoresis. Bence Jones proteinuria may be present in 
myeloma kidney, amyloidosis, light chain deposition disease, lymphoma, or, 
occasionally, monoclonal gammopathy of uncertain significance. However, 
some patients with systemic AL (light chain) amyloidosis have a normal serum 
immunoelectrophoresis and no Bence Jones proteinuria (Chapter 178). More 
sensitive assays for serum free light chains and an assessment of the ratio of 
κ to λ lights chains increase the sensitivity for detection of monoclonal 
gammopathies.
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hemorrhage may be observed in Henoch-Schönlein purpura and classic poly-
arteritis nodosa (Chapter 254). Neurologic symptoms may be a manifestation 
of vasculitis, such as microscopic polyangiitis (Chapter 254) and cryoglobu-
linemia (Chapter 178).

 DIAGNOSIS
Radiologic Evaluation
Magnetic resonance imaging (MRI) with MR angiography (Fig. 106-16) is 
highly sensitive for detecting atherosclerotic renovascular disease (Chapter 
116), but it tends to overestimate the degree of stenosis. Its accuracy in detect-
ing fibromuscular dysplasia, however, is less well validated. MRI also can be 
used to evaluate renal masses. MRI does not require iodinated contrast mate-
rial, but gadolinium-based contrast agents for vascular studies are associated 
with the syndrome of nephrogenic systemic fibrosis in patients with advanced 
renal failure (Chapter 251).

Renal arteriography, which is the “gold standard” in the evaluation of renal 
artery stenosis (Chapter 116), also is used for the evaluation of arteriovenous 
malformations, polyarteritis nodosa, and other vascular lesions of the kidneys. 
This invasive study uses iodinated contrast material and incurs a small risk 
for atheroembolic disease (Chapter 116). Therapeutic angioplasty and stenting 
can be done at the time of angiography.

 Papillary Necrosis
Acute necrosis of the renal papilla is associated with sickle cell anemia (Chapter 
154), analgesic nephropathy (Chapter 114), diabetic nephropathy (Chapter 
115), and obstructive pyelonephritis (Chapter 268). In sickle cell disease 
(Chapter 154),15 the hypoxic and hypertonic milieu of the inner medulla 
promotes sickling, and chronic sickling at the vasa recta results in medul-
lary ischemia. Massive and prolonged consumption of analgesics, particularly 
the combination of aspirin, caffeine, and acetaminophen, is associated with 
chronic interstitial nephritis and a predisposition to papillary necrosis (Chapter 
114); medullary ischemia is thought to be caused by inhibition of synthesis 
of vasodilatory prostaglandins by aspirin, and direct toxicity is attributed to 
metabolites of phenacetin. Similarly, medullary perfusion is thought to be com-
promised in diabetic nephropathy (Chapter 115) and obstructive pyelonephritis  
(Chapter 120).

The clinical manifestations of papillary necrosis can include flank pain and 
hematuria. If the papilla is sloughed, obstruction may occur at the renal pelvis 
or ureter of the affected kidney, with referred pain migrating from the flank 
to the groin. A sloughed papilla may precipitate frank renal failure if the func-
tion of the contralateral kidney is impaired or if obstruction occurs at the level 
of the bladder or urethra.

Classically, papillary necrosis is diagnosed on an excretory pyelogram as a 
calyceal defect after sloughing of a papilla, but CT with contrast enhancement 
is as good for advanced lesions. If the necrotic papilla is retained, however, 
the defect will be more subtle. Transitional cell carcinoma (Chapter 187) can 
occur in the setting of papillary necrosis or can mimic its appearance. 

cause is a clear indication for biopsy. Notably, patients with hospital-acquired 
kidney failure rarely meet this indication. Other abnormal clinical findings, 
such as gross or microscopic hematuria or subnephrotic proteinuria, often 
but not always lead to a kidney biopsy. Renal biopsy usually is performed 
percutaneously with real-time ultrasound or CT guidance. About 1 to 2% of 
patients without an underlying coagulopathy will develop bleeding that requires 
a transfusion. The transjugular approach can be used in patients in whom the 
risks for bleeding are high.

 Tubulointerstitial Diseases
Tubulointerstitial diseases (Chapter 114) vary in presentation from acute 
kidney injury to chronic kidney dysfunction that initially is manifested as 
asymptomatic mild renal insufficiency (Table 106-4). The urine sediment 
often contains small to moderate amounts of proteinuria, usually less than 
1 g/day, as well as WBCs, RBCs, tubule cells, and WBC casts. RBC casts are 
rare in acute interstitial nephritis and more characteristic of glomerular disease.

 Vasculitis and Vascular Diseases of the Kidney
Vascular diseases of the kidney can be divided into large-vessel obstruction 
and medium- to small-vessel diseases (Chapter 116). Renovascular disease 
is a common cause of hypertension, heart failure, and renal insufficiency. 
About 90% of renal artery stenosis is atherosclerotic in origin, with most of 
the remaining caused by fibromuscular dysplasia, which is more common in 
women 20 to 50 years of age. Medium-sized arterial vessel diseases include 
polyarteritis nodosa, which is seen in patients with hepatitis B (Chapters 
139 and 140), HIV infection (Chapter 113), or, rarely, hepatitis C (Chap-
ters 139 and 140). Symptoms include abdominal pain, hypertension, and 
mild renal insufficiency, often with a benign sediment; diagnostic findings 
include microaneurysms at the bifurcation of medium-sized arteries. Other 
diseases involving small vessels include atheroembolic disease (Chapter 
116), which is seen after arteriography or surgery or, rarely, spontaneously. 
This syndrome typically affects the kidneys, gastrointestinal tract, and lower 
extremities, but it can also involve the central nervous system when the aortic  
arch is affected.

The thrombotic microangiopathies include hemolytic-uremic syndrome and 
thrombotic thrombocytopenic purpura (Chapter 163). Thrombotic thrombo-
cytopenic purpura is associated with an acquired inhibitor to or the congenital 
inherited absence of a protease that cleaves large-molecular-weight von Wil-
lebrand multimers. The hemolytic-uremic syndrome is caused by endothelial 
injury. In diarrhea-positive (or typical) hemolytic-uremic syndrome, the endo-
thelial injury is induced by Shiga toxin from Escherichia coli O157:H7 infection. 
In diarrhea-negative (atypical) hemolytic-uremic syndrome, dysregulation of 
the alternative complement pathway is the underlying cause of endothelial 
injury. The antiphospholipid antibody syndrome (Chapter 73) can cause large-
vessel thrombosis and stenosis as well as a thrombotic microangiopathy with 
proteinuria, hypertension, and renal insufficiency. Scleroderma renal crisis, 
which is a manifestation of systemic sclerosis (Chapter 251), often leads to an 
inexorable progression to end-stage renal insufficiency if untreated.

A systemic vasculitis may be manifested in a variety of ways, including skin 
manifestations such as petechial rash, purpura, digital gangrene, and splinter 
hemorrhages. Otitis, sinusitis, epistaxis, hemoptysis, and nasal septal ulcers 
are common manifestations of granulomatosis with polyangiitis (Chapter 
254). Pulmonary hemorrhage can be a catastrophic manifestation of Good-
pasture syndrome (Chapter 113), anti-GBM disease, or ANCA-associated 
vasculitis (Chapter 254). Abdominal pain and tenderness and gastrointestinal 

TABLE 106-4 MAJOR CAUSES OF  
TUBULOINTERSTITIAL DISEASE

Ischemic and toxic acute tubular necrosis
Allergic interstitial nephritis
Interstitial nephritis secondary to immune complex–related collagen vascular disease, 

such as Sjögren disease or systemic lupus erythematosus
Granulomatous diseases: sarcoidosis, tubulointerstitial nephritis with uveitis
IgG4-related interstitial nephritis
Pigment-related tubule injury: myoglobinuria, hemoglobinuria
Hypercalcemia with nephrocalcinosis
Tubular obstruction: drugs such as indinavir, uric acid in tumor lysis syndrome
Myeloma kidney or cast nephropathy
Infection-related interstitial nephritis: Legionella, Leptospira species
Infiltrative diseases, such as lymphoma

FIGURE 106-16. Magnetic resonance angiography. coronal three-dimensional image 
shows right renal artery stenosis (arrow). (From Johnson rJ, Feehally J. Comprehensive 
Clinical Nephrology. london: Mosby; 2000.)



Obstruction, if present, must be relieved, but treatment otherwise is limited 
to pain control and hydration.

 Chronic Kidney Disease
Chronic kidney disease, which is defined as either kidney damage or a GFR 
of less than 60 mL/min/1.73 m2 for longer than 3 months, includes five stages 
(Table 106-5). Kidney damage is defined as pathologic abnormalities or markers 
of kidney damage, including abnormalities in the composition of blood or 
urine or abnormalities on imaging tests. The excretion of 30 to 300 mg of 
albumin in a 24-hour period defines microalbuminuria. An estimated 12% of 
the adult U.S. population has abnormal albumin excretion in the urine, and 
the frequency increases with age. Kidney failure is defined as either a GFR of 
less than 15 mL/min/1.73 m2 that is accompanied by signs and symptoms 
of uremia or a need for initiation of kidney replacement therapy for treatment 
of complications of decreased GFR (Fig. 106-17). End-stage renal disease 
includes all cases requiring treatment by dialysis or transplantation regardless 
of the level of GFR.

Patients with chronic kidney disease warrant referral to a nephrologist. 
Care of these patients should focus on efforts to slow disease progression, 
to optimize medical management, and to make a seamless transition to renal 
replacement therapy (Chapter 121). The care should include optimal blood 
pressure control, use of angiotensin-converting enzyme inhibitors and angio-
tensin receptor blockers if indicated, dietary counseling, careful management of 
calcium and phosphorus levels, control of the parathyroid hormone level, and 
management of anemia with the use of erythropoietin and iron supplements. A1  

TABLE 106-5 STAGES OF CHRONIC KIDNEY DISEASE*
STAGE DESCRIPTION GFR (mL/min/1.73 m2)
1 Kidney damage with normal or ↑GFR ≥90
2 Kidney damage with mild or ↓GFR 60-89
3 Moderate ↓GFR 30-59
4 Severe ↓GFR 15-29
5 Kidney failure <15 (or dialysis)
*Chronic kidney disease is defined as either kidney damage or GFR <60 mL/min/1.73 m2 for ≥3 
months. Kidney damage is defined as pathologic abnormalities or presence of markers of damage, 
including abnormalities in blood or urine test results or imaging studies.
GFR = glomerular filtration rate.
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FIGURE 106-17. Common symptoms and signs of chronic renal failure. (redrawn from 
Forbes cD, Jackson wF. Color Atlas and Text of Clinical Medicine. 3rd ed. london: Mosby; 
2003.)
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REVIEW QUESTIONS

1. Idiopathic membranous nephropathy is associated with which of the 
following?
 A. Hepatitis B infection
 B. Hepatitis C infection
 C. Antibodies to the M-type phospholipase A2 receptor
 D. Nonsteroidal use
 E. None of the above

Answer: C Idiopathic membranous nephropathy has been identified to have 
antibodies to the M-type phospholipase A2 receptor. Although secondary mem-
branous nephropathy can be associated with hepatitis B and rarely with hepatitis 
C or drugs, the idiopathic disease seems to be mediated by autoimmunity.

2. The most sensitive screening test for detection of a monoclonal gammo-
pathy is:
 A. Serum immunoelectrophoresis
 B. Serum free light chain ratio
 C. Urine for Bence Jones
 D. Bone marrow biopsy
 E. Urine free light chain ratio

Answer: B The serum immunoelectrophoresis is sensitive for the detection 
of intact immunoglobulins but less so for the detection of isolated light chains, 
which can occur in a substantial proportion of monoclonal gammopathies. 
An abnormal κ:λ ratio is the most sensitive test to detect a clonal plasma cell 
disorder. Urine free light chain ratios are less reliable than serum ratios. A 
bone marrow biopsy is used to diagnose myeloma, but small numbers of 
plasma cells can cause many plasma cell disorders.

3. What is the best estimate of glomerular filtration rate in patients with renal 
function in the upper limits of the normal range?
 A. Modification of Diet in Renal Disease (MDRD) 1 equation
 B. Modification of Diet in Renal Disease (MDRD) 2 equation
 C. Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

equation
 D. None of the above

Answer: C MDRD 1 and 2 equations were derived in a population of patients 
with chronic kidney disease. MDRD 1 equation includes race, gender, creati-
nine, age, blood urea nitrogen, and albumin, but the other two equations do 
not include blood urea nitrogen or albumin. Of these equations, CKD-EPI 
is the most accurate for patients with mild chronic kidney disease.

4. Which of the following statements regarding the urine dipstick is false?
 A. The specific gravity can be lowered by contrast agents in the urine.
 B. Red blood cells, myoglobin, or hemoglobin can be detected by the 

presence of heme.
 C. The dipstick can miss Bence Jones proteins.
 D. The urine pH can be high in the presence of infections.
 E. The urine pH is usually higher than 5.5 in distal renal tubular 

acidosis.
Answer: A The high density of contrast material makes the urine specific 
gravity high rather than low. The dipstick detects all heme pigments, including 
myoglobin and hemoglobin, as well as red blood cells themselves. The dipstick 
detects albumin, but Bence Jones proteins may be missed or may cause only 
weak reaction in the dipstick. Hence, an immunoelectrophoresis or urine 
protein-to-creatinine ratio will be important; immunoelectrophoresis identifies 
the presence of clonal light chains, and the urine protein-to-creatinine ratio 
is for the actual quantification of the degree of proteinuria.
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107 
STRUCTURE AND FUNCTION 
OF THE KIDNEYS
QAIS AL-AWQATI AND JONATHAN BARASCH

The kidney regulates the ionic composition and volume of body fluids, the 
excretion of nitrogenous waste, the elimination of exogenous molecules (e.g., 
many drugs), the synthesis of a variety of hormones (e.g., erythropoietin), 
and the metabolism of low-molecular-weight proteins (e.g., insulin). Befitting 
such an array of responsibilities, the kidney receives 25% of the cardiac output. 
The gross anatomy of the kidney is notable for a weight of approximately 
150 g and a characteristic bean shape with approximate dimensions of 11 × 
6 × 2.5 cm. On bisection, a gross structure is evident with an outer cortex 
and a more central medulla that narrows to multiple papillae at the apices of 
so-called pyramids (Fig. 107-1).

Understanding of the kidney, however, requires an appreciation of the intri-
cate microstructure that underlies its complex functions. Although the kidney 
is an organ, the nephron is actually the organ’s independent filtration unit. On 
average, each human kidney is composed of 1 million essentially identical 
nephrons. All functions of the kidney are performed by each individual nephron, 
and to a first approximation, all nephrons are independent of each other because 
they have their own innervation and blood supply. The nephron is made up 
of two functional subunits, the glomerulus and the tubules and ducts (Fig. 
107-2). The glomerulus begins with the branching of the afferent arteriole, 
an end artery of the corresponding renal artery, to a tuft of capillaries. The 
glomerular capillaries invaginate an epithelium with the visceral epithelial 
cells adjacent to the capillary and the parietal epithelial cells outside this tuft. 
The space between the epithelial layers is the urinary space. The fenestrated 
glomerular capillary endothelium, the intervening basement membrane, and 
the foot processes of the visceral epithelium, so-called podocytes, comprise 
the glomerular filtration barrier. The balance of hydrostatic and oncotic pres-
sures drives the extrusion of a protein-free filtrate through this barrier into 
the urinary space. The urinary space then leads to a series of tubules and ducts: 
the proximal tubule, the thin limb of the loop of Henle, the thick limb of the 
loop of Henle, the distal convoluted tubule, the cortical collecting duct, and 
the medullary collecting duct. The papillary collecting duct empties through 
the renal papilla into the renal pelvis and then to the ureter. The glomerular 
capillary bed coalesces to form the efferent arteriole, a vessel that is exquisitely 
sensitive to angiotensin II, and then the peritubular (proximal) capillaries. 
This system allows efferent arteriole constriction to regulate proximal tubule 
reabsorption, as described later.

The nephron regulates homeostasis by three actions. First, in the glomerulus, 
nephrons collectively produce as much as 120 mL/minute of an ultrafiltrate 
of blood. Second, different segments of the nephron change the composition 
of the filtrate by the transfer of nearly 99% of its components (e.g., glucose, 
NaCl, water) from the lumen to the blood. Third, additional electrolytes (e.g., 
NH4

+, K+, HCO3
−) are secreted from the blood into the lumen.

To perform these functions, each nephron segment, with the exception of 
the collecting ducts, is composed of a single epithelial cell type whose luminal 
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ABSTRACT
The kidney is the primary organ that regulates the volume and composition 
of the body fluids. Each kidney contains about 1 million nephrons, each of 
which is composed of a filtering unit, the glomerulus, and a reabsorbing unit, 
the tubule divided into multiple segments including proximal, loop of Henle, 
and distal and collecting tubules. Filtration occurs through the interaction of 
the hydrostatic pressure (controlled by the balance of afferent and efferent 
arteriolar states of constriction) and the oncotic pressure exerted by plasma 
albumin. Regulation of volume of the body fluids is mediated by changes in 
the rates of sodium reabsorption in the tubules as mediated by the renin-
angiotensin-aldosterone system and the secretion of atrial natriuretic factor. 
The osmolarity of the body fluids is controlled by the reabsorption and excre-
tion of water mediated by the effect of the hormone vasopressin on water 
transport by the collecting tubule. Control of the pH of the body fluids is 
effected by the reabsorption of filtered HCO3

− and secretion of H+ ions into 
the urine. The kidney also produces two hormones, erythropoietin and 
1,2(OH)2D3.
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FIGURE 107-1. Sagittal section of the human kidney depicting gross anatomy and 
organization. 

The glomerular filtrate next enters the tubules. Na+ traverses the cell by 
entering the apical membrane either through a segment-specific cotransporter, 
countertransporter, or sodium channel. The apical membrane of the proximal 
tubule contains an Na+/H+ (NHE3) exchanger, Na+-coupled glucose carrier, 
and Na+-coupled amino acid and phosphate cotransporter. Na+ is then actively 
transported by the basolateral Na+, K+-ATPase into the paracellular space, thereby 
resulting in local hypertonicity, which causes osmosis through low-resistance 
tight junctions of the initial segments of the proximal tubule (E-Fig. 107-1).

In the thick ascending limb of Henle, Na+ is absorbed by an Na-K-2Cl 
cotransporter. The driving force for this neutral carrier allows Na+ and Cl− to 
enter the cell, but then recycles K+ across the apical membrane, thereby result-
ing in depolarization of the transepithelial membrane potential. In the distal 
convoluted tubule, Na+ is absorbed by a thiazide-sensitive cotransporter, which 
conducts Na+ and Cl− in a strict 1 : 1 stoichiometry. Na+ exits as usual by the 
Na+, K+-ATPase, but there is also a basolateral Na/Ca exchanger. In this short 
segment, the macula densa helps control the GFR by regulating renin release 
through secretion of adenosine and prostaglandins.

In the principal cells of the collecting duct, aldosterone, derived from the zona 
glomerulosa of the adrenal cortex, is the final critical regulator of Na+ balance. 
Aldosterone increases reabsorption of the final 50 to 100 mEq/day of sodium 
remaining in the lumen by increasing the number of open sodium channels 
(ENaC) and by increasing the activity of the basolateral Na+, K+-ATPase.1

A number of the steps that regulate sodium reabsorption can be counteracted 
by atrial natriuretic peptide (ANP), which is released from the atria in response 
to volume overload. ANP increases filtration in the glomerulus by dilating 
the afferent arteriole, thereby increasing glomerular capillary pressure and 
lowering the oncotic pressure. In addition, ANP increases sodium excretion 
by inhibiting the release of renin, the production of aldosterone, and the tubular 
reabsorption of sodium in the terminal collecting duct.

 THE KIDNEY CONTROLS BODY FLUID 
OSMOLARITY BY REGULATING WATER CONTENT

Water moves freely among all cells and compartments of the body via water-
conducting channels called aquaporins. Osmolarity (the concentration of 
water) is strictly regulated to prevent cells from swelling or contracting via 
mechanisms that control the intake (thirst) and excretion of fluids, whereby 
the kidney can vary the osmolarity of urine. Channels in the thick ascending 
limb, distal tubule, and collecting duct absorb sodium without water to dilute 
the urine. The absorbed NaCl and urea provide a hyperosmotic region in the 
medulla, where the limited blood flow maintains an osmotic gradient. To 
concentrate the urine, water is removed from the filtrate by this osmotic gradi-
ent as it passes through the cortical and medullary collecting tubules.

Antidiuretic hormone (ADH), also called vasopressin, is a critical component 
of water reclamation. Changes of less than 1% in osmolarity induce cells in 
the neurohypophysis to shrink and, via activation of TRPV1 channels, to 
release ADH. In the kidney, ADH binds to the vasopressin type 2 receptor 
on collecting tubules and increases water permeability by reversibly insert-
ing a water channel, called aquaporin 2, in the apical membrane.2 During 
states of water deprivation, the dilute urine generated by the thick ascending 
limb enters vasopressin-sensitive segments in the cortical collecting tubule, 
where the bulk of the water is absorbed into the cortex to increase the osmo-
larity of the urinary filtrate to 300 mOsm, equivalent to plasma osmolar-
ity. When it then travels through the medullary collecting duct, the urine 
becomes concentrated as it equilibrates with the osmolarity of the medulla  
(Fig. 107-3).

 THE KIDNEY REGULATES PLASMA pH BY 
REGULATING HCO3

− CONTENT
The concentration of free H+ in the intracellular and extracellular fluids is 
maintained at about 40 nM (pH 7.4) by the daily excretion of acid or base 
in amounts equal to what is generated by dietary intake and by cellular activity. 
The complete oxidation of carbohydrates and fats generates approximately 
15 to 20 mol/day of the volatile acid CO2, and nonvolatile acids generated 
by the metabolism of protein-rich diets account for 60 to 80 mEq/day. HCO3

− 
is the most important buffer because it is consumed by metabolic acid, thereby 
producing CO2 that can be exhaled, and because it can be regenerated by the 
kidney. The overall relationship of this buffer system is described by the 
Henderson-Hasselbalch equation:

pH p HCO Pa CO= + −K log[ ]3 2α
where pKa is 6.1 and α represents the solubility coefficient of Pco2 (which is 
0.03). Because all the body buffers (e.g., bone, intracellular proteins) are in 

or apical surface (facing the urine) and basolateral surface (facing the blood) 
differentially express various proteins and lipids. For example, the apical mem-
brane often has microvilli or cilia, whereas the basolateral membrane does 
not. Polarized endocytosis and exocytosis are often important in the regulation 
of the number of transport proteins on the apical surface. In addition, epithelia 
are connected to one another by tight junctions, which confer a characteristic 
ionic permeability on the epithelial sheet. Transepithelial transport occurs 
largely through the cell, but transport also can occur through the tight junc-
tion (the paracellular pathway). For instance, sodium transport begins with 
entry at the luminal surface down an electrochemical gradient, whereas its 
exit at the basolateral surface is uphill and requires adenosine triphosphate 
(ATP) hydrolysis. The Na+, K+-ATPase is located at the basolateral surface of 
all epithelia, and all “active” energy-consuming transport is coupled directly 
or indirectly to it with the exception of H+ transport. Each segment has a 
distinct composition of channels, carriers, and ATPases, and each segment is 
regulated by different chemical and physical sensors, so the “final urine” con-
tains the components that must be discarded to maintain constancy of body 
composition.

 THE KIDNEY REGULATES EXTRACELLULAR 
FLUID VOLUME BY REGULATING  
SODIUM CONTENT

Filtration of 180 L/day containing 24,000 mEq of sodium is followed by 
the reabsorption of over 99% of the filtered sodium. Sodium reabsorption 
accounts for more than 90% of the oxygen consumed by the kidney. It is regu-
lated by volume receptors that are located in the carotid artery and increase 
β-sympathetic output, which in turn releases renin, an aspartate protease from 
the granular cells of the juxtaglomerular apparatus, which is located near the 
afferent arteriole that supplies the glomerulus. Renin cleaves angiotensinogen to 
angiotensin I, which is then converted locally to angiotensin II. Angiotensin II 
binds to angiotensin receptors and constricts the efferent arteriole, thereby affect-
ing glomerular hemodynamics. Increased hydrostatic pressure within the glo-
merular capillaries drives the formation of an ultrafiltrate of plasma. As filtration 
progresses, a protein-rich, oncotically active solution in the capillary opposes 
the glomerular capillary hydrostatic pressure until a pressure equilibrium is 
achieved before the efferent arteriole is reached. Consequently, angiotensin II 
may not change glomerular filtration rate (GFR) markedly, but it can increase 
proximal reabsorption by reducing the hydrostatic pressure and increasing 
the oncotic pressure in the peritubular capillaries that surround the proximal 
tubule in a plexus, thereby favoring reabsorption of water and solutes such  
as urea.
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α-intercalated cell, H+ secretion is mediated by the H+-ATPase that is delivered 
to the apical membrane by fusion of apical vesicles as stimulated by ambient 
Pco2 (Fig. 107-4).

In a reaction catalyzed by carbonic anhydrase II, the excess OH− is carboxyl-
ated by CO2 to form HCO3

−. HCO3
− is subsequently transported across the 

basolateral surface in exchange for Cl− by an alternately spliced form of the 
red cell anion exchanger (band 3). In contrast, β cells secrete HCO3

− by an 
apical Cl/HCO3 exchanger (pendrin) and a basolateral H+-ATPase. An H+, 
K+-ATPase in the collecting tubule may also play a role in potassium absorp-
tion and perhaps in H+ secretion.

The collecting tubule is a “tight epithelium” that can maintain electrical and 
concentration gradients. Secretion of H+ reduces the pH of the filtrate; the 
maximal gradient is 3 pH units or 180 mV, but both the size of the pH gradient 
and its transepithelial membrane potential can be modified to fine-tune H+ 
secretion. For example, Na+ absorption by the principal cell hyperpolarizes the 
epithelium and can thus drive H+ secretion. Aldosterone, in addition to regulat-
ing Na+ absorption, independently can stimulate H+ secretion; hence, it is the 
major hormone that stimulates acid secretion in the collecting tubule. Finally, 
chronic metabolic acidosis converts the β-intercalated cells into α-intercalated 

equilibrium, changes in the concentration of HCO3
− regulate the pH of body 

fluids.
The kidney reabsorbs about 5000 mEq of HCO3

− that is filtered daily. 
Beyond this task, it must replace the HCO3

− that is lost as a consequence of 
the production of acid by oxidative metabolism. The proximal tubule reabsorbs 
luminal HCO3

− by secreting H+ through an apical Na+/H+ exchanger, which 
is directly stimulated by angiotensin II to secrete H+ in strict 1 : 1 exchange 
for Na+, thereby mediating both sodium absorption and H+ secretion. An H+-
ATPase is also present in the apical membrane. H+ secretion titrates filtered 
HCO3 and, catalyzed by carbonic anhydrase, converts it to CO2 and water, 
thereby allowing CO2 reabsorption. H+ secretion leads to an excess of OH− in 
the cell, where it combines with this CO2 to produce cellular HCO3

−, which 
then exits across the basolateral membrane through an Na-HCO3

− cotrans-
porter (E-Fig. 107-2).

Given that the proximal tubule regulates bicarbonate reabsorption, the col-
lecting duct must produce “new” HCO3 to replace what is lost during titration 
by nonvolatile acids. The cortical collecting tubules contain intercalated cells 
that mediate H+ secretion (α-intercalated cell) and β-cell types that mediate 
HCO3 secretion, whereas only α cells are present in the medulla. In the 
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must be tightly regulated. Most dietary potassium is pumped into the cell by 
the Na+, K+-ATPase, but about 90% of ingested potassium eventually must 
be excreted into the urine. K+ is filtered but is then reabsorbed by the proxi-
mal tubule and loop of Henle. K+ is then secreted by the distal convoluted 
tubule and the principal cells through apical potassium inwardly rectifying 
(ROMK) and potassium large conductance calcium-activated (BK) channels. 
The gradient, in which cellular K+ is greater than luminal K+, drives K+ out of 
the cell. Secretion is enhanced by the increased entry of K+ into the principal 
cell as a result of high extracellular concentration, by metabolic alkalosis, and 
by aldosterone. Aldosterone increases the synthesis of Na+, K+-ATPase and 
increases the probability that the ROMK channels will be open. Aldosterone also 
enhances Na+ reabsorption by ENaC, thereby hyperpolarizing the transepithelial 
membrane potential, which increases the driving force for potassium secretion. 
High urinary flow rates deliver a large volume of fluid that is essentially K+ 
free, thereby providing a concentration gradient. The flow rate also activates 
mechanosensory flagella that lead to an increase in cell calcium, which in 
turn activates BK channels. Potassium reabsorption is not regulated to the 
same extent as sodium retention, and profound potassium depletion may be 
required for potassium excretion by the kidneys to be eliminated completely.3

 THE KIDNEY REGULATES PLASMA PO4 AND  
Ca2+ BY EXCRETION AND BY SYNTHESIZING 
VITAMIN D3

The level of PO4 critically regulates serum Ca2+ level. Because their plasma 
concentrations are close to their saturation product, at which point crystalliza-
tion occurs, any significant increase in PO4 results in precipitation of CaPO4.

PO4 concentration is regulated by glomerular filtration. Initially, about 
85% is reabsorbed by the proximal tubule sodium-phosphate cotransporters 
NaPi-2a and NaPi-2c. Parathyroid hormone and the heteromeric receptor 
FGFR/Klotho, which binds fibroblast growth factor 23 (FGF23), inhibit 
the expression of NaPi and hence increase excretion of PO4. Conversely, the 
proximal tubule generates vitamin D3 (1,25-dihydroxycholecalciferol) by cap-
turing 25-hydroxycholecalciferol, bound to its filterable transport protein with 
brush border megalin (E-Fig. 107-3), after which 1α-hydroxylation is stimu-
lated by low Ca2+ and PO4. 1,25-Vitamin D3 inhibits parathyroid hormone 
and stimulates PO4 reabsorption in gut and kidney, thereby counteracting 
parathyroid hormone and FGF23-Klotho. Nonetheless, Klotho signaling 
blocks 1,25-vitamin D3 synthesis, thereby suggesting that it dominates the  
control of PO4.

The level of serum calcium is also regulated by the kidney. Approximately 
60% of serum calcium is filtered, after which it follows sodium reabsorption 
in the proximal tubule and loops of Henle, where calcium absorption is driven 
by the positive membrane potential generated by the Na-K-2Cl/K recycling 
transporter. In contrast, calcium and sodium are regulated independently in 
the distal convoluted tubule by parathyroid hormone and Klotho, which 
increase reabsorption. Phosphate and calcium metabolism is regulated by 
sodium reclamation, parathyroid hormone, 1,25-dihydroxycholecalciferol, and 
Klotho in different segments of the nephron.4
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cells, preferentially increasing the number of acid-secreting cells and reducing 
the number of HCO3

− secreting cells in this segment.
The secreted H+ titrates urinary NH3 and HPO4

2−. NH3, which is synthesized 
by the conversion of glutamine to α-ketoglutarate, is secreted into the proximal 
lumen. In the loop of Henle and distal segments, the protonated ammonium 
ion is transferred into the interstitium, from where it reenters the nephron as 
ammonia gas. Once in the lumen, ammonia gas becomes reprotonated to 
ammonium, thus trapping a proton. The amount of NH3 generated from glu-
tamine increases up to four- to five-fold in the setting of metabolic acidosis. 
Net acid secretion is consequently urinary NH4

+ plus titratable weak acids 
(such as HPO4

2−) minus urinary HCO3
−. Each of these components is regu-

lated by the kidney.

 THE KIDNEY REGULATES PLASMA POTASSIUM 
BY SECRETION AND THE CONTROL OF 
EXTRACELLULAR pH

Because the membrane potential of most cells is governed by the ratio of 
intracellular to extracellular potassium, the plasma potassium concentration 

https://expertconsult.inkling.com/
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108 
DISORDERS OF SODIUM AND WATER
QAIS AL-AWQATI

 EPIDEMIOLOGY
Disturbances of water and sodium include hypovolemia, hypervolemia, hypo-
natremia, and hypernatremia.1 Up to 15 to 20% of hospitalized patients may 
develop hyponatremia or hypernatremia. Among ambulatory individuals, these 
abnormalities are more common in the elderly and in patients who are treated 

with multiple medications. Patients with an abnormal serum sodium concen-
tration can be hypovolemic, normovolemic, or hypervolemic (Table 108-1).2 
Hypovolemia, which can be caused by dehydration or bleeding, can cause 
postural symptoms (Chapter 7) or shock (Chapter 98). Common causes of 
fluid overload include: heart failure (Chapters 52 and 53), renal dysfunction, 
and liver failure, commonly resulting in edema (Table 45-7).

 PATHOBIOLOGY
Control of Extracellular Fluid Volume
The regulation of circulating volume is one of the body’s major homeostatic 
mechanisms, and perturbations in the regulation of volume can cause a number 
of clinical conditions that carry substantial morbidity and mortality. Water 
accounts for approximately 60% of body weight (Fig. 108-1). Two thirds of 
this water resides intracellularly, and the remainder constitutes the extracel-
lular fluid space. The kidney regulates sodium chloride (NaCl or salt) content 
by adjusting the amount of sodium chloride it excretes. As a result, it also 
regulates the extracellular volume, because thirst and the kidney’s regulated 
excretion of water maintain serum osmolality within narrow limits. The kidney 
accomplishes this goal by balancing salt excretion with salt intake, even though 
the daily intake of salt is highly variable, owing to cultural, social, and personal 
factors.

In the steady state, the renal excretion of salt is essentially equal to the salt 
intake because other possible routes of salt loss from the body (e.g., sweat 
glands and the gastrointestinal tract) do not contribute significantly to the 
maintenance of salt balance. When the dietary intake of sodium is abruptly 
increased (Fig. 108-2), only about one half of the increment appears in the 
urine over the first day. The remainder of the dietary increment is retained as 
a positive sodium balance. On each successive day of the higher intake of 
sodium, a smaller fraction of the dietary increment is retained as the excretion 
of sodium progressively increases over 3 to 5 days to match the new intake. 
Weight will increase because the retained Na will obligate the retention of an 
amount of water sufficient to maintain iso-osmolality. This positive balance 
of sodium and expansion of the extracellular water compartment stimulates 
a progressive increase in the excretion of sodium until the higher intake is 
matched by excretion. An abrupt decrease in sodium intake also does not 
result in an immediate equal reduction in sodium excretion. Negative sodium 
balance will continue for several days, and extracellular volume will diminish 
until the new, lower sodium intake is matched by reduced sodium excretion. 
Similar responses are seen with the introduction of a new salt source (such 
as intravenous fluids) or the development of new salt losses (such as vomiting 
or diarrhea).
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ABSTRACT
The kidney is the major organ that controls the content of salt and water. 
More than 99% of filtered sodium is reabsorbed in a manner regulated by the 
renin-angiotensin-aldosterone system as well as by the sympathetic nervous 
system and by atrial natriuretic peptides. The volume of the extracellular space 
(and thus the arterial blood pressure) is highly dependent on the amount of 
sodium reabsorbed by the kidney. Any decrease will lead to hypotension. 
Sodium retention leading to a large expansion of the extracellular fluid volume 
is one of the most common problems in medicine and results in the develop-
ment of edema, which is a characteristic finding in heart failure, liver failure, 
and kidney diseases. The osmolality (tonicity) of the body fluids is regulated 
by changes in the renal excretion of water. Reabsorption of filtered sodium 
generates a dilute urine, but vasopressin, which is produced by the hypothala-
mus, can cause equilibration of the urine with the hypertonic medulla, thereby 
leading to concentrated urine. The hypothalamus also senses any decrease in 
the effective plasma volume, thereby leading to thirst even in the absence of 
hypernatremia. Clinical syndromes with a defective sensing of the extracellular 
fluid volume include heart failure, cirrhosis, the nephrotic syndrome, and the 
syndrome of inappropriate ADH secretion.
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with multiple medications. Patients with an abnormal serum sodium concen-
tration can be hypovolemic, normovolemic, or hypervolemic (Table 108-1).2 
Hypovolemia, which can be caused by dehydration or bleeding, can cause 
postural symptoms (Chapter 7) or shock (Chapter 98). Common causes of 
fluid overload include: heart failure (Chapters 52 and 53), renal dysfunction, 
and liver failure, commonly resulting in edema (Table 45-7).

 PATHOBIOLOGY
Control of Extracellular Fluid Volume
The regulation of circulating volume is one of the body’s major homeostatic 
mechanisms, and perturbations in the regulation of volume can cause a number 
of clinical conditions that carry substantial morbidity and mortality. Water 
accounts for approximately 60% of body weight (Fig. 108-1). Two thirds of 
this water resides intracellularly, and the remainder constitutes the extracel-
lular fluid space. The kidney regulates sodium chloride (NaCl or salt) content 
by adjusting the amount of sodium chloride it excretes. As a result, it also 
regulates the extracellular volume, because thirst and the kidney’s regulated 
excretion of water maintain serum osmolality within narrow limits. The kidney 
accomplishes this goal by balancing salt excretion with salt intake, even though 
the daily intake of salt is highly variable, owing to cultural, social, and personal 
factors.

In the steady state, the renal excretion of salt is essentially equal to the salt 
intake because other possible routes of salt loss from the body (e.g., sweat 
glands and the gastrointestinal tract) do not contribute significantly to the 
maintenance of salt balance. When the dietary intake of sodium is abruptly 
increased (Fig. 108-2), only about one half of the increment appears in the 
urine over the first day. The remainder of the dietary increment is retained as 
a positive sodium balance. On each successive day of the higher intake of 
sodium, a smaller fraction of the dietary increment is retained as the excretion 
of sodium progressively increases over 3 to 5 days to match the new intake. 
Weight will increase because the retained Na will obligate the retention of an 
amount of water sufficient to maintain iso-osmolality. This positive balance 
of sodium and expansion of the extracellular water compartment stimulates 
a progressive increase in the excretion of sodium until the higher intake is 
matched by excretion. An abrupt decrease in sodium intake also does not 
result in an immediate equal reduction in sodium excretion. Negative sodium 
balance will continue for several days, and extracellular volume will diminish 
until the new, lower sodium intake is matched by reduced sodium excretion. 
Similar responses are seen with the introduction of a new salt source (such 
as intravenous fluids) or the development of new salt losses (such as vomiting 
or diarrhea).

TABLE 108-1 PATHOGENIC PROCESSES LEADING TO 
DISORDERS OF BODY SODIUM AND  
FLUID HOMEOSTASIS

CLINICAL STATE
EXTRACELLULAR 
FLUID VOLUME

BODY FLUID 
TONICITY

PATHOGENIC 
PROCESS

Normal ↔ ↔
Hypovolemic 

hypernatremia
↓ ↑ Net loss of water in 

excess of sodium
Hypovolemic 

normonatremia
↓ ↔ Isotonic net loss of 

sodium and water
Hypovolemic 

hyponatremia
↓ ↓ Net loss of sodium in 

excess of water

Normovolemic 
hyponatremia

↔ ↓ Net water gain ± 
sodium loss

Normovolemic 
hypernatremia

↔ ↑ Net water loss ± 
sodium gain

Hypervolemic 
normonatremia

↑ ↔ Isotonic net gain of 
sodium and water

Hypervolemic 
hyponatremia

↑ ↓ Hypotonic net gain of 
sodium and water

Hypervolemic 
hypernatremia

↑ ↑ Hypertonic net gain of 
sodium and water

↔ = unchanged.
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FIGURE 108-1. Composition of body fluid compartments. schematic representation 
of (A) electrolyte composition of compartments in humans and (B) body fluid compart-
ments. in A, electrolyte concentrations are in millimoles per liter; intracellular concentra-
tions are typical values obtained from muscle. in B, shaded areas depict the approximate 
size of each compartment as a function of body weight. in a normally built individual, 
the total body water content is roughly 60% of body weight. Because adipose tissue has 
a low concentration of water, the relative water–to–total body weight ratio is lower in 
obese individuals. relative volumes of each compartment are shown as fractions; in 
parentheses are shown approximate absolute volumes of the compartments (in liters) 
in a 70-kg adult. eCf = extracellular fluid; iCf = intracellular fluid; isf = interstitial fluid; 
iVf = intravascular fluid; tBW = total body water. (B from Verbalis JG. Body water osmolal-
ity. in: Wilkinson B, Jamison r, eds. Textbook of Nephrology. London: Chapman & Hall; 
1997:89-94. reproduced with permission of Hodder arnold.)
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FIGURE 108-2. Time course of sodium excretion and weight change in humans fol-
lowing abrupt changes in daily sodium intake. Positive sodium balance continues for 
several days after salt intake is increased. as the volume of extracellular fluid increases, 
sodium excretion increases until the new lower intake of sodium is matched. it is this 
reduction of body sodium and extracellular fluid that provides the stimulus for diminish-
ing the excretion of sodium. 
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Afferent Limb Mechanisms
For a change in volume to result in a change in salt excretion, the change in 
extracellular volume must be sensed. Alterations in extracellular volume stimu-
late volume and pressure receptors that sense concomitant changes in intra-
vascular volume, blood pressure, or distension of a particular vascular bed. 
The juxtaglomerular apparatus is a renal volume sensor that releases renin 
when the perfusion pressure is reduced. In addition to increasing circulating 
levels of angiotensin II (see later), stimulation of these receptors leads to 
alterations in the local concentration of angiotensin, which profoundly decreases 
salt excretion. Carotid sinus volume receptors increase sympathetic output 
in response to hypotension. The increased sympathetic tone of the renal vas-
culature decreases salt excretion. Renal sympathetics and catecholamines 
released from the adrenal medulla also stimulate renin release. The atria contain 
secretory granules which, in response to an increase in extracellular volume, 
release atrial natriuretic peptide, which increases salt excretion and causes 
peripheral vasodilation. Activation of volume receptors located in intrahepatic 
sinusoids may play a role in sensing changes in volume and salt content.

Efferent Limb Mechanisms
Several of the efferent mechanisms, such as the angiotensin/renin pathway 
and atrial natriuretic peptide, act in part by altering glomerular hemodynam-
ics, which in turn affects the proximal tubular reabsorption of salt and water. 
Glomerular filtration is driven by the balance of two opposing forces across 
the glomerular capillary membrane: the difference in hydrostatic pressure 
and the difference in colloid osmotic pressure. The normal glomerular filtrate 
is virtually protein-free. As the plasma courses down the glomerular capillary, 
the albumin concentration increases, thereby resulting in an oncotic driving 
force that opposes hydrostatic pressure and decreases the filtration rate. When 
colloid osmotic pressure increases to match hydrostatic pressure (a condition 
called filtration pressure equilibrium), filtration ceases.

Because the efferent arteriole is a resistance vessel, the peritubular hydrostatic 
pressure is lower than the glomerular capillary pressure. Further, the peritubu-
lar capillary oncotic pressure is higher than the hydrostatic pressure because 
protein-free fluid has been removed by filtration. This balance of hydrostatic 
and oncotic forces in the peritubular capillary favors tubular reabsorption of 
fluid from the extracellular space of the tubules back into the capillaries. In 
this way, changes in glomerular hemodynamics can alter tubular reabsorp-
tion by changing the peritubular capillary oncotic and hydrostatic pressures.

Reabsorption of the filtered fluid occurs by active transport of sodium from 
the tubular lumen into the peritubular space. The proximal tubule is quite 
“leaky,” so it cannot maintain large gradients of concentration or electrical 
potential. Sodium is dumped in the intercellular space, thereby resulting in 
local hypertonicity. Water will be drawn in by osmosis through the cells and 
the leaky junctions. Removal of this fluid into the peritubular capillary depends 
on the balance of forces across this capillary, which is again the difference in 
hydrostatic and colloid osmotic forces. However, because the peritubular 
capillary has a higher protein concentration and a lower hydrostatic pressure 
than an ordinary capillary, these forces favor reabsorption of fluid from the 
intercellular space.

Filtered sodium is passively reabsorbed from the tubular lumen into the 
epithelial cell down a concentration gradient. It is then actively transported 
into the lateral intercellular channel, which communicates directly with the 
interstitial space. If the net force for uptake into the capillary is decreased, 
conductive and/or geometric changes in the tight junction complex may favor 
increased “back leak” of fluid into the tubular lumen, thereby diminishing net 
reabsorption.

In principle, sodium excretion could be altered by either a change in the 
amount filtered or a change in the amount reabsorbed. In practice, both glo-
merular filtration rate and tubular reabsorption must be considered in analyzing 
the actions of atrial natriuretic peptide and angiotensin II.

Renin-Angiotensin II—Aldosterone
Renin is released from the juxtaglomerular apparatus in response to hypoten-
sion or to extracellular volume depletion in the absence of hypotension. 
Adrenergic innervation also stimulates renin release in response to the same 
stimuli. Additionally, prostaglandins, low plasma K+, and increased Na+ delivery 
to the macula densa also stimulate renin release. Renin converts angioten-
sinogen to angiotensin I, which in turn is converted by a converting enzyme 
located on the surface of endothelial cells to the active hormone, angiotensin 
II. Angiotensin II causes peripheral vasoconstriction and decreases salt excre-
tion in the proximal and distal tubules.3

filtration fraction) favor increased absorption from the proximal tubule, which 
is the major cause of salt retention in heart failure. Angiotensin II also stimu-
lates aldosterone release, which in turn stimulates Na+ absorption in the more 
distal nephron.

Not all patients with heart failure continue to accumulate salt. After the 
initial salt retention, expansion of the extracellular volume may restore cardiac 
output to near normal levels, albeit with a higher than normal extracellular 
volume. In this new state, the initial compensatory mechanisms will be largely 
deactivated: angiotensin and aldosterone levels will decrease, as will sympa-
thetic tone. In this new steady state, salt excretion will equal salt intake. However, 
if heart failure worsens, owing for example to further myocardial damage, the 
cycle will be repeated. In severe heart failure, the patient will remain in the 
salt retaining, high renin-angiotensin-aldosterone state despite massive extra-
cellular volume expansion. The pathophysiology of heart failure therefore 
consists of two phases. The first is a salt retaining, high renin, high angiotensin, 
and high aldosterone state, in which the extracellular volume will continuously 
expand. The second phase is characterized by a normal renin-angiotensin-
aldosterone axis, a higher than normal extracellular fluid volume, and external 
salt balance.

 Cirrhosis
Cirrhosis of the liver (Chapter 144) is uniformly associated with disturbances 
in salt excretion and the consequent development of edema and ascites. Portal 
hypertension leads to transudation of fluid into the abdominal cavity, with 
consequent intravascular volume depletion. Peripheral vasodilation also causes 
a decrease in the “effective plasma volume,” with consequent salt retention.

In general, salt retention appears to precede the development of ascites or 
portal hypertension. The main stimulus is the activation of volume receptors 
located in intrahepatic sinusoids. This increase in pressure appears to signal 
the kidney to retain salt and water, thereby causing volume expansion. At a 
time when the kidney is retaining Na+, the glomerular filtration rate and renal 
plasma flow are normal, as are plasma levels of renin and angiotensin. Although 
total plasma volume is increased, the capacity of the splanchnic bed is much 
larger in cirrhotic patients than in normal individuals. If the extra-splanchnic 
plasma volume is depleted or effectively depleted, owing to splanchnic vaso-
dilation and increased capacity, then the mechanism for salt retention is the 
same as that induced by simple extracellular volume depletion.

Ascites (Chapter 137) is not only due to portal hypertension. As cirrhosis 
advances, progressive portal hypertension contributes to excessive transuda-
tion of fluid into the peritoneal cavity. Further, the albumin secreted by the 
hepatocytes enters the lymphatic system, which delivers it to the thoracic 
duct and then to the blood stream. In cirrhosis, however, the disturbed archi-
tecture of the hepatic lobules causes much of the albumin to be dumped 
directly into the ascitic fluid. Thus, although the albumin concentration in 
ascitic fluid is low enough to be classified as a transudate, it is actually much 
higher than the albumin concentration in the extravascular fluid elsewhere in 
the body. In addition, when the synthetic function of the liver deteriorates 
and the serum albumin concentration falls, the low oncotic pressure results 
in transudation of fluid into the interstitial space. Volume depletion from any 
of these causes promotes salt retention through an increase in angiotensin II 
and aldosterone.

 Nephrotic Syndrome and Glomerulonephritis
Immunologic injury to the glomerulus results in proteinuria and, almost uni-
formly, in salt retention. When the proteinuria is especially severe, the nephrotic 
syndrome (Chapter 113) develops.

In most adults with the nephrotic syndrome, the plasma volume appears 
to be normal or even expanded. Renin levels are low, but salt retention is 
likely the primary driver that causes the expansion of plasma volume. In 
many of these patients, the glomerular filtration rate is reduced; because salt 
excretion is dependent on the adequacy of the filtered load, the inability to 
excrete a salt load is common in advanced glomerulonephritis. However, many 
patients manifest salt retention at a time when glomerular filtration rate is 
still normal. The increased glomerular permeability that causes proteinuria 
in these diseases also increases the filtration of circulating proteases, which 
activate the epithelial Na channel in the collecting tubule, thereby increasing Na  
reabsorption.

 Interaction of Angiotensin II and Prostaglandins
Angiotensin II binds to receptor subtypes 1A in the efferent arteriole, where 
it activates phospholipase C, thereby causing release of inositol trisphosphate, 
which in turn causes release of intracellular calcium that promotes 

Angiotensin II increases the proximal tubule reabsorption of Na+ by con-
stricting the efferent arteriole, which increases the filtration fraction, which 
increases the peritubular capillary oncotic pressure, which increases the driving 
force for Na+ reabsorption. Increased reabsorption will result in a higher con-
centration of many solutes in the tubular fluid, including urea. Based on their 
ability to be reabsorbed, these solutes will diffuse out of the tubule to a larger 
extent than normal. Since that diffusion is driven by a difference in concentra-
tion, the blood urea nitrogen (BUN) level will increase to a higher level than 
simply predicted by the reduction in filtration rates. Indeed, the serum ratio 
of BUN:creatinine is frequently elevated when angiotensin levels are increased. 
Angiotensin II also stimulates the Na:H exchanger, thereby causing an increase 
in Na reabsorption through the cells.

Angiotensin II also directly stimulates Na+ transporters in the thick ascend-
ing limb, the distal tubule, and in the early collecting tubule. A major effect 
of angiotensin II on Na+ reabsorption, however, is to stimulate the release of 
the steroid hormone aldosterone from the zona glomerulosa of the adrenal 
cortex. In the collecting tubule and late distal tubule, aldosterone leads to an 
increase in the number of open Na+ (and also K+) channels, thereby leading 
to increased entry of Na+ into the cell and, consequently, increased exit at the 
basolateral surface via the Na+-K+ ATPase, which is also stimulated by aldo-
sterone. The Na+ absorbed under the influence of aldosterone is estimated to 
be 50 to 100 mEq/day, amounting to less than 0.5% of that filtered. However, 
because it acts on the final 50 to 100 mEq that have escaped absorption, 
aldosterone has a critical effect on renal salt excretion and total body sodium 
balance. In the absence of aldosterone, such as in Addison disease (Chapter 
214), patients will develop negative salt balance with severe salt depletion 
and shock unless their intake compensates for this loss of salt.

Atrial Natriuretic Peptide
Atrial natriuretic peptide is a 28-amino acid peptide that is released from 
granule stores of the right and left atria in response to volume overload with 
atrial distention or after an atrial tachyarrhythmia. Atrial natriuretic peptide 
inhibits renin release and thus indirectly inhibits the production of angiotensin 
II. Second, atrial natriuretic peptide inhibits aldosterone production regardless 
of the presence of angiotensin II, high plasma K+, or elevated adrenocortico-
tropic hormone. Third, atrial natriuretic peptide increases the glomerular 
filtration rate and thus increases the amount of Na+ available for excretion. 
Finally, atrial natriuretic peptide directly inhibits the tubular reabsorption of 
Na+ in the terminal collecting duct.

Renal Nerves
Renal nerves directly increase afferent and efferent arterial tone, and the result-
ing decrease in renal plasma flow and glomerular filtration rate will favor Na+ 
retention. Stimulation of these nerves also leads to release of renin and angio-
tensin, which results in salt retention. Sympathetic neurons also are present 
in apposition to the proximal tubule and thick ascending limb, where their 
stimulation results in an increase in proximal Na+ absorption even when the 
filtration rate, renin, and angiotensin levels are not measurably changed.

 Volume Regulation
Although some diseases involve salt wasting (e.g., Addison disease), most clinical 
problems are due to excessive salt retention. In these conditions, patients on 
a normal diet fail to excrete the daily salt intake and, as a result, expand their 
extracellular volume, which is manifested clinically as edema. The derangement 
that results in excessive salt (and hence water) retention can be predominately 
either a failure to filter or (most often) excessive tubular reabsorption. Salt 
retention is commonly seen in heart failure (Chapters 52 and 53), cirrhosis 
(Chapter 144), and the nephrotic syndrome (Chapter 113), as well as in many 
syndromes that cause acute and chronic renal failure (Chapters 112 and 121).

 Heart Failure
With heart failure (Chapters 52 and 53), a decrease in forward cardiac output 
activates a number of baroreceptors. The result is an increase in sympathetic 
activity, activation of the renin-angiotensin system, and increased levels of 
angiotensin II. Constriction of the efferent arteriole increases the glomerular 
capillary hydrostatic pressure but reduces renal plasma flow. In early heart 
failure, the filtration rate is maintained. In severe heart failure, the filtration 
rate may be reduced owing to a severe decline in renal plasma flow. However, 
the filtration fraction is always elevated because the decline in plasma flow is 
always greater than the decline in the filtration rate.

The lower peritubular capillary hydrostatic pressure (owing to reduced 
glomerular filtration) and elevated albumin concentration (owing to the elevated 
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vasoconstriction. However, another product of the phospholipase is arachidonic 
acid, which results in the production of vasodilating prostaglandins. This phe-
nomenon explains the salt retention that is typically seen with nonsteroidal 
anti-inflammatory drugs (NSAIDs), which are inhibitors of prostaglandin 
synthesis. In patients who have extracellular volume depletion or edematous 
disorders, this salt retention can be more dramatic and be associated with 
signs of acute renal injury (Chapter 112).

Regulation of the Tonicity of Body Fluids
Tonicity (osmolality) is probably the most highly regulated physiologic human 
parameter, and reasonable variations in daily water intake do not change 
osmolality by more than 0.5%. Water is freely permeable through most cellular 
membranes, so no osmotic gradients exist among the body’s fluid compart-
ments. The only exception to this general rule is the renal medulla, where the 
osmolarity is much higher than in other parts of the body, so it can help 
concentrate urine. The presence of a large family of water channels (aquapo-
rins) in all cell membranes allows water to diffuse into the cells when the 
extracellular osmolarity changes. Thus, drinking a large volume of water is 
followed by a reduction in extracellular osmolality, thereby causing water to 
diffuse into the cell. This exchange causes an increase in cell volume, which 
is usually well tolerated by compensatory mechanisms, except in cells that are 
encased in rigid compartments such as the brain.

Serum Na Concentration Is a Function of Water Content
Osmotic pressure is measured as the sum total of all solutes (in moles or 
equivalents) in a given volume of body fluids (in liters). The most easily mea-
sured body fluid is plasma, and a good approximation of the osmotic pressure 
can be obtained by measuring the sodium concentration, because sodium 
and its counter-ions (chloride and bicarbonate) comprise 90% of osmolality. 
With only a few exceptions, a normal Na concentration reflects normal osmo-
lality. Thus, clinical states of low or high osmolality are frequently referred to 
as hypo- and hypernatremia, respectively. Although this nomenclature implies 
that the problem is related to sodium, the regulation of osmotic pressure is 
entirely a function of the regulation of water content rather than sodium 
content. In a patient with hyponatremia, the total body sodium content may 
be high, low, or normal, but from the perspective of osmolar regulation, the 
water content is always high. The total sodium content of the body fluids is 
most closely related to the total extracellular volume, whereas the sodium 
concentration is related to osmolality or water content.

The balance of water intake and excretion relative to sodium intake and 
excretion determines serum osmolality. Free water is the volume of sodium-
free water when isotonic saline is excluded. For example, 1.0 L of half-
normal sodium chloride equals 0.5 L of normal saline and 0.5 L of free 
water, so infusion of 1.0 L of half-normal saline increases free water content  
by 0.5 L.

Body fluid tonicity (as measured in the serum) reflects the balance of free 
water input compared with free water output. Only the renal free water output 
is regulated; in the steady state, this renal free water output must equal free 
water input minus nonrenal water losses. Free water input equals oral intake 
plus intravenous intake. Nonrenal free water losses include cutaneous and 
respiratory insensible losses, as well as any water lost in the stool.

Water Intake and Nonrenal Output Are Highly Variable
Oral intake varies with thirst and with habits. Thirst is stimulated by an increase 
in the osmotic pressure of the body fluids as well as by nonosmotic stimuli, 
such as hypotension or plasma volume depletion. These latter stimuli can 
dominate and thirst, which is quenched only with hypotonic fluids, may be 
stimulated despite the presence of hypo-osmolarity. Insensible losses increase 
with increased ambient temperature, fever, or extensive damage to the skin, 
such as burns (Chapter 103). These variations can be very large; for example, 
the maximum rate of sweating is about 1 liter per hour.

The renal output of free water is a function of the urine volume and the 
concentration of the urinary solutes. In the proximal tubule, where more than 
60% of the glomerular filtrate is reabsorbed, water permeability is so high that 
the osmotic pressure at the end of the segment is similar to that of plasma. 
The volume of glomerular filtrate that reaches the loop of Henle varies with 
the glomerular filtration rate and the extent of proximal tubule reabsorption. 
As the fluid courses through the thick ascending limb, active salt reabsorption 
combined with low water permeability causes dilution of the tubular fluid. 
The salt that is reabsorbed (without much water) is dumped into the medulla, 
thereby establishing a hyperosmolar region. This gradient provides the driving 
force for water reabsorption from the collecting duct. As the thick ascending 

filtration fraction) favor increased absorption from the proximal tubule, which 
is the major cause of salt retention in heart failure. Angiotensin II also stimu-
lates aldosterone release, which in turn stimulates Na+ absorption in the more 
distal nephron.

Not all patients with heart failure continue to accumulate salt. After the 
initial salt retention, expansion of the extracellular volume may restore cardiac 
output to near normal levels, albeit with a higher than normal extracellular 
volume. In this new state, the initial compensatory mechanisms will be largely 
deactivated: angiotensin and aldosterone levels will decrease, as will sympa-
thetic tone. In this new steady state, salt excretion will equal salt intake. However, 
if heart failure worsens, owing for example to further myocardial damage, the 
cycle will be repeated. In severe heart failure, the patient will remain in the 
salt retaining, high renin-angiotensin-aldosterone state despite massive extra-
cellular volume expansion. The pathophysiology of heart failure therefore 
consists of two phases. The first is a salt retaining, high renin, high angiotensin, 
and high aldosterone state, in which the extracellular volume will continuously 
expand. The second phase is characterized by a normal renin-angiotensin-
aldosterone axis, a higher than normal extracellular fluid volume, and external 
salt balance.

 Cirrhosis
Cirrhosis of the liver (Chapter 144) is uniformly associated with disturbances 
in salt excretion and the consequent development of edema and ascites. Portal 
hypertension leads to transudation of fluid into the abdominal cavity, with 
consequent intravascular volume depletion. Peripheral vasodilation also causes 
a decrease in the “effective plasma volume,” with consequent salt retention.

In general, salt retention appears to precede the development of ascites or 
portal hypertension. The main stimulus is the activation of volume receptors 
located in intrahepatic sinusoids. This increase in pressure appears to signal 
the kidney to retain salt and water, thereby causing volume expansion. At a 
time when the kidney is retaining Na+, the glomerular filtration rate and renal 
plasma flow are normal, as are plasma levels of renin and angiotensin. Although 
total plasma volume is increased, the capacity of the splanchnic bed is much 
larger in cirrhotic patients than in normal individuals. If the extra-splanchnic 
plasma volume is depleted or effectively depleted, owing to splanchnic vaso-
dilation and increased capacity, then the mechanism for salt retention is the 
same as that induced by simple extracellular volume depletion.

Ascites (Chapter 137) is not only due to portal hypertension. As cirrhosis 
advances, progressive portal hypertension contributes to excessive transuda-
tion of fluid into the peritoneal cavity. Further, the albumin secreted by the 
hepatocytes enters the lymphatic system, which delivers it to the thoracic 
duct and then to the blood stream. In cirrhosis, however, the disturbed archi-
tecture of the hepatic lobules causes much of the albumin to be dumped 
directly into the ascitic fluid. Thus, although the albumin concentration in 
ascitic fluid is low enough to be classified as a transudate, it is actually much 
higher than the albumin concentration in the extravascular fluid elsewhere in 
the body. In addition, when the synthetic function of the liver deteriorates 
and the serum albumin concentration falls, the low oncotic pressure results 
in transudation of fluid into the interstitial space. Volume depletion from any 
of these causes promotes salt retention through an increase in angiotensin II 
and aldosterone.

 Nephrotic Syndrome and Glomerulonephritis
Immunologic injury to the glomerulus results in proteinuria and, almost uni-
formly, in salt retention. When the proteinuria is especially severe, the nephrotic 
syndrome (Chapter 113) develops.

In most adults with the nephrotic syndrome, the plasma volume appears 
to be normal or even expanded. Renin levels are low, but salt retention is 
likely the primary driver that causes the expansion of plasma volume. In 
many of these patients, the glomerular filtration rate is reduced; because salt 
excretion is dependent on the adequacy of the filtered load, the inability to 
excrete a salt load is common in advanced glomerulonephritis. However, many 
patients manifest salt retention at a time when glomerular filtration rate is 
still normal. The increased glomerular permeability that causes proteinuria 
in these diseases also increases the filtration of circulating proteases, which 
activate the epithelial Na channel in the collecting tubule, thereby increasing Na  
reabsorption.

 Interaction of Angiotensin II and Prostaglandins
Angiotensin II binds to receptor subtypes 1A in the efferent arteriole, where 
it activates phospholipase C, thereby causing release of inositol trisphosphate, 
which in turn causes release of intracellular calcium that promotes 
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failure, cirrhosis, nephrosis) associated with arterial underfilling can cause an 
increase in ADH levels (Table 108-2). ADH also is elevated in hypothyroid-
ism (Chapter 213) and in hypocortisolism (Chapter 214), especially when 
it is caused by hypopituitarism (Chapter 211). In these patients, depressed 
cardiac output provides a volume stimulus for ADH secretion, even though 
patients can be euvolemic on physical examination. Some diuretics (e.g., 
the thiazides) exert their effects by poisoning salt absorption in the cortical 
diluting segment. Severe hypokalemia decreases sodium transport out of the 
renal tubule cells and thus decreases the amount of salt that can be reab-
sorbed. Furthermore, drugs such as chlorpropamide increase ADH release, 
thereby impairing water excretion, and also increase the sensitivity of the 
renal tubule to ADH. When the tubule becomes more sensitive, hyponatre-
mia might develop even with small intakes of water. Finally, a collection of 
disorders associated with elevated ADH in the absence of volume stimuli or 
drugs is grouped under the heading syndrome of inappropriate ADH (SIADH;  
Table 108-3).

Hypo-osmolality Due to Volume Disorders
In conditions such as extracellular volume depletion or depletion of the effec-
tive plasma volume, such as occurs in heart failure or cirrhosis, the ability of 
the kidney to make large quantities of dilute urine is severely impaired. This 
impairment involves two defects: ADH is secreted despite hypo-osmolarity 
and, to a lesser extent, inadequate delivery of tubular fluid to the diluting 
segment.

The afferent mechanisms in each of these clinical situations stimulate release 
of renin and formation of angiotensin II. The volume of fluid that leaves the 
proximal tubule to go to the loop of Henle will, therefore, be less than the 
amount delivered to the loop in states of volume expansion. Hence, the amount 
of free water that can be formed and later excreted will decrease, even though 
the function of the loop of Henle is normal. Because the amount or salt and 
water reabsorbed in the proximal tubule is greater than normal, the tubular 
concentration of other substances not as freely permeable as water will also 
increase. Because urea and uric acid are diffusible across the tubular membrane, 
they will be reabsorbed to a much larger extent than normal because the 
concentration difference across the membrane is greater. Hence, in these situ-
ations the plasma concentration of urea and uric acid tend to be higher than 
normal.

In all of these conditions—extracellular volume depletion, heart failure, 
and cirrhosis—ADH secretion is increased owing to the activation of volume 
receptors.These patients require a lower osmolality to suppress ADH secretion 
and have higher ADH levels at osmolarities above the set point. This high 
ADH level, which is the dominant factor for the development of hypo-osmolality 
in these conditions, will further decrease the volume of free water that is 
excreted and accentuate the hyponatremia. The decrease in the volume of 
dilute urine that can be excreted will not lead to hypo-osmolality unless the 
patient’s water intake is larger than the amount of water excreted. For a given 
defect in water excretion, the severity of the hypo-osmolality is proportional 
to the water intake. In extracellular volume depletion and heart failure, the 
thirst mechanism is activated, with consequent increases in water intake. Not 
only is water excretion decreased, but also water intake is increased.

Addison Disease
Hypoaldosteronism is typically associated with hyponatremia, in large part 
because of the extracellular volume depletion that is a feature of this disease. 
The volume depletion results from a decrease in salt reabsorption in the 

limb ends and the distal tubule, which is termed the cortical diluting segment, 
begins, salt reabsorption in the presence of low water permeability continues 
to reduce the tonicity of the urine to one third of that of plasma. The volume 
of hypotonic fluid reaching the collecting duct is about 25 L/day. If the col-
lecting duct is relatively impermeable to water, then much of this volume can 
be excreted. At the other extreme, if the collecting duct is fully permeable to 
water and if the medullary concentration gradient is undisturbed, then water 
is maximally reabsorbed and only a small volume of concentrated urine is 
excreted (perhaps 0.5 L at 1200 mOsm/L). Arginine vasopressin, which is 
human antidiuretic hormone (ADH), regulates the collecting duct water 
permeability.

ADH is synthesized in the supraoptic and paraventricular nuclei where it 
is packaged with several neurophysins and stored in the neurohypophysis. 
Thirst is mediated by adjacent cells intermingled with cells that synthesize 
ADH. Hypothalamic osmoreceptors modulate release of ADH in response 
to very small changes in the plasma osmolality. However, below a certain 
plasma osmolality, the ADH level does not decrease further. This set point, 
which is characteristic of each individual, represents the set point of the 
osmostat. ADH is released into the circulation where it has a short half-life. 
ADH activates two types of G-protein coupled receptors, V1 that mediates 
vasoconstriction in vascular smooth muscle and V2 that is expressed in the 
principal cells of the collecting duct of the kidney. The luminal membrane 
of these cells is relatively impermeable to water. However, activation of the 
V2 receptors by ADH causes insertion of a specific water channel, aquapo-
rin 2, into the luminal membrane of the cortical and medullary collecting 
duct, thereby leading to increased water absorption driven by the osmotic  
gradient.

Other factors can also stimulate ADH release. Hypotension (Chapter 70), 
heart failure (Chapters 52 and 53), cirrhosis (Chapter 144), and intravascular 
volume depletion stimulate ADH release by activating the carotid sinus and 
left atrial receptors. Decreases in extracellular volume cause a decrease in 
the set point but an increase in the steepness of the relation between ADH 
secretion and osmolality. Compared with a normovolemic person, the same 
plasma osmolality in a volume-depleted person is associated with a higher  
ADH level.

 Hypo-osmolar States
Hyponatremia generally indicates hypo-osmolarity, but there are two excep-
tions. First, in marked hyperlipidemia (Chapter 195), the aqueous portion of 
a volume of plasma is reduced. Since Na+ is present only in the aqueous phase, 
the Na+ concentration appears to be low (pseudohyponatremia). Second, the 
serum Na+ concentration may be low in hyperglycemia (Chapter 216); because 
glucose does not readily enter the cells in patients with diabetes, it withdraws 
water from the cells, thereby leading to dilution of the serum Na+ concentra-
tion. However, the serum is hyperosmolar owing to the elevated concentration 
of osmotically active glucose.

The analysis of every case of true (hypo-osmolar) hyponatremia must con-
sider intake and output. Either free water intake minus insensible losses is 
elevated, renal free water output is decreased, or both.

The capacity of the normal kidney to excrete free water under normal hemo-
dynamic conditions is large—about 20 L/d. Only rarely, such as in psycho-
genic polydipsia, can a patient become hyponatremic simply by increasing 
water intake. The hallmark of psychogenic polydipsia is hyponatremia with a 
maximally dilute urine (osmolality well below 100 mOsm/kg). In most cases 
of hyponatremia, the normally large capacity of the kidney to excrete free 
water is compromised, so even a normal water intake can cause hyponatremia.

Control of Urine Dilution
For the kidney to generate a large volume of urine, a sufficient volume must 
reach the diluting segment. Oligoanuric acute renal failure (Chapter 112) and 
severe chronic renal failure (Chapter 121) are clinical situations in which a 
low glomerular filtration rate impairs delivery. In hypotension (Chapter 98), 
extracellular volume depletion, or edematous states associated with arterial 
underfilling, increased proximal tubular reabsorption results in decreased 
delivery to the diluting segment. However, the reduced delivery itself is a 
relatively minor effect compared with the accompanying elevation in ADH.

To form dilute urine, salt must be reabsorbed and water left behind by 
healthy cells with vigorous active transport processes. To excrete large volumes 
of dilute urine, the tubule must remain impermeable to water after a dilute 
urine has been formed. To achieve this goal, ADH secretion must be inhibited.

ADH secretion can be in response to osmotic stimuli or volume stimuli. 
Hypotension, extracellular volume depletion, and the edematous states (heart 

TABLE 108-2 GROUPS OF CONDITIONS ASSOCIATED  
WITH HYPO-OSMOLALITY

CONDITION EXAMPLE
Extracellular volume depletion and the effective plasma 

volume depletion of the edematous disorders
Heart failure, cirrhosis, 

nephrosis
Syndrome of inappropriate ADH secretion (SIADH) See Table 108-3
Endocrine disorders with euvolemia on physical 

examination
Hypothyroidism

Increased ADH due to drugs Chlorpropamide
Renal failure
Thiazide diuretics

Acute or chronic
Hypertension in the elderly

ADH = antidiuretic hormone.

patients. In addition, prostaglandins also enhance the effects of angiotensin 
II. When NSAIDs are administered to volume-depleted patients with elevated 
angiotensin II, the effect of angiotensin II is potentiated, the filtration fraction 
is increased, the proximal tubular reabsorption of water is increased, and the 
distal delivery of water is diminished. As a result, free water excretion is 
decreased.

 Syndrome of Inappropriate ADH Secretion (SIADH)
With constant salt intake and low water intake, ADH causes no major per-
turbations. If water intake is increased, however, the excretion of water does 
not rise proportionately, and the retained water causes an increase in weight. 
The plasma osmolality, and thus serum Na+ concentration, declines. Accom-
panying the increase in weight is an increase in salt excretion. If water intake 
then returns to low levels, the salt diuresis stops. Thus, it is water retention 
that causes the increased salt excretion.

If large volumes of water are ingested in the presence of high concentrations 
of ADH, the large volumes of dilute urine in the loop of Henle will all be 
reabsorbed in the collecting duct. The water that is reabsorbed will be retained 
and distributed in the various fluid compartments, thereby leading to a decrease 
in the osmotic pressure of the body fluids as reflected by measurements of 
the plasma osmolality or serum Na+ concentration, both of which will be low. 
Two thirds of the retained water will go into the cells, and one third will 
remain in the extracellular space. Since water is noncompressible, the volume 
of the intravascular space will increase. A subclinical increase in the extracel-
lular volume (the patient appears euvolemic on physical examination) will 
lead to a decrease in salt reabsorption. The mechanisms are the reverse of 
those that produce salt retention in volume depletion. In volume expansion, 
angiotensin II and aldosterone will be suppressed, the renal plasma flow and 
glomerular filtration will tend to be higher than normal, and the filtration 
fraction will be lower than normal. The amount of fluid reabsorbed in the 
proximal tubule will be less, and solutes such as urea and uric acid will be 
more dilute and thus less likely to diffuse out of the tubule. The plasma cre-
atinine level also will be normal or slightly lower than normal as a reflection 
of the small increase in glomerular filtration rate.

The syndrome of SIADH (see Table 108-3)4 is seen with tumors that secrete 
ADH. In various pulmonary abnormalities and CNS disorders, ADH secretion 
is increased for unknown reasons. A number of medications are also associated 
with SIADH.5

 Hypo-osmolality Due to Endocrine Disorders  
with Euvolemia
Several problems can lead to decreased water excretion in hypothyroid (Chapter 
213) patients, who typically have high ADH levels, perhaps owing to a decrease 
in cardiac output. However, hypo-osmolality is frequently out of proportion 
to the clinical signs of decreased cardiac output. Thyroid hormone also appears 
necessary to maintain the number of sodium pumps in the kidney; because 
salt reabsorption in the ascending limb of the loop of Henle is dependent on 
sodium pumping, more Na+ will be lost in the urine.

Glucocorticoid deficiency, especially in hypopituitarism, leads to increased 
release of ADH. Cardiac output is decreased; but, as with hypothyroidism, a 
non-volume stimulus to ADH likely contributes.

 Hypovolemia
Hypovolemia, which is a contraction of intravascular volume, can be caused 
by renal and nonrenal conditions (Table 108-4).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical manifestations of hypovolemia depend on its magnitude, the rate 
at which it developed, and what fluid was lost. A detailed history will usually 
reveal underlying bleeding, polyuria, gastrointestinal losses, medications, and 
diaphoresis. However, gradual volume loss with an intravascular volume con-
traction of less than 5% may be asymptomatic and associated with few physical 
findings. An intravascular volume contraction of 5 to 15% typically causes 
symptoms and signs, often including postural lightheadedness and weakness. 
Thirst is common as the volume loss worsens. Hemodynamic collapse (hypo-
volemic shock; Chapter 98) can occur with more rapid volume loss.

On physical examination, jugular venous pressure will generally be less 
than 5 cm H2O in the absence of confounding factors. Findings such as reduced 
skin or eyeball turgor and dry mucous membranes are not reliable indicators 
of hypovolemia.

In addition to oliguria with a high urine osmolality and a low urine sodium 
concentration (<20 mEq/L), hemoconcentration can raise the hemoglobin 
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patients. In addition, prostaglandins also enhance the effects of angiotensin 
II. When NSAIDs are administered to volume-depleted patients with elevated 
angiotensin II, the effect of angiotensin II is potentiated, the filtration fraction 
is increased, the proximal tubular reabsorption of water is increased, and the 
distal delivery of water is diminished. As a result, free water excretion is 
decreased.

 Syndrome of Inappropriate ADH Secretion (SIADH)
With constant salt intake and low water intake, ADH causes no major per-
turbations. If water intake is increased, however, the excretion of water does 
not rise proportionately, and the retained water causes an increase in weight. 
The plasma osmolality, and thus serum Na+ concentration, declines. Accom-
panying the increase in weight is an increase in salt excretion. If water intake 
then returns to low levels, the salt diuresis stops. Thus, it is water retention 
that causes the increased salt excretion.

If large volumes of water are ingested in the presence of high concentrations 
of ADH, the large volumes of dilute urine in the loop of Henle will all be 
reabsorbed in the collecting duct. The water that is reabsorbed will be retained 
and distributed in the various fluid compartments, thereby leading to a decrease 
in the osmotic pressure of the body fluids as reflected by measurements of 
the plasma osmolality or serum Na+ concentration, both of which will be low. 
Two thirds of the retained water will go into the cells, and one third will 
remain in the extracellular space. Since water is noncompressible, the volume 
of the intravascular space will increase. A subclinical increase in the extracel-
lular volume (the patient appears euvolemic on physical examination) will 
lead to a decrease in salt reabsorption. The mechanisms are the reverse of 
those that produce salt retention in volume depletion. In volume expansion, 
angiotensin II and aldosterone will be suppressed, the renal plasma flow and 
glomerular filtration will tend to be higher than normal, and the filtration 
fraction will be lower than normal. The amount of fluid reabsorbed in the 
proximal tubule will be less, and solutes such as urea and uric acid will be 
more dilute and thus less likely to diffuse out of the tubule. The plasma cre-
atinine level also will be normal or slightly lower than normal as a reflection 
of the small increase in glomerular filtration rate.

The syndrome of SIADH (see Table 108-3)4 is seen with tumors that secrete 
ADH. In various pulmonary abnormalities and CNS disorders, ADH secretion 
is increased for unknown reasons. A number of medications are also associated 
with SIADH.5

 Hypo-osmolality Due to Endocrine Disorders  
with Euvolemia
Several problems can lead to decreased water excretion in hypothyroid (Chapter 
213) patients, who typically have high ADH levels, perhaps owing to a decrease 
in cardiac output. However, hypo-osmolality is frequently out of proportion 
to the clinical signs of decreased cardiac output. Thyroid hormone also appears 
necessary to maintain the number of sodium pumps in the kidney; because 
salt reabsorption in the ascending limb of the loop of Henle is dependent on 
sodium pumping, more Na+ will be lost in the urine.

Glucocorticoid deficiency, especially in hypopituitarism, leads to increased 
release of ADH. Cardiac output is decreased; but, as with hypothyroidism, a 
non-volume stimulus to ADH likely contributes.

 Hypovolemia
Hypovolemia, which is a contraction of intravascular volume, can be caused 
by renal and nonrenal conditions (Table 108-4).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical manifestations of hypovolemia depend on its magnitude, the rate 
at which it developed, and what fluid was lost. A detailed history will usually 
reveal underlying bleeding, polyuria, gastrointestinal losses, medications, and 
diaphoresis. However, gradual volume loss with an intravascular volume con-
traction of less than 5% may be asymptomatic and associated with few physical 
findings. An intravascular volume contraction of 5 to 15% typically causes 
symptoms and signs, often including postural lightheadedness and weakness. 
Thirst is common as the volume loss worsens. Hemodynamic collapse (hypo-
volemic shock; Chapter 98) can occur with more rapid volume loss.

On physical examination, jugular venous pressure will generally be less 
than 5 cm H2O in the absence of confounding factors. Findings such as reduced 
skin or eyeball turgor and dry mucous membranes are not reliable indicators 
of hypovolemia.

In addition to oliguria with a high urine osmolality and a low urine sodium 
concentration (<20 mEq/L), hemoconcentration can raise the hemoglobin 

collecting duct owing to the absence of aldosterone. In contrast to other patients 
with extracellular volume depletion, urinary sodium excretion will be high in 
these patients. Glucocorticoid deficiency may also contribute to the develop-
ment of hyponatremia (see below).

Thiazide-Induced Hyponatremia
Hyponatremia associated with thiazide use, which is the most common cause 
of drug-induced hyponatremia, occurs in about 9% of treated patients. However, 
diuretics are among the most if not the most widely used drugs, so the absolute 
number of affected patients is enormous. Most such patients are older and 
female; when they develop hyponatremia, it usually is associated with an 
appropriate increase in thirst and water retention arising from volume deple-
tion. In at least 50% of patients with this adverse effect, the cause has been 
linked to a polymorphism that reduces the activity of the prostaglandin trans-
porter, thereby allowing molecules that are normally produced by the principal 
cells to remain in the urine and activate a signaling pathway that causes an 
increased water permeability. Thus, the collecting duct, which normally is 
impermeable to water in the absence of ADH, now has a finite water perme-
ability. Thiazides reduce free water generation because they inhibit Na+ reab-
sorption in the diluting segment. In addition, the mild volume depletion caused 
by thiazides induces a decrease in fluid delivery out of the proximal tubule, 
further reducing the volume of dilute urine generated by the kidney.

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)
NSAIDs inhibit prostaglandin synthesis, and prostaglandins inhibit the effect 
of ADH on the collecting duct. Thus, NSAIDs increase the sensitivity of the 
tubule to ADH. This effect will not in and of itself impair free water absorp-
tion unless the vasopressin level is increased, as it often is in volume-depleted 

TABLE 108-3 CAUSES OF THE SYNDROME OF 
INAPPROPRIATE ADH SECRETION

ECTOPIC ADH PRODUCTION FROM TUMORS

Bronchogenic carcinoma (Chapter 182)
Adenocarcinoma of pancreas (Chapter 185)
Adenocarcinoma of duodenum (Chapter 184)
Carcinoma of the ureter (Chapter 187)
Non-Hodgkin lymphoma (Chapter 176)
Hodgkin disease (Chapter 177)
Thymoma (Chapter 394)
PULMONARY DISEASE

Tuberculosis (Chapter 308)
Pneumonia (Chapter 91)
Aspergillosis with cavitation (Chapter 319)
Lung abscess (Chapter 84)
Chronic chest infections (e.g., bronchitis; Chapter 84)
Positive pressure mechanical ventilation (Chapter 97)
CENTRAL NERVOUS SYSTEM DISEASE

Brain tumor (Chapter 180)
Encephalitis (Chapter 386)
Meningitis (Chapter 384)
Brain abscess (Chapter 385)
Head injury (Chapter 371)
Subarachnoid hemorrhage (Chapter 380)
Guillain-Barré syndrome (Chapter 383)
Systemic lupus erythematosus (Chapter 250)
Acute intermittent porphyria (Chapter 199)
In response to stress (Chapter 103)
DRUG-INDUCED

Carbamazepine (Chapter 369)
Desmopressin (Chapter 212)
Oxytocin (Chapter 212)
Vinca alkaloids (Chapter 169)
Alkylating agents/antimetabolites (Chapter 169)
Interferons
Anticonvulsants (Chapter 375)
Antipsychotic agents (Chapter 369)
Nicotine (Chapter 29)
Cyclophosphamide (Chapter 32)
Morphine (Chapter 31)
Amitriptyline (Chapter 369)
Selective serotonin reuptake inhibitors (Chapter 369)
3-4-Methylenedioxymethamphetamine (Ecstasy; Chapter 31)
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level unless the patient is bleeding. The BUN will rise, often out of proportion 
to the rise in the serum creatinine level. The serum albumin concentration 
often rises with gastrointestinal, urinary, or skin losses of albumin-free fluids 
but falls when accompanied by albumin loss (e.g., proteinuria, protein-losing 
enteropathy, and burns). Loss of hypotonic fluids with inadequate water inges-
tion or replacement results in hypernatremia. Hypokalemia with metabolic 
alkalosis frequently accompanies vomiting and hypovolemia induced by thiazide 
and loop diuretics. By comparison, diarrhea often is associated with a non–
anion gap metabolic acidosis. Adrenal insufficiency is typically accompanied 
by hyperkalemia and mild metabolic acidosis.

Relative intravascular hypovolemia also is seen with the vasodilation that 
typically accompanies sepsis (Chapter 100), even though no fluid has been 
lost outside of the body. Such patients can be critically ill, but typically they 
will have warm extremities unlike patients in cardiogenic or true hypovolemic 
shock (Chapter 98). However, the reduced tissue perfusion in sepsis can reduce 
the level of consciousness and cause oliguria, elevated BUN and creatinine 
levels, and lactic acidosis.

TABLE 108-4 CAUSES OF ABSOLUTE AND  
RELATIVE HYPOVOLEMIA

RENAL

absolute
 Diuretics
 Inherited sodium-wasting tubulopathies
 Tubulointerstitial diseases
 Partial obstruction or postobstruction etiology
 Endocrine disorders (e.g., hypoaldosteronism, adrenal insufficiencies)
relative
 Nephrotic syndrome
EXTRARENAL

absolute
 Bleeding
 Gastrointestinal fluid loss (diarrhea, vomiting, ileostomy or colostomy secretions)
 Fluid loss from skin (burns, sweat)
 Respiratory fluid loss
relative
 Third space loss
 Sepsis

TABLE 108-5 PRIMARY AND SECONDARY RENAL SODIUM-
RETAINING STATES

PRIMARY

Oliguric renal failure
Chronic kidney disease
Glomerular disease, including nephrotic syndrome
Severe bilateral renovascular obstruction
Mineralocorticoid excess
Inherited sodium-retaining tubulopathies
SECONDARY

Cardiac failure
Cirrhosis
Idiopathic edema

Absolute Hypovolemia
The major goal in treating hypovolemia is to restore hemodynamic integrity 

and tissue perfusion (Chapter 98). The management approach includes treatment 
of the underlying disease state when possible, replacement of the volume deficit, 
and fluid administration to maintain volume despite any continuing losses.

Fluid therapy sometimes begins with a diagnostic fluid challenge to assess 
the response of the patient’s heart rate, blood pressure, and mentation. For 
example, a challenge dose of 500 mL of isotonic saline or lactated Ringer solu-
tion over 20 to 30 munutes is useful if a patient’s volume status is uncertain.6 
An interventional hemodynamic assessment may sometimes be helpful to guide 
initial fluid resuscitation, but neither routine invasive hemodynamic monitoring 
nor goal-directed fluid resuscitation is recommended. A1 

Fluid replacement should be guided by ongoing monitoring of clinical 
parameters rather than by a priori estimates of volume deficit.7 The infusion of 
1 L isotonic saline increases plasma volume by about 300 mL, whereas 1 L of 
5% dextrose in water (D5W) distributes uniformly throughout all body fluid 
compartments with only approximately 10 to 15% remaining in the intravascular 
compartment.

For an accompanying metabolic acidosis (Chapter 110), hypertonic sodium 
bicarbonate can be added to half-isotonic saline to create an isotonic replace-
ment fluid appropriate for the acid-base abnormality. Similarly, the addition 
of potassium chloride is indicated in patients with concomitant potassium 
depletion (Chapter 109). The administration of colloids generally is no better 
than crystalloids for fluid resuscitation. However, blood products are crucial for 
hemorrhage, and colloids may be helpful for burn patients (Chapter 103) and 
out-of-hospital trauma patients. Balanced crystalloid solutions (e.g., lactated 
Ringer solution or Plasma-Lyte A) are preferred over normal saline for criti-
cally ill patients A2  but have not shown incremental benefit in noncritically ill  
patients. A3 

TREATMENT 

 Hypervolemia
Hypervolemia is an expansion primarily of extravascular volume owing to 
primary or secondary renal sodium retention (Table 108-5).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical manifestations depend on the amount and relative distribution of 
accumulated fluid. Particularly harmful manifestations of hypervolemia include 
hypertension, pulmonary congestion, pleural effusions with compromised 
respiratory function, congestive hepatopathy, ascites, and peripheral edema 
that can be severe enough to compromise skin integrity and predispose the 
patient to cellulitis (Chapter 412).

On physical examination, left heart failure is associated with pulmonary 
venous congestion as manifested by pulmonary crackles (Chapter 52), and 
secondary right heart failure is associated with jugular venous distension (Fig. 
45-2), peripheral edema, hepatic congestion, and even ascites (see Fig. 137-4). 
Pitting peripheral edema (Fig. 45-6) usually requires 3 L of excess interstitial 
volume. Pleural effusions usually are a manifestation of combined right and 
left heart failure (Chapters 52 and 53). Heart failure alone is typically associ-
ated with normal or elevated systemic blood pressures. Relative hypotension 
suggests more severe heart failure or even cardiogenic shock (Chapter 99). 
When hypotension is caused by portal hypertension (as in cirrhosis) or hypo-
albuminemia, the clinical manifestations may be similar to pure right heart 
failure, except the jugular venous pressure will be low, not high.

Laboratory tests can provide evidence of cardiac, pulmonary, or liver disease. 
An elevated brain natriuretic peptide (BNP) level is seen in heart failure and 
other states of central venous overload. Hypoalbuminemia is seen in both 
cirrhosis and the nephrotic syndrome, but the latter is associated with marked 
proteinuria (Chapter 113). An elevated serum creatinine level suggests acute 
or chronic renal failure, which can be intrinsic or occur with advanced heart 
failure (cardiorenal syndrome) or hepatic cirrhosis (hepatorenal failure).

Treatment must be targeted based on the underlying cause to optimize 
hemodynamic parameters in heart failure (Chapter 53), improve liver function 
(Chapter 144), or treat the nephrotic syndrome (Chapter 113). The reduction 
of excess volume requires a negative sodium balance, which can be achieved 
by diuretic therapy or by dietary sodium restriction—or if these fail, by using 
extracorporeal fluid removal by ultrafiltration.

Diuretics
Diuretics (Table 108-6) enhance urinary excretion of sodium by inhibiting 

tubular reabsorption (E-Fig. 108-1).

Loop natriuretics
Loop diuretics are the most potent diuretics, even in patients with relatively 

compromised kidney function. Loop diuretics induce sodium loss by inhibiting 

TREATMENT 

Relative hypovolemia owing to peripheral vasodilation requires treatment 
of the underlying cause, such as sepsis (Chapter 100) or anaphylaxis (Chapter 
238). While this treatment is being instituted, isotonic crystalloid is the mainstay 
of treatment until vascular resistance and capacitance are restored to normal. 
Such patients also may require vasoconstrictor therapy (Chapter 100).

 Hyponatremia
 CLINICAL MANIFESTATIONS AND DIAGNOSIS

Hyponatremia, which is a plasma sodium concentration of less than 
136 mmol/L, is often an incidental finding on routine laboratory testing or 
is found as part of the investigation of other clinical syndromes. Hyponatremia 
may be hypertonic, isotonic, or hypotonic.8 Hypertonic hyponatremia is caused 
by an accumulation of non–sodium-containing effective solutes, such as very 
high concentrations of glucose in diabetic patients or exogenously administered 
mannitol or glycerol. Isotonic hyponatremia is not accompanied by any abnor-
malities in other electrolytes and nearly always reflects pseudohyponatremia 
from marked hyperlipidemia or hyperglobulinemia.

Hypotonic hyponatremia always reflects an important underlying disorder 
with abnormal retention of body water (see Table 108-2). Hypotonic hypona-
tremia can be further classified as hypervolemic (e.g., heart failure [Chapter 
53], cirrhosis with ascites [Chapter 144], advanced renal failure [Chapter 
121]), or hypovolemic hyponatremia (more sodium than water is lost through 
the gastrointestinal tract [diarrhea] or in the urine [e.g., thiazide diuretics], or 
ingested or administered replacement fluid is more hypotonic than the lost fluid).

The symptoms of hypotonic hyponatremia depend on its duration, severity, 
and rate of development.9 When it develops over hours to days, acute brain 
swelling or cerebral edema may be manifested as headache, lethargy, seizures, 
and decreased levels of consciousness that can lead to coma and death, espe-
cially in women between menarche and menopause.10 By comparison, if the 
rate of decline in the plasma sodium concentration is more gradual, osmotic 
adaptation may avoid serious clinical manifestations even with severe hypo-
natremia (plasma sodium concentration < 120 mmol/L).
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E-FIGURE 108-1. Major transport processes along the nephron segments and primary sites of action of diuretics. the site of action of diuretics is shown by numbers in parentheses 
in each nephron segment; numbers correspond to those next to the diuretics listed in the lower left section of the figure. aDH = antidiuretic hormone. (from Kokko JP. Diuretics. in: 
alexander rW, schlant rC, fuster V, eds. The Heart. 9th ed. new York: mcGraw-Hill; 1998.)
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TABLE 108-6 DIURETICS AND OTHER NATRIURETIC MEDICATIONS
DIURETICS IN COMMON USE DAILY DOSE RANGE ADVERSE REACTIONS COMMENTS
Thiazides (oral) Rash, neutropenia, thrombocytopenia, 

hyperglycemia, hyperuricemia
Usually not effective below GFR of 30-40 mL/mm 

(metolazone, 20-30 mL/mm)
Hydrochlorothiazide 25-100 mg
Metolazone 2.5-5 mg
Chlorthalidone 20-50 mg

Loop diuretics (oral or intravenous) Ototoxicity at high doses Rapid onset, short duration
Split doses in normal renal function; give intravenously in 

acute situations or if reduced gastrointestinal absorption
Can use up to 500 mg furosemide (or equivalent) in severe 

renal insufficiency
Furosemide 20-320 mg
Bumetanide 1-8 mg
Torsemide 20-200 mg

Potassium sparing Hyperkalemia Not very potent
Spironolactone 25-400 mg
Triamterene 25-100 mg
Amiloride 5-20 mg
Eplerenone 25-50 mg

Vaptans Constipation, increased thirst, hyperglycemia, 
hepatotoxicity

Used predominantly for hyponatremia
Tolvaptan 15-60 mg
Conivaptan 20-40 mg IV

GFR = glomerularfiltration rate

Sodium restriction does not clearly augment negative fluid balance over 
what can be achieved by furosemide alone. A7  If dietary sodium is not restricted, 
however, patients will require higher doses of diuretics and can reaccumulate 
fluid. Sodium restriction to 50 to 100 mmol/day, which requires abstention 
from added salt as well as from foods rich in sodium, may therefore be helpful. 
Sodium substitutes also can be useful, but they must be used with caution to 
avoid hyperkalemia if the salt substitute contains potassium. Caloric intake and 
nutrition must be monitored to ensure that a low-salt diet does not cause 
protein-energy malnutrition. Water restriction is not an appropriate therapy 
for hypervolemia and can be harmful unless the plasma sodium concentration 
is less than 135 mmol/L or symptomatic hyponatremia develops.

Extracorporeal Ultrafiltration
In a small subset of patients, either superimposed renal impairment or extreme 

resistance to natriuretic action may require the direct removal of excess volume 
by ultrafiltration, hemodialysis, or peritoneal dialysis (Chapter 122).

the coupled entry of Na+, Cl−, and K+ in the thick ascending limb of the loop of 
Henle, which is responsible for the reabsorption of about 25% of filtered sodium. 
Loop diuretics also cause hypercalciuria and are useful in some hypercalcemic 
states (Chapter 232). Side effects include hypokalemia and metabolic alkalosis.

Distal tubule natriuretics
Distal tubule natriuretics generally are used in the same conditions as loop 

natriuretics, except for chronic kidney disease and disorders of calcium metabo-
lism. Distal tubule natriuretics block the sodium chloride cotransport mecha-
nism across apical plasma membranes in the distal tubule. Thiazide natriuretics 
promote hypocalciuria and calcium retention and are useful in managing hyper-
calciuric states, including some forms of nephrolithiasis (Chapter 117). Like loop 
diuretics, thiazide diuretics may cause hypokalemia and metabolic alkalosis.

Collecting Duct natriuretics
Spironolactone and eplerenone compete with aldosterone and inhibit sodium 

absorption in the collecting duct, where they also suppress potassium secretion. 
Triamterene and amiloride, which directly block sodium uptake by collecting 
duct cells, also suppress potassium secretion. As a result, these collecting duct 
agents are used in combination with thiazide and loop natriuretics to avoid 
hypokalemia, but hyperkalemia may complicate their injudicious use. Spirono-
lactone and eplerenone are useful in managing disorders characterized by 
secondary hyperaldosteronism (such as cirrhosis with ascites), in promoting 
natriuresis in hypokalemic patients, and in competitively blocking nonepithe-
lial mineralocorticoid receptors in patients with left ventricular dysfunction 
(Chapter 53). Nesiritide, a recombinant version of a naturally occurring brain 
natriuretic peptide, is useful for patients with heart failure when combined 
with an angiotensin-converting enzyme inhibitor (enalapril). A4 

Proximal tubule natriuretics
Proximal tubule natriuretics are rarely if ever used as primary therapy but 

are occasionally helpful as supplements to loop natriuretics when loop natri-
uretics alone are insufficiently effective. Acetazolamide, which is a carbonic 
anhydrase inhibitor, blocks proximal reabsorption of sodium bicarbonate and 
can lead to hyperchloremic acidosis, in contrast to all other natriuretics, which 
act at loci before the late distal nephron. Metolazone blocks sodium chloride 
absorption in the proximal tubule as well as in the early distal tubule but can 
cause phosphaturia.

Combination Diuretic therapy
Patients with severe degrees of renal sodium avidity can be resistant to 

conventionally recommended doses of individual diuretic agent and may require 
combinations that act at different sites along the nephron. Adding tolvaptan 
(an arginine vasopressin V2 receptor antagonist, starting at 15 mg once daily 
and increased up to 60 mg once daily) to furosemide can increase the initial 
diuresis, especially in patients who have acute heart failure (and even more so 
in such patients who are also hyponatremic or have renal dysfuntion). However, 
the addition of tolvaptan to furosemide may not further improve dyspnea, 
perhaps because it is not a venodilator. A5 

,
 A6  Plasma concentrations of sodium, 

potassium, magnesium, calcium, and phosphate must be monitored carefully 
in such patients.

 Hyponatremia
 CLINICAL MANIFESTATIONS AND DIAGNOSIS

Hyponatremia, which is a plasma sodium concentration of less than 
136 mmol/L, is often an incidental finding on routine laboratory testing or 
is found as part of the investigation of other clinical syndromes. Hyponatremia 
may be hypertonic, isotonic, or hypotonic.8 Hypertonic hyponatremia is caused 
by an accumulation of non–sodium-containing effective solutes, such as very 
high concentrations of glucose in diabetic patients or exogenously administered 
mannitol or glycerol. Isotonic hyponatremia is not accompanied by any abnor-
malities in other electrolytes and nearly always reflects pseudohyponatremia 
from marked hyperlipidemia or hyperglobulinemia.

Hypotonic hyponatremia always reflects an important underlying disorder 
with abnormal retention of body water (see Table 108-2). Hypotonic hypona-
tremia can be further classified as hypervolemic (e.g., heart failure [Chapter 
53], cirrhosis with ascites [Chapter 144], advanced renal failure [Chapter 
121]), or hypovolemic hyponatremia (more sodium than water is lost through 
the gastrointestinal tract [diarrhea] or in the urine [e.g., thiazide diuretics], or 
ingested or administered replacement fluid is more hypotonic than the lost fluid).

The symptoms of hypotonic hyponatremia depend on its duration, severity, 
and rate of development.9 When it develops over hours to days, acute brain 
swelling or cerebral edema may be manifested as headache, lethargy, seizures, 
and decreased levels of consciousness that can lead to coma and death, espe-
cially in women between menarche and menopause.10 By comparison, if the 
rate of decline in the plasma sodium concentration is more gradual, osmotic 
adaptation may avoid serious clinical manifestations even with severe hypo-
natremia (plasma sodium concentration < 120 mmol/L).
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A discrepancy in which measured plasma osmolality exceeds calculated 
plasma osmolality, even after accounting for glucose and urea, indicates the 
presence of an unidentified small solute (osmolar gap), including alcohols 
(e.g., ethanol, methanol, ethylene glycol, and isopropyl alcohol) and the organic 
anions of weak acids, which raise the plasma anion gap. Because these small 
molecules do not affect the movement of water, the patient’s water balance is 
determined by the plasma sodium concentration. However, an osmolar gap 
should prompt a thorough investigation for poisoning, intoxication, or an 
organic acidosis (Chapter 110).

As soon as true hypotonic hyponatremia is established, the evaluation aims 
at classifying the cause into one of three categories based on the patient’s 
volume status (see Fig. 108-3). Abnormal liver function test results can provide 
adjunctive support for hepatic disease and a hypervolemic hyponatremic state. 
The diagnosis of heart failure should be made clinically, but it can be assisted 
by a BNP level, chest radiograph, or echocardiography (Chapter 52).

In the absence of a clinically obvious edema, a low urine sodium concen-
tration (<20 mmol/L) or a low fractional excretion of sodium (<1%) sup-
ports the diagnosis of hypovolemic hyponatremia secondary to extrarenal 
losses or past renal losses that have since abated. In hypovolemia caused by 
ongoing renal losses, the urine sodium concentration may remain high despite 
hypovolemia, but the fractional excretion of urea may also be low (<35%). A 
high urinary concentration of potassium is suggestive of potassium-depleting 
diuretic use, whereas the urinary potassium concentration of potassium is low 
(<20 mmol/L) if potassium is being lost because of diarrhea or vomiting.

The combination of hypotonic hyponatremia without hypovolemia, 
hypervolemia, hypothyroidism, or adrenal insufficiency combined with low 
plasma urea and uric acid concentrations strongly suggests SIADH. The urine 
sodium concentration typically is higher than 40 mmol/L, often higher than 
100 mmol/L. Lack of sustained improvement after a salt-containing volume 
challenge further supports the diagnosis of SIADH and should prompt 
a search for its cause (see Table 108-3). A radiograph or chest computed 
tomography scan may help identify intrathoracic lesions that are associated  
with SIADH.

A careful evaluation, including a review of prior plasma sodium values, 
will help determine the rate of decline and provide important clues to the 
cause (Fig. 108-3). The physical examination should assess for hypervolemia  
(Chapter 52). Conversely, orthostatic hypotension and tachycardia suggest 
hypovolemia. The BUN, plasma electrolytes, glucose level, and osmolality 
should be checked to allow comparison of the measured with the calculated 
plasma osmolality according to the following equation:

Plasma osmolality mOsm kg Na mmol L
blood urea nitrogen

( )
(

( )=
+

+2
[[ ] . ) ( )mg dL glucose[mg dL]2 8 18+

Other laboratory tests in selected patients should include liver function 
tests and measurement of plasma creatinine, uric acid, thyroid-stimulating 
hormone, and cortisol concentrations; if indicated, an adrenocorticotropic 
hormone stimulation test should be performed (Chapter 214). Symmetri-
cally elevated levels of both BUN and creatinine point to intrinsic renal 
disease, whereas a disproportionate elevation of BUN over creatinine sug-
gests hypovolemia with a tendency to prerenal azotemia (Chapter 112). In 
contrast, very low levels of BUN and uric acid are typical of both SIADH and 
the cerebral salt-wasting syndrome (see Normovolemic and Hypovolemic  
Hyponatremia).

About 85% of inpatients with hyponatremia have true hyponatremia, about 
25% of whom are hypovolemic, about 25% of whom have an edematous state, 
about one third of whom are normovolemic, and the remainder of whom 
usually have renal failure. Since the plasma sodium concentration declines by 
approximately 1.6 mmol/L for each increase of 100 mg/dL (5.5 mmol/L) in 
plasma glucose concentration, marked elevation in the plasma glucose con-
centration can cause hypertonic hyponatremia. In contrast to hyperglycemia, 
an elevated BUN does not alter the plasma sodium concentration, even though 
urea contributes to the laboratory measurement of plasma osmolality; thus, 
a hyponatremic patient with a normal or elevated laboratory measurement of 
plasma osmolality that can be fully attributed to an increased BUN should be 
considered as having hypotonic hyponatremia.

Diagnosis of types of
hyponatremia

Plasma
Osmolality

Low
(hypotonic)

Normal
(pseudohyponatremia)

High
(hypertonic)

Hyperlipidemia,
multiple

myeloma

Hyperglycemia,
mannitol

Hypovolemia
• Edema
• Total body water
• Total body sodium

Renal losses
Diuretics excess
Mineralocorticoid deficiency
Salt-losing nephropathy
Bicarbonaturia with RTA
   and metabolic alkalosis
Cerebral salt wasting

Extrarenal losses
Vomiting
Diarrhea
Third spacing of fluids
   • Burns
   • Pancreatitis
   • Trauma

Glucocorticoid
  deficiency
Hypothyroidism
Stress
Drugs
SIADH

Acute or chronic
renal failure

Nephrotic syndrome
Cirrhosis
Cardiac failure

U[Na] > 20 U[Na] > 20U[Na] < 20

Assessment of volume status

U[Na] > 20 U[Na] < 20

Euvolemia
• No edema
• Total body water
• Total body sodium

Hypervolemia
• Edema
• Total body water
• Total body sodium

FIGURE 108-3. Diagnostic approach to hyponatremia. rta = renal tubular acidosis; siaDH = syndrome of inappropriate antidiuretic hormone secretion. (modified from Halterman 
r, Berl t. therapy of dysnatremic disorders. in: Brady H, Wilcox C, eds. Therapy in Nephrology and Hypertension. Philadelphia: saunders; 1999:256; and Data from Cohen Dm, ellison DH. 
evaluating hyponatremia. JAMA. 2015;313:1260-1261.)

TREATMENT 
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Hypervolemic Hyponatremia
In hypervolemic hyponatremia, both water and sodium are in excess, but the 
excess of water is greater than the excess of sodium. The most frequent causes 
are heart failure (Chapter 52), decompensated cirrhosis (Chapter 144) with 
ascites (Chapter 137), and advanced renal failure (Chapter 122), just as in 
hypervolemia without hyponatremia. The urine sodium concentration is less 
than 20 mmol/L and the fractional sodium excretion is less than 1% (despite 
obvious volume expansion, commonly with edema) unless it is altered by a 
diuretic-induced natriuresis.

Normovolemic and Hypovolemic Hyponatremia
Normovolemic and hypovolemic hyponatremia may be difficult to distinguish 
from each other because mild hypovolemia can be difficult to detect on the 
history and physical examination. A low urine sodium concentration and low 
fractional excretion of sodium are characteristic of extrarenal hypovolemia, 
but the urine sodium concentration is usually elevated when hypovolemia is 
due to urinary loss.

Hypovolemic hyponatremia always signifies past or ongoing sodium loss 
(often with potassium) accompanied by a lesser degree of water loss, with 
appropriately elevated ADH levels in response to the hypovolemia. In most 
cases, loss of sodium results in volume depletion, which activates thirst, thereby 
inducing the patient to drink water; because volume-mediated ADH release 
is retained, hyponatremia develops. Hyponatremia is a common complica-
tion of diarrhea (Chapter 131) when the diarrheal fluid is secretory and rich 
in electrolytes. Sweating-induced hyponatremia occurs when individuals 
ingest high volumes of hypotonic fluid, often pure water, while losing sodium  
in sweat.

The renal causes of hypovolemic hyponatremia (see Fig. 108-3) include 
thiazide-induced hyponatremia and the cerebral salt-wasting syndrome. 
Thiazide-induced hyponatremia occurs when patients with impaired urinary 
diluting capacity excrete concentrated urine because thiazides do not affect 
the ability of the renal medulla to concentrate urine. Thiazide-treated patients 
are particularly susceptible to hyponatremia when they ingest or receive hypo-
tonic solutions that exceed their maximal capacity to excrete electrolyte-free 
water in their urine. In cerebral salt wasting, patients who have suffered a head 
injury or intracranial hemorrhage have inappropriate renal sodium wasting; 
ADH levels rise and patients develop hyponatremia if hypotonic fluid is then 
ingested or administered. SIADH also is characterized by a high urine sodium 
concentration and hyponatremia, but a high fractional excretion of uric acid 
is found only in cerebral salt wasting.

In normovolemic hypotonic hyponatremia, urine containing sodium con-
centrations greater than 40 mmol/L usually indicate SIADH (Table 108-3), 
but hypothyroidism (Chapter 213) and adrenal glucocorticoid insufficiency 
(Chapter 214) can be associated with hypotonic hyponatremia that mimics 
SIADH without clinically evident hypovolemia. Pregnancy, which also is 
associated with thirst as well as a reduction in the osmotic threshold for ADH 
release, results in mild hyponatremia (Chapter 226).

Another unusual setting for normovolemic hyponatremia is the “beer poto-
mania” syndrome.11 When patients consume large volumes of beer (rich in 
carbohydrates and water but poor in sodium and electrolytes), the absence 
of protein intake limits urea production and excretion, thereby limiting non-
electrolyte urinary solutes and hence urinary water excretion. Together with 
the large volumes of beer ingested, the result is the unusual combination of 
a normovolemic hypotonic hyponatremic state with low urine osmolality.

Treatment of hyponatremia varies depending on the urgency of the clinical 
situation, its cause, and the underlying diagnosis (Fig. 108-4). Hyponatremia 
should be approached from the perspective of free water intake compared 
with renal free water output.12

The first principle is that the rate of correction should be guided by the 
patient’s age, gender, and neurologic status, and any information about recent 
and past plasma sodium concentrations or osmolality values. Delayed correc-
tion of hyponatremia can perpetuate cerebral edema and result in irreversible 
neurologic damage and death, especially in women of reproductive age and 
in patients whose hyponatremia developed at a pace that outstripped the rate 
of osmotic adaptation in the brain. In contrast, overly rapid correction or cor-
rection to a sodium concentration that is above the level needed to safeguard 
the patient from the neurologic sequelae of cerebral edema can result in the 
devastating and often irreversible osmotic demyelination syndrome, which is 

TREATMENT 

• Identification and treatment 

If chronic

Symptomatic Asymptomatic

Chronic
Rarely <48 hr

No immediate
correction needed

Long-term management

of reversible causes
• Water restriction
• Tolvaptan, 15 mg daily 

(can increase up to 60 mg 
daily as needed)

Emergency correction needed
• Water restriction
• Continuous infusion
• 3% saline at 1-2 mL/kg/hr
  with furosemide

FIGURE 108-4. Treatment of severe normovolemic hyponatremia. (adapted from 
thurman J, Halterman r, Berl t. therapy of dysnatremic disorders. in: Brady H, Wilcox C, 
eds. Therapy in Nephrology and Hypertension. 2nd ed. Philadelphia: saunders; 2003; and 
from Berl t. Vasopressin antagonists. N Engl J Med. 2015;372:2207-2216.)

characterized by fluctuating levels of consciousness, pseudobulbar palsy, ataxia, 
dysarthria, difficulty in swallowing, and characteristic abnormalities in the region 
of the brain stem on magnetic resonance imaging (MRI).

The second principle is the importance of identifying and treating any under-
lying disorder, such as the hypervolemia of heart failure (Chapters 52 and 53). 
In hypovolemic patients, appropriate fluid administration can correct the 
hyponatremia.

Acute Hyponatremia
If hyponatremia is known to be acute (<24 to 48 hours) and is accompanied 

by severe neurologic symptoms (e.g., seizures or decreased level of conscious-
ness), correction should be rapid—a sodium infusion of 4 to 6 mmol/L in 4 to 
6 hours should be sufficient to reverse the most severe neurologic symptoms. 
The total increase in sodium concentration should not exceed 6 to 12 mmol/L 
in the first 24 hours or 18 mmol/L within 48 hours. Treatment relies on water 
restriction, with concentrated saline reserved for symptomatic patients in whom 
the response to vasopressin antagonists is too slow.13

Chronic Hyponatremia
Symptomatic hyponatremia or sodium concentrations below 125 to 

130 mmol/L require specific treatment, but mild degrees of asymptomatic 
hyponatremia can be tolerated for long periods. In patients who are known to 
have developed hyponatremia gradually or in whom there is no previous record, 
the targeted rate of increase in sodium concentration should not exceed 
0.5 mmol/L/hour, and the total rise in sodium concentration should not exceed 
8 mmol/L in any 24-hour period, even (and especially) if the initial sodium 
concentration is extremely low (<110 mmol/L), provided the hyponatremia is 
not accompanied by severe neurologic symptoms. Patients with severe degrees 
of chronic hyponatremia in the setting of malnutrition, alcoholism, or chronic 
illness are particularly susceptible to osmotic demyelination. Frequent monitor-
ing of the plasma sodium concentration and osmolality is crucial. If the safe 
target rate of correction is exceeded, osmotic demyelination can be prevented 
by slowing the correction rate, returning to a lower plasma sodium concentra-
tion by the judicious readministration of hypotonic solutions, or administering 
vasopressin analogues (see later).

In hypervolemic hyponatremia, the goal is to remove salt and water, but 
relatively more of the latter. Water restriction is helpful but is often inadequate. 
Treatment with the AVP V2-receptor antagonist tolvaptan (starting at 15 mg 
once daily, with a maximal dose of 60 mg once daily) increases plasma sodium 
levels by a mean of 3.6 mEq/L at 4 days and by 4.4 mEq/L at 30 days. Tolvaptan 
is as effective as 3% saline for correcting hyponatremia at 48 hours and better 
at 72 hours. A8  Tolvaptan also improves symptoms and outcomes in patients 
with hypervolemic hyponatremia, including decompensated heart failure and 
hepatic cirrhosis. A9  In acute decompensated heart failure, tolvaptan can reduce 
the need for very high furosemide doses and, therefore, its potential side 
effects. A10 

,
 A11  In mild to moderate asymptomatic hyponatremia (serum sodium 

concentration 121-134 mEq/L), tolvaptan reverses the hyponatremia and thereby 
improves neurocognition more than placebo. A12  Vaptans are also useful in 
normovolemic hyponatremic states, such as SIADH (see later), but they should 
be assiduously avoided in hypovolemic hyponatremic states.
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TABLE 108-7 CAUSES OF HYPERNATREMIA CLASSIFIED BY 
TOTAL BODY SODIUM CONTENT

Hypervolemia Hypertonic saline excess
Hypertonic sodium bicarbonate 

solutions
Hypertonicity with near normovolemia Diabetes insipidus

Febrile fluid loss
Hypovolemia Gastrointestinal loss (diarrhea, vomiting)

Skin fluid loss (burn, sweat)
Loop diuretics
Osmotic diuresis
Impaired thirst perception

Clinically, polyuria, which may be massive, is the hallmark of the disease. 
Although polyuria itself is not deleterious to health, it is a nuisance if the 
patient passes more than 6 or 7 liters of urine daily. It can be dangerous, 
however, if the thirst mechanism is depressed and hyperosmolarity supervenes. 
Repeated hyperosmolar episodes in such patients frequently lead to irrevers-
ible brain damage. If present from childhood, diabetes insipidus frequently 
leads to massive dilatation of the renal pelvis, ureters, and bladder.

 OSMOTIC DIURESIS
Large volumes of urine can be excreted in the presence of large amounts of 
a poorly reabsorbed solute, most commonly glucose. For example, when the 
blood sugar concentration rises above the capacity of the kidney to reabsorb 
all of the filtered glucose, a large volume of glycosuria results. In fact, polyuria 
and polydipsia are the most common presenting features of diabetes mellitus 
(Chapter 216).

The more blood that flows through the medulla, the less concentrated it 
becomes. In some clinical situations, such as intravascular volume expansion 
and osmotic diuresis, medullary blood flow increases, thereby leading to a 
“washout” of the medullary gradient. Osmotic diuretics also impair water 
reabsorption at the collecting duct.

Osmotic diuresis also occurs after the relief of obstruction to the urinary 
tract. In this situation, the principal osmotic agent is urea, although other 
retained solutes also play a role in diuresis.

As the number of functioning nephrons is gradually reduced in renal failure, 
the amount of solutes added is also reduced; hence the inability to concentrate 
the urine is an early sign of renal failure manifesting as nocturia and polyuria. 
Direct damage to medullary tubules can also decrease the reabsorption of 
salt, particularly with tubulointerstitial kidney diseases (Chapter 114), such 
as analgesic nephropathy and sickle cell disease.

 Polyuria
Polyuria (Table 108-8),16 which is defined as a urine output of more than 
3 L/day, should be distinguished from urinary frequency, which can occur 
with frequent voiding of small volumes totaling less than this amount per day. 
Polyuria can be a water diuresis or a solute diuresis.

When polyuria is associated with a urine osmolality of less than 250 mOsm/
kg, the cause is typically a defect in urine-concentrating ability. This defect 
can occur with an intrinsic renal injury, especially interstitial injury (Chapter 
114) in chronic renal disease, or with diabetes insipidus (Chapter 216).

 DIABETES INSIPIDUS
The failure to release ADH is termed central diabetes insipidus, whereas a 
lack of responsiveness to ADH is termed nephrogenic diabetes insipidus.17 In 
diabetes insipidus, the urine becomes progressively dilute as it ascends in the 
loop of Henle, reaching osmolalities as low as 100 to 150 mOsm/kg in the 
distal tubule. In the absence of ADH, it will be diluted further in the collecting 
tubules. The daily volume of this dilute urine can be as high as 20 liters.

Central diabetes insipidus results from destruction of the hypothalamus 
by tumor (Chapter 210), head injury (Chapter 371), hemorrhage (Chapter 
380), surgical trauma, or congenital causes. If the involved area is extensive, 
the thirst mechanism will also be impaired. A few patients who manifest partial 
diabetes insipidus can concentrate their urine, though not to maximal levels.

Nephrogenic diabetes insipidus can be caused by a mutation in the vaso-
pressin V2 receptor or the aquaporin 2 water channel. Drugs also can cause 
nephrogenic diabetes insipidus.18 For example, lithium, used in the treatment 
of manic-depressive psychosis (Chapter 369), commonly causes polyuria, 
which can be quite severe. Demeclocycline, a tetracycline commonly used in 
dermatologic conditions, also causes nephrogenic diabetes insipidus and is 
used to treat SIADH that cannot be controlled by water restriction.

The management of serious symptomatic hypovolemic hypernatremia is 
challenging and includes rapid correction of the depleted volume followed by 
gradual replacement of the water deficit. If volume contraction is severe, isotonic 
saline is generally the fluid of choice, and the volume and rate of administration 
should be guided by clinical parameters related to reversal of hypovolemia. 
After tissue perfusion has been restored, further fluid replacement aims to 
correct the estimated water deficit:

Total body water deficit premorbid weight Na= × × −0 4 140 1. ([ ] )

Unlike the initial isotonic fluid replacement, water replacement should be 
gradual over hours to days, so the rate of water replacement can match the 
rate at which brain intracellular solutes can be adaptively extruded or removed, 
unless the hypernatremia has itself clearly developed over minutes to hours. 
The estimated water deficit should be replaced at a rate that will lead to a 
reduction of approximately 0.5 to 1.0 mmol/L in measured plasma sodium 
concentration per hour and more than 6 mmol/L but no more than 10 to 
12 mmol/L in 24 hours. In addition to the estimated water deficit, water replace-
ment should consider estimated ongoing insensible water loss of at least 1 L 
per 24 hours, supplemented to account for ongoing water losses (renal or 
gastrointestinal) owing to the underlying disease process. Patients often require 
large volumes of water, sometimes reaching 5 to 10 L, for the duration of the 
correction period. This water requirement can be met by the dietary ingestion 
of tap water or administration of a hypotonic intravenous solution, such as 
D5W or half-isotonic saline. The sodium concentration should be monitored at 
least every 4 hours, and the patient’s volume status should be monitored to 
avoid hypervolemia.

The hypertonic state of uncontrolled diabetes with hyperglycemia (Chapter 
216) requires insulin as well as fluid therapy.15 Some hospitalized patients with 
hypervolemic hypernatremia require hypotonic solutions combined with a 
continuous infusion of loop diuretics or even extracorporeal removal of both 
the sodium and water excess. Once the sodium concentration has normalized, 
a patient with an intact thirst mechanism will generally correct the hypertonic 
state by spontaneous oral fluid intake.

TREATMENT 

TREATMENT 

Hypovolemic Hypotonic Hyponatremia
When hypovolemia is clearly evident (appropriate clinical history, orthostatic 

hypotension, low urine sodium concentration in the setting of extrarenal fluid 
losses, elevated plasma urea disproportionate to the rise in the serum creatinine 
level, and elevated uric acid concentrations), isotonic saline is the treatment 
of choice. However, caution should be exercised in the administration of isotonic 
saline to these patients because the administration of small volumes of isotonic 
saline can sometimes induce a brisk and rapid decrease in urine osmolality, an 
accompanying water diuresis, and an overly rapid correction of hyponatremia. 
Accordingly, hourly monitoring of urine output, urine osmolality, plasma sodium 
concentration, and plasma osmolality is required. A rapid drop in urine osmolal-
ity accompanied by water diuresis should prompt cessation of volume repletion 
and, in some cases, administration of hypotonic solutions or even analogues 
of vasopressin itself (see later) to bring the rise in sodium concentration to 
within the recommended guidelines. When hypovolemia is not clearly evident 
but cannot be excluded, a brisk drop in urine osmolality in response to a saline 
challenge confirms the suspicion of hypovolemia and simultaneously initiates 
therapy. In contrast, failure to induce such a response lends support to the 
diagnosis of normovolemic hyponatremia.

Normovolemic Hyponatremia
In patients with normovolemic hyponatremia, the appropriate therapeutic 

approach is to address the underlying hypothyroidism (Chapter 213), adrenal 
insufficiency (Chapter 214), or SIADH. If an underlying cause cannot be identi-
fied or reversed, treatment aims to generate a gradual net negative water 
balance. Titrated oral tolvaptan (beginning at 15 mg once daily and increasing 
to a maximum of 60 mg once daily) and an intact thirst mechanism are crucial 
to avoid polyuria or hypernatremia. In rare cases with an urgent need to correct 
the hyponatremia, intravenous conivaptan (20 mg loading dose followed by 
40 to 80 mg/day by continuous infusion) can be used cautiously. When volume 
status is in doubt, however, these agents are better avoided. Hemodialysis, 
which can rapidly raise the plasma sodium concentration, should be reserved 
for the most extreme cases of acute life-threatening hyponatremia for which 
no other solution is available (Chapter 122).

The laboratory diagnosis of hypernatremia should be repeated to confirm 
its accuracy and should be corroborated by an elevated plasma osmolality. 
The underlying cause is usually evident from the history and physical 
examination.

In hypovolemic hypernatremia with extrarenal fluid loss, urine output is 
usually less than 500 mL/day and urine osmolality is the maximum for age 
(>1000 mOsm/kg in young adulthood decreasing to >600 mOsm/kg by age 
60 years). Polyuria with a submaximal urine osmolality suggests impaired 
urine-concentrating ability, owing to underlying intrinsic renal disease or 
diuretic agents. A spot urine osmolality less than 100 to 200 mOsm/kg or 
polyuria (>3 L/day) combined with 24-hour urine solute excretion less than 
600 mOsm/day suggests diabetes insipidus (see later). In contrast, daily 
solute excretion greater than 800 to 1000 mOsm/day suggests an osmotic  
diuresis.

Hypervolemic hypernatremia is usually associated with prior administration 
of sodium-containing solutions, and the findings on physical examination are 
consistent with volume expansion. In the absence of underlying intrinsic renal 
disease or diuretic use, urine osmolality is high because the hypertonic stimulus 
to release vasopressin overrides the effects of hypervolemia. Hypernatremia

Hypernatremia (a plasma sodium concentration higher than 144 mmol/L) 
always reflects a state of hypertonicity, with an increased concentration of 
osmotically active solutes throughout all body fluid compartments. Under 
normal conditions, the obligate daily loss of water is approximately 500 mL, 
consisting mostly of the water vapor in expired air and the loss due to insen-
sible sweating. The minimal amount of water needed to keep the urinary 
solutes in solution is about 500 mL per day. However, sweating in hot, dry 
environments can lead to massive water losses as high as 1 L/hr. If the daily 
water intake is less than the obligate water loss, the osmotic pressure of the 
body fluids will increase.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Although hypernatremia can be diagnosed as an incidental laboratory abnormal-
ity, it most commonly occurs in the setting of a severe underlying disease with 
other accompanying disturbances to body fluid homeostasis (Table 108-7). 
Patients with hypovolemic hypernatremia have lost both sodium and water, but 
the net loss of water is disproportionately greater than the net loss of sodium.

The main clinical consequences of increased body fluid tonicity are confu-
sion, seizures, focal neurologic deficits, and a progressively decreasing level 
of consciousness that can progress to coma. In the absence of an underlying 
neurologic problem or disturbance in the thirst mechanism, the patient would 
be expected to complain of thirst unless the neurologic injury has disturbed 
consciousness. Failure to replace hypotonic fluid losses generally reflects impair-
ment in thirst, disability or infirmity that prevents the patient from responding 
to thirst, or failure of the clinician to recognize the need for hypotonic fluid 
replacement. Rarely, impaired thirst in patients who are awake and alert can 
be caused by damage to the hypothalamic osmoreceptors that control thirst 
perception and response, a condition known as primary hypodipsia. In patients 
with hypernatremia of sufficient duration to enable brain cells to undergo 
osmotic adaptation, few if any clinical manifestations are observed.

The causes of hypernatremia include loss of thirst or increased insen-
sible loss of water, diabetes insipidus, or osmotic diuresis. Renal failure 
(Chapter 122) and tubulointerstitial disease (Chapter 114) cause relatively 
mild concentrating defects and tend not to be associated with significant 
hypernatremia, provided that a normal mechanism can readily compensate  
for it.14

Grade A References
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Clinically, polyuria, which may be massive, is the hallmark of the disease. 
Although polyuria itself is not deleterious to health, it is a nuisance if the 
patient passes more than 6 or 7 liters of urine daily. It can be dangerous, 
however, if the thirst mechanism is depressed and hyperosmolarity supervenes. 
Repeated hyperosmolar episodes in such patients frequently lead to irrevers-
ible brain damage. If present from childhood, diabetes insipidus frequently 
leads to massive dilatation of the renal pelvis, ureters, and bladder.

 OSMOTIC DIURESIS
Large volumes of urine can be excreted in the presence of large amounts of 
a poorly reabsorbed solute, most commonly glucose. For example, when the 
blood sugar concentration rises above the capacity of the kidney to reabsorb 
all of the filtered glucose, a large volume of glycosuria results. In fact, polyuria 
and polydipsia are the most common presenting features of diabetes mellitus 
(Chapter 216).

The more blood that flows through the medulla, the less concentrated it 
becomes. In some clinical situations, such as intravascular volume expansion 
and osmotic diuresis, medullary blood flow increases, thereby leading to a 
“washout” of the medullary gradient. Osmotic diuretics also impair water 
reabsorption at the collecting duct.

Osmotic diuresis also occurs after the relief of obstruction to the urinary 
tract. In this situation, the principal osmotic agent is urea, although other 
retained solutes also play a role in diuresis.

As the number of functioning nephrons is gradually reduced in renal failure, 
the amount of solutes added is also reduced; hence the inability to concentrate 
the urine is an early sign of renal failure manifesting as nocturia and polyuria. 
Direct damage to medullary tubules can also decrease the reabsorption of 
salt, particularly with tubulointerstitial kidney diseases (Chapter 114), such 
as analgesic nephropathy and sickle cell disease.

 Polyuria
Polyuria (Table 108-8),16 which is defined as a urine output of more than 
3 L/day, should be distinguished from urinary frequency, which can occur 
with frequent voiding of small volumes totaling less than this amount per day. 
Polyuria can be a water diuresis or a solute diuresis.

When polyuria is associated with a urine osmolality of less than 250 mOsm/
kg, the cause is typically a defect in urine-concentrating ability. This defect 
can occur with an intrinsic renal injury, especially interstitial injury (Chapter 
114) in chronic renal disease, or with diabetes insipidus (Chapter 216).

 DIABETES INSIPIDUS
The failure to release ADH is termed central diabetes insipidus, whereas a 
lack of responsiveness to ADH is termed nephrogenic diabetes insipidus.17 In 
diabetes insipidus, the urine becomes progressively dilute as it ascends in the 
loop of Henle, reaching osmolalities as low as 100 to 150 mOsm/kg in the 
distal tubule. In the absence of ADH, it will be diluted further in the collecting 
tubules. The daily volume of this dilute urine can be as high as 20 liters.

Central diabetes insipidus results from destruction of the hypothalamus 
by tumor (Chapter 210), head injury (Chapter 371), hemorrhage (Chapter 
380), surgical trauma, or congenital causes. If the involved area is extensive, 
the thirst mechanism will also be impaired. A few patients who manifest partial 
diabetes insipidus can concentrate their urine, though not to maximal levels.

Nephrogenic diabetes insipidus can be caused by a mutation in the vaso-
pressin V2 receptor or the aquaporin 2 water channel. Drugs also can cause 
nephrogenic diabetes insipidus.18 For example, lithium, used in the treatment 
of manic-depressive psychosis (Chapter 369), commonly causes polyuria, 
which can be quite severe. Demeclocycline, a tetracycline commonly used in 
dermatologic conditions, also causes nephrogenic diabetes insipidus and is 
used to treat SIADH that cannot be controlled by water restriction.

TABLE 108-8 REASONS FOR POLYURIA
WATER DIURESIS

Diabetes insipidus
Central (neurogenic)

Inherited
Acquired (e.g., tumors, trauma, hypoxia)

Nephrogenic
Hypercalcemia
Amyloidosis
Drugs (e.g., lithium, foscarnet, cidofovir, vaptans)
Sjögren syndrome
Sickle cell disease
Inherited

Polydipsia
Primary (e.g., hypothalamic)
Psychogenic

SOLUTE DIURESIS

Sodium
Excess sodium intake (oral, enteral, parenteral)
Renal sodium wasting (e.g., inherited tubulopathies, interstitial nephritis, 

natriuretic drugs)
Anion based (sodium is usually the associated cation)

Chloride excretion (e.g., Bartter syndrome, loop diuretic)
Bicarbonate excretion (e.g., exogenous bicarbonate, carbonic anhydrase 

inhibition)
Glucose/keto acids

Diabetic ketoacidosis
Hyperglycemic-hyperosmolar syndrome
Renal glycosuria

Sugar alcohols
External loading (e.g., mannitol, glycerol)

Urea
Exogenous loading (e.g., urea, protein, amino acids)
Diuretic phase of acute kidney injury
Post-obstructive diuresis
Hypercatabolic states
Hemoglobin/myoglobin driven (post-rhabdomyolysis or reabsorption of a 

hematoma)
Other

Radiocontrast agents

The clinical manifestations and treatment of polyuria should address its 
underlying causes. Depending on the nature of fluid intake and medication 
used at the onset of polyuria, a significant percentage of polyuric patients will 
have alterations in plasma sodium and volume, so treatment must also address 
these accompanying fluid and electrolyte abnormalities.

TREATMENT 
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109 
POTASSIUM DISORDERS
JULIAN LAWRENCE SEIFTER

 DEFINITION
Maintenance of a normal and narrow range of blood plasma potassium con-
centration, [K+], usually on the order of 3.5 to 5.0 mmol/L, is vital for health. 
Hyperkalemia refers to an increased plasma [K+], and hypokalemia to a decreased 
[K+]. Within the human body, K+ is not equally distributed in the total body 
water. Approximately two thirds of body water is intracellular, and K+ is the 
major cation within that compartment, reaching concentrations as high as 
140 meq/L. Consequently, more than 98% of K+ resides within cells. An excess 
of total body K+ stores is less common than K+ depletion unless renal function 
is compromised. K+ adaptation defines changes in regulatory mechanisms 
resulting from K+ excesses or deficits.

 EPIDEMIOLOGY
K+ is ubiquitous in both plant and animal dietary sources, so avoiding K+ is 
difficult. Nevertheless, disorders of K+ balance are common in both inpatient 
and outpatient settings. Diets high in K+ and low in Na+ are associated with 
lower blood pressure and decrease the risk of cardiovascular disease, including 
stroke and chronic kidney disease. Hypokalemia is associated with increased 
mortality, especially in patients with heart disease,1 whereas renal dialysis 
patients with hyperkalemia have a higher cardiovascular mortality. Mild 
decreases in plasma [K+] are seen in healthy well-trained athletes and during 
normal pregnancy. Patients with chronic kidney disease (Chapter 121) and 
insulin-deficient diabetes (Chapter 216) have a tendency to develop hyper-
kalemia with high-K+ diets or treatment with medications that interfere with 
the renin-angiotensin-aldosterone system.2 Starvation, gastrointestinal disease, 
commonly used diuretics, and other medications may cause hypokalemia. 
Some renal disorders, such as tubular interstitial diseases and urinary tract 
obstruction, may be associated with hyperkalemia, whereas others, such as 
the Fanconi syndrome, result in hypokalemia. Endocrine diseases, including 
adrenal insufficiency (Chapter 214), characteristically cause hyperkalemia, 
whereas hypokalemia is a common finding in patients who have adrenal 
aldosterone-secreting adenomas or tumors with ectopic secretion of adreno-
corticotropic hormone (ACTH).

 PATHOBIOLOGY
Potassium Balance
Most cells express sodium-potassium adenosine triphosphatase (Na+, K+-
ATPase) on the cell plasma membranes and thereby use metabolic energy in 
the form of ATP to develop gradients of Na+ and K+. As a result, cellular [K+] 
may exceed extracellular concentrations 35-fold. These established electro-
chemical gradients enable normal muscle and neural function, as well as trans-
cellular solute transport in intestinal and renal epithelia. K+ entry into cells is 
balanced by extrusion by K+ channels and transporters in a regulated and 
coordinated fashion.

The total body amount of K+ is usually on the order of 50 mmol/kg of body 
weight, so a 70-kg individual has a store of about 3500 mmol of K+, mostly 
in skeletal muscle. By comparison, the entire extracellular fluid, which is 
approximately 20% of body weight, or 14 L in a 70-kg person, may have a K+ 
content of only 50 to 60 mmol. Potassium ingestion at the time of a meal may 
be as high as total extracellular potassium. Consumption on the order of 50 
to 100 mmol would cause a rapid rise in extracellular potassium concentration 
after meals if it were not for the ability of potassium to distribute within 
minutes from the extracellular space to the intracellular space. The intracellular 
space, given its large volume and potassium content, can accommodate, or 
buffer, an extra load of potassium without significant changes in plasma or 
cellular concentration. Matching of dietary potassium intake to renal elimina-
tion from the body occurs within hours.

Discordance between total body stores and the plasma [K+], owing to shifts 
between the intracellular and extracellular compartments, is the reason that 
total body potassium is poorly reflected by the plasma potassium concentra-
tion. Therefore, hyperkalemia may occur despite K+ depletion, and hypokalemia 
despite K+ excess.

The Importance of Potassium
Potassium is essential for a number of critical body functions, including enzy-
matic reactions that regulate protein and glycogen synthesis, as well as for cell 
growth and division. The ability of cells to take up or to extrude potassium 
contributes to the regulation of cell volume during periods of osmotic stress. 
Because of the relative magnitudes of cellular and extracellular concentrations, 
larger percentage changes tend to occur in the extracellular potassium con-
centration, which consequently has the greatest impact on the electrical prop-
erties across cell membranes. In excitable cells, such as cardiac myocytes and 
skeletal muscle, the relationship of intracellular to extracellular potassium 
concentration contributes to the resting membrane potential. Hypokalemia 
hyperpolarizes these cells and decreases potassium conductance in some 
potassium channels required for repolarization (Chapter 55).

The increased potassium conductance in hyperkalemia antagonizes the 
normal slow depolarization of pacemaker tissue that is usually associated 
with a decrease in potassium conductance. Certain muscle-depolarizing 
anesthetic agents, such as succinylcholine, may potentiate the effects of  
hyperkalemia.

Potassium is as important a body fluid osmole as sodium, and potassium 
losses, as occur with thiazide diuretics, are replaced by sodium in the intracel-
lular space, thereby contributing to diuretic-induced hyponatremia (Chapter 
108). Iso-osmotic losses of potassium and sodium salts in watery diarrhea 
(Chapter 131) may result in isotonic extracellular volume depletion. Similarly, 
if potassium chloride is added to isotonic saline, the resultant hypertonic 
solution causes potassium to enter cells as sodium exits, thereby contributing 
to hypernatremia.

Potassium is also an important local mediator of vascular tone in muscle 
beds. During exercise, local interstitial fluid potassium concentrations may 
rise several-fold, thereby causing local vasodilation to allow more blood supply 
to the exercising muscle, but also resulting in sarcolemmal depolarization that 
creates muscle fatigue. Very little of that potassium enters the total extracel-
lular fluid, so severe hyperkalemia does not usually occur with exercise. The 
trained athlete develops an adaptive increase in Na+, K+-ATPase to allow efficient 
re-uptake of potassium into muscle cells. Experienced marathoners know that 
their diet must provide adequate potassium stores needed for muscle endur-
ance because overexertion during a state of potassium depletion can lead to 
rhabdomyolysis (Chapter 105).

Potassium excretion follows a circadian rhythm. This rhythm appears to 
include a feed-forward mechanism that correlates the highest level of urinary 
potassium excretion to coincide with anticipated dietary intake of potassium. 
The relationship likely involves potassium sensing within the gastrointestinal 
tract or splanchnic or hepatic circulation. In healthy humans, potassium excre-
tion is greatest during the daytime hours and can increase several-fold without 
requiring a change in the blood potassium level. Independent of aldosterone, 
a direct relationship between increased potassium and sodium excretion may 
account for the beneficial association of high-potassium diets with lower blood 
pressures. Additionally, increased dietary potassium may restore a nocturnal 
dip in blood pressure, thereby potentially reducing cardiac risk in hyperten-
sive patients. The distribution of potassium between the extracellular and 
intracellular spaces also shows a circadian variation that may contribute to 
the diurnal variance in cardiac arrhythmias and sudden death in patients  
at risk.

Renal Potassium Handling
In the kidney, potassium excretion begins with filtration. Because the extra-
cellular concentration of potassium is approximately 4 mmol/L and that of 
sodium is 140 mmol/L, far less potassium is filtered than sodium. The renal 
proximal tubule reabsorbs potassium, primarily by the paracellular pathway, 
in the process of reabsorbing sodium and water. In the thick ascending limb 
of the loop of Henle, potassium is reabsorbed both by the apical sodium–
potassium–2 chloride cotransporter (NKCC2) and, like calcium and mag-
nesium, by paracellular reabsorption of the cation. The latter mechanism 
is a consequence of the electropositive lumen created by the recycling of 
potassium from the cell to the lumen through renal outer medullary potas-
sium channels (ROMK). Some potassium that is reabsorbed in the thick 
ascending limb re-enters the tubular fluid when it is secreted into the thin 
descending limb in a process known as medullary potassium recycling. 
The resulting high interstitial potassium concentrations may enable potas-
sium excretion from the medullary collecting duct by limiting potassium 
backleak. Luminal ammonium (NH4

+) can substitute for potassium on the 
thick limb NKCC2; the resulting increase in medullary interstitial fluid NH4

+ 
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ABSTRACT
Potassium is ubiquitous in animal and plant cells, where it subserves critical 
electrophysiologic roles in excitable cells and transport functions in epithelial 
cells. Functions such as growth, protein synthesis, and osmotic survival require 
adequate potassium. There must be intact food sources of K+ and a high capac-
ity to eliminate K+ from the body (external balance). Since more then 98% 
of K+ lies within the intracellular space, there must be effective mechanisms 
to buffer dietary loads of K+ within cells (internal balance) while the slower 
excretory processes achieve balance. This chapter discusses the normal path-
ways of K+ handling by the renal epithelial cells in states of both depletion 
and excess of K+. Mechanisms of reabsorption and secretion are considered, 
with emphasis given to the distal nephron’s regulation of K+ handling, the 
role of urinary flow rates, secretory and reabsorptive channels and pumps 
depending on metabolic energy. Interconnections with acid-base disorders, 
salt, and osmotic balance are also discussed. Syndromes associated with hyper-
tension or hypotension, acidosis or alkalosis are reviewed, as are hormonal, 
acquired, and genetic disorders. The consequences and physiologic manage-
ment of hyperkalemia and hypokalemia are also reviewed.
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dehydrogenase type 2 is present in the principal cells and converts cortisol to  
inactive cortisone.

Role of Potassium Secretory Channels  
and Tubular Flow Rate
Potassium secretion requires adequate function of several types of potassium 
secretory channels on the luminal membranes of distal nephron cells. Two 
predominant potassium channels are present in the apical membranes of the 
collecting duct cells. The renal outer medullary potassium channel (ROMK), 
which is located on the apical membrane of the principal cell in the connecting 
tubule and cortical collecting duct, is aldosterone sensitive, is increased by 
dietary potassium loads, and likely subserves constitutive K+ secretion under 
basal conditions. ROMK undergoes new synthesis and increased cycling to 
the apical membrane under the control of aldosterone. The principal cell also 
mediates vasopressin-responsive water reabsorption. Factors regulating ROMK 
channels include antidiuretic hormone (ADH) and intracellular pH. The 
increase in ROMK channel activity in response to ADH, combined with an 
ADH effect to increase ENaC and osmotic water flow, allows the highest 
possible potassium concentration in the urine with the low tubular flow that 
accompanies antidiuresis. When ADH is suppressed, luminal potassium con-
centrations are lower, thereby favoring gradients for potassium secretion, but 
low ADH levels also suppress ROMK activity. Cellular acidification inhibits 
potassium secretion through an effect on ROMK, thereby providing a renal 
mechanism for decreased electrogenic potassium secretion when proton secre-
tion is necessary during metabolic and respiratory acidoses. In alkalosis, ROMK 
activity is increased, thereby favoring increased potassium secretion, but the 
result may be significant potassium loss.

Additional potassium channels, known as maxi-K or big-K channels, are 
prominent in the principal cells and intercalated cells of the cortical collecting 
duct, thereby implying that the intercalated cell also has a role in potassium 
secretion. The big-K channels are highly regulated by tubular fluid flow rate. 
One mechanism by which flow rate influences this potassium secretory channel 
is by the deformation of the primary cilium of the principal cell, which leads 
to a secondary increase in cellular calcium that has both direct and indirect 
effects to enhance BK potassium secretion.

Excretion Mechanisms and Normal Function
Thiazide-sensitive NaCl cotransport is independent of aldosterone in the early 
distal convoluted tubule but is inhibited by sensors in those cells related to 
high potassium intake, gastrointestinal feed-forward sensing mechanisms, and 
clock genes associated with the circadian rhythm for potassium excretion. 
Decreased sodium reabsorption in the early distal convoluted tubule will 
increase delivery of sodium and water to the downstream aldosterone-sensitive 
distal nephron. Then, in response to increased plasma potassium-stimulated 
aldosterone release, ENaC is increased, thereby leading to greater potassium 
secretion. A network of protein kinases, including the “with no lysine” or 
WNK kinases, is central to regulated early distal convoluted tubule NCC 
function and ENaC.

In states of avid sodium reabsorption, including hypovolemic states, the 
hepatorenal syndrome (Chapter 144), and severe heart failure (Chapter 52), 
sodium delivery from more proximal sites may become the rate-limiting step 
for potassium secretion. In hypovolemia, sodium reabsorption is increased 
by angiotensin II in the proximal tubule, the early and late distal convo-
luted tubule, and the connecting tubule so that very little sodium is deliv-
ered to the principal cells of the cortical collecting duct. Potassium losses 
are diminished because of this decreased delivery of sodium, and an angio-
tensin II–induced switch involving WNK kinase decreases ROMK activity. 
Although aldosterone will still activate principal cell ENaC, the decrease 
in sodium delivery and decreased potassium secretion (favoring chloride 
reabsorption instead), will allow greater NaCl reabsorption while limiting 
potassium loss. Sodium delivery may be increased by decreased angioten-
sin II during extracellular volume expansion, but the low aldosterone limits  
potassium losses.

When aldosterone is present in the absence of angiotensin II, as in potas-
sium loading, there is no earlier stimulation of sodium reabsorption, so sodium 
delivery to late aldosterone-sensitive distal nephron segments that contain 
ROMK, the NaCl cotransporter, and ENaC is increased. In the absence of 
angiotensin II, the WNK network of protein kinases favors increased ROMK, 
whereas aldosterone increases ENaC activity. The result favors potassium 
secretion, but overall sodium reabsorption is not increased because increased 
NaCl delivery from proximal sites offsets the increase in sodium reabsorption 
through ENaC.

concentrations enhances medullary collecting duct net acid excretion. In 
hyperkalemic states, less NH4

+ appears in the urine because the high con-
centration of luminal potassium competes with NH4

+ for reabsorption in 
the thick limb. As a consequence, metabolic acidosis may develop in hyper-
kalemic states, and lowering of elevated plasma potassium levels helps treat  
acidosis.

In hypokalemia, whether through proximal tubule intracellular acidosis or 
other mechanisms, glutaminase enzymes are increased, and more ammonia 
is produced. This ammonia leads to greater medullary interstitial fluid con-
centrations and therefore to enhanced net acid elimination. Ammonium 
production in hypokalemia could be considered an adaptation to allow 
potassium to be reabsorbed as NH4

+ accompanies excreted anions into the 
urine. The increase in ammonia production may have a deleterious effect in 
that it may contribute to the chronic tubulointerstitial nephritis of chronic  
hypokalemia.

By the time the tubular fluid reaches the distal tubule and collecting duct, 
more than 90% of potassium has been reabsorbed. In potassium depletion, 
an increase in the apical membrane hydrogen-potassium ATPase (H+, K+-
ATPase) of the collecting duct intercalated cell allows near-complete removal 
of potassium from the urine. However, potassium reabsorption is seldom as 
complete as that of sodium. It is unusual to see potassium concentrations in 
the urine lower than 5 to 10 mmol/L. When dietary potassium is abundant, 
the reabsorption of 90% of filtered potassium by the proximal and distal nephron 
is followed by net potassium secretion.

The secretion of potassium in the cortical collecting duct (E-Fig. 109-1), 
which may vary according to need by as much as 400%, is controlled by three 
major mechanisms: (1) development of a lumen-negative transepithelial 
potential difference that provides the driving force for potassium secretion 
into the lumen, (2) regulated apical membrane secretory potassium channels, 
and (3) tubular fluid flow dependency. The urinary potassium most closely 
reflects potassium secreted by the distal nephron.

The Aldosterone Paradox
The traditional view of regulating potassium secretion and therefore excretion 
has focused on the central role of aldosterone, the steroid hormone synthe-
sized and secreted by the zona glomerulosa of the adrenal cortex. The renal 
effects of aldosterone show overlap of functions to conserve sodium and to 
eliminate potassium. Aldosterone is stimulated by angiotensin II in hyper-
reninemic states and independently by dietary potassium loading. In what 
has been called the aldosterone paradox, undesired losses of potassium are 
prevented when sodium retention (via the angiotensin II stimulus), is required 
to maintain extracellular volume. Conversely, undesired retention of sodium is 
prevented when potassium loading alone provides the stimulus to aldosterone 
secretion. The negative feedback that couples aldosterone with serum potas-
sium is fundamental in potassium regulation. Hyperaldosteronism results in 
potassium loss, whereas hypokalemia reduces aldosterone production. Hyper-
kalemia stimulates aldosterone release, thereby facilitating urinary potassium  
secretion.

Mechanism of Sodium Reabsorption  
and Electrochemical Forces
The major site for potassium secretion resides in the aldosterone-sensitive 
distal nephron, which is composed of the late distal convoluted tubule as well 
as the principal cells of the connecting tubule and the cortical collecting duct. 
Aldosterone regulates sodium reabsorption by the apical epithelial sodium 
channel (ENaC.). The reabsorption of sodium is dependent on the low intra-
cellular sodium concentrations that result from the energy-requiring Na+, 
K+-ATPase on the basolateral membrane. Both increased intracellular Na+ and 
extracellular K+ stimulate the Na+, K+-ATPase. Increased Na+ entry through 
an apical mechanism will increase Na+, K+-ATPase, thereby bringing more 
potassium into the cells for transepithelial secretion.

To optimize potassium secretion, sodium must be delivered in ample 
amounts (depending on the flow rate and sodium concentration of the tubular 
fluid) to result in sodium reabsorption through the apical ENaC in the corti-
cal collecting duct cells. If sodium delivery is not limiting, reabsorption of 
the sodium cation creates a lumen-negative transepithelial potential differ-
ence. Aldosterone affects this transepithelial potential difference in several 
ways. The intracellular mineralocorticoid receptor functions to increase the 
activity and density of ENaC and of basolateral Na+, K+-ATPase enzymes. 
Cortisol, which is normally present in higher concentrations than aldos-
terone, has equal affinity for the aldosterone receptor and therefore could 
lead to increased ENaC activity. However, the enzyme 11β-hydroxysteroid 
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E-FIGURE 109-1. Two cell types in the cortical collecting duct. A, the principal cells 
mediate sodium (Na+) reabsorption energized by the basolateral Na+, K+ pump. entry from 
the lumen is through the epithelial Na+ channel (eNaC), which renders the lumen nega-
tively charged (−mv). this transepithelial voltage stimulates secretion of potassium (K+) 
through renal outer medullary potassium (romK) channels. reabsorbable anions such 
as chloride (Cl−) lessen the luminal negativity and decrease K+ secretion. Bicarbonate 
(HCo3

−) has an effect to increase K+ secretion. High flow rates increase net K+ secretion 
by activating maxi-K or big-K channels and by preventing development of high K+ con-
centrations in the lumen. the effects of the renin-angiotensin-aldosterone axis are shown: 
increased mineralocorticoid receptor (mr) activation increases eNaC, the Na+, K+ pump, 
and K+ channels, thereby increasing Na+ reabsorption and K+ secretion. Cortisol would 
also increase mr activity, but it is inactivated by the enzyme 11β-hydroxysteroid dehy-
drogenase (11β-HsD). ai = angiotensin i; aii = angiotensin ii; aCe = angiotensin-converting 
enzyme; mv = millivolts. B, intercalated cells are carbonic anhydrase–rich cells that secrete 
acid and reabsorb HCo3

−. the H+-atPase secretes H+ in a way favored by the negatively 
charged lumen in conjunction with the aldosterone-stimulated effect on Na+ reabsorption 
in neighboring principal cells. the K+, H+-atPase is an electroneutral pump. the K+/H+ 
exchanger, reabsorbing K+, is important in states of K+ depletion when urinary K+ is decreased. 
intercalated cells also have apical big-K channels, indicating a role in K+ secretion. aDP 
= adenosine diphosphate; atP = adenosine triphosphate. 
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Hypomagnesemia frequently accompanies hypokalemia. Both magnesium 
and potassium are found predominantly in cells, but the Na+, K+-ATPase requires 
magnesium for function. If magnesium is deficient, potassium distributes more 
to the extracellular fluid, thereby masking the degree of potassium deficiency. 
Moreover, magnesium deficiency leads to increased renal potassium secretory 
channels, so potassium depletion is difficult to correct until magnesium is 
repleted.

External Potassium Balance and Associated Disorders
Normally, no more than 10 to 20% of total potassium excretion is accomplished 
by the gastrointestinal tract, but colonic excretion is increased in renal failure, 
primarily through potassium-induced increases in epithelial Na+, K+-ATPase 
activity and aldosterone. In renal failure, the normal mechanisms to distribute 
potassium acquire increased importance.

Some conditions that cause the greatest losses of gastrointestinal potassium 
include secretory diarrheas of the colon, the result of infection or laxative 
abuse. Disorders of the small intestine, which may lead to large quantities of 
liquid stool with a low potassium concentration, engender favorable gradients 
for marked potassium secretion by the colon. A syndrome of watery diar-
rhea and hypokalemia is associated with neuroendocrine tumors (Chapter 
219) that secrete vasoactive intestinal peptide. Rectosigmoid secretion of 
potassium may result in particularly high potassium losses, and potassium 
deficiency is seen in patients who have ureterosigmoidostomies. Potas-
sium can be lost from a variety of other sources, including excess sweat or  
salivation.

Potassium can also be depleted by vomiting or diarrhea. In gastric alkalosis, 
the loss of potassium is in the urine. In renal tubular disorders, urinary losses 
may exceed intake when excessive quantities of osmotic or anionic products 
are excreted in the urine, or in patients who take diuretics.

It is unusual for hyperkalemia to be caused by excessive potassium intake 
unless the patient has renal dysfunction. However, in patients who have brisk 
hemolysis, internal hemorrhage, or rhabdomyolysis, particularly if the hemo-
globinuria or myoglobinuria also results in acute kidney injury, life-threatening 
hyperkalemia can quickly develop by the rapid release of cellular potassium 
stores.

 CLINICAL MANIFESTATIONS
Hypokalemia
Clinical manifestations of potassium depletion include hypertension, decreased 
growth, and muscle symptoms such as weakness, cramps, fasciculations, and 
even paralysis. In severe cases, the diaphragm may be paralyzed, leading 
to respiratory failure. Cardiac arrhythmias are a critical component of low 
potassium states and are usually seen when the serum potassium falls below 
3 mmol/L or when ischemia, hypercalcemia, or drugs such as digoxin are 
simultaneously present. A patient who has a chronically low potassium level 
(e.g., from diuretic use) may be particularly vulnerable to supraventricular and 
ventricular tachyarrhythmias during periods of stress, such as head trauma, or 
during the acute coronary syndrome,4 to which cardiac ischemia also contrib-
utes. The prolonged cardiac repolarization phase of hypokalemia accounts for 
the characteristic electrocardiographic findings of broad, flattened T waves. 
U waves are also indicative of this delay in repolarization (Fig. 109-1). In the 
intestine, hypokalemia may result in paralytic ileus, which may interfere with  
oral replacement.

In addition to these systemic effects of potassium imbalance, the kidney is 
particularly sensitive to depletion of potassium. Structural changes in the 
glomeruli and tubules lead to a decreased glomerular filtration rate, increased 
proximal tubule ammoniagenesis, increased sodium bicarbonate reabsorption, 
and net acid excretion, thereby causing metabolic alkalosis. A condition of 
nephrogenic diabetes insipidus results when potassium depletion decreases 
expression of vasopressin-dependent water channels (aquaporin 2) in the 
collecting duct luminal plasma membranes. Hypokalemia diminishes insulin 
secretion and may be associated with glucose intolerance.

Hyperkalemia
Hyperkalemia can be a life-threatening emergency,5 especially if it develops 
rapidly. The depolarizing effect on the resting membrane potential and increased 
potassium channel conductance lead to the classic electrocardiographic changes 
of hyperacute peaked T waves associated with rapid repolarization (Fig. 109-2). 
Hyperkalemia commonly results in sinus bradycardia. Heart block, loss of P 
waves on the electrocardiogram, and prolonged QRS intervals are all seen in 
cases of severe hyperkalemia, usually in excess of 6 mmol/L. The electrocar-
diogram, however, is not a sensitive indicator of severe hyperkalemia, and 

Internal Potassium Balance and Associated Disorders
Because of the delay in hours before renal excretion matches dietary intake 
and because potassium first enters the extracellular fluid from the gastro-
intestinal tract, it is critical that the process of cellular buffering be effec-
tive (Table 109-1).3 Essentially, increases in postprandial blood potassium 
are minimized before potassium is eliminated from the body. A major factor 
in this regulation after meals is the feedback loop involving insulin and 
potassium. An increase in serum potassium stimulates insulin release from 
the β cells of the pancreatic islets. Insulin increases potassium uptake into 
cells, primarily muscle, independent of its effect on glucose uptake. Acutely, 
potassium uptake is chiefly the result of increased Na+, K+-ATPase activity, 
whereas chronically there is increased abundance in the plasma membranes in  
these cells.

Another important mechanism of regulating the distribution of potassium 
between extracellular and cellular spaces involves the sympathoadrenal system. 
β-Adrenergic activation, particularly through the β2-receptor, increases potas-
sium uptake into muscle and fat cells. As with insulin, potassium uptake is 
the consequence of increased Na+, K+-ATPase activity associated with increased 
intracellular cyclic adenosine monophosphate. The adrenergic effect is impor-
tant in regulating the serum potassium concentration during exercise and is 
independent of the additional effect that catecholamines may have on blood 
glucose with the expected increases in insulin. In the trained athlete, a chronic 
increase in Na+, K+-ATPase on cell membranes may cause a transient lowering 
of the serum potassium concentration after exertion. By the same mechanism, 
a severe stress may contribute to hypokalemia, through both direct β2 effects 
and insulin action secondary to the blood glucose rise.

Phenylephrine, an α-adrenergic agonist, increases serum potassium. Impor-
tantly, epinephrine, which also has α-adrenergic effects, is associated with a 
transient increase in potassium release from the liver before a more prolonged 
period of decreased serum potassium mediated by the β2-receptor.

Metabolic acidosis raises the potassium level more than does respiratory 
acidosis; both metabolic alkalosis and respiratory alkalosis lower the potas-
sium level. Anion gap acidosis does not raise the potassium level, probably 
because of the movement of the organic anion (e.g., lactate) from cells into 
the extracellular space with an accompanying proton. In contrast, the ingestion 
of chloride salts has the most profound effect on the potassium level because 
chloride concentration increases in the extracellular space. In hyperchloremic 
acidosis, chloride enters into cells through chloride-bicarbonate exchange and 
recycles back into the extracellular space in cotransport with potassium. The 
ingestion of excessive chloride salts of arginine and lysine is associated with 
hyperkalemic acidosis. ε-Aminocaproic acid has also been associated with 
hyperkalemia and is hypothesized to exchange for cellular potassium, much 
like the other cationic amino acids.

Just as a single blood pH measurement can reflect mixed acid-base distur-
bances, many processes that affect the net potassium concentration can coexist. 
Metabolic acidosis may be associated with diarrheal or urinary losses of potas-
sium that are sufficient to result in hypokalemia. Metabolic acidosis in diabetes 
can also be associated with insulin deficiency and renal failure, and it can 
cause hyperkalemia despite osmotically driven urinary losses of potassium 
and total body potassium depletion.

Other hormonal effects on potassium include thyroid and growth hormone, 
but patients with disorders of these hormones do not usually have significant 
changes in their blood potassium levels. Some patients with hyperthyroidism 
may have mild hypokalemia, perhaps related to increased sympathetic activity. 
Growth states are associated with a greater need for potassium; for example, 
in normal pregnancy, the maternal potassium concentration may fall as the 
developing fetus grows.

TABLE 109-1 FACTORS REGULATING INTERNAL  
POTASSIUM BALANCE

Circadian rhythm
Insulin
β-Adrenergic activity
Acid-base balance
Magnesium
Aldosterone
Osmolality
Thyroid hormone
Extracellular potassium
Intracellular sodium

cardiac arrest may occur without warning. Like hypokalemia, severe hyper-
kalemia can cause skeletal muscle paralysis; unlike hypokalemic paralysis, it 
is often ascending in nature.

 DIAGNOSIS
The first clue to a disorder in potassium balance usually is an abnormal serum 
potassium concentration obtained as part of a laboratory evaluation, not because 
an abnormal potassium level itself is suspected. When the potassium concen-
tration is elevated above normal, it is imperative to exclude common artifacts, 
known as pseudohyperkalemia. Hemolysis in the test tube is a common artifact; 
in cases of cold-induced hemolysis (Chapter 152), it is important to collect 
the blood and to allow it to clot in a warm environment. Some patients have 
pseudohyperkalemia resulting from high platelet counts, usually in excess of 
1 million/µL, or myelogenous leukemia (Chapters 173 and 175); in such 
cases, potassium is released during clot formation in the test tube. Measure-
ment of the plasma potassium level will avoid these artifacts. The serum potas-
sium level may sometimes be elevated because of local ischemia related to 
application of the tourniquet and clenching of the fist.

A detailed medical history should focus on medications, family history, 
and sources of potassium excess or loss. The physical examination should pay 
particular attention to blood pressure, extracellular volume status, heart rate 
and rhythm, and muscle strength and reflexes.

Laboratory testing should include a complete blood count as well as serum 
levels of sodium, chloride, bicarbonate, creatinine, and blood urea nitrogen. 
In more serious cases, arterial blood gases and levels of creatine kinase and 
magnesium should be obtained. A 12-lead electrocardiogram also should be 
performed. A urinary potassium excretion rate in a timed urine test is the best 
measure of K+ excretion. In a hypokalemic patient, a urinary potassium con-
centration higher than 30 meq/L suggests renal potassium wasting, whereas 
extrarenal losses are usually reflected by concentrations lower than 20 meq/L. 
In a state of potassium excess, urinary potassium excretion should exceed 
about 35 meq/L, unless urinary underexcretion was the cause of the hyper-
kalemia. A high aldosterone level causes a high urinary potassium-to-sodium 
ratio, whereas hypoaldosteronism may cause the opposite. Because water 
reabsorption complicates interpretation of the urinary K+ concentration, 
distinguishing urinary loss or retention of K+ in a hypokalemic or hyperkalemic 
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state can be made by measuring a urine [K+]:[Cr] ratio using 15 to 20 meq 
per gram of creatinine as a cutoff.

Hypokalemic Disorders
The most common cause of hypokalemia (Table 109-2) in medical practice 
is the use of thiazide or loop diuretics. Patients may have low, normal, or high 
blood pressures, depending on their volume status and whether the diuretics 
were prescribed for hypertension or heart failure. The most common acute 
causes of hypokalemia are diarrhea and vomiting (Fig. 109-3).

Hypokalemic Hypertensive Syndromes
If the renal principal cells develop a transepithelial electrical gradient that is 
more lumen negative than is needed to maintain potassium balance, urinary 
potassium wasting inappropriate to the blood potassium level occurs. Because 
a parallel increase in H+ secretion will occur, it is common to see an accom-
panying metabolic alkalosis. If the abnormality is related to a primary increase 
in sodium reabsorption, hypertension or extracellular volume expansion also 
will develop.

Evaluation of plasma renin and aldosterone levels can help distinguish among 
specific diagnoses (see Table 109-2). Primary hyperaldosteronism is associated 
with low renin levels due to volume expansion. If it is corrected for plasma 
potassium, an aldosterone-to-renin ratio of 30 : 1 suggests a primary adrenal 
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FIGURE 109-1. The electrocardiographic manifestations of hypokalemia. the serum 
potassium concentration was 2.2 meq/L. the st segment is prolonged, primarily because 
of a u wave following the t wave, and the t wave is flattened. 
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Lead V3

FIGURE 109-2. The effects of progressive hyperkalemia on the electrocardiogram. 
all of the illustrations are from lead V3. A, serum potassium concentration ([K+]) = 6.8 meq/L; 
note the peaked t waves together with normal sinus rhythm. B, serum [K+] = 8.9 meq/L; 
note the peaked t waves and absent P waves. C, serum [K+] > 8.9 meq/L; note the classic 
sine wave with absent P waves, marked prolongation of the Qrs complex, and peaked 
t waves. 
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aldosterone secretion, with a resulting increase in sodium reabsorption, hyper-
tension, and hypokalemic metabolic alkalosis.

In some patients with overproduction of ACTH, as in ectopic production 
from lung and other malignant neoplasms (Chapter 169), cortisol may over-
whelm the aldosterone receptor and result in hypertensive, hypokalemic 
alkalosis. The patient may not show signs of Cushing syndrome in the short 
term. In glucocorticoid-remediable aldosteronism, which is a familial disorder 
in which episodes of hypokalemia and hypertension develop, a chimeric gene 
duplication couples the ACTH-responsive 11β-hydroxylase promoter to the 
coding region of aldosterone synthase.

cortical tumor (aldosteronoma) or hyperplasia (Chapter 214). However, such 
ratios must be used with caution, and the absolute value of aldosterone is 
important, especially when the renin and aldosterone levels are both low. The 
tubular delivery of large amounts of sodium chloride in a setting of volume 
expansion and nonsuppressible aldosterone results in hypokalemia, which 
improves after sodium restriction and worsens with the administration of 
intravenous saline. In congenital adrenal hyperplasia (Chapter 214), such as 
11β-hydroxylase deficiency, hypokalemic alkalosis is associated with excessive 
androgen production. In patients with renin-secreting tumors or unilateral 
renal artery stenosis, high renin levels stimulate angiotensin II and then 

TABLE 109-2 CAUSES OF HYPOKALEMIA AND INCREASED POTASSIUM EXCRETION

CAUSES OF INCREASED K+ EXCRETION AND HYPOKALEMIA RENIN ALDOSTERONE
EXTRACELLULAR VOLUME 

OR BLOOD PRESSURE ACID-BASE STATUS
Increased ENaC: Liddle syndrome Low Low High Alkalosis
Decreased β-hydroxysteroid dehydrogenase: apparent 

mineralocorticoid excess, licorice
Low Low High Alkalosis

Adrenal tumor or hyperplasia Low High High Alkalosis
Ectopic ACTH: Cushing syndrome Low Low High Alkalosis
Congenital adrenal hyperplasia Low High High Alkalosis
Unilateral renal artery stenosis High High High Alkalosis
Renin-secreting tumor High High High Alkalosis
Diuretics
 Thiazides High High Low Alkalosis
 Furosemide High High Low Alkalosis
 Acetazolamide High High Variable Acidosis
Bartter syndrome High High Low Alkalosis
Gitelman syndrome High High Low Alkalosis
Fanconi syndrome High High Low Acidosis
Distal RTA High High Low Acidosis
ACTH = adrenocorticotropic hormone; ENaC = epithelial Na+ channel; RTA = renal tubular acidosis.

Hypokalemia
(Check urinary K+)

Uk<20 mEq/day
(Gastrointestinal

losses)

Uk>20 mEq/day
(Renal losses)
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FIGURE 109-3. Causes of hypokalemia. 
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whether the urine chloride is low, as with vomiting or laxative abuse. If the 
urine contains chloride, a diuretic screen should be considered; Gitelman 
syndrome and Bartter syndrome are other possibilities.

Hyperkalemic Disorders
In clinical practice, acute hyperkalemia is seen most commonly with renal 
failure (Chapter 122), acidosis (Chapter 110), and acute muscle damage from 
rhabdomyolysis (Chapter 105) (Table 109-3). Chronic hyperkalemia is most 
commonly seen with medications that reduce potassium secretion and with 
renal tubular disorders.

Hyperkalemic Hypotensive or Normotensive Syndromes
Type 4 renal tubular acidoses (Chapter 110) that are associated with an inabil-
ity to acidify the urine are caused by diseases that disrupt distal nephron 
function, including systemic lupus erythematosus (Chapter 250), urinary 
tract obstruction, amyloidosis (Chapter 179), the nephropathy associated 
with kidney and bone marrow transplantation (Chapters 122 and 168), and 
sickle cell nephropathy (Chapter 116). Men who present with hyperkalemia 
and renal insufficiency of unknown cause should be evaluated for possible 
prostatic obstruction (Chapter 120). Each of these conditions also may be 
associated with failure to concentrate the urine (nephrogenic diabetes insipidus) 
or with a hyperchloremic metabolic acidosis caused by abnormalities in acid  
secretion.

Primary selective hypoaldosteronism or complete adrenal cortical deficiency 
(Chapter 214) is associated with elevated renin and low aldosterone. Secondary 
hypoaldosteronism may be seen in hyporenin states caused by β-blockers, renin 
antagonists, or nonsteroidal anti-inflammatory drugs (NSAIDs). Angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers increase 
renin and decrease aldosterone. Heparin, including low-molecular-weight 
and fractionated forms (Chapter 76), can lead to hyperkalemia even in small 
subcutaneous doses.

Disorders that affect the transepithelial potential difference and can result 
in hyperkalemia, acidosis, and extracellular volume depletion include inacti-
vating mutations of ENaC (autosomal recessive pseudohypoaldosteronism 
type 1), which may be accompanied by high renin and aldosterone levels. The 
ENaC may also be inhibited by the potassium-sparing diuretics (i.e., amiloride 
and triamterene) and certain medications secreted by the proximal tubule 
organic cation transporters, such as trimethoprim and pentamidine, as well 
as by lithium. Inhibition of the aldosterone receptor may be the result of 
antagonists such as spironolactone and eplerenone.

Hyperkalemic Hypertensive Syndromes
NSAIDs can cause hyperkalemia, particularly in patients with renal disease, 
by decreasing sodium delivery, increasing water reabsorption, and decreasing 
renin and aldosterone. Hypertension with the NSAIDs is most likely caused 
by renal salt and water retention.

Cyclosporine or tacrolimus may produce a hyperkalemic acidosis. The 
mechanism may involve inhibition of cyclooxygenase 2 and therefore hyporenin-
hypoaldosteronism. There may also be a decrease in apical potassium secretion 
in the collecting duct. Gordon syndrome is a genetic disorder (pseudohy-
poaldosteronism type 2) associated with hyperkalemia, volume expansion, 
and metabolic acidosis. It is caused by activation of the thiazide-sensitive 
distal convoluted tubule NaCl cotransporter related to a dysfunction of the 
WNK kinase regulatory role.

Glycyrrhizic acid, which is found in licorice and anisette, inhibits the renal 
enzyme 11β-hydroxysteroid dehydrogenase and thereby causes hypokalemia, 
metabolic alkalosis, and hypertension.6 A rare genetic disorder known as appar-
ent mineralocorticoid excess syndrome produces the same effect due to defi-
ciency of 11β-hydroxysteroid dehydrogenase. The syndrome produces a high 
ratio of cortisol to cortisone; as a result, renin and aldosterone are suppressed 
by the volume expansion. Hypokalemia may be precipitated by ACTH stimu-
lation of cortisol.

Activating mutations of ENaC cause increased sodium reabsorption (Liddle 
syndrome; Chapter 119). The syndrome can be distinguished from primary 
or secondary hyperaldosteronism by suppressed renin and aldosterone levels 
(see also Figure 110-3 for an approach to the patient with hypokalemia and 
metabolic alkalosis).

Hypokalemic Hypotensive Syndromes
In contrast to the hypokalemic hypertensive syndromes, in which increased 
sodium reabsorption is a primary event, many hypokalemic alkaloses are 
associated with extracellular volume depletion. With a physiologic response 
to volume depletion, the potassium losses may be a result of appropriate sodium 
reabsorption; signs of hypotension or extracellular volume depletion will be 
observed. Secretory diarrheas, whether associated with hypochloremic alkalosis 
or hyperchloremic acidosis, lead to extracellular volume depletion and second-
ary increases in renin and aldosterone; the result is both gastrointestinal and 
urinary potassium losses. However, because alkalosis increases potassium 
secretion, urinary potassium losses are most severe in gastric alkalosis or other 
chloride-wasting syndromes associated with alkalemia.

Diuretic use, Bartter syndrome (Chapter 119), and Gitelman syndrome 
(Chapter 119) are renal tubular causes of extracellular volume depletion, 
hypotension, and hypokalemic, hypochloremic alkalosis; sodium and chloride 
are lost in the urine, and secondary rises in renin and aldosterone occur. 
Increased urinary flow rates are important contributors to the increased potas-
sium losses in each of these examples. Bartter syndrome affects the function 
of the thick ascending limb through mutations in NKCC2 or in potassium or 
chloride channels, whereas Gitelman syndrome is characterized by inactivating 
mutations or dysregulation of the NaCl cotransporter in the distal tubule. The 
hypokalemia in Gitelman syndrome may be caused by secondary hyperaldo-
steronism, bicarbonaturia, and hypomagnesemia.

Classic type 1 distal renal tubular acidosis (Chapters 110 and 119) is 
often associated with hypokalemia, which may improve with correction of 
the acidemia. In contrast, proximal renal tubular acidosis, when it is cor-
rected with bicarbonate, often results in worsening of the hypokalemia 
because of greater bicarbonate wasting associated with increases in the filtered  
bicarbonate load.

Acetazolamide, when it is given to an alkalotic patient, is a particularly 
potent kaliuretic agent. Volume depletion and hyperaldosteronism contribute 
to the potassium losses, as does the bicarbonate wasting, which appears to 
have a direct effect on potassium secretion.

Tubular toxins that may be associated with severe potassium losses include 
aminoglycosides, cisplatinum, and ifosfamide. Amphotericin B results in sig-
nificant potassium wasting accompanied by renal tubular acidosis. In many 
of these conditions, simultaneous use of amiloride may diminish potassium 
losses by as much as 50%.

Patients who present with unexplained hypokalemia and alkalosis with 
volume depletion should have urinary electrolytes measured to determine 

TABLE 109-3 CAUSES OF HYPERKALEMIA AND DECREASED POTASSIUM EXCRETION

CAUSE OF DECREASED K+ EXCRETION AND HYPERKALEMIA RENIN ALDOSTERONE
EXTRACELLULAR VOLUME 

OR BLOOD PRESSURE ACID-BASE STATUS
Decreased ENaC

Drugs: amiloride, triamterene, trimethoprim, lithium
Pseudohypoaldosteronism type 1 autosomal recessive ENaC mutation

High High Low or normal Normal or acidosis

Pseudohypoaldosteronism type 1 autosomal dominant MR mutation High High Low Acidosis
MR blockade: spironolactone, eplerenone, progesterone High High Low Acidosis
Hypoaldosteronism: adrenal insufficiency High Low Low Acidosis
Hyporenin-hypoaldosteronism: NSAIDs, β-blockers, autonomic neuropathy Low Low Low Acidosis
Pseudohypoaldosteronism type 2 Low Low High Acidosis
ENaC = epithelial Na+ channel; MR = mineralocorticoid receptor; NSAIDs = nonsteroidal anti-inflammatory drugs.
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It may be difficult to determine the exact state of total body potassium 
stores from the serum potassium level because as much as 100 to 300 mmol 
of potassium may be lost from the body with a fall in serum potassium of only 
1 mmol/L.

Hypokalemia
The goal of acute therapy for hypokalemia is to prevent or to manage poten-

tially life-threatening arrhythmias or paralysis. Patients at greatest risk are the 
elderly, patients with known liver disease or cardiac disturbances, and patients 
who have had an abrupt fall in serum potassium concentration to less than 
2.5 meq/L. Potassium must traverse the extracellular space before repleting 
intracellular stores, so it is dangerously easy to replete potassium too quickly. 
Oral potassium should be given, if possible. If the potassium level is greater 
than 3 meq/L, an increase in dietary potassium can be considered, along with 
removal of the underlying cause of hypokalemia. Usual oral replacement is 
with potassium chloride at a dose of 40 to 100 mmol/day. The chloride salt 
has the advantage of treating concomitant metabolic alkalosis, but other avail-
able forms include potassium citrate (in the acidotic patient) and potassium 
phosphate (in patients with a phosphate deficit). Giving potassium with a non-
reabsorbable anion, such as gluconate, may not replace the potassium deficit 
adequately. Intravenous potassium is reserved for patients who are unable to 
take enteral potassium and patients with symptomatic hypokalemia, paralysis, 
or cardiac arrhythmias. It is usually given as a solution of 20 to 40 mmol of 
potassium in 1 L of solution at a rate that does not exceed 10 to 20 mmol/
hour. In some cases of severe hypokalemia (<2.5 meq/L) and in symptomatic 
patients, higher concentrations (up to 40 mmol in 100 mL) have been used. 
If the potassium level is less than 3 mmol/L or if more than 10 mmol/hour is 
to be delivered, it may be best to treat the patient in a monitored setting to 
observe for cardiac complications. A central venous catheter may be required for 
these higher concentrations, and it is best to consult with a renal specialist and  
the pharmacy.

In patients who have prerenal azotemia associated with hyperglycemia or 
severe metabolic alkalosis, volume expansion with sodium chloride solutions 
alone can result in life-threatening potassium losses, despite improvement in 
the extracellular volume. Potassium must be given in anticipation of such events.

In a hypokalemic patient, care must be exercised when glucose-containing 
solutions are given because the resulting increase in insulin may further decrease 
the blood potassium level. Attention to the urine output and ongoing losses 
is crucial. If ongoing losses of potassium are severe, it may be necessary to 
provide a potassium-sparing diuretic (e.g., amiloride, 5 to 10 mg orally) and to 
treat the cause of the ongoing losses (e.g., diarrhea). Magnesium should be 
repleted, if necessary.

In the inpatient setting, hypokalemia is a common complication of intrave-
nous fluid administration. In patients with normal renal function, a maintenance 
dose of intravenous potassium can avoid hypokalemia. In the outpatient setting, 
hypokalemia is a common side effect of diuretic therapy. Serum potassium 
should be maintained within the normal range (>3.5 meq/L), especially in high-
risk patients. Addition of 40 to 100 mmol of potassium per day as the chloride 
salt is the usual treatment, depending on the patient’s response.

Hyperkalemia
emergent treatment

If hyperkalemia is severe, the goal is to reduce the potassium concentration 
rapidly.7 If hyperkalemia is associated with cardiac arrhythmias, however, treat-
ment in a monitored setting is warranted before the serum potassium level 
can be expected to decline, even with aggressive therapy. Calcium gluconate, 
10 mL of a 10% solution (8.9 mg calcium) during 10 to 20 minutes, is often 
indicated to stabilize electrical effects on cardiac excitation.8 Calcium chloride 
(3 to 4 mL of a 10% solution) is used as another alternative, but it should be 
administered through a central access line because extravasation of the chloride 
salt may result in tissue necrosis.

However, the administration of calcium does not lower the potassium con-
centration. Nebulized or inhaled β-agonists and intravenous insulin and glucose, 
either alone or the two in combination, are the best treatments to lower the 
potassium level acutely. Alternatives include 100 mL of 50% glucose alone 
or in combination with 10 units of regular insulin; the combination will, on 
average, provide a significantly greater reduction in the serum potassium level 
(0.8 mmol/L vs. 0.5 mmol/L) at 60 minutes, but about 20% of insulin-treated 
patients will develop hypoglycemia. A1  Alternatively, 10 mg of regular insulin 
can be given with 10% glucose solution during 1 hour for a total of 30 to 50 g 
in the normoglycemic patient. The blood glucose level should be monitored 
because an abrupt increase in plasma osmolality with glucose may worsen 
hyperkalemia if it causes potassium to leak from cells with osmotic water flow. 
Albuterol by nebulizer (10 to 20 mg in 4 mL of saline during 10 minutes) can 
redistribute potassium acutely but should not be the sole treatment because 
some patients are not responsive. In some cases, intravenous β-adrenergic 
agonists (e.g., albuterol, 0.5 mg in 100 mL of 5% dextrose during 15 minutes) 
have been used to lower the serum potassium level by about 1 mmol/L within 

TREATMENT minutes to hours. Sodium bicarbonate, as an isotonic mixture calculated to 
correct acid-base status, should be reserved for acidemic patients who otherwise 
require alkalinization, while being careful to avoid hypocalcemia. Complications 
of sodium bicarbonate infusions include hypernatremia, volume expansion, 
and decreased ionized calcium, potentially resulting in tetany. Diabetic patients 
may be potassium depleted even though they present with hyperkalemia; 
as they are volume repleted, they typically require potassium replacement 
(Chapter 216). The hyperkalemia of Gordon syndrome is highly responsive to  
thiazide diuretics.

Chronic treatment
During the longer term, potassium loss may be sustained by use of cation 

exchange resins.9 Patiromer (4.2 to 8.4 g twice daily), A2  which is a non-absorbed 
calcium-potassium exchange resin that works in the colon to reduce serum 
potassium levels, can maintain normal potassium levels for at least a year. It 
has been used successfully in patients with diabetic renal disease A3  and in 
patients receiving potassium-retaining anti-hypertensive agents. A4  Its major 
side effect is constipation, but hypomagnesemia, diarrhea, nausea, abdominal 
discomfort, and flatulence can also occur. To avoid potential interaction, no 
other orally administered medication should be taken at least three hours before 
or after patiromer. Zirconium cyclosilicate (an oral crystalline agent with high 
binding affinity for potassium within the gastrointestinal tract at 1.25 to 10 g 
three times daily A5  is also effective and approved by the U.S. FDA. Sodium 
polystyrene sulfonate, given orally or as an enema (Chapter 122), at a dose of 
30 to 50 g can reduce potassium levels during several hours. This resin will also 
provide a sodium load and bind calcium, thereby resulting in volume expansion 
and hypocalcemia. These resins may interfere with the absorption of lithium 
and thyroxine. A serious complication of sodium polystyrene sulfonate resins 
when used in combination with sorbitol is colonic ulceration and necrosis. 
These resins also should not be given in combination with aluminum-based 
antacids because the resulting concretions can obstruct the gastrointestinal 
tract.

If the patient is volume expanded, furosemide (40 to 100 mg), chlorothiazide 
(500 mg), or, if the patient is also alkalotic, acetazolamide (250 to 500 mg) 
may enhance renal potassium clearance. If the patient is volume depleted, 
isotonic saline expansion may improve urine output and, with it, potassium  
excretion.

Specific Clinical Syndromes
Hypokalemia

Patients with pernicious anemia who receive vitamin B12 to stimulate eryth-
ropoiesis may deplete extracellular potassium and suffer from hypokalemia as 
a cost of producing new red blood cells. Leukemias with rapid growth rates 
(Chapter 173) also may cause a drop in the serum potassium level, and some 
forms of myelogenous leukemia are associated with a high level of lysozyme, 
which leads to urinary potassium loss.

Familial hypokalemic periodic paralysis is an autosomal dominant disorder 
usually caused by mutations in certain voltage-gated skeletal muscle sodium 
channels or L-type calcium channels. Characteristically, periodic attacks of severe 
hypokalemia are precipitated by stimuli that usually induce mild hypokalemia 
by distributing potassium into cells. Precipitating factors include the increase 
in insulin levels after the ingestion of carbohydrates or post-exercise, when 
the plasma potassium level falls because of ATPase reuptake of potassium. 
In affected individuals, these stimuli cause progressive and severe hypoka-
lemia, enough to result in muscle paralysis due to hyperpolarization of the 
sarcolemma. The cause of the syndrome is an imbalance between outwardly 
directed K+ current and inwardly directed cation leaks of Na+ and Ca2+. In the 
familial mutations, the cation depolarizing influx, normally very small under 
hyperpolarizing conditions, is instead increased and, when balanced with the 
outward K+ current, results in a paradoxical depolarization. In turn, the depo-
larization inactivates the sodium channel needed for the rapid action potential, 
so the muscle cell is unexcitable. In nonfamilial hypokalemic periodic paralysis, 
a loss in function of outwardly directed potassium channels (Kir) accounts for 
paradoxical depolarization, inactivation of sodium channels, and decreased  
excitability.

The clinical presentation of hypokalemic periodic paralysis is usually in the 
teenage years or early adulthood.10 In some familial cases, a progressive proxi-
mal myopathy (Chapter 393) may develop. Asian patients, usually males with 
hyperthyroidism (Chapter 213), have a decrease-in-function mutation of an 
outwardly directed potassium channel that causes them to develop episodic 
paralysis in response to high-carbohydrate meals or resting after exercise. In 
Anderson syndrome, which is another form of hypokalemic periodic paralysis, 
cardiac potassium channels are also affected, and serious cardiac arrhythmias  
may result.

The condition is treated by a high-potassium diet as well as with carbonic 
anhydrase inhibitors such as acetazolamide (125 to 500 mg/day) and dichlor-
phenamide (50 to 200  mg/day), which can significantly reduce the frequency 
of attacks. A6  These medications work in part by creating a hyperchloremic 
acidosis that offsets the urinary potassium wasting they cause. β2-blockers (e.g., 
propranolol, 20 to 40 mg twice daily) also may be used.
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 PROGNOSIS
The prognosis of patients with hypokalemia and hyperkalemia depends on 
the severity and underlying illness. Hypertensive patients with potassium levels 
either above or below the range of 4.1 to 4.7 meq/L appear to have an increased 
mortality.11 Most hypokalemic cases are mild (potassium concentration, 3 to 
3.5 meq/L). However, mortality of hospitalized patients with hypokalemia 
is increased 10-fold. Hyperkalemia is reported in 1 to 10% of hospitalized 
patients, of whom 10% have severe hyperkalemia (potassium concentration 
> 6.0 meq/L). Hyperkalemia is associated with increased mortality (14 to 
41%), and it accounts for 2 to 5% of deaths in patients with end-stage renal 
disease. Patients with electrocardiographic abnormalities are at highest risk, 
especially in the acute period before the serum potassium level is successfully 
reduced.12

Hyperkalemia
The abnormal distribution of potassium between cells and the extracellular 

space results in the hyperkalemia that is associated with acidosis, insulin-deficient 
states, and β2-adrenergic blockade. Although it is not always possible, it is best 
to know the levels of serum glucose and potassium in an unconscious diabetic 
patient before infusing concentrated glucose solutions because of the risk for 
aggravating hyperkalemia.

Familial hyperkalemic periodic paralysis is a myopathy caused by a genetic 
defect in voltage-gated sodium channels in skeletal muscle. Exercise or dietary 
increases in plasma potassium result in mild depolarization of skeletal muscle 
that then unmasks the sodium channel defect, rendering the cells unexcitable. 
Treatment is frequent meals and acetazolamide (125 to 500 mg).

Potassium competes with digoxin-binding sites on the Na+, K+-ATPase, so 
that if hypokalemia coexists, digoxin will have an intensified effect and may 
lead to drug toxicity. In extreme cases of digitalis overdose, severe hyperkalemia 
develops as a result of generalized blockade of Na+, K+-ATPase.

https://expertconsult.inkling.com/
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REVIEW QUESTIONS

1. A 50-year-old patient with hypertension and hypokalemia has suppressed 
renin and elevated aldosterone levels. Which of the following statements 
is true?
 A. A renal angiogram is indicated to determine if unilateral renal artery 

stenosis is present.
 B. An ACTH-secreting tumor is the likely diagnosis.
 C. A urinary cortisol to cortisone ratio will be elevated.
 D. An adrenal scan will demonstrate an adrenal mass.
 E. The patient has been eating a pound of licorice daily.

Answer: D Renin and aldosterone profiling is useful in identifying the cause 
of hypertension and hypokalemia. An aldosterone-secreting adrenal adenoma, 
which is a common cause of hypokalemia and hypertension at this age, will 
depress the renin level owing to the volume expansion caused by the high 
aldosterone. Unilateral renal artery stenosis causes renin secretion from the 
kidney affected by the stenosis, but renin secretion is suppressed in the unaf-
fected kidney; moreover, both renin and aldosterone levels will be increased. 
Both renin and aldosterone will be suppressed in ACTH-secreting tumors 
because the hypokalemia is caused by a very high cortisol level. An increased 
ratio of urinary cortisol to cortisone would suggest a defect in 11β-hydroxysteroid 
dehydrogenase type 2. In this situation, endogenous cortisol stimulates the 
aldosterone receptor and suppresses renin and aldosterone. Licorice inhibits 
this enzyme in the principal cell of the collecting duct.

2. A patient with sickle cell anemia has chronic kidney disease with a creatinine 
of 2 mg/dl. Which statement is the least likely to be true?
 A. Severe hypokalemia will develop owing to polyuria from nephrogenic 

diabetes insipidus.
 B. Hyperkalemia will develop owing to underexcretion of potassium.
 C. A trial of a mineralocorticoid medication (e.g., fludrocortisone) may 

increase the transtubular potassium gradient.
 D. The patient may have sinus bradycardia owing to hyperkalemia.
 E. Loop diuretics would not be a good treatment for the hyperkalemia.

Answer: A The tubular dysfunction in sickle cell anemia often impairs potas-
sium secretion. Although papillary necrosis causes nephrogenic diabetes 
insipidus, the resulting polyuria is unlikely to cause hypokalemia. When the 
glomular filtration rate decreases, the serum potassium level often increases, 
particularly with hemolysis. The hyperkalemia is usually associated with under-
excretion of potassium, as would be demonstrated by a low TTKG (<6). Loop 
diuretics are unlikely to increase potassium excretion, but a mineralocorticoid 
often improves potassium secretion in the distal nephron. Another reason to 
avoid a loop diuretic is that these patients already have an impaired concen-
trating ability and may become volume depleted. Bradyarrhythmias are common 
in hyperkalemia.
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110 
ACID-BASE DISORDERS
JULIAN LAWRENCE SEIFTER

 DEFINITION
The ability to regulate the H+ ion concentration, or pH (defined as the nega-
tive logarithm of the hydrogen ion concentration), is essential to normal body 
function. Acid-base balance is assessed by measurements of arterial or venous 
blood. If arterial pH is below 7.35, acidemia is said to exist. If pH is above 
7.45, alkalemia exists. However, several processes may simultaneously drive 
the pH upward or downward; these individual processes are known as acidoses 
or alkaloses. Because it is possible for a simultaneous alkalosis and acidosis of 
equal magnitude to coexist, an abnormal pH is not always noted in acid-base 

disturbances. Also, because the pH is proportional to the ratio of the blood 
bicarbonate concentration to the partial pressure of carbon dioxide (Pco2), 
the finding of an abnormal bicarbonate level alone cannot define acidemia or 
alkalemia.

 EPIDEMIOLOGY
An acid-base disturbance should alert the clinician to the possible presence 
of an important underlying condition. Anion gap acidoses represent serious 
underlying metabolic disorders, ranging from sepsis (Chapter 100) to uremia 
(Chapter 121)1 to diabetic ketoacidosis (Chapter 216) to serious poisonings 
(Chapter 102). Specific renal abnormalities as well as diarrhea (Chapter 131) 
can cause hyperchloremic acidosis (Table 110-1). Metabolic alkaloses are 
commonly caused by diuretics or renal tubular abnormalities or the loss of 
acid from the stomach due to vomiting or nasogastric suction (Table 110-2). 
Respiratory acidosis and alkalosis are related to disturbances in ventilation, 
which is increased by conditions such as sepsis (Chapter 100) and anxiety, 
and is decreased in many pulmonary conditions and with depression of the 
central nervous system (Chapters 80 and 96).

 PATHOBIOLOGY
Growth, cell division, fertilization, and protein and glucose metabolism are 
examples of pH-sensitive intracellular processes. Acids are generated within 
cells during metabolism, and each cell must maintain a pH appropriate for 
its function. For example, cardiac contractility (Chapter 47) is reduced when 
cardiac myocytes are too acidic. Bone and muscle develop and grow poorly 
in an acidic environment. Intracellular pH may be lower than extracellular 
pH because cells are electronegative with respect to extracellular fluid, but 
they are not as acidic as they would be if H+ reached electrochemical equi-
librium with the extracellular fluid, which means that all cells utilize energy 
to lose acid actively. Cells are capable of buffering an acid load, and intracellular 
vacuoles may use hydrogen adenosine triphosphatases (H+-ATPases) to seques-
ter excess acid before transport from the cell. The transport processes located 
on the plasma membranes can protect cells from both acid and alkaline loads. 

TABLE 110-1 CAUSES OF HYPERCHLOREMIC ACIDOSIS
TYPE CAUSE
Renal with hypokalemia Proximal RTA, type 2

Distal RTA, type 1
Some anion gap acidoses with high anion 

clearance
Renal with hyperkalemia Type 4 RTA

Hyporenin-hypoaldosteronism
Nonrenal with hypokalemia Diarrhea

Urinary diversions: ureteroileostomy, 
ureterosigmoidostomy

Nonrenal with hyperkalemia NaCl, KCl, NH4Cl, CaCl2, Arg-HCl, 
Lys-HCl

RTA = renal tubular acidosis.

TABLE 110-2 CAUSES OF METABOLIC ALKALOSIS
TYPE CAUSES
Renal, hypochloremic alkalosis: chloride 

responsive with urine chloride concentration 
>20 mEq/L

Loop and distal tubule diuretics
Bartter syndrome
Gitelman syndrome
Post-hypercapnic status

Nonrenal, hypochloremic alkalosis: chloride 
responsive with urine chloride concentration 
<20 mEq/L

Vomiting, nasogastric suction
Congenital chloridorrhea
Villous adenoma

Renal, alkalosis with extracellular expansion: 
chloride unresponsive with urine chloride 
concentration >20 mEq/L

Hyperaldosteronism, primary 
and secondary to unilateral 
renal artery stenosis

Liddle syndrome
Nonrenal alkalosis, chloride unresponsive NaHCO3, acetate, citrate, lactate
Other causes of metabolic alkalosis Excessive non-reabsorbable anion 

excretion
Hypoproteinemia
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ABSTRACT
Measurements of pH, Pco2, and Hco3

− in the blood are used in the clinical 
assessment of acid-base disorders. The constancy of a narrow range of body 
fluid pH determines many regulatory cellular and extracellular functions. This 
chapter describes the normal physiologic mechanisms for the metabolic pro-
duction of volatile carbonic acid, which is eliminated by pulmonary ventilation, 
and dietary-derived, non-volatile acids that require renal mechanisms for 
urinary excretion. The integrated role of metabolic and renal functions to 
lessen the severity of or adapt to a specific disorder is known as compensation, 
and predictable limits exist for both brain-respiratory control and renal responses 
to achieve these important compensatory responses. Abnormalities in mem-
brane transport, intrinsic diseases of organ function, and hormonal or electrolyte 
disorders are responsible for the generation and maintenance of simple acid-
base disorders. Metabolic acidosis is further characterized as hyperchloremic 
or anion-gap acidosis depending on the nature of the anion associated with 
the excessive acid. The consequences and treatments of endogenous acid-base 
disorders as well as environmental poisonings are emphasized since the prompt 
recognition, diagnosis, and treatment is often life-saving. The short-term and 
long-term complications of acid-base disturbances are reviewed, and the inte-
gration of pulmonary function, blood pressure, salt, water, potassium, and 
calcium balance connect intimately to both the initiation and correction of 
these disorders.
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Regulation of Urinary Acid Secretion
Renal mechanisms of urinary acidification are adaptable. Transport processes 
such as H+-ATPases, Na+/H+ exchange, and Cl−/HCO3

− exchange can increase 
or decrease their capacity to handle acid-base equivalents, depending on the 
challenge presented. Renal ammoniagenic mechanisms are also critically regu-
lated to serve the acid-base needs of the individual. Metabolic acidosis and 
respiratory acidosis increase the capacity to reabsorb HCO3

−, including increased 
expression of the transporters involved in acidifying the urine. At the same 
time, glutamine uptake into proximal cells is stimulated, and increased ammonia 
production facilitates acid excretion, as well as the generation of new HCO3

− in 
the distal nephron. Metabolic alkalosis and respiratory alkalosis have the 
opposite effects.

Ammoniagenesis, which is a key element in urinary3 acid excretion, provides 
the major acceptor for protons. Ammonia is produced predominantly in the 
proximal tubule cell by mitochondrial glutaminase enzymes. Production is 
increased by increasing the metabolic acid load in the body, respiratory acidosis, 
and hypokalemia. NH4

+ can preserve potassium in the hypokalemic state by 
serving as a cation needed for anion excretion. In response to metabolic aci-
dosis, the kidney would ideally excrete chloride with ammonium and preserve 
the ability to retain Na+ and K+.

In the liver, acidosis also decreases the activity of the urea cycle, which 
otherwise consumes NH3 and HCO3

− to form carbamoyl phosphate. In aci-
dosis, NH3 produces hepatic glutamine, which is delivered to the proximal 
tubule cell, where mitochondrial enzymes produce 2NH3 to assist in urinary 
net acid excretion; the associated increase in α-ketoglutarate provides a sub-
strate for gluconeogenesis in the renal proximal tubule.

Ammonia can be secreted by nonionic diffusion into the proximal fluid, 
where it will pick up a proton and form ammonium (NH4

+), or it could form 
ammonium within the proximal tubule cell and be secreted by Na+/NH4

+ 
exchange, a mode of operation of the Na+/H+ exchanger. Ammonium may be 
reabsorbed by the thick ascending limb of Henle on the Na-K-2Cl transporter, 
where it can substitute for K+. By countercurrent multiplication, NH3/NH4

+ 
concentrates in the medullary interstitial fluid rather than remaining in the 
ascending limb fluid as it reaches the highly perfused renal cortex, where 
it would otherwise dissipate into renal venous blood. The countercurrent 
mechanism also allows ammonia to diffuse into the lumen of the medullary 
collecting duct, where it will be trapped as ammonium in the acid tubular 
fluid. Collecting duct cells also secrete NH3 by way of glycoproteins that are 
in the family of the Rh factor, red blood cell ammonia transporters.

Regulation is accomplished at a number of levels. Hormones such as angio-
tensin II and catecholamines stimulate Na+ reabsorption in the proximal tubule 
by increasing sodium-hydrogen exchange and NaHCO3 cotransport. Aldos-
terone increases H+-ATPase in the collecting duct cell and stimulates Na+ 
reabsorption, thereby increasing proton secretion. Low extracellular fluid 
volume increases proximal HCO3

− reabsorption, as does hypokalemia and 
high Pco2. Hyperkalemia (Chapter 109) may limit urinary acidification by 
decreasing the NH3 entering the countercurrent multiplier in the loop of Henle 
and decreasing H+ secretion by ATPases in the collecting duct as the need to 
secrete K+ predominates.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Assessment of clinical acid-base disturbances usually begins with measurement 
of arterial blood gases (Fig. 110-1 and Table 110-3).4 In some situations, 
venous blood can be used as an alternative.

It is useful to conceptualize acid-base disorders by a mass action shift of 
the variables to the right or left in the following relationship:

H HCO H CO CO H O+ −+ ↔ ↔ +3 2 3 2 2

The addition of CO2, as in respiratory acidosis, will increase the hydrogen 
and bicarbonate concentrations (left shift). Removal of CO2, as in respiratory 
alkalosis, will decrease CO2, protons, and bicarbonate (shift right). The addi-
tion of protons with an anion other than HCO3

−, as in metabolic acidosis, 
will lead to increased concentrations of protons and a decreased bicarbonate 
concentration. Removal of HCO3

− with a cation such as Na+, also a cause of 
metabolic acidosis, will increase the proton concentration and lower the 
HCO3

− concentration. Metabolic alkalosis might be caused by the addition 
of NaHCO3 with a resulting decrease in the proton concentration or by removal 
of H+ with chloride, thereby leading to a decreased proton concentration and 
increased HCO3

−. Because of the relationship of metabolic acidosis and alka-
losis to the gain or loss of fluids and electrolytes, one could consider acid-base 
disorders a consequence of electrolyte imbalance.5

The specific mechanisms may differ from one cell type to another, but they 
are similar to those used by the excretory organs that finally eliminate the net 
acid produced by the body into the external world.2

In severe disease states, arterial pH may fall as low as 6.8 and rise as high 
as 7.7. Strenuous exercise with the metabolic production of lactate may tran-
siently but severely lower pH, even in normal healthy individuals.

At a normal arterial blood pH, the hydrogen ion concentration is in the 
range of 40 nanoequivalents (nEq) per liter, a very small concentration in 
comparison to a normal plasma sodium concentration of 140 mEq/L. The 
hydrogen ion concentration of body fluids is in equilibrium with each of mul-
tiple weak acids or buffers, such as proteins and phosphate (the isohydric 
principle), but acid-base equilibria in the body are often described and analyzed 
by use of the CO2/HCO3

− system and the relationship of the proton concen-
tration (thus pH) to the ratio of HCO3

− to CO2. The Henderson-Hasselbalch 
equation is a logarithmic expression of the relationship.

CO H O H CO H HCO

pH p HCO PCO

2 2 2 3 3

3 20 03

+ ↔ ↔ +
= +

+ −

K log[ ] . ( )

In this equation, pK, or the negative log of the dissociation constant for the 
reaction, is 6.1; 0.03 (mM/mm Hg) is the solubility factor for CO2 in solution. 
The product of 0.03 × Pco2 represents dissolved CO2; the “total CO2” in 
plasma is the sum of HCO3

−, normally about 25 mM, and 0.03 × Pco2, nor-
mally about 1.2 mM. It is important to emphasize that pH is a function of 
the ratio of HCO3

− to Pco2. The HCO3
− concentration in the numerator is 

regulated by the kidney, and Pco2 is regulated by the lung.

Production of Carbonic Acid and the Elimination of Carbon 
Dioxide by the Lung
Volatile acid is the term used for the approximately 20,000 mmol/day of CO2 
produced, with an equimolar amount of water, by tissue respiration. This CO2 
is carried from tissues to the lung, where it is eliminated by alveolar ventila-
tion. Steady-state arterial Pco2 is normally 38 to 42 mm Hg.

Oxidation of carbohydrates, fat, and the carbon skeleton of amino acids 
results in the production of water and CO2. To maintain a steady state, any acid 
(or base) produced per day must be equivalent to what is eliminated. If tissue 
CO2 production exceeds CO2 elimination by the lungs, respiratory acidosis 
characterized by a high Pco2 will develop. If the rate of CO2 eliminated exceeds 
production, respiratory alkalosis develops. The inverse relationship between 
alveolar ventilation (the clearance of CO2) and Pco2 is demonstrated as

alveolar ventilation CO elimination rate PCO≈ ÷2 2

The circulation plays a critical role in transporting tissue CO2 to the lungs. 
The process depends not only on cellular respiration but also on tissue capil-
lary flow as well as diffusion of CO2 into the blood and across red blood cell 
membranes, where it may react with hemoglobin and proteins to form carb-
amino compounds or combine with water for conversion to H+ and HCO3

− in 
a reaction catalyzed by carbonic anhydrase. The intracellular H+ can combine 
with hemoglobin (the Bohr effect) and the HCO3

− exchanged with plasma 
Cl− through red cell anion exchangers. Most tissue CO2 is brought to the lung 
as venous plasma HCO3

−. Compared with arterial blood, venous blood has 
the characteristics of a respiratory acidosis. Venous pH is normally approxi-
mately 0.05 pH units more acid than arterial pH, its Pco2 is 5 to 6 mm Hg 
higher than that of arterial blood, and its bicarbonate concentrations are nor-
mally greater than arterial concentrations.

In disease, changes in Pco2 are most often caused by changes in alveolar 
ventilation rather than by production of CO2. Thus, respiratory acidosis is 
a consequence of decreased pulmonary ventilation because of lung, skel-
etal muscle, or central nervous system (CNS) disease. However, if alveolar 
ventilation is compromised, increased production of CO2 will worsen CO2 
retention. Similarly, respiratory alkalosis develops because of hyperven-
tilation rather than decreased CO2 production. In either case, when the 
elimination rate of CO2 (alveolar ventilation × Pco2) again equals CO2 pro-
duction, a new steady-state Pco2 will prevail, with no net retention or loss of  
carbonic acid.

Production of Acids and Excretion by the Kidney
Nonvolatile or fixed acid describes noncarbonic acids that are formed primarily 
from protein metabolism. The usual rate of formation is approximately 1 to 
2 mEq of H+ per kilogram of body weight per day. Most diets that contain 
animal protein have a net positive quantity of nonvolatile acids, primarily 
sulfates from the sulfur-containing amino acids cysteine and methionine. Other 

acids are produced in the form of phosphates (from phosphoproteins, phos-
pholipids, and phospho-nucleotides) and nonmetabolizable organic acids (e.g., 
uric acid) and chloride from salts of lysine, arginine, and histidine.

From the Henderson-Hasselbalch equation, consider the addition of meta-
bolic acid HA (where the anion A− could be Cl−, lactate−, HSO4

−, or H2PO4
−) 

to blood that contains Na+ and HCO3
−.

HA NaHCO Na A H HCO+ → + + ++ +− −
3 3

and

H HCO H CO CO H O+ −+ ↔ ↔ +3 2 3 2 2

The CO2 produced by this process will not raise the blood Pco2 if the system 
is well ventilated because the contribution of metabolic acid is a small part 
of the daily production of CO2. Note that the addition of protons to body 
fluids by these acid end products consumes bicarbonate (“lost bicarbonate”), 
which then must be replenished by the kidney as it eliminates the proton and 
A− in the urine. The process of excreting net H+ and A− is equivalent to pro-
ducing a “new” HCO3

− to restore the HCO3
− that is lost by the addition of 

HA, the metabolic acid. The kidney must excrete any nonvolatile acid (or 
alkali) load to maintain a steady-state serum HCO3

− concentration in the 
22- to 28-mEq/L range.

When the diet requires the excretion of acids, the urine pH will fall to a 
value as low as 5.0, and the urine will become nominally free of bicarbonate. 
With an alkaline load, by comparison, the kidney will reject the excess filtered 
HCO3

−, and the urine pH may approach a maximal value of 8.0 to 8.5. In 
most humans, particularly those who eat animal protein or an “acid-ash” diet, 
the requirement for net acid excretion predominates. However, some vegetar-
ians may have an overall “alkaline-ash” diet, for which net alkali must be excreted 
to match intake.

Bicarbonate and the Kidney in Acid-Base Balance
The first role of the kidney in achieving acid excretion is to reabsorb all filtered 
HCO3

− (E-Fig. 110-1). At a normal glomerular filtration rate (e.g., ≈180 L/
day in an adult) and plasma HCO3

− concentration of 25 mEq/L, about 
4500 mEq of HCO3

− is filtered in 1 day. Loss of even a small fraction of that 
amount would result in metabolic acidosis if not replaced by alkali (HCO3

−) 
intake. Just as reabsorption of all filtered glucose does not add glucose to the 
body, reabsorption of all filtered HCO3

− will maintain the status quo but will 
not fulfill the need to generate new HCO3

−. Therefore, the kidney must perform 
two functions: reabsorb all filtered HCO3

− and eliminate enough additional 
H+ (producing HCO3

− in the process) to replace HCO3
− losses from acid that 

is generated by cellular metabolism. Urinary buffers are essential because 
urinary pH alone cannot be lowered enough to excrete the amount of acid 
needed for this purpose.

The Proximal Tubule
About 80 to 90% of HCO3

− reabsorption is accomplished in the proximal 
tubule by a proton secretory process that renders the luminal fluid more acid 
(pH ≈6.5). The brush border membranes facing the lumen of the proximal 
tubule cell contain transporters known as Na/H exchangers (NHE3), which 
carry out the greatest proportion of acidification, and vacuolar H+-ATPases, 
which provide a smaller contribution. Through the normal function of baso-
lateral membrane Na+, K+-ATPase, cell Na+ is kept at low concentration so 
that filtered Na+ in the lumen will be favored to enter the cell in exchange for 
H+ secreted into the lumen. This H+ rapidly combines with filtered HCO3

− to 
form H2CO3, which then rapidly dehydrates in the lumen to form CO2 and 
H2O. This process is greatly facilitated by the large surface area of microvil-
lous membranes and by luminal carbonic anhydrase (CAIV). The CO2 enters 
the proximal cell by diffusion through apical water channels (aquaporin 1). 
CO2 within the cell re-forms HCO3

−, a reaction catalyzed by intracellular car-
bonic anhydrase (CAII). The cell, more alkaline by apical H+ secretion, favors 
the reaction OH− + CO2 to form HCO3

− catalyzed by carbonic anhydrase. 
The HCO3

− is then transported back toward the blood by an electrogenic 
sodium bicarbonate cotransporter (NBCel), which couples 1Na and 3HCO3

−, 
thereby completing net Na+ and HCO3

− reabsorption. The 1 : 3 stoichiometry 
of NBC is necessary to provide sufficient energy to couple Na+ and HCO3

− in 
this reabsorptive process. NBC on the basolateral membrane protects the 
cell from an alkaline load, accomplishes HCO3

− reabsorption, and drives 
uphill Na+ reabsorption without further direct requirement for adenosine 
triphosphate (ATP). The entire process requires a mitochondrial source of 
ATP for the Na+/K+ pump, intact NHE3 and NBC, and two isoforms of 
carbonic anhydrase. In addition, there must be favorable ion gradients for 
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E-FIGURE 110-1. Renal acidification mechanisms. ATP = adenosine triphosphate; cA = carbonic anhydrase. 
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Regulation of Urinary Acid Secretion
Renal mechanisms of urinary acidification are adaptable. Transport processes 
such as H+-ATPases, Na+/H+ exchange, and Cl−/HCO3

− exchange can increase 
or decrease their capacity to handle acid-base equivalents, depending on the 
challenge presented. Renal ammoniagenic mechanisms are also critically regu-
lated to serve the acid-base needs of the individual. Metabolic acidosis and 
respiratory acidosis increase the capacity to reabsorb HCO3

−, including increased 
expression of the transporters involved in acidifying the urine. At the same 
time, glutamine uptake into proximal cells is stimulated, and increased ammonia 
production facilitates acid excretion, as well as the generation of new HCO3

− in 
the distal nephron. Metabolic alkalosis and respiratory alkalosis have the 
opposite effects.

Ammoniagenesis, which is a key element in urinary3 acid excretion, provides 
the major acceptor for protons. Ammonia is produced predominantly in the 
proximal tubule cell by mitochondrial glutaminase enzymes. Production is 
increased by increasing the metabolic acid load in the body, respiratory acidosis, 
and hypokalemia. NH4

+ can preserve potassium in the hypokalemic state by 
serving as a cation needed for anion excretion. In response to metabolic aci-
dosis, the kidney would ideally excrete chloride with ammonium and preserve 
the ability to retain Na+ and K+.

In the liver, acidosis also decreases the activity of the urea cycle, which 
otherwise consumes NH3 and HCO3

− to form carbamoyl phosphate. In aci-
dosis, NH3 produces hepatic glutamine, which is delivered to the proximal 
tubule cell, where mitochondrial enzymes produce 2NH3 to assist in urinary 
net acid excretion; the associated increase in α-ketoglutarate provides a sub-
strate for gluconeogenesis in the renal proximal tubule.

Ammonia can be secreted by nonionic diffusion into the proximal fluid, 
where it will pick up a proton and form ammonium (NH4

+), or it could form 
ammonium within the proximal tubule cell and be secreted by Na+/NH4

+ 
exchange, a mode of operation of the Na+/H+ exchanger. Ammonium may be 
reabsorbed by the thick ascending limb of Henle on the Na-K-2Cl transporter, 
where it can substitute for K+. By countercurrent multiplication, NH3/NH4

+ 
concentrates in the medullary interstitial fluid rather than remaining in the 
ascending limb fluid as it reaches the highly perfused renal cortex, where 
it would otherwise dissipate into renal venous blood. The countercurrent 
mechanism also allows ammonia to diffuse into the lumen of the medullary 
collecting duct, where it will be trapped as ammonium in the acid tubular 
fluid. Collecting duct cells also secrete NH3 by way of glycoproteins that are 
in the family of the Rh factor, red blood cell ammonia transporters.

Regulation is accomplished at a number of levels. Hormones such as angio-
tensin II and catecholamines stimulate Na+ reabsorption in the proximal tubule 
by increasing sodium-hydrogen exchange and NaHCO3 cotransport. Aldos-
terone increases H+-ATPase in the collecting duct cell and stimulates Na+ 
reabsorption, thereby increasing proton secretion. Low extracellular fluid 
volume increases proximal HCO3

− reabsorption, as does hypokalemia and 
high Pco2. Hyperkalemia (Chapter 109) may limit urinary acidification by 
decreasing the NH3 entering the countercurrent multiplier in the loop of Henle 
and decreasing H+ secretion by ATPases in the collecting duct as the need to 
secrete K+ predominates.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Assessment of clinical acid-base disturbances usually begins with measurement 
of arterial blood gases (Fig. 110-1 and Table 110-3).4 In some situations, 
venous blood can be used as an alternative.

It is useful to conceptualize acid-base disorders by a mass action shift of 
the variables to the right or left in the following relationship:

H HCO H CO CO H O+ −+ ↔ ↔ +3 2 3 2 2

The addition of CO2, as in respiratory acidosis, will increase the hydrogen 
and bicarbonate concentrations (left shift). Removal of CO2, as in respiratory 
alkalosis, will decrease CO2, protons, and bicarbonate (shift right). The addi-
tion of protons with an anion other than HCO3

−, as in metabolic acidosis, 
will lead to increased concentrations of protons and a decreased bicarbonate 
concentration. Removal of HCO3

− with a cation such as Na+, also a cause of 
metabolic acidosis, will increase the proton concentration and lower the 
HCO3

− concentration. Metabolic alkalosis might be caused by the addition 
of NaHCO3 with a resulting decrease in the proton concentration or by removal 
of H+ with chloride, thereby leading to a decreased proton concentration and 
increased HCO3

−. Because of the relationship of metabolic acidosis and alka-
losis to the gain or loss of fluids and electrolytes, one could consider acid-base 
disorders a consequence of electrolyte imbalance.5

luminal Na+ entry, H+ secretion, and basolateral HCO3
− transport. A distur-

bance in any of these factors may disrupt proximal HCO3
− reabsorption and 

cause loss of HCO3
− in urine. It is also clear that the acidifying process in 

the proximal tubule provides a significant mechanism for Na+ reabsorption, 
consistent with the finding that HCO3

− reabsorption is increased by angio-
tensin II and the sympathetic nervous system in the defense of extracellular  
volume.

Another 10 to 15% of filtered HCO3
− is reabsorbed in the thick ascending 

limb of Henle, so that only small amounts of the filtered HCO3
− are normally 

delivered to more distal nephron segments.

The Cortical Collecting Duct
The cortical connecting tubules and collecting ducts reabsorb less than 10% 
of the filtered HCO3

−. In principal cells, Na+ is reabsorbed from lumen to cell 
by the epithelial sodium channel (ENaC), driven by the inwardly directed 
Na+ gradient and favorable electrical potential. With the reabsorption of Na+, 
the lumen becomes electronegative, thus favoring the secretion of both K+, 
through potassium channels, and H+, through vacuolar H+-ATPases on the 
luminal surface of neighboring α-intercalated cells, which are acid-secreting 
cells. The secreted H+ will combine with the remaining HCO3

− in the lumen 
to generate CO2, with subsequent reabsorption of CO2, re-formation of cel-
lular HCO3

− with the help of cellular carbonic anhydrase (CAII), and then 
exchange of HCO3

− from cell to blood for entry of extracellular Cl− through 
Cl−/HCO3

− exchangers, similar to the erythrocytic anion exchangers (AE1) 
that participate in blood CO2 transport. The distal nephron, which has a smaller 
requirement for bicarbonate reabsorption than the proximal tubule, lacks both 
brush border and luminal carbonic anhydrase. It is at this distal site that tubular 
fluid pH starts to fall to levels below pH 6.0.

β-Intercalated cells comprise a population of collecting duct cells that have 
reverse polarity and secrete HCO3

− into the lumen in exchange for Cl− entry 
into the cell. In these, the H+-ATPase faces the blood side of the cell. An 
elevated extracellular HCO3

− concentration, as seen with an alkaline-ash diet 
or metabolic alkalosis, will increase HCO3

− secretion by these cells through 
pendrin, which is the apical Cl−/HCO3

− anion exchanger.

The Medullary Collecting Duct
The medullary collecting duct continues to secrete protons into the luminal 
fluid, where the pH reaches its lowest values of close to 5.0. The mechanism 
is based on continued function of H+-ATPases with an additional role of an 
ATP-dependent K+/H+ exchanger, a member of the family of K+, H+-ATPases 
found in the stomach and colon.

Once the filtered HCO3
− is fully reabsorbed, the kidney is still required to 

eliminate an additional net amount of acid equivalent to that produced in 
metabolism. Most of this net acid excretion is in the form of ammonium 
(NH4

+), which is derived from the renal synthesis of ammonia from glutamine 
in the proximal tubule and the titration of filtered phosphate to acid phosphate 
(titratable acidity).

NH H NH p3 4 9 1+ ↔+ + K .

and

HPO H H PO p4
2

2 4 6 8− + −+ ↔ K .

Urinary Buffers
As the collecting duct cells continue to secrete H+ into urine with a diminish-
ing luminal HCO3

− concentration and decreasing pH, H+ is captured by the 
urinary buffers. The resulting alkalinization of the cells after H+ secretion 
results in the formation of cellular HCO3

− ready for transport into blood. This 
process generates “new” HCO3

− that is not a result of the reabsorption of 
filtered HCO3

−. The amount of new HCO3
− matches the amount of net acid 

eliminated and is also equal to each of the following: the amount of acid 
produced; the amount of body buffer consumed by that acid; and the amount 
of fixed acid anions, such as sulfate, phosphate, and Cl−, that accompanied 
the H+. The result is maintenance of normal acid-base equilibrium.

The ability of the kidney to lower urinary pH enables the buffers to capture 
a proton. Net acid excretion in urine is accomplished not simply by a decrease 
in urine pH but mostly by titration of these important urinary buffers. For 
example, a typical daily urine volume of 1 L at pH 5.0 contains only 10−5 
molar hydrogen ion, or 0.01 mmol, a trivial amount compared with the amount 
of produced acid (≈1 mmol/kg/day). In chronic kidney disease, the failure 
to produce sufficient ammonium to excrete enough net acid leads to metabolic 
imbalance and a poorly buffered, although acid, urine.
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When an acid-base disturbance develops, the initial response to modulate 
its severity depends on the titration of various body buffer pairs. For example, 
phosphate, hemoglobin, and albumin change their protonated and unproton-
ated concentrations. The body will further attempt to correct the extracellular 
pH toward normal but usually not to normal. For metabolic disturbances 
caused by increased or decreased nonvolatile acid, the response is respiratory; 
for primary respiratory acidosis and alkalosis, the compensation is renal (Table 
110-4). The direction of change in HCO3

− and Pco2 is the same when the 
primary disturbance is compensated; the ratio of HCO3

− to Pco2 and thus 
pH become more normal. These compensations tend to take time, so acid-
base disturbances, particularly the respiratory conditions, are classified as acute 
(lasting less than 24 to 48 hours) or chronic.

Peripheral blood does not demonstrate complete compensation for most 
acid-base disturbances, with the occasional exception of chronic respiratory 
alkalosis. Full compensation for metabolic acidosis would expend large amounts 
of respiratory muscle energy, which could limit a prolonged response. Full 
compensation for metabolic alkalosis would result in excessive hypoventilation 
and adverse effects on oxygenation. In contrast, the CNS closely regulates its 
pH, with nearly full correction within 1 to 2 days. Before this compensation 
occurs, acute alkalemia may be associated with cerebral vasoconstriction and 
ischemia, whereas acidemia may result in vasodilation and cerebral edema. 
Rapid changes in blood Pco2 affect the CNS chemosensors more quickly 
than do changes in HCO3

− because of more rapid movement of nonionic CO2 
across the blood-brain barrier. Increases in CNS CO2 lead to acidification of 
the medullary center interstitial fluid and an increased ventilatory drive. 
Decreases in CNS CO2 (alkalinization of the respiratory center) lead to 
hypoventilation. Acid-base changes are reflected in the composition of the 
cerebrospinal fluid (CSF).

In metabolic acidosis, peripheral chemosensors in the carotid body stimulate 
the CNS to increase ventilation to reduce Pco2. The fall in peripheral Pco2 
will lead to dissolved CO2 leaving the CNS ahead of HCO3

−; the alkalinization 
of the medullary center interstitial fluid will then slow the hyperventilatory 
response until a new steady state of hypocapnia is achieved. Patients may 
sense dyspnea or air hunger acutely with rapid and shallow respirations. In 
severe cases of metabolic acidemia, the respirations are deep and gasping, 
typical of Kussmaul breathing.

When the bicarbonate concentration increases as a result of metabolic 
alkalosis, a hypoventilatory response, signaled from the peripheral chemosen-
sors, raises Pco2. As Pco2 rises, the dissolved CO2 will enter the CSF and will 
acidify the medullary respiratory center. The stimulus to breathe will, in part, 
antagonize the peripheral signal until a steady state of hypoventilation is reached.

The acute stimulus of hypercapnia to increase net renal acid excretion dis-
appears when the stable hypercapnia of chronic respiratory acidosis allows 
carbonic acid production and elimination to become equal. However, the 
hypochloremia, brought about by the compensatory early excretion of NH4Cl, 
and elevated serum HCO3

−, maintained by the high Pco2, persist.
In respiratory alkalosis, the primary event is a fall in Pco2 because of increased 

alveolar ventilation. On transition from acute to chronic respiratory alkalosis, 
the compensatory mechanisms that initially maintained a more normal 

Compensatory Changes
Few patients have an isolated acid-base disturbance. In nearly all cases, a respi-
ratory or renal compensation (or both) occurs in response to counteract a 
primary acid-base process.

When functioning normally, the lungs may maintain a normal pH and Pco2 
during changes in volatile acid production. The kidneys will also maintain 
normal acid-base balance during changes in fixed acid production. Only excesses 
beyond the capacity to eliminate an acid or alkali load will lead to clinical 
disturbances. Patients with renal or lung disease may do less well in response 
to metabolic and respiratory disorders.

pH < 7.35

HCO3
– < 25

Primary 
metabolic
acidosis

• PCO2 appropriately low—well-compensated primary metabolic acidosis
• PCO2 higher than predicted—superimposed respiratory acidosis
• PCO2 lower than predicted—superimposed primary respiratory alkalosis

(Recognize that offsetting 
acid-base disturbances 
may normalize pH)

Calculate anion gap
• Normal—hyperchloremic acidosis
• High—anion gap metabolic acidosis—look for cause: toxic ingestion

(see osmolar gap), uremia, lactic acidosis, or ketoacidosis (check levels)

Compare change in gap and change in HCO3 (delta/delta)
• 1:1 simple anion gap metabolic acidosis
• < 1:1 suspect additional hyperchloremic acidosis
• > 1:1 suspect additional metabolic alkalosis

Primary
respiratory
acidosis

pH > 7.45

Alkalemia

Assess compensation using Winter equation (see Table 110-4)

PCO2 > 40

FIGURE 110-1. evaluation of acidemia. 

TABLE 110-3 LABORATORY STEPS IN IDENTIFYING  
ACID-BASE DISORDERS

EVALUATE pH ACIDEMIC ALKALEMIC
Elevated Pco2 Respiratory acidosis Metabolic alkalosis
Elevated HCO3 Respiratory acidosis Metabolic alkalosis
Decreased Pco2 Metabolic acidosis Respiratory alkalosis
Decreased HCO3 Metabolic acidosis Respiratory alkalosis
EVALUATE FOR EXPECTED COMPENSATION

Meets expectation: simple disorder with compensation or could be offsetting 
metabolic alkalosis and acidosis

Does not meet expectation: complex disorder, but pH indicates whether acidosis or 
alkalosis is dominant

If a metabolic disorder is dominant, a Pco2 greater than predicted indicates an 
additional respiratory acidosis. A Pco2 less than predicted indicates an additional 
respiratory alkalosis.

If a respiratory disorder is dominant, an HCO3 concentration greater than predicted 
indicates additional metabolic alkalosis. An HCO3 concentration less than 
predicted indicates an additional metabolic acidosis.

ASSESS ANION GAP

Elevated: metabolic acidosis is present whether acidemic or alkalemic. If alkalemic, 
an additional metabolic or respiratory alkalosis is present.

If the gap is greater than the fall in HCO3, consider an additional metabolic alkalosis or 
respiratory acidosis.

If the gap is less than the fall in HCO3, consider an additional nongap acidosis or 
respiratory alkalosis.

alkalosis. In most anion gap acidoses, the increase in anion gap and the decrease 
in HCO3

− is not 1 : 1 because the excretion of urinary anions with Na+ results 
in a hyperchloremic component to the acidosis. Conversely, any buffering of 
H+ with non-HCO3

− buffers will decrease the drop in HCO3
− compared with 

the increase in anion gap. In severe cases of anion gap acidosis, Cl− may be 
displaced into cells, thereby resulting in a higher anion gap compared with 
the decrease in HCO3

−—a hypochloremic anion gap acidosis.

 CLINICAL MANIFESTATIONS
The effects of metabolic acidosis depend on its rapidity of onset and severity. 
Patients often complain of fatigue, nausea, vomiting, shortness of breath, and 
dyspnea on exertion. Acutely, deep respirations, often labored with the use 
of accessory muscles, may be detected, but hyperventilation may be less notable 
with chronic metabolic acidemia. Metabolic acidemia also may be associated 
with vasodilation, tachycardia, and hypotension (Chapter 98). The negative 
inotropic effect of acidemia on the heart can exacerbate septic shock (Chapter 
100). The stress of an underlying illness or an increase in adrenergic and 
corticosteroid activity associated with acidemia may elevate the peripheral 
white blood cell count and cause hyperglycemia. Other findings can include 
hyperkalemia (Chapter 109), hyperphosphatemia (Chapter 111), and hyper-
uricemia (Chapter 257) as well as hypocalcemia and markers of bone injury7 
as a result of decreased renal synthesis of 1,25-dihydroxyvitamin D.

 Anion Gap Metabolic Acidoses
A variety of abnormalities can cause anion gap acidoses. One mnemonic for 
the common ones is gold mark, for glycols (ethylene and propylene), oxop-
roline, l-lactate, d-lactate, methanol, aspirin, renal failure, and ketoacidosis. 
Because some causes are life-threatening, a rapid diagnosis is required. The 
osmolar gap should be calculated in all cases of anion gap acidosis (Table 
110-5) because unmeasured toxic, nonionic alcohols that contribute to body 
osmolality but not to acidity oxidize to dangerous unmeasured organic acid 
anions that contribute only to the anion gap. The osmolar gap is defined as 
the difference between the measured and the calculated serum osmolality. 
The serum osmolality should be measured by a freezing point depression 
technique and compared with the calculated osmolality.

Calculated osmolality Na Glucose mg dL
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 UREMIC ACIDOSIS
The metabolic acidosis of advanced chronic kidney disease (Chapter 121) 
may be due to tubular leakage of HCO3

−, but it is often present when inad-
equate ammonia production is unable to facilitate excretion of the normal 
metabolic acid load.8 Many patients with renal failure can acidify their urine, 
but the lack of buffering capacity diminishes net acid excretion. Many organic 
and inorganic anions, such as phosphate and sulfates, are retained at glomerular 
filtration rates of less than 25 mL/minute and constitute an increased anion 
gap in association with the metabolic acidosis. The magnitude of the gap is 
usually less than 20 mEq/L consisting of poorly filtered sulfates and phosphates. 
The renal patient who is maximally producing NH3 to stay in balance with 
daily acid production may be unable to accommodate any further acid pro-
duction, such as a metabolic or respiratory acidosis, that would require increased 
ammoniagenesis. The patient with poor glomerular filtration will retain HCO3

−, 

systemic pH are no longer required as CO2 production and elimination become 
equal. Thus, the initial compensatory decrease in renal acid excretion brought 
about by increased loss of filtered NaHCO3 ceases, but low serum HCO3

− and 
high serum Cl− concentrations are maintained.

In identifying whether an acid-base disturbance is simple (a single distur-
bance with its compensation) or complex (multiple primary processes simul-
taneously present), it is useful to compare the expected compensation for a 
simple process with the observed parameters of the blood gases (see Table 
110-3). For example, if Pco2 is lower than would be predicted in a patient 
with a simple, compensated metabolic acidosis, an additional respiratory alka-
losis must be driving the Pco2 down. If Pco2 is higher than would be predicted 
for a low bicarbonate level in a patient with metabolic acidosis, a coexistent 
respiratory acidosis is present.

 METABOLIC ACIDOSIS

 EPIDEMIOLOGY AND PATHOBIOLOGY
In metabolic acidosis, the primary change is a fall in serum bicarbonate. The 
compensatory response is to increase ventilation to reduce Pco2. Worsening 
acidosis elicits increasing alveolar ventilation.

Primary metabolic acidosis results from an imbalance between net acid 
production and net acid excretion (NAE) in the form of urinary ammonium 
excretion and acid phosphate excretion. Consider the following relationship, 
where Ux represents the urinary concentration and the urinary flow rate V̇:

NAE (U V) (U V) (U V)NH phos HCO= × + × − ×−4 3
� � �

In a normal steady-state condition, the rate of excretion of net acid must be 
equal to the rate of production. The normal production rate depends on diet. 
If net acid production is normal, metabolic acidosis could occur because of 
a failure to reabsorb bicarbonate or a failure to elaborate enough urinary buffers, 
as is the case in renal failure and renal tubular acidosis. An inequality also 
could develop if net acid production were excessive or if large extrarenal bicar-
bonate losses were unable to be matched by maximal adaptive increases in 
net acid excretion. Endogenous sources of acid include ketoacidosis and lactic 
acidosis, whereas exogenous sources might be acid metabolic products of 
ingested ethylene glycol or methanol. On occasion, strong inorganic acids 
may be ingested. When net acid is retained, the serum bicarbonate concentra-
tion falls. However, maintenance of a constant low serum HCO3

− concentration 
does not guarantee that there is a new steady state in which net acid production 
is equal to net acid excretion because body buffers such as carbonate salts of 
bone may become depleted by relentless acid retention, as in chronic kidney 
disease and distal renal tubular acidosis.

The causes of metabolic acidosis are usually categorized according to the 
presence of either hyperchloremia or an elevated serum anion gap. The serum 
anion gap is the net charge difference when the sum of chloride and bicarbon-
ate is subtracted from the serum sodium concentration.

Anion gap Na Cl HCO= − ++ − −[ ] ([ ] [ ])3

The normal anion gap is due to the net unmeasured anionic charge associated 
predominantly with albumin. When acidemia is present, albumin is in a more 
protonated form, which lowers the normal gap. In alkalemia, the effect of pH 
is to increase the gap attributed to albumin. Each 1 g/dL of albumin contributes 
approximately 2.5 mEq/L to the normal anion gap. The anion gap may be 
low with hypoalbuminemia or with an increase in unmeasured cations, such 
as immunoglobulin G myeloma paraproteins, calcium, lithium, or magnesium. 
The anion gap may be high in the presence of unmeasured anions including 
sulfates, bromides, iodides, and immunoglobulin A myeloma light chains. 
When the anion gap is increased above the normal value of 10 to 12 mEq/L 
by a non-chloride acid anion, an anion gap metabolic acidosis exists.6 The 
accompanying proton is responsible for lowering the serum bicarbonate con-
centration. The degree of increase in the anion gap, sometimes referred to as 
the delta anion gap, may be estimated by the difference between the observed 
anion gap and a normal value of 10 to 12 mEq/L. A similar calculation for a 
change in serum HCO3

− can be made by subtracting the observed HCO3
− from 

the normal value of about 25 mEq/L (the delta HCO3
−). Comparison of the 

two values (the delta-delta) may help identify more complicated acid-base 
disorders. If the increase in the anion gap is larger than the decrease in serum 
HCO3

−, an additional process is raising the HCO3
− level. The patient may 

have a coexisting metabolic alkalosis or be compensating for chronic respira-
tory acidosis. If the decrease in serum HCO3

− is larger than the increase in 
the anion gap, it is a sign of another process that raises the Cl− while lowering 
the HCO3

− level, such as an additional hyperchloremic acidosis or respiratory 

TABLE 110-4 EXPECTED DEGREES OF COMPENSATION IN 
ACID-BASE DISORDERS

DISORDER EXPECTED COMPENSATION
Metabolic acidosis Steady state in 12-36 hours

Expected Pco2 = 1.5 (measured HCO3) + 8 ± 2 
(Winter equation)

Metabolic alkalosis Less predictable
Expected Pco2 increases 0.5 mm Hg per 

1-mEq/L increase in HCO3

Respiratory acidosis
Acute Expected 1-mEq/L increase in HCO3 per 

10-mm Hg rise in Pco2

Chronic, after 24-36 hours Expected 3- to 5-mEq/L increase in HCO3 per 
10-mm Hg rise in Pco2

Respiratory alkalosis
Acute Expected 1- to 2-mEq/L fall in HCO3 per 

10-mm Hg fall in Pco2

Chronic, after 24-36 hours Expected 5-mEq/L fall in HCO3 per 10-mm 
Hg fall in Pco2
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alkalosis. In most anion gap acidoses, the increase in anion gap and the decrease 
in HCO3

− is not 1 : 1 because the excretion of urinary anions with Na+ results 
in a hyperchloremic component to the acidosis. Conversely, any buffering of 
H+ with non-HCO3

− buffers will decrease the drop in HCO3
− compared with 

the increase in anion gap. In severe cases of anion gap acidosis, Cl− may be 
displaced into cells, thereby resulting in a higher anion gap compared with 
the decrease in HCO3

−—a hypochloremic anion gap acidosis.

 CLINICAL MANIFESTATIONS
The effects of metabolic acidosis depend on its rapidity of onset and severity. 
Patients often complain of fatigue, nausea, vomiting, shortness of breath, and 
dyspnea on exertion. Acutely, deep respirations, often labored with the use 
of accessory muscles, may be detected, but hyperventilation may be less notable 
with chronic metabolic acidemia. Metabolic acidemia also may be associated 
with vasodilation, tachycardia, and hypotension (Chapter 98). The negative 
inotropic effect of acidemia on the heart can exacerbate septic shock (Chapter 
100). The stress of an underlying illness or an increase in adrenergic and 
corticosteroid activity associated with acidemia may elevate the peripheral 
white blood cell count and cause hyperglycemia. Other findings can include 
hyperkalemia (Chapter 109), hyperphosphatemia (Chapter 111), and hyper-
uricemia (Chapter 257) as well as hypocalcemia and markers of bone injury7 
as a result of decreased renal synthesis of 1,25-dihydroxyvitamin D.

 Anion Gap Metabolic Acidoses
A variety of abnormalities can cause anion gap acidoses. One mnemonic for 
the common ones is gold mark, for glycols (ethylene and propylene), oxop-
roline, l-lactate, d-lactate, methanol, aspirin, renal failure, and ketoacidosis. 
Because some causes are life-threatening, a rapid diagnosis is required. The 
osmolar gap should be calculated in all cases of anion gap acidosis (Table 
110-5) because unmeasured toxic, nonionic alcohols that contribute to body 
osmolality but not to acidity oxidize to dangerous unmeasured organic acid 
anions that contribute only to the anion gap. The osmolar gap is defined as 
the difference between the measured and the calculated serum osmolality. 
The serum osmolality should be measured by a freezing point depression 
technique and compared with the calculated osmolality.

Calculated osmolality Na Glucose mg dL
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 UREMIC ACIDOSIS
The metabolic acidosis of advanced chronic kidney disease (Chapter 121) 
may be due to tubular leakage of HCO3

−, but it is often present when inad-
equate ammonia production is unable to facilitate excretion of the normal 
metabolic acid load.8 Many patients with renal failure can acidify their urine, 
but the lack of buffering capacity diminishes net acid excretion. Many organic 
and inorganic anions, such as phosphate and sulfates, are retained at glomerular 
filtration rates of less than 25 mL/minute and constitute an increased anion 
gap in association with the metabolic acidosis. The magnitude of the gap is 
usually less than 20 mEq/L consisting of poorly filtered sulfates and phosphates. 
The renal patient who is maximally producing NH3 to stay in balance with 
daily acid production may be unable to accommodate any further acid pro-
duction, such as a metabolic or respiratory acidosis, that would require increased 
ammoniagenesis. The patient with poor glomerular filtration will retain HCO3

−, 

systemic pH are no longer required as CO2 production and elimination become 
equal. Thus, the initial compensatory decrease in renal acid excretion brought 
about by increased loss of filtered NaHCO3 ceases, but low serum HCO3

− and 
high serum Cl− concentrations are maintained.

In identifying whether an acid-base disturbance is simple (a single distur-
bance with its compensation) or complex (multiple primary processes simul-
taneously present), it is useful to compare the expected compensation for a 
simple process with the observed parameters of the blood gases (see Table 
110-3). For example, if Pco2 is lower than would be predicted in a patient 
with a simple, compensated metabolic acidosis, an additional respiratory alka-
losis must be driving the Pco2 down. If Pco2 is higher than would be predicted 
for a low bicarbonate level in a patient with metabolic acidosis, a coexistent 
respiratory acidosis is present.

 METABOLIC ACIDOSIS

 EPIDEMIOLOGY AND PATHOBIOLOGY
In metabolic acidosis, the primary change is a fall in serum bicarbonate. The 
compensatory response is to increase ventilation to reduce Pco2. Worsening 
acidosis elicits increasing alveolar ventilation.

Primary metabolic acidosis results from an imbalance between net acid 
production and net acid excretion (NAE) in the form of urinary ammonium 
excretion and acid phosphate excretion. Consider the following relationship, 
where Ux represents the urinary concentration and the urinary flow rate V̇:

NAE (U V) (U V) (U V)NH phos HCO= × + × − ×−4 3
� � �

In a normal steady-state condition, the rate of excretion of net acid must be 
equal to the rate of production. The normal production rate depends on diet. 
If net acid production is normal, metabolic acidosis could occur because of 
a failure to reabsorb bicarbonate or a failure to elaborate enough urinary buffers, 
as is the case in renal failure and renal tubular acidosis. An inequality also 
could develop if net acid production were excessive or if large extrarenal bicar-
bonate losses were unable to be matched by maximal adaptive increases in 
net acid excretion. Endogenous sources of acid include ketoacidosis and lactic 
acidosis, whereas exogenous sources might be acid metabolic products of 
ingested ethylene glycol or methanol. On occasion, strong inorganic acids 
may be ingested. When net acid is retained, the serum bicarbonate concentra-
tion falls. However, maintenance of a constant low serum HCO3

− concentration 
does not guarantee that there is a new steady state in which net acid production 
is equal to net acid excretion because body buffers such as carbonate salts of 
bone may become depleted by relentless acid retention, as in chronic kidney 
disease and distal renal tubular acidosis.

The causes of metabolic acidosis are usually categorized according to the 
presence of either hyperchloremia or an elevated serum anion gap. The serum 
anion gap is the net charge difference when the sum of chloride and bicarbon-
ate is subtracted from the serum sodium concentration.

Anion gap Na Cl HCO= − ++ − −[ ] ([ ] [ ])3

The normal anion gap is due to the net unmeasured anionic charge associated 
predominantly with albumin. When acidemia is present, albumin is in a more 
protonated form, which lowers the normal gap. In alkalemia, the effect of pH 
is to increase the gap attributed to albumin. Each 1 g/dL of albumin contributes 
approximately 2.5 mEq/L to the normal anion gap. The anion gap may be 
low with hypoalbuminemia or with an increase in unmeasured cations, such 
as immunoglobulin G myeloma paraproteins, calcium, lithium, or magnesium. 
The anion gap may be high in the presence of unmeasured anions including 
sulfates, bromides, iodides, and immunoglobulin A myeloma light chains. 
When the anion gap is increased above the normal value of 10 to 12 mEq/L 
by a non-chloride acid anion, an anion gap metabolic acidosis exists.6 The 
accompanying proton is responsible for lowering the serum bicarbonate con-
centration. The degree of increase in the anion gap, sometimes referred to as 
the delta anion gap, may be estimated by the difference between the observed 
anion gap and a normal value of 10 to 12 mEq/L. A similar calculation for a 
change in serum HCO3

− can be made by subtracting the observed HCO3
− from 

the normal value of about 25 mEq/L (the delta HCO3
−). Comparison of the 

two values (the delta-delta) may help identify more complicated acid-base 
disorders. If the increase in the anion gap is larger than the decrease in serum 
HCO3

−, an additional process is raising the HCO3
− level. The patient may 

have a coexisting metabolic alkalosis or be compensating for chronic respira-
tory acidosis. If the decrease in serum HCO3

− is larger than the increase in 
the anion gap, it is a sign of another process that raises the Cl− while lowering 
the HCO3

− level, such as an additional hyperchloremic acidosis or respiratory 

TABLE 110-5 CAUSES OF INCREASED ANION AND 
OSMOLAR GAPS

ANION GAP METABOLIC ACIDOSIS OSMOLAR GAP
Uremia No
Lactic acidosis Variable/no
d-Lactic acidosis No
Diabetic ketoacidosis No
Starvation ketoacidosis No
Alcoholic ketoacidosis If ethanol is present
Ethylene glycol Yes
Methanol Yes
Salicylates No
5-Oxoprolinuria (acetaminophen) No
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anaerobic metabolism. Other causes include thiamine deficiency (Chapter 
205), hypophosphatemia (Chapter 111), isoniazid toxicity (Chapter 102), 
and hypoglycemic states (Chapter 217). Metformin may cause lactic acido-
sis, particularly in elderly patients with cardiac, hepatic, or renal dysfunction.

Nucleoside antivirals (Chapter 364), including zidovudine, may cause 
lactic acidosis and abnormal liver function as a result of toxic mitochondrial 
effects. Abnormal mitochondrial function is also a feature of aspirin overdose 
(Chapter 76) or toxicity with hypoglycin from ingestion of the unripe ackee 
fruit ( Jamaican vomiting sickness). The antibiotic linezolid is another cause 
of lactic acidosis.

Lactic acidosis can also be caused by the overproduction of lactate, which 
may occur with severe exertion and malignant neoplasms, particularly with 
a large tumor burden from lymphoma or widely metastatic cancer. Malignant 
cells can upregulate glycolytic activity, which may increase their uptake of 
glucose and decrease their dependence on mitochondrion-derived energy. 
These tumors can use large amounts of available glucose and inorganic phos-
phate, thereby leading to a syndrome of hypoglycemia, hypophosphatemia, 
and lactic acidosis.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Lactic acidosis typically presents with a blood pH of 7.35 or lower and a 
serum HCO3

− 20 mEq/L or lower. To make the diagnosis, however, the serum 
lactate level should be directly measured in any patient with an anion gap 
acidosis. Glucose, creatinine, and blood urea nitrogen levels also should be 
obtained. In cases in which a toxic ingestion is suspected (see Table 110-5), 
a screen for such toxins in the serum should be performed.

thereby worsening both metabolic and respiratory alkalosis. The systemic 
acid-base disturbance in renal diseases with prominent tubular dysfunction 
is attributable to the kidney’s inability to secrete hydrogen and to reabsorb 
and generate HCO3

−. It is particularly pronounced in oliguric acute kidney 
injury and is exacerbated by hypercatabolic states such as infection. A signifi-
cant metabolic acidosis in a patient with chronic kidney disease of unknown 
cause should raise the possibility of urinary tract obstruction or chronic tubu-
lointerstitial diseases (Chapter 114), including amyloidosis (Chapter 179), 
myeloma (Chapter 178), autoimmune disorders, and analgesic nephropathy 
(Chapter 114).

It is important to treat the metabolic acidosis of chronic kidney disease.9 
Maintaining the serum HCO3

− concentration above 20 to 22 mEq/L, by 
administering NaHCO3 at a rate of 1 mEq HCO3

−/kg/day, will slow the pro-
gression of chronic kidney disease, delay end-stage renal failure, A1  and improve 
nutritional status.10

 PROGNOSIS
In population studies, a low serum bicarbonate level is associated with higher 
all-cause mortality. The relative risk of death is about 2.6-fold higher in patients 
with chronic kidney disease and about 1.7-fold higher even without it.

 OVERPRODUCTION OF ENDOGENOUS ACIDS
 Lactic Acidosis

 EPIDEMIOLOGY AND PATHOBIOLOGY
Overproduction of lactate may occur with severe exertion, but true lactic 
acidosis is frequently associated with critical illness, multiorgan failure, and 
increased mortality. Lactate, which is the final product in the anaerobic pathway 
of glucose metabolism, is produced from pyruvate in a reaction catalyzed by 
lactate dehydrogenase:

NADH pyruvate H lactate NAD+ + → ++ +

A high reduced nicotinamide adenine dinucleotide (NADH)/NAD ratio will 
favor the formation of lactate. Conversion of ethanol to acetaldehyde and 
conversion of β-hydroxybutyrate to acetoacetate use NAD and produce NADH. 
Alcohol metabolism may be associated with excessive β-hydroxybutyrate and 
lactic acidosis.

Lactic acidosis is caused by an imbalance in the rates of lactate production 
and its clearance, primarily in the liver. Lactic acidosis, which increases the 
anion gap, is most often due to circulatory failure, hypoxia, and mitochondrial 
dysfunction that each increase anaerobic glycolysis and the rate of conversion 
of pyruvate to lactate (Table 110-6). Sepsis (Chapter 100) is associated with 
an elevated lactate level because of poor clearance and impaired gluconeo-
genesis. Lactic acidosis can also result from seizure activity (Chapter 375) 
when lactate is released from muscle cells that have sustained a period of 

Respiratory alkalosis is the result of a direct stimulatory effect of salicylate 
on the medullary respiratory control center. Salicylate intoxication also increases 
the metabolic rate. Diagnosis is suspected by the clinical presentation and 
confirmed by the salicylate level (Chapters 76 and 102).

Treatment of salicylate intoxication (Chapter 102) is aimed at correction 
of the metabolic acidosis and removal of salicylate. Bicarbonate as a sodium 
salt should be administered according to an estimated calculation of the deficit 
if metabolic acidosis predominates. Salicylates are removed by alkaline diuresis 
because the less reabsorbable salicylate anion will predominate when the urine 
pH increases. Urinary alkalinization with acetazolamide should be used cau-
tiously because carbonic anhydrase inhibition may impair CO2 transport from 
tissue to blood and potentially worsen acidosis in the respiratory center. In 
severe intoxication (salicylate concentrations greater than 35 mg/dL) or when 
renal failure is present, dialysis may be required.

 PROGNOSIS
The prognosis of salicylate toxicity is better with early diagnosis and prompt 
management, in which case most patients do well. Patients who ingest oil of 
wintergreen (methylsalicylate) may have more severe deterioration because 
of the high lipid solubility of the drug.

 Alcoholic Ketoacidosis

 EPIDEMIOLOGY AND PATHOBIOLOGY
Alcoholic ketoacidosis occurs in a patient who has been drinking very heavily 
without eating. The pathophysiologic mechanism is based on the overproduc-
tion of β-hydroxybutyrate and, to a lesser extent, acetoacetate because of an 
increased production of free fatty acids from adipose tissue. Alcohol inhibits 
the conversion of lactate to glucose in the liver. The oxidation of ethanol 
increases the ratio of NADH to NAD+ and favors the production of 
β-hydroxybutyrate from acetoacetate. Damage to mitochondria by alcohol 
can further elevate the ratio of β-hydroxybutyrate to acetoacetate by prevent-
ing reoxidation of NADH to NAD. The oxidative metabolism of ethanol favors 
the reaction of dehydrogenase enzymes to form β-hydroxybutyrate and lactate 
(opposing glucose production).

 CLINICAL MANIFESTATIONS
Alcoholic ketoacidosis usually follows binge drinking and may be associated 
with withdrawal symptoms (Chapters 30 and 388) and the associated hyper-
adrenergic state. Alcoholic ketoacidosis is associated with abdominal pain, 
vomiting, starvation, and volume depletion. In contrast to diabetic ketoacidosis, 
coma is rare. Blood glucose levels are generally low or normal, and the insulin 
level is frequently low, with elevated glucagon (favoring ketogenesis) and 
cortisol levels. Some patients have hyperglycemia because of the increased 
catecholamine response.

 DIAGNOSIS
Initially, patients typically have a high osmolal gap and blood alcohol levels 
may be absent or elevated. A clue to the diagnosis of toxic alcohol ingestion 
is the simultaneous presence of an anion gap metabolic acidosis and an osmolal 
gap. The osmolal gap, if due to ethanol, should equal the ethanol concentration 
in milligrams per deciliter divided by 4.6. If this calculation does not yield 
the expected gap based on the ethanol level, ingestion of another alcohol, 
such as methanol, isopropanol, or ethylene glycol, should be suspected (see 
Table 110-2).

If possible, ethanol, ethylene glycol, propylene glycol, and methanol levels 
should be measured directly; each is associated with a metabolic acidosis. In 
contrast, isopropanol metabolizes to acetone and causes ketosis without aci-
dosis. An osmolar gap may be present.

The lack of insulin increases lipolysis in adipose tissue; free fatty acids are 
transported to the liver, where hepatic mitochondria produce ketone bodies, 
including acetoacetate, from acetyl coenzyme A. In the presence of high NADH/
NAD ratio, the more reduced form of β-hydroxybutyrate is produced.

 CLINICAL MANIFESTATIONS
Symptoms include nausea, vomiting, anorexia, polydipsia, and polyuria. Patients 
often exhibit Kussmaul respirations and volume depletion. Neurologic symp-
toms include fatigue and lethargy with depression of the sensorium. CSF 
exhibits a change in acid-base status with treatment of diabetic ketoacidosis. 
Even without bicarbonate administration, CSF pH falls as a result of the ven-
tilatory response to the correction of acidosis and the sudden rise in Pco2. 
However, no correlation between decreased CSF pH and depression of sen-
sorium has been established. Ketoacidosis is also seen in cases of starvation, 
in which it is generally mild and not associated with hyperglycemia.

Keto acids in the urine may be accompanied by cations, including sodium 
and potassium, thereby contributing to volume depletion, potassium deple-
tion, relative chloride retention, and a mixed anion gap and hyperchloremic 
acidosis. The delta HCO3

− will exceed the delta anion gap, especially if the 
glomerular filtration rate and the filtered load of keto acids are high. The serum 
anion gap in general will be greatest when renal failure is present because the 
additional anions cannot be cleared from extracellular fluid.

 DIAGNOSIS
The urinary dipstick nitroprusside test for ketones may underestimate the 
degree of ketosis because it does not detect β-hydroxybutyrate; in fact, the 
ketone test result may become more positive as treatment helps metabolize 
β-hydroxybutyrate to acetoacetate. This problem should be addressed by direct 
measurement of serum β-hydroxybutyrate. Diabetic patients also are more 
prone to lactic acidosis because an increase in NADH favors the formation 
of lactate from pyruvate, and pyruvate dehydrogenase is inhibited in the absence 
of insulin.

TABLE 110-6 CAUSES OF LACTIC ACIDOSIS
Shock (Chapter 98): septic (Chapter 100), cardiogenic (Chapter 99), or 

hypovolemic
Advanced heart failure (Chapters 52 and 53)
Severe trauma (Chapter 103)
Severe hypoxemia (Chapter 96) with Pao2 <30 mm Hg
Carbon monoxide poisoning (Chapter 88)
Severe anemia (Chapter 149) with hemoglobin level <5 g/dL
Vigorous exercise, seizures (Chapter 375), or shivering (Chapter 101)
Diabetes mellitus (Chapter 216), usually in association with ketoacidosis
Cancer (especially lymphomas [Chapters 176 and 177], leukemias [Chapters 173 

and 174 and 175], and solid tumors)
Liver disease with decreased lactate clearance (Chapter 145)
High plasma metformin levels
Nucleoside reverse-transcriptase inhibitors
Cocaine (Chapter 31)
Toxic alcohols, methanol, ethylene glycol, diethylene glycol (Chapter 102)
Propylene glycol (Chapter 102)
Salicylates (Chapter 76)
Cyanide (Chapter 102)
β2 agonists (Chapter 81)
Propofol (after prolonged high-dose infusion; Chapter 404)
Thiamine deficiency in children or adults receiving parenteral nutrition or those with 

fulminant beriberi (Chapters 204 and 205)
Adapted from Kraut JA, Madias NE. Lactic acidosis. N Engl J Med. 2014;371:2309-2319.

TREATMENT 

Treatment of lactic acidosis is aimed at correction of the underlying cause. 
Central venous oxygen saturation should be increased, with a goal of at least 
70%, by restoring tissue perfusion and ventilation. In general, the mean arterial 
pressure should be maintained at 65 to 70 mm Hg, the heart rate below 100 
beats/minute, and the hemoglobin level over 7 g/dL.

However, specific therapy to increase the clearance of lactate is not of sig-
nificant incremental value. Even though it can temporarily improve the pH, it 
does not improve hemodynamics; and furthermore, it adversely lowers ionized 
serum calcium compared with saline. Sodium bicarbonate can be considered 
when the arterial pH is below 7.0 or when acidemia has resulted in decreased 
cardiac inotropy or systemic vasodilation and shock. It is preferable to give 
NaHCO3 as an isotonic mixture in 5% dextrose and water rather than as a hyper-
tonic bolus, because the latter carries the risk of pulmonary edema and hyper-
natremia. The quantity of administered sodium bicarbonate to raise arterial 
pH to 7.2 should be estimated by multiplying the desired minus observed 
bicarbonate concentration by 50% of body weight. Full correction should be 
avoided.

In patients with a metabolic acidosis after seizures (Chapter 375), the lactate 
is quickly metabolized to HCO3

− by the liver and kidneys, and the acidosis often 
resolves within 60 minutes. The administration of HCO3

− is usually unnecessary 
and may precipitate an overshoot metabolic alkalosis as the lactate is metabo-
lized, which lowers the seizure threshold.

In patients with intestinal bacterial overgrowth (Chapter 131), a syndrome 
of disorientation, ataxia, and anion gap metabolic acidosis may develop after 
a carbohydrate meal because of bacterial production of D-lactate. This isomer 
of the mammalian L-lactate can be measured only by a specific D-lactate assay. 
The condition is treated with oral antibiotics and appropriate diet.

TREATMENT 

 PROGNOSIS
Lactic acidosis, when severe, is associated with a high early mortality. When 
the pH is less than 7.2, only 17% of patients who are admitted to an intensive 
care unit are ultimately discharged from the hospital.

 Diabetic Ketoacidosis

 EPIDEMIOLOGY AND PATHOBIOLOGY
Diabetic ketoacidosis is defined as hyperglycemia with metabolic acidosis 
resulting from generation of the acid anions β-hydroxybutyrate (a hydroxy 
acid) and acetoacetate (a keto acid) in response to insulin deficiency and 
elevated counter-regulatory hormones such as glucagon. It is most commonly 
seen in cases of type 1 diabetes mellitus but can occasionally be seen in type 
2 diabetes mellitus (Chapter 216). In an urban population, African Americans 
of low socioeconomic status were found to have more frequent episodes of 
diabetic ketoacidosis.

 PROGNOSIS
Most patients with diabetic ketoacidosis recover. In the less than 0.5% of 
patients who present with coma from cerebral edema, the mortality rate ranges 
from 20% to as high as 90%. The cerebral edema may be exacerbated by 
bicarbonate administration, which is discouraged in this situation.

 Salicylate Intoxication

 EPIDEMIOLOGY AND PATHOBIOLOGY
Salicylate intoxication can be caused by accidental overdose, therapeutic over-
dose, or a suicide attempt (Chapters 76 and 102). Salicylate functions as an 
uncoupler of oxidative phosphorylation and consequently results in increased 
oxygen consumption and CO2 production. However, the increase in alveolar 
ventilation resulting from stimulation of central chemoreceptors overcomes 
this increase in CO2.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The most common clinical manifestation is a combined anion gap metabolic 
acidosis and respiratory alkalosis, although the condition also can be mani-
fested as either one or the other only. Children are often seen with metabolic 
acidosis, whereas adults often have predominant respiratory alkalosis. Hypo-
glycemia, ketoacidosis, and lactic acidosis may result. Other manifestations 
of intoxication include hemorrhage, fever, nausea and vomiting, hyperventila-
tion, diaphoresis, tinnitus, and occasionally polyuria followed by oliguria. 
Severe cases may lead to seizures, respiratory depression, and coma. Noncar-
diogenic pulmonary edema is sometimes seen in adults.

TREATMENT 
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Respiratory alkalosis is the result of a direct stimulatory effect of salicylate 
on the medullary respiratory control center. Salicylate intoxication also increases 
the metabolic rate. Diagnosis is suspected by the clinical presentation and 
confirmed by the salicylate level (Chapters 76 and 102).

Treatment of salicylate intoxication (Chapter 102) is aimed at correction 
of the metabolic acidosis and removal of salicylate. Bicarbonate as a sodium 
salt should be administered according to an estimated calculation of the deficit 
if metabolic acidosis predominates. Salicylates are removed by alkaline diuresis 
because the less reabsorbable salicylate anion will predominate when the urine 
pH increases. Urinary alkalinization with acetazolamide should be used cau-
tiously because carbonic anhydrase inhibition may impair CO2 transport from 
tissue to blood and potentially worsen acidosis in the respiratory center. In 
severe intoxication (salicylate concentrations greater than 35 mg/dL) or when 
renal failure is present, dialysis may be required.

 PROGNOSIS
The prognosis of salicylate toxicity is better with early diagnosis and prompt 
management, in which case most patients do well. Patients who ingest oil of 
wintergreen (methylsalicylate) may have more severe deterioration because 
of the high lipid solubility of the drug.

 Alcoholic Ketoacidosis

 EPIDEMIOLOGY AND PATHOBIOLOGY
Alcoholic ketoacidosis occurs in a patient who has been drinking very heavily 
without eating. The pathophysiologic mechanism is based on the overproduc-
tion of β-hydroxybutyrate and, to a lesser extent, acetoacetate because of an 
increased production of free fatty acids from adipose tissue. Alcohol inhibits 
the conversion of lactate to glucose in the liver. The oxidation of ethanol 
increases the ratio of NADH to NAD+ and favors the production of 
β-hydroxybutyrate from acetoacetate. Damage to mitochondria by alcohol 
can further elevate the ratio of β-hydroxybutyrate to acetoacetate by prevent-
ing reoxidation of NADH to NAD. The oxidative metabolism of ethanol favors 
the reaction of dehydrogenase enzymes to form β-hydroxybutyrate and lactate 
(opposing glucose production).

 CLINICAL MANIFESTATIONS
Alcoholic ketoacidosis usually follows binge drinking and may be associated 
with withdrawal symptoms (Chapters 30 and 388) and the associated hyper-
adrenergic state. Alcoholic ketoacidosis is associated with abdominal pain, 
vomiting, starvation, and volume depletion. In contrast to diabetic ketoacidosis, 
coma is rare. Blood glucose levels are generally low or normal, and the insulin 
level is frequently low, with elevated glucagon (favoring ketogenesis) and 
cortisol levels. Some patients have hyperglycemia because of the increased 
catecholamine response.

 DIAGNOSIS
Initially, patients typically have a high osmolal gap and blood alcohol levels 
may be absent or elevated. A clue to the diagnosis of toxic alcohol ingestion 
is the simultaneous presence of an anion gap metabolic acidosis and an osmolal 
gap. The osmolal gap, if due to ethanol, should equal the ethanol concentration 
in milligrams per deciliter divided by 4.6. If this calculation does not yield 
the expected gap based on the ethanol level, ingestion of another alcohol, 
such as methanol, isopropanol, or ethylene glycol, should be suspected (see 
Table 110-2).

If possible, ethanol, ethylene glycol, propylene glycol, and methanol levels 
should be measured directly; each is associated with a metabolic acidosis. In 
contrast, isopropanol metabolizes to acetone and causes ketosis without aci-
dosis. An osmolar gap may be present.

The lack of insulin increases lipolysis in adipose tissue; free fatty acids are 
transported to the liver, where hepatic mitochondria produce ketone bodies, 
including acetoacetate, from acetyl coenzyme A. In the presence of high NADH/
NAD ratio, the more reduced form of β-hydroxybutyrate is produced.

 CLINICAL MANIFESTATIONS
Symptoms include nausea, vomiting, anorexia, polydipsia, and polyuria. Patients 
often exhibit Kussmaul respirations and volume depletion. Neurologic symp-
toms include fatigue and lethargy with depression of the sensorium. CSF 
exhibits a change in acid-base status with treatment of diabetic ketoacidosis. 
Even without bicarbonate administration, CSF pH falls as a result of the ven-
tilatory response to the correction of acidosis and the sudden rise in Pco2. 
However, no correlation between decreased CSF pH and depression of sen-
sorium has been established. Ketoacidosis is also seen in cases of starvation, 
in which it is generally mild and not associated with hyperglycemia.

Keto acids in the urine may be accompanied by cations, including sodium 
and potassium, thereby contributing to volume depletion, potassium deple-
tion, relative chloride retention, and a mixed anion gap and hyperchloremic 
acidosis. The delta HCO3

− will exceed the delta anion gap, especially if the 
glomerular filtration rate and the filtered load of keto acids are high. The serum 
anion gap in general will be greatest when renal failure is present because the 
additional anions cannot be cleared from extracellular fluid.

 DIAGNOSIS
The urinary dipstick nitroprusside test for ketones may underestimate the 
degree of ketosis because it does not detect β-hydroxybutyrate; in fact, the 
ketone test result may become more positive as treatment helps metabolize 
β-hydroxybutyrate to acetoacetate. This problem should be addressed by direct 
measurement of serum β-hydroxybutyrate. Diabetic patients also are more 
prone to lactic acidosis because an increase in NADH favors the formation 
of lactate from pyruvate, and pyruvate dehydrogenase is inhibited in the absence 
of insulin.

Treatment of diabetic ketoacidosis (Chapter 216) consists of volume reple-
tion, insulin administration with dextrose if necessary to avoid hypoglycemia, 
and potassium replacement (Chapter 109).11 Bicarbonate administration should 
be considered only if ketoacidosis is accompanied by shock or if arterial pH is 
less than 7.0 or 7.1, and bolus infusion should be avoided. The administration 
of bicarbonate occasionally results in cerebral edema significant enough to 
lead to loss of consciousness and even death.

TREATMENT 

 PROGNOSIS
Most patients with diabetic ketoacidosis recover. In the less than 0.5% of 
patients who present with coma from cerebral edema, the mortality rate ranges 
from 20% to as high as 90%. The cerebral edema may be exacerbated by 
bicarbonate administration, which is discouraged in this situation.

 Salicylate Intoxication

 EPIDEMIOLOGY AND PATHOBIOLOGY
Salicylate intoxication can be caused by accidental overdose, therapeutic over-
dose, or a suicide attempt (Chapters 76 and 102). Salicylate functions as an 
uncoupler of oxidative phosphorylation and consequently results in increased 
oxygen consumption and CO2 production. However, the increase in alveolar 
ventilation resulting from stimulation of central chemoreceptors overcomes 
this increase in CO2.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The most common clinical manifestation is a combined anion gap metabolic 
acidosis and respiratory alkalosis, although the condition also can be mani-
fested as either one or the other only. Children are often seen with metabolic 
acidosis, whereas adults often have predominant respiratory alkalosis. Hypo-
glycemia, ketoacidosis, and lactic acidosis may result. Other manifestations 
of intoxication include hemorrhage, fever, nausea and vomiting, hyperventila-
tion, diaphoresis, tinnitus, and occasionally polyuria followed by oliguria. 
Severe cases may lead to seizures, respiratory depression, and coma. Noncar-
diogenic pulmonary edema is sometimes seen in adults.

Treatment of alcoholic metabolic acidosis consists of: volume repletion with 
normal saline in dextrose; administration of thiamine (50 to 100 mg intrave-
nously); treatment of hypoglycemia; and the correction of any hypophosphatemia 
(Chapter 111), hypokalemia (Chapter 109), and hypomagnesemia (Chapter 111) 
that may be present. The acid-base disturbance usually resolves after several 
hours. Both hypophosphatemia and thiamine deficiency, which may not be 
apparent until 12 to 24 hours after the initiation of treatment in an undernour-
ished patient, are exacerbated by glucose administration and may contribute 
to an associated lactic acidosis.

TREATMENT 
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 PROGNOSIS
The prognosis of alcoholic ketoacidosis is usually favorable. The long-term 
outlook is more closely tied to other complications of continued alcohol abuse.

 5-Oxoprolinuria
5-Oxoprolinuria, which is an acquired form of anion gap metabolic acidosis, 
is increasingly recognized in patients who have glutathione depletion associ-
ated with underlying chronic illness, malnutrition, diabetes, alcoholism, or 
cancer, especially in the context of a high therapeutic level or overdose of 
acetaminophen. It has been observed without concomitant hepatic failure. 
Glutathione, which is a tripeptide consisting of glutamate, cysteine, and glycine, 
has many functions, including protection from cellular toxins, combating of 
oxidative stress, and shuttling of amino acids into the cytosol by the γ-glutamyl 
transpeptidase pathway. Hereditary forms of 5-oxoprolinuria are associated 
with γ-glutamyl transpeptidase cycle enzyme deficiencies (5-oxoprolinase and 
glutathione synthase). The usual production of 5-oxoproline is by release of 
the transported amino acid from the γ-glutamyl–amino acid dipeptide. The 
enzyme 5-oxoprolinase re-forms glutamate to re-enter the cycle as glutamyl-
cysteine. Acetaminophen causes further depletion of glutathione due to binding 
of an acetaminophen metabolite, N-acetyl-p-benzoquinone imine (NAPQI), 
to glutathione. Treatment with N-acetylcysteine, in doses similar to those 
used for acetaminophen toxicity (Chapter 102), should be considered to 
decrease further glutathione depletion.

 Ethylene Glycol
Ethylene glycol (Chapter 102) is commonly found in antifreeze and is used 
as an industrial solvent. It has a sweet taste, and patients occasionally ingest 
it as a substitute for ethanol. Although ethylene glycol itself is not particularly 
damaging, its highly toxic metabolites include glyoxylate, glycolate, oxalic acid, 
and ketoaldehydes. Glycolic acid appears to be primarily responsible for the 
metabolic acidosis observed in this condition.

Intoxication is characterized by profound CNS symptoms, including dip-
lopia, seizures and coma, severe metabolic acidosis, cardiac failure, pulmonary 
failure, and renal failure. Patients are often dehydrated and hypernatremic 
because of osmotic diuresis from the renal excretion of the alcohol.

An increased anion gap is attributable to ethylene glycol metabolites. A high 
osmolal gap will also be present because of the uncharged alcohol. However, 
an osmolal gap may not be present if all of the alcohol has been converted 
to the toxic anionic forms. Calcium oxalate crystals in the urine may cause 
intratubular obstruction and acute kidney injury. Treatment is aimed at rehy-
dration with saline and correction of acidosis with NaHCO3 based on an 
estimate of the bicarbonate deficit. When an osmolal gap exists, competitive 
inhibition of alcohol dehydrogenase should be initiated with fomepizole at 
a loading dose of 15 to 20 mg/kg intravenously in 100 mL normal saline 
during 30 minutes to 1 hour, followed by a maintenance dose of 10 mg/kg 
every 12 hours (Chapter 102). If ethanol is used, a solution of 10% ethanol 
in 5% dextrose can be given as a loading dose of 0.6 g/kg intravenously fol-
lowed by a maintenance dose of 150 mg/kg per hour in alcoholic patients 
or 65 mg/kg per hour in nonalcoholic patients. The ethanol level should be 
maintained at 100 to 200 mg/dL. The goal of therapy is early recognition 
to prevent metabolism of the uncharged glycol to acidic products. Hemo-
dialysis is required in severe cases. If the diagnosis is made promptly and 
appropriate therapy is instituted, outcomes are favorable. Renal failure may be  
reversible.

 Methanol
Methanol, wood alcohol, is a component of shellac and windshield wiper 
fluid and is highly toxic to the CNS after metabolism to formaldehyde and 
formic acid. Some automotive fluids now contain the less toxic propylene 
glycol. Optic papillitis may cause blindness. Detection may be made easier if 
fluorescein has been added to the methanol-containing fluid.

Treatment consists of competitive inhibitors for alcohol dehydrogenase, 
including ethanol and fomepizole, in similar amounts as for ethylene glycol 
poisoning, to reduce the formation of acid anions and the anion gap while 
maintaining a higher level of methanol in the blood (Chapter 102). Hemo-
dialysis may be necessary to increase elimination. Early diagnosis and treatment 
are associated with a favorable outcome, but visual loss may be permanent. 
Late presentation is associated with a poor prognosis, particularly if the amount 
consumed exceeds 30 mL. As with ethylene glycol, the simultaneous presence 
of ethanol on presentation may help slow the metabolism of methanol and 
improve outcome.

 Isopropyl Alcohol
Toxic ingestion of isopropyl alcohol (Chapter 102), as in rubbing alcohol, 
does not cause an increased anion gap or ketoacidosis because the metabolite 
is acetone, but test results for ketones are positive, and a high osmolal gap 
will be present.

 Propylene Glycol
On occasion, patients in the intensive care unit setting are given high doses 
of intravenous benzodiazepines, such as lorazepam or diazepam, that contain 
propylene glycol as a diluent. Other intravenous medications that also contain 
this diluent include phenobarbital, phenytoin, nitroglycerine, and esmolol. 
Propylene glycol has also been used as a less toxic substitute for methanol in 
windshield wiper fluid. A high osmolal gap may develop because of the pro-
pylene glycol and lead to a clinical picture of sedation, failure to be weaned 
from the respirator, and an increased lactate level. Propylene glycol, a 3-carbon 
glycol, oxidizes to lactate and pyruvate. Treatment, which consists of early 
recognition and withdrawal of the offending agent, usually results in a favor-
able prognosis.

 Hyperchloremic (Normal Anion Gap) Acidosis
Hyperchloremic metabolic acidoses (see Table 110-1) can be caused by renal 
or nonrenal mechanisms and can be associated with an elevated, normal, or 
low serum potassium level (Fig. 110-2).

 HYPERCHLOREMIC METABOLIC ACIDOSIS OF NONRENAL ORIGIN 
ASSOCIATED WITH NORMAL OR INCREASED POTASSIUM LEVEL
Hyperchloremic metabolic acidoses with a normal or elevated potassium 
concentration can develop as a result of the addition of chloride salts such as 
NaCl, KCl, CaCl2, NH4Cl, arginine and lysine hydrochlorides, or HCl itself. 
If the quantity of Cl− introduced exceeds the ability of the kidney to eliminate 
Cl− salts in urine, hyperchloremia will develop. Electroneutrality is maintained 
by a decrease in the serum HCO3

− concentration, and a hyperchloremic aci-
dosis ensues. Renal production of NH3 increases in an attempt to improve 
HCl (NH4Cl) excretion. Hyperkalemia can occur because the acidemia favors 
the exit of K+ from cells. Acidemia also inhibits K+ secretion in the renal col-
lecting duct.

 HYPERCHLOREMIC METABOLIC ACIDOSIS OF NONRENAL ORIGIN 
ASSOCIATED WITH HYPOKALEMIA
Hypokalemic, hyperchloremic acidosis may result from loss of a body fluid 
that is low in Cl− relative to Na+ and K+ compared with the ratio of Cl− to Na+ 
in extracellular fluid. For example, stool losses of Na+, K+, and HCO3

− in small 
bowel diarrhea or organic acid anions of bacterial origin, such as butyrate, in 
colonic diarrhea lead to hyperchloremic acidosis (Chapter 131). Pancreatic 
secretions (Chapter 219) or heavy losses from ileostomy sites may lead to 
loss of bicarbonate-containing fluids. Secretagogues such as vasoactive intestinal 
peptide (VIP), which is associated with neoplasms of the pancreas or sym-
pathetic chain (Chapter 219), cause large losses of HCO3

− in stool, with a 
resulting hypokalemic, hyperchloremic metabolic acidosis. Concomitant gastric 
achlorhydria is part of the syndrome known as watery diarrhea, hypokalemic, 
hypochlorhydric acidosis. Urinary diversions, such as ureterosigmoidostomies 
and ileal loops, may increase chloride absorption in exchange for bicarbonate 
in the intestinal segment and lead to hyperchloremic acidosis. In the presence 
of urea-splitting bacteria, the net absorption of NH4Cl can result in both 
hyperchloremic acidosis and hyperammonemia.

 RENAL TUBULAR ACIDOSIS TYPES 1 AND 2
 Proximal Renal Tubular Acidosis
Renal tubular acidosis causes the cations Na+ and K+ to be lost in the urine 
with HCO3

− rather than with Cl−, thereby leading to hyperchloremia. Proximal 
renal tubular acidosis (type 2) is characterized by a decreased threshold for 
bicarbonate reabsorption. HCO3

− wasting and concomitant urinary losses of 
potassium occur until a lower level of serum bicarbonate reduces the filtered 
HCO3

− to a level that the combined function of the dysfunctional proximal 
tubule and distal nephron can completely reabsorb. At that point, the urine 
becomes acid (pH < 5.3), and net acid production equals net acid excretion, 
with a steady-state low plasma HCO3

−.
Isolated proximal renal tubular acidosis may result from mutations of specific 

transporters of the proximal tubule, such as the NaHCO3 cotransporter, or 
from hereditary deficiency of carbonic anhydrase. More commonly, proximal 
renal tubular acidosis is associated with the Fanconi syndrome or generalized 

insipidus. Chronic tubulointerstitial diseases of the kidney (Chapter 114), 
including reflux nephropathy (Chapter 119) and urinary obstruction, may 
result in renal tubular acidosis with hypokalemia or hyperkalemia. Acute 
tubulointerstitial nephritis also may result in renal tubular acidosis. Drugs 
such as amphotericin B can cause hypokalemic distal renal tubular acidosis. 
Topiramate, used for migraines, is a carbonic anhydrase inhibitor that may 
cause mixed proximal and distal renal tubular acidosis.

 HYPERCHLOREMIC METABOLIC ACIDOSIS OF RENAL ORIGIN  
ASSOCIATED WITH HYPERKALEMIA
Hyperkalemic, hyperchloremic acidosis (type 4) suggests dysfunction of the 
cortical collecting duct, where acidification of urine and disorders in potassium 
secretion may occur. Some patients with high blood potassium and hyperchlo-
remic acidosis can lower urinary pH below 5.3, whereas others appear to have 
defects in both potassium balance and urinary acidification. Hyperkalemia 
itself may worsen metabolic acidosis by decreasing NH3 accumulation by 
countercurrent multiplication in the medullary interstitium.

Causes include hyporenin-hypoaldosteronism, as seen in diabetic renal disease 
(Chapter 115); other tubulointerstitial diseases (Chapter 114), usually with 
some renal impairment; sickle cell anemia (Chapter 154); and the use of 
drugs such as β-blockers and nonsteroidal anti-inflammatory drugs. Low renin 
and aldosterone levels can also be found in cases of volume expansion with 
hypertension. Cyclosporine and tacrolimus may lead to decreased electrical 
driving forces for K+ and H+ secretion. Hyperkalemic acidosis with elevated 
renin and low aldosterone is found in adrenal insufficiency (Chapter 214), in 
isolated hypoaldosteronism (Chapter 214), and with the use of angiotensin-
converting enzyme inhibitors, renin inhibitors, and angiotensin II receptor 
blockers. High renin and aldosterone levels are anticipated when the renal 
collecting duct cell is insensitive to aldosterone, as in urinary tract obstruc-
tion, sickle cell anemia, amyloidosis, and systemic lupus erythematosus. Inhi-
bition of aldosterone action with spironolactone or eplerenone may cause 
hyperkalemic acidosis, as does ENaC inhibition by amiloride, triamterene, 
trimethoprim, and lithium.

Autosomal recessive pseudohypoaldosteronism type 1 is due to inactivat-
ing mutations of the sodium channel ENaC, whereas autosomal dominant 
pseudohypoaldosteronism type 1 is due to mutations of the mineralocorti-
coid receptor. Both cause hypovolemia, metabolic acidosis, and hyperkale-
mia with secondary increases in renin and aldosterone. In Gordon syndrome 

proximal tubule dysfunction. Causes (Table 110-7) include genetic diseases 
such as glucose-6-phosphatase deficiency (Chapter 152), cystinosis (Chapter 
119), hereditary fructose intolerance (Chapter 194), and Wilson disease 
(Chapter 200). Multiple myeloma (Chapter 178) and Sjögren syndrome 
(Chapter 252) should be considered in an adult patient. Primary hyperpara-
thyroidism (Chapter 232) results in proximal renal tubular acidosis and hypo-
phosphatemia secondary to inhibition of Na+/H+ exchange and sodium 
phosphate cotransport in the proximal tubule by parathyroid hormone through 
cyclic adenosine monophosphate. Hyperparathyroidism is one of the few 
causes of metabolic acidosis with hypercalcemia. The Cl−/phosphate ratio in 
plasma may be elevated. Drug toxicity with aminoglycosides, cisplatin, and 
ifosfamide may cause proximal tubule dysfunction. The antiretroviral drug 
tenofovir, a nucleotide analogue reverse transcriptase inhibitor, is a cause of 
the Fanconi syndrome. The syndrome also may be seen after kidney trans-
plantation (Chapter 122).

 Distal Renal Tubular Acidosis
In distal renal tubular acidosis (type 1), failure to produce ammonia leads to 
an inability to excrete adequate net acid, thereby leading to continuous reten-
tion of acid in the body. The degree of acidemia is often severe, with pH 
reaching values as low as 7.2, whereas urine pH usually exceeds 5.3.

Kindreds have been described in which mutations in genes for the distal 
vacuolar H+-ATPase cause an autosomal recessive distal renal tubular acidosis 
with deafness. Mutations resulting in defective Cl−/HCO3

− exchange protein 
(AE1) have been linked to an autosomal dominant form of distal renal tubular 
acidosis.12,13

Distal renal tubular acidosis (see Table 110-7) is also associated with auto-
immune disorders, including systemic lupus erythematosus (Chapter 250) 
and Sjögren syndrome (Chapter 252), and genetic diseases, including sickle 
cell anemia (Chapter 154), Wilson disease (Chapter 200), Fabry disease 
(Chapter 197), cystic kidney diseases (Chapter 118), and hereditary ellipto-
cytosis (Chapter 152). Hypercalciuria and hyperoxaluria may cause distal 
renal tubular acidosis; nephrocalcinosis and nephrolithiasis may be present. 
Increased proximal tubular citrate reabsorption, as a consequence of the chronic 
acidosis, also leads to hypocitraturia, which is a risk factor for calcium neph-
rolithiasis (Chapter 117). A chronically alkaline urine is a risk for pure CaHPO4 
stones (brushite). Amyloidosis (Chapter 179) may be manifested as severe 
acidemia and other tubular dysfunction, including nephrogenic diabetes 
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insipidus. Chronic tubulointerstitial diseases of the kidney (Chapter 114), 
including reflux nephropathy (Chapter 119) and urinary obstruction, may 
result in renal tubular acidosis with hypokalemia or hyperkalemia. Acute 
tubulointerstitial nephritis also may result in renal tubular acidosis. Drugs 
such as amphotericin B can cause hypokalemic distal renal tubular acidosis. 
Topiramate, used for migraines, is a carbonic anhydrase inhibitor that may 
cause mixed proximal and distal renal tubular acidosis.

 HYPERCHLOREMIC METABOLIC ACIDOSIS OF RENAL ORIGIN  
ASSOCIATED WITH HYPERKALEMIA
Hyperkalemic, hyperchloremic acidosis (type 4) suggests dysfunction of the 
cortical collecting duct, where acidification of urine and disorders in potassium 
secretion may occur. Some patients with high blood potassium and hyperchlo-
remic acidosis can lower urinary pH below 5.3, whereas others appear to have 
defects in both potassium balance and urinary acidification. Hyperkalemia 
itself may worsen metabolic acidosis by decreasing NH3 accumulation by 
countercurrent multiplication in the medullary interstitium.

Causes include hyporenin-hypoaldosteronism, as seen in diabetic renal disease 
(Chapter 115); other tubulointerstitial diseases (Chapter 114), usually with 
some renal impairment; sickle cell anemia (Chapter 154); and the use of 
drugs such as β-blockers and nonsteroidal anti-inflammatory drugs. Low renin 
and aldosterone levels can also be found in cases of volume expansion with 
hypertension. Cyclosporine and tacrolimus may lead to decreased electrical 
driving forces for K+ and H+ secretion. Hyperkalemic acidosis with elevated 
renin and low aldosterone is found in adrenal insufficiency (Chapter 214), in 
isolated hypoaldosteronism (Chapter 214), and with the use of angiotensin-
converting enzyme inhibitors, renin inhibitors, and angiotensin II receptor 
blockers. High renin and aldosterone levels are anticipated when the renal 
collecting duct cell is insensitive to aldosterone, as in urinary tract obstruc-
tion, sickle cell anemia, amyloidosis, and systemic lupus erythematosus. Inhi-
bition of aldosterone action with spironolactone or eplerenone may cause 
hyperkalemic acidosis, as does ENaC inhibition by amiloride, triamterene, 
trimethoprim, and lithium.

Autosomal recessive pseudohypoaldosteronism type 1 is due to inactivat-
ing mutations of the sodium channel ENaC, whereas autosomal dominant 
pseudohypoaldosteronism type 1 is due to mutations of the mineralocorti-
coid receptor. Both cause hypovolemia, metabolic acidosis, and hyperkale-
mia with secondary increases in renin and aldosterone. In Gordon syndrome 

proximal tubule dysfunction. Causes (Table 110-7) include genetic diseases 
such as glucose-6-phosphatase deficiency (Chapter 152), cystinosis (Chapter 
119), hereditary fructose intolerance (Chapter 194), and Wilson disease 
(Chapter 200). Multiple myeloma (Chapter 178) and Sjögren syndrome 
(Chapter 252) should be considered in an adult patient. Primary hyperpara-
thyroidism (Chapter 232) results in proximal renal tubular acidosis and hypo-
phosphatemia secondary to inhibition of Na+/H+ exchange and sodium 
phosphate cotransport in the proximal tubule by parathyroid hormone through 
cyclic adenosine monophosphate. Hyperparathyroidism is one of the few 
causes of metabolic acidosis with hypercalcemia. The Cl−/phosphate ratio in 
plasma may be elevated. Drug toxicity with aminoglycosides, cisplatin, and 
ifosfamide may cause proximal tubule dysfunction. The antiretroviral drug 
tenofovir, a nucleotide analogue reverse transcriptase inhibitor, is a cause of 
the Fanconi syndrome. The syndrome also may be seen after kidney trans-
plantation (Chapter 122).

 Distal Renal Tubular Acidosis
In distal renal tubular acidosis (type 1), failure to produce ammonia leads to 
an inability to excrete adequate net acid, thereby leading to continuous reten-
tion of acid in the body. The degree of acidemia is often severe, with pH 
reaching values as low as 7.2, whereas urine pH usually exceeds 5.3.

Kindreds have been described in which mutations in genes for the distal 
vacuolar H+-ATPase cause an autosomal recessive distal renal tubular acidosis 
with deafness. Mutations resulting in defective Cl−/HCO3

− exchange protein 
(AE1) have been linked to an autosomal dominant form of distal renal tubular 
acidosis.12,13

Distal renal tubular acidosis (see Table 110-7) is also associated with auto-
immune disorders, including systemic lupus erythematosus (Chapter 250) 
and Sjögren syndrome (Chapter 252), and genetic diseases, including sickle 
cell anemia (Chapter 154), Wilson disease (Chapter 200), Fabry disease 
(Chapter 197), cystic kidney diseases (Chapter 118), and hereditary ellipto-
cytosis (Chapter 152). Hypercalciuria and hyperoxaluria may cause distal 
renal tubular acidosis; nephrocalcinosis and nephrolithiasis may be present. 
Increased proximal tubular citrate reabsorption, as a consequence of the chronic 
acidosis, also leads to hypocitraturia, which is a risk factor for calcium neph-
rolithiasis (Chapter 117). A chronically alkaline urine is a risk for pure CaHPO4 
stones (brushite). Amyloidosis (Chapter 179) may be manifested as severe 
acidemia and other tubular dysfunction, including nephrogenic diabetes 
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FIGURE 110-2. Evaluation of the patient with suspected rental tubular acidosis, hyperchloremic metabolic acidosis of renal origin. FeHco3 = fractional excretion of Hco3
−; rTA = 

renal tubular acidosis. 
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(pseudohypoaldosteronism type 2), increases in Na+ and Cl− reabsorption 
through increased activity of the distal thiazide-sensitive NaCl transporter lead 
to hypertension, hyperkalemic acidosis, volume expansion, and consequently 
low renin and aldosterone.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The urinary anion, or charge, gap helps distinguish renal tubular acidosis from 
extrarenal bicarbonate loss (e.g., from diarrhea).14 Because the normal renal 
response to metabolic acidosis is an increase in ammoniagenesis, the urine 
should contain large amounts of NH4Cl while the kidney retains sodium and 
potassium; the urinary charge gap, which is (Na+ + K+) − Cl−, should be 
strongly negative because of the unmeasured NH4

+.
In renal diseases such as distal renal tubular acidosis, however, the urinary 

anion gap will be zero or positive because of either the failure of ammonia-
genesis or the excretion of sodium plus potassium with bicarbonate. With 
type 2 (proximal) renal tubular acidosis, patients often have Fanconi syndrome 

TABLE 110-7 CAUSES OF RENAL TUBULAR ACIDOSIS*
HYPOKALEMIC DISTAL (TYPE 1) RTA

Hereditary tubule disorders
Vacuolar H+-ATPase β-subunit gene mutations
Carbonic anhydrase type II deficiency
Cl−/HCO3

− exchanger (AE1) mutations
Genetic causes

Sickle cell anemia
Fabry disease
Wilson disease
Elliptocytosis
Paroxysmal nocturnal hemoglobinuria
Medullary cystic kidneys

Autoimmune disorders
Systemic lupus erythematosus
Sjögren syndrome

Multiple myeloma and amyloidosis
Drugs: amphotericin, cisplatinum, aminoglycosides
Nephrocalcinosis and hypercalcemic disorders
Tubulointerstitial diseases

Acute tubulointerstitial nephritis
Reflux nephropathy
Analgesic nephropathy

PROXIMAL (TYPE 2) RTA

Hereditary tubule disorders
NaHCO3 cotransport (NBC) mutations
Carbonic anhydrase deficiency

Generalized proximal tubular dysfunction
Hereditary Fanconi syndrome
Genetic diseases: cystinosis, glycogen storage disease (glucose-6-phosphatase 

deficiency), Wilson disease
Hormonal: hyperparathyroidism, vitamin D deficiency
Multiple myeloma
Lysozymuria
Sjögren syndrome
Renal transplantation
Heavy metals: cobalt, mercury, lead
Drugs: ifosfamide, outdated tetracycline, tenofovir, tacrolimus, aminoglycosides

HYPERKALEMIC (TYPE 4) RTA

Renal diseases—aldosterone resistance
Diabetes mellitus
Amyloidosis
Systemic lupus erythematosus
Urinary tract obstruction

Hyporeninism
Autonomic neuropathy (diabetic)
Sickle cell anemia

Primary hypoaldosteronism
Adrenal insufficiency: Addison disease
Tubular mutations: pseudohypoaldosteronism
Drugs: potassium-sparing diuretics, amiloride, triamterene, spironolactone, 

nonsteroidal anti-inflammatory drugs, lithium, trimethoprim, cyclosporine, 
tacrolimus, renin inhibitors, angiotensin-converting enzyme inhibitors, 
angiotensin II receptor antagonists

*Type 3 renal tubular acidosis (RTA) is not listed separately because it is an overlap of proximal and 
distal dysfunction.

and causes an “alkaline tide.” With vomiting, however, the net loss of HCl 
generates the alkalosis. Initially, this increased HCO3

− is filtered by the glom-
eruli and excreted in urine accompanied by Na+ and K+; volume depletion 
begins to develop. As vomiting continues, extracellular volume depletion 
worsens, glomerular filtration falls, HCO3

− filtration is limited, volume deple-
tion increases the renin–angiotensin II–aldosterone system, proximal fluid 
and HCO3

− reabsorption increase, distal Na+ reabsorption increases under 
the influence of aldosterone, and greater H+ secretion enhances HCO3

− reab-
sorption. These effects reduce renal Na+ loss but at the expense of maintaining 
the metabolic alkalosis. Significant K+ losses, which occur as a result of the 
bicarbonaturia and hyperaldosteronism, lead to hypokalemia, which is actually 
due to renal, not gastrointestinal, losses as a consequence of attempts to main-
tain extracellular volume. The hypokalemia further increases proximal NaHCO3 
reabsorption, distal H+ secretion, and K+ reabsorption, all at the expense of 
further reabsorption of HCO3

−. At the new steady state after vomiting or 
nasogastric suctioning ceases, the paradoxical aciduria of metabolic alkalosis 
develops as HCO3

− reabsorption is complete, and the urine contains low levels 
of Na+, K+, and Cl−. The patient may be hypovolemic, hypokalemic, and alka-
lemic, but because Na+, K+, and acid-base balance are intrinsically linked, life-
threatening volume depletion, potassium depletion, and alkalemia are usually 
avoided.

Most nonrenal metabolic alkaloses with volume depletion are due to 
gastrointestinal losses. However, some patients with cystic fibrosis (Chapter 
83) may develop hypochloremic alkalosis as a consequence of excessive sweat 
chloride content related to the CFTR gene mutation.

The sweat gland, like the principal cell in the kidney, contains the aldosterone-
sensitive epithelial sodium channel, so Na+ absorption from the glandular 
duct renders the lumen electronegative. When Cl− absorption is decreased in 
cystic fibrosis (Chapter 83), the lumen becomes more negative, thereby decreas-
ing Na+, Cl−, and fluid absorption and also leading to salty sweat; the propor-
tionally large Cl− loss generates a hypochloremic metabolic alkalosis.

 Metabolic Alkalosis of Renal Origin with Volume 
Expansion and Hypertension
The renal conditions that cause metabolic alkalosis and volume expansion are 
due to a proportionately greater increase in Na+ reabsorption above what is 
required to maintain a steady state of Na+ balance, rather than primary loss 
of the Cl− anion. As Na+ is reabsorbed, electroneutrality is maintained by an 
increase in plasma HCO3

−; Cl− balance is normal, Cl− appears in urine, and 
hypochloremia is not present. In the kidney, the loss of net acid as NH4Cl in 
excess of the acid produced generates a metabolic alkalosis, in which the new 
bicarbonate generated is due to proton secretion by the distal nephron through 
H+-ATPases. The H+ then combines with NH3 to form NH4

+ in urine.
Na+ is reabsorbed independently of Cl− in the cortical collecting duct through 

the aldosterone-sensitive cells containing the ENaC. When Na+ is reabsorbed 
by the principal cells of the cortical collecting duct, the tubule lumen becomes 
electronegative and stimulates both K+ and H+ secretion by the electrogenic 
H+-ATPases. To the extent that HCO3

− remains in the lumen, the secreted 
protons complete HCO3

− reabsorption. Additional secreted protons combine 
with NH3 and phosphates and lead to net acid excretion. Any increase in the 
distal H+ secretory mechanism will produce more urinary net acid; more new 
HCO3

− will be generated and returned to the now expanded extracellular 
fluid, and metabolic alkalosis will develop. The increased plasma HCO3

− will 
be filtered, but in the absence of a stimulus to increase proximal HCO3

− reab-
sorption, the HCO3

− will flow distally to be reabsorbed by the increased H+ 
secretion of the collecting duct. At first, the alkalosis is mild, but increased 
cortical collecting duct Na+ reabsorption will also lead to increased K+ secre-
tion and hypokalemia. Hypokalemia increases the capacity for proximal 
HCO3

− reabsorption, thereby opposing the effect of volume expansion, so 
that distal delivery of HCO3

− decreases. The higher than normal distal H+ 
secretion titrates urinary buffers, so further new HCO3

− is formed and the 
alkalosis worsens. Metabolic alkaloses in the hypermineralocorticoid syndromes 
are sustained by hypokalemia.

 Metabolic Alkalosis of Nonrenal Origin Associated with 
Normal or Expanded Volume
If an alkalotic patient is not hypochloremic, electroneutrality must be main-
tained either by depletion of an alternative anion or by an excessive concentra-
tion of a cation. An example of a metabolic alkalosis associated with depletion 
of a non-chloride anion is hypoproteinemic alkalosis, with hypoalbuminemia 
and a small anion gap. Chloride balance is normal and chloride appears in 
urine.

with glycosuria, phosphaturia, aminoaciduria, and uricosuria. In proximal renal 
tubular acidosis, the steady-state urine pH is usually less than 5.3, the acidosis 
is not severe (i.e., HCO3

− usually not less than 16), and acid excretion may 
balance acid production at this new steady state.

In contrast to proximal renal tubular acidosis, distal renal tubular acidosis 
(type 1) is generally a more severe metabolic disorder that may be accompanied 
by hypercalciuria, nephrocalcinosis, calcium phosphate kidney stones (Chapter 
117), and bone disease that includes rickets in children and osteomalacia in 
adults. Proximal and distal renal tubular acidoses usually can be distinguished 
by a careful clinical evaluation (Fig. 110-2). Helpful findings include the pres-
ence of a urine pH greater than 5.3 in distal but not in proximal renal tubular 
acidosis during acidemia; a fractional excretion of bicarbonate as high as 10 to 
15% in proximal renal tubular acidosis; and the lowering of serum potassium 
on correction of proximal but not of distal tubular acidosis.

In patients with an elevated serum anion gap, unmeasured anions such as 
keto acids and lactate, rather than NH4

+, are present in urine, so a positive 
urinary anion gap does not indicate renal tubular acidosis. On occasion, the 
prompt renal excretion of organic anions with sodium and potassium may 
minimize the increase in the serum anion gap. In the metabolic acidosis of 
glue sniffers, hippurate, which is a product of toluene, is rapidly excreted, thus 
giving the appearance of a nongap metabolic acidosis with a positive urinary 
anion gap. Similarly, if keto acids are completely cleared into the urine, keto-
acidosis may be manifested as a hyperchloremic acidosis rather than as an 
anion gap acidosis.

If possible, treatment of metabolic acidosis should focus on correction of 
the underlying cause, such as discontinuation of an offending drug, permitting 
the body’s homeostatic mechanisms to correct the acid-base disturbance.

Patients whose pH is less than 7.2 are typically treated with infusions of 
sodium bicarbonate, guided by the estimated base deficit in milliequivalents, 
calculated by the serum HCO3

− concentration in milliequivalents per liter:

Amount of HCO HCO wt kg3 325 2− −= − ×( [ ]) ( )

Such treatment appears to be especially beneficial in patients with acute 
kidney injury. A2  In general, the correction of metabolic acidemia should be 
based on a calculated amount, with not more than 50% of the estimate given 
before recalculation. Moreover, this equation is used for deficit correction only; 
the ongoing losses of 1 to 2 mEq/kg per day, equivalent to the daily acid load, 
should be replaced in distal renal tubular acidosis with NaHCO3, KHCO3, or 
citrate salts in divided doses. Hypokalemia may accompany distal renal tubular 
acidosis and may improve with treatment. Citrate should be avoided as an 
alkalinizing salt in patients with low glomerular filtration rate.

Proximal renal tubular acidosis in children may affect growth and require 
large quantities of bicarbonate in excess of 1 to 2 mEq/kg per day to correct 
the acidosis because ingested alkali is promptly excreted in alkaline urine. In 
adults, treatment is often deferred because the steady-state acidosis allows a 
normal acid excretion rate. Hypokalemia may worsen with bicarbonate treat-
ment of proximal tubular acidosis.

In type 4 renal tubular acidosis, treatment of hyperkalemia with a low-
potassium diet, thiazide, or loop diuretics or sodium polystyrene sulfonate 
often improves urinary acidification without the use of bicarbonate salts.

TREATMENT 

 PROGNOSIS
The prognosis of renal tubular acidosis generally depends on the presence of 
an underlying systemic disease, such as myeloma (Chapter 178). In children, 
disorders such as medullary cystic kidney disease (Chapter 118) and cystinosis 
(Chapter 119) usually result in renal failure by the teenage years. These patients 
are candidates for renal replacement therapy, including transplantation. Chronic 
metabolic acidosis in children, if not well treated, is associated with rickets 
(Chapter 231) and short stature.

 METABOLIC ALKALOSIS

 EPIDEMIOLOGY AND PATHOBIOLOGY
In metabolic alkalosis, the primary event is elevation of the plasma bicarbon-
ate concentration. In response to increased systemic pH, alveolar ventilation 
is decreased to increase Pco2 and thereby decrease pH. However, respira-
tory compensation is generally less effective in cases of metabolic alkalosis 
than in cases of metabolic acidosis. Contributing factors may include the 
fact that hypoventilation also decreases Po2, which is a potent stimulus for 

the peripheral chemoreceptors to increase alveolar ventilation when Po2 
falls below about 60 mm Hg. A second mechanism that may blunt respi-
ratory compensation is intracellular acidosis in the brain in the setting of 
hypokalemia. In acute metabolic alkalosis, an initial paradoxical acidotic 
shift in CSF pH secondary to a sudden increase in Pco2, analogous to the 
alkaline shift in CSF pH in acute metabolic acidosis, may activate central 
chemoreceptors and increase ventilatory drive despite peripheral stimula-
tion to decrease alveolar ventilation. In chronic metabolic alkalosis, CSF 
pH may return to normal, so respiratory drive is controlled entirely by 
the peripheral chemoreceptors. The result is that the ventilatory response 
to metabolic alkalosis is highly varied: many patients with metabolic alka-
losis maintain nearly normal Pco2 levels, and the level rarely rises above  
60 mm Hg.

Metabolic alkalosis requires a generation phase, in which new HCO3
− is 

added to the extracellular fluid, and a maintenance phase, in which the new 
elevated serum HCO3

− concentration is sustained. Without the maintenance 
phase, a kidney with normal filtration and tubular function has a high capacity 
to excrete HCO3

−, thereby preventing alkalosis. Maintenance of a high HCO3
− 

concentration usually occurs because of volume depletion, reduced glomerular 
filtration rate, hypokalemia, or low chloride levels.

 Metabolic Alkalosis of Renal Origin Associated with 
Volume Depletion
Metabolic alkalosis of renal origin may be the result of excessive urinary 
chloride excretion, most commonly related to diuretics that inhibit reab-
sorption of Cl−. The Cl− loss results in hypochloremia, with a compensa-
tory increase in plasma HCO3

− to maintain electroneutrality. Extracellular 
volume depletion stimulates the renin-angiotensin-aldosterone pathway, and 
high aldosterone levels superimposed on increased distal urinary flow rates 
result in increased K+ excretion and hypokalemia. The volume depletion and 
hypokalemia enhance proximal HCO3

− reabsorption, thereby maintaining 
the alkalosis, and the prerenal fall in the glomerular flow rate limits HCO3

−  
filtration.

Important but rare genetic syndromes characterized by urinary chloride 
wasting include Bartter syndrome and Gitelman syndrome. Bartter syndrome 
is an autosomal recessive salt-losing state associated with extracellular volume 
depletion and excessive urinary chloride loss that results in hypokalemia and 
hypochloremic metabolic alkalosis. Secondary increases of plasma renin and 
aldosterone occur, as does renal juxtaglomerular cell hyperplasia. The syndrome 
resembles the effects of furosemide on the thick ascending limb of Henle; 
gene mutations in the Na-K-2Cl cotransporter, the renal outer medullary 
potassium channel (ROMK), and chloride channels have been described. 
Because calcium reabsorption occurs in the thick ascending limb of Henle, 
Bartter syndrome (Chapter 119), like furosemide, causes hypercalciuria and 
nephrocalcinosis as well as polyuria due to decreased urinary concentrating 
ability.

Gitelman syndrome is an autosomal recessive cause of extracellular volume 
depletion, urinary chloride wasting, and hypokalemic metabolic alkalosis. It 
is due to inactivating mutations in the SLC12A3 gene encoding the thiazide-
sensitive NaCl cotransporter of the renal distal tubule. Urinary concentrating 
ability is preserved, and patients are hypocalciuric because decreased NaCl 
reabsorption in the distal tubule is associated with a decrease in calcium excre-
tion. Hypomagnesemia may also be severe.

 Metabolic Alkalosis of Nonrenal Origin with Extracellular 
Volume Depletion
Metabolic alkalosis may develop as a result of gastrointestinal Cl− loss from 
vomiting, nasogastric suctioning, or secretory diarrhea. In such cases, extracel-
lular volume is usually contracted, hypochloremia develops, and the urinary 
chloride level is usually less than 20 mEq/L.

In Zollinger-Ellison syndrome (Chapter 219), excessive gastrin-induced 
gastric acid secretion may result in an acidic stool with high chloride content. 
Diarrhea does not cause metabolic alkalosis unless the electrolyte relationship 
[(Na+ + K+) − Cl−] in the stool is less than plasma HCO3

−.
Infectious gastroenteritis, congenital chloridorrhea, and villous adenomas 

also cause chloride losses in stool. Congenital chloridorrhea is an autosomal 
recessive disorder of defective intestinal apical Cl−/HCO3

− exchange associ-
ated with the downregulated adenoma (DRA) gene.

With vomiting, the initiating event is loss of HCl. This secretion of HCl 
into the stomach lumen by the parietal cell is coupled to the absorption of 
HCO3

− in exchange for chloride at the basolateral membrane. When gastric 
acid is normally secreted, a mild increase in serum HCO3

− spills into urine 
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and causes an “alkaline tide.” With vomiting, however, the net loss of HCl 
generates the alkalosis. Initially, this increased HCO3

− is filtered by the glom-
eruli and excreted in urine accompanied by Na+ and K+; volume depletion 
begins to develop. As vomiting continues, extracellular volume depletion 
worsens, glomerular filtration falls, HCO3

− filtration is limited, volume deple-
tion increases the renin–angiotensin II–aldosterone system, proximal fluid 
and HCO3

− reabsorption increase, distal Na+ reabsorption increases under 
the influence of aldosterone, and greater H+ secretion enhances HCO3

− reab-
sorption. These effects reduce renal Na+ loss but at the expense of maintaining 
the metabolic alkalosis. Significant K+ losses, which occur as a result of the 
bicarbonaturia and hyperaldosteronism, lead to hypokalemia, which is actually 
due to renal, not gastrointestinal, losses as a consequence of attempts to main-
tain extracellular volume. The hypokalemia further increases proximal NaHCO3 
reabsorption, distal H+ secretion, and K+ reabsorption, all at the expense of 
further reabsorption of HCO3

−. At the new steady state after vomiting or 
nasogastric suctioning ceases, the paradoxical aciduria of metabolic alkalosis 
develops as HCO3

− reabsorption is complete, and the urine contains low levels 
of Na+, K+, and Cl−. The patient may be hypovolemic, hypokalemic, and alka-
lemic, but because Na+, K+, and acid-base balance are intrinsically linked, life-
threatening volume depletion, potassium depletion, and alkalemia are usually 
avoided.

Most nonrenal metabolic alkaloses with volume depletion are due to 
gastrointestinal losses. However, some patients with cystic fibrosis (Chapter 
83) may develop hypochloremic alkalosis as a consequence of excessive sweat 
chloride content related to the CFTR gene mutation.

The sweat gland, like the principal cell in the kidney, contains the aldosterone-
sensitive epithelial sodium channel, so Na+ absorption from the glandular 
duct renders the lumen electronegative. When Cl− absorption is decreased in 
cystic fibrosis (Chapter 83), the lumen becomes more negative, thereby decreas-
ing Na+, Cl−, and fluid absorption and also leading to salty sweat; the propor-
tionally large Cl− loss generates a hypochloremic metabolic alkalosis.

 Metabolic Alkalosis of Renal Origin with Volume 
Expansion and Hypertension
The renal conditions that cause metabolic alkalosis and volume expansion are 
due to a proportionately greater increase in Na+ reabsorption above what is 
required to maintain a steady state of Na+ balance, rather than primary loss 
of the Cl− anion. As Na+ is reabsorbed, electroneutrality is maintained by an 
increase in plasma HCO3

−; Cl− balance is normal, Cl− appears in urine, and 
hypochloremia is not present. In the kidney, the loss of net acid as NH4Cl in 
excess of the acid produced generates a metabolic alkalosis, in which the new 
bicarbonate generated is due to proton secretion by the distal nephron through 
H+-ATPases. The H+ then combines with NH3 to form NH4

+ in urine.
Na+ is reabsorbed independently of Cl− in the cortical collecting duct through 

the aldosterone-sensitive cells containing the ENaC. When Na+ is reabsorbed 
by the principal cells of the cortical collecting duct, the tubule lumen becomes 
electronegative and stimulates both K+ and H+ secretion by the electrogenic 
H+-ATPases. To the extent that HCO3

− remains in the lumen, the secreted 
protons complete HCO3

− reabsorption. Additional secreted protons combine 
with NH3 and phosphates and lead to net acid excretion. Any increase in the 
distal H+ secretory mechanism will produce more urinary net acid; more new 
HCO3

− will be generated and returned to the now expanded extracellular 
fluid, and metabolic alkalosis will develop. The increased plasma HCO3

− will 
be filtered, but in the absence of a stimulus to increase proximal HCO3

− reab-
sorption, the HCO3

− will flow distally to be reabsorbed by the increased H+ 
secretion of the collecting duct. At first, the alkalosis is mild, but increased 
cortical collecting duct Na+ reabsorption will also lead to increased K+ secre-
tion and hypokalemia. Hypokalemia increases the capacity for proximal 
HCO3

− reabsorption, thereby opposing the effect of volume expansion, so 
that distal delivery of HCO3

− decreases. The higher than normal distal H+ 
secretion titrates urinary buffers, so further new HCO3

− is formed and the 
alkalosis worsens. Metabolic alkaloses in the hypermineralocorticoid syndromes 
are sustained by hypokalemia.

 Metabolic Alkalosis of Nonrenal Origin Associated with 
Normal or Expanded Volume
If an alkalotic patient is not hypochloremic, electroneutrality must be main-
tained either by depletion of an alternative anion or by an excessive concentra-
tion of a cation. An example of a metabolic alkalosis associated with depletion 
of a non-chloride anion is hypoproteinemic alkalosis, with hypoalbuminemia 
and a small anion gap. Chloride balance is normal and chloride appears in 
urine.

the peripheral chemoreceptors to increase alveolar ventilation when Po2 
falls below about 60 mm Hg. A second mechanism that may blunt respi-
ratory compensation is intracellular acidosis in the brain in the setting of 
hypokalemia. In acute metabolic alkalosis, an initial paradoxical acidotic 
shift in CSF pH secondary to a sudden increase in Pco2, analogous to the 
alkaline shift in CSF pH in acute metabolic acidosis, may activate central 
chemoreceptors and increase ventilatory drive despite peripheral stimula-
tion to decrease alveolar ventilation. In chronic metabolic alkalosis, CSF 
pH may return to normal, so respiratory drive is controlled entirely by 
the peripheral chemoreceptors. The result is that the ventilatory response 
to metabolic alkalosis is highly varied: many patients with metabolic alka-
losis maintain nearly normal Pco2 levels, and the level rarely rises above  
60 mm Hg.

Metabolic alkalosis requires a generation phase, in which new HCO3
− is 

added to the extracellular fluid, and a maintenance phase, in which the new 
elevated serum HCO3

− concentration is sustained. Without the maintenance 
phase, a kidney with normal filtration and tubular function has a high capacity 
to excrete HCO3

−, thereby preventing alkalosis. Maintenance of a high HCO3
− 

concentration usually occurs because of volume depletion, reduced glomerular 
filtration rate, hypokalemia, or low chloride levels.

 Metabolic Alkalosis of Renal Origin Associated with 
Volume Depletion
Metabolic alkalosis of renal origin may be the result of excessive urinary 
chloride excretion, most commonly related to diuretics that inhibit reab-
sorption of Cl−. The Cl− loss results in hypochloremia, with a compensa-
tory increase in plasma HCO3

− to maintain electroneutrality. Extracellular 
volume depletion stimulates the renin-angiotensin-aldosterone pathway, and 
high aldosterone levels superimposed on increased distal urinary flow rates 
result in increased K+ excretion and hypokalemia. The volume depletion and 
hypokalemia enhance proximal HCO3

− reabsorption, thereby maintaining 
the alkalosis, and the prerenal fall in the glomerular flow rate limits HCO3

−  
filtration.

Important but rare genetic syndromes characterized by urinary chloride 
wasting include Bartter syndrome and Gitelman syndrome. Bartter syndrome 
is an autosomal recessive salt-losing state associated with extracellular volume 
depletion and excessive urinary chloride loss that results in hypokalemia and 
hypochloremic metabolic alkalosis. Secondary increases of plasma renin and 
aldosterone occur, as does renal juxtaglomerular cell hyperplasia. The syndrome 
resembles the effects of furosemide on the thick ascending limb of Henle; 
gene mutations in the Na-K-2Cl cotransporter, the renal outer medullary 
potassium channel (ROMK), and chloride channels have been described. 
Because calcium reabsorption occurs in the thick ascending limb of Henle, 
Bartter syndrome (Chapter 119), like furosemide, causes hypercalciuria and 
nephrocalcinosis as well as polyuria due to decreased urinary concentrating 
ability.

Gitelman syndrome is an autosomal recessive cause of extracellular volume 
depletion, urinary chloride wasting, and hypokalemic metabolic alkalosis. It 
is due to inactivating mutations in the SLC12A3 gene encoding the thiazide-
sensitive NaCl cotransporter of the renal distal tubule. Urinary concentrating 
ability is preserved, and patients are hypocalciuric because decreased NaCl 
reabsorption in the distal tubule is associated with a decrease in calcium excre-
tion. Hypomagnesemia may also be severe.

 Metabolic Alkalosis of Nonrenal Origin with Extracellular 
Volume Depletion
Metabolic alkalosis may develop as a result of gastrointestinal Cl− loss from 
vomiting, nasogastric suctioning, or secretory diarrhea. In such cases, extracel-
lular volume is usually contracted, hypochloremia develops, and the urinary 
chloride level is usually less than 20 mEq/L.

In Zollinger-Ellison syndrome (Chapter 219), excessive gastrin-induced 
gastric acid secretion may result in an acidic stool with high chloride content. 
Diarrhea does not cause metabolic alkalosis unless the electrolyte relationship 
[(Na+ + K+) − Cl−] in the stool is less than plasma HCO3

−.
Infectious gastroenteritis, congenital chloridorrhea, and villous adenomas 

also cause chloride losses in stool. Congenital chloridorrhea is an autosomal 
recessive disorder of defective intestinal apical Cl−/HCO3

− exchange associ-
ated with the downregulated adenoma (DRA) gene.

With vomiting, the initiating event is loss of HCl. This secretion of HCl 
into the stomach lumen by the parietal cell is coupled to the absorption of 
HCO3

− in exchange for chloride at the basolateral membrane. When gastric 
acid is normally secreted, a mild increase in serum HCO3

− spills into urine 
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above 25 mEq/L may be taking diuretics such as furosemide or thiazides sur-
reptitiously; a diuretic screen can document the presence of the drug. If the 
screen is negative, Bartter or Gitelman syndrome (Chapter 119) should be 
considered. Bartter syndrome is less common, is usually more severe, and pre-
sents in young patients. The presence of hypercalciuria favors Bartter syndrome, 
whereas hypocalciuria and hypomagnesemia suggest Gitelman syndrome.

Specific causes of renal alkalosis with volume expansion and hypertension 
can be classified according to levels of renin and aldosterone. Primary increases 
in renin with secondary increases in aldosterone can be seen in patients with 
unilateral renal artery stenosis (Chapter 116), renin-secreting tumors of the 
kidney (Chapter 70), and malignant hypertension (Chapter 70). Low renin 
and elevated aldosterone levels are characteristic of primary hyperaldosteronism 
from adrenal adenoma or hyperplasia (Chapter 214). Cortisol activation of 
mineralocorticoid receptors is normally limited by its conversion to inactive 
cortisone by the intracellular enzyme 11β-hydroxysteroid dehydrogenase Type 
2. However, a high cortisol level with volume expansion is seen in hypercor-
tisolism and adrenocorticotropic hormone–secreting tumors (Chapter 214). 
Inhibition of this enzyme will also result in low renin levels, low aldosterone 
levels, and hypokalemic alkalosis. Both genetic mutations (the apparent min-
eralocorticoid excess syndrome) and an excess consumption of glycyrrhizic 
acid found in licorice and anisette are causes of this enzyme block. Another 
cause of hypertension with hypokalemic alkalosis but with low renin and 
aldosterone levels is Liddle syndrome (Chapter 119), in which an activating 
mutation in the cortical collecting duct sodium channel (ENaC) leads to 
increased Na+ reabsorption.

Metabolic alkalosis may also develop without volume expansion when a 
non-reabsorbable anion is presented to the cortical collecting duct lumen. 
Nitrates, sulfates, and certain antibiotics such as nafcillin, carbenicillin, and 
ticarcillin may obligate K+ and H+ secretion as Na+ is reabsorbed. Topical 
administration of silver nitrate to burn victims may result in alkalosis.

Alkalosis also may result from the addition of alkali salts of organic anions. 
The normal response to the ingestion of NaHCO3 is rapid urinary alkaliniza-
tion because of an unaltered threshold for HCO3

− reabsorption. However, a 
marked excess of HCO3

−, as may be administered in an attempt to alkalinize 
a patient’s urine, expands volume and causes an alkalemia, especially in the 
presence of volume depletion or low glomerular filtration. Milk-alkali syndrome, 
usually seen when patients in renal failure ingest milk or calcium antacids, is 
associated with hypercalcemia, alkalemia, and normal chloride concentration.

Other situations in which intake of alkali salts results in metabolic alkalosis 
include infusion of large quantities of sodium salts of metabolizable organic 
compounds, such as acetate, citrate, lactate, or bicarbonate; hyperalimentation 
with acetate salts; chronic peritoneal dialysis with acetate or lactate dialysate; 
and excessive transfusions or plasmapheresis, in which large quantities of 
citrate, used as an anticoagulant, are delivered.

 CLINICAL MANIFESTATIONS
Mild metabolic alkalosis up to a pH of 7.50 is usually asymptomatic. When 
the pH exceeds 7.55, however, the alkalosis itself and the compensatory 
hypoventilation are frequently associated with metabolic encephalopathy. 
Symptoms include confusion, obtundation, delirium, and coma. The seizure 
threshold is lowered; tetany, paresthesias, muscle cramping, and other symp-
toms of low calcium are seen. In patients with hypocalcemia, these signs may 
be seen at pH values above 7.45. Other findings include cardiac tachyarrhyth-
mias and hypotension. Lactate production increases as a result of the increased 
anaerobic glycolysis.

 DIAGNOSIS
In diagnosis of the cause of metabolic alkalosis, it is important to distinguish 
whether the condition is chloride responsive or chloride unresponsive. Meta-
bolic alkalosis is generally divided into two categories on the basis of its 
responsiveness to chloride (see Table 110-2). Chloride-responsive metabolic 
alkalosis is associated with extracellular fluid and chloride depletion and is 
seen in cases of gastric fluid loss and diuretic use. A diagnostic clue comes 
from the serum electrolytes. HCO3

− is increased with a corresponding fall in 
serum chloride (hypochloremic alkalosis). Chloride-unresponsive metabolic 
alkalosis is seen in patients with extracellular fluid expansion in conditions 
such as primary aldosteronism and hypokalemia. Entry of hydrogen ions into 
cells can also lead to metabolic alkalosis in patients with hypokalemia.

Vomiting, nasogastric suction, and diarrhea are usually obvious sources of 
metabolic alkalosis. However, the Zollinger-Ellison syndrome (Chapter 219), 
villous adenomas (Chapter 184), and VIPomas (Chapter 219) may be more 
difficult to diagnose unless the index of suspicion is high.

Patients who present with hypokalemic metabolic alkalosis (Fig. 110-3) 
with normal or low blood pressure and have urinary chloride concentrations 

 RESPIRATORY ALKALOSIS

 EPIDEMIOLOGY AND PATHOBIOLOGY
In respiratory alkalosis, a primary decrease in Pco2 is reflected by increases 
in arterial pH and variable decreases in plasma bicarbonate concentration. 
The most common cause is alveolar hyperventilation, not underproduction 
of CO2.

Acute hypocapnia results in an initial increase in the pH of both the CSF 
and the brain’s intracellular environment. However, this increase is quickly 
offset by a decrease in bicarbonate levels. In acute respiratory alkalosis, one 
of the primary mechanisms of this fall in bicarbonate appears to be the gen-
eration of lactate as a result of vasoconstriction, hypoxia, and increased hemo-
globin affinity for oxygen. The combination of increased oxygen demand and 
decreased oxygen delivery may contribute to adverse clinical outcomes in 
hypocapnic alkalosis.

Cerebral blood flow is significantly decreased by hypocapnia, which is a 
potent vasoconstrictor. As in respiratory acidosis, the CNS is immediately 
affected because of the blood-brain barrier’s permeability to CO2. In addition, 
as in respiratory acidosis, CSF and intracellular pH show an initial short-lived 
response that parallels the systemic increase in pH.

Renal compensation for sustained hypocapnia is complete in 36 to 72 hours. 
The mechanism rests primarily in the kidney’s net reduction of hydrogen ion 
excretion, which it accomplishes largely by decreasing ammonium and titrat-
able acid excretion. The threshold for bicarbonate excretion is also lowered, 
and bicarbonaturia develops. As a result, systemic bicarbonate levels decrease, 
and arterial pH returns toward normal values.

Acute exposure to high altitude (Chapter 88) results in hypoxia-induced 
hyperventilation. Compensation requires several days and is characterized 
by a gradual further increase in hyperventilation, a steadily decreasing Pco2, 
and a recovering Po2. The effect of the hypoxic stimulus to ventilate is ini-
tially modulated by the effects of alkalosis, both peripherally and centrally. 
However, as HCO3

− falls in the CSF, inhibition of the central stimulus to ventilate 
decreases. Once a steady state is achieved, the drive to ventilate is determined 
by the effects of hypoxemia and alkalemia on the peripheral chemoreceptors.

 CLINICAL MANIFESTATIONS
The clinical manifestations of respiratory alkalosis depend on the degree and 
duration of the condition but are primarily those of the underlying disorder. 
Chronic hypocapnia does not appear to be associated with any significant 
clinical symptoms.

Symptoms of acute hypocapnia with Pco2 below 30 mm Hg are largely 
attributable to the alkalemia and include dizziness, perioral or extremity par-
esthesias, confusion, asterixis, hypotension, seizures, and coma. These can be 
related to decreased cerebral blood flow or reduced free calcium because 
alkalosis increases calcium’s protein-bound fraction. Shortness of breath and 
chest wall pain, which frequently accompany hyperventilation because of pain 
or anxiety, do not appear to be related to hypocapnia.

 DIAGNOSIS
Alveolar hyperventilation leading to respiratory alkalosis is seen with hypox-
emia from pulmonary disease (Chapter 77), heart failure (Chapter 52), high 
altitudes (Chapter 88), or anemia. Mechanical ventilation (Chapter 97) is 
also a common cause of respiratory alkalosis.

Another common cause of respiratory alkalosis is primary stimulation of 
the central chemoreceptor, as seen in sepsis (Chapter 100), hepatic cirrhosis 
(Chapter 144), salicylate intoxication (Chapters 76 and 102), correction of 
metabolic acidosis, hyperthermia (Chapter 101), and pregnancy, as well as 
cortical hyperventilation from anxiety and pain. In these situations, central 
signals override peripheral chemoreceptors until the primary stimulus is 
removed.
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FIGURE 110-3. Evaluation of the patient with hypokalemic metabolic alkalosis. AcTH = adrenocorticotropic hormone; Hsd11B2 = 11β-hydroxy-steroid dehydrogenase Type 2. 

In chloride-responsive patients (see Table 110-2), treatment is directed at 
increasing urinary excretion of bicarbonate. In patients with mild to moderate 
alkalosis, liberalizing salt intake and administering potassium chloride is effec-
tive in increasing renal HCO3

− excretion. The K+ deficit is likely to be at least 
100 mEq for every decrease of 1 mEq/L in serum potassium. Unless potassium 
chloride is also replenished, the improvement in filtration and proximal reab-
sorption will result in severe potassium wasting as bicarbonaturia develops 
and aldosterone’s effects remain. In addition, complete resolution of alkalosis 
will not occur until K+ is normalized. In a patient with renal failure and vomiting, 
the elevation in HCO3

− may be more severe because of poor HCO3
− filtration. 
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 RESPIRATORY ACIDOSIS
Respiratory acidosis is characterized by a primary elevation in Pco2 as reflected 
by reduced arterial pH with variable elevation in the HCO3

− concentration. It is 
most frequently caused by a decrease in alveolar ventilation due to pulmonary 
disease (Chapter 96), respiratory muscle fatigue, musculoskeletal abnormali-
ties of the chest wall, or abnormalities in ventilatory control (Chapter 80).

 CLINICAL MANIFESTATIONS
Clinical findings in respiratory acidosis are related to the degree and duration 
of the respiratory acidosis and whether hypoxemia is present. A precipitous 
rise in Pco2 can lead to confusion, anxiety, psychosis, asterixis, seizures, and 
myoclonic jerks, with progressive depression of the sensorium and coma at 
an arterial Pco2 greater than 60 mm Hg (CO2 narcosis). Hypercapnia, which 
increases cerebral blood flow and volume, can lead to symptoms and signs of 
elevated intracranial pressure, including headaches and papilledema. Other 
findings in acute respiratory acidosis include signs of catecholamine release, 
such as skin flushing, diaphoresis, and increased cardiac contractility and 
output. Symptoms of chronic hypercapnia include fatigue, lethargy, and confu-
sion, in addition to the findings seen in acute hypercapnia.

The slow time course of many of these diseases allows the kidney to com-
pensate adequately by increasing its excretion of hydrogen ion as ammonium 
and generating and reabsorbing bicarbonate to restore systemic pH toward 
normal values. This compensatory process is not maximal until 3 to 5 days 
after the onset of respiratory acidosis. Chronic NaHCO3 retention and edema 
often accompany chronic respiratory acidosis.

 DIAGNOSIS
Disorders that cause a respiratory acidosis include central effects of drugs, 
stroke, and infection; airway obstruction; primary parenchymal processes, 
such as chronic obstructive pulmonary disease (Chapter 82) and acute respira-
tory distress syndrome (Chapter 96); disorders of ventilation (Chapter 80); 
and neuromuscular diseases, such as myasthenia gravis (Chapter 394) and 
muscular dystrophies (Chapter 393). Permissive hypercapnia has been used 
clinically in patients with acute respiratory distress syndrome to limit pulmo-
nary damage secondary to mechanical ventilation (Chapter 97).

TREATMENT 
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 RESPIRATORY ALKALOSIS

 EPIDEMIOLOGY AND PATHOBIOLOGY
In respiratory alkalosis, a primary decrease in Pco2 is reflected by increases 
in arterial pH and variable decreases in plasma bicarbonate concentration. 
The most common cause is alveolar hyperventilation, not underproduction 
of CO2.

Acute hypocapnia results in an initial increase in the pH of both the CSF 
and the brain’s intracellular environment. However, this increase is quickly 
offset by a decrease in bicarbonate levels. In acute respiratory alkalosis, one 
of the primary mechanisms of this fall in bicarbonate appears to be the gen-
eration of lactate as a result of vasoconstriction, hypoxia, and increased hemo-
globin affinity for oxygen. The combination of increased oxygen demand and 
decreased oxygen delivery may contribute to adverse clinical outcomes in 
hypocapnic alkalosis.

Cerebral blood flow is significantly decreased by hypocapnia, which is a 
potent vasoconstrictor. As in respiratory acidosis, the CNS is immediately 
affected because of the blood-brain barrier’s permeability to CO2. In addition, 
as in respiratory acidosis, CSF and intracellular pH show an initial short-lived 
response that parallels the systemic increase in pH.

Renal compensation for sustained hypocapnia is complete in 36 to 72 hours. 
The mechanism rests primarily in the kidney’s net reduction of hydrogen ion 
excretion, which it accomplishes largely by decreasing ammonium and titrat-
able acid excretion. The threshold for bicarbonate excretion is also lowered, 
and bicarbonaturia develops. As a result, systemic bicarbonate levels decrease, 
and arterial pH returns toward normal values.

Acute exposure to high altitude (Chapter 88) results in hypoxia-induced 
hyperventilation. Compensation requires several days and is characterized 
by a gradual further increase in hyperventilation, a steadily decreasing Pco2, 
and a recovering Po2. The effect of the hypoxic stimulus to ventilate is ini-
tially modulated by the effects of alkalosis, both peripherally and centrally. 
However, as HCO3

− falls in the CSF, inhibition of the central stimulus to ventilate 
decreases. Once a steady state is achieved, the drive to ventilate is determined 
by the effects of hypoxemia and alkalemia on the peripheral chemoreceptors.

 CLINICAL MANIFESTATIONS
The clinical manifestations of respiratory alkalosis depend on the degree and 
duration of the condition but are primarily those of the underlying disorder. 
Chronic hypocapnia does not appear to be associated with any significant 
clinical symptoms.

Symptoms of acute hypocapnia with Pco2 below 30 mm Hg are largely 
attributable to the alkalemia and include dizziness, perioral or extremity par-
esthesias, confusion, asterixis, hypotension, seizures, and coma. These can be 
related to decreased cerebral blood flow or reduced free calcium because 
alkalosis increases calcium’s protein-bound fraction. Shortness of breath and 
chest wall pain, which frequently accompany hyperventilation because of pain 
or anxiety, do not appear to be related to hypocapnia.

 DIAGNOSIS
Alveolar hyperventilation leading to respiratory alkalosis is seen with hypox-
emia from pulmonary disease (Chapter 77), heart failure (Chapter 52), high 
altitudes (Chapter 88), or anemia. Mechanical ventilation (Chapter 97) is 
also a common cause of respiratory alkalosis.

Another common cause of respiratory alkalosis is primary stimulation of 
the central chemoreceptor, as seen in sepsis (Chapter 100), hepatic cirrhosis 
(Chapter 144), salicylate intoxication (Chapters 76 and 102), correction of 
metabolic acidosis, hyperthermia (Chapter 101), and pregnancy, as well as 
cortical hyperventilation from anxiety and pain. In these situations, central 
signals override peripheral chemoreceptors until the primary stimulus is 
removed.

In cases of volume expansion and alkalosis, acetazolamide may be administered 
carefully while monitoring its potential for losing K+. If this agent fails to work, 
dilute solutions of HCl (0.1N HCl) may be cautiously administered. The amount 
of H+, in milliequivalents, to be given may be calculated as the product of the 
desired change in serum HCO3

− concentration (mEq/L) times 0.5 of body weight 
in kilograms. It is likely that this calculation will overestimate the amount of 
acid needed for correction, so no more than one third of the amount should 
be given before recalculating to avoid metabolic acidosis. Full correction of 
HCO3

− should not be the goal. In the absence of renal failure, intravenous acet-
azolamide (250 to 500 mg every 8 hours) may be effective but may greatly 
increase K+ losses.

Chloride-unresponsive patients (see Table 110-2) include those with miner-
alocorticoid excess. In these patients, the metabolic alkalosis can be lessened 
by potassium replacement or by blocking Na+ reabsorption with aldosterone 
antagonists such as spironolactone, starting with 25 mg orally, or amiloride, 
beginning with 5 mg orally. Indomethacin effectively treats Bartter syndrome 
(Chapter 119) by interfering with prostaglandin E2 to allow greater NaCl reab-
sorption in the thick ascending limb. Gitelman and Bartter syndromes are best 
treated with combinations of potassium chloride, a potassium-sparing diuretic, 
and magnesium if needed.

 RESPIRATORY ACIDOSIS
Respiratory acidosis is characterized by a primary elevation in Pco2 as reflected 
by reduced arterial pH with variable elevation in the HCO3

− concentration. It is 
most frequently caused by a decrease in alveolar ventilation due to pulmonary 
disease (Chapter 96), respiratory muscle fatigue, musculoskeletal abnormali-
ties of the chest wall, or abnormalities in ventilatory control (Chapter 80).

 CLINICAL MANIFESTATIONS
Clinical findings in respiratory acidosis are related to the degree and duration 
of the respiratory acidosis and whether hypoxemia is present. A precipitous 
rise in Pco2 can lead to confusion, anxiety, psychosis, asterixis, seizures, and 
myoclonic jerks, with progressive depression of the sensorium and coma at 
an arterial Pco2 greater than 60 mm Hg (CO2 narcosis). Hypercapnia, which 
increases cerebral blood flow and volume, can lead to symptoms and signs of 
elevated intracranial pressure, including headaches and papilledema. Other 
findings in acute respiratory acidosis include signs of catecholamine release, 
such as skin flushing, diaphoresis, and increased cardiac contractility and 
output. Symptoms of chronic hypercapnia include fatigue, lethargy, and confu-
sion, in addition to the findings seen in acute hypercapnia.

The slow time course of many of these diseases allows the kidney to com-
pensate adequately by increasing its excretion of hydrogen ion as ammonium 
and generating and reabsorbing bicarbonate to restore systemic pH toward 
normal values. This compensatory process is not maximal until 3 to 5 days 
after the onset of respiratory acidosis. Chronic NaHCO3 retention and edema 
often accompany chronic respiratory acidosis.

 DIAGNOSIS
Disorders that cause a respiratory acidosis include central effects of drugs, 
stroke, and infection; airway obstruction; primary parenchymal processes, 
such as chronic obstructive pulmonary disease (Chapter 82) and acute respira-
tory distress syndrome (Chapter 96); disorders of ventilation (Chapter 80); 
and neuromuscular diseases, such as myasthenia gravis (Chapter 394) and 
muscular dystrophies (Chapter 393). Permissive hypercapnia has been used 
clinically in patients with acute respiratory distress syndrome to limit pulmo-
nary damage secondary to mechanical ventilation (Chapter 97).

Treatment of both chronic and acute respiratory acidosis aims primarily to 
correct the underlying cause and to ensure adequate ventilation. In acute 
respiratory acidosis, measures to relieve severe hypoxemia and acidemia should 
be instituted immediately, including intubation and assisted mechanical ven-
tilation (Chapter 97) if necessary. Patients with myxedema coma require thyroid 
replacement (Chapter 213).

In patients with compensated chronic respiratory acidosis, rapid and complete 
correction of hypercapnia can result in post-hypercapnic metabolic alkalosis. 
Patients who are chronically hypercapnic and hypoxemic should receive neces-
sary oxygen even though their PCO2 will rise. The rise is not necessarily due to 
loss of a hypoxic drive to ventilation but may instead be because of release of 
CO2 from hemoglobin in the presence of oxygen or because oxygen-induced 
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pulmonary arteriolar vasodilation increases perfusion to poorly ventilated alveoli. 
Patients recovering from an acute-on-chronic respiratory acidosis should be 
monitored carefully to correct hypokalemia, hypochloremia, and hypovolemia 
so that adequate renal excretion of bicarbonate can occur.

Bicarbonate therapy is not indicated for respiratory acidosis unless the pH 
falls below 7.0 and the patient is about to be intubated. There is a role for 
bicarbonate therapy in patients with renal failure (Chapter 121), in whom 
adequate compensatory acid excretion cannot take place.



Primary neurologic diseases that can stimulate alveolar hyperventilation 
include acute stroke, infection, trauma, and tumors. Two patterns of respira-
tion are seen: central hyperventilation and Cheyne-Stokes respiration (Chapter 
80). Central hyperventilation, which is associated with lesions at the pontine-
midbrain level, is regular, but with an increased rate and tidal volume. Cheyne-
Stokes breathing, which is characterized by periods of hyperventilation 
alternating with apnea, is seen in patients with bilateral cortical and upper 
pontine lesions and in patients with heart failure.

Treatment of respiratory alkalosis must address the underlying cause of the 
disturbance. Hyperventilation syndrome is a diagnosis of exclusion, but patients 
who exhibit symptoms, such as tetany and syncope, and who do not have 
more serious causes of hyperventilation can be treated with a rebreathing 
mask. Hypophosphatemia can be seen in these patients, but it usually improves 
with treatment of the alkalosis. Patients with respiratory alkalosis associated 
with mountain sickness can be pretreated with acetazolamide to induce a 
metabolic acidosis, thereby preventing extreme elevations in pH (Chapter 88).

TREATMENT 
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REVIEW QUESTIONS

1. A young patient with type 1 diabetes mellitus and normal renal function 
presents with a febrile illness and a blood glucose level of 345 mg/dL. The 
arterial pH is 7.30 and the pCO2 is 30 mm Hg. Serum laboratory values 
include sodium 135 meq/L; potassium 5.5 meq/L; chloride 110 meq/L; 
bicarbonate 15 meq/L. The urine sodium is 50 meq/L; urine potassium 
50 meq/L and urine chloride 20 meq/L. The urine pH is 5.0. Urine glucose 
2+. Which of the following statements is most likely to be true?
 A. The patient has diabetic ketoacidosis.
 B. The patient has a proximal renal tubular acidosis.
 C. The patient has an excess of total body potassium.
 D. There is bicarbonaturia.
 E. The normal serum anion gap is an error.

Answer: A The patient with well-preserved glomerular filtration rate will 
spill large amounts of keto acids in the urine, with sodium and potassium 
giving a large urinary charge gap but a normal serum anion gap. Since the 
urinary pH is acid, the urine gap is not bicarbonaturia. Loss of keto acid anions 
and osmotic polyuria will likely lead to total body potassium deficits despite 
the shift of potassium from cells to extracellular water. In this case, ketoacidosis 
is the cause of a non-gap acidosis.

2. A 36-year-old woman returns from an overseas trip with gastroenteritis 
and is found to have a urinary Na+ of 34 mEq/L, a urinary K+ of 41 mEq/L, 
and a urinary Cl− of 6 mEq/L. Which one of the following statements is 
most likely to be correct?
 A. She has severe metabolic acidosis from the diarrhea.
 B. She has both metabolic acidosis from diarrhea and bicarbonaturia from 

an unsuspected renal tubular acidosis.
 C. She may have acidosis from diarrhea but must also have more significant 

metabolic alkalosis from vomiting. Her blood is alkalemic.
 D. She has not been vomiting but has metabolic alkalosis from congenital 

chloridorrhea.
 E. Her urinary NH4

+ must be very high.
Answer: C She has chloride losses that are most likely gastric losses of HCl. 
The urine has very little chloride, consistent with hypochloremia. Congenital 
chloridorrhea is very unlikely to produce this syndrome in an otherwise healthy 
36 year old. Diarrhea causing metabolic acidosis would be compensated by 
increased ammoniagenesis and high chloride excretion.
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111 
DISORDERS OF MAGNESIUM 
AND PHOSPHORUS
ALAN S.L. YU

 MAGNESIUM METABOLISM
Magnesium is an important mineral component of the bony skeleton, a cofac-
tor for many metabolic enzymes, and a regulator of ion channels and trans-
porters in excitable tissues.1,2

 Normal Magnesium Metabolism
The majority of total body magnesium is intracellular or in bone, with only 
1% in extracellular fluid. The normal serum magnesium concentration is 1.8 
to 2.3 mg/dL (1.5 to 1.9 mEq/L). The average daily intake of magnesium is 
300 mg, the main sources of which are green vegetables, nuts, whole grain 
cereals, milk, and seafood. Magnesium is absorbed mainly in the jejunum and 
ileum. In the kidney, 70 to 80% of serum magnesium is filtered at the glom-
erulus, with the majority being reabsorbed along the length of the tubule, 
particularly in the thick ascending limb of Henle. In states of magnesium 
deficiency or excess, renal tubule reabsorption is tightly regulated so that 
magnesium excretion is adjusted accordingly.

 MAGNESIUM DEFICIENCY
 PATHOBIOLOGY

Magnesium deficiency is usually detected when hypomagnesemia becomes 
evident. However, because magnesium is stored primarily intracellularly, 

substantial depletion of total body magnesium can occur before serum mag-
nesium levels drop appreciably.

Magnesium deficiency may be due to nutritional deficiency, intestinal mal-
absorption, redistribution into bone, or losses via cutaneous, lower gastro-
intestinal, or renal routes (Table 111-1). The recommended daily allowance 
of magnesium is 420 mg for males and 320 mg for females. Approximately 
25% of alcoholics are chronically hypomagnesemic because of a combination 
of poor nutritional intake and increased renal loss. Magnesium deficiency 
can occur, rarely, in protein-calorie malnutrition and may be associated with 
acute hypomagnesemia during refeeding because of rapid cellular magne-
sium uptake. Fat malabsorption in conditions such as celiac disease, Crohn 
disease, and small intestinal resection causes magnesium deficiency because 
free fatty acids accumulate in the intestinal lumen, where they combine 
with magnesium to form insoluble soaps. Proton pump inhibitors also can 
cause hypomagnesemia, primarily in patients concurrently using diuret-
ics. This is thought to be due to inhibition of intestinal absorption. Lower 
gastrointestinal tract secretions are rich in magnesium, so diarrhea of colonic 
origin is a common cause of hypomagnesemia. Sweat contains significant 
amounts of magnesium, and transient hypomagnesemia can occur after pro-
longed, intense exercise such as marathon runs. Magnesium is also lost from 
burned skin surfaces, and 40% of patients with severe burns (Chapter 103) are  
hypomagnesemic.

In patients with severe hyperparathyroidism (Chapter 232) and high bone 
turnover, continued sequestration of minerals within bone after parathyroid-
ectomy causes transient hypocalcemia, hypomagnesemia, and hypophospha-
temia. Renal magnesium losses can occur in the recovery phase of acute tubular 
necrosis or urinary tract obstruction. Hypomagnesemia is common in diabetes 
mellitus (Chapter 216), in which it is thought to be due to a combination of 
poor intestinal absorption, osmotic diuresis, and decreased renal tubule reab-
sorption. Inhibition of sodium reabsorption in the thick ascending limb of 
Henle by loop diuretics and in the distal convoluted tubule by thiazide diuretics 
inhibits tubular magnesium reabsorption and leads to urinary magnesium 
wasting. Tubular toxins that are common causes of renal magnesium wasting 
include cisplatin, carboplatin, amphotericin B, and aminoglycosides, which 
are often associated with hypokalemia and rarely with renal tubule acidosis, 
as well as calcineurin inhibitors such as cyclosporine and tacrolimus, which 
also cause hyperkalemia. Antibodies to the epidermal growth factor receptor, 
such as cetuximab and panitumumab, which are used to treat metastatic 
colorectal cancer, downregulate a distal tubule magnesium channel and cause 
isolated severe hypomagnesemia.

Inherited hypomagnesemia is usually caused by renal magnesium loss and 
can be subdivided into three main types, depending on the coexistence of 
other electrolyte disturbances: Bartter and Gitelman syndromes, which are 
associated with renal salt wasting and hypokalemic metabolic alkalosis; familial 
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TABLE 111-1 CAUSES OF MAGNESIUM DEFICIENCY
Nutritional deficiency
 Alcoholism*
 Malnutrition
 Refeeding syndrome
Intestinal malabsorption*
Proton pump inhibitors
Lower gastrointestinal losses
 Colonic diarrhea*
 Intestinal fistula
 Laxative abuse
Cutaneous losses
 Burns*
 Exercise-induced sweating
Redistribution into bone
 Hungry bone syndrome
Renal losses
 Polyuria (including diabetes mellitus)*
 Volume expansion
 Hyperaldosteronism
 Bartter and Gitelman syndromes
 Hypercalcemia
 Loop and thiazide diuretics*
 Nephrotoxins (cisplatin, amphotericin, aminoglycosides, pentamidine, 

cyclosporine)*
Epidermal growth factor monoclonal antibodies (cetuximab, panitumumab)*
*Common causes.

hypomagnesemia with hypercalciuria and nephrocalcinosis; and isolated 
hypomagnesemia, which is usually associated with hypocalcemia.

 CLINICAL MANIFESTATIONS
Mild-to-moderate hypomagnesemia or magnesium deficiency is frequently 
asymptomatic. Manifestations of increased neuronal excitability are the most 
common symptoms, including paresthesias, tetany, and seizures. These may 
be associated with Chvostek sign (twitching of the cheek muscles in response 
to tapping the facial nerve in front of the ear) or Trousseau sign (carpal spasm 
induced by compressing the upper arm with a tourniquet or blood pressure 
cuff). Cardiac disturbances range from mild electrocardiographic abnormali-
ties (nonspecific T wave changes, U waves, prolonged QT interval, and repo-
larization alternans) to ventricular tachycardia, torsades de pointes, and 
ventricular fibrillation (Chapter 59).

Coexistent hypokalemia is very common for two reasons: many of the 
causes of hypomagnesemia are also causes of potassium loss, and hypomag-
nesemia itself causes renal potassium wasting. Severe hypomagnesemia also 
impairs parathyroid hormone secretion and induces tissue resistance to its 
actions, thereby leading to hypocalcemia.

 DIAGNOSIS
The cause of the magnesium deficiency is often obvious from the history. In 
difficult diagnostic cases, a random urine sample should be collected and the 
fractional excretion of magnesium (FEMg) determined.

FE
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× ×0 7. rrine creatinine

With extrarenal magnesium loss (usually diarrhea, malabsorption or laxative 
abuse), the FEMg is appropriately suppressed (<4%). Higher FEMg levels indicate 
renal magnesium wasting, often secondary to surreptitious diuretic use or one 
of the familial magnesium-wasting disorders.

 PROGNOSIS
Hospitalized patients with hypomagnesemia have a longer length-of-stay and 
higher mortality, presumably because it is a marker of more severe illness. 
Very low serum magnesium levels (<0.7 mmol/L) also are associated with 
about a 35% increase in all-cause mortality.4 In patients with a self-limited 
cause of magnesium deficiency, repletion is easily accomplished. However, in 
patients with persistent magnesium wasting, such as in Gitelman syndrome 
(Chapter 119), it can be difficult to keep up with the ongoing losses with oral 
therapy. Fortunately, these individuals tend to adapt to their chronic hypo-
magnesemia and tolerate it fairly well.

 HYPERMAGNESEMIA
Transient hypermagnesemia can occur in patients given large doses of intra-
venous magnesium, for example, in the setting of preeclampsia. It has also 
been reported in individuals taking large doses of magnesium-containing 
antacids or cathartics, particularly in settings in which intestinal absorption 

is enhanced, such as inflammatory bowel disease and intestinal obstruc-
tion. However, the kidney has a very large capacity to excrete excess mag-
nesium. Thus, persistent hypermagnesemia is seen almost exclusively in 
patients who have chronic renal insufficiency (Chapter 121) who are also 
taking excessive amounts of magnesium in the form of antacids, cathartics, or  
enemas.

 CLINICAL MANIFESTATIONS
Magnesium toxicity is a serious and potentially fatal condition. Mild hyper-
magnesemia (serum magnesium level > 4 to 6 mg/dL) causes hypotension, 
nausea, vomiting, facial flushing, urinary retention, and ileus. Above serum 
levels of 8 to 12 mg/dL, flaccid skeletal muscle paralysis and hyporeflexia may 
ensue, along with bradyarrhythmias, respiratory depression, coma, and cardiac 
arrest. A low or even negative serum anion gap is sometimes seen.
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 PROGNOSIS
Severe hypermagnesemia is potentially fatal. Lesser degrees of hypermagne-
semia usually respond well to treatment.

 PHOSPHORUS METABOLISM
Phosphorus has many critical roles. It is a major component of bone mineral, 
of phospholipids in cell membranes, and of nucleic acids. It forms high-energy 
phosphate bonds in compounds such as adenosine triphosphate (ATP), is 
post-translationally bound to proteins as an intracellular signal, and acts as a 
major pH buffer in serum and urine.

 Normal Phosphorus Metabolism
Of the total body phosphorus content, 85% is in bone, 14% is in intracellular 
compartments, and only 1% is in extracellular fluid. The normal concentration 
of phosphorus in plasma is 3 to 4.5 mg/dL (1 to 1.5 mM). Daily intake of 
phosphorus is 800 to 1500 mg. Phosphorus is present in many foods, includ-
ing dairy products, meats, and grains, and it is absorbed in the small intestine. 
The kidneys excrete excess phosphorus, which is the principal mechanism by 
which the body regulates extracellular phosphate balance. Ninety percent of 
serum phosphate is filtered at the glomerulus, of which 80 to 97% is reabsorbed 
along the nephron, primarily in the proximal tubule. Parathyroid hormone 
increases renal phosphate excretion by inhibiting the sodium-phosphate 
cotransporter in the proximal tubule, whereas vitamin D enhances intestinal 
phosphate absorption.

 HYPOPHOSPHATEMIA
 PATHOBIOLOGY

Hypophosphatemia may be caused by decreased intake, impaired intestinal 
absorption, redistribution into cells or bone, and renal losses (Table 111-2). 
Phosphate is frequently depleted in alcoholism (Chapter 30) because of the 
intake of a carbohydrate-rich, phosphate-poor diet, as well as renal phos-
phate wasting. Divalent cation-containing antacids bind phosphate in the 
intestinal lumen to form insoluble salts, thereby preventing their absorption. 
Vitamin D deficiency also leads to decreased intestinal phosphate absorp-
tion and hence to hypophosphatemia. Respiratory but not metabolic alkalo-
sis (Chapter 110) may cause transient hypophosphatemia. In this disorder, 
intracellular pH is increased, thereby stimulating glycolysis, which depletes 
the intracellular inorganic phosphate pool and leads to a shift of phosphate  
into cells.

Insulin is also a strong stimulus for shifting phosphate into cells. Patients 
with diabetic ketoacidosis (Chapter 216) are often hyperphosphatemic because 
of a shift of phosphate out of cells under insulinopenic conditions, but their 
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ABSTRACT
Magnesium and phosphate are important components of bone, but they also 
play important roles within cells. Disorders of magnesium and phosphate 
homeostasis—especially hypomagnesemia, hypophosphatemia, and hyper-
phosphatemia in the setting of kidney disease—are common and most often 
asymptomatic. This chapter reviews the causes of magnesium and phosphate 
disorders, tests and algorithms to diagnose the underlying cause, and treat-
ment options, including replacement regimens.
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It is unclear whether mild, asymptomatic hypomagnesemia needs to be 
treated.3 Magnesium repletion is recommended in hypomagnesemic patients 
if they are symptomatic, have underlying cardiac or seizure disorders, exhibit 
concurrent severe hypocalcemia or hypokalemia, or have severe hypomagne-
semia (<1.4 mg/dL). In mild cases or in the outpatient setting, oral magnesium 
salts such as magnesium oxide (250 to 500 mg four times daily) can be used 
for repletion, but these substances frequently cause diarrhea, particularly at 
high doses. In the inpatient setting, intravenous magnesium sulfate (1 to 2 g 
every 6 hours) can be used for repletion. Because the redistribution of mag-
nesium from extracellular to intracellular compartments is relatively slow, the 
serum magnesium concentration may normalize before total body magnesium 
stores are replete. It is therefore prudent to continue intravenous magnesium 
for an additional 1 to 2 days after restoration of normomagnesemia. In patients 
with normal renal function, any excess magnesium is simply excreted renally. 
Adverse effects from intravenous magnesium administration are primarily due 
to transient hypermagnesemia and include flushing, hypotension, and flaccid 
paralysis. Amiloride (10 to 20 mg PO once daily) abrogates renal magnesium 
wasting in some patients with this problem, but the mechanism is unknown.

TREATMENT 

hypomagnesemia with hypercalciuria and nephrocalcinosis; and isolated 
hypomagnesemia, which is usually associated with hypocalcemia.

 CLINICAL MANIFESTATIONS
Mild-to-moderate hypomagnesemia or magnesium deficiency is frequently 
asymptomatic. Manifestations of increased neuronal excitability are the most 
common symptoms, including paresthesias, tetany, and seizures. These may 
be associated with Chvostek sign (twitching of the cheek muscles in response 
to tapping the facial nerve in front of the ear) or Trousseau sign (carpal spasm 
induced by compressing the upper arm with a tourniquet or blood pressure 
cuff). Cardiac disturbances range from mild electrocardiographic abnormali-
ties (nonspecific T wave changes, U waves, prolonged QT interval, and repo-
larization alternans) to ventricular tachycardia, torsades de pointes, and 
ventricular fibrillation (Chapter 59).

Coexistent hypokalemia is very common for two reasons: many of the 
causes of hypomagnesemia are also causes of potassium loss, and hypomag-
nesemia itself causes renal potassium wasting. Severe hypomagnesemia also 
impairs parathyroid hormone secretion and induces tissue resistance to its 
actions, thereby leading to hypocalcemia.

 DIAGNOSIS
The cause of the magnesium deficiency is often obvious from the history. In 
difficult diagnostic cases, a random urine sample should be collected and the 
fractional excretion of magnesium (FEMg) determined.

FE
Urine magnesium Serum creatinine

Serum magnesium U
Mg = ×

× ×0 7. rrine creatinine

With extrarenal magnesium loss (usually diarrhea, malabsorption or laxative 
abuse), the FEMg is appropriately suppressed (<4%). Higher FEMg levels indicate 
renal magnesium wasting, often secondary to surreptitious diuretic use or one 
of the familial magnesium-wasting disorders.

 PROGNOSIS
Hospitalized patients with hypomagnesemia have a longer length-of-stay and 
higher mortality, presumably because it is a marker of more severe illness. 
Very low serum magnesium levels (<0.7 mmol/L) also are associated with 
about a 35% increase in all-cause mortality.4 In patients with a self-limited 
cause of magnesium deficiency, repletion is easily accomplished. However, in 
patients with persistent magnesium wasting, such as in Gitelman syndrome 
(Chapter 119), it can be difficult to keep up with the ongoing losses with oral 
therapy. Fortunately, these individuals tend to adapt to their chronic hypo-
magnesemia and tolerate it fairly well.

 HYPERMAGNESEMIA
Transient hypermagnesemia can occur in patients given large doses of intra-
venous magnesium, for example, in the setting of preeclampsia. It has also 
been reported in individuals taking large doses of magnesium-containing 
antacids or cathartics, particularly in settings in which intestinal absorption 

is enhanced, such as inflammatory bowel disease and intestinal obstruc-
tion. However, the kidney has a very large capacity to excrete excess mag-
nesium. Thus, persistent hypermagnesemia is seen almost exclusively in 
patients who have chronic renal insufficiency (Chapter 121) who are also 
taking excessive amounts of magnesium in the form of antacids, cathartics, or  
enemas.

 CLINICAL MANIFESTATIONS
Magnesium toxicity is a serious and potentially fatal condition. Mild hyper-
magnesemia (serum magnesium level > 4 to 6 mg/dL) causes hypotension, 
nausea, vomiting, facial flushing, urinary retention, and ileus. Above serum 
levels of 8 to 12 mg/dL, flaccid skeletal muscle paralysis and hyporeflexia may 
ensue, along with bradyarrhythmias, respiratory depression, coma, and cardiac 
arrest. A low or even negative serum anion gap is sometimes seen.

Mild hypermagnesemia in a patient with good renal function usually requires 
no treatment because renal clearance is rapid and the normal serum half-life 
of magnesium is approximately 1 day. In the event of serious toxicity, the effects 
of magnesium can be temporarily antagonized by the administration of intra-
venous calcium salts (5 to 10 mL of 10% calcium chloride). Renal magnesium 
excretion can be enhanced by administering furosemide (20 to 40 mg every 4 
hours) together with a saline infusion (0.9% NaCl at 150 mL/hour, titrated to 
replace urinary losses). In patients with advanced renal insufficiency, the most 
effective method of magnesium removal is hemodialysis.

TREATMENT 

 PROGNOSIS
Severe hypermagnesemia is potentially fatal. Lesser degrees of hypermagne-
semia usually respond well to treatment.

 PHOSPHORUS METABOLISM
Phosphorus has many critical roles. It is a major component of bone mineral, 
of phospholipids in cell membranes, and of nucleic acids. It forms high-energy 
phosphate bonds in compounds such as adenosine triphosphate (ATP), is 
post-translationally bound to proteins as an intracellular signal, and acts as a 
major pH buffer in serum and urine.

 Normal Phosphorus Metabolism
Of the total body phosphorus content, 85% is in bone, 14% is in intracellular 
compartments, and only 1% is in extracellular fluid. The normal concentration 
of phosphorus in plasma is 3 to 4.5 mg/dL (1 to 1.5 mM). Daily intake of 
phosphorus is 800 to 1500 mg. Phosphorus is present in many foods, includ-
ing dairy products, meats, and grains, and it is absorbed in the small intestine. 
The kidneys excrete excess phosphorus, which is the principal mechanism by 
which the body regulates extracellular phosphate balance. Ninety percent of 
serum phosphate is filtered at the glomerulus, of which 80 to 97% is reabsorbed 
along the nephron, primarily in the proximal tubule. Parathyroid hormone 
increases renal phosphate excretion by inhibiting the sodium-phosphate 
cotransporter in the proximal tubule, whereas vitamin D enhances intestinal 
phosphate absorption.

 HYPOPHOSPHATEMIA
 PATHOBIOLOGY

Hypophosphatemia may be caused by decreased intake, impaired intestinal 
absorption, redistribution into cells or bone, and renal losses (Table 111-2). 
Phosphate is frequently depleted in alcoholism (Chapter 30) because of the 
intake of a carbohydrate-rich, phosphate-poor diet, as well as renal phos-
phate wasting. Divalent cation-containing antacids bind phosphate in the 
intestinal lumen to form insoluble salts, thereby preventing their absorption. 
Vitamin D deficiency also leads to decreased intestinal phosphate absorp-
tion and hence to hypophosphatemia. Respiratory but not metabolic alkalo-
sis (Chapter 110) may cause transient hypophosphatemia. In this disorder, 
intracellular pH is increased, thereby stimulating glycolysis, which depletes 
the intracellular inorganic phosphate pool and leads to a shift of phosphate  
into cells.

Insulin is also a strong stimulus for shifting phosphate into cells. Patients 
with diabetic ketoacidosis (Chapter 216) are often hyperphosphatemic because 
of a shift of phosphate out of cells under insulinopenic conditions, but their 
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 DIAGNOSIS
The cause of hypophosphatemia is often evident from the history and physical 
examination. If not, measurement of either 24-hour urinary phosphate excre-
tion or fractional excretion of phosphate (FEPO4) in a spot urine sample is 
often helpful.

FE
Urine phosphate Serum creatinine
Serum phosphate Urin

PO4 = ×
× ee creatinine

In the setting of hypophosphatemia, the normal response of the kidney is 
to reduce urinary phosphate excretion to less than 100 mg/day or to reduce 
FEPO4 to less than 5%. Higher values suggest one of the causes of renal phos-
phate wasting.

total body phosphate is actually depleted as a result of urinary losses. Subse-
quent treatment with insulin may uncover severe hypophosphatemia. Similarly, 
in malnourished patients (Chapter 203), whose total body phosphate stores 
may be depleted, overzealous intravenous refeeding with carbohydrate-rich 
fluids may stimulate insulin release and cause acute hypophosphatemia. The 
tyrosine kinase inhibitors imatinib, sorafenib, and nilotinib, which are used 
in the treatment of various cancers (Chapters 169 and 175), can cause pro-
found hypophosphatemia, which appears to be due either to inhibition of 
bone resorption or a partial Fanconi syndrome.

Renal phosphate wasting is usually due to impaired proximal tubule phos-
phate reabsorption. In primary hyperparathyroidism (Chapter 232), hyper-
calcemia is typically associated with hypophosphatemia. Fanconi syndrome 
is a generalized proximal tubule disorder characterized by hypophosphatemia 
in association with glycosuria, aminoaciduria, hypokalemia, and type II renal 
tubular acidosis; it can be caused by a variety of inherited metabolic disor-
ders, multiple myeloma (Chapter 178), heavy metal intoxication (Chapter 
19), intravenous iron therapy (Chapter 150),5 and drugs such as ifosfamide, 
cidofovir, and tenofovir. Phosphaturia also can occur with diuretics, particu-
larly carbonic anhydrase inhibitors, and with antimicrobial agents such as 
pentamidine and foscarnet.

Oncogenic osteomalacia is a paraneoplastic syndrome (Chapters 169 and 
231) associated primarily with mesenchymal tumors that secrete a variety of 
phosphaturic factors collectively known as phosphatonins. A similar phenotype 
is found in X-linked and autosomal dominant hypophosphatemic rickets; these 
inherited disorders are characterized by an increase in a circulating phosphato-
nin called fibroblast growth factor-23. Phosphatonins inhibit both renal tubular 
phosphate reabsorption and 1α-hydroxylation of 25-hydroxycholecalciferol, 
thereby leading to hypophosphatemia, rickets, or osteomalacia (Chapter 
231) and inappropriately low serum levels of 1,25-dihydroxycholecalciferol. 
Finally, patients undergoing renal replacement therapy by continuous venove-
nous hemodiafiltration often become phosphate-depleted and need ongoing  
replacement.

 CLINICAL MANIFESTATIONS
Clinical complications, which are usually observed only with severe hypo-
phosphatemia (<1 mg/dL), are thought to be due to the disruption of cell 
membrane composition, depletion of ATP (which particularly affects high 
energy–consuming tissues such as skeletal and cardiac muscle), and depletion 
of 2,3-diphosphoglycerate in erythrocytes, with impaired tissue oxygen delivery. 
Manifestations of severe hypophosphatemia include encephalopathy, dilated 
cardiomyopathy, generalized muscle weakness that can lead to respiratory 
failure, rhabdomyolysis, and hemolysis. Hypophosphatemia also impairs renal 
ammoniagenesis and reduces the availability of urinary buffer, thereby impair-
ing renal acid excretion and causing metabolic acidosis. Chronic hypophos-
phatemia leads to resorption of bone and osteomalacia.

TABLE 111-2 CAUSES OF HYPOPHOSPHATEMIA
Nutritional deficiency
 Alcoholism*
Impaired intestinal absorption
 Antacids
 Vitamin D deficiency*
Redistribution into cells
 Respiratory alkalosis*
 Insulin*
 Refeeding syndrome
 Burns*
Redistribution into bone
 Hungry bone syndrome
Tyrosine kinase inhibitors (imatinib, sorafenib, nilotinib)
Renal losses
 Hyperparathyroidism*
 Renal tubulopathy
  Fanconi syndrome
  Drugs (pentamidine, foscarnet, acetazolamide, toluene, acetaminophen overdose)
 Phosphatonin excess syndrome
  Oncogenic osteomalacia
  Familial hypophosphatemic rickets
Extracorporeal removal
 Continuous venovenous hemodiafiltration
*Common causes.

hypocalcemia (Chapter 232). Patients with diabetic ketoacidosis (Chapter 
216) are often hyperphosphatemic at initial evaluation because of the redis-
tribution of phosphate out of cells in the insulin-deficient state. Decreased 
phosphate excretion is most commonly due to acute or chronic renal failure 
(Chapter 121). With a normal diet, serum phosphate levels can be maintained 
within the normal range until the glomerular filtration rate falls below 25 mL/
minute. However, even mild degrees of renal insufficiency may predispose to 
hyperphosphatemia if there is a concurrent excessive intake of phosphate-
containing compounds such as laxatives. Finally, because parathyroid hormone 
stimulates proximal tubule phosphate excretion, primary hypoparathyroidism 
(Chapter 232) is often associated with mild hyperphosphatemia together with 
hypocalcemia.

 CLINICAL MANIFESTATIONS
Acute hyperphosphatemia increases the risk for precipitation of calcium phos-
phate and subsequent metastatic calcification in soft tissues, including the 
kidney, in which it can cause acute renal failure.7 The resultant hypocalcemia 
(Chapter 232) can cause tetany, hypotension, seizures, and cardiac arrhythmias. 
In the chronic hyperphosphatemia of chronic renal insufficiency, patients with 
a serum phosphate concentration greater than 6.5 mg/dL have higher mortal-
ity. Hyperphosphatemia in this setting is a risk factor for coronary and other 
vascular calcification, which is associated with increased mortality.

Patients with asymptomatic mild-to-moderate hypophosphatemia, normal 
total body phosphorus stores, and minimal ongoing phosphorus losses (e.g., 
a patient with hypophosphatemia as a result of acute respiratory alkalosis) do 
not require treatment. Phosphate should be repleted in patients who are symp-
tomatic, are suspected of having severely depleted intracellular phosphorus 
stores (malnourished or alcoholic patients), have ongoing gastrointestinal or 
renal losses, or have severe hypophosphatemia (<1 mg/dL). Oral repletion can 
be accomplished with sodium or potassium phosphate salts (1 to 2 g/day) or 
with skimmed milk. Intravenous phosphorus repletion at a dose of 0.16 to 
0.64 mmol/kg over 4 to 8 hours is recommended for severe hypophosphatemia 
but is contraindicated in patients with renal insufficiency or hypercalcemia. 
Hypophosphatemia in patients on continuous venovenous hemodiafiltration 
can be ameliorated by the use of phosphate-containing dialysate and replace-
ment solutions.6 Complications of phosphate therapy include hypocalcemia, 
metastatic calcification, hypotension, acute renal failure, and arrhythmias, as 
well as concomitant hypernatremia or hyperkalemia, depending on which salt 
is administered.

TREATMENT 

TABLE 111-3 CAUSES OF HYPERPHOSPHATEMIA
Phosphate intake
 Phosphate repletion
 Phosphate-containing laxatives and enemas*
Increased intestinal absorption
 Vitamin D toxicity
Redistribution from intracellular stores
 Rhabdomyolysis*
 Tumor lysis syndrome
 Diabetic ketoacidosis
Decreased renal excretion
 Renal failure*
 Hypoparathyroidism
 Pseudohypoparathyroidism
 Familial tumoral calcinosis
*Common causes.

 PROGNOSIS
Most patients with hypophosphatemia respond well to treatment.

 HYPERPHOSPHATEMIA

 PATHOBIOLOGY
Pseudohyperphosphatemia may occur in blood specimens that are hemolyzed 
or hyperglobulinemic, such as in multiple myeloma (Chapter 178). True 
hyperphosphatemia is caused by excessive phosphate intake, increased intestinal 
absorption, redistribution from intracellular stores, or impaired renal excretion 
(Table 111-3 and Fig. 111-1). Overzealous phosphate repletion can obviously 
cause hyperphosphatemia. The phosphorus in some laxatives and enemas 
may be absorbed and cause hyperphosphatemia. Intoxication with vitamin 
D or its analogues increases intestinal absorption of both calcium and phos-
phorus. Conditions associated with massive cell lysis, such as rhabdomyolysis 
(Chapter 105) and tumor lysis syndrome (Chapter 169), release intracellular 
phosphate into the extracellular fluid, where it can bind calcium and result in 

TREATMENT 

 PROGNOSIS
Severe acute hyperphosphatemia can be life-threatening owing to meta-
static calcification and multiorgan failure, but it generally responds well to 
prompt therapy. Chronic hyperphosphatemia in patients with chronic kidney 
failure (Chapter 121) is often fairly resistant to treatment, particularly in 
poorly compliant individuals, and is associated with increased long-term  
mortality.

 Grade A References
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hypocalcemia (Chapter 232). Patients with diabetic ketoacidosis (Chapter 
216) are often hyperphosphatemic at initial evaluation because of the redis-
tribution of phosphate out of cells in the insulin-deficient state. Decreased 
phosphate excretion is most commonly due to acute or chronic renal failure 
(Chapter 121). With a normal diet, serum phosphate levels can be maintained 
within the normal range until the glomerular filtration rate falls below 25 mL/
minute. However, even mild degrees of renal insufficiency may predispose to 
hyperphosphatemia if there is a concurrent excessive intake of phosphate-
containing compounds such as laxatives. Finally, because parathyroid hormone 
stimulates proximal tubule phosphate excretion, primary hypoparathyroidism 
(Chapter 232) is often associated with mild hyperphosphatemia together with 
hypocalcemia.

 CLINICAL MANIFESTATIONS
Acute hyperphosphatemia increases the risk for precipitation of calcium phos-
phate and subsequent metastatic calcification in soft tissues, including the 
kidney, in which it can cause acute renal failure.7 The resultant hypocalcemia 
(Chapter 232) can cause tetany, hypotension, seizures, and cardiac arrhythmias. 
In the chronic hyperphosphatemia of chronic renal insufficiency, patients with 
a serum phosphate concentration greater than 6.5 mg/dL have higher mortal-
ity. Hyperphosphatemia in this setting is a risk factor for coronary and other 
vascular calcification, which is associated with increased mortality.

Acute hyperphosphatemia in an asymptomatic patient with normal renal 
function often resolves spontaneously as excess phosphate is excreted. In symp-
tomatic patients and those with impaired renal function, phosphate should 
be removed by extracorporeal therapy. Because of the slow rate of phosphate 
mobilization from intracellular stores, continuous venovenous hemodiafiltra-
tion is considerably more effective than intermittent hemodialysis. Chronic 
hyperphosphatemia (Chapter 121) can be managed by minimizing dietary phos-
phorus intake8 and administering oral phosphate binders such as calcium salts 
(e.g., calcium acetate 1334 mg with each meal), lanthanum carbonate (500 mg 
with each meal), or sevelamer (800 to 1600 mg with each meal) (Table 111-4).9 
Aluminum hydroxide (300 to 600 mg with meals) is also a very effective phos-
phate binder, but prolonged use leads to aluminum accumulation and results 
in encephalopathy and osteomalacia. Data suggest that non–calcium-based 
phosphate binders A1  and especially sevelamer A2  may reduce all-cause mortality 
compared with calcium-based binders in patients with chronic kidney disease. 
Cinacalcet (30 to 180 mg/day), a calcimimetic used in patients with chronic 
renal insufficiency to treat secondary hyperparathyroidism, also reduces the 
serum phosphate concentration and calcium-phosphate product but does not 
significantly reduce the risk of death or major cardiovascular events.

TREATMENT 

Assessment of kidney function

Advanced CKD or ESRD

Kidney failure

Normal or mild/moderate
decrease in kidney function 

Serum PTH

Low/normal Elevated

Serum calcium

Low Normal Elevated

Acute phosphate load
Pseudohypoparathyroidism

Vitamin D
intoxication 

Familial tumoral calcinosis
Pseudohyperphosphatemia

Hypoparathyroidism

FIGURE 111-1. Diagnostic approach to chronic hyperphosphatemia, a parathyroid hormone (PTH)-based diagnostic algorithm. CKD = chronic kidney disease; esrD = end-stage 
renal disease; PTh = parathyroid hormone. (redrawn from Leaf De, Wolf M. a physiologic-based approach to the evaluation of a patient with hyperphosphatemia. Am J Kidney Dis. 
2013;61:330-336).

TABLE 111-4 MEDICATIONS FOR HYPERPHOSPHATEMIA

MEDICATION
USUAL DOSE 

WITH EACH MEAL COMMENTS
CALCIUM SALTS

Calcium acetate 1334 mg Calcium level will increase 
approximately 0.5 mg/dL

Calcium carbonate 500-1000 mg Calcium level will increase 
approximately 0.5 mg/dL

MAGNESIUM SALTS

Magnesium hydroxide 311-622 mg Can cause diarrhea or 
hypermagnesemia

Magnesium carbonate 63-126 mg Can cause diarrhea or 
hypermagnesemia

ALUMINUM SALTS

Aluminum hydroxide 300-600 mg Encephalopathy and osteomalacia 
with prolonged use

OTHERS

Sevelamer hydrochloride 800-1600 mg Gastrointestinal side effects
Sevelamer carbonate 800-1600 mg Gastrointestinal side effects
Lanthanum carbonate 250-500 mg Monitor serum bicarbonate and 

chloride levels as well as folic 
acid and vitamin D, E, and K 
levels

 PROGNOSIS
Severe acute hyperphosphatemia can be life-threatening owing to meta-
static calcification and multiorgan failure, but it generally responds well to 
prompt therapy. Chronic hyperphosphatemia in patients with chronic kidney 
failure (Chapter 121) is often fairly resistant to treatment, particularly in 
poorly compliant individuals, and is associated with increased long-term  
mortality.
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REVIEW QUESTIONS

1. A 55-year-old woman with ovarian cancer is being treated with carboplatin, 
Taxol, and pelvic irradiation. She now complains of chronic diarrhea and 
is found to have the following blood serum levels: magnesium 0.8 mg/dL, 
calcium 6.1 mg/dL, albumin 3 g/dL, and creatinine 1.3 mg/dL. Her urine 
magnesium is 17 mg/dL, with a urine creatinine 58 mg/dL. The most 
likely cause of her laboratory abnormalities is:
 A. Carboplatin.
 B. Diarrhea.
 C. Vitamin D deficiency.
 D. Radiation nephritis.
 E. Primary hypoparathyroidism.

Answer: A The fractional excretion of magnesium is 68%, thereby indicating 
that the cause of the hypomagnesemia is severe renal magnesium wasting 
rather than diarrheal losses. Platinum-based chemotherapeutic agents, which 
are toxic to the renal tubule, are a well-recognized cause of hypomagnesemia. 
This toxicity, which is more common with cisplatin but also has been reported 
with carboplatin, can persist after discontinuation of therapy. The hypocal-
cemia in this case is likely secondary to the severe hypomagnesemia, which 
impairs parathyroid hormone secretion and also causes peripheral resistance 
to its actions.

2. A 46-year-old man with diabetes mellitus, chronic stage IV kidney disease, 
and chronic constipation has been taking magnesium citrate for 4 consecu-
tive days. He now presents with hypotension, muscle weakness, and hypo-
reflexia. His serum magnesium level is 5.8 mg/dL and his serum creatinine 
3.6 mg/dL. All of the following treatments would be appropriate except:
 A. Forced diuresis with saline and furosemide.
 B. Hemodialysis.
 C. Calcium chloride intravenously.
 D. Sodium polystyrene sulphonate.
 E. Lactulose.

Answer: D Magnesium ingestion in patients with renal insufficiency can cause 
hypermagnesemia. Hypotension, flaccid muscle paralysis, and hyporeflexia are 
typical manifestations. Hypermagnesemia can be treated by antagonizing the 
effects of magnesium with intravenous calcium salts, by increasing the excre-
tion of magnesium with furosemide, or by hemodialysis. Alternative laxatives 
that are safe to use with impaired renal function include lactulose, docusate, 
bisacodyl, and senna glycoside. Sodium polystyrene sulfonate is effective at 
binding intestinal potassium but not magnesium; if administered in this setting, 
it could cause hypokalemia that would exacerbate the muscle weakness.

3. An 18-year-old woman with anorexia nervosa and malnutrition was admit-
ted for parenteral nutrition and subsequently developed hypophosphatemia 
with a serum phosphorus level of 0.6 mg/dL. The mechanism for hypo-
phosphatemia is:
 A. Renal phosphate wasting.
 B. Fanconi syndrome.
 C. Shift of phosphorus into intracellular stores.
 D. Diarrheal phosphate losses.
 E. Excess bone deposition.

Answer: C In malnourished patients, total body phosphate stores are depleted. 
Intravenous refeeding without appropriate phosphate supplementation with 
carbohydrate-rich fluids may stimulate insulin release and cause an acute shift 
of phosphate into intracellular stores.

4. A 55-year-old man with HIV infection is maintained on antiretroviral 
therapy with tenofovir, emtricitabine, ritonavir, and atazanavir. Routine 
laboratory examination revealed the following: serum sodium 133 mEq/L, 
potassium 2.6 mEq/L, chloride 110 mEq/L, bicarbonate 15 mEq/L, glucose 
96 mg/dL, urea nitrogen 16 mg/dL, creatinine 1.8 mg/dL, phosphorus 
0.7 mg/dL, and uric acid 2.6 mg/dL. Urinalysis shows 4+ glucose and 
trace protein. The most likely cause of his hypophosphatemia is:
 A. HIV-associated nephropathy.
 B. Tenofovir.
 C. Acute tubular necrosis.
 D. Multiple myeloma.
 E. Oncogenic osteomalacia.

Answer: B This patient has hypophosphatemia, hypokalemia, a probable 
hyperchloremic metabolic acidosis, hypouricemia, and glycosuria without 
hyperglycemia. All of these findings are features of Fanconi syndrome or 
proximal tubulopathy. Tenofovir is an acyclic nucleotide analogue reverse-
transcriptase inhibitor (as are cidofovir and adefovir) that is transported into 
the proximal renal tubule by organic anion transporters and causes mitochon-
drial toxicity. Fanconi syndrome occurs in as many as 20% of tenofovir-treated 
patients. Tenofovir also can cause acute tubular necrosis and acute kidney 
injury, but these clinical syndromes would tend to increase the serum phos-
phate concentration. Multiple myeloma can also cause Fanconi syndrome, 
but it is much less common. Oncogenic osteomalacia is a rare syndrome caused 
by mesenchymal tumors that secrete circulating phosphaturic factors, which 
cause renal phosphate wasting; however, oncogenic osteomalacia is not associ-
ated with Fanconi syndrome.

5. A 34-year-old man presents with muscle soreness and voiding dark brown 
urine soon after initiating a high-intensity home exercise regimen. His 
serum potassium is 6.5 mEq/L, creatinine 4.6 mg/dL, phosphorus 8.3 mg/
dL, and creatine kinase 17,500 U/L. The most appropriate treatment for 
his hyperphosphatemia is:
 A. Calcium acetate.
 B. Calcium carbonate.
 C. Insulin and glucose.
 D. Sodium bicarbonate.
 E. Hemodialysis.

Answer: E This patient has rhabdomyolysis, as evidenced by the very high 
creatine kinase value. Hyperkalemia and hyperphosphatemia resulting from 
release of intracellular ions is typical in this disease. Myoglobinuria is thought 
to be the cause of acute kidney injury. Given the degree of renal insufficiency 
and concomitant hyperkalemia, extracorporeal therapy with either hemodi-
alysis or continuous venovenous hemodiafiltration would be appropriate and 
would effectively remove phosphate. Forced saline or alkaline diuresis is con-
traindicated in the setting of renal insufficiency. Calcium salts would not be 
very effective because they would bind only dietary phosphate in the intestinal 
lumen; moreover, some of the calcium would be absorbed and increase the 
likelihood of metastatic precipitation of calcium-phosphate crystals. Insulin 
would shift some phosphorus into cells, but this would not have a large or 
lasting effect. Sodium bicarbonate can be used in an attempt to alkalinize the 
urine, which is believed to decrease the renal toxicity of myoglobin, but it 
would not affect the phosphate level.
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112 
ACUTE KIDNEY INJURY
BRUCE A. MOLITORIS

 DEFINITION
Acute kidney injury (AKI) is a clinical syndrome defined as a functional or 
structural kidney abnormality that manifests with an increase in serum cre-
atinine (Cr) of 0.3 mg/dL or greater within 48 hours, an increase in serum 
Cr of 1.5 or greater times baseline within 7 days or a urine volume less than 
0.5 mL/kg/hour for 6 hours (Table 112-1). Diagnostically, the reduction in 
kidney function in AKI is staged according to the maximal rise in serum Cr 
or reduction in urine output with oliguria. The use of a 50% change in serum 
Cr over baseline should not be used in patients with a very low baseline volume.

TABLE 112-1 KDIGO ACUTE KIDNEY INJURY 
CLASSIFICATION

STAGE SERUM CREATININE URINE OUTPUT
1 1.5-1.9 times baseline

OR
≥0.3 mg/dL (≥26.5 µmol/L) increase

<0.5 mL/kg/hr for 6-12 hr

2 2.0-2.9 times baseline <0.5 mL/kg/hr for ≥12 hr
3 3.0 times baseline

OR
Increase in serum creatinine to 

≥4.0 mg/dL (≥353.6 µmol/L)
OR
Initiation of renal replacement therapy
OR
In patients <18 yr, decrease in eGFR to 

<35 mL/min per 1.73 m2

<0.3 mL/kg/hr for ≥24 hr
OR
Anuria for ≥12 hr

eGFR = estimated glomerular filtration rate; KDIGO = Kidney Disease Improving Global 
Outcomes

Acute Kidney Injury 

Prerenal
(60-70%)

Intrinsic
(25-40%)

Postrenal
(5-10%)

Tubular
cell injury
(80-90%) 

Acute
interstitial nephritis

(5-10%) 

Acute
glomerulonephritis

(<5%) 

Ischemia and inflammation 
(sepsis, surgery, 
hypoperfusion)

Toxins 
Direct: aminoglycosides, 

cis-platinum
Vasoconstriction: NSAIDs, 
cyclosporine, radiocontrast

FIGURE 112-1. Main categories of acute kidney injury. nSAids = nonsteroidal anti-inflammatory drugs. 

 EPIDEMIOLOGY
Most episodes of AKI occur in the hospital, with an incidence of 20% among 
all hospitalized patients and up to 50% among patients in intensive care units.1 
AKI is the number one reason for hospital nephrology consult. By contrast, 
the incidence of community-acquired AKI is no more than 1%.

The various causes of AKI are divided broadly into three anatomic categories: 
prerenal, intrarenal or intrinsic, and postrenal (Fig. 112-1).2 Each of the cat-
egories represents a unique pathophysiologic process with distinctive diagnostic 
parameters and prognosis.

Prerenal Azotemia
Prerenal azotemia, which is the most common cause of AKI, is a result of 
renal hypoperfusion. It accounts for approximately 60 to 70% of community-
acquired and 40% of hospital-acquired cases. In one study, the shortest periods 
of consecutive oliguria independently associated with an increased risk for 
90-day mortality were 6 to 12 hours of 0.3 to less than 0.5 mL/kg/h of urine 
output, over 6 hours of 0.1 to less than 0.3 mL/kg/h, and just 3 hours of more 
severe oliguria.3 Hypoperfusion occurs in disease states that reduce effective 
intravascular volume, such as volume depletion from bleeding over-diuresis, 
sepsis (Chapter 100), heart failure (Chapter 52), or liver failure (Chapter 
145). Additionally, medications that act directly to reduce glomerular capillary 
perfusion, such as angiotensin-converting enzyme (ACE) inhibitors, angiotensin-
receptor blockers, and nonsteroidal anti-inflammatory drugs (NSAIDs), also 
can cause prerenal AKI. The use of these agents in a patient with underlying 
renal hypoperfusion is to be avoided.

Intrinsic Acute Kidney Injury
Intrarenal AKI often results when untreated or untreatable severe hypoperfusion 
leads to cellular injury and ischemic AKI. The diverse causes of intrinsic AKI 
can involve any portion of the renal vasculature, nephron, or interstitium (Fig. 
112-2). Ischemic and septic injury are major causes. Renal toxins, such as 
radiocontrast agents and aminoglycosides, also can damage tubules both directly 
and indirectly (Table 112-2). Fortunately, AKI does not develop in every 
patient exposed to these agents, but elderly patients with diabetes mellitus, 
hemodynamically unstable patients, and patients with a reduced effective 
arterial volume (heart failure, burns, cirrhosis, hypoalbuminemia) are the most 
susceptible to toxic renal injury. In fact, the incidence of aminoglycoside anti-
biotic nephrotoxicity increases from 3 to 5% to 30 to 50% in these high-risk 
patients.

AKI secondary to injury to the renal interstitium is termed acute interstitial 
nephritis. Commonly implicated medications for interstitial nephritis include 
penicillins, cephalosporins, sulfonamides, and NSAIDs (Table 112-3) (Chapter 
114). Bacterial and viral infections also can be the causative agents. Interstitial 
nephritis is also associated with a kidney-confined or systemic autoimmune 
process, such as systemic lupus erythematosus (Chapter 250), Sjögren syn-
drome (Chapter 252), cryoglobulinemia (Chapter 178), and primary biliary 
cirrhosis (Chapter 144).

Postrenal Acute Kidney Injury
Postrenal AKI can occur in the setting of bilateral urinary outflow obstruction 
or in a patient with a solitary kidney when a single urinary outflow tract is 
obstructed. Most commonly, this type of outflow obstruction is observed in 
patients with prostatic hypertrophy (Chapter 120), prostatic or cervical cancer 
(Chapter 189), or retroperitoneal disorders, including lymphadenopathy. A 
functional obstruction also can be observed in patients with a neurogenic 
bladder. In addition, intraluminal obstruction can be seen in patients with 
bilateral renal calculi (Chapter 117), papillary necrosis, blood clots, and bladder 
carcinoma, whereas extraluminal obstruction can develop in connection with 
retroperitoneal fibrosis, colon cancer, and lymphomas. Finally, intratubular 
crystallization of compounds such as uric acid, calcium oxalate, acyclovir, 
sulfonamide, and methotrexate, as well as myeloma light chains, can result in 
tubular obstruction.

 PATHOBIOLOGY
The causes of AKI are diverse, and it can arise from a number of physiologic 
insults that injure the kidney and reduce the glomerular filtration rate (GFR). 
Decreased kidney perfusion and a reduced GFR can occur with or without 
cellular injury; toxic, ischemic, or obstructive injury to the nephron; inflam-
mation and edema of the tubulointerstitium; and a primary glomerular disease 
process.

Prerenal Acute Kidney Injury
For prerenal AKI, the precipitating event is renal hypoperfusion (see Fig. 
112-2), which can be caused by a reduction in the total or intravascular fluid 
volume or disease states associated with normal or even increased total or 
intravascular fluid volumes but decrements in effective arterial volume, such 
as in sepsis, heart failure, and advanced cirrhosis. Prerenal azotemia is also 
divided functionally into volume responsive and nonresponsive azotemia, 
based on the response to hydration. For example, in severe heart failure (Chapter 
52), additional intravascular volume may not improve kidney perfusion, whereas 
afterload reduction may improve perfusion by increasing cardiac output. Early 
in the course of prerenal AKI, the renal parenchyma remains intact and func-
tional. During this initial phase, the GFR remains largely intact because kidney 
hypoperfusion initiates a neurohormonal cascade that results in afferent arte-
riolar dilation and efferent arteriolar constriction, thereby maintaining glo-
merular perfusion pressure. Because prerenal azotemia is often easily reversible, 
and mortality rates are low, early diagnosis and correction of the underlying 
pathophysiology are of critical importance. However, without early medical 
corrective intervention, prerenal azotemia progresses, ischemia worsens, and 
the resulting injury to tubular epithelial cells further decreases the GFR. This 
progression from prerenal azotemia to ischemic AKI is a continuum that 
depends on the severity and duration of the pathophysiologic insult.

Intrarenal Acute Kidney Injury
Intrinsic AKI is classified according to the primary histologic site of injury: 
tubules, interstitium, vasculature, or glomerulus. Renal tubular epithelial cell 
injury, commonly termed acute tubular necrosis (ATN), occurs more commonly 
in the setting of ischemia, although the renal tubules also can be damaged by 
specific kidney toxins. Ischemia can arise from a number of different clinical 
scenarios, but the common underlying pathogenesis is reduced overall renal 
blood flow (Table 112-4) with progression from prerenal azotemia to ischemic 
AKI in four distinct clinical and cellular phases: initiation, extension, main-
tenance, and recovery. Each of these phases encompasses distinct cellular 
events and declines in GFR as the kidneys respond to the insult and attempt 
to maintain and reestablish function (Fig. 112-3). The initiation phase, which 
marks the transition from prerenal to tubular cell injury and dysfunction, is 
characterized by severe cellular depletion of adenosine triphosphate. Renal 
tubular epithelial cell injury, especially of proximal tubular cells, is a prominent 
feature during this phase, but injury to endothelial and vascular smooth muscle 
cells also has been documented. During this phase, extensive signaling between 
the proximal tubular cells and adjacent endothelial cells results in endothelial 
dysfunction and an inflammatory endothelial response. Leukocytes of all types 
play a role in ongoing inflammation and cell injury. Dendritic cells, macro-
phages, neutrophils, and lymphocytes have been shown to play either a det-
rimental or protective role. The time course of involvement varies according 
to the cell type, and changes in macrophage phenotype from M1 to M2 mediate 
conversion from a proinflammatory form to a repair-mediating form.

During the extension phase, microvascular congestion with continued 
hypoxia and inflammation are most pronounced in the corticomedullary 
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ABSTRACT
Acute kidney injury (AKI) is a syndrome resulting from a rapid loss of kidney 
function as quantified by a reduction in the glomerular filtration rate (GFR). 
AKI, which can be the result of numerous insults to the kidney, is classified 
initially as prerenal, intrarenal, or postrenal. Intrarenal or intrinsic AKI is further 
categorized by the histological location of the injury into glomerulus, tubules, or 
interstitium. Postrenal AKI can be the result of obstruction within the tubules 
or lower urinary system. The incidence of AKI is as high as 20% among all 
hospitalized patients and 30 to 50% among patients in intensive care units. 
The diagnosis is based on the history, physical examination, urine analysis, 
and laboratory findings. Inflammation plays a major role in most types of AKI. 
There is no known treatment except supportive renal replacement therapy. 
However, appropriate fluid management and the avoidance of nephrotoxins 
reduces the extent of injury and, as a result, reduces morbidity and mortality.
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Postrenal Acute Kidney Injury
Postrenal AKI can occur in the setting of bilateral urinary outflow obstruction 
or in a patient with a solitary kidney when a single urinary outflow tract is 
obstructed. Most commonly, this type of outflow obstruction is observed in 
patients with prostatic hypertrophy (Chapter 120), prostatic or cervical cancer 
(Chapter 189), or retroperitoneal disorders, including lymphadenopathy. A 
functional obstruction also can be observed in patients with a neurogenic 
bladder. In addition, intraluminal obstruction can be seen in patients with 
bilateral renal calculi (Chapter 117), papillary necrosis, blood clots, and bladder 
carcinoma, whereas extraluminal obstruction can develop in connection with 
retroperitoneal fibrosis, colon cancer, and lymphomas. Finally, intratubular 
crystallization of compounds such as uric acid, calcium oxalate, acyclovir, 
sulfonamide, and methotrexate, as well as myeloma light chains, can result in 
tubular obstruction.

 PATHOBIOLOGY
The causes of AKI are diverse, and it can arise from a number of physiologic 
insults that injure the kidney and reduce the glomerular filtration rate (GFR). 
Decreased kidney perfusion and a reduced GFR can occur with or without 
cellular injury; toxic, ischemic, or obstructive injury to the nephron; inflam-
mation and edema of the tubulointerstitium; and a primary glomerular disease 
process.

Prerenal Acute Kidney Injury
For prerenal AKI, the precipitating event is renal hypoperfusion (see Fig. 
112-2), which can be caused by a reduction in the total or intravascular fluid 
volume or disease states associated with normal or even increased total or 
intravascular fluid volumes but decrements in effective arterial volume, such 
as in sepsis, heart failure, and advanced cirrhosis. Prerenal azotemia is also 
divided functionally into volume responsive and nonresponsive azotemia, 
based on the response to hydration. For example, in severe heart failure (Chapter 
52), additional intravascular volume may not improve kidney perfusion, whereas 
afterload reduction may improve perfusion by increasing cardiac output. Early 
in the course of prerenal AKI, the renal parenchyma remains intact and func-
tional. During this initial phase, the GFR remains largely intact because kidney 
hypoperfusion initiates a neurohormonal cascade that results in afferent arte-
riolar dilation and efferent arteriolar constriction, thereby maintaining glo-
merular perfusion pressure. Because prerenal azotemia is often easily reversible, 
and mortality rates are low, early diagnosis and correction of the underlying 
pathophysiology are of critical importance. However, without early medical 
corrective intervention, prerenal azotemia progresses, ischemia worsens, and 
the resulting injury to tubular epithelial cells further decreases the GFR. This 
progression from prerenal azotemia to ischemic AKI is a continuum that 
depends on the severity and duration of the pathophysiologic insult.

Intrarenal Acute Kidney Injury
Intrinsic AKI is classified according to the primary histologic site of injury: 
tubules, interstitium, vasculature, or glomerulus. Renal tubular epithelial cell 
injury, commonly termed acute tubular necrosis (ATN), occurs more commonly 
in the setting of ischemia, although the renal tubules also can be damaged by 
specific kidney toxins. Ischemia can arise from a number of different clinical 
scenarios, but the common underlying pathogenesis is reduced overall renal 
blood flow (Table 112-4) with progression from prerenal azotemia to ischemic 
AKI in four distinct clinical and cellular phases: initiation, extension, main-
tenance, and recovery. Each of these phases encompasses distinct cellular 
events and declines in GFR as the kidneys respond to the insult and attempt 
to maintain and reestablish function (Fig. 112-3). The initiation phase, which 
marks the transition from prerenal to tubular cell injury and dysfunction, is 
characterized by severe cellular depletion of adenosine triphosphate. Renal 
tubular epithelial cell injury, especially of proximal tubular cells, is a prominent 
feature during this phase, but injury to endothelial and vascular smooth muscle 
cells also has been documented. During this phase, extensive signaling between 
the proximal tubular cells and adjacent endothelial cells results in endothelial 
dysfunction and an inflammatory endothelial response. Leukocytes of all types 
play a role in ongoing inflammation and cell injury. Dendritic cells, macro-
phages, neutrophils, and lymphocytes have been shown to play either a det-
rimental or protective role. The time course of involvement varies according 
to the cell type, and changes in macrophage phenotype from M1 to M2 mediate 
conversion from a proinflammatory form to a repair-mediating form.

During the extension phase, microvascular congestion with continued 
hypoxia and inflammation are most pronounced in the corticomedullary 
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FIGURE 112-2. Mechanisms of prerenal and intrinsic acute renal injury. See text for 
descriptions. 

TABLE 112-2 COMMON RENAL TUBULAR TOXINS
Aminoglycosides
Radiocontrast agents
Acyclovir
Cisplatin
Sulfonamides
Methotrexate
Cyclosporine
Tacrolimus
Amphotericin B
Foscarnet
Pentamidine
Ethylene glycol
Toluene
Cocaine
HMG-CoA reductase inhibitors
HMG-CoA = 3-hydroxy-3-methylglutaryl coenzyme A.

TABLE 112-3 MEDICATIONS ASSOCIATED WITH ACUTE 
INTERSTITIAL NEPHRITIS

β-LACTAM ANTIBIOTICS

Penicillin
Cephalosporins
Ampicillin
Methicillin
Nafcillin
DIURETICS

Furosemide
Hydrochlorothiazide
Triamterene
OTHER ANTIBIOTICS OR ANTIVIRALS

Sulfonamides
Vancomycin
Rifampin
Acyclovir
Indinavir
NSAIDs

Ibuprofen
Naproxen
Indomethacin
NSAIDs = nonsteroidal anti-inflammatory drugs.
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Common agents that can cause direct tubular cell toxicity (see Table 112-2) 
include the aminoglycoside antibiotics, intravenous radiocontrast agents,4 and 
cisplatin. Other agents such as radiocontrast dyes, NSAIDs, and cyclosporine 
induce vasoconstriction and reduce kidney perfusion. Furthermore, the 
nephrotoxic potential of NSAIDs is exacerbated by the concomitant use of 
renin-angiotensin system inhibitors or diuretics.5 Cocaine and the 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors can damage 
skeletal muscle and cause rhabdomyolysis (Chapter 105), thereby resulting 
in the release of myoglobin that is toxic to the tubular epithelium. Finally, the 
precipitation of some compounds or their metabolites can cause intratubular 
obstruction; agents in this category include acyclovir, sulfonamides, ethylene 
glycol (calcium oxalate metabolite; Chapter 102), methotrexate, and the light 
chains of multiple myeloma (Chapter 178).

Sepsis is a very common cause of intrinsic AKI. Although the causes of 
septic AKI are often multifactorial, ischemia owing to poor microvascular 
perfusion is a major factor. Interestingly, proximal tubular cells act as part of 
the innate immune system to detect danger-associated molecular patterns and 
establish pathogen-associated recognition patterns via toll-like receptors (TLRs). 
Lipopolysaccharide is a prime example of proximal tubule TLR4-mediated 
uptake that results in subsequent signaling via cytokines and oxidative stress. 
The resulting histology in humans is patchy involvement of cells with apoptosis 
and minimal cellular necrosis that cannot fully explain the severity of sepsis-
induced kidney dysfunction. Coagulation abnormalities of the microvasculature 
also play an important role in kidney dysfunction and ongoing ischemia.

In AKI caused by the interstitial injury, a mixed inflammatory infiltrate 
composed of T lymphocytes, monocytes, and macrophages, is seen. These 
inflammatory lesions can be diffuse or patchy in distribution. Occasionally, 
granulomas also can be observed, especially in drug hypersensitivity reactions. 
Acute interstitial nephritis that persists and becomes chronic is characterized 
by interstitial fibrosis and tubular atrophy, although foci of inflammatory cells 
can persist. This process can lead to chronic and even end-stage kidney disease 
requiring chronic dialysis.

Vascular causes of intrinsic AKI can include microvascular and macrovascular 
processes. Classic microvascular disorders, which include thrombotic throm-
bocytopenic purpura (Chapter 163), sepsis (Chapter 100), hemolytic-uremic 
syndrome (Chapter 163), and the HELLP syndrome (hemolysis, elevated 
liver enzymes, and low platelet count; Chapters 137 and 226), cause AKI as 
a result of glomerular capillary thrombosis and microvascular occlusion.  
Macrovascular disease such as atherosclerosis can cause AKI secondary to 
atheroembolization (Chapter 116), especially during or after an invasive or 
interventional vascular procedure in a patient with preexisting atherosclerotic 
disease.

A less common cause of AKI is glomerulonephritis (Chapter 113), which 
can be seen in systemic lupus nephritis (Chapter 250), granulomatosis with 
polyangiitis (Chapter 254), polyarteritis nodosa (Chapter 254), Goodpasture 
syndrome (Chapter 113), Henoch-Schönlein purpura (Chapter 254), and 
hemolytic-uremic syndrome (Chapter 163). AKI in this setting is termed 
rapidly progressive glomerulonephritis and results from direct inflammatory 
glomerular or vascular injury.

Postrenal Acute Kidney Injury
Postrenal AKI is caused by obstruction to luminal flow of the glomerular 
filtrate. This obstruction results in a relatively complex pathophysiology that 
begins with transmission of backpressure to Bowman space of the glomerulus. 
Intuitively, this backpressure would be expected to reduce the GFR. However, 
by dilation of the glomerular afferent arteriole, the GFR remains largely pre-
served. Unfortunately, such compensation is only transient, and the GFR will 
begin to attenuate if the obstruction is not rapidly relieved. With continued 
obstruction for more than 12 to 24 hours, renal blood flow and intratubular 
pressure decline and large unperfused and underperfused areas of the kidney 
cortex result in a reduction in GFR.

 CLINICAL MANIFESTATIONS
AKI, even when advanced, frequently is first diagnosed by abnormalities 
observed in a patient’s laboratory studies and not by any specific symptom 
or sign. The clinical manifestations associated with AKI are frequently protean, 
occur late in the course, and are often not apparent until kidney dysfunction 
has become severe. The clinical findings of AKI also depend on the stage at 
which it is diagnosed. Patients with AKI may report symptoms such as anorexia, 
fatigue, nausea and vomiting, and pruritus, as well as a decline in urine output 
or dark-colored urine. Furthermore, if the patient has become volume over-
loaded, shortness of breath and dyspnea on exertion may be noted.

junction of the kidney, where reperfusion is limited owing to endothelial dys-
function at the capillary and postcapillary venule levels, with white blood cell 
adhesion and rouleaux formation. The GFR is at its ebb during the maintenance 
phase as cells undergo repair, migration, and proliferation and as the kidney 
attempts to reestablish cellular and tubular integrity. Finally, during the recovery 
phase, the GFR begins to improve as cellular differentiation continues and 
normal cellular and organ function returns. Proximal tubular cells undergo 
cellular repair, and terminally differentiated epithelial cells re-express stem 
cell markers and divide to repopulate the nephron. This last phase is often 
heralded by increasing urine output.

The S3 segment of the proximal tubule is located in the outer stripe of the 
medullary region of the nephron. This region is particularly susceptible to 
continued reduced perfusion after injury, and ongoing or worsening hypoxia 
results in continued cellular injury. Proximal tubular cell injury during the 
initiation phase of renal ischemia is first manifested as bleb formation in the 
apical membranes, with loss of the brush border. Proximal tubule cells also 
lose the polarity of the surface membrane and the integrity of their tight 
junctions. As the injury progresses, both live and necrotic proximal cells detach 
and enter the tubular lumen, where they ultimately form casts in the distal 
tubule. Casts contribute to a reduction in GFR by obstructing tubular urine 
flow, thereby preventing further filtration into that nephron. In addition, loss 
of the epithelial cell barrier and cell tight junctions allows back-leak of the 
glomerular filtrate into the interstitium, thus further compromising GFR (see 
Fig. 112-2).
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FIGURE 112-3. Phases of acute kidney injury. GFr = glomerular filtration rate. (From 
Sutton tA, Fisher cj, Molitoris BA. Microvascular endothelial injury and dysfunction during 
ischemic acute renal failure. Kidney Int. 2002;62:1539-1549.)

A thorough physical examination with special emphasis on determination 
of volume status and effective arterial volume is essential. If volume overload 
is present, jugular venous distention, pulmonary crackles, and peripheral edema 
may be found (Chapter 52). Findings such as asterixis, myoclonus, or a peri-
cardial rub may be seen in severe AKI.

 DIAGNOSIS
A systematic approach that considers each of the three major categories in 
the pathogenesis of AKI will ensure that an accurate diagnosis and an appro-
priate therapeutic plan will be achieved. An appropriate diagnostic strategy 
is to exclude prerenal and postrenal causes first and then, if needed, begin an 
evaluation for possible intrinsic causes.

Laboratory analysis of blood and urine samples of patients with AKI reveals 
the level of dysfunction,6 will frequently suggest a cause, and may also direct 
the rapidity with which a specific therapy needs to be instituted. All patients 
with clinical findings of AKI should be evaluated with serum measurements 
of electrolytes, Cr, calcium, and phosphorus; a blood urea nitrogen level; and 
complete blood count with differential. In addition, urine studies, including 
sodium, potassium, chloride, and Cr determinations for calculation of the 
fractional excretion of sodium (FENa), are important. FENa can help differenti-
ate prerenal disease from other causes of AKI by measuring the percentage 
of filtered Na that is excreted in the urine (Table 112-5). The formula for 
calculating FENa is as follows:

FE
Urine Na Plasma Cr
Plasma Na Urine Cr

Na = ×
×

×100

In some cases, it is better to use FECl because urinary sodium can be elevated 
during systemic alkalosis when a high urinary bicarbonate level obligates the 
loss of sodium. Urine dipstick and microscopy (Table 112-6) should be per-
formed on a fresh urine sample because important cellular elements that could 
indicate potential causes degrade rapidly with time. In early AKI, the 2-hour 
urine output after an intravenous furosemide stress test (1 or 1.5 mg/kg) is 
significantly better than urinary biomarkers for predicting progressive AKI, 
need for renal replacement therapy, and inpatient mortality. Finally, renal 
ultrasound to determine the presence or absence of outlet obstruction also 
should be included in the initial evaluation.7 Measurement of urine and serum 
levels of structural biomarkers, such as kidney injury molecule 1 (KIM-1) 
and inflammatory markers, such as neutrophil gelatinase–associated lipocalin 
(NGAL) and interleukin 18, may aid in the diagnosis of AKI, although the 
data are not yet conclusive.8

TREATMENT 

TABLE 112-4 CONDITIONS THAT LEAD TO ISCHEMIC ACUTE 
RENAL FAILURE

MECHANISM CONDITION
Intravascular volume depletion 

and hypotension
Hemorrhage; gastrointestinal, renal, and dermal 

losses
Decreased effective intravascular 

volume
Heart failure, cirrhosis, hepatorenal syndrome, 

peritonitis
Systemic vasodilation, renal 

vasoconstriction
Sepsis, hepatorenal syndrome

Large-vessel renal vascular disease Renal artery thrombosis or embolism, 
intraoperative arterial cross-clamping, renal 
artery stenosis, cholesterol emboli

Small-vessel renal vascular disease Sepsis, vasculitis, atheroembolism, hemolytic-
uremic syndrome, malignant hypertension, 
scleroderma, preeclampsia, sickle cell 
anemia, hypercalcemia, transplant rejection

Impaired renal blood flow Cyclosporine, tacrolimus, ACEIs, ARBs, 
NSAIDs, radiocontrast agents

ACEIs = angiotensin-converting enzyme inhibitors; ARBs = angiotensin-receptor blockers; NSAIDs 
= nonsteroidal anti-inflammatory drugs.
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Prerenal Azotemia
Prerenal azotemia, which is the most common cause of renal dysfunction, 
often can be determined by the patient’s history. Common historical features 
in these patients include vomiting, diarrhea, and poor oral intake. Heart failure 
can suggest a possible prerenal cause of reduced renal perfusion from over-
diuresis or an exacerbation of the heart failure itself. Other medications that 
can attenuate renal perfusion, such as NSAIDs, ACE inhibitors, and angiotensin-
receptor blockers, can cause prerenal azotemia. Common physical examination 
findings include tachycardia, systemic or orthostatic hypotension, and dry 
mucous membranes.

Laboratory studies in patients with prerenal azotemia demonstrate elevated 
serum Cr and blood urea nitrogen (BUN) levels. FENa is typically less than 
1%. However, the FENa is less reliable in a patient who is taking diuretics, such 
as furosemide, because diuretic-induced natriuresis may result in a FENa greater 
than 1%. For these clinical situations, the fractional excretion of urea can be 
used and is calculated in similar fashion:

FE
Urine Urea Plasma Cr
Plasma Urea Urine Cr

Urea = ×
×

×100

FEurea less than 35% suggests prerenal AKI. Other causes of FENa greater 
than 1% include the presence of a non-reabsorbable solute such as bicarbon-
ate, glucose, or mannitol. Chronic kidney disease, ATN, and late obstructive 
nephropathy are also associated with FENa greater than 1%. Therefore, FENa 
can provide reliable diagnostic information regarding AKI only if it is less 
than 1%. Moreover, FEurea has not been validated for these clinical entities.

Another laboratory parameter to assist in diagnosing prerenal AKI is the 
ratio of BUN to serum Cr. Commonly, a patient with prerenal azotemia will 
have a ratio of BUN to serum Cr of greater than 20 : 1.

Intrarenal Acute Kidney Injury
A history of hypotension or exposure to a nephrotoxin or medication is a 
common finding in patients with intrarenal AKI. The nephrotoxin can be a 
specific tubular toxin that causes ATN or a medication that causes an allergic 
reaction as in acute interstitial nephritis (see Tables 112-2 and 112-3). Physical 
examination may reveal signs and symptoms of volume depletion or fluid 
overload. It is important to remember that ATN often results from a persistent 
severe prerenal state that must first be corrected to prevent ongoing or wors-
ening injury. Rash may accompany acute interstitial nephritis. Cholesterol 
embolism in patients with severe atherosclerotic disease (Chapter 116) may 
manifest classically as cyanotic digits and AKI; this finding is frequently seen 
after invasive vascular surgery or an interventional study.

Laboratory studies will demonstrate elevated serum Cr and BUN levels in 
intrarenal AKI. ATN and acute interstitial nephritis are frequently associated 
with FENa greater than 1, whereas FENa is typically less than 1 in early 
radiocontrast-induced AKI, sepsis, glomerulonephritis, and vascular disorders. 
Peripheral eosinophilia and urinary eosinophils may accompany acute inter-
stitial nephritis, although the latter are neither sensitive nor specific. Urinary 
eosinophils are also associated with cholesterol microembolic disease (Chapter 
116). Intrarenal AKI has specific urinalysis findings that can be helpful in 
making diagnostic and therapeutic decisions (see Table 112-6).

Postrenal Acute Kidney Injury
A history of prostatic hypertrophy (Chapter 120), prostate cancer (Chapter 
191), lymphoma (Chapter 176), cervical cancer (Chapter 189), or retroperi-
toneal disease often can be found in patients with postrenal AKI. Postrenal 
AKI should always be in the differential diagnosis of patients with severe 
oliguria (urine output < 450 mL/day) or anuria (urine output < 100 mL/
day). However, many patients with postrenal AKI are neither oliguric nor 
anuric. Beyond an elevation in a patient’s serum Cr and BUN levels, labo-
ratory studies generally yield benign results. Bladder catheterization can be 
both diagnostic and therapeutic in postrenal AKI. However, renal ultrasound 
is the diagnostic test of choice, although it may be falsely negative early in  
postrenal AKI.

A thorough physical examination with special emphasis on determination 
of volume status and effective arterial volume is essential. If volume overload 
is present, jugular venous distention, pulmonary crackles, and peripheral edema 
may be found (Chapter 52). Findings such as asterixis, myoclonus, or a peri-
cardial rub may be seen in severe AKI.

 DIAGNOSIS
A systematic approach that considers each of the three major categories in 
the pathogenesis of AKI will ensure that an accurate diagnosis and an appro-
priate therapeutic plan will be achieved. An appropriate diagnostic strategy 
is to exclude prerenal and postrenal causes first and then, if needed, begin an 
evaluation for possible intrinsic causes.

Laboratory analysis of blood and urine samples of patients with AKI reveals 
the level of dysfunction,6 will frequently suggest a cause, and may also direct 
the rapidity with which a specific therapy needs to be instituted. All patients 
with clinical findings of AKI should be evaluated with serum measurements 
of electrolytes, Cr, calcium, and phosphorus; a blood urea nitrogen level; and 
complete blood count with differential. In addition, urine studies, including 
sodium, potassium, chloride, and Cr determinations for calculation of the 
fractional excretion of sodium (FENa), are important. FENa can help differenti-
ate prerenal disease from other causes of AKI by measuring the percentage 
of filtered Na that is excreted in the urine (Table 112-5). The formula for 
calculating FENa is as follows:

FE
Urine Na Plasma Cr
Plasma Na Urine Cr

Na = ×
×

×100

In some cases, it is better to use FECl because urinary sodium can be elevated 
during systemic alkalosis when a high urinary bicarbonate level obligates the 
loss of sodium. Urine dipstick and microscopy (Table 112-6) should be per-
formed on a fresh urine sample because important cellular elements that could 
indicate potential causes degrade rapidly with time. In early AKI, the 2-hour 
urine output after an intravenous furosemide stress test (1 or 1.5 mg/kg) is 
significantly better than urinary biomarkers for predicting progressive AKI, 
need for renal replacement therapy, and inpatient mortality. Finally, renal 
ultrasound to determine the presence or absence of outlet obstruction also 
should be included in the initial evaluation.7 Measurement of urine and serum 
levels of structural biomarkers, such as kidney injury molecule 1 (KIM-1) 
and inflammatory markers, such as neutrophil gelatinase–associated lipocalin 
(NGAL) and interleukin 18, may aid in the diagnosis of AKI, although the 
data are not yet conclusive.8

TABLE 112-5 FENA VALUES FOR THE VARIOUS CAUSES OF 
ACUTE KIDNEY INJURY

CAUSE OF ACUTE 
KIDNEY INJURY FENa

BUN-TO–SERUM 
CREATININE RATIO

Prerenal <1% >20
Intrarenal <10-15
 Tubular necrosis ≥1%
 Interstitial nephritis ≥1%
 Glomerulonephritis (early) <1%
 Vascular disorders (early) <1%
Postrenal ≥1% >20

TABLE 112-6 COMMON URINALYSIS FINDINGS IN ACUTE 
KIDNEY INJURY

CAUSE OF ACUTE KIDNEY INJURY URINALYSIS
Prerenal Normal or hyaline casts
Intrarenal
 Tubular cell injury Muddy-brown, granular, epithelial casts
 Interstitial nephritis Pyuria, hematuria, mild proteinuria, 

granular and epithelial casts, 
eosinophils

 Glomerulonephritis Hematuria, marked proteinuria, red blood 
cell casts, granular casts

 Vascular disorders Normal or hematuria, mild proteinuria
Postrenal Normal or hematuria, granular casts, 

pyuria

The cornerstones of therapy for AKI are rapid recognition and correction of 
reversible causes such as hypoperfusion, avoidance of any further renal injury, 
and correction and maintenance of a normal electrolyte and fluid volume milieu. 
Preventive therapy or medical interventions performed during the initiation 

TREATMENT 
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with daily determination of serum electrolyte and Cr levels after any procedures 
known to induce AKI.9 Additionally, educating the patient regarding common 
nonprescription nephrotoxins such as NSAIDs can reduce the risk for AKI 
in outpatients.

Before a potentially nephrotoxic exposure, early consultation with a nephrolo-
gist is warranted for this high-risk group to advise whether a specific medication 
or intervention may reduce the risk for AKI or whether an alternative medica-
tion or procedure, such as magnetic resonance imaging instead of computed 
tomography with intravenous radiocontrast agents, may be preferred. All 
potential nephrotoxins should be avoided before and after such procedures. 
The patient’s volume and hemodynamic status must be optimized both before 
and after the event.

In high-risk patients, a renal protective intervention is often instituted before 
exposure to the agent. Hydration with intravenous sodium chloride may be 
useful for preventing contrast-associated AKI. A7  Neither intravenous sodium 
bicarbonate nor oral acetylcysteine reduces the risk for renal complications 
among patients undergoing angiography. A8 

,
 A9  Rosuvastatin or atorvastatin 

(40 mg on admission then 20 mg/day or 10 mg/day for 2 days before and 3 
days after the procedure) can reduce the risk of AKI in patients with diabetes 
and CKD. A10 

In one small randomized trial, dexmedetomidine, which is a highly selective 
α2 adrenoreceptor agonist (0.4 µg/kg/h starting immediately after anesthetic 
induction and continuing for 24 hours after surgery), significantly reduced 
the incidence of postoperative AKI in patients undergoing valvular heart 
surgery. A11  Among intensive care patients who receive crystalloid fluids, bal-
anced crystalloid therapy (e.g., lactated Ringer solution) reduces the risk of 
AKI compared with normal saline, A12  but such a benefit has not been dem-
onstrated for noncritically ill adults. A13 

 PROGNOSIS
Typically, AKI secondary to prerenal causes, if diagnosed and treated early, 
has the best prognosis for renal recovery. Patients with prerenal AKI com-
monly return to their baseline level of renal function and have a mortality rate 
of less than 10%. Similarly, patients with postrenal AKI also have a good prog-
nosis for renal recovery if the outlet obstruction is promptly diagnosed and 
definitively treated.

In contrast, patients with intrarenal AKI have a less predictable renal outcome, 
and mortality varies between 30 and 80%, depending on the severity of injury. 
Higher mortality rates occur in older patients with hospital-acquired AKI 
admitted to intensive care units. Furthermore, mortality in patients with AKI 
is incremental, and seemingly modest increases in serum Cr can result in 
marked increases in the mortality rate. Even a 0.3 mg/dL rise in the serum 
creatinine level results in a significantly increased mortality risk.

The clinical course after recovery from ATN is subsequent tubular regenera-
tion with recovery of renal function. However, this outcome is less ensured 
in patients with preexisting kidney disease.10 In addition, given the frequent 
systemic nature of their illness, patients with ATN, glomerulonephritis, and 
vasculitic causes of AKI may not fully recover to their baseline renal function. 
Recovery is often difficult to quantify using serum creatinine alone because 
muscle wasting alone results in lower creatinine values. An older age and a 

Elderly/Diabetes mellitus/CKD
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FIGURE 112-4. A vicious cycle exists between acute kidney injury (AKi) and chronic 
kidney disease (cKd), with cKd increasing the risk for developing AKi, and AKi accelerat-
ing progression of cKd. 

and extension phases of AKI provide the greatest chance for minimizing the 
extent of injury (see Fig. 112-3, lines A and B) and hastening renal recovery (see 
Fig. 112-3, line B). Interventions provided during the maintenance phase of AKI 
have not proved beneficial (see Fig. 112-3, line C). If prerenal AKI is not addressed 
early in a patient’s course or if the patient is seen late in the course, ATN may 
occur and markedly increase morbidity and mortality.9

Prerenal azotemia in its early stages often can be rapidly corrected by aggres-
sive normalization of effective arterial volume, although more care must be 
taken during volume resuscitation in patients with a history of heart failure, 
cirrhosis, and sepsis. Key approaches include administering volume (e.g., normal 
saline) to achieve euvolemia, improving cardiac output by afterload reduction 
(Chapter 53), or normalizing systemic vascular resistance.

Postrenal AKI secondary to prostatic hypertrophy frequently can be corrected 
by placement of a bladder catheter. However, outlet obstruction from a neo-
plastic process will usually require urologic consultation for consideration of 
ureteral stenting or placement of a percutaneous nephrostomy tube.

Intrarenal AKI can be the most complex and difficult to treat. AKI caused by 
glomerulonephritis (Chapter 113) or vasculitis (Chapters 250 and 254) will fre-
quently require immunosuppressive therapy. For suspected acute interstitial 
nephritis, the offending medication must be determined and discontinued; a 
2-week tapering course of glucocorticoids, beginning with 1 mg/kg of pred-
nisone (up to 60 mg) for 3 days, is commonly recommended despite the absence 
of data from randomized trials.

General supportive measures include avoiding any further nephrotoxins and 
paying careful attention to the patient’s fluid balance by monitoring weight 
and daily input and output. In addition, serum electrolytes, Cr, and BUN should 
be monitored at least daily or more frequently if the patient’s renal function 
appears to be tenuous. Patients with AKI also should receive a diet low in 
sodium, potassium, and protein, which can be liberalized as the patient’s renal 
function improves. A phosphate binder (e.g., calcium acetate [1334 mg], lan-
thanum carbonate [500 mg], sevelamer [800 to 1600 mg], or aluminum hydroxide 
[300 to 600 mg] with each meal; see Table 111-4) is also usually helpful in 
controlling the serum phosphate level by minimizing the absorption of dietary 
phosphate.

Early nephrology consultation will ensure that the patient receives optimal 
care. Some patients will warrant urgent hemodialysis because of marked meta-
bolic acidosis unresponsive to sodium bicarbonate infusions; electrolyte abnor-
malities, such as hyperkalemia that is unresponsive to medical management; 
pulmonary edema not responding to diuretic therapy; and uremic symptoms 
of encephalopathy, seizures, and pericarditis. In the absence of acute indica-
tions, however, when to initiate dialysis in AKI remains unresolved.

In one small randomized trial of critically ill patients with stage 2 acute 
kidney injury (defined as a serum creatinine level ≥2 times baseline or urinary 
output <0.5 mL/kg/h for ≥12 hours and a plasma neutrophil gelatinase-associated 
lipocalin level >150 ng/mL), early initiation of renal replacement therapy reduced 
90-day mortality compared with delayed initiation, A1  and a recent meta-analysis 
showed a decreased risk of all-cause mortality with early initiation. A2  However, 
a larger randomized trial of intensive care unit patients with stage 3 acute 
kidney injury showed no difference in mortality between an early and a delayed 
strategy for initiating dialysis. A3  Moreover, a delayed approach can avert the 
need for dialysis in a number of patients. A4  The routine initiation of dialysis (Cr 
level 7.5 mg/dL) is no better than standard dialysis beginning at a Cr level of 
approximately 10 mg/dL. A5  Furthermore, intensive dialytic renal support therapy 
is no better than standard dialytic therapy, and clinical outcomes of acute renal 
failure are similar with intermittent hemodialysis, continuous renal replacement 
therapy, and peritoneal dialysis. A6  It also is important to verify that the prescribed 
dialysis is received and that standardized measures are achieved. Some patients—
especially patients in an increased catabolic state, trauma patients, and patients 
receiving glucocorticoids—may require dialysis more than three times per week 
to achieve adequate therapy (Chapter 122). Neither furosemide nor low-dose 
dopamine improve outcome, even though low-dose dopamine may temporarily 
improve metrics of renal physiology.

 PREVENTION
Given the marked increase in morbidity and mortality associated with AKI, 
especially for critically ill patients, potential measures to prevent AKI are 
essential. The first step in prevention, however, is being aware of patients who 
are at highest risk for AKI because of known kidney disease or comorbid 
medical conditions, such as chronic kidney disease, diabetes, hypertension, 
nephrotic syndrome, heart failure, age, and peripheral vascular disease.

Of all the risk factors for acquiring AKI, the presence of preexisting chronic 
kidney disease is the most predictive. Recent data document a vicious cycle 
involving AKI and CKD (Fig. 112-4). Appropriate hospital surveillance mea-
sures include avoiding nephrotoxic medications (e.g., NSAIDs and aminogly-
cosides); minimizing diagnostic procedures that require radiocontrast material, 
especially in the prerenal patient; and careful monitoring of urinary output 
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higher creatinine level indicate a higher risk for progression to chronic kidney 
disease,11,12 probably because of the lack of renal reserve in these patients 
and the inability to replace lost function. Patients with severe AKI requiring 
hemodialysis may not recover their renal function and may need hemodialysis 
indefinitely (Chapter 122), especially if they have a preexisting history of chronic 
kidney disease. Recurrent AKI is common,13 and AKI hastens progression 
of chronic kidney disease to end-stage kidney disease and is often the major 
factor that causes such progression. It is also important that a nephrologist 
see most patients with hospital-acquired AKI and follow them in terms of any 
progression, hypertension, or other abnormalities.
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4. Serum creatinine is used as a marker of glomerular filtration and therefore 
kidney function in patients. Numerous attempts have been made to develop 
estimating equations based around serum creatinine and other serum 
markers in an attempt to help quantify glomerular filtration rate without 
undertaking timely and costly studies. In a patient with acute kidney injury 
and either a rising or falling serum creatinine, the calculation of an eGFR 
is inappropriate for which of the following reasons?
 A. Serum creatinine is not in equilibrium, and therefore it is not possible 

to calculate eGFR.
 B. There may be an alteration in the rate of creatinine released from muscles 

in a hospitalized patient.
 C. Other factors such as fever, glucocorticoids, or trauma influence cre-

atinine release.
 D. With complete loss of kidney function, the serum creatinine can rise 

between 1 and 4 mg/dL/day depending on the patient’s circumstances.
 E. All of the above.

Answer: E Although a stable serum creatinine can be used to estimate the 
glomerular filtration rate using estimating equations, the equations are reason-
ably accurate only when the serum creatinine level is stable. Multiple factors, 
including fever, glucocorticoids, or trauma, affect the muscle release of creatine, 
which is the precursor of serum creatinine.

5. Dialysis for acute kidney injury is a sign of moderate-to-severe injury with 
an enhanced morbidity and mortality for the patient. Which of the fol-
lowing is true regarding dialysis for acute kidney injury?
 A. Dialysis should be intensive both in frequency and duration to provide 

the patient with the most appropriate internal milieu.
 B. The major reasons to start dialysis in a patient with acute kidney injury 

include acidosis, hyperkalemia, and volume overload.
 C. Continuous renal replacement has been shown to have a better outcome 

for patients than intermittent hemodialysis.
 D. The serum creatinine level at the initiation of dialysis inversely correlates 

with outcomes in patients with acute kidney injury.
 E. Starting dialysis early in patients with sepsis improves outcomes.

Answer: B The patient’s volume, potassium level, and acid-base status are 
major indications for dialysis in AKI. Adequate dialysis is critically important, 
but neither increasing the intensity of dialysis nor initiating it earlier improves 
outcomes.

REVIEW QUESTIONS

1. Acute kidney injury is a common disorder in hospitalized patients, occur-
ring in up to 20% of all adult admissions. Within a broad differential, which 
particular process is most likely as the cause of acute kidney injury in 
hospitalized patients?
 A. Outflow obstruction
 B. Glomerulonephritis
 C. Acute interstitial nephritis
 D. Prerenal azotemia
 E. Ischemic acute tubular necrosis

Answer: D Up to 50% of patients diagnosed with acute kidney injury in a 
hospital setting have prerenal azotemia. It is important to make this diagnosis, 
and it usually is a rapidly reversible alteration that is responsive to fluid therapy, 
with low morbidity and mortality if treated rapidly and appropriately. However, 
prerenal azotemia also can lead to ischemic acute tubular necrosis if it persists 
or worsens.

2. The diagnosis of prerenal azotemia is made after an appropriate history 
and physical examination. What urinary and serum biomarkers can be 
used to help confirm the diagnosis of prerenal azotemia?
 A. A ratio of BUN to creatinine greater than 20
 B. A fractional excretion of sodium less than 1%
 C. A bland urine analysis
 D. A and B
 E. All of the above

Answer: E Prerenal azotemia is an adaptation by the kidney to hypoperfusion 
without cellular injury. In the prerenal state, the kidney is being inadequately 
perfused but not yet to a level that results in low cellular ATP and cell injury. 
The kidney tries to increase the volume status of the patient by reabsorbing 
nearly all of the filtered sodium, thereby resulting in a low FENa. Urea reab-
sorption is also increased, thereby resulting in the high ratio of BUN to 
creatinine.

3. Risk factors for the development of acute kidney injury include all of the 
following except:
 A. Chronic kidney disease
 B. Volume depletion
 C. Use of nonsteroidal anti-inflammatory agents
 D. Hypertension with blood pressure of 160/100 mm Hg
 E. Nephrotoxins

Answer: D Hypertension causes chronic kidney injury but does not usually 
cause acute kidney injury except with malignant hypertension. Of the remain-
ing four risk factors, chronic kidney disease is the most important; the more 
severe the chronic kidney disease, the more likely acute kidney injury is to 
occur.
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113 
GLOMERULAR DISORDERS AND 
NEPHROTIC SYNDROMES
JAI RADHAKRISHNAN AND GERALD B. APPEL

 GLOMERULAR DISORDERS

 DEFINITION
Each glomerulus, the basic filtering unit of the kidney, consists of a tuft of 
anastomosing capillaries formed by the branching of the afferent arteriole. On 
average, 1 million glomeruli comprise approximately 5% of the weight of each 
kidney and provide almost 2 m2 of glomerular capillary filtering surface. The 
glomerular basement membrane provides both a size- and charge-selective 
barrier to the passage of circulating macromolecules. Renal pathologic processes 
involving all glomeruli are called diffuse or generalized; if only some glomeruli 
are involved, the process is called focal. When dealing with the individual 
glomerulus, a process is global if the whole glomerular tuft is involved and 
segmental if only part of the glomerulus is involved. The modifying terms 
proliferative, sclerosing, and necrotizing are often used (e.g., focal and segmental 

glomerulosclerosis; diffuse global proliferative lupus nephritis). Extracapillary 
proliferation or crescent formation is caused by the accumulations of mac-
rophages, fibroblasts, proliferating epithelial cells, and fibrin within Bowman 
space. In general, crescent formation in any form of glomerular damage conveys 
a serious prognosis. Scarring of the tissue between the tubules and glom-
eruli, interstitial fibrosis, is also a poor prognostic sign in every glomerular  
disease.

 EPIDEMIOLOGY
At present, more than 10% of the U.S. population may have proteinuria or 
renal dysfunction, often caused by glomerular diseases. More than 600,000 
Americans are in end-stage renal disease (ESRD) programs, which cost approxi-
mately $30.9 billion per year and account for approximately 7.1% of all Medicare 
spending, largely as a result of renal involvement by glomerular diseases (pre-
dominantly diabetic kidney disease). Diabetic renal damage alone affects many 
millions of persons and is the major cause of ESRD in the United States 
(Chapter 115). Glomerular diseases associated with infectious agents such 
as malaria (Chapter 324), schistosomiasis (Chapter 334), human immuno-
deficiency virus (HIV), and the hepatitis B and C viruses (Chapter 140) are 
major worldwide health problems. Manifestations of glomerular injury range 
from asymptomatic microhematuria and albuminuria to rapidly progressive 
oliguric renal failure. Some patients develop massive fluid retention and edema 
at onset of their glomerular disease, whereas others present with only the slow 
insidious signs and symptoms of chronic renal failure (Chapter 121).

 PATHOBIOLOGY
Common mechanisms, such as breaks in the glomerular capillary wall leading 
to hematuria and loss of the selective barrier to particles based on size and 
charge associated with proteinuria, are characteristic of glomerular diseases. 
Nevertheless, the nature of the initiating processes varies among different 
glomerular diseases. In some, such as diabetes and amyloidosis, structural and 
biochemical alterations are clearly present in the glomerular capillary wall. In 
others, immune-mediated renal injury is caused by deposition of circulating 
immune complexes, in situ formation of immune complexes, or the localized 
effects of anti–glomerular basement membrane antibodies. In still other dis-
eases, genetic or acquired defects in the glomerular podocytes are associated 
with proteinuria and progressive renal dysfunction. Genomic analysis is increas-
ingly helpful for elucidating the cause of glomerulonephritis in an individual 
patient.1

 CLINICAL MANIFESTATIONS
Findings indicative of a glomerular origin of renal disease include erythrocyte 
casts and dysmorphic red blood cells (RBCs) in the urinary sediment, as well 
as large amounts of albuminuria.2 Persistent urinary excretion of more than 
500 to 1000 erythrocytes per milliliter (or more than 5 RBCs per high-power 
field on microscopy) is abnormal. Dysmorphic RBCs, which are deformed 
as a result of their passage through the glomerular capillary wall and tubules, 
as well as RBC casts, which are formed when these erythrocytes become 
enmeshed in a proteinaceous matrix in the lumen of the tubules, are also 
indicative of glomerular disease.

In a normal person, the urinary excretion of albumin is less than 30 mg/
day and the total urinary excretion of protein is less than 150 mg/day. Although 
increases in urinary protein excretion may come from the filtration of abnormal 
circulating proteins (e.g., light chains in multiple myeloma) or from the defi-
cient proximal tubular reabsorption of normal, filtered low-molecular-weight 
proteins (e.g., β2-microglobulin), the most common cause of proteinuria, and 
specifically albuminuria, is glomerular injury. Proteinuria associated with 
glomerular disease may range from several hundred milligrams to more than 
30 g daily. In some diseases, such as minimal change nephrotic syndrome, 
albumin is the predominant protein in the urine. In others, such as focal scle-
rosing glomerulonephritis and diabetes, the proteinuria, although still largely 
composed of albumin, is nonselective and contains many higher-molecular-
weight proteins.

 DIAGNOSIS
Some patients have asymptomatic microhematuria or proteinuria discovered 
by routine evaluations. Microscopic hematuria associated with deformed RBCs 
or RBC casts is likely to be glomerular in origin. Subnephrotic levels of pro-
teinuria may arise from orthostatic proteinuria, exercise, hypertension, tubular 
disease, or glomerular damage.

In patients with asymptomatic urinary abnormalities of glomerular origin, 
the underlying renal lesion may represent the early phase of a progressive 
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ABSTRACT
Glomerular diseases, which are characterized by pathologic alterations in 
normal glomerular structure and function, may result from systemic disease 
or may be limited to processes limited to the kidney (primary glomerular 
disease). The typical clinical signs of patients with glomerular disorders include 
proteinuria, hematuria, hypertension, a decline in glomerular filtration rate, 
edema, and abnormal urine sediments. A kidney biopsy is usually needed to 
make a specific diagnosis. Treatment of glomerular disease is based on the 
underlying pathogenic mechanism and may include conservative therapy (e.g., 
renin-angiotensin blockers and control of blood pressure in diabetic nephropa-
thy), immunosuppressive therapy (e.g., many primary glomerular diseases as 
well as autoimmune diseases such as lupus nephritis), and anti–plasma cell 
therapy (e.g., amyloidosis).
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glomerular disease or may be due to a benign, nonprogressive glomerular 
lesion.3 In general, if patients have less than 1 g of proteinuria daily or only 
glomerular microhematuria but a normal glomerular filtration rate (GFR) 
and no evidence of systemic disease, it is not necessary to proceed to a 
diagnostic renal biopsy. Most of these patients need no immunosuppressive 
therapy. The patient can be followed closely, and biopsy need be performed 
only in patients with progressively increasing proteinuria or evidence of a  
decreasing GFR.

 THE NEPHROTIC SYNDROME

 DEFINITION
The nephrotic syndrome (Table 113-1) is defined by albuminuria of more 
than 3 to 3.5 g/day accompanied by hypoalbuminemia, edema, and hyper-
lipidemia. In practice, many clinicians refer to “nephrotic range” proteinuria 
regardless of whether patients have the other manifestations of the full syn-
drome, because these are a consequence of the proteinuria.

 EPIDEMIOLOGY
The nephrotic syndrome may be primary and idiopathic (Table 113-2), or it 
may be caused by a known underlying condition, such as diabetes, amyloidosis, 
or systemic lupus erythematosus (Table 113-3). Although minimal change 
disease is the most common cause of nephrotic syndrome in children, idio-
pathic membranous nephropathy4 and focal segmental glomerular sclerosis 
are the most common causes in adults, with the former being most common 
in whites and the latter in African Americans.

 PATHOBIOLOGY
Hypoalbuminemia, which is largely a consequence of urinary protein loss, 
also may be due to proximal tubular catabolism of filtered albumin, the 
redistribution of albumin within the body, and reduced hepatic synthesis of 
albumin. As a result, the relationship among urinary protein loss, the level of 
the serum albumin, and other secondary consequences of heavy albuminuria  
is inexact.

Salt and volume retention in the nephrotic syndrome may occur via at least 
two different major mechanisms. The classic teaching is that hypoalbuminemia 
reduces the oncotic pressure of plasma, the resulting intravascular volume 
depletion leads to activation of the renin-angiotensin-aldosterone axis, and 
this activation increases the retention of renal sodium and fluid. However, 
primary salt retention in the distal nephron also may occur independently of 

TABLE 113-1 TYPICAL FINDINGS OF NEPHROTIC 
SYNDROME VERSUS NEPHRITIS

NEPHROTIC SYNDROME NEPHRITIS
RENAL INSUFFICIENCY

Uncommon at presentation Common at presentation
PROTEINURIA

Typically high (>3 g/day) Variable

urine rBcs
Few Prominent

urine rBc casts
Unlikely Likely
RBCs = red blood cells.

TABLE 113-2 CAUSES OF IDIOPATHIC NEPHROTIC 
SYNDROME IN ADULTS

CAUSE INCIDENCE (%)
Minimal change disease 5-10
Focal segmental glomerulosclerosis 20-25
Membranous nephropathy 25-30
Membranoproliferative glomerulonephritis 5
Other proliferative and sclerosing glomerulonephritides 15-30

TABLE 113-3 NEPHROTIC SYNDROME ASSOCIATED  
WITH SPECIFIC CAUSES (SECONDARY 
NEPHROTIC SYNDROME)

SYSTEMIC DISEASES

Diabetes mellitus
Systemic lupus erythematosus and other collagen vascular diseases
Amyloidosis (amyloid AL- or AA-associated)
INFECTIONS

Bacterial (post-streptococcal, congenital and secondary syphilis, subacute bacterial 
endocarditis, cerebral ventriculoatrial shunt nephritis)

Viral (hepatitis B, hepatitis C, HIV infection, infectious mononucleosis, 
cytomegalovirus infection)

Parasitic (malaria, toxoplasmosis, schistosomiasis, filariasis)
MEDICATION RELATED

Gold, mercury, and the heavy metals
Penicillamine
Nonsteroidal anti-inflammatory drugs, including COX2 inhibitors
Lithium
Paramethadione, trimethadione
Captopril
“Street” heroin
Others: Probenecid, chlorpropamide, rifampin, tolbutamide, phenindione, 

pamidronate
ALLERGENS, VENOMS, AND IMMUNIZATIONS

NEOPLASMS

Hodgkin lymphoma and leukemias/lymphomas (with minimal change lesion)
Solid tumors (with membranous nephropathy)
HEREDITARY AND METABOLIC DISEASES

Alport syndrome
Fabry disease
Sickle cell disease
Congenital (Finnish type) nephrotic syndrome
Diseases of the alternative complement pathway (C3 glomerulopathy and dense 

deposit disease)
Familial nephrotic syndrome
Genetic defects of podocyte proteins with focal segmental glomerular sclerosis, 

including alpha-actinin 4, TRPC6, podocin, inverted formin 2)
Nail-patella syndrome
Partial lipodystrophy
OTHER

Pregnancy related (includes preeclampsia)
Transplant rejection
Serum sickness
Accelerated hypertensive nephrosclerosis
Unilateral renal artery stenosis
Massive obesity–sleep apnea
Reflux nephropathy
COX = cyclooxygenase; HIV = human immunodeficiency virus; TRPC = transient receptor 
potential canonical.

the renin-angiotensin-aldosterone axis and is likely the main reason for salt 
and water retention in nephrosis.

Venous thrombosis often occurs in patients with the nephrotic syndrome. 
Explanations include urinary loss of antithrombin III, protein C, and protein 
S, which prevent thrombosis, as well as increased synthesis of acute phase 
reactants that promote thrombosis.

 CLINICAL MANIFESTATIONS
Patients may present with weight gain, peripheral edema when sitting or stand-
ing, and periorbital edema on awakening. Hypertension is common, and 
varying degrees of hematuria may be present. A 24-hour urine sample (or 
urine protein/creatinine ratio) usually shows more than 3 to 3.5 g of protein-
uria. Nephrotic patients often have a hypercoagulable state and are predisposed 
to deep vein thrombosis (Chapter 74), pulmonary emboli (Chapter 74), and 
renal vein thrombosis (Chapter 116). Patients with nephrotic syndrome have 
increased risk for atherosclerotic complications. Most nephrotic patients have 
elevated levels of total and low-density lipoprotein (LDL) cholesterol with 
low or normal high-density lipoprotein (HDL) cholesterol. Lipoprotein(a) 
levels are elevated as well and normalize with remission of the nephrotic 
syndrome.

 DIAGNOSIS
Initial evaluation of the nephrotic patient includes laboratory tests to define 
whether the patient has primary or idiopathic nephrotic syndrome (see Table 
113-2), or a secondary cause related to a systemic disease, toxin, or medication 
(see Table 113-3). Common screening tests include fasting blood sugar and 
glycosylated hemoglobin tests for diabetes, an antinuclear antibody test for 
collagen vascular disease, and a serum complement level, which screens for 
many immune complex–mediated diseases (Table 113-4). In selected patients, 
cryoglobulins, hepatitis B and C serologies, HIV testing, antineutrophil cyto-
plasmic antibodies (ANCAs), anti-GMB antibodies, serum protein and immu-
noelectrophoresis, and other tests may be useful.

After exclusion of secondary causes, a renal biopsy is often required in the 
adult nephrotic patient. Biopsy results in patients with heavy proteinuria and 
the nephrotic syndrome are likely to provide a specific diagnosis, determine 
prognosis, and guide therapy.

TREATMENT 

 Idiopathic Nephrotic Syndrome
 MINIMAL CHANGE DISEASE
Minimal change disease, which is the most common pattern of nephrotic 
syndrome in children, accounts for only approximately 5 to 10% of cases of 
idiopathic nephrotic syndrome in adults. A similar histologic pattern may 
be seen as an adverse reaction to certain medications (nonsteroidal anti-
inflammatory drugs [NSAIDs], lithium) or in association with certain tumors 
(e.g., Hodgkin disease).

 CLINICAL MANIFESTATIONS
Patients typically present with weight gain and periorbital and peripheral 
edema. Proteinuria in adult patients can average as much as 10 g/day, and 
subnephrotic levels are rare. Approximately 30% of adults are hypertensive 
and 30% have microscopic hematuria. However, an active urinary sediment 
with RBC casts is not seen. Many adult patients have mild-to-moderate azo-
temia, which may be related to hypoalbuminemia and intravascular volume 

depletion or to a reduction in glomerular permeability and filtration. Comple-
ment levels and serologic test results are normal.

 DIAGNOSIS
In true minimal change disease, histopathology typically reveals no glomeru-
lar abnormalities on light microscopy (Fig. 113-1). The tubules may show 
lipid droplet accumulation from absorbed lipoproteins (hence the older term 
lipoid nephrosis). Immunofluorescence staining and electron microscopy (Fig. 
113-2) show no immune-type deposits. By electron microscopy, the glomerular 
basement membrane is normal and effacement of the visceral epithelial foot 
processes is noted along virtually the entire distribution of every capillary 
loop. Hodgkin disease and thymoma are sometimes associated with minimal  
change disease.

TREATMENT 
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 DIAGNOSIS
Initial evaluation of the nephrotic patient includes laboratory tests to define 
whether the patient has primary or idiopathic nephrotic syndrome (see Table 
113-2), or a secondary cause related to a systemic disease, toxin, or medication 
(see Table 113-3). Common screening tests include fasting blood sugar and 
glycosylated hemoglobin tests for diabetes, an antinuclear antibody test for 
collagen vascular disease, and a serum complement level, which screens for 
many immune complex–mediated diseases (Table 113-4). In selected patients, 
cryoglobulins, hepatitis B and C serologies, HIV testing, antineutrophil cyto-
plasmic antibodies (ANCAs), anti-GMB antibodies, serum protein and immu-
noelectrophoresis, and other tests may be useful.

After exclusion of secondary causes, a renal biopsy is often required in the 
adult nephrotic patient. Biopsy results in patients with heavy proteinuria and 
the nephrotic syndrome are likely to provide a specific diagnosis, determine 
prognosis, and guide therapy.

TABLE 113-4 SERUM COMPLEMENT LEVELS IN 
GLOMERULAR DISEASES

REDUCED COMPLEMENT LEVEL

Post-streptococcal glomerulonephritis
Subacute bacterial endocarditis, visceral abscess, shunt nephritis
Systemic lupus erythematosus
Cryoglobulinemia
C3 glomerulonephritis and dense deposit disease
NORMAL SERUM COMPLEMENT LEVEL

Diabetes mellitus
Amyloidosis
Minimal change nephrotic syndrome
Focal segmental glomerulosclerosis
Membranous nephropathy
Immunoglobulin A nephropathy and Henoch-Schönlein purpura
Anti–glomerular basement membrane disease
Pauci-immune rapidly progressive glomerulonephritis (e.g., granulomatous 

polyangiitis and microscopic polyangiitis)

Treatment varies by the specific cause. Elevated lipid levels should be treated 
(Chapter 195). Chronic oral anticoagulation (Chapter 76) with warfarin is needed 
if thrombotic complications occur and is commonly recommended in patients 
with additional risk factors for thrombosis (e.g., a prior idiopathic thromboem-
bolic event, immobilization, severe heart failure, or morbid obesity). Warfarin 
also may be considered in patients who have membranous nephropathy with 
hypoalbuminemia (<2.8 g/L) and who are at low risk for bleeding. Insufficient 
data exist with regard to the direct-acting oral anticoagulants.

Edema is treated with a low-salt diet and loop diuretics. Use of angiotensin 
converting enzyme (ACE) inhibitors or angiotensin II receptor blockers often 
reduces proteinuria, increases the serum albumin level, and ameliorates the 
edema and hyperlipidemia. The combination of loop diuretics (Table 108-6) 
with albumin may be effective in patients with severe edema and signs of 
volume depletion.

TREATMENT 

 Idiopathic Nephrotic Syndrome
 MINIMAL CHANGE DISEASE
Minimal change disease, which is the most common pattern of nephrotic 
syndrome in children, accounts for only approximately 5 to 10% of cases of 
idiopathic nephrotic syndrome in adults. A similar histologic pattern may 
be seen as an adverse reaction to certain medications (nonsteroidal anti-
inflammatory drugs [NSAIDs], lithium) or in association with certain tumors 
(e.g., Hodgkin disease).

 CLINICAL MANIFESTATIONS
Patients typically present with weight gain and periorbital and peripheral 
edema. Proteinuria in adult patients can average as much as 10 g/day, and 
subnephrotic levels are rare. Approximately 30% of adults are hypertensive 
and 30% have microscopic hematuria. However, an active urinary sediment 
with RBC casts is not seen. Many adult patients have mild-to-moderate azo-
temia, which may be related to hypoalbuminemia and intravascular volume 

FIGURE 113-1. Unremarkable light microscopic appearance of minimal change disease 
glomerulopathy. Glomerular basement membranes are thin, and there is no glomerular 
hypercellularity. 

FIGURE 113-2. Minimal change disease. electron micrograph shows widespread efface-
ment of foot processes with microvillus transformation of the visceral epithelium. no 
electron-dense deposits are present (uranyl acetate, lead citrate stain; 6000×). 

depletion or to a reduction in glomerular permeability and filtration. Comple-
ment levels and serologic test results are normal.

 DIAGNOSIS
In true minimal change disease, histopathology typically reveals no glomeru-
lar abnormalities on light microscopy (Fig. 113-1). The tubules may show 
lipid droplet accumulation from absorbed lipoproteins (hence the older term 
lipoid nephrosis). Immunofluorescence staining and electron microscopy (Fig. 
113-2) show no immune-type deposits. By electron microscopy, the glomerular 
basement membrane is normal and effacement of the visceral epithelial foot 
processes is noted along virtually the entire distribution of every capillary 
loop. Hodgkin disease and thymoma are sometimes associated with minimal  
change disease.

The course of minimal change disease is often one of remissions followed 
by relapses, which are typically responsive to corticosteroids.5 When treated 
with corticosteroids for 8 weeks, 85 to 95% of children experience a remission 
of proteinuria. In adults, the response rate is somewhat lower, with 75 to 85% 

TREATMENT 
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 PROGNOSIS
The prognosis of minimal change disease is excellent, and most patients who 
have a progressive decline in kidney function actually have focal segmental 
glomerulosclerosis on a subsequent kidney biopsy. However, more than 50% 
of patients with minimal change disease have relapses, and 10 to 20% may 
become steroid dependent.

 FOCAL SEGMENTAL GLOMERULOSCLEROSIS
Approximately 20% of adults with idiopathic nephrotic syndrome are found 
on biopsy to have focal segmental glomerulosclerosis.6 The incidence of focal 
segmental glomerulosclerosis is increasing in all races, but it is especially 
common in African Americans. It may be either primary (associated with yet 
to be defined glomerular permeability factors), genetic, drug-induced (e.g., 
pamidronate and interferon), related to viral infections (HIV), or secondary 
to glomerular hyperfiltration (e.g., sickle cell disease, obesity, congenital abnor-
malities of the kidneys and urinary tract). Focal segmental glomerulosclerosis 
can be associated with genetic defects in podocyte proteins. The most common 
defects include an autosomal recessive pattern caused by mutations in the 
structural protein podocin and autosomal dominant forms caused by muta-
tions in the structural protein α-actinin 4, the TRPC6 glomerular slit diaphragm-
associated channel, or INF2, which encodes a formin (actin-regulating protein). 
The predisposition of African Americans to FSGS is partly related to risk 
alleles of the gene apolipoprotein L1.

 CLINICAL MANIFESTATIONS
Patients with idiopathic focal segmental glomerulosclerosis typically present 
with either asymptomatic proteinuria or edema. Although two thirds are fully 
nephrotic at presentation, proteinuria may vary from less than 1 to more than 
30 g/day. Hypertension is found in 30 to 50% of patients, and microscopic 
hematuria occurs in approximately half of patients. The GFR is decreased at 
presentation in 20 to 30% of patients. Complement levels and other serologic 
test results are normal.

 DIAGNOSIS
By light microscopy, only some glomeruli initially have areas of segmental 
scarring (Fig. 113-3). As renal function declines, repeat biopsy specimens 
show more glomeruli with segmental sclerosing lesions and increased numbers 
of globally sclerotic glomeruli. By immunofluorescence staining, immuno-
globulin M (IgM) and C3 commonly are trapped in the areas of glomerular 
sclerosis. Electron microscopy, however, shows no immune-type deposits and 
only visceral epithelial cell foot process effacement. The histopathologic vari-
ants of focal segmental glomerulosclerosis are associated with epidemiologic, 
clinical, and prognostic differences. For example, the “tip lesion” variant has 
a relatively benign course, whereas the “collapsing variant” progresses more 
rapidly to renal failure.

A

B

FIGURE 113-3. Focal segmental glomerulosclerosis. A, light micrograph of classic 
focal segmental glomerulosclerosis. B, silver stain of collapsing focal segmental glomeru-
losclerosis showing collapse of the glomerular tufts. 

For primary (idiopathic) focal segmental glomerulosclerosis, corticosteroids 
are used as initial therapy (e.g., prednisone, 1 mg/kg/day, maximum 80 mg, or 
2 mg/kg every other day, maximum 120 mg, as tolerated) for a minimum of 
3 to 4 months and slowly tapered over the next 3 to 6 months if remission is 

TREATMENT 

achieved. A complete or partial remission may be seen in up to 40 to 60% of 
patients, with preservation of long-term renal function. In patients who relapse 
after initial therapy or who are steroid resistant, cyclosporine (5 to 6 mg/kg/day) 
appears to be as good as the combination of pulse dexamethasone (0.9 mg/
kg per dose [maximum 40 mg] daily on 2 consecutive days weekly for the 
first 8 weeks, every other week for weeks 8 to 26, then every 4 weeks until 
week 50) plus mycophenolate mofetil (25 to 35 mg/kg/day, maximum 2 g/
day). A2  Tacrolimus (0.05 to 0.1 mg/kg/day) is as good as cyclosporine. A3  As a 
result, either cyclosporine or tacrolimus is recommended for up to 12 months 
in steroid-resistant patients who respond, with slow tapering thereafter. With 
these calcineurin inhibitors, careful monitoring of renal function and serum 
levels are necessary to avoid nephrotoxicity. Rituximab has been used suc-
cessfully in a number of studies of steroid dependent or frequent relapsing 
disease, but it is less effective in steroid-resistant patients. Experimental data 
in rats suggest a future potential role for inhibitors of the TRPC5 ion channel.7

of patients responding to regimens of daily prednisone (1 mg/kg, maximum 
80 mg) or alternate-day therapy (2 mg/kg, maximum 120 mg), tapered after 2 
months of treatment for a total of 5 to 6 months of therapy. The time to clinical 
response is slower in adults, who are not considered steroid resistant until they 
have failed to respond to 16 weeks of treatment. Tapering of the steroid dose 
after remission should be gradual over 1 to 2 months. Approximately 40% of 
adults relapse by 1 year. Most clinicians treat the first relapse similarly to the 
initial episode. Adults who relapse a third time or who become corticosteroid 
dependent (unable to decrease the prednisone dose without proteinuria recur-
ring) may be treated with rituximab (1000 mg IV repeated in 2 weeks, cyclosporine 
(3 to 5 mg/kg/day for 4 months), tacrolimus (0.05 to 0.1 mg/kg/day), or myco-
phenolate mofetil (750 to 1000 mg twice daily). A1  All provide approximately 
equivalent remission and relapse rates. Because cyclosporine and tacrolimus 
are potentially nephrotoxic, trough blood levels must be monitored and the 
lowest level that is associated with remission should be maintained. Cyclo-
phosphamide (up to 2 mg/kg/day for 8 weeks) is used infrequently because 
of its unfavorable ratio of toxicity to efficacy.

 PROGNOSIS
The course of untreated focal segmental glomerulosclerosis is usually one of 
progressive proteinuria and declining GFR. Only a minority of patients experi-
ence a spontaneous remission of proteinuria, and most untreated patients 
who do not remit eventually develop ESRD within 5 to 20 years. Patients 
with a sustained remission of their nephrotic syndrome are unlikely to pro-
gress to ESRD.

Most patients with genetic forms of focal segmental glomerulosclerosis are 
steroid resistant, have a progressive course, and do not experience recurrences 
of the focal segmental glomerulosclerosis if they receive a renal transplant. 
However, focal segmental glomerulosclerosis recurs in the transplanted kidney 
in up to 30% of cases, often in association with elevated levels of a yet to be 
defined circulating permeability factor. Younger patients, those with a rapid 
course to renal failure, and those with a prior recurrence are more likely to 
recur in the allograft.

 MEMBRANOUS NEPHROPATHY
Membranous nephropathy is the most common pattern of idiopathic nephrotic 
syndrome in white patients.8 It also may be associated with infections (syphilis 
[Chapter 303], hepatitis B and C [Chapter 140]), systemic lupus erythema-
tosus (Chapter 250), medications (gold salts, NSAIDs), and certain tumors 
(solid tumors and lymphomas). In most patients with idiopathic membranous 
nephropathy, the antigen in the immune deposits is the M-type phospholipase 
A2 receptor, which is present in podocytes. Circulating antibodies combine 
with this antigen to form in-situ immune complexes on the epithelial side 
of the basement membrane, thereby leading to proteinuria. About 10% of 
patients have circulating autoantibodies to the thrombospondin type-1 domain-
containing 7A (THSD7A) but not to the M-type phospholipase A2 receptor. 
This antigen has been associated with tumor-related membranous nephropathy.

 CLINICAL MANIFESTATIONS
Membranous nephropathy typically manifests with proteinuria and edema. 
Hypertension and microhematuria are not infrequent, but renal function and 
GFR are usually preserved at presentation. Despite the finding of complement 
in the glomerular immune deposits, serum complement levels are normal. 
Membranous nephropathy is the most common pattern of the nephrotic syn-
drome to be associated with a hypercoagulable state and renal vein thrombosis 
(Chapter 116). The presence of sudden flank pain, deterioration of renal func-
tion, or symptoms of pulmonary disease in a patient with membranous 
nephropathy should prompt an investigation for renal vein thrombosis and 
pulmonary emboli.

 DIAGNOSIS
On light microscopy, the glomerular capillary loops often appear rigid or 
thickened (Fig. 113-4), but there is no cellular proliferation. Immunofluores-
cence staining and electron microscopy show subepithelial immune dense 
deposits all along the glomerular capillary loops (Fig. 113-5). The presence 
of circulating antibodies to the M-type phospholipase A2 receptor are highly 
sensitive and specific for idiopathic membranous nephropathy, as is the finding 
of PLA2R antigen in the immune deposits in the kidney.

TREATMENT 

 PROGNOSIS
In most large series, renal survival is more than 75% at 10 years, with a spon-
taneous remission rate of 20 to 30%. In general, older patients, males, and 
those with heavy persistent proteinuria are most likely to progress to renal 
failure and hence to benefit from therapy. Patients with idiopathic membranous 
neuropathy and low levels of anti-PLA2R are more likely to have a spontane-
ous remission than are patients with high levels. Reductions of the circulating 
level of antibody to PLA2R precedes remission in most persons and may be 
a predictor of remission.

 MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS
Idiopathic membranoproliferative glomerulonephritis was formerly divided 
into three types (type I, II, and III) based on the location of electron dense 
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(Chapter 116). The presence of sudden flank pain, deterioration of renal func-
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 DIAGNOSIS
On light microscopy, the glomerular capillary loops often appear rigid or 
thickened (Fig. 113-4), but there is no cellular proliferation. Immunofluores-
cence staining and electron microscopy show subepithelial immune dense 
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sensitive and specific for idiopathic membranous nephropathy, as is the finding 
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FIGURE 113-4. Membranous nephropathy. A, light micrograph of membranous 
nephropathy demonstrating thickening of the glomerular capillary wall but no hyper-
cellularity. B, silver stain of idiopathic membranous nephropathy showing spike formation 
along the outer aspect of the glomerular basement membrane corresponding to projec-
tions of the basement membrane between the epimembranous deposits. 

Most studies using corticosteroids alone to treat membranous nephropa-
thy have not shown significant benefit in terms of remission of the nephrotic 
syndrome or preservation of renal function. By comparison, the combination 
of corticosteroid therapy (methylprednisolone, 1 g intravenously (IV) daily for 
3 days, then prednisone, 0.5 mg/kg/day orally (PO) for 27 days, in months 1, 
3, and 5) plus oral cytotoxic therapy (cyclophosphamide, 2 to 2.5 mg/kg/day, 
for 30 days in months 2, 4, and 6) given in alternating months over 6 months 
results in more remissions and better preservation of renal function compared 
with symptomatic therapy. A4  The combination of cyclosporine (3.5 mg/kg/
day adjusted to serum levels of 125 to 225 µg/L) plus prednisone (0.15 mg/
kg/day up to a maximum of 15 mg/day) for 6 months also is more likely to 
induce remission of nephrotic syndrome compared with placebo or prednisone 
alone. Success with tacrolimus has been similar to that with cyclosporine. Use 
of anti-CD 20 antibody has shown benefit in both uncontrolled and controlled  
trials. A5  Other agents used successfully in uncontrolled or small controlled trials 
include mycophenolate mofetil, and adrenocorticotropic hormone. Patients 
with membranous nephropathy are at increased risk for developing renal vein 
thrombosis, especially when their serum albumin levels decline. A risk-benefit 
approach to this problem is recommended, but no clear guidelines exist on 
when to start anticoagulation.

TREATMENT 

 PROGNOSIS
In most large series, renal survival is more than 75% at 10 years, with a spon-
taneous remission rate of 20 to 30%. In general, older patients, males, and 
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neuropathy and low levels of anti-PLA2R are more likely to have a spontane-
ous remission than are patients with high levels. Reductions of the circulating 
level of antibody to PLA2R precedes remission in most persons and may be 
a predictor of remission.

 MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS
Idiopathic membranoproliferative glomerulonephritis was formerly divided 
into three types (type I, II, and III) based on the location of electron dense 

FIGURE 113-5. Membranous glomerulopathy. on ultrastructural examination, there 
are numerous, closely apposed epimembranous electron-dense deposits separated by 
basement membrane spikes (uranyl acetate, lead citrate stain; 2500×). 
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 ACUTE GLOMERULONEPHRITIS AND  
THE NEPHRITIC SYNDROME

 EPIDEMIOLOGY AND PATHOBIOLOGY
The pathogenesis of glomerulonephritis includes infectious agents, such as 
streptococci and endocarditis caused by Staphylococcus aureus and Strepto-
coccus viridans. Acute glomerulonephritis can also be caused by the deposi-
tion of immune complexes in autoimmune diseases such as systemic lupus 
erythematosus (Chapter 250), IgA nephropathy, and from the effect of cir-
culating antibodies directed against the glomerular basement membrane, as 
in Goodpasture syndrome. Direct damage from activating white cells in the 
presence of anti-neutrophil cytoplasmic antibodies can also lead to the nephritic  
syndrome.

Invading neutrophils and monocytes, as well as resident glomerular cells, 
can damage the glomerulus through a number of mediators, including oxidants, 
chemoattractant agents, proteases, cytokines, and growth factors. Some factors, 
such as transforming growth factor-β, have been related to eventual glomeru-
losclerosis and chronic glomerular damage.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with acute glomerulonephritis often present with a nephritic picture 
characterized by a decreased GFR, azotemia, oliguria, hypertension, and an 
active urinary sediment (see Table 113-1). Hypertension is common and is 
caused by intravascular volume expansion, although renin levels may not be 
appropriately suppressed for the degree of volume expansion. Patients may 
note dark, smoky, or cola-colored urine in association with an active urinary 
sediment, which is composed of erythrocytes, leukocytes, and a variety of 
casts, including RBC casts. Although many patients with acute glomerulone-
phritis have proteinuria, sometimes even in the nephrotic range, most have 
lesser degrees of albuminuria, especially when the GFR is markedly reduced. 
Regardless of the inciting cause, acute glomerulonephritis is characterized on 
light microscopy by hypercellularity of the glomerulus, which may be com-
posed of infiltrating inflammatory cells, proliferation of resident glomerular 
cells, or both.

 Immunoglobulin A Nephropathy
 EPIDEMIOLOGY AND PATHOBIOLOGY

IgA nephropathy, the most frequent form of idiopathic glomerulonephritis 
worldwide, represents 15 to 40% of primary glomerulonephritides in parts 
of Europe and Asia.10 In geographic areas where renal biopsies are performed 
for milder urinary findings, a higher incidence of IgA is noted. In the United 
States, some centers report this diagnosis in up to 20% of all primary glo-
merulopathies. Males outnumber females, with peak occurrence in the second 
to third decades of life.

In IgA nephropathy, most patients and their direct blood relatives have 
elevated circulating levels of IgA molecules that are galactose deficient at the 
hinge region. The predominant form of IgA is composed of polymeric IgA1. 
Patients, but not relatives, have circulating IgG and IgA autoantibodies against 
this galactose-deficient IgA. It is thought that a second “hit” phenomenon 
(e.g., infection, oxidative stress, etc.) stimulates production of these antibodies, 
and then the resulting immune complexes deposit in the glomeruli, thereby 
leading to an inflammatory reaction and consequent glomerulosclerosis and 
interstitial fibrosis.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
IgA nephropathy often presents either as asymptomatic microscopic hema-
turia with or without proteinuria (the most common presentation in adults) 
or as episodic gross hematuria after an upper respiratory tract infection or 
exercise (the most common presentation in children and young adults). 
Approximately 20 to 50% of all patients have hypertension. Increased serum 
IgA levels, noted in one third to half of cases, do not correlate with the course 
of the disease. Serum complement levels are normal. The diagnosis of IgA 
nephropathy is established by finding glomerular IgA deposits as either the 
dominant or the codominant immunoglobulin on immunofluorescence 
microscopy (Fig. 113-7). Deposits of C3 and IgG also are often found. Light 
microscopy varies from the most common pattern of mild mesangial pro-
liferation to severe crescentic glomerulonephritis. By electron microscopy, 
immune-type dense deposits are typically found in the mesangial and  
paramesangial areas.

Attempts to treat idiopathic membranoproliferative glomerulonephritis have 
included corticosteroids, other immunosuppressive medications, anticoagulants, 
and antiplatelet agents. No therapy has been proven effective in a randomized 
trial in adults, but corticosteroids have had some success in children. Dense 
deposit disease and C3 glomerulonephritis have recently been treated with 
eculizumab, a blocker of the complement system, with variable efficacy. Some 
patients have remission of proteinuria and stabilization of renal function with 
a combination of corticosteroids and mycophenolate.

TREATMENT AND PROGNOSIS 

FIGURE 113-6. Membranoproliferative glomerulonephritis with lobulation of the 
glomerular tuft and splitting of the basement membrane as seen by silver stain. 

deposits. Now, however, the classification is based on immunofluorescence 
findings and divided into immunoglobulin-mediated and complement- 
mediated membranoproliferative glomerulonephritis. Immunoglobulin-
mediated membranoproliferative glomerulonephritis is associated with immune 
complex diseases, including systemic lupus erythematosus (Chapter 250), 
infections such as hepatitis C (Chapter 140), and monoclonal gammopathy 
(Chapter 178). Complement-mediated membranoproliferative glomerulone-
phritis includes dense deposit disease and C3 glomerulonephritis. A membrano-
proliferative glomerulonephritis pattern can be seen with neither complement 
nor immunoglobulin deposition in thrombotic microangiopathies. All these 
stimuli have been proposed to incite the glomerular mesangial cells to grow 
out along the capillary wall and split the glomerular basement membrane.

The entity formerly called type II membranoproliferative glomerulonephritis, 
or dense deposit disease, and the associated C3 glomerulonephritis are rare 
glomerular diseases characterized by uncontrolled systemic activation of the 
alternative complement pathway. Many patients have C3 nephritic factor, an 
autoantibody that stabilizes the C3 convertase of the alternate complement 
pathway, whereas others have deficiencies of factor H or I or other inhibitors 
of the alternate complement cascade. Dense deposit disease may be associ-
ated with partial lipodystrophy. Patients with alternative complement pathway 
activation also may have a proliferative glomerulonephritis with electron-
dense deposits dissimilar to dense deposit disease. These patients have C3 
glomerulonephritis. Indeed, some of the patients originally classified as having 
membranoproliferative glomerulonephritis type I are found to have a patho-
genesis closer to those of dense deposit disease and C3 glomerulonephritis.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Most patients with idiopathic membranoproliferative glomerulonephritis are 
children or young adults who present with proteinuria or the nephrotic syn-
drome.9 Low serum complement levels (C3 and C4) are found intermittently 
in immunoglobulin-associated membranoproliferative glomerulonephritis, 
whereas only the C3 level is usually reduced in dense deposit disease. The 
diagnosis of dense deposit disease requires a renal biopsy that shows comple-
ment C3 in a characteristic ribbon-like pattern around the capillary loops 
(Fig. 113-6).

TREATMENT 

 PROGNOSIS
The course is variable, with some patients showing no decline in GFR over 
decades and others developing the nephrotic syndrome, hypertension, and 
renal failure.12 Factors predictive of a poor outcome in IgA nephropathy 
include hypertension, persistent proteinuria greater than 0.5 to 1 g/day, male 
gender, and elevated serum creatinine level. Histologic features that portend 
poor outcome include mesangial and endothelial proliferation and sclerosis 
or of tubulointerstitial damage and crescent formation. Levels of galactose-
deficient IgA and levels of autoantibodies against this galactose-deficient IgA 
correlate with renal prognosis. Renal survival rates are estimated at 80 to 
85% at 10 years and 65% at 20 years. A significant percentage of transplant 
recipients have a morphologic recurrence in the allograft, but graft loss is  
uncommon.

 IgA Vasculitis (Henoch-Schönlein Purpura)
IgA vasculitis (Henoch-Schönlein purpura [Chapter 254]) is characterized 
by a small-vessel vasculitis with arthralgias, skin purpura, and abdominal 
symptoms, as well as a proliferative acute glomerulonephritis. Henoch-
Schönlein purpura is predominantly a disease of childhood, although cases 
occur at all ages. As with IgA nephropathy, patients and their relatives have 
elevated levels of circulating IgA molecules that are galactose deficient. 
Renal biopsies are identical to those seen in IgA nephropathy. Some inves-
tigators feel that IgA nephropathy and Henoch-Schönlein purpura are two 
sides of a spectrum of the same pathogenetic disease. No infectious agent 
or allergen has been defined as causative, and serum complement levels are  
normal.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical manifestations of Henoch-Schönlein purpura (Chapter 254) 
include dermatologic, gastrointestinal, rheumatologic, and renal findings. 
Skin involvement typically starts with a macular rash that coalesces into pur-
puric lesions (see Fig. 254-2) on the ankles, legs, and occasionally arms and 
buttocks. Gastrointestinal symptoms include cramps, diarrhea, nausea, and 
vomiting, with melena and bloody diarrhea in the most severely involved 
cases. Although arthralgias of the knees, wrists, and ankles are common, 
true arthritis is uncommon. Symptoms of different organ system involve-
ment may occur concurrently or separately, and recurrent episodes during 
the first year are not uncommon. The renal histopathology of Henoch-
Schönlein purpura is similar to that of IgA nephropathy. Skin biopsies typi-
cally show a small-vessel leukocytoclastic angiitis with immune deposition  
of IgA.

TREATMENT AND PROGNOSIS 

 Post-streptococcal Glomerulonephritis
Acute post-streptococcal glomerulonephritis may occur in either an epidemic 
form or as sporadic cases after infection with nephritogenic strains of group 
A β-hemolytic streptococci (Chapter 274).13 Post-streptococcal glomerulo-
nephritis is largely a disease of childhood, but severe disease in adults is well 
documented. The disease is most common after episodes of pharyngitis, but 
it can follow streptococcal infections at any site and subclinical cases greatly 
outnumber clinical cases. Post-streptococcal glomerulonephritis is an acute 
immune complex disease characterized by the formation of antibodies against 
streptococci with the localization of immune complexes and complement in 
the kidney. With improved socioeconomic conditions, the incidence of post-
streptococcal glomerulonephritis is declining in developed nations.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Most cases manifest with hematuria, proteinuria, hypertension, and the nephritic 
syndrome (see Table 113-1) 10 days to several weeks after a streptococcal 
infection. Throat cultures and skin cultures of suspected sites of streptococcal 
involvement often are no longer positive for group A β-hemolytic streptococci. 
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IgA

FIGURE 113-7. Immunoglobulin A (IgA) nephropathy with mesangial cell proliferation by light microscopy and IgA deposition on immunofluorescence. 

Efforts to treat the disease by preventing antigenic stimulation, including 
broad-spectrum antibiotics (e.g., doxycycline), tonsillectomy, and dietary manipu-
lations (e.g., gluten elimination), generally have been controversial or unsuc-
cessful. Trials using fish oils to decrease proteinuria and slow progressive disease 
have given conflicting results. Controlled trials support the use of ACE inhibitors 
and angiotensin receptor blockers (ARBs) (see Table 70-7, in Chapter 70) to 
decrease proteinuria and protect renal function. Older randomized controlled 
trials suggested glucocorticoids could reduce both proteinuria and the risk for 
kidney failure. However, the addition of immunosuppressive therapy after 
optimal blood pressure control with ACE inhibitors or angiotensin-receptor 
blockers in patients with high-risk IgA nephropathy precipitates an increased 
rate of adverse effects and may not significantly improve outcomes. A6  Another 
recent randomized trial found that corticosteroids provided no renal benefit 
and increased the risk of infection in patients with IgA nephropathy and per-
sistent proteinuria. A7  Levels of under-galactosylated IgA antibodies were not 
reduced in a small randomized trial of rituximab. A8  One potential therapeutic 
approach is targeted-release budesonide (16 mg per day) to the distal ileum, 
where mucosal immune dysfunction may be the precipitating cause of the IgA 
complexes.11 For the few patients with crescentic IgA nephropathy, cytotoxic 
agents may still be considered.

TREATMENT 

 PROGNOSIS
The course is variable, with some patients showing no decline in GFR over 
decades and others developing the nephrotic syndrome, hypertension, and 
renal failure.12 Factors predictive of a poor outcome in IgA nephropathy 
include hypertension, persistent proteinuria greater than 0.5 to 1 g/day, male 
gender, and elevated serum creatinine level. Histologic features that portend 
poor outcome include mesangial and endothelial proliferation and sclerosis 
or of tubulointerstitial damage and crescent formation. Levels of galactose-
deficient IgA and levels of autoantibodies against this galactose-deficient IgA 
correlate with renal prognosis. Renal survival rates are estimated at 80 to 
85% at 10 years and 65% at 20 years. A significant percentage of transplant 
recipients have a morphologic recurrence in the allograft, but graft loss is  
uncommon.

 IgA Vasculitis (Henoch-Schönlein Purpura)
IgA vasculitis (Henoch-Schönlein purpura [Chapter 254]) is characterized 
by a small-vessel vasculitis with arthralgias, skin purpura, and abdominal 
symptoms, as well as a proliferative acute glomerulonephritis. Henoch-
Schönlein purpura is predominantly a disease of childhood, although cases 
occur at all ages. As with IgA nephropathy, patients and their relatives have 
elevated levels of circulating IgA molecules that are galactose deficient. 
Renal biopsies are identical to those seen in IgA nephropathy. Some inves-
tigators feel that IgA nephropathy and Henoch-Schönlein purpura are two 
sides of a spectrum of the same pathogenetic disease. No infectious agent 
or allergen has been defined as causative, and serum complement levels are  
normal.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical manifestations of Henoch-Schönlein purpura (Chapter 254) 
include dermatologic, gastrointestinal, rheumatologic, and renal findings. 
Skin involvement typically starts with a macular rash that coalesces into pur-
puric lesions (see Fig. 254-2) on the ankles, legs, and occasionally arms and 
buttocks. Gastrointestinal symptoms include cramps, diarrhea, nausea, and 
vomiting, with melena and bloody diarrhea in the most severely involved 
cases. Although arthralgias of the knees, wrists, and ankles are common, 
true arthritis is uncommon. Symptoms of different organ system involve-
ment may occur concurrently or separately, and recurrent episodes during 
the first year are not uncommon. The renal histopathology of Henoch-
Schönlein purpura is similar to that of IgA nephropathy. Skin biopsies typi-
cally show a small-vessel leukocytoclastic angiitis with immune deposition  
of IgA.

Like IgA nephropathy, there is no proven therapy. Episodes of rash, arthralgias, 
and abdominal symptoms usually resolve spontaneously. Some patients with 
severe abdominal findings have been treated with short courses of high doses 
of corticosteroids. Patients with severe glomerular involvement may benefit 
by modalities used to treat patients with severe IgA nephropathy, that is, ACE 
inhibitors and angiotensin-receptor blockers, and a 6-month course of corti-
costeroids. Although most patients with Henoch-Schönlein purpura recover 
fully, patients with a more severe nephritic or nephrotic presentation and more 
severe glomerular damage on renal biopsy have an unfavorable long-term 
prognosis.

TREATMENT AND PROGNOSIS 

 Post-streptococcal Glomerulonephritis
Acute post-streptococcal glomerulonephritis may occur in either an epidemic 
form or as sporadic cases after infection with nephritogenic strains of group 
A β-hemolytic streptococci (Chapter 274).13 Post-streptococcal glomerulo-
nephritis is largely a disease of childhood, but severe disease in adults is well 
documented. The disease is most common after episodes of pharyngitis, but 
it can follow streptococcal infections at any site and subclinical cases greatly 
outnumber clinical cases. Post-streptococcal glomerulonephritis is an acute 
immune complex disease characterized by the formation of antibodies against 
streptococci with the localization of immune complexes and complement in 
the kidney. With improved socioeconomic conditions, the incidence of post-
streptococcal glomerulonephritis is declining in developed nations.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Most cases manifest with hematuria, proteinuria, hypertension, and the nephritic 
syndrome (see Table 113-1) 10 days to several weeks after a streptococcal 
infection. Throat cultures and skin cultures of suspected sites of streptococcal 
involvement often are no longer positive for group A β-hemolytic streptococci. 
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be mild and reversible with appropriate antibiotic therapy, or it may be pro-
gressive and lead to dialysis and irreversible renal failure.

A proliferative immune complex glomerulonephritis also can occur in patients 
with deep visceral bacterial abscesses and infections, such as empyema of the 
lung (Chapter 92) and osteomyelitis (Chapter 256). Immune complex forms 
of acute glomerulonephritis also have been noted in patients with bacterial 
pneumonias, including Mycoplasma (Chapter 301), and patients with chroni-
cally infected cerebral ventriculoatrial shunts for hydrocephalus. Many of these 
patients have nephrotic-range proteinuria and only mild renal dysfunction. 
With appropriate antibiotic therapy, most patients’ glomerular lesions heal, 
and renal function recovers.

Recently, an increased frequency of proliferative glomerulonephritis has 
been associated with staphylococcal infections in patients with diabetes. This 
glomerulonephritis is associated with IgA immune deposits in the glomeruli 
and has a poor prognosis.

 RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS
Rapidly progressive glomerulonephritis includes glomerular diseases that 
progress to renal failure in a matter of weeks to months (Table 113-5). The 
renal biopsy shows extensive extracapillary proliferation manifested as crescent 
formation in Bowman space. Patients with primary rapidly progressive glo-
merulonephritis can be divided into three patterns as defined by immunologic 
pathogenesis: those with anti–glomerular basement membrane disease (e.g., 
Goodpasture syndrome); those with immune complex deposition (e.g., sys-
temic lupus erythematosus, Henoch-Schönlein purpura, post-streptococcal 
glomerulonephritis); and those without immune deposits or anti–glomerular 
basement membrane antibodies (so-called pauci-immune, usually ANCA-
positive rapidly progressive glomerulonephritis).

 Anti–Glomerular Basement Membrane Disease
The disease has two peaks of occurrence: in the third decade of life predomi-
nantly in men and after 60 years of age predominantly in women. Anti–
glomerular basement membrane disease (Table 113-6) is caused by circulating 
antibodies that are directed against the noncollagenous domain of the α3 

A variety of antibodies (e.g., antistreptolysin O [ASLO], antihyaluronidase 
[AHT]) and a streptozyme panel of antibodies against streptococcal antigens 
(which includes ASLO, AHT, antistreptokinase, and anti-DNase) often show 
high titers, but a change in titer over time is more indicative of a recent strep-
tococcal infection. More than 95% of patients with post-streptococcal glo-
merulonephritis secondary to pharyngitis and 85% of patients with streptococcal 
skin infections have positive antibody titers. The serum total hemolytic comple-
ment levels and C3 levels are decreased in more than 90% of patients during 
the episode of acute glomerulonephritis.

In a patient with a classic acute nephritic episode after a documented strepto-
coccal infection, with a change in streptococcal antibody titer and a depressed 
serum complement level, a renal biopsy adds little to the diagnosis. In other 
cases, a biopsy may be necessary to confirm or refute the diagnosis. On light 
microscopy (Fig. 113-8), glomeruli are markedly enlarged and often fill Bowman 
space. Glomeruli exhibit hypercellularity with infiltration of monocytes and 
polymorphonuclear cells and a proliferation of the glomerular cellular ele-
ments. The capillary lumens often are compressed. Some cases demonstrate 
extracapillary proliferation with crescents. On immunofluorescence microscopy, 
there is coarse granular deposition of IgG, IgM, and complement, especially 
C3, along the capillary wall. Electron microscopy shows large dome-shaped, 
electron-dense subepithelial deposits resembling the humps of a camel at 
isolated intervals along the glomerular basement membrane.

FIGURE 113-8. Post-streptococcal glomerulonephritis with hypercellular glomerulus 
filling Bowman space and infiltrated by polymorphonuclear and other cells. 

chain of type IV collagen. These antibodies damage the glomerular basement 
membrane, thereby resulting in an inflammatory response, breaks in the glo-
merular basement membrane, and the formation of a proliferative and often 
crescentic glomerulonephritis. If the anti–glomerular basement membrane 
antibodies cross-react with and damage the basement membrane of pulmonary 
capillaries, the patient develops pulmonary hemorrhage and hemoptysis, an 
association called Goodpasture Syndrome.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients present with a nephritic picture (see Table 113-1). Renal function 
may deteriorate from normal to dialysis-requiring levels in a matter of days 
to weeks. Patients with pulmonary involvement may have life-threatening 
hemoptysis with dyspnea and with diffuse alveolar infiltrates on chest radio-
graph. The pathology of anti–glomerular basement membrane disease shows 
a proliferative glomerulonephritis, often with severe crescentic proliferation 
in Bowman space. There is linear deposition of immunoglobulin (usually 
IgG) along the glomerular basement membrane by immunofluorescence 
(E-Fig. 113-1), but electron microscopy does not show electron-dense  
deposits.

Although the treatment of this rare disease has not been studied in large 
controlled trials, intensive immunosuppressive therapy with cyclophospha-
mide (e.g., 2 mg/kg/day as tolerated) and corticosteroids (e.g., pulse methyl-
prednisolone, 15 to 30 mg/kg to a maximum dose of 1000 mg IV daily for 
three doses, followed by prednisone, 1 mg/kg/day orally to a maximum of 
60 to 80 mg/day and slowly tapered after achieving clinical remission) to 
reduce the production of anti–glomerular basement membrane antibodies, 
combined with daily plasmapheresis to remove circulating anti–glomerular 
basement membrane antibodies, has been successful in many patients.14 Rapid 
treatment is necessary to prevent irreversible renal damage and is necessary 
in patients with pulmonary hemorrhage. The optimal duration of therapy is 
uncertain, but daily plasmapheresis should be performed, preferably until 
anti–glomerular basement membrane antibody is undetectable, and corticoster-
oids and cyclophosphamide should be continued until clinical remission is 
achieved, typically for 3 months. Patients who already require dialysis at the 
time of treatment generally do not regain renal function despite aggressive 
therapy. Relapses and recurrences in renal transplants are very rare after renal  
transplantation.

 Immune Complex Rapidly Progressive Glomerulonephritis
Rapidly progressive glomerulonephritis-associated immune complex–mediated 
damage to the glomeruli can be seen with idiopathic glomerulopathies, such 
as IgA nephropathy/Henoch Schönlein purpura and idiopathic membrano-
proliferative glomerulonephritis, or with systemic diseases such as postinfec-
tious glomerulonephritis, cryoglobulinemic vasculitis, and systemic lupus 
erythematosus. Many cases of crescentic postinfectious glomerulonephritis 
resolve with successful treatment of the underlying infection. The treatment 
of severe lupus nephritis is described later.

 Pauci-immune and Vasculitis-Associated Rapidly 
Progressive Glomerulonephritis
Pauci-immune rapidly progressive glomerulonephritis includes patients with 
and without evidence of systemic vasculitis. Most patients have circulating 
ANCAs that are directed against components of neutrophil primary granules. 
Some patients have granulomatous polyangiitis with upper and lower respira-
tory tract involvement by granulomatous angiitis (Chapter 254) along with 
the pauci-immune glomerulonephritis. Others have microscopic polyangiitis, 
akin to what was formerly called a subgroup of polyarteritis, or have eosino-
philic polyangiitis, formerly called Churg-Strauss disease (Chapter 254).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients often present with progressive renal failure and a nephritic picture 
(see Table 113-1). Patients with microscopic polyangiitis often have circulating 
perinuclear ANCA (antibodies directed against granulocyte myeloperoxidase) 
and a systemic clinical picture (Chapter 254) with arthritis, dermal leukocy-
toclastic angiitis, pulmonary disease, and constitutional and systemic signs. 
Patients with granulomatous polyangiitis often have circulating cytoplasmic 
ANCA (antibodies directed against a granulocyte serine proteinase, anti-PR3), 
upper and lower respiratory tract involvement by granulomatous angiitis, as 
well as pauci-immune glomerulonephritis (Chapter 254). However, there is 
considerable overlap among these groups, and some patients have both ANCA 
and anti–glomerular basement membrane antibodies (Fig. 113-9). Patients 
with eosinophilic polyangiitis usually have a history of asthma, pulmonary 

TABLE 113-5 CLASSIFICATION OF RAPIDLY PROGRESSIVE 
(CRESCENTIC) GLOMERULONEPHRITIS

PRIMARY

Anti–glomerular basement membrane antibody disease, Goodpasture syndrome 
(with pulmonary disease)

Immune complex mediated
Pauci-immune (usually antineutrophil cytoplasmic antibody-positive)
SECONDARY

Membranoproliferative glomerulonephritis
IgA nephropathy, Henoch-Schönlein purpura
Post-streptococcal glomerulonephritis
Systemic lupus erythematosus

TABLE 113-6 COMMON RENAL DISEASES WITH 
ASSOCIATED PULMONARY DISEASES

DISEASE MARKER
Goodpasture syndrome +Anti–glomerular basement membrane 

antibodies
Small vessel vasculitis (granulomatous 

polyangiitis and microscopic 
polyangiitis)

+Antineutrophil cytoplasmic antibodies

Cryoglobulinemic vasculitis Low C4 complement, +serum cryoglobulins
Systemic lupus erythematosus +Anti-DNA antibodies, low complement
Nephrotic syndrome, renal vein 

thrombosis, pulmonary embolus
+Lung scan or +CT angiography

Pneumonia with immune complex 
glomerulonephritis

Low complement, circulating immune 
complexes

Uremic lung Elevated creatinine level
CT = computed tomography.

Therapy is symptomatic and directed at controlling the hypertension and 
fluid retention with antihypertensive agents and diuretics (see Table 70-7 in 
Chapter 70). In most patients, this is a self-limited disease, with recovery of 
renal function and disappearance of hypertension in several weeks. However, 
the presence of underlying renal disease, especially diabetic nephropathy, is 
associated with a worse prognosis. Proteinuria and hematuria may resolve more 
slowly over months.

TREATMENT AND PROGNOSIS 

 Glomerulonephritis with Endocarditis, Visceral Abscesses, 
and Other Infections
Various glomerular lesions are found in patients with acute and chronic bacte-
rial endocarditis (Chapter 67). Although embolic phenomena can lead to 
glomerular ischemia and infarcts, a common finding is an immune complex 
glomerulonephritis. With S. viridans endocarditis, both focal and diffuse pro-
liferative glomerulonephritides are common. With the increased incidence 
of S. aureus endocarditis, 40 to 80% of patients have clinical evidence of an 
immune complex proliferative glomerulonephritis. Glomerulonephritis is now 
more common with acute than subacute bacterial endocarditis.

Patients often have hematuria and urinary RBC casts, proteinuria ranging 
from less than 1 g/day to nephrotic levels, and progressive renal failure. Serum 
total complement and C3 levels are usually reduced. Renal insufficiency may 

TREATMENT AND PROGNOSIS 
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chain of type IV collagen. These antibodies damage the glomerular basement 
membrane, thereby resulting in an inflammatory response, breaks in the glo-
merular basement membrane, and the formation of a proliferative and often 
crescentic glomerulonephritis. If the anti–glomerular basement membrane 
antibodies cross-react with and damage the basement membrane of pulmonary 
capillaries, the patient develops pulmonary hemorrhage and hemoptysis, an 
association called Goodpasture Syndrome.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients present with a nephritic picture (see Table 113-1). Renal function 
may deteriorate from normal to dialysis-requiring levels in a matter of days 
to weeks. Patients with pulmonary involvement may have life-threatening 
hemoptysis with dyspnea and with diffuse alveolar infiltrates on chest radio-
graph. The pathology of anti–glomerular basement membrane disease shows 
a proliferative glomerulonephritis, often with severe crescentic proliferation 
in Bowman space. There is linear deposition of immunoglobulin (usually 
IgG) along the glomerular basement membrane by immunofluorescence 
(E-Fig. 113-1), but electron microscopy does not show electron-dense  
deposits.

Although the treatment of this rare disease has not been studied in large 
controlled trials, intensive immunosuppressive therapy with cyclophospha-
mide (e.g., 2 mg/kg/day as tolerated) and corticosteroids (e.g., pulse methyl-
prednisolone, 15 to 30 mg/kg to a maximum dose of 1000 mg IV daily for 
three doses, followed by prednisone, 1 mg/kg/day orally to a maximum of 
60 to 80 mg/day and slowly tapered after achieving clinical remission) to 
reduce the production of anti–glomerular basement membrane antibodies, 
combined with daily plasmapheresis to remove circulating anti–glomerular 
basement membrane antibodies, has been successful in many patients.14 Rapid 
treatment is necessary to prevent irreversible renal damage and is necessary 
in patients with pulmonary hemorrhage. The optimal duration of therapy is 
uncertain, but daily plasmapheresis should be performed, preferably until 
anti–glomerular basement membrane antibody is undetectable, and corticoster-
oids and cyclophosphamide should be continued until clinical remission is 
achieved, typically for 3 months. Patients who already require dialysis at the 
time of treatment generally do not regain renal function despite aggressive 
therapy. Relapses and recurrences in renal transplants are very rare after renal  
transplantation.

 Immune Complex Rapidly Progressive Glomerulonephritis
Rapidly progressive glomerulonephritis-associated immune complex–mediated 
damage to the glomeruli can be seen with idiopathic glomerulopathies, such 
as IgA nephropathy/Henoch Schönlein purpura and idiopathic membrano-
proliferative glomerulonephritis, or with systemic diseases such as postinfec-
tious glomerulonephritis, cryoglobulinemic vasculitis, and systemic lupus 
erythematosus. Many cases of crescentic postinfectious glomerulonephritis 
resolve with successful treatment of the underlying infection. The treatment 
of severe lupus nephritis is described later.

 Pauci-immune and Vasculitis-Associated Rapidly 
Progressive Glomerulonephritis
Pauci-immune rapidly progressive glomerulonephritis includes patients with 
and without evidence of systemic vasculitis. Most patients have circulating 
ANCAs that are directed against components of neutrophil primary granules. 
Some patients have granulomatous polyangiitis with upper and lower respira-
tory tract involvement by granulomatous angiitis (Chapter 254) along with 
the pauci-immune glomerulonephritis. Others have microscopic polyangiitis, 
akin to what was formerly called a subgroup of polyarteritis, or have eosino-
philic polyangiitis, formerly called Churg-Strauss disease (Chapter 254).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients often present with progressive renal failure and a nephritic picture 
(see Table 113-1). Patients with microscopic polyangiitis often have circulating 
perinuclear ANCA (antibodies directed against granulocyte myeloperoxidase) 
and a systemic clinical picture (Chapter 254) with arthritis, dermal leukocy-
toclastic angiitis, pulmonary disease, and constitutional and systemic signs. 
Patients with granulomatous polyangiitis often have circulating cytoplasmic 
ANCA (antibodies directed against a granulocyte serine proteinase, anti-PR3), 
upper and lower respiratory tract involvement by granulomatous angiitis, as 
well as pauci-immune glomerulonephritis (Chapter 254). However, there is 
considerable overlap among these groups, and some patients have both ANCA 
and anti–glomerular basement membrane antibodies (Fig. 113-9). Patients 
with eosinophilic polyangiitis usually have a history of asthma, pulmonary 

infiltrates, and circulating eosinophilia. If they are ANCA positive, they often 
have associated glomerular disease. Although there is no direct correlation 
between ANCA titers and disease activity, patients with high titers (especially 
high anti-PR3 titers) and patients with a major recent increase in titers are 
more likely to have flares of their disease.

FIGURE 113-9. Crescentic glomerulonephritis typical of both anti–glomerular base-
ment membrane disease and antineutrophil cytoplasmic antibody–positive pauci-
immune glomerulonephritis. 

For induction therapy, combination therapy with corticosteroids (e.g., pulse 
methylprednisolone, 10 to 15 mg/kg/day up to a maximum of 500 to 1000 mg 
IV daily, for 3 days, followed by prednisone or prednisolone, 1 mg/kg/day PO) 
and cyclophosphamide (e.g., 15 mg/kg IV every 2 to 3 weeks or 1.5 to 2 mg/kg/
day orally), with or without plasmapheresis, has markedly improved renal and 
patient survival rates (Chapter 254). Rituximab, a monoclonal antibody against 
CD20-positive B cells (375 mg/m2 weekly for 4 weeks), is as effective and safe as 
cyclophosphamide at 6 months or more. A9  Methotrexate was associated with 
a higher relapse rate, so it is not an initial alternative to cyclophosphamide or 
rituximab in most patients. In severe renal vasculitis, renal survival, but not 
patient survival, is improved with the addition of plasmapheresis. Maintenance 
regimens using rituximab (500 mg at months 6, 12, and 18), A10  azathioprine 
(1.5 mg/kg/day), mycophenolate mofetil (1000 mg twice daily), or methotrexate 
(20 to 25 mg/week) should be administered for 12 to 18 months after achiev-
ing remission. Corticosteroids should be slowly tapered, as determined by the 
presence of clinical symptoms.

As in all forms of rapidly progressive glomerulonephritis, renal function may 
deteriorate rapidly. In pauci-immune rapidly progressive glomerulonephritis, 
high-risk patients include older patients, patients with severe pulmonary involve-
ment, and patients with severe renal failure. Analyses have found no difference 
in prognosis in patients who have systemic vasculitis compared with isolated 
crescentic rapidly progressive glomerulonephritis.

TREATMENT AND PROGNOSIS 

 GLOMERULAR DISEASES ASSOCIATED WITH 
GENETIC DEFECTS

As described earlier, some patients with focal segmental glomerulosclerosis 
have abnormalities in genes encoding for podocyte proteins, ion channels or 
podocyte mitochondrial constituents. Other patients, often with a history of 
clinical renal disease in siblings and other relatives, have other forms of heredi-
tary nephritis.

Alport syndrome is a hereditary form of glomerulonephritis that often 
manifests with asymptomatic urinary findings. In approximately 85% of 
cases, it is an X-linked condition with hematuria and proteinuria, often in 
association with high-pitched hearing loss and abnormalities of the lens of 
the eye (lenticonus). Most of these patients have a localized mutation in the 
α5 chain of type IV collagen (COL4A5). Other families have different pat-
terns of inheritance, more often with mutations in the α3 and α4 chains of 
type IV collagen (COL4A3, COL4A4). Although the light microscopy find-
ings vary from mild mesangial proliferative to advanced sclerosing lesions 
depending on the stage of biopsy, electron microscopy typically shows 
areas of glomerular basement membrane thinning and other areas of glo-
merular basement membrane splitting with lamellations. Some patients with 
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E-FIGURE 113-1. Anti–glomerular basement membrane glomerulonephritis. an 
immunofluorescence micrograph of a portion of a glomerulus with anti–glomerular base-
ment membrane glomerulonephritis shows linear staining of glomerular basement 
membrane for immunoglobulin G (igG) (fluorescein isothiocyanate anti-igG stain, ×600). 
(From pendergraft iii WF, nachman ph, Jennette Jc, et al. primary glomerular disease. in 
sorecki K, chertow Gm, marsden pa, et al., eds. Brenner and Rector’s The Kidney. 10th ed. 
philadelphia: elsevier; 2016.)
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mutations in the collagen IV gene have microhematuria and proteinuria with 
only areas of extreme glomerular basement membrane thinning on electron 
microscopy (so-called thin basement membrane disease). In males, Alport 
syndrome often leads to progressive glomerulosclerosis and ESRD. Use of 
ACE inhibitors (Table 70-7) at the onset of proteinuria delays progression of  
renal failure.

Fabry disease (Chapter 197), which is caused by an X-linked recessive 
genetic defect of α-galactosidase, leads to the deposition of ceramide trihexose 
in the kidneys and other organs. It may cause progressive proteinuria and 
renal insufficiency in males and in some female carriers. It is associated with 
telangiectasias of the skin, typically in the bathing suit area, acroparesthesias, 
cardiac abnormalities, and eye changes. Replacement with intravenous recom-
binant enzyme agalsidase β is associated with clinical improvement.

Nail-patella syndrome, associated with skeletal and nail deformities, is a 
rare cause of the nephrotic syndrome. It is due to an autosomal dominant 
mutation in the LMX1B transcription factor that regulates collagen, nephrin, 
and podocin gene expression.

 OTHER GLOMERULAR DISEASES
 Systemic Lupus Erythematosus
The pattern and degree of renal involvement greatly influences the course and 
therapy of systemic lupus erythematosus (Chapter 250). Although the inci-
dence of clinical renal disease in systemic lupus erythematosus varies from 
15 to 75%, histologic evidence of renal involvement is found in most biopsy 
specimens.

The International Society of Nephrology biopsy classification of lupus nephri-
tis can provide a guide to therapy and prognosis (see Table 113-7). In general, 
class I and II patients have mild lesions that require no therapy directed at the 
kidney. All patients with class IV lesions (diffuse proliferative lupus nephritis) 
on biopsy deserve some form of vigorous therapy for their nephritis. Many 
class III (focal proliferative lupus nephritis) patients, especially those with 
active necrotizing lesions and large amounts of subendothelial deposits (Fig. 
113-10), also benefit from vigorous therapy. For class V (membranous lupus 
nephritis) patients, the optimal therapy is less clear, and recommendations 
vary from uniform vigorous treatment to reserving such therapy for patients 
with serologic activity or more severe nephrotic syndrome.

Induction therapy for severe proliferative lupus nephritis (either active class 
III or class IV) usually includes one of two regimens: corticosteroids (pred-
nisone up to 1 mg/kg PO), tapering according to the clinical response over 
6 to 12 months) with either daily mycophenolate mofetil (up to 1500 mg 
PO twice daily) or with cyclophosphamide pulses (0.5 to 1 g/m2 IV/month  

FIGURE 113-10. Diffuse proliferative lupus nephritis with involvement of all 
glomeruli. 

TABLE 113-7 CLASSIFICATION OF LUPUS NEPHRITIS
CLASS CLINICAL FEATURES
 I. Minimal mesangial LN No renal findings
 II. Mesangial proliferative LN Mild clinical renal disease; minimally active 

urinary sediment; mild-to-moderate 
proteinuria (never nephrotic) but may 
have active serology

 III. Focal proliferative LN < 50% 
glomeruli involved

 A. Active
 A/C. Active and chronic
 C. Chronic

More active sediment changes; often active 
serology; increased proteinuria (≈25% 
nephrotic); hypertension may be 
present; some evolve into class IV 
pattern; active lesions require treatment, 
chronic do not

 IV. Diffuse proliferative LN (>50% 
glomeruli involved); all may be 
with segmental or global 
involvement (S or G)

 A. Active
 A/C. Active and chronic
 C. Chronic

Most severe renal involvement with active 
sediment, hypertension, heavy 
proteinuria (frequent nephrotic 
syndrome), often reduced glomerular 
filtration rate; serology very active. 
Active lesions require treatment

 V. Membranous LN 
glomerulonephritis

Significant proteinuria (often nephrotic) 
with less active lupus serology

 VI. Advanced sclerosing LN More than 90% glomerulosclerosis; no 
treatment prevents renal failure

LN = lupus nephritis.

for 6 months or 500 mg every 2 weeks for 6 doses) followed by main-
tenance therapy to prevent flares of disease or progression to renal  
failure. A11  The addition of plasmapheresis has not been shown to improve 
outcome. Multitarget therapy consisting of tacrolimus (4 mg per day), myco-
phenolate mofetil (1 gram per day), and oral prednisone provides superior 
efficacy compared with intravenous cyclophosphamide as induction therapy 
for lupus nephritis. A12  Maintenance therapy with mycophenolate mofetil 
(1000 mg twice daily) or azathioprine (2 mg/kg/day) is more effective and 
less toxic than continued intravenous cyclophosphamide therapy after the 
6-month induction period.

Rituximab, an anti-CD20 monoclonal antibody, has not proved beneficial 
in inducing remissions when added to full doses of other immunosuppressive 
agents in controlled trials of patients with lupus nephritis. It may have a role 
in refractory or relapsing disease or as a steroid-sparing agent. Likewise, co-
stimulatory blockade with CTLAIg has not proven effective in controlled 
trials. Other agents under investigation include blockers of T- and B-cell 
costimulatory molecules, anifrolumab (an antibody against the interferon 
receptor) and anti-BLyS therapy.

Many patients with lupus nephritis (40 to 50%) produce autoantibodies 
against certain phospholipids, including anticardiolipin antibodies. Those 
patients who experience clotting in the glomeruli and arterioles require anti-
coagulation or antiplatelet agents, or both, as well as immunosuppressive 
medications.

 Diabetes Mellitus
Diabetic nephropathy, which is the most common form of glomerular damage 
seen in developed countries, is discussed in detail in Chapter 115.

 Amyloidosis
Renal amyloid deposits, whether due to AL, AA, or hereditary-genetic forms 
of amyloid, are predominantly found within the glomeruli, where they often 
appear as amorphous eosinophilic extracellular nodules (Chapter 179). All 
amyloid is due to fibril formation of proteins that have a tendency to conform 
into β-pleated sheets. All stain positively with Congo red and display apple-
green birefringence under polarized light. By electron microscopy, amyloid 
appears as nonbranching rigid fibrils 8 to 10 nm in diameter. In AL amyloid, 
overproduction of an abnormal light chain (λ 80%, κ 20%) can be detected by 
immunofluorescence staining for only λ or only κ light chains. Most patients 
have a clonal proliferation of plasma cells that typically does not reach levels 
seen with symptomatic multiple myeloma. In AA amyloid, antisera to the 
AA protein stain the glomeruli. Some patients with renal amyloidosis have 
genetically abnormal forms of proteins such as transthyretin, LECT2, and 
lipoproteins that lead to fibrillogenesis and deposition of amyloid fibrils in  
the kidney.

Almost 80% of patients with AL amyloid have renal disease. Renal mani-
festations include albuminuria and renal insufficiency. Approximately 25% 
of these patients present with nephrotic syndrome, which eventually is diag-
nosed in up to half of patients. Extrarenal amyloid involvement may cause 
cardiac disease (Chapter 54) or neuropathy (Chapter 392). Diagnosis may 
be made from organ biopsy other than the kidney (e.g., myocardial, rectal, 
or fat pad biopsy). Treatment strategies for renal AL amyloidosis are similar 

have been found to have hepatitis C–associated renal disease. Some patients 
develop an acute nephritic picture with acute renal insufficiency. Most patients 
have proteinuria, and approximately 20% present with the nephrotic syndrome. 
Most patients with renal disease have a slow, indolent course characterized by 
proteinuria, hypertension, hematuria, and renal insufficiency. Hypocomple-
mentemia, especially of the early components C1q to C4, is a characteristic 
finding in cryoglobulinemic glomerulonephritis, whether hepatitis C–related 
or idiopathic. Treatment of hepatitis C–associated cryoglobulinemia includes 
antiviral therapy (Chapter 140). When significant renal disease is present, 
various combinations of corticosteroids with or without rituximab or cyclo-
phosphamide or plasmapheresis have been used.

 Thrombotic Microangiopathies
A number of systemic diseases, including hemolytic-uremic syndrome (Chap-
ters 116 and 163), thrombotic thrombocytopenic purpura (TTP; Chapter 
163), and the antiphospholipid syndrome (Chapter 73), as well as microan-
giopathy associated with drugs such as mitomycin and cyclosporine, are char-
acterized by microthromboses of the glomerular capillaries and small arterioles. 
The renal findings may be dominant or only part of a more generalized picture 
of microangiopathy.

Renal manifestations of the thrombotic microangiopathies may include 
gross or microscopic hematuria, proteinuria that is typically less than 2 g/
day but may reach nephrotic levels, and renal insufficiency. Patients may have 
oliguric or nonoliguric acute kidney injury. In addition to glomerular chronic 
capillary thromboses, the histologic findings in all of the microangiopathies 
include a membranoproliferative glomerulonephritis pattern on light microscopy 
with no immune deposits or complement by immunofluorescence or elec-
tron microscopy, areas of ischemic damage, and intimal proliferation with 
luminal narrowing by thrombi of arterioles and small arteries. In all throm-
botic microangiopathies, treatment includes correcting hypovolemia, control-
ling hypertension, and the use of dialytic support for those with severe renal 
failure. In TTP associated with an acquired or hereditary deficiency of the von 
Willebrand convertase ADAMTS-13 and in some other cases, plasmapher-
esis with fresh-frozen plasma is beneficial (Chapter 163). In some patients 
whose hemolytic-uremic syndrome is not associated with Shiga toxin, defects 
in the alternate complement system are found. These patients with atypical 
hemolytic-uremic syndrome may benefit from a monoclonal blocker of the 
fifth component of complement, eculizumab (Chapter 163). In the antiphos-
pholipid syndrome, anticoagulation with heparin and then warfarin is useful  
(Chapter 73).

to those for multiple myeloma and other plasma cell dyscrasias: stem cell 
transplantation and the use of chemotherapeutic agents such as proteasome 
inhibitors (bortezomib and carfilzomib), dexamethasone, and lenalidomide  
(Chapter 178).

AA amyloid is usually associated with chronic inflammatory conditions 
such as rheumatoid arthritis (Chapter 248), familial Mediterranean fever 
(Chapter 245), inflammatory bowel disease (Chapter 132), osteomyelitis 
(Chapter 256), and other chronic infections. Treatment is directed at the 
underlying inflammatory process.15 Specific therapy against the primary inflam-
matory disease (e.g., anti–tumor necrosis factor therapy in rheumatoid arthritis 
and colchicine in familial Mediterranean fever) can prevent fibrillogenesis in 
AA amyloid patients. Eprodisate, a compound that inhibits polymerization 
and deposition of amyloid fibrils, may slow the progression of renal disease 
in patients with AA amyloidosis.

 Light-Chain Deposition Disease
Light-chain deposition disease, like AL amyloidosis, is a systemic disease caused 
by the overproduction and extracellular deposition of a monoclonal immu-
noglobulin light chain (Chapter 178). However, the deposits do not form 
β-pleated sheets, do not stain with Congo red, and are granular rather than 
fibrillar. Most patients with light chain deposition disease have a lymphoplas-
macytic B-cell disease similar to multiple myeloma (Chapter 178).

Albuminuria is common, and the nephrotic syndrome is found in half of 
patients at presentation, often accompanied by hypertension and renal insuf-
ficiency. On light microscopy, most glomeruli contain eosinophilic mesangial 
glomerular nodules. Some biopsy samples show associated light-chain cast 
nephropathy with eosinophilic laminated and fracturing casts obstructing 
the tubules, as seen in myeloma. By immunofluorescence, a single class of 
immunoglobulin light-chain (κ in 80% of cases) stains in a diffuse linear 
pattern along the glomerular basement membrane, in the nodules and along 
the tubular basement membranes. The treatment for most patients with 
light-chain deposition disease is chemotherapy similar to that for myeloma  
(Chapter 178).

 Fibrillary Glomerulopathy–Immunotactoid 
Glomerulopathy
Some patients with renal disease have glomerular lesions with deposits of 
nonamyloid fibrillar proteins ranging in size from 12 to more than 50 nm. 
Patients with these lesions have been divided into two groups. Patients with 
fibrillary glomerulonephritis have fibrils of 20 nm in diameter that are deposited 
in a random fashion in the glomerular basement membrane and are associated 
with deposits of the DNAJB9 protein in deposits. Immunotactoid glomeru-
lonephritis is a much rarer disease often associated with lymphoproliferative 
disorders, in which the fibrils are much larger (30 to 50 nm) and have a tubular 
substructure. Proteinuria is found in almost all patients, and hematuria, the 
nephrotic syndrome, and renal insufficiency eventually develop in most. There 
is no proven therapy for fibrillary glomerulopathy. In patients with immuno-
tactoid glomerulopathy, a search for a treatable underlying B cell disorder is 
important.

 Human Immunodeficiency Virus–Associated Nephropathy
Infection with HIV (Chapter 362) is associated with a number of patterns of 
renal disease, including acute kidney injury and a unique form of glomeru-
lopathy now called HIV-associated nephropathy.16 HIV-associated nephropathy 
is characterized by heavy proteinuria and rapid progression to renal failure. 
On light microscopy, biopsies show global collapse of the glomerular tufts, 
severe tubulointerstitial changes with interstitial inflammation, edema, micro-
cystic dilation of tubules, and severe tubular degenerative changes. On electron 
microscopy, tubuloreticular inclusions can be seen in the glomerular endo-
thelium. The use of ACE inhibitors or angiotensin-receptor blockers (see Table 
70-7 in Chapter 70) and antiretroviral therapy may slow the progression to 
renal failure and decrease proteinuria. Corticosteroids (e.g., prednisone, 1 mg/
kg for 1 month followed by a taper over several months) may be beneficial in 
selected patients with HIV-associated nephropathy.

 Mixed Cryoglobulinemia
Cryoglobulinemia (Chapter 178) is caused by the production of circulating 
immunoglobulins that precipitate on cooling and resolubilize on warming. 
Cryoglobulinemia may be found in association with infections, collagen vas-
cular disease, and lymphoproliferative diseases such as multiple myeloma and 
Waldenström macroglobulinemia. Many patients with what was originally 
described as glomerulonephritis resulting from essential mixed cryoglobulinemia 
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Most patients with renal disease have a slow, indolent course characterized by 
proteinuria, hypertension, hematuria, and renal insufficiency. Hypocomple-
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with no immune deposits or complement by immunofluorescence or elec-
tron microscopy, areas of ischemic damage, and intimal proliferation with 
luminal narrowing by thrombi of arterioles and small arteries. In all throm-
botic microangiopathies, treatment includes correcting hypovolemia, control-
ling hypertension, and the use of dialytic support for those with severe renal 
failure. In TTP associated with an acquired or hereditary deficiency of the von 
Willebrand convertase ADAMTS-13 and in some other cases, plasmapher-
esis with fresh-frozen plasma is beneficial (Chapter 163). In some patients 
whose hemolytic-uremic syndrome is not associated with Shiga toxin, defects 
in the alternate complement system are found. These patients with atypical 
hemolytic-uremic syndrome may benefit from a monoclonal blocker of the 
fifth component of complement, eculizumab (Chapter 163). In the antiphos-
pholipid syndrome, anticoagulation with heparin and then warfarin is useful  
(Chapter 73).

to those for multiple myeloma and other plasma cell dyscrasias: stem cell 
transplantation and the use of chemotherapeutic agents such as proteasome 
inhibitors (bortezomib and carfilzomib), dexamethasone, and lenalidomide  
(Chapter 178).

AA amyloid is usually associated with chronic inflammatory conditions 
such as rheumatoid arthritis (Chapter 248), familial Mediterranean fever 
(Chapter 245), inflammatory bowel disease (Chapter 132), osteomyelitis 
(Chapter 256), and other chronic infections. Treatment is directed at the 
underlying inflammatory process.15 Specific therapy against the primary inflam-
matory disease (e.g., anti–tumor necrosis factor therapy in rheumatoid arthritis 
and colchicine in familial Mediterranean fever) can prevent fibrillogenesis in 
AA amyloid patients. Eprodisate, a compound that inhibits polymerization 
and deposition of amyloid fibrils, may slow the progression of renal disease 
in patients with AA amyloidosis.

 Light-Chain Deposition Disease
Light-chain deposition disease, like AL amyloidosis, is a systemic disease caused 
by the overproduction and extracellular deposition of a monoclonal immu-
noglobulin light chain (Chapter 178). However, the deposits do not form 
β-pleated sheets, do not stain with Congo red, and are granular rather than 
fibrillar. Most patients with light chain deposition disease have a lymphoplas-
macytic B-cell disease similar to multiple myeloma (Chapter 178).

Albuminuria is common, and the nephrotic syndrome is found in half of 
patients at presentation, often accompanied by hypertension and renal insuf-
ficiency. On light microscopy, most glomeruli contain eosinophilic mesangial 
glomerular nodules. Some biopsy samples show associated light-chain cast 
nephropathy with eosinophilic laminated and fracturing casts obstructing 
the tubules, as seen in myeloma. By immunofluorescence, a single class of 
immunoglobulin light-chain (κ in 80% of cases) stains in a diffuse linear 
pattern along the glomerular basement membrane, in the nodules and along 
the tubular basement membranes. The treatment for most patients with 
light-chain deposition disease is chemotherapy similar to that for myeloma  
(Chapter 178).

 Fibrillary Glomerulopathy–Immunotactoid 
Glomerulopathy
Some patients with renal disease have glomerular lesions with deposits of 
nonamyloid fibrillar proteins ranging in size from 12 to more than 50 nm. 
Patients with these lesions have been divided into two groups. Patients with 
fibrillary glomerulonephritis have fibrils of 20 nm in diameter that are deposited 
in a random fashion in the glomerular basement membrane and are associated 
with deposits of the DNAJB9 protein in deposits. Immunotactoid glomeru-
lonephritis is a much rarer disease often associated with lymphoproliferative 
disorders, in which the fibrils are much larger (30 to 50 nm) and have a tubular 
substructure. Proteinuria is found in almost all patients, and hematuria, the 
nephrotic syndrome, and renal insufficiency eventually develop in most. There 
is no proven therapy for fibrillary glomerulopathy. In patients with immuno-
tactoid glomerulopathy, a search for a treatable underlying B cell disorder is 
important.

 Human Immunodeficiency Virus–Associated Nephropathy
Infection with HIV (Chapter 362) is associated with a number of patterns of 
renal disease, including acute kidney injury and a unique form of glomeru-
lopathy now called HIV-associated nephropathy.16 HIV-associated nephropathy 
is characterized by heavy proteinuria and rapid progression to renal failure. 
On light microscopy, biopsies show global collapse of the glomerular tufts, 
severe tubulointerstitial changes with interstitial inflammation, edema, micro-
cystic dilation of tubules, and severe tubular degenerative changes. On electron 
microscopy, tubuloreticular inclusions can be seen in the glomerular endo-
thelium. The use of ACE inhibitors or angiotensin-receptor blockers (see Table 
70-7 in Chapter 70) and antiretroviral therapy may slow the progression to 
renal failure and decrease proteinuria. Corticosteroids (e.g., prednisone, 1 mg/
kg for 1 month followed by a taper over several months) may be beneficial in 
selected patients with HIV-associated nephropathy.

 Mixed Cryoglobulinemia
Cryoglobulinemia (Chapter 178) is caused by the production of circulating 
immunoglobulins that precipitate on cooling and resolubilize on warming. 
Cryoglobulinemia may be found in association with infections, collagen vas-
cular disease, and lymphoproliferative diseases such as multiple myeloma and 
Waldenström macroglobulinemia. Many patients with what was originally 
described as glomerulonephritis resulting from essential mixed cryoglobulinemia 
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3. A 65-year-old white woman with nephrotic syndrome (urine protein 6 g/
day, normal renal function, serum albumin 2.2 g/dL) recently has been 
diagnosed with membranous nephropathy. Testing of the serum and stain-
ing of the renal biopsy for the PLA2R is negative. All of the following 
statements about membranous nephropathy are true except:
 A. Further investigations should include a malignancy workup.
 B. The patient should start on cyclic cyclophosphamide alternating with 

steroids.
 C. There is a significant risk for thrombotic events, and prophylactic anti-

coagulation may be considered in patients at low risk for bleeding.
 D. She should be screened for hepatitis B, which is known to be associated 

with membranous nephropathy.
 E. She is at risk for progressive renal disease if proteinuria remains at the 

same level after 6 months.
Answer: B Patients with membranous nephropathy should be evaluated for 
secondary causes, including malignancies, infections (e.g., hepatitis viruses), 
systemic lupus, and medications. Up to 30% of idiopathic membranous neu-
ropathy patients have no circulating antibodies to PLA2R and require more 
intensive evaluation and follow-up for secondary causes. The risk for thrombotic 
events is significant and rises when the serum albumin level is less than 2.8 g/
dL; some authorities recommend prophylactic anticoagulation in such patients 
if they are at low risk for bleeding. The risk for progressive renal disease is 
associated with persistent high-grade proteinuria. However, approximately 
30% of patients undergo spontaneous remission, so observation for 3 to 6 
months is recommended before considering specific immunosuppression.

4. A 71-year-old man with controlled hypertension has been experiencing 
progressive shortness of breath and lower extremity edema for 1 month. 
He has just been discharged after being admitted with a diagnosis of heart 
failure with preserved ejection fraction. On examination, his blood pressure 
is 110/70 mm Hg supine but drops to 90/60 mm Hg on standing with no 
increase in his heart rate. His liver is enlarged 5 cm below the costal margin. 
His lung examination shows diminished breath sounds over the bases. 
Diagnostic tests done during his hospitalization show a normal hemogram, 
serum albumin 2.5 g/dL, serum creatinine 1.5 mg/dL, and urine protein 
8 g/day with no cells in the urine sediment. Further diagnostic evaluation 
shows normal serologies (including complement levels), an elevated λ 
light chain, and a decreased κ/λ ratio. A renal biopsy shows mesangial 
expansion with an amorphous material on light microscopy. All of the 
following statements are true about this patient’s disease, except:
 A. The mesangial deposits are Congo red positive with 10-nm fibrils on 

electron microscopy.
 B. Treatment directed against the abnormal plasma cell clone may help 

stabilize his disease course.
 C. Bone marrow biopsy typically will not show features of multiple myeloma.
 D. There is usually an underlying inflammatory condition as the basis of 

this disease.
 E. Fat pad biopsy may obviate the need for a renal biopsy.

Answer: D This patient with nephrotic-range proteinuria, cardiac failure with 
preserved ejection fraction, and autonomic neuropathy likely has AL amyloid, 
which on biopsy (renal, cardiac, or fat pad) will show the typical deposits that 
stain apple green on Congo red staining under a polarizing microscope. Treat-
ment is similar to that for myeloma even though the bone marrow does not 
show evidence for active myeloma. The elevated λ light-chain levels are a clue 
for AL amyloid; definitive diagnosis is based on staining the biopsy material 
for light chains, which will show the monoclonal nature of the deposit. The 
diagnosis of AA amyloid or hereditary amyloidosis is made when the Congo 
red stain shows typical birefringence and the deposits either stain for AA 
protein or contain specific abnormally folded hereditary proteins.

REVIEW QUESTIONS

1. A 24-year-old Asian man presents to his family physician with one episode 
of painless gross hematuria. He is otherwise healthy with no significant 
family history. On physical examination, his blood pressure is normal and 
there are no other abnormalities. Laboratory examination shows a normal 
metabolic profile, hemogram, liver enzymes, and renal function tests, as 
well as a negative urine culture. Serologic tests including complement 
levels, antinuclear antibody, antineutrophil cytoplasmic antibody, and a 
hepatitis panel are all negative. Urine examinations show 3+ blood, 3+ 
protein, and many RBCs and RBC casts on microscopic examination. His 
renal ultrasound is normal. A repeat physical examination and laboratory 
tests after 1 week show 1+ heme, 5 to 10 RBCs, and trace urinary protein, 
which quantitates to 150 mg/day. Your recommendation at this point  
should be:
 A. Continue observation.
 B. Renal biopsy.
 C. Empiric therapy with alternate day steroids.
 D. Genetic testing for patient and his family.
 E. Urology referral.

Answer: A The presence of gross hematuria associated with RBC and RBC 
casts and proteinuria point to a glomerular origin as opposed to a urologic 
origin (hence a urologic consult is not appropriate). In this patient with an 
Asian ancestry, negative serologies (particularly normal complement levels), 
and a self-limiting course, an IgA nephropathy is the most likely diagnosis. A 
renal biopsy is not appropriate at this time because he has no high-risk features 
for progressive disease, such as proteinuria greater than 0.5 to 1 g/day or 
impaired renal function. Likewise, empiric treatment is not warranted with 
these low-risk features. Although hereditary nephritis may present like this, 
an insidious progression to renal failure without episodes of gross hematuria 
is more typical, and the absence of a family history makes this entity less likely. 
If proteinuria persists and increases to more than 500 mg to 1 g daily many 
clinicians would add an ACE inhibitor or angiotensin-receptor blocker to the 
regimen.

2. A 50-year-old man is admitted with shortness of breath, 1 week of hemop-
tysis, and mild swelling of his lower extremities. He also notes a 1-month 
history of myalgia and arthralgia, partially relieved by ibuprofen, which he 
takes twice daily. On examination, his blood pressure is 150/90 mm Hg, 
he is afebrile, and his lung examination shows bibasilar crackles. Labo-
ratory tests reveal mild leukocytosis with a neutrophilic preponderance 
and hemoglobin of 11.2 g/dL. His urine shows 2+ protein, many RBCs, 
and a few RBC casts. His creatinine is 2.4 mg/dL. His chest radiograph 
is notable for bilateral diffuse infiltrates, which worsen in the next 24 
hours. Serologic tests are pending. Your management at this point would  
include:
 A. Continue observation until serologic tests are available
 B. Arrange for an urgent renal biopsy
 C. Choice B + intravenous steroids
 D. Choice B + intravenous steroids + plasmapheresis

Answer: D This patient has the pulmonary renal syndrome with a nephritic 
urine sediment. The possibilities are immune complex disease, anti–glomerular 
basement membrane antibody disease (Goodpasture syndrome), and small 
vessel vasculitis. The hemoptysis and worsening pulmonary infiltrate require 
empirical therapy with high-dose steroids and plasmapheresis while await-
ing renal biopsy and serologic results to confirm the diagnosis. Plasmapher-
esis is indicated in view of the pulmonary hemorrhage. Cyclophosphamide 
(or rituximab in small vessel vasculitis) is administered after confirming the  
diagnosis.
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114 
TUBULOINTERSTITIAL DISEASES
ERIC G. NEILSON

 DEFINITION
Interstitial nephritis is characterized by an inflammatory infiltrate in the inter-
stitium of the kidney. It can be primary and begin in the tubulointerstitium 
or appear as a secondary event and spread from blood vessels, including the 
glomerular capillaries. Injury to the tubulointerstitial compartment can be 
the result of autoimmunity, toxic insult, infection, or exposure to drugs. In all 
cases, however, the inflammatory process has an immunologic component 
that leads to the release of tissue cytokines, which attract T lymphocytes and 
other monocytes, which eventually convert tubular epithelia into fibroblasts 
to produce fibrosis.

Tubulointerstitial nephritis can be arbitrarily divided into acute and chronic 
types. The acute form often begins abruptly. When inciting events subside, 
so does the nephritis, and the glomerular filtration rate tends to normalize, 
with little residual damage except in patients with preexisting disease. Chronic 
interstitial nephritis is persistent and over time reduces the number of func-
tioning nephrons by encasing and dismantling them with irreversible fibrosis. 
So-called toxic nephropathy is similar to this form of nephritis. Sometimes 
acute and chronic injury is difficult to distinguish because global destruction 
of the tubulointerstitium can occur within a matter of weeks.

 EPIDEMIOLOGY
Acute interstitial nephritis appears unexpectedly in otherwise healthy indi-
viduals from a variety of causes. In Central America, for example, chronic 
interstitial nephritis has become epidemic in agricultural areas for unclear 
reasons.1 Approximately 1% of patients with hematuria and proteinuria have 
acute interstitial nephritis, and it is seen in 1 to 15% of autopsy series. In 
recent decades its prevalence has increased in individuals over 65 years of age, 
perhaps owing to their more frequent exposure to prescription drugs.2

Although acute interstitial nephritis is largely due to the use of pharmaceu-
ticals,3 other important causes include infection and idiopathic autoimmune 
diseases (Table 114-1). Penicillin moieties (less so nafcillin and piperacillin), 
cephalosporins, sulfa-like drugs, and nonsteroidal anti-inflammatory drugs 
(NSAIDs) top the list. NSAIDs cause both acute interstitial nephritis and 
chronic analgesic nephropathy. Diphtheria in children (Chapter 276), legio-
nellosis (Chapter 298), leptospirosis (Chapter 307), histoplasmosis (Chapter 
316), tuberculosis (Chapter 308), and DNA viruses such as cytomegalovirus 
(Chapter 352) and Epstein-Barr virus (Chapter 353) are well-recognized agents 
of acute interstitial nephritis. Anti–tubular basement membrane disease is a 
rare cause of autoimmune interstitial nephritis. Although sarcoidosis or the 
tubulointerstitial nephritis and uveitis (TINU) syndrome can manifest as 
acute interstitial nephritis on biopsy, they often quickly evolve into chronic 
disease.

All forms of injury to the kidney, regardless of origin, progress to end-stage 
renal disease through a terminal phase of chronic interstitial nephritis. In addi-
tion to glomerulonephritides (Chapter 113), cystic diseases (Chapter 118), 
and diabetes (Chapter 216), a wide variety of renal conditions start slowly in 
the tubulointerstitium and often go unrecognized until late in the course, 
when biopsy shows chronic interstitial nephritis.

Primary chronic interstitial nephritis can be caused by a variety of toxic, 
metabolic, hematologic, obstructive, and infectious processes. Ingestion of 
six or more tablets per day of acetaminophen, aspirin, or NSAIDs, alone or 
together, for at least 3 years puts patients at risk for analgesic nephropathy. 
More recently, immune checkpoint inhibitors frequently have been connected 
with acute tubulointerstitial nephritis that may progress to severe acute kidney 
injury.4 A careful history of drug or toxin exposure, previous renal images, 
and a family history often point to a probable diagnosis (Table 114-2).

 PATHOBIOLOGY
Pathophysiology
Regardless of the origin of renal inflammation, the kidneys do not fail until 
interstitial nephritis, fibrosis, and tubular atrophy develop. Interstitial nephri-
tis is the pathologic equivalent of clinical progression because it is the final 

common pathway to permanent tissue damage. The degree of reduction in 
the glomerular filtration rate correlates with the degree of interstitial injury. 
Urinary flow is impeded by tubular obstruction. Increased vascular resistance 
causes progressive tubular injury and fibrosis. A net reduction in the cross-
sectional area of peritubular vessels increases postglomerular resistance to 
the extent that the compensatory increase in glomerular hydrostatic pres-
sure cannot fully restore filtration to normal levels. Tubuloglomerular feed-
back assumes increasing importance in the transition from acute to chronic 
glomerulonephritis when autoregulation of renal blood flow is disrupted by 
tubulointerstitial fibrosis. Loss of autoregulation by tubuloglomerular feedback 
results from the absence or insensitivity of the afferent arteriole. Perhaps more 
significant is the effect of interstitial pressure on the sensitivity of the feedback 

along the tubular basement membrane (e.g., systemic lupus erythematosus) 
are rarely seen. Antigens presented by class II major histocompatibility complex 
molecules on macrophages, dendritic cells, and adjacent tubular epithelia, in 
conjunction with associative recognition molecules, engage the CD4/CD8 
T-cell repertoires. The resultant cytokine and protease activity injures tubular 
nephrons and basement membranes and causes fibroblasts to form locally by 
epithelial-mesenchymal transition and to proliferate. Transforming growth 
factor-β (TGF-β), fibroblast growth factor 2, and platelet-derived growth factor 
are particularly active in this transition. If the nephritis persists, fibrogenesis 
dismantles nephrons and causes tubular atrophy; in late stages, the inflamma-
tory reaction outgrows its survival factors and lymphocytes and fibroblasts 
disappear by apoptosis and leave an acellular fibrotic scar.

Rarely, patients may have autosomal dominant tubulointerstitial kidney 
disease caused by mutations in various genes, including uromodulin (UMOD), 
hepatocyte nuclear factor-1β (HNF1B), renin (REN), and mucin-1 (MUC1).5 
Viruses, including Epstein-Barr virus, have long been suspected of contributing 
to idiopathic, chronic interstitial nephritis. Malakoplakia and xanthogranulo-
matous pyelonephritis are probably not defects in nephrogenesis but rather 
are destructive responses to bacterial inflammation in the interstitium. Focal 
abnormalities in kidney structure can be a nidus for infections associated with 
perinephric, psoas, or peritoneal abscesses. Children with vesicoureteral reflux 
can have chronic or repeating episodes of pyelonephritis, but whether the 
reflux or the infection is more important to progression to renal failure is 
unclear. There is also no agreement on whether recurrent pyelonephritis by 
itself produces chronic interstitial nephritis in adults.

Pathology
Both kidneys are typically involved, except in cases of unilateral infection, 
obstruction, or trauma. The inflammatory reaction in acute interstitial nephritis 
consists mainly of T lymphocytes and monocytes, but neutrophils, plasma 
cells, and eosinophils can be present. The T cells are of a mixed phenotype 
with a distinct preference for CD4+ lymphocytes. The infiltrative process is 
associated with interstitial edema, which displaces tubules away from one 
another and causes the kidneys to swell. The tubular basement membrane 
may be disrupted in more severe cases, but immune deposits are rarely found 
by immunofluorescence.

In chronic interstitial nephritis, the kidney assumes an irregular or contracted 
appearance. The tubular epithelia sit on thickened or disrupted tubular base-
ment membranes and are often effaced against dilated lumens; the tubules 
eventually dismantle and atrophy. Chronic is a relative term, because fibrotic 
changes can be seen within 7 to 10 days of continuing inflammation. In 
primary interstitial nephritis, normal glomeruli are eventually surrounded 
by periglomerular fibrosis and subsequently undergo segmental or global 
sclerosis. Chronic vascular thickening and glomerular changes are present 
in advanced stages of disease, so pathologic determination of the primary 
cause may be difficult in some biopsy samples. Progressive glomerular sclerosis 
also occurs with aging and must be factored in when interpreting the biopsy  
findings.

A third pathologic category, granuloma formation, can be seen in either 
acute or chronic interstitial nephritis. In acute granulomatous interstitial 
nephritis, granulomas are sparse and non-necrotic and giant cells are rare. In 
chronic interstitial nephritis, granulomas contain an abundance of giant cells, 
and those caused by tuberculosis may become necrotic. Drugs are a common 
cause of this lesion in the acute setting, and most of the drugs associated with 
acute interstitial nephritis have been reported to cause granuloma formation. 
When numerous granulomas are present in the absence of drug exposure, 
sarcoidosis (Chapter 89), Wegener granulomatosis with polyangiitis (Chapter 
254), histoplasmosis (Chapter 316), or tuberculosis (Chapter 308) should 
be considered, depending on the context. The renal granulomas seen in granu-
lomatosis with polyangiitis are almost always accompanied by glomerular and 
vascular pathology.

 ACUTE INTERSTITIAL NEPHRITIS

 CLINICAL MANIFESTATIONS
Most patients present with an asymptomatic rise in the serum creatinine level 
or an abnormal urinalysis, and it is important to consider acute interstitial 
nephritis in any patient with an unexplained precipitous diminution in renal 
function.6 Because injury is often asymptomatic, patients already may have 
substantial renal failure on initial presentation. Patients also may present with 
nonspecific symptoms such as lethargy or weakness, and many patients have 
fever and oliguria owing to severe acute kidney injury (Chapter 112).

TABLE 114-1 CAUSES OF ACUTE INTERSTITIAL NEPHRITIS
DRUGS

antibiotics
 Penicillins
 Rifampin, ethambutol
 Sulfa
 Vancomycin
 Ciprofloxacin
 Cephalosporins
 Erythromycin
 Trimethoprim-sulfamethoxazole
 Acyclovir
nonsteroidal anti-inflammatory Drugs
 Selective and nonselective
 Cyclooxygenase-2 inhibitors
Diuretics
 Thiazides
 Furosemide
 Triamterene
Miscellaneous
 Captopril
 Ranitidine
 Omeprazole
 Phenobarbital
 Phenytoin
 Sodium valproate
 Carbamazepine
 Allopurinol
 Interferon
 Interleukin-2
 All-trans-retinoic acid
 Immune checkpoint inhibitors
INFECTIONS

bacteria
 Legionella
 Brucella
 Diphtheria
 Streptococcus
 Staphylococcus
 Yersinia
 Salmonella
 Escherichia coli
 Campylobacter
Viruses
 Epstein-Barr virus
 Cytomegalovirus
 Hantavirus
 Herpes simplex virus
 Hepatitis B virus
other
 Mycoplasma
 Rickettsia
 Leptospira
 Mycobacterium tuberculosis
 Schistosoma mekongi
 Toxoplasma
 Chlamydia
AUTOIMMUNE DISEASES

Anti–tubular basement membrane disease
Tubulointerstitial nephritis and uveitis (TINU) syndrome
Kawasaki disease
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ABSTRACT
Tubulointerstitial nephritis is the final common pathway to chronic renal 
failure. Interstitial lesions may be a primary kidney lesion or secondary to 
many forms of glomerulonephritis, hypertension, or diabetes. Primary tubu-
lointerstitial nephritis is seen following use of pharmaceutical drugs, infections, 
or idiopathic autoimmune diseases. Kidney biopsy may be useful in assessing 
cause and extent of damage. Treatment of early disease depends on removal 
of inciting factors, and in the absence of improvement, use of short courses 
of immunosuppressive drugs.
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along the tubular basement membrane (e.g., systemic lupus erythematosus) 
are rarely seen. Antigens presented by class II major histocompatibility complex 
molecules on macrophages, dendritic cells, and adjacent tubular epithelia, in 
conjunction with associative recognition molecules, engage the CD4/CD8 
T-cell repertoires. The resultant cytokine and protease activity injures tubular 
nephrons and basement membranes and causes fibroblasts to form locally by 
epithelial-mesenchymal transition and to proliferate. Transforming growth 
factor-β (TGF-β), fibroblast growth factor 2, and platelet-derived growth factor 
are particularly active in this transition. If the nephritis persists, fibrogenesis 
dismantles nephrons and causes tubular atrophy; in late stages, the inflamma-
tory reaction outgrows its survival factors and lymphocytes and fibroblasts 
disappear by apoptosis and leave an acellular fibrotic scar.

Rarely, patients may have autosomal dominant tubulointerstitial kidney 
disease caused by mutations in various genes, including uromodulin (UMOD), 
hepatocyte nuclear factor-1β (HNF1B), renin (REN), and mucin-1 (MUC1).5 
Viruses, including Epstein-Barr virus, have long been suspected of contributing 
to idiopathic, chronic interstitial nephritis. Malakoplakia and xanthogranulo-
matous pyelonephritis are probably not defects in nephrogenesis but rather 
are destructive responses to bacterial inflammation in the interstitium. Focal 
abnormalities in kidney structure can be a nidus for infections associated with 
perinephric, psoas, or peritoneal abscesses. Children with vesicoureteral reflux 
can have chronic or repeating episodes of pyelonephritis, but whether the 
reflux or the infection is more important to progression to renal failure is 
unclear. There is also no agreement on whether recurrent pyelonephritis by 
itself produces chronic interstitial nephritis in adults.

Pathology
Both kidneys are typically involved, except in cases of unilateral infection, 
obstruction, or trauma. The inflammatory reaction in acute interstitial nephritis 
consists mainly of T lymphocytes and monocytes, but neutrophils, plasma 
cells, and eosinophils can be present. The T cells are of a mixed phenotype 
with a distinct preference for CD4+ lymphocytes. The infiltrative process is 
associated with interstitial edema, which displaces tubules away from one 
another and causes the kidneys to swell. The tubular basement membrane 
may be disrupted in more severe cases, but immune deposits are rarely found 
by immunofluorescence.

In chronic interstitial nephritis, the kidney assumes an irregular or contracted 
appearance. The tubular epithelia sit on thickened or disrupted tubular base-
ment membranes and are often effaced against dilated lumens; the tubules 
eventually dismantle and atrophy. Chronic is a relative term, because fibrotic 
changes can be seen within 7 to 10 days of continuing inflammation. In 
primary interstitial nephritis, normal glomeruli are eventually surrounded 
by periglomerular fibrosis and subsequently undergo segmental or global 
sclerosis. Chronic vascular thickening and glomerular changes are present 
in advanced stages of disease, so pathologic determination of the primary 
cause may be difficult in some biopsy samples. Progressive glomerular sclerosis 
also occurs with aging and must be factored in when interpreting the biopsy  
findings.

A third pathologic category, granuloma formation, can be seen in either 
acute or chronic interstitial nephritis. In acute granulomatous interstitial 
nephritis, granulomas are sparse and non-necrotic and giant cells are rare. In 
chronic interstitial nephritis, granulomas contain an abundance of giant cells, 
and those caused by tuberculosis may become necrotic. Drugs are a common 
cause of this lesion in the acute setting, and most of the drugs associated with 
acute interstitial nephritis have been reported to cause granuloma formation. 
When numerous granulomas are present in the absence of drug exposure, 
sarcoidosis (Chapter 89), Wegener granulomatosis with polyangiitis (Chapter 
254), histoplasmosis (Chapter 316), or tuberculosis (Chapter 308) should 
be considered, depending on the context. The renal granulomas seen in granu-
lomatosis with polyangiitis are almost always accompanied by glomerular and 
vascular pathology.

 ACUTE INTERSTITIAL NEPHRITIS

 CLINICAL MANIFESTATIONS
Most patients present with an asymptomatic rise in the serum creatinine level 
or an abnormal urinalysis, and it is important to consider acute interstitial 
nephritis in any patient with an unexplained precipitous diminution in renal 
function.6 Because injury is often asymptomatic, patients already may have 
substantial renal failure on initial presentation. Patients also may present with 
nonspecific symptoms such as lethargy or weakness, and many patients have 
fever and oliguria owing to severe acute kidney injury (Chapter 112).

mechanism. Tubular atrophy may disrupt the normal renal osmotic gradient 
by decreasing sodium chloride transport along the proximal tubule or thick 
ascending loop of Henle. The result is poor abstraction of water from the 
filtrate, with hyposthenuria and polyuria. Such an increase in solute and water 
within the tubular fluid results in adaptive downregulation of the glomerular  
filtration process.

The antigen targets engaging the inflammasome and the immune system 
in interstitial nephritis are slowly unfolding. Drugs act as haptens, mimic 
endogenous structures in the interstitium, alter regulation of the immune 
system, or function in some combination of the foregoing. Bacteria, fungi, 
and viruses can infect the kidney and cause mononuclear cell infiltration or 
activate toll-like receptors on tubular epithelia, which subsequently educate 
the adaptive immune response to events in the interstitium. Renal-specific 
autoimmune diseases such as anti–tubular basement membrane disease or 
spontaneous interstitial nephritis remain confined to the kidney, whereas 
systemic diseases spread to the kidney, where they cause persistent, chronic 
interstitial nephritis.

Although the adaptive immune response is similar to that of other tissues, 
T-cell activation figures prominently in interstitial nephritis. Antibodies (e.g., 
anti–tubular basement membrane disease) or immune complex deposition 

TABLE 114-2 CAUSES OF CHRONIC INTERSTITIAL NEPHRITIS
HEREDITARY DISEASES

Mitochondrial mutations
METABOLIC DISTURBANCES

Hypercalcemia, nephrocalcinosis
Hyperoxaluria
Hypokalemia
Hyperuricemia
Cystinosis
Methylmalonic acidemia
DRUGS AND TOXINS

Analgesics
Cadmium
Lead
Health food botanicals, herbs
Lithium
Cyclosporine, tacrolimus
Cisplatin, methotrexate
Nitrosoureas
AUTOIMMUNE DISEASES

Renal allograft rejection
Granulomatosis with polyangiitis
Immunoglobulin G4–related tubulointerstitial nephropathy
Sjögren syndrome
Systemic lupus erythematosus, vasculitis
Tubulointerstitial nephritis and uveitis (TINU) syndrome
Sarcoidosis
HEMATOLOGIC DISTURBANCES

Multiple myeloma, light chains
Lymphoma
Sickle cell disease
INFECTIONS

Complicated pyelonephritis
Human immunodeficiency virus (HIV)
Epstein-Barr virus
Malakoplakia
Xanthogranulomatous pyelonephritis
OBSTRUCTIVE NEPHROPATHY

Tumors
Stones
Outlet obstruction
Vesicoureteral reflux
MISCELLANEOUS

Age-related vascular disease
Hypertension
Ischemia
Balkan (endemic) nephropathy
Radiation nephritis



CHAPTER 114 TubuloinTersTiTial Diseases766

to pharmaceuticals, particularly antibiotics and NSAIDs, is responsible for 
most cases of acute interstitial nephritis, followed by infections and autoimmune 
disease.8 Selective tubular defects and tubular syndromes, such as proximal 
acquired Fanconi syndrome or distal renal tubular acidosis, can be seen in 
subacute or chronic interstitial nephritis but argue against acute interstitial 
nephritis.

Biopsy
Ultimately, the diagnosis can be established with certainty only by renal biopsy, 
which confirms and assesses the extent of acute interstitial inflammation. A 
biopsy should be performed in patients with acute renal failure who have 
suggestive signs or symptoms of an interstitial process and in whom prerenal 
azotemia and obvious acute tubular necrosis cannot be excluded on clinical 
grounds (Table 114-4). In primary acute interstitial nephritis, the biopsy 
demonstrates inflammatory cells that typically spare the glomeruli until late 
in the course (Fig. 114-1A). Lesions that reduce renal function are usually 
diffuse, but drug-induced interstitial injury is often patchy, beginning deep in 
the cortex before spreading.

Several features can distinguish acute interstitial nephritis from acute tubular 
necrosis (Chapter 112) or glomerulonephritis (Chapter 113) (Table 114-3). 
Fever and occasional flank pain over the kidneys occur in infection or with 
drug-induced acute interstitial nephritis. Lumbar pain, sometimes unilateral, 
is due to distention of the renal capsule. Allergic reactions are associated 
with maculopapular rash, fever, and eosinophilia, but the entire triad is seen 
in less than 33% of patients, and such signs are uncommon when NSAIDs 
cause acute interstitial nephritis. These signs and symptoms of drug reac-
tion have been codified and referred to as the DRESS syndrome (drug rash, 
eosinophilia, and systemic symptoms; Chapter 411), which is associated with 
interstitial nephritis in up to 40% of patients with persistent exposure to  
selected drugs.

The course of renal failure in acute interstitial nephritis takes several days 
to weeks and follows the kinetics of the primary immune response. However, 
renal failure can be precipitous, especially in patients re-exposed to a previ-
ous agent. Rarely, the course can be protracted, with the glomerular filtration 
rate declining over a period of months if the diagnosis is not recognized. This 
protracted course is more common with diuretic-induced interstitial nephri-
tis. The onset of drug-induced nephritis ranges from days to weeks after the 
initiation of therapy, and a previous allergic history is rare. The classic setting 
for a drug reaction is a febrile patient with an infectious process and who 
defervesces while taking antibiotics but then develops recurrent fever several  
days later.

 DIAGNOSIS
Urinalysis is particularly helpful. Mild-to-moderate proteinuria and hematuria 
are seen in most cases, and gross hematuria is observed rarely. The sediment 
typically shows red and white blood cells, and white blood cell casts are com-
monly seen. Conversely, red blood cell casts suggest a glomerular diagnosis. 
The finding of eosinophils in the urine supports the diagnosis of allergic inter-
stitial nephritis, but the positive predictive value is low, even with more than 
5% eosinophils in the urine, and the absence of eosinophiluria does not exclude 
the diagnosis of acute interstitial nephritis.7

An elevated serum creatinine level is usually the first abnormal laboratory 
result in renal injury. The normal serum creatinine of 0.6 to 1.3 mg/dL varies 
with muscle mass, age, and gender. Early recognition of acute interstitial 
nephritis requires a high degree of clinical suspicion because the serum cre-
atinine level may be only mildly elevated even after the kidneys lose half their 
function.

The magnitude of proteinuria in acute interstitial nephritis is nearly always 
less than 3 g/24 hours and is typically less than 1 g/24 hours. Nephrotic-range 
proteinuria is not seen unless there is a coexisting glomerular lesion, such as 
a concurrent minimal-change lesion, or after exposure to NSAIDs. Many 
patients with acute interstitial nephritis also have a fractional excretion of 
sodium (FENa) greater than 1, but occasionally they are oliguric.

Imaging is of little diagnostic value. The kidney in acute interstitial nephritis 
is usually normal or slightly increased in size on echographic or tomographic 
images. Increased cortical echogenicity may correlate with diffuse interstitial 
infiltrates on renal biopsy. Gallium scanning is not particularly useful because 
a variety of other renal processes can cause gallium uptake, including minimal 
change glomerulonephritis, cortical necrosis, and acute tubular necrosis; in 
addition, acute interstitial nephritis can be found on biopsy in those with a 
normal scan.

 DIFFERENTIAL DIAGNOSIS
It is sometimes difficult to distinguish among nonoliguric acute tubular necrosis, 
acute interstitial nephritis, and glomerulonephritis without a biopsy. Exposure 

TABLE 114-3 TYPICAL CLINICAL MANIFESTATIONS OF 
ACUTE INTERSTITIAL NEPHRITIS

History of drug hypersensitivity or recent infection and taking antibiotics
Sudden onset of fever lasting several days to weeks
Variable degrees of hypertension
Rise in creatinine with FENa > 1.0; no expected acute tubular necrosis or 

glomerulonephritis
Kidney size normal or increased
Hematuria with mild proteinuria (<1.0 g)
Presence of WBC casts and WBCs on urinalysis; rarely eosinophils
FENa = fractional excretion of sodium; WBC = white blood cell.

TABLE 114-4 WHEN TO CONSIDER A RENAL BIOPSY TO 
DIAGNOSE NEPHRITIS

The setting, history, or clinical findings do not support a diagnosis of acute tubular 
necrosis or volume depletion

The clinical setting warrants a tissue diagnosis to determine the type of lesion, the 
extent of involvement, or the degree of fibrosis

The patient is stable enough to undergo biopsy and receive immunosuppressive 
drugs

The physician believes that the choice of therapy or the length of treatment is 
partially determined by the type of tissue injury

A

B

FIGURE 114-1. Tubulointerstitial nephritis on biopsy. A, acute interstitial nephritis 
can be most aggressive when the interstitium is crowded with mononuclear cells and 
giant cells that destroy nearly all tubular nephrons (hematoxylin-eosin). B, Chronic inter-
stitial nephritis is a slower process, with substantial collagen deposition (blue color; tri-
chrome), tubular dropout, and fibroblasts in the interstitial spaces widened by fibrosis. 

is common. Anemia is often out of proportion to the degree of renal failure, 
and many patients have hypertension but only minimal edema until advanced 
stages of renal failure. Acquired Fanconi syndrome can be seen in patients 
with a serum creatinine level less than 2.5 mg/dL in the setting of drug expo-
sure, myeloma, human immunodeficiency virus (HIV) infection, lead exposure, 
and herbal nephropathy.

 DIAGNOSIS
A careful dietary history is critical. As for any patient with evidence of renal 
failure, the evaluation includes laboratory tests to determine possible causes 
and severity. These tests include measures of renal function (serum creati-
nine level and blood urea nitrogen level), as well as levels of serum electro-
lytes, calcium, phosphate, uric acid, and albumin. Urinalysis shows a fixed 
specific gravity of approximately 1.010, occasional glycosuria, proteinuria 
(often <1 g/L), and red cells, white cells, and granular casts. Depending on 
the clinical situation, the search for specific causes may include serum and 
urine protein electrophoresis, blood cultures, serologic tests for autoimmune 
diseases (e.g., cryoglobulin level, antinuclear antibodies, anti–neutrophil cyto-
plasmic antibody, and anti–glomerular basement membrane antibody levels 
[see Table 242-2]), or viral infection, particularly after renal transplantation  
(Chapter 122).

Selective tubular defects and tubular syndromes, such as proximal acquired 
Fanconi syndrome (bicarbonaturia with a plasma carbon dioxide [CO2] content 
< 20 mEq/L, aminoaciduria, phosphate wasting, uricosuria, and glycosuria) 
or distal renal tubular acidosis type 1 (urine pH > 5.6, plasma CO2 content 
< 20 mEq/L, with low or high potassium) can be seen occasionally in subacute 
or chronic interstitial nephritis. Patients with Fanconi syndrome, in particular, 
exhibit proximal tubular epithelium alterations that variably impair transporter 
function in the area of injury. These tubular defects are classically and occa-
sionally seen in light chain myeloma, cystinosis, Lowe syndrome, TINU syn-
drome, biliary cirrhosis, or after exposure to selected drugs, such as tenofovir 
or ifosfamide. Patients with Fanconi syndrome quickly develop an alkaline 
urine (pH > 7.5) and increased fractional excretion of urine bicarbonate when 
serum bicarbonate is elevated above 20 mEq/L by intravenous infusion.

Classic images of analgesic nephropathy on tomography are quite spe-
cific (Fig. 114-2) and show a decrease in overall kidney size, with atrophic 

TREATMENT 

 PROGNOSIS
The prognosis for acute interstitial nephritis is good if it is recognized early 
in the setting of minimal fibrosis. Early removal of offending agents or prompt 
treatment with antibiotics or immunosuppressive drugs can be renoprotective. 
However, acute renal tubular injury can be a trigger for chronic kidney disease.10

 CHRONIC INTERSTITIAL NEPHRITIS

 CLINICAL MANIFESTATIONS
Patients with primary chronic interstitial nephritis typically have elevated levels 
of serum creatinine and signs and symptoms of renal failure, including hema-
turia, hyposthenuria, nocturia, fatigue, and nausea. Urinalysis shows a fixed 
specific gravity of about 1.010, occasional glycosuria, and non–nephrotic-range 
proteinuria (often <1 g/L), with red and white blood cells and granular casts. 
Pyuria and positive urine cultures for bacteria are seen occasionally, and varying 
degrees of metabolic acidosis and hyperphosphatemia may be present. Before 
the glomerular filtration rate falls below 25 to 30 mL/minute, tubular acidosis 
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is common. Anemia is often out of proportion to the degree of renal failure, 
and many patients have hypertension but only minimal edema until advanced 
stages of renal failure. Acquired Fanconi syndrome can be seen in patients 
with a serum creatinine level less than 2.5 mg/dL in the setting of drug expo-
sure, myeloma, human immunodeficiency virus (HIV) infection, lead exposure, 
and herbal nephropathy.

 DIAGNOSIS
A careful dietary history is critical. As for any patient with evidence of renal 
failure, the evaluation includes laboratory tests to determine possible causes 
and severity. These tests include measures of renal function (serum creati-
nine level and blood urea nitrogen level), as well as levels of serum electro-
lytes, calcium, phosphate, uric acid, and albumin. Urinalysis shows a fixed 
specific gravity of approximately 1.010, occasional glycosuria, proteinuria 
(often <1 g/L), and red cells, white cells, and granular casts. Depending on 
the clinical situation, the search for specific causes may include serum and 
urine protein electrophoresis, blood cultures, serologic tests for autoimmune 
diseases (e.g., cryoglobulin level, antinuclear antibodies, anti–neutrophil cyto-
plasmic antibody, and anti–glomerular basement membrane antibody levels 
[see Table 242-2]), or viral infection, particularly after renal transplantation  
(Chapter 122).

Selective tubular defects and tubular syndromes, such as proximal acquired 
Fanconi syndrome (bicarbonaturia with a plasma carbon dioxide [CO2] content 
< 20 mEq/L, aminoaciduria, phosphate wasting, uricosuria, and glycosuria) 
or distal renal tubular acidosis type 1 (urine pH > 5.6, plasma CO2 content 
< 20 mEq/L, with low or high potassium) can be seen occasionally in subacute 
or chronic interstitial nephritis. Patients with Fanconi syndrome, in particular, 
exhibit proximal tubular epithelium alterations that variably impair transporter 
function in the area of injury. These tubular defects are classically and occa-
sionally seen in light chain myeloma, cystinosis, Lowe syndrome, TINU syn-
drome, biliary cirrhosis, or after exposure to selected drugs, such as tenofovir 
or ifosfamide. Patients with Fanconi syndrome quickly develop an alkaline 
urine (pH > 7.5) and increased fractional excretion of urine bicarbonate when 
serum bicarbonate is elevated above 20 mEq/L by intravenous infusion.

Classic images of analgesic nephropathy on tomography are quite spe-
cific (Fig. 114-2) and show a decrease in overall kidney size, with atrophic 

Biopsy is important to confirm acute interstitial nephritis, because chronic 
interstitial fibrosis rarely responds to aggressive treatment. The principal inter-
vention for acute interstitial nephritis is to remove the inciting drug or treat 
the infection. Switching to different derivatives of a suspected drug is unwise.

In nonrandomized, observational series, patients treated with steroids tend 
to do somewhat better.9 Prednisone (0.75 to 1.0 mg/kg PO) can be given daily 
for approximately 1 week. If no further improvement occurs, cyclophosphamide 
(1 to 2 mg/kg/day PO) can be added for several more weeks. In patients who 
respond, cyclophosphamide can be steroid sparing, particularly in those with 
persistent sarcoidosis. It is important not to continue high-dose immunosup-
pression without some evidence of benefit because immunosuppressive drugs 
in patients with azotemia can lead to serious infection and even death. It is 
better to reserve these drugs for use with kidney transplantation if the primary 
disease does not respond.

TREATMENT 
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FIGURE 114-2. Renal changes in analgesic nephropathy seen by tomographic imaging. structural changes, including reduced volume, nodularity, and calcifications, are seen on 
computed tomography. ra = right artery; rV = right vein; sP = spinal vertebra. (From elseviers MM, De schepper a, Corthouts r, et al. High diagnostic performance of CT scan for 
analgesic nephropathy in patients with incipient to severe renal failure. Kidney Int. 1995;48:1316.)

 PROGNOSIS
The prognosis for acute interstitial nephritis is good if it is recognized early 
in the setting of minimal fibrosis. Early removal of offending agents or prompt 
treatment with antibiotics or immunosuppressive drugs can be renoprotective. 
However, acute renal tubular injury can be a trigger for chronic kidney disease.10

 CHRONIC INTERSTITIAL NEPHRITIS

 CLINICAL MANIFESTATIONS
Patients with primary chronic interstitial nephritis typically have elevated levels 
of serum creatinine and signs and symptoms of renal failure, including hema-
turia, hyposthenuria, nocturia, fatigue, and nausea. Urinalysis shows a fixed 
specific gravity of about 1.010, occasional glycosuria, and non–nephrotic-range 
proteinuria (often <1 g/L), with red and white blood cells and granular casts. 
Pyuria and positive urine cultures for bacteria are seen occasionally, and varying 
degrees of metabolic acidosis and hyperphosphatemia may be present. Before 
the glomerular filtration rate falls below 25 to 30 mL/minute, tubular acidosis 
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Obstruction
Significant urinary obstruction owing to occlusion of both ureters by bladder 
tumors, cervical carcinoma, ureteral valve disease, or bladder outlet obstruc-
tion is an important cause of chronic interstitial nephritis. Complete or partial 
urinary tract obstruction is accompanied by a decline in glomerular filtration 
and classic tubular abnormalities, including diminished reabsorption of solutes, 
impaired excretion of H+ and K+, and a vasopressin-resistant concentrating 
defect in the medulla. Obstruction is associated with a fall in the glomerular 
filtration rate because of reduced plasma flow and hydraulic pressure associ-
ated with the release of angiotensin II, leukotrienes, and nitric oxide, a process 
leading to mononuclear cell infiltration. Growth factors such as TGF-β, released 
by infiltrating cells, may contribute to the interstitial and glomerular fibrosis. 
Obstruction is more common in men than in women and is part of the routine 
assessment of renal failure by renal ultrasound (Chapters 112 and 120). Almost 
all obstructed kidneys eventually become infected if the obstruction is not 
relieved.

Hypercalcemia
Hypercalcemia can decrease glomerular filtration through renal vasoconstric-
tion, a decrease in the glomerular ultrafiltration coefficient, and volume deple-
tion as a result of a vasopressin-resistant concentrating defect associated with 
nephrocalcinosis and calcium deposition around the basement membranes 
of the distal tubules and collecting ducts. Such deposition secondarily leads 
to mononuclear cell infiltration and tubular death. Nephrocalcinosis also occurs 
in normocalcemic disorders of augmented calcium absorption through the 
gut (sarcoidosis [Chapter 89], vitamin D intoxication [Chapter 232]), skeletal 
breakdown (neoplasms or multiple myeloma [Chapter 178]), or classic distal 
renal tubular acidosis.

Myeloma
The chronic renal failure of multiple myeloma (Chapter 178) is caused by 
several mechanisms, including cast nephropathy (“myeloma kidney”), coex-
istent volume depletion, hypercalcemia (Chapter 232), nephrocalcinosis 
(Chapter 232), and uric acid nephropathy.16 Proteinaceous casts form in dilated, 
atrophic distal nephron segments that are surrounded by multinucleated giant 
cells in interstitial infiltrates. The casts typically contain both Tamm-Horsfall 
protein and a pathologic light chain. Interstitial plasma cells and mononuclear 
infiltrates, calcifications in the interstitium, and amyloid deposits in the vessels 
and glomeruli are often present. Light chains are nephrotoxic by direct injury 
to tubular cells or through intrarenal obstruction from cast formation. In the 
setting of excess light chain production, the proximal tubule reabsorptive 
capacity is overwhelmed, leading to their urinary excretion as Bence Jones 
proteins. An elevated intratubular pressure partly accounts for the decline in 
glomerular filtration in experimental cast nephropathy.

Lead Toxicity
Epidemiologic analyses support the association between excess lead burden 
(Chapter 19) and chronic renal failure. Blood lead levels reflect only recent, 
not chronic, exposure and can be normal in patients with a significant lead 
burden. Lead preferentially deposits in the proximal tubule, and nuclear inclu-
sions within proximal tubular cells are characteristic of lead nephropathy.

Ingestion of moonshine liquor, with its high lead content, can be an impor-
tant historical clue to the diagnosis. In adults, lead nephropathy produces 
chronic interstitial nephritis, fibrosis, and nephrosclerosis. Proximal tubular 
dysfunction may produce isolated tubule defects or a full Fanconi syndrome. 
Patients often have recurrent gout, and hyperuricemia and hypertension may 
be present. Some laboratories can measure δ-aminolevulinic acid dehydratase, 
which is inhibited by lead. Although chelation studies may document lead 
burden, this test is difficult to perform in patients with renal failure. X-ray 
fluorescent measurements of in vivo skeletal lead stores correlate well with 
ethylenediaminetetraacetic acid (EDTA) chelation tests and have the advantage 
of being rapid and noninvasive.

Cadmium Toxicity
Cadmium nephropathy (Chapter 19) is seen in regions with contamination 
from smelters that result in prolonged low-level exposure. Cadmium is bound 
to metallothionein, and proximal tubular cells take up these complexes. The 
liver and kidney are the two major organs in which cadmium accumulates. 
Its half-life in the body is longer than 10 years. Like blood levels of lead, blood 
levels of cadmium fall after acute exposure because of extensive tissue deposi-
tion. Once a threshold of renal deposition is exceeded, excess cadmium is 

scars and an irregular cortical contour, sometimes accompanied by papillary  
necrosis.

On biopsy (see Table 114-4), chronic interstitial nephritis is manifest by a 
cellular infiltrate that is eventually replaced by tubulointerstitial fibrosis (see 
Fig. 114-1B). Infiltrates of lymphocytes and rare neutrophils are scattered and 
less abundant than in acute interstitial nephritis.

Specific Causes
Analgesics
Aspirin, acetaminophen, and NSAIDs alone or together are a source of toxic 
metabolites and can induce medullary ischemia and papillary necrosis, some-
times with papillary calcification. The likelihood of analgesic nephropathy 
from taking acetaminophen alone is much less than with the others. Uroepi-
thelial malignancies also occur with increased frequency in this group of 
patients.

Aristolochic Acid Nephropathy
Aristolochic acid has been implicated as a cause of Balkan nephropathy and 
so-called Chinese herbal nephropathy. A growing number of people are taking 
vitamins and herbal preparations purchased from health food stores (Chapter 
34), and some of these remedies contain botanicals that produce chronic 
interstitial nephritis.11 Patients who are dieting often use these remedies and 
are first seen when they already have late-stage disease, which increases the 
risk for uroepithelial malignancies (Chapter 187).

Human Immunodeficiency Virus Tubulointerstitial Nephropathy
Predominate tubulointerstitial nephropathy accounts for about 25% of the 
renal lesions seen on biopsy in HIV-infected patients. Biopsies show two 
general forms: a tubulopathy or an interstitial nephritis. In the tubulopathy, 
damage is to the proximal tubule. About 80% of cases are associated with 
drug exposure, particularly tenofovir (Chapter 336), but poorly controlled 
HIV is an even more important risk factor.12 Approximately 30% of patients 
improve with time. Patients in the tubulointerstitial nephritis group have 
a mononuclear infiltration and more persistent viral loads, but 50 to 60%  
recover.13

Tubulointerstitial Nephritis with Uveitis Syndrome
Seen at any age but more commonly in young women and children, the 
TINU syndrome may be idiopathic, genetic, or in response to pharmaceu-
tical exposure.14 Unilateral or bilateral anterior panuveitis (Chapter 395) 
may precede or follow evidence of interstitial nephritis that starts acutely 
but may persist as chronic renal injury. If the renal function is not greatly 
impaired, concomitant Fanconi syndrome may suggest proximal tubular 
involvement. In the absence of controlled trials, treatment with varying 
doses of methylprednisolone followed by oral prednisone may be beneficial 
in some patients. Varying durations of supplemental or steroid-sparing immu-
nosuppression with mycophenolate mofetil or cyclophosphamide also have  
been used.

Vascular Disease
Chronic renal ischemia from vascular injury can lead to interstitial nephri-
tis, nephrosclerosis, and fibrosis, which are the classic renal lesions of 
untreated essential hypertension (Chapter 70). Similar injury is seen with 
aging, diabetes (Chapter 115), sickle cell disease (Chapter 154), and radia-
tion nephritis (Chapter 17). This tubulointerstitial injury from the vascu-
lar diseases is quite different from the aggressive necrosis seen with acute 
vasculitis. In patients taking calcineurin inhibitors such as cyclosporine or 
tacrolimus, renal ischemia from vasoconstriction can cause interstitial fibro-
sis that is sometimes difficult to distinguish from chronic allograft rejection  
(Chapter 122).

Immunoglobulin G4–Related Tubulointerstitial Nephritis
Immunoglobulin G4 (IgG4)-related tubulointerstitial nephritis is a relatively 
new systemic syndrome that expresses in the kidney as inflammatory masses 
associated with plasma cells and interstitial mononuclear cell infiltrates. Patients 
may have lesions in other organs, such as the liver, pancreas, thyroid, and 
myocardium.15 Eosinophilia and low complement levels can be seen. Serum 
IgG4 levels and tissue plasma cells are increased, but it is not clear whether 
the IgG4 antibodies are a biomarker or causative. The renal lesions in many 
patients respond briskly to corticosteroid treatment. IgG4 is also separately 
associated with membranous nephropathy (Chapter 113) and nephrotic-range 
proteinuria.



excreted in urine. Cadmium intoxication produces irreversible proximal tubular 
dysfunction, hypercalciuria, nephrolithiasis, and metabolic bone disease with 
pain (called “ouch-ouch” disease in Japan).

Hyperuricemia
Hyperuricemia, especially in acutely treated myeloproliferative disease, can 
cause acute renal failure. Many patients with chronic renal failure have serum 
uric acid levels higher than 10 mg/dL, attributable to diminished glomerular 
filtration and the effects of diuretics. However, most studies have not dem-
onstrated an independent association of hyperuricemia with chronic interstitial 
disease that could not otherwise be attributed to hypertension, vascular disease, 
calculi, or aging.

Chronic interstitial nephritis tends to progress slowly. Inciting factors such 
as obstruction, infection, drugs, or toxins should be removed whenever pos-
sible. The treatment is similar to that of other causes of chronic renal failure. 
Angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers 
(Table 70-5) are used early to slow disease progression, with a systolic blood 
pressure goal of 140 mm Hg (Chapters 70 and 121), except when hyperkalemia 
limits their use. Early treatment of acidosis with sodium bicarbonate, starting 
at 600 mg orally (PO) three times daily. Anemia is treated with erythropoiesis-
stimulating agents (e.g., darbepoetin alfa 0.45 µg/kg weekly to keep the hemo-
globin concentration between 10 and 12 g/L), hyperphosphatemia with oral 
phosphate binders (Table 111-4), and hyperparathyroidism with calcitriol (starting 
at 0.25 µg/day), which can improve performance status and protect against 
bone loss (Chapters 121 and 122). There is no clear role for immunosuppressive 
drugs in the treatment of chronic interstitial nephritis, except perhaps in early 
sarcoidosis (Chapter 89).

For certain specific causes of chronic interstitial nephritis, specific therapeutic 
approaches are warranted. For analgesic nephropathy, stopping analgesic use 
can help reduce progression. For hypercalcemia (Chapter 232), therapy is directed 
toward the primary disease—reduction of the serum calcium concentration, 
when appropriate, and correction of acid-base disturbances.

Appropriate therapy for presumed cast nephropathy in multiple myeloma 
includes chemotherapy to ameliorate excess light chain production (Chapter 
178); treatment of hypercalcemia (Chapter 232); alkalinization of the urine 
with the addition of bicarbonate to hypotonic fluids; and avoidance of radio-
contrast agents, which may enhance the nephrotoxicity of light chains. Loop 
diuretics should be used with caution, particularly in the setting of volume  
depletion.

EDTA is advocated as chelation therapy for lead toxicity (Chapter 19). The 
goal of chelation is to normalize the EDTA mobilization test. In occasional 
patients, this may arrest or reverse the progression of the renal failure.

TREATMENT 

 PROGNOSIS
The prognosis for chronic interstitial nephritis is highly variable and depends 
on the underlying condition and on comorbid conditions, including cardio-
vascular disease and diabetes mellitus, which become increasingly common 
in these patients over time.
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REVIEW QUESTIONS

1. A 35-year-old man employed in a long-term modeling contract sees you 
for the first time. He is worrying that he had seen blood in his urine. An 
ardent disciple of exercise, dieting, and supplements, he is in a monogamous 
relationship and taking no pharmaceuticals. On routine testing he has a 
serum creatinine of 2.3 mg/dL with +2 protein and blood in his urine 
without bacteria. Computed tomographic scan revealed normal-sized kidneys 
and a bladder mass. The most likely cause of his renal injury is:
 A. Herbal nephropathy
 B. BK virus nephropathy
 C. Myeloma kidney
 D. Sjögren syndrome
 E. Silent pyelonephritis

Answer: A This patient was taking various unknown herbal agents freely 
available over the counter. The likely exposure to aristolochic acid in these 
supplements has led to chronic interstitial nephritis and a uroepithelial tumor 
in the bladder producing hematuria. BK virus nephropathy is seen only after 
transplantation on immunosuppression. This is the wrong age for myeloma 
kidney, there are no symptoms of Sjögren syndrome, and pyelonephritis is 
unlikely in the absence of fever and bacteria in the urine.

2. A 44-year-old female office manager for a well-known U.S. senator has 
suffered from self-described stomach pains for many years. In the distant 
past, she was periodically given short courses of tetracycline from a friend 
for presumed gastric ulcers with unclear relief. Her regular physician has 
had her on long-term proton pump inhibitors for chronic gastroesopha-
geal reflux. Following a persistent low-grade fever, she visited her physi-
cian, and testing revealed a recent rise in her serum creatinine to 1.5 mg/
dL, pyuria without bacteria, and a fever of 100.5° F. The most likely  
diagnosis is:
 A. Omeprazole nephropathy
 B. Sarcoidosis
 C. Tetracycline nephropathy
 D. Malakoplakia
 E. Renal calculi

Answer: A Patient was taking proton pump inhibitors for a long time, which 
can cause acute interstitial nephritis; the reaction is idiosyncratic. Tetracy-
clines are an unlikely cause because she is not taking them presently. She 
has no symptoms of sarcoidosis. Malakoplakia is extremely rare and typically 
involves the lower urinary tract. Renal calculi often produce hematuria, a dif-
ferent pain syndrome, and raise serum creatinine usually as a result of bilateral  
obstruction.

3. A 67-year-old retired auto mechanic living in a rural town visits his physi-
cian with complaints of fatigue, shortness of breath, and generally not 
feeling well. He takes no pharmaceuticals or over-the-counter drugs. His 
vital signs were normal, HIV screen was negative, serum calcium was 
11.9 mg/dL, serum hemoglobin was 7.9 g/dL, and serum creatinine was 
2.8 mg/dL. His urine protein was 723 mg/L, and only a few white blood 
cells were found on urinalysis. He was admitted to the hospital when a 
lucency on his left femur was seen on a bone radiograph. The most likely 
diagnosis is:
 A. Myeloma nephropathy
 B. Focal glomerulosclerosis
 C. Xanthogranulomatous pyelonephritis
 D. Balkan nephropathy
 E. Ouch-ouch disease

Answer: A The patient presents with substantial clinical evidence of classic 
plasma cell dyscrasia, probably a form of myeloma. His urine contained highly 
abnormal levels of κ light chains with a monoclonal spike. Biopsy revealed 
cast nephropathy with diffuse interstitial nephritis, and his elevated calcium 
with lytic lesions suggests systemic bony involvement. With normal vital signs, 
less than a gram of protein in the urine, and a negative HIV test, focal glo-
merulosclerosis seems unlikely. The absence of fever or obvious pyuria elimi-
nates xanthogranulomatous pyelonephritis. Patients with Balkan nephropathy 
or ouch-ouch disease (cadmium toxicity) do not normally present with hyper-
calcemia and lytic bone lesions, and there is no history of exposure to herbals 
or toxic metals.

4. A 19-year-old female college student appeared in a student health clinic 
with complaints of generalized weakness, a sense of increased respiration, 
and bilateral blurry vision. She was taking birth control pills but had been 
otherwise well. Her college physical examination was completely normal, 
and her childhood uneventful. Her vital signs were normal, and her retina 
was normal on ophthalmoscopy. Her blood work showed a serum creatinine 
of 1.6 mg/dL, serum HCO3 of 19 mEq/L, serum glucose of 90 mg/dL, 
serum calcium of 9.1 mg/dL, and a serum phosphate of 3.2 mg/dL. Her 
chest radiograph was normal, but her urinalysis demonstrated pyuria and 
glycosuria. She was admitted urgently for a kidney biopsy and a formal 
ophthalmologic examination. The most likely cause is:
 A. Tubulointerstitial nephritis and uveitis (TINU) syndrome
 B. Sarcoidosis
 C. Epstein-Barr virus nephropathy
 D. Lead nephropathy
 E. Light chain nephropathy

Answer: A The patient presents with substantial clinical evidence of Fanconi 
syndrome with an elevated serum creatinine level. Her kidney biopsy will 
likely show interstitial nephritis, and her eye examination will likely reveal 
anterior uveitis. Sarcoidosis is unlikely with a normal chest radiograph and 
serum calcium level. She has no findings of Epstein-Barr virus infection, no 
history of lead exposure, and is too young for light chain disease.
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115 
DIABETES AND THE KIDNEY
RAYMOND C. HARRIS

 EPIDEMIOLOGY
In the industrialized world, diabetes mellitus is the single leading cause of 
end-stage renal disease (ESRD). Despite the improved care of patients with 
diabetes, both the incidence and prevalence of ESRD secondary to diabetes 
continue to rise. In the United States, more than 30% of patients undergoing 

either dialytic therapy or renal transplantation have ESRD as a result of diabetic 
nephropathy, and 40% of the new (incident) cases of ESRD are attributable 
to diabetes. Currently, more than 200,000 patients receive ESRD care as a 
result of diabetic nephropathy.

In the United States, Europe, and Japan, more than 90% of patients with 
diabetes have type 2 rather than insulinopenic type 1 diabetes (Chapter 216). 
The incidence of renal disease is equivalent, and more than 80% of the ESRD 
secondary to diabetes is also seen in patients with type 2 diabetes. Although 
it was previously supposed that ESRD secondary to type 2 diabetes was less 
common than with type 1 diabetes, when cohorts of patients with type 1 and 
type 2 diabetes are monitored for an extended period, the degree of renal 
involvement is similar. The demographics of ESRD secondary to type 2 dia-
betes mirror the prevalence of type 2 diabetes in the U.S. population, with a 
higher incidence in females and in African Americans, Hispanic Americans, 
Native Americans, and Asian Americans and a peak incidence in the fifth to 
seventh decade.1 Much of the increased mortality in both type 1 and type 2 
diabetes is associated with the prevalence of nephropathy. Given the global 
epidemic of obesity in developed countries, an increasing incidence of diabetic 
nephropathy is being widely appreciated. Smoking and elevated blood cho-
lesterol may be predisposing factors for the development of diabetic nephropathy 
in type 2 diabetic patients.

 PATHOBIOLOGY
Hyperglycemia
The metabolic sequelae of hyperglycemia appear to be the most important 
causative factor in the development of diabetic nephropathy.2 Hyperglycemia 
leads to: increased generation of reactive oxygen species; depletion of the 
reduced form of nicotinamide dinucleotide (phosphate); activation of the 
polyol pathway, which can lead to de novo synthesis of diacylglycerol and 
increased protein kinase C activity; alterations in the hexosamine pathway; 
and nonenzymatic protein glycation (advanced glycosylation end products). 
All of these have been implicated in the development of diabetic nephropathy, 
as well as other diabetic microvasculopathies. Although this can be marked 
by individual variations, better glucose control generally reduces the risk of 
nephropathy and other microvascular complications. For example, in patients 
who have glucokinase mutations, which are associated with milder hypergly-
cemia (average hemoglobin A1c [HbA1c] levels 6.9%), have far less proteinuria, 
microalbuminuria, or nephropathy than patients who have long-standing type 2 
diabetes with HbA1c levels averaging 7.8%. Furthermore, randomized interven-
tional studies clearly demonstrate that relatively better control of blood sugar 
decreases the development of nephropathy in type 1 diabetes, and observa-
tional studies with repeat renal biopsies show that the renal lesions of diabetic 
nephropathy may reverse after long-term functioning pancreas transplantation.

Hemodynamics
Patients with type 1 and, to a lesser extent, type 2 diabetes exhibit an increased 
glomerular filtration rate (GFR), so-called hyperfiltration, that is mediated 
by proportionately greater relaxation of the afferent arteriole than the efferent 
arteriole. This hyperfiltration leads to increased glomerular blood flow and 
elevated glomerular capillary pressure. With poorly controlled diabetes, patients 
also develop glomerular hypertrophy, with an increased glomerular capillary 
surface area. These intraglomerular hemodynamic and structural alterations 
may contribute to the development or progression (or both) of diabetic renal 
injury. Because angiotensin-converting enzyme (ACE) inhibitors and decreased 
dietary protein reduce this elevated intraglomerular capillary pressure in 
experimental animals, the hyperfiltration hypothesis provides one rationale 
for the success of these interventions in resisting the progression of diabetic 
nephropathy (see later discussion).

Hormones and Cytokines
Studies in experimental animals have implicated a number of cytokines, 
hormones, and intracellular signaling pathways in either development or 
progression of diabetic nephropathy, notably transforming growth factor β, 
connective tissue growth factor, angiotensin II, vascular endothelial growth 
factor, endothelin, prostaglandins, and nitric oxide. Because these factors have 
also been implicated in a variety of nondiabetic kidney diseases, it is likely 
that they will not prove to be specific for diabetic nephropathy. However, 
agents that interrupt angiotensin II production and signaling have proven to 
be very effective in slowing the progression of diabetic nephropathy. Further-
more, agents that interrupt intracellular pathways activated by these factors 
or by other consequences of hyperglycemia may provide future therapeutic  
opportunities.
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ABSTRACT
Diabetic nephropathy is one of the most prominent “microvascular” complica-
tions of diabetes and is a major source of morbidity and mortality. Both the 
incidence and the prevalence of diabetic nephropathy continue to rise. The 
vast majority of incident and prevalent cases of diabetic nephropathy are sec-
ondary to type 2, obesity-prone, diabetes. With the global rise in obesity, an 
increasing incidence of diabetic nephropathy is being reported worldwide. 
Patients who develop diabetic nephropathy classically progress from initial 
presentation with microalbuminuria to development of nephrotic range pro-
teinuria and progressive decline in glomerular filtration rate until the develop-
ment of end-stage kidney disease. Diabetic nephropathy is the etiology for 
more than 30% of the patients currently receiving renal replacement therapy 
in the United States. Control of hyperglycemia and blood pressure can decrease 
the incidence of diabetic nephropathy but does not completely eliminate the 
risk. The current standard therapy includes treatment with agents that interfere 
with the renin-angiotensin system (ACE inhibitors or angiotensin receptor 
blockers), but new therapies continue to be evaluated.
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Diabetic nephropathy progresses through four relatively distinct stages  
(Fig. 115-1).

Stage I
In stage I, which commences soon after the overt manifestations of diabetes, 
renal blood flow and GFR increase by up to 50%, and the kidney’s glomeruli 
and tubules hypertrophy compared with age- and weight-matched normal 
control subjects. Although patients with type 2 diabetes also tend to have an 
elevated GFR during the early course of their disease, the GFR increases are 
not usually as pronounced as seen with insulin-dependent diabetes mellitus. 
At this stage, macroalbuminuria (>300 mg per 24 hours) is not detectable, 
but transient microalbuminuria (30 to 300 mg per 24 hours) can occasionally 
be measured by radioimmunoassay, enzyme-linked immunosorbent assay, or 
special dipsticks, especially when induced by stress, physical exertion, concur-
rent illness, or poor glycemic control.4 Hypertension is usually absent in the 
early stages in type 1 diabetic patients but is present in 10 to 25% of type 2 
diabetic patients at initial evaluation.

Stage II
Approximately 30% of type 1 diabetic patients progress to stage 2, which is 
characterized by fixed microalbuminuria after a median of about 10 years of 
diabetes. Although the GFR either remains elevated or is within the normal 
range at this stage, renal histology becomes abnormal and is manifested as 
glomerular and tubular basement membrane thickening and the inception of 
mesangial matrix expansion. Microalbuminuria is more likely in patients who 
have evidence of other microvascular insults, especially proliferative retinopathy. 
Microalbuminuria is a more specific sign of diabetic nephropathy in type 1 
diabetes than in type 2 diabetes because of the high incidence of hypertension, 
which itself may lead to microalbuminuria, in the latter.

Stage III
The great majority of patients who are initially seen with fixed microalbumin-
uria progress to overt nephropathy (stage III) within 5 to 7 years. In this stage, 
patients have overt proteinuria (>500 mg of total protein per 24 hours) and 
macroalbuminuria, which are detectable with a routine urinary protein dipstick. 
With the onset of Stage III, eGFR is usually below normal levels for age and 
continues to decrease as disease progresses. Blood pressure begins to rise in 
type 1 diabetic patients with stage III nephropathy. In type 2 diabetic patients, 
who frequently have preexistent hypertension, blood pressure commonly 
becomes more difficult to control.

Genetics
At present, it is not possible to predict which patients will develop diabetic 
nephropathy. Although poor glycemic and blood pressure control undoubtedly 
contribute, nephropathy may or may not develop in an individual patient even 
after many years of hypertension and hyperglycemia. Both type 1 and type 2 
diabetes cluster in families. Type 1 diabetic patients with siblings who have 
diabetic nephropathy have a greater than 70% lifetime risk of developing dia-
betic nephropathy themselves. Patients with type 2 diabetes also appear to 
have a hereditary predisposition for or against the development of diabetic 
nephropathy.

However, diabetic nephropathy is likely to be a polygenic disease, and its 
development and progression are likely related to the inheritance of multiple 
polymorphisms with variable effect sizes. For example, African Americans 
with the apolipoprotein-1 gene do not have an increased predisposition to 
develop diabetic nephropathy, but nephropathy will have an accelerated pro-
gression in such patients. In addition, the lack of nephropathy in patients with 
glucokinase mutations may be more pronounced than can be explained just 
by their relatively lower HbA1c levels. Studies also suggest a long-term pro-
gramming or memory effect in the development of diabetic kidney disease, 
such that patients whose type 1 diabetes was poorly controlled in the past 
will develop nephropathy at an increased rate despite subsequent excellent 
glycemic control. These findings suggest the possible role for epigenetic 
programming—such as for the glomerular expression of enzymes in glycolytic, 
sorbitol, methylglyoxal, and mitochondrial pathways—in type 1 diabetic 
patients who develop diabetic nephropathy.3

 CLINICAL MANIFESTATIONS
Natural History
Although a minority of patients with diabetic nephropathy have type 1 dia-
betes, the natural history of the disease is best exemplified in this population 
because the onset of diabetes is more clearly definable and typically occurs 
at an early enough age to permit long-term follow-up. Furthermore, patients 
with type 1 diabetes usually do not initially have comorbid essential hyperten-
sion, atherosclerotic cardiovascular disease, obesity, and other conditions that 
are often associated with type 2 diabetes and that may independently produce 
chronic renal injury. However, the similarity of the nephropathic progressions 
in type 1 and 2 diabetes is exemplified by the Pima Indians, who exhibit a 
strong genetic predisposition for the development of type 2 diabetes by the 
fourth decade of life and in whom the diabetic nephropathy progresses in a 
similar pattern as seen in type 1 diabetic patients.
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FIGURE 115-1. Stages of diabetic nephropathy. GFR = glomerular filtration rate. 

Renal biopsy reveals diffuse or nodular (Kimmelstiel-Wilson) glomeruloscle-
rosis. Although the Kimmelstiel-Wilson lesion is considered pathognomonic 
of advanced diabetic nephropathy, only approximately 25% of patients mani-
fest this lesion. A nodular pattern of glomerulopathy mimicking Kimmelstiel-
Wilson lesions may also be seen in light chain nephropathy (Chapter 178), and 
historic descriptions of “diabetic nephropathy without overt hyperglycemia” 
based solely on light microscopic analysis actually may have represented light 
chain disease. Nodular glomerular lesions can also be observed in amyloi-
dosis (Chapter 179) and membranoproliferative glomerulonephritis type II  
(Chapter 113).

An additional pathognomonic feature of diabetic nephropathy is the finding 
of both afferent and efferent arteriolar hyalinosis, which can be distinguished 
from the isolated afferent arteriolar lesion of essential hypertension. In overt 
diabetic nephropathy, tubular alterations owing to tubular hypoxia may mediate 
the progressive decline in renal function,5 and progressive tubulointerstitial 
fibrosis correlates most closely with the decline in renal function. The GFR 
begins to decline from the normal range, but the serum creatinine level may 
remain in the normal range.

Stage IV
Stage IV, or advanced diabetic nephropathy, is characterized by a relentless 
decline in renal function and progression to ESRD. Patients typically have 
heavy or nephrotic-range proteinuria (>3.5 g/24 hr) and systemic hyperten-
sion but have no evidence of inflammatory glomerular (red blood cell casts) 
or tubulointerstitial (white blood cells, white blood cell casts) lesions. The 
kidneys may be inappropriately large for the observed degree of renal insuf-
ficiency. However, a subset of patients with type 2 diabetes develops chronic 
kidney disease without nephrotic-range proteinuria. Whether this difference 
represents a fundamental difference in the pathophysiology of the two condi-
tions or represents the synergistic effects of other kidney injuries, such as 
hypertensive renal disease, is unclear.

Other Renal Complications
Patients with diabetes also have an increased rate of other kidney and geni-
tourinary abnormalities. Type IV (hyporeninemic, hypoaldosteronemic) 
metabolic acidosis (Chapter 110) with hyperkalemia is commonly encountered 
in patients with diabetes and mild to moderate renal insufficiency. These patients 
should be carefully monitored for the development of severe hyperkalemia 
(Chapter 109) in response to volume depletion or after the initiation of drugs 
that interfere with the renin-angiotensin system, such as ACE inhibitors, 
angiotensin II receptor blockers (ARBs), β-adrenergic blockers, both nonse-
lective and selective cyclooxygenase-2 (COX-2) nonsteroidal anti-inflammatory 
agents, and heparin, as well as potassium-sparing diuretics.

Patients with diabetes have an increased incidence of bacterial and fungal 
infections of the genitourinary tract (Chapter 268). In addition to lower urinary 
tract infections, they have an increased risk for pyelonephritis and intrarenal 
and perinephric abscess formation (Chapter 268).

Unilateral or bilateral renal artery stenosis (Chapter 116) occurs more fre-
quently in the type 2 diabetic population than in age-matched nondiabetic 
individuals and should be considered if a diabetic patient has intractable 
hypertension or a rapidly rising serum creatinine level immediately after initia-
tion of therapy with an ACE inhibitor or ARB. Other causes of acute deterio-
ration in renal function include papillary necrosis with ureteral obstruction 
owing to sloughing of a papilla, obstructive uropathy caused by bladder dys-
function as a result of autonomic neuropathy, and contrast media–induced 
acute tubular necrosis (Chapter 112). In addition, prerenal azotemia or acute 
tubular necrosis may develop in diabetic patients as a result of heart failure 
or volume depletion owing to vomiting induced by gastroparesis (Chapter 
216) or diarrhea from autonomic neuropathy.

 DIAGNOSIS
The diagnosis of overt diabetic nephropathy is made by three main criteria: 
the presence of proteinuria within an appropriate time frame, the presence 
of retinopathy (90 to 95% in type 1 and 60 to 65% in type 2), and the absence 
of other causes of nephrotic syndrome or renal insufficiency.6 For patients 
with type 1 diabetes who develop diabetic nephropathy, significant proteinuria 
is seen within 11 to 23 years of onset of diabetes. Although microalbuminuria 
does not always progress to overt proteinuria in these patients, it always pre-
cedes overt proteinuria in the patients who do progress. Therefore, the American 
Diabetes Association recommends screening all patients with type 1 diabetes 
for microalbuminuria 5 years after the diagnosis and yearly thereafter. It is 
often more difficult to assess the timing of the onset of diabetes with certainty 
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Renal biopsy reveals diffuse or nodular (Kimmelstiel-Wilson) glomeruloscle-
rosis. Although the Kimmelstiel-Wilson lesion is considered pathognomonic 
of advanced diabetic nephropathy, only approximately 25% of patients mani-
fest this lesion. A nodular pattern of glomerulopathy mimicking Kimmelstiel-
Wilson lesions may also be seen in light chain nephropathy (Chapter 178), and 
historic descriptions of “diabetic nephropathy without overt hyperglycemia” 
based solely on light microscopic analysis actually may have represented light 
chain disease. Nodular glomerular lesions can also be observed in amyloi-
dosis (Chapter 179) and membranoproliferative glomerulonephritis type II  
(Chapter 113).

An additional pathognomonic feature of diabetic nephropathy is the finding 
of both afferent and efferent arteriolar hyalinosis, which can be distinguished 
from the isolated afferent arteriolar lesion of essential hypertension. In overt 
diabetic nephropathy, tubular alterations owing to tubular hypoxia may mediate 
the progressive decline in renal function,5 and progressive tubulointerstitial 
fibrosis correlates most closely with the decline in renal function. The GFR 
begins to decline from the normal range, but the serum creatinine level may 
remain in the normal range.

Stage IV
Stage IV, or advanced diabetic nephropathy, is characterized by a relentless 
decline in renal function and progression to ESRD. Patients typically have 
heavy or nephrotic-range proteinuria (>3.5 g/24 hr) and systemic hyperten-
sion but have no evidence of inflammatory glomerular (red blood cell casts) 
or tubulointerstitial (white blood cells, white blood cell casts) lesions. The 
kidneys may be inappropriately large for the observed degree of renal insuf-
ficiency. However, a subset of patients with type 2 diabetes develops chronic 
kidney disease without nephrotic-range proteinuria. Whether this difference 
represents a fundamental difference in the pathophysiology of the two condi-
tions or represents the synergistic effects of other kidney injuries, such as 
hypertensive renal disease, is unclear.

Other Renal Complications
Patients with diabetes also have an increased rate of other kidney and geni-
tourinary abnormalities. Type IV (hyporeninemic, hypoaldosteronemic) 
metabolic acidosis (Chapter 110) with hyperkalemia is commonly encountered 
in patients with diabetes and mild to moderate renal insufficiency. These patients 
should be carefully monitored for the development of severe hyperkalemia 
(Chapter 109) in response to volume depletion or after the initiation of drugs 
that interfere with the renin-angiotensin system, such as ACE inhibitors, 
angiotensin II receptor blockers (ARBs), β-adrenergic blockers, both nonse-
lective and selective cyclooxygenase-2 (COX-2) nonsteroidal anti-inflammatory 
agents, and heparin, as well as potassium-sparing diuretics.

Patients with diabetes have an increased incidence of bacterial and fungal 
infections of the genitourinary tract (Chapter 268). In addition to lower urinary 
tract infections, they have an increased risk for pyelonephritis and intrarenal 
and perinephric abscess formation (Chapter 268).

Unilateral or bilateral renal artery stenosis (Chapter 116) occurs more fre-
quently in the type 2 diabetic population than in age-matched nondiabetic 
individuals and should be considered if a diabetic patient has intractable 
hypertension or a rapidly rising serum creatinine level immediately after initia-
tion of therapy with an ACE inhibitor or ARB. Other causes of acute deterio-
ration in renal function include papillary necrosis with ureteral obstruction 
owing to sloughing of a papilla, obstructive uropathy caused by bladder dys-
function as a result of autonomic neuropathy, and contrast media–induced 
acute tubular necrosis (Chapter 112). In addition, prerenal azotemia or acute 
tubular necrosis may develop in diabetic patients as a result of heart failure 
or volume depletion owing to vomiting induced by gastroparesis (Chapter 
216) or diarrhea from autonomic neuropathy.

 DIAGNOSIS
The diagnosis of overt diabetic nephropathy is made by three main criteria: 
the presence of proteinuria within an appropriate time frame, the presence 
of retinopathy (90 to 95% in type 1 and 60 to 65% in type 2), and the absence 
of other causes of nephrotic syndrome or renal insufficiency.6 For patients 
with type 1 diabetes who develop diabetic nephropathy, significant proteinuria 
is seen within 11 to 23 years of onset of diabetes. Although microalbuminuria 
does not always progress to overt proteinuria in these patients, it always pre-
cedes overt proteinuria in the patients who do progress. Therefore, the American 
Diabetes Association recommends screening all patients with type 1 diabetes 
for microalbuminuria 5 years after the diagnosis and yearly thereafter. It is 
often more difficult to assess the timing of the onset of diabetes with certainty 

in patients with type 2 diabetes. For that reason, the American Diabetes Asso-
ciation recommends screening for microalbuminuria at the time of diagnosis 
and yearly thereafter.

Glycemic control significantly lessens the incidence of nephropathy in patients 
with type 1 diabetes for at least 20 or more years but does not completely 
eliminate the risk (Fig. 115-2).7 However, tight glycemic control to reduce to a 
HbA1c target level of 6.5% or less in patients with type 2 diabetes does not 
reduce the risk of nephropathy compared with standard therapy to a goal of 
7 to 7.9%. A1 

Elevated blood pressure is an important risk factor in the progression of 
diabetic nephropathy, and it was previously believed that blood pressure goals 
should be lower than for the general population. However, recent studies have 
shown detrimental effects of low blood pressures in patients with diabetic 
nephropathy, and more moderate blood pressure control with systolic blood 
pressures of 130 to 140 mm Hg is advocated. A2  Dietary sodium restriction, to 
a target of less than 2 g sodium per day, can provide a clinically and statistically 
significant reduction in blood pressure. A3 

In latent (Stage II) and overt (Stage III) diabetic nephropathy, renal func-
tion declines. With declining renal function, oral hypoglycemic agents become 
contraindicated. Because of the increased risk of prolonged hypoglycemia, use 
of sulfonylureas is contraindicated in patients with stage 3b chronic kidney 
disease or worse (e.g., an eGFR <45). Because of the potentially increased risk of 
lactic acidosis with metformin therapy in patients who have renal insufficiency, 
treatment guidelines currently recommend not administering it to patients with 
serum creatinine of greater than 1.7, although this recommendation may be 
subject to change in the future. In addition, as GFR declines, insulin require-
ments may decrease owing to reduced insulin degradation and clearance by 
the failing kidney (Chapter 216).

Medications that interfere with the renin-angiotensin system, either ACE 
inhibitors or ARBs, are the preferred agents, with calcium-channel antago-
nists as second-line therapy. A4  However, combination therapy using both an 
ACE inhibitor and an ARB is contraindicated because of increased side effects. 
Meta-analysis of published studies suggests that the addition of a mineralo-
corticoid antagonist to an ACE inhibitor or ARB can further decrease protein-
uria and augment blood pressure reduction, but with an increased risk for  
hyperkalemia. A5 

Because of the high prevalence of type IV renal tubular acidosis (Chapter 110) 
and renal artery stenosis (Chapter 116) associated with diabetic nephropathy, 
patients treated with ACE inhibitors or ARBs should have their serum potassium 
and creatinine levels monitored closely in the first week after the initiation  
of therapy. If blood pressure control is not achieved with these agents, diuret-
ics and other antihypertensive agents, including cardioselective β-blockers, 
α-blockers, and nondihydropyridine calcium-channel blockers, can be added 
(Chapter 70). A6  Dihydropyridine calcium-channel blockers induce selective affer-
ent arteriolar vasodilation and may increase intraglomerular capillary pressure, 
so they are usually reserved for patients who do not achieve blood pressure 
control with other agents. Recent studies indicate that the subcutaneous 
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Stage I Tight glucose control 
BP control—consider use of ACEI or ARB 

Stage II  Tight glucose control
ACEI or ARB 
BP control 
Smoking cessation 
Weight reduction 
Exercise 
Annual eye examination 

Stage III  ACEI or ARB 
BP control 
Restriction of dietary protein 
 (to 0.8g/kg/day of ideal body weight)
Antihyperlipidemic medications 

Stage IV  Treat manifestations of nephrotic syndrome 
 and chronic renal insufficiency 
Prepare for renal replacement therapy, 
 including prevention of abnormalities 
 in calcium and phosphorus metabolism 
 and prevention of anemia by early use 
 of erythropoietin 

FIGURE 115-2. Treatment of diabetic nephropathy. aCei = angiotensin-converting 
enzyme inhibitor; aRb = angiotensin-receptor blocker; bP = blood pressure. 



glucagon-like receptor 1 analogues, liraglutide (1.8 or 1.2 mg once daily, added 
to basal insulin) A7 

,
 A8  and semaglutide (starting dose of 0.25 mg for 4 weeks, 

then increasing to 0.5 mg for 4 weeks until the maintenance dose of 0.5 mg or 
1.0 mg weekly is achieved), A9  and the oral serum-glucose transporter 2 inhibitor 
canagliflozin (initial dose of 100 mg daily, with an optional increase to 300 mg 
starting from week 13), A10  can slow the progression of diabetic nephropathy 
and reduce cardiovascular events in type 2 diabetes (Chapter 216).8

Because morbidity and mortality from cardiovascular disease is significantly 
increased in patients with diabetic nephropathy, physicians should encourage 
smoking cessation (Chapter 29) and should prescribe statins for patients with 
hyperlipidemia (Chapter 195). Judicial restriction of dietary protein to 0.8 g/kg 
of ideal body weight per day is recommended by the American Diabetes Asso-
ciation. Although further dietary protein restriction may retard the progression 
of diabetic nephropathy, considerations of such restrictions must be balanced 
against the individual patient’s nutritional requirements.

Renal Replacement Therapy
More than 80% of patients with end-stage diabetic nephropathy receive 

dialysis as their modality of renal replacement therapy (Chapter 122), with 
about 5 times as many undergoing hemodialysis as compared with peritoneal 
dialysis (Chapter 122). Because of their associated cardiovascular, cerebrovas-
cular, and peripheral vascular disease as well as their increased risk for infection, 
the mortality of diabetic patients who receive either type of dialysis is 1.5 to 
2.0 times worse than in nondiabetic patients, corresponding to a 5-year survival 
rate of less than 20% in diabetic patients undergoing maintenance dialysis. 
Outcomes are worse in patients whose HbA1c levels are above 8.5%.

In general, the management of a diabetic patient nearing ESRD is similar to 
that of a nondiabetic patient (Chapter 121). Stage III patients should be under 
the care of a nephrologist, and planning should be initiated for the modality 
of dialysis. Although dialysis is generally initiated when the GFR declines to 
less than 10 mL/min, earlier initiation of dialysis is sometimes necessary in 
diabetic patients in whom issues such as volume-dependent hypertension or 
hyperkalemia may not otherwise be manageable without renal replacement 
therapy. Uremia and gastroparesis also can lead to malnutrition or uncontrol-
lable recurrent emesis.

Approximately 25% of renal transplants performed in the United States 
are in diabetic patients, and more than 90% of these are in type 1 diabetic 
patients because of their younger age and lesser degrees of macrovascular 
comorbidity. Long-term survival and quality of life are generally superior after 
transplantation compared with chronic dialysis. However, the other micro-
vascular complications (retinopathy, neuropathy) are not improved by renal 
transplantation alone. Pancreas and combined kidney-pancreas transplan-
tation can significantly improve the quality of life of patients with diabetic 
nephropathy by improving autonomic neuropathy, by retarding or possibly 
correcting retinopathy, and by avoiding the potential complications of insulin 
administration. However, all transplantation options remain limited by organ  
availability.
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REVIEW QUESTIONS

1. A 64-year-old Hispanic male with moderately controlled type 2 diabetes, 
hypertension, and chronic kidney disease with nephrotic-range proteinuria 
and serum creatinine of 2.4 is admitted to the hospital because he has 
suffered a stroke. Which is the best single answer concerning this patient?
 A. Intensive glycemic control of type 2 diabetes does not decrease the 

incidence of nephropathy or cardiovascular mortality.
 B. Type 2 diabetic patients with chronic kidney disease always have increased 

albuminuria.
 C. In type 2 diabetes, proteinuria correlates with an increased incidence 

of coronary heart disease but not with stroke.
 D. In both type 1 and type 2 diabetes, hypertension usually indicates evi-

dence of diabetic nephropathy.
 E. Nephrotic range proteinuria is greater than 1.5 grams of proteinuria/

day.
Answer: A Intensive glycemic control of type 2 diabetes does not decrease 
the incidence of nephropathy and cardiovascular mortality. The ACCORD 
trial indicated an increased risk of overall mortality with intensive glucose 
lowering in this population. Recent meta-analyses have indicated a decrease 
in cardiovascular disease outcomes, specifically nonfatal myocardial infarctions 
and risk of progression of nephropathy, but could not confirm that there was 
any decrease in the incidence of nephropathy or cardiovascular mortality. B 
is false because about 20% of type 2 diabetic patients with chronic kidney 
disease do not have albuminuria. C is false because proteinuria correlates 
with an increased incidence of coronary heart disease and stroke in patients 
with type 2 diabetes. D is false because patients with type 2 diabetes are older 
and often have hypertension prior to the onset of diabetic kidney injury. E 
is false because the definition of nephrotic range proteinuria is greater than 
2.5 grams/day.

2. Which is the best single answer concerning structural changes to the kidney 
during the course of diabetic nephropathy?
 A. Afferent and efferent arteriolar hyalinosis are nonspecific findings and 

are found in a variety of glomerular diseases.
 B. More than 90% of patients with type 2 diabetes have evidence of reti-

nopathy at the time of diagnosis of overt nephropathy.
 C. Thickening of the glomerular basement membrane is a late finding in 

diabetic nephropathy.
 D. Kimmelstiel-Wilson lesions are observed in a minority of patients diag-

nosed with diabetic nephropathy.
 E. Kidney hypertrophy always indicates that the patient will develop overt 

nephropathy.
Answer: D Kimmelstiel-Wilson lesions are observed in a minority of patients 
diagnosed with diabetic nephropathy. A is false because the combination of 
afferent and efferent arteriolar hyalinosis is characteristic of diabetic nephropa-
thy. B is false because only 60 to 65% of type 2 diabetic patients have retinopathy 
concomitant with onset of nephropathy. C is false because thickening of the 
glomerular basement membrane can be observed 2 to 5 years after the onset 
of diabetes and occurs before the onset of overt proteinuria or decline in renal 
function. E is false because kidney hypertrophy does not always indicate that 
the patient will develop overt nephropathy.
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116 
VASCULAR DISORDERS OF THE KIDNEY
THOMAS D. DUBOSE, JR., AND RENATO M. SANTOS

Vascular disorders of the kidney include arterial and venous lesions that may 
significantly impact kidney function by altering glomerular hemodynamics, 
ultrafiltration, and tubular function. Atherosclerotic renal artery stenosis is 
an important cause of secondary hypertension and is associated with higher 
rates of cardiovascular morbidity and mortality. In addition, thrombosis, emboli, 
or inflammation involving the renal microvasculature or renal veins may also 
lead to acute kidney injury or chronic kidney disease.

 RENAL ARTERY STENOSIS

 DEFINITION
Narrowing of the renal arteries, most commonly caused by atherosclerotic 
disease, may cause hypoperfusion of one or both kidneys. Fibromuscular 
dysplasia of the renal arteries is a much less common but important-to-diagnose 
cause of renal artery stenosis because of the high success rate of treating it 
with renal vascular intervention. Other conditions that lead to renal artery 
stenosis include vasculitis (Chapter 254), neurofibromatosis (Chapter 389), 
congenital bands, extrinsic compression, traumatic injury, dissection, and 
post-radiation injury (Chapter 17).

 EPIDEMIOLOGY
Although the prevalence of renal artery stenosis in the general population is 
relatively low and is distributed similarly according to ethnicity, the prevalence 
increases significantly with advancing age to over 20% by the ninth decade. 
The prevalence is significantly higher in patients with resistant hypertension. 
Atherosclerotic disease, which accounts for approximately 90% of all lesions, 
is more common in the elderly and in patients with traditional cardiovascular 
risk factors such as hypertension, hyperlipidemia, smoking, and diabetes. It 
is also more common in patients with heart failure, multivessel coronary disease, 
carotid artery stenosis, and peripheral vascular disease.

In contrast, fibromuscular dysplasia is more common in younger patients, 
with a mean age of 52 years at diagnosis. Overall, 80 to 90% of cases are 
women, but renovascular fibromuscular dysplasia appears not to show such 
a gender differential.1 The exact prevalence of fibromuscular dysplasia is 
unknown, but in one study of more than 2500 potential kidney donors evalu-
ated by renal computed tomography (CT) angiography, the prevalence was 
4.4%. Of this group, 31% had previously been diagnosed with hypertension. 
Fibromuscular dysplasia, which is an important cause of treatable hyperten-
sion in young patients without cardiovascular risk factors, is both pathologically 
and angiographically distinct from atherosclerotic disease. The cause remains 
unknown, but genetic, hormonal, and mechanical factors may predispose to 
this disorder.

 PATHOBIOLOGY
The pathobiology of atherosclerotic renal artery stenosis is identical to that 
of atherosclerotic disease in other arterial beds. Fibromuscular dysplasia, by 
contrast, includes four distinct histopathological types: medial fibroplasia, 
which is the most common, accounts for 75 to 80% of cases; perimedial fibro-
plasia, with irregular thickening of the media; medial hyperplasia, with smooth 
muscle hyperplasia without fibrosis; and intimal fibroplasia. Unlike athero-
sclerotic disease, which localizes at ostial and proximal segments of the renal 
arteries, fibromuscular dysplasia more commonly involves the middle and 
distal arterial segments. In addition to stenosis, about 20 to 25% of patients 
may develop aneurysms or dissection.2

Renal hypoperfusion results in two pathophysiologic effects. The first is 
activation of the renin–angiotensin–aldosterone system with resulting 
angiotensin-mediated vasoconstriction, aldosterone-mediated sodium reten-
tion, and release of antidiuretic hormone. Increased sympathetic tone and 
volume retention lead to hypertension. These effects explain the efficacy of 
angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor 
blockers (ARBs) in controlling hypertension in patients with fibromuscular 
dysplasia.

The second mechanism, which is more common in patients with athero-
sclerotic disease and less common with fibromuscular hyperplasia,3 is the 
result of severe and repetitive bouts of hypoperfusion that cause tubulo-
interstitial and microvascular injury. Persistent activation of the renin–
angiotensin–aldosterone system can lead to endothelial dysfunction, epithelial 
injury, oxidative stress, inflammation, endothelin release, and additional pressor 
mechanisms. Compounding factors that may contribute to vascular injury 
include smoking, advanced age, dyslipidemia, diabetes, and hypertension. The 
chronic injury that results from these pressor mechanisms may not respond 
to revascularization and may ultimately lead to tubule atrophy, interstitial 
fibrosis, and progressive chronic kidney disease.

Ischemic nephropathy is defined as impairment of kidney function beyond 
the anticipated decrease in perfusion that is typical of hemodynamically sig-
nificant renal artery stenosis. Unlike cardiac or cerebral tissue, renal perfusion 
is primarily determined by glomerular ultrafiltration and normally exceeds 
the kidney’s metabolic needs by more than 10-fold. Therefore, significant renal 
injury does not occur until perfusion to the entire renal parenchyma is severely 
reduced. These principles explain why renal dysfunction is rarely associated 
with hemodynamically significant fibromuscular dysplasia but is more common 
in atherosclerotic renal artery stenosis, in which repetitive perfusion insults 
superimposed on atherogenic risk factors, not hypoperfusion per se, appear 
to explain the accompanying kidney dysfunction.

 CLINICAL MANIFESTATIONS
The clinical features of renal artery stenosis result primarily from renovascular 
hypertension and ischemic nephropathy. Patients typically present with resis-
tant hypertension unresponsive to high doses of multiple antihypertensive 
agents.

Patients with fibromuscular dysplasia often complain of headache and pul-
satile tinnitus. Fibromuscular dysplasia should be suspected in young patients, 
especially women, who have a recent onset of hypertension without other 
cardiac risk factors or a family history of hypertension. Because patients with 
fibromuscular dysplasia often benefit from renal artery revascularization, renal 
Doppler ultrasonography, which is the preferred screening test in these patients, 
is recommended. If the renal artery ultrasonography suggests significant renal 
artery stenosis, then renal angiography (Fig. 116-1) should be considered.

Patients with atherosclerotic renal artery stenosis may present with ischemic 
nephropathy, hypertension (Chapter 70), or an acute coronary syndrome 

(Chapter 63). In addition, renal artery stenosis is often found as an incidental 
finding in otherwise asymptomatic patients. For patients suspected of having 
atherosclerotic renal artery stenosis that may benefit from revascularization, 
screening with renal Doppler, CT angiography, or magnetic resonance (MR) 
angiography should be considered.

 DIAGNOSIS
Because the clinical manifestations of fibromuscular dysplasia can often be 
ameliorated by endovascular interventions, its prompt diagnosis is essential.4 
For atherosclerotic renal artery stenosis, however, in which the revasculariza-
tion procedure has little or no benefits, establishing the diagnosis mostly 
influences the choices among medical therapies. Duplex ultrasonography, 
which directly visualizes the renal arteries and provides velocity measurements, 
suggests renal artery stenosis when peak systolic velocities are above 180 cm/
sec. It is an excellent screening test for suspected fibromuscular disease. Multi-
detector CT angiography can rapidly diagnose renal artery stenosis, with a 
sensitivity approaching 90% and specificity over 90%,5 but the need for iodin-
ated contrast limits its utility in patients with impaired kidney function. In 
addition, significant vessel wall calcification can present a challenge in estimating 
the degree of arterial stenosis. Gadolinium-enhanced MR angiography scans 
(Fig. 116-2) can be performed in patients with mild kidney functional impair-
ment but are contraindicated in patients with advanced chronic or end-stage 
renal disease because of the unacceptably high risk of nephrogenic systemic 
fibrosis (Chapter 251). Although MR angiography avoids excessive radiation 
exposure, it is more prone to motion artifact and is less reliable for identifying 
distal renal artery lesions in patients with suspected fibromuscular dysplasia. 
Fibromuscular dysplasia is often multicentric, with a predilection for cerebral 
as well as renal arteries. Screening of the cerebral vasculature should be con-
sidered in patients with renovascular disease.6
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ABSTRACT
Vascular disorders of the kidney include arterial and venous lesions that may 
significantly impact kidney function by altering glomerular hemodynamics, 
ultrafiltration, and tubular function. Atherosclerotic renal artery stenosis is 
an important cause of secondary hypertension and is associated with higher 
rates of cardiovascular morbidity and mortality. In addition, thrombosis, emboli, 
and inflammation involving the renal microvasculature or renal veins may also 
lead to acute kidney injury or chronic kidney disease.
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The second mechanism, which is more common in patients with athero-
sclerotic disease and less common with fibromuscular hyperplasia,3 is the 
result of severe and repetitive bouts of hypoperfusion that cause tubulo-
interstitial and microvascular injury. Persistent activation of the renin–
angiotensin–aldosterone system can lead to endothelial dysfunction, epithelial 
injury, oxidative stress, inflammation, endothelin release, and additional pressor 
mechanisms. Compounding factors that may contribute to vascular injury 
include smoking, advanced age, dyslipidemia, diabetes, and hypertension. The 
chronic injury that results from these pressor mechanisms may not respond 
to revascularization and may ultimately lead to tubule atrophy, interstitial 
fibrosis, and progressive chronic kidney disease.

Ischemic nephropathy is defined as impairment of kidney function beyond 
the anticipated decrease in perfusion that is typical of hemodynamically sig-
nificant renal artery stenosis. Unlike cardiac or cerebral tissue, renal perfusion 
is primarily determined by glomerular ultrafiltration and normally exceeds 
the kidney’s metabolic needs by more than 10-fold. Therefore, significant renal 
injury does not occur until perfusion to the entire renal parenchyma is severely 
reduced. These principles explain why renal dysfunction is rarely associated 
with hemodynamically significant fibromuscular dysplasia but is more common 
in atherosclerotic renal artery stenosis, in which repetitive perfusion insults 
superimposed on atherogenic risk factors, not hypoperfusion per se, appear 
to explain the accompanying kidney dysfunction.

 CLINICAL MANIFESTATIONS
The clinical features of renal artery stenosis result primarily from renovascular 
hypertension and ischemic nephropathy. Patients typically present with resis-
tant hypertension unresponsive to high doses of multiple antihypertensive 
agents.

Patients with fibromuscular dysplasia often complain of headache and pul-
satile tinnitus. Fibromuscular dysplasia should be suspected in young patients, 
especially women, who have a recent onset of hypertension without other 
cardiac risk factors or a family history of hypertension. Because patients with 
fibromuscular dysplasia often benefit from renal artery revascularization, renal 
Doppler ultrasonography, which is the preferred screening test in these patients, 
is recommended. If the renal artery ultrasonography suggests significant renal 
artery stenosis, then renal angiography (Fig. 116-1) should be considered.

Patients with atherosclerotic renal artery stenosis may present with ischemic 
nephropathy, hypertension (Chapter 70), or an acute coronary syndrome 

FIGURE 116-1. Selective right renal arteriogram demonstrating fibromuscular dys-
plasia. typical features of medial form of fibromuscular dysplasia are illustrated by the 
“beads on a string” appearance. 

(Chapter 63). In addition, renal artery stenosis is often found as an incidental 
finding in otherwise asymptomatic patients. For patients suspected of having 
atherosclerotic renal artery stenosis that may benefit from revascularization, 
screening with renal Doppler, CT angiography, or magnetic resonance (MR) 
angiography should be considered.

 DIAGNOSIS
Because the clinical manifestations of fibromuscular dysplasia can often be 
ameliorated by endovascular interventions, its prompt diagnosis is essential.4 
For atherosclerotic renal artery stenosis, however, in which the revasculariza-
tion procedure has little or no benefits, establishing the diagnosis mostly 
influences the choices among medical therapies. Duplex ultrasonography, 
which directly visualizes the renal arteries and provides velocity measurements, 
suggests renal artery stenosis when peak systolic velocities are above 180 cm/
sec. It is an excellent screening test for suspected fibromuscular disease. Multi-
detector CT angiography can rapidly diagnose renal artery stenosis, with a 
sensitivity approaching 90% and specificity over 90%,5 but the need for iodin-
ated contrast limits its utility in patients with impaired kidney function. In 
addition, significant vessel wall calcification can present a challenge in estimating 
the degree of arterial stenosis. Gadolinium-enhanced MR angiography scans 
(Fig. 116-2) can be performed in patients with mild kidney functional impair-
ment but are contraindicated in patients with advanced chronic or end-stage 
renal disease because of the unacceptably high risk of nephrogenic systemic 
fibrosis (Chapter 251). Although MR angiography avoids excessive radiation 
exposure, it is more prone to motion artifact and is less reliable for identifying 
distal renal artery lesions in patients with suspected fibromuscular dysplasia. 
Fibromuscular dysplasia is often multicentric, with a predilection for cerebral 
as well as renal arteries. Screening of the cerebral vasculature should be con-
sidered in patients with renovascular disease.6

Fibromuscular Dysplasia
In patients with fibromuscular dysplasia, balloon angioplasty is the treatment 

of choice,7 even in patients who have achieved blood pressure control, because 
the stenosis can progress to renal artery occlusion. Stenting is rarely necessary, 
and restenosis rates are generally low. Close follow-up with serial blood pres-
sure measurements and evaluation of renal function should be performed at 
3- to 4-month intervals. After angioplasty, the control of blood pressure improves 
in approximately 50% of patients. However, in patients with persistent hyper-
tension, medical treatment with an ACE inhibitor or an ARB is recommended 
(Table 70-7).

TREATMENT

FIGURE 116-2. Magnetic resonance angiogram of the abdominal aorta showing 
bilateral renal artery stenosis. significant iliac stenosis is also demonstrated. 



CHAPTER 116 Vascular DisorDers of the KiDney774

 PROGNOSIS
When adjusted for baseline variables, atherosclerotic renal artery stenosis 
remains an independent predictor of cardiovascular mortality, with a four-year 
adjusted mortality rate of 25 to 40%. Factors associated with higher mortality 
rates include an elevated baseline serum creatinine level, more severe renal 
artery stenosis, worsening kidney function, age, advanced diabetes, other car-
diovascular diseases, and heart failure. Improvement or even stabilization of 
blood pressure control and renal function is associated with improved survival.

 THROMBOEMBOLIC OCCLUSION OF  
THE RENAL ARTERIES

 EPIDEMIOLOGY AND PATHOBIOLOGY
Acute occlusion of the renal arteries and segmental branches may occur because 
of intrinsic pathology of the renal arteries, abdominal trauma, or emboliza-
tion of thrombi arising in the heart or proximal aorta. Thrombosis can occur 
as a complication of progressive atherosclerosis, in which case it may be an 
important cause of progressive kidney functional impairment. In other patients, 
thrombosis may be associated with thrombophilic states (Chapter 73), such as 
the antiphospholipid antibody syndrome. Thrombosis also may occur because 
of inflammatory disorders, including: Takayasu arteritis (Chapter 69); syphilis 
(Chapter 303); thromboangiitis obliterans (Chapter 72); and systemic vascu-
litides, especially granulomatosis with polyangiitis (Chapter 254). Thrombosis 
also has been reported after infusion of infliximab. In situ thrombosis can occur 
with structural lesions of the renal arteries, including fibromuscular dysplasia 
and renal artery aneurysms. In patients younger than age 60 years, traumatic 
thrombosis is the most common cause. Blunt trauma and deceleration injuries 
can cause acute thrombosis from intimal tears, contusion against the vertebral 
column, or compression from a retroperitoneal hematoma. Iatrogenic causes 
include manipulation during diagnostic angiography or arterial intervention 
in the renal arteries or vessels proximal to the kidneys.

Embolization, which is a more common cause of renal artery occlu-
sion than in situ thrombosis, is generally unilateral but is bilateral in 15% 
to 30% of cases. Total infarction of the kidney is much less common than 
segmental infarction or ischemia. Approximately 90% of thromboemboli 
to the renal arteries originate in the heart. Atrial fibrillation with emboliza-
tion of atrial thrombus is the most common cause (Chapter 58), but left 
ventricular thrombus (Chapter 64), valvular heart disease (Chapter 66), 
bacterial endocarditis (Chapter 67), nonbacterial (aseptic) endocarditis 
(Chapter 67), and atrial myxoma (Chapter 54) are other causes. Noncardiac 
sources include aortic atheroma (Chapter 69) and mural thrombus, as well 

Atherosclerotic Renal Artery Stenosis
The primary treatment for atherosclerotic renal disease is medical, with careful 

attention to risk factor modification, such as blood pressure control (Chapter 
70),8,9 lipid lowering agents for hypercholesterolemia (Chapter 195), and glycemic 
control in diabetic patients (Chapter 216). Low-dose aspirin (e.g., 81 mg daily) 
and statin therapy (Table 195-3) are likely beneficial. Blood pressure control 
should include ACE inhibitors or ARBs (Chapter 70), which are generally well 
tolerated.10 However, the serum creatinine level and estimated glomerular filtra-
tion rate (eGFR) must be monitored carefully during the first weeks after initia-
tion or change in dose of therapeutic agents because a significant increase in 
the serum creatinine level suggests bilateral renal artery stenosis or renal artery 
stenosis in a unilaterally functioning kidney. An abrupt and significant decline 
in eGFR is an absolute indication to discontinue ACE inhibitor or ARB therapy 
and to consider renal revascularization.

To date, the randomized clinical trials of renal revascularization collectively 
show no significant benefit of revascularization over medical therapy in terms 
of improvement in blood pressure control, reduction of blood pressure medica-
tions, renal function, rates of cardiovascular events, or all-cause mortality com-
pared with aggressive medical therapy. A1 

,
 A2 

,
 A3  However, isolated case reports 

suggest clinical improvement in highly selected patients with sudden severe 
hypertension (especially if it is unresponsive to medical therapy), patients with 
a rapid decline in kidney function (especially in association with ACE inhibitors 
or ARB therapy), and patients with recurrent episodes of rapid-onset pulmonary 
edema.11 Currently the only class I indication for revascularization is unexplained 
heart failure or flash pulmonary edema. Although it may be appealing to con-
sider revascularization in patients with unstable angina (Chapter 63), malignant 
or resistant hypertension (Chapter 70) with unilateral small kidneys, bilateral 
renal artery stenosis, or stenosis in a solitary functioning kidney, randomized 
trials have not shown benefit in such patients.

as paradoxical emboli through an atrial septal defect or patent foramen ovale  
(Chapter 61).

 CLINICAL MANIFESTATIONS
The clinical presentation of renal infarction can be variable, and the diagnosis 
is often confused with more common disorders such as renal colic or pyelo-
nephritis. Occlusion of a primary or secondary branch of the renal artery in 
a patient with preexisting disease and established collateral circulation, such 
as in long-standing renal artery stenosis, may produce little or no infarction 
and minimal symptoms. Acute thrombosis and infarction may cause a sudden 
onset of flank pain, fever, nausea, vomiting, and hematuria. Pain may be local-
ized to the abdomen, back, or even the chest, but is absent in over 50% of 
cases. Hypertension, which occurs with infarction, results from release of renin 
from the ischemic renal parenchyma and may be severe. The development of 
anuria suggests bilateral involvement or occlusion of the artery to a solitary 
kidney. Urinalysis usually reveals microscopic hematuria, and mild proteinuria 
may be present.

If infarction occurs, leukocytosis usually develops. Serum levels of aspartate 
aminotransferase, lactate dehydrogenase (LDH), and alkaline phosphatase 
may be elevated, although these findings are nonspecific. However, elevation 
of the urinary LDH level is more specific because its concentration is typically 
normal in extrarenal disorders. Blood urea nitrogen and creatinine levels typi-
cally increase transiently with unilateral infarction, but more severe and pro-
tracted renal dysfunction may follow bilateral renal infarction or infarction of 
a solitary kidney.

 DIAGNOSIS
The diagnosis of renal artery occlusion is most reliably established by CT, 
with and without contrast. CT is accurate, can be performed rapidly, and can 
identify associated traumatic injury. Findings may include filling defects in 
the main or segmental renal arteries, as well as the absence of enhancement 
of renal tissue, indicating a lack of perfusion (Fig. 116-3). Because of the 
increased risk for the development of acute contrast-induced nephropathy, 
exposure to iodinated intravenous contrast agents is relatively contraindicated 
and should be avoided if possible in patients with a creatinine level of 2.0 mg/
dL or greater or an estimated GFR less than 40 mL/m. Alternatives also must 
be considered in patients with chronic kidney disease, acute renal failure, 
diabetes mellitus, and in elderly patients. MR angiography has a high diagnostic 
accuracy and may be preferable to contrast CT in elderly and diabetic patients, 
but gadolinium contrast is contraindicated in patients with chronic kidney 
disease (Stage 3b or above). Radioisotope renograms, excretion urograms, 
and duplex ultrasound scanning are not recommended for the diagnosis of 
acute occlusions. When available, angiography may be accomplished with 
CO2 by skilled vascular radiologists. Invasive angiography carries inherent 
risks but is occasionally required if the diagnosis remains uncertain or if per-
cutaneous reperfusion is considered.

Embolus

Infarct

FIGURE 116-3. computed tomography demonstrating a clot in the main renal artery 
and segmental renal infarction. 

may include fever, myalgias, headaches, and weight loss. Evidence of cholesterol 
embolization may be present in the retina, muscles, or skin, where livedo 
reticularis (see Fig. 72-3 in Chapter 72) or cyanotic digits may be observed. 
Embolization can also result in cerebrovascular events, acute pancreatitis, 
ischemic bowel, and gangrene of the extremities.

 DIAGNOSIS
Although most atheroembolic events are diagnosed because of an acute clinical 
change, clinically silent, chronic, low-grade embolization may be overlooked 
because patients at risk for this complication often have other chronic illnesses 
associated with renal failure, hypertension, and atherosclerosis. Urinalysis may 
not be helpful because cholesterol crystals often are not present, but mild 
proteinuria, eosinophiluria, and increased cellularity are frequently observed. 
Transient eosinophilia is common, and an elevated erythrocyte sedimentation 
rate (ESR), hypocomplementemia, anemia, and leukocytosis may also be 
present. Up to 80% of patients may have a serum creatinine level exceeding 
2 mg/dL.

Although the demonstration of cholesterol crystals in the renal microvas-
culature with subsequent vessel occlusion is considered a diagnostic feature, 
a kidney biopsy generally is not necessary for patients with typical clinical 
features, including livedo reticularis and violaceous mottling of the toes, 
eosinophilia, and an elevated ESR. When uncertainty exists, biopsy of the 
skin of the lower extremity, muscle of the calf or thigh, or gastric mucosa can 
be diagnostic in up to 80% of patients.

 PROGNOSIS
The mortality rate is high, especially in patients who require hemodialysis, 
and correlates with the severity of underlying conditions. For patients under-
going surgical revascularization for complete acute renal artery occlusion, the 
mortality rate is 11 to 25%. The risk of end-stage renal disease is variable, and 
rates of 0 to greater than 50% have been reported. Hypertension, which may 
develop as a late sequela of treated renal artery occlusion, is preferably treated 
with ACE inhibitors, ARBs, or nondihydropyridine calcium-channel blockers 
(Chapter 70).

 ARTERIOLES AND MICROVASCULATURE
Atheroembolic Disease of the Renal Arteries

 EPIDEMIOLOGY AND PATHOBIOLOGY
Cholesterol crystal embolization is a potential complication of widespread 
atherosclerosis.12 The risk factors are similar to those for all atherosclerotic 
diseases (Chapter 46), including smoking, hypertension, hyperlipidemia, 
diabetes, and advanced age. Atheroembolic disease appears to be more common 
in whites, but the condition may be underdiagnosed in African Americans 
owing to the difficulty of assessing livedo reticularis in this population.

The most common triggering events are manipulation of a thrombus or of 
the abdominal aorta or renal arteries during angiography or transluminal 
angioplasty.13 It is not unusual, therefore, for cholesterol crystal embolization 
to be mistaken for contrast-induced nephropathy. Atheroemboli also can be 
associated with anticoagulant or thrombolytic therapy and may be accompanied 
by the finding of a cyanotic toe on physical examination. Spontaneous athero-
embolism after detachment of a mural plaque is uncommon. Cholesterol 
crystals typically do not occlude arterial flow but rather induce an inflamma-
tory response and subsequent endothelial proliferation, so clinical manifesta-
tions may occur days to months after the initial event.

 CLINICAL MANIFESTATIONS
Although all organ systems can be affected (Chapter 72), the kidneys are most 
commonly involved, followed by the spleen and gastrointestinal tract. Acute 
renal failure or hypertension typically occur, and many patients progress to 
chronic kidney disease or even end-stage renal disease. Nonspecific complaints 

 PROGNOSIS
Recent series suggest up to an 80% survival rate at 1 year. Most patients die of 
cardiovascular complications. With adequate blood pressure control for several 
months or years, renal function may recover sufficiently to avoid dialysis. Patients 
who develop end-stage renal disease have a significantly higher mortality rate.

 RENAL VEINS
Renal Vein Thrombosis

 EPIDEMIOLOGY
Unilateral or bilateral thrombosis of the major renal veins or their segments 
is often a subtle disorder that can develop in a variety of conditions, but it is 
especially prominent with the nephrotic syndrome (Chapter 113) or renal 
cell carcinoma (Chapter 187).14 Cases have also been associated with trauma, 
use of oral contraceptive agents, hypovolemia, renal transplantation (Chapter 
122),15 and thrombophilic states (Chapter 73). The reported incidence of 
renal vein thrombosis ranges from 5 to 62% in patients with the nephrotic 
syndrome; it is associated most often with membranous nephropathy but 
may also occur with membranoproliferative glomerulonephritis, focal glo-
merular sclerosis, sickle cell nephropathy (Chapter 154), amyloidosis (Chapter 
179), diabetic nephropathy (Chapter 115), renal vasculitis (Chapter 254), 
and lupus nephritis (Chapter 250). Spontaneous renal vein thrombosis is 
unusual in patients without underlying risk factors.

 PATHOBIOLOGY
The precipitating factors include abnormalities in coagulation or fibrinolysis 
(Chapter 73). Antithrombin III and plasminogen levels may be depressed 
owing to urinary excretion of antithrombin III in patients with nephrotic 
syndrome. Thrombocytosis, increased platelet activation, hyperfibrinogenemia, 
inhibition of plasminogen activation, and altered circulating levels of proteins 
S and C in nephrotic syndrome contribute to thromboembolic complications.
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The human kidney can tolerate 60 to 90 minutes of warm ischemia, although 
the presence of collateral circulation may permit longer ischemic times. As a 
result, the treatment of acute renal artery thrombosis emphasizes an urgent 
attempt to reopen the artery. Options for nontraumatic renal artery thrombosis 
include systemic anticoagulation with unfractionated heparin or low-molecular-
weight heparin (LMWH) (see Table 74-7 in Chapter 74) for 7 to 10 days, with 
the addition of oral warfarin at about day 3 and continued for 1 year to maintain 
an international normalized ratio (INR) of 2.0 to 3.0. Whether newer direct-acting 
oral anticoagulants (Table 76-3 in Chapter 76) are equally safe and effective is 
uncertain. Alternatively, intra-arterial thrombolytic therapy may be considered. 
Surgery is not recommended as primary therapy because surgical revasculariza-
tion is associated with a higher mortality rate than medical therapy and does 
not improve renal salvage rates. Nevertheless, surgical revascularization may 
be considered for patients with bilateral renal artery occlusion or occlusion of 
the renal artery of a solitary kidney. Percutaneous endovascular therapies (e.g., 
local thrombolysis, thrombectomy, and stent placement) also have been suc-
cessful in acute renal artery occlusion, but there have been no controlled trials 
to compare endovascular intervention with medical therapy.

For traumatic renal artery thrombosis, surgery is the treatment of choice 
but usually can salvage renal function only if accomplished immediately. Intra-
arterial stent placement may be considered for iatrogenic occlusion of the renal 
artery owing to angiographic manipulations or angioplasty.

Patients with renal artery thrombosis also require rigorous medical care with 
assiduous attention to control blood pressure to a goal of between 110/70 and 
135/85 mm Hg. This target may require multiple parenteral agents, as is recom-
mended for malignant hypertension, before switching to oral agents, preferably 
a combination of ACE inhibitors, ARBs, or nondihydropyridine calcium channel 
blockers (Chapter 70). Adequate hydration is also imperative.

TREATMENT

In patients with suspected embolic renal artery occlusion, echocardiography 
is indicated to search for a possible intracardiac thrombus. In nontraumatic 
thrombotic occlusion, evaluation for thrombophilia, vasculitis, or progressive 
atherosclerosis should be considered.

may include fever, myalgias, headaches, and weight loss. Evidence of cholesterol 
embolization may be present in the retina, muscles, or skin, where livedo 
reticularis (see Fig. 72-3 in Chapter 72) or cyanotic digits may be observed. 
Embolization can also result in cerebrovascular events, acute pancreatitis, 
ischemic bowel, and gangrene of the extremities.

 DIAGNOSIS
Although most atheroembolic events are diagnosed because of an acute clinical 
change, clinically silent, chronic, low-grade embolization may be overlooked 
because patients at risk for this complication often have other chronic illnesses 
associated with renal failure, hypertension, and atherosclerosis. Urinalysis may 
not be helpful because cholesterol crystals often are not present, but mild 
proteinuria, eosinophiluria, and increased cellularity are frequently observed. 
Transient eosinophilia is common, and an elevated erythrocyte sedimentation 
rate (ESR), hypocomplementemia, anemia, and leukocytosis may also be 
present. Up to 80% of patients may have a serum creatinine level exceeding 
2 mg/dL.

Although the demonstration of cholesterol crystals in the renal microvas-
culature with subsequent vessel occlusion is considered a diagnostic feature, 
a kidney biopsy generally is not necessary for patients with typical clinical 
features, including livedo reticularis and violaceous mottling of the toes, 
eosinophilia, and an elevated ESR. When uncertainty exists, biopsy of the 
skin of the lower extremity, muscle of the calf or thigh, or gastric mucosa can 
be diagnostic in up to 80% of patients.

 PROGNOSIS
The mortality rate is high, especially in patients who require hemodialysis, 
and correlates with the severity of underlying conditions. For patients under-
going surgical revascularization for complete acute renal artery occlusion, the 
mortality rate is 11 to 25%. The risk of end-stage renal disease is variable, and 
rates of 0 to greater than 50% have been reported. Hypertension, which may 
develop as a late sequela of treated renal artery occlusion, is preferably treated 
with ACE inhibitors, ARBs, or nondihydropyridine calcium-channel blockers 
(Chapter 70).

 ARTERIOLES AND MICROVASCULATURE
Atheroembolic Disease of the Renal Arteries

 EPIDEMIOLOGY AND PATHOBIOLOGY
Cholesterol crystal embolization is a potential complication of widespread 
atherosclerosis.12 The risk factors are similar to those for all atherosclerotic 
diseases (Chapter 46), including smoking, hypertension, hyperlipidemia, 
diabetes, and advanced age. Atheroembolic disease appears to be more common 
in whites, but the condition may be underdiagnosed in African Americans 
owing to the difficulty of assessing livedo reticularis in this population.

The most common triggering events are manipulation of a thrombus or of 
the abdominal aorta or renal arteries during angiography or transluminal 
angioplasty.13 It is not unusual, therefore, for cholesterol crystal embolization 
to be mistaken for contrast-induced nephropathy. Atheroemboli also can be 
associated with anticoagulant or thrombolytic therapy and may be accompanied 
by the finding of a cyanotic toe on physical examination. Spontaneous athero-
embolism after detachment of a mural plaque is uncommon. Cholesterol 
crystals typically do not occlude arterial flow but rather induce an inflamma-
tory response and subsequent endothelial proliferation, so clinical manifesta-
tions may occur days to months after the initial event.

 CLINICAL MANIFESTATIONS
Although all organ systems can be affected (Chapter 72), the kidneys are most 
commonly involved, followed by the spleen and gastrointestinal tract. Acute 
renal failure or hypertension typically occur, and many patients progress to 
chronic kidney disease or even end-stage renal disease. Nonspecific complaints 

Curative therapy for atheroembolic disease does not exist, so supportive 
care is all that can be offered. Aggressive control of dyslipidemia with statins 
(Chapter 195) is recommended and may have the added benefit of stabilizing 
the endothelial surface. Anticoagulants are of no value and may delay the 
healing of ulcerating atherosclerotic lesions; if possible, anticoagulant therapy 
should be discontinued. Adequate hydration is important to sustain renal per-
fusion. Hypertension should be treated with ACE-Is or ARBs and vasodilators 
unless contraindicated (see Table 70-7 in Chapter 70), and extracellular fluid 
volume overload should be managed carefully with diuretics (see Table 108-6 
in Chapter 108), to avoid hypotension. Intravascular radiologic procedures and 
vascular surgery should be avoided if possible.

TREATMENT

 PROGNOSIS
Recent series suggest up to an 80% survival rate at 1 year. Most patients die of 
cardiovascular complications. With adequate blood pressure control for several 
months or years, renal function may recover sufficiently to avoid dialysis. Patients 
who develop end-stage renal disease have a significantly higher mortality rate.

 RENAL VEINS
Renal Vein Thrombosis

 EPIDEMIOLOGY
Unilateral or bilateral thrombosis of the major renal veins or their segments 
is often a subtle disorder that can develop in a variety of conditions, but it is 
especially prominent with the nephrotic syndrome (Chapter 113) or renal 
cell carcinoma (Chapter 187).14 Cases have also been associated with trauma, 
use of oral contraceptive agents, hypovolemia, renal transplantation (Chapter 
122),15 and thrombophilic states (Chapter 73). The reported incidence of 
renal vein thrombosis ranges from 5 to 62% in patients with the nephrotic 
syndrome; it is associated most often with membranous nephropathy but 
may also occur with membranoproliferative glomerulonephritis, focal glo-
merular sclerosis, sickle cell nephropathy (Chapter 154), amyloidosis (Chapter 
179), diabetic nephropathy (Chapter 115), renal vasculitis (Chapter 254), 
and lupus nephritis (Chapter 250). Spontaneous renal vein thrombosis is 
unusual in patients without underlying risk factors.

 PATHOBIOLOGY
The precipitating factors include abnormalities in coagulation or fibrinolysis 
(Chapter 73). Antithrombin III and plasminogen levels may be depressed 
owing to urinary excretion of antithrombin III in patients with nephrotic 
syndrome. Thrombocytosis, increased platelet activation, hyperfibrinogenemia, 
inhibition of plasminogen activation, and altered circulating levels of proteins 
S and C in nephrotic syndrome contribute to thromboembolic complications.
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Renal vein thrombosis may be induced by sluggish renal venous flow that 
arises from extrinsic compression of the renal veins owing to retroperitoneal 
abnormalities such as lymph nodes, fibrosis, abscess, aortic aneurysm, or tumor. 
Acute pancreatitis, trauma, and retroperitoneal surgery also may predispose 
to renal vein thrombosis. Renal cell carcinoma also can compromise venous 
flow when it characteristically invades the renal vein. Renal vein thrombosis 
in the setting of severe volume depletion and impaired renal blood flow also 
has been described in young adults.

 CLINICAL MANIFESTATIONS
The manifestations of renal vein thrombosis depend on the extent and rapidity 
of the development of the occlusion. Patients with acute renal vein thrombosis 
may have nausea, vomiting, flank pain, leukocytosis, hematuria, compromised 
renal function, and an increase in kidney size. These features may be confused 
with renal colic or pyelonephritis. Adult patients with nephrotic syndrome 
and chronic renal vein thrombosis may have more subtle findings, such as a 
dramatic increase in proteinuria or evidence of tubular dysfunction, including 
glycosuria, aminoaciduria, phosphaturia, and impaired urinary acidification. 
Chronic renal vein thrombosis may first present in association with a pulmo-
nary embolus.

 DIAGNOSIS
For acute renal vein thrombosis, which is typically associated with throm-
bophilia, contrast-enhanced CT shows an enlarged kidney, stretching of the 
calyces, and notching of the ureters. A venogram is rarely required but can be 
considered in cases of acute renal failure in which thrombectomy or throm-
bolysis is considered. In chronic renal vein thrombosis, an incidentally noted 
renal vein thrombus may be seen on imaging studies ordered for other reasons. 
Renal cell carcinoma-associated thrombus often extends into the inferior vena 
cava and occasionally to the level of the right heart. Routine screening is not 
recommended for patients with nephrotic syndrome, but contrast-enhanced 
CT is recommended in patients who have suggestive clinical manifestations.

The most widely accepted therapy for both acute and chronic renal vein 
thrombosis is anticoagulation with LMWH (see Table 74-7 in Chapter 74) or 
unfractionated heparin (see Table 74-6 in Chapter 74) for 7 to 10 days, adding 
oral warfarin on day 3 and continuing for at least 1 year to target an INR of 2.0 
to 3.0. Studies supporting the use of newer oral anticoagulants are not currently 
available, and oral warfarin remains the drug of choice. In patients with ongoing 
risk factors, such as persistent nephrotic syndrome or with recurrent thrombosis, 
anticoagulation should be continued indefinitely. In patients who have an 
underlying renal cell carcinoma, long-term LMWH is preferred over warfarin 
because of its higher efficacy in preventing cancer-related thrombosis (Chapter 
73). Fibrinolytic therapy may be considered in patients with acute renal vein 
thrombosis associated with acute renal failure.

TREATMENT
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 PROGNOSIS
The prognosis of patients with renal vein thrombosis depends entirely on the 
underlying disease with which it is associated. Renal vein thrombosis associ-
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 C. Start statin therapy and improve his diabetes management. When his 
cardiac evaluation is completed, consider initiating an ACE inhibitor 
if his renal function remains stable and careful follow-up of the serum 
creatinine concentration.

 D. Order renal artery Doppler studies with resistive indices. If there is 
greater than 60% stenosis of one or both renal arteries and the resistive 
index is less than 0.8, proceed with renal artery stenting of the most 
severe lesion and stage the second artery if necessary.

 E. None of the above
Answer: C The patient is taking multiple hypertensive medications, but his 
blood pressure remains poorly controlled, and he has renal dysfunction, left 
ventricular dysfunction, and probable coronary artery disease. Therefore, he 
has many risk factors for atherosclerotic renal artery stenosis. Multiple ran-
domized trials have shown no efficacy for renal revascularization for athero-
sclerotic renal artery stenosis, so screening in this scenario would be of no 
clinical benefit. Furthermore, his estimated glomerular filtration rate is likely 
to be less than 30 mL/min, thereby making gadolinium contraindicated. On 
the other hand, treatment of his risk factors and addition of an ACE inhibitor 
for left ventricular dysfunction and diabetes mellitus has the most clinical 
benefit for reducing major adverse cardiovascular events.

REVIEW QUESTION

1. You are asked to review a case regarding a 67-year-old man who is being 
evaluated for progressive chest pain. He has type 2 diabetes mellitus with 
chronic kidney disease (HbA1c = 8.7%, serum Cr = 2.1 mg/dL). Other 
tests include ratio of total cholesterol to high-density lipoprotein of 7.2 
and a distant history of smoking (15 pack years), but he quit 20 years ago. 
He is also noted to have poorly controlled hypertension and despite being 
treated with atenolol, hydrochlorothiazide, and amlodipine, with systolic 
pressures remaining above 180 mm Hg. He states that he is compliant with 
all medications but does not follow his diet very well. His ejection fraction 
by echocardiography is 40%, and stress echocardiography showed stress-
induced anterior wall motion abnormalities. What should you recommend?
 A. A gadolinium-enhanced renal artery magnetic resonance image after 

overnight hydration with 0.5% normal saline. If it is positive for renal 
artery stenosis, perform renal angiography at the time of the cardiac 
catheterization that he also needs.

 B. Proceed with a cardiac catheterization after overnight hydration. Perform 
renal angiography only if the patient will require coronary bypass surgery. 
If coronary stenting is performed, delay the renal angiography for 6 
weeks to reduce his acute exposure to contrast dye.
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117 
NEPHROLITHIASIS
DAVID A. BUSHINSKY

Kidney stones are composed of crystals in a protein matrix. Most crystals 
contain calcium, which is generally complexed with oxalate, phosphate, or 
both, whereas other stones are composed of uric acid, magnesium ammonium 
phosphate (struvite), or cystine, alone or in combination. Kidney stones form 
when the saturation of their components exceeds the solubility of the solid 
phase in urine.

 EPIDEMIOLOGY
The annual incidence of kidney stones in industrialized nations exceeds 1 per 
1000 persons, with a lifetime risk of about 7% in women and about 11% in 
men. The incidence of stone formation peaks in the third and fourth decades, 
and prevalence increases with age until approximately 70 years in men and 
60 years in women. In the United States, the prevalence of nephrolithiasis has 
increased from 3% in the late 1970s to more than 5%, an increase that is likely 
due to changes to diet and lifestyle, as well as more accurate diagnosis.1 The 
estimated yearly economic cost of kidney stones exceeds $5 billion in the 
United States.

In the United States, whites are more likely to develop renal stones than 
are other ethnic groups. Stones are more common in hot, dry climates, perhaps 
because greater fluid loss through the skin and respiration leads to more con-
centrated urine. Many occupations make it inconvenient to utilize a restroom, 
and these individuals often avoid fluids in an effort to avoid urination, thereby 
leading to excretion of concentrated urine. Insufficient rehydration among 
people who engage in physical activity and have large insensible losses also 
leads to concentrated urine.

Obesity is correlated with the risk for kidney stone formation. Individuals 
weighing more than 220 pounds or having a body mass index greater than 30 
are significantly more likely to form stones than are individuals who weigh 
less than 150 pounds or have a body mass index between 21 and 22.9.

The types of stones vary around the world. In the United States, the majority 
of stones are calcium oxalate or calcium phosphate (>80%), and less than 
10% are pure uric acid stones.2 By comparison, about 70% of stones in the 
Mediterranean and Middle East are composed of uric acid. Magnesium ammo-
nium phosphate (struvite) stones account for 10 to 25% of stones, and cystine 
stones comprise 2% of stones.

 PATHOBIOLOGY
Human bone is composed of calcium and phosphate, principally in the form 
of apatite. Once humans reach their adult height and their skeleton is fully 
mineralized, the net amount of calcium that is absorbed by nonpregnant indi-
viduals must be excreted in the urine. Similarly absorbed phosphate that is 
not needed for bone mineralization or cell growth must be excreted. Oxalate 
is an end product of metabolism, and it too must be excreted in the urine. 
The need for water conservation by terrestrial humans often leads to excre-
tion of these ions in relatively scant amounts of urine, thereby promoting 
increased saturation with respect to the solid phases of calcium oxalate and 
calcium phosphate. Increasing saturation drives the formation of the solid 
crystal phase and is expressed as the ratio of calcium oxalate (or phosphate) 
ion activity to its solubility. At ratios of greater than 1, termed supersaturation, 
a solid phase can form, whereas the substances remain in solution at ratios 
less than 1. When urine is supersaturated, ions can bond to form the more 
stable, solid phase, which is termed nucleation. Homogeneous nucleation refers 
to the bonding of similar ions into crystals. The more common and thermo-
dynamically favored heterogeneous nucleation occurs when crystals grow 
on dissimilar crystals or substances as cellular debris in the urine. Although 
humans produce inhibitors of stone formation, such as osteopontin and Tamm-
Horsfall protein, supersaturation can overwhelm this inhibition, and a solid  
phase will form.

Calcium Stones
About 70 to 80% of kidney stones contain calcium, which is often com-
plexed with oxalate or phosphate. Calcium-containing kidney stones are 
most often caused by excessive excretion of calcium (hypercalciuria), oxalate 

with a pH of 6.5 compared with a pH of 5.3, but diarrhea and diets high in 
animal protein can contribute to an acidic urinary pH. Most patients with 
uric acid stones have a reduced urine pH, and some have low urine volumes 
or elevated urinary uric acid levels. Uric acid stone formers have greater body 
weight and a higher incidence of insulin resistance and type 2 diabetes mel-
litus. Insulin resistance also leads to impaired urinary ammonium excretion, 
thereby resulting in the excretion of more hydrogen ions as titratable acids 
and lower urine pH, which reduces the solubility of ammonium.

Hyperuricosuria may be seen in patients who ingest large quantities of 
dietary purine, such as organ meats, shellfish, certain fish (e.g., anchovies, 
sardines, herring, and mackerel), meat extracts (e.g., bouillon and consommé), 
and protein. Hyperuricemic disorders, including gout (Chapter 257), myelo-
proliferative disorders, tumor lysis syndrome, and certain inborn errors of 
metabolism, can also contribute to an increased urinary uric acid. Medications 
such as salicylates and probenecid can be hyperuricosuric.

Struvite Stones
Struvite stones, sometimes called triple phosphate stones, magnesium ammonium 
phosphate stones, and infection stones, comprise only about 10 to 25% of all 
stones but constitute the majority of staghorn calculi, which are large stones 
that extend beyond a single renal calyx.7 Struvite stones are far more common 
in women than in men, in large part owing to women’s increased susceptibility 
to urinary tract infections (Chapter 268). Similarly, any patient with urinary 
stasis, such as patients with neurogenic bladders, indwelling urinary catheters, 
or spinal cord lesions, is susceptible to struvite stones.

Struvite stones form only in the presence of both ammonium ions and an 
alkaline urine (pH ≥ 7), which only occur with urease-producing bacteria. 
Proteus (Chapter 289) is a common urease-producing bacterium, but other 
gram-negative and gram-positive bacteria, such as Klebsiella spp. and Staphy-
lococcus epidermidis, as well as Mycoplasma spp. (Chapter 301) and yeast species, 
have been implicated in urease production. By comparison, Escherichia coli 
does not produce urease.

Cystine Stones
Cystinuria (Chapter 119), which is an autosomal dominant disorder with 
incomplete penetrance or an autosomal recessive disorder caused by mutations 
of the SLC3A1 gene or the SCLC7A9 gene, results in decreased renal tubular 
reabsorption and excessive urinary excretion of the dibasic amino acids cystine, 
ornithine, lysine, and arginine.8 The resulting urinary excretion of cystine in 
the typical volume of urine exceeds its solubility of about 300 mg/L and 
enables stone formation. Although normal people excrete about 30 to 50 mg 
of cystine per day, heterozygotes for cystinuria excrete about 400 mg/day, 
and homozygotes often excrete about 600 mg/day. Thus, homozygotes must 
continually excrete more than 2 L of urine each day to avoid stone formation. 
Cystinuria is unrelated to the much more severe disorder cystinosis (Chapter 
119), which results in extensive intracellular cystine accumulation.

 CLINICAL MANIFESTATIONS
Patients with kidney stones often present with pain and/or hematuria, and 
less often present with urinary tract infections (Chapter 268) or acute kidney 
injury (Chapter 112), either owing to bilateral obstruction or unilateral obstruc-
tion in a single functioning kidney (Fig. 117-1). Patients often complain of 
severe ureteral colic. The pain is of abrupt onset and can intensify into severe, 
excruciating flank pain. The pain may migrate anteriorly along the abdomen 
and inferiorly to the groin, testicles, or labia majora as the stone moves down 
the ureter toward the ureterovesical junction. The pain resolves only after the 
stone passes or is removed. Microscopic or gross hematuria is common, and 
patients occasionally present with painless hematuria (see Fig. 106-3). The 
finding of a stone on radiographic examination does not preclude another 
cause. Conversely, even large calculi may be asymptomatic and be discovered 
during the investigation of unrelated symptoms. Obstruction caused by calculi 
may also be painless, and nephrolithiasis should always be considered in the 
differential diagnosis of unexplained acute or chronic kidney disease (Chapters 
112 and 121).

 DIAGNOSIS
The physical examination can provide clues to the diagnosis of kidney stones 
but is not diagnostic. Some patients have demonstrable flank tenderness, and 
a rare patient with hyperuricemia will have tophi (Chapter 257). However, 
the physical examination is most helpful for not showing other potential causes 
of pain. The suspicion of a kidney stone generally obligates radiographic evalu-
ation.9 Radiographic studies can be deferred, however, in patients in whom 
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ABSTRACT
The prevalence of kidney stones has increased over the last several decades, 
almost certainly due to changes in diet and the increased prevalence of obesity. 
Most kidney stones consist of calcium complexed with oxalate and/or phos-
phate. The most common metabolic abnormality found in kidney stone formers 
is idiopathic hypercalciuria, which is due to a systemic dysregulation of calcium 
transport at all major calcium transporting sites and has a strong genetic com-
ponent. Stones form when the saturation of the major components of the 
stone exceeds the solubility of the associated solid phase. Stones often present 
as acute colic, and their spontaneous passage is directly correlated with their 
size. Alpha blockers such as tamsulosin can promote passage of smaller stones. 
Every patient who forms a kidney stone should undergo a metabolic evalua-
tion to prevent recurrent stones. The depth of the evaluation is dependent on 
a number of factors, including the age when the first stone is diagnosed and 
the frequency of recurrent stones. Treatment for recurrent calcium stones 
rests on the 4 pillars of increased hydration (goal urine volume >2 liters per 
day), moderation of sodium intake (goal <2000 mg/day), moderation of 
protein intake (~1 g/kg/day), and an age- and gender-appropriate calcium 
intake derived mainly from dairy products and not from supplements. If these 
measures do not lower urinary supersaturation adequately, then thiazide diuret-
ics or potassium citrate may be required. The recurrence rate of calcium oxalate 
nephrolithiasis is about 25% at 5 to 10 years.
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(hyperoxaluria), or urate (hyperuricosuria) or insufficient excretion of citrate 
(hypocitraturia).

Calcium-containing stone formation has a strong genetic component.3 
Idiopathic hypercalciuria is thought to be a polygenic disorder in which a 
generalized dysregulation of calcium transport in the kidney, intestine, and 
bone leads to increased urinary calcium. A number of single-nucleotide poly-
morphisms, in genes coding for the calcium-sensing receptor, the vitamin D 
receptor, and osteopontin, and others, have been associated with calcium 
nephrolithiasis. Overall, 14 monogenic mutations account for 15% of 
nephrolithiasis/nephrocalcinosis, and genetic factors appear to explain about 
20 to 35% of the interindividual variation in excretion of ions critical to stone 
formation.

Urinary oxalate is derived from endogenous metabolism of glyoxylate and 
ascorbic acid or from dietary sources, such as cocoa, nuts, tea, and certain 
leafy green vegetables such as spinach. The three main causes of hyperoxaluria 
are excessive oxalate ingestion (dietary oxaluria), excessive intestinal absorp-
tion of oxalate (enteric oxaluria) that is paradoxically observed in malabsorptive 
gastrointestinal disorders, and excessive endogenous oxalate production seen 
in certain hepatic enzyme deficiencies (primary hyperoxaluria; Chapter 194). 
Additionally, ethylene glycol, a common automobile antifreeze, is metabolized 
to oxalate and can cause excessive urinary oxalate excretion in conjunction 
with severe metabolic acidosis and renal failure (Chapter 102).

Enteric oxaluria results in elevated urinary oxalate levels (60 to 100 mg/
day). In gastrointestinal malabsorptive conditions such as Crohn disease 
(Chapter 132), celiac sprue (Chapter 131), jejunoileal bypass (Chapter 207), 
and chronic pancreatitis (Chapter 135), malabsorbed fatty acids bind dietary 
calcium, thereby leaving oxalate free to pass into the colon, where it is more 
likely to be absorbed owing to the presence of bile acids; this excess oxalate 
is then subsequently filtered by the glomerulus and excreted in the urine.

Primary hyperoxaluria (Chapter 194) results from defects in hepatic enzymes 
in the liver glyoxylate pathway; the results are substantial endogenous oxalate 
production and a marked elevation of urinary oxalate (80 to 300 mg/day).4 
Oxalate deposits in numerous organs, including the heart, bone marrow, muscle, 
and renal parenchyma, where they lead to renal failure, cardiomyopathy, and 
bone marrow suppression at an early age. In type 1 primary hyperoxaluria, 
which accounts for about 80% of cases, the hepatic enzyme alanine glyoxyl-
ate aminotransferase is deficient because of one of several mutations in the 
AGXT gene. In the milder type 2 primary hyperoxaluria, which represents 
approximately 10% of cases, patients lack d-glycerate reductase and glyoxylate 
reductase owing to mutations in the GRHPR gene. Type 3 primary hyper-
oxaluria, which accounts for about 5% of cases, is a result of mutations in the 
gene that catalyzes the cleavage of 4-hydroxy-2-oxoglutarate to pyruvate and  
glyoxylate.

Nephrolithiasis and nephrocalcinosis can also result from a variety of mono-
genic disorders, such as Dent disease (X-linked recessive nephrolithiasis; 
Chapter 119), McCune-Albright syndrome (Chapters 218 and 234), osteo-
genesis imperfecta type 1 (Chapter 244), and congenital lactase deficiency 
(Chapter 131).

Citrate inhibits stone formation by combining with calcium to form a soluble 
complex that reduces the availability of calcium to bind with oxalate or phos-
phate. The principal risk factor for hypocitraturia is a high protein intake. Men 
often have lower urinary citrate concentrations than women. Distal renal tubular 
acidosis (Chapter 110) promotes the formation of calcium phosphate stones 
owing to bone demineralization and an alkaline tubular pH.

Calcium oxalate kidney stones form on calcium phosphate deposits, termed 
Randall plaques, which are located in the renal papillae.5 Randall plaque for-
mation is positively correlated with urine calcium excretion and negatively 
correlated with urine volume and pH. These calcium phosphate crystals, in 
the form of apatite, originate around the thin loop of Henle and then extend 
into the interstitium without eroding into the tubular lumen or damaging the 
tubular cells. The crystals move toward the urinary space, where they form 
Randall plaques, which are visible on cystoscopy and also may be seen as 
medullary calcifications on computed tomography (CT). In the presence of 
urine that is supersaturated with respect to calcium oxalate, these ions may 
form a crystal that increases in size to a several millimeters or even a centimeter. 
The stone can break off from the Randall plaque and then migrate to, irritate, 
and possibly obstruct the ureter.

Uric Acid Stones
The incidence of uric acid stones appears to be rising in the United States in 
parallel with the increase in obesity, which leads to renal insulin resistance 
and a very low urine pH.6 Over 5 times as much uric acid is soluble in a urine 

with a pH of 6.5 compared with a pH of 5.3, but diarrhea and diets high in 
animal protein can contribute to an acidic urinary pH. Most patients with 
uric acid stones have a reduced urine pH, and some have low urine volumes 
or elevated urinary uric acid levels. Uric acid stone formers have greater body 
weight and a higher incidence of insulin resistance and type 2 diabetes mel-
litus. Insulin resistance also leads to impaired urinary ammonium excretion, 
thereby resulting in the excretion of more hydrogen ions as titratable acids 
and lower urine pH, which reduces the solubility of ammonium.

Hyperuricosuria may be seen in patients who ingest large quantities of 
dietary purine, such as organ meats, shellfish, certain fish (e.g., anchovies, 
sardines, herring, and mackerel), meat extracts (e.g., bouillon and consommé), 
and protein. Hyperuricemic disorders, including gout (Chapter 257), myelo-
proliferative disorders, tumor lysis syndrome, and certain inborn errors of 
metabolism, can also contribute to an increased urinary uric acid. Medications 
such as salicylates and probenecid can be hyperuricosuric.

Struvite Stones
Struvite stones, sometimes called triple phosphate stones, magnesium ammonium 
phosphate stones, and infection stones, comprise only about 10 to 25% of all 
stones but constitute the majority of staghorn calculi, which are large stones 
that extend beyond a single renal calyx.7 Struvite stones are far more common 
in women than in men, in large part owing to women’s increased susceptibility 
to urinary tract infections (Chapter 268). Similarly, any patient with urinary 
stasis, such as patients with neurogenic bladders, indwelling urinary catheters, 
or spinal cord lesions, is susceptible to struvite stones.

Struvite stones form only in the presence of both ammonium ions and an 
alkaline urine (pH ≥ 7), which only occur with urease-producing bacteria. 
Proteus (Chapter 289) is a common urease-producing bacterium, but other 
gram-negative and gram-positive bacteria, such as Klebsiella spp. and Staphy-
lococcus epidermidis, as well as Mycoplasma spp. (Chapter 301) and yeast species, 
have been implicated in urease production. By comparison, Escherichia coli 
does not produce urease.

Cystine Stones
Cystinuria (Chapter 119), which is an autosomal dominant disorder with 
incomplete penetrance or an autosomal recessive disorder caused by mutations 
of the SLC3A1 gene or the SCLC7A9 gene, results in decreased renal tubular 
reabsorption and excessive urinary excretion of the dibasic amino acids cystine, 
ornithine, lysine, and arginine.8 The resulting urinary excretion of cystine in 
the typical volume of urine exceeds its solubility of about 300 mg/L and 
enables stone formation. Although normal people excrete about 30 to 50 mg 
of cystine per day, heterozygotes for cystinuria excrete about 400 mg/day, 
and homozygotes often excrete about 600 mg/day. Thus, homozygotes must 
continually excrete more than 2 L of urine each day to avoid stone formation. 
Cystinuria is unrelated to the much more severe disorder cystinosis (Chapter 
119), which results in extensive intracellular cystine accumulation.

 CLINICAL MANIFESTATIONS
Patients with kidney stones often present with pain and/or hematuria, and 
less often present with urinary tract infections (Chapter 268) or acute kidney 
injury (Chapter 112), either owing to bilateral obstruction or unilateral obstruc-
tion in a single functioning kidney (Fig. 117-1). Patients often complain of 
severe ureteral colic. The pain is of abrupt onset and can intensify into severe, 
excruciating flank pain. The pain may migrate anteriorly along the abdomen 
and inferiorly to the groin, testicles, or labia majora as the stone moves down 
the ureter toward the ureterovesical junction. The pain resolves only after the 
stone passes or is removed. Microscopic or gross hematuria is common, and 
patients occasionally present with painless hematuria (see Fig. 106-3). The 
finding of a stone on radiographic examination does not preclude another 
cause. Conversely, even large calculi may be asymptomatic and be discovered 
during the investigation of unrelated symptoms. Obstruction caused by calculi 
may also be painless, and nephrolithiasis should always be considered in the 
differential diagnosis of unexplained acute or chronic kidney disease (Chapters 
112 and 121).

 DIAGNOSIS
The physical examination can provide clues to the diagnosis of kidney stones 
but is not diagnostic. Some patients have demonstrable flank tenderness, and 
a rare patient with hyperuricemia will have tophi (Chapter 257). However, 
the physical examination is most helpful for not showing other potential causes 
of pain. The suspicion of a kidney stone generally obligates radiographic evalu-
ation.9 Radiographic studies can be deferred, however, in patients in whom 
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the clinical diagnosis is clear, who have no evidence of infection, who are able 
to eat and drink, and who can be managed on oral analgesics.

Ultrasonography is an easy and rapid way to detect possible urinary obstruc-
tion without exposing the patient to ionizing radiation. Ultrasound can detect 
clinically significant renal calculi, with about an 85% sensitivity for detecting 
the ureteral stones that cause acute symptoms.10 Among emergency depart-
ment patients with suspected nephrolithiasis, those who undergo ultrasonog-
raphy have a lower cumulative radiation exposure than those randomized to 
CT without any significant differences in high-risk diagnoses, serious adverse 
events, pain scores, or subsequent rehospitalizations or emergency department 
visits. A1 

,
 A2 

A helical CT scan without radiographic contrast can detect kidney stones 
with both a sensitivity and a specificity exceeding 95% (Fig. 117-2). Based 
on the density of the stone, it also can often differentiate a calcium-containing 
stone from a cystine or uric acid stone. An added benefit is that helical CT is 
often helpful in determining the cause of non-stone abdominal pain (Chapter 
123). In certain situations, such as in human immunodeficiency virus (HIV)–
infected patients thought to have stones induced by a protease inhibitor, a 
helical CT scan with contrast is often required because the stones are not 
radiopaque and do not obstruct the ureter.

Approximately 90% of kidney stones are radiopaque and may be detected 
on a simple abdominal radiograph. Unfortunately, however, the stone is often 
obscured by stool, vertebrae, or abdominal gas, so the sensitivity of a plain 
abdominal radiograph is about 55%, and its specificity is only about 75%. 
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Conservative
management

Urologic
intervention
to remove

stone
(e.g., ESWL,
percutaneous

nephrolithotomy)

Stone passed?

Preventive
recommendations

Prevention:
1. Stone analysis
2. Metabolic evaluation

Yes

No

High Low

FIGURE 117-1. Algorithm for evaluation of suspected renal colic. esWl = extracorporeal shock wave lithotripsy. (From Curhan GC. Nephrolithiasis. in: Goldman l, schafer ai, eds. 
Goldman’s Cecil Textbook of Medicine. 24th ed. philadelphia: elsevier saunders; 2012.)

FIGURE 117-2. High-resolution helical computed tomographic (CT) scan of the upper 
part of the abdomen demonstrating a stone in the right renal pelvis and a smaller 
stone in the left kidney (arrow). there is no hydronephrosis. (From Curhan GC. Clinical 
crossroads: a 44-year-old woman with kidney stones. JAMA. 2005;293:1107-1114.)

TREATMENT 

 PREVENTING RECURRENT STONES
Preventive treatment (Fig. 117-3) emphasizes advising the patient to increase 
oral fluid intake to produce a urine volume greater than 2 L per day, an oral 
intake that will reduce recurrent stone formation by about 50%.11

Calcium Stones
Because urine calcium excretion is directly correlated with urine sodium excre-
tion, decreasing sodium intake will decrease urine calcium excretion and reduce 
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Uric acid stones are radiolucent and cannot be detected radiographically 
without contrast.

Intravenous pyelography has a sensitivity of about 75% and a specificity of 
more than 90% for detecting renal calculi. Intravenous pyelography is also 
useful for identifying structural abnormalities of the urinary tract, such a 
medullary sponge kidney (Chapter 118), that predisposes to stone formation. 
However, an intravenous pyelogram often does not detect nonobstructing 
radiolucent stones because they do not create a filling defect. An intravenous 
pyelogram exposes the patient to more radiation than a plain radiograph but 
less than a CT scan. It also carries the risk of radiographic contrast material, 
which is greater in individuals with underlying renal compromise. With the 
widespread availability of ultrasonography and helical CT scans, an intravenous 
pyelogram is rarely indicated.

Medical Therapy
Because the pain of renal colic can be excruciating, pain control is critical after 

the definitive diagnosis has been made. If nausea and vomiting prevent the use 
of oral medication, parenteral medication is typically required. Intramuscular 
nonsteroidal anti-inflammatory drugs (NSAIDs; e.g., diclofenac [75 mg/3 mL]) 
are as or more effective compared with opiates for renal colic and are preferred 
because they have fewer side effects. A3  An intravenous option is ketorolac (30 
to 60 mg), and an oral option is ibuprofen (200 to 400 mg/dose every 4 to 6 
hours with a maximum daily dose of 1.2 g) in patients who can tolerate oral 
medication. Morphine (5 to 10 mg intravenously [IV]) and hydromorphone (1 
to 2 mg IV) are options if ketorolac is insufficient to control pain. Oral oxyco-
done (5 to 15 mg every 4 to 6 hours as needed) may be added to ibuprofen 
for outpatient pain control. Ondansetron (2 to 4 mg IV) is helpful if antiemet-
ics are required. Because NSAIDs can cause acute kidney injury, especially 
in patients who are dehydrated or have preexisting kidney injury, adequate 
hydration (e.g., normal saline with dextrose at 75 to 150 mL/hour) is essential, 
but neither high-volume fluid therapy nor diuretics promote the passage of  
the stone.

Medical Expulsive Therapy
Kidney stones 5 mm or smaller have about a 70% probability of passing 

spontaneously, whereas stones between 5 and 7 mm have a 60% chance, 
stones 7 to 9 mm have a 48% chance, and stones 9 mm or larger have a 25% 
chance of passing spontaneously. Stones located more distally in the ureter 
are more likely to pass spontaneously. Medical expulsive therapy may be cau-
tiously attempted with ureteral stones smaller than 10 mm diameter for 4 to 6 
weeks if pain is controlled, kidney function is normal, and there is no evidence 
of urinary tract infection or significant obstruction. The patient must be fol-
lowed closely, generally with repeat ultrasound examinations every week or  
2 weeks.

Expulsive therapy can reduce ureteral spasm and increase spontaneous 
passage rates by about 50%. Although neither tamsulosin daily nor nifedipine 
have been effective at decreasing the need for further treatment to achieve 
stone clearance in 4 weeks for patients with expectantly managed ureteric colic 
in some randomized trials, A4 

,
 A5  meta-analysis of all trials still shows an overall 

benefit for α-blockers such as tamsulosin (0.4 mg orally daily), A6  terazosin (2 to 
5 mg orally daily), or doxazosin (4 mg orally daily). Other options include the 
calcium-channel blocker nifedipine (nifedipine XL 30 mg daily or twice daily), 
a phosphodiesterase type 5 inhibitor (e.g., tadalafil 10 mg/day), or a selective 
α1a-receptor blocker (e.g., silodosin 0.4 mg/day). Silodosin is more effective than 
tamsulosin for promoting the passage of distal ureteral stones. A7 

Initial Surgical Treatment
Stones that cause obstruction, infection, or intractable pain must be removed 

expeditiously. In general larger and more proximal stones are less likely to pass 
spontaneously, even with medical expulsive therapy, and are often an indicator 
for earlier intervention. Approximately 15% of all kidney stones require an 
intervention to remove them.

The approach to stone removal depends on its size, location, and composi-
tion, as well as on urinary tract anatomy. The major options for ureteral stone 
removal include percutaneous nephrolithotomy and extracorporeal shock wave 
lithotripsy; open surgical extraction is rarely required. Percutaneous nephro-
lithotomy involves the passage of a flexible scope through the kidney and 
into the urinary space. Extracorporeal shock wave lithotripsy focuses external 
sound waves onto the kidney stone, thereby causing it to fragment into smaller 
stones that can more easily be passed spontaneously. Meta-analyses suggest 
that percutaneous nephrolithotomy is the treatment of choice for the major-
ity of ureteral stones, A8 

,
 A9  because it results in longer stone-free rates and a 

lower need for retreatment, even though it is associated with more complica-
tions, usually minor, and a longer hospitalization compared with shock wave  
lithotripsy.

TREATMENT 

Medical Evaluation
After an initial stone episode, the recurrence rate in nontreated patients is 

estimated to be about 25% at 5 years. As a result, every patient who forms an 
initial stone should undergo evaluation with the goal of preventing recurrent 
stones. The history should focus on uncovering factors that predispose to stone 
formation. All stones should be analyzed to assist in defining the underlying 
metabolic abnormality and to guide therapy.

A careful dietary history, including an estimate of fluid intake, is essential. 
Many stone formers are erroneously instructed to eliminate all calcium from 
their diet, a practice that not only increases stone formation but also may 
induce bone demineralization. Sodium intake should be estimated because 
sodium excretion obligates calcium excretion, thereby potentially leading to 
urinary supersaturation. Excessive animal protein intake increases metabolic 
acid production, which increases bone demineralization and calciuria.

Hypercalcemic disorders—including malignancy (Chapter 232), hyperpara-
thyroidism (Chapter 232), and sarcoidosis (Chapter 89)—often result in hyper-
calciuria, increased urinary supersaturation, and calcium stone formation. 
Malabsorptive gastrointestinal disorders, such as Crohn disease (Chapter 132) 
and celiac disease (Chapter 131), or weight reduction surgery (Chapter 207), 
such as ileal resection or jejunoileal bypass, will often result in calcium oxalate 
stone formation from increased oxalate absorption and excretion as well as 
volume depletion.

Medications that can cause calcium stone formation include loop diuretics, 
which increase urinary calcium excretion, as well as salicylates and probenecid, 
which increase urinary uric acid excretion. Various medications that can them-
selves precipitate into stones include intravenous acyclovir, high-dose sulfa-
diazine, triamterene, and the antiretroviral agents indinavir and nelfinavir. Other 
medications that inhibit renal tubular carbonic anhydrase activity, such as 
acetazolamide and topiramate, can lead to metabolic acidosis, bone resorption, 
hypercalciuria, lower urinary citrate excretion, and higher urinary pH, all of 
which promote the formation of calcium phosphate stones.

The number and frequency of stones formed, the patient’s age at the time 
of the first stone, the size of the stone, and an analysis of the composition of 
the stone are also important clues. Stones that develop at a young age suggest 
a genetic disorder, such as primary hyperoxaluria or cystinuria. Large staghorn 
calculi in elderly patients are consistent with struvite stones. A stone’s response 
to intervention is also helpful: cystine stones do not fragment well with litho-
tripsy, and stones that recur frequently in a single kidney suggest a unilateral 
anatomic abnormality.

Basic laboratory testing should include levels of serum electrolytes (sodium, 
potassium, chloride, and bicarbonate), creatinine, calcium, phosphorus, uric 
acid, 25-hydroxyvitamin D, and thyroid-stimulating hormone. If the serum 
calcium is above and the serum phosphorus is below the midrange of normal, 
a serum parathyroid hormone level should be obtained.

An elevated urine specific gravity suggests inadequate fluid intake. Hematuria 
may indicate irritation to the urothelial lining by a stone. Characteristic crystals 
(see Fig. 106-10) are more common than in non–stone formers. The presence 
of hexagonal crystals (see Fig. 106-9) mandates that cystinuria be excluded. 
Patients with struvite stones generally have an elevated urine pH (>7.4) owing 
to the splitting of urea into ammonia and bicarbonate, whereas a low urinary 
pH (<5.5) raises the suspicion of uric acid stones. An elevated urine pH combined 
with bacteriuria (Chapter 268) suggests struvite stones. Because urease produc-
tion may stimulate struvite stone formation despite low bacterial colony counts, 
the laboratory must identify all bacteria and determine antibiotic sensitivities 
even with low colony counts. If no bacteria are isolated, cultures for Ureaplasma 
urealyticum should be requested. The combination of an elevated urinary pH 
(6.5 to 7.2) with a low serum potassium and serum bicarbonate level strongly 
suggests distal renal tubular acidosis (Chapter 110).

In patients with recurrent stones and/or high-risk characteristics for recur-
rence, a 24-hour urine collection can determine the levels of calcium, oxalate, 
citrate, sodium, urate, phosphorus, and creatinine, as well as the calculation of 
supersaturation with respect to calcium oxalate, calcium phosphate, and uric 
acid (Table 117-1). An elevated supersaturation should lead the clinician to 
determine the individual components of the urine that are causing the increased 
supersaturation, and efforts can then be made to rectify these abnormalities. 
Cystine should also be measured at least once in every stone former to exclude 
cystinuria and regularly in patients who form cystine stones. Multivitamins 
should be discontinued about 5 days before the collection to prevent any 
antioxidant effect on the urine sample.

 PREVENTING RECURRENT STONES
Preventive treatment (Fig. 117-3) emphasizes advising the patient to increase 
oral fluid intake to produce a urine volume greater than 2 L per day, an oral 
intake that will reduce recurrent stone formation by about 50%.11

Calcium Stones
Because urine calcium excretion is directly correlated with urine sodium excre-
tion, decreasing sodium intake will decrease urine calcium excretion and reduce 
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TABLE 117-1 OPTIMAL 24-HOUR URINE VALUES IN 
PATIENTS WITH NEPHROLITHIASIS

PARAMETER VALUE
Volume >2-2.5 L
pH >5.5 and <7.0 (24-hr specimen not 

required)
Calcium <300 mg or <3.5-4.0 mg/kg in men;

<250 mg or <3.5-4.0 mg/kg in women
Oxalate <40 mg
Sodium <2000 mg
Uric acid <800 mg in men; <750 mg in women
Phosphorus <1100 mg
Citrate >320 mg
Supersaturation with respect to calcium 

oxalate
<5

Supersaturation with respect to calcium 
phosphate

0.5-2

Supersaturation with respect to uric acid 0-1
Urine creatinine should be measured to ensure the adequacy of collection and should be >15 mg/kg 
in men and >10 mg/kg in women. Supersaturation is the ratio of the ion activity product and its 
solubility product.

FIGURE 117-3. Approach to a patient with calcium oxalate nephrolithiasis. an approach to treating a patient with calcium oxalate nephrolithiasis. 

Obtain 24-hr urine ion excretion and supersaturation
If supersaturation is elevated determine if:

Patient with first stone

Approach to a Patient with Calcium Oxalate Nephrolithiasis

Complete evaluation

Recurrent stones, all children, noncalcium
stone formers and nontypical demographics

All others (i.e., single calcium-containing stone)

Exclude metabolic cause such as primary hyperparathyroidism, primary hyperoxaluria, etc.
General stone treatment:
 Increased fluid intake to increase urine volume to 2.0 to 2.5 L/day
 Sodium moderation to lower urinary sodium to <2000 mg/day
 Protein moderation to about 1 g/kg/day
 Appropriate calcium intake for age and gender preferably from dairy products and not supplements

Follow, reinforce general stone treatment advice
if recurrent stone

Repeat 24-hr urine ion excretion and supersaturation every 6 to 12 months and treat as indicated
Avoid radiographs unless results are likely to change management significantly

Idiopathic 
hypercalciuria

Decrease sodium 
intake

Thiazide diuretic
(e.g., chlorthalidone)
If potassium is low, 

then potassium citrate
+/– amiloride

Dietary hyperoxaluria
Decrease dietary 

oxalate intake
Increase calcium

with meals

Hypocitraturia
Decrease animal protein

Potassium citrate

Hyperuricosuria
Decrease dietary purine

Allopurinol

Excess
urinary sodium

Decrease sodium intake

Low
urinary volume

Increase fluid intake

Basic evaluation and treatment

supersaturation. Patients with calcium stones should limit daily sodium intake 
to no more than 2 g per day A9  and reduce animal protein intake to 0.8 to 1.0 g/
kg per day.12

The recommended calcium intake for a 19- to 50-year-old man or woman is 
1000 mg of elemental calcium per day, and a number of studies demonstrate 
decreased formation of calcium stones when people consume diets adequate in 

calcium, presumably because appropriate calcium intake is needed for intestinal 
binding of dietary calcium and oxalate. Dairy products are preferred over calcium 
supplements because clinical studies indicate that women taking supplemental 
vitamin D and calcium have a significant increase in stone formation.

Patients with persistent hypercalciuria often benefit from thiazide diuretics 
(e.g., chlorthalidone 12.5 to 25 mg/day), which directly lower urinary calcium 
and reduce recurrent stone formation by about 50%.13 Thiazides are effective 
only if patients restrict dietary sodium. In patients with hypercholesterolemia 
or hyperglycemia, indapamide (1.25 to 5 mg/day) can be used because it has 
less effect on these parameters.14 If patients develop hypokalemia, dietary 
potassium intake should be increased, or a potassium supplement can be 
administered. Allopurinol should be prescribed as for gout (300 mg daily; see 
Chapter 257). Potassium citrate (10 to 40 mEq/day)15 will increase urinary 
citrate excretion, bind urinary calcium, and further decrease recurrent stone 
formation. A10  Potassium citrate is available as a wax-matrix tablet. A 24-hour 
urine collection can be repeated in a month or two to assess the response 
to therapy.

Patients with diet-related hyperoxaluria should be instructed to limit or 
avoid foods with high oxalate content such as cocoa, nuts, tea, and green leafy 
vegetables such as spinach. Because dietary calcium and oxalate bind in the 
gut, patients should consume these foods with calcium-containing foods. For 
enteric hyperoxaluria, treatment is first directed at the underlying disorder 
and then at instituting therapy for cause of the steatorrhea (Chapter 131). 
Dietary oxalate should be restricted, and dietary calcium and oxalate should 
be ingested at the same meal. A diet that is low in fat; high in fruits, vegetables, 
and low-fat dairy products; that is rich in grains, fish, poultry, beans, seeds, 
and nuts; and that contains fewer sweets and less added sugar and red meat 
appears to be a reasonable alternative to a low-oxalate diet. Additional fluid 
intake and potassium citrate are often beneficial.

In some patients with type 1 primary hyperoxaluria, pyridoxine (vitamin 
B6) can increase enzyme activity and reduce oxalate production. These patients 
also should be treated with measures that reduce calcium oxalate precipitation, 
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such as ample fluid intake and potassium citrate (10 to 40 mEq/day). These 
patients should be seen by specialists because prompt and effective treatment 
can forestall kidney failure. Liver transplantation (Chapter 145) can be curative.

Calcium stones may be found in patients with hyperuricosuria. These patients 
often excrete excess amounts of urinary uric acid but normal amounts of 
urinary calcium and oxalate. Compared with patients with pure uric acid stones, 
they generally have a higher urinary pH (about 5.5). The mechanism by which 
uric acid promotes calcium stone formation is unclear. Therapy generally 
consists of dietary purine restriction, increased fluid intake, and the addition 
of allopurinol (300 mg daily) if necessary.

If moderation of dietary protein is not successful in patients with hypoci-
traturia, oral potassium citrate is given (10 to 40 mEq/day). Serum levels of 
potassium and bicarbonate must be closely monitored, especially in patients 
with chronic kidney disease.

Uric Acid Stones
Uric acid stones are radiolucent and are thus most often visualized with ultra-
sonography or CT. Therapy for patients with uric acid stones begins with 
nonspecific measures such as increasing fluid intake, a low purine diet, and 
lowering animal protein intake to increase urinary pH. Ideally, the urinary pH 
should be elevated to approximately 6.5 to 7.0, a level that not only prevents 
new stone formation but also can dissolve existing uric acid stones without 
promoting calcium phosphate deposition. Potassium citrate (10 to 40 mEq/
day) may be required to raise the urinary pH sufficiently. If all else fails, the 
carbonic anhydrase inhibitor acetazolamide (250 to 500 mg/day) may be initi-
ated to raise urine pH. Because concomitant hyperuricemia may be present, 
allopurinol (100 to 300 mg daily) may be indicated to lower the serum uric 
acid level.

Struvite Stones
Struvite stones rapidly grow to a large size and may promptly recur if not 
completely removed. Therapy requires complete surgical stone removal coupled 
with appropriate long-term antibiotics (Chapter 268), selected on the basis 
of cultures of stone fragments retrieved from surgery. Antibiotics should be 
continued at full doses until the urine is sterile and then continued at a lower 
dose. Monthly surveillance cultures should be performed until the urine remains 
sterile for 3 consecutive months. Antibiotics can then be discontinued with 
monthly surveillance urine cultures for another year.

Cystine Stones
Cystine kidney stones, which usually develop by the second or third decade 
of life, are radiopaque and may appear as staghorn calculi or multiple stones. 
The disease should be suspected in any patient with an early onset of stones, 
frequently recurrent nephrolithiasis, and a family history of the disease. 
Although the presence of the classic hexagonal cystine crystals in the urine 
(see Fig. 106-9 in Chapter 106) may suggest the diagnosis, anyone suspected 
of the disorder should have a quantitative cystine measurement on a 24-hour  
urine sample.

The goal of treatment is to lower the urinary cystine concentration below 
the limits of solubility. Patients are advised to drink sufficient quantities of 
water to maintain excreted cystine in solution. Patients should moderate intake 
of dairy products and high-protein foods, which contain large amounts of 
methionine, a precursor of cystine. Because cystine is more soluble at a higher 
pH, urinary alkalinization with potassium citrate (10 to 40 mEq/day) can be 
used to maintain a urinary pH between 6.5 and 7.0. Chelating agents reduce 
the free cystine concentration by forming more soluble compounds and should 
be prescribed by a specialist owing to their high incidence of side effects.

 PROGNOSIS
The recurrence rate of calcium oxalate nephrolithiasis is about 25% at 5 to 10 
years, and the rate is higher for cystine, uric acid, and struvite stones. Patients 
with kidney stones often have an increase in aortic calcification and a decrease 
in bone mineral density, thereby supporting the concept that there is dysregu-
lation in calcium homeostasis in patients who form calcium-containing stones. 
Patients with nephrolithiasis also have an increased risk for coronary heart 
disease and stroke.16
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118 
CYSTIC KIDNEY DISEASES
M. AMIN ARNAOUT

 DEFINITION AND EPIDEMIOLOGY
The term cystic kidney diseases refers to a heterogeneous group of hereditary 
and acquired disorders characterized by the presence of unilateral or bilateral 
renal cysts.1 When acquired singly or in small numbers and in the absence of 
any other pathology, renal cysts are termed simple cysts, which are present in 
approximately 50% of individuals older than 40 years, are usually not locu-
lated, and tend to bulge out from the renal surface (Fig. 118-1). The polycystic 
kidney diseases (PKDs), by comparison, constitute a clinically important group 
of genetically mediated disorders characterized by prominent, expanding, 

12 cm

A  Simple cysts B  ADPKD C  ARPKD

FIGURE 118-1. Gross pathology of selected cystic kidney diseases. A, Photograph of 
a kidney with multiple simple cysts. the cysts bulge out from the surface of a normal-
sized kidney. B, sagittal cross section of a kidney from an adult with autosomal dominant 
polycystic kidney disease (adPKd). Multiple macroscopic cysts have resulted in an enlarged 
but still reniform kidney (note the evidence of prior hemorrhage within some of the 
cysts). C, sagittal cross section of a kidney segment from a neonate with autosomal 
recessive polycystic kidney disease (aRPKd). the kidney is enlarged, with numerous small 
cysts. (Courtesy dr. Robert Colvin, Massachusetts General Hospital.)
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ABSTRACT
Kidney cysts affect nearly 50% of individuals older than age 40 years. Although 
most are simple cysts with no associated pathology, polycystic kidney disease 
(PKD) has multiple etiologies, with a variable onset, presentation, and rate 
of progression to end stage renal disease. In PKD, cysts arise as tubule dila-
tions involving any or specific renal tubular segments, are fueled by tubular 
cell proliferation, and expand by excessive fluid secretion. Compression and 
obstruction of adjacent noncystic tubules and disruption of normal kidney 
architecture lead to fibrosis and progressive loss of kidney function. Large 
cysts are a prominent feature of autosomal dominant PKD (ADPKD), the 
most common form of PKD, whereas most other forms are characterized by 
small cysts. Both genetic and non-genetic factors are involved in controlling 
the rate of progression of kidney disease. PKD is most often inherited and is 
commonly associated with systemic manifestations that reflect the extrarenal 
loss of function of the defective gene. Many of the PKD genes are involved 
in the formation, maintenance, and/or regulating function of primary cilia, 
thus linking ciliary defects to PKD genesis. Diagnosis of PKD is aided by a 
positive family history, various imaging modalities, and genotyping, the latter 
being increasingly utilized especially in pre-implantation and prenatal diagnosis. 
Treatment varies with the underlying disease. Recent data show that inhibition 
of the vasopressin receptor 2 slows the decline in kidney function in ADPKD. 
Other therapies are aimed at control of hypertension, infection, pain, neph-
rolithiasis, renal salt wasting, and metabolic complications.
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replacement therapy for 8 years or longer. Acquired cystic kidney disease is 
associated with increased rates of renal cell carcinoma.

 AUTOSOMAL DOMINANT  
POLYCYSTIC KIDNEY DISEASE

 PATHOBIOLOGY
ADPKD is a systemic disorder characterized by cyst formation in multiple 
organs, including the kidneys, other ductal organs, and the cardiovascular 
system. Renal cysts originate as outpouchings of tubules and may arise from 
any portion of the nephron, with up to 1% of nephrons involved. The out-
pouchings expand and eventually separate from the parent tubules, yielding 
cysts (Fig. 118-2). Cyst growth is caused by proliferation of the cyst lining 

typically bilateral renal cysts. PKDs are classified as dominant, recessive, or 
X-linked, based on their pattern of inheritance. Autosomal dominant PKD 
(ADPKD), with a prevalence rate between one in 400 and one in 2000,2 is 
the most common monogenic disease in humans and accounts for about 8% 
to 10% of all end-stage renal disease (ESRD) in the United States. ADPKD 
develops in an age-dependent manner and affects mainly adults. Autosomal 
recessive PKD (ARPKD), by contrast, is a relatively rare childhood disorder 
that appears in one in every 6000 to 50,000 live births. Renal cysts are also 
seen in several other rare hereditary kidney diseases and in several syndromic 
PKDs (Table 118-1). Collectively, the hereditary PKDs generally affect both 
genders and all races equally and cost more than $1 billion annually to manage 
in the United States alone. Acquired cystic kidney disease refers to the multiple 
bilateral renal cysts that occur in 90% of patients who have received renal 

TABLE 118-1 COMPARISON OF CLINICAL FEATURES OF CYSTIC KIDNEY DISEASES

DISEASE INHERITANCE FREQUENCY GENE PRODUCT
AGE OF 
ONSET CYST ORIGIN RENOMEGALY

CAUSE OF 
ESRD OTHER MANIFESTATIONS

ADPKD AD 1 : 400-1000 Polycystin-1(PC1); 
Polycystin-
2(PC2); 
Glucosidase II 
alpha subunit 
(GIIα); DnaJB11

20s and 30s Anywhere 
(including 
Bowman 
capsule)

Yes Yes (for 
PC1, 
PC2, or 
DnaJB11)

No (for 
GIIα)

Liver cysts
Cerebral aneurysms
Hypertension
Mitral valve prolapse
Kidney stones
UTIs

ARPKD AR 1 : 10,000-40,000 Fibrocystin/
polyductin

First year of life Distal nephron, 
CD

Yes Yes Hepatic fibrosis
Pulmonary hypoplasia

ACKD No 90% of ESRD 
patients at 8 yr

None* Years after onset 
of ESRD

Proximal and 
distal tubules

Rarely No None

Simple cysts No 50% in those 
older than 
40 yr

None* Adulthood Anywhere (usually 
cortical)

No No None

NPHP AR 1 : 80,000 Nephrocystins 
(NPHP1–20)

Childhood or 
adolescence

Medullary DCT No Yes Retinal degeneration; 
neurologic, skeletal, hepatic, 
cardiac malformations

ADTKD-
UMOD

AD Rare Uromodulin Adults Cortico-medullary No Yes Gout

ADTKD-
MUC1

AD Rare Mucin-1 Adults Cortico-medullary No Yes None

ADTKD-
REN

AD Rare Renin Childhood Cortico-medullary No Yes Anemia, gout, hyperkalemia

ADTKD-
HNF1B

AD; 
spontaneous

Rare HNF1β Childhood or 
adulthood

Cortico-medullary Rarely Variable Early-onset diabetes, pancreatic 
hypoplasia, 
hypomagnesemia, 
hyperthyroidism, liver 
function abnormalities, gout, 
renal and urogenital 
anomalies, mental 
retardation, risk of renal cell 
carcinoma

MSK No 1 : 5000-20,000 None* 30s Medullary CD No No Kidney stones
Tuberous 

sclerosis
AD 1 : 10,000 Hamartin (TSC1), 

tuberin (TSC2)
Childhood Loop of Henle, 

DCT
Rarely Rarely Renal cell carcinoma, tubers, 

seizures, angiomyolipoma, 
hypertension

VHL 
syndrome

AD 1 : 40,000 VHL protein 20s Cortical nephrons Rarely Rarely Retinal angioma, CNS 
hemangioblastoma, renal  
cell carcinoma, 
pheochromocytoma

Oral-facial-
digital 
syndrome-1

XD 1 : 250,000 OFD1 protein Childhood or 
adulthood

Renal glomeruli Rarely Yes Malformation of the face, oral 
cavity, and digits; liver cysts; 
mental retardation

HIPKD AR Rare Phospho-
mannomutase 2

Childhood Renal glomeruli Yes Yes Hypoglycemic seizures; 
occasional liver cysts

BBS AR 1 : 65,000-
160,000

BBS 1-18 Adulthood Renal calyces Rarely Yes Syndactyly and polydactyly, 
obesity, retinal dystrophy, 
male hypogenitalism, 
hypertension, mental 
retardation

*No known genetic susceptibility.
ACKD = acquired cystic kidney disease; AD = autosomal dominant; ADPKD = autosomal dominant polycystic kidney disease; DnaJB11 = DnaJ homolog subfamily B member 11; AR = autosomal recessive; 
ARPKD = autosomal recessive polycystic kidney disease; BBS = Bardet-Biedl syndrome; CD = collecting duct; CNS = central nervous system; DCT = distal convoluted tubule; ESRD = end-stage renal disease; 
ADTKD = autosomal dominant tubulointerstitial kidney disease; UMOD = uromodulin; MUC1, mucin-1; REN = renin; HNF1β (hepatocyte nuclear factor 1 β); MSK = medullary sponge kidney; HIPKD = 
PKD with hyperinsulinemic hypoglycemia; NPHP = nephronophthisis; UTI = urinary tract infection; VHL = von Hippel-Lindau; XD = X-linked dominant.
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of mutations in the longer PKD1 coding region and the presence of six PKD1-
like pseudogenes that may be involved in recombination-based gene conversion 
and rearrangements.

Because renal cysts develop from approximately 1% of nephrons, somatic 
inactivation of the normal PKD1 or PKD2 allele (somatic second hit model) 
has been proposed as the main mechanism of cyst initiation. Alternatively, 
the PKD1 or PKD2 haploinsufficiency state may produce wide stochastic 
fluctuations in levels of the normal gene product and may reduce it to below 
a critical disease-causing threshold in the absence of a somatic second hit 
(haploinsufficiency model). Increasing evidence seems to support the latter 
model. It remains plausible that the genomic instability associated with the 
PKD1 or PKD2 haploid state may increase the likelihood of somatic second 
hits, which contribute to disease progression by providing cysts with a growth 
or survival advantage.

There are wide variations in the onset and severity of ADPKD even among 
affected members of the same family. This variability could arise from vari-
able frequency and timing of the somatic inactivation of the respective 
normal allele. Variability in disease onset and severity can also result from 
bilineal inheritance of PKD1 and PKD2 mutant alleles or by inheritance 
of hypomorphic or incompletely penetrant variants of either gene. Mosa-
icism in a parent in whom a mutation has arisen de novo could result in 
one sibling having the disease while another is disease free despite sharing 
the identical inherited haplotype at the PKD locus. Digeneic inheritance of 
mutant PKD1, PKHD1, TSC2, or HNF1B alleles can result in ADPKD in  
infancy.

Paradoxically, combining conditional inactivation of the polycystins with 
ablation of cilia (by inactivating, for example, the ciliopathy genes encoding 
heterotrimeric kinesin component Kif3a or the intraflagellar transport [protein 
IFT20]) suppresses cyst growth in developing and adult kidney and liver. 
Other modifier loci beyond known disease genes as well as nongenetic risk 
factors (e.g., smoking, caffeine, and male sex hormones) also likely influence 
disease variability.

Gene Products
PKD1 encodes PC1, which consists of a large extracellular modular ectodomain 
followed by an 11-pass transmembrane segment and a short cytoplasmic 

cells and by abnormal fluid accumulation that results when chloride-driven 
fluid secretion outpaces absorption. Cyst expansion and fibrosis (induced 
by cystic epithelium-derived chemokines, cytokines, and growth factors that 
attract macrophages and fibroblasts) cause compression and obstruction of 
noncystic normal tubules, thereby resulting in upstream tubular dilation. The 
kidneys become massively enlarged, and kidney function progressively declines.

Genetics
Heterogeneous mutations in PKD1 and PKD2 cause ADPKD and account for 
approximately 80% and 15% of the cases, respectively. Mutations in GANAB 
or DNAJB11 account for fewer than 1% of cases. Mutations in GANAB, which 
encodes GIIα, cause mild ADPKD and variable degrees of polycystic liver 
disease. DNAJB11-associated disease is a phenotypic hybrid of ADPKD 
and ADTKD, characterized by normal-sized cystic kidneys, liver cysts, and 
progressive fibrosis that results in late-onset ESRD. In both GANAB- and 
DNAJB11-associated ADPKD, cystogenesis appears to be driven by defects 
in PC1 maturation. In a minority of ADPKD cases, no demonstrable muta-
tions are found in these genes, thereby suggesting that additional genes may  
be involved.3

PKD1 is 54 kb long and is located on chromosome 16p13.3, adjacent to 
the tuberous sclerosis 2 (TSC2) gene. PKD1 has 46 exons, generates a 14-kb 
transcript, and encodes a 4302-residue protein called polycystin-1 (PC1), 
the first described member of an expanding polycystin protein family. The 5′ 
region of human PKD1 (to exon 33) is replicated on the same chromosome, 
resulting in approximately six copies of PKD1-like pseudogenes, which must be 
distinguished from the PKD1 gene in direct mutational analysis. To date, 2323 
mutations have been identified throughout the gene (http://pkdb.mayo.edu/) 
but especially in the 3′ half. Mutations in the 5′ half of the gene are associated 
with more severe disease, with only 19% of patients retaining adequate renal 
function at 60 years of age (vs. 40% of those with 3′ mutations), and they are 
more likely to have intracerebral aneurysms and aneurysm rupture.

The 68-kb PKD2 gene is located on chromosome 4q13-23, transcribes 15 
exons, and generates a 5-kb transcript, which encodes a protein of 968 residues 
called polycystin-2 (PC2). To date, 278 heterogeneous mutations in PKD2 
have been identified. The greater number of cysts that occur at an early age 
in PKD1 compared with PKD2 disease is likely a result of a higher frequency 
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FIGURE 118-2. A to D, Steps involved in cyst formation in autosomal dominant polycystic kidney disease. note that this process occurs hundreds or thousands of times during the 
natural history of the disease. eCM = extracellular matrix. 

http://pkdb.mayo.edu/
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and renal function, thoracic and abdominal aortic aneurysms, and cervicoce-
phalic and coronary aneurysms. Arterial hypertension is present in approxi-
mately 70% of cases before renal dysfunction is detected. Development of 
hypertension at a young age is associated with a fourfold increased risk of 
ESRD and increased cardiovascular morbidity. The risk for preeclampsia is 
also higher than in the general population.

Intracranial aneurysm occurs in 4 to 8% of asymptomatic ADPKD patients, 
but the incidence is higher in patients with a family history of nonruptured 
(10% risk) or ruptured intracranial aneurysm (20% risk) (Chapter 380). 
ADPKD-associated aneurysms tend to rupture at a smaller size and in 
younger individuals—on average, 10 years younger than among the general 
population. Although usually clinically silent, intact cerebral aneurysms can 
present with focal neurologic symptoms and headaches. By contrast, aneu-
rysms that rupture lead to subarachnoid hemorrhage (Chapter 380) and 
have dramatic presentations that include severe headaches, seizures, altered 
sensorium, and death. Aortic and coronary artery aneurysms are also more 
prevalent in patients with ADPKD, and the frequency of aortic insufficiency is  
increased.

Although almost never severe enough to cause end-stage liver disease, age-
dependent hepatic cysts occur in 30 to 80% of patients with ADPKD and 
can lead to signs and symptoms of mass effect, infection, hemorrhage, and 
rupture.4 Estrogen intake and multiparity in women are risk factors in devel-
oping larger and more symptomatic cysts. The cysts that occasionally form 
in other organs, such as the pancreas, spleen, brain, ovaries, epididymis, and 
prostate, are usually asymptomatic. Sperm abnormalities and defective motil-
ity may occur but rarely cause male infertility. Bronchiectasis (Chapter 84) is 
threefold more common, inguinal hernias may be more prevalent, and colonic 
diverticulosis and diverticulitis are more common in ESRD patients with  
ADPKD.

 DIAGNOSIS
Renomegaly, typically presenting in the third or fourth decade of life with a 
positive family history and common extrarenal manifestations, such as hyper-
tension, are useful findings in making a presumptive diagnosis of ADPKD. In 
these cases, renal ultrasonography is frequently diagnostic. Because only about 
75% of individuals give a family history of ADPKD, ultrasound screening of 
asymptomatic parents or grandparents may be required to uncover diagnosti-
cally relevant silent ADPKD.

A diagnosis of ADPKD can be made in an asymptomatic individual by 
ultrasonography (Fig. 118-3A). To account for the common age-dependent 
appearance of simple cysts, ADPKD is diagnosed if at least three renal cysts 
(distributed in one or both kidneys) are present in individuals 15 to 29 years 
old (sensitivity, 0.82; specificity, 1.0) or 30 to 39 years old (sensitivity, 0.96; 
specificity, 1.0), if at least two renal cysts are present in each kidney in indi-
viduals 40 to 59 years old (sensitivity, 1.0; specificity, 0.99), or if at least four 
renal cysts are detected in each kidney in individuals 60 years of age or older 
(sensitivity, 1.0; specificity, 1.0). Fewer than two renal cysts in an individual 
from an ADPKD family with an unknown genotype age 40 years or older or 
the absence of renal cysts in such an individual age 30 to 39 years is sufficient 
to exclude the disease, with negative predictive values of 100% and 99.3%, 
respectively. A negative ultrasound result is less accurate in excluding disease 
in individuals younger than 30 years, so computed tomography (CT) or mag-
netic resonance imaging (MRI) is recommended. When a young relative is 
being considered as a potential kidney donor to a family member with end-
stage ADPKD, contrast-enhanced, three-dimensional CT or magnetic resonance 
angiography is required because these tests can detect 3-mm cysts compared 
with ultrasonography’s ability to detect 10-mm cysts.

Cerebral aneurysms are increasingly being detected with MRI in ADPKD 
patients. Four-vessel cerebral angiography remains the gold standard and is 
often used for surgical planning.

DNA-based diagnosis of ADPKD by means of direct sequencing is com-
mercially available and detects mutations in more than 90% of affected indi-
viduals.5 Whole-genome sequencing may have a much higher sensitivity and 
specificity for the diagnosis because it is better at distinguishing the PKD1 
gene from six similar pseudogenes.6 Testing is recommended when imaging 
study results are equivocal, in a young transplant donor from an ADPKD 
family when imaging study results are negative, or to facilitate preimplantation 
genetic diagnosis.

Monitoring Renal Disease Progression
Despite ongoing renal cyst expansion, the glomerular filtration rate (GFR) and 
the serum creatinine level are generally maintained within the normal range 
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carboxyl terminus (E-Fig. 118-1). The PC1 ectodomain contains multiple 
functional motifs, which are also present in cell adhesion receptors, thereby 
suggesting a role in cell-cell or cell-matrix interactions (or both). Cleavage of 
PC1 at a membrane proximal G protein–coupled receptor proteolytic site 
found within the G-protein–coupled receptor autoproteolysis-inducing domain 
is necessary for normal function and results in N-terminal and C-terminal 
fragments that remain tethered. PC2, encoded by PKD2, is a multipass mem-
brane protein that acts as a nonselective voltage-dependent, calcium-permeable 
ion channel with cytoplasmic amino- and carboxy-termini. Its six-transmembrane 
segment bears topologic and sequence similarity to the carboxyl terminal 
six-transmembrane segment of PC1. The coiled-coil domains within the car-
boxyl termini of PC1 and PC2 interact, thereby facilitating PC1 translocation 
to the plasma membrane and stabilizing the channel activity of PC2. The 
latter function is regulated by casein kinase 2 (CK2β), which binds the intra-
cellular PLAT domain of PC1.

PC1 and PC2 are widely expressed in tissues, with some overlap consistent 
with their direct interaction. PC1 expression is highest in fetal tissue and 
progressively declines thereafter, becoming mainly limited to the collecting 
duct in the normal adult kidney. PC1 expression is induced in injured adult 
kidney. By comparison, renal expression of PC2 is maintained throughout 
development and predominates in the medullary thick ascending limb and 
distal cortical tubules in the normal adult kidney. PC1 is found at multiple 
cell membrane sites, including primary cilia, adherens junctions, desmosomes, 
and focal adhesions, as well as in intracellular vesicles. PC2 is found in primary 
cilia as well as the basolateral membrane, endoplasmic reticulum, centrosome, 
and mitotic spindles in dividing cells. Both PC1 and PC2 are also found in 
urinary exosome-like vesicles.

Experimental studies have suggested that developing renal tubules with 
high proliferative indices are more sensitive to the reduction in PC1 or PC2 
levels, with disease severity radically altered depending on the time of gene 
inactivation. Whereas Pkd1 or Pkd2 inactivation in mice during proliferation 
of immature tubular epithelium leads to massive cysts and embryonic or neo-
natal death, inactivation when the renal epithelium has already differentiated 
into recognizable nephron segments causes mild disease. Maintenance of higher 
proliferative indices in distal nephron epithelium relative to that in the proximal 
nephron may explain the predominance of cysts in the distal nephron in adult 
human ADPKD.

 CLINICAL MANIFESTATIONS
ADPKD has a highly variable presentation, even within families. The clinical 
features of PKD2-associated ADPKD are indistinguishable from those of 
PKD1-associated disease. However, PKD2 disease is milder, with an older 
average age of onset—about 75 years versus 55 years for PKD1-associated 
disease—owing to the development of fewer cysts at an early age rather than 
to a slower cyst growth rate. GANAB mutations are associated with mild renal 
disease; thus far, no correlations have been reported between the type of 
mutation or its position and the severity of disease.

Despite an estimated 100% penetrance by age 90 years, only half the indi-
viduals with heterozygous mutations in PKD1 or PKD2 are ever diagnosed 
clinically with ADPKD. Of these patients, the majority present in the third 
or fourth decade of life with symptoms referable to renal cystic disease. However, 
ADPKD can develop at any age, including infancy, and it can have a nonrenal 
presentation. Renomegaly may predominate the clinical picture, with abdominal 
distention, discomfort, or pain; however, renomegaly can also be discovered 
incidentally on physical examination or after radiographic studies of the 
abdomen.

Nocturia, one of the earliest signs of abnormal renal function in ADPKD, 
reflects the early impairment in urinary concentration owing to disruption of 
renal architecture by the cysts. Hematuria is typical, but proteinuria is less 
prominent than in many other renal diseases. Cyst hemorrhage and sometimes 
rupture, which can occur spontaneously or after trauma, present as sharp pain 
and hematuria. Anemia features less prominently than in other renal diseases, 
probably because of the relatively well-preserved erythropoietin secretion. 
Kidney stones (Chapter 117) occur in 20% to 36% of patients, with uric acid 
stones slightly more common than calcium oxalate stones; predisposing factors 
include urinary stasis, defective trapping of urea in the medulla, low urine 
pH, hypocitraturia, hyperoxaluria, hypercalciuria, and hypomagnesuria. Recur-
rent cyst infection (Chapter 268), usually by common urinary tract—infecting 
organisms, is characterized by flank or abdominal pain, fever, rigors, leukocy-
tosis, and occasionally sepsis.

Cardiovascular disease, which is common in ADPKD, manifests as biven-
tricular diastolic dysfunction even in young patients with normal blood pressure 
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E-FIGURE 118-1. Schematic of polycystin-1 (PC1) and polycystin-2 (PC2). PC1 is a 
multidomain glycoprotein with 11 putative transmembrane (tM) segments, the C-terminal 
six of which (colored in orange) bear homology to the six transmembrane segments of 
PC2. PC1 domains contain a leucine-rich region (LRR); cell wall and stress component 
(WsC); C-type lectin; low-density lipoprotein receptor (LdL); a-like domain (LdL-a); 
immunoglobulin-like domain (PKd); receptor for egg jelly domain (ReJ); G-protein-couple 
receptor autoproteolysis-inducing domain (Gain), which contains the G protein–coupled 
receptor proteolytic site (GPs) needed for PC1 activation; and PC1–lipoxygenase-α toxin 
domain (PLat). Inset: the schematic is drawn after atomic force microscopy imaging of 
PC1. Full-length PC1 appeared as two unequally sized blobs. the smaller one representing 
the n-terminal LRR, LdL-a, the first PKd domain, and C-type lectin, and the larger one 
includes ReJ, Gain, all transmembrane domains, and cytoplasmic tail. the 35-nm string 
connecting the two blobs likely consists of the tandem PKd domains. the PC2 domain 
includes a calcium-binding motif (eF), an endoplasmic reticulum (eR) retention signal, 
and a predicted coiled-coiled (CC) domain that interacts with a CC domain in PC1. 
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A B

FIGURE 118-3. A, Ultrasound image of a kidney from a patient with autosomal dominant polycystic kidney disease. B, Ultrasound image of a kidney from a patient with autosomal 
recessive polycystic kidney disease. (Courtesy dr. Javier M. Romero and Jennifer a. Mcdowell, Massachusetts General Hospital.)

Management strategies are aimed at monitoring for complications of ADPKD 
and treating them, as well as providing counseling.8 Frequent monitoring and 
effective treatment of hypertension (Chapter 70; see Tables 70-5 and 70-7) are 
essential because hypertensive patients have a greater annual increase in kidney 
volume, as well as a higher prevalence of left ventricular hypertrophy, ischemic 
heart disease, and stroke, compared with normotensive patients. The goals of 
blood pressure control are the same as for other patients with renal disease, 
including the attainment of a symptom-free blood pressure of 120/80 mm Hg or 
less. Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers 
are the first-line antihypertensive drugs in ADPKD, with a blood pressure target 
of 140/90 mm Hg or lower.9 However, hypertensive ADPKD patients who are 
young (15 to 49 years), have Stages 1 or 2 cystic kidney disease, and do not have 
diabetes mellitus or significant cardiovascular comorbidities may benefit from 
blood pressures of 95/60 to 110/75 mm Hg, a level associated with a slower 
increase in total kidney volume, a greater decline in the left-ventricular-mass 
index, and a greater reduction in urinary albumin excretion, but not a delay 
in the reduction in the glomerular filtration rate. A1  Dietary salt restriction also 
may be beneficial in the management of ADPKD.10

Oral tolvaptan (45-90 mg in the morning and 15-30 mg in the afternoon  
as tolerated) slows the increase in total kidney volume and the decline in 
kidney function in patients with normal creatinine clearance and in patients 
with moderate-to-advanced kidney disease. A2 

,
 A3  It can also reduce kidney  

pain. A4  The small but significant clinical effect may be the result of reduced cell 
proliferation, direct intrarenal hemodynamic effects or both. However, tolvaptan 
also is associated with a fourfold increase in liver injury and cannot be tolerated 
by nearly 25% of patients.11

Treatment of urinary tract infection (Chapter 268) and prevention of neph-
rolithiasis (Chapter 117) are the same as in the general population and include 
standard antimicrobial therapy and increased fluid intake, respectively. Renal 

PREVENTION AND TREATMENT 

in ADPKD patients until the fourth to sixth decade of life. These markers 
are therefore insensitive for monitoring disease progression, especially in 
young patients. Reduced renal blood flow is the most sensitive prognos-
tic indicator of renal progression. Estimating height-adjusted total kidney 
volume from measurements of kidney length, width, and thickness using 
MRI, CT, or ultrasonography can also reliably monitor disease progression 
in the early stages of ADPKD when the GFR is still in the normal range. A 
baseline kidney volume of 600 cm3 or greater predicts the development of 
renal insufficiency with a 75% accuracy within an 8-year follow-up period. 
Although gadolinium-enhanced MRI provides excellent detail of  kidney struc-
tures, MRI without gadolinium is recommended to monitor kidney volume, 
especially in ADPKD patients with a reduced GFR, because of concern about 
nephrogenic systemic fibrosis (Chapter 251) and further impairment of renal 
function associated with its use. The kidney volume in ADPKD patients pro-
gressively increases in most cases but at widely differing rates, ranging from 
less than 1% to more than 10% annually, and renal function declines as the 
kidneys enlarge.7 Kidney volumes greater than 1,500 mL are frequently associ-
ated with a decreased GFR and gross hematuria and invariably with arterial  
hypertension.

and hepatic cyst infections are optimally treated with lipophilic antibiotics that 
possess cyst-penetrating capabilities, including ciprofloxacin, trimethoprim, 
clindamycin, and vancomycin. Blood or urine cultures and sensitivities are used 
to guide the choice of antibiotic therapy.

Cyst hemorrhage and rupture, with resultant pain and hematuria, are usually 
managed conservatively with rest and analgesics; nonsteroidal anti-inflammatory 
drugs (NSAIDs) are avoided owing to their antiplatelet action and potential 
renal toxicity. Alternatives include acetaminophen 500 mg up to every 4 hours 
for mild to moderate pain, nonopiates such as tramadol 50 mg up to every 4 
hours for moderate to severe pain, and the addition of an oral or transdermal 
opioid (see Table 27-4 in Chapter 27) as needed. Patients with enlarged kidneys 
should be advised to avoid playing contact sports, and those with massively 
enlarged kidneys should refrain from wearing belts and seatbelts. Some patients 
with unusually painful cysts respond to cyst fluid aspiration, cyst deroofing, or 
ethanol-induced sclerosis.

Nephrectomy is rarely indicated before the onset of ESRD. Renal replacement 
therapies, including renal transplantation (Chapter 122), are at least as effective 
as in other causes of ESRD.12

The massive cystic enlargement of the liver commonly seen by midlife in 
women with ADPKD makes it prudent to avoid estrogen intake and repeated 
pregnancies. Partial hepatectomy has been successful in improving the quality 
of life in patients with massive liver enlargement.

Magnetic resonance angiography screening is not routinely recommended 
for asymptomatic patients without a family history of cerebral aneurysm or 
subarachnoid hemorrhage, but it is recommended for patients with a positive 
personal or family history13 and for patients who experience a new onset of 
severe headache or central nervous system symptoms or signs. It may also 
be considered in those with high-risk occupations, such as airline pilots, and 
for patients with incapacitating anxiety. The risk of a patient with a positive 
family history developing a new aneurysm after an initially negative magnetic 
resonance angiography result is 2.6% at a mean follow-up period of 9.8 years, 
so rescreening every 5 to 10 years in such cases may be appropriate, espe-
cially in patients with early-onset hypertension or a history of heavy smoking. 
Asymptomatic patients with positive family history of cerebral aneurysms and 
positive magnetic resonance angiography results should be followed closely 
with a neurosurgeon and monitored by annual magnetic resonance angiog-
raphy screening. The decision to perform surgical clipping or endovascular 
embolization should take into consideration the age of the patient, the size 
of the aneurysm and its location, and a previous history of cerebral bleeding  
(Chapter 380).

Patients should be advised that their children have a 50% probability of 
inheriting a disease-causing germline mutation. DNA-based diagnostics are 
most useful in identifying the germline mutation prenatally or preimplantation. 
As DNA-based diagnostics become more widely available and less expensive 
and as promising new treatment options are developed, counseling will become 
an increasingly important component of prevention.

Experimental Therapies
Current therapeutic efforts are targeting increased cell proliferation of 

cystic epithelium and abnormal fluid secretion into cysts (E-Fig. 118-2). The 
metabolically stable somatostatin analogue octreotide (at a dose of 40 mg 
every 28 days) can slow the expansion of renal cysts but does not slow  
the decline in renal function and also is associated with substantial side 
effects. A5  Rapamycin complex 1 inhibitors, such as sirolimus and everolimus, 
have not been beneficial, and sirolimus is both unsafe and ineffective in ADPKD 
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E-FIGURE 118-2. Signaling pathways that may be up- or down-regulated in polycystic kidney disease and sites of current therapeutic interventions. Upregulated pathways are 
in red, downregulated pathways are in blue, and drug targets are in green. Polycystin-1 (PC1) and polycystin-2 (PC2) mediate calcium (Ca2+) entry into the cell, which triggers Ca2+ release 
from the endoplasmic reticulum (eR) via the ryanodine receptor (RyR). PC2 interacts with PC1 to regulate store operated Ca2+ channel (sOC) activity, and it interacts with inositol 
1,4,5-triphosphate (iP3) receptor (iP3R) to regulate calcium release from the eR. Reduced PC1/PC2–mediated calcium influx increases intracellular cyclic adenosine monophosphate 
(caMP) levels, which stimulates, via protein kinase a (PKa), chloride, and water secretion across the luminal membrane through cystic fibrosis transmembrane conductance regulator 
(CFtR) and the vasopressin-sensitive aquaporin-2 (aQP2) channels, respectively, and activates mitogen-activated protein kinases/extracellular signal-regulated kinases (MaPK/eRK) 
signaling, which may also be activated by the mislocalized tyrosine kinase receptors (tKR). Phosphorylation of tuberin by eRK, its inadequate targeting to the plasma membrane owing 
to defective interaction with PC1, upregulation of tumor necrosis factor-α (tnFα), or downregulation of 5′ aMP = activated protein kinase (aMPK) signaling may dissociate the tuberin-
hamartin complex, leading to the activation of Ras homolog enriched in brain guanosine triphosphate binding protein (Rheb) and mammalian target of rapamycin (mtOR). eRK and 
mtOR activation promote G1/s transition and cell proliferation through upregulation of cyclin d and protein translation, respectively. Upregulation of Wnt signaling also activates mtOR 
and the β-catenin mitogenic pathway. aC-Vi = adenylate cyclase 6, the predominant aC in collecting duct principal cells; CdK = cyclin-dependent protein kinase; dsh = dishevelled; Fz 
= frizzled receptor; Gq R = G-protein q–coupled receptors; i = inhibitor; KCa3.1 = Ca2+-dependent K+ channel 3.1; P = proteosome; Pde = phosphodiesterase (Pde1 in collecting duct 
principal cells); PKa = protein kinase a; PLCγ = phospholipase Cγ; seRCa = sarcoplasmic reticulum Ca2+ pump; sR = somatostatin sst2 receptor; tnFa = tumor necrosis factor antagonist; 
tsC = tuberous sclerosis proteins hamartin (tsC1) and tuberin (tsC2); V2R = vasopressin V2 receptor; V2Ra = vasopressin V2 receptor antagonists. (Modified from torres Ve, Harris PC. 
autosomal dominant polycystic kidney disease: the last 3 years. Kidney Int. 2009;76:149-168.)
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infection and rupture also occur, although hematuria is an infrequent finding. 
ESRD can take up to 20 years to develop, and in rare instances, it never occurs.

Hepatic fibrosis, secondary to dilation of the intrahepatic and extrahepatic 
bile ducts, manifests as recurrent ascending cholangitis (Chapter 146) and 
portal hypertension with splenomegaly and esophageal varices. Pancreatic 
fibrosis is rarely a clinical concern.

 DIAGNOSIS
The demonstration by abdominal ultrasonography (see Fig. 118-3B) or CT 
of symmetrically enlarged polycystic kidneys that retain their reniform shape 
(owing to uniform microcystic dilation of collecting ducts) and hepatic fibrosis 
is sufficient to diagnose ARPKD. In contrast to ADPKD cysts, ARPKD cysts 
tend to retain their connections with the originating nephron.

Aside from an occasional affected sibling, a family history is often not elic-
ited. Distinguishing ARPKD from ADPKD, especially in patients presenting 
in childhood or adulthood, may require a liver biopsy to document otherwise 
undetectable hepatic fibrosis. Gene-based diagnostics in ARPKD are helpful 
in making a firm diagnosis, especially in patients with late-onset disease, and 
they are useful in preimplantation and prenatal diagnosis.

patients with renal insufficiency. A6  Bosutinib, an oval dual Src/Bcr-Abl tyro-
sine kinase inhibitor, can reduce the rate of kidney enlargement but has not 
been shown to slow the decline in glomerular filtration. A7  A Phase IIa trial 
evaluating tesevatinib, a multireceptor tyrosine kinase inhibitor, in ADPKD is  
ongoing.

 PROGNOSIS
The rate of progression of renal disease is highest in men with poorly controlled 
hypertension, an early age at diagnosis, and mutations (particularly trunca-
tions) in PKD1, and when the total kidney volume is higher.14 Kidney cysts 
develop earlier in PKD1 than in PKD2 disease, but the rate of expansion is 
similar, indicating that the basic difference in phenotype is in cyst initiation, 
not expansion. Whereas the presence of one affected family member who 
developed ESRD by age 60 years is highly predictive of PKD1 disease (positive 
predictive value, 100%; sensitivity, 75%), the development of ESRD after age 
70 years in a family member is highly predictive of PKD2 disease (positive 
predictive value, 95%; sensitivity, 75%). Approximately 5% of all ADPKD 
patients with cerebral aneurysms die from aneurysmal rupture.

 AUTOSOMAL RECESSIVE POLYCYSTIC  
KIDNEY DISEASE

 DEFINITION AND EPIDEMIOLOGY
ARPKD is a multisystem childhood disorder characterized by severe and early 
PKD dominated by dilation of the kidney collecting ducts, systemic hyperten-
sion, biliary ductal plate dysgenesis in neonates, and portal tract fibrosis in 
older children.15

 PATHOBIOLOGY
ARPKD has been linked to heterogeneous mutations in a single gene, PKHD1 
(polycystic kidney and hepatic disease 1). Located on chromosome 6q21, 
PKHD1 has 67 exons and spans a genomic region of approximately 470 kb, 
the longest open reading frame of which is 12,222 base pairs long. PKHD1 
encodes a unique type I membrane protein, fibrocystin/polyductin, compris-
ing 4074 amino acids, with a large extracellular segment and a short cytoplasmic 
carboxyl terminus. The precise physiologic function of fibrocystin/polyductin 
in collecting duct and biliary duct epithelium is not clear, but its domains are 
known to mediate cell motility and invasion, extracellular protein and carbo-
hydrate binding, and catalysis of polysaccharide hydrolysis. Alternatively spliced 
transcripts of PKHD1 encode a membrane protein with variable extracellular 
domains, as well as forms lacking the transmembrane segment. Homozygous 
truncating mutations in PKHD1 are associated with perinatal renal disease, 
whereas patients with homozygous missense mutations may present later 
because some functional protein is produced.

Fibrocystin/polyductin is predominantly expressed in the cortical and 
medullary collecting ducts and the thick ascending limbs of Henle. It is also 
found to a lesser degree in the pancreas, liver, and lungs, which are also affected 
in ARPKD. In common with many cystogenic proteins, fibrocystin/polyductin 
is found in basal bodies and primary apical cilia, suggesting that it is important 
in maintaining the structural integrity of cilia.

Loss of the fibrocystin/polyductin protein downregulates PC2. Fibrocystin/
polyductin–PC2 interactions may regulate calcium influx mediated by PC2. 
It has been proposed that cystogenesis in ADPKD and ARPKD share a common 
mechanism, with the variability in the ARPKD phenotype traced to the degree 
of PC2 expression among patients. However, renal cysts can originate from 
any part of the nephron and are detached from the nephron proper in ADPKD, 
but they originate from and remain attached to the distal nephron in ARPKD, 
suggesting that additional signaling pathways specific for each disease and 
gene product likely explain these anatomic differences.

 CLINICAL MANIFESTATIONS
Although ARPKD can present as renal cysts discovered radiographically either 
antenatally or during adulthood, it usually manifests as bilateral abdominal 
masses and renal insufficiency in infancy. It carries a 30% mortality rate owing 
to severe pulmonary hypoplasia; oligohydramnios, presumably linked to in utero 
renal disease, likely accounts for the pulmonary hypoplasia. Hypertension is 
almost universal, typically develops before renal impairment is apparent, and 
probably accelerates the decline in renal function. Findings related to renal 
tubular dysfunction may be present and include polyuria, enuresis, hyponatre-
mia, and hyperchloremic metabolic acidosis. Cystic complications related to 

This cystic renal disease may be accompanied by variable renal and extra renal 
manifestations (see Table 118-1). Renal function may be normal or may decline 
to ESRD. Neither mutation type or position correlate with severity of disease.

Corticomedullary cysts, which are present in most adult patients, cannot 
always be recognized on ultrasonography or CT because they tend to be very 
small. A presumptive diagnosis is based on a strong family history and a bland 
urinary sediment with minimal proteinuria. Mutational analysis is necessary 
to make a definitive diagnosis.

Except for the treatment of hyperuricemia and gout, when present (Chapter 
257), the management of pancreatic insufficiency (in ADTKD-HNF1B) and 
of low blood pressure and hyperkalemia (in ADTKD-REN) is similar to that 
of patients with NPHP.

 MEDULLARY SPONGE KIDNEY
Medullary sponge kidney, which is a rare disorder of unknown pathogenesis, 
is characterized by congenitally acquired inner medullary and papillary col-
lecting duct dilations, hypercalciuria, and a mild defect in urinary concentration 
and acidification owing to tubular dysfunction.18 Medullary sponge kidney is 
usually nonhereditary, but autosomal dominant inheritance has been described 
in several families. Patients present with microscopic or gross hematuria and 
recurrent kidney stones, usually by the second or third decade of life. Medul-
lary sponge kidney may also be an incidental finding on an intravenous pyelo-
gram that shows the characteristic pooling of contrast material within the 
cystic collecting ducts. ESRD is uncommon, and the long-term prognosis is 
excellent.

 OTHER INHERITED CYSTIC SYNDROMES
Bardet-Biedl syndrome (BBS) is an autosomal recessive disorder character-
ized by vision loss; obesity; hypertension; dystrophy of the hands, kidneys, 
and male genitalia; delayed development of motor skills; and behavioral 
problems. Mutations in at least 14 BBS genes involved in maintenance 
and function of cilia have been identified. About 45% of cases result from 
mutations in BBS1 or BBS10, but in about 25% of cases, the defective gene 
remains to be identified. Calyceal cysts and calyceal clubbing predominate 
the renal lesion and are best diagnosed by intravenous urography rather than 
ultrasonography. Renal impairment is frequent and is an important cause  
of death.

Oral-facial-digital syndrome is a rare neurodevelopmental ciliopathy char-
acterized by malformations of the brain, face, oral cavity, and digits. It is inherited 
in an X-linked dominant pattern and is caused by defects in the OFD1 gene, 
which encodes OFD1 protein expressed in the centrosome and basal body 
of primary cilia but has an undetermined function. Renal (primarily glomeru-
lar) cysts are found in as many as 50% of patients, all females; males carrying 
the mutation die in utero. ESRD has been reported in affected girls and women 
ranging in age from 11 to 72 years.

Polycystic kidney disease with hyperinsulinemic hypoglycemia is caused 
by biallelic mutations in PMM2, which encodes phosphomannomutase 2, an 
isomerase involved in synthesis of dolichol-P-oligosaccharides. HIPKD pre-
sents in early childhood with hypoglycemic seizures owing to altered insulin 
secretion, enlarged glomerulocystic kidneys and occasional liver cysts. The 
severity of cystic kidney disease is variable, with few patients progressing  
to ESRD.19

Autosomal dominant renal cyst formation is also seen in tuberous sclerosis 
and von Hippel-Lindau syndrome (Chapter 389). In tuberous sclerosis, cyst 
formation is commonly associated with hypertension; this disorder can resemble 
ADPKD and is associated with about a 5% incidence of renal cell carcinoma. 
In von Hippel-Lindau syndrome, cyst formation can also lead to features of 
ADPKD; more important, the syndrome is associated with a 25% incidence 
of renal cell carcinoma.

 ACQUIRED CYSTIC KIDNEY DISEASE
Acquired cystic kidney disease is largely confined to the ESRD population 
on dialysis (Chapter 122). Cysts arise from proximal and distal tubule dila-
tions in small end-stage kidneys regardless of cause, mode of dialysis, or pres-
ence of a functioning kidney transplant. Identifiable risk factors include duration 
of ESRD, older age, male gender, black race, and chronic hypokalemia.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Acquired cystic kidney disease is usually asymptomatic, but it occasionally 
leads to enlarged kidneys with associated abdominal discomfort and pain. 
Cyst hemorrhage, which is more common than cyst infection, presents with 
flank pain, anemia, or hematuria. The most significant complication of acquired 
cystic kidney disease is malignant conversion of cysts into renal cell carcinoma 

PREVENTION AND TREATMENT 

In the absence of specific therapy for ARPKD, management goals focus on 
early detection and on treatment of the complications of hypertension, urinary 
tract or cyst infection, ESRD, and portal hypertension. Kidney transplantation 
may be necessary in late childhood in patients with ARPKD who present with 
renal disease perinatally. Treatment of portal hypertension may require liver 
transplantation or portosystemic shunting (Chapter 145). Treatment of hyper-
tension begins with ACE inhibitors and angiotensin receptor blockers (see Tables 
70-5 and 70-7 in Chapter 70), which are generally effective. As in all children 
with ESRD, attention to nutrition and renal osteodystrophy is paramount (Chapter 
121). With improving sensitivity of gene-based diagnostics, genetic counseling 
will play a more active role in prevention.

PREVENTION AND TREATMENT 

and anemia occur with the onset of ESRD. Blood pressure is normal, and 
edema is absent before the onset of renal failure. Hematuria and proteinuria 
are absent or minimal. Patients with mutations in specific NPHP genes may 
also present with eye defects, oculomotor apraxia, congenital amaurosis, reti-
nitis pigmentosa, neural anomalies, cerebellar ataxia, seizures, liver fibrosis, 
skeletal defects, scoliosis, cleft palate, and situs inversus.

 DIAGNOSIS
The diagnosis relies on clinical suspicion of the disorder in a pediatric or 
adolescent patient who presents with ESRD and extrarenal manifestations 
such as abnormal eye movements, mental retardation, and polydactyly. Dif-
ferential diagnosis includes renal dysplasia, early-onset ADPKD, urinary tract 
obstruction, and ARPKD. Abdominal ultrasonography, MRI (without gado-
linium), electroretinography, and full neurologic and ophthalmologic evalu-
ations should assess the patient’s renal, liver, retinal, and neurologic status. 
Renal ultrasonography showing loss of corticomedullary differentiation, 
increased parenchymal echogenicity, and occasionally small medullary or 
corticomedullary cysts in normal-sized or moderately small kidneys is highly 
suggestive of juvenile NPHP in a child with severe uremia. Genetic testing 
may be required for a conclusive diagnosis. A renal biopsy showing evidence 
of chronic tubulointerstitial nephritis may be necessary to confirm the diagnosis 
if genetic testing is not available.

 PROGNOSIS
For patients with ARPKD, the highest mortality rates occur during the first 
year of life. Approximately 50 to 80% of patients who survive this period live 
past 15 years of age.

 NEPHRONOPHTHISIS

 DEFINITION AND EPIDEMIOLOGY
Nephronophthisis (NPHP) is the most common genetic cause of ESRD in 
childhood and adolescence, accounting for 5 to 15% of cases of ESRD.16 It is 
an autosomal recessive disorder caused by mutations in a number of genes 
that encode nephrocystins, which are expressed in the centrosome and basal 
body of primary cilia, with some also localizing to adherens junctions or focal 
adhesions in epithelia. Homozygotic and compound heterozygotic mutations 
in at least 20 known genes (NPHP1 through NPHP20) account for about 
30% of cases. Infantile, juvenile, and adolescent variants have been described 
based on the median age of onset of ESRD. Infantile NPHP is characterized 
by mutations in the NPHP2 gene. Whereas the juvenile form caused by muta-
tions in NPHP1 is the most common, the adolescent form is caused by muta-
tions in NPHP3. As in other genetic renal diseases, the rate of progression to 
ESRD is determined in part by type and severity of the genetic defect.

Nephronophthisis is characterized pathologically by renal interstitial fibrosis, 
tubular atrophy with basement membrane thickening and disruption, and 
renal cysts and diverticula that are largely restricted to the loops of Henle and 
distal tubules at the corticomedullary junctions. Kidney size is generally normal 
or reduced, except in the rare infantile variant that leads to ESRD by 3 years 
of age. Expression of NPHP genes at extrarenal sites accounts for the associ-
ated retinal, neural, liver, and skeletal abnormalities. Each of the NPHP genes 
is associated with a somewhat different phenotype, although some share 
common phenotypes, explained by protein-protein interactions between two 
or more nephrocystins. Cerebello-ocular-renal syndromes associated with 
NPHP can sometimes include early-onset retinitis pigmentosa when the syn-
drome is caused by mutations in NPHP5 and NPHP6.

 CLINICAL MANIFESTATIONS
Presenting symptoms include polyuria, growth failure, and anemia. Polyuria 
occurs early, owing to reduced urinary concentrating ability and to salt wasting. 
Decreased growth rate is related to chronic dehydration, and growth failure 
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This cystic renal disease may be accompanied by variable renal and extra renal 
manifestations (see Table 118-1). Renal function may be normal or may decline 
to ESRD. Neither mutation type or position correlate with severity of disease.

Corticomedullary cysts, which are present in most adult patients, cannot 
always be recognized on ultrasonography or CT because they tend to be very 
small. A presumptive diagnosis is based on a strong family history and a bland 
urinary sediment with minimal proteinuria. Mutational analysis is necessary 
to make a definitive diagnosis.

Except for the treatment of hyperuricemia and gout, when present (Chapter 
257), the management of pancreatic insufficiency (in ADTKD-HNF1B) and 
of low blood pressure and hyperkalemia (in ADTKD-REN) is similar to that 
of patients with NPHP.

 MEDULLARY SPONGE KIDNEY
Medullary sponge kidney, which is a rare disorder of unknown pathogenesis, 
is characterized by congenitally acquired inner medullary and papillary col-
lecting duct dilations, hypercalciuria, and a mild defect in urinary concentration 
and acidification owing to tubular dysfunction.18 Medullary sponge kidney is 
usually nonhereditary, but autosomal dominant inheritance has been described 
in several families. Patients present with microscopic or gross hematuria and 
recurrent kidney stones, usually by the second or third decade of life. Medul-
lary sponge kidney may also be an incidental finding on an intravenous pyelo-
gram that shows the characteristic pooling of contrast material within the 
cystic collecting ducts. ESRD is uncommon, and the long-term prognosis is 
excellent.

 OTHER INHERITED CYSTIC SYNDROMES
Bardet-Biedl syndrome (BBS) is an autosomal recessive disorder character-
ized by vision loss; obesity; hypertension; dystrophy of the hands, kidneys, 
and male genitalia; delayed development of motor skills; and behavioral 
problems. Mutations in at least 14 BBS genes involved in maintenance 
and function of cilia have been identified. About 45% of cases result from 
mutations in BBS1 or BBS10, but in about 25% of cases, the defective gene 
remains to be identified. Calyceal cysts and calyceal clubbing predominate 
the renal lesion and are best diagnosed by intravenous urography rather than 
ultrasonography. Renal impairment is frequent and is an important cause  
of death.

Oral-facial-digital syndrome is a rare neurodevelopmental ciliopathy char-
acterized by malformations of the brain, face, oral cavity, and digits. It is inherited 
in an X-linked dominant pattern and is caused by defects in the OFD1 gene, 
which encodes OFD1 protein expressed in the centrosome and basal body 
of primary cilia but has an undetermined function. Renal (primarily glomeru-
lar) cysts are found in as many as 50% of patients, all females; males carrying 
the mutation die in utero. ESRD has been reported in affected girls and women 
ranging in age from 11 to 72 years.

Polycystic kidney disease with hyperinsulinemic hypoglycemia is caused 
by biallelic mutations in PMM2, which encodes phosphomannomutase 2, an 
isomerase involved in synthesis of dolichol-P-oligosaccharides. HIPKD pre-
sents in early childhood with hypoglycemic seizures owing to altered insulin 
secretion, enlarged glomerulocystic kidneys and occasional liver cysts. The 
severity of cystic kidney disease is variable, with few patients progressing  
to ESRD.19

Autosomal dominant renal cyst formation is also seen in tuberous sclerosis 
and von Hippel-Lindau syndrome (Chapter 389). In tuberous sclerosis, cyst 
formation is commonly associated with hypertension; this disorder can resemble 
ADPKD and is associated with about a 5% incidence of renal cell carcinoma. 
In von Hippel-Lindau syndrome, cyst formation can also lead to features of 
ADPKD; more important, the syndrome is associated with a 25% incidence 
of renal cell carcinoma.

 ACQUIRED CYSTIC KIDNEY DISEASE
Acquired cystic kidney disease is largely confined to the ESRD population 
on dialysis (Chapter 122). Cysts arise from proximal and distal tubule dila-
tions in small end-stage kidneys regardless of cause, mode of dialysis, or pres-
ence of a functioning kidney transplant. Identifiable risk factors include duration 
of ESRD, older age, male gender, black race, and chronic hypokalemia.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Acquired cystic kidney disease is usually asymptomatic, but it occasionally 
leads to enlarged kidneys with associated abdominal discomfort and pain. 
Cyst hemorrhage, which is more common than cyst infection, presents with 
flank pain, anemia, or hematuria. The most significant complication of acquired 
cystic kidney disease is malignant conversion of cysts into renal cell carcinoma 

Treatment is largely supportive, focusing on the progressive renal failure 
and the need for dialysis and transplantation. Prenatal genetic testing in families 
with a genetic diagnosis of NPHP is feasible. DNA-based diagnostics are most 
useful in identifying the germline mutation prenatally or preimplantation.

PREVENTION AND TREATMENT 

and anemia occur with the onset of ESRD. Blood pressure is normal, and 
edema is absent before the onset of renal failure. Hematuria and proteinuria 
are absent or minimal. Patients with mutations in specific NPHP genes may 
also present with eye defects, oculomotor apraxia, congenital amaurosis, reti-
nitis pigmentosa, neural anomalies, cerebellar ataxia, seizures, liver fibrosis, 
skeletal defects, scoliosis, cleft palate, and situs inversus.

 DIAGNOSIS
The diagnosis relies on clinical suspicion of the disorder in a pediatric or 
adolescent patient who presents with ESRD and extrarenal manifestations 
such as abnormal eye movements, mental retardation, and polydactyly. Dif-
ferential diagnosis includes renal dysplasia, early-onset ADPKD, urinary tract 
obstruction, and ARPKD. Abdominal ultrasonography, MRI (without gado-
linium), electroretinography, and full neurologic and ophthalmologic evalu-
ations should assess the patient’s renal, liver, retinal, and neurologic status. 
Renal ultrasonography showing loss of corticomedullary differentiation, 
increased parenchymal echogenicity, and occasionally small medullary or 
corticomedullary cysts in normal-sized or moderately small kidneys is highly 
suggestive of juvenile NPHP in a child with severe uremia. Genetic testing 
may be required for a conclusive diagnosis. A renal biopsy showing evidence 
of chronic tubulointerstitial nephritis may be necessary to confirm the diagnosis 
if genetic testing is not available.

 AUTOSOMAL DOMINANT TUBULOINTERSTITIAL 
KIDNEY DISEASE (MEDULLARY CYSTIC  
KIDNEY DISEASE)

Autosomal dominant tubulointerstitial kidney disease (ADTKD) is a group 
of genetic disorders characterized by an autosomal dominant inheritance, 
medullary cysts, and slowly progressive loss of kidney function beginning in 
the teenage years.17 It is rarer than autosomal recessive NPHP, with which it 
shares a number of histologic features, including tubular basement membrane 
disintegration, tubular cyst formation, and tubulointerstitial inflammation and 
fibrosis.

Mutations in four genes—uromodulin (UMOD, MCKD2), mucin-1 (MUC1, 
MCKD1), renin (REN), and HNF1B—cause ADTKD. UMOD on chromo-
some 16p12 encodes an 85-kD nonciliary protein, uromodulin, which is 
expressed on the luminal side of renal epithelium in the thick ascending limb 
of Henle loop and early distal convoluted tubules. Uromodulin kidney disease 
(also known as familial juvenile hyperuricemic nephropathy type 1, uromodulin 
storage disease, and glomerulocystic kidney disease) is the most common 
subtype, accounting for the majority of cases of ADTKD. Mutations in uro-
modulin impair trafficking of furosemide-sensitive Na-K-2Cl transporter to 
the apical membrane of the thick ascending limb, thereby causing mild sodium 
wasting and volume contraction, with a secondary increase in proximal tubule 
urate reabsorption and hyperuricemia. Intracellular accumulation of the mutant 
protein causes tubular cell death. Affected patients do not have an increased 
incidence of urinary tract infections or renal calculi. MUC1 on chromosome 
1q21 encodes mucin-1, a transmembrane protein expressed in the distal 
nephron, the gastrointestinal and respiratory tracts, and skin, with no known 
function. The ADTKP-MUC1 phenotype, which is limited to the kidney, 
accounts for approximately 30% of ADTKD. Gout and hyperuricemia occur 
late, secondary to loss of kidney function.

Mutations in REN, which encodes renin on chromosome 1q32.1, are rarer 
causes of ADTKD. The clinical and laboratory manifestations resemble other 
low renin states. Anemia, caused by decreased levels of angiotensin, precedes 
the development of chronic kidney disease. Hyperuricemia develops early, 
likely owing to relative hypotension and increased proximal absorption of 
uric acid. Accumulation of the abnormal renin leads to tubular cell death and 
chronic kidney disease.

HNF1B nephropathy results from mutations in the gene encoding the widely 
expressed transcription factor hepatocyte nuclear factor 1 beta (HNF1β), 
which is located on chromosome 17q12 and which mediates the development 
of a variety of tissues, including the kidney, liver, pancreas, and genital tract. 



(Chapter 187). Carcinomas commonly present as hematuria and are two to 
200 times more common in patients with acquired cystic kidney disease than 
in the general dialysis population.

Acquired cystic kidney disease is diagnosed by ultrasonography or CT 
demonstrating multiple and bilateral renal cysts in a patient with preexisting 
chronic renal failure or ESRD. In contrast to ADPKD and ARPKD, the kidneys 
are usually not enlarged, and there is no family history of PKD. Renal CT or 
MRI is preferable to detect cysts in small kidneys and to assess for malignant 
conversion.

There are no strategies to prevent the appearance or delay the expansion 
of renal cysts in patients on hemodialysis, but cysts may stabilize or regress 
after successful renal transplantation. New or frank hematuria raises the concern 
of renal cell carcinoma (Chapter 187), which should be assessed using ultraso-
nography and contrast-enhanced CT. Any evidence of septa formation, solid 
material, or contrast enhancement within a cyst is suspicious for carcinoma 
and warrants consideration of nephrectomy.

PREVENTION AND TREATMENT 
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REVIEW QUESTIONS

1. In confirming a diagnosis of autosomal dominant polycystic kidney disease 
in an adult patient with a positive family history, which of the following is 
needed?
 A. Ultrasonography
 B. Gene mutational analysis of the patient
 C. Gene mutational analysis of the patient and at least two family members 

(one of whom has the disease)
 D. MRI to determine total cyst volume
 E. All of the above

Answer: A A positive ultrasonography result in a patient with a positive family 
history of autosomal dominant polycystic kidney disease is sufficient to confirm 
the diagnosis. Unfortunately, a negative ultrasound result does not necessarily 
exclude the disease in such a patient.

2. Risk factors for disease progression in autosomal dominant polycystic 
kidney disease include:
 A. Male gender.
 B. Early onset of hypertension.
 C. Proteinuria.
 D. Height-adjusted total kidney volume greater than 600 cc/m.
 E. All the above.

Answer: E Male gender, early onset of hypertension, total kidney volume 
greater than 600 cc/m, and proteinuria are risk factors for the progression of 
disease.
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119 
HEREDITARY NEPHROPATHIES AND 
DEVELOPMENTAL ABNORMALITIES 
OF THE URINARY TRACT
LISA M. GUAY-WOODFORD

 HEREDITARY NEPHROPATHIES
The proximal tubule is responsible for reclaiming most of the filtered glucose, 
amino acids, uric acid, phosphate, bicarbonate, and low-molecular-weight 
proteins. The loop of Henle and the distal nephron reabsorb approximately 
30% of the filtered sodium chloride and 50% of the filtered divalent cations. 
The collecting duct, under the regulatory control of aldosterone, fine-tunes 

sodium reabsorption and secretes hydrogen and potassium ions. In the terminal 
collecting duct, antidiuretic hormone regulates water reabsorption and urinary 
concentration.

Inherited renal tubular disorders are a group of conditions in which the 
normal renal tubular reabsorption of ions, organic solutes, and water (Chapter 
108) is disrupted because of defects in single genes.1 These defects can be 
categorized by the nephron segment affected (Table 119-1).

 Disorders of Proximal Tubule Function
 CYSTINURIA
Cystinuria is characterized by defective proximal tubular reabsorption of cystine 
and dibasic amino acids, resulting in increased excretion of cystine and the 
risk of forming cystine-containing urinary stones (Chapter 117).2 This auto-
somal recessive trait has an estimated prevalence of 1 in 7000 individuals. 
Two cystinuria genes have been identified: SLC7A9, which encodes the luminal 
transport channel itself; and SLC3A1, which encodes the transporter regula-
tory subunit. Several large studies indicate that mutations in SLC3A1 are more 
common than mutations in SLC7A9. Mutations in SLC3A1 cause cystinuria 
type A, mutations in SLC7A9 cause cystinuria type B, and mutations in both 
genes (compound heterozygotes) cause cystinuria type AB.

Although the severity of the disease is similar in all types of cystinurias, 
the clinical presentation can be quite variable, and the onset of disease may 
occur from infancy to the seventh decade of life. Cystine stones are radiopaque 
and often form the nidus for secondary calcium oxalate stones. Symptoms 
include renal colic, which may be associated with urinary tract obstruction 
and/or infection. Affected children can be identified by elevated urinary cystine 
levels, but testing must be performed after tubular transport has fully matured 
(at age 2 years). Genetic testing is available, but is not performed routinely, 
so the diagnosis is established primarily by stone analysis and/or quantitative 
24-hour urine analysis.

Conservative therapy with high urine volume and urinary alkalinization is 
sufficient for many patients with cystinuria. However, recurrent stone formation 
may cause renal damage and warrants treatment with thiol-containing agents such 
as d-penicillamine (pediatric dose, 20 to 40 mg/kg/day in four divided doses; 
adult dose, 0.5 to 2 g/day in four divided doses); α-mercaptopropionylglycine 
(pediatric dose, 10 to 15 mg/kg/day in three divided doses; adult dose, 0.8 
to 1.2 g/day in three divided doses); or captopril (pediatric dose, 12.5 mg/
kg/day in two divided doses; adult dose, 50 mg three times daily) to form 
soluble mixed disulfides with cystine and to maintain the unbound urinary 
cystine concentration below 250 mg/L.

 CYSTINOSIS
Cystinosis is the most common inherited cause of renal Fanconi syndrome. 
It also affects the eyes, muscles, central nervous system, lungs, and various 
endocrine organs. This autosomal recessive disorder is caused by mutations 
in the gene CTNS, which encodes cystinosin, a lysosomal cystine transporter. 
Defects in this transporter lead to the accumulation of intralysosomal cystine 
crystals and widespread cellular destruction.

Three clinical presentations have been described.3 The most severe is infantile 
(classic) cystinosis, which manifests in the first year of life with renal tubular 
acidosis, impaired growth, and evidence of renal Fanconi syndrome, including 
aminoaciduria, glucosuria, phosphaturia, and low-molecular-weight proteinuria. 
Progressive renal damage typically results in end-stage kidney disease in child-
hood. A less severe, late-onset (juvenile or intermediate) form causes renal 
dysfunction in adolescence and involves cystine deposits in the cornea. The 
mildest form, an ocular, non-nephropathic form, features photophobia but 
no renal issues.

The mainstay of cystinosis therapy is oral cysteamine (dose: 60 to 90 mg/kg/
day or 1.35 to 1.90 g/m2/day, divided every 6 hours), an aminothiol that can 
lower intracellular cystine content by 90%. In well-treated patients, cysteamine 
delays renal functional decline, enhances growth, prevents hypothyroidism, and 
lowers muscle cystine content. Therefore, early diagnosis and prompt, proper 
treatment are critical for preventing or significantly delaying the complications 
of cystinosis. In a randomized trial, twice-daily dosing with delayed-release 
cysteamine bitartrate (at approximately 70% of the patient’s usual dose) was 
as efficacious as cysteamine for reducing white blood cell cystine levels in 
patients with nephropathic cystinosis, A1  and it is approved by the U.S. Food 
and Drug Administration and European Medicines Agency.

 DENT DISEASE
Dent disease is an X-linked recessive renal tubular disorder characterized by 
low-molecular-weight proteinuria, hypercalciuria with nephrocalcinosis, and 

 Disorders of Loop of Henle and Distal Tubule Function
 THE BARTTER-GITELMAN DISORDERS
The Bartter-Gitelman syndromes are a group of disorders characterized by 
markedly reduced salt transport in the thick ascending limb of Henle (Bartter 
syndrome) or in the distal convoluted tubule (Gitelman syndrome).5

Bartter syndrome is an autosomal recessive disorder that is caused by muta-
tions in one of four genes—SLC12A2, encoding the sodium-potassium-chloride 
cotransporter NKCC2; KCNJ1, encoding the ROMK1 potassium ion channel; 
CLCNKB, encoding the ClC-Kb basolateral chloride ion channel; and BSND, 
encoding barttin, a regulatory subunit required for basolateral chloride channel 
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ABSTRACT
Renal tubular disorders are a heterogeneous group of hereditary and acquired 
conditions that disrupt the normal, regulated reabsorption of ions, organic 
solutes, and water in various nephron segments. The clinical consequences 
involve fluid losses, as well as abnormalities in electrolyte and acid-base homeo-
stasis. This chapter focuses on the inherited renal tubular disorders, highlights 
the genes involved, describes the resulting nephron segment dysfunction, and 
provides guidelines for clinical management. Congenital abnormalities of the 
kidney and urinary tract (CAKUT) occur in 1:500 newborns and comprise 
approximately 20 to 30% of all anomalies identified in the prenatal period. 
CAKUT disorders result from disruption of normal nephrogenesis, due to 
single gene defects and/or environmental factors. Some urinary tract anomalies 
are asymptomatic and inconsequential, but many renal tract malformations 
are important causes of infant mortality, as well as morbidity in older children 
and adults, including the progression to renal failure. This chapter presents 
an overview of the CAKUT disorders and the associated structural defects 
that involve the kidneys and urinary tract.
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 Disorders of Loop of Henle and Distal Tubule Function
 THE BARTTER-GITELMAN DISORDERS
The Bartter-Gitelman syndromes are a group of disorders characterized by 
markedly reduced salt transport in the thick ascending limb of Henle (Bartter 
syndrome) or in the distal convoluted tubule (Gitelman syndrome).5

Bartter syndrome is an autosomal recessive disorder that is caused by muta-
tions in one of four genes—SLC12A2, encoding the sodium-potassium-chloride 
cotransporter NKCC2; KCNJ1, encoding the ROMK1 potassium ion channel; 
CLCNKB, encoding the ClC-Kb basolateral chloride ion channel; and BSND, 
encoding barttin, a regulatory subunit required for basolateral chloride channel 

progressive renal failure.4 Low-molecular-weight proteinuria is the most con-
sistent clinical feature, but there is wide variability in other manifestations 
of proximal tubular dysfunction. Atypical presentations have been reported, 
including nephrotic range proteinuria, normal calciuria, and hypokalemia. 
In two thirds of patients, the disease is caused by mutations in the CLCN5 
gene (Dent-1). A small proportion of patients have mutations in OCRL1 
(Dent-2), the gene associated with Lowe oculocerebrorenal syndrome. 
Hypercalciuria decreases as the glomerular filtration decreases and usually 
disappears by age 30 years. End-stage kidney disease occurs at a median age  
of 40 years.

TABLE 119-1 HEREDITARY NEPHROPATHIES BY NEPHRON SEGMENT
NEPHRON SEGMENT DISORDER INHERITANCE MAJOR RENAL FEATURES
PROXIMAL TUBULE

Renal glycosuria AR Isolated glycosuria
Proximal renal tubular acidosis AR Hyperchloremic, hypokalemic, metabolic acidosis
Carbonic anhydrase II deficiency AR Mixed proximal and distal renal tubular acidosis
Hartnup disease AR Neutral aminoaciduria
Lysinuric protein intolerance AR Protein intolerance, basic aminoaciduria
Cystinuria AR Type A: Urinary calculi

Type B: Urinary calculi
Cystinosis AR Infantile: Renal Fanconi syndrome

Late-onset: Renal Fanconi syndrome
Non-nephropathic: Renal Fanconi syndrome

Hypophosphatemic rickets X-linked Renal phosphate wasting, hypophosphatemia
AD Renal phosphate wasting, hypophosphatemia
AR Renal phosphate wasting, hypophosphatemia

Dent disease X-linked Dent disease 1: Nephrocalcinosis, urinary calculi; low-molecular-
weight proteinuria

Dent disease 2: Nephrocalcinosis, urinary calculi; low-molecular-
weight proteinuria

Lowe syndrome X-linked Renal Fanconi syndrome
Hereditary fructose intolerance AR Renal Fanconi syndrome
Tyrosinemia, type I AR Renal Fanconi syndrome
Wilson disease AR Renal Fanconi syndrome
Fanconi-Bickel syndrome AR Renal Fanconi syndrome with hepatorenal glycogenosis
Renal hypouricemia AR Hypouricemia, nephrolithiasis and exercise-induced acute renal failure

LOOP OF HENLE

Bartter syndrome AR Type 1: Hypokalemic, hypochloremic metabolic alkalosis
Type 2: Hypokalemic, hypochloremic metabolic alkalosis
Type 3: Hypokalemic, hypochloremic metabolic alkalosis
Type 4: Hypokalemic, hypochloremic metabolic alkalosis

AD Type 5: Hypokalemic, hypochloremic metabolic alkalosis
DISTAL TUBULE

Gitelman syndrome AR Hypokalemic, hypochloremic, metabolic alkalosis
Familial hypomagnesemia with hypercalciuria AR Severe renal magnesium and calcium wasting
Isolated hypomagnesemia AD Renal magnesium wasting
SeSAME syndrome (EAST syndrome) AR Hypokalemia, metabolic alkalosis, and hypomagnesemia

COLLECTING DUCT

Liddle syndrome AD Low renin hypertension
Glucocorticoid-remediable hyperaldosteronism AD Low renin hypertension
Apparent mineralocorticoid excess AR Low renin hypertension
Pseudohypoaldosteronism, type 1 AR AR: Hyponatremic, hypokalemic, metabolic acidosis

AD AD: Hyponatremic, hypokalemic, metabolic acidosis
Pseudohypoaldosteronism type 2 (Gordon syndrome) AD Low renin hypertension with hyperkalemia
Distal renal tubular acidosis AR

AD
AR: Hyperchloremic, hypokalemic, metabolic acidosis
AD: Hyperchloremic, hypokalemic, metabolic acidosis

Carbonic anhydrase II deficiency AR Mixed proximal and distal renal tubular acidosis
Nephrogenic diabetes insipidus X-linked X-linked: Urinary concentrating defect

AR and AD AR and AD: Urinary concentrating defect
AD = autosomal dominant; AR = autosomal recessive; SeSAME = seizures, sensorineural deafness, ataxia, intellectual disability (mental retardation), and electrolyte imbalances.
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pump. Mutations in the SLC4A1 gene encoding AE1 cause autosomal domi-
nant dRTA and are rarely associated with recessive forms of the disease. Muta-
tions in subunits of the H+-ATPase are the primary causes of autosomal recessive 
dRTA. V-type ATPases are ubiquitous, multi-subunit protein complexes that 
mediate the ATP-dependent transport of protons. In the kidney, V-type ATPases 
are the major proton-secreting pumps in the distal nephron and are involved 
in net proton secretion (bicarbonate generation) or proton reabsorption (net 
bicarbonate secretion). Defects in two genes, ATP6B1 and ATP6N1B, which 
encode subunits of the H+-ATPase, cause dRTA with or without associated 
sensorineural deafness.

Clinical consequences include hypokalemic, hyperchloremic metabolic 
acidosis; impaired growth; hypercalciuria; hypocitraturia; nephrocalcinosis; 
nephrolithiasis; rickets in children; and osteomalacia in adults. Classic dRTA 
can be distinguished from other metabolic acidoses by an inappropriately 
high urine pH (>5.5), diminished net acid excretion, positive urinary anion 
gap, and low urinary ammonium concentration (Table 119-2). Treatment 
with alkali supplementation (1 to 3 mEq/kg/day in adults and 3 to 6 mEq/
kg/day in children) is usually effective in correcting the acidosis. In contrast 
to proximal RTA, urinary potassium wasting can be ameliorated with alkali 
therapy alone.

 DEVELOPMENT OF THE KIDNEY AND  
URINARY TRACT

The human kidney and urogenital tract develop from three principal embryonic 
structures: the metanephric mesenchyme, the mesonephric (wolffian) duct, 
and the cloaca (Fig. 119-1). At 4 to 5 weeks of gestation, the ureteric bud 
originates as a diverticulum of the mesonephric duct. Reciprocal interactions 
between the branching ureteric bud and the metanephric mesenchyme induce 
kidney development, with the metanephros undergoing an epithelial trans-
formation to form the glomeruli and the proximal and distal tubules. The 
ureteric bud branches give rise to the collecting ducts, the renal pelvis, the 
ureter, and the bladder trigone. Nephrogenesis is thought to be completed by 
36 weeks of gestation.

Concurrent with the initial nephrogenic events, the urorectal fold divides 
the cloaca into the urogenital sinus and the future rectum. The mesonephric 
duct develops into the trigone of the urinary bladder, which is the posterior 
part of the bladder wall. Between 5 and 6 weeks of gestation, the second 
genital duct (müllerian duct) appears and runs in parallel with the wolffian 
duct. In males, the müllerian duct subsequently regresses, and the wolffian 
duct proceeds to form the epididymis, the vas deferens, the seminal vesicle, 
and the ejaculatory duct. In females, the wolffian duct regresses, and the mül-
lerian ducts fuse to form the ureterovaginal primordium, which merges with 
the urogenital sinus and eventually gives rise to the uterus, the oviducts, and 
the proximal vagina. The remnants of the allantois form the urachus, a fibrous 
cord that connects the bladder to the umbilicus.

 ABNORMALITIES OF THE URINARY TRACT
Congenital abnormalities of the kidney and urinary tract encompass a diverse 
set of structural malformations that result from defects in the developing 
urinary system.9 These abnormalities are detected in about 1 in 500 fetal 
ultrasound examinations and account for approximately 20 to 30% of all 
anomalies identified in the prenatal period. Although familial cases are often 
attributable to single gene mutations, the majority of sporadic cases appear to 
involve complex interactions of multiple genetic variants and environmental  
factors.10

The most common malformation (~20%) is ureteropelvic junction obstruc-
tion. Renal parenchymal anomalies include agenesis, hypoplasia, dysplasia, 

targeting to the membrane. Defects in these genes cause Bartter syndrome 
types I, II, III, and IV, respectively. All four syndromes are characterized by 
disrupted salt transport in the thick ascending limb. In addition, severe gain-
in-function mutations in CASR, the gene encoding the extracellular calcium 
ion–sensing receptor CaSR, can cause a Bartter-like phenotype (referred to 
as Bartter type V) that is distinguished from the others by autosomal dominant 
transmission and associated hypocalcemic hypercalciuria. Most patients with 
Gitelman syndrome have defects in SLC12A3, the gene encoding the sodium-
chloride cotransporter NCCT. However, a minority of patients with the Gitel-
man phenotype have mutations in CLCNKB.

Individuals with Bartter syndrome exhibit renal salt wasting, lowered blood 
pressure, polyuria, hypokalemic metabolic alkalosis, and hypercalciuria with 
a variable risk of nephrocalcinosis. Bartter syndrome mimics the effects of 
long-term furosemide treatment (E-Fig. 119-1). In comparison, individuals 
with Gitelman syndrome have a disorder resembling the effects of long-term 
thiazide administration: milder renal salt wasting, normal blood pressure, 
hypokalemic metabolic alkalosis, hypomagnesemia, and hypocalciuria. Clinical 
differences between Bartter and Gitelman syndromes relate to the severity of 
salt wasting, whereas phenotypic differences among Bartter types I through 
V correlate with the specific physiologic roles played by the individual trans-
porters or channels in the kidney and other organs.

The mainstay of treatment includes replacing salt and water losses and pro-
viding potassium supplementation to maintain serum levels greater than 3 mEq/
dL. In patients with Gitelman syndrome who have persistent symptomatic 
hypokalemia despite therapeutic adherence or who have unacceptable side 
effects, treatment with potassium-sparing diuretics (e.g., amiloride 10 to 20 mg 
daily), a selective aldosterone antagonist (eplerenone 150 mg daily), or a 
combination of these agents may be effective.6 For patients with perinatal 
(type I or II) Bartter syndrome, nonsteroidal anti-inflammatory drugs (e.g., 
indomethacin 2 to 4 mg/kg/day in two to four divided doses) may be benefi-
cial. In patients with Gitelman syndrome and some patients with Bartter 
syndrome type III, oral magnesium supplementation may be required to 
maintain serum levels above 1.2 mg/dL.

 Disorders of Collecting Duct Function
 LIDDLE SYNDROME (PSEUDOALDOSTERONISM)
Liddle syndrome is an autosomal dominant form of salt-sensitive hypertension 
(Chapter 70) caused by mutations in the β or γ subunit of the epithelial 
sodium channel, which is expressed at the apical surface of collecting duct 
cells and plays a critical role in maintaining salt balance and blood pressure.7 
Both the β and γ subunits regulate the channel activity of the α subunit. 
Mutations in either of these regulatory subunits result in increased epithelial 
sodium channel activity and Liddle syndrome. Severe hypertension typically 
manifests in childhood, with features of hypokalemic metabolic alkalosis that 
resemble primary aldosteronism. However, the secretion of renin and aldos-
terone is suppressed in this disorder. The clinical abnormalities can be ame-
liorated by a low-salt diet plus a potassium-sparing diuretic (e.g., amiloride 5 
to 20 mg/day or triamterene 100 to 200 mg twice daily), which acts as an 
antagonist of the epithelial sodium channel.

 DISTAL RENAL TUBULAR ACIDOSIS
Distal renal tubular acidosis (dRTA) results from failure of the collecting duct 
α-intercalated cells to excrete fixed acids (see Fig. 110-1 in Chapter 110).8 
Both autosomal dominant and autosomal recessive forms of dRTA have been 
described. These heritable disorders include mutations in genes encoding 
carbonic anhydrase II, the chloride-bicarbonate exchanger AE1, or subunits 
of the vacuolar hydrogen–adenosine triphosphatase (V-type H+-ATPase) proton 

TABLE 119-2 FEATURES OF THE INHERITED RENAL TUBULAR ACIDOSES

DISORDER RENAL TRANSPORT DEFECT
MINIMAL URINE pH 
DURING ACIDOSIS ALKALI SUPPLEMENTATION

UAG DURING 
ACIDOSIS

Proximal renal tubular acidosis ↓ Proximal bicarbonate reabsorption <5.5 Children: 10-15 mEq HCO3
−/kg/day 0 or +

Carbonic anhydrase II deficiency ↓ Proximal bicarbonate reabsorption 
and ↓ distal acidification

Variable Variable 0 or +

Distal renal tubular acidosis ↓ Distal acidification >5.5 Adults: 1-3 mEq HCO3
−/kg/day +

Children: 3-6 mEq HCO3
−/kg/day +

HCO3
− = bicarbonate; UAG = urinary anion gap = [Na+] + [K+] − [Cl−]. In renal tubular acidosis, the UAG is usually 0 or positive. By comparison, the UAG is negative in metabolic acidosis associated with 

diarrheal illness.

adysplasia syndrome (Online Mendelian Inheritance in Man entry 191830), 
a rare autosomal dominant disorder with variable penetrance.

 RENAL HYPOPLASIA
The term renal hypoplasia describes small kidneys with normally differentiated 
nephrons that are reduced in number. Oligomeganephronia describes a form 
of bilateral renal hypoplasia with a marked reduction in nephron number and 
associated hypertrophy of individual glomeruli and tubules. This abnormality 
occurs sporadically as an isolated developmental defect that must be differ-
entiated from acquired renal atrophy and the genetic disorders, nephronophthisis 
and autosomal dominant tubulointerstitial kidney disease (formerly known 
as medullary cystic kidney disease). Renal function declines slowly, with pro-
gression to end-stage kidney failure in the second to third decade of life.

 RENAL DYSPLASIA
Renal dysplasia, which can be associated with various abnormalities of kidney 
size, results from abnormal metanephric differentiation that causes anomalous 
and/or incompletely differentiated renal elements. Small dysplastic kidneys 
are commonly referred to as aplastic. Large dysplastic kidneys are often cystic; 
the most extreme type is referred to as multicystic dysplastic kidney.

Unilateral dysplasia may be asymptomatic well into adult life. Small aplastic 
and large multicystic dysplastic kidneys are nonfunctioning and can be dis-
tinguished from renal agenesis by imaging studies. The ipsilateral ureter is 
typically atretic. Contralateral malformations, including obstruction and vesi-
coureteral reflux, are common. Unilateral multicystic kidneys involute over 
time and often disappear. Unilateral aplasia and multicystic dysplasia may be 
manifestations of the hereditary renal adysplasia syndrome. Bilateral multicystic 
dysplastic kidneys are incompatible with neonatal survival.

 Renal and Ureteral Structural Abnormalities
 RENAL MALROTATION AND ECTOPIA
Metanephric kidney development begins caudally. By 9 weeks of gestation, 
the kidney has ascended to its normal level (L1-L3), and the renal pelvis has 

malrotation, and ectopia. Pelviureteral abnormalities include megaureter, 
ectopic ureter, horseshoe kidney, duplex collecting system, and vesicoureteral 
reflux. Abnormalities of posterior urethral valves can occur concurrently. Pre-
natal ultrasonographic surveillance has substantially improved detection and 
prompt initiation of treatment, but these disorders remain important causes 
of infant mortality, as well as morbidity in older children and adults, including 
the progression to renal failure.

 RENAL AGENESIS
Renal agenesis reflects a complete failure of nephrogenesis. Unilateral agenesis 
can occur as an isolated abnormality or as a component of syndromic disorders, 
such as Turner syndrome (Chapter 220). As an isolated entity, the complete 
absence of one kidney occurs in 1 in 1000 to 1500 individuals. The incidence 
is higher in males and occurs somewhat more frequently on the left side; in 
about half the patients, the ipsilateral ureter and hemitrigone are also absent. 
The remaining kidney is usually enlarged owing to compensatory hypertrophy, 
but it may be ectopic or malrotated. Vesicoureteral reflux is observed on the 
contralateral side in about 30% of patients.

Renal agenesis is commonly associated with genital anomalies, suggesting 
that it represents a developmental field defect. In females, absence of the 
ipsilateral oviduct and malformation of the uterus and vagina result from 
maldevelopment of the müllerian duct, whereas in males, wolffian duct–derived 
structures, such as the vas deferens and the seminal vesicles, are often absent. 
Other associated anomalies can involve the cardiovascular system (30%), 
musculoskeletal system (14%), and the adrenal gland (10%). Unilateral renal 
agenesis is found in 30% of patients with the VACTERL syndrome, an asso-
ciation of vertebral, anal, cardiac, trachea-esophageal, renal, and limb defects.

Bilateral renal agenesis has an estimated incidence of 1 in 4000 births and 
is associated with the Potter phenotype, which includes pulmonary hypoplasia, 
a characteristic facies, and deformities of the spine and limbs. At birth, these 
neonates have a critical degree of pulmonary hypoplasia that is incompatible 
with survival. The familial association of unilateral and bilateral renal agenesis, 
renal dysplasia, and congenital hydronephrosis occurs in hereditary renal 
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E-FIGURE 119-1. Transport in the thick ascending limb (TAL) and the pathophysiology of Bartter syndrome. sodium (na+), potassium (K+), and chloride (cl−) are reabsorbed across 
the apical membrane via the sodium-potassium-chloride cotransporter nKcc2 (defective in bartter syndrome type i). nKcc2 can be inhibited by furosemide. the optimal function of 
this transporter requires the binding of all four ions. because of the low luminal concentration of potassium, K+ binding becomes the rate-limiting step. therefore, to ensure an adequate 
luminal supply, potassium is recycled through the romK1 channel (defective in bartter syndrome type ii). these apical transport processes result in a relative excess of positive charges 
in the tubular lumen, providing the driving force for paracellular absorption of calcium (ca2+) and magnesium (mg2+). na+ exits across the basolateral membrane via the sodium-potassium 
adenosine triphosphatase (na+, K+-atpase) pump, whereas cl− exits through the chloride channels clc-Kb (defective in bartter syndrome type iii) and clc-Ka. both channels require 
barttin (defective in bartter syndrome type iv) for proper membrane localization. the tal reabsorbs approximately 25% of the filtered sodium load, whereas the collecting duct (cD) 
is responsible for reabsorbing about 3% of the sodium load. the profound defect in tal sodium reabsorption leads to salt wasting, stimulation of the renin-aldosterone system, and 
an aldosterone-induced increase in potassium and hydrogen ion secretion in the cD, with resultant hypokalemic metabolic alkalosis. mr = mineralocorticoid receptor; hco3

− = 
bicarbonate. 



CHAPTER 119 Developmental abnormalities of the Urinary tract 791

Urorectal
fold

Mesonephric
(wolffian) duct

Mesonephric
(wolffian) duct

Urogenital sinus

Ureteric bud

Metanephric
mesenchyme

Cloaca

Kidney

BA

Ureter

Prostate

Vas
deferens

Urethra

Rectum

Rectum

TestisDC

FIGURE 119-1. Key events in the development of the urinary tract. in the 4-week embryo, the ureteric bud emerges from the wolffian duct (A). reciprocal interactions between the 
branching ureteric bud and the metanephric mesenchyme induce kidney development. concurrently, the cloaca is divided by the urorectal fold into the urogenital sinus and the future 
rectum (B). in the 8-week male embryo, the wolffian duct begins to give rise to the epididymis, the seminal vesicles, and the caudal part of the vas deferens (C). by 9 weeks, axial growth 
of the fetal spine prompts the developing kidney to ascend from the pelvis to its final lumbar position. the external genitalia develop between 8 and 16 weeks, and testicular descent 
begins in month 7 of gestation (D). 

adysplasia syndrome (Online Mendelian Inheritance in Man entry 191830), 
a rare autosomal dominant disorder with variable penetrance.

 RENAL HYPOPLASIA
The term renal hypoplasia describes small kidneys with normally differentiated 
nephrons that are reduced in number. Oligomeganephronia describes a form 
of bilateral renal hypoplasia with a marked reduction in nephron number and 
associated hypertrophy of individual glomeruli and tubules. This abnormality 
occurs sporadically as an isolated developmental defect that must be differ-
entiated from acquired renal atrophy and the genetic disorders, nephronophthisis 
and autosomal dominant tubulointerstitial kidney disease (formerly known 
as medullary cystic kidney disease). Renal function declines slowly, with pro-
gression to end-stage kidney failure in the second to third decade of life.

 RENAL DYSPLASIA
Renal dysplasia, which can be associated with various abnormalities of kidney 
size, results from abnormal metanephric differentiation that causes anomalous 
and/or incompletely differentiated renal elements. Small dysplastic kidneys 
are commonly referred to as aplastic. Large dysplastic kidneys are often cystic; 
the most extreme type is referred to as multicystic dysplastic kidney.

Unilateral dysplasia may be asymptomatic well into adult life. Small aplastic 
and large multicystic dysplastic kidneys are nonfunctioning and can be dis-
tinguished from renal agenesis by imaging studies. The ipsilateral ureter is 
typically atretic. Contralateral malformations, including obstruction and vesi-
coureteral reflux, are common. Unilateral multicystic kidneys involute over 
time and often disappear. Unilateral aplasia and multicystic dysplasia may be 
manifestations of the hereditary renal adysplasia syndrome. Bilateral multicystic 
dysplastic kidneys are incompatible with neonatal survival.

 Renal and Ureteral Structural Abnormalities
 RENAL MALROTATION AND ECTOPIA
Metanephric kidney development begins caudally. By 9 weeks of gestation, 
the kidney has ascended to its normal level (L1-L3), and the renal pelvis has 

malrotation, and ectopia. Pelviureteral abnormalities include megaureter, 
ectopic ureter, horseshoe kidney, duplex collecting system, and vesicoureteral 
reflux. Abnormalities of posterior urethral valves can occur concurrently. Pre-
natal ultrasonographic surveillance has substantially improved detection and 
prompt initiation of treatment, but these disorders remain important causes 
of infant mortality, as well as morbidity in older children and adults, including 
the progression to renal failure.

 RENAL AGENESIS
Renal agenesis reflects a complete failure of nephrogenesis. Unilateral agenesis 
can occur as an isolated abnormality or as a component of syndromic disorders, 
such as Turner syndrome (Chapter 220). As an isolated entity, the complete 
absence of one kidney occurs in 1 in 1000 to 1500 individuals. The incidence 
is higher in males and occurs somewhat more frequently on the left side; in 
about half the patients, the ipsilateral ureter and hemitrigone are also absent. 
The remaining kidney is usually enlarged owing to compensatory hypertrophy, 
but it may be ectopic or malrotated. Vesicoureteral reflux is observed on the 
contralateral side in about 30% of patients.

Renal agenesis is commonly associated with genital anomalies, suggesting 
that it represents a developmental field defect. In females, absence of the 
ipsilateral oviduct and malformation of the uterus and vagina result from 
maldevelopment of the müllerian duct, whereas in males, wolffian duct–derived 
structures, such as the vas deferens and the seminal vesicles, are often absent. 
Other associated anomalies can involve the cardiovascular system (30%), 
musculoskeletal system (14%), and the adrenal gland (10%). Unilateral renal 
agenesis is found in 30% of patients with the VACTERL syndrome, an asso-
ciation of vertebral, anal, cardiac, trachea-esophageal, renal, and limb defects.

Bilateral renal agenesis has an estimated incidence of 1 in 4000 births and 
is associated with the Potter phenotype, which includes pulmonary hypoplasia, 
a characteristic facies, and deformities of the spine and limbs. At birth, these 
neonates have a critical degree of pulmonary hypoplasia that is incompatible 
with survival. The familial association of unilateral and bilateral renal agenesis, 
renal dysplasia, and congenital hydronephrosis occurs in hereditary renal 
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Hydrocalyx or hydrocalycosis refers to dilation of a major calyx that can result 
from intrinsic obstruction, such as in infundibular stenosis, or in the context 
of extrinsic compression of the pelvis, caused by a vessel or a parapelvic cyst. 
In comparison, megacalycosis represents a nonobstructive, dysplastic lesion 
found primarily in males, in which the calyces are dilated and usually increased 
in number. Associated renal medullary hypoplasia causes malformation of 
the renal papillae.

Calyceal diverticula are cystic structures connected by a narrow channel to 
an adjacent minor calyx. In imaging studies, these diverticula typically fill 
with contrast material, which distinguishes them from renal parenchymal cysts.

Partial duplication of the renal pelvis and ureter is a common anomaly that 
occurs more frequently in females, is typically unilateral, and is clinically 
insignificant.

 URETERIC ANOMALIES
Ectopic ureters usually reflect complete ureteric and renal duplication. Approxi-
mately 10% are bilateral. The ectopic ureter typically drains the dysplastic 
upper pole of a duplex kidney and inserts below the normal vesicoureteral 
junction into the lower trigone of the bladder or the proximal urethra. Ectopic 
ureters occur much more frequently in females, and the insertion sites can 
include the vagina and the vulva, with resulting incontinence. An ectopic 

rotated 90 degrees toward the midline. Anomalies of ascent and/or failure of 
rotation are common. Bilateral renal ectopia is often associated with kidney 
fusion. The most common fusion anomaly is the horseshoe kidney, which 
occurs in 1 in 500 newborns with a 2 : 1 male predominance. Renal ascent 
is prevented by the root of the inferior mesenteric artery (Fig. 119-2A). 
Crossed renal ectopia can occur with or without fusion. Supernumerary (extra) 
kidneys are typically ectopic and vary in location. Although almost one third 
of patients with renal ectopia remain asymptomatic, the associated malrota-
tion of the renal pelvis increases the risk of hydronephrosis, infection, and  
stone formation.

 PELVIURETERAL ABNORMALITIES
Obstruction of the ureteropelvic junction impedes the flow of urine from the 
renal pelvis into the ureter. It is one of the most frequently occurring urinary 
tract anomalies in infants, occurring in 1 in 500 live births. In congenital 
obstruction of the ureteropelvic junction, urologic anomalies in the contra-
lateral system are common, including renal agenesis, renal dysplasia, multicystic 
dysplasia, and vesicoureteral reflux. Ureteropelvic junction obstruction may 
occur in adults secondary to external compression, kinking, or stenosis of the 
proximal ureter. Surgical intervention is indicated if there is associated renal 
function impairment, pyelonephritis, stones, or pain.

FIGURE 119-2. Developmental abnormalities of the urinary tract. A, horseshoe kidney. B, ectopic ureter associated with a ureterocele. C, megaureter with the aperistaltic segment 
(arrow). D, bladder outlet obstruction caused by posterior urethral valves. 
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ureter is often associated with a ureterocele, a cystic dilation of the terminal 
ureter (Fig. 119-2B). In children, ureteroceles can be associated with urinary 
tract infection and obstruction of the bladder neck or even of the contralateral 
ureter. In adults, the clinical presentation usually involves associated infection, 
ureteric stones, or both.

A megaureter, or grossly dilated ureter, has multiple potential causes, includ-
ing intrinsic ureteric obstruction by a stone, bladder outflow obstruction, 
vesicoureteral reflux, and external compression of the distal ureter. In contrast, 
primary megaureter results from a functional obstruction of the distal ureter 
caused by an aperistaltic segment (Fig. 119-2C).

 VESICOURETERAL REFLUX
In the normal urinary tract, urinary reflux from the bladder into the ureters 
is prevented by a functional valve-like mechanism at the vesicoureteral junc-
tion. The competence of this valve is dependent on several critical factors, 
such as the intramural length of the ureter, the position of the ureteric orifice 
in the bladder, and the integrity of the bladder wall musculature.

Primary vesicoureteral reflux results from incompetence of the vesicoureteral 
junction owing to the shortened length of the ureter’s submucosal segment 
and the lateral, ectopic position of its orifice. It is estimated to occur in 1 to 
2% in children. Familial clustering of vesicoureteral reflux suggests that genetic 
factors contribute to the pathogenesis. However, there is no agreement on 
the mode of inheritance.

As the intramural ureter lengthens with age, primary vesicoureteral reflux 
tends to remit or disappear. Vesicoureteral reflux can also occur secondary to 
obstructive maldevelopment of the lower urinary tract in children, such as in 
triad syndrome and posterior urethral valves, or secondary to masses that 
obstruct the bladder or urethra (in adults). In both primary and secondary 
vesicoureteral reflux, intrarenal reflux can lead to the development of reflux 
nephropathy, a tubulointerstitial lesion (Chapter 114) associated with gross 
scarring at the renal poles. In addition, the development of a glomerular lesion 
consistent with focal and segmental glomerulosclerosis (Chapter 113) can 
cause proteinuria, hypertension, and progressive loss of renal function.

Primary vesicoureteral reflux is diagnosed in about 30 to 40% of chil-
dren who have imaging studies after urinary tract infections (Chapter 268). 
Management of these children has been controversial with respect to both 
antibiotic prophylaxis and surgical correction. Nevertheless, there is general 
agreement that: frequent urinary tract infection, higher grades of vesicoureteral 
reflux, and the presence of bladder and bowel dysfunction are particular risk 
factors for renal cortical scarring; and the rates of spontaneous resolution of 
reflux and of endoscopic surgical success depend upon bladder and bowel  
dysfunction.

In a randomized trial of children with grade I through IV vesicoure-
teral reflux, antimicrobial prophylaxis did not decrease the risk of renal  
scarring, A2  which occurred significantly more frequently in kidneys with grade 
IV reflux than in kidneys with low-grade or no reflux. Surgical correction 
has been the traditional mainstay of treatment for severe grades of vesico-
ureteral reflux, but endoscopic polyacrylate-polyalcohol copolymer injection 
can correct grades IV and V vesicoureteral reflux with an 83% success rate 
that is comparable to surgical correction. A3  Further studies are in progress to 
determine whether this minimally invasive approach, which can be repeated 
if necessary,11 should become first-line therapy in such patients.

 Lower Urinary Tract Abnormalities
 TRIAD SYNDROME (PRUNE-BELLY SYNDROME,  
EAGLE-BARRETT SYNDROME)
Triad syndrome, also referred to as prune-belly syndrome or Eagle-Barrett 
syndrome, involves a constellation of anomalies including congenital absence 
or deficiency of the abdominal wall musculature, gross ureteral dilation, bladder 
wall thickening, prostatic hypoplasia, and bilateral undescended testes (crypt-
orchidism). The full syndrome is expressed only in males, and surviving indi-
viduals are typically infertile. Patients with an incomplete syndrome can have 
anomalies of the abdominal wall musculature, bladder, and upper urinary 
tract; 3% of these patients are females. Although the specific molecular events 
have yet to be defined, defects in mesenchymal development appear to cause 
poor prostate and bladder differentiation, ureteral smooth muscle aplasia with 
consequent ureteral aperistalsis, and varying degrees of renal dysplasia. Three 
fourths of patients with triad syndrome have associated malformations in the 
cardiopulmonary system, gastrointestinal tract, and skeleton. In the immediate 
postnatal period, prognosis depends on the severity of extra-genitourinary 
anomalies. Long-term outcome correlates with the degree of renal dysplasia 
and the success of urodynamic management.

 Grade A References
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 BLADDER ABNORMALITIES
Bladder exstrophy results from a midline closure defect involving the lower 
anterior abdominal wall, the bladder, and the external genitalia. These abnor-
malities have been attributed to a primary defect in the differentiation of the 
cloacal membrane, but the precise molecular events remain unclear. In severe 
cases, bladder exstrophy may be associated with imperforate anus and rectal 
atresia. Clinical studies suggest a correlation between the success of bladder 
reconstruction and long-term preservation of renal function.

In adults, neuropathic or neurogenic bladder (Chapter 23) has numerous 
etiologic contributors, including central nervous system trauma, stroke, dis-
orders such as Parkinson disease, spinal trauma, multiple sclerosis, and peripheral 
nerve damage caused by trauma or surgery. In children, myelomeningocele 
(spina bifida) is the most common cause of neurogenic bladder dysfunction. 
Other forms of myelodysplasia, such as spinal dysraphism (spina bifida occulta) 
and sacral agenesis, are less common causes.

 POSTERIOR URETHRAL VALVES
In male infants, posterior urethral valves are the most common cause of bladder 
outflow obstruction, with resulting bilateral hydronephrosis and megaureters. 
However, among all infants with hydronephrosis, only 10% have posterior 
urethral valves. The urethral obstruction results from defective reabsorption 
of mucosal folds in the posterior urethra, just distal to the verumontanum of 
the prostatic urethra. As a result, dilation of the proximal urethra, bladder 
wall hypertrophy and trabeculation, associated vesicoureteral reflux, and varying 
degrees of renal dysplasia are present (Fig. 119-2D). Surgical management 
strategies are dictated by the age of the child and the degree of associated 
renal insufficiency.12 Survival and long-term renal outcome depend on the 
severity of the associated renal dysplasia.

https://expertconsult.inkling.com/
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120 
BENIGN PROSTATIC HYPERPLASIA 
AND PROSTATITIS
STEVEN A. KAPLAN

 BENIGN PROSTATIC HYPERPLASIA

 DEFINITION
The prostate gland is composed of four zones: peripheral, central, transitional, 
and stroma. It can also be divided by lobes: anterior, posterior, lateral, and 
median (Fig. 120-1). Benign prostatic hyperplasia (BPH) is a condition that 
can lead to lower urinary tract symptoms, which can have a significant nega-
tive impact on quality of life. Complaints associated with BPH may relate to 
difficulty with voiding (e.g., urinary hesitancy, weak stream, straining, and 
prolonged voiding) or difficulty with controlling urinary storage (e.g., urinary 
urgency, nocturia). BPH is a histologic diagnosis defined by the proliferation 
of smooth muscle and epithelial cells within the prostatic transition zone.
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ABSTRACT
Benign prostatic hypertrophy develops in about 50% of men over age 50 years 
and 90% of men in their 80s. About half of these men will develop clinically 
important lower urinary tract symptoms, including urgency, hesitancy, fre-
quency, nocturia, and incomplete emptying. Treatment emphasizes alpha 
adrenergic antagonists, 5-alpha-reductase inhibitors, and phosphodiesterase 
type 5 inhibitors; many men require combination therapy. When medications 
are inadequate, a variety of minimally invasive surgical options can remove 
sufficient prostate tissue to reduce symptoms substantially. Prostatitis, which 
is inflammation of the prostate gland, is typically chronic and often associated 
with local discomfort as well as symptoms similar to benign prostatic hyper-
trophy. Chronic bacterial prostatitis may respond, at least transiently, to empiric 
antibiotic therapy. Acute bacterial prostatitis requires urgent antibiotics, with 
the intravenous route sometimes required.
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FIGURE 120-1. Anatomy of the prostate. 

The treatment of BPH aims to improve subjective symptoms and quality of 
life as well as to prevent progression of the disease. Over time, treatment has 
evolved away from surgical therapy and largely to medical therapy.

Men who are mildly symptomatic, defined as a score of 7 or less on the IPSS 
questionnaire, can be observed (Fig. 120-3). Lifestyle changes that may improve 
symptoms include fluid restriction, timed voiding, and double voiding. Patients 
who have moderate symptoms, defined as 8 to 19 points on the IPSS, and who 
are not seriously bothered by their symptoms may also be observed with peri-
odic reassessment to monitor whether urinary retention, refractory hematuria, 
infections, or other complications develop.

Medications
α-Adrenergic antagonists, which decrease bladder outlet resistance by relax-

ing urethral smooth muscle and possibly striated sphincter tone, are considered 
the first-line treatment of male lower urinary tract symptoms A1  (Table 120-1). 
Their side effects include orthostatic hypotension, sexual dysfunction, and diz-
ziness. All medications in this class should be discontinued before cataract 
surgery for fear of floppy-iris syndrome.

The 5α-reductase inhibitors finasteride and dutasteride are also effective 
for the treatment of BPH. A2  These agents reduce prostate size by suppressing 
testosterone and dihydrotestosterone production. As a result, these agents 
reduce the number of episodes of acute urinary retention and decrease the 
need for surgical treatment of BPH, and they are particularly helpful for the 
treatment of patients with higher prostate volumes. Side effects of these medi-
cations include erectile dysfunction, reduced libido, and decreased ejaculate 
volume.

Phosphodiesterase type 5 inhibitors (tadalafil, sildenafil, vardenafil) 
also improve lower urinary tract symptoms and IPSS scores secondary to  
BPH, A3  although these agents do not similarly improve maximal flow, 
and their long-term efficacy is not as well studied as that of α-adrenergic  
antagonists. Currently, only tadalafil is approved for the treatment of BPH.

Antimuscarinic agents, which target the muscarinic cholinergic receptors in 
the bladder to reduce overactivity that occurs as a result of changes in detrusor 
function, are safe and efficacious for the treatment of BPH. Options include 
tolterodine, solifenacin, and fesoterodine. Another class of agents used to treat 
overactive bladder symptoms are β3-agonists such as mirabegron. Mirabegron 

TREATMENT 

the overall clinical manifestations of symptoms because they serve as direct 
bladder irritants and diuretics. Urinary symptoms should be assessed in a 
standardized fashion with validated instruments such as the International 
Prostate Symptom Score (IPSS) (Fig. 120-2) and observed over time.

Abdominal examination should be performed to identify the presence of 
a palpable bladder, which could be a sign of urinary retention. The physical 
examination should include a prostate examination to evaluate its size and 
the possible presence of nodules. The digital rectal examination gives only an 
approximate estimate of size because only the posterior half is palpated.3 A 
focused neurologic examination is also important to assess a patient’s mental 
status, ambulatory status, lower extremity neuromuscular function, and anal 
sphincter tone.

Laboratory Findings
Urinalysis should be performed to screen for hematuria and urinary tract 
infection (Chapter 268). A serum prostate-specific antigen (PSA) level should 
be measured because it can detect asymptomatic prostate cancer (Chapter 
191) that may require treatment even in men who would not be candidates 
for treatment if they were asymptomatic. However, the results must be inter-
preted with caution because the serum PSA level correlates with prostatic 
volume even in the absence of cancer. Objective parameters such as maximum 
urinary flow by uroflowmetry and bladder postvoid residual by ultrasound 
should also be measured if the diagnosis is in question. Although there is not 
a direct correlation between lower urinary tract symptoms and objective 
parameters such as prostate size or flow rate, prostate volume and serum PSA 
levels generally predict worsening of symptoms. Long-standing bladder outlet 
obstruction can progress to incomplete bladder emptying, bilateral hydroure-
teronephrosis, and ultimately acute and/or chronic renal insufficiency.

Other causes of bladder dysfunction that should be considered during the 
assessment of men presenting with lower urinary tract symptoms include 
bladder cancer (Chapter 187), diabetes (Chapter 216), urethral strictures, 
and bladder stones. The absence of hematuria makes bladder cancer very 
unlikely, but patients with BPH symptoms require cystoscopy if they also 
have hematuria. Neurologic disorders including Parkinson disease (Chapter 
381) and multiple sclerosis (Chapter 383) may also cause lower urinary tract 
symptoms in men.

 EPIDEMIOLOGY
Age is the major risk factor for BPH. A histologic diagnosis of BPH will develop 
in approximately 50% of men older than 50 years of age and 90% of men in 
their eighties.1 Of these men, approximately 50% will develop notable lower 
urinary tract symptoms, which increase in prevalence in a linear fashion between 
the ages of 40 and 80 years.

 PATHOBIOLOGY
As the bladder fills with urine, it normally is able to maintain a low intravesical 
pressure via sympathetic nerve stimulation despite the increasing volume. 
However, an enlarged prostate may cause lower urinary tract symptoms by 
directly obstructing the flow of urine or by increasing the muscle tone of the 
prostate. Men with bladder outlet obstruction due to BPH often have overac-
tive bladder detrusor function, thereby resulting in urinary retention. In addi-
tion, changes in the vascularity of the prostate or the urinary bladder can 
contribute to the development of symptoms. The degree of prostatic enlarge-
ment, which can contribute to and affect the severity of the symptoms, is 
highly variable. Enlargement typically is a combination of stromal hypertrophy 
and glandular hyperplasia, mostly in the central zone. In BPH, the calculated 
volume exceeds 30 mL.

 CLINICAL MANIFESTATIONS
The presence of lower urinary tract symptoms is often indicative of bladder 
outlet obstruction secondary to BPH. Symptoms may significantly impair 
health-related quality of life and are classified as voiding (hesitancy, weak 
stream, straining, and prolonged voiding), storage (frequency, urgency, noc-
turia, urge incontinence, and voiding of small volumes), or postmicturition 
(postvoid dribble, incomplete emptying).2 Most patients who have lower 
urinary tract symptoms present with a combination of these symptoms. The 
symptoms of overactive bladder (Chapter 23) and lower urinary tract symp-
toms secondary to BPH often overlap.

 DIAGNOSIS
Assessment should begin with a medical history and review of the patient’s 
medications. The medical history should include any causes that may lead to 
bladder dysfunction, such as cerebrovascular disease, previous surgical pro-
cedures, and a history of prostatic disease. Diuretics and over-the-counter 
preparations, such as nasal decongestants and antihistamines, may exacerbate 
the patient’s urinary symptoms. Furthermore, dietary factors such as water, 
caffeine, alcohol, and artificial sweeteners can be important contributors to 

 PROGNOSIS
Over time, the symptoms of BPH often increase, requiring medications or a 
procedure. Patients should be counseled about the likelihood of progression, 
the natural history of lower urinary tract symptoms related to BPH, and the 
treatment options that can be offered.

 PROSTATITIS

 EPIDEMIOLOGY AND PATHOBIOLOGY
Prostatitis is usually a clinical diagnosis based on signs and symptoms that 
occur as a result of inflammation of the prostate gland. The overall prevalence 
of prostatitis is approximately 8%, and it affects men of a wide age range. 
Swelling or inflammation of the prostate gland, which may be due to various 
causes, can have a significant impact on quality of life. The current classifica-
tion system defines the various types of prostatitis on the basis of whether it 
is acute or chronic, associated with infection, or associated with pelvic pain 
(Table 120-2).
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1. Over the past month or so, how often have 
 you had a sensation of not emptying your 
 bladder completely after you finished urinating? 

2. Over the past month or so, how often have 
 you had to urinate again less than two hours
 after you finished urinating? 

3. Over the past month or so, how often have 
 you found you stopped and started again
 several times when you urinated? 

4. Over the past month or so, how often have 
 you found it difficult to postpone urination? 

5. Over the past month or so, how often have 
 you had a weak urinary stream? 

6. Over the past month or so, how often have 
 you had to push or strain to begin urination? 

7. Over the past month, how many times did you most typically get up to urinate from the time you went
 to bed at night until the time you got up in the morning? 

none

Total IPSS Score = sum of questions 1–7 =

Quality of life due to urinary symptoms

If you were to spend the rest of your life with your urinary condition just the way it is now, how would 
you feel about that?

Mixed—about
equally satisfied
and dissatisfiedDelighted Pleased

Mostly
satisfied

Mostly
dissatisfied Unhappy Terrible

1 time 2 times 3 times 4 times 5 or more times

FIGURE 120-2. International Prostate Symptom Score (IPSS). the seven symptom questions constitute a scale initially developed by the american Urological association. the eighth 
question about quality of life is scored separately. (From Barry MJ, Fowler FJ Jr, o’leary MP, et al. the american Urological association symptom index for benign prostatic hyperplasia: 
the Measurement committee of the american Urological association. J Urol. 1992;148:1549.)

works via the sympathetic nerve pathway and stimulates β3-receptors, causing 
smooth muscle relaxation in the bladder. A4 

Combination drug therapy is an option when single-drug therapy is insuf-
ficient. Data suggest that the best combination is adding a 5α-reductase inhibitor 
to an α-adrenergic blocker, A5  although the combination of an α-adrenergic 
blocker and a phosphodiesterase 5 inhibitor is also efficacious. A6 

,
 A7  Similarly, 

the combination of tamsulosin, dutasteride, and an antimuscarinic agent (see 
Table 120-1) can improve overactive bladder symptoms that have responded 
inadequately to tamsulosin alone. A8  Saw palmetto, the most commonly used 
phytotherapeutic agent, does not improve urinary parameters during a treat-
ment period of 12 months in randomized trials and is not recommended even 
as add-on therapy.

Surgical Treatments
A variety of minimally invasive treatment options are available for BPH.4 

Prostatic urethral lift delivers permanent transprostatic implants through a 
cystoscope to open the prostatic parenchyma mechanically. This treatment is 
limited to patients with a prostate smaller than 80 g and without significant 
middle lobe hypertrophy. A9  Transurethral radiofrequency-induced water therapy 
induces a delayed coagulation necrosis of prostatic tissue, thereby resulting in 
a decrease in prostate volume.5 The advantages of these procedures (lower 
risks for retrograde ejaculation, strictures, hematuria, and blood transfusions) 
must be balanced against increased risks for dysuria, urinary retention, recur-
rent symptoms, and the need for retreatment compared with transurethral 
resection of the prostate. A10 

,
 A11 

Electrosurgically based transurethral resection of the prostate, either via a 
monopolar or bipolar approach, is the “gold standard” in endoscopic treatment 
of symptomatic BPH. Because of improvements in medical therapy and mini-
mally invasive options, the number of transurethral resection of the prostate 
procedures performed in the United States has declined, although it still remains 
the most commonly performed urologic procedure.

Bipolar transurethral resection of the prostate uses bipolar instead of mono-
polar electrocautery and saline as an irrigant. This procedure resects large 
amounts of prostatic tissue from the transitional zone and central zone but 
decreases complications, such as hyponatremia and perioperative bleeding 

requiring transfusion. Long-term studies will be needed to confirm the durability 
of these results. For patients with very large prostate glands (i.e., 80 g and 
larger), transurethral resection of the prostate procedures may require prolonged 
operative times, and an open surgical approach may be necessary for adequate 
debulking of the obstructing prostatic tissue.

Other surgical technologies include various laser vaporization tech-
niques such as holmium, thulium, and photoselective vaporization of the  
prostate. A12  Laser technologies can be effective alternatives to electrosurgical 
approaches, although their long-term durability remains to be defined. Prostatic 
artery embolization is another possible treatment, though data on its efficacy 
and safety are limited.6

 PROGNOSIS
Over time, the symptoms of BPH often increase, requiring medications or a 
procedure. Patients should be counseled about the likelihood of progression, 
the natural history of lower urinary tract symptoms related to BPH, and the 
treatment options that can be offered.

 PROSTATITIS

 EPIDEMIOLOGY AND PATHOBIOLOGY
Prostatitis is usually a clinical diagnosis based on signs and symptoms that 
occur as a result of inflammation of the prostate gland. The overall prevalence 
of prostatitis is approximately 8%, and it affects men of a wide age range. 
Swelling or inflammation of the prostate gland, which may be due to various 
causes, can have a significant impact on quality of life. The current classifica-
tion system defines the various types of prostatitis on the basis of whether it 
is acute or chronic, associated with infection, or associated with pelvic pain 
(Table 120-2).
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Watchful waiting Medical therapy Minimally invasive
therapies

Surgery

•   History 
•   DRE & focused PE
•   Urinalysis*
•   PSA in select patients † 

Initial evaluation 

AUA/IPSS symptom index
assessment of patient bother

Moderate/severe symptoms
 (AUA/IPSS 8) 

Mild symptoms
(AUA/IPSS 7)

or
no bothersome

symptoms
Optional diagnostic tests
•   Uroflow
•   PVR 

Surgery

Patient chooses
noninvasive therapy

Patient chooses
invasive therapy

•   Pressure flow
•   Urethrocystoscopy
•   Prostate ultrasound

Optional diagnostic tests§

Presence of refractory
retention or any of the

following clearly related
to BPH 

•   Persistent gross
     hematuria‡

•   Bladder stones‡

•   Recurrent UTls‡

•   Renal insufficiency

*In patients with clinically significant prostatic bleeding, a course of a 5 alpha-reductase inhibitor
may be used. If bleeding persists, tissue ablative surgery is indicated.
†Patients with at least a 10-year life expectancy for whom knowledge of the presence of prostate
cancer would change management or patients for whom the PSA measurement may change the
management of voiding symptoms.
‡After exhausting other therapeutic options.
§Some diagnostic tests are used in predicting response to therapy. Pressure-flow studies are
most useful in men prior to surgery.

AUA, American Urological Association; DRE, digital rectal exam; IPSS, International Prostate
Symptom Score; PE, physical exam; PSA, prostate-specific antigen; PVR, postvoid residual urine;
UTI, urinary tract infection. 

Discussion of treatment
options

FIGURE 120-3. Algorithm of management of benign prostatic hyperplasia (BPH). (©2003 american Urological association educations and research, inc.)

The causative organisms of acute bacterial prostatitis are usually similar to 
those that cause other common genitourinary infections (Chapter 268) and 
include Escherichia coli and Enterococcus spp. About 60% of patients with chronic 
bacterial prostatitis have evidence of ongoing infection based on polymerase 
chain reaction (PCR) testing of their expressed prostatic secretions, with 
Chlamydia trachomatis, Ureaplasma urealyticum, Mycoplasma genitalium, and 
Mycoplasma hominis the most common organisms detected. The pathogenesis 
of chronic prostatitis/chronic pelvic pain syndrome, however, remains unclear.

 CLINICAL MANIFESTATIONS
Acute bacterial prostatitis (type I) is characterized by acute infection of the 
prostate gland. Presenting symptoms include pelvic, perineal, penile, or ejacu-
latory pain as well as irritative or obstructive voiding symptoms and sexual 
dysfunction. Patients with severe infections can present with fever and chills 
and can become septic (Chapter 100). Type II prostatitis is characterized by 
recurrent or relapsing infection caused by the same organism. These patients 
tend to be less sick during each episode and usually present with voiding 
symptoms and pain.

Type III prostatitis is characterized by pelvic discomfort or pain for more 
than 3 of the 6 months before evaluation. Type III patients have repeatedly 
negative urine cultures. Classification into type IIIa or IIIb is contingent on 
the presence of leukocytes in semen, post–prostate massage urine, or prostatic 
secretions. Patients with type IV prostatitis do not experience any symptoms 
of prostatitis. Leukocytes or inflammatory cells are found in prostate tissue, 
semen, or expressed prostatic secretions.

 DIAGNOSIS
The diagnosis of prostatitis requires a careful history, physical examination, 
and examination of the urine. The physician must ask pertinent questions 
about voiding history, sexual history, symptoms, pain, neurologic disorders, 
and prior pelvic surgery. The National Institutes of Health Chronic Prostatitis 
Symptom Index (NIH-CPSI), which is a standardized tool for the evaluation 
and assessment of prostatitis, consists of nine parts that outline three major 
areas of prostatitis: pain, urinary symptoms, and quality of life (Fig. 120-4). 
The NIH-CPSI is not specific for making the diagnosis of prostatitis, but it is 
very useful for longitudinally monitoring changes in symptoms over time after 
a diagnosis of prostatitis has been established. The physical examination should 
include an abdominal, external genital, perineal, and digital rectal examination. 
Attention should be placed on identifying pelvic wall discomfort, structural 
abnormalities, or prostatic pain on digital rectal examination.

Laboratory Evaluation
Urinalysis and urine culture should be performed for every patient. Histori-
cally, the four-specimen test was recommended, with specimens obtained 
from the initial voided bladder urine, midstream voided bladder urine, expressed 
prostatic secretions obtained during prostate massage, and voided bladder 
urine collected after prostate massage. Leukocytes in the third specimen suggest 
the diagnosis of prostatitis. Leukocytes without bacteria suggest inflammation 
consistent with nonbacterial prostatitis. However, this four-step approach is 
rarely used today because it has not proved to be useful as a diagnostic tool 
or for directing treatment. It has been replaced by either a semen culture or 

TABLE 120-1 MEDICATIONS AND RECOMMENDED DAILY DOSES FOR MALE LOWER URINARY TRACT SYMPTOMS

α-BLOCKERS
5α-REDUCTASE 

INHIBITORS
α-BLOCKER AND 

5α-REDUCTASE INHIBITOR ANTIMUSCARINICS
PHOSPHODIESTERASE 

TYPE 5 INHIBITORS
β3-ADRENERGIC 

RECEPTOR ACTIVATOR
Alfuzosin
10 mg

Dutasteride
0.5 mg

Dutasteride and tamsulosin
0.5/0.4 mg 

Darifenacin
7.5, 15 mg

Tadalafil
5 mg

Mirabegron
25, 50 mg

Doxazosin
1-8 mg

Finasteride
5 mg

Fesoterodine
4, 8 mg

Sildenafil and vardenafil 
not FDA approved for 
BPH

Tamsulosin
0.4 mg

Oxybutynin
5, 10, 15 mg

Terazosin
1-10 mg

Oxybutynin XL
5, 10, 15 ER mg

Silodosin
4, 8 mg

Tolterodine
1, 2 mg
Tolterodine LA
2, 4 ER mg
Trospium
20, 60 mg
Solifenacin
5, 10 mg

BPH = benign prostatic hypertrophy; ER = extended-release; FDA = U.S. Food and Drug Administration.

TREATMENT 
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a midstream urine culture and by examination of a voided urine specimen 
after prostate massage.

Urodynamic methods offer valuable insight for patients experiencing pre-
dominantly voiding symptoms. Other conditions, such as prostatic obstruction, 
primary bladder neck obstruction, dysfunctional voiding, urethral obstruction, 
and detrusor-sphincter dyssynergia, may be defined with the help of postvoid 
residual, pressure-flow urodynamics, or videourodynamics. These conditions, 
in comparison to prostatitis, have many effective treatment options.

Measurement of a postvoid residual urine volume by ultrasound can be 
used to assess incomplete emptying because urinary retention can be a risk 
factor for recurrent infections. Low maximum urine flow rates suggest bladder 
outlet obstruction, decreased detrusor contractility, or both as an alternative 
explanation for lower urinary tract symptoms and poor flow. However, for 
those who fail to respond to treatment, PCR analysis of semen to evaluate for 
possible fastidious organisms (e.g., C. trachomatis, U. urealyticum, Mycoplasma 
species, and Neisseria gonorrhoeae) may be useful for the evaluation of chronic 
prostatitis. Cultures of urethral swabs may be used to evaluate patients with 
potentially undiagnosed sexually transmitted diseases (Chapter 269). Other 
diagnostic tests include semen analysis and culture, which are useful for patients 
with complaints of abnormal-smelling semen or infertility.

Cystoscopy is an adjunct to urodynamics in the evaluation of chronic 
prostatitis/chronic pelvic pain syndrome, especially before any surgical 
intervention. Cystoscopy is also performed for evaluation of hematuria or 
abnormal cytology findings because prostate cancer (Chapter 191) or bladder 
cancer (Chapter 187) can cause symptoms similar to chronic pelvic pain  
syndrome.

PSA testing should be ordered on the basis of prostate cancer screening 
(Chapter 191) but has no specific role in evaluation of prostatitis symptoms. 
Acute prostatitis can increase the serum level of PSA, but it usually returns 
to normal levels with appropriate antibiotics within 1 to 3 months. PSA can 
be elevated and even can wax and wane in patients with chronic prostatitis/
chronic pelvic pain syndrome. Patients with chronic prostatitis have a less 
well-defined decrease in PSA after a course of antibiotics. Anywhere from 
one third to two thirds of men undergoing prostate biopsy have chronic inflam-
mation, but the correlation with symptoms of prostatitis is unclear.

Transrectal ultrasound can identify a prostatic abscess and is generally rec-
ommended for patients who have recurrent prostatitis or who do not respond 
to treatment. The potential utility of pelvic computed xerographic scanning 
and transrectal magnetic resonance imaging is unclear.

The causative organisms of acute bacterial prostatitis are usually similar to 
those that cause other common genitourinary infections (Chapter 268) and 
include Escherichia coli and Enterococcus spp. About 60% of patients with chronic 
bacterial prostatitis have evidence of ongoing infection based on polymerase 
chain reaction (PCR) testing of their expressed prostatic secretions, with 
Chlamydia trachomatis, Ureaplasma urealyticum, Mycoplasma genitalium, and 
Mycoplasma hominis the most common organisms detected. The pathogenesis 
of chronic prostatitis/chronic pelvic pain syndrome, however, remains unclear.

 CLINICAL MANIFESTATIONS
Acute bacterial prostatitis (type I) is characterized by acute infection of the 
prostate gland. Presenting symptoms include pelvic, perineal, penile, or ejacu-
latory pain as well as irritative or obstructive voiding symptoms and sexual 
dysfunction. Patients with severe infections can present with fever and chills 
and can become septic (Chapter 100). Type II prostatitis is characterized by 
recurrent or relapsing infection caused by the same organism. These patients 
tend to be less sick during each episode and usually present with voiding 
symptoms and pain.

Type III prostatitis is characterized by pelvic discomfort or pain for more 
than 3 of the 6 months before evaluation. Type III patients have repeatedly 
negative urine cultures. Classification into type IIIa or IIIb is contingent on 
the presence of leukocytes in semen, post–prostate massage urine, or prostatic 
secretions. Patients with type IV prostatitis do not experience any symptoms 
of prostatitis. Leukocytes or inflammatory cells are found in prostate tissue, 
semen, or expressed prostatic secretions.

 DIAGNOSIS
The diagnosis of prostatitis requires a careful history, physical examination, 
and examination of the urine. The physician must ask pertinent questions 
about voiding history, sexual history, symptoms, pain, neurologic disorders, 
and prior pelvic surgery. The National Institutes of Health Chronic Prostatitis 
Symptom Index (NIH-CPSI), which is a standardized tool for the evaluation 
and assessment of prostatitis, consists of nine parts that outline three major 
areas of prostatitis: pain, urinary symptoms, and quality of life (Fig. 120-4). 
The NIH-CPSI is not specific for making the diagnosis of prostatitis, but it is 
very useful for longitudinally monitoring changes in symptoms over time after 
a diagnosis of prostatitis has been established. The physical examination should 
include an abdominal, external genital, perineal, and digital rectal examination. 
Attention should be placed on identifying pelvic wall discomfort, structural 
abnormalities, or prostatic pain on digital rectal examination.

Laboratory Evaluation
Urinalysis and urine culture should be performed for every patient. Histori-
cally, the four-specimen test was recommended, with specimens obtained 
from the initial voided bladder urine, midstream voided bladder urine, expressed 
prostatic secretions obtained during prostate massage, and voided bladder 
urine collected after prostate massage. Leukocytes in the third specimen suggest 
the diagnosis of prostatitis. Leukocytes without bacteria suggest inflammation 
consistent with nonbacterial prostatitis. However, this four-step approach is 
rarely used today because it has not proved to be useful as a diagnostic tool 
or for directing treatment. It has been replaced by either a semen culture or 

TABLE 120-2 CLASSIFICATION OF PROSTATITIS
CATEGORIES

I II III IV
Term Acute bacterial 

prostatitis
Chronic bacterial 

prostatitis
Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS)
IIIa. Inflammatory CPPS
IIIb. Noninflammatory CPPS

Asymptomatic inflammatory 
prostatitis

Characteristics Acute infection of 
prostate gland

Recurrent or relapsing 
infection caused by 
the same organism; 
not acute

90% of cases of chronic prostatitis are presumed to be nonbacterial; 
diagnosis of exclusion

Characteristic symptoms
Discomfort or pain in pelvic region for more than 3 mo within the past 

6 mo
Pelvic, perineal, penile, or ejaculatory pain; irritative or obstructive 

voiding symptoms, sexual dysfunction
No documented recurrent urinary tract infections; repeated negative cultures
Classification into IIIa or IIIb determined by presence of leukocytes in 

semen, post–prostate massage urine, or prostatic secretion

No symptoms of prostatitis
Leukocytes or inflammatory cells 

present in prostate tissue, 
semen, or expressed prostatic 
secretions

Acute Bacterial Prostatitis
Oral or intravenous antibiotics are usually effective for curing acute pros-

tatitis, and progression to chronic bacterial prostatitis is uncommon. Typical 
first-course antibiotics include oral fluoroquinolones (e.g., levofloxacin 500 mg 
once daily or ofloxacin 300 mg twice daily) and sulfonamides (e.g., trimethoprim/
sulfamethoxazole 160 mg/800 mg twice daily) for 6 weeks. Patients who are 
unable to tolerate oral medications and patients with signs of sepsis may 

TREATMENT 
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NIH-Chronic Prostatitis Symptom Index (NIH-CPSI)

a. Area between rectum and  
testicles (perineum)

b. Testicles 

c. Tip of the penis (not related to 
urination)

d. Below your waist, in your 
pubic or bladder area

0 Not at all

1 Less than 1 time in 5

2 Less than half the time

3 About half the time

4 More than half the time

5 Almost always

0 None

1 Only a little

2 Some

3 A lot

Pain or Discomfort

1. In the last week, have you experienced any 
pain or discomfort in the following areas?

6. How often have you had to urinate again less 
than two hours after you finished urinating, over 
the last week?

Impact of Symptoms

7. How much have your symptoms kept you from 
doing the kinds of things you would usually do, 
over the last week?

1 0

a. Pain or burning during 
urination?

b. Pain or discomfort during or 
after sexual climax (ejaculation)?

4. Which number best describes your AVERAGE 
pain or discomfort on the days that you had it, 
over the last week?

0 Not at all

1 Less than 1 time in 5

2 Less than half the time

3 About half the time

4 More than half the time

5 Almost always

0 Delighted

1 Pleased

2 Mostly satisfied

3 Mixed (about equally satisfied and 
dissatisfied)

4 Mostly dissatisfied

5 Unhappy

6 Terrible

Quality of Life

9. If you were to spend the rest of your life with your
symptoms just the way they have been during 
the last week, how would you feel about that?

0 None

1 Only a little

2 Some

3 A lot

8. How much did you think about your symptoms, 
over the last week?

1 0

1 0

1 0

1 0

1 0

Yes  No

Yes  No

2. In the last week, have you experienced:

PAIN AS BAD
AS YOU CAN

IMAGINE

0 1 2 3 4  5  6  7  8  9  10
NO

PAIN

Scoring the NIH-Chronic Prostatitis Symptom Index Domains

Pain: Total of items 1a, 1b, 1c,1d, 2a, 2b, 3, and 4  =

Urinary Symptoms: Total of items 5 and 6  =

Quality of Life Impact: Total of items 7, 8, and 9  =

0 Never

1 Rarely

2 Sometimes

3 Often

4 Usually

5 Always

3. How often have you had pain or 
discomfort in any of these areas 
over the last week?

Urination

5. How often have you had a sensation of not 
emptying your bladder completely after you 
finished urinating, over the last week?

FIGURE 120-4. National Institutes of Health (NIH) Chronic Prostatitis Symptom Index. (Modified from litwin Ms, Mcnaughton-collins M, Fowler FJ Jr, et al. the national institutes 
of Health chronic prostatitis symptom index: development and validation of a new outcome measure. chronic Prostatitis collaborative research network. J Urol. 1999;162:369-375.)

require broad-spectrum intravenous antibiotics (e.g., ampicillin 2 g every 6 
hours plus gentamicin 1.5 mg/kg every 8 hours until afebrile) followed by 6 
weeks of oral therapy as before. A prostatic abscess may require interventional  
therapy.7

Chronic Bacterial Prostatitis
Antibiotic therapy is the mainstay of treatment for chronic bacterial prostatitis. 

Antibiotics with good lipid solubility, good enteric bacterial coverage, and a high 
pKa have the best prostatic penetration. These antibiotics include quinolones, 

sulfa-based preparations, macrolides, tetracyclines, and aminoglycosides. The 
fluoroquinolones (e.g., ciprofloxacin 500 mg twice daily, levofloxacin 500 mg 
once daily, or ofloxacin 300 mg twice daily) have equivalent success rates in 
patients with chronic bacterial prostatitis and are generally the first-line treat-
ment. A13  In cases in which atypical bacteria, such as chlamydia, are suspected to 
be the cause of chronic bacterial prostatitis, better results may be achieved by 
macrolide antibiotics, such as azithromycin (500 mg twice daily). Most studies 
demonstrate effective treatment with 30 days of therapy, but some clinicians 
prescribe 6 weeks of therapy as for acute prostatitis because the recurrence 
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rate is as high as 40% within a year. Delivery of antibiotics by intraprostatic 
injection or anal submucosal injection is rarely used today.

Treatments for Chronic Prostatitis/Chronic Pelvic  
Pain Syndrome

The optimal regimen for the treatment of chronic prostatitis/chronic pelvic 
pain syndrome is not known, and the response to treatment is often disap-
pointing.8 Prolonged courses of antibiotics generally are not effective. A14  One 
option is to perform PCR testing of expressed prostatic secretions and to  
use antibiotics only if the test result is positive. Current empirical therapy 
uses a combination of α-blockers, adrenergic antagonists, phosphodiesterase 
5 inhibitors, A15  and anti-inflammatory agents (e.g., ibuprofen 400 mg three 
times daily or naproxen 200 mg twice daily). Neuroleptics, such as gabapen-
tin, have been tried but appear to be no better than placebo and have side 
effects. The potential value of allopurinol is unclear. Many phytotherapies 
have been tried, but improvements have not been dramatic or consistent in  
various trials.

Conservative supportive therapies include warm sitz baths and special diets 
that avoid spicy foods, caffeine, alcohol, and other urinary irritants. Behav-
ioral therapies and stress reduction have also been used. Therapies that aim to 
improve relaxation and to reeducate pelvic floor muscle function can improve 
symptoms in highly stressed individuals with dysfunctional voiding. Options 
include biofeedback and bladder retraining. Unproven treatments include 
trigger point massage combined with relaxation and electromagnetic pelvic 
floor therapy, acupuncture, and percutaneous tibial nerve stimulation. A16  Pros-
tate massage can be combined with other therapies, but its efficacy has been  
variable.

 PROGNOSIS
Most patients with type I prostatitis are effectively treated with oral or intra-
venous antibiotics, although some cases do not respond to treatment and 
progress to type II prostatitis. The natural history of type II, type III, and type 
IV prostatitis remains undefined.
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REVIEW QUESTIONS

1. A 50-year-old man presents with lower urinary tract symptoms. Digital 
rectal examination reveals an enlarged prostate complicated by lower urinary 
tract symptoms. In discussing the potential side effects of dutasteride with 
the patient, which of the following would not apply in regard to sexual 
function?
 A. Decreased libido
 B. Decreased ejaculatory volume
 C. Erectile dysfunction
 D. Ejaculatory pain
 E. A and C

Answer: D 5α-Reductase inhibitors, such as dutasteride, were developed to 
block the conversion of testosterone to dihydrotestosterone, thus reducing 
prostate volume and thereby decreasing bladder outlet obstruction. The side 
effects of a 5α-reductase inhibitor include decreased libido, decreased ejacula-
tory volume, and erectile dysfunction.

2. A 60-year-old man has significant lower urinary tract symptoms refractory 
to other therapies. He does not have any major morbid conditions that 
would be contraindications to surgery. Which of the following is not an 
absolute indication for surgery?
 A. The patient has developed acute urinary retention.
 B. The patient has renal insufficiency secondary to benign prostatic 

hyperplasia.
 C. The patient has recurrent gross hematuria due to benign prostatic 

hyperplasia.
 D. Cystoscopy revealed a bladder diverticulum.
 E. B and D

Answer: D Surgical intervention is an appropriate treatment alternative for 
patients with moderate to severe lower urinary tract symptoms and for patients 
who have developed acute urinary retention or other benign prostatic hyper-
plasia–related complications. Surgery is recommended for patients who have 
renal insufficiency secondary to benign prostatic hyperplasia; for patients who 
have recurrent urinary tract infections, bladder stones, or gross hematuria due 
to benign prostatic hyperplasia; and for those who have lower urinary tract 
symptoms refractory to other therapies. The presence of a bladder diverticulum 
is not an absolute indication for surgery unless it is associated with recurrent 
urinary tract infection or progressive bladder dysfunction.

3. A 35-year-old man presents with the following symptoms indicative of 
chronic prostatitis/chronic pelvic pain syndrome: frequent urination, 
increased urgency, and postejaculatory pain for the past 4 months. In this 
case, which of the following evaluations would not be mandatory?
 A. Abdominal examination
 B. Digital rectal examination
 C. Semen analysis
 D. Urinalysis
 E. Urine culture

Answer: C The physician must ask pertinent questions about voiding history, 
sexual history, characterization of symptoms, and pain. A thorough medical 
and surgical history should focus on neurologic disorders and pelvic surgery. 
Physical examination must include abdominal, external genital, perineal, and 
digital rectal examination. Attention should be placed on identifying pelvic 
wall discomfort, structural abnormalities, or prostatic pain on digital rectal 
examination. Urinalysis and urine culture should be performed for every 
patient.

4. A 45-year-old man has a history of recurrent urinary tract infections. Bacte-
rial growth on culture of expressed prostatic fluid and a post–prostate 
massage urine specimen confirms a diagnosis of chronic bacterial prostatitis. 
The expressed prostatic secretion contains more than 10 white blood cells 
per high-power field. Digital rectal examination demonstrates a normal 
benign prostate. Which antibiotic class is usually recommended for treat-
ment of his prostatitis?
 A. Fluoroquinolones
 B. Macrolides
 C. Trimethoprim/sulfamethoxazole
 D. Doxycycline
 E. None of the above

Answer: A Fluoroquinolones have been recommended as first-line therapy 
for chronic bacterial prostatitis. With high lipid solubility, they show the 
best penetration into the prostate and seminal fluid. The usual course is 4 to  
6 weeks.

5. After 48 hours of therapy with appropriate intravenous broad-spectrum 
antibiotics for his prostatitis, a 40-year-old man continues to be febrile and 
highly symptomatic with chills and malaise. Which of the following is the 
“gold standard” imaging modality for a patient with a suspected prostatic 
abscess?
 A. Computed tomography scan
 B. Magnetic resonance imaging scan
 C. Abdominal plain film and intravenous pyelography
 D. Transrectal ultrasound
 E. There is no gold standard imaging modality for a patient with a suspected 

prostatic abscess.
Answer: D Transrectal ultrasound is a useful tool in identifying a prostatic 
abscess and is considered the gold standard. This modality can also identify 
seminal vesicle or ejaculatory duct abnormalities, especially in patients with 
ejaculatory pain or hematospermia.
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121 
CHRONIC KIDNEY DISEASE
WILLIAM E. MITCH

 DEFINITION
Chronic kidney disease (CKD) refers to the many clinical abnormalities that 
progressively worsen as kidney function declines. CKD results from a large 
number of systemic diseases that damage the kidney or from disorders that 
are intrinsic to the kidney (Table 121-1).1 The severity of CKD is graded by 
the depressed level of the glomerular filtration rate (GFR). A GFR persistently 
below 60 mL/minute/1.73 m2 serves to identify patients who will most likely 
develop clinical manifestations as a result of progressive loss of kidney func-
tion. Measuring GFR is cumbersome, requiring injection of a marker of GFR 
and timed urine collections, so estimates of GFR (eGFR) based on a patient’s 
serum creatinine and demographics (Chapter 106) are used to monitor the 
course of CKD. Progression of kidney disease can also be assessed by changes 
in the serum level of cystatin C.

Unlike acute kidney damage (Chapter 112), which can be repaired with a 
resulting improvement in kidney function, the kidney damage in CKD is rarely 
repaired, so loss of function persists. In CKD patients, loss of additional kidney 
function generates more damage and, hence, more severe clinical abnormali-
ties. In fact, CKD can progressively worsen even if the disorder that caused 
it becomes inactive.

CKD includes a spectrum of clinical dysfunctions that range from abnor-
malities detectable only by laboratory testing to a syndrome known as uremia. 
Uremia, which literally means “urine in the blood,” results from the accumula-
tion of unexcreted ions and waste products and induces metabolic abnormali-
ties. When the kidneys fail to perform most of their functions, the clinical 
state is called end-stage renal disease (ESRD), and dialysis or transplantation 
is required to sustain life (Chapter 122). Before this stage, treatment strategies 
are directed at ameliorating uremic symptoms and slowing the loss of kidney 
function to help postpone ESRD.

 EPIDEMIOLOGY
CKD is classified into 5 stages defined by degree of loss of eGFR (Table 
121-2). The most widely used equation for identifying degrees of CKD is the 

TABLE 121-1 CAUSES OF CHRONIC RENAL FAILURE
Diabetic glomerulosclerosis*
Hypertensive nephrosclerosis
Glomerular disease

Glomerulonephritis
Amyloidosis, light chain disease*
Systemic lupus erythematosus, granulomatosis with polyangiitis

Tubulointerstitial disease
Reflux nephropathy (chronic pyelonephritis)
Analgesic nephropathy
Obstructive nephropathy (stones, benign prostatic hypertrophy)
Myeloma kidney*

Vascular disease
Scleroderma*
Vasculitis*
Renovascular renal failure (ischemic nephropathy)
Atheroembolic renal disease*

Cystic disease
Autosomal dominant polycystic kidney disease
Medullary cystic kidney disease

*Systemic disease involving the kidney.
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ABSTRACT
Chronic kidney disease can be the result of a large range of kidney diseases, 
ranging from inflammatory diseases to inherited diseases to obstructive uropa-
thy. The progressive decline in the glomerular filtration rate during the course 
of the disease is specific for each patient, but the loss of glomerular filtration 
rate is linear over time in most patients. The signs (e.g., hypertension, fluid 
overload), symptoms (e.g., fatigue, loss of appetite), and laboratory findings 
(e.g., hyperkalemia) of chronic kidney disease are largely related to the loss 
of renal function rather than the underlying cause itself. Patients with hyper-
tension should initially receive angiotensin converting enzyme inhibitors or 
angiotensin receptor blockers, with careful monitoring of the blood potassium 
level. Nutritional approaches to reduce dietary protein and correct metabolic 
acidosis are beneficial and can slow the loss of kidney function. Dialysis and 
renal transplantation are effective treatments when reduced renal function 
compromises quality-of-life or survival.
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production of urea. To accomplish this goal, the dietary content of protein 
should be monitored.

Progression of Chronic Kidney Disease
Kidney function continues to decline even when diseases that initially damage 
the kidney are no longer active. Mechanisms include systemic hypertension, 
hemodynamic injuries to the kidney, proteinuria, and accumulation of neph-
rotoxins. Hypertension itself is associated with ischemic glomerular injury 
and can result in glomerulosclerosis. One mechanism is raised intracapillary 
pressure with increased glomerular filtration and resulting glomerular damage 
(Chapter 113).

 CLINICAL MANIFESTATIONS
Unfortunately, progressive loss of kidney function produces no clinically dis-
tinct signs or symptoms. Conditions that should raise the possibility that a 
patient is developing CKD include the presence of hypertension, urinary 
abnormalities (e.g., hematuria or repeated urinary infections), or edema. As 
the GFR declines, clinical abnormalities become more frequent, but symptoms 
continue to be mostly nonspecific (Table 121-4). Some patients complain 
only of exercise intolerance, fatigue, or anorexia.

Specific syndromes are associated with proteinuria and CKD. For example, 
severe albumin losses (>3 g/day) plus edema and hypercholesterolemia define 
the nephrotic syndrome, which can lead to the loss of the relatively small, 
vitamin D–binding protein that binds 25-hydroxyvitamin D3, thereby aggra-
vating renal osteodystrophy. Advanced proteinuria also can be associated with 
losses of clotting factors IX, XI, and XII, causing coagulation defects. Con-
versely, urinary losses of antithrombin III can result in thrombosis, especially 
when inflammation causes increased levels of acute phase reactant proteins, 
including fibrinogen.

Some patients with renal bone disease complain of vague, ill-defined pain 
in the lower back, hips, knees, and other locations. In advanced renal osteo-
dystrophy, severe pain, decreased exercise tolerance, and immobilization can 
increase the risk of fractures even with minimal trauma.

Another clinical syndrome related to hyperphosphatemia is vascular calci-
fication, which stiffens arteries/arterioles, increases systolic blood pressure, 
and leads to left ventricular hypertrophy. A more disabling manifestation is 
calcifications in the tunica media of blood vessels (i.e., Mönckeberg sclerosis), 
which can impair the function of the lungs, myocardium, and skin. Calciphy-
laxis is calcification of the skin and cutaneous vessels, often with resulting 
pruritus.

TABLE 121-3 FUNCTIONS OF THE KIDNEY AND 
IMPAIRMENT OF KIDNEY FUNCTION IN 
PATIENTS WITH CHRONIC KIDNEY DISEASE

KIDNEY FUNCTION CONSEQUENCES OF DYSFUNCTION
Maintain concentration and body 

content of electrolytes and fluid 
volume

Hyponatremia, hyperkalemia, low total 
potassium content, hypocalcemia, 
hyperphosphatemia, decreased tolerance 
to electrolyte or mineral loading

Regulate blood pressure Hypertension, cardiovascular disease
Endocrine mediator Anemia (low erythropoietin), hypertension 

(renin system activation), bone disease 
(secondary hyperparathyroidism), low 
vitamin D activation, prolonged half-lives 
of peptide hormones (e.g., insulin)

Waste product excretion Anorexia, nausea, soft tissue deposition of 
oxalates and phosphates, neurologic 
dysfunction, loss of muscle protein

TABLE 121-2 PREVALENCE OF STAGES OF CHRONIC KIDNEY DISEASE AND FREQUENCY OF COMPLICATIONS
STAGE DESCRIPTION GFR* (mL/min/1.73 m2) ADULT PREVALENCE (PERCENTAGE) SYMPTOMS OR SIGNS
1 Chronic kidney damage; normal or increased GFR >90 3.5 Anemia 4%

Hypertension 40%
5-year mortality 19%

2 Mild GFR loss 60-89 3.9 Anemia 4%
Hypertension 40%
5-year mortality 19%

3 Moderate GFR loss 30-59 7.6 Anemia 7%
 3a Mild to moderate GFR loss 45-59 Hypertension 55%
 3b Moderate to severe GFR loss 30-44 5-year mortality 24%
4 Severe GFR loss 15-29 0.4 Anemia 29%

Hypertension 77%
Hyperphosphatemia 20%
5-year mortality 46%

5 Kidney failure <15 or dialysis 0.1 Anemia 69%
Hypertension >75%
Hyperphosphatemia 50%
3-year mortality 14%

*The formula for estimating the glomerular filtration rate (GFR) of adults with chronic kidney disease (CKD) is derived from data obtained during the National Health and Nutrition Examination Survey 
(NHANES 2001-2008): 2009 Chronic Kidney Disease Epidemiology creatinine equation:

eGFR SCr  SCr   age= × × × ×−141 1 1 0 993 1 01 209min ( / , ) max ( / , ) . [ ..κ κα 118 1 159 if female   if African American] [ . ]×

Where SCr is serum creatinine (in mg/dL), κ is 0.7 for females and 0.9 for males, α is −0.329 for females and −0.411 for males, min is the minimum of SCr/κ or 1, and max is the maximum of SCr/κ or 1.

Chronic Kidney Disease Epidemiology Collaboration equation. The global 
prevalence of all stages of CKD is estimated to be about 13% for adults, most 
of whom have an eGFR lower than 60 mL/min/1.73 m2 (i.e., stages 3-5).2 
The prevalence of stage 3 or 4 CKD is about 7% in the United States.3

In addition to a low eGFR, the degree of persistent albuminuria is related 
to the rate of decline of renal function. An albumin to creatinine ratio above 
zero but lower than 30 mg/g is defined as normal or mildly increased, a ratio 
of 30 to 300 mg/g is moderately increased, and a ratio of higher than 300 mg/g 
is severely increased.

Two disorders account for more than 70% of all adult CKD patients in the 
United States: 44% have diabetes mellitus (Chapter 115) and 28% have hyper-
tension (Chapter 70). The risk of developing CKD is also increased in patients 
with cardiovascular disease, diabetes, and obesity. Other epidemiologic factors 
associated with an increasing risk of progressive CKD include smoking, albu-
minuria, hyperlipidemia, and a family history of CKD.

 PATHOBIOLOGY
Individuals are born with 0.75 million to 1.25 million nephrons per kidney 
(Chapter 107). If nephrons are lost, new ones are not regenerated, so a decreased 
GFR indicates the loss of nephrons and most accurately estimates residual 
kidney function.

Physiologic and metabolic functions of the kidney include the regulation 
of blood pressure, endocrine functions, and ion concentrations in the extra-
cellular and intracellular fluids, as well as the excretion of waste products 
(Table 121-3). Loss of these functions yields several direct and derivative 
consequences of CKD. For example, a limitation in the ability to excrete acid 
causes hyperventilation and a decrease in Pco2. In muscle, acidosis activates 
ubiquitin-proteasome enzymatic protein degradation, thereby causing a loss 
of muscle mass and an acquired mitochondrial myopathy.4 In bone, acid is 
buffered, thereby releasing calcium and phosphates, a response that leads to 
demineralization and the development of secondary hyperparathyroidism, 
which further increases the susceptibility to bone fracture.

In response to CKD, the ability to excrete sodium falls as nephrons are lost, 
but the remaining nephrons respond at least partially by excreting a greater 
fraction of sodium filtered by each glomerulus. Similar phenomena adjust the 
excretion of other ions and substances, thereby allowing the patient with CKD 
to reduce the accumulation of ions and to avoid adverse conditions such as 
hyperkalemia. The ability to achieve balance between intake and excretion, 
however, is limited; if the sodium balance is positive because the intake of 
sodium exceeds its excretion by the kidney, hypertension and edema will 
develop.

A related concept is that of steady state. A patient is in steady state when 
the internal environment is constant and the intake and production of an 
ion or compound equal their output and metabolism. Although a constant 
weight indicates that sodium intake is equal to sodium output, this steady 

state does not necessarily indicate that conditions are normal. For example, a 
patient who is grossly edematous may be in the steady state when the intake 
of sodium equals its excretion, but the price of steady state is accumulation 
of extracellular fluid.

The most extensively studied tradeoff is the adaptation that stimulates sec-
ondary hyperparathyroidism (E-Fig. 121-1). In CKD, the loss of nephrons 
impairs the kidney’s ability to excrete phosphates, which accumulate and result 
in an increased formation of calcium-phosphate complexes. The resulting 
reduction in the level of ionized calcium stimulates calcium-sensing receptors 
in the parathyroid gland to stimulate the production and secretion of para-
thyroid hormone (PTH). The increase in PTH is beneficial because it reduces 
phosphate reabsorption by the kidney and promotes the excretion of the 
accumulated phosphates. An increase in the levels of circulating phosphates 
also suppresses the production of 1,25-dihydroxycholecalciferol (calcitriol), 
which is the most potent form of vitamin D, and stimulates bone osteoclasts. 
The result is that the increase in PTH stimulates urinary phosphate excretion, 
but the tradeoff is the development of renal osteodystrophy.

Hypertension
Hypertension is almost universal in patients with CKD and is often the first 
clinical manifestation. Hypertension contributes to the development of car-
diovascular disease, which is the leading cause of morbidity and mortality in 
CKD patients. Hypertension in CKD largely reflects an expanded extracellular 
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E-FIGURE 121-1. A decrease in glomerular filtration rate (GFR) is followed by an 
increase in serum phosphorus and a decrease in serum calcium. an increase in serum 
parathyroid hormone (PTh) and FGF-23 return phosphorus and calcium to normal levels 
but the tradeoff is PTh-induced bone disease. 
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production of urea. To accomplish this goal, the dietary content of protein 
should be monitored.

Progression of Chronic Kidney Disease
Kidney function continues to decline even when diseases that initially damage 
the kidney are no longer active. Mechanisms include systemic hypertension, 
hemodynamic injuries to the kidney, proteinuria, and accumulation of neph-
rotoxins. Hypertension itself is associated with ischemic glomerular injury 
and can result in glomerulosclerosis. One mechanism is raised intracapillary 
pressure with increased glomerular filtration and resulting glomerular damage 
(Chapter 113).

 CLINICAL MANIFESTATIONS
Unfortunately, progressive loss of kidney function produces no clinically dis-
tinct signs or symptoms. Conditions that should raise the possibility that a 
patient is developing CKD include the presence of hypertension, urinary 
abnormalities (e.g., hematuria or repeated urinary infections), or edema. As 
the GFR declines, clinical abnormalities become more frequent, but symptoms 
continue to be mostly nonspecific (Table 121-4). Some patients complain 
only of exercise intolerance, fatigue, or anorexia.

Specific syndromes are associated with proteinuria and CKD. For example, 
severe albumin losses (>3 g/day) plus edema and hypercholesterolemia define 
the nephrotic syndrome, which can lead to the loss of the relatively small, 
vitamin D–binding protein that binds 25-hydroxyvitamin D3, thereby aggra-
vating renal osteodystrophy. Advanced proteinuria also can be associated with 
losses of clotting factors IX, XI, and XII, causing coagulation defects. Con-
versely, urinary losses of antithrombin III can result in thrombosis, especially 
when inflammation causes increased levels of acute phase reactant proteins, 
including fibrinogen.

Some patients with renal bone disease complain of vague, ill-defined pain 
in the lower back, hips, knees, and other locations. In advanced renal osteo-
dystrophy, severe pain, decreased exercise tolerance, and immobilization can 
increase the risk of fractures even with minimal trauma.

Another clinical syndrome related to hyperphosphatemia is vascular calci-
fication, which stiffens arteries/arterioles, increases systolic blood pressure, 
and leads to left ventricular hypertrophy. A more disabling manifestation is 
calcifications in the tunica media of blood vessels (i.e., Mönckeberg sclerosis), 
which can impair the function of the lungs, myocardium, and skin. Calciphy-
laxis is calcification of the skin and cutaneous vessels, often with resulting 
pruritus.

volume owing to a salt-rich diet, impaired capacity to excrete sodium, and 
activation of vasoconstriction by the renin-angiotensin-aldosterone system.

Endocrine Disorders
With serum creatinine levels as low as 2.5 mg/dL, the ability of insulin to 
stimulate glucose uptake by muscle and other organs is reduced—an abnor-
mality known as insulin resistance (Chapter 216). The resulting increase in 
blood glucose levels stimulates a compensatory increase in insulin release, 
which then maintains blood glucose levels near normal. Insulin resistance in 
nondiabetic CKD patients is generally associated with blood glucose levels 
in or only mildly above the normal range.

The metabolic acidosis (Chapter 110) of CKD contributes to the develop-
ment of insulin resistance, impairs the ability of growth hormone to stimulate 
insulin-like growth factor-1 (IGF-1), and depresses circulating levels of thyroxine 
and triiodothyronine (Chapter 213). In CKD, the kidney’s ability to degrade 
small proteins is impaired. For example, diabetic CKD patients can progres-
sively lose the ability to degrade insulin, thereby lengthening its half-life and 
predisposing to hypoglycemia. In addition, incomplete degradation of PTH 
by the damaged kidney can result in fragments that are recognized by the 
PTH immunoassay and can lead to a false diagnosis of hyperparathyroidism.

Anemia
In patients with CKD Stage 4, normochromic, normocytic anemia (Chapter 
149) is almost universal, principally owing to impaired production of eryth-
ropoietin by interstitial cells in the damaged kidney (Chapter 147). Other 
factors contributing to anemia in CKD patients include a shortened half-life of 
erythrocytes, gastrointestinal bleeding, and deficiencies of vitamins and iron.

Renal Bone Disease
Renal bone disease afflicts virtually all patients with CKD.5 The degree of 
bone turnover directly correlates with the circulating PTH level: some patients 
have increased turnover, some patients have low turnover, and others have 
mixed uremic osteodystrophy, which has features of hyperparathyroidism plus 
defective mineralization (Chapter 232).

Vitamin D also affects the circulating calcium level and the development 
of renal bone disease. Calcitriol, the most active form of vitamin D (Chapters 
229 and 232), is produced when 25-hydroxyvitamin D3 is hydroxylated by 
25-hydroxycholecalciferol 1α-hydroxylase in the proximal tubules of the kidney. 
In CKD, this conversion is blunted because increased osteocytic activity sup-
presses the expression of the 1α hydroxylase enzyme.

Accumulation of Uremic Toxins
When diets contain protein-rich foods, the protein is metabolized to amino 
acids that can be used to build body protein stores (E-Fig. 121-2). Amino 
acids not used for this purpose are metabolized to form urea or are converted 
into potentially toxic products that accumulate in CKD. Because urea produc-
tion is directly proportional to the amount of protein eaten, excess dietary 
protein will increase the production of urea and other uremic toxins. Bacteria 
in the colon also contribute to uremia by metabolizing amino acids and pep-
tides (e.g., tryptophan or histidine can be converted into p-cresol and indoxyl 
sulfate).

Accumulation of peptides (also known as middle molecules) in CKD has 
been associated with disorders that range from anorexia to neurologic abnor-
malities. High uric acid levels, also related to excess protein intake, can cause 
gout (Chapter 257). Protein-rich foods are also generally high in phosphates, 
sodium, acid, potassium, and other ions, so high-protein diets further elevate 
levels of uremic toxins that aggravate phosphate-induced renal osteodystrophy, 
volume-dependent hypertension, and acidosis-stimulated loss of muscle  
protein.

The production of urea is directly proportional to the intake of proteins, 
so the blood urea nitrogen (BUN) provides a readily available surrogate marker 
of circulating levels of uremic toxins (E-Table 121-1). The normal ratio of 
BUN to serum creatinine is about 10 : 1, even in CKD patients. When the 
ratio is lower, the patient is dieting or eating a protein-restricted diet. When 
the ratio is above 10, the patient may be: eating excessive amounts of protein; 
have gastrointestinal bleeding; be suffering from a severely catabolic condition 
(e.g., trauma or high-dose glucocorticoid administration) in which endogenous 
proteins are catabolized to amino acids and hence, to urea; or have volume 
depletion or severe liver or heart disease that is stimulating active reabsorption 
of sodium and water in the proximal tubule with concomitant passive reab-
sorption of urea. The goal of dietary manipulation in CKD is to assure an 
adequate intake to maintain body protein stores while minimizing the 

TABLE 121-4 COMPLICATIONS OF CHRONIC KIDNEY 
DISEASE

AFFECTED SYSTEM
CAUSE OR 

MECHANISM CLINICAL SYNDROME
Systemic symptoms Anemia, inflammation Fatigue, lassitude
Skin Hyperparathyroidism, 

calcium-phosphate 
deposition

Rash, pruritus, metastatic 
calcification

Cardiovascular disease Hypertension, anemia, 
hyperhomocysteinemia, 
vascular calcification

Atherosclerosis, heart 
failure, stroke

Serositis Unknown Pericardial or pleural pain 
and fluid, peritoneal fluid

Gastrointestinal Unknown Anorexia, nausea, vomiting, 
diarrhea, gastrointestinal 
tract bleeding

Immune system Leukocyte dysfunction, 
depressed cellular 
immunity

Infections

Endocrine Hypothalamic-pituitary 
axis dysfunction

Amenorrhea, menorrhagia, 
impotence, oligospermia, 
hyperprolactinemia

Neurologic Unknown Neuromuscular excitability, 
cognitive dysfunction 
progressing to coma, 
peripheral neuropathy 
(restless leg syndrome or 
sensory deficits)



CHAPTER 121 ChroniC Kidney disease 801.e1

E-TABLE 121-1 ESTIMATION OF DIETARY PROTEIN FROM 
24-HOUR UREA NITROGEN EXCRETION

ASSUMPTIONS

The patient is in the steady state, and neither the serum urea nitrogen concentration 
nor body weight is changing; there is no edema.

The patient is in nitrogen balance, so that nitrogen intake equals nitrogen excretion.
Protein is 16% nitrogen.
The nonurea nitrogen excretion (the nitrogen in urinary creatinine, uric acid, and 

peptides plus feces) is 0.031 g nitrogen/kg/day.
CASE 1

A 50-year-old patient with a stable weight of 70 kg is prescribed a diet containing 
0.8 g protein/kg/day. His 24-hour urea nitrogen excretion is 6.8 g nitrogen/day. 
How much protein is he eating?

His diet should contain 70 kg × 0.8 g protein/kg, or 56 g protein. His intake of 
nitrogen from this diet is approximately 9 g (56 g protein × 0.16 = 8.96 g 
nitrogen). His nitrogen excretion is 6.8 g urea nitrogen + 2.17 g nonurea nitrogen/
day (70 × 0.031 g nonurea nitrogen/kg/day). The total nitrogen excretion is 
8.97 g, so the patient is compliant with the prescribed diet.

CASE 2

A 40-year-old woman weighing 60 kg is confident that she is eating a diet containing 
0.6 g protein/kg/day. Her 24-hour urea nitrogen excretion is 10 g nitrogen/kg/
day. Does she require additional investigation?

Her diet should contain 60 kg × 0.6 g protein/kg, or 36 g protein. Therefore, her 
intake of nitrogen is approximately 5.8 g (36 g protein × 0.16 = 5.76 g nitrogen). 
Her nitrogen excretion is 10 g urea nitrogen + 1.86 g nonurea nitrogen (60 kg × 
0.031 g nonurea nitrogen/kg/day). Her total nitrogen excretion is 11.9 g/day, far 
in excess of the amount of protein she believes she is eating. Consequently, the 
patient requires investigation for gastrointestinal bleeding.
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E-FIGURE 121-2. The loss of kidney function in chronic kidney disease is constant from initial damage to end-stage renal disease (left panel). The constant loss of GFr or creatinine 
clearance is estimated most easily by plotting the reciprocal of serum creatinine against time (right panel). esrd = end-stage renal disease. (reprinted, with permission, from Annual 
Review of Medicine 35. ©1984 by annual reviews, www.annualreviews.org.)

http://www.annualreviews.org/


CHAPTER 121 ChroniC Kidney disease802

 DIAGNOSIS
If CKD is suspected, emphasis should be placed on eliciting a history of hyper-
tension, urinary abnormalities, and treatment with drugs that might affect 
kidney function (e.g., angiotensin-converting-enzyme [ACE] inhibitors, angio-
tensin receptor blockers, and nonsteroidal anti-inflammatory drugs [NSAIDs]; 
see Chapter 114). The family history should focus on family members with 
kidney diseases, diabetes, hypertension, kidney stones, or surgery involving 
the urinary tract. The physical examination should include lying and standing 
blood pressure measurements in both arms and legs plus a search for CKD-
associated findings such as skin abnormalities, persistent itching, a palpable 
polycystic kidney (Chapter 118), evidence of lost lean body mass, the presence 
of peripheral edema, and neurologic abnormalities.

Staging
The severity of CKD is divided into five stages based on persistent reductions 
in estimated GFR (see Table 121-2). Two assessments of impaired kidney 
function (i.e., the eGFR and albuminuria) are required over a 3-month period 
to document the presence of CKD. The eGFR is calculated from the serum 
creatinine or the serum level of the protease inhibitor cystatin C, plus char-
acteristics that include age, body weight, gender, and race (see Table 121-2). 
A major limitation of using the serum creatinine concentration as the sole 
indicator of kidney function is that it can remain in the nominally normal 
range until as much as 50% of kidney function is lost. However, repeated 
measurements of the serum creatinine level can estimate the rate of loss or 
change in kidney function because changes in the reciprocal of the serum 
creatinine level (1/serum creatinine) over time yield a linear relationship with 
GFR (E-Fig. 121-2). Deviations from linearity signal a change in the course 
of CKD. Other markers used to estimate changes in kidney function are not 
as accurate.

A careful microscopic examination of the urine is critical for diagnosing 
CKD and its progression. The presence of erythrocytes (Fig. 106-4) and 
erythrocyte casts (Fig. 106-8) in the urine sediment is consistent with glo-
merulonephritis but also can reflect bladder injury. Fine granular casts (Fig. 
106-7) and protein in the urine suggest diabetic kidney disease (Chapter 
115). Urine samples containing leukocytes plus fine and coarse granular 
casts suggest interstitial nephritis, especially if there are eosinophils in the  
urine.

Microalbuminuria is defined as 30 to 300 mg albumin/24 hours in a urine 
specimen in at least 2 specimens separated by 3 months. Macroalbuminuria 
(>300 mg/24 hours) indicates advanced CKD. The ratio of urine albumin to 
creatinine concentration (i.e., 30 to 300 mg albumin/g creatinine) is a reason-
able substitute for a 24-h urine collection.

Other Laboratory Tests
In addition to elevated serum creatinine and BUN levels, other findings indi-
cating the presence of CKD include anemia, metabolic acidosis (Chapter 
110), hyperkalemia (Chapter 109), hyperphosphatemia (Chapter 111), hypo-
calcemia (Chapter 232), and hypoalbuminemia. Blood chemistries should 
include sodium, potassium, chloride, bicarbonate, calcium, phosphorus, alkaline 
phosphate, PTH, and uric acid levels. The blood glucose level and hemoglobin 
A1c level should be monitored in diabetic patients. In patients with suspected 
vasculitis (Chapter 254) or glomerulonephritis (Chapter 113), testing com-
monly includes measurements of antinuclear antibody (ANA), double-stranded 
DNA antibodies, serum complement and antineutrophil cytoplasmic antibody 
levels, as well as an evaluation for hepatitis viruses A, B, and C.

The hemoglobin levels should be monitored, and possible iron deficiency 
should be assessed (Chapter 150). A low iron or serum ferritin level raises 
the possibility of gastrointestinal bleeding. Exome sequencing can detect vari-
ants in about 9% of patients with chronic kidney disease, including about 17% 
of patients with nephropathies of unknown origin.6

Imaging
The initial evaluation should include an ultrasound examination of the kidney 
and bladder to exclude obstruction of urine flow or polycystic kidney disease 
(Chapter 118). Enlarged kidneys suggest that CKD may be caused by diabetes 
(Chapter 115), HIV-associated nephropathy (Chapter 366), infiltrative diseases 
(e.g., amyloidosis; Chapter 179), or polycystic kidney disease. Small kidneys, 
especially with a shrunken kidney cortex, suggest chronic glomerular (Chapter 
113) or interstitial diseases (Chapter 114). Differential size between kidneys 
suggests renal artery stenosis (Chapter 116) in the smaller kidney, especially 
in hypertensive patients.

In patients who do not have diabetes and are not on dialysis, blood pressure 
should be lowered to less than 120 mm Hg systolic to reduce overall mortality 
even though it is no better than a goal of less than 140 mm Hg for prevent-
ing the progression of CKD. A1 

,
 A2  The preferred regimen is an ACE inhibitor or 

angiotensin receptor blocker (but never the two together) in combination with 
a diuretic, although thiazide diuretics are ineffective when the GFR declines to 
less than 20-30 mL/min (see Table 70-7 in Chapter 70). In patients with CKD and 
type 2 diabetes, data are less defined but a systolic blood pressure goal of less 
than 120 mm Hg may also be preferable to reduce stroke. A3  For patients on 
dialysis, a goal of less than 140 mm Hg systolic appears to be more appropriate.

In general, drugs should be started at low dose (Table 70-5 in Chapter 70) 
and titrated until the target blood pressure is achieved. If ACE inhibitor or 
angiotensin receptor blocker therapy does not control hypertension or such 
drugs cause persistent hyperkalemia or an increase in the serum creatinine 
level (a side effect seen especially in patients with bilateral renal artery stenosis; 
Chapter 116), the dose should be reduced by 50%, and treatment with amlo-
dipine should be instituted. Any unexpected changes in the serum creatinine 
level should initiate a search for inadequate blood pressure control, drugs that 
adversely affect kidney function, or an exacerbation of the underlying renal 
disease.

Blood pressure goals can be difficult to achieve and almost always require 
restricting dietary salt to 2 g sodium/day, equivalent to 86 mEq sodium/day in 
a 24-hour urine. A4  Loop diuretics are preferred over other diuretics (see Table 
108-6) for patients with more advanced CKD because they maintain renal blood 
flow, have few adverse effects, and, unlike thiazide diuretics, remain effective 
even at low GFR. As renal insufficiency advances, higher daily doses of loop 
diuretics (e.g., 80 to 160 mg furosemide orally) may be required to reduce 
extracellular volume and stimulate potassium excretion.

An elevated serum potassium level can be related to NSAIDs, metabolic 
acidosis, a high potassium diet, or the use of potassium-sparing diuretics. Dietary 
reduction of potassium-rich foods and a loop diuretic (e.g., 40 mg furosemide 
when the serum creatinine level is less than 2 to 3 mg/dL or higher doses for 
patients with more advanced CKD) can lower the potassium level. If the increase 
in serum potassium persists, options include kayexalate (15 mg up to 4 times 
daily) or patiromer (8.4 mg daily, increasing up to 25.2 mg daily) A5 

,
 A6  to increase 

potassium loss via the gastrointestinal tract, or zirconium cyclosilicate (an oral 
crystalline agent with high binding affinity for potassium within the gastro-
intestinal tract at 1.25 to 10 g three times daily). A7 

Metabolic acidosis should be corrected to avoid muscle protein wasting and 
bone disease by administering bicarbonate (two tablets of 650 mg each two 
or three times daily) and/or increasing dietary fruits and vegetables. A8  Raising 
the blood bicarbonate level to 25 mg/L also can slow the rate of loss of eGFR.7

Stage 1 and Stage 2 Chronic Kidney Disease
In patients with stage 1 or 2 CKD, uremic symptoms are unusual because 

remaining kidney function adequately controls the level of uremic toxins. Therapy 
emphasizes reducing blood pressure to less than 140/90 mm Hg accompanied 
by intensive treatment of urinary infections, normalizing blood glucose con-
centration in diabetic patients (Chapter 216), and avoiding nephrotoxic drugs 
(Fig. 121-1). Dietary education should be provided to reduce the accumulation 
of sodium and acid. Physicians often monitor changes in albuminuria and esti-
mate the rate of loss of GFR by calculating sequential values of the eGFR (E-Fig. 
121-2), but the benefit of these measures is controversial.

Dietary salt restriction to 60 to 80 mEq/day alone (approximately 1.5 to 2 g 
sodium) can reduce blood pressure by 10/4 mm Hg and is routinely recom-
mended, but medications are key to achieving the goal of a systolic blood 
pressure lower than 120 mm Hg (see Table 70-7 in Chapter 70). A critical strategy 
is to monitor body weight: increased weight and edema signify a salt-retentive 
state. Conversely, rapid loss of weight and edema indicate the need to reduce 
the diuretic dose.

Stage 3 and Stage 4 Chronic Kidney Disease
In stages 3 and 4 of CKD, the doses of many renally excreted drugs must be 

reduced (Chapter 26). Treatable complications of CKD, including hypertension, 
secondary hyperparathyroidism, acidosis, and uremic symptoms must be 
addressed. In addition to bicarbonate therapy (see earlier), recent data suggest 
that TRC101 (a sodium-free, nonabsorbed hydrochloric acid binder) can safely 
increase the serum bicarbonate level in CKD patients with metabolic acidosis 
and can help round or diminish muscle protein wasting. A9  Radiologic tests with 
nephrotoxic contrast dye should be avoided if possible.

Many CKD complications (see Table 121-4) require dietary modification. The 
protein intake of most CKD patients usually substantially exceeds recommended 
requirements, thereby increasing the accumulation of unexcreted waste prod-
ucts, salt, and phosphates. Diets for CKD patients, and especially for patients 
with complications of CKD, should target a goal of 0.8 g protein/kg ideal body 
weight/day. This intake will maintain body protein stores and reduce the likeli-
hood of developing further complications. A10  Caloric intake should be reduced 
to 30 or fewer kcal/kg ideal body weight/day for largely sedentary patients; 

TREATMENT 
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FIGURE 121-1. Management of patients in the various stages of chronic kidney disease (CKD). BP = blood pressure; CVs = cardiovascular system; esrd = end-stage renal disease; 
GFr = glomerular filtration rate; LBM = lean body mass. 

more calories are required by patients who exercise vigorously. If CKD-induced 
uremic symptoms persist, dietary protein can be restricted to 0.6 g protein/
kg/day, with a calorie intake of 30 kcal/kg/day and concomitant treatment of 
metabolic acidosis.

Successful dietary modification requires the guidance and close monitoring 
of a dietitian. Dietary compliance with protein and salt restriction can be moni-
tored by measuring the 24-hour excretion of urea nitrogen and sodium, and 
the adequacy of protein stores should be assessed regularly by measuring 
body weight and serum protein levels. Although low-protein diets may not 
slow the loss of kidney function, they reduce uremic symptoms and can delay 
the need for dialysis. Most patients on a protein-restricted diet should be given 
a daily supplement of water-soluble vitamins (Chapter 205), and fat-soluble 
vitamins should be prescribed for documented deficiencies.

Patients with stage 3 or 4 CKD should be referred to a nephrologist to maxi-
mize preventive measures and to search for remediable disorders. When stage 
4 CKD is reached, a nephrologist should instruct patients about the advantages 
and disadvantages of hemodialysis, peritoneal dialysis, and renal transplanta-
tion (Chapter 122).

Renal Bone Disease
Successful treatment of renal bone disease depends on correcting the prin-

cipal disorder, which is the accumulation of phosphates.8 In patients with serum 
phosphorus levels lower than 5.5 mg/dL, abnormalities in calcium and phosphate 
metabolism can be detected by measuring the serum level of the intact PTH 
(i.e., the hormone level that does not include PTH fragments) and the serum 
phosphorus level after a normal meal. A high PTH level means that the damaged 
kidney has limited the capacity to excrete phosphates, so the dietary content 
of phosphates should be reduced to less than 800 mg/day.

If dietary restriction alone cannot maintain serum phosphorus at or below 
5.5 mg/dL, “phosphate binders” (see Table 111-4) should be added to promote 
intestinal phosphate elimination.9 Sevelamer (400- to 800-mg tablets, initially 
1.2 g/day in divided doses) is generally the preferred phosphate binder for 
patients with serum phosphorus levels over 5.5 mg/dL because it is as effective 
as calcium-based binders for reducing hyperphosphates and is associated with 
a lower all-cause mortality. A11  For patients with serum phosphorus levels above 
5.5 mg/dL, other phosphate binders (e.g., calcium carbonate, initially one or 
two 500-mg tablets with each meal; or calcium acetate, initially one or two 
667-mg tablets with each meal) are generally recommended, but the dose 
should not exceed 2 g calcium/day. In patients with stages 3 through 5 CKD, 
lanthanum carbonate (750 mg to 1 g/day with meals), ferric citrate (6 to 9 g/
day in divided doses), or sucroferric oxyhydroxide (1.5 to 2 g/day in divided 
doses) are other options. If the serum phosphorus level is over 7 mg/dL, alu-
minum-based binders (600 mg of concentrated aluminum hydroxide solution 
with each meal) can rapidly decrease the serum phosphorus level, but their 
use should be limited to a week to avoid aluminum neurotoxicity.

Calcitriol, which increases the intestinal absorption of both calcium and 
phosphates, can suppress the development of hyperparathyroidism.10 Treat-
ment with calcitriol (5 µg daily) or paricalcitriol (5 µg daily) also can reduce 
proteinuria. However, calcitriol should not be given to patients with serum 
phosphorus levels greater than 5.5 mg/dL because increased vitamin D–medi-
ated intestinal phosphate absorption will worsen hyperphosphatemia and 
increase the risk of soft tissue calcification. Patients with insufficient levels of 
calcitriol or 25-hydroxyvitamin D3 can be treated with cholecalciferol 1000 units/
day. Careful monitoring is needed to avoid hypercalcemia or urinary calcium 
values above 250 mg/day, a level that increases the risk of developing kidney  
stones.
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Therapy for calciphylaxis11 includes aggressive restriction of dietary phos-
phates and use of phosphate binders. If the disorder persists despite correcting 
the serum phosphorus level, a trial of cinacalcet (initial dose 30 mg, titrating 
upward as needed to reduce PTH) is warranted. However, successful treatment 
for secondary hyperparathyroidism may require parathyroidectomy.

Anemia
Oral iron supplements can replete iron stores over a period of 3 to 4 months 

but are associated with adverse gastrointestinal events. Intravenous low molecular 
weight iron dextran (e.g., two 500-mg intravenous injections of ferumoxytol, 
3 to 8 days apart) is an alternative treatment12 for patients with low iron stores 
but is associated with a higher risk of cardiovascular side effects. A12  When iron 
stores are adequate, anemia should be corrected with erythropoietin (e.g., 
weekly injections of darbepoetin alfa at 0.45 µg/kg); the target hemoglobin 
concentration is between 9 and 11 g/dL because increasing the hemoglobin 
level above 11 g/dL is associated with more cardiovascular complications.13

Atherosclerosis
Cardiovascular disease is the most common cause of mortality in CKD, even 

in the early stages. Contributing factors include diabetes, anemia, high low-
density-lipoprotein (LDL) cholesterol levels, and vascular calcification. Statins 
(Chapter 195) may reduce cardiovascular risk in stage 2 or early stage 3 CKD 
patients and possibly in patients with the nephrotic syndrome. A13  The benefits 
of antiplatelet therapy in patients with CKD are unclear and are potentially 
outweighed by bleeding hazards.

 PROGNOSIS
The rate of loss of kidney function in each patient can vary widely even among 
patients with the same type of kidney disease. Monitoring of the serum cre-
atinine level and the degree of albuminuria can estimate the progressive loss 
of GFR.

About one third of patients with stage 4 CKD will progress to ESRD within 
3 years (Table 121-2). Patients with a progressive decline in eGFR should be 
informed about treatment options early to avoid complications associated 
with the need to initiate dialysis on an emergency basis.

https://expertconsult.inkling.com/
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Answer: E Achieving diuresis with a loop diuretic will improve the excretion 
of acid and correct the adverse effects of metabolic acidosis on kidney func-
tion, muscle mass, and bone mass. The adverse effects of angiotensin-converting-
enzyme inhibitors include the development of hyperkalemia. Although 
calcium-channel blockers may be needed in the future, they are not part of 
the initial treatment in patients with chronic kidney disease. The patient should 
also be educated in dietary interventions used to treat metabolic acidosis.

4. A 30-year-old man who has become an expert in computer-based games 
has been told he has kidney disease and needs dialysis. He comes to you 
for a second opinion. His physical examination reveals 3+ edema and a 
blood pressure of 200/98 mm Hg plus. Abnormal blood chemistry values 
include the following: serum creatinine, 2 mg/dL; blood urea nitrogen 
(BUN), 50 mg/dL; serum potassium, 5 mEq/L; serum bicarbonate, 
16 mM/µL; and serum phosphorus, 6.2 mg/dL. Which of the following 
initial evaluations will be most helpful in the treatment of the patient?
 A. A discussion of the role of dialysis in avoiding complications of end-

stage renal disease
 B. A careful family history to determine if there are inherited kidney dis-

eases and potential family members who might donate a kidney
 C. A dietary history plus collection of a 24-hour urine specimen to measure 

the content of urea nitrogen, creatinine, albumin, and sodium
 D. Administration of hydralazine and amlodipine to reduce his blood 

pressure
 E. Measurements of calcitriol and 25-hydroxyvitamin D3 levels. If the values 

are low, supplement him with vitamin D. To compensate for protein 
losses, patients with the nephrotic syndrome should gain 2.5 to 3.5 g/
kg of nonedematous body weight daily.

Answer: C The patient has complications of CKD, but the degree of CKD 
is within stage 3 (estimated glomerular filtration rate, 45 mL/min/1.73 m2). 
The 24-hour urine sample can guide dietary changes to reduce complications 
of CKD. His urinary albumin-to-creatinine ratio will provide more informa-
tion about the severity of CKD, and his excretion of urea nitrogen will be 
used to restrict dietary protein to lower his BUN and to correct the retention 
of phosphates and acid. Sodium excretion will be used to design a salt-restricted 
diet because the patient has hypertension and edema. A and B: the degree of 
CKD is too low to consider dialysis or transplantation at this time. D: the 
preferred antihypertensive drug is an ACE inhibitor or angiotensin receptor 
blocker, and it will be difficult to correct his blood pressure without diuresis 
and dietary salt restriction. E: because he remains inside to play computer 
games, he may have low vitamin D levels. However, he has an elevated serum 
phosphorus level, which is a contraindication to vitamin D administration.

REVIEW QUESTIONS

1. A 50-year-old man with chronic kidney disease, hypertension, and 4+ edema 
is being evaluated. Which of the tests listed are required for the initial 
evaluation?
 A. Urine electrolytes
 B. Urinary tract ultrasound assessment
 C. A 24-hour urine to measure urea nitrogen and sodium content
 D. Evaluation for renal artery stenosis
 E. All of the above

Answer: C The presence of hypertension and edema indicates that the patient 
exhibits positive sodium balance, which will contribute to hypertension. From 
the 24-hour sodium and urea nitrogen excretion values, a 2 g Na diet can be 
planned. The estimated amount of dietary protein will be useful in planning 
dietary changes. Obtaining an ultrasound or searching for renal artery stenosis 
would not be included in the initial evaluation because they do not produce 
4+ edema. For a patient with chronic kidney disease and sodium retention, 
urine electrolytes would not yield insights into the mechanism causing the 
abnormalities nor methods of treatment.

2. A 45-year-old woman with diabetes and fatigue was found to have a blood 
uric nitrogen (BUN) level of 100 mg/dL and a serum creatinine of 2.5 mg/
dL. What initial tests are needed for the evaluation?
 A Hemoglobin
 B Glucose tolerance test
 C Referral to gymnasium for training
 D Stool test for blood
 E. A and D

Answer: E Although a poorly controlled glucose level can produce fatigue, 
it would not raise the BUN/serum creatinine ratio to 40 (compared with the 
expected value of 10 : 1). Gym exercise also would not increase the ratio to 
this level. A tentative diagnosis would be gastrointestinal bleeding as the cause 
of the elevated ratio, so blood hemoglobin and stool hemoccult should be 
tested.

3. A 40-year-old woman with polycystic kidney disease develops edema and 
weakness while being prescribed an angiotensin-converting-enzyme inhibi-
tor for hypertension. She was found to have a serum bicarbonate level of 
16 mEq/dL and potassium level of 6 mEq/dL. Which treatment would 
be appropriate?
 A. Reduce the angiotensin-converting-enzyme inhibitor dose by 50%.
 B. Begin calcium-channel blockers.
 C. Correct the metabolic acidosis.
 D. Begin treatment with a loop diuretic and increase its dose to correct 

the edema.
 E. C and D
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 Peritoneal Dialysis
Peritoneal dialysis,2 which is an alternative mode of renal replacement therapy, 
is usually performed at home by the patient or the patient’s family. A peritoneal 
dialysis catheter is implanted through a surgically created tunnel in the abdomi-
nal wall and inserted into the peritoneal cavity. The catheter’s tip in the pelvis 
is used to instill a dialysis solution into the peritoneal cavity and then to drain 
the solution from it. Peritoneal dialysis uses the peritoneal membrane, which 
consists of the visceral peritoneum, the interstitial tissues, and the mesenteric 
capillaries, as the filter across which the diffusion of solutes and convection 
of plasma water occur. Different forms include continuous ambulatory peri-
toneal dialysis, which is typically performed with 1.5- to 3-L exchanges of 
peritoneal dialysis solution instilled in the abdomen through a Tenckhoff 
catheter four times per day; automated peritoneal dialysis, which is performed 
with a cycler machine at night cycling 1.5 to 3 L of peritoneal dialysis fluid 
into and out of the abdomen four or five times overnight; and continuous 
cyclic peritoneal dialysis, a hybrid of continuous ambulatory peritoneal dialysis 
and automated peritoneal dialysis that uses cycler therapy at night combined 
with one or two manual exchanges during the day. Kt/V urea is the total 
volume clearance of urea (Kt) normalized to the urea space, V, which is approxi-
mately equal to total body water.

Clearance of small solutes is a key predictor of survival in patients undergo-
ing peritoneal dialysis, and residual renal function also plays a critical role. 
Current guidelines advocate a minimal target Kt/V urea of at least 1.7 per 
week. Every effort should be made to maintain residual renal function as long 
as possible by avoiding nephrotoxins such as nonsteroidal anti-inflammatory 
drugs, iodinated contrast agents, and aminoglycosides. As residual renal func-
tion diminishes over time, the peritoneal dialysis prescription needs to be 
adjusted accordingly.

 MEDICAL ISSUES
Renal replacement therapy is concerned not only with adequate dialytic clear-
ance of nitrogenous waste products, the restoration of acid-base and electrolyte 
balance, and the control of salt and water balance but also with preserving 
adequate access sites for dialysis, nutrition, and the management of anemia, 
bone diseases, and cardiovascular risk.

 Access Issues
The optimal dialysis access for hemodialysis is a native vein arteriovenous 
fistula, which can be created by the surgical anastomosis of the radial artery 
to the cephalic vein or of the brachial artery to either the brachiocephalic or 
the basilic vein. If a patient’s veins are inadequate, a synthetic graft can be 
placed between the radial, brachial, or axillary artery and the brachiocephalic, 
basilic, or axillary vein as an alternative. Most commonly, these grafts are made 
from a synthetic polymer, expanded polytetrafluoroethylene. Less frequently, 
urgent temporary access can be obtained with a dual-lumen central venous 
dialysis catheter that is inserted into the internal jugular (preferable) or sub-
clavian vein (right preferred to left). Dialysis access requires periodic Doppler 
monitoring to detect stenoses that can lead to reduced or even inadequate 
blood flow, thereby resulting in inadequate urea clearance and, if untreated, 
thrombosis. These stenoses can be treated by percutaneous transluminal 
angioplasty, although stenting is sometimes required to maintain adequate 
luminal patency.

 Nutrition
Adequate nutrition is important for optimizing outcome with renal replace-
ment therapy, and rates of hospitalization are reduced when patients ingest 
at least 1 g/kg/day of protein. Another marker of nutritional status is the 
serum albumin level, which generally serves as a reasonable predictor of out-
comes with renal replacement therapy.

 Anemia
Anemia in ESRD is due to the reduced production of erythropoietin by the 
diseased kidneys, a shortened half-life of red blood cells, and the potential 
loss of red blood cells in the extracorporeal dialysis circuit and the gastro-
intestinal tract (related to intermittent anticoagulation for the hemodialysis 
procedure). Erythropoietic stimulating agents should aim to avoid transfusion3 
by maintaining the hemoglobin level generally above 9 g/dL but not higher 
than 11 g/dL because higher levels are associated with more cardiovascular 
complications. Patients who have relative or absolute iron deficiency, as evi-
denced by a transferrin saturation below 20 to 25% or a serum ferritin level 
below 200, are often relatively resistant to erythropoietic stimulating agents 

concentrations in the dialysate solution are not necessarily physiologic but are 
intentionally varied with respect to their potassium, calcium, magnesium, and 
bicarbonate concentrations to favor correction of the plasma toward a more 
normal physiologic state. For example, a typical dialysate solution might use 
a potassium concentration of 2 mEq/L and a bicarbonate concentration of 
35 mEq/L to enable correction of hyperkalemia and uremic metabolic acidosis. 
Convection across the dialysis membrane is driven by either a hydrostatic 
pressure gradient applied across the membrane (hemodialysis) or an oncotic 
pressure gradient using high-dextrose concentrations or a large, poorly absorbed 
carbohydrate polymer in the dialysate solution (peritoneal dialysis) for the 
removal and filtration of excess salt and water from the body.

 DIALYSIS
 Hemodialysis
Conventional hemodialysis is typically provided at an outpatient dialysis 
unit where patients are treated three times per week for 3 or 4 hours per 
session. The measures used for determining the adequacy of treatment are 
based on urea clearance (as a surrogate marker molecule for the generation 
and clearance of small-molecular-weight nitrogenous waste products, <500 
daltons). The simplest measure is the urea reduction ratio, which is the per-
centage fall in the blood urea nitrogen level with each dialysis session, with 
a goal of 65% or greater, or a single pool normalized urea clearance based 
on the single pool variable volume urea kinetic model (spKt/V) of 1.2 or 
greater on a thrice-weekly dialysis schedule. More precise measurements can 
fine-tune the dialysis in an individual patient. A more intensive protocol for 
increased urea clearance with a 40% increase in the spKt/V from 1.32 to 1.53 
on a thrice-weekly schedule does not improve survival, perhaps because it 
increases the likelihood of hypotension during dialysis. More frequent hemo-
dialysis, whether as in-center hemodialysis or nocturnal home hemodialysis 
six times per week, improves outcomes such as kidney-specific measures 
of quality of life, blood pressure, regression of left ventricular hypertrophy, 
and serum phosphorus levels, but it did not reduce mortality at 12 months, 
although longer follow-up (median of 3.6 years) showed a 46% reduction in  
mortality. A4 

Patients on hemodialysis are exposed to a large volume of dialysate solution 
(typically 36 to 48 L/hour during dialysis) and must be protected against 
even small quantities of impurities, such as trace minerals, bacteria, and bac-
terial endotoxins, in the dialysis solution. To this end, dialysate solutions are 
prepared from concentrates diluted with water prepared by reverse osmosis 
systems or deionizer tanks to remove undesired trace cations and anions and 
then filtered through small micron-sized pore filters to remove bacteria and 
their byproducts. Exposure to low levels of bacteria and bacterial byprod-
ucts may contribute to the chronic inflammation seen in some patients on  
hemodialysis.

In critically ill patients who are hemodynamically unstable, one alternative 
is continuous venovenous hemofiltration, which requires central venous access 
(double-lumen catheter) and blood flows between 150 and 300 mL/minute. 
Plasma water under pressure passes across one side of a highly permeable 
membrane, thereby allowing both water and solutes up to about 60 kD to be 
removed. In contrast to hemodialysis, urea, creatinine, and phosphate are 
cleared at similar rates (convective clearance) during hemofiltration, but with 
improved clearance of larger molecular weight solute (“middle molecules”). 
The filtrate is discarded, and the fluid lost is partially replaced with a solution 
containing the major crystalloid components of the plasma at physiologic 
levels. However, there is no evidence from randomized trials that continuous 
venovenous hemofiltration offers a survival advantage compared with inter-
mittent hemodialysis in patients with acute renal failure.

New modes of hemodialysis, used predominantly outside the United States, 
have sought to take advantage of convection to increase the clearance of middle 
molecules by using high-flux dialysis membranes and ultrafiltration rates of 
more than 20 L of fluid per dialysis session. In a large randomized trial, this 
approach, termed high-efficiency postdilution online hemofiltration, reduced 
all-cause mortality by 30%. A5 

The most common complications during hemodialysis are vascular access 
problems, hypotension, muscle cramps, nausea, vomiting, headache, and chest 
pain. Excessive fluid removal is the most frequent cause of hypotension, but 
persistent hypotension may be caused by sepsis (Chapter 100), myocardial 
ischemia (Chapter 63), pericardial tamponade (Chapter 68), arrhythmias 
(Chapters 56 to 59), and active bleeding. A rare complication is an air embolus 
(Chapter 74), which is manifested with agitation, cough, dyspnea, and chest 
pain. The patient should be given 100% oxygen and be positioned with the 
left side down in an attempt to trap air in the right ventricle.
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TREATMENT OF IRREVERSIBLE 
RENAL FAILURE
DAVID COHEN AND ANTHONY MICHAEL VALERI

Chronic kidney disease (Chapter 121) tends to progress over time as glo-
merular capillary hypertension leads to glomerular hyperfiltration, which in 
turn precipitates progressive injury, glomerulosclerosis, tubulointerstitial 
fibrosis, and progressive loss of nephrons, regardless of the original insult. 
Irreversible and advanced end-stage renal disease (ESRD) requires renal 
replacement therapy, which can be broadly categorized as hemodialysis, peri-
toneal dialysis, and renal transplantation. In the United States, about 640,000 
people receive some form of renal replacement therapy each year.1

Renal replacement therapy must be initiated when fluid and electrolyte 
derangements, particularly hyperkalemia, acidosis, or volume overload, can no 
longer be adequately controlled with dietary modifications and medications 
(Chapter 121) or if uremic symptoms, such as anorexia, nausea, vomiting, 
gastritis, pericarditis, or encephalopathy, develop (Table 122-1). Renal replace-
ment therapy typically is required when the estimated glomerular filtration 
rate (eGFR) is below 10 mL/minute, although it may be needed at an eGFR 
of 10 to 15 mL/minute when comorbid conditions, particularly heart failure, 
make medical management even more challenging and difficult. In one small 
randomized trial of critically ill patients with stage 2 acute kidney injury (defined 
as a serum creatinine level ≥2 times baseline or urinary output <0.5 mL/kg/
hour for ≥12 hours and a plasma neutrophil gelatinase-associated lipocalin level 
>150 ng/mL), early initiation of renal replacement therapy reduced 90-day 
mortality compared with delayed initiation. A1  However, a larger randomized 
trial of intensive care unit patients with stage 3 acute kidney injury showed 
no reduction in mortality, with earlier diuresis in patients who did not receive 
dialysis. A2  The routine initiation of dialysis (creatinine level 7.5 mg/dL) is no 
better than standard dialysis beginning at a creatinine level of approximately 
10 mg/dL. A3  Furthermore, intensive dialytic renal support therapy is no better 
than standard dialytic therapy, and intermittent hemodialysis and continuous 
renal replacement therapy lead to similar clinical outcomes in acute renal 
failure. It also is important to verify that the prescribed dialysis is received 
and that standardized measures are achieved. Some patients—especially 
patients in an increased catabolic state, trauma patients, and patients receiv-
ing glucocorticoids—may require dialysis more than three times per week to 
achieve adequate therapy. Neither furosemide nor low-dose dopamine improves 
outcome, even though low-dose dopamine may temporarily improve metrics of  
renal physiology.

Hemodialysis relies on diffusion across a semipermeable artificial mem-
brane, whereas peritoneal dialysis brings the blood and the dialysate solution 
in contact across a natural biologic membrane. The diffusion of solutes along 
their respective concentration gradients across a semipermeable membrane 
removes nitrogenous waste products and corrects imbalances of potassium, 
calcium, magnesium, phosphorus, and acid. In addition, plasma water filters 
across the membrane and, by convection, drags solutes across the membrane in 
approximately the same concentration as in the plasma water. The electrolyte 

TABLE 122-1 INDICATIONS FOR DIALYSIS IN CHRONIC 
KIDNEY DISEASE

Uremic encephalopathy or neuropathy
Pericarditis or pleuritis
Bleeding attributable to uremia
Fluid overload refractory to diuretics
Hypertension poorly responsive to medication
Persistent hyperkalemia, metabolic acidosis, hypercalcemia, hypocalcemia, or 

hyperphosphatemia refractory to medical therapy
Malnutrition or weight loss
Persistent nausea and vomiting
From Tolkoff-Rubin N. Treatment of irreversible renal failure. In: Goldman L, Schafer AI, eds. 
Goldman’s Cecil Medicine. 24th ed. Philadelphia: Elsevier Saunders; 2012.
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ABSTRACT
When conservative medical management is no longer adequate to manage 
patients with advanced kidney disease, renal replacement therapy becomes 
the only option. Treatments include dialysis and renal transplantation. In the 
United States, approximately 640,000 patients are currently receiving renal 
replacement therapy. Hemodialysis involves the flow of blood from the patient 
to the dialyzer, where diffusion of solutes along their concentration gradient 
and bulk convection of plasma water across a semipermeable membrane correct 
many of the acid-base and electrolyte abnormalities in the blood. The cleaned 
blood is then returned to the patient. Peritoneal dialysis involves the instilla-
tion of dialysis fluid into the patients’ peritoneal cavity via an indwelling catheter. 
This technique relies upon diffusion and convection of solutes across the 
peritoneal membrane from the patient’s blood into the peritoneal dialysis 
fluid, which is then drained via the peritoneal dialysis catheter. Renal trans-
plantation, which involves surgically implanting a single kidney from a living 
or deceased donor, allows more complete correction of these problems and 
results in improved long-term survival compared with either form of dialysis. 
However, renal transplantation requires long-term immunosuppressive therapy 
to prevent rejection, with its attendant increased risk of infection and malig-
nancy. Not all patients are medically suitable for renal transplant, and there 
remains a substantial shortage of available kidneys (approximately 100,000 
patients on the waiting list and only about 20,000 transplants performed annu-
ally from about 14,000 deceased donors and about 6,000 live donors). Although 
short-term success rates of kidney transplant are excellent, long-term results 
remain disappointing.
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 Peritoneal Dialysis
Peritoneal dialysis,2 which is an alternative mode of renal replacement therapy, 
is usually performed at home by the patient or the patient’s family. A peritoneal 
dialysis catheter is implanted through a surgically created tunnel in the abdomi-
nal wall and inserted into the peritoneal cavity. The catheter’s tip in the pelvis 
is used to instill a dialysis solution into the peritoneal cavity and then to drain 
the solution from it. Peritoneal dialysis uses the peritoneal membrane, which 
consists of the visceral peritoneum, the interstitial tissues, and the mesenteric 
capillaries, as the filter across which the diffusion of solutes and convection 
of plasma water occur. Different forms include continuous ambulatory peri-
toneal dialysis, which is typically performed with 1.5- to 3-L exchanges of 
peritoneal dialysis solution instilled in the abdomen through a Tenckhoff 
catheter four times per day; automated peritoneal dialysis, which is performed 
with a cycler machine at night cycling 1.5 to 3 L of peritoneal dialysis fluid 
into and out of the abdomen four or five times overnight; and continuous 
cyclic peritoneal dialysis, a hybrid of continuous ambulatory peritoneal dialysis 
and automated peritoneal dialysis that uses cycler therapy at night combined 
with one or two manual exchanges during the day. Kt/V urea is the total 
volume clearance of urea (Kt) normalized to the urea space, V, which is approxi-
mately equal to total body water.

Clearance of small solutes is a key predictor of survival in patients undergo-
ing peritoneal dialysis, and residual renal function also plays a critical role. 
Current guidelines advocate a minimal target Kt/V urea of at least 1.7 per 
week. Every effort should be made to maintain residual renal function as long 
as possible by avoiding nephrotoxins such as nonsteroidal anti-inflammatory 
drugs, iodinated contrast agents, and aminoglycosides. As residual renal func-
tion diminishes over time, the peritoneal dialysis prescription needs to be 
adjusted accordingly.

 MEDICAL ISSUES
Renal replacement therapy is concerned not only with adequate dialytic clear-
ance of nitrogenous waste products, the restoration of acid-base and electrolyte 
balance, and the control of salt and water balance but also with preserving 
adequate access sites for dialysis, nutrition, and the management of anemia, 
bone diseases, and cardiovascular risk.

 Access Issues
The optimal dialysis access for hemodialysis is a native vein arteriovenous 
fistula, which can be created by the surgical anastomosis of the radial artery 
to the cephalic vein or of the brachial artery to either the brachiocephalic or 
the basilic vein. If a patient’s veins are inadequate, a synthetic graft can be 
placed between the radial, brachial, or axillary artery and the brachiocephalic, 
basilic, or axillary vein as an alternative. Most commonly, these grafts are made 
from a synthetic polymer, expanded polytetrafluoroethylene. Less frequently, 
urgent temporary access can be obtained with a dual-lumen central venous 
dialysis catheter that is inserted into the internal jugular (preferable) or sub-
clavian vein (right preferred to left). Dialysis access requires periodic Doppler 
monitoring to detect stenoses that can lead to reduced or even inadequate 
blood flow, thereby resulting in inadequate urea clearance and, if untreated, 
thrombosis. These stenoses can be treated by percutaneous transluminal 
angioplasty, although stenting is sometimes required to maintain adequate 
luminal patency.

 Nutrition
Adequate nutrition is important for optimizing outcome with renal replace-
ment therapy, and rates of hospitalization are reduced when patients ingest 
at least 1 g/kg/day of protein. Another marker of nutritional status is the 
serum albumin level, which generally serves as a reasonable predictor of out-
comes with renal replacement therapy.

 Anemia
Anemia in ESRD is due to the reduced production of erythropoietin by the 
diseased kidneys, a shortened half-life of red blood cells, and the potential 
loss of red blood cells in the extracorporeal dialysis circuit and the gastro-
intestinal tract (related to intermittent anticoagulation for the hemodialysis 
procedure). Erythropoietic stimulating agents should aim to avoid transfusion3 
by maintaining the hemoglobin level generally above 9 g/dL but not higher 
than 11 g/dL because higher levels are associated with more cardiovascular 
complications. Patients who have relative or absolute iron deficiency, as evi-
denced by a transferrin saturation below 20 to 25% or a serum ferritin level 
below 200, are often relatively resistant to erythropoietic stimulating agents 

concentrations in the dialysate solution are not necessarily physiologic but are 
intentionally varied with respect to their potassium, calcium, magnesium, and 
bicarbonate concentrations to favor correction of the plasma toward a more 
normal physiologic state. For example, a typical dialysate solution might use 
a potassium concentration of 2 mEq/L and a bicarbonate concentration of 
35 mEq/L to enable correction of hyperkalemia and uremic metabolic acidosis. 
Convection across the dialysis membrane is driven by either a hydrostatic 
pressure gradient applied across the membrane (hemodialysis) or an oncotic 
pressure gradient using high-dextrose concentrations or a large, poorly absorbed 
carbohydrate polymer in the dialysate solution (peritoneal dialysis) for the 
removal and filtration of excess salt and water from the body.

 DIALYSIS
 Hemodialysis
Conventional hemodialysis is typically provided at an outpatient dialysis 
unit where patients are treated three times per week for 3 or 4 hours per 
session. The measures used for determining the adequacy of treatment are 
based on urea clearance (as a surrogate marker molecule for the generation 
and clearance of small-molecular-weight nitrogenous waste products, <500 
daltons). The simplest measure is the urea reduction ratio, which is the per-
centage fall in the blood urea nitrogen level with each dialysis session, with 
a goal of 65% or greater, or a single pool normalized urea clearance based 
on the single pool variable volume urea kinetic model (spKt/V) of 1.2 or 
greater on a thrice-weekly dialysis schedule. More precise measurements can 
fine-tune the dialysis in an individual patient. A more intensive protocol for 
increased urea clearance with a 40% increase in the spKt/V from 1.32 to 1.53 
on a thrice-weekly schedule does not improve survival, perhaps because it 
increases the likelihood of hypotension during dialysis. More frequent hemo-
dialysis, whether as in-center hemodialysis or nocturnal home hemodialysis 
six times per week, improves outcomes such as kidney-specific measures 
of quality of life, blood pressure, regression of left ventricular hypertrophy, 
and serum phosphorus levels, but it did not reduce mortality at 12 months, 
although longer follow-up (median of 3.6 years) showed a 46% reduction in  
mortality. A4 

Patients on hemodialysis are exposed to a large volume of dialysate solution 
(typically 36 to 48 L/hour during dialysis) and must be protected against 
even small quantities of impurities, such as trace minerals, bacteria, and bac-
terial endotoxins, in the dialysis solution. To this end, dialysate solutions are 
prepared from concentrates diluted with water prepared by reverse osmosis 
systems or deionizer tanks to remove undesired trace cations and anions and 
then filtered through small micron-sized pore filters to remove bacteria and 
their byproducts. Exposure to low levels of bacteria and bacterial byprod-
ucts may contribute to the chronic inflammation seen in some patients on  
hemodialysis.

In critically ill patients who are hemodynamically unstable, one alternative 
is continuous venovenous hemofiltration, which requires central venous access 
(double-lumen catheter) and blood flows between 150 and 300 mL/minute. 
Plasma water under pressure passes across one side of a highly permeable 
membrane, thereby allowing both water and solutes up to about 60 kD to be 
removed. In contrast to hemodialysis, urea, creatinine, and phosphate are 
cleared at similar rates (convective clearance) during hemofiltration, but with 
improved clearance of larger molecular weight solute (“middle molecules”). 
The filtrate is discarded, and the fluid lost is partially replaced with a solution 
containing the major crystalloid components of the plasma at physiologic 
levels. However, there is no evidence from randomized trials that continuous 
venovenous hemofiltration offers a survival advantage compared with inter-
mittent hemodialysis in patients with acute renal failure.

New modes of hemodialysis, used predominantly outside the United States, 
have sought to take advantage of convection to increase the clearance of middle 
molecules by using high-flux dialysis membranes and ultrafiltration rates of 
more than 20 L of fluid per dialysis session. In a large randomized trial, this 
approach, termed high-efficiency postdilution online hemofiltration, reduced 
all-cause mortality by 30%. A5 

The most common complications during hemodialysis are vascular access 
problems, hypotension, muscle cramps, nausea, vomiting, headache, and chest 
pain. Excessive fluid removal is the most frequent cause of hypotension, but 
persistent hypotension may be caused by sepsis (Chapter 100), myocardial 
ischemia (Chapter 63), pericardial tamponade (Chapter 68), arrhythmias 
(Chapters 56 to 59), and active bleeding. A rare complication is an air embolus 
(Chapter 74), which is manifested with agitation, cough, dyspnea, and chest 
pain. The patient should be given 100% oxygen and be positioned with the 
left side down in an attempt to trap air in the right ventricle.
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recipients of live donor kidney transplants, the overall 1-year success rate is 
more than 96%, and the 10-year success rate is more than 60%.

 Kidney Donation
Potential living kidney donors undergo a thorough evaluation to ensure that 
age-adjusted renal function is normal, that the surgical risk of donor nephrec-
tomy is acceptably low, and that there are no medical conditions that would 
increase the risk of future renal disease in the donor. In addition, all donors 
are screened for transmissible infections or malignant neoplasms. Kidney 
transplantation from an human immunodeficiency virus (HIV)–positive donor 
is an attractive potential treatment option for HIV-infected patients.5

Potential donors must be capable of understanding the risks and benefits of 
live kidney donation, cannot be coerced into donating, and cannot condition 
the donation on the receipt of money or other valuable goods. Federal law 
prohibits the buying and selling of organs. Recent data suggest that live kidney 
donors have a 3.5- to 5.3-fold higher risk for developing ESRD compared 
with healthy nondonors during the 10 years after donation, but the absolute 
risk remains less than 1%.6,7 Gestational hypertension or preeclampsia also is 
more likely in kidney donors than in matched nondonors.8

Potential recipients who have a willing and medically and psychosocially 
suitable live donor but who either have preformed antidonor human leukocyte 
antigen (HLA) antibodies or are blood group incompatible can receive suc-
cessful transplants by protocols that involve intravenous immune globulin 
and plasmapheresis to reduce the level of antidonor HLA antibodies or isoag-
glutinins. Despite remarkable short-term success, the high incidence of antibody-
mediated rejection has made long-term success rates somewhat disappointing, 
at about 60 to 70% at 5 years. An increasingly popular alternative is kidney-
paired donation, in which two live immunologically incompatible pairs of 
donors and recipients are found, and each compatible donor donates to the 
other recipient. These paired donations now represent nearly 10% of all live 
donor kidney transplants in the United States. In some situations, more com-
plicated chains involve multiple donor-recipient pairs.

The majority of deceased donors are brain dead, as a result of head trauma 
(Chapter 371), cerebrovascular catastrophe (Chapter 380), or anoxia (Chapter 
57), but continue to maintain a normal circulation. The Uniform Anatomical 
Gift Act of 1968 and subsequent revisions equate brain death with death 
(Chapter 2) and permit organ donation after a declaration of brain death, 
provided there is consent from the family of the deceased. Events surrounding 
brain death and organ procurement may result in acute kidney injury, and 
renal biopsies are frequently performed before implantation to assess kidney 
quality and potential longevity.

The shortage of available donor organs continues to plague the field of 
clinical transplantation. Attempts to increase the number of donor organs 
have included the use of kidneys of lower quality, previously termed “expanded 
criteria” deceased donors. The former categories of Standard Criteria Donor 
and Expanded Criteria Donor have been replaced by a continuous grading 
system of deceased donor kidneys—the Kidney Donor Profile Index (KDPI). 

and can benefit from the concurrent administration of a 1-g course (during 
8 to 10 dialysis sessions) of intravenous iron (iron sucrose, ferric gluconate, 
or ferumoxytol). A6 

 Metabolic Bone Disease
Metabolic bone disease and phosphorus imbalance are common in ESRD. 
Clinical manifestations of renal osteodystrophy (Chapter 121) can range from 
adynamic bone disease to osteomalacia (Chapter 231) to secondary hyper-
parathyroidism (Chapter 232) and osteitis fibrosa cystica. The goals of therapy 
are to achieve a serum phosphorus level within or close to the normal physi-
ologic range, typically about 2.5 to 5.5 g/dL; a corrected calcium (0.8 ×  
[4 − the serum albumin level] + the serum calcium level])–phosphorus product 
less than 55; and an intact parathyroid hormone level within two to nine times 
the upper limit of normal.4 Management includes the restriction of dietary 
phosphate to 750 to 1000 mg/day of elemental phosphorus; the use of phos-
phate binders (calcium carbonate or acetate, sevelamer carbonate, lanthanum 
carbonate, or potentially other cationic agents, magnesium or ferric ion) with 
meals to bind phosphate in the intestines and to reduce its absorption (see 
Table 111-4); the use of activated forms of vitamin D (e.g., calcitriol [0.5 to 
4 μg IV or 0.5 to 1 μg PO], paricalcitol [1 to 15 μg IV or PO], or doxercal-
ciferol [1 to 6 μg IV or 5 to 20 μg PO] at each hemodialysis session) to 
stimulate the parathyroid cells to suppress parathyroid hormone secretion; 
and cinacalcet (30 to 180 mg daily) to reduce secondary hyperparathyroidism 
significantly by nearly 70%, A7  even though it does not provide a survival benefit 
over activated vitamin D therapy alone. Etelcalcetide, which is an intravenous 
calcimimetic, at the time of dialysis appears to be an equally effective alterna-
tive to daily oral cinacalcet. A8 

 Cardiovascular Disease
Cardiovascular disease is the leading cause of morbidity and mortality in patients 
on dialysis. The mainstay of blood pressure control in renal replacement therapy 
is to achieve the lowest tolerated postdialysis weight to facilitate blood pres-
sure control and to enhance the body’s sensitivity to antihypertensive agents. 
The general approach to antihypertensive medication therapy is similar to the 
approach for other patients, with the exception that diuretics are not helpful 
(see Tables 70-7 and 70-11). The ideal or goal interdialytic blood pressure for 
the patient with ESRD is probably 125 to 145 mm Hg systolic.

Dialysis-dependent chronic kidney disease is an indicator for the same type 
of aspirin therapy and β-adrenergic blockade used in survivors of a myocardial 
infarction (Chapters 63 and 64). Statin therapy (Chapter 195) is often recom-
mended, but statins are not of proven benefit for reducing major cardiovascular 
events or overall mortality in dialysis patients despite clinically relevant reduc-
tions in low-density lipoprotein cholesterol levels. A9  The addition of spirono-
lactone (25 mg daily) can reduce the risk of a cardiovascular or cerebrovascular 
event by about 50%. A10  Control of diabetes (Chapter 216) is important, but 
mortality in hemodialysis patients is not increased until the hemoglobin A1c 
level is 8.5% or higher.

 Amyloidosis
Dialysis-associated amyloidosis (Chapter 179), typically seen in patients who 
have been on dialysis for more than 10 to 12 years, is caused by the deposition 
of end-products of β2-microglobulin catabolism as amyloid fibrils. The clinical 
syndrome includes carpal tunnel syndrome (Chapter 392), arthropathy, and 
autonomic neuropathy (Chapter 390).

 Infection
Infection is the second leading cause of morbidity and mortality in dialy-
sis patients. In hemodialysis, vascular access sites are the primary sources of 
bacteria and account for about 75% of all cases of bacteremia. In a patient 
with possible catheter-related bacteremia, blood culture specimens should 
be obtained both from the catheter and from a peripheral vein. Most vas-
cular access infections are caused by staphylococcal organisms (Chapter 
272) and should be treated empirically with vancomycin (15 to 20 mg/kg 
or approximately 1 g) at the end of each dialysis session, adjusted to blood 
levels, unless another organism is cultured. In patients with systemic sepsis 
(Chapter 100) with hemodynamic instability, the line should be pulled 
promptly and reinserted only after blood cultures are negative for at least 
48 hours and the patient has defervesced. Interim dialysis can use an alter-
native access site, such as a temporary nontunneled catheter. A prolonged 
course of antibiotic therapy (4 to 8 weeks) is recommended for bacteremia 
or fungemia that persists after the catheter is removed or in patients with 
evidence of endocarditis (Chapter 67), septic arthritis (Chapter 256), osteo-

myelitis (Chapter 256), epidural abscess (Chapter 385), or other metastatic  
infection.

With peritoneal dialysis, infection is the most frequent reason that the cath-
eter must be removed and therapy discontinued. Infection is suspected by 
erythema, tenderness, induration, or purulent or bloody drainage. Peritonitis 
must be suspected in patients with abdominal pain and cloudy dialysate; the 
physical examination usually shows abdominal tenderness, often with rebound. 
The peritoneal fluid white blood cell count is typically above 100/μL with a 
predominance of neutrophils, although lymphocytes may predominate with 
fungal or mycobacterial infections. Polymicrobial infections should raise the 
possibility of a perforated diverticulum (Chapter 133), ruptured appendix 
(Chapter 133), ischemic bowel (Chapter 134), incarcerated hernia (Chapter 
133), pancreatitis (Chapter 135), or gynecologic conditions (Chapters 189, 
and 223) and should prompt an emergent abdominal computed tomography 
scan. Staphylococcus epidermidis (Chapter 272) is the most common cause of 
peritonitis, but Pseudomonas species (Chapter 290) account for 5 to 8% of 
cases. Recommended initial empirical treatment is intraperitoneal, unless there 
is evidence of bacteremia or hematogenous spread of the infection. Options 
include vancomycin (15 to 30 mg/kg in one exchange every 5 to 7 days as 
guided by serum levels) or a cephalosporin (e.g., cefazolin, 15 to 20 mg/kg in 
one exchange daily) together with intravenous or intraperitoneal administra-
tion of a third-generation cephalosporin with antipseudomonal activity (e.g., 
ceftazidime, 1 to 1.5 g in one exchange daily) or gentamicin (0.6 mg/kg in 
one exchange daily) for at least 2 weeks.

Staphylococcus aureus (Chapter 272) is the most common organism for  
exit site and tunnel infections. Treatment options include empirical oral 
penicillinase-resistant penicillins (e.g., dicloxacillin, 250 to 500 mg twice daily), 
fluoroquinolones (e.g., ciprofloxacin, 250 mg twice daily or 500 mg daily), 
trimethoprim-sulfamethoxazole (e.g., 80/400 mg daily to 160/800 mg twice daily), 
and cephalosporins (e.g., cephalexin, 500 mg 2 to 3 times per day). Vancomycin 
should be avoided as first-line therapy except for methicillin-resistant S. aureus. 
Mupirocin nasal ointment applied to the exit site twice daily for 5 days every 
4 weeks significantly reduces the incidence of S. aureus exit site infections.

 PROGNOSIS
The prognosis of patients with end-stage renal disease on chronic dialysis 
depends on their age and other comorbid conditions, especially diabetes. On 
average, the 5-year survival rate is about 40 to 50% and is similar for hemo-
dialysis and peritoneal dialysis. Survival rates are markedly lower than for the 
age-matched U.S. population (Table 122-2).

 RENAL TRANSPLANTATION
The success of renal transplantation has increased dramatically during the 
past several decades owing to improved surgical technique, improved medical 
care, and safer and more effective immunosuppressive medications. Although 
transplant recipients do not have a normal life expectancy (Fig. 122-1), current 
5-year survival rates are nearly twice as high as for similar patients who remain 
on dialysis or on the transplant waiting list (Fig. 122-2). Several long-held 
axioms have been proved false, most notably the need for long-term steroid 
therapy, the impossibility of transplantation in the face of a positive crossmatch, 
the inability to transplant ABO-incompatible donor-recipient pairs, and the 
inability to create long-term tolerance. Despite this remarkable progress, the 
number of patients on the waiting list far exceeds the number of available 
kidneys, and the long-term survival rates for kidneys and patients remain 
disappointing.

 EPIDEMIOLOGY AND DEMOGRAPHICS
Between 20,000 and 21,000 total renal transplants, including combined kidney-
pancreas, kidney-liver, and kidney-heart, are performed annually in the United 
States. The most common disease leading to renal transplantation is diabetic 
nephrosclerosis (Chapter 115), followed by hypertensive nephrosclerosis 
(Chapter 116) and other forms of glomerulonephritis (Chapter 113). Kidney 
transplant recipients vary in age from infants to older than 80 years, with the 
majority being between 35 and 64 years of age. About 65% of the kidneys 
transplanted in the United States are from deceased donors, with the other 
35% from living donors, who include both living genetically related family 
members and genetically unrelated donors, most often spouses or friends. 
Unfortunately, the number of kidney donors, both living and deceased, has 
remained relatively constant, whereas the number of patients awaiting trans-
plant continues to increase. Currently, the number of patients on the active 
waitlist is three times larger than the supply of kidneys; and, as a result, the 
median waiting time for a patient listed for kidney transplantation is about 
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recipients of live donor kidney transplants, the overall 1-year success rate is 
more than 96%, and the 10-year success rate is more than 60%.

 Kidney Donation
Potential living kidney donors undergo a thorough evaluation to ensure that 
age-adjusted renal function is normal, that the surgical risk of donor nephrec-
tomy is acceptably low, and that there are no medical conditions that would 
increase the risk of future renal disease in the donor. In addition, all donors 
are screened for transmissible infections or malignant neoplasms. Kidney 
transplantation from an human immunodeficiency virus (HIV)–positive donor 
is an attractive potential treatment option for HIV-infected patients.5

Potential donors must be capable of understanding the risks and benefits of 
live kidney donation, cannot be coerced into donating, and cannot condition 
the donation on the receipt of money or other valuable goods. Federal law 
prohibits the buying and selling of organs. Recent data suggest that live kidney 
donors have a 3.5- to 5.3-fold higher risk for developing ESRD compared 
with healthy nondonors during the 10 years after donation, but the absolute 
risk remains less than 1%.6,7 Gestational hypertension or preeclampsia also is 
more likely in kidney donors than in matched nondonors.8

Potential recipients who have a willing and medically and psychosocially 
suitable live donor but who either have preformed antidonor human leukocyte 
antigen (HLA) antibodies or are blood group incompatible can receive suc-
cessful transplants by protocols that involve intravenous immune globulin 
and plasmapheresis to reduce the level of antidonor HLA antibodies or isoag-
glutinins. Despite remarkable short-term success, the high incidence of antibody-
mediated rejection has made long-term success rates somewhat disappointing, 
at about 60 to 70% at 5 years. An increasingly popular alternative is kidney-
paired donation, in which two live immunologically incompatible pairs of 
donors and recipients are found, and each compatible donor donates to the 
other recipient. These paired donations now represent nearly 10% of all live 
donor kidney transplants in the United States. In some situations, more com-
plicated chains involve multiple donor-recipient pairs.

The majority of deceased donors are brain dead, as a result of head trauma 
(Chapter 371), cerebrovascular catastrophe (Chapter 380), or anoxia (Chapter 
57), but continue to maintain a normal circulation. The Uniform Anatomical 
Gift Act of 1968 and subsequent revisions equate brain death with death 
(Chapter 2) and permit organ donation after a declaration of brain death, 
provided there is consent from the family of the deceased. Events surrounding 
brain death and organ procurement may result in acute kidney injury, and 
renal biopsies are frequently performed before implantation to assess kidney 
quality and potential longevity.

The shortage of available donor organs continues to plague the field of 
clinical transplantation. Attempts to increase the number of donor organs 
have included the use of kidneys of lower quality, previously termed “expanded 
criteria” deceased donors. The former categories of Standard Criteria Donor 
and Expanded Criteria Donor have been replaced by a continuous grading 
system of deceased donor kidneys—the Kidney Donor Profile Index (KDPI). 

5.1 years. About 10% of newly listed candidates die within 3 years of listing 
without having received a transplant.

Renal Transplant Success Rates
For deceased donor kidney transplants, the overall 1-year success rate is 
approximately 91%, and the 10-year success rate is just below 50%. For 

TABLE 122-2 EXPECTED REMAINING LIFETIME (YEARS) BY 
AGE, SEX, AND TREATMENT MODALITY OF 
PREVALENT DIALYSIS PATIENTS, PREVALENT 
TRANSPLANT PATIENTS (2016), AND THE 
GENERAL U.S. POPULATION (2015), BASED ON 
USRDS DATA AND THE NATIONAL VITAL 
STATISTICS REPORT (2015)

AGE

ESRD PATIENTS, 2016 GENERAL U.S. 
POPULATION, 2015DIALYSIS TRANSPLANT 

MALE FEMALE MALE FEMALE MALE FEMALE
0-14 23.3 20.9 60.3 59.3 70.6 75.4
15-19 21.4 18.7 47.6 49.1 59.6 64.3
20-24 18.5 15.8 43.7 45.2 54.9 59.4
25-29 16.0 14.0 39.6 41.1 50.2 54.6
30-34 14.1 12.7 35.3 37.1 45.6 49.8
35-39 12.4 11.4 31.2 33.1 41.0 45.0
40-44 11.0 10.2 27.4 29.1 36.5 40.3
45-49 9.3 8.7 23.6 25.2 32.0 35.7
50-54 7.9 7.6 20.0 21.7 27.7 31.2
55-59 6.7 6.6 16.8 18.2 23.7 26.8
60-64 5.6 5.7 14.0 15.2 19.9 22.7
65-69 4.6 4.8 11.4 12.5 16.3 18.6
70-74 3.8 4.1 9.3 10.1 12.9 14.8
75-79 3.3 3.6 7.6* 8.3* 9.8 11.4
80-84 2.7 3.0 7.2 8.4

85+ 2.2 2.4 3.8 4.4
*Cell values combine ages 75+.
ESRD = end-stage renal disease.
Data Source: Reference Table H.13; special analyses, USRDS ESRD Database; and National Vital 
Statistics Report. “Table 3. Life expectancy at selected ages, by race and Hispanic origin, and sex: 
United States, 2015 (2017).” Expected remaining lifetimes (years) of the general U.S. population 
and of period prevalent dialysis and transplant patients.
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immune globulin. Although this treatment is often effective in reversing acute 
antibody-mediated rejection, successful elimination of antidonor antibody and 
prevention of alloantibody resynthesis are much more difficult, and chronic 
antibody-mediated rejection frequently follows an episode of acute antibody-
mediated rejection. Anti–B cell and anti–plasma cell drugs have also been 
tried, but none are currently approved by the Food and Drug Administration 
for this use. High-dose corticosteroids and polyclonal antilymphocyte serum 
are often administered as well.

Chronic rejection is characterized by a slow decline in allograft function, 
generally during a period of months to years, and frequently accompanied by 
proteinuria. Although it can occur in the absence of documented episodes of 
acute rejection and after many years of stable allograft function, early acute 
rejection is a major risk factor for later chronic rejection and allograft failure. 
The development of donor-specific antibodies appears to be a strong risk 
factor for subsequent allograft failure, and antidonor antibodies are detectable 
in a high percentage of cases of chronic allograft dysfunction.12 Biopsy char-
acteristically shows evidence of T cell–induced injury, antibody-induced injury 
with deposits of C4d, or a combination of the two. In many patients with 
long-term deterioration of allograft function, however, the only findings are 
interstitial fibrosis and tubular atrophy without clear-cut evidence as to the 
cause. Unfortunately, no treatment has been proved to be effective for chronic 
rejection.

 Other Complications of Renal Transplantation
Immunosuppression in renal transplant recipients is associated with a number 
of adverse effects, the most important of which are infection, malignant neo-
plasia, and nephrotoxicity.

Infection
Infections occurring in the first few weeks after transplantation are generally 
nosocomial (Chapter 266), donor derived, present in the recipient at the 
time of transplantation, or a result of complications of the surgical procedure, 
such as wound, catheter-associated, or urinary tract infections (Chapter 268) 
(Fig. 122-3).13 Next is a period of 5 to 6 months during which opportunistic 
infection or reactivation of latent infection, such as cytomegalovirus (CMV) 

compatible donors are difficult to find), and donor-recipient pairs with high 
degrees of HLA matching.10

 Immunosuppression
Notwithstanding several reports of successful medication-free long-term renal 
allograft survival in small numbers of carefully selected patients undergoing 
complicated conditioning regimens, long-term immunosuppression remains 
obligatory in virtually all patients to achieve long-term renal allograft survival.11 
The principal drivers of the immune response to an organ allograft and the 
principal obstacle to organ acceptance are the HLA antigens (Chapter 43). 
HLA-identical siblings enjoy the best long-term survival rates, and increasing 
degrees of HLA antigen mismatch continue to be associated with inferior 
long-term outcomes (Chapter 43).

Immunosuppressive treatment can be divided into three phases: induction, 
maintenance, and antirejection (Table 122-3). Induction immunosuppression 
consists of antilymphocyte antibodies given within the first week immediately 
after transplantation. Maintenance immunosuppression refers to those medica-
tions given daily as long as the allograft is functioning. Antirejection therapy 
is given to treat episodes of acute rejection.

For about two thirds of patients, the standard maintenance therapy for 
the long-term prevention of renal allograft rejection is a three-drug regimen: 
tacrolimus, mycophenolate, and prednisone. In one third of patients, steroids 
are withdrawn within the first week after transplantation, but a dual-therapy 
regimen of mycophenolate and tacrolimus is continued. Outcomes appear to be 
similar with either regimen. In a recent randomized trial, however, substituting 
belatacept for cyclosporine reduced the 7-year risk of death from graft failure 
more than 40% without an increase in any adverse events. A11 

Induction therapy consists of polyclonal or monoclonal antilymphocyte 
antibodies administered in the first week after transplantation. Approximately 
80% of kidney transplant recipients are in centers that administer induction 
therapy, the majority with rabbit-derived polyclonal antilymphocyte serum 
(usually 6 mg/kg total dose) and the others with either basiliximab (20 mg, 
day 0 and day 4) or alemtuzumab (30-mg single dose). The goals of induction 
therapy include a reduction in the number of acute rejection episodes in the 
first several weeks or months after transplantation, a long-term reduction in 
the overall number of acute rejection episodes, and a resulting improvement 
in long-term success rates.

 Rejection and Its Treatment
Despite the availability of more effective and safer immunosuppressive medi-
cations, rejection remains an ever-present threat, and a significant proportion 
of allograft failures are ultimately caused by immune-mediated injury. Clas-
sically, there are three types of rejection: hyperacute, acute, and chronic.

Characteristics used to calculate the KDPI include the donor’s age, weight, 
serum creatinine, history of hypertension, history of diabetes, and cause of 
death. Lower KDPI values—higher quality kidneys—are associated with a 
lower inherent estimated risk of kidney failure (longer anticipated function 
after transplantation), whereas transplantation of kidneys with higher KDPI 
values will result in shorter estimated allograft survival times. This prognosis 
allows for better informed decision making on the part of both patients and 
physicians. Developing algorithms to facilitate the optimal use of suboptimal 
kidneys will continue to be a challenge. Protocols have also been developed 
to allow organ recovery from deceased donors after cessation of cardiac func-
tion (Donation after Cardiac Death or DCD donors). These kidneys function 
as well as those recovered by traditional donation after brain death.

 Who Is a Candidate for Renal Transplantation?
All patients with advanced chronic kidney disease must be informed about 
the option of transplantation. Candidates must undergo a comprehensive 
medical and psychosocial evaluation to determine their suitability. Because 
cardiovascular disease is common in ESRD patients, cardiovascular testing is 
often undertaken in patients older than 50 years and in patients with a history 
of diabetes (Chapter 403). Observational data suggest that patients who receive 
kidney transplants from HLA-incompatible live donors realize a substantial 
survival benefit compared with patients who wait for compatible transplants 
from deceased donors or who never receive a transplant.9 Up to 30% of patients 
never complete their evaluation or are determined not to be suitable candidates 
for transplantation.

 Allocation
The national system for the allocation of deceased donor organs in the United 
States is divided into 58 donor service areas, each with an organ procure-
ment organization responsible for procuring and allocating deceased donor 
organs. The distribution of these organs is first local (within the donor service 
area), then regional, and finally national if no local compatible recipient exists. 
Patients can be listed for transplant when their eGFR is <20 mL/minute or 
when dialysis is initiated. The current allocation system largely prioritizes wait-
listed candidates with longest waiting time as first in line for the next available 
compatible kidney within their blood group. Each waitlisted patient receives 
an Estimated Post-Transplant Survival (EPTS) score based on four factors: 
time on dialysis, current diagnosis of diabetes, prior solid organ transplants, 
and age. Patients with low EPTS scores (longer predicted post transplant 
survival) are prioritized to receive donor organs with longer anticipated func-
tion (lower KDPI), beginning the practice of longevity matching in kidney 
allocation. Special consideration is given to children who are waitlisted prior 
to age 18 years, patients with high levels of anti-HLA antibodies (for whom 

TABLE 122-3 IMMUNOSUPPRESSIVE MEDICATIONS USED IN RENAL TRANSPLANTATION
CLASS DRUGS HOW USED MECHANISM OF ACTION MAJOR ADVERSE EFFECTS
Steroids Prednisone, 

methylprednisolone
Induction, maintenance, 

antirejection
Multiple sites, anti-inflammatory; inhibit 

production of multiple cytokines
Poor wound healing, weight gain, 

diabetes, acne, hypertension, 
cushingoid appearance

Calcineurin inhibitors Tacrolimus and 
cyclosporine

Maintenance Inhibit calcineurin, prevent interleukin-2 
production

Nephrotoxicity, hypertension, 
diabetes mellitus

Purine synthesis inhibitors Azathioprine Maintenance Metabolized to 6-mercaptopurine Anemia, leukopenia, 
thrombocytopenia

Mycophenolic acid Maintenance Inhibits purine synthesis by the inhibition of 
inosine monophosphate dehydrogenase, specific 
for the purine de novo pathway on which 
lymphocytes depend

Anemia, leukopenia, 
thrombocytopenia; 
teratogenic

mTOR inhibitors Sirolimus, everolimus Maintenance Inhibit mTOR (mammalian target of rapamycin), 
block lymphocyte response to growth factors

Poor wound healing, proteinuria, 
hyperlipidemia

Costimulation blockade Belatacept Maintenance Human recombinant fusion protein combining the 
extracellular portion of cytotoxic T lymphocyte–
associated antigen-4 (CTLA-4) with the Fc 
fragment of human IgG; this binds to the 
CTLA-4 receptor, preventing engagement of 
CTLA-4 on the T cell, preventing costimulation

Central nervous system 
post-transplantation 
lymphoproliferative disease

T cell–depleting antibodies Thymoglobulin Induction, antirejection Rabbit-derived polyclonal antilymphocyte serum 
(multiple targets)

Infusion reaction, leukopenia, 
thrombocytopenia

Alemtuzumab Induction Anti-CDS2
Anti-IL2R monoclonal antibodies Basiliximab Induction Block interleukin-2 receptor (IL2R) Rare infusion reaction
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immune globulin. Although this treatment is often effective in reversing acute 
antibody-mediated rejection, successful elimination of antidonor antibody and 
prevention of alloantibody resynthesis are much more difficult, and chronic 
antibody-mediated rejection frequently follows an episode of acute antibody-
mediated rejection. Anti–B cell and anti–plasma cell drugs have also been 
tried, but none are currently approved by the Food and Drug Administration 
for this use. High-dose corticosteroids and polyclonal antilymphocyte serum 
are often administered as well.

Chronic rejection is characterized by a slow decline in allograft function, 
generally during a period of months to years, and frequently accompanied by 
proteinuria. Although it can occur in the absence of documented episodes of 
acute rejection and after many years of stable allograft function, early acute 
rejection is a major risk factor for later chronic rejection and allograft failure. 
The development of donor-specific antibodies appears to be a strong risk 
factor for subsequent allograft failure, and antidonor antibodies are detectable 
in a high percentage of cases of chronic allograft dysfunction.12 Biopsy char-
acteristically shows evidence of T cell–induced injury, antibody-induced injury 
with deposits of C4d, or a combination of the two. In many patients with 
long-term deterioration of allograft function, however, the only findings are 
interstitial fibrosis and tubular atrophy without clear-cut evidence as to the 
cause. Unfortunately, no treatment has been proved to be effective for chronic 
rejection.

 Other Complications of Renal Transplantation
Immunosuppression in renal transplant recipients is associated with a number 
of adverse effects, the most important of which are infection, malignant neo-
plasia, and nephrotoxicity.

Infection
Infections occurring in the first few weeks after transplantation are generally 
nosocomial (Chapter 266), donor derived, present in the recipient at the 
time of transplantation, or a result of complications of the surgical procedure, 
such as wound, catheter-associated, or urinary tract infections (Chapter 268) 
(Fig. 122-3).13 Next is a period of 5 to 6 months during which opportunistic 
infection or reactivation of latent infection, such as cytomegalovirus (CMV) 

Hyperacute rejection occurs when a kidney is transplanted into a recipient 
who is presensitized to the donor. The recipient’s circulating preformed anti-
donor antibodies may target HLA antigens, blood group (ABO) antigens, or 
endothelial cell antigens expressed on the donor kidney. The result is immediate 
endothelial injury and irreversible thrombosis of the transplant. Because of the 
prescreening of all donor-recipient pairs for the presence of such antidonor 
antibodies, hyperacute rejection occurs in less than 1% of all renal transplants.

Acute rejection is characterized clinically by an increase in the serum creatinine 
level over days to weeks, often in the absence of symptoms. On pathologic 
examination, acute rejection is most frequently “cellular” and characterized by 
T-lymphocyte infiltration of the tubules, interstitium, and sometimes into the 
vascular structures in more severe rejection. Acute rejection now occurs in only 
10 to 15% of transplant patients during the first post-transplantation year and 
about another 10% in the second year. The majority of acute rejections occur 
in the first 3 to 6 months after transplantation and are clinically mild, treat-
able, and reversible. Other causes of allograft dysfunction (e.g., hemodynamic 
factors such as hypotension and volume depletion, urinary tract obstruction, 
drug-induced nephrotoxicity, and BK polyomavirus nephropathy) must be 
excluded. Percutaneous biopsy of the allograft is required to establish the 
diagnosis with certainty, to determine the type and severity of the rejection, 
and to guide therapeutic decisions. Acute cellular rejection should be treated 
immediately, either with high-dose intravenous corticosteroid therapy for milder 
forms or with polyclonal antilymphocyte sera for steroid-resistant or more 
severe acute rejection episodes. Such treatment is usually effective.

Between 10 and 20% of patients have acute antibody-mediated rejection 
injury, usually as evidenced by the deposition of C4d, a metabolite of a comple-
ment component C4, in the peritubular capillaries, accompanied by inflamma-
tory cells in the peritubular capillaries. This antibody-mediated rejection may 
occur alone or in combination with cellular rejection. Early antibody-mediated 
rejection is much more common in patients with a prior history of exposure 
to alloantigen through transfusion, pregnancy, or prior transplantation. The 
development of sensitive reagents for detection of circulating antidonor anti-
bodies has greatly facilitated the diagnosis of antibody-mediated rejection. 
Treatment is more problematic and usually involves plasmapheresis to remove 
antidonor antibodies and the administration of various regimens of intravenous 

The Timeline of Post-transplant Infections
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FIGURE 122-3. Timeline of post-transplantation infections. Cmv = cytomegalovirus; ebv = epstein-barr virus; lCmv = lymphocytic choriomeningitis virus; mrsa = methicillin-resistant 
Staphylococcus aureus; PCP = Pneumocystis pneumonia; Hbv = hepatitis b virus; HCv = hepatitis C virus; Hsv = herpes simplex virus; Pml = progressive multifocal leukoencephalopathy; 
PTlD = post-transplantation lymphoproliferative disease; sars = severe acute respiratory syndrome; vre = vancomycin-resistant enterococci; vZv = varicella-zoster virus. (from fishman 
Ja. Introduction: infection in solid organ transplant recipients. Am J Transplant. 2009;9[suppl 4]:s3-6.)
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TABLE 122-4 COMMON CAUSES OF RENAL  
ALLOGRAFT DYSFUNCTION

Volume depletion: Nausea, vomiting, diarrhea, poor fluid intake, hemorrhage
Medication induced: Diuretics, antihypertensive medications, nonsteroidal 

anti-inflammatory drugs, calcineurin inhibitors, angiotensin-converting enzyme 
inhibitors

Urinary tract obstruction: Bladder outlet obstruction, ureteral obstruction
Transplant renal artery stenosis
Infection: Bacteremia, urinary tract infection
Rejection: Cell mediated, antibody mediated

 Grade A References

neoplasms other than post-transplantation lymphoproliferative disease is  
unknown.

Calcineurin Inhibitor–Induced Nephrotoxicity
Calcineurin inhibitors (cyclosporine and tacrolimus)—arguably the most 
effective antirejection medications used in kidney transplantation—ironically 
cause a chronic, usually mild and stable, impairment of GFR in virtually all 
patients who receive them. Superimposed, acute reversible cyclosporine or 
tacrolimus nephrotoxicity may occur in patients who experience sudden eleva-
tions in drug blood levels. These acute episodes usually resolve when the dose 
of cyclosporine or tacrolimus is reduced. Of greater concern is long-term, 
irreversible calcineurin inhibitor–induced nephrotoxicity, which can cause 
allograft failure. This diagnosis is often difficult to make because there are 
few if any absolutely specific histologic biopsy findings. As a result, careful 
monitoring of blood calcineurin inhibitor levels is essential to avoid supra-
therapeutic levels (risking nephrotoxicity and infection) or subtherapeutic 
levels (risking rejection).

New-Onset Diabetes
By 36 months after transplantation, 30 to 40% of patients develop glucose 
intolerance or frank diabetes, which may be caused by corticosteroids, tacro-
limus, and, to a lesser extent, cyclosporine. Treatment is as for diabetes in the 
general population (Chapter 216), with appropriate adjustment in the dose 
of insulin and oral agents for renal function. Patients who develop diabetes 
have poorer outcomes, including higher rates of cardiovascular events, graft 
failure, and death.

 Management of the Patient after Renal Transplantation
In the initial few months after transplantation, patients are generally seen 
weekly. The interval then typically expands to once monthly for the remain-
der of the first year and every 2 to 6 months thereafter. Routine testing 
includes measurement of blood pressure, renal function, calcineurin inhibi-
tor blood levels, lipid levels, glucose levels, BK polyomavirus assays, and pro-
teinuria. Polymerase chain reaction analysis for CMV or EBV is indicated 
in selected patients. Monitoring for metabolic bone disease is also recom-
mended, by parathyroid hormone and vitamin D levels as well as by bone 
densitometry. Influenza and pneumococcal vaccinations are strongly recom-
mended for renal transplant recipients, but live vaccines are contraindicated  
(Chapter 15).

 PROGNOSIS
Approximately 6% of long-term transplants fail each year. Allograft failure 
with return to dialysis or retransplantation accounts for about 50% of long-
term allograft failures. Progressive loss of function in the long-term renal 
allograft is most commonly the result of chronic rejection but may also be 
due to nonimmunologic causes, such as calcineurin inhibitor nephrotoxicity, 
hypertension, diabetes, or recurrent glomerular disease (Table 122-4). A stan-
dardized evaluation (Table 122-5) can help establish the cause.

The importance of immunologic (or alloantigen-dependent) factors is illus-
trated by the fact that living donor transplants between HLA-identical siblings 
have a 70 to 80% 10-year graft survival, compared with 50 to 60% for parental 
or other less well matched living donor kidneys and 40 to 50% overall for 
cadaveric kidney recipients. Deceased donor kidneys with zero or one HLA-A, 
B, or DR mismatches have a higher success rate (close to 65% at 10 years) 
than do deceased donor kidneys with two or more antigen mismatches, which 
have 15 to 30% lower absolute survival rates.

Factors unrelated to antiallograft immunity are also associated with reduced 
long-term success rates. These include hypertension, a kidney from an older 
(>50 years) donor, hyperlipidemia, diabetes mellitus, calcineurin inhibitor 

infection (Chapter 346) or Epstein-Barr virus (EBV) infection (Chapter 346), 
is most likely to occur. Later in the course, when the doses of immunosup-
pressive medication are decreased, community-acquired infections are most 
common. This timeline is partly a function of infection prophylaxis, given to 
all renal transplant recipients to minimize infectious complications during 
periods of highest risk, including perioperative antibiotics to prevent wound 
and urinary tract infection (Chapter 268), trimethoprim-sulfamethoxazole 
to prevent Pneumocystis jiroveci pneumonia (Chapter 321), oral nystatin or 
clotrimazole to prevent oral candidiasis (Chapter 318), and oral valganciclo-
vir (see Table 336-4) to prevent CMV disease (Chapter 352). Urinary tract 
infections (Chapter 268) are the most frequent bacterial infections that lead 
to hospitalizations in kidney transplant recipients, and the most common 
organism is Escherichia coli.

Up to 30% of patients develop active infection with the BK polyomavirus, 
which is trophic for the urinary epithelia. In 5 to 10% of patients, this infection 
leads to tubulitis and interstitial nephritis, which may result in significant 
allograft injury. BK polyoma nephritis is often difficult to distinguish from 
acute rejection without the use of a special SV40 stain that identifies the large 
T antigen of BK virus. Approximately 80 to 90% of the general population 
has serologic evidence of exposure to BK polyomavirus, so infection in the 
renal transplant recipient may be due to reactivation, superinfection, or primary 
infection. Interestingly, BK nephropathy is very rare in equally immunosup-
pressed recipients of other organ transplants. The most important noninvasive 
indicator of possible BK viral nephropathy is BK viremia, which can be docu-
mented in about 10 to 20% of renal transplant recipients. It is presently esti-
mated that 5 to 10% of all renal transplant recipients develop BK virus–induced 
nephritis and allograft dysfunction, which leads to allograft failure in about 
half of the patients with nephritis. Monitoring for BK viremia or viruria is 
strongly recommended. An early post-transplantation course of prophylactic 
levofloxacin does not prevent BK viruria, A12  and no effective antiviral therapy 
exists. BK viremia and BK viral nephropathy should be treated initially with 
a reduction in immunosuppression.

CMV infection (Chapter 346) continues to be a major cause of morbid-
ity in renal transplant recipients. CMV is widely distributed in the general 
population, with seroprevalence rates from 40 to 90%, so infections may be 
due to reactivation, superinfection, or primary infection. CMV disease may 
be limited to fever and malaise, but frequently causes significant morbidity 
and even mortality after infecting the gastrointestinal tract, lungs, or liver. 
Most transplant centers use oral valganciclovir (see Table 336-4) for CMV 
prophylaxis for 7 months or more after transplantation for all patients at risk, 
especially seronegative recipients who receive transplants from seropositive 
donors. Another alternative is frequent post-transplantation monitoring, with 
treatment reserved for patients who develop viremia. Regardless of the initial 
strategy, approximately 10% of patients have later viral activation and require 
additional treatment. Antiviral therapy (Chapters 336 and 346) is usually 
highly effective.

EBV infection (Chapter 346) also may represent a primary infection, reac-
tivation, or superinfection. EBV may cause a mononucleosis-like syndrome, 
but the more serious concern in renal transplant patients is a form of lym-
phoma termed post-transplantation lymphoproliferative disease (Chapters 
346 and 176).

Malignant Neoplasia
Renal transplant patients develop some malignant neoplasms at higher rates 
than in the general population. These include post-transplantation lympho-
proliferative disorder related to EBV, Kaposi sarcoma (Chapter 366) caused 
by human herpesvirus 8 (Chapter 350), and cervical (Chapter 189) and anal 
(Chapter 136) carcinomas caused by human papillomavirus (Chapter 349). 
Post-transplantation lymphoproliferative disease most commonly involves the 
renal allograft, but it may involve any organ, including the gastrointestinal 
tract, lung, and central nervous system. Treatment usually involves a reduction 
in immunosuppression and chemotherapy (Chapter 176). Long-term patient 
survival rates approach 75%.

The relative risks of many common solid carcinomas are also elevated about 
two-fold, but with the exception of nonmelanoma skin cancers, the abso-
lute risks remain low. Lifetime risk of nonmelanoma skin cancers (Chapter 
193) may be as high as 70%. Annual skin screening and the attentive use 
of ultraviolet-blocking skin creams are strongly recommended. Otherwise, 
transplant recipients should follow the same standard screening guide-
lines as the general population for breast (Chapter 188), colon (Chapter 
184), prostate (Chapter 191), and lung (Chapter 182) cancer. Whether 
immunosuppression should be reduced in patients who develop malignant 
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TABLE 122-5 EVALUATION OF RENAL  
ALLOGRAFT DYSFUNCTION

History: Fluid intake and loss, medication changes, fever
Physical examination: Blood pressure, pulse rate, temperature, weight, edema, 

allograft tenderness or swelling
Laboratory tests: Serum creatinine level, BK virus detection by polymerase chain 

reaction analysis of urine or blood, calcineurin inhibitor levels, antidonor 
antibody testing, urine protein analysis, urine and blood cultures

Doppler ultrasound to assess for possible urinary tract obstruction or transplant 
renal artery stenosis

Renal biopsy
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nephrotoxicity, recurrent glomerular disease, and a maladaptive response to 
hemodynamic injury, which is caused by elevated glomerular flow and pres-
sure. Chronic calcineurin inhibitor toxicity leads to ESRD in at least 5 to 10% 
of recipients of nonrenal transplants and is likely to have at least a comparable 
long-term impact in renal transplant patients. Virtually all primary glomerular 
diseases (Chapter 113), including focal segmental glomerulosclerosis, mem-
branous nephropathy, membranoproliferative glomerulonephritis, and immu-
noglobulin A (IgA) nephropathy, can recur after transplantation. Recurrent 
glomerulonephritis is a common cause of proteinuria and nephrotic syndrome 
after transplantation and may be responsible for up to 10% of all graft failures. 
For example, graft failure is significantly higher in patients with membrano-
proliferative glomerulonephritis, focal segmental glomerulosclerosis, mem-
branous nephropathy, and IgA nephropathy compared with adult polycystic 
kidney disease.14 Renal biopsy is required to establish the diagnosis in a long-
term renal allograft with deteriorating function or proteinuria and to distinguish 
immune-related from non–immune-related causes. For long-term allograft 
survival rates to improve significantly, the discovery of biomarkers of actual 
or impending allograft injury is essential.

In the other 50% of failures, a patient dies with a functioning allograft.  
The most common cause of death in these patients is cardiovascular, due  
to the high prevalence of diabetes, hypertension, and hyperlipidemia, as well as 
the high burden of preexisting cardiovascular disease in transplant candidates. 
Although there are no specific guidelines for the prevention, monitoring, or 
management of cardiovascular disease after renal transplantation, standard 

risk factor reduction guidelines are generally considered applicable, includ-
ing the use of statins (Chapter 195), A13  and antihypertensive medications, to 
meet blood pressure targets (Chapter 70). The other leading causes of long-
term death in renal transplant recipients are infection, sepsis, and malignant  
disease.

https://expertconsult.inkling.com/
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123 
APPROACH TO THE PATIENT WITH 
GASTROINTESTINAL DISEASE
KENNETH R. MCQUAID

The luminal gastrointestinal (GI) tract (esophagus, stomach, duodenum, small 
and large intestine, and anus) and pancreas are responsible for digestion, for 
the absorption of nutrients and fluids, and for the temporary storage and 
excretion of undigested waste. The GI tract has an epithelial lining with an 
enormous surface area that provides nutrient absorption and serves as a barrier 
to microorganisms. In addition, the GI tract has a large innate and adaptive 
immune system that interfaces with luminal food antigens, host proteins, com-
mensal and pathogenic bacteria, and parasites and must decide which antigens 
to tolerate and which require immune activation.1 The GI tract also contains 
an extensive enteric endocrine system that regulates food intake, weight control, 
and glucose homeostasis as well as secretions from the stomach, intestine, 
and pancreas. Finally, it has an enteric nervous system that is integrated with 
the autonomic and central nervous systems to control gastric emptying, intes-
tinal motility, and defecation.2

Numerous diseases within and outside the GI tract may alter normal 
function by causing structural damage (erosion, ulceration, perforation, 
stenosis, or obstruction), bleeding, inflammation, abnormal absorption 
or secretion of nutrients and electrolytes, or abnormal motility. Despite 
its anatomic and physiologic complexity, the GI system has only a limited 
repertoire of symptoms and signs to express conditions that may be either 
serious or clinically insignificant: abdominal pain, heartburn, regurgitation, 
dysphagia, odynophagia, dyspepsia, nausea and vomiting, gas and bloating, 
weight loss, diarrhea, constipation, overt or occult GI tract bleeding, and  
incontinence.

 GENERAL APPROACH TO PATIENTS WITH 
GASTROINTESTINAL SIGNS AND SYMPTOMS

An appropriate history and physical evaluation usually can narrow the dif-
ferential diagnosis of GI complaints. A specific diagnosis can almost always 
be established thereafter by the judicious use of laboratory, endoscopic, or 
imaging studies (Table 123-1).

 Clinical History
The clinician should elicit the nature of the complaint, including its acuity, 
severity, location, radiation, duration, pattern (steady vs. colicky; abrupt vs. 
gradual onset), and relationship to food, meals, and bowel movements. Symp-
toms that arise from the GI tract are almost always improved or worsened by 
eating or by bowel movements. For symptoms of recent onset, it is important 
to elicit recent dietary intake, a medication history, potential exposure to enteric 
infections or sexually transmitted diseases (Chapter 269), and recent travel. 
It is also useful to establish whether there are signs or symptoms that suggest 
a systemic illness, including fever, weight loss, arthralgias, fatigue, weakness, 
and rash.

Most nonsurgical GI diseases are manifested with mild to moderate symp-
toms that develop gradually and do not require immediate attention. Acute 
symptoms that require urgent assessment are severe abdominal pain and overt 
GI bleeding (Chapter 126) that is manifested by hematemesis, melena, or 
large-volume hematochezia. Severe or dramatic abdominal pain that develops 
acutely during minutes to hours requires urgent evaluation to determine whether 
surgical intervention is required. Severe vomiting or diarrhea with signs of 
dehydration also warrants urgent attention.

Mild to moderate chronic or intermittent symptoms that have been present 
for a long period can be evaluated in a deliberate fashion. A substantial pro-
portion of chronic GI complaints has no obvious organic or biochemical basis 
and ultimately is classified as functional GI disorders (Chapter 128). Complaints 
that have been ongoing for years rarely are attributable to readily remedied 
structural disorders. In patients with chronic GI symptoms, it is important to 
elicit and to address the current reason for seeking evaluation, which may 
include concern for underlying serious illness (especially cancer), a change 
in the character or severity of symptoms, life stressors, and depression. Asking 
the patient what he or she thinks or fears may provide insights into the 

proportion of the complaint attributable to these amplifying issues, regardless 
of whether the problem is functional or structural in origin.

A dietary history (Chapter 204) should be obtained. For acute symptoms 
of nausea, vomiting, diarrhea, or abdominal pain, intake during the previous 
24 to 48 hours should be reviewed for clues to a food-borne illness, including 
possible exposure to a contaminated food or water source and similar symp-
toms in other people (Chapter 267). For chronic or intermittent complaints, 
a recall of meals and types of foods eaten during the previous 1 to 2 days 
provides insight into eating habits and the amounts and types of fruits and 
vegetables, whole grains, fiber, protein, fat, and dairy products ingested. A 
relationship between specific foods and symptoms may be found. For example, 
dairy products (lactose intolerance), whole grains, legumes or cruciferous 
vegetables, or fatty meals (malabsorption) may cause pain, flatulence, or diar-
rhea, and a low-fiber diet may cause chronic constipation. Recent and long-
term changes in body weight should be elicited. Involuntary loss of more than 
5% of body weight during the prior 12 months is worrisome for serious disease 
and significant malnutrition (Chapter 203).

The number and consistency of bowel movements should be elicited, and 
any change in bowel habits must be explored. Signs of acute GI bleeding 
(melena or hematochezia) or inflammatory colitis (blood, mucus, or pus) 
should be elicited. Improvement in symptoms after passage of flatus or a bowel 
movement suggests a disorder of the colon or anorectum.

 Past Medical History
The past medical history should be reviewed for conditions that may cause 
acute or chronic GI symptoms, including endocrine disorders such as diabetes 
(Chapter 216) and thyroid dysfunction (Chapter 213), cardiovascular diseases 
such as heart failure (Chapter 52) and peripheral vascular disease (Chapter 
71), chronic liver disease and portal hypertension (Chapter 144), neurologic 
conditions such as Parkinson disease (Chapter 381) and neuromuscular dis-
orders (Chapter 368), and rheumatologic and collagen vascular disorders 
(Chapter 241). In addition to their impact on GI tract function, the severity 
of these conditions must be considered in weighing the risks of diagnostic 
studies, especially endoscopy. Patients with symptomatic or advanced respira-
tory insufficiency (Chapter 96), sleep apnea (Chapter 377), valvular heart 
disease (Chapter 66), coronary artery disease (Chapter 45), heart failure 
(Chapter 52), cirrhosis (Chapter 144), cerebrovascular disease (Chapter 378), 
neuromuscular disease (Chapter 394), or dementia (Chapter 374) have an 
increased risk of sedation-related complications during endoscopy.

A list of prescription and nonprescription medications, vitamins, miner-
als, and other nutritional supplements should be obtained, paying particular 
attention to any that were recently initiated or changed. Herbal supplements 
(Chapter 34) are commonly used but are seldom reported without direct 
questioning. Medications are potential causes of odynophagia, dyspepsia, 
nausea or vomiting, abdominal pain, diarrhea, and constipation. The use of 
antiplatelet agents and anticoagulants should be determined. The risks of stop-
ping versus continuing these medications must be weighed in patients who 
have acute or chronic GI bleeding or in whom a therapeutic procedure is to be  
performed.

 Social History
The patient’s personal relationships, employment history, quality of life, alcohol 
intake (Chapter 30), and smoking (Chapter 29) history should be determined. 
It can be very informative to observe both verbal and nonverbal interactions 
between the patient and a partner or caregiver during an interview. Alcohol 
may cause heartburn, dyspepsia, nausea, diarrhea, or chronic liver disease. 
Many patients are reluctant to disclose the full extent of their alcohol intake 
on direct questioning; therefore, in addition to asking how often they imbibe 
(days/week and drinks/day), it may be revealing to inquire about their pre-
ferred beverage and how it is purchased (location, volume, and frequency). 
Cigarette smoking is associated with an increased risk of heartburn, peptic 
ulcer disease, Crohn disease, and GI malignant neoplasms.

Clinicians should inquire about the degree to which GI symptoms are dis-
rupting a patient’s life. GI illness may affect dietary and bowel habits, sleep, 
and sense of vitality. Concerns about dietary intolerances, inability to eat, 
inability to have comfortable bowel movements, uncontrolled diarrhea or gas, 
fecal urgency, or fecal incontinence may affect a patient’s social life, personal 
and sexual relationships, employment, and sense of optimism.

The social history should also be reviewed for recent stressors that may 
precipitate or exacerbate GI symptoms, including marital or interpersonal 
discord, personal or family illness, bereavement, financial pressures, job loss, 
and change in employment. To elicit such information, it may be helpful to 

tell patients that stress worsens many conditions and to inquire whether they 
believe stress may be contributing to their problem.

For elderly, disabled, or marginally housed patients, it is important to elicit 
how they obtain and prepare their meals and how they access toilet facilities. 
For patients undergoing GI procedures, it is important to determine whether 
they have mental, physical, or social barriers that would make it difficult to 
comply with preprocedure instructions (including bowel preparation) and 
whether they have an able-bodied adult who can accompany them to the 
procedure and observe them at home, if necessary, afterward.

 Family History
The family history should be reviewed for GI disorders with a heritable com-
ponent, especially celiac disease (Chapter 131), inflammatory bowel diseases 
(Chapter 132), and neoplasms of the GI, gynecologic, and genitourinary tracts.

 Physical Examination
Nonabdominal Examination
The nonabdominal examination should assess nutritional status (Chapter 204) 
and any signs of systemic conditions that may cause GI symptoms or that 
must be considered in weighing the risks and benefits of further testing, espe-
cially endoscopy. Vital signs should be obtained in all patients. Low-grade 
fever (<100.5° F) is common in inflammatory conditions, including gastro-
enteritis, inflammatory bowel disease, appendicitis, cholecystitis, and diver-
ticulitis. High fever (>102° F) suggests sepsis, pelvic or intra-abdominal 
infections (e.g., cholangitis, pelvic inflammatory disease, pyelonephritis), or 
peritonitis. Hemodynamic instability (hypotension or tachycardia) suggests 
intravascular depletion due to poor oral intake, acute GI or intra-abdominal 
bleeding, severe diarrhea, or peritonitis. A body mass index of less than 18 
suggests malnourishment.

A general survey should be performed to assess for signs of weight loss (fat 
and muscle wasting), malnutrition (dry or thin skin, hair loss, edema, anasarca), 
and vitamin deficiencies (pellagra, scurvy). Skin lesions may provide clues to 
systemic conditions such as liver disease (jaundice, spider telangiectasias, 
palmar erythema), inflammatory bowel disease (erythema nodosum, pyoderma 
gangrenosum), celiac disease (dermatitis herpetiformis), vasculitis, and rare 
GI malignant neoplasms, polyposis syndromes, and pancreatic endocrine 
tumors (Chapters 183, 184, and 219). An oral examination looks for muco-
cutaneous candidiasis (which may reflect immunosuppression), ulcerations 
(which may reflect inflammatory bowel disease, vasculitis, viral infection, or 
vitamin deficiencies), and glossitis or angular cheilitis (which may reflect 
vitamin deficiencies). With the exception of supraclavicular lymph nodes, 
peripheral lymph nodes are uninvolved with GI diseases but should be exam-
ined when systemic infection or advanced malignant disease is suspected 
(Chapter 159). Examination of the lungs and cardiovascular system should 
focus on evidence of conditions that might increase the risk of moderate 
sedation in the event that endoscopy is required (respiratory insufficiency, 
heart failure) and of conditions that increase the risk of intestinal ischemia 
(atrial fibrillation, valvular heart disease, peripheral vascular disease) (Chapter 
134). The extremities should be evaluated for edema and peripheral pulses. 
Finally, a brief neurologic assessment should be performed to screen for intra-
cranial mass lesions or other neurologic disorders that may be manifested 
with GI symptoms.

Abdominal Examination
The abdominal examination begins with a visual inspection of the abdomen 
and inguinal region for scars (due to prior surgeries or trauma), asymmetry 
(suggesting a mass or organomegaly), distention (due to obesity, ascites, or 
intestinal ileus or obstruction), prominent periumbilical veins (suggesting 
portal hypertension), or hernias (umbilical, ventral, inguinal). The examina-
tion proceeds with auscultation followed by percussion, and it ends with light 
and deep palpation.

In patients without abdominal pain, auscultation of bowel sounds to assess 
intestinal motility has limited usefulness and may be omitted. Percussion may 
be performed before or in conjunction with light and deep palpation. Initial 
cursory light percussion across the upper, mid, and lower abdomen is useful 
to denote areas of dullness and tympany as well as to elicit unanticipated areas 
of pain or tenderness before palpation. More extensive percussion provides 
limited but useful information about the size of the liver and spleen, gastric 
or intestinal distention, bladder distention, and ascites (Chapters 137 and 
144). Gentle, light palpation promotes abdominal relaxation and allows the 
detection of muscle resistance (guarding), abdominal tenderness, and super-
ficial masses of the abdominal wall or abdomen. Deeper palpation of the 

abdominal organs (liver, spleen, kidneys, aorta) and abdominal cavity may 
detect enlargement or abnormal masses. Superficial or deep masses should 
be assessed for size, location, mobility, content (solid, liquid, or air), and the 
presence or absence of tenderness. The consistency of a patient’s response to 
palpation with and without distraction is particularly useful in those with 
suspected chronic functional abdominal discomfort. Superficial masses include 
hernias, lymph nodes, subcutaneous abscesses, lipomas, and hematomas. 
Neoplasms (liver, gallbladder, pancreas, stomach, intestine, kidney), abscesses 
(appendicitis, diverticulitis, Crohn disease), or aortic aneurysms may represent 
deep abdominal masses.

Examination of the right upper quadrant should assess the liver size, contour, 
texture, and tenderness. Liver size is crudely estimated by percussion of the 
upper and lower borders of liver dullness in the midclavicular line. Liver 
contour and tenderness are best assessed during held inspiration by deep 
palpation along the costal margin. Examination of the left upper quadrant 
is useful to detect splenomegaly (Chapter 159), although a normal-sized or 
even an enlarged spleen often cannot be detected. Percussion in the left upper 
quadrant near the tenth rib (posterior to the midaxillary line) may detect 
splenic dullness that is distinct from gastric or colonic tympany. The tip of 
an enlarged spleen may be palpated during inspiration if the examiner sup-
ports the left costal margin with the left hand while palpating below the costal 
margin with the right hand. Ascites should be suspected in a patient with a 
protuberant abdomen and bulging flanks. To screen for ascites, percussion 
of the flanks should be performed to assess the level of dullness. If the level 
of flank dullness appears to be increased, the most sensitive test for ascites is 
to check for “shifting” dullness when the patient rolls from the supine to the  
lateral position.

Digital Rectal and Pelvic Examinations
The digital rectal examination is intrusive and uncomfortable and should be 
performed only when necessary, such as in patients with perianal or rectal 
symptoms, incontinence, difficult defecation, suspected inflammatory bowel 
disease, and acute abdominal pain. The digital examination, with or without 
fecal occult blood testing, is not a useful screening test for colorectal cancer 
(Chapter 184). However, in patients with acute or chronic GI bleeding (Chapter 
126), it is a rapid means of assessing the stool for color and occult blood. The 
perianal area should be visually inspected for rashes, soilage (suggesting incon-
tinence or fistula), fistulas, fissures, skin tags, external hemorrhoids, and pro-
lapsed internal hemorrhoids (Chapter 136). After gentle digital insertion, the 
anal canal should be assessed for resting tone and voluntary squeeze. The 
distal rectal vault should be swept circumferentially to palpate for mass lesions, 
tenderness, or fluctuance.

 Laboratory Studies
Blood Tests
Blood tests routinely obtained in the evaluation of patients with GI symptoms 
include a complete blood count, liver tests (Chapter 138), serum chemistries, 
and, in selected cases, pancreatic enzymes and markers of inflammation. GI 
causes of anemia include acute or chronic GI blood loss, inflammatory bowel 
disease, nutrient malabsorption (folate, iron, or vitamin B12), and chronic liver 
disease. Microcytosis suggests iron deficiency due to chronic GI blood loss 
or malabsorption. Macrocytosis may be attributable to folate or B12 malab-
sorption, medications (e.g., immunomodulators used for inflammatory bowel 
disease), or chronic liver disease. An elevated platelet count suggests chronic 
inflammation (e.g., inflammatory bowel disease) or GI blood loss with com-
pensatory marrow production. A low platelet count may be attributable to 
portal hypertension with splenic sequestration. Low serum albumin may be 
caused by chronic GI disorders that result in weight loss, nutrient malabsorp-
tion, chronic inflammation, loss of protein across abnormal GI mucosa (i.e., 
protein-losing enteropathy), or decreased hepatic synthesis (e.g., chronic liver 
disease). Abnormal liver test results may be due to acute or chronic liver 
diseases, disorders of the pancreas or biliary tract, and medications (Chapter 
138). Serum amylase and lipase are obtained to screen for pancreatitis (Chapter 
135) in patients with acute abdominal pain. Increased levels of inflammatory 
markers, such as an elevated erythrocyte sedimentation rate and C-reactive 
protein, are nonspecific but useful in the management of patients with inflam-
matory bowel disease (Chapter 132).

Serum ferritin reflects total body iron and may be decreased in patients 
with chronic GI blood loss or intestinal malabsorption (e.g., celiac disease). 
Deficiencies in the fat-soluble vitamins (A, D, E, K) (Chapter 131) may reflect 
disorders of malabsorption that result in steatorrhea. The serum international 
normalized ratio may be elevated in patients with cholestasis because of 
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ABSTRACT
Diseases within and outside the gastrointestinal (GI) tract alter physiologic 
function by causing structural damage, bleeding, inflammation, nutrient mal-
absorption, or dysmotility. GI conditions manifest with a limited number of 
symptoms and signs, including abdominal pain, heartburn, dysphagia, dyspepsia, 
nausea, vomiting, gas and bloating, weight loss, diarrhea, constipation, incon-
tinence, and acute or chronic bleeding. A specific diagnosis can be established 
in most patients after a targeted history, physical examination, and laboratory 
testing, as well as appropriate radiographic and endoscopic imaging. The clini-
cal history should focus on the acuity, severity, location, duration, and pattern 
of symptoms, as well as their relationship with meals and bowel movements. 
The past medical history should elicit endocrine, cardiovascular, and neuro-
muscular disorders, including medications that may cause symptoms or increase 
the risk of diagnostic studies (including endoscopy). The social history should 
explore factors that may contribute to symptoms and determine the impact 
of GI symptoms on the patient’s quality of life. The physical examination 
should assess for signs of weight loss, malnutrition, and pulmonary, cardio-
vascular, or neuropsychiatric conditions that may cause GI disease or increase 
the risk of endoscopic evaluation. The abdominal examination includes inspec-
tion, percussion, and light and deep palpation to detect hernias, distention, 
abdominal tenderness, peritoneal irritation, an enlarged liver or spleen, abdomi-
nal masses, and ascites. Routine blood tests include a complete blood count, 
liver tests, and serum chemistries. Stool examination sometimes is obtained 
for occult blood and infectious agents. Further evaluation with radiologic 
imaging (commonly abdominal ultrasound, computed tomography, or magnetic 
resonance imaging) and endoscopy (commonly upper endoscopy or colo-
noscopy) is guided by the suspected underlying disorder.
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tell patients that stress worsens many conditions and to inquire whether they 
believe stress may be contributing to their problem.

For elderly, disabled, or marginally housed patients, it is important to elicit 
how they obtain and prepare their meals and how they access toilet facilities. 
For patients undergoing GI procedures, it is important to determine whether 
they have mental, physical, or social barriers that would make it difficult to 
comply with preprocedure instructions (including bowel preparation) and 
whether they have an able-bodied adult who can accompany them to the 
procedure and observe them at home, if necessary, afterward.

 Family History
The family history should be reviewed for GI disorders with a heritable com-
ponent, especially celiac disease (Chapter 131), inflammatory bowel diseases 
(Chapter 132), and neoplasms of the GI, gynecologic, and genitourinary tracts.

 Physical Examination
Nonabdominal Examination
The nonabdominal examination should assess nutritional status (Chapter 204) 
and any signs of systemic conditions that may cause GI symptoms or that 
must be considered in weighing the risks and benefits of further testing, espe-
cially endoscopy. Vital signs should be obtained in all patients. Low-grade 
fever (<100.5° F) is common in inflammatory conditions, including gastro-
enteritis, inflammatory bowel disease, appendicitis, cholecystitis, and diver-
ticulitis. High fever (>102° F) suggests sepsis, pelvic or intra-abdominal 
infections (e.g., cholangitis, pelvic inflammatory disease, pyelonephritis), or 
peritonitis. Hemodynamic instability (hypotension or tachycardia) suggests 
intravascular depletion due to poor oral intake, acute GI or intra-abdominal 
bleeding, severe diarrhea, or peritonitis. A body mass index of less than 18 
suggests malnourishment.

A general survey should be performed to assess for signs of weight loss (fat 
and muscle wasting), malnutrition (dry or thin skin, hair loss, edema, anasarca), 
and vitamin deficiencies (pellagra, scurvy). Skin lesions may provide clues to 
systemic conditions such as liver disease (jaundice, spider telangiectasias, 
palmar erythema), inflammatory bowel disease (erythema nodosum, pyoderma 
gangrenosum), celiac disease (dermatitis herpetiformis), vasculitis, and rare 
GI malignant neoplasms, polyposis syndromes, and pancreatic endocrine 
tumors (Chapters 183, 184, and 219). An oral examination looks for muco-
cutaneous candidiasis (which may reflect immunosuppression), ulcerations 
(which may reflect inflammatory bowel disease, vasculitis, viral infection, or 
vitamin deficiencies), and glossitis or angular cheilitis (which may reflect 
vitamin deficiencies). With the exception of supraclavicular lymph nodes, 
peripheral lymph nodes are uninvolved with GI diseases but should be exam-
ined when systemic infection or advanced malignant disease is suspected 
(Chapter 159). Examination of the lungs and cardiovascular system should 
focus on evidence of conditions that might increase the risk of moderate 
sedation in the event that endoscopy is required (respiratory insufficiency, 
heart failure) and of conditions that increase the risk of intestinal ischemia 
(atrial fibrillation, valvular heart disease, peripheral vascular disease) (Chapter 
134). The extremities should be evaluated for edema and peripheral pulses. 
Finally, a brief neurologic assessment should be performed to screen for intra-
cranial mass lesions or other neurologic disorders that may be manifested 
with GI symptoms.

Abdominal Examination
The abdominal examination begins with a visual inspection of the abdomen 
and inguinal region for scars (due to prior surgeries or trauma), asymmetry 
(suggesting a mass or organomegaly), distention (due to obesity, ascites, or 
intestinal ileus or obstruction), prominent periumbilical veins (suggesting 
portal hypertension), or hernias (umbilical, ventral, inguinal). The examina-
tion proceeds with auscultation followed by percussion, and it ends with light 
and deep palpation.

In patients without abdominal pain, auscultation of bowel sounds to assess 
intestinal motility has limited usefulness and may be omitted. Percussion may 
be performed before or in conjunction with light and deep palpation. Initial 
cursory light percussion across the upper, mid, and lower abdomen is useful 
to denote areas of dullness and tympany as well as to elicit unanticipated areas 
of pain or tenderness before palpation. More extensive percussion provides 
limited but useful information about the size of the liver and spleen, gastric 
or intestinal distention, bladder distention, and ascites (Chapters 137 and 
144). Gentle, light palpation promotes abdominal relaxation and allows the 
detection of muscle resistance (guarding), abdominal tenderness, and super-
ficial masses of the abdominal wall or abdomen. Deeper palpation of the 

abdominal organs (liver, spleen, kidneys, aorta) and abdominal cavity may 
detect enlargement or abnormal masses. Superficial or deep masses should 
be assessed for size, location, mobility, content (solid, liquid, or air), and the 
presence or absence of tenderness. The consistency of a patient’s response to 
palpation with and without distraction is particularly useful in those with 
suspected chronic functional abdominal discomfort. Superficial masses include 
hernias, lymph nodes, subcutaneous abscesses, lipomas, and hematomas. 
Neoplasms (liver, gallbladder, pancreas, stomach, intestine, kidney), abscesses 
(appendicitis, diverticulitis, Crohn disease), or aortic aneurysms may represent 
deep abdominal masses.

Examination of the right upper quadrant should assess the liver size, contour, 
texture, and tenderness. Liver size is crudely estimated by percussion of the 
upper and lower borders of liver dullness in the midclavicular line. Liver 
contour and tenderness are best assessed during held inspiration by deep 
palpation along the costal margin. Examination of the left upper quadrant 
is useful to detect splenomegaly (Chapter 159), although a normal-sized or 
even an enlarged spleen often cannot be detected. Percussion in the left upper 
quadrant near the tenth rib (posterior to the midaxillary line) may detect 
splenic dullness that is distinct from gastric or colonic tympany. The tip of 
an enlarged spleen may be palpated during inspiration if the examiner sup-
ports the left costal margin with the left hand while palpating below the costal 
margin with the right hand. Ascites should be suspected in a patient with a 
protuberant abdomen and bulging flanks. To screen for ascites, percussion 
of the flanks should be performed to assess the level of dullness. If the level 
of flank dullness appears to be increased, the most sensitive test for ascites is 
to check for “shifting” dullness when the patient rolls from the supine to the  
lateral position.

Digital Rectal and Pelvic Examinations
The digital rectal examination is intrusive and uncomfortable and should be 
performed only when necessary, such as in patients with perianal or rectal 
symptoms, incontinence, difficult defecation, suspected inflammatory bowel 
disease, and acute abdominal pain. The digital examination, with or without 
fecal occult blood testing, is not a useful screening test for colorectal cancer 
(Chapter 184). However, in patients with acute or chronic GI bleeding (Chapter 
126), it is a rapid means of assessing the stool for color and occult blood. The 
perianal area should be visually inspected for rashes, soilage (suggesting incon-
tinence or fistula), fistulas, fissures, skin tags, external hemorrhoids, and pro-
lapsed internal hemorrhoids (Chapter 136). After gentle digital insertion, the 
anal canal should be assessed for resting tone and voluntary squeeze. The 
distal rectal vault should be swept circumferentially to palpate for mass lesions, 
tenderness, or fluctuance.

 Laboratory Studies
Blood Tests
Blood tests routinely obtained in the evaluation of patients with GI symptoms 
include a complete blood count, liver tests (Chapter 138), serum chemistries, 
and, in selected cases, pancreatic enzymes and markers of inflammation. GI 
causes of anemia include acute or chronic GI blood loss, inflammatory bowel 
disease, nutrient malabsorption (folate, iron, or vitamin B12), and chronic liver 
disease. Microcytosis suggests iron deficiency due to chronic GI blood loss 
or malabsorption. Macrocytosis may be attributable to folate or B12 malab-
sorption, medications (e.g., immunomodulators used for inflammatory bowel 
disease), or chronic liver disease. An elevated platelet count suggests chronic 
inflammation (e.g., inflammatory bowel disease) or GI blood loss with com-
pensatory marrow production. A low platelet count may be attributable to 
portal hypertension with splenic sequestration. Low serum albumin may be 
caused by chronic GI disorders that result in weight loss, nutrient malabsorp-
tion, chronic inflammation, loss of protein across abnormal GI mucosa (i.e., 
protein-losing enteropathy), or decreased hepatic synthesis (e.g., chronic liver 
disease). Abnormal liver test results may be due to acute or chronic liver 
diseases, disorders of the pancreas or biliary tract, and medications (Chapter 
138). Serum amylase and lipase are obtained to screen for pancreatitis (Chapter 
135) in patients with acute abdominal pain. Increased levels of inflammatory 
markers, such as an elevated erythrocyte sedimentation rate and C-reactive 
protein, are nonspecific but useful in the management of patients with inflam-
matory bowel disease (Chapter 132).

Serum ferritin reflects total body iron and may be decreased in patients 
with chronic GI blood loss or intestinal malabsorption (e.g., celiac disease). 
Deficiencies in the fat-soluble vitamins (A, D, E, K) (Chapter 131) may reflect 
disorders of malabsorption that result in steatorrhea. The serum international 
normalized ratio may be elevated in patients with cholestasis because of 
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TABLE 123-1 APPROACH TO COMMON GASTROINTESTINAL SYMPTOMS AND SIGNS

ABDOMINAL PAIN GI BLEEDING DIARRHEA STEATORRHEA CONSTIPATION NAUSEA AND VOMITING DYSPHAGIA ODYNOPHAGIA
HEARTBURN AND 
REGURGITATION ANOREXIA WEIGHT LOSS

History 
(ascertain the 
following)

Duration: acute vs. 
chronic

Onset: sudden vs. 1-2 hr 
vs. gradual

Character: visceral (vague 
or dull, steady or 
cramping, diffuse) or 
parietal (severe, well 
localized, worse with 
movement)

Location: upper, middle, 
or lower; radiation

Associated symptoms: 
vomiting, hematemesis, 
diarrhea, hematochezia, 
melena, constipation, 
obstipation, jaundice

Previous episodes
Other diseases

Acute vs. chronic (duration); 
intermittent vs. 
continuous; quantity; 
hematemesis, melena, or 
hematochezia; associated 
pain and location; 
symptoms of anemia (e.g., 
dyspnea, chest pain, 
lightheadedness); 
medication use (especially 
aspirin, NSAIDs, 
anticoagulants); previous 
episodes; risk factors for 
chronic liver disease 
(alcohol, hepatitis)

Acute (<2 wk) vs. chronic 
(duration); fever, weight loss, 
or abdominal pain; stool 
character: number per 24 hr, 
watery or bloody, large vs. 
small volume, change in 
volume with eating, greasy; 
dietary history (especially 
lactose); history of IBD, 
pancreatic disease, intestinal 
surgery, DM; recent change 
in medications or antibiotic 
use; community outbreak or 
similar symptoms in family 
members; potential exposure 
to contaminated food; elderly 
immunosuppressed host; risk 
of HIV or sexually 
transmitted disease

Duration; weight loss; stool 
number, consistency 
(greasy), presence of 
blood; abdominal pain; 
flatulence; history of 
excessive alcohol, chronic 
liver disease, pancreatitis, 
intestinal dysmotility, 
surgery, DM; history of 
easy bruising, night 
blindness, bone pain, 
osteoporosis, dermatitis 
herpetiformis

Acute vs. chronic (duration); 
age; number of stools per 
week; difficulty with 
defecation (straining, 
incomplete evacuation, 
digital manipulation); 
bloating or discomfort; 
blood on stools, weight 
loss; dietary fiber and fluid 
intake; chronic illness 
(DM, neuromuscular, 
endocrine); abdominal 
surgeries; medications, 
impaired mobility

Nausea with or without emesis; 
acute vs. chronic (duration); 
intermittent vs. constant; 
presence or absence of severe 
abdominal pain, comorbid 
illnesses, especially peptic 
ulcer, endocrine (DM), 
cardiac, psychiatric; 
medications; history of 
excessive alcohol

Oropharyngeal vs. 
esophageal dysphagia; 
solids vs. liquids; acute 
vs. chronic (duration); 
intermittent vs. 
progressive; GERD 
symptoms present or 
absent; weight loss; 
history of food 
impactions, allergies, 
atopic conditions, skin 
changes, cold hands 
(Raynaud 
phenomenon)

Duration of pain with 
swallowing; 
underlying 
immunosuppression 
(e.g., HIV infection, 
DM); caustic 
ingestion; use of 
medications that 
cause topical injury 
(especially NSAIDs, 
KCl, bisphosphonates, 
iron, antibiotics, 
zidovudine)

Duration of symptoms; 
location; relation to 
meals or specific 
foods; nocturnal 
symptoms; 
dysphagia or chest 
pain; extraesophageal 
manifestations: 
cough, hoarseness, 
asthma

Acute vs. chronic (duration); 
association with different 
foods; psychiatric disease 
(e.g., depression, 
dementia); chronic or 
undiagnosed medical 
conditions (e.g., DM, 
thyroid or adrenal disease, 
COPD, advanced heart 
failure, renal insufficiency, 
malignant disease, HIV 
infection); medication use

Acute vs. chronic (duration); 
age; total amount (>5% is 
significant); intentional vs. 
unintentional; appetite 
increased or decreased; 
rapid vs. gradual; change 
in physical activity; 
documented vs. 
undocumented; fever or 
sweats; anorexia, nausea, 
vomiting; diarrhea, 
steatorrhea, blood in stool; 
abdominal pain; history or 
symptoms of chronic 
medical, neurologic, or 
psychiatric illness; 
medications; alcohol and 
substance abuse

Physical findings 
(evaluate for 
the following)

Fever, HR, BP
Appearance: calm, restless, 

motionless
Inspect: skin, distention, 

hernias
Bowel sounds: present, 

absent, roaring
Percussion and palpation: 

organomegaly, mass 
(abscess), focal 
tenderness, guarding

Peritoneal signs: sharp 
pain with cough, 
shaking, percussion, 
light palpation

HR, BP, orthostatic findings; 
abdominal pain present or 
absent; signs of chronic 
liver disease and portal 
hypertension (which may 
indicate varices); jaundice, 
spider angiomas, 
hepatosplenomegaly; 
ascites; examine 
nasogastric aspirate for 
blood (“coffee grounds” vs. 
bright red); examine stool 
for blood (Hemoccult) 
and color (melena, 
maroon, or bright red)

HR, BP, orthostatic findings; 
fever; wasting; presence of 
abdominal tenderness or 
mass; perianal disease; 
extraintestinal symptoms of 
IBD (e.g., oral ulcers, 
arthritis, erythema nodosum)

Wasting, presence or absence 
of abdominal mass or 
tenderness; rash (vitamin 
deficiencies) or excessive 
bruising (vitamin K 
deficiency); jaundice or 
signs of chronic liver 
disease

Assess mobility and chronic 
medical conditions; 
abdominal distention; 
palpable stool within 
bowel in left lower 
quadrant; rectal 
examination—impacted 
stool, anal fissure, rectal 
prolapse, pelvic floor 
descent with straining, 
rectocele

Acute with severe abdominal 
pain: evaluate for GI 
obstruction, pancreatitis, 
mesenteric ischemia, biliary 
colic, appendicitis, or other 
conditions causing peritonitis

Acute without abdominal pain: 
evaluate for pregnancy, 
medications, food poisoning, 
infectious gastroenteritis, 
hepatitis, CNS disease, 
postoperative ileus

Chronic: evaluate for 
medications, chronic gastric 
outlet obstruction (due to 
ulcer disease or malignant 
disease), impaired GI 
motility (gastroparesis), 
other chronic medical 
conditions, intracranial 
disorders, psychiatric disease 
(bulimia)

Usually normal; examine 
oropharynx and neck 
for lymphadenopathy 
and masses; evaluate 
the skin for 
sclerodermatous 
changes

Usually normal; evaluate 
oropharynx for 
thrush, herpetic 
lesions, caustic injury; 
general examination 
for signs of underlying 
immunosuppression

Usually normal, unless 
extraesophageal 
manifestations are 
present

Wasting; fever; signs of 
bulimia (e.g., loss of tooth 
enamel, knuckle 
ulcerations and calluses); 
abdominal masses; 
enlarged lymph nodes

Wasting; malnutrition; poor 
dentition or poorly fitting 
dentures; thyromegaly; 
COPD or heart failure; 
abdominal masses; 
enlarged lymph nodes; 
pelvic masses in women; 
diabetic neuropathy; signs 
of depression, dementia, 
or bulimia

Laboratory tests CBC, BUN, Cr, glucose, 
amylase, lipase, liver 
tests (ALT, AST, 
bilirubin, alkaline 
phosphatase), albumin, 
INR, U/A, urine 
β-HCG

CBC, BUN, Cr, liver tests, 
INR, type and cross

CBC, BUN, Cr, glucose, 
electrolytes, liver tests, 
albumin, C-reactive protein

Selected cases: consider serum 
chromogranin A, VIP, 
calcitonin, gastrin, glucagon, 
urinary 5-HIAA; stool for 
culture, ova, parasites; 
consider fecal weight, fat, 
electrolytes, laxative screen

CBC, glucose, liver tests, 
albumin, electrolytes, 
celiac disease antibodies 
(anti-tTG or 
antiendomysial); 
assessment of vitamin and 
mineral absorption (A, D) 
and INR (K is fat soluble), 
folate, iron, calcium, 
phosphate, B12; stool for 
fecal elastase and 
qualitative fat; stool for 
quantitative fecal fat; 
hydrogen breath test for 
bacterial overgrowth

CBC, Chem-7, calcium, 
magnesium, phosphate, 
TFTs; selected patients 
with severe constipation 
may undergo colonic 
transit studies or anal 
manometry with balloon 
expulsion

β-HCG, CBC, serum 
electrolytes, BUN, Cr, 
glucose, HbA1c, liver tests, 
albumin, TFTs, cortisol

CBC; eosinophilia or 
elevated IgE in some 
patients with 
eosinophilic 
esophagitis

CBC, HIV test, fasting 
glucose

Usually normal CBC, Chem-7, liver tests, 
albumin, HIV test, TFTs

CBC, Chem-7, HbA1c, TFTs, 
liver tests, C-reactive 
protein or ESR, calcium, 
phosphate, albumin, HIV 
test, morning cortisol

Endoscopy EGD, colonoscopy EGD, colonoscopy, 
enteroscopy, wireless 
capsule study

Colonoscopy (including ileal 
inspection) with biopsies; 
EGD with duodenal biopsies; 
wireless capsule study

EGD with duodenal biopsies Colonoscopy if recent change 
in bowel habits

EGD to exclude gastric outlet 
obstruction

EGD with biopsies or 
dilation, esophageal 
motility study

EGD with biopsies EGD (to detect erosive 
esophagitis or 
Barrett esophagus); 
ambulatory pH/
impedance probe

Directed at detecting 
underlying disease, e.g., if a 
GI cause is suspected, 
EGD or colonoscopy with 
biopsies may be helpful

Directed at detecting 
underlying disease, e.g., if 
a GI cause is suspected, 
EGD or colonoscopy with 
biopsies may be helpful

Imaging CT scan or ultrasound; 
angiography; small 
bowel enterography

Tagged RBC scan, 
angiography

Small bowel enterography: CT, 
MRI, or barium (Crohn 
disease); somatostatin 
scintigraphy

CT of the abdomen 
(pancreatic calcifications; 
biliary dilation)

Usually not necessary; MRI 
or defecography

CT of the abdomen; if chronic, 
also consider head CT, 
gastric emptying study, small 
bowel enterography

Esophagogram (barium 
swallow) will show 
stricture, Schatzki 
ring, mass

Usually not necessary Usually not necessary Directed at detecting 
underlying disease, e.g., if a 
GI cause is suspected, 
abdominal CT may be 
helpful

Directed at detecting 
underlying disease, e.g., 
chest or abdominal CT 
may be helpful

ALT = alanine transaminase; AST = aspartate transaminase; BP = blood pressure; BUN = blood urea nitrogen; CBC = complete blood count; CNS = central nervous system; COPD = chronic obstructive 
pulmonary disease; Cr = creatinine; CT = computed tomography; DM = diabetes mellitus; EGD = esophagogastroduodenoscopy; ESR = erythrocyte sedimentation rate; GERD = gastroesophageal reflux 
disease; GI = gastrointestinal; HbA1C = hemoglobin A1C; HCG = human chorionic gonadotropin; 5-HIAA = 5-hydroxyindoleacetic acid; HIV = human immunodeficiency virus; HR = heart rate; IBD = 
inflammatory bowel disease; INR = international normalized ratio; KCl = potassium chloride; MRI = magnetic resonance imaging; NSAIDs = nonsteroidal anti-inflammatory drugs; RBC = red blood cell;  
TFTs = thyroid function tests; tTG = tissue transglutaminase; U/A = urinalysis; VIP = vasoactive intestinal polypeptide.
Modified from Proctor DD. Approach to the patient with gastrointestinal disease. In: Goldman L, Ausiello D, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia: Saunders-Elsevier; 2008.
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TABLE 123-1 APPROACH TO COMMON GASTROINTESTINAL SYMPTOMS AND SIGNS

ABDOMINAL PAIN GI BLEEDING DIARRHEA STEATORRHEA CONSTIPATION NAUSEA AND VOMITING DYSPHAGIA ODYNOPHAGIA
HEARTBURN AND 
REGURGITATION ANOREXIA WEIGHT LOSS

History 
(ascertain the 
following)

Duration: acute vs. 
chronic

Onset: sudden vs. 1-2 hr 
vs. gradual

Character: visceral (vague 
or dull, steady or 
cramping, diffuse) or 
parietal (severe, well 
localized, worse with 
movement)

Location: upper, middle, 
or lower; radiation

Associated symptoms: 
vomiting, hematemesis, 
diarrhea, hematochezia, 
melena, constipation, 
obstipation, jaundice

Previous episodes
Other diseases

Acute vs. chronic (duration); 
intermittent vs. 
continuous; quantity; 
hematemesis, melena, or 
hematochezia; associated 
pain and location; 
symptoms of anemia (e.g., 
dyspnea, chest pain, 
lightheadedness); 
medication use (especially 
aspirin, NSAIDs, 
anticoagulants); previous 
episodes; risk factors for 
chronic liver disease 
(alcohol, hepatitis)

Acute (<2 wk) vs. chronic 
(duration); fever, weight loss, 
or abdominal pain; stool 
character: number per 24 hr, 
watery or bloody, large vs. 
small volume, change in 
volume with eating, greasy; 
dietary history (especially 
lactose); history of IBD, 
pancreatic disease, intestinal 
surgery, DM; recent change 
in medications or antibiotic 
use; community outbreak or 
similar symptoms in family 
members; potential exposure 
to contaminated food; elderly 
immunosuppressed host; risk 
of HIV or sexually 
transmitted disease

Duration; weight loss; stool 
number, consistency 
(greasy), presence of 
blood; abdominal pain; 
flatulence; history of 
excessive alcohol, chronic 
liver disease, pancreatitis, 
intestinal dysmotility, 
surgery, DM; history of 
easy bruising, night 
blindness, bone pain, 
osteoporosis, dermatitis 
herpetiformis

Acute vs. chronic (duration); 
age; number of stools per 
week; difficulty with 
defecation (straining, 
incomplete evacuation, 
digital manipulation); 
bloating or discomfort; 
blood on stools, weight 
loss; dietary fiber and fluid 
intake; chronic illness 
(DM, neuromuscular, 
endocrine); abdominal 
surgeries; medications, 
impaired mobility

Nausea with or without emesis; 
acute vs. chronic (duration); 
intermittent vs. constant; 
presence or absence of severe 
abdominal pain, comorbid 
illnesses, especially peptic 
ulcer, endocrine (DM), 
cardiac, psychiatric; 
medications; history of 
excessive alcohol

Oropharyngeal vs. 
esophageal dysphagia; 
solids vs. liquids; acute 
vs. chronic (duration); 
intermittent vs. 
progressive; GERD 
symptoms present or 
absent; weight loss; 
history of food 
impactions, allergies, 
atopic conditions, skin 
changes, cold hands 
(Raynaud 
phenomenon)

Duration of pain with 
swallowing; 
underlying 
immunosuppression 
(e.g., HIV infection, 
DM); caustic 
ingestion; use of 
medications that 
cause topical injury 
(especially NSAIDs, 
KCl, bisphosphonates, 
iron, antibiotics, 
zidovudine)

Duration of symptoms; 
location; relation to 
meals or specific 
foods; nocturnal 
symptoms; 
dysphagia or chest 
pain; extraesophageal 
manifestations: 
cough, hoarseness, 
asthma

Acute vs. chronic (duration); 
association with different 
foods; psychiatric disease 
(e.g., depression, 
dementia); chronic or 
undiagnosed medical 
conditions (e.g., DM, 
thyroid or adrenal disease, 
COPD, advanced heart 
failure, renal insufficiency, 
malignant disease, HIV 
infection); medication use

Acute vs. chronic (duration); 
age; total amount (>5% is 
significant); intentional vs. 
unintentional; appetite 
increased or decreased; 
rapid vs. gradual; change 
in physical activity; 
documented vs. 
undocumented; fever or 
sweats; anorexia, nausea, 
vomiting; diarrhea, 
steatorrhea, blood in stool; 
abdominal pain; history or 
symptoms of chronic 
medical, neurologic, or 
psychiatric illness; 
medications; alcohol and 
substance abuse

Physical findings 
(evaluate for 
the following)

Fever, HR, BP
Appearance: calm, restless, 

motionless
Inspect: skin, distention, 

hernias
Bowel sounds: present, 

absent, roaring
Percussion and palpation: 

organomegaly, mass 
(abscess), focal 
tenderness, guarding

Peritoneal signs: sharp 
pain with cough, 
shaking, percussion, 
light palpation

HR, BP, orthostatic findings; 
abdominal pain present or 
absent; signs of chronic 
liver disease and portal 
hypertension (which may 
indicate varices); jaundice, 
spider angiomas, 
hepatosplenomegaly; 
ascites; examine 
nasogastric aspirate for 
blood (“coffee grounds” vs. 
bright red); examine stool 
for blood (Hemoccult) 
and color (melena, 
maroon, or bright red)

HR, BP, orthostatic findings; 
fever; wasting; presence of 
abdominal tenderness or 
mass; perianal disease; 
extraintestinal symptoms of 
IBD (e.g., oral ulcers, 
arthritis, erythema nodosum)

Wasting, presence or absence 
of abdominal mass or 
tenderness; rash (vitamin 
deficiencies) or excessive 
bruising (vitamin K 
deficiency); jaundice or 
signs of chronic liver 
disease

Assess mobility and chronic 
medical conditions; 
abdominal distention; 
palpable stool within 
bowel in left lower 
quadrant; rectal 
examination—impacted 
stool, anal fissure, rectal 
prolapse, pelvic floor 
descent with straining, 
rectocele

Acute with severe abdominal 
pain: evaluate for GI 
obstruction, pancreatitis, 
mesenteric ischemia, biliary 
colic, appendicitis, or other 
conditions causing peritonitis

Acute without abdominal pain: 
evaluate for pregnancy, 
medications, food poisoning, 
infectious gastroenteritis, 
hepatitis, CNS disease, 
postoperative ileus

Chronic: evaluate for 
medications, chronic gastric 
outlet obstruction (due to 
ulcer disease or malignant 
disease), impaired GI 
motility (gastroparesis), 
other chronic medical 
conditions, intracranial 
disorders, psychiatric disease 
(bulimia)

Usually normal; examine 
oropharynx and neck 
for lymphadenopathy 
and masses; evaluate 
the skin for 
sclerodermatous 
changes

Usually normal; evaluate 
oropharynx for 
thrush, herpetic 
lesions, caustic injury; 
general examination 
for signs of underlying 
immunosuppression

Usually normal, unless 
extraesophageal 
manifestations are 
present

Wasting; fever; signs of 
bulimia (e.g., loss of tooth 
enamel, knuckle 
ulcerations and calluses); 
abdominal masses; 
enlarged lymph nodes

Wasting; malnutrition; poor 
dentition or poorly fitting 
dentures; thyromegaly; 
COPD or heart failure; 
abdominal masses; 
enlarged lymph nodes; 
pelvic masses in women; 
diabetic neuropathy; signs 
of depression, dementia, 
or bulimia

Laboratory tests CBC, BUN, Cr, glucose, 
amylase, lipase, liver 
tests (ALT, AST, 
bilirubin, alkaline 
phosphatase), albumin, 
INR, U/A, urine 
β-HCG

CBC, BUN, Cr, liver tests, 
INR, type and cross

CBC, BUN, Cr, glucose, 
electrolytes, liver tests, 
albumin, C-reactive protein

Selected cases: consider serum 
chromogranin A, VIP, 
calcitonin, gastrin, glucagon, 
urinary 5-HIAA; stool for 
culture, ova, parasites; 
consider fecal weight, fat, 
electrolytes, laxative screen

CBC, glucose, liver tests, 
albumin, electrolytes, 
celiac disease antibodies 
(anti-tTG or 
antiendomysial); 
assessment of vitamin and 
mineral absorption (A, D) 
and INR (K is fat soluble), 
folate, iron, calcium, 
phosphate, B12; stool for 
fecal elastase and 
qualitative fat; stool for 
quantitative fecal fat; 
hydrogen breath test for 
bacterial overgrowth

CBC, Chem-7, calcium, 
magnesium, phosphate, 
TFTs; selected patients 
with severe constipation 
may undergo colonic 
transit studies or anal 
manometry with balloon 
expulsion

β-HCG, CBC, serum 
electrolytes, BUN, Cr, 
glucose, HbA1c, liver tests, 
albumin, TFTs, cortisol

CBC; eosinophilia or 
elevated IgE in some 
patients with 
eosinophilic 
esophagitis

CBC, HIV test, fasting 
glucose

Usually normal CBC, Chem-7, liver tests, 
albumin, HIV test, TFTs

CBC, Chem-7, HbA1c, TFTs, 
liver tests, C-reactive 
protein or ESR, calcium, 
phosphate, albumin, HIV 
test, morning cortisol

Endoscopy EGD, colonoscopy EGD, colonoscopy, 
enteroscopy, wireless 
capsule study

Colonoscopy (including ileal 
inspection) with biopsies; 
EGD with duodenal biopsies; 
wireless capsule study

EGD with duodenal biopsies Colonoscopy if recent change 
in bowel habits

EGD to exclude gastric outlet 
obstruction

EGD with biopsies or 
dilation, esophageal 
motility study

EGD with biopsies EGD (to detect erosive 
esophagitis or 
Barrett esophagus); 
ambulatory pH/
impedance probe

Directed at detecting 
underlying disease, e.g., if a 
GI cause is suspected, 
EGD or colonoscopy with 
biopsies may be helpful

Directed at detecting 
underlying disease, e.g., if 
a GI cause is suspected, 
EGD or colonoscopy with 
biopsies may be helpful

Imaging CT scan or ultrasound; 
angiography; small 
bowel enterography

Tagged RBC scan, 
angiography

Small bowel enterography: CT, 
MRI, or barium (Crohn 
disease); somatostatin 
scintigraphy

CT of the abdomen 
(pancreatic calcifications; 
biliary dilation)

Usually not necessary; MRI 
or defecography

CT of the abdomen; if chronic, 
also consider head CT, 
gastric emptying study, small 
bowel enterography

Esophagogram (barium 
swallow) will show 
stricture, Schatzki 
ring, mass

Usually not necessary Usually not necessary Directed at detecting 
underlying disease, e.g., if a 
GI cause is suspected, 
abdominal CT may be 
helpful

Directed at detecting 
underlying disease, e.g., 
chest or abdominal CT 
may be helpful

ALT = alanine transaminase; AST = aspartate transaminase; BP = blood pressure; BUN = blood urea nitrogen; CBC = complete blood count; CNS = central nervous system; COPD = chronic obstructive 
pulmonary disease; Cr = creatinine; CT = computed tomography; DM = diabetes mellitus; EGD = esophagogastroduodenoscopy; ESR = erythrocyte sedimentation rate; GERD = gastroesophageal reflux 
disease; GI = gastrointestinal; HbA1C = hemoglobin A1C; HCG = human chorionic gonadotropin; 5-HIAA = 5-hydroxyindoleacetic acid; HIV = human immunodeficiency virus; HR = heart rate; IBD = 
inflammatory bowel disease; INR = international normalized ratio; KCl = potassium chloride; MRI = magnetic resonance imaging; NSAIDs = nonsteroidal anti-inflammatory drugs; RBC = red blood cell;  
TFTs = thyroid function tests; tTG = tissue transglutaminase; U/A = urinalysis; VIP = vasoactive intestinal polypeptide.
Modified from Proctor DD. Approach to the patient with gastrointestinal disease. In: Goldman L, Ausiello D, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia: Saunders-Elsevier; 2008.



CHAPTER 123 ApproAch to the pAtient with GAstrointestinAl DiseAse818

malabsorption of vitamin K or in patients with chronic liver disease because 
of decreased hepatic synthetic function. Serum B12 may be decreased in patients 
with autoimmune gastritis (pernicious anemia), gastric bypass surgery, or 
malabsorption because of small bowel bacterial overgrowth or disease of the 
terminal ileum (e.g., Crohn disease).

Specialized laboratory tests that may be useful for the diagnosis of specific 
diseases include stool Helicobacter pylori antigen in patients with duodenal 
ulcer disease or dyspepsia, antibodies to tissue transglutaminase immuno-
globulin A (IgA) in celiac disease, antibodies to microbial antigens or auto-
immune markers in inflammatory bowel disease (anti–Saccharomyces cerevisiae, 
perinuclear antineutrophil cytoplasmic antibody), and CA19-9 in pancreati-
cobiliary malignant disease. Because of their limited sensitivity and specificity, 
these tests are not useful for screening but may be helpful in circumscribed 
situations in which the results may shift the diagnostic probability.

Stool Examination
Fecal occult blood testing is useful to evaluate iron deficiency anemia and 
acute or chronic GI blood loss. In patients with acute diarrhea, assessment of 
fecal leukocytes or culture of common pathogens is routine, and in selected 
patients, testing for parasites (Giardia, Entamoeba histolytica), Clostridium dif-
ficile, Escherichia coli O157:H7, or other specific organisms may be warranted. 
In many clinical settings, commercially available molecular diagnostic tests 
can screen patients with acute diarrhea for a defined panel of bacteria, viruses, 
and parasites, and provide results within 1 to 5 hours.3 To distinguish among 
the causes of chronic diarrhea (Chapter 131), stool samples may be sent for 
assessment of electrolytes, leukocytes, and fecal fat.4

 Endoscopy and Radiology
Endoscopy (Chapter 125) and radiographic studies (Chapter 124) play a 
major role in the evaluation and management of many GI disorders. Esophageal 
manometry and esophageal pH and impedance monitoring can be useful for 
the evaluation of heartburn, reflux, and other esophageal symptoms (Chapter 
129). Anorectal manometry may be useful in some patients with fecal incon-
tinence and defecatory dysfunction (Chapter 136). Breath tests are commonly 
used to diagnose H. pylori infection (a urease breath test; Chapter 130), lactose 
intolerance, and small bowel bacterial overgrowth (a hydrogen breath test 
with lactulose or glucose; Chapter 131).

The diagnosis of a functional GI disorder is made after organic disorders 
have been excluded by clinical evaluation and limited, directed diagnostic 
testing. “Overtesting” should be avoided. Thereafter, the emphasis should 
switch from finding a “cause” of the symptoms to implementing successful 
coping and adaptive behaviors.

 ABDOMINAL PAIN
Abdominal pain, which is a frequent complaint among outpatients in the 
office setting and emergency department, may be benign and self-limited or 
the presenting symptom of severe, life-threatening disease. Chronic abdominal 
pain that has been present for months or years in the absence of other organic 
illness is almost always functional in origin and does not require urgent evalu-
ation. By contrast, most patients with severe acute abdominal pain require a 
thorough but emergent evaluation, which may quickly reveal an acute surgical 
illness (Chapter 133).

 PATHOBIOLOGY
Stimulation of hollow abdominal viscera is mediated by splanchnic afferent 
fibers within the muscle wall, visceral peritoneum, and mesentery that are 
sensitive to distention and contraction. Visceral afferent nerves are loosely 
organized, innervate several organs, and enter the spinal cord at several 
levels. Thus, visceral pain is vague or dull in character and diffuse; patients 
attempting to localize the pain often move their entire hand over the upper, 
middle, or lower abdomen. Most visceral pain is steady, but cramping, inter-
mittent pain or “colic” results from peristaltic contractions caused by partial 
or complete obstruction of the small intestine, ureter, or uterine tubes. In 
contrast to visceral innervation, a dense network of nerve fibers that follow 
a spinal T6 to L1 somatic distribution innervates the parietal peritoneum. 
Pain fibers of the parietal peritoneum are stimulated by stretch or distention 
of the abdominal cavity or retroperitoneum; direct irritation from infection, 
pus, or secretions (e.g., caused by a ruptured viscus); or inflammation caused 
by contact between the parietal peritoneum and an adjacent inflamed organ 
(e.g., appendicitis). Parietal pain is sharp, well characterized, and localized 
by the patient to a precise location on the abdomen, often by pointing with  
one finger.

The GI viscera (liver, biliary system, pancreas, and GI tract) arise during 
embryologic development from midline structures that have bilateral 
innervation. Thus, GI visceral pain is typically localized to the abdominal  
midline.

 Acute Abdominal Pain
 CLINICAL MANIFESTATIONS

History
The history should determine the time course, character, and location and 
radiation pattern of the pain (Table 123-2). Severe abdominal pain that begins 
suddenly during seconds to minutes indicates a catastrophic event, such as 
esophageal rupture, perforated peptic ulcer or viscus, ruptured ectopic preg-
nancy, ruptured aortic aneurysm, acute mesenteric ischemia, or myocardial 
infarction. Pain that progresses within 1 to 2 hours is consistent with a rapidly 
progressive inflammatory disorder (e.g., cholecystitis, appendicitis, pancre-
atitis), acute obstruction of a viscus (small intestinal obstruction, which is 
often related to adhesions from prior intra-peritoneal surgery5; ureteral colic), 
or organ ischemia caused by a strangulated blood supply (volvulus, strangulated 
hernia, ovarian torsion). Pain that is less severe and develops during several 
hours is more commonly caused by a medical rather than a surgical condition, 
including upper GI disorders (dyspepsia), intestinal disorders (gastroenteritis, 
inflammatory bowel disease), liver disorders (hepatitis, abscess), urinary dis-
orders (cystitis, pyelonephritis), and gynecologic infections; however, the slow 
evolution of surgical disorders such as cholecystitis (Chapter 146), appendicitis 
or diverticulitis (Chapter 133), and intra-abdominal abscesses must not be 
overlooked.

The character of the pain provides important information about whether 
the symptoms are due to visceral stimulation or parietal stimulation (perito-
nitis). Patients with peritonitis may report severe localized pain or irritation 
with activities or maneuvers that stretch or move the parietal peritoneum, 
such as walking, moving in bed, and coughing; as a result, they tend to lie 
quietly to avoid painful stimulation. By contrast, patients with visceral pain 
may move or walk restlessly or attempt a bowel movement in an effort to 
relieve their symptoms.

The location of pain in the upper, middle, or lower abdomen is a crude but 
important indicator of the diagnosis (Fig. 123-1). Visceral pain arising from 
the foregut (esophagus, stomach, proximal duodenum, bile duct, gallblad-
der, pancreas) most often is manifested in the epigastrium. Pain derived from 
the midgut (small intestine, appendix, ascending colon, proximal transverse 
colon) occurs in a periumbilical location. Pain derived from the hindgut (distal 
transverse colon, left colon, rectum) localizes to the lower midline between 
the umbilicus and symphysis pubis. Paired intra-abdominal organs such as 
the kidneys, ureters, ovaries, and fallopian tubes have unilateral innervation 
that localizes pain to the side of the involved organ. As some surgical condi-
tions progress, the character and location of the pain shift from a visceral 
to a parietal pain pattern. Thus, early cholecystitis (Chapter 146) may be 
manifested with vague midline epigastric pain that progresses to sharp right 
upper quadrant pain as localized peritoneal irritation develops. Likewise, 
appendicitis (Chapter 133) commonly begins with vague, diffuse perium-
bilical pain that evolves to sharp, well-localized right lower quadrant pain as  
peritonitis ensues.

Anorexia, vomiting, diarrhea, distention, and constipation are commonly 
seen with abdominal pain caused by both medical and surgical disorders. 
Although nonspecific, the absence of any of these symptoms is evidence against 
an emergent surgical or medical disorder because severe illness usually leads 
to reflex stimulation or inhibition of gastric and intestinal peristalsis. Vomiting 
is common in medical and surgical disorders involving the upper GI tract, 
including acute gastroenteritis, pancreatitis, gastric and small intestinal obstruc-
tion, and biliary tract disease. Pain that precedes the onset of vomiting is 
typical of surgical conditions, whereas the reverse is true of medical conditions 
(e.g., food poisoning, gastroenteritis). Abdominal pain with prominent diar-
rhea is most commonly caused by a medical condition (e.g., gastroenteritis, 
inflammatory bowel disease). Although constipation alone is a nonspecific 
complaint, the absence of stool passage and flatus is consistent with complete 
bowel obstruction or paralytic ileus.

Jaundice accompanying acute abdominal pain virtually always indicates a 
hepatobiliary disorder (Chapter 138), including obstruction of the biliary 
duct (choledocholithiasis, pancreatic carcinoma, cholangiocarcinoma), com-
plications of acute cholecystitis, acute hepatitis (viral, ischemic), and hepatic 
malignant neoplasms. The possibility of cholangitis should be considered and 
excluded in all patients with acute abdominal pain and jaundice, especially if 
the patient has fever, chills, hypotension, altered mental status, or leukocytosis. 
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TABLE 123-2 TYPICAL MANIFESTATIONS OF KEY CAUSES OF ACUTE AND CHRONIC ABDOMINAL PAIN

CONDITION LOCATION QUALITY ONSET
AGGRAVATING OR 

RELIEVING FACTORS
ASSOCIATED SYMPTOMS  

OR SIGNS DIAGNOSTIC STUDIES
Peptic ulcer disease 

(Chapter 130)
Epigastric, occasionally 

RUQ, rarely LUQ
Dyspepsia: mild to 

moderate aching 
discomfort, pain, 
burning, gnawing, 
postprandial fullness

Days Variable relief with 
antacids; may be 
relieved by, worsened 
by, or unrelated to 
meals

Recurrent; associated factors (e.g., 
Helicobacter pylori, aspirin, 
NSAIDs)

Anemia, upper endoscopy, 
H. pylori testing

Acute pancreatitis 
(Chapter 135)

Epigastric, radiates to 
midback 
(occasionally RUQ 
or LUQ)

Diffuse, steady, 
stabbing, 
penetrating

1-2 hr Aggravated by food; 
better when lying still 
and with narcotics

Severe nausea and vomiting; 
reduced or absent bowel 
sounds; associated factors (e.g., 
alcohol, gallstones)

Elevated amylase and 
lipase, CT

Acute cholecystitis 
(Chapter 146)

Epigastric, then moves 
to RUQ; may 
radiate to right 
scapula

Gradual, steady 
increase, moderate 
to severe

Hours May follow a fatty meal; 
better with narcotics 
and surgery

Nausea, some vomiting, fever Elevated WBC count, US 
or CT

Acute appendicitis 
(Chapter 133)

Periumbilical, then 
moves to RLQ

Vague initially; gradual, 
steady increase to 
intense, localized, 
pain

Hours Unprovoked; better with 
narcotics and surgery

Anorexia, nausea, obstipation; 
occasional vomiting, fever late

Elevated WBC count, US 
or CT

Diverticulitis 
(Chapter 133)

LLQ or suprapubic Moderate to severe, 
steady or cramping, 
sharp or aching, 
localized

Hours to 
days

Unprovoked; better with 
narcotics and 
antibiotics or surgery

Anorexia, nausea, distention, 
constipation or loose stools; 
partial relief with passage of 
flatus or BM; fever late

Elevated WBC count, CT

Ruptured viscus and 
peritonitis 
(Chapter 133)

Diffuse Intense Minutes to 
hours

Worse with cough or 
movement; better 
when lying still or 
with narcotics or 
surgery

Fever, anorexia, nausea, vomiting; 
lack of bowel sounds; 
tenderness with percussion, 
light touch, rebound; guarding 
and rigidity (late); loath to 
move

Elevated WBC count, CT

Intestinal ischemia 
(Chapter 134)

Small intestine—
periumbilical; 
proximal (right) 
colon—
periumbilical or 
RLQ; distal 
colon—LLQ

Severe, stabbing pain 
out of proportion to 
physical findings

Minutes Chronic ischemia—
occurs after eating; 
acute ischemia—
usually unprovoked; 
better with narcotics, 
thrombus dissolution, 
stenting, surgical 
resection

Nausea, bloody diarrhea; 
associated factors (e.g., 
hypotension, cardiac 
arrhythmias)

Elevated WBC count, CT 
or MR with 
angiography, or 
colonoscopy (colonic 
ischemia)

Strangulated hernia 
(Chapter 133)

Localized Sharp, localized, 
intense; crampy or 
steady

Minutes to 
hours

Previous hernia history; 
unprovoked; better 
with narcotics and 
decompression, 
including surgery

Anorexia, nausea, vomiting, no 
stool or flatus passage if 
obstruction; bowel sounds 
variable—hyperactive early if 
obstruction present, but absent 
bowel sounds late, especially 
with peritonitis

Elevated WBC count, CT, 
US

Small or large bowel 
obstruction 
(Chapter 133)

Small intestine—
periumbilical; 
proximal (right) 
colon—
periumbilical or 
right abdomen; 
distal (left) 
colon—LLQ

Early—diffuse, colicky, 
crampy; late—
steady and better 
localized

Hours to 
days

Aggravated by food; 
better with narcotics, 
NGT decompression, 
or surgery

Distention, anorexia, nausea, 
vomiting; no stool or flatus 
passage; small intestine—
increased hyperperistaltic 
(rushes) bowel sounds (early) 
or quiet abdomen (late); large 
intestine—bowel sounds 
variable; associated factors 
(e.g., hernia, previous surgery)

CT

Abdominal abscess 
(Chapter 133)

Located over the 
abscess, usually 
LLQ or RLQ

Insidious, intense, 
constant

Days May be aggravated by 
movement; better 
with abscess drainage

Fever, anorexia, nausea, 
abdominal mass

Elevated WBC count, CT

Acute hepatitis 
(Chapter 139)

RUQ Dull or intense; 
localized

Days Worse with deep 
inspiration

Jaundice, anorexia, nausea; liver 
enlarged and tender to 
palpation; associated factors 
(e.g., alcohol, infection)

Abnormal liver test results

GERD (Chapter 129) Substernal or 
epigastric

Burning, gnawing Days to 
years

Provoked by large or 
fatty meals or 
recumbency; relief 
with antacids

Recurrent; may have 
regurgitation, dysphagia, or 
extraesophageal manifestations 
(e.g., asthma, chronic cough, 
laryngitis)

Upper endoscopy (usually 
normal), ambulatory 
pH/impedance probe

Nonulcer (functional) 
dyspepsia (Chapter 
128)

Epigastric Mild to moderate 
discomfort, pain, 
burning, gnawing, 
postprandial fullness

Years May be worsened by 
meals; cannot be 
reliably distinguished 
from ulcer disease by 
history alone

Other symptoms of functional 
disorders (IBS, fibromyalgia, 
pelvic pain)

Normal EGD
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be due to inflammatory bowel disease, chronic mesenteric ischemia, or advanced 
GI malignant neoplasms. In women, a missed menstrual period, adnexal pain, 
spotting, or cramping may suggest pregnancy, ectopic pregnancy, or spontane-
ous abortion. Acute pain between cycles may be caused by ovarian follicles 
or ruptured corpus luteum cysts. Pelvic pain with fever, chills, or cervical 
discharge suggests pelvic inflammatory disease.

Hematemesis with upper abdominal pain suggests a Mallory-Weiss tear, alco-
holic gastritis, or peptic ulcer disease. Hematochezia with abdominal pain is 
most commonly caused by medical conditions such as infectious gastroenteritis 
or inflammatory bowel disease, but it also may be caused by ischemic colitis 
or mesenteric ischemia. Gross hematuria may be due to cystitis (Chapter 
268) or a ureteral stone (Chapter 117). Abdominal pain with weight loss may 

TABLE 123-2 TYPICAL MANIFESTATIONS OF KEY CAUSES OF ACUTE AND CHRONIC ABDOMINAL PAIN—cont’d

CONDITION LOCATION QUALITY ONSET
AGGRAVATING OR 

RELIEVING FACTORS
ASSOCIATED SYMPTOMS  

OR SIGNS DIAGNOSTIC STUDIES
IBS (Chapter 128) Variable; usually lower 

abdomen
Vague, crampy, sense 

of urgency
Years Pain may be precipitated 

by dietary factors or 
stress; associated 
with change in bowel 
characteristics (e.g., 
frequency, form, 
difficulty with 
passage); relieved 
with stool passage

Bloating and abdominal 
distention

Normal sigmoidoscopy, 
colonoscopy, and CT, 
but these are usually 
not necessary for 
diagnosis

Chronic pancreatitis 
(Chapter 135)

Epigastric or 
periumbilical, 
radiates to midback

Intense, localized Days to 
years

Aggravated by food; 
better with narcotics

Anorexia, nausea, vomiting; 
associated factors (e.g., 
alcohol); DM (with advanced 
disease)

Amylase and lipase may 
be normal; CT may 
show calcifications, 
dilated pancreatic duct, 
pseudocyst; increased 
fecal fat and decreased 
fecal elastase if 
pancreatic insufficiency

Inflammatory or 
infectious 
enterocolitis 
(Chapters 133 and 
267)

Small intestine—
periumbilical; large 
intestine—right or 
left side of the 
abdomen over the 
colon; rectum—
tenesmus

Crampy Hours to 
days

Better with stool passage 
and treatment of 
underlying cause

Nausea, vomiting, bloody 
diarrhea; associated factors 
(e.g., infectious—food 
transmission; IBD—prolonged 
duration, family history)

Stool studies for culture, 
colonoscopy with 
biopsies

CT = computed tomography; DM = diabetes mellitus; EGD = esophagogastroduodenoscopy; GERD = gastroesophageal reflux disease; IBS = irritable bowel syndrome; LLQ = left lower quadrant; LUQ = left 
upper quadrant; MR = magnetic resonance; NGT = nasogastric tube; NSAIDs = nonsteroidal anti-inflammatory drugs; RLQ = right lower quadrant; RUQ = right upper quadrant; US = ultrasound; WBC = 
white blood cell count.

Right Upper Quadrant
Pulmonary: effusion, 
empyema, pneumonia
Liver: hepatitis, congestion, 
abscess, hematoma, 
neoplasia
Biliary: cholecystitis (late), 
choledocholithiasis, 
cholangitis
Duodenum: perforated ulcer

Right Flank
Renal: pyelonephritis, 
infarct, abscess
Ureter: stones, 
hydronephrosis

Periumbilical
Small intestine: infectious gastroenteritis, 
appendicitis (early), ileus, obstruction, 
ischemia, ileitis (Crohn disease)
Right colon: appendicitis (early), colitis, 
cecal volvulus
Aortic aneurysm

Epigastrium
Cardiac: ischemia, effusion
Esophagus: esophagitis, rupture
Stomach/duodenum: dyspepsia, gastritis, 
ulcer, outlet obstruction, volvulus
Pancreas: pancreatitis, pseudocyst, 
cancer
Aortic aneurysm

Hypogastrium
Colon: diverticulitis, colitis (infectious, IBD, 
ischemia); irritable bowel syndrome
Bladder: cystitis, acute retention
Gyn: ectopic pregnancy, uterine

Left Upper Quadrant
Pulmonary: effusion, 
empyema
Cardiac: ischemia
Spleen: abscess, rupture, 
splenomegaly
Stomach: perforated ulcer

Right Lower Quadrant
Small intestine and right colon: 
appendicitis (late), ileitis, 
ischemia, mesenteric adenitis, 
right-sided diverticulitis
Gyn: ectopic pregnancy, 
salpingitis, TOA, torsion, 
endometriosis
Inguinal: hip disease, hernia, 
lymphadenopathy

Left Lower Quadrant
Left colon: diverticulitis, 
sigmoid volvulus, ischemia,
colitis (infectious, IBD); 
irritable bowel syndrome
Gyn: ectopic pregnancy, 
salpingitis, TOA, torsion, 
endometriosis
Inguinal: hip disease, hernia, 
lymphadenopathy

Left Flank
Renal: pyelonephritis, 
infarct, abscess
Ureter: stones, 
hydronephrosis
Spleen: process
(as above)

FIGURE 123-1. Differential diagnosis of abdominal pain by its initial location. Gyn = gynecologic; iBD = inflammatory bowel disease; toA = tubo-ovarian abscess. 

presence of perforation, signs of peritonitis may be lacking because the ascites 
fluid separates the visceral peritoneum and parietal peritoneum. Likewise, 
immunocompromised populations, who are at risk for infectious, drug-related, 
and iatrogenic complications, may manifest few physical findings or laboratory 
abnormalities. Owing to the limitations of the clinical evaluation in these 
vulnerable populations, there should be a low threshold for the use of abdominal 
imaging.

Abdominal Pain Developing in the Hospital
When pain develops as a new problem in a hospitalized patient, it is usually 
caused by a limited number of conditions. Postprocedural complications 
may cause perforation, infection, or bleeding (intraperitoneal, retroperito-
neal, or within solid organs). Shunting of splanchnic blood flow in severely 
ill medical or surgical patients may cause stress gastritis, nonocclusive mes-
enteric ischemia, or acalculous cholecystitis. Adynamic ileus or acute colonic 
pseudo-obstruction is common in critically ill or postoperative patients and 
is manifested as diffuse abdominal pain and distention. C. difficile (Chapter 
280) colitis is a common cause of pain, diarrhea, and distention, especially in 
patients receiving antibiotics. Constipation (Chapter 127), which is a common 
problem in hospitalized patients, may go unnoticed until pain and disten-
tion develop. Finally, many medications can cause dyspepsia and abdominal  
pain.

 DIAGNOSIS
Patients with acute abdominal pain should have a complete blood count 
with differential; leukocytosis is present in most acute surgical conditions 
(Fig. 123-2). A pregnancy test is required in women of childbearing age. 
Serum levels of electrolytes, glucose, blood urea nitrogen, and creatinine 
assess hydration, acid-base status, and renal function. Liver chemistries and 
pancreatic enzymes should be obtained in most patients, but especially in 
those with upper abdominal pain, jaundice, or vomiting. An elevation in 
aspartate or alanine aminotransferase levels may reflect choledocholithiasis 
with acute biliary obstruction (Chapter 146), acute gallstone pancreatitis 
(Chapter 135), or a hepatocellular process (Chapter 139). Painful jaundice 
with a significant rise in the alkaline phosphatase level usually reflects cho-
lestasis caused by extrahepatic biliary obstruction (Chapter 146). Amylase 
and lipase levels are elevated in most patients with acute pancreatitis, but 
minor amylase elevations also occur with a perforated viscus or mesenteric 
ischemia (Chapter 134). Urinalysis may demonstrate pyuria, hematuria, or 
bacteriuria due to ureteral calculi (Chapter 117) or urinary tract infection  
(Chapter 268).
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presence of perforation, signs of peritonitis may be lacking because the ascites 
fluid separates the visceral peritoneum and parietal peritoneum. Likewise, 
immunocompromised populations, who are at risk for infectious, drug-related, 
and iatrogenic complications, may manifest few physical findings or laboratory 
abnormalities. Owing to the limitations of the clinical evaluation in these 
vulnerable populations, there should be a low threshold for the use of abdominal 
imaging.

Abdominal Pain Developing in the Hospital
When pain develops as a new problem in a hospitalized patient, it is usually 
caused by a limited number of conditions. Postprocedural complications 
may cause perforation, infection, or bleeding (intraperitoneal, retroperito-
neal, or within solid organs). Shunting of splanchnic blood flow in severely 
ill medical or surgical patients may cause stress gastritis, nonocclusive mes-
enteric ischemia, or acalculous cholecystitis. Adynamic ileus or acute colonic 
pseudo-obstruction is common in critically ill or postoperative patients and 
is manifested as diffuse abdominal pain and distention. C. difficile (Chapter 
280) colitis is a common cause of pain, diarrhea, and distention, especially in 
patients receiving antibiotics. Constipation (Chapter 127), which is a common 
problem in hospitalized patients, may go unnoticed until pain and disten-
tion develop. Finally, many medications can cause dyspepsia and abdominal  
pain.

 DIAGNOSIS
Patients with acute abdominal pain should have a complete blood count 
with differential; leukocytosis is present in most acute surgical conditions 
(Fig. 123-2). A pregnancy test is required in women of childbearing age. 
Serum levels of electrolytes, glucose, blood urea nitrogen, and creatinine 
assess hydration, acid-base status, and renal function. Liver chemistries and 
pancreatic enzymes should be obtained in most patients, but especially in 
those with upper abdominal pain, jaundice, or vomiting. An elevation in 
aspartate or alanine aminotransferase levels may reflect choledocholithiasis 
with acute biliary obstruction (Chapter 146), acute gallstone pancreatitis 
(Chapter 135), or a hepatocellular process (Chapter 139). Painful jaundice 
with a significant rise in the alkaline phosphatase level usually reflects cho-
lestasis caused by extrahepatic biliary obstruction (Chapter 146). Amylase 
and lipase levels are elevated in most patients with acute pancreatitis, but 
minor amylase elevations also occur with a perforated viscus or mesenteric 
ischemia (Chapter 134). Urinalysis may demonstrate pyuria, hematuria, or 
bacteriuria due to ureteral calculi (Chapter 117) or urinary tract infection  
(Chapter 268).

The past medical history and review of systems can provide clues about 
systemic and extra-abdominal conditions that may be manifested with abdomi-
nal pain. Acute coronary syndromes (Chapter 63), heart failure (Chapter 52), 
pneumonia (Chapter 91), or empyema may cause dyspepsia, epigastric or 
right or left upper quadrant pain, nausea, and vomiting. Metabolic conditions 
such as uremia (Chapter 121), diabetes with hyperglycemia or ketoacidosis 
(Chapter 216), hypercalcemia (Chapter 232), or acute adrenocortical insuf-
ficiency (Chapter 214) may cause pain, nausea, vomiting, and diarrhea. Acute 
intermittent porphyria (Chapter 199) and familial Mediterranean fever (Chapter 
259) may cause recurrent episodes of severe pain and peritonitis that may be 
misdiagnosed, leading to unnecessary surgeries. Other causes of acute abdomi-
nal pain include narcotic withdrawal (Chapter 31), insect or reptile bites 
(Chapter 104), and lead or arsenic poisoning (Chapter 19).

Physical Examination
The physical examination must identify life-threatening illnesses that require 
urgent surgical evaluation. Nevertheless, the examination must be orderly, 
careful, and complete. If the examiner immediately palpates the site of maximal 
pain, the patient is unlikely to relax and to cooperate for the remainder of the 
examination.

First, the patient should be observed and the abdomen inspected. Most 
patients remain calm, cooperative, and freely capable of moving during the 
examination. Patients who are writhing or restless may have pain due to vis-
ceral distention (e.g., renal colic, intestinal obstruction), whereas patients who 
lie motionless may have peritonitis. Gentle shaking of the bed or having the 
patient cough may elicit sharp, well-localized pain in patients with parietal 
but not with visceral pain. Auscultation should be performed before per-
cussion or palpation so that intestinal activity is undisturbed. An abdomen 
that is quiet except for infrequent squeaks or tinkles suggests peritonitis or 
ileus. Loud peristaltic rushes that occur in synchrony with abdominal pain 
suggest small bowel obstruction. Light percussion across the upper, middle, 
and lower abdomen can determine any site of focal tenderness suggestive 
of peritonitis. Light palpation should be performed with one or two fingers 
(not the whole hand), beginning away from where the patient localizes the 
pain and gradually moving to the site of pain. Thereafter, gentle, deeper pal-
pation of the entire abdomen is performed gradually, including the region of 
tenderness. An attempt should be made to palpate for an abdominal aortic 
aneurysm (Chapter 69). Examination also should include the inguinal and 
femoral canals, umbilicus, and surgical scars for evidence of incarcerating 
hernias. The presence of focal tenderness indicates parietal peritoneal irri-
tation. Voluntary or involuntary tightening of the muscle wall (“guarding”) 
may occur during palpation. With gentle, steady compression of the abdomen 
with one hand, voluntary guarding usually subsides, allowing the examination 
to proceed. Persistent involuntary guarding indicates peritonitis with reflex 
muscle wall contraction. Testing for “rebound tenderness” in patients with 
suspected peritonitis is not recommended because it causes significant pain 
and is usually not necessary to establish the diagnosis. When the presenta-
tion strongly suggests a nonserious GI disorder but the patient has significant 
tenderness with palpation, it is useful to use the stethoscope ostensibly to 
listen for bowel sounds but actually to reproduce the pressure of palpation. 
A significant discrepancy in the tenderness elicited by the stethoscope and 
by digital palpation may be seen in patients who are anxious, have functional 
complaints, or are seeking secondary gain. A digital rectal examination should 
be performed in most patients with acute abdominal pain to evaluate for ten-
derness or fluctuance that suggests a perirectal abscess and to assess the stool 
for signs of overt or occult blood. Women with lower abdominal pain should 
have a pelvic examination by a skilled examiner to evaluate for gynecologic 
disease. Some specific and dramatic findings point to particular diagnoses  
(Table 123-3).

Special Populations
Increased diligence is required in the evaluation of patients in whom abdominal 
signs and symptoms may be minimal until the disease process is far advanced. 
Such patients include the elderly (Chapter 22) and patients who have dementia 
(Chapter 374), psychiatric disturbances (Chapter 369), or spinal cord injuries. 
An admitting diagnosis of “altered mental status,” “failure to thrive,” “obstipa-
tion,” or “fever of unknown origin” may stem from serious intra-abdominal 
conditions. Disorders that may be overlooked in the elderly include bowel 
perforation, bowel obstruction, cholecystitis, diverticulitis, volvulus, mesenteric 
ischemia, and abdominal aortic aneurysm. In patients with chronic liver disease, 
the presence of ascites may mask the signs and symptoms of serious surgical 
conditions such as cholecystitis, appendicitis, and diverticulitis. Even in the 

TABLE 123-3 PHYSICAL SIGNS IN PATIENTS WITH ACUTE 
ABDOMINAL PAIN

SIGN DESCRIPTION DIAGNOSIS
Murphy sign Cessation of inspiration during 

right upper quadrant 
examination

Acute cholecystitis

McBurney sign Tenderness located midway 
between anterior superior 
iliac spine and umbilicus

Acute appendicitis

Cullen sign Periumbilical bluish 
discoloration

Retroperitoneal 
hemorrhage

Pancreatic hemorrhage
Ruptured abdominal 

aortic aneurysm
Grey Turner sign Bluish discoloration of flanks Retroperitoneal 

hemorrhage
Pancreatic hemorrhage
Ruptured abdominal 

aortic aneurysm
Kehr sign Severe left shoulder pain Splenic rupture

Ectopic pregnancy rupture
Obturator sign Pain with flexed right hip 

rotation
Appendicitis

Psoas sign Pain with straight leg raising 
against resistance (right 
side)

Appendicitis
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GI side effects, peptic ulcer disease (Chapter 130), inflammatory bowel disease 
(Chapter 132), chronic pancreatitis (Chapter 135), biliary tract disease (Chapter 
146), GI cancers (Chapters 183 and 184), and endometriosis (Chapter 223). 
The clinician should attempt to distinguish patients with symptoms or signs of 
organic disease, in whom further diagnostic investigation is warranted, from 
those with probable functional disease (Fig. 123-3). Although functional dis-
orders occur in all age groups, the symptoms usually begin before the age of 40 
years. “Alarm” features that suggest a structural disorder and are inconsistent 
with a functional disorder are fever, severe pain, significant weight loss, jaun-
dice, progressive dysphagia, recurrent vomiting, nocturnal pain or diarrhea, 
and stools that are bloody or positive for fecal occult blood. Laboratory study 
findings should be normal with functional disorders; therefore, an unrevealing 
evaluation for anemia, leukocytosis, and levels of iron, albumin, C-reactive 
protein, and vitamins A, D, or B12 argues against structural or organic disease.

In patients younger than 50 years with a suspected functional disorder and 
no alarm features (e.g., family history of colon cancer or inflammatory bowel 
disease or abnormalities on screening blood tests), further testing should be 
minimized, and the emphasis should be shifted to managing symptoms, coping, 
and making lifestyle changes (Chapter 128). In patients who may have organic 
disease, testing often includes a combination of upper GI endoscopy, colo-
noscopy, and ultrasound or CT imaging.

 GAS AND BLOATING
 Belching
Belching (eructation), which is the involuntary or voluntary release of gas 
from the esophagus or stomach, commonly occurs during or after a meal. 
Virtually all belching is caused by swallowed air, which may be increased by 
eating quickly, drinking carbonated beverages, chewing gum, and smoking. 
Gas also may be produced within the stomach by antacids, especially sodium 
bicarbonate, which rapidly neutralize gastric acid and release carbon dioxide. 
Belching seldom reflects serious GI dysfunction but may be increased in patients 
with gastroesophageal reflux (Chapter 129), functional dyspepsia (Chapter 

Imaging
Ultrasound is preferred in suspected pregnancy and to evaluate for other acute 
gynecologic disorders, such as tubo-ovarian abscess, ruptured corpus luteum 
cyst, or ovarian torsion; it is also preferred for the initial evaluation of suspected 
acute cholecystitis (Chapter 146) and ureteral stones with hydronephrosis 
and for the bedside evaluation of unstable patients. In most other settings, 
abdominal computed tomography (CT) with oral and intravenous admin-
istration of contrast material (when possible) is preferred and can provide 
a definitive diagnosis in up to 90% of patients with acute severe abdominal 
pain A1  (Chapter 124). Abdominal CT may be falsely negative early in the 
course of acute pancreatitis, mesenteric ischemia, cholecystitis, appendicitis, 
and diverticulitis,6 especially if it is performed without contrast enhancement.

Normal 

Normal 

EGD, colonoscopy +/– small 
bowel series

Observation, pain management, and further evaluation or consultation 
with surgery, angiogram, EEG, urine for porphyria, psychological testing

Gallbladder US (if RUQ pain)

Normal 

No

CT scan abdomen and pelvis

None identified

Extraintestinal causes

Initial evaluation with history and physical examination 
(including pelvic examination in women with lower 
abdominal pain) 
Laboratory evaluation—CBC, serum chemistries, 
U/A, liver tests, amylase, lipase 

Acute abdomen with peritonitis Surgical consultation

Surgical consultation

Cause identified Medical or surgical therapy

Cause identified

Acute cholecystitis

Medical or surgical therapy

Cause identified Medical or surgical therapy

Approach to the Patient with Acute Abdominal Pain 

FIGURE 123-2. Approach to the patient with acute abdominal pain. cBc = complete blood count; ct = computed tomography; eeG = electroencephalography; eGD = esophago-
gastroduodenoscopy; rUQ = right upper quadrant; U/A = urinalysis; Us = ultrasonography. 

Once the diagnosis is clear, treatment of the underlying condition is initiated. 
For uncomplicated acute appendicitis diagnosed by CT scan, antibiotics are 
an alternative to urgent surgery, A2  but they are associated with a 25 to 30% 
rate of readmission or surgery in the next year. As a result, the U.S. consensus 
is generally for urgent surgery.7 In patients with diverticulitis, antibiotics are 
the usual first-line therapy (Chapter 133).8 In patients with nonspecific acute 
abdominal pain and no clear diagnosis, early laparoscopy is useful for diagnosis, 
but outcomes such as complication rates, readmission rates, and length of 
hospitalization are no better than with a strategy of active observation.

TREATMENT 

128), or gastroparesis (Chapter 127). Chronic, excessive, repetitive supragastric 
belching is a functional disorder caused by transient ingestion of air into the 
esophagus (caused by subconscious diaphragmatic contraction and upper 
esophageal sphincter relaxation) and its subsequent expulsion; it is treated 
with behavioral modification.

 Flatus
Flatus or “gas” is a normal byproduct of digestion. Otherwise healthy adults 
pass flatus 10 to 20 times daily and excrete up to 1500 mL. Thus, it is difficult to 
distinguish patients with abnormal or excessive gas production from those with 
only a heightened awareness of or sensitivity to normal production. Increased 
flatulence with diarrhea may be symptomatic of disorders of malabsorption, 
including celiac disease (Chapter 131), pancreatic insufficiency (Chapter 135), 
and small intestinal bacterial overgrowth (Chapter 131).

In normal adults, flatus is derived from two sources: swallowed air and 
colonic bacterial fermentation of FODMAPs (fermentable oligosaccharides, 
disaccharides, and monosaccharides and polypols), which are short-chain 
carbohydrates that may be incompletely absorbed in the small intestine and 
result in the colonic production of carbon dioxide or methane. FODMAPs 
include lactose (dairy products), fructose, fructans, polypols, and galacto-
oligosaccharides. Fructose is present in fruit, especially apples and pears, and is 
a major component of corn syrups that are widely used as sweeteners. Polyols 

 Chronic Abdominal Pain
Chronic or recurrent abdominal pain that has been present for months to years 
may be caused by structural (organic) disease, but the majority of patients 
have a functional disorder such as irritable bowel syndrome (Chapter 128). 
Common organic causes of chronic abdominal pain include medications with 

TREATMENT 
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include sorbitol, which is a natural sugar in stone fruit (peaches, apricots, 
plums, prunes) and a common added sweetener in sugar-free candies, as well 
as trehalose, which is present in mushrooms. Fructans and oligosaccharides 
are plentiful in cruciferous vegetables (cabbage, broccoli, cauliflower, Brussels 
sprouts, turnips, rutabagas), garlic, onions, legumes (beans, soy, lentils, peas), 
pasta, and whole grains.9

128), or gastroparesis (Chapter 127). Chronic, excessive, repetitive supragastric 
belching is a functional disorder caused by transient ingestion of air into the 
esophagus (caused by subconscious diaphragmatic contraction and upper 
esophageal sphincter relaxation) and its subsequent expulsion; it is treated 
with behavioral modification.

 Flatus
Flatus or “gas” is a normal byproduct of digestion. Otherwise healthy adults 
pass flatus 10 to 20 times daily and excrete up to 1500 mL. Thus, it is difficult to 
distinguish patients with abnormal or excessive gas production from those with 
only a heightened awareness of or sensitivity to normal production. Increased 
flatulence with diarrhea may be symptomatic of disorders of malabsorption, 
including celiac disease (Chapter 131), pancreatic insufficiency (Chapter 135), 
and small intestinal bacterial overgrowth (Chapter 131).

In normal adults, flatus is derived from two sources: swallowed air and 
colonic bacterial fermentation of FODMAPs (fermentable oligosaccharides, 
disaccharides, and monosaccharides and polypols), which are short-chain 
carbohydrates that may be incompletely absorbed in the small intestine and 
result in the colonic production of carbon dioxide or methane. FODMAPs 
include lactose (dairy products), fructose, fructans, polypols, and galacto-
oligosaccharides. Fructose is present in fruit, especially apples and pears, and is 
a major component of corn syrups that are widely used as sweeteners. Polyols 

Treat 

Treat 

Cause identified

Treat 

Normal 

Normal 

Small bowel series or 
wireless capsule endoscopy

EGD, colonoscopy

Normal 

No

No

Yes

CT scan

Weight loss, fever, or other 
systemic symptoms are 
present

Initial evaluation with history and physical examination 
(including pelvic examination in women with lower 
abdominal pain) 
Laboratory evaluation—CBC, serum chemistries, 
U/A, liver tests, amylase, lipase 

Underlying disorder known Treat 

Age <40 years and meets Rome criteria for IBS

Treat 

Yes, or age >40 years, or does 
not meet Rome criteria for IBS

Cause identified

Cause identified

Observation, therapy directed at symptomatic relief, e.g., antacid 
medication, treatment for constipation or diarrhea, PLUS judicious use 
of pain meds, e.g., acetaminophen, NSAIDs, narcotics 
Further evaluation as suggested by symptoms with gallbladder 
ultrasound, gastric emptying study, ERCP, endoscopic ultrasound, or 
angiogram and/or consultation with gynecology, surgery, or psychiatry. 
If ascites is present, paracentesis.

Approach to the Patient with Chronic
Abdominal Pain (>6 months)  

FIGURE 123-3. Approach to the patient with chronic abdominal pain. cBc = complete blood count; ct = computed tomography; eGD = esophagogastroduodenoscopy; ercp = 
endoscopic retrograde cholangiopancreatography; iBs = irritable bowel syndrome; nsAiDs = nonsteroidal anti-inflammatory drugs; U/A = urinalysis. 

Patients with long-standing flatulence in the absence of other symptoms 
or signs of GI disease can be treated conservatively. Avoidance of carbonated 
beverages, chewing gum, sorbitol- and fructose-containing sweeteners, and 
gas-producing vegetables improves symptoms in most patients. A3 

,
 A4  Lactase 

deficiency may be confirmed by a lactose breath test. Underlying GI illness is 
suggested by the recent onset of flatulence with other symptoms of organic 
disease, including weight loss, abdominal pain, diarrhea, distention, and abnor-
mal laboratory studies (Chapter 131). A positive fecal fat analysis confirms 
malabsorption and merits further investigation (see Table 131-6). Suspected 
small bowel bacterial overgrowth may be confirmed by carbohydrate breath 
tests or treated empirically with antibiotics.

TREATMENT 
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elderly patients because of the loss of lean body mass. In young patients, 
weight loss is more commonly caused by eating disorders (Chapter 206), 
endocrine disorders (Chapters 213 and 214), or chronic GI conditions such 
as inflammatory bowel disease (Chapter 132) or celiac disease (Chapter 131). 
In chronic medical conditions, involuntary weight loss is usually caused by a 
combination of decreased appetite (anorexia) and varying degrees of cachexia; 
examples include advanced malignant disease, chronic infections (human 
immunodeficiency virus [HIV], tuberculosis), heart failure, chronic kidney 
or liver disease, end-stage lung disease, and adrenal insufficiency. Weight 
loss that occurs in the presence of normal or increased appetite suggests 
increased metabolism and energy expenditure caused by endocrine disor-
ders, such as poorly controlled diabetes (Chapter 216) or hyperthyroidism 
(Chapter 213), or GI disorders that result in food malabsorption (Chapter 
131). Chronic GI disorders that cause progressive narrowing or obstruction 
of the esophagus (cancer, achalasia), stomach (cancer, peptic ulcer disease 
with gastric outlet obstruction), small intestine (Crohn disease), or arterial 
circulation (chronic mesenteric ischemia) may cause weight loss as a result 
of dysphagia, vomiting, or postprandial pain that limits the ability to ingest  
sufficient calories.

 DIAGNOSIS
The cause of weight loss (see Table 123-4) is usually evident from the history, 
physical examination, and routine laboratory studies, including complete blood 
count, electrolytes, liver chemistries, thyroid-stimulating hormone, urinalysis, 
and, when appropriate, HIV serology (Fig. 123-4). A chest radiograph should 
be obtained in patients who smoke, have any respiratory symptoms, or are 

 Bloating and Distention
Bloating and distention are common complaints among patients with func-
tional GI disorders (Chapter 128). As chronic, isolated symptoms, they are 
almost never caused by serious structural disease. Functional bloating may 
be caused by heightened sensitivity to minor increases in intestinal gas or 
impaired transit of gas, even though the total volume of intestinal gas is within 
normal limits. A5  The acute onset of distention in conjunction with alarm 
symptoms such as cramping pain, weight loss, nausea, vomiting, obstipation, 
or diarrhea warrants further evaluation for disorders that cause intestinal 
obstruction (Chapter 133) or malabsorption (Chapter 131). Rifaximin (550 mg 
three times daily for 2 weeks) is effective for functional bloating, pain, and 
loose or watery stool A6 ; but dietary and behavioral changes and reassurance 
may also be useful. In individuals who do not meet criteria for irritable bowel 
syndrome, probiotics have no proven benefit for symptoms of bloating and 
distention. A7 

 INVOLUNTARY WEIGHT LOSS
The unintentional loss of more than 5% of baseline weight within a 12-month 
period is frequently due to a serious underlying medical or psychiatric illness. 
Weight loss is seldom the sole presenting sign of medical disorders, but it is 
often revealed during the clinical evaluation of other complaints. Chronic 
weight loss in the elderly is commonly caused by depression, dementia, dif-
ficulty with chewing or swallowing, malignant disease, medications, alcohol-
ism, or physical and social limitations to procuring, preparing, and eating 
meals (Table 123-4) (Chapter 21). Gradual, mild weight loss occurs in some 

TABLE 123-4 CAUSES OF INVOLUNTARY WEIGHT LOSS

CONDITION QUALITY DURATION
AGGRAVATING OR 

RELIEVING FACTORS
ASSOCIATED SYMPTOMS  

OR SIGNS DIAGNOSTIC STUDIES 
WEIGHT LOSS SECONDARY TO GASTROINTESTINAL CAUSES

GI, pancreatic, or hepatobiliary 
malignant disease (Chapters 
183-186)

Progressive, fast Months Better with cancer therapy 
(e.g., surgery, XRT, 
chemotherapy)

Dysphagia (esophageal); anorexia, 
nausea, vomiting (gastric, small or 
large bowel obstruction); visible 
or occult blood in stool; altered 
bowel habits; jaundice or 
hepatomegaly (biliary 
obstruction, hepatic tumor, 
metastatic disease); iron 
deficiency anemia

CBC, FOBT, ferritin, CEA, 
CA19-9, AFP, EGD, 
colonoscopy, abdominal 
CT, PET

Malabsorption (Chapter 131) 
(poor absorption of 
nutrients due to pancreatic 
insufficiency, small 
intestinal mucosal disorders, 
or bacterial overgrowth)

Progressive, slow Months to 
years

Diarrhea or steatorrhea, 
excessive flatulence; 
worse with eating and 
resolves with NPO 
status

Usually associated with increased 
appetite; may have anemia (iron, 
B12, folate), osteoporosis, or 
osteomalacia (vitamin D, calcium, 
phosphorus); easy bruising 
(vitamin K), night blindness 
(vitamin A)

72-hr stool for fecal fat; fecal 
elastase; vitamins A and D 
and INR; calcium, ferritin, 
B12, albumin; celiac disease 
antibodies (e.g., anti-tTG, 
antiendomysial antibodies); 
EGD with small bowel 
biopsy; breath test for 
bacterial overgrowth

Inflammatory bowel disease 
(especially Crohn disease) 
(Chapter 132)

Progressive, slow Months Eating causes pain, cramps, 
increased diarrhea and 
urgency; improved by 
low-residue diet or NPO 
status

Bloody stools, abdominal cramps 
and pain, perianal disease, 
extraintestinal manifestations 
(e.g., oral ulcers, uveitis, erythema 
nodosum, arthralgias)

CBC, albumin, ESR, CRP, 
colonoscopy with biopsies, 
CT or MR enterography, 
wireless capsule study

GI motility disorders (Chapter 
127)

Intermittent, slow Years Worse with eating Nausea, vomiting, distention, 
diarrhea, or constipation may be 
present

EGD and colonoscopy, gastric 
emptying study, CT or MR 
enterography, surgical 
full-thickness intestinal 
biopsies

Cirrhosis (Chapter 144) Muscle wasting with 
edema, so weight may 
increase

Months to 
years

Worse with salt or fluid 
intake

Ascites, peripheral edema Liver biopsy

Chronic intestinal ischemia 
(Chapter 134)

Progressive Months to 
years

Worse with eating Afraid to eat; postprandial 
abdominal pain, nausea; 
associated atherosclerotic disease

CT or MR angiography

WEIGHT LOSS SECONDARY TO NONGASTROINTESTINAL CAUSES

Poor or inadequate calorie 
intake due to social factors 
(Chapter 203)

Intermittent or progressive, 
acute (hospitalized) or 
chronic

Days to 
months 
to years

Common in elderly, 
teenagers; exacerbated 
by poor dentition or 
poorly fitting dentures

Will eat if food is made available Review dietary log and how 
food is obtained and 
prepared

400),10 food poisoning (Chapter 267), infectious gastroenteritis (Chapter 
267), hepatitis (Chapters 139 and 140), upper GI bleeding, postoperative 
ileus, or acute central nervous system disease. Chronic or recurrent nausea 
and vomiting with abdominal pain are commonly caused by GI disorders 
that result in the partial or intermittent obstruction of the stomach or small 
intestine. Chronic nausea and vomiting without abdominal pain may be due to 
disorders that impair gastric emptying or small intestine motility and non-GI 
causes, including medications, pregnancy, intracerebral disorders, cardiac 
disease, endocrine disease, labyrinth disorders, psychiatric disease (includ-
ing bulimia), gastroparesis, and functional disorders. Chronic unexplained 
nausea and vomiting can be caused by the loss of interstitial cells of Cajal and 
resulting gastric dysrhythmia, similar to what is seen in gastroparesis. Vomiting 
of undigested food eaten hours earlier suggests gastric obstruction or gastro-
paresis. Abdominal distention or feculent emesis suggests obstruction of the  
small intestine.

 DIAGNOSIS
Most cases of acute vomiting without abdominal pain are self-limited and 
require no evaluation (Fig. 123-5). Medication-related symptoms and preg-
nancy should be excluded. With severe vomiting, serum electrolyte values 
should be obtained. Hyperglycemia may cause acute gastroparesis. Increased 
liver chemistries or pancreatic enzymes suggest hepatobiliary or pancreatic 
disease. In patients with acute abdominal pain and vomiting, abdominal plain 
radiography or CT is performed to look for evidence of GI obstruction, a 
perforated viscus, or pancreaticobiliary disease. In patients with chronic vomit-
ing of uncertain cause, the goal is to distinguish structural GI disorders, GI 
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TABLE 123-4 CAUSES OF INVOLUNTARY WEIGHT LOSS—cont’d

CONDITION QUALITY DURATION
AGGRAVATING OR 

RELIEVING FACTORS
ASSOCIATED SYMPTOMS  

OR SIGNS DIAGNOSTIC STUDIES 
Medications Intermittent or progressive Months Worse with medication; 

resolves with 
discontinuation of 
offending drug

Anorexia, nausea, vomiting Review drug profile

Non-GI malignant disease Progressive Months Better with cancer therapy 
(e.g., surgery, XRT, 
chemotherapy)

Anorexia, nausea, vomiting; pain; 
metastatic disease

Calcium, cortisol; CT for 
underlying disease, PET

Endocrine disorders: DM, 
hyperthyroidism, adrenal 
insufficiency (Chapters 213, 
214, and 216)

DM—appetite increased 
or decreased, early 
satiety; 
hyperthyroidism—
increased appetite

Months to 
years

Worse with disease 
chronicity

DM: gastroparesis, neuropathy, 
retinopathy, nephropathy

Adrenal insufficiency: nausea, 
vomiting, diarrhea, abdominal 
pain

Serum glucose, TFT, cortisol

Chronic infections, including 
HIV and TB (Chapters 308 
and 366)

Progressive, fast Months Better with directed 
therapy, megestrol 
acetate (Megace)

Nausea, anorexia, other infections HIV test, PPD, cultures, 
biopsies if necessary

Systemic inflammatory 
disorders

Progressive, moderate Months to 
years

Better with directed 
therapy, megestrol 
acetate (Megace)

Arthritis, rash, vasculitis ANA, RF, ESR, CRP

Chronic renal failure (Chapter 
121)

Progressive, slow; edema 
may increase weight

Months to 
years

Better with dialysis, 
megestrol acetate 
(Megace)

Nausea, anorexia, weight gain BUN, Cr, 24-hr creatinine 
clearance

Advanced COPD or heart 
failure (Chapters 52 and 
82)

Progressive, slow Months to 
years

Better with oxygen and 
specific treatment

Fatigue, dyspnea, edema, wasting Pulmonary function testing or 
two-dimensional 
echocardiography

Psychiatric illness: depression, 
manic-depressive illness 
(Chapter 369)

Progressive, slow Months to 
years

Depression common in 
elderly; flat affect; manic 
phase associated with 
hyperactivity and 
decreased intake

Psychological testing

Psychogenic eating 
disorders—anorexia 
nervosa, bulimia (Chapter 
206)

Intermittent or progressive Months to 
years

Worse with stressors Refusal to eat, loss of tooth enamel, 
calluses and healing ulcerations of 
hand

Psychiatric testing

Substance abuse (alcohol, 
opiates, CNS stimulants)

Intermittent or progressive Months Resolves with 
discontinuation

Anorexia, nausea, vomiting Careful interview; patients 
may deny or minimize

AFP = α-fetoprotein; ANA = antinuclear antibody; BUN = blood urea nitrogen; CBC = complete blood count; CEA = carcinoembryonic antigen; CNS = central nervous system; COPD = chronic obstructive 
pulmonary disease; Cr = creatinine; CRP = C-reactive protein; CT = computed tomography; DM = diabetes mellitus; EGD = esophagogastroduodenoscopy; ESR = erythrocyte sedimentation rate; FOBT = 
fecal occult blood test; GI = gastrointestinal; HIV = human immunodeficiency virus; INR = international normalized ratio; MR = magnetic resonance; NPO = nothing orally; PET = positron emission 
tomography; PPD = purified protein derivative; RF = rheumatoid factor; TB = tuberculosis; TFT = thyroid function test; tTG = tissue transglutaminase; XRT = x-ray therapy.
Modified from Proctor DD. Approach to the patient with gastrointestinal disease. In: Goldman L, Ausiello D, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia: Saunders-Elsevier; 2008.

older than 40 years. Signs of dehydration or severe malnutrition may require 
an assessment for nutritional deficiencies (Chapter 203) and nutritional support 
(Chapter 204).

Other symptoms and signs necessitate consideration of additional diagnostic 
testing. Weight loss with increased appetite merits an assessment of thyroid 
function (Chapter 213), glucose intolerance (Chapter 216), and malabsorp-
tion (Chapter 131). Suspected malabsorption may be confirmed by a positive 
fecal fat analysis. GI symptoms suggesting obstruction or occult GI malignant 
disease can be evaluated with upper GI endoscopy, upper GI radiographic 
series, colonoscopy, or abdominal CT. Psychiatric evaluation may be warranted 
in patients with signs of depression, early dementia, or eating disorders. In 
up to 25% of patients, no cause of weight loss is found.

 NAUSEA AND VOMITING
Nausea is an unpleasant feeling of the impending need to vomit. Vomiting is 
the forceful oral expulsion of gastric contents as a result of retrograde con-
traction of the duodenum and antrum with compression of the thoracoab-
dominal musculature. Nausea and vomiting may be caused by a number of 
GI and non-GI disorders, but they are best categorized according to chronic-
ity and the presence of abdominal pain. The acute onset of vomiting with 
severe abdominal pain suggests a serious illness potentially requiring surgical 
intervention, including GI obstruction (Chapter 133), mesenteric ischemia 
(Chapter 134), pancreatitis (Chapter 135), biliary colic (Chapter 146), and 
conditions causing peritonitis (Chapter 133), such as appendicitis or a per-
forated viscus. Acute vomiting without abdominal pain is most commonly 
caused by medications (including chemotherapy), motion sickness (Chapter 

400),10 food poisoning (Chapter 267), infectious gastroenteritis (Chapter 
267), hepatitis (Chapters 139 and 140), upper GI bleeding, postoperative 
ileus, or acute central nervous system disease. Chronic or recurrent nausea 
and vomiting with abdominal pain are commonly caused by GI disorders 
that result in the partial or intermittent obstruction of the stomach or small 
intestine. Chronic nausea and vomiting without abdominal pain may be due to 
disorders that impair gastric emptying or small intestine motility and non-GI 
causes, including medications, pregnancy, intracerebral disorders, cardiac 
disease, endocrine disease, labyrinth disorders, psychiatric disease (includ-
ing bulimia), gastroparesis, and functional disorders. Chronic unexplained 
nausea and vomiting can be caused by the loss of interstitial cells of Cajal and 
resulting gastric dysrhythmia, similar to what is seen in gastroparesis. Vomiting 
of undigested food eaten hours earlier suggests gastric obstruction or gastro-
paresis. Abdominal distention or feculent emesis suggests obstruction of the  
small intestine.

 DIAGNOSIS
Most cases of acute vomiting without abdominal pain are self-limited and 
require no evaluation (Fig. 123-5). Medication-related symptoms and preg-
nancy should be excluded. With severe vomiting, serum electrolyte values 
should be obtained. Hyperglycemia may cause acute gastroparesis. Increased 
liver chemistries or pancreatic enzymes suggest hepatobiliary or pancreatic 
disease. In patients with acute abdominal pain and vomiting, abdominal plain 
radiography or CT is performed to look for evidence of GI obstruction, a 
perforated viscus, or pancreaticobiliary disease. In patients with chronic vomit-
ing of uncertain cause, the goal is to distinguish structural GI disorders, GI 
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The approach to the medical treatment of nausea and vomiting depends 
on the cause (Table 123-5). Patients who are receiving moderately emetogenic 
chemotherapy are frequently managed with a 5-HT3 receptor antagonist and 
dexamethasone; aprepitant, rolapitant, A8  thalidomide, A9  or potentially olanz-
apine A10  can be added for highly emetogenic regimens. For patients with mildly 
emetogenic regimens or vomiting from other causes, treatment with single or 
combinations of anticholinergic agents, dopamine receptor antagonists, or 
5-HT3 receptor antagonists usually provides symptomatic relief.11

TREATMENT 

motility disorders, and non-GI disorders. Esophagogastroduodenoscopy, 
enterography, abdominal cross-sectional imaging, GI motility studies, and 
head CT or magnetic resonance imaging may be indicated.

or it can be functional in origin (Chapter 128). An orderly diagnostic approach 
(Fig. 123-6) can help distinguish among the various causes, avoid unnecessary 
testing, and minimize symptoms.

Diarrhea, which is defined pathophysiologically as an increase in stool weight 
to more than 200 g/day, can be caused by malabsorption of osmotically active 
substances or by increased intestinal secretion of electrolytes and water. In 
clinical practice, however, stool weight is seldom quantified, and the term 
diarrhea refers to an increase in stool liquidity or frequency (more than three 
bowel movements per day). Acute and chronic diarrhea (Chapter 131) should 
be distinguished because the evaluation and treatment are different. In young 
adults with chronic diarrhea, the leading causes are irritable bowel syndrome 
(Chapter 128), inflammatory bowel disease (Chapter 132), microscopic colitis 
(Chapter 131), bile acid diarrhea, malabsorption, drugs, food additives, and 
diabetes (Chapter 216).

Constipation (Chapter 127), which is the most common digestive symptom, 
occurs in 15% of the population. Constipation may refer to fewer than three 
bowel movements per week; hard or lumpy stools; or difficulty during defeca-
tion, characterized by straining, a sensation of obstruction or incomplete 
evacuation, or the need to engage in manual manipulations to promote evacu-
ation. Constipation may be caused by systemic conditions that slow colonic 
transit, including neuromuscular disease, endocrine disorders, and electrolyte 
abnormalities, or by lesions that obstruct the passage of stool through the 
distal colon or anorectum, such as neoplasms, strictures, prolapse, and agan-
glionosis (Hirschsprung disease). Opioid-induced constipation is increasingly 
common owing to the opioid epidemic (Chapter 31).12 Most patients, however, 

History, review of systems, physical exam

Inquire of “alarm” symptoms or signs 
(e.g., hemoptysis, dysphagia, vomiting, 
altered bowel habits, jaundice)

Evaluation directed at alarm feature
Yes

No

No

No

Yes

Yes

Yes

No

Yes

No

Counseling or change in medications
as appropriate; reassess in 1–3 months

Diabetes, hyperthyroidism, HIV disease:
 treat
Iron deficiency anemia:
    colonoscopy and upper endoscopy
Hypercalcemia: check PTH, pursue cancer 
 work-up
Abnormal CXR: evaluate

Cancer (usually advanced): chest, abdominal 
 CT, EGD, and colonoscopy
Substance abuse: alcohol, opiates, 
 amphetamines, cocaine
Chronic illness: e.g., heart failure, COPD, 
 tuberculosis
Psychiatric issues: depression, early dementia

Upper endoscopy, 
colonoscopy, abdominal
CT scan, small bowel
enterography

Dysphagia: achalasia, esophageal cancer
Vomiting: gastric outlet obstruction, gastroparesis
Postprandial pain: Crohn disease, chronic 
 pancreatitis, chronic intestinal ischemia
Constipation: colon cancer

Consider
Celiac disease
Chronic pancreatitis
Small bowel bacterial overgrowth
Endocrine: pheochromocytoma,
 hyperthyroid

Obtain
anti-tTG
fecal fat; abdominal CT, EUS
fecal fat; hydrogen breath test
TFTs, urinary metanephrines

Initial labs: CBC, electrolytes, creatinine, 
glucose, ferritin, aminotransferase levels, 
albumin, calcium, CRP, TFTs, HIV
antibody 
Initial imaging: CXR

Decreased appetite/anorexia

Normal appetite but limited ability to eat 
due to GI tract obstruction or inflammation

Normal/increased appetite with diarrhea 
or malabsorption

Exclude volitional causes:
• Change of diet or dieting
• Medications
• Increased exercise
• Eating disorders

FIGURE 123-4. Approach to the patient with unintentional weight loss of more than 5%. cBc = complete blood count; copD = chronic obstructive pulmonary disease; crp = 
c-reactive protein; ct = computed tomography; cXr = chest radiograph; eGD = esophagogastroduodenoscopy; eUs = endoscopic ultrasound; Gi = gastrointestinal; hiV = human 
immunodeficiency virus; pth = parathyroid hormone; tFts = thyroid function tests; ttG = tissue transglutaminase. 

 OTHER GASTROINTESTINAL COMPLAINTS
Heartburn, esophageal regurgitation, dysphagia, odynophagia, and noncardiac 
chest pain suggest esophageal disease (Chapter 129). Dyspepsia, which refers 
to bothersome, intermittent, mild to moderate upper abdominal or epigastric 
symptoms (burning, pain, early satiation, postprandial fullness) can be caused 
by peptic ulcer disease (Chapter 130) or esophageal disease (Chapter 129), 
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Vomiting

Exclude pregnancy

Acute

Severe acute abdominal pain?

Yes: Exclude surgical disorders
Obstruction: gastric or intestinal
Peritonitis: perforated viscus, 

appendicitis
Biliary disease
Pancreatitis
Mesenteric ischemia
Cardiac: acute ischemia

Yes: Exclude disorders causing
partial luminal obstruction:
Gastric outlet obstruction: peptic disease,

gastric or pancreatic malignancy
Small intestinal obstruction: Crohn disease, 

radiation, neoplasm (rare)

No: Consider nonsurgical disorders
Medications
Infections: food poisoning, viral or

bacterial gastroenteritis, hepatitis
Metabolic: hyperglycemia, diabetic 

ketoacidosis, acute renal failure,
adrenal insufficiency, hypothyroidism

CNS: trauma, meningitis
Postoperative: ileus

No: Consider nonsurgical disorders
Medications
Metabolic: chronic renal failure, hypothyroidism
Gastroparesis: diabetes, neuromuscular disorders
Labyrinth disorders
CNS: subdural hematoma, tumors, hydrocephalus
Psychiatric disease
Eating disorders
Functional disorders

Intermittent or recurrent abdominal pain?

Chronic

FIGURE 123-5. Approach to the patient with vomiting. cns = central nervous system. 

TABLE 123-5 MEDICAL TREATMENT OF NAUSEA AND VOMITING
DRUG USUAL INDICATIONS USUAL DOSE (RANGE) ROUTE COMMENTS
ANTICHOLINERGIC-
ANTIHISTAMINE AGENTS

Side effects: sedation, dizziness, delirium, blurred vision, 
glaucoma, bronchospasm, tachycardia, urinary retention

Avoid concomitant alcohol or CNS depressants; use with 
caution in elderly patients

Scopolamine patch MS 1.5 mg/72 hr Patch
Dimenhydrinate MS 50 mg (50-100 mg) q4-6h PO, IM, IV Maximum 400 mg/24 hr
Cyclizine MS, GIDz 50 mg q8h PO, IM Maximum 200 mg/24 hr
Meclizine MS, V 25-50 mg q24h PO
Diphenhydramine GIDz 25-50 mg q6h PO, IV

50-100 mg q6h IM
Olanzapine CTX 10 mg q24h on days 1-4 PO Side effects: sedation, hyperglycemia, weight gain
Promethazine GIDz, PONV, MS 25 mg (12.5-25 mg) q6-12h PO, PR Phenothiazine derivative, but lacks significant 

antidopaminergic effects
25 mg (12.5-50 mg) q4-6h IV, IM Avoid perivascular extravasation or subcutaneous injection 

(severe tissue necrosis)
Trimethobenzamide GIDz, PONV 200 mg q6-8h IM
DOPAMINE RECEPTOR 
ANTAGONISTS

Side effects: neuromuscular (extrapyramidal) symptoms—
agitation, restlessness, involuntary movements, dystonia, 
torticollis, laryngospasm, Parkinson-like features

Prochlorperazine GIDz, PONV, CTX 5-10 mg q6-8h PO, IV, IM Maximum dose 20-40 mg/24 hr; avoid subcutaneous 
injection (irritation)

25 mg q12h PR
Metoclopramide GIDz 10 mg (10-20 mg) q6-8h PO, IV, IM Modest efficacy at these doses

CTX 1-2 mg/kg before and 2 hr after CTX IV High doses infrequently used owing to availability of safer, 
more effective CTX regimens; use with diphenhydramine 
to reduce adverse side effects

Droperidol PONV 2.5 mg (1.25-5 mg) preinduction and 
q4-6h as needed

IV, IM May cause QTc prolongation and torsades de pointes; use is 
restricted to patients who fail to respond to other agents

CORTICOSTEROIDS

Dexamethasone PONV 4-8 mg once preinduction PO, IV
CTX 8-20 mg on day 1; 8 mg on days 2-4 PO, IV Most beneficial when used with other agents (e.g., 5-HT3 RA, 

neurokinin-1 RA)
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TABLE 123-5 MEDICAL TREATMENT OF NAUSEA AND VOMITING—cont’d
DRUG USUAL INDICATIONS USUAL DOSE (RANGE) ROUTE COMMENTS
BENZODIAZEPINES Used to reduce anxiety and anticipatory vomiting
Lorazepam CTX 1-2 mg q4-6h PO, IV
CANNABINOIDS May stimulate appetite; adverse side effects (sedation, 

dizziness, dysphoria, dry mouth) limit use
Dronabinol GIDz, CTX 5-10 mg q6-8h PO
Nabilone GIDz, CTX 1-2 mg q12h PO
5-HT3 RECEPTOR 
ANTAGONISTS

PONV, CTX PONV prevention: give IV immediately before anesthesia 
induction

Prevention of CTX-induced vomiting: give 30 min (IV) to 
1 hr (PO) before CTX

Ondansetron PONV 4 mg once IV
4-8 mg PO

CTX, RadTx 8 mg once, 8 mg twice daily PO
Granisetron CTX, RadTx 1 mg twice daily PO

1 mg once IV
Dolasetron CTX, PONV 100 mg once daily PO only
Palonosetron CTX 0.25 mg once IV

0.5 mg PO, 1-3 
days

PONV 0.075 mg IV
NEUROKININ-1 RECEPTOR 
ANTAGONISTS

Highly emetogenic CTX Used exclusively in combination with a 5-HT3 RA or 
dexamethasone

Aprepitant 125 mg on day 1 80 mg on days 2-3 PO
Rolapitant 180 mg 1-2 hours before CTX PO
Fosaprepitant 150 mg on day 1 IV Aprepitant 80 mg PO on days 2-3
Netupitant 300 mg/palonosetron 

0.5 mg combination
1 capsule 1 hour before CTX PO

ANTIEMETIC REGIMENS 
FOR CHEMOTHERAPY

Mildly emetogenic CTX Option 1 Dexamethasone 8 mg IV or PO One dose only
Option 2
Option 3

Dopamine receptor antagonist
5-HT3 RA

One dose only
One dose only

Moderately emetogenic CTX Day 1: 5-HT3 RA plus dexamethasone 
8 mg with or without neurokinin-1 
RA

IV or PO Days 2-3: continue oral 5-HT3 RA and/or dexamethasone 
8 mg to reduce delayed emesis

Highly emetogenic CTX Day 1: 5-HT3 RA plus dexamethasone 
12 mg plus neurokinin-1 RA plus 
olanzapine

IV or PO Days 2-4: olanzapine and dexamethasone 8 mg PO daily; if 
apripitant given on day 1, continue 80 mg PO days 2-4. 
Regimens may vary. 

CNS = central nervous system; CTX = chemotherapy; GIDz = gastrointestinal disorders associated with nausea and vomiting; 5-HT3 = serotonin or 5-hydroxytryptamine3; IM = intramuscularly; IV = 
intravenously; MS = motion sickness; PO = orally; PR = rectally; PONV = postoperative nausea and vomiting; PR = per rectum; RA = receptor antagonist; RadTx = radiation therapy–induced nausea and 
vomiting; V = vertigo.
Modified from Proctor DD. Approach to the patient with gastrointestinal disease. In: Goldman L, Ausiello D, eds. Cecil Textbook of Medicine. 23rd ed. Philadelphia: Saunders-Elsevier; 2008.

do not have an apparent cause and are deemed to have functional or chronic 
idiopathic constipation,13 for which bisacodyl (5 to 15 mg daily) is superior 
to placebo and, on average, as good as or better than sodium picosulfate, 
prucalopride, or velusetrag. A11 

,
 A12 

GI bleeding (Chapter 126) may be acute and clinically apparent (overt) 
or chronic, slow, and clinically inapparent (occult). The location of acute GI 
bleeding is described as either upper or lower, according to whether the source 
is proximal or distal to the ligament of Treitz (distal duodenum). Upper GI 
bleeding, which is three times more common than lower GI bleeding, is mani-
fested by bloody emesis (hematemesis), coffee ground emesis, and, in most 
cases, black stools (melena). Common causes of significant bleeding are peptic 
ulcer disease, esophageal varices, Mallory-Weiss tears, erosive gastritis or 
esophagitis, and vascular ectasias.14 Major lower GI bleeding is manifested by 
large-volume maroon or bright red bloody stools (hematochezia). Although 
80 to 90% of patients with hematochezia have a lower source of bleeding, 
massive upper GI bleeding also may cause hematochezia. Approximately 95% 
of major lower GI bleeding arises from the colon and 5% from the small 
intestine. Lower GI bleeding is increased in patients older than 50 years, in 
whom diverticulosis accounts for 60% of cases; the remainder are due to 
ischemia, neoplasms, ulcers, vascular ectasias, or hemorrhoids. In patients 
younger than 50 years, bleeding is more commonly attributable to inflamma-
tory bowel disease, hemorrhoids, or infectious colitis.15

Occult GI bleeding refers to GI blood loss that is small in volume and not 
apparent to the patient but is detectable by tests for fecal occult blood. Chronic 
occult bleeding may result in iron deficiency anemia. Both upper endoscopy 
and colonoscopy should be performed to look for a source of occult bleeding, 
most commonly gastroesophageal or colonic neoplasia, erosive esophagitis 
or gastritis, ulcer disease, or vascular ectasia. In patients with recurrent iron 
deficiency and occult blood loss in whom no source is found on upper and 
lower endoscopy, video capsule endoscopy, CT enterography, or enteroscopy 
is performed to look for a small bowel source (vascular ectasia, ulcer, or 
neoplasm).16

Fecal incontinence (Chapter 136) is dependent on a number of factors, 
including a solid or semisolid stool, a compliant and distensible rectal res-
ervoir, the ability to sense rectal fullness, an intact internal anal sphincter 
(an involuntary muscle innervated by the enteric nervous system), an intact 
external anal sphincter and puborectalis (voluntary muscles innervated by 
the pudendal nerve), and the mental and physical ability to reach a toilet 
facility when needed. Minor incontinence, which occurs in 10% of people 
older than 70 years, is characterized by the inability to control flatus or by 
the seepage of fecal matter that results in soiling of the perianal area and 
undergarments. It tends to be intermittent, occurring after bowel movements; 
when coughing, lifting, or passing flatus; or when stools are loose. Major 
incontinence is characterized by the partial or complete inability to control 



Dyspepsia
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(dysphagia, vomiting, weight loss,
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Symptoms persist:
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H. pylori test negative:
reassurance, dietary
and lifestyle changes

No

Yes

EGDYes

FIGURE 123-6. Approach to the patient with dyspepsia. eGD = esophagogastroduo-
denoscopy; Gi = gastrointestinal; ppi = proton pump inhibitor. 
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3. A 73-year-old woman reports the onset of a constant aching, nonradiating 
left lower quadrant pain 2 days ago. She has continued to eat without 
nausea or vomiting, but her appetite is poor. She has not had a bowel 
movement for 2 days but has continued to pass flatus without relief of her 
discomfort. She has had no fever or chills. Her past medical history is 
noncontributory. She has chronic constipation but has noted no recent 
changes in her bowel habits. On physical examination, she is alert and 
moves without obvious pain. She has a normal blood pressure and pulse, 
with a temperature of 38° C. Bowel sounds are present but diminished. 
She has no tenderness to cough or percussion. On light and deep palpation, 
tenderness is noted in the left lower quadrant with some guarding. A mass 
is not palpable on abdominal or pelvic examination. Digital rectal examina-
tion is normal. Her white blood cell count is 12,000/µL. Which is the 
most likely cause of abdominal pain?
 A. Acute appendicitis
 B. Diverticulitis
 C. Colon cancer
 D. Ovarian torsion
 E. Pancreatic cancer

Answer: B The patient presents with 2 days of left lower quadrant pain without 
signs or peritoneal irritation (see Table 123-2 and Fig. 123-1). Although 
appendicitis must be considered, it uncommonly is manifested with pain in 
the left lower quadrant. An obstructing cancer in the distal colon can cause 
acute large bowel obstruction, but the absence of a change in her bowel habits 
and the presence of acute, localized pain make this diagnosis unlikely. Ovarian 
torsion can present at any age, usually with a more sudden onset of intense 
pain. The absence of a mass on pelvic examination makes this diagnosis unlikely. 
Pancreatic cancer pain usually has a more insidious onset with gradual pro-
gression. Diverticulitis usually is manifested with left lower quadrant pain 
because diverticulosis is more common in the left colon. The pain, which may 
be intermittent or constant, commonly is associated with obstipation or diar-
rhea. Diverticulitis may be associated with localized inflammation and micro-
perforation, with formation of an inflammatory mass and abscess, or with free 
perforation and peritonitis. Abdominal CT with oral and intravenous admin-
istration of contrast material has a high sensitivity and specificity (>90%) for 
the diagnosis of diverticulitis and helps exclude other cause of acute abdominal 
pain.

4. A 35-year-old woman reports chronic bloating and “gas” for several years. 
On closer questioning, she reports one to three stools per day that vary in 
consistency from well-formed to loose, without mucus or visible blood. 
She also reports a large amount of flatus. She denies nausea, heartburn, 
belching, vomiting, or abdominal pain. Her appetite is excellent, and her 
weight is stable. She has no significant prior medical history and takes no 
medications. She is a vegetarian and avoids all dairy products. Physical 
examination findings are normal. Laboratory data including complete blood 
count, albumin, C-reactive protein, and anti–tissue transglutaminase anti-
body are normal. A qualitative analysis of a stool specimen is negative for 
fecal fat. The most likely cause of this woman’s symptoms is:
 A. Irritable bowel syndrome
 B. Crohn ileitis
 C. Celiac disease
 D. Carbohydrate maldigestion
 E. Lactose intolerance

Answer: D Excessive flatus production is caused by either swallowed air or 
intestinal (usually colonic) bacterial fermentation of undigested carbohydrates. 
A large variety of short-chain carbohydrates, known as FODMAPs, are present 
in varying amounts in fruits, vegetables, and grains and can lead to increased 
colonic gas production in otherwise healthy people. A careful dietary history 
of foods containing these FODMAPs should be performed. Patients with 
disorders causing food malabsorption, such as celiac disease, chronic pancre-
atitis, and Crohn disease, may also have increased flatus due to malabsorption 
of fats and carbohydrates. The negative anti–tissue transglutaminase antibody 
is strong evidence against celiac disease. The lack of abdominal pain and normal 
laboratory data (including inflammatory markers) make Crohn disease unlikely. 
Although irritable bowel syndrome may be associated with complaints of 
bloating, the hallmark of this entity is abdominal pain, which the patient denies. 
She avoids all dairy products, so lactose intolerance is an unlikely cause.

REVIEW QUESTIONS

1. A 60-year-old man reports the recent onset of mild to moderate epigastric 
pain during the last few weeks. The pain is unrelated to meals and does 
not radiate. He has had some decrease in appetite but no nausea, vomiting, 
weight loss, or dysphagia. He denies ingestion of any aspirin or nonsteroidal 
anti-inflammatory drugs. He tried taking an over-the-counter H2-receptor 
antagonist (ranitidine) without symptomatic improvement. Physical exami-
nation findings are normal except for mild tenderness in the epigastrium. 
A stool specimen is negative for occult blood. Which of the following is 
the most appropriate initial diagnostic test?
 A. Upper gastrointestinal endoscopy
 B. H. pylori serology
 C. Abdominal computed tomography scan
 D. Ambulatory pH/impedance test
 E. An upper gastrointestinal series of radiographs, with a barium swallow

Answer: A The patient has dyspepsia (i.e., mild to moderate epigastric pain 
or discomfort), which is of recent onset but is not associated with any “alarm 
features.” Current guidelines recommend upper gastrointestinal endoscopy 
in patients with recent onset of dyspepsia who have alarm features or who 
are older than 60 years because of an increased likelihood of significant medical 
disorders, including peptic ulcer disease, gastroesophageal reflux disease, and 
malignant disease. Gastric biopsy specimens should be obtained to exclude 
H. pylori infection, which may cause dyspepsia and peptic ulcer disease. In 
patients without alarm features who are younger than 60 years, testing for H. 
pylori should be performed with a stool antigen assay or a urea breath test, 
and eradication therapy should be given if the test result is positive. Patients 
who do not have H. pylori infection or whose symptoms persist after H. pylori 
eradication may be treated empirically with a proton pump inhibitor for 4 to 
8 weeks. Patients with persistent symptoms should undergo upper gastroin-
testinal endoscopy.

2. A 65-year-old man reports progressive unintentional weight loss of 25 
pounds (10% of body weight) during the past 12 months. He reports no 
dysphagia, nausea, vomiting, or jaundice. His appetite remains good. He 
reports loose stools and excessive, foul-smelling flatus. He has a history of 
diabetes mellitus, for which he takes metformin and insulin. He has a prior 
history of heavy ethanol use but has been abstinent for several years. A 
physical examination is unrevealing, including a nontender abdomen and 
no organomegaly or abnormal masses. Initial blood work including a compete 
blood count, electrolytes, and liver chemistries is normal. Which of the 
following is the most likely cause of the patient’s weight loss?
 A. Metformin
 B. Chronic pancreatitis
 C. Colon cancer
 D. Diabetic gastroparesis
 E. Pancreatic cancer

Answer: B The patient’s unintentional weight loss of more than 5% of his 
former body weight is significant and warrants evaluation (see Fig. 123-4). 
The presence of loose stools and increased flatus is suggestive of malabsorp-
tion. Given his history of heavy alcohol use, chronic pancreatitis resulting 
in malabsorption and diabetes mellitus is the most likely cause of weight 
loss. Metformin can cause a number of gastrointestinal symptoms, includ-
ing dyspepsia and diarrhea, but it does not cause malabsorption. Although 
the patient could have an underlying malignant neoplasm, nonmetastatic 
colon cancer usually does not cause significant weight loss, and malabsorp-
tion is not a typical finding with pancreatic cancer. Although gastroparesis 
can cause weight loss, the patient has no early satiety or vomiting to suggest  
this diagnosis.
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5. A 35-year-old woman seeks evaluation for abdominal pain that has been 
present for several years. The pain, which is diffuse and relatively constant, 
is unrelated to menses, meals, or bowel movements. She has no associated 
nausea, vomiting, weight loss, diarrhea, or constipation. She reports chronic 
fatigue, headaches, and intermittent myalgias. Her menses are irregular. 
She has a history of depression but currently is not taking medications. 
She has seen several other providers and reports having undergone upper 
gastrointestinal endoscopy, colonoscopy, ambulatory pH study, abdominal 
ultrasound, and abdominal computed tomography scan, all of which have 
been unrevealing. On physical examination, she has diffuse abdominal 
tenderness without guarding or signs of peritoneal irritation. She has no 
organomegaly or abnormal masses. Laboratory data are normal, including 
complete blood count, electrolytes, liver chemistries, C-reactive protein, 
and thyroid-stimulating hormone. The most likely cause of this patient’s 
abdominal pain is:
 A. Crohn disease
 B. Acute porphyria
 C. Functional pain syndrome
 D. Endometriosis
 E. Gallstones

Answer: C Chronic abdominal pain that is present for months to years can 
be caused by structural (organic) disorders, but such causes are usually appar-
ent after careful medical evaluation. Common causes of chronic pain include 
gastroesophageal reflux, peptic ulcer disease, inflammatory bowel disease, 
chronic pancreatitis, biliary tract disease, gastrointestinal malignant neoplasms, 
and endometriosis. With these entities, the pain usually is localized and inter-
mittent. Crohn disease usually is associated with altered bowel habits, anemia, 
and elevated inflammatory markers; it is almost always demonstrated by 
endoscopy or abdominal cross-sectional imaging. Acute porphyria may cause 
acute abdominal pain and neuropsychiatric features, but the attacks are inter-
mittent. Endometriosis usually causes pelvic pain that is intermittent and 
worsened before menses. This patient’s pain strongly suggests a functional 
origin: it is constant and diffuse, it is unrelated to physiologic functions (i.e., 
eating or bowel movements), and it is associated with other chronic somatic 
complaints (fatigue, myalgias, depression). The patient has already had an 
extensive but unrevealing evaluation for organic disorders. Further studies 
are extremely unlikely to be of benefit. The physician should endeavor to shift 
her focus from finding the cause of the pain to coping with her chronic illness. 
A therapeutic patient-provider relationship—which includes a nonjudgmental 
attitude, reassurance, empathy, education, and an assessment of psychosocial 
contributors, fears, and cultural beliefs—is essential to helping her adjust and 
improve.
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124 
DIAGNOSTIC IMAGING PROCEDURES 
IN GASTROENTEROLOGY
MARC S. LEVINE AND RICHARD M. GORE

A variety of diagnostic imaging modalities are helpful to evaluate diseases of 
the gastrointestinal (GI) tract and hepatopancreaticobiliary system. Cross-
sectional imaging studies such as ultrasonography, computed tomography (CT), 
and magnetic resonance imaging (MRI) are widely available for evaluating 
both hollow and solid GI organs. Other imaging tests such as positron emis-
sion tomography (PET) and the combination of PET-CT are also useful for 
staging malignant tumors in the abdomen and other sites. Although the role of 
conventional fluoroscopic barium studies for evaluating GI disease (especially 
colonic disease) has decreased during the past two decades, fluoroscopic pro-
cedures continue to be useful for evaluating a variety of GI diseases (especially 
those involving the pharynx and esophagus), and fluoroscopic studies with 
water-soluble contrast agents are useful in assessing for leaks after GI surgery.

 ABDOMINAL RADIOGRAPHS
Abdominal radiographs are less sensitive and specific than CT for detecting 
major abnormalities in the abdomen. Nevertheless, conventional radiographs 
have the advantage of wide availability, low cost, and portability, thereby allow-
ing for easy acquisition of images in patients with abdominal pain, obstruc-
tive symptoms, or clinical signs of an acute abdomen (Chapter 133). The 
combination of supine and upright or decubitus horizontal beam radiographs 
enables diagnosis of small bowel or colonic obstruction or ileus, volvulus (Fig. 
124-1A), free intraperitoneal air (pneumoperitoneum), ischemic or necrotic 
bowel with intramural air (pneumatosis), air in the bile ducts (pneumobilia), 
and portal venous gas. Serial abdominal radiographs are particularly useful 
for evaluating hospitalized patients with evolving bowel obstruction or ileus. 
In patients who are too ill or debilitated to stand or lie on their side, supine 
abdominal radiographs have a sensitivity above 50% for detecting indirect 
signs of free air, such as gas on both sides of the bowel wall (Rigler sign), 
linear collections of gas in the subhepatic space, triangular collections of gas 
in the posterior recess of the hepatorenal fossa (Morrison pouch), and gas 
outlining the falciform ligament (Fig. 124-1B). Abdominal radiographs can 
also be used to demonstrate extraluminal gas in abdominal abscesses, gas in 
the bowel wall or portal venous system in patients with intestinal ischemia, or 
abnormal calcifications such as renal calculi (Chapter 117), appendicoliths, or 
radiopaque foreign bodies, such as retained needles or sponges after abdominal 
surgery. When these findings are present on abdominal radiographs, CT can 
be performed to obtain more detailed information about the severity and 
extent of disease.

 FLUOROSCOPIC PROCEDURES
Although the role of contrast fluoroscopy has changed dramatically during 
the past three decades, fluoroscopic examinations continue to be important 
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ABSTRACT
Diagnostic imaging procedures play a critical role for evaluating diseases of 
the gastrointestinal and hepatopancreaticobiliary tracts. A variety of imaging 
modalities are available in modern radiology practice, and the optimal imaging 
test depends on the type and location of the disease being evaluated. Cross-
sectional imaging modalities—computed tomography, magnetic resonance 
imaging, and ultrasound—have had an increasing role in evaluating both hollow 
and solid gastrointestinal organs. Other imaging tests such as positron emis-
sion tomography (PET) and the combination of PET and computed tomog-
raphy are often used to stage malignant gastrointestinal tumors. Although the 
role of abdominal radiographs and conventional fluoroscopic barium studies 
has decreased during the past two decades (especially for colonic disease), 
fluoroscopic procedures continue to be useful for evaluating a variety of gas-
trointestinal diseases (especially those involving the pharynx and esophagus), 
and fluoroscopic studies with water-soluble contrast agents are useful for 
assessing leaks after gastrointestinal surgery.
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The single-contrast barium enema is, however, a useful diagnostic tool for 
patients with suspected colonic obstruction (Fig. 124-2D), intussusception, 
or fistulas. Evacuation proctography often is performed to assess for a variety 
of functional abnormalities in patients with evacuation disorders (Chapter 
136), although MRI is another alternative in such patients.

Fluoroscopic studies with water-soluble contrast agents often are performed 
to assess for possible perforation of the GI tract and to delineate the site of 
origin in patients with clinical signs and symptoms of leaks, particularly after 
bariatric or other forms of GI surgery. When studies with water-soluble contrast 
agents fail to show a leak in patients with clinically suspected perforation of 
the upper GI tract, the examination should be repeated with high-density 
barium to increase the sensitivity for detecting leaks.

 COMPUTED TOMOGRAPHY
Recent advances in multidetector CT technology allow thinner collimation 
and faster scanning times that provide multiphasic, high-resolution images of 
the GI tract and solid abdominal organs. These hardware developments com-
bined with advances in three-dimensional imaging software and the availability 
of cheaper data storage capacity have provided new opportunities for expert 
interpretation of images that can identify the gamut of infectious, inflamma-
tory, hemorrhagic, traumatic, and neoplastic GI disorders of the chest, abdomen, 
and pelvis.2

In patients with an acute abdomen, CT is the premier imaging test for the 
detection of appendicitis (Chapter 133) (Fig. 124-3), diverticulitis (Chapter 
133) (Fig. 124-4), bowel obstruction (Fig. 124-5), volvulus, pancreatitis 
(Chapter 135), bowel ischemia, abscess formation, perforation, epiploic 
appendagitis, omental infarction, and splanchnic vascular thrombi and emboli 
(Chapter 134). Because of its speed, accuracy, and noninvasiveness, CT has 
also assumed a principal role in the evaluation of patients with blunt and 
penetrating chest and abdominal trauma (Chapter 103).3

CT is the primary means of diagnosing primary and metastatic disease of 
the liver, pancreas, spleen, kidneys, adrenal glands, and lymph nodes. Because 
of its superior spatial resolution and ability to image the bowel wall, lymph 
nodes, and surrounding mesentery, CT is the primary means of staging esopha-
geal, gastric, duodenal, small bowel, and colorectal malignancies (Fig. 124-6). 
CT is also the most commonly used imaging modality for assessing a tumor’s 
response to therapy.

CT angiography has revolutionized vascular imaging and has replaced diag-
nostic catheter angiography for many indications, including: detecting aortic 

diagnostic tests for patients with a wide range of GI diseases. Barium esopha-
gography is a noninvasive, inexpensive, and readily available study that can 
simultaneously evaluate swallowing function, dysphagia, esophageal motility 
(Chapter 129), gastroesophageal reflux, and various structural abnormalities in 
the pharynx and esophagus in patients with dysphagia or reflux symptoms (Fig. 
124-2A).1 The barium study can complement a careful ear, nose, and throat 
examination and may sometimes be an alternative to endoscopy, esophageal 
manometry, and 24-hour pH esophageal monitoring in selected patients. A 
modified barium swallow in conjunction with a speech pathologist is also a 
valuable test for evaluating patients with possible aspiration owing to neurologic 
conditions such as stroke (Chapter 379) and Parkinson disease (Chapter 381) 
and for developing swallowing strategies to prevent or minimize aspiration.

Double-contrast upper GI barium studies can detect a variety of benign 
conditions involving the stomach and duodenum, including gastric or duodenal 
ulcers (Chapter 130) and benign or malignant tumors (Chapter 183) in patients 
with epigastric pain, dyspepsia, or other upper GI signs and symptoms (Fig. 
124-2B). If a duodenal ulcer (secondary to Helicobacter pylori or nonsteroidal 
anti-inflammatory drugs) or an unequivocally benign-appearing gastric ulcer 
is detected on double-contrast studies, it is reasonable to implement medical 
therapy based on the radiographic findings without the need for endoscopy. 
If, however, a gastric ulcer or other lesions that are equivocal or suspicious 
for malignant tumor are detected on barium studies, endoscopy and biopsy 
must be performed for a more definitive diagnosis. Patients who are too old 
or debilitated to tolerate the maneuvers required for a double-contrast exami-
nation can be evaluated by single-contrast technique, which has a lower diag-
nostic accuracy, but this study usually is performed to search mainly for gross 
pathologic abnormalities.

Small bowel barium studies (also known as small bowel follow-through 
studies) are useful diagnostic tests to evaluate for: Crohn disease (Chapter 
132) or other inflammatory conditions in patients with abdominal pain or 
diarrhea (Fig. 124-2C); tumor or Meckel diverticulum (Chapter 133) in 
patients with low-grade GI bleeding; adhesions or other causes of low-grade 
or partial obstruction in patients with recurrent nausea and vomiting but no 
significant obstruction on CT; celiac disease (Chapter 131) and its complica-
tions, including (e.g., jejunoileal ulcerations, adenocarcinoma, lymphoma), 
or other small bowel abnormalities in patients with malabsorption.

Barium enemas are performed far less often than other types of barium 
studies in modern radiology practice, and double-contrast barium enemas are 
no longer recommended for routine colon cancer screening (Chapter 184). 

BA

FIGURE 124-1. Abnormalities on abdominal radiographs. A, a supine abdominal radiograph shows a massively dilated sigmoid colon extending from the pelvis into the upper 
abdomen in an “inverted u” configuration (black arrows). this appearance is characteristic of a sigmoid volvulus. also note a calcified uterine fibroid (white arrow) in the pelvis. B, supine 
abdominal radiograph several days after abdominal surgery shows a thin, vertically oriented linear density (arrows) in the right upper quadrant secondary to gas outlining the falciform 
ligament from postoperative pneumoperitoneum. also note a row of skin staples in the lower abdomen and pelvis, as well as a surgical drain. 
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FIGURE 124-2. Abnormalities on fluoroscopic barium studies. A, upright left posterior oblique spot image from double-contrast esophagram shows multiple tiny plaquelike lesions 
in the upper thoracic esophagus from Candida esophagitis. in the appropriate clinical setting, this finding is virtually diagnostic of esophageal candidiasis. B, left lateral spot image 
from double-contrast upper gastrointestinal examination shows a smooth submucosal mass (arrows) in the superior aspect of the proximal stomach secondary to a gastrointestinal 
stromal tumor (gist). C, supine spot image from small bowel follow-through shows multiple short, segmental strictures (arrows) in the distal ileum from crohn disease. D, Prone view 
of the distal colon from single-contrast barium enema shows a long segment of narrowing (arrows) in the sigmoid colon with distorted folds and tethered diverticula secondary to 
chronic diverticulitis. these patients typically present with chronic symptoms of obstruction, and segmental resection of the diseased colon usually is required. 

aneurysms and dissections (Chapter 69); depicting arterial and venous splanch-
nic vascular thrombi, emboli, aneurysms, and stenoses (Chapter 134), as well 
as inflammatory changes in the mesenteric vasculature (Chapter 134); providing 
a preoperative roadmap for patients who are candidates for resection of hepatic, 
biliary, and pancreatic malignancies,4 including the detection of vascular encase-
ment and invasion by tumor; and localizing acute GI hemorrhage (Chapter 
126) when the cause of bleeding remains undiagnosed after upper GI endos-
copy and colonoscopy.5

CT enterography is a technique in which dynamic, high-resolution images 
of the small bowel are obtained while it is distended with neutral contrast 
agents such as water or polyethylene glycol. This technique is primarily used 

to determine the cause of occult GI bleeding, low-grade, chronic small bowel 
obstruction, and unexplained abdominal symptoms, as well as to evaluate 
patients with known or suspected Crohn disease.6 CT colonography combines 
two- and three-dimensional evaluation of the colon for detection of colorectal 
polyps (E-Fig. 124-1) and cancers (Chapter 184).7

 MAGNETIC RESONANCE IMAGING
With technologic advances (e.g., increased magnetic strength and improved 
coil technology), advanced pulse sequences (e.g., diffusion-weighted imaging), 
and improved contrast agents, MRI has become a powerful first-line imaging 
tool for many abdominal diagnostic challenges. MRI offers superior contrast 
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E-FIGURE 124-1. Adenomatous polyp on screening computed tomography (CT) 
colonography. three-dimensional endoluminal view from ct colonography shows a 
2.5-cm sessile polyp near the splenic flexure of the colon. 
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focal nodular hyperplasia, hepatic lipomas, and arteriovenous malformations 
can also be confidently diagnosed with MRI. Patients with renal insufficiency 
should not receive gadolinium-based agents because of the risk of developing 
nephrogenic systemic fibrosis (Chapter 251) involving the skin, joints, eyes, 
or internal organs.8

The hepatic images created by MRI are profoundly influenced by the pres-
ence of fat and iron. As a result, MR is a superb means of detecting and 
quantifying the amount of hepatic fat in patients with hepatic steatosis (Chapter 
143) (E-Fig. 124-2) and of depicting and determining the degree of iron 
deposition in hemosiderosis and hemochromatosis (Chapter 201).

MR elastography (E-Fig. 124-3) is becoming an increasingly popular means 
of noninvasively diagnosing and staging hepatic fibrosis in patients with 

and temporal resolution without ionizing radiation. Limitations of abdominal 
MRI include longer examination times, greater expense, MR artifacts, and 
the cautions regarding scanning patients with intracardiac devices (e.g., pace-
makers, defibrillators) (Chapter 60) or claustrophobia.

Following the intravenous administration of blood pool or hepatocyte specific 
gadolinium-based contrast agents, MRI offers the best non-invasive means 
of detecting and characterizing focal hepatic lesions and hepatic metastases 
(Chapter 186) (Fig. 124-7). Hepatic cysts, bile duct hamartomas, hemangiomas, 

FIGURE 124-3. Computed tomography (CT) findings in appendicitis. axial ct scan 
shows a dilated appendix (arrows) containing appendicoliths and fluid. note hyperen-
hancement of the appendiceal wall. 

FIGURE 124-4. Computed tomography (CT) findings in sigmoid diverticulitis. coronal 
ct scan shows thickening of the sigmoid colon, engorged vasa recta in the sigmoid 
mesocolon, and a pericolic abscess (arrows) that has fistulized to the anterolateral pelvic 
wall. an incidental cyst is present in the lower pole of the right kidney. 

FIGURE 124-5. Computed tomography (CT) findings in small bowel obstruction caused 
by recurrent colon cancer. coronal ct scan shows serosal tumor (yellow arrow) causing 
jejunal obstruction and dilation (double red arrow). 

FIGURE 124-6. Computed tomography (CT) staging for gastroesophageal junction 
cancer. coronal ct scan shows a primary adenocarcinoma of the gastroesophageal junc-
tion (red arrow) with metastases (yellow arrow) to mediastinal lymph nodes. 
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E-FIGURE 124-2. Magnetic resonance (MR) features in hepatic steatosis. in-phase (A) and out-of-phase (B) axial mr images of the liver show dramatic loss of hepatic signal on the 
out-of-phase sequence, indicating marked diffuse hepatic steatosis. 

BA

E-FIGURE 124-3. Magnetic resonance (MR) findings in cirrhosis of the liver. A, coronal mr image shows hepatomegaly with a nodular hepatic contour (arrows) in this patient with 
cirrhosis. (s = enlarged spleen) B, Wave image from the mr elastography portion of the study. the patient had stage iV liver fibrosis with a liver stiffness of 7.2 kPa (kilopascals). 



CHAPTER 124 Diagnostic imaging ProceDures in gastroenterology 833

presence of active inflammatory fibrostenotic, fistulizing, reparative, and regen-
erative changes.10

MRI has a key role in the management of patients with rectal cancer (Chap-
ters 136 and 184). It can be used to evaluate the extent of tumor invasion into 
the mesorectal fat, to assess invasion of the mesorectal fascia, and (with 
diffusion-weighted imaging) to determine whether there is adenopathy in the 
mesorectal fat or pelvic sidewalls.11

 ULTRASOUND
Although CT and MRI have become the dominant noninvasive techniques 
for evaluating abdominal pathology, ultrasound remains the primary method 
to evaluate the gallbladder (Chapter 146) and is a first-line imaging test for 
children and pregnant women.

In patients with diffuse liver disease, ultrasound can be used to screen for 
hepatocellular carcinoma, although it is less sensitive than CT or MRI. Hepatic 
steatosis results in increased hepatic echogenicity roughly proportional to the 
histopathologic grade of steatosis. The cirrhotic liver shows heterogeneity and 
coarsening of the hepatic architecture, nodularity of the liver surface, atrophy 
of the right hepatic lobe, hypertrophy of the caudate lobe and lateral segment 
of the left lobe, accentuation of the fissures, and signs of portal hypertension, 
including splenomegaly, ascites, and varices.

Duplex, color, and power Doppler ultrasound are used to diagnose portal 
hypertension (Chapter 144), varices, vascular thrombosis, cavernous trans-
formation of the portal vein (E-Fig. 124-4), and aneurysms, as well as to assess 
the patency of the hepatic and mesenteric vasculature in patients with suspected 
mesenteric ischemia (Chapter 134), liver transplant recipients, and patients 
who have undergone transjugular intrahepatic portosystemic shunt (TIPS) 
placement.

Ultrasound is less sensitive and specific than CT and MRI for detecting 
and characterizing benign and malignant focal liver lesions and hepatic metas-
tases (Chapter 186). In the future, intravascular contrast agents, which have 
not yet been approved for use in the United States, may improve the accuracy 
of ultrasound in these patients.

Ultrasound, which is the gold standard for the noninvasive diagnosis of 
cholecystitis (Chapter 146) and cholelithiasis (Fig. 124-10), is highly accurate, 
can be performed at the patient’s bedside, and does not require the use of 
ionizing radiation. The sonographic findings of acute uncomplicated chole-
cystitis include: gallstones, which often are impacted in the cystic duct or 
gallbladder neck; mural thickening (>3 mm); a three-layered appearance of 
the gallbladder wall; hazy delineation of the gallbladder; localized pain with 
maximal tenderness elicited over the gallbladder (a sonographic Murphy sign); 
pericholecystic fluid; and gallbladder distention.

steatosis, hepatitis, and cirrhosis (Chapter 144). This technique quantitatively 
images the direct consequence of liver fibrosis: increased stiffness of the hepatic 
parenchyma. MR elastography also provides quantitative maps of tissue stiff-
ness over large regions of the liver and is a promising tool for longitudinal 
assessment of hepatic response to antiviral or antifibrotic therapy.9

MR cholangiopancreatography (MRCP) has become the premier means of 
noninvasively evaluating the biliary (Chapter 146) and pancreatic (Chapter 
135) ductal systems and has, to a large degree, replaced diagnostic endo-
scopic retrograde cholangiopancreatography (ERCP). The primary indica-
tions for this examination include the diagnosis of choledocholithiasis (Fig. 
124-8), biliary and pancreatic ductal obstruction, sclerosing cholangitis, chol-
angiocarcinoma, and benign and malignant cystic tumors of the liver and  
pancreas.

Because of its exquisite soft tissue discrimination and lack of ionizing radia-
tion (the latter being a particularly important consideration in patients who 
are young and who need multiple sequential examinations), MR enterography 
has become the preferred noninvasive means of assessing nonemergent Crohn 
disease (Chapter 132) (Fig. 124-9). MR enterography can evaluate the activity 
of the disease and the stage of the disease, the efficacy of therapy, and the 

FIGURE 124-7. Magnetic resonance (MR) findings in multiple hypervascular hepatic 
metastases. contrast-enhanced axial mr image of the liver shows multiple hypervascular 
hepatic lesions (arrows) in a patient with a pancreatic neuroendocrine tumor. 

FIGURE 124-8. Magnetic resonance cholangiopancreatography (MRCP) findings in 
choledocholithiasis. coronal image from mrcP shows a low-signal intensity defect (arrow) 
in the distal common bile duct secondary to a common duct stone causing intra- and 
extrahepatic biliary dilation. 

FIGURE 124-9. Magnetic resonance (MR) enterography findings in active Crohn 
disease. coronal mr image shows mural thickening (arrows) in the distal jejunum with 
hyperenhancement of the mucosa and engorgement of the vasa recta supplying the 
diseased bowel segment. 
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E-FIGURE 124-4. Sonographic findings in cavernous transformation of the portal 
vein. color-flow Doppler image of the porta hepatis shows a vermiform cluster of blood 
vessels where the portal vein is typically located. 



thermal ablation, or cryoablation) has become an increasing common thera-
peutic modality. Chemoembolization with drug-eluting beads containing 
doxorubicin and radioembolization with yttrium-90 are other alternatives 
that provide a greater cytotoxic and ischemic effect locally with less systemic 
toxicity.13
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The applications of ultrasound have also expanded to include the ability to 
introduce an ultrasound transducer into endoscopic instruments. These advances 
have led to the development of upper GI endoscopic ultrasound and transrectal 
ultrasound, as well as intravascular, endovaginal, and intraoperative approaches 
for ultrasound.

 NUCLEAR MEDICINE  
(RADIONUCLIDE SCINTIGRAPHY)

PET imaging exploits the fact that the glucose analogue, [F-18]2-fluoro-
2-deoxyglucose (FDG), accumulates intracellularly in malignant tissue. PET-CT 
uses PET and CT scanners in a combined imaging system to produce a fused 
image that provides biologic and anatomic information. PET’s metabolic 
information regarding tumor tissue often provides more sensitive and specific 
data about the extent of malignant tumor than does anatomic information 
alone. FDG-PET is a well-accepted method for staging a number of malignant 
tumors, including esophageal (Chapter 183), colonic (Chapter 184), rectal, 
and anal cancers (E-Fig. 124-5), as well as gastrointestinal stromal tumors  
(Chapter 183).12

PET-MR combines the unique tissue characterization abilities of MR 
with the quantifiable functional and molecular information of PET, thereby 
providing potential advantages over other imaging modalities. For example, 
PET-MR enables patients requiring both PET and MRI for tumor staging to 
undergo a single appointment and imaging session. In patients with neuroen-
docrine tumors, such as carcinoids (Chapter 219) and insulinomas (Chapter 
217), the indium-111 octreotide scan is useful for diagnosis, staging, and  
follow-up.

99m-technetium–labeled red blood cell scintigraphy is a noninvasive, sensi-
tive technique for detecting GI hemorrhage (Chapter 126), with the ability 
to detect blood loss rates as low as 0.1 mL/minute. Although ultrasound, CT, 
and MRCP are the primary imaging tests for evaluating the gallbladder and 
biliary tract, hepatobiliary scintigraphy can be useful in patients with acalculous 
cholecystitis and biliary leaks (Chapter 146).

 INTERVENTIONAL PROCEDURES
Fluoroscopy, CT, and ultrasound are useful for guiding a number of abdominal 
procedures, most commonly fine-needle aspiration and core biopsies of masses, 
drainage of abscesses, biliary interventions, and placement of gastrostomy 
and gastrojejunal tubes. In patients with postoperative abscesses or abscesses 
caused by perforated appendicitis or diverticulitis (Chapter 133), CT can be 
used for abscess drainage, often obviating the need for surgical intervention.

In patients with unresectable primary and metastatic neoplasms involving 
the liver and in patients with hepatic tumors who are poor surgical candidates 
(Chapter 186), CT- or ultrasound-guided percutaneous ablation (using alcohol, 

FIGURE 124-10. Sonographic findings in cholelithiasis. sagittal, left lateral decubitus 
ultrasound image of the gallbladder shows gallstones (white arrow) casting an acoustic 
shadow (yellow arrow). 

https://expertconsult.inkling.com/
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E-FIGURE 124-5. Positron emission tomography (PET)–computed tomography (CT) 
findings in metastatic anal carcinoma. axial ct image (A), axial Pet image (B), fused 
axial Pet-ct image (C), and maximum intensity projection (miP) coronal Pet image (D) 
show a hypermetabolic anal cancer (red arrows) with metastases to left inguinal lymph 
nodes (yellow arrows). 
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REVIEW QUESTIONS

1. A patient with a known duodenal ulcer demonstrates peritoneal signs on 
clinical examination, and you are worried she may have free air in her 
abdomen. The best next step in imaging evaluation would be:
 A. Supine plain radiography
 B. Supine and upright abdominal radiography
 C. Magnetic resonance (MR)
 D. Ultrasound
 E. Computed tomography (CT)

Answer: B Abdominal radiography, which includes an upright view, is a quick 
and simple way to assess for frank free air. Supine radiography is incorrect 
because her positioning may hide large amounts of free air. Air can be difficult 
to detect by both MR and ultrasound. CT is very sensitive but more expensive; 
it would be a consideration if her diagnosis were not already known.

2. A patient presents with unexplained Hemoccult-positive stool and anemia. 
Upper and lower endoscopy findings are negative. The optimal imaging 
test would be:
 A. Supine and upright plain radiographs
 B. Small bowel contrast series
 C. Focused ultrasound with power Doppler
 D. Computed tomographic (CT) enterography
 E. Magnetic resonance (MR) of the abdomen

Answer: D The clinical presentation is possibly related to the small bowel 
given the negative upper and lower endoscopy. From the choices listed, CT 
enterography represents the most sensitive and specific method to determine 
the cause of the occult bleed. The single column nature of small bowel series 
is insensitive for such processes, whereas ultrasound would be limited by the 
shadowing nature of air, thereby precluding a global evaluation of the entire 
small bowel. MR is less sensitive than CT, and its image quality may be more 
variable owing to patient and bowel motion. (Elsayes KM, Al-Hawary MM, 
Jagdish J, et al. CT enterography: principles, trends, and interpretation of find-
ings. Radiographics. 2010;30:1955-1970.)

3. A patient presents with fever and abdominal pain. The optimal imaging 
test would be:
 A. Supine and upright plain radiographs
 B. Single column contrast fluoroscopic study
 C. Computed tomography (CT)
 D. Magnetic resonance (MR)
 E. Ultrasound

Answer: C CT represents the best choice as it allows a global evaluation of 
the entire abdomen and pelvis. Plain radiographs are of limited value except 
for the evaluation of free air or obstruction. Fluoroscopic contrast studies 
evaluate the luminal gastrointestinal tract only, with limited assessment of 
extraluminal structures. Ultrasound evaluation would be limited by shadowing 
bowel gas. MR could answer the question, but it functions better as a follow-
up test to assess and characterize a specific abnormality/process. (American 
College of Radiology. http://www.acr.org/Quality-Safety/Appropriateness-
Criteria/Diagnostic/Gastrointestinal-Imaging.)

4. An obtunded patient presents with right-sided abdominal pain, fever, and 
elevated liver enzymes. The optimal first imaging test would be:
 A. Supine and upright plain radiographs
 B. Ultrasound
 C. Computed tomography (CT)
 D. Magnetic resonance cholangiopancreatography (MRCP)
 E. Magnetic resonance (MR)

Answer: B Ultrasound represents a safe, efficient, and inexpensive way to assess 
the gallbladder and bile ducts. MR represents a more expensive option, and 
the image quality may be poor if the patient is acutely ill. CT may be helpful 
but is less useful for the differentiation of right upper quadrant abnormalities 
compared with MR and ultrasound. (Hanbidge AE, Buckler PM, O’Malley 
ME, et al. From the RSNA refresher courses: imaging evaluation for acute pain 
in the right upper quadrant. Radiographics. 2004;24:1117-1135.)

http://www.acr.org/Quality-Safety/Appropriateness-Criteria/Diagnostic/Gastrointestinal-Imaging
http://www.acr.org/Quality-Safety/Appropriateness-Criteria/Diagnostic/Gastrointestinal-Imaging
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125 
GASTROINTESTINAL ENDOSCOPY
PANKAJ JAY PASRICHA

 IMPORTANCE AND USE OF ENDOSCOPY
Technologic advances in minimally invasive endoscopic imaging and therapy 
have transformed medicine in the past few decades. With its remarkable 
accessibility, the gastrointestinal (GI) tract, perhaps more than any other 
organ system, has benefited. The major advantages of endoscopy over con-
trast radiography for evaluating diseases of the alimentary tract include 
direct visualization, resulting in a more accurate and sensitive evaluation of 
mucosal lesions; the ability to obtain biopsy specimens; and the ability to 
perform selective but critical therapeutic interventions. These advantages 
make endoscopy the procedure of choice in most cases in which GI lesions 
are suspected (Table 125-1). However, an important role remains for radio-
logic procedures such as computed tomography (CT), magnetic resonance 
imaging (MRI), and even traditional contrast radiography, particularly when 
extrinsic or intrinsic distortions of anatomy are suspected—such as volvu-
lus, intussusception, subtle strictures, or complicated postsurgical changes  
(Chapter 124).

 INSTRUMENTS AND PROCEDURES
 Luminal Endoscopy: Conventional and Wireless
The workhorse modern GI endoscope is like a video camera with a charged 
couple device chip at its tip. The scope itself is tethered to a light source and 
video processor, and the image is displayed on one or more monitors. The 
endoscopic shaft not only carries the optical elements for imaging but also 
contains channels that enable various functions such as air insufflation, water 
irrigation, suction, and passage of diagnostic and therapeutic devices. However, 
some forms of endoscopy no longer require tethering to a light source. The 
capsule endoscope, a disposable plastic capsule that is approximately the size 
of a large vitamin pill, contains a chip camera, batteries, and a radio transmitter 
that wirelessly sends images to a device that the patient wears as a belt. At the 
end of the procedure, the information is downloaded to a computer, and the 
capsule itself passes out harmlessly in the stool. The capsule endoscope has 
allowed routine evaluation of the entire length of the small bowel, a feat that 
was challenging and oftentimes impossible with conventional instruments. 
Variations of the capsule endoscope have been developed for esophageal and 
colonic imaging. Although the utility of these capsules has not been established, 
capsule colonoscopy may have a potential future role in screening programs 
for colorectal cancer.1

Optical biopsy techniques (including confocal microscopy, optical coher-
ence tomography, and a variety of forms of spectroscopy) can provide micro-
scopic images of cells at the surface as well as within deeper layers, thereby 
providing virtual real-time histology.2 Furthermore, using targeted probes, it 
is theoretically possible to image function as well as form (Fig. 125-1), thereby 
adding another dimension to diagnosis in the future.

 Ancillary Organ Imaging: Endoscopic Retrograde Cholangiography  
and Pancreatography
Endoscopic retrograde cholangiopancreatography (ERCP) uses a side-viewing 
endoscope that accesses the second part of the duodenum, where a small 

catheter is then introduced into the bile or pancreatic duct to inject radio-
graphic contrast medium under fluoroscopic monitoring. Successful cannula-
tion and imaging can be achieved in up to 95% of cases in expert hands. In 
some instances, a fine-caliber endoscope can also be introduced into the duct 
of interest (cholangioscopy or pancreaticoscopy) for direct visualization and 
tissue sampling of intraductal lesions (such as cholangiocarcinoma) as well 
as an aid to therapy (stone removal or dissolution, or radiofrequency ablation 
of tumors).

 Mural and Transmural Imaging: Endoscopic Ultrasound
A major advance in the past few decades has been the development of endo-
scopic ultrasound, either at the tip of a flexible endoscope or, less frequently, a 
stand-alone ultrasound probe inserted through the channel of a regular endo-
scope. Endoscopic ultrasound can image lesions within the wall of the gut as 
well as adjacent lymph nodes, vascular structures, and neighboring organs, 
such as the pancreas. It also has often replaced abdominal ultrasonography 
or CT to become the procedure of first choice to guide fine-needle aspiration 
and tissue biopsies of suspicious lesions.

 COMPLICATIONS AND PRE-ENDOSCOPIC 
PREPARATION

Diagnostic endoscopy is a remarkably safe and well-tolerated procedure (Table 
125-2), but potential complications can be serious and must be carefully 
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ABSTRACT
This chapter reviews current and emerging approaches for gastrointestinal 
endoscopy, as well as their utility for a wide range of gastrointestinal diseases.
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explained to the patient as part of the informed consent process.3 In general, 
routine blood tests, radiographs or electrocardiograms are not necessary before 
endoscopy unless a careful history and physical examination suggest possible 
hematologic, cardiovascular or pulmonary/airway problems (Chapter 403). 
Women of childbearing age should be questioned about the possibility of 
pregnancy and tested regardless. Anesthesiology guidelines generally require 
patients not to take liquids for at least 2 hours and solids for at least 6 hours 
before the procedure. Bowel preparation is generally not required, except for 
colonoscopy (and capsule endoscopy); a split dose regimen (with one dose 
taken the night before and the other 4 to 5 hours prior to the procedure) is 
generally considered superior to others.

Diagnostic endoscopy, even with mucosal biopsies, is low enough risk that 
anticoagulant medications need not be discontinued. Similarly, patients under-
going screening colonoscopy can continue aspirin or other nonsteroidal anti-
inflammatory agents. In high-risk elective procedures, the decision to withhold 
anticoagulants and antiplatelet agents should be individualized,4 but “bridging” 
therapy is rarely indicated (Chapter 403). A1  For patients with acute bleeding, 
reversal therapy or platelet replacement may be considered (Chapters 162 
through 166).

The frequency and severity of complications does increase with more 
advanced procedures such as ERCP with up to 5% of cases resulting in pan-
creatitis. A short-term pancreatic stent is a reasonable preventive measure in 
high-risk cases. Prophylactic rectal indomethacin (two 500 mg suppositories 
immediately after the completion of the procedure) also reduces the incidence 
of post-ERCP pancreatitis by almost 50% A2  and is now standard of care, even 

catheter is then introduced into the bile or pancreatic duct to inject radio-
graphic contrast medium under fluoroscopic monitoring. Successful cannula-
tion and imaging can be achieved in up to 95% of cases in expert hands. In 
some instances, a fine-caliber endoscope can also be introduced into the duct 
of interest (cholangioscopy or pancreaticoscopy) for direct visualization and 
tissue sampling of intraductal lesions (such as cholangiocarcinoma) as well 
as an aid to therapy (stone removal or dissolution, or radiofrequency ablation 
of tumors).

 Mural and Transmural Imaging: Endoscopic Ultrasound
A major advance in the past few decades has been the development of endo-
scopic ultrasound, either at the tip of a flexible endoscope or, less frequently, a 
stand-alone ultrasound probe inserted through the channel of a regular endo-
scope. Endoscopic ultrasound can image lesions within the wall of the gut as 
well as adjacent lymph nodes, vascular structures, and neighboring organs, 
such as the pancreas. It also has often replaced abdominal ultrasonography 
or CT to become the procedure of first choice to guide fine-needle aspiration 
and tissue biopsies of suspicious lesions.

 COMPLICATIONS AND PRE-ENDOSCOPIC 
PREPARATION

Diagnostic endoscopy is a remarkably safe and well-tolerated procedure (Table 
125-2), but potential complications can be serious and must be carefully 

TABLE 125-1 ENDOSCOPIC PROCEDURES AND GENERAL 
APPLICATIONS

ENDOSCOPIC PROCEDURE THERAPEUTIC APPLICATIONS
LUMINAL ENDOSCOPY

Common procedures
Esophagogastroduodenoscopy
Colonoscopy, flexible sigmoidoscopy

Hemostasis
Luminal restoration (dilation, ablation, 

stenting)
Lesion removal (e.g., polypectomy, 

mucosal ablation)
Provision of access (percutaneous 

endoscopic gastrostomy and 
jejunostomy)

Less common procedures
Enteroscopy, capsule endoscopy

Barrier strengthening (antireflux 
procedures)

PANCREATOBILIARY IMAGING

Endoscopic retrograde 
cholangiopancreatography

Lesion (stone) removal
Luminal restoration (dilation, stenting)
Provision of access (sphincterotomy)
Drainage (bile, pancreatic pseudocyst)

TRANSLUMINAL IMAGING

Endoscopic ultrasonography Analgesic block
Delivery of therapeutic agents 

(experimental)

B
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FIGURE 125-1. Severe reflux esophagitis (left) with mucosal erythema and linear 
ulcers with yellow exudates (asterisks). it is thought that such changes eventually lead 
to Barrett esophagus (right), in which the normal white squamous epithelium (se) is 
replaced by red columnar epithelium (Be). these pictures are from different patients. 

TABLE 125-2 COMPLICATIONS OF ENDOSCOPY
ENDOSCOPIC 
COMPLICATION INCIDENCE (%)

SPECIFIC 
PROPHYLAXIS

GENERAL COMPLICATIONS

Complications related 
primarily to sedation 
(cardiovascular and 
postprocedure 
respiratory depression, 
aspiration)

0.6-0.7 Airway protection with 
massive upper 
gastrointestinal 
bleeding

Preprocedure medical 
evaluation, 
intraprocedure and 
postprocedure 
monitoring

Anesthesiology 
consultation for 
high-risk patients

Perforation 0.1-0.3 (upper endoscopy)
0.14-0.25 (colonoscopy)

None (except careful 
technique)

Bleeding 0.3 (upper endoscopy)
0.7-2.5 (polypectomy)

Carefully balance risk and 
benefits

Discontinue or reduce 
anticoagulant use 
before high-risk 
procedures

Bacteremia and infectious 
complications 
(endocarditis, bacterial 
ascites)

<0.1 Antibiotics for patients at 
risk for endocarditis 
(patients with artificial 
valves, pulmonary-
systemic shunts, 
previous history of 
endocarditis), with 
synthetic vascular 
grafts, and with 
bacterial ascites 
(cirrhotics)

Death 0.6 (upper endoscopy)
0.2 (colonoscopy)

COMPLICATIONS ASSOCIATED WITH SPECIALIZED PROCEDURES

Pancreatitis (ERCP) 3-20 Rectal indomethacin
Cholangitis (ERCP) 0.1-2 Preprocedure antibiotics
Wound infections (PEG) 3-4 Preprocedure antibiotics
ERCP = endoscopic retrograde cholangiopancreatography; PEG = percutaneous endoscopic 
gastrostomy.
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Heartburn in immunocompromised patients often indicates an esophageal 
infection with an opportunistic organism, such as Candida albicans, cyto-
megalovirus, or herpesvirus. Because most patients with the acquired immu-
nodeficiency syndrome (AIDS) and esophagitis have candidiasis, an empirical 
course of antifungal therapy may be justified. Patients who do not respond 
to this approach, however, should almost always have endoscopy and biopsy 
so that more specific therapy can be instituted.

Dysphagia
Dysphagia (Chapter 129) can often be categorized as oropharyngeal on the 
basis of the clinical features of nasal regurgitation, laryngeal aspiration, or 
difficulty in moving the bolus out of the mouth. These symptoms are usually 
associated with a lesion in the central or peripheral nervous system. Video 
fluoroesophagography (modified barium swallow or cine-esophagogram) is 
the procedure of choice because it allows a frame-by-frame evaluation of the 
rapid sequence of events involved in transfer of the bolus from the mouth to 
the esophagus.

In other patients, however, dysphagia in the esophageal body may be caused 
by malignant as well as benign processes (peptic strictures secondary to reflux, 
Schatzki ring) and motility disturbances. Endoscopic examination is considered 
mandatory in all patients with esophageal dysphagia. Adjunctive contrast 
esophagography is also helpful to guide an endoscopy that is anticipated to 
be difficult (e.g., a patient with a complex stricture or diverticulum), suggest 
a disturbance in motility, and occasionally detect subtle stenoses that are not 
appreciated on endoscopy (the scope diameter is typically ≤10 mm, whereas 
some symptomatic strictures can be considerably wider).

Esophageal tumors that are not resectable can be palliated by thermal means 
(cautery or laser), but metallic expandable stents have become the palliative 
procedure of choice for most patients with symptomatic esophageal cancer. 
Benign lesions of the esophagus, such as strictures or rings, can also be dilated 
endoscopically, usually with excellent results. Finally, some motility distur-
bances, such as achalasia, may be approached endoscopically with the use of 
large balloon dilators for the lower esophageal sphincter or, for high-risk patients, 
local injection of botulinum toxin. Peroral endoscopic myotomy using a sub-
mucosal tunneling technique from within the esophagus is now an alternative 
to surgical myotomy for the treatment of achalasia,9 although it carries the 
long-term risk of esophageal reflux disease.

 Dyspepsia
Dyspepsia (Chapter 128), which is chronic or recurring pain or discomfort 
centered in the upper abdomen, is a common condition that can be caused 
by a variety of disorders, including peptic ulcer, reflux esophagitis, gallstones, 
gastric dysmotility, and, rarely, gastric or esophageal cancer. However, up to 
60% of patients with chronic (>3 months) dyspepsia belong to the so-called 
functional category in which there is no definite structural or biochemical 
explanation for the symptoms. If a diagnostic test is to be performed, endos-
copy, sometimes with biopsies to detect H. pylori, is clearly the procedure of 
choice (see Fig. 125-2), with accuracy of about 90% compared with about 
65% for double-contrast radiography. Because dyspepsia is a recurrent condi-
tion and because patients who do not respond to empirical therapy almost 
always undergo endoscopy eventually, many gastroenterologists opt for early 
endoscopy, if only for the reassurance that a normal examination provides.

 Upper Gastrointestinal Bleeding
Acid peptic disease (including ulcers, erosions, and gastritis; Chapter 130), 
variceal bleeding (Chapter 144), and Mallory-Weiss tears (Chapter 129) 
account for most cases of upper gastrointestinal bleeding (Chapter 126). Other 
less common but important lesions are angiomas, gastric vascular ectasia 
(“watermelon” stomach), and the uncommon Dieulafoy lesion (a superficial 
artery that erodes through the gut mucosa). Finally, upper gastrointestinal 
cancers are occasionally associated with significant bleeding. Endoscopy, which 
is able to detect and to localize the site of the bleeding in 95% of cases, is 
mandatory in all patients with upper gastrointestinal bleeding, with the rare 
exception being the terminally ill patient in whom the outcome is unlikely to 
be affected. The endoscopic appearance of bleeding lesions can also help predict 
the risk of rebleeding, thereby facilitating triage and treatment. Bleeding can 
be effectively controlled during the initial endoscopic examination itself in 
the majority of cases.

In general, endoscopy should be performed only after adequate stabilization 
of hemodynamic and respiratory parameters. The role of gastric lavage before 
endoscopy is controversial; some endoscopists prefer that it be done, occa-
sionally even with use of a large-bore tube, whereas others avoid such 

though its efficacy in the community setting may be less than randomized 
clinical trials suggest.

Upper GI endoscopy can be performed with oral anesthesia alone, although 
almost all forms of endoscopy are performed in the United States under con-
scious sedation (using a combination of benzodiazepines and narcotics), or 
under deep sedation with propofol (Chapter 404). Although propofol provides 
faster and deeper sedation with rapid recovery, it adds significantly to the cost 
of the procedure, principally because of the need for monitored anesthesia 
care. Furthermore, it may increase the risk of perforation during colonoscopy, 
presumably because the patient is unable to signal pain with impending injury 
to the wall of the organ.5

Infectious complications of ERCP include cholangitis, cholecystitis, pan-
creatic infection or abscess, and less commonly, systemic infections such 
as endocarditis. Patients in whom drainage of biliary stasis may not be reli-
ably achieved or who are immunocompromised are particularly susceptible, 
and antibiotic prophylaxis (e.g., piperacillin 4 g three times daily starting 
1 hour before the procedure and continued until drainage is complete) is 
important in preventing this complication. A more complicated threat is 
multidrug-resistant infection resulting from failure to disinfect all the com-
ponents of the ERCP scope, despite compliance with standard disinfection 
procedures. Advances in scope design may address this issue in the near  
future.

 SPECIFIC INDICATIONS
Most indications for gastrointestinal endoscopy are based upon the presenting 
symptoms of the patient (e.g., dysphagia, bleeding, diarrhea). In other instances, 
endoscopy is required to evaluate specific lesions found by other diagnostic 
imaging, such as a gastric ulcer or colon polyp discovered by barium radiog-
raphy. Finally, screening endoscopy is often performed in asymptomatic indi-
viduals on the basis of their risk for commonly occurring and preventable 
conditions, such as colon cancer (see later).

Implicit in the decision to perform endoscopy is the assumption that it will 
have a bearing on future management strategy. When evaluating gastrointestinal 
symptoms, several questions need to be addressed by the referring physician 
and the endoscopist. Which patients need endoscopy? When should the 
endoscopy be done? What is the endoscopist looking for? What endoscopic 
therapy, if any, should be planned?

 Gastroesophageal Reflux and Heartburn
Gastroesophageal reflux disease (GERD; Chapters 129 and 130) is an extremely 
common condition in the general population. The fact that its cardinal symptom, 
heartburn, is relatively specific for this condition justifies an empirical approach 
to treatment by a combination of lifestyle modifications and over-the-counter 
or even prescription drugs. Endoscopy is not therefore necessary to make the 
diagnosis of GERD. Indeed, normal findings on endoscopy do not exclude 
the diagnosis of GERD because the overall sensitivity of endoscopy in GERD 
is only about 70%. If necessary, further evaluation with ambulatory esophageal 
manometry and pH monitoring may be indicated to establish the diagnosis. 
However, there are several circumstances in which endoscopy should be con-
sidered for patients with reflux, including patients with associated warning 
symptoms (“red flags”) such as dysphagia, odynophagia, regurgitation, weight 
loss, gastrointestinal bleeding, or frequent vomiting (Fig. 125-1). These symp-
toms imply either the development of a GERD-related complication (erosive 
esophagitis, stricture, or adenocarcinoma) or another disorder masquerading 
as GERD (esophageal cancer or a gastric-duodenal lesion such as cancer or 
peptic ulcer). Another group of patients who are candidates for endoscopy 
are those with severe, persistent, or frequently recurrent symptoms that suggest 
significant esophagitis and hence a risk for complications, such as stricture or 
Barrett esophagus (Chapter 129). If a significant length of Barrett esophagus, 
typically more than 3 cm, is discovered (Fig. 125-1), periodic surveillance 
endoscopy is usually recommended because of the increased risk for the devel-
opment of adenocarcinoma (Chapter 129).6 For patients whose high-grade 
dysplasia associated with Barrett esophagus poses a serious risk for future 
cancer, endoscopic ablation (using radiofrequency, cryotherapy, electrical 
cautery, argon plasma coagulation, or photodynamic therapy) or en bloc mucosal 
resection can prevent the likelihood of progression from low-grade to high-
grade dysplasia A3  and may provide a potentially curative alternative to surgical 
esophagectomy.7

Several endoscopic techniques are alternatives to surgical fundoplication 
for patients whose reflux is not satisfactorily managed by medical therapy.8 
These include methods that provide thermal energy to the lower esophageal 
sphincter and others that serve to tighten the gastroesophageal “valve” area.

 Acute Lower Gastrointestinal Bleeding
The most common cause of acute lower gastrointestinal bleeding (Chapter 
126) is angiodysplasia (Fig. 125-4), followed by diverticulosis, neoplasms, 
and colitis. In about 10% of patients who present with hematochezia, a small 
bowel lesion may be responsible. Patients who are hemodynamically com-
promised may need upper endoscopy first to exclude an upper GI tract (typi-
cally postpyloric) lesion that is bleeding so briskly that it presents as 
hematochezia. Urgent colonoscopy is no better than delayed colonoscopy 
(after bleeding has slowed or stopped and the patient has been given an adequate 
bowel purge) in terms of subsequent rebleeding or mortality, but it does increase 
the likelihood of finding stigmata of recent hemorrhage by about 3-fold. A4  If 
an acute bleeding site cannot be identified by upper and lower gastrointestinal 
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FIGURE 125-3. Endoscopic variceal ligation technique. A, the endoscope, with attached ligating device, is brought into contact with a varix just above the gastroesophageal junc-
tion. B, suction is applied, drawing the varix-containing mucosa into the dead space created at the end of the endoscope by the ligating device. C, the tripwire is pulled, releasing the 
band around the aspirated tissue. D, completed ligation. 

FIGURE 125-4. Mucosal telangiectasia (arteriovenous malformation) in the colon. 
the patient presented with hematochezia. the lesion was subsequently cauterized 
endoscopically. 
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FIGURE 125-2. Endoscopic view of esophageal varices (left) in the wall of the esophagus (V). Right, image of a varix that has been endoscopically ligated with a band. 

 Acute Lower Gastrointestinal Bleeding
The most common cause of acute lower gastrointestinal bleeding (Chapter 
126) is angiodysplasia (Fig. 125-4), followed by diverticulosis, neoplasms, 
and colitis. In about 10% of patients who present with hematochezia, a small 
bowel lesion may be responsible. Patients who are hemodynamically com-
promised may need upper endoscopy first to exclude an upper GI tract (typi-
cally postpyloric) lesion that is bleeding so briskly that it presents as 
hematochezia. Urgent colonoscopy is no better than delayed colonoscopy 
(after bleeding has slowed or stopped and the patient has been given an adequate 
bowel purge) in terms of subsequent rebleeding or mortality, but it does increase 
the likelihood of finding stigmata of recent hemorrhage by about 3-fold. A4  If 
an acute bleeding site cannot be identified by upper and lower gastrointestinal 

preparation because of the fear of producing artifact. The timing of subsequent 
endoscopy depends on two factors: the severity of the hemorrhage and the 
risk status of the patient. Patients with active, persistent, or severe bleeding 
(>3 units of blood) require urgent endoscopy. In these patients, endoscopy 
is best performed in the intensive care unit because of the risk for aspiration 
and the occasional need for emergent intubation to provide respiratory pro-
tection and ventilation. Patients with slower or inactive bleeding may be evalu-
ated by endoscopy in a “semi-elective” manner (usually within 12 to 20 hours), 
but a case can be made to perform endoscopy early even in these stable patients 
(perhaps in the emergency department itself) to allow more confident triage 
and efficient resource management.

Nonvariceal bleeding vessels can be treated by a variety of means, including 
injections of various substances (epinephrine, saline, sclerosants), thermal 
coagulation (laser or electrocautery), and mechanical means (clipping). In 
the United States, the most popular approach to a bleeding peptic ulcer lesion 
is a combination of injection with dilute epinephrine and electrocoagulation. 
Initial hemostasis can be achieved in more than 90% of cases; rebleeding, 
which may occur in up to 20% of cases, responds about half of the time to a 
second endoscopic procedure. Patients who continue to bleed (typically patients 
with large ulcers in the posterior wall of the duodenal bulb) are usually managed 
by Doppler-guided endoscopic intervention, interventional angiography (with 
embolization of the bleeding vessel), or surgery.

Variceal bleeding (Chapter 144) is also effectively managed endoscopically, 
with a success rate similar to that with bleeding ulcers (Fig. 125-2). Hemostasis 
with band ligation (Fig. 125-3) has replaced the older methods of sclerotherapy 
because of fewer side effects. Even if initial endoscopic hemostasis is success-
ful, long-term prevention of rebleeding requires a program of ongoing endo-
scopic sessions until variceal obliteration is complete. Patients who do not 
respond to endoscopic treatment are considered candidates for a transjugular 
intrahepatic portosystemic (TIPS) shunt. In patients whose large esophageal 
varices have never bled, β-blockers are considered first-line treatment, but 
endoscopic band ligation may be useful in selected patients.
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determine if inflammatory bowel disease is present (Chapter 132). In most 
patients with chronic diarrhea, endoscopy is often done when initial routine 
testing does not yield a specific diagnosis. Both upper and lower endoscopies 
may be used, depending upon the clinical presentation. Thus, the patient sus-
pected of having a malabsorptive process may require upper endoscopy with 
jejunal or duodenal biopsies to look for celiac disease or rare lesions such as 
lymphoma or Whipple disease. Conversely, patients thought to have a secre-
tory cause of diarrhea require a colonoscopy with biopsies to look for overt 
inflammatory bowel disease or more subtle variants such as microscopic or 
lymphocytic colitis, in which cases the diagnosis requires careful examination 
of the biopsy specimens.

Endoscopy is increasingly playing a role in the management as well as diag-
nosis of inflammatory bowel disease. Evidence of improvement on a follow-up 
endoscopic examination can complement the assessment of symptoms in 
determining the success of treatment. Endoscopy can identify and dilate stric-
tures, with or without injection of an anti-inflammatory agent (such as a cor-
ticosteroid). Endoscopic ultrasound can diagnose the presence and activity 
of fistulae, as well as guide treatment (e.g., fibrin glue), endoscopic clipping, 
suturing, or even stent placement. Leaks and perforations from other causes 
(e.g., due to surgery or malignancy) may also be successfully treated by these 
procedures.

 Miscellaneous Indications
The upper endoscope has provided a relatively quick and noninvasive means 
for removal of accidentally or deliberately ingested foreign bodies. Timing is 
critical for removal, however, because objects are usually beyond endoscopic 
retrieval when they reach the small bowel. Any foreign object that is causing 
symptoms should be removed, as should potentially dangerous devices such 
as batteries and sharp objects. In general, objects larger than 2.5 cm in width 
or 13 cm in length are unlikely to leave the stomach and so should also be 
removed. On occasion, patients with food impacted in the esophagus require 
endoscopic removal (Fig. 125-6). This condition almost always indicates an 
underlying functional or structural problem (Chapter 129) and should prompt 
a thorough diagnostic evaluation after the acute problem has been addressed.

Because of the relatively poor correlation between oropharyngeal lesions 
and more distal visceral injury, upper endoscopy is usually recommended 
urgently in patients with corrosive ingestion (Chapter 102). Endoscopy allows 
patients to be divided into high- or low-risk groups for complications, with 
institution of appropriate monitoring and therapy.

Malignant obstruction of the gastrointestinal lumen including the esophagus 
(Fig. 125-7), pylorus or duodenum, and colon can now be safely and effectively 
palliated endoscopically by expandable metal stents, thereby avoiding the need 
for surgery. Colonoscopy is also useful in patients with pseudo-obstructive 
(nonobstructive) colonic dilation or Ogilvie syndrome; such patients are at 
risk for colonic rupture at diameters larger than 9 to 12 cm, and colonoscopic 
decompression is often required, sometimes on an emergent basis.

A major advance in enteral feeding has been the introduction of percutane-
ous endoscopic gastrostomy (PEG), a relatively quick, simple, and safe endo-
scopic procedure that has virtually eliminated surgical placement of gastric 
tubes. The most common indication for these procedures is the need for 

endoscopy, capsule endoscopy is better than angiography for finding the source 
of bleeding. A5 

 Occult Gastrointestinal Bleeding or Iron Deficiency Anemia
Normal fecal blood loss is usually less than 2 to 3 mL/day. Most standard 
fecal occult blood tests detect only blood loss of 10 mL/day or more. Therefore, 
even if this test result is negative, patients with iron deficiency anemia and no 
other obvious source of blood loss should always undergo complete upper 
and lower gastrointestinal evaluation, which uncovers a gastrointestinal lesion 
in the majority of cases. Although most lesions that cause overt gastrointestinal 
bleeding can also cause occult blood loss, occult bleeding should almost never 
be ascribed to diverticulosis or hemorrhoids. Capsule endoscopy is the diag-
nostic procedure of choice in patients with obscure gastrointestinal bleeding 
(with normal findings on upper and lower endoscopies) if mucosal lesions 
of the small bowel are suspected. A relative contraindication is suspected nar-
rowing or strictures of the small bowel. Findings on capsule endoscopy may 
prompt the consideration of enteroscopy, which uses specialized endoscopes 
that can theoretically access the entire small bowel and permit biopsy and/
or therapy of suspected lesions.10

 Colorectal Neoplasms
Colonoscopy is the most accurate test for detecting mass lesions of the large 
bowel or colon that are suspected on clinical or radiologic grounds. However, 
the greatest impact of endoscopy on colorectal neoplasia (Chapter 184) may be 
in the area of screening and prevention. The adenoma to carcinoma sequence 
of progression in colorectal cancer provides a unique opportunity for prophy-
laxis. Thus, if screening programs can identify patients with polyps and if these 
polyps are removed, cancer can largely be prevented. Various techniques are 
available for safe and effective polypectomy, depending upon the size, presence 
of a stalk, and location (Fig. 125-5). Colonoscopy is currently recommended 
for screening patients at average risk, that is, anyone older than age 50 years, 
every 10 years until age 75. Between ages 76 and 85 years, the decision to 
screen should be individualized; screening of adults older than age 85 years 
is not recommended. Adenomatous polyps are removed, and patients are 
entered into a surveillance program with follow-up colonoscopies at intervals 
that depend upon the nature and number of the initial lesions. In addition, 
other patient populations, such as those with long-standing ulcerative colitis 
(Chapter 132) affecting the entire colon, are also candidates for more fre-
quent endoscopic surveillance because of their increased risk of developing 
colon cancer. CT colonography (Chapter 124), which involves the digital 
construction of an endoluminal view of the colon on the basis of data from 
abdominal CT, every 5 years is an alternative method for colon cancer screen-
ing, although it misses smaller polyps. A6  Furthermore, any abnormalities found 
on CT colonography require colonoscopic follow-up. Other options include 
a flexible sigmoidoscopy every 5 to 10 years or a capsule colonoscopy every  
5 years.11

 Chronic Diarrhea
Endoscopy may be a valuable aid in the evaluation of patients with persis-
tent diarrhea (Chapter 131). The timing of the endoscopy in these patients 
often depends upon the clinical features of the illness. Patients with bloody 
diarrhea should have lower endoscopy as part of their initial evaluation to 
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FIGURE 125-5. Endoscopic polypectomy. Left, a snare (s) has been passed through 
the endoscope and positioned around the polyp (p). Right, subsequently, cautery was 
applied and the polyp guillotined, leaving behind a clean mucosal defect. 

FIGURE 125-6. Impacted food bolus in a young male patient who was found to have 
a ringed esophagus on endoscopy. this presentation is characteristic and may be either 
congenital or acquired secondary to reflux-induced or eosinophilic esophagitis. 

with or without the use of a cholangioscope.12 In addition to stone disease, 
sphincterotomy can be curative for patients with papillary stenosis. By enlarg-
ing the access to the bile duct, sphincterotomy facilitates the passage of stents 
and other devices into the bile duct. Endoscopic placement of indwelling 
metal stents for malignant biliary obstruction is superior to both radiologic 
and surgical techniques. If cholecystectomy is complicated by a biliary leak, 
treatment usually is with the placement of a plastic stent. In patients deemed 
too fragile for laparoscopic cholecystectomy, endoscopic ultrasound-guided 
placement of a lumen-apposing stent, which connects the gallbladder to the 
stomach or duodenum (and hence prevents occlusion by stones), can prevent 
further attacks of cholecystitis.13

 Pancreatic Neoplasms
EUS is probably the single best test to diagnose pancreatic tumors (Chapter 
185), particularly small neuroendocrine tumors (Chapter 219), with sensitivity 
approaching 95% (Fig. 125-9). It is also the procedure of choice for imaging 
of submucosal and other mural lesions of the gastrointestinal tract (overall 
accuracy of 65 to 70%) as well as for staging of a variety of gastrointestinal 
tumors (overall accuracy of 90% or more), especially esophageal and pancreatic 
cancer. EUS-directed celiac plexus neurolysis appears to be effective for the 
treatment of pain in patients with pancreatic cancer, although it does not 
appear to work as well in patients with chronic pancreatitis.

 Nonmalignant Pancreatic Disease
MRCP has replaced ERCP as the test of choice for patients with acute or 
recurrent pancreatitis (Chapter 135) without any obvious risk factors on history 
or routine laboratory evaluation. Imaging can detect congenital variants (pan-
creas divisum, annular pancreas) or intraductal tumors. In patients with chronic 
pancreatitis, which is most often due to excessive alcohol intake, pancreatog-
raphy can confirm the diagnosis, provide useful information about the severity 
of the disease, and identify ductal lesions that may be amenable to therapy 
by either endoscopic or surgical means. Adjunctive diagnostic measures include 
the collection and analysis of bile or pancreatic juice in the duodenum. Bile 
duct crystals (so called microlithiasis) can result in pancreatitis in some patients 
even in the absence of macroscopic stones. In more subtle cases, collection 
and analysis of the electrolyte content of pancreatic juice after stimulation 
with secretin may be useful in establishing exocrine impairment and hence 
in confirming chronic pancreatic injury.

In acute pancreatitis (Chapter 135) that is caused by obstructing biliary 
stones, urgent ERCP early in the course can detect and remove stones from 
the common bile duct. Similarly, patients who have smoldering acute pancre-
atitis that does not appear to be improving satisfactorily with conservative 
treatment may require ERCP for identification and treatment of any obstructing 
lesions in the pancreatic or distal biliary duct.

Endoscopic drainage of a pseudocyst using lumen-apposing metal stents 
provides results that are comparable to those of surgical or radiologic tech-
niques. For walled-off pancreatic necrosis, which represents a risk factor for 
systemic sepsis and multiorgan failure, stent placement guided by endoscopic 
ultrasound, which can facilitate necrosectomy and drainage into the stomach, 
is emerging as an effective alternative to surgical débridement.

Therapeutic endoscopy for chronic pancreatic disease is still evolving. Relief 
of ductal obstruction (e.g., by endoscopic removal of pancreatic stones or 
dilation of strictures) can provide short to intermediate pain relief in some 

sustained nutrition in patients with neurologic impairment of swallowing or 
with head and neck cancers. Patients with a short life expectancy are not 
suitable candidates for PEG and can be managed by nasoenteral tubes. Further, 
despite its intuitive appeal, there is little or no evidence that PEG feeding 
alters clinical or nutritional outcomes or significantly improves quality of life. 
In a variation of PEG (PEG-J), a long tube is passed through the gastric tube, 
past the pylorus, and into the jejunum. PEG-J does not prevent aspiration, 
but it is effective in patients who have significant impairment of gastric empty-
ing. Retrograde tube migration with PEG-J is common, however, and may 
require frequent replacement. In these instances, direct placement of the jeju-
nostomy tube can be considered either endoscopically, under radiologic guid-
ance or via laparoscopy.

 Suspected Biliary Disease
The diagnostic approach to patients with cholestasis begins with an attempt 
to differentiate obstructive from hepatocellular causes. The most common 
causes of obstructive jaundice (Chapter 146) are common bile duct stones 
and tumors of the pancreatic and bile ducts. ERCP is the procedure of choice 
because it is more sensitive and specific than ultrasonography, CT, or MRI. 
ERCP also allows visualization of the ampullary region and the performance 
of sphincterotomy. However, magnetic resonance cholangiopancreatography 
(MRCP) also has an excellent sensitivity and specificity; because of its relative 
safety, it is reasonable for routine screening of patients with a low likelihood 
of disease. In patients with a higher probability of having a definite lesion, 
however, ERCP is still the procedure of choice because of its therapeutic 
options.

Of the approximately 600,000 patients undergoing cholecystectomy (Chapter 
146) in the United States, 5 to 10% may present with bile duct stones before 
or after surgery. Endoscopic stone removal, which is successful in 90% or 
more of these cases, usually requires a sphincterotomy (Fig. 125-8). This pro-
cedure is often sufficient for the treatment of small stones in the bile ducts, 
but larger stones may require additional procedures, such as mechanical, 
electrohydraulic, or laser lithotripsy, which can be performed endoscopically 
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with or without the use of a cholangioscope.12 In addition to stone disease, 
sphincterotomy can be curative for patients with papillary stenosis. By enlarg-
ing the access to the bile duct, sphincterotomy facilitates the passage of stents 
and other devices into the bile duct. Endoscopic placement of indwelling 
metal stents for malignant biliary obstruction is superior to both radiologic 
and surgical techniques. If cholecystectomy is complicated by a biliary leak, 
treatment usually is with the placement of a plastic stent. In patients deemed 
too fragile for laparoscopic cholecystectomy, endoscopic ultrasound-guided 
placement of a lumen-apposing stent, which connects the gallbladder to the 
stomach or duodenum (and hence prevents occlusion by stones), can prevent 
further attacks of cholecystitis.13

 Pancreatic Neoplasms
EUS is probably the single best test to diagnose pancreatic tumors (Chapter 
185), particularly small neuroendocrine tumors (Chapter 219), with sensitivity 
approaching 95% (Fig. 125-9). It is also the procedure of choice for imaging 
of submucosal and other mural lesions of the gastrointestinal tract (overall 
accuracy of 65 to 70%) as well as for staging of a variety of gastrointestinal 
tumors (overall accuracy of 90% or more), especially esophageal and pancreatic 
cancer. EUS-directed celiac plexus neurolysis appears to be effective for the 
treatment of pain in patients with pancreatic cancer, although it does not 
appear to work as well in patients with chronic pancreatitis.

 Nonmalignant Pancreatic Disease
MRCP has replaced ERCP as the test of choice for patients with acute or 
recurrent pancreatitis (Chapter 135) without any obvious risk factors on history 
or routine laboratory evaluation. Imaging can detect congenital variants (pan-
creas divisum, annular pancreas) or intraductal tumors. In patients with chronic 
pancreatitis, which is most often due to excessive alcohol intake, pancreatog-
raphy can confirm the diagnosis, provide useful information about the severity 
of the disease, and identify ductal lesions that may be amenable to therapy 
by either endoscopic or surgical means. Adjunctive diagnostic measures include 
the collection and analysis of bile or pancreatic juice in the duodenum. Bile 
duct crystals (so called microlithiasis) can result in pancreatitis in some patients 
even in the absence of macroscopic stones. In more subtle cases, collection 
and analysis of the electrolyte content of pancreatic juice after stimulation 
with secretin may be useful in establishing exocrine impairment and hence 
in confirming chronic pancreatic injury.

In acute pancreatitis (Chapter 135) that is caused by obstructing biliary 
stones, urgent ERCP early in the course can detect and remove stones from 
the common bile duct. Similarly, patients who have smoldering acute pancre-
atitis that does not appear to be improving satisfactorily with conservative 
treatment may require ERCP for identification and treatment of any obstructing 
lesions in the pancreatic or distal biliary duct.

Endoscopic drainage of a pseudocyst using lumen-apposing metal stents 
provides results that are comparable to those of surgical or radiologic tech-
niques. For walled-off pancreatic necrosis, which represents a risk factor for 
systemic sepsis and multiorgan failure, stent placement guided by endoscopic 
ultrasound, which can facilitate necrosectomy and drainage into the stomach, 
is emerging as an effective alternative to surgical débridement.

Therapeutic endoscopy for chronic pancreatic disease is still evolving. Relief 
of ductal obstruction (e.g., by endoscopic removal of pancreatic stones or 
dilation of strictures) can provide short to intermediate pain relief in some 

sustained nutrition in patients with neurologic impairment of swallowing or 
with head and neck cancers. Patients with a short life expectancy are not 
suitable candidates for PEG and can be managed by nasoenteral tubes. Further, 
despite its intuitive appeal, there is little or no evidence that PEG feeding 
alters clinical or nutritional outcomes or significantly improves quality of life. 
In a variation of PEG (PEG-J), a long tube is passed through the gastric tube, 
past the pylorus, and into the jejunum. PEG-J does not prevent aspiration, 
but it is effective in patients who have significant impairment of gastric empty-
ing. Retrograde tube migration with PEG-J is common, however, and may 
require frequent replacement. In these instances, direct placement of the jeju-
nostomy tube can be considered either endoscopically, under radiologic guid-
ance or via laparoscopy.

 Suspected Biliary Disease
The diagnostic approach to patients with cholestasis begins with an attempt 
to differentiate obstructive from hepatocellular causes. The most common 
causes of obstructive jaundice (Chapter 146) are common bile duct stones 
and tumors of the pancreatic and bile ducts. ERCP is the procedure of choice 
because it is more sensitive and specific than ultrasonography, CT, or MRI. 
ERCP also allows visualization of the ampullary region and the performance 
of sphincterotomy. However, magnetic resonance cholangiopancreatography 
(MRCP) also has an excellent sensitivity and specificity; because of its relative 
safety, it is reasonable for routine screening of patients with a low likelihood 
of disease. In patients with a higher probability of having a definite lesion, 
however, ERCP is still the procedure of choice because of its therapeutic 
options.

Of the approximately 600,000 patients undergoing cholecystectomy (Chapter 
146) in the United States, 5 to 10% may present with bile duct stones before 
or after surgery. Endoscopic stone removal, which is successful in 90% or 
more of these cases, usually requires a sphincterotomy (Fig. 125-8). This pro-
cedure is often sufficient for the treatment of small stones in the bile ducts, 
but larger stones may require additional procedures, such as mechanical, 
electrohydraulic, or laser lithotripsy, which can be performed endoscopically 

FIGURE 125-7. large malignant mass at the gastroesophageal junction as seen 
endoscopically. 

A B C

FIGURE 125-8. Biliary sphincterotomy and stone removal from the bile duct. Left, endoscopic retrograde cholangiographic image showing stones (arrow) in the distal common bile 
duct. Center, endoscopic image of a sphincterotome in the bile duct with the wire cutting the roof of the ampulla (sphincter). Right, a stone is being removed from the bile duct by an 
endoscopically passed basket. 



patients with chronic pancreatitis, although it is not as effective as surgery in 
the long term. Patients with ductal disruptions (e.g., those with pancreatic 
ascites) can often be treated successfully with endoscopic stent placement. 
Pancreatic papillotomy may also be useful for some patients with recurrent 
pancreatitis, such as when pancreas divisum is thought to play a role.

 EVOLVING TECHNIQUES AND  
FUTURE DIRECTIONS

There is great interest in extending these noninvasive endoscopic approaches 
to the treatment of obesity and metabolic disorders such as type 2 diabetes 
(Chapter 216). The improvement in insulin resistance resulting from gastric 
bypass surgery (Chapter 207), for example, has been reproduced at least par-
tially by the endoscopic placement of a sleeve that lines the duodenum and 
prevents food from coming in contact with its mucosa. Surgical sleeve gas-
trectomy can also be mimicked by endoscopic suturing devices with promising 
early results. Intragastric balloons, some of which are placed with endoscopic 
assistance, can produce modest weight loss.14

Another developing area is natural orifice transluminal endoscopic surgery 
(NOTES), in which the endoscopist or surgeon introduces an endoscope 
through a natural orifice (mouth, vagina, or anal canal), traverses the wall of 
the viscus, and accesses the peritoneal cavity to perform diagnostic and thera-
peutic procedures. This controversial paradigm can be extended to endoscopic 
resection and removal of large tumors, but it sometimes requires the closure 
of real or potential luminal leaks. Yet another possibility is to obtain full-
thickness biopsies of the intestinal tract to allow systematic analysis of changes 
in nerves and muscle in motility disorders.
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FIGURE 125-9. Biopsy of a pancreatic mass guided by endoscopic ultrasonography (A) and the placement of a stent into a malignant bile duct stricture with endoscopic retrograde 
cholangiopancreatography (B). (From Brugge Wr, Van dam J: pancreatic and biliary endoscopy. N Engl J Med. 1999;341:1808-1816. copyright ©1999 Massachusetts Medical society. 
all rights reserved.)
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4. A 67-year-old male is being worked up for iron deficiency anemia. Occult 
blood is detected in the stool, and he undergoes an upper endoscopy and 
colonoscopy, both of which are normal except for diverticulosis of the 
colon. Which of the following would you recommend?
 A. Trial of iron infusion therapy and monitor blood counts over the next 

year
 B. Empirical trial of estrogen therapy for suspected (occult) telangiectasia 

of the intestine
 C. Proceed to enteroscopy
 D. Schedule a capsule endoscopy
 E. Refer to a surgeon for exploration of the small bowel via laparoscopy 

for occult tumor
Answer: D Capsule endoscopy is the procedure of choice for examining the 
mucosa of the small bowel because of its accuracy and noninvasive nature. If 
a lesion requires further intervention (biopsy, removal) then deep enteroscopy 
may be undertaken, depending on its nature and location within the small 
bowel.

5. An 82-year-old male admitted to the orthopedic service after back surgery 
complains of progressively distended abdomen and obstipation. A plain 
radiograph of his abdomen reveals marked dilation of the colon, with a 
cecal diameter of 9 cm. Despite correction of hypokalemia and a trial of 
neostigmine, there is no improvement. On examination, his abdomen is 
visibly distended but not tender, and there are no peritoneal signs. The 
next step for this patient is:
 A. Trial of intravenous erythromycin
 B. Continue with nasogastric suction and intravenous rehydration for 

another 48 hours
 C. Colonoscopy with attempted decompression
 D. Immediate surgery and exploration for mechanical obstruction
 E. Urgent cecostomy

Answer: C This patient has acute colonic pseudo-obstruction or Ogilvie 
syndrome. Neostigmine is a first medical measure if there are no cardiac con-
traindications. Because of the large size of his cecum, he is at risk for perforation 
if decompression is not successful. Decompression is best attempted with 
colonoscopy; if this procedure fails, a cecostomy is an appropriate further 
step.

REVIEW QUESTIONS

1. A 22-year-old woman with recurrent acute pancreatitis is admitted for 
another attack of the same. Magnetic resonance cholangiopancreatography 
(MRCP) suggests that she may have a distal biliary obstruction. She is 
scheduled for endoscopic retrograde cholangiopancreatography (ERCP) 
and possible sphincterotomy. What is the most important measure to 
prevent pancreatitis after this procedure?
 A. Octreotide given subcutaneously before the procedure
 B. Rectal indomethacin right after the procedure
 C. Intravenous antibiotics 6 hours before the procedure
 D. Performance of the procedure under general anesthesia
 E. Pancreatic enzymes begun before and continued after the procedure

Answer: B A single indomethacin suppository administered to patients imme-
diately after ERCP significantly reduces the risk for pancreatitis compared 
with placebo.

2. A 55-year-old male undergoes colonoscopy for colorectal cancer screening. 
The colonoscopy does not reveal any pathologic lesions. Upon recovery, 
as you discuss these results with the patient, he points out that his mother’s 
cousin recently died from colorectal cancer. Upon hearing this, which of 
the following is most appropriate:
 A. Reassure the patient and schedule the next colonoscopy at 10 years.
 B. Express concern about the family history and bring the patient back 

for another colonoscopy within a year.
 C. Schedule the next colonoscopy at 3 years.
 D. Schedule the next colonoscopy at 5 years.
 E. Schedule a CT colography (CTC or virtual colonoscopy) within the 

next 3 months in case you missed something.
Answer: A Only a history of colorectal cancer or adenoma in a first-degree 
relative is deemed to put a patient at higher risk than the general population. 
Therefore a standard interval of 10 years after a normal screening colonoscopy 
is recommended.

3. A 35-year-old male presents with recent onset dysphagia. He admits to 
occasional heartburn but no chest pain. He does not smoke or drink, and 
there is no family history of relevance. You perform an upper endoscopy, 
which reveals a smooth large bulge in the lateral wall of the midesophagus 
with normal appearing overlying mucosa. Endoscopic biopsies are normal. 
Your next step is to:
 A. Reassure the patient and bring him back for another endoscopy within 

6 months or a year, to monitor the progress of the lesion.
 B. Refer the patient for surgery.
 C. Schedule the patient for a CT scan of the chest.
 D. Schedule the patient for an endoscopic ultrasound.
 E. Dismiss the finding as a normal variant and treat the patient with a 

course of antireflux medications.
Answer: D These findings suggest a submucosal lesion such as a leiomyoma. 
The best way to determine its origin is by endoscopic ultrasound (EUS), 
which can also detect any enlarged nodes that may be targeted for cytologic 
aspiration.
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126 
GASTROINTESTINAL HEMORRHAGE
THOMAS O. KOVACS AND DENNIS M. JENSEN

 BACKGROUND
Gastrointestinal (GI) hemorrhage can be manifested clinically as overt bleed-
ing from the upper GI tract (esophagus, stomach, and duodenum), lower GI 
tract (colon), or obscure locations (usually in the small intestine). Alternatively, 
it can occur as occult bleeding detected by iron deficiency anemia (Chapter 
150) or by a positive result of fecal occult blood testing (Chapter 184).

GI hemorrhage is a common worldwide clinical problem and continues to be 
associated with significant morbidity and mortality. The annual hospitalization 
rate for upper GI bleeding is estimated to be 30 to 100 patients per 100,000, 
or about 400,000 hospitalizations per year for acute nonvariceal upper GI 
bleeding in the United States. A report using a national inpatient database 
showed that hospitalizations for upper GI hemorrhage decreased by more than 
20% in the decade of 2001 to 2009. Lower GI bleeding occurs less frequently, 
with an incidence of 6 to 20 per 100,000, and also has decreased during the 
past decade. The incidence of lower GI bleeding increases substantially with 
age (200 per 100,000 by the age of 80 years), and lower GI hemorrhage may 
occur more frequently than upper GI bleeding in the elderly. Overall, for 
patients hospitalized for GI bleeding, 40% occurs in the upper GI tract, 25% 
in the lower GI tract, and 35% in an undefined location. Mortality rates from 
upper GI hemorrhage are high, varying from 3.5 to 7% in the United States.

 UPPER GASTROINTESTINAL BLEEDING

 CLINICAL MANIFESTATIONS
Upper GI bleeding occurs proximal to the ligament of Treitz. Patients with 
upper GI bleeding usually present with hematemesis (vomiting blood or 
coffee-ground material) or melena (black, tarry stool). In large series, about 
50% of patients have hematemesis and melena, about 30% have hematemesis 
alone, and about 20% have only melena. On occasion, however, hematochezia 
(passage per rectum of red blood or clots) may be the only manifestation of 
a bleeding ulcer, and about 15% of all patients who present with hematochezia 
have an upper GI source.1 Peptic ulcer disease is the most common cause of 
acute upper GI hemorrhage, accounting for about 40% of cases. Other common 
causes are esophageal and gastric varices (Fig. 126-1) and erosive esophagitis 
(see Fig. 126-1). Variceal bleeding, which occurs in the setting of portal hyper-
tension, is discussed in Chapter 144. Other conditions, such as Mallory-Weiss 
tears (Fig. 126-2; Chapter 129), angiodysplasia, watermelon stomach, tumors, 
and Dieulafoy lesion, occur less frequently than peptic ulcer (Table 126-1). 
The mortality from nonulcer bleeding is comparable to that from ulcer hemor-
rhage in high-risk patients, so all causes of upper GI hemorrhage contribute 
to the morbidity and cost of care associated with it.

 DIAGNOSIS
Initial assessment includes a medical history, vital signs, physical examination 
(including digital rectal examination), and nasogastric lavage in an attempt 
to localize the source of melena or hematochezia to the upper GI tract. Patients 
should be asked questions that can help determine the diagnostic possibilities 
for the bleeding source. For example, peptic ulcer bleeding (Chapter 130) 
should be suspected in patients taking daily aspirin or nonsteroidal anti-
inflammatory drugs (NSAIDs). For patients with known or suspected liver 
disease, bleeding related to portal hypertension (such as varices or portal 
hypertensive gastropathy; Chapter 144) should be strongly considered. Heavy 
alcohol intake or vomiting should suggest a Mallory-Weiss tear (Chapter 129). 
A feeding tube or a chronic nasogastric tube and a history of gastroesophageal 
reflux disease raise the suspicion for severe erosive esophagitis (Chapter 129).

The physician should check the vital signs with attention to signs of hypo-
volemia, such as hypotension, tachycardia, and orthostasis. The patient’s skin 
should be examined for petechiae (see Fig. 163-2), purpura (see Fig. 410-17), 
spider angiomas, and palmar erythema (see Fig. 137-2), and the abdomen 
should be assessed for ascites (see Fig. 137-4), hepatomegaly, or splenomegaly, 
which may indicate portal hypertension. Tenderness or a mass may indicate 
an intra-abdominal tumor.

Routine placement of a nasogastric or orogastric tube is not recommended 
for patients with upper GI hemorrhage.2 Such a tube may, however, potentially 
be useful in selected patients to: localize bleeding to the upper GI tract in 
patients with hematochezia, hemodynamic instability, and absence of overt 
signs of upper GI bleeding; help clear gastric blood for better endoscopic 
visualization; and minimize the risk of aspiration.

Peripheral blood should be sent for standard hematology, chemistry, liver, 
and coagulation studies as well as for typing and crossmatching for packed 
red blood cells (Chapter 167). Hemoglobin concentration and hematocrit 
may not accurately reflect blood loss because equilibration with extravascular 
fluid requires 24 to 72 hours. A low platelet count suggests chronic liver disease, 
dilution, drug reaction, or a hematologic disorder. In upper GI bleeding, the 
blood urea nitrogen level typically increases to a greater extent than the cre-
atinine level owing to increased intestinal absorption of urea after the breakdown 
of blood proteins. However, this phenomenon can be misleading in the setting 
of renal insufficiency or rapid transit of blood. An elevated international nor-
malized ratio can be observed in chronic liver disease and in patients who are 
taking warfarin.
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ABSTRACT
Acute gastrointestinal bleeding is a common clinical problem associated with 
significant morbidity and mortality. This chapter reviews the important etiolo-
gies for upper, lower, and obscure gastrointestinal hemorrhage. The optimal 
diagnostic and management modalities are highlighted. Specific endoscopic 
therapeutic techniques to improve evaluation, prognosis, and treatment of 
gastrointestinal hemorrhage are detailed.
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FIGURE 126-1. Bleeding esophageal varix at the gastroesophageal junction. (Courtesy 
Pankaj Jay Pasricha, mD.)

FIGURE 126-2. Retroflexed endoscopic image of a Mallory-Weiss tear at the gastro-
esophageal junction. 

TABLE 126-1 CAUSES OF SEVERE UPPER 
GASTROINTESTINAL (GI) BLEEDING IN ONE 
LARGE CENTER

DIAGNOSIS %
Peptic ulcer (gastric or duodenal) 38
Gastric or esophageal varices 16
Erosive esophagitis 13
Upper GI tumors 7
Upper GI angiomas* 6
Mallory-Weiss tear 4
Gastric or duodenal erosions 4
Dieulafoy lesion 2
Other† 2
No upper GI cause found‡ 8
*Upper GI angiomas include single or multiple angiectasia, watermelon stomach, and Osler-Weber-
Rendu telangiectasia.
†Other lesions were surgical anastomoses, Cameron ulcers, aortoenteric fistulas, and hemobilia.
‡No cause found in esophagus, stomach, or duodenum, but 2% had mouth, nose, or pharyngeal 
bleeding sites.

 DIAGNOSIS
Initial assessment includes a medical history, vital signs, physical examination 
(including digital rectal examination), and nasogastric lavage in an attempt 
to localize the source of melena or hematochezia to the upper GI tract. Patients 
should be asked questions that can help determine the diagnostic possibilities 
for the bleeding source. For example, peptic ulcer bleeding (Chapter 130) 
should be suspected in patients taking daily aspirin or nonsteroidal anti-
inflammatory drugs (NSAIDs). For patients with known or suspected liver 
disease, bleeding related to portal hypertension (such as varices or portal 
hypertensive gastropathy; Chapter 144) should be strongly considered. Heavy 
alcohol intake or vomiting should suggest a Mallory-Weiss tear (Chapter 129). 
A feeding tube or a chronic nasogastric tube and a history of gastroesophageal 
reflux disease raise the suspicion for severe erosive esophagitis (Chapter 129).

The physician should check the vital signs with attention to signs of hypo-
volemia, such as hypotension, tachycardia, and orthostasis. The patient’s skin 
should be examined for petechiae (see Fig. 163-2), purpura (see Fig. 410-17), 
spider angiomas, and palmar erythema (see Fig. 137-2), and the abdomen 
should be assessed for ascites (see Fig. 137-4), hepatomegaly, or splenomegaly, 
which may indicate portal hypertension. Tenderness or a mass may indicate 
an intra-abdominal tumor.

Routine placement of a nasogastric or orogastric tube is not recommended 
for patients with upper GI hemorrhage.2 Such a tube may, however, potentially 
be useful in selected patients to: localize bleeding to the upper GI tract in 
patients with hematochezia, hemodynamic instability, and absence of overt 
signs of upper GI bleeding; help clear gastric blood for better endoscopic 
visualization; and minimize the risk of aspiration.

Peripheral blood should be sent for standard hematology, chemistry, liver, 
and coagulation studies as well as for typing and crossmatching for packed 
red blood cells (Chapter 167). Hemoglobin concentration and hematocrit 
may not accurately reflect blood loss because equilibration with extravascular 
fluid requires 24 to 72 hours. A low platelet count suggests chronic liver disease, 
dilution, drug reaction, or a hematologic disorder. In upper GI bleeding, the 
blood urea nitrogen level typically increases to a greater extent than the cre-
atinine level owing to increased intestinal absorption of urea after the breakdown 
of blood proteins. However, this phenomenon can be misleading in the setting 
of renal insufficiency or rapid transit of blood. An elevated international nor-
malized ratio can be observed in chronic liver disease and in patients who are 
taking warfarin.

Acute Management
Resuscitation efforts should be initiated simultaneously with assessment in 

the emergency department and continue during the hospitalization. Large-bore 
(14- or 16-gauge) intravenous catheters are recommended, with normal saline 
infused as fast as necessary to maintain hemodynamic stability.3 A restrictive 
transfusion strategy (red blood cell transfusions given only at hemoglobin level 
<7 g/dL, with a post-transfusion target of 7 to 9 g/dL) is better than a liberal 
strategy for reducing 45-day mortality and further bleeding in patients with 
acute upper GI hemorrhage.4 These results can be generalized to patients with 
non-exsanguinating upper GI bleeding A1  but not to patients who are hypo-
tensive due to severe hemorrhage or have associated cardiovascular disease, 
in whom a hemoglobin target of 9 to 10 g/dL is recommended. General guide-
lines are also to use blood products as needed to maintain the platelet count 
above 50,000/µL and the international normalized ratio below 2. To prevent 
aspiration, which can cause considerable morbidity and mortality, endotracheal 
intubation should be considered in patients with active hematemesis or altered 
mental status.

Endoscopic Evaluation and Therapy
Endoscopy can identify the site of bleeding and provide therapeutic hemo-

stasis in most patients. Patients with evidence of active bleeding (hematemesis 
red blood by nasogastric lavage, or hemodynamic instability) should undergo 
emergency endoscopy as soon as possible (within 12 hours) after medical 
resuscitation. An intravenous prokinetic agent (either erythromycin, 250 mg, 
or metoclopramide, 10 mg) 30 to 60 minutes before endoscopy may help move 
blood out of the stomach and into the small intestine, improving endoscopic 
visualization.

In addition to localization of the bleeding source, endoscopic evaluation 
can provide prognostic information and stratify the risk of rebleeding on the 
basis of the presence or absence of stigmata of recent hemorrhage (Table 
126-2).5 In addition to endoscopic stigmata, other clinical and laboratory factors 
that predict a poor prognosis include older age, bleeding onset in the hospital, 

TREATMENT
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TABLE 126-3 COMPLETE ROCKALL SCORING SYSTEM FOR UPPER GASTROINTESTINAL BLEEDING
VARIABLE 0 POINTS 1 POINT 2 POINTS 3 POINTS
Age (years) <60 60-79 >80 —
Shock

Pulse rate (beats/min) <100 >100 — —
Systolic blood pressure >100 >100 <100 —

Comorbidity None — Ischemic heart disease, cardiac 
failure, other major illness

Renal failure, hepatic failure, 
metastatic cancer

Endoscopic stigmata of 
recent hemorrhage

No stigmata or dark spot 
in ulcer base

— Blood in upper gastrointestinal tract, 
adherent clot, visible vessel, active 
bleeding

—

Diagnosis Mallory-Weiss tear or no 
lesion seen

All other diagnoses Malignant lesions —

PRE-ENDOSCOPY SCORE MORTALITY (%) POST-ENDOSCOPY SCORE REBLEED RATE (%) MORTALITY (%)
0 0.2 0 4.9 0
1 2.4 1 3.4 0
2 5.6 2 5.3 0.2
3 11 3 11.2 2.9
4 24.6 4 14.1 5.3
5 39.6 5 24.1 10.8
6 48.9 6 32.9 17.3
7 50 7 43.8 27
— — 8+ 41.8 41.1
From Rockall TA, Logan RFA, Devlin HB, Northfield TC. Risk assessment after acute upper gastrointestinal haemorrhage. Gut. 1996; 38:316-321.

TABLE 126-2 ENDOSCOPIC STIGMATA OF RECENT ULCER 
HEMORRHAGE

ENDOSCOPIC 
APPEARANCE

FREQUENCY 
(%)

RISK OF 
REBLEEDING 

(%)

REBLEEDING RISK 
AFTER ENDOSCOPIC 

HEMOSTASIS (%)*
Active arterial 

bleeding
12 80-90 15-30

Nonbleeding 
visible vessel

22 40-50 15-30

Adherent clot 10 30-35 0-5
Oozing without 

other stigmata
14 10-20 0-5

Flat spot 10 5-10 —†

Clean ulcer base 32 3 —†

*Reduction in bleeding risk is with the administration of a proton pump inhibitor, after successful 
endoscopic hemostasis.
†Endoscopic hemostasis is not recommended for these stigmata.
From Kovacs TO, Jensen DM. Endoscopic therapy for severe ulcer bleeding. Gastrointest Endosc Clin 
N Am. 2011;21:681-696.

medical comorbidities (especially hepatic, renal, and malignant disease), shock, 
coagulopathy, fresh blood in the nasogastric lavage, and the need for multiple 
blood transfusions. Clinical scoring systems, such as the Rockall score (Table 
126-3), use clinical information and endoscopic findings to predict clinical 
outcomes.

The goal of endoscopic therapy is to stop acute bleeding and to reduce the 
risk of recurrent bleeding. Most endoscopic therapies were designed for peptic 
ulcer hemorrhage, but they can be used for other causes of nonvariceal upper 
GI bleeding, in which underlying arteries are the source of bleeding. Available 
treatments include injection (epinephrine or sclerosants), thermal coagulation 
(with multipolar/bipolar or heater probe), and mechanical compression (hemo-
static clips). Injection therapy is effective, safe, and inexpensive, but it is some-
times inadequate for definitive hemostasis when it is used alone. When 
epinephrine injection is combined with either thermal coagulation or hemoclips, 
hemostasis is achieved in more than 95% of patients with active bleeding, and 
rebleeding rates are decreased by more than 50%. A2  A device with a larger, 
over-the-scope-clip may be useful for re-treating patients who rebleed after 
initial hemostasis.6

Endoscopic therapy is reserved for lesions that have high-risk stigmata for 
rebleeding (e.g., active arterial bleeding, nonbleeding visible vessel, or adherent 

clot) or moderate-risk stigmata, such as oozing, bleeding without associated 
clot or nonbleeding visible vessel.7 It is not warranted for low-risk stigmata 
(clean-based ulcer or flat pigmented spot), which have the lowest risk of rebleed-
ing (Fig. 126-3). Some causes of upper GI bleeding, such as gastric or duodenal 
erosions and neoplasms, generally are not amenable to endoscopic treatment 
and require appropriate medical or surgical therapy.

Recurrent bleeding after endoscopic treatment directly increases mortality, 
raises transfusion requirements, and prolongs hospitalization. Independent 
predictors of recurrent hemorrhage after successful endoscopic therapy include: 
hemodynamic instability, comorbid illness, posterior duodenal location, and 
large ulcer size.8 Patients with these high-risk ulcer features may benefit from 
more aggressive posthemostasis triage and management.

Use of a Doppler endoscopic probe to detect blood flow underneath stigmata 
of a recent nonvariceal upper GI hemorrhage provides a more objective way 
to stratify the risk of patients with ulcer hemorrhage as well as a safe and 
effective method to improve outcomes. Persistence of a positive Doppler signal 
after endoscopic treatment correlates with rebleeding, and Doppler probe–
guided endoscopic hemostasis significantly reduces 30-day rebleeding rates 
compared with standard, visually guided hemostasis. A3  Patients who have 
residual arterial blood flow after endoscopic hemostasis have significantly higher 
rebleeding rates than do patients in whom arterial blood flow is successfully 
obliterated.

Medical Therapy
The most common cause of upper GI bleeding is peptic ulcer disease, and 

the most common cause of peptic ulcer disease in developed countries is NSAID 
use. Aspirin and other NSAIDs should be discontinued in patients with bleeding 
peptic ulcers, unless there is a contraindication to do so (e.g., secondary pro-
phylaxis for stroke). Patients with documented Helicobacter pylori infection 
should be treated with combination antibiotics and a proton pump inhibitor 
(Chapter 130). After documentation of H. pylori eradication, maintenance anti-
secretory treatment is not needed unless the patient also requires NSAIDs or 
anticoagulation therapy.

Proton pump inhibitors (see Table 129-1) are the mainstay of medical therapy 
for hemostasis and healing of peptic lesions. Acid suppression can promote 
platelet aggregation and clot formation as well as reduce the risk of rebleeding. 
High-dose intravenous proton pump inhibitors (bolus followed by continuous 
infusion [e.g., pantoprazole, 80 mg, followed by 8 mg/hour for 72 hours]) after 
successful endoscopic hemostasis reduce rebleeding rates and mortality in 
patients with high-risk stigmata of recent hemorrhage. For patients with high-
risk stigmata, either this same regimen or intermittent high-dose proton pump 
inhibitor therapy may be equally effective. A4  Patients with low-risk or no stigmata 
can be treated with an oral proton pump inhibitor (e.g., esomeprazole or pan-
toprazole, 40 mg twice daily) and considered for early discharge. Pre-endoscopic 
proton pump inhibitor therapy does not alter clinical outcomes, but it may 

 LOWER GASTROINTESTINAL BLEEDING

 DEFINITION AND EPIDEMIOLOGY
Lower GI hemorrhage generally refers to bleeding from the colon and anorec-
tum. Severe lower GI bleeding occurs with an annual incidence of 20 per 100,000 
population, much less frequently than upper GI bleeding. Patients are usually 
older and present with painless hematochezia, typically without orthostasis. 
If orthostasis is present, a brisk upper GI bleed, which occurs in 15 to 20% 
of cases of severe hematochezia, should be considered. The most common 
cause of severe colorectal hemorrhage is from diverticulosis (Chapter 133). 
Other frequent causes include internal hemorrhoids (Chapter 136), ischemic 
colitis (Chapter 134), rectal ulcer (Chapter 136), and delayed bleeding from 
post-polypectomy ulcers at a median of 8 days (range, 5 hours to 17 days) 
after the procedure (Table 126-4). In most patients, the bleeding stops and 
does not recur. The overall mortality rate from lower GI bleeding is 2 to 4%.

 DIAGNOSIS
Patients with hematochezia should have a careful history, physical examina-
tion, and laboratory evaluation, analogous to the evaluation for upper GI 
bleeding.9 The history may help in the differential diagnosis. A history of 
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Syncope, shock, severe comorbidity, hematochezia, bright red blood
per nasogastric tube, or inpatient start of upper gastrointestinal bleed

Urgent upper endoscopy

Oozing without
other stigmata

Arterial bleed, nonbleeding
visible vessel, or clot

Flat spot or clean
base ulcer

Hemoclip or thermal
coagulation hemostasis

Oral PPI twice daily

Discharge on oral PPI twice daily

Combination
endoscopic hemostasis

IV bolus and infusion
PPI for 72 hours

Oral PPI and early
discharge

Resuscitation and treatment 
in an intensive care unit

Yes No
Evaluate and resuscitate
in step-down unit or ward

FIGURE 126-3. Management algorithm for nonvariceal upper gastrointestinal hemorrhage. iV = intravenous; PPi = proton pump inhibitor. 

downstage the severity of the stigmata of recent hemorrhage and decrease 
the need for endoscopic intervention. Therefore, in patients with suspected 
ulcer bleeding, proton pump inhibitors given as an intravenous bolus may be 
considered while waiting for the endoscopy, but this therapy cannot substitute 
for endoscopy and should not delay it.

The optimal management approach for patients who develop peptic ulcer–
related GI bleeding while receiving antiplatelet or anticoagulant therapy is 
controversial. In patients who have a bleeding peptic ulcer while receiving 
low-dose aspirin therapy followed by successful endoscopic hemostasis and 
high-dose intravenous proton pump inhibitor therapy, the incidence of recur-
rent ulcer bleeding at 30 days is twice as high (10% vs. 5%) in patients who 
continue low-dose aspirin compared with those who did not. However, patients 
who continue low-dose aspirin have a significantly lower mortality rate com-
pared with the placebo group because of lower rates of cardiovascular and 
cerebrovascular complications. Current recommendations suggest that patients 
with upper GI hemorrhage who need secondary cardiovascular prophylaxis 
should resume low-dose aspirin treatment as soon as the cardiovascular risks 
outweigh the gastrointestinal risks, usually within 7 days, while continuing 
proton pump inhibitors (e.g., esomeprazole or pantoprazole, 40 mg daily). 
Patients with idiopathic (non–H. pylori, non-NSAID) peptic ulcers should receive 
long-term proton pump inhibitor therapy.

diverticulosis (see Figs. 133-5 and 133-6) may raise the suspicion for a diver-
ticular bleed (Chapter 133). Abdominal cramping followed by bloody diarrhea 
suggests ischemic colitis (see Fig. 134-2). A recent polypectomy makes a post-
polypectomy bleed more likely.

After medical resuscitation, most patients will need to undergo colonoscopy, 
although a flexible sigmoidoscopy or anoscopy may be an alternative in cases 
in which it is highly likely that the bleeding source is from the anorectum or 
distal colon (Fig. 126-4). Colonoscopy is critical for identifying a luminal 
source of bleeding as well as for potential hemostasis of amenable lesions.10 
Urgent colonoscopy within 12 hours of admission improves diagnostic yield11 
but has not been proved to reduce the rate of rebleeding. To cleanse the colon 
adequately and to visualize the colonic mucosa, a bowel purge with 6 L or more 
of a polyethylene glycol solution should be administered before the procedure. 
Colonoscopic treatment (Fig. 126-4) of focal bleeding sources with stigmata 
of hemorrhage uses the same methods (epinephrine and either thermocoagu-
lation or hemoclips) as for upper GI bleeding.12 In addition, coagulation of 
angiectasias and bleeding biopsy sites is feasible during colonoscopy.

If colonoscopy does not reveal the source of bleeding, an upper endo-
scopic evaluation should be performed. If both are negative, capsule endoscopy 
(Chapter 125), if it is locally available, may be the preferred way to look for 
a small intestinal source of bleeding.13 Alternatively, if bleeding persists or is 

 LOWER GASTROINTESTINAL BLEEDING

 DEFINITION AND EPIDEMIOLOGY
Lower GI hemorrhage generally refers to bleeding from the colon and anorec-
tum. Severe lower GI bleeding occurs with an annual incidence of 20 per 100,000 
population, much less frequently than upper GI bleeding. Patients are usually 
older and present with painless hematochezia, typically without orthostasis. 
If orthostasis is present, a brisk upper GI bleed, which occurs in 15 to 20% 
of cases of severe hematochezia, should be considered. The most common 
cause of severe colorectal hemorrhage is from diverticulosis (Chapter 133). 
Other frequent causes include internal hemorrhoids (Chapter 136), ischemic 
colitis (Chapter 134), rectal ulcer (Chapter 136), and delayed bleeding from 
post-polypectomy ulcers at a median of 8 days (range, 5 hours to 17 days) 
after the procedure (Table 126-4). In most patients, the bleeding stops and 
does not recur. The overall mortality rate from lower GI bleeding is 2 to 4%.

 DIAGNOSIS
Patients with hematochezia should have a careful history, physical examina-
tion, and laboratory evaluation, analogous to the evaluation for upper GI 
bleeding.9 The history may help in the differential diagnosis. A history of 

TABLE 126-4 MOST COMMON COLONIC SOURCES OF 
SEVERE HEMATOCHEZIA IN A SERIES OF 486 
CASES (EXPRESSED AS PERCENTAGE OF 
COLONIC SOURCES)*

Diverticulosis 32%
Internal hemorrhoids 13%
Ischemic colitis 12%
Rectal ulcers 8%
Colonic angiodysplasia, angiectasia, angiomas, or radiation telangiectasias 7%
Ulcerative colitis, Crohn, other colitis 6%
Post-polypectomy ulcer 5%
Other lower gastrointestinal tract sources 6%
*Less common causes include surgical anastomotic ulcers or sutures, nonsteroidal anti-inflammatory 
agent colopathy, metastases, portal hypertensive colopathy, lymphoma, and endometriosis.
Modified from Jensen DM. Management of patients with severe hematochezia—with all current 
evidence available. Am J Gastroenterol. 2005;100:2403-2406.
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History of cirrhosis, ulcers,
and/or positive NG lavage

History of hemorrhoids
or radiation therapy

EGD/push enteroscopy

Treat Colonoscopy

+ –

Treat Balloon or intraoperative
enteroscopy

+ –

Treat Capsule endoscopy or
tagged RBC

scan/angiography

+ –

Treat

Treat

Push enteroscopy

+

+

–

–

Treat Colonoscopy

+ –

Flexible sigmoidoscopy
and anoscopy

Negative history of
hematochezia

FIGURE 126-4. Management algorithm for severe hematochezia. eGD = esophagogastroduodenoscopy; nG = nasogastric; rBC = red blood cell. 

TABLE 126-5 SMALL INTESTINAL LESIONS FOUND IN 488 
PATIENTS DURING DOUBLE-BALLOON 
ENTEROSCOPY FOR OBSCURE 
GASTROINTESTINAL BLEEDING

LESION FREQUENCY (RANGE)
None 40% (0-57)
Angiectasias 31% (6-55)
Ulcerations 13% (2-35)
Malignancy 8% (3-26)
Other 6% (2-22)
From Rajir GS, Gerson L, Das A, et al. American Gastroenterological Association (AGA) Institute 
technical review on obscure gastrointestinal bleeding. Gastroenterology. 2007;133:1697-1717.

FIGURE 126-5. Dieulafoy lesion. 

Surgical management rarely is needed for hemostasis of lower GI bleeding 
because most bleeding is either self-limited or easily managed with medical 
or endoscopic therapy. The main indications for surgery are malignant lesions 
(Chapters 136 and 184), diffusely bleeding lesions that fail to respond to medical 
therapy (such as ischemia; Chapter 134), and recurrent diverticular hemorrhage 
(Chapter 133). If the bleeding source can be localized preoperatively to a par-
ticular area of the colon, a segmental resection can be performed rather than 
a subtotal colectomy. In patients who have lower GI bleeding while on aspirin, 
the continuation of aspirin is associated with higher risk of recurrent lower GI 
bleeding but a lower risk of serious cardiovascular events and death.14

TREATMENT

too rapid for a colonoscopy to be performed, a tagged red blood cell nuclear 
scan or angiography may be performed to localize the bleeding. The red blood 
cell scan can help localize bleeding if it occurs at a rate of at least 0.1 mL/
minute. Angiography has the advantage that it can treat the bleeding source 
with embolization of the bleeding vessel. However, it requires a faster bleeding 
rate (at least 0.5 mL/minute). Neither red blood cell scans nor angiography can 
identify nonbleeding stigmata, and usually neither yields an etiologic diagnosis.

 OBSCURE AND OCCULT  
GASTROINTESTINAL BLEEDING

 DEFINITION AND EPIDEMIOLOGY
Obscure GI bleeding is persistent or recurrent bleeding, despite negative initial 
GI evaluation—including upper endoscopy, push enteroscopy (which reaches 
further into the small intestine), and colonoscopy, as well as radiologic evalu-
ation of the small intestine, such as small bowel follow-through or CT or MR 
enterography.15 Obscure GI bleeding can be classified as either overt (melena, 
maroon stool, or hematochezia) or occult bleeding (positive result of fecal 
occult blood testing, usually in the setting of iron deficiency anemia).

In most large series of hospitalized patients, 5% of overt GI bleeding cases 
are considered to be obscure, and 75% of these patients have bleeding from 
the small intestine that is beyond the reach of an upper endoscope or colo-
noscope. Angiectasias (see Fig. 125-4) are the most common source of small 
intestinal bleeding, followed by ulcers and tumors (Table 126-5). Other causes 
for obscure GI bleeding include lesions that are within reach of standard 
endoscopes but that were not recognized as the bleeding site (e.g., a large 
hiatal hernia with lesions known as Cameron ulcers on endoscopy, or internal 
hemorrhoids on colonoscopy) and intermittently bleeding lesions such as a 
Dieulafoy lesion (Fig. 126-5),16 which is an aberrant submucosal vessel without 
an ulcer.

Iron deficiency (Chapter 150) has a prevalence of 2 to 5% among adult 
men and postmenopausal women. It can occur from overt or occult blood 

loss (e.g., GI tract lesions, menorrhagia), iron malabsorption (celiac disease, 
atrophic gastritis), and red blood cell destruction (hemolysis). It should be 
suspected in patients with low mean corpuscular volume, low ferritin level, 
or low transferrin saturation.

 DIAGNOSIS
The approaches to overt and occult obscure GI bleeding are similar (Fig. 
126-6). In the case of recurrent overt bleeding, upper endoscopy, push 

 Grade A References



CHAPTER 126 Gastrointestinal HemorrHaGe 845

Occult Overt

Colonoscopy

Colonoscopy

ColonoscopyTreat Push 
enteroscopy

Push 
enteroscopy

Push 
enteroscopy

Capsule
endoscopy

Treat Treat Treat

Treat

Treat

Treat

Rebleed Supportive
care

Capsule
endoscopy

Balloon
enteroscopy

Balloon
enteroscopy

Supportive 
care

HematocheziaMelena
+

+ + +

+

–

– –

–

–

+

+

+

+

–

–

–

–

–

–
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Intraoperative
enteroscopy

Supportive
care

Obscure GI Bleeding

FIGURE 126-6. Management algorithm for obscure gastrointestinal bleeding. Gi = gastrointestinal; rBC = red blood cell. 

enteroscopy, and colonoscopy should be repeated, with the type of bleeding 
dictating which endoscopic procedure to do first. Colonoscopy with anoscopy 
should be done first if there is hematochezia. If there is melena, a push small 
bowel enteroscopy should be performed. If the first procedure is unremark-
able, evaluation should be undertaken from the opposite end. If the second 
test result is negative, capsule endoscopy should be performed (Chapter 125).17 
If bleeding from the small intestine is seen on capsule endoscopy, further 
attempts to diagnose and to treat the bleeding should be performed with 
either deep enteroscopy (using a balloon overtube to slide much farther along 
into the small intestine) or intraoperative enteroscopy. All of these long entero-
scopes facilitate diagnosis and hemostasis. If the capsule endoscopy is negative 
and rapid rebleeding recurs, a tagged red blood cell scan or angiography may 
be used to localize the bleeding site and assist with subsequent intraoperative 
enteroscopy.

For occult GI bleeding, colonoscopy should be performed first because 
fecal occult blood testing was designed to screen for colorectal cancer (Chapter 
184). Upper endoscopy and push enteroscopy should follow if the colonoscopy 
is unremarkable. Afterward, the algorithm is the same as for overt bleeding; 
however, if the capsule endoscopy is negative, efforts should be focused toward 
providing supportive care rather than further evaluation.

Iron Deficiency Anemia
GI evaluation of iron deficiency anemia (Chapter 150) is indicated in adult 
men, regardless of age, and postmenopausal women. Women who have not 
reached menopause may warrant a GI evaluation after obvious or potential 
causes of iron deficiency and blood loss, such as chronic menorrhagia, have 
been excluded. Colonoscopy should be performed first, followed by upper 
endoscopy and push enteroscopy if the colonoscopy is negative. Duodenal 

biopsy specimens should be taken to look for evidence of celiac disease  
(Chapter 131). In the absence of other potential sources of iron deficiency 
anemia, H. pylori should be treated, if present, because H. pylori infection 
decreases iron absorption and may produce microerosions that bleed.18 If 
all three of these endoscopic procedures are unrevealing, capsule endoscopy 
should be performed.19 If the capsule study is negative, investigation into non-GI 
causes of iron deficiency (Chapter 150) may be pursued.
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Answer: E The first step in any active GI hemorrhage is volume resuscitation. 
In this scenario, the patient has lost at least 50% of her intravascular volume, 
so aggressive resuscitation with both blood and crystalloid products is required. 
Emergent endoscopy (A), intravenous proton pump inhibitor (C), and naso-
gastric lavage (B) may be necessary, but only after adequate repletion of the 
intravascular volume. In general, few patients die of complete exsanguination, 
particularly in the setting of peptic ulcer bleeding, whereas the majority die 
as a consequence of the physiologic impact of sudden, dramatic volume shifts, 
with a disproportionate mortality in the elderly, who may suffer a stroke, 
myocardial infarction, and acute renal failure if they are not volume resuscitated 
promptly. Volume resuscitation is initiated with saline, and it is inappropriate 
to delay while waiting for blood transfusion.

4. A 70-year-old man with a history of coronary artery disease is admitted to 
the hospital for melena and dizziness. He takes aspirin 81 mg daily for 
secondary prophylaxis of cardiovascular disease without concurrent acid 
suppression. Endoscopy reveals an antral ulcer with a nonbleeding visible 
vessel that is treated with endoscopic hemostasis. Biopsy shows no evidence 
of H. pylori. He is started on a proton pump inhibitor (PPI). What would 
be the best course of action?
 A. Continue PPI daily and do not restart aspirin.
 B. Continue PPI daily and restart aspirin in 4 to 6 weeks.
 C. Continue PPI daily and restart aspirin within 1 week.
 D. Stop PPI in 4 to 6 weeks and restart aspirin on discharge.
 E. Stop PPI and restart aspirin in 4 to 6 weeks.

Answer: C In patients who need aspirin for cardioprotection, the antiplatelet 
agent should be restarted as soon as cardiovascular risks outweigh GI risks. 
In a study of patients randomized to restart aspirin versus placebo soon after 
endoscopic treatment of bleeding ulcer disease, those taking aspirin had more 
bleeding but significantly lower mortality and cardiovascular events. Therefore, 
aspirin usually should be restarted within the first week after endoscopic therapy 
while continuing PPI therapy as well.

5. A 70-year-old woman presents to the emergency department with dizziness 
and five episodes of bright red blood per rectum in the last 24 hours. 
Nasogastric tube lavage yields bilious fluid without blood. What is the 
most common cause of severe hematochezia?
 A. Diverticulosis
 B. Colonic angiodysplasia
 C. Internal hemorrhoids
 D. Ulcerative colitis
 E. Ischemic colitis

Answer: A Diverticulosis, which is the most common cause of severe hema-
tochezia, accounts for about one third of the colonic sources of severe hema-
tochezia. Internal hemorrhoids and ischemic colitis are the next most common 
causes. Diverticular hemorrhage may be self-limited, but in severe cases, either 
colonoscopy or angiography can find and treat the bleeding diverticulum. 
Several studies have shown at least some benefit of early colonoscopy compared 
with radiologic testing to determine the location of bleeding and to decrease 
overall cost.

REVIEW QUESTIONS

1. A 50-year-old man without any prior medical problems began taking ibu-
profen 800 mg three times daily for lower back pain after a work-related 
injury. He subsequently developed nausea followed by hematemesis and 
melena. He now presents to the emergency department for further evalu-
ation. On the basis of this presentation and epidemiologic studies, what 
is the most likely cause of the suspected upper gastrointestinal (GI) 
hemorrhage?
 A. Peptic ulcer
 B. Mallory-Weiss tear
 C. Esophagitis
 D. Esophageal varices
 E. Dieulafoy lesion

Answer: A This patient began taking a nonsteroidal anti-inflammatory drug 
(NSAID) and subsequently presented with melena and hematemesis indica-
tive of upper GI bleeding. Both epidemiologic data and the clinical history 
support peptic ulcer disease as the most likely cause of the bleeding. A Mallory-
Weiss tear is possible on the basis of the clinical presentation but is less likely 
to be associated with NSAID use and is not the likely cause of his bleeding.

2. A 70-year-old man who had a mechanical aortic valve implanted for aortic 
stenosis presents to the emergency department with painless hematochezia. 
He is receiving warfarin and takes aspirin 81 mg daily. He is volume resus-
citated with 6 units of packed red blood cells and stabilized. An urgent 
colonoscopy demonstrates no fresh blood in the terminal ileum or colon. 
There are a few, scattered diverticula. What would you do next?
 A. Upper endoscopy
 B. Tagged red blood cell scan
 C. Nothing
 D. Angiography
 E. Surgery

Answer: A This patient presents with hematochezia that is suggestive of a 
lower bleeding source. However, up to 15 to 18% of cases of significant hema-
tochezia have an upper GI tract cause, such as peptic ulcer or esophageal 
varices. For this reason, the patient should be further evaluated with an upper 
GI endoscopy. As a matter of routine practice, high-volume hematochezia (as 
indicated by hemodynamic compromise, high volume requirements for volume 
resuscitation, and a large fall in the hematocrit, particularly when it occurs in 
conjunction with risk factors for peptic ulceration or portal hypertension) 
should prompt an urgent upper GI endoscopy as the first intervention after 
resuscitation, followed by a rapid bowel purge and colonoscopy.

3. An 80-year-old woman presents with melena, hematemesis, and syncope. 
Examination reveals hypotension and tachycardia. What is the first step 
in management?
 A. Emergent endoscopy
 B. Nasogastric lavage
 C. Intravenous proton pump inhibitor
 D. Tagged red blood cell scan
 E. Intravenous access and intravascular volume repletion
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127 
DISORDERS OF GASTROINTESTINAL 
MOTILITY
MICHAEL CAMILLERI

 DEFINITION
Motility disorders result from impaired control of the neuromuscular apparatus 
of the gastrointestinal tract. Associated symptoms include recurrent or chronic 
nausea, vomiting, bloating, abdominal discomfort, and constipation or diar-
rhea in the absence of intestinal obstruction.

 PATHOBIOLOGY
Normal Physiology
Neuroenteric Control
Motor function of the gastrointestinal tract depends on the contraction of 
smooth muscle cells and their integration and modulation by enteric and 
extrinsic nerves as well as the interstitial cells of Cajal. Extrinsic neural control 
of gastrointestinal motor function comprises the cranial and sacral parasym-
pathetic outflow (excitatory to nonsphincteric muscle) and the thoracolumbar 
sympathetic supply (excitatory to sphincters, inhibitory to nonsphincteric 
muscle). The cranial outflow is predominantly through the vagus nerve, which 
innervates the gastrointestinal tract from the stomach to the right colon. Para-
sympathetic innervation of the colon is provided by the vagal fibers coursing 
along the ileocolonic branches of the superior mesenteric artery and the S2 
to S4 parasympathetic supply to the distal colon. Sympathetic fibers to the 
stomach and small bowel arise from T5 to T10 levels of the intermediolateral 
column of the spinal cord. Sympathetic innervation of the colon arises from 
T11 to L3 levels of the spinal cord. The prevertebral ganglia play an important 
role in the integration of afferent impulses between the gut and the central 
nervous system and in the reflex control of abdominal viscera.

The enteric nervous system is an independent nervous system comprising 
approximately 100 million neurons organized into ganglionated plexuses. The 
larger myenteric or Auerbach plexus is situated between the longitudinal and 
circular muscle layers of the muscularis externa; this plexus contains neurons 
responsible for gastrointestinal motility. The submucosal or Meissner plexus 
controls absorption, secretion, and mucosal blood flow. The enteric nervous 
system also plays an important role in visceral afferent function.

The interstitial cells of Cajal are spontaneously active pacemaker cells that 
coordinate muscle contraction and sense distortion. They form a non-neural 
pacemaker system predominantly at the interface of the circular and longitu-
dinal muscle layers of the intestine as well as within the muscle layers themselves 
and function as intermediaries between the neurogenic enteric nervous system 
and the myogenic control system. Electrical control activity spreads through 
interneurons in the contiguous segments of the gut through neurochemical 
activation by transmitters that may be excitatory (e.g., acetylcholine, substance 
P) or inhibitory (e.g., nitric oxide, somatostatin).

Gastric and Small Bowel Motility
The motor functions of the stomach and small intestine are characterized by 
distinct patterns of motor activity in the fasting and postprandial periods 
(E-Fig. 127-1). The fasting or interdigestive period is characterized by a cyclic 
motor phenomenon, the interdigestive migrating motor complex. In healthy 
individuals, one cycle of this complex is completed every 60 to 90 minutes. 
The complex has three phases: a period of quiescence (phase I), a period of 
intermittent pressure activity (phase II), and an activity front (phase III) 
during which the stomach and small intestine contract at highest frequencies 
(3 per minute in the stomach, 12 per minute in the duodenum, 8 per minute 
in the ileum). Another characteristic motor pattern in the distal small intestine 
is the giant migrating complex, or power contraction, which empties residue 
from the ileum into the colon in bolus transfers.

In response to food ingestion, the proximal stomach accommodates food 
by a vagally mediated reduction in tone, thereby facilitating the ingestion of 
food without an increase in pressure. Liquids empty from the stomach in an 

exponential manner, and the rate of emptying varies with calorie content and 
viscosity. The half-emptying time for non-nutrient liquids in healthy individu-
als is usually less than 20 minutes. Solids are retained selectively in the stomach, 
where they undergo acid and peptic digestion as well as “churning” or tritura-
tion by high liquid shearing forces in the antrum. Digestible food particles 
are emptied after their size is reduced by trituration to less than 2 mm. Gastric 
emptying of solids is characterized by an initial lag period followed by a linear 
postlag emptying phase. Secretion of hormones that mediate the motor and 
digestive process (e.g., gastrin for acid secretion; cholecystokinin for gallblad-
der contraction and bile and pancreatic secretion; and insulin, glucagon, and 
incretins such as glucagon-like peptide 1 for glucose regulation) is integrated 
with the arrival of food or chyme at different levels of the gut to ensure optimal 
digestion and signal satiation.

The small intestine transports solids and liquids at approximately the same 
rate. As a result of the lag phase for the transport of solids from the stomach, 
liquids typically arrive in the colon before solids. Chyme moves from ileum 
to colon intermittently in boluses propelled by contractions.

In the postprandial period, the interdigestive migrating motor complex is 
replaced by an irregular pattern of variable amplitude and frequency. This 
pattern, which enables mixing, digestion, and absorption, is observed in the 
gastrointestinal regions in contact with food. The maximum frequency of 
contractions is lower than during phase III of the interdigestive motor complex, 
and the duration of this postprandial contractile activity is proportional to 
the number of calories consumed (about 1 hour for each 200 kcal ingested). 
Segments of the small intestine that are not in contact with food continue 
with interdigestive motor patterns.

Vomiting is characterized by a stereotypic sequence of motor events, includ-
ing contractions of the stomach, abdominal muscles, and diaphragm. This 
sequence is followed immediately in the proximal small bowel by a propagated, 
rhythmic contractile response similar to the migrating motor complex.

Colonic Motility
The normal colon displays short-duration (phasic) contractions and a back-
ground contractility or tone. Nonpropagated phasic contractions have a role 
in segmenting the colon into haustra, which compartmentalize the colon and 
facilitate mixing, retention of residue, and formation of solid stool. High-
amplitude propagated contractions, which are characterized by an amplitude 
greater than 75 mm Hg, propagation over a distance of at least 15 cm, and a 
propagation velocity of 0.15 to 2.2 cm/second, contribute to the mass move-
ments in the colon. In health, these contractions occur on average five or six 
times per day, most often postprandially and between 6 am and 2 pm.

Colonic transit is a discontinuous process, slow most of the time and rapid 
at other times. Residue may be retained for prolonged periods in the right 
colon, and a mass movement may deliver the contents to the sigmoid colon 
in seconds. Feeding stimulates movement of colonic content (referred to as 
the gastrocolonic response). In health, the average mouth-to-cecum transit 
time is about 6 hours, and transit times through the right colon, left colon, 
and sigmoid colon are about 12 hours each. As the ingestion of dietary fiber 
increases, mean colonic transit time decreases, stool frequency increases, and 
stool consistency is softer. Decreased calorie intake slows colonic transit, 
whereas a meal (typically >500 kcal, especially a fat-rich meal) stimulates 
colonic motor function and propulsion of colonic content. Outlet obstruction 
in patients with pelvic floor dysfunction or voluntary suppression of defeca-
tion often is associated with slow colonic transit and decreased motor response 
to feeding.

Fluid reabsorption influences gastrointestinal transit.1 Approximately 9 L 
of fluid enters the gut from oral intake and endogenous secretions. The small 
intestine delivers about 1.5 L of fluid to the colon, where most is reabsorbed, 
leaving a maximum of 200 mL of water excreted in normal stool. Up to 3 L 
of fluid can be reabsorbed by the colon in a 24-hour period, unless the rate 
of ileocolonic flow or colonic motility overwhelms the colon’s capacity or 
reabsorptive ability.

Defecation and Continence
Normal defecation requires a series of coordinated actions of the colon, rectum, 
pelvic floor, and anal sphincter muscles (Fig. 127-1). Filling of the rectum by 
a volume of 10 mL may be sensed, although the rectum can accommodate 
300 mL before a sense of fullness and urge to defecate develop. Distention of 
the rectum results in the relaxation of the internal anal sphincter (rectoanal 
inhibitory reflex) and simultaneous contraction of the external anal sphincter 
to maintain continence. The anal transition zone can sense the difference 
between solid or liquid stool and gas.

patients with these injuries, there is loss of contractile activity in the left colon 
and decreased rectal tone and sensitivity, which may lead to colorectal dilation 
and fecal impaction. Parkinson disease (Chapter 381) and multiple sclerosis 
(Chapter 383) frequently are associated with constipation.

 Enteric and Intrinsic Neuropathic Disorders
Disorders of the enteric nervous system or interstitial cells of Cajal are usually 
the result of an infectious, degenerative, immune, or inflammatory process. 
Virus-induced gastroparesis (e.g., rotavirus, Norwalk virus [Chapter 356], 
cytomegalovirus [Chapter 352], or Epstein-Barr virus [Chapter 353]) is asso-
ciated with infiltration of the myenteric plexus with inflammatory cells. In 
idiopathic chronic intestinal pseudo-obstruction, in which there is no distur-
bance of the extrinsic neural control, degeneration of the interstitial cells of 
Cajal, inflammation, or herpesvirus infection may contribute.

 Smooth Muscle Disorders
Disturbances of smooth muscle may result in significant disorders of gastric 
emptying and of transit through the small bowel and colon. These disturbances 
include, in decreasing order of prevalence, systemic sclerosis (Chapter 251), 
amyloidosis (Chapter 179), dermatomyositis (Chapter 253), myotonic dys-
trophy (Chapter 393), and metabolic muscle disorders (Chapter 393). Motility 
disturbances may be the result of metabolic disorders, such as hypothyroidism 
(Chapter 213) and hyperparathyroidism (Chapter 232), but these patients 
more commonly present with constipation. Scleroderma may result in focal 
or general dilation, wide-mouthed diverticula, and delayed transit in the 
stomach, small bowel, and colon. The amplitude of contractions is reduced, 
and bacterial overgrowth may result in steatorrhea or pneumatosis intestinalis. 
Mitochondrial neurogastrointestinal encephalomyopathy, or familial visceral 
myopathy type II, is an autosomal recessive condition that may be manifested 
with hepatic failure in neonates, seizures or diarrhea in infants, and hepatic 
failure or chronic intestinal pseudo-obstruction in adults.

 DISEASES OF SLOW TRANSIT THROUGH THE 
STOMACH AND SMALL BOWEL

 PATHOBIOLOGY
Gastrointestinal motility disturbances (Table 127-1) result from disorders of 
the extrinsic nervous system, enteric nervous system, interstitial cells of Cajal 
(or intestinal pacemakers), or smooth muscle. Neuropathic patterns are char-
acterized by normal amplitude but incoordinated contractions, whereas 
myopathies are characterized by low-amplitude contractions (average of less 
than 40 mm Hg in the antrum and less than 10 mm Hg in the small bowel). 
Combined disorders occur in systemic sclerosis (Chapter 251), amyloidosis 
(Chapter 179), and mitochondrial cytopathy (Chapter 393), which can be 
manifested initially with neuropathic patterns and later display myopathic 
characteristics with disease progression.

Genetic defects that result in congenital dysmotility include abnormalities 
of RET, the gene that encodes the tyrosine kinase receptor, and abnormalities 
in the endothelin B system. Neural crest cells migrate from the vagal and sacral 
crest to the developing gut and, over time, colonize the entire developing 
alimentary canal and its appendages. Endothelin B serves to retard maturation 
of migrating neural crest cells, thus facilitating colonization of the entire gut 
with nerve cells. Other abnormalities resulting in congenital dysmotility involve 
other transcription factors, such as Sox10, which enhances maturation of neural 
precursors, and Kit, a marker for the interstitial cells of Cajal. Defects of RET, 
endothelin B, and Sox10 are associated with the phenotypic picture recognized 
in Hirschsprung disease, whereas KIT defects have been associated with idio-
pathic hypertrophic pyloric stenosis and congenital megacolon. c-KIT muta-
tions are associated with gastrointestinal stromal tumors (Chapter 183). In 
some patients with chronic intestinal pseudo-obstruction, mutations in RAD21 
(a DNA repair gene) disrupt the ability of its product to regulate genes such 
as RUNX1 (a transcription factor) and APOB (a lipoprotein).

 Extrinsic Neuropathic Disorders
Extrinsic neuropathic processes include vagotomy, trauma, Parkinson disease 
(Chapter 381), diabetes (Chapter 216), amyloidosis (Chapter 179), and a 
paraneoplastic syndrome usually associated with small cell carcinoma of the 
lung (Chapter 182). Another common “neuropathic” problem in clinical 
practice results from the effect of medications, such as α2-adrenergic agonists, 
glucagon-like peptide 1 analogues, opiates, and anticholinergics, on neural 
control.

Damage to the autonomic nerves by trauma, infection, neuropathy, and 
neurodegeneration may lead to motor, secretory, and sensory disturbances, 
most frequently resulting in constipation. Patients with spinal cord injury 
(Chapter 371) above the level of the sacral segments have delayed proximal 
and distal colonic transit attributable to parasympathetic denervation. In these 
patients, fasting colonic motility and tone are normal, but the response to 
feeding generally is reduced or absent. Spinal cord lesions involving the sacral 
segments and damage to the efferent nerves from these segments disrupt the 
neural integration of rectosigmoid expulsion and anal sphincter control. In 
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ABSTRACT
Disorders of gastrointestinal motility comprise at least 25% of all gastroen-
terology practice, and advances in diagnosis and management can significantly 
impact patient outcomes. The manifestations of disordered neuromuscular 
function include gastroparesis, chronic intestinal pseudo-obstruction, chronic 
constipation, as well as the dumping syndrome and diarrhea resulting from 
accelerated transit. With all of these manifestations, it is important to exclude 
rectal evacuation disorders, which may present with constipation, abdominal 
discomfort, bloating, or nausea. These disorders result from abnormal neu-
roenteric, muscle, transmitter, or hormonal functions. Understanding the 
pathophysiology of these diseases is critical to selection of correct manage-
ment. Algorithms are provided for evaluation of patients with retardation of 
gastric or small bowel transit and for the very common clinical presentation 
of chronic constipation. The principles of treatment are based on accurate 
diagnosis, correction of dehydration and malnutrition, use of prokinetic or 
anti-motility agents, and symptomatic remedies such as antiemetics for nausea 
or vomiting and laxatives for constipation.
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E-FIGURE 127-1. Left panel: the migrating motor complex (MMC) in the gastric and small intestinal motor pattern of the interdigestive state. the interdigestive motility begins after 
digestion and absorption of nutrients are complete, 2 to 3 hours after a meal. sensors in the stomach show that the MMC starts as large amplitude contractions at 3 per minute in the distal 
stomach. activity in the stomach migrates into the small intestine to the ileum. (from Camilleri M. Physiological fundamentals of neurogastroenterology: motility, absorption, sensation. 
in: Neurogastroenterology and Gastrointestinal Motility in Clinical Practice. Valdovinos Diaz Ma, remes-troche JM, Coss-adame e, eds. Mexico City, Mexico: Permanyer Publishers, 2017, in 
press.) Right panel: Gastroduodenal manometry in healthy subject showing manometric tracings in the postprandial period from the gastric body to the duodenum. (from nelson aD, 
Camilleri M, acosta a, et al. effects of ghrelin receptor agonist, relamorelin, on gastric motor functions and satiation in healthy volunteers. Neurogastroenterol Motil. 2016;28:1705-1713.)
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patients with these injuries, there is loss of contractile activity in the left colon 
and decreased rectal tone and sensitivity, which may lead to colorectal dilation 
and fecal impaction. Parkinson disease (Chapter 381) and multiple sclerosis 
(Chapter 383) frequently are associated with constipation.

 Enteric and Intrinsic Neuropathic Disorders
Disorders of the enteric nervous system or interstitial cells of Cajal are usually 
the result of an infectious, degenerative, immune, or inflammatory process. 
Virus-induced gastroparesis (e.g., rotavirus, Norwalk virus [Chapter 356], 
cytomegalovirus [Chapter 352], or Epstein-Barr virus [Chapter 353]) is asso-
ciated with infiltration of the myenteric plexus with inflammatory cells. In 
idiopathic chronic intestinal pseudo-obstruction, in which there is no distur-
bance of the extrinsic neural control, degeneration of the interstitial cells of 
Cajal, inflammation, or herpesvirus infection may contribute.

 Smooth Muscle Disorders
Disturbances of smooth muscle may result in significant disorders of gastric 
emptying and of transit through the small bowel and colon. These disturbances 
include, in decreasing order of prevalence, systemic sclerosis (Chapter 251), 
amyloidosis (Chapter 179), dermatomyositis (Chapter 253), myotonic dys-
trophy (Chapter 393), and metabolic muscle disorders (Chapter 393). Motility 
disturbances may be the result of metabolic disorders, such as hypothyroidism 
(Chapter 213) and hyperparathyroidism (Chapter 232), but these patients 
more commonly present with constipation. Scleroderma may result in focal 
or general dilation, wide-mouthed diverticula, and delayed transit in the 
stomach, small bowel, and colon. The amplitude of contractions is reduced, 
and bacterial overgrowth may result in steatorrhea or pneumatosis intestinalis. 
Mitochondrial neurogastrointestinal encephalomyopathy, or familial visceral 
myopathy type II, is an autosomal recessive condition that may be manifested 
with hepatic failure in neonates, seizures or diarrhea in infants, and hepatic 
failure or chronic intestinal pseudo-obstruction in adults.

 DISEASES OF SLOW TRANSIT THROUGH THE 
STOMACH AND SMALL BOWEL

 PATHOBIOLOGY
Gastrointestinal motility disturbances (Table 127-1) result from disorders of 
the extrinsic nervous system, enteric nervous system, interstitial cells of Cajal 
(or intestinal pacemakers), or smooth muscle. Neuropathic patterns are char-
acterized by normal amplitude but incoordinated contractions, whereas 
myopathies are characterized by low-amplitude contractions (average of less 
than 40 mm Hg in the antrum and less than 10 mm Hg in the small bowel). 
Combined disorders occur in systemic sclerosis (Chapter 251), amyloidosis 
(Chapter 179), and mitochondrial cytopathy (Chapter 393), which can be 
manifested initially with neuropathic patterns and later display myopathic 
characteristics with disease progression.

Genetic defects that result in congenital dysmotility include abnormalities 
of RET, the gene that encodes the tyrosine kinase receptor, and abnormalities 
in the endothelin B system. Neural crest cells migrate from the vagal and sacral 
crest to the developing gut and, over time, colonize the entire developing 
alimentary canal and its appendages. Endothelin B serves to retard maturation 
of migrating neural crest cells, thus facilitating colonization of the entire gut 
with nerve cells. Other abnormalities resulting in congenital dysmotility involve 
other transcription factors, such as Sox10, which enhances maturation of neural 
precursors, and Kit, a marker for the interstitial cells of Cajal. Defects of RET, 
endothelin B, and Sox10 are associated with the phenotypic picture recognized 
in Hirschsprung disease, whereas KIT defects have been associated with idio-
pathic hypertrophic pyloric stenosis and congenital megacolon. c-KIT muta-
tions are associated with gastrointestinal stromal tumors (Chapter 183). In 
some patients with chronic intestinal pseudo-obstruction, mutations in RAD21 
(a DNA repair gene) disrupt the ability of its product to regulate genes such 
as RUNX1 (a transcription factor) and APOB (a lipoprotein).

 Extrinsic Neuropathic Disorders
Extrinsic neuropathic processes include vagotomy, trauma, Parkinson disease 
(Chapter 381), diabetes (Chapter 216), amyloidosis (Chapter 179), and a 
paraneoplastic syndrome usually associated with small cell carcinoma of the 
lung (Chapter 182). Another common “neuropathic” problem in clinical 
practice results from the effect of medications, such as α2-adrenergic agonists, 
glucagon-like peptide 1 analogues, opiates, and anticholinergics, on neural 
control.

Damage to the autonomic nerves by trauma, infection, neuropathy, and 
neurodegeneration may lead to motor, secretory, and sensory disturbances, 
most frequently resulting in constipation. Patients with spinal cord injury 
(Chapter 371) above the level of the sacral segments have delayed proximal 
and distal colonic transit attributable to parasympathetic denervation. In these 
patients, fasting colonic motility and tone are normal, but the response to 
feeding generally is reduced or absent. Spinal cord lesions involving the sacral 
segments and damage to the efferent nerves from these segments disrupt the 
neural integration of rectosigmoid expulsion and anal sphincter control. In 
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FIGURE 127-1. Pelvic floor and anorectal functions during continence and defecation. 
sagittal view through the pelvis in the resting (A) and straining (B) postures. Coordinated 
functions of pelvic floor (puborectalis) and anal sphincter are essential for continence 
and defecation. 

TABLE 127-1 CLASSIFICATION OF GASTROPARESIS AND 
PSEUDO-OBSTRUCTION

TYPE NEUROPATHIC MYOPATHIC
Infiltrative Progressive systemic sclerosis Progressive systemic sclerosis

Amyloidosis Amyloidosis
Systemic lupus erythematosus
Ehlers-Danlos syndrome
Dermatomyositis

Familial Familial visceral neuropathies Familial visceral myopathies
Metabolic myopathies

Idiopathic Sporadic hollow visceral myopathy Idiopathic intestinal 
pseudo-obstruction

Neurologic Porphyria Myotonia
Heavy metal poisoning Other dystrophies
Brain stem tumor
Parkinson disease
Multiple sclerosis
Spinal cord transection

Infectious Chagas disease
Cytomegalovirus
Norwalk virus
Epstein-Barr virus

Drug induced Tricyclic antidepressants
Narcotic agents
Anticholinergic agents
Antihypertensives
Dopaminergic agents
Vincristine
Laxatives

Paraneoplastic Small cell lung cancer
Carcinoid syndrome

Postsurgical Postvagotomy with or without 
pyloroplasty or gastric resection

Endocrine Diabetes mellitus
Hypothyroidism or 

hyperthyroidism
Hypoparathyroidism
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wireless motility capsule also can assess contraction amplitude if the intes-
tine is not dilated to more than 5 cm.

3. Identify the pathogenesis (see Table 127-1). In patients with neuropathic causes 
of uncertain origin, tests should assess autonomic dysfunction (Chapter 
393), measure type 1 antineuronal nuclear autoantibodies and other auto-
antibodies associated with paraneoplastic syndromes, and consider the 
possibility of a brain stem lesion. In patients with a myopathic disorder of 
unclear cause, the evaluation should consider amyloidosis (immunoglobu-
lin electrophoresis, fat aspirate, or rectal biopsy; Chapter 179), systemic 
sclerosis (topoisomerase I; Chapter 251), and thyroid disease (Chapter 
213). In appropriate settings, porphyria (Chapter 199) and Chagas disease 
(Chapter 326) may need to be excluded. In refractory cases, referral to a 
specialized center may result in genetic testing or full-thickness biopsy 
of the small intestine (E-Fig. 127-2) to identify metabolic muscle disor-
ders and mitochondrial cytopathies. Diabetes mellitus (Chapter 216) is 
associated with gastroparesis, pylorospasm, intestinal pseudo-obstruction, 
diarrhea, constipation, and fecal incontinence.5 All of these manifesta-
tions may be caused by poor glycemic control, autonomic dysfunction, 
or changes in the structure and function of the interstitial cells of Cajal 
and enteric nervous system. Patients may become poorly nourished with 
vitamin deficiencies. The prevalence of constipation is 22% among diabetic 
patients with neuropathy but only 9.2% in diabetic patients without neu-
ropathy, a rate that is not significantly different from that of nondiabetic  
controls.

4. Identify complications of the motility disorder, including bacterial overgrowth, 
dehydration, and malnutrition. In patients presenting with diarrhea, it is 
important to assess nutritional status and to exclude bacterial overgrowth 
by culture of small bowel aspirates or glucose-hydrogen breath test (Chapter 
131). Bacterial overgrowth is relatively uncommon in neuropathic disorders 
but is found more often in myopathic conditions, such as scleroderma, 
that are associated more often with dilation or low-amplitude contractions. 
An empirical trial of antibiotics (see later) often is used instead of formal 
testing.

 Gastroparesis and Pseudo-Obstruction
 CLINICAL MANIFESTATIONS

The clinical features of gastroparesis2 and chronic intestinal pseudo-obstruction3 
are similar and include nausea, vomiting, early satiety, abdominal discomfort, 
distention, bloating, and anorexia. Severe cases, which occur mostly in patients 
with disorders of smooth muscle, may be accompanied by considerable dila-
tion as well as by weight loss, with depletion of mineral and vitamin stores. 
Diarrhea and constipation indicate that the motility disorder extends beyond 
the stomach. Vomiting may result in aspiration pneumonia (Chapter 88) or 
Mallory-Weiss esophageal tears (Chapters 126 and 129), and patients with a 
generalized motility disorder may have abnormal swallowing or delayed colonic 
transit.

A careful family and medication history is essential. Review of systems may 
reveal an underlying collagen vascular disease (e.g., scleroderma) or distur-
bances of extrinsic autonomic neural control, including orthostatic dizziness, 
difficulties with erection or ejaculation, recurrent urinary tract infections, dry 
mouth, dry eyes, dry vagina, difficulties with visual accommodation in bright 
lights, and absence of sweating.

On physical examination, a succussion splash indicates stasis, typically in 
the stomach. The hands and mouth may reveal signs of Raynaud phenomenon 
or scleroderma (Chapter 251). Testing of pupillary responses (to light and 
accommodation), external ocular movements, blood pressure in the lying and 
standing positions, and general features of a peripheral neuropathy can identify 
patients with an associated neurologic disturbance (e.g., diabetic neuropathy) 
or with the oculogastrointestinal dystrophy that typically is found with mito-
chondrial cytopathies (see under the Smooth Muscle Disorders section in 
this chapter).

The differential diagnosis includes mechanical obstruction, functional 
gastrointestinal disorders, anorexia nervosa, and the rumination syndrome. 
The rumination syndrome is a relatively common, underdiagnosed condition 
that is manifested with early (0 to 30 minutes) postprandial, effortless regur-
gitation of undigested food after virtually every meal.

 DIAGNOSIS
A motility disorder of the stomach or small bowel should be suspected 
whenever large volumes are aspirated from the stomach, particularly after 
an overnight fast, or when undigested solid food or large volumes of liquids 
are observed during esophagogastroduodenoscopy. However, the diagnosis 
requires documentation of delayed gastric emptying of a digestible solid meal. 
The clinician should assess the acuity of symptoms and the patient’s state of 
hydration and nutrition. The goals of the evaluation are to determine what 
regions of the digestive tract are malfunctioning and whether the symptoms 
are due to a neuropathy or a myopathy (Fig. 127-2). Key steps include the  
following:
1. Suspect and exclude mechanical obstruction. In symptomatic patients with 

pseudo-obstruction, plain radiographs of the abdomen typically show 
dilated loops of small bowel with associated air-fluid levels. Mechanical 
obstruction should be excluded by upper gastrointestinal endoscopy and 
small bowel imaging studies, including a small bowel follow-through, com-
puted tomographic enterography, and magnetic resonance enteroclysis. 
Capsule endoscopy should be avoided because of the potential risk of 
retention of the capsule. Barium studies may suggest the presence of a 
motor disorder, particularly if there is gross dilation, dilution of barium, 
or retained solid food within the stomach. These studies rarely identify 
the cause, however, except for systemic sclerosis and mitochondrial cytopa-
thy, which are characterized by megaduodenum, multiple small bowel 
diverticula, and pneumatosis intestinalis.

2. Assess gastric and small bowel motility. After mechanical obstruction and 
alternative diagnoses such as Crohn disease (Chapter 132) have been 
excluded, a transit profile of the stomach or small bowel should be per-
formed. The preferred test is a gastric emptying study, in which ingestion 
of a radiolabeled solid meal is followed by scintigraphy at 0, 1, 2, 3, 4, and 
6 hours.4 An alternative is measurement of gastric emptying by a stable 
isotope breath test. If the cause of the motility disturbance is obvious, such 
as gastroparesis in a patient with long-standing diabetes mellitus, it is usually 
unnecessary to pursue further diagnostic testing. If the cause is unclear, 
gastroduodenal manometry by use of a multilumen tube with sensors in 
the distal stomach and proximal small intestine can differentiate a neuro-
pathic process (normal-amplitude contractions but abnormal patterns of 
contractility) from a myopathic process (low-amplitude contractions in 
the affected segments, typically <10 mm Hg in the small intestine). A 
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FIGURE 127-2. Flow diagram outlines steps in diagnosis of idiopathic gastroparesis 
and intestinal pseudo-obstruction. ana = antinuclear antibody; anna-1 = type 1 anti-
neuronal nuclear antibody; CK = creatine kinase; Gi = gastrointestinal. 

Rehydration, electrolyte repletion, and nutritional supplementation are par-
ticularly important during acute exacerbations of gastroparesis and chronic 
intestinal pseudo-obstruction.6 Initial nutritional measures include low-fiber 
supplements with the addition of iron, folate, calcium, and vitamins D, K, and 
B12 at the usually recommended daily levels. In patients with more severe symp-
toms, enteral or parenteral supplementation may be required. If it is anticipated 
that enteral supplementation may be needed for more than 3 months, a jeju-
nostomy feeding tube is recommended. These tubes may be placed with the 

TREATMENT 

 DISEASES OF RAPID TRANSIT THROUGH 
STOMACH AND SMALL BOWEL

 Dumping Syndrome and Accelerated Gastric Emptying
Dumping syndrome and accelerated gastric emptying typically follow truncal 
vagotomy and gastric drainage procedures (Chapter 130) or fundoplication 
for gastric esophageal reflux disease (Chapter 129). With the widespread use 
of highly selective vagotomy and the advent of effective antacid secretory 
therapy, these problems are becoming rare. A high calorie (usually carbohy-
drate) content of the liquid phase of the meal evokes a rapid insulin response 
with secondary hypoglycemia. These patients may also have impaired antral 
contractility and gastric stasis of solids, which paradoxically may result in a 
clinical picture of gastroparesis (for solids) and dumping (for liquids).

The management of dumping syndrome and accelerated gastric emptying 
emphasizes dietary maneuvers, such as avoidance of high-nutrient liquid drinks 
and possibly addition of guar gum or pectin to retard gastric emptying of 
liquids. Rarely, pharmacologic treatment with octreotide, 25 to 100 µg sub-
cutaneously before meals, is needed to retard intestinal transit and to inhibit 
the hormonal responses that lead to hypoglycemia.

 Rapid Transit Dysmotility of the Small Bowel
Rapid transit of material through the small bowel may occur in the setting of 
the irritable bowel syndrome–diarrhea predominant subtype (Chapter 128), 
postvagotomy diarrhea (Chapter 131), short bowel syndrome (Chapter 131), 
diabetic diarrhea (Chapter 131), and carcinoid diarrhea (Chapter 219). With 
the exception of irritable bowel syndrome, these conditions may cause severe 
diarrhea and result in significant losses of fluid and electrolytes. Ileal resection 
or disease and idiopathic bile acid malabsorption may represent an inability 
of the distal ileum to reabsorb bile acids because of rapid transit and reduced 
contact time with the ileal mucosa; this condition may induce colonic secre-
tion and secondary diarrhea. Accelerated transit may be confirmed by scinti-
graphic studies.

Treatment goals are to restore hydration and nutrition and to slow small 
bowel transit. Dietary interventions include avoiding hyperosmolar drinks 
and replacing them with iso-osmolar or hypo-osmolar oral rehydration solu-
tions. The fat content in the diet should be reduced to approximately 50 g/
day to avoid delivery of unabsorbed fat to the colon. All electrolyte and nutri-
tional deficiencies of calcium, magnesium, potassium, and water-soluble and 
fat-soluble vitamins should be corrected. In patients with less than 1 m of 
residual small bowel, it may be impossible to maintain fluid and electrolyte 
homeostasis without parenteral support. In patients with a longer residual 
segment, oral nutrition, pharmacotherapy, and supplements are almost always 
effective.

The opioid agent loperamide (4 mg 30 minutes before meals and at bedtime 
for a total dose of 16 mg/day) suppresses the motor response to feeding and 
improves symptoms but may be ineffective or cause side effects (e.g., hypoten-
sion). Bile acid binding, such as with cholestyramine (4 g three times daily) or 
colesevelam (1.875 g twice daily), is indicated for patients with suspected or 
proven bile acid malabsorption. Clonidine (0.1 mg daily as oral tablet or dermal 
patch) or a 5-HT3 antagonist (e.g., ondansetron, 4 to 8 mg three times daily) 
is used rarely in addition to loperamide. Octreotide (50 µg subcutaneously 
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A BA B

E-FIGURE 127-2. Micrographs showing both types of T lymphocytes, CD4 (A) and 
CD8 (B), detectable within the myenteric plexus of the small intestine (proximal ileum) 
of a 20-year-old man with chronic intestinal pseudo-obstruction. note the intense CD4 
and CD8 immunoreactivities that represent the predominant component of the immune 
infiltrate observed in cases of lymphocytic ganglionitis. alkaline phosphatase anti–alkaline 
phosphatase immunohistochemical technique (×120) in a and B. (from De Giorgio r, 
Camilleri M. Human enteric neuropathies: morphology and molecular pathology. Neu-
rogastroenterol Motil. 2004;16:515-531.)
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aid of endoscopy. Gastrostomy tubes should be avoided in patients with gas-
troparesis except for venting purposes. The rumination syndrome is treated 
with behavioral approaches such as diaphragmatic breathing in the early post-
prandial period.

Medical Therapy
Medications increasingly are being used to treat neuromuscular motility 

disorders, but there is little evidence of effectiveness in myopathic disturbances 
except for the rare case of dystrophia myotonica affecting the stomach and 
for small bowel systemic sclerosis. Small randomized trials demonstrate symp-
tomatic benefit of metoclopramide and domperidone over placebo in patients 
with gastroparesis.7 Metoclopramide is a dopamine antagonist with prokinetic 
and antiemetic properties. Antiemetic effects are due in part to its anti–5-hy-
droxytryptamine type 3 (HT3) antagonist actions. The recommended duration 
of treatment with metoclopramide is 3 months; longer-term use may result in 
tremor and parkinsonian-like symptoms. It is available in tablet, or rapid oral 
disintegrating tablet, or elixir forms or as a parenteral preparation and, typically, 
is taken orally 30 minutes before meals and at bedtime. Usual doses are 5 to 
10 mg four times daily, but patients may experience side effects (changes in 
affect, anxiety) at relatively low doses (even 30 to 40 mg/day). The U.S. Food 
and Drug Administration recommends its use only in patients who do not 
respond to other treatments and for periods of less than 3 months.

Domperidone (10 to 20 mg, three times per day before meals) is another 
dopamine antagonist that is approved in some countries but not in the United 
States, where it may be available through an investigational drug application 
to the U.S. Food and Drug Administration and local Institutional Review Board. 
Its efficacy appears similar to metoclopramide, with a lower incidence of som-
nolence and much lower incidence of involuntary movements. Domperidone-
induced cardiac arrhythmias may occur in patients who have specific genetic 
polymorphisms in the cytochrome P-450 3A4 gene, which encodes the enzyme 
that metabolizes domperidone. Clinically, it is important to modify the dose if 
the patient has renal or liver failure or ingests medications that inhibit cyto-
chrome P-450 3A4 enzyme (Chapter 26). Genetic screening is not recommended 
in any guidelines.

Erythromycin, a macrolide antibiotic that stimulates motilin receptors at 
higher doses (250 to 500 mg) and cholinergic mechanisms at lower doses (40 
to 80 mg), results in the dumping of solids from the stomach. It accelerates 
gastric emptying in gastroparesis, increases the amplitude of antral contrac-
tions, and improves antroduodenal coordination. Erythromycin is most effective 
when it is used intravenously (3 mg/kg every 8 hours by slow infusion) during 
acute exacerbations of gastroparesis. For oral erythromycin, tolerance and 
gastrointestinal side effects often prevent use for longer than 1 month, but 
sometimes liquid erythromycin can be tolerated at 40 to 80 mg three times 
daily before meals. Because of the limited availability of medications approved 
for long-term treatment, older medications such as pyridostigmine (30 to 60 mg 
every 6 hours) are sometimes used.

Octreotide (50 µg subcutaneously at bedtime), a cyclized analogue of soma-
tostatin, induces small intestinal activity that mimics phase III of the interdiges-
tive migrating motor complex. It retards gastric emptying, decreases postprandial 
gastric motility, and inhibits small bowel transit. Octreotide appears to be useful 
in the treatment of dumping syndromes associated with accelerated transit. 
Octreotide may be used before sleep at night to induce migrating motor complex 
activity, to sweep residue toward the colon, and to avoid bacterial overgrowth. 
If it is required during the daytime, octreotide often is combined with an oral 
prokinetic to “normalize” the gastric emptying rate.

Antiemetics, including diphenhydramine (25 mg orally up to two times per 
day for up to 3 months), promethazine (orally or by suppository, 25 mg up to 
two times per day), and metoclopramide (5 to 10 mg orally up to three times 
per day for up to 3 months), can treat nausea and vomiting in patients with 
gastroparesis and intestinal pseudo-obstruction. The more expensive serotonin 
5-HT3 antagonists (e.g., ondansetron, 4 or 8 mg dose) or NK1 antagonists (e.g., 
aprepitant) have not proved to be of greater benefit than these less expensive 
alternatives in these patients. Nortriptyline is not effective in patients with idio-
pathic gastroparesis. Relamorelin, an experimental agonist of ghrelin receptor 
(given as 10 µg subcutaneously once or twice daily) can speed gastric emptying 
and improve the symptoms of gastroparesis in diabetic patients. A1  Aprepitant 
(125 mg/day for 4 weeks) also appears to be efficacious for gastroparesis and 
related disorders. A2 

Antibiotic therapy is indicated in patients with documented, symptomatic 
bacterial overgrowth. Although formal clinical trials have not been conducted, 
it is common practice to use different antibiotics for 7 to 10 days each month, 
in an attempt to avoid bacterial resistance. Common antibiotics include doxy-
cycline, 100 mg twice daily; metronidazole, 250 mg three times daily; cipro-
floxacin, 250 mg twice daily; double-strength trimethoprim-sulfamethoxazole, 
two tablets twice daily; and rifaximin, 275 mg twice daily. Use of antibiotics in 
patients with diarrhea and fat malabsorption secondary to bacterial overgrowth 
results in significant symptomatic relief.

Surgical Therapy
Surgical decompression is rarely necessary in patients with chronic pseudo-

obstruction. Venting enterostomy (jejunostomy) is effective, however, in relieving 

abdominal distention and bloating and in reducing the frequency with which 
nasogastric intubations and hospitalizations are required for acute exacerba-
tions compared with the period before vent placement. Access to the small 
intestine by enterostomy also provides a means to deliver nutrients and should 
be considered in patients with intermittent symptoms. Surgical treatment should 
be considered whenever the motility disorder is localized to a resectable portion 
of the gut: completion gastrectomy for patients with post–gastric surgical stasis 
syndrome, and colectomy with ileorectostomy for intractable constipation 
associated with chronic colonic pseudo-obstruction.

Gastric electrical stimulation, a treatment approved for humanitarian use, 
may improve symptoms in some patients with severe gastroparesis, but data 
on its efficacy are inconclusive, and its use is restricted to a few centers in the 
United States. Botulinum injection of the pylorus, followed by pyloric surgery 
if successful, is a promising therapy for troublesome cases.8 Small bowel trans-
plantation currently is limited to patients with intestinal failure who have revers-
ible liver disease induced by total parenteral nutrition or who have life-threatening 
or recurrent catheter-related sepsis. Isolated transplantation of the small intestine 
is associated with higher graft and patient survival and fewer complications 
related to rejection and infection.

 DISEASES OF RAPID TRANSIT THROUGH 
STOMACH AND SMALL BOWEL

 Dumping Syndrome and Accelerated Gastric Emptying
Dumping syndrome and accelerated gastric emptying typically follow truncal 
vagotomy and gastric drainage procedures (Chapter 130) or fundoplication 
for gastric esophageal reflux disease (Chapter 129). With the widespread use 
of highly selective vagotomy and the advent of effective antacid secretory 
therapy, these problems are becoming rare. A high calorie (usually carbohy-
drate) content of the liquid phase of the meal evokes a rapid insulin response 
with secondary hypoglycemia. These patients may also have impaired antral 
contractility and gastric stasis of solids, which paradoxically may result in a 
clinical picture of gastroparesis (for solids) and dumping (for liquids).

The management of dumping syndrome and accelerated gastric emptying 
emphasizes dietary maneuvers, such as avoidance of high-nutrient liquid drinks 
and possibly addition of guar gum or pectin to retard gastric emptying of 
liquids. Rarely, pharmacologic treatment with octreotide, 25 to 100 µg sub-
cutaneously before meals, is needed to retard intestinal transit and to inhibit 
the hormonal responses that lead to hypoglycemia.

 Rapid Transit Dysmotility of the Small Bowel
Rapid transit of material through the small bowel may occur in the setting of 
the irritable bowel syndrome–diarrhea predominant subtype (Chapter 128), 
postvagotomy diarrhea (Chapter 131), short bowel syndrome (Chapter 131), 
diabetic diarrhea (Chapter 131), and carcinoid diarrhea (Chapter 219). With 
the exception of irritable bowel syndrome, these conditions may cause severe 
diarrhea and result in significant losses of fluid and electrolytes. Ileal resection 
or disease and idiopathic bile acid malabsorption may represent an inability 
of the distal ileum to reabsorb bile acids because of rapid transit and reduced 
contact time with the ileal mucosa; this condition may induce colonic secre-
tion and secondary diarrhea. Accelerated transit may be confirmed by scinti-
graphic studies.

Treatment goals are to restore hydration and nutrition and to slow small 
bowel transit. Dietary interventions include avoiding hyperosmolar drinks 
and replacing them with iso-osmolar or hypo-osmolar oral rehydration solu-
tions. The fat content in the diet should be reduced to approximately 50 g/
day to avoid delivery of unabsorbed fat to the colon. All electrolyte and nutri-
tional deficiencies of calcium, magnesium, potassium, and water-soluble and 
fat-soluble vitamins should be corrected. In patients with less than 1 m of 
residual small bowel, it may be impossible to maintain fluid and electrolyte 
homeostasis without parenteral support. In patients with a longer residual 
segment, oral nutrition, pharmacotherapy, and supplements are almost always 
effective.

The opioid agent loperamide (4 mg 30 minutes before meals and at bedtime 
for a total dose of 16 mg/day) suppresses the motor response to feeding and 
improves symptoms but may be ineffective or cause side effects (e.g., hypoten-
sion). Bile acid binding, such as with cholestyramine (4 g three times daily) or 
colesevelam (1.875 g twice daily), is indicated for patients with suspected or 
proven bile acid malabsorption. Clonidine (0.1 mg daily as oral tablet or dermal 
patch) or a 5-HT3 antagonist (e.g., ondansetron, 4 to 8 mg three times daily) 
is used rarely in addition to loperamide. Octreotide (50 µg subcutaneously 
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three times daily 5 minutes before meals) may be used in patients for whom 
the oral agents are ineffective or poorly tolerated. 5-HT3 antagonists (e.g., 
alosetron, 0.5 to 1 mg orally up to two times per day) may be efficacious in 
the treatment of carcinoid diarrhea and diarrhea-predominant irritable bowel 
syndrome, but it should be reserved for patients with severe, unresponsive 
diarrhea, and the dose should be titrated to avoid constipation.

 COLONIC MOTILITY DISORDERS
 Constipation

 EPIDEMIOLOGY
Constipation is a common clinical problem, reported by about 20% of the 
population, and 40% of Americans report needing to strain excessively to pass 
their bowel movements.9

 PATHOBIOLOGY
In functional constipation, transit is normal, and there is no evacuation disorder. 
These patients may have pain in association with constipation, and there is 
overlap with constipation-predominant irritable bowel syndrome (Chapter 
128). In patients with acquired slow-transit constipation, unassociated with 
colonic dilation, the number of interstitial cells of Cajal in the different layers 
of the colon is reduced compared with controls.

Idiopathic megarectum and megacolon can be either congenital or acquired; 
an enteric nervous system defect is suspected. In megacolon, the dilated segment 
shows normal phasic contractility but decreased colonic tone, with smooth 
muscle hypertrophy and fibrosis of the muscularis mucosa, circular muscle, 
and longitudinal muscle layers.

Acquired defects in the enteric nervous system may result in constipation 
in Chagas disease (Chapter 326), which is caused by infection with Trypano-
soma cruzi and results in the destruction of myenteric neurons. Acquired 
aganglionosis also has been reported with circulating antineuronal antibodies, 
with or without associated neoplasm.

 DIAGNOSIS
It is essential to distinguish an evacuation disorder, also called functional 
outlet obstruction (Table 127-2), from constipation resulting from slow transit 
or other causes. In a tertiary center, about 25% of 1411 patients presenting 
with constipation had impaired evacuation, and the remainder had constipa-
tion associated with either normal transit (also called functional constipation) 
or delayed colonic transit (also called slow-transit constipation). Characteriza-
tion of constipated patients (Fig. 127-3) relies on the measurement of transit 
with radiopaque markers or scintigraphy.

TABLE 127-2 CLINICAL CLUES SUGGESTIVE OF AN 
EVACUATION DISORDER

HISTORY

Prolonged straining to expel stool
Taking up unusual postures on the toilet to facilitate stool expulsion
Support of perineum or digitation of rectum or vagina to facilitate rectal emptying
Inability to expel enema fluid
Constipation after subtotal colectomy for constipation
RECTAL EXAMINATION (WITH PATIENT IN LEFT LATERAL POSITION)

inspection
Anus “pulled” forward during attempts to simulate strain during defecation
Anal verge descends <1 cm or >4 cm during attempts to simulate strain during 

defecation
Perineum balloons down during straining, and rectal mucosa prolapses through anus
Palpation
High anal sphincter tone at rest precludes easy entry of examining finger (in absence 

of painful perianal condition, e.g., anal fissure)
Anal sphincter pressure during voluntary squeeze is minimally higher than tone at 

rest
Perineum descends <1 cm or >4 cm during attempts to simulate strain during 

defecation
Puborectalis muscle palpable through posterior rectal wall is tender
Palpable mucosal prolapse during straining
“Defect” in anterior wall of the rectum, suggestive of rectocele
ANORECTAL MANOMETRY AND BALLOON EXPULSION (WITH PATIENT 
IN LEFT LATERAL POSITION)

Average anal sphincter resting tone >80 cm H2O or squeeze pressure >240 cm H2O
Failure of balloon expulsion despite addition of 200 g weight
ABDOMINO-PELVIC RADIOGRAPH

Rectal gas area >9 cm2

The average daily fiber intake is around 12 g/day. In patients with normal-
transit constipation, 12 to 30 g/day is effective in relief of constipation. In 
patients with slow-transit constipation, drug-induced constipation, or evacu-
ation disorders, however, supplementation of 30 g of fiber per day does not 
result in any improvement in constipation. A second step is to add an osmotic 
laxative, such as a magnesium salt or polyethylene glycol solution, to enhance 
the retention of fluid within the lumen by osmotic forces, to increase the fluidity, 

TREATMENT 

Constipation

Poor response

Trial of high fiber dietGood response

Continue high fiber
(>12g/day) diet,
No further tests

required Measure colonic transit (e.g., radiopaque markers)

Continue fiber in diet,
Add osmotic laxative

secretagogue, or
stimulant/prokinetic

Normal colonic transit Slow colonic transit

Anorectal manometry,
Balloon expulsion

Barium or MR
defecography

Poor
response

Continue fiber in diet,
Add osmotic laxative

secretagogue, or
stimulant/prokinetic

Evacuation disorder
not detected

Evacuation disorder
detected

Consider
colectomy with

Ileorectal
anastomosis

Consider
rectal surgery

Anatomical disorder (e.g.,
mucosal prolapse, rectocele)

Pelvic floor retraining
with biofeedback

FIGURE 127-3. algorithm in the management of constipation. 

 PATHOBIOLOGY
A relative deficiency of KIT-positive interstitial cells of Cajal has been reported 
in Hirschsprung disease and chronic intestinal pseudo-obstruction. The majority 
of familial and sporadic Hirschsprung disease is associated with RET oncogene 
mutations, but mutations in EDNRB, GDNF, and EDN3 have been reported as 
well. Hirschsprung disease is well characterized histologically by the absence 
of ganglion cells in the myenteric and submucosal plexus and the presence of 
hypertrophied nerve trunks in the space normally occupied by the ganglion 
cells. In the muscle layers of the colon involved with Hirschsprung disease, 
deficiency of nerve growth factor receptors also contributes to the dysfunc-
tion. The narrowing and failure of relaxation in the aganglionic segment are 
thought to be due to the lack of neurons containing nitric oxide synthase.

 CLINICAL MANIFESTATIONS
Hirschsprung disease is usually diagnosed at birth because of failure to pass 
meconium or the presence of megacolon, although it may be identified in 
childhood as a result of fecal retention, constipation, or abdominal distention. 
Onset of symptoms or diagnosis after the age of 10 years is rare.

 DIAGNOSIS
Diagnosis is based on the typical focal narrowing of the colon, the absence 
of the rectoanal inhibitory reflex (relaxation of anal sphincter pressure at rest 
during distention of a balloon in the rectum depends on natural preservation 
and maturation of intrinsic nerves in the distal bowel), and a deep rectal biopsy 
specimen showing absence of submucosal neurons with hypertrophied nerve 
trunks.

 Hirschsprung Disease
 DEFINITION

Hirschsprung disease occurs in 1 in 5000 live births. It is characterized by a 
localized segment of narrowing of the distal colon as a result of failure of local 
development of intrinsic nerves in the myenteric plexus.12

TREATMENT 

 Grade A References
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of familial and sporadic Hirschsprung disease is associated with RET oncogene 
mutations, but mutations in EDNRB, GDNF, and EDN3 have been reported as 
well. Hirschsprung disease is well characterized histologically by the absence 
of ganglion cells in the myenteric and submucosal plexus and the presence of 
hypertrophied nerve trunks in the space normally occupied by the ganglion 
cells. In the muscle layers of the colon involved with Hirschsprung disease, 
deficiency of nerve growth factor receptors also contributes to the dysfunc-
tion. The narrowing and failure of relaxation in the aganglionic segment are 
thought to be due to the lack of neurons containing nitric oxide synthase.

 CLINICAL MANIFESTATIONS
Hirschsprung disease is usually diagnosed at birth because of failure to pass 
meconium or the presence of megacolon, although it may be identified in 
childhood as a result of fecal retention, constipation, or abdominal distention. 
Onset of symptoms or diagnosis after the age of 10 years is rare.

 DIAGNOSIS
Diagnosis is based on the typical focal narrowing of the colon, the absence 
of the rectoanal inhibitory reflex (relaxation of anal sphincter pressure at rest 
during distention of a balloon in the rectum depends on natural preservation 
and maturation of intrinsic nerves in the distal bowel), and a deep rectal biopsy 
specimen showing absence of submucosal neurons with hypertrophied nerve 
trunks.

 Hirschsprung Disease
 DEFINITION

Hirschsprung disease occurs in 1 in 5000 live births. It is characterized by a 
localized segment of narrowing of the distal colon as a result of failure of local 
development of intrinsic nerves in the myenteric plexus.12

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

Treatment involves excision of the affected bowel segment or a pull-through 
procedure by which normal bowel is anastomosed to the cuff of the rectum, 
just above the anal sphincters.

TREATMENT 

TABLE 127-3 TREATMENTS FOR CHRONIC CONSTIPATION
IDIOPATHIC CONSTIPATION

Bulk agents
Psyllium (10 g daily), methylcellulose, calcium polycarbophil, wheat dextrin
nonabsorbed substances
PEG 3350 (17 g daily)
Lactulose (20 g daily)
Magnesium hydroxide (1 g daily)
stimulants
Bisacodyl (5-10 mg daily)
Senna (8.6 mg, 2 tabs daily)
Prucalopride (1-2 mg daily)
secretory Drugs
Lubiprostone (24 µg twice daily)*
Linaclotide (72 µg, 145 µg, or 290 µg daily)
Plecanatide (3 mg daily)
OPIOID-INDUCED CONSTIPATION

opioid receptor antagonists
Naloxegol (12.5-25 mg daily)
Naloxone/oxycodone (20 mg/40 mg)
Methylnaltrexone (0.15 mg/kg subcutaneously every other day for 2 weeks or  

4.5 mg orally per day)
Adapted from Wald A. Constipation: advances in diagnosis and treatment. JAMA. 2016;315:185-
191; and Nelson AD, Camilleri M. Chronic opioid induced constipation in patients with 
nonmalignant pain: challenges and opportunities. Therap Adv Gastroenterol. 2015;8:206-220.
PEG 3350 = polyethylene glycol-electrolyte.
*Also indicated for opioid-induced constipation.

and to ease aboral transport of colonic content. Polyethylene glycol solutions 
(such as GoLYTELY, NuLYTELY, MiraLAX, OCL solution) are used frequently as 
a first-line therapy.10 If these measures do not suffice, a prokinetic or stimu-
lant agent, such as bisacodyl (5 to 10 mg every 1 to 2 days) may be added  
(Table 127-3). A3 

Newer medications that accelerate colonic transit include prucalopride (1 to 
2 mg daily), which is beneficial in chronic constipation A4 ; lubiprostone (24 µg 
twice daily), a chloride channel activator; and linaclotide (72 µg, 145 µg, or 
290 µg daily) or plecanatide (3 mg), A5  guanylate cyclase C agonists that induce 
chloride and fluid secretion. A6  These drugs as well as naloxegol (a peripheral 
µ-opioid antagonist at 12.5 or 25 mg daily), A7  methylnaltrexone (0.15 mg/
kg subcutaneously every other day for 2 weeks), A8  naldemedine (0.2 mg  
daily), A9  and the combination of oxycodone with naloxone (the latter displaces 
oxycodone from µ-opioid receptors in the gut) are effective in patients with 
opiate-induced constipation as a complication of advanced illness or non-
cancer pain.11

When these approaches do not work, the patient should be reassessed to 
exclude an evacuation disorder. For evacuation disorders, a biofeedback treat-
ment program with muscle relaxation of the anal sphincters and pelvic floor 
results in a 70% or greater cure rate for the constipation. The response to this 
treatment program is influenced by comorbidity, such as the coexistence of 
eating disorders or a psychological or psychiatric diagnosis.

Surgical Therapy
In patients whose constipation is not associated with an evacuation disorder 

and does not respond to aggressive medical therapies (including combinations 
described earlier), subtotal colectomy with ileorectostomy is effective in reliev-
ing constipation. Laparoscopic colectomy with ileorectostomy achieves the 
same success rate with less morbidity compared with open colectomy with 
ileorectostomy.
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128 
FUNCTIONAL GASTROINTESTINAL 
DISORDERS: IRRITABLE BOWEL 
SYNDROME, DYSPEPSIA, ESOPHAGEAL 
CHEST PAIN, AND HEARTBURN
EMERAN A. MAYER

 DEFINITIONS
Irritable bowel syndrome, functional dyspepsia, functional chest pain of pre-
sumed esophageal origin, and functional heartburn are characterized by chronic, 
recurrent symptoms of pain and discomfort referred to the lower abdomen, 
the epigastrium and upper abdomen, and the retrosternum, respectively. They 
belong to the family of functional gastrointestinal (GI) disorders (also referred 
to as disorders of brain-gut interactions) that comprise a wide spectrum of 
often overlapping chronic GI disorders that are common in both the adult 
and pediatric populations.1 In the absence of disease-specific biomarkers, each 
syndrome is classified by symptoms and the absence of other conditions that 
can account for the symptoms. Despite the benign prognoses, these disorders 
can affect health-related quality of life at least as much as organic diseases. 
Because effective pharmacologic therapies are limited, management may include 
cognitive behavioral, dietary, and alternative medicine approaches (Chapter 34).

 PATHOBIOLOGY
Despite progress in elucidating contributing factors, the pathophysiology of 
functional GI disorders remains incompletely understood. A growing consensus 
suggests alterations in bidirectional interactions between the brain and the 
gut (brain-gut axis), with variable contributions of peripheral (gut microbiota 
and their metabolites, mucosal immune activation, motility, bile acids) and 
central factors (enhanced perception of visceral signals by the central nervous 
system and hyperresponsiveness to stress). Altered signaling from the nervous 
system to the GI tract via the autonomic nervous system can modulate esophago-
gastrointestinal function, as well as the microbial composition and function 
of the gut. Each functional GI disorder is currently defined by symptomatic 
criteria that include different subsets of patients who exhibit different patterns 
of the brain-gut axis dysregulation and that result in varying abnormalities in 
GI motility, secretion, immune function, or visceral sensitivity. Despite this 
heterogeneity, however, functional GI disorders all share certain features, 
including a greater prevalence in women, enhanced sensitivity to stress, enhanced 
perception of visceral signals, the frequent coexistence of psychiatric and 
chronic pain disorders, and the response to centrally targeted pharmacological 
and nonpharmacological therapies.

Enhanced Perception of Visceral Pain
About 30 to 70% of patients with functional GI disorders have an altered 
perception of visceral afferent stimuli (“visceral hypersensitivity”), in which 
normally innocuous stimuli, such as physiologic contractions, distention by 
food or gas, or chemical stimulation of the intestine (bile salts, microbial 
signaling molecules), stomach, or esophagus (hydrochloric acid, bile acids), 
lead to the sensation of pain or discomfort. The stimulus may be spontaneous 
peristaltic activity or result from distention by luminal contents, such as ingested 
food, liquids, gas, or feces. Visceral hypersensitivity may be associated with 
aberrant referral of visceral sensations to a particular body area, and this refer-
ral is often atypical in location and larger compared with most individuals. 
Many patients also have enhanced perception of somatic and auditory stimuli, 
consistent with general alterations in sensory processing and modulation 
systems.

Altered Stress Responsiveness
Abnormal autonomic and neuroendocrine responses to psychosocial stressors 
are a key feature of functional GI disorders and may play an important role 
in both its cause and its exacerbation. For example, stressful events are more 
likely to lead to abdominal pain and a change in stool pattern in patients with 
irritable bowel syndrome compared with healthy controls, and stress has been 
correlated with bowel symptoms and physician visit. Patients with a functional 

GI disorder report more lifetime stressful events than healthy controls, includ-
ing a higher frequency and severity of early adverse life events.

 IRRITABLE BOWEL SYNDROME

 DEFINITION
Irritable bowel syndrome is defined as chronic, recurring abdominal pain that 
is associated with defecation or a change in bowel habits; the diagnosis also 
requires the absence of detectable organic disease that may explain the symp-
toms2 (Table 128-1). Given its high prevalence in the general population, 
comorbid organic GI syndromes may coexist with irritable bowel syndrome, 
including ulcerative colitis (Chapter 132), microscopic and collagenous colitis 
(Chapter 132), and celiac disease (Chapter 131). As a result of such comor-
bidity, some colitis patients report symptoms that are disproportionate to the 
degree of mucosal inflammation, and many may continue to have irritable 
bowel syndrome–like symptoms after their inflammatory bowel disease or 
other types of colitis have been successfully treated. For example, it is estimated 
that about 40% of patients whose Crohn disease is in remission and 30% of 
patients whose ulcerative colitis is in remission meet Rome diagnostic criteria 
for irritable bowel syndrome because of abdominal pain associated with altered 
bowel habits.3

Based on the self-reported predominant bowel habit, irritable bowel syn-
drome is further subdivided into irritable bowel syndrome with diarrhea, 
irritable bowel syndrome with constipation, or irritable bowel syndrome with 
mixed bowel habits. Another subset is postinfectious irritable bowel syndrome, 
which includes patients who have persistent symptoms despite the resolution 
of an episode or episodes of bacterial gastroenteritis. When patients do not 
fulfill criteria for these subtypes, they are classified as unspecified irritable 
bowel syndrome.

 EPIDEMIOLOGY
Irritable bowel syndrome is a common disorder, with a worldwide prevalence 
that ranges between 5 and 15%. As is the case with many related functional 
pain disorders, it is more common in women, with a female-to-male ratio in 
population based surveys of 2:1 to 2.5:1. It is generally assumed that irritable 
bowel syndrome most commonly presents between the ages of 30 and 50 
years, but it is also common in the pediatric population, in which such symp-
toms have traditionally been referred to as recurrent abdominal pain.

The socioeconomic burden of irritable bowel syndrome is substantial, with 
patients taking three times as many days of sick leave compared with individu-
als without it; about 8% of patients retire early because of their symptoms. 
Irritable bowel syndrome is estimated to account for about 12% of primary 
care visits and 19% of GI specialty visits. In the United States, it is estimated 
to account for $1.6 billion in direct costs and $19.2 billion in indirect costs 
annually.

variable, but pain is most typically referred to the lower abdomen. Pain, which 
occurs mainly while the patient is awake, is frequently aggravated by emotion 
or stress, poor sleep, and intake of food, but these aggravating factors cannot 
be elicited in all patients. By definition abdominal symptoms are related to 
defecation, with most patients reporting at least temporary improvement with 
bowel movements.

Psychological symptoms and psychiatric diagnoses (Chapter 369), such as 
anxiety disorders (e.g., generalized anxiety disorder, panic disorder, and post-
traumatic stress syndrome), depression, somatization, hypochondriasis, and 
phobias, are more common in patients with irritable bowel syndrome, even 
in mildly symptomatic patients. The prevalence of coexisting psychiatric dis-
orders can be as high as 40% to more than 90% in patients seen in tertiary 
referral centers but is lower in patients seen in primary care practices.

Patients with irritable bowel syndrome have a three-fold or higher prevalence 
of fibromyalgia (Chapter 258) and migraine headaches (Chapter 370) com-
pared with patients without irritable bowel syndrome. Irritable bowel syndrome 
also frequently coexists with chronic fatigue syndrome, and 60% or more of 
patients with chronic fatigue syndrome have irritable bowel symptoms. Inter-
stitial cystitis, chronic prostatitis (Chapter 120), chronic pelvic pain, and 
temporomandibular disorders are also common in patients with irritable bowel 
syndrome.

These associations of irritable bowel syndrome with comorbid conditions 
and other symptoms are more common in female patients, but all patients 
with irritable bowel syndrome on average see primary care physicians for 
non-GI complaints three times more frequently than do healthy subjects. 
Irritable bowel syndrome patients also often complain of extra-intestinal 
symptoms such as dyspareunia, fatigue, loss of energy, impotence, urinary 
frequency, backache, and dysmenorrhea.

 DIAGNOSIS
The Rome IV criteria (see Table 128-1) can establish the diagnosis of irritable 
bowel syndrome without extensive additional testing.5 Alternative diagnoses 
should be considered if symptoms awaken patients from sleep, are unrelated 
to defecation or food intake, are constant, or are not relieved by any physiologic 
intervention. Unintentional weight loss is uncommon in irritable bowel syn-
drome except in patients with depression (Chapter 369) or eating disorders 
(Chapter 206), and its presence mandates investigation of an underlying organic 
cause. Other alarm features raising concern for serious alternative diagnosis 
include bloody stools, anemia, and a family history of inflammatory bowel 
disease, colon cancer, or celiac disease.

Careful review of medications and dietary supplements may reveal an etio-
logic agent because prescribed medications can cause constipation and some 
diet supplements can lead to the inadvertent ingestion of laxatives. Specific 
dietary agents rarely cause irritable bowel symptoms, but lactose malabsorp-
tion can be assessed by history or by a short trial of a lactose-free diet and 
celiac disease should be excluded (Chapter 131). A brief psychosocial assess-
ment is useful in identifying risk factors for chronic pain, such as traumatic 
early life events or somatization, as well as potential symptom triggers or 
exacerbating factors, such as anxiety, depression, and significant life stress.

In irritable bowel syndrome, the physical examination is usually normal 
but may reveal abdominal tenderness, especially in the left lower quadrant, 
or a tender, palpable sigmoid colon. In patients with constipation-predominant 
irritable bowel syndrome and associated defecatory dysfunction, rectal exami-
nation may reveal paradoxical contraction of the puborectalis muscle or 
decreased descent of the pelvic floor when simulating a bowel movement.

Diagnostic Testing
In an otherwise healthy person who is younger than 50 years and who fulfills 
the Rome IV criteria, further diagnostic testing should be minimal and guided 
by the individual presentation (Fig. 128-1). It remains controversial when to 
order a complete blood count, sedimentation rate, or thyroid studies, but it 
is not cost-effective to obtain these tests in all patients with presumed irritable 
bowel syndrome.6 Serologic screening for celiac disease (Chapter 131) should 
be pursued in patients with diarrhea-predominant or mixed bowel habits, in 
patients with a family history of celiac disease, and in patients who have identi-
fied gluten-containing foods as a trigger of their symptoms. For patients with 
persistent diarrhea, breath testing (Chapter 131) should be performed to 
evaluate for carbohydrate malabsorption. Colonic biopsies for collagenous or 
microscopic colitis (Chapter 131) should be considered in the setting of severe 
persistent diarrhea. In patients with constipation and a rectal examination 
concerning for pelvic floor dyssynergia, anorectal manometry should be rec-
ommended. The onset of symptoms after age 50 years and the presence of 

 PATHOBIOLOGY
Irritable bowel syndrome is the most common and best studied functional 
GI disorder. There is no general agreement on its pathophysiology, but there 
is growing acceptance of the concept of a disorder of brain-gut interactions,4 
with interrelated peripheral and central abnormalities.

Altered Gastrointestinal Motility and Secretion
GI motility is quantitatively but not qualitatively different in 25 to 75% of 
patients with irritable bowel syndrome compared with healthy controls, but 
these measured differences are not sufficiently reliable to be used as diagnostic 
markers. For example, colonic transit is accelerated in about 45% of irritable 
bowel syndrome patients with diarrhea, and high-amplitude propagating con-
tractions occur more frequently in such patients than in controls. These high-
amplitude propagating contractions correlate with crampy abdominal pain 
and may be the mechanism underlying urgency, diarrhea, and associated fecal 
incontinence in this patient subgroup. By contrast, slowed colonic transit is 
observed in about 25% of irritable bowel syndrome patients with constipation. 
Exaggerated or prolonged colonic motility responses to food intake (gastro-
colonic response) may be present in approximately 30% of patients who report 
an exacerbation of abdominal pain after food intake. Likely contributors to 
alterations in bowel habits include autonomic nervous system dysregulation, 
abnormalities in intestinal water and electrolyte secretion and absorption, as 
well as altered synthesis and secretion of bile acids.

Acute stress-induced activation of contractions and secretions of the hindgut 
is mediated by sacral parasympathetic pathways, and patients with irritable 
bowel syndrome have increased activation of these pathways in response to 
severe laboratory stressors. Chronic upregulation of sympathetic and sacral 
parasympathetic activity may result in neuroplastic changes in peripheral target 
mechanisms within the gut, including the enteric nervous system.

Intestinal permeability is influenced by the thickness of the intestinal mucus 
and by the tightness of the epithelial layer. Evidence supports increased intes-
tinal permeability in a subset of patients with irritable bowel syndrome, but 
the relationship with symptoms is unclear. Metabolites from gut microbiota, 
GI infections, and chronic psychological stress can decrease epithelial barrier 
function, and a diet low in fiber can result in a thinning of the mucus layer in 
susceptible individuals.

In response to luminal signals such as bile acids, moving intestinal contents, 
and microbial products, serotonin is released from enterochromaffin cells on 
the basolateral side of the intestinal epithelium, where it stimulates vagal affer-
ent nerves and enteric neurons involved in secretion and motility. Short chain 
fatty acids and secondary bile acids produced by gut microbes can also stimulate 
serotonin synthesis. An exaggerated release of serotonin from enterochromaffin 
cells following a meal may contribute to increased motility and secretion in 
irritable bowel syndrome patients with diarrhea.

Subsets of patients with irritable bowel syndrome show alterations in gut 
microbial composition, including a decrease of Bifidobacterium and Lactobacil-
lus as well as increased ratios of Firmicutes to Bacteroidetes. Small intestinal 
dysbiosis (small intestinal bacterial overgrowth) may contribute to irritable 
bowel syndrome symptoms in some patients, especially individuals with pre-
dominant bloating-type symptoms, in whom treatment with nonabsorbable 
antibiotics may transiently reduce symptoms.

Altered synthesis and secretion of bile acids may result in increased fluid 
secretion and motility patterns. Foods that may trigger symptoms include 
dairy products, wheat products, and fermentable sugars.

Genetics
Familial aggregation has been demonstrated in several studies of irritable bowel 
syndrome patients, and the genetic heritability of functional GI disorders has 
been estimated to be between 22 and 57%. Candidate gene association studies 
suggest possible associations with polymorphisms in genes related to signaling 
systems within the brain-gut axis, including bile acid physiology, serotonin, 
noradrenaline, and corticotropin releasing factor. Epigenetic factors, including 
the influence of early life stress and gut microbial metabolites, have been 
identified as an important influence on the risk of developing irritable bowel 
syndrome.

 CLINICAL MANIFESTATIONS
Symptoms
Most patients seen by primary care physicians have mild symptoms, whereas 
most patients seen by gastroenterologists have moderate to severe symptoms. 
The location of abdominal symptoms in irritable bowel syndrome is highly 

TABLE 128-1 ROME IV DIAGNOSTIC CRITERIA FOR 
IRRITABLE BOWEL SYNDROME

1. Recurrent abdominal pain (at least 1 day per week, on average, in the last 3 
months) with symptoms for at least 6 months and associated with 2 or more of 
the following:

Related to defecation
Associated with a change in frequency of stool
Associated with a change in form (appearance) of stool

Symptoms that cumulatively support the diagnosis of irritable bowel syndrome
Abnormal stool frequency: ≤3 bowel movements per week or >3 bowel 

movements per day
Abnormal stool form: lumpy/hard stool or loose/watery stool
Defecation straining
Urgency
Feeling of incomplete bowel movement
Passing mucus
Bloating or feeling of abdominal distention

2. Absence of alarm symptoms
Symptoms at age ≥50 years
Unintentional weight loss
Hematochezia or melena
Nocturnal pain or passage of stool
Anemia
Palpable abdominal mass or lymphadenopathy
Positive test for fecal occult blood
Family history of colorectal cancer or inflammatory bowel disease
Celiac disease
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ABSTRACT
Functional gastrointestinal disorders (also referred to as disorders of brain-gut 
interactions) include irritable bowel syndrome, functional dyspepsia, functional 
chest pain, and functional heartburn. In the absence of biomarkers, they are 
defined by symptom criteria and occur in up to 15% of the population. Even 
though the pathophysiology is incompletely understood, enhanced perception 
of visceral stimuli (visceral hypersensitivity), increased stress responsiveness, 
hypervigilance to bodily symptoms, and symptom-related anxiety point toward 
an important role of central factors. A combination of pharmacological and 
nonpharmacological treatments are successful in the majority of patients to 
reduce symptom severity
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variable, but pain is most typically referred to the lower abdomen. Pain, which 
occurs mainly while the patient is awake, is frequently aggravated by emotion 
or stress, poor sleep, and intake of food, but these aggravating factors cannot 
be elicited in all patients. By definition abdominal symptoms are related to 
defecation, with most patients reporting at least temporary improvement with 
bowel movements.

Psychological symptoms and psychiatric diagnoses (Chapter 369), such as 
anxiety disorders (e.g., generalized anxiety disorder, panic disorder, and post-
traumatic stress syndrome), depression, somatization, hypochondriasis, and 
phobias, are more common in patients with irritable bowel syndrome, even 
in mildly symptomatic patients. The prevalence of coexisting psychiatric dis-
orders can be as high as 40% to more than 90% in patients seen in tertiary 
referral centers but is lower in patients seen in primary care practices.

Patients with irritable bowel syndrome have a three-fold or higher prevalence 
of fibromyalgia (Chapter 258) and migraine headaches (Chapter 370) com-
pared with patients without irritable bowel syndrome. Irritable bowel syndrome 
also frequently coexists with chronic fatigue syndrome, and 60% or more of 
patients with chronic fatigue syndrome have irritable bowel symptoms. Inter-
stitial cystitis, chronic prostatitis (Chapter 120), chronic pelvic pain, and 
temporomandibular disorders are also common in patients with irritable bowel 
syndrome.

These associations of irritable bowel syndrome with comorbid conditions 
and other symptoms are more common in female patients, but all patients 
with irritable bowel syndrome on average see primary care physicians for 
non-GI complaints three times more frequently than do healthy subjects. 
Irritable bowel syndrome patients also often complain of extra-intestinal 
symptoms such as dyspareunia, fatigue, loss of energy, impotence, urinary 
frequency, backache, and dysmenorrhea.

 DIAGNOSIS
The Rome IV criteria (see Table 128-1) can establish the diagnosis of irritable 
bowel syndrome without extensive additional testing.5 Alternative diagnoses 
should be considered if symptoms awaken patients from sleep, are unrelated 
to defecation or food intake, are constant, or are not relieved by any physiologic 
intervention. Unintentional weight loss is uncommon in irritable bowel syn-
drome except in patients with depression (Chapter 369) or eating disorders 
(Chapter 206), and its presence mandates investigation of an underlying organic 
cause. Other alarm features raising concern for serious alternative diagnosis 
include bloody stools, anemia, and a family history of inflammatory bowel 
disease, colon cancer, or celiac disease.

Careful review of medications and dietary supplements may reveal an etio-
logic agent because prescribed medications can cause constipation and some 
diet supplements can lead to the inadvertent ingestion of laxatives. Specific 
dietary agents rarely cause irritable bowel symptoms, but lactose malabsorp-
tion can be assessed by history or by a short trial of a lactose-free diet and 
celiac disease should be excluded (Chapter 131). A brief psychosocial assess-
ment is useful in identifying risk factors for chronic pain, such as traumatic 
early life events or somatization, as well as potential symptom triggers or 
exacerbating factors, such as anxiety, depression, and significant life stress.

In irritable bowel syndrome, the physical examination is usually normal 
but may reveal abdominal tenderness, especially in the left lower quadrant, 
or a tender, palpable sigmoid colon. In patients with constipation-predominant 
irritable bowel syndrome and associated defecatory dysfunction, rectal exami-
nation may reveal paradoxical contraction of the puborectalis muscle or 
decreased descent of the pelvic floor when simulating a bowel movement.

Diagnostic Testing
In an otherwise healthy person who is younger than 50 years and who fulfills 
the Rome IV criteria, further diagnostic testing should be minimal and guided 
by the individual presentation (Fig. 128-1). It remains controversial when to 
order a complete blood count, sedimentation rate, or thyroid studies, but it 
is not cost-effective to obtain these tests in all patients with presumed irritable 
bowel syndrome.6 Serologic screening for celiac disease (Chapter 131) should 
be pursued in patients with diarrhea-predominant or mixed bowel habits, in 
patients with a family history of celiac disease, and in patients who have identi-
fied gluten-containing foods as a trigger of their symptoms. For patients with 
persistent diarrhea, breath testing (Chapter 131) should be performed to 
evaluate for carbohydrate malabsorption. Colonic biopsies for collagenous or 
microscopic colitis (Chapter 131) should be considered in the setting of severe 
persistent diarrhea. In patients with constipation and a rectal examination 
concerning for pelvic floor dyssynergia, anorectal manometry should be rec-
ommended. The onset of symptoms after age 50 years and the presence of 

 PATHOBIOLOGY
Irritable bowel syndrome is the most common and best studied functional 
GI disorder. There is no general agreement on its pathophysiology, but there 
is growing acceptance of the concept of a disorder of brain-gut interactions,4 
with interrelated peripheral and central abnormalities.

Altered Gastrointestinal Motility and Secretion
GI motility is quantitatively but not qualitatively different in 25 to 75% of 
patients with irritable bowel syndrome compared with healthy controls, but 
these measured differences are not sufficiently reliable to be used as diagnostic 
markers. For example, colonic transit is accelerated in about 45% of irritable 
bowel syndrome patients with diarrhea, and high-amplitude propagating con-
tractions occur more frequently in such patients than in controls. These high-
amplitude propagating contractions correlate with crampy abdominal pain 
and may be the mechanism underlying urgency, diarrhea, and associated fecal 
incontinence in this patient subgroup. By contrast, slowed colonic transit is 
observed in about 25% of irritable bowel syndrome patients with constipation. 
Exaggerated or prolonged colonic motility responses to food intake (gastro-
colonic response) may be present in approximately 30% of patients who report 
an exacerbation of abdominal pain after food intake. Likely contributors to 
alterations in bowel habits include autonomic nervous system dysregulation, 
abnormalities in intestinal water and electrolyte secretion and absorption, as 
well as altered synthesis and secretion of bile acids.

Acute stress-induced activation of contractions and secretions of the hindgut 
is mediated by sacral parasympathetic pathways, and patients with irritable 
bowel syndrome have increased activation of these pathways in response to 
severe laboratory stressors. Chronic upregulation of sympathetic and sacral 
parasympathetic activity may result in neuroplastic changes in peripheral target 
mechanisms within the gut, including the enteric nervous system.

Intestinal permeability is influenced by the thickness of the intestinal mucus 
and by the tightness of the epithelial layer. Evidence supports increased intes-
tinal permeability in a subset of patients with irritable bowel syndrome, but 
the relationship with symptoms is unclear. Metabolites from gut microbiota, 
GI infections, and chronic psychological stress can decrease epithelial barrier 
function, and a diet low in fiber can result in a thinning of the mucus layer in 
susceptible individuals.

In response to luminal signals such as bile acids, moving intestinal contents, 
and microbial products, serotonin is released from enterochromaffin cells on 
the basolateral side of the intestinal epithelium, where it stimulates vagal affer-
ent nerves and enteric neurons involved in secretion and motility. Short chain 
fatty acids and secondary bile acids produced by gut microbes can also stimulate 
serotonin synthesis. An exaggerated release of serotonin from enterochromaffin 
cells following a meal may contribute to increased motility and secretion in 
irritable bowel syndrome patients with diarrhea.

Subsets of patients with irritable bowel syndrome show alterations in gut 
microbial composition, including a decrease of Bifidobacterium and Lactobacil-
lus as well as increased ratios of Firmicutes to Bacteroidetes. Small intestinal 
dysbiosis (small intestinal bacterial overgrowth) may contribute to irritable 
bowel syndrome symptoms in some patients, especially individuals with pre-
dominant bloating-type symptoms, in whom treatment with nonabsorbable 
antibiotics may transiently reduce symptoms.

Altered synthesis and secretion of bile acids may result in increased fluid 
secretion and motility patterns. Foods that may trigger symptoms include 
dairy products, wheat products, and fermentable sugars.

Genetics
Familial aggregation has been demonstrated in several studies of irritable bowel 
syndrome patients, and the genetic heritability of functional GI disorders has 
been estimated to be between 22 and 57%. Candidate gene association studies 
suggest possible associations with polymorphisms in genes related to signaling 
systems within the brain-gut axis, including bile acid physiology, serotonin, 
noradrenaline, and corticotropin releasing factor. Epigenetic factors, including 
the influence of early life stress and gut microbial metabolites, have been 
identified as an important influence on the risk of developing irritable bowel 
syndrome.

 CLINICAL MANIFESTATIONS
Symptoms
Most patients seen by primary care physicians have mild symptoms, whereas 
most patients seen by gastroenterologists have moderate to severe symptoms. 
The location of abdominal symptoms in irritable bowel syndrome is highly 
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rectal bleeding or unexpected weight loss are indications for colonoscopy to 
assess for colorectal cancer (Chapter 184). Lower abdominal discomfort 
occurring with menses or with associated weight loss should trigger gyneco-
logic evaluation. If the duration of diarrheal symptoms is short, it may be 
useful to assess for giardiasis (Chapter 330) or Campylobacter infection (Chapter 
287), but routine stool testing of all patients with diarrhea is not indicated.

Differential Diagnosis
Differential diagnosis for irritable bowel syndrome with diarrhea predominance 
or mixed bowel habit includes inflammatory bowel diseases (e.g., Crohn disease, 
ulcerative colitis, collagenous or microscopic colitis) (Chapters 131 and 132), 
celiac disease (Chapter 131), infection, small bowel bacterial overgrowth 
(Chapter 131), malabsorptive syndromes (including lactose intolerance) 
(Chapter 131), bile salt malabsorption (Chapter 131), and pancreatic insuf-
ficiency (Chapter 135) or malignancy (including neuroendocrine tumors 
[Chapter 219] and colorectal adenocarcinoma [Chapter 184]). The differential 
diagnosis for constipation-predominant irritable bowel syndrome includes 
colonic inertia, GI manifestations of Parkinson disease, pseudo-obstruction, 
paradoxical pelvic floor contraction, or pelvic outlet obstruction from structural 
causes such as rectal prolapse, rectocele, or short-segment Hirschsprung disease.

Recurrent abdominal pain
& altered bowel habits

Physical examination

Red flags (see Table 128-4)

Absent

Meets Rome IV criteria (see Table 128-1)

Yes

Irritable bowel syndrome diagnosis is likely

Consider limited laboratory testing
(CBC, CRP, celiac serology, fecal

calprotectin)

Normal

Initiate treatment based on predominant symptom

FIGURE 128-1. Diagnostic algorithm for irritable bowel syndrome. Patients with irri-
table bowel syndrome present with recurrent abdominal pain and altered bowel habits. 
Initially, a detailed clinical history must be obtained to evaluate patients for other condi-
tions with similar presentations. The physical examination in patients with irritable bowel 
syndrome is usually normal, although some patients may have mild abdominal pain, 
usually located in the lower abdomen. A rectal examination should be performed in 
patients with chronic constipation to evaluate for pelvic-floor dyssynergia. In patients 
whose symptoms are consistent with Rome IV criteria and in the absence of red flags 
(see Table 128-4), the diagnosis of irritable bowel syndrome is very likely but cannot be 
confirmed until other diagnoses are excluded. The physician may then order a limited 
number of laboratory studies to exclude other conditions that mimic irritable bowel 
syndrome. Treatment should be promptly initiated based on the patient’s predominant 
symptoms. CBC = complete blood count; CRP = C-reactive protein. 

General Principles
Symptomatic treatment attempts to normalize bowel habits and decrease 

abdominal pain, in part by providing the patient with a plausible biologic 
explanation for their symptoms as well as reassurance that the symptoms are 
real and the prognosis is benign. Dietary and lifestyle modifications can be 

TREATMENT 

helpful and should be considered as a first-line approach. Specific medications 
can be targeted to the management of individual symptoms, such as constipa-
tion, diarrhea, and abdominal pain (Table 128-2).

Physician-Patient Relationship and Patient Education
The doctor-patient relationship is of utmost importance in the treatment of 

irritable bowel syndrome and other functional GI disorders.7 Many patients 
have been told previously that their symptoms are “all in their head” and have 
had their concerns dismissed. The physician must listen to and determine the 
patient’s understanding of the illness and related concerns because patients 
frequently seek validation from the physician that their symptoms are real. 
Patients with functional GI disorders typically visit a physician because of a 
flare of their usual symptoms, and it is important to identify such triggering 
factors, in particular various psychosocial stressors or, less commonly, a gas-
troenteric infection.

A thorough explanation of the symptoms and their relationship to alterations 
in brain-gut interactions should be provided to the patient, including the natural 
history and benign prognosis of the disorder. Patients who are not properly 
informed tend to have more health care visits, whereas symptoms generally 
are reduced when diagnostic and prognostic information is explained. The 
physician must then set realistic short-term and long-term goals, including 
methods of adapting to symptoms that are not amenable to treatment. Patients 
often benefit from being involved in their treatment, and the maintenance of 
a symptom diary is one such example. Apart from providing the patient with 
a sense of empowerment, the symptom diary can help identify erroneous beliefs 
as well as lifestyle or dietary factors that may exacerbate symptoms; lifestyle 
modifications based on this information may provide symptomatic relief.

Dietary Modification
A large number of patients with functional GI disorders, especially patients 

with irritable bowel syndrome and functional dyspepsia, complain that certain 
types of food exacerbate their symptoms. Others complain that any type of 
food, even a sip of water, may trigger symptoms. Perceived food sensitivity 
may be related to a variety of factors, including conditioned fear responses 
related to anticipatory anxiety, food intake in general, volume of the meal, or 
sensitivities to certain food items. For example, insoluble bran fiber commonly 
exacerbates symptoms, but soluble fiber in the form of psyllium husk is often 
beneficial. A1  A diet low in fermentable oligosaccharides, disaccharides, mono-
saccharides, and polyols (FODMAP) can effectively reduce irritable bowel symp-
toms in some patients, A2  although the long-term use of such a diet is impractical 
and associated with negative health effects. A3  Some patients with irritable bowel 
syndrome report an exacerbation of symptoms with high-fat food, dairy prod-
ucts, gas-producing food, gluten-containing food, alcohol, and caffeine. It is 
important to inform the patient that there is no universal diet for long-term 
improvement of symptoms.8 However, a therapeutic trial of a lactose-free diet 
or a gluten-free diet may benefit some patients, even in the absence of obvious 
lactose intolerance or documentable celiac disease. If, however, such dietary 
changes are not effective in consistently reducing symptoms, patients should 
resume consumption of the eliminated foods.

Pharmacologic Therapy
Medications for Bowel Habit Abnormalities and Bloating

Pharmacologic therapy for irritable bowel syndrome should be approached 
based on the patient’s predominant symptom. In irritable bowel syndrome 
with constipation, osmotic laxatives (e.g., polyethylene glycol or lactulose) or 
secretory stimulators (e.g., lubiprostone [8 mg twice daily] or linaclotide [290 μg 
daily]) A4  can be useful. Dietary fiber supplements often increase symptoms of 
gas, bloating, and flatulence and should not be used as first-line therapy.

In the irritable bowel syndrome patient with diarrhea, loperamide (usually 
4 mg to 8 mg daily) is generally effective in reducing urgency and uncontrol-
lable bowel movements. Eluxadoline (75 mg twice daily) also is effective, although 
lower doses should be used in patients with prior cholecystectomy. A5  The 5-HT3 
receptor antagonist alosetron (0.5 to 1 mg orally twice per day) is clinically 
effective, but it should be considered only in patients who have severe diarrhea 
and who have failed all other therapies because of its infrequent but potentially 
serious side effects.

Manipulation of the intestinal flora with antibiotics (rifaximin 550 mg three 
times daily for 2 weeks) A6  may be effective in some patients, particularly patients 
with abdominal bloating symptoms and diarrhea, and repeat dosing with 
rifaximin has also been shown to be effective. However, rifaximin should not 
be used as a first-line therapy or as prolonged therapy because its long-term 
effects on the gut microbiome are unknown. Clinical evidence supports the 
use of probiotics and prebiotics A7  and of peppermint oil for nonpainful symp-
toms, but the response rate is low. Herbal laxatives such as aloe and rhubarb 
root products may be of use in some patients.

Antidepressants and Psychological Therapies
Low doses of tricyclic antidepressants (e.g., nortriptyline, amitriptyline or 

imipramine, starting as low as 5 mg and advanced to a maximum of 75 mg at 
bedtime if tolerated) are frequently used to treat irritable bowel syndrome 
based on data that about one patient in four may benefit. A8  The therapeutic 
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TABLE 128-2 MEDICATIONS USED IN THE TREATMENT OF IRRITABLE BOWEL SYNDROME (IBS)*

SYMPTOMS AND 
MEDICATION INITIAL DOSE TARGET DOSE

COMMON OR SERIOUS SIDE 
EFFECTS

DEGREE OF EVIDENCE FDA APPROVED

for the Symptom for IBS for the Symptom for IBS
CONSTIPATION

Laxatives‡ and Secretory Stimulators||

Polyethylene glycol 3350 
(MiraLAX)

17,000 mg/d 70,000 mg/d Diarrhea, bloating, cramping +++ −

Lactulose (Kristalose) 10,000-
20,000 mg/d

20,000-40,000 mg/d Diarrhea, bloating, cramping +++ −

Lubiprostone (Amitiza) 8 μg, twice daily Nausea, diarrhea, headache, 
abdominal pain and discomfort

+++ ++ Yes§ Yes

Linaclotide (Linzess) 145,000 mg/d Diarrhea, abdominal pain, flatulence +++ +++ Yes Yes
DIARRHEA

Eluxadoline (Viberzi) 75-100 mg, twice 
daily

Constipation, sphincter of Oddi 
dysfunction, pancreatitis, 
constipation

++ + Yes Yes

Loperamide (Imodium) 2 mg Constipation +++ Yes
Alosetron (Lotronex) 0.5-1.0 mg twice 

daily
Constipation, ischemic colitis (rare) − +++ No Yes¶

BLOATING

Antibiotics
Rifaximin 550 mg, three times 

daily for 14 days
Abdominal pain, diarrhea, bad taste + ++ No Yes

Antispasmodics
Peppermint oil 1-2 capsules, three 

times daily
Heartburn, nausea, vomiting + + No No

Probiotics**

Bifidobacterium infantis 
35624

1 capsule per day None + + No No

Activia 1 pod twice daily
PAIN

Tricyclic 
Antidepressants††

Dry mouth, dizziness, weight gain

Amitriptyline (Elavil) 10 mg at bedtime 10-75 mg at bedtime ++ + No No
Desipramine (Norpramin) 10 mg at bedtime 10-75 mg at bedtime ++ + No No

Selective Serotonin 
Reuptake 
Inhibitors‡‡

Sexual dysfunction, headache, nausea, 
sedation, insomnia, dizziness, 
sweating, withdrawal symptoms

Paroxetine (Paxil CR) 10-60 mg/d − + No No
Citalopram (Lexapro) 5-20 mg/d + + No No
Fluoxetine (Prozac) 20-40 mg/d + − No No

Nonselective Reuptake 
Inhibitors§§

Nausea, dry mouth, headache, 
dizziness

Duloxetine (Cymbalta) 30 mg/d 60 mg/d ++ − Yes No
*This list is not exhaustive but includes major medications for which there is evidence from well-designed clinical trials of effectiveness for global symptoms of irritable bowel syndrome or for individual 
symptoms (e.g., constipation, diarrhea, or abdominal pain and discomfort). In the column about evidence, + denotes some evidence from at least one controlled trial; ++, moderate evidence from several 
controlled trials or from meta-analysis of such trials; +++, strong evidence from well-designed, controlled clinical trials; and −, no evidence. FDA denotes U.S. Food and Drug Administration.
‡A wide range of osmotic and irritant laxatives, including fiber products, are available over the counter.
§Lubiprostone is FDA approved for the treatment of chronic constipation (24 μg twice daily) and irritable bowel syndrome constipation (8 μg twice daily) in women ≥18 years old
||Linaclotide is FDA approved for the treatment of chronic constipation (145 μg/day) and irritable bowel syndrome with constipation (290 μg/day)
¶Lotronex use is restricted for women with severe diarrhea-predominant irritable bowel syndrome that is unresponsive to other medications, because of side effects.
Rifaxamin is FDA approved for irritable bowel syndrome diarrhea at dose of 550 mg three times daily for 14 days. Patients who experience recurrence can be retreated up to twice more with the same regimen.
**Many probiotics are available over the counter and are not listed. Align is a probiotic for which a beneficial effect for the symptoms of the irritable bowel syndrome has been shown in a high-quality, 
randomized, controlled trial.
††A wide range of tricyclic antidepressants with various side effects and side-effect profiles are available. Two commonly prescribed tricyclic antidepressants are listed.
‡‡Many selective serotonin reuptake inhibitors are available. Only those that have been evaluated in randomized trials for irritable bowel syndrome are listed.
§§Several nonselective reuptake inhibitors are available, including venlaxafine (Effexor), desvenlaxafine (Pristiq), and levomilnacipran (Fetzima). However, none of them have been evaluated in randomized trials 
for irritable bowel syndrome.

effect should be expected within days to 2 weeks of initiating therapy; if no 
beneficial effect is observed at 75 mg once daily or if significant side effects 
are experienced, the drug should be discontinued. Amitriptyline may be most 
useful in patients with prominent abdominal pain and diarrheal symptoms 
and in patients with sleep problems, but other tricyclics should be tried if side 
effects are experienced.

To maximize compliance and reduce side effects, the patient should be 
informed about the rationale for the treatment choice (i.e., the goal is the treat-
ment of pain and not psychiatric symptoms) and informed about the much lower 
risk for side effects at the low dose range compared with full psychiatric doses.

If the treatment goal is aimed at comorbid depression or anxiety disorders, 
a selective serotonin reuptake inhibitor (SSRI) should be tried. In such patients, 
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Pain or discomfort in the upper abdomen is generally assumed to emanate 
from the upper GI tract, but the “dyspepsia” actually may be related to bowel 
disturbances. One third of patients with functional dyspepsia have concurrent 
symptoms of irritable bowel syndrome, and approximately 40% of irritable 
bowel syndrome patients also report symptoms of functional dyspepsia, thereby 
suggesting shared pathophysiologic mechanisms. Moreover, transitions between 
the two syndromes in the same patient over time are common. This transition 
of patients between different diagnostic categories puts into question the 
concept that these symptom-based entities are really distinct pathophysiologic 
syndromes. Compared with patients with non-life-threatening organic GI 
disease, patients with functional dyspepsia have higher anxiety but not depres-
sion or neuroticism scores.

 PATHOBIOLOGY
The pathobiology of functional dyspepsia is not fully understood, but both 
central and peripheral mechanisms have been proposed. Although enhanced 
perception of physiologic gastric stimuli may be a key central mechanism, the 
roles of gastric acid, acute and chronic gastric mucosal infections, and gastro-
duodenal dysmotility remain to be determined. Attempts to classify subtypes 
of functional dyspepsia based on pathophysiologic abnormalities or predomi-
nant symptoms have been unsuccessful so far.

Patients with high anxiety levels are more likely to be diagnosed with func-
tional dyspepsia, whereas depression is not a risk factor. As with irritable 
bowel syndrome patients, visceral hypersensitivity is common in functional 
dyspepsia, and patients often report pain and discomfort at lower volumes of 
gastric distention than do healthy control subjects or patients with dyspepsia 
from organic causes. Chemical sensitivity to capsaicin also has been reported. 
Central sensory augmentation of painful and nonpainful stimuli also likely 
contribute to the observed gastric hypersensitivity. For example, the presence 
of lipids in the duodenum increases the sensitivity of patients with functional 
dyspepsia to gastric balloon distention compared with controls. This abnor-
mal modulation of gastric perception thresholds to distention by lipid in a 
distant site supports the concept of a centrally mediated mechanism and is 
consistent with the clinical observation that fatty foods worsen symptoms in 
such patients. Furthermore, about 50% of patients with functional dyspep-
sia experience altered viscerosomatic referral patterns in response to gastric 
balloon distention. Some patients are hypersensitive to either intraduodenal 
or intra-antral acid.

In a small subset of patients, chronic Helicobacter pylori infection (Chapter 
130) may be related to functional dyspepsia. About 20% of patients with func-
tional dyspepsia develop their symptoms after an acute episode of presumed 
viral or bacterial gastroenteritis or Giardia species infection (Chapter 330).

Alterations in gastroduodenal motility, including delayed gastric emptying, 
are found in some patients with functional dyspepsia, but the low concordance 
between symptoms and altered motility argues against a pathophysiologic 
link. Anxiety, depression, somatization, and stress contribute to the severity 
of symptoms and their impact on quality of life.

The reported familial clustering of abdominal pain in patients with functional 
dyspepsia may imply a role for genetic or early life pathogenic factors. Duo-
denal eosinophilia and mast cell infiltration also are potential contributors.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Dyspepsia can be suspected to be functional based on a clinical history consistent 
with the Rome IV criteria (see Table 128-3 and E-Table 128-1) and the absence 
of alarm features (see Table 128-4).10 The presence of anxiety, in particular 
symptom-related anxiety, and symptoms of irritable bowel syndrome increase 
the likelihood of functional dyspepsia. Nonsteroidal anti-inflammatory medica-
tions, alcohol, and certain foods can trigger dyspeptic symptoms. A psychosocial 
history may reveal underlying stressors that contribute to symptoms.

TABLE 128-3 ROME IV DIAGNOSTIC CRITERIA FOR 
FUNCTIONAL DYSPEPSIA*

1. One or more of the following bothersome symptoms:
Postprandial fullness
Early satiation
Epigastric pain
Epigastric burning

and
2. No evidence of structural disease (including at upper endoscopy) that is likely to 

explain the symptoms
*The criteria must be fulfilled for the last 3 months with onset of symptoms at least 6 months before 
diagnosis.

TABLE 128-4 ALARM SYMPTOMS ASSOCIATED WITH AN 
UNDERLYING UPPER GASTROINTESTINAL 
MALIGNANCY

Unintentional weight loss
New-onset dyspepsia after age 55 years
Dysphagia
Persistent vomiting
Any overt gastrointestinal bleeding, hematemesis, or melena
Family history of esophageal or gastric cancer
Iron deficiency anemia
Palpable abdominal mass or lymph node

either a combination of a low-dose tricyclic antidepressant with a full therapeu-
tic dose of an SSRI (Table 128-2), or the use of a nonselective uptake inhibitor 
(SNRI) such as duloxetine, milnacipram, or venlafaxine should be considered.9

Cognitive-behavioral therapy, which involves relaxation, change in beliefs, 
and self-management, can reduce gastrointestinal symptoms in at least 50% 
of patients. Novel delivery forms of cognitive-behavioral therapy, such as minimal 
contact therapy or internet-assisted therapy, with or without additional drug 
therapy, are cost-effective approaches where available. Several controlled trials 
support the effectiveness of hypnotherapy.

 PROGNOSIS
The natural history of irritable bowel syndrome is periods of exacerbation 
followed by periods of remission, but about 50% of patients become asymp-
tomatic. Patients with coexisting psychiatric disorders are less likely to have 
their irritable bowel symptoms resolve.

 FUNCTIONAL DYSPEPSIA
As with other functional GI diseases, the diagnosis of functional dyspepsia is 
based on specific upper GI symptoms (Table 128-3 and E-Table 128-1) in 
the absence of organic disease. Symptoms may include epigastric pain, epi-
gastric burning, postprandial fullness, and early satiation. Abdominal bloating 
and nausea also may be experienced, but they are less specific and are not 
considered cardinal symptoms of functional dyspepsia. Symptoms overlap 
with atypical manifestations of gastroesophageal reflux disease (GERD; Chapter 
129), and previous studies on functional dyspepsia may have inadvertently 
included patients with atypical GERD symptoms.

According to Rome IV criteria, functional dyspepsia comprises two separate 
distinct syndromes, which may overlap in clinical practice. The majority of 
patients are categorized as having postprandial distress syndrome, which is 
defined as bothersome and postprandial fullness and early satiety that is always 
meal-related. A less common functional dyspepsia syndrome is epigastric pain 
syndrome, which is defined as recurrent epigastric pain and epigastric burning. 
Epigastric pain syndrome can be divided into the meal-related postprandial 
distress syndrome, and meal-unrelated epigastric pain syndrome (see E-Table 
128-1). Of note is that dyspepsia is an abdominal symptom that should be 
distinguished from heartburn (see later), which is felt in the chest and is 
attributable to the esophagus. The clinical utility of these subgroups is con-
troversial because these two entities often overlap in the same patient. Moreover, 
the correlation of pathophysiology with distinctive symptom patterns has not 
been confirmed.

 EPIDEMIOLOGY
Functional dyspepsia is a common disorder, with an estimated prevalence of 
3 to 10% based on Rome IV criteria and up to 40% when less restrictive 
criteria are used. Data suggest that less than 15% of patients with functional 
dyspepsia are actually given the correct diagnosis. For example, many patients 
are labeled with other gastrointestinal disorders such as GERD despite failure 
to respond to acid suppression therapy. The socioeconomic burden of func-
tional dyspepsia is substantial; patients with functional dyspepsia take three 
times as much sick leave as patients with duodenal ulcers. In the United 
Kingdom, an estimated 2 to 5% of primary care visits and more than 10% of 
primary care drug expenditures are related to functional dyspepsia. Approxi-
mately 1 of 2 individuals with functional dyspepsia seeks health care for 
symptoms at some time in their life. In the United States, the diagnosis, treat-
ment, and work absenteeism related to functional dyspepsia has been estimated 
to cost $18.4 billion per year.

TREATMENT 

 PROGNOSIS
As with all functional disorders, functional dyspepsia has a benign prognosis. 
However, a majority of the patients (about 40%) continue to have persistent 
dyspepsia, about 40% of patients develop another functional GI disease, and 
only about 20% of patients have complete resolution of their symptoms.

 FUNCTIONAL CHEST PAIN OF  
PRESUMED ESOPHAGEAL ORIGIN  
AND FUNCTIONAL HEARTBURN

 DEFINITION
Functional chest pain of presumed esophageal origin (Table 128-5) is a chronic, 
unexplained midline chest pain. To make the diagnosis, cardiac causes, gas-
troesophageal reflux (Chapters 45 and 129), and well-defined esophageal 
motility disorders (achalasia, scleroderma) must be excluded. Functional 
heartburn is defined as a burning retrosternal discomfort or pain that persists 
for at least 3 months in the absence of GERD or an esophageal motility 
disorder.13

 EPIDEMIOLOGY
Functional chest pain is quite common, with prevalence rates as high as 25%, 
evenly divided between men and women. Its prevalence appears to decline 
with advancing age. Most patients who present to a physician with acute chest 
pain (see Table 45-2? in Chapter 45) have a noncardiac cause, and many are 
cases of functional chest pain. Risk factors for developing functional chest 
pain are not well defined but include younger age, adversity in childhood, and 
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E-TABLE 128-1 ROME IV DIAGNOSTIC CRITERIA FOR 
SUBGROUPS OF PATIENTS WITH 
FUNCTIONAL DYSPEPSIA*

POSTPRANDIAL DISTRESS SYNDROME

One or both of the following bothersome symptoms at least 3 days per week:
1. Postprandial fullness (severe enough to impact on usual activities)
2. Early satiation

Supportive Criteria
1. Postprandial epigastric pain or burning, epigastric bloating, excessive belching, 

and nausea can also be present.
2. Vomiting warrants consideration for another diagnosis.
3. Heartburn is not a dyspeptic symptom but may often coexist.
4. Symptoms that are relieved by evacuation of feces or gas should generally not be 

considered as part of dyspepsia.
EPIGASTRIC PAIN SYNDROME

Must include at least one of the following bothersome symptoms at least 1 day a 
week:
1. Epigastric pain (i.e., severe enough to impact on usual activities)
2. Epigastric burning (i.e., severe enough to impact on usual activities)

Supportive Criteria
1. Pain may be induced by ingestion of a meal, relieved by ingestion of a meal, or 

may occur while fasting.
2. Postprandial epigastric bloating, belching, and nausea can also be present.
3. Persistent vomiting likely suggests another disorder.
4. Heartburn is not a dyspeptic symptom but may often coexist.
5. The pain does not fulfill biliary pain criteria.
6. Symptoms that are relieved by evacuation of feces or gas generally should not be 

considered as part of dyspepsia.
*The criteria must be fulfilled for the last 3 months with symptom onset at least 6 months before 
diagnosis.
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The physical examination is generally normal, although epigastric tender-
ness may be present. In contrast to gastroparesis, a succussion splash indicative 
of delayed gastric emptying is typically absent. Confirmation of the diagnosis 
of functional dyspepsia requires an upper endoscopic examination to exclude 
malignancy, gastropathy, peptic ulcerations, and esophagitis. However, invasive 
testing in the absence of alarm features should be considered only in a minor-
ity of symptomatic patients, such as patients older than 50 years with new-onset 
or changing symptoms or a poor response to initial therapy. Evaluation for 
H. pylori (Chapter 130) may be performed by stool antigen, urea breath test, 
or gastric biopsy.

Differential Diagnosis
Common organic causes of dyspepsia include gastroesophageal reflux disease 
(Chapter 129) and peptic ulcer disease (Chapter 130). Mild to moderately 
delayed gastric emptying is present in about 30% of patients with functional 
dyspepsia but is more characteristic in patients with diabetic or idiopathic 
gastroparesis (Chapter 127). Delayed vomiting of undigested food is charac-
teristic of these forms of gastroparesis, but not of functional dyspepsia. Gastric 
and esophageal cancers (Chapter 183) may also present with symptoms of 
dyspepsia but are much less common. Pancreatobiliary disorders (Chapters 
135 and 146) (including chronic pancreatitis or pancreatic cancer) also occa-
sionally mimic dyspepsia.

Postprandial fullness, early satiety, epigastric pain, or burning

Red flags (see Table 128-4)
Upper GI endoscopy

H. pylori eradication therapy
(see Chapter 130)

H. pylori testing

Postprandial distress syndrome present? (see E-Table 128-1) Prokinetic agents

PPI therapy for 4-8 weeks (see Chapter 128)

Tricyclic antidepressant for 3 months (see Table 128-2)

Consider combination therapy, alternative, and complementary therapies

Yes

No Positive

Failure

Yes

FailureNo

Failure

Failure

Negative

FIGURE 128-2. Algorithm for functional dyspepsia. A recommended approach to patients who present with epigastric pain, postprandial fullness, and early satiety, who meet the 
Rome IV diagnostic criteria for functional dyspepsia, and who lack any alarm features (see Table 128-4). In the setting of treatment failure, the physician should re-evaluate all clinical 
and laboratory findings to determine whether further diagnostic testing might be beneficial to assess the patient for alternative causes of the symptoms. 

H. pylori infection, if present, should be eradicated (Chapter 130), and then 
symptoms should be reassessed.11 If symptoms resolve after H. pylori eradica-
tion and the response to treatment persists, patients have H. pylori–associated 
dyspepsia. Because about 10 to 15% of patients with functional dyspepsia 
respond to acid suppression therapy, first-line treatment options include his-
tamine (H2)-receptor antagonists (e.g., famotidine 20 mg twice per day) and 
proton pump inhibitors (e.g., omeprazole 20 mg per day). A9  Young patients 
who respond well to a trial of proton pump inhibitor (Table 129-1) therapy or 
H. pylori eradication (Table 130-4) do not require further investigation unless 
alarm features are identified.

However, a majority of patients do not respond to acid-suppression therapy. 
If symptoms persist, low-dose tricyclic antidepressants (e.g., amitriptyline, desip-
ramine or imipramine 10 to 50 mg at bedtime) should be considered (Fig. 128-2)  

TREATMENT 

because about 60 to 70% of patients with functional dyspepsia respond to such 
therapy. A10  In patients with comorbid depression or anxiety, the combination 
of low-dose tricyclics with a full dose of an SSRI or the use of an SNRI (Table 
128-2) should be considered.12

The benefits of cognitive-behavioral therapy, hypnosis, and acupuncture for 
functional dyspepsia have not been studied in high-quality trials. However, 
such therapies may be reasonable in patients who do not respond to pharma-
cotherapy. Prokinetic drugs such as domperidone and acotiamide are of uncertain 
benefit and are not approved by the U.S. Food and Drug Administration for 
this purpose.

 PROGNOSIS
As with all functional disorders, functional dyspepsia has a benign prognosis. 
However, a majority of the patients (about 40%) continue to have persistent 
dyspepsia, about 40% of patients develop another functional GI disease, and 
only about 20% of patients have complete resolution of their symptoms.

 FUNCTIONAL CHEST PAIN OF  
PRESUMED ESOPHAGEAL ORIGIN  
AND FUNCTIONAL HEARTBURN

 DEFINITION
Functional chest pain of presumed esophageal origin (Table 128-5) is a chronic, 
unexplained midline chest pain. To make the diagnosis, cardiac causes, gas-
troesophageal reflux (Chapters 45 and 129), and well-defined esophageal 
motility disorders (achalasia, scleroderma) must be excluded. Functional 
heartburn is defined as a burning retrosternal discomfort or pain that persists 
for at least 3 months in the absence of GERD or an esophageal motility 
disorder.13

 EPIDEMIOLOGY
Functional chest pain is quite common, with prevalence rates as high as 25%, 
evenly divided between men and women. Its prevalence appears to decline 
with advancing age. Most patients who present to a physician with acute chest 
pain (see Table 45-2? in Chapter 45) have a noncardiac cause, and many are 
cases of functional chest pain. Risk factors for developing functional chest 
pain are not well defined but include younger age, adversity in childhood, and 
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should be divided into patients with and without alarm symptoms, such as 
weight loss, progressive dysphagia, or anemia. Upper endoscopy is useful in 
patients with alarm features but is of lower yield in patients without them.

TABLE 128-5 ROME IV DIAGNOSTIC CRITERIA FOR 
FUNCTIONAL CHEST PAIN OF PRESUMED 
ESOPHAGEAL ORIGIN*

Must include all of the following:
•	 Retrosternal	chest	pain	or	discomfort;	cardiac	causes	should	be	excluded
•	 Absence	of	associated	esophageal	symptoms,	such	as	heartburn	and	dysphagia
•	 Absence	of	evidence	that	gastroesophageal	reflux	or	eosinophilic	esophagitis	

are the cause of the symptom
•	 Absence	of	major	esophageal	motor	disorders	(e.g.,	achalasia/esophageal-

gastric outflow obstruction, diffuse esophageal spasm, jackhammer esophagus, 
absent peristalsis)

*The criteria must be fulfilled for the last 3 months with the onset of symptoms at least 6 months 
before diagnosis, with a frequency of at least once a week.

TABLE 128-6 DIFFERENTIAL DIAGNOSIS OF FUNCTIONAL 
CHEST PAIN

ORGANIC ESOPHAGEAL CAUSES

Gastroesophageal reflux disease
Achalasia
Virus- or pill-induced esophagitis
Eosinophilic esophagitis
NONGASTROINTESTINAL CAUSES

Cardiac chest pain
Chest wall pain
Pulmonary disease
Panic attack

a history of other functional gastrointestinal conditions. Once symptoms occur, 
more than 50% of patients have persisting symptoms for longer than 6 months. 
Even after the initial diagnosis, however, many patients with chronic pain 
undergo repeated and unnecessary diagnostic cardiac evaluations. Patients 
with functional chest pain may have comorbid anxiety or panic attacks, but 
formal referral for psychological treatment is infrequent. When compared 
with patients who have known cardiac chest pain, patients with functional 
chest pain report greater impairment of health-related quality of life in the 
domains of mental health and vitality. These findings suggest a link between 
psychological disturbance and functional chest pain, at least in a subgroup of 
patients.

Functional heartburn has been reported in about 20% of patients evaluated 
in a tertiary referral population for heartburn that is refractory to proton pump 
inhibitor therapy. However, its prevalence in the general population is unknown.

 PATHOBIOLOGY
The pathophysiology of both functional chest pain and functional heartburn 
are incompletely understood, although visceral hypersensitivity, altered esopha-
geal motility, and psychological factors have all been implicated. A substantial 
proportion of patients show enhanced sensitivity to esophageal distention by 
a balloon. These same patients will often also have increased perceptual 
responses to intraesophageal acid infusion. The origin of such findings is not 
clear, although alterations in central processing of sensory signals from the 
esophagus (central sensory augmentation) have been implicated. In addition, 
altered esophageal motility can be observed in a subset of patients with func-
tional chest pain, with or without visceral hypersensitivity. Increased contrac-
tion of the esophageal muscle has long been considered a source of chest pain, 
although reproducible studies to prove this hypothesis are lacking.

 CLINICAL MANIFESTATIONS
Patients with functional chest pain may complain of pain that is typical for 
myocardial ischemia or of pain with a variety of characteristics that would be 
considered atypical for ischemia (Chapters 45 and 62). The location of pain 
is typically substernal, but radiation to the arm and neck can be described. 
The pain typically is not precipitated by exertion and may persist for hours. 
Nitroglycerin may sometimes be helpful acutely in patients with coexisting 
esophageal spasm. Patients may describe the discomfort using a variety of 
adjectives, and those descriptions may be indistinguishable from angina.

Patients with functional heartburn, which unlike dyspepsia is felt in the 
chest rather than the abdomen, complain of typical heartburn symptoms that 
usually are triggered by food intake and psychosocial stress but are refractory 
to acid-suppressive therapy with proton pump inhibitors. By definition, they 
also have negative endoscopic and acid monitoring evaluations of the 
esophagus.

 DIAGNOSIS
Patients who present with chest pain (Chapter 45) suspicious for angina 
(Chapter 62) should undergo prompt cardiac evaluation. In patients with an 
initially negative cardiac evaluation, causes of functional chest pain can be 
categorized based on historical features (Table 128-6), and repeated cardiac 
evaluation for recurrent pain is of low yield. Clinical features, such as associa-
tion with certain foods or pain location, can help differentiate between acid-
induced versus non–acid-related causes. Patients with prominent chest wall 
pain and tenderness on palpation or with changes in pain with movement 
usually have musculoskeletal rather than esophageal pain (Chapter 45). The 
remaining patients may have an esophageal source of pain (Chapter 129) and 

Many patients with functional chest pain or heartburn will have atypical 
GERD (Chapter 129) and should be given a therapeutic trial of a proton pump 
inhibitor (e.g., omeprazole, 20 mg daily).14 Patients who respond to a 1- to 
2-week trial of daily proton pump inhibitor likely have acid-related symptoms 
and should be treated for GERD. In patients whose response is equivocal, a 
longer proton pump inhibitor trial of 4 to 8 weeks, endoscopy, or 24-hour pH 
testing can be considered.

For patients who do not respond to a proton pump inhibitor, a disorder of 
esophageal motility or visceral hypersensitivity may be present. Esophageal 
motility disorders (Chapter 129), such as high-amplitude contractions (“nut-
cracker esophagus”) or diffuse esophageal spasm, can be identified by high-
resolution esophageal manometry, but the low concordance between symptoms 
and manometric findings suggests that such testing should be performed only 
in highly selected patients based on the advice of a gastroenterologist.

For both functional chest pain and functional heartburn, low-dose tricyclic 
antidepressants (e.g., amitriptyline, imipramine, or desipramine, 10 to 50 mg 
per day) may be useful, particularly in patients suspected to have visceral hyper-
sensitivity. Comorbid psychological symptoms should be addressed with either 
pharmacologic (addition of an SSRI to the tricyclic antidepressant, or trial with 
an SNRI [Table 128-2]) or cognitive-behavioral approaches. Even in the absence 
of a specific psychiatric diagnosis, abdominal breathing, mindfulness-based 
stress reduction, or cognitive-behavioral therapy may be of benefit.

In the patient with functional chest pain, hypervigilance and fears of cardiac 
disease should be addressed explicitly, and the significance of a negative cardiac 
evaluation must be reinforced. If the functional chest pain is responsive to a 
proton pump inhibitor trial, patients should be continued on such therapy or 
treated with alternative acid-suppressing medications. The optimal duration 
of treatment is unclear, but it is reasonable to attempt withdrawal of medica-
tion and observe patients who have remained asymptomatic for several months.

TREATMENT 

 PROGNOSIS
The natural course of functional chest pain is not well understood, likely because 
most patients undergo a cardiac evaluation but then may have no further 
evaluation of their symptoms. However, both functional chest pain and func-
tional heartburn have a benign prognosis, although symptoms may persist 
and continue to diminish quality of life.
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129 
DISEASES OF THE ESOPHAGUS
GARY W. FALK AND DAVID A. KATZKA

 NORMAL ANATOMY AND PHYSIOLOGY
The esophagus, which averages about 27 cm in length, is a hollow muscular 
tube consisting of the mucosa, submucosa, and muscularis layers, with the 
notable absence of a serosal layer. The mucosa is a stratified squamous non-
keratinized epithelium that transitions to a columnar epithelium at the gas-
troesophageal junction. The muscular layer of the esophagus is composed of 
striated muscle in the upper one third and smooth muscle in the lower two 
thirds. These muscular components are arranged as an inner circular and an 
outer longitudinal layer. Located between the circular and longitudinal muscle 
layers is Auerbach (myenteric) plexus, whereas Meissner plexus is located 
within the submucosa and innervates the muscularis mucosae. The esophagus 
is bound by an upper esophageal sphincter proximally and the lower esophageal 
sphincter distally. The upper esophageal sphincter contains functional con-
tributions from the inferior pharyngeal constrictor proximally and the crico-
pharyngeus distally. By contrast, the lower esophageal sphincter is anatomically 
and histologically indistinguishable from the lower esophagus. Blood supply 
for the cervical portion is derived from branches of the inferior thyroid artery. 
The intrathoracic segment of the esophagus receives its blood supply from 
bronchial arteries and direct branches from the aorta, and the left gastric and 
the inferior phrenic arteries supply the abdominal portion of the esophagus. 
Venous drainage follows the arterial supply in the cervical and abdominal 
portions, whereas the thoracic esophagus drains into the azygous and hemia-
zygos system. Likewise, the lymphatic drainage of the esophagus is segmental, 
with the cervical portion draining into deep cervical lymph nodes, the thoracic 
portion into the superior and posterior mediastinal lymph nodes, and the 
abdominal portion into the gastric and celiac lymph nodes.

The motor functions of the esophagus are to transport a food bolus from 
the oropharynx into the stomach and then to keep food from returning to the 
esophagus after it has entered the stomach. The upper esophageal sphincter 
and the proximal third of the esophagus compose the first portion of the 
esophagus. The upper esophageal sphincter is approximately 2 to 4 cm in 
length. The recurrent laryngeal nerve inferiorly and a pharyngeal plexus supe-
riorly supply the upper esophageal sphincter, which is approximately 2 to 
4 cm in length. The muscle layers close the esophageal lumen and shorten 
the esophagus to facilitate forward transport through the proximal esophagus. 
After food traverses the proximal esophagus, it moves into the distal two thirds 
of the esophagus, where peristalsis is achieved by sequential muscular contrac-
tion mediated through an interplay of inhibitory and excitatory neurotransmit-
ters. Peristalsis may be primary, that is, initiated by a swallow, or secondary, 
that is, stimulated by refluxed gastric contents. Although local mechanisms 
control most esophageal motor function, vagal input is important in the distal 
esophagus, where smooth muscle myopathies and autonomic neuropathies 
can cause dysfunction. The distal esophagus is separated from the stomach 
by the lower esophageal sphincter, which is 4 to 5 cm in length and is func-
tionally distinct because it maintains a tonic high-pressure zone. This sphincter 
relaxes nearly completely upon swallowing to allow the passage of food and 

then regains its tone to provide a barrier against reflux. It also relaxes transiently 
during normal functions, such as belching and vomiting. The vagus nerve, 
acetylcholine, and nitric oxide influence tone, but the lower esophageal sphincter 
tone is influenced by the crural diaphragm as the esophagus traverses the 
diaphragmatic hiatus.

Esophageal Functional Testing
Options for esophageal functional testing include barium esophagography, 
high-resolution esophageal manometry, and esophageal impedance testing. 
Barium esophagography (Chapter 124) reveals both anatomic and physiologic 
information about luminal lesions, such as malignancies, ulceration, diver-
ticula, hiatal hernia, and strictures; intramural lesions, such as leiomyomas; and 
extrinsic lesions, such as occur from vascular (aorta, right atrium, subclavian 
artery) impingement or solid lesions (pulmonary malignancy, adenopathy) 
that compress the esophagus. Radiography is also an excellent tool for study-
ing motility patterns, such as peristalsis with either liquid or solid contrast 
material, while precisely visualizing how the esophagus handles a bolus rather 
than by implying function from pressure or impedance changes.

High-resolution esophageal manometry measures pressure changes generated 
by esophageal wall contraction and changes in tone using multiple sensors that 
simultaneously measure pressure from the pharynx to the lower esophageal 
sphincter. Esophageal impedance testing detects the movement of an intra-
luminal bolus by measuring conductance between catheter-based electrodes 
based on the substance that is in contact with each electrode. Air, which is a 
poor conductor of electric current, will yield high impedance, whereas swal-
lowed or refluxed liquids, which are excellent conductors of electricity, will 
generate a low impedance signal. From these measurements, the direction and 
velocity of the transport of air and bolus can help assess peristaltic function 
and the reflux of acid and nonacid gastric contents. Impedance can also reflect 
site-specific esophageal mucosal permeability, thereby providing further insight 
into mucosal integrity and disease in inflammatory or metaplastic conditions.

Symptoms of Esophageal Disease
The most common symptom of esophageal disease is heartburn, which is 
defined as a sensation of substernal burning. Chest pain without typical heart-
burn may occur in a variety of esophageal disorders, including gastroesophageal 
reflux and motor disorders such as in achalasia. However, esophageal pain 
and even heartburn can be indistinguishable from cardiac angina (Chapter 
45), so care must be taken when a patient at risk for coronary artery disease 
complains of heartburn for the first time.

Dysphagia, or difficulty swallowing, is another cardinal symptom of esopha-
geal disease. Dysphagia with only solid food tends to occur with structural 
lesions, which cause esophageal constriction, whereas dysphagia with both 
liquids and solids occurs more often with motility disorders. Patients with 
oropharyngeal dysphagia will commonly complain of a feeling of food “stick-
ing” in the throat or the inability to propel the bolus from the mouth to the 
pharynx; they may also complain of the need for multiple swallowing motions 
to clear the bolus. Since the cranial nerves that generally control the initial 
phases of swallowing are responsible for other functions as well, symptoms 
that may be associated with oropharyngeal dysphagia include drooling, dys-
arthria (due to tongue dysfunction), nasal regurgitation (due to failure to seal 
off the nasal passage), or coughing and aspiration (due to failure to elevate 
and cover the laryngeal vestibule). Dysphagia that results from abnormalities 
in the body of the esophagus may be referred to the chest or the neck, so the 
location of dysphagia does not predict the location of the disease. Dysphagia 
may also lead to a variety of behavioral accommodations, including maneuvers 
such as slow eating, food aversion, avoidance of hard solid food, and drinking 
of large amounts of liquids with solid meals.

Regurgitation, which is another typical esophageal symptom, may be 
described as the feeling of food coming up into the chest or, more dramati-
cally, into the mouth. When regurgitation occurs early in the meal, it suggests 
a proximal lesion. Regurgitation later in the meal suggests a motility abnor-
mality such as achalasia.

Food impaction is an extreme esophageal symptom. When impaction occurs 
in the oropharynx, patients may develop a “steakhouse” syndrome, in which 
an impacted food bolus leads to tracheal impaction or compression. With 
more distal esophageal lesions, impaction may occur any time during the 
meal, almost always from a mechanical cause. Patients experience the sudden 
onset of chest pain and the sensation of food sticking, typically after solids 
such as meats, raw vegetables, and sticky rice. With complete impaction, patients 
who cannot handle secretions because of the obstructing bolus are at risk for 
aspiration, esophageal rupture, and perforation.
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ABSTRACT
The esophagus is a muscular tube that facilitates the transport of a food bolus 
into the stomach. Classic symptoms of esophageal disease include dysphagia, 
heartburn, regurgitation, chest pain, and food impaction. Gastroesophageal 
reflux disease is perhaps the most common esophageal disease and is charac-
terized by heartburn and acid regurgitation. Treatment focuses on simple 
lifestyle modifications, acid suppression therapy, and antireflux surgery in 
selected patients. Complications of reflux disease include peptic strictures, 
Barrett esophagus, and esophageal adenocarcinoma. Eosinophilic esophagitis 
is a relatively newly recognized disease caused when an aberrant immune 
response to food and aeroallergens leads to chronic inflammation and fibrosis 
of the esophagus. Treatments include elimination of common food allergens, 
topical steroids, proton pump inhibitors, and endoscopic dilation. Achalaisa, 
which is the prototypic esophageal motility abnormality, is characterized by 
dysphagia to solids and liquids. Treatment focuses on disruption of the lower 
esophageal sphincter by pneumatic dilation or by surgical or endoscopic 
myotomy. A variety of structural and inflammatory abnormalities that may 
cause esophageal symptoms are also described in this chapter.
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When excessive gastric contents overwhelm the mucosal protective factors 
in the esophagus, esophagitis may be manifest as erosions or ulceration of the 
esophagus and may also lead to fibrosis with stricturing, columnar metaplasia 
(Barrett esophagus), or esophageal adenocarcinoma (Chapter 183). However, 
approximately two thirds of individuals with reflux symptoms have no evidence 
of esophageal damage by endoscopy.

 DIAGNOSIS
When GERD is associated with typical signs and symptoms, such as heartburn 
or acid regurgitation, that are responsive to antisecretory therapy, no diagnostic 
evaluation is warranted.2

Diagnostic endoscopy is warranted in individuals who fail to respond to 4 
to 8 weeks of therapy or have alarm symptoms or signs such as dysphagia, 
weight loss (Fig. 123-4), anemia, gastrointestinal bleeding, or persistent heart-
burn (Fig. 129-2). Endoscopy permits the detection of erosive esophagitis 
and complications such as a peptic stricture (Fig. 129-3) and Barrett esophagus 
(Fig. 129-4); mucosal biopsy, which is crucial in these settings, also excludes 
conditions that can mimic GERD, such as eosinophilic esophagitis. However, 
most patients have no mucosal damage seen on endoscopy, regardless of 
whether they are on or off antisecretory therapy.

Esophageal manometry is useful to exclude achalasia in patients with sug-
gestive symptoms. Esophageal reflux testing may be performed using 24-hour 
transnasal pH monitoring, 48-hour devices attached to the esophageal lumen, 
or 24-hour combined impedance and pH monitoring. Testing of a patient 
who is not receiving antisecretory therapy can document abnormal esophageal 
acid exposure and establish the relationship between symptoms and reflux 
events. Testing of a patient who is on acid-suppression therapy should be 
considered only in individuals who have established GERD and in whom 
impedance pH monitoring can establish the relationship, if any, between 
symptoms and reflux events, thereby permitting exclusion of GERD as the 
cause of persistent symptoms. Barium radiography has no role in the diagnostic 
evaluation of patients with reflux disease.

Normal individuals also have an unbuffered acid pocket in the gastric cardia, 
which escapes the buffering effects of a meal in the postprandial period. This 
region is a source of postprandial reflux and may explain the chronic inflam-
mation often seen in the cardia and distal esophagus. In reflux patients, the 
acid pocket is more common and longer in length than in normal individuals. 
Displacement of the acid pocket into a hiatal hernia also appears to increase 
acidic reflux in patients with GERD.

Increased intra-abdominal fat associated with obesity increases intragastric 
pressure, which increases the gastroesophageal pressure gradient and the fre-
quency of transient lower esophageal sphincter relaxation, thereby predisposing 
gastric contents to migrate into the esophagus. In addition, obesity enhances 
the spatial separation of the crural diaphragm and the lower esophageal sphinc-
ter, thereby predisposing obese individuals to a hiatal hernia. The metabolic 
syndrome (Chapter 216) that is associated with obesity may also have an 
independent effect in promoting esophageal injury in GERD.

The normal defense mechanisms based on peristalsis and saliva can also be 
impaired. Peristaltic dysfunction is associated with an increasing severity of 
esophagitis, and ineffective peristaltic clearance may occur when the ampli-
tude of esophageal contractions is less than 20 mm Hg. Saliva production 
may be impaired by a variety of mechanisms, such as smoking and Sjögren 
syndrome (Chapter 252).

The esophageal mucosa contains several lines of defense. A pre-epithelial 
barrier constitutes a small unstirred water layer combined with bicarbon-
ate from swallowed saliva and from the secretions of submucosal glands. A 
second epithelial defense is composed of cell membranes and tight inter-
cellular junctions, cellular and intercellular buffers, and cell membrane ion 
transporters. The postepithelial line of defense is composed of the blood 
supply to the esophagus. Acid and acidified pepsin in the refluxate are the 
key factors that damage the intercellular junctions, increase intracellular per-
meability, and dilate intercellular spaces. If sufficient quantities of refluxate 
diffuse into the intercellular spaces, cellular damage may occur. Signs and 
symptoms of GERD occur when defective epithelium comes into contact 
with refluxed acid, pepsin, or other noxious gastric contents. In addition to 
the direct noxious effects of refluxed acid, pepsin, and bile, refluxed gastric 
juice stimulates esophageal epithelial cells to secrete chemokines that attract 
inflammatory cells into the esophagus, thereby damaging the esophageal  
mucosa.

 CLINICAL MANIFESTATIONS
The classic symptoms of GERD are heartburn and acid regurgitation; atypical 
symptoms include chest pain, dysphagia, and odynophagia. Extraesophageal 
manifestations of reflux disease can include cough (Chapter 77), laryngitis 
(Chapter 401), asthma (Chapter 81), and dental erosions, but these symp-
toms are more easily attributable to GERD if accompanied by classic signs 
and symptoms of reflux disease (Fig. 129-1).1 Other proposed associations 
that do not reliably respond to acid suppression and hence are not clearly 
related to GERD include pharyngitis, sinusitis, otitis media, and idiopathic 
pulmonary fibrosis.

 GASTROESOPHAGEAL REFLUX DISEASE

 DEFINITION
Gastroesophageal reflux disease (GERD) develops when the reflux of stomach 
contents into the esophagus causes troublesome symptoms or complications.

 EPIDEMIOLOGY
It is estimated that GERD, defined as at least weekly heartburn or acid regur-
gitation, has a prevalence ranging from 10 to 20% in the Western world and 
less than 5% in Asia. The prevalence also tends to be higher in North America 
than Europe and higher in northern Europe than in southern Europe. Risk 
factors for developing GERD include obesity, particularly central obesity, and 
possibly increasing age. A genetic component may also play a role because 
GERD is more common in patients with a positive family history and in 
monozygotic twins than in dizygotic twins.

 PATHOBIOLOGY
The esophagus is protected from the harmful effects of refluxed gastric contents 
by the antireflux barrier at the gastroesophageal junction, by esophageal clear-
ance mechanisms, and by epithelial defensive factors. The antireflux barrier 
consists of the lower esophageal sphincter, crural diaphragm, phrenoesophageal 
ligament, and angle of His, which causes an oblique entrance of the esophagus 
into the stomach. The attachment of the lower esophageal sphincter to the 
crural diaphragm results in increased pressure during inspiration and when 
intra-abdominal pressure increases. Disruption of normal defense mechanisms 
leads to pathologic amounts of reflux.

Reflux of gastric contents from the stomach into the esophagus occurs in 
healthy individuals, but refluxed gastric contents are normally cleared in a 
two-step process: volume clearance by peristaltic function and neutralization 
of small amounts of residual acid by weakly alkaline swallowed saliva. In normal 
healthy individuals, physiologic reflux occurs primarily when the lower esopha-
geal sphincter transiently relaxes in the absence of a swallow because of a 
vagally mediated reflex that is stimulated by gastric distention. In GERD 
patients, transient relaxation of the lower esophageal sphincter or a low resting 
lower esophageal sphincter pressure can result in regurgitation, especially when 
intra-abdominal pressure is increased.

A hiatal hernia, which results in axial and vertical spatial separation between 
the augmenting effects of the crural diaphragm and the lower esophageal 
sphincter, predisposes to reflux events by widening the opening of the gas-
troesophageal junction and decreasing the pressure of the lower esophageal 
sphincter. The result is an increased exposure of the esophagus to acid and 
gastric contents, with increased reflux events during transient physiologic 
relaxation of the lower esophageal sphincter and/or increased gastric pressure. 
Hernias also act as a reservoir for gastric contents when normal esophageal 
clearance mechanisms result in trapping of fluids in the hernia sac. These 
contents can reflux into the esophagus when the lower esophageal sphincter 
relaxes during subsequent swallowing.

Esophageal Syndromes

Typical reflux
    syndrome
Reflux chest
    pain syndrome

Esophagitis
Stricture
Barrett esophagus
Esophageal

adenocarcinoma

Symptomatic
syndromes

Syndromes with
esophageal injury

Cough
Laryngitis
Asthma
Dental erosions

Pharyngitis
Sinusitis
Idiopathic pulmonary

fibrosis
Recurrent otitis media

Established
associations

GERD is a condition that develops when the reflux of gastric content
causes troublesome symptoms or complications

Proposed
associations

Extraesophageal Syndromes

FIGURE 129-1. Montreal classification of gastroesophageal reflux disease (GERD). (from Vakil N, van Zanten s, Kahrilas p, et al. the Montreal definition and classification of gastro-
esophageal reflux disease: a global evidence-based consensus. Am J Gastroenterol. 2006;101:1900-1920.)

TREATMENT 
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When excessive gastric contents overwhelm the mucosal protective factors 
in the esophagus, esophagitis may be manifest as erosions or ulceration of the 
esophagus and may also lead to fibrosis with stricturing, columnar metaplasia 
(Barrett esophagus), or esophageal adenocarcinoma (Chapter 183). However, 
approximately two thirds of individuals with reflux symptoms have no evidence 
of esophageal damage by endoscopy.

 DIAGNOSIS
When GERD is associated with typical signs and symptoms, such as heartburn 
or acid regurgitation, that are responsive to antisecretory therapy, no diagnostic 
evaluation is warranted.2

Diagnostic endoscopy is warranted in individuals who fail to respond to 4 
to 8 weeks of therapy or have alarm symptoms or signs such as dysphagia, 
weight loss (Fig. 123-4), anemia, gastrointestinal bleeding, or persistent heart-
burn (Fig. 129-2). Endoscopy permits the detection of erosive esophagitis 
and complications such as a peptic stricture (Fig. 129-3) and Barrett esophagus 
(Fig. 129-4); mucosal biopsy, which is crucial in these settings, also excludes 
conditions that can mimic GERD, such as eosinophilic esophagitis. However, 
most patients have no mucosal damage seen on endoscopy, regardless of 
whether they are on or off antisecretory therapy.

Esophageal manometry is useful to exclude achalasia in patients with sug-
gestive symptoms. Esophageal reflux testing may be performed using 24-hour 
transnasal pH monitoring, 48-hour devices attached to the esophageal lumen, 
or 24-hour combined impedance and pH monitoring. Testing of a patient 
who is not receiving antisecretory therapy can document abnormal esophageal 
acid exposure and establish the relationship between symptoms and reflux 
events. Testing of a patient who is on acid-suppression therapy should be 
considered only in individuals who have established GERD and in whom 
impedance pH monitoring can establish the relationship, if any, between 
symptoms and reflux events, thereby permitting exclusion of GERD as the 
cause of persistent symptoms. Barium radiography has no role in the diagnostic 
evaluation of patients with reflux disease.

Heartburn or Acid Regurgitation

Alarm symptoms
Dysphagia
Weight loss

Rational lifestyle changes
Avoid dietary excess
Avoid late meals
Weight loss if overweight

Immediate endoscopy

Yes No

Not successful Successful

ContinueTrial of antisecretory therapy
(PPIs superior to H2RAs, which are superior to placebo)

No response to therapy
Endoscopy
If endoscopy negative, manometry
If endoscopy and manometry negative, 
reflux testing

pH
pH/impedance
Wireless pH

Response to therapy
Titrate to lowest dose to 

control symptoms
(see Table 129-1)

FIGURE 129-2. Algorithm for the management of heartburn or regurgitation symptoms. surgery is indicated only for patients who are intolerant of antisecretory therapy or who 
have ongoing symptoms, especially regurgitation if reflux is well documented. h2Ra = histamine-2 receptor antagonist; ppi = proton pump inhibitor. (Based on Kahrilas pJ, shaheen NJ, 
Vaezi Mf. american gastroenterological association institute technical review on the management of gastroesophageal reflux disease. Gastroenterology. 2008;135:1392-1413.)

FIGURE 129-3. Barium radiograph of a peptic stricture. (Courtesy Marc Levine, MD.)

Although avoidance of foods or beverages that may provoke symptoms, 
such as alcohol, coffee, spicy foods, and late meals, makes physiologic sense, 
data from clinical trials to support these maneuvers are lacking. Similarly, eleva-
tion of the head of the bed, often with a wedge device, for patients with 

TREATMENT 
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TABLE 129-1 DRUG THERAPY FOR ESOPHAGEAL 
DISORDERS

AGENT DOSE
ANTACIDS: LIQUID (TO BUFFER ACID AND INCREASE LESP)

For example, Mylanta II/Maalox 
TC (acid-neutralizing capacity, 
25 mEq/5 mL)*

15 mL qid 1 hr after meals and at bedtime or 
as needed

GAVISCON (TO DECREASE REFLUX VIA A VISCOUS MECHANICAL 
BARRIER AND BUFFER ACID)

Al(OH)3, NaHCO3, Mg trisilicate, 
alginic acid

2-4 tablets qid and at bedtime or as needed

H2-RECEPTOR ANTAGONISTS (TO DECREASE ACID SECRETION)

Cimetidine 400 mg bid or 200 mg qid
Ranitidine 150 mg bid-qid or 10 mL qid; maintenance 

dose, 150 mg bid or 10 mL bid
Famotidine 20-40 mg bid or 2.5-5 mL bid
Nizatidine 150 mg bid
PROTON PUMP INHIBITORS (TO DECREASE ACID SECRETION AND 
GASTRIC VOLUME)†

Omeprazole 20-40 mg/day; maintenance dose, 20 mg/day
Lansoprazole 15-30 mg/day; maintenance dose, 15 mg/day
Pantoprazole 40 mg/day; maintenance dose, 40 mg/day
Rabeprazole 20 mg/day; maintenance dose, 10-20 mg/day
Esomeprazole 20-40 mg/day; maintenance dose, 20 mg/day
Dexlansoprazole 30-60 mg/day; maintenance dose, 30 mg/day
*Patients with reflux are not generally hypersecretors of gastric acid, so the therapeutic doses of 
antacids are based on their capacity to buffer (normal) basal acid secretion rates of approximately 1 
to 7 mEq/hr (mean, 2 mEq/hr) and peak meal-stimulated acid secretion rates of about 10 to 
60 mEq/hr (mean, 30 mEq/hr).
†High-dose therapy is a twice-daily administration of the usually daily dose.
Al(OH)3 = aluminum hydroxide; bid = twice daily; H2 = histamine; LESP = lower esophageal 
sphincter pressure; Mg = magnesium; NaHCO3 = sodium bicarbonate; qid = four times daily.

Endoscopic dilation, which remains the cornerstone of therapy, should be 
done gradually to achieve a luminal diameter that is sufficiently large to relieve 
symptoms—typically a diameter of 13 mm or greater. After dilation is accom-
plished, patients should receive chronic proton pump inhibitor therapy (see 
Table 129-1). For recalcitrant peptic strictures, injection of triamcinolone into 
the stricture is superior to sham injection in patients who receive balloon dila-
tion and postprocedure proton pump inhibitors.

TREATMENT 

Peptic Strictures
Esophageal strictures are a well-recognized complication of GERD, especially 
in older patients with long-standing reflux symptoms, but population-based 
studies suggest that the incidence of new and recurrent strictures is declining. 
Peptic strictures are thought to be a consequence of severe inflammation, 
which leads to fibrosis, scarring, esophageal shortening, and loss of compliance 
of the lumen.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Symptoms are typically dysphagia to solids with or without antecedent symp-
toms of heartburn or acid regurgitation. Strictures may be diagnosed by barium 
radiography or with upper endoscopy, but barium esophagograms (see Fig. 
129-3) have a higher sensitivity for detecting subtle lesions, especially if per-
formed with a solid challenge such a barium-impregnated pill. However, peptic 
strictures must be distinguished from a wide variety of other causes of luminal 
narrowing, including pills, prior nasogastric tube intubation, neoplasia, infec-
tion, radiation, surgical anastomosis, some systemic diseases, caustic substances, 
and extrinsic compression. As a result, endoscopic biopsy and cytology are 
critical for distinguishing benign from malignant causes of strictures.

FIGURE 129-4. Endoscopic appearance of Barrett esophagus. Note the white- 
appearing normal squamous mucosa displaced above the true end of the esophagus. 
the intervening mucosa appears salmon pink. 

Barrett Esophagus
Barrett esophagus, which is an acquired condition that results from severe 
esophageal mucosal injury, is a metaplastic change in the lining of the distal 
tubular esophagus, where the normal squamous epithelium is replaced by a 
columnar epithelium. Barrett esophagus would be of little importance if not 
for its well-recognized association with adenocarcinoma of the esophagus 
(Chapter 183). However, the risk for cancer in an individual patient with 
Barrett esophagus is low.

 EPIDEMIOLOGY
It is estimated that Barrett esophagus is found in approximately 5 to 15% of 
patients who undergo endoscopy for symptoms of GERD. Population-based 
studies suggest that the prevalence of Barrett esophagus is approximately 1.3 
to 1.6%, but about 45% of affected patients do not have reflux symptoms. 
Barrett esophagus is predominantly a disease of middle-aged white men, but 
about 25% of patients are women or are younger than 50 years. The preva-
lence of Barrett esophagus increases until a plateau is reached between the 
seventh and ninth decades. Risk factors include frequent and long-standing 
reflux episodes, smoking, male gender, older age, and central male pattern  
obesity.

 PATHOBIOLOGY
Barrett esophagus results from severe esophageal mucosal injury. Patients who 
develop Barrett esophagus typically have more esophageal acid and bile expo-
sure, the former based on 24-hour pH monitoring, and almost always have a 
hiatal hernia, which is typically longer and associated with larger defects than 
in patients without Barrett esophagus. However, why some patients with GERD 
develop Barrett esophagus whereas others do not remains unclear, as does 
the cell of origin of columnar metaplasia. Candidates include dedifferentiation 
of squamous epithelium into columnar epithelium or stimulation of stem cells 
from either the basal layer of the esophageal epithelium, the esophageal sub-
mucosal glands, gastric cardia, residual embryonal stem cells at the gastro-
esophageal junction, or the bone marrow. The transcription factor CDX2, 
which can be induced by both acid and bile salts, appears to play a role in 
promoting the development of the columnar epithelium in the distal esophagus 
and gastroesophageal junction. A small subset of patients may have an inherited 
predisposition to Barrett esophagus, although the genetics of the disease are 
incompletely understood.

 CLINICAL MANIFESTATIONS
The development of reflux symptoms at an earlier age, an increased dura-
tion of reflux symptoms, an increased severity of nocturnal reflux symptoms, 
and prior complications of GERD such as esophagitis, ulceration, stricture, 
and bleeding may raise the likelihood of Barrett esophagus. Nevertheless, 
patients with Barrett esophagus are difficult to distinguish clinically from 
patients whose GERD is uncomplicated by a columnar-lined esophagus. 
Patients with Barrett esophagus may paradoxically have impaired sensitiv-
ity to esophageal acid perfusion compared with patients with uncomplicated  
GERD.

 DIAGNOSIS
Endoscopically, Barrett esophagus is characterized by displacement of the 
squamocolumnar junction so that it is now proximal to the gastroesophageal 
junction, which is defined by the proximal margin of gastric folds (see Fig. 
129-4). The diagnosis of Barrett esophagus is established if the squamoco-
lumnar junction is displaced 1 cm or more proximal to the gastroesophageal 
junction and if intestinal metaplasia, which is characterized in part by acid 
mucin-containing goblet cells, is detected by biopsy.

The precise junction of the stomach and the esophagus may be difficult to 
determine endoscopically owing to the presence of a hiatal hernia, inflamma-
tion, and the dynamic nature of the gastroesophageal junction. If the squa-
mocolumnar junction is above the level of the esophagogastric junction, as 
defined by the proximal margin of the gastric folds, biopsy specimens should 
be obtained for confirmation of columnar metaplasia.

Intestinal or columnar metaplasia may be seen in the cardia of normal 
individuals as well as in persons with chronic reflux disease, and the preva-
lence of intestinal metaplasia at a normal-appearing gastroesophageal junction 
varies from 5 to 36%. Dysplasia and an increased risk for carcinoma have been 
reported in patients who have intestinal metaplasia of the gastroesophageal 
junction or cardia, but the magnitude of that risk appears to be far less than 
that of Barrett esophagus.

 PROGNOSIS
The risk that a patient with Barrett esophagus will develop esophageal adeno-
carcinoma is now estimated to be approximately 0.1 to 0.3% annually,13 and 
thus, most patients with Barrett esophagus will never develop esophageal 
adenocarcinoma but will die of other causes. Observational data suggest that 
aspirin, nonsteroidal anti-inflammatory drugs, and statins are associated with 
a reduced risk for neoplastic progression, but no clinical trial data yet support 
their routine use.

 ESOPHAGITIS
Eosinophilic Esophagitis
Eosinophilic esophagitis is probably caused by an aberrant immune or antigenic 
response to food and aeroallergens that trigger chronic inflammation with 
dense eosinophilia in the esophageal mucosa. The disease is most common 
in children, adolescents, and young adults, but middle-aged adults are often 
affected as well. The estimated prevalence is about 0.5 to 1 case per 1000 
population.14 Patients often have a personal and family history of other allergic 

nocturnal regurgitation or heartburn also is logical. Given the association of 
obesity and GERD symptoms, weight loss should be part of any treatment 
program for obese patients.3

Inhibition of gastric acid secretion (Table 129-1) is the cornerstone of the 
acute treatment of GERD, and proton pump inhibitors are superior to histamine 
(H2)–receptor antagonists for both the healing of esophagitis and the control 
of symptoms. A1  For example, twice-daily proton pump inhibitor therapy results 
in more rapid endoscopic healing but not more rapid resolution of symptoms 
compared with once-daily treatment. A2  However, the healing of esophagitis is 
more predictable than improvement in heartburn symptoms, even with proton 
pump inhibitors. There are no major differences in treatment efficacy among 
the various proton pump inhibitors.

Given the chronicity of reflux symptoms, long-term maintenance therapy 
with proton pump inhibitors is typically required and is mandatory for patients 
with erosive esophagitis. Dosing should be titrated to the lowest dose neces-
sary to control symptoms. Data to support the use of proton pump inhibitors 
in the management of extraesophageal GERD syndromes are weak, although 
selected patients, usually those with accompanying symptoms of classic heart-
burn and acid regurgitation, may benefit. The safety profile of proton pump 
inhibitors is excellent, but short-term adverse events such as headaches and 
diarrhea may occur. Long-term proton pump inhibitors use is associated with 
a variety of adverse consequences: vitamin B12 deficiency, Clostridium difficile 
infection, community-acquired pneumonia, hip fracture, metabolic bone disease, 
and small intestinal bacterial overgrowth.4 However, the magnitude of the 
proposed risk appears to be low.

Although proton pump inhibitors are superior to H2-receptor antagonists 
for long-term maintenance therapy as well as for short-term relief, H2-receptor 
antagonists are superior to placebo and are useful in patients who cannot 
tolerate proton pump inhibitors. No high-quality data exist to support the 
common practice of using metoclopramide as either monotherapy or an adjunct 
to acid suppression therapy; furthermore, its significant adverse effects argue 
against the use of this drug in any GERD patients.5

Antireflux surgery is an option for patients who have documented esopha-
gitis, who are intolerant of proton pump inhibitors or unresponsive to them, or 
who regurgitate large volumes. Laparoscopic antireflux surgery6 is equivalent 
to continued proton pump inhibitor therapy for the healing of esophagitis 
and for the treatment of chronic GERD in patients who initially respond to 
proton pump inhibitors. In patients with persistent regurgitation despite proton 
pump inhibitor therapy, however, laparoscopic surgery is better than continued 
medical therapy for relieving symptoms, A3  even though about 15 to 20% of 
patients have recurrent symptoms severe enough to warrant another procedure.7 
Surgery also has a number of serious complications that may affect quality of 
life, including dysphagia, vagal nerve injury, gas bloat syndrome, and diarrhea. 
Endoscopic approaches to GERD are being studied but are not currently part of  
routine care.

 PROGNOSIS
Patients with GERD generally do well with conservative antireflux measures 
and proton pump inhibitor therapy. When surgery is required, the outcome 
is usually excellent.

 PROGNOSIS
Endoscopic dilation will usually alleviate symptoms, but repetitive dilation 
is required in a significant minority of patients.

TREATMENT 
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Barrett Esophagus
Barrett esophagus, which is an acquired condition that results from severe 
esophageal mucosal injury, is a metaplastic change in the lining of the distal 
tubular esophagus, where the normal squamous epithelium is replaced by a 
columnar epithelium. Barrett esophagus would be of little importance if not 
for its well-recognized association with adenocarcinoma of the esophagus 
(Chapter 183). However, the risk for cancer in an individual patient with 
Barrett esophagus is low.

 EPIDEMIOLOGY
It is estimated that Barrett esophagus is found in approximately 5 to 15% of 
patients who undergo endoscopy for symptoms of GERD. Population-based 
studies suggest that the prevalence of Barrett esophagus is approximately 1.3 
to 1.6%, but about 45% of affected patients do not have reflux symptoms. 
Barrett esophagus is predominantly a disease of middle-aged white men, but 
about 25% of patients are women or are younger than 50 years. The preva-
lence of Barrett esophagus increases until a plateau is reached between the 
seventh and ninth decades. Risk factors include frequent and long-standing 
reflux episodes, smoking, male gender, older age, and central male pattern  
obesity.

 PATHOBIOLOGY
Barrett esophagus results from severe esophageal mucosal injury. Patients who 
develop Barrett esophagus typically have more esophageal acid and bile expo-
sure, the former based on 24-hour pH monitoring, and almost always have a 
hiatal hernia, which is typically longer and associated with larger defects than 
in patients without Barrett esophagus. However, why some patients with GERD 
develop Barrett esophagus whereas others do not remains unclear, as does 
the cell of origin of columnar metaplasia. Candidates include dedifferentiation 
of squamous epithelium into columnar epithelium or stimulation of stem cells 
from either the basal layer of the esophageal epithelium, the esophageal sub-
mucosal glands, gastric cardia, residual embryonal stem cells at the gastro-
esophageal junction, or the bone marrow. The transcription factor CDX2, 
which can be induced by both acid and bile salts, appears to play a role in 
promoting the development of the columnar epithelium in the distal esophagus 
and gastroesophageal junction. A small subset of patients may have an inherited 
predisposition to Barrett esophagus, although the genetics of the disease are 
incompletely understood.

 CLINICAL MANIFESTATIONS
The development of reflux symptoms at an earlier age, an increased dura-
tion of reflux symptoms, an increased severity of nocturnal reflux symptoms, 
and prior complications of GERD such as esophagitis, ulceration, stricture, 
and bleeding may raise the likelihood of Barrett esophagus. Nevertheless, 
patients with Barrett esophagus are difficult to distinguish clinically from 
patients whose GERD is uncomplicated by a columnar-lined esophagus. 
Patients with Barrett esophagus may paradoxically have impaired sensitiv-
ity to esophageal acid perfusion compared with patients with uncomplicated  
GERD.

 DIAGNOSIS
Endoscopically, Barrett esophagus is characterized by displacement of the 
squamocolumnar junction so that it is now proximal to the gastroesophageal 
junction, which is defined by the proximal margin of gastric folds (see Fig. 
129-4). The diagnosis of Barrett esophagus is established if the squamoco-
lumnar junction is displaced 1 cm or more proximal to the gastroesophageal 
junction and if intestinal metaplasia, which is characterized in part by acid 
mucin-containing goblet cells, is detected by biopsy.

The precise junction of the stomach and the esophagus may be difficult to 
determine endoscopically owing to the presence of a hiatal hernia, inflamma-
tion, and the dynamic nature of the gastroesophageal junction. If the squa-
mocolumnar junction is above the level of the esophagogastric junction, as 
defined by the proximal margin of the gastric folds, biopsy specimens should 
be obtained for confirmation of columnar metaplasia.

Intestinal or columnar metaplasia may be seen in the cardia of normal 
individuals as well as in persons with chronic reflux disease, and the preva-
lence of intestinal metaplasia at a normal-appearing gastroesophageal junction 
varies from 5 to 36%. Dysplasia and an increased risk for carcinoma have been 
reported in patients who have intestinal metaplasia of the gastroesophageal 
junction or cardia, but the magnitude of that risk appears to be far less than 
that of Barrett esophagus.

 PROGNOSIS
The risk that a patient with Barrett esophagus will develop esophageal adeno-
carcinoma is now estimated to be approximately 0.1 to 0.3% annually,13 and 
thus, most patients with Barrett esophagus will never develop esophageal 
adenocarcinoma but will die of other causes. Observational data suggest that 
aspirin, nonsteroidal anti-inflammatory drugs, and statins are associated with 
a reduced risk for neoplastic progression, but no clinical trial data yet support 
their routine use.

 ESOPHAGITIS
Eosinophilic Esophagitis
Eosinophilic esophagitis is probably caused by an aberrant immune or antigenic 
response to food and aeroallergens that trigger chronic inflammation with 
dense eosinophilia in the esophageal mucosa. The disease is most common 
in children, adolescents, and young adults, but middle-aged adults are often 
affected as well. The estimated prevalence is about 0.5 to 1 case per 1000 
population.14 Patients often have a personal and family history of other allergic 

Patients who are diagnosed with Barrett esophagus require surveillance 
endoscopy at regular intervals (Fig. 129-5). They characteristically worry about 
cancer risk, which they may overestimate, face higher life insurance premiums, 
and may receive conflicting information on how best to treat their condition.8

Proton pump inhibitors (see Table 129-1), which are the cornerstone of medical 
therapy for Barrett esophagus, consistently relieve symptoms and heal esopha-
gitis. However, proton pump inhibitors, even at high doses, provide no more 
than modest regression of Barrett histology, perhaps because alleviation of 
reflux symptoms is not necessarily equivalent to normalization of esophageal 
acid exposure. In fact, abnormal acid exposure persists in approximately 25% 
of Barrett esophagus patients despite twice-daily proton pump inhibitors. The 
importance of complete control of esophageal acid exposure in patients with 
Barrett esophagus remains unknown, although data suggest that effective 
therapy can protect against the development of cancer.9 For example, the 
combination of high-dose proton pump inhibitor therapy plus aspirin (300 to 
325 mg daily) can reduce the progression to high-grade dysplasia, adenocar-
cinoma, or death in patients with Barrett metaplasia. A4  Antireflux surgery effec-
tively alleviates GERD symptoms, and the indications for surgery are the same 
as those for patients with GERD without Barrett esophagus. Surgery should 
not, however, be viewed as a better cancer prevention tool.

Current practice guidelines, based on observational data, recommend 
endoscopic surveillance of patients with documented Barrett esophagus in 
an attempt to detect dysplasia and cancer at an early and potentially curable 
stage.10 Before entering into a surveillance program, patients should be advised 
about risks and benefits, including the limitations of surveillance endoscopy 
as well as the importance of adhering to appropriate surveillance intervals. 
Other considerations include age, likelihood of survival over the next 5 years, 
and ability to tolerate either endoscopic or surgical interventions for early 
esophageal adenocarcinoma.

Systematic four-quadrant biopsies should be obtained at 2-cm intervals along 
the entire length of the Barrett segment after inflammation related to GERD is 
controlled with antisecretory therapy. Mucosal abnormalities, especially in the 
setting of high-grade dysplasia, should be resected endoscopically. Surveillance 
intervals, determined by the presence and grade of dysplasia, are based on a 
limited understanding of the biology of esophageal adenocarcinoma. Surveil-
lance for patients without dysplasia should occur every 3 to 5 years after an 
initial negative examination. If low-grade dysplasia is found, the diagnosis should 
first be confirmed by an expert gastrointestinal pathologist because of the 
marked interobserver variability in the interpretation of these biopsies. If con-
firmed, aggressive proton pump inhibitor therapy (see Table 129-1) is recom-
mended to decrease inflammation and regeneration, which may make pathologic 
interpretation difficult. A repeat endoscopy should then be performed within 
6 months of the initial diagnosis. If low-grade dysplasia is again confirmed, 
options include continued surveillance at 6- to 12-month intervals or radio 
frequency ablation, but ablation significantly reduces the risk for progression 
to high-grade dysplasia or to adenocarcinoma over the next 3 years. A5 

If high-grade dysplasia is found, an experienced gastrointestinal pathologist 
should confirm the diagnosis. For patients with confirmed high-grade dysplasia, 
endoscopic ablation therapy with radio frequency ablation, endoscopic mucosal 
resection, or a combination is now recommended instead of surgery or con-
tinued surveillance.11 For high-grade dysplasia patients with any visible abnor-
mality, endoscopic mucosal resection is recommended for optimal diagnosis 
and staging.12 Surgery with esophagectomy is reserved only for patients who 
fail to respond to endoscopic ablation therapy or if the cancer is beyond stage 
T1a (intramucosal cancer).

TREATMENT 
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FIGURE 129-5. Proposed treatment algorithm for patients with Barrett esophagus. (from sharma p. Barrett’s esophagus. N Engl J Med. 2009;361:2548-2556, fig. 3.)

FIGURE 129-6. endoscopic corrugated (ringed) appearance of esophagus in eosinophilic 
esophagitis. 

Treatment options for eosinophilic esophagitis16 include food elimination 
diets,17 2 months of proton pump inhibitors, 2 months of topical steroids (e.g., 
swallowed fluticasone, 880 µg twice daily, or budesonide suspension, 1 mg 
twice daily), A6  or occasionally a 1-month course of systemic steroids (e.g., pred-
nisone, starting at 40 mg and then tapering). Patients also should undergo a 
formal allergy evaluation (Chapter 235) only if there are concomitant extrae-
sophageal allergies. Another option is an empirical four- (or six-) food elimination 
diet that eliminates cow’s milk protein (casein), soy, wheat, egg, (peanut/tree 
nuts, and seafood). An elemental diet may be used for severe disease, particu-
larly in children. Most patients do well after treatment, although indefinite 
treatment with budesonide suspension is becoming more accepted to avoid 
the fibrosing complications of untreated disease.

TREATMENT AND PROGNOSIS 

Caustic Injury
Potentially devastating caustic esophageal injuries may be caused by highly 
alkaline solutions, such as sodium hydroxide, or highly acidic solutions, such 
as sulfuric acid. The most common products that contain these substances 
are drain cleaners and industrial strength cleaners, but other corrosive sub-
stances include hair relaxers, oven and toilet bowl cleaners, and button bat-
teries. Patients require emergent endoscopy to determine the degree of injury, 
which helps predict long-term prognosis. No clear evidence supports routine 
steroids or antibiotics. Many patients will have lifelong disease marked by 
chronic strictures that require frequent dilation and even esophageal recon-
struction. In patients with a severe initial injury, the risk for esophageal cancer 
is significantly increased.

 ESOPHAGEAL MOTOR DISORDERS
Oropharyngeal Dysfunction
The cricopharyngeus and inferior pharyngeal constrictor are composed of 
striated muscle and innervated by upper motor neurons, the brain stem, and 
the cerebral cortex. Both primary myopathic and neuropathic disorders can 
result in dysfunction. The most common neurologic cause of oropharyngeal 
dysphagia is a cerebrovascular accident (Chapter 379). Other neuropathic 
disorders that may also affect function include myasthenia gravis (Chapter 
394), brain stem tumors (Chapter 180), amyotrophic lateral sclerosis (Chapter 
391), Parkinson disease (Chapter 381), Alzheimer disease (Chapter 374), 
postpolio syndrome (Chapter 355), Guillain-Barré syndrome (Chapter 392), 
and botulism (Chapter 280). Myogenic disorders that cause dysfunction 
include paraneoplastic antibody-mediated syndromes (Chapter 169), thyroid 
disease (Chapter 213), primary myopathies (Chapter 393) such as dermato-
myositis and inclusion body myositis, and drugs that cause myopathy such 
as statins and amiodarone.

Patients with oropharyngeal abnormalities experience dysphagia, often 
accompanied by postprandial coughing, hoarseness, and aspiration pneumo-
nia. Treatment focuses on the underlying myopathic or neurologic cause and 
swallowing therapy, but prognosis is often poor owing to limited treatment  
options.

Achalasia
Achalasia, which is the prototypic esophageal motility disorder, is character-
ized by insufficient relaxation of the lower esophageal sphincter accompanied 
by loss of esophageal peristalsis.

 EPIDEMIOLOGY AND PATHOBIOLOGY
Achalasia can occur in patients of almost any age, from infants to nonagenar-
ians, but it most commonly presents between 30 and 60 years of age. The 
prevalence is 10 per 100,000 in the United States, with all races affected and 
an equal distribution in men and women. The pathophysiology of achalasia 
most likely reflects an antibody-mediated autoimmune myenteric plexopathy 
in the lower esophageal sphincter and a generalized neuropathy in the esopha-
geal body. The triggering event is unclear, but a viral cause is suggested. Injury 
to the lower esophageal sphincter neurons leads to a relative selective deficiency 
of nitric oxide. With this loss of the main functional inhibitory neurotransmitter, 
the sphincter loses its ability to relax. The neurochemical process that leads 
to aperistalsis is unclear.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The cardinal symptoms of achalasia are dysphagia to both liquids and solids, 
regurgitation, and chest pain. Some patients may have more subtle symptoms, 
including heartburn, presumably caused by esophageal stasis of acidic food 
content, weight loss, and aspiration pneumonia; in these settings, diagnosis 
is often delayed.

The diagnosis of achalasia relies on esophageal manometry and barium 
radiography. The classic radiographic appearance is esophageal dilation, stasis 
of contrast material, and a “bird’s beak” appearance to the lower esophageal 
sphincter (Fig. 129-7).18 Manometry demonstrates high residual pressures of 
the lower esophageal sphincter and either simultaneous contractions or com-
plete absence of peristaltic contractions. Whether classification systems based 
on manometric findings can predict response is being studied. Endoscopy is 
recommended to exclude secondary causes of achalasia, such as gastroesopha-
geal junctional cancer. Occasionally, patients present with a massively dilated 
esophagus and marked food retention. Radiographically, these patients develop 
a “sigmoid” esophagus with a radiographic picture similar to a sigmoid colon.

disorders. A genetic predisposition is suggested by abnormal gene profiles in 
almost 50% of children with this disorder.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Children present with failure to thrive, nausea, vomiting, abdominal pain, and 
dyspeptic symptoms, whereas adults present with solid food dysphagia, food 
impaction, or chest pain. Boerhaave syndrome (see later) may also occur with 
this disease. Diagnosis is made by classic findings on endoscopy, such as linear 
furrowing, white exudates, and multiple rings (Fig. 129-6), accompanied by 
biopsies demonstrating eosinophilic infiltration (Table 129-2) in the absence 
of GERD. The severity of the condition and its response to therapy can be 
assessed by both endoscopic and histologic criteria.15
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Pill-Induced Esophagitis
Pills (Table 129-3) can induce esophageal injury by producing a caustic acid 
solution (e.g., ascorbic acid and ferrous sulfate), producing a caustic alkaline 
solution (e.g., alendronate, button batteries), placing a hyperosmolar solution 
in contact with the esophageal mucosa (e.g., potassium chloride), or causing 
direct drug toxicity to the esophageal mucosa (e.g., tetracycline). Because 
prolonged contact is an essential part of the injury, predisposing factors for 
pill-induced injury include anatomic barriers, such as a stricture, a prominent 
aortic arch that compresses the esophagus, or improper ingestion of the pill 
because of inadequate fluid or improper positioning (i.e., lying down directly 
after taking the pill). The most common medications are tetracycline and its 
derivatives, but other commonly implicated medications include nonsteroidal 
anti-inflammatory drugs, bisphosphonates, ferrous sulfate, quinidine, and 
potassium chloride.

Patients usually complain of the acute onset of severe odynophagia. Radio-
graphic or endoscopic findings may range from discrete ulceration to diffuse 
esophagitis. Treatment is generally supportive with discontinuation of the 
medication until the injury resolves. Although acid suppression is commonly 
recommended, there is no proof that this approach is beneficial. Patients should 
be given careful instructions to avoid lying down immediately after ingesting 
medication and to drink adequate fluids to prevent injury. Rarely, pill-induced 
injury may lead to strictures and even fistulas.

TABLE 129-2 GUIDELINES FOR THE DIAGNOSIS OF 
EOSINOPHILIC ESOPHAGITIS

•	 Characteristic	demographic	and	endoscopic	findings
•	 Clinical	symptoms	of	esophageal	dysfunction
•	 At least 15 eosinophils in 1 high-power biopsy field

Caustic Injury
Potentially devastating caustic esophageal injuries may be caused by highly 
alkaline solutions, such as sodium hydroxide, or highly acidic solutions, such 
as sulfuric acid. The most common products that contain these substances 
are drain cleaners and industrial strength cleaners, but other corrosive sub-
stances include hair relaxers, oven and toilet bowl cleaners, and button bat-
teries. Patients require emergent endoscopy to determine the degree of injury, 
which helps predict long-term prognosis. No clear evidence supports routine 
steroids or antibiotics. Many patients will have lifelong disease marked by 
chronic strictures that require frequent dilation and even esophageal recon-
struction. In patients with a severe initial injury, the risk for esophageal cancer 
is significantly increased.

 ESOPHAGEAL MOTOR DISORDERS
Oropharyngeal Dysfunction
The cricopharyngeus and inferior pharyngeal constrictor are composed of 
striated muscle and innervated by upper motor neurons, the brain stem, and 
the cerebral cortex. Both primary myopathic and neuropathic disorders can 
result in dysfunction. The most common neurologic cause of oropharyngeal 
dysphagia is a cerebrovascular accident (Chapter 379). Other neuropathic 
disorders that may also affect function include myasthenia gravis (Chapter 
394), brain stem tumors (Chapter 180), amyotrophic lateral sclerosis (Chapter 
391), Parkinson disease (Chapter 381), Alzheimer disease (Chapter 374), 
postpolio syndrome (Chapter 355), Guillain-Barré syndrome (Chapter 392), 
and botulism (Chapter 280). Myogenic disorders that cause dysfunction 
include paraneoplastic antibody-mediated syndromes (Chapter 169), thyroid 
disease (Chapter 213), primary myopathies (Chapter 393) such as dermato-
myositis and inclusion body myositis, and drugs that cause myopathy such 
as statins and amiodarone.

Patients with oropharyngeal abnormalities experience dysphagia, often 
accompanied by postprandial coughing, hoarseness, and aspiration pneumo-
nia. Treatment focuses on the underlying myopathic or neurologic cause and 
swallowing therapy, but prognosis is often poor owing to limited treatment  
options.

Achalasia
Achalasia, which is the prototypic esophageal motility disorder, is character-
ized by insufficient relaxation of the lower esophageal sphincter accompanied 
by loss of esophageal peristalsis.

 EPIDEMIOLOGY AND PATHOBIOLOGY
Achalasia can occur in patients of almost any age, from infants to nonagenar-
ians, but it most commonly presents between 30 and 60 years of age. The 
prevalence is 10 per 100,000 in the United States, with all races affected and 
an equal distribution in men and women. The pathophysiology of achalasia 
most likely reflects an antibody-mediated autoimmune myenteric plexopathy 
in the lower esophageal sphincter and a generalized neuropathy in the esopha-
geal body. The triggering event is unclear, but a viral cause is suggested. Injury 
to the lower esophageal sphincter neurons leads to a relative selective deficiency 
of nitric oxide. With this loss of the main functional inhibitory neurotransmitter, 
the sphincter loses its ability to relax. The neurochemical process that leads 
to aperistalsis is unclear.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The cardinal symptoms of achalasia are dysphagia to both liquids and solids, 
regurgitation, and chest pain. Some patients may have more subtle symptoms, 
including heartburn, presumably caused by esophageal stasis of acidic food 
content, weight loss, and aspiration pneumonia; in these settings, diagnosis 
is often delayed.

The diagnosis of achalasia relies on esophageal manometry and barium 
radiography. The classic radiographic appearance is esophageal dilation, stasis 
of contrast material, and a “bird’s beak” appearance to the lower esophageal 
sphincter (Fig. 129-7).18 Manometry demonstrates high residual pressures of 
the lower esophageal sphincter and either simultaneous contractions or com-
plete absence of peristaltic contractions. Whether classification systems based 
on manometric findings can predict response is being studied. Endoscopy is 
recommended to exclude secondary causes of achalasia, such as gastroesopha-
geal junctional cancer. Occasionally, patients present with a massively dilated 
esophagus and marked food retention. Radiographically, these patients develop 
a “sigmoid” esophagus with a radiographic picture similar to a sigmoid colon.

TABLE 129-3 MEDICATIONS COMMONLY ASSOCIATED WITH 
ESOPHAGITIS OR ESOPHAGEAL INJURY

ANTIBIOTICS

Tetracycline
Doxycycline
Clindamycin
Penicillin
Rifampin
Cloxacillin
ANTIVIRAL AGENTS

Zalcitabine
Zidovudine
Nelfinavir
BISPHOSPHONATES

Alendronate
Etidronate
Pamidronate
CHEMOTHERAPEUTIC AGENTS

Dactinomycin
Bleomycin
Cytarabine
Daunorubicin
5-Fluorouracil
Methotrexate
Vincristine
Crizotinib
NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

Aspirin
Naproxen
Ibuprofen
OTHER MEDICATIONS

Quinidine
Potassium chloride
Ferrous sulfate
Ascorbic acid
Multivitamins
Theophylline
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 PROGNOSIS
No treatment approach is curative, and all are palliative. Recurrent symptoms 
may be related to an incomplete myotomy, herniation or unwrapping of the 
fundoplication, esophageal strictures, Barrett esophagus, or just the natural 
history of the disease. Achalasia patients may also be predisposed to squamous 
cell carcinoma of the esophagus, although current evidence does not support 
cancer screening.

Diffuse Esophageal Spasm
Diffuse esophageal spasm is found in fewer than 5% of patients who undergo 
manometry for symptoms of chest pain, dysphagia, or both. The pathophysiol-
ogy of diffuse esophageal spasm is not well understood, but a deficiency of 
nitric oxide in the esophageal body may lead to a loss of control of esophageal 
peristalsis, high pressures, and rapid velocity contractions.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Classically, patients have symptoms of intermittent chest pain (Chapter 128), 
dysphagia, or both. On endoscopic ultrasound, patients may demonstrate 
thickening of the circular and longitudinal muscle layers. Diffuse esophageal 
spasm is defined manometrically by premature rapid contractions in at least 
20% of all swallows, accompanied by normal peristalsis. Radiographically, 
diffuse esophageal spasm is characterized by a “corkscrew” esophagus with 
multiple simultaneous contractions that obliterate the lumen (Fig. 129-8).

Achalasia may represent a paraneoplastic presentation of some malignan-
cies, particularly small cell lung cancer (Chapter 182); in these patients, the 
tumor produces an antineuronal antibody (anti-Hu) that mediates the auto-
immune lower esophageal sphincter plexopathy and produces a syndrome 
identical to primary achalasia. Some tumors, such as proximal gastric cancer, 
may also metastasize to or directly extend into the lower esophageal sphincter 
and produce an achalasia-like picture, possibly owing to extrinsic compression 
or tumor infiltration.

FIGURE 129-8. Barium esophagogram showing a “corkscrew” esophagus in a patient 
with diffuse esophageal spasm. the patient had dysphagia, chest pain, and normal 
endoscopic findings. (image courtesy of Marc Levine, MD.)

FIGURE 129-7. Esophagogram of a patient with idiopathic achalasia. Note the dilated 
esophagus with an air-fluid level and distal tapering providing a “bird’s beak” deformity 
in the area of the lower esophageal sphincter (arrow). (Courtesy Marc Levine, MD.)

Treatment of these patients is challenging, and clinical trials have not dem-
onstrated efficacy of any therapy. Empirical therapy may be tried with agents 
that relax smooth muscle or augment the nitric oxide content, such as hyo-
scyamine (0.125 mg sublingually), calcium-channel antagonists (nifedipine, 
10 mg sublingually), nitroglycerin (0.3 mg sublingually), and sildenafil (50 mg 
orally). Injection of botulinum toxin into the esophageal body has had equivocal 
results. Antidepressants, particularly low-dose tricyclics (e.g., imipramine, 10 
to 50 mg before bedtime), have had some success. For patients with dysphagia, 
sphincter options include botulinum toxin injection and pneumatic dilation, 
but surgery is not indicated unless there is evidence of achalasia. Early results 
of peroral endoscopic myotomy are encouraging. In general, these disorders 
can be difficult to manage but are not life-threatening.

TREATMENT AND PROGNOSIS 

Treatment options to decrease the functional obstruction at the level of the 
lower esophageal sphincter include the intrasphincteric injection of botulinum 
toxin, pneumatic dilation, surgical myotomy, and peroral endoscopic myotomy.19 
Injection of botulinum toxin during endoscopy reduces symptoms and improves 
esophageal emptying in up to 90% of patients. Because symptoms typically 
recur within 6 to 24 months, this treatment is best for patients who are not 
candidates for more definitive therapies or to confirm the diagnosis of achalasia 
when clinical, radiographic, and manometric criteria are not conclusive.

In pneumatic dilation, a 30- to 40-mm pneumatic balloon is placed fluoro-
scopically to straddle the lower esophageal sphincter; the balloon is then inflated 
to tear the muscle fibers of the lower esophageal sphincter. In general, one 
pneumatic dilation will achieve 5 years of symptomatic remission in 70% of 
patients, and three dilations will succeed in 90% of patients. The downside of 
this procedure is the risk for perforation, which occurs in up to 2% of patients, 
even in experienced hands.

The third approach is a Heller myotomy, which is now typically performed 
laparoscopically. This long myotomy starts at least 2 cm below the lower esopha-
geal sphincter and extends for about 6 cm upward past the sphincter; a loose 
fundoplication is performed to prevent gastroesophageal reflux. The 5-year 
success rate approaches 90%. Randomized controlled trials suggest that either 
pneumatic dilation or Heller myotomy will provide comparable clinical results 
over 2 years. A7 

Peroral endoscopic myotomy is an emerging alternative to laparoscopic 
myotomy. Early results including 5-year follow-up data are encouraging,20 but 
reflux is observed in approximately 50% of patients. As a result, patients should 
be aware of this issue when selecting between the endoscopic and laparoscopic 
approaches.

In patients with massive dilation, esophageal dysfunction may warrant total 
esophagectomy because of life-threatening symptoms such as continued weight 

TREATMENT 

loss, recurrent aspiration pneumonia, or tracheal compression. In patients with 
underlying paraneoplastic malignancy, treatment of the tumor may be helpful, 
and botulinum toxin has been tried with anecdotal success.
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Other Motility Disorders
Jackhammer esophagus and hypertensive peristalsis are recently described 
manometric diagnoses that formerly were called nutcracker esophagus. Both 
are characterized by high-amplitude peristaltic contractions and are of uncertain 
clinical significance. Antisecretory therapy with proton pump inhibitors (see 
Table 129-1) is often warranted.

Isolated incomplete relaxation of the lower esophageal sphincter, also known 
as esophagogastric junction outflow obstruction, may represent a variant of 
achalasia and should be treated as such in patients with dysphagia. This entity 
also may be seen with structural and vascular abnormalities in the vicinity of 
the gastroesophageal junction. Patients with manometric findings of low-
amplitude contractions, failed contractions, or contractions with large breaks 
have weak peristalsis, which is commonly seen in patients with severe underly-
ing GERD.

 STRUCTURAL ABNORMALITIES
Cricopharyngeal Bars
A cricopharyngeal bar, which is caused by a prominent impression of the 
cricopharyngeus, reflects an inability to relax the upper esophageal sphincter 
maximally during the flow of barium, with a sustained decrease in compliance. 
The decrease in cross-sectional area of the upper esophageal sphincter is likely 
caused by fibrosis. This condition may be asymptomatic or accompanied by 
symptoms of oropharyngeal dysphagia to solids. Treatment of symptomatic 
patients is either large caliber dilation or surgical myotomy, and the response 
is generally excellent.

Esophageal Diverticula
Esophageal diverticula are encountered in fewer than 1% of upper gastro-
intestinal radiographic studies and account for less than 5% of cases of dys-
phagia. Esophageal diverticula may occur in one of three locations: above the 
upper esophageal sphincter, in the mid-esophagus, and just above the lower 
esophageal sphincter.

Zenker diverticulum is a pouch that protrudes posteriorly above the upper 
esophageal sphincter (Fig. 129-9). This protrusion occurs through a triangular 
region known as Killian triangle, which is bordered above by fibers of the 
inferior constrictor muscle and below by the cricopharyngeal muscle. It is 
thought to be caused by increased hypopharyngeal pressure that results from 
decreased compliance and impaired opening of the upper esophageal sphincter. 
Small diverticula may be asymptomatic, but increasing size is associated with 
globus, dysphagia to solids or liquids, regurgitation of undigested food, 

halitosis, and aspiration. Although no treatment is needed for asymptomatic 
patients, open or endoscopic surgery is indicated when symptoms occur. 
Prognosis after surgery is excellent.

Mid-esophageal diverticula, which are focal outpouchings of the middle of 
the esophagus, are thought to be related to an underlying abnormality of 
esophageal motility. Past tuberculosis disease may result in such diverticula. 
Symptoms typically include dysphagia with or without regurgitation, and 
diagnosis is usually made with barium contrast radiography. Surgical diver-
ticulectomy with myotomy is reserved for patients with symptoms.

Epiphrenic diverticula are herniations of mucosa and submucosa through the 
muscular layers of the distal 10 cm of the esophagus. They are most commonly 
caused by functional lower esophageal sphincter obstruction, owing to underly-
ing motility abnormalities such as achalasia or diffuse esophageal spasm, but 
may also be associated with mechanical obstruction, owing to a leiomyoma, 
prior surgery, stenosis, stricture tumor, or web. Epiphrenic diverticula may 
be asymptomatic or cause dysphagia, regurgitation, odynophagia, chest pain, 
heartburn, or aspiration. Diagnosis is typically made by barium radiography 
(Fig. 129-10), but endoscopy is recommended to exclude a structural cause 
of obstruction, and esophageal manometry is recommended to evaluate for 
underlying motility abnormalities. No therapy is warranted in asymptomatic 
patients, but symptomatic patients generally do well with surgical diverticulec-
tomy, repair of the defect in the esophageal wall, and relief of the underlying 
obstruction, usually with a myotomy and partial fundoplication.

Rings and Webs
Esophageal rings are concentric areas of narrowing, usually in the distal esopha-
gus. Schatzki ring (Fig. 129-11) is a thin, fixed, circumferential membrane-like 
narrowing at the gastroesophageal junction, typically at the proximal border 
of a hiatal hernia. The cause may be congenital, secondary to a pleat of redun-
dant mucosa, or related to gastroesophageal reflux. Symptoms typically occur 
if the ring results in a lumen that is 13 mm or less in diameter. Classic symptoms 
are intermittent dysphagia to solids or impaction of solid food. Diagnosis is 
best accomplished with barium radiography, especially for rings larger than 
13 mm in diameter, which may be missed at the time of endoscopy. Treatment 
involves use of large-caliber dilators at least 18 mm in diameter. Long-term 
therapy with proton pump inhibitors (see Table 129-1) may prevent relapses. 
Most patients relapse after a single dilation.

Muscular rings, which are located several centimeters above the squamoco-
lumnar junction, are composed of mucosa, submucosa, and muscle. Barium 
radiography and endoscopy reveal a focal constriction of variable diameter. 
Optimal therapy is unclear. Dilation leads to only partial or temporary relief. 
Other treatment modalities include injection of botulinum toxin and anti-
cholinergic agents.

Esophageal webs are thin, eccentric, membranous areas of narrowing that 
may be found anywhere in the esophagus but most commonly are in the 

FIGURE 129-9. Barium radiograph of Zenker diverticulum (arrows) and cricopharyn-
geus (arrowhead). (Courtesy Marc Levine, MD.)

FIGURE 129-10. Barium radiograph of an esophageal epiphrenic diverticulum. (Cour-
tesy Marc Levine, MD.)
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shortness of breath, nausea, or vomiting. Iron deficiency anemia may be seen 
with large hiatal hernias in which at least one third of the stomach is in the 
chest; linear gastric erosions at the top of gastric folds at the level of the 
diaphragm have been implicated as a cause of chronic blood loss. Asymptomatic 
paraesophageal hernias do not require surgery. Symptomatic paraesophageal 
hernias warrant surgical therapy because of the risk for strangulation, bleeding, 
perforation, or obstruction.

 THE ESOPHAGUS IN SYSTEMIC DISEASES
Scleroderma
Up to 90% of patients with scleroderma (Chapter 251) have esophageal involve-
ment, thereby making it the most common gastrointestinal abnormality in the 
disease.21 The classic manometric and radiologic findings are aperistalsis of the 
distal two thirds of the esophagus and hypotensive or patulous lower esopha-
geal sphincter on manometry or radiography, respectively. Only one third of 
scleroderma patients have these classic findings. These findings result initially 
because of neuropathy and later because of the myopathy. The main clinical 
manifestation is severe gastroesophageal reflux. Delayed gastric emptying may 
also occur. Marked esophageal stasis may also lead to Candida esophagitis. A 
patulous (on radiography) or hypotensive (on manometry) lower esophageal 
sphincter strongly supports the diagnosis. Proton pump inhibitor therapy (see 
Table 129-1) is the cornerstone of treatment. Lifestyle changes, including 
small frequent meals and avoiding nighttime meals, may reduce the gastric 
symptoms. Antireflux surgery can exacerbate dysphagia by creating a functional 
high-pressure zone in the distal esophagus and is thus usually contraindicated. 
Unfortunately, many patients suffer from chronic GERD and are at risk for 
developing Barrett esophagus and recurrent strictures.

Amyloidosis
Amyloidosis (Chapter 179) may lead to smooth muscle and autonomic 
nervous system dysfunction that involves the esophagus in a pattern similar 
to scleroderma. Patients will have both dysphagia and severe reflux because 
of esophageal aperistalsis and a hypotensive lower esophageal sphincter. Dys-
phagia may result not only from the motility changes but also from diffuse 
esophageal rigidity and loss of compliance owing to amyloid infiltration of 
the esophageal wall. Rarely, an achalasia-like pattern may develop. No treat-
ment improves the esophageal manifestations of amyloidosis, other than treat-
ment for the underlying disease and high-dose proton pump inhibitors given  
twice daily.

Other Systemic Diseases
Dermatomyositis (Chapter 253) principally involves the striated muscle of 
the oropharynx and proximal esophagus, but sometimes the distal esophagus 
may lose normal peristaltic function. Symptoms can be oropharyngeal or 
esophageal depending on the site of greatest muscular involvement. Dysphagia 
may be an early presenting symptom of dermatomyositis, and the esophagus 
may be involved in 10 to 50% of patients. Treatment is directed at the general-
ized myositis because there are no specific treatments for the esophagus. Swal-
lowing therapy may sometimes be helpful. Return of swallowing commonly 
lags behind recovery of other striated muscle symptoms.

Esophageal involvement in systemic lupus erythematosus (Chapter 250) is 
not as prominent as in scleroderma, dermatomyositis, or mixed connective 
tissue disease. Dysphagia occurs in fewer than 15% of patients and may be 
caused by decreased salivation from secondary Sjögren syndrome or reduced 
esophageal peristalsis. Other causes of esophageal symptoms in patients with 
systemic lupus erythematosus include GERD, esophageal ulcers, esophageal 
infection, and medication-induced esophagitis. Behçet disease (Chapter 254) 
causes esophageal ulcers in less than 15% of affected patients. Ulcers are typi-
cally located in the middle third of the esophagus and are often associated 
with ulcers in the stomach, ileum, or colon. Rare esophageal lesions include 
strictures, varices, and fistulas connecting with the trachea. These complica-
tions can be severely debilitating.

Esophageal involvement in Crohn disease (Chapter 132) is uncommon but has 
been described in up to 1 to 2% of patients. Occasionally, isolated esophageal 
disease may occur. Ulceration is the most common manifestation, but stric-
tures, fissures, esophagobronchial fistulas, mediastinal abscesses, and aphthoid 
lesions have been described. Patients typically complain of dysphagia and 
odynophagia. Treatment and prognosis are as for the underlying Crohn disease.

In the Ehlers-Danlos syndrome (Chapter 244), hiatal hernias are common, 
and structural esophageal defects such as giant epiphrenic diverticula, mega-
esophagus, and spontaneous esophageal rupture may also be seen.

proximal region (Fig. 129-12). The pathogenesis of webs is unknown, but 
they are associated with a number of systemic diseases, including bullous skin 
disorders, chronic graft-versus-host disease, and iron deficiency anemia.

Hiatal Hernia
A hiatal hernia involves herniation of elements of the abdominal cavity through 
the diaphragmatic hiatus. A sliding or type I hernia, in which the gastroesopha-
geal junction is displaced above the diaphragmatic hiatus, is the most common 
type. Type I hiatal hernias typically are not associated with symptoms or 
are associated with heartburn or acid regurgitation. Treatment is the same  
as for GERD.

In a type II or true paraesophageal hernia, which is uncommon, the gas-
troesophageal junction is in its normal location, but the fundus and parts of 
the greater curvature of the stomach herniate into the mediastinum alongside 
the esophagus. With type III or mixed paraesophageal hernia, the gastro-
esophageal junction and a large part of the stomach herniate into the media-
stinum. Both types of paraesophageal hernias present with symptoms of 
postprandial distress, such as epigastric pain, chest pain, substernal fullness, 

FIGURE 129-11. Barium radiograph of Schatzki ring. (Courtesy Marc Levine, MD.)

FIGURE 129-12. Barium radiograph of an esophageal web. (Courtesy of Marc  
Levine, MD.)
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be treated with topical clotrimazole (10 mg troche five times daily for 7 to 14 
days) or nystatin (600,000 units four times daily for 7 to 10 days), whereas 
oral fluconazole (100 mg daily for 7 to 14 days) is needed for moderate to 
severe oropharyngeal and esophageal candidiasis. Intravenous fluconazole and 
amphotericin B deoxycholate (Chapter 315) are appropriate options for severe 
esophageal candidiasis and toxemia or for patients who cannot tolerate oral 
therapy.

Cytomegalovirus
Cytomegalovirus (CMV; Chapter 346) infection of the esophagus is almost 
exclusively found in immunocompromised patients. Patients infected with 
the HIV virus with low CD4 counts are most commonly affected, but CMV 
also occurs in transplant recipients on immunosuppressive therapy and in 
immunosuppressed patients with malignancy. Patients typically have severe 
odynophagia with evidence of radiographic or endoscopic esophageal ulcers. 
Treatment is usually with intravenous ganciclovir (5 mg/kg once or twice 
daily for 10 to 14 days) or foscarnet (90 mg/kg every 8 to 12 hours until 
healing occurs).

Bacterial Esophagitis
Bacterial infection of the esophagus is uncommon but can occur in immuno-
suppressed patients, typically those with neutropenia and malignancy. Patients 
present with chest pain or odynophagia, or both, and endoscopy reveals 
extensive erosions, usually in the distal esophagus. Biopsy and Gram stain 
reveal acute and chronic inflammation and bacteria, commonly gram-positive 
organisms, especially viridans-group streptococci, Staphylococcus aureus, Staphy-
lococcus epidermidis, and Bacillus species. Treatment is with the appropriate 
antibiotics administered parenterally.

Human Papillomavirus
Esophageal infections with human papillomavirus (HPV; Chapter 349) are 
typically asymptomatic. HPV lesions are most frequently found in the mid 
to distal esophagus as erythematous macules, white plaque, nodules, or exu-
berant frondlike lesions. The diagnosis is made by histologic demonstration 
of koilocytosis (an atypical nucleus surrounded by a ring), giant cells, or 
immunohistochemical stains. Treatment is usually not necessary, although 
large lesions may require endoscopic removal. Other treatments, such as inter-
feron, bleomycin, and etoposide, have yielded varying results. HPV infection 
is a risk factor for esophageal squamous cell carcinoma (Chapter 183), but 
the value of endoscopic surveillance is not known.

 MISCELLANEOUS ESOPHAGEAL CONDITIONS
Esophageal Emergencies

BOERHAAVE SYNDROME
Boerhaave syndrome, or spontaneous rupture of the esophagus, is a transmural 
full-thickness tear of the esophageal wall. A sudden rise in intraesophageal 
pressure during forceful vomiting is the cause in most cases. The tear is most 
commonly in the lower third of the esophagus, 2 to 3 cm proximal to the 
gastroesophageal junction.

Skin Disorders That Involve the Esophagus
Lichen planus (Chapter 409) often involves the esophagus.22 Patients generally 
present in the fourth to seventh decade of life. Histologically, the lesions in 
up to 25 to 50% of patients show a characteristic lymphohistiocytic inflam-
matory infiltrate and apoptotic basal keratinocytes known as Civatte bodies. 
Lesions classically occur on the buccal mucosa and the tongue, but the disease 
may also involve other areas of the oral cavity and the esophagus, conjunctiva, 
nose, larynx, stomach, bladder, and anus. Most patients are asymptomatic or 
have only minor symptoms, but patients with severe esophageal lichen planus 
often develop strictures and may present with dysphagia, odynophagia, and 
weight loss. Strictures are typically proximal but may be variable in length 
and location, sometimes involving most of the esophageal body. Patients may 
present with esophageal lichen planus in the absence of extraesophageal disease. 
Endoscopic findings, which can be subtle and nonspecific, include peeling 
mucosa, hyperemic focal abnormalities, and submucosal plaque or papules. 
High-dose systemic steroids, starting with at least 40 mg prednisone and then 
tapering over 1 to 2 months, are often successful, but relapse is common when 
steroids are tapered. Topical steroids, tacrolimus, and methotrexate have also 
been tried. Dilation and intralesional steroids can alleviate the symptoms 
associated with strictures, but symptoms frequently recur in less than a year 
and necessitate repeat dilations. The esophageal lesions of lichen planus may 
rarely have malignant potential.

Pemphigus vulgaris (Chapter 410) patients who experience acute flares may 
have upper gastrointestinal symptoms (dysphagia, odynophagia, or retrosternal 
burning) in 80% of cases and biopsy-proven esophageal pemphigus lesions in 
nearly 50% of cases. Pemphigus vulgaris may rarely be isolated to the esoph-
agus. Paraneoplastic pemphigus (Chapter 410), most commonly reported 
with lymphoreticular disease, also may involve the esophagus. Like lesions 
on the skin, esophageal lesions may be flaccid blisters or erosions, but they 
may also appear as red longitudinal lines along the entire esophagus. Like 
cutaneous and oral pemphigus, esophageal pemphigus is generally treated with  
corticosteroids.

In mucous membrane pemphigoid (cicatricial pemphigoid; Chapter 410), 
the esophagus is the most common site of gastrointestinal involvement, but 
esophageal disease occurs in less than 15% of patients. The esophageal disease 
can present as many as 10 years after disease onset and may be the only pre-
sentation of the disease. Patients complain of dysphagia and odynophagia. 
Imaging typically shows erosions, strictures, bullae, or webs. Treatment gener-
ally is as for the skin disease.

In dystrophic epidermolysis bullosa (Chapter 410), approximately 70 to 95% 
of patients develop esophageal stenosis or strictures. Strictures are especially 
common in children with recessive dystrophic epidermolysis bullosa, whereas 
fewer than 10% of patients with dominant dystrophic epidermolysis bullosa 
develop strictures by age 50 years.

 ESOPHAGEAL INFECTIONS
Herpes Simplex Virus
Herpes simplex virus (HSV; Chapter 350) esophagitis, which is usually caused 
by HSV-1, is a well-recognized disease in immunocompromised patients but 
may also occur in immunocompetent hosts. HSV typically presents as severe 
odynophagia. Endoscopy and radiology characteristically demonstrate multiple 
ulcers and friable mucosa, predominantly involving the distal esophagus. 
Mucosal biopsies demonstrate typical intranuclear inclusion bodies. Depend-
ing on the severity of the esophageal disease and the underlying health of the 
patient, treatment options may include intravenous acyclovir, 5 mg/kg every 
8 hours for 7 days, or oral acyclovir, 400 mg five times daily for 7 days, com-
bined with symptomatic treatment.

Candidiasis
Esophageal candidiasis is common in patients with human immunodeficiency 
virus (HIV) infection or with impaired cellular immunity owing to hematologic 
malignancies, immunosuppressive therapy, or diabetes mellitus.23 Esophageal 
candidiasis is also seen in immunocompetent patients who are taking corticoster-
oids and in individuals with marked esophageal stasis, such as patients with 
advanced achalasia or scleroderma. Esophageal candidiasis characteristically 
presents with symptoms of odynophagia, dysphagia, and chest pain. Endoscopy 
demonstrates scattered or coalescent yellow-white mucosal plaques (Fig. 
129-13). Given the high prevalence of esophageal candidiasis in HIV patients, 
some recommend treating symptomatic HIV patients empirically and reserv-
ing endoscopy for refractory symptoms. Mild oropharyngeal candidiasis may 

FIGURE 129-13. Candida esophagitis. 
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ESOPHAGEAL FISTULA
Tracheoesophageal fistulas may arise from a variety of different causes, includ-
ing trauma, infectious esophagitis, necrosis after prolonged endotracheal 
intubation, esophageal cancer, and radiation therapy. Patients are often criti-
cally ill and may not tolerate surgery. Metallic stents are a treatment option.

Atrial-esophageal fistulas are a rare complication after radio frequency ablation 
(Chapter 60) for atrial fibrillation. The clinical presentation is nonspecific and 
includes features such as dysphagia, fever, leukocytosis, bacteremia, massive 
intestinal bleeding, and septic shock. Diagnosis requires a high index of suspicion 
and is aided by a chest CT scan. Surgery is required; the prognosis is excellent 
with early recognition and treatment but can be dire if treatment is delayed.

Congenital Abnormalities
ESOPHAGEAL ATRESIA AND TRACHEOESOPHAGEAL FISTULA
Children with congenital esophageal anomalies commonly survive into adult-
hood after successful surgery. As adults, these patients typically have gastro-
esophageal reflux that warrants proton pump inhibitor therapy. Strictures at 
prior surgical anastomoses are common, and patients may require periodic 
endoscopic dilation.

HETEROTOPIC GASTRIC MUCOSA (INLET PATCH)
Inlet patches, which are areas of gastric columnar epithelium, are present in 
up to 4.5% of adults and are usually found incidentally at the time of routine 
endoscopy. Typically, a red columnar patch varying in size from a few milli-
meters to a few centimeters is seen just below the cricopharyngeus. Inlet 
patches can be associated with hoarseness, sore throat, and globus sensation. 
Strictures, ulcers, and rare malignant transformation have also been described. 
Treatment options include proton pump inhibitors (see Table 129-1) and 
endoscopic ablation.

OTHER CONGENITAL ESOPHAGEAL DISORDERS
Duplication cysts, which may be located anywhere in the esophagus, may be 
in continuity with or separate from the esophageal lumen. Symptoms, which 
may present initially in adulthood, include dysphagia owing to luminal com-
pression, chest pain, and regurgitation. Treatment is surgical.

Dysphagia lusoria is caused by an aberrant right subclavian artery that 
originates from the right aortic arch and causes partial compression of the 
esophagus as it crosses over to the left side. Patients may complain of dysphagia. 
This condition is most commonly detected incidentally during barium radi-
ography, where it is visualized as a crossing diagonal impression at the junction 
of the proximal and middle thirds of the esophagus. Surgery is rarely indicated 
because of the complexity of the operation and the difficulty in establishing 
a clear relationship between the radiographic findings and symptoms.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The classic presentation is vomiting, lower thoracic pain, and subcutaneous 
emphysema. Other findings may include pleural effusions, especially left-sided, 
tachypnea, abdominal rigidity, fever, and hypotension. Because the condition 
is rare and classic antecedent vomiting is not always reported, rupture is often 
recognized only after the development of mediastinitis.

The chest radiograph may demonstrate mediastinal widening, a unilateral 
pleural effusion, hydropneumothorax, and pneumomediastinum. The esopha-
gram, typically with a water-soluble agent, reveals extravasation, although 
false-negative results may be encountered. Computed tomography (CT) scan-
ning with an oral contrast agent, which is perhaps the best diagnostic option, 
typically demonstrates air in the mediastinum.

Successful therapy depends on early recognition and the underlying condi-
tion of the patient. The classic approach is operative repair in conjunction with 
broad-spectrum antibiotics and nutritional support, especially if the diagnosis 
is made within the first 24 hours. Aggressive conservative therapy with percu-
taneous drains, broad-spectrum parenteral antibiotics, and nutrition has also 
been successful. In selected individuals, endoscopic insertion of self-expanding 
covered metallic stents or over the scope clips is an option. The mortality rate 
can be as high as 100% without treatment.

TREATMENT AND PROGNOSIS 

MALLORY-WEISS TEAR
A Mallory-Weiss tear (see Fig. 129-2) is a mucosal tear, often at the gastro-
esophageal junction, usually caused by severe vomiting or retching. The syn-
drome is more common in alcoholic patients. In about 85% of patients, it is 
associated with acute upper gastrointestinal bleeding, which requires transfusion 
in about 70% of patients and urgent intervention in about 10% of cases. Mor-
tality is about 5%, similar to the mortality in severe bleeding ulcers. Most tears 
heal spontaneously within about 48 hours.

IATROGENIC PERFORATION
Esophageal perforation may occur as a result of a variety of iatrogenic causes, 
including endoscopy, dilation, endosonography, or surgery, as well as with 
foreign body ingestion. Typical symptoms include chest pain with or without 
abdominal pain, subcutaneous emphysema, and fever. Diagnosis may be made 
immediately at the time of endoscopy or radiography. Chest radiographs may 
show pneumomediastinum, subcutaneous emphysema, hydrothorax, or hydro-
pneumothorax. A Gastrografin swallow may show a leak, and chest CT may 
show mediastinal air. Acute perforations are life-threatening emergencies that 
warrant immediate closure before contamination of the mediastinum. For 
acute perforation caused by endoscopy, endoscopic clips or stents are an option. 
Conservative therapy also is an option for well-contained perforations with 
minimal mediastinal, pleural, or peritoneal contamination and no obvious 
signs of sepsis. Prognosis is generally good if the perforation is recognized 
and treated early, preferably within 12 to 24 hours.

FOREIGN BODIES
Impaction of food or foreign bodies is a common gastrointestinal emergency. 
Meat impaction is most commonly seen in adults, but other foreign objects 
that also may be ingested accidentally or by design include batteries, coins, 
and bones. Many patients have an underlying esophageal abnormality, such 
as Schatzki ring, stricture, eosinophilic esophagitis, tumor, or achalasia. The 
clinical presentation includes dysphagia, odynophagia, foreign body sensation, 
chest pain, excessive salivation, and difficulty handling secretions. Immedi-
ate endoscopic extraction or gentle advancing of the bolus with concomi-
tant airway protection is recommended because prolonged impaction may 
result in penetration into the esophageal wall followed by perforation and  
mediastinitis.

ESOPHAGEAL VARICES
Esophageal varices are described in Chapter 144.
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130 
ACID PEPTIC DISEASE
ERNST J. KUIPERS

Acid peptic diseases can involve the esophagus (Chapter 129), the stomach, 
and the duodenum. Dyspeptic symptoms also can occur in patients who 
have no endoscopic abnormalities, in whom it is termed nonulcer dyspepsia  
(Chapter 128).

 DEFINITIONS
Gastric and duodenal ulcers usually occur in an area of inflamed mucosa. This 
inflammation, termed gastritis, duodenitis, or bulbitis, can sometimes be rec-
ognized by endoscopic signs of edema and erythema of the mucosa, but 
microscopic evaluation of endoscopic biopsy specimens is required for a 
definitive diagnosis of mucosal inflammation.

Gastritis is categorized by endoscopic and histologic criteria, with granu-
locytes predominating in active gastritis and mononuclear cells in chronic 
gastritis. Gastritis is classified further by the segment of the involved stomach: 
antral-predominant gastritis, corpus-predominant gastritis, or pangastritis. 
Finally, the absence or presence of premalignant stages of damage to the mucosa 
as a result of long-standing inflammation defines the categories of nonatrophic 
and atrophic gastritis, respectively. High-definition endoscopy, when combined 
with magnification and image enhancement, allows adequate visualization of 
features of gastritis, atrophy, and intestinal metaplasia. Gastritis features include 
antral nodularity, absence of connecting venules, and enlarged gastric folds. 
Sometimes, the mucosa has a typical miniature cobblestone appearance, termed 
nodular gastritis (a finding particularly in children colonized by Helicobacter 
pylori), or grossly enlarged folds without evidence of cancer, termed hyper-
trophic gastritis. Disappearance of gastric folds and enhanced mucosal vasculature 
are findings of atrophic gastritis. Atrophy may be accompanied by intestinal 
metaplasia, which appears as gray-white patches (white-light endoscopy) or 
light-blue lines on the mucosal surface (narrow-band imaging).

A peptic ulcer is a mucosal defect at least 0.5 cm in diameter that penetrates 
the muscularis mucosae. Smaller mucosal defects are called erosions (Fig. 
130-1). Gastric ulcers are subdivided into proximal ulcers, located in the body 
of the stomach, and distal ulcers, located in the antrum and angulus of the 
stomach. Gastric ulcers are located mainly along the lesser curvature, in par-
ticular at the transitional zone of corpus- to antral-type mucosa. This transitional 
zone is often in the area of the angulus but may shift proximally. Duodenal 
ulcers usually are located on the anterior or posterior wall of the duodenal 
bulb (Fig. 130-2), or occasionally at both sites (“kissing” ulcers). Lesions 
distal to the duodenal bulb are termed postbulbar ulcers. Patients who previ-
ously underwent a distal gastric resection (Billroth I or II procedure) or a 
gastric bypass (Chapter 207) can develop ulceration at the anastomosis 

(anastomotic or marginal ulcer). However, ulcers occurring after Billroth II 
resection are located predominantly in the jejunal mucosa at the junction 
between the afferent and efferent loops. Other peptic ulcers can occur at sites 
of metaplastic or heterotopic gastric mucosa, for example, in Meckel diver-
ticulum, the rectum, or Barrett esophagus. Patients with a large hiatal hernia 
can develop gastric ulceration, known as Cameron ulcers, at the herniation. 
Dieulafoy ulcers, which are small mucosal defects over an intramural arteriole, 
can lead to severe bleeding. Although these lesions can occur throughout the 
gastrointestinal tract, two thirds occur in the stomach.

 EPIDEMIOLOGY
The worldwide prevalence of gastritis reflects the prevalence of H. pylori. 
Colonization with this bacterium is virtually always associated with chronic 
active gastritis, which persists as long as an individual remains colonized and 
only slowly disappears 6 to 24 months after bacterial eradication. An estimated 
4.4 billion people worldwide are colonized with H. pylori.1 Colonization usually 
occurs in the first decade of life and then remains lifelong. In developing 
countries, high colonization rates result in a high prevalence of H. pylori gas-
tritis (often ≥75%) in all age groups, including children. In Western countries, 
the colonization pressure in children has decreased markedly in recent decades, 
thereby leading to a birth-cohort phenomenon for the prevalence of H. pylori 
gastritis—currently less than 20% in young adults but 40 to 60% in elderly 
persons. Some recent studies suggest that this decrease in H. pylori prevalence 
in children may be slowed by factors such as the increasing use of daycare 
facilities. Nevertheless, the decline of H. pylori in developed country popula-
tions has been inexorable.

Although peptic ulcer disease is strongly related to H. pylori gastritis and 
duodenitis, the epidemiology of ulcer disease has shown secular variation 
even when H. pylori was ubiquitous. The incidence of peptic ulcer disease 
rose steeply in Western countries in the late 19th and early 20th centuries and 
has decreased over the past 40 years; nevertheless, peptic ulceration remains 
a common disorder. The decline in incidence, associated with a decrease in 
hospital admissions and surgery for ulcer disease, is believed mostly to reflect 
the decreasing prevalence of gastric colonization with H. pylori. It also results 
from the widespread application of eradication therapy, which strongly reduced 
recurrent ulcers in H. pylori–positive patients, and the widespread use of acid 
suppressive medications. Nevertheless, hospital admissions for complications 
of ulcers and mortality from ulcer disease have shown a far less marked decline 
in both the United States and other countries because the reduction in H. 
pylori–associated ulcers in younger persons has been partly counterbalanced 
by an increase in ulcers related to nonsteroidal anti-inflammatory drugs 
(NSAIDs) in older persons.

In Western countries, duodenal ulcers occur more frequently than gastric 
ulcers. The predominant age at which duodenal ulcers occur is between 20 
and 50 years, whereas gastric ulcers most commonly occur in patients older 
than 40 years. The incidence of gastroduodenal ulcer disease is approximately 
1 to 2 per 1000 inhabitants per year. Although the prevalence of H. pylori 
colonization is nearly identical in males and females, two thirds of patients 

FIGURE 130-1. Endoscopic view of uncomplicated erosive gastritis. the erosion appears 
as a small, superficial mucosal break with a black base (arrow). 

FIGURE 130-2. Endoscopic view of an ulcer at the anterior wall of the duodenal bulb. 
the ulcer has a clean base, with a visible vessel appearing as a dark red protruding spot 
close to the lower ulcer rim. the surrounding mucosa is inflamed and swollen. 
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ABSTRACT
Gastroduodenal acid peptic diseases, in particular gastritis and peptic ulcer, 
are predominantly caused by Helicobacter pylori infection and by use of aspirin 
and nonsteroidal anti-inflammatory drugs, but their pathobiology includes a 
wide range of other conditions. Patients with suspected acid peptic disease 
are often first treated empirically with acid suppression. Patients with persistent 
or recurrent symptoms, with new-onset symptoms at an older age, or with 
alarm symptoms should have H. pylori testing and upper gastrointestinal 
endoscopy to confirm the anatomic abnormality and its cause as well as to 
exclude other potential causes of symptoms. Treatment should be targeted 
to heal mucosal breaks, address the underlying cause, and prevent recurrence. 
Peptic ulcer disease can be complicated by bleeding, perforation, and stenosis, 
each of which requires specific assessment and treatment by endoscopy, inter-
ventional radiology, or surgery.
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Helicobacter pylori–Negative, Non-NSAID Ulcer Disease
In most series, H. pylori and NSAID use account for 80 to 95% of cases of 
ulcer disease. The remaining cases are often referred to as idiopathic or H. 
pylori–negative, non-NSAID acid peptic disease. The proportion of ulcer disease 
that is idiopathic is increasing throughout the world as the prevalence of H. 
pylori decreases. Further, it is likely that some ulcers in H. pylori–positive 
patients were not caused by H. pylori. Consistent with this notion is the fact 
that some H. pylori–positive patients develop recurrent ulcers after successful 
bacterial eradication, so presumably their ulcer disease was idiopathic. It is 
not known whether the increase in idiopathic ulcer disease is simply propor-
tional to the decrease in H. pylori–associated ulcers or whether it reflects a 
true increase in the incidence of idiopathic ulcers.

In patients with idiopathic ulcer disease, specific clues to the underlying 
cause are often provided by the medical history, including comorbidity and 
drug use; the endoscopic appearance of the ulcer; and the histologic features 
of the ulcer’s margins and surroundings. In most cases, these initial data can 
be used to direct further diagnostic studies (Table 130-1).

Malignant Ulcer Disease
Gastroduodenal ulcers can result from underlying malignancies. In the stomach, 
such tumors are related to gastric adenocarcinoma and, rarely, to mucosa-
associated lymphoid tissue (MALT) lymphomas (Chapter 183). Malignant 
ulcers in the duodenum may result from primary duodenal carcinomas or 
from penetrating pancreatic cancers. Duodenal cancers have an associa-
tion with polyposis syndromes, especially familial adenomatous polyposis 
and, to a much lesser extent, MYH-associated polyposis and Peutz-Jeghers 
syndrome (Chapter 184). In both the stomach and the duodenum, ulcer 
disease also may be caused by metastatic tumors, including cancers of the 
breast, colon, thyroid, or kidney, or by melanoma, disseminated lymphoma, 
or Kaposi sarcoma. Malignant ulcers are characteristically irregular in shape 
with heaped borders, but they also may be flat or depressed. Current high-
resolution and magnification endoscopes allow visualization of the altered 
mucosal structure surrounding an ulcer, including changes in the microvas-
cular pattern. Primary gastric adenocarcinomas often occur in mucosal areas 
with atrophic and intestinal metaplastic changes. For a definite diagnosis of 
malignancy, multiple biopsy specimens are needed, usually from the ulcer  
margins.

Systemic Inflammatory Disorders
A few gastroduodenal ulcers are caused by systemic inflammatory diseases, 
in particular, Crohn disease (Chapter 132). Patients with Crohn disease affect-
ing the proximal gastrointestinal tract often have multiple ulcers characterized 
by irregular longitudinal shapes. Ulcers in the duodenum occur on top of 
Kerckring folds. Patients with gastroduodenal ulcers from Crohn disease do 
not invariably have evidence of disease elsewhere in the digestive tract, nor 
do blood tests always suggest an active inflammatory bowel disorder. The 
demonstration of ulcerative inflammation elsewhere in the digestive tract, in 
particular in the terminal ileum and colon, strongly supports the diagnosis of 
Crohn disease, as do noncaseating granulomas on biopsy specimens. However, 
the absence of granulomas does not exclude Crohn disease, and these lesions 
are not specific for Crohn disease; they also are associated with H. pylori 
gastritis and other conditions, particularly sarcoidosis (Chapter 89). Sarcoidosis 
can also lead to gastroduodenal ulcer disease.

Other inflammatory disorders that can cause gastritis or gastroduo-
denal ulcers include various forms of vasculitis affecting the mesenteric 
system, in particular Behçet disease (Chapter 254), Henoch-Schönlein 
purpura (Chapter 254), Takayasu arteritis (Chapters 69 and 254), polyar-
teritis nodosa (Chapter 254), systemic lupus erythematosus (Chapter 250), 
Churg-Strauss syndrome (Chapter 254), and granulomatosis with polyangi-
itis (Chapter 254). Lymphocytic gastroduodenitis, which is strongly associ-
ated with celiac disease (Chapter 131), may lead to duodenal ulceration and 
subsequent stenotic web formation. Ulcer disease also may occur in patients 
with polycythemia vera (Chapter 157), possibly in relation to reduced 
mucosal blood flow. Vasculitis underlying ulcer disease should be consid-
ered in patients with chronic or recurrent ulceration in whom other causes 
have been excluded. Lymphocytic phlebitis, which is a rare vasculitic inflam-
matory disorder that affects the mesenteric veins, may cause gastric ulcers. 
Systemic amyloidosis (Chapter 179) affecting the stomach wall may lead to 
gastric ulcers. Rare cases of duodenal ulceration have been described in the 
presence of annular pancreas or congenital bands obstructing the descending  
duodenum.

with ulcers are male. More than 50% of patients have a recurrent ulcer within 
12 months of healing in the absence of treatment. Maintenance acid suppres-
sive therapy reduces this recurrence rate, but only therapeutic measures that 
remove the underlying cause of the ulcer can prevent most ulcer recurrences.

 PATHOBIOLOGY
Helicobacter pylori
Most peptic ulcers are associated with colonization with H. pylori (Fig. 130-3). 
However, most persons who are H. pylori positive do not have any specific 
complaints, nor do they develop ulcer disease. The estimated risk for the 
development of ulcer disease during persistent H. pylori colonization is 5 to 
15%—that is, three- to eight-fold higher than the risk in patients who are H. 
pylori negative. The risk for the development of an ulcer in the presence of H. 
pylori is determined by a combination of host- and bacteria-related factors. 
Host factors include immune response, smoking, and stress. Genome-wide 
association studies have identified a relationship between polymorphisms in 
the toll-like receptor gene and the interleukin-1β gene2 with the prevalence 
of H. pylori. This relationship may in part explain the variation in risk for H. 
pylori colonization and thus the risk for H. pylori–associated disease, including 
peptic ulcer. Bacterial factors that enhance mucosal inflammation increase 
the risk for ulcer include: a high production of the VacA product, which reflects 
the presence of the s1m1 genotype; a high level of cytokine induction, owing 
to the presence of genes in the cag pathogenicity island; and enhanced adher-
ence to the gastric epithelium as a result of bacterial expression of babA  
and oipA.

Nonsteroidal Anti-inflammatory Drugs and Aspirin
The other common cause of gastroduodenal ulcer disease is the use of NSAIDs. 
At least 2 to 4% of the population in many countries use acetylsalicylic acid, 
acetic acid derivatives (diclofenac, indomethacin, sulindac), or propionic acid 
derivatives (ibuprofen, ketoprofen, naproxen) on a daily basis. The risk for 
ulcer disease is dose and duration dependent. Within 14 days after the start 
of such treatment, about 5% of patients develop erosions or ulcers. In patients 
who continue therapy for 4 weeks or longer, this proportion increases to 10%, 
but many are clinically silent. The concomitant presence of H. pylori infection 
increases the incidence of NSAID-related ulcers.

The risk for an ulcer during NSAID use is higher in patients who are older 
than 60 years; patients with a previous ulcer; patients who use corticosteroids, 
selective serotonin reuptake inhibitors, or aldosterone antagonists; and patients 
with major comorbid diseases. In patients who use anticoagulants, such as 
warfarin and new oral anticoagulants (thrombin and factor Xa inhibitors), or 
who have severe comorbid disease, an NSAID-induced ulcer is more likely 
to lead to life-threatening gastroduodenal hemorrhage.

On the basis of their activities, NSAIDs are divided into cyclooxygenase 1 
(COX1) and COX2 inhibitors (Chapter 27). The COX1 enzyme is involved 
in the production of prostaglandins, which play a role in normal cell regula-
tion. The COX2 enzyme, which is also involved in the production of prosta-
glandins, is induced by inflammatory responses. Most NSAIDs have a 
nonselective COX inhibitory effect; selective COX2 inhibitors are associated 
with fewer gastroduodenal ulcers, but their use has been limited because of 
their adverse coronary effects (Chapter 27). The strong association between 
NSAIDs and ulcer disease and the risk for recurrence of ulcers with their 
continued use require that patients with ulcers be thoroughly assessed for any 
use of NSAIDs.

FIGURE 130-3. Gastric mucosa colonized with Helicobacter pylori appearing as curved 
bacilli on the mucosal surface. 
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condition occurs in an H. pylori–positive patient, bacterial eradication therapy 
may be curative. However, some patients with G-cell hyperfunction are  
H. pylori negative.

Ischemia
Stenosis or occlusion of the celiac trunk or the superior mesenteric artery 
(Chapter 134) also can lead to ulceration in the mucosa of the proximal diges-
tive tract (Fig. 130-4). These ulcers typically occur in elderly patients who 
have known severe atherosclerosis or risk factors for it, but they can also 
occur in younger subjects with mesenteric obstruction due to other causes 
as well as in patients with marked chronic heart failure. Ischemic ulcers tend 
to heal slowly and to recur. Pallor of the mucosa, consistent with decreased 
mucosal blood flow, may be noted at endoscopy. Upper mesenteric ische-
mia is often associated with upper abdominal pain, which can be elicited 
by a meal or by physical activity. These symptoms may cause patients to 
decrease their food intake, leading to weight loss before their clinical pre-
sentation. The prevalence of upper mesenteric ischemia with secondary 
ulcer disease is unknown, in part owing to its variable presentation, often 
with a history of gradual symptoms; the lack of standardized and reliable 
diagnostic tests; and clinicians’ unfamiliarity with the condition. Diagnostic 
evaluation includes a duplex ultrasound scan for vascular flow and conven-
tional or CT angiography of the affected arteries. Validated functional tests 
for gastroduodenal mucosal perfusion are not widely available, but techniques 
for directly measuring mucosal oxygen saturation during endoscopy are  
investigational.

Hypergastrinemic Syndromes
Peptic ulcers can result from chronic gastric hyperacidity related to hypergas-
trinemia. The most important hypergastrinemic disorder is Zollinger-Ellison 
syndrome (Chapter 219), a condition of marked hyperacidity leading to severe 
peptic ulcer disease caused by a gastrin-producing endocrine tumor. These 
patients usually have multiple bulbar and postbulbar duodenal ulcers that 
are resistant to conventional acid suppressive therapy. The diagnosis can be 
confirmed by the presence of a high fasting serum gastrin level (often but 
not always ≥10-fold increased and >1000 pg/mL). Similar gastrin levels are 
sometimes seen in patients treated for chronic ulcer disease with high-dose 
proton pump inhibitors. For clarification, secretin testing can be performed: 
in patients with Zollinger-Ellison syndrome, the injection of secretin (1 U/
kg) increases serum gastrin levels by more than 50%, or 120 pg/mL or 
greater, in those with fasting gastrin levels less than 10-fold above normal. 
Imaging techniques, such as computed tomography (CT), magnetic reso-
nance imaging, isotope scanning, endoscopic ultrasonography, videocapsule 
endoscopy, and balloon-assisted enteroscopy, may be used to detect the 
primary tumor, which is often located in either the pancreas or the proximal 
small bowel. In some patients, Zollinger-Ellison syndrome occurs as part of 
the multiple endocrine neoplasia syndrome (Chapter 218), particularly in 
association with hyperparathyroidism. Other hypergastrinemic hyperacidity 
syndromes are the retained gastric antrum syndrome (see later) and antral 
G-cell hyperfunction. In the latter, fasting serum gastrin levels are only mod-
estly increased and do not rise after the injection of secretin, but they respond 
in an exaggerated way to meals, thereby leading to hyperacidity. When the 

TABLE 130-1 DIFFERENTIAL DIAGNOSIS OF PEPTIC ULCER DISEASE
ORIGIN CONDITION FREQUENCY* DIAGNOSTIC TEST FINDINGS
Microbes Helicobacter pylori Very common H. pylori tests Bacteria, enzymes, antigens, antibodies

Histology Gastritis
Helicobacter heilmannii Rare Histology Spiral bacteria, gastritis
Treponema pallidum Very rare Serology Antibodies
Mycobacterial infection Very rare Histology, immune response 

testing, chest radiograph
Acid-fast bacteria, granuloma, immune 

response, pulmonary infiltrate
Cytomegalovirus, herpes simplex 

virus type 1, Epstein-Barr virus
Rare Histology, serology Virus inclusions, antibodies

Drug use NSAIDs, aspirin Very common History, urine test NSAID use
Bisphosphonates Rare History Bisphosphonate use
Corticosteroids Rare History Corticosteroid use, comorbidity
Amphetamines, cocaine Rare History, drug testing Drug use
Anticoagulants, coagulopathy Rare Endoscopy Ulcer after intramural bleed

Malignancy Gastric cancer Common Histology Malignancy
Duodenal cancer Rare Histology, CT Malignancy
Pancreatic cancer Common Histology, CT Malignancy
Mucosa-associated lymphoid 

tissue lymphoma
Rare Histology Malignancy

Metastatic cancer Rare Histology Malignancy
Gastritis syndromes Eosinophilic gastritis Rare Histology Eosinophilic infiltration

Lymphocytic gastritis Rare Histology, celiac disease screening Lymphocytic infiltration, villous atrophy
Hyperacidity 

syndromes
Zollinger-Ellison syndrome Rare Serum gastrin, secretin test Extreme hypergastrinemia, positive 

secretin test
Antral G-cell hyperfunction Very rare Serum gastrin, secretin test Moderate hypergastrinemia, negative 

secretin test
Retained gastric antrum Very rare Medical history, gastrin Billroth II resection, hypergastrinemia
Systemic mastocytosis Very rare Histology of affected sites Mast cell infiltration
Chronic myelogenous leukemia Very rare Leukemia evaluation Leukemia

Ischemia Mesenteric vascular occlusion Common Angiography Vascular disease
Polycythemia vera Rare Blood counts Polycythemia

Specific ulcer types Cameron ulcer Common Endoscopy Ulcer in large hiatal hernia
Marginal ulcer Common Endoscopy Ulcer at anastomosis
Dieulafoy ulcer Common Endoscopy Singular bleeding focus with minimal 

mucosal disruption
Systemic inflammation Crohn disease Common Histology, ileocolonoscopy Inflammation, granulomas

Vasculitides Rare Histology, systemic evaluation Vasculitis, signs of systemic disease
Gastric amyloidosis Very rare Histology Amyloid deposition

Other conditions Stress ulcer Fairly common in patients 
in intensive care units

Endoscopy —

Radiation therapy, chemotherapy Rare Endoscopy, history —
*Frequency as a cause of gastroduodenal ulcer disease.
CT = computed tomography; NSAID = nonsteroidal anti-inflammatory drug.
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diarrhea also may result from the intensive use of magnesium-containing ant-
acids. In untreated patients, symptoms tend to be intermittent, with flares of 
daily pain lasting 2 to 8 weeks, separated by prolonged asymptomatic intervals. 
During periods of remission, patients may feel well and may be able to eat 
even heavy or spicy meals without apparent discomfort.

Physical Examination
The physical examination is usually unrevealing. If significant bleeding has 
occurred (Chapter 126), the patient may present with pallor and may be 
hypovolemic (Chapter 98). It is always useful to inquire about the character-
istics of the stool because ulcer-related bleeding may manifest not only obvi-
ously in the form of hematemesis but also insidiously as melena (black feces). 
In the case of massive ulcer bleeding with the rapid bowel passage of blood, 
patients may also present with red rectal blood loss. When a patient has acute 
perforation, severe epigastric and abdominal pain usually develops, and the 
patient appears distressed. Characteristically, intense contracture of the abdomi-
nal muscles is apparent on palpation, together with rebound tenderness and 
other signs of peritoneal irritation. With large amounts of intra-abdominal 
air, percussion may reveal hypertympany over the liver.

 DIAGNOSIS
In a patient who presents with symptoms consistent with ulcer disease, the 
diagnostic evaluation should proceed along two different but complementary 
paths: confirmation of the anatomic abnormality and investigation of its cause 
(Table 130-3). In most patients, it is advisable to follow both diagnostic paths 
simultaneously, but sometimes it is reasonable to skip the anatomic verifica-
tion as a cost-saving strategy and proceed to management based on probable 
cause.

Anatomic Diagnosis
Upper gastrointestinal endoscopy (Chapter 125) is the primary investigative 
tool in patients suspected of having acid peptic disease. This technique can 
detect erosive gastritis (see Fig. 130-1) or an ulcer in the gastric wall or duo-
denal bulb (see Fig. 130-2). Because of the high prevalence and the spontane-
ous improvement of dyspeptic symptoms, endoscopy generally should not 
be performed immediately; rather, its use should be restricted to patients with 
persistent or recurrent symptoms. However, immediate endoscopy is indicated 
in patients with alarm symptoms such as weight loss, dysphagia, anorexia, 
considerable vomiting, anemia, or signs of occult or overt bleeding.

Endoscopy, which is the gold standard for diagnosis, is both highly sensitive 
and highly specific for the detection of ulcer disease. The most common loca-
tions for a peptic ulcer are the stomach and duodenal bulb, but peptic ulcers 
sometimes occur in the esophagus, the small bowel, and a Meckel diverticulum 
lined with heterotopic gastric mucosa. Endoscopic ultrasound may detect an 
unsuspected submucosal component or enlarged lymph nodes, such as may 

infection (Chapter 308), infection with herpes simplex virus type 1 (Chapter 
374), varicella-zoster virus (Chapter 351), cytomegalovirus infection (Chapter 
352), or Epstein-Barr virus (Chapter 353).

Alcohol
Short-term heavy alcohol use or long-term moderate to heavy alcohol use 
can lead to signs of acute and chronic gastritis. No evidence indicates that 
this type of gastritis is associated with a significant risk for peptic ulceration, 
although alcohol use increases the risk for bleeding in patients with peptic ulcer  
disease.

Hyperhistaminic Syndromes
Similar to the hypergastrinemic syndromes, persistent elevation of histamine 
can lead to hyperacidity as a result of the chronic stimulation of parietal cells. 
Elevated histamine levels are observed in two rare syndromes. Systemic mas-
tocytosis (Chapter 240) is characterized by a proliferation of mast cells in the 
bone marrow, skin, liver, spleen, and gastrointestinal tract, often associated with 
both spontaneous and trigger-induced (e.g., alcohol) release of histamine and 
other vasoactive substances. Patients with systemic mastocytosis often have 
gastrointestinal symptoms, including pain, diarrhea, and blood loss. Ulceration 
results from chronic gastric acid hypersecretion. Clues to the diagnosis include 
symptoms of pruritus, urticaria, or rash. The bone marrow and affected organ 
mast cell infiltrates carry a specific C-kit mutation and express CD2 and CD25. 
Histamine hypersecretion leading to peptic ulcer disease also can occur in 
chronic myelogenous leukemia (Chapter 175) with basophilia.

Other Drugs
Oral bisphosphonates, used widely for osteoporosis (Chapter 230), may induce 
gastric erosions and ulcerations in an estimated 3 to 10% of treated patients. 
The risk for ulcer disease may be synergistically increased by NSAID use but 
is probably independent of H. pylori colonization. Although corticosteroid 
treatment can be complicated by peptic ulcer disease, the relative risk is only 
slightly increased, except in patients with serious comorbid diseases, using 
long-term or high-dose therapy, or with prior ulcers. Other patients who use 
corticosteroids are not at serious risk for ulcer disease and therefore do not 
require measures to prevent ulcers. Similarly, the use of aldosterone antagonists 
is also associated with an increased risk for peptic ulcer and ulcer bleeding, 
likely related to impaired mucosal healing.

Persons who use amphetamines and crack cocaine (Chapter 31) frequently 
develop ulcer disease, often with perforation, possibly as a result of vascular 
insufficiency. Chemotherapy, particularly when given selectively as a high-dose 
intra-arterial infusion in the celiac system, can be complicated by ulcer disease. 
Patients on anticoagulant therapy and those with other coagulopathies may 
rarely develop intramural hematoma of the gastrointestinal tract. Depending 
on the location, these hematomas may cause obstruction, but they can also 
leave large ulcers when they rupture into the lumen. Radiation therapy of the 
upper abdomen is sometimes complicated by chronic ischemic ulceration, 
especially as a late complication.

 CLINICAL MANIFESTATIONS
The clinical manifestations of acid peptic disease (Table 130-2) do not always 
predict the various morphologic presentations found at endoscopy. Indeed, 
a silent ulcer may be recognized only when it presents abruptly with a com-
plication, most commonly hemorrhage or perforation, or it may be discovered 
incidentally when a diagnostic test is performed for other reasons. Neverthe-
less, the typical presentation of acid peptic disease is recurrent episodes of 
pain. The pain is almost invariably located in the epigastrium and may radiate 
to the back or, less commonly, to the thorax or other regions of the abdomen 
(see Table 130-2). Some patients describe the pain as burning or piercing, 
whereas others describe it as an uncomfortable feeling of emptiness of the 
stomach, referred to as painful hunger. Indeed, the pain may improve with  
the ingestion of food, only to return in the postprandial period. The timing 
of the pain in relation to meals and to the soothing effects of food is nonspe-
cific, however, and may also occur in patients with functional dyspepsia without 
ulcer. Nocturnal epigastric pain that awakens a patient several hours after a 
late meal is more likely to represent ulcer pain.

Aside from the pain during symptomatic episodes, patients may complain 
of retrosternal burning (heartburn) or acidic regurgitation into the throat, 
symptoms that reflect associated gastroesophageal reflux (Chapter 129), which 
is aggravated by hyperacidity or delayed gastric emptying. Nausea and vomit-
ing may also occur but are nonspecific. The presence of significant diarrhea 
should raise the possibility of Zollinger-Ellison syndrome (Chapter 219), but 

Stress Ulcers
Patients with severe medical conditions, such as major trauma, sepsis, exten-
sive burns, head injury, or multiorgan failure, can develop stress ulcers in the 
stomach or duodenum. Major risk factors for stress ulceration in severely ill 
patients include mechanical ventilation, coagulopathy, and hypotension, but 
factors such as hepatic and renal failure and the use of ulcerogenic medications 
may contribute. Stress ulcers occur independently of H. pylori colonization. 
Ulcers associated with head injury are known as Cushing ulcers, and ulcers 
associated with extensive burns are known as Curling ulcers. Stress ulcers 
were once common in patients in intensive care units, but improvements 
in overall management, including respiratory and hemodynamic care, acid 
inhibition, and emphasis on adequate feeding, have reduced the incidence 
of these ulcers, which currently affect 1 to 2% of these patients. Stress ulcers 
may be asymptomatic, but they can also cause complications, especially  
bleeding.

Other Factors
Cameron Ulcer
Patients with large hiatal hernias (Chapter 129) may present with proximal 
gastric ulcers, termed Cameron ulcers, at the level of the hiatus, where the 
stomach is compressed. These ulcers are usually asymptomatic but may cause 
occult or overt bleeding. During upper gastrointestinal endoscopy, patients 
with large hiatal hernias and iron deficiency anemia should be carefully 
examined in normal and retroverted positions for the presence of Cameron  
ulcers.

Anastomotic or Marginal Ulceration
Patients who have undergone partial gastrectomy sometimes develop recurrent 
ulcers, often located at the anastomosis or within the jejunum immediately 
opposite the anastomosis. Ischemia and chronic inflammation in particular 
resulting from biliary reflux may cause such ulcers. If biopsies exclude cancer, 
treatment includes acid suppression and H. pylori eradication, if needed. Anas-
tomotic ulcers after bariatric gastric surgery appear to be related to local 
ischemia. They have no clear correlation with H. pylori, and preoperative H. 
pylori eradication does not appear to reduce the incidence of such ulcers. 
However, proton pump inhibitor therapy may reduce their incidence. Peptic 
ulcer disease can be associated also with the retained gastric antrum syndrome 
when the antrum is not completely excised from the detached duodenum 
during partial gastrectomy surgery. Because it then lacks exposure to acid and 
is thus not physiologically downregulated, it continues to secrete gastrin despite 
normal or even high acid levels. Marginal ulcers can also occur after bariatric 
Roux-en-Y gastric bypass surgery.

Other Microbial Organisms
Colonization with Helicobacter heilmannii (formerly known as Gastrospirillum 
hominis), which is probably a zoonotic organism, is associated with mild gas-
tritis and sometimes with transient ulcer disease. Ulcer disease also may be 
infectious, resulting from secondary syphilis (Chapter 303), mycobacterial 

FIGURE 130-4. endoscopic view of an irregular gastric ulcer at the posterior wall and 
smaller curvature in a patient with chronic mesenteric ischemia due to subtotal stenosis 
of the celiac trunk. 
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occur in gastric neoplasia, especially lymphoma and linitis plastica (Chapter 
183). Ulcers in the dorsal wall of the duodenal bulb, especially at the transi-
tion from the bulb to the postbulbar descending portion of the duodenum, 
are most difficult to visualize. They sometimes require a side-viewing endo-
scope, particularly when endoscopic treatment is needed. Other regions where 
gastroduodenal ulcers can be easily missed are the cardia and the gastric angulus. 
Dieulafoy lesions may be difficult to diagnose because of their small mucosal 
defects and intermittent bleeding. Some patients require more than one endos-
copy, preferably during acute bleeding, to localize the lesion. Endoscopy is 
also useful for ascertaining the presence of concomitant disorders, including 
esophagitis and duodenitis, or complications, such as bleeding or a visible 
vessel (see Fig. 130-2); obtaining biopsy specimens for histologic examination 
and to assess for H. pylori (see Fig. 130-3); and performing therapeutic 
interventions.

In rare cases, such as stenosis that blocks the advancing endoscope, conven-
tional barium contrast radiographs (Chapter 124) are indicated. Additional 
investigations by endosonography or CT are needed when underlying malig-
nant disease is suspected. The endoscopist should obtain biopsy samples from 
all gastric ulcers, especially those with a suspicious appearance, to exclude 
potential malignant disease. Because duodenal ulcers are less likely to be 
malignant, biopsies are usually not required unless malignancy is specifically  
suspected.

Etiologic Diagnosis
Diagnosis must focus on establishing the cause of the ulcer. The first step is 
to determine whether H. pylori or NSAID use is present because these are 
the major risk factors for peptic ulcers and can be contributing factors in 
ulcers with other precipitating causes.3

Testing for Helicobacter pylori
In populations with high H. pylori prevalence, nearly all patients with peptic 
ulcer disease are positive for H. pylori, so diagnostic testing has little value 
except when antimicrobial susceptibility testing is needed. The prevalence of 
H. pylori remains high in immigrants from developing countries, where most 
people become H. pylori positive in youth. In Western countries, approximately 
50% of individuals who are older than 65 years are colonized with H. pylori, 
but the prevalence is less than 20% in those younger than 30 years. In these 
younger persons, the proportion of patients with ulcers who are H. pylori 
negative is higher than in older patients, making diagnostic testing for H. 
pylori, followed by targeted therapy in those who are positive for the bacterium, 
more attractive than empirical therapy.

The presence of H. pylori can be ascertained by four possible approaches: 
gastric biopsies, serum, stool, or breath test. The first method, gastric mucosal 
biopsies, is the standard procedure when diagnostic endoscopy is initially per-
formed. Routine hematoxylin and eosin staining is sensitive and specific for 

diarrhea also may result from the intensive use of magnesium-containing ant-
acids. In untreated patients, symptoms tend to be intermittent, with flares of 
daily pain lasting 2 to 8 weeks, separated by prolonged asymptomatic intervals. 
During periods of remission, patients may feel well and may be able to eat 
even heavy or spicy meals without apparent discomfort.

Physical Examination
The physical examination is usually unrevealing. If significant bleeding has 
occurred (Chapter 126), the patient may present with pallor and may be 
hypovolemic (Chapter 98). It is always useful to inquire about the character-
istics of the stool because ulcer-related bleeding may manifest not only obvi-
ously in the form of hematemesis but also insidiously as melena (black feces). 
In the case of massive ulcer bleeding with the rapid bowel passage of blood, 
patients may also present with red rectal blood loss. When a patient has acute 
perforation, severe epigastric and abdominal pain usually develops, and the 
patient appears distressed. Characteristically, intense contracture of the abdomi-
nal muscles is apparent on palpation, together with rebound tenderness and 
other signs of peritoneal irritation. With large amounts of intra-abdominal 
air, percussion may reveal hypertympany over the liver.

 DIAGNOSIS
In a patient who presents with symptoms consistent with ulcer disease, the 
diagnostic evaluation should proceed along two different but complementary 
paths: confirmation of the anatomic abnormality and investigation of its cause 
(Table 130-3). In most patients, it is advisable to follow both diagnostic paths 
simultaneously, but sometimes it is reasonable to skip the anatomic verifica-
tion as a cost-saving strategy and proceed to management based on probable 
cause.

Anatomic Diagnosis
Upper gastrointestinal endoscopy (Chapter 125) is the primary investigative 
tool in patients suspected of having acid peptic disease. This technique can 
detect erosive gastritis (see Fig. 130-1) or an ulcer in the gastric wall or duo-
denal bulb (see Fig. 130-2). Because of the high prevalence and the spontane-
ous improvement of dyspeptic symptoms, endoscopy generally should not 
be performed immediately; rather, its use should be restricted to patients with 
persistent or recurrent symptoms. However, immediate endoscopy is indicated 
in patients with alarm symptoms such as weight loss, dysphagia, anorexia, 
considerable vomiting, anemia, or signs of occult or overt bleeding.

Endoscopy, which is the gold standard for diagnosis, is both highly sensitive 
and highly specific for the detection of ulcer disease. The most common loca-
tions for a peptic ulcer are the stomach and duodenal bulb, but peptic ulcers 
sometimes occur in the esophagus, the small bowel, and a Meckel diverticulum 
lined with heterotopic gastric mucosa. Endoscopic ultrasound may detect an 
unsuspected submucosal component or enlarged lymph nodes, such as may 

TABLE 130-2 KEY SYMPTOMS AND SIGNS OF PEPTIC ULCER
UNCOMPLICATED ULCER

No symptoms (“silent ulcer” in up to 40% of cases)
Epigastric pain
Pain may radiate to the back, thorax, other parts of abdomen (cephalad most likely, 

caudad least likely)
Pain may be nocturnal (most specific), “painful hunger” relieved by food, or 

continuous (least specific)
Nausea
Vomiting
Heartburn (mimics or associated with gastroesophageal reflex)
COMPLICATED ULCER

Severe abdominal pain
Shock
Abdominal boardlike rigidity (and rebound and other signs of peritoneal irritation)
Free intraperitoneal air
Hemorrhage
Hematemesis and/or melena
Hemodynamic changes, anemia
Previous history of ulcer symptoms (80%)
Gastric outlet obstruction
Satiation, inability to ingest food, eructation
Nausea, vomiting (and related disturbances)
Weight loss

TABLE 130-3 DIAGNOSTIC PATHS AND TOOLS IN  
ULCER DISEASE

PATH 1: MORPHOLOGIC DIAGNOSIS

Gastroduodenoscopy
Barium contrast (inferior alternative)
Endoscopic ultrasound (selected cases only)
Computed tomography (useful in selected cases)
PATH 2: ETIOLOGIC DIAGNOSIS

Helicobacter pylori testing
Histologic examination of gastric mucosa with appropriate stains
Serum antibodies
Stool antigen test
Carbon-13 urea breath test

Ulcer Associated with Nonsteroidal Anti-inflammatory drug Use
History of drug ingestion
Decreased platelet aggregation
Molecular identification of drugs, pro-drugs, metabolites (complex, expensive)

Acid Hypersecretory syndromes
Serum gastrin elevation
Gastrin provocative tests (intravenous secretin, meal)
Gastric analysis (acid titration)
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Other Causes
In patients in whom a gastroduodenal ulcer cannot be ascribed to colonization 
with H. pylori, use of NSAIDs, or a hypersecretory syndrome, the establish-
ment of a definite etiologic diagnosis may require a more thorough evaluation, 
starting with a medical history that focuses on the use of other ulcerogenic 
agents and the presence of symptoms that could suggest an underlying systemic 
disease. The next step is to evaluate biopsy samples from ulcer borders and 
from the antrum, corpus, and duodenum. The ulcer specimens may reveal 
overt or suspicious signs of malignancy, in particular adenocarcinoma (Chapter 
183) or lymphoma. In these cases, further diagnostic evaluation should include 
staging of the malignancy. Alternatively, the biopsies may provide evidence 
of other infectious conditions, specific types of gastritis, celiac disease, ischemia, 
amyloidosis, or a systemic inflammatory condition. These data can be com-
bined with clues provided by the endoscopic evaluation, including the character 
and location of the ulcer, signs of ischemia, and signs of inflammation at other 
locations. Further evaluation should focus on the presence of systemic disor-
ders and may include a chest radiograph, angiography, ileocolonoscopy, and 
abdominal CT.

Differential Diagnosis
The differential diagnosis of ulcer-like symptoms includes many disorders of 
the upper abdominal organs, including malignant diseases of the stomach 
(Chapter 183), duodenum (Chapter 184), pancreas (Chapter 185), or bile 
ducts (Chapter 186). The differential diagnosis of upper abdominal symptoms 
also includes liver and gallstone disease (Chapter 146), pancreatitis (Chapter 
135), and motility disorders (Chapter 127). In many patients with upper 
abdominal dyspeptic complaints, no underlying cause can be identified. In 
this “nonulcer” or functional dyspepsia group, complaints characteristic of 
gastroesophageal reflux, ulcer symptoms, or dysmotility symptoms may be 
prominent. Some patients (generally 5%) benefit from eradication of H. pylori, 
with a slow decrease of dyspeptic complaints over 12 to 24 months, but func-
tional dyspepsia is not a proven or widely accepted indication for treatment 
of H. pylori. If such treatment is considered, both the patient and the physician 
should be prepared for persistent symptoms despite eradication of H. pylori 
and potentially for the emergence of antimicrobial-resistant H. pylori, which 
may result in a spiral of multiple courses of therapy in an attempt to remove 
resistant organisms.

Diagnostic Scenarios: Acute or Initial Clinical Presentation
Younger (≤45 years old) patients without alarm symptoms or signs such as 
anemia, rapid weight loss, or other evidence of serious disease do not neces-
sarily require endoscopy, and malignant gastric disease is unlikely. When a 
physician is treating a patient who lives in an area of the world with a relatively 
high prevalence of H. pylori infection (>10% of the population is positive), a 
test-and-treat approach can begin with an H. pylori stool antigen determina-
tion, urea breath test, or H. pylori serologic examination. However, although 
commonly practiced, the test-and-treat approach has never been documented 
to improve outcomes, except in the setting of endoscopically confirmed peptic 
ulcer disease. If the H. pylori test is positive, the patient can be treated with 
the appropriate H. pylori eradication drugs (see later) and observed for 4 to 
6 weeks. If a patient with dyspeptic symptoms is taking an NSAID, either 
orally or parenterally, the first therapeutic approach is to discontinue these 
drugs and to prescribe a proton pump inhibitor for 4 to 6 weeks. In patients 
who test negative for H. pylori and who are not taking NSAIDs or who do 
not improve after these drugs are discontinued, endoscopy is indicated to 
determine whether an ulcer is present.

Conversely, gastroenterologists more commonly proceed directly to endos-
copy. If no abnormalities are apparent or the endoscopic study shows only 
“gastritis” without an overt ulcer, a biopsy should be obtained to ascertain by 
histologic examination or urease testing whether H. pylori is present. If H. 
pylori is present, then eradication treatment may be pursued. However, the 
efficacy of H. pylori eradication for the relief of functional dyspeptic symptoms 
is only about 5 to 13% greater than with placebo, A1  and eradication therapy 
increases the risk for reflux-related symptoms (Chapter 129), especially in 
Asian patients.

If endoscopic examination reveals an ulcer, its location determines the 
subsequent approach. An ulcer in the duodenal bulb has only a remote chance 
of representing a malignant lesion and need not routinely be examined by 
biopsy. By contrast, biopsy is mandatory for a gastric ulcerative lesion identi-
fied at endoscopy because malignant gastric disease may present with similar 
clinical manifestations and may resemble benign ulcer disease morphologically. 

H. pylori. However, the accuracy of this technique may be affected by sampling 
error, improper orientation of the specimen, and recent therapy with proton 
pump inhibitors or antibiotics. The presence of H. pylori in gastric mucosal 
biopsies also can be assessed by rapid urease testing, which has a high positive 
predictive value, although false-negative tests occur in patients using proton 
pump inhibitors or antibiotics and in patients with marked atrophic gastritis 
and intestinal metaplasia. Finally, biopsies can be cultured for H. pylori when 
it is important to assess antimicrobial resistance in patients with recurrent 
disease after previous antibiotic treatment.

A second option is serology, which is simple, inexpensive, and accurate, 
although its predictive value is lower in areas where the prevalence of H. pylori 
is low. Serology is not helpful to verify whether H. pylori has been eradicated 
with antibiotics because it may take more than 6 months or even 1 to 2 years 
for H. pylori antibodies to decrease to undetectable levels.

A third option is a stool H. pylori antigen test, which is similar in accuracy 
to standardized serologic testing. Finally, the carbon-13 or carbon-14 urea breath 
test, which relies on the detection of H. pylori urease activity, is a noninvasive 
and relatively simple test, but it is more expensive than stool or blood testing. 
Although the test usually becomes negative as soon as H. pylori treatment is 
begun, a minimum interval of 6 to 8 weeks after therapy has ended is recom-
mended to reduce false-negative results.

Nonsteroidal Anti-inflammatory Drugs
NSAIDs are usually established as the putative cause of an ulcer based on 
information obtained from the patient. Assessment of NSAID use in an indi-
vidual patient presenting with ulcer disease can be difficult both because 
NSAID use is common and often intermittent and because many different 
NSAIDs are widely available over the counter in most countries. NSAID use 
is usually evaluated by detailed medical history, focusing not only on current 
and recent drug use, and especially over-the-counter treatments, but also on 
symptoms of pain, including musculoskeletal complaints. Further information 
from family members, family practitioners, and pharmacists is sometimes 
helpful. If surreptitious use of NSAIDs is suspected, direct serum and urine 
testing for aspirin and NSAID derivatives is feasible, or aspirin use can be 
assessed indirectly by a platelet adherence assay; however, these tests are not 
commonly used in clinical practice.

Hypersecretory Syndromes
Hypersecretory syndromes not related to H. pylori or NSAIDs are rare causes 
of ulcer disease and are diagnosed by special tests (see Table 130-3). Zollinger-
Ellison syndrome should be strongly considered in patients with multiple 
ulcers, particularly in atypical locations such as distal to the duodenal bulb, 
and when diarrhea is present because these finding are uncommon in H. 
pylori–related peptic ulcer disease. Hypergastrinemic syndromes (e.g., Zollinger-
Ellison syndrome, antral G-cell hyperplasia) are best diagnosed by a deter-
mination of serum gastrin levels, both basal and after stimulation with 
intravenous secretin (gastrinoma detection) or a test meal (antral G-cell 
hyperplasia detection). When detected early, gastrinomas may be resectable 
(Chapter 219).

Gastric analysis, by quantified aspiration of gastric juice through a nasogastric 
tube (both basal and after stimulation with subcutaneous pentagastrin), is 
indicated in only two rare circumstances: patients with elevated serum gastrin 
levels suggestive of Zollinger-Ellison syndrome or antral G-cell hyperplasia, 
but with equivocal responses to standard gastric provocative tests, and patients 
with indirect signs of gastric hypersecretion (e.g., enlarged folds and abundant 
clear fluid at endoscopy), normal gastrin levels, and negative provocative gastrin 
tests but who may still be hypersecretors, such as patients with recurrent ulcer 
disease despite a prior vagotomy with or without antrectomy. A basal acid 
output greater than 15 mEq/hour or greater than 5 mEq/hour in a postopera-
tive patient is considered a positive test result.

The diagnosis of Zollinger-Ellison syndrome is best confirmed by gastric 
analysis showing a basal acid output greater than 15 mEq/hour in conjunc-
tion with a fasting serum gastrin level exceeding 1000 pg/mL in the presence 
of gastric pH less than 2. To skip the cumbersome gastric analysis, a gastric 
pH determination showing a fasting pH of 2 or less is adequate. For serum 
gastrin levels in the range 100 to 1000 pg/mL and intragastric pH greater 
than 2, an increase in the serum gastrin to more than 200 pg/mL after a secre-
tin stimulation test is suggestive of the diagnosis. An elevated serum gastrin 
level alone is not sufficient to diagnose Zollinger-Ellison syndrome because 
serum gastrin levels tend to increase over time with atrophic gastritis and 
also can be markedly increased in patients receiving proton pump inhibitor  
therapy.
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Even if histologic assessment does not identify a malignant process, repeat 
endoscopy is recommended about 1 month after therapy to verify complete 
healing and for biopsy of the scar.

TREATMENT

Helicobacter pylori−Associated Ulcers
H. pylori−associated ulcers often heal spontaneously, but acid suppressive 

therapy accelerates healing and ameliorates symptoms. Four weeks of acid 
suppressive therapy heals 70 to 80% of ulcers, and this number increases to 
more than 90% after 8 weeks of therapy. If H. pylori colonization persists, however, 
ulcers recur in 50 to 90% of patients within 12 to 24 months; this rate can be 
reduced to 20 to 30% with maintenance acid suppression and to less than 5% 
with H. pylori eradication. A2  Eradication treatment is therefore mandatory (Table 
130-4).4 The success of eradication treatment strongly depends on therapy 
adherence and antimicrobial resistance.5 Resistance of H. pylori to metronidazole 
varies between 20 and 80% throughout the world. Clarithromycin resistance 
is increasing and ranges between 10 and 50% in many regions owing to the 
widespread use of macrolides to treat upper respiratory infections. Resistance 
to amoxicillin and tetracycline is rare and is not usually relevant in clinical 
practice. Levofloxacin resistance was very rare a decade ago, but it now ranges 
between 10 and 50% in many regions of the world. Because of this worldwide 
increase in prevalence of antimicrobial resistance, H. pylori eradication regimens 
continue to evolve.

The conventional regimen is empiric “triple” therapy for 14 days.6,7 This treat-
ment remains a standard regimen for regions and populations with a clarithro-
mycin resistance below 15%, such as in Northern Europe and North America. 
Triple therapy combines a proton pump inhibitor with two antibiotics, usually 
combinations of amoxicillin, a nitroimidazole, and clarithromycin, the latter 
sometimes being replaced by levofloxacin. Double-dose proton pump inhibitor 
therapy (dose equivalent to omeprazole 40 mg twice daily) also increases eradi-
cation rates by approximately 10% and is preferred. For patients in whom such 
therapy fails, a 14-day course of quadruple therapy (see later) eradicates H. 
pylori in an additional 80% of patients (Fig. 130-5). Adding probiotic capsules 
to standard triple therapy appears to hasten the resolution of symptoms and 
increase the eradication of H. pylori. A3 

Because of the increased prevalence of antimicrobial resistance, initial empiric 
“quadruple” therapies A4  or susceptibility-guided antibiotic treatment A5  are increas-
ingly being recommended over initial empiric “triple therapy” because of their 
better first-line efficacy. Bismuth-based quadruple therapy consists of a proton 
pump inhibitor, a bismuth compound, and two antibiotics, usually tetracycline 
and a nitroimidazole (see Table 130-4). This regimen leads to eradication in 80 
to 95% of patients. Non–bismuth-based quadruple therapies consist of a proton 
pump inhibitor plus three antibiotics, usually given for 14 days (see Table 130-4). 
The three forms of non–bismuth-based quadruple therapy (sequential, hybrid, 
and concomitant therapy) differ in their antibiotic dosing schedule. Sequential 
therapy consists of a proton pump inhibitor with amoxicillin, usually given for 
5 days, followed by a proton pump inhibitor with clarithromycin and a nitro-
imidazole for another 5 days. Ten-day sequential therapy is equally effective as 

14-day triple therapy. A6  Hybrid therapy starts with the same 5-day combination 
of a proton pump inhibitor with amoxicillin and then continues the amoxicillin 
for the next 5 days together with clarithromycin and metronidazole. Concomi-
tant therapy, which gives these same drugs all together for 14 days, is the most 
effective, in particular when given for 14 days with a proton pump inhibitor in 
a dose of 40 mg twice daily.

Continuation of acid suppressive therapy after antibiotic treatment is needed 
only when symptoms persist or in cases of complicated ulcer disease until 
eradication of H. pylori has been confirmed. Ascertainment of therapeutic effi-
cacy must be delayed at least 1 month after the end of treatment to prevent 
false-negative results related to the organism’s temporary suppression but not 
eradication. When repeat endoscopy is needed (e.g., a gastric ulcer requires 
repeated histologic examination to exclude underlying malignancy), repeat 
screening for H. pylori can be performed using gastric biopsy specimens for 
histologic examination, culture, or urease testing. If no clinical indication exists 
for repeat endoscopy, H. pylori status can be determined by a carbon-13 urea 
breath test, stool H. pylori antigen, or repeated serology. Serologic determina-
tion is based on a more than 40 to 50% decrease in immunoglobulin G antibody 
levels in the first 6 months after treatment compared with pretreatment levels 
in that patient; ideally, the (frozen) pretreatment and post-treatment specimens 
should be examined simultaneously by the same laboratory using the same 
assay.

After successful H. pylori eradication, the risk for recurrent infection in most 
populations is less than 1% per year. In a minority of patients, ulcers recur either 
owing to reinfection or in the presence of another ulcerogenic factor, particularly 
NSAID use. Quinalone-based quadruple therapy (including bismuth) for 10 or 
more days is an excellent second-line therapy for patients who do not respond 
to initial therapy. A7 

Disease Related to Nonsteroidal Anti-inflammatory 
Drug Use

In patients who are diagnosed with acid peptic disease while they are taking 
NSAIDs or aspirin, the first step is to stop such therapy. Acid suppression with 
a proton pump inhibitor (in doses similar to those used for H. pylori) leads to 
healing of 85% of NSAID-induced gastric ulcers and more than 90% of duodenal 
ulcers within 8 weeks of therapy, whereas acid suppression with a histamine-2 
(H2)-receptor blocker, equivalent to ranitidine 300 mg twice daily (see Table 
129-1), heals approximately 70% of ulcers within 8 weeks. The mucosal protec-
tive drug misoprostol (200 mg four times daily) has a similar effect to the H2 
blockers. Treatment must be continued for at least 8 weeks, and maintenance 
therapy is needed in patients who continue to take NSAIDs. Gastric ulcers, 
larger lesions, and recurrent lesions heal more slowly.

Ulcer occurrence during NSAID therapy suggests a causal relationship, but 
patients should also be tested for H. pylori. In patients who are H. pylori positive, 
eradication therapy should be considered because there are no clear clinical 
parameters distinguishing between these etiologic factors.

Idiopathic Ulcer Disease
Patients with idiopathic ulcer disease despite a thorough assessment for 

underlying causes are treated primarily with an acid suppressant, usually a 
proton pump inhibitor, because they are at considerable risk for recurrent ulcer 

TABLE 130-4 OVERVIEW OF ANTIBIOTICS USED FOR HELICOBACTER PYLORI ERADICATION

DRUG CLASS DRUG TRIPLE THERAPY* DOSE
BISMUTH-BASED 

QUADRUPLE THERAPY† DOSE
NON–BISMUTH-BASED 

QUADRUPLE THERAPY‡ DOSE
Acid suppression Proton pump inhibitor 40 mg bid§ 20-40 mg bid§ 20-40 mg bid§

Standard antimicrobials Bismuth compound‖ 2 tablets bid
Amoxicillin 1 g bid 1 g bid 1 g bid
Metronidazole¶ 500 mg bid 500 mg tid 500 mg bid
Clarithromycin 500 mg bid 500 mg bid
Tetracycline 500 mg qid

Salvage antimicrobials Levofloxacin 500 mg bid 500 mg bid 500 mg bid
Rifabutin 150 mg bid
Furazolidone 100 mg bid 100 mg bid
Doxycycline 100 mg bid 100 mg bid
Nitazoxanide 500 mg bid 500 mg bid

*Triple therapy consists of a proton pump inhibitor or bismuth compound, together with two of the listed antibiotics, usually given for 7 to 14 days.
†Bismuth-based quadruple therapy consists of a proton pump inhibitor plus the combination of a bismuth compound and two antibiotics, usually given for 7 to 14 days.
‡Non-bismuth-based quadruple therapy consists of a proton pump inhibitor, plus three antibiotics usually given for 10 days and sometimes extended to 14 days. The three forms of non-bismuth-based 
quadruple therapy differ in their antibiotic dosing schedules: (1) sequential therapy gives amoxicillin for the first half of the course, and then metronidazole and clarithromycin for the second half; (2) hybrid 
therapy starts with amoxicillin for the first half, and then continues the second half with amoxicillin, clarithromycin, and metronidazole; (3) concomitant therapy combines all three antibiotics throughout the 
usual 10- to 14-day therapy. Other combinations of antibiotics are occasionally used.
§Proton pump inhibitor dose equivalent to omeprazole 20 to 40 mg bid. (See Table 129-1 for doses of other proton pump inhibitors).
‖Bismuth subsalicylate or subcitrate.
¶An alternative is tinidazole 500 mg bid.



CHAPTER 130 Acid PePtic diseAse878

 PREVENTION
Primary Prevention
A test-and-treat strategy for H. pylori colonization is sometimes considered 
for patients with dyspeptic symptoms, but there is no specific way to prevent 
H. pylori–associated ulcer disease. By contrast, primary prevention of NSAID-
associated ulcer disease is widely advocated for patients at high risk because 
of a prior ulcer, severe concomitant disease, or use of warfarin or high-dose 
corticosteroids as well as for critically ill patients in intensive care units. H2 
blockers (at a dose equivalent to ranitidine 300 mg twice daily; Table 129-1) 
partially prevent duodenal ulcer disease during NSAID therapy but have no 
effect on preventing gastric ulcers unless a higher dose (equivalent to famoti-
dine 40 mg twice daily) is given. Proton pump inhibitors A8  (at a dose equivalent 
to omeprazole 20 mg once daily; Table 129-1) and misoprostol (in doses 
varying between 400 and 800 mg/day) partially protect against both gastric 
and duodenal ulcers during NSAID use. Misoprostol and proton pump inhibi-
tors are equally effective, but adherence with therapy is lower with misoprostol 
owing to its side effects. Patients should be advised of the importance of 
adherence because less than 80% adherence to gastroprotection is associated 
with a more than two-fold increased risk for ulcer disease compared with 
those who are fully adherent. During low-dose aspirin therapy, primary pre-
vention of ulcers is advocated for the same risk groups, using a proton pump 
inhibitor or an H2-receptor antagonist. A9  For the prevention of stress ulcers 
in patients in intensive care units, proton pump inhibitors are preferred. A10 

Secondary Prevention
Secondary prevention of H. pylori–associated ulcer disease is mandatory and 
consists of successful bacterial eradication. Testing to ascertain H. pylori status 
after eradication therapy is indicated in patients with prior complicated ulcer 

disease. After the underlying cause is identified and adequately treated, acid 
suppressive therapy can be withdrawn if there are no additional risk factors 
for ulcer disease, such as NSAID therapy or H. pylori infection. If the cause of 
the idiopathic ulceration is not clarified and there is doubt about the adequacy 
of the diagnostic testing for H. pylori, empirical eradication therapy can be 
considered, especially when there is histologic evidence of chronic active gas-
tritis without further explanation. If related to unidentified H. pylori, gastritis 
should slowly disappear after successful eradication therapy.

disease or with persistent or recurrent symptoms after therapy, as well as in 
patients who fail to complete the therapeutic course.

Secondary prevention of NSAID-related ulcer disease is preferentially 
achieved by the withdrawal of NSAIDs. In patients who must continue taking 
NSAIDs, a change to a selective COX2 inhibitor A11  in combination with a 
proton pump inhibitor at a dose equivalent to esomeprazole 20 mg twice 
daily is advocated, especially for patients with complicated ulcer disease. This 
combination is associated with a lower risk for secondary peptic ulcer com-
plications than treatment with a COX2 inhibitor alone.

Secondary prevention of recurrent ulcers in patients who use aspirin may 
depend on H. pylori status. In H. pylori–positive patients, H. pylori eradication 
is as effective as a proton pump inhibitor for the prevention of recurrent ulcers. 
H. pylori–negative patients require additional acid suppressive therapy at a 
dose equivalent to esomeprazole 20 mg twice daily. A12  Secondary prevention 
of idiopathic ulcer disease consists primarily of maintenance therapy with a 
proton pump inhibitor and treatment of the underlying condition. When 
there is doubt about the accuracy of the diagnostic assessment for H. pylori, 
an empirical course of eradication treatment can be considered.

Complications
Hemorrhage
Hemorrhage (Chapter 126), which is the most common complication of peptic 
ulcer disease, occurs in about one in six patients with ulcers over the course 
of their ulcer activity. Ulcers caused by NSAIDs account for a larger propor-
tion of these hemorrhages. Peptic ulcer is thus the most common cause of 
nonvariceal upper gastrointestinal bleeding, accounting for 40 to 60% of cases 
in most populations. Bleeding is associated with a 5 to 15% risk for rebleeding 
and up to a 10% risk for mortality. Hemorrhage may occur along a continuum 
from a serious acute event associated with hemodynamic shock and high 
mortality to slow or intermittent blood loss leading to chronic anemia. Approxi-
mately 80% of patients with bleeding ulcers describe a prior history of symp-
tomatic disease, and about 20 to 30% have suffered a previous hemorrhage. 
Assessment of the magnitude of bleeding is of paramount importance in 
determining the need for transfusion and subsequent management (Table 
130-5). Initial hematocrit levels may be misleading and are likely to fall because 
of hemodilution. Rapid bleeding is usually apparent on the basis of clinical 
signs (pallor, systolic blood pressure ≤100 mm Hg, pulse ≥100 beats/minute); 
immediate fluid resuscitation is indicated to prevent circulatory collapse. 
Transfusion is needed in patients with marked anemia. Restrictive transfusion 

H. pylori-associated
acid peptic disease

If clarithromycin resistance <15% If clarithromycin resistance >15%

First-line therapies

Triple therapy
(double dose PPI,

metronidazole,
clarithromycin)

Bismuth quadruple therapy
(PPI, bismuth,
metronidazole,

tetracycline)

Bismuth quadruple therapy*
(PPI, bismuth,
metronidazole,

tetracycline)

Non-bismuth quadruple therapy
(PPI, amoxicillin,
metronidazole,
clarithromycin)

Non-bismuth quadruple therapy
(PPI, amoxicillin, combined with two alternative antibiotics;

see Table 130-4)

Rescue therapies

Culture susceptibility testing
If not available: Bismuth or non-bismuth quadruple therapy with salvage antibiotics

see Table 130-4

FIGURE 130-5. Management of H. pylori–associated acid peptic disease. see text and table 130-4 for duration of therapy. PPi = proton pump inhibitor. *Preferred therapy if clar-
ithromycin resistance >15%. 
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an assessment of the underlying ulcer base and the treatment of any underly-
ing visible vessels to reduce the risk for rebleeding.

Pre-endoscopy administration of intravenous proton pump inhibitor therapy 
(at a dose equivalent to a bolus of 80 mg esomeprazole, followed by a continu-
ous infusion of 8 mg/hour until endoscopy) reduces bleeding and the need for 
emergent endoscopic treatment, but it has no effect on the need for transfusion 
or the occurrence of rebleeding or death. For patients with active bleeding or 
stigmata of recent bleeding, endoscopic treatment should be followed by an 
intravenous proton pump inhibitor given as a bolus at a dose equivalent to 
80 mg esomeprazole over 30 minutes, followed by a continuous infusion at a 
dose equivalent to esomeprazole 8 mg/hour for 72 hours, to reduce rebleeding 
and the need for further intervention. Intermittent oral or intravenous therapy 
at 6- to 12-hour intervals in a cumulative daily dose equivalent to 80 to 160 mg 
esomeprazole may be equally effective, although more evidence is needed in 
patients from Western countries. A15  Other therapies, including tranexamic acid, 
vasopressin, somatostatin, and octreotide, should be considered experimental 

using a hemoglobin threshold of 70 to 80 g/L is associated with fewer transfu-
sions and lower risks for rebleeding and mortality. A13  Mortality is particularly 
related to complications of the bleed, such as aspiration, and exacerbation of 
underlying disease, such as pulmonary, cardiovascular, renal, and hepatic 
disease. On rare occasions, patients may actually bleed to death, especially 
when a larger artery is affected, such as when an ulcer in the posterior wall of 
the duodenal bulb perforates the gastroduodenal artery. The stopping of such 
bleeding is therefore a medical emergency.8

Initial treatment aims at hemodynamic stabilization. Endoscopy is the 
mainstay of therapy and should be performed emergently or within 24 hours 
of presentation in high-risk cases, especially patients who are hemodynami-
cally unstable, require transfusion, or have more severe comorbidities.9 Endos-
copy can be performed to ascertain the origin of the bleeding and, if necessary, 
provide therapy to stop the bleed and reduce the risk for rebleeding.

The appearance of the ulcer determines the need for endoscopic treatment 
and the risk for rebleeding (Table 130-6) and mortality. “Clean base” ulcers 
and those with flat and pigmented spots carry a low risk for rebleeding and 
do not require endoscopic treatment. In contrast, ulcers with active bleeding 
or stigmata of recent bleeding, in particular a visible vessel or adherent clot, 
require treatment to stop the bleed and reduce the otherwise high risk for 
recurrence.

Endoscopic therapy may lead to a three-fold reduction in episodes of recur-
rent bleeding and in the need for surgical intervention, as well as a 40% reduc-
tion in mortality. Treatment modalities include injection therapy with 
epinephrine or a sclerosant, thermocoagulation, and mechanical pressure by 
means of clips. Thermocoagulation can be performed by direct contact, such 
as with a heater probe, or by a noncontact method, such as argon plasma 
coagulation. The efficacy of these methods is generally comparable, except 
that epinephrine injection alone is inferior to the other modalities but can be 
useful when combined with any of the others. A14  If an adherent clot is found, 
an attempt should be made to remove it by water flushing or snaring to allow 

TABLE 130-5 PARAMETERS OF THE ROCKALL, BLATCHFORD, AND AIMS65 SCORING SYSTEMS FOR UPPER  
GASTROINTESTINAL BLEEDING*

SCORING 
CATEGORIES

SCORING 
PARAMETERS

ROCKALL SYSTEM† BLATCHFORD SYSTEM‡ AIMS65§

PARAMETER SCORE PARAMETER SCORE PARAMETER SCORE
Age Age (yr) 60-79 1 N/A — >65 1

≥80 2
Clinical status Systolic blood 

pressure
<100 2 100-109 1 ≤90 1

90-99 2
<90 3

Pulse >100 1 >100 1 N/A —
Melena N/A — Present 1 N/A —
Syncope N/A — Present 1 N/A —
Altered mental status N/A — N/A — Present 1
Comorbidities Any major comorbidity 2 Hepatic disease 2 N/A —

Renal or liver failure, or disseminated malignancy 3 Cardiac failure 2
Laboratory parameters Blood urea, mmol/L N/A — 6.5-7.9 2 N/A —

8.0-9.9 3
10-24.9 4
>25.0 6

Hemoglobin, g/dL N/A — Men: 12.0-13.0 1 N/A —
Women: 10.0-12.0 1
Men: 10.0-12.0 3
Men and women: <10.0 6

INR N/A — N/A — >1.5 1
Albumin N/A — N/A — <3.0 g/dL 1

Endoscopy Endoscopic diagnosis No focus, or Mallory-Weiss tear 0 N/A — N/A —
Upper GI malignancy 2
All other diagnoses 1

Endoscopic SRH None/dark spot only 0 N/A — N/A —
Blood/clot/vessel 2

*The Blatchford (Stanley AJ, Ashley D, Dalton HR, et al. Outpatient management of patients with low-risk upper-gastrointestinal haemorrhage: multicentre validation and prospective evaluation. Lancet. 
2009;373:42-47) and AIMS65 (Saltzman JR, Tabak YP, Hyett BH, et al. A simple risk score accurately predicts in-hospital mortality, length of stay, and cost in acute upper GI bleeding. Gastrointest Endosc. 
2011;74:1215-1224) systems are pre-endoscopy scoring systems; the Rockall system (Rockall TA, Logan RF, Devlin HB, et al. Risk assessment after acute upper gastrointestinal haemorrhage. Gut. 1996;38:316-
321) has a pre- and post-endoscopy component. The Blatchford system is a tool to select patients for early discharge and later endoscopy during office hours. The Rockall score can help to assess the risk for 
rebleeding and mortality. The AIMS65 predicts mortality.
†Scores before and after endoscopy. Low risk defined as scores of ≤2, high risk defined as scores ≥6.
‡Low risk defined as score of 0.
§Low risk defined as score of ≤1, high risk as score ≥2.
GI = gastrointestinal; INR = international normalized ratio; N/A = not applicable; PUD = peptic ulcer disease; SRH = stigmata of recent hemorrhage.

TABLE 130-6 ENDOSCOPY RESULTS IN PATIENTS WITH 
BLEEDING ULCERS

ENDOSCOPY 
RESULT

ULCER 
CHARACTERISTICS*

RISK FOR RECURRENT 
BLEEDING (%)

Active bleeding Arterial bleeding 80-90
Oozing bleeding 10-30

Stigmata of recent 
bleeding

Nonbleeding visible vessel 50-60
Adherent clot 25-35
Flat pigmented spot 0-8

No signs of bleeding Clean ulcer base 0-12
*The ulcer characteristics determine the risk for recurrent bleeding during follow-up.
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intravenously) are usually administered. Unless a specific contraindication 
exists, emergency surgery is usually indicated,10 although more conservative 
approaches are sometimes appropriate. Given the success in achieving the 
long-term cure of ulcer disease through the eradication of H. pylori and the 
withdrawal of NSAIDs, suturing of the perforated ulcer may be adequate, 
permitting the patient to avoid a more radical vagotomy with or without gastric 
resection.

Intractability
Intractability is a term strictly applied to an ulcer that persists even after inten-
sive and prolonged proton pump inhibitor therapy. Symptoms may or may 
not be present. These rare cases may result from poor compliance with recom-
mended treatment, surreptitious use of ulcerogenic drugs, or other diseases 
(e.g., Crohn disease, ischemia, infection with bacteria other than H. pylori, 
viral infection). If these issues are recognized and these diagnoses are pursued, 
further complications and interventions such as surgical vagotomy and pylo-
roplasty can almost always be avoided.

Acid peptic disease related to alcohol or bisphosphonates should be addressed 
by discontinuing the precipitating agent. Treatment of Zollinger-Ellison syn-
drome requires high-dose proton pump inhibitors and/or surgery (Chapter 
219). Those rare ulcers caused by Crohn disease (Chapter 132), vasculitis 
(Chapter 254), sarcoidosis (Chapter 89), polycythemia vera (Chapter 157), 
amyloidosis (Chapter 179), and other rare disorders should be addressed by 
treating the underlying condition. Stress ulcers and Cameron ulcers are treated 
by potent acid suppressive therapy (e.g., omeprazole 20 mg twice daily).

Stenosis
Gastric outlet obstruction is now a rare complication of ulcer disease because 
of the early detection and treatment of most ulcers. Most patients who develop 
clinically relevant gastric outlet obstruction have had an ulcer in the duodenal 
bulb and/or pyloric channel. Edema and inflammation play an important 
role, and occasionally a patient with active disease presents with symptoms 
of outlet obstruction as manifested by nausea, vomiting, and gastric stasis 
without a tight, chronic stenosis. Management therefore involves three key 
steps. The first is nasogastric tube aspiration and gastric lavage to clear the 
stomach of retained debris, followed by early endoscopy. This step facilitates 
an accurate diagnosis. Nasogastric suction may need to be maintained for 
several days if vomiting resumes when the tube is clamped. The second step 
consists of intense antisecretory therapy using intravenous proton pump inhibi-
tors in a dose equivalent to a bolus of 80 mg esomeprazole over 30 minutes, 
followed by a continuous infusion of 8 mg/hour. Finally, the cause of the ulcer 
needs to be addressed, usually by eradicating H. pylori and withdrawing NSAIDs. 
If the initial treatment resolves the clinical situation and the patient can resume 
eating, it is often not necessary to undertake further treatment of the outlet 
stenosis; however, tight, fibrous scarring may require endoscopic balloon dila-
tion or surgery.

 PROGNOSIS
Most peptic ulcers heal spontaneously within weeks to months. However, if 
the underlying condition is not adequately treated, a large proportion of ulcers 
recur. Both initial and recurrent ulcers can give rise to complications. The four 
major complications are intractability, perforation, hemorrhage, and stenosis. 
Each distinct situation requires specific management approaches. Patients with 
complicated ulcer disease are at particular risk for recurrent complications 
and need careful assessment for secondary prevention. In patients who take 
long-term acid suppressive therapy, especially with proton pump inhibitors, 
the risks for community-acquired pneumonia and vitamin B12 deficiency 
(Chapters 155 and 205) are increased.11

(Chapter 126). Second-look endoscopy is not routinely indicated but can be 
considered in very high-risk cases, particularly when there is doubt about the 
adequacy of initial visualization or treatment.

About 70 to 80% of rebleeds occur within the first 3 days and generally 
should be managed by repeat endoscopy. If endoscopy fails to stop the bleed 
or prevent further rebleeding, surgery and interventional radiology are equiva-
lent options. Surgery includes stitching of the ulcer and occlusion of the feeding 
artery, usually the gastroduodenal artery. Interventional radiology uses angi-
ography to insert coils in the culprit vessel at the site of the bleed. Single-center 
observational experience suggests that each of these methods is equally effective 
in the hands of experienced clinicians, and the choice depends on local avail-
ability and expertise.

The risk for a fatal outcome of an upper gastrointestinal hemorrhage can 
be estimated based on five clinical and endoscopic parameters (see Table 
130-5). In several studies, mortality in patients with a bleeding peptic ulcer 
was less than 2% among those with a score of 2 points or less, 10% in those 
with 3 to 5 points, and up to 46% in those with 6 points or more. Management 
of patients who recover after a peptic ulcer hemorrhage is similar to the treat-
ment of patients with uncomplicated ulcers. Eradication of H. pylori provides 
excellent protection against both recurrence and rebleeding of H. pylori–related 
ulcers. NSAID-induced ulcers are preferentially managed by the withdrawal 
of NSAIDs or, if this is not feasible, by the combination of a COX2 inhibitor 
and a proton pump inhibitor at a dose equivalent to esomeprazole 20 mg 
twice daily. In patients with a history of ulcer bleeding and concomitant car-
diovascular disease requiring antiplatelet therapy, the combination of low-dose 
aspirin and a proton pump inhibitor at a dose equivalent to esomeprazole 
20 mg twice daily is associated with a lower risk for complicated ulcer than 
is clopidogrel monotherapy. If a patient who requires antiplatelet therapy pre-
sents with a bleeding ulcer, antiplatelet therapy should be continued or restarted 
as soon as possible if the risk for a cardiovascular event outweighs the risk for 
recurrent bleeding.

Perforation
Perforation may manifest as an acute event, whereby gastric contents spill 
into the peritoneal cavity, or more insidiously as the ulcer slowly penetrates 
into surrounding tissues. Acute free perforation typically causes abrupt and 
severe abdominal pain associated with abdominal muscular spasm that pro-
duces boardlike rigidity of the abdomen and other manifestations of peritoneal 
irritation. Secondary hemodynamic shock is common. The clinical diagnosis 
can be confirmed in approximately 80% of patients by a plain chest radiograph 
with the patient standing (Fig. 130-6); a CT scan can be obtained if doubt 
persists. Leukocytosis and elevated C-reactive protein levels develop rapidly, 
and mild hyperamylasemia may occur. Treatment begins by correcting hemo-
dynamic, fluid, and electrolyte imbalances. Nasogastric suction is helpful, and 
prophylactic antibiotics (e.g., amoxicillin-clavulanic acid 1 g every 8 hours 

FIGURE 130-6. Plain chest radiograph in an upright patient with a perforated ulcer. 
the radiograph shows free air under the diaphragm. 
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5. Which of the following involves an increased risk for peptic ulcer disease?
 A. Scleroderma
 B. Pernicious anemia
 C. Celiac disease
 D. Systemic mastocytosis
 E. Cryptococcosis

Answer: D In vitamin B12 deficiency with pernicious anemia, gastric atrophy 
is caused by an autoimmune gastritis. However, this inflammation is not asso-
ciated with peptic ulcer disease. Autoimmune inflammation of the small bowel 
due to celiac disease also does not cause ulceration. Various infectious condi-
tions can give rise to peptic ulcer, but cryptococcosis is not one of them. 
Systemic vasculitides can be associated with peptic ulcers, but they are not a 
common presenting manifestation of scleroderma. Systemic mastocytosis is, 
however, associated with a clearly increased risk for peptic ulceration.

6. The effect of H. pylori eradication therapy always needs to be assessed in 
patients with which of the following?
 A. A bleeding peptic ulcer
 B. Reflux esophagitis
 C. Nonulcer dyspepsia
 D. Uncomplicated peptic ulcer
 E. Chronic active gastritis

Answer: A Patients with complicated peptic ulcer disease, such as peptic 
ulcer bleeding, are at considerably increased risk for recurrent ulcer complica-
tions. Patients with previous peptic ulcer bleeding in the presence of H. pylori 
therefore always need to be assessed to document the success of eradication 
therapy. If treatment has failed, they need repeat eradication treatment.

7. Which of the following statements is false in patients with peptic ulcer 
bleeding?
 A. Endoscopic treatment is the mainstay of therapy.
 B. Preemptive proton pump inhibitor (PPI) therapy reduces the need for 

endoscopic treatment.
 C. High-dose continuous intravenous PPI treatment reduces the risk for 

rebleeding.
 D. Patients with a low Blatchford score usually do not require 

intervention.
 E. Recurrent bleeding requires surgery.

Answer: E In patients with peptic ulcer bleeding, endoscopic treatment is 
the mainstay to stop ongoing bleeding and reduce the risk for rebleeding. 
Preemptive PPI therapy reduces the need for endoscopic treatment, but it 
has no effect on rebleeding and mortality. High-dose continuous intravenous 
PPI treatment reduces the risk for rebleeding, the need for blood transfusion, 
and mortality in patients with a high risk for rebleeding. The Blatchford scale 
can be used to predict the need for intervention, such as endoscopic treatment 
and blood transfusion; a low score is associated with a low chance that an 
intervention is needed. Patients with recurrent bleeding despite endoscopic 
and PPI treatment can often first be retreated endoscopically. If this retreat-
ment fails, both angiographic embolization of the feeding vessel and surgery 
are alternative rescue treatments. Recurrent bleeding is thus not a routine 
indication for surgery.

REVIEW QUESTIONS

1. Which of the following is a likely cause of duodenal ulceration in patients 
who are Helicobacter pylori negative?
 A. Bordetella pertussis infection
 B. Zollinger-Ellison syndrome
 C. Pheochromocytoma
 D. Mercury poisoning
 E. None of the above

Answer: B Zollinger-Ellison syndrome is caused by a gastrin-producing 
endocrine tumor, which is usually in the pancreas or small bowel and leads 
to marked hyperacidity. This syndrome usually gives rise to severe peptic ulcer 
disease with multiple, concomitant duodenal ulcers that are resistant to con-
ventional acid suppressive therapy. The other conditions listed are not known 
to be associated with an increased risk for peptic ulcer.

2. An 80-year-old woman with degenerative joint disease involving her fingers 
presents with a gastric ulcer with smooth edges. She denies being prescribed 
nonsteroidal anti-inflammatory drugs (NSAIDs), and biopsies and serology 
for H. pylori are negative. Which of the following is the most likely cause 
of her ulcer?
 A. Gastric rheumatoid nodules
 B. Systemic lupus erythematosus
 C. Over-the-counter medications containing NSAIDs
 D. Ankylosing spondylitis
 E. Surreptitious laxative abuse

Answer: C Over-the-counter NSAID use is very common, particularly in 
elderly patients. Patients often do not recognize that they use NSAIDs even 
when specifically asked. Targeted questioning and checking of home medica-
tion is therefore indicated. In some series, surreptitious use of NSAIDs or 
aspirin was found as the underlying cause in 30 to 60% of patients with previ-
ously unexplained peptic ulcer.

3. Which of the following is the major factor contributing to current changes 
in the incidence of peptic ulcer disease in developed countries?
 A. The rise in H. pylori–associated gastric ulcers
 B. The fall in NSAID-associated duodenal ulcers
 C. The rise in NSAID-related gastric ulcers
 D. The rise in NSAID-related duodenal ulcers
 E. The rise in intensive care unit (ICU)-related stress ulcers

Answer: C H. pylori–related ulcers have considerably decreased in developed 
countries owing to a decrease in the declining prevalence of the bacterium in 
recent generations and the use of eradication therapy. ICU-related stress ulcers 
have become less common owing to improvements in overall management, 
including respiratory and hemodynamic care, acid inhibition, and emphasis 
on adequate feeding. NSAID use has become more common and has given 
rise to an increase of NSAID-related ulcer disease.

4. Which of the following is correct about peptic ulcer disease?
 A. Risk is greatest in females.
 B. The highest relative risk is in persons younger than 20 years.
 C. Treatment of autoimmune diseases with biologic agents (e.g., anti–tumor 

necrosis factor [TNF]-α agents) has increased risk.
 D. Most deaths are due to gastric cancer.
 E. Smoking increases risk.

Answer: E Peptic ulcer is more common in men and in elderly people. Anti-
TNF-α treatment is not causally related to peptic ulcer disease, and most 
patients with peptic ulcers do not develop gastric cancer. In H. pylori−positive 
subjects, however, smoking increases the risk for peptic ulceration. This increased 
relative risk has been reported to be up to 12-fold.
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131 
APPROACH TO THE PATIENT WITH 
DIARRHEA AND MALABSORPTION
CAROL E. SEMRAD

 DEFINITIONS
Normal stool frequency ranges from three times per week to three times per 
day. As a symptom, diarrhea can be described as a decrease in stool consistency 
(increased fluidity), stools that cause urgency or abdominal discomfort, or 
an increase in the frequency of stool. Consistency is defined as the ratio of 
fecal water to the water-holding capacity of fecal insoluble solids, which are 
composed of bacterial mass and dietary fiber. Because it is difficult to measure 
stool consistency and because stool is predominantly (60 to 85%) water, stool 
weight becomes a reasonable surrogate of consistency.

As a sign, diarrhea is defined by the weight or volume of stool measured 
over a 24- to 72-hour period. Daily stool weights of children and adults are 
less than 200 g, and greater stool weights are an objective definition of diar-
rhea; however, this definition misses 20% of diarrheal symptoms in patients 
who have loose stools that are less than this daily weight.

Acute diarrheas persist for less than 2 to 3 weeks or, rarely, 6 to 8 weeks. 
The most common cause of acute diarrhea is infection. Chronic diarrheal 
conditions persist for at least 4 weeks and, more typically, 6 to 8 weeks or 
longer. The four mechanisms of diarrhea are osmotic, secretory, exudative, 
and altered motility. Because many diarrheal diseases are due to more than 
one of these mechanisms, it is clinically useful to categorize diarrhea as mal-
absorptive (fatty), watery, and inflammatory.

 EPIDEMIOLOGY
Diarrhea is the second leading cause of mortality worldwide and is particularly 
problematic for elderly people and for children younger than 5 years of age 
in developing nations. Infectious diarrheal conditions cause approximately 
525,000 worldwide childhood deaths annually, despite the improved use of 
oral rehydration solutions, zinc, and vitamin A supplements. Rotavirus infec-
tion (Chapter 356) is the most common cause of fatal childhood diarrhea, 

but the introduction of the oral monovalent rotavirus vaccine has significantly 
decreased its mortality rate in both developing and developed nations.

In the United States, norovirus has surpassed rotavirus as the leading cause 
of gastroenteritis requiring medical care. Approximately 48 million Americans 
suffer from food-borne illness each year, including about 130,000 annual hos-
pitalizations and 3000 deaths, most in elderly people. The major pathogens 
that cause diarrhea result in an estimated $14 to 16 billion in annual health 
care costs and days lost from work.

 PATHOBIOLOGY
Fluid and Electrolyte Transport
Whether a hypotonic meal, such as a steak and water, or a hypertonic meal, 
such as milk and a doughnut, is consumed, the volume of the meal is aug-
mented by gastric, pancreatic, biliary, and duodenal secretions. The permeable 
duodenum then renders the meal approximately isotonic with an electrolyte 
content similar to that of plasma by the time it reaches the proximal jejunum. 
As the intestinal slurry moves toward the colon, the Na+ concentration in the 
luminal fluid remains constant, but Cl− is reduced to 60 to 70 mmol/L, and 
bicarbonate (HCO3

−) is increased to a similar concentration as the result of 
Cl− and HCO3

− transport mechanisms in the enterocyte and HCO3
− secretion 

in the ileum (E-Fig. 131-1A and B). In the colon, K+ is secreted, and the Na+ 
transport mechanism of the colonocyte, together with the low epithelial per-
meability, extracts Na+ and fluid from the stool. As a result, the Na+ content 
of stool decreases to 30 to 40 mmol/L; K+ increases from 5 to 10 mmol/L in 
the small bowel to 75 to 90 mmol/L; and poorly absorbed divalent cations, 
such as Mg2+ and Ca2+, are concentrated in stool to values of 5 to 100 mmol/L. 
The anion concentrations in the colon change drastically because bacterial 
degradation of carbohydrate (i.e., unabsorbed starches, sugars, and fiber) creates 
short-chain fatty acids that attain concentrations of 80 to 180 mmol/L; at 
colonic pH, organic anions, such as acetate, propionate, and butyrate, are 
present. In the setting of carbohydrate malabsorption, the generation of high 
concentrations of these short-chain fatty acids may decrease stool pH to 4 or 
lower. The osmolality of the stool is approximately that of plasma (280 to 
300 mOsm/kg H2O) when it is passed.

At the cellular level, Na+ transport by the epithelium from lumen to blood 
(by Na+-coupled sugar and amino acid transport in the small intestine, by 
Na+/H+ exchange proteins in the small intestine and proximal colon, and by 
aldosterone-regulated Na+ channels [ENaC] in the distal colon) creates a 
favorable osmotic gradient for absorption (see E-Fig. 131-1A and C). Chloride 
transport by the epithelium from blood to lumen (by cystic fibrosis trans-
membrane conductance regulator [CFTR] and the calcium-activated chloride 
channel in the small intestine and colon) creates an osmotic gradient for secre-
tion (see E-Fig. 131-1B). Normally, the intestine is in a net absorptive state, 
regulated by extrinsic adrenergic nerves and proabsorptive neuropeptides and 
hormones (see E-Fig. 131-1D). Stimulation of secretion by neurotransmitters, 
hormones, and inflammatory mediators (Table 131-1) can offset this balance. 
A heterozygous missense mutation (c.2519G→T) in GUCY2C on chromo-
some 12 causes familial diarrhea by increasing GC-C signaling.

Diarrhea is due primarily to alterations of intestinal fluid and electrolyte 
transport and less to smooth muscle function. Each 24 hours, 8 to 10 L of 
fluid enters the duodenum. The diet supplies 2 L of this fluid; the remainder 
comes from salivary, gastric, hepatic, pancreatic, and intestinal secretions. The 
small intestine normally absorbs 8 to 9 L (80%) of this fluid and presents 
1.5 L to the colon for absorption. Of the remaining fluid, the colon absorbs 
all but approximately 100 mL. Diarrhea can result from increased secretion 
by the small intestine or the colon if the maximal daily absorptive capacity 
of the colon (4 L) is exceeded. Alternatively, if the colon is diseased so that 
it cannot absorb even the 1.5 L normally presented to it by the small intestine, 
diarrhea results.

Watery diarrheas may be due to osmotic, secretory, or inflammatory mecha-
nisms. With ingestion of a poorly absorbed (e.g., Mg2+) or unabsorbable 
(polyethylene glycol, lactulose, or, in lactase-deficient individuals, lactose) 
solute, the osmotic force of the solute pulls water and secondarily sodium 
and chloride ions into the intestinal lumen. A considerable proportion of the 
osmolality of stool results from the nonabsorbed solute. This gap between 
stool osmolality and the sum of the electrolytes in the stool causes osmotic 
diarrhea.

Active chloride secretion or inhibited sodium absorption, which also creates 
an osmotic gradient favorable for the movement of fluids from blood to lumen, 
explains the pathophysiology of the secretory diarrheas. Agents that increase 
enterocyte cyclic adenosine monophosphate (cAMP) (e.g., cholera toxin, 
prostaglandins), cyclic guanosine monophosphate (cGMP) (e.g., Escherichia 
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ABSTRACT
Diarrhea is one of the most common gastrointestinal problems encountered 
in the outpatient, emergency department, and hospitalized settings. There are 
many infectious, dietary/drug, gastrointestinal, extraintestinal, and surgical 
causes. An understanding of the physiology and pathophysiology of nutrient 
digestion and intestinal absorption can guide the diagnostic approach. This 
chapter provides an understanding of key concepts of intestinal physiology, 
pathophysiology, and clinical presentation to make a specific diagnosis in 
patients who present with diarrhea or suspected malabsorption.
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E-FIGURE 131-1. Mechanisms of intestinal transport of water and electrolytes. A, sodium is absorbed by nutrient-dependent and -independent transport processes in the small 
intestine and by a sodium channel (enac) in the colon. the na+/h+ (nhe) and cl−/hco3

− (DrA) exchangers are inhibited by agents that elevate intracellular cyclic adenosine monophos-
phate (cAMP), cyclic guanosine monophosphate (cGMP), or calcium. B, chloride secretion by intestinal crypt cells. chloride can be secreted actively throughout the small intestine and 
colon. intracellular mediators of secretion (cAMp, cGMp, ca2+) open apical cl− channels (cystic fibrosis transmembrane conductance regulator [CFTR], calcium-activated chloride channel 
[tMeM16]) and basolateral K+ channels. chloride moves from crypt cells into the intestinal lumen, favoring movement of cl− from the blood into cells by the na+/K+/2cl− cotransporter 
(NKCC1). bicarbonate (hco3

−) also may be secreted via the cFtr channel. C, intestinal sodium absorption. sodium is actively absorbed in villus cells of the small intestine and surface 
cells of the colon. the sodium-potassium adenosine triphosphatase (na+,K+-Atpase) present on the cell basolateral membrane maintains a low intracellular na+ concentration and an 
electronegative cell interior favoring na+ movement across the apical membrane from lumen into cell. in the small intestine, glucose and galactose are taken up with sodium and water 
at the apical membrane by the sodium-glucose ligand transporter (SGLT1). several different sodium-dependent amino acid carriers, some with overlapping substrate specificities, 
transport cationic, anionic, and neutral amino acids into villus cells. Dipeptides and tripeptides are transported by a hydrogen-coupled oligopeptide carrier, PepT1, that is driven by 
luminal hydrogen ions generated by the epithelial na+/h+ exchanger. Fructose is taken up by the facilitative glucose transporter (GLUT5). D, regulation of intestinal water and electrolyte 
transport. normally, the intestine is in a net absorptive state under the control of extrinsic adrenergic nerves from the sympathetic nervous system. Guanylin, the natural ligand for the 
Escherichia coli stable-toxin receptor (membrane-bound guanylyl cyclase [GC-C]), may be important in regulating local chloride secretion. the normal tone of the intestine is modified 
by the enteric nervous system, endocrine and inflammatory cells in the intestinal mucosa, and circulating hormones. the enteric nervous system releases a variety of neurotransmitters, 
some that stimulate chloride secretion (e.g., vasoactive intestinal peptide [VIP], acetylcholine) and others that promote sodium absorption (e.g., enkephalins, neuropeptide Y). hormones 
produced locally from enterochromaffin cells (ECC) in the intestinal epithelium and inflammatory mediators released from immune cells directly affect enterocytes and nearby nerves. 
circulating hormones (e.g., aldosterone, glucocorticoids) enhance sodium absorption in the intestine. Glucocorticoids also inhibit release of arachidonic acid and production of pros-
taglandin by inflammatory cells. DrA (slc26) = down-regulated in adenoma gene; nhe (slc9) = sodium-hydrogen exchanger. 
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Activation of lymphocytes, phagocytes, and fibroblasts releases various inflam-
matory mediators that induce intestinal chloride secretion (see E-Fig. 131-1D). 
Interleukin-1 (IL-1) and tumor necrosis factor (TNF), which also are released 
into the blood, cause fever, anorexia, and malaise.

 ACUTE DIARRHEA
 CLINICAL MANIFESTATIONS

Approximately 80% of acute diarrheas are due to infections with viruses, bac-
teria, and parasites. The remainder are due to medications that have an osmotic 
force, stimulate intestinal fluid secretion, damage the intestinal epithelium, or 
contain poorly absorbable or nonabsorbable sugars (e.g., sorbitol), or less 
commonly fecal impaction, pelvic inflammation (e.g., acute appendicitis 
[Chapter 133]), or intestinal ischemia (Chapter 134).

Food-Borne and Water-Borne Infectious Diarrhea
Most infectious diarrheas are acquired through fecal-oral transmission from 
water, food, or person-to-person contact (Table 131-2). Patients with infec-
tious diarrhea often complain of nausea, vomiting, and abdominal cramps 
that are associated with watery, malabsorptive, or bloody diarrhea and fever 
(dysentery). As documented using polymerase chain reaction (PCR) methods 
of diagnosis, most outbreaks of nonbacterial acute gastroenteritis in the United 
States and other countries are caused by noroviruses (Norwalk agent; Chapter 
356). Rotavirus (Chapter 356) predominantly causes diarrhea in infants, 
usually in the winter months, but also may cause nonseasonal acute diarrhea 
in adults, particularly in elderly people.1 Mechanisms for diarrhea include 
decreased fluid absorption due to destruction of villus enterocytes and stimu-
lation of fluid secretion by NSP4 rotatoxin and viral activation of the enteric 
nervous system. Ebola virus (Filoviridae) infects endothelial cells, macrophages, 
and dendritic cells. The mechanism for the massive watery diarrhea is not 
known.

Food-borne bacterial diseases in the United States are primarily due to 
Salmonella (Chapter 292), Campylobacter jejuni (Chapter 287), and E. coli 
O157:H7 (Chapter 288), and less commonly Shigella (Chapter 293). The 
incidence of Vibrio infection is increasing owing to the consumption of raw 
shellfish. Outbreaks of E. coli O157:H7 have been associated with petting 
zoos, uncooked ground beef, and green leafy vegetables. These bacteria most 
often invade the distal small bowel and colon, where they multiply intracel-
lularly and damage the epithelium. Diarrhea is due to the stimulation of intes-
tinal secretion by inflammatory mediators, decreased absorption across the 
damaged epithelium, and exudation of protein into the lumen. Shigella species 
and enterohemorrhagic E. coli produce a similar toxin, the “Shiga toxin,” which 
is cytotoxic to intestinal epithelial cells and causes inflammation, cell damage, 
and diarrhea with blood and pus.

coli stable toxin), or intracellular ionized calcium (Ca2+) (e.g., acetylcholine) 
(see Table 131-1) inhibit non-nutrient Na+ absorption and stimulate Cl− secre-
tion (see Table 131-1 and E-Fig. 131-1B and D).

Inflammatory diarrheas, which may be watery or bloody, are characterized 
by enterocyte damage, villus atrophy, and crypt hyperplasia. The damaged 
enterocyte membrane of the small intestine has decreased disaccharidase and 
peptide hydrolase activity, reduced or absent Na+-coupled sugar or amino acid 
transport mechanisms, and reduced or absent sodium chloride absorptive 
transporters. Conversely, the hyperplastic crypt cells maintain their ability to 
secrete Cl− (and perhaps HCO3

−). If the inflammation is severe, immune-
mediated vascular damage or ulceration allows blood, pus, and protein to leak 
(exudate) from capillaries and lymphatics and contribute to the diarrhea. 

Modified from Powell DW. Approach to the patient with diarrhea. In: Yamada T, Alpers DH, Owyang C, et al, eds. Textbook of Gastroenterology, 3rd ed. Philadelphia: Lippincott-Raven; 1999.

TABLE 131-2 EPIDEMIOLOGY OF ACUTE INFECTIOUS DIARRHEA AND INFECTIOUS FOOD-BORNE ILLNESS
VEHICLE CLASSIC PATHOGENS
Water (including foods washed in such water) Vibrio cholerae, norovirus (Norwalk agent), Giardia, Cryptosporidium
Food
 Poultry Salmonella, Campylobacter, Shigella sp
 Beef, unpasteurized fruit juice Enterohemorrhagic Escherichia coli
 Pork Tapeworm
 Seafood and shellfish (including raw sushi and gefilte fish) V. cholerae, Vibrio parahaemolyticus, and Vibrio vulnificus; Salmonella and Shigella sp; hepatitis A and B viruses; 

tapeworm; anisakiasis
 Cheese, milk Listeria sp
 Eggs Salmonella sp
 Mayonnaise-containing foods and cream pies Staphylococcal and clostridial food poisonings
 Fried rice Bacillus cereus
 Fresh berries Cyclospora sp
 Canned vegetables or fruits Clostridium sp
 Sprouts Enterohemorrhagic E. coli, Salmonella sp
Animal-to-person (pets and livestock) contact Salmonella, Campylobacter, Cryptosporidium, enterohemorrhagic E. coli, and Giardia sp
Person-to-person (including sexual) contact All enteric bacteria, viruses, and parasites
Daycare center Shigella, Campylobacter, Cryptosporidium, and Giardia sp; viruses; Clostridium difficile
Hospitalization, antibiotics, or chemotherapy C. difficile
Swimming pool Giardia and Cryptosporidium sp
Foreign travel E. coli of various types; Salmonella, Shigella, Campylobacter, Giardia, and Cryptosporidium sp; Entamoeba histolytica

TABLE 131-1 STIMULI OF INTESTINAL SECRETION

AGENT
INTRACELLULAR 

MEDIATOR
RELATED DIARRHEAL 

ILLNESS
Cholera, Escherichia coli 

heat labile toxin, 
Salmonella, Yersinia

E. coli heat stable toxin
Rotatoxin (NSP4)

cAMP

cGMP
?

Travelers, endemic

Viral gastroenteritis
Serotonin, PAF Ca
PG, leukotrienes cAMP, Ca Invasive enteric bacteria,* 

PG cAMP Villous adenoma
Histamine Ca Intestinal allergies, mastocytosis, 

scombroid poisoning
VIP cAMP VIPoma, ganglioneuromas
5-HT, substance P, 

bradykinin
Ca Malignant carcinoid

Calcitonin ? Medullary carcinoma thyroid
Acetylcholine Ca Insecticides, nerve gas poisoning, 

cholinergic drugs
Ricinoleic acid cAMP, Ca Laxative abuse†

cAMP

In�ammatory, allergic

in�ammatory bowel diseases

Ca�eine Co�ee, sodas, tea
5-HT = 5-hydroxytryptamine; Ca = calcium; cAMP = cyclic adenosine monophosphate; cGMP =
cyclic guanosine monophosphate; PAF = platelet-activating factor; PG = prostaglandin; VIP =
vasoactive intestinal peptide.
*Shigella sp, Clostridium difficile, enteroinvasive, Escherichia coli, Vibrio parahaemolyticus, Clostridium 
perfringens.
†Also phenolphthalein, anthraquinone, bisacodyl, dioctyl sodium sulfosuccinate, and senna.
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thereby resulting in the activation of adenylate cyclase and the elevation of 
intracellular cAMP. cAMP and cGMP stimulate intestinal chloride secretion 
and inhibit the nutrient-independent absorption of sodium and chloride. 
Sodium-glucose absorption is not affected, hence the basis for oral rehydration 
therapy. Cholera toxin permanently binds to adenylate cyclase until the natural 
turnover of the intestinal epithelium in 5 to 7 days, thereby resulting in per-
sistent secretion and severe diarrhea. DNA sequencing to detect genome 
sequences of Vibrio cholera isolates suggests human introduction as the cause 
of recent outbreaks. Of the annual average of six cases of cholera reported in 
the United States, most are associated with travel.

Antibiotic-Associated Diarrheas
Antibiotics are a common cause of hospital-acquired diarrheas that occur in 
approximately 20% of patients receiving broad-spectrum antibiotics; approxi-
mately 30% of these diarrheas are due to Clostridium difficile (Chapter 280). 
Strains that produce increased levels of toxins A and B and a binary toxin have 
emerged. These strains are associated with an increase in the incidence and 
severity of C. difficile infections, including fulminant C. difficile colitis that can 
lead to colectomy or even death. The A and B toxins produced by C. difficile 
can cause diarrhea. In animal models, IL-8, substance P, and leukotriene B4 
were found to mediate toxin A–stimulated intestinal fluid secretion. C. difficile 
can cause severe diarrhea, pseudomembranous colitis, or toxic megacolon.

Nosocomial Hospital Diarrhea
Diarrhea is the most common nosocomial illness among hospitalized patients 
and residents in long-term care facilities. Common causes include antibiotic-
associated diarrhea, C. difficile infection, medications, fecal impaction, tube 
feeding, and underlying illness. Magnesium-containing laxatives, antacids, and 
lactulose cause osmotic diarrheas. Bisacodyl laxatives cause secretory diarrhea. 
Liquid formulations of medications cause diarrhea (elixir diarrhea) because 
of the high content of sorbitol or other nonabsorbable sugars (e.g., mannitol) 
used to sweeten the elixir; patients prescribed liquid medications through 
feeding tubes may receive more than 20 g of sorbitol daily. An important but 
poorly understood cause of diarrhea is enteral (tube) feeding (Chapter 204), 
particularly in critically ill patients, who often develop diarrhea. Dysmotility, 
increased intestinal permeability, and low sodium content in enteral formulas 
may be contributing factors.

Patients in mental health institutions and nursing homes have a high 
incidence of nosocomial infectious diarrhea (e.g., C. difficile and less com-
monly Shigella, Salmonella, hemorrhagic E. coli, Giardia, Entamoeba histo-
lytica). Infectious diarrhea, 50% or more of which is caused by C. difficile, 
is also common in acute-care hospitals. Severe C. difficile infection has also 
been reported among peripartum women. If outside foods are not brought 
to hospitalized patients, the likelihood of a nosocomial infection caused by 
Salmonella or Shigella is extremely rare. Immunosuppressed patients are also 
susceptible to nosocomial viral infections (rotavirus, norovirus, adenovirus, and  
coxsackievirus).

Cancer Treatment and Medication-Related Diarrhea
Abdominal or whole body radiation virtually always causes an increased fre-
quency of bowel movements that are often watery. Cancer chemotherapy with 
amsacrine, azacitidine, cytarabine, dactinomycin, daunorubicin, doxorubicin, 
floxuridine, 5-fluorouracil, 6-mercaptopurine, methotrexate, plicamycin, IL-2, 
and resveratrol may cause mild to moderate diarrhea. Immune checkpoint 
inhibitors cause diarrhea in up to 40% of patients on this therapy. Irinotecan 
(CPT-11) or oxaliplatin and the combination of 5-fluorouracil plus leucovorin 
are frequent causes of severe watery diarrhea.

Olmesartan, an angiotensin II receptor antagonist (ARB), causes severe 
diarrhea as a result of a sprue-like enteropathy. Angiotensin-converting enzyme 
(ACE) inhibitors may cause abdominal pain and diarrhea resulting from vis-
ceral angioedema. Colchicine, neomycin, methotrexate, and para-aminosalicylic 
acid damage the enterocyte membrane. Cholestyramine, colestipol, and cole-
sevelam bind bile salts and can result in malabsorptive diarrhea, especially in 
patients who have had an ileal resection. Gold therapy causes intestinal inflam-
mation and diarrhea.

Daycare Diarrhea
More than 7 million children in the United States attend daycare, where diar-
rhea is extremely common, and secondary infection of family members occurs 
in 10 to 20% of cases. Most outbreaks of diarrhea are due to rotavirus or 
norovirus; less common causes are Shigella (Chapter 293), Giardia (Chapter 
330), and Cryptosporidium (Chapter 329).

Outbreaks of Cryptosporidium (Chapter 329) have been reported in water 
parks. This parasite causes diarrhea by adhering and fusing to the epithelial 
cell membrane in the small bowel, thereby causing cell damage. Organisms 
that are specific for seafood include Vibrio parahaemolyticus (Chapter 286), 
which causes either watery or bloody diarrhea, and Vibrio vulnificus, which 
causes watery diarrhea and, especially in patients with liver disease, a fatal 
septicemia. Ingestion of meat contaminated by anthrax (Chapter 278) causes 
fever, diffuse abdominal pain, and bloody stool or vomitus. Anthrax invades 
the intestinal mucosa; the organism, or anthrax toxin, causes inflammation, 
ulceration, and necrosis.

In addition to enteric infections, certain systemic infections (e.g., viral hepa-
titis [Chapter 139], listeriosis [Chapter 277], legionellosis [Chapter 298]), 
mycoplasma, and emerging infections (e.g., Hanta virus [Chapter 357], severe 
acute respiratory syndrome [SARS, Chapter 342], avian influenza [Chapter 
340]) may cause or manifest with substantial diarrhea.

Environmental and Food Poisonings
Food poisoning refers to the accumulation of toxin in food owing to the growth 
of toxin-producing organisms, most commonly Staphylococcus aureus (Chapter 
272), Bacillus cereus, Clostridium perfringens (Chapter 280), and Clostridium 
botulinum (Chapter 280). Diarrhea is usually of rapid onset, as early as 4 hours 
after ingestion, and is often associated with vomiting. Natural toxins also are 
responsible for mushroom (Amanita) poisoning (Chapter 102), which can 
also cause acute liver and kidney failure.

Environmental poisonings may be caused by heavy metals (arsenic from 
rat poison, gold, lead, mercury) that impair cell energy production. Arsenic 
(Chapter 19) also induces cardiovascular collapse at high doses. Insecticide 
(organophosphates and carbamates) poisoning occurs most commonly in 
field workers or from the ingestion of contaminated herbs or teas (Chapter 
102); diarrhea, excessive saliva, and pulmonary secretions are caused by 
acetylcholine-stimulated chloride secretion in intestine and other epithelia. 
Patients often have associated vomiting and abdominal cramps.

Seafood is a common source of food poisoning, particularly fin fish and 
bivalve shellfish. Most of these toxins cause varying combinations of gastro-
intestinal (nausea, vomiting, diarrhea) and neurologic (tingling and burning 
around the mouth, facial flushing, sweating, headache, palpitations, and diz-
ziness) symptoms within hours of seafood ingestion (Chapter 104). Similar 
symptoms are reported in patients with scombroid poisoning, which is caused 
by ingestion of decaying flesh of blood fish (tuna, mahi-mahi, marlin, or mack-
erel) that release large amounts of histamine (Chapter 104).

Marine dinoflagellates (algae) produce toxins that can cause paralytic shellfish 
poisoning, diarrhetic shellfish poisoning, and ciguatera (Chapter 104). Spo-
radic outbreaks of diarrhetic shellfish poisoning “red tides” occur when bivalve 
mollusks ingest dinoflagellates that produce saxitoxins (voltage-sensitive 
sodium-channel blocker) and okadaic acid (a lipid-soluble toxin that inhibits 
serine and threonine protein phosphatases 1 and 2A). Ingestion of contami-
nated mollusks by humans results in diarrhea and neurologic symptoms. 
Saxitoxins cause predominantly neurologic symptoms (paralytic, neurotoxic, 
or amnestic shellfish poisonings) and okadaic acid gastrointestinal symptoms 
(diarrhetic shellfish poisoning).

Food-chain passage of another dinoflagellate species (Gambierdiscus toxicus) 
to fin fish (mackerel, amberjack, snapper, grouper, or barracuda) results in 
the accumulation of ciguatoxin (Chapter 104) that causes a seafood poisoning 
called ciguatera. Ciguatoxin activates voltage-sensitive sodium channels and 
causes neurologic and gastrointestinal symptoms. Fish from the Albemarle-
Pamlico estuary (eastern United States) ingest toxic dinoflagellates that cause 
Pfiesteria piscicida poisoning. The dinoflagellate toxins cause nausea, vomiting, 
abdominal pain, diarrhea, and neurologic symptoms such as fatigue, myalgias, 
pruritus, circumoral paresthesias, reversal of hot and cold sensation, psychiatric 
abnormalities, and memory loss. The neurologic symptoms may persist for 
months to years. Puffer fish poisoning by tetrodotoxin, a voltage-sensitive 
sodium-channel blocker produced by the fish, causes neurologic symptoms, 
respiratory paralysis, and death.

Traveler’s Diarrhea
North American travelers to developing countries and travelers on airplanes 
and cruise ships are at high risk for acute infectious diarrhea. Common causes 
of traveler’s diarrhea (Chapter 270) include norovirus, enterotoxic or entero-
aggregative E. coli, Shigella, and giardiasis.2 E. coli heat-stable toxin binds to 
guanylate cyclase in the enterocyte brush-border membrane, where it results 
in elevation of intracellular cGMP. E. coli heat-labile toxin, similar to cholera 
toxin, binds to the monosialoganglioside GM1 in the brush-border membrane, 
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Runner’s Diarrhea
Diarrhea occurs in 10 to 25% of individuals who exercise vigorously, especially 
women marathon runners and triathletes. Some athletes have associated 
abdominal cramps, urgency, nausea, or vomiting. The pathophysiology of 
runner’s diarrhea is unknown. Release of intestinal secretogogues, especially 
prostaglandins, hormones, or ischemia, may be involved.

DIAGNOSIS
Acute watery diarrhea may be due to infections, food toxins, or medications, 
or the acute diarrhea may signal the onset of a chronic disease (Fig. 131-1; 
see Tables 131-1 and 131-2). Multiplex PCR testing is a rapid and sensitive 
method to detect bacterial, viral, and parasitic pathogens, but it does not 
distinguish particles from live organisms or provide antibiotic sensitivity. The 
diagnostic approach in patients with fever and watery or bloody diarrhea should 
focus on multiplex PCR testing of stool for pathogens3 or stool cultures for 
Campylobacter, Salmonella, and Shigella sp. Routine stool culture is not indicated 
when diarrhea occurs after 3 to 5 days of hospitalization, except in patients 
with neutropenia, human immunodeficiency virus (HIV) infection, or signs 
of enteric infection. In patients with a history of recent antibiotic use, hospi-
talization, or peripartum, stool PCR or culture for C. difficile toxin should be 
obtained. Organisms that cause diarrhea but are not routinely cultured by 
clinical microbiology laboratories include Yersinia, Plesiomonas, enterohemor-
rhagic E. coli serotype O157:H7, Aeromonas, Cyclospora, microsporidia, and 
noncholera Vibrio. Parasites such as Giardia, Cryptosporidium, and Strongyloides 
can be difficult to detect in stool but may be diagnosed by stool antigen testing 
or intestinal biopsy.

Acute Diarrhea

ASSESS FOR DEHYDRATION
Mild to moderate: ORS
Severe: IV hydration;  

admit to hospital, 
especially if elderly

Stool

 O&P,
C. difficile PCR

? Viral/fungal
Admit if ill

Traveler, food outside home,
daycare worker, water park, 
peripartum, sexually active

Fever, bloody

Stool culture† or
multiplex PCR for
stool pathogens;

O&P, C. diffilicile PCR

Antibiotic§

Antimotility agent

Report to Public Health and save blood/stool.

Afebrile, watery

Antimotility agent‡

No improvement

Medications*
Stop if possible

If antibiotic , 
C.

Other
Fecal impaction

Appendicitis
Ischemia

Immunosuppressed

Antibiotic
Antimotility agent

FIGURE 131-1. Approach to the diagnosis of acute diarrhea. *More than 700 medications cause diarrhea, including: caffeine, protease inhibitors, immune checkpoint inhibitors, 
thyroid preparations, metformin, mycophenolate mofetil, sirolimus, cholinergic drugs, colchicine, selective serotonin reuptake inhibitors, proton pump inhibitors, histamine-2 blockers, 
5-AsA derivatives, angiotensin-converting enzyme inhibitors and receptor blockers, bisacodyl, senna, aloe, anthraquinones, and magnesium- or phosphorus-containing medications. 
†specifically request culture for Yersinia, Plesiomonas, enterohemorrhagic Escherichia coli serotype o157:h7, and Aeromonas if suspected or perform multiplex polymerase chain reaction 
(pcr) testing for pathogens. ‡if high suspicion for Clostridium difficile or invasive bacterial infection, wait for stool culture and toxin or pcr studies before starting. racecadotril has 
antisecretory effects without paralyzing intestinal motility and can be used if available. §not recommended for patients with bloody diarrhea due to E. coli o157:h7. cX = culture; iV 
therapy = intravenous rehydration; o&p = ova and parasites; ors = oral rehydration solution. 

TREATMENT 

Goals for the treatment of diarrhea include fluid replacement, antidiarrheal 
agents, nutritional support, and antimicrobial therapy when indicated. Because 
death in patients with acute diarrhea is caused by dehydration, the first task 
is to assess the degree of dehydration and to replace fluid and electrolyte 
deficits.

Fluid Replacement
Severely dehydrated patients should be treated with intravenous Ringer 

lactate or saline solution, with additional potassium and bicarbonate as needed. 
Oral rehydration solutions, which are used extensively to replace diarrheal fluid 
and electrolyte losses, are effective because they contain sodium, sugars, and, 
often, amino acids that use nutrient-dependent sodium uptake transporters. 
In alert patients with mild to moderate dehydration, oral rehydration solution 
is equally effective as intravenous hydration in repairing fluid and electrolyte 
losses. Oral rehydration solutions can be given to infants and children in volumes 
of 50 to 100 mL/kg over 4 to 6 hours; adults may need to drink 1000 mL/hour. 
Reduced-osmolarity solutions (Na2+ 75 mmol/L, osmolarity 245 mmol/L versus 
Na2+ 90 mmol/L, osmolarity 311 mmol/L in standard solutions) are better toler-
ated and effective in noncholera diarrhea but may cause hyponatremia in 
patients with high-volume diarrhea, particularly children. Glucose-based solu-
tions, although effective in rehydrating the patient, may worsen the diarrhea. 
In contrast to glucose-based solutions, polymeric rice-based solutions decrease 
diarrhea in cholera victims; rice is digested to many glucose monomers that 
aid in the absorption of intestinal secretions. These solutions may not decrease 
stool output in acute diarrhea, but they will effectively rehydrate the patient 
despite continued diarrhea. After rehydration has been accomplished, oral 
rehydration solutions are given at rates equaling stool loss plus insensible losses 
until the diarrhea ceases.

Reducing Diarrhea
Bismuth subsalicylate (Pepto-Bismol, 525 mg orally every 30 minutes to 1 

hour for five doses, may repeat on day 2) is safe and efficacious in bacterial 
infectious diarrheas. Opiates and anticholinergic drugs are not recommended 
for invasive bacterial infectious diarrheas because these drugs paralyze intestinal 
motility and predispose to increased colonization, invasion, and prolonged 
excretion of infectious organisms. The opiate loperamide is safe in acute or 
traveler’s diarrhea, provided that it is not given to patients with dysentery (high 
fever, with blood or pus in the stool), and especially when administered con-
comitantly with effective antibiotics. A combination of loperamide (2 mg orally 
four times daily) plus simethicone (125 mg orally four times daily) may reduce 
the abdominal cramps and duration of traveler’s diarrhea. Racecadotril (100 mg 
orally three times daily in adults, 1.5 mg/kg of body weight orally three times 
daily in children), an intestinal enkephalinase inhibitor that is antisecretory but 
does not paralyze intestinal motility, is effective in the treatment of acute 

 PREVENTION
Rotavirus vaccination (Chapter 356) reduces the risk for infection and death 
and generally results in milder symptoms among those infected. A5  Travelers 
to high-risk countries (Central America and parts of Latin America, Africa, 
Asia, the Middle East) should avoid ingestion of tap water and ice and of 
raw meat, raw seafood, and raw vegetables. An oral cholera vaccine against 
recombinant toxin B subunit and killed whole-cell (rBS-WC) is effective 
in preventing infection from the O1 El Tor strain and partially effective 
against enterotoxigenic E. coli strains. Cholera vaccination is recommended 
for relief workers and health professionals who work in endemic countries 

and for individuals who are immunocompromised or have chronic illnesses 
or hypochlorhydria. To stop cholera outbreaks in endemic countries, vul-
nerable communities must be vaccinated and have access to clean drinking  
water. A6  Rifaximin (200 to 1100 mg/day orally for 2 weeks) is effective for 
reducing the risk for traveler’s diarrhea in Mexico and is recommended for 
those at high risk for health complications. A7  The combination of rifaximin 
plus loperamide is better than either one alone. Bismuth subsalicylate (525 mg 
orally four times daily for up to 3 weeks) is also effective. Loperamide and 
NSAIDs are taken prophylactically by many runners who are susceptible to 
runner’s diarrhea, but it is not clear whether they are effective. Oral probiotics 
(e.g., lactobacilli and bifidobacteria) are not effective for preventing antibiotic-
associated acute diarrhea.

 PERSISTENT ACUTE DIARRHEA
Persistent diarrhea for more than 2 weeks develops in about 3% of individuals 
who travel to developing countries. Common causes include parasitic infec-
tions (e.g., Giardia [Chapter 330], Cryptosporidium [Chapter 329]) and bacterial 
infections (e.g., enteroaggregative E. coli [Chapter 288], Shigella [Chapter 293], 
and Salmonella [Chapter 292]). The evaluation should include culture for 
bacterial pathogens and methods for detecting bacterial, viral, and protozoal 
infections (e.g., multiplex PCR) as well as microscopy for protozoal infections. 
Antimicrobial therapy can be empirically given to patients who have recently 
returned from the developing world but should preferably be given based on 
the results of laboratory testing.5

 CHRONIC DIARRHEA
An estimated 5% of the U.S. population suffers from chronic diarrhea, and 
approximately 40% of these individuals are older than 60 years of age. The 
causes of chronic diarrhea include persistent infectious or inflammatory diar-
rheas, malabsorptive syndromes, and watery diarrheas (Table 131-3).

 CLINICAL MANIFESTATIONS
Patients with malabsorption (Table 131-4) can present with a variety of gastro-
intestinal or extraintestinal manifestations (Table 131-5). Significant malab-
sorption of fat and carbohydrate usually causes chronic diarrhea, abdominal 
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 CLINICAL MANIFESTATIONS
Patients with malabsorption (Table 131-4) can present with a variety of gastro-
intestinal or extraintestinal manifestations (Table 131-5). Significant malab-
sorption of fat and carbohydrate usually causes chronic diarrhea, abdominal 

TABLE 131-3 CAUSES OF CHRONIC DIARRHEA
Persistent infectious diarrheas (see Table 131-2)

Brainerd diarrhea
Malabsorptive syndromes (see Tables 131-4 and 131-6)

Common causes
Gastric bypass surgery
Dumping syndrome
Chronic pancreatitis
Intestinal bacterial overgrowth
Lactase deficiency
Celiac disease
Infection (Giardia lamblia, HIV/AIDS-related)
Tropical sprue
Crohn disease
Radiation enteritis

Watery diarrhea
Osmotic diarrhea

Disaccharidase deficiencies
Magnesium, sodium phosphate, sulfate
Sorbitol, fructose

Alcohol
Factitious
Functional watery diarrhea (irritable bowel syndrome)

Pure secretory
Hormone-secreting tumors (VIPoma, carcinoid, gastrinoma, medullary thyroid 

cancer)
Systemic mastocytosis
Villous adenoma

Idiopathic
Inflammatory diarrheas

Inflammatory bowel disease
Eosinophilic gastroenteritis
Microscopic colitis (collagenous or lymphocytic)
Food allergy

AIDS = acquired immunodeficiency syndrome; HIV, human immunodeficiency virus; VIP = 
vasoactive intestinal peptide.

diarrhea in children and adults. The diarrhea associated with enteral nutrition 
(Chapter 204) often can be managed with pectin (4 g/kg body weight daily) 
or, if there are no contraindications, with loperamide (2 mg orally four times 
daily for 3 to 7 days, maximal dose 16 mg daily), and diarrhea is not a reason 
to stop tube feeding unless stool volumes exceed 1 L/day.

Anxiolytics (e.g., diazepam 2 mg orally two to four times daily) and antiemet-
ics (e.g., promethazine 12.5 to 25 mg orally once or twice daily) that decrease 
sensory perception may make symptoms more tolerable and are safe. Some 
foods or food-derived substances (green bananas, pectins [amylase-resistant 
starch], zinc) lessen the amount or duration of diarrhea in children. Unabsorbed 
amylase-resistant starches are metabolized in the colon to short-chain fatty 
acids that enhance fluid absorption. Zinc supplementation (20 mg of elemental 
zinc orally once daily) is effective in preventing recurrences of diarrhea in mal-
nourished children; copper deficiency is a potential complication of prolonged 
zinc therapy.

Probiotics are not beneficial in children with acute diarrhea, A1 
,
 A2  but large 

randomized trials have not been reported in adults.

Antibiotics
While the clinician is awaiting stool culture results to guide specific therapy 

(Chapter 271), the fluoroquinolones (e.g., ciprofloxacin, 500 mg orally twice 
daily for 1 to 3 days, or levofloxacin, 500 mg orally daily for 1 to 3 days) are the 
treatment of choice when antibiotics are indicated (see Fig. 131-1). Trimethoprim-
sulfamethoxazole (1 double-strength tablet orally twice daily for 5 days or 2 
single-strength tablets orally twice a day for 5 days) is second-line therapy. If 
the symptom complex suggests Campylobacter infection, azithromycin (500 mg/
day orally for 3 days) should be added. Regardless of the cause of infectious 
diarrhea, patients should be treated with antibiotics if they are immunosup-
pressed; have valvular, vascular, or orthopedic prostheses; have congenital 
hemolytic anemias (especially if salmonellosis is involved); or are extremely 
young or old.

Certain infectious diarrheas should be treated with antibiotics, including 
those associated with shigellosis (Chapter 293), cholera (Chapter 286), pseu-
domembranous enterocolitis (Chapter 280), parasitic infestations (Chapters 329 
to 331), and sexually transmitted diseases (Chapter 269). Treatment of E. coli 
serotype O157:H7 infection is not recommended at present because current 
antibiotics do not appear to be helpful and the incidence of complications 
(hemolytic-uremic syndrome) may be greater after antibiotic therapy. Antibiotics 
are not effective for viral diarrhea or cryptosporidiosis.

For traveler’s diarrhea, ciprofloxacin (500 mg orally twice daily for 3 days) is 
an effective treatment. The nonabsorbable antibiotic rifaximin (200 mg taken 
orally three times daily or 400 mg twice daily for 3 days) is safe and effective 
for treatment of traveler’s diarrhea in Mexico, but it may not be effective against 
Campylobacter and Shigella infections.

Fluoroquinolone-resistant and trimethoprim-sulfamethoxazole–resistant 
strains of Shigella, E. coli, Salmonella, Campylobacter, and C. difficile have emerged. 
Azithromycin (500 mg orally on day 1 and 250 mg/day orally for 4 days) may 
be an effective alternative treatment for resistant strains of Shigella and Cam-
pylobacter and for traveler’s diarrhea acquired in Mexico.

If C. difficile is suspected on an epidemiologic basis, metronidazole (250 mg 
orally four times daily or 500 mg orally three times daily for 10 days) or oral 
vancomycin (125 to 250 mg orally four times daily for 10 days) should be pre-
scribed.4 In patients with recurrent C. difficile infection, immunotherapy with 
bezlotoxumab (a monoclonal antibody against C. difficile toxin B, given as a 
one-time dose of 10 mg/kg intravenously [IV] infused over 1 hour) decreases 
recurrence rates. A3  Fecal microbiota transplantation is more effective than 
vancomycin for the treatment of recurrences, with resolution rates of 90% 
compared with 30% for vancomycin. A4  Non–C. difficile antibiotic-induced diar-
rhea is generally mild and self-limited, and it usually clears spontaneously or 
in response to cholestyramine therapy (4 g orally four times daily for 2 weeks).

Treatment for chemotherapy-induced and radiation-induced mild to moder-
ate diarrhea includes loperamide (2 mg orally four times daily) and nonsteroidal 
anti-inflammatory drugs (NSAIDs) (e.g., naproxen, 250 to 500 mg orally twice 
daily). Octreotide may be an effective treatment in those with severe diarrhea 
in doses up to 700 µg/day subcutaneously (SC).



CHAPTER 131 ApproAch to the pAtient with DiArrheA AnD MAlAbsorption886

cramps, gas, bloating, and weight loss. Steatorrhea (fat in the stool) manifests 
as oily, foul-smelling stools that are difficult to flush down the toilet. Stools 
may be large and bulky (e.g., pancreatic insufficiency) or watery (e.g., bacte-
rial overgrowth, mucosal diseases). Individuals with malabsorption also can 
present with manifestations of vitamin and mineral deficiencies. Dyspnea 
can be caused by anemia from iron, copper, folate, or vitamin B12 deficiency. 
Manifestations of calcium, magnesium, or vitamin D malabsorption include 
paresthesias and tetany resulting from hypocalcemia or hypomagnesemia and 
bone pain from osteomalacia or osteoporosis-related fractures. Paresthesias and 
ataxia are manifestations of cobalamin and vitamin E deficiency. Alternatively, 
neuropathy may be due to malnutrition or copper deficiency. Dermatitis her-
petiformis (Chapter 410) is a blistering, burning, itchy rash on the extensor 
surfaces and buttocks that is associated with celiac disease.

Inflammatory diarrheas may manifest with fever and abdominal pain or 
with edema to suggest chronic protein loss. Patients may have multiple, low-
volume, bloody stools with tenesmus to suggest proctitis or have severe diar-
rhea as a result of graft-versus-host disease (GVHD) or celiac disease. Systemic 
manifestations of inflammatory bowel disease include polymigratory arthritis, 
sacroiliitis, erythema nodosum, pyoderma gangrenosum, leukocytoclastic 
angiitis, uveitis, and oral aphthous ulcers.

 DIAGNOSIS OF CHRONIC DIARRHEA
A detailed history and physical examination lead to a diagnosis in 25 to 50% 
of patients with chronic diarrheas (see Table 131-1 and Fig. 131-2).6 In young 
adults with chronic diarrhea, the leading causes are irritable bowel syndrome, 
inflammatory bowel disease, microscopic colitis, bile acid diarrhea, malabsorp-
tion, drugs, food additives, thyroid disease, and diabetes mellitus. The addition 
of stool culture and examination for ova and parasites, determination of stool 
fat, and flexible sigmoidoscopy or colonoscopy with biopsy raises the diagnostic 
rate to approximately 75%. The remaining 25% of patients with chronic diar-
rhea may need extensive testing and perhaps hospitalization to make a 
diagnosis.7

A history of 10 to 20 daily bowel movements that do not respond to fasting 
suggests secretory diarrhea (Fig. 131-3).8 A history of peptic ulcer should 
suggest gastrinoma (Chapter 219) or systemic mastocytosis (Chapter 240). 
Physical examination is helpful only if the thyromegaly of medullary carcinoma 
(Chapter 213), the cutaneous flushing of the neuroendocrine tumors and 
systemic mastocytosis, the dermatographism of systemic mastocytosis, or the 
migratory necrolytic erythema of glucagonoma (Chapter 219) is evident. 
Autonomic dysfunction (e.g., postural hypotension, impotence, gustatory 
sweating) is almost invariably present in diabetic diarrhea.

Evaluation for malabsorption begins with a careful elicitation of bowel habits 
and a description of the stool, weight loss, travel, food or milk tolerance, 
underlying gastrointestinal, pancreatic, or liver diseases, abdominal surgery, 
radiation or chemotherapy treatments, family history, and drug and alcohol use.

Blood Tests
Blood measurements (see Fig. 131-2) of iron, folate, vitamin B12, the pro-
thrombin time (vitamin K), and other fat-soluble vitamins (A, E, and D) 
help evaluate malabsorption. Specific antibody tests should be sent when 
celiac disease is suspected (see later). Peripheral blood findings of leukocy-
tosis, eosinophilia, elevated erythrocyte sedimentation rate or C-reactive 
protein, hypoalbuminemia, or low total serum protein suggest an inflam-
matory diarrhea, whose hallmark is the presence of blood, either gross or 
occult, and leukocytes or calprotectin (a nondegradable leukocyte protein) in  
the stool.

Imaging
Malabsorption may be suggested if a flat plate radiograph of the abdomen 
shows pancreatic calcification (Chapter 124). Some diseases (e.g., previous 
gastric surgery, gastrocolic fistulas, blind loops from previous intestinal anas-
tomoses, small intestine strictures, multiple jejunal diverticula, abnormal 
intestinal motility that could lead to bacterial overgrowth) may be shown by 
computed tomography (CT) or magnetic resonance imaging (MRI) of the 
abdomen after administration of oral contrast agents or by a traditional upper 
gastrointestinal and small bowel barium studies. CT or magnetic resonance 
(MR) enterography, which uses oral neutral contrast to enhance the bowel 
wall, may show diagnostic evidence of advanced inflammatory bowel disease 
or changes suggestive of lymphoma, eosinophilic gastroenteritis, or radiation 
enterocolitis. Somatostatin receptor scintigraphy with indium-111–labeled 
octreotide can be useful in localizing gastrinomas, pancreatic endocrine tumors, 
and carcinoid tumors.

TABLE 131-5 CLINICAL CONSEQUENCES OF 
MALABSORPTION OF NUTRIENTS, WATER, 
AND ELECTROLYTES

NUTRIENT MALABSORBED CLINICAL MANIFESTATION
Protein Wasting, edema
Carbohydrate and fat Diarrhea, abdominal cramps and bloating, 

weight loss, growth retardation
Fluid and electrolytes Diarrhea, dehydration
Iron Anemia, cheilosis, angular stomatitis
Calcium and vitamin D Bone pain, fractures, tetany
Magnesium Paresthesias, tetany
Vitamin B12 and folate Anemia, glossitis, cheilosis, paresthesias, ataxia 

(vitamin B12 only)
Vitamin E Paresthesias, ataxia, retinopathy
Vitamin A Night blindness, xerophthalmia, 

hyperkeratosis, diarrhea
Vitamin K Ecchymoses
Riboflavin Angular stomatitis, cheilosis
Zinc Dermatitis, hypogeusia, diarrhea
Selenium Cardiomyopathy
Essential fatty acids Dermatitis
Copper Anemia, mental deterioration, neuropathy

TABLE 131-4 CAUSES OF MALABSORPTION
MECHANISM OF MALABSORPTION CONDITIONS
Impaired mixing Partial/total gastrectomy

Gastric bypass surgery
Impaired lipolysis Chronic pancreatitis

Pancreatic cancer
Congenital lipase or colipase deficiency
Gastrinoma

Impaired micelle formation Severe liver disease
Bacterial overgrowth
Crohn disease
Ileal resection
Gastrinoma

Impaired mucosal absorption Lactase deficiency
Abetalipoproteinemia
Giardiasis
Celiac disease
Tropical sprue
Agammaglobulinemia
Amyloidosis
AIDS-related
Radiation enteritis
Graft-versus-host disease
Whipple disease
Eosinophilic gastroenteritis
Drugs
Lymphoma
Autoimmune enteritis
Short-bowel syndrome

Impaired nutrient delivery Congenital lymphangiectasia
Lymphoma
Tuberculosis
Constrictive pericarditis
Severe congestive heart failure

Unknown Hypoparathyroidism
Adrenal insufficiency
Hyperthyroidism
Carcinoid syndrome

AIDS = acquired immunodeficiency syndrome.
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be obtained. If there are no clues, CT or MR enterography may help to detect 
middle and distal small bowel mucosal diseases. Some individuals with celiac 
disease present with selective nutrient deficiencies without diarrhea. In these 
cases, tTG antibody tests and intestinal biopsy should be performed. In patients 
hospitalized for severe diarrhea or malnutrition, a more streamlined evaluation 
usually includes a stool for culture, ova and parasites, and fat; an abdominal 
imaging study; and a biopsy of the small intestine and colon.

Watery Diarrhea
Breath tests to measure the respiratory excretion of H2 and methane after 
administration of carbohydrates can assess carbohydrate malabsorption or 
bacterial overgrowth (see Table 131-6).

The diagnosis of endocrine tumors, such as carcinoids, gastrinoma, VIPoma, 
medullary carcinoma of the thyroid, glucagonoma, somatostatinoma, and 
systemic mastocytosis, is made by showing elevated blood levels of serotonin, 
chromogranin A, or urinary 5-hydroxyindoleacetic acid and serum levels for 
gastrin, vasoactive intestinal peptide, calcitonin, glucagon, somatostatin, his-
tamine, or prostaglandins (Chapter 219). Somatostatin receptor scintigraphy 
has proved to be sensitive and useful in the diagnosis and evaluation of car-
cinoid tumors and gastrinomas (Chapter 219).

Inflammatory Diarrhea
Stool occult blood, white blood cells, and calprotectin are helpful tests for 
bowel inflammation. Video capsule endoscopy of the small bowel may detect 
ulcerations deep in the small bowel not reachable by standard upper or lower 
endoscopy and not detected with conventional barium contrast radiography. 
However, the risk for capsule retention in the small bowel is high in patients 
with Crohn disease or NSAID use, particularly when there is a history of 
obstructive symptoms. The most sensitive test for protein-losing enteropathy 
is measurement of intestinal protein loss by 24-hour stool excretion or clear-
ance of α1-antitrypsin.

Endoscopy and Biopsy
Upper endoscopy with distal duodenal biopsies should be undertaken if sero-
logic tests for celiac disease are positive or diagnostic clues suggest small bowel 
mucosal malabsorption (Chapter 125). Small bowel biopsy is virtually always 
abnormal when the tTG immunoglobulin A (IgA) antibody level is very high 
(more than ten-fold the normal range), and antiendomysial antibody (EMA) 
is positive. Some patients with celiac disease may have patchy mucosal disease 
and require enteroscopy with jejunal biopsies for diagnosis. Wireless video 
capsule endoscopy (Chapter 125) and balloon-assisted enteroscopy are used 
to diagnose diseases that reside deep in the small bowel. Patients with severe 
watery or elusive diarrhea should have a colonoscopy to assess for villous 
adenomas, microscopic colitis, mastocytosis, or early inflammatory bowel 
disease. Colonoscopy also may show brown pigmentation suggestive of mela-
nosis coli due to chronic use of anthracene laxatives. Terminal ileal ulcers may 
indicate infectious or inflammatory bowel disease.

Other Laboratory Tests
Malabsorption
If chronic diarrhea is the presenting symptom, a stool examination for ova 
and parasites and a PCR test for Giardia or stool antigen-capture enzyme-
linked immunosorbent assay (ELISA) should be obtained. A stool test for 
fat on a high-fat diet (70 to 100 g/day) is the best available screening test 
for malabsorption (Table 131-6). If the fecal fat test result is negative, selec-
tive carbohydrate malabsorption or other causes of watery diarrhea should 
be considered. If the fecal fat test result is positive, further testing should be 
based on clinical suspicion for particular diseases. If pancreatic insufficiency 
is suspected, imaging studies of the pancreas should be performed. If bac-
terial overgrowth is suspected, culture of an intestinal aspirate or a breath 
test should be obtained. Small bowel contrast imaging is useful in detecting 
structural abnormalities that predispose to bacterial overgrowth (Table 131-7).  
If proximal mucosal damage is suspected, multiple duodenal biopsies should 

Specific Clue Functional/IBS-Diarrhea

Failed
therapy

Watery
(see Fig. 131-3)

Malabsorptive
(see Fig. 131-3)

No Diagnosis (Elusive)
(Common causes: bile salt or carbohydrate
malabsorption, fecal incontinence,
drug/laxatives, microscopic colitis)
• Repeat history/physical examination
• Review studies done
• Further testing when cause

High Volume, Dehydration,
Elderly• Stop medication/diet agent when

found
• CBC, ESR, CMP
• Consider celiac antibody test • IV hydration

• Hospitalization• Treat• Proceed to specific test for diagnosis

Chronic Diarrhea
(>4 weeks)

History/Physical Examination

Alarm Symptoms, No Clue
Initial Blood Test:
CBC (differential), electrolytes, liver tests, protein/albumin,
calcium, folate, vitamin B12, consider celiac antibodies

Stool Studies:
O&P, Giardia Ag or PCR, WBC or calprotectin, fat,

electrolytes/osmolality (if watery)
Consider stool culture or PCR panel, laxative screen*
Consider stool α-1 antitrypsin if hypoproteinemic

Endoscopic Studies:
Colonoscopy with biopsies
EGD with duodenal biopsies

FIGURE 131-2. Initial approach to chronic diarrhea. *perform stool culture in those who are immunosuppressed; perform laxative screen if laxative abuse is suspected. Ag = antigen; 
cbc = complete blood count; cMp = comprehensive metabolic panel; eGD = esophagogastroduodenoscopy; esr = erythrocyte sedimentation rate; iV = intravenous; o&p = ova and 
parasites; pcr = polymerase chain reaction; wbc = white blood cells. 
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Chronic Watery Diarrhea

Inflammatory Noninflammatory
If high volume or elusive:

Bloody Bloody or Watery
Stool hemoccult positive
Lactoferrin, calprotectin,

WBCs

Crohn disease
Ischemic enteritis

Food allergy
Eosinophilic gastroenteritis§

Radiation

Ulcerative colitis
Chronic ischemia

Watery

>1 L (often >3 L)
(persists with fast)

<1 L 
(most stop with fast)

Celiac disease
Tropical sprue

Microscopic colitis
(requires colon biopsy

for diagnosis)

Tumor Hormone*
VIPoma

Carcinoid
Gastrinoma

Thyroid medullary cancer

Laxatives†

women > men
+/– osmotic gap

Mg, PO4

Other
Mastocytosis

(intestinal biopsy
special stain)

Villous adenoma
(  K, alkalosis)

CHO‡

Stool
Osmotic gap

pH

Bile Salts
Ileal disease

FGF19

Diabetic
Diagnosis

of exclusion

IBS

FIGURE 131-3. Approach to the evaluation of watery diarrheas. Many diarrheas have more than one mechanism (i.e., osmotic, secretory, inflammatory). other causes include medi-
cations, postsurgical (vagotomy, nissan wrap, cholecystectomy), hyperthyroidism, and alcohol. *Vipoma: >3 l output daily “pancreatic cholera,” elevated Vip level. carcinoid: elevated 
urine 5-hydroxyindole acetic acid, positive octreoscan. Gastrinoma: elevated gastrin level, positive secretin stimulation test, diarrhea due to high volume of acid secretion. thyroid 
medullary cancer: elevated calcitonin level. †stool volume may be high or low volume depending on dose ingested, may respond to fast. ‡carbohydrate malabsorption (cho) may be 
due to lactase deficiency, dietary fructose, sorbitol in diabetic candies or liquid medications. §Full-thickness biopsy may be needed for diagnosis. FGF = fibroblast growth factor; ibs = 
irritable bowel syndrome; wbcs = white blood cells. 

for higher HCO3
− concentrations (usually >50 mmol/L). In osmotic diarrhea, 

the presence of uncharged solute or unmeasured cation in the colonic lumen 
draws in water, depresses stool Na+ (usually <60 mmol/L) and K+ concentra-
tions, and results in a stool osmotic gap greater than 125. Stools with Na+ 
concentrations between 60 and 90 mmol/L and calculated osmotic gaps 
between 50 and 100 can result from either secretory or malabsorptive abnor-
malities. Patients with Mg2+-induced diarrhea may be diagnosed by fecal Mg2+ 
values of more than 50 mmol/L. Sodium anion–induced diarrheas (Na2SO4, 
Na2PO4) mimic secretory diarrhea because the stool Na+ content is high 
(>90 mmol/L) and there is no osmotic gap; this diarrhea may be diagnosed 
by determining stool Cl− concentration because these anions displace stool 
Cl−, resulting in a depressed stool Cl− value (usually <20 mmol/L). A low 
stool osmolality suggests contamination of stool with dilute urine or water in 
the case of factitious diarrhea.

 SPECIFIC CAUSES OF CHRONIC DIARRHEA
 Prolonged, Persistent Infectious Diarrheas
Prolonged infectious diarrheas (>2 weeks) may be due to persistent or recur-
rent infections. These diarrheas occur most commonly in children exposed 
to unsafe drinking water in developing countries, patients who have acquired 
immunodeficiency syndrome (AIDS) or are immunosuppressed for other 
reasons, and recent travelers. Recurrent or prolonged infectious diarrhea may 
lead to severe malnutrition and death (mortality rate, 50%). Treatment for 
children includes nutrition support with supplemental vitamin A (200,000 IU 
orally twice yearly) and zinc (20 mg elemental orally daily for 14 days). Severe 
disease may require total parenteral nutrition.

In patients with AIDS, protracted diarrhea may be caused by treatable agents 
such as E. histolytica, Giardia, or Strongyloides or by organisms such as Cryp-
tosporidium, Isospora belli, and microsporidia that are difficult to treat or untreat-
able. The most effective treatment is retroviral therapy to improve the immune 
system (Chapter 364).

In travelers returning from developing countries with infectious diarrhea 
that persists for longer than 3 to 4 weeks, stool should be examined for culture 
and for ova and parasites. In patients with a recent history of antibiotic use, 
stool also should be sent for C. difficile toxin or PCR. Any specific organisms 
that are identified should be treated. If treatment with trimethoprim-
sulfamethoxazole or a fluoroquinolone has been unsuccessful, tetracycline 
(250 mg orally four times daily for 7 to 10 days), doxycycline (100 mg orally 
two times a day for 7 to 10 days), or metronidazole (250 mg orally three times 
daily for 7 to 10 days) can be tried. After documented infectious diarrhea, 
25% of patients experience pain, bloating, urgency, a sense of incomplete 
evacuation, and loose stools for 6 months or longer; some of these patients 
have celiac disease, so screening (see later) is warranted in this setting. When 
no other cause is found, these patients are deemed to have postinfectious 
irritable bowel syndrome.

TABLE 131-6 TESTS FOR THE EVALUATION OF MALABSORPTION*
TEST COMMENTS
GENERAL TESTS OF ABSORPTION

Quantitative stool fat test Gold standard test of fat malabsorption. Requires ingestion of a high-fat diet (70-100 g) for 2 days before and during the collection. 
Stool is collected for 2-3 days. Normally, <7 g/24 hr is excreted on a high-fat diet. Borderline abnormalities of 8-14 g/24 hr may be 
seen in secretory or osmotic diarrheas that are not caused by malabsorption. There are false-negative findings if fat intake is 
inadequate. False-positive results can occur if the nonabsorbable fat olestra is ingested or mineral oil laxatives or rectal suppositories 
(e.g., cocoa butter) are given to the patient before stool collection.

Qualitative stool fat test Sudan stain of a stool sample for fat. Many fat droplets per medium-power field (40×) constitute a positive test result. The nuclear 
magnetic resonance method determines the percentage of fat in the stool (normal, <20%). The test depends on an adequate fat intake 
(100 g/day). There is high sensitivity (90%) and specificity (90%) with fat malabsorption of >10 g/24 hr. Sensitivity drops with stool 
fat in the range of 6-10 g/24 hr.

Hydrogen breath test Most useful in the diagnosis of lactase deficiency. An oral dose of lactose (25 g) is administered after measurement of basal breath H2 
levels. The sole source of H2 in the mammal is bacterial fermentation; unabsorbed lactose makes its way to colonic bacteria, resulting 
in excess breath H2. A late peak within 3-6 hr of >20 ppm of exhaled H2 after lactose ingestion suggests lactose malabsorption. 
Absorption of other carbohydrates (e.g., sucrose, glucose, fructose) also can be tested.

SPECIFIC TESTS FOR MALABSORPTION

tests for pancreatic Function
Secretin stimulation test The gold standard test of pancreatic function. Requires duodenal intubation with a double-lumen tube and collection of pancreatic juice 

in response to intravenous secretin. Allows measurement of bicarbonate (HCO3
−) and pancreatic enzymes. A sensitive test of 

pancreatic function, but labor intensive and invasive.
Fecal elastase-1 test Stool test for pancreatic function. Equal sensitivity to the secretin stimulation test for the diagnosis of moderate to severe pancreatic 

insufficiency. Unreliable with mild insufficiency. False-positive results occur with increased stool volume and intestinal mucosal 
diseases.

tests for bacterial overgrowth
Quantitative culture of small intestinal 

aspirate
Gold standard test for bacterial overgrowth. Greater than 105 colony-forming units (CFU)/mL in the jejunum suggests bacterial 

overgrowth. Requires special anaerobic sample collection, rapid anaerobic and aerobic plating, and care to avoid oropharyngeal 
contamination. False-negative results occur with focal jejunal diverticula and when overgrowth is distal to the site aspirated.
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for higher HCO3
− concentrations (usually >50 mmol/L). In osmotic diarrhea, 

the presence of uncharged solute or unmeasured cation in the colonic lumen 
draws in water, depresses stool Na+ (usually <60 mmol/L) and K+ concentra-
tions, and results in a stool osmotic gap greater than 125. Stools with Na+ 
concentrations between 60 and 90 mmol/L and calculated osmotic gaps 
between 50 and 100 can result from either secretory or malabsorptive abnor-
malities. Patients with Mg2+-induced diarrhea may be diagnosed by fecal Mg2+ 
values of more than 50 mmol/L. Sodium anion–induced diarrheas (Na2SO4, 
Na2PO4) mimic secretory diarrhea because the stool Na+ content is high 
(>90 mmol/L) and there is no osmotic gap; this diarrhea may be diagnosed 
by determining stool Cl− concentration because these anions displace stool 
Cl−, resulting in a depressed stool Cl− value (usually <20 mmol/L). A low 
stool osmolality suggests contamination of stool with dilute urine or water in 
the case of factitious diarrhea.

 SPECIFIC CAUSES OF CHRONIC DIARRHEA
 Prolonged, Persistent Infectious Diarrheas
Prolonged infectious diarrheas (>2 weeks) may be due to persistent or recur-
rent infections. These diarrheas occur most commonly in children exposed 
to unsafe drinking water in developing countries, patients who have acquired 
immunodeficiency syndrome (AIDS) or are immunosuppressed for other 
reasons, and recent travelers. Recurrent or prolonged infectious diarrhea may 
lead to severe malnutrition and death (mortality rate, 50%). Treatment for 
children includes nutrition support with supplemental vitamin A (200,000 IU 
orally twice yearly) and zinc (20 mg elemental orally daily for 14 days). Severe 
disease may require total parenteral nutrition.

In patients with AIDS, protracted diarrhea may be caused by treatable agents 
such as E. histolytica, Giardia, or Strongyloides or by organisms such as Cryp-
tosporidium, Isospora belli, and microsporidia that are difficult to treat or untreat-
able. The most effective treatment is retroviral therapy to improve the immune 
system (Chapter 364).

In travelers returning from developing countries with infectious diarrhea 
that persists for longer than 3 to 4 weeks, stool should be examined for culture 
and for ova and parasites. In patients with a recent history of antibiotic use, 
stool also should be sent for C. difficile toxin or PCR. Any specific organisms 
that are identified should be treated. If treatment with trimethoprim-
sulfamethoxazole or a fluoroquinolone has been unsuccessful, tetracycline 
(250 mg orally four times daily for 7 to 10 days), doxycycline (100 mg orally 
two times a day for 7 to 10 days), or metronidazole (250 mg orally three times 
daily for 7 to 10 days) can be tried. After documented infectious diarrhea, 
25% of patients experience pain, bloating, urgency, a sense of incomplete 
evacuation, and loose stools for 6 months or longer; some of these patients 
have celiac disease, so screening (see later) is warranted in this setting. When 
no other cause is found, these patients are deemed to have postinfectious 
irritable bowel syndrome.

Stool Examination in Elusive Diarrhea
An important adjunct to diagnosing the cause of diarrhea is to examine the 
stool. The greasy, bulky stool of steatorrhea and the bloody stool of gut inflam-
mation are distinctive. Stool collections (see Table 131-6) can be analyzed 
for weight, volume, fat, electrolytes (Na+, K+, Cl−), osmolality, pH, and a laxa-
tive screen (SO4

2−, PO4
2−, Mg2+). Stool or urine can be analyzed for emetine 

(a component of ipecac), bisacodyl, castor oil, or anthraquinone.
Carbohydrate malabsorption lowers stool pH because of colonic fer-

mentation of carbohydrate to short-chain fatty acids. Stool pH less than 5.3 
usually means pure carbohydrate malabsorption, whereas in the general-
ized malabsorptive diseases, stool pH is greater than 5.6 and usually greater  
than 6.0.

The normal stool osmotic gap, which is the difference between stool osmo-
lality (or 290 mOsm) and twice the stool Na+ and K+ concentrations, is 50 
to 125. In secretory diarrheas, the colon’s capacity for adjusting electrolyte 
concentrations is overwhelmed, the stool osmotic gap is less than 50, and 
stool electrolytes more nearly resemble plasma electrolytes (Na+ concentra-
tions are usually >90 mmol/L, K+ concentrations usually <10 mmol/L), except 

*Not all these tests are readily available. A strong suspicion for any disease warrants foregoing an extensive work-up and obtaining the test with highest diagnostic yield. In some cases, empirical treatment, such 
as removing lactose from the diet of an otherwise healthy individual with lactose intolerance, is warranted without any testing.

TABLE 131-6 TESTS FOR THE EVALUATION OF MALABSORPTION—cont’d
TEST COMMENTS
Hydrogen breath test The 50-g glucose breath test has a sensitivity of 90% for growth of 105 colonic-type bacteria in the small intestine. If bacterial overgrowth 

is present, increased H2 is excreted in the breath. An early hydrogen level (<90 min) of >20 ppm suggests bacterial overgrowth. 
Specificity is increased when performed with simultaneous nuclear scintigraphy to define transit time to the cecum. False-positive 
results occur in patients with rapid transit. False-negative results occur with non-hydrogen-producing organisms. Concomitant 
measurement of breath methane improves test sensitivity.

tests for Mucosal Disease
Small bowel biopsy Obtained for a specific diagnosis when there is a high index of suspicion for small intestinal disease. Several biopsy specimens (4-5) 

must be obtained to maximize the diagnostic yield. Distal duodenal biopsy specimens are usually adequate for diagnosis, but 
occasionally enteroscopy with jejunal biopsy specimens is necessary. Small intestinal biopsy provides a specific diagnosis in some 
diseases (e.g., intestinal infection, Whipple disease, abetalipoproteinemia, agammaglobulinemia, lymphangiectasia, lymphoma, 
amyloidosis). In other conditions, such as celiac disease and tropical sprue, the biopsy specimens show characteristic findings, but the 
diagnosis is made by positive celiac serology or improvement after specific treatment.

test of ileal Function
75SeHCAT test This is a test of bile acid absorption. Seven days after ingestion of radiolabeled synthetic selenium–homocholic acid conjugated with 

taurine (75SeHCAT), whole body retention is measured by a gamma-counting device. The result is expressed as a fraction of baseline 
ingestion. Retention values of <10% are abnormal and indicate bile acid malabsorption with a sensitivity of 80-90% and specificity of 
70-100%. The radiation dose is equivalent to that of a plain chest x-ray. Liver disease and bacterial overgrowth may give false results. 
Not approved for use in the United States.

TABLE 131-7 ABNORMALITIES CONDUCIVE TO BACTERIAL 
OVERGROWTH

STRUCTURAL

Blind intestinal loops
End-to-side intestinal anastomoses
Ileocecal valve resection
Duodenal and jejunal diverticula
Strictures (Crohn disease, radiation enteritis)
Adhesions (postsurgical)
Gastrojejunocolic fistulas
MOTOR

Scleroderma
Diabetes mellitus
Idiopathic pseudo-obstruction
HYPOCHLORHYDRIA

Atrophic gastritis
Proton pump inhibitors
MISCELLANEOUS

Immunodeficiency states
Pancreatitis
Cirrhosis
Chronic renal failure
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 IMPAIRED MIXING
Surgical alterations, such as partial gastrectomy with gastrojejunostomy (Bill-
roth II anastomosis) or gastrointestinal bypass surgeries for obesity, result in 
the release of biliary and pancreatic secretions into the intestine at a site remote 
from the site of entry of gastric contents. This imbalance can result in impaired 
lipolysis and impaired micelle formation, with subsequent fat malabsorption. 
Bypass of the duodenum also impairs absorption of iron, folate, and calcium. 
Rapid transit through the jejunum contributes to the malabsorption of nutri-
ents. Individuals with these conditions also have surgical anastomoses that 
predispose to bacterial overgrowth.

 DUMPING SYNDROME
After esophageal (distal esophagectomy, myotomy for achalasia), gastric 
(Nissan wrap, hiatal hernia repair, gastrojejunostomy), and bariatric (Roux-
en-Y and duodenal switch gastric bypass) surgeries, the unregulated delivery 
of concentrated sugars and food into the duodenum and jejunum results in 
altered insulin regulation, maldigestion, osmotic movement of fluid into the 
intestinal lumen, and rapid transit such that intestinal contact time is insuf-
ficient for absorption of nutrients. Patients may present with severe diarrhea, 
malabsorption, abdominal cramping, gas, and weight loss. Some patients have 
associated sweatiness, dizziness, and altered cognition because of postprandial 
hypoglycemia.

A modified oral glucose tolerance test that shows late (120 to 180 minutes) 
hypoglycemia and an early (30 minutes) rise in hematocrit with an increased 
pulse rate suggests the dumping syndrome in patients with consistent symp-
toms. A small bowel barium study to assess transit time may be helpful in the 
diagnosis.

Treatment is with a diet that is low in concentrated sugars divided into six 
small meals. Administration of pectin (15 g with each meal) may slow gastric 
emptying. In patients who are refractory to dietary measures, a short-acting 
somatostatin analogue (e.g., octreotide, 25 to 200 µg SC three times daily) 
or the better tolerated intramuscular preparation (10 to 20 mg monthly) 
improves dumping symptoms. In patients with predominant reactive hypo-
glycemia 1 to 3 hours after a meal (late dumping), an α-glycosidase hydrolase 
inhibitor (e.g., acarbose, 50 to 100 mg orally three times daily) that blocks 
carbohydrate absorption in the small bowel may be beneficial. Continuous 
tube feeding is also effective.

Sporadic outbreaks of severe, prolonged diarrhea, often greater than 1 year 
in duration, occasionally have been reported. This form of prolonged diarrhea 
is called Brainerd diarrhea. The organism has yet to be identified. The diarrhea 
is difficult to treat; cholestyramine (4 g orally three times daily) may be helpful.

 Malabsorptive Syndromes
Malabsorption is caused by many different diseases, drugs (e.g., the lipase 
inhibitor orlistat; Chapter 207), and nutritional products (the nonabsorbable 
fat olestra) that impair intraluminal digestion, mucosal absorption, or delivery 
of the nutrient to the systemic circulation (E-Fig. 131-2; see Table 131-4). 
Dietary fat is the nutrient most difficult to absorb. Fatty stools (steatorrhea) 
are the hallmark of malabsorption; a stool test for fat is the best screening 
test. Malabsorption does not always cause diarrhea. Clinical signs of vitamin 
or mineral deficiencies may occur in the absence of diarrhea. A careful focused 
history is crucial in guiding further testing to confirm the suspicion of mal-
absorption and to make a specific diagnosis (Fig. 131-4). The goals of treatment 
are to correct or treat the underlying disease and replenish losses of water, 
electrolytes, and nutrients.

 Conditions That Impair Intraluminal Digestion
Most digestion and absorption of nutrients occur in the small intestine (see 
E-Fig. 131-2). Carbohydrates and most dietary proteins are water soluble and 
readily digested by pancreatic enzymes. Pancreatic proteases (trypsinogen, 
chymotrypsinogen, procarboxypeptidases) are secreted from acinar cells in 
inactive forms. The cleavage of trypsinogen to trypsin by the duodenal brush-
border peptidase enteropeptidase (enterokinase) allows trypsin to cleave the 
remaining trypsinogen and other proteases to their active form.

Most dietary lipids (long-chain triglycerides, cholesterol, and fat-soluble 
vitamins) are water insoluble and must undergo lipolysis and incorpora-
tion into mixed micelles before they can be absorbed across the intestinal 
mucosa. Pancreatic lipase, in the presence of its cofactor, colipase, cleaves 
long-chain triglycerides into fatty acids and monoglycerides. The products 
of lipolysis interact with bile salts and phospholipids to form mixed micelles, 
which also incorporate cholesterol and fat-soluble vitamins (D, A, K, and 
E) in their hydrophobic centers. Bicarbonate secreted from pancreatic duct 
cells is physiologically important to neutralize gastric acid because pancreatic 
enzyme activity and bile salt micelle formation are optimum at a luminal pH  
of 6 to 8.

AbnormalNormal

Stool fat testTreat infection

NegativePositive

Stool for ova and parasites
Stool for Giardia antigen test

Unexplained iron or folate deficiency
Unexplained bone disease

Proximal

Distal

Suspicion of
pancreatic disease
(alcoholic, 
pancreatic surgery), 
fecal fat > 30 g/day

Carbohydrate 
malabsorption

Evaluation of watery and
inflammatory diarrhea

(Fig. -3)

Suspicion of
rapid transit (altered 
gastric, small bowel, 

esophageal
anatomy)

Small bowel
 for transit time

Image pancreas
Secretin test

Suspicion of

(elderly, DM, small 
bowel stricture or 

dysmotility)
(Table 1 -7)

Culture intestinal
aspirate

H2 breath test
Small bowel

Suspicion of
mucosal disease

(weight loss, 
multiple nutrient 
malabsorption)

Suspected malabsorption

CT or MR
enterography

FIGURE 131-4. Approach to the diagnosis of malabsorption. ct = computed tomography; DM = diabetes mellitus; Mr = magnetic resonance; pcr = polymerase chain reaction. 

bacteria in the upper small bowel low. Any condition that produces local stasis 
or recirculation of colonic luminal contents allows development of a predomi-
nantly “colonic” flora (coliforms and anaerobes, such as Bacteroides and Clos-
tridium) in the small intestine (see Table 131-7). Anaerobic bacteria cause 
impaired micelle formation by releasing cholylamidases, which deconjugate 
bile salts. The unconjugated bile salts, with their higher pKa, are more likely 
to be in the protonated form at the normal upper small intestinal pH of 6 to 
7 and can be absorbed passively. As a result, the concentration of bile salts 
decreases in the intestinal lumen and can fall to less than the critical micellar 
concentration, causing malabsorption of fats and fat-soluble vitamins. Vitamin 
B12 deficiency and carbohydrate malabsorption also can occur with general-
ized bacterial overgrowth. Anaerobic bacteria ingest vitamin B12 and release 
proteases that degrade brush-border disaccharidases. Although anaerobic 
bacteria use vitamin B12, they synthesize folate. Individuals with bacterial 
overgrowth usually have low serum vitamin B12 levels but normal or high 
folate levels; this helps distinguish bacterial overgrowth from tropical sprue, 
in which vitamin B12 and folate levels are usually low because of decreased 
mucosal uptake.

 CLINICAL MANIFESTATIONS
Individuals with bacterial overgrowth can present with diarrhea, abdominal 
cramps, gas and bloating, anorexia, weight loss, and signs and symptoms of 
vitamin B12 and fat-soluble vitamin deficiency. Watery diarrhea occurs because 
of the osmotic load of unabsorbed carbohydrates and stimulation of colonic 
secretion by unabsorbed fatty acids.

 DIAGNOSIS
The diagnosis of bacterial overgrowth should be considered in elderly people 
and in individuals with predisposing underlying disorders (see Table 131-7).10 
Bacterial overgrowth may be associated with the irritable bowel syndrome. 
The identification of greater than 105 CFU/mL in a culture of small intestinal 
aspirate is the gold standard in diagnosis but is not readily available. The 
noninvasive tests with a sensitivity and specificity comparable to those of 
intestinal culture are the glucose hydrogen and methane breath test; in indi-
viduals with low vitamin B12 levels, a Schilling test before and after antibiotic 
therapy can be diagnostic if available (Chapter 155).

 IMPAIRED LIPOLYSIS
A deficiency in pancreatic lipase may be caused by the congenital absence of 
pancreatic lipase or by destruction of the pancreatic gland as a result of alcohol-
related pancreatitis, cystic fibrosis, or pancreatic cancer. Pancreatic lipase also 
can be denatured by excess secretion of gastric acid (e.g., gastrinoma; Chapter 
219). In such cases, lipase denaturation can be offset by treatment with a 
high-dose proton pump inhibitor (e.g., omeprazole 60 mg/day orally) to block 
acid secretion.

 CHRONIC PANCREATITIS
Chronic pancreatitis (Chapter 135) is the most common cause of pancreatic 
insufficiency and impaired lipolysis. In the United States, chronic pancreatitis 
most commonly results from alcohol abuse; in contrast, tropical (nutritional) 
pancreatitis is most common worldwide. Malabsorption of fat does not occur 
until more than 90% of the pancreas is destroyed.

 CLINICAL MANIFESTATIONS
Individuals with pancreatic causes of malabsorption typically present with 
bulky, fat-laden stools (usually >30 g of fat daily), abdominal pain, and diabetes, 
although some present with diabetes in the absence of gastrointestinal symp-
toms. Stools usually are not watery because undigested triglycerides form 
large emulsion droplets with little osmotic force and, in contrast to fatty acids, 
do not stimulate water and electrolyte secretion in the colon. Deficiency of 
fat-soluble vitamins is seen only rarely, presumably because gastric and residual 
pancreatic lipase generates enough fatty acids for some micelle formation. In 
severe disease, subclinical protein malabsorption, manifested by the presence 
of undigested meat fibers in the stool, and subclinical carbohydrate malabsorp-
tion, manifested by gas-filled, floating stools, can occur. Weight loss, when it 
occurs, is most often caused by decreased oral intake to avoid abdominal pain 
or diarrhea and less commonly by malabsorption. Pancreatic enzyme replace-
ment and analgesics are the mainstays of treatment for chronic pancreatitis 
(see Table 135-5 in Chapter 135).

 DIAGNOSIS
Between 30 and 40% of individuals with alcohol-related chronic pancreatitis 
have calcifications on abdominal radiographs. A qualitative or quantitative 
test for fecal fat is positive in individuals whose pancreas is more than 90% 
destroyed. Noninvasive tests of pancreatic function are not sensitive enough 
to detect mild to moderate insufficiency, so the secretin stimulation test is 
preferred (see Table 131-6) if it can be obtained.

 IMPAIRED MICELLE FORMATION
Bile salt concentrations in the intestinal lumen can fall to less than the critical 
concentration (2 to 3 mmol/L) needed for micelle formation because of 
decreased bile salt synthesis (severe liver disease), decreased bile salt delivery 
(cholestasis), or removal of luminal bile salts (bacterial overgrowth, terminal 
ileal disease or resection, cholestyramine therapy, acid hypersecretion). Fat 
malabsorption resulting from impaired micelle formation is generally not as 
severe as malabsorption resulting from pancreatic lipase deficiency, presum-
ably because fatty acids and monoglycerides can form lamellar structures, 
which to a certain extent can be absorbed. Malabsorption of fat-soluble vitamins 
(D, A, K, and E) may be marked, however, because micelle formation is required 
for their absorption.

 Decreased Bile Salt Synthesis and Delivery
Malabsorption can occur in individuals with cholestatic liver disease or bile 
duct obstruction, as well as in occasional patients who have undergone prior 
cholecystectomy.9 The clinical consequences of malabsorption are seen most 
often in women with primary biliary cirrhosis because of the prolonged nature 
of the illness. Although these individuals can present with steatorrhea, osteo-
porosis or, less commonly, osteomalacia is the most common presentation. 
The cause of bone disease in these patients is poorly understood and often is 
not related to vitamin D deficiency. Bone disease is treated with calcium 
supplements (and vitamin D if a deficiency is documented), weight-bearing 
exercise, and a bisphosphonate (e.g., alendronate, 10 mg/day orally or 70 mg 
orally once weekly).

 Intestinal Bacterial Overgrowth
In health, only small numbers of lactobacilli, enterococci, gram-positive aerobes, 
or facultative anaerobes can be cultured from the upper small bowel lumen. 
Motility and acid are the most important factors in keeping the number of 

TREATMENT 

 ILEAL DISEASE
Disease of the terminal ileum is most commonly due to Crohn disease, which 
also may lead to ileal resection, but it also can be caused by radiation enteritis, 
tropical sprue, tuberculosis, Yersinia infection, or idiopathic bile salt malab-
sorption. These diseases cause bile salt wasting in the colon.

The clinical consequences of bile salt malabsorption are related directly to 
the length of the diseased or resected terminal ileum. In an adult, if less than 
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E-FIGURE 131-2. Phases of intestinal digestion and absorption of dietary fat, protein, and carbohydrate. a.a. = Amino acids; Apob, A = apolipoproteins b and A; chol = cholesterol; 
FA = fatty acids; MG = monoglycerides; tG = triglycerides. 
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bacteria in the upper small bowel low. Any condition that produces local stasis 
or recirculation of colonic luminal contents allows development of a predomi-
nantly “colonic” flora (coliforms and anaerobes, such as Bacteroides and Clos-
tridium) in the small intestine (see Table 131-7). Anaerobic bacteria cause 
impaired micelle formation by releasing cholylamidases, which deconjugate 
bile salts. The unconjugated bile salts, with their higher pKa, are more likely 
to be in the protonated form at the normal upper small intestinal pH of 6 to 
7 and can be absorbed passively. As a result, the concentration of bile salts 
decreases in the intestinal lumen and can fall to less than the critical micellar 
concentration, causing malabsorption of fats and fat-soluble vitamins. Vitamin 
B12 deficiency and carbohydrate malabsorption also can occur with general-
ized bacterial overgrowth. Anaerobic bacteria ingest vitamin B12 and release 
proteases that degrade brush-border disaccharidases. Although anaerobic 
bacteria use vitamin B12, they synthesize folate. Individuals with bacterial 
overgrowth usually have low serum vitamin B12 levels but normal or high 
folate levels; this helps distinguish bacterial overgrowth from tropical sprue, 
in which vitamin B12 and folate levels are usually low because of decreased 
mucosal uptake.

 CLINICAL MANIFESTATIONS
Individuals with bacterial overgrowth can present with diarrhea, abdominal 
cramps, gas and bloating, anorexia, weight loss, and signs and symptoms of 
vitamin B12 and fat-soluble vitamin deficiency. Watery diarrhea occurs because 
of the osmotic load of unabsorbed carbohydrates and stimulation of colonic 
secretion by unabsorbed fatty acids.

 DIAGNOSIS
The diagnosis of bacterial overgrowth should be considered in elderly people 
and in individuals with predisposing underlying disorders (see Table 131-7).10 
Bacterial overgrowth may be associated with the irritable bowel syndrome. 
The identification of greater than 105 CFU/mL in a culture of small intestinal 
aspirate is the gold standard in diagnosis but is not readily available. The 
noninvasive tests with a sensitivity and specificity comparable to those of 
intestinal culture are the glucose hydrogen and methane breath test; in indi-
viduals with low vitamin B12 levels, a Schilling test before and after antibiotic 
therapy can be diagnostic if available (Chapter 155).

 IMPAIRED LIPOLYSIS
A deficiency in pancreatic lipase may be caused by the congenital absence of 
pancreatic lipase or by destruction of the pancreatic gland as a result of alcohol-
related pancreatitis, cystic fibrosis, or pancreatic cancer. Pancreatic lipase also 
can be denatured by excess secretion of gastric acid (e.g., gastrinoma; Chapter 
219). In such cases, lipase denaturation can be offset by treatment with a 
high-dose proton pump inhibitor (e.g., omeprazole 60 mg/day orally) to block 
acid secretion.

 CHRONIC PANCREATITIS
Chronic pancreatitis (Chapter 135) is the most common cause of pancreatic 
insufficiency and impaired lipolysis. In the United States, chronic pancreatitis 
most commonly results from alcohol abuse; in contrast, tropical (nutritional) 
pancreatitis is most common worldwide. Malabsorption of fat does not occur 
until more than 90% of the pancreas is destroyed.

 CLINICAL MANIFESTATIONS
Individuals with pancreatic causes of malabsorption typically present with 
bulky, fat-laden stools (usually >30 g of fat daily), abdominal pain, and diabetes, 
although some present with diabetes in the absence of gastrointestinal symp-
toms. Stools usually are not watery because undigested triglycerides form 
large emulsion droplets with little osmotic force and, in contrast to fatty acids, 
do not stimulate water and electrolyte secretion in the colon. Deficiency of 
fat-soluble vitamins is seen only rarely, presumably because gastric and residual 
pancreatic lipase generates enough fatty acids for some micelle formation. In 
severe disease, subclinical protein malabsorption, manifested by the presence 
of undigested meat fibers in the stool, and subclinical carbohydrate malabsorp-
tion, manifested by gas-filled, floating stools, can occur. Weight loss, when it 
occurs, is most often caused by decreased oral intake to avoid abdominal pain 
or diarrhea and less commonly by malabsorption. Pancreatic enzyme replace-
ment and analgesics are the mainstays of treatment for chronic pancreatitis 
(see Table 135-5 in Chapter 135).

 DIAGNOSIS
Between 30 and 40% of individuals with alcohol-related chronic pancreatitis 
have calcifications on abdominal radiographs. A qualitative or quantitative 
test for fecal fat is positive in individuals whose pancreas is more than 90% 
destroyed. Noninvasive tests of pancreatic function are not sensitive enough 
to detect mild to moderate insufficiency, so the secretin stimulation test is 
preferred (see Table 131-6) if it can be obtained.

 IMPAIRED MICELLE FORMATION
Bile salt concentrations in the intestinal lumen can fall to less than the critical 
concentration (2 to 3 mmol/L) needed for micelle formation because of 
decreased bile salt synthesis (severe liver disease), decreased bile salt delivery 
(cholestasis), or removal of luminal bile salts (bacterial overgrowth, terminal 
ileal disease or resection, cholestyramine therapy, acid hypersecretion). Fat 
malabsorption resulting from impaired micelle formation is generally not as 
severe as malabsorption resulting from pancreatic lipase deficiency, presum-
ably because fatty acids and monoglycerides can form lamellar structures, 
which to a certain extent can be absorbed. Malabsorption of fat-soluble vitamins 
(D, A, K, and E) may be marked, however, because micelle formation is required 
for their absorption.

 Decreased Bile Salt Synthesis and Delivery
Malabsorption can occur in individuals with cholestatic liver disease or bile 
duct obstruction, as well as in occasional patients who have undergone prior 
cholecystectomy.9 The clinical consequences of malabsorption are seen most 
often in women with primary biliary cirrhosis because of the prolonged nature 
of the illness. Although these individuals can present with steatorrhea, osteo-
porosis or, less commonly, osteomalacia is the most common presentation. 
The cause of bone disease in these patients is poorly understood and often is 
not related to vitamin D deficiency. Bone disease is treated with calcium 
supplements (and vitamin D if a deficiency is documented), weight-bearing 
exercise, and a bisphosphonate (e.g., alendronate, 10 mg/day orally or 70 mg 
orally once weekly).

 Intestinal Bacterial Overgrowth
In health, only small numbers of lactobacilli, enterococci, gram-positive aerobes, 
or facultative anaerobes can be cultured from the upper small bowel lumen. 
Motility and acid are the most important factors in keeping the number of 

The goals of treatment are to correct the structural or motility defect, if 
possible; to eradicate offending bacteria; and to provide nutritional support. 
Acid-reducing agents should be stopped, if possible. Treatment with antibiotics 
should be based on culture results whenever possible; otherwise, empirical 
treatment is given. Rifaximin (400 mg orally three times daily) is effective, A8  but  
less so in individuals with an excluded (blind) intestinal loop. Tetracycline (250 to 
500 mg orally four times daily), doxycycline (100 mg orally two times daily), or a 
broad-spectrum antibiotic against aerobes and enteric anaerobes (ciprofloxacin, 
500 mg orally twice daily; amoxicillin-clavulanic acid, 250 to 500 mg orally three 
times daily; cephalexin, 250 mg orally four times daily with metronidazole, 250 mg 
orally three times daily) should be given for 14 days. Prokinetic agents such as 
metoclopramide (10 mg orally four times daily) or erythromycin (250 to 500 mg 
orally four times daily) can be tried to treat small bowel motility disorders, but 
often they are not efficacious. Octreotide (50 µg SC every day) may improve 
motility and reduce bacterial overgrowth in individuals with scleroderma. If the 
structural abnormality or motility disturbance cannot be corrected, the patient 
is at risk for malnutrition and deficiencies of vitamin B12 and fat-soluble vitamins. 
Cyclic treatment (1 to 3 weeks of every 4 to 6 weeks) with rotating antibiot-
ics may be required in these patients to prevent recurrent bouts of bacterial 
overgrowth. If supplemental calories are needed, medium-chain triglycerides 
should be given because they do not depend on micelle formation for their 
absorption. Monthly treatment with vitamin B12 should be considered, along 
with supplemental vitamins D, A, K, and E and calcium.

TREATMENT 

 ILEAL DISEASE
Disease of the terminal ileum is most commonly due to Crohn disease, which 
also may lead to ileal resection, but it also can be caused by radiation enteritis, 
tropical sprue, tuberculosis, Yersinia infection, or idiopathic bile salt malab-
sorption. These diseases cause bile salt wasting in the colon.

The clinical consequences of bile salt malabsorption are related directly to 
the length of the diseased or resected terminal ileum. In an adult, if less than 
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identified in the rare disorder hereditary hypomagnesemia. Ferrous iron is 
transported into intestinal epithelial cells by a proton-coupled metal-ion trans-
porter (Nramp2) that has specificity for Fe2+ and other divalent cations (Zn2+, 
Mn2+, Co2+, Cd2+, Cu2+, Ni2+, and Pb2+). The absorption of calcium and nonheme 
iron is enhanced by solubilization with hydrochloric acid. Intraluminal com-
pounds such as oxalate, phytate, and long-chain fatty acids bind to calcium 
and magnesium, decreasing their absorption. Individuals with severe mucosal 
disease or short-bowel syndrome with high fecal fluid outputs lose magnesium 
and zinc from endogenous secretions.

Folates (Chapters 155 and 205) are both taken in the diet and produced 
by bacteria in the colon. Dietary folates are absorbed in the proximal small 
intestine through a reduced folate carrier (RFC1). Deficiency can be caused 
by poor intake or malabsorption secondary to intestinal disease or drugs. The 
cobalamins (Chapters 155 and 205) are abundant in foods containing animal 
proteins (e.g., meat, seafood, eggs, milk). Cobalamin (vitamin B12) deficiency 
in industrialized countries is rarely due to poor dietary intake but rather reflects 
the inability to absorb cobalamin. This inability may be caused by a lack of 
intrinsic factor, consumption of cobalamin by overgrowth of anaerobic bacteria 
in the small bowel lumen, ileal disease or resection, or defective transcobalamin 
II. Large amounts of cobalamin are present in the liver (2 to 5 mg), and cobala-
min is reabsorbed from bile through the enterohepatic circulation, thereby 
limiting daily losses to less than 1 µg. It usually takes 10 to 12 years for cobala-
min deficiency to develop after it is eliminated from the diet, but deficiency 
can occur more rapidly (2 to 5 years) with malabsorptive syndromes. If lack 
of gastric acid causes food-cobalamin malabsorption, treatment with oral 
cyanocobalamin supplementation (Chapter 155) is curative.

 LACTASE DEFICIENCY
 EPIDEMIOLOGY

Acquired lactase deficiency is the most common cause of selective carbohydrate 
malabsorption. Most individuals, except those of northern European descent, 
begin to lose lactase activity by the age of 2 years. The prevalence of lactase 
deficiency is highest (85 to 100%) in persons of Asian, African, and Native 
American descent.

 PATHOBIOLOGY
The persistence or nonpersistence of lactase activity is associated with a single 
nucleotide polymorphism C/T−13910 that is found upstream of the lactase gene 
on chromosome 2q21-22. Hypolactasia is associated with the C/C−13910 geno-
type in diverse ethnic groups. The mechanism by which this variant down-
regulates the lactase gene is not known, but functional studies suggest 
genotype-dependent alterations in levels of messenger RNA.

 CLINICAL MANIFESTATIONS
Adults with lactase deficiency typically complain of gas, bloating, and diarrhea 
after the ingestion of milk or dairy products but do not lose weight. Unab-
sorbed lactose is osmotically active, drawing water followed by ions into the 
intestinal lumen. On reaching the colon, bacteria metabolize lactose to short-
chain fatty acids, carbon dioxide, and hydrogen gas. Short-chain fatty acids 
are transported with sodium into colonic epithelial cells, facilitating the reab-
sorption of fluid in the colon. If the colonic capacity for the reabsorption of 
short-chain fatty acids is exceeded, an osmotic diarrhea results (see later 
discussion of carbohydrate malabsorption in watery diarrheas).

 DIAGNOSIS
The diagnosis of acquired lactase deficiency can be made by empirical treat-
ment with a lactose-free diet, which results in resolution of symptoms; by 
the hydrogen breath test after oral administration of lactose; or by genetic 
testing. Many intestinal diseases cause secondary reversible lactase defi-
ciency, including viral gastroenteritis, celiac disease, giardiasis, and bacterial  
overgrowth.

 CELIAC DISEASE
 DEFINITION AND EPIDEMIOLOGY

Celiac disease is a chronic inflammatory condition of the small intestine pre-
cipitated by the ingestion of wheat, rye, and barley in individuals with certain 
genetic predispositions.11 The prevalence in general populations worldwide 
is approximately 1%. High-risk groups for celiac disease include first-degree 
relatives and individuals with type 1 diabetes mellitus, autoimmune thyroid 
disease, autoimmune liver disease, and Down, Turner, or Williams syndromes. 
Approximately 5% of patients diagnosed with irritable bowel syndrome or 
with microscopic (lymphocytic) colitis have celiac disease.

100 cm of ileum is diseased or resected, watery diarrhea results because of 
stimulation of colonic fluid secretion by unabsorbed bile salts. Bile acid diar-
rhea responds to cholestyramine (2 to 4 g taken at breakfast, lunch, and 
dinner). A9  If more than 100 cm of ileum is diseased or resected, bile salt losses 
(>3 g/day) in the colon exceed the capacity for increased bile salt synthesis 
in the liver, the bile salt pool shrinks, and micelle formation is impaired. As 
a result, steatorrhea ensues, and fatty acid–induced intestinal secretion syn-
ergizes with the bile acid–induced secretion to cause diarrhea. Treatment is 
with a low-fat diet, vitamin B12 (300 to 1000 µg SC once every month or 
2 mg/day orally), dietary supplements of calcium (500 mg orally two or three 
times daily, monitor 24-hour urine calcium for adequacy of dose), and a mul-
tiple vitamin and mineral supplement. An antimotility agent should be given 
for diarrhea. Bile salt binders may worsen diarrhea. Screening for fat-soluble 
vitamin deficiencies (vitamins A and E, 25-OH vitamin D, and prothrombin 
time) and bone disease (bone densitometry, serum calcium, intact parathyroid 
hormone, 24-hour urine for calcium) should be done.

Three long-term complications of chronic bile salt wasting and fat malab-
sorption are renal stones, bone disease (osteoporosis and osteomalacia), and 
gallstones. Oxalate renal stones occur as a consequence of excess free oxalate 
absorption in the colon. Free oxalate is generated when unabsorbed fatty 
acids bind luminal calcium, which is then unavailable for binding oxalate. 
Renal oxalate stones sometimes can be avoided with a low-fat, low-oxalate 
diet and calcium supplements. Bone disease is caused by impaired micelle 
formation with a resulting decrease in absorption of vitamin D; year-round 
sun exposure reduces this complication. Vitamin D (50,000 U orally one to 
three times per week) and calcium supplements (500 mg orally two to three 
times daily day) should be given to susceptible individuals, but vitamin D 
levels and serum and urinary calcium must be monitored for response to 
treatment because excess vitamin D can be toxic. The mechanism of gall-
stone formation in these individuals is unclear; pigmented gallstones are most  
common.

 Conditions That Impair Mucosal Absorption
 PATHOBIOLOGY

Nutrients are absorbed along the entire length of the small intestine, with the 
exception of iron and folate, which are absorbed in the duodenum and proximal 
jejunum, and bile salts and cobalamin (vitamin B12), which are absorbed in 
the distal ileum. The efficiency of nutrient uptake at the mucosa is influenced 
by the number of villus absorptive cells, the presence of functional hydrolases 
and specific nutrient transport proteins on the brush-border membrane, and 
transit time. Transit time determines the contact time of luminal contents 
with the brush-border membrane and influences the efficiency of nutrient 
uptake across the mucosa.

Mucosal malabsorption can be caused by specific (usually congenital) 
brush-border enzyme or nutrient transporter deficiencies or by generalized 
diseases that damage the small intestinal mucosa or result in surgical resection 
or bypass of the small intestine. The nutrients malabsorbed in these general 
malabsorptive diseases depend on the site of intestinal injury (proximal, distal, 
or diffuse) and the severity of damage. The main mechanism of malabsorp-
tion in these conditions is a decrease in surface area available for absorption. 
Some conditions (infection, celiac disease, tropical sprue, food allergies, and 
GVHD) are characterized by intestinal inflammation and villus flattening; 
others are characterized by ulceration (ulcerative jejunitis, NSAIDs, Crohn 
disease), infiltration (amyloidosis), or ischemia (radiation enteritis, mesenteric  
ischemia).

Long-chain fatty acids are transported across the microvillus membrane of 
villus epithelial cells by the fatty acid transport protein FATP4. The bile salts 
from mixed micelles remain in the intestinal lumen and are absorbed in the 
distal ileum by sodium-dependent cotransport. Oligosaccharides and larger 
oligopeptides (products of pancreatic enzyme digestion), sucrose, and lactose 
are hydrolyzed further by enzymes present in the brush-border membrane of 
villus epithelial cells before they are absorbed. Although only sugar monomers 
(glucose, galactose, fructose) can be taken up at the apical epithelial cell mem-
brane, dipeptides and tripeptides are readily taken into the cell.

Water-soluble vitamins are readily absorbed throughout the small intestine. 
Fat-soluble vitamins, minerals, and cobalamin are more difficult to absorb 
because of the requirement for micelle formation (vitamins D, A, K, and E), 
a divalent charge (magnesium, calcium, iron), or selected sites of uptake in 
the intestine (iron, cobalamin). Calcium is absorbed best in the proximal 
small intestine by a vitamin D–dependent calcium channel (TRPV6). Mag-
nesium is absorbed in the small intestine by members of the transient receptor 
potential family (TRPM6 and TRPM7). Mutations in TRPM6 have been 

 PATHOBIOLOGY
Environmental and genetic factors are important in the development of celiac 
disease, with some recent data suggesting a relationship with prior reovirus 
infection. Approximately 15% of first-degree relatives of affected individuals 
are found to have celiac disease. Predisposition has been mapped to the human 
leukocyte antigen (HLA)-D region on chromosome 6. More than 90% of 
northern Europeans with celiac disease have the DQ2 heterodimer encoded 
by alleles DQA1*0501 and DQB1*0201, compared with 20 to 30% of controls. 
A smaller celiac group carries HLA-DQ8. Many non-HLA alleles identified 
in genome-wide association studies account for a small portion of genetic 
risk. Most such genes are involved in adaptive and innate immune responses. 
Overlap variants have been identified in diabetes, rheumatoid arthritis, and 
Crohn disease.

The alcohol-soluble protein fraction of wheat gluten, the gliadins, and similar 
prolamins in rye and barley trigger intestinal inflammation in susceptible 
individuals. Oat grains, which have prolamins rich in glutamine but not proline, 
are rarely toxic. Gliadins and similar prolamins with high proline content are 
relatively resistant to digestion by human proteases. Many gliadin and prolamin 
peptides have been identified that stimulate HLA-DQ2- and HLA-DQ8-
restricted intestinal T-cell clones from individuals with celiac disease. In blood 
lymphocyte comprehensive screen assays, three immunodominant prolamin 
peptides have been identified from wheat, barley, and rye in DQ2 celiac indi-
viduals; dominant peptides differ in those with DQ8. The DQ2 protein 
expressed on antigen-presenting cells has positively charged binding pockets; 
tTG (the autoantigen recognized by EMA) may enhance intestinal inflam-
mation by deamidation of select glutamine residues in gliadin and similar 
prolamins to negatively charged glutamic acid. In the deamidated form, most 
gliadin peptides have a higher binding affinity for DQ2 and are more potent 
stimulants of gluten-sensitized T cells. Villous atrophy may be caused by 
inflammation that is triggered by γ-interferon released from DQ2- or DQ8-
restricted CD4 T cells in the lamina propria. Intraepithelial lymphocytes also 
directly kill intestinal epithelial cells under the influence of IL-15 released 
from stressed enterocytes.

 CLINICAL MANIFESTATIONS
Celiac disease usually manifests early in life, at approximately 2 years of age 
(after wheat has been introduced into the diet), or later in the second to fourth 
decades of life, but it can occur at any age. It may first manifest clinically after 
abdominal surgery or an episode of infectious diarrhea.12

Adults with celiac disease in the United States often present with anemia 
or osteoporosis without diarrhea or other gastrointestinal symptoms. Other 
extraintestinal manifestations of celiac disease include rash (dermatitis her-
petiformis), neurologic disorders (peripheral neuropathy, ataxia, epilepsy), 
psychiatric disorders (depression, paranoia), reproductive disorders (infertility, 
spontaneous abortion), short stature, dental enamel hypoplasia, chronic hepa-
titis, and pancreatitis.

Individuals with significant mucosal involvement present with watery diar-
rhea, weight loss or growth retardation, and the clinical manifestations of 
vitamin and mineral deficiencies. Cobalamin deficiency is more common (10% 
of patients) than previously thought and usually corrects itself on a gluten-free 
diet. Symptomatic individuals require supplementation of vitamin B12. Diar-
rhea is caused by many mechanisms, including a decreased surface area for 
water and electrolyte absorption, the osmotic effect of unabsorbed luminal 
nutrients, an increased surface area for chloride secretion (crypt hyperplasia), 
and the stimulation of intestinal fluid secretion by inflammatory mediators 
and unabsorbed fatty acids. Some individuals have impaired pancreatic enzyme 
secretion caused by decreased mucosal cholecystokinin release or bacterial 
overgrowth that may contribute to diarrhea. Individuals with nonceliac gluten 
sensitivity have wheat-related intestinal and extraintestinal symptoms similar 
to those of celiac disease but lack intestinal inflammation or celiac serologic 
markers. Fermentable oligosaccharides, disaccharides, monosaccharides, and 
polyols (FODMAPs) and gluten or nongluten wheat proteins (amylase trypsin 
inhibitors) may be the offending agents.

 DIAGNOSIS
Routine screening for celiac disease is not recommended.13 In symptomatic 
high-risk groups, however, screening with anti-tTG IgA antibody testing is a 
cost-effective strategy.14 High titers (>10-fold) of the anti-tTG IgA and EMA 
antibodies are virtually diagnostic of celiac disease. EMA IgA antibodies, 
detected by indirect immunofluorescence, are highly sensitive (90%) and 
specific (95 to 99%) for active celiac disease in skilled laboratory testing. An 

TREATMENT 
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ELISA test to detect antibodies against tTG has equal sensitivity to the EMA 
test but is less specific. The anti-deamidated gliadin (a biotinylated synthetic 
γ-gliadin peptide with glutamic acid substituted for glutamine) IgA and IgG 
antibody immunofluorometric assay has a sensitivity and specificity that 
approaches that of anti-tTG IgA antibody.

Patients with mild disease may have negative antibody studies. Anti-tTG, 
gliadin peptide, and EMA IgA antibodies tests are negative in individuals with 
selective IgA deficiency (present in up to 3% of individuals with celiac disease). 
In these patients, the anti-deamidated gliadin IgG antibody, which has a sen-
sitivity and specificity close to that of the tTG IgA antibody, is helpful in 
diagnosis. In equivocal cases (negative serologic findings and equivocal biopsy 
result or positive serologic findings and normal biopsy result), HLA genotyp-
ing is useful to exclude the diagnosis of celiac disease in persons who lack the 
DQ2 or DQ8 gene.

The diagnosis of celiac disease is confirmed by characteristic abnormalities 
seen on duodenal biopsies and improving when a gluten-free diet is instituted 
(Figs. 131-5 and 131-6). In children, biopsy is not required if the patient has 
a greater than 10-fold increase in anti-tTG IgA, a positive EMA test, a positive 
HLA genetic test, and typical gastrointestinal symptoms.15 However, this 
strategy has not been validated for adults, for whom biopsy is recommended 
for diagnosis. Mucosal flattening may be observed endoscopically as scalloped 
or reduced duodenal folds. Characteristic features found on intestinal biopsy 
include blunted or absent villi, crypt hyperplasia, increased intraepithelial 
lymphocytes, and infiltration of the lamina propria with plasma cells and 
lymphocytes. In some individuals, the only abnormal biopsy finding is increased 
intraepithelial lymphocytes. A hypoplastic mucosa indicates irreversible (end-
stage) intestinal disease.

 PATHOBIOLOGY
Environmental and genetic factors are important in the development of celiac 
disease, with some recent data suggesting a relationship with prior reovirus 
infection. Approximately 15% of first-degree relatives of affected individuals 
are found to have celiac disease. Predisposition has been mapped to the human 
leukocyte antigen (HLA)-D region on chromosome 6. More than 90% of 
northern Europeans with celiac disease have the DQ2 heterodimer encoded 
by alleles DQA1*0501 and DQB1*0201, compared with 20 to 30% of controls. 
A smaller celiac group carries HLA-DQ8. Many non-HLA alleles identified 
in genome-wide association studies account for a small portion of genetic 
risk. Most such genes are involved in adaptive and innate immune responses. 
Overlap variants have been identified in diabetes, rheumatoid arthritis, and 
Crohn disease.

The alcohol-soluble protein fraction of wheat gluten, the gliadins, and similar 
prolamins in rye and barley trigger intestinal inflammation in susceptible 
individuals. Oat grains, which have prolamins rich in glutamine but not proline, 
are rarely toxic. Gliadins and similar prolamins with high proline content are 
relatively resistant to digestion by human proteases. Many gliadin and prolamin 
peptides have been identified that stimulate HLA-DQ2- and HLA-DQ8-
restricted intestinal T-cell clones from individuals with celiac disease. In blood 
lymphocyte comprehensive screen assays, three immunodominant prolamin 
peptides have been identified from wheat, barley, and rye in DQ2 celiac indi-
viduals; dominant peptides differ in those with DQ8. The DQ2 protein 
expressed on antigen-presenting cells has positively charged binding pockets; 
tTG (the autoantigen recognized by EMA) may enhance intestinal inflam-
mation by deamidation of select glutamine residues in gliadin and similar 
prolamins to negatively charged glutamic acid. In the deamidated form, most 
gliadin peptides have a higher binding affinity for DQ2 and are more potent 
stimulants of gluten-sensitized T cells. Villous atrophy may be caused by 
inflammation that is triggered by γ-interferon released from DQ2- or DQ8-
restricted CD4 T cells in the lamina propria. Intraepithelial lymphocytes also 
directly kill intestinal epithelial cells under the influence of IL-15 released 
from stressed enterocytes.

 CLINICAL MANIFESTATIONS
Celiac disease usually manifests early in life, at approximately 2 years of age 
(after wheat has been introduced into the diet), or later in the second to fourth 
decades of life, but it can occur at any age. It may first manifest clinically after 
abdominal surgery or an episode of infectious diarrhea.12

Adults with celiac disease in the United States often present with anemia 
or osteoporosis without diarrhea or other gastrointestinal symptoms. Other 
extraintestinal manifestations of celiac disease include rash (dermatitis her-
petiformis), neurologic disorders (peripheral neuropathy, ataxia, epilepsy), 
psychiatric disorders (depression, paranoia), reproductive disorders (infertility, 
spontaneous abortion), short stature, dental enamel hypoplasia, chronic hepa-
titis, and pancreatitis.

Individuals with significant mucosal involvement present with watery diar-
rhea, weight loss or growth retardation, and the clinical manifestations of 
vitamin and mineral deficiencies. Cobalamin deficiency is more common (10% 
of patients) than previously thought and usually corrects itself on a gluten-free 
diet. Symptomatic individuals require supplementation of vitamin B12. Diar-
rhea is caused by many mechanisms, including a decreased surface area for 
water and electrolyte absorption, the osmotic effect of unabsorbed luminal 
nutrients, an increased surface area for chloride secretion (crypt hyperplasia), 
and the stimulation of intestinal fluid secretion by inflammatory mediators 
and unabsorbed fatty acids. Some individuals have impaired pancreatic enzyme 
secretion caused by decreased mucosal cholecystokinin release or bacterial 
overgrowth that may contribute to diarrhea. Individuals with nonceliac gluten 
sensitivity have wheat-related intestinal and extraintestinal symptoms similar 
to those of celiac disease but lack intestinal inflammation or celiac serologic 
markers. Fermentable oligosaccharides, disaccharides, monosaccharides, and 
polyols (FODMAPs) and gluten or nongluten wheat proteins (amylase trypsin 
inhibitors) may be the offending agents.

 DIAGNOSIS
Routine screening for celiac disease is not recommended.13 In symptomatic 
high-risk groups, however, screening with anti-tTG IgA antibody testing is a 
cost-effective strategy.14 High titers (>10-fold) of the anti-tTG IgA and EMA 
antibodies are virtually diagnostic of celiac disease. EMA IgA antibodies, 
detected by indirect immunofluorescence, are highly sensitive (90%) and 
specific (95 to 99%) for active celiac disease in skilled laboratory testing. An 

FIGURE 131-5. Intestinal biopsy appearance of flattened villi, hyperplastic crypts, 
and increased intraepithelial lymphocytes. (courtesy John hart, MD.)

FIGURE 131-6. Regeneration of villi after initiation of a gluten-free diet. (courtesy 
of John hart, MD.)

Treatment consists of a lifelong gluten-free diet. Wheat, rye, and barley 
grains should be excluded from the diet. Rice and corn grains are tolerated. 
Oats (if not contaminated by wheat grain) are tolerated by most. Early refer-
ral to a registered dietitian knowledgeable in the gluten-free diet and to a 
reputable celiac support group or website is crucial in maintaining dietary 

TREATMENT 
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negative celiac serologic findings, agammaglobulinemia [diagnosed by hypo-
gammaglobulinemia and lack of plasma cells on small bowel biopsy], auto-
immune enteritis [diagnosed by a positive antienterocyte antibody and crypt 
apoptosis or loss of goblet cells on small bowel biopsy]), bacterial overgrowth, 
pancreatic insufficiency, microscopic colitis, or other food allergies (cow’s 
milk, soy protein). Up to 40% of patients with celiac disease with symptomatic 
improvement have incomplete histologic recovery on a gluten-free diet; in 
such patients, a stricter diet may further improve symptoms and histology. A 
small percentage of patients with severe symptoms and enteropathy do not 
improve despite a strict gluten-free diet. In such patients, repeat intestinal 
biopsy is indicated. Some patients will have collagen deposition beneath the 
surface epithelium (collagenous sprue) or a polyclonal population of intraepi-
thelial lymphocytes (refractory celiac disease type I). Others will have ulcerative 
jejunitis or a monoclonal population of intraepithelial T cells with an aberrant 
phenotype or clonal T-cell receptor-γ gene rearrangements (refractory celiac 
disease type II), which are predictive of enteropathy-associated T-cell lym-
phoma (Chapter 176) that portends a poor prognosis. Video capsule endoscopy 
and device-assisted enteroscopy may be helpful in establishing these diagnoses. 
Patients with collagenous sprue, autoimmune enteritis, or refractory celiac 
disease type I often respond to prednisone (20 to 40 mg/day orally) or 
budesonide (9 mg orally daily).

Patients with celiac disease have a higher likelihood of having other auto-
immune conditions, such as type 1 diabetes, thyroiditis, rheumatoid arthritis, 
inflammatory bowel disease, systemic lupus erythematosus, Sjögren syndrome, 
primary biliary cirrhosis, autoimmune hepatitis, vitiligo, and pancreatitis. 
Interestingly, approximately one third of patients with idiopathic sporadic 
ataxia have transglutaminase 6 antibodies, consistent with gluten-induced 
disease.

Individuals with celiac disease are at increased risk for B-cell lymphoma 
(Chapter 176), gastrointestinal tract carcinomas (esophageal, small bowel, and 
colonic adenocarcinomas), and increased mortality; a strict gluten-free diet for 
life may lessen these risks. Intestinal T-cell lymphoma is rare and should be 
suspected in individuals who have abdominal pain, recurrence of symptoms 
after initial response to a gluten-free diet, or refractory celiac disease.

 TROPICAL SPRUE
Tropical sprue is an inflammatory disease of the small intestine associated 
with the overgrowth of predominantly coliform bacteria. It occurs in residents 
or travelers to the tropics, especially India, Southeast Asia, Puerto Rico, and 
parts of the Caribbean. With the expansion of tourism and the global economy, 
this may be an under-recognized cause of enteropathy or mistaken for celiac 
disease. Individuals classically present with diarrhea and megaloblastic anemia 
secondary to vitamin B12 and folate deficiency, but some have anemia only. 
Intestinal biopsy characteristically shows subtotal and patchy villous atrophy 
in the proximal and distal small intestine, which may be caused by the effect 
of bacterial toxins on gut structure or by the secondary effects of vitamin B12 
deficiency on the gut (megaloblastic gut). Diagnosis is based on history, docu-
mentation of vitamin B12 or folate deficiency, and the presence of an abnormal 
small intestinal biopsy report. Treatment is a prolonged course of tetracycline 
(250 mg orally four times daily) or doxycycline (100 mg orally two times 
daily), folic acid (5 mg/day orally), and, with coexistent deficiency, vitamin 
B12 injections (1000 µg weekly) until symptoms resolve. Relapse or reinfec-
tion occurs in 20%, mainly in natives of the tropics.

 GIARDIA LAMBLIA
Giardia lamblia infection (Chapter 330), the most common protozoal infec-
tion in the United States, can cause malabsorption in individuals infected with 
many trophozoites, especially the immunocompromised or IgA-deficient hosts. 
Malabsorption occurs when many organisms cover the epithelium and cause 
mucosal inflammation, which results in villous flattening and a decrease in 
absorptive surface area. Stool for ova and parasites at this stage of infection 
is often negative because of the attachment of organisms in the proximal small 
intestine. Diagnosis can be made by PCR, stool antigen-capture ELISA test, 
or duodenal biopsy.

 HUMAN IMMUNODEFICIENCY VIRUS
Diarrhea, malabsorption, and wasting are common in individuals with AIDS 
but are seen less frequently with improved antiretroviral therapy (Chapter 
366). In patients who are receiving highly active antiretroviral therapy, diar-
rhea is more likely to be due to protease inhibitors than to enteric infection.

Malabsorption is usually due to infection with cryptosporidia, Mycobacterium 
avium-intracellulare complex, I. belli, or microsporidia. AIDS enteropathy (a 

 PROGNOSIS
Of patients with celiac disease treated with a gluten-free diet, 90% experience 
symptomatic improvement within 2 weeks. The most common cause of a 
poor dietary response is continued ingestion of gluten. Other possibilities 
include a missed intestinal infection (see later), an alternative diagnosis (e.g., 
ARB use particularly in elderly patients with a sprue-like enteropathy but 

TABLE 131-8 VITAMIN AND MINERAL DOSES USED IN THE 
TREATMENT OF MALABSORPTION

VITAMIN ORAL DOSE PARENTERAL DOSE
Vitamin A* Water-soluble A, 25,000 U/day†

Vitamin E Water-soluble E, 400-800 U/day†

Vitamin D‡ 25,000-50,000 U/day
Vitamin K 5 mg/day
Folic acid 1 mg/day
Calcium§ 1500-2000 mg elemental 

calcium/day
Calcium citrate, 500 mg 

calcium/tablet†

Calcium carbonate, 500 mg 
calcium/tablet†

Magnesium Liquid magnesium gluconate† 2 mL of a 50% solution 
(8 mEq), total dose, in 
both buttocks IM

1-3 tbsp (12-36 mEq 
magnesium) in 1-2 L of ORS 
or sports drink sipped 
throughout the day

Magnesium chloride 
hexahydrate† 100-600 mg 
elemental magnesium/day

Zinc Zinc gluconate†

20-50 mg elemental zinc/day‖

Iron 150-300 mg elemental iron/day Iron sucrose¶

Polysaccharide-iron complex† Sodium ferric gluconate 
complex¶

Iron sulfate or gluconate Iron dextran (as calculated 
for anemia) (IV or IM¶; 
Chapter 150)

B-complex vitamins 1 megadose tablet/day
Vitamin B12 2 mg/day 1 mg IM or SC/mo**
Copper Copper sulfate 2-3 mg/day 1-2 mg IV/day
IM, intramuscularly; IV, intravenously; ORS = oral rehydration solution; SC = subcutaneously.
*Monitor serum vitamin A level to avoid toxicity, especially in patients with hypertriglyceridemia.
†Form best absorbed or with least side effects.
‡Monitor serum calcium and 25-OH vitamin D levels to avoid toxicity.
§Monitor 24-hr urine calcium to assess adequacy of dose.
‖If intestinal output is high, additional zinc should be given. Monitor for copper deficiency with 
high doses.
¶Parenteral therapy should be given in a supervised outpatient setting because of the risk for fatal 
reactions. Decreased risk for fatal reactions when compared with iron dextran.
**For vitamin B12 deficiency, 1 mg IM or SC twice per week for 4 wk, then once per month.

term used if no organism is identified) also can cause malabsorption. Mecha-
nisms of malabsorption and diarrhea include villous atrophy, increased intestinal 
permeability, rapid small bowel transit (in patients with protozoal infection), 
and ultrastructural damage of enterocytes (in AIDS enteropathy). Among 
individuals with AIDS and diarrhea, results of fecal fat absorption are frequently 
abnormal. Serum albumin, vitamin B12, and zinc levels are often low. Vitamin 
B12 deficiency is caused mainly by ileal disease, but low intrinsic factor and 
decreased transcobalamin II may be contributing factors. Management of 
malabsorption should focus on restoring the immune system by treating the 
underlying HIV infection with antiviral therapy. If possible, the offending 
organism should be treated with antibiotics. If the organism cannot be eradi-
cated, chronic diarrhea and malabsorption result; treatment in these cases 
consists of antimotility agents and a lactose-free, low-fat diet. Pancreatic enzyme 
replacement therapy can be tried in HIV-infected individuals who are taking 
highly active antiretroviral therapy or nucleoside analogues and who have fat 
malabsorption of obscure origin. If supplemental calories are needed, liquid 
oral supplements that are predigested and high in medium-chain triglycerides 
(semi-elemental) are tolerated best. Vitamin and mineral deficiencies should 
be screened for and treated.

 WHIPPLE DISEASE
Whipple disease (Chapters 133 and 259), a rare cause of malabsorption, 
manifests with gastrointestinal complaints in association with systemic symp-
toms, such as fever, joint pain, or neurologic manifestations.18 Approximately 
one third of patients have cardiac involvement, most commonly culture-negative 
endocarditis. Occasionally, individuals present with ocular or neurologic disease 
without gastrointestinal symptoms. Men are affected more commonly than 
women, particularly white men. The organism responsible for causing Whipple 
disease is a gram-positive actinomycete, Tropheryma whippelii. The epidemiol-
ogy and pathogenesis of Whipple disease are poorly understood. The prevalence 
of the disease is higher in farmers than in other workers, which suggests that 
the organism lives in the soil. Using PCR, T. whippelii has been detected in 
sewage and in duodenal biopsy specimens, gastric juice, saliva, and stool of 
individuals without clinical disease. Whether the latter represents a carrier 
state or the presence of nonpathogenic organisms is not known. Immunologic 
defects, IL-16, and an association with the HLA-B27 gene may be disease 
factors. Small intestinal biopsy shows villous blunting and infiltration of the 
lamina propria with large macrophages that stain positive with the periodic 
acid–Schiff method and are filled with the organism. It is important to dis-
tinguish these macrophages from macrophages infected with M. avium-
intracellulare complex, which stain positive on acid-fast staining and are found 
in individuals with AIDS. Treatment is with a prolonged course of broad-
spectrum antibiotics (e.g., ceftriaxone 2 g/day IV or meropenem 1 g IV three 
times daily; then trimethoprim 160 mg and sulfamethoxazole 800 mg orally 
two times daily for 1 year or trimethoprim 160 mg and sulfamethoxazole 
800 mg orally two times daily for 1 year). Relapses occur, but initial treatment 
with parenteral ceftriaxone or meropenem appears to be associated with a 
low relapse rate.

 GRAFT-VERSUS-HOST DISEASE
Diarrhea occurs frequently after allogeneic bone marrow or stem cell trans-
plantation (Chapter 168). Immediately after transplantation, diarrhea is caused 
by the toxic effects of cytoreductive therapy on the intestinal epithelium. From 
20 to 100 days after transplantation, diarrhea is usually due to GVHD or 
infection. Patients with GVHD present clinically with a skin rash, hepatic 
cholestasis, buccal mucositis, anorexia, nausea, vomiting, abdominal cramps, 
and diarrhea. The diagnosis of GVHD in the gastrointestinal tract can be made 
on biopsy of the stomach, small intestine, or colon. In mild cases, the mucosa 
appears normal on inspection at endoscopy, but apoptosis of gastric gland or 
crypt cells can be found on biopsy. In severe cases, denudation of the intestinal 
epithelium results in diarrhea and malabsorption and often requires parenteral 
nutritional support. Octreotide (50 to 250 µg SC three times daily) may be 
helpful in controlling voluminous diarrhea. Treatment of GVHD is with steroids 
and antithymocyte globulin combined with parenteral nutritional support 
until intestinal function returns.

 SHORT-BOWEL SYNDROME
Malabsorption caused by small bowel resection or surgical bypass is called 
the short-bowel syndrome. The most common causes in the United States 
are massive resection of the jejunum, owing to strangulated bowel, volvulus, 
or ischemia (mesenteric or after intra-abdominal surgery), and jejunal exclu-
sion, owing to gastric bypass surgery. Short-bowel syndrome resulting from 

compliance. Owing to secondary lactase deficiency, a lactose-free diet should 
be recommended until symptoms improve. Celiac disease is associated with an 
increased risk for hospitalization with influenza and pneumococcal infection,16 
so vaccination against both is recommended. Bone densitometry should be 
performed on individuals diagnosed with celiac disease who are older than 
30 years of age because up to 70% have osteopenia or osteoporosis. Patients 
with diarrhea and weight loss should be screened for vitamin and mineral 
deficiencies. Documented deficiencies of vitamins and minerals should be 
replenished (Table 131-8), and women of childbearing age should take folic 
acid supplements. Bone mass often improves on a gluten-free diet alone. Patients 
with vitamin D or calcium deficiency should receive supplements (Chapter 
205), with the dose monitored by 25-OH vitamin D levels and a 24-hour urine  
test for calcium.

Most patients with seronegative villous atrophy do not have celiac disease. 
Most such patients will have spontaneous improvement despite continuing to 
ingest gluten.17

TREATMENT 

 PROGNOSIS
Long-term complications include bone disease, renal stones (oxalate stones 
if the colon is present, urate stones with a jejunostomy), gallstones, bacterial 
overgrowth, fat-soluble vitamin deficiencies, essential fatty acid deficiency, 
and d-lactic acidosis.

 Conditions That Impair Nutrient Delivery to the  
Systemic Circulation
Insoluble lipids (present in chylomicrons) are exocytosed across the basolateral 
membrane of epithelial cells into the intestinal lymphatics. From there, they 
enter the mesenteric lymphatics and the general circulation through the 
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Crohn disease and radiation enteritis now is less common because of improved 
medical and radiation therapies. The severity of malabsorption depends on 
the site and extent of resection; the capacity for adaptive hyperplasia, dilation, 
and elongation; and the function of the residual bowel. Mechanisms of mal-
absorption after small bowel resection include a decreased absorptive surface 
area, decreased luminal bile salt concentration, rapid transit, and bacterial 
overgrowth. Limited jejunal resection usually is tolerated best because bile 
salt and vitamin B12 absorption remain normal. Ileal resection is less well 
tolerated because of the consequences of bile salt wasting and the limited 
capacity of the jejunum to undergo adaptive hyperplasia. Adaptive hyperplasia 
in residual small bowel after resection depends on nutrients, endogenous 
secretions (pancreatic and biliary juice), local factors (trefoil peptides, pros-
taglandins, polyamines), growth hormone, and growth factors (epidermal 
growth factor [EGF], insulin-like growth factor-1 [IGF1], transforming growth 
factor-α [TGFα], IL-11). The glucagon-like peptide-2 (GLP2) produced in 
L cells in the terminal ileum and colon is a potent stimulant of adaptive hyper-
plasia in the jejunum in response to a meal. Using intestinal stem cell technol-
ogy, epithelial organoids have been successfully grown in culture systems, but 
bowel regeneration has not yet been accomplished.

When less than 100 cm of jejunum remains, the colon takes on an important 
role in caloric salvage and fluid reabsorption. Malabsorbed carbohydrates are 
digested by colonic bacteria to short-chain fatty acids, which are absorbed in 
the colon.

term used if no organism is identified) also can cause malabsorption. Mecha-
nisms of malabsorption and diarrhea include villous atrophy, increased intestinal 
permeability, rapid small bowel transit (in patients with protozoal infection), 
and ultrastructural damage of enterocytes (in AIDS enteropathy). Among 
individuals with AIDS and diarrhea, results of fecal fat absorption are frequently 
abnormal. Serum albumin, vitamin B12, and zinc levels are often low. Vitamin 
B12 deficiency is caused mainly by ileal disease, but low intrinsic factor and 
decreased transcobalamin II may be contributing factors. Management of 
malabsorption should focus on restoring the immune system by treating the 
underlying HIV infection with antiviral therapy. If possible, the offending 
organism should be treated with antibiotics. If the organism cannot be eradi-
cated, chronic diarrhea and malabsorption result; treatment in these cases 
consists of antimotility agents and a lactose-free, low-fat diet. Pancreatic enzyme 
replacement therapy can be tried in HIV-infected individuals who are taking 
highly active antiretroviral therapy or nucleoside analogues and who have fat 
malabsorption of obscure origin. If supplemental calories are needed, liquid 
oral supplements that are predigested and high in medium-chain triglycerides 
(semi-elemental) are tolerated best. Vitamin and mineral deficiencies should 
be screened for and treated.

 WHIPPLE DISEASE
Whipple disease (Chapters 133 and 259), a rare cause of malabsorption, 
manifests with gastrointestinal complaints in association with systemic symp-
toms, such as fever, joint pain, or neurologic manifestations.18 Approximately 
one third of patients have cardiac involvement, most commonly culture-negative 
endocarditis. Occasionally, individuals present with ocular or neurologic disease 
without gastrointestinal symptoms. Men are affected more commonly than 
women, particularly white men. The organism responsible for causing Whipple 
disease is a gram-positive actinomycete, Tropheryma whippelii. The epidemiol-
ogy and pathogenesis of Whipple disease are poorly understood. The prevalence 
of the disease is higher in farmers than in other workers, which suggests that 
the organism lives in the soil. Using PCR, T. whippelii has been detected in 
sewage and in duodenal biopsy specimens, gastric juice, saliva, and stool of 
individuals without clinical disease. Whether the latter represents a carrier 
state or the presence of nonpathogenic organisms is not known. Immunologic 
defects, IL-16, and an association with the HLA-B27 gene may be disease 
factors. Small intestinal biopsy shows villous blunting and infiltration of the 
lamina propria with large macrophages that stain positive with the periodic 
acid–Schiff method and are filled with the organism. It is important to dis-
tinguish these macrophages from macrophages infected with M. avium-
intracellulare complex, which stain positive on acid-fast staining and are found 
in individuals with AIDS. Treatment is with a prolonged course of broad-
spectrum antibiotics (e.g., ceftriaxone 2 g/day IV or meropenem 1 g IV three 
times daily; then trimethoprim 160 mg and sulfamethoxazole 800 mg orally 
two times daily for 1 year or trimethoprim 160 mg and sulfamethoxazole 
800 mg orally two times daily for 1 year). Relapses occur, but initial treatment 
with parenteral ceftriaxone or meropenem appears to be associated with a 
low relapse rate.

 GRAFT-VERSUS-HOST DISEASE
Diarrhea occurs frequently after allogeneic bone marrow or stem cell trans-
plantation (Chapter 168). Immediately after transplantation, diarrhea is caused 
by the toxic effects of cytoreductive therapy on the intestinal epithelium. From 
20 to 100 days after transplantation, diarrhea is usually due to GVHD or 
infection. Patients with GVHD present clinically with a skin rash, hepatic 
cholestasis, buccal mucositis, anorexia, nausea, vomiting, abdominal cramps, 
and diarrhea. The diagnosis of GVHD in the gastrointestinal tract can be made 
on biopsy of the stomach, small intestine, or colon. In mild cases, the mucosa 
appears normal on inspection at endoscopy, but apoptosis of gastric gland or 
crypt cells can be found on biopsy. In severe cases, denudation of the intestinal 
epithelium results in diarrhea and malabsorption and often requires parenteral 
nutritional support. Octreotide (50 to 250 µg SC three times daily) may be 
helpful in controlling voluminous diarrhea. Treatment of GVHD is with steroids 
and antithymocyte globulin combined with parenteral nutritional support 
until intestinal function returns.

 SHORT-BOWEL SYNDROME
Malabsorption caused by small bowel resection or surgical bypass is called 
the short-bowel syndrome. The most common causes in the United States 
are massive resection of the jejunum, owing to strangulated bowel, volvulus, 
or ischemia (mesenteric or after intra-abdominal surgery), and jejunal exclu-
sion, owing to gastric bypass surgery. Short-bowel syndrome resulting from 

Parenteral nutrition may be avoided by a diet rich in complex carbohydrates, 
oral rehydration solutions, and acid-reducing and antimotility agents.19 In com-
parison, individuals with fewer than 100 cm of jejunum and no colon have 
high jejunostomy outputs and often require intravenous fluids or parenteral 
nutrition to survive. These individuals waste sodium, chloride, bicarbonate, 
magnesium, zinc, and water in their ostomy effluent. Dietary modifications 
should include a high-salt, nutrient-rich diet given in small meals. An oral rehy-
dration solution with a sodium concentration 75 to 90 mmol/L is absorbed 
best. Oral vitamin and mineral doses higher than the usual U.S. recommended 
daily allowances are required (see Table 131-8). Vitamin B12 should be given 
parenterally (500 to 1000 µg SC every month). Magnesium deficiencies are 
often difficult to replenish with oral magnesium because of its osmotic effect 
in the intestinal lumen. A liquid magnesium preparation added to an oral rehy-
dration solution and sipped throughout the day may minimize magnesium-
induced fluid losses. Potent antimotility agents, such as tincture of opium (0.5 
to 1 mL orally four times daily) or liquid morphine 20 mg/mL (1 mL orally four 
times daily), often are needed to slow transit and maximize contact time for 
nutrient absorption. High-volume jejunostomy outputs can be lessened by 
inhibiting endogenous secretions with a proton pump inhibitor (e.g., omepra-
zole, 40 mg orally one or two times daily, or lansoprazole, 30 mg orally one 
or two times daily) and, in severe cases, octreotide (100 to 250 µg SC three 
times daily; if effective, convert to an equivalent long-acting monthly dosage). 
The benefit of octreotide may be offset by its potential to inhibit intestinal 
adaptation and impair pancreatic enzyme secretion with doses greater than  
300 µg/day.

In the most severe cases, supplemental calories must be provided by noc-
turnal tube feeding or parenteral nutrition. Treatment with growth hormone 
(0.1 mg/kg/day SC) with or without glutamine (30 g/day orally) for 4 weeks 
may reduce parenteral nutrition requirements in patients who have had massive 
intestinal resections. Teduglutide (0.05 mg/kg/day SC), a glucagon-like peptide-2 
analogue that stimulates adaptive hyperplasia in remnant intestine after resec-
tion, reduces parenteral nutrition requirements. Small bowel transplantation 
should be considered for individuals who require parenteral nutrition to survive 
and then develop progressive liver disease or venous access problems.20

TREATMENT 

 PROGNOSIS
Long-term complications include bone disease, renal stones (oxalate stones 
if the colon is present, urate stones with a jejunostomy), gallstones, bacterial 
overgrowth, fat-soluble vitamin deficiencies, essential fatty acid deficiency, 
and d-lactic acidosis.

 Conditions That Impair Nutrient Delivery to the  
Systemic Circulation
Insoluble lipids (present in chylomicrons) are exocytosed across the basolateral 
membrane of epithelial cells into the intestinal lymphatics. From there, they 
enter the mesenteric lymphatics and the general circulation through the 
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villus tips (tufts). Mutations have been identified in EpCAM and SPINK2 
to suggest disorders in tight junction formation. Most infants with these 
disorders require parenteral nutrition or small bowel transplantation for  
survival.

 WATERY DIARRHEA
Watery diarrhea may be due to osmotic, secretory, inflammatory, or often 
combined mechanisms (see Fig. 131-3).

 Ingestion of Nonabsorbable or Poorly Absorbable Solutes
 MAGNESIUM AND SODIUM PHOSPHATE AND SULFATE DIARRHEAS
Magnesium, phosphate, and sulfate are poorly absorbed minerals. Individuals 
who ingest significant amounts of magnesium-based antacids or high-potency 
multimineral and multivitamin supplements or those who surreptitiously ingest 
magnesium-containing laxatives or nonabsorbable anion laxatives, such as 
Na2PO4 (neutral phosphate) or Na2SO4 (Glauber or Carlsbad salt), may develop 
osmotically induced, watery diarrhea that may be high volume.

 SORBITOL AND FRUCTOSE DIARRHEA
Dietetic food, chewing gum, candies, and medication elixirs that are sweetened 
with sorbitol, which is an unabsorbable carbohydrate, can cause diarrhea. 
Excessive consumption of pears, prunes, peaches, and apple juice, which also 
contain sorbitol and fructose, a poorly absorbable sugar, can result in diarrhea. 
Most soft drinks are now sweetened with fructose-containing corn syrup and 
may be a cause of diarrhea when ingested in high concentrations.

 Rapid Intestinal Transit
A small amount of carbohydrate in the diet is unabsorbed by the normal small 
intestine. Diets that are high in carbohydrate and low in fat may allow rapid 
gastric emptying and rapid small intestinal motility, thereby leading to car-
bohydrate malabsorption and osmotic diarrhea. Rapid transit time also occurs 
in thyrotoxicosis (Chapter 213). Because of the production of H2 and carbon 
dioxide gas by colonic bacteria, abdominal gas and cramping may be the pre-
dominant symptoms.

 Bile Acid Diarrhea
Ileal malabsorption of bile salts results in the stimulation of colonic fluid 
secretion and watery diarrhea. Three types of bile acid malabsorption induce 
diarrhea. Type 1 results when severe disease (e.g., Crohn disease), resection, or 
bypass of the distal ileum allows bile salts to escape absorption (see earlier). 
Type 2 may be congenital: rarely owing to a defect in the intestinal sodium bile 
acid transporter but more commonly owing to increased bile salt production 
(associated with decreased levels of fibroblast growth factor 19 (FGF19), an 
intestinal fibroblast growth factor that normally downregulates bile salt syn-
thesis in the liver, and increased levels of 7-α-hydroxy-4-cholesten-3-one [C4], 
which is a marker of bile acid synthesis, in blood). The result is increased bile 
salt production that overwhelms reabsorption in the ileum. Type 3 is caused 
by various conditions, including prior cholecystectomy, celiac disease, pancre-
atic insufficiency, microscopic colitis, bacterial overgrowth, gastric surgery, or 
vagotomy. Postulated mechanisms include a bile salt storage problem, increased 
production, decreased recycling, or saturation of absorption.

Primary (type 2) bile acid diarrhea is now thought to account for up to 
30% of cases of functional or irritable bowel syndrome with chronic diarrhea 
(Chapter 128).22 The diagnosis is made by selenium homocholic acid taurine 
(75SeHCAT) testing (Table 131-6), a 48-hour stool collection for bile acids 
on a high-fat diet, or blood tests that measure FGF19 and C4 levels.23

thoracic duct. Sugar monomers, amino acids, and medium-chain fatty acids 
are transported across the basolateral membrane of intestinal epithelial cells 
into capillaries and into the portal circulation. Sugar monomers are transported 
across the basolateral membrane by the facilitative glucose transporter isoform 
(GLUT2) and amino acids by facilitative amino acid carriers (see E-Fig. 
131-1C).

 IMPAIRED LYMPHATIC DRAINAGE
Diseases that cause intestinal lymphatic obstruction, such as primary con-
genital lymphangiectasia (malunion of intestinal lymphatics), and diseases 
that result in secondary lymphangiectasia (lymphoma, tuberculosis, Kaposi 
sarcoma, retroperitoneal fibrosis, constrictive pericarditis, severe heart 
failure) result in fat malabsorption. The increased pressure in the intestinal 
lymphatics leads to leakage and sometimes rupture of lymph into the intes-
tinal lumen, with the loss of lipids, γ-globulins, albumin, and lymphocytes. 
The diagnosis of lymphangiectasia can be made by intestinal biopsy, but the 
specific cause may be more difficult to identify. Individuals with lymphan-
giectasia malabsorb fat and fat-soluble vitamins and have protein loss into 
the intestinal lumen. The most common presentation is hypoproteinemic 
edema. Nutritional management includes a low-fat diet and supplementa-
tion with medium-chain triglycerides, which are absorbed directly into 
the portal circulation. Fat-soluble vitamins should be given if deficiencies  
develop.

 CONGENITAL MALABSORPTION AND DIARRHEA
A number of congenital disorders, mostly autosomal recessive, alter nutrient 
digestion, epithelial cell transport, or villus epithelial architecture. These dis-
orders usually present within the first few weeks of life and may become targets 
for stem cell therapy.21

Mutations in sugar disaccharidases include lactase (rare), sucrose-isomaltase, 
maltase-glucoamylase, and trehalase (digests trehalose in mushrooms) defi-
ciencies. These disorders are characterized by osmotic diarrhea when the 
offending sugar is introduced into the diet. Diagnosis is made by a low stool 
pH (owing to conversion of malabsorbed sugar to short-chain fatty acids by 
colonic bacteria), reduced enzyme activity on duodenal biopsy, and genetic 
testing. The treatment is to feed alternative sources of carbohydrates. Congenital 
enterokinase (enteropeptidase) deficiency causes severe protein malabsorption 
owing to the inability to activate trypsinogen and other pancreatic proteases 
in the intestinal lumen. Treatment is with supplemental pancreatic enzymes.

Defects in epithelial transport proteins include congenital glucose-galactose 
malabsorption (mutation in the SGLT1 gene) that results in severe carbohydrate 
malabsorption. Congenital chloride and sodium diarrheas are rare autosomal 
recessive disorders caused by mutations in the epithelial Cl−/HCO3

− (SLC26) 
and the Na+/H+ exchanger (SCL9, GUCY2C), respectively. These disorders 
cause maternal polyhydramnios and fluid-filled bowel loops in utero as well 
as severe diarrhea at birth. Diagnosis in the newborn is made by high stool 
chloride levels and metabolic alkalosis in congenital chloride diarrhea, high 
stool sodium levels and metabolic acidosis in congenital sodium diarrhea, 
and genetic testing.

Abetalipoproteinemia is due to defects in chylomicron formation and 
exocytosis at the basolateral membrane of intestinal epithelial cells that are 
necessary for the delivery of lipids to the systemic circulation. Mutations in the 
microsomal triglyceride transfer protein (MTTP), apolipoprotein B gene, and 
SAR1B (triggers coat protein of vesicles in the endoplasmic reticulum) result 
in chylomicron retention in epithelial cells. Children with this disorder have 
fat malabsorption and the consequences of vitamin E deficiency (retinopathy 
and spinocerebellar degeneration). Biochemical tests show low plasma levels 
of apoprotein B, triglyceride, and cholesterol. Membrane lipid abnormalities 
result in red blood cell acanthosis (burr cells). Intestinal biopsy, which is diag-
nostic, is characterized by engorgement of epithelial cells with lipid droplets. 
Treatment is with a low-fat diet containing medium-chain triglycerides and 
high doses of fat-soluble vitamins, especially vitamin E.

Homozygous loss-of-function mutations in the gene encoding CD55 cause 
protein-losing enteropathy, often accompanied by primary intestinal lymphan-
giectasia, edema due to hypoproteinemia, and malabsorption. Affected indi-
viduals may often have recurrent infections and angiopathic thromboembolic 
disease.

Defects in villus epithelial cell structure presents at birth with severe mal-
absorption. Microvillus inclusion disease is due to defects in intraepithelial 
cellular protein transport and epithelial polarization. Mutations have been 
identified in myosin type 5 motor protein (MYO5B) and syntaxin-3 (STX3) 
genes. Tufting enteropathy is characterized by disorganized enterocytes at 

times daily) or opiates (e.g., loperamide, 2 mg orally four times daily, maximal 
dose 16 mg daily) is warranted.

 INFLAMMATORY DIARRHEAS
Diarrhea resulting from inflammation is characterized by watery or bloody 
stools, fecal leukocytes, and loss of protein in the stool (see Fig. 131-3).

 Inflammatory Bowel Disease
See Chapter 132.

 Eosinophilic Gastroenteritis
Eosinophilic gastroenteritis is an increasingly recognized condition of unknown 
etiology characterized by infiltration of eosinophils in the mucosa, muscle, or 
serosal layers of the gastrointestinal tract.25 Approximately 50% of patients have 
atopic histories. Infestation with nematodes (Chapter 335) must be excluded 
before this diagnosis is made. Diarrhea occurs in 30 to 60% of patients with 
mucosal disease. Patients with involvement of the muscle layer often present with 
abdominal pain, nausea, and vomiting indicative of gastric outlet or intestinal 
obstruction. Peripheral eosinophilia is present in most patients. The disease 
may involve the entire gastrointestinal tract from esophagus to anus, or it 
may be isolated to a segment. With diffuse involvement, patients may have 
steatorrhea, protein-losing enteropathy, and blood loss.

Management includes an elimination diet based on allergy testing or an 
elemental diet. Budesonide (9 mg orally daily) or prednisone (0.5 to 1 mg/
kg orally daily) is highly effective, but relapses are common when corticosteroids 
are tapered. Targeted anti-eosinophil agents (e.g., anti-IL-5 therapies) are under 
investigation.

 Microscopic (Collagenous and Lymphocytic) Colitis
These two conditions, collectively known as microscopic colitis, may or may not 
be the same disease or variants of the same disease.26 Lymphocytic colitis is 
equally prevalent in men and women, whereas collagenous colitis occurs 10 
times more often in middle-aged or elderly women. These conditions may be 
associated with autoimmune disease or with NSAID use. There is an increased 
prevalence (5%) of microscopic colitis among individuals with celiac disease. 
These diseases may be categorized as either inflammatory or secretory diarrheas. 
An epidemiologic relationship to medications such as NSAIDs, H2-receptor 
blockers, proton pump inhibitors, selective serotonin reuptake inhibitors, and 
smoking has been reported, and increased luminal prostaglandin levels may 
cause the diarrhea. Enteric infections, food hypersensitivity, and intraluminal 
bile have been proposed as triggers for prostaglandin release from lymphocytes.

Antidiarrheal agents such as loperamide (2 mg orally four times daily) are 
the mainstay of therapy for mild diarrhea, which usually has a benign and 
self-limited course. Budesonide (4.5 to 9 mg orally daily) is the most effective 
therapy. A10  In patients who do not tolerate or respond to it, an alternative is 
bismuth subsalicylate therapy (8 chewable 262-mg tablets orally daily). Patients 
with refractory disease may require corticosteroids (e.g., prednisone, 40 mg/
day orally), a trial of azathioprine or anti-TNF-α antibodies.

 Food Allergy
Food allergies or sensitivities, especially to cow’s milk and soy protein, are a 
well-established cause of enterocolitis in children, with an estimated frequency 
of 5%. Symptoms of abdominal cramps, diarrhea, and sometimes vomiting 
occur shortly after ingestion of the allergen (Chapter 238). The role of food 
allergy in causing diarrhea in adults is less clear owing to the lack of a reliable 
diagnostic test. Allergy testing correlates poorly with intestinal allergy. The 
most common food allergens are milk, soy, eggs, seafood, nuts, and wheat. 
Sequential elimination diets can be diagnostic and therapeutic.

 RADIATION ENTERITIS
Patients who receive pelvic radiation for malignancies of the female urogenital 
tract or the male prostate may develop chronic radiation enterocolitis 6 to 24 
months after total doses of radiation greater than 40 to 60 Gy (Chapters 17 
and 133), but symptoms can develop as late as 20 years after treatment. Early 
abnormalities include an increase in inflammatory mediators, an increase in 
cholinergic stimulation of intestinal tissue, and endothelial cell apoptosis that 
precedes epithelial cell apoptosis. The last finding suggests that vascular injury 
is the primary event. Diarrhea may be caused by bile acid malabsorption if 
the ileum is damaged, by bacterial overgrowth if radiation causes small intes-
tinal strictures or bypass, or by radiation-induced chronic inflammation of 
the small intestine and colon. Rapid transit also may contribute to malabsorp-
tion and diarrhea.

 TRUE SECRETORY DIARRHEAS
Endocrine diseases that can cause secretory diarrheas (see Fig. 131-3) include 
carcinoid tumors (Chapter 219), gastrinomas (Chapter 219), VIPomas of the 
pancreas (Chapter 219), and medullary carcinoma of the thyroid (Chapter 
213). Diarrhea is also seen in 60 to 80% of patients with systemic mastocytosis 
(Chapter 240). Diarrhea resulting from gastrinoma is distinct in that it is 
caused by high volumes of hydrochloric acid secretion that overwhelm the 
reabsorptive capacity of the colon and by maldigestion of fat owing to pH 
inactivation of pancreatic lipase and precipitation of bile salts.

 Villous Adenomas
Large (4 to 18 cm) villous adenomas, particularly in the rectum or occasion-
ally the sigmoid colon, may cause secretory diarrhea of 500 to 3000 mL/24 
hours characterized by hypokalemia, chloride-rich stool, and metabolic alka-
losis. Increased numbers of goblet cells and increased prostaglandin E2 are 
responsible for the diarrhea. Chloride wasting in the stool and metabolic 
alkalosis are also found in congenital chloridorrhea, which is caused by a 
defect in the intestinal Cl−/HCO3

− transporter. The metabolic alkalosis dis-
tinguishes these two diarrheas from most other diarrheas that cause metabolic 
acidosis. A villous adenoma is usually diagnosed by colonoscopy. The pros-
taglandin antagonist indomethacin (25 to 100 mg/day orally) reduces the 
diarrhea in some patients; resection is curative.

 Diabetes Mellitus–Related Diarrhea
Constipation is more common than diarrhea in patients with diabetes. High-
volume, watery diarrhea, often with nocturnal incontinence, occurs in 20% 
of patients with poorly controlled type 1 diabetes. These patients usually have 
concomitant neuropathy, nephropathy, and retinopathy. The diarrhea may be 
due to several causes, including celiac disease, anal incontinence, bacterial 
overgrowth related to dysmotility, medications (metformin, acarbose), and 
autonomic neuropathy. If no specific cause is found, clonidine (initial dose 
0.1 mg orally twice daily and titrated slowly to a maximal dose of 0.5 to 0.6 mg 
orally twice daily) may be helpful. Patients with neuropathy frequently have 
impaired anal sphincter function, and high-dose loperamide (4 mg orally four 
times daily) may improve the incontinence.

 Alcoholic Diarrhea
Diarrhea related to alcohol ingestion (Chapter 30) may be due to rapid intes-
tinal transit, decreased bile and pancreatic secretion, nutritional deficiencies 
such as folate or vitamin B12, or alcohol-related enteric neuropathy. Diarrhea 
may be acute with binge drinking, or it may be chronic and watery and persist 
for days or weeks. The diarrhea slowly resolves with abstinence from alcohol, 
proper nutrition, and the repletion of vitamin deficiencies.

 Factitious Diarrhea
Approximately 30% of patients referred to tertiary centers have chronic diar-
rhea from laxative abuse. The diarrhea is usually severe and watery, often with 
nocturnal symptoms. Some patients may have abdominal pain, weight loss, 
nausea, vomiting, hypokalemic myopathy, and acidosis. Stool volumes range 
from 300 to 3000 mL per day depending on the dose of laxative ingested. 
In the United States, bisacodyl is the most common cause. Other culprits 
include anthraquinone (senna, cascara, aloe, rhubarb) or osmotic laxatives 
(neutral phosphate, Epsom salts, and magnesium citrate). Some patients 
abuse other agents that cause diarrhea, such as the diuretics furosemide and  
ethacrynic acid.

More than 90% of laxative abusers are women who have underlying eating 
disorders such as anorexia nervosa or bulimia (Chapter 206) or middle-aged 
women who have complicated medical histories and who often work in health 
care. In patients with unexplained diarrhea, laxative screening of stool and 
urine (see later) should be performed to exclude this syndrome before an 
extensive medical evaluation is performed for other causes of chronic 
diarrhea.

 Chronic Idiopathic Secretory Diarrhea
In a small subset of patients with secretory diarrhea, no cause is found despite 
an extensive evaluation. These cases are labeled as chronic idiopathic secretory 
diarrhea. In most patients, the diarrhea resolves within 6 to 24 months, which 
suggests a possible postinfectious or Brainerd diarrhea. If no diagnosis is found 
after thorough testing and a search for surreptitious laxative abuse, a therapeutic 
trial with bile salt–binding drugs (e.g., cholestyramine, 4 g orally before meals 
three times daily, or the more potent colesevelam, 625-mg tablet two to six 

Diarrhea due to types 1 and 2 often responds to cholestyramine (2 to 4 g 
orally two to four times daily), colestipol (5 g orally two or three times daily), 
or the more potent and better tolerated bile salt binder, colesevelam (625-mg 
tablet orally two to six times daily). Obeticholic acid (25 mg orally daily), a 
farnesoid X receptor agonist that stimulates FGF19 production, may lessen the 
frequency of bile acid diarrhea.24 Fat-soluble vitamin deficiency is a potential 
risk with chronic use of bile salt binders. Although many patients with type 3 
respond to cholestyramine or colesevelam, some do not. In these patients, 
motility-altering drugs such as opiates (e.g., loperamide, 2 to 4 mg orally two 
to four times daily) and anticholinergics (e.g., hyoscyamine sulfate, 0.125 to 
0.250 mg orally two to four times daily) may be of benefit.

TREATMENT 
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times daily) or opiates (e.g., loperamide, 2 mg orally four times daily, maximal 
dose 16 mg daily) is warranted.

 INFLAMMATORY DIARRHEAS
Diarrhea resulting from inflammation is characterized by watery or bloody 
stools, fecal leukocytes, and loss of protein in the stool (see Fig. 131-3).

 Inflammatory Bowel Disease
See Chapter 132.

 Eosinophilic Gastroenteritis
Eosinophilic gastroenteritis is an increasingly recognized condition of unknown 
etiology characterized by infiltration of eosinophils in the mucosa, muscle, or 
serosal layers of the gastrointestinal tract.25 Approximately 50% of patients have 
atopic histories. Infestation with nematodes (Chapter 335) must be excluded 
before this diagnosis is made. Diarrhea occurs in 30 to 60% of patients with 
mucosal disease. Patients with involvement of the muscle layer often present with 
abdominal pain, nausea, and vomiting indicative of gastric outlet or intestinal 
obstruction. Peripheral eosinophilia is present in most patients. The disease 
may involve the entire gastrointestinal tract from esophagus to anus, or it 
may be isolated to a segment. With diffuse involvement, patients may have 
steatorrhea, protein-losing enteropathy, and blood loss.

Management includes an elimination diet based on allergy testing or an 
elemental diet. Budesonide (9 mg orally daily) or prednisone (0.5 to 1 mg/
kg orally daily) is highly effective, but relapses are common when corticosteroids 
are tapered. Targeted anti-eosinophil agents (e.g., anti-IL-5 therapies) are under 
investigation.

 Microscopic (Collagenous and Lymphocytic) Colitis
These two conditions, collectively known as microscopic colitis, may or may not 
be the same disease or variants of the same disease.26 Lymphocytic colitis is 
equally prevalent in men and women, whereas collagenous colitis occurs 10 
times more often in middle-aged or elderly women. These conditions may be 
associated with autoimmune disease or with NSAID use. There is an increased 
prevalence (5%) of microscopic colitis among individuals with celiac disease. 
These diseases may be categorized as either inflammatory or secretory diarrheas. 
An epidemiologic relationship to medications such as NSAIDs, H2-receptor 
blockers, proton pump inhibitors, selective serotonin reuptake inhibitors, and 
smoking has been reported, and increased luminal prostaglandin levels may 
cause the diarrhea. Enteric infections, food hypersensitivity, and intraluminal 
bile have been proposed as triggers for prostaglandin release from lymphocytes.

Antidiarrheal agents such as loperamide (2 mg orally four times daily) are 
the mainstay of therapy for mild diarrhea, which usually has a benign and 
self-limited course. Budesonide (4.5 to 9 mg orally daily) is the most effective 
therapy. A10  In patients who do not tolerate or respond to it, an alternative is 
bismuth subsalicylate therapy (8 chewable 262-mg tablets orally daily). Patients 
with refractory disease may require corticosteroids (e.g., prednisone, 40 mg/
day orally), a trial of azathioprine or anti-TNF-α antibodies.

 Food Allergy
Food allergies or sensitivities, especially to cow’s milk and soy protein, are a 
well-established cause of enterocolitis in children, with an estimated frequency 
of 5%. Symptoms of abdominal cramps, diarrhea, and sometimes vomiting 
occur shortly after ingestion of the allergen (Chapter 238). The role of food 
allergy in causing diarrhea in adults is less clear owing to the lack of a reliable 
diagnostic test. Allergy testing correlates poorly with intestinal allergy. The 
most common food allergens are milk, soy, eggs, seafood, nuts, and wheat. 
Sequential elimination diets can be diagnostic and therapeutic.

 RADIATION ENTERITIS
Patients who receive pelvic radiation for malignancies of the female urogenital 
tract or the male prostate may develop chronic radiation enterocolitis 6 to 24 
months after total doses of radiation greater than 40 to 60 Gy (Chapters 17 
and 133), but symptoms can develop as late as 20 years after treatment. Early 
abnormalities include an increase in inflammatory mediators, an increase in 
cholinergic stimulation of intestinal tissue, and endothelial cell apoptosis that 
precedes epithelial cell apoptosis. The last finding suggests that vascular injury 
is the primary event. Diarrhea may be caused by bile acid malabsorption if 
the ileum is damaged, by bacterial overgrowth if radiation causes small intes-
tinal strictures or bypass, or by radiation-induced chronic inflammation of 
the small intestine and colon. Rapid transit also may contribute to malabsorp-
tion and diarrhea.

 TRUE SECRETORY DIARRHEAS
Endocrine diseases that can cause secretory diarrheas (see Fig. 131-3) include 
carcinoid tumors (Chapter 219), gastrinomas (Chapter 219), VIPomas of the 
pancreas (Chapter 219), and medullary carcinoma of the thyroid (Chapter 
213). Diarrhea is also seen in 60 to 80% of patients with systemic mastocytosis 
(Chapter 240). Diarrhea resulting from gastrinoma is distinct in that it is 
caused by high volumes of hydrochloric acid secretion that overwhelm the 
reabsorptive capacity of the colon and by maldigestion of fat owing to pH 
inactivation of pancreatic lipase and precipitation of bile salts.

 Villous Adenomas
Large (4 to 18 cm) villous adenomas, particularly in the rectum or occasion-
ally the sigmoid colon, may cause secretory diarrhea of 500 to 3000 mL/24 
hours characterized by hypokalemia, chloride-rich stool, and metabolic alka-
losis. Increased numbers of goblet cells and increased prostaglandin E2 are 
responsible for the diarrhea. Chloride wasting in the stool and metabolic 
alkalosis are also found in congenital chloridorrhea, which is caused by a 
defect in the intestinal Cl−/HCO3

− transporter. The metabolic alkalosis dis-
tinguishes these two diarrheas from most other diarrheas that cause metabolic 
acidosis. A villous adenoma is usually diagnosed by colonoscopy. The pros-
taglandin antagonist indomethacin (25 to 100 mg/day orally) reduces the 
diarrhea in some patients; resection is curative.

 Diabetes Mellitus–Related Diarrhea
Constipation is more common than diarrhea in patients with diabetes. High-
volume, watery diarrhea, often with nocturnal incontinence, occurs in 20% 
of patients with poorly controlled type 1 diabetes. These patients usually have 
concomitant neuropathy, nephropathy, and retinopathy. The diarrhea may be 
due to several causes, including celiac disease, anal incontinence, bacterial 
overgrowth related to dysmotility, medications (metformin, acarbose), and 
autonomic neuropathy. If no specific cause is found, clonidine (initial dose 
0.1 mg orally twice daily and titrated slowly to a maximal dose of 0.5 to 0.6 mg 
orally twice daily) may be helpful. Patients with neuropathy frequently have 
impaired anal sphincter function, and high-dose loperamide (4 mg orally four 
times daily) may improve the incontinence.

 Alcoholic Diarrhea
Diarrhea related to alcohol ingestion (Chapter 30) may be due to rapid intes-
tinal transit, decreased bile and pancreatic secretion, nutritional deficiencies 
such as folate or vitamin B12, or alcohol-related enteric neuropathy. Diarrhea 
may be acute with binge drinking, or it may be chronic and watery and persist 
for days or weeks. The diarrhea slowly resolves with abstinence from alcohol, 
proper nutrition, and the repletion of vitamin deficiencies.

 Factitious Diarrhea
Approximately 30% of patients referred to tertiary centers have chronic diar-
rhea from laxative abuse. The diarrhea is usually severe and watery, often with 
nocturnal symptoms. Some patients may have abdominal pain, weight loss, 
nausea, vomiting, hypokalemic myopathy, and acidosis. Stool volumes range 
from 300 to 3000 mL per day depending on the dose of laxative ingested. 
In the United States, bisacodyl is the most common cause. Other culprits 
include anthraquinone (senna, cascara, aloe, rhubarb) or osmotic laxatives 
(neutral phosphate, Epsom salts, and magnesium citrate). Some patients 
abuse other agents that cause diarrhea, such as the diuretics furosemide and  
ethacrynic acid.

More than 90% of laxative abusers are women who have underlying eating 
disorders such as anorexia nervosa or bulimia (Chapter 206) or middle-aged 
women who have complicated medical histories and who often work in health 
care. In patients with unexplained diarrhea, laxative screening of stool and 
urine (see later) should be performed to exclude this syndrome before an 
extensive medical evaluation is performed for other causes of chronic 
diarrhea.

 Chronic Idiopathic Secretory Diarrhea
In a small subset of patients with secretory diarrhea, no cause is found despite 
an extensive evaluation. These cases are labeled as chronic idiopathic secretory 
diarrhea. In most patients, the diarrhea resolves within 6 to 24 months, which 
suggests a possible postinfectious or Brainerd diarrhea. If no diagnosis is found 
after thorough testing and a search for surreptitious laxative abuse, a therapeutic 
trial with bile salt–binding drugs (e.g., cholestyramine, 4 g orally before meals 
three times daily, or the more potent colesevelam, 625-mg tablet two to six 



 PROTEIN-LOSING GASTROENTEROPATHY
Severe protein loss through the gastrointestinal tract can be caused by mucosal 
diseases such as lymphangiectasia, lymphatic obstruction, bacterial or parasitic 
infection, gastritis (Chapter 130), gastric cancer, collagenous colitis, inflam-
matory bowel disease (Chapter 132), celiac disease, sarcoidosis (Chapter 89), 
lymphoma (Chapter 176), tuberculosis (Chapter 308), Ménétrier disease 
(Chapter 183), eosinophilic gastroenteritis, and food allergies. A variety of 
extraintestinal diseases, including systemic lupus erythematosus (Chapter 
250), heart failure (Chapter 52), and constrictive pericarditis (Chapter 68), 
also can be causative. Patients with systemic lupus erythematosus (Chapter 
250) may present with protein-losing enteropathy as the only manifestation 
of their disease. Treatment focuses on the underlying disease.

 MISCELLANEOUS DISEASES
Although acute mesenteric arterial or venous thrombosis manifests as an acute 
bloody diarrhea, chronic mesenteric vascular ischemia (Chapter 134) may 
manifest as watery diarrhea. Gastrointestinal tuberculosis (Chapter 308) and 
histoplasmosis (Chapter 316) manifest as diarrhea that may be either bloody 
or watery, as do certain immunologic diseases, such as Behçet syndrome and 
Churg-Strauss syndrome. All of these diseases may be misdiagnosed as inflam-
matory bowel disease (Chapter 132). Neutropenic enterocolitis, an ileocolitis 
that occurs in patients with neutropenia and leukemia, sometimes is caused 
by C. difficile infection.

Treatment is often unsatisfactory. Anti-inflammatory drugs (sulfasalazine, 
corticosteroids) and antibiotics have been tried with little success. Cholestyr-
amine (4 g orally three times daily) and NSAIDs (e.g., naproxen, 250 to 500 mg 
orally twice daily) may help, as may opiates (loperamide, 2 mg orally four times 
daily, or loperamide-N-oxide, 3 mg orally two times daily).

TREATMENT 

Antidiarrheal Therapy
Antidiarrheal agents are of two types: those used for mild to moderate diar-

rheas and those used for severe secretory diarrheas. A major shortcoming of 
opiates, the most commonly prescribed antidiarrheal agents, is that they have 
no antisecretory effect. Rather, they act by decreasing intestinal motility, thereby 
allowing longer contact time with the mucosa for improved fluid absorption. 
The exception is racecadotril, an enkephalinase inhibitor, that blocks intestinal 
fluid secretion without affecting motility.

Bulk-forming agents (psyllium, 7 g in 8 oz water orally up to five times daily 
and methylcellulose, 3 to 6 tablets twice daily with 300 mL of water) act by 
binding water and increasing the consistency of stool. Pectin has been shown 
to have proabsorptive activity. These agents may be useful in patients with 
fecal incontinence. Bismuth subsalicylates (524 mg orally every hour up to eight 
doses daily) have mild antisecretory and antimotility effects and are effective 
and safe in mild diarrheas.

The opiates may be symptomatically useful in mild to moderate diarrheas. 
Paregoric, deodorized tincture of opium, codeine, and diphenoxylate with 
atropine largely have been supplanted by loperamide. Loperamide does not 
pass the blood-brain barrier and has a high first-pass metabolism in the liver; 
it has a high therapeutic-to-toxic ratio and is essentially devoid of addiction 
potential. It is safe in adults, even in total doses of 24 mg/day. The usual dose 
is 2 to 4 mg two to four times daily. Opiates may be harmful in patients with 
severe diarrheas because large volumes of fluid may pool in the intestinal 
lumen (third space), and stool output is no longer a reliable gauge for replacing 
fluid losses. The antimotility effects are a problem in infectious diarrheas because 
stasis may enhance bacterial invasion and delay clearance of microorganisms 
from the bowel. Opiates and anticholinergics also are dangerous in severe 
inflammatory bowel disease or severe C. difficile infection, where they may 
precipitate megacolon.

Antidiarrhea agents that are used for the treatment of severe secretory and 
inflammatory diarrheas generally have profiles with more serious side effects. 
The somatostatin analogue octreotide (initial dose, 100 to 600 µg SC in two to 
four divided doses daily; maximal dose, 1500 µg daily) lessens diarrhea in the 
carcinoid syndrome and in neuroendocrine tumors because it inhibits hormone 
secretion by the tumor. It is also effective in the treatment of dumping syndrome 
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and chemotherapy-related diarrheas. Long-acting octreotide (20 to 30 mg intra-
muscularly every month) is available for once-a-month dosing. Octreotide can 
suppress pancreatic enzyme secretion and make diarrhea worse; it also may be 
of only limited usefulness in short-bowel syndrome and AIDS diarrhea. Agents 
such as phenothiazine and calcium-channel blockers have mild antisecretory 
effects, but side effects limit their use. Clonidine (initial dose, 0.1 mg orally 
twice daily, titrated slowly to a maximal dose of 0.5 to 0.6 mg twice daily) is 
most useful in opiate withdrawal diarrhea and is sometimes useful in diabetic 
diarrhea; postural hypotension may limit its use, particularly in patients with 
diabetes. Alosetron (0.5 mg orally twice daily for 4 weeks, maximal dose 1 mg 
orally twice daily) may be justified for severe diarrhea-predominant irritable 
bowel syndrome; associations with ischemic colitis and severe constipation have 
limited its use. Indomethacin (250 to 500 mg orally twice daily), a cyclooxygen-
ase blocker that inhibits prostaglandin production, is useful in the treatment of 
diarrheas caused by acute radiation, AIDS, or villous adenomas of the rectum or 
colon; occasionally, it may be useful in neuroendocrine tumors and food allergy. 
For eosinophilic gastroenteritis, corticosteroids (prednisone, 20 to 40 mg/day 
orally for 7 to 10 days) are the mainstay of therapy, but disodium cromoglycate 
(200 mg orally four times daily) also may be useful; food elimination diets are 
not usually effective. Treatment of inflammatory bowel disease is described  
in Chapter 132.
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INFLAMMATORY BOWEL DISEASE
GARY R. LICHTENSTEIN

 DEFINITION
Inflammatory bowel disease refers to two chronic idiopathic inflammatory 
disorders, ulcerative colitis and Crohn disease. Characteristic clinical, endo-
scopic, and histologic features are critical for the diagnosis of these disorders, 
but no single individual finding is absolutely diagnostic for one disease or the 
other. Mucosal ulceration in Crohn disease may be transmural and may occur 
anywhere in the gastrointestinal tract, most commonly in the distal ileum and 
proximal colon. The hallmark of ulcerative colitis is continuous ulceration 
starting in the rectum and limited to the colon. Approximately 10% of patients 
with inflammatory bowel disease have what is called “inflammatory bowel 
disease-undetermined,” a term used when Crohn colitis cannot be distinguished 
from ulcerative colitis.

gene polymorphisms are associated with both Crohn disease and ulcerative 
colitis. Polymorphisms of the interleukin-23 (IL-23) receptor gene are associ-
ated with ulcerative colitis and a varied risk for Crohn disease. The presence 
of an adenylate cyclase 7 (ADCY7) missense mutation confers a higher risk 
for ulcerative colitis.4 The protein encoded by ADCY7 is a member of a family 
of ten enzymes that convert ATP to cAMP. Each member has unique tissue-
specific expression patterns. ADCY7 is expressed in hematopoietic cells. In 
these cells, cAMP modulates innate and adaptive immune functions, including 
inhibition of the proinflammatory cytokine tumor necrosis factor (TNF)-α. 
The loss of function of ADCY7 reduces production of cAMP, thereby leading 
to an excessive inflammatory response that predisposes to ulcerative colitis. 
Human leukocyte antigen (HLA) class II polymorphisms, especially in HLA-DR 
molecules, may confer increased risk for ulcerative colitis and possibly Crohn 
as well. The OCTN1 gene (located on chromosome 5q31) and the DLG5 
gene (located on chromosome 10) are associated with Crohn disease. DLG5, 
which encodes a scaffolding protein that is important for maintaining epithelial 
integrity in various organs, may interact with the NOD2/CARD15 gene to 
increase susceptibility to Crohn disease. OCTN1 encodes for an ion channel 
and also increases the risk for Crohn disease; mutations in this gene may 
disrupt ion channels through altered function of cation transporters and cell-
to-cell signaling in the intestinal epithelium.

Whether susceptibility genes can be linked to clinical phenotypes is an 
area of intense investigation. One large-scale study found that three loci 
(NOD2, MHC, and MST1 3p21) were associated with whether inflamma-
tory bowel disease manifested as ileal Crohn disease, colonic Crohn disease, 
or ulcerative colitis rather than by the classic definitions of Crohn disease or 
ulcerative colitis.5 Inflammatory bowel disease also has been associated with 
Turner syndrome (Chapter 220), glycogen storage type Ib (Chapter 196), 
and the Hermansky-Pudlak syndrome (triad of albinism, platelet aggregation 
defect, and accumulation of ceroid-like pigment in tissue) (Chapter 164). 
Inflammatory bowel disease is associated with various diseases that have 
known genetic predisposition, including ankylosing spondylitis (Chapter 
249), psoriasis (Chapter 409), atopy (Chapter 235), eczema (Chapter 409), 
celiac sprue (Chapter 131), cystic fibrosis (Chapter 83), primary sclerosing 
cholangitis (Chapter 146), multiple sclerosis (Chapter 383), autoimmune 
thyroid disease (Chapter 213), autoimmune hemolytic anemia (Chapter 151), 
primary biliary cirrhosis (Chapter 146), myasthenia gravis (Chapter 394), and  
Cogan syndrome (Chapter 254).

 PATHOPHYSIOLOGY
Microbes likely play a part in the development of inflammatory bowel disease. 
In several animal models of colitis, colitis does not develop in a sterile envi-
ronment but can be induced after the introduction of commensal bacteria. 
For instance, helminth infection protects mice with Nod2 mutations, which 
otherwise make them susceptible to Crohn disease, by inhibiting colonization 
by an inflammatory Bacteroides species.6 Diverting the fecal stream away from 
active mucosal inflammation, such as in an ileostomy, also helps alleviate 
inflammation in Crohn disease. Crohn disease and ulcerative colitis prefer-
entially occur in the terminal ileum and colon, which contain the highest 
concentration of bacteria, on the order of approximately 1012 organisms per 
gram of luminal contents. Antibiotics, particularly antibiotics with broad-
spectrum anaerobic coverage, are helpful in the treatment of Crohn disease. 
More recently, several genetic polymorphisms associated with sensing the 
intestinal microbial environment and triggering an immune response have 
been linked to inflammatory bowel disease.

Both Crohn disease and ulcerative colitis are products of a dysregulated 
innate immune system that triggers T cells and a humoral response. TH17 
cells, which are activated in Crohn disease and ulcerative colitis, are stimulated 
by IL-23, which is produced by antigen-presenting cells.

Pathology
Crohn Disease
As a result of a dysregulated immune system, patients with Crohn disease 
develop aphthous ulcers, which are superficial mucosal ulcers. As the disease 
progresses, the ulceration becomes deeper, transmural, and discrete; it may 
form a serpiginous pattern and may occur anywhere from the mouth to the 
anus in a noncontinuous pattern. The most common location for ulceration 
is the ileocecal region. In some patients, chronic disease leads to the formation 
of fibrotic strictures, and approximately 30% of patients may develop fistulas 
in the course of their disease.

In early Crohn disease, the histopathologic findings are characterized by 
an acute inflammatory infiltrate in the lamina propria, with cryptitis, and crypt 

 EPIDEMIOLOGY
Inflammatory bowel disease occurs worldwide, but the highest incidence is 
found in North America, the United Kingdom, and northern Europe. Data 
suggest an increasing incidence and prevalence over time and in different 
regions around the world, although ulcerative colitis remains slightly more 
prevalent than Crohn disease.1 The incidence of ulcerative colitis in North 
America is estimated to be 19.3 per 100,000 person years and 24.3 per 100,000 
person years in Europe, with a prevalence of approximately 285 per 100,000 
persons in North America and up to 500 per 100,000 persons in Europe. The 
incidence of Crohn disease in North America is estimated to be 20.2 per 
100,000 person years and 12.7 per 100,000 person years in Europe, with a 
prevalence of approximately 320 per 100,000 in North America and in Europe.2

Crohn disease and ulcerative colitis may occur at any age, but both have 
their peak incidence in the second to fourth decade, with a second peak in 
the seventh decade. The female-to-male ratio for both ulcerative colitis and 
Crohn disease suggests no gender preference.

Crohn disease and ulcerative colitis are complex polygenic disorders, for 
which having a family history of inflammatory bowel disease is a risk factor. 
Crohn disease and ulcerative colitis occur in all ethnic and socioeconomic 
groups, but their incidence is highest in white Caucasians and Jewish people 
of Eastern European (Ashkenazi) descent. In North America and the United 
Kingdom, however, the incidence of Crohn disease in African Americans and 
African Caribbeans appears to be approaching that of whites. Studies of migrants 
from certain developing countries in South Asia to the United Kingdom suggest 
an increased prevalence of inflammatory bowel disease in subsequent genera-
tions, presumably because of environmental influences.

Cigarette smoking is associated with a worse prognosis in patients with 
Crohn disease but an improved course in ulcerative colitis. Nonsteroidal anti-
inflammatory drugs (NSAIDs) appear to be associated with new onset of 
inflammatory bowel disease and with exacerbations of disease. Appendectomy 
for an inflammatory indication has been suggested as protective against the 
development of ulcerative colitis. Diet does not clearly affect the course of 
inflammatory bowel disease.

 PATHOBIOLOGY
Although the trigger for inflammatory bowel disease is not known, three major 
pathways likely activate the disease: a genetic predisposition, immune dys-
regulation, and an environmental trigger. A possible explanation is that the 
inability of the innate immune system to clear microbial antigens, combined 
with increased intestinal epithelial permeability to antigens, eventually leads 
to an overactive adaptive immune response.

Genetics
Of patients with inflammatory bowel disease, 5 to 20% have another family 
member with inflammatory bowel disease. First-degree relatives have a 10- to 
15-fold increased risk for developing inflammatory bowel disease. The con-
cordance rate of developing Crohn disease in identical twins, siblings, and 
first-degree relatives is 50%, 0 to 3%, and 5 to 10%, respectively. Ulcerative 
colitis follows similar genetic patterns but with slightly lower risk rates. Twenty 
percent of patients with a positive family history of inflammatory bowel disease 
will have discordant disease type: one family member with Crohn disease 
and another with ulcerative colitis.

More than 200 gene susceptibility loci have been linked to inflammatory 
bowel disease, with at least 30 specific for Crohn disease and more than 20 
specific for ulcerative colitis.3 Some of these genes also may correlate with the 
severity of disease. The first gene discovered to be associated with Crohn 
disease was NOD2/CARD15, which is located on chromosome 16 (16q12) 
and expressed in intestinal epithelial Paneth cells, macrophages, and dendritic 
cells. This gene is involved in the expression of an intracellular receptor that 
senses muramyl dipeptide, a peptidoglycan component of gram-positive bac-
teria. Activation of NOD2 leads to activation of nuclear factor κ-B (NF-κB), 
which mediates transcription of numerous proinflammatory cytokines. A 
mutation in the leucine-rich domain of the NOD2 protein, which interacts 
with bacterial lipopolysaccharide, leads to failure in activation of NF-κB and 
is associated with the development of Crohn disease.

The ATG16L1 gene on chromosome 2 and the IRGM gene on chromosome 
5 also have been associated with increased susceptibility to Crohn disease. 
Both are members of a family of genes involved in autophagy, an autonomous 
process that involves the maintenance of cellular homeostasis and organelle 
turnover, as well as the processing of intracellular pathogens, the subsequent 
presentation of antigens, and the regulation of cell signaling. Toll-like receptor-4 
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ABSTRACT
Inflammatory bowel disease is an idiopathic disorder with etiology related to 
a dysregulated immune response to the host intestinal microbiota. Ulcerative 
colitis and Crohn disease represent the two primary types of inflammatory 
bowel disease, with ulcerative colitis having inflammation limited to the colon 
and Crohn disease involving any segment of the gastrointestinal tract from 
the mouth to the anus. Patients with inflammatory bowel disease have a genetic 
predisposition, but these diseases spare no socioeconomic class and occur 
equally in men and women. Both ulcerative colitis and colonic Crohn disease 
increase the risk for colorectal cancer. With the recent advent of biologic 
therapy, the treatment of these disorders has evolved and improved 
prognosis.
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gene polymorphisms are associated with both Crohn disease and ulcerative 
colitis. Polymorphisms of the interleukin-23 (IL-23) receptor gene are associ-
ated with ulcerative colitis and a varied risk for Crohn disease. The presence 
of an adenylate cyclase 7 (ADCY7) missense mutation confers a higher risk 
for ulcerative colitis.4 The protein encoded by ADCY7 is a member of a family 
of ten enzymes that convert ATP to cAMP. Each member has unique tissue-
specific expression patterns. ADCY7 is expressed in hematopoietic cells. In 
these cells, cAMP modulates innate and adaptive immune functions, including 
inhibition of the proinflammatory cytokine tumor necrosis factor (TNF)-α. 
The loss of function of ADCY7 reduces production of cAMP, thereby leading 
to an excessive inflammatory response that predisposes to ulcerative colitis. 
Human leukocyte antigen (HLA) class II polymorphisms, especially in HLA-DR 
molecules, may confer increased risk for ulcerative colitis and possibly Crohn 
as well. The OCTN1 gene (located on chromosome 5q31) and the DLG5 
gene (located on chromosome 10) are associated with Crohn disease. DLG5, 
which encodes a scaffolding protein that is important for maintaining epithelial 
integrity in various organs, may interact with the NOD2/CARD15 gene to 
increase susceptibility to Crohn disease. OCTN1 encodes for an ion channel 
and also increases the risk for Crohn disease; mutations in this gene may 
disrupt ion channels through altered function of cation transporters and cell-
to-cell signaling in the intestinal epithelium.

Whether susceptibility genes can be linked to clinical phenotypes is an 
area of intense investigation. One large-scale study found that three loci 
(NOD2, MHC, and MST1 3p21) were associated with whether inflamma-
tory bowel disease manifested as ileal Crohn disease, colonic Crohn disease, 
or ulcerative colitis rather than by the classic definitions of Crohn disease or 
ulcerative colitis.5 Inflammatory bowel disease also has been associated with 
Turner syndrome (Chapter 220), glycogen storage type Ib (Chapter 196), 
and the Hermansky-Pudlak syndrome (triad of albinism, platelet aggregation 
defect, and accumulation of ceroid-like pigment in tissue) (Chapter 164). 
Inflammatory bowel disease is associated with various diseases that have 
known genetic predisposition, including ankylosing spondylitis (Chapter 
249), psoriasis (Chapter 409), atopy (Chapter 235), eczema (Chapter 409), 
celiac sprue (Chapter 131), cystic fibrosis (Chapter 83), primary sclerosing 
cholangitis (Chapter 146), multiple sclerosis (Chapter 383), autoimmune 
thyroid disease (Chapter 213), autoimmune hemolytic anemia (Chapter 151), 
primary biliary cirrhosis (Chapter 146), myasthenia gravis (Chapter 394), and  
Cogan syndrome (Chapter 254).

 PATHOPHYSIOLOGY
Microbes likely play a part in the development of inflammatory bowel disease. 
In several animal models of colitis, colitis does not develop in a sterile envi-
ronment but can be induced after the introduction of commensal bacteria. 
For instance, helminth infection protects mice with Nod2 mutations, which 
otherwise make them susceptible to Crohn disease, by inhibiting colonization 
by an inflammatory Bacteroides species.6 Diverting the fecal stream away from 
active mucosal inflammation, such as in an ileostomy, also helps alleviate 
inflammation in Crohn disease. Crohn disease and ulcerative colitis prefer-
entially occur in the terminal ileum and colon, which contain the highest 
concentration of bacteria, on the order of approximately 1012 organisms per 
gram of luminal contents. Antibiotics, particularly antibiotics with broad-
spectrum anaerobic coverage, are helpful in the treatment of Crohn disease. 
More recently, several genetic polymorphisms associated with sensing the 
intestinal microbial environment and triggering an immune response have 
been linked to inflammatory bowel disease.

Both Crohn disease and ulcerative colitis are products of a dysregulated 
innate immune system that triggers T cells and a humoral response. TH17 
cells, which are activated in Crohn disease and ulcerative colitis, are stimulated 
by IL-23, which is produced by antigen-presenting cells.

Pathology
Crohn Disease
As a result of a dysregulated immune system, patients with Crohn disease 
develop aphthous ulcers, which are superficial mucosal ulcers. As the disease 
progresses, the ulceration becomes deeper, transmural, and discrete; it may 
form a serpiginous pattern and may occur anywhere from the mouth to the 
anus in a noncontinuous pattern. The most common location for ulceration 
is the ileocecal region. In some patients, chronic disease leads to the formation 
of fibrotic strictures, and approximately 30% of patients may develop fistulas 
in the course of their disease.

In early Crohn disease, the histopathologic findings are characterized by 
an acute inflammatory infiltrate in the lamina propria, with cryptitis, and crypt 

 EPIDEMIOLOGY
Inflammatory bowel disease occurs worldwide, but the highest incidence is 
found in North America, the United Kingdom, and northern Europe. Data 
suggest an increasing incidence and prevalence over time and in different 
regions around the world, although ulcerative colitis remains slightly more 
prevalent than Crohn disease.1 The incidence of ulcerative colitis in North 
America is estimated to be 19.3 per 100,000 person years and 24.3 per 100,000 
person years in Europe, with a prevalence of approximately 285 per 100,000 
persons in North America and up to 500 per 100,000 persons in Europe. The 
incidence of Crohn disease in North America is estimated to be 20.2 per 
100,000 person years and 12.7 per 100,000 person years in Europe, with a 
prevalence of approximately 320 per 100,000 in North America and in Europe.2

Crohn disease and ulcerative colitis may occur at any age, but both have 
their peak incidence in the second to fourth decade, with a second peak in 
the seventh decade. The female-to-male ratio for both ulcerative colitis and 
Crohn disease suggests no gender preference.

Crohn disease and ulcerative colitis are complex polygenic disorders, for 
which having a family history of inflammatory bowel disease is a risk factor. 
Crohn disease and ulcerative colitis occur in all ethnic and socioeconomic 
groups, but their incidence is highest in white Caucasians and Jewish people 
of Eastern European (Ashkenazi) descent. In North America and the United 
Kingdom, however, the incidence of Crohn disease in African Americans and 
African Caribbeans appears to be approaching that of whites. Studies of migrants 
from certain developing countries in South Asia to the United Kingdom suggest 
an increased prevalence of inflammatory bowel disease in subsequent genera-
tions, presumably because of environmental influences.

Cigarette smoking is associated with a worse prognosis in patients with 
Crohn disease but an improved course in ulcerative colitis. Nonsteroidal anti-
inflammatory drugs (NSAIDs) appear to be associated with new onset of 
inflammatory bowel disease and with exacerbations of disease. Appendectomy 
for an inflammatory indication has been suggested as protective against the 
development of ulcerative colitis. Diet does not clearly affect the course of 
inflammatory bowel disease.

 PATHOBIOLOGY
Although the trigger for inflammatory bowel disease is not known, three major 
pathways likely activate the disease: a genetic predisposition, immune dys-
regulation, and an environmental trigger. A possible explanation is that the 
inability of the innate immune system to clear microbial antigens, combined 
with increased intestinal epithelial permeability to antigens, eventually leads 
to an overactive adaptive immune response.

Genetics
Of patients with inflammatory bowel disease, 5 to 20% have another family 
member with inflammatory bowel disease. First-degree relatives have a 10- to 
15-fold increased risk for developing inflammatory bowel disease. The con-
cordance rate of developing Crohn disease in identical twins, siblings, and 
first-degree relatives is 50%, 0 to 3%, and 5 to 10%, respectively. Ulcerative 
colitis follows similar genetic patterns but with slightly lower risk rates. Twenty 
percent of patients with a positive family history of inflammatory bowel disease 
will have discordant disease type: one family member with Crohn disease 
and another with ulcerative colitis.

More than 200 gene susceptibility loci have been linked to inflammatory 
bowel disease, with at least 30 specific for Crohn disease and more than 20 
specific for ulcerative colitis.3 Some of these genes also may correlate with the 
severity of disease. The first gene discovered to be associated with Crohn 
disease was NOD2/CARD15, which is located on chromosome 16 (16q12) 
and expressed in intestinal epithelial Paneth cells, macrophages, and dendritic 
cells. This gene is involved in the expression of an intracellular receptor that 
senses muramyl dipeptide, a peptidoglycan component of gram-positive bac-
teria. Activation of NOD2 leads to activation of nuclear factor κ-B (NF-κB), 
which mediates transcription of numerous proinflammatory cytokines. A 
mutation in the leucine-rich domain of the NOD2 protein, which interacts 
with bacterial lipopolysaccharide, leads to failure in activation of NF-κB and 
is associated with the development of Crohn disease.

The ATG16L1 gene on chromosome 2 and the IRGM gene on chromosome 
5 also have been associated with increased susceptibility to Crohn disease. 
Both are members of a family of genes involved in autophagy, an autonomous 
process that involves the maintenance of cellular homeostasis and organelle 
turnover, as well as the processing of intracellular pathogens, the subsequent 
presentation of antigens, and the regulation of cell signaling. Toll-like receptor-4 
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abscesses. Later in the disease process, the crypt architecture becomes dis-
torted, with a lymphocytic infiltrate and a resulting branching and shortening 
of the crypts. Noncaseating granulomas, which may be found in up to 15% 
of endoscopic biopsy specimens and up to 70% of surgical specimens, are not 
unique to Crohn disease but help confirm the diagnosis when other classic 
features are present.

Surgical specimens also may show transmural intestinal wall inflammation 
and fat creeping on the serosal surface.

Ulcerative Colitis
In mild ulcerative colitis, the mucosa is granular, hyperemic, and edematous 
in appearance. As the disease becomes more severe, the mucosa ulcerates, 
and the ulcers may extend into the lamina propria. Ulcerative colitis starts in 
the rectum and may extend proximally in a continuous pattern, but it affects 
only the colon. Pseudopolyps may form owing to epithelial regeneration after 
recurrent acute attacks. With chronic disease, the colonic mucosa may lose 
the normal fold pattern, the colon may shorten, and the colon may appear 
narrowed.

In early ulcerative colitis, the histopathologic findings are characterized by 
epithelial necrosis, an acute inflammatory infiltrate in the lamina propria, 
cryptitis, and crypt abscesses. In chronic disease, a predominant lymphocytic 
infiltrate and distortion of crypt architecture are seen.

 CLINICAL MANIFESTATIONS
Symptoms of inflammatory bowel disease are varied and may be a conse-
quence of the location of the disease, the duration of disease, and any anatomic 
complications of the disease, such as strictures and fistulas in Crohn disease  
(Table 132-1).

Symptoms
Crohn Disease
The terminal ileum is affected in about 70% of patients with Crohn disease.7 
Primary ileal disease occurs in 30% of patients, whereas ileocolonic disease 
occurs in 40%. Symptoms may include abdominal pain, typically in the 
right lower quadrant, diarrhea, hematochezia, and fatigue. With more severe 
disease, fever and weight loss may be present. Some patients may present with 
obstructive symptoms, such as abdominal pain, abdominal distention, and  
nausea.

Only approximately 5% of patients develop Crohn disease in the upper 
gastrointestinal tract, and esophageal Crohn disease occurs in fewer than 2% 
of patients. Subjects with upper gastrointestinal Crohn disease may present 
with dysphagia, odynophagia, chest pain, or heartburn. Gastroduodenal disease 
occurs in 0.5 to 4% of patients and commonly occurs along with distal disease. 
Symptoms may include upper abdominal pain. Isolated jejunal disease is rare; 
if the jejunum is involved, there is also distal small bowel involvement. Up 
to 30% of patients have perianal disease (Chapter 136) that may include 
the development of fistulas, abscesses, fissures, and skin tags. Symptoms of 
perianal disease include pain and discharge. Fever may be present if there is  
an abscess.

Fistulas, which are internal tracts that can occur anywhere in the gastro-
intestinal tract and connect to various sites, occur in 20 to 40% of Crohn 
patients. Penetrating Crohn disease also may cause intra-abdominal and perianal 

TABLE 132-2 EXTRAINTESTINAL COMPLICATIONS OF 
INFLAMMATORY BOWEL DISEASE

COMPLICATIONS CROHN DISEASE ULCERATIVE COLITIS
Ocular disorders (uveitis, 

episcleritis)
+ +

Arthropathy + +

Oral ulcers + −

Skin disorders (pyoderma 
gangrenosum, erythema 
nodosum)

+ +

Nephrolithiasis + +

Primary sclerosing cholangitis + +

Bone disorders (osteoporosis, 
osteomalacia)

+ −

Thromboembolic disease + +

B12 deficiency + −

abscesses owing to a fistula with a blind end or intestinal perforation. External 
fistulas, which present with symptoms of fluid discharge from the cutaneous 
opening, can be enterocutaneous or perianal. Internal fistulas can be entero-
enteric, rectovaginal, or enterocolonic. Patients may present with persistent 
abdominal pain and fever with an abscess in this location.

Ulcerative Colitis
As with Crohn disease, symptoms and signs of ulcerative colitis depend on 
the extent and severity of disease. At the time of diagnosis, 14 to 37% of 
patients have pancolitis, 36 to 41% have disease extending beyond the rectum, 
and 44 to 49% have proctosigmoiditis. Symptoms include hematochezia, diar-
rhea, tenesmus, production of excessive mucus, urgency to defecate, and 
abdominal pain. In the setting of proctitis or proctosigmoiditis, patients may 
have constipation with difficulty defecating. With more extensive and severe 
colonic involvement, patients also may have weight loss and fever. They also 
may have nausea and vomiting because of abdominal pain, fatigue because of 
anemia, and peripheral edema because of hypoalbuminemia.

Physical Examination
Signs on physical examination are representative of the type of disease as well 
as its location and severity. Oral ulcers may be present in Crohn disease. The 
location of abdominal tenderness usually reflects the location of intestinal 
involvement. In Crohn disease, abdominal tenderness is classically in the right 
lower quadrant and may include fullness or a mass depending on the severity 
of inflammation. Peritoneal signs may occur when penetrating Crohn disease 
causes intestinal perforation. Rectal examination may reveal skin tags, hemor-
rhoids, fissure, and fistulae.

Extraintestinal Manifestations
Arthropathy, the most common extraintestinal manifestation (Table 132-2), 
affects up to 10 to 20% of subjects.8 Peripheral arthralgias, arthritis, ankylosing 
spondylitis (Chapter 249), and sacroiliitis may exacerbate with gastrointestinal 
symptoms. Dermatologic disorders, such as erythema nodosum (10 to 15%; 
see Fig. 411-24) and pyoderma gangrenosum (1 to 2%; Chapter 245), develop 
in up to 15% of patients. Eye disorders, especially uveitis and episcleritis 
(Chapter 395), may occur in 5 to 15%. Patients with inflammatory bowel 
disease also have up to a 10% risk for renal calculi, especially calcium oxalate 
stones (Chapter 117), in the setting of fat malabsorption with Crohn disease 
in the small bowel. Uric acid stones can occur in the setting of severe volume 
depletion. Patients with inflammatory bowel disease, especially patients with 
ulcerative colitis, are at increased risk for primary sclerosing cholangitis—2 
to 7.5% of patients develop this disorder, and 70 to 80% of patients with this 
disorder have inflammatory bowel disease (Chapter 146).

Extraintestinal Complications
Patients with inflammatory bowel disease are susceptible to extraintestinal 
complications from the disease itself or medications used to treat disease. 
These complications include osteoporosis, osteomalacia, arthritic complica-
tions, thromboembolic events, pulmonary disease, and renal, dermatologic, 
and neurologic complications. Osteoporosis occurs in approximately 15% of 
patients, and steroid therapy (Chapter 32) is the major risk factor; avascular 

TABLE 132-1 CLINICAL CHARACTERISTICS OF CROHN 
DISEASE AND ULCERATIVE COLITIS

CHARACTERISTICS CROHN DISEASE ULCERATIVE COLITIS
Peak age of onset (years of age) 15-30, 2nd peak in 

the 7th decade
20-40, 2nd smaller peak 

beyond the 7th decade
Sex distribution (F/M) 1.2/1 1/1
Potential sites of gastrointestinal 

involvement
Esophagus to anus colon

Skipped areas of involvement + −

Transmural inflammation + −

Type of ulceration Usually discrete Continuous
Fistula + −

Stricture + −

Perianal disease (fissure, skin 
tags)

+ −

necrosis of the hip and septic arthritis are unusual complications of steroids 
or other immunosuppressive therapies. Cheilitis may be a result of iron defi-
ciency anemia (Chapter 150). Patients with inflammatory bowel disease are 
at an increased risk for thromboembolic disease, especially in the setting of 
active intestinal disease, even when compared with other autoimmune diseases 
such as rheumatoid arthritis and celiac disease. Secondary amyloidosis with 
renal involvement can be a consequence of chronic inflammation. Asthma is 
the most common pulmonary disorder observed in association with Crohn 
disease. Patients also are at risk for optic neuritis and multiple sclerosis (Chapter 
383), as well as for peripheral neuropathy (Chapter 392) from vitamin B12 
deficiency, which may occur as a result of poor absorption owing to active 
small bowel disease or surgical resection.

 DIAGNOSIS
When diarrhea (Chapter 131) is the predominant symptom, the initial 
evaluation should include a thorough medical history, testing for infec-
tious colitis (Chapter 131), and screening for endocrine-metabolic disor-
ders such as hyperthyroidism (Chapter 213) and hypocalcemia (Chapter 
232). Infections with organisms such as Salmonella (Chapter 292) Shigella 
(Chapter 293), Amoeba (Chapter 331), Giardia (Chapter 330), Escherichia 
coli O157:H7 (Chapter 288), and Campylobacter (Chapter 287) can be 
accompanied by bloody diarrhea, abdominal cramps, and an endoscopic 
mucosal appearance identical to that of ulcerative colitis. Stool studies are 
needed to diagnose or exclude these infections. If hematochezia and abdomi-
nal pain are the predominant symptoms, the differential diagnosis is broad  
(Table 132-3).

Diagnostic Evaluation
Endoscopic Evaluation
In a patient with symptoms suggestive of inflammatory bowel disease and no 
evidence for an infection to explain the symptoms, endoscopic evaluation is 
essential. Colonoscopy is the initial endoscopic test for patients who present 
with lower gastrointestinal symptoms such as diarrhea and hematochezia, 
except in the presence of acute severe peritoneal symptoms. Colonoscopy to 
the terminal ileum is important if there is a potential diagnosis of inflamma-
tory bowel disease. Small bowel imaging (such as small bowel follow-through 
or computed tomography [CT] enterography) also may be needed to determine 
whether there is small bowel disease or to determine the distribution of disease. 
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Modified from Aberra FN, Lichtenstein GR. Crohn disease. In: Talley NJ, Kane SV, Wallace MD, 
eds. Practical Gastroenterology and Hepatology: Small and Large Intestine. Wiley-Blackwell; 
2010:225-235.

TABLE 132-3 DIFFERENTIAL DIAGNOSIS OF ILEITIS  
AND COLITIS

INFECTIONS
Bacterial
 Aeromonas
 Campylobacter jejuni
 Chlamydia (proctitis)
 Clostridium difficile
 Mycobacterium tuberculosis
 Salmonella
 Shigella
 Enterohemorrhagic Escherichia coli
 Yersinia
Viral
 Cytomegalovirus
 Herpes simplex virus (proctitis)
 Human immunodeficiency virus
fungal
 Histoplasma capsulatum
Parasitic
 Entamoeba histolytica
 Helminths
VASCULAR
Collagen Vascular Disease
 Behçet disease
 Churg-Strauss syndrome
 Henoch-Schönlein purpura
 Systemic lupus erythematosus
 Polyarteritis nodosa
Ischemia

MEDICATIONS/TOXINS
Nonsteroidal anti-inflammatory drugs
Pancreatic enzyme supplements—

fibrosing colopathy
Phosphosoda bowel preparations
Radiation
INFLAMMATORY
Appendicitis
Diverticular disease
Eosinophilic gastroenteritis
Nongranulomatous ulcerative 

jejunoileitis (celiac disease)
NEOPLASIA
Carcinoid
Carcinoma primary or metastatic
Lymphoma
Mycosis fungoides
Malignant histiocytosis
MISCELLANEOUS
Amyloidosis
Sarcoidosis
Endometriosis
Tubo-ovarian abscesses

FIGURE 132-1. endoscopic appearance of Crohn disease with cobblestoning. 

Capsule endoscopy is useful if all other endoscopic and radiologic testing is 
nondiagnostic, but Crohn disease of the small bowel is still suspected. Find-
ings on capsule endoscopy should be followed by endoscopy to obtain biopsies. 
Capsule endoscopy should not be performed if Crohn disease is complicated 
by a known small bowel stricture.

Crohn Disease
Early endoscopic findings in Crohn disease include superficial small mucosal 
ulcers, also called aphthous ulcers. As the severity of Crohn disease progresses, 
the ulcerations become deeper and may become round, linear, or serpiginous. 
Intersecting longitudinal and transverse ulcers cause a cobblestone mucosal 
appearance, with “stone” areas representing normal mucosa (Fig. 132-1). Areas 
of ulceration, which are typically interspersed with normal “skip” areas, may 
occur anywhere from the esophagus to anus but are most common in the 
ileocecal region. Isolated colonic disease occurs in 25% of patients, and 60% 
will have rectal involvement, thereby making it at times difficult to differentiate 
from ulcerative colitis.

The diagnosis of inflammatory bowel disease is contingent upon accurate 
histopathologic results, so biopsy of the affected area(s) is key. Findings of an 
inflammatory infiltrate in the lamina propria and distortion of the crypt archi-
tecture support the diagnosis (Fig. 132-2). The diagnosis of Crohn disease may 
be made by histopathologic examination alone if noncaseating granulomas are 
seen, but granulomas are rarely found on endoscopic biopsies. The diagnosis of 
Crohn disease is usually based on a combination of information gleaned from 
histopathologic findings, colonoscopy, and small bowel imaging. A skip pattern 
of ulceration, ulceration in the small bowel or upper gastrointestinal tract, or 
the presence of fistulas support the diagnosis of Crohn disease. Colonic and 
small bowel ulceration occur in several other disorders, including infections 
that may not be detected by routine stool studies (such as enterohemorrhagic  

FIGURE 132-2. In ulcerative colitis, histopathology from colonic biopsies reveals 
features of crypt distortion and lymphocytic infiltration in the mucosa. (modified from 
aGa Institute Gastroslides 2010.)
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FIGURE 132-3. endoscopic appearance of ulcerative colitis. 

The aim of medical therapy is to reduce inflammation and subsequently 
induce and maintain clinical remission while simultaneously healing the mucosa. 
Medications used to treat inflammatory bowel disease include the categories 
of 5-aminosalicylate (5-ASA), antibiotics, corticosteroids, immunomodulators, 
and biologics (infliximab, adalimumab, certolizumab pegol, golimumab, vedoli-
zumab, natalizumab, and ustekinumab; Table 132-4). The specific medical therapy 
selected is based on the location, extent (nonpenetrating and nonstricturing, 
stricturing, and penetrating and fistulizing disease), severity of disease, and 
future prognosis (Fig. 132-4; see Fig. 132-3). Patients with high-risk disease 
(high potential for future surgery or complications such as fistula and abscess) 
or high disease activity are considered candidates for biologic therapy.9 Sup-
portive medical therapy, such as antidiarrheal and antispasmodic medications, 
also may be used.

Categories of Medical Therapy
5-aminosalicylate

5-ASA, which acts as a topical anti-inflammatory within the lumen of the 
intestine, is used to treat mild to moderate ulcerative colitis and as maintenance 
therapy for patients in remission. A1 

,
 A2  Sulfasalazine is the combination of a 

sulfapyridine with 5-ASA; 5-ASA is responsible for the anti-inflammatory property 
of this drug, whereas sulfapyridine is the carrier that allows 5-ASA to be delivered 
to the colon. Other oral formulations of 5-ASA allow it to be delivered to the 
intestine by different mechanisms. Mesalamine is released in the intestine based 
on a pH delivery model, whereas sulfasalazine, olsalazine, and balsalazide are 
released in the intestine by bacterial cleavage of a covalent bond between 
5-ASA and a prodrug. For rectal and sigmoid disease, 5-ASA suppository and 
enema preparations are also effective for induction and maintenance of remis-
sion in patients with ulcerative colitis. A3  Adverse events associated with 5-ASAs 
are uncommon but may include nausea, dyspepsia, hair loss, headache, wors-
ening diarrhea, and hypersensitivity reactions

Corticosteroids
Corticosteroids are primarily used to treat flares of ulcerative colitis 

and Crohn disease. Oral formulations may be used for mild to moderate 
disease, whereas systemic corticosteroids are used for moderate to severe  
disease.

Enteric-coated budesonide, a pH-dependent ileal release formulation, is an oral 
corticosteroid with high topical activity and low systemic bioavailability (10%). 
Enteric-coated budesonide is indicated for treatment of active mild to moderate 
ileocecal Crohn disease. Budesonide MMX is released in the colon and is available 
for treatment of mild to moderately active ulcerative colitis. Budesonide foam is 
administered rectally with an applicator in the colon for mild to moderately active 
ulcerative colitis limited to the rectum and sigmoid colon. Oral corticosteroids 
such as prednisone and methylprednisolone are used for moderate to severe 
disease, starting at doses ranging from 40 to 60 mg/day for 1 to 2 weeks, then 
typically tapered over a period of 8 to 12 weeks. Intravenous methylprednisolone 
is used for severe disease, with dosing ranging from 40 to 60 mg/day. When 
symptoms are controlled, systemic corticosteroids are not recommended because 
of their substantial side effects and their lack of efficacy for maintaining remission  
(Chapter 32).

Immunomodulatory therapy
In patients who remain symptomatic despite 5-ASA therapy or who have 

moderate to severe Crohn disease or ulcerative colitis, the thiopurine analogues 
(6-mercaptopurine and azathioprine) may be used. A4  Methotrexate also may 
be used for moderate to severe Crohn disease. A5  These immunomodulators 
have a slow onset of action, often requiring several months of administration 
before their benefits are achieved, so they are used principally for maintenance 
of remission. Azathioprine, the prodrug of 6-mercaptopurine, typically is 

TREATMENT 

E. coli), vascular disorders, immune-related enterocolitis, neoplasia, diverticulitis, 
radiation, and medications such as NSAIDs (see Table 132-3).

Ulcerative Colitis
The diagnosis of ulcerative colitis is based on endoscopic findings (Video 
132-1) and histopathology. Early in the disease process, patients develop diffuse 
mucosal erythema with loss of the normal mucosal vascular pattern. In mild 
disease, the mucosa may have a granular and edematous appearance. As the 
disease becomes more severe, the mucosa becomes more friable, bleeds easily 
when the mucosa is touched, and may eventually ulcerate (Fig. 132-3). Endo-
scopic findings, which start in the rectum and may extend proximally in a 
continuous pattern, affect only the colon. The term “backwash ileitis” describes 
a spillover effect from ulcerative colitis and should not be construed as actual 
involvement of the terminal ileum by ulcerative colitis. Pseudopolyps may 
form owing to epithelial regeneration after recurrent attacks in patients with 
long-standing disease. The presence of pseudopolyps is thought to be a marker 
of more severe disease. With chronic disease, the colonic mucosa may lose 
its normal fold pattern, and the colon may shorten and appear narrowed. 
Careful endoscopic observation—including the observed vascular pattern, 
bleeding, and ulceration—can assess the severity of ulcerative colitis and 
monitor its response to treatment.

Features such as crypt distortion, continuous mucosal inflammation starting 
from the rectum, absence of granulomas, and absence of small bowel disease 
are consistent with ulcerative colitis. Early in the disease process, chronic 
inflammatory findings, such as crypt distortion, may not be present, and the 
diagnosis may be more difficult to establish.

Radiology
Radiologic imaging is vital and almost always should be obtained when inflam-
matory bowel disease, particularly Crohn disease, is suspected. CT enterography 
and magnetic resonance imaging (MRI) enterography have supplanted barium 
studies (such as an upper gastrointestinal series, small bowel follow-through, 
and barium enema) to diagnose the extent, severity, and type of disease (stric-
tures and fistulas) of Crohn disease. CT and MRI enterography are also useful 
for the detection of abdominal abscesses and perineal abscesses.

Laboratory Findings
Anemia may result from chronic disease, blood loss, or nutritional deficiencies 
of iron, folate, or vitamin B12. A modestly elevated leukocyte count is indica-
tive of active disease, but a marked elevation suggests an abscess or another 
suppurative complication. The erythrocyte sedimentation rate and C-reactive 
protein are nonspecific serum inflammatory markers that are commonly used 
to monitor the activity of disease. Hypoalbuminemia is an indication of mal-
nutrition and is common with active disease. Ileal disease or resection of more 
than 100 cm of distal ileum results in a diminished serum vitamin B12 level 
because of malabsorption.

Serologic Markers
Serologic markers are supportive but may not be used independently to diag-
nose inflammatory bowel disease. Anti–Saccharomyces cerevisiae antibodies 
(ASCA), which are antibodies to yeast, are present in 40 to 70% of patients 
with Crohn disease and in less than 15% of patients with ulcerative colitis. 
The combination of elevated ASCA immunoglobulin A (IgA) and IgG titers 
is highly specific for Crohn disease, ranging from 89 to 100%. Perinuclear 
antineutrophil cytoplasmic antibodies (pANCA) are present in 20% of Crohn 
patients, primarily in colon-predominant disease, and in 55% of patients with 
ulcerative colitis. ASCA-positive and pANCA-negative disease are associated 
with a sensitivity of 55% and specificity of 93% for Crohn disease. The anti-
microbial antibodies anti-I2 (Crohn disease–related protein from Pseudomonas 
fluorescens), anti-Cbir1 (flagellin-like antigen), and anti-OmpC (E. coli outer 
membrane porin C) are also associated with Crohn disease.
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IV = intravenously; PO = orally; SC = subcutaneously.

TABLE 132-4 MEDICAL THERAPIES FOR INFLAMMATORY BOWEL DISEASE
DRUG DOSE RELEASE SITE
5-AMINOSALICYLATES

Sulfasalazine (Azulfidine) 2-6 g/day Colon
Mesalamine (Asacol, Lialda, Apriso) 2.4-4.8 g/day Distal ileum, colon
Olsalazine (Dipentum) 1-3 g/day Colon
Balsalazide (Colazal) 6.25 g/day Colon
Mesalamine (Pentasa) 2-4 g/day Duodenum, jejunum, ileum, colon

Mesalamine (Rowasa), enema, suppository 4 g/day (enema)
1 g/day (suppository)

Rectum/sigmoid
Rectum

Mesalamine (Canasa), suppository 1 g/day (suppository) Rectum
CORTICOSTEROIDS

Budesonide (Entocort EC) Induction: 9 mg PO daily Small intestine
Maintenance: 6 mg PO daily

Budesonide (MMX, UCERIS) Induction 9 mg PO daily Colon
Prednisone 0.25-0.75 mg/kg PO daily Systemic
Methylprednisolone 40-60 mg IV daily Systemic
IMMUNOMODULATORS

6-Mercaptopurine 1.5 mg/kg/day Systemic
Azathioprine 2.5 mg/kg/day Systemic
Methotrexate Induction: 25 mg SC weekly × 4 mo. Systemic

Maintenance: 15-25 mg SC weekly
Tofacitinib 10 mg PO twice daily × 8 weeks then 5 to 10 mg PO twice daily × 8 weeks further then 

10 mg twice daily for at least 8 weeks; followed by 5 or 10 mg twice daily, depending 
on therapeutic response

Systemic

Cyclosporine 2-4 mg/kg/day IV Systemic
BIOLOGICS

Infliximab Induction: 5 mg/kg IV weeks 0, 2, 6 Systemic
Maintenance: 5-10 mg/kg IV every 8 weeks

Adalimumab Induction: 160 mg SC week 0, 80 mg week 2 Systemic
Maintenance: 40 mg SC every other week

Golimumab Induction: 200 mg SC week 0 and 100 mg week 2 Systemic
Maintenance: 100 mg SC every 4 weeks

Certolizumab pegol Induction: 400 mg SC weeks 0, 2, 4 Systemic
Maintenance: 400 mg SC every 4 weeks

Natalizumab 300 mg IV every 4 weeks Systemic
Vedolizumab Induction: 300 mg IV at 0, 2, and 6 weeks Systemic

Maintenance: 300 mg IV every 8 weeks
Ustekinumab Induction: intravenous: Up to 55 kg: 260 mg; Greater than 55 kg to 85 kg: 390 mg; 

Greater than 85 kg: 520 mg.
Maintenance: 90 mg SC every 8 weeks

Treatment Options

• 5-ASA (rectal preparation 
for proctitis) for induction

• Prednisone (rectal preparation
for proctitis) for induction

• Budesonide MMX for induction

Mild to moderate disease activity
• Steroid for induction (oral or

intravenous)
• Immunomodulator
• Anti-TNF therapy 

Infliximab, adalimumab
or golimumab

• Vedolizumab
• Cyclosporine for induction

(intravenous)

Moderate to severe disease activity

• Proctocolectomy

Disease refractory to
medical therapy, colonic dysplasia, 

or cancer

FIGURE 132-4. Ulcerative colitis treatment algorithm. 
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UGI Disease Ileitis

Immunomodulator
Anti–TNF-α agents
Ustekinumab
Vedolizumab

Mild to moderate 

**Perianal location.

Temporary diversion
Surgery
Supportive therapy for

induction (NPO, TPN)

Temporary diversion
Surgery
Supportive therapy for

induction (NPO, TPN)

Moderate to severe

Refractory to medical therapy or perforation
Surgery

Persistent fistula

  Extended release
     Budesonide

Mild to moderate 

Ileocolitis/
colitis

Mild to moderate 

Perianal
disease

Mild to moderate 

Fistulizing
disease*

Mild to moderate 
  Extended release
     Budesonide†

Immunomodulator
Anti–TNF-α agents
Antibiotics

Immunomodulator
Anti–TNF-α agents
Antibiotics**

Moderate to severe
Corticosteroids induction
Immunomodulator: Anti–
   TNF-α agents, vedolizumab,
   tofacitinib, natalizumab,
   ustekinumab
Supportive therapy for
   induction (NPO, TPN)

†Proximal colon disease involvement.
*Abscess should be excluded before initiating medical therapy.

FIGURE 132-5. Crohn disease treatment algorithm. nPo = nothing by mouth; tnf-α = tumor necrosis factor-α; tPn = total parenteral nutrition; UGI = upper gastrointestinal. 

prescribed at a dose of 2 to 3 mg/kg/day; the equivalent dose of 6-mercapto-
purine is 1.5 mg/kg/day. A disadvantage of the thiopurine analogues is the 
slow clinical response that may not be evident for as long as 12 weeks. Their 
side effects include allergic reactions, pancreatitis, myelosuppression, nausea, 
infections, hepatotoxicity, and malignancy, especially lymphoma. The white 
blood cell count and liver chemistries must be monitored routinely. Methotrex-
ate, which is a folic acid antagonist, is given as 25 mg intramuscularly (IM) or 
subcutaneously (SC) once per week for 16 weeks for active Crohn disease and, 
15 mg to 25 mg IM or SC once per week for maintaining remission.

Tofacitinib (an oral, non-selective inhibitor of the Janus kinase family) has a 
more rapid onset of activity and is FDA-approved for treatment of moderate 
to severe ulcerative colitis A6  at 10 mg orally twice daily for at least 8 weeks, 
then 5 or 10 mg twice daily with the medication discontinued if an adequate 
therapeutic benefit is not achieved by 16 weeks. Side effects include activation 
of nonsystemic herpes zoster, an abnormal lipid profile, and the potential risk 
of lymphoma.

antibiotics
The exact mechanism for the beneficial effect of broad-spectrum antibiotics 

in the treatment of inflammatory bowel disease is not known. Potential mecha-
nisms include eliminating small intestinal bacterial overgrowth, eradicating a 
bacterially mediated antigenic trigger, and potential immunosuppressive prop-
erties (e.g., metronidazole). The primary role of antibiotics is in Crohn disease, 
where metronidazole (10 to 20 mg/kg/day for 4 to 8 weeks), ciprofloxacin 
(500 mg orally (PO) twice daily for 4 to 8 weeks), or both are primary inductive 
therapies for perianal fistulae. Metronidazole also may be a helpful adjunctive 
treatment for colonic Crohn disease and to prevent postoperative recurrence 
in Crohn disease as well. In addition, a novel enteric form of rifaximin may be 
of benefit for mild to moderate Crohn disease.

Biologics
Anti–Tumor Necrosis Factor-α Agents

Monoclonal antibody therapy directed against tumor necrosis factor-α 
(anti–TNF-α) include infliximab (Remicade), which is a chimeric mouse-human 
IgG1 monoclonal antibody that is approved to treat moderate to severe Crohn 
disease, fistulizing Crohn disease, and moderate to severe ulcerative colitis 
that has failed to respond to conventional therapy. Adalimumab (Humira) 
and certolizumab pegol (Cimzia) have been approved to treat moderate to 
severe Crohn disease that has failed to respond to conventional therapy, 
and adalimumab (Humira) and golimumab (Simponi) have been approved 
to treat moderate to severe ulcerative colitis that has failed to respond to 
conventional therapy. Adalimumab and golimumab are fully human IgG1 
antibodies that are self-administered subcutaneously. Certolizumab pegol, 
which is a chimeric pegylated Fab fragment to TNF-α, also is administered  
subcutaneously.

In patients with early Crohn disease, timely use and escalation of anti–TNF-α 
treatment based on symptoms and biomarkers (e.g., a fecal calprotectin 
≥250 µg/g of stool, a C-reactive protein level ≥5 mg/L, a Crohn Disease Activity 
Index ≥150 (E-Table 132-1), or prednisone use in the previous week) results in 
better clinical and endoscopic outcomes than does symptom-driven decisions 
alone. A7  Before anti-TNF therapy is considered, however, risk versus benefit 
needs to be assessed in each individual patient, given the potential risk for 
infection and malignancy.

Other Molecules
Natalizumab (Tysabri), a humanized IgG4 monoclonal antibody, binds to 

the α4 subunit of α4β1 and α4β7 integrins expressed on all leukocytes except 
neutrophils. Natalizumab inhibits the interactions between α4 integrins on the 
surface of leukocytes and adhesion molecules on vascular endothelial cells in 
the gastrointestinal tract, thereby preventing adhesion and recruitment of 
leukocytes. Natalizumab is approved for the treatment of moderate to severe 
Crohn disease that is refractory to other therapies, but there are strict guidelines 
for prescribing natalizumab because of its associated risk for progressive mul-
tifocal leukoencephalopathy (Chapter 346).

Another small adhesion molecule, vedolizumab (Entyvio), is approved for 
patients with moderate to severe ulcerative colitis and adult patients with 
moderate to severe Crohn disease when one or more standard therapies 
(corticosteroids, immunomodulators, or TNF blocker medications) have not 
provided an adequate response. Because this agent is gut-selective and is not 
associated with impairment of central nervous system immunosurveillance, 
the risk for progressive multifocal leukoencephalopathy appears to be very 
low in this molecule.

Ustekinumab is a monoclonal antibody to the p40 subunit of interleukin-12 
and interleukin-23. When used as intravenous induction therapy with patients 
with moderately to severely active Crohn disease and as subcutaneous main-
tenance therapy, it can induce and maintain clinical remission. A8 

Crohn Disease Medical Therapy
mild to moderate Crohn Disease

Sulfasalazine (3 to 6 g/day) is superior to placebo for treating active ileoco-
lonic and colonic Crohn disease, with response rates ranging from 45 to 55% 
for mild to moderate disease, but is not clearly effective for small bowel disease 
alone (Fig. 132-5). Mesalamine is not thought to be effective for induction of 
remission or for maintaining remission in Crohn disease. In a phase 2 random-
ized trial of patients with moderately active Crohn disease (800 mg of extended 
intestinal release rifaximin twice daily for 12 weeks) induced remission in 63% 
of patients compared with 43% of controls, with few adverse events. For mild 
to moderate Crohn disease involving the distal small intestine or proximal colon, 
eneteric-coated budesonide (9 mg/day) provides approximately a 70% response 
rate after 8 weeks and is significantly more effective than mesalamine (4 g/
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E-TABLE 132-1 CROHN DISEASE ACTIVITY INDEX
CLINICAL OR LABORATORY VARIABLE WEIGHTING FACTOR

Number of liquid or soft stools each day × 7 days × 2
Abdominal pain (graded from 0-3 on severity) each 

day × 7 days
× 5

General well being, subjectively assessed from 0 (well) 
to 4 (terrible) each day × 7 days

× 7

Presence of complications (see below) × 20
Taking diphenoxylate-atropine or opiates for diarrhea × 30

Presence of an abdominal mass (0 = none, 2 = 
questionable, 5 = definite)

× 10

Hematocrit of <0.47 in men or <0.42 in women × 6
Percentage deviation from standard weight × 1
One point is added for each set of complications:
•	 the	presence	of	joint	pains	(arthralgia)	or	frank	arthritis
•	 inflammation	of	the	iris	or	the	presence	of	uveitis
•	 the	presence	of	erythema	nodosum,	pyoderma	gangrenosum,	or	oral	aphthous	ulcers
•	 the	presence	of	anal	fissures,	fistulae	or	abscesses
•	 other	fistulae
•	 fever	during	the	previous	week.



CHAPTER 132 Inflammatory Bowel DIsease 905

day) for distal ileal and right colonic disease. As a maintenance agent at 3 or 
6 mg, the effects of budesonide wane and disappear within 1 year. Early com-
bined immunosuppression with an anti–TNF-α antagonist and an antimetabolite 
is more effective than conventional management and more effective than either 
agent as monotherapy. A9 

Upper gastrointestinal Crohn disease (jejunal, duodenal, gastric, and esopha-
geal) is uncommon, and few clinical trials are available to assess therapies for 
this location. Because local therapies such as 5-ASAs and budesonide are not 
released in these locations, systemic immunosuppressants (azathioprine, mer-
captopurine, methotrexate, infliximab, adalimumab, and certolizumab pegol, 
natalizumab, and ustekinumab) are the mainstays of therapy.

moderate to severe Crohn Disease
Patients with moderate to severe disease are often initially treated with 

systemic corticosteroids, but corticosteroids should not be used as maintenance 
therapy. Biologics can be used initially as therapy for patients with high-risk 
disease or severe disease activity. Options to induce a remission or maintain a 
steroid-induced remission include 6-mercaptopurine, azathioprine, methotrex-
ate, infliximab, adalimumab, certolizumab pegol, and ustekinumab. Infliximab 
(5 mg/kg at 0, 2, and 6 weeks and then every 8 weeks) alone or infliximab plus 
azathioprine (2.5 mg/kg/day) is more effective than azathioprine alone, and 
initial combined therapy (corticosteroids, daily azathioprine, and infliximab) is 
preferable to reserving it only for patients who do not respond to corticosteroids 
plus azathioprine or who have aggressive disease. Combination therapy with 
infliximab and azathioprine significantly increases trough levels of serum 
infliximab, and higher serum trough levels correlate with remission and mucosal 
healing. Infliximab therapy also can decrease the need for hospitalization and 
surgery. A10  A meta-analysis suggests that either adalimumab or infliximab plus 
azathioprine are the two most effective therapies for induction and maintenance 
of remission of Crohn disease. A11  A newer potential alternative may be filgotinib 
(a selective Janus kinase 1 inhibitor at 200 mg once daily). A12  The benefit of 
using these medications as combination therapy versus individual monotherapy 
must be assessed in the context of the potential risk of long-term use of this 
therapy.

Of patients with Crohn disease who are treated for at least 1 year with 
infliximab and an antimetabolite agent, approximately 50% will experience a 
relapse within 1 year after discontinuation of infliximab. Patients who do not 
respond to conventional therapy, including an anti-TNF agent, may be consid-
ered for vedolizumab, ustekinumab, or natalizumab.

For severe Crohn disease, patients should be hospitalized, given nothing by 
mouth, rehydrated with intravenous fluids, and administered parenteral 
corticosteroids. Patients who respond to parenteral corticosteroids should be 
switched to high-dose oral corticosteroids (prednisone, 40 to 60 mg/day), with 
the dose of prednisone gradually reduced. Patients who have severe Crohn 
disease and who do not respond to parenteral corticosteroids within 3 to 5 
days should be considered for either infliximab or surgery. A course of total 
parenteral nutrition (Chapter 204) may be useful as adjunctive therapy.

fistulizing Crohn Disease
Fistulas (Chapter 136) occur in one third of patients with Crohn disease, and 

perianal fistulas represent the most common location. Asymptomatic internal 
fistulas rarely require therapy. A concomitant abscess, which may occur in the 
setting of a fistula, must be excluded before initiating immunosuppressive 
therapy. Surgery may be required. Medical treatment depends on the location 
and associated complications.

High-output enterocutaneous fistulas in the setting of proximal small bowel 
involvement can lead to outputs of more than 500 mL/day and can cause severe 
volume depletion. Initial management requires volume repletion. In the post-
operative setting, a fistulous opening is usually in the area of a wound, and it 
is imperative to protect the healing skin from infection caused by the drainage 
from either an ostomy bag or a catheter used for a high-output fistula. High-
output fistulas will rarely close spontaneously and typically will require surgical 
closure. Low-output fistulas may be treated initially with azathioprine (or 6-mer-
captopurine), methotrexate, or anti–TNF-α therapy (infliximab, adalimumab, 
or certolizumab).

Perianal fistulas are classified into simple and complex (Chapter 136). A simple 
fistula is located below the dentate line (i.e., most of the anal sphincter) and 
has one track. A complex fistula passes through the intersphincteric (high loca-
tion), transsphincteric, or suprasphincteric region and may have multiple tracks. 
Simple fistulas respond well to medical therapy, initially with metronidazole (10 
to 20 mg/kg/day PO for 4 to 8 weeks) and ciprofloxacin (500 mg PO twice daily 
for 4 to 8 weeks) for the fistula and will also require additional treatment of 
concurrent mucosal disease. Treatment with immunomodulators or anti–TNF-α 
agents is also beneficial. Ustekinumab and vedolizumab also are beneficial in 
the treatment of fistulizing Crohn disease. Patients with fistulas without rectal 
mucosal Crohn disease may respond well to fistulotomy, whereas patients with 
mucosal involvement may benefit from seton placement rather than fistulot-
omy. Complex fistulas usually require a combination of surgical and medical 
therapy. In the setting of intractable disease, colonic or ileal diversion may 
allow for rectal and perianal healing; in severe cases, proctocolectomy may be  
necessary.

For Crohn disease–related rectovaginal fistulas, medical therapy with anti-
metabolite therapy or anti–TNF-α agents is usually considered before surgery. 
Surgical therapy, such as fistulotomy and mucosal advancement flap surgery, 
may be considered.

Enterovesicular or colovesicular fistulas may be treated with antimetabolite 
therapy or anti–TNF-α agents, or both, but recurrent urinary tract infection is 
an indication for surgery. Surgery usually involves resection of involved bowel 
and closure of the bladder defect.

Asymptomatic internal fistulas such as enteroenteric fistulas, do not require 
surgical intervention, but treatment with an immunomodulator and/or a 
biologic agent may be considered. Internal fistulas, such as cologastric and 
coloduodenal, may cause substantial symptoms because of bypass of part of 
the intestine. If medical management fails or if an abscess forms, surgery is  
recommended.

Medical Management of Ulcerative Colitis
The decision guiding which therapy is appropriate for a specific patient with 

ulcerative colitis is dependent upon several factors, including: anatomic distri-
bution of disease; severity of disease activity; and risk (prognosis) of disease. 
When focusing on anatomic distribution of ulcerative colitis as a guide to 
therapies, several options exist, including suppositories, retention enemas, 
topical foam, oral therapy, and parenteral therapy. Suppositories are effective 
to treat proctitis in the distal 20 cm of the colon. Topical foam and enemas are 
effective for distal and left-sided colitis. Oral therapy and parenteral therapy 
are effective for all locations of disease.

Proctitis
For active ulcerative proctitis, topical 5-ASA (enema and suppository) in 

combination with oral treatment is superior to oral treatment alone.10 Topical 
5-ASA is superior to topical corticosteroids for treatment of active ulcerative 
proctitis, rectal 5-ASA therapy produces a faster response when given with 
oral 5-ASA. Corticosteroid enemas, suppositories, or foam A13  also can be 
used if 5-ASA fails. 5-ASA or corticosteroid retention enemas can be used for 
active disease up to the splenic flexure (i.e., the rectum, sigmoid colon, and 
descending colon). Another approach to proctitis or distal colitis is an oral 
aminosalicylate, although a response may not be evident for 3 to 4 weeks. 
Additionally, once-a-day extended-release budesonide (budesonide MMX) and 
topical budesonide foam A14  are effective for mild to moderately active ulcerative 
proctosigmoiditis, with fewer steroid-related side effects than conventional  
corticosteroids.

extensive Colitis
In patients with mild to moderate activity ulcerative colitis extending proximal 

to the splenic flexure, the initial drug of choice is an oral 5-ASA; efficacy increases 
with increasing doses. Even with more extensive disease, supplementation of 
oral 5-ASA with 5-ASA enemas or suppositories may help reduce the symptoms 
of urgency that result from rectal involvement, and budesonide MMX provides 
incremental benefit. In patients with more than five or six bowel movements 
per day, in patients in whom a more rapid response is desired, or in patients 
who have not responded to 3 to 4 weeks of 5-ASA, the treatment of choice is 
oral prednisone. Patients with severe diarrhea, systemic symptoms, or significant 
amounts of blood in their stool should be started on 40 mg/day; most patients 
respond to oral corticosteroids within a few days. After the symptoms are con-
trolled, prednisone can be tapered gradually by 5 mg every 1 to 2 weeks. Patients 
who respond to oral prednisone and can be fully withdrawn from it should be 
maintained on 5-ASA.

If patients with severe ulcerative colitis do not begin to respond to corticoster-
oids at the equivalent dose of methylprednisolone 60 mg IV within 3 to 5 
days or do not completely respond within 7 to 10 days, options include col-
ectomy, infliximab, or cyclosporine.11 In several phase 3 trials, tofacitinib (a 
recently approved oral inhibitor of Janus kinases at a dose of 10 mg twice 
daily) improved symptoms in patients with moderate to severe active ulcer-
ative colitis and was able to maintain remission.12 For patients whose disease 
flares whenever the corticosteroids are withdrawn or their corticosteroid 
dose is lowered, the continuation of high-dose corticosteroid therapy is the 
most common management error. In patients whose disease flares when 
their steroid dose is reduced, a trial of an immunomodulator (azathioprine or  
6-mercaptopurine), tofacitinib, infliximab, adalimumab, golimumab, or vedoli-
zumab should be attempted. If the patient requires a substantial dose (>15 mg/
day of prednisone) for more than 6 months, a trial of an immunomodulator, 
infliximab, adalimumab, golimumab, or vedolizumab should be considered for 
maintenance of remission, A15 

,
 A16  and attempts should be made to reduce the  

steroid dose.
Fecal microbial transplantation is an experimental approach to the treatment 

of ulcerative colitis. Data so far remain suggestive but inconclusive.13

The most common indication for hospitalization in patients with ulcerative 
colitis is intractable diarrhea, although blood loss is also common. Patients 
with severely active ulcerative colitis should be evaluated for toxic megacolon 
by abdominal radiography or CT. Antidiarrheal medications and anticholiner-
gic medications are contraindicated in patients with severe ulcerative colitis 
because of the risk for precipitating toxic megacolon. The mainstays of therapy for 
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severe ulcerative colitis are rehydration with intravenous fluids and intravenous 
corticosteroids (hydrocortisone, 300 mg/day; prednisolone, 60 to 80 mg/day; 
or methylprednisolone, 40 to 60 mg/day). Total parenteral nutrition (Chapter 
204) may be necessary in patients with malnutrition. Patients with peritoneal 
signs or signs of systemic infection should be treated with parenteral antibi-
otics (Chapter 133). Patients who do not improve in 7 to 10 days should be 
considered for either colectomy, a trial of intravenous cyclosporine, or a trial  
of infliximab.

maintenance therapy
Aminosalicylates reduce recurrent disease in patients with ulcerative 

colitis, and essentially all patients should receive maintenance therapy with 
original or newer 5-ASA preparations. Corticosteroids are not effective as  
maintenance therapy and should not be used in this way. Azathioprine,  
6-mercaptopurine, tofacitinib, infliximab, adalimumab (160 mg at week 0, 80 mg 
at week 2, and then 40 mg every other week), and golimumab are effective 
for maintenance therapy in patients whose ulcerative colitis is not controlled  
by 5-ASA.

Surgical Therapy
Crohn Disease

Surgical resection does not cure Crohn disease and recurrences are likely 
after resection, so the approach should be conservative in terms of the amount 
of bowel resected. Nevertheless, nearly 50% of patients with Crohn disease 
undergo surgery within 10 years of their diagnosis. Failure of medical manage-
ment is a common cause for resection in patients with Crohn disease, but 
complications (e.g., obstruction, fistula, and abscess) are often the indications 
for resection. For Crohn disease of the small bowel, the most common surgical 
procedure is segmental resection for obstruction or fistula; the incidence of a 
recurrence severe enough to require repeat surgery after ileal or ileocolic resec-
tion is approximately 25% after 10 years and 35% after 15 years. For patients 
with extensive colonic disease that includes the rectum, the procedure of choice 
is total proctocolectomy with a Brooke (end) ileostomy. Total colectomy with 
ileal pouch anal anastomosis is not appropriate in Crohn colitis because recur-
rence of Crohn disease in the ileal segment of the new pouch would require 
a repeat operation and loss of a long segment of ileum. Anti-TNF monotherapy 
appears to be the most effective strategy for postoperative prophylaxis for 
Crohn disease. A17 

Ulcerative Colitis
For ulcerative colitis, colectomy is a curative procedure. Approximately 40% of 

patients with extensive ulcerative colitis eventually undergo colectomy, usually 
because their disease has not responded adequately to medical therapy. Emer-
gency colectomy may be required in patients with toxic megacolon or a severe 
fulminant attack without toxic megacolon. The standard operation for ulcerative 
colitis is proctocolectomy and a Brooke ileostomy. The most popular alternative 
operation is total proctocolectomy with an ileal pouch anal anastomosis. In 
this procedure, a pouch is constructed from the terminal 30 cm of ileum and 
the distal end of the pouch is pulled through the anal canal. Ileoanal anasto-
mosis is sometimes complicated by inflammation in the ileal pouch (termed 
pouchitis), which can be treated with antibiotics (typically, metronidazole, 
500 mg three times daily or 20 mg/kg/day, or ciprofloxacin, 500 mg twice 
daily for 2 weeks). The decision for or against colectomy and among types of 
surgery is influenced by the patient’s age, social circumstances, and duration 
of disease, and this decision requires expert consultation. When other indica-
tions are equivocal, the risk for malignancy (see later) may be an indication for  
colectomy.

Complications
Crohn Disease
Abscesses

Abscesses, which are common complications in Crohn disease, result from 
extension of a mucosal fissure or ulcer through the intestinal wall and into 
extraintestinal tissue. Leakage of intestinal contents through a fissure into the 
peritoneal cavity results in an abscess. Abscesses occur in 15 to 20% of patients 
with Crohn disease, especially in the terminal ileum. The typical clinical mani-
festation of an intra-abdominal abscess is fever, abdominal pain, abdominal 
tenderness, and leukocytosis. A CT scan is the preferred modality to diagnose 
intra-abdominal abscess. Broad-spectrum antibiotic therapy, including anaerobic 
coverage, is indicated. Percutaneous drainage of abscesses in patients with 
Crohn disease may improve the clinical picture but does not provide adequate 
therapy because of persistent communication between the abscess cavity and 
the intestinal lumen. Resection of the involved intestine is usually required for 
definitive therapy.

Obstruction
Obstruction is a common complication of Crohn disease, particularly in the 

small intestine, and is a leading indication for surgery. In Crohn disease, mucosal 
thickening from acute inflammation, muscular hyperplasia and scarring as a 
result of previous inflammation, or adhesions may cause small bowel obstruc-
tion. Obstruction also may occur because of impaction of a bolus of fibrous 

food in a stable, long-standing stricture. Cramping abdominal pain and diar-
rhea, which worsen after meals and resolve with fasting, suggest obstruction. 
Strictures may be evaluated by CT enterography, MRI enterography, oral contrast 
studies, barium enema, or colonoscopy, depending on the anatomic location. 
Corticosteroids (e.g., methylprednisolone, 40 to 60 mg/day IV, or hydrocortisone, 
200 to 300 mg/day IV for 5 to 14 days) are useful if acute inflammation is an 
important component of the obstructive process, but not if the obstruction 
is caused by fibrosis. A common error in the management of Crohn disease 
is inappropriate treatment with long courses of corticosteroids in patients 
who have obstructive symptoms from fixed anatomic lesions. If the obstruc-
tion does not resolve with nasogastric suction and corticosteroids, surgery  
is necessary.

Perianal Disease
Perianal disease is a potentially disabling complication of Crohn disease. 

Ulcerations in the anal canal may coalesce and result in fistula formation (Chapter 
136). The fistulous openings are most commonly found in the perianal skin 
but can occur in the groin, vulva, or scrotum. Fistulas are accompanied by 
drainage of serous or purulent material. If the fistula does not drain freely, there 
is local accumulation of pus (perianal abscess) with redness, pain, and indura-
tion. The pain of a perianal abscess is exacerbated by local pressure that may 
result from defecation, sitting, or walking. The typical physical manifestation 
of an abscess is redness with tenderness on digital examination; fluctuance 
also may be present. Persistent severe perianal Crohn disease can result in 
destruction of the anal sphincter and subsequent fecal incontinence. Adequate 
evaluation of perianal disease generally requires proctoscopic examination 
under anesthesia. Cross-sectional CT or MRI can define the presence and extent 
of perianal abscesses. The goals of therapy for perianal disease are relief of 
local symptoms and preservation of the sphincter. Limited disease can be 
approached with sitz baths and metronidazole, but most cases also require 
adequate external drainage. Azathioprine, infliximab, adalimumab, or certoli-
zumab pegol may be useful in healing perianal disease, but the disease may 
reactivate when the drug is stopped. Allogeneic, expanded, adipose-derived 
stem cells are an experimental treatment for complex perianal fistulas in patients 
whose Crohn disease does not respond to conventional or biologic treatments 
or both.

Ulcerative Colitis
One of the most significant complications of ulcerative colitis is toxic mega-

colon, which is dilation of the colon to a diameter greater than 6 cm associated 
with worsening of the patient’s clinical condition and the development of fever, 
tachycardia, and leukocytosis. Physical examination may reveal postural hypo-
tension, abdominal tenderness over the distribution of the colon, and absent 
or hypoactive bowel sounds. Agents that reduce gastrointestinal motility, such 
as antispasmodics and antidiarrheal agents, have the potential to initiate or 
exacerbate toxic megacolon. Medical therapy is designed to reduce the likeli-
hood of perforation and return the colon to normal motor activity as rapidly 
as possible. The patient is given nothing by mouth, and nasogastric suction is 
begun. Intravenous fluids should be administered to replete water and elec-
trolyte abnormalities, broad-spectrum antibiotics (e.g., ampicillin-sulbactam, 
given as 1 g ampicillin plus 0.5 g sulbactam, 1.5 to 3 g every 6 hours for 5 to 14 
days; levofloxacin, 500 mg/day IV, plus metronidazole, 500 mg IV or PO twice 
daily; cefazolin, 500 mg IV three times daily, plus metronidazole, 500 mg IV or 
PO twice daily; or trimethoprim-sulfamethoxazole, 8 to 10 mg/kg/day IV or 
PO in two to four divided doses, plus metronidazole, 500 mg IV or PO twice 
daily for approximately 7 days or until symptomatic improvement) are given 
in anticipation of possible peritonitis as a result of perforation, and parenteral 
corticosteroids are administered at a dose equivalent to more than 40 to 60 mg 
of prednisone per day. Signs of improvement include a decrease in abdominal 
girth and the return of bowel sounds. Deterioration is marked by the develop-
ment of rebound tenderness, increasing abdominal girth, and cardiovascular 
collapse. If the patient does not begin to show signs of clinical improvement 
during the first 24 to 48 hours of medical therapy, the risk for perforation 
increases markedly, and surgical colectomy is indicated.

Follow-Up
Colon Cancer, Dysplasia, and Colonoscopic surveillance

The risk for colorectal cancer is increased beginning after 8 years of disease 
and continues to increase in subsequent years.14 The incidence of colorectal 
adenocarcinoma is 60 to 100% higher in persons with inflammatory bowel 
disease than in the general population and has been stable over time. Patients 
with extensive ulcerative colitis have a markedly increased risk for colon cancer, 
patients with left-sided disease have an intermediate risk, and patients with 
long-standing ulcerative colitis are at risk for colorectal cancer even if their 
symptoms have been relatively mild or even quiescent for 10 to 15 years.

Colon cancers may be submucosal and may be missed at colonoscopy. Colon 
cancer in patients with ulcerative colitis is most commonly associated with 
dysplastic changes in the mucosa, often at multiple sites in the colon. Although 
recent data have demonstrated that most dysplasia is visible, not all dysplasia 
can be identified by visual inspection, so microscopic examination of biopsy 
specimens is required.

 Grade A References

 PROGNOSIS
Ulcerative Colitis
Recurrent flares and remissions characterize typical ulcerative colitis. A rapidly 
progressive initial attack results in serious complications in approximately 
10% of patients. Complete recovery after a single attack may occur in another 
10% of patients. Some patients may actually have had an acute undetected 
infection rather than true ulcerative colitis. The probability that a patient with 
clinically inactive disease will remain in remission the following year is 80 to 
90%. By comparison, patients with clinically active disease have a 70% prob-
ability of relapse during the following year.

Patients who present with ulcerative proctitis have the best overall prog-
nosis, and only approximately 5% of patients with proctitis will require col-
ectomy over a lifetime. Severe complications are very uncommon, but the 
disease will spread more proximally in the colon in up to 50% of patients. 
Ulcerative colitis–related mortality has decreased substantially since the intro-
duction of corticosteroids, and recent studies suggest that long-term survival 
rates for patients with ulcerative colitis are similar to those of the general  
population.
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Current practice guidelines recommend colonoscopy with random biopsies 
in patients with long-standing ulcerative colitis beginning 8 years after the 
onset of disease and repeated every 1 to 2 years.15 If the specimens show 
dysplasia, colectomy is recommended.

The risk for colon cancer in patients with Crohn colitis is similar to the risk 
in patients with a similar extent of ulcerative colitis. Surveillance colonoscopy 
is also recommended in patients with Crohn colitis.

Pregnancy
Fertility in women with inflammatory bowel disease usually is normal or 

only minimally impaired, and the incidence of prematurity, stillbirth, and 
developmental defects in the offspring of women with inflammatory bowel 
disease, except fetal complications may be somewhat more likely when the 
mother’s disease is clinically active, regardless of drug therapy. Previous proc-
tocolectomy or the presence of an ileostomy is not an impediment to suc-
cessful completion of a pregnancy, but women who have had ileal pouch anal 
anastomosis surgery with a total proctocolectomy have markedly reduced  
fertility.

If a woman’s disease is inactive at the time of conception, it is likely that it 
will remain inactive during the course of the pregnancy. Ulcerative colitis that 
is active at the time of conception tends to worsen. In patients with active 
Crohn disease at the time of conception, the degree of activity remains the 
same in two thirds of women; of the other one third, some improve clinically 
and others deteriorate.

Sulfasalazine does not harm the fetus, but pregnant women have an increased 
requirement for folic acid and sulfasalazine interferes with folate absorption 
by competitively inhibiting the jejunal enzyme folate conjugase. Therefore, 
women who are taking sulfasalazine and who are pregnant or considering 
pregnancy should receive folate supplementation (1 mg twice daily) to ensure 
that the fetus receives adequate amounts for normal development. The use of 
corticosteroids by pregnant women with inflammatory bowel disease is associ-
ated with an increased rate of premature rupture of the membranes and a 
higher rate of cleft lip. In general, it appears that the risk to the pregnancy of 
treatment with sulfasalazine or corticosteroids is less than the risk in allowing 
disease activity to go untreated.

Most of the data on the teratogenicity of azathioprine and 6-mercaptopurine 
in pregnancy are derived from the transplant literature and involve higher 
doses than are commonly used for inflammatory bowel disease. Reported 
fetal effects in the transplant population include congenital malformations, 
immunosuppression, prematurity, and growth retardation. The risks of these 
medications in the inflammatory bowel disease population are not completely 
known, given that only small a number of such patients have been formally  
studied.

Although the IgGI Fc antibody components of infliximab, adalimumab, and 
golimumab cross the placenta, these agents are considered to be safe during 
pregnancy. Certolizumab’s Fc component is IgG4 and does not cross the placenta 
to the same extent. However, the risks of these various agents are not completely 
known, because only a relatively small number of patients have been formally 
studied. Similarly, vedolizumab and ustekinumab are felt to be safe in pregnancy, 
but more data in more patients and longer follow-up are needed to make firm 
recommendations.

Crohn Disease
The manifestations of Crohn disease can wax and wane. A patient with clini-
cally active Crohn disease has a 70 to 80% chance of having active disease in 
the subsequent year, whereas 80% of patients in remission will remain so over 
the following year. Over the course of a 4-year period, approximately 25% of 
patients will have persistently active disease after diagnosis, 25% will remain 
in remission, and 50% will have a fluctuating course with years of remission 
and years with clinically active disease. Approximately 75 to 80% of all patients 
with luminal and fistulizing Crohn disease will require surgical intervention 
for their disease, with approximately 50% of them requiring surgery within 6 
months of diagnosis. The rate for a second surgery for luminal Crohn disease 
ranges from 25 to 38% within 5 years, and 40 to 70% will need reoperation 
by 15 years.

Patients with Crohn disease have an increased mortality rate, approximately 
1.3 to 1.5 times higher than the general population, unrelated to whether they 
have small intestine or large intestine involvement, or both. This excess mor-
tality, which is most notable in the first few years after diagnosis, is most 
commonly related to complications of Crohn disease (e.g., colorectal cancer, 
shock, volume depletion, protein-calorie malnutrition, and anemia). Whether 
aggressive use of immunomodulators and biologic therapy will alter the natural 
course of disease is unknown.
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 PROGNOSIS
Ulcerative Colitis
Recurrent flares and remissions characterize typical ulcerative colitis. A rapidly 
progressive initial attack results in serious complications in approximately 
10% of patients. Complete recovery after a single attack may occur in another 
10% of patients. Some patients may actually have had an acute undetected 
infection rather than true ulcerative colitis. The probability that a patient with 
clinically inactive disease will remain in remission the following year is 80 to 
90%. By comparison, patients with clinically active disease have a 70% prob-
ability of relapse during the following year.

Patients who present with ulcerative proctitis have the best overall prog-
nosis, and only approximately 5% of patients with proctitis will require col-
ectomy over a lifetime. Severe complications are very uncommon, but the 
disease will spread more proximally in the colon in up to 50% of patients. 
Ulcerative colitis–related mortality has decreased substantially since the intro-
duction of corticosteroids, and recent studies suggest that long-term survival 
rates for patients with ulcerative colitis are similar to those of the general  
population.
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3. Which one of the following statements regarding anti–tumor necrosis 
factor-α (TNF) therapy is true?
 A. Anti-TNF therapy is effective for the treatment of patients with either 

active ulcerative colitis or active luminal Crohn disease.
 B. Anti-TNF therapy can be administered topically or orally for treatment 

of patients with active ulcerative colitis.
 C. Combination therapy with infliximab and azathioprine in a Crohn disease 

patient who is naïve to prior immunomodulatory therapy is not more 
effective than infliximab monotherapy.

 D. Infliximab is ineffective as primary therapy for perianal fistulizing Crohn 
disease when active disease is present in the rectum.

 E. Anti-TNF therapy is used as inductive therapy only for the treatment 
of patients with ulcerative colitis; however, it is ineffective to use for 
maintenance of remission in this patient population.

Answer: A Anti-TNF therapy has been demonstrated to be effective primary 
therapy for the treatment of moderate to severe ulcerative colitis, luminal 
Crohn disease, and fistulizing Crohn disease. These agents are effective both 
as induction and maintenance therapy for all indications. Anti-TNF agents 
include: infliximab and adalimumab for the treatment of ulcerative colitis and 
Crohn disease; golimumab for the treatment of ulcerative colitis; and certoli-
zumab pegol for the treatment of Crohn disease. These agents are administered 
subcutaneously (adalimumab, certolizumab pegol, golimumab) or as an intra-
venous infusion (infliximab). A recent clinical trial demonstrated that the use 
of combination therapy with infliximab and azathioprine was more effective 
for achieving steroid-free remission and mucosal healing than was monotherapy 
with either infliximab or azathioprine alone.

REVIEW QUESTIONS

1. Which one of the following medications is appropriate therapy to treat 
hospitalized patients with active severe ulcerative colitis?
 A. Azathioprine
 B. Methotrexate
 C. Infliximab
 D. Oral mesalamine
 E. Fluoriquinone antibiotics

Answer: C The treatment of patients who have severe ulcerative colitis requires 
rapidly acting agents. There are currently three agents that act in a rapid fashion 
and have been demonstrated to be effective for severe active ulcerative colitis: 
intravenous corticosteroids, cyclosporine A, and infliximab. Antibiotics have 
not been demonstrated to be effective for the treatment of active ulcerative 
colitis. Azathioprine is effective for maintenance of remission not for the treat-
ment of active disease; it may take 2 to 3 months to work. Methotrexate has 
not been demonstrated to be effective for the treatment of ulcerative colitis. 
Oral mesalamine has been shown to be effective treatment for mild to moder-
ate ulcerative colitis but has not been demonstrated to be effective for the 
treatment of severe ulcerative colitis.

2. Which one of the following features is most characteristic for patients who 
have ulcerative colitis?
 A. Aphthous ileal ulceration
 B. Gastroduodenal ulcerations
 C. Ileal stricturing
 D. Mesenteric abscess with fistula formation
 E. Continuous colonic inflammation

Answer: C There are several characteristic features of patients with Crohn 
disease. In Crohn disease there are “skip” lesions, which represent discontinu-
ous areas of inflammation. In ulcerative colitis, by comparison, there is con-
tinuous colonic inflammation that begins at the anal verge and extends more 
proximally in the colon. Characteristic radiologic and endoscopic features of 
Crohn disease include superficial or aphthous ulcers overlying lymphoid fol-
licles, as well as ulcerations that occur anywhere from the mouth to the anus. 
The presence of inflammation in patients with ulcerative colitis is limited to 
the colon. Thus, the presence of gastroduodenal and ileal ulcerations is most 
characteristic of Crohn disease, not ulcerative colitis. The presence of fistulas 
should signal the presence of Crohn disease. Fistulas may connect to an adja-
cent organ or to the small bowel mesentery, where they can cause mesenteric 
abscesses.
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INFLAMMATORY AND ANATOMIC 
DISEASES OF THE INTESTINE, 
PERITONEUM, MESENTERY,  
AND OMENTUM
JOHN F. KUEMMERLE

 CONGENITAL STRUCTURAL ABNORMALITIES
 Meckel Diverticulum
A Meckel diverticulum, which is the most common congenital anomaly of 
the gastrointestinal (GI) tract, is present in 2 to 3% of the population and 
is more common in men. Meckel diverticulum occurs when the omphalo-
mesenteric or vitelline duct connecting the fetal yolk sac to the primordial 
gut fails to close during development. Located on the antimesenteric border, 
the Meckel diverticulum is commonly found within about 100 cm of the 
ileocecal valve and typically is 1 to 10 cm in size. Heterotopic tissue is found 
in about 50% of Meckel diverticula, most commonly gastric or pancreatic 
tissue but usually not both.1 The presence of heterotopic tissue correlates 
with the development of symptomatic complications, with a lifetime risk of  
about 6%.

 CLINICAL MANIFESTATIONS
The complications from a Meckel diverticulum include bleeding, obstruc-
tion, diverticulitis, and perforation. Bleeding can occur when the production 
of acid from heterotopic gastric mucosa causes ileal ulcerations. Obstruc-
tion can result from volvulus around the diverticulum, intussusception of 
the diverticulum into the intestine, or herniation of the diverticulum and 
adjacent intestine. Inguinal, femoral, and umbilical hernias all can occur. 
Repeated and chronic inflammation at the neck of the diverticulum and nearby 
ileum also can lead to intestinal fibrosis and bowel obstruction. The most 
common complications are intestinal bleeding in children and obstruction  
in adults.

 DIAGNOSIS
The diagnosis of a Meckel diverticulum can be challenging. Radionuclide 
imaging with sodium pertechnetate (99mTn) can be used in cases of bleeding 
because both normal and heterotopic gastric mucosa take up the tracer (Fig. 
133-1). This test has high sensitivity and specificity in children but higher 
rates of false-positive and false-negative tests in adults. Crohn disease (Chapter 
132) and other ileal inflammatory diseases can yield false-positive results. 
Radiographic imaging with a barium small bowel follow-through typically 
is not helpful because the diverticulum does not fill with barium contrast. 
Enteroclysis increases the yield of barium imaging by increasing the pressure 
and filling of the diverticulum. Angiography can visualize the vestigial vitelline 
artery that arises from the superior mesenteric artery or a superior mesenteric 
artery branch that directly feeds the diverticulum or adjacent ileum. Both 
small bowel capsule endoscopy (Chapter 125) and double-balloon enteros-
copy can identify a Meckel diverticulum during the evaluation of obscure  
bleeding.

 Intestinal Atresia and Stenosis, Malrotation, Gastroschisis, 
and Omphalocele

The congenital disorders of intestinal atresia and stenosis, malrotation, gas-
troschisis, and omphalocele disorders usually present early in infancy and 
childhood, but sometimes the diagnosis of stenosis or malrotation may be 
made in adulthood. With the exception of pyloric stenosis, significant long-
term morbidity and mortality are associated with these anomalies even after 
surgical correction. Patients with malrotation or gastroschisis typically present 
with complications of their surgery, including adhesions, bowel obstruction, 
or abdominal wall hernias. Patients with intestinal atresia and resulting short 
gut syndrome also have significant morbidity and mortality related to intestinal 
failure and the need for long-term total parenteral nutrition.

 ACQUIRED STRUCTURAL DISORDERS
 Volvulus
Intestinal volvulus, which is pathologic twisting of the intestine around the 
mesentery, can result in obstruction of the proximal bowel. Because the mes-
entery is involved, possible complications include vascular compromise, bowel 
necrosis, bowel perforation, and peritonitis. The most susceptible regions for 
volvulus are the sigmoid colon, cecum, and occasionally the transverse colon, 
with an estimated annual incidence of two to six cases per 100,000. Sigmoid 
volvulus is most common in men, with a peak age in the 80s, whereas cecal 
volvulus is more common in women, who typically present in their 60s. Elderly 
institutionalized individuals are at the highest risk. Small bowel volvulus is 
uncommonly observed in U.S. adults but can result from preexisting anomalies 
such as malrotation or congenital bands of Ladd.

 CLINICAL MANIFESTATIONS
Volvulus can present with symptoms and signs of acute bowel obstruction 
(Chapter 123), including pain that may be out of proportion to physical find-
ings. Nausea and vomiting are usually present. The presentation can also be 
more insidious or intermittent with constipation, laxative use, and a previously 
recognized dilated colon. Physical findings include abdominal distention, 
tympanic percussion, rebound, guarding, and rigidity. Escalating pain and 
tenderness can indicate colonic ischemia and perforation.

 DIAGNOSIS
The diagnosis of colonic volvulus can be made using abdominal radiographs, 
which demonstrate a distended colon, loss of haustrations, and a typical “bent 
inner tube” sign with the apex in the right upper quadrant of the abdomen 
(Fig. 133-2A) or the “omega” sign (Fig. 133-2B). In cases of a cecal volvulus, 
the dilated cecum is observed in the epigastrium or in the left upper quadrant. 
A water-soluble contrast enhanced radiograph can identify the point of obstruc-
tion due to volvulus.

The management of bleeding, obstruction, or perforation that occurs in 
association with a Meckel diverticulum is open or laparoscopic surgical resec-
tion of the diverticulum and possibly of adjacent ulcerated and bleeding ileum.2 
The surgical resection of a Meckel diverticulum incidentally identified at the 
time of surgery for another condition is controversial given the low lifetime 
risk of complications but can be considered in young men, patients with large 
diverticula, or patients with suspected heterotopic tissue. After identification 
and treatment, the prognosis is excellent because the Meckel diverticulum is 
removed, and the risk of complications is eliminated.

TREATMENT AND PROGNOSIS 

TREATMENT AND PROGNOSIS 
palpable on examination. Passage of “currant jelly” stools is characteristic of 
intussusception, especially in children.

 DIAGNOSIS
The diagnosis of intussusception is usually made using computed tomography 
(CT), which reveals a characteristic alternating high- and low-attenuation 
target-like or sausage-shaped lesion that represents the invaginated intestinal 
segments. However, because of the confusing presentation of intussusception 
in adults, a combination of plain radiographs, upper GI series, and barium 
enema frequently is required for an adequate evaluation.

 TREATMENT AND PROGNOSIS
Colonic intussusceptions are treated surgically in adults because of the high 
likelihood that a colonic malignancy is the causative lesion. For small intestinal 
intussusception, a randomized trial showed that hydrostatic reduction is supe-
rior to pneumatic reduction in children. A1  This approach has been tried in 
adults in whom no other significant causative lesion is present. However, adults 
with small intestinal intussusception frequently have an underlying pathologic 
cause, so their treatment consists primarily of surgical intervention and bowel 
resection, which not only resolves the obstruction but also provides a diagnosis 
of the causative lesion. If the predisposing cause can be diagnosed and cor-
rected, the prognosis is good, and recurrence rates are low. If the underlying 
cause is not fully correctable such as with neurofibromatosis (Chapter 389) 
or adhesions, intussusceptions may recur.

 Hernias
Anatomically, hernias comprise a herniated viscus, the hernial sac (internal 
wall of the hernia lined by peritoneum), and the hernial ring. Whereas an 
external hernia occurs when the viscus lies outside the abdomen, an internal 
hernia occurs when the viscus lies in an abnormal location within the abdominal 
cavity. Secondary hernias can occur at previous sites of incision or injury. 
Incisional, inguinal, and umbilical hernias comprise 90% of all hernias. Hernias 
are common and occur in about 5% of the population within their lifetimes. 
For inguinal hernias alone, the lifetime cumulative incidence is estimated to 
be 43% in men and 6% in women. By comparison, femoral, umbilical, and 
incisional hernias occur twice as often in women.

FIGURE 133-1. Meckel diverticulum. nuclear medicine imaging with 99mtn pertechnetate 
scan shows tracer uptake in a meckel diverticulum (arrow in left panel) and in the stomach 
and bladder. Barium radiography in the same patient also shows the meckel diverticulum 
(arrow in right panel). 

 Intussusception
Intestinal intussusception occurs when a segment of bowel invaginates into 
the adjacent distal intestine and results in bowel obstruction and ischemia. 
Intussusception usually involves just the small intestine, but it can also present 
as small intestinal intussusception into the colon. Although intussusception 
is a common cause of small bowel obstruction in pediatric patients, especially 
after rotavirus vaccination (Chapter 356), it is rare in adults and accounts for 
only about 5% of small bowel obstruction.4 The cause of intussusception is 
infrequently identified in children, but a cause can be identified in about 90% 
of adult cases. Typical precipitating causes in adults include small intestinal 
polyps, benign tumors (including leiomyomas and neurofibromas), malignant 
tumors, inflammatory bowel disease (Chapter 132), postoperative adhesions, 
Meckel diverticulum, and feeding tubes.5

 CLINICAL MANIFESTATIONS
Most patients present with symptoms of partial bowel obstruction, including 
pain, nausea, and vomiting, and some patients have diarrhea with occult or 
overt bleeding. The clinical picture can be confusing when the patient has 
intermittent symptoms from a spontaneously resolved event. A mass may be 
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ABSTRACT
This chapter reviews the presentation, diagnosis, and treatment of common 
inflammatory and anatomic diseases of the abdominal organs. Structural dis-
orders include volvulus, hernias, and intussusception. Diverticulitis and appen-
dicitis are common inflammatory disorders of the colon. Rarer disorders of 
the mesentary and omentum are also discussed.
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Patients with colonic volvulus should have nothing per oral cavity (NPO) 
with nasogastric (NG) tube decompression and receive appropriate fluid volume 
resuscitation. In the absence of complete obstruction or signs of ischemia or 
perforation, patients with a sigmoid volvulus can undergo emergent colonoscopy 
and attempted reduction, which is successful in up to 75% of cases.3 Surgical 
intervention is indicated for volvulus involving the cecum, transverse colon, or 
small intestine, as well as after colonoscopic reduction of a sigmoid volvulus 
because of the risk of recurrence. The mortality rate is about 9% for sigmoid 
volvulus, 7% for cecal volvulus, and about 17% for combined sigmoid and cecal 
volvulus or transverse colon volvulus.

TREATMENT AND PROGNOSIS 
palpable on examination. Passage of “currant jelly” stools is characteristic of 
intussusception, especially in children.

 DIAGNOSIS
The diagnosis of intussusception is usually made using computed tomography 
(CT), which reveals a characteristic alternating high- and low-attenuation 
target-like or sausage-shaped lesion that represents the invaginated intestinal 
segments. However, because of the confusing presentation of intussusception 
in adults, a combination of plain radiographs, upper GI series, and barium 
enema frequently is required for an adequate evaluation.

 TREATMENT AND PROGNOSIS
Colonic intussusceptions are treated surgically in adults because of the high 
likelihood that a colonic malignancy is the causative lesion. For small intestinal 
intussusception, a randomized trial showed that hydrostatic reduction is supe-
rior to pneumatic reduction in children. A1  This approach has been tried in 
adults in whom no other significant causative lesion is present. However, adults 
with small intestinal intussusception frequently have an underlying pathologic 
cause, so their treatment consists primarily of surgical intervention and bowel 
resection, which not only resolves the obstruction but also provides a diagnosis 
of the causative lesion. If the predisposing cause can be diagnosed and cor-
rected, the prognosis is good, and recurrence rates are low. If the underlying 
cause is not fully correctable such as with neurofibromatosis (Chapter 389) 
or adhesions, intussusceptions may recur.

 Hernias
Anatomically, hernias comprise a herniated viscus, the hernial sac (internal 
wall of the hernia lined by peritoneum), and the hernial ring. Whereas an 
external hernia occurs when the viscus lies outside the abdomen, an internal 
hernia occurs when the viscus lies in an abnormal location within the abdominal 
cavity. Secondary hernias can occur at previous sites of incision or injury. 
Incisional, inguinal, and umbilical hernias comprise 90% of all hernias. Hernias 
are common and occur in about 5% of the population within their lifetimes. 
For inguinal hernias alone, the lifetime cumulative incidence is estimated to 
be 43% in men and 6% in women. By comparison, femoral, umbilical, and 
incisional hernias occur twice as often in women.

BA

FIGURE 133-2. Sigmoid volvulus. Plain abdominal radiograph shows the presence of a sigmoid volvulus. A, “Bent inner tube” sign. B, “omega” or “coffee bean” sign. 

 Intussusception
Intestinal intussusception occurs when a segment of bowel invaginates into 
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is a common cause of small bowel obstruction in pediatric patients, especially 
after rotavirus vaccination (Chapter 356), it is rare in adults and accounts for 
only about 5% of small bowel obstruction.4 The cause of intussusception is 
infrequently identified in children, but a cause can be identified in about 90% 
of adult cases. Typical precipitating causes in adults include small intestinal 
polyps, benign tumors (including leiomyomas and neurofibromas), malignant 
tumors, inflammatory bowel disease (Chapter 132), postoperative adhesions, 
Meckel diverticulum, and feeding tubes.5

 CLINICAL MANIFESTATIONS
Most patients present with symptoms of partial bowel obstruction, including 
pain, nausea, and vomiting, and some patients have diarrhea with occult or 
overt bleeding. The clinical picture can be confusing when the patient has 
intermittent symptoms from a spontaneously resolved event. A mass may be 
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TABLE 133-1 DIFFERENTIAL DIAGNOSIS OF  
ACUTE APPENDICITIS

SURGICAL CAUSES

Intestinal obstruction
Intussusception
Acute cholecystitis
Mesenteric adenitis (especially from adenoviral infection; Chapter 341)
Meckel diverticulitis
Right-sided colonic diverticulitis
UROLOGIC CAUSES

Right nephrolithiasis
Right pyelonephritis
GYNECOLOGIC CAUSES

Ectopic or tubal pregnancy
Ruptured or torsed ovarian cyst
Right-sided salpingitis or tubo-ovarian abscess
MEDICAL CAUSES

Yersinia (Chapter 296) or Campylobacter (Chapter 287) enterocolitis
Crohn ileitis
Pneumonia
Diabetic ketoacidosis
Herpetic neuralgia (especially right 10th and 11th nerves)
Porphyria
Tuberculous colitis

Epigastric hernias occur at sites of congenital weakness in the midline between 
the xiphoid and umbilicus along the linea alba. Small epigastric hernias may 
be asymptomatic or difficult to identify. Larger epigastric hernias can present 
as nodules, sometimes with tenderness. Multiple hernias may be present. Diag-
nosis is made by physical examination complemented by ultrasound or CT 
imaging. They can be repaired surgically if symptomatic or if complications are 
present.

Umbilical hernias occur in association with obesity, in multiparous women, 
and in patients with ascites. They present as a protuberant mass palpable at 
the umbilicus. Incarceration of small bowel or omentum is common, and stran-
gulation occurs in about one third of umbilical hernias. Umbilical hernias can 
be repaired surgically, with mesh repair preferable to suture repair, A2  if they 
are symptomatic or associated with complications, but ascites should be con-
trolled for the hernia repair to succeed.

Groin hernias present with bulging in this region, particularly with Valsalva 
maneuvers. Whereas direct inguinal hernias occur at the site of weakness at 
the base of the Hesselbach triangle, indirect inguinal hernias occur lateral to 
the Hesselbach triangle. Both direct and indirect inguinal hernias are above the 
inguinal ligament. Femoral hernias occur below the inguinal ligament in the 
femoral canal. Pain is typically mild, but more severe pain or colicky abdominal 
pain suggests incarceration or strangulation. Palpation can reveal the presence of 
a groin hernia that increases in size with standing or increased intra-abdominal 
pressure, such as a Valsalva maneuver, but palpation may be difficult in obese 
patients. In unclear cases, CT imaging can be helpful. The differential diagnosis 
of an inguinal bulge also includes adenopathy, lipoma or other tumors, testicular 
torsion of an undescended testicle, and abscess. Femoral hernias should be 
repaired when first diagnosed because of their risk for strangulation. Because 
the presence of strangulation can reliably be made only at surgery, more severe 
symptoms warrant early surgical intervention.

Watchful waiting is an acceptable option for men with minimally symptomatic 
inguinal hernias, although the majority of men will ultimately be referred for 
surgery, primarily because of pain, within 10 years.6 The treatment of symp-
tomatic groin hernias is surgical, now usually by open mesh-based techniques 
or laparoscopic repair, which appear to provide equivalent results. Open repair 
can be performed under local anesthesia, whereas laparoscopic repair, which 
generally results in less postoperative pain and an earlier return to normal 
activities, requires general anesthesia and carries a small risk of major intra-
abdominal injury.

Pelvic hernias occur through a weakened pelvic floor and are sixfold more 
common in women, especially with advancing age. The most common form 
is an obturator hernia, but less common forms include a sciatic hernia through 
the sciatic foramen or perineal hernias through the pelvic floor musculature. 
Most obturator hernias present with acute bowel obstruction. A tender mass 
may be palpable near the obturator canal on rectal or vaginal examination. 
Inner thigh pain on internal rotation of the hip may be present in 50% of 
patients. Diagnosis can be aided using CT imaging. The treatment is surgical.

Incisional hernias can develop after 1 to 4% of laparotomy incisions. Incisional 
hernias may cause chronic abdominal discomfort, especially with maneuvers 
that increase intra-abdominal pressure. Repair is usually performed with pros-
thetic mesh, which appears to provide better outcomes than suture repair7 
and is also useful for prophylaxis against a future incisional hernia at the time 
of a midline laparotomy. A3 

CLINICAL MANIFESTATIONS, 
DIAGNOSIS, AND TREATMENT  
OF SPECIFIC HERNIAS 

More rare hernias include lumbar hernias (which are more common in 
men and after surgery for trauma), Spigelian hernias occurring through the 
linea semilunaris in elderly patients, and internal hernias that occur when an 
intraperitoneal organ protrudes into a separate compartment within the 
abdomen. Some hernias occur in surgically created defects or because of 
congenital defects (e.g., paraduodenal, pericecal, or foramen of Winslow). Up 
to 15% of internal hernias occur through mesenteric or omental defects. Most 
patients present with intermittent symptoms of pain and bowel obstruction 
or strangulation. Radiologic studies can be of variable assistance. The differ-
ential diagnosis should include volvulus, adhesions, and tumors. The diagnosis 
can be made using barium studies and CT imaging. Surgery is needed to 
reduce the herniated viscus and close any defect.

 INFLAMMATION OF THE INTESTINE AND COLON
 Appendicitis
Appendicitis is the most common intra-abdominal pathology that requires 
emergency surgery. The lifetime prevalence of appendicitis is 8.7% in men 

and 6.9% in woman. Lifetime rates of appendectomy are higher, 12% in men 
and 23% in women, because the diagnosis may be difficult to confirm nonin-
vasively and because of the practice of operating on patients in whom the 
condition is highly suspected.8 About one third of patients have luminal 
obstruction of the vermiform appendix, most commonly caused by an appen-
dicolith but also occasionally by lymphoid hyperplasia or tumors, including 
carcinoid tumors (Chapter 219). Gangrenous appendicitis is almost always 
associated with luminal obstruction.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The differential diagnosis of appendicitis is extensive (Table 133-1). Current 
guidelines for diagnosis include characteristic history and physical findings 
of abdominal pain; localized tenderness; or other signs of acute appendi-
citis, including increased right lower quadrant pain with cough, pain with 
flexion and internal rotation of the hip, pain with passive extension of the 
right hip, and increased right lower quadrant pain during palpation of the left 
lower quadrant. Laboratory evidence of inflammation includes leukocytosis, 
greater than 10,000/µL but usually less than 18,000/µL unless perforation has 
occurred, with left shift, and elevated markers such as the C-reactive protein 
or procalcitonin level. The use of a standardized approach, the Adult Appen-
dicitis Score (Table 133-2), can reduce unnecessary imaging and hospital 
admissions. A4  However, none of these tests are accurate enough to make or 
exclude the diagnosis of appendicitis in those patients with an intermediate 
probability score The preferred diagnostic test is multidetector CT, preferably 
using a low-dose, 2 mSv CT, which has a sensitivity and specificity of at least 
94% A5  and perhaps higher and can also detect perforation (Figs. 133-3 and 
133-4). A point-of-care ultrasound is helpful if positive, but a negative test 
does not exclude the diagnosis.9 Even expert ultrasonography is less sensitive 
and specific, 83% and 93%, respectively than CT, but it is useful when CT is 
contraindicated, such as in pregnant women or a suspected ectopic pregnancy. 
Magnetic resonance imaging is no better than CT.

 TREATMENT AND PROGNOSIS
When acute appendicitis is suspected, emergent surgical consultation and 
appendectomy are indicated. Laparoscopic appendectomy is preferred over 
open appendectomy because of lower rates of postoperative complications 
and a more rapid return to normal eating and activity. Preoperative antibiot-
ics (e.g., cefotetan, 2 g intravenously, or cefoxitin, 2 g intravenously followed 
by three postoperative doses or ticarcillin–clavulanic acid) reduce infectious 
complications in otherwise uncomplicated appendicitis. Because perforation of 
the appendix increases the risk of mortality from 0.0002% to 3% and increases 
the morbidity rate from 3% to 47%, the traditional approach is that a negative 
laparotomy is an acceptable trade-off to missing true appendicitis.

For a perforated appendix with abscess formation, immediate appendectomy 
yields similar results to a strategy of percutaneous ultrasound- or CT-guided 
drainage, intravenous (IV) antibiotics, and laparoscopic appendectomy about 
10 weeks later. In the setting of perforation, once-daily dosing with ceftriaxone 
and metronidazole for 7 to 10 days is as good as triple-dose therapy.

Complications develop in more than 15% of patients, with an overall mor-
tality rate of about 3% in patients with perforated appendicitis. Complications 
are uncommon in surgically treated nonperforated appendicitis. Patients who 
have appendectomies for suspected but not confirmed appendicitis have a 
prognosis that depends on whether they had an underlying disease, such as 
Crohn disease (Chapter 132) or carcinoid tumor (Chapter 219).

 Diverticulitis of the Colon
Colonic diverticula are technically pseudodiverticula. They form when the 
colonic mucosa and submucosa herniate through the muscularis propria of 
the colon. A spectrum of problems can result from diverticulosis, including 
diverticulitis, which is an infected diverticulum, or diverticular bleeding, which 
is manifested as acute lower GI bleeding (Chapter 126). Diverticular disease 
(Fig. 133-5 and E-Fig. 133-1) affects about 10% of middle-aged adults and 
increases in prevalence up to about 80% in elderly adults.11

Colonic diverticula form at the site where the nutrient artery, the vasa recta, 
penetrates the muscularis propria. Diverticulosis in Western populations is 
most common in the left colon and has been thought to be associated with 
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For a perforated appendix with abscess formation, immediate appendectomy 
yields similar results to a strategy of percutaneous ultrasound- or CT-guided 
drainage, intravenous (IV) antibiotics, and laparoscopic appendectomy about 
10 weeks later. In the setting of perforation, once-daily dosing with ceftriaxone 
and metronidazole for 7 to 10 days is as good as triple-dose therapy.

Complications develop in more than 15% of patients, with an overall mor-
tality rate of about 3% in patients with perforated appendicitis. Complications 
are uncommon in surgically treated nonperforated appendicitis. Patients who 
have appendectomies for suspected but not confirmed appendicitis have a 
prognosis that depends on whether they had an underlying disease, such as 
Crohn disease (Chapter 132) or carcinoid tumor (Chapter 219).

 Diverticulitis of the Colon
Colonic diverticula are technically pseudodiverticula. They form when the 
colonic mucosa and submucosa herniate through the muscularis propria of 
the colon. A spectrum of problems can result from diverticulosis, including 
diverticulitis, which is an infected diverticulum, or diverticular bleeding, which 
is manifested as acute lower GI bleeding (Chapter 126). Diverticular disease 
(Fig. 133-5 and E-Fig. 133-1) affects about 10% of middle-aged adults and 
increases in prevalence up to about 80% in elderly adults.11

Colonic diverticula form at the site where the nutrient artery, the vasa recta, 
penetrates the muscularis propria. Diverticulosis in Western populations is 
most common in the left colon and has been thought to be associated with 

A nonoperative approach using antibiotics to treat uncomplicated appen-
dicitis can reduce routine surgical morbidity but at the expense of about a 
2% risk of rupture, a 1% risk of gangrenous appendicitis, and a 25 to 30% 
need for readmission or surgery at one year. A6  In the United States, the con-
sensus strongly favors surgical appendectomy except in patients who have had 
prior surgical complications or strongly prefer to avoid surgery.10

TABLE 133-2 ADULT APPENDICITIS SCORE
VARIABLE VALUE

Symptoms and 
findings

RLQ pain 2
Pain relocation 2
RLQ tenderness

Woman age 16-49 years 1
All others 3

Guarding
Mild 2
Moderate or severe 3

Laboratory Leukocytosis (WBC/µL)
≥7,200 and <10,900 1
≥10,900 and <14,900 2
≥14,000 3

Proportion of neutrophils (%)
≥62 and <75 2
≥75 and <83 3
≥83 4

CRP (mg/L) and symptoms <24h
≥4 and <11 2
≥11 and <25 3
≥25 and <83 5
≥83 1

CRP (mg/L) and symptoms >24h
≥12 and <53 2
≥53 and <152 2
≥152 1

Total score ≤10 low probability
11-15 intermediate probability
≥16 high probability

CRP = C reactive protein; RLQ = right lower quadrant.
From Sammalkorpi HE, Mentula P, Leppäniemi A. A new adult appendicitis score improves 
diagnostic accuracy of acute appendicitis—a prospective study. BMC Gastroenterol. 2014;14:114.
Online calculator: http://www.appendicitisscore.com/

FIGURE 133-3. Appendicitis. a computed tomography scan shows an inflamed appendix 
with a diameter greater than 1 cm (arrow) consistent with acute, uncomplicated 
appendicitis. 

FIGURE 133-4. Appendicitis. a computed tomography scan shows appendicitis 
complicated by perforation with abscess formation (arrow). (courtesy of charlene  
Prather, md.)

FIGURE 133-5. Sigmoid diverticulosis. the colonoscopic appearance of sigmoid diver-
ticulosis coli. 

http://www.appendicitisscore.com/
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E-FIGURE 133-1. Colonic diverticula. an abdominal flat plate shows residual barium 
in diverticula scattered throughout the colon. (courtesy of charlene Prather, md.)
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FIGURE 133-6. Diverticulitis. a computed tomography scan shows acute diverticulitis 
with perforation. an abscess (arrow) is seen presenting as a fluid and air-filled collection. 

the low-fiber content of the typical Western diet, although recent epidemiologic 
studies cast doubt on this hypothesis. Diverticulosis can occur anywhere in 
the colon, however, and it is more commonly observed in the right colon in 
Asian populations.

The lifetime risk of diverticulitis is up to 25%. Diverticulitis is thought to 
occur when impacted material in the diverticulum compresses the blood supply, 
thereby resulting in a microperforation. Diverticulitis can be complicated 
further by free perforation, abscess, or fistula formation.

 CLINICAL MANIFESTATIONS
The majority of patients with colonic diverticulosis are asymptomatic. Patients 
with diverticulitis commonly present with localized pain, fever, and anorexia. 
The pain may radiate to the back, flank, or suprapubic region. Nausea and 
vomiting, constipation or diarrhea, or urinary symptoms may be variably 
present. Physical examination typically reveals left lower quadrant tenderness, 
sometimes with localized guarding or a palpable mass. Rebound tenderness 
or peritoneal signs should suggest the presence of free perforation. Visible 
diverticular bleeding is rare in the setting of acute diverticulitis. Leukocytosis 
is present. When the acutely inflamed diverticulum is adjacent to the bladder, 
sterile pyuria may be found.

 DIAGNOSIS
The diagnosis of acute diverticulitis can be confirmed in the appropriate setting 
by leukocytosis and an ultrasound examination or a CT scan showing diver-
ticulosis coli with localized inflammation of the colonic wall and pericolic fat 
at the site of acute diverticulitis. A CT scan also can demonstrate free perfora-
tion, abscess, or fistula formation (Fig. 133-6). Because of the increased risk 
of perforation, invasive testing such as barium enema or colonoscopy is con-
traindicated when a diagnosis of acute diverticulitis is being entertained. The 
differential diagnosis of acute diverticulitis includes inflammatory bowel disease 
(Chapter 132), gastroenteritis, appendicitis, and colon cancer (Chapter 184) 
with perforation.

Perforated diverticulitis with rupture of fecal material into the full peritoneum 
is a life-threatening surgical emergency. For diverticulitis with purulent but 
non-fecal peritonitis, three randomized trials comparing laparoscopic peritoneal 
lavage with surgical resection have found conflicting results as to which alter-
native is better.

TREATMENT 

Patients with diverticulitis with focal abscess formation are treated with per-
cutaneous CT-guided drainage and subsequent surgery, usually laparoscopic, 
typically after 6 weeks. Uncomplicated acute diverticulitis can be treated with 
antibiotics.12 A 7- to 10-day course of oral antibiotics (e.g., ciprofloxacin 750 mg 
twice daily and metronidazole 500 mg four times daily), perhaps after a single 
IV dose of antibiotics, is as effective and safe as hospitalization for IV antibiot-
ics. A7  Patients who can tolerate clear liquids can be treated in the outpatient 
setting with gradual advancement of their diet. Patients who are unable to 
tolerate eating should be admitted to the hospital for IV fluids and antibiotics 
(e.g., levofloxacin 750 mg daily and metronidazole 500 mg every 6 hours or 
piperacillin–tazobactam 3.375 g every 6 hours). For diverticular and other intra-
abdominal infections that have had adequate surgical treatment, fixed-duration 
antibiotic therapy of approximately 4 days provides similar outcomes to longer 
courses until after the resolution of physiologic abnormalities (about 8 days).

Although the risks associated with one episode of uncomplicated diverticulitis 
are low, with a mortality rate that is less than 1%, complicated diverticulitis, 
defined as diverticulitis with abscess, fistula formation, free perforation, or 
obstruction, is associated with increased inpatient morbidity in up to 25% of 
cases and has a mortality rate as high as 5%. Furthermore, these risks increase 
with a second episode of complicated diverticulitis. Elective segmental colec-
tomy typically has been recommended to patients after 2 to 3 episodes of 
complicated diverticulitis and in young patients even after a first episode. 
However, recent evidence suggests that the risk of complicated diverticulitis 
after recovery from uncomplicated diverticulitis is only about 5% and is actually 
lower not higher after subsequent episodes of uncomplicated diverticulitis. As 
a result, prophylactic surgery has generally not been recommended to patients 
whose diverticulitis is uncomplicated and can be medically treated. More recently, 
however, a small but randomized trial found that elective surgery is preferable 
in patients who have either three or more episodes of acute diverticulitis within 
2 years or have persistent abdominal complaints for more than 3 months after 
a confirmed episode of left-sided diverticulitis. A8 

Acute diverticulitis can be complicated by colitis or late stricture formation. 
About 40% of patients with complicated diverticulitis have significant morbidity, 
and their mortality rate is about 6%, but it is only about 2% in patients without 
perforation. There is no convincing evidence that a high-fiber diet prevents 
recurrent diverticular disease or that nuts or any particular foods should be 
favored or avoided.

 Other Intestinal Inflammatory Conditions
 SMALL INTESTINAL ULCERS
Most primary idiopathic ulcers are found in the mid- to distal ileum, where 
they can be solitary or multiple. A careful history is necessary to exclude other 
precipitating causes of small intestinal ulcers, including drug exposure and 
other systemic diseases (Table 133-3). Pathologically, these ulcers can be dif-
ferentiated from Crohn disease or chronic ulcerative jejunoileitis by the absence 
of granulomas. Barium contrast studies including enteroclysis can make the 
diagnosis, and CT or magnetic resonance enterography can also be helpful. 
In the absence of bowel obstruction, video capsule endoscopy is often the 
preferred test. Therapy with anti-inflammatory or immunosuppressive medica-
tions has not proven helpful. Therapy is typically directed to complications, 
including perforation and obstruction, with segmental surgical resection. 
However, the risk of ulcer recurrence is high.

Drug-induced ulcerations are common and can result from nonsteroidal 
anti-inflammatory drugs (NSAIDs), potassium chloride preparations, vasoactive 

TABLE 133-3 CAUSES OF SMALL INTESTINAL ULCERS
CATEGORY CAUSES
Acidic Meckel diverticulum, Zollinger-Ellison syndrome
Drug-induced Potassium chloride, NSAID, antimetabolite
Idiopathic Primary ulcer, Behçet disease
Infectious Tuberculosis, typhoid, Yersinia, Strongyloides superinfection
Inflammatory Crohn disease, SLE, chronic jejunoileitis
Metabolic Uremia
Neoplastic Malignant histiocytosis, lymphoma, adenocarcinoma
Radiation Radiation enteritis
Vascular Mesenteric vascular insufficiency, vasculitis, arteritis
NSAID = nonsteroidal anti-inflammatory drug; SLE = systemic lupus erythematosus.

Neutropenic enterocolitis, or typhlitis (E-Fig 133-2), is an inflammation of 
the intestine or colon, usually during the neutropenic phase 10 to 14 days 
after high-dose induction chemotherapy. It involves right lower quadrant 
abdominal pain, distention, and diarrhea, sometimes with bleeding. These 
findings in themselves are nonspecific and are similar to Clostridium difficile–
associated colitis (Chapter 280) and ischemic colitis (Chapter 134). Diagnosis 
is based on typical CT scan findings of thickened bowel wall; bowel distention, 
especially of the cecum; and associated inflammatory changes. Treatment is 
conservative, with bowel rest and decompression when bowel dilation is present, 
and broad-spectrum antibiotics. Leukocyte-stimulating agents are often used 
to reverse the neutropenia (Chapter 158). Treatment of bleeding is supportive 
with transfusions and correction of any coagulopathy. Surgery is indicated in 
the setting of intractable bleeding or perforation. The symptoms resolve rapidly 
with resolution of neutropenia.

 VISCERAL ANGIOEDEMA
Visceral angioedema can be idiopathic, or it can be a complication of hereditary 
and acquired C1 esterase inhibitor deficiency (Chapter 237), hypocomple-
mentemia, drugs (especially angiotensin-converting enzyme inhibitors), or 
foods. Patients with GI angioedema commonly present with abdominal pain 
and distention, nausea, vomiting, and diarrhea. Some patients also have evi-
dence of mucous membrane swelling, hives, wheezing, or dyspnea. On CT 
scan, thickened, fluid-filled loops of small bowel and ascites may also be seen. 
Symptoms commonly occur episodically, persist for 1 to 3 days and may recur 
periodically. The diagnosis is established by discontinuing the implicated drug 
or food, low serum levels of C4, low C1 esterase quantitative levels, or reduced 
C1 esterase functional activity. C1 esterase inhibitor deficiency can be treated 
successfully with C1 inhibitor therapy (Chapter 237).

 RADIATION ENTERITIS
Radiation injury (Chapters 17 and 131) can occur in the small or large intestine 
as a result of therapy for gynecologic, urologic, rectal, or retroperitoneal tumors. 
Acute injury, which can occur during the course of treatment, is associated 
with nausea, diarrhea, and abdominal or rectal discomfort. The risk is related 
to radiation dose. Chronic injury typically presents 6 months to 2 years after 
treatment and presents with progressive bowel obstruction owing to continued 
inflammation and fibrosis. Patients with radiation proctitis present with rectal 
pain, bleeding, and occasionally diarrhea.

Acute radiation injury is usually self-limited to the period of treatment, but 
up to 5% of patients can progress to chronic radiation injury to the small 
intestine, and up to 15% of patients experience chronic radiation proctitis. 
Radiation enteritis and stricture formation can be seen on barium radiographs 
or CT scans. The characteristic neovascularization pattern of telangiectasias 
from radiation proctitis is seen on endoscopy.

One third to half of patients develop bleeding, which can be minor and 
intermittent or more substantial. Whereas patients who do not require trans-
fusion have a 70% chance of remission, patients with chronic radiation enteritis 
who need transfusion have a low rate of remission (20%) and have subsequent 
high morbidity and even mortality rates. Less invasive treatment options include 
sucralfate enemas. Several small studies suggest a benefit from endoscopic 
argon plasma coagulation.

An algorithmic approach emphasizing specific approaches, as outlined earlier, 
to each specific symptom, can improve outcome compared with routine clini-
cal care. A10  Surgery, which can be required in up to one third of patients with 
strictures or bleeding, is associated with a high complication rate and should 
be avoided if possible.13

 PERITONEAL DISORDERS
 Peritonitis
Peritonitis, which is a local or generalized inflammation that involves the visceral 
and parietal peritoneum, can occur as a primary or secondary process. Primary 
peritonitis in adults is the spontaneous infection of ascites in a patient with 
cirrhosis (Chapter 144) in the absence of an overt intra-abdominal source. The 
use of acid-suppressive therapy appears to increase the risk of developing spon-
taneous bacterial peritonitis three-fold in hospitalized patients with cirrhosis.

Secondary peritonitis develops when disease or injury to the intestine results 
in bacterial contamination from a perforated viscus (e.g., peptic ulcer disease, 
appendicitis, diverticulitis, penetrating trauma, or iatrogenic), from iatrogenic 
causes (e.g., peritoneal dialysis [Chapter 122] or surgical contamination), from 
granulomatous disease (e.g., tuberculosis or fungal infections), or from chemi-
cal or aseptic exposures (e.g., bile, urine, or radiographic barium).
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FIGURE 133-7. Nonsteroidal anti-inflammatory drug (NSAID)–induced enteropathy. 
the wireless capsule endoscopy appearance of a jejunal ulceration (arrow) caused by 
nsaId use. 

medications, antimetabolites, and cocaine. Video capsule endoscopy can 
make the diagnosis (Fig. 133-7). NSAID-induced injury is similar to Crohn 
disease, with transmural injury and the risk of stricture formation. Treatment 
is aimed at avoiding the offending agent, if possible. A recent randomized 
trial demonstrated that adding a proton pump inhibitor to a non-selective 
NSAID actually increased the short-term risk of drug-induced small bowel  
injury. A9 

A variety of systemic conditions also can manifest with small intestinal 
ulcerations. Patients with Crohn disease (Chapter 132) can have ulcers of any 
portion of the GI tract. Systemic lupus erythematosus (Chapter 250), rheu-
matoid arthritis (Chapter 248), scleroderma (Chapter 251), polyarteritis 
nodosa (Chapter 254), and Henoch-Schönlein purpura (Chapter 254) can 
present with small intestinal ulcerations that are thought to be secondary to 
microthrombosis and vasculitis. Mesenteric vasculitis presents as nausea, 
vomiting, fever, and GI bleeding.

Behçet disease (Chapter 254) is a systemic process that causes intestinal 
ulcers, typically in the ileocecal region, in fewer than 1% of cases. Although 
symptoms are similar to those of Crohn disease, pathologically Behçet disease-
related ulcers are deep and do not have surrounding inflammation or granu-
lomas. The optimal treatment of this disease has yet to be delineated. Patients 
frequently are treated with immunomodulators (Chapter 254), and surgery 
is reserved for ulcer-related complications.

Sarcoidosis (Chapter 89) uncommonly involves the intestine. Its presenta-
tion is similar to Crohn disease, with small and large intestinal ulceration and 
noncaseating granulomas. Patients commonly have nausea, vomiting, diarrhea, 
abdominal pain, and protein-losing enteropathy. Treatment is targeted to con-
trolling the systemic disease.

Mycobacterium tuberculosis (Chapter 308) typically involves the distal ileum 
and cecum. A waxing and waning course can mimic the symptoms and loca-
tion commonly seen in Crohn disease. The diagnosis is suspected based on 
a history of exposure, particularly in endemic regions, and confirmed by 
colonoscopy with biopsy, stains, and culture. Treatment is as for disseminated 
tuberculosis (Chapter 308).

Histoplasma capsulatum (Chapter 316) presents with ulcerations and pol-
ypoid masses that mimic tumors, typically in an immunocompromised patient. 
Patients present with diarrhea, bleeding, and obstruction. The granulomas 
seen on biopsy must be differentiated from Crohn disease, tuberculosis, and 
sarcoidosis. Treatment involves managing the systemic infection.

Neutropenic enterocolitis, or typhlitis (E-Fig 133-2), is an inflammation of 
the intestine or colon, usually during the neutropenic phase 10 to 14 days 
after high-dose induction chemotherapy. It involves right lower quadrant 
abdominal pain, distention, and diarrhea, sometimes with bleeding. These 
findings in themselves are nonspecific and are similar to Clostridium difficile–
associated colitis (Chapter 280) and ischemic colitis (Chapter 134). Diagnosis 
is based on typical CT scan findings of thickened bowel wall; bowel distention, 
especially of the cecum; and associated inflammatory changes. Treatment is 
conservative, with bowel rest and decompression when bowel dilation is present, 
and broad-spectrum antibiotics. Leukocyte-stimulating agents are often used 
to reverse the neutropenia (Chapter 158). Treatment of bleeding is supportive 
with transfusions and correction of any coagulopathy. Surgery is indicated in 
the setting of intractable bleeding or perforation. The symptoms resolve rapidly 
with resolution of neutropenia.

 VISCERAL ANGIOEDEMA
Visceral angioedema can be idiopathic, or it can be a complication of hereditary 
and acquired C1 esterase inhibitor deficiency (Chapter 237), hypocomple-
mentemia, drugs (especially angiotensin-converting enzyme inhibitors), or 
foods. Patients with GI angioedema commonly present with abdominal pain 
and distention, nausea, vomiting, and diarrhea. Some patients also have evi-
dence of mucous membrane swelling, hives, wheezing, or dyspnea. On CT 
scan, thickened, fluid-filled loops of small bowel and ascites may also be seen. 
Symptoms commonly occur episodically, persist for 1 to 3 days and may recur 
periodically. The diagnosis is established by discontinuing the implicated drug 
or food, low serum levels of C4, low C1 esterase quantitative levels, or reduced 
C1 esterase functional activity. C1 esterase inhibitor deficiency can be treated 
successfully with C1 inhibitor therapy (Chapter 237).

 RADIATION ENTERITIS
Radiation injury (Chapters 17 and 131) can occur in the small or large intestine 
as a result of therapy for gynecologic, urologic, rectal, or retroperitoneal tumors. 
Acute injury, which can occur during the course of treatment, is associated 
with nausea, diarrhea, and abdominal or rectal discomfort. The risk is related 
to radiation dose. Chronic injury typically presents 6 months to 2 years after 
treatment and presents with progressive bowel obstruction owing to continued 
inflammation and fibrosis. Patients with radiation proctitis present with rectal 
pain, bleeding, and occasionally diarrhea.

Acute radiation injury is usually self-limited to the period of treatment, but 
up to 5% of patients can progress to chronic radiation injury to the small 
intestine, and up to 15% of patients experience chronic radiation proctitis. 
Radiation enteritis and stricture formation can be seen on barium radiographs 
or CT scans. The characteristic neovascularization pattern of telangiectasias 
from radiation proctitis is seen on endoscopy.

One third to half of patients develop bleeding, which can be minor and 
intermittent or more substantial. Whereas patients who do not require trans-
fusion have a 70% chance of remission, patients with chronic radiation enteritis 
who need transfusion have a low rate of remission (20%) and have subsequent 
high morbidity and even mortality rates. Less invasive treatment options include 
sucralfate enemas. Several small studies suggest a benefit from endoscopic 
argon plasma coagulation.

An algorithmic approach emphasizing specific approaches, as outlined earlier, 
to each specific symptom, can improve outcome compared with routine clini-
cal care. A10  Surgery, which can be required in up to one third of patients with 
strictures or bleeding, is associated with a high complication rate and should 
be avoided if possible.13

 PERITONEAL DISORDERS
 Peritonitis
Peritonitis, which is a local or generalized inflammation that involves the visceral 
and parietal peritoneum, can occur as a primary or secondary process. Primary 
peritonitis in adults is the spontaneous infection of ascites in a patient with 
cirrhosis (Chapter 144) in the absence of an overt intra-abdominal source. The 
use of acid-suppressive therapy appears to increase the risk of developing spon-
taneous bacterial peritonitis three-fold in hospitalized patients with cirrhosis.

Secondary peritonitis develops when disease or injury to the intestine results 
in bacterial contamination from a perforated viscus (e.g., peptic ulcer disease, 
appendicitis, diverticulitis, penetrating trauma, or iatrogenic), from iatrogenic 
causes (e.g., peritoneal dialysis [Chapter 122] or surgical contamination), from 
granulomatous disease (e.g., tuberculosis or fungal infections), or from chemi-
cal or aseptic exposures (e.g., bile, urine, or radiographic barium).
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E-FIGURE 133-2. Computed tomography scans showing neutropenic colitis. the left scan shows a thickened cecal wall (arrow). eight days later, a follow-up scan shows resolution 
(right scan). (courtesy of charlene Prather, md.)
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 PERITONITIS AS A COMPLICATION OF CHRONIC AMBULATORY 
PERITONEAL DIALYSIS
The most common complication of chronic ambulatory peritoneal dialysis 
is infectious peritonitis from bacterial contamination (Chapter 122), which 
commonly results from poor technique. In contrast to polymicrobial acute 
suppurative peritonitis, peritonitis complicating chronic ambulatory peri-
toneal dialysis is typically monomicrobial with gram-positive cocci in the 
majority of cases and gram-negative species in the remainder of cases. Fungal 
peritonitis is rare. Symptoms can be milder than in other forms of peritoni-
tis, with patients often presenting with diffuse abdominal pain, low-grade 
fever, and leukocytosis. The exchange fluid is characteristically turbid and 
may be the only sign of infection. The diagnosis is based on these physical 
findings, turbid dialysate with less than 100 leukocytes/µL, and a positive 
dialysate culture that determines the microbe involved. Treatment is with 
intraperitoneal antibiotics. The dialysis catheter should be removed in the 
setting of an inadequate response to therapy, fungal or tuberculous peritonitis, 
or concomitant skin infection. The risk of peritonitis can be reduced by the 
judicious use of prophylactic intravenous vancomycin and oral nystatin or  
fluconazole. A12 

 ADHESIONS
Peritoneal adhesions, which are the most commonly observed cause of bowel 
obstruction,15 can occur at any time after a laparotomy. Patients who have 
had intra-abdominal infection, ischemia, and peritonitis are at increased risk. 
Patients present with complete or incomplete bowel obstruction, which is 
usually manifested as colicky abdominal pain, nausea, and vomiting (includ-
ing feculent vomiting), abdominal distention, and an absence of flatus or 
stooling. Bowel obstruction can be diagnosed on plain radiographs or CT 
scan from the presence of dilated bowel and air-fluid levels, with decom-
pressed bowel distal to the site of obstruction (Fig. 133-9). Treatment of 
bowel obstructions is with NG tube decompression and fluid resuscita-
tion. A nonoperative approach can be attempted in cases of partial bowel 
obstruction or in patients who have had numerous prior laparotomies, which 
make surgical exploration more complicated. However, urgent laparotomy 
for lysis of adhesions must be performed before bowel ischemia develops. 
In patients with chronic abdominal pain, surgical exploration for the intent 
of lysing adhesions without clear evidence of obstructing adhesions should 
be avoided. Patients who develop postoperative adhesions can progress to 
bowel obstruction and develop recurrent adhesions despite surgical lysis of the  
adhesions.

 PERITONEAL CARCINOMATOSIS AND MALIGNANT ASCITES
Peritoneal carcinomatosis results when malignancy spreads throughout the 
peritoneal cavity and eventually encases the viscera. The cause can be primary 
tumors of the peritoneal cavity (e.g., mesothelioma and sarcoma), dissemina-
tion of an intra-abdominal malignancy (e.g., gastric, colon, pancreatic, ovarian, 
or neuroendocrine tumors), lymphomas, metastatic spread from extra-
abdominal malignancy (e.g., breast, lung, or melanoma), and pseudomyxoma 
peritonei (a rare condition with gelatinous peritoneal implants from mucinous 
neoplasms of the appendix or ovary).

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The presentation of peritoneal carcinomatosis is nonspecific, with complaints 
of abdominal pain, anorexia, nausea, vomiting, malaise, and weight loss. Ascites 
is the most common physical finding. Malignant ascites is rare, accounting 
for less than 10% of cases of ascites.

FIGURE 133-8. Peritonitis. a computed tomography scan in a patient with peritonitis 
showing a thickened duodenal wall from a perforated duodenal ulcer (arrow) found at 
the time of surgical exploration. 

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Abdominal pain is the hallmark of peritonitis. It can be sudden in onset in 
the setting of a perforated viscus or more insidious in nature in the setting of 
granulomatous or chemical causes. Patients with peritonitis typically lie supine 
with flexed knees and exhibit shallow breathing. Physical examination reveals 
a distended abdomen with tenderness to palpation, localized or generalized 
guarding, and rigidity. Associated symptoms include fever, nausea, vomiting, 
and leukocytosis with a left shift. Some patients with bacterial peritonitis 
rapidly develop septic shock (Chapter 100).

Granulomatous peritonitis has a more insidious presentation, and 70% of 
patients have symptoms for 4 months before diagnosis. Systemic symptoms 
include fever, malaise, anorexia, and weight loss. The abdomen is diffusely 
tender. Leukocytosis can be absent.

Patients with tuberculous peritonitis often have a positive skin test result 
or infiltrates on their chest radiograph. The peritoneal fluid typically has a 
high protein level (<3 g/dL), a low glucose (<30 mg/dL), and elevated leu-
kocytes (<250 cells/µL); fluid stains and cultures are unhelpful, but polymerase 
chain reaction–based tests can be diagnostic. The laparoscopic appearance of 
tuberculous peritonitis is characteristic, with fibrous masses from the parietal 
peritoneum and granulomas.

Plain abdominal radiographs may show evidence of paralytic ileus, and free 
air under the diaphragm on upright views confirms the presence of a perforated 
viscus. CT scan is more sensitive, 70 to 100%, than plain radiographs for 
detecting free air and may also demonstrate the underlying cause (Fig. 133-8).

In young patients, appendicitis and a perforated duodenal ulcer (Chapter 
130) are common causes. In older patients, perforated diverticula and cancer 
(Chapter 184) are more common. In young women, tubal pregnancy and a 
ruptured tubo-ovarian abscess must be considered (Chapters 269 and 283). 
Secondary peritonitis is usually caused by a mixed flora of bacteria, including 
Escherichia coli, Streptococcus faecalis, Pseudomonas aeruginosa, Klebsiella mirabilis, 
Bacteroides fragilis, Clostridium spp, and anaerobic streptococci.

Treatment of acute suppurative peritonitis relies on prompt adequate resus-
citation with IV fluids and broad-spectrum IV antibiotics. Treatment regimens 
include: piperacillin–tazobactam, 3.375 g every 6 hours; ampicillin–sulbactam, 
3.0 g every 6 hours; ciprofloxacin, 400 mg every 12 hours, and metronidazole, 
1 g every 12 hours; levofloxacin, 750 mg every 24 hours; cefepime, 2 g every 
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12 hours, and metronidazole, 1 g every 12 hours; or imipenem–cilastatin 
sodium, 500 mg every 6 hours. A11  Early diagnosis and surgical intervention 
for acute peritonitis from perforated viscus is critical. The mainstay of treat-
ment for tuberculous peritonitis is at least 6 months of a multidrug regimen  
(Chapter 308).14

Chemical aseptic peritonitis can be complicated by secondary bacterial infec-
tion. Treatment is similar to that of acute suppurative peritonitis, with interven-
tion to control the source of peritoneal contamination.

The outcome of peritonitis depends on its cause as well as the rapidity of 
treatment. The mortality rate can be as low as 15% in patients who have cor-
rectable causes, such as a perforated appendix, and who do not develop mul-
tiorgan failure before treatment but as high as 50% for postoperative infective 
peritonitis.

TREATMENT AND PROGNOSIS 

 Grade A References



CHAPTER 133 Inflammatory and anatomIc dIseases of the IntestIne 915

 DISEASES OF THE MESENTERY AND OMENTUM
The differential diagnosis of mesenteric and omental disorders include a variety 
of rare disorders, including inflammation, cysts, and tumors that can be benign 
or malignant (Table 133-4).

Mesenteric panniculitis presents in middle or later age with a slight male pre-
dilection. Symptoms typically include nonspecific abdominal pain, weight loss, 
nausea, vomiting, and low-grade fever, but patients occasionally can present 
with an acute abdomen. A palpable mass is felt in the majority of patients. The 
diagnosis can be confirmed by CT scan. Lesions should be biopsied to exclude 
malignancy but generally are not amenable to complete resection. Significant 
improvement in the symptoms of this generally self-limited process has been 
reported with progesterone, corticosteroids, azathioprine, or cyclophosphamide, 
but evidence to recommend their general use is lacking.

Mesenteric and omental cysts and solid tumors are rare disorders. Patients 
present with a constellation of nonspecific symptoms. They can be identified 
with CT scan. Surgical resection will provide the definitive diagnosis and 
determine whether a benign or malignant condition is present.

Mesenteric fibromatosis (desmoid tumors) is a rare noninflammatory condi-
tion that may be associated with familial adenomatosis coli (Chapter 184) 
and Gardner syndrome (Chapter 184). Fibromatoses are locally aggressive 
tumors that may present as stable or rapidly growing intra-abdominal masses. 
They have a high rate of recurrence after incomplete surgical resection, in 
patients with multicentric disease, or if precipitated by surgical trauma itself.Although ultrasound examination may document ascites, CT is preferred 

to identify carcinomatosis and the origin of the underlying cause (Fig. 133-10). 
Diagnostic paracentesis can be performed to obtain cell count and differential, 
culture, and cytologic examination. A serum to ascites albumen ratio of less 
than 1.1 mg/dL suggests malignant ascites, but the differential diagnosis also 
includes pancreatic ascites (Chapter 135), nephrotic syndrome (Chapter 113), 
and peritoneal tuberculosis. Laparoscopy can disclose the typical tumor implant 
stubbing the peritoneum. Biopsy and appropriate stains can verify the pres-
ence of mesothelioma (Chapters 92 and 182) by detecting hyaluronic acid 
on Alcian stain in a specimen that has a negative carcinoembryonic antigen 

FIGURE 133-9. Small bowel obstruction. a computed tomography scan shows dilated, 
fluid-filled small bowel (white arrow) and a nondilated colon (black arrow) in a patient 
with a small bowel obstruction from adhesions found at the time of surgical exploration. 

FIGURE 133-10. Carcinomatosis. a computed tomography scan shows peritoneal 
carcinomatosis in a patient with colon cancer. 

Treatment is typically palliative owing to the late presentation of disease. 
Malignant ascites responds poorly to diuretic therapies, and repeated thera-
peutic paracentesis may be needed. Recent data suggest some benefit from 
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy.
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TABLE 133-4 MESENTERIC DISEASES
PRIMARY INFLAMMATORY DISEASE

Panniculitis
Retractile mesenteritis
CYSTS

Developmental
Traumatic
Neoplastic
Infectious
TUMORS

Benign tumors
Lipoma
Leiomyoma
Hemangioma

Malignant tumors
Liposarcoma
Leiomyosarcoma
Rhabdomyosarcoma
Metastatic tumor

Mesenteric fibromatosis
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Answer: B This patient has a sigmoid volvulus. A volvulus is commonly seen 
in institutionalized patients and in patients with a history of chronic constipa-
tion and laxative use. The presence of a volvulus or intestinal obstruction from 
other causes can be investigated cost-effectively using plain radiographs as 
the initial imaging modality. There is no massive gastrointestinal (GI) bleeding 
to warrant a bleeding scan, angiography, or upper GI series.

4. A 55-year-old woman presents to your office complaining of vague abdominal 
pain and fatigue. Her past history is notable for osteoarthritis. She is post-
menopausal. Her medications also include ibuprofen 600 mg tid. She has 
noted intermittent black tarry stools. Physical examination is unremarkable. 
Laboratory examination reveals Hgb 8.7 g/dL with an MCV 79. You obtain 
an esophagogastroduodenoscopy (EGD) and a colonoscopy for her anemia 
and abdominal complaints. EGD is normal, and she has mild sigmoid 
diverticulosis coli. The most likely cause of her anemia is:
 A. Diverticular bleeding.
 B. Gastric ulcer bleeding.
 C. Meckel diverticulum.
 D. Crohn disease.
 E. NSAID-induced enteropathy.

Answer: E This patient has nonsteroidal anti-inflammatory drug (NSAID)–
induced enteropathy. The episodes of melena are suggestive of ulceration and 
bleeding from the upper gastrointestinal (GI) tract, but peptic ulcer disease 
was not seen on EGD. She regularly uses NSAIDs, which can be a cause of 
secondary small intestinal ulcerations. Meckel diverticulum and bleeding are 
more rare than NSAID-induced enteropathy. Although sigmoid diverticuli 
were identified on colonoscopy, diverticular bleeding presents as massive lower 
GI bleeding, not melena. Crohn disease can present with anemia and bleed-
ing, but melena is rare.

5. A 63-year-old man presents to your office with a complaint of 5 months 
of a poor appetite, a 35-lb weight loss, and low grade fevers up to 37.4° C. 
Over the past month, he has noted increasing abdominal girth and tender-
ness. He has been otherwise healthy and takes no medications. His family 
history is notable for stroke. He denies tobacco use. He drinks two glasses 
of wine each night. He retired at age 55 years and has traveled extensively 
throughout Southeast Asia. On physical examination, you note that his 
abdomen is markedly distended and diffusely tender. Bowel sounds are 
normal, but a fluid wave is present. Findings of the laboratory examination, 
including a comprehensive metabolic profile and complete blood count, 
are normal. A diagnostic paracentesis reveals protein, 3.5 g/dL; neutrophils, 
800/µL; glucose, 20 mg/dL; and amylase, 50 IU/L. No bacteria are seen 
on stain, and fluid cultures show no growth. The most likely diagnosis for 
this man’s ascites is:
 A. Alcoholic cirrhosis.
 B. Pancreatic ascites.
 C. Nephrotic syndrome.
 D. Metastatic lung cancer.
 E. Tuberculous peritonitis.

Answer: E This patient has tuberculous peritonitis, which characteristically 
presents insidiously in patients who have been exposed to tuberculosis, as 
this patient probably was exposed during extensive travel in endemic regions 
like Southeast Asia. The ascites is typically high in protein and neutrophils 
and low in glucose. The patient’s alcohol use and the characteristics of his 
ascites make alcoholic cirrhosis an unlikely cause. The ascitic fluid amylase 
level is normal, so pancreatic ascites is unlikely. Ascitic fluid in adult patients 
with the nephrotic syndrome is low in protein and is associated with hypo-
albuminemia and heart failure. The characteristics of his ascites are not typical 
of metastatic carcinomatosis.

REVIEW QUESTIONS

1. An 18-year-old college freshman reports to the Student Health Center. He 
complains of a 12-hour history of abdominal pain and fever. He complains 
of anorexia, nausea, and vomiting. He denies diarrhea or blood per rectum. 
His past history is unremarkable. His family history is notable for heart 
disease, hypertension, and diverticulosis coli. On physical examination, 
he is febrile to 38° C. His abdomen has normal bowel sounds but is tender 
in the right lower quadrant with rebound tenderness. On laboratory exami-
nation, his WBC count is elevated at 11,000/µL with a left shift. His uri-
nalysis reveals 1+ protein. The most likely diagnosis in this patient is:
 A. Acute colonic diverticulitis.
 B. Ulcerative colitis.
 C. Acute appendicitis.
 D. Behçet disease.
 E. Nephrolithiasis and renal colic.

Answer: C This patient has an acute appendicitis. He has typical presenting 
signs and symptoms. Acute diverticulitis typically presents at an older age, 
and it most commonly localizes to the left side of the abdomen. Although 
ulcerative colitis presents at this age, its symptoms are typically bloody diar-
rhea and tenesmus. This patient does not have the multisystem presentation 
that is common for Behçet disease, in which small bowel involvement is rare. 
His normal urinalysis result makes a diagnosis of nephrolithiasis and renal 
colic unlikely.

2. A 64-year-old woman reports to the emergency department with a com-
plaint of 2 days of left lower quadrant pain, fever, and diarrhea, as well as 
nausea and vomiting. She denies recent travel and antibiotic use. She admits 
to many years of constipation and uses laxatives intermittently. Her past 
history is notable for hypertension and glaucoma. Her medications include 
hydrochlorothiazide 25 mg/day and eye drops for glaucoma. Her family 
history is positive for hypertension, diabetes mellitus, and coronary artery 
disease. Her physical examination is notable for temperature of 37.6° C 
and a heart rate of 105 beats/min. Cardiac examination shows a regular 
tachycardia and a grade 2/6 midsystolic murmur. Her abdomen is soft 
with tenderness in the left lower quadrant. There is no distention or invol-
untary rebound. On digital rectal examination, there is no stool in the 
rectal vault, but she has palpable internal hemorrhoids. The most likely 
diagnosis is:
 A. Meckel diverticulum.
 B. Acute colonic diverticulitis.
 C. Crohn colitis.
 D. Colonic intussusception.
 E. Acute intestinal obstruction.

Answer: B This patient has the typical presenting signs and symptoms of 
sigmoid colon diverticulitis. Complications from Meckel diverticulum, such 
as right lower quadrant pain from ulceration and bleeding, are not present. 
Crohn colitis can occur in this age group, but the presentation usually is more 
insidious with diarrhea and abdominal pain. The patient does not have the 
symptoms of bowel obstruction or the currant jelly stools that are typical of 
colonic intussusception.

3. An 82-year-old man is referred to the emergency department from a nursing 
home. He complains of abdominal distension and progressive constipation. 
He has not passed flatus or stool for 2 days. His history is notable for 
dementia and a prior stroke. He has used laxatives for constipation for 
many years. His other medications include clopidogrel and aspirin. He is 
allergic to intravenous contrast dye. On examination, you find he is afebrile 
with a blood pressure of 155/93 mm Hg and a tachycardia of 110 beats/
min. His abdomen is distended and tympanic to percussion, with a diffuse 
tenderness. Bowel sounds are decreased. A small amount of stool in the 
rectal vault is brown but Hemoccult positive. Laboratory tests reveal a 
serum lactate level of 2 as well as normal WBC and Hgb levels. The next 
step in his management is:
 A. Exploratory laparotomy.
 B. Abdominal radiographs.
 C. Bleeding scan.
 D. Mesenteric angiography.
 E. Barium upper GI series.
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134 
VASCULAR DISEASES OF THE 
GASTROINTESTINAL TRACT
CHARLES J. KAHI

 INTESTINAL ISCHEMIA
Intestinal ischemia can be caused by a variety of disorders that result in decreased 
blood supply to the bowel. The injury itself, as well as its presentation, man-
agement, and outcome, vary depending on: acuity; the splanchnic vessel(s) 
affected; the presence or absence of collateral circulation; the segment and 
the length of bowel involved; and whether the arterial or venous circulation 
is compromised. Recognition and appropriate management are crucial to 
improve patients’ outcomes.1

 EPIDEMIOLOGY
About 1 in 1000 hospital admissions is related to intestinal ischemia. Intestinal 
ischemia can be occlusive or nonocclusive, and can also be classified as acute 
or chronic, arterial or venous, and small bowel or colonic ischemia. Risk factors 
for intestinal ischemia include older age and conditions that predispose to 
arterial disease (e.g., atherosclerosis, fibromuscular dysplasia, abdominal aortic 
aneurysm, trauma, vasculitis), embolism (e.g., cardiac arrhythmias, cardiover-
sion, heart failure, cardiomegaly, dyskinesia, valvular heart disease, recent 
myocardial infarction, cardiac catheterization, intracardiac thrombus, athero-
matous cholesterol embolism), low-flow states (e.g., sepsis, dialysis, reduced 
cardiac output, vasoconstrictive drugs), or pathologic thromboses (hyperco-
agulable and hyperviscosity states, portal hypertension, trauma, malignancy, 
inflammation).

 PATHOBIOLOGY
Blood flow to the digestive system is largely supplied by the celiac axis, superior 
mesenteric artery, and inferior mesenteric artery. The celiac axis gives rise to 

the left gastric artery, common hepatic artery, and splenic artery. These arteries 
and their branches (gastroduodenal, right gastroepiploic, and anterior superior 
pancreaticoduodenal) supply portions of the esophagus (also supplied from 
the aorta, right intercostal, bronchial, inferior thyroid, short gastric, and left 
phrenic arteries), the stomach, duodenum, pancreas, and liver. The superior 
mesenteric artery supplies the majority of the small intestine and right colon 
via the inferior (anterior and posterior) pancreaticoduodenal arteries, the 
middle colic, right colic, and ileocolic arteries. The inferior mesenteric artery 
supplies the left colon via the left colic artery and proximal rectum via the 
superior rectal artery. The distal rectum receives its arterial supply from  
the internal iliac artery. Collateral vessels connect the three major systems: 
the superior and inferior mesenteric arteries can communicate through the 
marginal artery of Drummond, which runs along the mesenteric border, the 
meandering mesenteric artery (arc of Riolan) at the base of the mesentery, 
and the central anastomotic artery. The celiac axis and superior mesenteric 
artery are connected via the pancreaticoduodenal arcade (formed from the 
superior pancreaticoduodenal branch of the celiac axis and inferior pancre-
aticoduodenal branch of the superior mesenteric artery), the arc of Barkow, 
and the arc of Buhler. Collateral vessels vary from person to person, but in 
general, the stomach, duodenum, and rectum have extensive collaterals and 
are thus more resistant to ischemic events. Conversely, the splenic flexure and 
descending colon have more limited collaterals, thereby creating “watershed” 
areas that are more vulnerable to ischemia during low blood flow states.

Blood flow to the intestine is regulated by the sympathetic nervous system, 
angiotensin II, vasopressin, and prostaglandins. Under normal conditions, 
intestinal blood flow accounts for nearly 10% of cardiac output, and it may 
increase to 25% in the postprandial state. The bowel can withstand a 75% 
reduction of blood flow for up to 12 hours, whether due to arterial, venous, 
occlusive, or nonocclusive causes. This adaptability is because only a fraction 
of mesenteric capillaries are open under normal circumstances, and the bowel 
responds to reduced blood flow by increasing capillary flow and the efficiency 
of oxygen extraction. However, prolonged and severe reduction in blood flow 
can result in generalized mesenteric vasoconstriction, which diminishes flow 
through collaterals, thereby leading to potentially irreversible ischemia even if 
the underlying cause is corrected. Diminished delivery of oxygen and nutrients 
to the bowel results in ischemic injury; reperfusion can also injure the bowel 
if the duration of the hypoxic event is relatively brief. These insults are medi-
ated by oxygen radicals, reduced endothelial synthesis of nitric oxide, and an 
enhanced cellular inflammatory response. In early stages, the damage involves 
the bowel mucosa, but it may progress to transmural necrosis.

 Acute Mesenteric Ischemia
Acute mesenteric ischemia of the small bowel is considered a medical emer-
gency, and delays in identification and management can result in death within 
a short period of time. Acute mesenteric ischemia should be distinguished 
from colonic ischemia, which has a generally better prognosis. Categories of 
acute mesenteric ischemia include superior mesenteric artery embolus or 
thrombosis, nonocclusive mesenteric ischemia, focal segmental ischemia, and 
mesenteric venous thrombosis.

 CLINICAL MANIFESTATIONS
A high index of suspicion is critical so the diagnosis can be made before the 
intestine suffers irreversible damage. A cardinal symptom is abdominal pain 
(Chapter 123), which is typically out of proportion to the amount of abdominal 
tenderness elicited on physical examination.2 The pain can be periumbilical 
or ill-defined. In general, acute mesenteric ischemia should be considered in 
older patients who develop the rapid onset abdominal pain in the context of 
a cardiac arrhythmia, heart failure, a recent myocardial infarction, a retrograde 
aortic catheterization, or hypotension. It should also be suspected in younger 
patients who have hypercoagulable states (Chapter 73) or who use vasoactive 
substances (Chapter 31), and who have persistent and unexplained abdominal 
pain. Other features at presentation may include fever, nausea and vomiting, 
diarrhea, and abdominal distention. In elderly patients, the presenting symp-
toms may be nonspecific, such as an altered mental state.

The pattern and rapidity of the onset of symptoms can offer clues to the 
etiology. Patients with an embolism can present with abrupt abdominal pain 
and forceful bowel movements, whereas a more indolent onset and course 
are generally seen in mesenteric venous thrombosis. In nonocclusive mesenteric 
ischemia, pain may be absent or not a dominant feature. Occult gastrointestinal 
bleeding is common in acute mesenteric ischemia, but overt bleeding is not 
(in contrast to colonic ischemia); its occurrence is usually a late and ominous 
development, which suggests intestinal infarction. If acute mesenteric ischemia 

progresses, abdominal findings may become more apparent and include ten-
derness, distention, and peritoneal signs.

 DIAGNOSIS
Laboratory findings may initially be normal and generally lack sufficient reli-
ability for early diagnosis. D-dimer is a sensitive early marker, but it has high 
false positivity rates.3 Leukocytosis (>15,000/mL with neutrophilic shift) and 
elevations in levels of serum amylase, phosphate, lactate dehydrogenase, cre-
atine kinase, aminotransferases, and lactate may be seen, but these are usually 
associated with later stage disease and lack sufficient sensitivity and specificity.

Plain radiographs are usually unrevealing in early acute mesenteric ischemia. 
With progression of the ischemic injury, abnormalities may include ileus, 
thumbprinting (due to submucosal hemorrhages), pneumatosis linearis, or 
portal venous gas. Although these findings are nonspecific, their presence 
correlates with a worse prognosis, and plain radiographs are useful to exclude 
other conditions. Doppler ultrasonography is generally not recommended 
because it only allows evaluation of the proximal aspects of the celiac axis and 
superior mesenteric artery, and it is not reliable in the assessment of nonoc-
clusive mesenteric ischemia. Computed tomography (CT) scans of the abdomen 
and pelvis may be normal in early acute mesenteric ischemia or may reveal 
bowel wall thickening, submucosal hemorrhages, mesenteric venous throm-
bosis, mesenteric stranding, pneumatosis, or portal venous gas in more advanced 
cases (Fig. 134-1).

Standard contrasted CT is most useful for the diagnosis of mesenteric venous 
thrombosis, but it is generally less helpful for diagnosing acute mesenteric 
ischemia. CT angiography is the diagnostic imaging modality of choice, with 
a sensitivity and specificity of about 95%,4 while also allowing concomitant 
evaluation of other abdominal structures. CT angiography should be performed 
without oral contrast owing to the risk of obscuring the mesenteric vessels 
and delaying diagnosis. Magnetic resonance (MR) angiography also has high 
diagnostic accuracy and may be preferred for patients who are hypersensi-
tive to iodinated contrast dye, but it is less readily available and more time-
consuming to obtain than CT angiography. Although CT angiography and MR 

TREATMENT 

 PROGNOSIS
Untreated acute mesenteric ischemia resulting in intestinal infarction is associ-
ated with a mortality rate of over 70%, but prompt diagnosis and treatment 
significantly improve outcomes. Two-year survival rates are nearly 90% using 
intensive multidisciplinary and multimodal approaches.

 SPECIFIC ACUTE MESENTERIC ISCHEMIA SYNDROMES
 Superior Mesenteric Artery Thrombosis
Superior mesenteric artery thrombosis is estimated to account for more than 
50% of cases of acute mesenteric ischemia. It can occur in the context of pre-
existing symptomatic chronic mesenteric ischemia (see later) in 20 to 50% 
of cases. These patients typically report postprandial abdominal pain, weight 
loss, and sitophobia (fear of eating) for several months prior to the acute 
thrombotic event. Atherosclerotic disease involving other vascular beds (coro-
nary, carotid, peripheral arterial) is common, and risk factors overlap with 
those of atherosclerosis in general (age, smoking, hypertension, diabetes, 
hyperlipidemia). The most common site of thrombosis is just distal to the 
origin of the superior mesenteric artery. The diagnosis can be established by 
CT angiography or MR angiography, although selective mesenteric catheter 
angiography is often used to direct and administer therapy. Papaverine (e.g., 
a 60 mg bolus followed by 30 to 60 mg/hr continuous infusion for 12 to 48 
hours) is administered into the superior mesenteric artery to alleviate reflex 
splanchnic vasoconstriction. Thrombolytic therapy (using tissue plasminogen 
activator infused at a rate of 0.5 to 1 mg/hr), with or without angioplasty and 
endovascular stenting, is an option in selected cases; however, most patients 
require surgical thrombectomy and bypass grafting.

 Superior Mesenteric Artery Embolism
Superior mesenteric artery embolism is responsible for about 30% of cases of 
acute mesenteric ischemia. It usually results from left atrial or left ventricular 
mural thrombi (owing to atrial fibrillation, for example), which tend to lodge 
just distal to the origin of the superior mesenteric artery (E-Fig. 134-1). Selected 
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ABSTRACT
The vascular diseases of the gastrointestinal tract encompass a wide variety 
of disorders. Intestinal ischemia is caused by reduced blood flow to the diges-
tive tract, thereby resulting in injuries that depend on acuity, splanchnic vessel 
involvement, and other factors. Acute mesenteric ischemia involving the small 
bowel is considered a medical emergency, and prompt recognition and man-
agement are critical to improve patient outcomes. The most common causes 
are thrombotic, embolic, non-occlusive, and mesenteric venous thrombosis. 
Diagnosis depends on high index of suspicion in the appropriate clinical context 
and imaging of the mesenteric vessels. Multidisciplinary management includes 
supportive measures, antibiotics, anticoagulants, vasodilators, and surgical or 
radiological revascularization. Colon ischemia generally has a better prognosis 
than acute mesenteric ischemia, except in the case of isolated right-sided colon 
ischemia. The systemic vasculitides can affect the gastrointestinal tract, and 
the manifestations depend on the size of the vessels affected. Vascular anomalies 
of the digestive tract are common, especially in older age; endoscopic treat-
ment is effective and indicated if there is evidence of blood loss.
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angiography perform well for occlusive acute mesenteric ischemia, they are 
both less reliable for nonocclusive mesenteric ischemia. The gold standard for 
the diagnosis and specific classification of acute mesenteric ischemia is selec-
tive mesenteric angiography, which also has therapeutic applications for the 
delivery of medications or the placement of a stent. However, given its wide 
availability and ease of performance, CT angiography has largely replaced con-
ventional angiography for the primary diagnosis of acute mesenteric ischemia.

FIGURE 134-1. Pneumatosis (arrow) and intrahepatic portal venous gas in a patient 
with cardiac arrhythmias and small intestinal ischemia. (from Gore rM, Yaghmai V, thakrar 
Kh, et al. imaging in intestinal ischemic disorders. Radiol Clin North Am. 2008;46:845-875.)

progresses, abdominal findings may become more apparent and include ten-
derness, distention, and peritoneal signs.

 DIAGNOSIS
Laboratory findings may initially be normal and generally lack sufficient reli-
ability for early diagnosis. D-dimer is a sensitive early marker, but it has high 
false positivity rates.3 Leukocytosis (>15,000/mL with neutrophilic shift) and 
elevations in levels of serum amylase, phosphate, lactate dehydrogenase, cre-
atine kinase, aminotransferases, and lactate may be seen, but these are usually 
associated with later stage disease and lack sufficient sensitivity and specificity.

Plain radiographs are usually unrevealing in early acute mesenteric ischemia. 
With progression of the ischemic injury, abnormalities may include ileus, 
thumbprinting (due to submucosal hemorrhages), pneumatosis linearis, or 
portal venous gas. Although these findings are nonspecific, their presence 
correlates with a worse prognosis, and plain radiographs are useful to exclude 
other conditions. Doppler ultrasonography is generally not recommended 
because it only allows evaluation of the proximal aspects of the celiac axis and 
superior mesenteric artery, and it is not reliable in the assessment of nonoc-
clusive mesenteric ischemia. Computed tomography (CT) scans of the abdomen 
and pelvis may be normal in early acute mesenteric ischemia or may reveal 
bowel wall thickening, submucosal hemorrhages, mesenteric venous throm-
bosis, mesenteric stranding, pneumatosis, or portal venous gas in more advanced 
cases (Fig. 134-1).

Standard contrasted CT is most useful for the diagnosis of mesenteric venous 
thrombosis, but it is generally less helpful for diagnosing acute mesenteric 
ischemia. CT angiography is the diagnostic imaging modality of choice, with 
a sensitivity and specificity of about 95%,4 while also allowing concomitant 
evaluation of other abdominal structures. CT angiography should be performed 
without oral contrast owing to the risk of obscuring the mesenteric vessels 
and delaying diagnosis. Magnetic resonance (MR) angiography also has high 
diagnostic accuracy and may be preferred for patients who are hypersensi-
tive to iodinated contrast dye, but it is less readily available and more time-
consuming to obtain than CT angiography. Although CT angiography and MR 

Arterial acute mesenteric ischemia involving the small bowel is associated 
with high mortality (greater than 70% if there is intestinal infarction). Prompt 
diagnosis and management are essential,5 and patients benefit from a multi-
disciplinary approach (Fig. 134-2).

Initial management for all patients should include intravascular volume 
resuscitation, broad-spectrum antibiotics with gram-negative and anaerobic 
coverage to prevent sepsis secondary to bacterial translocation from the gut 
(e.g., a third-generation cephalosporin or fluoroquinolone plus metronidazole 
and piperacillin-tazobactam; see Table 271-4), and attention to any underlying 
precipitating factors such as heart failure (Chapter 53) or cardiac arrhythmias 
(Chapters 58 and 59). The presence of peritoneal signs or of imaging findings 
suggestive of transmural intestinal necrosis should prompt urgent exploratory 
laparotomy. If feasible, preoperative angiography is useful because it can help 
tailor the surgical approach and is associated with significantly lower postop-
erative morbidity and mortality, particularly for occlusive acute mesenteric 
ischemia. Depending on the subtype of mesenteric ischemia and severity of 
patient’s condition, surgery may include embolectomy, thrombectomy, resec-
tion of necrotic bowel, and vascular bypass. Papaverine (60 mg bolus followed 
by 30 to 60 mg/hr continuous infusion for 12 to 48 hours) is a phosphodiesterase 
inhibitor that is used pre- and postoperatively for occlusive acute mesenteric 
ischemia (superior mesenteric artery embolism and superior mesenteric artery 
thrombosis) and as a primary treatment modality for nonocclusive mesenteric 
ischemia to minimize splanchnic vasoconstriction and decrease the risk of 
reperfusion injury. Options for selected patients with occlusive acute mesenteric 
ischemia who do not require surgery include thrombolysis and endovascular 
stent placement.6 Long-term care involves addressing underlying predisposing 
factors (e.g., smoking cessation, lipid-lowering therapy), lifelong therapy with 
aspirin in patients who undergo surgery, and dual antiplatelet therapy (usually 
with aspirin plus clopidogrel) in patients who undergo endovascular interven-
tion (Chapter 65).

TREATMENT 

 PROGNOSIS
Untreated acute mesenteric ischemia resulting in intestinal infarction is associ-
ated with a mortality rate of over 70%, but prompt diagnosis and treatment 
significantly improve outcomes. Two-year survival rates are nearly 90% using 
intensive multidisciplinary and multimodal approaches.

 SPECIFIC ACUTE MESENTERIC ISCHEMIA SYNDROMES
 Superior Mesenteric Artery Thrombosis
Superior mesenteric artery thrombosis is estimated to account for more than 
50% of cases of acute mesenteric ischemia. It can occur in the context of pre-
existing symptomatic chronic mesenteric ischemia (see later) in 20 to 50% 
of cases. These patients typically report postprandial abdominal pain, weight 
loss, and sitophobia (fear of eating) for several months prior to the acute 
thrombotic event. Atherosclerotic disease involving other vascular beds (coro-
nary, carotid, peripheral arterial) is common, and risk factors overlap with 
those of atherosclerosis in general (age, smoking, hypertension, diabetes, 
hyperlipidemia). The most common site of thrombosis is just distal to the 
origin of the superior mesenteric artery. The diagnosis can be established by 
CT angiography or MR angiography, although selective mesenteric catheter 
angiography is often used to direct and administer therapy. Papaverine (e.g., 
a 60 mg bolus followed by 30 to 60 mg/hr continuous infusion for 12 to 48 
hours) is administered into the superior mesenteric artery to alleviate reflex 
splanchnic vasoconstriction. Thrombolytic therapy (using tissue plasminogen 
activator infused at a rate of 0.5 to 1 mg/hr), with or without angioplasty and 
endovascular stenting, is an option in selected cases; however, most patients 
require surgical thrombectomy and bypass grafting.

 Superior Mesenteric Artery Embolism
Superior mesenteric artery embolism is responsible for about 30% of cases of 
acute mesenteric ischemia. It usually results from left atrial or left ventricular 
mural thrombi (owing to atrial fibrillation, for example), which tend to lodge 
just distal to the origin of the superior mesenteric artery (E-Fig. 134-1). Selected 
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E-FIGURE 134-1. Superior mesenteric arterial ischemia. computed tomographic 
angiography showing a low-density thrombus (arrow) within the superior mesenteric 
artery. (from Gore rM, Yaghmai V, thakrar Kh, et al. imaging in intestinal ischemic dis-
orders. Radiol Clin North Am. 2008;46:845-875.)
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 Mesenteric Venous Thrombosis
Mesenteric venous thrombosis, which accounts for nearly 10% of cases of 
acute mesenteric ischemia, has acute and subacute forms that are distinguished 
based on the duration since the onset of symptoms.7 Patients with subacute 
mesenteric venous thrombosis may present with fluctuating symptoms (abdomi-
nal pain, nausea, distention, diarrhea) persisting weeks to months. Many 
patients have an underlying inherited or acquired hypercoagulable state (Table 
134-1) or portal hypertension. The superior mesenteric vein, often with involve-
ment of the portal and splenic veins, is most frequently thrombosed, and the 
inferior mesenteric vein is rarely affected. Presenting symptoms in acute 

patients with minor emboli (distal to the ileocolic artery take-off) or with 
incomplete occlusion may be candidates for thrombolytic therapy with tissue 
plasminogen activator, administered via a catheter inserted in the vicinity of 
the embolus, to lyse clot material and alleviate abdominal pain. Emboli that 
occur proximal to the take-off of the ileocolic artery are termed major, and 
such patients usually require laparotomy, as do patients with peritoneal signs. 
Surgical interventions, including embolectomy and bowel resection, depend 
on operative findings. Some patients will require a second-look surgery within 
24 hours to reassess the viability of the small bowel and the adequacy of 
resection. Papaverine is used similarly to the management of superior mes-
enteric artery thrombosis. Patients with superior mesenteric artery embolism 
may benefit from systemic anticoagulation (with unfractionated heparin) to 
prevent clot propagation and further distal embolization, although this benefit 
must be balanced against the risk of hemorrhage. If surgery is performed, 
anticoagulation is resumed 24 hours postoperatively. Patients with atrial 
fibrillation and embolic events generally require long-term anticoagulation  
(Chapter 58).

 Nonocclusive Mesenteric Ischemia
Nonocclusive mesenteric ischemia is the cause of about 10% of cases of acute 
mesenteric ischemia. The syndrome results from splanchnic vasoconstriction, 
which initially occurs as a protective mechanism during low arterial blood 
flow to the intestine, such as seen in patients with cardiac arrhythmias, heart 
failure, myocardial infarction, shock, sepsis, burns, pancreatitis, hemorrhage, 
dialysis, and vasospasm due to vasoactive substances (e.g., cocaine, digoxin, 
vasopressin, amphetamines). In patients with nonocclusive mesenteric ischemia, 
the splanchnic vasoconstriction persists despite correction of the precipitating 
event, thereby leading to bowel ischemia. Abdominal pain may not be a major 
hallmark and is sometimes overshadowed by other clinical features, such as 
cardiovascular instability. Given the underlying pathophysiology, the standard 
of care for nonocclusive mesenteric ischemia is diagnosis by selective mesen-
teric angiography and treatment with a continuous infusion of papaverine 
(see above) into the superior mesenteric artery to reverse splanchnic vaso-
constriction. The infusion is continued until angiography (generally repeated 
daily) demonstrates that the vasoconstriction is resolved (Figs. 134-3A and 
134-3B). Surgical exploration with resection of necrotic bowel is indicated in 
the presence of peritoneal signs.

 Focal Segmental Ischemia
Focal segmental ischemia has a better prognosis than other forms of acute 
mesenteric ischemia because the length of involved bowel and the extent of 
necrosis are usually more limited. Causes include atheromatous emboli (Chapter 
72), vasculitis (see below), strangulated hernias (Chapter 133), radiation 
therapy (Chapter 17), and oral contraceptives (Chapter 225). Some patients 
may develop a chronic enteritis with strictures that can mimic Crohn disease. 
Treatment is surgical resection of the involved bowel.
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 Mesenteric Venous Thrombosis
Mesenteric venous thrombosis, which accounts for nearly 10% of cases of 
acute mesenteric ischemia, has acute and subacute forms that are distinguished 
based on the duration since the onset of symptoms.7 Patients with subacute 
mesenteric venous thrombosis may present with fluctuating symptoms (abdomi-
nal pain, nausea, distention, diarrhea) persisting weeks to months. Many 
patients have an underlying inherited or acquired hypercoagulable state (Table 
134-1) or portal hypertension. The superior mesenteric vein, often with involve-
ment of the portal and splenic veins, is most frequently thrombosed, and the 
inferior mesenteric vein is rarely affected. Presenting symptoms in acute 

patients with minor emboli (distal to the ileocolic artery take-off) or with 
incomplete occlusion may be candidates for thrombolytic therapy with tissue 
plasminogen activator, administered via a catheter inserted in the vicinity of 
the embolus, to lyse clot material and alleviate abdominal pain. Emboli that 
occur proximal to the take-off of the ileocolic artery are termed major, and 
such patients usually require laparotomy, as do patients with peritoneal signs. 
Surgical interventions, including embolectomy and bowel resection, depend 
on operative findings. Some patients will require a second-look surgery within 
24 hours to reassess the viability of the small bowel and the adequacy of 
resection. Papaverine is used similarly to the management of superior mes-
enteric artery thrombosis. Patients with superior mesenteric artery embolism 
may benefit from systemic anticoagulation (with unfractionated heparin) to 
prevent clot propagation and further distal embolization, although this benefit 
must be balanced against the risk of hemorrhage. If surgery is performed, 
anticoagulation is resumed 24 hours postoperatively. Patients with atrial 
fibrillation and embolic events generally require long-term anticoagulation  
(Chapter 58).

 Nonocclusive Mesenteric Ischemia
Nonocclusive mesenteric ischemia is the cause of about 10% of cases of acute 
mesenteric ischemia. The syndrome results from splanchnic vasoconstriction, 
which initially occurs as a protective mechanism during low arterial blood 
flow to the intestine, such as seen in patients with cardiac arrhythmias, heart 
failure, myocardial infarction, shock, sepsis, burns, pancreatitis, hemorrhage, 
dialysis, and vasospasm due to vasoactive substances (e.g., cocaine, digoxin, 
vasopressin, amphetamines). In patients with nonocclusive mesenteric ischemia, 
the splanchnic vasoconstriction persists despite correction of the precipitating 
event, thereby leading to bowel ischemia. Abdominal pain may not be a major 
hallmark and is sometimes overshadowed by other clinical features, such as 
cardiovascular instability. Given the underlying pathophysiology, the standard 
of care for nonocclusive mesenteric ischemia is diagnosis by selective mesen-
teric angiography and treatment with a continuous infusion of papaverine 
(see above) into the superior mesenteric artery to reverse splanchnic vaso-
constriction. The infusion is continued until angiography (generally repeated 
daily) demonstrates that the vasoconstriction is resolved (Figs. 134-3A and 
134-3B). Surgical exploration with resection of necrotic bowel is indicated in 
the presence of peritoneal signs.

 Focal Segmental Ischemia
Focal segmental ischemia has a better prognosis than other forms of acute 
mesenteric ischemia because the length of involved bowel and the extent of 
necrosis are usually more limited. Causes include atheromatous emboli (Chapter 
72), vasculitis (see below), strangulated hernias (Chapter 133), radiation 
therapy (Chapter 17), and oral contraceptives (Chapter 225). Some patients 
may develop a chronic enteritis with strictures that can mimic Crohn disease. 
Treatment is surgical resection of the involved bowel.

BA

FIGURE 134-3. Selected films from superior mesenteric angiography. A, diffuse vasoconstriction characteristic of nonocclusive mesenteric ischemia. B, intra-arterial infusion of 
papaverine (30-60 mg/hr) resulted in vasodilation. 

TABLE 134-1 CONDITIONS ASSOCIATED WITH MESENTERIC 
VENOUS THROMBOSIS

PROTHROMBOTIC STATES (see Chapter 73)

Antithrombin deficiency
Protein C deficiency
Protein S deficiency
Factor V Leiden
Prothrombin gene G20210A mutation
Antiphospholipid antibodies
Hyperhomocysteinemia
Oral contraceptives
Pregnancy
Neoplasms
INTRA-ABDOMINAL INFLAMMATION AND SEPSIS

Peritonitis
Pancreatitis
Diverticulitis
Inflammatory bowel disease
Appendicitis
Cholecystitis
HEMATOLOGIC DISORDERS

Paroxysmal nocturnal hemoglobinuria
Polycythemia vera
Essential thrombocythemia
Sickle cell disease
LIVER CIRRHOSIS

Portal hypertension
Variceal sclerotherapy
OTHERS

Abdominal surgery
Blunt abdominal trauma
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 Colon Ischemia
Colon ischemia is the most common ischemic syndrome of the bowel. It is 
diagnosed in about 10 to 20% of patients who present to the hospital with 
lower gastrointestinal bleeding, and its incidence is estimated at about 16 per 
100,000 person-years in the general population. Colon ischemia is also referred 
to as “ischemic colitis”; however, an inflammatory phase is not consistently 
found, so the preferred term is colon ischemia. Colon ischemia encompasses 
a spectrum of injury, including reversible colopathy (most common, about 
50%), transient colitis, chronic colitis, stricture, gangrene, and fulminant uni-
versal colitis. Most cases occur in older patients (>60 years old), in whom the 
most common cause is transient nonocclusive hypoperfusion of a colonic 
segment, often without apparent cause. Although older patients are prone to 
colon ischemia in “watershed areas” of the colon (splenic flexure-descending 
colon), a segmental pattern of involvement is common, most often involving 
the left colon. In younger patients, colon ischemia can be due to use of vasoac-
tive substances (e.g., cocaine, methamphetamines), vasculitis, or hypercoagulable 
states (Table 134-2).

 CLINICAL MANIFESTATIONS
Most patients with colon ischemia present acutely with abdominal pain, often 
in the left lower quadrant, associated with fecal urgency, diarrhea, and hema-
tochezia. Passage of maroon stool may also occur, but bleeding is rarely severe 
enough to require transfusion. Patients may have fever and tachycardia. The 
physical examination typically reveals tenderness over the affected portion of 
colon, as well as abdominal distention. Patients with isolated right-sided colon 
ischemia tend to have more severe pain, which overshadows bleeding. As with 
acute mesenteric ischemia, the presence of peritoneal signs mandates prompt 
surgical consultation. About 25% of cases of colon ischemia are isolated right-
side colon ischemia, which can complicate low flow states such as hypotension 
and sepsis, chronic kidney disease, and hemodialysis, presumably secondary 
to intravascular fluid shifts.

 DIAGNOSIS
No single test can conclusively diagnose colon ischemia, but the diagnosis 
can be established with judicious use of diagnostic modalities in the appropri-
ate clinical context. The differential diagnosis includes inflammatory bowel 
disease (ulcerative colitis and Crohn disease; Chapter 132), infectious colitis 
(Chapter 131), and mechanical obstruction due to colorectal cancer (Chapter 
184), fecal impaction, or stricture.

Laboratory findings may be normal, but the presence of leukocytosis and 
elevated blood levels of urea nitrogen and lactate dehydrogenase are indicative 
of a more severe course. Plain radiographs may be normal or show thumb-
printing. A CT scan with IV contrast, which is useful to exclude other diagnostic 
possibilities and to assess the severity and distribution of the ischemic process, 
may show segmental colonic edema and inflammation with or without peri-
colonic inflammatory stranding (Fig. 134-6); however, these findings are 
nonspecific and can also be seen in inflammatory bowel disease, infectious 
colitis, and diverticulitis. Colonoscopy is the best test to diagnose colon 
ischemia, because it allows direct visualization of the mucosal biopsy, and 
assessment of the distribution and severity of the disease process. Most colo-
noscopic findings are nonspecific (erythema, edema, segmental patchy ulcer-
ations, subepithelial hemorrhages), but the presence of a “single stripe sign” 
(E-Fig. 134-2) in the left colon is a reliable indicator of colon ischemia. Visceral 
angiography is typically not required. However, patients with isolated right-
sided colon ischemia tend to have a more aggressive course because the superior 
mesenteric artery supplies blood to the right side of the colon and most of 
the small intestine, so ischemia confined to the right colon may be a sentinel 
event for ischemia involving the small intestine (E-Fig. 134-3).

 CLINICAL MANIFESTATIONS
A hallmark symptom is postprandial pain in the upper or midabdomen, start-
ing within 30 minutes after eating, increasing in severity, and gradually subsiding 
over 1 to 3 hours. Weight loss may occur as a result of sitophobia; other 
symptoms include nausea, vomiting, bloating, diarrhea, and constipation. The 
syndrome may progress with time, and episodes of pain may become more 
prolonged and unrelated to eating, indicative of worsening vascular narrowing 
and increased risk of acute thrombosis. The occurrence of sudden severe pain 
in a patient with known or suspected chronic mesenteric ischemia implies a 
superimposed acute thrombotic mesenteric ischemia. Uncommon associations 
are unexplained gastroduodenal ulcerations that do not heal with acid sup-
pression, small bowel biopsy findings of villous atrophy, and delayed gastric 
emptying. Physical findings in patients with advanced disease may include 
cachexia or an abdominal bruit.

 DIAGNOSIS
The diagnosis of chronic mesenteric ischemia may be challenging: the preva-
lence of atherosclerosis is high in older patients, and abdominal pain may not 
necessarily be due to vascular occlusive disease. Available imaging modalities, 
such as CT angiography, can reveal stenoses in the mesenteric vessels but 
cannot ascertain whether ischemia is present. Doppler ultrasonography can 
screen for stenoses in the proximal aspects of the celiac axis and superior 
mesenteric artery; increased flow velocities of at least 200 cm/sec (celiac axis) 
and 275 cm/sec (superior mesenteric artery) are associated with a stenosis 
of at least 70%.9 Both CT angiography and MR angiography are useful for 
detecting arterial stenoses, but neither is sensitive enough to exclude chronic 
mesenteric ischemia when the pretest probability is high. Gastric tonometry 
exercise testing, which measures the gastric-arterial Pco2 gradient (an increase 
after exercise is indicative of ischemia), has shown promise for diagnosing 
ischemia but is not widely available. Selective mesenteric angiography remains 
a cornerstone of the evaluation, because the diagnosis requires the presence 
of clinical symptoms, occlusion of at least two of the three major mesenteric 
vessels, and exclusion of other potential causes of postprandial abdominal 
pain (e.g., cancer, gastroparesis, volvulus, bowel obstruction, pancreatobiliary 
disease, paraesophageal hernias).

thrombosis are similar to those of the arterial forms of acute mesenteric ischemia, 
notably pain out of proportion to physical examination findings. Gastrointestinal 
bleeding, if present, usually indicates bowel infarction.

CT with IV contrast has greater than 90% accuracy for the diagnosis of 
mesenteric venous thrombosis and is the modality of choice given its avail-
ability and ease of performance. Findings may include thickening and enhance-
ment of the bowel wall, distention, hazy mesentery, indistinct bowel wall 
margins, new ascites, and enlargement of the superior mesenteric vein with 
an intraluminal thrombus. MR venography has very high diagnostic accuracy 
but is less readily available, more time-consuming, and more costly. Selective 
mesenteric angiography can help establish the diagnosis and guide therapy 
(Fig. 134-4) but is generally not needed when standard CT is diagnostic.

Therapy follows similar principles as for arterial acute mesenteric ischemia: 
fluid resuscitation, antibiotics with gram-negative and anaerobic coverage (e.g., 
a third-generation cephalosporin or fluoroquinolone plus metronidazole and 
piperacillin-tazobactam; see Table 271-4), avoidance of vasoconstrictors, and 
systemic anticoagulation with heparin (Table 74-6). The presence of peritoneal 
signs or other findings suspicious for bowel infarction require laparotomy 
with or without bowel resection and papaverine infusion. Selected patients 
may benefit from thrombolytic therapy. Patients with mesenteric venous 
thrombosis and an underlying hypercoagulable state (Chapter 73) should 
receive lifelong anticoagulation therapy with warfarin or a newer anticoagulant 
(Chapter 76)8; otherwise, a 3- to 6-month course of anticoagulation is thought 
to be adequate. The prognosis of mesenteric venous thrombosis is generally 
better than that of the arterial variants of acute mesenteric ischemia.

Chronic mesenteric venous thrombosis is distinct from the acute and sub-
acute forms; patients may present with gastrointestinal bleeding from esophageal 
or gastric varices owing to portal or splenic vein thrombosis in the absence 
of symptoms at the time of the initial thrombotic event. Treatment is aimed 
at controlling hemorrhage and underlying portal hypertension.

 Chronic Mesenteric Ischemia
Chronic mesenteric ischemia, which is almost always caused by atherosclerotic 
disease of the mesenteric vessels, generally involves the origins of at least two 
of the three major mesenteric arteries (celiac axis, superior mesenteric artery, 
inferior mesenteric artery) (Fig. 134-5). The risk factors are the same as for 
atherosclerosis (Chapter 46), including age, smoking, hypertension, diabetes, 
and hyperlipidemia, and many patients have atherosclerotic disease involving 
other vascular beds.

FIGURE 134-4. selective mesenteric angiogram of a patient with superior mesenteric 
venous thrombosis and extrahepatic portal vein thrombosis. 

FIGURE 134-5. Computed tomographic angiography of a patient who had chronic 
mesenteric ischemia and who was treated with endovascular stenting of the celiac 
axis and SMA. note extensive atherosclerotic disease. 

TREATMENT 

TREATMENT 
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 Colon Ischemia
Colon ischemia is the most common ischemic syndrome of the bowel. It is 
diagnosed in about 10 to 20% of patients who present to the hospital with 
lower gastrointestinal bleeding, and its incidence is estimated at about 16 per 
100,000 person-years in the general population. Colon ischemia is also referred 
to as “ischemic colitis”; however, an inflammatory phase is not consistently 
found, so the preferred term is colon ischemia. Colon ischemia encompasses 
a spectrum of injury, including reversible colopathy (most common, about 
50%), transient colitis, chronic colitis, stricture, gangrene, and fulminant uni-
versal colitis. Most cases occur in older patients (>60 years old), in whom the 
most common cause is transient nonocclusive hypoperfusion of a colonic 
segment, often without apparent cause. Although older patients are prone to 
colon ischemia in “watershed areas” of the colon (splenic flexure-descending 
colon), a segmental pattern of involvement is common, most often involving 
the left colon. In younger patients, colon ischemia can be due to use of vasoac-
tive substances (e.g., cocaine, methamphetamines), vasculitis, or hypercoagulable 
states (Table 134-2).

 CLINICAL MANIFESTATIONS
Most patients with colon ischemia present acutely with abdominal pain, often 
in the left lower quadrant, associated with fecal urgency, diarrhea, and hema-
tochezia. Passage of maroon stool may also occur, but bleeding is rarely severe 
enough to require transfusion. Patients may have fever and tachycardia. The 
physical examination typically reveals tenderness over the affected portion of 
colon, as well as abdominal distention. Patients with isolated right-sided colon 
ischemia tend to have more severe pain, which overshadows bleeding. As with 
acute mesenteric ischemia, the presence of peritoneal signs mandates prompt 
surgical consultation. About 25% of cases of colon ischemia are isolated right-
side colon ischemia, which can complicate low flow states such as hypotension 
and sepsis, chronic kidney disease, and hemodialysis, presumably secondary 
to intravascular fluid shifts.

 DIAGNOSIS
No single test can conclusively diagnose colon ischemia, but the diagnosis 
can be established with judicious use of diagnostic modalities in the appropri-
ate clinical context. The differential diagnosis includes inflammatory bowel 
disease (ulcerative colitis and Crohn disease; Chapter 132), infectious colitis 
(Chapter 131), and mechanical obstruction due to colorectal cancer (Chapter 
184), fecal impaction, or stricture.

Laboratory findings may be normal, but the presence of leukocytosis and 
elevated blood levels of urea nitrogen and lactate dehydrogenase are indicative 
of a more severe course. Plain radiographs may be normal or show thumb-
printing. A CT scan with IV contrast, which is useful to exclude other diagnostic 
possibilities and to assess the severity and distribution of the ischemic process, 
may show segmental colonic edema and inflammation with or without peri-
colonic inflammatory stranding (Fig. 134-6); however, these findings are 
nonspecific and can also be seen in inflammatory bowel disease, infectious 
colitis, and diverticulitis. Colonoscopy is the best test to diagnose colon 
ischemia, because it allows direct visualization of the mucosal biopsy, and 
assessment of the distribution and severity of the disease process. Most colo-
noscopic findings are nonspecific (erythema, edema, segmental patchy ulcer-
ations, subepithelial hemorrhages), but the presence of a “single stripe sign” 
(E-Fig. 134-2) in the left colon is a reliable indicator of colon ischemia. Visceral 
angiography is typically not required. However, patients with isolated right-
sided colon ischemia tend to have a more aggressive course because the superior 
mesenteric artery supplies blood to the right side of the colon and most of 
the small intestine, so ischemia confined to the right colon may be a sentinel 
event for ischemia involving the small intestine (E-Fig. 134-3).

In patients who have symptoms consistent with chronic mesenteric ischemia, 
have appropriate angiographic findings, and have no other potential causes, 
surgical revascularization is the treatment of choice. Mesenteric angioplasty 
with or without stent placement is an option in selected patients and is associ-
ated with shorter hospital stay and lower morbidity.10 However, surgery is more 
effective long-term because it is associated with better long-term patency rates 
and a lower risk of recurrent symptoms.11

TREATMENT TABLE 134-2 CONDITIONS AND MEDICATIONS ASSOCIATED 
WITH COLON ISCHEMIA

CARDIOVASCULAR

Atherosclerosis
Atrial fibrillation
Cerebrovascular disease
Congestive heart failure
Ischemic heart disease
Hypertension
Hypotension
Peripheral vascular disease
Shock
PULMONARY

Chronic obstructive pulmonary disease
GASTROINTESTINAL

Constipation
Diarrhea
Irritable bowel syndrome
OTHER MEDICAL CONDITIONS

Diabetes
Rheumatologic disorders
SURGERY

Abdominal surgery
Cardiovascular (including aortic) surgery
Ileostomy
Laparoscopy
MEDICATIONS AND DRUGS

Constipation-inducing medications
Immunomodulators (antitumor necrosis factor-α, interferon)
Illicit drugs (amphetamines, cocaine)
Antibiotics
Appetite suppressants
Chemotherapeutic agents (including taxanes)
Decongestants (including pseudoephedrine)
Diuretics
Ergot alkaloids
Hormonal therapies (including oral contraceptives)
Laxatives
Psychotropics
Serotoninergics (including alosetron)
Adapted from Brandt LJ, Feuerstadt P, Longstreth GF, et al. ACG clinical guideline: epidemiology, 
risk factors, patterns of presentation, diagnosis, and management of colon ischemia (CI). Am J 
Gastroenterol. 2015;110:18-44.

Unlike patients with left-sided colon ischemia, those with isolated right-
sided colon ischemia should undergo CT angiography or traditional angiography 
to evaluate the mesenteric circulation for possible occlusion of the superior 
mesenteric artery.

Colon ischemia is usually self-limited, and symptoms generally resolve within 
2 to 3 days with supportive care: volume replacement, bowel rest, correction 
of conditions leading to hypoperfusion such as systemic hypotension, avoid-
ance of vasoconstrictive medications, and broad-spectrum antibiotics (e.g., 
third-generation cephalosporin or fluoroquinolone plus metronidazole, and 
piperacillin-tazobactam; see Table 271-4) with gram-negative and anaerobic 
coverage, especially in patients with severe colon ischemia (Fig. 134-7). Surgery 
is reserved for patients with signs and symptoms of gangrene, perforation, or 
massive bleeding. Patients with persistent symptoms have a higher incidence 
of complications, including gangrene, perforation, segmental ulcerating colitis, 
and stricture. Strictures, which can form over weeks to months, may require 
surgical resection.

TREATMENT 

 VASCULITIS
Vasculitis (Chapter 254) can involve the gastrointestinal tract, usually in asso-
ciation with systemic involvement.12 The gastrointestinal manifestations, which 
depend on the size of the vessels involved, include abdominal pain, nausea 
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E-FIGURE 134-2. “Single Stripe Sign,” a linear ulceration along the longitudinal axis 
of the colon. (from Brandt lJ, feuerstadt P. Beyond low flow: how i manage ischemic 
colitis. Am J Gastroenterol. 2016;111:1672-1674.)

E-FIGURE 134-3. severe inflammation and necrosis in the ascending colon of a patient 
with colon ischemia. 
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 Dieulafoy Lesion
Dieulafoy lesion is a persistently large submucosal artery with an overlying 
mucosal defect. This lesion is most often found in the proximal portion of the 
stomach within 6 cm of the gastroesophageal junction, but it has also been 
reported in the esophagus, small intestine, colon, and rectum. Clinical mani-
festations include overt bleeding (Chapter 126), which can be brisk, massive, 
and recurrent (Fig. 134-9). In some patients diagnosis may be delayed because 
the vascular protuberance can be subtle and difficult to visualize at endoscopy.

Endoscopic treatment is usually effective. Options include injection, electro-
coagulation, argon plasma coagulation, band ligation, and hemoclip application.

 Hereditary Hemorrhagic Telangiectasia
Hereditary hemorrhagic telangiectasia, also known as Osler-Weber-Rendu 
disease (Chapter 164), is an autosomal dominant disorder. Patients typically 
have visible telangiectasias on their lips and mucous membranes, as well as 
telangiectasias in their gastrointestinal tract and other organs. The spectrum 
of symptoms varies with age: affected children tend to have frequent epistaxis, 
whereas overt recurrent gastrointestinal bleeding predominates in older age 

papulosis (Degos disease) is a rare occlusive vascular disease affecting mainly 
skin and intestine. Spontaneous perforation may occur owing to ischemia, 
and the disease has poor prognosis.

 Small Vessel Vasculitis
Systemic lupus erythematosus (Chapter 250) is associated with a variety of 
gastrointestinal manifestations. Lupus vasculitis involving the mesenteric vessels 
may present with a clinical syndrome of focal segmental ischemia or chronic 
mesenteric ischemia, but some patients develop significant gastrointestinal 
bleeding. Lupus mesenteric vasculitis requires prompt recognition and immu-
nosuppressive management.

Behçet disease (Chapter 254) is characterized by oral and genital ulcers. 
Both large-vessel and small-vessel vasculitis may occur. Gastrointestinal mani-
festations include abdominal pain, diarrhea, overt bleeding, and perforation 
due to deep ulcerations. The ileocecal area is most commonly involved.

Henoch-Schönlein purpura (Chapter 254) typically presents in children with 
palpable purpura, arthritis, and abdominal pain. The cause is deposition of 
immunoglobulin A immune complexes in blood vessel walls. Gastrointestinal 
involvement is common and usually manifested by pain and bleeding owing 
to mucosal and submucosal hemorrhages. Hypersensitivity vasculitis rarely 
involves the splanchnic vessels and is associated with a variety of drugs, chemi-
cals, and infections.

 VASCULAR ANOMALIES AND DISORDERS
Vascular anomalies of the gastrointestinal tract are common, especially with 
older age. Angioectasia (also referred to as vascular ectasia) is a general term 
that refers to the process whereby a blood vessel is lengthened or dilated. 
Angiodysplasia has been used interchangeably with angioectasia, but the latter 
is preferred because the lesion is not dysplastic. Telangiectasia is similar, but 
the term is usually used in the context of systemic disorders, such as hereditary 
hemorrhagic telangiectasia and scleroderma. Arteriovenous malformation is a 
congenital lesion, whereas angioma is a vascular neoplasm that can be benign 
(hemangioma) or malignant (angiosarcoma).

 Angioectasia
Angioectasia is the most common vascular abnormality of the gastrointestinal 
tract, and its prevalence increases with age. Angioectasias consist of thin-walled, 
distorted mucosal and submucosal arterioles, venules, and capillaries. Angio-
ectasias are most frequently located in the cecum and ascending colon, can be 
single or multiple, and can sometimes be found concomitantly in the small 
intestine and stomach. Associations include chronic renal failure (Chapter 
121), von Willebrand disease (Chapter 164), and aortic stenosis (Chapter 66).

 CLINICAL MANIFESTATIONS
Most angioectasias are asymptomatic and found incidentally during endoscopy. 
However, some may cause painless bleeding, which can be occult or overt 
(hematochezia, melena, hematemesis). The bleeding is typically recurrent 
and mild, but about 15% of patients develop massive bleeding.

 DIAGNOSIS
The diagnosis is most often established at endoscopy, either incidentally, or 
during investigations for anemia or gastrointestinal bleeding (Fig. 134-8). The 
lesions may be difficult to discern in patients who are hypovolemic or have 
received meperidine for sedation; in the latter situation, naloxone can be con-
sidered to reverse the opioid effect and improve visualization. Small bowel 
angioectasias beyond the reach of endoscopes require videocapsule endoscopy 
or small bowel balloon-assisted enteroscopy for diagnosis and treatment 
(Chapter 126).

or vomiting, diarrhea, and overt bleeding. The ischemic process is typically 
due to immune complex deposition that leads to the activation of complement 
and resulting inflammation, which may then lead to focal segmental ischemia. 
Treatment usually requires immunosuppressive medications (Chapter 32) or 
surgical resection in selected situations.

 Large and Medium Vessel Vasculitis
Takayasu disease and giant cell arteritis (Chapter 69) rarely involve the mes-
enteric circulation.13 Takayasu arteritis most often affects young women of 
Asian background and has been associated with ulcerative colitis and Crohn 
disease (Chapter 132).

 Medium and Small Vessel Vasculitis
Polyarteritis nodosa (Chapter 254) is the most common underlying diagnosis 
in vasculitis involving the gastrointestinal tract. The disease is characterized 
by segmental microaneurysms, which occur more frequently in the small bowel 
than in the colon. The gallbladder, spleen, liver, and pancreas may be involved. 
The syndrome is associated with chronic hepatitis B infection (Chapter 140) 
in about 50% of patients. Abdominal pain is the most common symptom, but 
gastrointestinal bleeding and perforation have been reported.

Eosinophilic granulomatosis with eosinophilia (Chapter 254) is characterized 
by asthma, glomerulonephritis, eosinophilia, and granulomatous inflamma-
tion. The gastrointestinal tract is involved in almost half the patients. Abdominal 
pain and bleeding are the most common symptoms.

Thromboangiitis obliterans (Buerger disease; Chapter 72) typically affects 
young men who smoke cigarettes. Mesenteric involvement is uncommon and 
usually manifested by distal occlusions of the mesenteric circulation.

Infantile febrile mucocutaneous lymph node syndrome (Kawasaki disease; 
Chapter 254) is a necrotizing vasculitis that can affect young children and 
cause abdominal pain, ileus, obstruction, and perforation. Malignant atrophic 

Algorithm for the management of patients suspected of having colon ischemia

Clinical assessment, vital signs, serology (WBC, Hgb, BUN, LDH, electrolytes)

Mild disease

Typical symptoms of CI with
none of the commonly
associated risk factors for
poorer outcome that are
seen in moderate disease*

CT of the abdomen and pelvis

Consider colonoscopy and biopsy

Normal Abnormal

Consistent with CI

No ulceration Ulceration

Observation and supportive care

Supportive care,
correction of
cardiovascular
abnormalities,
volume replacement,
broad-spectrum
antimicrobials

Consider
colonoscopy and

biopsy

CT of the abdomen and pelvis

Any patient suspected of CI with up to three of the risk
factors associated with poor outcome (listed below).*

Non-IRCI
IRCI on CT
(or colonoscopy)

Consider CTA
or MRA

Vascular
occlusion

Mesenteric
angiography

Surgical
evaluation

Occlusion
relieved

Occlusion
not relieved

Moderate disease Severe disease

Any patient suspected of CI with more than three of
the criteria for moderate disease* or any of the following:
peritoneal signs on physical examination, pneumatosis
or portal venous gas on radiologic imaging, gangrene
on colonoscopic examination, and pan-colonic or IRCI
involvement on imaging by colonoscopy or CT

Consider CTA, MRA, or
mesenteric angiography

Transfer to
intensive care unit

Emergent
surgical consultation

Supportive care, correction of cardiovascular
abnormalities, volume replacement and
broad-spectrum antimicrobials

Surgical intervention, if possible

*Risk factors associated with poor outcome: male gender, hypotension (SBP < 90 mm Hg), tachycardia (HR > 100 beats per min), abdominal pain without
rectal bleeding, BUN > 20 mg/dl, Hgb < 12 g/dl, LDH > 350 U/I, serum sodium < 136 mEq/l (mmol/l), WBC > 15 × 109/cmm

FIGURE 134-7. Colon ischemia algorithm. Diagnosis and treatment of colon ischemia (ci) based upon disease severity. Bun = blood urea nitrogen; ct = computed tomography; cta 
= computed tomography angiography; hgb = hemoglobin; irci = isolated right-colon ischemia; lDh = lactate dehydrogenase; Mra = magnetic resonance angiography; Mri = magnetic 
resonance imaging; WBc = white blood cell count. (from Brandt lJ, feuerstadt P, longstreth Gf, et al. acG clinical guideline: epidemiology, risk factors, patterns of presentation, diag-
nosis, and management of colon ischemia [ci]. Am J Gastroenterol. 2015;110:18-44.)

TREATMENT 

FIGURE 134-6. Colon ischemia. there is mural thickening (arrows) of the proximal 
descending colon and submucosal edema. (from Gore rM, Yaghmai V, thakrar Kh, et al. 
imaging in intestinal ischemic disorders. Radiol Clin North Am. 2008;46:845-875.)
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 Dieulafoy Lesion
Dieulafoy lesion is a persistently large submucosal artery with an overlying 
mucosal defect. This lesion is most often found in the proximal portion of the 
stomach within 6 cm of the gastroesophageal junction, but it has also been 
reported in the esophagus, small intestine, colon, and rectum. Clinical mani-
festations include overt bleeding (Chapter 126), which can be brisk, massive, 
and recurrent (Fig. 134-9). In some patients diagnosis may be delayed because 
the vascular protuberance can be subtle and difficult to visualize at endoscopy.

Endoscopic treatment is usually effective. Options include injection, electro-
coagulation, argon plasma coagulation, band ligation, and hemoclip application.

 Hereditary Hemorrhagic Telangiectasia
Hereditary hemorrhagic telangiectasia, also known as Osler-Weber-Rendu 
disease (Chapter 164), is an autosomal dominant disorder. Patients typically 
have visible telangiectasias on their lips and mucous membranes, as well as 
telangiectasias in their gastrointestinal tract and other organs. The spectrum 
of symptoms varies with age: affected children tend to have frequent epistaxis, 
whereas overt recurrent gastrointestinal bleeding predominates in older age 

papulosis (Degos disease) is a rare occlusive vascular disease affecting mainly 
skin and intestine. Spontaneous perforation may occur owing to ischemia, 
and the disease has poor prognosis.

 Small Vessel Vasculitis
Systemic lupus erythematosus (Chapter 250) is associated with a variety of 
gastrointestinal manifestations. Lupus vasculitis involving the mesenteric vessels 
may present with a clinical syndrome of focal segmental ischemia or chronic 
mesenteric ischemia, but some patients develop significant gastrointestinal 
bleeding. Lupus mesenteric vasculitis requires prompt recognition and immu-
nosuppressive management.

Behçet disease (Chapter 254) is characterized by oral and genital ulcers. 
Both large-vessel and small-vessel vasculitis may occur. Gastrointestinal mani-
festations include abdominal pain, diarrhea, overt bleeding, and perforation 
due to deep ulcerations. The ileocecal area is most commonly involved.

Henoch-Schönlein purpura (Chapter 254) typically presents in children with 
palpable purpura, arthritis, and abdominal pain. The cause is deposition of 
immunoglobulin A immune complexes in blood vessel walls. Gastrointestinal 
involvement is common and usually manifested by pain and bleeding owing 
to mucosal and submucosal hemorrhages. Hypersensitivity vasculitis rarely 
involves the splanchnic vessels and is associated with a variety of drugs, chemi-
cals, and infections.

 VASCULAR ANOMALIES AND DISORDERS
Vascular anomalies of the gastrointestinal tract are common, especially with 
older age. Angioectasia (also referred to as vascular ectasia) is a general term 
that refers to the process whereby a blood vessel is lengthened or dilated. 
Angiodysplasia has been used interchangeably with angioectasia, but the latter 
is preferred because the lesion is not dysplastic. Telangiectasia is similar, but 
the term is usually used in the context of systemic disorders, such as hereditary 
hemorrhagic telangiectasia and scleroderma. Arteriovenous malformation is a 
congenital lesion, whereas angioma is a vascular neoplasm that can be benign 
(hemangioma) or malignant (angiosarcoma).

 Angioectasia
Angioectasia is the most common vascular abnormality of the gastrointestinal 
tract, and its prevalence increases with age. Angioectasias consist of thin-walled, 
distorted mucosal and submucosal arterioles, venules, and capillaries. Angio-
ectasias are most frequently located in the cecum and ascending colon, can be 
single or multiple, and can sometimes be found concomitantly in the small 
intestine and stomach. Associations include chronic renal failure (Chapter 
121), von Willebrand disease (Chapter 164), and aortic stenosis (Chapter 66).

 CLINICAL MANIFESTATIONS
Most angioectasias are asymptomatic and found incidentally during endoscopy. 
However, some may cause painless bleeding, which can be occult or overt 
(hematochezia, melena, hematemesis). The bleeding is typically recurrent 
and mild, but about 15% of patients develop massive bleeding.

 DIAGNOSIS
The diagnosis is most often established at endoscopy, either incidentally, or 
during investigations for anemia or gastrointestinal bleeding (Fig. 134-8). The 
lesions may be difficult to discern in patients who are hypovolemic or have 
received meperidine for sedation; in the latter situation, naloxone can be con-
sidered to reverse the opioid effect and improve visualization. Small bowel 
angioectasias beyond the reach of endoscopes require videocapsule endoscopy 
or small bowel balloon-assisted enteroscopy for diagnosis and treatment 
(Chapter 126).

FIGURE 134-8. colonic angioectasia. 

Incidental angioectasias found at endoscopy or colonoscopy in asymptomatic 
individuals do not require intervention. Endoscopic modalities, which can 
effectively control hemorrhage from angioectasias, include bipolar electroco-
agulation, argon plasma coagulation (E-Figs. 134-4A and 134-4B), and application 
of hemoclips. Rebleeding occurs in some patients and requires repeat interven-
tion. When endoscopic hemostasis is not feasible owing to active bleeding or 
inaccessible lesion location, visceral angiography can be diagnostic and thera-
peutic by allowing embolization of the bleeding lesion. Thalidomide has anti-
angiogenic properties and has been reported to be effective in some patients 
with refractory bleeding from intestinal angioectasias.

TREATMENT 

FIGURE 134-9. Brisk bleeding from a Dieulafoy lesion in the stomach of a patient with 
melena. 
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E-FIGURE 134-4. A, Gastric angioectasia in a patient with iron deficiency anemia. B, after ablation with argon plasma coagulation. 
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Patients with acute radiation proctopathy (within 6 weeks of therapy) can 
present with tenesmus and diarrhea, whereas those with chronic radiation 
proctopathy (onset 6 to 24 months after therapy) can have significant hema-
tochezia. Endoscopy reveals mucosal fibrosis and a proliferation of vascular 
ectasias, which are the source of bleeding (Fig. 134-10). Argon plasma coagu-
lation is usually an effective treatment for bleeding.

 HEPATIC AND SPLENIC VASCULAR DISEASE
Abnormalities of the hepatic and splenic arteries and veins affect fewer than 
1 person per 2000.14

 Budd-Chiari Syndrome
Budd-Chiari syndrome can be the result of any process that interferes with 
the normal outflow of blood through the hepatic vein, such as constrictive 
pericarditis (Chapter 68) and veno-occlusive disease (Chapter 141). The most 
common cause is thrombosis of one, two, or all three of the major hepatic 
veins, with or without extension of thrombus and even occlusion into the 
inferior vena cava.15 More than 50% of cases of Budd-Chiari syndrome are 
related to a hypercoagulable state (Chapter 73), such as a factor V (Leiden) 
gene mutation, the antiphospholipid antibody syndrome, protein C deficiency, 
protein S deficiency, antithrombin III deficiency, a chronic myeloproliferative 
disorder (e.g., polycythemia vera [Chapter 157], essential thrombocythemia 
[Chapter 157], myeloid metaplasia [Chapter 157]), paroxysmal nocturnal 
hemoglobinuria, or other hypercoagulable state conditions (Chapter 73). 
Other causes include malignancies (direct compression or invasion of hepatic 
veins), infections (liver abscess), pregnancy, inflammatory disorders (e.g., 
sarcoidosis, inflammatory bowel disease, connective tissue disease), membra-
nous obstruction (webs) of the inferior vena cava, or spontaneous thrombosis, 
owing to a hypercoagulable state (Chapter 73).

 CLINICAL MANIFESTATIONS
Budd-Chiari syndrome usually progresses insidiously over weeks to months 
as patients develop hepatomegaly, upper abdominal pain, and ascites. Rare 
patients may present acutely with encephalopathy, jaundice, ascites, and liver 
failure.

 DIAGNOSIS
Most patients have only mild to moderate nonspecific elevations in serum 
aspartate and alanine aminotransferase levels. JAK2 mutation analysis may 
detect a chronic myeloproliferative disorder. A screen for factor V (Leiden), 
anti-phospholipid antibodies, and deficiencies in protein C, protein S, and 
antithrombin III is appropriate if the cause is not clear. Doppler ultrasound 
of the liver is the initial diagnostic test of choice; contrast CT scanning or 
MR angiography can detect absence of hepatic venous flow or venous throm-
bosis (or both). The diagnosis can be confirmed by hepatic venography (see 
Fig. 134-7), which also can guide therapy.

groups. Telangiectasias on the lips (see Fig. 164-2), buccal mucosa, and tongue 
are highly suggestive. Most patients have recurrent melena (sometimes com-
pounded by swallowed blood from epistaxis), and some patients become 
transfusion-dependent. Diagnosis is based on clinical criteria (epistaxis, tel-
angiectasias, visceral lesions, hereditary hemorrhagic telangiectasia in a first-
degree relative) and can be confirmed by genetic testing. Endoscopic therapy 
is the mainstay of management, particularly for actively bleeding lesions.

 Other Ectasias
Patients with Turner syndrome (Chapter 222), scleroderma (Chapter 251), and 
the CREST syndrome (Chapter 251) may also have gastrointestinal tract tel-
angiectasias. In patients with portal hypertension (Chapter 144), vascular 
ectasias can involve venules and capillaries in the stomach (congestive gastropa-
thy), in the small bowel (congestive enteropathy), and in the colon (congestive 
colopathy). In the stomach, ectasia and thrombosis can result in so-called 
watermelon stomach, in which erythematous streaks, similar to the stripes 
on a watermelon, are visible by endoscopy in the antrum and radiate toward 
the pylorus and even the gastric cardia. Occult bleeding is common, and melena 
can occur. If iron replacement alone is not adequate, argon plasma coagulation 
is the treatment of choice.

 Aortoenteric Fistulas
After abdominal aortic aneurysm surgery (Chapter 69), an aortoenteric fistula 
can develop, often because of infection of the graft. Fistulas typically com-
municate with the third or fourth portion of the duodenum and can occur 
several years after surgery. Massive and even fatal gastrointestinal bleeding may 
result. When gastrointestinal bleeding develops in patients who have had prior 
abdominal aortic surgery, the evaluation must include urgent upper endoscopy 
to exclude another definitive source of the bleeding. CT aids the diagnosis, 
which should be suspected in the appropriate clinical context. If no alternative 
bleeding source can be definitively found, explorative surgery is indicated.

An atrioesophageal fistula may be caused by thermal damage to the heart 
or esophagus. Examples of precipitating events include radiofrequency 
ablation procedures for arrhythmias (Chapter 60) or for Barrett esophagus  
(Chapter 129).

 Celiac Artery Compression Syndrome
Celiac artery compression syndrome, also known as median arcuate ligament 
syndrome, is a rare and poorly understood pseudo-ischemic syndrome. Most 
patients are young and otherwise healthy. Postprandial upper abdominal pain 
and diarrhea may be caused by extrinsic compression of the celiac axis by the 
median arcuate ligament of the diaphragm or by pressure on the celiac ganglion 
itself. Sitophobia can result in considerable weight loss, and some patients 
have an epigastric bruit that intensifies with expiration. Visceral angiography 
supports the diagnosis, although asymptomatic patients also can have a local-
ized bruit and even celiac axis compression on angiography. Surgical therapy 
is an option if patients have otherwise unexplained symptoms that are con-
sistent with the syndrome.

 Superior Mesenteric Artery Syndrome
Superior mesenteric artery syndrome refers to impingement of the duodenum 
by the superior mesenteric artery owing to narrowing of the angle between 
the superior mesenteric artery and aorta. The resulting mechanical obstruction 
can cause rapid weight loss because gastric outlet obstruction results in abdomi-
nal pain and postprandial vomiting. Imaging typically shows evidence of 
obstruction in the third portion of the duodenum, with a cutoff and proximal 
dilation. Treatment of the underlying condition (adequate nutrition and weight 
gain) can be curative, but surgery is sometimes needed.

 Hemangiomas
Hemangiomas are uncommon, usually benign vascular tumors that can be 
found throughout the gastrointestinal tract, often in the rectum or colon. They 
may be single or multiple and can be classified as cavernous, capillary, or 
mixed. Cavernous rectal hemangiomas tend to be large and bleed profusely, 
but colonic hemangiomas may cause slow, occult bleeding. Small hemangiomas 
can be treated endoscopically, but large or multiple lesions may require surgical 
resection. Rare vascular malignant neoplasms of the gastrointestinal tract 
include angiosarcomas and hemangioendotheliomas.

 Radiation Proctopathy
A common radiation-mediated injury to the gastrointestinal tract is radiation 
proctopathy (Chapter 131), typically in patients treated for prostate cancer. 

FIGURE 134-10. Radiation proctopathy. retroflexed view of the rectum showing mul-
tiple large and serpiginous vascular ectasias, in a patient with hematochezia and history 
of radiation for prostate cancer. 



Hepatic artery thrombosis is extremely rare except after liver transplantation 
(Chapter 145), where it can present with abnormal liver function tests, bile 
duct injury (e.g., biliary stricture, cholangitis, liver abscess), or liver failure. 
Doppler ultrasound and angiography will confirm the diagnosis. Patients often 
require biliary stenting with drainage of any abscesses, followed by surgical 
reconstruction of the hepatic artery or repeat liver transplantation.

Splenic or hepatic artery aneurysms are usually caused by atherosclerosis, 
vasculitis, trauma, portal hypertension, pancreatitis, infection, or pregnancy. 
Clinical manifestations can include abdominal pain and intra-abdominal hem-
orrhage. Hepatic artery aneurysms can cause hemobilia. The diagnosis is 
established by angiography. Symptomatic aneurysms (generally 1 cm or larger 
in the hepatic artery and 2 cm or larger in the splenic artery) require surgery. 
When a splenic artery aneurysm is discovered during pregnancy, the high 
likelihood of bleeding is an indication for treatment, usually by interventional 
radiology.

Fistulas from the hepatic artery to the portal vein are rarely seen in hereditary 
hemorrhagic telangiectasia or as a result of trauma or malignancy. The resultant 
portal hypertension may cause abdominal pain, ascites, and gastrointestinal 
bleeding. Involvement of the hepatic artery may lead to biliary strictures and 
hepatobiliary infection. Radiographic embolization, surgery, or liver trans-
plantation may be required.

 Miscellaneous Vascular Disorders
The blue rubber bleb nevus syndrome is characterized by purple-blue cutaneous 
venous malformations, which can affect the gastrointestinal tract, most com-
monly the small intestine. Gastrointestinal bleeding may occur, but endoscopic 
therapy is usually contraindicated because the lesions can involve the full 
thickness of the bowel. Surgical resection is usually needed.

In the Klippel-Trenaunay syndrome, port-wine-colored cutaneous heman-
giomas, hemihypertrophy, and varicose veins are seen. The Parkes Weber form 
includes arteriovenous fistulas; gastrointestinal involvement is uncommon.

In Ehlers-Danlos syndrome type IV (Chapter 244), small bowel ischemia and 
perforation as well as arterial rupture may develop. Patients with pseudoxan-
thoma elasticum type I (Chapter 244) are at risk for gastrointestinal or intra-
peritoneal hemorrhage, as are patients with visceral arterial aneurysms that 
result from atherosclerosis, fibrodysplasia, vasculitis, trauma, portal hyperten-
sion, pancreatitis, or pregnancy.

Therapy includes diagnosis and treatment of underlying conditions, antico-
agulation (intravenous heparin; see Table 74-6 in Chapter 74) to prevent the 
propagation of thrombi, and treatment of the ascites (e.g., diuretics; Chapter 144). 
Most patients require interventional radiologic procedures, such as angioplasty, 
stenting, or transjugular intrahepatic portosystemic shunts, to restore hepatic 
venous flow. If endovascular procedures are not successful, a surgical shunt 
can drain the portal and/or mesenteric veins into the inferior vena cava. Liver 
transplantation (Chapter 145) should be considered for fulminant liver failure or 
cirrhosis, or both. Most patients require lifelong anticoagulation with warfarin 
or a newer oral anticoagulant (Chapter 76), even after liver transplantation.

TREATMENT 

 PROGNOSIS
The 5-year survival rate is more than 80%, but about 50% of patients will have 
a major bleed, often related to invasive therapy.

 Portal Vein Thrombosis
The most common causes of acute portal vein thrombosis are cirrhosis, hyper-
coagulable states, intra-abdominal malignancy, inflammatory disorders (e.g., 
pancreatitis, Crohn disease), and medical procedures (e.g., splenectomy, cho-
lecystectomy, gastrectomy, liver transplantation, transjugular intrahepatic 
portosystemic shunt).16 As with the Budd-Chiari syndrome, many patients 
have a JAK2 mutation.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical manifestations include portal hypertension with variceal bleeding 
and ascites (Chapter 144). Abdominal pain and diarrhea may indicate intestinal 
ischemia as the thrombus extends into the superior mesenteric vein. Fever, 
chills, and liver tenderness suggest pylephlebitis, which can result in systemic 
sepsis. The diagnosis is usually established by Doppler ultrasound or by CT 
or MR angiography.

Anticoagulation with warfarin or enoxaparin17 is recommended for at least 
3 months and should be continued chronically in patients who have persistent 
risk factors for thrombosis or whose thrombus extends into the mesenteric 
veins. Pylephlebitis usually requires intravenous parenteral antibiotics (e.g., 
piperacillin/tazobactam, ticarcillin/clavulanate, carbapenem, or a third-generation 
cephalosporin plus metronidazole for at least 6 weeks; see Table 271-4) guided 
by blood culture results for at least 2 weeks.

In patients who have cirrhosis complicated by acute or chronic portal vein 
thrombosis, endoscopy is recommended to diagnose and treat esophageal 
varices (Chapter 125).

Patients with chronic portal vein thrombosis can be asymptomatic but often 
have portal hypertension and hypersplenism. A biliary cholangiopathy may 
cause jaundice that requires biliary stenting. After varices are treated, noncir-
rhotic patients may benefit from chronic anticoagulation (Chapter 74) if they 
have ongoing risk factors for thrombosis. Transjugular intrahepatic portosystemic 
shunting is more effective than endoscopic band ligation plus propranolol to 
prevent future variceal bleeding in such patients (Chapter 144). A1 

TREATMENT 

 PROGNOSIS
Mortality rates in treated patients are less than 10%.

 Splenic Vein Thrombosis
Splenic vein thrombosis is usually caused by tumor (e.g., pancreatic cancer), 
pancreatitis, or trauma. Isolated gastric varices and splenomegaly often develop. 
Liver function and portal pressure are normal. Doppler ultrasound, MR, and 
CT can help make the diagnosis. In symptomatic patients, splenectomy is the 
treatment of choice.

 Hepatic and Splenic Arterial Disease
Nonocclusive hepatic arterial disease (ischemic hepatitis) develops if the arterial 
blood supply to the liver is inadequate, usually as a result of severe or sustained 
shock (Chapter 98), hypotension, volume depletion, or sepsis. Aminotrans-
ferase levels typically rise acutely to greater than 1000 U/L and return to their 
baseline by about 40 to 60% per day after restoration of adequate hepatic 
arterial blood.
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135 
PANCREATITIS
CHRIS E. FORSMARK

 ACUTE PANCREATITIS

 DEFINITION
Acute pancreatitis is a discrete episode of cellular injury and inflammation in 
the pancreas, usually with symptoms of abdominal pain, nausea, and vomiting. 
It is accompanied by elevations in serum levels of amylase or lipase and/or 
radiographic evidence of pancreatic inflammation, edema, or necrosis. Although 
the pancreas can recover normal function and appearance after an episode, 
recovery may not be complete if the necrosis was substantial. In patients with 
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ABSTRACT
Acute pancreatitis, which is most often caused by gallstones and alcohol, can 
cause systemic organ failure, pancreatic necrosis, and death. However, com-
plications can be reduced and recurrence can be prevented by urgent diagnosis, 
an accurate identification of the cause, and effective management. Chronic 
pancreatitis, which has numerous genetic and environmental risk factors, can 
be difficult to diagnose early in its clinical course. Management includes iden-
tification of complications, assessment of residual pancreatic function, and 
treatment of pain, exocrine insufficiency, and endocrine insufficiency.
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with chronic pancreatitis but can present early in the course as acute pancre-
atitis. Many additional mutations and polymorphisms are associated with 
both acute and chronic pancreatitis. These affected genes include the cystic 
fibrosis conductance regulator (CFTR), serine protease inhibitor kazal type 
1 (SPINK1), chymotrypsin C, calcium sensing receptor, claudins, and others.

 CLINICAL MANIFESTATIONS
Abdominal pain, nausea, and vomiting are the hallmark symptoms of acute 
pancreatitis. The abdominal pain is usually in the epigastric region and often 
radiates to the back. The pain is steady, reaches its maximum intensity over 
30 to 60 minutes, and persists for days. These characteristic symptoms may 
be masked in patients who present with delirium, multiple organ system failure, 
or coma.

The physical examination usually reveals tachycardia. Hypotension, tachy-
pnea, dyspnea, and low-grade fever are observed in more severe cases. Confu-
sion, delirium, and, rarely, even coma may be present. The abdomen is often 
distended with diminished bowel sounds. Tenderness to palpation of the 
abdomen, which may be epigastric or more diffuse, is typical, whereas rebound 
and guarding are unusual. Dullness to percussion in the lower lung fields may 
be noted owing to pleural effusion. Rare physical findings include ecchymoses 
of the flank (Grey-Turner sign) or umbilicus (Cullen sign), which occur when 
fluid and blood tracks into these spaces from the retroperitoneum. Jaundice 
may be present if there is biliary obstruction by a stone. The presence of the 
systemic inflammatory response syndrome (Chapter 100) is predictive of 
more severe pancreatitis. Tachycardia, dyspnea, tachypnea, orthostatic hypo-
tension, pleural effusion, oxygen desaturation, or shock signals more substantial 
third-space losses, a higher likelihood of a variety of complications, and a 
worse prognosis. More severe pancreatitis is characterized by more substantial 
pancreatic and peripancreatic necrosis, more peripancreatic fluid collections, 
and more dysfunction of extra-pancreatic organs.

 DIAGNOSIS
The diagnosis of acute pancreatitis is suggested by clinical features and con-
firmed by laboratory and imaging studies that exclude other serious intra-
abdominal conditions and help define the severity and most likely cause of 
the pancreatitis.

The diagnosis of acute pancreatitis requires at least two of the following 
three criteria: abdominal pain consistent with pancreatitis, serum amylase or 
lipase of at least three times the upper limit of normal, or imaging findings 
consistent with acute pancreatitis on imaging (contrast CT, MRI, or ultra-
sound). Patients with mild pancreatitis have no local or systemic complications, 
with moderate pancreatitis have local or systemic complications that persist 
for less than 48 hours, and with severe pancreatitis have organ failure that 
persists for more than 48 hours.

Laboratory Tests
Amylase and Lipase
Most patients with acute pancreatitis have elevations in serum levels of amylase 
or lipase within a few hours of the onset of symptoms. Lipase is generally 
preferred over amylase as a diagnostic test because of its superior specificity. 
Although elevation to more than three times the upper limit of normal is the 
recommended cutoff for diagnosing acute pancreatitis, up to 25% of cases 
may not reach this threshold.4 Lipase levels tend to remain elevated longer 
than amylase levels, but both decline gradually over several days. Elevations 
more than three times the upper limit of normal are most specific for acute 
pancreatitis. Amylase and lipase levels may be normal in patients with acute 
pancreatitis, particularly if the measurement is delayed for several days after 
the onset of symptoms, and marked hypertriglyceridemia can interfere with 
their accurate measurement. Both enzymes are cleared by the kidney, and 
renal failure can falsely raise the level of these enzymes up to five times the 
upper limit of normal in the absence of pancreatitis.

Amylase and lipase levels also can be elevated in a variety of other condi-
tions that may mimic acute pancreatitis, including intestinal ischemia and 
infarction (Chapter 134), bowel obstruction (Chapter 133), cholecystitis 
(Chapter 146), and choledocholithiasis (Chapter 146). In addition, amylase 
levels may be elevated from ectopic pregnancy, acute salpingitis, and a variety 
of extra-abdominal conditions such as parotitis (Chapter 345), lung cancer 
(Chapter 182), and head trauma (Chapter 371).

In some patients, only the amylase level or the lipase level may be elevated. 
Serial measurements of amylase or lipase in patients with established acute 
pancreatitis are not useful in clinical decision making. In patients with recur-
rent attacks of pancreatitis, the peak level of amylase or lipase tends to diminish 
progressively.

TABLE 135-1 CAUSES OF ACUTE PANCREATITIS
ETIOLOGY EXAMPLES
Gallstones Gallstones (Chapter 146)

Microlithiasis
Drugs and toxins Ethyl and methyl alcohol (Chapters 30 and 102)

Tobacco (Chapter 29)
Azathioprine, 6-mercaptopurine, pentamidine, 

didanosine, sulfonamides, thiazides, aminosalicylates, 
valproic acid, and others

Scorpion venom (Chapter 104)
Organophosphate insecticides (Chapter 102)

Metabolic Hyperlipidemia (Chapter 195)
Hypercalcemia (Chapter 232)

Trauma Post-ERCP (Chapter 125)
Blunt or penetrating trauma
Postoperative

Obstruction of the 
pancreatic duct

Benign pancreatic duct stricture
Benign ampullary stricture (e.g., celiac disease, Crohn 

disease, diverticulum)
Ampullary adenoma or adenocarcinoma (Chapter 186)
Pancreatic ductal adenocarcinoma (Chapter 185)
Intraductal papillary mucinous neoplasm (Chapter 185)

Infections Cytomegalovirus (Chapter 346), mumps (Chapter 
345), rubella (Chapter 344), Coxsackie B (Chapter 
355), Candida (Chapter 318), histoplasmosis 
(Chapter 316), Ascaris (Chapter 335)

Genetics PRSS1 mutations
CFTR mutation
SPINK1 mutation
Other mutations

Autoimmune 
pancreatitis

Type 1
Type 2

Idiopathic pancreatitis
ERCP = endoscopic retrograde cholangiopancreatography.

recurrent episodes, there can be a shift from acute inflammation, necrosis, 
and apoptosis to chronic inflammation and fibrosis that are characteristic of 
chronic pancreatitis. Acute and chronic pancreatitis are on a continuum, and 
it may be difficult to differentiate acute relapsing pancreatitis from evolving 
chronic pancreatitis.

 EPIDEMIOLOGY
The incidence of acute pancreatitis in the United States is estimated to be 
between 5 and 30 cases per 100,000 population,1 with about 275,000 hospital 
admissions annually, making acute pancreatitis the third most common 
gastrointestinal discharge diagnosis in U.S. hospitals. The cost of caring for 
these patients is about $4 to $6 billion annually. The incidence of acute pan-
creatitis is increasing in the United States and many other countries, owing 
to more frequent use of diagnostic tests and to an increasing prevalence of 
gallstones and other risk factors in the setting of the obesity epidemic.

 PATHOBIOLOGY
Acute pancreatitis is caused by premature activation of digestive enzymes 
within pancreatic acinar cells. Increased intracellular calcium and the activa-
tion of trypsinogen to trypsin appear to be the critical initial steps, with trypsin 
then activating other proteases within the gland.2 These activated enzymes 
produce cell injury and necrosis. Necrosis can involve the pancreas as well as 
surrounding fat and structures, thereby leading to fluid extravasation into the 
surrounding retroperitoneal spaces (“third space” losses). Although necrosis 
often may occur, necrosis sufficient to be visible on a contrast enhanced com-
puted tomographic (CT) scan is usually termed acute necrotizing pancreatitis 
and distinguished from the milder interstitial pancreatitis, in which necrosis 
is not visible on a CT scan. In addition to the local damage, the release of 
pro-inflammatory cytokines and activated digestive enzymes into the systemic 
circulation can produce a systemic inflammatory response syndrome and organ 
system failure, including hypotension, renal failure, and acute respiratory dis-
tress syndrome (Chapter 96). Gallstones (Chapter 146) and alcohol (Chapter 
30) together account for up to 75% of all cases of acute pancreatitis, but causes 
vary by age and sex, and the cause is unknown in a significant proportion of 
cases (Table 135-1).

Gallstones (Chapter 146)
Passage of a gallstone through the ampulla of Vater with transient obstruction 
of the pancreatic duct is the initiating event for gallstone pancreatitis. Only 
about 5% of all patients with gallstones develop pancreatitis, and patients with 
smaller gallstones (≤5 mm), which can pass the cystic duct and reach the 
ampulla, are at highest risk. Microlithiasis, defined as tiny gallstones and/or 
biliary sludge that are not easily visible on routine imaging, is often the cause 
in patients initially labeled as having acute idiopathic pancreatitis.

Alcohol (Chapter 30)
More than 5 years of alcohol intake averaging more than 5 to 8 drinks daily is 
usually required before pancreatitis develops, but most people with this level of 
intake do not develop pancreatitis. A variety of cofactors have been proposed, 
including a high-fat diet, genetic variability in detoxifying enzymes, coexistent 
genetic mutations, and cigarette smoking. The evidence is strongest for smoking. 
By the time patients have a first clinical episode of acute alcoholic pancreatitis, 
most already have evidence of underlying chronic pancreatitis. The peak of 
alcoholic pancreatitis is in ages of 20 to 50, and it is much more common 
in men. The mechanism of alcoholic pancreatic injury involves a mixture of 
direct toxicity, oxidative stress, and alterations in pancreatic enzyme secretion.

Drugs, Toxins, and Metabolic Factors
Drug-induced pancreatitis is a rare and generally idiosyncratic event. Although 
many drugs have been implicated, the evidence is most compelling for 
6-mercaptopurine and azathioprine (up to a 4% attack rate), didanosine, pent-
amidine, valproic acid, furosemide, sulfonamides and aminosalicylates. Toxins 
that may cause acute pancreatitis include methyl alcohol, organophosphate 
insecticides, and venom from certain scorpions.

Levels of serum triglycerides above 500 mg/dL, and usually greater than 
1000 mg/dL, can cause acute pancreatitis, but the mechanism is not known. 
Hypercalcemia is an exceedingly rare cause of acute pancreatitis.

Trauma
Iatrogenic trauma to the pancreas and pancreatic duct during performance of 
an endoscopic retrograde cholangiopancreatography (ERCP; Chapter 125) 
is a common cause of pancreatitis, with the risk averaging less than 5% for 
patients with simple common bile duct stones or malignancy.

Penetrating and blunt trauma, ranging from a contusion to severe crush injury 
and even transection of the gland, can cause pancreatitis. Acute presentation 
is the rule, but some patients with milder injury may present in a subacute 
or chronic fashion. Ischemic injury to the gland can occur after surgical pro-
cedures, especially cardiopulmonary bypass, and cause severe pancreatitis.

Obstruction of the Pancreatic Duct
In addition to gallstones and microlithiasis, obstruction of the pancreatic duct 
by a pancreatic ductal adenocarcinoma (Chapter 185), an ampullary adenoma 
or carcinoma, or less likely, an intraductal papillary mucinous neoplasm can 
cause acute pancreatitis. The diagnosis of pancreatic duct obstruction is usually 
established with magnetic resonance imaging (MRI) with magnetic resonance 
cholangiopancreatography (MRCP), or with endoscopic ultrasound. Benign 
strictures of the pancreatic duct at the ampulla of Vater may be caused by 
celiac disease (Chapter 131), duodenal Crohn disease (Chapter 132), and 
periampullary diverticulum. Current evidence does not support the role of 
either sphincter of Oddi dysfunction or pancreatic divisum as primary causes 
of acute pancreatitis.

Infections
Ascaris lumbricoides (Chapter 335) may cause pancreatitis by obstructing the 
pancreatic duct as the worms migrate through the ampulla of Vater. Viruses 
that may infect the pancreatic acinar cells directly and may cause pancreatitis 
include cytomegalovirus (Chapter 352), Coxsackie B virus (Chapter 355), 
adenovirus (Chapter 355), and mumps virus (Chapter 345).

Autoimmune Pancreatitis
Two forms of autoimmune pancreatitis (AIP) have been identified.3 The 
most common presentation is obstructive jaundice that mimics pancreatic 
adenocarcinoma or chronic pancreatitis. These are discussed under “Chronic 
Pancreatitis.”

Genetics
Mutations in the cationic trypsinogen gene (PRSS1), which have been identified 
in families with hereditary pancreatitis, are more commonly seen in association 
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Other Laboratory Tests
In severe pancreatitis, leukocytosis, azotemia, and hemoconcentration may 
be seen. Failure of the blood urea nitrogen (BUN) level or hematocrit to 
normalize with fluid resuscitation is associated with more substantial third-
space losses and a worse prognosis. Hyperglycemia, hypocalcemia, and mild 
hypertriglyceridemia also can develop. Elevations in alanine aminotransferase 
levels more than three times the upper limit of normal are most suggestive of 
gallstones, although any significant elevation in liver chemistries should raise 
the possibility of gallstones (Chapter 146).

Determining Etiology
To identify the cause of acute pancreatitis, the history should focus on alcohol 
and tobacco use, previous biliary colic, drug history, family history, and recent 
trauma. Because gallstones are the leading cause of acute pancreatitis, account-
ing for about 40 to 50% of cases, all patients should have an abdominal ultra-
sound examination to look for gallstones. Gallstone pancreatitis should be 
suspected if stones or a dilated bile duct are seen on imaging studies, or if 
abnormal liver chemistries improve over a few days.

A careful history, often with corroboration from family members, will help 
diagnose alcoholic pancreatitis, which accounts for about 20% of cases, as 
well as medication- or toxin-induced pancreatitis and traumatic pancreatitis. 
Serum chemistries will help identify unusual cases caused by severe (>1000 mg/
dL) hypertriglyceridemia.

If these initial approaches are unrevealing, endoscopic ultrasound (or MRI 
with MRCP) can detect small gallstones, microlithiasis, or underlying pre-
malignant or malignant causes (particularly in patients over age 40 years). 
More specialized investigations, such as genetic testing, are usually reserved 
for patients who have had multiple attacks of unexplained pancreatitis.

Of the 25% of patients who do not have an identified cause after a basic 
initial evaluation, microlithiasis is the most common underlying explanation. 
With additional evaluation and testing, only about 10% of patients are ulti-
mately labeled as having idiopathic pancreatitis. Idiopathic pancreatitis is more 
common in women, and especially elderly women, than in men.

Imaging Studies
Imaging studies are used not only in establishing the diagnosis but also in 
determining the cause and prognosis. In most patients, both ultrasound and 
CT are used in a complementary fashion.

Abdominal ultrasonography can confirm the presence of acute pancreatitis 
by documenting pancreatic enlargement, edema, or associated peripancreatic 
fluid collections. Visualization of the pancreas may be limited owing to body 
habitus or overlying intestinal gas. Importantly, ultrasonography is most accu-
rate in identifying gallstones in the gallbladder or a dilated common bile duct 
in patients with gallstone pancreatitis.

CT is more accurate than ultrasonography in confirming the diagnosis of 
acute pancreatitis and in documenting the presence of pancreatic necrosis 
and peripancreatic fluid collections, but it is less accurate in identifying gall-
stones. CT is also particularly helpful in excluding intra-abdominal conditions 
that can mimic acute pancreatitis. Pancreatic parenchyma that opacifies on 
CT with intravenous contrast is still viable, whereas parenchyma that does 
not enhance is necrotic (Fig. 135-1). The extent of pancreatic necrosis has 
some prognostic importance but is generally not clear on CT until at least 3 
days after presentation. CT scans are not routinely required in all patients 
with acute pancreatitis but should be performed when the diagnosis is not 
clear and in patients who have a first attack, severe disease, systemic complica-
tions, or disease that is slow to improve.

Magnetic resonance imaging (MRI) is equivalent to CT in its ability to docu-
ment acute pancreatitis, identify necrosis, and diagnose or exclude other 
diseases that could mimic acute pancreatitis. In addition, MRCP is much 
better than CT for identifying gallstones. In critically ill patients, MRI is more 
difficult than CT to perform.

ERCP and endoscopic ultrasonography are important in both diagnosis 
and therapy of acute pancreatitis. Endoscopic ultrasonography, which is pri-
marily used to establish the cause when the initial evaluation is unrevealing, 
is particularly accurate in identifying underlying malignancy, premalignant 
lesions such as ampullary adenoma, and small gallstones or microlithiasis. 
ERCP is not used for diagnosis, but it can be very useful for therapeutic  
purposes.

Determining Severity
Severe pancreatitis is characterized by organ system failure and by local pan-
creatic complications such as necrosis, fluid collections, or pseudocysts. Organ 

with chronic pancreatitis but can present early in the course as acute pancre-
atitis. Many additional mutations and polymorphisms are associated with 
both acute and chronic pancreatitis. These affected genes include the cystic 
fibrosis conductance regulator (CFTR), serine protease inhibitor kazal type 
1 (SPINK1), chymotrypsin C, calcium sensing receptor, claudins, and others.

 CLINICAL MANIFESTATIONS
Abdominal pain, nausea, and vomiting are the hallmark symptoms of acute 
pancreatitis. The abdominal pain is usually in the epigastric region and often 
radiates to the back. The pain is steady, reaches its maximum intensity over 
30 to 60 minutes, and persists for days. These characteristic symptoms may 
be masked in patients who present with delirium, multiple organ system failure, 
or coma.

The physical examination usually reveals tachycardia. Hypotension, tachy-
pnea, dyspnea, and low-grade fever are observed in more severe cases. Confu-
sion, delirium, and, rarely, even coma may be present. The abdomen is often 
distended with diminished bowel sounds. Tenderness to palpation of the 
abdomen, which may be epigastric or more diffuse, is typical, whereas rebound 
and guarding are unusual. Dullness to percussion in the lower lung fields may 
be noted owing to pleural effusion. Rare physical findings include ecchymoses 
of the flank (Grey-Turner sign) or umbilicus (Cullen sign), which occur when 
fluid and blood tracks into these spaces from the retroperitoneum. Jaundice 
may be present if there is biliary obstruction by a stone. The presence of the 
systemic inflammatory response syndrome (Chapter 100) is predictive of 
more severe pancreatitis. Tachycardia, dyspnea, tachypnea, orthostatic hypo-
tension, pleural effusion, oxygen desaturation, or shock signals more substantial 
third-space losses, a higher likelihood of a variety of complications, and a 
worse prognosis. More severe pancreatitis is characterized by more substantial 
pancreatic and peripancreatic necrosis, more peripancreatic fluid collections, 
and more dysfunction of extra-pancreatic organs.

 DIAGNOSIS
The diagnosis of acute pancreatitis is suggested by clinical features and con-
firmed by laboratory and imaging studies that exclude other serious intra-
abdominal conditions and help define the severity and most likely cause of 
the pancreatitis.

The diagnosis of acute pancreatitis requires at least two of the following 
three criteria: abdominal pain consistent with pancreatitis, serum amylase or 
lipase of at least three times the upper limit of normal, or imaging findings 
consistent with acute pancreatitis on imaging (contrast CT, MRI, or ultra-
sound). Patients with mild pancreatitis have no local or systemic complications, 
with moderate pancreatitis have local or systemic complications that persist 
for less than 48 hours, and with severe pancreatitis have organ failure that 
persists for more than 48 hours.

Laboratory Tests
Amylase and Lipase
Most patients with acute pancreatitis have elevations in serum levels of amylase 
or lipase within a few hours of the onset of symptoms. Lipase is generally 
preferred over amylase as a diagnostic test because of its superior specificity. 
Although elevation to more than three times the upper limit of normal is the 
recommended cutoff for diagnosing acute pancreatitis, up to 25% of cases 
may not reach this threshold.4 Lipase levels tend to remain elevated longer 
than amylase levels, but both decline gradually over several days. Elevations 
more than three times the upper limit of normal are most specific for acute 
pancreatitis. Amylase and lipase levels may be normal in patients with acute 
pancreatitis, particularly if the measurement is delayed for several days after 
the onset of symptoms, and marked hypertriglyceridemia can interfere with 
their accurate measurement. Both enzymes are cleared by the kidney, and 
renal failure can falsely raise the level of these enzymes up to five times the 
upper limit of normal in the absence of pancreatitis.

Amylase and lipase levels also can be elevated in a variety of other condi-
tions that may mimic acute pancreatitis, including intestinal ischemia and 
infarction (Chapter 134), bowel obstruction (Chapter 133), cholecystitis 
(Chapter 146), and choledocholithiasis (Chapter 146). In addition, amylase 
levels may be elevated from ectopic pregnancy, acute salpingitis, and a variety 
of extra-abdominal conditions such as parotitis (Chapter 345), lung cancer 
(Chapter 182), and head trauma (Chapter 371).

In some patients, only the amylase level or the lipase level may be elevated. 
Serial measurements of amylase or lipase in patients with established acute 
pancreatitis are not useful in clinical decision making. In patients with recur-
rent attacks of pancreatitis, the peak level of amylase or lipase tends to diminish 
progressively.
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failure can be: single or multiple; early- or late-onset; and progressive, persistent, 
or transient. In severe acute pancreatitis, renal failure, pulmonary failure, and 
circulatory failure most commonly occur as part of the systemic inflammatory 
response.

During the acute attack, poorly demarcated fluid collections around the 
pancreas track into various retroperitoneal and peritoneal spaces. Much of 
this inflammatory fluid will resolve, but some will form into a more rounded 
and circumscribed fluid collection, called a pseudocyst (Fig. 135-2). Similarly, 
areas of pancreatic and peripancreatic necrosis will eventually develop a sur-
rounding wall and begin to soften and liquefy, thereby becoming “walled-off 
pancreatic necrosis.” This process usually takes several weeks. It is important 
to distinguish pseudocysts from walled-off pancreatic necrosis; they appear 
similar on a CT scan but are easily distinguishable on MRI or endoscopic 
ultrasonography, because necrotic collections contain both solid and liquid 
material. Greater degrees or amounts of necrosis generally correlate with a 
higher risk of an adverse outcome, particularly if infection develops in the 
devitalized necrotic tissue. Although many patients with pancreatic necrosis 
may not develop organ system failure, organ system failure is quite rare in the 
absence of pancreatic necrosis.

Risk Stratification
A number of clinical features identify patients at higher risk, including patients 
who are older, obese or have more serious or more numerous comorbid 

FIGURE 135-1. a computed tomographic scan demonstrating a large area of pancreas 
which does not enhance with intravenous contrast (arrow), consistent with pancreatic 
necrosis. 

FIGURE 135-2. A large pseudocyst is seen (black arrows). in addition, ascites surround-
ing the liver (white arrows) is noted due to a leak from the pseudocyst (pancreatic ascites). 

General Supportive Care
The majority of patients will recover within several days, but it is usually not 

possible to identify these patients at the time of admission. A short protocolized 
stay in an emergency department may allow some patients with very mild 
acute pancreatitis to be discharged within 24 hours.5

All patients should initially be given nothing by mouth (NPO). Pain control 
often requires parenteral narcotics, and hydromorphone (in divided doses of 
1 to 2 mg IV every 4 to 6 hours initially, with titration as needed), is generally 
preferred. Patients with significant third-space loss, often augmented by prior 
poor oral intake or fluid losses through vomiting, will have evidence of intra-
vascular fluid depletion. Even in mild pancreatitis, fluid losses may be substantial. 
Appropriate fluid resuscitation (Chapter 98) is recommended in all practice 
guidelines, but data are limited on the type, rate, and goals of fluid therapy.6 
In general, sufficient fluid resuscitation should be accomplished within the first 
24 hours of admission to correct blood pressure and pulse, reduce hematocrit 
and BUN to normal, and ensure a urine output of at least 0.5 mL/kg/hour. 
Although data for randomized trials are inconclusive, practice guidelines rec-
ommend lactated Ringer solution, in general 200 to 250 over the initial 12 to 
24 hours, then reduced if the patient displays early features of fluid overload. 
Of importance, too rapid an infusion of fluid worsens outcomes, primarily by 
increasing the risk of respiratory failure owing to fluid overload but also by 
increasing the risk of organ system failure, heart failure, and an abdominal 
compartment syndrome.

Treatment of nausea and vomiting may be needed, and 5-HT3 antagonists 
(Table 123-5) are generally preferred. Nasogastric suction is rarely needed.

Patients with mild or moderate pancreatitis can be fed when they feel able 
to tolerate it (e.g., enteral feeding if needed), even before enzyme levels are 
completely normalized or pain is absent. Beginning oral feeding within 48 
hours after hospitalization is as safe as starting later and also reduces hospital 
length of stay. A1  There is no need to begin with a clear liquid diet: feeding can 
be initiated with a low-fat solid diet as the first meal.

In patients with more severe pancreatitis (based upon early organ system 
failure, substantial third-space fluid losses, or comorbid conditions), admis-
sion to an intermediate care unit or intensive care unit (ICU) is appropriate. 
Careful monitoring for progressive organ system failure, metabolic compli-
cations, and fluid status is critical in these patients. In patients with severe 
pancreatitis, enteral nutrition (oral or tube feeding) is safer and less expensive 
than total parenteral nutrition, which should be utilized very rarely. Patients 
who appear to have sufficiently severe disease that they might not be able to 
eat for 5 to 7 days can be considered for tube feeding. Alternatively, waiting 
for up to 5 days to see if patients with severe acute pancreatitis can eat is 
reasonable, with tube feeding reserved for those who are unable to eat after 
5 days. A2  In patients given tube feeding, there is no difference if the tube is 
nasogastric, nasoduodenal, or nasojejunal. In addition, there is no evidence 
that elemental or semi-elemental formulas are better than standard polymeric  
formulas.

Treatment of Complications
Most patients who develop acute gallstone pancreatitis have already passed 

the offending stone into the duodenum, but patients with a persistent or mul-
tiple stones are at higher risk of developing cholangitis and (possibly) more 
severe pancreatitis. Current practice guidelines recommend urgent ERCP in 
patients whose gallstone pancreatitis is complicated by evidence of cholangitis 
(e.g., fever, jaundice, right upper quadrant pain) and early ERCP for patients 
with evidence of a persistent bile duct stone (e.g., visible persistent stone on 
imaging study, jaundice, persistently dilated bile duct, or worsening liver chem-
istries at 48 hours after admission).7,8 Early ERCP is occasionally considered for 
patients who have severe pancreatitis, as evidenced by early and progressive 
organ system failure, but who do not have cholangitis or strong evidence of 
a stone; however, data do not support benefit from this intervention. A3  There  
is no other role for early endoscopic intervention in patients with acute 
pancreatitis.

The systemic complications (Table 135-2) that develop in patients with 
severe acute pancreatitis include some that are similar to those commonly 

TREATMENT 

 PROGNOSIS
More than 80% of all patients with acute pancreatitis recover promptly without 
developing severe pancreatitis. Mortality is usually from progressive multiple 
organ system failure, either from the acute pancreatitis itself or from hospital-
acquired infections, including infection of pancreatic fluid collections or necrotic 
pancreatic tissue. Early organ failure (within 24 hours of admission), multiple 
organ system failure, and persistent or progressive (present beyond 48 hours 
after admission) organ failure are associated with prolonged hospitalization, 
ICU admission, need for surgery, and death. Overall mortality is about 2%, 
but it can approach 30% in patients with more severe comorbid conditions 
(and particularly obesity) and in patients who develop pancreatic necrosis, 
infection, or organ system failure. Although high-quality ICU care reduces 
mortality, no specific therapy is currently proven to reduce these risks.

For patients with acute alcoholic pancreatitis, long-term mortality is about 
4-fold higher than in the general population, mostly owing to alcohol-related 
conditions. For other causes, long-term mortality is minimally elevated com-
pared with the general population.

 CHRONIC PANCREATITIS

 DEFINITION
Chronic pancreatitis is a syndrome, associated with a wide spectrum of pre-
disposing risk factors and environmental triggers. Chronic pancreatitis usually 
evolves after episodes of recurrent acute pancreatitis, and the transition between 
acute and chronic pancreatitis may be difficult to identify.10 Common features 
include abdominal pain, exocrine and/or endocrine insufficiency, and imaging 
evidence of pancreatic atrophy, calcification, or dilated pancreatic duct. The 
progression of chronic pancreatitis is variable, but it often culminates in irre-
versible and widespread pancreatic fibrosis with chronic inflammation and 
damage to nerves, ducts, acini, and islets.

 EPIDEMIOLOGY
The prevalence of symptomatic chronic pancreatitis in western countries is 
about 25 to 30 per 100,000 persons, with an estimated incidence of 4 to 14 
cases/100,000. In the United States, chronic pancreatitis accounts for about 
125,000 outpatient visits and 25,000 hospitalizations annually. Interestingly, 
the prevalence of histologic evidence of chronic pancreatitis in autopsy studies 
approaches 5%, indicating that many people develop some pancreatic damage 
as a consequence of normal aging, other diseases (e.g., diabetes), or exposure 
to toxins (such as smoking or consumption of alcohol) but do not develop 
any symptoms or signs of chronic pancreatitis during life.

 PATHOBIOLOGY
Several genetic polymorphisms and mutations can predispose to chronic 
pancreatitis, and various environmental and immunologic triggers can initiate 
the disease. Episodes of acute inflammation, whether clinical or subclinical, 
eventually change the inflammatory milieu of the pancreas, with a shift to 
chronic inflammation, cell injury, cell death, the activation of pancreatic stel-
late cells, and the progression to fibrosis. This process becomes self-sustaining 
and produces the characteristic histologic damage.

conditions. Obesity in particular dramatically increases the risk of more severe 
pancreatitis. Additional clinical features that can be predictive include the 
presence of the systemic inflammatory response syndrome, particularly if it 
persists for more than 48 hours, and laboratory features consistent with intra-
vascular volume depletion (elevated hematocrit or BUN). In addition to this 
qualitative estimate of prognosis, a number of multiple-factor scoring systems 
have been developed in an attempt to help guide clinicians in gauging prog-
nosis, but there is no evidence that these complex multiple-factor scoring 
systems are superior to experienced clinical judgment. None are widely used 
except sometimes in large referral centers.
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 PROGNOSIS
More than 80% of all patients with acute pancreatitis recover promptly without 
developing severe pancreatitis. Mortality is usually from progressive multiple 
organ system failure, either from the acute pancreatitis itself or from hospital-
acquired infections, including infection of pancreatic fluid collections or necrotic 
pancreatic tissue. Early organ failure (within 24 hours of admission), multiple 
organ system failure, and persistent or progressive (present beyond 48 hours 
after admission) organ failure are associated with prolonged hospitalization, 
ICU admission, need for surgery, and death. Overall mortality is about 2%, 
but it can approach 30% in patients with more severe comorbid conditions 
(and particularly obesity) and in patients who develop pancreatic necrosis, 
infection, or organ system failure. Although high-quality ICU care reduces 
mortality, no specific therapy is currently proven to reduce these risks.

For patients with acute alcoholic pancreatitis, long-term mortality is about 
4-fold higher than in the general population, mostly owing to alcohol-related 
conditions. For other causes, long-term mortality is minimally elevated com-
pared with the general population.

 CHRONIC PANCREATITIS

 DEFINITION
Chronic pancreatitis is a syndrome, associated with a wide spectrum of pre-
disposing risk factors and environmental triggers. Chronic pancreatitis usually 
evolves after episodes of recurrent acute pancreatitis, and the transition between 
acute and chronic pancreatitis may be difficult to identify.10 Common features 
include abdominal pain, exocrine and/or endocrine insufficiency, and imaging 
evidence of pancreatic atrophy, calcification, or dilated pancreatic duct. The 
progression of chronic pancreatitis is variable, but it often culminates in irre-
versible and widespread pancreatic fibrosis with chronic inflammation and 
damage to nerves, ducts, acini, and islets.

 EPIDEMIOLOGY
The prevalence of symptomatic chronic pancreatitis in western countries is 
about 25 to 30 per 100,000 persons, with an estimated incidence of 4 to 14 
cases/100,000. In the United States, chronic pancreatitis accounts for about 
125,000 outpatient visits and 25,000 hospitalizations annually. Interestingly, 
the prevalence of histologic evidence of chronic pancreatitis in autopsy studies 
approaches 5%, indicating that many people develop some pancreatic damage 
as a consequence of normal aging, other diseases (e.g., diabetes), or exposure 
to toxins (such as smoking or consumption of alcohol) but do not develop 
any symptoms or signs of chronic pancreatitis during life.

 PATHOBIOLOGY
Several genetic polymorphisms and mutations can predispose to chronic 
pancreatitis, and various environmental and immunologic triggers can initiate 
the disease. Episodes of acute inflammation, whether clinical or subclinical, 
eventually change the inflammatory milieu of the pancreas, with a shift to 
chronic inflammation, cell injury, cell death, the activation of pancreatic stel-
late cells, and the progression to fibrosis. This process becomes self-sustaining 
and produces the characteristic histologic damage.

TABLE 135-2 COMPLICATIONS OF ACUTE PANCREATITIS
COMPLICATION EXAMPLES
Systemic complications Hypotension and shock

Adult respiratory distress syndrome
Acute renal failure
Disseminated intravascular coagulation
Hypocalcemia
Hypertriglyceridemia
Hyperglycemia
Encephalopathy and coma

Gastrointestinal bleeding Stress ulceration
Pseudoaneurysm

Local (pancreatic) complications Acute peripancreatic fluid collection
Pseudocyst (infected and sterile)
Acute necrotic collection
Walled-off pancreatic necrosis (infected 

and sterile)
Duodenal and biliary obstruction

encountered in other ICU patients (e.g., ventilator-associated pneumonia, line 
sepsis) as well as the specific metabolic complications of severe pancreatitis.9 
Hyperglycemia is common and may contribute to higher rates of infections. In 
severe acute pancreatitis, ionized calcium levels are usually normal, but hypo-
calcemia is common owing to a diminished serum albumin level; treatment 
is not needed in the absence of signs of hypocalcemia, such as tetany or a 
Chvostek sign (Chapter 232). Mild hypertriglyceridemia is common, but underly-
ing hypertriglyceridemia does not cause acute pancreatitis unless triglyceride 
levels surpass 1000 mg/dL. Triglyceride levels drop promptly when the patient is  
made NPO.

Infections in patients with acute pancreatitis include urinary tract infec-
tions, pneumonia, line infections, and C. difficile. High-quality nursing care, 
antibiotic stewardship, and careful attention to catheters and lines can mini-
mize these infections. In addition, patients with necrotizing pancreatitis may 
develop infected pancreatic necrosis, which typically occurs 2 to 3 weeks into 
the illness and is heralded by fever, leukocytosis, and worsening abdominal 
pain. The responsible organisms are usually gram-negative rods and other gut 
flora, but Staphylococcus aureus is an important agent as well. If infected necro-
sis is suspected, a contrast CT scan should be obtained. The finding of gas in 
the necrotic collection is a specific but not sensitive sign of infected necrosis. 
A CT-directed fine-needle aspiration of the necrotic area can be obtained for 
culture and Gram stain but is not required in patients in whom clinical features, 
such as fever, leukocytosis, and worsening abdominal pain, are strongly sug-
gestive of infected pancreatic necrosis. Antibiotics with appropriate penetra-
tion into necrosis (e.g., imepenem/cilastatin 500 mg IV/q 8 hours, meropenem 
500 mg IV/q 8 hours; or metronidazole 500 mg IV/q 8 hours plus ciprofloxacin 
400 mg IV/q 8 hours or ceftazidime 500 mg IV/q 8 hours; see Table 271-4 in 
Chapter 271) should be initiated if infection is suspected or documented, and 
the specific regimen can be tailored to the organism if known. Intravenous 
antibiotics should be continued for several weeks to allow the necrotic material 
to demarcate, begin to liquefy, and become encapsulated. If patients become 
septic, it is reasonable to place a percutaneous drain into the collection to 
stabilize the patient. When this walled-off necrosis is sufficiently liquefied to 
allow less invasive approaches, therapy can include percutaneous, endoscopic, 
or minimally invasive surgical therapy. Minimally invasive surgical approaches 
are preferable and of relatively low morbidity, and endoscopic minimally inva-
sive approaches may be even less morbid. A4 , A5  Open surgical drainage should  
be avoided.

Fluid collections around the pancreas (acute peripancreatic fluid collections) 
are common in acute pancreatitis and do not require any specific therapy. 
Most will resolve spontaneously, but some will mature into an encapsulated 
pseudocyst. It is important to distinguish a pseudocyst (usually outside 
the confines of the pancreas and filled with fluid) from an area of necrosis 
(usually inside the confines of the pancreas and a mixture of solid and liquid 
material). Although infected necrosis has a substantial impact on prognosis, 
prophylactic antibiotics are not beneficial. A6  Therapy also is not needed for 
asymptomatic pseudocysts, even if they are large, but therapy is indicated for 
pseudocysts that cause abdominal pain, obstruct a surrounding hollow viscus, 
or are associated with infection or bleeding. A pseudocyst can be treated suc-
cessfully using endoscopic, percutaneous, or minimally invasive surgical tech-
niques, and the choice among these approaches can be determined by local  
expertise.

Bleeding may be limited to within the pseudocyst itself or may reach the 
intestine through the pancreatic duct if the pseudocyst is in communication 
with the duct. In some patients, bleeding into the pseudocyst may be caused 
by a pseudoaneurysm of a nearby visceral artery; this type of bleeding may 
be massive. Unexplained gastrointestinal bleeding or a sudden, unexplained 

drop in the hematocrit in a patient with pancreatitis or a pseudocyst should 
prompt an emergent CT scan, followed by embolization if a pseudoaneurysm 
is identified.

Prevention of Relapsing Pancreatitis
Preventing relapse requires a clear knowledge of the precipitating cause. 

Abstinence from alcohol and tobacco should be strongly encouraged, includ-
ing referral to appropriate resources. Cholecystectomy prevents subsequent 
attacks of gallstone pancreatitis and should be accomplished within the index 
hospitalization. A7  In patients with presumed “idiopathic” acute pancreatitis, an 
empiric cholecystectomy can be considered provided that alternative causes 
have been excluded, because many of these patients have gallstones as the 
etiology. A8  In patients who have gallstone pancreatitis but who are not surgical 
candidates, endoscopic biliary sphincterotomy provides reasonable protection 
from subsequent attacks. Control of serum lipids prevents subsequent attacks 
of hyperlipidemic pancreatitis. Therapy of lesions that obstruct the pancreatic 
duct, such as strictures and ampullary adenomas, may also prevent relapse.

The risk of post-ERCP pancreatitis is reduced with careful patient selection, 
the use of peri-procedural nonsteroidal anti-inflammatory drug (NSAID) sup-
positories, A9  or by the placement of small caliber temporary pancreatic duct 
stents.
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The mechanisms of pain of chronic pancreatitis are complex. Damage to 
pancreatic nociceptive nerves and neuroimmune interaction driven by the 
chronic inflammatory state is the primary cause of pain, but the chronic pain 
produces visceral, spinal cord, and central hyperalgesia.

Alcohol and Tobacco
Alcohol causes about 50% of all cases of chronic pancreatitis in the United 
States. The risk is dose dependent, but it usually requires sustained ingestion 
of alcohol of 4 to 5 drinks daily over more than 5 years. The majority of people 
(95%) who consume this much alcohol do not develop chronic pancreatitis, 
pointing to important cofactors such as genetic risk factors and cigarette 
smoking. Smoking increases the risk of chronic pancreatitis by 2- to 3-fold, 
with a dose-dependent effect. Smoking is estimated to account for 25% of the 
attributable risk of chronic pancreatitis, and continued smoking after diagnosis 
accelerates the course of the disease. These risks also appear to be synergistic, 
such that the combination of alcohol and tobacco is more than an additive 
effect.

Genetic
Hereditary pancreatitis is an autosomal dominant disease characterized by 
early onset of acute and chronic pancreatitis, the development of exocrine 
and endocrine pancreatic insufficiency, and a high risk of pancreatic adeno-
carcinoma (Chapter 185). Mutations in the trypsinogen (PRSS1) gene in 
these families appear to cause a gain in function in which the mutant tryp-
sinogen, once activated to trypsin, is difficult to inactivate. This trypsin, if 
present in an amount that overwhelms normal protective mechanisms, can 
activate other pancreatic enzymes and lead to pancreatic damage and eventu-
ally to chronic pancreatitis. One of the protective mechanisms is a trypsin 
inhibitor called the SPINK1 protein. Loss of function mutations in SPINK1 
predisposes to chronic pancreatitis. Major mutations in the cystic fibrosis 
conductance regulator (CFTR) lead to cystic fibrosis (Chapter 83), which 
may be associated with chronic pancreatitis and pancreatic atrophy, depending 
upon the location of the mutation. Certain mutations in CFTR predispose 
to chronic pancreatitis, without causing the sinopulmonary features of classic 
cystic fibrosis. A number of additional genetic polymorphisms in the calcium 
sensing receptor, chymotrypsin C, claudins, and others are also associated 
with chronic pancreatitis. With the exception of PRSS1, these polymorphisms 
predispose to chronic pancreatitis and may function as modifying genes, but 
are not sufficient to cause chronic pancreatitis.

Pancreatic Duct Obstruction
Chronic obstruction of the pancreatic duct by benign, premalignant, and 
malignant conditions can cause chronic pancreatitis to develop in the gland 
upstream from the obstruction. Examples include duodenal diseases causing 
obstruction at the ampulla (celiac disease, Crohn disease, ampullary adenoma 
or carcinoma), and benign (after severe pancreatitis, pancreatic surgery, or 
abdominal trauma), and malignant pancreatic duct strictures (pancreatic ductal 
adenocarcinoma, intraductal papillary mucinous neoplasms).

Other Causes
Autoimmune pancreatitis is a disease that most often presents as a mass-like 
lesion in the pancreas with obstructive jaundice, mimicking cancer, but it also 
may present as chronic pancreatitis and rarely as acute pancreatitis.11 Because 
cancer is more common than autoimmune pancreatitis, it must be excluded 
(usually with endoscopic ultrasonography). Type 1 autoimmune pancreatitis 
(also called IgG4-disease) is characterized by diffuse swelling of the pancreas, 
elevation of the serum IgG4 level, and involvement of other organs, especially 
with biliary strictures, salivary gland inflammation, retroperitoneal fibrosis, 
and renal lesions. Histologically, these organs are infiltrated by chronic inflam-
matory cells, especially plasma cells bearing IgG4 on their surface. Serum 
levels of IgG4 are also elevated. Type 2 autoimmune pancreatitis affects only 
the pancreas and is not associated with elevations in IgG4.

Although most chronic pancreatitis follows multiple episodes of acute pan-
creatitis, a single severe acute attack that causes substantial pancreatic necrosis 
can cause a ductal stricture or destroy enough gland to produce exocrine and 
endocrine insufficiency. Other diseases that cause repeated attacks of pancre-
atitis can lead to chronic pancreatitis. For example, hypertriglyceridemia causes 
recurrent acute pancreatitis that leads to chronic pancreatitis.

 CLINICAL MANIFESTATIONS
Abdominal pain is the most common symptom and is responsible for the 
greatest negative impact on quality of life. The pain may be episodic or 

constant, and it is generally present in the epigastrium with radiation to the 
back. Some patients will present initially with an episode of acute pancreatitis 
and thereafter develop evidence of chronic pancreatitis, but others will have 
obvious chronic pancreatitis at their first presentation. If pain is episodic, the 
patient may be labeled as having acute pancreatitis or an acute flare of chronic 
pancreatitis. When pain is severe, nausea and vomiting may occur. Pain may 
worsen, improve, or remain stable over time. Up to 5% of patients do not have 
pain and instead present with exocrine (steatorrhea, weight loss) or endocrine 
(diabetes mellitus) pancreatic insufficiency. The disease tends to be progressive 
over time, even if the original cause (e.g., alcohol) is removed. The pain also 
may become self-perpetuating even if therapy is successful.

 DIAGNOSIS
The diagnosis may be suspected based on the clinical features but should be 
confirmed by tests that identify structural damage to the pancreas or derange-
ments in pancreatic function (Table 135-3).12 Serum levels of amylase or lipase 
are not useful for diagnosing chronic pancreatitis. Serum trypsinogen (also 
called trypsin) is abnormally low in patients with chronic pancreatitis that is 
advanced enough to cause steatorrhea but is often normal in patients with 
less advanced disease. Serum glucose levels will be elevated in patients with 
endocrine insufficiency.

Chronic pancreatitis is a slowly progressive disease in which visible damage 
to the gland (e.g., on a CT scan) and functional failure (e.g., steatorrhea or 
diabetes mellitus) may not be apparent for years. All diagnostic tests are most 
accurate when the disease is far advanced, and all are far less accurate in the 
early stages of disease.13

From a practical perspective, the diagnosis is established in most patients 
by CT or MRI. The diagnostic challenge lies with patients who present with 
a severe pain syndrome suggestive of chronic pancreatitis but who have a 
normal or minimally abnormal CT or MRI. In these patients, MRI with 
secretin-MRCP or endoscopic ultrasonography are the best choices, unless a 
secretin-based pancreatic function test is available. ERCP should not be used 
for diagnostic purposes alone.

In about 20% of patients, no clear cause of chronic pancreatitis is identified, 
and this may be more common in women. Some patients may have underlying 
genetic mutations, and others may be surreptitiously using alcohol and/or 
tobacco. Two general forms of idiopathic chronic pancreatitis are observed. 
In the first, pain is the predominant feature, and the onset of disease is in 
young adulthood. In the second, the onset is in middle age, and exocrine and 
endocrine insufficiency, rather than abdominal pain, are the major clinical 
manifestations. As more genetic polymorphisms are identified, the relative 
prevalence of idiopathic pancreatitis is shrinking.

Tests of Pancreatic Structure
Plain abdominal radiographs may demonstrate diffuse or focal pancreatic 
calcification in patients with advanced chronic pancreatitis). Although specific 
for chronic pancreatitis, these findings are detected only after years of disease.

Abdominal ultrasound is of limited utility because overlying gas often limits 
the ability to visualize the pancreas. An abnormal pancreatic duct, pancreatic 
calcifications, gland atrophy, or changes in echotexture are seen in about 60% 
of patients.

CT is the most widely used diagnostic test for chronic pancreatitis, and 
high-quality images can be obtained of the pancreas and pancreatic duct. 
Characteristic findings include a dilated pancreatic duct, ductal or parenchymal 
calcifications, and atrophy (Fig. 135-3). These structural changes take years 

TABLE 135-3 DIAGNOSTIC TESTS FOR  
CHRONIC PANCREATITIS*

STRUCTURAL FUNCTIONAL
Biopsy Hormonal (secretin) test
Endoscopic ultrasonography Fecal elastase
Magnetic resonance imaging with magnetic resonance 

cholangiopancreatography, with or without secretin 
infusion

Serum trypsin level

Computed tomography

Fecal fat

Endoscopic retrograde cholangiopancreatography

Blood glucose level

Ultrasonography
Plain abdominal radiography
*Listed in approximate order of decreasing sensitivity

TREATMENT 
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and specificity. Fecal levels of pancreatic elastase are diminished to less than 
100 μg/g in patients with advanced chronic pancreatitis and steatorrhea. The 
test can be performed while patients are taking pancreatic enzyme therapy.

For a pancreatic function test, a tube is passed into the duodenum, where 
pancreatic secretions are collected over the course of 1 hour in 15 minute 
aliquots and analyzed for bicarbonate concentration after a supraphysiologic 
dose of secretin is administered. A normal study is defined by at least one of 
the samples having a bicarbonate concentration of 80 mEq/L or more. The 
test becomes abnormal earlier in the disease process than any other test, so 
it is best suited to diagnose chronic pancreatitis earlier in its clinical course.15 
However, the test is not widely available or used.

FIGURE 135-3. a computed tomographic scan demonstrating diffuse pancreatic cal-
cification in a patient with long-standing chronic pancreatitis (arrows). 

FIGURE 135-4. an endoscopic ultrasound in a patient with chronic pancreatitis, dem-
onstrating a dilated pancreatic duct (marks on margin of main duct). 

FIGURE 135-5. an endoscopic retrograde cholangiopancreatography demonstrating 
a very irregular pancreatic duct with areas of dilation and stricturing in a patient with 
chronic pancreatitis (arrows). 

Medical therapy starts with vigorous attempts to assist patients in stopping 
alcohol and tobacco.

Treatment of Pain
Many patients will require analgesics. It is appropriate to start with the less 

potent agents first (such as tramadol 50-100 mg every 6 hours). In most patients, 
it is helpful to add an adjunctive agent such as a tricyclic antidepressant (e.g., 
amitriptyline starting at 50 mg at night, or nortriptyline starting at 10 mg at 
night), a selective serotonin reuptake inhibitor, or a combined serotonin and 
norepinephrine uptake inhibitor at the usual starting dose (Table 369-5). Limited 
evidence supports the role of pregabalin (starting at 75 mg two times daily), 
which can be combined with some the antidepressant agents. Antioxidants 
(mixtures of selenium, vitamins E and C, β-carotene, and methionine) may also 
have some beneficial effect on pain in selected patients with preexisting 
deficiencies.16

Sudden worsening of pain should lead to a search for specifically treatable 
complications, including pseudocyst, obstruction of a surrounding hollow organ 
(e.g., duodenum or bile duct), or superimposed carcinoma. A good quality CT 
or MRI is usually sufficient to exclude these possibilities. These imaging tests 
also help in choosing appropriate therapy. Patients with a dilated duct (gener-
ally >5 mm) are the best candidates for endoscopic and surgical therapy. Patients 
without duct dilation are not suitable for most endoscopic and surgical therapy 
and must rely instead on medical therapy (Table 135-4). Unfortunately, pain 
often persists despite therapy. A celiac plexus block using bupivacaine can be 
performed relatively easily and safely, but substantial relief of pain is unpredict-
able and is achieved for only weeks or months.

Other Medical Therapy
Pancreatic enzyme therapy is commonly used to treat exocrine insufficiency 

and occasionally to treat pain, although evidence is lacking on its effectiveness 
for pain. Autoimmune pancreatitis responds promptly to steroid therapy17 
(usually 40 mg of prednisone daily for 4 weeks, with a taper of 5 mg/week over 
the next 7 weeks), but relapse commonly occurs, particularly in patients with 
biliary obstruction. Continuing prednisolone therapy at 5 to 7.5 mg daily for 
three years can significantly reduce the relapse rate. A10 

TREATMENT 

to develop, so CT is not as accurate in early or less advanced disease. Like 
CT, MRI allows detailed images of the pancreas, and the addition of MRCP 
allows even better assessment of pancreatic duct morphology. Secretin can 
be administered at the time of MRCP to allow better visualization of the 
pancreatic duct. MRI with secretin-MRCP is more sensitive for detecting the 
early changes of chronic pancreatitis than is CT.14

Endoscopic ultrasonography allows very detailed images of the pancre-
atic parenchyma and duct (Fig. 135-4). Normal endoscopic ultrasonography 
essentially excludes chronic pancreatitis, whereas very abnormal endoscopic 
ultrasonography is highly consistent with chronic pancreatitis. ERCP provides 
the most detailed images of the pancreatic duct, as well as the opportunity 
to provide therapy (see below). Changes in the duct include dilation, irregu-
larity, ductal stones, and strictures (Fig. 135-5). However, ERCP carries a 
risk of causing pancreatitis, so it should be utilized only when therapy  
is planned.

Tests of Pancreatic Function
Quantification of fat in stool during a 72-hour collection while on a high-fat 
diet can be used to document steatorrhea but is rarely performed. Qualitative 
analysis of fat with Sudan staining of a stool specimen has poor sensitivity 
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Endoscopic Therapy and Lithotripsy
ERCP can be used to dilate strictures and place stents across the stricture. 

Ductal stones, if they are not too large and are not impacted, may also be 
removed. Larger stones usually require lithotripsy to reduce the stone to frag-
ments that are manageable. MRCP is useful in patients who have a dominant 
obstruction in the pancreatic head with upstream ductal dilation. Such MRCP 
therapy is technically successful in more than 80% of carefully selected patients, 
and pain relief may be seen in 70 to 80% of patients, although treatment usually 
requires several endoscopic procedures.

Surgical Therapy
Surgery also generally requires a dilated pancreatic duct and is somewhat 

more effective and more durable than is endoscopic therapy. A11  Surgery can 
involve decompression of the pancreatic duct, resection of the pancreas, or a 
combination of the two. The most commonly performed procedure, the modi-
fied Puestow procedure, involves a longitudinal incision of the pancreatic duct 
from the body of the pancreas to as close to the duodenum as possible, and 
this duct is overlaid with a defunctionalized small intestinal limb to drain it. 
At the time of surgery, ductal strictures can be incised and ductal stones can 
be removed. The procedure is relatively simple in patients with a dilated pan-
creatic duct (>5 mm). Pain relief in the short term is good (>80%), with about 
50% obtaining long-term relief of pain. Alternative surgical procedures for pain 
include partial resection of the pancreas, typically the head of the gland. These 
operations, which include the classic pancreatico-duodenectomy (Whipple 
operation) as well as several variations of a duodenum-preserving pancreatic 
head resection, provide equal short-term pain relief  A12  and better long-term 
pain relief than a modified Puestow, but perhaps with higher morbidity. Total 
pancreatectomy, usually coupled with auto-transplantation of harvested islet 
cells, has been performed at a small number of centers but is generally con-
sidered a therapy of last resort because diabetes mellitus is common after the 
procedure and pain relief is inconsistent.

Exocrine Insufficiency
Steatorrhea and maldigestion do not occur until approximately 90% of pan-

creatic enzyme secretion is lost, usually after at least 5 to 10 years of disease. 
Patients may note weight loss and oily stools, but often do not complain of 
diarrhea. Patients with chronic pancreatitis and exocrine insufficiency maldigest 
fat, protein, and carbohydrates, but fat maldigestion is usually most severe 
(including fat soluble vitamins, particularly vitamin D). The diagnosis of exocrine 
insufficiency is usually suggested by symptoms of oily or floating stools and 
weight loss. A formal 72-hour stool fat analysis is the most accurate method 
to document steatorrhea and to gauge effectiveness of therapy but is rarely 
done. Instead, the clinical features and a fecal elastase lower than 100 μg/g 
stool, coupled with an appropriate response to enzyme replacement therapy, 
is the best substitute for 72-hour fecal fat testing.

Pancreatic enzyme replacement therapy (Table 135-5) can normalize fat and 
fat-soluble vitamin absorption, maintain normal nutrition and weight, and 
prevent complications such as osteoporosis. A13  Both enteric-coated capsules 
and non–enteric-coated tablets are available. Enzymes are identified by the 
lipase content of the pill or capsule, although they all contain proteases and 
amylase as well. The goal of enzyme therapy is to provide at least 10% of normal 
pancreatic output with each meal (90,000 USP units of lipase/meal). Since most 
patients are still producing some enzymes (including gastric lipase), it may not 

TABLE 135-5 ENZYME THERAPY FOR EXOCRINE 
PANCREATIC INSUFFICIENCY

PRODUCT FORMULATION LIPASE CONTENT/CAPSULE OR PILL
Zenpep Enteric-coated porcine 3000; 5000; 10,000; 15,000; 20,000; 

25,000; 40,000
Creon Enteric-coated porcine 3000; 6000; 12,000; 24,000; 36,000
Pancreaze Enteric-coated porcine 4200; 10,500; 16,800; 21,000
Pertzye Enteric-coated porcine 

with bicarbonate
4000; 8000; 16,000

Viokace Non-enteric-coated 
porcine tablet*

10,440; 20,880

*Needs to be coadministered with an H2 blocker (e.g., ranitidine 150 mg twice daily) or a proton 
pump inhibitor (e.g., omeprazole 20 mg/day)

TABLE 135-4 TREATMENT FOR PAIN
Medical therapy Analgesics and adjunctive agents

•	 Tramadol	50	mg,	1-2	three	times	daily
•	 Amitryptiline,	starting	at	50	mg	at	night
•	 Nortriptyline,	starting	at	10	mg	at	night
•	 SSRIs	(e.g.,	citalopram,	fluoxetine,	sertraline,	

paroxetine) at recommended starting dose (see Table 
369-5)

•	 Gabapentin,	starting	at	100	mg	at	night
•	 Pregabalin,	starting	at	75	mg	two	times	daily

Antioxidants
•	 Typical	mixture	containing	vitamin	C	(1000	mg),	

vitamin E (300 IU), selenium (500 μg), methionine 
(2 g), and β-carotene (10,000 IU) total daily dose

Neurolysis Endoscopic ultrasonography–guided neurolysis
Endoscopic therapy Stent

Stone removal, lithotripsy
Surgical therapy Pancreaticojejunostomy (modified Puestow operation)

Partial pancreatic resection (Whipple operation, duodenum 
preserving pancreatic head resection, others)

Total pancreatectomy with islet-cell auto-transplantation
CT = computed tomography; SSRI = selective serotonin reuptake inhibitor.

be necessary to prescribe the full dosage of 90,000 USP units with each meal; 
40,000 to 50,000 is a reasonable starting point.

If non–enteric-coated preparations are selected, cotreatment with an 
H2-blocker (e.g., ranitidine 150 mg twice daily or equivalent) or proton pump 
inhibitor (e.g., omeprazole 20 mg daily or equivalent) is required to prevent 
acid denaturation of enzymes; such cotreatment is not needed with enteric-
coated preparations. Enzymes should be split during the meal (usually during 
and immediately after the meal). Supplementation with vitamin D (400 to 
1000 IU daily) and calcium (1.0 to 1.5 g daily) is appropriate because of the 
risks of osteoporosis (Chapter 230) and osteopenia. Measurement of fat soluble 
vitamin levels and periodic bone mineral density testing are recommended. 
The success of enzyme therapy is generally defined as weight gain, reduction 
or absence of visible oil in the stool, and correction of fat-soluble vitamin levels. 
Failure of enzyme therapy is most often due to an inadequate dose. Increasing 
the dose up to the full 90,000 USP units with meals and encouraging compli-
ance is appropriate as a first step. No generic products are available in the 
United States, so cost may be a major cause of noncompliance. Some patients 
may not respond owing to the presence of a second disease that also causes 
malabsorption, such as small intestinal bacterial overgrowth.

Endocrine Insufficiency
Like exocrine insufficiency, diabetes mellitus (Chapter 216) is a very late 

complication of chronic pancreatitis, occurring years or decades after the onset 
of disease. In contrast to type 1 diabetes mellitus, destruction of the entire 
islet, which has been termed type 3C diabetes mellitus, reduces secretion of 
both insulin and glucagon.18 The absence of glucagon increases the risk that 
overly aggressive insulin therapy may lead to hypoglycemia. In most patients, 
therefore, insulin treatment is not aimed at exceedingly tight glucose control. 
Unfortunately, these patients are at similar risk for microvascular complications 
as are all other patients with diabetes.

Complications
Pancreatic pseudocyst: Pseudocysts, when they are discovered in patients 

with chronic pancreatitis, are generally mature and have a visible capsule sur-
rounding them. As in acute pancreatitis, benign pseudocysts in chronic pan-
creatitis do not require therapy if they are not producing symptoms and are 
not infected. However, some cystic structures in and around the pancreas are 
cystic neoplasms (Chapter 185), not pseudocysts. Symptomatic pseudocysts 
require drainage, whereas neoplasms require resection. Features that suggest 
a cystic neoplasm include a cyst with a thick or nodular wall, a cyst with multiple 
internal septations, or a cyst occurring in a patient who does not have a history 
of pancreatitis. Any combination of these features should lead to further inves-
tigation, generally with endoscopic ultrasonography and aspiration.

Symptomatic pseudocysts can be treated with endoscopic, percutaneous 
or surgical therapy with equal efficacy. In most centers, endoscopic ultraso-
nography-guided drainage is becoming first-line therapy with excellent short- 
and long-term results. Complications of pseudocysts include infection, bleeding 
(discussed above), and rupture. Pseudocysts may leak into the peritoneal com-
partment (pancreatic ascites) or track into the chest (pancreatic pleural effusion). 
Patients usually present with abdominal distension or dyspnea, rather than 
abdominal pain. Amylase level in the fluid is usually greater than 4,000 U/L. 
Endoscopic therapy with stent placement across the connection between 
pseudocyst and pancreatic duct is highly effective in this situation.

Malignancy: Chronic pancreatitis is a strong risk factor for pancreatic ductal 
adenocarcinoma (Chapter 185), with a lifetime risk of about 4%, which is 8- to 
16-fold above the general population.19 The risk of cancer is much higher in 
patients with hereditary pancreatitis, in whom the risk may range as high as 
40 to 70%. Other genetic causes and smoking also increase the risk of second-
ary pancreatic malignancy, as may type 3C diabetes mellitus. It may be difficult 
to visualize cancer in an already diseased pancreas.



 PREVENTION
Currently, there are no reliable methods to prevent chronic pancreatitis. Patients 
at risk for chronic pancreatitis, such as members of families with hereditary 
pancreatitis or patients with strong genetic predispositions, should avoid alcohol 
and tobacco. Similarly, patients with established chronic pancreatitis should 
avoid these agents, which hasten the progression of the disease.

 PROGNOSIS
With prolonged follow-up of 10 to 20 years, the majority of patients will develop 
exocrine or endocrine insufficiency. Overall mortality is increased 3- to 6-fold 
compared with age-matched controls. Patients who are older, smoke, or have 
alcohol as the cause are at highest risk of mortality. Overall, 10-year survival 
approximates 70%, and 20-year survival is about 45%. Death is usually not 
due to pancreatitis itself but rather to malignancy, postoperative complica-
tions, and complications of alcohol (Chapter 30) or tobacco (Chapter 29).
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136 
DISEASES OF THE RECTUM AND ANUS
ROBERT D. MADOFF AND GENEVIEVE B. MELTON-MEAUX

 ANATOMY
 The Rectum
The rectum and anal canal make up the final portion of the hindgut. In general, 
the colon transitions distally to the rectum at the level of the sacral promon-
tory, where the taeniae coli splay to form a continuous longitudinal muscle 
layer, and then extends approximately 12 to 18 cm distally. The peritoneum 
covers the upper two thirds of the rectum anteriorly and is usually more limited 
laterally. The rectum and its mesentery are surrounded posteriorly by endo-
pelvic fascia, and this anatomic package contains the relevant lymphovascular 

structures that should be removed intact during rectal cancer surgery. The 
rectum also has two or three curves within its lumen created by submucosal 
folds called the valves of Houston. The second valve is often used as a rough 
guideline for the intraperitoneal cavity anteriorly.

Blood supply to the rectum originates from the inferior mesenteric artery 
proximally and internal iliac arteries distally. The inferior mesenteric artery 
terminates as the superior rectal (hemorrhoidal) artery, which supplies the 
rectum and the upper one third of the anal canal. Additionally, internal iliac 
arteries give off the middle rectal (hemorrhoidal) arteries and the inferior 
rectal (hemorrhoidal) arteries (inferior via the internal pudendal artery) to 
supply the distal rectum and anal canal. The majority of the rectum drains 
into the superior hemorrhoidal venous plexus and then to the inferior mes-
enteric vein and portal venous system. By contrast, the caudal rectum and 
anal canal drain into the systemic venous circulation through the inferior and 
middle rectal veins into the internal iliac veins and inferior vena cava. As a 
general rule, the lymphatic drainage of the rectum follows the arterial supply 
via the inferior mesenteric and internal iliac lymph nodes. As a result of the 
rectum’s dual blood supply and drainage, pulmonary metastatic spread occurs 
earlier and more often with rectal cancers than with colon cancers. Innervation 
to the rectum involves both the sympathetic and parasympathetic plexus. The 
sympathetic nerves arise from the first three lumbar segments of the spinal 
cord, whereas the parasympathetic nerve supply originates from the caudal 
three sacral nerve roots.

 The Anal Canal
The anal canal, which begins at the level of the levator ani muscle and extends 
to the anal verge opening is about 2.5 to 5 cm in length and is surrounded by 
the internal and external anal sphincter muscles. The anorectal junction, which 
can be easily appreciated on digital rectal examination, is the point where the 
rectum angulates posteriorly from the axis of the anal canal. The internal anal 
sphincter, which is responsible for about 70% of the resting anal tone, is an 
extension of the inner circular smooth muscle layer of the rectum. The external 
sphincter muscle comprises skeletal muscle and is under voluntary control. 
The dentate (pectinate) line is located about 2 cm proximal to the anal verge 
(anal opening). Hemorrhoids are classified as internal versus external accord-
ing to their relative location proximal or distal to the dentate line.

The mucosal lining changes histologically along the course of the anal canal. 
Superiorly, the anal canal consists of columnar epithelium that mirrors the 
rectum. Approximately 1 to 2 cm above the level of the dentate line is a tran-
sitional zone, where columnar, cuboidal, transitional, and squamous epithelia 
cells are found. This admixture of cells constitutes the derivation of the term 
“basaloid” as it relates to the anal canal cancers, and it marks the proximal 
boundary for anal cancer surveillance. Distal to this line, the squamous epi-
thelium extends to the anal verge and perianal skin, eventually adding glandular 
and hair follicles that resemble skin elsewhere on the body. Infected anal glands 
are a frequent cause of perianal abscess and fistula. Below the dentate line, 
lymphatic drainage generally goes to the inguinal nodes. The external anal 
sphincter is innervated by fibers from S4 and the internal pudendal nerve. 
Somatic sensation of the anal canal comes from the inferior rectal nerve via 
the pudendal nerve. This somatic sensation ceases 1 to 2 cm above the dentate 
line, which explains why some procedures such as hemorrhoid ligation can 
be performed in the office without anesthesia.

 SPECIFIC ANORECTAL CONDITIONS
 Hemorrhoids

 EPIDEMIOLOGY AND PATHOBIOLOGY
An estimated 10 million or more individuals, about 5 to 12% of adults, in the 
United States experience symptoms related to hemorrhoids each year, and 
these individuals generate over 1 million annual office visits. However, the 
true incidence and prevalence of hemorrhoids are unknown because a number 
of anorectal conditions attributed to “hemorrhoids” are actually caused by 
other conditions.1

Despite a commonly held notion that hemorrhoids are always abnormal, 
they actually are normal structures that are identifiable even in the fetus. Hem-
orrhoids are vascular cushions that consist of connective tissue, smooth muscle, 
and both arterioles and veins. Functionally, they may aid with overall fecal 
continence by serving as a malleable gasket that improves the seal of the anal 
canal.

Hemorrhoids are not rectal varices, which are distinct vascular entities that 
can form most commonly in the setting of portal hypertension. Hemorrhoidal 
disease is a more appropriate term to describe the pathologic state with 
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ABSTRACT
Diseases of the anus and rectum can range from benign to serious conditions. 
A good understanding of anorectal anatomy, a thorough history, and a careful 
examination of the anorectum are highly valuable in assessing most anorectal 
complaints and differentiating among the various entities that patients will 
often call “hemorrhoids.” Recent advances have substantially improved the 
treatment of several more serious anorectal issues, including rectal prolapse 
and fecal incontinence. Human papillomavirus vaccine plays a pivotal role in 
prevention of sexually transmitted anal dysplasia and cancer.
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 Anal Fistula
 EPIDEMIOLOGY

An anal fistula, which represents the chronic form of a perianal abscess in 
which the tract from the infected anal gland to the abscess cavity does not 
adequately heal, can occur in 30 to 50% of patients following a perianal abscess.3 
This usually manifests as one or more chronic tracts from the anal canal to 
the perianal skin. The incidence of anal fistula is about 8.6 per 100,000. Fistulae 
are two to three times more common in men than in women.

 PATHOBIOLOGY
After a perianal abscess is drained, the internal opening—the site at the dentate 
line where the infected gland originated—can remain patent, thereby leaving 
a source for recurrent infection as well as a tract from the internal anal gland 
to the abscess cavity and its drainage site. Multiple or atypical anal fistulae 
should always raise the diagnostic suspicion of Crohn disease, which can be 
isolated to the perianal area in approximately 10% of cases.

Anal fistulae are characterized by their relationship to the sphincter 
complex. The simplest and most common (approximately 70%) fistula is 
intersphincteric—located in the plane between the internal and external 
sphincter muscles. Transsphincteric fistulas (about 20 to 25%), which traverse 
both the internal and external sphincter muscles, are classified either as low 
fistulae, which traverse only the distal external sphincter, or high fistulae, which 
traverse the more proximal portions of the external sphincter. Suprasphinc-
teric fistulae originate at the dentate line and loop over the entire sphincter 
complex. Extrasphincteric fistulae have internal openings remote from the 
dentate line; most originate from a pelvic abscess caused by a ruptured appendix 
(Chapter 133), diverticulitis (Chapter 133), or Crohn disease (Chapter 132). 
A horseshoe fistula has external openings on both sides of the midsagittal 
plane; these most commonly have a single internal opening in the posterior  
midline.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Anal fistulae sometimes present as recurrent abscesses in the same location 
as the original one or as persistent and sometimes intermittent purulent drain-
age from an abscess site that has failed to heal completely. Patients may often 
think the area has healed for several weeks or longer prior to experiencing the 
same feeling of a “boil” forming in the identical area, spontaneously rupturing, 
and relieving their symptoms.

The diagnosis of an anal fistula is established by history and by visualization 
of an external opening in the perianal skin. A fibrous fistula track can some-
times be palpated along the course of the fistula from the skin toward the anal 
canal. An internal opening is occasionally visible on anoscopy, but it is not 
necessary to identify one to make a presumptive diagnosis.

FIGURE 136-1. Grade 4 nonreducible internal and external hemorrhoids. 

FIGURE 136-2. thrombosed external hemorrhoid. 

TABLE 136-1 INTERNAL HEMORRHOIDS: GRADING  
AND MANAGEMENT

GRADE SYMPTOMS AND SIGNS MANAGEMENT
1 Bleeding Dietary modifications*

No prolapse Rubber band ligation
Infrared coagulation
Injection sclerotherapy

2 Prolapse with spontaneous 
reduction

Rubber band ligation
Infrared coagulation

Bleeding, seepage Dietary modifications
Injection sclerotherapy
Doppler hemorrhoidal artery ligation

3 Prolapse requiring digital 
reduction

Bleeding, seepage

Surgical hemorrhoidectomy
Rubber band ligation
Dietary modifications
Doppler hemorrhoidal artery ligation

4 Prolapsed, cannot be 
reduced

Surgical hemorrhoidectomy

Strangulated Urgent hemorrhoidectomy
*Dietary modifications include increasing the consumption of fiber, bran, or psyllium and water. 
Dietary modifications are always appropriate for the management of hemorrhoids and to prevent 
recurrence after banding or surgery (or both).

hemorrhoids that generates symptoms. The hemorrhoidal arteriolar component 
explains why hemorrhoidal bleeding is typically bright red in color and can 
be copious in quantity. Causative factors that can provoke hemorrhoidal 
symptoms include constipation, diarrhea, older age, pregnancy, and prolonged 
straining with defecation. Over time, repeated stretching of the anal canal 
damages the supporting tissue and results in downward displacement of the 
vascular cushions. Although none of these precipitating factors has been estab-
lished rigorously, each can cause either increased abdominal pressure or 
obstruction of venous return, thereby leading to engorgement and enlargement 
of the vascular cushions.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The most common symptom of internal hemorrhoids is bright red bleeding. 
This bleeding is typically painless and is most often seen on the toilet tissue 
or in the toilet bowel. The quantity of blood is variable, but patients may 
describe blood dripping or squirting into the toilet bowl. Passage of dark 
blood or blood mixed in the stool suggests a more proximal source. Internal 
hemorrhoids are classified based on the symptoms they cause. As internal 
hemorrhoids enlarge, they are also associated with redundant rectal mucosa 
that protrudes from the anus with defecation.2 Early hemorrhoids bleed but 
do not prolapse (grade 1). Initial protrusion reduces spontaneously (grade 
2); more advanced protrusion requires digital reduction (grade 3) and, at its 
most advanced form, becomes irreducible (grade 4) (Fig. 136-1). Internal 
hemorrhoids are insensate and do not themselves result in pruritus, but they 
can cause itching owing to associated perianal soiling or mucus deposition 
caused by mucosal prolapse. Additionally, patients may complain of anal dis-
comfort or pressure, mucus discharge, extra tissue at the verge (i.e., mucosal 
prolapse), or a sensation of incomplete evacuation.

Individuals with anorectal symptoms frequently present complaining of 
“hemorrhoids” or are even referred from other physicians with a diagnosis of 
hemorrhoids. Although hemorrhoids may be present, they are often not the 
source of the underlying complaint. Therefore, it is always incorrect—and 
sometimes dangerous—for the physician to apply this diagnosis without 
completing an adequate evaluation. Fortunately, the initial evaluation is simple, 
and the correct diagnosis is often suspected based on history alone and con-
firmed by a limited visual and endoscopic examination. Internal hemorrhoids 
are best visualized with a slotted anoscope.

Rectal bleeding should never be attributed to hemorrhoids alone, even if 
hemorrhoids are visible; at a minimum, flexible sigmoidoscopy is required to 
exclude more proximal pathology. For more concerning symptoms or high-
risk patients (e.g., personal or family history of colorectal cancer, persistent 
bleeding despite adequate treatment, unscreened individuals over age 50 years), 
a full evaluation of the large intestine should be performed by colonoscopy. 
The rising incidence of colon and rectal cancers (Chapter 184) in individuals 
under age 50 serves to emphasize the point that unexplained rectal symptoms 
require thorough evaluation at all ages and should not simply be attributed 
to “hemorrhoids.”

External hemorrhoids are usually asymptomatic and should be differenti-
ated from perianal skin tags, which occasionally cause difficulties with hygiene. 
External hemorrhoids become symptomatic when they thrombose to cause 
acute-onset pain and swelling (Fig. 136-2). Thrombosed external hemorrhoids, 
which are usually diagnosed by simple inspection of the anus, appear as an 
external lump, covered by anoderm and skin, with the underlying thrombosis 
giving it a purple appearance. Occasional patients who present with extensive, 
circumferential thrombosis require urgent surgical consultation.

Grade 1 hemorrhoids often respond to dietary manipulation alone: increased 
dietary fiber, addition of a fiber supplement, and increased water intake (Table 
136-1). The goal, which may not be readily achievable, is approximately 25 to 
30 g of fiber and 8 glasses of water daily. Patients often require a dietary fiber 
supplement to reach the recommended fiber intake. More advanced hemor-
rhoids require specific therapy, which is almost always office-based. The most 
popular and simplest technique is rubber band ligation, whereby a tiny rubber 
band (internal diameter approximately 1 mm) is placed around some of the 
redundant rectal mucosa and prolapsing hemorrhoid well above the dentate 
line. The banded tissue sloughs in 7 to 14 days, an event occasionally heralded 
by rectal bleeding, which can be significant in rare cases. The result of surgery 
is a pexy effect for the prolapsing hemorrhoid and ligation of part of the blood 
flow to the hemorrhoid pile. Banding can be repeated at 3- to 4-week intervals 
until bleeding and protrusion are controlled. Bands placed too close to the 
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 Perianal Abscess
 EPIDEMIOLOGY AND PATHOBIOLOGY

Several superficial and deep spaces around the rectum and anal canal normally 
contain loose areolar tissue that can serve as potential spaces for perianal 
infections. Perianal abscess is a common condition, but its incidence is not 
well documented. Approximately 80% of perianal abscesses are caused by 
infection of the anal glands that track toward the skin, whereas other causes 
include simple skin infections, trauma, inflammatory bowel disease, anorectal 
surgery, malignancy, and immunosuppression.2

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients most commonly present with complaints of perianal pain and swelling 
with or without antecedent events such as trauma. In most cases, a local area 
of erythema, tenderness, and fluctuance can be appreciated on physical exami-
nation. However, these findings are often absent in abscesses in certain loca-
tions, including intersphincteric abscesses in the plane between the internal 
and external sphincter muscles, as well as in supralevator and deep ischiorectal 
locations. These abscesses should still be suspected based on a history of 
increasing pain and fever, as well as focal perianal tenderness on the physical 
examination.

As with all acutely painful anal conditions, digital examination should gen-
erally be avoided. Likewise, office instrumentation with an anoscope or proc-
toscope is contraindicated because these examinations cause substantial pain 
and typically yield little if any diagnostic information. When the cause of the 
acute pain cannot be determined in the office, prompt examination under 
anesthesia should be performed. Adjunctive computed tomographic (CT) 
scanning, magnetic resonance imaging (MRI), or endorectal ultrasound can 
provide valuable information, particularly in settings of occult, recurrent, or 
complex disease.

TREATMENT 

TREATMENT 
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 Anal Fistula
 EPIDEMIOLOGY

An anal fistula, which represents the chronic form of a perianal abscess in 
which the tract from the infected anal gland to the abscess cavity does not 
adequately heal, can occur in 30 to 50% of patients following a perianal abscess.3 
This usually manifests as one or more chronic tracts from the anal canal to 
the perianal skin. The incidence of anal fistula is about 8.6 per 100,000. Fistulae 
are two to three times more common in men than in women.

 PATHOBIOLOGY
After a perianal abscess is drained, the internal opening—the site at the dentate 
line where the infected gland originated—can remain patent, thereby leaving 
a source for recurrent infection as well as a tract from the internal anal gland 
to the abscess cavity and its drainage site. Multiple or atypical anal fistulae 
should always raise the diagnostic suspicion of Crohn disease, which can be 
isolated to the perianal area in approximately 10% of cases.

Anal fistulae are characterized by their relationship to the sphincter 
complex. The simplest and most common (approximately 70%) fistula is 
intersphincteric—located in the plane between the internal and external 
sphincter muscles. Transsphincteric fistulas (about 20 to 25%), which traverse 
both the internal and external sphincter muscles, are classified either as low 
fistulae, which traverse only the distal external sphincter, or high fistulae, which 
traverse the more proximal portions of the external sphincter. Suprasphinc-
teric fistulae originate at the dentate line and loop over the entire sphincter 
complex. Extrasphincteric fistulae have internal openings remote from the 
dentate line; most originate from a pelvic abscess caused by a ruptured appendix 
(Chapter 133), diverticulitis (Chapter 133), or Crohn disease (Chapter 132). 
A horseshoe fistula has external openings on both sides of the midsagittal 
plane; these most commonly have a single internal opening in the posterior  
midline.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Anal fistulae sometimes present as recurrent abscesses in the same location 
as the original one or as persistent and sometimes intermittent purulent drain-
age from an abscess site that has failed to heal completely. Patients may often 
think the area has healed for several weeks or longer prior to experiencing the 
same feeling of a “boil” forming in the identical area, spontaneously rupturing, 
and relieving their symptoms.

The diagnosis of an anal fistula is established by history and by visualization 
of an external opening in the perianal skin. A fibrous fistula track can some-
times be palpated along the course of the fistula from the skin toward the anal 
canal. An internal opening is occasionally visible on anoscopy, but it is not 
necessary to identify one to make a presumptive diagnosis.

dentate line cause immediate severe pain and must be removed promptly. 
Patients who are at high risk of bleeding because of intrinsic coagulopathies or 
treatment with anticoagulant agents should not undergo rubber band ligation 
owing to the increased risk of postprocedure bleeding. Alternative therapies 
for moderate internal hemorrhoids include injection sclerotherapy and infrared 
coagulation, both of which are also office-based procedures. Another alter-
native approach is Doppler-guided hemorrhoidal artery ligation, after which 
recurrence rates are 5 to 15%. Recurrent hemorrhoids are less frequent after 
hemorrhoidal artery ligation than after a single rubber band ligation, but hem-
orrhoidal artery ligation is more painful. A1 

,
 A2  Thrombosed external hemorrhoids 

that have not responded to conservative therapy also can be treated by excision 
in the office under local anesthesia or, if required because of size and location, 
may require excision in the operating room.

Operative hemorrhoidectomy is needed in only a minority of patients with 
advanced disease. Indications for hemorrhoidectomy include irreducible pro-
lapse, a substantial external component, and failure of more conservative 
therapies. The most common approach is an excisional hemorrhoidectomy, 
which is generally performed on an outpatient basis. A more recent approach 
is the stapled hemorrhoidopexy, which entails resecting a ring of rectal mucosa 
proximal to the internal hemorrhoids using a circular stapling device. This tech-
nique is associated with less postoperative pain and a shorter period of disability, 
but its drawbacks (including a higher recurrence rate than conventional surgery 
as well as a small but worrisome risk of significant complications, such as chronic 
pain, rectovaginal fistula, and staple line bleeding) make it generally a less 
attractive alternative.

 Perianal Abscess
 EPIDEMIOLOGY AND PATHOBIOLOGY

Several superficial and deep spaces around the rectum and anal canal normally 
contain loose areolar tissue that can serve as potential spaces for perianal 
infections. Perianal abscess is a common condition, but its incidence is not 
well documented. Approximately 80% of perianal abscesses are caused by 
infection of the anal glands that track toward the skin, whereas other causes 
include simple skin infections, trauma, inflammatory bowel disease, anorectal 
surgery, malignancy, and immunosuppression.2

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients most commonly present with complaints of perianal pain and swelling 
with or without antecedent events such as trauma. In most cases, a local area 
of erythema, tenderness, and fluctuance can be appreciated on physical exami-
nation. However, these findings are often absent in abscesses in certain loca-
tions, including intersphincteric abscesses in the plane between the internal 
and external sphincter muscles, as well as in supralevator and deep ischiorectal 
locations. These abscesses should still be suspected based on a history of 
increasing pain and fever, as well as focal perianal tenderness on the physical 
examination.

As with all acutely painful anal conditions, digital examination should gen-
erally be avoided. Likewise, office instrumentation with an anoscope or proc-
toscope is contraindicated because these examinations cause substantial pain 
and typically yield little if any diagnostic information. When the cause of the 
acute pain cannot be determined in the office, prompt examination under 
anesthesia should be performed. Adjunctive computed tomographic (CT) 
scanning, magnetic resonance imaging (MRI), or endorectal ultrasound can 
provide valuable information, particularly in settings of occult, recurrent, or 
complex disease.

Treatment for perianal abscess is prompt incision and drainage, which usually 
can be performed in the office. Large or deep (e.g., postanal or horseshoe) 
abscesses are best evaluated in the operating room with proper sedation. Anti-
biotics do not adequately penetrate abscess cavities, and extension of a local 
infection can lead to sepsis and complex long-term problems. Therefore, anti-
biotic therapy is inadequate and should never be given in an attempt to avoid 
or delay incision and drainage. After incision and drainage, antibiotics (e.g., 7 
days of oral metronidazole, 500 mg every 8 hours, and ciprofloxacin, 500 mg 
every 12 hours, in addition to standard care) may reduce the rate of subsequent 
fistula formation. A3  Antibiotics are especially recommended in immuno-
compromised patients (e.g., patients with poorly controlled HIV or diabetes 
mellitus, transplant recipients, and patients undergoing chemotherapy), patients 
with extensive cellulitis or severe systemic symptoms, and patients at high risk 
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for endovascular infection (e.g., patients with cardiac shunts or prosthetic valves). 
In patients who fail to improve following incision and drainage, prompt surgical 
reevaluation is warranted because the problem is likely to be a residual abscess 
that requires further drainage.

Treatment of anal fistulae is surgical. Many fistulae are cured by being laid 
open to eliminate the original source of infection at the internal opening. The 
fistula track heals by secondary intention. However, this approach divides 
sphincter muscle and puts the patient at risk for impaired fecal continence in 
proportion to the quantity of muscle involved. In general, intersphincteric and 
low transsphincteric fistulae can be safely laid open if the patient has normal 
baseline continence and no underlying predisposing factors for diarrhea (e.g., 
colitis) or recurrent fistulae (e.g., Crohn disease). Because the anterior sphincter 
mechanism is relatively short and subject to injury following vaginal delivery, 
fistulotomy for anterior fistulae in women must be undertaken only after careful 
consideration.

When a high or complex fistula is identified, the first step is often placement 
of a seton, a suture, or other material (now commonly a Silastic vessel loop) 
that is passed though the fistula tract, out the anus, and secured to itself. The 
seton guarantees that the external fistula opening will not heal over, so a recur-
rent abscess is much less likely to supervene. After being left in for several 
weeks, the tract has often scarred around the seton and become fibrotic. Treat-
ment options to eliminate the internal opening include endorectal advancement 

TREATMENT 
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 Anal Fissure
 EPIDEMIOLOGY

Anal fissures can occur at any age but most frequently affect young adults. 
Men and women are equally affected.

 PATHOBIOLOGY
An anal fissure, which is a longitudinal tear or ulceration in the anoderm, 
occurs just inside the anal margin (Fig. 136-4). The underlying pathophysiol-
ogy of anal fissures is hypertonia of the internal anal sphincter. Typical anal 
fissures occur at the midline; most commonly they occur posteriorly, but 
about 15% are found anteriorly or both anteriorly and posteriorly. “Off-the-
midline” fissures may represent a routine fissure, but they generally require 
examination under anesthesia with culture, biopsy, and pathological evaluation 
to exclude other causes such as anal cancer, Crohn disease, syphilis, HIV, 
leukemia, or tuberculosis.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with anal fissures generally present with pain following a bout of 
constipation or a period of excessive diarrhea. After subsequent bowel move-
ments, patients describe severe anal pain that may persist for hours or even 
continue until exacerbation by the next bowel movement. There is some-
times an association with minor bright red bleeding, most commonly seen 
in small quantities that streak the stool or the toilet tissue. Whereas an acute 
anal fissure appears as a superficial split in the perianal skin and anoderm, 
chronic anal fissures, defined by their presence for at least 6 to 8 weeks, are 
associated with a “sentinel” skin tag (so called because its presence should 
suggest the presence of an underlying fissure) and a hypertrophied anal papilla 
located just proximal to the fissure at the dentate line as well as more extensive 
tearing and ulceration. Well-established fissures may have fibrotic margins 
with “rolled edges” of the anoderm and visible internal anal sphincter fibers at  
their base.

Most fissures can be readily observed on physical examination by applying 
opposing traction to the buttocks. In general, no further examination is per-
formed at that time when a classic anal fissure is identified. Digital and endo-
scopic examination typically should be delayed until the patient has healed 
to avoid causing pain. However, patients should be advised that they will 
require subsequent flexible sigmoidoscopy to exclude proximal pathology.

FIGURE 136-3. Crohn disease fistulae. silastic setons in place with several additional 
draining tracts and evidence of prior surgery. 

FIGURE 136-4. Anal fissure. this longitudinal tear occurs just inside the anal margin. 

All therapies are directed at the underlying hypertonia of the internal anal 
sphincter. Approximately 40% of fissures heal with fiber supplementation and 
increased fluid intake alone, including the great majority of acute fissures. 
Patients are also advised to take warm sitz baths for symptomatic relief, espe-
cially following bowel movements.

Two pharmacologic approaches can augment diet and sitz baths: topical 
sphincter relaxants and botulinum toxin injection. Topical nitroglycerine (0.2 to 
0.8%) or a topical calcium-channel blocker such as diltiazem gel (2%) applied 
externally around the anal orifice two to four times daily reduces sphincter tone 
and often leads to healing. Both drugs have similar efficacy, but nitroglycer-
ine has the disadvantage of causing headaches, lightheadedness, or syncope 
owing to systemic vasodilation in approximately 25% of patients. Botulinum 
toxin injection into the internal anal sphincter appears to promote healing 
with recurrence rates similar to topical treatments. Overall, these more conser-
vative approaches unfortunately are only marginally better than placebo for 
healing chronic fissures, and recurrent fissures occur in approximately 50% of  
patients.

For patients who fail medical therapy or who are simply too miserable sub-
jectively to pursue it, lateral internal sphincterotomy is an appropriate and 
generally safe approach that is easily performed under monitored local anes-
thesia in an outpatient setting. Recovery after lateral internal sphincterotomy 
is rapid, and fissure healing is expected in more than 90% of cases. Sphincter-
otomy as first-line therapy provides higher healing rates, fewer relapses, and 
fewer side effects than topical nitroglycerine, with fewer symptoms, greater 
satisfaction, and no difference in continence at long-term follow-up. However, 
a small percentage of patients who undergo sphincterotomy develop minor 
seepage or even actual incontinence. Therefore, the sphincterotomy should 
be “tailored” to adjust the amount of internal anal sphincter according to the 
size of the fissure and the patient’s overall amount of internal anal sphincter 
so as to maintain sufficient sphincter muscle. When such patients have refrac-
tory fissures, a trial of botulinum toxin injection, potentially in conjunction with 
a topical sphincter relaxant, is often a good alternative.

TREATMENT 

TREATMENT 

addition, several factors including bowel motility, stool consistency, evacua-
tion efficiency, mental status, and sphincter integrity all play a role in normal 
regulation. Sphincter disruption related to vaginal delivery is a common 
cause that often affects young women; many incontinent women who present 
later in life have an underlying sphincter injury for which they can no longer 
compensate. Other causes of incontinence include fecal impaction, surgi-
cal or traumatic sphincter injury, rectal prolapse, neurologic disorders (e.g., 
diabetic neuropathy, stroke, multiple sclerosis, brain or spinal cord injury), 
chronic diarrheal states, dementia, impaired mobility, and poor access to toilet  
facilities.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Because incontinence is a symptom and not a disease, the diagnosis is based 
on history alone. Specific evaluation of the incontinent patient can include 
anal manometry, anal ultrasound, pudendal nerve testing, and defecography. 
Anal endoscopic ultrasonography, which is generally a helpful test, accurately 
depicts sphincter anatomy and reliably identifies sphincter defects. Some 
patients with fecal incontinence may have concomitant disorders such as 
impaired evacuation, pelvic prolapse, or urinary incontinence; urogynecologic 
evaluation should be performed when appropriate.

flap repair and ligation of the intersphincteric fistula tract. Because Crohn disease-
associated fistulae tend to be multiple and recurrent, fistulotomy is avoided, 
except for the most superficial fistulae. In general, patients with Crohn disease 
are best served by placement of long-term draining setons and medical therapy 
for their underlying disease (Fig. 136-3).

 Pruritus Ani
 EPIDEMIOLOGY

The reported incidence of pruritus ani ranges from 1 to 5% in the general 
population, though is likely much higher. Men are more commonly affected 
than women (4 : 1), and this condition is most common in the fourth through 
the sixth decades of life. Primary or idiopathic pruritus is responsible for 50 
to 90% of all cases of pruritus ani.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Pruritus ani, or perianal itching, is a very common symptom but is not a 
disease in and of itself. The most common cause is likely inadequate peri-
anal hygiene, often exacerbated by scratching, which leads to excoriation of 

 Fecal Incontinence
 EPIDEMIOLOGY AND PATHOBIOLOGY

Involuntary loss of stool or flatus is a relatively common problem that, when 
severe, can be socially isolating and debilitating. About 2% of individuals in 
the United States report incontinence symptoms, but the prevalence is more 
common in women and substantially higher in patients who visit primary 
care providers and gastroenterologists.5 Almost half of U.S. nursing home 
patients suffer from fecal incontinence. Factors such as embarrassment, denial, 
and the degree of symptoms hinder a determination of true prevalence. Patients 
presenting with fecal incontinence often have concomitant urinary inconti-
nence (Chapter 23), and up to 25% of women with fecal incontinence have 
at least one associated pelvic floor disorder.

Normal continence involves the coordinated interaction between mul-
tiple different neuronal pathways and the pelvic and perineal structures. In 

TREATMENT 
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A therapeutic trial of symptomatic empiric management is effective in more 
than 90% of patients. Options include improved hygiene, avoidance of potential 
contact allergens (e.g., soaps and over-the-counter topical treatments), and 
use of either talc to absorb excess moisture or a barrier cream such as zinc 
oxide. Mechanical scratching will perpetuate the cycle of inflammation and 
must be strictly avoided. Some patients benefit from the avoidance of certain 
foods, including caffeinated beverages, alcohol, milk, chocolate, and tomatoes. 
Mild topical steroids such as 1% hydrocortisone are sometimes helpful, but 
stronger steroid preparations are frequently counterproductive and should 
be avoided when they are not indicated for a specific dermatologic diag-
nosis. The placement of a small fluff of absorbent cotton at the anal verge 
can help to wick away moisture and collect any drainage before it can be in 
prolonged contact with the skin. Other adjuncts include drying the perianal 
skin with a hairdryer after bathing, and replacing toilet paper with nonde-
tergent, nondeodorant, nonalcoholic hypoallergenic wipes. Skin biopsies and 
dermatologic consultation should be obtained when a primary dermato-
logic condition is suspected or when the perianal irritation fails to heal with  
conservative therapy.

TREATMENT 

the skin and further inflammation. Secondary causes include dermatologic, 
infectious, systemic, and lower gastrointestinal disease, as well as local irri-
tants. Some of these sources include prolapsing hemorrhoids, anal fistulas, 
anal incontinence, as well as specific dermatologic conditions such as contact 
dermatitis, psoriasis, lichen sclerosis, squamous intraepithelial neoplasia 
(formerly called Bowen disease), and perianal Paget disease (intraepidermal  
adenocarcinoma).

Diagnosis is typically based on a history of intractable itching despite 
trials of several over-the-counter medications and physical examination to 
exclude an obvious inciting source.4 The severity of the condition can be 
classified as: Stage 0—normal skin; Stage 1—red and inflamed skin; Stage 2—
lichenified skin; and Stage 3—lichenified skin as well as coarse ridges and often  
ulcerations.

addition, several factors including bowel motility, stool consistency, evacua-
tion efficiency, mental status, and sphincter integrity all play a role in normal 
regulation. Sphincter disruption related to vaginal delivery is a common 
cause that often affects young women; many incontinent women who present 
later in life have an underlying sphincter injury for which they can no longer 
compensate. Other causes of incontinence include fecal impaction, surgi-
cal or traumatic sphincter injury, rectal prolapse, neurologic disorders (e.g., 
diabetic neuropathy, stroke, multiple sclerosis, brain or spinal cord injury), 
chronic diarrheal states, dementia, impaired mobility, and poor access to toilet  
facilities.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Because incontinence is a symptom and not a disease, the diagnosis is based 
on history alone. Specific evaluation of the incontinent patient can include 
anal manometry, anal ultrasound, pudendal nerve testing, and defecography. 
Anal endoscopic ultrasonography, which is generally a helpful test, accurately 
depicts sphincter anatomy and reliably identifies sphincter defects. Some 
patients with fecal incontinence may have concomitant disorders such as 
impaired evacuation, pelvic prolapse, or urinary incontinence; urogynecologic 
evaluation should be performed when appropriate.

 Fecal Incontinence
 EPIDEMIOLOGY AND PATHOBIOLOGY

Involuntary loss of stool or flatus is a relatively common problem that, when 
severe, can be socially isolating and debilitating. About 2% of individuals in 
the United States report incontinence symptoms, but the prevalence is more 
common in women and substantially higher in patients who visit primary 
care providers and gastroenterologists.5 Almost half of U.S. nursing home 
patients suffer from fecal incontinence. Factors such as embarrassment, denial, 
and the degree of symptoms hinder a determination of true prevalence. Patients 
presenting with fecal incontinence often have concomitant urinary inconti-
nence (Chapter 23), and up to 25% of women with fecal incontinence have 
at least one associated pelvic floor disorder.

Normal continence involves the coordinated interaction between mul-
tiple different neuronal pathways and the pelvic and perineal structures. In 

Mild incontinence is often treated successfully by the addition of a fiber 
supplement to make stools less liquid and the use of an antimotility agent, 
such as loperamide 2 to 4 mg up to four times daily, to treat diarrhea. Biofeed-
back also is sometimes successful.6

For individuals with sphincter disruption, surgical repair usually leads to 
substantial improvement (Fig. 136-5). Another alternative is sacral nerve stimu-
lation, which requires placement of an electrical lead into the S3 foramen and 
implantation of an electrical stimulator. Sacral nerve stimulation is highly effec-
tive for fecal incontinence, A4  with about 40% of patients regaining continence 
and another 45% noting improvement at 36 months. A less invasive possible 
future option that does not require an implant is the use of stimulation of the 
posterior tibial nerve.

For patients without a sphincter defect, sacral nerve stimulation is one option, 
but another option is transanal submucosal injection of dextranomer in stabi-
lized hyaluronic acid. These injections add bulk to the perianal tissues, thereby 
allowing the perianal tissues to coapt together. As a result, injection therapy 
is most effective in patients who have a small amount of leakage and not loss 
of full bowel movements. After two treatments of four injections at each, reported 
fecal incontinence decreases by about 50%, but many patients require repeat 
injections. This treatment should not be used in patients who are immunosup-
pressed or who have had prior radiation therapy, rectal prolapse, or inflammatory 
bowel disease.

For patients with severe refractory incontinence, creation of a colostomy 
should be strongly considered. Initial reluctance notwithstanding, most patients 
regain control of their bowel function and report a substantially improved 
quality of life.

TREATMENT 
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FIGURE 136-5. algorithm for fecal incontinence. (adapted from madoff RD, Parker sc, Varma mG, Lowry ac. fecal incontinence in adults. Lancet. 2004;364:621-632.)
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 Human Papillomavirus
 EPIDEMIOLOGY AND PATHOBIOLOGY

Human papillomavirus (HPV), which is the most common sexually transmit-
ted infection, is a cause of anal dysplasia and cancer. The approximately 40 
HPV subtypes that can cause anogenital infections are divided into low-risk 
types (e.g., types 6 and 11) that cause anal warts (condyloma acuminata) and 
high-risk types (e.g., types 16, 18, and 33) that can cause anal dysplasia and 
cancer. HPV infection is associated with cervical, vulvar, vaginal, and penile 
cancers, and some patients have HPV-related dysplasia or cancer in multiple 
sites. Approximately 90% of anal cancers are attributable to HPV infection.

The incidence of anal cancer has been steadily increasing, from 0.6 per 
100,000 in 1973 to 1.0 per 100,000 in 2001 and 1.8 per 100,000 in 2014. In 
the United States alone, an estimated 8,200 individuals now develop anal 
cancer annually, and approximately 1,100 will die from it.8 These epidemiologic 
trends have been attributed to a particularly rapid increase in anal cancers 
among men who have sex with men, especially men infected with HIV. Anal 
HPV, including the high-risk serotypes, is highly prevalent in at-risk popula-
tions (sex workers, intravenous drug users, transplant recipients, men who 
have sex with men, and HIV-positive men and women). Furthermore, anal 
dysplasia is common in at-risk populations, as evidenced by the 30 to 50% 
prevalence of high-grade anal dysplasia among HIV-positive men who have 
sex with men seen in specialty clinics in New York and San Francisco. Other 
associated risk factors for both dysplasia and anal cancer include a history of 
other HPV-related genital dysplasia or malignancy (cervical, vaginal, or vulvar), 
prior sexually acquired diseases, anoreceptive intercourse, multiple sexual 
partners, and cigarette smoking.

 ANAL WARTS
 CLINICAL MANIFESTATION AND DIAGNOSIS

Anal warts can occur in the perianal skin and within the anal canal. The lesions 
are raised, epithelialized (when external), and narrow based. Their spectrum 
of appearances can range from scattered individual warts to a confluent mass 
of warts (Fig. 136-7).

FIGURE 136-6. Rectal mucosal prolapse. the main clinical manifestation of rectal 
prolapse is the protruding rectal mass. 

 PREVENTION
In addition to its proven efficacy in the prevention of cervical neoplasia in 
women, HPV vaccination appears to be effective in preventing external genital 
lesions and intraepithelial neoplasm in HIV uninfected men. Although addi-
tional validating studies are needed, use of an HPV vaccine reduced anal 
intraepithelial neoplasm by about 50% in a randomized trial of men who have 
sex with men. A6  In HIV-infected men, HPV vaccination appears safe, but its 
efficacy for the prevention of intraepithelial neoplasm or anal cancer remains 
unproven. A7 

The current Advisory Committee on Immunization Practices guidelines 
recommend routine HPV vaccination at age 11 to 12 years, but it can be 
administered starting at age 9 years in both males and females (Chapter 15).14 
A catch-up vaccination is recommended in previously unvaccinated females 
between ages 13 to 26 years and in males between ages 13 to 21 years and in 
individuals who did not complete the vaccine series. For males 22 to 26 years, 
catch-up HPV vaccination is recommended in men who have sex with men 
and in immunocompromised men (including HIV-infected males). Although 
not available worldwide, the 9-valent vaccine provides greater coverage com-
pared with the quadrivalent and bivalent vaccines.

 Other Sexually Transmitted Anorectal Diseases
A number of sexually transmitted diseases (Chapter 269) of the anorectum 
occur most frequently in individuals who practice anoreceptive intercourse. 
Common causative agents include Treponema pallidum (Chapter 303), Neis-
seria gonorrhoeae (Chapter 283), Chlamydia trachomatis (Chapter 302), herpes 
simplex (Chapter 350), and HIV (Chapter 360). Other sexually transmitted 
pathogens are Shigella (Chapter 293), Campylobacter jejuni (Chapter 287), 
Haemophilus ducreyi (Chapter 285), Calymmatobacterium granulomatis (Chapter 
300), Entamoeba histolytica (Chapter 331), Giardia lamblia (Chapter 330), 
and Isospora belli (Chapter 332).

The widely variable presentations range from asymptomatic to anal pain, 
pruritus, discharge, fever, cramps, and bloody diarrhea. Clinical suspicion fol-
lowed by appropriate and specific testing is necessary to make the correct 
diagnosis, and clinicians should consider the possibility of simultaneous infec-
tions. Treatment addresses the specific infection.

 ANAL CANCER
Anal cancer is almost always a manifestation of human papillomavirus (HPV) 
infection (Chapter 349), especially HPV 16 and 18.10 Other significant but 
less common anal cancers include adenocarcinoma, melanoma, and Paget 
disease.

Anal cancer is a common problem in the HIV-positive population, especially 
in men who have sex with men. In the United States, anal cancer is nearly 20 
times more common in HIV-positive individuals than in the uninfected popu-
lation. However, the incidence has been declining by 7% per year since 2008,11 
presumably because of more effective antiretroviral therapy. Other independent 
risk factors include low nadir CD4 counts, alcohol use, and smoking.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The most common symptoms of anal cancer are bleeding, pain, and a palpable 
mass.12 The cancer may be seen externally as an ulcerated mass or may be 
palpated within the anal canal. Anal dysplastic lesions may appear as anal 
warts or as flat, pigmented lesions, or they may be invisible to the naked eye. 
They are best visualized using anal microscopy after topical application of 3 
to 5% acetic acid (see below). Biopsy is necessary to make the diagnosis.

Thorough palpation of the inguinal lymph nodes is important to detect the 
presence of any clinically relevant adenopathy, but proper staging for anal 
canal malignancies requires a chest, abdominal, and pelvic CT scan. The size 
of the primary lesion should be measured, sometimes complemented by anal 
endoscopic ultrasonography or MRI to assess the size and depth of the lesion, 
as well as whether the sphincter is involved.

The terminology of anal cancer is complex, but the great majority of tumors 
(including epidermoid, cloacogenic, and basaloid carcinomas) are variants of 
squamous cell carcinoma. The terminology of preinvasive squamous anal 
lesions is even more confusing because several terms exist for histologically 
identical pathology. The terms anal dysplasia, anal intraepithelial neoplasia, and 
squamous intraepithelial lesion differ slightly but are often used interchangeably. 
Squamous intraepithelial lesions are divided into low-grade and high-grade 
groups; anal intraepithelial neoplasia is similarly divided into grade 1, 2, and 
3, with grades 2 and 3 being classified as high-grade lesions. Squamous cell 
carcinoma in situ corresponds to high-grade squamous intraepithelial lesion 
and grade 3 anal intraepithelial neoplasia.

Squamous cell carcinoma of the anus is divided into two groups based on 
tumor location: cancers of the anal margin (extending from the anal orifice 
for a distance up to 5 cm) and cancers of the anal canal. Tumors visible exter-
nally, but extending into the anal canal, are considered anal canal lesions.

Nonoperative measures will not correct rectal prolapse, so conservative 
measures should be considered only in patients who have very minor and 
minimally symptomatic prolapse or who are poor surgical candidates. Surgical 
techniques utilize one or both of the basic principles of rectal prolapse repair: 
rectal fixation to the sacrum, and resection or plication of redundant bowel. 
Both transabdominal (laparoscopic or open, with or without mesh) and trans-
perineal approaches provide good outcomes, but the abdominal approach is 
associated with lower long-term recurrence rates. In addition to the traditional 
posterior approach to rectopexy, ventral rectopexy with mesh (either biologic 
or nonabsorbable) involves mobilizing the rectum anteriorly, sewing the mesh 
to the rectum anteriorly, and then fixing the mesh to the sacrum. Ventral rec-
topexy can help to correct rectoceles and is potentially associated with less 
postoperative constipation. A5 

TREATMENT 

FIGURE 136-7. Anal condyloma. these can occur as individual warts or as a confluent 
mass. 

External warts can be treated with topical podophyllin or imiquimod, but 
extensive warts usually require surgical excision or fulguration. Untreated warts 
can rarely progress to form Bushke-Löwenstein tumors—giant, locally invasive 
condyloma acuminata that frequently contain in situ or invasive cancer. Anal 
warts, especially in high-risk patients, have a high risk of recurrence, can pro-
gress to dysplasia and anal cancer,9 and often require multiple treatments for 
eradication.

TREATMENT 

 Rectal Prolapse
 EPIDEMIOLOGY AND PATHOBIOLOGY

Rectal prolapse is a full-thickness protrusion of the rectum beyond the anal 
sphincter. It occurs in about 1% of adults over age 65 years, and about 90% 
of cases are in women. Prolapse is caused by an internal rectal intussusception 
that eventually becomes more severe and then progresses so that the full thick-
ness of the rectal wall protrudes externally. Risk factors include multiparity, 
a history of pelvic surgery, higher body mass index, chronic diarrhea or con-
stipation with significant straining, connective tissue disorders, and neurologic 
diseases. Uncorrected prolapse also frequently leads to fecal incontinence by 
mechanically stretching the sphincter complex and causing a stretch injury 
to the pudendal nerves, with frank loss of fecal material when the rectal mucosa 
prolapses externally.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The main clinical manifestation of rectal prolapse is the protruding rectal 
mass (Fig. 136-6).7 The protrusion most commonly occurs with bowel move-
ments, but with time it may occur with coughing or sneezing, and eventu-
ally it can occur spontaneously. Approximately 75% of patients have at least 
minor complaints of fecal incontinence, whereas complaints of “constipation,” 
which are often caused by unsuccessful attempts to evacuate the intussuscept-
ing rectum, occur in 15 to 65%. Other associated symptoms include chronic 
mucus discharge, pelvic discomfort, and minor bleeding. Patients can rarely 
present with an incarcerated or strangulated prolapse that mandates urgent  
intervention.

The diagnosis of rectal prolapse is confirmed on physical examination. Full-
thickness prolapse, which is characterized by concentric mucosal folds of the 
rectum, must be differentiated from circumferential mucosal prolapse, which 
is characterized by radial folds. The prolapse is often best demonstrated by 
having the patient strain on a commode. Ancillary studies do not routinely 
alter management, but colonoscopy should be performed to help exclude 
other pathology. Defecography is most helpful to diagnose internal rectal 
intussusception and associated pelvic floor abnormalities, such as rectocele 
and enterocele.

GENERAL REFERENCES
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 PREVENTION
In addition to its proven efficacy in the prevention of cervical neoplasia in 
women, HPV vaccination appears to be effective in preventing external genital 
lesions and intraepithelial neoplasm in HIV uninfected men. Although addi-
tional validating studies are needed, use of an HPV vaccine reduced anal 
intraepithelial neoplasm by about 50% in a randomized trial of men who have 
sex with men. A6  In HIV-infected men, HPV vaccination appears safe, but its 
efficacy for the prevention of intraepithelial neoplasm or anal cancer remains 
unproven. A7 

The current Advisory Committee on Immunization Practices guidelines 
recommend routine HPV vaccination at age 11 to 12 years, but it can be 
administered starting at age 9 years in both males and females (Chapter 15).14 
A catch-up vaccination is recommended in previously unvaccinated females 
between ages 13 to 26 years and in males between ages 13 to 21 years and in 
individuals who did not complete the vaccine series. For males 22 to 26 years, 
catch-up HPV vaccination is recommended in men who have sex with men 
and in immunocompromised men (including HIV-infected males). Although 
not available worldwide, the 9-valent vaccine provides greater coverage com-
pared with the quadrivalent and bivalent vaccines.

 Other Sexually Transmitted Anorectal Diseases
A number of sexually transmitted diseases (Chapter 269) of the anorectum 
occur most frequently in individuals who practice anoreceptive intercourse. 
Common causative agents include Treponema pallidum (Chapter 303), Neis-
seria gonorrhoeae (Chapter 283), Chlamydia trachomatis (Chapter 302), herpes 
simplex (Chapter 350), and HIV (Chapter 360). Other sexually transmitted 
pathogens are Shigella (Chapter 293), Campylobacter jejuni (Chapter 287), 
Haemophilus ducreyi (Chapter 285), Calymmatobacterium granulomatis (Chapter 
300), Entamoeba histolytica (Chapter 331), Giardia lamblia (Chapter 330), 
and Isospora belli (Chapter 332).

The widely variable presentations range from asymptomatic to anal pain, 
pruritus, discharge, fever, cramps, and bloody diarrhea. Clinical suspicion fol-
lowed by appropriate and specific testing is necessary to make the correct 
diagnosis, and clinicians should consider the possibility of simultaneous infec-
tions. Treatment addresses the specific infection.

 ANAL CANCER
Anal cancer is almost always a manifestation of human papillomavirus (HPV) 
infection (Chapter 349), especially HPV 16 and 18.10 Other significant but 
less common anal cancers include adenocarcinoma, melanoma, and Paget 
disease.

Anal cancer is a common problem in the HIV-positive population, especially 
in men who have sex with men. In the United States, anal cancer is nearly 20 
times more common in HIV-positive individuals than in the uninfected popu-
lation. However, the incidence has been declining by 7% per year since 2008,11 
presumably because of more effective antiretroviral therapy. Other independent 
risk factors include low nadir CD4 counts, alcohol use, and smoking.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The most common symptoms of anal cancer are bleeding, pain, and a palpable 
mass.12 The cancer may be seen externally as an ulcerated mass or may be 
palpated within the anal canal. Anal dysplastic lesions may appear as anal 
warts or as flat, pigmented lesions, or they may be invisible to the naked eye. 
They are best visualized using anal microscopy after topical application of 3 
to 5% acetic acid (see below). Biopsy is necessary to make the diagnosis.

Thorough palpation of the inguinal lymph nodes is important to detect the 
presence of any clinically relevant adenopathy, but proper staging for anal 
canal malignancies requires a chest, abdominal, and pelvic CT scan. The size 
of the primary lesion should be measured, sometimes complemented by anal 
endoscopic ultrasonography or MRI to assess the size and depth of the lesion, 
as well as whether the sphincter is involved.

The terminology of anal cancer is complex, but the great majority of tumors 
(including epidermoid, cloacogenic, and basaloid carcinomas) are variants of 
squamous cell carcinoma. The terminology of preinvasive squamous anal 
lesions is even more confusing because several terms exist for histologically 
identical pathology. The terms anal dysplasia, anal intraepithelial neoplasia, and 
squamous intraepithelial lesion differ slightly but are often used interchangeably. 
Squamous intraepithelial lesions are divided into low-grade and high-grade 
groups; anal intraepithelial neoplasia is similarly divided into grade 1, 2, and 
3, with grades 2 and 3 being classified as high-grade lesions. Squamous cell 
carcinoma in situ corresponds to high-grade squamous intraepithelial lesion 
and grade 3 anal intraepithelial neoplasia.

Squamous cell carcinoma of the anus is divided into two groups based on 
tumor location: cancers of the anal margin (extending from the anal orifice 
for a distance up to 5 cm) and cancers of the anal canal. Tumors visible exter-
nally, but extending into the anal canal, are considered anal canal lesions.

Grade A References

A1. Brown SR, Tiernan JP, Watson AJM, et al. Haemorrhoidal artery ligation versus rubber band ligation 
for the management of symptomatic second-degree and third-degree haemorrhoids (HubBLe): a 
multicentre, open-label, randomised controlled trial. Lancet. 2016;388:356-364.

A2. Xu L, Chen H, Lin G, et al. Transanal hemorrhoidal dearterialization with mucopexy versus open 
hemorrhoidectomy in the treatment of hemorrhoids: a meta-analysis of randomized control trials. 
Tech Coloproctol. 2016;20:825-833.

A3. Ghahramani L, Minaie MR, Arasteh P, et al. Antibiotic therapy for prevention of fistula in-ano after 
incision and drainage of simple perianal abscess: a randomized single blind clinical trial. Surgery. 
2017;162:1017-1025.

A4. Forte ML, Andrade KE, Lowry AC, et al. Systematic review of surgical treatments for fecal inconti-
nence. Dis Colon Rectum. 2016;59:443-469.

A5. Emile SH, Elfeki HA, Youssef M, et al. Abdominal rectopexy for the treatment of internal rectal 
prolapse: a systematic review and meta-analysis. Colorectal Dis. 2017;19:O13-O24.

A6. Palefsky JM, Giuliano AR, Goldstone S, et al. HPV vaccine against anal HPV infection and anal 
intraepithelial neoplasia. N Engl J Med. 2011;365:1576-1585.

A7. Wilkin TJ, Chen H, Cespedes MS, et al. A randomized, placebo-controlled trial of the quadrivalent 
human papillomavirus vaccine in human immunodeficiency virus-infected adults aged 27 years or 
older: AIDS Clinical Trials Group Protocol A5298. Clin Infect Dis. 2018;67:1339-1346.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

Management of the patient with anal dysplasia is controversial. Many authori-
ties advocate a screening and treatment approach based on that used for 
cervical cancer (Chapter 189), which is another HPV-associated disease. High-risk 
individuals are screened with anal Papanicolaou smears, and high-definition 
anal microscopy (analogous to colposcopy of the cervix) is performed when 
abnormal cytology is detected. Using this technique, dysplastic lesions can be 
identified and focally ablated or treated with topical imiquimod or 5-fluorouracil. 
Reported complete response rates vary significantly (≈30 to 80%), and side 
effects (pain, irritation, and ulceration) may require withdrawal of therapy. More 
extensive dysplasia requires microscopy-directed targeted ablation in the oper-
ating room.

Chemoradiotherapy is now standard first-line treatment for squamous cell 
cancer of the anal canal.13 Current radiation protocols most frequently use 45-Gy 
external beam radiation therapy in 25 fractions, with a boost to the primary 
tumor and involved inguinal nodes to a total dose of 54 to 59 Gy. Standard che-
motherapy utilizes 5-fluorouracil (1000 mg/m2 per 24 hours continuous infusion 
for 96 hours, starting on days 1 and 29) in combination with mitomycin C (most 
commonly 10 mg/m2 intravenous bolus on days 1 and 29). Abdominoperineal 
resection with permanent colostomy is reserved for tumors that fail to respond 
to chemoradiation and those that recur. Similarly, groin dissection is performed 
only when involved inguinal nodes fail chemoradiation.

Early squamous cell cancers of the anal margin can be locally excised if a 
satisfactory margin can be obtained without injuring the anal sphincter and if 
there is no evidence of nodal spread. More advanced anal margin tumors are 
treated with chemoradiotherapy as described for anal canal tumors. Combined 
chemoradiation therapy is the primary treatment for most squamous cell car-
cinomas of the anal canal.

TREATMENT 
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REVIEW QUESTIONS

1. A 34-year-old male presents with perianal pain, fever, and leukocytosis. 
Physical examination demonstrates no obvious source. Which of the fol-
lowing is the most appropriate next step?
 A. Repeat examination in 24 hours
 B. 10-day course of oral antibiotics
 C. Digital rectal examination
 D. Office-based needle aspiration
 E. Examination under anesthesia

Answer: E Although most anal abscesses present with an obvious external 
lump accompanied by pain, swelling, or erythema, some abscesses may present 
with symptoms but no obvious source on physical examination. In particular, 
supralevator, intersphincteric, and deeper abscesses classically are more dif-
ficult to detect in the office. Although adjunctive radiological testing can be 
considered, the best approach to this potentially serious and urgent problem 
is examination under anesthesia. Antibiotics alone will not resolve an abscess 
that needs to be drained. Digital rectal examination and blind needle aspira-
tion in the office should be avoided.

2. A 55-year-old otherwise healthy female complains of a mass at her anal 
verge with straining. Which of the following is the most characteristic for 
differentiating rectal prolapse from other anorectal disorders?
 A. Presence of radial folds
 B. Concomitant bleeding
 C. Presence of concentric mucosal folds
 D. A patulous anal sphincter
 E. Associated incontinence

Answer: C The diagnosis of rectal prolapse is made clinically, with the major 
finding of concentric mucosal folds—the so-called “bulls-eye.” The presence 
of radial folds is seen in mucosal and hemorrhoidal prolapse. Although bleed-
ing, incontinence, and a patulous anus may be seen in rectal prolapse, each 
may be also present in many other anorectal disorders and none are specific 
for rectal prolapse.
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137 
APPROACH TO THE PATIENT WITH 
LIVER DISEASE
PAUL MARTIN

The liver serves multiple key functions, including metabolism of the products 
of ingested food, production of amino acids to form proteins, detoxification 
of ingested drugs, conversion of nitrogenous substances from the gut into 
urea, formation of clotting factors, metabolism of bilirubin, processing of lipids 
absorbed from the intestine, and excretion of its products as bile. The liver 
also stores glycogen, which is a source of glucose, and helps contain infections 
by removing bacteria from the blood stream. These diverse functions reflect 
the activities of hepatocytes, bile duct cells called cholangiocytes, Kupffer 
cells, endothelial cells, and portal fibroblasts.

The liver has a dual blood supply: 70% delivered by the portal vein, which 
drains the intestine, and the remainder by the hepatic artery. After arrival in 
the liver, nutrient-rich portal blood passes along the hepatic sinusoids in close 
contact with lining hepatocytes before draining into the hepatic vein. The 
hepatocytes detoxify, metabolize, and synthesize the products of digestion. 
Bilirubin, which is produced by breakdown of red cells and other hemoproteins 
by reticuloendothelial cells predominantly in the liver and spleen, is transported 
to the hepatocytes, bound to albumin, and solubilized by them for biliary 
excretion.

Liver disease causes loss of hepatocellular activity, with diminished detoxi-
fication, excretory, and synthetic functions. Hepatocyte dysfunction results 
in impaired production of clotting factors, albumin, and other proteins, as 
well as reduced endogenous formation of lipids. Hepatocyte injury from a 
variety of causes, including viruses, alcohol, autoimmune disorders, and drug 
hepatotoxicity, is accompanied by leakage of cellular enzymes into the sys-
temic circulation (Chapter 138). Coagulopathy, decreased serum albumin, and 
hyperbilirubinemia are observed with more profound hepatocellular injury. 
Portal hypertension occurs because of disruption of the low-pressure intra-
hepatic blood flow from the portal to the systemic venous circulation owing to 
hepatic fibrosis. Consequences of portal hypertension include accumulation of 
abdominal ascites and the development of portal-systemic venous collaterals 
with portal-systemic shunting, thereby resulting in the formation of varices 
and hepatic encephalopathy. Vascular disorders, including portal vein throm-
bosis, can result in portal hypertension in the absence of parenchymal liver  
disease.

The diversity of the liver’s functions, its complicated blood supply, and its 
intimate relationship with the biliary tree contribute to the divergent mani-
festations of liver disease. The initial complaint often reflects whether the 
cause is diffuse, such as acute viral hepatitis with widespread hepatocyte injury 
that manifests as malaise or fatigue, or whether the cause is discrete, such as 
when biliary obstruction from a gallstone in the common bile duct manifests 
as severe abdominal pain. Patients may present with multiple complaints, such 
as nausea and anorexia owing to hepatocellular disease accompanied by right 
upper quadrant discomfort due to stretching of the hepatic capsule by paren-
chymal cell edema and inflammation. Patients with more advanced liver disease, 
such as decompensated cirrhosis (Chapter 144), may have substantial hepa-
tocellular dysfunction with jaundice and coagulopathy in addition to portal 
hypertension with ascites and bleeding esophageal varices. Many patients who 
present with hepatic symptoms or signs may have extrahepatic disease; for 
example, a tender, enlarged liver may be caused by a systemic disorder, such 
as heart failure with hepatic congestion, rather than a primary hepatic disorder. 
In patients with cirrhosis, the initial presentation of previously unrecognized 
liver disease may be a major complication such as variceal hemorrhage, which 
in turn can precipitate hepatic encephalopathy and other features of frank 
hepatic decompensation.

 HISTORY
Patients with liver disorders come to medical attention for a variety of reasons, 
ranging from the incidental discovery of abnormal liver chemistries to decom-
pensated cirrhosis. Many complaints related to liver disease, such as fatigue, 
are nonspecific; unless liver disease is considered in the differential diagnosis, 
recognition of the hepatic origin of these complaints may be delayed.

In clinical practice, a frequent manifestation of asymptomatic liver disease 
is discovery of abnormal liver biochemistries during a life insurance applica-
tion, annual physical examination, or attempt to donate blood.1 It is important 
to inquire about occasions when liver biochemistries may have been obtained, 
to determine whether hepatic dysfunction is long-standing or more recent. 
In a patient with hepatic dysfunction, inquiry should be made about the pres-
ence of malaise, anorexia, fatigue, and weight change. Jaundice (Chapter 138) 
is a dramatic manifestation of possible liver disease. A patient may first notice 
lighter-colored stools or dark urine rather than scleral icterus. The absence of 
these latter changes suggests that unconjugated hyperbilirubinemia is due to 
hemolysis rather than intrinsic liver disease. Not infrequently, a patient may 
be unaware of jaundice until it is noted by others.

Abdominal pain (Chapter 123) related to liver disease can have a variety 
of causes. Symptomatic gallstones (Chapter 146) can present with the abrupt 
onset of severe epigastric or right upper quadrant discomfort, often after a 
large meal and frequently associated with nausea and vomiting. The pain is 
often steady rather than colicky and can radiate widely, including to the chest 
and back. A patient may not be able to achieve a position that lessens the 
pain, which may last several hours. More persistent pain, particularly if associ-
ated with weight loss and jaundice, raises concern about malignant bile duct 
obstruction. Pain is also common in parenchymal liver disease in the absence 
of biliary tract disease. Many patients with chronic hepatocellular disorders, 
such as chronic hepatitis C (Chapter 140) or nonalcoholic fatty liver disease 
(Chapter 143), complain of vague right upper quadrant discomfort that has 
no particular relieving or aggravating factors. Abdominal pain, which can be 
severe, is also frequent in acute viral hepatitis (Chapter 139), as well as with 
the hepatic congestion that results from back pressure in heart failure or hepatic 
vein occlusion, as in Budd-Chiari syndrome (Chapter 134).

Fatigue, anorexia, and malaise can be present in both acute and chronic 
liver disease. In acute liver disorders such as acute viral hepatitis (Chapter 
139), drug-induced liver disease (Chapter 141), or an acute manifestation of 
autoimmune hepatitis (Chapter 140), patients may report profound fatigue, 
nausea, and malaise with decreased appetite and substantial associated weight 
loss. Distaste for cigarettes is said to be characteristic of acute viral hepatitis. 
Fatigue is also prominent in chronic liver disease such as chronic hepatitis C 
(Chapter 140). Pruritus is a prominent feature of cholestatic disorders, such 
as primary biliary cirrhosis, sclerosing cholangitis, or cholestatic drug reac-
tions, particularly when patients are frankly icteric; however, pruritus also 
occurs in chronic parenchymal liver disease, most notably chronic hepatitis 
C, and in acute viral hepatitis. Easy bruisability in those with liver disease 
reflects coagulopathy and thrombocytopenia.

Fever in a patient with hepatic dysfunction is experienced in the prodrome 
of acute hepatitis A, as well as in alcoholic hepatitis and drug-induced liver 
disease. In a patient with suspected biliary obstruction, fever suggests com-
plicating bacterial cholangitis or acute cholecystitis. Ascites is most frequently 
a manifestation of cirrhosis and portal hypertension in a patient with liver 
disease. Patients note increasing abdominal girth, which may be preceded by 
ankle edema. Weight gain owing to fluid retention may be masked by con-
comitant loss of muscle mass. The onset of ascites in the absence of a history 
of liver disease suggests a vascular event, such as hepatic vein occlusion (Chapter 
134), or a nonhepatic cause of ascites, such as nephrotic syndrome or heart 
failure. Accumulation of ascites in a patient with liver disease may be subtle, 
with a slowly increasing waist circumference, or it may be more rapid, such 
as in a cirrhotic patient who receives fluid resuscitation after gastrointestinal 
bleeding. Although ascites in a patient with liver disease implies the presence 
of cirrhosis, ascites also can complicate severe acute liver disease, including 
alcoholic hepatitis and viral hepatitis, in which it suggests a poor prognosis.

Hepatic encephalopathy (Chapter 144), which is a neuropsychiatric disorder 
in patients with liver disease, can range from subtle cognitive impairment to 
deep coma. Early symptoms include a disturbed sleep pattern with nocturnal 
insomnia and daytime somnolence. More advanced encephalopathy can result 
in impairment of memory, confusion, and difficulty completing routine tasks. 
However, new-onset confusion or coma in a patient with liver disease should 
not be presumed to reflect hepatic encephalopathy unless other explanations, 
such as sedative overdose or subdural hematoma, have been excluded. Impor-
tant precipitants of hepatic encephalopathy in a cirrhotic patient include 
gastrointestinal bleeding, bacterial infection (e.g., spontaneous bacterial peri-
tonitis), electrolyte imbalance, and renal insufficiency, all of which need to 
be excluded during the initial clinical evaluation. In a patient with acute liver 
failure, coma as a consequence of cerebral edema may be impossible to dis-
tinguish from advanced hepatic encephalopathy unless the increased intra-
cranial pressure results in papilledema.
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ABSTRACT
The initial evaluation of a patient with suspected liver disease includes a directed 
history of symptoms and risk factors. Physical examination may reveal clues 
to portal hypertension as well as more obvious findings such as scleral icterus. 
Initial work-up includes liver chemistries, which help determine the pattern 
of liver injury and direct the subsequent diagnostic approach, including imaging. 
Newer techniques such as transient elastography can aid in noninvasive diag-
nosis, thereby reducing the need for liver biopsy.
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cirrhosis, primary sclerosing cholangitis, and alcoholic cirrhosis; osteopenia 
may be aggravated by corticosteroid use in autoimmune chronic active hepa-
titis. Alcoholic peripheral neuropathy (Chapter 388) can manifest with pain 
and paresthesia. Tremor and inattentiveness in a younger patient with hepatic 
dysfunction suggests Wilson disease (Chapter 200). Diarrhea and rectal bleed-
ing in a patient with cholestatic liver disease suggests associated inflammatory 
bowel disease (Chapter 132).

 FAMILY HISTORY
The family history should include an inquiry not only about relatives with 
liver disease but also associated extrahepatic conditions. Hereditary hepatic 
conditions (see later), such as Wilson disease and hemochromatosis, may 
occur in several members of a sibship. In α1-antitrypsin deficiency, some family 
members may experience predominantly emphysema rather than cirrhosis. 
Similarly, renal failure in a family member of a patient with hepatic cysts sug-
gests adult polycystic disease (Chapter 118). A family history of inflammatory 
bowel disease may be a clue to primary sclerosing cholangitis in a patient with 
cholestatic liver chemistries. The history in patients with suspected alcoholic 
liver disease may reveal other family members with alcoholism.

 PHYSICAL EXAMINATION
General Condition
In a patient with suspected liver disease, it is crucial to resist the temptation 
to palpate the abdomen immediately, thus potentially ignoring other important 
diagnostic clues. Apart from seeking icterus, the initial observation should 
note whether muscle wasting, cutaneous stigmata of liver disease, abdominal 
distention, and peripheral edema are present. The vital signs may reflect the 
hyperdynamic circulation characteristic of cirrhosis, with a resting tachycardia, 
wide pulse pressure, and low blood pressure resulting from peripheral vasodi-
lation. Fetor hepaticus, which is described as a musty smell, may be detected 
when a cirrhotic patient exhales and must be distinguished from more frequent 
halitosis caused by poor dental hygiene.

Mucocutaneous Findings
Icterus (Fig. 137-1) is best confirmed by examination of the sclera or, if nec-
essary, under the tongue, where elastin tissue retains bilirubin. Grayish skin 
discoloration in hemochromatosis may be most evident in the skin folds in 
the groin or axilla. Acanthosis nigricans can be observed in nonalcoholic 
fatty liver disease (Chapter 143). A Kayser-Fleischer ring (see Fig. 200-2), 
caused by the deposition of copper in Descemet membrane, is a brownish 
circle around the periphery of the iris and may require slit lamp examina-
tion to detect; it always should be sought in a patient with suspected Wilson 
disease (Chapter 200). Poor dentition is characteristic in alcoholic or drug-
abusing individuals, and excessive dental caries may result from decreased 
saliva production in sicca syndrome. Parotid gland swelling is occasionally 
observed in alcoholic patients. Central cyanosis and clubbing are found in the 
hepatopulmonary syndrome. Temporal muscle wasting and “paper money” 
facial skin, owing to atrophy with telangiectasia, are signs of advanced liver 
disease. Xanthelasma from lipid deposits may be observed on the eyelids and 
skin around the orbits in patients with cholestatic liver disease. Spider nevi 
on the face and thorax are not pathognomonic of liver disease, especially 
in women, but they are suggestive if more than a few are present. Palmar 

Gastrointestinal hemorrhage resulting from bleeding varices is usually profuse 
and often abrupt in onset. It typically presents with hematemesis or melena 
(Chapter 126), and frequently coexisting postural hypotension or presyncope 
indicates major blood loss. The increased protein load in the gut can precipitate 
hepatic encephalopathy. Nonvariceal causes of gastrointestinal bleeding in a 
patient with liver disease include portal gastropathy (Chapter 126).

 RISK FACTORS FOR LIVER DISEASE
An important aspect of the history is identification of possible risk factors for 
liver disease. The history should include directed questioning about alcohol 
consumption, including frequency and pattern (Chapter 30). The age of initial 
alcohol use and whether consumption has increased with age should be ascer-
tained. Family members also should be asked about their perception of the 
patient’s alcohol use and whether it has resulted in difficulties in personal 
relationships or work performance. Other clues to alcohol abuse are a history 
of convictions for driving under the influence of alcohol, motor vehicle acci-
dents, and physical symptoms of alcohol dependence (Chapter 30). More 
circumspect questioning may be required to elicit a history of recreational 
drug use, especially given societal disapproval of this activity. Not infrequently, 
a patient with suspected viral hepatitis admits to smoking marijuana or snort-
ing cocaine but does not acknowledge intravenous drug use. With the increasing 
frequency of nonalcoholic fatty liver disease as a cause of hepatic dysfunction 
(Chapter 143), comorbid conditions such as diabetes mellitus, hyperlipidemia, 
or weight gain should be noted.2

Medication use, whether prescription or over the counter, must be assessed 
because drug-induced liver disease is an important cause of apparently cryp-
togenic hepatic dysfunction and is not limited to therapeutic drugs (Chapter 
141).3 Increasingly, herbal and “natural” products (Chapter 34) are ingested 
for a variety of maladies, and patients may fail to disclose their use because 
they do not perceive these agents to have side effects or may sense that the 
physician does not endorse their use. As with alcohol, it is important to quantify 
the amount of medication ingested and over what period. The social history 
should include details about recent travel and contact with individuals with 
viral hepatitis through intimate, household, or occupational contact. It is also 
important to ask about vigorous physical activity that can result in elevated 
aminotransferase levels of nonhepatic origin.

 ASSESSING DURATION OF LIVER DISEASE
The differential diagnosis in a patient with liver disease is determined to a 
large extent by the presentation, such as jaundice or ascites. In many patients, 
however, the timing of more subtle findings such as elevated aminotrans-
ferases is difficult to determine. Prior blood test results should be retrieved 
to determine whether hepatic dysfunction is long-standing or more recent. 
Hepatic dysfunction of less than 6 months’ duration is regarded as acute and 
is frequently self-limited, whereas abnormalities that persist for more than 6 
months are unlikely to resolve spontaneously. If the patient has had a cholecys-
tectomy, it is important to determine the indication. Incidental gallstones are 
sometimes assumed to be the cause of abnormal liver chemistries in a patient 
with parenchymal liver disease and can lead to an unnecessary operation. 
Thrombocytopenia owing to portal hypertension in a patient with unrecognized 
cirrhosis may have been investigated in the past without a firm conclusion  
being reached.

 REVIEW OF OTHER ORGAN SYSTEMS
While focusing on liver-related symptoms, it is important not to overlook 
other diagnostic clues, associated disorders, and complications. Sicca symp-
toms, including dry eyes and mouth, are common in primary biliary cholangitis 
(Chapter 146); florid features of scleroderma and CREST syndrome (Chapter 
251) are other associations. Dyspnea in a patient with hepatic dysfunction 
may reflect cardiac failure with hepatic congestion (Chapter 52). Other expla-
nations include hepatopulmonary syndrome (Chapter 144), with the char-
acteristic complaint of platypnea–dyspnea (often with chest tightness) that 
is worse in the upright position owing to aggravation of the ventilation-perfusion 
mismatch because of intrapulmonary shunting. A hydrothorax in decompen-
sated cirrhosis can cause dyspnea, as can emphysema in patients with liver 
disease caused by α1-antitrypsin deficiency. A history of premature menopause 
is common in middle-aged women with cirrhosis, as is decreased libido and 
sexual potency in cirrhotic men. Arthralgias are often reported in viral hepatitis, 
and hemochromatosis (Chapter 201) may manifest with involvement of the 
proximal interphalangeal joints or chondrocalcinosis of the knees; increased 
skin pigmentation and diabetes mellitus are other features of this disorder. 
Accelerated osteopenia occurs in many liver diseases, including primary FIGURE 137-1. scleral icterus. 
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where tympany converted to dullness. If that spot is now tympanic, shifting 
dullness has been detected as a result of movement of the air-fluid boundary; 
this finding supports the presence of ascites. This maneuver should be per-
formed sequentially on each side for confirmation. A fluid wave can be felt 
by placing the medial border of one hand on the abdomen and tapping the 
right or left lateral abdominal walls; the resulting wave is felt by the first hand. 
Scrotal edema and abdominal wall hernias are often present in patients with 
long-standing ascites. Abdominal tenderness in a patient with ascites suggests 
peritonitis (e.g., spontaneous bacterial peritonitis or the result of a perforated 
viscus). However, it is important to note that abdominal tenderness is fre-
quently absent in spontaneous bacterial peritonitis.

The liver is dull to percussion. Percussion of the right upper quadrant can 
determine the liver span, normally 6 to 12 cm in the midclavicular line. The 
liver span may be diminished in a patient with cirrhosis, whereas hepatomegaly 
(Fig. 137-5) is detected in hepatic congestion resulting from heart failure, 
nonalcoholic fatty liver disease, and cholestatic forms of cirrhosis. The liver 
is best examined with the patient in the supine position, arms parallel to the 
side of the body, and knees bent to relax the abdominal muscles. Palpation 
should begin in the right lower quadrant of the abdomen and move upward 
toward the rib cage so that the liver edge is felt on the way up. A normal liver 
edge is smooth and sometimes slightly tender when palpated. In general, a 
liver edge that is felt up to 2 cm below the right costal margin is considered 
normal, but a normal-sized liver can be displaced downward by other abnor-
malities, such as emphysema. In thin subjects, the liver edge may be felt on 
deep inspiration, even if it is normal in size.

The liver can feel hard and irregular, as in cirrhosis, or slightly tender, enlarged, 
and smooth, as in acute viral hepatitis, alcoholic hepatitis, or hepatic conges-
tion as occurs with right heart failure. The liver can extend across the midline, 
and the left lobe can be felt in the epigastrium. When the location of the edge 
of the liver is unclear, the scratch test may be helpful.4 The bell of the stetho-
scope is placed on the right upper quadrant over the rib cage while scratching 
the surface of the abdominal wall from the mid-abdomen toward the liver; 
the sound of the scratch is amplified in an area under which the liver lies. In 
the presence of ascites, the liver edge may be detected by exerting quick pres-
sure with the fingertips below the rib cage.

A palpable gallbladder suggests obstruction of the biliary system, whereas 
tenderness elicited by palpation during inspiration (the Murphy sign) suggests 
acute cholecystitis. Marked hepatic tenderness with hepatomegaly is observed 
in patients with a hepatic abscess (Chapter 142).

Splenomegaly (Chapter 159) is suggested by dullness to percussion between 
the 9th and 11th ribs in the left midaxillary line. A palpable spleen tip implies 
portal hypertension in a patient with chronic liver disease, although an enlarged 
spleen also can be detected in acute viral hepatitis and infiltrative disorders 
that involve both the liver and the spleen (see Table 159-5). Rectal examina-
tion is obligatory if gastrointestinal bleeding is suspected because of melena, 
anemia, or unexplained hepatic encephalopathy.

Complete Physical Examination
The presence of rales and elevation of the jugular venous pressure suggest 
heart failure or pericardial disease as a cause of hepatic congestion. Loss of 
secondary sexual characteristics in liver disease is reflected by a loss of axillary 
and pubic hair, as well as feminization of body habitus in a male patient. 

erythema (Fig. 137-2) may be normal in women but suggests liver disease 
in men. Dupuytren contracture (see Fig. 143-1), the retraction of the palmar 
fascia with subsequent contracture of the palms and fingers can be a sign of 
alcoholic liver disease, although it is also described in patients with epilepsy or 
diabetes mellitus, as well as in individuals who have work-related contractures. 
Petechiae and ecchymoses reflect impaired production of clotting factors and 
hypersplenism in advanced liver disease. Patches of white discoloration on the 
nails may be present in advanced liver disease. Scratch marks from pruritus 
may be observed on the trunk and extremities of patients with cholestatic 
liver disease. Sparing of the center of the back can lead to a less pigmented 
butterfly-shaped area because patients cannot reach that area with their  
fingernails.

Examination of the Abdomen
Abdominal distention with ascites and dilation of collateral veins owing to 
portal hypertension represent florid signs of advanced liver disease. Caput 
medusae (Fig. 137-3) in the periumbilical area implies recanalization of the 
umbilical vein with portal hypertension.

Abdominal percussion may confirm the presence of ascites (Fig. 137-4). 
Shifting dullness results from movement of ascites to the most dependent 
portion of the abdomen. The subject should be examined in the supine posi-
tion, with percussion of the abdomen from the midline toward the right or 
left flank. A change from a tympanic sound to a dull sound signifies a change 
from air to fluid, and the location of that change identifies the surface of the 
fluid pool. Next, the examiner should percuss below the point at which dull-
ness is elicited and ask the subject to turn toward the examiner. With the 
subject on his or her side, the examiner percusses again at the same point 

FIGURE 137-2. palmar erythema. 

FIGURE 137-3. Caput medusae. photograph shows caput medusae accentuated by a 
large amount of ascites in a patient being prepared for liver transplantation. An extensive 
plexus of veins is seen emanating from the umbilical region and radiating across the 
anterior abdominal wall. note the large vein coursing inferiorly along the right flank 
(arrows). this is the superficial epigastric vein, which drains into the external iliac vein. 
(From henseler Kp, pozniak MA, Le Ft, et al. three-dimensional ct angiography of spon-
taneous portosystemic shunts. Radiographics. 2001;21:691-704.)

FIGURE 137-4. Ascites. 
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excretory function (bilirubin), and synthetic function (coagulation factors, 
albumin) (Chapter 138). In hepatocellular dysfunction caused by viral hepatitis 
(Chapter 139), aminotransferase levels are elevated, with the serum alanine 
aminotransferase (ALT) level higher than the aspartate aminotransferase (AST) 
level. In alcoholic hepatitis (Chapter 143), AST elevation exceeds that of ALT. 
In patients with biliary obstruction or cholestatic liver diseases (Chapter 146), 
such as primary biliary cirrhosis or a cholestatic drug reaction, bilirubin and 
generally alkaline phosphatase levels are elevated. Impairment of synthetic 
function leads to a decreased serum albumin level over days to weeks. The 
prothrombin time, expressed as the international normalized ratio (INR), is 
a more sensitive test of hepatic synthetic function and becomes prolonged 
within several hours after a major hepatic insult. Portal hypertension owing 
to advanced hepatic fibrosis or cirrhosis results in a decreased platelet count 
resulting from hypersplenism. Although these general patterns of liver dys-
function are helpful in initial evaluation of liver disease, they are nonspecific. 
For example, a patient with a predominantly hepatocellular process commonly 
has elevated bilirubin and alkaline phosphatase levels and a low serum albumin 

Testicular atrophy also may be present. Peripheral edema is common in decom-
pensated cirrhosis and may occur before ascites is obvious.

Neuropsychiatric alterations can include subtle changes in personality or 
more overt hepatic encephalopathy. Constructional apraxia (e.g., inability to 
draw a five-pointed star or to write legibly) in a fully conscious patient is a 
typical finding in hepatic encephalopathy. Asterixis, which is characterized 
by a series of extensor and flexor wrist movements5 can be elicited by having 
the patient extend the arms, with dorsiflexion of the wrists, while separating 
the fingers for at least 15 seconds. Tremors (Chapter 382) are nonspecific but 
are also common in advanced cirrhosis.

 DIAGNOSTIC STUDIES (TABLE 137-1)
Laboratory Studies
The initial evaluation of liver disease involves a battery of blood tests, which 
can assess hepatic necroinflammation (serum aminotransferases), cholestatic 
biliary tract dysfunction (alkaline phosphatase, γ-glutamyl transpeptidase), 

Hepatomegaly by Physical Examination 
or Radiographic Studies 

Abdominal ultrasound 

Biliary tract
obstruction

Dilated biliary 
system

Consider
cirrhosis

Nodular
liver

Further
characterization of 

lesions with additional 
imaging studies 

(e.g., CT scan, MRI)

Increased
heterogeneity,

fatty liver, or normal

Space-occupying
lesion(s) (e.g., masses, 

cysts, abscesses)

Localization of site 
of obstruction by 

additional imaging 
studies (MRCP, CT 

scan); treatment 
according to findings 

Individualization of 
need and feasibility 

to obtain tissue 
(e.g., liver biopsy)

Consider liver-
specific conditions*

and systemic/
infiltrative diseases†

Work-up for liver 
disease* and/or 

exclusion of systemic 
infiItrative disease†

as appropriate

FIGURE 137-5. Diagnostic approach to hepatomegaly. *conditions to be excluded include viral hepatitis; alcohol- and drug-induced liver disease; steatohepatitis; autoimmune liver 
diseases; and metabolic disorders, including hemochromatosis, wilson disease, and α1-antitrypsin deficiency. †systemic and infiltrative diseases include amyloidosis, lymphoma, sar-
coidosis, and infectious processes such as disseminated tuberculosis and fungemia. ct = computed tomography; Mrcp = magnetic resonance cholangiopancreatography; Mri = magnetic 
resonance imaging. 

CT = computed tomography; HIDA = hepatobiliary iminodiacetic acid; MRI = magnetic resonance imaging.

TABLE 137-1 APPROACH TO COMMON HEPATIC COMPLAINTS
PRESENTATION COMMON SYMPTOMS COMMON PHYSICAL SIGNS DIAGNOSTIC STUDIES COMMON DIAGNOSES
Ascites Abdominal distention and 

pain, ankle edema
Flank dullness
Shifting dullness
Fluid wave

Ultrasound with Doppler
Diagnostic paracentesis
Urinalysis

Cirrhosis
Budd-Chiari syndrome
Heart failure
Nephrotic syndrome

Hepatic encephalopathy Sleep disorientation, 
confusion, coma

Asterixis
Altered mentation
Fetor hepaticus

Serum ammonia
Blood cultures
Stool Hemoccult
Serum creatinine and electrolytes

Decompensated cirrhosis
Acute liver failure
Other metabolic encephalopathies 

(renal, respiratory)
Hepatic mass None or abdominal pain Hepatic bruit or rub α-Fetoprotein

Ultrasound
CT scan
MRI
Biopsy

Benign lesions: Hemangioma, 
adenoma, focal nodular hyperplasia

Malignant lesions: Hepatocellular 
carcinoma, cholangiocarcinoma, 
metastases

Abdominal pain Nausea, vomiting, fever Right upper quadrant tenderness
Palpable gallbladder
Murphy sign

Ultrasound
HIDA scan
Paracentesis for ascites if present

Biliary colic
Acute cholecystitis
Hepatic congestion
Hepatic metastases
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308) accounting for the remainder. Diagnostic paracentesis is the first test of 
choice, with a low complication rate including ascitic fluid leak (in about 5% 
of patients with cirrhosis), and bleeding or infection (less than 2% of patients). 
A serum-ascites albumin gradient (defined as serum albumin concentration 
minus ascitic albumin concentration) level of 1.1 g/dL or greater indicates 
portal hypertension, with a sensitivity of 97% and specificity of 90%. If the 
ascitic fluid protein level is less than 2.5 g/dL, cirrhosis is the most likely 
cause of the portal hypertension. If the ascitic fluid protein level is more than 
2.5 g/dL, heart failure is the likely cause of the portal hypertension (see Table 
144-3), and the diagnosis can be confirmed by an elevated brain natriuretic 
protein level (Chapter 52). If the gradient is less than 1.1 g/dL and the ascitic 
fluid protein is low, malignancy is most likely. Malignant ascites also is usually 
associated with an ascitic white blood cell count greater than 500/µL. Spon-
taneous bacterial peritonitis (Chapter 133) is diagnosed based on an ascitic 
neutrophil count 250 cells/µL or more if secondary causes of peritonitis can  
be excluded.11

 APPROACH TO A HEPATIC MASS
A hepatic mass may be discovered under a number of different circumstances 
and is often an incidental finding on abdominal imaging performed for another 
indication. The initial evaluation depends upon whether the mass is cystic or 
solid (Fig. 137-6).12

Hepatic Cysts
Most hepatic cysts are benign and incidental. Simple hepatic cysts are usually 
solitary and asymptomatic, although larger cysts may cause abdominal dis-
comfort. Ultrasonography, which is usually diagnostic, shows an anechoic 
fluid-filled space, an imperceptible wall, and posterior acoustic enhancement 
(Fig. 137-7A and B). Worrisome features, including the presence of symptoms 
or increasing size, require exclusion of a cystadenoma. On ultrasound a cyst-
adenoma is hypoechoic with irregular walls and septations. Hepatic resection 
is indicated because malignant transformation can occur.

Multiple hepatic cysts may suggest the presence of autosomal dominant 
adult polycystic disease. Polycystic liver disease can occur in conjunction with 
polycystic kidney disease (Chapter 118) or without it. Isolated polycystic 
liver disease is associated with mutations in the PRCKSCH gene, which encodes 
the glucosidase 2 subunit β enzyme, and in Sec63, which is part of a large 
protein complex involved in protein translocation in the endoplasmic reticulum. 
Adult polycystic liver disease typically is asymptomatic, although some patients 
note dull right upper quadrant pain, fullness, sense of a mass, and increasing 
abdominal girth. Rupture of a cyst, hemorrhage into a cyst, infection of a cyst, 
or torsion of a cyst may cause severe pain. Physical examination may include 
hepatomegaly, cachexia due to weight loss, and ascites. As cysts increase in 
number and size with age, they may become palpable. On ultrasound, multiple 
fluid-filled cysts are present without internal echoes unless bleeding or infec-
tion has occurred. Interventions indicated for symptoms include aspiration 
or resection. Polycystic liver disease usually does not result in clinical hepatic 
impairment, and prognosis depends on the severity of any concurrent poly-
cystic renal disease. In some cases, however, large, symptomatic, or bleeding 
cysts may raise the consideration of liver transplantation,13 often with combined 
kidney transplantation (Chapter 122) for associated renal cysts and kidney 
failure.

Caroli disease, which is a rare congenital abnormality with cystic dilation 
of the intrahepatic biliary tree, can be associated with cholangitis and biliary 
stones. Many patients ultimately develop cholangiocarcinoma (Chapter 146). 
Magnetic resonance cholangiopancreatography demonstrates intrahepatic 
dilations with normal ducts in between and a normal common bile duct. 
Endoscopic treatment is indicated for cholangitis, although resection or liver 
transplantation may ultimately be required.

Solid Hepatic Mass
Most solid hepatic masses are asymptomatic, but some patients may have 
vague right upper quadrant discomfort. The abrupt onset of more severe pain 
suggests a complication, such as hemorrhage or rupture. The approach to a 
solid hepatic mass (Fig. 137-8) is influenced by the presence or absence of 
underlying chronic liver disease, such as chronic viral hepatitis, as well as 
whether an extrahepatic malignancy with possible hepatic metastases is a 
concern. If chronic liver disease is present, a solid mass must be assumed 
to represent primary hepatocellular carcinoma (Chapter 186) until proven 
otherwise. By comparison, a solid lesion in the absence of underlying liver 
disease is more likely to be benign and incidental. Benign hepatic adeno-
mas are commonly discovered in young to middle-aged women and are not 

level if the injury is severe. Nevertheless, these blood tests should identify the 
predominant pattern of abnormality and direct further diagnostic evaluation 
with serologic studies and abdominal imaging. After a comprehensive history 
and physical examination, as well as liver chemistries, any abdominal imaging 
should be carefully selected and focused.6

Abdominal Imaging
Plain abdominal radiographs generally do not have a major role in the evalu-
ation of suspected liver disease. An exception is a patient with severe abdominal 
pain, in whom it is important to exclude a perforated viscus, which would be 
suggested by free air under the diaphragm.

Ultrasonography should be the initial investigation in patients with obstruc-
tive jaundice. It can confirm dilated bile ducts in patients with biliary obstruc-
tion and often can identify the cause, such as a pancreatic mass or a gallstone 
lodged in the common bile duct. Ultrasonography also can determine whether 
the hepatic parenchyma is diffusely abnormal, such as in acute viral hepatitis; 
it can identify bright hepatic echo texture in nonalcoholic fatty liver disease 
or a coarsened echo texture in cirrhosis. In addition to confirming the pres-
ence of ascites, ultrasonography can identify other signs of portal hypertension, 
such as splenomegaly or intra-abdominal varices. A Doppler flow study can 
evaluate blood flow through the portal and hepatic vessels. An ultrasound 
study can identify hepatic masses and distinguish a cystic mass from a solid 
lesion (see later). Computed tomography (CT) and magnetic resonance 
imaging (MRI) add greater detail to the assessment of the hepatic vasculature, 
hepatic masses, and hepatic vascular structures. For the evaluation of focal 
liver lesions, the sensitivities of ultrasonography, contrast, CT, and MRI are 
similar.7 MRI can obtain a detailed cholangiogram, thereby avoiding a more 
invasive endoscopic retrograde cholangiopancreatography in many patients 
with suspected bile duct obstruction or disease (Chapters 124 and 125).

Transient elastography assesses hepatic fibrosis by measuring liver stiffness 
based on the propagation of shear waves in liver tissue, and it has largely 
replaced liver biopsy for this purpose.8 In addition to measuring liver stiffness, 
transient elastography can assess the degree of attenuation by fat and thus can 
also estimate hepatic steatosis. An evolving application of hepatic elastography 
is measurement of fibrosis in combination with standard ultrasonography. 
Magnetic resonance based elastography may be preferred in the presence of 
ascites or obesity.9

Liver Biopsy
Although liver biopsy had been the definitive test to assess the severity of 
hepatic inflammation and fibrosis in diffuse hepatocellular disease, its use has 
diminished in large part due to the availability of transient elastography.10 
Nevertheless, it retains an important role for diagnosing autoimmune hepatitis 
and drug hepatotoxicity. However, because of its potential complications, such 
as intra-abdominal bleeding, biopsy is recommended only when less invasive 
testing does not yield a definitive diagnosis or prognosis or when additional 
information, such as quantitative determination of hepatic copper in Wilson 
disease or hepatic iron in hemochromatosis, is necessary for definitive diagnosis 
(see later). Liver biopsy under radiographic guidance is also indicated if a 
hepatic mass cannot be characterized as benign or malignant by noninvasive 
means.

Transjugular pressure measurements are indicated in patients with atypical 
presentations of portal hypertension (e.g., when it is unclear whether liver 
disease is the cause) or to titrate medications to reduce portal pressure. A 
catheter is advanced under fluoroscopy into the hepatic vein, and the free 
hepatic venous pressure is measured. The catheter is then advanced further 
until it becomes “wedged” in a small hepatic vein venule. A small balloon 
occludes the venule, and the wedged hepatic vein pressure, which reflects 
hepatic sinusoidal pressure, is obtained. The portal pressure gradient, which 
is derived by subtracting the free pressure measurement from the wedged 
pressure measurement, is normally less than 5 mm Hg. Varices form at a gradi-
ent greater than 10 mm Hg, whereas ascites and variceal hemorrhage occur 
only when the gradient is greater than 12 mm Hg. A transjugular approach 
also increases the safety of liver biopsy in the presence of ascites, coagulopathy, 
or thrombocytopenia when standard percutaneous liver biopsy is hazardous. 
Endoscopy is indicated to screen for varices in any patient suspected of having 
cirrhosis to determine the need for prophylaxis against hemorrhage.

 APPROACH TO NEW-ONSET ASCITES
The three leading causes of ascites in the United States are cirrhosis (85%; 
Chapter 144), peritoneal malignancy (7%), and heart failure (3%; Chapter 
53), with nephrotic syndrome (Chapter 113) and tuberculosis (Chapter 
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become anechoic if hemorrhage has occurred. Contrast CT and MRI show 
arterial enhancement and varying signal intensity reflecting steatosis and hem-
orrhage if present. Biopsy may be needed for diagnosis. Potential complications 
of adenomas, especially if greater than 5 cm, include spontaneous hemorrhage 
and rupture, as well as rare malignant transformation. Discontinuation of oral 
contraceptives may lead to a decrease in size. Prophylactic hepatic resection 
is indicated for adenomas greater than 5 cm.

Focal nodular hyperplasia, which is a benign lesion characterized by a central 
scar and is thought to represent a hyperplastic response due to a vascular 
malformation. Identification of the scar by ultrasound, CT, or MRI is diagnostic 
(see Fig. 137-8D). Observation in the absence of symptoms is advised.

Multiple regenerative 1- to 3-mm nodules clustered around the portal triads 
characterize nodular regenerative hyperplasia. It is associated with a variety 
of systemic disorders, predominantly autoimmune, including rheumatoid 
arthritis, systemic lupus erythematosus, and polymyalgia rheumatica, neoplastic 
such as myeloproliferative syndromes, and medications including thiopurines. 
Symptoms, if present, reflect associated portal hypertension. Diagnosis is by 

associated with hepatic dysfunction. With modern contrast studies, it is 
usually possible to make a confident radiologic diagnosis about the nature 
of a solid hepatic mass. Important examples include the initial peripheral 
filling and retention of contrast dye by a hemangioma (see Fig. 137-8A, B, 
and C), the rapid arterial filling of a hepatocellular carcinoma with subsequent 
“washout” of contrast during the portal venous phase (see Fig. 186-4), or the 
central scar typical of focal nodular hyperplasia (see Fig. 137-8D). If a benign 
etiology cannot be adequately determined noninvasively, then biopsy may  
be necessary.

Hepatic hemangiomas are the most common benign solid hepatic mass. 
On ultrasound, the lesion is hyperechoic. It has a typical hypervascular appear-
ance on contrast CT or MRI. Generally, no intervention is required unless 
there is a clear association with abdominal symptoms, increasing size, or a 
complication such as rupture.

Hepatic adenomas (Chapter 186) are benign epithelial hepatic tumors 
associated with use of oral contraceptives with a higher estrogen content. On 
ultrasound, adenomas are hyperechoic, reflective of their fat content, but 
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FIGURE 137-6. Approach to evaluating the patient with a mass lesion in the liver. this flow chart shows an algorithm for evaluating and managing common liver mass lesions. ct 
= computed tomography; Mri = magnetic resonance imaging. (From roberts Lr. Liver and biliary tract tumors. in: Goldman L, schafer Ai, eds. Goldman’s Cecil Medicine, 24th ed. phila-
delphia: saunders; 2012.)
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FIGURE 137-7. Simple hepatic cyst. A, Ultrasound demonstrates clear contents and an imperceptible wall (arrow). B, on a computed tomographic scan, a simple hepatic cyst is 
characterized by the lack of septation and an imperceptible wall (arrow). (courtesy Dr. B. Madrazo.)
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excessive hepatic iron. Liver biopsy is unnecessary for diagnosis but is advised 
for a serum ferritin greater than 1000 µg/L because the patient is likely to be 
cirrhotic. Iron accumulates in hepatocytes but not Kupffer cells in a periportal 
to pericentral gradient (Fig. 137-9). By comparison, secondary iron overload 
accumulates in Kupffer cells in conditions such as ineffective erythropoiesis. 
Quantitative iron measurement in liver tissue, calculated as the µmol of iron/g 
dry weight liver/age, can confirm the diagnosis. Treatment of hemochromatosis 
is by phlebotomy (Chapter 201).

biopsy, which shows hypertrophied hepatocytes clustered around the center 
of the nodules with peripheral atrophy. Management is directed to the associ-
ated portal hypertension (Chapter 144).

Hepatocellular carcinoma (Chapter 186) is a frequent complication of cir-
rhosis of any cause as well as chronic hepatitis B infection even in the absence 
of cirrhosis. Patients usually will have evidence of cirrhosis with hepatic dys-
function. Because surveillance for hepatocellular carcinoma is now recom-
mended in individuals at risk, this tumor is increasingly identified when 
asymptomatic and potentially curable. On ultrasound, hepatocellular carcinoma 
appears solid. Owing to its predominantly arterial blood supply compared 
with that of normal hepatic parenchyma, intravenous contrast is rapidly taken 
up by a hepatic cellular carcinoma and then “washes out” on CT scan or MR 
imaging (see Fig. 186-4). Serum α-fetoprotein is elevated in approximately 
60% of cases. Therapeutic options depend on the tumor’s size and severity of 
associated liver disease.

 APPROACH TO THE PATIENT WITH INHERITED 
LIVER DISEASE

The major inherited liver diseases in adults are hemochromatosis, Wilson 
disease, cystic fibrosis, and α1-antitrypsin deficiency. These disorders may be 
suspected by their extrahepatic manifestations or may be detected during 
evaluation of unexplained hepatic dysfunction.

Hereditary hemochromatosis (Chapter 201), which is the most common 
inherited liver disorder, is most frequently due to mutations in the HFE gene 
(located on chromosome 6p22.2), typically at C282Y and H63D. Approxi-
mately 1 in 250 individuals of Northern European descent are homozygous 
for C282Y, the major HFE mutation, although only a minority develop phe-
notypic manifestations.14 Liver blood test abnormalities, if present, are non-
specific. Definitive diagnosis is confirmed by detection of C282Y homozygote 
or compound heterozygote (C282Y/H63D). MRI or CT scan can confirm 
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FIGURE 137-8. Solid hepatic mass. A, hemangioma seen as a solid mass (arrow) on the t1 phase of a magnetic resonance (Mr) imaging scan. B, hemangioma on Mr t2 image is 
characterized by a high signal density (arrow). C, A hemangioma fills slowly (arrow) from the periphery after intravenous contrast is administered (arrow). D, Focal nodular hyperplasia 
is characterized by a central scar (arrow) in the late venous phase of a contrast computed tomographic scan. (courtesy Dr. B. Madrazo.)

FIGURE 137-9. Liver biopsy in hemochromatosis (Perls Prussian blue stain for iron). 
iron deposition is found in a periportal distribution, predominantly in parenchymal cells 
(hepatocytes). (From Bacon Br. inherited and metabolic disorders of the liver. in: Goldman 
L, schafer Ai, eds. Goldman’s Cecil Medicine, 24th ed. philadelphia: saunders; 2012.)



α1-Antitrypsin deficiency, which results from inherited mutations in this 
serine protease inhibitor, prevents its export from hepatocytes, where its accu-
mulation causes liver inflammation, fibrosis, and cirrhosis.15 Deficiency of 
circulating α1-antitrypsin results in panlobular emphysema (Chapter 82) even 
in nonsmokers. The disease is most frequent in persons of European ancestry. 
Inheritance is autosomal recessive with codominant inheritance because each 
allele provides 50% of circulating α1-antitrypsin. A large number of alleles 
have been identified in the proteinase inhibitor (Pi) gene, with MM asso-
ciated with normal circulating α1-antitrypsin levels and the most common 
abnormal alleles, S and Z, associated with reduced levels. PiZZ homozygotes, 
who have the most severe α1-antitrypsin deficiency, have only 15% of normal 
circulating levels and are prone to liver and lung disease. Liver disease has 
a bimodal distribution, with neonatal hepatitis and cholestatic jaundice 
manifesting in early life and cirrhosis in adulthood. Only approximately one 
third of adults with the PiZZ phenotype develop cirrhosis, thereby imply-
ing that other cofactors are involved in disease progression. Other pheno-
types with α1-antitrypsin deficiency (e.g., PiMZ or PiSZ) increase the risk 
for liver disease, whereas null variants have lung but not liver disease. The 
condition may be suspected as the result of a low α1-1 globulin level on 
protein electrophoresis, and the diagnosis can be confirmed by demonstra-
tion of a low serum α1-antitrypsin level followed by Pi testing to determine 
the phenotype. Liver function test abnormalities are generally nonspecific, 
although the albumin level can be low and the INR prolonged if cirrhosis 
is present. Liver biopsy, which shows the extent of fibrosis, is characterized 
by periodic acid–Schiff (PAS)-positive, diastase-resistant globules in the 
periphery of the lobule (Fig. 137-10). No specific therapy is available for the 
liver disease, although weekly intravenous α1-antitrypsin protein concentrate 
infusions, which are approved by the U.S. Food and Drug Administration, 
might prevent progression of lung disease by restoring serum and alveolar  
α1-antitrypsin levels.

Wilson disease (Chapter 200) is excessive copper accumulation in liver 
and extrahepatic tissues owing to an inherited disorder in copper transport 
from hepatocytes to bile.16 Hepatic manifestations include chronic hepatitis 
and cirrhosis, most typically appearing by the fourth decade of life, although 
they can manifest later.17 A characteristic finding in a fulminant manifestation 
of Wilson disease is hemolysis with an abnormally low alkaline phospha-
tase level, jaundice, and coagulopathy. More typically, patients have elevated 
aminotransferase levels without hemolysis at presentation. Diagnosis usually 
is based on an elevated 24-hour urinary copper level and low serum cerulo-
plasmin levels, but in unclear cases the quantification of increased hepatic 
copper content by biopsy is definitive. Copper chelation prevents disease  
progression.

Cystic fibrosis (Chapter 83) is usually dominated by pulmonary complica-
tions, but liver disease is an important cause of morbidity and mortality in 
adults.18 In patients with elevated alkaline phosphatase and bilirubin levels, 
biliary cirrhosis (Chapter 146) can develop owing to abnormal bile viscosity. 
Ursodeoxycholic acid may improve biochemical test results but has no clear 
benefit on outcome. Liver transplantation (Chapter 145) may be necessary 
for decompensated cirrhosis.

FIGURE 137-10. Liver biopsy in α1-antitrypsin deficiency. on a periodic acid–schiff, 
diastase-resistant stain, α1-antitrypsin globules, with a characteristic magenta color, are 
found at the periphery of the lobule. (From Bacon Br. inherited and metabolic disorders 
of the liver. in: Goldman L, schafer Ai, eds. Goldman’s Cecil Medicine, 24th ed. philadelphia: 
saunders; 2012.)
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REVIEW QUESTIONS

1. Fever is a frequent feature of which of the following?
 A. Acute alcoholic hepatitis
 B. Acute hepatitis C
 C. Autoimmune hepatitis
 D. Chronic hepatitis B
 E. Chronic hepatitis C

Answer: A With the exception of the prodrome of acute hepatitis A, fever is 
not prominent in viral hepatitis nor in autoimmune hepatitis. It is a feature 
of acute alcoholic hepatitis even in the absence of infection.

2. Which of following suggests biliary obstruction as the cause of scleral 
icterus?
 A. Dark urine and dark stool
 B. Pale urine and pale stool
 C. Dark urine and pale stool
 D. Dark urine and alternating pale and dark stool
 E. Pale urine and dark stool

Answer: C With jaundice from biliary obstruction, bilirubin is predominantly 
conjugated, water-soluble, and excreted in the urine, which is therefore dark. 
Because of biliary obstruction, bile salts cannot reach the intestine, so stools 
are pale. By comparison, the excess bilirubin from hemolysis is unconjugated 
and not water soluble, so it is not excreted in the urine.

3. Which of the following presentations suggests variceal hemorrhage?
 A. Unexplained iron deficiency anemia
 B. Dysphagia
 C. Abdominal bloating
 D. Abdominal pain
 E. Hematemesis

Correct: E Variceal hemorrhage is typically profuse, painless, and not associ-
ated with esophageal symptoms such as dysphagia. Because bleeding is overt, 
unexplained iron deficiency is not usually due to bleeding varices.

4. Which of the following disorders has an autosomal dominant 
inheritance?
 A. Wilson disease
 B. Hemochromatosis
 C. α1-Antitrypsin deficiency
 D. Adult polycystic disease
 E. Hepatic adenoma

Correct: D Adult polycystic disease has an autosomal dominant inheritance, 
whereas the other conditions are sporadic, such as adenoma, or autosomal 
recessive, such as Wilson disease.
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138 
APPROACH TO THE PATIENT WITH 
JAUNDICE OR ABNORMAL LIVER TESTS
KEVIN M. KORENBLAT AND PAUL D. BERK

 JAUNDICE AND HYPERBILIRUBINEMIA

 DEFINITION
Jaundice, from the French jaune (“yellow”), is the yellow-orange discoloration 
of the skin, conjunctivae, and mucous membranes that results from an elevated 
plasma bilirubin level. Mild hyperbilirubinemia may be clinically undetectable, 
but jaundice becomes evident at plasma bilirubin greater than 3 to 4 mg/dL, 
depending on the patient’s skin pigmentation, the conditions of observation, 
and the bilirubin fraction that is elevated. Hyperbilirubinemia may result from 
hepatocellular dysfunction (pure hyperbilirubinemia) or from either increased 
bilirubin production or inherited or acquired defects in specific aspects of 
hepatic bilirubin disposition.

 PATHOBIOLOGY
Bilirubin Metabolism
Bilirubin Production
Bilirubin is the degradation product of the heme moiety of hemoproteins, a 
class of proteins involved in the transport or metabolism of oxygen (E-Fig. 
138-1). Normal adults produce approximately 4 mg of bilirubin per kilogram 
of body weight per day. Between 70 and 90% of bilirubin is derived from 
the hemoglobin of erythrocytes, which are sequestered and destroyed by the 
mononuclear phagocytic cells of the reticuloendothelial system, principally 
in the spleen, liver, and bone marrow. The remainder results primarily from 
the turnover of nonhemoglobin hemoproteins, such as myoglobin, the P-450 
cytochromes, catalase, and peroxidase, principally in the liver; a minor fraction 
reflects ineffective erythropoiesis, which is the premature destruction of newly 
formed erythrocytes within the bone marrow. Bilirubin is more than just a 
byproduct of a degradatory pathway; it also can function as an endogenous 
antioxidant1 in extrahepatic cells where it is produced.

The two-step conversion of heme to bilirubin begins with the opening of 
the heme molecule at its α bridge carbon by the microsomal enzyme heme 
oxygenase, a process that results in the formation of equimolar quantities 
of carbon monoxide and the green tetrapyrrole biliverdin. This nontoxic, 
water-soluble pigment is the main excretory product of heme in birds, rep-
tiles, and amphibians. However, biliverdin cannot cross the placenta. Accord-
ingly, its reduction to bilirubin in mammals by a second enzyme, biliverdin 
reductase, allows its transplacental removal from the fetus into the maternal 
circulation, from which it can be excreted by the maternal liver. The uncon-
jugated bilirubin produced in the periphery is transported in plasma to the 
liver. Because of its insolubility in aqueous media, it is kept in solution by 
tight but reversible binding to albumin. A number of compounds, including 
salicylates, sulfonamides, furosemide, and radiographic contrast agents, can 
competitively displace bilirubin from its binding sites on albumin, a phe-
nomenon that is of little clinical significance except in neonates, in whom 
the resulting increased concentration of unbound bilirubin raises the risk for  
kernicterus.

Disposition of Bilirubin by the Liver
Excretion of bilirubin from the body is a major function of the liver (see 
E-Fig. 138-1), where the specialized microanatomy enhances the extraction 
of tightly protein-bound compounds from the circulation. Hepatic transloca-
tion of bilirubin from blood to bile involves four distinct steps: (1) uptake 
of unconjugated bilirubin, principally by facilitated transport and, to a lesser 
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ABSTRACT
Bilirubin metabolism reflects a complex interplay between bilirubin produc-
tion and clearance. Processes that result in overproduction, decreased clearance, 
or a combination of the two result in jaundice, which is the clinical manifesta-
tion of hyperbilirubinemia. Indirect hyperbilirubinemia may result from 
increased bilirubin production owing to the increased turnover of heme con-
taining proteins—most commonly the hemolysis of erythrocytes or decreased 
bilirubin conjugation from inheritable disorders. Most frequent among the 
disorders of indirect hyperbilirubinemia is Gilbert syndrome, a consequence 
of diminished transcriptional activity of the UDG-glucuronosyltransferase 
1-1 protein, with an incidence as high as 12% of the population. Direct or 
mixed hyperbilirubinemia often reflects disorders of bilirubin clearance at all 
stages of bilirubin removal, including inherited and acquired disruption of 
canalicular bile transport, diseases of the liver that influence organ function, 
physical obstruction to the biliary tree, or disruption of enterohepatic circula-
tion. The cause of the bilirubin elevation can be deduced by the bilirubin 
fraction that is elevated, the presence of forms of bilirubin in urine, the clinical 
history, and other laboratory findings, particularly hepatic enzymes and protein 
products. Similar to the approach to bilirubin, the evaluation of abnormal 
liver biochemistries relies on an appreciation of the origin and pattern of the 
biochemical abnormalities, as well as the clinical context in which they occur. 
Biochemical abnormalities can be described as hepatocellular, cholestatic 
(affecting bile flow), or mixed. The diagnosis of the cause of biochemical 
findings often requires serologic studies, liver imaging, and liver biopsy.
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E-FIGURE 138-1. Overview of bilirubin metabolism. unconjugated bilirubin (ucb) formed from the breakdown of heme from hemoglobin and other hemoproteins is transported 
in plasma reversibly bound to albumin and is converted in the liver to bilirubin monoglucuronide (bmG) and diglucuronide (bdG), the latter being the predominant form secreted in 
bile. bmG and bdG together normally account for less than 5% of normal serum bilirubin. in patients with hepatobiliary disease, bmG and bdG accumulate in plasma and appear in 
urine. bilirubin glucuronides in plasma also react nonenzymatically with albumin and possibly other serum proteins to form protein conjugates, which do not appear in urine and have 
a plasma half-life similar to that of albumin. br = bilirubin. 
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 Genetic Disorders of Bilirubin Conjugation
The hereditary hyperbilirubinemias (Table 138-2) are a group of five syndromes 
in which hyperbilirubinemia occurs as an isolated biochemical abnormality, 
without evidence of either hepatocellular necrosis or cholestasis.

 CRIGLER-NAJJAR AND GILBERT SYNDROMES
Crigler-Najjar syndrome types 1 and 2 and Gilbert syndrome are hereditary 
forms of unconjugated hyperbilirubinemia that have been known for more 
than two decades to result principally from mutations in UGT1A1. In Crigler-
Najjar type 1, essentially no functional enzyme activity is present, whereas 
patients with Crigler-Najjar type 2 have up to 10% of normal and patients 
with Gilbert syndrome have 10 to 33% of normal activity, leading to bilirubin 
concentrations of 18 to 45, 6 to 25, and 1.5 to 4 mg/dL, respectively (see 
Table 138-2). Because total UGT1A1 enzymatic activity must be reduced 
to less than 50% of normal to produce unconjugated hyperbilirubinemia, 
phenotypic expression of mutations in this enzyme requires either homo-
zygosity or double heterozygosity, and each of these disorders is inherited 
as an autosomal recessive trait. Most cases of Crigler-Najjar types 1 and 2 
also arise from homozygous or double heterozygous structural mutations 
within the coding region. In Western countries, patients with Gilbert syn-
drome are typically homozygous for an A(TA)7TAA promoter mutation; this 
polymorphism is designated UGT1A1*28. Structural mutations in exon 1 of 
UGT1A1 causing modest reductions in UGT1A1 enzymatic activity have 

The “indirect”-reacting bilirubin is calculated by subtracting the direct-
reacting bilirubin from the total. Although physicians traditionally equate 
the direct-reacting fraction of bilirubin in plasma with conjugated bilirubin 
and the indirect fraction with unconjugated bilirubin, this approach is, at best, 
a rough approximation. The unqualified interpretation of direct and indirect 
fractions as reflecting conjugated and unconjugated bilirubin, respectively, 
may lead to diagnostic errors, particularly in the diagnosis of hereditary hyper-
bilirubinemias. In common practice, 10 to 20% of the bilirubin in normal 
plasma gives a prompt (direct) diazo reaction even though more than 95% 
of total bilirubin in normal plasma is unconjugated. Thus, at virtually any 
total bilirubin concentration, a direct-reacting fraction of less than 15% of 
the total bilirubin can be considered as essentially all unconjugated. When 
the direct-reacting fraction is greater than 15%, a simple dipstick test for bili-
rubinuria may clarify the situation. Unconjugated bilirubin is not excreted in 
urine regardless of the height of its plasma concentration because its binding 
to albumin is too tight for effective glomerular filtration and it is not secreted 
by the tubules. The canalicular transport mechanism for excretion of biliru-
bin conjugates is especially sensitive to injury. Accordingly, in parenchymal 
liver disease or mechanical bile duct obstruction, bilirubin conjugates within 
the hepatocyte or biliary tract may reflux into the blood stream, resulting in 
a mixed or, less often, a purely conjugated hyperbilirubinemia. Conjugated 
bilirubin, which is normally loosely bound to albumin, is readily filtered at 
the glomerulus; even modest degrees of conjugated hyperbilirubinemia result 
in bilirubinuria, which is always a pathologic finding. With prolonged conju-
gated hyperbilirubinemia, some of the conjugated bilirubin binds covalently 
to albumin and produces what is designated the delta (δ)-bilirubin fraction. 
Although δ-bilirubin gives a direct diazo reaction, it is not filterable by the 
glomerulus and does not appear in the urine; it disappears slowly from the 
plasma, with the 14- to 21-day half-life of the albumin to which it is bound. 
δ-Bilirubin can account for the slow rate at which conjugated (direct) hyper-
bilirubinemia sometimes resolves as hepatitis improves or biliary obstruction 
is relieved. Although δ-bilirubin is not easily measured, its presence can be 
inferred when an elevated direct-reacting bilirubin persists after bilirubinuria  
resolves.

Transcutaneous bilirubinometry is an alternative method for measuring 
bilirubin in infants with neonatal jaundice. The method is based on the mea-
surement of the light reflected from the percutaneous transmission of visible 
light and is conceptually analogous to pulse oximetry.

Bilirubin Kinetics
The plasma unconjugated bilirubin concentration ([UCB]) is determined by 
a balance between the bilirubin production rate (BRP) and hepatic bilirubin 
clearance (CBR) according to the relationship:

[ ]UCB BRP CBR≈

CBR is analogous to the creatinine clearance test of kidney function; it is a 
measure of the rate at which bilirubin is extracted from plasma, and it is a 
true quantitative test of liver function. This equation indicates that [UCB] is 
directly proportional with increases in BRP and inversely proportional with 
CBR, thereby providing a basis for classifying unconjugated hyperbilirubinemias 
according to their pathogenesis.

Increased Bilirubin Production
An increased production of bilirubin and a resulting unconjugated hyperbili-
rubinemia can be caused by hemolysis, an accelerated destruction of trans-
fused erythrocytes, resorption of hematomas, or ineffective erythropoiesis 
owing to lead poisoning, megaloblastic anemias related to deficiency of 
either folic acid or vitamin B12, sideroblastic anemia, congenital erythropoi-
etic porphyria, or myeloproliferative or myelodysplastic diseases. In these 
settings, other liver tests are typically normal and the hyperbilirubinemia is 
modest, rarely exceeding 4 mg/dL; higher values imply concomitant hepatic 
dysfunction. However, after brisk blood transfusion or resorption of massive 
hematomas caused by trauma, the increased bilirubin load may be transiently 
sufficient to lead to frank jaundice. The causes of hemolysis are numerous 
(Chapters 151 and 152). Besides specific blood disorders, mild hemolysis 
accompanies many acquired diseases. In the setting of systemic disease, 
which may include a degree of hepatic dysfunction, hemolysis may produce 
a component of conjugated hyperbilirubinemia in addition to an elevated 
unconjugated bilirubin concentration. Prolonged hemolysis may lead to the 
formation of pigmented gallstones that contain calcium salts of bilirubin  
(Chapter 146).

extent, diffusion; (2) intracellular binding, mainly to various cytosolic proteins 
of the glutathione-S-transferase family; (3) conversion of unconjugated bili-
rubin to bilirubin monoglucuronides and diglucuronides by a specific uridine 
5′-diphospho-glucuronosyltransferase (UDP-glucuronosyltransferase) isoform 
designated UGT1A1, encoded by the UGT1 gene complex; and (4) transfer 
of bilirubin monoglucuronides and diglucuronides into bile by a canalicular 
membrane adenosine triphosphate (ATP)-dependent transporter designated 
multidrug resistance–associated protein 2 (MRP2) or canalicular multispe-
cific organic anion transporter (cMOAT). MRP2/cMOAT is encoded by 
the gene ABCC2, a member of ATP-binding cassette (ABC) transporter 
superfamily of genes. ABC genes transport molecules across intracellular 
and extracellular membranes. The superfamily is divided into seven sub-
families. MRP2/cMOAT belongs to the MRP family, whose substrates 
include drug conjugates and unmodified anticancer drugs, which are pumped  
out of cells.

Conjugation of unconjugated bilirubin to bilirubin monoglucuronides and 
diglucuronides is a critical process that greatly increases the aqueous solubility 
of bilirubin, thereby enhancing its elimination from the body while simultane-
ously reducing its ability to diffuse across biologic membranes, including the 
blood-brain barrier. In newborn infants, a decreased capacity to conjugate 
bilirubin leads to unconjugated hyperbilirubinemia (physiologic jaundice of 
the newborn). If severe, this hyperbilirubinemia may then lead to irreversible 
central nervous system toxicity. Phototherapy by exposure to light in the blue 
spectrum (390-470 nm) converts bilirubin to water-soluble photoisomers that 
are readily excreted in bile, thereby protecting the central nervous system 
from bilirubin toxicity. Gilbert syndrome and Crigler-Najjar syndrome types 
1 and 2, which result from genetic defects in bilirubin conjugation, are char-
acterized by unconjugated hyperbilirubinemia; by contrast, Dubin-Johnson 
syndrome, which results from inheritable defects in MRP2/cMOAT, is char-
acterized by conjugated or mixed hyperbilirubinemia. Loss of function of the 
membrane organic ion transport proteins OATP1B1 and OATP1B3 causes 
Rotor syndrome, which is also characterized by conjugated or mixed 
hyperbilirubinemia.

Enterohepatic Circulation and Excretion of Bilirubin
Normal human bile contains an average of less than 5% unconjugated bilirubin, 
7% bilirubin monoconjugates, and 90% bilirubin diconjugates. Following 
canalicular secretion, conjugated bilirubin passes down the gastrointestinal 
tract without reabsorption by either the gallbladder or intestinal mucosa. 
Although some bilirubin reaches the feces, most is converted to urobilinogen 
and to related compounds by bacteria within the ileum and colon, where the 
urobilinogen is reabsorbed, returns to the liver through the portal circulation, 
and is re-excreted into bile in a process of enterohepatic recirculation. Any 
urobilinogen not taken up by the liver reaches the systemic circulation, from 
which it is cleared by the kidneys. Normal urine urobilinogen excretion is 
4 mg/day or less. Hemolysis increases the load of bilirubin entering the gut 
and therefore the amount of urobilinogen formed and reabsorbed. Liver disease 
decreases hepatic extraction of bilirubin; as a result, plasma urobilinogen levels 
rise and more urobilinogen is excreted in the urine. Severe cholestasis, bile 
duct obstruction, or antibiotics that reduce or eliminate the bacterial conver-
sion of bilirubin to urobilinogen markedly decrease the formation and urinary 
excretion of urobilinogen.

Unconjugated bilirubin ordinarily does not reach the gut except in neonates 
or, by ill-defined alternative pathways, in the presence of severe unconjugated 
hyperbilirubinemia (e.g., Crigler-Najjar type 1). In these circumstances, uncon-
jugated bilirubin is reabsorbed from the gut, thereby amplifying the 
hyperbilirubinemia.

Measurement of Bilirubin in Plasma
The total plasma bilirubin concentration in normal adults is less than 1 to 
1.5 mg/dL, depending upon the measurement method. Modern analytic 
techniques show that normal plasma contains principally unconjugated bili-
rubin, with only a trace of conjugated bilirubin. Clinical laboratories typically 
quantify plasma bilirubin by a reaction in which bilirubin is cleaved by a diazo 
reagent, such as diazotized sulfanilic acid, to azodipyrroles that are readily 
quantitated spectrophotometrically. Bilirubin conjugates react rapidly (“prompt” 
or “direct”-reacting bilirubin). Unconjugated bilirubin reacts slowly because 
the site of attack by the diazo reagent is protected by internal hydrogen bonding. 
Accordingly, accurate measurement of the total plasma bilirubin concentration 
requires addition of an accelerator, such as ethanol or urea, to disrupt this 
internal hydrogen bonding and to ensure complete reaction of any unconju-
gated bilirubin.
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 Genetic Disorders of Bilirubin Conjugation
The hereditary hyperbilirubinemias (Table 138-2) are a group of five syndromes 
in which hyperbilirubinemia occurs as an isolated biochemical abnormality, 
without evidence of either hepatocellular necrosis or cholestasis.

 CRIGLER-NAJJAR AND GILBERT SYNDROMES
Crigler-Najjar syndrome types 1 and 2 and Gilbert syndrome are hereditary 
forms of unconjugated hyperbilirubinemia that have been known for more 
than two decades to result principally from mutations in UGT1A1. In Crigler-
Najjar type 1, essentially no functional enzyme activity is present, whereas 
patients with Crigler-Najjar type 2 have up to 10% of normal and patients 
with Gilbert syndrome have 10 to 33% of normal activity, leading to bilirubin 
concentrations of 18 to 45, 6 to 25, and 1.5 to 4 mg/dL, respectively (see 
Table 138-2). Because total UGT1A1 enzymatic activity must be reduced 
to less than 50% of normal to produce unconjugated hyperbilirubinemia, 
phenotypic expression of mutations in this enzyme requires either homo-
zygosity or double heterozygosity, and each of these disorders is inherited 
as an autosomal recessive trait. Most cases of Crigler-Najjar types 1 and 2 
also arise from homozygous or double heterozygous structural mutations 
within the coding region. In Western countries, patients with Gilbert syn-
drome are typically homozygous for an A(TA)7TAA promoter mutation; this 
polymorphism is designated UGT1A1*28. Structural mutations in exon 1 of 
UGT1A1 causing modest reductions in UGT1A1 enzymatic activity have 

Decreased Hepatic Bilirubin Clearance
Decreased Bilirubin Uptake
Bilirubin uptake by hepatocytes involves both facilitated transport and passive 
diffusion. Decreased hepatic bilirubin uptake also contributes to the uncon-
jugated hyperbilirubinemia of Gilbert syndrome, although the principal 
molecular basis for that syndrome is a reduction in bilirubin conjugation.

Impaired Bilirubin Conjugation
The most frequent cause of decreased bilirubin clearance is a decrease in 
bilirubin conjugating activity. Bilirubin conjugation with glucuronic acid is 
catalyzed principally by a specific UDP-glucuronosyltransferase, which is des-
ignated UGT1A1 and encoded by the UGT1 gene complex. The UGT1A1 
gene is assembled by alternative splicing of a bilirubin-specific variant of 
exon 1, designated exon A1, with four common exons (exons 2 to 5) that 
encode the shared carboxyl terminal end of all UGT1-encoded proteins. 
Its promoter region normally contains an A(TA)6TAA TATA box–like  
construct.

 APPROACH TO THE PATIENT WITH 
HYPERBILIRUBINEMIA

Hyperbilirubinemia and jaundice may result from isolated disorders of bilirubin 
metabolism, liver disease, or obstruction of the biliary tract. Jaundice represents 
the most visible sign of hepatobiliary disease of many causes (Table 138-1).

TABLE 138-1 DIFFERENTIAL DIAGNOSIS OF HYPERBILIRUBINEMIA AND JAUNDICE
ISOLATED DISORDERS OF BILIRUBIN METABOLISM

Unconjugated Hyperbilirubinemia
Increased bilirubin production

Examples: Hemolysis, ineffective erythropoiesis, blood transfusion, resorption of hematomas
Decreased hepatocellular uptake

Examples: Drugs (e.g., rifampin)
Decreased conjugation

Examples: Gilbert and Crigler-Najjar syndromes, physiologic jaundice of the newborn, breast milk jaundice, HIV protease inhibitors
Conjugated or Mixed Hyperbilirubinemia

Decreased canalicular transport: Dubin-Johnson syndrome
Decreased reuptake of bilirubin conjugates: Rotor syndrome

LIVER DISEASE

Acute or Chronic Hepatocellular Dysfunction
Acute or subacute hepatocellular injury

Examples: Viral hepatitis A, B, C, E; hepatotoxins (e.g., ethanol, acetaminophen, mushroom [Amanita phalloides] poisoning); drugs (e.g., isoniazid, diclofenac), metabolic 
diseases (e.g., Wilson disease, Reye syndrome); pregnancy-related (e.g., acute fatty liver of pregnancy, HELLP); hepatic ischemia (e.g., shock)

Chronic hepatocellular disease
Examples: Hepatitis B, B + D, C, and E; hepatotoxins (e.g., vinyl chloride, vitamin A), nonalcoholic and alcoholic fatty liver disease; autoimmune hepatitis; metabolic 

disease (Wilson disease, hemochromatosis, α1-antitrypsin deficiency)
Hepatic Disorders with Prominent Cholestasis

Familial cholestatic disorders
Single gene disorders

Examples: Benign recurrent intrahepatic cholestasis; progressive familial intrahepatic cholestasis
Familial cholestatic disorders of unknown pathogenesis

Examples: Aagenaes syndrome, Navajo neurohepatopathy, North American Indian cholestasis
Diffuse infiltrative disorders

Examples: Granulomatous diseases (e.g., mycobacterial and fungal infections, sarcoidosis, lymphoma, drugs), amyloidosis, infiltrative malignancies
Inflammation of intrahepatic bile ductules and/or portal tracts

Examples: Primary biliary cholangitis, liver allograft rejection, graft-versus-host disease, drugs (e.g., chlorpromazine, erythromycin)
Miscellaneous conditions

Examples: Uncommon presentations of viral or alcoholic hepatitis, intrahepatic cholestasis of pregnancy, contraceptive jaundice, estrogens, anabolic steroids, postoperative 
cholestasis, cholestasis of sepsis, total parenteral nutrition, drug-induced liver injury (amoxicillin-clavulanate)

OBSTRUCTION OF THE BILE DUCTS

Choledocholithiasis
Examples: Cholesterol gallstones, pigment gallstones

Diseases of the Bile Ducts
Inflammation, infection

Examples: Primary sclerosing cholangitis, AIDS cholangiopathy, hepatic arterial chemotherapy, postsurgical strictures
Neoplasms (e.g., cholangiocarcinoma)

Extrinsic Compression of the Biliary Tree
Neoplasms

Examples: Pancreatic carcinoma, metastatic lymphadenopathy, hepatoma
Pancreatitis with or without pseudocyst formation
Vascular enlargement (e.g., aneurysm, cavernous transformation of portal vein)

AIDS = acquired immunodeficiency syndrome; HELLP = hemolysis, elevated liver enzymes, and low platelets; HIV = human immunodeficiency syndrome.
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the isolated disorders of bilirubin metabolism because the increase in plasma 
bilirubin concentration occurs in association with other markers of hepatobili-
ary disease (Fig. 138-1). Liver diseases can be categorized as those in which 
the primary injury results from inflammation and hepatocellular necrosis, 
inhibition of bile flow (cholestasis), or a combination of the two. The chole-
static disorders can be further subdivided into those resulting from mechanical 
obstruction of the bile duct flow and those from intrahepatic cholestasis, from 
a multitude of conditions that include several familial cholestatic syndromes; 
infiltrative disorders, inflammatory or neoplastic conditions; and drug-induced 
liver injury (see Table 138-1).

 Familial Cholestasis Syndromes
Bile secretion, which is essential both for the elimination of metabolic wastes 
and for the solubilization and subsequent absorption of specific nutrients, 
is a complex, energy-dependent process in which three ABC transporters 
(ATP8B1, ABCB11, and ABCB4) play critical roles. ATP8B1, also known 
as familial intrahepatic cholestasis 1 (FIC1), is a phosphatidylserine flip-
pase that translocates phosphatidylserine from the outer (canalicular) to the 
inner (cytoplasmic) leaflet of the canalicular plasma membrane; ABCB11, 
also known as the bile salt export pump (BSEP) or the sister of P glyco-
protein (SPGP), translocates bile salts from the interior of the hepatocyte 
across the canalicular membrane into the bile. ABCB4 (multidrug resistance-
associated protein 3 [MDR3]) is a phosphatidylcholine (lecithin) floppase 
translocating phosphatidylcholine outward from the cytoplasmic to the can-
alicular leaflet of the canalicular membrane. A major function of ATP8B1 
and ABCB4 is to maintain an appropriate physicochemical state of the 
canalicular membrane by regulating the balance of appropriate membrane  
phospholipids.

The familial pediatric cholestasis syndromes contain two classes of disorders, 
each of which can be subdivided into subtypes. Progressive familial cholestasis 
types 1, 2, and 3 result from severe, homozygous mutations in the transporters 
ATP8B1, ABCB11, and ABCB4/MDR3, respectively. ATP8B1 is encoded 
by the FIC1 gene, whereas the others are encoded by genes that share a name 
similar to that of the transporter. All three disorders are inherited in an auto-
somal recessive pattern. In types 1 and 2, γ-glutamyl transpeptidase (GGT) 
levels are low despite elevations in alkaline phosphatase. In contrast, elevations 
in both GGT and alkaline phosphatase occur in type 3. Unlike the selective 
bilirubin transport defect in Dubin-Johnson syndrome, the conjugated hyper-
bilirubinemia in these syndromes is caused by generalized bile secretory failure 
at the level of the canalicular membrane. Recently described mutations in the 
gene encoding the tight junction protein TJP2, the nuclear receptor FXR, 
and the protein Myosin-Vb have been associated with additional subtypes 4, 
5, and 6, respectively.4

Benign recurrent intrahepatic cholestasis is a rare, autosomal recessive 
disorder characterized by recurrent attacks of malaise, pruritus, and jaundice, 
beginning in childhood or adulthood and varying in duration from weeks to 
months. Intervals between attacks may vary from months to years. Types 1 
and 2 result from mutations in ATP8B1 and ABCB11. This benign disorder 
does not progress to chronic liver disease or cirrhosis, and there is complete 
resolution between episodes. Treatment during the cholestatic episodes is 
symptomatic.

 Acquired Conjugation Defects
A modest reduction in bilirubin conjugating capacity occurs in advanced 
hepatitis or cirrhosis (Chapters 140 and 144). However, in these settings, 
conjugation is better preserved than other aspects of bilirubin disposition, 
such as canalicular excretion. Pharmacologic and metabolic perturbations may 
lead to acquired reductions in bilirubin conjugation. Unconjugated hyperbili-
rubinemia related to selective inhibition of UGT1A1 occurs with several human 
immunodeficiency virus (HIV) protease inhibitors (e.g., indinavir, atazanavir). 
Various other drugs (e.g., pregnanediol and the antibiotics chloramphenicol 
and gentamycin) also may cause unconjugated hyperbilirubinemia by inhibit-
ing UGT1A1. In all settings in which UGT1A1 inhibitors cause unconjugated 
hyperbilirubinemia, the degree of hyperbilirubinemia is greater in patients 
with underlying Gilbert syndrome.

 Jaundice in Pregnancy
Jaundice in pregnancy (Chapter 226) includes any liver disease that occurs 
during pregnancy. Conditions unique to pregnancy include a generally 
modest and self-limited elevation of the aminotransferase and bilirubin levels 
during the first trimester, often in patients with hyperemesis gravidarum. 
Intrahepatic cholestasis of pregnancy, which occurs during the second and 

2; all encode a bilirubin-UDP-glucuronosyltransferase with markedly reduced 
but detectable enzymatic activity. Although much less common in Crigler-
Najjar type 2, kernicterus has occurred at all ages, typically associated with 
factors that temporarily raise the plasma bilirubin concentration above baseline 
(e.g., fasting, intercurrent illness). For this reason, phenobarbital therapy is 
often recommended; a single bedtime dose usually maintains clinically safe 
plasma bilirubin concentrations.

 Gilbert Syndrome
Gilbert syndrome is the most common form of the hereditary hyperbilirubi-
nemias, with a genotypic prevalence of approximately 12% and a phenotypic 
prevalence of approximately 7% in whites. Its high prevalence may explain 
the frequency of mild unconjugated hyperbilirubinemia in liver transplant 
recipients and why population-wide studies of bilirubin levels tend to skew 
toward higher levels. Plasma bilirubin concentrations are most often less than 
3 mg/dL, although both higher and lower values are frequent, with increases 
of two-fold to three-fold commonly occurring with fasting and intercurrent 
illness. The phenotypic distinction between mild Gilbert syndrome and a 
normal state is often blurred. Phenobarbital’s ability to induce hepatic enzyme 
activity normalizes both the bilirubin concentration and CBR. Oxidative drug 
metabolism and the disposition of many, but not all, xenobiotics that are 
metabolized by glucuronidation appear to be normal in Gilbert syndrome. A 
critical exception is the antitumor agent irinotecan (CPT-11), whose active 
metabolite (SN-38) is glucuronidated specifically by UGT1A1. In patients 
with Gilbert syndrome, CPT-11 can cause intractable diarrhea, myelosup-
pression, and other serious toxicities. Significant adverse events have not been 
described when individuals with Gilbert syndrome are prescribed many other 
agents that are metabolized by glucuronidation. Although Gilbert syndrome 
has no association with disease, occasional reports have demonstrated an 
association of the UGT1A1*28 allele with decreased risk for cardiovascular 
and specific neoplastic diseases, an association that has been attributed to the 
vasodilatory and antioxidant effects of bilirubin and heme oxygenase.

 UNCONJUGATED HYPERBILIRUBIN IN THE NEWBORN PERIOD
Most neonates develop mild unconjugated hyperbilirubinemia between days 
2 and 5 after birth because of hepatic immaturity and low UGT1A1 levels. 
Peak bilirubin levels are typically less than 5 to 10 mg/dL, and levels return 
to normal within 2 weeks as mechanisms fostering bilirubin disposition mature. 
Prematurity, with or without hemolysis, is associated with higher bilirubin 
levels that may require phototherapy. The progestational steroid 3α,20β-
pregnanediol and certain fatty acids that are found in breast milk (but not 
serum) of some mothers inhibit bilirubin conjugation and can cause excessive 
neonatal hyperbilirubinemia (breast milk jaundice). By comparison, a UGT1A1 
inhibitor, which is found in maternal serum, causes transient familial neonatal 
hyperbilirubinemia (Lucey-Driscoll syndrome).

 CONJUGATED OR MIXED HYPERBILIRUBINEMIA
Two phenotypically similar but mechanistically distinct inherited disorders, 
Dubin-Johnson syndrome and Rotor syndrome, are characterized by conju-
gated or mixed hyperbilirubinemia with normal values for other standard liver 
tests (see Table 138-2). Dubin-Johnson syndrome results from any of several 
mutations in the gene encoding the ATP-dependent canalicular organic anion 
transporter MPR2/cMOAT. Individuals with Rotor syndrome exhibit the 
simultaneous disruption of two genes that code for the organic anion trans-
porting polypeptides OATP1B1 and OATP1B3, which mediate the reuptake 
by downstream hepatocytes of conjugated bilirubin secreted into the sinusoid 
via the sinusoidal efflux transporter ABCC3 in more upstream hepatocytes. 
The process of secretion followed by reuptake is also involved in the disposi-
tion of drug metabolites and is believed to prevent the local saturation of 
upstream hepatocytes with bilirubin and drug conjugates.

Despite the conjugated hyperbilirubinemia, patients with Rotor syndrome 
are not cholestatic and can be distinguished noninvasively both from normal 
subjects and persons with Dubin-Johnson syndrome by their two-fold to five-
fold increase in total copropophryin excretion into the urine (see Table 138-2). 
Another distinguishing characteristic is the grey to black pigment that accu-
mulates in cytosolic lysosomal granules in Dubin-Johnson syndrome and gives 
the liver a characteristic black appearance. Both syndromes carry a benign 
prognosis without specific therapy.

 LIVER AND BILIARY TRACT DISEASE
Jaundice is a common sign of generalized hepatobiliary dysfunction, both 
acute and chronic. Icteric hepatobiliary disease is readily distinguished from 

a smaller subset (type 1B), a mutation in the bilirubin-specific exon A1 limits 
the defect to bilirubin conjugation. Fifty-nine structurally diverse UGT1A1 
mutations can cause Crigler-Najjar type 1; their common feature is that they 
all encode proteins with absent or, at most, traces of enzymatic activity.

Before the availability of phototherapy, most patients with Crigler-Najjar 
type 1 died of bilirubin encephalopathy (kernicterus) in infancy or early 
childhood. Optimal treatment for a neurologically intact patient includes 
(1) approximately 12 hours/day of phototherapy from birth throughout 
childhood, perhaps supplemented by exchange transfusion in the neonatal 
period; (2) use of tin-protoporphyrin to blunt transient episodes of increased 
hyperbilirubinemia; and (3) early liver transplantation, before the onset of 
brain damage.3 Plasmapheresis can temporarily control abrupt increases in  
bilirubin.

 Crigler-Najjar Syndrome Type 2
Bilirubin concentrations are typically lower in Crigler-Najjar type 2, and plasma 
bilirubin levels can be reduced to 3 to 5 mg/dL by phenobarbital. At least 48 
different mutations of UGT1A1 have been associated with Crigler-Najjar type 

been reported in some Japanese patients with Gilbert syndrome. To date, at 
least 130 different mutations in UGT1A1 associated with hereditary hyperbili-
rubinemia have been identified, including ones linked to Crigler-Najjar type 
1 and type 2. Other studies in patients with unconjugated hyperbilirubine-
mia have also identified mutations and polymorphism in multiple additional 
regions of UGT1A including its promoter region, in the solute carrier protein 
SCLO1B1, and in the enzymes heme oxygenase and biliverdin reductase A that 
influence serum bilirubin concentrations.2 The resulting complex genotypes 
may pose a risk not only for hyperbilirubinemia but also for susceptibility 
to glucuronidation-associated drug toxicity and, perhaps, for subtle diverse  
benefits as well.

 Crigler-Najjar Syndrome Type 1
Crigler-Najjar type 1 is characterized by striking unconjugated hyperbiliru-
binemia that appears in the neonatal period, persists for life, and is unresponsive 
to phenobarbital. Most patients (type 1A) exhibit defects in the glucuronide 
conjugation of a spectrum of substrates in addition to bilirubin as the result 
of mutations in one of the common exons (2 to 5) of the UGT1 complex. In 

TABLE 138-2 PRINCIPAL FEATURES OF THE HEREDITARY DISORDERS OF BILIRUBIN METABOLISM
CRIGLER-NAJJAR SYNDROME

GILBERT SYNDROME
DUBIN-JOHNSON 

SYNDROME ROTOR SYNDROMEFEATURE TYPE I TYPE II
Incidence Very rare Uncommon Up to 12% of population Uncommon Rare
Total serum bilirubin 

(mg/dL)
18-45 (usually >20), 

unconjugated
6-25 (usually ≤20), 

unconjugated
Typically ≤4 in absence of 

fasting or overt 
hemolysis; mostly 
unconjugated

Typically 2-5, less often ≤25; 
approximately 60% direct 
reacting

Usually 3-7, occasionally 
≤20; approximately 60% 
direct reacting

Defect(s) in bilirubin 
metabolism*

Bilirubin UGT1A1 
conjugating activity 
markedly reduced: trace 
to absent

Bilirubin UGT1A1 
conjugating activity 
reduced: ≤10% of 
normal

Complex haplotype 
Bilirubin UGT1A1 
conjugating activity 
typically reduced to 
10-33% of normal; 
reduced bilirubin 
uptake in some cases; 
mild hemolysis in up 
to 50% of patients

Impaired canalicular 
secretion of conjugated 
bilirubin owing to MRP2/
cMOAT mutation

Impaired hepatic secretion 
or storage of conjugated 
bilirubin owing to 
impaired reuptake of 
bilirubin conjugates 
resulting from 
simultaneous OATP1B1 
and OATP1B3 
mutations

Routine liver tests Normal Normal Normal Normal Normal
Serum bile acids Normal Normal Normal Usually normal Normal
Pharmacologic responses/

special features†
No response to 

phenobarbital
Phenobarbital reduces 

bilirubin by ≤75%
Phenobarbital reduces 

bilirubin, often to 
normal

Increased bilirubin 
concentration with 
estrogens; diagnostic urine 
coproporphyrin isomer 
pattern (total is normal, 
with isomer I increased to 
≥80% of total)

Characteristic urine 
coproporphyrin 
excretion pattern (total 
is increased ≤2.5-fold in 
≈65% of cases but 
isomer I always <80% of 
total)

Major clinical features Kernicterus in infancy if 
untreated; may occur 
later despite therapy

Rare late-onset 
kernicterus with 
fasting

None Occasional 
hepatosplenomegaly

None

Hepatic morphology/
histology

Normal Normal Normal; occasionally 
increased lipofuscin 
pigment

Liver grossly black; coarse, 
dark centrilobular pigment

Normal

Bile bilirubin fractions‡ >90% unconjugated Largest fraction (mean 
57%) monoconjugates

Mainly diconjugates but 
monoconjugates are 
increased (mean 23%)

Mixed conjugates, reported 
increase in diconjugates

Increased conjugates

Inheritance (all 
autosomal)

Recessive Recessive Promoter mutation is 
recessive; missense 
mutation often 
dominant

Recessive; rare kindred 
appears dominant

Recessive

Diagnosis Clinical and laboratory 
findings, lack of response 
to phenobarbital

Clinical and laboratory 
findings, response to 
phenobarbital

Clinical and laboratory 
findings; promoter 
genotyping; liver 
biopsy rarely necessary

Clinical and laboratory 
findings; liver biopsy 
unnecessary if 
coproporphyrin studies 
available

Clinical and laboratory 
findings; urine 
coproporphyrin analysis

Treatment Phototherapy or tin 
protoporphyrin as 
short-term therapy; liver 
transplantation definitive

Consider phenobarbital 
if baseline bilirubin 
≥8 mg/dL

None necessary Avoid estrogens; no other 
therapy necessary

No treatment necessary

*UGT1A1 = bilirubin specific isoform of the UGT1 family of uridine diphosphate glucuronosyltransferases.
†Sulfobromophthalein (BSP) was historically used to distinguish Dubin-Johnson and Rotor syndromes based on the rate of removal of the dye from the circulation.
‡Bilirubin in normal bile: <5% unconjugated bilirubin, with an average of 7% bilirubin monoconjugates and 90% bilirubin diconjugates.
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the isolated disorders of bilirubin metabolism because the increase in plasma 
bilirubin concentration occurs in association with other markers of hepatobili-
ary disease (Fig. 138-1). Liver diseases can be categorized as those in which 
the primary injury results from inflammation and hepatocellular necrosis, 
inhibition of bile flow (cholestasis), or a combination of the two. The chole-
static disorders can be further subdivided into those resulting from mechanical 
obstruction of the bile duct flow and those from intrahepatic cholestasis, from 
a multitude of conditions that include several familial cholestatic syndromes; 
infiltrative disorders, inflammatory or neoplastic conditions; and drug-induced 
liver injury (see Table 138-1).

 Familial Cholestasis Syndromes
Bile secretion, which is essential both for the elimination of metabolic wastes 
and for the solubilization and subsequent absorption of specific nutrients, 
is a complex, energy-dependent process in which three ABC transporters 
(ATP8B1, ABCB11, and ABCB4) play critical roles. ATP8B1, also known 
as familial intrahepatic cholestasis 1 (FIC1), is a phosphatidylserine flip-
pase that translocates phosphatidylserine from the outer (canalicular) to the 
inner (cytoplasmic) leaflet of the canalicular plasma membrane; ABCB11, 
also known as the bile salt export pump (BSEP) or the sister of P glyco-
protein (SPGP), translocates bile salts from the interior of the hepatocyte 
across the canalicular membrane into the bile. ABCB4 (multidrug resistance-
associated protein 3 [MDR3]) is a phosphatidylcholine (lecithin) floppase 
translocating phosphatidylcholine outward from the cytoplasmic to the can-
alicular leaflet of the canalicular membrane. A major function of ATP8B1 
and ABCB4 is to maintain an appropriate physicochemical state of the 
canalicular membrane by regulating the balance of appropriate membrane  
phospholipids.

The familial pediatric cholestasis syndromes contain two classes of disorders, 
each of which can be subdivided into subtypes. Progressive familial cholestasis 
types 1, 2, and 3 result from severe, homozygous mutations in the transporters 
ATP8B1, ABCB11, and ABCB4/MDR3, respectively. ATP8B1 is encoded 
by the FIC1 gene, whereas the others are encoded by genes that share a name 
similar to that of the transporter. All three disorders are inherited in an auto-
somal recessive pattern. In types 1 and 2, γ-glutamyl transpeptidase (GGT) 
levels are low despite elevations in alkaline phosphatase. In contrast, elevations 
in both GGT and alkaline phosphatase occur in type 3. Unlike the selective 
bilirubin transport defect in Dubin-Johnson syndrome, the conjugated hyper-
bilirubinemia in these syndromes is caused by generalized bile secretory failure 
at the level of the canalicular membrane. Recently described mutations in the 
gene encoding the tight junction protein TJP2, the nuclear receptor FXR, 
and the protein Myosin-Vb have been associated with additional subtypes 4, 
5, and 6, respectively.4

Benign recurrent intrahepatic cholestasis is a rare, autosomal recessive 
disorder characterized by recurrent attacks of malaise, pruritus, and jaundice, 
beginning in childhood or adulthood and varying in duration from weeks to 
months. Intervals between attacks may vary from months to years. Types 1 
and 2 result from mutations in ATP8B1 and ABCB11. This benign disorder 
does not progress to chronic liver disease or cirrhosis, and there is complete 
resolution between episodes. Treatment during the cholestatic episodes is 
symptomatic.

 Acquired Conjugation Defects
A modest reduction in bilirubin conjugating capacity occurs in advanced 
hepatitis or cirrhosis (Chapters 140 and 144). However, in these settings, 
conjugation is better preserved than other aspects of bilirubin disposition, 
such as canalicular excretion. Pharmacologic and metabolic perturbations may 
lead to acquired reductions in bilirubin conjugation. Unconjugated hyperbili-
rubinemia related to selective inhibition of UGT1A1 occurs with several human 
immunodeficiency virus (HIV) protease inhibitors (e.g., indinavir, atazanavir). 
Various other drugs (e.g., pregnanediol and the antibiotics chloramphenicol 
and gentamycin) also may cause unconjugated hyperbilirubinemia by inhibit-
ing UGT1A1. In all settings in which UGT1A1 inhibitors cause unconjugated 
hyperbilirubinemia, the degree of hyperbilirubinemia is greater in patients 
with underlying Gilbert syndrome.

 Jaundice in Pregnancy
Jaundice in pregnancy (Chapter 226) includes any liver disease that occurs 
during pregnancy. Conditions unique to pregnancy include a generally 
modest and self-limited elevation of the aminotransferase and bilirubin levels 
during the first trimester, often in patients with hyperemesis gravidarum. 
Intrahepatic cholestasis of pregnancy, which occurs during the second and 

2; all encode a bilirubin-UDP-glucuronosyltransferase with markedly reduced 
but detectable enzymatic activity. Although much less common in Crigler-
Najjar type 2, kernicterus has occurred at all ages, typically associated with 
factors that temporarily raise the plasma bilirubin concentration above baseline 
(e.g., fasting, intercurrent illness). For this reason, phenobarbital therapy is 
often recommended; a single bedtime dose usually maintains clinically safe 
plasma bilirubin concentrations.

 Gilbert Syndrome
Gilbert syndrome is the most common form of the hereditary hyperbilirubi-
nemias, with a genotypic prevalence of approximately 12% and a phenotypic 
prevalence of approximately 7% in whites. Its high prevalence may explain 
the frequency of mild unconjugated hyperbilirubinemia in liver transplant 
recipients and why population-wide studies of bilirubin levels tend to skew 
toward higher levels. Plasma bilirubin concentrations are most often less than 
3 mg/dL, although both higher and lower values are frequent, with increases 
of two-fold to three-fold commonly occurring with fasting and intercurrent 
illness. The phenotypic distinction between mild Gilbert syndrome and a 
normal state is often blurred. Phenobarbital’s ability to induce hepatic enzyme 
activity normalizes both the bilirubin concentration and CBR. Oxidative drug 
metabolism and the disposition of many, but not all, xenobiotics that are 
metabolized by glucuronidation appear to be normal in Gilbert syndrome. A 
critical exception is the antitumor agent irinotecan (CPT-11), whose active 
metabolite (SN-38) is glucuronidated specifically by UGT1A1. In patients 
with Gilbert syndrome, CPT-11 can cause intractable diarrhea, myelosup-
pression, and other serious toxicities. Significant adverse events have not been 
described when individuals with Gilbert syndrome are prescribed many other 
agents that are metabolized by glucuronidation. Although Gilbert syndrome 
has no association with disease, occasional reports have demonstrated an 
association of the UGT1A1*28 allele with decreased risk for cardiovascular 
and specific neoplastic diseases, an association that has been attributed to the 
vasodilatory and antioxidant effects of bilirubin and heme oxygenase.

 UNCONJUGATED HYPERBILIRUBIN IN THE NEWBORN PERIOD
Most neonates develop mild unconjugated hyperbilirubinemia between days 
2 and 5 after birth because of hepatic immaturity and low UGT1A1 levels. 
Peak bilirubin levels are typically less than 5 to 10 mg/dL, and levels return 
to normal within 2 weeks as mechanisms fostering bilirubin disposition mature. 
Prematurity, with or without hemolysis, is associated with higher bilirubin 
levels that may require phototherapy. The progestational steroid 3α,20β-
pregnanediol and certain fatty acids that are found in breast milk (but not 
serum) of some mothers inhibit bilirubin conjugation and can cause excessive 
neonatal hyperbilirubinemia (breast milk jaundice). By comparison, a UGT1A1 
inhibitor, which is found in maternal serum, causes transient familial neonatal 
hyperbilirubinemia (Lucey-Driscoll syndrome).

 CONJUGATED OR MIXED HYPERBILIRUBINEMIA
Two phenotypically similar but mechanistically distinct inherited disorders, 
Dubin-Johnson syndrome and Rotor syndrome, are characterized by conju-
gated or mixed hyperbilirubinemia with normal values for other standard liver 
tests (see Table 138-2). Dubin-Johnson syndrome results from any of several 
mutations in the gene encoding the ATP-dependent canalicular organic anion 
transporter MPR2/cMOAT. Individuals with Rotor syndrome exhibit the 
simultaneous disruption of two genes that code for the organic anion trans-
porting polypeptides OATP1B1 and OATP1B3, which mediate the reuptake 
by downstream hepatocytes of conjugated bilirubin secreted into the sinusoid 
via the sinusoidal efflux transporter ABCC3 in more upstream hepatocytes. 
The process of secretion followed by reuptake is also involved in the disposi-
tion of drug metabolites and is believed to prevent the local saturation of 
upstream hepatocytes with bilirubin and drug conjugates.

Despite the conjugated hyperbilirubinemia, patients with Rotor syndrome 
are not cholestatic and can be distinguished noninvasively both from normal 
subjects and persons with Dubin-Johnson syndrome by their two-fold to five-
fold increase in total copropophryin excretion into the urine (see Table 138-2). 
Another distinguishing characteristic is the grey to black pigment that accu-
mulates in cytosolic lysosomal granules in Dubin-Johnson syndrome and gives 
the liver a characteristic black appearance. Both syndromes carry a benign 
prognosis without specific therapy.

 LIVER AND BILIARY TRACT DISEASE
Jaundice is a common sign of generalized hepatobiliary dysfunction, both 
acute and chronic. Icteric hepatobiliary disease is readily distinguished from 
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Serum Enzyme Tests
The levels of hepatic enzymes found in plasma are a measure of hepatocyte 
turnover or injury. Enzymes released during normal hepatocyte turnover are 
believed to be the basis for normal circulating levels. Cell injury and cell death 
activate phospholipases that create holes in the plasma membrane, thereby 
increasing the release of intracellular contents.

Aminotransferases
The aminotransferases (formerly called transaminases) catalyze transfer  
of the α-amino group of aspartate (aspartate aminotransferase [AST]) or alanine 
(alanine aminotransferase [ALT]) to the α-keto group of α-ketoglutarate, 
with pyridoxal phosphate (vitamin B6) as a cofactor. Laboratory methods 
that assay aminotransferase activity require supplementation with vitamin 
B6 to avoid falsely decreased activity in subjects who are vitamin B6 deficient.

Normal serum levels, which are established locally from samples obtained 
from normal populations, may vary appreciably in different populations but 
are typically 40 IU/L or less (see Appendix). Values can exceed 1000 IU/L 
in acute hepatocyte injury, for example, from viral infection (Chapter 139) 
or toxins (Chapter 141). ALT is a purely cytosolic enzyme. Distinct isoforms 
of AST are present in cytosol and mitochondria, and AST is also found on 
the plasma membrane. Expression of the mitochondrial isoform and its physi-
ologic export from the hepatocyte are upregulated by ethanol. Circulating 
levels of AST and ALT are elevated in most hepatic diseases, and the degree 
of aminotransferase activity found in plasma roughly reflects the current activ-
ity of the disease process. There are, however, exceptions. In even the most 
severe cases of alcoholic hepatitis, aminotransferase levels greater than 200 
to 300 IU/L are uncommon (Chapter 143). In nonalcoholic fatty liver disease, 
normal values for ALT may be found in an appreciable fraction of patients 
with active nonalcoholic steatohepatitis, fibrosis, or even cirrhosis. By contrast, 
aminotransferase activities of 1000 IU/L or greater are often present even 
with mild histologic changes in acute viral hepatitis (Chapter 139) or shortly 
after acute biliary obstruction, for example, during passage of a gallstone 
(Chapter 146). Conversely, aminotransferase levels may decline during the 

third trimesters, is associated with intrauterine demise and resolves sponta-
neously after delivery. Mutations and sequence variations in genes encoding 
biliary transporters, especially ABCB4 and ABCB11, have been reported in 
some but not all cases. Acute fatty liver or the HELLP (hemolysis, elevated 
liver enzymes, and low platelets) syndrome occurs in association with pre-
eclampsia in the third trimester (Chapter 226). Acute fatty liver may resem-
ble fulminant hepatic failure, with early delivery a prerequisite to maternal  
recovery.

 Postoperative Jaundice
This multifactorial syndrome can be caused by increased bilirubin produc-
tion (e.g., breakdown of transfused erythrocytes, resorption of hematomas), 
decreased hepatic bilirubin clearance (e.g., bacteremia, endotoxemia, parenteral 
nutrition, perioperative hypoxia), or both. Hyperbilirubinemia, which is the 
main biochemical feature, is often accompanied by a several-fold increase in 
levels of alkaline phosphatase, GGT, or both. Aminotransferases are, at most, 
minimally elevated, and synthetic function is typically normal. The differential 
diagnosis includes biliary obstruction (Chapter 146) or hepatocellular injury 
related to shock, anesthetic injury (Chapter 141), or viral hepatitis (Chapter 
139 and 140). The resolution of postoperative jaundice (Chapter 405) tends 
to parallel the overall postoperative condition.

 DIAGNOSIS
Accurate diagnosis and the distinction between acute and chronic disease 
often depend on appropriate selection and interpretation of a spectrum 
of laboratory and imaging studies. Tests used in initial evaluation of liver 
disease fall into two categories: tests that indicate injury, such as release 
of intracellular enzymes, and tests that measure, or at least reflect, actual 
function. Tests that reflect injury do not measure liver function and should 
not be called liver function tests. Liver tests must be chosen with care and 
interpreted within the overall clinical context. In specific situations, serial 
determinations are often helpful to assess the course of disease or the effects  
of therapy.

+ −

History, physical
examination, and screening

laboratory tests

Alkaline phosphatase or
aminotransferases

abnormal

No

Yes

Clinical likelihood of biliary
tract obstruction

Moderate-high

Abdominal imaging (US, CT, or
MRI/MRCP)

Low

Dilated
ducts

No dilated
ducts

Therapeutic
intervention

Biliary
obstruction ERCP, EUS,

or PTC
No biliary obstruction

Evaluate for hemolysis,
hereditary

hyperbilirubinemia

Specific tests for virologic,
immunologic, and metabolic

liver diseases

Treat
Observation,
consider liver
biopsy and/or
non-invasive

assessment of
fibrosis

FIGURE 138-1. Diagnostic algorithm for the evaluation of hyperbilirubinemia and other liver test abnormalities and signs and symptoms suggestive of liver disease. ct = com-
puted tomography; ercp = endoscopic retrograde cholangiopancreatography; eus = endoscopic ultrasound; mrcp = magnetic resonance cholangiopancreatography; mri = magnetic 
resonance imaging; ptc = percutaneous transhepatic cholangiogram; us = ultrasound. (modified from lidofsky sd, scharschmidt bF. Jaundice. in: Feldman m, scharschmidt bF, sleisenger 
mh, eds. Gastrointestinal and Liver Disease. 6th ed. philadelphia: wb saunders; 1998:227.)
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[Chapter 308 and 309]), malignancy (lymphoma, cholangiocarcinoma, or 
metastatic cancer), or amyloidosis (Chapter 179).

Other Hepatic Enzymes
5′-nucleotidase (5′-NT) is a plasma membrane enzyme that cleaves ortho-
phosphate from the 5′ position on the pentose sugar of adenosine or inosine 
phosphate. Leucine aminopeptidase (LAP) is a ubiquitous cellular peptidase. 
The serum levels of both usually increase in cholestasis. Accordingly, their 
major use is to confirm whether an elevated serum alkaline phosphatase is of 
hepatobiliary origin. Both enzymes may be increased in the latter stages of a 
healthy pregnancy.

γ-Glutamyl transpeptidase (GGT) is present in many tissues. Its serum 
activity increases in hepatobiliary disease but also after myocardial infarction; 
in neuromuscular diseases, pancreatic disease (even in the absence of biliary 
obstruction), pulmonary disease, and diabetes; and during the ingestion of 
ethanol and other inducers of microsomal enzymes. Nevertheless, because 
serum GGT levels are usually normal in bone disease, the enzyme may be 
helpful in confirming the hepatic origin of alkaline phosphatase. Measurement 
of GGT has been proposed as a sensitive screening test for hepatobiliary disease 
and for monitoring abstinence from ethanol. Because of its low specificity, 
many persons who test positive have no identifiable liver disease on further 
study. GGT offers no clear advantage over LAP or 5′-NT for identifying the 
source of increased serum alkaline phosphatase activity except in pregnancy. 
Serum GGT levels may be normal despite elevated hepatobiliary alkaline 
phosphatase levels in certain rare disorders, including intrahepatic cholestasis 
of pregnancy and the familial cholestasis syndromes.

Lactate dehydrogenase levels are often elevated in hepatic ischemia and 
other conditions that result in hepatic necrosis. Otherwise the enzyme is too 
ubiquitous in other body tissues to be diagnostically useful.

Tests Based on Clearance of Metabolites and Drugs
A major function of the liver is to remove various metabolites and toxins 
from the blood. In liver disease, clearance of such molecules may be impaired 
because of loss of parenchymal cells, diminished bile secretion, biliary obstruc-
tion, decreased cellular uptake or metabolism, or reduced or heterogeneous 
hepatic blood flow. Serum levels of metabolites produced at a relatively 
constant rate (e.g., bilirubin), can be particularly useful indicators of liver  
function.

Bilirubin
The differential diagnosis of hyperbilirubinemia (see earlier) includes general-
ized liver disease, inherited disorders of bilirubin metabolism (e.g., Gilbert, 
Crigler-Najjar, Dubin-Johnson, and Rotor syndromes) and nonhepatic condi-
tions (e.g., hemolysis). Higher bilirubin levels correlate with a poorer prognosis 
in most forms of chronic liver disease.

Ammonia
Ammonia, a byproduct of amino acid metabolism, is removed from blood by 
the liver, converted to urea in the Krebs-Henseleit cycle, and excreted by the 
kidneys (Chapter 107). In the setting of portosystemic shunting or severe 
hepatic dysfunction, ammonia levels rise. Although measurements of blood 
ammonia are principally used to confirm a diagnosis of hepatic encephalopathy, 
serum ammonia levels do not strongly correlate with the severity of the 
encephalopathy (Chapter 144). Correlations may be somewhat better if the 
measurement is made rapidly on an iced arterial blood sample. Elevated 
ammonia levels also occur when ammonia production is increased by intestinal 
flora (e.g., after a high-protein meal or gastrointestinal bleeding), by the kidney 
(in response to metabolic alkalosis or hypokalemia), or in rare genetic diseases 
that affect the pathway of urea synthesis.

Tests Reflecting Hepatic Synthetic Function
Coagulation Tests
Prothrombin Time
The prothrombin time (PT) reflects the plasma concentrations of both extrinsic 
and common pathway factors, that is, factors VII, X, and V, prothrombin, and 
fibrinogen. A prolonged PT most often results from vitamin K deficiency, 
liver disease, or the therapeutic use of warfarin-like anticoagulants. Vitamin 
K, a fat-soluble vitamin, is found in many foods and is also synthesized by 
gut bacteria (Chapter 166). Vitamin K deficiency can be caused by poor dietary 
intake and malabsorptive states, including the fat malabsorption that results 
from cholestasis, and it also occurs with antibiotic suppression of gut flora, 
particularly in patients who receive inadequate vitamin K replacement.

course of massive hepatic necrosis because liver injury is so extensive that 
little enzyme activity remains. In rare circumstances, antibodies to AST result 
in an antibody-enzyme complex called a macroenzyme that has a delayed 
clearance from the circulation.

Aminotransferase levels are useful in several distinct ways. First, they 
provide a relatively specific screening test for hepatobiliary disease, including 
the diagnosis of previously unsuspected chronic hepatitis B or C. Although 
AST levels may be increased with disease of other organs (notably myocar-
dial and skeletal muscle), the source of increased aminotransferase activity 
can often be elucidated by consideration of the clinical context in which it 
arises. Aminotransferase levels are also used to monitor the activity of an acute 
or chronic parenchymal liver disease and its response to therapy, although 
the magnitude of the aminotransferase elevations may not correlate with the 
biopsy-detected severity of liver diseases such as chronic hepatitis C, alcohol 
related liver disease, and nonalcoholic fatty liver disease. For example, amino-
transferase levels are often normal despite advanced cirrhosis (Chapter 144), 
in which they are of limited prognostic value. Finally, aminotransferase levels 
may provide diagnostic clues. AST levels 15 or more times normal are unusual 
in chronic bile duct obstruction without cholangitis, and AST levels 6 or more 
times normal are uncommon in alcoholic liver disease in the absence of other 
causes. In most liver diseases, the ratio of AST to ALT is usually 1 or less; 
however, ratios are typically 2 or higher in alcoholic fatty liver and alcoholic 
hepatitis (Chapter 143), reflecting increased synthesis and secretion of mito-
chondrial AST into plasma and selective loss of ALT activity because of the 
pyridoxine deficiency commonly seen in alcoholism. An elevated AST/ALT 
ratio also occurs in fulminant hepatitis related to Wilson disease (Chapters 137  
and 200).

Alkaline Phosphatases
Alkaline phosphatases are widely distributed enzymes (e.g., liver, bile ducts, 
intestine, bone, kidney, placenta, and leukocytes) that catalyze the release of 
orthophosphate from ester substrates at an alkaline pH. The normal activity 
level in adult serum is highly dependent on the measurement method, age, 
and sex. Two widely used current methods have upper limits of normal in 
adults of 85 and 110 IU/L (see Appendix). Serum levels higher than the refer-
ence range are normal in children and in pregnancy. In bone, alkaline phos-
phatase participates in the deposition of hydroxyapatite in osteoid. In other 
sites, including the liver, its phosphatase activity may facilitate movement of 
molecules across cell membranes. Serum alkaline phosphatase activity prin-
cipally reflects the contribution of hepatic and bone isoforms; the intestinal 
form may account for 20 to 60% of the total after a fatty meal, and sustained 
increases can be seen in individuals who are blood group B or O. There is a 
substantial placental contribution to the alkaline phosphatase level late in 
pregnancy; the Regan isozyme, a variant that appears identical to the placental 
form, is associated with hepatocellular cancer (Chapter 186), lung cancer 
(Chapter 182), and other neoplasms.

Elevations in the serum alkaline phosphatase activity in cholestatic hepa-
tobiliary disease result from two distinct mechanisms: increased synthesis 
and secretion of the enzyme and solubilization from the apical (canalicular) 
surface of hepatocytes and the luminal surface of biliary epithelial cells by the 
increased local concentrations of bile acids that occur with cholestasis. Serum 
alkaline phosphatase activity also may be increased in bone disorders (e.g., 
Paget disease [Chapter 233], osteomalacia [Chapter 231], bone metastases 
[Chapter 192]), during rapid bone growth in children, in the later stages of 
pregnancy, with chronic renal failure (Chapter 121), and, occasionally, in the 
presence of malignancy not involving bones or liver. The source is often obvious, 
but when it is not, fractionation techniques can distinguish hepatobiliary 
alkaline phosphatase from other forms. An alternative is to measure serum 
levels of GGT or 5′-nucleotidase (5′-NT), which tend to parallel levels of 
alkaline phosphatase in hepatobiliary disease but are usually not increased in 
bone disease. With a serum half-life of approximately 1 week, serum alkaline 
phosphatase levels may remain elevated for days to weeks after resolution of 
biliary obstruction. This delay may be especially misleading when it is accom-
panied by prolonged direct-reacting hyperbilirubinemia owing to delayed 
clearance of delta bilirubin.

Modest increases in serum alkaline phosphatase activity (<3 times normal) 
occur in many hepatic parenchymal disorders, including hepatitis and cirrhosis. 
In the absence of bone disease, larger increases (3 to 10 times normal) usually 
indicate obstruction of bile flow. Although the highest levels usually reflect 
obstruction of the common bile duct, elevations also can occur with obstruc-
tion of intrahepatic bile ducts from infiltrative conditions that arise from 
granulomatous processes (sarcoidosis [Chapter 89], mycobacterial infection 
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as the bile ducts and pancreas that typically have been difficult to sample  
percutaneously.

Selection of Imaging Tests
Liver ultrasound is an ideal screening test to evaluate the liver architecture, 
assess for surface nodularity and parenchymal mass lesions, and exclude biliary 
obstruction. Ultrasound is relatively inexpensive in comparison to other imaging 
modalities, is widely available, and avoids ionizing radiation. The identification 
of mass lesions on ultrasound will commonly prompt further cross-sectional 
imaging with either computed tomography or magnetic resonance imaging. 
If there is evidence of biliary obstruction on imaging or, if obstruction is still 
considered likely despite imaging findings, direct cholangiography by ERCP 
or PTC, which offer therapeutic as well as diagnostic capabilities, may be an 
appropriate choice. If obstruction is considered possible but not highly likely, 
noninvasive imaging with MRCP is a reasonable study. Individual radiology 
suites have different levels of expertise for these procedures, and the local 
radiology staff may be quite helpful in recommending the best procedure for 
a given patient.

The apparently healthy patient with an isolated abnormality of the amino-
transferase or alkaline phosphatase levels requires careful evaluation to identify 
any underlying disease while avoiding unneeded testing. Often, no significant 
disease is found despite extensive evaluation. Common causes of abnormal 
enzyme tests include alcohol consumption, hepatitis C infection, nonalcoholic 
fatty liver disease, bone disease, and muscle injury.

 Asymptomatic Aminotransferase Abnormalities
Epidemiologic data suggest that up to 25% of asymptomatic adult Americans 
have a mild to moderate elevation of aminotransferase levels. The incidental 
discovery of such abnormalities is currently the most frequent means by which 
liver disease is first recognized. Whereas up to one third of such patients have 
no elevation on subsequent testing, many others prove to have steatohepatitis 
(Chapter 143) or chronic hepatitis C (Chapter 140). Further evaluation is 
generally indicated only in patients with persistent abnormalities (Fig. 138-2). 
Initial screening should include a careful history of exposure to hepatotoxins 
(alcohol, prescription drugs, over-the-counter medications, herbs, chemicals, 
and occupational exposures). If the abnormal test was an AST, a hepatic origin 
for the enzyme elevation should be confirmed with an ALT determination. 
If the ALT is normal, a muscle source is likely or the elevation may reflect the 
presence of a macroenzyme. If the ALT level is abnormal, the patient should 
be screened serologically for hepatitis B, C, and (at least in immunosuppressed 
patients) E; markers of autoimmune liver disease; and serologic markers of 
inherited metabolic disorders. AST abnormalities caused by alcohol-induced 
injury should become normal with several weeks of abstinence. If the abnor-
malities persist for 6 to 12 months without an apparent cause, liver biopsy 
should be considered.

At the other end of the spectrum, low-normal ALT levels (<17 IU/L) are 
associated with increased long-term mortality, overall and in patients with 
preexisting coronary heart disease.9 The presumed causal link is that such 
levels are markers of frailty (Chapter 22).

 Asymptomatic Alkaline Phosphatase Elevation
Many patients with isolated elevation of the alkaline phosphatase level have 
nonhepatic causes, such as pregnancy or bone disease. The origin of an elevated 
alkaline phosphatase can be determined by fractionation into its constituent 
fractions (Fig. 138-3). A hepatic source is highly likely if the serum GGT is 
also abnormal. Serologic studies should include an antimitochondrial antibody 
test; a positive result suggests primary biliary cholangitis. A careful history 
identifies patients at risk for intrahepatic cholestasis related to drugs or toxins. 
Essentially all other patients with persistently abnormal alkaline phospha-
tase should receive a hepatobiliary sonogram or other noninvasive imaging 
test. Demonstration of dilated intrahepatic or extrahepatic bile ducts should 
prompt direct visualization of the biliary tract by ERCP or PTC. Evidence of 
an intrahepatic mass should prompt thorough evaluation for possible malig-
nancy (Chapter 186). Biliary obstruction can also occur from malignant dis-
eases, including lymphomatous involvement of the lymphatic tissue in the 
porta hepatis. Infiltrative diseases, including amyloidosis and granulomatous 
hepatitis (Chapter 142), should be considered. In the absence of evidence of 
biliary obstruction or a cause identifiable by noninvasive means, liver biopsy 
should be strongly considered to complete the evaluation of cholestatic 
liver test abnormalities. Asymptomatic elevations of the alkaline phospha-
tase and GGT levels also are associated with a higher risk of cardiovascular  
death.10

Despite the general validity of these patterns, many exceptions exist. In 
particular, parenchymal disorders that present with cholestatic liver test 
abnormalities may mimic biliary obstruction. Both alkaline phosphatase and 
GGT are usually elevated in patients with cholestasis; the combination of an 
elevated alkaline phosphatase and normal GGT suggests that the alkaline 
phosphatase is from bone. Conversely, an isolated elevation of GGT may result 
from certain drugs (e.g., diphenylhydantoin) or alcohol consumption even 
in the absence of liver disease. Because of the risk for life-threatening infec-
tion in the setting of unrelieved biliary tract obstruction, this possibility must 
always be considered and excluded if an alternative diagnosis is not definitely  
established.

 Imaging Studies
If extrahepatic obstruction is suspected, its site and nature can now be deter-
mined in virtually all patients (see Fig. 138-1). A reasonable initial step is 
the use of a noninvasive imaging study (Chapter 124) such as ultrasonogra-
phy or magnetic resonance cholangiopancreatography to determine whether 
the intrahepatic or extrahepatic biliary system, or both are dilated, thereby 
implying mechanical obstruction. Because of its lesser expense, portability, 
and convenience, ultrasound is often the procedure of choice, especially if 
gallstones are suspected. Magnetic resonance cholangiopancreatography may 
provide more precise resolution, including stricturing of intrahepatic ducts 
characteristic of primary sclerosing cholangitis. However, each of these tech-
niques can fail to identify dilated ducts, particularly in patients with cirrhosis. 
Conversely, a modest degree of ductal dilation is common in a patient with a 
previous cholecystectomy and does not necessarily signify current obstruction. 
If dilated ducts are found, the biliary tree should be examined by endoscopic 
retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic 
cholangiography (PTC) (Chapter 125). ERCP involves positioning an endo-
scope in the duodenum, inserting a catheter through the ampulla of Vater, 
and injecting contrast medium into the distal common bile duct, pancre-
atic duct, or both. PTC involves percutaneous passage of a needle through 
the hepatic parenchyma into a peripheral bile duct, followed by injection 
of contrast medium into the biliary tree through the peripheral duct. The 
choice of procedure is based on the suspected site of obstruction (proximal 
vs. distal), the presence of coagulopathy, a history of abdominal surgery that 
might complicate PTC or ERCP, the likely need for a therapeutic procedure 
(e.g., stent placement or endoscopic sphincterotomy), and the skills of avail-
able staff. Endoscopic ultrasound (EUS) is a complementary approach that 
permits internal ultrasonographic analysis of the pancreas, extrahepatic bile 
ducts, and regional lymph nodes and blood vessels. EUS combined with 
fine needle aspiration permits tissue sampling of abnormalities in areas such 

(Chapter 140), primary sclerosing cholangitis (Chapter 146), and various 
overlap syndromes. The starting point for establishing a specific diagnosis 
within this category is the search for specific autoantibodies in serum, includ-
ing antimitochondrial antibodies against epitopes of the pyruvate dehydro-
genase complex, which are virtually diagnostic of primary biliary cholangitis 
(Chapter 146), and antinuclear, anti–smooth muscle, and anti–liver/kidney 
microsomal antibodies, which suggest a diagnosis of one of the subtypes of 
autoimmune hepatitis (Chapter 140). The most prevalent of the hereditary 
metabolic disorders affecting the liver include hemochromatosis (Chapter 201), 
α1-antitrypsin deficiency, and Wilson disease (Chapter 200). Nonalcoholic 
fatty liver disease (Chapter 143) is the most frequent acquired metabolic liver  
disease.

Liver Biopsy
Liver biopsy can be of great help in the diagnosis of diffuse or localized paren-
chymal diseases, including chronic hepatitis, cirrhosis, and primary or metastatic 
malignancy in the liver. The value of liver biopsy in acute hepatitis or acute 
cholestatic jaundice may be primarily prognostic because the histologic changes 
in these settings may be nonspecific. However, drug-induced liver injury due 
to certain specific agents (Chapter 141) may display diagnostic features. Liver 
biopsy for assessment of diffuse disease can be performed percutaneously 
after localization of the liver by physical examination or ultrasonographic 
visualization. When specific lesions, such as tumors, must be sampled, the 
biopsy can be guided by ultrasonographic or radiographic imaging or performed 
under direct visualization during laparoscopy. Relative or absolute contrain-
dications include coagulopathy, high-grade biliary obstruction, biliary sepsis, 
ascites, and right pleural disease.

Although liver biopsy remains the standard for the assessment of hepatic 
histology in diffuse disease (Chapter 137), the procedure’s invasiveness and 
concern for sampling error have led to an increasing reliance on noninvasive 
studies of liver stiffness as a measure of hepatic fibrosis. For example, magnetic 
resonance or ultrasound-based forms of elastography can be used to predict 
the likelihood of clinical decompensation and of survival.6

 APPROACH TO THE PATIENT WITH JAUNDICE OR 
ABNORMAL LIVER TESTS

 History, Physical Examination, and Initial Laboratory Studies
Patients with liver disease may present with jaundice or with other signs or 
symptoms, or the disease may be detected in the asymptomatic patient by 
the finding of abnormal liver tests during a routine evaluation. Regardless of 
how the patient comes to medical attention, the diagnostic approach (see Fig. 
138-1) begins with a careful history and physical examination (Chapter 137) 
and screening laboratory studies (complete blood cell count, measurement 
of plasma bilirubin concentration, assay of ALT, AST, and alkaline phospha-
tase levels, and PT) to formulate an initial differential diagnosis. The ability 
to distinguish expeditiously between liver disease and extrahepatic biliary 
tract obstruction is the major goal of the initial evaluation, in part because 
the latter may call for prompt endoscopic or surgical intervention. Appro-
priate selection of second-level laboratory tests and imaging studies leads 
to a definitive diagnosis in most patients.7 Care in selecting tests, particu-
larly imaging studies, can both maximize the likelihood of making a correct 
diagnosis and protect the patient from unnecessary discomfort, risk, and  
expense.8

If the patient is asymptomatic and hepatic tests other than bilirubin are 
normal, hemolysis or an isolated disorder of bilirubin metabolism should be 
considered. If signs, symptoms, or laboratory abnormalities indicate hepato-
biliary disease, certain patterns of findings help to distinguish intrinsic liver 
disease from biliary obstruction (Table 138-3). Abdominal pain in the right 
upper quadrant accompanied by a predominant increase in serum alkaline 
phosphatase activity suggests biliary obstruction (Chapter 146), as does a 
history of biliary surgery, right upper quadrant scars, or an abdominal mass. 
Fever and rigors, indicative of cholangitis, strengthen this conclusion. The 
incidences of gallstone disease and malignant neoplasm increase with age, 
although risk factors such as obesity or recent extensive diet-induced weight 
loss increase the risk for gallstones. Other risk factors (e.g., hepatitis expo-
sure, transfusions, intravenous drug use, alcohol use, certain medications, 
obesity, and family history of genetic diseases) and a predominant eleva-
tion in serum aminotransferase levels favor a diagnosis of parenchymal liver 
disease. Physical evidence of cirrhosis (e.g., spider angiomas, gynecomas-
tia, ascites, splenomegaly) supports the diagnosis of chronic parenchymal  
disease.

The half-lives of clotting factors are typically less than 1 day. Factor VII, 
which has the shortest half-life, is usually the earliest and most severely 
depressed during periods of defective hepatic synthesis. Because the PT 
is dependent on the level of factor VII, it responds rapidly with changes 
in hepatic synthetic function; it is useful for following the course of acute 
liver diseases, in which a significant or growing prolongation of the PT may 
indicate a poor prognosis (Chapters 144 and 145). An abnormal PT that is 
due solely to vitamin K deficiency usually becomes normal within 24 to 48 
hours after parenteral repletion. However, if decreased synthesis of clotting 
factors reflects hepatocyte dysfunction, there may be little or no response to  
vitamin K.

Although the prolongation of PT with liver disease is generally accepted 
as indicative of defective clotting factor synthesis, the synthesis of both 
procoagulant and anticoagulant proteins is disturbed in liver disease.5 The 
physiologic consequences of this rebalancing of coagulation may preserve 
the coagulation response. Prolongation of the PT may also reflect dissemi-
nated intravascular coagulation (Chapter 166), which should always be con-
sidered in the context of both acute liver failure and end-stage chronic liver  
disease.

Partial Thromboplastin Time
This test reflects both the intrinsic and common pathway factors, that is, all 
of the classical clotting factors except factor VII, and is, therefore, comple-
mentary to the PT. It is especially useful in detecting circulating anticoagulants 
(Chapter 166) but adds little to the PT in evaluating hepatic synthetic 
function.

Albumin
Albumin is produced solely by the liver. Its plasma concentration reflects a 
balance between its synthetic rate of approximately 100 to 200 mg/kg/day 
and its plasma half-life of approximately 21 days. The synthetic rate is affected 
by the patient’s nutritional state, thyroid and glucocorticoid hormone levels, 
plasma colloid osmotic pressure, exposure to hepatotoxins (e.g., alcohol), 
and presence of systemic disorders, liver disease, or both. Many conditions 
increase albumin losses and shorten its plasma half-life, including nephrotic 
syndrome (Chapter 113), protein-losing enteropathy (Chapter 131), severe 
burns (Chapter 103), exfoliative dermatitis, and major gastrointestinal 
bleeding (Chapter 126). In cirrhosis with ascites (Chapter 144), hypoalbu-
minemia indicates diminished synthesis or redistribution into ascitic fluid. 
Thus, a reduced serum albumin concentration can be considered an indica-
tor of decreased hepatic synthetic function only when these factors are not  
involved.

Hematologic Tests in Liver Disease
In moderate to severe acute liver diseases, varying degrees of cytopenias can 
be seen with all three cell lineages. The most common finding is thrombo-
cytopenia from hypersplenism, which can be a surrogate marker of portal 
hypertension. Anemia may reflect low-grade hemolysis or marrow depres-
sion. Bone marrow suppression may be caused by ethanol or drugs, and 
aplastic anemia has an uncommon but recognized association with acute 
viral hepatitis (Chapters 139 and 156). Zieve syndrome (hemolytic anemia 
and hypertriglyceridemia) is a rare but well-characterized complication of 
severe alcoholic liver disease (Chapter 143). Modest leukopenia, often with 
atypical lymphocytes, also may be present. Chronic liver disease, especially if 
cholestatic, may be accompanied by target cells in the peripheral blood smear. 
Target cells are erythrocytes with an expanded cell membrane that reflects 
abnormalities in serum lipids. Spur cells (acanthocytes), most often found 
in advanced alcoholic cirrhosis, reflect a still greater increase in membrane  
cholesterol.

Tests for Specific Liver Diseases
Patients who present with a picture of acute or chronic parenchymal liver 
disease are most likely to fall into one of three categories: viral or toxic hepatitis, 
including alcoholic liver disease; autoimmune liver disease; or an inherited or 
acquired metabolic disorder (Chapter 137). Specific tests for viral antigens, 
nucleic acids, and antibodies are available for the conventional hepatitis viruses, 
including A, B, C, D (delta agent), and E, chronic forms of which are being 
increasingly seen in immunosuppressed patients (Chapters 139 and 140), as 
well as Epstein-Barr virus (Chapter 353), cytomegalovirus (Chapter 352), 
and herpesviruses (Chapters 350 and 351), which are well-established but 
less common causes of liver disease. The major autoimmune diseases of the 
liver include primary biliary cholangitis (Chapter 146), autoimmune hepatitis 
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as the bile ducts and pancreas that typically have been difficult to sample  
percutaneously.

Selection of Imaging Tests
Liver ultrasound is an ideal screening test to evaluate the liver architecture, 
assess for surface nodularity and parenchymal mass lesions, and exclude biliary 
obstruction. Ultrasound is relatively inexpensive in comparison to other imaging 
modalities, is widely available, and avoids ionizing radiation. The identification 
of mass lesions on ultrasound will commonly prompt further cross-sectional 
imaging with either computed tomography or magnetic resonance imaging. 
If there is evidence of biliary obstruction on imaging or, if obstruction is still 
considered likely despite imaging findings, direct cholangiography by ERCP 
or PTC, which offer therapeutic as well as diagnostic capabilities, may be an 
appropriate choice. If obstruction is considered possible but not highly likely, 
noninvasive imaging with MRCP is a reasonable study. Individual radiology 
suites have different levels of expertise for these procedures, and the local 
radiology staff may be quite helpful in recommending the best procedure for 
a given patient.

The apparently healthy patient with an isolated abnormality of the amino-
transferase or alkaline phosphatase levels requires careful evaluation to identify 
any underlying disease while avoiding unneeded testing. Often, no significant 
disease is found despite extensive evaluation. Common causes of abnormal 
enzyme tests include alcohol consumption, hepatitis C infection, nonalcoholic 
fatty liver disease, bone disease, and muscle injury.

 Asymptomatic Aminotransferase Abnormalities
Epidemiologic data suggest that up to 25% of asymptomatic adult Americans 
have a mild to moderate elevation of aminotransferase levels. The incidental 
discovery of such abnormalities is currently the most frequent means by which 
liver disease is first recognized. Whereas up to one third of such patients have 
no elevation on subsequent testing, many others prove to have steatohepatitis 
(Chapter 143) or chronic hepatitis C (Chapter 140). Further evaluation is 
generally indicated only in patients with persistent abnormalities (Fig. 138-2). 
Initial screening should include a careful history of exposure to hepatotoxins 
(alcohol, prescription drugs, over-the-counter medications, herbs, chemicals, 
and occupational exposures). If the abnormal test was an AST, a hepatic origin 
for the enzyme elevation should be confirmed with an ALT determination. 
If the ALT is normal, a muscle source is likely or the elevation may reflect the 
presence of a macroenzyme. If the ALT level is abnormal, the patient should 
be screened serologically for hepatitis B, C, and (at least in immunosuppressed 
patients) E; markers of autoimmune liver disease; and serologic markers of 
inherited metabolic disorders. AST abnormalities caused by alcohol-induced 
injury should become normal with several weeks of abstinence. If the abnor-
malities persist for 6 to 12 months without an apparent cause, liver biopsy 
should be considered.

At the other end of the spectrum, low-normal ALT levels (<17 IU/L) are 
associated with increased long-term mortality, overall and in patients with 
preexisting coronary heart disease.9 The presumed causal link is that such 
levels are markers of frailty (Chapter 22).

 Asymptomatic Alkaline Phosphatase Elevation
Many patients with isolated elevation of the alkaline phosphatase level have 
nonhepatic causes, such as pregnancy or bone disease. The origin of an elevated 
alkaline phosphatase can be determined by fractionation into its constituent 
fractions (Fig. 138-3). A hepatic source is highly likely if the serum GGT is 
also abnormal. Serologic studies should include an antimitochondrial antibody 
test; a positive result suggests primary biliary cholangitis. A careful history 
identifies patients at risk for intrahepatic cholestasis related to drugs or toxins. 
Essentially all other patients with persistently abnormal alkaline phospha-
tase should receive a hepatobiliary sonogram or other noninvasive imaging 
test. Demonstration of dilated intrahepatic or extrahepatic bile ducts should 
prompt direct visualization of the biliary tract by ERCP or PTC. Evidence of 
an intrahepatic mass should prompt thorough evaluation for possible malig-
nancy (Chapter 186). Biliary obstruction can also occur from malignant dis-
eases, including lymphomatous involvement of the lymphatic tissue in the 
porta hepatis. Infiltrative diseases, including amyloidosis and granulomatous 
hepatitis (Chapter 142), should be considered. In the absence of evidence of 
biliary obstruction or a cause identifiable by noninvasive means, liver biopsy 
should be strongly considered to complete the evaluation of cholestatic 
liver test abnormalities. Asymptomatic elevations of the alkaline phospha-
tase and GGT levels also are associated with a higher risk of cardiovascular  
death.10

Despite the general validity of these patterns, many exceptions exist. In 
particular, parenchymal disorders that present with cholestatic liver test 
abnormalities may mimic biliary obstruction. Both alkaline phosphatase and 
GGT are usually elevated in patients with cholestasis; the combination of an 
elevated alkaline phosphatase and normal GGT suggests that the alkaline 
phosphatase is from bone. Conversely, an isolated elevation of GGT may result 
from certain drugs (e.g., diphenylhydantoin) or alcohol consumption even 
in the absence of liver disease. Because of the risk for life-threatening infec-
tion in the setting of unrelieved biliary tract obstruction, this possibility must 
always be considered and excluded if an alternative diagnosis is not definitely  
established.

 Imaging Studies
If extrahepatic obstruction is suspected, its site and nature can now be deter-
mined in virtually all patients (see Fig. 138-1). A reasonable initial step is 
the use of a noninvasive imaging study (Chapter 124) such as ultrasonogra-
phy or magnetic resonance cholangiopancreatography to determine whether 
the intrahepatic or extrahepatic biliary system, or both are dilated, thereby 
implying mechanical obstruction. Because of its lesser expense, portability, 
and convenience, ultrasound is often the procedure of choice, especially if 
gallstones are suspected. Magnetic resonance cholangiopancreatography may 
provide more precise resolution, including stricturing of intrahepatic ducts 
characteristic of primary sclerosing cholangitis. However, each of these tech-
niques can fail to identify dilated ducts, particularly in patients with cirrhosis. 
Conversely, a modest degree of ductal dilation is common in a patient with a 
previous cholecystectomy and does not necessarily signify current obstruction. 
If dilated ducts are found, the biliary tree should be examined by endoscopic 
retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic 
cholangiography (PTC) (Chapter 125). ERCP involves positioning an endo-
scope in the duodenum, inserting a catheter through the ampulla of Vater, 
and injecting contrast medium into the distal common bile duct, pancre-
atic duct, or both. PTC involves percutaneous passage of a needle through 
the hepatic parenchyma into a peripheral bile duct, followed by injection 
of contrast medium into the biliary tree through the peripheral duct. The 
choice of procedure is based on the suspected site of obstruction (proximal 
vs. distal), the presence of coagulopathy, a history of abdominal surgery that 
might complicate PTC or ERCP, the likely need for a therapeutic procedure 
(e.g., stent placement or endoscopic sphincterotomy), and the skills of avail-
able staff. Endoscopic ultrasound (EUS) is a complementary approach that 
permits internal ultrasonographic analysis of the pancreas, extrahepatic bile 
ducts, and regional lymph nodes and blood vessels. EUS combined with 
fine needle aspiration permits tissue sampling of abnormalities in areas such 

TABLE 138-3 OBSTRUCTIVE JAUNDICE VERSUS 
CHOLESTATIC LIVER DISEASE

FEATURE

SUGGESTS 
OBSTRUCTIVE 

JAUNDICE
SUGGESTS PARENCHYMAL 

LIVER DISEASE
History Abdominal pain

Fever, rigors
Prior biliary surgery
Acholic stools

Anorexia, malaise, myalgias, 
suggestive of viral prodrome

Known infectious exposure
Use of injection drugs or intranasal 

cocaine
Exposure to known hepatotoxin
Family history of jaundice

Physical 
examination

High fever
Abdominal tenderness
Palpable abdominal mass
Abdominal scar

Ascites
Other stigmata of liver disease (e.g., 

prominent abdominal veins, 
gynecomastia, spider angiomata, 
asterixis, encephalopathy, 
Kayser-Fleischer rings)

Laboratory 
studies

Predominant elevation of 
serum bilirubin and 
alkaline phosphatase

Prothrombin time that is 
normal or normalizes 
with vitamin K 
administration

Elevated serum amylase

Predominant elevation of serum 
aminotransferases

Prolonged prothrombin time that 
does not correct with vitamin K 
administration

Blood tests indicative of specific 
liver disease



Elevated ALP

Repeat test while
fasting

GGT elevated

AMA positive

Hepatobiliary imaging

Risk factors for primary, metastatic,
or infiltrative hepatic neoplasms

Consider sarcoid, granulomatous
infection, ductopenia

Consider liver biopsy, observation, or
empiric therapy

Repeat blood test and non-
invasive imaging 3-6 months

Diagnosis not
established

No

No

Normal

Yes

ALP elevated

ALP normal

No

Yes

Abnormal

Yes

Nonhepatic
source of ALP

Primary biliary
cholangitis

MRI/MRCP, ERCP,
EUS, or PTC

Colonoscopy
Abdominal imaging

Biopsy of focal hepatic lesion

FIGURE 138-3. Approach to the asymptomatic patient with isolated elevated levels 
of serum alkaline phosphatase (ALP). in cases with a high index of suspicion of biliary 
tract disease (e.g., sclerosing cholangitis), cholangiography may be warranted even in 
the face of normal ultrasound imaging. AmA = antimitochondrial antibody; ct = computed 
tomography; ercp = endoscopic retrograde cholangiopancreatography; eus = endoscopic 
ultrasound; GGt = γ-glutamyl transpeptidase; mrcp = magnetic resonance cholangio-
pancreatography; mri = magnetic resonance imaging; ptc = percutaneous transhepatic 
cholangiogram; us = ultrasonography. 
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ALT elevation ±
AST elevation

Isolated AST
elevation

Careful risk factor history
Eliminate potential hepatotoxins (e.g., alcohol)

Physical examination suggests
chronic liver disease

No

No

No

Yes

Yes

Yes

Diagnostic evaluation for specific liver diseases
Viral serologies/nucleic acids: Hepatitis A, B, C

Serologies: ferritin, ceruloplasmin, α1- antitrypsin, ANA, AMA,
ASMA, ALKM

Liver imaging: ultrasound, CT or MRI
Non-invasive fibrosis assessment: MR elastography or ultrasound

Negative
finding

Positive
finding

Consider alcohol, nonalcoholic
fatty liver disease, or other rarer

causes of aminotransferase
elevations

Consider liver biopsy

Therapy tailored to diagnosis
Consider liver biopsy

AST persistently elevated

Observe; no further
evaluation at this time

Exclude nonhepatic source
(but consider alcohol)

ALT also
elevated

FIGURE 138-2. Approach to the evaluation of isolated elevated levels of serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), or both in the asymptomatic 
patient. AnA = antinuclear antibody; AmA = antimitochondrial antibody; AsmA = anti–smooth muscle antibody; AlKm = anti–liver/kidney microsomal antibody; ct = computed tomog-
raphy; mr = magnetic resonance; mri = magnetic resonance imaging. 
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REVIEW QUESTIONS

1. A 51-year-old man presents with 3 months of painless jaundice, pale stools, 
and dark urine, as well as spiking fevers. Laboratory studies reveal: hemo-
globin 10.2 g/dL; WBC 6500/µL with 64% PMNs; platelets 145,000; total 
bilirubin 28 mg/dL; direct-reacting bilirubin 21 mg/dL; alkaline phospha-
tase 336, AST 94, ALT 116, albumin 3.1, PT INR 1.8. Urine urobilinogen 
is undetectable, and urine bilirubin is ++++. Abdominal ultrasound shows 
proximal dilation of the intrahepatic bile ducts, and magnetic resonance 
cholangiopancreatography reveals a constricting mass in the common bile 
duct several centimeters distal to the junction of the right and left hepatic 
ducts. After being started on intravenous broad-spectrum antibiotics, the 
patient is taken to surgery, where the mass is resected. Two weeks later his 
total bilirubin is 14 mg/dL, direct-reacting bilirubin 10 mg/dL, alkaline 
phosphatase 225, and urine urobilinogen still undetectable. Urine bilirubin 
is also undetectable. Because of the persistent direct-reacting hyperbili-
rubinemia and elevated alkaline phosphatase, the surgeon is considering 
taking the patient back to the operating room and re-exploring his biliary 
tract. Which of the following test results argues against that decision?
 A. Total bilirubin
 B. Direct-reacting bilirubin
 C. Alkaline phosphatase
 D. Urine urobilinogen
 E. Urine bilirubin

Answer: E After successful relief of chronic bile duct obstruction, both the 
total bilirubin and the alkaline phosphatase may take several weeks to normal-
ize. The combination of elevated direct-reacting bilirubin in plasma and an 
absence of bilirubin from the urine indicates that the direct-reacting fraction 
in plasma now consists of δ-bilirubin, a covalent complex of conjugated bili-
rubin with albumin, that is not cleared by the kidney. Although the absence 
of urobilinogen from the urine at the time of admission reflected complete 
bile duct obstruction, its persistence after 2 weeks of broad-spectrum antibiotic 
therapy no longer reflects biliary obstruction, but rather elimination by the 
antibiotics of the bacteria necessary to convert bilirubin in the gut to urobi-
linogen. In this case, use of a dipstick that detects bilirubinuria could save the 
patient from an unnecessary second surgical procedure.

2. A 24-year-old nurse presented to the employee health department of her 
hospital complaining of arthralgias, weakness, and fatigue for 2 weeks. She 
had previously been in good health and had a normal physical examination, 
CBC, and metabolic panel, including serum bilirubin determination, at 
her annual physical examination 2 months earlier. Her family history included 
relatives with rheumatoid arthritis and lupus erythematosus. On physical 
examination, she was pale, with faintly icteric sclerae and a palpable spleen 
tip. Her Hgb was 7.6, Hct 23%, reticulocytes 14%, plasma total bilirubin 
2.1 mg/dL, direct-reacting bilirubin 0.2 mg/dL, and indirect bilirubin 
1.9 mg/dL. A lupus erythematosus preparation was negative, but because 
a direct Coombs test was strongly positive, the diagnosis of autoimmune 
hemolytic anemia was made. She consented to participate in a research 
study and was found to have a normal hepatic bilirubin clearance (CBR) 
of 0.53 mL/min/kg (normal range: 0.65 ± 0.18 [SE]), a plasma bilirubin 
turnover of 14.4 mg/kg/day (normal: 3.9 ± 0.7), a circulating red blood 
cell mass of 15.3 mL/kg (normal: 25-35), and a calculated mean red blood 
cell lifespan of 16 days (normal in females: 94 ± 10 days). She was begun 
on prednisone, 60 mg/day. One week later her Hgb was 7.9 mg/dL, Hct 
24%, reticulocytes 12.3%, and red blood cell mass 16.0 mL/kg. Her hepatic 
bilirubin clearance (CBR) was 0.56 mL/min/kg, her plasma unconjugated 
bilirubin concentration was 0.5 mg/dL, and her calculated mean red blood 
cell lifespan was 62 days. There was a disagreement among the consultants 
on her case. Based on her persistent anemia and reticulocytosis, a rheu-
matologist argued that the current therapy was ineffective and urged increas-
ing her prednisone dose to 80 mg/day. The hematologist said that she was 
essentially cured and urged continuation of the current treatment with 
follow-up in 2 weeks. When the patient returned in 2 weeks, her data fully 
confirmed the hematologist’s prediction. Her Hgb was 12.0 g/dL, Hct 36%, 
reticulocytes 2.8%, and red blood cell mass 24.0 mL/kg. Plasma uncon-
jugated bilirubin was 0.6 mg/dL. Which of the following test results led 
the hematologist to that correct conclusion?

 A. The Hgb
 B. The Hct
 C. The reticulocyte count
 D. The CBR
 E. The plasma unconjugated bilirubin concentration

Answer: E Hepatic bilirubin clearance (CBR), plasma bilirubin turnover (BRT), 
and plasma unconjugated bilirubin concentration (BR) are related by the 
formula: BR ≈ BRT/CBR. In the present case, the plasma unconjugated bilirubin 
concentration fell by 76% during the first week of prednisone therapy, whereas 
CBR was virtually unchanged. These data meant that the fall in plasma bilirubin 
concentration must have resulted from a decrease in plasma bilirubin turnover, 
which, in fact, also declined by 75%. Because the major source of bilirubin is 
the dying red blood cell, the conclusion is that RBC death must have declined 
by approximately the same 75%, precisely accounting for the nearly four-fold 
increase in calculated red blood cell lifespan. Thus, the fall in bilirubin con-
centration accurately reflected the beneficial effects of steroids on red blood 
cell survival in this patient with autoimmune hemolysis. By contrast, the con-
tinued reticulocytosis during the first week of prednisone treatment reflected 
the bone marrow’s attempt to heal the ongoing anemia, not to the hemolytic 
process per se.

3. A 22-year-old woman is referred to your care for the evaluation of jaundice. 
She gives a history of episodic jaundice that is most pronounced around 
times of illness. On physical examination, she is well developed and healthy 
appearing. Scleral icterus is noted. The abdomen is soft, and there is neither 
shifting dullness nor organomegaly. Laboratory studies reveal hemoglobin 
13 g/dL, platelets 225,000, alkaline phosphatase 95 IU/mL, AST 13 IU/
mL, ALT 20 IU/mL, albumin 4.1 mg/dL, total bilirubin 2.4 mg/dL, direct 
bilirubin 1.5 mg/dL. Liver ultrasonography reveals cholelithiasis without 
gallbladder wall thickening. Which of the following is the next most appro-
priate diagnostic step?
 A. Cholecystectomy with intraoperative cholangiography
 B. Liver biopsy
 C. Mutation analysis of the ABC transporter ATP8B1
 D. Laboratory testing for antimitochondrial antibodies
 E. Measurement of urinary coproporphyrin isomers

Answer: E Heritable disorders of bilirubin metabolism should be consid-
ered in the setting of a mixed or predominately direct hyperbilirubinemia 
in the absence of evidence of cholestasis. Dubin-Johnson syndrome is an 
autosomal recessive disorder arising from mutations in the ATP-dependent 
canalicular organic anion transporter MPR2/cMOAT. The diagnosis of 
Dubin-Johnson syndrome can be established by the measurement of urinary 
coproporphyrin isomers; the coproporphyrin isomer 1 is generally greater 
than 80% of total coproporphyrin concentration. Although liver biopsy is 
not required nor necessary for the diagnosis, the liver in Dubin-Johnson is 
described as containing a dark pigment comprising polymerized epinephrine  
metabolites.

4. A 34-year-old Hispanic woman presents for the preoperative evaluation 
for cholecystectomy. For the past 3 months, she has experienced episodic, 
colicky, right upper quadrant pain. On examination, she is obese (BMI 
35 kg/m2). She has no signs or symptoms of liver disease or portal hyper-
tension. Laboratory evaluation reveals: ALT 45 IU/mL, AST 42 IU/mL, 
total bilirubin, alkaline phosphatase, and γ-glutamyl transpeptidase (GGT) 
are within the laboratory’s reference range. Tests for chronic viral hepatitis 
and common genetic causes of chronic liver disease are all negative. Her 
ferritin level is 400 ng/mL, and her transferrin saturation 27%. Her anti-
nuclear antibody (ANA) is reactive at a titer of 1 : 80. Liver ultrasonography 
reveals increased echogenicity of the liver and cholelithiasis without thick-
ening of the gallbladder wall. In addition to cholecystectomy, which of the 
following options should be recommended?
 A. Hfe genotype
 B. Serologic studies for celiac disease
 C. Nucleic acid testing for viral hepatitis
 D. Intraoperative liver biopsy during cholecystectomy
 E. Treatment with ursodeoxycholic acid.
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Answer: D Liver diseases are commonly associated with aminotransferase 
elevations that are two or more times greater than the upper limits of the 
reference range. In some individuals, however, ALT levels at or within the 
upper limits of the reference range may be observed with nonalcoholic fatty 
liver disease (NAFLD). Thus, in patients at risk for NAFLD, it is imperative 
that aminotransferases be interpreted in the context of the patient’s history, 
physical examination, and other laboratory findings. The presence of obesity 

and modest elevations in the ferritin level (without an increase in transferrin 
saturation) are commonly seen in subjects with NAFLD. Although the ferritin 
level is elevated, the transferrin saturation is not, so hereditary hemochroma-
tosis is unlikely. A reactive ANA is also frequently present in NAFLD. Intra-
operative liver biopsy is a safe and effective tool for diagnosing NAFLD and 
assessing the extent of fibrosis.



CHAPTER 139 Acute VirAl HepAtitis958

139 
ACUTE VIRAL HEPATITIS
JEAN-MICHEL PAWLOTSKY

Infection with a hepatotropic virus causes an acute episode of liver inflam-
mation, referred to as acute hepatitis, which can lead to either spontaneous 
clearance of the infectious agent or its persistence, which in turn leads to 
chronic infection for a subset of these viruses. Five hepatitis viruses are respon-
sible for the vast majority of acute hepatitis cases (Table 139-1): hepatitis A 
virus (HAV); hepatitis B virus (HBV); hepatitis C virus (HCV); hepatitis D, 
or delta, virus (HDV), which is a defective viroid using the hepatitis B surface 
antigen (HBsAg) as its envelope; and hepatitis E virus (HEV). Other viruses 
may cause acute inflammatory liver disease, including members of the Her-
pesviridae family such as human cytomegalovirus, Epstein-Barr virus, or herpes 
simplex virus. It is unclear to what extent other viruses, such as parvovirus 
B19 or human herpesvirus 6, can also cause acute hepatitis. Patients who 
present with an acute viral hepatitis syndrome but negative virologic tests are 
referred to as having non-A-to-E hepatitis, perhaps attributable to hepatotropic 
viruses that have yet to be identified. The worldwide incidence of acute viral 
hepatitis is decreasing because of global improvements in hygiene and the 
development and use of efficient vaccines against HBV, to a lesser extent against 
HAV, and perhaps in the future, HEV.

loss of appetite, flulike symptoms, and/or right upper quadrant pain (Table 
139-2). The incubation period is often characterized by leukopenia and rela-
tive lymphocytosis. Immune-mediated symptoms, including rash, hives, 
arthralgias, angioneurotic edema, and fever, are observed in 10 to 20% of 
patients during the preicteric phase.

During the acute stage of the disease, symptoms may vary widely, from 
asymptomatic to subicteric, icteric or severe, and fulminant. The icteric form, 
which is not frequent, is characterized by fatigue, anorexia, nausea, dysgeusia, 
jaundice, dark urine, light-colored stool, and weight loss. Physical examination 
reveals jaundice and hepatic tenderness. Hepatomegaly and splenomegaly 
may be present. On laboratory testing, acute viral hepatitis is characterized 
by elevated total and direct serum bilirubin levels and aminotransferase levels 
that are often greater than 10 times the upper limit of normal. Cholestatic 
acute hepatitis is associated frequently with prolonged and fluctuating jaundice 
and pruritus. After 1 to 3 weeks, on average, both clinical and laboratory signs 
progressively improve and return to normal. Some patients, however, may 
experience a relapse before definitive resolution.

Signs of hepatic failure (Chapter 145), including changes in personality, 
aggressive behavior, sleeping disorders, and hepatic encephalopathy, character-
ize fulminant forms of acute viral hepatitis. Coma can supervene rapidly, and 
widespread hemorrhage may develop.

 DIAGNOSIS
The diagnosis of acute hepatitis is suspected based on elevated serum amino-
transferase levels, which are generally more than 10 times the upper limit of 
normal (Table 139-3). Total and direct bilirubin levels are elevated if the acute 
hepatitis is subicteric or icteric. Alkaline phosphatase levels may be elevated 
in cases of cholestatic hepatitis.

Serologic and eventually molecular testing identifies the causal agent. Liver 
biopsy or a noninvasive assessment of liver inflammation and fibrosis are gener-
ally not required. All cases of acute hepatitis should be reported to the local, 
state, or national health department as soon as possible after diagnosis.

 GENERAL FEATURES OF ACUTE  
VIRAL HEPATITIS

 PATHOBIOLOGY
Acute viral hepatitis is characterized by acute necroinflammation of the liver. 
Because none of the hepatotropic viruses is cytopathic, liver injury is mediated 
by a strong cytotoxic T cell–mediated reaction against infected hepatocytes 
that express viral antigens at their surface. Proinflammatory cytokines, natural 
killer cells, and antibody-dependent cellular cytotoxicity also appear to play 
a role in liver necroinflammation. Successful immune elimination may lead 
to viral clearance, which may or may not be associated with lifelong immunity, 
depending on the infecting agent. The immune reaction is sometimes so potent 
that the patient develops subfulminant or even fulminant hepatitis that requires 
liver transplantation (Chapter 145). In some patients—the proportion varies, 
according to the virus responsible for acute hepatitis—the immune response 
fails and chronic infection is established (Chapter 140).

 CLINICAL MANIFESTATIONS
After infection, there is an incubation period from a few days to a few weeks, 
depending upon the causative agent (Fig. 139-1). This incubation period is 
generally characterized by nonspecific symptoms, including fatigue, nausea, 
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ABSTRACT
Infection with a hepatotropic virus causes an acute episode of liver inflam-
mation, referred to as acute hepatitis, which can lead to either spontaneous 
clearance of the infectious agent or its persistence, which in turn leads to 
chronic infection for a subset of these viruses. Five hepatitis viruses are respon-
sible for the vast majority of acute hepatitis cases: hepatitis A virus (HAV), 
hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D or delta virus 
(HDV), and hepatitis E virus (HEV). Hepatitis B and C viruses can cause 
chronic infections. HDV infection can become chronic in chronic HBV car-
riers. Finally, HEV may become chronic in profoundly immunosuppressed 
patients. Antiviral treatment is indicated only for the treatment of acute hepatitis 
C, because of the high risk (50 to 80%) of chronicity. The other causes of 
acute viral hepatitis are self-resolving in the vast majority of cases. Prevention 
is based on: the improvement of hygiene (HAV and HEV); safe medical and 
surgical procedures, as well as safe injection drug practices (HBV, HCV, and 
HDV); treatment of mother-to-infant transmission (HBV); and HBV vaccina-
tion (HBV and HDV).
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loss of appetite, flulike symptoms, and/or right upper quadrant pain (Table 
139-2). The incubation period is often characterized by leukopenia and rela-
tive lymphocytosis. Immune-mediated symptoms, including rash, hives, 
arthralgias, angioneurotic edema, and fever, are observed in 10 to 20% of 
patients during the preicteric phase.

During the acute stage of the disease, symptoms may vary widely, from 
asymptomatic to subicteric, icteric or severe, and fulminant. The icteric form, 
which is not frequent, is characterized by fatigue, anorexia, nausea, dysgeusia, 
jaundice, dark urine, light-colored stool, and weight loss. Physical examination 
reveals jaundice and hepatic tenderness. Hepatomegaly and splenomegaly 
may be present. On laboratory testing, acute viral hepatitis is characterized 
by elevated total and direct serum bilirubin levels and aminotransferase levels 
that are often greater than 10 times the upper limit of normal. Cholestatic 
acute hepatitis is associated frequently with prolonged and fluctuating jaundice 
and pruritus. After 1 to 3 weeks, on average, both clinical and laboratory signs 
progressively improve and return to normal. Some patients, however, may 
experience a relapse before definitive resolution.

Signs of hepatic failure (Chapter 145), including changes in personality, 
aggressive behavior, sleeping disorders, and hepatic encephalopathy, character-
ize fulminant forms of acute viral hepatitis. Coma can supervene rapidly, and 
widespread hemorrhage may develop.

 DIAGNOSIS
The diagnosis of acute hepatitis is suspected based on elevated serum amino-
transferase levels, which are generally more than 10 times the upper limit of 
normal (Table 139-3). Total and direct bilirubin levels are elevated if the acute 
hepatitis is subicteric or icteric. Alkaline phosphatase levels may be elevated 
in cases of cholestatic hepatitis.

Serologic and eventually molecular testing identifies the causal agent. Liver 
biopsy or a noninvasive assessment of liver inflammation and fibrosis are gener-
ally not required. All cases of acute hepatitis should be reported to the local, 
state, or national health department as soon as possible after diagnosis.

TABLE 139-1 VIRUSES RESPONSIBLE FOR ACUTE VIRAL 
HEPATITIS AND LIKELIHOOD OF  
CHRONIC EVOLUTION

VIRUS EVOLUTION TO CHRONIC VIRAL HEPATITIS
Hepatitis A Never
Hepatitis B >90% (perinatal acquisition) to <1% (adult infection)
Hepatitis C 50-80%
Hepatitis D or delta 2% (coinfection) to 90% (superinfection)
Hepatitis E Occasionally in immunosuppressed patients
Other viruses May establish chronic infection, not associated with 

chronic hepatitisHuman cytomegalovirus
Epstein-Barr
Herpes simplex
Human herpesvirus 6
Parvovirus B19

Nausea/
anorexia

Fatigue/malaise

Bilirubin
elevations

Aminotransferase
elevations

Incubation
Period

Pre-
icteric Icteric Phase Convalescent Phase

Acute Viral Hepatitis

Time after Exposure

Viral replication

Total antibody
IgM antibody

• • •

• • •

FIGURE 139-1. Typical course of acute viral hepatitis. igM = immunoglobulin M. 

TABLE 139-2 CLINICAL MANIFESTATIONS OF ACUTE  
VIRAL HEPATITIS

PHASES OF 
INFECTION DURATION* MANIFESTATIONS*

Incubation 2-20 wk Virus detectable in blood
Aminotransferase and bilirubin levels normal
No antibody detectable

Preicteric 3-10 days Nonspecific symptoms: fatigue, anorexia, nausea, 
vague right upper quadrant pain

Viral titers peak
Aminotransferase levels begin to rise
Serum sickness−like reaction (≈10-20% of cases) 

with rash, hives, arthralgias, fever
Icteric 1-3 wk Jaundice appears; dark urine and light stools seen

Nonspecific symptoms worsen
Weight loss, dysgeusia, pruritus may occur
Hepatosplenomegaly may develop
Aminotransferase levels typically >10 times normal
Antibodies appear
Viral titers decline
Rare extrahepatic manifestations (aseptic meningitis, 

encephalitis, seizures, ascending flaccid paralysis, 
nephrotic syndrome, seronegative arthritis)

Recovery Up to 6 mo Symptoms resolve gradually
Antibody levels rise
Aminotransferase and bilirubin levels normalize

Chronic After 6 mo See Chapter 140
*Varies by virus.

 GENERAL FEATURES OF ACUTE  
VIRAL HEPATITIS

 PATHOBIOLOGY
Acute viral hepatitis is characterized by acute necroinflammation of the liver. 
Because none of the hepatotropic viruses is cytopathic, liver injury is mediated 
by a strong cytotoxic T cell–mediated reaction against infected hepatocytes 
that express viral antigens at their surface. Proinflammatory cytokines, natural 
killer cells, and antibody-dependent cellular cytotoxicity also appear to play 
a role in liver necroinflammation. Successful immune elimination may lead 
to viral clearance, which may or may not be associated with lifelong immunity, 
depending on the infecting agent. The immune reaction is sometimes so potent 
that the patient develops subfulminant or even fulminant hepatitis that requires 
liver transplantation (Chapter 145). In some patients—the proportion varies, 
according to the virus responsible for acute hepatitis—the immune response 
fails and chronic infection is established (Chapter 140).

 CLINICAL MANIFESTATIONS
After infection, there is an incubation period from a few days to a few weeks, 
depending upon the causative agent (Fig. 139-1). This incubation period is 
generally characterized by nonspecific symptoms, including fatigue, nausea, 

In addition to virus-specific therapy for HCV, patients with acute viral hepatitis 
should avoid alcohol consumption and acetaminophen. Sexual contact should 
be avoided if the partner is not protected (i.e., not HBV vaccinated). Patients 
with subfulminant or fulminant hepatitis should be supported in an intensive 
care unit setting and evaluated for possible liver transplantation (Chapter 145).

TREATMENT
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penetrates into cells and is uncoated. Subsequent events occurring exclusively 
in the cytoplasm include translation of the single open reading frame into a 
polyprotein that is later processed to generate the mature viral proteins; rep-
lication in a membrane-bound replication complex that generates new viral 
genomes, which are subsequently used for viral protein production and viral 
particle assembly; and packaging of newly formed genomes into new particles 
that are exported out of the cells. The virus is secreted into bile and, to a lesser 
extent, serum.

 CLINICAL MANIFESTATIONS
Typically, the incubation period is 15 to 45 days (see Table 139-2). In most 
cases, acute infection takes a mild and unrecognized course. The incidence 
of symptomatic, icteric cases increases with the age at infection. Acute hepatitis 
A in adults may require hospitalization in up to 13% of cases2; prolonged 
courses of 6 to 9 months have been reported in 10% of adult patients with a 
diagnosis of acute hepatitis A. Hepatitis A is the most common cause of relaps-
ing cholestatic hepatitis.

 DIAGNOSIS
The diagnosis of acute hepatitis A is based on the detection of anti-HAV 
immunoglobulin M (IgM) in serum by enzyme immunoassay. IgM serum levels 
peak during the second month of infection (Fig. 139-2). HAV RNA can be 
transiently detected in stool and other body fluids by polymerase chain reaction 
(PCR) 3 to 10 days before the onset of illness and for 1 to 2 weeks thereafter; 
however, HAV RNA testing is generally not necessary. When the infection 
resolves, anti-HAV IgM disappears after 4 to 12 months, but anti-HAV IgG 
persists for life and confers definitive and durable protection against infection.

 PROGNOSIS
Prognosis depends on the degree of prolongation of the prothrombin time, 
as well as the degree of elevation of the bilirubin and lactate levels. A factor 
V level less than 40% or any signs of encephalopathy are indications for hos-
pitalization. Death is extremely rare and occurs only in fulminant cases. Other 
signs of poor prognosis are persistently worsening jaundice, ascites, and an 
acute decrease in the size of the liver. Serum aminotransferase levels and viral 
genome levels have no prognostic value.

 HEPATITIS A

 DEFINITION
The Pathogen
HAV is a member of the Picornaviridae family, genus Hepatovirus. The hepatitis 
A viral particle is a 27-nm nonenveloped icosahedral nucleocapsid that expresses 
the hepatitis A antigen and contains a positive-stranded RNA genome approxi-
mately 7.5 kb long. Three different HAV genotypes have been described in 
humans (genotypes I, II, and III), with genotype I predominating worldwide. 
Other genotypes have been isolated in nonhuman primates. It is currently 
unclear to what extent different genotypes are associated with distinct clinical 
courses of infection.

 EPIDEMIOLOGY
HAV infection has a worldwide distribution, and infections can be sporadic 
or occur in epidemic outbreaks.1 The incidence of acute cases and the sero-
prevalence vary according to the hygiene, sanitation, housing, and socioeco-
nomic standards of a given region, with a seroprevalence as low as approximately 
13% in Sweden but up to 100% in many developing countries. In developing 
countries, infection generally occurs at a young age and most of the popula-
tion has been exposed and is protected after age 10 years. In developed coun-
tries, however, infection can occur at any age, and the prevalence of exposed, 
immune subjects slowly increases with age. In the United States, according 
to the Centers for Disease Control and Prevention, the incidence of acute 
hepatitis A declined from 12.0 cases per 100,000 individuals in 1995 to 0.5 
cases per 100,000 individuals by 2012.

HAV is generally transmitted via the fecal-oral route, most often directly 
from person to person or through the ingestion of fecally contaminated food 
or water. Transmission by blood transfusion has been reported, and isolated 
cases of apparent perinatal transmission have been described. High-risk groups 
for acute hepatitis A include travelers to developing countries, children in 
daycare centers and their parents, men who have sex with men, injection drug 
users, patients who receive plasma products for hemophilia, and persons in 
institutions.

 PATHOBIOLOGY
The genome serves as a messenger RNA and contains a single open reading 
frame that encodes both structural and nonstructural viral proteins. After 
attachment to a specific receptor at the surface of hepatocytes, the virus 

secreted nonstructural protein that plays a role in immune tolerance to HBV 
replication. The P gene encodes the HBV polymerase, whose two motifs—a 
reverse transcriptase motif and an RNAse H motif—code for two enzymes 
involved in HBV replication. Finally, the X gene encodes the X protein, which 
is a transactivator involved in HBV replication that bears oncogenic properties. 
The blood of infected patients contains not only infectious viruses but also a 
large excess of empty, noninfectious HBV envelopes.

The complex HBV life cycle involves multiple steps: fixation to the sodium 
taurocholate cotransporting polypeptide, which is the main HBV receptor 
molecule at the surface of hepatocytes; internalization; fusion and release 
of the nucleocapsid containing the HBV DNA genome and the associated 
HBV polymerase molecule in the cell cytoplasm; transport into the nucleus, 
where decapsidation occurs and the DNA genome molecule is released; 
transformation of the viral genome by the viral polymerase into a covalently 
closed circular DNA, which is the episomal form responsible for persistence 
of the HBV genome in the nucleus of infected hepatocytes; generation of 
messenger RNAs and viral protein synthesis; generation of a pregenomic 
RNA, which serves as a template for reverse transcription that generates the 
long DNA strand; degradation of the pregenomic RNA by the RNAse H 
activity of the viral polymerase; DNA-dependent DNA polymerase activ-
ity of the reverse transcriptase motif, which synthesizes the short comple-
mentary DNA strand in newly formed nucleocapsids; and, finally, budding 
into the endoplasmic reticulum, maturation, and export of newly formed  
virions.

Ten HBV genotypes (A through J), which differ by approximately 8% of 
their genomic nucleotide sequence, have different geographic distributions 
and may be associated with different clinical outcomes. Genotype A predomi-
nates in Northern and Western Europe, whereas genotype D is the most fre-
quent genotype in the Mediterranean area and in Eastern Europe. In non-Asian 
populations in the United States, genotype A predominates in men who have 
sex with men, whereas genotype D is the most frequent in intravenous drug 
users. In Asia and in Asian immigrants living in industrialized countries, geno-
types B and C predominate. Genotype C has been associated with a higher 
incidence of severe liver disease and hepatocellular carcinoma compared with 
genotype B in Asia, perhaps because this genotype spread earlier than the 
others.

 CLINICAL MANIFESTATIONS
Typically, the incubation period is 30-150 days. Jaundice has been reported 
in up to one third of adult patients with acute hepatitis B, but most cases are 
unrecognized.5 Among symptomatic patients (see Table 139-2), the manifesta-
tions are similar to those of other causes of acute viral hepatitis.

 DIAGNOSIS
Four markers should be sought for the diagnosis of acute hepatitis B: HBsAg, 
total anti-HBc antibodies, anti-HBc IgM, and anti-HBs antibodies (Table 
139-4). Acute hepatitis B is characterized by the simultaneous presence of 
both HBsAg and anti-HBc IgM (Fig. 139-3). Total anti-HBc antibodies are 
also present, whereas anti-HBs antibodies are not. During the convalescence 
phase, patients lose HBsAg before the appearance of anti-HBs antibodies; 
they have isolated anti-HBc antibodies, and the diagnosis is based on the 
presence of anti-HBc IgM. Recovery is characterized by the appearance of 
anti-HBs antibodies. The presence of both total anti-HBc and anti-HBs anti-
bodies characterizes recovery from acute hepatitis B. Anti-HBc IgG remains 
at high levels for the patient’s lifetime, whereas anti-HBs antibody titers may 
fluctuate and sometimes become undetectable after several years. Quantitative 

HAV vaccination is recommended for nonimmune individuals who plan to 
travel to endemic countries, medical health professionals, men who have sex 
with men, persons who are in contact with hepatitis A patients, and individu-
als with chronic liver diseases.3 A childhood vaccination program leads to a 
significant decline in HAV infection, justifying its use as part of control efforts 
in endemic countries. Serologic testing for anti-HAV IgG can be performed 
before vaccination in adults born in endemic countries and in individuals 
older than 50 years born in industrialized areas; persons with detectable IgG 
are protected and should not be vaccinated. For post-exposure prophylaxis, 
both HAV vaccination and immunoglobulin are about 98% effective, with 
vaccination having the advantage of preventing secondary cases.4 HAV vaccine 
and immunoglobulin commonly are used together in this setting.

Long-term follow-up studies after complete HAV vaccination show that 
anti-HAV titers sharply decline during the first year after vaccination but remain 
detectable in almost all individuals for at least 10 years. Protective anti-HAV 
antibody titers persist for at least 27 years after the successful vaccination of 
children and young adults.

 PROGNOSIS
Acute hepatitis A infection generally resolves without complications in 3 to 
4 weeks and never evolves to chronic infection. Prolonged elevation of serum 
aminotransferase levels has been reported. Relapses a few weeks after the 
acute case also have been observed. Prolonged courses may occur in children 
and immunosuppressed individuals.

Cholestatic hepatitis A is unusual and has a good prognosis, with full recov-
ery within a few weeks. Fulminant hepatitis A is rare, occurring in less than 
0.1% of cases, but its incidence and mortality increase with the patient’s age 
at acquisition. In the United States, 4% of all cases of fulminant hepatitis are 
caused by HAV infection. Overall, mortality of acute hepatitis A is 1.8% in 
patients older than 50 years. In patients with chronic hepatitis B, superinfection 
with HAV is associated with a 6- to 23-fold higher morbidity and mortality.

 ACUTE HEPATITIS B

 DEFINITION
The Pathogen
HBV is a member of the Hepadnaviridae family, genus Hepadnavirus. The 
infectious virion, the Dane particle, is 42 to 47 nm in diameter. It possesses 
an envelope and a capsid or core that contains the partially double-stranded, 
circular DNA genome and the HBV polymerase. The HBV genome is the 
smallest known human virus genome, with approximately 3000 nucleotides.

 EPIDEMIOLOGY
Two billion individuals worldwide have been in contact with HBV, and approxi-
mately 250 million individuals have chronic infection. In the United States, 
approximately 0.5% of the population is chronically infected. HBV virions 
are produced and circulate in very high amounts in HBV-infected individuals, 
who are highly contagious. Four principal routes of transmission are responsible 
for acute HBV infections: (1) sexual transmission, which is the principal route 
in industrialized areas; (2) perinatal mother-to-infant transmission, which is 
associated with a very high (>90%) rate of chronic infection and is the principal 
cause of HBV transmission in Asia; (3) horizontal transmission through non-
sexual interindividual contact, which is frequent at a young age in Africa and 
is associated with evolution to chronicity in approximately 15% of cases; and 
(4) percutaneous transmission by blood and blood products, unsafe medical 
or surgical materials, or injection drug use.

In industrialized countries, groups at high risk for HBV infection include 
individuals born in areas where HBV is endemic, including immigrants and 
adopted children; individuals who were not vaccinated as infants and whose 
parents were born in regions where HBV is endemic; household and sexual 
contacts of HBsAg-positive individuals; persons who have ever injected drugs; 
persons with multiple sexual partners or a history of sexually transmitted 
disease; men who have sex with men; inmates of correctional facilities; patients 
infected with HCV or HIV; patients undergoing renal dialysis; recipients of 
blood or blood products before 1987; and health care workers.

 PATHOBIOLOGY
The HBV genome contains four overlapping open reading frames that encode 
a number of structural and nonstructural viral proteins. The pre-S/S gene 
encodes the three surface proteins—small (S), middle (M), and large (L)—
that express HBsAg. The pre-C/C gene encodes the core protein that expresses 
the hepatitis B core (HBc) antigen and the hepatitis B e (HBe) protein, a 
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FIGURE 139-2. Serologic course of acute hepatitis A. Alt = alanine aminotransferase; 
HAV = hepatitis A virus; igM = immunoglobulin M. 

Because HAV infection is self-limited, no specific antiviral treatment is required. 
In severe cases, patients may need to be hospitalized. If liver function is dete-
riorating, patients may need to be assessed for liver transplantation, which is 
the only therapeutic option for acute liver failure (Chapter 145).

TREATMENT

 PREVENTION
HAV vaccines (Chapter 15) consist of inactivated hepatitis A antigen purified 
from cell culture. Two doses of the vaccine are recommended at a 6- to 18-month 
interval. All vaccines are highly immunogenic, and virtually all healthy persons 
who are vaccinated develop protective anti-HAV antibodies. Patients with 
chronic liver disease also respond to vaccination but may display lower anti-
HAV titers. An accelerated vaccine schedule, with vaccination on days 0, 7, 
and 21, is also effective and may be recommended for those planning to travel 
to endemic areas. HAV vaccines are well tolerated, and no serious adverse 
events have been linked with their administration; they can be safely admin-
istered with other vaccines or immunoglobulins without compromising the 
development of protective antibodies. A combination HAV and HBV vaccine 
is also available. Seroconversion rates are lower in immunocompromised 
individuals.

TABLE 139-3 LABORATORY TESTING FOR SUSPECTED 
ACUTE VIRAL HEPATITIS

GENERAL EVALUATION

Alanine aminotransferase
Aspartate aminotransferase
Alkaline phosphatase
International normalized ratio (INR)
FIRST-LINE DIAGNOSTIC TESTS

Anti-HAV IgM
HBsAg, anti-HBc IgM
Anti-HCV antibodies
HCV RNA
SECOND-LINE DIAGNOSTIC TESTS

Anti-HAV IgM present: none
HBsAg and anti-HBc IgM present: HDV antigen, anti-HDV antibodies
HCV RNA present with or without anti-HCV antibodies: none
No virologic marker: See Fig. 139-3
HAV = hepatitis A virus; HBc = hepatitis B core; HBeAg = hepatitis B e antigen; HBsAg = hepatitis 
B surface antigen; HBV = hepatitis B virus; HCV = hepatitis C virus; HDV = hepatitis D virus; IgM 
= immunoglobulin M.
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secreted nonstructural protein that plays a role in immune tolerance to HBV 
replication. The P gene encodes the HBV polymerase, whose two motifs—a 
reverse transcriptase motif and an RNAse H motif—code for two enzymes 
involved in HBV replication. Finally, the X gene encodes the X protein, which 
is a transactivator involved in HBV replication that bears oncogenic properties. 
The blood of infected patients contains not only infectious viruses but also a 
large excess of empty, noninfectious HBV envelopes.

The complex HBV life cycle involves multiple steps: fixation to the sodium 
taurocholate cotransporting polypeptide, which is the main HBV receptor 
molecule at the surface of hepatocytes; internalization; fusion and release 
of the nucleocapsid containing the HBV DNA genome and the associated 
HBV polymerase molecule in the cell cytoplasm; transport into the nucleus, 
where decapsidation occurs and the DNA genome molecule is released; 
transformation of the viral genome by the viral polymerase into a covalently 
closed circular DNA, which is the episomal form responsible for persistence 
of the HBV genome in the nucleus of infected hepatocytes; generation of 
messenger RNAs and viral protein synthesis; generation of a pregenomic 
RNA, which serves as a template for reverse transcription that generates the 
long DNA strand; degradation of the pregenomic RNA by the RNAse H 
activity of the viral polymerase; DNA-dependent DNA polymerase activ-
ity of the reverse transcriptase motif, which synthesizes the short comple-
mentary DNA strand in newly formed nucleocapsids; and, finally, budding 
into the endoplasmic reticulum, maturation, and export of newly formed  
virions.

Ten HBV genotypes (A through J), which differ by approximately 8% of 
their genomic nucleotide sequence, have different geographic distributions 
and may be associated with different clinical outcomes. Genotype A predomi-
nates in Northern and Western Europe, whereas genotype D is the most fre-
quent genotype in the Mediterranean area and in Eastern Europe. In non-Asian 
populations in the United States, genotype A predominates in men who have 
sex with men, whereas genotype D is the most frequent in intravenous drug 
users. In Asia and in Asian immigrants living in industrialized countries, geno-
types B and C predominate. Genotype C has been associated with a higher 
incidence of severe liver disease and hepatocellular carcinoma compared with 
genotype B in Asia, perhaps because this genotype spread earlier than the 
others.

 CLINICAL MANIFESTATIONS
Typically, the incubation period is 30-150 days. Jaundice has been reported 
in up to one third of adult patients with acute hepatitis B, but most cases are 
unrecognized.5 Among symptomatic patients (see Table 139-2), the manifesta-
tions are similar to those of other causes of acute viral hepatitis.

 DIAGNOSIS
Four markers should be sought for the diagnosis of acute hepatitis B: HBsAg, 
total anti-HBc antibodies, anti-HBc IgM, and anti-HBs antibodies (Table 
139-4). Acute hepatitis B is characterized by the simultaneous presence of 
both HBsAg and anti-HBc IgM (Fig. 139-3). Total anti-HBc antibodies are 
also present, whereas anti-HBs antibodies are not. During the convalescence 
phase, patients lose HBsAg before the appearance of anti-HBs antibodies; 
they have isolated anti-HBc antibodies, and the diagnosis is based on the 
presence of anti-HBc IgM. Recovery is characterized by the appearance of 
anti-HBs antibodies. The presence of both total anti-HBc and anti-HBs anti-
bodies characterizes recovery from acute hepatitis B. Anti-HBc IgG remains 
at high levels for the patient’s lifetime, whereas anti-HBs antibody titers may 
fluctuate and sometimes become undetectable after several years. Quantitative 

HAV vaccination is recommended for nonimmune individuals who plan to 
travel to endemic countries, medical health professionals, men who have sex 
with men, persons who are in contact with hepatitis A patients, and individu-
als with chronic liver diseases.3 A childhood vaccination program leads to a 
significant decline in HAV infection, justifying its use as part of control efforts 
in endemic countries. Serologic testing for anti-HAV IgG can be performed 
before vaccination in adults born in endemic countries and in individuals 
older than 50 years born in industrialized areas; persons with detectable IgG 
are protected and should not be vaccinated. For post-exposure prophylaxis, 
both HAV vaccination and immunoglobulin are about 98% effective, with 
vaccination having the advantage of preventing secondary cases.4 HAV vaccine 
and immunoglobulin commonly are used together in this setting.

Long-term follow-up studies after complete HAV vaccination show that 
anti-HAV titers sharply decline during the first year after vaccination but remain 
detectable in almost all individuals for at least 10 years. Protective anti-HAV 
antibody titers persist for at least 27 years after the successful vaccination of 
children and young adults.

 PROGNOSIS
Acute hepatitis A infection generally resolves without complications in 3 to 
4 weeks and never evolves to chronic infection. Prolonged elevation of serum 
aminotransferase levels has been reported. Relapses a few weeks after the 
acute case also have been observed. Prolonged courses may occur in children 
and immunosuppressed individuals.

Cholestatic hepatitis A is unusual and has a good prognosis, with full recov-
ery within a few weeks. Fulminant hepatitis A is rare, occurring in less than 
0.1% of cases, but its incidence and mortality increase with the patient’s age 
at acquisition. In the United States, 4% of all cases of fulminant hepatitis are 
caused by HAV infection. Overall, mortality of acute hepatitis A is 1.8% in 
patients older than 50 years. In patients with chronic hepatitis B, superinfection 
with HAV is associated with a 6- to 23-fold higher morbidity and mortality.

 ACUTE HEPATITIS B

 DEFINITION
The Pathogen
HBV is a member of the Hepadnaviridae family, genus Hepadnavirus. The 
infectious virion, the Dane particle, is 42 to 47 nm in diameter. It possesses 
an envelope and a capsid or core that contains the partially double-stranded, 
circular DNA genome and the HBV polymerase. The HBV genome is the 
smallest known human virus genome, with approximately 3000 nucleotides.

 EPIDEMIOLOGY
Two billion individuals worldwide have been in contact with HBV, and approxi-
mately 250 million individuals have chronic infection. In the United States, 
approximately 0.5% of the population is chronically infected. HBV virions 
are produced and circulate in very high amounts in HBV-infected individuals, 
who are highly contagious. Four principal routes of transmission are responsible 
for acute HBV infections: (1) sexual transmission, which is the principal route 
in industrialized areas; (2) perinatal mother-to-infant transmission, which is 
associated with a very high (>90%) rate of chronic infection and is the principal 
cause of HBV transmission in Asia; (3) horizontal transmission through non-
sexual interindividual contact, which is frequent at a young age in Africa and 
is associated with evolution to chronicity in approximately 15% of cases; and 
(4) percutaneous transmission by blood and blood products, unsafe medical 
or surgical materials, or injection drug use.

In industrialized countries, groups at high risk for HBV infection include 
individuals born in areas where HBV is endemic, including immigrants and 
adopted children; individuals who were not vaccinated as infants and whose 
parents were born in regions where HBV is endemic; household and sexual 
contacts of HBsAg-positive individuals; persons who have ever injected drugs; 
persons with multiple sexual partners or a history of sexually transmitted 
disease; men who have sex with men; inmates of correctional facilities; patients 
infected with HCV or HIV; patients undergoing renal dialysis; recipients of 
blood or blood products before 1987; and health care workers.

 PATHOBIOLOGY
The HBV genome contains four overlapping open reading frames that encode 
a number of structural and nonstructural viral proteins. The pre-S/S gene 
encodes the three surface proteins—small (S), middle (M), and large (L)—
that express HBsAg. The pre-C/C gene encodes the core protein that expresses 
the hepatitis B core (HBc) antigen and the hepatitis B e (HBe) protein, a 

TABLE 139-4 SEROLOGIC PROFILES OBSERVED IN 
DIFFERENT PHASES OF ACUTE,  
SELF-RESOLVING HEPATITIS B

PHASE OF 
INFECTION HBsAg ANTI-HBc IgM

TOTAL ANTI-HBc 
ANTIBODIES

ANTI-HBs 
ANTIBODIES

Incubation + +/− +/− −

Acute hepatitis + + + −

Convalescence − + + −

Recovery − − + +

HBc = hepatitis B core; HBs = hepatitis B surface; HBsAg = hepatitis B surface antigen; IgM = 
immunoglobulin M.
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partners of HBV carriers, should be tested to determine their response to 
vaccination.

Of vaccinated persons, 3 to 10% respond poorly or do not respond, espe-
cially smokers, obese patients, and elderly individuals. Nonresponders should 
receive another full course of vaccination, often with an increased dose. Other 
options include intradermal application and the coadministration of adjuvants 
and cytokines. One third to two thirds of vaccinated individuals lose their 
anti-HBs antibodies after 10 to 15 years. It is unclear whether these persons 
are still protected. Thus, persons at risk should receive booster immunization 
if anti-HBs antibodies have been lost.

When nonimmune persons or vaccinated individuals with an anti-HBs 
titer below 10 IU/L have contact with HBV-contaminated materials (e.g., 
needles) or have sexual intercourse with an HBV-infected person, active-
passive immunization (i.e., infusion of hepatitis B immunoglobulin) plus active 
immunization (vaccination) is recommended within 48 hours after exposure. 
Vaccination alone is sufficient in persons with anti-HBs antibody titers between 
10 and 100 IU/L, and no action is required if the anti-HBs titer is above  
100 IU/L.

Tenofovir disoproxil fumarate (245 mg orally per day from 24 to 28 weeks 
of gestation until up to 12 weeks after delivery) can substantially reduce mother-
to-child transmission of HBV in mothers with high viral loads (>200,000 IU/
mL) or high HBsAg levels (>10,000 IU/mL). A2  However, this longstanding 
practice may not be required in settings in which the baby is assured to be 
given HBV immune globulin at birth as well as HBV vaccine at birth and at 
months 1, 2, 4, and 6. A3 

Infants born to HBsAg-positive mothers must receive hepatitis B immu-
noglobulin and be vaccinated within 12 hours of birth; this regimen reduces 
the rate of vertical HBV transmission from 95% to less than 5%. Cesarean 
section is not needed if active-passive immunization is to be performed. Mothers 
of vaccinated infants can breast-feed, and breast feeding is not contraindicated 
on tenofovir treatment.

 PROGNOSIS
Fulminant hepatitis is more frequent in acute HBV infection than in other 
types of acute viral hepatitis, with an incidence of approximately 0.1%. Factors 
associated with adverse outcomes of acute hepatitis B include advanced age, 
female sex, and perhaps some strains of virus. Whether infection with a precore 
mutant strain is associated with more severe or fulminant disease is still  
debated.

Among patients infected at birth, the rate of spontaneous recovery after an 
acute HBV infection is less than 5%, whereas adult infections spontaneously 
resolve in 95 to 99% of cases. Spontaneous resolution confers lifelong immu-
nity, which is usually characterized by the presence of both anti-HBs antibodies 
and anti-HBc antibodies. Anti-HBs antibodies may become undetectable 
several years after resolution, but patients rapidly produce protective antibod-
ies if they are re-exposed to HBV.

 ACUTE HEPATITIS C

 DEFINITION
The Pathogen
HCV is a member of the Flaviviridae family, genus Hepacivirus. The genome 
is a single-stranded, positive, linear RNA molecule whose 5′ end contains an 
internal ribosome entry site involved in polyprotein translation; the genome 
also includes one single open reading frame and a short 3′ noncoding region 
involved in replication. The genome is contained in a protein capsid or core, 
which itself is surrounded by a lipid bilayer envelope into which two inserted 
viral glycoproteins mediate viral entry into target cells.

 EPIDEMIOLOGY
HCV is present in all continents, and an estimated 71 million individuals are 
chronically infected. In industrialized countries, the incidence of HCV infec-
tion has declined considerably owing to blood screening and measures to 
prevent viral infections in people who inject drugs. However, approximately 
17,000 new cases of acute hepatitis C still occur annually in the United States 
according to the Centers for Disease Control and Prevention, mostly in intra-
venous drug users. In France, approximately 2500 new infections occur each 
year. HCV incidence and prevalence are higher in developing areas of the 
world, where the main route of HCV infection is unsafe medical or surgical 
procedures; only approximately 50% of blood products are screened for anti-
HCV antibodies in these countries, and approximately 40% of all injections 
are given with reused equipment. Egypt’s estimated 9% prevalence is the highest 

 PREVENTION
Because not everyone has been vaccinated, individuals who are aware that 
they are infected with HBV should take steps to avoid transmitting the infec-
tion to others. This is accomplished by ensuring that their sexual contacts and 
household members are vaccinated; using barrier protection during sexual 
intercourse; not sharing instruments such as toothbrushes, razors, and combs; 
cleaning blood spills with detergent or bleach; and not donating blood, organs, 
or sperm.

Prevention of HBV infection is based on vaccination. Universal infant vac-
cination programs have been initiated in many countries. High-risk individuals 
(e.g., health care workers, dialysis patients, family members and sexual partners 
of HBV carriers, pregnant women, and men who have sex with men) should 
be screened for HBV infection by HBsAg and anti-HBs antibody testing, and 
seronegative persons should be vaccinated.8

Vaccination consists of the administration of recombinant HBsAg in three 
injections at 0, 1, and 6 months in adults. A lower dose is given at the same 
time points in newborns, children, and adolescents. Adults on dialysis require 
four injections at months 0, 1, 2, and 6. HBV vaccination elicits a potent 
neutralizing response, characterized by the presence of isolated anti-HBs anti-
bodies at high titers. A titer greater than 10 IU/L is considered protective. 
The seroconversion rate is higher than 90% in healthy individuals. HBV vac-
cines are well tolerated. Injection site reactions within 1 to 3 days, as well as 
mild general reactions, are common and transient. Postvaccination testing for 
anti-HBs antibodies to document seroconversion is not routinely recommended. 
However, persons who remain at risk for HBV infection, such as infants of 
HBsAg-positive mothers, health care workers, dialysis patients, and sexual 

 CLINICAL MANIFESTATIONS
HCV RNA becomes detectable in the serum 3 to 7 days after exposure. HCV 
RNA levels rise rapidly during the first weeks, followed by serum aminotrans-
ferase levels 2 to 8 weeks after exposure. Anti-HCV antibodies arise late in 
the course of acute hepatitis C and may not be present at the onset of symptoms 
and serum aminotransferase elevation.

After an incubation period that ranges from 15 to 120 days, acute hepatitis 
C usually remains asymptomatic and is undiagnosed. Nonspecific symptoms 
such as fatigue, low-grade fever, myalgias, nausea, vomiting, or itching may 
be present. Jaundice occurs in only 20 to 30% of patients, usually 2 to 12 
weeks after infection. Serum aminotransferase levels commonly exceed 10 
times the upper limit of normal in the acute stage, even in the absence of 
symptoms. Fulminant hepatitis C has been reported but appears to be excep-
tional in the absence of another chronic underlying liver disease.

 DIAGNOSIS
When acute hepatitis C is suspected, patients should be tested for both anti-
HCV antibodies by enzyme immunoassay and HCV RNA with a sensitive 
molecular biology technique (i.e., an HCV RNA assay with a lower limit of 
detection of ≤50 IU/mL). Four marker profiles can be observed, based on 
the presence or absence of either marker (Table 139-5). The presence of HCV 
RNA in the absence of anti-HCV antibodies is strongly indicative of acute 
HCV infection, which will be confirmed by seroconversion (i.e., the appear-
ance of anti-HCV antibodies) a few days to weeks later. Acutely infected patients 
can have both HCV RNA and anti-HCV antibodies at the time of diagnosis; 
in this case, it is difficult to distinguish acute hepatitis C from an acute exac-
erbation of chronic hepatitis C or acute hepatitis of another cause in a patient 
with chronic hepatitis C.

Acute hepatitis C is very unlikely if both anti-HCV antibodies and HCV 
RNA are absent or if anti-HCV antibodies are present without HCV RNA 
(Fig. 139-4). Patients in the latter group should be retested in a few weeks, 
however, because HCV RNA may be temporarily undetectable owing to 

worldwide, owing to unsafe injection campaigns for the treatment of schis-
tosomiasis in the 1950s to 1960s and subsequent person-to-person transmis-
sion. Although the incidence of acute hepatitis C has declined in Egypt during 
the past 15 years, up to 10% of cases of acute hepatitis are still caused by HCV.

HCV is transmitted almost exclusively by infected blood. Preventive screen-
ing with highly sensitive enzyme immunoassays and, more recently, nucleic 
acid testing has virtually eliminated the risk for post-transfusional HCV infec-
tion (theoretical risk: 1 in 2 million donations in the United States, 1 in 8 
million donations in France). As a result, the principal route for HCV trans-
mission in industrialized countries is now drug injection, which is responsible 
for 60 to 80% of new cases.9 The incidence of HCV infection in people who 
inject drugs is as high as 39 per 100 person years. In this context, imprison-
ment is an important risk factor for acquiring HCV infection in industrialized 
countries.

Nosocomial transmission through the use of improperly decontami-
nated materials or the contaminated hands or gloves of health care workers 
is responsible for a substantial number of new infections worldwide. HCV 
also can be transmitted by tattooing, piercing, or acupuncture if standard 
precautions are not implemented. Although HCV can be acquired after acci-
dental needlestick exposure, the risk for infection is low (<1%), and health 
care workers have only a slightly higher prevalence of HCV than the general 
population. HCV can be transmitted to household members who share instru-
ments such as scissors, razors, and combs. Sexual transmission is unusual, 
but outbreaks of acute hepatitis have been reported in communities of men 
who have high-risk sex with men. The risk for mother-to-infant transmission 
of HCV is less than 5% and is generally related to exposure to the mother’s 
blood in the perinatal period. Cesarean sections are not recommended, and 
breast-feeding is not contraindicated. Factors possibly associated with high 
transmission rates include the level of HCV viremia and maternal intravenous 
drug use. In 10 to 30% of cases, no apparent risk factor for HCV infection 
is identifiable, suggesting other potential sources of community-acquired  
hepatitis C.

 PATHOBIOLOGY
Entry of HCV into cells is mediated by several receptor molecules, including 
glycosaminoglycans, CD81, scavenger receptor B1, claudin-1, and occludin. 
Entry is followed by fusion. Decapsidation of viral nucleocapsids liberates 
free genomic RNAs into the cell cytoplasm, where they serve, together with 
newly synthesized RNAs, as messenger RNAs for synthesis of the HCV poly-
protein. The post-translational processing of the HCV polyprotein results in 
the generation of 10 proteins, including 3 structural proteins (the core protein 
and the two envelope glycoproteins) and 7 nonstructural proteins. HCV rep-
lication takes place in the replication complex (or “membranous web”) that 
associates viral proteins, cellular components, and nascent RNA strands. It is 
catalyzed by the RNA-dependent RNA polymerase. Viral particle formation 
is initiated by the interaction of the core protein with genomic RNA. Newly 
produced virus particles leave the host cell via constitutive secretory 
pathways.

Phylogenetic analyses of HCV strains isolated in various regions of the 
world have identified eight main HCV genotypes, designated 1 through 8 
(with genotypes 1 to 6 being the most prevalent worldwide). These HCV 
types comprise a large number of subtypes, identified by lowercase letters 
(1a, 1b, etc.). The genotypes’ nucleotide sequences differ by 31 to 34%, and 
their amino acid sequences differ by approximately 30%; in contrast, the sub-
types’ nucleotide sequences differ by between 20 and 23%, with marked dif-
ferences in particular genomic regions. The high prevalence and diversity of 
HCV genotype 3 and 6 strains in Asia and of genotype 1, 2, 4, and 5 strains 
in Africa suggest that these types and subtypes emerged and diversified in 
these regions. In industrialized countries, a small number of HCV genotypes, 
including 1a, 1b, 2a, 2b, 2c, 3a, and 4a, have been introduced and spread 
rapidly among exposed populations. Subtypes 1a and 1b predominate all over 
the world. The most common genotypes in the United States are 1a and 1b 
(≈75%), 2a and 2b (≈15%), and 3a (≈7%). Genotype 3a is more prevalent 
in Western Europe, where it accounts for up to 35% of cases, especially among 
people who inject drugs. Genotype 4 is highly prevalent in the Middle East 
and Africa. Its incidence and prevalence are increasing in people who inject 
drugs in industrialized countries. Genotype 5 is rare outside South Africa, 
and genotype 6 is rare outside Southeast Asia. Genotype 7 was identified in 
Central Africa and genotype 8 in Punjab, India. Infections with different geno-
types do not differ in terms of the clinical manifestations, progression, or 
disease severity, although genotype 3 may be associated with more adverse 
outcomes.
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FIGURE 139-3. Kinetics of hepatitis B virus (HBV) markers during acute self-resolving 
hepatitis B. the arrow indicates infection. HBc = hepatitis B core; HBeAg = hepatitis B e 
antigen; HBs = hepatitis B surface; HBsAg = hepatitis B surface antigen; igM = immuno-
globulin M. 

Acute HBV infection usually does not require antiviral therapy, and most 
patients spontaneously clear the infection. Overall, antiviral therapy does not 
reduce 1-year mortality. A1  However, antiviral therapy with a nucleoside or a 
nucleotide analogue (currently entecavir [0.5 mg daily] or tenofovir [tenofovir 
disoproxil fumarate, 245 mg daily, or tenofovir alafenamide, 25 mg daily] until 
the signs of severity regress) is recommended in patients with severe acute 
hepatitis B, characterized by a coagulopathy or persistent symptoms or marked 
jaundice for more than 4 weeks, to prevent progression to acute liver failure 
and avoid subsequent liver transplantation or death.6 Treatment should be 
initiated before signs of acute liver failure are present. Antiviral therapy does 
not cause hepatitis B to become a chronic infection.7

TREATMENT

HBsAg assessment may be useful during the course of acute hepatitis B because 
if the HBsAg level does not rapidly decrease, the patient is at risk for chronic 
evolution. Patients who remain positive for HBV DNA or HBeAg 6 weeks 
after the onset of symptoms are likely to develop chronic infection.
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 CLINICAL MANIFESTATIONS
HCV RNA becomes detectable in the serum 3 to 7 days after exposure. HCV 
RNA levels rise rapidly during the first weeks, followed by serum aminotrans-
ferase levels 2 to 8 weeks after exposure. Anti-HCV antibodies arise late in 
the course of acute hepatitis C and may not be present at the onset of symptoms 
and serum aminotransferase elevation.

After an incubation period that ranges from 15 to 120 days, acute hepatitis 
C usually remains asymptomatic and is undiagnosed. Nonspecific symptoms 
such as fatigue, low-grade fever, myalgias, nausea, vomiting, or itching may 
be present. Jaundice occurs in only 20 to 30% of patients, usually 2 to 12 
weeks after infection. Serum aminotransferase levels commonly exceed 10 
times the upper limit of normal in the acute stage, even in the absence of 
symptoms. Fulminant hepatitis C has been reported but appears to be excep-
tional in the absence of another chronic underlying liver disease.

 DIAGNOSIS
When acute hepatitis C is suspected, patients should be tested for both anti-
HCV antibodies by enzyme immunoassay and HCV RNA with a sensitive 
molecular biology technique (i.e., an HCV RNA assay with a lower limit of 
detection of ≤50 IU/mL). Four marker profiles can be observed, based on 
the presence or absence of either marker (Table 139-5). The presence of HCV 
RNA in the absence of anti-HCV antibodies is strongly indicative of acute 
HCV infection, which will be confirmed by seroconversion (i.e., the appear-
ance of anti-HCV antibodies) a few days to weeks later. Acutely infected patients 
can have both HCV RNA and anti-HCV antibodies at the time of diagnosis; 
in this case, it is difficult to distinguish acute hepatitis C from an acute exac-
erbation of chronic hepatitis C or acute hepatitis of another cause in a patient 
with chronic hepatitis C.

Acute hepatitis C is very unlikely if both anti-HCV antibodies and HCV 
RNA are absent or if anti-HCV antibodies are present without HCV RNA 
(Fig. 139-4). Patients in the latter group should be retested in a few weeks, 
however, because HCV RNA may be temporarily undetectable owing to 

worldwide, owing to unsafe injection campaigns for the treatment of schis-
tosomiasis in the 1950s to 1960s and subsequent person-to-person transmis-
sion. Although the incidence of acute hepatitis C has declined in Egypt during 
the past 15 years, up to 10% of cases of acute hepatitis are still caused by HCV.

HCV is transmitted almost exclusively by infected blood. Preventive screen-
ing with highly sensitive enzyme immunoassays and, more recently, nucleic 
acid testing has virtually eliminated the risk for post-transfusional HCV infec-
tion (theoretical risk: 1 in 2 million donations in the United States, 1 in 8 
million donations in France). As a result, the principal route for HCV trans-
mission in industrialized countries is now drug injection, which is responsible 
for 60 to 80% of new cases.9 The incidence of HCV infection in people who 
inject drugs is as high as 39 per 100 person years. In this context, imprison-
ment is an important risk factor for acquiring HCV infection in industrialized 
countries.

Nosocomial transmission through the use of improperly decontami-
nated materials or the contaminated hands or gloves of health care workers 
is responsible for a substantial number of new infections worldwide. HCV 
also can be transmitted by tattooing, piercing, or acupuncture if standard 
precautions are not implemented. Although HCV can be acquired after acci-
dental needlestick exposure, the risk for infection is low (<1%), and health 
care workers have only a slightly higher prevalence of HCV than the general 
population. HCV can be transmitted to household members who share instru-
ments such as scissors, razors, and combs. Sexual transmission is unusual, 
but outbreaks of acute hepatitis have been reported in communities of men 
who have high-risk sex with men. The risk for mother-to-infant transmission 
of HCV is less than 5% and is generally related to exposure to the mother’s 
blood in the perinatal period. Cesarean sections are not recommended, and 
breast-feeding is not contraindicated. Factors possibly associated with high 
transmission rates include the level of HCV viremia and maternal intravenous 
drug use. In 10 to 30% of cases, no apparent risk factor for HCV infection 
is identifiable, suggesting other potential sources of community-acquired  
hepatitis C.

 PATHOBIOLOGY
Entry of HCV into cells is mediated by several receptor molecules, including 
glycosaminoglycans, CD81, scavenger receptor B1, claudin-1, and occludin. 
Entry is followed by fusion. Decapsidation of viral nucleocapsids liberates 
free genomic RNAs into the cell cytoplasm, where they serve, together with 
newly synthesized RNAs, as messenger RNAs for synthesis of the HCV poly-
protein. The post-translational processing of the HCV polyprotein results in 
the generation of 10 proteins, including 3 structural proteins (the core protein 
and the two envelope glycoproteins) and 7 nonstructural proteins. HCV rep-
lication takes place in the replication complex (or “membranous web”) that 
associates viral proteins, cellular components, and nascent RNA strands. It is 
catalyzed by the RNA-dependent RNA polymerase. Viral particle formation 
is initiated by the interaction of the core protein with genomic RNA. Newly 
produced virus particles leave the host cell via constitutive secretory 
pathways.

Phylogenetic analyses of HCV strains isolated in various regions of the 
world have identified eight main HCV genotypes, designated 1 through 8 
(with genotypes 1 to 6 being the most prevalent worldwide). These HCV 
types comprise a large number of subtypes, identified by lowercase letters 
(1a, 1b, etc.). The genotypes’ nucleotide sequences differ by 31 to 34%, and 
their amino acid sequences differ by approximately 30%; in contrast, the sub-
types’ nucleotide sequences differ by between 20 and 23%, with marked dif-
ferences in particular genomic regions. The high prevalence and diversity of 
HCV genotype 3 and 6 strains in Asia and of genotype 1, 2, 4, and 5 strains 
in Africa suggest that these types and subtypes emerged and diversified in 
these regions. In industrialized countries, a small number of HCV genotypes, 
including 1a, 1b, 2a, 2b, 2c, 3a, and 4a, have been introduced and spread 
rapidly among exposed populations. Subtypes 1a and 1b predominate all over 
the world. The most common genotypes in the United States are 1a and 1b 
(≈75%), 2a and 2b (≈15%), and 3a (≈7%). Genotype 3a is more prevalent 
in Western Europe, where it accounts for up to 35% of cases, especially among 
people who inject drugs. Genotype 4 is highly prevalent in the Middle East 
and Africa. Its incidence and prevalence are increasing in people who inject 
drugs in industrialized countries. Genotype 5 is rare outside South Africa, 
and genotype 6 is rare outside Southeast Asia. Genotype 7 was identified in 
Central Africa and genotype 8 in Punjab, India. Infections with different geno-
types do not differ in terms of the clinical manifestations, progression, or 
disease severity, although genotype 3 may be associated with more adverse 
outcomes.

TABLE 139-5 PATTERNS OF HEPATITIS C VIRUS (HCV) 
MARKERS AND THEIR SIGNIFICANCE DURING 
ACUTE HEPATITIS C

ANTI-HCV 
ANTIBODIES HCV RNA DIAGNOSIS
− − Not acute hepatitis C
− + Acute hepatitis C
+ − Probably not acute hepatitis C (retest in a few weeks)
+ + Difficult to differentiate acute from chronic hepatitis C
HCV = hepatitis C virus.
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FIGURE 139-4. Kinetics of hepatitis C virus (HCV) markers during acute self-resolving 
hepatitis C. Alt = alanine aminotransferase; ulN = upper limit of normal. 
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 PREVENTION
Improving public hygiene and eating well-cooked meat are the best defenses 
against hepatitis E. Travelers to areas of the world where hygiene standards 
are low, particularly pregnant women, should be cautioned about drinking 
the water and eating uncooked food. A prophylactic vaccine based on recom-
binant HEV proteins is about to be approved in China, and its efficacy remains 
87% at 4.5 years. A5 

 PROGNOSIS
Acute cases can be severe in elderly patients, and fulminant cases are frequent 
among pregnant women who are infected during large-scale waterborne epi-
demics. Overall case fatality rates range from zero to 10%, and less than 1% 
of fatal cases of acute hepatitis in the United States are attributed to hepatitis 
E. HEV genotypes 3 and 4 are less virulent than genotypes 1 and 2. Sporadic 
cases in industrialized areas are generally benign. HEV does not commonly 
evolve into chronic infection, but immunosuppressed patients can become 
chronic carriers.

 OTHER TYPES OF ACUTE VIRAL HEPATITIS
Infection by members of the Herpesviridae family, such as cytomegalovirus 
(Chapter 352), Epstein-Barr virus (Chapter 353),21 and herpes simplex virus 
(Chapter 350), should be considered in the differential diagnosis of unclear 
episodes of elevated liver enzymes in the absence of markers of acute hepatitis 
virus infection, especially in immunocompromised individuals. For instance, 
cytomegalovirus infection can be associated with graft loss after liver trans-
plantation (Chapter 145). Parvovirus B19 (Chapter 347) may persist in the 
liver and worsen liver disease in patients with chronic hepatitis B and perhaps 
in patients with chronic HCV infection. Human herpesvirus 6 variant A has 
been linked with syncytial giant-cell hepatitis.

 Non-A-to-E Hepatitis
Rare patients develop acute hepatitis of presumed viral cause but have no 
markers of known hepatitis viruses. Some of these cases may be due to vari-
ants of known hepatitis viruses, in particular HBV, that are not detected by 
the usual serologic and molecular methods. However, the existence of other, 
unknown hepatotropic viruses cannot be excluded.

 PREVENTION
The most effective means of preventing HDV infection is HBV vaccination, 
because individuals who are protected against HBV cannot be infected with 
HDV. In chronic HBsAg carriers, standard hygiene and behavioral precautions 
should be practiced to avoid superinfection with HDV.

 PROGNOSIS
In patients who are acutely coinfected with HBV and HDV, only approximately 
2% become chronic HDV carriers. In contrast, when HDV infection is acquired 
by chronic HBV carriers, approximately 90% also become chronic carriers  
of HDV.

 ACUTE HEPATITIS E

 DEFINITION
The Pathogen
HEV is a member of the genus Orthohepevirus in the Hepeviridae family. HEV 
is a small, nonenveloped virus. Its genome is a positive sense, single-stranded 
RNA molecule. Eight HEV genotypes (1 to 8) have been described: genotypes 
1 and 2 appear to be strictly human, whereas genotypes 3 to 8 appear to be 
of animal origin but can also infect humans.

 PATHOBIOLOGY AND EPIDEMIOLOGY
HEV transmission is principally fecal-oral. HEV is endemic in most develop-
ing areas of the world, where acute infections are sporadic or occur during 
large epidemics related to the contamination of drinking water.17 Seroprevalence 
data suggest that one third of the world’s population has been infected with 
HEV.18

Genotype 1 has been found principally in Asia and North Africa, whereas 
genotype 2 has been isolated in cases from Central America and Western 
Africa. No animal reservoir is known for these genotypes, and transmis-
sion appears to be linked to the contamination of food or drinking water. 
In industrialized countries, HEV genotypes 1 and 2 are not present. HEV 
genotypes 3 and 4 are endemic in various wild and domestic animal species, 
and zoonotic transmission appears to be the main route of transmission in 
Europe, the United States, and Asia. Diagnosed cases of acute hepatitis E 
have increased constantly in Western Europe and North America in recent 
years, and high HEV seroprevalence has been described in special at-risk 
populations, such as butchers or farmers. Transmission may be favored by 
the consumption of uncooked meat and direct contact with infected animals. 
It is now thought to be the most common cause of acute viral hepatitis world-
wide. Additionally, acute HEV may be observed in immunocompromised  
patients.

 CLINICAL MANIFESTATIONS
The incubation period is 3 to 8 weeks. HEV infection causes only mild, 
nonspecific symptoms in the majority of cases, especially if the infection is 
acquired early in life. Immunocompetent individuals clear the virus sponta-
neously. The peak of viremia occurs early during infection, whereas the peak 
of aminotransferase activity is reached approximately 6 weeks after infec-
tion. Severe disease is more frequent in pregnant women and in patients 
with underlying chronic liver disease, who may rarely progress to fulminant 
hepatic failure. Some patients with Guillain-Barré syndrome (Chapter 392) 
have had a preceding acute hepatitis E infection.19 Chronic infections have 
been reported in immunosuppressed patients, especially recipients of organ  
transplants.

 DIAGNOSIS
Patients with acute hepatitis should be tested for hepatitis E. Diagnosis of 
acute hepatitis E is based on the detection of anti-HEV IgM antibodies, which 
appear within 6 weeks and persist for 3 to 12 months. Unfortunately, no assays 
are yet approved by the U.S. Food and Drug Administration. HEV RNA also 
can be detected in feces, serum, or plasma, where its presence is transient. 
Anti-HEV IgG generally persists for life after acute infection.

 PROGNOSIS
Approximately 50 to 80% of patients are unable to clear HCV spontane-
ously and develop chronic infection. Spontaneous recovery is more frequent 
if infection is acquired at birth (≈50%) and if acute hepatitis is symptomatic. 
It is unclear whether the genotype influences recovery rates. Other factors 
associated with better rates of spontaneous recovery include female sex, 
early decline of HCV RNA levels, and high aminotransferase or bilirubin 
levels. Patients who spontaneously recover may retain detectable anti-HCV 
antibodies for years to decades, but they are not protected against HCV  
reinfection.

 ACUTE HEPATITIS D OR DELTA

 DEFINITION
The Pathogen
HDV, which is a satellite of HBV, can be transmitted only to patients who are 
acutely or chronically infected with HBV. Its single, negative-strand, circular 
RNA genome of approximately 1700 nucleotides folds in native conditions 
into a nearly complementary rodlike structure that contains a ribozyme. The 
HDV genome encodes one single structural protein, the hepatitis D (HD) 
protein, which expresses HDAg. The 36-nm infectious HDV virion comprises 
the HD protein and the genome, both enclosed within an HBsAg-expressing 
coat derived from empty HBV envelopes.

 EPIDEMIOLOGY
Five percent of chronic HBV carriers, or 15 million to 20 million individuals 
worldwide, are also infected with HDV. The prevalence of HDV infection in 
HBV-infected patients varies according to the geographic area because it is 
transmitted primarily through parenteral exposure. As a result, its prevalence 
is relatively higher in HBsAg-positive individuals who inject drugs in Western 
countries, where approximately 8 to 12% of HBsAg-positive patients are infected 
with HDV. By comparison, the prevalence of HDV has decreased substantially 
in southern Europe, probably owing to universal HBV vaccination programs, 
improvement in hygiene and living conditions, and implementation of standard 
precautions to prevent HIV infection. The incidence of HDV is increasing in 
Russia, Eastern Europe, Japan, and India.

 PATHOBIOLOGY
HDV uses host RNA polymerase II for its replication, following the rolling 
circle model. Within cells, HDV RNA is associated with multiple copies of 
the HD protein to form a ribonucleoprotein complex. This complex is exported 
by the HBV envelope, which contains the three HBV envelope proteins, into 
the Golgi apparatus before being secreted.

HDV has eight genotypes (HDV-1 to HDV-8), which differ from one another 
by at least 20% of their nucleotide sequences. HDV genotypes can be segre-
gated into 2 to 4 subgenotypes, which differ from one another by at least 10% 
of their nucleotide sequences. HDV-1 is the most prevalent HDV genotype 
worldwide.

 CLINICAL MANIFESTATIONS
HDV can be acquired at the same time as HBV (coinfection) or by a chronic 
HBsAg carrier (superinfection). Coinfection is characterized by one or two 
episodes of acute hepatitis, depending on the respective amounts of HBV 
and HDV present in the inoculum; acute hepatitis can range from mild to 
fulminant. In contrast, when chronic HBV carriers are superinfected by HDV, 
acute hepatitis D is generally severe, often fulminant, and generally becomes  
chronic.

 DIAGNOSIS
Three markers of HDV infection are total anti-HD antibodies, anti-HD IgM, 
and HDV RNA; the latter can be detected and quantified by real-time PCR. 
All HBsAg-positive patients should be tested, and the diagnosis of HDV infec-
tion is based on the presence of anti-HD antibodies.

In patients with a self-resolving HBV-HDV coinfection, HDV RNA and 
anti-HD IgM are only transiently present and are often missed. Anti-HBc IgM 
indicates concomitant acute HBV infection.

In HDV superinfection of a chronic HBsAg carrier, no anti-HBc IgM is 
present. HDV RNA is found in serum or plasma before and during the acute 
episode, whereas both total anti-HD antibodies and anti-HD IgM are present 
during the acute phase. Anti-HD antibodies and sometimes anti-HD IgM 
remain at high levels if the disease becomes chronic.

 PREVENTION
Prevention of HCV transmission is based on standard precautions such as 
screening of blood and blood products, application of standard medical and 
surgical hygiene procedures, and safe use of syringes and materials for drug 
preparation in people who inject drugs. Needle exchange programs and edu-
cation regarding the risks of drug use (including intranasal cocaine) and the 
risk for transmission from shared injection equipment are important. These 
interventions combined with effective treatment of chronic hepatitis (Chapter 
140) could potentially eliminate acute hepatitis C in the future.15

No prophylactic vaccine is or will soon be available against HCV.
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FIGURE 139-5. Kinetics of hepatitis C virus (HCV) markers during acute hepatitis C 
that evolves toward chronic infection. Alt = alanine aminotransferase; ulN = upper 
limit of normal. 

Treatment of acute hepatitis C should be considered not only because it 
prevents chronic HCV infection, which can lead to serious clinical sequelae, 
but also because HCV viremia is associated with a risk for transmitting HCV to 
other persons, especially in high-risk groups.10 Although 20 to 50% of patients 
will spontaneously clear the virus without treatment,11 immediate treatment 
is cost effective A4  because it provides higher rates of viral clearance, mostly 
because asymptomatic patients tend to be less adherent with the close follow-
up needed to monitor them for the institution of appropriately timed delayed 
therapy.12

Patients with acute hepatitis C should be treated with an all-oral combina-
tion of direct-acting antiviral drugs for 8 weeks. Options include the fixed-dose, 
once-daily combination of sofosbuvir (400 mg) and ledipasvir (90 mg) for geno-
types 1, 4, 5, and 6; the fixed-dose combination (two pills in the morning) of 
ombitasvir (12.5 mg) and ritonavir-boosted (50 mg) paritaprevir (75 mg) plus 
dasabuvir (250 mg twice daily) for genotype 1b; the fixed-dose, once daily com-
bination of grazoprevir (100 mg) and elbasvir (50 mg) for genotypes 1b and 4; 
the fixed-dose, once daily combination of sofosbuvir (400 mg) and velpatasvir 
(100 mg) for all genotypes; or the fixed-dose combination (3 pills in the morning) 
of glecaprevir (100 mg) and pibrentasvir (40 mg) for all genotypes (see Table 
140-5).13,14 The cure of HCV infection should be assessed by HCV RNA disap-
pearance from serum or plasma at 12 and 24 weeks post-treatment, because 
late relapses have been reported. Shorter treatment durations are under study.

After accidental needlestick exposure, neither immunoglobulin nor postex-
posure prophylaxis is recommended. Patients should be monitored with HCV 
RNA and aminotransferase level testing at baseline, week 2, and 4 and 6 months 
after exposure. Patients who have documented infection should be treated as 
described earlier.

TREATMENT

 Grade A References

transient, partial control of viral replication before the infection becomes 
chronic (Fig. 139-5). Apart from such cases, the presence of anti-HCV anti-
bodies in the absence of HCV RNA is generally seen in patients who have 
recovered from a past HCV infection. Nevertheless, this pattern cannot be 
differentiated from a false-positive enzyme immunoassay result, the exact 
prevalence of which is unknown.
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 PREVENTION
Improving public hygiene and eating well-cooked meat are the best defenses 
against hepatitis E. Travelers to areas of the world where hygiene standards 
are low, particularly pregnant women, should be cautioned about drinking 
the water and eating uncooked food. A prophylactic vaccine based on recom-
binant HEV proteins is about to be approved in China, and its efficacy remains 
87% at 4.5 years. A5 

 PROGNOSIS
Acute cases can be severe in elderly patients, and fulminant cases are frequent 
among pregnant women who are infected during large-scale waterborne epi-
demics. Overall case fatality rates range from zero to 10%, and less than 1% 
of fatal cases of acute hepatitis in the United States are attributed to hepatitis 
E. HEV genotypes 3 and 4 are less virulent than genotypes 1 and 2. Sporadic 
cases in industrialized areas are generally benign. HEV does not commonly 
evolve into chronic infection, but immunosuppressed patients can become 
chronic carriers.

 OTHER TYPES OF ACUTE VIRAL HEPATITIS
Infection by members of the Herpesviridae family, such as cytomegalovirus 
(Chapter 352), Epstein-Barr virus (Chapter 353),21 and herpes simplex virus 
(Chapter 350), should be considered in the differential diagnosis of unclear 
episodes of elevated liver enzymes in the absence of markers of acute hepatitis 
virus infection, especially in immunocompromised individuals. For instance, 
cytomegalovirus infection can be associated with graft loss after liver trans-
plantation (Chapter 145). Parvovirus B19 (Chapter 347) may persist in the 
liver and worsen liver disease in patients with chronic hepatitis B and perhaps 
in patients with chronic HCV infection. Human herpesvirus 6 variant A has 
been linked with syncytial giant-cell hepatitis.

 Non-A-to-E Hepatitis
Rare patients develop acute hepatitis of presumed viral cause but have no 
markers of known hepatitis viruses. Some of these cases may be due to vari-
ants of known hepatitis viruses, in particular HBV, that are not detected by 
the usual serologic and molecular methods. However, the existence of other, 
unknown hepatotropic viruses cannot be excluded.

 PREVENTION
The most effective means of preventing HDV infection is HBV vaccination, 
because individuals who are protected against HBV cannot be infected with 
HDV. In chronic HBsAg carriers, standard hygiene and behavioral precautions 
should be practiced to avoid superinfection with HDV.

 PROGNOSIS
In patients who are acutely coinfected with HBV and HDV, only approximately 
2% become chronic HDV carriers. In contrast, when HDV infection is acquired 
by chronic HBV carriers, approximately 90% also become chronic carriers  
of HDV.

 ACUTE HEPATITIS E

 DEFINITION
The Pathogen
HEV is a member of the genus Orthohepevirus in the Hepeviridae family. HEV 
is a small, nonenveloped virus. Its genome is a positive sense, single-stranded 
RNA molecule. Eight HEV genotypes (1 to 8) have been described: genotypes 
1 and 2 appear to be strictly human, whereas genotypes 3 to 8 appear to be 
of animal origin but can also infect humans.

 PATHOBIOLOGY AND EPIDEMIOLOGY
HEV transmission is principally fecal-oral. HEV is endemic in most develop-
ing areas of the world, where acute infections are sporadic or occur during 
large epidemics related to the contamination of drinking water.17 Seroprevalence 
data suggest that one third of the world’s population has been infected with 
HEV.18

Genotype 1 has been found principally in Asia and North Africa, whereas 
genotype 2 has been isolated in cases from Central America and Western 
Africa. No animal reservoir is known for these genotypes, and transmis-
sion appears to be linked to the contamination of food or drinking water. 
In industrialized countries, HEV genotypes 1 and 2 are not present. HEV 
genotypes 3 and 4 are endemic in various wild and domestic animal species, 
and zoonotic transmission appears to be the main route of transmission in 
Europe, the United States, and Asia. Diagnosed cases of acute hepatitis E 
have increased constantly in Western Europe and North America in recent 
years, and high HEV seroprevalence has been described in special at-risk 
populations, such as butchers or farmers. Transmission may be favored by 
the consumption of uncooked meat and direct contact with infected animals. 
It is now thought to be the most common cause of acute viral hepatitis world-
wide. Additionally, acute HEV may be observed in immunocompromised  
patients.

 CLINICAL MANIFESTATIONS
The incubation period is 3 to 8 weeks. HEV infection causes only mild, 
nonspecific symptoms in the majority of cases, especially if the infection is 
acquired early in life. Immunocompetent individuals clear the virus sponta-
neously. The peak of viremia occurs early during infection, whereas the peak 
of aminotransferase activity is reached approximately 6 weeks after infec-
tion. Severe disease is more frequent in pregnant women and in patients 
with underlying chronic liver disease, who may rarely progress to fulminant 
hepatic failure. Some patients with Guillain-Barré syndrome (Chapter 392) 
have had a preceding acute hepatitis E infection.19 Chronic infections have 
been reported in immunosuppressed patients, especially recipients of organ  
transplants.

 DIAGNOSIS
Patients with acute hepatitis should be tested for hepatitis E. Diagnosis of 
acute hepatitis E is based on the detection of anti-HEV IgM antibodies, which 
appear within 6 weeks and persist for 3 to 12 months. Unfortunately, no assays 
are yet approved by the U.S. Food and Drug Administration. HEV RNA also 
can be detected in feces, serum, or plasma, where its presence is transient. 
Anti-HEV IgG generally persists for life after acute infection.

No treatments are of proven benefit for acute hepatitis D.16

TREATMENT

Treatment of acute hepatitis E is not recommended because the vast 
majority of patients recover spontaneously.20 Severe and fulminant cases 
should be referred to specialized units, where ribavirin monotherapy can be  
successful.

TREATMENT
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140 
CHRONIC VIRAL AND 
AUTOIMMUNE HEPATITIS
JEAN-MICHEL PAWLOTSKY

 DEFINITION
Chronic hepatitis is defined by chronic necroinflammation of the liver and 
may be due to various causes, including hepatotropic viruses, autoimmunity, 
alcohol (Chapter 143), metabolic disorders (Chapter 137), and other uncom-
mon factors. Chronic infection by hepatitis viruses is by far the main cause 
of chronic hepatitis worldwide, with more than 300 million individuals chroni-
cally infected with hepatitis B virus (HBV) or hepatitis C virus (HCV). Chronic 
viral hepatitis B and C are the leading cause of cirrhosis (Chapter 144) and 
hepatocellular carcinoma (Chapter 186) worldwide and account for more 
than 1 million deaths per year. Chronic HBV infection can be associated with 
infection by hepatitis D virus (HDV). Hepatitis A virus does not cause chronic 
hepatitis. Hepatitis E virus (HEV) generally does not cause chronic hepatitis, 
except in immunosuppressed patients.

 CLINICAL MANIFESTATIONS
The clinical symptoms of chronic viral and autoimmune hepatitis are typically 
nonspecific, and many patients have no symptoms. Fatigue, sleep disorders, 
and right upper quadrant pain may be present. Often the diagnosis is made 
when liver test abnormalities are identified by blood testing during a routine 
health evaluation or assessment for an unrelated problem or at the time of 
voluntary blood donation. More advanced symptoms include poor appetite, 
nausea, weight loss, muscle weakness, itching, dark urine, and jaundice. Patients 
can progress to full-blown cirrhosis (Chapter 144), with its typical clinical 
manifestations. If cirrhosis is present, weakness, weight loss, abdominal swell-
ing, edema, bruisability, gastrointestinal bleeding, and hepatic encephalopathy 
with mental confusion may arise. Other findings may include spider angiomas, 
palmar erythema (see Fig. 137-2), ascites (see Fig. 137-4), edema, and skin 
excoriations.

 DIAGNOSIS
Levels of alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) are usually elevated (generally two to five times the upper limit of 
normal), but they can remain within the normal range for long periods of 
time in patients with chronic viral hepatitis B or C. The ALT level is generally 
higher than the AST level. Both can reach 10 to 25 times the upper limit of 
normal during acute exacerbations. Biologic tests can establish the diagnosis 
(Table 140-1).

Alkaline phosphatase and γ-glutamyl transpeptidase levels are usually mini-
mally elevated unless cirrhosis is present. Serum bilirubin and albumin levels 
and the prothrombin time are normal unless the patient has advanced cirrhosis. 
Serum immunoglobulin levels are mildly elevated or normal in chronic viral 

hepatitis but may be very elevated in autoimmune hepatitis. Results that suggest 
the presence of advanced fibrosis are a platelet count below 160,000, AST 
levels higher than ALT levels, elevation in serum bilirubin, decrease in serum 
albumin, prolongation of the prothrombin time, elevation in α-fetoprotein 
levels, and presence of high globulin levels.

Liver ultrasound can determine the texture and size of the liver and 
spleen, exclude hepatic masses, and assess the gallbladder, intrahepatic bile 
ducts, and portal venous flow. Computed tomography and magnetic reso-
nance imaging of the liver are helpful if a mass or other abnormality is found  
by ultrasound.

Liver biopsy has been critical for diagnosis and to determine the severity 
of disease. Hepatocellular necrosis is typically eosinophilic degeneration or 
ballooning degeneration throughout the parenchyma, greater in the periportal 
area, spotty, or piecemeal. Fibrosis also typically begins in the periportal regions 
and can link adjacent portal areas or portal and central areas (bridging fibrosis), 
distort the hepatic architecture, and lead to cirrhosis and portal hypertension. 
The histologic grade of chronic hepatitis can be determined by combining 
scores for periportal necrosis and inflammation, lobular necrosis and inflam-
mation, and portal inflammation.

Recently, noninvasive physical methods (such as hepatic transient elastog-
raphy or acoustic radiation force impulse imaging) and serologic markers have 
proved accurate for the assessment of mild fibrosis and cirrhosis, without 
requiring liver biopsy, especially in patients with chronic hepatitis C. They 
are also widely used in patients with chronic hepatitis B. However, these tests 
are less accurate for distinguishing moderate or advanced fibrosis, and their 
results may be influenced by ongoing liver inflammation, so liver biopsy remains 
the reference method in chronic hepatitis of nonviral causes. For example, 
liver biopsy can help exclude other causes of chronic hepatitis, including alco-
holic liver disease, fatty liver and steatohepatitis (Chapter 143), drug-induced 
liver disease (Chapter 141), sclerosing cholangitis (Chapter 146), iron overload 
(Chapter 201), and veno-occlusive disease (Chapter 134), each of which can 
coexist with viral or autoimmune hepatitis.

others switch into an HBeAg-negative form of chronic hepatitis B, with elevated 
ALT levels and an HBV DNA level greater than 2000 IU/mL.

The annual incidence of cirrhosis varies from 2 to 10% in patients with 
chronic HBV infection, with a cumulative incidence of approximately 20% at 
5 years. The risk for cirrhosis is two- to four-fold higher in HBeAg-negative 
patients compared with HBeAg-positive ones. The annual incidence of hepa-
tocellular carcinoma in patients with chronic hepatitis B varies from 1% in 
patients without cirrhosis to 2 to 8% in cirrhotic patients, with the higher 
rates occurring in older patients. Patients with cirrhosis (Chapter 144), hepa-
tocellular carcinoma (Chapter 186), or both have the typical signs associated 
with these conditions. Rarely, chronic HBV infection is associated with extra-
hepatic manifestations, including glomerulonephritis (Chapter 113), most 
often in children, and polyarteritis nodosa (Chapter 254), mostly in adults.

 DIAGNOSIS
Serologic markers used to diagnose chronic hepatitis B (Table 140-2) include 
HBsAg, anti-HBs antibodies, total anti–hepatitis B core (HBc) antibodies 
and anti-HBc immunoglobulin M (IgM), HBeAg, and anti-HBe antibodies. 
Molecular markers include HBV DNA; real-time polymerase chain reaction 
(PCR)–based or transcription-mediated amplification (TMA)–based assays 
are the best way to detect and quantify HBV DNA.2

Chronic HBV infection is defined by the persistence of HBsAg in the serum 
for more than 6 months after the acute episode. The majority of subjects with 
isolated anti-HBc antibodies are not viremic. However, some individuals who 
test positive for anti-HBc antibodies, but not for HBsAg or anti-HBs antibod-
ies, may be viremic; in these cases, some viruses’ amino acid substitutions in 
the HBsAg sequence make HBsAg undetectable with current enzyme immu-
noassays. Other individuals may have such low-level HBV replication in their 
livers that HBV DNA is not detectable in blood (“occult” hepatitis B). Screening 
is recommended in high-risk individuals and perhaps once (together with 
HCV and HIV testing) in all individuals.

Serum or plasma ALT and HBV DNA levels are important markers of 
severity and prognosis. The assessment of severity, including the grade of 
necroinflammation and the stage of fibrosis, has traditionally been based on 
the liver biopsy (Fig. 140-1), but serologic markers, transient elastography, 
or acoustic radiation force impulse imaging have replaced liver biopsy in the 
pretreatment assessment of the severity of chronic hepatitis B in most patients.

with chronic hepatitis B have progressive fibrosis, which may evolve into  
cirrhosis.

The rate of chronicity after an acute HBV infection is more than 95% among 
infants infected at birth. This risk diminishes as the age at acquisition increases, 
and it is less than 5% in individuals infected as adults. Chronic HBV infection 
is defined by HBsAg carriage that persists for more than 6 months after the 
acute episode. Chronic HBsAg carriage typically evolves through three phases: 
immune tolerant, immune elimination, and inactive.

The immune tolerant phase is generally short if the infection occurred 
during adulthood, but it persists for years to decades in patients infected at 
birth or during early childhood. At the immune tolerant stage, the immune 
response of the host “tolerates” HBV infection and does not cause liver inflam-
mation or hepatocyte destruction. The immune tolerant phase is characterized 
by the presence of hepatitis B e antigen (HBeAg), very high levels of HBV 
DNA in blood, normal serum or plasma aminotransferase levels, and no or 
minimal inflammatory activity on liver biopsy. However, these patients have 
detectable immune responses against HBV antigens, their liver histology is 
not strictly normal, and they display a high level of HBV DNA integration and 
clonal hepatocyte expansion, indicating that hepatocarcinogenesis is already  
underway.

The immune elimination phase is characterized by an active immune response 
that causes necroinflammatory lesions and triggers hepatic fibrogenesis and 
progressive fibrosis. ALT and AST levels are increased, but HBV DNA levels 
are lower than during the immune tolerant phase and frequently fluctuate. 
The immune elimination phase has a variable duration, ranging from a few 
weeks to several decades. HBeAg, when present, defines HBeAg-positive 
chronic hepatitis B. HBeAg can be cleared and replaced by anti-HBe antibod-
ies, defined as HBe seroconversion. HBe seroconversion may lead to the 
persistence of HBV replication and chronic inflammation, defined as HBeAg-
negative chronic hepatitis B, or to the inactive HBsAg carrier state. Patients 
with HBeAg-positive chronic hepatitis B are infected with a wild-type virus 
and are able to secrete the HBe protein. Patients with HBeAg-negative chronic 
hepatitis B are infected with so-called precore mutant viruses, which cannot 
produce the HBe protein because they have a stop codon in the pre-C gene, 
or with core promoter mutant viruses, which produce considerably lower 
amounts of HBe protein. Because of the prevalence of the HBV genotype D 
in Euro-Mediterranean and African countries, HBeAg-negative/anti-HBe-
positive chronic hepatitis B is seven to nine times more frequent than HBeAg-
positive disease in those locations.

The inactive HBsAg carriage phase is the result of successful immune elimi-
nation leading to HBe seroconversion. ALT and AST levels are normal, HBV 
DNA is undetectable or at very low levels, and patients without preexisting 
cirrhosis have normal liver histology.

 CLINICAL MANIFESTATIONS
Patients with chronic hepatitis B are generally asymptomatic. The most common 
symptom is fatigue, but sleep disorders, difficulty concentrating, and upper 
right quadrant pain are often observed. Chronic hepatitis B is characterized 
biologically by elevated aminotransferase levels, and ALT levels can fluctuate 
substantially during the immune elimination phase. Moderate cholestasis, with 
mildly elevated alkaline phosphatase and γ-glutamyl transpeptidase levels, 
also can be present, especially in patients with cirrhosis.

HBeAg-negative chronic hepatitis B is generally more severe than the 
HBeAg-positive variety. The incidence of spontaneous HBe seroconversion 
among HBeAg-positive patients is 8 to 12% per year when they are in the 
immune elimination phase; HBe seroconversion often follows a transient ALT 
flare. Some of these patients evolve toward inactive HBsAg carriage, whereas TABLE 140-1 DIAGNOSIS OF CHRONIC HEPATITIS

DIAGNOSIS SCREENING TESTS CONFIRMATORY TESTS
Chronic hepatitis B HBsAg HBV DNA, HBeAg
Chronic hepatitis C Anti-HCV antibodies HCV RNA
Chronic hepatitis D Anti-HDV antibodies HDV RNA
Autoimmune hepatitis ANA (anti-LKM1) Exclusion of other causes and 

patterns of clinical disease
Drug-induced liver 

disease
History Rechallenge, if necessary, if 

considered safe
Wilson disease Ceruloplasmin Urine copper concentration
Cryptogenic hepatitis Exclusion of other causes
ANA = antinuclear antibody; anti-LKM1 = anti–liver-kidney microsomal 1 antibody; HBeAg = 
hepatitis B e antigen; HBsAg = hepatitis B surface antigen; HBV = hepatitis B virus; HCV = 
hepatitis C virus; HDV = hepatitis D virus.

Chronic HBV infection is not curable, but it usually can be controlled by 
appropriate antiviral drugs. HCV infection is curable, and more than 95% of 
patients who have access to new therapies are cured. Autoimmune hepatitis 
responds to immunosuppression with corticosteroids and azathioprine.

TREATMENT AND PROGNOSIS 

 CHRONIC HEPATITIS B

 EPIDEMIOLOGY
Approximately 292 million individuals, or 4% of the world’s population, are 
carriers of chronic HBV.1 Two billion individuals, or one human being in 
three, have been in contact with the virus. In North America, Western and 
Northern Europe, and Australia, less than 2% of the population are chronic 
hepatitis B surface antigen (HBsAg) carriers. In the United States, the preva-
lence is approximately 0.4%; that is, approximately 1.25 million Americans 
are infected. In Eastern Europe, South America, the Mediterranean basin, and 
the Indian subcontinent, the prevalence of chronic HBsAg carriage is between 
2 and 8%. Highly endemic areas, with a rate of chronic HBsAg carriage exceed-
ing 8%, include China, Southeast Asia, sub-Saharan Africa, and the native 
populations of the Far North of America.

HBV is the main cause of primary liver cancer (hepatocellular carcinoma; 
Chapter 186) worldwide, with approximately 350,000 new cases attributable 
to HBV every year. Hepatocellular carcinoma is more likely in the presence 
of underlying cirrhosis, but HBV has oncogenic properties of its own, and 
hepatocellular carcinoma can occur in noncirrhotic HBV patients.

 PATHOBIOLOGY
HBV is not a cytopathic virus. Rather, liver injury in chronic hepatitis B is 
a consequence of the local immune response at the immune elimination 
phase. In particular, liver injury is related to cytotoxic T cells that recognize 
and kill infected hepatocytes that express HBV antigens at their surface 
and to the local production of cytokines. Chronic inflammation triggers 
fibrogenesis through the activation of hepatic stellate cells. The hepatitis B 
X protein may also directly activate fibrogenesis. As a result, many patients 
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ABSTRACT
Chronic hepatitis, which is defined by chronic necroinflammation of the liver, 
may be due to various causes, especially chronic viral hepatitis but also auto-
immunity, alcohol, and metabolic disorders. Chronic hepatitis B virus (HBV) 
and hepatitis C virus (HCV) affect more than 300 million individuals world-
wide and are the leading global cause of cirrhosis and hepatocellular carcinoma, 
accounting for more than 1 million deaths per year. Chronic HBV infection, 
which can be associated with hepatitis D virus (HDV) infection, can be treated 
with pegylated interferon alpha for 48 weeks, but most patients receive lifelong 
therapy with entecavir, tenofovir disoproxil fumarate, or tenofovir alafenamide. 
Such antiviral treatment efficiently prevents the complications of chronic 
hepatitis B, including fibrosis, cirrhosis, decompensation of cirrhosis, and 
hepatocellular carcinoma. Treatment of chronic hepatitis C—which depends 
on the HCV genotype, prior therapy, and the severity of liver disease—can 
cure more than 95% of patients and prevent the liver and extrahepatic com-
plications of HCV infection.
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others switch into an HBeAg-negative form of chronic hepatitis B, with elevated 
ALT levels and an HBV DNA level greater than 2000 IU/mL.

The annual incidence of cirrhosis varies from 2 to 10% in patients with 
chronic HBV infection, with a cumulative incidence of approximately 20% at 
5 years. The risk for cirrhosis is two- to four-fold higher in HBeAg-negative 
patients compared with HBeAg-positive ones. The annual incidence of hepa-
tocellular carcinoma in patients with chronic hepatitis B varies from 1% in 
patients without cirrhosis to 2 to 8% in cirrhotic patients, with the higher 
rates occurring in older patients. Patients with cirrhosis (Chapter 144), hepa-
tocellular carcinoma (Chapter 186), or both have the typical signs associated 
with these conditions. Rarely, chronic HBV infection is associated with extra-
hepatic manifestations, including glomerulonephritis (Chapter 113), most 
often in children, and polyarteritis nodosa (Chapter 254), mostly in adults.

 DIAGNOSIS
Serologic markers used to diagnose chronic hepatitis B (Table 140-2) include 
HBsAg, anti-HBs antibodies, total anti–hepatitis B core (HBc) antibodies 
and anti-HBc immunoglobulin M (IgM), HBeAg, and anti-HBe antibodies. 
Molecular markers include HBV DNA; real-time polymerase chain reaction 
(PCR)–based or transcription-mediated amplification (TMA)–based assays 
are the best way to detect and quantify HBV DNA.2

Chronic HBV infection is defined by the persistence of HBsAg in the serum 
for more than 6 months after the acute episode. The majority of subjects with 
isolated anti-HBc antibodies are not viremic. However, some individuals who 
test positive for anti-HBc antibodies, but not for HBsAg or anti-HBs antibod-
ies, may be viremic; in these cases, some viruses’ amino acid substitutions in 
the HBsAg sequence make HBsAg undetectable with current enzyme immu-
noassays. Other individuals may have such low-level HBV replication in their 
livers that HBV DNA is not detectable in blood (“occult” hepatitis B). Screening 
is recommended in high-risk individuals and perhaps once (together with 
HCV and HIV testing) in all individuals.

Serum or plasma ALT and HBV DNA levels are important markers of 
severity and prognosis. The assessment of severity, including the grade of 
necroinflammation and the stage of fibrosis, has traditionally been based on 
the liver biopsy (Fig. 140-1), but serologic markers, transient elastography, 
or acoustic radiation force impulse imaging have replaced liver biopsy in the 
pretreatment assessment of the severity of chronic hepatitis B in most patients.

with chronic hepatitis B have progressive fibrosis, which may evolve into  
cirrhosis.

The rate of chronicity after an acute HBV infection is more than 95% among 
infants infected at birth. This risk diminishes as the age at acquisition increases, 
and it is less than 5% in individuals infected as adults. Chronic HBV infection 
is defined by HBsAg carriage that persists for more than 6 months after the 
acute episode. Chronic HBsAg carriage typically evolves through three phases: 
immune tolerant, immune elimination, and inactive.

The immune tolerant phase is generally short if the infection occurred 
during adulthood, but it persists for years to decades in patients infected at 
birth or during early childhood. At the immune tolerant stage, the immune 
response of the host “tolerates” HBV infection and does not cause liver inflam-
mation or hepatocyte destruction. The immune tolerant phase is characterized 
by the presence of hepatitis B e antigen (HBeAg), very high levels of HBV 
DNA in blood, normal serum or plasma aminotransferase levels, and no or 
minimal inflammatory activity on liver biopsy. However, these patients have 
detectable immune responses against HBV antigens, their liver histology is 
not strictly normal, and they display a high level of HBV DNA integration and 
clonal hepatocyte expansion, indicating that hepatocarcinogenesis is already  
underway.

The immune elimination phase is characterized by an active immune response 
that causes necroinflammatory lesions and triggers hepatic fibrogenesis and 
progressive fibrosis. ALT and AST levels are increased, but HBV DNA levels 
are lower than during the immune tolerant phase and frequently fluctuate. 
The immune elimination phase has a variable duration, ranging from a few 
weeks to several decades. HBeAg, when present, defines HBeAg-positive 
chronic hepatitis B. HBeAg can be cleared and replaced by anti-HBe antibod-
ies, defined as HBe seroconversion. HBe seroconversion may lead to the 
persistence of HBV replication and chronic inflammation, defined as HBeAg-
negative chronic hepatitis B, or to the inactive HBsAg carrier state. Patients 
with HBeAg-positive chronic hepatitis B are infected with a wild-type virus 
and are able to secrete the HBe protein. Patients with HBeAg-negative chronic 
hepatitis B are infected with so-called precore mutant viruses, which cannot 
produce the HBe protein because they have a stop codon in the pre-C gene, 
or with core promoter mutant viruses, which produce considerably lower 
amounts of HBe protein. Because of the prevalence of the HBV genotype D 
in Euro-Mediterranean and African countries, HBeAg-negative/anti-HBe-
positive chronic hepatitis B is seven to nine times more frequent than HBeAg-
positive disease in those locations.

The inactive HBsAg carriage phase is the result of successful immune elimi-
nation leading to HBe seroconversion. ALT and AST levels are normal, HBV 
DNA is undetectable or at very low levels, and patients without preexisting 
cirrhosis have normal liver histology.

 CLINICAL MANIFESTATIONS
Patients with chronic hepatitis B are generally asymptomatic. The most common 
symptom is fatigue, but sleep disorders, difficulty concentrating, and upper 
right quadrant pain are often observed. Chronic hepatitis B is characterized 
biologically by elevated aminotransferase levels, and ALT levels can fluctuate 
substantially during the immune elimination phase. Moderate cholestasis, with 
mildly elevated alkaline phosphatase and γ-glutamyl transpeptidase levels, 
also can be present, especially in patients with cirrhosis.

HBeAg-negative chronic hepatitis B is generally more severe than the 
HBeAg-positive variety. The incidence of spontaneous HBe seroconversion 
among HBeAg-positive patients is 8 to 12% per year when they are in the 
immune elimination phase; HBe seroconversion often follows a transient ALT 
flare. Some of these patients evolve toward inactive HBsAg carriage, whereas 

TABLE 140-2 VIROLOGIC MARKER PROFILES IN PATIENTS WITH CHRONIC HEPATITIS B VIRUS INFECTION
ANTI-HBc Ab

HBsAg ANTI-HBs Ab HBeAg ANTI-HBe Ab IgM TOTAL HBV DNA
Chronic hepatitis
 HBeAg-positive + − + − −* + >2 × 104 IU/mL
 HBeAg-negative + − − + −* + >2 × 103 IU/mL
Inactive carrier + − − + − + <2 × 103 IU/mL
Reactivation + − +/− +/− +/− + >2 × 103 IU/mL
Ab = antibodies; Ag = antigen; HBc = hepatitis B core; HBe = hepatitis B e; HBs = hepatitis B surface; HBV = hepatitis B virus; IgM = immunoglobulin M.
*Anti-HBc IgM can be detected at low titers.

Patients with chronic hepatitis B should be vaccinated against hepatitis A 
virus, abstain from alcohol, and avoid immunosuppressive therapies unless 
absolutely necessary. HBV-infected patients who require corticosteroids, ritux-
imab, or other chemotherapy for other conditions should receive entecavir 
0.5 mg/day, tenofovir disoproxil fumarate 245 mg/day, or tenofovir alafenamide 
25 mg/day during therapy and for 12 months after its cessation as prophylaxis 
against reactivation of hepatitis B.

The goals of therapy are to suppress HBV replication, reduce the histologic 
activity of chronic hepatitis, and lessen the risk for cirrhosis and hepatocel-
lular carcinoma.3 HBV infection cannot be completely eradicated because of 
the persistence of covalently closed circular DNA (cccDNA) in the nucleus of 
infected hepatocytes. As a result, therapy attempts to reduce HBV DNA levels 
as much as possible—ideally, below the limit of detection of real-time PCR 
or TMA assays (10 to 15 IU/mL)—to ensure a degree of viral suppression that 
will lead to biochemical remission, histologic improvement, and prevention of  
complications.

PREVENTION AND TREATMENT 
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 PROGNOSIS
Every year, approximately 0.5% of inactive HBsAg carriers spontaneously lose 
HBsAg, and most of them acquire anti-HBs antibodies. Reactivations are 
possible in inactive HBV carriers, especially if they become immunosuppressed, 
such as when they are treated for other conditions with corticosteroids, ritux-
imab, or other chemotherapeutic agents. HBV reactivations often evolve into 
a subfulminant or fulminant form.

The risk of cirrhosis (Chapter 144) in chronic hepatitis B is 2 to 10% per 
year, and it is significantly associated with a higher HBV DNA level, older 
age, alcohol consumption, coinfection with other hepatotropic viruses, and 
coinfection with human immunodeficiency virus (HIV). The cumulative 
incidence of liver decompensation is about 15 to 20% at 5 years in patients 
with compensated cirrhosis. The complications of cirrhosis, including hepa-
tocellular carcinoma, are among the main causes of mortality in HBV-infected 
patients, and the annual incidence of death is about 3 to 4%. In patients who 
are treated with long-term entecavir/tenofovir, however, 8-year survival is 
now similar to the general population.4

The likelihood of developing hepatocellular carcinoma (Chapter 186) is 
approximately 1% per year in patients without cirrhosis and 2 to 8% per year 
in those with cirrhosis, and it is significantly associated with a higher HBV 
DNA level, male sex, old age, reversion from anti-HBe–positive to HBeAg-
positive, and coinfection with other hepatotropic viruses. HBV carriers at risk 
for hepatocellular carcinoma should be screened every 6 to 12 months, with 
an ultrasound examination and an α-fetoprotein level.

Liver histology, including necroinflammation and fibrosis, improves in 
patients who have chronic hepatitis B, who are on long-term nucleoside/
nucleotide analogue therapy, and who maintain low HBV DNA levels. In 
addition, the risks of developing cirrhosis, of decompensation of cirrhosis, 
and of hepatocellular carcinoma are significantly reduced but not eliminated 
as compared with untreated patients, especially patients who already have 
cirrhosis or have a family history of hepatocellular carcinoma.

 CHRONIC HEPATITIS C

 EPIDEMIOLOGY
HCV, which is present on all continents, is estimated to cause chronic infec-
tion in approximately 71 million individuals. The prevalence of chronic HCV 
infection, which varies geographically, is estimated to be about 1.0% in the 
United States (affecting 3.5 million individuals), 1.0% in the Americas overall, 
1.5% in Europe, and 1.0% in Southeast Asia, Africa, and the Western Pacific 
region. The highest prevalence is in Egypt (9% overall, but up to 40% in certain 
rural areas), where infection was initially spread by intramuscular injections 
for schistosomiasis during treatment campaigns several decades ago. Hepatitis 
C virus causes more deaths in the United States than does HIV, as most cases 
remain undiagnosed, and it causes approximately 400,000 deaths per year 
worldwide.

 PATHOBIOLOGY
Acute HCV infection evolves into chronic infection in 50 to 80% of cases 
depending on the age at acquisition (children versus adults, respectively). 
Even patients who spontaneously recover and maintain detectable anti-HCV 
antibodies are not protected against reinfection. Persistence of infection is 
related to a qualitatively and quantitatively altered CD4+ T-helper cell and 
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FIGURE 140-1. Liver biopsies in patients with chronic hepatitis C. A, lymphoid nodule with germinal center; minimal interface hepatitis (hematein-eosin, magnification 200×).  
B, mild fibrosis, metavir score F1 (picrosirius-hemalun, magnification 100×). C, extensive fibrosis, metavir score F3 (picrosirius-hemalun, magnification 20×). (Courtesy prof. elie-serge 
Zafrani, department of pathology, henri mondor hospital, Créteil, France.)

TABLE 140-3 RESULTS OF MAJOR STUDIES FOR THE TREATMENT OF HBeAg-POSITIVE CHRONIC HEPATITIS B AT 6 MONTHS 
FOLLOWING 48 OR 52 WEEKS OF PEGYLATED IFN-α (PEGIFN-α) AND AT 48 OR 52 WEEKS OF NUCLEOSIDE/
NUCLEOTIDE ANALOGUE THERAPY

PLACEBO/CONTROL 
GROUPS

PegIFN-α NUCLEOSIDE/NUCLEOTIDE ANALOGUE

PegIFN-α2a
180 µg ONCE 

WEEKLY

PegIFN-α2b
100 µg ONCE 

WEEKLY
ENTECAVIR

0.5 mg DAILY

TENOFOVIR DISOPROXIL 
FUMARATE

245 mg DAILY

TENOFOVIR 
ALAFENAMIDE

25 mg DAILY
HBe seroconversion 4-6% 32% 29% 21% 21% 10%
HBV DNA <60-80 IU/mL 0-17%* 14% 7% 67% 76% 64%‡

ALT normalization† 7-24% 41% 32% 68% 68% 72%
HBsAg loss 0-1% 3% 7% 2% 3% 1%
Modified from: EASL 2017 clinical practice guidelines on the management of hepatitis B virus infection. J Hepatol. 2017;67:370-398.
*HBV DNA levels were assessed with various molecular assays, with different lower limits of detection.
†The definition of ALT normalization varied among different trials.
‡The lower limit of HBV DNA detection/quantification was different across studies (<29 IU/mL for tenofovir alafenamide studies).
Ag = antigen; ALT = alanine aminotransferase; HBe = hepatitis B e; HBs = hepatitis B surface; HBV = hepatitis B virus; IFN = interferon.

Two different types of drugs for the treatment of chronic hepatitis B are 
pegylated interferon-α (IFN-α) and nucleoside/nucleotide analogues. Pegylated 
IFN-α2a, administered subcutaneously at a dose of 180 µg/week for 48 weeks, 
improves various markers of HBV infection in both HBeAg-positive (Table 140-3) 
and HBeAg-negative (Table 140-4) patients. Pegylated IFN-α2b (1.5 µg/kg) is 
very similar to IFN-α2a and is used by many liver experts, although it is not 
currently approved for HBV. The most frequent side effects of IFN-α are flulike 
symptoms after the injections, fatigue, anorexia, weight loss, and alopecia. The 
most concerning side effects are neutropenia, thrombocytopenia, anxiety, 
irritability, depression, and suicidal ideation.

Nucleoside analogues (e.g., entecavir) require triple phosphorylation to be 
active, whereas nucleotide analogues (e.g., tenofovir) need only two phos-
phorylations to be active. These drugs are given orally (PO) once daily at the 
following dosages: 0.5 mg for entecavir, 245 mg for tenofovir administered as 
the pro-drug tenofovir disoproxil fumarate, or 25 mg for tenofovir adminis-
tered as the pro-drug tenofovir alafenamide. All have short-term benefits on 
various markers of HBV infection in HBeAg-positive (see Table 140-3) and HBeAg-
negative (see Table 140-4) patients. Entecavir and tenofovir are used because 
they are the most potent inhibitors of HBV replication, A1 

,
 A2 

,
 A3  and they are the 

least likely to select for resistant HBV variants. These drugs are generally well 

tolerated. Renal impairment and decreases in mineral bone density are rarely 
seen with tenofovir disoproxil fumarate; these side effects are not observed 
with tenofovir alafenamide because the active compound is concentrated in  
the liver.

Patients should be considered for treatment when their HBV DNA levels 
are greater than 2000 IU/mL and/or their serum ALT levels are abnormal if 
liver biopsy or noninvasive assessment shows moderate to severe active 
necroinflammation, fibrosis, or both. Patients with an HBV DNA level above 
20,000 IU/mL and ALT above 2 times the upper limit of normal should be 
treated regardless of the degree of fibrosis. Indications for treatment must 
also take into account the patient’s age and health status and the availability of 
antiviral agents in individual countries. Patients in the immune tolerant phase 
and those with mild hepatitis on liver biopsy (or noninvasive markers) should 
not be treated, but follow-up ALT levels and HBV DNA assays are mandatory. 
Patients with compensated cirrhosis and detectable HBV DNA should be treated 
even if their ALT levels are normal, their HBV DNA levels are below 2000 IU/
mL, or both. Patients with decompensated cirrhosis require urgent antiviral  
treatment.

Two treatment strategies can be considered: a 48-week course of pegylated 
IFN-α or long-term oral treatment with nucleoside/nucleotide analogues. Their 
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 PROGNOSIS
Every year, approximately 0.5% of inactive HBsAg carriers spontaneously lose 
HBsAg, and most of them acquire anti-HBs antibodies. Reactivations are 
possible in inactive HBV carriers, especially if they become immunosuppressed, 
such as when they are treated for other conditions with corticosteroids, ritux-
imab, or other chemotherapeutic agents. HBV reactivations often evolve into 
a subfulminant or fulminant form.

The risk of cirrhosis (Chapter 144) in chronic hepatitis B is 2 to 10% per 
year, and it is significantly associated with a higher HBV DNA level, older 
age, alcohol consumption, coinfection with other hepatotropic viruses, and 
coinfection with human immunodeficiency virus (HIV). The cumulative 
incidence of liver decompensation is about 15 to 20% at 5 years in patients 
with compensated cirrhosis. The complications of cirrhosis, including hepa-
tocellular carcinoma, are among the main causes of mortality in HBV-infected 
patients, and the annual incidence of death is about 3 to 4%. In patients who 
are treated with long-term entecavir/tenofovir, however, 8-year survival is 
now similar to the general population.4

The likelihood of developing hepatocellular carcinoma (Chapter 186) is 
approximately 1% per year in patients without cirrhosis and 2 to 8% per year 
in those with cirrhosis, and it is significantly associated with a higher HBV 
DNA level, male sex, old age, reversion from anti-HBe–positive to HBeAg-
positive, and coinfection with other hepatotropic viruses. HBV carriers at risk 
for hepatocellular carcinoma should be screened every 6 to 12 months, with 
an ultrasound examination and an α-fetoprotein level.

Liver histology, including necroinflammation and fibrosis, improves in 
patients who have chronic hepatitis B, who are on long-term nucleoside/
nucleotide analogue therapy, and who maintain low HBV DNA levels. In 
addition, the risks of developing cirrhosis, of decompensation of cirrhosis, 
and of hepatocellular carcinoma are significantly reduced but not eliminated 
as compared with untreated patients, especially patients who already have 
cirrhosis or have a family history of hepatocellular carcinoma.

 CHRONIC HEPATITIS C

 EPIDEMIOLOGY
HCV, which is present on all continents, is estimated to cause chronic infec-
tion in approximately 71 million individuals. The prevalence of chronic HCV 
infection, which varies geographically, is estimated to be about 1.0% in the 
United States (affecting 3.5 million individuals), 1.0% in the Americas overall, 
1.5% in Europe, and 1.0% in Southeast Asia, Africa, and the Western Pacific 
region. The highest prevalence is in Egypt (9% overall, but up to 40% in certain 
rural areas), where infection was initially spread by intramuscular injections 
for schistosomiasis during treatment campaigns several decades ago. Hepatitis 
C virus causes more deaths in the United States than does HIV, as most cases 
remain undiagnosed, and it causes approximately 400,000 deaths per year 
worldwide.

 PATHOBIOLOGY
Acute HCV infection evolves into chronic infection in 50 to 80% of cases 
depending on the age at acquisition (children versus adults, respectively). 
Even patients who spontaneously recover and maintain detectable anti-HCV 
antibodies are not protected against reinfection. Persistence of infection is 
related to a qualitatively and quantitatively altered CD4+ T-helper cell and 

TABLE 140-4 RESULTS OF MAJOR STUDIES FOR THE TREATMENT OF HBeAg-NEGATIVE CHRONIC HEPATITIS B AT 6 MONTHS 
FOLLOWING 48 WEEKS OF PEGYLATED IFN-α (PEGIFN-α) AND AT 48 OR 52 WEEKS OF NUCLEOSIDE/NUCLEOTIDE 
ANALOGUE THERAPY

PLACEBO/CONTROL 
GROUPS

PegIFN-α NUCLEOSIDE/NUCLEOTIDE ANALOGUE

PegIFN-α2a
180 µg ONCE WEEKLY

ENTECAVIR
0.5 mg DAILY

TENOFOVIR 
DISOPROXIL FUMARATE

245 mg DAILY

TENOFOVIR 
ALAFENAMIDE
25 mg DAILY

HBV DNA <60-80 IU/mL 0-20%* 19% 90% 93% 94%‡

ALT normalization† 10-29% 59% 78% 76% 83%
HBsAg loss 0% 4% 0% 0% 0%
Modified from: EASL 2017 clinical practice guidelines on the management of hepatitis B virus infection. J Hepatol. 2017;67:370-398.
*HBV DNA levels were assessed with various molecular assays, with different lower limits of detection.
†The definition of ALT normalization varied among different trials.
‡The lower limit of HBV DNA detection/quantification was different across studies (<29 IU/mL for tenofovir alafenamide studies).
Ag = antigen; ALT = alanine aminotransferase; HBe = hepatitis B e; HBs = hepatitis B surface; HBV = hepatitis B virus; IFN = interferon.

combined use does not seem to improve the rate of sustained virologic response 
after treatment.

Pegylated IFN-α can provide a sustained virologic response, defined as a 
sustained HBe seroconversion (clearance of HBeAg, which is replaced by anti-
HBe antibodies) and an HBV DNA level that remains below 2000 IU/mL after a 
48-week course of treatment; an ALT flare can be observed at the time of HBeAg 
loss in patients in whom treatment is successful. Pegylated IFN-α treatment 
can be considered as an initial treatment option in patients with mild to moder-
ate HBeAg-positive or -negative chronic hepatitis B. Practically, it should be 
reserved for patients with the best chance of a sustained virologic response 
off treatment—HBeAg-positive patients with high baseline ALT levels (more 
than three times the upper limit of normal) and HBV DNA levels below 2.106 
IU/mL. Pegylated IFN-α therapy is contraindicated in patients with advanced 
cirrhosis and in immunosuppressed patients. Patients infected with HBV geno-
types A and B generally respond better to IFN-α therapy than do patients 
infected with genotypes C and D, but the predictive value of the HBV genotype 
for an individual patient is weak. Patients who fail to achieve a sustained viro-
logic response after a single course of pegylated IFN-α are candidates for 
nucleoside/nucleotide analogue therapy.

Long-term treatment with nucleoside/nucleotide analogues is indicated in 
the majority of patients with chronic hepatitis B. Tenofovir (available as tenofovir 
disoproxil fumarate or tenofovir alafenamide) or entecavir, which are the most 
potent drugs with an optimal resistance profile, are recommended as first-line 
monotherapies. HBV DNA should be suppressed to undetectable levels (<10 
to 15 IU/mL) with a sensitive real-time PCR-based or TMA-based assay. If the 
HBV DNA level is reduced but still detectable in a compliant patient, the other 
agent may be added; however, the long-term safety of combined tenofovir 
and entecavir is unknown. When HBeAg-positive patients seroconvert to anti-
HBe antibody-positive or HBeAg-negative patients lose their HBsAg (with or 
without anti-HBs seroconversion), treatment should be continued for at least 
an additional 12 months. In all other cases, treatment should be continued for 
life and adherence is particularly important.

Virologic breakthroughs—defined by a subsequent increase of the HBV DNA 
level of 1 log or more above the nadir level—in patients receiving entecavir or 
tenofovir are exclusively a result of nonadherence. Virologic breakthrough is 
generally followed a few weeks later by a biochemical breakthrough in which 
a previously normal ALT level rises above normal. In a patient who develops 
resistance to any nucleoside/nucleotide analogue other than entecavir or teno-
fovir, switching to tenofovir (either tenofovir disoproxil fumarate or tenofovir 
alafenamide) and possibly adding entecavir are the only efficient strategies, 
although the long-term safety of the combination of tenofovir and entecavir 
is not known. In patients with lamivudine, telbivudine, or entecavir resistance, 
treatment should be switched to tenofovir. Patients who have resistance to 
adefovir should be switched to tenofovir, and entecavir should be added if 
HBV DNA plateaus. Patients with multidrug resistance should receive the com-
bination of tenofovir and entecavir. The combination of tenofovir and emtric-
itabine, a nucleoside analogue similar to lamivudine, in a single tablet (approved 
for HIV but not for HBV therapy) is also a valid option in cases of resistance to 
any of these drugs.

In patients with cirrhosis, nucleoside/nucleotide analogue therapy is the 
only option. In patients with decompensated disease, efficient antiviral treat-
ment with entecavir or tenofovir most often stabilizes the patient’s condition 
and can also delay or obviate the need for liver transplantation. If transplanta-
tion is needed, post-transplant administration of anti-HBV immunoglobulins 
in combination with entecavir or tenofovir prevents recurrent HBV in the vast 
majority of cases. Patients with a low risk of recurrence can discontinue anti-
HBV immunoglobulins but should continue monoprophylaxis with entecavir 
or tenofovir.
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 DIAGNOSIS
Chronic HCV infection is defined by the persistence of HCV RNA for more 
than 6 months. Chronic hepatitis C is diagnosed by the simultaneous presence 
of anti-HCV antibodies and HCV RNA. Detectable HCV replication in the 
absence of anti-HCV antibodies is observed almost exclusively in patients 
who are profoundly immunosuppressed, on hemodialysis, or agammaglobu-
linemic. The strategy for HCV screening varies in different areas according 
to the local prevalence. In the United States, screening for HCV is recom-
mended in high-risk individuals, and one-time screening is recommended in 
all persons born between 1945 and 1965 (Chapter 12). Rapid diagnostic tests 
using fingerstick whole blood or saliva, as well as fingerstick whole blood 
sampled on dried blood spots, can improve access to screening. The level of 
HCV replication does not correlate with the severity of liver disease or with 
the risk for progression to cirrhosis or hepatocellular carcinoma.

The HCV genotype, which has important therapeutic implications, should 
be determined. Laboratory testing often reveals high levels of monoclonal 
rheumatoid factor and cryoglobulins.

cytotoxic T lymphocyte response that fails to eradicate infection. The plasticity 
of the viral genomes is responsible for the coexistence of closely related but 
genetically different viral populations in equilibrium in the patient’s replicative 
environment. This genetic diversity allows continuously generated variant viral 
populations to be selected by timely changes in the replicative environment.

Chronic HCV infection is responsible for necroinflammatory lesions of 
varying severity, sometimes associated with steatosis, which is the accumula-
tion of triglycerides in hepatocytes. HCV is not a cytopathic virus. Liver injury 
in chronic hepatitis C is related to the action of immune effectors that recognize 
and kill infected hepatocytes that express HCV antigens at their surface and 
the local production of various cytokines and chemokines. Chronic inflam-
mation triggers fibrogenesis through the activation of hepatic stellate cells. 
Fibrosis progresses at nonlinear rates that are generally faster in older patients, 
in males, and in the presence of chronic alcohol intake, viral coinfections, or 
immunosuppression. The severity of chronic hepatitis is independent of the 
HCV RNA level and of the HCV genotype. This chronic inflammation and 
progression of fibrosis predispose patients to cirrhosis (Chapter 144), which 
is present in approximately 20% of HCV-infected patients, and hepatocellular 
carcinoma (Chapter 186), which occurs at an incidence rate of 1 to 5% per 
year in patients with cirrhosis.

 CLINICAL MANIFESTATIONS
Acute hepatitis C (Chapter 139) is most often asymptomatic and therefore 
undiagnosed. The most common symptom associated with chronic HCV 
infection is fatigue, but it may remain inapparent for years. ALT levels are 
usually moderately elevated and fluctuate, but they can remain normal for 
weeks to months despite active hepatitis on liver biopsy. Moderate cholestasis 
can be present in patients with cirrhosis. Patients with cirrhosis (Chapter 
144), hepatocellular carcinoma (Chapter 186), or both have the typical signs 
associated with these conditions.

HCV is the main cause of type II and type III mixed cryoglobulinemia 
(Chapter 178). Low levels of circulating cryoglobulins, which contain HCV 
RNA, anti-HCV antibodies, rheumatoid factor, and low levels of complement, 
can be found in 50 to 70% of cases, whereas elevated rheumatoid factor (Chapter 
248) is found in 70% of cases. Fewer than 1% of HCV-infected patients develop 
symptoms of cryoglobulinemic vasculitis (Chapter 254), including fatigue, 
myalgias, arthralgias, rash (purpura, hives, leukocytoclastic vasculitis), neu-
ropathy, and membranoproliferative glomerulonephritis. Cryoglobulinemia 
can be severe and lead to end-stage renal disease or severe neuropathies, and 
long-term cryoglobulinemia has been linked to non–Hodgkin B-cell lympho-
mas (Chapter 176).

Low titers of antinuclear and anti–smooth muscle antibodies can be found 
in HCV-infected patients, but they do not have any clinical significance. HCV 
has been reported to trigger the symptoms of porphyria cutanea tarda (Chapter 
199), and an association with lichen planus (Chapter 409) has been suggested.

After successful anti-HCV therapy, the risk of hepatocellular carcinoma is 
eliminated for patients who do not have cirrhosis or other causes of liver 
disease. The risk is considerably reduced but not eliminated in patients with 
cirrhosis, especially in the presence of other causes of liver disease.11 Late 
relapses in patients who have achieved a sustained virologic response are most 
often reinfections in individuals with high-risk practices.

 CHRONIC HEPATITIS D

 EPIDEMIOLOGY
HDV infection occurs only in HBsAg carriers. Only approximately 2% of 
patients acutely coinfected with HDV and HBV develop chronic hepatitis D. 
In chronic HBV carriers superinfected by HDV, however, 90% of patients 
become chronic HDV carriers.

 CLINICAL MANIFESTATIONS
Chronic hepatitis D is generally severe, with more than 80% of patients devel-
oping cirrhosis. Compared with patients who have chronic hepatitis B alone, 
patients with chronic infection with both HBV and HDV are three times as 
likely to develop hepatocellular carcinoma and twice as likely to die.

 DIAGNOSIS
Markers of HDV infection should be sought at least once in every chronic 
HBsAg carrier. Total anti-HD antibodies remain at high levels in chronic HDV 
infection, and HDV RNA is present. Although all chronic HDV carriers also 
are chronic HBsAg carriers, chronic HDV carriers generally have low or unde-
tectable HBV DNA levels because HDV inhibits HBV replication.

Chronic HCV infection is curable by antiviral therapy. A4  The goal of therapy 
is to achieve a sustained virologic response, defined by undetectable HCV RNA 
at 12 to 24 weeks after the end of therapy using a sensitive HCV RNA assay 
with a lower limit of detection of 10 to 20 IU/mL.5 Sustained virologic response 
corresponds to a definitive cure of infection.6

All treatment-naïve and previously treated patients with persistent HCV 
infection should be treated, regardless of the severity of liver disease or extra-
hepatic manifestations, except in highly unusual situations in which they have 
contraindications to available oral anti-HCV drugs.7 Noninvasive assessment of 
liver fibrosis prior to therapy is required to identify patients with advanced 
fibrosis and cirrhosis who will need post-treatment follow-up for the possible 
development of hepatocellular carcinoma. Careful assessment of drug-drug 
interactions is also required prior to initiating therapy (www.hep-druginteractions 
.org).

Treatment regimens are based on combinations of orally administered 
antiviral drugs (Chapter 336), which provide a sustained virologic response in 
more than 95% of patients. Anti-HCV drugs belong to four classes, including 
nucleotide analogues (sofosbuvir), protease inhibitors (paritaprevir, glecaprevir, 
grazoprevir, voxilaprevir), NS5A inhibitors (daclatasvir, ledipasvir, ombitasvir, 
velpatasvir, elbasvir, pibrentasvir), and a non-nucleoside inhibitor of the HCV 
polymerase (dasabuvir). These medications, which are available as standalone 
drugs (sofosbuvir, daclatasvir, dasabuvir) or as one-pill fixed-dose combinations 
of two or three drugs (Table 140-5), are safe and well-tolerated, with headache 
and fatigue as the most frequently reported side effects. Generic formulations 
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TABLE 140-5 INTERFERON-FREE TREATMENT OPTIONS FOR PATIENTS WITH CHRONIC HCV INFECTION, BY GENOTYPE*
DRUG REGIMEN† GENOTYPE 1A GENOTYPE 1B GENOTYPE 2 GENOTYPE 3 GENOTYPE 4 GENOTYPE 5 GENOTYPE 6
Sofosbuvir 400 mg/Velpatasvir 100 mg 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks
Glecaprevir 100 mg/Pibrentasvir 40 mg‡ 8-12 weeks 8-12 weeks 8-12 weeks 8-16 weeks 8-12 weeks 8-12 weeks 8-12 weeks
Sofosbuvir 400 mg/Velpatasvir 100 mg/

Voxilaprevir 100 mg§
12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks

Sofosbuvir 400 mg + Daclatasvir 60 mg 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks
Sofosbuvir 400 mg/Ledipasvir 90 mg 8-12 weeks¶** 8-12 weeks** No No 12 weeks 12 weeks 12 weeks
Grazoprevir 100 mg/Elbasvir 50 mg 12-16 weeks†† 8-12 weeks** No No 12-16 weeks** No No
Ombitasvir 12.5 mg/Paritaprevir 75 mg/

Ritonavir 50 mg + Dasabuvir 250 mg||
12-24 weeks‡‡ 8-12 weeks** No No No No No

Ombitasvir 12.5 mg/Paritaprevir 75 mg/
Ritonavir 50 mg||

No No No No 12 weeks No No

*The choice and duration of therapy depend on liver disease (advanced fibrosis or cirrhosis versus mild to moderate fibrosis) and prior exposure to pegylated interferon-α and ribavirin and/or oral antiviral 
drugs
†Except when indicated, the dosage is one tablet once daily.
‡Three tablets once daily.
§Reserved for first-line treatment of patients infected with genotype 3 with cirrhosis and for retreatment of patients previously exposed to oral anti-HCV drugs, in particular nonstructural protein 5A (NS5A) 
inhibitors.
||Ombitasvir/paritaprevir/ritonavir is two tablets once daily, dasabuvir is one tablet twice daily.
¶Should be used for 12 weeks with 1000 mg ribavirin for patients <75 kg, 1200 mg ribavirin for patients ≥75 kg in genotype 1a patients previously exposed to Peg-IFN-α and ribavirin.
**Treatment can be shortened to 8 weeks in patients without cirrhosis.
††Should be used for 16 weeks with 1000 mg ribavirin for patients <75 kg, 1200 mg ribavirin for patients ≥75 kg in genotype 1a and 4 patients with HCV RNA >800,000 IU/mL.
‡‡Should be used for 12 weeks in noncirrhotic patients, 24 weeks in cirrhotic patients with 1000 mg ribavirin for patients <75 kg, 1200 mg ribavirin for patients ≥75 kg in genotype 1a patients.

TREATMENT 

 PROGNOSIS
Spontaneous HCV clearance in patients with chronic hepatitis C is exceptional. 
The HCV RNA level has no prognostic value in chronic hepatitis C. An esti-
mated 20% of patients with chronic hepatitis C develop cirrhosis (Chapter 
144) after an average of 20 years of progression in the absence of therapy. 
Cirrhosis remains compensated for many years in the vast majority of patients, 
but decompensation occurs at an annual rate of 2 to 5% in cirrhotic patients. 
After a first decompensation, the mortality rate related to portal hypertension, 
hepatocellular insufficiency, and hepatocellular carcinoma is 10% per year, 
with a 50% survival rate at 5 years. The risk for death increases with advancing 
age, male gender, and the severity of cirrhosis.

Hepatocellular carcinoma (Chapter 186) is rare in patients with chronic 
hepatitis C without cirrhosis. In patients with cirrhosis, the incidence of hepa-
tocellular carcinoma is 2 to 4% per year, most often in patients with compen-
sated cirrhosis. HCV has become the most common cause of hepatocellular 
carcinoma in most industrialized countries.

 PREVENTION
Chronic HDV infection is best prevented by HBV vaccination, because indi-
viduals who are protected against HBV cannot be infected with HDV. In 
chronic HBsAg carriers, standard hygiene and behavioral precautions should 
be practiced to avoid superinfection with HDV. Once acute HDV infection 
occurs, no secondary prevention strategy is successful.

 CHRONIC HEPATITIS E
HEV infection is usually an acute self-limiting disease, but in developed coun-
tries it causes chronic infection with rapidly progressive cirrhosis in organ 
transplant recipients, patients with hematologic malignancies that require 
chemotherapy, and immunosuppressed HIV-infected individuals, either from 
a latent virus reactivated by immunosuppression or from a virus transmitted 
at the time of transplantation. Almost all cases of chronic infection have been 
in immunosuppressed patients.13 About one in 3,000 blood donors in England 
are HEV-RNA-positive, even though they are usually seronegative despite 
their viremia, and can transmit the infection to more than 40% of the recipients 
of their blood products.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Diagnosis of acute hepatitis E is based on the detection of anti-HEV IgM 
antibodies. HEV RNA also can be detected in blood or feces, where its pres-
ence is transient. Immunosuppressed patients, such as solid organ transplant 
recipients, with chronic hepatitis E harbor repeatedly positive anti-HEV anti-
bodies and HEV RNA in blood.

TREATMENT AND PREVENTION 
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After successful anti-HCV therapy, the risk of hepatocellular carcinoma is 
eliminated for patients who do not have cirrhosis or other causes of liver 
disease. The risk is considerably reduced but not eliminated in patients with 
cirrhosis, especially in the presence of other causes of liver disease.11 Late 
relapses in patients who have achieved a sustained virologic response are most 
often reinfections in individuals with high-risk practices.

 CHRONIC HEPATITIS D

 EPIDEMIOLOGY
HDV infection occurs only in HBsAg carriers. Only approximately 2% of 
patients acutely coinfected with HDV and HBV develop chronic hepatitis D. 
In chronic HBV carriers superinfected by HDV, however, 90% of patients 
become chronic HDV carriers.

 CLINICAL MANIFESTATIONS
Chronic hepatitis D is generally severe, with more than 80% of patients devel-
oping cirrhosis. Compared with patients who have chronic hepatitis B alone, 
patients with chronic infection with both HBV and HDV are three times as 
likely to develop hepatocellular carcinoma and twice as likely to die.

 DIAGNOSIS
Markers of HDV infection should be sought at least once in every chronic 
HBsAg carrier. Total anti-HD antibodies remain at high levels in chronic HDV 
infection, and HDV RNA is present. Although all chronic HDV carriers also 
are chronic HBsAg carriers, chronic HDV carriers generally have low or unde-
tectable HBV DNA levels because HDV inhibits HBV replication.

Pegylated IFN-α2a (180 µg once weekly) or pegylated IFN-α2b (1.5 µg/kg 
once weekly) for 48 weeks is the only proven antiviral therapy for chronic HDV 
infection. A22  The virologic response rate is approximately 50% on treatment,12 
but only about 25% of patients have undetectable HDV RNA 24 weeks after 
treatment. Longer treatment duration may increase the virologic response rates.

TREATMENT 

of HCV drugs are available in low- and middle-income countries and can be 
used, provided that quality controls are met and guaranteed by the provider.

Treatment of chronic hepatitis C is guided by the patient’s HCV genotype, 
the presence of compensated or decompensated cirrhosis, and prior exposure 
to pegylated IFN-α and ribavirin or to oral anti-HCV drugs. Patients infected 
with HCV can be treated with one of 7 regimens8,9 (Table 140-5): the one-pill, 
fixed-dose combination of sofosbuvir and ledipasvir A5-A7 ; the fixed-dose com-
bination of paritaprevir boosted by ritonavir and ombitasvir, with or without 
dasabuvir A8-A10 ; the combination of sofosbuvir and daclatasvir A11 ; the fixed-dose 
combination of grazoprevir and elbasvir; A12  and two more recently approved 
pangenotypic (i.e., active against all HCV genotypes) fixed-dose combinations—
sofosbuvir/velpatasvir A13-A15  and glecaprevir/pibrentasvir. A16-A19 

When available, the pangenotypic combinations (sofosbuvir/velpatasvir or 
glecaprevir/pibrentasvir) should be preferred as first-line treatment options, 
regardless of the HCV genotype, because of their efficacy, safety, and tolerability, 
as well as because they can be used without ribavirin. Sofosbuvir/velpatasvir 
should be administered for 12 weeks in patients with chronic hepatitis C without 
cirrhosis or with compensated cirrhosis. The addition of weight-based ribavirin 
(1000 mg for patients <75 kg, 1200 mg for patients ≥75 kg) or the use of the 
triple combination of sofosbuvir, velpatasvir, and voxilaprevir is recommended 
for patients who are infected with HCV genotype 3 with compensated cirrhosis. 
For patients who do not have a sustained virologic response after treatment 
with oral anti-HCV drug regimens, retreatment with the triple combination of 
sofosbuvir, velpatasvir, and voxilaprevir for 12 weeks can provide a high rate of 
sustained virologic response for all HCV genotypes. A20  If the latter combination is 
not available, other retreatment regimens include the combination of sofosbuvir 
and grazoprevir/elbasvir or the combination of sofosbuvir and grazoprevir/
elbasvir. These various recommended regimens are specified in Table 140-5.

With currently available oral anti-HCV drug regimens, ribavirin is no longer 
needed in most patients. When ribavirin is indicated but cannot be used because 
of contra-indications (anemia, significant coronary or cerebrovascular disease, 
or renal insufficiency) or poor tolerance, 24 weeks of treatment without ribavirin 
is recommended. Because ribavirin is teratogenic, it is essential that adequate 
contraception be practiced during therapy and for at least 6 months thereafter 
in both men and women.

Because the risk of advanced liver disease is significantly increased in patients 
with other coexisting causes of liver disease, patients with chronic hepatitis C 
should abstain from alcohol and, unless there are other contraindications, should 
be vaccinated for hepatitis A and B (Chapter 15).

Patients Coinfected with HIV
Patients with coexisting HIV infection should be considered like non-HIV 

coinfected patients in terms of treatment indications and virologic response 
to therapy. The only difference to take into account is potential drug-drug 
interactions with antiretroviral drugs. A21 

Patients with Decompensated Cirrhosis or Recurrent 
HCV after Liver Transplantation

In patients with decompensated cirrhosis, protease inhibitors are contrain-
dicated, so these patients should be treated with the combination of sofos-
buvir plus velpatasvir (all genotypes) or the combination of sofosbuvir plus 
ledipasvir (genotypes 1, 4, 5 or 6) with weight-based ribavirin. For patients 
who have decompensated cirrhosis with an indication for liver transplantation 
(Chapter 145), those with a Model for End-Stage Liver Disease (MELD; Table 
144-2) score below approximately 20 are likely to benefit from curing HCV 
prior to transplantation. In patients with more severe liver disease (MELD score 
>20), transplant followed by treatment of graft reinfection with sofosbuvir and 
velpatasvir (all genotypes) or with sofosbuvir and ledipasvir (genotypes 1, 4, 
5 or 6)10 is recommended.

 PROGNOSIS
Spontaneous HCV clearance in patients with chronic hepatitis C is exceptional. 
The HCV RNA level has no prognostic value in chronic hepatitis C. An esti-
mated 20% of patients with chronic hepatitis C develop cirrhosis (Chapter 
144) after an average of 20 years of progression in the absence of therapy. 
Cirrhosis remains compensated for many years in the vast majority of patients, 
but decompensation occurs at an annual rate of 2 to 5% in cirrhotic patients. 
After a first decompensation, the mortality rate related to portal hypertension, 
hepatocellular insufficiency, and hepatocellular carcinoma is 10% per year, 
with a 50% survival rate at 5 years. The risk for death increases with advancing 
age, male gender, and the severity of cirrhosis.

Hepatocellular carcinoma (Chapter 186) is rare in patients with chronic 
hepatitis C without cirrhosis. In patients with cirrhosis, the incidence of hepa-
tocellular carcinoma is 2 to 4% per year, most often in patients with compen-
sated cirrhosis. HCV has become the most common cause of hepatocellular 
carcinoma in most industrialized countries.

 PREVENTION
Chronic HDV infection is best prevented by HBV vaccination, because indi-
viduals who are protected against HBV cannot be infected with HDV. In 
chronic HBsAg carriers, standard hygiene and behavioral precautions should 
be practiced to avoid superinfection with HDV. Once acute HDV infection 
occurs, no secondary prevention strategy is successful.

 CHRONIC HEPATITIS E
HEV infection is usually an acute self-limiting disease, but in developed coun-
tries it causes chronic infection with rapidly progressive cirrhosis in organ 
transplant recipients, patients with hematologic malignancies that require 
chemotherapy, and immunosuppressed HIV-infected individuals, either from 
a latent virus reactivated by immunosuppression or from a virus transmitted 
at the time of transplantation. Almost all cases of chronic infection have been 
in immunosuppressed patients.13 About one in 3,000 blood donors in England 
are HEV-RNA-positive, even though they are usually seronegative despite 
their viremia, and can transmit the infection to more than 40% of the recipients 
of their blood products.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Diagnosis of acute hepatitis E is based on the detection of anti-HEV IgM 
antibodies. HEV RNA also can be detected in blood or feces, where its pres-
ence is transient. Immunosuppressed patients, such as solid organ transplant 
recipients, with chronic hepatitis E harbor repeatedly positive anti-HEV anti-
bodies and HEV RNA in blood.

There is no validated treatment of chronic HEV infection.14 Ribavirin (600 mg/
day) has been used in small case series. Reducing the level of immunosuppres-
sion can result in viral clearance in approximately one third of patients. Whether 
candidates for transplantation or immunosuppressive therapies should be 
vaccinated to prevent chronic HEV infection remains to be determined.

TREATMENT AND PREVENTION 



 AUTOIMMUNE HEPATITIS
Autoimmune hepatitis is a chronic inflammatory liver disorder characterized 
by the presence of autoantibodies in serum, high levels of serum immuno-
globulins, and a frequent association with other autoimmune diseases.

 EPIDEMIOLOGY AND PATHOBIOLOGY
Autoimmune hepatitis typically manifests between the ages of 15 and 25 years 
or between the ages of 45 and 60 years, and it is more common in women. 
The incidence rate is approximately 1.7 per 100,000 population per year. Along 
with primary biliary cirrhosis (Chapter 146) and primary sclerosing cholangitis 
(Chapter 146), autoimmune hepatitis is one of the three major autoimmune 
liver diseases.

Autoimmune hepatitis is believed to be caused by autoimmune reactions 
against normal hepatocytes in genetically predisposed persons or persons 
exposed to unidentified triggers of an autoimmune process against liver anti-
gens. Associations are seen with the human leukocyte antigen (HLA) class I 
B8 and class II DR3 and DR52a loci. In Asians, autoimmune hepatitis is 
associated with HLA DR4.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Autoimmune hepatitis tends to be more severe at its onset than chronic hepa-
titis B or C, and it progresses to end-stage liver disease if not treated with 
immunosuppression. Although it is occasionally detected by elevated serum 
aminotransferase levels on a routine health evaluation, most patients present 
with fatigue and jaundice.15 Elevations of bilirubin or alkaline phosphatase 
indicate more severe or advanced disease. Patients typically have marked eleva-
tions in serum γ-globulin, specifically immunoglobulin G, as well as autoan-
tibodies directed at non–organ-specific cellular constituents.

Type 1 (classic) autoimmune hepatitis is characterized by the presence 
of titers of 1 : 80 or higher (>1 : 20 in children) of antinuclear, anti–smooth 
muscle, antiactin, and anti-asialoglycoprotein receptor antibodies. Type 2 
autoimmune hepatitis is characterized by similar elevations of anti–liver-
kidney microsomal 1 antibodies and anti–liver cytosol 1 antibodies, without 
antinuclear or anti–smooth muscle antibodies. Liver biopsy shows features that 
are typical of all chronic types of hepatitis, except plasma cell infiltrates. The 
differential diagnosis of autoimmune hepatitis includes drug-induced liver injury  
(Chapter 141).

The clinical symptoms and liver test abnormalities of autoimmune hepa-
titis generally respond promptly to prednisone.16 Induction therapy should 
be based on 0.5 to 1.0 mg/kg/day prednisone or prednisolone. If the initial 
response is good, azathioprine should be added gradually, up to 1.0 to 2.0 mg/
kg/day, starting 2 weeks after steroid initiation, while the steroid dose is gradu-
ally tapered. Mycofenolate mofetil can be used instead of azathioprine if the 
patient is intolerant of it. The dose of immunosuppression should be indi-
vidualized to achieve and maintain normal ALT and immunoglobulin G levels. 
Alternatively, a trial of cyclosporine, tacrolimus, infliximab, methotrexate, or 
cyclophosphamide can be initiated, although the efficacy of these drugs has 
not been proven in clinical trials.17 After 3 years or more of remission, therapy 
can be carefully withdrawn, but severe and even fatal flares can occur weeks to  
months later.

TREATMENT 

 PROGNOSIS
The prognosis is generally related to the histologic stage of the disease. Patients 
who initially respond to therapy may do well for many years. Patients who 
progress to end-stage liver disease require liver transplantation (Chapter 145).18

 CRYPTOGENIC CHRONIC LIVER DISEASE
Cryptogenic chronic liver disease refers to chronic hepatitis or cirrhosis of 
unknown cause after excluding hepatitis B, C, D, and E; autoimmune hepatitis; 
steatohepatitis (Chapter 143); alcoholic liver disease (Chapter 143); drug-
induced hepatitis (Chapter 141); and inherited and metabolic liver diseases 
(Chapter 137). Tests to exclude these conditions include serum levels of 
α1-antitrypsin, iron, and ceruloplasmin and, if necessary, urine and liver copper 
concentrations. In its later stages, nonalcoholic steatohepatitis may be associ-
ated with little or no fat.
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REVIEW QUESTIONS

1. Which of the following viruses can cause chronic hepatitis?
 A. Only hepatitis A virus
 B. Hepatitis B and C viruses
 C. Hepatitis B, C, and D viruses
 D. Hepatitis B, C, D, and E viruses
 E. Hepatitis A, B, C, D, and E viruses

Answer: D Hepatitis A virus never causes chronic infection and related liver 
disease. HBV infection becomes chronic in 95% of infants at birth and in less 
than 1% of adults. HCV infection becomes chronic in approximately 80% of 
cases. HDV infection rarely becomes chronic in cases of coinfection but almost 
systematically becomes chronic in case of superinfection in a chronic HBV 
carrier. HEV infection can become chronic in immunosuppressed patients.

2. Which of the following viruses are the main causes of hepatocellular car-
cinoma (primary liver cancer) worldwide?
 A. Only hepatitis A virus
 B. Hepatitis A and B viruses
 C. Hepatitis B and C viruses
 D. Hepatitis A and C viruses
 E. Hepatitis C and E viruses

Answer: C Because of the prevalence of their chronic infection, their carci-
nogenic properties, and their ability to induce cirrhosis after many years of 
infection, both HBV and HCV currently are the main causes of hepatocellular 
carcinoma, with a predominance of HBV in developing regions and HCV in 
industrialized regions.

3. Which of the following sentences about hepatitis E virus (HEV) is true?
 A. HEV infections are always self-limiting.
 B. Chronic HEV infection occurs exclusively in immunosuppressed patients.
 C. HEV infection cannot be diagnosed biologically.
 D. The treatment of chronic HEV infection is based on antiviral molecules 

active only against HEV.
 E. HEV RNA is never detected in blood.

Answer: B HEV infection is generally self-limiting but may become chronic 
in immunosuppressed patients. It is diagnosed by the presence of anti-HEV 
antibodies, in particular anti-HEV IgM at the acute stage, although HEV RNA 
can be detected in feces and blood. Treatment is based on the use of pegylated 
IFN-α and/or ribavirin, nonspecific antiviral molecules that are also used in 
the treatment of chronic hepatitis B or C.
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141 
TOXIN- AND DRUG-INDUCED 
LIVER DISEASE
WILLIAM M. LEE

 DEFINITION
Toxin-induced and drug-induced hepatotoxicity, defined as any degree of liver 
injury caused by a drug or a toxic substance, is a frequent cause of acute liver 
injury and accounts for more than 50% of all cases of acute liver failure with 
hepatic encephalopathy in the United States. Hepatotoxicity has been described 

with many drugs, although the number of cases is low, given the number of 
prescriptions written.

 EPIDEMIOLOGY
Few data are available on the epidemiology of toxin-induced and drug-induced 
liver disease. Because fewer than 10% of actual cases are reported, the true 
incidence of toxin-induced and drug-induced liver disease may be difficult to 
determine except in relatively closed populations. For example, the incidence 
rate of definite drug-induced acute liver failure is 1.6 per 1 million person-
years, and acetaminophen is by far the leading cause of acute drug-induced 
liver failure in the United States.1 In developing parts of the world, drug-induced 
liver disease is much less common because fewer prescription drugs are used. 
About 20% of diagnosed cases of hepatoxicity may be attributable to herbal 
and dietary supplements.2 In a tertiary medical center, drug-induced liver 
injury accounts for about 10% of cases of severe acute hepatitis.3

 PATHOBIOLOGY
The liver is central to the metabolism of exogenous substances. Most drugs 
and xenobiotics cross the intestinal brush border because they are lipophilic. 
Biotransformation is the process by which lipophilic therapeutic agents are 
rendered more hydrophilic by the liver, resulting in drug excretion in urine 
or bile. In most instances, biotransformation changes a nonpolar to a polar 
compound through several steps. Foremost are oxidative pathways (e.g., 
hydroxylation) mediated by the cytochromes (CYPs) P-450 (Chapter 26). 
The next step is typically esterification to form sulfates and glucuronides, a 
process that results in the addition of highly polar groups to the hydroxyl 
group. These two enzymatic steps are referred to as phase I (CYP oxidation) 
and phase II (esterification). Other important metabolic pathways involve 
glutathione-S-transferase, acetylating enzymes, and alcohol dehydrogenase, 
but the principal metabolic pathways for most pharmacologic agents involve 
CYPs and subsequent esterification.

Pathogenesis
The precise details of the pathogenesis of liver injury are unclear for most 
drugs. A single drug may cause toxic effects in several ways. One overarching 
principle is that high-energy unstable metabolites of the parent drug, the result 
of CYP activation, bind to cell proteins or DNA and disrupt cell function. 
Perhaps the best illustration is acetaminophen. Although used universally for 
non-narcotic pain relief, acetaminophen, when taken in large quantities, causes 
profound centrilobular necrosis. The metabolic pathway of acetaminophen 
involves phase I and phase II reactions, glutathione detoxification, and the 
formation of reactive intermediates (E-Fig. 141-1). The presence of alcohol, 
which competes for CYP P-450 2E1, not only inhibits the formation of 
N-aminoparaquinoneamine (NAPQI) but also induces the enzyme so that 
its half-life is slowed and more enzyme is present. After the cessation of alcohol 
ingestion, NAPQI formation is enhanced by the presence of the induced 
enzyme and the lack of competition from alcohol. Toxicity is a dynamic process 
and may be most pronounced in the 24 hours after the cessation of alcohol. 
Glucuronidation and sulfation occur as the initial detoxifying step because 
the parent compound contains a hydroxyl group. Glucuronidation and sulfa-
tion capacity greatly exceeds daily needs, so even patients with very advanced 
liver disease continue to have adequate glucuronidation capacity, which explains 
why no obvious enhancement of toxicity is observed when cirrhotic patients 
take acetaminophen.

Genetics
Enzyme Polymorphism
Although acetaminophen is a dose-related toxin, the rarity of idiosyncratic 
drug toxicity (1 in 10,000 patients) suggests the importance of environmental 
and host factors (Table 141-1). Genetically variant CYP isoenzymes may 
partially explain the observed individual variation in response to drugs. An 
example is debrisoquine, an antihypertensive drug marketed in Europe that 
is hydroxylated by CYP2D6, an isoform that is totally absent in 5% of normal 
individuals. Lack of CYP2D6 greatly prolongs the half-life of the parent com-
pound in affected individuals. Another example is the phenomenon of fast 
versus slow acetylation, which affects different ethnic groups and has been 
implicated in the differential metabolism of isoniazid. Most of the known 
genetic variants that occur relatively frequently, however, cannot explain the 
formation of a toxic intermediate in only a rare individual.4

Most drugs are small organic compounds, unlikely to evoke an immune 
response. Although some toxic drug reactions are associated with an obvious 
allergic response, most are not. Nevertheless, immune mechanisms not 
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ABSTRACT
Drug-induced liver injury is a possible sequela of nearly any medication and 
is the most frequent reason for the U.S. Food and Drug Administration’s deci-
sion not to approve a new agent. The real-time identification of drug-induced 
liver injury is an uncertain process that begins by excluding other causes and 
then linking the drug to the injury by virtue of its likelihood—in terms of the 
timing of the beginning of ingestion as well as its past track record of causing 
injury. The most frequently implicated drugs are antibiotics and neuroleptics. 
Attempts to identify a specific genomic signature for drug-induced liver injury 
have, to date, had limited success. Following withdrawal of the drug, clinical 
resolution typically occurs, but 10% of patients may develop acute liver failure 
that would be fatal without liver transplantation. Treatments are generally 
nonspecific and supportive, although N-acetylcysteine, the known antidote 
for acetaminophen poisoning, may also have value in nonacetaminophen drug 
injury.
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associated with systemic allergic immunoglobulin E (IgE) reactions or skin 
hypersensitivity might be involved. Studies suggest that the products of CYP 
P-450 metabolism, the highly reactive intermediates formed within the micro-
somes, covalently bind to the enzyme itself to form a drug-hapten adduct 
that disables the enzyme and injures the cell. Haptenization then evokes an 
immune response directed against the newly formed antigen or neoantigen. 
P-450s have been shown to traffic to the plasma membrane, thereby allow-
ing the drug–P-450 adduct to become the target of a subsequent cytolytic 
attack. It is unclear whether the targets are these adducts or the smaller 
peptides processed and presented by the major histocompatibility complex 
class I and class II schemes. The association among neoantigens, autoanti-
bodies, and hepatotoxic drugs implicates an immunologic mechanism, as 
does latency, which is the delay between the first ingestion and evidence  
of toxicity.

Regardless of whether an individual drug causes significant cell necrosis, 
the drug–P-450 adducts can evoke an immune response. Any subsequent 
drug–P-450 adduct present on the hepatocyte surface would evoke a further 
response. Responses may be antibody mediated or occur as a result of direct 
cytolytic attack by primed T cells. Specific genetically determined components 
of the immune response may be important. A specific human leukocyte antigen 
(HLA) haplotype has been associated with hepatitis induced by amoxicillin-
clavulanate, and other polymorphisms encoding for increased susceptibility 
have been identified. However, it is unlikely that a single polymorphism will 
be found for most hepatocellular reactions, even when the phenotype of injury 
is well-characterized, such as for isoniazid. For every patient with a severe 
injury caused by drugs, there are often many more individuals with asymp-
tomatic aminotransferase elevations that subsided despite continuing the 
drug—sometimes referred to as an adaptive response.

Other Mechanisms
In drug-induced cholestasis, disruption of specific transport channels in hepa-
tocytes or cholangiocytes may be the key event. Estrogen or androgenic steroids 
may cause multiple canalicular membrane transport changes that affect, among 
others, the canalicular bile salt pump. For a few drugs, a specific uncoupling 
of mitochondrial respiration may lead to microvesicular steatosis and lactic 
acidosis.

with many drugs, although the number of cases is low, given the number of 
prescriptions written.

 EPIDEMIOLOGY
Few data are available on the epidemiology of toxin-induced and drug-induced 
liver disease. Because fewer than 10% of actual cases are reported, the true 
incidence of toxin-induced and drug-induced liver disease may be difficult to 
determine except in relatively closed populations. For example, the incidence 
rate of definite drug-induced acute liver failure is 1.6 per 1 million person-
years, and acetaminophen is by far the leading cause of acute drug-induced 
liver failure in the United States.1 In developing parts of the world, drug-induced 
liver disease is much less common because fewer prescription drugs are used. 
About 20% of diagnosed cases of hepatoxicity may be attributable to herbal 
and dietary supplements.2 In a tertiary medical center, drug-induced liver 
injury accounts for about 10% of cases of severe acute hepatitis.3

 PATHOBIOLOGY
The liver is central to the metabolism of exogenous substances. Most drugs 
and xenobiotics cross the intestinal brush border because they are lipophilic. 
Biotransformation is the process by which lipophilic therapeutic agents are 
rendered more hydrophilic by the liver, resulting in drug excretion in urine 
or bile. In most instances, biotransformation changes a nonpolar to a polar 
compound through several steps. Foremost are oxidative pathways (e.g., 
hydroxylation) mediated by the cytochromes (CYPs) P-450 (Chapter 26). 
The next step is typically esterification to form sulfates and glucuronides, a 
process that results in the addition of highly polar groups to the hydroxyl 
group. These two enzymatic steps are referred to as phase I (CYP oxidation) 
and phase II (esterification). Other important metabolic pathways involve 
glutathione-S-transferase, acetylating enzymes, and alcohol dehydrogenase, 
but the principal metabolic pathways for most pharmacologic agents involve 
CYPs and subsequent esterification.

Pathogenesis
The precise details of the pathogenesis of liver injury are unclear for most 
drugs. A single drug may cause toxic effects in several ways. One overarching 
principle is that high-energy unstable metabolites of the parent drug, the result 
of CYP activation, bind to cell proteins or DNA and disrupt cell function. 
Perhaps the best illustration is acetaminophen. Although used universally for 
non-narcotic pain relief, acetaminophen, when taken in large quantities, causes 
profound centrilobular necrosis. The metabolic pathway of acetaminophen 
involves phase I and phase II reactions, glutathione detoxification, and the 
formation of reactive intermediates (E-Fig. 141-1). The presence of alcohol, 
which competes for CYP P-450 2E1, not only inhibits the formation of 
N-aminoparaquinoneamine (NAPQI) but also induces the enzyme so that 
its half-life is slowed and more enzyme is present. After the cessation of alcohol 
ingestion, NAPQI formation is enhanced by the presence of the induced 
enzyme and the lack of competition from alcohol. Toxicity is a dynamic process 
and may be most pronounced in the 24 hours after the cessation of alcohol. 
Glucuronidation and sulfation occur as the initial detoxifying step because 
the parent compound contains a hydroxyl group. Glucuronidation and sulfa-
tion capacity greatly exceeds daily needs, so even patients with very advanced 
liver disease continue to have adequate glucuronidation capacity, which explains 
why no obvious enhancement of toxicity is observed when cirrhotic patients 
take acetaminophen.

Genetics
Enzyme Polymorphism
Although acetaminophen is a dose-related toxin, the rarity of idiosyncratic 
drug toxicity (1 in 10,000 patients) suggests the importance of environmental 
and host factors (Table 141-1). Genetically variant CYP isoenzymes may 
partially explain the observed individual variation in response to drugs. An 
example is debrisoquine, an antihypertensive drug marketed in Europe that 
is hydroxylated by CYP2D6, an isoform that is totally absent in 5% of normal 
individuals. Lack of CYP2D6 greatly prolongs the half-life of the parent com-
pound in affected individuals. Another example is the phenomenon of fast 
versus slow acetylation, which affects different ethnic groups and has been 
implicated in the differential metabolism of isoniazid. Most of the known 
genetic variants that occur relatively frequently, however, cannot explain the 
formation of a toxic intermediate in only a rare individual.4

Most drugs are small organic compounds, unlikely to evoke an immune 
response. Although some toxic drug reactions are associated with an obvious 
allergic response, most are not. Nevertheless, immune mechanisms not 

TABLE 141-1 FACTORS THAT MAY INFLUENCE THE 
METABOLIC FATE OF DRUGS

AGE

The elderly seem to be affected more often; adults are more susceptible than children 
to some drugs (acetaminophen, halothane, isoniazid) and less susceptible to 
others (aspirin, valproic acid)

ALCOHOL: ACUTE AND CHRONIC INGESTION

Induction of CYP2E1 affects drugs metabolized by this pathway, including 
acetaminophen and isoniazid

GENDER

Females are affected more often, but the reason is unknown
PREGNANCY

Effects of drugs in pregnancy have been poorly studied
PREEXISTING LIVER DISEASE

Hepatic disease may protect against idiosyncratic reactions and may enhance the 
toxicity of dose-dependent hepatotoxins (e.g., acetaminophen)

RENAL DISEASE

Slowed disappearance of the parent compound yields higher concentrations and 
affects P-450 (e.g., enhancement of tetracycline toxicity in renal disease)

CERTAIN FOODS

Grapefruit has an unknown substance that interferes with the metabolism of some 
drugs

CONCOMITANT DRUGS

Drug-drug interactions are common causes of adverse effects (e.g., valproate and 
chlorpromazine together lead to enhanced cholestasis)

GENETIC FACTORS

Enzyme polymorphisms (e.g., enhanced phenytoin liver disease in patients with 
defective epoxide hydrolase activity), HLA phenotypes (e.g., nitrofurantoin 
susceptibility)
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E-FIGURE 141-1. Acetaminophen metabolism. although acetaminophen (APAP) is metabolized largely by sulfation or glucuronidation under normal conditions, exceeding the 
recommended dose increases the proportion metabolized by cytochrome P-450 2e1, which leads to the highly reactive intermediate N-aminoparaquinoneamine (NAPQI) (A). This 
compound leads to liver injury unless scavenging by glutathione yields the inert, water-soluble mercapturic acid. The presence of alcohol (EtOH), which competes for cytochrome P-450 
2e1, not only inhibits naPQi formation but also induces the enzyme so that its half-life is slowed and more enzyme is present (B and C). after cessation of alcohol, naPQi formation is 
enhanced by the presence of the induced enzyme and the lack of competition from alcohol. Toxicity is a dynamic process and may be most pronounced in the 24 hours after cessation 
of alcohol. (Modified from Thummel Ke, slattery JT, ro H, et al. ethanol exposure and acetaminophen hepatotoxicity: inhibition and induction of hepatotoxic metabolite formation. Clin 
Pharmacol Ther. 2000;67:5991-5999.)
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include nausea, fatigue, occasional right upper quadrant pain, and nonspecific 
symptoms similar to those seen in other forms of acute hepatitis (Chapter 
139). Fever or pharyngitis (typically seen in phenytoin reactions) may be 
present. No specific physical findings to raise suspicion of drug toxicity are 
noted, except possibly a rash. Any patient in whom jaundice develops is at 
risk for having a severe or fatal outcome, and patients who continue taking 
the drug despite jaundice are at highest risk.

 DIAGNOSIS
The diagnosis is based on elevated aminotransferase levels without another 
explanation, but there are no differential biomarkers for the diagnosis.11 Abnor-
mal aminotransferase levels with the use of a new drug should raise the sus-
picion for a drug-induced reaction and prompt immediate discontinuation 
of the drug rather than awaiting diagnostic tests to confirm or exclude the 
diagnosis. Immediate discontinuation of medication at the first sign of liver 
disease can prevent most fatal liver injuries.

Hepatotoxic Agents
Although there are a few dose-related toxins, most drugs involved in liver 
disease cause idiosyncratic, unpredictable toxicity (Table 141-2). The use of 
herbal and dietary supplements and the toxicity resulting from them appear 
to be increasing in the United States.5 Most common are body-building supple-
ments containing androgenic steroids that lead to severe cholestasis; weight 
loss products may cause hepatocellular injury of varying severity, including 
occasional fatalities.

Intrinsic (Dose-Dependent) Agents
Acetaminophen (see later) and a few other agents seem to have a clear dose-
response effect, although idiosyncratic effects usually play a role as well (Table 
141-3). Some toxins, such as α-amanitine produced by Amanita mushrooms, 
cause dose-related injury.6 Amanita poisoning may occur after ingestion of 
the mushrooms Amanita phalloides (death cap) or Amanita virosa (deadly 
agaric). The dose-dependent toxic effect on the liver is attributed to amatoxin, 
an ingredient of the mushrooms that enhances the toxic effect by its entero-
hepatic recirculation characteristics; the toxic effect is exerted on each cycle 
of the recirculation through the liver.

Idiosyncratic Reactions
Drug reactions occur in 1 in 1000 to 1 in 200,000 patients. Characteristics of 
these idiosyncratic reactions include their infrequent occurrence, varying time 
intervals between the initial exposure and the reaction, and varying severity 
of reactions in affected individuals. There are also similarities such as “class 
effects” (similar drugs exhibit similar features; Table 141-4), a consistent pattern 
for each drug, and the fact that rechallenge with a responsible agent usually 
leads to a more severe reaction with a shorter latency than seen after the initial 
exposure.

Antibiotics,7,8 anticonvulsants, and nonsteroidal anti-inflammatory drugs 
are associated more frequently with drug-induced liver disease, whereas statins,9 
hormones, antihypertensive drugs, digoxin, and antiarrhythmic drugs are 
implicated rarely. In some cases, idiosyncratic reactions are so infrequent that 
a drug continues to be used if its effectiveness or uniqueness makes the risk 
acceptable. An example is isoniazid, which is among the few drugs implicated 
in drug-induced liver injury in developing countries. In individuals receiving 
isoniazid as a single agent for tuberculosis prophylaxis, increased aminotrans-
ferase levels may develop in 15 to 20%, but severe hepatic necrosis develops 
in only 0.1 to 1% (Chapter 308)—a rate that is high in comparison to idio-
syncratic drug reactions, yet low enough for isoniazid, because of its effective-
ness, to remain a key drug. Drugs that require relatively high dosing, more 
than 100 mg/day, and that have high lipophilicity are associated with most 
liver injury, not those at lower dose levels.

 CLINICAL MANIFESTATIONS
About 50% of cases present within 30 days after starting a drug and about 
80% of cases present within 90 days.10 Patients may have few or nonspecific 
complaints despite very elevated aminotransferase levels. Clinical features 

TABLE 141-3 DRUGS AND TOXINS IN WHICH A DOSE-
RESPONSE EFFECT IS OBSERVED

DRUG OR TOXIN RESPONSE
Acetaminophen Total dose, single vs. multiple time points
Amiodarone Total dose over time
Bromfenac Toxicity occurs only after extended use
Cocaine Dose-related vascular collapse
Cyclophosphamide Dose related, worse with previous ALT elevations
Cyclosporine Cholestasis with toxic blood levels, CYP3A 

phenotype
Methotrexate Aminotransferase, fibrosis; single dose/total dose
Niacin Large doses cause vascular collapse
Oral contraceptives Prolonged use causes hepatic adenomas
Tetracycline Total dose, renal dysfunction
Toxins (yellow phosphorus, 

carbon tetrachloride, Amanita 
toxin, bacterial toxins)

Total dose

ALT = alanine aminotransferase.

TABLE 141-4 TYPES OF TOXIN AND DRUG REACTIONS
REACTION TYPE IMPLICATED DRUGS OR TOXINS
Autoimmune (attack on cell surface 

markers)
Lovastatin, methyldopa, nitrofurantoin

Cholestatic (attack on bile ducts) Anabolic steroids, carbamazepine, 
chlorpromazine, estrogen, 
erythromycin

Fibrosis (activation of stellate cells leads 
to fibrosis)

Methotrexate, vitamin A excess

Granulomatous (macrophage 
stimulation)

Allopurinol, diltiazem, nitrofurantoin, 
quinidine, sulfa drugs

Hepatocellular (damage to smooth 
endoplasmic reticulum and immune 
cell surface)

Acetaminophen, Amanita poisoning, 
diclofenac, isoniazid, lovastatin, 
nefazodone, trazodone, venlafaxine

Immunoallergic (cytotoxic cell attack on 
surface determinants)

Halothane, phenytoin, sulfamethoxazole

Mixed (see earlier) Amoxicillin-clavulanate, carbamazepine, 
cyclosporine, herbs, methimazole

Oncogenic (hepatic adenoma formation) Oral contraceptives, androgenic agents
Steatohepatitis (mitochondrial 

dysfunction: β-oxidation and 
respiratory chain)

Amiodarone, perhexiline maleate, 
tamoxifen

Vascular collapse (ischemic damage) Cocaine, ecstasy, nicotinic acid
Veno-occlusive disease (endotheliitis of 

sinusoidal endothelial cells)
Busulfan, cyclophosphamide (Cytoxan)

TYPE OF MEDICATION %

SPECIFIC DRUGS* %
Amoxicillin-clavulanate 8
Isoniazid 4
Nitrofurantoin 4
Sulfamethoxazole/trimethoprim 3
Minocycline 2
Cefazolin 2
Azithromycin 2
Ciprofloxacin 1
Levofloxacin 1
Diclofenac 1

TYPE OF MEDICATION %
Antimicrobials 32
Herbal and dietary supplements 12
Cardiovascular agents 7
Central nervous system agents 7
Antineoplastic agents 4
Analgesics 3
Immunomodulatory drugs 2
Endocrine drugs 2
Rheumatologic treatments 1
Gastrointestinal agents 1

TABLE 141-2 MOST COMMON CAUSES OF IDIOSYNCRATIC 
DRUG-INDUCED LIVER INJURY

*Excludes herbal and dietary supplements.
Adapted from Chalasani N, Bonkovsky HL, Fontana R, et al. Features and outcomes of 899 patients 
with drug-induced liver injury: the DILIN Prospective Study. Gastroenterology. 
2015;148:1340-1352.
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Cholestatic Reactions
Cholestatic reactions have been described for many drugs.13 Cholestasis is 
best defined as failure of bile to reach the duodenum, and common symptoms 
are jaundice and pruritus. Pure cholestasis, with no signs of hepatocellular 
necrosis, is seen almost exclusively in patients taking oral contraceptives, ana-
bolic steroids, or sex hormone antagonists such as tamoxifen. Acute cholestatic 
hepatitis is characterized histologically by cholestasis (dilated canaliculi, brown 
granules in the cytoplasm of hepatocytes), some degree of liver cell necrosis 
and bile duct injury, and inflammatory infiltration by polymorphonuclear 
leukocytes. Drugs that cause this type of reaction include carbamazepine, 
trimethoprim-sulfamethoxazole, captopril, and body-building dietary supple-
ments containing androgenic compounds.

Evaluation of a patient with a suspected drug reaction is directed toward 
establishing the timeline for all drugs or herbs the patient may have taken. 
Responsible drugs have usually been started between 5 and 90 days before 
the onset of symptoms. Evidence of viral hepatitis (Chapters 139 and 140), 
gallstones (Chapter 146), alcoholic liver disease (Chapter 143), pregnancy 
(Chapter 226), severe right heart failure (Chapter 52), or a period of hypoten-
sion (Chapter 98) points to these specific causes. Less commonly, cyto-
megalovirus (Chapter 352), Epstein-Barr virus (Chapter 353), or herpesviruses 
(Chapters 350 and 351) can cause hepatic injury, primarily in immunosup-
pressed individuals. If all these causes can be excluded, the temporal relation-
ship fits, and the patient begins to improve after withdrawal of the drug, the 
diagnosis is more secure. Liver biopsy is of limited value because the histologic 
picture in most cases of drug-induced liver injury is no different from that of 
viral hepatitis (Chapter 139). Nevertheless, an occasional liver biopsy speci-
men in an enigmatic case might reveal eosinophils or granulomas, consistent 
with a drug reaction.

Types of Drug Reactions
Although most liver injury involves direct hepatocyte necrosis or apoptosis 
(hepatocellular injury), some drugs injure primarily the bile ducts or canaliculi 
and cause cholestasis without significant damage to hepatocytes. Other drugs 
affect sinusoidal cells or present a particular pattern of liver injury affecting 
multiple cell types (mixed type). Another approach to drug reactions empha-
sizes the histologic changes involved and the cell type (see Table 141-4 and 
E-Fig. 141-2).

Hepatocellular Reactions
Hepatocellular reactions are the most common type of drug-induced liver 
disease and account for 90% of cases (Table 141-5). They are characterized 
by a pattern of serum liver test results that reflect hepatocellular injury. Usually, 
improvement is quick after discontinuation of the drug (1 to 2 months), and 
fulminant, acute liver failure with hepatic encephalopathy develops in only a 
few patients.

Histologic findings include necrosis and cellular infiltration. The necrosis 
may be zonal (e.g., induced by acetaminophen or carbon tetrachloride) or 
diffuse (e.g., induced by halothane), and the inflammatory response consists 
of lymphocytes or eosinophils. Massive necrosis may cause acute liver failure 
and death.

Acetaminophen toxicity is the most common form of acute liver failure in 
the United States and is the best understood example of direct hepatocyte 
toxicity.12 The incidence of acetaminophen poisoning varies widely throughout 
the world, but it is becoming more frequent and widespread. Liver injury 
occurs predictably after an intentional suicidal overdose (Chapter 102); it 
also occurs when acetaminophen is used in excessive doses or sometimes 
even in therapeutic doses for pain relief. Enhanced toxicity occurs when patients 
are fasting or are chronic alcohol users because of enzyme induction and 
depletion of glutathione by alcohol and fasting; by comparison, acute alcohol 
intake may protect against acetaminophen toxicity during the period of alcohol 
ingestion. Thereafter, a rebound increase in available CYP2E1 results in increased 
toxicity in the 12 hours after ingestion because of enzyme induction (see 
E-Fig. 141-1). Patients with an unintentional acetaminophen overdose may 
fare worse than suicidal patients because the former seek treatment later in 
their course, even though suicidal patients take larger doses. The better outcome 
after an acute overdose may be explained by earlier medical attention and the 
use of N-acetylcysteine, an effective antidote. Nevertheless, one fifth of suicide 
attempts using acetaminophen are associated with severe liver injury and the 
potential for a fatal outcome.

The extremely elevated aminotransferase values (often >6000 IU/L, and 
sometimes as high as 30,000 IU/L) observed in suicidal and unintentional 
acetaminophen ingestion help distinguish these cases from viral hepatitis or 
other drug injury. This signature of hyperacute injury (high aminotransfer-
ase levels, low bilirubin levels) are almost pathognomonic of acetaminophen 
injury, which can go unrecognized if a careful history is not elicited. The avail-
ability of an antidote makes this diagnosis especially important. The antidote 
N-acetylcysteine (Chapter 102) may be given by nasogastric tube on admis-
sion and for the next 72 hours to provide glutathione substrate. The standard 
treatment is intravenous N-acetylcysteine beginning at a dose of 140 mg/kg 
in 300 mL of 5% dextrose given over 1 hour, followed by a dose of 70 mg/
kg in 5% dextrose given over a 1-hour period every 4 hours for 48 hours. A 
loading dose of 140 mg/kg PO can be given, followed by 70 mg/kg every 4 
hours for 17 doses (72 hours). Expected survival rates are greater than 80%, 
although liver transplantation is occasionally required.

TABLE 141-5 SCORING SYSTEM TO ASSESS CAUSALITY OF 
HEPATOCELLULAR REACTIONS

FACTOR SCORE*

TEMPORAL RELATIONSHIP OF START OF DRUG TO START OF ILLNESS

Initial treatment: 5-90 days; subsequent treatment course: 1-15 days +2
Initial treatment: <5 or >90 days; subsequent treatment course: >15 days +1
From cessation of drug: ≤15 days† +1
COURSE

ALT decreases ≥50% from peak within 8 days +3
ALT decreases ≥50% from peak within 30 days +2
If the drug is continued, inconclusive 0
RISK FACTORS

Alcohol‡ +1
No alcohol‡ 0
Age ≥ 55 yr +1
Age < 55 yr 0
CONCOMITANT DRUG

Concomitant drug with suggestive time of onset −1
Concomitant drug known to be a hepatotoxin with suggestive time of 

onset
−2

Concomitant drug with further evidence of involvement (rechallenge) −3
NUMBER OF NONDRUG CAUSES

Hepatitis A, B, or C; biliary obstruction; alcoholism (AST ≥ 2 × ALT); 
recent hypotension; and CMV, EBV, and HSV infections all excluded

+2

4-5 causes excluded +1
<4 causes excluded −2
Nondrug cause highly probable −3
PREVIOUS INFORMATION ON HEPATOTOXICITY OF  
DRUG IN QUESTION

Package insert mentions +2
Published case reports but not on package label +1
Reaction unknown 0
RECHALLENGE

Positive (ALT doubles with drug alone)§ +2
Compatible (ALT doubles, compounding features)§ +1
Negative (increase in ALT but ≤2 × ULN)§ −2
Not done 0
Modified from Danan G, Benichou C. Causality assessment of adverse reactions to drugs. I.  
A novel method based on the conclusions of international consensus meetings: application to 
drug-induced liver injuries. J Clin Epidemiol. 1993;46:1323-1330; and Benichou C, Danan G, 
Flahault A. Causality assessment of adverse reactions to drugs. II. An original model for validation 
of drug causality assessment methods: case reports with positive rechallenge. J Clin Epidemiol. 
1993;46:1331-1336.
*Causality is highly probable (score >8), probable (score 6-8), possible (score 3-5), unlikely (score 
1-2), or excluded (score ≤0).
†For cholestatic reactions, ≤30 days.
‡For cholestatic reactions, alcohol, or pregnancy.
§For cholestatic reactions, substitute alkaline phosphatase (or total bilirubin) for ALT.
ALT = alanine aminotransferase; AST = aspartate aminotransferase; CMV = cytomegalovirus;  
EBV = Epstein-Barr virus; HSV = herpes simplex virus; ULN = upper limit of normal.
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present. Acute fatty liver of pregnancy (Chapters 138 and 226) and Reye 
syndrome are two examples of severe liver diseases caused by microvesicular  
steatosis.

Drugs involved in microvesicular steatosis include valproate, tetracycline, 
and fialuridine. Aspirin use in children has been associated with Reye syn-
drome, but the incidence of Reye syndrome has decreased dramatically since 
warnings were issued concerning aspirin use in children.

Effects of Sex Steroids
Anabolic steroids, such as methyltestosterone, may cause cholestasis. Andro-
gens or estrogens may cause peliosis hepatis and benign or malignant tumors. 
Oral contraceptives (Chapter 225) may cause cholestasis, hepatic adenomas, 
or Budd-Chiari syndrome (hepatic vein thrombosis). Antiandrogens used to 
treat prostate cancer (Chapter 191), such as flutamide and nilutamide, and 
antipituitary drugs, such as cyproterone acetate, also have been associated 
with severe hepatocellular injury.

Other Drug Reactions
Other less severe drug reactions involving the liver include granulomatous 
reactions, fibrosis, ischemic injury, and chronic autoimmune liver injury (see 
Table 141-4). The type of reaction observed can be helpful in determining 
the probable agent because most drugs have a specific injury profile.

A pattern of veno-occlusive disease with obliteration of small intrahepatic 
veins, sinusoidal congestion, and necrosis is observed frequently in bone 
marrow transplant patients (Chapter 168) who receive chemotherapy with 
cyclophosphamide (Cytoxan) or busulfan. Symptoms, including rapidly accu-
mulating ascites, painful hepatomegaly, and jaundice, develop soon after the 
chemotherapeutic regimen has begun. Oxaliplatin can cause portal venular 
injury that leads to nodular regenerative hyperplasia and lifelong portal hyper-
tension. Rarely, herbal medicines (Chapter 34) such as pyrrolizidine alkaloids 
(Crotalaria and Senecio found in Jamaican bush tea) may cause veno-occlusive 
disease.

Toxins are associated with direct injury to hepatocytes in a dose-dependent 
fashion. Organic solvents such as carbon tetrachloride and trichloroethylene 
(Chapter 102) cause centrilobular injury. Yellow phosphorus, found in fire-
crackers and rat poisons, is a rare cause of liver injury from either accidental 
or intentional exposure. Symptoms of poisoning are similar to those of any 
other type of hepatitis.

Mushroom poisoning (Chapter 102), which follows the ingestion of A. 
phalloides and related species, typically occurs in amateur mushroom fanciers 
in a dose-related fashion. The associated muscarinic effects, including severe 
diarrhea, vomiting, and profuse sweating, predominate in the first hours after 
ingestion. Hepatic failure follows if antidotes (see later) are not given. The 
overall prognosis for spontaneous recovery is poor; liver transplantation may 
be life-saving.

Differential Diagnosis
The differential diagnosis of toxin-induced and drug-induced liver injury 
includes almost the entire spectrum of liver diseases. Some cases previously 
ascribed to drugs may now be linked to previously unsuspected hepatitis E 
(Chapter 140).14 Because the clinical picture of drug-induced liver injury ranges 
from pure hepatocellular to pure cholestatic variants, a high index of suspicion 
must be maintained, even when toxin-induced or drug-induced liver injury 
is not obvious initially.

For dose-dependent hepatotoxins, the diagnosis may be easier to establish 
than for idiosyncratic drug reactions. Serum levels of acetaminophen, a thor-
ough history, and characteristic biochemical abnormalities (high aminotrans-
ferase levels) usually reveal an acetaminophen overdose, whereas a diagnosis 
of Amanita poisoning depends on the history, symptoms of gastroenteritis 
(muscarinic reaction), and positive mushroom identification.

For idiosyncratic drug reactions, the diagnosis is sometimes more difficult 
to establish. A standardized reporting form called the Roussel-Uclaf Cau-
sality Assessment Method (RUCAM) (see Table 141-5), developed by an 
international panel, provides a worthwhile scoring system. These guidelines 
outline the steps an experienced clinician might take to assess the likeli-
hood of a drug reaction. Causality assessment factors typically include the 
temporal relationship, course after cessation of the drug, risk factors, con-
comitant drugs, a search for nondrug causes (viral hepatitis), previous infor-
mation concerning the drug, and response to rechallenge, which is typically 
not required. Recently, the National Institutes of Health (NIH)-sponsored 
Drug-Induced Liver Injury Network has used an expert opinion system 
that is helpful in defining phenotypes but is not yet applicable for routine  
clinical use.

Generally, drug-induced cholestasis takes longer to resolve than drug-induced 
hepatotoxicity. In some cases, segments of the intrahepatic biliary tree may 
be destroyed progressively, the so-called vanishing bile duct syndrome that 
occurs after a protracted course (>6 months) of drug-induced cholestasis. 
The result is a state of chronic cholestasis that resembles primary biliary cir-
rhosis (Chapter 146). Approximately 30 drugs have been implicated in the 
vanishing bile duct syndrome, including levofloxacin and, occasionally, other 
antibiotics. A sclerosing cholangitis–like syndrome with jaundice caused by 
intrahepatic and extrahepatic strictures in the bile ducts is sometimes observed 
in patients receiving intra-arterial floxuridine chemotherapy for hepatic metas-
tases of colorectal cancer.

Immunoallergic Reactions
Drugs also may be associated with definite allergic reactions. A combined 
toxic-immunologic mechanism is involved in liver injury caused by halothane, 
a fluorinated hydrocarbon anesthetic that causes severe, often fatal liver injury 
after multiple exposures (Chapter 404). Other fluorinated hydrocarbons, 
including isoflurane and desflurane, occasionally result in the same response. 
Although halothane has never been withdrawn, its use has been limited by 
the advent of safer agents. Hypersensitivity reactions, such as fever, eosino-
philia, and rash, are common. Halothane may induce fever, eosinophilia, and 
antimitochondrial antibodies. Direct cytotoxicity and immune-mediated 
toxicity are observed, consistent with the clinical observation that severe 
halothane toxicity occurs with repeated exposure. Although evidence of injury 
can usually be identified within 1 week of the first exposure, the interval to 
toxicity is shortened and the damage is more severe with each successive 
exposure, as befits an immune reaction.

Phenytoin (Chapter 375) induces the simultaneous onset of fever, rash, 
lymphadenopathy, and eosinophilia. The mechanisms responsible for the 
combined allergic and hepatotoxic reaction are unknown, but the slow reso-
lution of the illness suggests that the allergen remains on the surface of the 
hepatocyte for weeks or months. A concurrent mononucleosis-like picture 
is frequently confused with a viral illness or streptococcal pharyngitis. If 
phenytoin is not discontinued promptly despite signs of hepatitis, a severe 
Stevens-Johnson drug eruption (Chapters 410 and 411) and prolonged fever 
may result. As with any therapeutic agent, rapid recognition of the presence 
of a toxic drug reaction and immediate discontinuation of the compound 
are key to limiting hepatic damage. Systemic features of an allergic reaction 
may not be obvious, even when eosinophilia or granulomas are present on  
liver biopsy.

Steatohepatitis
Fatty liver disease (Chapter 143) related to the metabolic syndrome is increas-
ingly evident in the United States and elsewhere. Differentiating this under-
lying condition from de novo fatty liver caused by a drug reaction can be 
difficult. In addition, certain agents such as statins may be associated with 
aminotransferase elevations independent of fatty liver disease. As a general 
rule, statins very rarely cause significant liver injury and should not be 
withheld from patients with hypercholesterolemia, even when fatty liver is 
present (Chapter 195). Steatosis in the liver (Chapter 143) can be present 
in a microvesicular or macrovesicular pattern. Macrovesicular steatosis, the 
most common form, is characterized histologically by a single vacuole of fat 
filling up the hepatocyte and displacing the nucleus to the cell’s periphery. 
Macrovesicular steatosis is typically caused by alcohol, diabetes, or obesity. 
Sometimes drugs such as corticosteroids or methotrexate may cause these 
hepatic changes. Amiodarone (Chapters 58 and 59) has been associated with 
a picture resembling alcoholic hepatitis, occasionally with progression to cir-
rhosis. The pathophysiology involves accumulation of phospholipids in the 
liver, eyes, thyroid, and skin. Treatment is primarily withdrawal of the drug 
and observation, although the half-life of amiodarone is prolonged. Tamoxifen, 
which has been used in long-term regimens for the prevention of recurrent breast 
cancer (Chapter 188), has also been associated with steatohepatitis evolving  
to cirrhosis.

In microvesicular steatosis, hepatocytes contain numerous small fat vesicles 
that do not displace the nucleus. Valproic acid, an anticonvulsant (Chapter 
375), causes hepatotoxicity, either as a result of microvesicular fat deposition, 
resembling Reye syndrome, or in a more chronic, indolent fashion associated 
with macrovesicular fat accumulation. Toxicity is more severe and frequent 
in children. These lesions are associated with disruption of mitochondrial 
DNA, resulting in anaerobic metabolism that leads to lactic acidosis in the 
most severe cases. Macrovesicular and microvesicular lesions may be observed 
concomitantly in some patients, and microvesicular lesions are more often 
associated with a poor prognosis. Hepatocellular necrosis also may be 



 PROGNOSIS
Among patients with serious idiosyncratic drug-induced liver injury, defined 
by a bilirubin level of 2.5 mg/dL or greater or an INR of more than 1.5, about 
10% die or undergo liver transplantation,17 and 17% develop chronic liver injury.

 FUTURE DIRECTIONS
Research in pharmacogenomics may allow the patient’s own genetic informa-
tion to guide individualized drug therapy and monitoring of idiosyncratic 
drug reactions. The genetic information would probably concentrate initially 
on enzymes with variant alleles associated with poor metabolism, such as 
CYP1A2 or CYP2C19 for isoniazid, CYP2C9 for piroxicam, or CYP2D6 
for nortriptyline. Better postmarketing surveillance of all drugs to identify 
those with previously unappreciated hepatotoxicity should be a high priority.

 PREVENTION
It is reasonable to consider a drug reaction whenever an episode of apparent 
hepatitis is unexplained, particularly if a new agent has been introduced in 
the previous 3 months. It is prudent to defer embracing new drugs during 
their first year of introduction, particularly if they show no unique advantages 
over accepted formulations. Physicians must strive to instill in their patients 
a healthy level of alertness with regard to drug-induced liver injury, particularly 
for agents with known hepatotoxicity. Monitoring of aminotransferase levels 
on a monthly basis is suggested for known hepatotoxins such as isoniazid or 
diclofenac, but it is unlikely to be cost-effective when adverse reactions occur 
less frequently, such as in only 1 in 50,000 patients. Because many drug reac-
tions develop within days, monitoring provides no guarantee. Most fatal drug 
reactions could have been prevented if the offending agent were withdrawn 
immediately, at the first sign of illness.

Prompt discontinuation of a suspected drug is mandatory. Discontinuation of 
alcohol is recommended, although its relationship to outcomes is uncertain.15 
Available antidotes should be used for acetaminophen (N-acetylcysteine) A1  and 
Amanita poisoning (penicillin 300,000 to 1 million U/kg/day intravenously has 
been recommended, but there are no controlled trials). General supportive 
therapy ranges from intravenous fluid replacement to intensive monitoring and 
treatment of patients with hepatic encephalopathy secondary to acute liver 
failure (Chapter 144). N-Acetylcysteine is the standard antidote for acetaminophen 
overdose, but it may improve outcomes in some cases of acute liver failure not 
associated with acetaminophen, such as severe drug-induced liver injury. Liver 
transplantation (Chapter 145) is performed in more than 50% of patients with 
idiosyncratic drug-induced acute liver failure because the survival rate in this 
setting without transplantation is less than 20%. Drug rechallenge is associated 
with a 10 to 15% mortality rate and should be avoided.16

TREATMENT 
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REVIEW QUESTIONS

1. A 24-year-old woman is brought to the emergency department by her 
family because of altered mental status. She is rousable but drowsy, with 
normal vital signs except for tachycardia. Initial testing shows AST 
10,200 IU/L, ALT 8,100 IU/L, INR 3.2, T bilirubin 3.7 mg/dL. The most 
plausible explanation for this scenario is:
 A. Alprazolam (Xanax) overdose
 B. Alcohol binge drinking
 C. Aspirin overdose
 D. Acetaminophen overdose
 E. Methyl alcohol ingestion

Answer: D Although drowsiness would follow alprazolam and possibly an 
alcoholic binge, only acetaminophen is associated with very high aminotrans-
ferase levels. Approximately 75% of acetaminophen overdoses occur in women.

2. The proper course of treatment for this patient would be:
 A. Gastric lavage
 B. Normal saline at 250 mL/hour
 C. Syrup of ipecac
 D. Narcan by injection
 E. Intravenous N-acetylcysteine

Answer: E N-acetylcysteine is a sulfhydryl donor that repletes glutathione 
and is effective in preventing liver injury when given early in acetaminophen 
overdose. Even after severe liver damage has occurred, it is still likely to be of 
some benefit. Gastric lavage or ipecac would only be relevant in the first 1 to 
2 hours after ingestion.

3. A college student who is trying out for the wrestling team is seen for new-
onset itching and jaundice. The most likely cause would be:
 A. Hepatitis A
 B. Hepatitis D
 C. Anabolic steroid use
 D. Hepatitis E
 E. Hepatitis C

Answer: C Body-building supplements containing androgenic compounds 
are highly associated with cholestatic liver disease, which is usually self-limited 
but very slow to resolve. A college student could also have acute viral hepatitis 
A, B, or C, depending on the exposure history, but hepatitis C is most likely 
given the limited history in this case.

4. A 49-year-old truck driver with a body mass index of 42 is evaluated for 
life insurance. His cholesterol level is 285 mg/dL. He complains of right 
upper quadrant pain, and his abdominal ultrasound reveals a fatty liver. 
His AST is 42 IU/L, ALT is 34 IU/L. He should be considered for which 
of the following treatments?
 A. Phen-phen for weight reduction
 B. Herbal weight loss product
 C. Lovastatin 40 mg/day
 D. Daily aspirin 81 mg
 E. Support stockings

Answer: C Lovastatin will deal with his hypercholesterolemia. He also needs 
exercise and dietary programs to help lose weight. Although lovastatin has 
occasionally been associated with mild increases in aminotransferase levels, 
significant liver injury due to statins is very infrequent, and the value of treat-
ing this patient’s high cholesterol level exceeds the risk.

5. A 42-year-old woman is found incidentally to have multiple masses in her 
liver, but she is totally symptom free. Biopsy of one of the masses discloses 
a hepatic adenoma. Which of her medications should be discontinued at 
this time?
 A. Oral contraceptive
 B. Metformin
 C. Lisinopril
D. Hydrochlorothiazide
 E. Alprazolam

Answer: A Oral contraceptives, particularly after prolonged use, can be associ-
ated with hepatic adenomas. These adenomas regress but must be watched 
closely over time because they sometimes require resection for pain or for 
increasing size.
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142 
BACTERIAL, PARASITIC, FUNGAL, AND 
GRANULOMATOUS LIVER DISEASES 
K. RAJENDER REDDY

 INFECTIONS OF THE LIVER
Infections of the liver can be due to a variety of pathogens, including bacteria, 
fungi, amebae, protozoa, helminths, spirochetes, and rickettsiae. The mani-
festations of these infections are protean; some are generic to all infections, 

whereas others are specific to particular infections. The epidemiology can 
vary and depend upon the geographic region of the world. In endemic areas, 
Entamoeba histolytica (Chapter 331) is a key consideration in the differential 
diagnosis of a liver abscess (Table 142-1).

 Bacterial Infections
 PYOGENIC LIVER ABSCESS

 DEFINITION
Pyogenic liver abscess is a focal collection of purulent bacterial material and 
necroinflammatory debris. It can be solitary or multiple and can be caused 
by one or more aerobic and/or anaerobic bacteria.

 EPIDEMIOLOGY
Pyogenic liver abscess has an estimated global incidence of approximately 1.1 
to 2.3 per 100,000 person years, whereas in the United States the incidence 
is reported to be approximately 3.6 per 100,000 and has been rising. Biliary 
obstruction, caused by a malignancy or benign disease, accounts for 50 to 
60% of pyogenic liver abscesses, whereas portal pyemia, due to appendicitis or 
other intra-abdominal infections (e.g., diverticulitis), accounts for about 20% of 
cases.1 Studies from Asia, where Klebsiella pneumoniae is the primary etiologic 
source of pyogenic liver abscess, have proposed a correlation with underlying 
colorectal neoplasms, some of which are evident at the time of diagnosis but 
also with a five- to eight-fold higher risk of newly diagnosed colorectal cancers 
in the 3 years after diagnosis.2 However, it is yet to be determined whether 
these findings can be extrapolated to other regions of the world.

 PATHOBIOLOGY
Bacteria can enter the liver via the portal system from infections in areas 
drained by the mesenteric system into the portal system, such as appendi-
citis. Other mechanisms for pyogenic liver abscess include bacterial chol-
angitis owing to benign or malignant obstruction and infection of the liver 
from a systemic bacteremia, such as an infection of the oral cavity. Pyogenic 
liver abscess can also be caused by blunt or penetrating trauma, including 
such unusual causes as the ingestion of a toothpick or fish bone that can 
cause an intestinal perforation, fistula to the liver, and subsequent abscess 
formation. Liver abscesses can occur in a transplanted graft owing to vascu-
lar compromise caused by hepatic artery thrombosis and ischemic bile duct  
strictures.

Multiple organisms can cause pyogenic liver abscess. The most common 
organism, Klebsiella pneumoniae (Chapter 289) often is associated with biliary 
tract disease. Other aerobes include Escherichia coli, group D streptococci, 
β-hemolytic streptococci, and Staphylococcus aureus. Anaerobic infection 
is often seen with colonic disease. Less common causes of liver abscesses 
include Actinomyces, Nocardia asteroides, Yersinia pseudotuberculosis and Yer-
sinia enterocolitica, Listeria monocytogenes, Campylobacter jejuni, Legionella pneu-
mophila, Mycobacterium tuberculosis, Salmonella typhi or Salmonella paratyphi, 
Candida albicans, and Bartonella henselae. Most often, the organism recovered 
from an abscess cavity is single, but multiple organisms can be isolated in as 
many as a third of patients. Bacteria may not be isolated from the abscess 
because of prior antibiotic therapy or the failure to perform proper anaerobic  
cultures.

 CLINICAL MANIFESTATIONS
The signs and symptoms associated with a liver abscess typically include fever, 
right upper quadrant abdominal pain, chills, nausea, vomiting, weight loss, 
and jaundice. The presentation can be acute or indolent. An associated bac-
teremia is seen in approximately 50% of the patients, and about 15% of patients 
may develop septic shock.3 About 10% of patients develop metastatic infec-
tions in other sites.

 DIAGNOSIS
Appropriate diagnosis requires a high degree of clinical suspicion, and diagnosis 
is sometimes delayed. Usually, however, the diagnosis is made promptly with 
the wide availability of the various radiologic modalities. The two common 
causes of liver abscesses are pyogenic and amebic abscesses, and it is important 
to make a distinction because the prognosis and management differ. Amebic 
abscesses can infrequently become secondarily infected with other bacteria.

The diagnosis of an abscess is based on a constellation of clinical, bacterio-
logic, and radiologic features.4 Ultrasonography and computed tomography 
(CT) scanning are the most common radiologic modalities to diagnose an 
abscess cavity reliably, either as single or multiple lesions (Fig. 142-1A and 
B). CT is the preferred diagnostic modality to detect an abscess, with sensitiv-
ity of more than 90%. Any concurrent biliary obstruction also can be diagnosed 
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ABSTRACT
Infections of the liver can be due to a variety of pathogens, including bacteria, 
fungi, amebae, protozoa, helminths, spirochetes, and rickettsiae. The mani-
festations of these infections are protean; some are generic to all infections, 
whereas others are specific to particular infections. The epidemiology can 
vary depending on the geographic region of the world. In endemic areas, 
Entamoeba histolytica is a key consideration in the differential diagnosis of a 
liver abscess.
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Candida species from the gastrointestinal tract into the blood stream as a 
result of prolonged neutropenia and a breach in mucosal integrity.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Hepatosplenic candidiasis is manifested by persistent and high spiking fevers 
in a patient who was previously neutropenic and has now returned to a normal 
neutrophil count. Right upper quadrant pain, nausea, vomiting, and anorexia 
may accompany fever.

Patients typically have elevated levels of alkaline phosphatase and less com-
monly of aminotransferases, bilirubin, and leukocytes. CT, which is the imaging 
modality of choice, classically shows multiple lucencies representing micro-
abscesses in the liver, spleen, and kidneys. If the CT scan is nondiagnostic 
but clinical suspicion remains high, magnetic resonance imaging should be 
performed. A definitive diagnosis is usually made on a liver biopsy specimen 
that shows multiple granulomas and may show yeast and hyphal forms with 
special stains. However, biopsy often will not show evidence of infection, 
especially in cases in which antifungal therapy has been used. Although biopsy 
is the only means to establish a definitive diagnosis, it often is not required 
because the clinical, laboratory, and radiographic manifestations of the disease 
are almost always sufficient to establish a specific diagnosis.

 PROGNOSIS
Abscesses smaller than 10 cm can take up to 16 weeks to resolve, whereas 
abscesses larger than 10 cm may take an average of an additional 6 weeks to 
resolve. Mortality from pyogenic liver abscess is associated with older age and 
with comorbidities such as cirrhosis, diabetes, chronic renal failure, and malig-
nancy. Jaundice is an ominous sign. In developed countries the mortality rate 
ranges from 2 to 12%.

 NON-ABSCESS HEPATIC BACTERIAL INFECTIONS
Bacterial infections of the liver can also cause more diffuse infections without 
frank abscess formation. Implicated organisms include Listeria monocytogenes 
(Chapter 277), Yersinia enterocolitica (Chapter 296), Salmonella typhi and Sal-
monella paratyphi (Chapter 292), Legionella (Chapter 298), Ehrlichia (Chapter 
311), and gonococci (Chapter 283). There are no specific features associated 
with these infections, and these organisms do not necessarily cause abscesses. 
Patients with chronic liver disease are especially at risk for Listeria infection. 
Patients with active enteric Yersinia infection can have secondary liver involve-
ment with or without liver abscesses. Disseminated gonococcal infections 
(Chapter 283) can cause a perihepatitis (Fitz-Hugh-Curtis syndrome), which 
can be manifested with right upper quadrant pain and tenderness.

Systemic bacteremia can cause a variety of hepatobiliary abnormalities, 
which may range from elevated aminotransferase and alkaline phosphatase 
levels (Chapter 138) to the cholestasis of sepsis with the development of 
jaundice. Several organisms can disrupt normal liver function after entering 
the blood stream, the most common of which are E. coli, Klebsiella spp, Strep-
tococcus pneumoniae, and S. aureus. Typically, in patients suffering from jaundice, 
sources of bacteremia include pneumonia, urinary tract infection, and soft 
tissue infection, although organisms may originate from a range of other sites. 
The hepatic biochemical abnormalities associated with bacteremia may be 
related to factors such as hemodynamic instability and liver hypoperfusion, 
as well as to the infection. Associated renal failure, a blood transfusion–derived 
bilirubin load, and drugs may complicate the picture. The course of cholestasis 
may be prolonged for several days to a few weeks, but it typically resolves 
with resolution of the systemic infection. There is no specific treatment for 
the cholestasis related to a systemic infection, but it is important to rule out 
drug-induced cholestasis that may evolve as a consequence of one or more 
of the antibiotics.

 Fungal Diseases of the Liver
Except for hepatosplenic candidiasis, clinically significant fungal diseases of 
the liver are unusual. Typically, other fungal infections will also be manifested 
as liver granulomas but will not show the high, swinging pyrexia that is char-
acteristic of hepatosplenic candidiasis. Tissue cultures are required to confirm 
a diagnosis.

 HEPATOSPLENIC CANDIDIASIS
 EPIDEMIOLOGY AND PATHOBIOLOGY

Hepatosplenic candidiasis typically is caused by Candida albicans, but other 
species, including C. tropicalis, C. parapsilosis, C. glabrata, and C. krusei, have 
occasionally been reported. It occurs as part of disseminated candidiasis 
(Chapter 318), most commonly in patients with solid organ7 or hematopoietic 
stem cell transplants or acute leukemia, but rarely in patients with lymphoma, 
aplastic anemia, and sarcoma. With the current widespread use of prophylactic 
antifungal agents early in the course of the disease in patients with acute 
leukemia, hepatosplenic candidiasis develops in only 1 to 2% of patients, more 
commonly with acute lymphoblastic leukemia than with acute myeloid leu-
kemia. Hepatosplenic candidiasis presumably results from translocation of 

by these imaging modalities. Approximately 50% of patients have multiple 
abscesses. On CT the lesion is seen as a fluid collection with irregular borders 
and cavity wall edema. One drawback to this imaging modality is that no 
specific features differentiate a pyogenic abscess from other infectious causes 
(i.e., amebic or fungal). Another drawback is that a very early stage abscess 
may not be well formed and may have characteristics more suggestive of a 
solid mass. On noninvasive imaging studies, it is critical to distinguish an 
abscess from a tumor or a simple cyst. Various events, such as bleeding into 
a cyst, calcification, necrosis, and bleeding into a tumor, may confuse the 
distinction. A finding of smaller (<2 cm) peripheral lesions that surround a 
central abscess (the cluster sign) can help exclude a hepatic neoplasm. Calci-
fication suggests bleeding into a tumor, but it also can be seen in the wall of 
an echinococcal cyst. Nonspecific radiologic features, including elevation of 
the right hemidiaphragm, right lower lung lobe atelectasis, and right pleural 
effusion are seen in up to 30% of patients with pyogenic liver abscesses. Mag-
netic resonance imaging and tagged white blood scans add little to the diagnosis 
of a liver abscess.

Microbial cultures are essential. In addition to blood cultures, the abscess 
cavity should be aspirated percutaneously, with either ultrasound or CT guid-
ance, and the aspirate should be cultured for aerobic and anaerobic organisms 
as well as examined for amebae if there is any suspicion of an amebic abscess. 
Blood cultures are positive in only approximately 50% of cases. In approxi-
mately 15 to 20% of cases, multiple organisms are identified in the abscess 
cavity, but 20 to 50% of cases may have negative cultures despite appropriate 
culture techniques.

TABLE 142-1 FEATURES OF BACTERIAL AND AMEBIC ABSCESSES

DEMOGRAPHICS RISK FACTORS SYMPTOMS
LABORATORY 

FINDINGS
RADIOGRAPHIC 

FEATURES DIAGNOSIS TREATMENT
Bacterial liver 

abscess
50-70 years old
Male = female

Recent bacterial 
infection, biliary 
obstruction, 
diabetes mellitus

Fevers, chills, 
malaise, anorexia, 
diarrhea, cough, 
pleuritic chest 
pain, RUQ pain

Leukocytosis, anemia, 
elevated alkaline 
phosphatase and 
bilirubin, low 
albumin, positive 
blood cultures (50%)

Multifocal (50%), 
usually right lobe, 
irregular margins

Aspirate (70-80% 
positive)

Percutaneous 
drainage and 
antibiotics

Amebic liver 
abscess

18-50 years old
Male > female

Alcohol intake, 
HLA-DR3, oral 
and anal sex, 
contaminated 
enema apparatus, 
travel to or living 
in an endemic 
area

Fever, RUQ pain, 
hepatic 
tenderness, 
anorexia, weight 
loss, uncommon 
to have colitis

Leukocytosis, no 
eosinophilia, mild 
anemia, elevated 
alkaline phosphatase, 
elevated ESR, 
positive serology

Single abscess 
(80%), usually 
right lobe, wall 
enhancement 
seen on CT scan 
with IV contrast

Aspirate (trophozoites 
rarely seen) can rule 
out superimposed 
bacterial infection, 
positive serology 
and risk factors

Metronidazole 
and iodoquinol

CT = computed tomography; ESR = erythrocyte sedimentation rate; HLA = human leukocyte antigen; IV = intraveneous; RUQ = right upper quadrant.

A B

FIGURE 142-1. A and B, Computed tomographic scans of pyogenic liver abscess. (courtesy dr. chalermrat Bunchorntavakul, Bangkok, thailand.)

Immediate broad-spectrum antibiotic coverage and the prompt identifica-
tion and treatment of the source of the infection are essential for successful 
outcomes.5 As soon as the causative bacterium is identified, the antibiotic 
regimen can be tailored appropriately. Recommendations should be guided 
by the culture and by prevailing bacterial resistance patterns. Monotherapy 
with a β-lactam or β-lactamase inhibitor such as ampicillin-sulbactam (3 g 
intravenously [IV] every 6 hours) or piperacillin-tazobactam (3.375 or 4.5 g IV 
every 6 hours) or ticarcillin-clavulanate (3.1 g IV every 6 hours) can be used, or 
a third-generation cephalosporin such as ceftriaxone (1 g IV daily or 2 g IV 
every 12 hours for central nervous system infections) plus metronidazole (500 mg 
IV every 8 hours) can be considered. Alternate regimens for consideration include 
a fluoroquinolone (such as ciprofloxacin 400 mg IV every 12 hours or levofloxacin 
500 or 750 mg IV daily) plus metronidazole (500 mg IV every 8 hours) and 
monotherapy with a carbapenem such as imipenem-cilastatin (500 mg IV every 
6 hours), meropenem (1 g IV every 8 hours), doripenem (500 mg IV every 8 
hours), or ertapenem (1 g IV daily). The duration of therapy is partly based on 
the response to therapy. An average of 4 to 6 weeks of antibiotic therapy is 
reasonable, and the last 2 to 4 weeks of the antibiotic regimen can be admin-
istered orally. Abscesses that are difficult to drain or are slow to demonstrate 
radiographic resolution require longer courses of therapy. Importantly, radiologic 
abnormalities resolve more slowly than clinical and biochemical features, so 
the latter should be used as a guide for tailoring the therapeutic regimen.

Antibiotics alone can sometimes successfully resolve small, multiple pyogenic 
abscesses, but most patients will require drainage of the abscesses. Percutaneous 

TREATMENT 

TREATMENT AND PROGNOSIS 

 PROGNOSIS
With prolonged treatment with antifungal agents, there has been good success 
at treating hepatosplenic candidiasis.

 OTHER FUNGAL DISEASES
Several additional fungal infections affect the liver, although rarely. Coccidioides 
immitis is often asymptomatic but may lead to fungal hepatitis characterized 
by increased alkaline phosphatase and the development of hepatic granulomas. 
Hepatic Cryptococcus neoformans infection is rare but has a higher prevalence 
in patients with acquired immunodeficiency syndrome (AIDS), in whom it 
typically causes hepatomegaly. In the non–human immunodeficiency virus 
(HIV)–infected patient, disseminated cryptococcosis less frequently can result 
in focal granulomatous hepatitis, which may clinically mimic viral hepatitis, 
or can be manifested as obstructive jaundice secondary to sclerosing cholan-
gitis. Histoplasma capsulatum infects individuals who inhale the fungus, but 
most cases are subclinical. In symptomatic hepatic histoplasmosis, two thirds 
of patients will present with hepatomegaly, with some showing splenic enlarge-
ment as well. On histologic examination, histoplasmosis can cause multiple 
granulomas diffusely distributed throughout the liver, although a more common 
finding is portal lymphohistiocytic infiltrate. Paracoccidioides brasiliensis most 
commonly infects adult men, and autopsy series have shown hepatic involve-
ment in up to 50% of patients who die of this infection. Some individuals 
may present with hepatomegaly or jaundice, although the latter is found in 
less than 6% of patients. Aminotransferase levels are often elevated in the early 
stages of the disease; changes in alkaline phosphatase or bilirubin levels tend 
to occur in the later stages. Biopsy may reveal lesions ranging from small 
granulomas to diffuse infiltration of yeast forms and fibrosis, often with bile 
duct involvement. In all of these examples, fungal cultures are necessary to 
establish a definitive diagnosis.
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Candida species from the gastrointestinal tract into the blood stream as a 
result of prolonged neutropenia and a breach in mucosal integrity.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Hepatosplenic candidiasis is manifested by persistent and high spiking fevers 
in a patient who was previously neutropenic and has now returned to a normal 
neutrophil count. Right upper quadrant pain, nausea, vomiting, and anorexia 
may accompany fever.

Patients typically have elevated levels of alkaline phosphatase and less com-
monly of aminotransferases, bilirubin, and leukocytes. CT, which is the imaging 
modality of choice, classically shows multiple lucencies representing micro-
abscesses in the liver, spleen, and kidneys. If the CT scan is nondiagnostic 
but clinical suspicion remains high, magnetic resonance imaging should be 
performed. A definitive diagnosis is usually made on a liver biopsy specimen 
that shows multiple granulomas and may show yeast and hyphal forms with 
special stains. However, biopsy often will not show evidence of infection, 
especially in cases in which antifungal therapy has been used. Although biopsy 
is the only means to establish a definitive diagnosis, it often is not required 
because the clinical, laboratory, and radiographic manifestations of the disease 
are almost always sufficient to establish a specific diagnosis.

 PROGNOSIS
Abscesses smaller than 10 cm can take up to 16 weeks to resolve, whereas 
abscesses larger than 10 cm may take an average of an additional 6 weeks to 
resolve. Mortality from pyogenic liver abscess is associated with older age and 
with comorbidities such as cirrhosis, diabetes, chronic renal failure, and malig-
nancy. Jaundice is an ominous sign. In developed countries the mortality rate 
ranges from 2 to 12%.

 NON-ABSCESS HEPATIC BACTERIAL INFECTIONS
Bacterial infections of the liver can also cause more diffuse infections without 
frank abscess formation. Implicated organisms include Listeria monocytogenes 
(Chapter 277), Yersinia enterocolitica (Chapter 296), Salmonella typhi and Sal-
monella paratyphi (Chapter 292), Legionella (Chapter 298), Ehrlichia (Chapter 
311), and gonococci (Chapter 283). There are no specific features associated 
with these infections, and these organisms do not necessarily cause abscesses. 
Patients with chronic liver disease are especially at risk for Listeria infection. 
Patients with active enteric Yersinia infection can have secondary liver involve-
ment with or without liver abscesses. Disseminated gonococcal infections 
(Chapter 283) can cause a perihepatitis (Fitz-Hugh-Curtis syndrome), which 
can be manifested with right upper quadrant pain and tenderness.

Systemic bacteremia can cause a variety of hepatobiliary abnormalities, 
which may range from elevated aminotransferase and alkaline phosphatase 
levels (Chapter 138) to the cholestasis of sepsis with the development of 
jaundice. Several organisms can disrupt normal liver function after entering 
the blood stream, the most common of which are E. coli, Klebsiella spp, Strep-
tococcus pneumoniae, and S. aureus. Typically, in patients suffering from jaundice, 
sources of bacteremia include pneumonia, urinary tract infection, and soft 
tissue infection, although organisms may originate from a range of other sites. 
The hepatic biochemical abnormalities associated with bacteremia may be 
related to factors such as hemodynamic instability and liver hypoperfusion, 
as well as to the infection. Associated renal failure, a blood transfusion–derived 
bilirubin load, and drugs may complicate the picture. The course of cholestasis 
may be prolonged for several days to a few weeks, but it typically resolves 
with resolution of the systemic infection. There is no specific treatment for 
the cholestasis related to a systemic infection, but it is important to rule out 
drug-induced cholestasis that may evolve as a consequence of one or more 
of the antibiotics.

 Fungal Diseases of the Liver
Except for hepatosplenic candidiasis, clinically significant fungal diseases of 
the liver are unusual. Typically, other fungal infections will also be manifested 
as liver granulomas but will not show the high, swinging pyrexia that is char-
acteristic of hepatosplenic candidiasis. Tissue cultures are required to confirm 
a diagnosis.

 HEPATOSPLENIC CANDIDIASIS
 EPIDEMIOLOGY AND PATHOBIOLOGY

Hepatosplenic candidiasis typically is caused by Candida albicans, but other 
species, including C. tropicalis, C. parapsilosis, C. glabrata, and C. krusei, have 
occasionally been reported. It occurs as part of disseminated candidiasis 
(Chapter 318), most commonly in patients with solid organ7 or hematopoietic 
stem cell transplants or acute leukemia, but rarely in patients with lymphoma, 
aplastic anemia, and sarcoma. With the current widespread use of prophylactic 
antifungal agents early in the course of the disease in patients with acute 
leukemia, hepatosplenic candidiasis develops in only 1 to 2% of patients, more 
commonly with acute lymphoblastic leukemia than with acute myeloid leu-
kemia. Hepatosplenic candidiasis presumably results from translocation of 

drainage is recommended,6 with subsequent management dictated by the size 
and number of abscesses. Abscesses of up to 5 cm in diameter can be managed 
with a single aspiration. Larger abscesses are better managed with catheter 
drainage A1  until the output is less than approximately 20 to 25 mL per day, at 
which time the catheter can be removed. Surgical drainage is seldom required 
because of the advancements in percutaneous drainage and is reserved for 
loculated abscesses and abscesses that do not respond to percutaneous drain-
age and antibiotics. Biliary obstruction is treated with endoscopic retrograde 
cholangiopancreatography or transhepatic cholangiography (Chapter 146) with 
accompanying biliary drainage. For pyogenic abscesses in transplanted livers, 
management and proper biliary drainage may be difficult to achieve because 
of the diffuse nature of the biliary strictures.

The mainstay of therapy is antifungal therapy. In clinically stable patients, 
oral fluconazole (400 mg orally, daily) can be used. In acutely ill patients a lipid 
formulation of amphotericin B (3 to 5 mg/kg IV daily) or an echinocandin for 
several weeks is recommended. The echinocandin options include caspofungin 
(70 mg loading dose then 50 mg IV daily), anidulafungin (200 mg loading dose 
then 100 mg IV daily), or micafungin (100 mg IV daily). After several weeks of 
such therapy, patients can be transitioned to oral fluconazole at 400 mg daily 
or to voriconazole (6 mg/kg IV q12 hours for first 24 hours, then 3-4 mg/kg IV 
q12 hours or 200 mg orally q12 hours) or posaconazole (IV: 300 mg IV 9-12 
hours on day 1, then 300 mg IV daily or 300 mg orally 9-12 hours on day 1, 
then 300 mg orally daily) in fluconazole-resistant isolates. Treatment should 
continue until the lesions resolve on follow-up CT scans, typically within 6 
months of treatment. Patients receiving chemotherapy or stem cell transplants 
are at a higher risk for developing hepatosplenic candidiasis; for this reason, 
patients who have a history of hepatosplenic candidiasis should be treated 
prophylactically with fluconazole (400 mg orally, daily) to prevent relapse.

TREATMENT AND PROGNOSIS 

 PROGNOSIS
With prolonged treatment with antifungal agents, there has been good success 
at treating hepatosplenic candidiasis.

 OTHER FUNGAL DISEASES
Several additional fungal infections affect the liver, although rarely. Coccidioides 
immitis is often asymptomatic but may lead to fungal hepatitis characterized 
by increased alkaline phosphatase and the development of hepatic granulomas. 
Hepatic Cryptococcus neoformans infection is rare but has a higher prevalence 
in patients with acquired immunodeficiency syndrome (AIDS), in whom it 
typically causes hepatomegaly. In the non–human immunodeficiency virus 
(HIV)–infected patient, disseminated cryptococcosis less frequently can result 
in focal granulomatous hepatitis, which may clinically mimic viral hepatitis, 
or can be manifested as obstructive jaundice secondary to sclerosing cholan-
gitis. Histoplasma capsulatum infects individuals who inhale the fungus, but 
most cases are subclinical. In symptomatic hepatic histoplasmosis, two thirds 
of patients will present with hepatomegaly, with some showing splenic enlarge-
ment as well. On histologic examination, histoplasmosis can cause multiple 
granulomas diffusely distributed throughout the liver, although a more common 
finding is portal lymphohistiocytic infiltrate. Paracoccidioides brasiliensis most 
commonly infects adult men, and autopsy series have shown hepatic involve-
ment in up to 50% of patients who die of this infection. Some individuals 
may present with hepatomegaly or jaundice, although the latter is found in 
less than 6% of patients. Aminotransferase levels are often elevated in the early 
stages of the disease; changes in alkaline phosphatase or bilirubin levels tend 
to occur in the later stages. Biopsy may reveal lesions ranging from small 
granulomas to diffuse infiltration of yeast forms and fibrosis, often with bile 
duct involvement. In all of these examples, fungal cultures are necessary to 
establish a definitive diagnosis.
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 OTHER PROTOZOAL LIVER DISEASES
In addition to E. histolytica, other protozoal diseases that affect the liver include 
Cryptosporidium (Chapter 329), Toxoplasma gondii (Chapter 328), Leishmania 
(Chapter 327), Plasmodium (Chapter 324), and Babesia microti (Chapter 332) 
(Table 142-2).

 HELMINTH INFECTIONS
 Echinococcosis and Hydatid Cyst Disease

 EPIDEMIOLOGY AND PATHOBIOLOGY
Human cystic echinococcosis (Chapter 333) is a zoonosis caused by the larval 
cestode Echinococcus granulosus. It is often referred to as hydatid cyst disease 
because of the watery cysts that characterize the infection.

The disease remains endemic in sheep-raising areas of the world, including 
Africa, the Mediterranean region of Europe, the Middle East, Asia, South 
America, Australia, and New Zealand. Dogs are the definitive hosts for E. 
granulosus, and sheep are the major intermediate hosts, although yaks, goats, 
and camels are other relevant intermediate hosts. Humans are only accidental 
hosts when they ingest food or water that is fecally contaminated with eggs. 
Human contact with sheepdogs, which are in frequent contact with livestock, 
is a major risk for infection.

The disease cycle begins when an adult tapeworm infects the intestinal tract 
of the definitive host (dogs usually). The adult tapeworm then produces eggs, 
which are expelled in the host’s feces. Intermediate hosts become infected by 
ingesting the eggs of the parasite in fecally contaminated food. Inside the 
intermediate host, the eggs hatch and release tiny hooked embryos (called 
oncospheres), which travel in the blood stream and eventually lodge in the 
liver, lungs, or kidneys, where they develop into hydatid cysts. Inside these 
cysts grow thousands of tapeworm larvae, the next stage in the life cycle of 
the parasite.

 CLINICAL MANIFESTATIONS
The initial infection is asymptomatic, but an enlarging hydatid liver cyst can 
cause abdominal pain, nausea, hepatomegaly, or a palpable mass. Patients may 
describe symptoms of mild upper right quadrant pain, urticarial rash, and 
episodes of pruritus. If the cyst ruptures, serious complications can develop. 
Cysts that perforate into the peritoneum can lead to the development of extra-
hepatic cysts and may induce an allergic reaction leading to an increase of 
eosinophils in the blood, pruritic urticaria, and systemic anaphylaxis. In most 

 Parasitic, Protozoal, and Helminthic Infections of the Liver
 AMEBIC LIVER ABSCESS

 EPIDEMIOLOGY
Entamoeba histolytica is found throughout the world where the barriers between 
human feces and food and water are inadequate.8 After malaria, it is the second 
leading cause of death from parasitic diseases worldwide, accounting for an 
estimated 40,000 to 100,000 deaths annually. In the United States, most cases 
of amebiasis arise in immigrants from endemic areas and people living in 
states that border Mexico. Travelers to endemic areas are also at risk; ingestion 
of amebic cysts and colonization of the gastrointestinal tract can occur years 
before the development of a liver abscess. Amebic liver abscesses mainly affect 
men between the ages of 18 and 50 years but are also more common in post-
menopausal women, thereby suggesting a hormonal protective effect. Other 
risk factors include alcohol intake, human leukocyte antigen (HLA)-DR3, 
oral and anal sex, and contaminated enema apparatuses.

 PATHOBIOLOGY
Entamoeba histolytica has a simple life cycle consisting of the cyst (infectious 
form) and trophozoite (the motile stage associated with disease); it infects 
only humans and some nonhuman primates. Cysts are ingested and mature 
into trophozoites in the intestinal lumen. The development of amebic colitis 
is not essential for liver abscess formation. E. histolytica trophozoites penetrate 
through the mucosa and submucosal tissues and enter the portal circulation. 
E. histolytica blocks intrahepatic portal venules. When the trophozoites reach 
the liver, they create their unique abscesses, which are well-circumscribed 
regions of dead hepatocytes, liquefied cells, and cellular debris that are sur-
rounded by a rim of connective tissue, a few inflammatory cells, and amebic 
trophozoites. The adjacent liver parenchyma is unaffected. Given the small 
numbers of amebae relative to the size of the abscess, it is suggested that E. 
histolytica can cause hepatocyte death without direct contact.

 CLINICAL MANIFESTATIONS
Patients can present with amebic liver abscesses months to years after traveling 
to an endemic area, so a detailed travel history is essential for the diagnosis. 
The disease should be suspected in patients with an appropriate travel history, 
fever, right upper quadrant pain, and substantial hepatic tenderness. Jaundice 
is extremely uncommon. Symptoms are usually acute (<10 days in duration) 
but can be chronic, with anorexia and weight loss. Patients with acute disease 
tend to have multifocal disease, whereas patients with a more indolent course 
tend to have a solitary lesion. Laboratory data tend to demonstrate a leuko-
cytosis without eosinophilia, mild anemia, an elevated alkaline phosphatase 
level, and a high erythrocyte sedimentation rate.

 DIAGNOSIS
Although some individuals with amebic liver abscesses have concurrent amebic 
colitis, the majority of patients have no bowel symptoms; hence, the results 
of stool microscopy for E. histolytica trophozoites and cysts are usually nega-
tive. The diagnosis relies on identification of space-occupying lesions in the 
liver and a positive amebic serology. Both ultrasound and CT scan are very 
sensitive (Fig. 142-2), but neither provides absolute specificity for amebic 
liver abscesses. Serologic testing is highly sensitive (>94%) and specific (>95%). 
False-negative test results can be obtained within the first 7 to 10 days of 
infection, but repeat testing will usually be positive. Polymerase chain reaction 
testing of the abscess aspirate has proved valuable for making the diagnosis 
in returning travelers. Aspiration of the lesion may be necessary to exclude a 
primary or secondary bacterial infection.

FIGURE 142-2. Computed tomographic scan of an amebic liver abscess. (courtesy 
dr. chalermrat Bunchorntavakul, Bangkok, thailand.)

Metronidazole (500 to 750 mg orally three times daily) is usually the first-line 
treatment. Clinical improvement is often seen within 72 to 96 hours, but treat-
ment should be continued for 7 to 10 days. Tinidazole at 2 g daily for 5 days is 
also effective. Alternatives include ornidazole (0.5 g twice daily for 5 to 10 days) 
and nitazoxanide (500 mg twice daily for 10 days). Drainage is not necessary, 
even for large abscesses of 5 to 10 cm, A2  except in patients who do not respond 
within 5 days. The abscess usually will shrink by about 50% within a week, but 
the mean time to complete radiologic resolution is 3 to 9 months. Repeated 
imaging in a clinically improving patient may lead to unwarranted concern 
and unnecessary treatment.

Treatment must also address the removal of all of the cysts from the intestinal 
lumen in patients with evidence of intraluminal infection. A recommended 

TREATMENT AND PROGNOSIS 

treatment is iodoquinol (650 mg orally three times a day for 20 days) to prevent 
continued colonization and possible recurrence of the liver abscess. Alternative 
regimens for treating intraluminal infection include paromomycin (25 to 30 mg/
kg per day orally in three divided doses for 7 days) or diloxanide furoate (500 mg 
orally three times day for 10 days). The overall mortality rate from amebic abscess 
is 1 to 3%, whereas it is less than 1% if diagnosed and treated early.

cases, however, cysts rupture into bile ducts, which can result in cholestatic 
jaundice, cholangitis, or biliary pain.

 DIAGNOSIS
On ultrasound or CT scans (Fig. 142-3), the hydatid cysts are often large with 
a flaky appearance that is referred to as hydatid sand. CT imaging also may 
show multiple daughter cysts or a fluid density cyst with peripheral focal areas 
of calcification. Fluid is of variable density depending on the amount of pro-
teinaceous debris.

Hydatid cysts of liver can be diagnosed by a serologic assay, the Weinberg 
reaction, but it can be falsely negative in up to 38% of cases. An enzyme-linked 
immunosorbent assay may be more sensitive. Eosinophilia is not a feature unless 
the cyst ruptures; in fact, there usually are no changes in blood chemistries.

TREATMENT AND PROGNOSIS 

 Schistosomiasis
 EPIDEMIOLOGY AND PATHOBIOLOGY

Schistosomiasis is an infection of trematodes. Schistosoma (Chapter 334) cause 
periportal fibrosis and liver cirrhosis owing to deposition of eggs in the small 
portal venules. S. mansoni and S. japonicum lead to liver disease. Infection with 
S. mansoni is found in parts of South America, Africa, and the Middle East. 

Infection with S. japonicum is found in the Far East, mostly China and the 
Philippines. Although primary infection does not occur in the United States, 
5% of the world’s population (200 million people) may be infected, thereby 
making it a major international health concern and highly prevalent in 
immigrants.

Humans become infected after contact with water that contains the infective 
stage (cercaria) of schistosomes. After penetration of the skin, the larvae migrate 
to the lungs and then to the venules of the mesentery, urinary bladder, or 
ureters. They release eggs in the venules of the mesentery, and the eggs enter 
the liver through the portal vein, where they become lodged in the terminal 
branches of the portal venules. The lodged eggs cause a granulomatous inflam-
mation, and the lesions heal by periportal fibrosis. S. japonicum is more virulent 
than S. mansoni because its infections produce 10 times more eggs.

 CLINICAL MANIFESTATIONS
Initial infection is manifested as itching that is caused by skin penetration by 
larvae. Several weeks later, patients may complain of fever, diarrhea, chills, 
headaches, or hives. At this time, patients will have eosinophilia. During the 
next 5 to 15 years, periportal liver fibrosis develops and leads to presinusoidal 
portal hypertension, splenomegaly (Chapter 159), and gastroesophageal varices 
(Chapter 129). With S. japonicum, however, the progression can be much 
more rapid, with little interval between the acute and chronic disease. Hepatic 
function is generally well preserved, and patients generally present with 
hematemesis from ruptured gastroesophageal varices.

 DIAGNOSIS
Schistosomal eggs typically have lateral or terminal spines and are easy to 
detect on microscopic examination of feces or on a rectal biopsy specimen. 
Seroconversion occurs within 4 to 8 weeks of infection but cannot distin-
guish active infection from a history of exposure. Newer, more sensitive and 
specific molecular and immunodiagnostic techniques (including polymerase 
chain reaction–enzyme-linked immunosorbent assay systems) for detection 
of schistosome DNA in feces or serum and plasma have the potential to diag-
nose schistosomiasis in all stages of clinical disease, not only when the adult 
worms are producing eggs. Imaging may show extensive calcification with the 
typical “turtle-back” appearance along the portal tracts reflecting the clustered, 
calcified eggs along the portal triads. Liver biopsy may demonstrate an egg 
of S. mansoni along with intense granulomatous change in the portal tract  
(E-Fig. 142-1).

TREATMENT AND PROGNOSIS 
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cases, however, cysts rupture into bile ducts, which can result in cholestatic 
jaundice, cholangitis, or biliary pain.

 DIAGNOSIS
On ultrasound or CT scans (Fig. 142-3), the hydatid cysts are often large with 
a flaky appearance that is referred to as hydatid sand. CT imaging also may 
show multiple daughter cysts or a fluid density cyst with peripheral focal areas 
of calcification. Fluid is of variable density depending on the amount of pro-
teinaceous debris.

Hydatid cysts of liver can be diagnosed by a serologic assay, the Weinberg 
reaction, but it can be falsely negative in up to 38% of cases. An enzyme-linked 
immunosorbent assay may be more sensitive. Eosinophilia is not a feature unless 
the cyst ruptures; in fact, there usually are no changes in blood chemistries.

FIGURE 142-3. Computed tomographic scan of a hepatic echinococcal cyst. (courtesy 
dr. chalermrat Bunchorntavakul, Bangkok, thailand.)

Drug therapy includes the antiparasitic agent albendazole (15 mg/kg/day, 
divided into two doses, to a maximum 400 mg orally twice daily) for 1 to 3 
months, although a 6-month duration has also been used. However, treatment 
with albendazole alone is not effective, so drainage is essential to the effec-
tive treatment of hydatid cysts.9 Cysts without daughter cysts can be drained 
percutaneously, and a randomized trial showed that percutaneous drainage 
consisting of puncture, aspiration, injection, and re-aspiration of scolicidal 
solutions resulted in a similar rate of cyst disappearance as did open surgical 
drainage but with fewer side effects, provided that patients received therapy, 
such as albendazole starting 1 week before surgery and continuing 4 weeks 
postoperatively to minimize risk of secondary echinococcosis in the event of  
spillage. A3  Chlorhexidine, hydrogen peroxide, 80% alcohol, or 0.5% cetrimide 
are preferred scolicidal agents rather than hypertonic saline or formalin.

Complicated cysts, however, typically require surgery. For example, if the 
cyst communicates with the biliary tree, injection of scolicidal agents carries 
an almost universal risk of secondary sclerosing cholangitis and is contraindi-
cated. In such cases, the cyst must be treated surgically, either by cystectomy 
or hepatic resection.10

The prognosis is generally good, with complete cure expected after suc-
cessful percutaneous or surgical treatment. However, spillage occurs in 2 to 
25% of cases, depending on the location of the cyst and the surgeon’s experi-
ence. The operative mortality rate varies from 0.5 to 4% for the same reasons.

TREATMENT AND PROGNOSIS 

 Schistosomiasis
 EPIDEMIOLOGY AND PATHOBIOLOGY

Schistosomiasis is an infection of trematodes. Schistosoma (Chapter 334) cause 
periportal fibrosis and liver cirrhosis owing to deposition of eggs in the small 
portal venules. S. mansoni and S. japonicum lead to liver disease. Infection with 
S. mansoni is found in parts of South America, Africa, and the Middle East. 

Infection with S. japonicum is found in the Far East, mostly China and the 
Philippines. Although primary infection does not occur in the United States, 
5% of the world’s population (200 million people) may be infected, thereby 
making it a major international health concern and highly prevalent in 
immigrants.

Humans become infected after contact with water that contains the infective 
stage (cercaria) of schistosomes. After penetration of the skin, the larvae migrate 
to the lungs and then to the venules of the mesentery, urinary bladder, or 
ureters. They release eggs in the venules of the mesentery, and the eggs enter 
the liver through the portal vein, where they become lodged in the terminal 
branches of the portal venules. The lodged eggs cause a granulomatous inflam-
mation, and the lesions heal by periportal fibrosis. S. japonicum is more virulent 
than S. mansoni because its infections produce 10 times more eggs.

 CLINICAL MANIFESTATIONS
Initial infection is manifested as itching that is caused by skin penetration by 
larvae. Several weeks later, patients may complain of fever, diarrhea, chills, 
headaches, or hives. At this time, patients will have eosinophilia. During the 
next 5 to 15 years, periportal liver fibrosis develops and leads to presinusoidal 
portal hypertension, splenomegaly (Chapter 159), and gastroesophageal varices 
(Chapter 129). With S. japonicum, however, the progression can be much 
more rapid, with little interval between the acute and chronic disease. Hepatic 
function is generally well preserved, and patients generally present with 
hematemesis from ruptured gastroesophageal varices.

 DIAGNOSIS
Schistosomal eggs typically have lateral or terminal spines and are easy to 
detect on microscopic examination of feces or on a rectal biopsy specimen. 
Seroconversion occurs within 4 to 8 weeks of infection but cannot distin-
guish active infection from a history of exposure. Newer, more sensitive and 
specific molecular and immunodiagnostic techniques (including polymerase 
chain reaction–enzyme-linked immunosorbent assay systems) for detection 
of schistosome DNA in feces or serum and plasma have the potential to diag-
nose schistosomiasis in all stages of clinical disease, not only when the adult 
worms are producing eggs. Imaging may show extensive calcification with the 
typical “turtle-back” appearance along the portal tracts reflecting the clustered, 
calcified eggs along the portal triads. Liver biopsy may demonstrate an egg 
of S. mansoni along with intense granulomatous change in the portal tract  
(E-Fig. 142-1).

Praziquantel (a single dose of 40 mg/kg for S. haematobium, S. mansoni, or 
S. intercalatum infections; two divided doses of 60 mg/kg for S. japonicum or 
S. mekongi infections), which is the preferred treatment, is effective in 70 to 
100% of cases. However, a second dose can be given 6 to 12 weeks later, par-
ticularly in patients with eosinophilia, high antibody titers, or persistent symp-
toms.11 Despite treatment, 5 to 20% of patients develop significant hepatic 
fibrosis.12 Treatment of portal hypertension may be necessary. The mortality is 
0.05% with heavy S. mansoni infection and 1.8% for severe S. japonicum infec-
tion. Bleeding from esophageal varices is the most serious complication. Chronic 
infection can lead to hepatocellular carcinoma.

TREATMENT AND PROGNOSIS 

 GRANULOMATOUS DISEASES OF THE LIVER
Granulomas, which are found in up to 15% of liver biopsies, can be an inci-
dental finding or may represent a wide array of liver diseases (Table 142-3). 
A granuloma is an accumulation of epithelioid cells, including transformed 
macrophages, mononuclear cells, and other inflammatory cells. Granulomas 
may have associated necrosis (caseating), as in tuberculosis (Chapter 308), 
or may be non-necrotizing (noncaseating), as in sarcoidosis (Chapter 89). In 
addition, fibrin-ring granulomas are characterized by a vacuole encircled by 
a ring of fibrinoid necrosis and surrounded by lymphocytes and histiocytes, 
as seen in Q fever.

An incidental granuloma requires minimal further evaluation. Tuberculo-
sis should be excluded. Sarcoidosis also should be considered because it is 
the most common cause of granulomas in the United States. An antimito-
chondrial antibody should be obtained to exclude primary biliary cirrhosis 
(Chapter 144). The use of potentially causative drugs should be stopped (see  
Table 142-3).
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E-FIGURE 142-1. Liver biopsy specimen demonstrating an egg of Schistosoma  
mansoni and intense granulomatous change in the portal tract. (courtesy alberto Q. 
Farias, md, são Paulo, Brazil.)
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TABLE 142-2 PARASITIC INFECTIONS INVOLVING THE LIVER

CHARACTERISTICS ENDEMIC AREAS
RISK FACTORS AND ENDEMIC 

AREAS MAJOR HEPATIC MANIFESTATIONS SYMPTOMS AND SIGNS LABORATORY FINDINGS RADIOGRAPHIC FEATURES DIAGNOSIS TREATMENT
MAJOR PROTOZOA

Entamoeba histolytica Ingested cysts develop into invasive 
trophozoites that colonize the 
colon and occasionally spread to 
the liver by the portal blood

Mexico, regions of Central and 
South America, India, and 
regions of Africa

Male gender, alcohol intake, 
HLA-DR3, oral and anal sex, 
and contaminated enema 
apparatuses

Amebic liver abscesses develop as a tissue 
response to trophozoite invasion with 
acute and chronic manifestations (see 
text)

Fever, RUQ pain, and substantial hepatic 
tenderness

Leukocytosis without 
eosinophilia, mild anemia, 
elevated serum AP, and high 
ESR

US, CT, and MRI can detect 
abscess but cannot always 
differentiate amebic from 
pyogenic.

On CT or MRI, amebic abscess 
sometimes appears “cold” with 
bright rim.

Imaging, serology, 
stool antigen test 
(microscopic 
evaluation of stool 
has a poor yield)

Metronidazole (500-750 mg PO 
tid × 7-10 days) or tinidazole 
(2g daily × 5 days);

Iodoquinol (650 mg PO tid × 20 
days) or paromomycin 
(25-30 mg/kg PO daily in 
three divided doses × 7 days) 
or diloxanide furoate (500 mg 
PO tid × 10 days), also 
needed to eradicate intestinal 
colonization

OTHER PROTOZOA

Cryptosporidium sp 
and microsporidia

Ingested cysts develop into 
trophozoites in intestinal mucosa

Worldwide distribution AIDS Biliary tract infection with obstruction 
and cholangitis

See Chapter 329 See Chapter 329 See Chapter 329 See Chapter 329 See Chapter 329

Toxoplasma gondii Ingestion of oocysts in contaminated 
soil or water or in infected meat; 
systemic spread of tachyzoites in 
the circulation

Worldwide distribution Consumption of undercooked 
meat, contact with soil, and 
travel outside the United States, 
Europe, or Canada

Immunocompetent: asymptomatic or 
hepatomegaly and mild LFT 
elevations

Immunocompromised: occasional overt 
hepatitis

See Chapter 328 See Chapter 328 See Chapter 328 See Chapter 328 See Chapter 328

Leishmania sp Sand fly bite transmits 
promastigotes; proliferation in the 
reticuloendothelial system

Worldwide distribution Children age 10 and younger and 
immunocompromised adults

Contact with sand flies

Hepatosplenomegaly months to years 
after infection

See Chapter 327 See Chapter 327 See Chapter 327 See Chapter 327 See Chapter 327

Plasmodium sp Mosquito (Anopheles) bite transmits 
sporozoites

Multiple regions throughout the 
world

Exposure to anopheline mosquito 
bites

Proliferation in hepatocytes causes 
hepatomegaly, enzyme elevations, and 
jaundice

See Chapter 324 See Chapter 324 See Chapter 324 See Chapter 324 See Chapter 324

Babesia microti Tick bite transmits the agent, which 
parasitizes erythrocytes

Europe Asplenia is a risk for fatal hepatic 
failure, especially bovine 
babesiosis

Mild liver enzyme elevations See Chapter 332 See Chapter 332 See Chapter 332 See Chapter 332 See Chapter 332

MAJOR HELMINTHS

Schistosoma sp Cercaria in fresh water penetrate the 
skin, travel by the circulation to 
portal vein radicals

S. mansoni found in South 
America, Africa, and Middle 
East

S. japonicum found in Far East 
(mostly China and 
Philippines)

Contact with fresh water containing 
cercaria of schistosomes

Progressive presinusoidal blood flow 
obstruction, periportal fibrosis, portal 
hypertension, varices, ascites, 
splenomegaly

Initial infection presents as itching; later 
presentations include fever, diarrhea, 
chills, headaches, or hives

Hematemesis from ruptured 
gastroesophageal varices

Eosinophilia and splenomegaly
Seroconversion occurs within 4-6 

weeks

Extensive calcification with typical 
“turtle-back” appearance along 
portal tracts

Rectal biopsy, liver 
biopsy, microscopic 
examination of 
stool

Praziquantel (single dose of 
40 mg/kg for S. haematobium, 
S. mansoni, or S. intercalatum 
infections; two divided doses 
of 60 mg/kg for S. japonicum 
or S. mekongi infections) with 
a second dose 6-12 weeks 
later if necessary

Echinococcus 
granulosus

Eggs of small (3-7 mm) tapeworms 
in stool of canid hosts; ingested 
eggs produce larval oncospheres 
that migrate to the liver and form 
cysts in sheep, humans, and other 
intermediate hosts

Worldwide distribution, found 
especially in sheep-raising 
areas (Africa, the 
Mediterranean region of 
Europe, the Middle East, 
Asia, South America, 
Australia, and New Zealand)

Ingestion of food or water fecally 
contaminated with eggs and 
human contact with sheepdogs

Initial infection asymptomatic
Liver cysts increase in diameter by 

1-5 cm yearly and cause variable 
abdominal pain, hepatomegaly, and 
variable eosinophilia

Occasional cyst rupture, secondary 
bacterial infection

Enlarged hydatid cyst can cause abdominal 
pain, nausea, hepatomegaly, or a palpable 
mass

Mild RUQ pain, urticaria, and episodes of 
pruritus

Positive Weinberg reaction 
(false-negative reaction in 38% 
of cases) or ELISA analysis

Eosinophilia seen in ruptured 
cysts

On US or CT, cysts appear flaky, 
sometimes showing daughter 
cysts or peripheral focal 
calcification; fluid is of variable 
density

Imaging, Weinberg 
reaction, or ELISA

Albendazole (15 mg/kg/day, 
divided into two doses, up to 
maximum 400 mg, PO bid × 
1-3 months; up to 6 months if 
necessary); cysts without 
daughter cysts can be drained 
percutaneously; complicated 
cysts, including those 
communicating with the 
biliary tree, often require 
surgical treatment

Echinococcus 
multilocularis

Eggs of small tapeworms in stool of 
foxes; ingested eggs produce 
oncospheres in the liver of 
rodents, humans, and other 
intermediate hosts

Endemic in Northern 
hemisphere

Human exposure increasing with 
growing fox populations

Metacestodes colonize the liver as a 
tumor-like mass of small vesicles

See Chapter 333 See Chapter 333 See Chapter 333 See Chapter 333 See Chapter 333

Fasciola sp Leaf-shaped flukes up to 13 × 30 mm 
derived from ingested cysts; the 
fluke excysts in the duodenum, 
migrates directly across the bowel 
wall into the peritoneal cavity, and 
burrows directly into the liver (or 
occasionally out to the skin)

Worldwide distribution Consumption of freshwater or 
aquatic plants contaminated by 
colonized livestock

Adult flukes live in the common and 
hepatic bile ducts, causing obstruction 
that leads to thickening of the ducts, 
dilation, and fibrosis of the proximal 
biliary tree

Acute: fever, abdominal pain, eosinophilia
Chronic: symptomatic biliary obstruction, 

variable eosinophilia

Serologic tests include 
hemagglutination, complement 
fixation, ELISA, and 
counterimmunoelectrophoresis.

Anemia, leukocytosis, 
eosinophilia, elevated AP, and 
hypergammaglobulinemia are 
often seen

CT is most useful: liver shows 
hypodense nodules or tortuous 
tracks; thickening of the liver 
capsule, subcapsular hematoma, 
and parenchymal calcification 
may also be seen.

Serology, stool 
examination

Triclabendazole, 10 mg/kg once 
or twice

Opisthorchis sp and 
Clonorchis sinensis

Flukes of 8-25 mm derived from 
ingested cysts; the fluke excysts in 
the duodenum and migrates into 
the bile ducts

Opisthorchis sp: Southeast Asia, 
central and eastern Europe 
(particularly Siberia)

C. sinensis: China, Japan, 
Vietnam, Korea

Consumption of raw, pickled, dried, 
smoked, or salted freshwater fish 
or crayfish originating from East 
Asia or, in the case of 
Opisthorchis felineus, Russia and 
Eastern Europe

Acute: typically asymptomatic
Chronic: abdominal pain, fever, anorexia, 

tender hepatomegaly, sometimes 
eosinophilia

Late sequelae: intermittent biliary 
obstruction, cholelithiasis, 
cholecystitis, cholangitis, secondary 
bacterial abscesses, 
cholangiocarcinoma

Chronic infection presents as dyspepsia, 
abdominal pain, diarrhea, nausea, 
vomiting, anorexia, weight loss, fevers, 
hepatomegaly, and urticaria

Acute presentation includes serum sickness, 
intrahepatic pigment stones, and facial 
edema.

Other rare complications are cholangitis, 
pancreatitis, and obstructive jaundice.

Anemia, leukocytosis, 
eosinophilia, elevated AP, and 
hypergammaglobulinemia

US may detect flukes in biliary 
tree

CT shows small hypodense 
nodules

Serology and stool 
examination

Praziquantel, 75 mg/kg/day PO 
tid × 2 days
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TABLE 142-2 PARASITIC INFECTIONS INVOLVING THE LIVER

CHARACTERISTICS ENDEMIC AREAS
RISK FACTORS AND ENDEMIC 

AREAS MAJOR HEPATIC MANIFESTATIONS SYMPTOMS AND SIGNS LABORATORY FINDINGS RADIOGRAPHIC FEATURES DIAGNOSIS TREATMENT
MAJOR PROTOZOA

Entamoeba histolytica Ingested cysts develop into invasive 
trophozoites that colonize the 
colon and occasionally spread to 
the liver by the portal blood

Mexico, regions of Central and 
South America, India, and 
regions of Africa

Male gender, alcohol intake, 
HLA-DR3, oral and anal sex, 
and contaminated enema 
apparatuses

Amebic liver abscesses develop as a tissue 
response to trophozoite invasion with 
acute and chronic manifestations (see 
text)

Fever, RUQ pain, and substantial hepatic 
tenderness

Leukocytosis without 
eosinophilia, mild anemia, 
elevated serum AP, and high 
ESR

US, CT, and MRI can detect 
abscess but cannot always 
differentiate amebic from 
pyogenic.

On CT or MRI, amebic abscess 
sometimes appears “cold” with 
bright rim.

Imaging, serology, 
stool antigen test 
(microscopic 
evaluation of stool 
has a poor yield)

Metronidazole (500-750 mg PO 
tid × 7-10 days) or tinidazole 
(2g daily × 5 days);

Iodoquinol (650 mg PO tid × 20 
days) or paromomycin 
(25-30 mg/kg PO daily in 
three divided doses × 7 days) 
or diloxanide furoate (500 mg 
PO tid × 10 days), also 
needed to eradicate intestinal 
colonization

OTHER PROTOZOA

Cryptosporidium sp 
and microsporidia

Ingested cysts develop into 
trophozoites in intestinal mucosa

Worldwide distribution AIDS Biliary tract infection with obstruction 
and cholangitis

See Chapter 329 See Chapter 329 See Chapter 329 See Chapter 329 See Chapter 329

Toxoplasma gondii Ingestion of oocysts in contaminated 
soil or water or in infected meat; 
systemic spread of tachyzoites in 
the circulation

Worldwide distribution Consumption of undercooked 
meat, contact with soil, and 
travel outside the United States, 
Europe, or Canada

Immunocompetent: asymptomatic or 
hepatomegaly and mild LFT 
elevations

Immunocompromised: occasional overt 
hepatitis

See Chapter 328 See Chapter 328 See Chapter 328 See Chapter 328 See Chapter 328

Leishmania sp Sand fly bite transmits 
promastigotes; proliferation in the 
reticuloendothelial system

Worldwide distribution Children age 10 and younger and 
immunocompromised adults

Contact with sand flies

Hepatosplenomegaly months to years 
after infection

See Chapter 327 See Chapter 327 See Chapter 327 See Chapter 327 See Chapter 327

Plasmodium sp Mosquito (Anopheles) bite transmits 
sporozoites

Multiple regions throughout the 
world

Exposure to anopheline mosquito 
bites

Proliferation in hepatocytes causes 
hepatomegaly, enzyme elevations, and 
jaundice

See Chapter 324 See Chapter 324 See Chapter 324 See Chapter 324 See Chapter 324

Babesia microti Tick bite transmits the agent, which 
parasitizes erythrocytes

Europe Asplenia is a risk for fatal hepatic 
failure, especially bovine 
babesiosis

Mild liver enzyme elevations See Chapter 332 See Chapter 332 See Chapter 332 See Chapter 332 See Chapter 332

MAJOR HELMINTHS

Schistosoma sp Cercaria in fresh water penetrate the 
skin, travel by the circulation to 
portal vein radicals

S. mansoni found in South 
America, Africa, and Middle 
East

S. japonicum found in Far East 
(mostly China and 
Philippines)

Contact with fresh water containing 
cercaria of schistosomes

Progressive presinusoidal blood flow 
obstruction, periportal fibrosis, portal 
hypertension, varices, ascites, 
splenomegaly

Initial infection presents as itching; later 
presentations include fever, diarrhea, 
chills, headaches, or hives

Hematemesis from ruptured 
gastroesophageal varices

Eosinophilia and splenomegaly
Seroconversion occurs within 4-6 

weeks

Extensive calcification with typical 
“turtle-back” appearance along 
portal tracts

Rectal biopsy, liver 
biopsy, microscopic 
examination of 
stool

Praziquantel (single dose of 
40 mg/kg for S. haematobium, 
S. mansoni, or S. intercalatum 
infections; two divided doses 
of 60 mg/kg for S. japonicum 
or S. mekongi infections) with 
a second dose 6-12 weeks 
later if necessary

Echinococcus 
granulosus

Eggs of small (3-7 mm) tapeworms 
in stool of canid hosts; ingested 
eggs produce larval oncospheres 
that migrate to the liver and form 
cysts in sheep, humans, and other 
intermediate hosts

Worldwide distribution, found 
especially in sheep-raising 
areas (Africa, the 
Mediterranean region of 
Europe, the Middle East, 
Asia, South America, 
Australia, and New Zealand)

Ingestion of food or water fecally 
contaminated with eggs and 
human contact with sheepdogs

Initial infection asymptomatic
Liver cysts increase in diameter by 

1-5 cm yearly and cause variable 
abdominal pain, hepatomegaly, and 
variable eosinophilia

Occasional cyst rupture, secondary 
bacterial infection

Enlarged hydatid cyst can cause abdominal 
pain, nausea, hepatomegaly, or a palpable 
mass

Mild RUQ pain, urticaria, and episodes of 
pruritus

Positive Weinberg reaction 
(false-negative reaction in 38% 
of cases) or ELISA analysis

Eosinophilia seen in ruptured 
cysts

On US or CT, cysts appear flaky, 
sometimes showing daughter 
cysts or peripheral focal 
calcification; fluid is of variable 
density

Imaging, Weinberg 
reaction, or ELISA

Albendazole (15 mg/kg/day, 
divided into two doses, up to 
maximum 400 mg, PO bid × 
1-3 months; up to 6 months if 
necessary); cysts without 
daughter cysts can be drained 
percutaneously; complicated 
cysts, including those 
communicating with the 
biliary tree, often require 
surgical treatment

Echinococcus 
multilocularis

Eggs of small tapeworms in stool of 
foxes; ingested eggs produce 
oncospheres in the liver of 
rodents, humans, and other 
intermediate hosts

Endemic in Northern 
hemisphere

Human exposure increasing with 
growing fox populations

Metacestodes colonize the liver as a 
tumor-like mass of small vesicles

See Chapter 333 See Chapter 333 See Chapter 333 See Chapter 333 See Chapter 333

Fasciola sp Leaf-shaped flukes up to 13 × 30 mm 
derived from ingested cysts; the 
fluke excysts in the duodenum, 
migrates directly across the bowel 
wall into the peritoneal cavity, and 
burrows directly into the liver (or 
occasionally out to the skin)

Worldwide distribution Consumption of freshwater or 
aquatic plants contaminated by 
colonized livestock

Adult flukes live in the common and 
hepatic bile ducts, causing obstruction 
that leads to thickening of the ducts, 
dilation, and fibrosis of the proximal 
biliary tree

Acute: fever, abdominal pain, eosinophilia
Chronic: symptomatic biliary obstruction, 

variable eosinophilia

Serologic tests include 
hemagglutination, complement 
fixation, ELISA, and 
counterimmunoelectrophoresis.

Anemia, leukocytosis, 
eosinophilia, elevated AP, and 
hypergammaglobulinemia are 
often seen

CT is most useful: liver shows 
hypodense nodules or tortuous 
tracks; thickening of the liver 
capsule, subcapsular hematoma, 
and parenchymal calcification 
may also be seen.

Serology, stool 
examination

Triclabendazole, 10 mg/kg once 
or twice

Opisthorchis sp and 
Clonorchis sinensis

Flukes of 8-25 mm derived from 
ingested cysts; the fluke excysts in 
the duodenum and migrates into 
the bile ducts

Opisthorchis sp: Southeast Asia, 
central and eastern Europe 
(particularly Siberia)

C. sinensis: China, Japan, 
Vietnam, Korea

Consumption of raw, pickled, dried, 
smoked, or salted freshwater fish 
or crayfish originating from East 
Asia or, in the case of 
Opisthorchis felineus, Russia and 
Eastern Europe

Acute: typically asymptomatic
Chronic: abdominal pain, fever, anorexia, 

tender hepatomegaly, sometimes 
eosinophilia

Late sequelae: intermittent biliary 
obstruction, cholelithiasis, 
cholecystitis, cholangitis, secondary 
bacterial abscesses, 
cholangiocarcinoma

Chronic infection presents as dyspepsia, 
abdominal pain, diarrhea, nausea, 
vomiting, anorexia, weight loss, fevers, 
hepatomegaly, and urticaria

Acute presentation includes serum sickness, 
intrahepatic pigment stones, and facial 
edema.

Other rare complications are cholangitis, 
pancreatitis, and obstructive jaundice.

Anemia, leukocytosis, 
eosinophilia, elevated AP, and 
hypergammaglobulinemia

US may detect flukes in biliary 
tree

CT shows small hypodense 
nodules

Serology and stool 
examination

Praziquantel, 75 mg/kg/day PO 
tid × 2 days
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 Grade A References

 Sarcoidosis
Sarcoidosis (Chapter 89), which is the most frequently identified cause of 
hepatic granuloma in the United States, affects all racial and ethnic groups 
and occurs at all ages. In patients with sarcoidosis, the liver is the third most 
commonly involved organ, after the lymph nodes and lung; approximately 
50 to 65% of patients with sarcoidosis have noncaseating granulomas on liver 
biopsy. The classic granuloma is found mainly in the portal triads, with a 
cluster of large epithelioid cells and often with multinucleated giant cells.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Hepatic involvement of sarcoidosis is often subclinical, and only a minority 
of patients will present with pruritus, fever, abdominal pain, hepatomegaly, 
cholestatic jaundice, or portal hypertension.13 In some patients, the granulo-
matous injury and destruction of the interlobular bile ducts eventually cause 
ductopenia and a histologic picture similar to primary biliary cirrhosis (Chapter 
146). In other patients, damage to the large bile ducts may lead to a syndrome 
that mimics primary sclerosing cholangitis (Chapter 146). Other patients may 
present with focal liver lesions suggestive of malignant neoplasm.

Patients typically have a marked elevation of the serum alkaline phosphatase 
level. Angiotensin-converting enzyme (ACE) levels also are characteristically 
elevated but may not be helpful in differentiating sarcoidosis from other chronic 
liver diseases, such as primary biliary cirrhosis, in which it also may be elevated. 
The presence of noncaseating granulomas in a patient with clinically suspected 
sarcoidosis generally establishes the diagnosis. However, granulomas do not 
correlate with liver function test results or duration of disease.

 Other Granulomatous Liver Diseases
In addition to sarcoidosis, another major cause of granulomatous liver disease 
is tuberculosis (Chapter 308). Miliary tuberculosis, caused by Mycobacterium 
tuberculosis, commonly results in hepatic granulomas, and patients present 
with hepatomegaly, abnormal liver function test results, or both. A biopsy 
revealing caseating granulomas along with a positive PPD (purified protein 
derivative) response and active pulmonary tuberculosis can help in establish-
ing a diagnosis. Other mycobacteria are also known to cause granulomatous 
liver disease including M. avium intracellulare, M. genavense, and M. scrofulaceum 
(Chapter 309).

Other causes of granulomatous liver disease include zoonotic infections 
such as cat-scratch disease (Chapter 299), Q fever (Chapter 311), and brucel-
losis (Chapter 294). Cat-scratch disease, which primarily affects children, is 
caused by Bartonella henselae, with cats serving as the main reservoir for the 
organism. Patients typically present with lymphadenopathy associated with 
persistent pyrexia of unknown origin, abdominal pain, and weight loss. B. 
henselae can be identified by a Warthin-Starry stain or an imaging study may 
demonstrate scattered defects in the liver. Q fever is caused by the intracellular 
gram-negative rickettsial organism Coxiella burnetii. Most infections are 
asymptomatic, but may have self-limited influenza-like symptoms, pneumonia, 
and hepatitis. A liver biopsy may demonstrate fibrin-ring granulomas (doughnut 
shaped) in the background of nonspecific reactive hepatitis and steatosis. 
Brucellosis, which is not common in the United States, is caused by at least 
four species of Brucella: B. abortus, B. suis, B. melitensis, and B. canis. The disease 
is manifested as recurrent high fevers, drenching sweats, malaise, arthralgia, 
fatigue, abdominal pain, anorexia, and headaches. Patients often have hepa-
tomegaly. Hepatic biochemical abnormalities are nonspecific and show elevated 
serum levels of aminotransferases and alkaline phosphatase. The granulomas 
formed by this infection are typically smaller than those caused by sarcoidosis 
or tuberculosis, and a definitive diagnosis can be established by serologic 
testing.

It is important to keep in mind that hepatic granulomas are formed nat-
urally as a consequence of the immune response, so they may be seen in 
infections with hepatic involvement. Many of the diseases noted above can 
manifest as granulomatous liver disease (see Table 142-3): listeriosis (Chapter 
277), yersiniosis (Chapter 296), candidiasis (Chapter 318), histoplasmosis  

In general, hepatic sarcoidosis does not need to be treated except in patients 
with other indications for treatment (Chapter 89). Corticosteroids improve liver 
function test results but do not alleviate portal hypertension, and serial biopsies 
often show little improvement. Sarcoidosis that leads to portal hypertension 
and fibrosis may ultimately require liver transplantation (Chapter 145), although 
sarcoidosis may recur in the new organ.

TREATMENT AND PROGNOSIS 

TABLE 142-2 PARASITIC INFECTIONS INVOLVING THE LIVER—cont’d

CHARACTERISTICS ENDEMIC AREAS
RISK FACTORS AND ENDEMIC 

AREAS MAJOR HEPATIC MANIFESTATIONS SYMPTOMS AND SIGNS LABORATORY FINDINGS RADIOGRAPHIC FEATURES DIAGNOSIS TREATMENT
Toxocara sp Nematode infection disseminates to 

cause visceral larva migrans after 
ingestion of soil contaminated 
with dog or cat feces

Highest prevalence in 
southeastern United States

Consumption of food contaminated 
with soil containing eggs; 
distributed throughout the 
United States

Often an asymptomatic cause of 
eosinophilia (exclude Trichinella, 
Strongyloides, filaria, hookworm, 
schistosomiasis)

Hepatomegaly is common, but 
nonhepatic manifestations dominate 
the clinical picture

See Chapter 335 See Chapter 335 See Chapter 335 See Chapter 335 See Chapter 335

OTHER HELMINTHS

Ascaris lumbricoides Ingested eggs develop into larvae 
that migrate to the lungs and are 
coughed and swallowed; develop 
into roundworms 15-30 mm long 
in the small intestine

Global distribution with higher 
prevalence in Africa, South 
America, India, and the Far 
East; 20% of the world’s 
population is colonized

Consumption of fecally 
contaminated food or water, 
particularly in young children

Colonization is typically asymptomatic 
with eosinophilia

Biliary migration of worms can cause 
symptomatic biliary obstruction, 
cholangitis, cholecystitis, and 
secondary bacterial liver abscess

Sensitized patients during pulmonary phase 
present with asthma-like symptoms, 
hemoptysis, chest pain, and cyanosis

Urticaria and other allergic reactions 
sometimes seen

Patients in intestinal phase show cognitive 
and nutritional impairment with 
abdominal pain, hepatomegaly, 
cholangitis, and obstructive jaundice

Leukocytosis with eosinophilia
Hyperbilirubinemia occasionally 

seen

Movement of the worms within 
the biliary tree can sometimes 
be observed

A “bull’s-eye” appearance can be 
seen on cross-sectional imaging

Stool examination, 
imaging, and ERCP 
(Video 142-1)

Albendazole, 400 mg once

Capillaria hepatica Ingested eggs develop into larvae in 
the intestinal mucosa; larvae 
migrate to the liver by portal 
blood flow and develop into 
short-lived roundworms

Human infection is rare Consumption of food contaminated 
with rodent feces

Fever, eosinophilia, and hepatomegaly; 
subsequent foci of liver fibrosis, 
granulomas, and calcification in 
involved areas

Persistent fever, eosinophilia, and 
hepatomegaly most common

Splenomegaly, anorexia, nausea, vomiting, 
night sweats, and altered bowel habits 
also seen

Anemia, eosinophilia, moderately 
elevated liver enzymes, 
increased ESR, and 
hypergammaglobulinemia

US shows nonspecific hyperechoic 
areas in the portal spaces

Stool and liver biopsy Mebendazole, 200 mg bid × 20 
days

Strongyloides 
stercoralis

Ingested eggs develop into 1.5- to 
2.5-mm nematodes that invade 
the hepatic vasculature, 
lymphatics, and biliary tract

Tropical and subtropical areas 
including southeast United 
States and southern and 
eastern Europe

Consumption of food contaminated 
with soil containing eggs, 
infection with HTLV-1, and 
immunocompromised 
individuals

Hepatic disease in the setting of 
immunosuppression: jaundice, 
abdominal pain; eosinophilia is 
uncommon

Recurrent urticaria, abdominal pain, 
diarrhea, and cough; mild jaundice and 
hepatomegaly in the absence of 
splenomegaly

Eosinophilia and 
hypoalbuminemia

Patients may have elevated liver 
enzymes

Imaging studies not used in 
diagnosis

Serology and stool 
examination

Ivermectin (single dose, 200 µg/
kg orally × 1-2 days) or

Albendazole (400 mg PO bid × 
7 days)

AIDS = acquired immunodeficiency syndrome; AP = alkaline phosphatase; bid = twice daily; CT = computed tomography; ELISA = enzyme-linked immunosorbent assay; ERCP = endoscopic retrograde 
cholangiopancreatography; ESR = erythrocyte sedimentation rate; HLA = human leukocyte antigen; HTLV = human T-cell lymphotrophic virus; LFT = liver function test; MRI = magnetic resonance imaging; 
PO = orally; RUQ = right upper quadrant; tid = three times daily; US = ultrasonography.



CHAPTER 142 Bacterial, Parasitic, Fungal, and granulomatous liver diseases 985

 Grade A References

TABLE 142-3 CAUSES OF GRANULOMATOUS LIVER DISEASE
DIAGNOSIS SPECIAL AND UNIQUE FEATURES
Sarcoidosis Evidence of pulmonary sarcoidosis, granulomas found on biopsy of other 

organs, elevated ACE level
Bacterial infections
 Mycobacterium tuberculosis Caseating granulomas on biopsy, positive PPD response or interferon-

gamma release assay, active pulmonary tuberculosis
 Other mycobacteria (M. avium-intracellulare, M. leprae, M. mucogenicum, M. bovis) HIV, exposure history
 Other bacteria (brucellosis, listeriosis, melioidosis, tularemia, yersiniosis, bartonellosis, Q fever, 

syphilis, psittacosis)
Fever, exposure history

Viral infections (cytomegalovirus, Epstein-Barr virus, hepatitis C, hepatitis B, hepatitis A) Serology for acute or recent exposure
Fungal infections (histoplasmosis, coccidioidomycosis, blastomycosis, nocardiosis, candidiasis) Fever, immunocompromised
Parasitic infections (schistosomiasis, Ascaris lumbricoides, toxoplasmosis, visceral leishmaniasis) Travel to endemic regions, positive serologic testing
Primary biliary cirrhosis Female sex, positive AMA, elevated IgM
Malignant diseases (Hodgkin disease, non-Hodgkin lymphoma, renal cell carcinoma) Evidence of malignant disease in kidney or bone marrow
Drug reactions (allopurinol, chlorpropamide, phenylbutazone, sulfonamides, carbamazepine, 

glyburide, quinidine, quinine, diltiazem, hydralazine, rosiglitazone, phenytoin, methyldopa, 
procainamide, amoxicillin-clavulanic acid, mebendazole, mesalamine, acetaminophen, 
pyrazinamide, halothane, isoniazid, norfloxacin)

Exposure history

Toxins (beryllium, copper sulfate, Thorotrast) Previous exposure history
Miscellaneous (talc, Crohn disease, granulomatosis with polyangiitis (formerly Wegener 

granulomatosis), post-jejunoileal bypass, mineral oil lipogranulomas, hepatic allograft rejection, 
chronic granulomatous disease)

History of IV drug use, history of liver transplantation, diarrhea

ACE = angiotensin-converting enzyme; AMA = antimitochondrial antibody; HIV = human immunodeficiency virus; IgM = immunoglobulin M; IV = intravenous; PPD = purified protein derivative.

(Chapter 316), coccidioidomycosis (Chapter 316), and schistosomiasis 
(Chapter 334). Viral infections (e.g. cytomegalovirus, hepatitis A, hepatitis 
B, and hepatitis C), primary biliary cirrhosis (Chapter 144), malignancies, 
and certain drug reactions (Chapter 141) have all been etiologically linked 
to granulomatous liver disease.

A1. Kulhari M, Mandia R. Prospective randomized comparative study of pigtail catheter drainage versus 
percutaneous needle aspiration in treatment of liver abscess. ANZ J Surg. 2019;89:E81-E86.
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CHARACTERISTICS ENDEMIC AREAS
RISK FACTORS AND ENDEMIC 

AREAS MAJOR HEPATIC MANIFESTATIONS SYMPTOMS AND SIGNS LABORATORY FINDINGS RADIOGRAPHIC FEATURES DIAGNOSIS TREATMENT
Toxocara sp Nematode infection disseminates to 

cause visceral larva migrans after 
ingestion of soil contaminated 
with dog or cat feces

Highest prevalence in 
southeastern United States

Consumption of food contaminated 
with soil containing eggs; 
distributed throughout the 
United States

Often an asymptomatic cause of 
eosinophilia (exclude Trichinella, 
Strongyloides, filaria, hookworm, 
schistosomiasis)

Hepatomegaly is common, but 
nonhepatic manifestations dominate 
the clinical picture

See Chapter 335 See Chapter 335 See Chapter 335 See Chapter 335 See Chapter 335

OTHER HELMINTHS

Ascaris lumbricoides Ingested eggs develop into larvae 
that migrate to the lungs and are 
coughed and swallowed; develop 
into roundworms 15-30 mm long 
in the small intestine

Global distribution with higher 
prevalence in Africa, South 
America, India, and the Far 
East; 20% of the world’s 
population is colonized

Consumption of fecally 
contaminated food or water, 
particularly in young children

Colonization is typically asymptomatic 
with eosinophilia

Biliary migration of worms can cause 
symptomatic biliary obstruction, 
cholangitis, cholecystitis, and 
secondary bacterial liver abscess

Sensitized patients during pulmonary phase 
present with asthma-like symptoms, 
hemoptysis, chest pain, and cyanosis

Urticaria and other allergic reactions 
sometimes seen

Patients in intestinal phase show cognitive 
and nutritional impairment with 
abdominal pain, hepatomegaly, 
cholangitis, and obstructive jaundice

Leukocytosis with eosinophilia
Hyperbilirubinemia occasionally 

seen

Movement of the worms within 
the biliary tree can sometimes 
be observed

A “bull’s-eye” appearance can be 
seen on cross-sectional imaging

Stool examination, 
imaging, and ERCP 
(Video 142-1)

Albendazole, 400 mg once

Capillaria hepatica Ingested eggs develop into larvae in 
the intestinal mucosa; larvae 
migrate to the liver by portal 
blood flow and develop into 
short-lived roundworms

Human infection is rare Consumption of food contaminated 
with rodent feces

Fever, eosinophilia, and hepatomegaly; 
subsequent foci of liver fibrosis, 
granulomas, and calcification in 
involved areas

Persistent fever, eosinophilia, and 
hepatomegaly most common

Splenomegaly, anorexia, nausea, vomiting, 
night sweats, and altered bowel habits 
also seen

Anemia, eosinophilia, moderately 
elevated liver enzymes, 
increased ESR, and 
hypergammaglobulinemia

US shows nonspecific hyperechoic 
areas in the portal spaces

Stool and liver biopsy Mebendazole, 200 mg bid × 20 
days

Strongyloides 
stercoralis

Ingested eggs develop into 1.5- to 
2.5-mm nematodes that invade 
the hepatic vasculature, 
lymphatics, and biliary tract

Tropical and subtropical areas 
including southeast United 
States and southern and 
eastern Europe

Consumption of food contaminated 
with soil containing eggs, 
infection with HTLV-1, and 
immunocompromised 
individuals

Hepatic disease in the setting of 
immunosuppression: jaundice, 
abdominal pain; eosinophilia is 
uncommon

Recurrent urticaria, abdominal pain, 
diarrhea, and cough; mild jaundice and 
hepatomegaly in the absence of 
splenomegaly

Eosinophilia and 
hypoalbuminemia

Patients may have elevated liver 
enzymes

Imaging studies not used in 
diagnosis

Serology and stool 
examination

Ivermectin (single dose, 200 µg/
kg orally × 1-2 days) or

Albendazole (400 mg PO bid × 
7 days)

AIDS = acquired immunodeficiency syndrome; AP = alkaline phosphatase; bid = twice daily; CT = computed tomography; ELISA = enzyme-linked immunosorbent assay; ERCP = endoscopic retrograde 
cholangiopancreatography; ESR = erythrocyte sedimentation rate; HLA = human leukocyte antigen; HTLV = human T-cell lymphotrophic virus; LFT = liver function test; MRI = magnetic resonance imaging; 
PO = orally; RUQ = right upper quadrant; tid = three times daily; US = ultrasonography.
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of chronic liver disease (e.g., viral hepatitis B or C), concomitant alcohol 
consumption significantly aggravates liver injury.

 CLINICAL MANIFESTATIONS
Patients with alcoholic liver disease may have signs and symptoms from under-
lying alcoholism as well as those caused by liver disease. Stigmata of chronic 
alcoholism include palmar erythema (see Fig. 137-2), spider nevi, bilateral 
gynecomastia, testicular atrophy, bilateral parotid enlargement, and Dupuytren 
contractures (Fig. 143-1). The clinical features of liver disease will depend on 
the stage of alcoholic liver disease, that is, whether a patient has alcoholic fatty 
liver or more advanced liver disease, such as alcoholic hepatitis and cirrhosis.

Patients with alcoholic fatty liver disease are generally asymptomatic, but 
some patients may have anorexia, fatigue, right upper quadrant discomfort, 
and tender hepatomegaly. These patients may also have biochemical evidence 
of alcoholism and alcoholic liver disease with macrocytosis as well as elevated 
levels of aspartate aminotransferase (AST) and γ-glutamyl transpeptidase. 
Patients with alcoholic fatty liver typically do not have jaundice, ascites, or 
splenomegaly.

Patients with alcoholic hepatitis may have a more dramatic presentation 
with severe malaise, fatigue, anorexia, fever, evidence of protein-calorie mal-
nutrition, and features of decompensated liver disease, including jaundice, 
coagulopathy, ascites, and encephalopathy. However, these classic features of 
acute alcoholic hepatitis are not universally present. Physical examination 
invariably shows at least some features of chronic alcoholism, and jaundice 
(see Fig. 137-1), ascites (see Fig. 137-4), and splenomegaly are common. The 
laboratory examination findings are typically abnormal. Common hematologic 
abnormalities include leukocytosis with neutrophil predominance, macrocytic 
anemia (Chapter 155), thrombocytopenia (Chapter 163), and prolonged 
prothrombin time. Liver biochemistries (Chapter 138) are abnormal with an 
elevated AST and ratio of AST to alanine aminotransferase (ALT), alkaline 
phosphatase, γ-glutamyl transpeptidase, and total bilirubin but decreased levels 
of serum albumin. The AST rarely exceeds 300 IU/L. Serum electrolyte abnor-
malities including hypokalemia (Chapter 109), hypomagnesemia (Chapter 
111), hypocalcemia (Chapter 232), and hypophosphatemia (Chapter 111) 
are frequent. Patients with alcoholic cirrhosis have the same clinical features 
that are common to other types of cirrhosis (Chapter 144) but also with 
striking features of underlying chronic alcoholism, including significant muscle 
wasting.

 DIAGNOSIS
The diagnosis of alcoholic liver disease strongly depends on the history of 
excessive alcohol consumption and the presence of liver disease.3 Although 
laboratory abnormalities are not specific for alcoholic liver disease, they can 
be suggestive in the context of excessive alcohol consumption. An AST/ALT 
ratio of more than 2 is typical in alcoholic liver disease, and ALT values greater 
than 150 to 200 IU/L are very rare in alcoholic liver disease. Serology testing 
for coexisting chronic viral hepatitis (Chapter 140) is critical. Diagnostic dilem-
mas arise when a patient denies excessive alcohol consumption in the face 
of clinical features that are suggestive of alcoholic liver disease. Interviewing 
family members about specific alcohol consumption may be helpful in the 
accurate ascertainment of alcohol consumption. Serum and urinary levels of 
ethyl glucuronide and ethyl sulfate are sensitive and specific markers of recent 
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Alcoholic liver disease and nonalcoholic fatty liver disease (NAFLD), which 
represent two of the most common forms of liver disease, can lead to cirrhosis, 
liver cancer, liver failure, and death. Although these two conditions have dif-
ferent risk factors and natural histories, in both conditions (Table 143-1) the 
hepatocytes are characterized by macrovesicular steatosis, which is the accu-
mulation of triglycerides as one large cytoplasmic globule that displaces the 
nucleus. In microvesicular steatosis, cytoplasmic accumulation of fat occurs 
as multiple small globules with a central (intact) nucleus.

 ALCOHOLIC LIVER DISEASE

 DEFINITION
Excessive alcohol consumption (Chapter 30) causes alcoholic liver disease 
and can significantly worsen other liver disorders, such as viral hepatitis (Chapter 
140) and hemochromatosis (Chapter 201). Although most individuals who 
consume alcohol do not consume it excessively and do not develop any physical 
or social consequences, some alcoholics consume sufficient alcohol and, pre-
sumably because of other predisposing factors, develop alcoholic liver disease. 
Alcoholic liver disease is a spectrum of chronic liver diseases ranging from 
alcoholic fatty liver to alcoholic hepatitis and cirrhosis.

Alcoholic fatty liver disease will develop in nearly 90% of individuals who 
consume alcohol heavily (on average, >6 drinks per day), but only a subset 
of individuals develop the severe conditions of alcoholic hepatitis and alcoholic 
cirrhosis. Genetic predisposition and environmental factors are likely to play 
a role in the pathogenesis of acute alcoholic hepatitis and alcoholic cirrhosis, 
but such factors have not been well defined. Nearly 50% of the patients with 
alcoholic hepatitis have preexisting cirrhosis (Chapter 144), and individuals 
who do not yet have cirrhosis are at high risk for its development, especially 
if they continue to consume alcohol.

 EPIDEMIOLOGY
The true prevalence of alcoholic liver disease is not known, but nearly 1% of 
North American adults are believed to have alcoholic liver disease. Even this 
figure is considered an underestimation because milder forms of alcoholic 
liver disease are not associated with symptoms and often are unrecognized. 
It has been estimated that alcoholic liver disease accounts for 40% of deaths 
from cirrhosis and 28% of all deaths from liver disease. It is the second most 
common indication for liver transplantation in the United States once abstinence 
from alcohol has been established. Based on an increase in the frequency of 
alcohol consumption, especially high-risk drinking, the incidence of alcoholic 
liver disease in the U.S. population is likely to increase significantly in the  
future.1

 PATHOBIOLOGY
The mechanisms underlying alcoholic liver injury can be broadly categorized 
into those caused by the effects of alcohol directly on hepatocytes and those 
caused by the effects mediated by Kupffer cells. The hepatocyte-specific mecha-
nisms include: the altered redox state induced by alcohol and aldehyde dehy-
drogenase reactions; the oxidative stress and lipid peroxidation caused by the 
induction of CYP2E1 enzymes and the mitochondrial electron transfer system; 
the effects of alcohol upon the nuclear transcription factors AMP kinase and 
SREBP-1c; protein adduct formation; and altered methionine and folate 
metabolism with resulting stress on the endoplasmic reticulum. Chronic alcohol 
consumption increases gut permeability, and the resulting portal endotoxemia 
activates Kupffer cells. Activated Kupffer cells release a number of proinflam-
matory mediators. These include tumor necrosis factor-α (TNF-α); trans-
forming growth factor-β1; interleukins 1, 6, 8, and 10; and platelet-derived 
growth factor. TNF-α has a plethora of biologic effects and causes hepatocyte 
apoptosis, whereas transforming growth factor-β1 and platelet-derived growth 
factor play important roles in stellate cell activation, collagen production, and 
hepatic fibrosis.

Of the known risk factors for development of alcoholic liver disease (Table 
143-2), the amount of alcohol consumed is the single most important. For 
unclear reasons, only 30 to 35% of individuals with heavy and long-term drink-
ing develop alcoholic hepatitis, and fewer than 20% develop cirrhosis. Women 
are at higher risk; for example, the risk of alcoholic cirrhosis increases after 
10 years of alcohol consumption at quantities of more than 60 to 80 g/day 
in men, whereas in women, it can develop at quantities of only more than 
20 g/day. Moreover, the peak incidence of alcoholic liver disease in women 
is approximately a decade earlier than in men. The type of alcoholic beverage 
consumed may not be as critical, but “spirits” and beer may be more hepato-
toxic than wine. Hispanics and American Indians may be predisposed to more 
significant alcoholic liver injury. Both obesity and protein-calorie malnutrition, 
in which micronutrients and antioxidant capacity are diminished, also are 
important predispositions.

Polymorphisms in genes associated with lipid metabolism (PNPLA3), 
alcohol metabolism (alcohol and aldehyde dehydrogenases and cytochrome 
P-450 enzymes), and dysregulated cytokine production (e.g., TNF-α) may 
also influence genetic susceptibility. Candidate genes for alcohol-related cir-
rhosis include PNPLA3, TM6SF2, and MBOAT7.2 In patients with other forms 

TABLE 143-1 COMMON CAUSES OF MACROVESICULAR 
AND MICROVESICULAR STEATOSIS

MACROVESICULAR STEATOSIS MICROVESICULAR STEATOSIS
Obesity, type 2 diabetes, metabolic 

syndrome, and dyslipidemia 
(nonalcoholic fatty liver disease)

Reye syndrome
Medications (valproate, antiretroviral 

medicines, intravenous tetracycline)
Excessive alcohol consumption Heat stroke
Hepatitis C (genotype 3) Acute fatty liver of pregnancy
Wilson disease HELLP syndrome
Lipodystrophy starvation
Jejunoileal bypass
Parenteral nutrition
Medications (amiodarone, methotrexate, 

tamoxifen, corticosteroids, 
antipsychotics)

Inborn errors of metabolism (lecithin–
cholesterol acyltransferase deficiency, 
cholesterol ester storage disease, 
Wolman disease)

HELLP = hemolysis, elevated liver enzymes, and low platelets.

TABLE 143-2 RISK FACTORS FOR ALCOHOLIC LIVER DISEASE 
AND NONALCOHOLIC FATTY LIVER DISEASE 
(NAFLD)

ALCOHOLIC LIVER DISEASE NAFLD
MAJOR MAJOR

Amount and duration of alcohol consumption Obesity
Female gender Type 2 diabetes
Genetic factors Dyslipidemia
Protein-calorie malnutrition Metabolic syndrome
MINOR MINOR

Type of beverage Polycystic ovary syndrome
Binge drinking Hypothyroidism
Obesity Obstructive sleep apnea
Hispanic ethnicity Hypopituitarism

Hypogonadism

TREATMENT 
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ABSTRACT
Nonalcoholic and alcoholic fatty liver diseases are common chronic liver dis-
eases that can lead to cirrhosis, liver failure, and liver cancer. Alcoholic liver 
disease comprises a spectrum, ranging from alcoholic fatty liver to alcoholic 
hepatitis, alcoholic cirrhosis, and related liver failure and cancer. Heavy drink-
ing is obviously the most important risk factor, whereas malnutrition and 
genetic factors may play a role in the disease progression and decompensation. 
Abstinence from drinking is the most important therapeutic option. For non-
alcoholic fatty liver disease, the spectrum ranges from fatty liver to steatohepatitis 
and related cirrhosis, to liver failure, and to cancer. Obesity, type 2 diabetes, 
and dyslipidemia are the most important risk factors. Weight loss, vitamin E 
(800 IU/day), and pioglitazone (30 mg/day) are useful treatments.
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alcohol consumption, but they are not commonly measured in clinical practice. 
Hepatic imaging by ultrasound, computed tomography, or magnetic resonance 
imaging will show changes consistent with hepatic steatosis or more advanced 
forms of liver disease, such as cirrhosis and portal hypertension. Imaging is 
also important to exclude other forms of liver disease, including malignant 
disease and biliary obstruction. Imaging findings specific for alcoholic liver 
disease include an enlarged caudate lobe, greater visualization of the right 
posterior hepatic notch, and focal fat sparing or geographic fat distribution.

Because specific treatment for alcoholic hepatitis may be harmful in patients 
with other liver diseases, it is important to exclude other predominant or 
coexisting liver diseases, including chronic viral hepatitis (Chapter 140) and 
drug-induced liver injury, especially from acetaminophen (Chapter 141), by 
history, blood tests, and biopsy if needed. Hyperferritinemia generally reflects 
an acute phase reactant, rather than an iron overload disorder, so it usually 
will return to normal when the acute liver injury resolves.

Liver biopsy is the key to distinguishing alcoholic liver disease from other 
entities, characterizing the nature of the alcoholic liver disease, and determin-
ing whether a patient has fatty liver or more advanced alcoholic hepatitis.4 
Histologic features of alcoholic fatty liver include macrovesicular steatosis 
that is predominantly centrilobular (zone 3) in nature. In alcoholic hepatitis, 
the biopsy is more striking and reveals macrovesicular steatosis, lobular neu-
trophilic infiltration, Mallory hyaline, balloon degeneration of the hepatocytes, 
and perivenular fibrosis. In general, patients with alcoholic hepatitis also have 
histologic evidence of chronic liver injury in the form of more advanced fibrosis 
(periportal or bridging fibrosis or cirrhosis).

of chronic liver disease (e.g., viral hepatitis B or C), concomitant alcohol 
consumption significantly aggravates liver injury.

 CLINICAL MANIFESTATIONS
Patients with alcoholic liver disease may have signs and symptoms from under-
lying alcoholism as well as those caused by liver disease. Stigmata of chronic 
alcoholism include palmar erythema (see Fig. 137-2), spider nevi, bilateral 
gynecomastia, testicular atrophy, bilateral parotid enlargement, and Dupuytren 
contractures (Fig. 143-1). The clinical features of liver disease will depend on 
the stage of alcoholic liver disease, that is, whether a patient has alcoholic fatty 
liver or more advanced liver disease, such as alcoholic hepatitis and cirrhosis.

Patients with alcoholic fatty liver disease are generally asymptomatic, but 
some patients may have anorexia, fatigue, right upper quadrant discomfort, 
and tender hepatomegaly. These patients may also have biochemical evidence 
of alcoholism and alcoholic liver disease with macrocytosis as well as elevated 
levels of aspartate aminotransferase (AST) and γ-glutamyl transpeptidase. 
Patients with alcoholic fatty liver typically do not have jaundice, ascites, or 
splenomegaly.

Patients with alcoholic hepatitis may have a more dramatic presentation 
with severe malaise, fatigue, anorexia, fever, evidence of protein-calorie mal-
nutrition, and features of decompensated liver disease, including jaundice, 
coagulopathy, ascites, and encephalopathy. However, these classic features of 
acute alcoholic hepatitis are not universally present. Physical examination 
invariably shows at least some features of chronic alcoholism, and jaundice 
(see Fig. 137-1), ascites (see Fig. 137-4), and splenomegaly are common. The 
laboratory examination findings are typically abnormal. Common hematologic 
abnormalities include leukocytosis with neutrophil predominance, macrocytic 
anemia (Chapter 155), thrombocytopenia (Chapter 163), and prolonged 
prothrombin time. Liver biochemistries (Chapter 138) are abnormal with an 
elevated AST and ratio of AST to alanine aminotransferase (ALT), alkaline 
phosphatase, γ-glutamyl transpeptidase, and total bilirubin but decreased levels 
of serum albumin. The AST rarely exceeds 300 IU/L. Serum electrolyte abnor-
malities including hypokalemia (Chapter 109), hypomagnesemia (Chapter 
111), hypocalcemia (Chapter 232), and hypophosphatemia (Chapter 111) 
are frequent. Patients with alcoholic cirrhosis have the same clinical features 
that are common to other types of cirrhosis (Chapter 144) but also with 
striking features of underlying chronic alcoholism, including significant muscle 
wasting.

 DIAGNOSIS
The diagnosis of alcoholic liver disease strongly depends on the history of 
excessive alcohol consumption and the presence of liver disease.3 Although 
laboratory abnormalities are not specific for alcoholic liver disease, they can 
be suggestive in the context of excessive alcohol consumption. An AST/ALT 
ratio of more than 2 is typical in alcoholic liver disease, and ALT values greater 
than 150 to 200 IU/L are very rare in alcoholic liver disease. Serology testing 
for coexisting chronic viral hepatitis (Chapter 140) is critical. Diagnostic dilem-
mas arise when a patient denies excessive alcohol consumption in the face 
of clinical features that are suggestive of alcoholic liver disease. Interviewing 
family members about specific alcohol consumption may be helpful in the 
accurate ascertainment of alcohol consumption. Serum and urinary levels of 
ethyl glucuronide and ethyl sulfate are sensitive and specific markers of recent 

FIGURE 143-1. Dupuytren contracture. (From Gudmundsson KG, Jonsson t, Arn grimsson 
R. Guillaume dupuytren and finger contractures. Lancet. 2003;362:165-168.)

Total abstinence, which is the most important treatment measure, is manda-
tory for the improvement of the clinical and histologic features of alcoholic 
liver disease. Its benefits are unequivocal, even in patients with severe decom-
pensation. However, long-term abstinence is difficult to achieve, so a multidis-
ciplinary approach with counseling and medications that promote abstinence 
should be considered. Disulfiram is not commonly used because of its poor 
tolerability and hepatotoxicity. Opioid antagonists, such as naltrexone (50 mg/
day for up to 6 months or even longer), nalmefene (20 mg/day as maintenance), 
and acamprosate (333-mg tablets, 2 tablets three times each day for 1 year), 
can help promote abstinence when they are used as part of a multidisciplinary 
approach (Chapter 30).

Alcoholic fatty liver disease requires no specific treatment other than absti-
nence. Patients with alcoholic hepatitis, however, have increased short- and 
long-term mortality and should be considered for therapeutic interventions 
in addition to mandatory abstinence.5 If a patient’s liver biopsy findings are 
consistent with alcoholic hepatitis and there is no evidence of other inflam-
matory liver diseases, such as hepatitis C (Chapter 140), prednisolone (40 mg/
day for 4 weeks) should be given to carefully selected patients with severe 
alcoholic hepatitis who have a score higher than 32 on Maddrey’s discriminant 
function (4.6 × [patient’s prothrombin time − control prothrombin time] + total 
bilirubin level) and encephalopathy but do not have gastrointestinal bleeding 
or systemic infection. Studies have suggested that a Model for End-Stage Liver 
Disease (MELD) score (see Table 144-2) higher than 21 can substitute for Mad-
drey’s score to guide the use of prednisolone. Such therapy appears to reduce 
mortality at one month, A1  but probably not thereafter. A2  Adding intravenous 
N-acetylcysteine (on day 1 at a dose of 150, 50, and 100 mg per kilogram of 
body weight in 250, 500, and 1000 mL of 5% glucose solution during a period 
of 30 minutes, 4 hours, and 16 hours, respectively; and on days 2 through 5, 
100 mg per kilogram per day in 1000 mL of 5% glucose solution) to prednisolone 
appears to be superior to prednisolone alone in terms of a significantly lower 
mortality at 1 month and a somewhat but not significantly lower mortality at 
6 months. A3  Although some randomized trials also have shown a benefit of 
pentoxifylline (400 mg three times daily for 28 days) for severe alcoholic hepa-
titis, A4  prednisolone is more effective than pentoxifylline A5  and the combination 
of pentoxifylline with prednisolone is no better than prednisolone alone. A6 

All patients with alcoholic hepatitis and alcoholic cirrhosis should be assessed 
and treated for protein-calorie malnutrition and micronutrient deficiency. Hos-
pitalized patients with severe decompensation should be considered for enteral 
nutrition (Chapter 204).

Complications such as ascites, spontaneous bacterial peritonitis, encephalopa-
thy, variceal bleeding, hepatorenal syndrome, osteoporosis, and hepatopulmonary 
syndrome may occur in patients with decompensated alcoholic cirrhosis and 
must be managed carefully (Chapter 144). Liver transplantation is a reasonable 
option in patients with decompensated alcoholic cirrhosis, and observational 
data suggest that early liver transplantation can improve survival in patients with 
severe, medically refractory alcoholic hepatitis. In general, however, 6 months 
of abstinence and strong social support are required for eligibility (Chapter 
145). Patients with alcoholic cirrhosis are at risk for hepatocellular carcinoma 

TREATMENT 
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 PREVENTION
The measures to prevent NAFLD include maintaining optimal body weight, 
exercising regularly, and treating any associated metabolic comorbidities such 
as diabetes and dyslipidemia. Avoidance of saturated fat, high fructose intake, 
and alcohol consumption may reduce the development of NAFLD.

 PROGNOSIS
Steatosis alone is generally benign, whereas steatohepatitis is often progressive. 
Liver fibrosis on biopsy is also independently associated with long-term liver 
failure and mortality.16 One third of NAFLD patients may have remission 
within 7 years, mostly depending on modest weight reduction. Otherwise, 
however, data are sparse regarding the risk and risk factors for the progression 
of NAFLD and NASH to cirrhosis and liver failure.

Because NAFLD often coexists with one or more components of the meta-
bolic syndrome, its presence reflects guarded long-term overall prognosis. 
The long-term complications in patients with simple steatosis generally result 
from cardiovascular disease and atherosclerosis, not from liver failure (Chapter 
145).17

Patients with NASH also are at risk for liver failure and liver cancer (Chapter 
186), in addition to their significantly increased risk of cardiovascular disease. 
For example, among patients with NASH on their initial biopsy, one third or 
more develop progressive fibrosis during a mean follow-up interval of about 
5 years. Older age, diabetes, and ballooning and fibrosis on liver biopsy are 
important predictors of progression. In the United States, NAFLD is now 
second only to hepatitis C as a cause of being listed for liver transplantation.

and other histologic features of NAFLD. Other implicated genes include GCKR, 
TM6SF2, and MBOAT7.

 CLINICAL MANIFESTATIONS
NAFLD is often asymptomatic but may rarely cause fatigue and right upper 
quadrant pain. Physical examination may reveal hepatomegaly, palmar erythema 
(see Fig. 137-2), and spider nevi. If liver disease is advanced, the features of 
liver failure, such as ascites, encephalopathy, and abdominal collateral vessels, 
are present. Simple steatosis is benign with a minimal risk of cirrhosis, whereas 
NASH is progressive and can lead to cirrhosis (Chapter 144) and liver failure 
(Chapter 145). In up to 20% of patients with NASH, liver histologic features 
will worsen and cirrhosis will develop during a 10- to 15-year period. Severe 
obesity, advancing age, and diabetes are believed to be risk factors for disease 
progression. Disease progression during the early phase can be identified only 
with a repeated liver biopsy, but in later stages, the signs and symptoms of 
portal hypertension (e.g., abdominal collateral vessels and low platelet count) 
indicate the development of cirrhosis. Patients with NASH-induced cirrhosis 
are at risk for development of hepatocellular carcinoma (Chapter 186). Patients 
with NAFLD have several metabolic risks that predispose them to athero-
sclerosis, and coronary artery disease is the single most common cause of 
death in patients with NAFLD.

 DIAGNOSIS
NAFLD is generally suspected when aminotransferase levels are asymptomati-
cally elevated in an individual with metabolic risk factors (obesity, diabetes, 
or the metabolic syndrome) or when liver imaging (ultrasound, computed 
tomography, or magnetic resonance imaging) obtained for another reason 
shows fatty infiltration (Fig. 143-2).9 The diagnosis of NAFLD requires that 
there is no history of previous or ongoing significant alcohol consumption, no 
exposure to steatogenic medications, and no evidence of other causes of liver 
disease, such as viral hepatitis B or C. Elevated levels of aminotransferases, 
although common, are not required for the diagnosis of NAFLD. In contrast 
to alcoholic liver disease, ALT levels are higher than AST levels, but they rarely 
exceed 250 IU/L. In general, AST and ALT levels do not have diagnostic or 
prognostic significance. Mild hyperferritinemia is common and should not be 
confused with hereditary hemochromatosis (Chapter 201). Similarly, low-grade 
autoantibody (antinuclear antibody, anti–smooth muscle antibody) positivity 
is not uncommon and should not be confused with autoimmune liver disease 
(Chapter 140). Because steatosis is common in patients with Wilson disease 
(Chapter 200), serum ceruloplasmin levels should be obtained as part of the 
diagnostic evaluation in individuals who are younger than age 45 years.

Fatty liver on ultrasonography has a positive predictive value of only 77% 
and a negative predictive value of only 67% compared with liver biopsy. 
Abdominal magnetic resonance imaging is more accurate, but its high cost 
limits its usefulness in routine practice. Because neither of these imaging 
tests can differentiate simple steatosis from NASH or identify cirrhosis until 
hepatic fibrosis has caused nodular liver or overt portal hypertension, liver 
biopsy is required to establish the presence of NASH or cirrhosis. Common 
indications for a percutaneous liver biopsy in patients with NAFLD include 

 PROGNOSIS
Alcoholic fatty liver is generally reversible with total abstinence for a few 
months. The survival of patients with alcoholic hepatitis has improved over 
the last decade, but about 20% of patients die within 6 months after presenta-
tion. Predictors of poor outcome include the severity of disease as quantified 
by approaches such as the MELD score (Chapters 144 and 145), the severity 
of fibrosis and the neutrophilic infiltration on liver biopsy, and continued 
alcohol use.6 Some data also suggest a poorer prognosis in patients who are 
homozygous for the rs738409:G variant in the PNPLA3 gene.

 NONALCOHOLIC FATTY LIVER DISEASE

 DEFINITIONS
On histologic examination, NAFLD resembles alcoholic liver disease, but it 
occurs in individuals without significant alcohol consumption. Average alcohol 
consumption of more than two drinks per day in men and more than one 
drink per day in women generally is not consistent with a diagnosis of NAFLD. 
In addition, the definition of NAFLD excludes patients with a history of expo-
sure to steatogenic medications, such as amiodarone, methotrexate, or 
tamoxifen.

NAFLD encompasses a spectrum of abnormal liver histologic features, 
ranging from simple steatosis to nonalcoholic steatohepatitis (NASH) and 
cirrhosis. In simple steatosis, liver histology reveals macrovesicular steatosis 
without ballooning degeneration of hepatocytes or liver fibrosis. NASH, which 
is a more advanced form of NAFLD, is histologically characterized by mac-
rovesicular steatosis, ballooning degeneration of the hepatocytes, and sinusoidal 
fibrosis.

 EPIDEMIOLOGY
NAFLD is one of the most common causes of elevated liver enzymes and 
chronic liver disease in the Western world. Its incidence in adults and children 
is rising rapidly because of the ongoing epidemics of obesity (Chapter 207), 
type 2 diabetes mellitus (Chapter 216), and metabolic syndrome. Its prevalence 
is high in certain populations of patients; for example, nearly 80% of type 2 
diabetic patients and 90% of morbidly obese individuals have imaging evidence 
of NAFLD. Nearly one third of adults in westernized countries are estimated 
to have NAFLD, and about 5% of adults may have NASH.7 These percentages 
compare reasonably well with other data suggesting that the prevalence of 
cirrhosis from NAFLD is about 2%. Hispanics and whites are at higher risk 
for NAFLD, whereas its prevalence is intriguingly low in African Americans.

 PATHOBIOLOGY
The major risk factors for NAFLD include obesity, type 2 diabetes mellitus 
(Chapter 216), metabolic syndrome, and dyslipidemia (see Table 143-2). 
Other comorbidities associated with NAFLD include polycystic ovary syn-
drome (Chapter 222), hypothyroidism (Chapter 213), hypopituitarism 
(Chapter 211), hypogonadism (Chapter 221), and sleep apnea (Chapter 377).

Two fundamental defects in NAFLD are insulin resistance/hyperinsulinemia 
and excessive levels of nonesterified fatty acids within hepatocytes.8 An exces-
sive influx of nonesterified fatty acids into hepatocytes results in macrovesicular 
steatosis, which is predominantly centrilobular in location.

In addition, patients with NAFLD have increased de novo intrahepatic lipo-
genesis. Although patients with NAFLD robustly esterify free fatty acids into 
neutral triglycerides, free fatty acids within the hepatocytes are considered 
the primary mediators of cell injury (lipotoxicity). In the background of hepatic 
steatosis, factors that promote cell injury, inflammation, and fibrosis include 
oxidative stress, endoplasmic reticulum stress, apoptosis, adipocytokines, and 
stellate cell activation. The sources of oxidative stress include mitochondria 
and microsomes. Adipocytokines that play an important role in the patho-
genesis of NAFLD include adiponectin and TNF-α. It is unclear why some 
patients with NAFLD exhibit NASH, whereas other patients with a comparable 
risk factor profile have only simple steatosis. There is a consistent and significant 
relationship of PNPLA3 genetic polymorphisms with the severity of steatosis 

FIGURE 143-2. Magnetic resonance image of chronic liver disease due to nonalcoholic 
fatty liver disease. out-of-phase t1-weighted images show focal fat infiltration of varying 
shapes in right lobe (white arrows) and left lobe (black arrow). (courtesy professor Kumar 
Sandrasegaran, indiana University School of Medicine, indianapolis, ind.)

(Chapter 186) and should be screened with semiannual liver imaging and serum 
α-fetoprotein levels. They also may be at risk for extrahepatic malignant disease, 
notably head and neck, lung, and esophageal cancer. For Dupuytren contracture, 
injection of collagenase clostridium histolyticum can reduce the severity and 
improve the range of motion significantly.
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 PREVENTION
The measures to prevent NAFLD include maintaining optimal body weight, 
exercising regularly, and treating any associated metabolic comorbidities such 
as diabetes and dyslipidemia. Avoidance of saturated fat, high fructose intake, 
and alcohol consumption may reduce the development of NAFLD.

 PROGNOSIS
Steatosis alone is generally benign, whereas steatohepatitis is often progressive. 
Liver fibrosis on biopsy is also independently associated with long-term liver 
failure and mortality.16 One third of NAFLD patients may have remission 
within 7 years, mostly depending on modest weight reduction. Otherwise, 
however, data are sparse regarding the risk and risk factors for the progression 
of NAFLD and NASH to cirrhosis and liver failure.

Because NAFLD often coexists with one or more components of the meta-
bolic syndrome, its presence reflects guarded long-term overall prognosis. 
The long-term complications in patients with simple steatosis generally result 
from cardiovascular disease and atherosclerosis, not from liver failure (Chapter 
145).17

Patients with NASH also are at risk for liver failure and liver cancer (Chapter 
186), in addition to their significantly increased risk of cardiovascular disease. 
For example, among patients with NASH on their initial biopsy, one third or 
more develop progressive fibrosis during a mean follow-up interval of about 
5 years. Older age, diabetes, and ballooning and fibrosis on liver biopsy are 
important predictors of progression. In the United States, NAFLD is now 
second only to hepatitis C as a cause of being listed for liver transplantation.

persistently high aminotransferase levels, inability to exclude a competing 
or a coexisting cause (e.g., iron overload or autoimmune liver disease), and 
clinical suspicion of NASH and advanced fibrosis. In patients with NASH, 
liver histology shows steatosis, inflammation, ballooning, and fibrosis (Fig. 
143-3).10 However, liver histology alone cannot reliably distinguish NASH 
from alcoholic hepatitis because these two entities have remarkably similar 
microscopic features. Vibration controlled transient elastography, which can 
now be performed as a point-of-care test, can provide an estimate of liver 
fibrosis in NAFLD in clinical practice.11

FIGURE 143-3. Liver biopsy specimen showing nonalcoholic steatohepatitis with 
increased fat and with early cirrhosis. (courtesy the ASh clinical Research network.)

Lifestyle modification with dietary restriction and regular exercise is the first 
choice of treatment for NAFLD.12 Weight reduction, a low free-sugar diet, and 
increased physical activity reduce liver fat, improve glucose control and insulin 
sensitivity, and improve histopathologic features. A7 

,
 A8  It is generally recom-

mended that patients with NAFLD lose 10% of their body weight in a gradual 
fashion, but this goal is difficult to achieve. If resources are available, a multi-
disciplinary approach with behavioral therapy, dietary advice, and monitoring 
by a professional nutritionist and an exercise expert is more successful than a 
prescriptive approach (Chapter 207).

Pharmacotherapy options13 include vitamin E (800 IU of α-tocopherol admin-
istered daily for 2 years), which can significantly improve liver enzymes and 
histologic findings in NASH and NAFLD. A9  Statins (e.g., atorvastatin 20 mg 
daily) with or without vitamins C and E can improve liver test results and 
reduce subsequent NAFLD. A10  Liraglutide (a glucagon-like peptide-1 agonist 
at 1.8 mg daily subcutaneously) can safely lead to a histologic resolution of  
NASH A11 

,
 A12  but has not yet been evaluated in long-term studies.

Thiazolidinedione insulin sensitizers (pioglitazone and rosiglitazone) improve 
steatosis, inflammation, ballooning, and perhaps fibrosis, but with the side 
effect of an average gain of nearly 10 pounds. A13  Unfortunately, the weight 
gain that is common with thiazolidinediones may offset the histologic benefits 
that they offer.

Supplemental omega-3 polyunsaturated fatty acids have shown promise in 
small controlled trials. A14  Treatment with pentoxifylline (400 mg three times 
daily) may improve liver enzymes and liver histologic findings in individuals 
with NASH.

Obeticholic acid (an FXR agonist), A15  elafibranor (a PPARα/γ agonist), A16  
cenicriviroc (a combined CCR2 and CCR5 antagonist), A17  and selonsertib (an 
ASK-1 inhibitor) have shown promising results in small trials of adults with 
NASH and are currently being tested in larger trials.14 An engineered fibro-
blast growth factor 19 (FGF19) administered over 12 weeks has shown dra-
matic improvement in hepatic fat in a proof-of-concept study in adults with  
NASH. A18 

,
 A19 

Patients with NAFLD often have dyslipidemia that puts them at excessive 
risk for coronary artery disease; their dyslipidemia (Chapter 195) should be 
treated aggressively with statins and other lipid-lowering agents, which can 
be safely administered to patients with NAFLD and NASH. In morbidly obese 
individuals with NASH and other significant metabolic comorbidities, foregut 
bariatric surgery can lead to significant improvement in hepatic histologic 
features, but the physician must exclude the presence of portal hypertension 
before offering this type of surgery. Carefully selected patients with decom-
pensated cirrhosis due to NASH can be treated with liver transplantation (Chapter 
145), but recurrence during the post-transplantation period is common.15
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3. A 37-year-old morbidly obese man is noted to have an echogenic liver 
incidentally when he had an abdominal ultrasound examination performed 
for his hematuria. He has no right upper quadrant pain. He rarely con-
sumes alcohol and takes no medications. His physical examination is essen-
tially unremarkable except for morbid obesity with a body mass index of  
42 kg/m2. Blood test results show mildly elevated aminotransferase levels 
but otherwise are within normal range. Your likely diagnosis is nonalcoholic 
fatty liver disease (NAFLD), and you recommend weight loss. Which of 
the following best represents his liver condition?
 A. NAFLD is a rare condition, and its incidence has remained relatively 

steady during the last decade.
 B. Type 2 diabetes, obesity, dyslipidemia, and metabolic syndrome are 

the major risk factors for NAFLD.
 C. Hyperthyroidism is a common cause of NAFLD.
 D. Sleep disturbance is rare in NAFLD.
 E. This condition can be ignored because it is rarely of any clinical 

significance.
Answer: B Hypothyroidism, hypopituitarism, hypogonadism, polycystic 
ovary syndrome, and obstructive sleep disorders are emerging risk factors for 
NAFLD. Although hyperthyroidism is associated with liver test abnormalities, 
it is not known to be associated with fatty liver disease. In fact, thyroid hormone 
analogues may improve hepatic steatosis, although they may carry significant 
adverse events and are not a recommended treatment. Clearly, the incidence 
of NAFLD is increasing because of the increasing prevalence of obesity and 
related comorbid conditions, and it is now one of the most common causes 
of cirrhosis, liver failure, and liver cancer. Therefore, it cannot be ignored as 
clinically insignificant.

4. A 46-year-old woman presents with chronically elevated liver enzymes and 
mild hepatomegaly. She has type 2 diabetes, which is diet controlled, and 
has dyslipidemia, which is managed with a low-dose statin. She denies 
significant alcohol consumption. Her liver biopsy showed 30% hepatic 
steatosis with ballooned hepatocytes and mild sinusoidal fibrosis. Your 
clinical and histologic diagnosis is nonalcoholic steatohepatitis. Which of 
the following treatments is not a suitable option for her?
 A. Weight loss
 B. Pioglitazone
 C. Vitamin E
 D. Ursodeoxycholic acid
 E. Pentoxifylline

Answer: D Weight loss is the first-line treatment option for both NAFLD 
and NASH. Loss of 3 to 5% of body weight will improve hepatic steatosis, 
whereas a loss of 7 to 10% is needed to see an improvement in steatohepatitis. 
Calorie restriction and physical exercise are advised to achieve the desired 
weight loss in individuals with NAFLD and NASH. When such measures are 
not achieved, therapy with agents such as pioglitazone, vitamin E, and pent-
oxifylline can be considered. In clinical studies, these compounds have shown 
therapeutic efficacy in various subgroups of patients. Ursodeoxycholic acid, 
a medication used to treat primary biliary cholangitis, has been tested in indi-
viduals with NASH but has not proved to be effective. Metformin is not 
effective for improving liver histology findings in NASH and therefore should 
not be used for this purpose.

REVIEW QUESTIONS

1. A 17-year-old adolescent boy presents with right upper quadrant discomfort 
of 3 to 4 months in duration. This pain is constant and is dull in nature. 
He consumes no alcohol. He has a long-standing history of type 1 diabetes, 
for which he takes subcutaneous insulin twice daily. Physical examination 
reveals a relatively thin individual with tender hepatomegaly. His blood 
test results were positive for elevated alanine aminotransferase (82 U/L; 
normal, 45 U/L), blood glucose (181 mg/dL; normal, <125 mg/dL), and 
hemoglobin A1c (9%; normal, <7%). A liver ultrasound examination revealed 
increased echogenecity. Which is the likely diagnosis for this patient’s 
abdominal discomfort, elevated alanine aminotransferase level, and tender 
hepatomegaly?
 A. Nonalcoholic fatty liver disease
 B. Glycogen hepatopathy
 C. Wilson disease
 D. Hemochromatosis
 E. Glycogen storage disorder

Answer: B Tender hepatomegaly, elevated alanine aminotransferase level, 
and echogenic liver by ultrasound evaluation are suggestive of some form of 
infiltrative liver disorder. In type 1 diabetics, especially those with poorly 
controlled blood glucose levels, there is risk of glycogen hepatopathy, which 
may be manifested with abdominal discomfort, hepatomegaly, and elevated 
liver test results. Glycogen accumulation also enhances echogenicity on ultra-
sound examination and may mimic fatty liver. One must keep in mind that 
type 1 diabetes is rarely if ever associated with nonalcoholic fatty liver disease. 
It is believed that hyperinsulinemia is needed for development of nonalcoholic 
fatty liver disease.

2. A 46-year-old woman presents with 3 weeks’ duration of fatigue, anorexia, 
low-grade fever, and jaundice. She is a heavy drinker and has been consum-
ing more than 7 drinks of vodka each night for the previous 5 years. She 
is otherwise healthy and is not taking any medications. Physical examina-
tion reveals an emaciated woman with deep scleral icterus, peripheral muscle 
wasting, tender hepatomegaly, and pedal edema. Laboratory test results 
show macrocytic anemia, mild leukocytosis, elevated aminotransferase 
levels, and direct bilirubinemia. Which of the following treatments is not 
a suitable treatment option for this individual?
 A. Alcohol abstinence
 B. Prednisolone
 C. N-Acetylcysteine
 D. Liver transplantation
 E. Enteral nutrition

Answer: D On the basis of the clinical picture, the most likely diagnosis for 
this individual’s condition is acute alcoholic hepatitis. Liver transplantation 
is not a suitable treatment option for acute alcoholic hepatitis in individuals 
who are actively consuming alcohol. Most transplant centers require up to 6 
months of total abstinence and some form of behavioral therapy for underly-
ing alcoholism. In eligible patients, 28 days of oral prednisolone improves 
short-term survival in individuals with acute alcoholic hepatitis. Similarly, 
some previous clinical investigations have shown promising results for N-ace-
tylcysteine and enteral nutrition.
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144 
CIRRHOSIS AND ITS SEQUELAE
GUADALUPE GARCIA-TSAO

 DEFINITION
Cirrhosis, which can be the final stage of any chronic liver disease, is a diffuse 
process characterized by fibrosis and conversion of normal architecture to 
structurally abnormal nodules (Fig. 144-1). These “regenerative” nodules lack 
normal lobular organization and are surrounded by fibrous tissue. The process 
involves the whole liver and generally is considered irreversible. Although 
cirrhosis is histologically an “all-or-nothing” diagnosis, it can be classified 
clinically by its status as compensated or decompensated. Decompensated 
cirrhosis is defined by the presence of ascites, variceal bleeding, encephalopathy, 
or jaundice, which are complications that result from the main consequences 
of cirrhosis: portal hypertension and liver insufficiency.

 EPIDEMIOLOGY
Because many patients with cirrhosis are asymptomatic until decompensation 
occurs, it is difficult to assess the real prevalence and incidence of cirrhosis 
in the general population. The prevalence of chronic liver disease or cirrhosis 
worldwide is estimated to be 100 (range, 25 to 400) per 100,000 subjects, 
but it varies widely by country and by geographic region.

Cirrhosis is an important cause of morbidity and mortality worldwide and 
in the United States. According to the World Health Organization, about 
800,000 people die of cirrhosis annually. In the United States, cirrhosis accounts 
for about 32,000 deaths each year, or a death rate of 10.3 per 100,000, thereby 
making it the 12th leading cause of death overall. Importantly, chronic liver 
disease and cirrhosis are the sixth leading cause of death in the United States 

in individuals between 25 and 44 years of age and the fifth leading cause in 
individuals between 45 and 64 years of age. As chronic liver disease affects 
people in their most productive years of life, it has a significant impact on the 
economy as a result of premature death, illness, and disability.

Any chronic liver disease can lead to cirrhosis (Table 144-1). Chronic viral 
hepatitis C and alcoholic liver disease are the most common causes of cir-
rhosis, followed by nonalcoholic steatohepatitis and chronic hepatitis B (Chap-
ters 140 and 143). Other causes of cirrhosis include cholestatic and autoimmune 
liver diseases, such as primary biliary cholangitis (Chapter 146), primary 
sclerosing cholangitis (Chapter 146), autoimmune hepatitis (Chapter 140), 
and metabolic diseases, such as hemochromatosis, Wilson disease, and α1-
antitrypsin deficiency (Chapter 137). When all potential causes have been 
investigated and excluded, cirrhosis is considered “cryptogenic.” Many cases 
of cryptogenic cirrhosis are now thought to be due to nonalcoholic steato-
hepatitis (Chapter 143).

 PATHOBIOLOGY
Liver Fibrosis and Cirrhosis
The key pathogenic feature underlying liver fibrosis and cirrhosis is activation 
of hepatic stellate cells. Hepatic stellate cells, which are known as Ito cells or 
perisinusoidal cells, are located in the space of Disse between hepatocytes and 
sinusoidal endothelial cells. Normally, hepatic stellate cells are quiescent and 
serve as the main storage site for retinoids (vitamin A). In response to injury, 
hepatic stellate cells become activated, as a result of which they lose their 
vitamin A deposits, proliferate, develop a prominent rough endoplasmic reticu-
lum, and secrete extracellular matrix (collagen types I and III, sulfated pro-
teoglycans, and glycoproteins). In addition, they become contractile hepatic 
myofibroblasts.

Unlike other capillaries, normal hepatic sinusoids lack a basement mem-
brane. The sinusoidal endothelial cells themselves contain large fenestrae (100 
to 200 nm in diameter) that permit the passage of large molecules with molecular 
masses up to 250,000 daltons. Collagen deposition in the space of Disse, as 
occurs in cirrhosis, leads to defenestration of the sinusoidal endothelial cells 
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FIGURE 144-1. Gross and microscopic images of a normal and cirrhotic liver. A, Gross image of a normal liver with a smooth surface and homogeneous texture. B, on microscopic 
examination, liver sinusoids are organized, and vascular structures are normally distributed. C, Gross image of a cirrhotic liver. the liver has an orange-tawny color with an irregular 
surface and a nodular texture. D, on microscopic examination, the architecture is disorganized, and there are regenerative nodules surrounded by fibrous tissue. 
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ABSTRACT
Cirrhosis is the end stage of any chronic liver disease. It is classified in two 
main prognostic stages—compensated and decompensated. Decompensated 
cirrhosis is defined by the development of ascites, variceal hemorrhage, encepha-
lopathy or jaundice, all of which are consequences of portal hypertension 
(and the hyperdynamic circulatory state) and/or liver insufficiency. Stages 
and substages of cirrhosis are not only prognostically significant but have 
different predominant pathophysiological mechanisms and, therefore, are 
managed differently.



CHAPTER 144 Cirrhosis and its sequelae 991

(“capillarization” of the sinusoids), thereby altering exchange between plasma 
and hepatocytes and resulting in a decreased sinusoidal diameter that is further 
exacerbated by the contraction of stellate cells.

Complications of Cirrhosis
The two main consequences of cirrhosis are portal hypertension, with the 
accompanying hyperdynamic circulatory state, and liver insufficiency (Fig. 
144-2). The development of varices and ascites is a direct consequence of 
portal hypertension and the hyperdynamic circulatory state, whereas jaundice 
occurs as a result of an inability of the liver to excrete bilirubin (i.e., liver 
insufficiency). Encephalopathy is the result of both portal hypertension and 
liver insufficiency. Ascites, in turn, can become complicated by infection, which 
is called spontaneous bacterial peritonitis, and by functional renal failure, which 
is called hepatorenal syndrome.

Portal Hypertension and the Hyperdynamic Circulatory State
In cirrhosis, portal hypertension results from both an increase in resistance 
to portal flow and an increase in portal venous inflow. The initial mechanism 

is increased sinusoidal vascular resistance (Fig. 144-3) secondary to (1) 
deposition of fibrous tissue and subsequent compression by regenerative 
nodules (fixed component), which could theoretically be amenable to antifi-
brotic agents and could be ameliorated by resolving the underlying etiologic 
process, and (2) active vasoconstriction (functional component), which is 
amenable to the action of vasodilators such as nitroprusside and is caused by 
a deficiency in intrahepatic nitric oxide (NO) as well as enhanced activity of  
vasoconstrictors.

Early in the portal hypertensive process, the spleen grows and sequesters 
platelets and other formed blood cells, thereby leading to hypersplenism. In 
addition, vessels that normally drain into the portal system, such as the coro-
nary vein, reverse their flow and shunt blood away from the portal system to 
the systemic circulation. These portosystemic collaterals are insufficient to 
decompress the portal venous system and offer additional resistance to portal 
flow. As collaterals develop, an increase in portal blood inflow, which results 
from splanchnic vasodilation, maintains the portal hypertensive state. Splanchnic 
arteriolar vasodilation is, in turn, secondary to increased production of NO. 
Thus, the paradox in portal hypertension is that a deficiency of NO in the 
intrahepatic vasculature leads to vasoconstriction and increased resistance, 
whereas overproduction of NO in the extrahepatic circulation leads to vasodi-
lation and increased portal flow.

In addition to splanchnic vasodilation, there is systemic vasodilation, which 
by causing a decreased effective arterial blood volume leads to activation of 
neurohumoral systems (renin-angiotensin-aldosterone system), retention of 
sodium, expansion of plasma volume, and development of a hyperdynamic 
circulatory state. This hyperdynamic circulatory state maintains portal hyper-
tension, thereby leading to the formation and growth of varices, and plays an 
important role in the development of all other complications of cirrhosis.

TABLE 144-1 CAUSES OF CIRRHOSIS
MAIN FACTORS CAUSING CIRRHOSIS

Chronic hepatitis C
Alcoholic liver disease
Nonalcoholic fatty liver disease
Chronic hepatitis B

OTHER CAUSES OF CIRRHOSIS (<2% OF ALL CASES)

Cholestatic and autoimmune liver diseases
Primary biliary cirrhosis
Primary sclerosing cholangitis
Autoimmune hepatitis

Intrahepatic or extrahepatic biliary obstruction
Mechanical obstruction
Biliary atresia
Cystic fibrosis

Metabolic disorders
Hemochromatosis
Wilson disease
α1-Antitrypsin deficiency
Glycogen storage diseases
Abetalipoproteinemia
Porphyria

Hepatic venous outflow obstruction
Budd-Chiari syndrome
Veno-occlusive disease
Right-sided heart failure

Drugs and toxins
Intestinal bypass
Indian childhood cirrhosis

Cirrhosis

Portal
hypertension

Variceal
hemorrhage

Ascites
SBP

HRS

Encephalopathy

Jaundice

Liver
insufficiency

FIGURE 144-2. Complications of cirrhosis result from portal hypertension or liver 
insufficiency. Varices and variceal hemorrhage are a direct consequence of portal hyper-
tension. ascites results from sinusoidal portal hypertension and can be complicated by 
infection (spontaneous bacterial peritonitis [sBP]) or renal dysfunction (hepatorenal 
syndrome [hrs]). hepatic encephalopathy results from portosystemic shunting (i.e., portal 
hypertension) and liver insufficiency. Jaundice results solely from liver insufficiency. 

CirrhosisNormal

Sinusoidal pressure = 3-5 mmHg Sinusoidal pressure > 5 mmHg

Hepatic
sinusoid

Hepatic
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Portal
veinLiver
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FIGURE 144-3. Hepatic sinusoidal pressure is increased in cirrhosis. in the normal liver (left), the intrahepatic vasculature is compliant, and the hepatic venous pressure gradient, 
which is a measure of sinusoidal pressure, is 5 mm hg or lower. in the cirrhotic liver (right), the sinusoidal architecture is distorted by regenerative nodules and fibrosis that lead to 
increased intrahepatic resistance, portal hypertension, splenomegaly, and portosystemic collaterals; the hepatic venous pressure gradient is above 5 mm hg. Complications of cirrhosis 
develop after the gradient increases above 10 to 12 mm hg. 
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neurologic manifestations or hyponatremia, presumably because it typically 
develops gradually. Nevertheless, hyponatremia is a marker of the severity of 
cirrhosis and is associated with poorer quality of life and the development of 
hepatic encephalopathy.

Hepatorenal syndrome is a type of prerenal kidney injury that occurs in 
patients with cirrhosis and ascites.4 It represents the extreme of the spectrum 
of abnormalities that lead to cirrhotic ascites and is the result of maximal 
peripheral vasodilation as well as maximal activation of hormones that cause 
the retention of sodium and water and intense vasoconstriction of the renal 
arteries. Hepatorenal syndrome is divided into two types based on clinical 
characteristics and prognosis. Type 1 hepatorenal syndrome is rapidly progres-
sive acute kidney injury in which the rise in serum creatinine concentration 
occurs within a 2-week period. Type 2 hepatorenal syndrome is more slowly 
progressive and associated with ascites that is refractory to diuretics. Patients 
with hepatorenal syndrome usually have tense ascites that responds poorly 
to diuretics, but no specific symptoms or signs typify this entity.

Spontaneous Bacterial Peritonitis
About one third of cirrhotic patients are admitted for bacterial infection or 
acquire a bacterial infection during hospitalization, the most common being 
spontaneous bacterial peritonitis. The two most important predictors of the 
development of bacterial infection are the severity of liver disease and admis-
sion for gastrointestinal hemorrhage. The most frequent clinical manifestations 
of spontaneous bacterial peritonitis are fever, jaundice, and abdominal pain. 
On physical examination, there is typically abdominal tenderness, with or 
without rebound tenderness, or ileus (or both). However, up to one third of 
patients with spontaneous bacterial peritonitis initially may have no abdominal 
symptoms or symptoms of infection5 and may present instead with encepha-
lopathy, acute kidney injury, or evidence of shock.

Hepatic Encephalopathy
Hepatic encephalopathy, which is the neuropsychiatric manifestation of cirrhosis, 
occurs at a rate of approximately 2 to 3% per year. Hepatic encephalopathy 
associated with cirrhosis is of gradual onset and rarely fatal. It is manifested 
as a wide spectrum of neurologic and psychiatric abnormalities ranging from 
subclinical alterations to coma. Clinically, it is characterized by alterations in 
consciousness and behavior ranging from inversion of the sleep-wake pattern 
and forgetfulness (grade 1); to confusion, bizarre behavior, and disorientation 
(grade 2); to lethargy and profound disorientation (grade 3); to coma (grade 
4). On physical examination, early stages may demonstrate only a distal tremor, 
but the hallmark of overt hepatic encephalopathy is the presence of asterixis 
(Chapter 145). In addition, patients with hepatic encephalopathy may have 
sweet-smelling breath, a characteristic termed fetor hepaticus.

Pulmonary Complications
Hepatopulmonary syndrome is associated with exertional dyspnea, which can 
lead to extreme debilitation. Clubbing of the fingers, cyanosis, and vascular 
spiders may be seen on physical examination. Hepatopulmonary syndrome is 
present in approximately 5 to 10% of patients awaiting liver transplantation.

Portopulmonary hypertension is manifested as exertional dyspnea, syncope, 
and chest pain. On examination, an accentuated second sound and right ven-
tricular heave are prominent (Chapter 75).

 DIAGNOSIS
The diagnosis of cirrhosis should be considered in any patient with chronic 
liver disease. In asymptomatic patients with compensated cirrhosis, typical signs 
of cirrhosis may not be present, and the physical examination and laboratory 
test findings may be entirely normal. The diagnosis may often require histologic 
confirmation by liver biopsy, which is the “gold standard” for the diagnosis 
of cirrhosis. However, liver biopsy is an invasive procedure subject to sampling 
error, and the presence of cirrhosis can often be confirmed noninvasively by 
a combination of serum biomarkers, imaging techniques, and measurements 
of liver stiffness.

Physical Examination
On physical examination, stigmata of cirrhosis consist of muscle atrophy, 
mainly involving the bitemporal muscle regions and the thenar and hypothenar 
eminences; spider angiomas, mostly on the trunk, face, and upper limbs; and 
palmar erythema involving the thenar and the hypothenar eminences and the 
tips of the fingers. Although muscle atrophy is a marker of liver insufficiency, 
spider angiomas and palmar erythema are markers of vasodilation and a hyper-
dynamic circulation. Men may have hair loss on the chest and abdomen, 

in cholestatic diseases leading to cirrhosis (e.g., primary biliary cirrhosis, primary 
sclerosing cholangitis, vanishing bile duct syndrome), jaundice is more likely 
due to biliary damage than to liver insufficiency. Other indicators of liver 
insufficiency, such as the presence of encephalopathy or prolongation of the 
international normalized ratio, help determine the most likely contributor to 
hyperbilirubinemia (Chapter 138).

Cardiopulmonary Complications
The hyperdynamic circulatory state eventually results in high-output heart 
failure with decreased peripheral utilization of oxygen, a complication that 
has been referred to as cirrhotic cardiomyopathy. Vasodilation at the level of the 
pulmonary circulation leads to arterial hypoxemia, the hallmark of hepatopul-
monary syndrome. Normal pulmonary capillaries are 8 µm in diameter, and 
red blood cells (slightly less than 8 µm) pass through them one cell at a time, 
thereby facilitating oxygenation. In hepatopulmonary syndrome, the pulmonary 
capillaries are dilated up to 500 µm, so passage of red cells through the pul-
monary capillaries may be many cells thick. As a result, a large number of red 
cells are not oxygenated, which causes the equivalent of a right-to-left shunt.

Conversely, portopulmonary hypertension occurs when the pulmonary bed 
is exposed to vasoconstrictive substances that may be produced in the splanch-
nic circulation and bypass metabolism by the liver; the initial result is reversible 
pulmonary hypertension. However, because these factors result in endothelial 
proliferation, vasoconstriction, in situ thrombosis, and obliteration of vessels, 
irreversible pulmonary hypertension ensues.

 CLINICAL MANIFESTATIONS
The clinical manifestations of cirrhosis range widely, depending on the stage 
of cirrhosis, from an asymptomatic patient with no signs of chronic liver disease 
to a patient who is confused and jaundiced with severe muscle wasting and 
ascites. The natural history of cirrhosis is characterized by an initial phase, 
termed compensated cirrhosis, followed by a rapidly progressive phase marked 
by the development of complications of portal hypertension or liver dysfunc-
tion (or both), termed decompensated cirrhosis (Fig. 144-4).2 In the compensated 
phase, liver synthetic function is mostly normal, and portal pressure, although 
increased, is below the threshold level required for the development of varices 
or ascites. As the disease progresses, portal pressure increases and liver func-
tion worsens, thereby resulting in the development of ascites, portal hyper-
tensive gastrointestinal bleeding, encephalopathy, and jaundice.3 The 
development of any of these clinically detectable complications marks the 
transition from a compensated to a decompensated phase. Progression to 
death may be accelerated by the development of other complications, such 
as recurrent gastrointestinal bleeding, renal impairment (refractory ascites, 
hepatorenal syndrome), hepatopulmonary syndrome, and sepsis (spontaneous 
bacterial peritonitis). The development of hepatocellular carcinoma (Chapter 
186) may accelerate the course of the disease at any stage (see Fig. 144-4). 
Transition from a compensated to a decompensated stage occurs at a rate of 
approximately 5 to 7% per year. The median time to decompensation, or the 
time at which half the patients with compensated cirrhosis will become decom-
pensated, is about 6 years.

Varices and Variceal Hemorrhage
The complication of cirrhosis that results most directly from portal hyperten-
sion is the development of portal-systemic collaterals, the most relevant of 
which are those that form through dilation of the coronary and gastric veins 
and constitute gastroesophageal varices. The initial formation of esophageal 
collaterals depends on a threshold portal pressure, clinically established by a 
hepatic venous pressure gradient of 10 to 12 mm Hg, below which varices do 
not develop.

Development of a hyperdynamic circulatory state leads to further dilation 
and growth of varices and eventually to their rupture and variceal hemorrhage, 
one of the most dreaded complications of portal hypertension. Tension in a 
varix determines variceal rupture and is directly proportional to variceal diam-
eter and intravariceal pressure and inversely proportional to variceal wall 
thickness.

Ascites and Hepatorenal Syndrome
Ascites, which is the accumulation of intraperitoneal fluid, in cirrhosis is sec-
ondary to sinusoidal hypertension and retention of sodium. Cirrhosis leads 
to sinusoidal hypertension by blocking hepatic venous outflow both anatomi-
cally by fibrosis and regenerative nodules and functionally by increased post-
sinusoidal vascular tone. Similar to the formation of esophageal varices, a 
threshold hepatic venous pressure gradient of 12 mm Hg is needed for the 
formation of ascites. In addition, retention of sodium replenishes the intra-
vascular volume and allows the continuous formation of ascites. Retention 
of sodium results from vasodilation that is mostly due to an increase in NO 
production because NO inhibition in experimental animals increases urinary 
sodium excretion, lowers plasma aldosterone levels, and reduces ascites. With 
progression of cirrhosis and portal hypertension, vasodilation is more pro-
nounced, thereby leading to further activation of the renin-angiotensin-aldo-
sterone and sympathetic nervous systems and resulting in further sodium 
retention (refractory ascites), water retention (hyponatremia), and renal 
vasoconstriction (hepatorenal syndrome).

Spontaneous Bacterial Peritonitis
Spontaneous bacterial peritonitis, an infection of ascitic fluid, occurs in the 
absence of perforation of a hollow viscus or an intra-abdominal inflammatory 
focus, such as an abscess, acute pancreatitis, or cholecystitis. Bacterial trans-
location, or the migration of bacteria from the intestinal lumen to mesenteric 
lymph nodes and other extraintestinal sites, is the main mechanism implicated 
in spontaneous bacterial peritonitis. Impaired local and systemic immune 
defenses are a major element in promoting bacterial translocation and, together 
with shunting of blood away from the hepatic Kupffer cells through porto-
systemic collaterals, allow a transient bacteremia to become more prolonged, 
thereby colonizing ascitic fluid. Spontaneous bacterial peritonitis occurs in 
patients with reduced ascites defense mechanisms, such as a low complement 
level in ascitic fluid. Another factor that promotes bacterial translocation in 
cirrhosis is intestinal bacterial overgrowth attributed to a decrease in small 
bowel motility and intestinal transit time. Infections, particularly from gram-
negative bacteria, can precipitate renal dysfunction through worsening of the 
hyperdynamic circulatory state.

Encephalopathy
Hepatic encephalopathy is brain dysfunction caused by liver insufficiency, 
portosystemic shunting, or both.1 Ammonia, a toxin normally removed by 
the liver, plays a key role in its pathogenesis. In cirrhosis, ammonia accumulates 
in the systemic circulation because of shunting of blood through portosystemic 
collaterals and decreased liver metabolism (i.e., liver insufficiency). The pres-
ence of large amounts of ammonia in the brain damages supporting brain 
cells or astrocytes and leads to structural changes characteristic of hepatic 
encephalopathy (Alzheimer type II astrocytosis). Ammonia results in upregu-
lation of astrocytic peripheral-type benzodiazepine receptors, the most potent 
stimulants of neurosteroid production. Neurosteroids are the major modulators 
of γ-aminobutyric acid, which results in cortical depression and hepatic 
encephalopathy. Other toxins, such as manganese, also accumulate in the brain, 
particularly the globus pallidus, where they lead to impaired motor function. 
Other yet-to-be-elucidated toxins may also be involved in the pathogenesis 
of encephalopathy.

Jaundice
Jaundice (Chapter 138) in cirrhosis is a reflection of the inability of the liver 
to excrete bilirubin and is therefore the result of liver insufficiency. However, 
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FIGURE 144-4. Natural history of cirrhosis. any chronic liver disease will lead to cir-
rhosis. initially, cirrhosis will be compensated (median survival, >12 years), but once 
complications (ascites, variceal hemorrhage, encephalopathy, jaundice) develop, it becomes 
decompensated (median survival, 1.6 years). hepatocellular carcinoma (hCC) can develop 
at any stage and precipitate decompensation and death. 
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neurologic manifestations or hyponatremia, presumably because it typically 
develops gradually. Nevertheless, hyponatremia is a marker of the severity of 
cirrhosis and is associated with poorer quality of life and the development of 
hepatic encephalopathy.

Hepatorenal syndrome is a type of prerenal kidney injury that occurs in 
patients with cirrhosis and ascites.4 It represents the extreme of the spectrum 
of abnormalities that lead to cirrhotic ascites and is the result of maximal 
peripheral vasodilation as well as maximal activation of hormones that cause 
the retention of sodium and water and intense vasoconstriction of the renal 
arteries. Hepatorenal syndrome is divided into two types based on clinical 
characteristics and prognosis. Type 1 hepatorenal syndrome is rapidly progres-
sive acute kidney injury in which the rise in serum creatinine concentration 
occurs within a 2-week period. Type 2 hepatorenal syndrome is more slowly 
progressive and associated with ascites that is refractory to diuretics. Patients 
with hepatorenal syndrome usually have tense ascites that responds poorly 
to diuretics, but no specific symptoms or signs typify this entity.

Spontaneous Bacterial Peritonitis
About one third of cirrhotic patients are admitted for bacterial infection or 
acquire a bacterial infection during hospitalization, the most common being 
spontaneous bacterial peritonitis. The two most important predictors of the 
development of bacterial infection are the severity of liver disease and admis-
sion for gastrointestinal hemorrhage. The most frequent clinical manifestations 
of spontaneous bacterial peritonitis are fever, jaundice, and abdominal pain. 
On physical examination, there is typically abdominal tenderness, with or 
without rebound tenderness, or ileus (or both). However, up to one third of 
patients with spontaneous bacterial peritonitis initially may have no abdominal 
symptoms or symptoms of infection5 and may present instead with encepha-
lopathy, acute kidney injury, or evidence of shock.

Hepatic Encephalopathy
Hepatic encephalopathy, which is the neuropsychiatric manifestation of cirrhosis, 
occurs at a rate of approximately 2 to 3% per year. Hepatic encephalopathy 
associated with cirrhosis is of gradual onset and rarely fatal. It is manifested 
as a wide spectrum of neurologic and psychiatric abnormalities ranging from 
subclinical alterations to coma. Clinically, it is characterized by alterations in 
consciousness and behavior ranging from inversion of the sleep-wake pattern 
and forgetfulness (grade 1); to confusion, bizarre behavior, and disorientation 
(grade 2); to lethargy and profound disorientation (grade 3); to coma (grade 
4). On physical examination, early stages may demonstrate only a distal tremor, 
but the hallmark of overt hepatic encephalopathy is the presence of asterixis 
(Chapter 145). In addition, patients with hepatic encephalopathy may have 
sweet-smelling breath, a characteristic termed fetor hepaticus.

Pulmonary Complications
Hepatopulmonary syndrome is associated with exertional dyspnea, which can 
lead to extreme debilitation. Clubbing of the fingers, cyanosis, and vascular 
spiders may be seen on physical examination. Hepatopulmonary syndrome is 
present in approximately 5 to 10% of patients awaiting liver transplantation.

Portopulmonary hypertension is manifested as exertional dyspnea, syncope, 
and chest pain. On examination, an accentuated second sound and right ven-
tricular heave are prominent (Chapter 75).

 DIAGNOSIS
The diagnosis of cirrhosis should be considered in any patient with chronic 
liver disease. In asymptomatic patients with compensated cirrhosis, typical signs 
of cirrhosis may not be present, and the physical examination and laboratory 
test findings may be entirely normal. The diagnosis may often require histologic 
confirmation by liver biopsy, which is the “gold standard” for the diagnosis 
of cirrhosis. However, liver biopsy is an invasive procedure subject to sampling 
error, and the presence of cirrhosis can often be confirmed noninvasively by 
a combination of serum biomarkers, imaging techniques, and measurements 
of liver stiffness.

Physical Examination
On physical examination, stigmata of cirrhosis consist of muscle atrophy, 
mainly involving the bitemporal muscle regions and the thenar and hypothenar 
eminences; spider angiomas, mostly on the trunk, face, and upper limbs; and 
palmar erythema involving the thenar and the hypothenar eminences and the 
tips of the fingers. Although muscle atrophy is a marker of liver insufficiency, 
spider angiomas and palmar erythema are markers of vasodilation and a hyper-
dynamic circulation. Men may have hair loss on the chest and abdomen, 

Compensated Cirrhosis
In this stage, cirrhosis is mostly asymptomatic and is diagnosed either during 
the evaluation of chronic liver disease or fortuitously during routine physical 
examination, biochemical testing, imaging for other reasons, endoscopy showing 
gastroesophageal varices, or abdominal surgery in which a nodular liver is 
detected. Nonspecific fatigue, weight loss, decreased muscle mass, decreased 
libido, or sleep disturbances may be the only complaints. About 40% of patients 
with compensated cirrhosis have esophageal varices. Nonbleeding gastro-
esophageal varices are asymptomatic, and their presence (without bleeding) 
does not denote decompensation.

Decompensated Cirrhosis
At this stage, there are signs of decompensation: ascites, variceal hemorrhage, 
jaundice, hepatic encephalopathy, or any combination of these findings. Ascites, 
which is the most frequent sign of decompensation, is present in 80% of 
patients with decompensated cirrhosis.

Variceal Hemorrhage
Gastroesophageal varices are present in approximately 50% of patients with 
newly diagnosed cirrhosis. The prevalence of varices correlates with the sever-
ity of liver disease and ranges from 40% in Child A cirrhotic patients (Table 
144-2) to 85% in Child C cirrhotic patients.

Both the development of varices and the growth of small varices occur at 
a rate of 7 to 8% per year. The incidence of a first variceal hemorrhage in 
patients with small varices is about 5% per year, whereas medium and large 
varices bleed at a rate of approximately 15% per year. Large varices, severe 
liver disease, and red wale markings on varices are independent predictors of 
variceal hemorrhage. Bleeding from gastroesophageal varices can be manifested 
as overt hematemesis, melena, or both (Chapter 126).

Ascites and Hyponatremia
Ascites is the most common cause of decompensation in cirrhosis and occurs 
at a rate of 7 to 10% per year. The most frequent symptoms associated with 
ascites are increased abdominal girth, which is often described by the patient 
as tightness of the belt or garments around the waist, and recent weight gain. 
When it is present in small to moderate amounts, ascites can be identi-
fied on examination by bulging flanks, flank dullness, and shifting dullness  
(Chapter 137).

Hyponatremia, which is defined as a serum sodium concentration below 
130 mEq/L (Chapter 108), is present in about 25% of patients with cirrhosis 
and ascites. However, patients with cirrhosis do not usually have significant 

TABLE 144-2 THE TWO MOST COMMONLY USED SCORING 
SYSTEMS IN CIRRHOSIS

1. CHILD-TURCOTTE-PUGH (CTP) SCORE (RANGE, 5-15)

POINTS ASCRIBED

Parameters 1 2 3
Ascites None Grade 1-2 (or easy to 

treat)
Grade 3-4 (or 

refractory)
Hepatic encephalopathy None Grade 1-2 (or induced 

by a precipitant)
Grade 3-4 (or 

spontaneous)
Bilirubin (mg/dL) <2 2-3 >3
Albumin (g/dL) >3.5 2.8-3.5 <2.8
Prothrombin time 

(seconds > control) 
or INR

<4
<1.7

4-6
1.7-2.3

>6
>2.3

CTP classification: Child A: score of 5-6; Child B: score of 7-9; Child C: score of 
10-15

2. MODEL OF END-STAGE LIVER DISEASE (MELD) SCORE (RANGE, 6-40)
[0.957 × LN (creatinine in mg/dL) + 0.378 × LN (bilirubin in mg/dL) + 1.12 × LN 

(INR) + 0.643] × 10
MELD-Na is calculated first by determining the traditional MELD (MELD(0)); if the 

initial MELD(i) score is 12 or greater, the score is adjusted by incorporating the 
serum sodium value

[MELD(0) + 1.32 × (137-Na) − [0.033 × MELD(i) × (137-Na)]
INR = international normalized ratio; LN = natural logarithm.
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vein catheterization with measurement of wedged and free pressure is the 
simplest, safest, most reproducible, and most widely used method to indi-
rectly measure portal pressure. Portal pressure measurements are expressed 
as the hepatic venous pressure gradient: the gradient between wedged hepatic 
venous pressure, which is a measure of sinusoidal pressure, and free hepatic or 
inferior vena cava pressure, which is used as an internal zero reference point. 
In a patient with clinical evidence of portal hypertension (e.g., varices), the 
hepatic venous pressure gradient is useful in the differential diagnosis of the 
cause of portal hypertension: it will be normal (3 to 5 mm Hg) in prehe-
patic causes of portal hypertension, such as portal vein thrombosis (Chapter 
134), and in intrahepatic but presinusoidal causes, such as schistosomiasis 
(Chapter 334); but it will be abnormal (≥6 mm Hg) in sinusoidal causes of 
portal hypertension, such as cirrhosis, and in postsinusoidal causes, such as 
veno-occlusive disease. In patients with compensated viral or alcoholic cir-
rhosis, a hepatic venous pressure gradient of 10 mm Hg or greater (“clinically 
significant” portal hypertension) predicts the development of decompensation, 
and its reduction with pharmacologic therapy predicts a favorable outcome in 
patients with cirrhosis. In patients with variceal hemorrhage, a hepatic venous 
pressure gradient of more than 20 mm Hg predicts recurrent variceal hemor-
rhage and may portend death. Some data suggest that treatment guided by 
hepatic vein pressure monitoring can improve survival by preventing variceal  
rebleeding. A1 

Complications of Cirrhosis
Varices and Variceal Hemorrhage
Upper gastrointestinal endoscopy (Chapter 125) remains the main method 
for diagnosis of varices and variceal hemorrhage. Varices are classified as small 
(straight, minimally elevated veins above the esophageal mucosal surface), 
medium (tortuous veins occupying less than one third of the esophageal 
lumen), or large (occupying more than one third of the esophageal lumen). 
The diagnosis of variceal hemorrhage is made when diagnostic esophagogas-
troduodenoscopy shows one of the following: active bleeding from a varix, a 
“white nipple” overlying a varix, clots overlying a varix, or varices with no 
other potential source of bleeding.

Ascites
The most common cause of ascites is cirrhosis, which accounts for 80% of 
cases. Peritoneal malignant disease (e.g., peritoneal metastases from gastro-
intestinal tumors or ovarian cancer), heart failure (Chapter 52), and peritoneal 
tuberculosis (Chapter 308) together account for another 15% of cases. The 
initial, most cost-effective, and least invasive method to confirm the presence 
of ascites is abdominal ultrasonography.

Diagnostic paracentesis is a safe procedure that should be performed in every 
patient with new-onset ascites, even in those with coagulopathy. Ultrasound 
guidance should be used in patients in whom percussion cannot locate the 
ascites or in whom a first paracentesis attempt does not yield fluid. The fluid 
in a patient with new-onset ascites should always be evaluated for albumin 
(with simultaneous estimation of serum albumin), total protein, and polymor-
phonuclear (PMN) blood cell count, and bacteriologic cultures and cytology 
should be performed. The PMN cell count and bacteriologic culture are useful 
to exclude infection (either spontaneous or secondary bacterial peritonitis), 
and cytologic evaluation is needed if peritoneal carcinomatosis is suspected. 
Depending on the clinical setting, additional tests can be performed on the 
fluid: glucose and lactate dehydrogenase levels (if secondary bacterial peritonitis 
is suspected), smear and culture for acid-fast bacilli (if peritoneal tuberculosis 
is suspected), and amylase level (if pancreatic ascites is suspected).

The serum-ascites albumin gradient and ascites protein levels are useful in 
the differential diagnosis of ascites (Table 144-3). The serum-ascites albumin 

gynecomastia, and testicular atrophy. Petechiae and ecchymoses may be present 
as a result of thrombocytopenia or a prolonged prothrombin time. Dupuytren 
contracture, which is a thickening of the palmar fascia, occurs mostly in alco-
holic cirrhosis. A pathognomonic feature of cirrhosis is the finding on abdominal 
examination of a small right liver lobe, with a span of less than 7 cm on per-
cussion, and a palpable left lobe that is nodular with increased consistency. 
Splenomegaly may also be present and is indicative of portal hypertension. 
Collateral circulation on the abdominal wall (caput medusae) may also develop 
as a consequence of portal hypertension. Absence of any of these physical 
findings does not exclude cirrhosis.

Laboratory Tests
Laboratory test results suggestive of cirrhosis include even subtle abnormali-
ties in serum levels of albumin or bilirubin or elevation of the international 
normalized ratio. The most sensitive and specific laboratory finding suggestive 
of cirrhosis in the setting of chronic liver disease is a low platelet count 
(<150,000/µL), which occurs as a result of portal hypertension and hyper-
splenism. Other serum markers that are often abnormal include levels of 
aspartate aminotransferase, γ-glutamyl transpeptidase, hyaluronic acid, α2-
macroglobulin, haptoglobin, tissue metalloproteinase inhibitor 1, and apoli-
poprotein A. Combinations of these tests have been used to predict the presence 
of cirrhosis, but they are not as accurate as imaging studies.

Imaging Studies
Confirmatory imaging tests include computed tomography, ultrasound, and 
magnetic resonance imaging. Findings consistent with cirrhosis include a 
nodular contour of the liver, a small liver with or without hypertrophy of the 
left or caudate lobe, splenomegaly, and, in particular, identification of intra-
abdominal collateral vessels indicative of portal hypertension (Fig. 144-5). 
With increasing fibrosis, the liver becomes stiff, and this stiffness can be mea-
sured by ultrasound (transient elastography, acoustic radiation force impulse 
imaging) or magnetic resonance imaging. Measurement of liver stiffness, a 
new noninvasive technique, appears to be useful in the diagnosis of cirrhosis 
and in excluding its presence. These tests are becoming more widely available, 
and typical findings on any of these imaging studies, together with a compat-
ible clinical picture, are indicative of the presence of cirrhosis. A liver biopsy 
then would not be required unless the degree of inflammation or other features 
require investigation.

In decompensated cirrhosis, detection of ascites, variceal bleeding, or encepha-
lopathy in the setting of chronic liver disease essentially establishes the diagnosis 
of cirrhosis, so a liver biopsy is not necessary to establish the diagnosis. Patients 
with decompensated cirrhosis often exhibit malnutrition, more severe muscle 
wasting, more numerous vascular spiders, and hypotension and tachycardia 
as a result of the hyperdynamic circulatory state.

Portal Pressure Measurements
Direct measurements of portal pressure involve catheterization of the portal 
vein, are cumbersome, and may be associated with complications. Hepatic 

Heterogeneous
liver

parenchyma 
Splenomegaly

Heterogeneous
liver

parenchyma 
Splenomegaly

Collaterals

FIGURE 144-5. Computed tomography in a patient with compensated cirrhosis. the 
liver parenchyma is heterogeneous, there is splenomegaly, and, importantly, there are 
portosystemic collaterals. 

TABLE 144-3 USING THE SERUM-ASCITES ALBUMIN 
GRADIENT AND THE ASCITES TOTAL PROTEIN 
LEVEL TO DIAGNOSE THE CAUSE OF ASCITES

CONDITION
SERUM-ASCITES 

ALBUMIN GRADIENT*
ASCITES TOTAL 

PROTEIN LEVEL†

Cirrhosis High Low
Malignant ascites Low High
Cardiac ascites High High
*High is more than 1.1 g/dL; low is less than 1.1 g/dL.
†High is more than 2.5 g/dL; low is less than 2.5 g/dL.

TREATMENT 
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Portopulmonary hypertension is diagnosed by the presence of mean pulmonary 
arterial pressure higher than 25 mm Hg on right-sided heart catheterization, 
provided pulmonary capillary wedge pressure is less than 15 mm Hg.

gradient correlates with sinusoidal pressure and will therefore be elevated 
(>1.1 g/dL) in patients in whom the source of ascites is the hepatic sinusoid 
(e.g., cirrhosis or cardiac ascites). Protein levels in ascitic fluid are an indirect 
marker of the integrity of the hepatic sinusoids: normal sinusoids are permeable 
structures that “leak” protein, whereas sinusoids in cirrhosis are “capillarized” 
and do not leak as much protein. The three main causes of ascites—cirrhosis, 
peritoneal malignant disease or tuberculosis, and heart failure—can easily be 
distinguished by combining the results of both the serum-ascites albumin 
gradient and ascites total protein content. Cirrhotic ascites typically has a 
high serum-ascites albumin gradient and low protein, cardiac ascites has a 
high serum-ascites albumin gradient and high protein, and ascites secondary 
to peritoneal malignant disease typically has a low serum-ascites albumin 
gradient and high protein. A high serum B-type natriuretic peptide has a high 
diagnostic accuracy in the diagnosis of ascites due to heart failure.

Hepatorenal Syndrome
Hepatorenal syndrome is a diagnosis of exclusion, but patients typically have 
ascites that is unresponsive to diuretics and often have hyponatremia. The 
differential diagnosis includes conditions that worsen vasodilation, such as 
sepsis, the use of vasodilators, and large-volume paracentesis not accompanied 
by albumin infusion; conditions that decrease effective arterial blood volume, 
such as gastrointestinal hemorrhage, overdiuresis, or diarrhea (often induced 
by overdoses of lactulose); conditions that induce renal vasoconstriction, such 
as nonsteroidal anti-inflammatory drugs; and nephrotoxic insults, such as from 
aminoglycosides. As a result, the diagnosis of hepatorenal syndrome can only 
be made after diuretics have been discontinued, any condition that leads to 
worsening of the hemodynamic status of the cirrhotic patient has been excluded 
or treated, and intravascular volume has been expanded with albumin.

Spontaneous Bacterial Peritonitis
A high index of suspicion and early diagnosis are key in the management of 
spontaneous bacterial peritonitis. Diagnostic paracentesis should be performed 
in any patient with symptoms or signs of spontaneous bacterial peritonitis, 
including unexplained encephalopathy and renal dysfunction. Because spon-
taneous bacterial peritonitis is often asymptomatic and frequently community 
acquired, diagnostic paracentesis should be performed when any patient with 
cirrhosis is admitted to the hospital, regardless of the cause for admission.

The diagnosis of spontaneous bacterial peritonitis is established by an ascitic 
fluid PMN count greater than 250/µL. Bacteria can be isolated from ascitic 
fluid in only 40 to 50% of cases, even with sensitive methods such as inocula-
tion directly into a blood culture bottle. Spontaneous bacterial peritonitis is 
mostly a monobacterial infection, usually with a gram-negative enteric organ-
ism. However, the widespread use of antibiotic prophylaxis in cirrhosis has 
led to an increased prevalence of infections with multidrug-resistant organisms. 
Anaerobes and fungi very rarely cause spontaneous bacterial peritonitis; their 
presence, as well as a polymicrobial infection, should raise suspicion of sec-
ondary bacterial peritonitis.

Hepatic Encephalopathy
The diagnosis of overt hepatic encephalopathy is mainly clinical and based on 
a history and physical examination that shows alterations in consciousness and 
behavior as well as the presence of asterixis. Ammonia levels are unreliable, 
and there is poor correlation between the grade of hepatic encephalopathy and 
ammonia blood levels. High levels (>150 µmol/L) are, however, indicative of 
hepatic encephalopathy and can be useful in the evaluation of a patient with 
neurocognitive disturbances of unknown origin. Psychometric tests and an 
electroencephalogram, which typically shows generalized slow waves and the 
presence of triphasic waves, are commonly used in research but are not gener-
ally used for clinical diagnosis. Minimal or subclinical hepatic encephalopathy, 
which is present in up to 80% of patients with cirrhosis, is diagnosed solely on 
the basis of abnormal results of psychometric and neuropsychological tests of 
attention (e.g., number connection test, digit symbol test) and psychomotor 
function (e.g., grooved pegboard). Screening of cirrhotic patients for minimal 
hepatic encephalopathy is not widely recommended because diagnostic tests 
are not standardized and the benefits of treatment are uncertain.

Hepatopulmonary Syndrome and Portopulmonary Hypertension
The diagnostic criteria for hepatopulmonary syndrome are arterial hypoxemia 
with a Pao2 of less than 80 mm Hg or an alveolar arterial oxygen gradient of 
greater than 15 mm Hg, along with evidence of pulmonary vascular shunting 
on contrast echocardiography (Chapter 49) or a 99mTc-labeled macroaggregated 
albumin scan demonstrating abnormal shunting of radioactivity to the brain. 

Treatment of cirrhosis should ideally be aimed at interruption or reversal of 
fibrosis. Although antifibrotic drugs have not been shown to reverse fibrosis 
consistently or to improve outcomes in cirrhotic patients, eradication of the 
hepatitis C or the hepatitis B virus has been associated with regression of fibrosis. 
Treatment of compensated cirrhosis is currently directed at preventing the 
development of decompensation by (1) treating the underlying liver disease 
(e.g., antiviral therapy for hepatitis C or B) to reduce fibrosis and to prevent 
decompensation; (2) avoiding factors that could worsen liver disease, such as 
alcohol, hepatotoxic drugs, and superimposed viral infections; and (3) screening 
for varices (to prevent variceal hemorrhage) and for hepatocellular carcinoma 
(to treat it at an early stage) (Fig. 144-6).6 Probiotics may reduce the risk of 
hospitalization for hepatic encephalopathy and the clinical worsening of 
advanced but stable cirrhosis. A2  Treatment of decompensated cirrhosis focuses 
on specific decompensating events and the option of liver transplantation. 
Increasingly, data reveal that different therapies for the same complication may 
be applicable to patients with different risk profiles, mainly based on severity 
of the disease (see Table 144-2).

Varices and Variceal Bleeding
Reducing portal pressure decreases the risk for the development of varices 

and variceal hemorrhage as well as the risk for ascites and death.7 Nonselective 
β-adrenergic blockers (propranolol, nadolol) reduce portal pressure by produc-
ing splanchnic vasoconstriction and decreasing portal venous inflow. In patients 
with cirrhosis and medium or large varices that have never bled, nonselective 
β-blockers significantly reduce the risk for first variceal hemorrhage. A3  Treat-
ment options have included propranolol (initiated at a dose of 20 mg orally 
twice a day) and nadolol (initiated at a dose of 20 mg orally every day), with 
the dose titrated to produce a resting heart rate of about 50 to 55 beats per 
minute, provided that the systolic blood pressure does not decrease below 
90 mm Hg. A3  β-Adrenergic blockers can also lower the risk of developing ascites. 
Endoscopic variceal ligation (see Fig. 125-3), a therapy that aims to obliterate 
varices by placing rubber rings on variceal columns, is at least as useful as 
traditional nonselective β-blockers to prevent a first variceal hemorrhage. Liga-
tion has no effect on portal pressure and can lead to hemorrhage from ligation-
induced ulcers. Carvedilol (a nonselective β-blocker with vasodilating properties 
at a dose of 12.5 mg/day) has been shown to be superior to ligation and to 
lower portal pressure in patients who do not respond to propranolol A4 ; however, 
its use in patients with ascites may not be advisable because of its vasodilating 
effect. A rational approach is to start therapy with propranolol or nadolol and 
to use ligation in patients who cannot tolerate or have contraindications to 
β-blockers. In the compensated patient, carvedilol could be used in patients 
who cannot tolerate propranolol or nadolol.

Screening endoscopy should be repeated every 2 to 3 years in patients with 
no varices, every 1 to 2 years in patients with small varices, and sooner in 
patients with decompensated disease so that effective therapy can be instituted 
before the varices grow in size and bleed.

Patients with cirrhosis and variceal hemorrhage require resuscitation in an 
intensive care unit. However, overtransfusion should be avoided because it can 
precipitate rebleeding. A5  Hemoglobin values should be maintained at about 
8 g/dL. Prophylactic antibiotics should be used in this setting not only to prevent 
bacterial infections but also to decrease rebleeding and death. The recom-
mended antibiotic is oral norfloxacin at a dose of 400 mg twice daily for 5 to 
7 days, although intravenous ceftriaxone at a dose of 1 g/day for 5 to 7 days 
is preferable in patients with advanced liver disease (malnutrition, ascites, 
encephalopathy, and jaundice) or in patients who already are receiving nor-
floxacin prophylaxis.

The most effective specific therapy for the control of active variceal hemor-
rhage is the combination of a vasoconstrictor with endoscopic therapy. Safe 
vasoconstrictors include terlipressin, somatostatin, and the somatostatin ana-
logues octreotide and vapreotide; they can be initiated at admission to the 
hospital and continued for 2 to 5 days. The vasoconstrictor currently available 
in the United States is octreotide, which is used as a 50-µg intravenous bolus 
followed by an infusion at 50 µg/hour. The preferred endoscopic therapy to 
control variceal hemorrhage is esophageal variceal ligation. In cases in which 
bleeding continues despite vasoconstrictors and ligation, an esophageal stent 
appears to be more effective as a bridge to a more definitive therapy and is 
safer than balloon tamponade, although it may not reduce mortality. A6 

The transjugular intrahepatic portosystemic shunt (TIPS) is generally recom-
mended for patients who fail to respond to standard therapy (Fig. 144-7). In 
patients at high risk of failure, Child C (score 10 to 13) patients and Child B 
patients who have actively bleeding varices at endoscopy, preemptive TIPS 
placement (24 to 48 hours after admission) is associated with a reduced failure 
rate and a significant improvement in survival. Therefore, preemptive “early” 

TREATMENT 
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Hepatic Encephalopathy
•  Identify and treat
 precipitating factor
 (GI hemorrhage,
 infection, prerenal
 azotemia, constipation)
• Lactulose to obtain    

2–3 BM/day
• Rifaximin in patients 

intolerant to lactulose 
and added to lactulose 
in those with recurrent 
encephalopathy

• No long-term protein 
restriction

Variceal Hemorrhage
•  Early vasoconstrictors +
   endoscopic therapy (ligation)
•  Do not overtransfuse
•  Short-term antibiotic prophylaxis  
•  Prevent rebleeding with
 propranolol +  ligation 

Ascites
•  Salt restriction
•  Diuretics (spironolactone-based)
•  Avoid NSAIDs
•  No water restriction unless serum Na <130
•  Low threshold to perform diagnostic 

paracentesis to r/o SBP
•  If renal dysfunction occurs, d/c diuretics, 

expand volume with albumin, and identify 
and treat conditions: sepsis, hemorrhage, 
diarrhea, nephrotoxic agents, etc.

Cirrhosis

Compensated Decompensated

HCC surveillance
US, AFP q6mos

Varices
surveillance

Monitor INR,
albumin, bilirubin

Monitor
creatinine

No varices
Repeat EGD 

in 3 years

Small varices
Repeat EGD 

in 2 years

Large varices
• Nonselective β-blockers
• Ligation in those intolerant

FIGURE 144-6. Summary of the management of compensated and decompensated cirrhosis. aFP = α-fetoprotein; BM = bowel movement; d/c = discontinue; eGd = esophagogas-
troduodenoscopy; Gi = gastrointestinal; hCC = hepatocellular carcinoma; inr = international normalized ratio; na = sodium; nsaids = nonsteroidal anti-inflammatory drugs; r/o = rule 
out; sBP = spontaneous bacterial peritonitis; us = ultrasound. 
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FIGURE 144-7. Transjugular intrahepatic portosystemic shunt (TIPS). this shunt is 
performed by interventional radiologists and consists of an expandable metal stent (most 
often coated with polytetrafluoroethylene) that connects a branch of the portal vein 
(high-pressure vein) to a branch of the hepatic vein (low-pressure vein). the shunt decom-
presses the portal system and portosystemic collaterals, and therefore it is used in the 
treatment of selected patients with cirrhosis and variceal hemorrhage. the shunt also 
decompresses the hepatic sinusoids and therefore is also used in the treatment of refrac-
tory ascites. 

VII nor eltrombopag has proved beneficial in randomized trials, and neither is 
recommended.

After control of hemorrhage, the 1-year recurrence of hemorrhage without 
treatment is high at about 60%. Therefore, therapy to prevent rebleeding should 
be instituted before the patient is discharged. The recommended therapy is a 
combination of nonselective β-blockers (propranolol or nadolol) and endoscopic 
variceal ligation. A7  The dose of β-blockers should be the maximum dose that 
is tolerated, and endoscopic variceal ligation should be repeated every 2 to 4 
weeks until the varices are obliterated. Patients who had TIPS placed during 
the episode of acute variceal hemorrhage do not require β-blockers or ligation 
but do require periodic Doppler examination of the shunt to assess its patency.

Shunt therapy, either surgical or through radiologic placement of a TIPS, 
should be used in patients whose variceal bleeding has persisted or recurred 
despite combined pharmacologic and endoscopic therapy. Both types of shunts 
are equally effective, and the choice will depend on local expertise. Although 
the uncovered TIPS frequently occludes, newer polytetrafluoroethylene-covered 
stents are associated with lower occlusion rates and lower rates of hepatic 
encephalopathy. In a randomized trial, covered stents were more effective than 
β-blockers in preventing variceal rebleeding in patients with cirrhosis, but they 
produced slightly more adverse events without increasing survival time or 
quality of life. A8 

ascites
Salt restriction and diuretics constitute the mainstay of management of 

ascites. Dietary sodium intake should be restricted to 2 g/day. A more restrictive 
diet is not recommended and may compromise nutritional status.

Spironolactone, which is more effective than loop diuretics, should be started 
at a dose of 100 mg/day (once a day in the morning). The dose should be adjusted 
every 3 to 4 days to a maximal effective dose of 400 mg/day. Furosemide, at 
an escalated dose from 40 to 160 mg/day, can be started concurrently with 
spironolactone if ascites is tense or added subsequently if weight loss is inad-
equate or if hyperkalemia develops with spironolactone alone. The goal is weight 
loss of 1 kg in the first week and 2 kg/week subsequently. However, diuretics 
should be reduced if the rate of weight loss is more than 0.5 kg/day in patients 
without peripheral edema or more than 1 kg/day in patients with peripheral 
edema. Side effects of diuretic therapy include hypovolemic hyponatremia, 

TIPS should be considered in high-risk subpopulations of patients with variceal 
hemorrhage.8 Even though patients with cirrhosis and coagulopathy (prolonged 
international normalized ratio or decreased platelet count) have a higher risk 
of not responding to hemostasis for variceal hemorrhage or bleeding from 
procedures (ligation, paracentesis, TIPS, surgery), neither recombinant factor 

 PRIMARY PREVENTION
Treatment of the underlying liver disease, before the development of cirrhosis, 
is a primary prevention strategy. Because the major causes of cirrhosis are 
related to lifestyle choices such as injection drug use (Chapter 31), alcohol 
consumption (Chapter 30), obesity, and unprotected sex, primary prevention 
programs that focus on encouraging alcohol abstinence, reducing high-risk 
behavior for hepatitis virus infection, weight reduction, and vaccination for 
hepatitis B are even better prevention strategies.

 PROGNOSIS
The outcome of cirrhosis depends on the patient’s stage. Patients with com-
pensated cirrhosis die of liver disease only after transition to a decompensated 
stage. The 10-year survival rate of patients who remain in a compensated stage 
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hyperkalemia, renal dysfunction, encephalopathy, and, with spironolactone, 
painful gynecomastia. The addition of long-term human albumin (40 g twice 
weekly for 2 weeks, then 40 g weekly) to spironolactone and furosemide can 
significantly improve 18-month survival. A9 

In the 10 to 20% of patients with ascites who are refractory to diuretics, 
large-volume paracentesis, aimed at removal of all or most of the fluid, plus 
albumin at a dose of 6 to 8 g intravenously per liter of ascites removed, par-
ticularly when more than 5 L is removed at once, is a reasonable approach. The 
frequency of large-volume paracentesis is dictated by the rapidity at which 
the ascites reaccumulates. TIPS with uncovered stents is more effective than 
large-volume paracentesis plus albumin in preventing recurrent ascites but 
is associated with a higher rate of encephalopathy. In patients requiring fre-
quent large-volume paracentesis (more than twice per month), a polytetraflu-
oroethylene-covered TIPS can improve survival. A10  A peritoneovenous shunt, 
with use of a subcutaneously placed silicone tube that transfers ascites from 
the peritoneal cavity to the systemic circulation, can be used in patients who 
are not candidates for TIPS or liver transplantation. Automated flow pumps 
to move ascitic fluid to the bladder can reduce the need for large-volume 
paracentesis and improve quality of life in patients with medically untreatable  
ascites. A11 

Hyponatremia
Fluid restriction to 1.5 liters daily is recommended for severe hyponatremia 

(serum sodium concentration <130 mEq/L), but adherence with this recom-
mendation is poor. Although V2-receptor antagonists such as tolvaptan are 
sometimes effective at increasing free water excretion and raising the serum 
sodium level in hyponatremic cirrhotic patients, they have no overall effect on 
survival and are not approved for this use because of potential hepatotoxicity. 
Because hyponatremia is a marker of neurologic dysfunction and increased 
mortality, short-term use of tolvaptan (15 mg/day, increased to 30 to 60 mg/
day if needed) may be indicated only as a bridge to liver transplantation in 
patients in whom transplantation is imminent (Chapter 145).

hepatorenal syndrome
Hepatorenal syndrome is a functional kidney injury that results from hemody-

namic abnormalities owing to end-stage liver disease and severe portal hyper-
tension, and it is associated with a high mortality despite specific therapy. 
As a result, documented hepatorenal syndrome in the absence of prerenal 
azotemia or acute tubular necrosis represents a priority for transplantation 
(Chapter 145). Specific therapies for hepatorenal syndrome that have been 
used to “bridge” a patient to transplantation include vasoconstrictors (terli-
pressin, norepinephrine, octreotide plus midodrine) plus albumin, TIPS, and 
extracorporeal albumin dialysis, which is an experimental hemofiltration dialysis 
method that uses an albumin dialysate.9 The largest experience is with the 
use of terlipressin, which at a dose 0.5 to 2.0 mg intravenously every 4 to 6 
hours leads to a higher reversal rate of hepatorenal syndrome compared with  
placebo. A12  Because terlipressin is not yet available in the United States, the 
combination most used is octreotide (100 to 200 µg subcutaneously three times 
a day) plus midodrine (7.5 to 12.5 mg orally three times a day), with the dose 
adjusted to obtain an increase of at least 15 mm Hg in mean arterial pressure. 
Improvements may become clinically noticeable at day 7.

spontaneous Bacterial Peritonitis
Empirical antibiotic therapy with an intravenous third-generation cephalo-

sporin (e.g., cefotaxime, 2 g intravenously every 12 hours, or ceftriaxone, 2 g 
intravenously every 24 hours) should be initiated as soon as the diagnosis is 
established and before culture results are available; the minimal duration of 
therapy should be 5 days. Response to recommended empirical antibiotics is 
significantly lower in patients with health care–associated infections (i.e., infec-
tions that occur in patients who have been in a health care facility within the 
prior 3 months) and particularly low in nosocomial infections (i.e., infections 
that occur >48 hours after hospitalization) because more infections are caused 
by multidrug-resistant organisms. In these settings, broader spectrum antibiotics 
(e.g., vancomycin-tazobactam, imipenem, ertapenem [Chapter 100]) should 
be given initially and then modified after culture results and antibiotic sensitivi-
ties are obtained. Aminoglycosides should be avoided because of the high 
incidence of renal toxicity in cirrhotic patients.

Repeated diagnostic paracentesis should be performed 2 days after antibiot-
ics are started, by which time the number of PMN neutrophils in ascitic fluid 
should have decreased by more than 25% from baseline. Lack of response 
should prompt further investigations to exclude secondary peritonitis. The renal 
dysfunction associated with spontaneous bacterial peritonitis can be prevented 
by the intravenous administration of albumin, particularly in patients who have 
any evidence of renal dysfunction (blood urea nitrogen >30 mg/dL or creatinine 
>1 mg/dL, or both) or serum bilirubin concentration higher than 4 mg/dL at 
the time of diagnosis. Albumin at a dose of 1.5 g per kilogram of body weight 
at diagnosis, repeated on the third day at an intravenous dose of 1 g per kilo-
gram of body weight, can reduce the risk of renal failure and acute mortality. 
However, this dosing is empirical, should not exceed 100 g per dose, and does 
not reduce 3-month mortality in cirrhotic patients with infections other than 
spontaneous bacterial peritonitis. A13 

The administration of nonabsorbable (or poorly absorbable) antibiotics can 
prevent the development of spontaneous bacterial peritonitis and other infec-
tions in cirrhosis by selectively eliminating gram-negative organisms in the 
gut. However, the widespread use of prophylactic norfloxacin is associated 
with a higher rate of infections by antibiotic-resistant organisms. Long-term 
antibiotic prophylaxis with oral norfloxacin at a dose of 400 mg/day may be 
justified only in two groups: patients who have recovered from a previous 
episode of spontaneous bacterial peritonitis and patients who have an ascites 
protein level of less than 1 g/L with advanced liver and circulatory dysfunction 
as evidenced by the presence of jaundice, hyponatremia, or renal dysfunction.

hepatic encephalopathy
Treatment of overt hepatic encephalopathy starts by exclusion of alternative 

causes of altered mental status. Once the diagnosis of hepatic encephalopathy 
has been made, treatment involves identifying and treating the precipitating 
factor and reducing the ammonia level.10 Precipitating factors include infections, 
overdiuresis, gastrointestinal bleeding, high oral protein load, and constipation. 
Narcotics and sedatives contribute to hepatic encephalopathy by directly 
depressing brain function. TIPS is a common precipitant of hepatic encepha-
lopathy, and shunt reduction or occlusion may be required. Among agents 
aimed at decreasing ammonia production in the gut, lactulose (15 to 30 mL 
orally twice daily adjusted to obtain two or three soft bowel movements per 
day) is the first choice for the treatment of episodic overt encephalopathy.11 
Polyethylene glycol 3350-electrolyte solution (4 L orally or by nasogastric tube 
over 4 hours), however, may lead to a more rapid clinical response. Other agents 
include orally administered nonabsorbable antibiotics, such as rifaximin (550 mg 
two times per day), neomycin (500 mg to 1 g three times per day), and met-
ronidazole (250 mg two to four times per day). Drugs that may increase ammonia 
fixation in the liver, such as L-ornithine-L-aspartate, benzoate, and glycerol 
phenylbutyrate, are being studied.

Once an episode of overt encephalopathy has resolved, secondary prophylaxis 
with lactulose is recommended. If a precipitating factor has been identified 
and is well controlled or when liver function or nutritional status has improved, 
prophylactic therapy may be discontinued. In patients with recurrent encepha-
lopathy, rifaximin together with lactulose is useful in preventing further recur-
rence. Switching dietary protein from an animal source to a vegetable source 
may be beneficial in recurrent or persistent encephalopathy, but protein restric-
tion is not necessary and should not be used chronically. Experimental approaches 
can engineer gut microbiota to reduce urease activity in mice, but whether 
this approach can be extended to humans is unknown.12

Pulmonary Complications
Hepatopulmonary syndrome rarely resolves spontaneously, and medical 

therapy is disappointing.13 TIPS is not generally recommended. The only viable 
treatment is liver transplantation (Chapter 145).

By comparison, liver transplantation is indicated only in a subset of patients 
with portopulmonary hypertension. In fact, a mean pulmonary arterial pressure 
higher than 45 mm Hg is an absolute contraindication to liver transplantation. 
The use of vasodilators should be considered in these patients (Chapter 75).

Surgical Therapy
liver transplantation

Orthotopic liver transplantation (Chapter 145), which is the definitive therapy 
for cirrhosis, is indicated when the risk for dying of liver disease is greater than 
the risk for dying of transplantation, as determined by a Child-Pugh score of 7 
or higher (see Table 144-2) or a Model for End-Stage Liver Disease (MELD) score 
of 15 or higher. MELD and MELD-Na (see Table 144-2), which estimate the risk 
for 3-month mortality, are used to determine the priority for liver transplanta-
tion. The number of available deceased donor organs is lower than the number 
of patients awaiting liver transplantation; as a result, 15 to 20% of patients 
awaiting liver transplantation in the United States die before an organ becomes 
available.

 PRIMARY PREVENTION
Treatment of the underlying liver disease, before the development of cirrhosis, 
is a primary prevention strategy. Because the major causes of cirrhosis are 
related to lifestyle choices such as injection drug use (Chapter 31), alcohol 
consumption (Chapter 30), obesity, and unprotected sex, primary prevention 
programs that focus on encouraging alcohol abstinence, reducing high-risk 
behavior for hepatitis virus infection, weight reduction, and vaccination for 
hepatitis B are even better prevention strategies.

 PROGNOSIS
The outcome of cirrhosis depends on the patient’s stage. Patients with com-
pensated cirrhosis die of liver disease only after transition to a decompensated 
stage. The 10-year survival rate of patients who remain in a compensated stage 



is approximately 90%, whereas their likelihood of decompensation is 50% at 
10 years. Inception cohort studies of patients with compensated cirrhosis 
show a median survival of all patients, including those in whom decompensa-
tion develops over time, of about 10 years. Overall, the median survival after 
decompensation is about 2 years. Survival is even lower in patients with refrac-
tory ascites, hyponatremia, or recurrent variceal hemorrhage and is lowest in 
patients who are hospitalized with an acute decompensating event, in whom 
28-day mortality is about 30% and correlates with the number of organ failures 
present. Hepatocellular carcinoma develops at a fairly constant rate of 3% per 
year and is associated with a worse outcome at whatever stage it develops.

Predictors of survival are somewhat different in compensated and decom-
pensated patients. Parameters of portal hypertension (varices, splenomegaly, 
platelet count, γ-globulin) assume greater importance in compensated patients, 
whereas renal dysfunction, hemorrhage, and hepatocellular carcinoma are 
important predictive factors in patients with decompensated cirrhosis.14 In 
clinical practice, the Child-Pugh score is applicable to all cirrhotic patients, 
and the MELD score is used in decompensated patients to determine priority 
for liver transplantation (see Table 142-2).
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REVIEW QUESTIONS

1. A 55-year-old man with chronic hepatitis C complains of fatigue. On physical 
examination, he has vascular spiders, palmar erythema, and a palpable left 
lobe of his liver. He has no ascites or asterixis. Laboratory analysis dem-
onstrates aspartate aminotransferase 100, alanine aminotransferase 67, 
alkaline phosphatase 145, and platelet count of 120,000. Abdominal com-
puted tomography (CT) scan shows a nodular liver contour, portosystemic 
collaterals, but no masses. Which of the following would you recommend 
as the next step?
 A. Liver biopsy
 B. Upper endoscopy
 C. Start nonselective β-blockers
 D. Start spironolactone
 E. Magnetic resonance imaging of the liver

Answer: B Although the gold standard in the diagnosis of cirrhosis is liver 
biopsy, this procedure is not necessary when clinical, laboratory, and imaging 
results are sufficient to establish the diagnosis. In the setting of chronic liver 
disease, a palpable left lobe of the liver is almost diagnostic of cirrhosis. The 
most sensitive and specific laboratory finding suggestive of cirrhosis in the 
setting of chronic liver disease is a low platelet count (<150,000/µL) due to 
portal hypertension and hypersplenism. Confirmatory imaging tests include 
ultrasound, CT, and magnetic resonance imaging. Findings consistent with 
cirrhosis include a nodular liver surface, a small liver with or without left or 
caudate lobe hypertrophy, splenomegaly, and especially the identification of 
intra-abdominal collaterals, which are indicative of portal hypertension. A 
liver biopsy is not required if these findings are present. Any patient with 
newly diagnosed cirrhosis should undergo upper endoscopy to investigate the 
presence and size of gastroesophageal varices. β-Blockers should be initiated 
in patients with medium or large varices or in patients with high-risk small 
varices (i.e., those present in a Child class C patient or with red wale marks). 
β-Blockers are not useful in patients without varices and are associated with 
significant adverse events. Studies have not shown diuretics to be useful in 
patients with compensated cirrhosis. In the absence of masses on CT scan or 
ultrasound, performing a magnetic resonance imaging study is unnecessary.

2. A 69-year-old obese, diabetic man with biopsy-proven compensated cir-
rhosis and without a prior history of variceal hemorrhage has large esophageal 
varices on a screening endoscopy study. Which of the following medications 
would you recommend at this point?
 A. No specific medication
 B. Metoprolol
 C. Nadolol
 D. Spironolactone
 E. Pantoprazole

Answer: C Nonselective β-blockers are the treatment of choice for the primary 
prevention of variceal bleeding. In patients with large varices, the 2-year rate 
of first variceal hemorrhage is significantly lower in patients receiving nonse-
lective β-blockers (15%) compared with those receiving no specific medication. 
β1-Specific blockers (atenolol, metoprolol) are not as effective as nonselective 
(β1 and β2) β-blockers (nadolol or propranolol) or a nonselective β-blocker 
with vasodilating properties (carvedilol) because the most important portal 
pressure–reducing effect results from β2-blockade. Spironolactone is a diuretic 
that may reduce portal pressure but has not been shown to prevent first variceal 
hemorrhage. Although there appears to be a benefit in blocking gastric acid 
with proton pump inhibitors for the reduction of post-ligation ulcers and 
bleeding, there is no benefit in preventing a first variceal bleed.

3. A 64-year-old obese man presents for evaluation of new ascites and periph-
eral edema. He is a heavy smoker and typically drinks two to four alcoholic 
beverages daily, but he has no history of liver disease. Physical examination 
reveals decreased breath sounds, moderate ascites, and peripheral edema 
but no other abnormalities. Laboratory tests reveal a total bilirubin 1.2 mg/
dL, aspartate aminotransferase 37 IU/mL, alanine aminotransferase 35 IU/
mL, albumin 3.7 g/dL, and international normalized ratio of 1.4. Paracen-
tesis discloses clear yellow fluid with the following characteristics: total 
protein 3.5 g/dL, albumin 1.7 g/dL, white blood cells 640/µL (12% neu-
trophils). Which one of the following is the most appropriate action?
 A. Begin intravenous cefotaxime and await ascites culture results.
 B. Perform a liver biopsy.
 C. Obtain serum B-type natriuretic peptide and perform cardiac 

echocardiography.
 D. Perform an abdominal CT scan to investigate peritoneal malignant 

disease.
 E. Begin therapy for tuberculosis.

Answer: C This patient without documented chronic liver disease has ascites 
with a high serum-ascites albumin gradient (>1.1 g/dL), indicating ascites 
that is secondary to hepatic sinusoidal hypertension. The fluid also has a high 
protein content (>2.5 g/dL) indicative of normal “leaky” sinusoids, so the 
problem is unlikely to be in the liver. A liver biopsy would not be the most 
indicated test. In this clinical setting, the most likely possibility is right-sided 
heart failure, which should be evaluated, initially with an echocardiogram. A 
high serum B-type natriuretic peptide has a high diagnostic accuracy in the 
diagnosis of ascites due to heart failure. Although the ascites total white blood 
cell count is somewhat elevated, the fluid contains only 77 neutrophils (640 
× 0.12), and therefore it is not consistent with bacterial peritonitis, which is 
based on more than 250 neutrophils/µL. In peritoneal causes of ascites (car-
cinomatosis, tuberculosis), the ascites protein is high and the serum-to-ascites 
albumin gradient is low (<1/1 g/dL) because fluid formation does not result 
from sinusoidal hypertension.

4. A 53-year-old woman with cirrhosis secondary to primary biliary cirrhosis 
presents with 2 weeks of weight gain and an increase in abdominal girth. 
On physical examination, she has gained 8 pounds, and she has a modestly 
distended abdomen with flank dullness and shifting dullness. She does not 
have asterixis. Her laboratory tests include creatinine 0.8, blood urea nitro-
gen 24, Na 136, K 3.5. Analysis of her ascitic fluid is compatible with 
cirrhotic ascites, without any evidence of spontaneous bacterial peritonitis. 
An ultrasound examination shows no hepatic masses. Appropriate manage-
ment at this point should be:
 A. Large-volume paracentesis.
 B. Salt and water restriction alone.
 C. Transjugular intrahepatic portosystemic shunt (TIPS).
 D. Spironolactone.
 E. Intravenous furosemide.

Answer: D The patient has the new onset of uncomplicated, nontense ascites. 
The mainstay of therapy is sodium restriction and diuretics. Water restriction 
is not indicated unless her serum sodium concentration is below 125 mEq/L. 
The most effective diuretic is spironolactone, which should be initiated alone 
at a dose of 100 mg once daily in the morning, particularly in patients with 
modest ascites. Furosemide is not as effective as spironolactone because sodium 
that is not reabsorbed in the loop of Henle is taken up at the distal and col-
lecting tubules as a result of the hyperaldosteronism that is present in most 
patients with cirrhosis and ascites. Therefore, furosemide should not be used 
as the sole agent in the treatment of cirrhotic ascites and should not be used 
intravenously. Large-volume paracentesis is indicated to decrease discomfort 
in patients with tense ascites and is first-line therapy for patients with refrac-
tory ascites. TIPS placement is second-line therapy for patients with refractory 
ascites.
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Answer: A The presence of unexplained encephalopathy or deterioration in 
renal function in a patient with ascites should always raise the suspicion of 
spontaneous bacterial peritonitis (SBP); therefore, a diagnostic paracentesis 
should always be performed in this setting. The ascites culture is negative in 
about 40% of patients with SBP, so ascites and blood cultures should be per-
formed whenever SBP is suspected. In this patient, blood cultures are particu-
larly important because he presents with evidence of systemic inflammatory 
response (hypothermia, tachycardia, and tachypnea) and jaundice and therefore 
may be septic. Large-volume paracentesis in this setting could theoretically 
lead to further deterioration in renal function and should be avoided. There 
is no evidence of gastrointestinal bleeding, so endoscopy is not indicated. 
Brain scan is not an initial test in a cirrhotic patient with encephalopathy 
unless there is a history of trauma or other causes of encephalopathy are 
suspected. A renal ultrasound study is a low-yield test because obstruction is 
an unlikely cause of his decompensation.

5. A 48-year-old man with chronic hepatitis C virus infection, cirrhosis, and 
ascites presents with 2 days of confusion. He denies fever, chills, hemateme-
sis, or melena. On physical examination, his temperature is 35.5° C, blood 
pressure 90/60, heart rate 100 beats per minute, respiratory rate 30/minute. 
He is confused and agitated, and asterixis is present. His abdomen has 
tense ascites but is nontender, and his stool is negative for blood. His labo-
ratory tests include white blood cell 8.6, creatinine 2.1 (previously 0.8), 
and bilirubin 7.7 (previously 2.3). He is making only small amounts of 
urine, but his urinalysis is normal. Which of the following is the most 
appropriate test?
 A. Diagnostic paracentesis and blood cultures
 B. Large-volume paracentesis
 C. Upper endoscopy
 D. Brain CT
 E. Renal ultrasound
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donors or living donors, three fundamental questions must be addressed at 
the time of evaluation.2,3

1. Is liver transplantation indicated? The patient should have liver failure, 
complications of liver disease, or a metabolic condition that is best treated 
by liver transplantation and for which there are no alternative treatments.

2. Are there contraindications to transplantation (Table 145-2)? Comorbid 
conditions that could severely compromise graft or patient outcome must 
be identified.

3. Will the patient be able to tolerate and comply with immunosuppression 
and post-transplantation management? Inability to comply with the rigors 
of post-transplantation care and management could lead to graft loss and 
recipient death.

 Medical Assessment
Certain components of the medical evaluation apply to all potential recipients. 
Viral serologies characterize the status of ongoing infection, prior exposure, 
or vaccination related to the hepatitis viruses (Chapter 140), Epstein-Barr 
virus (Chapter 353), cytomegalovirus (Chapter 352), and human immuno-
deficiency virus (HIV; Chapter 364). Colonoscopy is recommended for all 
patients older than 50 years to exclude colon cancer or polyps (Chapter 184) 
and in all patients with primary sclerosing cholangitis (Chapter 146) to detect 
possible ulcerative colitis or Crohn disease (Chapter 132). Cardiopulmonary 
assessment (Chapters 45, 62, and 79) is performed in patients older than 50 
years and in any patient with risk factors for coronary artery disease, such as 
hypertension, hypercholesterolemia, a significant family history, cigarette 
smoking, or diabetes. Cardiac catheterization (Chapter 51) is performed in 
patients with positive cardiac stress test results to confirm and to delineate 
the extent of coronary disease. Ultrasonography, computed tomography, and 
magnetic resonance imaging are useful to examine the biliary tract (Chapter 
138), to exclude hepatocellular cancer (Chapter 186) or cholangiocarcinoma 
(Chapter 186), and to determine the patency of major vascular structures, 
such as the hepatic artery, celiac axis, splenic artery, portal vein, and superior 
mesenteric vein (Chapter 134).

The primary principle for consideration of liver transplantation is that a 
patient’s predicted survival with transplantation must exceed expected survival 
without transplantation. For deceased donor liver transplantation, this principle 
is fulfilled by a Model for End-Stage Liver Disease (MELD) score of approxi-
mately 15 (see Table 144-2 in Chapter 144). In addition, certain complications 
of cirrhosis (Chapter 144), such as ascites, spontaneous bacterial peritonitis, 
encephalopathy, uncontrolled variceal hemorrhage, nutritional wasting, failure 
to thrive, and development of hepatoma (Chapter 186), shorten survival. 
Immediate evaluation and listing for transplantation are indicated for any 
patient with a MELD score of 15 or more or any of these complications.

Other complications that are not considered life-threatening may also be 
indications for consideration of liver transplantation. Examples include meta-
bolic bone disease resulting in osteopenia and bone fractures (Chapters 230 
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In the United States, about 150 programs perform approximately 7500 liver 
transplantations per year—95% from deceased donors and 5% from living 
donors. About 14,000 patients are on waiting lists because recipients who 
need liver transplantation greatly exceed the supply of donor livers. The mor-
tality rate while on a waiting list is approximately 100 to 120 deaths per 1000 
patient-years.

The 5-year survival for patients transplanted between 2008 and 2015 was 
about 80% (Fig. 145-1), with recent improvements in short-term outcome 
due largely to advances in surgery and postoperative care.1 By comparison, 
lack of further improvement beyond 3 months is because of long-term com-
plications, such as recurrent hepatitis C (Chapter 140), recurrent autoimmune 
disease (Chapter 140), chronic allograft rejection, renal dysfunction (Chapter 
121), hypertension (Chapter 70), and diabetes mellitus (Chapter 216). Direct-
acting antiviral therapy of chronic hepatitis C should improve the long-term 
outcome of patients with hepatitis C virus infection, but improvement in 
long-term survival for other patients will require better management of chronic 
complications.

 GENERAL SELECTION CRITERIA
By far, the most common indication for liver transplantation is noncholestatic 
cirrhosis (Table 145-1). Direct-acting antiviral therapy of hepatitis C virus 
has dramatically lowered new listings and increased withdrawals from trans-
plant waiting lists among patients with chronic hepatitis C. As a result, alcoholic 
cirrhosis, nonalcoholic steatohepatitis, and cryptogenic cirrhosis (likely due 
to nonalcoholic steatohepatitis) are likely to become the leading indications 
for liver transplantation. Regardless of whether livers are donated from deceased 
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Unadjusted survival for adults transplanted between 2008 - 2015
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FIGURE 145-1. Data from the Organ Procurement and Transplantation Network:  
Kaplan-Meier patient survival rates for liver transplants performed between 2008 and 
2015, based on Organ Procurement and Transplantation Network data as of April 20, 
2018. ddlt = deceased donor liver transplantation; ldlt = living donor liver transplantation. 

TABLE 145-1 INDICATIONS FOR LIVER TRANSPLANTATION

CATEGORY
PERCENTAGE OF LISTED PATIENTS  

(N = 14,163)
Cirrhosis, noncholestatic 73%
 Alcoholic (23%)
 Hepatitis C plus alcohol (4%)
 Nonalcoholic steatohepatitis (14%)
 Cryptogenic (5%)
 Autoimmune (4%)
 Hepatitis B (3%)
 Other (1%)
Cholestatic liver disease 9%
 Primary sclerosing cholangitis (5%)
 Primary biliary cirrhosis (3%)
 Other (1%)
Malignant neoplasms (primarily 

hepatocellular carcinoma)
7%

Acute liver failure 2%
Metabolic diseases 2%
Biliary atresia 1%
Other (e.g., Budd-Chiari syndrome) or 

unknown
6%

Data from Organ Procurement and Transplantation Network as of November 16, 2017. https://
optn.transplant.hrsa.gov.

and 231), inadequate nutrition, muscle wasting, severe fatigue, poor concen-
trating ability, and intractable pruritus.

Because the supply of donor livers is limited, transplant centers must select 
patients who have the greatest chance for a successful outcome. Elderly, obese, 
and deconditioned patients as well as patients with underlying vascular disease 
or long-standing diabetes mellitus are poor candidates for liver transplantation.

 Surgical Assessment
The three phases of surgery are native liver dissection, the anhepatic phase, 
and revascularization of the graft. Native liver dissection, which is character-
ized by meticulous dissection and prompt control of bleeding vessels, can be 
complicated by morbid obesity, significant portal hypertension, portal throm-
boses, prior portosystemic shunt surgery, or prior abdominal surgery. The 
length of this phase is usually 1 to 2 hours, with blood losses ranging from 0 
to 5 units of blood.

During the anhepatic phase, which usually lasts 1.5 to 3 hours and is associ-
ated with blood loss ranging from 0 to 5 units of blood, the vascular supply 
of the liver is completely interrupted, and the native liver is excised. Toward 
the end of the anhepatic phase, vessels are anastomosed, with the donor hepatic 
veins typically grafted to the recipient vena cava with only one caval anasto-
mosis. Recipients with severe coagulopathy, cachexia, and nutritional deficien-
cies may be prone to excessive bleeding and metabolic complications.

When the venous clamps are removed, patients are at risk for primary fibri-
nolysis or consumptive coagulopathy. The arterial anastomosis is typically 
performed after unclamping to shorten the warm ischemia period.

 Psychosocial Assessment
A patient referred for liver transplantation may have a history of alcohol, drug, 
or substance abuse. Psychosocial evaluation is important to help determine 
the risk for recidivism after transplantation. For patients with alcoholic cir-
rhosis, nearly all transplant centers require a minimum 6-month period of 
documented abstinence and enrollment in education or rehabilitation programs. 
A patient with severe alcoholic hepatitis, poor prognosis, adequate social 
support, and willingness to comply with alcohol abstinence and rehabilitation 
might be an exception to the 6-month guideline. Other key aspects of the 
psychosocial assessment include (1) evaluating the patient for any underlying 
psychiatric illness (Chapter 369), its severity, and how it should be managed; 
(2) defining and establishing social and psychological support for the potential 
recipient, including family, friends, and significant others; and (3) in living 
donor liver transplantation, evaluating the potential living donors.

 Assigning Priority: Model for End-Stage Liver Disease
The prioritization of U.S. liver transplantation candidates and the allocation 
of deceased donor livers are based on the MELD or MELD-Na score (see 
Table 144-2 in Chapter 144), which ranges from 6 (best prognosis) to 40 
(worst prognosis). The 3-month mortality rate increases from 10% with a 
MELD score of 20 to 60% at a MELD score of 35, and essentially to 100% 
with a MELD score above 40. A patient’s survival is not improved by deceased 
donor liver transplantation if the MELD score is below about 15. As a result, 
deceased donor livers must be made available more broadly if no local patient 
has a MELD score of 15 or higher. In addition, the SHARE 35 rule allows for 
regional sharing of a donor liver to a regional patient with a score of 35 or 
higher. Patients with acute liver failure or post-transplantation patients with 
graft failure due to hepatic artery thrombosis have a MELD score of 40 and 
top priority status. This allocation system has improved transplantation rates 
and has not altered waiting list or post-transplantation mortality. In patients 
with cirrhosis (Chapter 144), hyponatremia (Chapter 108) is associated with 
hepatorenal syndrome, ascites, and death from liver disease. Hyponatremia 
is an independent predictor of mortality up to a MELD score of 30. As a 
result, the MELD score is now adjusted for serum sodium concentration in 
allocating deceased donor livers (MELD-Na). Other exceptions can include 
patients with the hepatorenal syndrome (Chapter 144), the portopulmonary 
syndrome (Chapter 144), cholangiocarcinoma (Chapter 146), cystic fibrosis 
(Chapters 83 and 137), familial amyloid polyneuropathy (Chapter 179), and 
primary hyperoxaluria (Chapter 194) (E-Table 145-1).

 DISEASE-SPECIFIC INDICATIONS FOR 
TRANSPLANTATION

 Acute Liver Failure
Acute liver failure is defined as hepatic injury of fewer than 26 weeks in dura-
tion, an international normalized ratio of 1.5 or greater, and altered mental 

https://optn.transplant.hrsa.gov/
https://optn.transplant.hrsa.gov/
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ABSTRACT
Liver transplantation is a life-saving treatment for hepatic failure caused by 
viral hepatitis, alcoholic liver disease, nonalcoholic steatohepatitis, autoimmune 
disorders, and genetic conditions. Pre-transplantation management, particularly 
for acute hepatic failure, is key to successful transplantation. Improvements 
in surgical technique and post-transplantation management, particularly treat-
ment of hepatitis C virus, contribute to excellent short- and long-term survivals. 
Key aspects of the care of the transplant candidate and recipient include man-
aging the complications of liver failure, identifying and addressing risk factors 
for malignancy, treating any infections, and recognizing how to use immuno-
suppressive drugs and manage potential drug interactions.
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donors or living donors, three fundamental questions must be addressed at 
the time of evaluation.2,3

1. Is liver transplantation indicated? The patient should have liver failure, 
complications of liver disease, or a metabolic condition that is best treated 
by liver transplantation and for which there are no alternative treatments.

2. Are there contraindications to transplantation (Table 145-2)? Comorbid 
conditions that could severely compromise graft or patient outcome must 
be identified.

3. Will the patient be able to tolerate and comply with immunosuppression 
and post-transplantation management? Inability to comply with the rigors 
of post-transplantation care and management could lead to graft loss and 
recipient death.

 Medical Assessment
Certain components of the medical evaluation apply to all potential recipients. 
Viral serologies characterize the status of ongoing infection, prior exposure, 
or vaccination related to the hepatitis viruses (Chapter 140), Epstein-Barr 
virus (Chapter 353), cytomegalovirus (Chapter 352), and human immuno-
deficiency virus (HIV; Chapter 364). Colonoscopy is recommended for all 
patients older than 50 years to exclude colon cancer or polyps (Chapter 184) 
and in all patients with primary sclerosing cholangitis (Chapter 146) to detect 
possible ulcerative colitis or Crohn disease (Chapter 132). Cardiopulmonary 
assessment (Chapters 45, 62, and 79) is performed in patients older than 50 
years and in any patient with risk factors for coronary artery disease, such as 
hypertension, hypercholesterolemia, a significant family history, cigarette 
smoking, or diabetes. Cardiac catheterization (Chapter 51) is performed in 
patients with positive cardiac stress test results to confirm and to delineate 
the extent of coronary disease. Ultrasonography, computed tomography, and 
magnetic resonance imaging are useful to examine the biliary tract (Chapter 
138), to exclude hepatocellular cancer (Chapter 186) or cholangiocarcinoma 
(Chapter 186), and to determine the patency of major vascular structures, 
such as the hepatic artery, celiac axis, splenic artery, portal vein, and superior 
mesenteric vein (Chapter 134).

The primary principle for consideration of liver transplantation is that a 
patient’s predicted survival with transplantation must exceed expected survival 
without transplantation. For deceased donor liver transplantation, this principle 
is fulfilled by a Model for End-Stage Liver Disease (MELD) score of approxi-
mately 15 (see Table 144-2 in Chapter 144). In addition, certain complications 
of cirrhosis (Chapter 144), such as ascites, spontaneous bacterial peritonitis, 
encephalopathy, uncontrolled variceal hemorrhage, nutritional wasting, failure 
to thrive, and development of hepatoma (Chapter 186), shorten survival. 
Immediate evaluation and listing for transplantation are indicated for any 
patient with a MELD score of 15 or more or any of these complications.

Other complications that are not considered life-threatening may also be 
indications for consideration of liver transplantation. Examples include meta-
bolic bone disease resulting in osteopenia and bone fractures (Chapters 230 

TABLE 145-2 CONTRAINDICATIONS TO LIVER 
TRANSPLANTATION

Active substance abuse and inability to comply with rehabilitation
Inadequate social support, extreme psychosocial dysfunction, active psychosis, or 

other underlying psychosocial disease that makes it impossible for the patient to 
comply with peri-transplantation care and postoperative management

Unstable, active cardiopulmonary disease
Symptomatic ischemic coronary disease not amenable to revascularization
Severe pulmonary hypertension (mean PAP >45 mm Hg despite pharmacologic 

interventions)
Active, incurable malignant disease

Metastatic nonhepatic malignant disease
Hepatoma with macrovascular invasion, extrahepatic metastases, or exceeding 

Milan or UCSF criteria and not able to be downstaged
Cholangiocarcinoma with percutaneous transperitoneal biopsy (likely seeding 

from the biopsy), tumor diameter >3 cm, or extrahepatic spread
Active, uncontrolled, and untreatable sepsis or other serious infectious disease
Active HIV infection with AIDS-defining illness, high-titer HIV RNA, very low CD4 

count, or unresponsive to HAART
Anatomic anomaly or extensive vascular thromboses precluding hepatic 

transplantation
AIDS = acquired immunodeficiency syndrome; HAART = highly active antiretroviral therapy;  
HIV = human immunodeficiency virus; PAP = pulmonary artery pressure; UCSF = University of 
California, San Francisco.

and 231), inadequate nutrition, muscle wasting, severe fatigue, poor concen-
trating ability, and intractable pruritus.

Because the supply of donor livers is limited, transplant centers must select 
patients who have the greatest chance for a successful outcome. Elderly, obese, 
and deconditioned patients as well as patients with underlying vascular disease 
or long-standing diabetes mellitus are poor candidates for liver transplantation.

 Surgical Assessment
The three phases of surgery are native liver dissection, the anhepatic phase, 
and revascularization of the graft. Native liver dissection, which is character-
ized by meticulous dissection and prompt control of bleeding vessels, can be 
complicated by morbid obesity, significant portal hypertension, portal throm-
boses, prior portosystemic shunt surgery, or prior abdominal surgery. The 
length of this phase is usually 1 to 2 hours, with blood losses ranging from 0 
to 5 units of blood.

During the anhepatic phase, which usually lasts 1.5 to 3 hours and is associ-
ated with blood loss ranging from 0 to 5 units of blood, the vascular supply 
of the liver is completely interrupted, and the native liver is excised. Toward 
the end of the anhepatic phase, vessels are anastomosed, with the donor hepatic 
veins typically grafted to the recipient vena cava with only one caval anasto-
mosis. Recipients with severe coagulopathy, cachexia, and nutritional deficien-
cies may be prone to excessive bleeding and metabolic complications.

When the venous clamps are removed, patients are at risk for primary fibri-
nolysis or consumptive coagulopathy. The arterial anastomosis is typically 
performed after unclamping to shorten the warm ischemia period.

 Psychosocial Assessment
A patient referred for liver transplantation may have a history of alcohol, drug, 
or substance abuse. Psychosocial evaluation is important to help determine 
the risk for recidivism after transplantation. For patients with alcoholic cir-
rhosis, nearly all transplant centers require a minimum 6-month period of 
documented abstinence and enrollment in education or rehabilitation programs. 
A patient with severe alcoholic hepatitis, poor prognosis, adequate social 
support, and willingness to comply with alcohol abstinence and rehabilitation 
might be an exception to the 6-month guideline. Other key aspects of the 
psychosocial assessment include (1) evaluating the patient for any underlying 
psychiatric illness (Chapter 369), its severity, and how it should be managed; 
(2) defining and establishing social and psychological support for the potential 
recipient, including family, friends, and significant others; and (3) in living 
donor liver transplantation, evaluating the potential living donors.

 Assigning Priority: Model for End-Stage Liver Disease
The prioritization of U.S. liver transplantation candidates and the allocation 
of deceased donor livers are based on the MELD or MELD-Na score (see 
Table 144-2 in Chapter 144), which ranges from 6 (best prognosis) to 40 
(worst prognosis). The 3-month mortality rate increases from 10% with a 
MELD score of 20 to 60% at a MELD score of 35, and essentially to 100% 
with a MELD score above 40. A patient’s survival is not improved by deceased 
donor liver transplantation if the MELD score is below about 15. As a result, 
deceased donor livers must be made available more broadly if no local patient 
has a MELD score of 15 or higher. In addition, the SHARE 35 rule allows for 
regional sharing of a donor liver to a regional patient with a score of 35 or 
higher. Patients with acute liver failure or post-transplantation patients with 
graft failure due to hepatic artery thrombosis have a MELD score of 40 and 
top priority status. This allocation system has improved transplantation rates 
and has not altered waiting list or post-transplantation mortality. In patients 
with cirrhosis (Chapter 144), hyponatremia (Chapter 108) is associated with 
hepatorenal syndrome, ascites, and death from liver disease. Hyponatremia 
is an independent predictor of mortality up to a MELD score of 30. As a 
result, the MELD score is now adjusted for serum sodium concentration in 
allocating deceased donor livers (MELD-Na). Other exceptions can include 
patients with the hepatorenal syndrome (Chapter 144), the portopulmonary 
syndrome (Chapter 144), cholangiocarcinoma (Chapter 146), cystic fibrosis 
(Chapters 83 and 137), familial amyloid polyneuropathy (Chapter 179), and 
primary hyperoxaluria (Chapter 194) (E-Table 145-1).

 DISEASE-SPECIFIC INDICATIONS FOR 
TRANSPLANTATION

 Acute Liver Failure
Acute liver failure is defined as hepatic injury of fewer than 26 weeks in dura-
tion, an international normalized ratio of 1.5 or greater, and altered mental 
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E-TABLE 145-1 LIVER CANDIDATES WITH EXCEPTIONAL 
CASES NOT REQUIRING REVIEW BY THE 
REGIONAL REVIEW BOARD IN THE UNITED 
STATES

Hepatopulmonary syndrome. The patient must have evidence of intrapulmonary 
shunt and Pao2 below 60 mm Hg on room air. These patients are listed with 
MELD 22 with 10% increase every 3 months if the Pao2 remains under  
60 mm Hg.

Cholangiocarcinoma. The liver center requesting the MELD exception must have a 
written United Network for Organ Sharing–approved protocol that includes 
neoadjuvant chemoradiation and pretransplantation operative staging to exclude 
metastatic disease. MELD 22 with 10% increase every 3 months as long as tumor 
is controlled by the treatment protocol and there is no evidence of metastases.

Cystic fibrosis. The patient must have FEV1 below 40% of normal range. MELD 22 
with 10% increase every 3 months.

Familial amyloid polyneuropathy. The patient must lack significant cardiac 
involvement with echocardiogram showing ejection fraction greater than 40% and 
have ambulatory status, appropriate TTR gene mutation, and biopsy-proven 
amyloid. MELD 22 with 10% increase every 3 months.

Primary hyperoxaluria (type I). The patient must have renal failure due to oxalate 
stone disease and alanine:glyoxylate aminotransferase deficiency proven by liver 
biopsy (sample analysis with measurement of alanine:glyoxylate aminotransferase 
enzyme activity and/or genetic analysis of the alanine:glyoxylate aminotransferase 
gene). MELD 28 with 10% increase every 3 months.

Portopulmonary syndrome. The patient must have pulmonary hypertension 
diagnosed by appropriate measurements of mean pulmonary artery pressure 
(MPAP), pulmonary vascular resistance (PVR), and transpulmonary gradient. 
With treatment, the MPAP should be less than 35 mm Hg and PVR should be 
less than 400 dynes/sec/cm−5. MELD 22 with 10% increase every 3 months.

MELD = Model for End-Stage Liver Disease.
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 Selecting for Liver Transplantation
Clinical variables associated with reduced likelihood for spontaneous recovery 
include severe encephalopathy, advanced age, certain causes (hepatitis B, drug-
induced hepatitis, Wilson disease), long duration of jaundice, massive necrosis 
on liver biopsy, and markedly diminished liver volume on radiologic imaging. 
Transplant-free survival in patients with acute liver failure is approximately 
50% for acetaminophen toxicity, hepatitis A, shock liver, and acute fatty liver 
of pregnancy/HELLP but less than 25% for all other causes. Indications for 
listing for transplantation are based on the severity of disease but vary some-
what among countries (Table 145-3).

Transplantation for acute liver failure accounts for only 2% of all liver trans-
plants. About 45% of patients with acute liver failure are listed for transplanta-
tion; about 10% die on the waiting list, about 5% improve without 
transplantation, and about 30% undergo liver transplantation. Overall 1- and 
5-year survival rates after liver transplantation are 79% and 71%, respectively, 
but post-transplantation survival is better for patients with acute acetamino-
phen overdose and worse for patients with severe encephalopathy before 
transplantation. Living donor and auxiliary liver transplantation may be con-
sidered, but their use is controversial.

 Chronic Liver Failure
Alcoholic cirrhosis (Chapter 144), which is now the leading indication for 
liver transplantation in the United States, remains controversial because many 
patients who totally abstain from alcohol may recover to the point that trans-
plantation is no longer indicated. Candidates for transplantation must typically 
adhere to at least 6 months of rehabilitation and document abstinence from 

Patients with acute liver failure criteria should be transferred to the intensive 
care unit for enhanced monitoring, and a liver transplant center should be 
contacted for potential transfer of the patient.6

Specific treatments include N-acetylcysteine for acetaminophen hepatotox-
icity (Chapters 102 and 141), N-acetylcysteine plus either silibinin or penicil-
lin G for mushroom poisoning (Chapters 102 and 141), N-acetylcysteine and 
removal of the offending drug for drug-induced liver injury (Chapter 141),  
nucleos(t)ide analogues for hepatitis B (Chapter 140), acyclovir for herpes or 
varicella-zoster hepatitis (Chapters 350 and 351), dialysis and copper chelation for 
Wilson disease (Chapter 200), corticosteroids for autoimmune hepatitis (Chapter 
140), delivery of the infant for acute fatty liver of pregnancy, and transjugular 
intrahepatic portosystemic shunting for the Budd-Chiari syndrome. In addition, 
all causes of acute liver failure can cause a range of systemic complications.

A key issue in the general management of patients with acute liver failure 
is monitoring and treatment of encephalopathy. Progressive encephalopathy 
in acute liver failure is characteristically associated with cerebral edema and 
an elevated intracranial pressure (ICP). Elevated ICP is rare in patients with 
grade I (mild confusion) or grade II (agitated state) encephalopathy but occurs 
in 25 to 35% of patients with grade III encephalopathy (stuporous) and 65 to 
75% of patients with grade IV (coma, but responsive to deep pain) encepha-
lopathy. Irreversible brain injury is likely when the ICP is above 50 mm Hg and 
the cerebral perfusion pressure (mean arterial pressure minus ICP) is below 
40 mm Hg for more than 2 hours. Liver transplantation may be contraindicated 
under these circumstances.

Because ammonia may play a role in the pathogenesis of cerebral edema, 
lactulose (20 g every 4 to 6 hours), A1  rifaximin (550 mg twice daily), or both are 
recommended, especially for lower grades of encephalopathy.7 Patients with 
grade III/IV encephalopathy require intubation, mechanical ventilation, elevation 
of the head of the bed, sedation (e.g., propofol, initial dose of 0.005 mg/kg/
minute intravenously [IV], maintenance dose of 0.005 to 0.05 mg/kg/minute IV, 
which can be increased in increments of 0.005 mg/kg/minute every 5 minutes), 
and paralysis (cisatracurium, initial dose of 0.1 to 0.2 mg/kg IV, maintenance 
dose of 1 to 3 µg/kg/minute IV). Seizures (Chapter 375) should be treated with 
phenytoin (initial dose of 15 mg/kg IV, maintenance dose of 3 mg/kg every 12 
hours IV), propofol (1 mg/kg IV loading dose, 3 to 7 mg/kg/hour IV maintenance), 
pentobarbital (13 mg/kg IV loading dose, 2 to 3 mg/kg/hour IV maintenance), or 
midazolam (0.2 mg/kg IV loading dose, 0.1 to 0.25 mg/kg/hour IV maintenance). 
Levetiracetam (500 [up to 1500] mg every 12 hours IV) may be used if renal 
function is preserved. Placement of an intracranial transducer for monitoring of 
ICP is desirable, but severe underlying coagulopathy may prohibit its placement. 
Elevated ICP may require treatment with mannitol (0.5 to 1.0 mg/kg every 4 to 
6 hours IV), hyperventilation (target pH 7.45), pentobarbital (dose described 
before), and hypothermia (32° C to 34° C). The goal for these interventions is 
to maintain ICP below 20 mm Hg. Corticosteroids do not improve cerebral 
edema or lower ICP in acute liver failure, and their use is not recommended.

Patients with acute liver failure are at increased risk for bacterial and fungal 
infections. Common infections include line sepsis, pneumonia (Chapter 91), 
and urinary tract infections (Chapter 268). Prolonged ventilation, dialysis, invasive 
procedures, and use of multiple antibiotics increase the risk for fungal infection 
(Chapter 266). Surveillance cultures of blood, urine, and sputum and periodic 
chest radiography are required every 2 days. Prophylactic antibiotic or antifungal 
therapy is not currently recommended.

Plasma exchange may provide benefit by reducing the systemic inflamma-
tory response. A2  The infusion of hypertonic saline and the administration of 
mild hypothermia have not been shown to be useful.

In addition to an elevated international normalized ratio, many patients 
develop thrombocytopenia because of consumptive coagulopathy (Chapter 
166). However, prophylactic use of transfusion of clotting factors or platelets 
should be restricted to the treatment of hemorrhage or in preparation for 
invasive procedures.

TREATMENT 

TABLE 145-3 CRITERIA FOR SELECTION OF PATIENTS WITH 
ACUTE LIVER FAILURE FOR LIVER 
TRANSPLANTATION

KING’S COLLEGE, LONDON, UNITED KINGDOM

Acetaminophen toxicity
Acidosis (pH <7.3), or
INR >6.5 plus creatinine >3.4 mg/dL

Other causes of acute liver failure
INR >6.5, or
Any three of the following:

Age <10 years or >40 years
Non-A, non-B hepatitis or drug-induced disease
Duration of jaundice before encephalopathy >7 days
INR >3.5
Bilirubin >17.5 mg/dL

HÔPITAL PAUL-BROUSSE, VILLEJUIF, FRANCE

For all causes of acute liver failure:
Hepatic encephalopathy, and
Factor V <20% of normal in patient younger than 30 years, or

Factor V <30% of normal in patient 30 years of age or older
INR = international normalized ratio.

status in the absence of chronic liver disease except for Wilson disease (Chapter 
200), vertically acquired hepatitis B, or autoimmune hepatitis. The main causes 
of acute liver failure in the United States are acetaminophen toxicity (Chapter 
141), dietary supplements, herbal medications (Chapter 141), acute viral 
hepatitis (Chapter 139), autoimmune hepatitis (Chapter 140), Wilson disease, 
mushroom poisoning (Chapters 102 and 141), acute hepatic ischemia (Chapter 
134), Budd-Chiari syndrome, acute fatty liver of pregnancy (sometimes associ-
ated with the HELLP syndrome—hemolysis, elevated liver enzymes, low 
platelets; Chapters 151 and 226), and malignant infiltration of the liver (Chapter 
186). However, about 5% of cases are of uncertain cause despite comprehensive 
assessment.4 Severe acute liver injury without hepatic encephalopathy is less 
likely to progress to liver failure requiring transplantation if it is related to 
acetaminophen toxicity compared with other causes.5

Patients with acute liver failure have a low systemic vascular resistance and 
a low mean arterial pressure. In patients with elevated ICP, the decrease in 
mean arterial pressure may further compromise cerebral perfusion pressure 
and blood flow. A goal of vasopressor therapy is to maintain cerebral perfusion 
pressure from 60 to 80 mm Hg. Treatment of hypotension to maintain a mean 
arterial pressure above 75 mm Hg may include dextrose-containing crystalloid, 
albumin, norepinephrine, and vasopressin (Chapter 98). Careful monitoring of 
volume status is critical, and care should be taken to avoid volume overload, 
which may worsen cerebral edema.

Acute renal failure (Chapter 112) is common in patients with acute liver 
failure, particularly when it is caused by acetaminophen, mushroom poisoning, 
or Wilson disease. Renal replacement therapy, when required, should be admin-
istered as continuous venovenous dialysis (Chapter 122). Intermittent modes 
of hemodialysis should be avoided because of their adverse hemodynamic 
effects.

In acute liver failure, hypoglycemia is a common complication that should 
be avoided and managed by continuous glucose infusions. Supplementation 
with phosphate, magnesium, and potassium (Chapter 109) may be required. 
Enteral feedings (Chapter 204) should be initiated early, and parenteral nutrition 
(Chapter 204) should be started if enteral feedings are contraindicated.
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than 3 cm, performance of a percutaneous transperitoneal biopsy of the tumor, 
metastatic disease at time of surgery, and history of a prior malignant neoplasm.

Other primary hepatic malignant neoplasms—epithelioid hemangioendo-
theliomas, hemangiosarcomas, and hepatoblastomas—represent less than 10% 
of all tumors undergoing transplantation. Epithelioid hemangioendothelioma 
is generally thought to be indolent in nature, and reported post-transplantation 
survivals have been favorable. By contrast, hemangiosarcoma universally recurs, 
so transplantation is contraindicated.

In patients with liver metastases from primary endocrine tumors, such as 
carcinoid tumor (Chapter 219), gastrinoma, insulinoma, glucagonoma, and 
VIPoma (Chapters 217 and 219), liver transplantation is best restricted to 
those with metastases that are confined to the liver and are unresponsive to 
chemotherapy, local ablative therapies, surgical resection, and hormonal therapy. 
Even in highly selected patients, tumor recurrence is the rule, with a 5-year 
post-transplantation patient survival rate of 52% but a disease-free 5-year 
survival rate of only 30%.

For primary biliary cirrhosis (Chapter 144), the mean survival for patients 
with a serum bilirubin level above 10 mg/dL is only 1.4 years. By comparison, 
actuarial survival rates for patients undergoing liver transplantation are 83%, 
78%, and 67% at 1 year, 5 years, and 10 years, respectively. Although primary 
biliary cirrhosis may recur in the allograft, recurrence rarely leads to graft 
failure, retransplantation, or the patient’s death.

Among patients with primary sclerosing cholangitis, the 1-, 2-, 5-, and 10-year 
actuarial survival rates after liver transplantation are 94%, 92%, 86%, and 70%, 
respectively. Primary sclerosing cholangitis recurs after transplantation at a 
rate of approximately 4% per year, and recurrent primary sclerosing cholangitis 
occasionally may progress and require retransplantation.

Cholangiocarcinoma will develop in up to 30% of patients with primary 
sclerosing cholangitis. Cholangiocarcinoma diffusely infiltrates bile ducts, liver 
parenchyma, neural elements, lymphatic vessels, and surrounding tissues. 
Cholangiocarcinoma complicating primary sclerosing cholangitis, either before 
or after transplantation, reduces survival, although the outcome is excellent 
if the cholangiocarcinoma is detected during surveillance imaging, treated 
with adjuvant chemoradiation, and then removed with the explant during 
transplantation.

In patients with autoimmune hepatitis (Chapter 140), 1-year patient survival 
rates after liver transplantation range from 83 to 92%, with an estimated 10-year 
survival rate of 75%. Recurrence is observed in 17% of patients after 4.6 ± 1 
years, and an occasional patient with recurrent autoimmune hepatitis will 
require retransplantation.

For hemochromatosis (Chapter 201), liver transplantation now yields 1-, 
3-, and 5-year survival rates similar to the survivals of all other transplant 
recipients. Patients with hemochromatosis who are considered for liver trans-
plantation should undergo screening for hepatocellular carcinoma and also 
have a complete cardiologic evaluation. It is uncertain whether pretransplanta-
tion phlebotomy improves survival.

Patients with either the ZZ (n = 50) or SZ (n = 23) α1-antitrypsin deficiency 
(Chapter 137) have excellent outcomes after liver transplantation. Pulmonary 
evaluation is critical because one third of adults transplanted for α1-antitrypsin 
deficiency will have significant underlying obstructive respiratory disease, 
which typically stabilizes and then improves after liver transplantation but 
sometimes may progress despite it.

In patients with polycystic liver disease, liver transplantation is rarely indi-
cated but is highly successful in relieving symptoms of abdominal fullness, 
early satiety, and related complaints. The post-transplantation outcome is 
better for patients with isolated polycystic liver disease compared with poly-
cystic liver in the setting of polycystic kidney disease (Chapter 118), thereby 
highlighting the higher morbidity and mortality associated with cystic renal  
disease.

In patients with primary hyperoxaluria, which is inherited as an autosomal 
dominant trait, liver transplantation is required to remove the source for the 
overproduction of oxalate and to halt the progression of renal disease. For 
patients with familial amyloid polyneuropathy, which is an inherited and fatal 
systemic amyloidosis that is caused by a point mutation in the transthyretin 
gene, liver transplantation halts the production of the amyloidogenic variant 
transthyretin, halts the progression of the disease, and significantly improves 
survival.

An increasing number of HIV-infected patients are being considered for 
liver transplantation, primarily because of coinfection with hepatitis C virus. 
Selection criteria include the absence of AIDS or AIDS-defining illness, adequate 
CD4 counts, low HIV levels, and lack of resistance to highly active antiretroviral 
therapies. The overall patient survival rate at 3 years after transplantation is 

alcohol by testing of urine or blood. Risk factors for noncompliance and return 
to alcohol use include polysubstance abuse, poor social support, joblessness, 
and underlying psychiatric illness. However, properly selected and compliant 
patients have excellent post-transplantation outcomes, even though 8 to 33% 
return to some degree of drinking. The 1-, 3-, and 5-year patient survival rates 
range from 81 to 92%, 78 to 86%, and 73 to 86%, respectively.

Transplantation for alcoholic hepatitis is even more controversial. One 
nonrandomized study from seven French liver transplant units suggested that 
carefully selected patients with severe alcoholic hepatitis could substantially 
benefit from liver transplantation, with a 2-year survival rate of 77% with 
transplantation compared with 23% without it. Despite lack of confirmation 
by larger controlled trials, an increasing number of cases of severe alcoholic 
hepatitis are undergoing liver transplantation.

Nonalcoholic steatohepatitis (Chapter 143) has become an increasing indi-
cation for liver transplantation and is projected to exceed the prevalence of 
both chronic hepatitis C and alcoholic liver disease on the U.S. waiting list.8,9 
Despite concerns about the underlying metabolic disease, with its increased 
risk for cardiovascular disease and malignancy, current 1-, 3-, and 5-year sur-
vival rates are similar to those of other recipients. The higher risk for post-
transplantation cardiovascular death in nonalcoholic steatohepatitis is offset 
by a lower risk for graft failure.

Cirrhosis (Chapter 144) due to the hepatitis C virus (Chapter 140) remains 
a common indication for liver transplantation in the United States, but its 
frequency is declining because effective antiviral therapy prevents the progres-
sion to cirrhosis. Hepatitis C universally recurs in the liver allograft of recipients 
who are viremic at the time of liver transplantation and is associated with 
early graft loss and death of the patient, but direct-acting antiviral therapy 
(Chapter 140) either before or after liver transplantation10 is highly effective 
in reducing recurrence and in eliminating hepatitis C virus after transplanta-
tion if it recurs. The current most common regimen (the combination of 
ledipasvir, sofosbuvir, and ribavirin) yields sustained virologic response rates 
of approximately 90% in patients who have decompensated cirrhosis and in 
transplant recipients who have recurrent hepatitis C and advanced fibrosis or 
cirrhosis.11

With the advent of effective antiviral regimens, the post-transplantation 
outcomes for patients transplanted for hepatitis B (Chapter 140) are now 
among the best for any indication, with a 3-year survival of 87%. In the United 
States, potential recipients are treated before transplantation with either teno-
fovir or entecavir monotherapy, which is continued indefinitely in the post-
transplantation period.

Patients with hepatocellular carcinoma (Chapter 186) are candidates for 
liver transplantation unless they have large tumors, multicentric tumors, mac-
rovascular invasion, or extrahepatic spread. The Milan criteria recommend 
transplantation for a single hepatocellular carcinoma less than 5 cm in diameter 
or up to three hepatocellular carcinomas with no single lesion more than 3 cm 
in diameter. The post-transplantation survival of patients satisfying these Milan 
criteria is similar to that of patients transplanted for other indications. The 
University of California, San Francisco (UCSF) criteria recommend trans-
plantation for a single tumor less than 6.5 cm in diameter or up to five tumors 
with total cumulative diameter of less than 8.5 cm. Patients who are “down-
staged” by transarterial chemoembolization or other locoregional treatments 
from UCSF to Milan criteria have a post-transplantation outcome similar to 
that of patients who initially met Milan criteria.

The rare fibrolamellar variant of hepatocellular carcinoma constitutes only 
0.85% of all cases of primary liver cancer. Compared with patients with typical 
hepatocellular carcinoma, patients with fibrolamellar carcinoma are younger 
(mean age, 39 years vs. 65 years) and more likely to be female (52% vs. 26%) 
and white (85% vs. 57%). Fibrolamellar carcinoma is characterized by broad 
bands of fibrosis, no association with cirrhosis, slow growth, and easier resec-
tion. Although post-transplantation recurrence rates of fibrolamellar carcinoma 
are similar to those for standard hepatocellular carcinoma, 5-year survival is 
higher in patients with fibrolamellar carcinoma.

Cholangiocarcinoma (Chapter 186), in the absence of underlying liver 
or biliary disease, typically is manifested in elderly patients with significant 
comorbidities and is not an indication for liver transplantation. By contrast, 
cholangiocarcinoma arising in younger patients with underlying biliary disease, 
such as primary sclerosing cholangitis (Chapter 146), may be considered for 
transplantation if staging is negative for vascular, lymphatic, or neural inva-
sion. The 2- and 5-year post-transplantation survival rates of patients with 
cholangiocarcinoma limited to the perihilar region of the liver and treated with 
adjuvant chemoradiation are 78% and 65%, respectively. Factors associated 
with early recurrence and diminished survival are tumor diameter of more 
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for 1 to 3 days) and a taper of oral prednisone. Patients who fail to respond 
to corticosteroid treatment may be rescued by anti–T-cell therapy, such as 
thymoglobulin. In some cases in which the acute rejection may be mediated 
by B cells, plasmapheresis and anti–B-cell treatment (e.g., rituximab, 100 to 
375 mg/m2 weekly for two or three doses) may be required. Graft loss due 
to acute rejection is rare.

Chronic allograft rejection occurs in 2 to 3% of liver transplants. Patients 
may be asymptomatic early in the course or present with jaundice or pruritus 
later in the course. Laboratory test results reveal elevated cholestatic liver 
enzymes, such as alkaline phosphatase or γ-glutamyltransferase, and bilirubin. 
Liver biopsy reveals paucity of inflammation, portal fibrosis, and loss of intra-
lobular and interlobular bile ducts. Chronic rejection is poorly responsive to 
immunosuppressive therapy and often progresses to graft loss, need for retrans-
plantation, and ultimately death.

 Infections
Most infectious complications of liver transplantation occur within the first 
3 months of transplantation (Fig. 145-5). Bacterial and mucocutaneous her-
petic (Chapter 350) or candidal (Chapter 318) infections dominate the imme-
diate post-transplantation period. Other viral infections (such as cytomegalovirus 
[Chapter 352], Epstein-Barr virus [Chapter 353], varicella-zoster [Chapter 
351], and adenovirus [Chapter 341]), Pneumocystis jiroveci infection (Chapter 
321), or fungal infections tend to occur or to activate after the first 30 days. 
Hepatitis C virus replication begins immediately after transplantation in patients 
who are viremic at the time of transplantation, and recurrent hepatitis can 
occur as early as 7 days but more typically occurs after 30 days. Treatment 
with direct-acting antiviral regimens is highly effective for eradicating recur-
rent post-transplantation hepatitis C virus infection. Current strategies with 
nucleos(t)ides and hepatitis B immune globulin (Chapter 140) have essentially 
eliminated recurrent hepatitis B.

Approximately 80 to 90% of adults undergoing liver transplantation have 
serologic evidence of prior exposure to cytomegalovirus. Recipients who have 
positive cytomegalovirus serology or who receive a liver from a cytomegalovirus-
positive donor are at risk for either cytomegalovirus syndrome (influenza-like 
illness) or cytomegalovirus hepatitis. Cytomegalovirus hepatitis requires liver 
biopsy for diagnosis (E-Fig. 145-1). The greatest risk is in a cytomegalovirus-
negative recipient who receives a liver from a cytomegalovirus-positive donor 
(~60% risk for cytomegalovirus disease). Prophylaxis with oral valganciclovir 
(900 mg orally daily) during the first 90 days after transplantation effectively 
reduces risk for cytomegalovirus disease.

 Immunosuppressive Medications
Immunosuppressive medications are managed by experts at the patient’s liver 
transplant center.15 The primary care provider, however, should be aware of 
the typical maintenance immunosuppressive drugs, how they are monitored, 
and some of the common toxicities (Table 145-4). The backbone of most 
maintenance immunosuppressive regimens is an inhibitor of either calcineurin 
(cyclosporine and tacrolimus) or mTOR (sirolimus and everolimus). These 
immunosuppressants are metabolized through the hepatic enzyme CYP3A4, 

transplantation, because the graft is implanted quickly after it has been removed 
from the donor, but in 7 to 8.5% of recipients after deceased donor liver 
transplantation. Anywhere from 20 to 45% of recipients experience postopera-
tive bleeding, including 5 to 15% who will need reoperation for bleeding. 
Hemorrhage is second only to infection as a cause of death.

Hepatic artery thrombosis, which complicates 3 to 10% of adult liver trans-
plants, is one of the leading causes of graft failure in the immediate postopera-
tive period. It is manifested as fever, bacteremia from a biliary source, and 
sudden elevations in liver enzymes. The preferred initial investigation of the 
hepatic artery is Doppler ultrasonography, followed by angiography if positive. 
In general, emergent revascularization is required for graft survival.

 Portal Vein Thrombosis
Portal venous thrombosis, which is less common than hepatic arterial throm-
bosis, is manifested as hepatic failure and portal hypertension. Portal hyper-
tension may be treated by radiologic thrombectomy, lytic therapy, stenting of 
underlying portal vein stenosis, or decompressive shunt surgery, but patients 
with significant hepatic dysfunction should be considered for revascularization 
or retransplantation.

Hepatic venous outflow obstruction may be manifested clinically by hepatic 
dysfunction, coagulopathy, and jaundice or even by hepatomegaly and ascites. 
Chronic outflow obstruction with preservation of graft function may be managed 
conservatively with diuretic therapy, radiologic evaluation of venous anasto-
moses, and angioplasty or stenting of outflow stenosis, but acute outflow 
obstruction can be a graft- and life-threatening condition that may require 
emergent revision of the outflow anastomosis.

Biliary tract complications, leaks, and strictures occur after approximately 
5 to 30% of all liver transplants, usually within the first 3 months. Biliary 
scintigraphy can be diagnostic for large bile leaks, but cholangiography may 
be required for small, contained leaks. Anastomotic biliary strictures are focal 
and localized to the choledochocholedochostomy or choledochoenterostomy, 
whereas ischemic strictures are multiple and diffuse. Patients may present 
with jaundice, cholangitis, or asymptomatic elevations in liver test results. 
Choledocholithiasis may complicate strictures. Cholangiography is the “gold 
standard” for the diagnosis of biliary strictures as well as for their management 
with dilation and stenting. Surgical revision is reserved for patients in whom 
these procedures are unsuccessful, but diffuse ischemia strictures may neces-
sitate retransplantation.

Rejection, which occurs in about 15 to 30% of liver transplants, usually is 
initially seen as an acute rejection within the first 30 days. Any acute rejection 
occurring beyond 30 days should raise the suspicion of subtherapeutic levels 
of immunosuppressive medications, drug interactions affecting immunosup-
pressant levels, or noncompliance of the patient with the medical regimen. 
Most patients are asymptomatic, although fever, malaise, abdominal pain, and 
worsening of portal hypertension with associated clinical manifestations can 
occur. Liver biopsy is essential for diagnosis. The classic findings are a mixed 
inflammatory infiltrate of lymphocytes, plasma cells, eosinophils, and neu-
trophils and nonsuppurative destructive cholangitis and endothelialitis (Fig. 
145-4). Treatment consists of pulse doses of methylprednisolone (1 g IV daily 

The major disadvantage of living donor liver transplantation is donor safety. 
Most donors undergo successful right hepatectomy uneventfully, but significant 
complications, such as bile leakage and infection, occur in 10 to 20% of patients, 
and the death rate among living donors is 0.2%. In the majority of donors, 
the quality of life returns to baseline by 6 months, although mild abdominal 
complaints and pain are common. More than 90% of donor-recipient pairs 
report that they have returned to their original predonation relationships at 
1 year.

 RECIPIENT OUTCOMES AFTER LIVER 
TRANSPLANTATION

Recipients of either deceased donor liver transplantation or living donor liver 
transplantation may encounter a number of complications that occur at dif-
ferent times after transplantation (Fig. 145-3). Graft injury within the first 3 
days is most often due to either primary nonfunction or hepatic artery throm-
bosis. Less common causes of graft dysfunction during this period include 
hyperacute rejection, portal vein thrombosis, and obstruction of the inferior 
vena cava. Between 3 and 14 days, graft dysfunction is most commonly related 
to acute cellular rejection, recurrent hepatitis C infection, hepatic artery throm-
bosis, or biliary leak or cholangitis. Infrequent causes of dysfunction during 
this period are portal vein thrombosis, drug hepatotoxicity, and functional 
cholestasis. From 14 days to 3 months, the most common causes of graft 
dysfunction include allograft rejection, recurrent hepatitis C infection, biliary 
complications, cytomegalovirus hepatitis, and drug hepatotoxicity. Vascular 
thromboses rarely are manifested after the first 3 months, and hepatitis B 
recurrence (in untreated patients) is typically delayed beyond 1 month.

The most severe form of early graft dysfunction is primary nonfunction, 
which is characterized by acute liver failure (encephalopathy, ascites, coagu-
lopathy, unstable hemodynamics), elevated liver enzymes, and development 
of multiorgan failure (renal failure and pulmonary complications). Primary 
nonfunction is encountered in only 1% of recipients after living donor liver 

60% for HIV/hepatitis C virus coinfection compared with 79% for hepatitis 
C virus monoinfection.

 RISK FACTORS FOR POOR OUTCOME AFTER 
LIVER TRANSPLANTATION

Patients older than 60 years have about a 10% lower survival because of infec-
tion, cardiac complications, neurologic disease, and malignant disease. Survival 
is also lower in patients with ischemic heart disease, diabetes, persistent smoking, 
or chronic obstructive pulmonary disease, although patients who undergo 
liver transplantation for α1-antitrypsin deficiency may show improvement in 
their pulmonary function test results. Graft survival is generally better in ABO-
compatible transplantation12 and is somewhat better with brain-dead donors 
compared with controlled donation after cardiac death.13 Normothermic 
preservation of the donor liver appears to be preferable to cold storage. A3 

 LIVING DONOR LIVER TRANSPLANTATION  
IN ADULTS

Living donor liver transplantation is an option to expedite transplantation for 
adult patients with end-stage liver disease.14 Living donor liver transplantation 
already is the most common form of liver transplantation in Asia, where cul-
tural barriers have limited liver donation from deceased donors, but it represents 
only 5% of all adult liver transplants in the United States. In adults, either the 
left or right lobe may be used, but most U.S. experts prefer the right hepatic 
lobe. In this procedure, the entire native liver of the recipient is removed and 
replaced with the right lobe of the liver from a living donor (Fig. 145-2).

The major clinical advantage of living donor liver transplantation is a reduc-
tion in recipient mortality, largely related to a reduction in pretransplantation 
mortality among patients who otherwise would languish on a waiting list. By 
comparison, both short-term and long-term survival after transplantation is 
nearly identical with living donor liver transplantation and deceased donor 
liver transplantation.

LDLT Donor Hepatectomy LDLT Recipient Surgery

A B

FIGURE 145-2. Living related donor hepatectomy (A) and orthotopic implantation of the right lobe graft (B). ldlt = living donor liver transplantation. 

Time Course of Causes of Graft Dysfunction
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FIGURE 145-3. The time course of graft dysfunction varies by etiology. Hyperacute rejection is rare (aBo incompatibility) but occurs within the first few hours to days. primary 
nonfunction, vascular thrombosis, and biliary leaks are early events, and acute rejection episodes begin after the first 7 days. recurrent hepatitis c may begin early but typically is 
manifested after the first 2 or 3 weeks after transplantation. Biliary strictures evolve more slowly and tend to be later events. ivc = inferior vena cava. 
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for 1 to 3 days) and a taper of oral prednisone. Patients who fail to respond 
to corticosteroid treatment may be rescued by anti–T-cell therapy, such as 
thymoglobulin. In some cases in which the acute rejection may be mediated 
by B cells, plasmapheresis and anti–B-cell treatment (e.g., rituximab, 100 to 
375 mg/m2 weekly for two or three doses) may be required. Graft loss due 
to acute rejection is rare.

Chronic allograft rejection occurs in 2 to 3% of liver transplants. Patients 
may be asymptomatic early in the course or present with jaundice or pruritus 
later in the course. Laboratory test results reveal elevated cholestatic liver 
enzymes, such as alkaline phosphatase or γ-glutamyltransferase, and bilirubin. 
Liver biopsy reveals paucity of inflammation, portal fibrosis, and loss of intra-
lobular and interlobular bile ducts. Chronic rejection is poorly responsive to 
immunosuppressive therapy and often progresses to graft loss, need for retrans-
plantation, and ultimately death.

 Infections
Most infectious complications of liver transplantation occur within the first 
3 months of transplantation (Fig. 145-5). Bacterial and mucocutaneous her-
petic (Chapter 350) or candidal (Chapter 318) infections dominate the imme-
diate post-transplantation period. Other viral infections (such as cytomegalovirus 
[Chapter 352], Epstein-Barr virus [Chapter 353], varicella-zoster [Chapter 
351], and adenovirus [Chapter 341]), Pneumocystis jiroveci infection (Chapter 
321), or fungal infections tend to occur or to activate after the first 30 days. 
Hepatitis C virus replication begins immediately after transplantation in patients 
who are viremic at the time of transplantation, and recurrent hepatitis can 
occur as early as 7 days but more typically occurs after 30 days. Treatment 
with direct-acting antiviral regimens is highly effective for eradicating recur-
rent post-transplantation hepatitis C virus infection. Current strategies with 
nucleos(t)ides and hepatitis B immune globulin (Chapter 140) have essentially 
eliminated recurrent hepatitis B.

Approximately 80 to 90% of adults undergoing liver transplantation have 
serologic evidence of prior exposure to cytomegalovirus. Recipients who have 
positive cytomegalovirus serology or who receive a liver from a cytomegalovirus-
positive donor are at risk for either cytomegalovirus syndrome (influenza-like 
illness) or cytomegalovirus hepatitis. Cytomegalovirus hepatitis requires liver 
biopsy for diagnosis (E-Fig. 145-1). The greatest risk is in a cytomegalovirus-
negative recipient who receives a liver from a cytomegalovirus-positive donor 
(~60% risk for cytomegalovirus disease). Prophylaxis with oral valganciclovir 
(900 mg orally daily) during the first 90 days after transplantation effectively 
reduces risk for cytomegalovirus disease.

 Immunosuppressive Medications
Immunosuppressive medications are managed by experts at the patient’s liver 
transplant center.15 The primary care provider, however, should be aware of 
the typical maintenance immunosuppressive drugs, how they are monitored, 
and some of the common toxicities (Table 145-4). The backbone of most 
maintenance immunosuppressive regimens is an inhibitor of either calcineurin 
(cyclosporine and tacrolimus) or mTOR (sirolimus and everolimus). These 
immunosuppressants are metabolized through the hepatic enzyme CYP3A4, 

transplantation, because the graft is implanted quickly after it has been removed 
from the donor, but in 7 to 8.5% of recipients after deceased donor liver 
transplantation. Anywhere from 20 to 45% of recipients experience postopera-
tive bleeding, including 5 to 15% who will need reoperation for bleeding. 
Hemorrhage is second only to infection as a cause of death.

Hepatic artery thrombosis, which complicates 3 to 10% of adult liver trans-
plants, is one of the leading causes of graft failure in the immediate postopera-
tive period. It is manifested as fever, bacteremia from a biliary source, and 
sudden elevations in liver enzymes. The preferred initial investigation of the 
hepatic artery is Doppler ultrasonography, followed by angiography if positive. 
In general, emergent revascularization is required for graft survival.

 Portal Vein Thrombosis
Portal venous thrombosis, which is less common than hepatic arterial throm-
bosis, is manifested as hepatic failure and portal hypertension. Portal hyper-
tension may be treated by radiologic thrombectomy, lytic therapy, stenting of 
underlying portal vein stenosis, or decompressive shunt surgery, but patients 
with significant hepatic dysfunction should be considered for revascularization 
or retransplantation.

Hepatic venous outflow obstruction may be manifested clinically by hepatic 
dysfunction, coagulopathy, and jaundice or even by hepatomegaly and ascites. 
Chronic outflow obstruction with preservation of graft function may be managed 
conservatively with diuretic therapy, radiologic evaluation of venous anasto-
moses, and angioplasty or stenting of outflow stenosis, but acute outflow 
obstruction can be a graft- and life-threatening condition that may require 
emergent revision of the outflow anastomosis.

Biliary tract complications, leaks, and strictures occur after approximately 
5 to 30% of all liver transplants, usually within the first 3 months. Biliary 
scintigraphy can be diagnostic for large bile leaks, but cholangiography may 
be required for small, contained leaks. Anastomotic biliary strictures are focal 
and localized to the choledochocholedochostomy or choledochoenterostomy, 
whereas ischemic strictures are multiple and diffuse. Patients may present 
with jaundice, cholangitis, or asymptomatic elevations in liver test results. 
Choledocholithiasis may complicate strictures. Cholangiography is the “gold 
standard” for the diagnosis of biliary strictures as well as for their management 
with dilation and stenting. Surgical revision is reserved for patients in whom 
these procedures are unsuccessful, but diffuse ischemia strictures may neces-
sitate retransplantation.

Rejection, which occurs in about 15 to 30% of liver transplants, usually is 
initially seen as an acute rejection within the first 30 days. Any acute rejection 
occurring beyond 30 days should raise the suspicion of subtherapeutic levels 
of immunosuppressive medications, drug interactions affecting immunosup-
pressant levels, or noncompliance of the patient with the medical regimen. 
Most patients are asymptomatic, although fever, malaise, abdominal pain, and 
worsening of portal hypertension with associated clinical manifestations can 
occur. Liver biopsy is essential for diagnosis. The classic findings are a mixed 
inflammatory infiltrate of lymphocytes, plasma cells, eosinophils, and neu-
trophils and nonsuppurative destructive cholangitis and endothelialitis (Fig. 
145-4). Treatment consists of pulse doses of methylprednisolone (1 g IV daily 

Bile Duct Injury Endothelialitis
Acute Allograft Rejection

FIGURE 145-4. Liver histology of acute allograft rejection (hematoxylin and eosin stain). the immune inflammatory response is centered around the portal triad, and the typical 
features include a mixed cellular infiltrate (eosinophils, neutrophils, plasma cells, lymphocytes), lymphocytic cholangitis, and endothelialitis. 
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Lobular Inflammatory Infiltrate CMV Inclusion

E-FIGURE 145-1. Liver histology of cytomegalovirus (CMV) hepatitis (hematoxylin and eosin stain). the characteristic lobular inflammatory infiltrate (left) and magenta-colored 
cMv inclusion body in a biliary epithelial cell (right) are shown. (courtesy Kalpana M. devaraj, Md, MHs, department of surgical pathology, Gastrointestinal, liver, and Heart transplant 
pathology, university of colorado, denver.)
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which is a pathway for the metabolism of about 60% of commonly prescribed 
medications. Coadministration of potent inhibitors of CYP3A4 (e.g., ritona-
vir, erythromycin, telaprevir, and boceprevir) with cyclosporine, tacrolimus, 
sirolimus, or everolimus will increase the plasma concentrations of the latter 
drugs and increase the risk for toxicity. Potent enhancers of CYP3A4 (e.g., 
rifampin, phenobarbital, St. John’s wort, and ketoconazole) will decrease plasma 
concentrations and increase the risk for rejection. By comparison, corticoster-
oids are of uncertain value when added to modern immunosuppressive  
regimens. A4 

 General Management Issues
The liver recipient requires ongoing monitoring and management to promote 
overall health and wellness. Special attention must be focused on cardiovascular 
risk factors (hypertension, diabetes, obesity, dyslipidemia, cigarette smoking), 
monitoring of renal function, adjustment of immunosuppressant medications, 
attention to drug-drug interactions, monitoring of bone health with bone 
densitometry every 2 years, and screening or surveillance for cancer. Patients 
receiving immunosuppressive medications are at long-term risk for infection, 
and fever should be carefully evaluated for viral, bacterial, atypical bacterial 
(e.g., tuberculosis), and fungal infections.

Epstein-Barr virus–associated post-transplantation lymphoproliferative 
disease is an uncommon but serious complication, with an incidence of 0.9 
to 2.9% (Chapters 176 and 353). Fever and lymphadenopathy are the usual 
presenting findings. Initial treatment is reduction of immunosuppressive drugs, 
but other therapies including rituximab or chemotherapy may be required 
(Chapter 176).

Time course for infectious complications 
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CMV hepatitis or syndrome

EBV, VZV, adenovirus
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FIGURE 145-5. The time course of infectious complications varies by type of infection. Bacterial and mucocutaneous viral or candidal infections occur early, and most of the others 
occur after the first 2 or 3 weeks after transplantation. cMv = cytomegalovirus; eBv = epstein-Barr virus; vZv = varicella-zoster virus; tB = tuberculosis. 

TABLE 145-4 IMMUNOSUPPRESSIVE MEDICATIONS: 
MONITORING AND ADVERSE SIDE EFFECTS

TYPE DOSE MONITORING ADVERSE EFFECTS
Cyclosporine* 100-200 mg bid Blood level† Nephrotoxicity‡

Neurotoxicity§

Hypertension
Tacrolimus|| 1-2 mg bid Blood level† Nephrotoxicity

Neurotoxicity
Diabetes mellitus¶

Prednisone 5-20 mg qd Clinical Hypertension
Diabetes mellitus¶

Neurotoxicity
Fluid retention

Azathioprine 50-200 mg qd CBC Neutropenia
Thrombocytopenia
Anemia

Mycophenolate** 500-1500 mg bid CBC Neutropenia
Dose-related increase in 

risk for HSV, CMV††

Gastrointestinal symptoms
Sirolimus‡‡ 1-3 mg qd Blood level Neutropenia

Thrombocytopenia
Hyperlipidemia
Vascular thrombosis

Everolimus‡‡ 1-2 mg bid Blood level Neutropenia
Thrombocytopenia
Hyperlipidemia

*Several different forms of cyclosporine are available. Additional adverse effects of long-term use of 
cyclosporine include hirsutism, gingival hyperplasia, and dyslipidemia.
†Dosages of cyclosporine and tacrolimus are adjusted primarily from trough plasma levels. There are 
different methods for measuring cyclosporine and tacrolimus levels. The therapeutic range will differ 
by the method used and whether whole blood or plasma is assayed.
‡Nephrotoxicity is related to doses and plasma concentrations of cyclosporine or tacrolimus.
§Neurotoxicity includes paresthesias, neuropathy, and seizures. Neurotoxicity may be more common 
with tacrolimus than with cyclosporine.
||Several different forms of tacrolimus are available. Additional adverse effects of long-term use of 
tacrolimus include hirsutism, gingival hyperplasia, and dyslipidemia.
¶Diabetes mellitus incidence is reduced by steroid withdrawal. Monotherapy with tacrolimus is 
more often associated with diabetes than is monotherapy with cyclosporine.
**Mycophenolate mofetil and mycophenolic acid are inhibitors of inosine 5′-monophosphate 
dehydrogenase and used as steroid-sparing or calcineurin inhibitor–sparing agents.
††Risk for CMV infection under mycophenolate immunosuppression is dose related, with greatest 
risk at doses of 3 g/day or more.
‡‡Sirolimus and everolimus are inhibitors of mTOR, the mammalian target of rapamycin.
CBC = complete blood count; CMV = cytomegalovirus; HSV = herpes simplex virus.
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Answer: A Each immunosuppressive medication has a characteristic pattern 
of side effects. Most are manageable by dose reduction or changing the immu-
nosuppressive prescription. In this case, both cyclosporine and prednisone 
contributed to the constellation of obesity, hypertension, dyslipidemia, and 
glucose intolerance. Mycophenolate mofetil does not have these side effects, 
and low-dose tacrolimus is less likely than cyclosporine to cause obesity, dys-
lipidemia, or glucose intolerance.

3. A 47-year-old woman underwent liver transplantation for autoimmune 
hepatitis 5 years ago. After transplantation, she experienced steroid-refractory 
rejection, which was treated with antilymphocyte globulin, and cyto-
megalovirus hepatitis, which was treated with intravenous ganciclovir. She 
now presents with fever, leukopenia, anemia, and lymphadenopathy. Viral, 
bacterial, and fungal cultures are negative. Epstein-Barr virus serology 
indicates past exposure, but Epstein-Barr virus DNA is negative. Lymph 
node biopsy is likely to demonstrate:
 A. Mycobacteria
 B. Epstein-Barr virus
 C. Cytomegalovirus
 D. Fungi
 E. CD20-positive lymphocytes

Answer: E Risk factors for post-transplantation lymphoproliferative disease 
(PTLD) include primary Epstein-Barr virus infection, cytomegalovirus disease, 
cytomegalovirus donor-recipient mismatch, and augmented immunosuppres-
sion, especially antilymphocyte globulin. The association of PTLD and Epstein-
Barr virus is variable in adult liver transplant recipients; later onset of PTLD 
is less likely to be associated with Epstein-Barr virus activation or infection. 
Fever, cytopenias, and lymphadenopathy are the key clinical features. Initial 
treatment is a reduction in immunosuppression. Monoclonal anti-CD20 anti-
bodies and chemoradiation treatments may be required. Antiviral therapy is 
ineffective.

REVIEW QUESTIONS

1. A 50-year-old male liver transplant recipient comes to your office with 
community-acquired pneumonia, for which he had been prescribed eryth-
romycin 7 days ago by an emergency department physician. His maintenance 
immunosuppression is tacrolimus and mycophenolate mofetil. He is now 
confused, and his laboratory tests reveal Na 135, K 6.2, HCO3 15, Cl 108, 
blood urea nitrogen 45, creatinine 4.1. The results of his complete blood 
count and the rest of the chemistry profile are normal. A computed tomog-
raphy scan of the brain is unremarkable. The most likely cause of this patient’s 
clinical presentation is:
 A. Viral meningitis
 B. Urinary tract infection
 C. Tacrolimus toxicity
 D. Mycophenolate mofetil toxicity
 E. Erythromycin toxicity

Answer: C A key to appropriate management of the liver transplant recipient 
is an understanding of potential drug-drug interactions. Calcineurin and mTOR 
inhibitors are cornerstones of maintenance immunosuppression in most liver 
recipients. These drugs are processed by P-glycoprotein and metabolized by 
CYP3A4, both of which are key drug disposition pathways located in intestinal 
epithelial cells, hepatocytes, and renal tubular cells. Erythromycin inhibits 
CYP3A4, thereby blocking the metabolism of tacrolimus and leading to high 
tacrolimus levels and tacrolimus renal and neurologic toxicity. Physicians must 
check for any drug-drug interactions before prescribing medications to liver 
transplant recipients who are taking immunosuppressive medications.

2. A 62-year-old woman who received a liver transplant 5 years ago comes 
for a routine physical examination. She has a body mass index of 32 kg/
m2, blood pressure (BP) 165/105 mm Hg, total cholesterol 285 mg/dL 
(low-density lipoprotein 205 mg/dL), triglycerides 305 mg/dL, and fasting 
blood glucose of 165 mg/dL. Her current immunosuppression regimen 
is cyclosporine and prednisone. You notify her transplant center, and they 
switch her immunosuppression to low-dose tacrolimus and mycophenolate 
mofetil. The expected outcomes of the change in immunosuppression are:
 A. Weight loss, lower BP, improved lipids, improved insulin sensitivity
 B. Weight gain, lower BP, improved lipids, improved insulin sensitivity
 C. Weight loss, higher BP, improved lipids, improved insulin sensitivity
 D. Weight loss, lower BP, higher lipids, improved insulin sensitivity
 E. Weight loss, lower BP, improved lipids, worsened insulin resistance
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146 
DISEASES OF THE GALLBLADDER 
AND BILE DUCTS
EVAN L. FOGEL AND STUART SHERMAN

 GALLBLADDER
 Gallstones

 EPIDEMIOLOGY
Gallstone disease is one of the most common and costly digestive diseases, 
with an estimated annual direct cost of $15 billion in the United States. Newly 
diagnosed gallstone disease occurs in more than 1 million people annually in 
the United States, and more than 750,000 cholecystectomies are now per-
formed annually. The prevalence of gallstones is about 10 to 15% in American 
and European adults, with women affected about twice as often as men. Cho-
lesterol gallstones are uncommon in individuals younger than 20 years, but 
a sharp increase is noted with each decade up to approximately the age of 70 
years, particularly in women. About 20% of women and 10% of men have 
gallstones by 60 years of age. Together, approximately 12% of Americans or 
36 million men and women harbor gallstones.

In the United States, the prevalence of stones is highest in Mexican American 
women (26%), followed by white women (17%) and African American women 
(14%). The prevalence of gallstones is extremely high in Native Americans, 
especially in women. In Chileans and Bolivians of Indian ancestry, gallstones 
are also common, and gallstone-associated cancer is the most common gastro-
intestinal cancer in these countries.

Environmental factors and genetic predisposition are likely to play an inter-
active role in gallstone formation. Pregnancy may contribute to the predomi-
nance of cholesterol stones in younger women because it is associated with 
progesterone-induced impaired gallbladder emptying and estrogen-mediated 
increased cholesterol saturation of bile. The prevalence of gallbladder stones 
in nulliparous women is approximately one tenth of that noted in multiparous 
women (1.3 vs. 13%). Exogenous estrogen administration in the form of 
hormone replacement therapy and oral contraceptives is also associated with 
stone formation. Other medications, including somatostatin analogues, cef-
triaxone, and clofibrate, have been associated also with an increased incidence 
of gallbladder stones.

Obesity is a major risk factor for development of cholesterol stones. Obese 
individuals have an increase in biliary cholesterol secretion relative to bile 
acid and lecithin secretion, thereby resulting in bile supersaturation. However, 
rapid weight loss is also associated with an increased risk for gallstones. Dimin-
ished ileal absorption of bile acids, due to surgical resection or bypass or to 
active inflammation (e.g., Crohn disease), may also lead to an increased likeli-
hood of gallstones. Following a Mediterranean diet is associated with a decreased 
risk for gallstones.1

 PATHOBIOLOGY
Gallstone Formation
Gallstones represent a failure to maintain certain biliary solutes, primarily 
cholesterol and calcium salts, in a solubilized state. Gallstones are classified by 
their cholesterol content as either cholesterol or pigment stones. Pigment stones 
are further classified as either black or brown. Most cholesterol stones contain 
calcium salts in their core, and pure cholesterol gallstones are uncommon (10%). 
In most American populations, 70 to 80% of gallstones are cholesterol,2 and 
black pigment stones account for most of the remaining 20 to 30%. Potential 
genetic susceptibility loci for gallstone disease involve cholesterol metabolism 
and transport as well as sulfonylation of bile acids or hydroxysteroids.3

In normal bile, cholesterol is soluble in the form of mixed micelles with 
optimal concentration of bile salts and phospholipids. With disproportionate 
concentrations, bile becomes supersaturated, and the excess cholesterol pre-
cipitates as monohydrate crystals. These crystals become embedded in gall-
bladder mucin gel with bilirubinate to form biliary sludge, which may eventually 
aggregate into a gallbladder stone.

Black pigment stones make up a small proportion of gallstones. These stones 
consist of polymerized calcium bilirubinate, precipitated as a result of exceed-
ing the solubility of calcium and unconjugated bilirubin. In addition to 

increasing age, the formation of black pigment stones is more common in 
individuals who have conditions that create an excessive amount of uncon-
jugated bilirubin (e.g., chronic hemolysis in hemoglobinopathies, cirrhosis, 
ineffective erythropoiesis), who are being fed by total parenteral nutrition 
(Chapter 204), or who have ileal diseases. Black pigment stones are typically 
tarry, are usually not associated with infected bile, and are located almost 
exclusively in the gallbladder.

By contrast, brown pigment stones are coarse in texture and are primarily 
formed in the bile duct as a result of bacterial infection that releases 
β-glucuronidase to hydrolyze glucuronic acid from bilirubin. Phospholipid 
hydrolysis also increases, thereby leading to precipitation of calcium, bilirubin, 
and free fatty acids and also resulting in the formation of brown pigment 
stones. Brown pigment stones account for 30 to 90% of gallstones in Asian 
populations, may also occur throughout the entire biliary tree, and are fre-
quently associated with pyogenic cholangiohepatitis.

Gallbladder contractility is impaired in some patients with gallstones. 
Although gallbladder dysfunction can be the consequence of gallstone disease 
or of excessive cholesterol infiltration into the gallbladder’s smooth muscle, 
evidence suggests that gallbladder stasis itself can lead to gallbladder stone 
formation. A normal gallbladder ejects 10 to 20% of its contents into the 
duodenum in response to enteric nervous stimulation. The presence of post-
prandial intestinal fat further increases gallbladder contractility, which is medi-
ated by the enteric nervous system and cholecystokinin. Gallbladder stasis is 
frequently evident in patients with risk factors for forming gallstones, including 
obesity, pregnancy, rapid weight loss, and prolonged fasting (Table 146-1). 
Furthermore, gallbladder dysmotility is an independent risk factor for recur-
rent gallstones in patients who have been treated with extracorporeal shock 
wave lithotripsy.

Acute Calculous Cholecystitis
The most common complication of gallstone disease is acute cholecystitis, 
which occurs in 15 to 20% of symptomatic patients. Acute cholecystitis results 
when a stone becomes lodged at the gallbladder–cystic duct junction, where 
it impairs gallbladder outflow and drainage. The extent of inflammation and 
the progression of acute cholecystitis are related to the duration and degree 
of obstruction. In the most severe cases, this process can lead to ischemia and 
necrosis of the gallbladder wall. More often, the stone spontaneously dislodges, 
and the inflammation gradually resolves. Acute cholecystitis is primarily an 
inflammatory rather than an infectious process, but about 50% of patients 
with acute cholecystitis have secondary bacteriobilia, most commonly with 
Escherichia coli.

 CLINICAL MANIFESTATIONS
The clinical spectrum of cholelithiasis ranges from the asymptomatic state to 
fatal complications. Among patients with asymptomatic gallstones, approximate 
annual risks are 1% for biliary pain, 0.3% for acute cholecystitis, 0.2% for 
symptomatic choledocholithiasis, and 0.04 to 1.5% for gallstone pancreatitis. 
However, these low individual percentages represent a huge population-wide 
number of symptomatic patients, given the frequency of gallstones. Overall, 
about 1 to 2% of asymptomatic individuals with gallstones develop serious 
symptoms or complications each year related to their gallstones.

TABLE 146-1 RISK FACTORS ASSOCIATED WITH GALLSTONE 
FORMATION

NONMODIFIABLE FACTORS MODIFIABLE FACTORS
Increasing age Pregnancy and parity
Female gender Obesity
Ethnicity Low-fiber, high-calorie diet
Genetics, family history Prolonged fasting

Medications: clofibrate, estrogens, 
octreotide

Low-level physical activity
Rapid weight loss
Hypertriglyceridemia, low high-density 

lipoprotein
Metabolic syndrome
Gallbladder stasis
Terminal ileal disease or resection
Total parenteral nutrition, fasting state
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ABSTRACT
Gallstone disease is one of the most common and costly digestive diseases, 
with an estimated annual direct cost of $15 billion in the United States. The 
prevalence is about 10 to 15% of American and European adults, but age, 
gender, nationality, environmental, genetic, and other demographic features 
alter this prevalence. Gallstones can be diagnosed by a variety of abdominal 
imaging tests, but transabdominal ultrasound remains a highly sensitive, spe-
cific, simple, low-cost technology for the diagnosis. Cholecystectomy is the 
most frequently performed operation in the United States. Although gallstones 
may remain silent for years and often are found incidentally, nearly 750,000 
people in the United States undergo gallbladder surgery on an annual basis 
for symptomatic gallstone disease, complications thereof, acute acalculous 
cholecystitis, or a functional gallbladder disorder. Patients whose gallstones 
do not cause symptoms rarely require cholecystectomy. However, patients 
with or without symptomatic gallstones should undergo cholecystectomy if 
they are found to have a porcelain gallbladder or anomalous pancreaticobiliary 
union. Cholecystectomy should be considered for patients who are undergoing 
liver transplantation or bariatric surgery, have sickle cell disease, or have gall-
stones larger than 3 cm in diameter. Disorders of the bile ducts may lead to 
chronic cholestasis, liver damage, or acute and potentially life-threatening 
consequences. In this chapter, we discuss benign and malignant diseases of 
the gallbladder and bile ducts, with emphasis on epidemiology, pathobiology, 
clinical manifestations, diagnosis, and treatment of these disorders.
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The majority of gallstones are asymptomatic and are discovered on imaging 
studies performed for other indications. In such individuals, the gallbladder 
fills and empties normally, and the gallstones remain in the gallbladder and 
do not obstruct the cystic duct. Over time, however, asymptomatic gallstones 
can become symptomatic and be manifested as biliary colic due to impaction 
of a gallstone at the neck of the gallbladder or cystic duct. Although the pain 
is commonly termed biliary colic, the majority of patients actually note con-
stant pain due to obstruction of the cystic duct and a progressive increase in 
gallbladder wall tension, rather than the paroxysmal pain of typical colic. The 
pain usually is located in the right upper quadrant or epigastrium and frequently 
radiates to the back and right scapula. Although biliary colic classically occurs 
after fatty meals, an association with meals is present in only 50% of patients, 
and the pain often develops more than 1 hour after eating. The duration of 
pain is typically 1 to 5 hours, but it may persist up to 24 hours. Pain persisting 
beyond 24 hours suggests that acute inflammation or cholecystitis is present. 
Episodes of biliary colic are usually less frequent than one episode per week. 
Other symptoms, such as nausea and vomiting, accompany each episode in 
60 to 70% of cases. Bloating and belching are also present in 50% of patients. 
Fever and jaundice occur much less frequently with simple biliary colic. Although 
some patients with gallstones have continuous pain, predominantly in the 
back or the left upper quadrant, rather than episodic pain, alternative causes 
should be considered in such patients.

Acute Calculous Cholecystitis
Patients with acute cholecystitis typically present with right upper quadrant 
pain similar to biliary colic. In acute cholecystitis, however, the pain is usually 
unremitting, may last several days, and is often associated with nausea, emesis, 
anorexia, and fever. On physical examination, patients usually have a low-grade 
fever, with localized right upper quadrant tenderness and guarding. The pres-
ence of a Murphy sign, an inspiratory arrest during deep palpation of the right 
upper quadrant, is the classic physical finding of acute cholecystitis. A palpable 
right upper quadrant mass is appreciated in one third of patients and usually 
represents omentum that has migrated to the area around the gallbladder in 
response to the inflammation. Mild jaundice (bilirubin level <6 mg/dL) may 
be present. Significant jaundice is rare with acute cholecystitis but when present 
suggests the presence of common bile duct stones, cholangitis, or obstruction 
of the common hepatic duct by severe pericholecystic inflammation because 
of the impaction of a large stone in Hartmann pouch, which mechanically 
obstructs the bile duct (i.e., Mirizzi syndrome; Fig. 146-1).4 Mirizzi syndrome, 
which occurs in about 0.1% of patients with gallstones and 0.7 to 4% of patients 
after cholecystectomy, may lead to chronic inflammation, compression of the 
bile duct associated with clinical jaundice (Mirizzi type A), necrosis, and 
fibrosis. Ultimately, a cholecystocholedochal fistula may occur (Mirizzi type 
B). High fever suggests ascending cholangitis, often with bacterial infection 

(Fig. 146-2). Acute cholecystitis may coexist with choledocholithiasis or its 
complications of acute cholangitis and gallstone pancreatitis.

 DIAGNOSIS
Transabdominal ultrasound is the radiologic procedure of choice to identify 
gallstones (Fig. 146-3). Because the ultrasound waves cannot penetrate the 
stones, acoustic shadowing is seen posterior to the stones, thereby facilitating 
diagnosis. Free-floating gallbladder stones will also move to a dependent posi-
tion when the patient is repositioned during scanning. If both of these features 
are present, the positive predictive value of ultrasound approaches 100%. 
Nonshadowing echoes alone, however, may be caused by gallbladder polyps. 
Gallstones may be missed because of a lack of contrasting bile around the 

FIGURE 146-1. a bile duct stricture is seen at endoscopic retrograde cholangiopan-
creatography, representing Mirizzi syndrome, type a, with a large stone (arrows) in the 
proximal cystic duct, causing extrinsic compression of the bile duct. 

FIGURE 146-2. endoscopic image of pus exiting the biliary orifice in this patient who 
presented with ascending cholangitis secondary to choledocholithiasis (note several small 
stones in duodenum). 

FIGURE 146-3. Ultrasound showing a gallstone. (from afdhal n. Diseases of the gall-
bladder and bile ducts. in: Goldman l, schafer a, eds. Goldman’s Cecil Medicine. 24th ed. 
Philadelphia: elsevier saunders; 2012:1017.)

TREATMENT 
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stones, as may occur with an impacted cystic duct stone or when the gallblad-
der is filled with stones. Small gallstones may not cast an acoustic shadow. An 
ileus with increased abdominal gas, as can occur with acute cholecystitis or 
pancreatitis (Chapter 135), may limit visualization of the gallbladder. Overall, 
the false-negative rate of ultrasound for detection of gallstones is less than 5% 
but may increase to 15% with acute cholecystitis. Ultrasound may also dem-
onstrate dilation of the intrahepatic and extrahepatic bile ducts. Dilated ducts 
may signify obstruction due to stones in the common bile duct, distal strictures, 
or malignant obstruction (Chapters 185 and 186).

Ultrasound has a sensitivity and specificity of 85% and 95%, respectively, 
for diagnosis of acute cholecystitis. In addition to the presence of gallstones, 
findings suggestive of acute cholecystitis include thickening of the gallbladder 
wall (>4 mm) and the presence of pericholecystic fluid. Focal tenderness 
directly over the gallbladder (sonographic Murphy sign) also is suggestive of 
acute cholecystitis.

Cholescintigraphy provides a noninvasive, anatomic, and functional evalu-
ation of the liver, gallbladder, bile duct, and duodenum, although it has gener-
ally been superseded by ultrasound for this purpose, except in certain situations, 
such as identification of a suspected occult bile leak after cholecystectomy or 
a functional gallbladder disorder (see later). In this procedure, technetium 
99m (99mTc)-labeled iminodiacetic acid derivatives are injected intravenously, 
taken up by the liver, and excreted into the bile. These hepatobiliary imino-
diacetic acid (HIDA) scans provide functional information about the liver’s 
ability to excrete radiolabeled substances into a nonobstructed biliary tree. 
The tracer should be taken up by the liver, gallbladder, common bile duct, 
and duodenum within 1 hour. Nonvisualization of the gallbladder 1 hour after 
the injection of the radioisotope with filling of the bile duct and duodenum 
indicates an obstructed cystic duct and in the acute clinical setting is highly 
sensitive (95%) and specific (95%) for acute cholecystitis, although false-
positive results are often seen in the setting of gallbladder stasis (e.g., critically 
ill patients, total parenteral nutrition). Slow uptake of the tracer by the liver 
suggests hepatic parenchymal disease. Filling of the gallbladder and bile duct 
with delayed or absent filling of the intestine may suggest an obstruction at 
the level of the major papilla.

Abdominal computed tomography (CT) is less sensitive than ultrasound for 
diagnosis of gallstones and is primarily indicated for the diagnosis of compli-
cations of gallstone disease, such as acute cholecystitis, choledocholithiasis, 
pancreatitis, and gallbladder cancer. By comparison, plain abdominal radiographs 
are of little value in the evaluation of gallbladder disease because only 15% of 
gallstones contain sufficient calcium to appear radiopaque. Plain films can be 
useful, however, for diagnosis of other causes of acute abdominal pain (e.g., 
perforated viscus, bowel obstruction). Rarely, abdominal films may show a 
calcified gallbladder wall (Fig. 146-4) in chronic cholecystitis or findings such 
as pneumobilia or gallstone-associated ileus in acute cholecystitis.

A CT scan also is frequently performed to evaluate an acutely ill patient 
with abdominal pain. The CT scan can detect gallstones, gallbladder wall 
thickening, pericholecystic fluid and edema, and air in the gallbladder or gall-
bladder wall (emphysematous cholecystitis), but it is generally much less 
sensitive than ultrasonography for finding these conditions.

Magnetic resonance imaging is highly sensitive for diagnosis of both gall-
stones and common duct stones, but stones smaller than 3 mm may be missed. 
Endoscopic ultrasound provides excellent imaging of the gallbladder and biliary 
tree but is rarely the primary imaging modality for detection of a gallbladder 
stone. Endoscopic collection of bile for crystal analysis may serve as a sur-
rogate for microlithiasis not seen on transabdominal ultrasound.

With cholecystitis, laboratory evaluation can show a mild leukocytosis, 
with a white blood cell count of 12,000 to 15,000 cells/µL. However, many 
patients have a normal white blood cell count. Leukocytosis greater than 20,000 
cells/µL should suggest further complications of cholecystitis, such as gan-
grene, perforation, or cholangitis. Mild elevations in serum bilirubin, alkaline 
phosphatase, aminotransferase, and amylase levels may also be seen with acute 
cholecystitis.

FIGURE 146-4. Plain abdominal radiograph illustrating a porcelain gallbladder. note 
the calcified gallbladder wall. 

Silent Gallstones
The longer that stones remain silent, the less likely they are to cause symp-

toms. In one large series, 20% of patients with initially silent gallstones developed 
events (8% uncomplicated, 12% complicated) at a median of 17 years. Risks 
were higher in women and in patients with multiple stones or a stone larger 
than 10 mm.5 Almost all patients will develop symptomatic disease before 

TREATMENT 

developing one of the serious complications of gallstones. Therefore, prophy-
lactic cholecystectomy is not generally indicated in patients with asymptomatic 
gallstones.

In select groups of patients, however, prophylactic cholecystectomy should 
be considered, even when gallbladder stones are absent. A porcelain gallblad-
der with a calcified gallbladder wall is associated with a 5% or higher risk for 
malignant transformation, high enough to justify cholecystectomy. Patients 
with a long common channel between the bile and pancreatic ducts (i.e., 
anomalous pancreaticobiliary duct junction; see later) also are at significant 
risk for gallbladder cancer and should undergo prophylactic cholecystectomy. 
Acute cholecystitis is a potentially life-threatening condition in immunosup-
pressed patients, so prophylactic cholecystectomy is generally recommended 
before or at the time of major organ transplantation. Data also support cho-
lecystectomy in patients undergoing bariatric weight loss surgery even in 
the absence of gallstones because of their nearly 30% risk for developing 
gallstones and requiring cholecystectomy during rapid weight loss in the 
first year after surgery. Prophylactic cholecystectomy adds minimal morbid-
ity and mortality risks to most bariatric operations and is clearly indicated in 
patients with gallstones. Some patients with silent gallbladder stones may also 
benefit from prophylactic cholecystectomy. In patients with sickle cell disease 
(Chapter 154), for example, cholecystitis can precipitate a crisis with substantial 
operative risks. Large gallstones (>3 cm) are more frequently associated with 
acute cholecystitis and gallbladder carcinoma. Because gallbladders contain-
ing stones that are larger than 3 cm in diameter have a 10-fold greater risk 
for developing malignancy than do those containing stones that are smaller 
than 1 cm, prophylactic cholecystectomy may also be indicated in these  
patients.

Symptomatic Gallstones in Outpatients
Although initial conservative management followed by elective surgery is 

reasonable in patients with mild symptoms, A1 ,6 early surgery within 24 hours 
is generally preferred for patients with uncomplicated biliary colic. A2  Day surgery 
is as safe and effective as an overnight stay. A3  More than 90% of cholecystec-
tomies are performed laparoscopically, with about 3% of elective procedures 
converted to an open procedure in the operating room. Contraindications to 
laparoscopic surgery include significant bleeding and Child class C cirrhosis 
(Chapter 144). Some patients with severe chronic obstructive pulmonary disease 
or heart failure may not tolerate the pneumoperitoneum required for laparo-
scopic surgery, and the prior upper abdominal surgery may increase the dif-
ficulty of or preclude laparoscopic cholecystectomy. Serious complications of 
laparoscopic cholecystectomy are rare, with a reported incidence of 0.6 to 1.5% 
for any bile duct leaks and 0.3 to 0.6% for a major bile duct injury. Although 
these risks are higher than for open surgery, the overall mortality rate (<0.3%) 
is lower for laparoscopic surgery, and the postoperative recovery is much easier. 
Outcomes for laparoscopic cholecystectomy are comparable among low- and 
high-volume centers.7
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of gallstone ileus includes relieving the obstruction. Most frequently, this goal 
can be achieved by removing the gallstone through an enterotomy, although 
endoscopic retrieval of the offending stone can be done, depending on where 
the stone is located.

Acute Acalculous Cholecystitis
Acute acalculous cholecystitis, which accounts for 5 to 10% of all cases of 
acute cholecystitis, usually occurs in critically ill patients after trauma, burns, 
long-term parenteral nutrition, and major nonbiliary operations (e.g., abdominal 
aneurysm repair, cardiopulmonary bypass). The cause of acute acalculous 
cholecystitis remains unclear, although gallbladder stasis with increased bacte-
rial colonization and ischemia have been implicated.

The symptoms and signs of acute acalculous cholecystitis are similar to those 
of acute calculous cholecystitis, with right upper quadrant pain and tender-
ness, fever, and leukocytosis. The disease often has a more fulminant course 
than acute calculous cholecystitis and more frequently progresses to gangrene, 
empyema, or perforation. Except for the absence of gallstones, ultrasound and 
CT findings are similar to those of calculous cholecystitis, including gallbladder 
wall thickening and pericholecystic fluid. On cholescintigraphy, the gallbladder 
does not fill; however, the false-positive rate (absent gallbladder filling without 
acute acalculous cholecystitis) may be as high as 40%.

Emergency cholecystectomy is recommended if the diagnosis is established 
or even if clinical suspicion is high because the risk for gangrene, perforation, 
or empyema exceeds 50%. Cholecystectomy rather than cholecystostomy is 
usually required, but percutaneous cholecystostomy or endoscopic gallbladder 
stenting is recommended in patients unable to undergo surgery. The mortality 
rate for acute acalculous cholecystitis can be as high as 40%, mostly because 
of the concomitant illnesses in patients who develop this disease.

 Functional Gallbladder Disorder
Some patients present with typical symptoms of biliary colic but do not have 
any evidence of gallstones on ultrasound examination. If further investigations 
such as liver chemistries, amylase and lipase levels, CT scan, and even upper 
gastrointestinal endoscopy are unremarkable, the diagnosis of a functional gall-
bladder disorder should be considered. The pathobiology is poorly understood, 
but one possibility is that the obesity epidemic has increased the population-
wide accumulation of fat in the gallbladder wall—cholecystosteatosis—thereby 
decreasing the gallbladder’s ability to empty. Some patients may have intermit-
tent gallbladder outlet obstruction due to cystic duct spasm, poor coordina-
tion between the contraction of the gallbladder and the sphincter of Oddi, or 
dysmotility of the gallbladder. In a cholecystokinin-stimulated 99mTc-HIDA scan, 
cholecystokinin is infused intravenously after the gallbladder has filled with the 
99mTc-labeled radionuclide, and a gallbladder ejection fraction is calculated 20 
minutes later. An ejection fraction of less than 35% at 20 minutes is considered 
abnormal, and most of these patients have histopathologic evidence of chronic 
cholecystitis, although a low gallbladder ejection fraction is not specific for 
a functional gallbladder disorder (Table 146-2). The efficacy of laparoscopic 
cholecystectomy is controversial in this setting, but the Society of American 
Gastrointestinal and Endoscopic Surgeons recommends it. The percentage 
of patients undergoing cholecystectomy for functional gallbladder disorder 
in the United States during the past 15 years has increased from less than 5% 
to more than 20% of patients having the gallbladder removed.

 Tumors of the Gallbladder
Benign
Cholesterol polyps are not true neoplasms but rather are cholesterol-filled 
projections of gallbladder mucosa that protrude into the lumen. These polyps 

 BILE DUCTS
 Bile Duct Stones

 PATHOBIOLOGY
Bile duct stones, or choledocholithiasis, can be classified as either primary or 
secondary. Primary duct stones develop de novo within the bile ducts, whereas 
secondary stones develop in the gallbladder and subsequently pass into the 
bile duct. In the Western world, more than 85% of all bile duct stones are 
secondary. Primary duct stones typically occur in conditions associated with 
bile stasis (e.g., benign biliary strictures, sclerosing cholangitis, choledochal 
cysts, periampullary diverticula), which promotes bacterial overgrowth with 
subsequent bilirubin deconjugation and the breakdown of biliary lipids, thereby 
resulting in the formation of brown pigment stones.

 CLINICAL MANIFESTATIONS
Bile duct stones are discovered incidentally in 5 to 12% of patients during 
the evaluation of gallbladder stones and suspected cholecystitis. It is diffi-
cult to determine whether the existing bile duct stones are asymptomatic 
in patients who present with biliary pain alone because pain can originate 
from either the gallbladder stones or bile duct stones. More than 50% of 
patients with retained bile duct stones experience recurrent symptoms during 
a follow-up period of 6 months to 13 years, and 25% of cases develop serious  
complications.

Common clinical symptoms and signs of bile duct stones include epigastric 
or right upper quadrant pain, fever, and jaundice (referred to as the Charcot 
triad). Pain can be mild or severe, and severe episodes must be differentiated 
from other potentially life-threatening events. Occasional patients may present 
with painless jaundice and weight loss mimicking pancreaticobiliary malignant 
disease (Chapter 185).

 DIAGNOSIS
Patients with cholangitis, with or without associated pancreatitis (Chapter 
135), typically have elevated serum aminotransferase levels. The serum bili-
rubin level usually is less than 15 mg/dL with choledocholithiasis because 
most bile duct stones cause intermittent, incomplete biliary obstruction. In 
unusual cases, the serum aminotransferase levels can be profoundly elevated 
(up to 2000 IU/L), mimicking acute viral hepatitis.

Although ultrasound is the most common initial test for patients with sus-
pected gallbladder stones, it has a low sensitivity rate (25 to 60%) for detection 
of bile duct stones, in part because the bile duct may not be dilated in acute 
obstruction. CT scan may demonstrate calcified bile duct stones (Fig. 146-5), 
but its sensitivity for this purpose is generally little better. CT is useful, however, 
for identifying other potential causes of biliary obstruction (e.g., mass lesion) 
and local complications, such as a liver abscess (Chapter 142). Magnetic reso-
nance cholangiopancreatography (MRCP) and endoscopic ultrasound can 
detect bile duct stones with an accuracy comparable to that of ERCP (Fig. 
146-6). Because of potential procedure-related risks, ERCP is now reserved 
for patients with confirmed or a high suspicion of biliary disease who are 
likely to require therapeutic intervention.

TABLE 146-2 SETTINGS IN WHICH A LOW GALLBLADDER 
EJECTION FRACTION MAY BE IDENTIFIED

Functional gallbladder disorder (chronic acalculous cholecystitis)
Cystic duct obstruction
Sphincter of Oddi dysfunction
Asymptomatic, healthy individuals
Diabetes
Pregnancy
Cirrhosis
Obesity
Celiac disease
Medications (narcotic analgesics, calcium-channel antagonists, oral contraceptive 

agents, benzodiazepines, histamine-2 receptor antagonists)

Inpatient Acute Calculous Cholecystitis
In patients with an acute attack of cholecystitis warranting hospital admis-

sion, medical stabilization with intravenous fluids as needed, broad-spectrum 
antibiotics (e.g., piperacillin-tazobactam, 3.375 g every 6 hours; or ceftriaxone, 
1 to 2 g once daily, plus metronidazole, 500 mg every 6 hours; or levofloxacin, 
500 mg once daily, plus metronidazole), and parenteral analgesics are indicated 
(see Table 27-4 in Chapter 27). The duration of antibiotic therapy is tailored to 
clinical improvement.

Early laparoscopic cholecystectomy within 3 days of the onset of symptoms 
is the treatment of choice for acute cholecystitis unless there are contrain-
dications. A4  Such surgery significantly reduces morbidity, length of hospital 
stay, A5  and time to return to work compared with open surgery. However, the 
conversion rate to an open procedure is about 25% compared with a rate of 
about 3% for elective laparoscopic surgery. If the bilirubin level is less than 
4 mg/dL with no signs of cholangitis (i.e., intermediate risk for the presence of 
a bile duct stone), initial cholecystectomy with intraoperative cholangiography 
results in a shorter length of stay and fewer bile duct investigations compared 
with sequential common duct endoscopic assessment followed by subsequent 
surgery, without increasing morbidity. A6 

In high-risk patients whose medical conditions preclude cholecystectomy, 
a percutaneous cholecystostomy can allow prompt gallbladder drainage. A7  If 
such drainage and appropriate antibiotics do not lead to clear improvement 
within 24 hours, however, laparotomy is indicated because failure to improve 
after percutaneous drainage is usually caused by gangrene of the gallbladder 
or perforation. If cholecystostomy is successful and the acute episode resolves, 
the patient can electively undergo either cholecystectomy or percutaneous 
stone extraction and removal of the cholecystostomy tube. If the cystic duct 
is patent, placement of an endoscopic retrograde cholangiopancreatography 
(ERCP)–guided stent to drain the gallbladder is as effective and can reduce 
hospital length of stay.8 Drainage with a metal stent placed between the gall-
bladder and alimentary tract using endoscopic ultrasound has success rates 
higher than 90%, with improved pain scores and lower reintervention rates 
than percutaneous drainage.

Nonsurgical options for the treatment of gallstone disease are rarely used 
today because of their limited efficacy and the widespread application of lapa-
roscopic cholecystectomy. Oral dissolution therapy (e.g., ursodeoxycholic acid, 
15 mg/kg/day) may be considered in patients who have cholesterol gallstones, 
but it completely dissolves stones in only 40% of patients, and stones recur in 
up to 50% of patients within 5 years after therapy is stopped. Lifelong therapy, 
therefore, may be necessary. The direct infusion of organic solvents (methyl 
tert-butyl ether) into the gallbladder also is efficacious only for cholesterol 
gallstones, and the recurrence rate is similar to that of oral dissolution therapy. 
Extracorporeal shock wave lithotripsy can be considered for a single radio-
opaque stone of any type 0.5 to 2 cm in diameter, but only a small percentage 
of symptomatic patients fit these criteria. As a result, this therapy is limited to 
an extremely select group of patients.

 PREVENTION
Moderate physical activity and dietary management (high fiber intake, avoid-
ance of saturated fatty acids) may lower the risk for gallstone disease. Daily 
administration of cholecystokinin (3.5 µg) in patients receiving prolonged 
total parenteral nutrition may prevent formation of gallbladder sludge. Oral 
ursodeoxycholic acid (15 mg/kg/day) has been clearly demonstrated to be 
beneficial in prevention of gallstone disease during rapid weight loss A8  and in 
patients who need long-term somatostatin therapy. For secondary prevention 
(i.e., in patients with gallstones already present), there are insufficient data to 
support the use of any medical therapy.

Complications of Acute Calculous Cholecystitis
Several complications of acute cholecystitis include empyema of the gallbladder, 
emphysematous cholecystitis, and gangrene leading to gallbladder perforation. 
Each of these complications can be associated with significant morbidity and 
mortality and therefore requires prompt surgical intervention. In 1 to 2% of 
patients with acute cholecystitis, the gallbladder will perforate into an adjacent 
hollow viscus, thereby creating a cholecystenteric fistula; the duodenum (79%) 
and the hepatic flexure of the colon (17%) are the most common sites. The 
episode of acute cholecystitis generally resolves as the gallbladder spontane-
ously decompresses after the fistula forms. If a large gallstone passes from the 
gallbladder into the small intestine, a mechanical bowel obstruction, termed 
gallstone ileus, may result. Gallstone ileus occurs in 10 to 15% of patients with 
a cholecystenteric fistula. Patients with gallstone ileus present with signs and 
symptoms of intestinal obstruction—nausea, vomiting, and abdominal pain. 
Abdominal films will demonstrate small bowel distention and air-fluid levels 
and may give additional clues to the source of the obstruction (pneumobilia 
or a calcified gallstone distant from the gallbladder). The initial management 
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 BILE DUCTS
 Bile Duct Stones

 PATHOBIOLOGY
Bile duct stones, or choledocholithiasis, can be classified as either primary or 
secondary. Primary duct stones develop de novo within the bile ducts, whereas 
secondary stones develop in the gallbladder and subsequently pass into the 
bile duct. In the Western world, more than 85% of all bile duct stones are 
secondary. Primary duct stones typically occur in conditions associated with 
bile stasis (e.g., benign biliary strictures, sclerosing cholangitis, choledochal 
cysts, periampullary diverticula), which promotes bacterial overgrowth with 
subsequent bilirubin deconjugation and the breakdown of biliary lipids, thereby 
resulting in the formation of brown pigment stones.

 CLINICAL MANIFESTATIONS
Bile duct stones are discovered incidentally in 5 to 12% of patients during 
the evaluation of gallbladder stones and suspected cholecystitis. It is diffi-
cult to determine whether the existing bile duct stones are asymptomatic 
in patients who present with biliary pain alone because pain can originate 
from either the gallbladder stones or bile duct stones. More than 50% of 
patients with retained bile duct stones experience recurrent symptoms during 
a follow-up period of 6 months to 13 years, and 25% of cases develop serious  
complications.

Common clinical symptoms and signs of bile duct stones include epigastric 
or right upper quadrant pain, fever, and jaundice (referred to as the Charcot 
triad). Pain can be mild or severe, and severe episodes must be differentiated 
from other potentially life-threatening events. Occasional patients may present 
with painless jaundice and weight loss mimicking pancreaticobiliary malignant 
disease (Chapter 185).

 DIAGNOSIS
Patients with cholangitis, with or without associated pancreatitis (Chapter 
135), typically have elevated serum aminotransferase levels. The serum bili-
rubin level usually is less than 15 mg/dL with choledocholithiasis because 
most bile duct stones cause intermittent, incomplete biliary obstruction. In 
unusual cases, the serum aminotransferase levels can be profoundly elevated 
(up to 2000 IU/L), mimicking acute viral hepatitis.

Although ultrasound is the most common initial test for patients with sus-
pected gallbladder stones, it has a low sensitivity rate (25 to 60%) for detection 
of bile duct stones, in part because the bile duct may not be dilated in acute 
obstruction. CT scan may demonstrate calcified bile duct stones (Fig. 146-5), 
but its sensitivity for this purpose is generally little better. CT is useful, however, 
for identifying other potential causes of biliary obstruction (e.g., mass lesion) 
and local complications, such as a liver abscess (Chapter 142). Magnetic reso-
nance cholangiopancreatography (MRCP) and endoscopic ultrasound can 
detect bile duct stones with an accuracy comparable to that of ERCP (Fig. 
146-6). Because of potential procedure-related risks, ERCP is now reserved 
for patients with confirmed or a high suspicion of biliary disease who are 
likely to require therapeutic intervention.

account for approximately 50% of all polypoid gallbladder lesions, are usually 
smaller than 1 cm, are typically found incidentally on imaging studies as non-
mobile filling defects, are usually asymptomatic unless associated with gall-
stones, and do not have malignant potential.

Adenomyosis consists of a hypertrophic gallbladder muscle layer with 
mucosal diverticula called Rokitansky-Aschoff sinuses. This condition may 
affect the gallbladder locally, particularly in the fundus, where it appears as a 
hemispheric lesion with a central dimple; segmentally, as an annular stricture; 
or diffusely, when it involves the entire gallbladder wall. The cause is not 
entirely clear but may be secondary to a gallbladder motility disorder. Isolated 
adenomyosis can cause biliary-type symptoms and can progress to gallbladder 
cancer, so prophylactic cholecystectomy is recommended.

Gallbladder adenomas are benign epithelial tumors with malignant potential. 
Adenomas usually are manifested as solitary, nonmobile filling defects on 
ultrasound. Polyps smaller than 0.5 cm, regardless of total polyp number, can 
be observed with serial imaging studies, namely ultrasound, every 12 months. 
Larger polyps, however, may harbor a carcinoma in situ, and cholecystectomy 
is recommended for polyps larger than 1 cm and for any patients older than 
50 years with biliary symptoms.

Malignant
Gallbladder cancer is the most common biliary tract malignant neoplasm and 
fifth most common gastrointestinal cancer overall, with approximately 7000 
new cases diagnosed annually in the United States (2.5 cases/100,000 popula-
tion). The usual age at onset is the sixth or seventh decade, with a female-to-
male ratio of 3 : 1. Gallbladder cancer is more common in Native Americans, 
Mexicans, Alaskans, and American Hispanics as well as in residents of Israel, 
Chile, and northern Japan.

Perhaps because of chronic inflammation, gallbladder cancer is strongly 
associated with gallstones, which are identified in more than 90% of patients 
with gallbladder carcinoma. Conversely, only 1% of patients with gallstones 
develop gallbladder carcinoma. Choledochal cysts are associated with an 
increased risk for malignant neoplasms throughout the biliary tree, including 
the gallbladder, perhaps because of increased stasis, chronic inflammation, 
and infection. In patients with choledochal cysts, excision of extrahepatic 
cysts is recommended to avoid biliary tract cancer. By comparison, biliary 
sphincterotomy alone may be adequate for a type III extrahepatic cyst.

About 90% of gallbladder cancers are adenocarcinomas (90% scirrhous, 
5% papillary, 5% colloid). The remaining tumors are anaplastic or squamous 
cell cancers. Gallbladder cancers spread by local extension and direct invasion 
of adjacent structures, including the common hepatic duct, liver, duodenum, 
and colon. Lymphatic drainage is to adjacent lymph nodes, and disseminated 
disease is to the liver and the peritoneal surface.

Most patients (80%) present with abdominal pain of less than 1 month in 
duration, which may be difficult to distinguish from symptoms of biliary colic 
or acute cholecystitis. Nausea and vomiting (50%) and weight loss (40%) are 
often present, and jaundice (30%) is a poor prognostic sign that typically 
signifies porta hepatis involvement with tumor. Up to 20% of gallbladder 
cancers are found at cholecystectomy performed for gallstones, whereas inci-
dental cancers are found at 1% of cholecystectomies.

Diagnosis may be difficult preoperatively because laboratory test results 
may be normal or nonspecific even when advanced disease is manifested by 
hypoalbuminemia and anemia. There is no reliable tumor marker. Liver test 
results are abnormal when the tumor or periportal lymphadenopathy is associ-
ated with biliary obstruction. Ultrasonography has a sensitivity of 75 to 80% 
for detection of gallbladder cancer, with findings ranging from a complex 
luminal mass to gallbladder wall thickening, polypoid mass, or gallstones.9 
CT or magnetic resonance cross-sectional imaging can assess the extent of 
disease, including regional and distant metastases. Endoscopic ultrasound 
may aid in determining the extent of local invasion and nodal involvement, 
but it rarely is necessary in the preoperative evaluation. ERCP is indicated 
only in patients who have clinical evidence of biliary obstruction and are being 
considered for stent placement to palliate their jaundice.

Patients with gallstones larger than 3 cm have a 10-fold increased risk for 
development of gallbladder cancer, so prophylactic cholecystectomy should be 
considered even in an asymptomatic patient. A porcelain gallbladder, with diffuse 
calcification of the gallbladder wall, is an indication for cholecystectomy in the 
asymptomatic patient because of the increased risk for cancer. Cholecystectomy 
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also is indicated for any gallbladder polyp larger than 1 cm, in patients with 
choledochal cysts other than type III, in anomalous pancreaticobiliary union, 
and in adenomyosis of the gallbladder.

The resectability rates for gallbladder cancer range from 15 to 30%. When 
the tumor does not extend beyond the lamina propria layer of the gallbladder 
wall (T1a), simple cholecystectomy alone may be curative, with a 5-year survival 
rate approaching 100%. Tumors that involve the muscularis propria (T1b) may 
gain access to the lymphatic system and be associated with occult metastases. 
Current recommendations for pT1b cancers involve complete operative staging 
with laparoscopy, portal lymphadenectomy, cystic duct margin assessment, 
and partial central liver excision. Tumors that extend through the gallbladder 
wall (stage II/III) require a more extensive resection (cholecystectomy, partial 
central hepatectomy, lymph node dissection). Stage II tumors (no invasion 
beyond the gallbladder serosa) may have up to a 60 to 80% 5-year survival 
rate, whereas stage III tumors have a 25% 5-year survival rate. Median survival 
with unresectable (stage IV) disease is typically less than 6 months. Radiation 
therapy has not been shown to be effective, whereas chemotherapy regimens 
in unresectable disease (typically similar to regimens for pancreatic cancer 
[Chapter 185]) are associated with response rates of approximately 20%. Because 
of the late presentation of this disease and spread of tumor at diagnosis, the 
overall 5-year survival is less than 10%.
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Given the potential serious complications of bile duct stones (i.e., cholangitis, 
pancreatitis),10 specific therapy is generally required regardless of symptoms. 
About 85 to 90% of bile duct stones can be removed at ERCP by standard 
balloon dilation and basket extraction after biliary endoscopic sphincterotomy, 
with a complication rate, including pancreatitis, bleeding, cholangitis, chole-
cystitis, and perforation, of less than 10%. Endoscopic biliary orifice dilation 
without sphincterotomy may reduce some acute complications but increases 
the risk for pancreatitis and may lead to more subsequent procedures.11

The 10 to 15% of bile duct stones that cannot be removed by standard ERCP 
are generally larger than 1.5 cm, impacted, or located above a stricture.12 Alter-
native therapies include the use of large-diameter dilation balloons (12 to 
18 mm) and fragmentation by mechanical or electrohydraulic lithotripsy. When-
ever stones cannot be completely removed endoscopically, biliary stents should 
be placed to ensure adequate biliary drainage and to prevent recurrent symp-
toms while awaiting further therapy. Long-term biliary stenting can also be 
used in patients with severe comorbid medical conditions that preclude surgery 
or repeated endoscopic interventions.

Ideally, patients with concomitant gallbladder and bile duct stones would 
be best treated with a single laparoscopic cholecystectomy and bile duct explo-
ration, which is preferable to ERCP followed by cholecystectomy. A9  However, 
only a minority of surgeons can successfully perform laparoscopic bile duct 
exploration, so open common bile duct exploration is generally performed if 
endoscopic and laparoscopic approaches are unsuccessful.

Complications of Bile Duct Stones
Cholangitis is a potentially life-threatening disease that results from bacterial 

infection of obstructed bile. Systemic toxicity occurs when intraductal pressure 
is sufficiently elevated to cause reflux of bacteria or endotoxin into the blood. 
About 80 to 90% of acute cholangitis is caused by choledocholithiasis, with the 
remaining cases caused by a benign biliary stricture (e.g., primary sclerosing 
cholangitis, chronic pancreatitis, postoperative bile duct injury, or narrowing 
at an anastomosis) or by malignant biliary obstruction, typically after previ-
ous endoscopic instrumentation and stent placement. In certain parts of the 
world, parasitic biliary obstruction (e.g., Ascaris; Chapter 335) may be mani-
fested with cholangitis. The most common bacteria are gram-negative bacilli 
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FIGURE 146-5. computed tomography scan demonstrating calcified gallstones and a 
distal bile duct stone. 

observation. Biliary strictures that complicate liver transplantation (Chapter 
145) are usually treated similarly with good results.

 ORIENTAL CHOLANGIOHEPATITIS
Recurrent cholangitis with hepatolithiasis has a prevalence of more than 10% 
in parts of East Asia, especially in Taiwan, owing to infection with Ascaris 

A B C

FIGURE 146-6. common bile duct stones seen at magnetic resonance cholangiopancreatography (A), endoscopic ultrasound (B), and endoscopic retrograde cholangiopancreatography (C). 

and Streptococcus spp, but Enterococcus spp are frequently seen in patients 
with occluded biliary stents. Prompt antibiotic therapy (e.g., intravenous cef-
triaxone, 1 to 2 g once daily; ampicillin-sulbactam, 1.5 to 3 g every 6 hours; 
piperacillin-tazobactam, 3.375 g every 6 hours; ciprofloxacin, 400 mg twice daily; 
or levofloxacin, 500 mg orally once daily) is critical and usually can permit 
conservative management with endoscopic biliary decompression within 24 to  
48 hours. A10  However, urgent decompression is indicated if improvement is 
not seen within a few hours. The advantages of ERCP are that it can delineate 
the cause of obstruction, obtain bile for culture, and rapidly decompress the 
biliary tree definitively by removing the stone or temporarily by placing a stent 
without removing the stone. Routine stenting is not indicated after successful 
stone removal, unless the adequacy of biliary drainage is uncertain.

Acute gallstone pancreatitis accounts for up to 50% of cases of acute pan-
creatitis in Western countries (Chapter 135). Most patients quickly respond to 
conservative therapy, but some develop severe pancreatitis. Although early 
ERCP with biliary sphincterotomy and stone removal (Fig. 146-7) would appear 
to be an attractive therapeutic option, early ERCP does not reduce mortality 
or complications except in patients with biliary obstruction or cholangitis. After 
recovery from an episode of biliary pancreatitis, laparoscopic cholecystectomy 
with intraoperative cholangiography is recommended to prevent further epi-
sodes, preferably during the same hospital admission. A11 

,
 A12  If a common bile 

duct stone is found at intraoperative cholangiography, laparoscopic or open 
common bile duct exploration and stone removal can be accomplished with 
high success rates in experienced hands, or postoperative ERCP can remove 
any retained stones. A13 

 PREVENTION
Up to 25% of patients may have recurrent bile duct stones, with or without 
a gallbladder, but it remains uncertain what proportion of these recurrent 
stones are in fact overlooked residual stones from a prior event. A dilated 
extrahepatic bile duct (≥13 mm) and periampullary diverticula are risk factors 
for recurrent stones, perhaps by increasing biliary stasis. Identification and 
treatment of biliary strictures, papillary stenosis, and gallstones in patients 
with gallbladder in situ are essential for preventing recurrent stones. Unfor-
tunately, no preventive therapy has been proved effective, although ursode-
oxycholic acid (15 mg/kg/day) appears to reduce the risk for gallstones during 
weight loss.

 Benign Biliary Strictures
Postoperative extrahepatic bile duct strictures occur after 0.25 to 1% of cho-
lecystectomies. Most of these lesions are manifested as abnormal liver test 
results, obstructive jaundice, and cholangitis within 2 to 3 months postopera-
tively, although the presentation can be delayed. The cholangiogram commonly 
shows a short, smooth narrowing near the cystic duct stump with proximal 
duct dilation (Fig. 146-8). Strictures typically must be redilated, and stents 
are exchanged at 3- to 4-month intervals for 8 to 12 months until the stricture 
is nearly as open as the downstream bile duct. About 80% of patients will 
have a good result. Covered self-expandable metal stents are as good as multiple 
plastic stents for resolving strictures, with fewer ERCP procedures needed to 
achieve resolution. A14  However, some patients will ultimately require a bilio-
enteric bypass. Strictures more than 2 cm in length, strictures with clips placed 
securely across the duct, or strictures associated with resected segments of 
duct require surgical intervention.

Intrapancreatic common bile duct strictures, which may occur in 3 to 46% 
of patients with chronic pancreatitis, can lead to secondary biliary cirrhosis 
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observation. Biliary strictures that complicate liver transplantation (Chapter 
145) are usually treated similarly with good results.

 ORIENTAL CHOLANGIOHEPATITIS
Recurrent cholangitis with hepatolithiasis has a prevalence of more than 10% 
in parts of East Asia, especially in Taiwan, owing to infection with Ascaris 

or recurrent cholangitis. With the complication of cholangitis or jaundice, 
intervention is clearly indicated, typically with ERCP and stent placement. 
In the absence of cholangitis or jaundice, either surgical repair or endoscopic 
biliary decompression with multiple plastic stents (Fig. 146-9) has tradition-
ally been recommended when the alkaline phosphatase level is consistently 
more than twice the upper limit of normal during a 6-month period of 

A B C

FIGURE 146-7. A, a stone that is impacted in the distal bile duct is causing biliary pancreatitis, with gallbladder stones also seen. B, Performance of biliary sphincterotomy. C, sub-
sequent stone removal by balloon sweep. 

A B

C D

FIGURE 146-8. Endoscopic retrograde cholangiopancreatography images obtained from a patient who presented with painless jaundice 8 months after cholecystectomy.  
A, benign common hepatic duct stricture. B, balloon dilation of the stricture. C, Multiple stents placed. D, resolution of stricture after a 1-year stenting interval. 
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extrahepatic biliary obstruction, chronic active hepatitis, or, rarely, primary 
biliary cirrhosis.

 CLINICAL MANIFESTATIONS
Most patients with primary sclerosing cholangitis are asymptomatic at pre-
sentation and are identified after investigation of an elevated alkaline phos-
phatase level (Chapter 138).14 Overall, about 90% of patients have an elevated 
alkaline phosphatase level, with or without mildly elevated serum aminotrans-
ferase levels. Fatigue, anorexia, malaise, and weight loss are common but may 
erroneously be attributed to a patient’s inflammatory bowel disease. Patients 
may exhibit signs or symptoms of cholestatic liver disease, including pruritus, 
upper abdominal pain, and fever. The serum bilirubin concentration is elevated 
in only about 40% of patients at presentation. Some patients have anemia, 
hypoalbuminemia, or hypergammaglobulinemia, and a prolonged international 
normalized ratio suggests biliary obstruction or synthetic dysfunction. Nearly 
90% of patients will have a positive perinuclear antineutrophilic cytoplasmic 
antibody, but this antibody is also nonspecific and may be found in both 
ulcerative colitis (Chapter 132) and autoimmune hepatitis (Chapter 140). 
Antinuclear or anti–smooth muscle antibodies are found in 25% of patients 
but are not specific, and a positive antimitochondrial antibody suggests primary 
biliary cholangitis as the diagnosis.

 DIAGNOSIS
Cholangiography is necessary to establish the diagnosis of primary sclerosing 
cholangitis (Fig. 146-10).15 MRCP generally is the test of choice, but ERCP 
may be indicated if MRCP is inconclusive, particularly when the disease is 
confined to small intrahepatic ducts. The role of biopsy remains uncertain 
owing to the segmental nature of the disease and the overlap of the histologic 
features with other disease states. Diffuse multifocal strictures are usually short, 
with intervening normal or dilated segments that give a beaded appearance. 
Other frequent findings on cholangiography include pseudodiverticula, mural 
irregularities, and biliary stones and sludge. Secondary causes of sclerosing 
cholangitis include obstruction (postoperative, autoimmune cholangiopathy, 
choledocholithiasis, and recurrent pyogenic cholangitis), ischemic (hepatic 
artery instillation of the chemotherapeutic agent 5-fluorouracil, radiation, and 
paroxysmal nocturnal hemoglobinuria), and neoplastic (cholangiocarcinoma, 
hepatocellular carcinoma, lymphoma, and metastasis).

lumbricoides (Chapter 335) and Clonorchis sinensis (Chapter 334). This condi-
tion results in local strictures and dilation of the intrahepatic biliary tree. 
Biliary stasis and subsequent bacterial infection cause brown stones to form. 
Most patients have recurrent cholangitis, but cholangiocarcinoma can also 
ensue. Ultrasound or CT can establish the diagnosis. Treatment includes 
intravenous fluids and antibiotics. Endoscopic stone removal is usually the 
preferred treatment, but localized surgical resection targeted to the cultured 
organisms may be necessary.

 PRIMARY SCLEROSING CHOLANGITIS
 DEFINITION

Primary sclerosing cholangitis is a chronic cholestatic disease characterized 
by fibrosing inflammation of segments of the intrahepatic and extrahepatic 
bile ducts.13 It results in progressive narrowing of the duct lumen and ultimately 
may be manifested with recurrent episodes of ascending cholangitis or, alter-
natively, may progress to secondary biliary cirrhosis and its associated com-
plications. Cholangiocarcinoma (Chapter 186) is a dreaded complication with 
a reported incidence of 25 to 40% at autopsy or liver transplantation.

 EPIDEMIOLOGY
The true prevalence of primary sclerosing cholangitis is unknown, but current 
estimates are 0.2 to 8.5 per 100,000 in the U.S. population. Its prevalence is 
much higher in populations in which inflammatory bowel disease (Chapter 
132) is more common. Affected men outnumber women in a 2 : 1 ratio, with 
the mean age at diagnosis of 32 to 40 years. However, primary sclerosing 
cholangitis has been reported in infants, children, and the elderly.

 PATHOBIOLOGY
The cause of primary sclerosing cholangitis and the mechanisms responsible 
for its progression are unknown. However, autoimmune and genetic causes 
are supported by its frequent association with inflammatory bowel disease 
and the increased prevalence of the HLA B8, DR3 haplotype. About two 
thirds of patients with primary sclerosing cholangitis have ulcerative colitis 
or Crohn colitis, and it is rarely associated with Crohn disease that is limited 
to the small bowel. However, only 1 to 13% of patients with colitis are diag-
nosed with primary sclerosing cholangitis during their lifetime. First-degree 
relatives of patients with primary sclerosing cholangitis have a 9- to 39-fold 
increased risk for development of the disease.

On pathologic examination, involved segments of bile ducts in strictured 
areas show diffuse thickening with a mononuclear inflammatory cell infiltrate. 
The most characteristic biopsy features are bile duct proliferation, periductal 
fibrosis, periductal inflammation, and loss of bile ducts. Obliterative cholangitis 
with a chronic inflammatory cell infiltrate and periductular “onion ring” fibrosis 
is strongly associated with primary sclerosing cholangitis but is infrequently 
observed in biopsy specimens. Given the patchy nature of the disease and 
possible lack of significant intrahepatic involvement, however, the histologic 
appearance of primary sclerosing cholangitis is variable and may resemble 
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FIGURE 146-9. Endoscopic retrograde cholangiopancreatography images obtained from a patient with a history of alcohol abuse who presented with pruritus and was found 
to have a markedly elevated alkaline phosphatase level. A, a smooth distal bile duct stricture is seen (arrow). B, four stents have been placed through the stricture. 

These cysts (E-Fig. 146-1) usually involve only the extrahepatic biliary tree, 
but they can present as extrapancreatic bile duct diverticula, involve only the 
intraduodenal part of the common bile duct, or present as multiple intrahepatic 
and extrahepatic cysts (Table 146-3). An anomalous pancreaticobiliary duct 
junction (E-Fig. 146-2) is frequently associated with choledochal cysts but 
may be found in isolation, especially in Asian populations.

Patients with choledochoceles commonly have biliary colic, cholangitis, 
jaundice, or unexplained pancreatitis. Bile reflux may also result in acute pan-
creatitis or predispose to biliary cancers.

Cholangiography, preferably by ERCP, is the diagnostic “gold standard,” 
although MRCP can also delineate the anatomy noninvasively. Because of the 
increased risk for development of biliary tract cancers, cyst resection (includ-
ing cholecystectomy) is the generally recommended treatment, although it 
does not eliminate the risk entirely.17

 Biliary Fistula
A biliary fistula represents an injury to the bile duct, most commonly seen as 
a complication of cholecystectomy, common bile duct exploration, or inad-
vertent operative injury of the bile duct or as a consequence of a local infection. 
Rarely, biliary fistulas result from long-standing untreated biliary tract disease. 
With more widespread use of laparoscopic cholecystectomy, the incidence of 
bile duct injury, including biliary fistula, has increased, but it remains less than 
0.5% in most published series.

Postoperative bile duct leaks are usually manifested within a week after 
surgery, with patients presenting with abdominal pain (90%), tenderness 
(80%), fever (75%), nausea and vomiting (50%), and jaundice (40%). Clini-
cally detectable ascites is rare. Biochemical testing is usually nonspecific, with 
variable elevations in serum liver test values and the white blood cell count.

Patients with suspected biliary fistulas often undergo abdominal ultraso-
nography or CT to look for evidence of a biloma as well as a hepatobiliary 
scan to diagnose the leak. However, ERCP is the most sensitive test to detect 
a biliary fistula. Treatment options for biliary leaks include percutaneously or 
endoscopically placed biliary drains or stents and surgical drainage and repair 
of the leak.

 Vanishing Bile Duct Syndromes
The vanishing bile duct syndrome is characterized by a paucity of intrahepatic 
bile ducts, an elevated alkaline phosphatase level, and cholestasis. Causes 
include primary biliary cholangitis, primary sclerosing cholangitis, autoimmune 
hepatitis (Chapter 140), graft-versus-host disease, chronic liver transplant 
rejection (Chapter 145), ischemia, intrahepatic chemotherapy, drug toxicity 
(e.g., ampicillin, amoxicillin, flucloxacillin, erythromycin, tetracycline, doxy-
cycline, cotrimoxazole), human immunodeficiency virus (HIV) infection 
(Chapter 366), sarcoidosis (Chapter 89), and histiocytosis. Ursodeoxycholic 
acid (15 mg/kg) can increase bile flow, but the condition inexorably progresses 
to biliary cirrhosis, which ultimately requires liver transplantation.

 PRIMARY BILIARY CHOLANGITIS
Primary biliary cholangitis, previously known as primary biliary cirrhosis, is 
an obliterative autoimmune cholangiopathy that involves the small and medium-
sized bile ducts and that slowly progresses during a decade or so. As the ducts 
are obliterated, patients develop cholestasis, fibrosis, and, ultimately, liver 
failure.18

The chronic cholestasis of primary sclerosing cholangitis can be treated with 
cholestyramine (4 to 8 g/day), ursodeoxycholic acid (15 mg/kg/day), rifampicin 
(300 to 600 mg/day), or phenobarbital (30 to 120 mg/day) with modest success. 
Fat-soluble vitamin deficiencies (Chapter 205) must be corrected. The prevalence 
of osteoporosis (Chapter 230) in primary sclerosing cholangitis is between 4 
and 10%, so bone densitometry should be performed at diagnosis and every 
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 PROGNOSIS
The natural history of primary sclerosing cholangitis is variable and incom-
pletely understood. Asymptomatic patients have a much better prognosis than 
symptomatic patients, with 10-year actuarial survival rates of 80% and 50%, 
respectively. In symptomatic patients, the median time of survival until death 
or liver transplantation is 9 years, compared with 12 to 18 years for all patients 
with primary sclerosing cholangitis, regardless of symptoms. An elevated serum 
bilirubin level and hepatomegaly appear to correlate with a poor prognosis, 
whereas cholangiographic appearance, the presence or absence of inflamma-
tory bowel disease, and the patient’s age do not. Cholangiocarcinoma (Chapter 
186) is a dreaded complication of primary sclerosing cholangitis, and the risk 
appears to be greatest in patients with long-standing ulcerative colitis and 
cirrhosis.

 Choledochal Cysts and Anomalous Pancreaticobiliary  
Duct Junction
Choledochal cysts are uncommon anomalies of the biliary tree that are mani-
fested as cystic dilation of the intrahepatic or extrahepatic ducts (or both). The 
incidence is 1 in 100,000 to 150,000 births in Western populations and 1 in 
1000 in Asian populations. There is a 3 : 1 to 4 : 1 female-to-male preponderance. 
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These cysts (E-Fig. 146-1) usually involve only the extrahepatic biliary tree, 
but they can present as extrapancreatic bile duct diverticula, involve only the 
intraduodenal part of the common bile duct, or present as multiple intrahepatic 
and extrahepatic cysts (Table 146-3). An anomalous pancreaticobiliary duct 
junction (E-Fig. 146-2) is frequently associated with choledochal cysts but 
may be found in isolation, especially in Asian populations.

Patients with choledochoceles commonly have biliary colic, cholangitis, 
jaundice, or unexplained pancreatitis. Bile reflux may also result in acute pan-
creatitis or predispose to biliary cancers.

Cholangiography, preferably by ERCP, is the diagnostic “gold standard,” 
although MRCP can also delineate the anatomy noninvasively. Because of the 
increased risk for development of biliary tract cancers, cyst resection (includ-
ing cholecystectomy) is the generally recommended treatment, although it 
does not eliminate the risk entirely.17

 Biliary Fistula
A biliary fistula represents an injury to the bile duct, most commonly seen as 
a complication of cholecystectomy, common bile duct exploration, or inad-
vertent operative injury of the bile duct or as a consequence of a local infection. 
Rarely, biliary fistulas result from long-standing untreated biliary tract disease. 
With more widespread use of laparoscopic cholecystectomy, the incidence of 
bile duct injury, including biliary fistula, has increased, but it remains less than 
0.5% in most published series.

Postoperative bile duct leaks are usually manifested within a week after 
surgery, with patients presenting with abdominal pain (90%), tenderness 
(80%), fever (75%), nausea and vomiting (50%), and jaundice (40%). Clini-
cally detectable ascites is rare. Biochemical testing is usually nonspecific, with 
variable elevations in serum liver test values and the white blood cell count.

Patients with suspected biliary fistulas often undergo abdominal ultraso-
nography or CT to look for evidence of a biloma as well as a hepatobiliary 
scan to diagnose the leak. However, ERCP is the most sensitive test to detect 
a biliary fistula. Treatment options for biliary leaks include percutaneously or 
endoscopically placed biliary drains or stents and surgical drainage and repair 
of the leak.

 Vanishing Bile Duct Syndromes
The vanishing bile duct syndrome is characterized by a paucity of intrahepatic 
bile ducts, an elevated alkaline phosphatase level, and cholestasis. Causes 
include primary biliary cholangitis, primary sclerosing cholangitis, autoimmune 
hepatitis (Chapter 140), graft-versus-host disease, chronic liver transplant 
rejection (Chapter 145), ischemia, intrahepatic chemotherapy, drug toxicity 
(e.g., ampicillin, amoxicillin, flucloxacillin, erythromycin, tetracycline, doxy-
cycline, cotrimoxazole), human immunodeficiency virus (HIV) infection 
(Chapter 366), sarcoidosis (Chapter 89), and histiocytosis. Ursodeoxycholic 
acid (15 mg/kg) can increase bile flow, but the condition inexorably progresses 
to biliary cirrhosis, which ultimately requires liver transplantation.

 PRIMARY BILIARY CHOLANGITIS
Primary biliary cholangitis, previously known as primary biliary cirrhosis, is 
an obliterative autoimmune cholangiopathy that involves the small and medium-
sized bile ducts and that slowly progresses during a decade or so. As the ducts 
are obliterated, patients develop cholestasis, fibrosis, and, ultimately, liver 
failure.18

FIGURE 146-10. Magnetic resonance cholangiopancreatography demonstrating the 
typical cholangiographic features of primary sclerosing cholangitis. note the narrowed 
segment of the common bile duct (arrow) as well as the diffuse strictures and dilated 
segments of several intrahepatic bile ducts, giving the classic “beaded” appearance. 

TABLE 146-3 CLASSIFICATION OF CHOLEDOCHAL CYSTS

TYPES DESCRIPTION
PROPORTION OF 

CHOLEDOCHAL CYSTS
I Segmental or diffuse fusiform 

dilation of the bile duct
50-80%

II Choledochal diverticulum 2%
III Dilation of the intraduodenal 

portion of the bile duct
1.4-5%

IVa Multiple intrahepatic and 
extrahepatic cysts

15-35%

IVb Multiple extrahepatic cysts
V (Caroli disease) Single or multiple dilations of 

the intrahepatic ducts
20%

2 to 3 years thereafter. Supplementation with oral vitamin D and calcium seems 
prudent, even in the absence of symptomatic deficiency. Treatment with bisphos-
phonates (Chapter 230) is reserved for patients with confirmed osteoporosis. 
Unfortunately, no medical treatment slows the progression of disease; urso-
deoxycholic acid, D-penicillamine, corticosteroids, cyclosporine, methotrexate, 
and colchicine have all been shown to be ineffective for improving survival or 
delaying the time to liver transplantation. Whether repeated endoscopic treat-
ment to maintain bile duct patency can improve outcomes is unknown.16

Liver transplantation (Chapter 145) is the only potentially curative therapy. 
The 1-year and 5-year survival rates typically are in the 90% and 80% range, 
respectively. Primary sclerosing cholangitis may recur in the transplanted organ 
in 15 to 20% of patients.

 PROGNOSIS
The natural history of primary sclerosing cholangitis is variable and incom-
pletely understood. Asymptomatic patients have a much better prognosis than 
symptomatic patients, with 10-year actuarial survival rates of 80% and 50%, 
respectively. In symptomatic patients, the median time of survival until death 
or liver transplantation is 9 years, compared with 12 to 18 years for all patients 
with primary sclerosing cholangitis, regardless of symptoms. An elevated serum 
bilirubin level and hepatomegaly appear to correlate with a poor prognosis, 
whereas cholangiographic appearance, the presence or absence of inflamma-
tory bowel disease, and the patient’s age do not. Cholangiocarcinoma (Chapter 
186) is a dreaded complication of primary sclerosing cholangitis, and the risk 
appears to be greatest in patients with long-standing ulcerative colitis and 
cirrhosis.

 Choledochal Cysts and Anomalous Pancreaticobiliary  
Duct Junction
Choledochal cysts are uncommon anomalies of the biliary tree that are mani-
fested as cystic dilation of the intrahepatic or extrahepatic ducts (or both). The 
incidence is 1 in 100,000 to 150,000 births in Western populations and 1 in 
1000 in Asian populations. There is a 3 : 1 to 4 : 1 female-to-male preponderance. 
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E-FIGURE 146-1. schematic diagram of choledochal cysts. 
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E-FIGURE 146-2. A, schematic diagram of anomalous pancreaticobiliary duct junction, with the terminal bile duct draining directly into the pancreatic duct (b-P type). B, schematic 
diagram of P-b type of anomalous pancreaticobiliary duct junction. C, endoscopic retrograde cholangiopancreatography image illustrating the P-b type of anomalous pancreaticobiliary 
duct junction, with a bile duct stricture due to gallbladder cancer. 
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levels, the international normalized ratio, older age, and the presence of periph-
eral edema. Liver failure develops in about 25% of patients within 10 years 
after diagnosis, and median survival after diagnosis is 12 to 15 years.

 Bile Duct Tumors
 BENIGN
Benign bile duct tumors are exceedingly rare compared with malignant tumors 
and are much less common than benign gallbladder tumors. They can be 
divided into three histologic types (papillomas, adenomas, cystadenomas), 
may be solitary or multiple, and often are found incidentally during the evalu-
ation of bile duct dilation or intraductal filling defects. Patients may be asymp-
tomatic or have symptoms of biliary obstruction. Treatment typically consists 
of surgical bile duct resection with hepaticojejunostomy reconstruction. Even 
benign tumors tend to recur after excision, and some undergo malignant change.

 CHOLANGIOCARCINOMA
Cholangiocarcinoma is discussed in Chapter 186.

 Ampullary Tumors
Benign ampullary lesions seen on endoscopic or radiologic studies include 
heterotopic gastric mucosa, a lipoma, or an impacted common bile duct stone. 
Primary tumors of the ampulla of Vater can be premalignant or malignant, 
but the overwhelming majority (>95%) are either adenomas or adenocarci-
nomas. The prevalence of ampullary adenomas has been estimated to be 0.04 
to 0.12% in autopsy series, but the prevalence is higher in patients with heredi-
tary polyposis syndromes (Chapter 184), in which ampullary adenomas occur 
in up to 80% of individuals and progress to malignancy in 4%.

Malignant ampullary lesions are most commonly adenocarcinomas, although 
metastatic breast cancer, renal cell cancers, and melanomas also have been 
identified. Carcinoid tumors (Chapter 219) and other neuroendocrine tumors 
are rare. Ampullary adenomas probably follow an adenoma-to-carcinoma 
sequence similar to colorectal adenocarcinoma (Chapter 184), with a 25 to 
85% risk for transformation to carcinoma.

Patients with ampullary lesions may present with biliary colic, obstructive 
jaundice, pancreatitis, or nonspecific upper abdominal pain, with or without 
fluctuating serum liver test results, malaise, and anorexia. However, ampullary 
lesions are often found incidentally on cross-sectional imaging or during upper 
endoscopy performed for a different indication.

For ampullary adenomas, options include observation with surveillance 
biopsies and attempts to resect the lesion completely through endoscopy or 
surgery. Surveillance of an ampullary adenoma in the setting of familial adeno-
matous polyposis is reasonable if the lesion is small (<1 cm) and asymptomatic, 
but resection is preferred if advanced histology (e.g., villous features, dysplasia) 
is identified. Surgical resection has been the standard for ampullary tumors. 
Treatment modalities include pancreatoduodenectomy, which has a high rate 
of morbid and even fatal complications, and transduodenal excision, which 
is associated with high recurrence rates. The 5-year survival rates after pan-
creaticoduodenectomy range from 64 to 80% for patients with node-negative 
disease and from 17 to 50% for node-positive disease. Limited data exist 
regarding adjuvant therapy, the benefits of which are uncertain. A common 
practice is to treat these patients in a manner similar to patients with resected 
pancreatic adenocarcinomas (Chapter 185). Patients who present with unre-
sectable disease tend to receive combination gemcitabine (1000 mg/m2) plus 
cisplatin (25 mg/m2) chemotherapy, each administered on days 1 and 8, every 
3 weeks for eight cycles. Palliative biliary stenting can be performed in indi-
viduals who have a short life expectancy.

In patients with small, localized, and clearly benign ampullary adenomas, 
endoscopic resection represents an alternative to surgical therapy in appro-
priately selected patients (E-Fig. 146-3). Whether endoscopic resection is 
effective for larger or higher risk adenomas is uncertain. Furthermore, recur-
rence rates after endoscopic papillectomy approach 20%, thereby emphasizing 
the need for careful follow-up endoscopic surveillance.

 Sphincter of Oddi Dysfunction
Sphincter of Oddi dysfunction is a benign, noncalculous obstruction to flow 
of bile or pancreatic juice through the pancreaticobiliary junction. It may be 
manifested clinically by pain, pancreatitis (Chapter 135), abnormal liver test 
results, or abnormal pancreatic enzymes. Post-cholecystectomy pain resembling 
the patient’s preoperative biliary colic occurs in at least 10 to 20% of patients.

Evaluation of patients with suspected sphincter of Oddi dysfunction 
includes standard serum liver chemistries, serum amylase and lipase levels, 
and an abdominal ultrasound examination or CT scan. The specimens for 

 EPIDEMIOLOGY
About 95% of patients with primary biliary cholangitis are women, and the 
peak age at onset is between 20 and 60 years. The incidence of the disease 
may be increasing. In the United States, the estimated annual incidence is 
about 4.5 per 100,000 per year for women and 0.7 for men. Because of the 
limited life expectancy of affected patients, the age- and gender-adjusted preva-
lence of primary biliary cholangitis is about 65 per 100,000 in women and 
about 12 per 100,000 in men.

 PATHOBIOLOGY
Although the mechanism of progressive destruction of the small interlobular 
ducts is unknown, primary biliary cholangitis is considered to be an autoimmune 
disorder. Genome-wide studies show an association with HLA, interleukin-
12A, and interleukin-12RB2 variants, suggesting that interleukin-12 signaling 
might be important. The disease progresses slowly and can eventually lead to 
biliary cirrhosis, portal hypertension, and liver failure. The classic histologic 
finding is noncaseating granulomas and paucity of bile ducts in the portal 
tracts.

 CLINICAL MANIFESTATIONS
The most common symptoms are fatigue (50%), which can be debilitating 
and is unrelated to the degree of underlying liver disease, and pruritus (30%), 
but about 50% of patients are asymptomatic at the time of diagnosis. Many 
patients are initially seen by dermatologists for pruritus, which may be first 
noticed in pregnancy but persists after delivery.

Autoimmune syndromes associated with primary biliary cholangitis include 
autoimmune thyroid dysfunction (Chapter 213), Sjögren syndrome (Chapter 
252), Raynaud phenomenon (Chapter 251), and celiac disease (Chapter 131). 
Vitamin D malabsorption can also lead to metabolic bone disease (Chapters 
230 and 231).

 DIAGNOSIS
The first clue to primary biliary cholangitis is an elevated serum alkaline phos-
phatase level, which should be confirmed by an elevated γ-glutamyl transpep-
tidase level (Chapter 138). The antimitochondrial antibody level has a sensitivity 
and specificity of more than 95% when the titer is higher than 1 : 40, and it 
may be positive even before there is any clinical or biochemical evidence of 
the disease.19 By comparison, the bilirubin level often is not elevated until 
later in the course of the disease, with most of the elevation typically due to 
an elevation in conjugated bilirubin. Total immunoglobulins are generally 
normal, but immunoglobulin M levels can be elevated.

An ultrasound examination of the biliary tree is critical to confirm the 
absence of extrahepatic disease. A liver biopsy is occasionally needed to confirm 
the diagnosis, particularly in antimitochondrial antibody–negative patients, 
and to stage the disease.

Ursodeoxycholic acid therapy (12 to 15 mg/kg) improves serum bilirubin, 
alkaline phosphatase, and cholesterol levels and has a variable effect on pru-
ritus.20 Unfortunately, it does not relieve fatigue, reduce mortality, or delay the 
need for liver transplantation. In patients who do not respond to ursodeoxycholic 
acid, obeticholic acid in a daily dose of 10 mg can significantly reduce alanine 
aminotransferase, alkaline phosphatase, and γ-glutamyl transpeptidase levels, 
but its effect on clinical outcomes such as liver failure and the need for liver 
transplantation is unknown. A15  Bezafibrate therapy also improves liver chemistry 
test results and pruritus A16  but has not been shown to reduce liver-related 
mortality or overall mortality.

There is no definite benefit from steroids, colchicine, azathioprine, or metho-
trexate. Bisphosphonates (Chapter 230) are commonly prescribed for the 
accompanying metabolic bone disease, but their benefit is uncertain. Liver 
transplantation (Chapter 145) is indicated for refractory disease. The post-
transplantation prognosis is excellent, with 2-year and 5-year survival rates of 
80% and 70%, respectively. However, studies suggest an 8 to 40% recurrence 
in the transplanted liver.

TREATMENT 

 PROGNOSIS
Up to two thirds of asymptomatic patients become symptomatic within 2 to 
4 years. Significant bridging fibrosis or cirrhosis on biopsy carries a worse 
prognosis. Prognosis is also influenced by the serum bilirubin and albumin 

 Grade A References
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E-FIGURE 146-3. A 58-year-old man was found to have a prominent major papilla during upper endoscopy performed for evaluation of dysphagia. Duodenoscopy confirmed 
these findings (A), and biopsies revealed this to be a tubulovillous adenoma. this was grasped with a polypectomy snare (B), removed in one piece by electrocautery, and retrieved for 
pathologic analysis (C). a temporary pancreatic duct stent was placed (not shown), and rectal indomethacin was given to minimize the risk for postprocedure pancreatitis. no residual 
adenoma was seen on surveillance endoscopy 1 year later (D). 
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serum enzyme studies should be drawn during bouts of pain, if possible. Mild 
elevations (less than two times the upper limits of normal) are frequent in 
sphincter of Oddi dysfunction, whereas greater abnormalities are more sug-
gestive of stones, tumors, and parenchymal liver disease. The findings on CT 
and abdominal ultrasound studies are usually normal, but abnormal liver or 
pancreatic enzymes or a dilated bile duct or pancreatic duct may occasionally 
be found. ERCP and sphincter of Oddi manometry may be considered in 
patients who have objective evidence of pancreatic or biliary disease (abnormal 
liver or pancreatic enzymes or a dilated bile or pancreatic duct) or clinically 
significant or disabling symptoms and in whom definitive sphincter ablation 
is planned if abnormal sphincter function is found. In patients without objec-
tive evidence of pancreatic or biliary disease, ERCP and manometry are no 
longer recommended. A17 

Medical therapy with nonspecific antispasmodics (e.g., dicyclomine, 10 to 
20 mg every 6 hours; hyoscyamine, 0.375 mg every 12 hours) or smooth 
muscle relaxants (e.g., nifedipine, 60 mg daily) for a 1-month trial should be 
considered in patients with pancreaticobiliary-type pain (with or without 
abnormal liver enzyme, amylase, or lipase levels) or a dilated bile or pancreatic 
duct. If patients do not respond satisfactorily, ERCP and endoscopic sphinc-
terotomy can improve pain in 55 to 95% of patients with abnormal findings 
on laboratory testing or abdominal imaging. Alternatively, only about 25% of 
patients without objective evidence of pancreatic or biliary disease improve 
after sphincterotomy.
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REVIEW QUESTIONS

1. A 55-year-old woman is found to have several large calcifications in the 
right upper quadrant on plain radiographs of her spine, performed as part 
of her routine chiropractic examination. She denies abdominal pain and 
has normal serum liver test results. She has diabetes mellitus but no other 
significant comorbidities. Subsequent abdominal ultrasound reveals a 3.8-cm 
gallbladder stone, three smaller stones each less than 10 mm in diameter, 
a normal gallbladder wall, and a nondilated bile duct. The most appropriate 
next step in the management of this patient is:
 A. Magnetic resonance imaging/magnetic resonance cholangiopancrea-

tography (MRI/MRCP) for further evaluation of her biliary tree
 B. Oral dissolution therapy with ursodeoxycholic acid
 C. Surgical consultation for elective laparoscopic cholecystectomy
 D. Extracorporeal shock wave lithotripsy
 E. A conservative watch-and-wait approach, with surveillance ultrasound 

in 12 months
Answer: C As discussed for asymptomatic gallstones, gallbladder stones larger 
than 3 cm are associated with an increased incidence of acute cholecystitis, 
and there is a 10-fold increased risk for gallbladder cancer. Prophylactic cho-
lecystectomy is recommended in this scenario. MRI/MRCP may be considered, 
but it is unlikely to add additional information in this patient because significant 
bile duct disease is less likely in the setting of a nondilated bile duct on ultra-
sound and normal liver test results. The nonoperative methods listed (urso-
deoxycholic acid, extracorporeal shock wave lithotripsy) are not options in 
patients with gallbladder stones of this size. A conservative watch-and-wait 
approach may be advocated by some in this asymptomatic patient, but given 
the increased cancer risk and her lack of significant comorbidities, surgery is 
the better option here. Furthermore, there is no evidence to support surveil-
lance ultrasound in 12 months.

2. A 44-year-old woman with a history of recurrent urinary tract infections 
undergoes abdominal/renal ultrasound for further evaluation. She previ-
ously underwent laparoscopic cholecystectomy for gallbladder stones 20 
years ago. Ultrasound reveals normal kidneys without hydronephrosis, but 
an incidental single 8-mm shadow suggesting a common bile duct stone 
is seen. The bile duct is 11 mm in diameter. She denies upper abdominal 
pain but has noted nausea and dark urine recently, which she has attributed 
to a recurrent urinary tract infection. She also notes diffuse pruritus. Her 
serum liver test results are as follows: aspartate transaminase 78 IU/L 
(normal, <40 IU/L), alanine transaminase 95 IU/L (<45 IU/L), alkaline 
phosphatase 235 IU/L (<125 IU/L), bilirubin 3.2 mg/dL (<1.0 mg/dL). 
Which of the following statements is the most correct?
 A. MRCP should be performed to confirm the finding of a bile duct stone, 

given the poor specificity of transabdominal ultrasound for detection 
of choledocholithiasis.

 B. The bile duct stone is most likely to be a cholesterol stone.
 C. In the absence of abdominal pain, a watch-and-wait approach is justified 

in this scenario.
 D. Proceed directly to endoscopic retrograde cholangiopancreatography 

(ERCP) for attempted bile duct stone removal.
 E. Perform a surgical exploration.

Answer: D Although transabdominal ultrasound has a low sensitivity for 
detection of common bile duct stones, its specificity is more than 90% in most 
series. MRCP is unnecessary in this case because the patient also has elevated 
liver test values and biliary dilation. Choledocholithiasis occurring 20 years 
after cholecystectomy probably represents a primary bile duct stone, which 
is likely to be a brown pigment stone rather than a cholesterol stone. Given 
the potential for severe, even life-threatening complications of bile duct stones 
(cholangitis, pancreatitis), a watch-and-wait approach is not recommended. 
Proceeding with ERCP and stone removal is the most appropriate next step 
in this scenario.

3. Regarding primary sclerosing cholangitis (PSC), which of the following 
statements is true?
 A. Women outnumber men in a 2 : 1 ratio.
 B. A liver biopsy demonstrating characteristic findings is necessary to 

establish the diagnosis of PSC in all affected patients.
 C. Ursodeoxycholic acid is the only medical therapy that has been shown 

to slow the progression of PSC.
 D. The risk for development of cholangiocarcinoma increases with the 

duration of the disease.
 E. Current guidelines suggest that bone densitometry be performed in all 

PSC patients at diagnosis and every 2 to 3 years thereafter.
Answer: E Affected PSC patients are at risk for hepatic osteodystrophy, a 
metabolic bone disease that may be seen in chronic liver disease. The American 
Association for the Study of Liver Diseases (AASLD) has suggested that bone 
densitometry be performed to screen for this disorder. PSC is seen more 
commonly in men than in women in a 2 : 1 ratio. Cholangiography is necessary 
to establish the diagnosis of PSC because liver biopsy findings are nonspecific. 
Only in patients with “small-duct PSC,” in which cholangiography is normal, 
may the liver biopsy suggest the diagnosis in association with other associated 
features (e.g., presence of inflammatory bowel disease, elevated alkaline phos-
phatase). No medical therapy has been shown to slow the progression of PSC, 
and recent AASLD guidelines do not support the routine use of ursodeoxy-
cholic acid in these patients. Interestingly, there is an inverse relationship 
between incidence of cholangiocarcinoma and duration of PSC; PSC patients 
who have had the disease for a shorter time appear to be at increased risk for 
the development of this complication.

4. A 35-year-old woman presents to you for evaluation of a 6-month history 
of episodic, postprandial right upper quadrant pain. Her pain is identical 
to pain that previously responded to cholecystectomy 4 years ago for a 
functional gallbladder disorder. No gallbladder stones were identified at 
surgery. Aspartate transaminase and alanine transaminase were both found 
to be two to three times elevated during two recent emergency department 
visits but are normal on days when she is pain free. Alkaline phosphatase, 
bilirubin, amylase, and lipase levels are repeatedly normal. You obtain MRI/
MRCP, which reveals a normal pancreas and biliary tree without intraductal 
filling defects or duct dilation. Findings on upper endoscopy and endoscopic 
ultrasound are normal. She continues to work full-time, without days missed 
from work, need for hospitalization, or use of narcotics. Which of the 
following statements is correct?
 A. A common bile duct stone is the most likely diagnosis.
 B. A liver biopsy is recommended as the next investigation.
 C. She may have sphincter of Oddi stenosis (formerly known as type I 

sphincter of Oddi dysfunction).
 D. A trial of nifedipine or other antispasmodic is suggested before proceed-

ing with ERCP.
 E. This patient is at low-risk for the development of post-ERCP pancreatitis.

Answer: D Bile duct stones can occur after cholecystectomy but are rarely 
found in a patient who did not have gallbladder stones at cholecystectomy, 
especially in the absence of factors that increase the likelihood of bile stasis 
(see Bile Duct Stones, Pathobiology). Furthermore, normal findings on MRCP 
and endoscopic ultrasound make this diagnosis much less likely. Given the 
elevated liver test values associated with abdominal pain, but not during normal 
pain-free intervals, a biliary etiology is more likely than hepatocellular disease. 
Liver biopsy, therefore, is less likely to be helpful in the diagnostic evaluation 
of this patient. Biliary-type pain associated with elevated liver test values during 
attacks of pain and a nondilated bile duct on abdominal imaging defines sus-
pected sphincter of Oddi dysfunction per Rome IV criteria, formerly known 
as type II sphincter of Oddi dysfunction. Medical trials with nonspecific anti-
spasmodics or smooth muscle relaxants (e.g., calcium-channel blockers) should 
be considered in less severely symptomatic patients before proceeding with 
ERCP and sphincter of Oddi manometry because patients with suspected 
sphincter of Oddi dysfunction are at high risk for post-ERCP pancreatitis.
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5. A 44-year-old woman with a remote history of alcohol abuse is brought 
to her local emergency department for evaluation after her family noted 
that her eyes and skin were yellow. She has been abstinent from alcohol 
for 15 years. She notes mild pruritus but is otherwise asymptomatic and 
has lost no weight. She previously had complained of episodic abdominal 
pain and was found to have a decreased gallbladder ejection fraction, leading 
to laparoscopic cholecystectomy 6 months earlier. Ultrasound did not reveal 
gallbladder stones. Her pain completely resolved postoperatively. Labora-
tory tests in the emergency department reveal a normal complete blood 
count, serum bilirubin 6.0 mg/dL (normal, <1 mg/dL), alkaline phosphatase 
722 IU/L (<125 IU/L), aspartate transaminase 93 IU/L (<45 IU/L), 
alanine transaminase101 IU/L (<40 IU/L), amylase 64 IU/L (<125 IU/L), 
and CA19-9 367 U/mL (<37 U/mL). A computed tomography scan with 
intravenous administration of contrast material reveals dilated intrahepatic 
bile ducts proximal to the mid–hepatic duct, adjacent to the cholecystec-
tomy clips, as well as a normal distal bile duct and pancreas, without stones 
or mass identified. Her pancreatic duct is normal. Which of the following 
statements is true?
 A. Choledocholithiasis is the most likely diagnosis.
 B. The elevated CA19-9 suggests that the most likely diagnosis is 

cholangiocarcinoma.
 C. MRI/MRCP would be expected to identify a type I choledochal cyst 

in this scenario.
 D. The presentation 6 months after cholecystectomy is consistent with a 

postoperative bile duct injury.
 E. Your most likely diagnosis is a benign biliary stricture from chronic 

pancreatitis.

Answer: D Bile duct injuries after laparoscopic cholecystectomy may be 
manifested in the immediate postoperative period (e.g., bile duct transection 
or when a surgical clip is placed over the common bile duct) or delayed, when 
thermal or ischemic injury may result in a biliary stricture. Ischemic injuries 
most commonly occur within a few months of surgery but may be manifested 
longer than 1 year postoperatively. Although primary bile duct stones may 
occur after cholecystectomy, they are very unlikely when gallbladder stones 
are not identified before surgery, as in this case. An elevated CA19-9 may be 
seen in any tumor that causes biliary obstruction (not specific to cholangio-
carcinoma) as well as in benign obstructing lesions (bile duct stones, primary 
sclerosing cholangitis). The computed tomography findings of biliary dilation 
adjacent to the surgical clips and a nondilated distal bile duct suggest an 
obstructing lesion in the proximal bile duct (e.g., stricture, stone), not a type 
I choledochal cyst. A patient with a history of alcohol abuse might present 
with cholestatic liver test results and painless jaundice from a biliary stricture 
secondary to chronic pancreatitis, but such a complication would be less likely 
in a patient who has been abstinent for 15 years. Furthermore, cross-sectional 
imaging or cholangiography would be expected to reveal a distal biliary stricture 
within the head of the pancreas or perhaps with a dilated bile duct proximally, 
not the imaging findings described in this case.
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147 
HEMATOPOIESIS AND HEMATOPOIETIC 
GROWTH FACTORS
KENNETH KAUSHANSKY

Hematopoiesis is the process by which bone marrow stem cells develop into 
all of the cell types present in the blood (erythrocytes, neutrophils, eosinophils, 
basophils, monocytes, platelets, T lymphocytes, B lymphocytes, and natural 
killer cells) (Fig. 147-1). The regulation of the numbers of each cell type is 
carefully controlled by paracrine and endocrine hematopoietic growth factors, 
which exert antiapoptotic, proliferative, and differentiative effects on hema-
topoietic stem, progenitor, and maturing blood cells. Many of these glycopro-
teins are now produced by recombinant DNA technology and have been among 
the most successful therapeutics in modern medicine.

 HEMATOPOIETIC STEM AND  
PROGENITOR CELLS

Hematopoietic stem cells comprise one in 105 to 106 marrow cells and are 
not morphologically distinguishable from other progenitors or small lympho-
cytes but can be purified to homogeneity using physical characteristics and 
combinations of monoclonal antibodies (including CD34+) to cell surface 
proteins.1 The two critical characteristics of a hematopoietic stem cell are its 
ability to differentiate into all blood cell types and to self-renew. The decision 
to self-renew or differentiate is a stochastic process, at the stem cell stage and 
at the subsequent multipotent or unipotent stages of differentiation, that can 
be influenced by a number of cell extrinsic (growth factors and stromal pro-
teins) and cell intrinsic (transcription factors) molecules. Hematopoietic stems 
cells reside in specialized microenvironments (niches) within the bone marrow. 
The complex and diverse stromal cell populations that comprise the critical 
perivascular stem cell niche include endothelial cells, CXCL12 abundant 
reticular [CAR] cells, nestin+ mesenchymal stem cells, and megakaryocytes, 
and provide signals that support stem cell maintenance, self-renewal, and 
long-term multilineage repopulation ability.2

Clonal hematopoiesis with somatic mutations, which can be detected by 
DNA sequencing, is found increasingly commonly with advancing age (cur-
rently referred to as clonal hematopoiesis of undetermined potential [CHIP]), 
and is associated with higher risks of hematologic cancer and all-cause mortal-
ity.3 Some genes that are mutated in patients with myeloid cancers are frequently 
mutated in apparently healthy persons; these mutations may represent char-
acteristic early events in the development of hematologic cancers4 and may 
even be associated with increased risk of atherosclerotic cardiovascular disease.5,6 
Evidence based on recapitulating the genetic changes in patients with CHIP 
in engineered mice strongly suggests that dysregulated inflammation in the 
affected monocytes/macrophages is responsible for the excess cardiovascular 
and cerebrovascular disease seen in such patients.7

 HEMATOPOIETIC CELL EXPANSION: 
HEMATOPOIETIC GROWTH FACTORS

A large number of transcription factors regulate stem cell number and dif-
ferentiation state. Several molecular switches have been identified that determine 
hematopoietic cell fate.

Equally important to hematopoiesis is a group of hematopoietic growth 
factors that share structural homology and bind to nonredundant type I trans-
membrane proteins belonging to the cytokine receptor family. Many of these 
proteins are the physiologic regulators of a specific lineage of blood cells (e.g., 
erythropoietin, granulocyte colony-stimulating factor, thrombopoietin); others 
appear to represent redundant hematopoietic growth-promoting activities of 
molecules essential for other biologic functions (e.g., interleukin-3 [IL-3], 
interleukin-11 [IL-11], granulocyte-macrophage colony-stimulating factor).

Erythropoietin is produced predominantly by the kidneys and to a lesser 
extent in the liver and acts on marrow erythroid progenitors to enhance their 
survival, proliferation, and differentiation. Levels of erythropoietin are inversely 
related to hemoglobin concentrations in the blood, as reflected in renal oxygen 
tension. In the presence of tissue (renal) hypoxia, the transcription factor 
hypoxia-induced factor (HIF) 1α is stabilized against proteasome-mediated 
destruction and drives erythropoietin transcription by binding to a critical 

hypoxia responsive element located in the 3′ untranslated region of the gene. 
Genetic elimination of erythropoietin or its receptor results in embryonic 
lethality, establishing that although other cytokines can influence erythropoi-
esis, red blood cell production is absolutely dependent on the hormone.

Granulocyte colony-stimulating factor stimulates the production of neu-
trophils from their marrow progenitors (Fig. 147-2). Levels of the hormone 
are also inversely related to neutrophil numbers but are regulated primarily by 
inflammatory stimuli, including tumor necrosis factor-α (TNF-α) and IL-1α 
acting on endothelial cells, fibroblasts, and macrophages. Similar to the action of 
erythropoietin on erythroid progenitors, granulocyte colony-stimulating factor 
acts to enhance the survival, proliferation, and differentiation of neutrophil 
progenitors. In addition, the cytokine acts to functionally activate the mature 
cells it helps to produce. Genetic elimination of granulocyte colony-stimulating 
factor or its receptor in mice reduces neutrophil levels to 25% of normal, the 
only hormone known to exert this great an impact on granulopoiesis.

Thrombopoietin, the primary regulator of platelet production, is produced 
in the liver and by marrow stromal cells. Plasma levels of the hormone are 
normally inversely related to platelet mass and are regulated by the level of 
senescent platelet uptake, mediated by the hepatocyte Ashwell-Morrell recep-
tor; inflammation, mediated by IL-6; TPO removal by circulating platelets; 
and by transcriptional feedback inhibition of the thrombopoietin gene in 
marrow stromal cells by platelet granule proteins.8 Similar to erythropoi-
etin and granulocyte colony-stimulating factor, thrombopoietin stimulates 
the survival, proliferation, and differentiation of its corresponding lineage, 
MKs and their precursors, and primes mature platelets to respond to plate-
let activation agonists. But unlike the other two cytokines, thrombopoietin 
also has important, nonredundant effects on the hematopoietic stem cell.7 
Genetic elimination of thrombopoietin or its receptor in mice or congenital 
nonsense or missense mutations in the gene for the thrombopoietin receptor 
in humans results in platelet levels approximately 10% of normal and a reduc-
tion in stem cells, eventuating in aplastic anemia in children by 1 to 2 years  
of age.

Chemokines also regulate hematopoiesis. The chemokine ligands CXCR2 
and CXCL4 affect the survival and self-renewal of hematopoietic stem cells,9 
as does interferon-α signaling, which promotes embryonic hematopoietic 
stem cell maturation.10 Other cytokine-receptor systems are essential for one 
or more aspects of hematopoiesis and mature blood cell function and include 
IL-7, critical for all types of lymphocyte production; IL-5, the primary regula-
tor of eosinophil production; IL-4, responsible for immunoglobulin class 
switching in B lymphocytes; IL-15, essential for normal natural killer cell 
differentiation; and IL-2, a lymphocyte activation cytokine.

Another class of cytokines and receptors that influences hematopoiesis is 
exemplified by the c-kit receptor, a member of the receptor tyrosine kinase 
family of surface proteins, and its cognate ligand, stem cell factor (also termed 
steel factor or kit-ligand). Although the c-kit receptor is structurally distinct 
from members of the hematopoietic cytokine receptor family (discussed above), 
stem cell factor is structurally related to the cytokines that bind to members 
of the hematopoietic growth factor family. Genetic deletion of stem cell factor 
or the c-kit receptor results in the near complete elimination of hematopoietic 
stem cells, erythroid precursors and basophils, and mast cells. Two other 
hematopoietic members of this family of cytokines and receptors are Flt3 
ligand and its receptor Flt-3, which affects dendritic cell formation, and mac-
rophage colony-stimulating factor and its receptor, c-Fms, which is critical for 
monocyte production.

The molecular mechanisms by which the hematopoietic growth factors 
affect blood cell survival, proliferation, and differentiation are becoming increas-
ingly well understood. Binding of cognate ligand to each of the hematopoietic 
cytokine receptors results in activation of one or more tyrosine kinases, either 
tethered cytoplasmic kinases of the Janus ( JAK) family for the hematopoietic 
cytokine receptor family or the intrinsic kinase of the cytokines that use the 
receptor tyrosine kinase class of receptors (stem cell factor, Flt3 ligand, and 
macrophage colony-stimulating factor). After activation, these kinases phos-
phorylate tyrosine residues within the cytoplasmic domains of each receptor, 
providing docking sites for cytoplasmic signaling intermediates possessing 
Src homology (SH)2 domains. Among the best characterized SH2 domain 
containing proteins that bind to hematopoietic receptors are nascent transcrip-
tion factors, such as the signal transducers and activators of transcription 
(STAT) proteins; adapter proteins, including Grb2, Gab1, tensin2, and SHC; 
phosphatases, for example, SHP1 and SHP2; and the regulatory subunit (p85) 
of phosphoinositol-3-kinase (PI3K). When bound to one or more of the newly 
induced phosphotyrosine residues of the cytokine receptor or receptor tyrosine 
kinase, these secondary molecules are phosphorylated, either by JAK or other 
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ABSTRACT
Hematopoiesis is the process by which marrow hematopoietic stem cells expand 
and differentiate into all the formed elements of the blood. The process is 
under strict control to assure adequate cell numbers to carry oxygen and 
carbon dioxide to and from the tissues, to fight infection, and to carry out 
hemostasis. A wide variety of glycoprotein hormones have now been identified 
that regulate hematopoiesis, many of which have been developed as thera-
peutics for patients with inadequate numbers of erythrocytes, neutrophils, 
lymphocytes, and/or platelets.
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variable degrees of anemia that are often very debilitating. Administration of 
erythropoietic stimulating agents almost invariably results in a rapid reticulocyte 
response and correction of the anemia. Most patients undergo an enhanced 
sense of well being as the blood hemoglobin concentration rises to 10 g/dL. 
Clinical trials have demonstrated the efficacy of these agents in patients with 
renal failure and with cancer, although recent analyses call into question the 
safety of these agents in some settings. A1 

,
 A2  For example, patients receiving 

higher levels of the drug for anemia secondary to kidney failure progressed 
to requiring dialysis more frequently and experienced increased cardiovas-
cular events, such as myocardial infarction and stroke, than patients on low 
levels of the hormone sufficient to maintain their blood Hgb at 10 g/dL or  
lower. A3  And patients receiving erythropoietin for cancer also experienced 
increased relapses of their tumors compared with individuals not receiving 
the hormone. The only patients who regularly demonstrate a poor response 

kinases, making them competent to bind additional molecules (e.g., the adapt-
ers that ultimately activate Ras, and p85 PI3K that binds its kinase [p110] 
subunit) or are activated as transcription factors (e.g., STATs). The downstream 
effector molecules then activated include a number of kinases, transporter 
molecules, and transcription factors, ultimately leading to hematopoietic cell 
survival, proliferation, and differentiation.

 CLINICAL USES OF HEMATOPOIETIC CELLS AND 
GROWTH FACTORS

The clinical development of erythropoietin, granulocyte colony-stimulating 
factor, and thrombopoietin receptor agonists (TRAs) represent some of the 
very best examples of harnessing recombinant DNA technology for therapeutic 
benefit. Patients with renal failure, widespread inflammation, or bone marrow 
replacement and those undergoing chemotherapy for cancer all experience 
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are individuals with severe inflammation (Chapter 149). Overall, erythropoi-
etic stimulating agents are safe and effective drugs for patients with anemia 
caused by a wide range of conditions, but their use and dose must be care-
fully considered.

Many patients undergoing cytotoxic therapy for cancer experience severe 
neutropenia and are thus at substantial risk for life-threatening infection. Clini-
cal trials of recombinant granulocyte colony-stimulating factor in patients 
undergoing aggressive chemotherapy for leukemia and solid tumors resulted 
in the Food and Drug Administration (FDA) approval of the drug for use in 
patients undergoing chemotherapy of intensity sufficient to produce severe 
neutropenia (Chapter 158). The use of the drug is associated with the more 
rapid return of neutrophils to safe levels if administered soon after the inciting 
chemotherapy is completed but not at the nadir of neutrophil production and 
results in lower risk of severe infections. However, the use of granulocyte 
colony-stimulating factor has not enhanced survival in patients with any tumor 
type. A4  And similar to the use of erythropoietin in patients with cancer, the 
administration of granulocyte colony-stimulating factor to some patients 
receiving cytotoxic chemotherapy for cancer, (e.g., breast cancer) has been 
associated with a statistically significant increase in cancer recurrence, although 
this finding is controversial.

Thrombopoietin was cloned and characterized in 1994 and was quickly 
advanced to clinical trials following the model of granulocyte colony-stimulating 
factor use in patients undergoing cancer chemotherapy. Initial results with 
the intact hormone and a truncated version that included only the receptor-
binding domain were mixed, and use of the truncated form of the drug, 
administration to healthy volunteer donors to improve platelet apheresis yields, 
resulted in a significant number of subjects developing antidrug antibodies 
that cross-reacted with their native thrombopoietin, resulting in severe throm-
bocytopenia. This experience caused both manufacturers of thrombopoietin 
to cease clinical trials. Instead, several small molecules that bind to and stimulate 
the thrombopoietin receptor and stimulate thrombopoiesis have been devel-
oped for clinical use. A5 

,
 A6  Two such drugs are approved by the FDA for use in 

patients with severe immune thrombocytopenia—one a peptibody that contains 
four copies of a thrombopoietin receptor binding peptide grafted onto an 
immunoglobulin scaffold and the other a small organic molecule that is orally 
bioavailable and binds to a spatially distinct site on the thrombopoietin recep-
tor. The use of each drug results in a high rate of platelet responses into the 
normal range in patients with severe immune thrombocytopenia (Chapter 
163) who were refractory to conventional therapies. It was initially thought 
that while thrombopoietin receptor agonists would stimulate platelet produc-
tion in excess of immune destruction, they would not alter the pathophysiology 
of ITP, and hence be required for very long periods of time. A growing number 
of extremely refractory ITP patients have been reported to no longer require 
a thrombopoietin receptor agonist (TRA) after a variable number of months 
of therapy, suggesting that these drugs might be able to alter the immune 
response in such patients. In addition to the treatment of patients with ITP, 
TRAs have been approved for use in patients with thrombocytopenia second-
ary to interferon treatment of hepatitis C viral infection and for patients with 
aplastic anemia. Additional clinical indications are being tested.

 Grade A References

A1. Amato L, Addis A, Saulle R, et al. Comparative efficacy and safety in ESA biosimilars vs. originators 
in adults with chronic kidney disease: a systematic review and meta-analysis. J Nephrol. 2018;31:321-332.

A2. Tonia T, Mettler A, Robert N, et al. Erythropoietin or darbepoetin for patients with cancer. Cochrane 
Database Syst Rev. 2012;CD003407.

A3. Palmer SC, Saglimbene V, Craig JC, et al. Darbepoetin for the anaemia of chronic kidney disease. 
Cochrane Database Syst Rev. 2014;CD009297.

A4. Gurion R, Belnik-Plitman Y, Gafter-Gvili A, et al. Colony-stimulating factors for prevention and 
treatment of infectious complications in patients with acute myelogenous leukemia. Cochrane Database 
Syst Rev. 2012;CD008238.

A5. Tarantino MD, Bussel JB, Blanchette VS, et al. Romiplostim: a phase 3, randomized, double-blind 
placebo-controlled study. Lancet. 2016;388:45-54.

A6. Grainger JD, Locatelli F, Chotsampancharoen T, et al. Eltrombopag for children with chronic immune 
thrombocytopenia (PETIT2): a randomized, multicentre, placebo-controlled trial. Lancet. 2015;386: 
1649-1658.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

https://expertconsult.inkling.com/


CHAPTER 147 Hematopoiesis and Hematopoietic GrowtH Factors 1020.e1

GENERAL REFERENCES

1. Ng AP, Alexander WS. Haematopoietic stem cells: past, present and future. Cell Death Discov. 
2017;3:1-4.

2. Boulais PE, Frenette PS. Making sense of hematopoietic stem cell niches. Blood. 2015;125: 
2621-2629.

3. Steensma DP. Clinical consequences of clonal hematopoiesis of indeterminate potential. Hematology 
Am Soc Hematol Educ Program. 2018;2018:264-269.

4. Genovese G, Kahler AK, Handsaker RE, et al. Clonal hematopoiesis and blood-cancer risk inferred 
from blood DNA sequence. N Engl J Med. 2014;371:2477-2487.

5. Jaiswal S, Natarajan P, Silver AJ, et al. Clonal hematopoiesis and risk of atherosclerotic cardiovascular 
disease. N Engl J Med. 2017;377:111-121.

6. Silver AJ, Jaiswal S. Clonal hematopoiesis: pre-cancer PLUS. Adv Cancer Res. 2019;141:85-128.
7. Fuster JJ, MacLauchlan S, Zuriaga MA, et al. Clonal hematopoiesis associated with TET2 deficiency 

accelerates atherosclerosis development in mice. Science. 2017;355:842-847.
8. Grozovsky R, Begonja AJ, Liu K, et al. The Ashwell-Morell receptor regulates hepatic thrombopoietin 

production via JAK2-STAT3 signaling. Nat Med. 2015;21:47-54.
9. Sinclair A, Park L, Shah M, et al. CXCR2 and CXCL4 regulate survival and self-renewal of hemato-

poietic stem/progenitor cells. Blood. 2016;128:371-383.
10. Kim PG, Canver MC, Rhee C, et al. Interferon-alpha signaling promotes embryonic HSC maturation. 

Blood. 2016;128:204-216.



CHAPTER 148 The PeriPheral Blood Smear1020

148 
THE PERIPHERAL BLOOD SMEAR
BARBARA J. BAIN

With the development of sophisticated automated instruments to count and 
characterize blood cells, Romanowsky (Wright-Giemsa or May-Grünwald-
Giemsa)–stained peripheral blood smears are now performed on only a minority 
of blood specimens received in a hematology laboratory. Nevertheless, the 
blood smear remains important for a number of reasons: it can (1) verify the 
result of an automated instrument, (2) provide an immediate specific diagnosis, 
or (3) indicate a narrow range of diagnostic possibilities, permitting a focused 
rather than indiscriminate investigation.1-3 A blood film can provide a rapid 
diagnosis in cases in which speed is crucial, such as in acute promyelocytic 
leukemia, thrombotic thrombocytopenic purpura, Burkitt lymphoma, and 
certain infections.4,5 Sometimes a smear provides unexpected information 
that is of value in patient management.6-9

Usually, blood smears are initially interpreted by a laboratory scientist. In 
some countries, it is customary for clinicians to examine the blood smears of 
their own patients because the clinician has the final responsibility for inte-
grating all information and making a diagnosis. However, the interpretation 
of a blood smear can be difficult, and a trained laboratory hematologist or 
hematopathologist has a major role in interpreting smears that may have been 
initially examined by a laboratory scientist. Digital microscopy is a practical 
option for expert evaluation and triage of peripheral blood smears in locations 
where experienced staff are not available on site.10

It is crucial that, when requesting a blood count, the clinician provides all 
the essential information needed to interpret the count and any associated 
smear. Regardless of whether the clinician examines the blood film, he or she 
must be able to interpret the written report issued by the laboratory. To do 
so, the clinician must be familiar with the terms generally used by laboratory 
staff and the possible significance of the abnormalities described. The most 
important of these terms are illustrated in Figures 148-1 through 148-20.

 REASONS FOR PERFORMING A BLOOD SMEAR
A blood smear may be requested by a clinician or initiated by a laboratory 
scientist or a laboratory hematologist. Clinical findings that should lead a 
clinician to request a blood smear are summarized in Table 148-1.

Laboratory scientists and physicians may initiate a blood smear that has 
not been requested by the clinician if the clinical details indicate the possibility 
of a significant hematologic abnormality. However, they are also likely to evalu-
ate a blood smear in response to abnormalities revealed by an automated 
instrument. These abnormalities may be quantitative or qualitative. Quantita-
tive abnormalities that require evaluation include anemia, polycythemia, 

FIGURE 148-1. Normal peripheral blood smear. These normal red cells are described 
as normocytic (i.e., of normal size) and normochromic (i.e., their staining characteristics 
are normal). Normal erythrocytes are biconcave discs, causing them to have an area of 
central pallor that does not exceed one third the diameter of the cell. There are also 
scattered normal platelets (×1000). 
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ABSTRACT
Despite major advances in other diagnostic methods, the blood smear remains 
very useful in hematologic diagnosis. Sometimes it is critical, either because 
it yields a diagnosis very quickly or because it provides information that is 
not available in any other way. Blood smear examination permits other tests 
to be targeted to confirming a diagnosis or exploring a differential diagnosis.
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FIGURE 148-2. Smear showing multiple abnormalities. There is anisocytosis, defined 
as an increased variation in cell size; poikilocytosis, defined as an increased variation in 
cell shape; and polychromasia, defined as the presence of erythrocytes with a blue tinge 
to their cytoplasm—indicating a young cell recently released from the bone marrow in 
which the polychromasia is due to the presence of rNa. Polychromatic cells are erythrocytes 
with a blue tinge; because polychromatic cells are larger than normal mature erythrocytes, 
they are known as polychromatic macrocytes (arrow). The film also shows two cells con-
taining bluish purple Howell-Jolly bodies; these inclusions are nuclear remnants (×1000). 

FIGURE 148-3. Microcytic red cells from a case of thalassemia minor (β-thalassemia 
heterozygosity). in a blood smear, a microcyte can be defined as a cell with a diameter 
less than that of the nucleus of a normal small lymphocyte. There are also some cells 
showing hypochromia, an area of central pallor that is larger than one third of the diameter 
of the red cell. in addition, there are two target cells, with a hemoglobinized area in the 
center of the area of pallor (×1000). 

FIGURE 148-4. Macrocytic anemia. a macrocyte is recognized on a blood film as a cell 
with a diameter that is considerably greater than that of the nucleus of a small lympho-
cyte. in addition, this smear shows oval macrocytes (also known as macro-ovalocytes), 
defined as cells that are larger than normal and oval in shape (arrow). They are of con-
siderable diagnostic importance, being characteristic of megaloblastic anemia; they can 
also be seen in dyserythropoiesis (×1000). 

FIGURE 148-5. Hereditary spherocytosis. a spherocyte is a red cell that lacks central 
pallor because of its spherical shape. in hereditary spherocytosis, there are usually cells 
in which the central pallor is reduced rather than absent, and they are intermediate in 
shape between a spherocyte and a discocyte, which is an erythrocyte with the normal 
shape of a biconcave disc (×1000). 

FIGURE 148-6. Target cells. a target cell is an erythrocyte with a hemoglobinized area 
in the middle of the normal area of central pallor (×1000). 

FIGURE 148-7. Sickle cells. a sickle cell is a cell with a sickle or crescent shape resulting 
from the polymerization of hemoglobin S. These cells are seen not only in sickle cell 
anemia (homozygosity for hemoglobin S) but also in compound heterozygous states 
such as sickle cell/hemoglobin C disease and sickle cell/β-thalassemia, which also lead 
to sickle cell disease. This smear also shows target cells and boat-shaped cells with a 
lesser degree of polymerization of hemoglobin S than in a classic sickle cell (×1000). 
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FIGURE 148-8. Red cell fragmentation. Red cell fragments or schistocytes are defined 
as fragments of erythrocytes. in addition to small angular fragments, there may be micro-
spherocytes, cells of reduced size and spherical in form (also known as spheroschistocytes), 
and keratocytes, cells with two or four horn-like projections. Keratocytes can result from 
removal of a heinz body, as well as from red cell fragmentation. Some schistocytes are 
referred to as helmet cells because of their typical shape. Schistocytes are seen in micro-
angiopathic hemolytic anemias and in mechanical hemolysis (×1000). 

FIGURE 148-9. Hereditary elliptocytosis. an elliptocyte is an elliptical red cell. When 
seen in the numbers present in this smear, they are indicative of hereditary elliptocytosis; 
smaller numbers are seen in other conditions such as iron deficiency anemia, in which 
they are sometimes referred to as pencil cells (×1000). 

FIGURE 148-10. Hereditary pyropoikilocytosis. This smear shows striking poikilo-
cytosis, including elliptocytes, microspherocytes and other fragments, and teardrop cells. 
This congenital condition, which is related to hereditary elliptocytosis, usually results 
from the inheritance of two different mutated genes from the two parents and is char-
acterized by a severe hemolytic anemia (×1000). 

FIGURE 148-11. Teardrop poikilocytes. Teardrop poikilocytes, or dacrocytes, are  
teardrop-shaped red cells; they are characteristic of primary myelofibrosis but are also 
seen in myelofibrosis secondary to bone marrow infiltration and in megaloblastic anemia 
(×1000). 

FIGURE 148-12. Stomatocytosis. a stomatocyte is a cell that appears to have a central 
mouth-shaped or slit-like stoma. among the less common causes is hereditary stomato-
cytosis. alcohol and hydroxycarbamide (hydroxyurea) therapy are more common causes 
(×400). 

FIGURE 148-13. A cluster of Pappenheimer bodies within a target cell in sickle cell 
anemia. a Pappenheimer body is an iron-containing red cell inclusion. it is smaller and 
more angular than a howell-Jolly body and stains navy blue rather than purple. Pap-
penheimer bodies are seen following splenectomy, in other hyposplenic states, and in 
sideroblastic anemias. The smear also shows boat-shaped cells, a nucleated red blood 
cell, polychromatic macrocytes, and a polychromatic stomatocyte (×1000). 
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FIGURE 148-14. Basophilic stippling. Basophilic stippling, also known as punctate 
basophilia, means that there are fine (as in this case) or coarse purplish blue dots dispersed 
through the red cell (arrow). They are a very nonspecific feature occurring in thalassemia 
trait, lead poisoning, pyrimidine 5′-nucleotidase deficiency, and dyserythropoiesis in 
general (×1000). 

FIGURE 148-15. Rouleaux formation. Rouleaux are stacks of red cells, often compared 
to stacks of coins. They result from an increase of high-molecular-weight globulins in the 
plasma, either as a reactive change or as a result of secretion of a paraprotein in a plasma 
cell neoplasm (×1000). 

FIGURE 148-16. Red cell agglutination. Red cell agglutinates are irregular aggregates 
of red cells, as seen in Mycoplasma pneumoniae infection. They are also seen in other 
infections, such as infectious mononucleosis, and in chronic cold hemagglutinin disease 
(×100). (Courtesy of Jean Schafer.)

FIGURE 148-17. Homozygous hemoglobin C. Three hemoglobin C crystals are present, 
one indicated by an arrow. hemoglobin C crystals are usually six-sided, with a long axis 
having parallel edges. They can also be seen in sickle cell/hemoglobin C compound het-
erozygosity and in hemoglobin C/β0 thalassemia (×1000). 

FIGURE 148-18. Toxic granulation. Toxic granulation refers to heavy staining of azuro-
philic granules of neutrophils. When accompanied by neutrophil vacuolation, it is often 
indicative of infection, but it can also result from inflammation, tissue damage, admin-
istration of granulocyte colony-stimulating factor, and normal pregnancy. rarely it results 
from chronic neutrophilic leukemia or a leukemoid reaction to multiple myeloma (×1000). 

FIGURE 148-19. Döhle body. a Döhle body (arrow) is a pale blue-gray amorphous 
inclusion near the cell membrane of a neutrophil. döhle bodies can result from infection 
and inflammation. Similar but different inclusions (larger and more angular) are seen in 
the may-hegglin anomaly (×1000). 
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FIGURE 148-20. Pelger-Huët anomaly. a Pelger-Huët anomaly is a cytologic abnor-
mality of neutrophils in which there is hypolobulation of nuclei and increased chromatin 
clumping. Nuclei may have a shape resembling a peanut or a pince-nez, as in the examples 
shown. The Pelger-huët anomaly is inherited, but similar Pelger neutrophils are seen in 
myelodysplastic syndromes, in which the neutrophils may also be hypogranular (×1000). 
They can also be seen as an acquired reversible phenomenon in response to specific 
drugs, including tacrolimus and mycophenolate mofetil. 

TABLE 148-1 CLINICAL FEATURES SUGGESTING THE NEED 
FOR A BLOOD SMEAR

CLINICAL FEATURE
REASON TO PERFORM A BLOOD 

SMEAR
Lymphadenopathy or splenomegaly May be indicative of infectious 

mononucleosis or another reactive 
condition, or of leukemia or lymphoma

Clinically evident anemia Helps in the differential diagnosis
Bruising or bleeding tendency, 

including unexplained retinal 
hemorrhages

May confirm thrombocytopenia or show 
morphologically abnormal platelets 
(which may have defective function); 
sometimes shows acute leukemia or other 
condition causing bone marrow failure

Acute kidney injury Hemolytic-uremic syndrome and 
thrombotic thrombocytopenic purpura 
should be confirmed or excluded

Jaundice and hypertension in a 
pregnant woman

May show schistocytes, supporting a 
diagnosis of HELLP syndrome

Bone pain May indicate multiple myeloma, bone 
marrow infiltration, or sickle cell disease

Unexplained chest or abdominal 
pain or acute splenic enlargement 
in a child

Possible sickle cell disease

Unexplained hyperbilirubinemia Assessment of possible hemolysis
HELLP = hemolysis, elevated liver enzymes, low platelets.

macrocytosis, microcytosis, neutrophilia, lymphocytosis, eosinophilia, throm-
bocytopenia, and thrombocytosis.

Modern automated instruments are able to “flag” the presence of qualitative 
abnormalities that require a blood film to be examined for confirmation of 
the abnormality or for further elucidation. “Flags” are generated in response 
to the electrical impedance or the light scattering characteristics of individual 
cells. Some instruments are dependent on cytochemical reactions of cells or 
on the cells’ ability to polarize light. Most instruments can indicate the pos-
sibility of the presence of blast cells, reactive or other atypical lymphocytes, 
granulocyte precursors, or nucleated red blood cells. Some instruments can 
enumerate nucleated red blood cells. Instruments using a cytochemical reac-
tion for peroxidase to help identify neutrophils, eosinophils, and monocytes 
may flag the appearance of large, unstained (i.e., peroxidase-negative) cells; 
such cells may indicate a harmless inherited peroxidase deficiency, but some-
times such cells are lymphoma cells, reactive lymphocytes, or leukemic blast 
cells. Instruments often flag the possibility of an erroneous platelet count, 
such as when there is an overlap in size between platelets and red cells or 
when light-scattering characteristics suggest the presence of platelet aggregates 

(a potential cause of pseudothrombocytopenia). A reported increase in basophil 
count should generally also be regarded as a flag because it often represents 
a pseudobasophilia, resulting from the presence of leukemia or lymphoma 
cells. Some instruments alert the instrument operator to the possible presence 
of malaria parasites.

International consensus guidelines indicate which automated instrument 
results require blood smear review. Whether a review is needed is determined 
in part by whether that specimen is the first one obtained from that patient 
and whether there has been a significant change from a previously validated 
result (referred to as a delta check). Laboratory computers can be programmed 
to indicate when a result meets the criteria for smear review.

Automated red cell measurements can, to some extent, replace examination 
of the blood film.11 An increased red cell distribution width indicates the 
presence of anisocytosis. A decreased mean cell volume is usually a reliable 
indicator of microcytosis. A reduction in the mean cell hemoglobin concentra-
tion indicates hypochromia (for most instruments, however, this measurement 
is less sensitive than the human eye in the detection of hypochromia). An 
increased mean cell volume usually indicates macrocytosis, but examination 
of a smear is necessary both to confirm that the result is not artifactual and 
to elucidate the cause. Some instruments can measure the hemoglobin con-
centration in individual cells and thus flag the presence of hyperdense cells; 
however, a blood film is still necessary to distinguish spherocytes from irregu-
larly contracted cells, sickle cells, and other cells that have an increased hemo-
globin concentration. Most instruments produce a histogram of the size 
distribution of red cells, and some do the same for the distribution of hemo-
globin concentration; either of these graphic representations may show dimor-
phic red cells (i.e., two populations of cells).

 THE BLOOD SMEAR IN THE DIFFERENTIAL 
DIAGNOSIS OF ANEMIA

 Microcytic Anemias
In microcytic anemias (Chapter 150), the automated count is of considerable 
importance and may permit a distinction between iron deficiency and thalas-
semia heterozygosity. In iron deficiency, there is initially a normocytic nor-
mochromic anemia; only when the deficiency becomes more severe is there 
microcytosis. Conversely, in β-thalassemia heterozygosity, there is usually a 
normal or near-normal hemoglobin concentration, but the red blood cell count 
is increased, and there is marked microcytosis (low mean cell volume) together 
with a parallel reduction in mean cell hemoglobin. The blood film provides 
supplementary information that can favor one diagnosis or the other. Iron 
deficiency is more likely to be associated with hypochromia and elliptocytes 
(“pencil cells”), whereas in β-thalassemia heterozygosity, there is microcytosis, 
hypochromia is less marked, and there are more likely to be target cells and 
basophilic stippling. Individuals with α-thalassemia involving the deletion of 
two α genes (−α/−α) or (− −/α α) have red cell indices similar to those of 
β-thalassemia heterozygosity; in this case, the blood film usually does not 
provide any additional diagnostically useful information, although individuals 
with nondeletional α-thalassemia due to hemoglobin Constant Spring have 
prominent basophilic stippling. When there is deletion of a single α gene, the 
blood count is either less abnormal or normal, and the blood smear does not 
provide any extra diagnostically useful information. The blood smear is, however, 
a useful supplement to the blood count in suggesting a diagnosis of hemoglobin 
H disease (Chapter 153). The count shows anemia, marked microcytosis (low 
mean cell volume and mean cell hemoglobin), and usually a reduction in the 
mean cell hemoglobin concentration. The smear usually shows marked poi-
kilocytosis in addition to microcytosis, and there may be polychromasia, cor-
relating with an elevated reticulocyte count. Iron deficiency anemia also needs 
to be distinguished from anemia of chronic disease. The blood counts may 
be quite similar, but microcytosis is less common in anemia of chronic disease, 
and the smear often shows features of inflammation, such as increased rouleaux 
formation, background staining (as a result of increased plasma proteins), and 
sometimes neutrophilia. Other rare microcytic anemias that must be distin-
guished from iron deficiency include congenital sideroblastic anemia (Chapter 
150) and lead poisoning. In congenital sideroblastic anemia, the film is dimor-
phic, with one population of hypochromic microcytes and another of nor-
mochromic normocytic cells. In lead poisoning, the presence of basophilic 
stippling and polychromasia in a patient with microcytosis can suggest the 
diagnosis. Sometimes a blood film provides the first clue that apparent micro-
cytosis is actually the result of red cell fragmentation.12

 Macrocytic Anemias
A blood film can be important in distinguishing true macrocytosis from facti-
tious macrocytosis as a result of the presence of red cell agglutinates (see Fig. 

148-16). Diagnostic features that can suggest the cause of macrocytosis are 
shown in Table 148-2.

A smear is particularly important in evaluating the possibility of a megalo-
blastic anemia (Chapter 155) (Figs. 148-4 and 148-21). Sometimes assays of 
vitamin B12 and folate are normal despite a deficiency, and only the blood 
film features suggest the true diagnosis and indicate the need for further 
investigation.

 Normocytic Normochromic Anemia
A blood smear is only occasionally useful in determining the cause of a nor-
mocytic normochromic anemia. Signs of inflammation may be present in 
anemia of chronic disease. Increased rouleaux formation and background 
staining can also indicate multiple myeloma. Polychromasia suggests the pos-
sibility of young red cells as a result of recent blood loss or hemolysis. Small 
numbers of acanthocytes may indicate hypothyroidism or anorexia nervosa. 
Dysplastic features, such as hypogranular or pseudo-Pelger neutrophils, suggest 
a myelodysplastic syndrome.

 Hemolytic Anemias
The possibility of hemolysis is suggested by the presence of polychromasia 
and macrocytosis. Specific causes of hemolysis are suggested by the presence 
of various poikilocytes, as shown in Table 148-3.

The distinction between spherocytes and irregularly contracted cells is 
important; both are dense cells with absent central pallor, but the differential 
diagnosis is quite different. Recognition of the features of oxidant damage is 
important in diagnosing glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency because sometimes an assay for G6PD performed during an acute 
hemolytic episode is normal (Chapter 152). In addition to irregularly 



CHAPTER 148 The PeriPheral Blood Smear 1025

TABLE 148-2 USEFUL FEATURES FOR DETERMINING THE 
CAUSE OF MACROCYTIC ANEMIA

CAUSE SMEAR FEATURES
Megaloblastic anemia (vitamin 

B12 or folic acid deficiency)
Oval macrocytes, teardrop poikilocytes, 

hypersegmented neutrophils; when severe, 
marked anisocytosis and poikilocytosis, which 
may include red cell fragments

Ethanol excess Target cells and stomatocytes; anisocytosis and 
poikilocytosis less than in megaloblastic anemia

Liver disease Target cells, stomatocytes
Myelodysplastic syndromes, 

including sideroblastic 
anemias

Other dysplastic features such as hypogranular and 
hypolobulated neutrophils; if erythropoiesis is 
sideroblastic, a population of hypochromic 
microcytic cells and Pappenheimer bodies

Chronic hemolytic anemia Polychromasia; characteristic poikilocytes 
sometimes present (e.g., irregularly contracted 
cells if there is an unstable hemoglobin)

FIGURE 148-21. Hypersegmented neutrophils. a hypersegmented neutrophil is one 
in which the nucleus has more than five lobes, as in this example in megaloblastic anemia. 
Neutrophil hypersegmentation is also said to be present if there are increased numbers 
of neutrophils with five lobes or if the median lobe count is increased. hypersegmented 
neutrophils should be distinguished from macropolycytes, in which an increased lobe 
count results from a doubled content of dNa (×1000). 

148-16). Diagnostic features that can suggest the cause of macrocytosis are 
shown in Table 148-2.

A smear is particularly important in evaluating the possibility of a megalo-
blastic anemia (Chapter 155) (Figs. 148-4 and 148-21). Sometimes assays of 
vitamin B12 and folate are normal despite a deficiency, and only the blood 
film features suggest the true diagnosis and indicate the need for further 
investigation.

 Normocytic Normochromic Anemia
A blood smear is only occasionally useful in determining the cause of a nor-
mocytic normochromic anemia. Signs of inflammation may be present in 
anemia of chronic disease. Increased rouleaux formation and background 
staining can also indicate multiple myeloma. Polychromasia suggests the pos-
sibility of young red cells as a result of recent blood loss or hemolysis. Small 
numbers of acanthocytes may indicate hypothyroidism or anorexia nervosa. 
Dysplastic features, such as hypogranular or pseudo-Pelger neutrophils, suggest 
a myelodysplastic syndrome.

 Hemolytic Anemias
The possibility of hemolysis is suggested by the presence of polychromasia 
and macrocytosis. Specific causes of hemolysis are suggested by the presence 
of various poikilocytes, as shown in Table 148-3.

The distinction between spherocytes and irregularly contracted cells is 
important; both are dense cells with absent central pallor, but the differential 
diagnosis is quite different. Recognition of the features of oxidant damage is 
important in diagnosing glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency because sometimes an assay for G6PD performed during an acute 
hemolytic episode is normal (Chapter 152). In addition to irregularly 

TABLE 148-3 BLOOD SMEAR FEATURES SUGGESTING A 
SPECIFIC CAUSE OF INHERITED OR ACQUIRED 
HEMOLYTIC ANEMIA

BLOOD SMEAR FEATURES CONDITIONS SUGGESTED
Spherocytes Hereditary spherocytosis, autoimmune hemolytic 

anemia, alloimmune hemolytic anemia (e.g., 
hemolytic disease of the newborn, delayed 
hemolytic transfusion reaction), drug-induced 
immune hemolytic anemia, Clostridium 
perfringens sepsis

Elliptocytes Hereditary elliptocytosis
Oval macrocytes plus 

stomatocytes
South-East Asian ovalocytosis

Irregularly contracted cells Glucose-6-phosphate dehydrogenase deficiency, 
oxidant damage from chemicals or drugs in 
individuals with normal red cell enzymes (e.g., 
dapsone administration), liver failure due to 
Wilson disease (release of copper from liver), 
unstable hemoglobin, hemoglobin C 
homozygosity

Sickle cells and boat-shaped 
cells

Sickle cell disease (e.g., sickle cell anemia or 
compound heterozygous states such as S/C, 
S/D-Punjab, S/O-Arab, S/β-thalassemia)

Target cells Hemoglobin C homozygosity, other 
hemoglobinopathies, hereditary xerocytosis

Stomatocytes Hereditary stomatocytosis
Acanthocytes Liver failure (spur cell hemolytic anemia)
Basophilic stippling Lead poisoning, pyrimidine 5′-nucleotidase 

deficiency
Red cell fragments 

(schistocytes)
Microangiopathic hemolytic anemia (including 

hemolytic-uremic syndrome, thrombotic 
thrombocytopenic purpura, HELLP syndrome, 
and sometimes hemolysis associated with 
disseminated intravascular coagulation), 
mechanical hemolytic anemia (e.g., defective 
cardiac prosthetic valve, march hemoglobinuria)

Erythrophagocytosis Paroxysmal cold hemoglobinuria
Red cell agglutinates Acute or chronic cold antibody-induced hemolysis
HELLP = hemolysis, elevated liver enzymes, low platelets.

contracted cells, there may be ghost cells, hemi-ghost cells (“blister cells”), 
and even Heinz bodies protruding from the red cells and confirmed on a 
Heinz body preparation. The observation of these features is an indication to 
repeat the assay when the acute hemolytic episode is over.

 ASSESSMENT OF THROMBOCYTOPENIA, 
THROMBOCYTOSIS, AND PLATELET 
MORPHOLOGY

A blood smear is essential to validate the cell count whenever an automated 
count shows thrombocytopenia (e.g., a count <60 × 109/L) (Chapter 163). 
This should be done quickly before patient management is altered, such as 
by postponing surgery or initiating further diagnostic workup. A platelet 
transfusion should never be given for an unexpected thrombocytopenia without 
microscopic confirmation of the count. A factitiously low platelet count is 
often the result of in vitro platelet aggregation (Chapter 162) and is occasion-
ally the result of platelet satellitism, possibly also with platelet phagocytosis. 
To detect aggregates reliably, the edges and the tail of the smear should be 
examined. The presence of fibrin strands also suggests the activation of coagu-
lation and an erroneous platelet count.

If a low platelet count is confirmed, the film may give clues to the cause 
(Chapter 163). Giant platelets (Figs. 148-22 and 148-23) occur in a number 
of inherited thrombocytopenias, including Bernard-Soulier syndrome and 
MYH9-related disorders (the May-Hegglin anomaly and related conditions).13 
Small platelets are less common but are a feature of Wiskott-Aldrich syndrome 
and familial platelet disorder with propensity to myeloid malignancy. Agranu-
lar platelets occur in the gray platelet syndrome and platelets with a reduced 
number of larger than normal granules are seen in Jacobsen/Paris-Trousseau 
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a safe level when it is in fact dangerously low. Counting the ratio of platelets 
to other particles of similar size permits the count to be corrected. Any unex-
pectedly normal count should be confirmed; for example, the sudden rise of 
the automated platelet count in a patient being treated for a hematologic 
neoplasm may be the result of fungi that have colonized an indwelling intra-
venous line and are being shed into the blood stream.

 LEUKOCYTOSIS AND LEUKOPENIA
The finding of leukocytosis is not necessarily an indication for a blood smear 
(Chapter 158). For example, this finding would be expected in a patient with 
infection or following surgery or trauma, in which case smear confirmation 
is not required. However, unexpected leukocytosis requires a smear. Artifactual 
elevation is unusual but can occur as a result of cryoglobulinemia, hyperlip-
idemia, or the presence of Candida species. Distinguishing reactive changes 
from leukemia on the basis of morphology is usually straightforward for neu-
trophil leukocytosis but more difficult for lymphocytosis. In reactive leuko-
cytosis, there is usually toxic granulation, and Döhle bodies may be present 
(see Figs. 148-18 and 148-19). Vacuolation is particularly characteristic of 
bacterial infection, and there may be some degranulation of neutrophils. The 
hematologist should be aware of the changes induced by granulocyte colony-
stimulating factor so that they are not confused with a response to infection; 
this cytokine can cause toxic granulation, Döhle bodies, vacuolation, and the 
presence of macropolycytes (giant neutrophils) and circulating neutrophil 
precursors. The changes typical of leukemia are discussed later.

Leukopenia (Chapter 158) usually requires a film for confirmation and 
elucidation. The exception is when it is expected in a given clinical context, 
such as when a patient has had recent chemotherapy. Rarely, an apparent 
leukopenia is artifactual, owing to the aggregation of neutrophils mediated 
by an autoantibody or resulting from infection-induced changes in adhesion 
molecules of the leukocyte surface membrane.

With some automated instruments, it is necessary to confirm that neutro-
penia is real. If the automated count is based on peroxidase cytochemistry, 
the presence of an inherited deficiency will lead to an apparent neutropenia 
associated with an increase of large, unstained (i.e., peroxidase-negative) cells. 
The scatter plot is characteristic, but because the same features could be due 
to acute leukemia with neutropenia and circulating blast cells, a smear is needed 
for confirmation.

 LEUKEMIAS AND LYMPHOMAS
The blood smear is critical in the diagnosis of leukemias and lymphomas. The 
lymphoblasts of acute lymphoblastic leukemia are usually medium-sized 
agranular cells with relatively scanty cytoplasm (Fig. 148-24), whereas in acute 
myeloid leukemia, blast cells are generally larger, with more plentiful cytoplasm 
that may contain granules or Auer rods (Fig. 148-25). Myeloid blast cells vary 
in appearance according to whether they are myeloblasts or monoblasts. 
Myeloblasts are usually medium sized and may have plentiful granules, scanty 
granules, or no visible granules; they may contain Auer rods. Monoblasts are 
much larger cells with plentiful cytoplasm containing few granules and, very 
rarely, Auer rods. Megakaryoblasts are present in some patients and are some-
times cytologically distinctive because of their tendency to form cytoplasmic 
blebs or develop platelet-type granules.

syndrome. The presence of May-Hegglin inclusions (Döhle-like bodies; see 
Fig. 148-19) in neutrophils indicates that the cause of the thrombocytopenia 
is a mutation in MYH9. In acquired thrombocytopenias, increased platelet 
turnover is often accompanied by the presence of large platelets, whereas bone 
marrow failure is associated with platelets of normal size. It is important to 
look for red cell fragments to confirm or exclude a diagnosis of thrombotic 
thrombocytopenic purpura and atypical hemolytic-uremic syndrome in any 
patient with the apparent recent onset of thrombocytopenia; because platelet 
transfusions are usually contraindicated in these conditions, the smear should 
be examined before platelet transfusion is contemplated. Occasionally the 
smear reveals clinically unsuspected malaria.14 The smear of any patient with 
the apparent recent onset of severe thrombocytopenia should be examined 
carefully for evidence of acute promyelocytic leukemia; the leukemic cells may 
be infrequent in the circulating blood. Hemorrhagic manifestations and a low 
platelet count can also be indicative of meningococcal septicemia; in some 
patients, organisms are seen in the blood smear and the diagnosis is confirmed; 
in other patients, only marked toxic changes in neutrophils are detected.

Thrombocytosis should also be confirmed on a smear. Factitiously elevated 
counts may be the result of the presence of red cell fragments (in microangio-
pathic or mechanical hemolytic anemia, burns, or accidental in vitro heating 
of the blood sample), white cell fragments (in acute leukemia and, less often, 
in lymphoma), cryoglobulin precipitates, or microorganisms (particularly 
Candida species). If the count is confirmed, the blood smear may be useful 
to indicate a likely cause (e.g., features of hyposplenism or the presence of 
basophilia in a myeloproliferative disorder).

It is sometimes necessary to examine a smear to confirm that an apparently 
normal platelet count is valid. This should always be done in patients with 
acute leukemia and an elevated white cell count; the presence of white cell 
fragments of a similar size to platelets can suggest that the platelet count is at 

FIGURE 148-22. Normal-sized platelet (arrow). Platelets have central granules,  
although this is not apparent in this photomicrograph (×1000). 

FIGURE 148-23. Giant platelet (arrow). Giant platelets are as large as or larger than 
normal red cells. Giant platelets can indicate increased platelet turnover or an inherited 
or acquired defect in thrombopoiesis (×1000). 

FIGURE 148-24. Acute lymphoblastic leukemia. Numerous agranular blast cells with 
a high nuclear-to-cytoplasmic ratio are present. Platelets are decreased in number (×1000). 
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FIGURE 148-25. Auer rod. an auer rod (arrow) is a rod-shaped inclusion in the cyto-
plasm of cells of myeloid lineage formed by the crystallization of azurophilic granule 
constituents. auer rods are seen only in acute myeloid leukemia and high-grade myelo-
dysplastic syndromes. They are usually seen in blast cells but are occasionally found in 
maturing cells (×1000). 

FIGURE 148-26. Chronic myeloid leukemia. in this view there are myeloblasts, a myelo-
cyte, a basophil, and a segmented neutrophil (×1000). 

Chronic myeloid leukemia has a very characteristic blood smear (Fig. 148-26) 
in which the most numerous cells are myelocytes and mature neutrophils. 
Eosinophils and basophils are also present. Dysplastic features are generally 
absent. In atypical Philadelphia chromosome–negative chronic myeloid leu-
kemia, monocytosis is more frequent and dysplastic features are present. 
Chronic myelomonocytic leukemia is characterized by increased monocytes, 
some of them immature, with inconspicuous dysplastic features and infrequent 
granulocyte precursors. Chronic neutrophilic leukemia and a neutrophilic 
leukemoid reaction to a plasma cell neoplasm have similar hematologic features 
and need to be distinguished by supplementary tests.15

Chronic lymphocytic leukemia also has a very characteristic blood film, with 
an increase of small, mature lymphocytes of rather uniform appearance. The 
chromatin is often irregularly clumped, creating a mosaic effect (Fig. 148-27). 
Smear cells (or smudge cells) are almost always increased in number but are 
not pathognomonic.

Lymphoma in leukemic phase often has cytologic features that aid in the 
diagnosis. Follicular lymphoma, Burkitt lymphoma, and splenic marginal zone 
lymphoma can all be distinctive.

 THE INCIDENTAL DETECTION OF CLINICALLY 
SIGNIFICANT ABNORMALITIES

Sometimes the examination of a blood film reveals unexpected but clinically 
significant information. Examples are given in Table 148-4. Detection of 
microorganisms is particularly likely in patients with acquired immunodefi-
ciency syndrome (AIDS), hyposplenic patients, and patients with overwhelming 
sepsis, but sometimes they are detected in immunologically normal patients 

FIGURE 148-27. Chronic lymphocytic leukemia. There are large numbers of rather 
monotonous, mature small lymphocytes with chromatin clumping. Smear cells (or smudge 
cells), reflecting the mechanical fragility of the cells, are characteristic but are not seen 
in this photomicrograph (×1000). 

TABLE 148-4 INCIDENTAL BUT CLINICALLY RELEVANT 
BLOOD SMEAR OBSERVATIONS

OBSERVATION POSSIBLE SIGNIFICANCE
Acanthocytes Abetalipoproteinemia, 

neuroacanthocytosis (includes 
choreoacanthocytosis, McLeod 
phenotype, Huntington-like disease 2 
and pantothenate-kinase associated 
neurodegeneration)

Howell-Jolly bodies, target cells, and 
acanthocytes

Hyposplenism (congenital, previous 
splenectomy, celiac disease, 
amyloidosis)

Cryoglobulin precipitates Hepatitis C, multiple myeloma, 
Waldenström macroglobulinemia

Vacuolated lymphocytes Inherited metabolic disorders
Parasites (e.g., malaria parasites, Babesia, 

microfilaria, trypanosomes, 
Leishmania)

Parasitic infection

Fungi (Candida spp, Histoplasma 
capsulatum, Penicillium marneffei, 
Cryptococcus neoformans, Malassezia 
furfur)

Disseminated fungal infection or, in the 
case of Candida, colonization of an 
indwelling intravenous line

Bacteria (e.g., pneumococcus, 
meningococcus, Capnocytophaga 
canimorsus, Borrelia, Ehrlichia, 
Anaplasma, Yersinia pestis)

Bacterial infection

Leukoerythroblastic blood film Bone marrow infiltration (e.g., metastatic 
malignancy)

with only trivial symptoms. It should be noted that microorganisms in blood 
smears sometimes represent contaminants, particularly if specimens have been 
obtained by skin prick or from the umbilical cord and if there has been a delay 
in making the film.

 CONCLUSION
Despite major advances in other diagnostic methods, the blood smear remains 
very useful in hematologic diagnosis. Sometimes it is critical either because 
it yields a diagnosis very quickly or because it provides information that is 
not available in any other way.
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REVIEW QUESTIONS

1. A 72-year-old woman presents with gradual onset of digital paresthesia 
and difficulty with fine movement of the hands. More recently, she has 
noticed an electrical sensation running down her trunk and into her limbs 
when she bends her head forward. She is found to have a hemoglobin 
concentration of 9.8 g/dL and a mean cell volume of 107 f L. A blood film 
shows macrocytes, oval macrocytes, and hypersegmented neutrophils. 
Which of the following is the most likely diagnosis?
 A. Neuroacanthocytosis
 B. Vitamin B12 deficiency
 C. Folic acid deficiency
 D. Alcoholic liver disease
 E. Copper deficiency

Answer: B The patient has described the features of peripheral neuropathy 
and Lhermitte syndrome. These neurologic features in a patient with macro-
cytic anemia and hypersegmented neutrophils are indicative of vitamin B12 
deficiency causing megaloblastic anemia, peripheral neuropathy, and subacute 
combined degeneration of the spinal cord (Chapter 164). (Larkman N, Hulson 
O, Gilhooly M. Picture quiz: a man with tingling fingers. BMJ. 2013;346:37-38.)

2. A 67-year-old man presents with right heart failure and extensive bruising. 
The cardiac silhouette is normal on chest radiography. Electrocardiography 
shows reduced voltage of QRS complexes. Coagulation screen shows pro-
longation of the prothrombin time and activated partial thromboplastin 
time. A full blood count is normal apart from a slight increase of the platelet 
count to 487 × 109/L. A blood film shows Howell-Jolly bodies, target cells, 
occasional acanthocytes, and platelet anisocytosis. There is no relevant 
previous medical history. Which of the following is the most likely 
diagnosis?
 A. Essential thrombocythemia
 B. Hypothyroidism
 C. AL (light-chain associated) amyloidosis
 D. Acquired hemophilia
 E. Disseminated intravascular coagulation

Answer: C The blood film features are those of hyposplenism, which also 
provides an explanation for the slight increase in the platelet count. The 
hyposplenism is the result of extensive amyloid deposition in the spleen. AL 
amyloidosis causes a variety of coagulation abnormalities, including acquired 
factor X deficiency, which could explain the prolonged prothrombin and acti-
vated partial thromboplastin times (Chapter 188). Acquired hemophilia would 
not explain the hyposplenism. (Gatt ME, Palladini G. Light chain amyloidosis 
2012: a new era. Br J Haematol. 2013;160:582-598; and Gillmore JD, Wechale-
kar A, Bird J, et al. Guidelines on the diagnosis and investigation of AL amy-
loidosis. Br J Haematol. 2015;168:207-218.)

3. A young Greek woman presents to the emergency department because of 
the sudden onset of jaundice and fatigue. She has just returned from a brief 
trip to Greece for a family wedding. She is taking no medications. She is 
noted to be pale and has tachycardia. Her hemoglobin concentration is 
8.7 g/dL and mean corpuscular volume is 109 f L. Reticulocyte count is 
increased to 280 × 109/L. Bilirubin is elevated and is found to be mainly 
unconjugated. Her blood film confirms marked anemia and shows poly-
chromatic macrocytes, irregularly contracted cells, hemighosts (blister 
cells), and a few ghost cells. An assay for glucose-6-phosphate dehydrogenase 
is normal. Which of the following is the most likely diagnosis?
 A. Acute liver failure
 B. Autoimmune hemolytic anemia
 C. Glucose-6-phosphate dehydrogenase deficiency
 D. Hereditary spherocytosis
 E. Pyruvate kinase deficiency

Answer: C Unconjugated hyperbilirubinemia does not suggest acute liver 
failure. The blood film features are those of oxidant-induced hemolysis, and 
a diagnosis of glucose-6-phosphate dehydrogenase (G6PD) deficiency must 
therefore be considered. The blood film features are not consistent with the 
other types of hemolytic anemia listed. Most patients with acute hemolysis 
due to G6PD deficiency are men because this is an X-linked condition. However, 
hemolysis can occur in women because a proportion of red cells will be defi-
cient. If there is marked lyonization, hemolysis may be severe. The G6PD 
assay is likely to be normal because the remaining red cells are not deficient 
and the G6PD concentration will be increased by the presence of reticulocytes. 
In this circumstance, the blood film is very important in suggesting the right 
diagnosis. A dietary history should be taken. It is possible that the patient has 
recently eaten broad beans (Chapter 161). (Bain BJ. Sudden onset of jaundice 
in a Sardinian man. Am J Hematol. 2008;83:810; Bain BJ. A ghostly presence. 
Am J Hematol. 2010;85:271.)

4. A 35-year-old pregnant woman complains of severe fatigue and swollen 
ankles. Her blood count shows the following: red blood cells, 4.22 × 1012/L; 
hemoglobin concentration, 7 g/dL; hematocrit, 0.29 L/L; mean corpuscular 
volume, 67 f L; mean corpuscular hemoglobin, 16.6 pg; mean corpuscular 
hemoglobin concentration, 24.5 g/dL. Her blood film shows hypochromia, 
microcytosis, and poikilocytosis including elliptocytes (pencil cells), target 
cells, and acanthocytes. Some Howell-Jolly bodies are present. Which of 
the following is the most likely diagnosis?
 A. β-Thalassemia heterozygosity
 B. Chronic blood loss
 C. Celiac disease
 D. Congenital sideroblastic anemia
 E. Dietary iron deficiency

Answer: C The blood count is suggestive of iron deficiency, not β-thalassemia 
heterozygosity (in which moderately severe anemia would not be expected). 
The blood film shows the features of iron deficiency (hypochromia, micro-
cytosis, and pencil cells) and of hyposplenism (acanthocytes, target cells, and 
Howell-Jolly bodies). The combination of hyposplenism and iron deficiency 
suggests a diagnosis of celiac disease with splenic atrophy (Chapter 159). 
(Croese J, Harris O, Bain BJ. Coeliac disease. Haematological features and 
delay in diagnosis. Med J Aust. 1979;ii:335-338.)

5. A 24-year-old woman who was hypertensive during pregnancy has an epi-
leptiform convulsion 24 hours postpartum. She has jaundice, edema, and 
proteinuria. An urgent blood count shows leukocytosis, neutrophilia, anemia, 
and thrombocytopenia. Her blood film confirms the thrombocytopenia 
and in addition shows left shift, toxic granulation, and red cell fragments 
(schistocytes). Which of the following is the most appropriate diagnosis?
 A. Disseminated intravascular coagulation
 B. Hemolysis, elevated liver enzymes, and low platelets (HELLP) 

syndrome
 C. Hemolytic-uremic syndrome
 D. Preeclampsia
 E. Thrombotic thrombocytopenic purpura

Answer: B This syndrome is a severe form of preeclampsia/eclampsia, occur-
ring during pregnancy or within 48 hours of delivery. The hemolytic anemia is 
microangiopathic in nature, and the detection of schistocytes is diagnostically 
useful. (Bain BJ, Riches J. Help with HELLP. Am J Hematol. 2010;85:70; Zini 
G, d’Onofrio G, Briggs C, et al; International Council for Standardization in 
Haematology [ICSH]. ICSH recommendations for identification, diagnostic 
value, and quantitation of schistocytes. Int J Lab Hematol. 2012;34:107-116.)
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149 
APPROACH TO THE ANEMIAS
ROBERT T. MEANS, JR.

Anemia is defined as a significant reduction in the volume of erythrocytes, 
or red blood cells, in the body. The red blood cell is an anucleate biconcave 
disk, approximately 8 µm in diameter, comprised of various enzymes and 
chemicals surrounded by a lipid bilayer. The major component of the red 
blood cell is hemoglobin. A normal red blood cell contains 30 to 40 pg of 
hemoglobin. Hemoglobin is a highly specialized molecule, optimally designed 
to deliver oxygen from the lungs through the circulation to the peripheral 
tissues, and to retrieve carbon dioxide from the peripheral tissues and return 
it to the lungs for expiration. The cycle then repeats. The red blood cell is 
generated in the bone marrow from erythroid precursors (Chapter 147) and 
survives approximately 120 days in the circulation before its clearance by the 
reticuloendothelial system.

The direct measurement of the red cell mass is a complex process, and so 
various surrogate measures are used to define anemia in the clinical setting. 
The most common are the blood hemoglobin concentration and the hema-
tocrit. The red blood cell count per unit volume is also reported in routine 
hematologic analysis but is rarely used to define anemia. The hematocrit derives 
its name from the graduated tube in which blood was centrifuged. The percent 
of the blood column represented by red cells compressed by centrifugation 
(also called packed cell volume) is the quantity physically represented by the 
hematocrit. Hematocrit values determined by centrifugation-based techniques 
are largely used in limited resource environments where electronic cell count-
ing is not available. In laboratories where complete blood counts are performed 
using electronic cell counting methods, the hematocrit is a calculated value 
reflecting the product of the red blood cell count and the mean corpuscular 
volume of the red cells, both of which are measured directly. Because the 
hemoglobin concentration is directly measured rather than calculated, many 
physicians prefer to use the hemoglobin in the definition of anemia.

 PATHOBIOLOGY
Anemia and Oxygen Delivery
The function of hemoglobin is oxygen delivery to tissue. Delivery of oxygen 
to tissues is a function of blood flow, blood hemoglobin content as reflected 
by hemoglobin concentration, and the gradient between arterial and venous 
oxygen content (Fick equation). The effect of anemia on blood hemoglobin 
content is readily apparent. It also has a role in the other elements of the Fick 
equation.

In severe anemia associated with blood volume loss or in severe anemia 
with preserved blood volume, heart rate typically increases, and blood flow 
is shunted from the periphery to critical organs such as the brain, liver, kidneys, 
and coronary circulation to preserve oxygen delivery.

The arterial/venous oxygen gradient is also affected by anemia. A normal 
sigmoid-shaped oxyhemoglobin dissociation curve is shown in Figure 149-1. 
When the oxyhemoglobin dissociation curve is shifted to the right, the oxygen 
affinity of hemoglobin is decreased—it requires a higher partial pressure of 
oxygen to attain a given level of hemoglobin saturation, and oxygen is more 
readily released to the tissues. In anemia, the principal cause of a right shift 
is increased intracellular 2,3 diphosphoglycerate (DPG, also called 2,3 bisphos-
phoglycerate), a product of red cell metabolism. A right shift can also be 
induced by hyperthermia, hypercapnia, or acidosis. The opposite conditions 
can produce a left shift, resulting in oxygen being held more tightly by hemo-
globin (high affinity).

Methemoglobin
Hemoglobin is made up of two α globin chains and two β globin chains to 
which the iron-containing porphyrin ring is covalently bound. Movement of 
the iron atom in relation to the plane of the porphyrin ring results in changes 
in the oxygen affinity of hemoglobin. Iron in normal hemoglobin is in the 
reduced ferrous state (Fe2+). When hemoglobin iron becomes oxidized to the 
ferric state (Fe3+), it is no longer able to bind oxygen and is called methemo-
globin. Under normal circumstances, red cells contain a cytochrome b5-based 
enzymatic system that rapidly reduces methemoglobin iron back to the ferrous 
state.

failure of the palmar creases to become more prominent when the extended 
fingers are pushed down, extending the palm, generally indicates a hemoglobin 
no higher than 7 to 8 g/dL. Tachycardia and a systolic ejection murmur may 
develop as a result of anemia and cardiovascular accommodation to it. Periph-
eral edema may be occasionally seen with moderately severe anemia: this may 
reflect a combination of high output heart failure and loss of oncotic pressure 
associated with fewer blood cells. On rare occasions, retinal hemorrhages may 
be seen on fundoscopic examination in severe anemia. All of these vascular 
and cardiac manifestations of anemia will resolve with correction of anemia.

 DIAGNOSIS
Medical History
The initiating step in any evaluation for anemia is demonstration by hemo-
globin concentration or hematocrit that the patient is anemic (see Tables 
149-2 and 149-3). There are a number of elements in the history and physical 

Congenital methemoglobinemia patients typically do well even with met-
hemoglobin concentrations of 30 to 40% because of adaptation and primarily 
have the cosmetic or social problem of cyanosis. Ascorbic acid (vitamin C) 
may be helpful, or methylene blue can be used. In contrast, acute methemo-
globinemia from toxic exposure can be life threatening. Lethargy or headache 
can occur at methemoglobin levels around 20%. Above 40%, confusion, altered 
consciousness, and dyspnea can be noted. At concentrations above 50 to 60% 
coma and even death may occur. The treatment for acute methemoglobinemia 
is methylene blue 1 to 2 mg/kg, although higher doses up to 6 to 7 mg/kg 
can be required. M-hemoglobins do not require treatment.

Regulation of Red Cell Production
The primary regulator of red cell production is the effectiveness of oxygen 
delivery. This critical need may explain why hemoglobin concentration or 
hematocrit are controlled in a relatively narrow normal range as compared to 
the white blood count or platelet count, where the upper limit of normal may 
be two or three times the lower limit of normal. The mediator that translates 
peripheral oxygen need to red cell production is the hormone erythropoietin. 
After birth, the predominant physiologic site of erythropoietin production is 
the kidney, although the liver retains some limited capacity for erythropoietin 
production, and neoplasms arising from other tissues and organs may secrete 
erythropoietin in an unregulated manner. Anemia results in decreased oxygen 
tension in the renal cortex, inducing the transcription factor HIF (hypoxia-
inducible factor) which in turn upregulates erythropoietin production. Eryth-
ropoietin binds to specific receptors on erythroid progenitors in the marrow 
leading to increased red cell production. When correction of anemia normalizes 
the oxygen tension in the renal cortex, erythropoietin production falls back 
to basal levels. Ambient hypoxia or underoxygenation of the blood by a right-
to-left cardiopulmonary shunt also leads to erythropoietin production. This 
causes the erythrocytosis seen in dwellers at high altitudes and in individuals 
with uncorrected cyanotic heart disease.

An adequate supply of other factors such as iron, vitamin B12, or folate is 
required for red cell production but does not drive it: excessive iron, B12, or 
folate does not cause polycythemia in the absence of an increased erythropoi-
etin stimulus. Red cell production has some feedback regulation of iron avail-
ability through the erythroferrone/hepcidin/ferroportin axis (Chapter 150).

 CLINICAL MANIFESTATIONS
Symptoms
In general, the symptoms of anemia are nonspecific, and highly dependent 
on the patient’s general physical condition or other comorbid illnesses. Anemia 
of rapid onset, as may be seen with massive acute hemolysis or with acute 
blood loss, is more likely to be symptomatic than anemia from red cell under-
production or from slow gastrointestinal blood loss. In both of these cases, 
the total blood volume is preserved, and there is time for the cardiovascular 
system to accommodate to the changes in hematocrit. Preservation of blood 
volume and cardiovascular accommodation are likely the reasons that patients, 
even the elderly, with slow onset anemias such as B12 deficiency are tradition-
ally reported to become symptomatic at much lower hemoglobin concentra-
tions or hematocrits than patients with iron deficiency anemia from blood 
loss. A person with coronary artery disease or chronic obstructive lung disease 
is more likely to become symptomatic than an anemic individual without 
those disorders who has the same hemoglobin concentration.

Common symptoms in anemia include fatigue but typically not dyspnea. 
Palpitations or a sense of the heart racing or pounding may occur, representing 
a more rapid heart rate and increased ejection fraction in order to maintain 
oxygen delivery. Symptomatology in anemia syndromes that develop as a 
consequence of some other disease (such as the anemia of inflammation in 
association with rheumatoid arthritis) will most likely be dominated by the 
symptoms of the associated disease. Pica, the desire to eat nonnutritive sub-
stances such as ice, is very specific to iron deficiency. Restless leg syndrome 
may also be a manifestation of iron deficiency.

Physical Findings
Pallor may occur in patients with anemia but may be difficult to appreciate 
in patients seen for the first time due to the widespread differences in skin 
pigmentation among healthy individuals, but its presence in mucus membranes 
obviates that variable. Pallor can also occur in other conditions associated 
with shunting of blood away from the periphery to the critical organs. In the 
assessment of anemia, pallor of the conjunctival mucosa or the creases in the 
palm are more specific than pallor in other sites. Pallor of the conjunctival 
mucosa generally indicates a hemoglobin concentration less than 9 g/dL; and 
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FIGURE 149-1. Oxyhemoglobin dissociation curve. Directions of right and left shift 
indicated. the curve plots the percentages of hemoglobin in its saturated (oxygen-laden) 
form on the vertical axis as a function of ambient oxygen tension on the horizontal axis. 
A rightward shift of the curve indicates a decreased affinity of hemoglobin for oxygen, 
making it easier for hemoglobin to release its oxygen to supply hypoxic tissue across 
which the blood traverses. 

TABLE 149-1 CAUSES OF METHEMOGLOBINEMIA
CONGENITAL*
Cytochrome b5 reductase deficiency

Type I: erythrocyte enzyme deficiency only
Type II: generalized enzyme deficiency (persistent neurologic features)

ACQUIRED
Local Anesthetics

Benzocaine
Lidocaine
Procaine
Phenazopyridine (Pyridium)

Anti-infectives
Dapsone
Nitrofurantoin
Primaquine
Sulfonamides

nitrates/nitrites
Amyl nitrate
Isobutyl nitrite
Nitroglycerin

other medications
Acetaminophen
Rasburicase
Zopiclone

other compounds
Aniline dyes
Henna (2-hydroxy-1,4-napthoquninone)
Phenylhydroxylamine

*Congenital M-hemoglobins clinically and functionally resemble methemoglobins but are 
biochemically and genetically distinct.

Methemoglobinemia occurs when this system fails. It may be a congenital 
condition, or it may be the result of exposure to toxic agents, perhaps in asso-
ciation with a subclinical cytochrome b5 deficiency. Common causes of met-
hemoglobinemia are listed in Table 149-1. There are also mutations in globin 
genes which result in variant hemoglobins (M-hemoglobin) in which iron 
stabilizes in the ferric state.

Patients with methemoglobin concentrations greater than 10% show cya-
nosis (bluish discoloration of the skin) with normal oxygen saturation on 
arterial blood gas. Pulse oximetry may be inaccurate in methemoglobinemia. 
Arterial blood in methemoglobinemia is a chocolate brown color that does 
not become red with oxygen exposure. However, addition of potassium cyanate 
(KCN) to the blood sample will cause the blood to become red with methe-
moglobinemia but not with M-hemoglobins. Most blood gas machines, par-
ticularly in hospitals, can quantify methemoglobin.
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ABSTRACT
Anemia is a significant issue in clinical medicine, whether as a disease in itself 
or as a sign of disease. For anemia more than for many syndromes in medicine, 
appropriate treatment is based on a specific diagnosis. Diagnosis in turn requires 
appropriate use of laboratory testing informed by the history, physical exami-
nation, and prevalence of diseases in the population relevant to the patient. 
After an outline of the basic physiology regulating red cell production, an 
approach to anemia is outlined, based on classification by the reticulocyte 
response to anemia and further refined by division into normocytic, microcytic, 
and macrocytic anemia syndromes. In addition, specific anemia syndromes 
are discussed including methemoglobinemia, anemia of renal insufficiency, 
anemia of liver disease, anemia of endocrine deficiencies, physiologic anemia 
of pregnancy, and unexplained anemia of aging.
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failure of the palmar creases to become more prominent when the extended 
fingers are pushed down, extending the palm, generally indicates a hemoglobin 
no higher than 7 to 8 g/dL. Tachycardia and a systolic ejection murmur may 
develop as a result of anemia and cardiovascular accommodation to it. Periph-
eral edema may be occasionally seen with moderately severe anemia: this may 
reflect a combination of high output heart failure and loss of oncotic pressure 
associated with fewer blood cells. On rare occasions, retinal hemorrhages may 
be seen on fundoscopic examination in severe anemia. All of these vascular 
and cardiac manifestations of anemia will resolve with correction of anemia.

 DIAGNOSIS
Medical History
The initiating step in any evaluation for anemia is demonstration by hemo-
globin concentration or hematocrit that the patient is anemic (see Tables 
149-2 and 149-3). There are a number of elements in the history and physical 

Congenital methemoglobinemia patients typically do well even with met-
hemoglobin concentrations of 30 to 40% because of adaptation and primarily 
have the cosmetic or social problem of cyanosis. Ascorbic acid (vitamin C) 
may be helpful, or methylene blue can be used. In contrast, acute methemo-
globinemia from toxic exposure can be life threatening. Lethargy or headache 
can occur at methemoglobin levels around 20%. Above 40%, confusion, altered 
consciousness, and dyspnea can be noted. At concentrations above 50 to 60% 
coma and even death may occur. The treatment for acute methemoglobinemia 
is methylene blue 1 to 2 mg/kg, although higher doses up to 6 to 7 mg/kg 
can be required. M-hemoglobins do not require treatment.

Regulation of Red Cell Production
The primary regulator of red cell production is the effectiveness of oxygen 
delivery. This critical need may explain why hemoglobin concentration or 
hematocrit are controlled in a relatively narrow normal range as compared to 
the white blood count or platelet count, where the upper limit of normal may 
be two or three times the lower limit of normal. The mediator that translates 
peripheral oxygen need to red cell production is the hormone erythropoietin. 
After birth, the predominant physiologic site of erythropoietin production is 
the kidney, although the liver retains some limited capacity for erythropoietin 
production, and neoplasms arising from other tissues and organs may secrete 
erythropoietin in an unregulated manner. Anemia results in decreased oxygen 
tension in the renal cortex, inducing the transcription factor HIF (hypoxia-
inducible factor) which in turn upregulates erythropoietin production. Eryth-
ropoietin binds to specific receptors on erythroid progenitors in the marrow 
leading to increased red cell production. When correction of anemia normalizes 
the oxygen tension in the renal cortex, erythropoietin production falls back 
to basal levels. Ambient hypoxia or underoxygenation of the blood by a right-
to-left cardiopulmonary shunt also leads to erythropoietin production. This 
causes the erythrocytosis seen in dwellers at high altitudes and in individuals 
with uncorrected cyanotic heart disease.

An adequate supply of other factors such as iron, vitamin B12, or folate is 
required for red cell production but does not drive it: excessive iron, B12, or 
folate does not cause polycythemia in the absence of an increased erythropoi-
etin stimulus. Red cell production has some feedback regulation of iron avail-
ability through the erythroferrone/hepcidin/ferroportin axis (Chapter 150).

 CLINICAL MANIFESTATIONS
Symptoms
In general, the symptoms of anemia are nonspecific, and highly dependent 
on the patient’s general physical condition or other comorbid illnesses. Anemia 
of rapid onset, as may be seen with massive acute hemolysis or with acute 
blood loss, is more likely to be symptomatic than anemia from red cell under-
production or from slow gastrointestinal blood loss. In both of these cases, 
the total blood volume is preserved, and there is time for the cardiovascular 
system to accommodate to the changes in hematocrit. Preservation of blood 
volume and cardiovascular accommodation are likely the reasons that patients, 
even the elderly, with slow onset anemias such as B12 deficiency are tradition-
ally reported to become symptomatic at much lower hemoglobin concentra-
tions or hematocrits than patients with iron deficiency anemia from blood 
loss. A person with coronary artery disease or chronic obstructive lung disease 
is more likely to become symptomatic than an anemic individual without 
those disorders who has the same hemoglobin concentration.

Common symptoms in anemia include fatigue but typically not dyspnea. 
Palpitations or a sense of the heart racing or pounding may occur, representing 
a more rapid heart rate and increased ejection fraction in order to maintain 
oxygen delivery. Symptomatology in anemia syndromes that develop as a 
consequence of some other disease (such as the anemia of inflammation in 
association with rheumatoid arthritis) will most likely be dominated by the 
symptoms of the associated disease. Pica, the desire to eat nonnutritive sub-
stances such as ice, is very specific to iron deficiency. Restless leg syndrome 
may also be a manifestation of iron deficiency.

Physical Findings
Pallor may occur in patients with anemia but may be difficult to appreciate 
in patients seen for the first time due to the widespread differences in skin 
pigmentation among healthy individuals, but its presence in mucus membranes 
obviates that variable. Pallor can also occur in other conditions associated 
with shunting of blood away from the periphery to the critical organs. In the 
assessment of anemia, pallor of the conjunctival mucosa or the creases in the 
palm are more specific than pallor in other sites. Pallor of the conjunctival 
mucosa generally indicates a hemoglobin concentration less than 9 g/dL; and 

TABLE 149-2 NORMAL RED BLOOD CELL MEASUREMENTS
MEASUREMENT NORMAL RANGE
Hemoglobin concentration 12-16 g/dL Female

13.5-17.5 g/dL Male
Hematocrit 36-48% Female

40-52% Male
Red blood cell (RBC) count 4.0-5.4 × 106/µL Female

4.5-6.0 × 106/µL Male
Mean corpuscular volume (MCV) 81-99 f L
Mean corpuscular hemoglobin (MCH) 30-34 pg
Mean corpuscular hemoglobin concentration (MCHC) 30-36 g/dL
RBC size distribution width (RDW)

RDW-CV 12-15%
RDW-SD 37-47 f L

Reticulocyte percentage* 0.5-1.5%
Absolute reticulocyte count 20,000-100,000/µL
Reticulocyte production index 0.5-2.5%
*The same normal range applies to corrected reticulocyte counts
RDW-CV = RDW-coefficient of variation; RDW-SD = RDW-standard deviation.

Hematocrit, red blood cell count, and hemoglobin concentration require adjustment to common 
units for red cell indices calculations.

TABLE 149-3 DEFINITION OF RED CELL INDICES AND 
RETICULOCYTE PARAMETERS

Mean corpuscular volume MCV
Hematocrit

Red blood cell coun
( ) =

tt

Mean corpuscular hemoglobin MCH
Hemoglobin concentration

R
( ) =

eed blood cell count

Mean corpuscular hemoglobin concentration MCHC
MCH
MCV

or
He

( )

=
mmoglobin concentration

Hematocrit

Absolute reticulocyte count Reticulocyte percentage Red bl= × oood cell count

Corrected reticulocyte count hematocrit Reticulocyte perc( ) = eentage
Hematocrit×

42

Corrected reticulocyte count hemoglobin Reticulocyte perc( ) = eentage
Hemoglobin concentration

×
15

Reticulocyte production index RPI
Corrected reticulocyte 

( ) =
ccount hematocrit

Maturation factor

( )

HEMATOCRIT RANGE MATURATION FACTOR
36-45% 1.0
26-35% 1.5
16-25% 2.0
Less than 16% 2.5
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anemia. In contrast, a history of a similar disorder in the mother, aunts, and 
sisters of a female patient with suspected iron deficiency is not particularly 
helpful in the diagnosis of anemia.

Physical Examination
Certain physical findings may help guide the evaluation of anemia focus by 
providing clues to specific syndromes, underlying disorders, or bleeding (Table 
149-5). Evidence of bleeding mandates evaluation for iron deficiency. Petechiae, 
purpura, or thrush suggest abnormalities of the platelets or white cells and 
raise the possibility of a generalized marrow disorder not limited to the ery-
throid lineage. Frontal bossing (prominence of the forehead due to expansion 
of red marrow in the skull) is seen in congenital hemolytic anemias but can 
be a normal variant; in general, adults with hemolytic anemia and this physical 
finding have had their diagnosis defined earlier in life. The neurologic findings 
of B12 deficiency generally require a more thorough examination than is part 
of the routine physical examination (Chapter 155).

Complete Blood Counts
The usual complete blood count provided by automated cell counters includes 
a variety of directly measured and calculated parameters, which at a minimum 
include the white blood cell count, the red blood cell count, the hemoglobin 
concentration and hematocrit, the platelet count, and the red cell indices 
described below. Many automated counters also provide a differential white 
blood count and a semiquantitative description of red cell abnormalities. 
Decreased counts of white blood cells and platelets are discussed in Chapters 
158 and 163, respectively. Typical values are shown in Table 149-2. Clinicians 
should become familiar with the normal values specific to the laboratories 
they use.

The hematocrit and red cell counts are concentrations as is the hemoglobin 
concentration, which means that a change in the plasma volume can elevate 
them or decrease them relative to the actual total body red cell volume. An 
example of an anemia (significant reduction in the hemoglobin concentration 
or hematocrit) associated with a normal or slightly increased red cell volume 
occurs in the second trimester of normal pregnancy. In contrast, an elevated 
hemoglobin concentration or hematocrit with a normal or decreased red cell 
volume can be seen in dehydration or the capillary leak syndrome

Red cells can also be described by parameters called red cell indices, which 
are routinely calculated by most electronic cell counters. These include the 
mean corpuscular volume (MCV), the mean corpuscular hemoglobin (MCH), 
and the mean corpuscular hemoglobin concentration MCHC) (Table 149-3). 
Another parameter automatically calculated by most electronic cell counters 
is the red cell distribution width (RDW), which represents either the coef-
ficient of variation of the distribution curve of red cell sizes (RDW-CV) or 
the standard deviation of the red cell distribution width curve (RDW-SD) 
and is a marker of red cell anisocytosis and poikilocytosis (variation in size 
and shape, respectively).

Red blood cell parameter determinations will vary between laboratories 
depending upon equipment used and on the population serving as the basis 
for the normal range. For example, the normal red cell values among patients 
living at high altitude are higher than those in normal subjects at sea level due 
to lower ambient oxygen tension driving higher erythropoietin production. 
Table 149-2 shows typical normal values. Normal values are different between 
newborns, children, and adults and between men and women after puberty. 
The difference in normal hemoglobin concentration, hematocrit, and red cell 
count between adult men and women is attributed to the action of testosterone 
in sensitizing erythroid progenitors to erythropoietin.

Reticulocyte Count
Red cells newly released from the bone marrow that have shed their nuclei but 
still contain some nuclear material in the cytoplasm are called reticulocytes. 
Reticulocytes were traditionally measured through supravital staining on fresh 
smears, but now are most frequently measured by flow cytometry technology 
incorporated into electronic blood counters. On the routine Wright-Giemsa–
stained peripheral blood smear, reticulocytes are slightly larger than red cells, 
have little or no central pallor, and have a more grayish (polychromatic) tinge 
to the cytoplasm. The reticulocyte activity in a particular specimen can be 
expressed in a variety of ways (Table 149-3). All are based on the principle that 
the reticulocyte response of the marrow to anemia varies with the degree of 
anemia. The uncorrected reticulocyte count, sometimes called the reticulocyte 
percentage, represents the percentage of red blood cells that are reticulocytes. 
However, an uncorrected reticulocyte count of 2% would be entirely normal 
in a person with a hematocrit of 42% but would be grossly inadequate in a 

examination that can guide the subsequent laboratory evaluation. These are 
outlined in Tables 149-4 and 149-5. Duration of anemia assists in distinguish-
ing congenital from chronic or acute causes. Because iron deficiency is the 
most common etiology of anemia in clinical medicine, dietary history (veg-
etarian or vegan) and a history of blood loss should always be pursued. In 
women, this should also include asking about number of previous pregnancies 
and whether iron supplementation was used during the pregnancy. Every 
child delivered at term represents an investment of 800 mg of maternal iron 
(Chapter 150). Persistent jaundice suggests active hemolysis, and episodic 
jaundice is frequently observed in individuals with congenital hemolytic 
anemias, whether they result from metabolic defects such as glucose-6-phosphate 
dehydrogenase (G6PD) deficiency or from red cell membrane defects such 
as hereditary spherocytosis. A history of cholelithiasis in early adulthood is 
suggestive of congenital hemolytic disorders. A history of rheumatic or chronic 
inflammatory disorders raises the possibility of the anemia of inflammation 
(Chapter 150). A history of petechiae or easy bruising or a history of recurrent 
infection raises the possibility of a hematopoietic disorder not limited to the 
erythroid lineage. A family history of anemia may be helpful to the extent that 
it is specific. A history of a specific diagnosis, such as sickle cell anemia or 
thalassemia, is obviously helpful. Similarly, a history of family members with 
episodes of jaundice following minor illnesses suggests a congenital hemolytic 

TABLE 149-4 MEDICAL HISTORY IN THE APPROACH  
TO ANEMIA

GENERAL
Duration (lifelong; chronic; intermittent; acute)
Previous blood transfusion
Family history of anemia
CLUES TO IRON DEFICIENCY/BLOOD LOSS
Change in bowel habits (melena, hematochezia, diarrhea)
Other bleeding
Surgical procedures
Pica (ice)
Restless leg symptoms
CLUES TO HEMOLYSIS
Jaundice (episodic, sustained, family history)
Hemoglobinuria
Cholelithiasis/cholecystectomy in early adulthood
CLUES TO SYSTEMIC HEMATOLOGIC DISEASE
Purpura/petechiae
Recurrent infections including oral candidiasis
CLUES TO SYSTEMIC DISORDERS ASSOCIATED WITH ANEMIA
Rheumatologic/collagen vascular disease (anemia of chronic inflammation (ACI))
Renal disease (anemia of uremia)
Infections (recent or chronic, ACI)
Endocrinopathy (anemia associated with endocrine deficiency)
Malignancy (ACI)
Weight loss (ACI; also nonspecific)

TABLE 149-5 PHYSICAL EXAMINATION FINDINGS IN THE 
APPROACH TO ANEMIA

FACTORS THAT MAY CAUSE OVER- OR UNDERESTIMATION OF THE 
DEGREE OF ANEMIA
Edema/anasarca
Other signs of congestive heart failure
Orthostatic hypotension/poor skin turgor
CLUES TO IRON DEFICIENCY/BLOOD LOSS
Heme-positive stool
Telangiectasias
CLUES TO HEMOLYSIS
Jaundice
Splenomegaly
Right upper quadrant abdominal tenderness
Frontal bossing (hemoglobinopathy/thalassemia)
CLUES TO B12/FOLATE DEFICIENCY
Glossitis
Decreased vibratory sensation/proprioception
CLUES TO SYSTEMIC HEMATOLOGIC DISEASE
Purpura/petechiae
Oral thrush
Splenomegaly
Lymphadenopathy

environment, it is reasonable to include an assessment of iron status in the 
initial laboratory evaluation of anemia. Iron deficiency anemia and the anemia 
of inflammation (also called anemia of chronic disease) can both be diagnosed 
by these tests and are the two most common etiologies of anemia (Chapter 
150). Both iron deficiency anemia and anemia of inflammation can be either 
microcytic or normocytic, and it is likely that iron testing will be needed in 
nearly all circumstances not associated with an elevated reticulocyte response. 
This approach is outlined in Table 149-6.

 ANEMIAS ASSOCIATED WITH INCREASED 
RETICULOCYTE PRODUCTION

Anemia associated with increased reticulocyte production after adjustment 
for anemia suggests the presence of either blood loss or hemolysis. There are 
certain situations where bleeding or hemolysis may not be associated with an 
appropriate reticulocyte response; these typically indicate some concurrent 
restriction on red cell production such as iron or folate deficiency.

 Anemia Due to Blood Loss
The symptoms of acute blood loss are dependent on the rapidity and volume 
of blood lost and secondarily on the site of blood loss. They are heavily influ-
enced by effects of hypovolemia. Hypovolemia and loss of the oxygen-carrying 
capacity of red cells may impair oxygen delivery to tissues. Blood flow pref-
erentially shunts to the critical organs like the heart, brain, kidneys, and liver 
and is diverted away from the skin and musculature.

In the initial setting of acute blood loss, plasma and red cells are depleted 
in their same relative ratio. The result of this is that the hemoglobin concentra-
tion and hematocrit do not change acutely. As the intravascular volume is 
expanded, either rapidly with exogenous, intravenous colloid or crystalloid 
in the setting of trauma, or more slowly by endogenous redistribution of plasma 
from the extravascular space, the hematocrit and hemoglobin concentration 
will begin to move downward over hours to days to reveal the true extent of 
loss of circulating red cell volume. In this setting, therefore, the degree of 
blood loss is initially underestimated by the blood counts. Further complicat-
ing the situation in the case of acute trauma is cytokine activation and the 
“coagulopathy of trauma.” For this reason, trauma transfusion protocols have 
been developed in which packed red blood cells, fresh frozen plasma, and 
platelet concentrate are administered in specific ratios in order to return as 
quickly as possible to the physiologic state.4

Clinical findings vary with the volume and site of blood loss. Bleeding into 
the gastrointestinal tract can lead to hematemesis, melena, and/or hemato-
chezia, depending on the location and rate of bleeding. The blood urea nitrogen 
(BUN) concentration will rise (out of proportion to the creatinine) even with 
relatively modest gastrointestinal bleeding due to the breakdown and absorp-
tion of hemoglobin protein. When a patient has a large hematoma, whether 
intracavitary or between tissue planes, hyperbilirubinemia and occasionally 
clinically apparent jaundice, as well as some rise in BUN, may occur as the 
extravascular hemoglobin breaks down. Bleeding may be associated with reac-
tive thrombocytosis and occasionally leukocytosis.

The management of massive blood loss is by transfusion (Chapter 167) 
and correction of the cause of bleeding. In smaller volume acute blood loss, 
where the hemoglobin concentration comes to equilibrium at a point that 
does not impair oxygen delivery in that specific patient, patients may be allowed 
to recover on their own, mobilizing their own iron stores. When there is 

person with a hematocrit of 20%. The other reticulocyte parameters represent 
an effort to adjust this uncorrected value for the degree of anemia. The sim-
plest and most common adjustment is to express the reticulocyte count as the 
absolute reticulocyte count, which is the reticulocyte percentage multiplied 
by the red blood cell count. The most complex is the reticulocyte production 
index (RPI), which corrects the reticulocyte count for the degree of anemia 
and then adjusts by a factor that compensates for the release of less mature 
reticulocytes into the circulation under circumstances of more severe anemia.

Reticulocyte counts are helpful in the initial approach to anemia in distin-
guishing anemias due to underproduction of red cells from those associated 
with adequate or overproduction but shortened survival in the circulation. 
During treatment of anemia, increases in the reticulocyte count can predict 
response to therapy prior to increments in the hemoglobin concentration or 
hematocrit. Alternately, failure of the reticulocyte count to increase at the 
expected time can predict failure of current therapy and dictate a change of 
approach.

Blood Smear Examination
Even in the era of ever more sophisticated electronic hematologic analysis, 
including ability of device software to provide descriptions of red cells, there 
remains value in the examination of peripheral blood smear by a physician 
familiar with the clinical situation of the patient. The blood smear and its evalu-
ation is discussed in detail in Chapter 148. In congenital hemolytic anemias, 
the morphologic changes characteristic of red cell membrane abnormalities 
may be seen (spherocytes, elliptocytes, etc.). The “bite” and “blister” red cells 
found in hereditary defects of red cell oxidative metabolism are unlikely to be 
appreciated except by direct examination by a clinician. Sideroblastic anemia is 
characterized as a microcytic anemia (see below) but is frequently associated 
with a normal MCV because the sideroblastic clone is not large enough to 
alter the average red cell size. The finding of a dimorphic red cell population is 
a significant clue to this disorder but may also be seen in partially treated iron 
deficiency. Macro-ovalocytes and hypersegmented neutrophils are a highly 
specific clue to B12 deficiency.

Bone Marrow Examination
Bone marrow aspiration and biopsy are required for the diagnosis of many 
primary marrow disorders giving rise to anemia. In general, it is most likely 
to be indicated in underproduction anemias rather than in those associated 
with an appropriate or increased reticulocyte response. Paroxysmal nocturnal 
hemoglobinuria (PNH), which can include elements of both hemolysis and 
marrow failure, is probably an exception. Disorders that require bone marrow 
examination for diagnosis at the present time are aplastic anemia and pure 
red cell aplasia, myelodysplastic syndromes, and anemias associated with 
marrow replacement (lymphoma, leukemia, myelofibrosis, myeloma, or meta-
static cancer). Marrow examination is rarely required for assessment of iron 
status, given the availability of other diagnostic tools (Chapter 150). Bone 
marrow examination for the diagnosis of anemia should include both aspira-
tion and biopsy, and routinely include Prussian blue staining for evaluation 
of iron stores and possible detection of ringed sideroblasts. Flow cytometry 
to phenotype myeloid or lymphoid/plasma cell populations should also be 
performed, as should standard cytogenetics, when suspecting a clonal disorder. 
If there is suspicion on clinical grounds of a specific disease associated with 
a molecular abnormality, polymerase chain reaction (PCR) or fluorescence 
in situ hybridization (FISH) testing for that abnormality should be performed. 
Molecular studies for parvovirus in cases of possible pure red cell aplasia can 
be carried out on peripheral blood. A more recent discovery is that clonal 
abnormalities of hematopoiesis can be identified on peripheral blood molecular 
testing, particularly in the elderly.1,2 It is possible that such testing may obviate 
the need for bone marrow examination in certain selected populations.3

 INITIAL LABORATORY APPROACH TO ANEMIA
The traditional approach to the evaluation of anemia has been to obtain a 
complete blood count with indices and reticulocyte count, categorize the 
anemia on that basis, and then proceed with specific testing indicated by 
reticulocyte count and MCV, informed by the findings on history and physical 
examination and review of the blood smear. This is an appropriate and intel-
lectually valid approach at any time, but particularly in the inpatient or hospital-
based clinic settings. In the ambulatory practice environment for many internists, 
third-party payers may mandate that laboratory studies be sent to outside 
reference laboratories. The consequence of such policies is that blood count 
and reticulocyte count results may not be available on the day of the visit, 
and personal review of the blood smear may be challenging. In such a practice 
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environment, it is reasonable to include an assessment of iron status in the 
initial laboratory evaluation of anemia. Iron deficiency anemia and the anemia 
of inflammation (also called anemia of chronic disease) can both be diagnosed 
by these tests and are the two most common etiologies of anemia (Chapter 
150). Both iron deficiency anemia and anemia of inflammation can be either 
microcytic or normocytic, and it is likely that iron testing will be needed in 
nearly all circumstances not associated with an elevated reticulocyte response. 
This approach is outlined in Table 149-6.

 ANEMIAS ASSOCIATED WITH INCREASED 
RETICULOCYTE PRODUCTION

Anemia associated with increased reticulocyte production after adjustment 
for anemia suggests the presence of either blood loss or hemolysis. There are 
certain situations where bleeding or hemolysis may not be associated with an 
appropriate reticulocyte response; these typically indicate some concurrent 
restriction on red cell production such as iron or folate deficiency.

 Anemia Due to Blood Loss
The symptoms of acute blood loss are dependent on the rapidity and volume 
of blood lost and secondarily on the site of blood loss. They are heavily influ-
enced by effects of hypovolemia. Hypovolemia and loss of the oxygen-carrying 
capacity of red cells may impair oxygen delivery to tissues. Blood flow pref-
erentially shunts to the critical organs like the heart, brain, kidneys, and liver 
and is diverted away from the skin and musculature.

In the initial setting of acute blood loss, plasma and red cells are depleted 
in their same relative ratio. The result of this is that the hemoglobin concentra-
tion and hematocrit do not change acutely. As the intravascular volume is 
expanded, either rapidly with exogenous, intravenous colloid or crystalloid 
in the setting of trauma, or more slowly by endogenous redistribution of plasma 
from the extravascular space, the hematocrit and hemoglobin concentration 
will begin to move downward over hours to days to reveal the true extent of 
loss of circulating red cell volume. In this setting, therefore, the degree of 
blood loss is initially underestimated by the blood counts. Further complicat-
ing the situation in the case of acute trauma is cytokine activation and the 
“coagulopathy of trauma.” For this reason, trauma transfusion protocols have 
been developed in which packed red blood cells, fresh frozen plasma, and 
platelet concentrate are administered in specific ratios in order to return as 
quickly as possible to the physiologic state.4

Clinical findings vary with the volume and site of blood loss. Bleeding into 
the gastrointestinal tract can lead to hematemesis, melena, and/or hemato-
chezia, depending on the location and rate of bleeding. The blood urea nitrogen 
(BUN) concentration will rise (out of proportion to the creatinine) even with 
relatively modest gastrointestinal bleeding due to the breakdown and absorp-
tion of hemoglobin protein. When a patient has a large hematoma, whether 
intracavitary or between tissue planes, hyperbilirubinemia and occasionally 
clinically apparent jaundice, as well as some rise in BUN, may occur as the 
extravascular hemoglobin breaks down. Bleeding may be associated with reac-
tive thrombocytosis and occasionally leukocytosis.

The management of massive blood loss is by transfusion (Chapter 167) 
and correction of the cause of bleeding. In smaller volume acute blood loss, 
where the hemoglobin concentration comes to equilibrium at a point that 
does not impair oxygen delivery in that specific patient, patients may be allowed 
to recover on their own, mobilizing their own iron stores. When there is 

person with a hematocrit of 20%. The other reticulocyte parameters represent 
an effort to adjust this uncorrected value for the degree of anemia. The sim-
plest and most common adjustment is to express the reticulocyte count as the 
absolute reticulocyte count, which is the reticulocyte percentage multiplied 
by the red blood cell count. The most complex is the reticulocyte production 
index (RPI), which corrects the reticulocyte count for the degree of anemia 
and then adjusts by a factor that compensates for the release of less mature 
reticulocytes into the circulation under circumstances of more severe anemia.

Reticulocyte counts are helpful in the initial approach to anemia in distin-
guishing anemias due to underproduction of red cells from those associated 
with adequate or overproduction but shortened survival in the circulation. 
During treatment of anemia, increases in the reticulocyte count can predict 
response to therapy prior to increments in the hemoglobin concentration or 
hematocrit. Alternately, failure of the reticulocyte count to increase at the 
expected time can predict failure of current therapy and dictate a change of 
approach.

Blood Smear Examination
Even in the era of ever more sophisticated electronic hematologic analysis, 
including ability of device software to provide descriptions of red cells, there 
remains value in the examination of peripheral blood smear by a physician 
familiar with the clinical situation of the patient. The blood smear and its evalu-
ation is discussed in detail in Chapter 148. In congenital hemolytic anemias, 
the morphologic changes characteristic of red cell membrane abnormalities 
may be seen (spherocytes, elliptocytes, etc.). The “bite” and “blister” red cells 
found in hereditary defects of red cell oxidative metabolism are unlikely to be 
appreciated except by direct examination by a clinician. Sideroblastic anemia is 
characterized as a microcytic anemia (see below) but is frequently associated 
with a normal MCV because the sideroblastic clone is not large enough to 
alter the average red cell size. The finding of a dimorphic red cell population is 
a significant clue to this disorder but may also be seen in partially treated iron 
deficiency. Macro-ovalocytes and hypersegmented neutrophils are a highly 
specific clue to B12 deficiency.

Bone Marrow Examination
Bone marrow aspiration and biopsy are required for the diagnosis of many 
primary marrow disorders giving rise to anemia. In general, it is most likely 
to be indicated in underproduction anemias rather than in those associated 
with an appropriate or increased reticulocyte response. Paroxysmal nocturnal 
hemoglobinuria (PNH), which can include elements of both hemolysis and 
marrow failure, is probably an exception. Disorders that require bone marrow 
examination for diagnosis at the present time are aplastic anemia and pure 
red cell aplasia, myelodysplastic syndromes, and anemias associated with 
marrow replacement (lymphoma, leukemia, myelofibrosis, myeloma, or meta-
static cancer). Marrow examination is rarely required for assessment of iron 
status, given the availability of other diagnostic tools (Chapter 150). Bone 
marrow examination for the diagnosis of anemia should include both aspira-
tion and biopsy, and routinely include Prussian blue staining for evaluation 
of iron stores and possible detection of ringed sideroblasts. Flow cytometry 
to phenotype myeloid or lymphoid/plasma cell populations should also be 
performed, as should standard cytogenetics, when suspecting a clonal disorder. 
If there is suspicion on clinical grounds of a specific disease associated with 
a molecular abnormality, polymerase chain reaction (PCR) or fluorescence 
in situ hybridization (FISH) testing for that abnormality should be performed. 
Molecular studies for parvovirus in cases of possible pure red cell aplasia can 
be carried out on peripheral blood. A more recent discovery is that clonal 
abnormalities of hematopoiesis can be identified on peripheral blood molecular 
testing, particularly in the elderly.1,2 It is possible that such testing may obviate 
the need for bone marrow examination in certain selected populations.3

 INITIAL LABORATORY APPROACH TO ANEMIA
The traditional approach to the evaluation of anemia has been to obtain a 
complete blood count with indices and reticulocyte count, categorize the 
anemia on that basis, and then proceed with specific testing indicated by 
reticulocyte count and MCV, informed by the findings on history and physical 
examination and review of the blood smear. This is an appropriate and intel-
lectually valid approach at any time, but particularly in the inpatient or hospital-
based clinic settings. In the ambulatory practice environment for many internists, 
third-party payers may mandate that laboratory studies be sent to outside 
reference laboratories. The consequence of such policies is that blood count 
and reticulocyte count results may not be available on the day of the visit, 
and personal review of the blood smear may be challenging. In such a practice 

TABLE 149-6 INITIAL ASSESSMENT OF ANEMIA
INPATIENT/HOSPITAL-BASED CLINIC SETTING*
History and physical examination
Complete blood counts with indices
Reticulocyte count
Peripheral blood smear review
AMBULATORY CLINIC SETTING
History and physical examination
Complete blood counts with indices
Reticulocyte count
Peripheral blood smear review (if/when possible)
Iron assessment for iron deficiency anemia/anemia of inflammation

Serum iron concentration
Serum total iron binding capacity and serum percent transferrin saturation
Serum ferritin concentration

*This approach would also apply in an ambulatory setting with in-office laboratory capacity.
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history or a history of pregnancy in which fetal-maternal transfusion may have 
occurred, the possibility of other immune hemolytic mechanisms arises, and an 
antibody screen (also called the indirect antiglobulin test) should be ordered. 
If negative, metabolic or toxic causes of hemolysis should be considered.

Sustained hemolysis of any etiology creates an increased demand for folic 
acid, and it is reasonable to supplement individuals with chronic hemolysis 
with folate 1 mg/d. In countries that do not routinely fortify food with folic 
acid, a higher level of supplementation may be needed. During pregnancy, 
when folate demands are increased, a higher level of supplementation than 
the recommended 0.8 mg/d is reasonable for individuals with chronic hemo-
lysis. Hemolysis that is primarily extravascular is generally not associated with 
increased iron demands, because the hemoglobin iron from the hemolyzed 
red cells is recycled in the reticuloendothelial system. In intravascular hemo-
lysis, the haptoglobin/hemopexin system for recycling heme iron is readily 
overwhelmed and iron supplementation may be necessary.

 ANEMIAS ASSOCIATED WITH INADEQUATE 
RETICULOCYTE RESPONSE 
(UNDERPRODUCTION ANEMIAS)

The vast majority of anemias seen in adults are associated with decreased red 
cell production. A useful approach to the evaluation of these anemias is to 
classify them by MCV as microcytic, normocytic, or macrocytic (Table 149-9). 
A limitation to this approach is that the MCV used in defining this model 
was based on examination of the blood smear and not necessarily on the 
measured MCV value provided by the electronic cell counter. The dimorphic 
population of microcytic and normocytic red cells seen in sideroblastic anemia 
has already been mentioned. In the presence of concurrent inflammation or 
of elevated serum immunoglobulin (whether polyclonal or monoclonal), 

concern about adequate iron stores, iron replacement can be given. The role 
of intravenous iron in this setting is unclear.

Chronic blood loss is rarely at a level that produces acute volume shifts and 
the dramatic symptomatology of acute blood loss. The reticulocyte count 
remains appropriately elevated until iron becomes depleted by its utilization 
for increased erythropoiesis, at which time the reticulocyte response decreases 
and the hemoglobin concentration and hematocrit begin to drift downward. 
The decline in MCV begins shortly after the hemoglobin concentration and 
hematocrit fall below the normal range.

 Anemia Due to Hemolysis
Hemolysis indicates a reduction in the survival of red cells in the circulation 
that is not due to bleeding. In this sense, some reduction in red cell survival 
is an element in many hematologic syndromes. Decreased red cell survival is 
a component of the anemia observed in renal disease, the anemia of inflam-
mation, and the anemia of liver disease (distinct from spur cell anemia). 
Microangiopathic hemolytic morphology is occasionally seen in disseminated 
intravascular coagulation. However, these disorders are not considered “hemo-
lytic anemias” in the same sense as the disorders discussed in this section. 
The disorders discussed here are those in which the primary etiology of anemia 
is hemolysis, with further details about the specific disorders of hemolysis in 
Chapters 151, 152, 153, and 154.

Table 149-7 outlines laboratory studies that raise suspicion of a hemolytic 
anemia and those that confirm it. These are not specific to any etiology of 
hemolytic anemia. The distinction between extravascular hemolysis (which 
includes hemolysis in the spleen) and intravascular hemolysis is helpful in 
understanding these disorders at the pathophysiologic level. However, it is 
not absolute in terms of diagnostic testing. While the haptoglobin tends to 
become lower in intravascular hemolysis, it is generally decreased in extravas-
cular hemolysis also. Hemoglobinemia and hemoglobinuria are specific for 
intravascular hemolysis.

Table 149-8 lists causes of hemolysis, using a popular classification that 
separates etiologies that are (1) entirely external to the red cell (e.g., immu-
nologic, mechanical, or toxic processes); (2) defects that are intrinsic to the 
red cell membrane (e.g., hereditary spherocytosis or spur cell anemia), and 
(3) processes primarily related to red cell metabolism or to abnormalities of 
hemoglobin. The enzymatic defects producing hemolysis are typically related 
to oxidative metabolism and particularly to oxidative stress such as that induced 
by medications. Specific syndromes of hemolytic anemias are discussed in 
Chapters 151 through 154. The goal of this section is to outline a general 
approach to hemolytic anemias that can then be expanded upon in the chapters 
devoted to specific syndromes.

Figure 149-2 outlines an approach to the diagnosis of the various classes 
of hemolytic anemia syndromes. In hemolytic anemia, the examination of 
the peripheral smear is extremely important and likely to yield important 
information. Identification of the characteristic microangiopathic changes 
of thrombotic thrombocytopenic purpura immediately provides direction 
to life-saving therapy. Similarly, congenital defects in the intrinsic proteins 
of the red cell membrane produce specific morphologic features, which can 
lead rapidly to a confirmable diagnosis. If the morphology on the peripheral 
blood smear is normal or shows only a small number of spherocytes, then 
evaluation for an immunologic etiology of hemolysis needs to be pursued. 
In general, autoimmune hemolytic anemia is associated with an abnormal 
direct antiglobulin (Coombs) test. In individuals with a previous transfusion 

TABLE 149-7 GENERAL LABORATORY FINDINGS IN 
HEMOLYTIC ANEMIA

FINDINGS SUGGESTIVE OF HEMOLYSIS
Peripheral blood smear

Polychromasia
Abnormal red cell morphology

Elevated reticulocyte count (adjusted for anemia)
Elevated serum bilirubin (indirect/unconjugated)
Elevated serum lactate dehydrogenase
Slightly elevated serum aspartate aminotransferase
FINDINGS CONFIRMATORY OF HEMOLYSIS
Decreased serum haptoglobin (lower in intravascular hemolysis)
Increased plasma hemoglobin
Increased urobilinogen
Hemoglobinuria (intravascular hemolysis)
Hemosiderinuria (intravascular hemolysis; chronic or recurrent)

TABLE 149-8 ETIOLOGIES OF HEMOLYTIC ANEMIA
EXTERNAL TO RED BLOOD CELL
Hypersplenism
Immunologic

Autoimmune
Alloimmune

Microangiopathic
Thrombotic microangiopathy

Thrombotic thrombocytopenic purpura
Hemolytic uremic syndrome (typical/atypical)

Mechanical fragmentation
Valvular heart disease (native and prosthetic)
Foot-strike hemolysis (march hemoglobinuria)
Malignant hypertension
Giant hemagioma/Kasabach-Merritt

Thermal injury
Infections

Malaria (blackwater fever)
Clostridial sepsis
Babesiosis

Toxic/Metabolic
Chemical

Arsine
Copper
Lead

Venoms
Snake bite
Spider bite (Brown recluse)

MEMBRANE DEFECT
Acquired

Paroxysmal nocturnal hemoglobinuria
Spur cell anemia

Congenital
Red cell membrane protein defect

Hereditary spherocytosis, similar disorders
INTENAL DEFECT
Hemoglobinopathy

Sickle hemoglobin syndromes
Other hemoglobinopathy syndromes
Thalassemia syndromes

Red cell metabolic abnormalities
Glucose-6-phosphate dehydrogenase deficiency, similar disorders
Hypophosphatemia (acquired)

stacking of red cells (“rouleaux formation”) as they pass through the aperture 
of the counter may artifactually elevate the measured MCV.

 Microcytic Anemias
Microcytic anemias share the common pathogenesis of defective cellular 
hemoglobin synthesis. These defects may be at the globin level, as in the 
hemoglobinopathies and thalassemia, or may affect synthesis of the heme 
moiety. Lead poisoning suppresses ferrochelatase, interfering with synthesis 
of the heme porphyrin ring. Anemia of inflammation (anemia of chronic 
disease) is typically normocytic but may be associated with a slight reduction 
in MCV. In general, an MCV less than 75 f L would not be seen in the anemia 
of inflammation. The lowest MCVs will be seen in the hemoglobinopathies 
and thalassemias. A normal RDW in microcytic anemia is more likely to rep-
resent a hemoglobinopathy or thalassemia rather than iron deficiency. The 
microcytic anemias are discussed in detail in Chapter 150.

 Macrocytic Anemias
Macrocytic anemias represent a mixed bag of diagnoses and pathophysiologic 
mechanisms.5 As mentioned earlier, inflammation or hypergammaglobulinemia 
can produce a laboratory artifact resulting in an elevated reported MCV. The 
elevated MCV in reticulocytosis is not an artifact because reticulocytes are 
larger than mature red cells. Liver disease or alcohol use are frequently associ-
ated with a mildly macrocytic anemia. Although the anemia of hypothyroidism 
is most commonly associated with a normal MCV, macrocytosis is sometimes 
reported, and it is frequently classified as a macrocytic anemia. The syndromes 
outlined above are usually associated with an MCV less than 105 to 115 f L.

Other macrocytic anemias result from impaired DNA synthesis. These 
include the classic megaloblastic anemias from cobalamin (B12) and folate 
deficiency as well as primary marrow failure disorders such as the myelodys-
plastic syndromes and Diamond Blackfan anemia. The syndromes are typically 
associated with abnormalities of other cell lineages. The myelosuppressive 
agent hydroxyurea also produces striking macrocytosis as part of its expected 
effect. In primary marrow failure disorders, the MCV is typically less than 
110 fL. Megaloblastic anemia may be associated with extremely elevated MCV: 
as the MCV rises above 115 fL the likelihood of cobalamin or folate deficiency 
increases. Hydroxyurea can produce elevated MCV in a similar range. Copper 
deficiency may be confused with cobalamin deficiency because it also is asso-
ciated with neurologic findings, but the MCV is typically less than 110 f L. 
These disorders are discussed in Chapters 155, 156, and 172.
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hemoglobin synthesis. These defects may be at the globin level, as in the 
hemoglobinopathies and thalassemia, or may affect synthesis of the heme 
moiety. Lead poisoning suppresses ferrochelatase, interfering with synthesis 
of the heme porphyrin ring. Anemia of inflammation (anemia of chronic 
disease) is typically normocytic but may be associated with a slight reduction 
in MCV. In general, an MCV less than 75 f L would not be seen in the anemia 
of inflammation. The lowest MCVs will be seen in the hemoglobinopathies 
and thalassemias. A normal RDW in microcytic anemia is more likely to rep-
resent a hemoglobinopathy or thalassemia rather than iron deficiency. The 
microcytic anemias are discussed in detail in Chapter 150.

 Macrocytic Anemias
Macrocytic anemias represent a mixed bag of diagnoses and pathophysiologic 
mechanisms.5 As mentioned earlier, inflammation or hypergammaglobulinemia 
can produce a laboratory artifact resulting in an elevated reported MCV. The 
elevated MCV in reticulocytosis is not an artifact because reticulocytes are 
larger than mature red cells. Liver disease or alcohol use are frequently associ-
ated with a mildly macrocytic anemia. Although the anemia of hypothyroidism 
is most commonly associated with a normal MCV, macrocytosis is sometimes 
reported, and it is frequently classified as a macrocytic anemia. The syndromes 
outlined above are usually associated with an MCV less than 105 to 115 f L.

Other macrocytic anemias result from impaired DNA synthesis. These 
include the classic megaloblastic anemias from cobalamin (B12) and folate 
deficiency as well as primary marrow failure disorders such as the myelodys-
plastic syndromes and Diamond Blackfan anemia. The syndromes are typically 
associated with abnormalities of other cell lineages. The myelosuppressive 
agent hydroxyurea also produces striking macrocytosis as part of its expected 
effect. In primary marrow failure disorders, the MCV is typically less than 
110 fL. Megaloblastic anemia may be associated with extremely elevated MCV: 
as the MCV rises above 115 fL the likelihood of cobalamin or folate deficiency 
increases. Hydroxyurea can produce elevated MCV in a similar range. Copper 
deficiency may be confused with cobalamin deficiency because it also is asso-
ciated with neurologic findings, but the MCV is typically less than 110 f L. 
These disorders are discussed in Chapters 155, 156, and 172.

Normal,
or with few spherocytes only

Direct antiglobulin (Coombs) test
(add indirect antiglobulin test if history
of transfusion or previous pregnancy)

Negative

No

Glucose–6–Phosphate Dehydrogenase
testing (Chapter 152).

Depending upon severity and clinical
course, monitor or refer for more

specialized testing

Treat appropriately 
for diagnosis

Yes

History of infection associated
with hemolysis,

chemical/environmental
exposure, envenomation

Positive

See Chapter 151

Abnormal
other than few spherocytes

Blood smear review

Microangiopathic changes - see Chapter 151
Many spherocytes, elliptocytes, ovalocytes - see Chapter 152

“Blister” or Bite” cells - see Chapter 152
Sickle cells or microcytosis with target cells - see Chapters 153, 154

Spur cells or target cells with macrocytosis - evaluate for liver disease
Intracellular organisms - treat as appropriate for diagnosis

FIGURE 149-2. Approach to the workup of hemolysis, beginning with examination of the peripheral blood smear. (see chapter 148.) 

TABLE 149-9 CLASSIFICATION OF ANEMIA BY MEAN 
CORPUSCULAR VOLUME (MCV)

MICROCYTIC: DEFECTS IN CELLULAR HEMOGLOBIN SYNTHESIS
Iron deficiency anemia
Hemoglobinopathy*
Thalassemia
Sideroblastic anemia (congenital)
Anemia of inflammation (some cases)
Lead poisoning
NORMOCYTIC
Iron deficiency anemia (early)
Sickle cell anemia—homozygous or sickle cell trait
Anemia of inflammation (most cases)
Unexplained anemia of the elderly
Anemia of renal insufficiency
Physiologic anemia of pregnancy
Anemia of endocrine deficiency

Hypothyroidism—most cases
Adrenal insufficiency
Androgen deficiency

Marrow replacement
Pure red cell aplasia
Aplastic anemia (many cases)
MACROCYTIC
Laboratory artifacts

Inflammation
Hypergammaglobulinemia

Reticulocytosis
Anemia of liver disease
Alcohol
Anemia of hypothyroidism (some cases)
Copper deficiency
Primary marrow failure

Diamond Blackfan anemia
Myelodysplastic syndrome (including acquired sideroblastic anemia)
Aplastic anemia (some cases)

Megaloblastic anemia
Cobalamin (B12) deficiency
Folate deficiency

Hydroxyurea therapy
*Homozygous sickle cell anemia (SS), sickle cell trait (AS), and hemoglobin C trait are normocytic. 
Compound heterozygote sickle cell syndromes like sickle-thalassemia are microcytic.
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for the degree of anemia. Marked reticulocytosis may be seen with spur cell 
anemia or when recovering from heavy acute alcohol ingestion.

The major pathogenetic factor in the anemia of liver disease is shortened 
red cell survival. Many mechanisms contribute, with abnormalities in the lipid 
composition of the red cell membrane likely the most important. Splenic 
sequestration or abnormalities of oxidative metabolism may also contribute. 
Other factors that may contribute include suppression of erythroid progeni-
tors by alcohol, dietary folate deficiency, or gastrointestinal blood loss and 
possible iron deficiency. Spur cell anemia, a morphologically distinctive con-
sequence of abnormal red cell lipid composition in liver disease, may be asso-
ciated with striking reticulocytosis. Greater than 5% spur cells in the red cell 
population is associated with decreased survival in liver disease.

Specific treatment of uncomplicated anemia of liver disease is not required, 
beyond encouraging good nutrition and alcohol abstinence. Patients should 
be evaluated for concurrent blood loss and iron or folate deficiency.

 ANEMIA OF ENDOCRINE DEFICIENCY
Anemia in endocrine deficiencies such as hypothyroidism and adrenal or 
androgen insufficiency is “adaptive” in a sense, since it reflects an adjustment 
to downregulated basal metabolism. The degree of anemia is typically mild 
to moderate and of itself rarely causes symptomatology. These diagnoses should 
be considered after more significant etiologies of anemia such as iron deficiency 
or renal insufficiency have been ruled out. Fewer than one third of cases of 
anemia in hypothyroidism are macrocytic; otherwise anemia in endocrine 
deficiency is normocytic. Anemia in adrenal insufficiency may be masked by 
volume contraction. Anemia may be the only finding in androgen deficiency. 
Treatment of the underlying deficiency corrects the anemia of endocrine 
deficiency.

 PHYSIOLOGIC ANEMIA OF PREGNANCY
A decrease in the hemoglobin concentration is a normal feature of pregnancy. 
Beginning around the seventh week of pregnancy, the red cell mass begins to 
expand up to 15 to 25% above prepregnancy baseline. At roughly the same time, 
the plasma volume begins to expand disproportionately, ultimately reaching 
40 to 50% above baseline during weeks 16 to 24.9 This dilutional anemia with 
increased red cell mass is referred to as “physiologic anemia of pregnancy.” 
Normocytic anemia with a hemoglobin concentration greater than 11 g/dL 
in the late first trimester or 10 g/dL in the second and third trimesters of 
an uncomplicated pregnancy can be attributed to the physiologic anemia 
of pregnancy without further testing. Lower hemoglobin concentrations or 
microcytic or macrocytic anemia does require evaluation. The mostly likely 
contributors to anemia in pregnancy are iron deficiency or folate deficiency, 
demand for both of which is increased during pregnancy. In the absence of 
a preexisting deficiency or an increased demand induced by hemolysis, the 
0.8 mg daily folate dose recommended for neural tube defect prophylaxis is 
sufficient to avoid folate deficiency during pregnancy in countries where food 
fortification with folate is standard. Higher doses may be required in other 
circumstances. A2  Although routine iron supplementation during pregnancy is 
generally not recommended in guidelines, it is quite common in the United 
States; such patients have a lower likelihood of developing iron deficiency in 
pregnancy or postpartum.

 ANEMIA OF AGING
The frequency of anemia in both men and women increases after the age of 
50. By age 65, roughly 10% of men and women are anemic. The prevalence 
of anemia is three- to four-fold increased in African Americans over 65 com-
pared to persons of white European ancestry but only slightly elevated in 
Latino populations. However, gender-specific mean hemoglobin/hematocrit 
values for older patients are nearly identical to the overall population mean 
values. Anemia contributes to frailty and morbidity in aging.

The increased frequency of anemia with aging in part reflects age-related 
declines in renal function, gastric acidity, and testosterone in men, as well 
as an increased frequency of other pathology.10 When large populations of 
anemic elderly patients are evaluated, approximately one third have iron, B12, 
and/or folate deficiency (with iron deficiency predominant); one third have 
anemia of inflammation and/or anemia of renal insufficiency (with anemia 
of inflammation three times more frequent); and one third have other eti-
ologies, with the largest component being normocytic anemia described 
as “unexplained anemia of aging.” Studies of this entity suggest that it is a 
cytokine/hepcidin-driven analog of the anemia of inflammation/anemia 
of chronic disease. Specific treatment is not required. In elderly individu-
als with persistent unexplained anemia and abnormalities in other lineages 

 Normocytic Anemias
Normocytic anemias also represent a mixed group of disorders. In some cases, 
they are caused by a primary marrow failure state, as in pure red cell aplasia 
or aplastic anemia. In most other circumstances, they represent anemia associ-
ated with some other systemic disorder.6

Iron deficiency anemia in its early stages, like the anemia of acute blood 
loss, is associated with a normal MCV. After iron stores are depleted, a process 
of iron depleted erythropoiesis begins. As the red cells produced under these 
conditions become a larger proportion of the total red cell population, the 
MCV begins to decline. Pure red cell aplasia presents as an isolated normo-
chromic normocytic anemia with striking reticulocytopenia. In patients with 
isolated anemia and a reticulocyte count of 0.1% or less or an absolute reticu-
locyte count less than 10,000/µL, a bone marrow examination should be 
performed to evaluate for this diagnosis.

The anemia of inflammation, which is likely the most common normocytic 
anemia syndrome after acute blood loss or early iron deficiency, is discussed 
in Chapter 150.

 SPECIFIC ANEMIA SYNDROMES
 ANEMIA OF RENAL INSUFFICIENCY
Anemia is almost invariable in significant renal insufficiency, beginning when 
the estimated glomerular filtration rate (eGFR) falls below 45 mL/min/1.73 m2 
body surface area. Anemia is a less frequent complication of polycystic kidney 
disease because of secretion of erythropoietin by the cysts.

The major pathogenetic factor in the anemia of renal insufficiency is eryth-
ropoietin deficiency. The use of recombinant erythropoietin (erythropoiesis 
stimulating agents) has substantially mitigated this problem, although even 
in the erythropoietin era 48% of predialysis patients and 28% of hemodialysis 
patients have hematocrit values <30%. Other mechanisms contributing to the 
anemia of renal failure are suppression of the erythroid progenitor response 
to anemia and shortened red cell survival. Shortened red cell survival has a 
number of proposed mechanisms, including decreased ability to regulate cel-
lular oxidative stress, effects of toxic metabolites accumulated in uremia, and 
membrane lipid peroxidation.

Red cells are normocytic and normochromic. Echinocytes (“burr cells”) 
are sometimes present. The reticulocyte count is decreased for the degree of 
anemia. Erythropoietin concentrations are generally not helpful in making a 
diagnosis because the usual feedback relationship between hemoglobin 
concentration/hematocrit and erythropoietin secretion is lost. eGFR <45 mL/
min/1.73 m2 surface area is the principal “permissive” condition for anemia 
of renal failure.

 TREATMENT
The anemia of renal insufficiency is treated with recombinant erythropoietin 
or an erythropoietin analog. A1  To avoid the adverse complications of overcor-
rection or even just correction with erythropoiesis stimulating agents (such 
as seizures, accelerated hypertension or thrombosis), treatment is not started 
until the hemoglobin concentration is less than 10 g/dL, and is suspended 
when the hemoglobin target of 11 to 12 g/dL is reached. Iron supplementa-
tion should be considered when the transferrin saturation is less than 30% or 
serum ferritin concentration is less than 500 ng/mL. Hepcidin effects impair 
iron absorption in renal failure,7 and intravenous iron may be more effective 
for supplementation than oral iron.8 Resistance to erythropoietin therapy most 
commonly reflects iron deficiency or concurrent inflammation; folate deficiency 
may also contribute to erythropoietin resistance.

 ANEMIA OF LIVER DISEASE
The majority of patients with chronic liver disease are mildly anemic. Total 
blood volume in cirrhosis and other chronic liver diseases is typically increased 
10 to 15%, but may be expanded as much as 30%. Dilution of the red cell mass 
by expanded plasma volume is a major element in the anemia of liver disease.

The hemoglobin concentration is typically 10 to 12 g/dL in cirrhosis. Red 
cells are generally macrocytic with an average MCV of 107 fL. Chronic alcohol 
abuse or even binges of alcohol consumption without established liver disease 
also cause mild macrocytosis, although the MCV remains generally less than 
105 f L. Although alcohol abusers are at increased risk for dietary folate defi-
ciency, folate deficiency typically is not the cause of these changes. Target 
cells may be present. Target cells in liver disease have increased diameter that 
distinguishes them from the microcytic target cells of hemoglobinopathies 
or thalassemia. The reticulocyte count is generally near the appropriate level 



or mild macrocytosis, bone marrow examination or molecular analysis to 
detect clonal disorders such as the myelodysplastic syndromes should be  
considered.
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150 
MICROCYTIC AND HYPOCHROMIC 
ANEMIAS
CLARA CAMASCHELLA

 HYPOCHROMIC MICROCYTIC ANEMIAS
Hypochromic microcytic anemia is a laboratory definition that encompasses 
all anemias characterized by small red cells with low hemoglobin content 
resulting from reduced heme or globin synthesis. The most common hypo-
chromic microcytic anemias are iron deficiency anemia and the thalassemia 
syndromes (Chapter 153), while more rare are the congenital sideroblastic 
anemias. The anemia of chronic inflammation (Chapter 149) is usually nor-
mochromic and normocytic; however, when long-standing or associated with 
absolute iron deficiency, it may become hypochromic and microcytic. A broad 
classification of hypochromic microcytic anemias is shown in Table 150-1.

Iron Deficiency Anemia
DEFINITION

Iron deficiency without anemia refers to a decrease of total body iron, especially 
iron stores, with preservation of iron for erythropoiesis. Iron deficiency anemia 
indicates a more severe reduction of total body iron that leads to anemia.

EPIDEMIOLOGY
Iron deficiency anemia is the most common type of anemia worldwide. It is 
estimated that among people with anemia (>2 billion worldwide), more than 
half have iron deficiency anemia.1 The highest prevalence is observed in devel-
oping countries due to insufficient dietary iron intake and/or intestinal worm 
infestations that cause chronic blood loss. However, also in high-income 

countries, iron deficiency with or without anemia is commonly encountered 
in clinical practice. The majority of affected individuals are children and young 
and/or pregnant women.

PATHOBIOLOGY
Because of its properties of exchange electrons through interconversion from 
ferrous to ferric forms, iron has the essential functions of oxygen transport, 
energy production, DNA repair, and cell proliferation. In normal adult males, 
total body iron approximates 4 g and is distributed as shown in Figure 150-1. 
Iron absorption in the gut approximates only 1 to 2 mg daily. In the absence 
of an excretion mechanism, most iron is recycled by macrophages that destroy 
senescent red cells. To maintain intracellular iron homeostasis, a coordinated 
post-transcriptional regulation of iron uptake through transferrin receptor, 
storage in ferritin, and excretion through ferroportin is operated at the mes-
senger RNA level through the function of the iron regulatory proteins (IRP1 
and IRP2). The liver peptide hepcidin regulates iron homeostasis at a systemic 
level (Chapter 201).

Duodenal enterocytes easily absorb dietary heme through a receptor; inside 
the enterocytes, iron is recovered through heme oxygenase. Enterocytes absorb 
nonheme iron less efficiently through a well-studied complex mechanism. At 
their apical membrane, divalent metal transporter 1 (DMT1) takes up iron 
from the lumen after reduction of ferric to ferrous iron operated by the fer-
rireductase DCYTB and favored by local low pH. Within the enterocytes, 
iron may be utilized, stored in ferritin, or exported through ferroportin, accord-
ing to the body’s needs. Iron stored in duodenal ferritin is lost from the body, 
with the shedding of mucosal cells into the lumen. The shedding represents 
an indirect mechanism of iron control. The amount of iron that is exported 
to plasma by duodenal ferroportin is eventually controlled by hepcidin. Duo-
denal DMT1, DCYTB, and ferroportin expression is increased by hypoxia 
inducible factor-2α (HIF-2α). Because hepcidin is downregulated in hypoxia, 
iron absorption is strongly increased by the combined effects of increased 
intestinal iron absorption and iron release from storage sites in macrophages 
and hepatocytes.

Despite the powerful homeostatic mechanisms, iron deficiency is extremely 
common.3,4 Etiologic factors of iron deficiency are summarized in Table 150-2. 
Except for increased requirements in children and young or pregnant women, 
the main causes of iron deficiency/iron deficiency anemia are insufficient dietary 
iron intake, insufficient iron absorption, and chronic blood losses. Multiple 
causes may coexist. Emerging causes are chronic heart failure and obesity. 
The latter can be worsened by surgical (bariatric) treatment that reduces the 
iron absorptive surface and/or the number of HCl-producing gastric cells.

Iron deficiency is usually acquired. However, a rare genetic form, iron refrac-
tory iron deficiency anemia (IRIDA), is due to inappropriately high hepcidin 
production, because of loss of function mutations of TMPRSS6 and a consequent 
less efficient inhibition of SMAD signaling. A genetic susceptibility to develop 
iron deficiency has been referred to TMPRSS6 genetic variations. However, 
refractoriness to oral iron is more commonly due to defective absorption in 
gastrointestinal disorders. The genetic susceptibility may be relevant for blood 
donation. In large studies of blood donors, it has been shown that TMPRSS6 
genetic variants associated with low hepcidin levels may protect donor females 
from developing iron deficiency. Rare inherited anemias are due to mutations 
in iron transporters, including transferrin and DMT1, or in genes encoding 
proteins involved in iron recycling, such as ceruloplasmin. They cause iron-
deficient erythropoiesis but are “atypical” because iron and ferritin are often 
discrepant compared with classic iron deficiency.

Other types of iron deficiency are functional iron deficiency that may occur 
when excessive iron needs outstrip normal stores, as after treatment with 
high-dose erythropoiesis-stimulating agents (ESAs). In addition, iron-restricted 
erythropoiesis occurs when iron supply for erythropoiesis is reduced irrespec-
tive of iron stores, as in the presence of high hepcidin levels. Iron may become 
limiting in the recovery from acute blood loss, as after major surgery, likely 
because of the increased needs and the concomitant inflammation.

Iron deficiency without anemia is common,5 and there is evidence that iron 
deprivation may be harmful to extra-erythropoietic tissues. For example, animal 
studies and clinical data indicate that the heart is highly iron dependent and 
that cardiomyocyte iron deficiency may develop even in the absence of anemia, 
especially in failing hearts.

CLINICAL MANIFESTATIONS
Because iron deficiency anemia usually progresses slowly, patients, especially if 
young, may tolerate well even severe anemia. In elderly patients, cardiovascular 
symptoms such as dyspnea, angina, or heart failure may reveal anemia.6 Fatigue 

TABLE 150-1 CLASSIFICATION OF HYPOCHROMIC 
MICROCYTIC ANEMIAS

TYPE MECHANISM GENERAL FEATURES
Iron deficiency Defective heme 

production
Acquired, common 

worldwide
Atypical microcytic 

anemia
Defective iron transporters Hereditary, rare

Thalassemia syndromes Defective globin synthesis Hereditary, common in 
some areas

Congenital sideroblastic 
anemias

Defective heme or 
iron-sulfur cluster 
production

Hereditary, rare

Anemia of inflammation Iron-restricted 
erythropoiesis

Common, prevalently 
normocytic
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ABSTRACT
The hypochromic and microcytic anemias are characterized by small red cell 
size (mean corpuscular volume [MCV]) and low hemoglobin content (mean 
corpuscular hemoglobin [MCH] and mean corpuscular hemoglobin concen-
tration [MCHC]). These anemias are mostly caused by either iron deficiency 
or hemoglobinopathies, particularly the thalassemia syndromes. They also 
occur with some of the congenital sideroblastic anemias, but not the acquired 
ones, like myelodysplasia, which typically have an increased, not decreased, 
MCV. In many cases, iron deficiency must be differentiated from the anemia 
of chronic disease or inflammation for which a blood test for the soluble 
transferrin receptor can be useful. Treatment for iron deficiency first and fore-
most requires identification of its cause. Iron can be then replaced with oral 
iron, although in certain specific cases intravenous iron is needed.
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Hepcidin binds the sole cell iron exporter ferroportin, inducing its inter-
nalization and degradation and thereby inhibiting both intestinal iron absorp-
tion and iron recycling from macrophages within a fundamental homeostatic 
mechanism. Hepcidin expression in the liver is upregulated by the bone mor-
phogenetic proteins (BMPs), mainly BMP6 and BMP2 through the SMAD 
signaling pathway, in response to increased plasma or tissue iron. Hepcidin is 
also upregulated by pro-inflammatory cytokines, especially interleukin-6 (IL-6) 
and IL-1ß, with the aim of inducing hypoferremia and limiting pathogen 
growth. Hepcidin production is switched off to facilitate erythropoiesis in 
iron deficiency, in hypoxia, and when erythropoiesis is expanded, as after 
bleeding or erythropoietin stimulation. Mediators of suppression of hepcidin 
expression are matriptase-2, the liver transmembrane protease 6 encoded by 
TMPRSS6, which downregulates BMP-SMAD signaling, and erythroferrone, 
a member of the tumor necrosis factor (TNF) family released by maturing 
erythroblasts under erythropoietin stimulation.2 Besides regulating systemic 
iron homeostasis, the hepcidin-ferroportin axis may have local autonomous 
effects. The most important effect is on the heart, although our understanding 
of the involved mechanisms is still incomplete.
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White blood cell count is normal, while platelets may be slightly elevated. 
Evaluation of bone marrow iron stores by Perls staining, once considered the 
gold standard test for iron deficiency, is rarely used nowadays. Erythrocyte 
protoporphyrins are increased in iron deficiency and may be used as a screen-
ing test. Increased level of soluble transferrin receptor, the portion of the 
receptor that is shed into the circulation when not bound to diferric transferrin, 
reflects the expansion of erythropoiesis and the low transferrin-bound iron 
in iron deficiency.

Identifying the cause of iron deficiency is an essential part of the diagnostic 
procedure. In people with increased iron requirements, an extensive work-up 
is not usually advised, unless there is refractoriness to treatment. Defective 
absorption and blood losses through the gastrointestinal tract must be inten-
sively searched in middle-aged and elderly people, even in the absence of 
anemia, to exclude the possibility of lesions such as peptic ulcers, angiodys-
plasia, or even occult cancers. The possibility of multiple coexisting causes 
should always be considered.

There is no complete agreement on intensive investigation and treatment 
of iron deficiency in the absence of anemia. Age, gender, symptoms, and 
comorbidities should be taken into account, and the diagnostic-therapeutic 
approach should be personalized.

Heart, skeletal muscles
(300 mg)

Liver
(500–1,000 mg)

Transferrin
(3 mg)

Other tissues
and organs
(400 mg)

Iron loss
1–2 mg

Duodenum

Macrophages
(600 mg)

Red cells
(1,800 mg)

Erythropoiesis
(300 mg)

1–2 mg 25 mg

FIGURE 150-1. Iron distribution in the body. schematic representation of iron distribution in the body. the iron carrier transferrin transports iron to all organs. the average content 
of iron in different tissues/organs for an adult male is shown in parentheses. Most iron is consumed for hemoglobin synthesis in red blood cells. iron recycling from macrophages, which 
clear senescent red cells by phagocytosis, provides most usable iron. duodenal iron absorption is limited to 1 to 2 mg daily and corresponds to the daily physiologic loss. 

FIGURE 150-2. Peripheral blood smear of iron deficiency anemia. Most red blood 
cells are small and hypochromic with a pale central area exceeding half the cell diameter. 

TREATMENT 

is common, but nonspecific; pallor is an advanced sign. For this reason iron 
deficiency anemia is usually suspected or diagnosed from results of blood tests, 
pointing to microcytic anemia, low serum iron, and low ferritin.

In advanced iron deficiency, lack of tissue iron in epithelial cells may lead 
to dry mouth, glossitis, angular stomatitis, brittle or spoon nails (koilonychia), 
dysphagia due to esophageal webs (Plummer-Vinson syndrome), and hair 
loss. Iron deficiency causes fatigue and intolerance to exercise in muscle, while 
symptoms of chronic heart failure may worsen. Irritability and defective con-
centration may be nonspecific neurologic symptoms, while “pica” that results 
in ingestion of clay, chalk, paper, or ice (pagophagia) may be seen in women 
and children, more commonly in developing countries. Restless legs syndrome 
may also indicate iron deficiency.

There is a controversy about symptoms of iron deficiency in the absence 
of anemia. Iron deficiency may lead to deficiency of essential iron-dependent 
enzymes and to defects of cytochrome function and energy production, but 
symptoms, such as fatigue and weakness, are nonspecific. In chronic systolic 
heart failure, the positive effects of intravenous iron on patients’ symptoms 
and physical performance, even in the absence of anemia, suggest that the 
heart is especially susceptible to iron deficiency.

DIAGNOSIS
Low serum ferritin is the most reliable indicator of iron deficiency. Proposed 
cutoffs are variable within the available guidelines7 from less than 12 to less 
than 30 μg/L. Serum ferritin less than 15 μg/L has high specificity (99%) 
but low sensitivity (59%) as a diagnostic marker of iron deficiency; a cutoff 
of less than 30 μg/L maintains high specificity with higher sensitivity (92%) 
and is adopted as a single criterion of absolute iron deficiency. Serum iron is 
decreased, transferrin and total iron-binding capacity are increased, and trans-
ferrin saturation is low, usually less than 16%. Reticulocyte count is low, reflect-
ing decreased red cell production. On peripheral blood smear, erythrocytes 
are small and pale, with abnormal shape (Fig. 150-2). Mean corpuscular volume 
(MCV) and mean corpuscular hemoglobin (MCH) are reduced. In the early 
phases or in patients undergoing iron treatment, red cell size, measured by 
red cell volume distribution width (RDW), is remarkably variable, because 
of the coexistence of small and normal-sized cells. Other automated markers 
as percent hypochromic red cells and reticulocyte hemoglobin contents indicate 
early changes in erythrocyte production8 and are especially used to assess 
erythropoietin-induced iron deficiency in chronic kidney disease (CKD), but 
experience is limited in other contexts.

DIFFERENTIAL DIAGNOSIS
Iron deficiency anemia should be differentiated from other microcytic hypo-
chromic anemias. Both α- and β-thalassemia traits are diagnosed based on 
family history, hemoglobin analysis (electrophoresis), or detection of globin 
gene mutations. Serum iron and serum ferritin are normal/high in thalassemia 
syndromes. Congenital sideroblastic anemias show signs of iron overload as 
increased serum iron, serum ferritin, and ringed sideroblasts with Perls stain-
ing of bone marrow smears. Reduction of serum iron in the presence of high 
ferritin characterizes anemia of chronic inflammatory disorders (see later). 
Soluble transferrin receptor levels are not increased in the latter conditions. 
Measuring serum hepcidin, which is usually decreased or even undetectable 
in iron deficiency, could be useful to diagnose IRIDA, the only condition of 
absolute iron deficiency with normal/high hepcidin levels. Inflammation should 
be excluded by determination of normal C-reactive protein. The diagnosis of 
iron deficiency in the context of inflammation is discussed later (see Anemia 
of Chronic Disease or Anemia of Inflammation).
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TABLE 150-2 MAIN ETIOLOGIC FACTORS OF IRON 
DEFICIENCY AND IRON DEFICIENCY ANEMIA

ETIOLOGY CONDITION
Increased iron need Infancy, adolescence

Pregnancy: second and third trimesters
Postpartum
Treatment with erythropoiesis-stimulating agents

Inadequate iron intake Malnutrition, inappropriate (excess phytates or 
tannates) diets

Vegetarians, vegans
Insufficient intestinal iron 

absorption
Surgical factors
 Gastrectomy, duodenal bypass, bariatric surgery
Medical factors
 Celiac disease, inflammatory bowel disease, 

Helicobacter pylori infection, atrophic gastritis
Drugs
 Proton pump inhibitors, histamine-2 receptor 

blockers
Inherited
 Iron refractory iron deficiency anemia (IRIDA)
 All conditions with hepcidin excess (see 

inflammatory conditions)
Chronic blood loss Gastrointestinal causes

 Any bleeding from benign or malignant lesions; 
hookworm infestation

Genitourinary causes
 Uterine bleeding, hematuria, intravascular 

hemolysis (e.g., paroxysmal nocturnal 
hemoglobinuria)

Systemic causes
 Bleeding defects (e.g., hereditary hemorrhagic 

telangiectasia)
 Chronic kidney disease (hemodialysis)
 Regular blood donors
Drugs
 Corticosteroids, nonsteroidal anti-inflammatory 

drugs
Multiple mechanisms 

associated with 
inflammation and 
increased hepcidin levels

Chronic kidney disease
Inflammatory bowel disease
Chronic heart failure
Obesity

Acute blood loss Recovery from major surgery

TABLE 150-3 INDICATIONS FOR INTRAVENOUS  
IRON THERAPY

ACCEPTED INDICATIONS

•	 Oral	iron	intolerance
•	 Oral	iron	refractoriness,	including	iron	refractory	iron	deficiency	anemia	

(IRIDA)
•	 Need	for	a	quick	recovery:	e.g.,	severe	anemia	of	pregnancy
•	 Chronic	bleeding	not	manageable	with	oral	iron
•	 Concurrently	with	erythropoiesis-stimulating	agents	in	chronic	kidney	disease
•	 Gastrointestinal	disorders	(inflammatory	bowel	disease,	acute	flares)
•	 Substitution	for	blood	transfusions	when	not	accepted	by	patient

NOVEL PROPOSED INDICATIONS

•	 Iron	deficiency	in	chronic	heart	failure
•	 Perioperative	anemia	(transfusion	sparing	strategy)
•	 Anemia	of	chronic	kidney	disease	before	treatment	with	erythropoiesis-

stimulating agents
•	 Persistent	anemia	after	erythropoiesis-stimulating	agents	in	cancer	patients	on	

chemotherapy

Several guidelines for treatment of iron deficiency anemia are available, 
proposed by different scientific societies, as recently discussed.9 There is a general 
agreement that for most patients the treatment of choice is oral iron, a simple 
and cost-effective approach. Traditional therapy is represented by iron salts, 
such as iron sulfate or iron fumarate, at a dose of 60 to 200 mg elemental iron 
daily, administered in divided doses. The aim is to reconstitute normal hemo-
globin and replete the exhausted stores; iron therapy should be discontinued 

TREATMENT 

DIFFERENTIAL DIAGNOSIS
Iron deficiency anemia should be differentiated from other microcytic hypo-
chromic anemias. Both α- and β-thalassemia traits are diagnosed based on 
family history, hemoglobin analysis (electrophoresis), or detection of globin 
gene mutations. Serum iron and serum ferritin are normal/high in thalassemia 
syndromes. Congenital sideroblastic anemias show signs of iron overload as 
increased serum iron, serum ferritin, and ringed sideroblasts with Perls stain-
ing of bone marrow smears. Reduction of serum iron in the presence of high 
ferritin characterizes anemia of chronic inflammatory disorders (see later). 
Soluble transferrin receptor levels are not increased in the latter conditions. 
Measuring serum hepcidin, which is usually decreased or even undetectable 
in iron deficiency, could be useful to diagnose IRIDA, the only condition of 
absolute iron deficiency with normal/high hepcidin levels. Inflammation should 
be excluded by determination of normal C-reactive protein. The diagnosis of 
iron deficiency in the context of inflammation is discussed later (see Anemia 
of Chronic Disease or Anemia of Inflammation).

only when ferritin reaches normal levels and the cause of iron deficiency is 
corrected.

Oral therapy has several problems: iron salt absorption is low (around 10 to 
20% of the administered dose); thus, the relevant amount of nonabsorbed iron 
might be toxic to intestinal mucosa causing side effects. Nausea, vomiting, 
diarrhea, constipation, and a metallic taste are common complaints that reduce 
patients’ compliance to therapy. This is a drawback if prolonged treatment (>2 
months) is needed to replete the stores with oral iron. For this reason a better 
tolerated dose of 60 mg/day is used in case of side effects. In addition, the 
protocol of using divided doses has been challenged. It has been demonstrated 
that hepcidin increase induced by the first iron dose decreases the absorption 
rate of the subsequent doses. Based on this evidence, alternate-day treatment 
has been proposed to improve both hematologic response and drug tolerabil-
ity.10 The evidence for now is limited to iron deficient nonanemic young women.

Intestinal disorders or previous gastrointestinal surgery cause oral iron refrac-
toriness; treatment of the underlying condition may improve iron absorption. 
Refractoriness to oral iron also characterizes conditions associated with high 
hepcidin levels (e.g., IRIDA, described earlier). Compounds like oral liposomal 
iron are claimed to be absorbed in a hepcidin-independent way. Although 
promising in small studies, they need to be tested in larger clinical trials.

The only alternative to the oral route is the use of intravenous iron, which 
is more rapidly bioavailable, provides a faster correction of anemia, and allows 
calculation of the precise dose administered. Established and proposed indica-
tions for intravenous iron are summarized in Table 150-3. Several preparations 
are available: ferric sucrose and ferric gluconate for small-dose repeated infu-
sions, and low-molecular-weight iron dextran and ferric carboxymaltose for 
supplementing the replacement dose in a single or few infusions.11,12

Intravenous iron is more effective than oral iron in inflammation because it 
overrides the hepcidin effect. Clinical trials have shown that in chronic systolic 
heart failure, correction of iron deficiency by intravenous iron ameliorates patient 
symptoms, physical performance, quality of life, and disease outcome, A1 ,7 even 
independently of anemia. In anemia induced by chemotherapy, intravenous 
iron is more effective than oral preparations. Controlled clinical trials on the 
use of intravenous iron in nondialysis and dialysis CKD have shown its safety 
and efficacy.13 In patients on hemodialysis, a high-dose intravenous iron regimen 
administered proactively was found to be superior to a low-dose regimen 
administered reactively and resulted in a lower requirement for erythropoiesis-
stimulating agent treatment. A2  Replacing iron by intravenous route is proposed 
to prevent and treat acute blood loss after major surgery as a transfusion-sparing 
strategy.14

Disadvantages of the intravenous route are the need of clinic or hospital 
admission, a dedicated staff, and costs. Mild to moderate infusion reactions, 
such as pruritus, urticaria, skin flushing, myalgia, and back pain, are common 
but easily controlled. Anaphylactic reactions, in the past occurring more fre-
quently after high-molecular-weight iron dextran infusions, a drug that is no 
longer on the market, are exceptional with the current preparations. Contra-
indications to intravenous iron are concomitant infections, severe atopy, and 
previous severe hypersensitivity reactions. Long-term side effects in case of 
iron accumulation and susceptibility to infections remain unexplored, and the 
total amount of iron that can be safely administered, especially in patients with 
inflammatory conditions, remains to be defined.

Recommendations are available for the management of the rare atypical 
microcytic anemias due to genetic disorders of iron metabolism and heme 
synthesis.15
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FIGURE 150-3. Anemia of inflammation: molecular pathogenesis. schematic representation of the mechanisms underlying anemia in chronic diseases or anemia of inflammation. 
the major pro-inflammatory cytokines produced and their effect on erythropoietin (epo), erythropoiesis, and hepcidin are shown. the shortening of erythrocyte survival, shown on 
the right, is prevalent in acute forms. Gata1 is the major transcriptional activator of erythroid genes; pU.1 is the activator of myeloid gene. see text for details. Solid lines indicate activa-
tion, dotted lines inhibition. 

Treating the underlying disease, when possible, should correct or improve 
the anemia. In the other cases, symptomatic anemia should be treated. Iron 
and erythropoiesis-stimulating agents (ESAs) may be used in selected cases. 
The widest experience in their use is derived from treatment of CKD patients.

TREATMENT 

PREVENTION
Primary prevention is advised to avoid iron deficiency anemia in patient groups 
who have a high prevalence of the condition (e.g., children and pregnant 
women). Sixty and 30 mg elemental oral iron daily or on alternate days are 
advised in adults and children respectively. Routine prophylaxis with oral iron 
carries the risk of exacerbating malaria infections in endemic African regions 
where iron administration in affected children should be always accompanied 
by malaria treatment.

If iron stores are replete, as indicated by normalization of ferritin, and the 
cause of iron deficiency removed, secondary prophylaxis is not needed.

PROGNOSIS
Adequate treatment with oral or intravenous iron controls iron deficiency and 
iron deficiency anemia, and if the etiologic cause is reversible, a single cycle 
of treatment is sufficient to restore hemoglobin and ferritin levels. Relapse of 
iron deficiency after treatment usually indicates persistence of the cause, which 
should be intensively investigated. If the cause is not correctable (e.g., in bleed-
ing disorders such as hereditary hemorrhagic telangiectasia), regular follow-up 
testing of blood cell count and serum ferritin is recommended every 3 to 6 
months

Anemia of Chronic Disease or Anemia of Inflammation
DEFINITION AND EPIDEMIOLOGY

The anemia of chronic disease, or anemia of inflammation, is a multifacto-
rial anemia that occurs in a wide spectrum of disorders, including chronic 
infections, rheumatologic diseases, chronic kidney disease (CKD), inflamma-
tory bowel diseases, hematologic and solid cancer, chronic heart failure, and 
chronic obstructive pulmonary disease.16 It also accounts for a component 
of the anemia of the elderly. The anemia of inflammation is the second most 
frequent anemia worldwide and the first among hospitalized patients. Acute 
forms of anemia of inflammation occur in intensive care units, secondary to 
sepsis, extensive burns, or polytrauma.

PATHOBIOLOGY
The anemia of inflammation is associated with increased production of pro-
inflammatory cytokines, upregulation of hepcidin, and deregulation of iron 
homeostasis. Pathogenic mechanisms are multiple, including relative erythropoi-
etin deficiency, blunted erythropoietic response, macrophage iron sequestration, 
iron-restricted erythropoiesis, and shortened erythrocyte survival. The different 
mechanisms play a variable role depending on the condition; for example, 
erythropoietin deficiency dominates in CKD, and reduced erythrocyte lifespan 
is seen in acute forms because of excessive, uncontrolled erythrophagocytosis. 
Anemia in both hematologic malignancies (lymphoma and myeloma) and 
solid tumors (ovarian and colon cancer) is even more complex; inflammation 
in cancer is often present together with blood loss or chemotherapy-induced 
bone marrow toxicity, malnutrition, or concomitant infections. The anemia 
of inflammation may coexist with absolute iron deficiency due to blood loss, 
as may frequently occur in inflammatory bowel diseases and colon cancer.

IL-6 and lipopolysaccharide increase hepcidin expression through IL-6 
receptor and JAK/STAT3 signaling, causing hypoferremia and macrophage 
iron retention. Also, IL-1 may increase hepcidin both directly and indirectly 
through IL-6 stimulation. There is a crosstalk between the IL-6 inflammatory 
pathway and the BMP/SMAD pathway to increase hepcidin expression.17

TNF-α and IL-1β produced by peripheral blood monocytes reduce the 
erythropoiesis response, whereas interferon-γ (IFN-γ), secreted by activated 
T and natural killer (NK) cells, switches erythropoiesis to leukopoiesis by 
suppressing the essential erythroid transcription factor GATA1 and upregulat-
ing the myeloid-lymphoid transcription factor PU.1 in common progenitor 
cells. In addition, IFN-γ increases endothelial and macrophage activation and 
consequently the erythrophagocytosis process (Fig. 150-3). Most mechanisms 
are adaptive: leukocytosis is a defense against pathogens, and hepcidin-induced 
hypoferremia impairs extracellular microorganism growth.18 In the absence 
of hepcidin, hypoferremia is not observed, but mild anemia is still present, 
indicating that the anemia of inflammation is only partially hepcidin and iron 
dependent.

CLINICAL MANIFESTATIONS AND DIAGNOSIS
Clinical manifestations are those of the underlying disorder. Anemia is usually 
of moderate degree (8 to 10 g/dL) and asymptomatic. However, it may be 
aggravated by concomitant iron deficiency, especially in CKD and inflammatory 
bowel diseases. Anemia may worsen the outcome of the underlying disorder.

Anemia is usually normochromic and normocytic. High serum ferritin as 
a result of inflammation and macrophage iron retention, associated with low-
normal iron and total iron binding capacity (or transferrin levels), and decreased 
percent transferrin saturation suggest inflammation. Elevated C-reactive protein 
associated with high ferritin levels suggests inflammation. Soluble transferrin 
receptor (sTfr), increased in iron deficiency or when erythropoiesis is expanded, 
may help to differentiate the anemia of inflammation and iron deficiency. In 
general, an increased sTfr is found in iron deficiency, with or without coexist-
ing inflammation. The sTfr/log ferritin index is considered the best indicator 
for discriminating anemia of inflammation (ratio of about 1) from iron defi-
ciency in anemia of inflammation (ratio of more than 2) (Table 150-4). In 
practice, the diagnosis of iron deficiency in inflammatory conditions relies on 
an arbitrary cutoff of ferritin (<100 μg/L) or percent saturation of transferrin 
(<20%) in case the ferritin is higher than 100 μg/L (usually between 100 and 
300). This is supported by experts and society guidelines and practically con-
firmed by response to therapeutic administration of iron, especially in CKD 
and heart failure.

TREATMENT 
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Clinical trials in this condition showed that intravenous iron, administered 
both with and without ESAs, is superior to oral iron in correcting the anemia. 
In addition, data suggest that the use of intravenous iron may reduce the dose 
of ESA required or delay its need. In inflammatory bowel disease, intravenous 
iron should be preferred in case of disease flares because oral iron is less toler-
ated and may even cause further mucosal damage.19

Indications for ESA outside CKD are limited. They are used in selected patients 
with myelodysplastic syndromes and in cancer patients undergoing chemo-
therapy. Recommendations are to use the lowest dose of ESA that allows the 
avoidance of blood transfusions. Addition of iron should be considered when 
ESA alone is ineffective to maintain transferrin saturation 20% or higher and 
serum ferritin 100 μg/L or higher. In this functional iron deficiency, intravenous 
iron is more effective than oral iron. ESA is not recommended in cancer patients 
outside chemotherapy because of increased thrombotic complications and 
mostly theoretical concerns about adverse effects on disease progression and 
outcome.

There are no specific guidelines indicating when intravenous iron supple-
mentation should be initiated and when it should be discontinued. Ferritin, 
at variance with iron deficiency, cannot be used as a biomarker to guide  
therapy.

Concomitant folate or vitamin B12 deficiency should be corrected. Blood 
transfusions are indicated only to alleviate anemia-related symptoms but 
should be avoided as chronic treatment because of transfusion-associated  
risks.

Experimental therapies that antagonize hepcidin (e.g., by binders, anti-
bodies) or its effect on ferroportin are under development. However, it is 
unlikely that this treatment alone will fully correct the multifactorial anemia of  
inflammation.

TABLE 150-4 DIFFERENTIAL DIAGNOSIS OF HYPOCHROMIC MICROCYTIC ANEMIAS BASED ON LABORATORY FINDINGS

ANEMIA TYPE SERUM IRON TIBC
TRANSFERRIN 

SATURATION (%)
SERUM FERRITIN  

(μg/L) sTfr
sTfr/FERRITIN 

INDEX
Iron deficiency Reduced Increased Reduced (<16) Reduced (<15) Increased Increased (>2)
Anemia of 

inflammation (AI)
Reduced Reduced or normal Reduced (<30) Increased (>200) Normal Reduced (<1)

Iron deficiency and AI Reduced Reduced Reduced (<20) Reduced or normal (<100) Normal or increased Increased (>2)
Sideroblastic anemia Increased Normal Increased (>45) Increased (>200) Normal or increased NA
sTfr = soluble transferrin receptor; TIBC = total iron-binding capacity.

FIGURE 150-4. Ringed sideroblasts. prussian blue iron stain of the bone marrow 
shows ringed sideroblasts, which are erythroblasts with perinuclear rings of iron-laden 
mitochondria. 

Sideroblastic Anemias
The term sideroblastic anemia encompasses both congenital and acquired 
anemias in which disruption of erythroblast iron utilization causes ineffective 
erythropoiesis and variable degrees of systemic iron overload. A hallmark of 
sideroblastic anemia is the presence of bone marrow ring sideroblasts, eryth-
roblasts with coarse blue granules at Perls staining, due to pathologic iron 
deposits in mitochondria. Their perinuclear distribution causes a “ringed” 
appearance (Fig. 150-4). Table 150-5 shows a simplified classification of sid-
eroblastic anemia.

Congenital forms are inherited disorders of mitochondria that may be non-
syndromic or syndromic, according to whether the mutation also affects 
nonhematologic tissues. Nonsyndromic forms have mutations in proteins or 
enzymes involved in heme or iron-sulfur cluster biogenesis; they are hypo-
chromic and microcytic. Syndromic forms due to mutations of components 
of mitochondrial protein synthesis or mitochondrial respiratory chain are 
extremely rare, show pleiotropic manifestations, are often normocytic or mac-
rocytic, and are not discussed here. Acquired forms are clonal myelodysplastic 
(Chapter 172) or myelodysplastic-myeloproliferative disorders (Chapter 157). 
Rare non-clonal metabolic forms are due to alcohol or to drug or toxin expo-
sure. Usually, the acquired sideroblastic anemias that are typically associated 
with myelodysplasia (Chapter 172) have macrocytic red cells.

Acquired metabolic forms (e.g., by alcohol abuse, especially when associated 
with nutritional deficiency, or resulting from exposure to the antituberculosis 
drugs isoniazid or cycloserine, or from copper deficiency, which can rarely 
occur in patients receiving parenteral nutrition or after bariatric surgery) are 
usually normocytic or macrocytic. The mechanism of mitochondrial iron 
accumulation may be due to heme synthesis blockade and/or pyridoxal sulfate 
antagonism.

Patients with ALAS2 mutations may respond to pyridoxine (vitamin B6). If 
the mutation is unknown, an attempt with vitamin B6 (100 to 200 mg daily for 
2 to 3 months) should be tried. Responsive patients should remain on low-dose 
pyridoxine (10 to 50 mg/day) lifelong. Unresponsive patients may require regular 
blood transfusions. Patients with SLC25A38 mutations are pyridoxine unrespon-
sive and transfusion dependent since infancy. Some have been cured by 

TREATMENT 

TABLE 150-5 CLASSIFICATION OF SIDEROBLASTIC ANEMIA*
TYPE MECHANISM GENE
CONGENITAL SIDEROBLASTIC ANEMIA

X-linked sideroblastic 
anemia

Defective heme production ALAS2

X-linked sideroblastic 
anemia/ataxia

Defective iron-sulfur cluster export ABCB7

Recessive sideroblastic 
anemia

Defective mitochondrial glycine import
Defective iron-sulfur cluster biogenesis

SLC25A38
GLRX5

ACQUIRED SIDEROBLASTIC ANEMIA

clonal
RARS and RARS-T Multiple gene splicing abnormalities SF3B1†

Metabolic/drug/toxic
B6 deficiency Defective heme synthesis
Alcohol Defective heme metabolism
Isoniazid, cycloserine Pyridoxine antagonism
Lead poisoning‡ Defective heme synthesis
Copper deficiency ?
*Syndromic forms are not listed.
†Somatic mutations.
‡Lead exposed workers.
ABCB7 = ATP-binding cassette exporter B7; ALAS2 = delta-aminolevulinate synthase 2; GLRX5 = 
glutaredoxin 5; RARS = refractory anemia with ring sideroblasts; RARS-T = RARS with 
thrombocytosis; SF3B1 =splicing factor 3 subunit 1; SLC25A38 = solute carrier 25A38.
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Among X-linked sideroblastic anemias, few cases with mild anemia are 
associated with cerebellar nonprogressive ataxia because of mutations in the 
adenosine triphosphate–binding cassette exporter B7 (ABCB7), a gene that 
encodes a mitochondrial transporter likely involved in the export of iron-sulfur 
clusters to cytosol.

All hereditary forms usually show more than 15% ringed sideroblasts where 
the iron deposition covers more than one third of the nucleus rim. MCV and 
MCH are decreased and RDW increased. Females with X-linked forms and 
carriers of non-sense mutations may have normocytic or macrocytic erythro-
cytes. The diagnosis of hereditary sideroblastic anemias requires genetic testing 
with the identification of the mutation in the corresponding gene.

The pathogenic lesions in all forms are decreased erythroid iron utilization 
for heme synthesis, mitochondrial iron deposits, oxidative damage, and cell 
death. This leads to ineffective erythropoiesis and secondary iron overload. 
Because of the coordinated regulation of heme and globin, low heme reduces 
globin translation explaining microcytosis and hypochromia.

Recessive forms (about 15%) are due to mutations in the solute carrier 
25A38 (SLC25A38) or exceptionally in the glutaredoxin-5 (GLRX5) gene. 
SLC25A38 encodes a mitochondrial amino acid transporter postulated to 
import glycine, an essential substrate for aminolevulinic acid formation. GLRX5 
is involved in iron-sulfur cluster biogenesis. Anemia is severe and usually 
transfusion dependent since childhood.

ALAS2 mutations are heterogeneous, are usually missense, and cluster close 
to the catalytic domain. The type of mutation may be relevant for treatment: 
patients with mutations within or close to the cofactor (5′-pyridoxal phosphate) 
binding site respond to pyridoxine treatment; the others are pyridoxine 
refractory.

The most common genetic form (about 40%), X-linked sideroblastic anemia, 
is due to missense mutations in the gene that encodes the erythroid-specific 
mitochondrial enzyme delta-aminolevulinate synthase 2 (ALAS2), which 
catalyzes the first step of heme biosynthesis starting from glycine and succinate. 
Affected males are hemizygous and have variable levels of hemoglobin. Accord-
ingly, they may present either in childhood or in adult life. In the latter case, 
microcytosis helps the differential diagnosis of the acquired forms. Carrier 
females are usually not affected. The few presenting with anemia have skewed 
chromosome X inactivation in hematopoietic lineage and are usually diagnosed 
in adulthood.
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allogeneic bone marrow transplantation (Chapter 168). The mild anemia of 
patients with sideroblastic anemia and ataxia does not require treatment.

Patients who have ineffective erythropoiesis and/or are undergoing regular 
blood transfusions are at risk for iron overload. Iron chelation should be started 
(usually when ferritin levels are >1000 μg/L) to avoid iron toxicity. Oral defera-
sirox has become the treatment of choice in transfused patients. The use of 
oral chelators in nontransfused patients is off-label. Iron chelation should be 
tried in iron-loaded patients because in a few cases anemia is partially corrected 
by iron depletion.
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151 
AUTOIMMUNE AND INTRAVASCULAR 
HEMOLYTIC ANEMIAS
MARC MICHEL

 DEFINITION
Hemolytic anemias are disorders characterized by a shortened lifespan of 
mature red blood cells (RBCs) in the peripheral blood where the rate of RBC 
destruction exceeds the capacity of bone marrow erythropoiesis to sustain 
normal levels of hemoglobin and hematocrit. According to the cause, hemolysis 
and accelerated RBC destruction can take place within the vasculature (intra-
vascular hemolysis) and/or in the liver or spleen (extravascular hemolysis). 
Hemolytic anemia can be the consequence of an intrinsic (intracorpuscular) 
and often genetically determined defect of the red cell membrane or a red 
cell constituent (hemoglobin structure or enzyme machinery). Alternatively, 
hemolytic anemia can result from an extrinsic (extracorpuscular) and typically 
acquired abnormality that attacks the RBC’s membrane (immune, infectious, 
toxic) (Table 151-1).

Autoimmune hemolytic anemia (AIHA) is a rare acquired autoimmune 
disease in which autoantibodies directed toward autologous red cell membrane 
antigens lead to their accelerated destruction.1 The diagnosis of AIHA is thus 
based on the presence of a positive direct antiglobulin test (DAT), also known 
as Coombs test, and on the absence of any other hereditary or acquired cause 
of hemolysis. In AIHA, hemolysis is mainly extravascular, but some features 
of concomitant intravascular hemolysis may be present at onset. In addition 
to AIHA, other causes of immune-mediated hemolytic anemias that are not 
mediated by autoantibodies may occur, including some drug-induced hemolytic 
anemias or post-transfusional hemolytic reactions due to the presence of 
alloantibodies or to other more complex mechanisms (Chapter 180). Parox-
ysmal nocturnal hemoglobinuria (PNH) is a rare and potentially life-threatening 
acquired clonal blood disorder with protean manifestations in which RBCs 
are abnormally vulnerable to activation of complement. The resulting chronic 
intravascular hemolysis is the hallmark of the classical hemolytic form of the 
disease, with the release of free hemoglobin contributing to many of its clinical 
manifestations.

 AUTOIMMUNE HEMOLYTIC ANEMIA

 EPIDEMIOLOGY
AIHA can affect both children (mainly before the age of 5 years) and adults, 
and its estimated overall (not age-adjusted) annual incidence is approximately 

one to three per 100,000 individuals. Whereas in children, males tend to be 
more frequently affected, the female/male sex ratio is 1.5 to 2 in adults. Among 
adults, most patients are aged over 40, and the peak incidence occurs around 
the seventh decade. This age distribution may be related to the increased 
frequency of lymphoproliferative malignancies in the elderly, resulting in an 
age-related increase in secondary AIHA due to lymphoma. Most cases of 
AIHAs occur sporadically but may be sometimes associated, mostly in children, 
with an underlying hereditary primary immunodeficiency. AIHA usually occurs 
as an isolated immune cytopenia but can sometimes be associated, either 
concomitantly or sequentially, with immune thrombocytopenia (ITP) and/
or autoimmune neutropenia in the setting of Evans syndrome. Among AIHAs, 
the so-called warm AIHA (wAIHA; see Diagnosis and Classification) accounts 
for 70 to 80% of all cases and almost 90% of the cases in children. Paroxysmal 
cold hemoglobinuria (PCH) is a very uncommon subtype of AIHA seen 
almost exclusively in children. This is in contrast to cold agglutinin disease 
(CAD), which occurs almost exclusively in adults aged above 50. AIHA can 
be primary (or idiopathic) or associated with underlying disease or condition 
(secondary AIHA).

 PATHOBIOLOGY
The pathogenesis of AIHA is a complex multistep process involving not only 
the autoantibodies but also various effectors of the immune system including 
the complement system and macrophages, as well as B and T lymphocytes. 
Whereas the mechanisms leading to hemolysis are partially elucidated (antibody-
dependent cell-mediated cytotoxicity and complement dependent cytotoxicity 
being primarily involved), the mechanisms leading to the breakdown of self-
tolerance are far from fully understood and are mainly extrapolated from mouse  
models.

Immunoglobulin G (IgG) anti–red cell autoantibodies mediate the destruc-
tion of RBCs outside the circulating blood (extravascular hemolysis). In con-
trast, when lytic components of the complement system participate in the 
process, the destruction of red cells usually occurs directly within the circulation 
(intravascular hemolysis) and/or in the liver.

In wAIHA, the autoantibody targeting RBCs is mainly of the IgG1 isotype. 
It is able to bind to macrophage Fc gamma receptor, and therefore extravascular 
hemolysis takes place mainly in the reticuloendothelial system of the spleen. 
Autoantigens on RBC membranes targeted by autoantibody are, by decreasing 
frequency: (1) peptides from the Rhesus system (in approximately one third 
of cases); (2) band 3 protein; and (3) glycophorin A, an RBC membrane 

TABLE 151-1 MAIN CAUSES OF HEMOLYTIC ANEMIAS
INTRACORPUSCULAR EXTRACORPUSCULAR
DISORDERS OF THE RBC 
MEMBRANE
inherited
•	 Hereditary	spherocytosis
•	 Hereditary	elliptocytosis
•	 Hereditary	stomatocytosis
Acquired
•	 Paroxysmal	nocturnal	hemoglobinuria
HEMOGLOBINOPATHY
Qualitative defect in hemoglobin
•	 Sickle	cell	disease
•	 Unstable	hemoglobins
Quantitative defect in hemoglobin
•	 β-Thalassemia
•	 α-Thalassemia
RBC ENZYME ABNORMALITY
•	 G6PD	deficiency
•	 Pyruvate	kinase	deficiency
•	 Others:	pyrimidine	5′ nucleotidase 

deficiency

IMMUNOLOGIC
•	 Autoimmune	HA
•	 Alloimmunization
•	 Delayed	hemolytic	transfusion	

reaction
•	 Drug	induced	HA
MECHANICAL
•	 Thrombotic	thrombocytopenic	

purpura
•	 Atypical	or	typical	hemolytic-uremic	

syndrome
•	 Other	microangiopathies
•	 HELLP	syndrome
•	 Prosthetic	heart	valve	dysfunction	

(valve hemolysis)
•	 Acanthocytosis
INFECTIOUS
•	 Malaria
•	 Babesiosis,	Clostridium perfringens, 

gram positive bacteria
TOXIC
•	 Exogenous:	thermal	burns;	industrial	

copper, lead poisoning, spider bite, 
snake bite, mushrooms ingestion.

•	 Endogenous:	Wilson	disease	(copper	
overload)

•	 Drug	related
G6PD	=	glucose-6-phosphate	dehydrogenase;	HA	=	hemolytic	anemia;	HELLP	= hemolysis, 
elevated liver, low platelets; RBC = red blood cell.

glycoprotein. In other cases, the antibodies have specificity for antigens in the 
Kell	or	Duffy	blood	group	system	and	very	rarely	for	ABO	antigens.	In	less	
than 10% of the cases of wAIHA, no specificity can be found. In contrast to 
wAIHA, cold agglutinins are IgM autoantibodies that react at cold temperatures 
with polysaccharides on the red cell surface and mainly with i and I antigens 
and less commonly with the Pr glycoprotein and sialylated polysaccharides.2 
Cold agglutinins associated with Mycoplasma pneumoniae infection have an 
anti-I specificity, whereas those related to infectious mononucleosis have anti-i 
specificity. In CAD, the cold agglutinins are almost always anti-I monoclonal 
IgM antibodies with a VH4-34 heavy chain, a heavy chain shape of the antigen-
binding surface that favors attachment to polysaccharides.

 DIAGNOSIS
Clinical Symptoms
The clinical symptoms of AIHA are those of anemia (e.g., unusual fatigue, 
exertional dyspnea, tachycardia) and/or those due to active hemolysis (jaun-
dice with or without dark urine, especially when there is intravascular hemo-
lysis). In patients with high-affinity cold agglutinins, exposure to cold can also 
precipitate episodes of acrocyanosis by inducing massive agglutination of RBCs 
in the capillary circulation of the hands, feet, or even nose tip and ears. Mild 
splenomegaly may be present especially in wAIHA, whereas splenomegaly is 
uncommon in CAD unless there is an underlying B-cell lymphoma.

General Laboratory Tests
Elevated	serum	levels	of	indirect	bilirubin	and	lactate	dehydrogenase	(LDH)	
and decreased serum haptoglobin are the usual, albeit nonspecific, features 
of	hemolytic	anemia.	Laboratory	signs	of	intravascular	destruction	of	RBCs	
(hemoglobinemia, hemoglobinuria, and hemosiderinuria) are unusual in the 
setting	of	AIHA.	Once	hemolytic	anemia	has	been	recognized,	the	diagnosis	
of AIHA is usually relatively easy and based first on the identification of anti-
RBC autoantibody by means of the DAT (Coombs test), and then on the 
exclusion of other causes of hemolytic anemia. A careful examination of  
the peripheral blood smear is essential, keeping in mind that an increase in 
the number of spherocytes (particularly microspherocytes) can be observed 
in approximately 30 to 40% of cases of AIHAs (Chapter 148).

The Direct Antiglobulin (Coombs) Test
The DAT that detects antibody-coated RBCs is central to the diagnosis of 
autoimmune hemolytic anemia.3 The indirect antiglobulin (Coombs) test 
evaluates the presence of incomplete antibodies in the patient’s serum. The 
standard antiglobulin reagent contains antibodies to test for the presence of 
all four classes of IgG and components of complement (usually C3 and C4).

A positive DAT requires cautious interpretation when there are no other 
features of AIHA. False-positive test results are not unusual. The reported 
incidence of positive antiglobulin tests in normal blood donors and the general 
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ABSTRACT
Autoimmune hemolytic anemia (AIHA) is a rare acquired autoimmune disease 
in which autoantibodies directed toward autologous RBCs’ membrane antigens 
lead to their accelerated destruction. The presence of RBCs bound autoanti-
bodies is demonstrated by a positive direct antiglobulin test (DAT), and AIHA 
is classified into warm or cold AIHA according to the temperature at which 
autoantibodies bind optimally to RBCs. AIHA may lead to various degrees 
of both extravascular and intravascular hemolysis and can sometimes be life-
threatening. Paroxysmal nocturnal hemoglobinuria (PNH) is a very rare cause 
of hemolytic anemia and should be suspected in an adult with an acquired 
DAT-negative intravascular hemolytic anemia.
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populations of hospitalized patients varies widely—from one in 100 to one 
in 15,000. Differences in the technique used to perform the test account for 
this variation. The usual reason for a false-positive DAT is nonspecific, low-
avidity adherence of serum IgG to red cells. False-negative DATs in true AIHA 
are rare (~5% of all AIHAs) and are usually due to low-affinity autoantibodies 
that spontaneously elute from the red cell surfaces in vitro, or to IgA antibod-
ies, or to amounts of erythrocyte-coating antibodies that are below the limit 
of detection by the antiglobulin test. The diagnosis of DAT-negative AIHA 
can be considered only after the exclusion of other potential causes of heredi-
tary and acquired hemolytic anemia.

Classification of AIHA: Warm Versus Cold Autoimmune 
Hemolytic Anemia
Once	the	diagnosis	of	AIHA	is	established,	classification	of	the	type	of	AIHA	
involved is essential.4 According to the DAT pattern and the optimal tempera-
ture at which the autoantibody reacts with human RBCs, AIHAs (warm and 
cold) are typically subdivided into four major subtypes: (1) wAIHA; (2) 
cold AIHA (cAIHA; including chronic cold agglutinin disease); (3) mixed-
type AIHA; and (4) the exceptional PCH. The great majority of cold-reactive 
autoantibodies are called “cold agglutinins”; cold hemolysins are much less 
common. A small proportion (~5%) of patients may exhibit both cold-reactive 
and warm-reactive autoantibodies, indicating a mixed AIHA type. The distinc-
tion between cAIHA and wAIHA is very important because the mechanisms 
of RBC injury, the primary site of hemolysis, and the therapeutic approaches 
are different. Table 151-2 summarizes the main features of the different types 
of AIHA.

In wAIHAs, which represent 70 to 80% of all AIHAs in adults, the DAT 
pattern is either solely IgG positive or IgG plus C3 positive. Autoantibodies 
are mainly of the IgG1 isotype, and they bind and react optimally with RBCs 
at a temperature of 37° C (range, 35 to 40° C). In wAIHA, the hemolysis is 
mainly	extravascular	and	occurs	predominantly	in	the	spleen.	On	the	other	
hand, in AIHA due to cold autoantibodies, which account for 15 to 20% of 
AIHAs, the usual DAT pattern is IgG negative and C3 positive, and circulating 
cold agglutinins are detectable in the serum at a significant titer (i.e., >1/64).	
Cold antibodies are almost exclusively of IgM isotype, which are able to activate 
the classical complement pathway but are seldom found fixed on the RBC 
membrane in vitro as they are rapidly eluted ex vivo before the test can be 
performed. Cold antibodies typically react with RBCs at temperatures below 
30° C (optimum, 4° C) and lead to various degrees of extravascular hemolysis, 
predominantly in the liver rather than the spleen. In rare cases of AIHAs 
(approximately 5 to 10%) known as mixed-type AIHAs, autoantibodies (mostly 
of IgM isotype) can react with RBCs within a wide range of temperature 
(thermal	amplitude	from	4	to	37°	C).	Last,	PCH	is	a	very	uncommon	AIHA	
subtype seen almost exclusively in children; it is due to an IgG hemolysin 
reacting with autologous RBCs at low temperatures (2 to 10° C) that can be 

glycoprotein. In other cases, the antibodies have specificity for antigens in the 
Kell	or	Duffy	blood	group	system	and	very	rarely	for	ABO	antigens.	In	less	
than 10% of the cases of wAIHA, no specificity can be found. In contrast to 
wAIHA, cold agglutinins are IgM autoantibodies that react at cold temperatures 
with polysaccharides on the red cell surface and mainly with i and I antigens 
and less commonly with the Pr glycoprotein and sialylated polysaccharides.2 
Cold agglutinins associated with Mycoplasma pneumoniae infection have an 
anti-I specificity, whereas those related to infectious mononucleosis have anti-i 
specificity. In CAD, the cold agglutinins are almost always anti-I monoclonal 
IgM antibodies with a VH4-34 heavy chain, a heavy chain shape of the antigen-
binding surface that favors attachment to polysaccharides.

 DIAGNOSIS
Clinical Symptoms
The clinical symptoms of AIHA are those of anemia (e.g., unusual fatigue, 
exertional dyspnea, tachycardia) and/or those due to active hemolysis (jaun-
dice with or without dark urine, especially when there is intravascular hemo-
lysis). In patients with high-affinity cold agglutinins, exposure to cold can also 
precipitate episodes of acrocyanosis by inducing massive agglutination of RBCs 
in the capillary circulation of the hands, feet, or even nose tip and ears. Mild 
splenomegaly may be present especially in wAIHA, whereas splenomegaly is 
uncommon in CAD unless there is an underlying B-cell lymphoma.

General Laboratory Tests
Elevated	serum	levels	of	indirect	bilirubin	and	lactate	dehydrogenase	(LDH)	
and decreased serum haptoglobin are the usual, albeit nonspecific, features 
of	hemolytic	anemia.	Laboratory	signs	of	intravascular	destruction	of	RBCs	
(hemoglobinemia, hemoglobinuria, and hemosiderinuria) are unusual in the 
setting	of	AIHA.	Once	hemolytic	anemia	has	been	recognized,	the	diagnosis	
of AIHA is usually relatively easy and based first on the identification of anti-
RBC autoantibody by means of the DAT (Coombs test), and then on the 
exclusion of other causes of hemolytic anemia. A careful examination of  
the peripheral blood smear is essential, keeping in mind that an increase in 
the number of spherocytes (particularly microspherocytes) can be observed 
in approximately 30 to 40% of cases of AIHAs (Chapter 148).

The Direct Antiglobulin (Coombs) Test
The DAT that detects antibody-coated RBCs is central to the diagnosis of 
autoimmune hemolytic anemia.3 The indirect antiglobulin (Coombs) test 
evaluates the presence of incomplete antibodies in the patient’s serum. The 
standard antiglobulin reagent contains antibodies to test for the presence of 
all four classes of IgG and components of complement (usually C3 and C4).

A positive DAT requires cautious interpretation when there are no other 
features of AIHA. False-positive test results are not unusual. The reported 
incidence of positive antiglobulin tests in normal blood donors and the general 

AIHA = autoimmune hemolytic anemia; DAT = direct antiglobulin test; EV = extravascular; Ig = immunoglobulin G; IV = intravascular.

TABLE 151-2 MAIN CHARACTERISTICS OF VARIOUS TYPES OF AIHA

AIHA TYPE
EPIDEMIOLOGY/TYPE 

OF HEMOLYSIS
RATE OF SECONDARY 

AIHA
AUTOANTIBODY 

ISOTYPE
OPTIMAL 

TEMPERATURE
DAT 

PATTERN ELUATE

AUTOANTIBODY 
SPECIFICITY 

(TARGETED ANTIGENS)
Warm AIHA ~ 70-80% of all AIHA

Adult > children (mean age 
3 years), mostly EV 
hemolysis, subacute 
onset (rarely abrupt with 
associated IV hemolysis)

~50% of the cases (see Table 
151-3)

IgG >> IgA, IgM 37° C IgG ± C3d IgG Antigens of the Rh system, 
band 3, glycophorin, A

Cold agglutinin 
syndrome

~20-30% of all AIHA cases 
in adults

Age >50 years
EV ± IV hemolysis

Mainly secondary monoclonal 
IgM kappa gammopathy in 
90% of the cases ± features 
of definite clonal B-cell 
lymphoproliferative disorder

IgM >>> IgA or IgG
Cold agglutinins 

titer > 1/500

4° C C3 negative I antigen> i >> Pr

Cold transient 
AIHA

Children, young adults
IV hemolysis

Infections (Mycoplasma 
pneumoniae, Ebstein-Barr 
virus, etc.)

Polyclonal IgM
Cold agglutinins 

titer ≥1/64

4° C C3 negative I > i antigens

Paroxysmal cold 
hemoglobinuria

Children (rare), exceptional 
in adults

Acute IV hemolysis

Infections (Mycoplasma 
pneumoniae, virus)

IgG (Donath-
Landsteiner	
hemolysin)

>30° C C3 negative P + c antigens (biphasic 
hemolysins)

Mixed-type AIHA Adult
Mainly EV hemolysis

Mainly B-cell lymphoma IgG, IgM
± AF ~ 1/500

Wide range
(4°-37° C)

IgG ± C3 IgG Polyreactivity
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CAD has long been considered as a primary (i.e., idiopathic) form of AIHA, 
it is now recognized that in about 90% of the cases it is associated with a 
monoclonal IgM gammopathy or other features of a clonal B-cell lympho-
proliferative disorder. Thus, chronic CAD should be viewed more as a true 
lymphoproliferative disorder characterized by a clonal expansion of B cells, 
the features of which are slightly different from those of Waldenström mac-
roglobulinemia (Chapter 178) or lymphoplasmacytic lymphoma in the bone 
marrow	(Chapter	176).	Hemolytic	anemia	is	seldom	very	severe	in	the	setting	
of CAD, and it is classically exacerbated by exposure to cold or infections.

 DRUG-INDUCED IMMUNE HEMOLYTIC ANEMIA
There are several mechanisms by which a drug can induce hemolytic anemia, 
and true drug-induced AIHAs are rare. Many drugs or drug metabolites have 
the potential to elicit antidrug antibodies. Drugs that form covalent bonds 
with proteins in the red cell membrane can bind antidrug antibodies to the 
red cell surface, causing a positive DAT and, in some cases, initiating antibody-
mediated	destruction	of	red	cells.	Other	drugs,	such	as	the	cephalosporins,	
can bind to red cell membranes and take up IgG nonspecifically from plasma. 
In these cases, there is no antidrug antibody. The diagnosis of drug-induced 
immune-mediated hemolytic anemia should be considered if the patient has 
a history of taking a suspected medication, there is acute complement-mediated 
hemolysis, only complement components are detectable on the red cell surface, 
or the patient’s serum reacts with red cells in the presence of the suspected 
drug.	Some	drugs	can	induce	true	autoantibodies	against	red	cells.	Fludarabine,	
a purine nucleoside analogue used in the treatment of chronic lymphocytic 
leukemia, and monoclonal antibodies against tumor necrosis factor-α (infliximab 
and adalimumab), T cells (alemtuzumab), α4 integrin (natalizumab), and 
interleukin-2 receptor (daclizumab) also have this property, the cause of which 
is unknown. Notably, there is no definitive way of distinguishing drug-induced 
AIHA	from	primary	AIHA.	Several	cases	of	 immune	cytopenias,	 including	
wAIHA,	induced	by	immune	checkpoint	inhibitors	(anti-CTLA4;	anti-PD1	
and	anti-PDL1	monoclonal	antibodies),	currently	used	in	cancer	treatment	
have recently been reported.5

detected	only	by	means	of	the	Donath	Landsteiner	test,	a	test	available	only	
in few referral laboratories. In addition to these four distinct subtypes of AIHAs, 
drug-induced hemolytic anemias must be regarded as a distinct entity (see 
later). Besides the distinction between wAIHA and cAIHA; AIHAs are also 
classified as primary (or idiopathic) or secondary, depending on the presence 
or absence of an underlying disease or condition promoting immune dys-
regulation.	On	average,	50	to	60%	of	wAIHAs	are	secondary	(see	Table	151-3	
for associated conditions) and, therefore, a minimal workup must be performed 
at the time of diagnosis in every patient to search for an underlying disease 
or condition (Table 151-4). It is important to emphasize that a presumably 
primary form of wAIHA can precede by many years the finding of a non-
Hodgkin lymphoma, and therefore patients with wAIHA must be followed 
beyond remission.

Regarding AIHAs due to cold autoantibodies, in children and young adults 
these are mainly secondary to either bacterial (M. pneumoniae infection) or 
viral (Ebstein-Barr virus or cytomegalovirus) infection, whereas in adults aged 
over 50, although rare, chronic CAD is by far the main cause of cAIHA. While 

TABLE 151-3 MAIN DISORDERS OR CONDITIONS 
ASSOCIATED WITH WARM AUTOIMMUNE 
HEMOLYTIC ANEMIA

Hematologic disorders and lymphoproliferative diseases:
•	 Chronic	lymphoid	leukemia,*	acute	lymphoblastic	leukemia,†	LGL	leukemia
•	 B-cell	lymphoma,*	Hodgkin	lymphoma
•	 Angioimmunoblastic	T-cell	lymphoma
•	 Castleman	disease
•	 Myelodysplasias,	myelofibrosis

Solid	tumors:	thymoma/ovarian	dermoid	cyst/carcinoma
Autoimmune and inflammatory diseases

•	 Systemic	lupus	erythematosus,	antiphospholipid	syndrome
•	 Rheumatoid	arthritis
•	 Ulcerative	colitis,	pernicious	anemia/thyroiditis
•	 Myasthenia	gravis
•	 Autoimmune	hepatitis,	giant	cell	hepatitis*
•	 Sarcoidosis
•	 Eosinophilic	fasciitis

Infections:
•	 Virus:	Ebstein-Barr	virus,*	hepatitis	C,	cytomegalovirus
•	 Bacteria:	tuberculosis/brucellosis/syphilis/babesiosis

Drugs
Primary immunodeficiencies

•	 Common	variable	immunodeficiency
•	 Hyper-IgM	syndrome,†	ALPS†

•	 CTLA4†	or	LRBA	deficiency†

•	 IPEX	syndrome,† APECED syndrome†

Others
•	 Pregnancy
•	 Post-allogenic	bone	marrow	transplantation	or	liver	or	small	bowel	transplant*
•	 Rosai-Dorfman	disease

*Diseases	that	can	also	be	associated	with	cold	autoimmune	hemolytic	anemia.
†Seen	almost	exclusively	in	childhood.
ALPS	= autoimmune lymphoproliferative syndrome; APECED = autoimmune polyendocrinopathy-
candidiasis-ectodermal	dystrophy;	CTLA4	= cytotoxic T-lymphocyte-associated protein 4; IgM = 
immunoglobulin	M;	IPEX	=	immune	dysregulation,	polyendocrinopathy,	enteropathy	X-linked	
syndrome;	LGL	=	large	granular	lymphocytes;	LRBA	= lipopolysaccharide-responsive and 
beige-like anchor protein.

TABLE 151-4 RECOMMENDED WORKUP IN WARM 
AUTOIMMUNE HEMOLYTIC ANEMIA

1. Antinuclear antibodies (± anti-DNA antibodies if ANA positive)
2.	 Anticardiolipin	antibodies	and	lupus	anticoagulant*
3.	 Serum	protein	electrophoresis	and	immunoelectrophoresis
4. Immunophenotyping of peripheral lymphocytes (flow cytometry)
5.	 CT	scan	of	the	chest,	abdomen	and	pelvis	(in	the	absence	of	obvious	SLE	of	

APS)
6.	 Bone	marrow	biopsy:	recommended	in	the	presence	of	hypogammaglobulinemia	

and/or monoclonal gammopathy and/or abnormal lymphadenopathy on the CT 
imaging.

*Especially	in	case	of	a	previous	episode	of	venous	and/or	arterial	thrombosis	or	in	case	of	recurrent	
miscarriage in women and systematically before splenectomy.
ANA =	antinuclear	antibodies;	APS	= antiphospholipid syndrome; CT = computed tomography; 
SLE	= systemic lupus erythematosus.

The management of AIHA has long been empirical and based on retrospec-
tive uncontrolled studies. In the last decade, however, better data have provided 
more evidence to improve management.6,7

Supportive Care and Transfusion
Regardless the type of AIHA, folic acid supplementation (5 to 10 mg/day) is 

warranted in patients with active AIHA and increased erythropoiesis to prevent 
its depletion, which may be misinterpreted as a treatment failure. RBC transfu-
sions are also indicated in patients with disabling symptoms of anemia and/
or a significant underlying cardiovascular disorder (e.g., coronary artery disease 
or heart failure). Although younger patients may tolerate a stable hemoglobin 
level as low as 6 g/dL, maintaining a hemoglobin level of at least 8 g/dL is 
usually recommended in patients with major comorbidities. It is important for 
the managing physician to understand that no patient with symptomatic AIHA 
should be denied blood transfusions because of an “incompatible crossmatch.” 
The blood bank should be informed of the patient’s status. Indeed, the patient’s 
positive DAT almost always interferes with compatibility testing, so the role of 
the blood bank is to provide packed red cells that are the least incompatible 
ones in regard to the specificity of the patient’s autoantibody. Close commu-
nication and cooperation between the clinician and the specialist in transfusion 
medicine are therefore essential for reducing the risks associated with transfusion 
in patients with AIHA. Because transfused RBCs can be destroyed by the patient’s 
autoantibodies, rapid transfusion of large volumes of RBCs must be avoided 
because they can have serious consequences. This risk is increased if the patient 
also has alloantibodies induced by previous transfusions or pregnancy. Units 
of packed RBCs should therefore not be administered at a rate that exceeds 
1 mL/kg/hour. Plasma exchange is sometimes used for patients with life-threat-
ening AIHA, but there is no robust evidence supporting its efficacy and safety 
in the literature.

Although it is not supported by strong evidence-based data, in cAIHA and 
CAD it is recommended to transfuse prewarmed (at a temperature close to 37° 
C) packed RBCs by means of a specific device to enhance the effect of 
transfusion.

Treatment of Transient (Acute) Cold Autoimmune 
Hemolytic Anemias

In cases of transient cAIHAs induced by an infection, the onset is usually abrupt, 
and the degree of anemia may be profound and sometimes life-threatening, 

TREATMENT 
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Consider a short course
( ~ 3 weeks) of

corticosteroids in case
of severe HA

Transfusion of
packed RBCs if

needed 

Avoidance
of cold

Transfusion of prewarmed
packed RBCs if needed

(transient exacerbation of HA)*

Consider treatment
with rituximab ±
bendamustine 

Antibiotics in case of
definite bacterial infection

(Mycoplasma pneumoniae)

Prompt treatment of
febrile infections,

vaccinations (influenza,
pneumococcal)

+ folate

Transient (acute) cold AIHA Chronic cold agglutinin disease 

Yes No
Chronic active or

relapsing and
symptomatic HA ?

No specific
treatment is required†

(“wait and watch”)

FIGURE 151-1. Proposed algorithm for the management of cold autoimmune hemolytic anemias (AIHAs). *the transient use of erythropoiesis-stimulating agents can be considered 
off-label, †unless the underlying B cell–clonal lymphoproliferative disorder requires specific management. HA = hemolytic anemia; rBcs = red blood cells. 

requiring transfusion of prewarmed packed RBCs, which must not be postponed 
(Fig. 151-1). In addition to supportive care, the use of antibiotics is justified in 
case of pneumonia due to M. pneumoniae. A short course of corticosteroids can 
sometimes be considered in case of severe cAIHA secondary to a viral infection 
(Epstein-Barr virus) in order to reduce the duration of anemia, but this practice 
is neither consensual nor evidence based.

Management of Chronic Cold Agglutinin Disease
The management of CAD has long been only supportive and symptomatic 

(see Fig. 151-1). Avoidance of exposure to cold is still the mainstay in manage-
ment of CAD, especially to avoid cold-induced circulatory symptoms, but this 
measure is often not sufficient to avoid episodes of hemolysis. In cases of infec-
tions and other acute phase reactions, the levels of both C3 and C4 increase 
due to their enhanced production, resulting in exacerbation of complement-
dependent cytotoxicity directed toward autologous RBCs and increased hemo-
lysis. Consequently, prompt treatment of infections or other illnesses as well 
as the prevention of infection by influenza and/or pneumococcal vaccines are 
strongly recommended in patients with CAD. In case of exacerbation of hemo-
lysis and severe anemia, transfusion of prewarmed packed RBCs must be con-
sidered because patients with CAD are often elderly with significant comorbid 
conditions. Whereas CAD is usually considered a relatively indolent and slowly 
progressive lymphoproliferative disorder with a relatively good prognosis, 
transfusion dependency may be observed in some patients with recurrent 
episodes of active hemolysis.

In those patients with active CAD or cold hemolysis who need to be treated, 
a number of single agent therapies have shown little efficacy, and their use 
should therefore be avoided because they all have significant toxicity. These 
include corticosteroids, alkylating agents, interferon-α, cyclophosphamide, 
chlorambucil, and cladribine. Because hemolysis takes place mainly in the liver, 
splenectomy should be avoided in patients with CAD. In transfusion-dependent 
patients with normal or only slightly elevated reticulocyte counts, the transient 
use of an erythropoiesis-stimulating agent off-label may be useful as a trans-
fusion-sparing strategy. Plasma exchange can be temporarily helpful in cases 
of severe hemolysis and/or in preparation for surgery requiring cold exposure 
such as lung-heart surgery. For those patients with active or relapsing symp-
tomatic episodes of cold hemolytic anemia, rituximab, given either alone  
or in combination with fludarabine A1  or possibly better yet with bendamus-
tine, A2  can be an option. An algorithm for the management of chronic cold 
agglutinin disease is proposed in Figure 151-1. Finally, because the hemolytic 
activity of cold agglutinins is complement dependent, the efficacy of comple-
ment inhibitors such as TNT001 (anti-C1s) or eculizumab, the anti-C5 humanized 
monoclonal antibody licensed for PNH, has been tested in CAD in preliminary 
studies and have shown some promising efficacy.

Management of Primary Warm Autoimmune  
Hemolytic Anemias
First-line treatment: corticosteroids

Primary wAHAIs usually have a chronic course, and except for the few 
patients with mild compensated hemolysis with a normal or almost normal 

hemoglobin level, treatment is usually needed (Fig. 151-2).7 In contrast to CAD, 
corticosteroids are the cornerstone of therapy in wAIHAs and should be given as 
first-line treatment. Intravenous immunoglobulin (IVIg) has only little efficacy in 
wAIHAs and should be considered (at 2 g/kg over 2 days) only as potential rescue 
therapy for severe, transfusion-dependent AIHA in the absence of response to 
corticosteroids. The corticosteroid regimen is usually based on oral prednisone 
or prednisolone at an initial daily dose of 1 to 2 mg/kg daily. By analogy with 
other autoimmune diseases, the use of intravenous methylprednisolone at a 
dose of 250 to 1000 mg/day for 1 to 3 days may be considered in patients with 
profound anemia, although no clinical trials supporting its superior efficacy 
are available. The starting dose of oral prednisone is usually maintained for 
3 to 4 weeks and then tapered progressively if at least a partial response is 
achieved. There is no consensus concerning the total duration of treatment, but 
because the likelihood of early relapse is high when the treatment is prematurely 
stopped, corticosteroids should be maintained for at least 3 months after a 
complete response is achieved (defined by normalization of hemoglobin with 
no evidence of active hemolysis). Except for children, the use of alternate-day 
prednisone before stopping the treatment is not recommended. The efficacy 
of corticosteroids can take a few days to 2 weeks, so blood transfusions may be 
necessary at AIHA onset, especially in case of severe anemia in young children 
or elderly adults for maintaining a “safe” hemoglobin level. After 2 to 3 weeks of 
treatment with corticosteroids, a clinically significant response is observed in 
80 to 85% of the cases. Except for the few patients who are truly refractory to 
corticosteroids, the major issue that clinicians have to deal with when treating 
patients with wAIHA is that approximately 50 to 60% of them are found to be 
dependent on corticosteroids to suppress hemolysis. Thus, flares of relapses 
of wAIHA may occur either within weeks after withdrawal of corticosteroids 
or even on treatment when the dose of daily prednisone is decreased below a 
threshold, which is usually between 10 to 15 mg daily, a dose that is associated 
with several long-term adverse effects. Overall, only one third of patients can 
be considered to be in complete remission off-treatment one year after disease  
onset.

second-line treatment
Rituximab

The efficacy of rituximab, the chimeric monoclonal antibody that targets 
the CD20 antigen on B lymphocytes, was first shown in refractory wAIHA in 
children with a response rate reaching up to 100% in some studies. In adults, 
rituximab was also shown to have significant efficacy in primary wAIHAs 
in two randomized, controlled trials, with a 75% overall response rate at  
1 year. A3 

,
 A4  The usual dose is 375 mg/m2 by intravenous infusion once a week 

for 4 weeks, but other regimens such as fixed doses of 1000 mg two weeks 
apart as in rheumatoid arthritis can be used. Safety is usually good, although 
late-onset neutropenia and opportunistic infections such as Pneumocystis jiroveci 
pneumonia may rarely occur. A retrospective cohort study has also shown the 
efficacy and relative safety of rituximab in immune cytopenias associated with 
systemic lupus erythematosus.8 Taken together, the data from the literature 
clearly support, whenever possible, the use of rituximab (off-label) as an early 
second-line treatment and before splenectomy for patients with wAIHA who 
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Failure 

Failure 

Splenectomy Splenectomy contraindicated

Immunosuppressive drug: Azathioprine or mycophenolate mofetil or cyclosporine

Prednisone: 1 to 1.5 mg/kg per day for 2–3 weeks
± transfusion in case of severe anemia

Rituximab: 1000 mg on days 1 and 15
or 375 mg/m2/week × 4 weeks

Stop treatment within 3 to 6
months if sustained CR†

Relapse or corticosteroid-dependence*

Reduce prednisone from week 3 to 4

Response

Response

Response Failure or relapse

FIGURE 151-2. Proposed algorithm for the treatment of primary warm-reactive autoimmune hemolytic anemia in adults. *need to maintain daily prednisone at more than 10 mg 
to maintain at least a partial remission (i.e., hemoglobin level ≥10 g/dl with at least a 2-g increase from baseline). †complete remission (cr) = hemoglobin level >12 g/dl without 
hemolysis. 

have had no or little response to corticosteroids and for elderly patients with 
comorbidities such as diabetes who are at high risk for developing corticoste-
roid-induced side effects. When rituximab is administered before splenectomy, 
vaccination against Streptococcus pneumoniae, Haemophilus influenzae type B, 
and/or Neisseria meningitidis should be administered whenever possible 2 weeks 
before rituximab because splenectomy may be required thereafter (see Chapter 
159 for specific recommendations).

Splenectomy
Splenectomy has long been the preferred second-line option for primary 

wAIHAs. The rate of sustained response after splenectomy is approximately 60 
to 70%, but clear predicting factors for response are still lacking. The periopera-
tive risk of laparoscopic splenectomy is low and acceptable, with a mortality 
rate of less than 1%. The most feared complications, even after the laparoscopic 
procedure, remain the rare but unpredictable risk of overwhelming sepsis and 
the risk of postoperative thromboembolic complications, especially in the 
splanchnic veins. Perioperative low-molecular-weight heparin is therefore rec-
ommended in wAIHA patients who undergo splenectomy and especially in 
those who also have positive antiphospholipid antibodies. The best time for 
splenectomy is controversial now that alternatives such as rituximab are avail-
able at least in some countries. In children aged less than 5 to 7 years, this 
procedure should be avoided or delayed as long as possible. In adults, it must 
be considered early in the course of the disease in patients who have failed to 
respond to both corticosteroids (or need high and unacceptable doses to main-
tain at least a partial remission) and rituximab.

Danazol
In patients dependent on corticosteroids, the use of danazol, an attenuated 

androgen analogue, at 400 to 800 mg/day can be helpful as a corticosteroid-
sparing strategy in adults requiring a dose of daily prednisone greater than 
15 mg to maintain a remission. However, because of its common androgenic 
side effects, its use is usually limited in female patients, and its potential liver 
toxicity makes long-term use difficult also in men.

other treatment lines
Immunosuppressive and Cytotoxic Agents

In patients with refractory wAIHA in whom splenectomy and rituximab have 
failed, the management is mainly based on experience and mostly retrospec-
tive data in the literature, as opposed to controlled, prospective, comparison 
trials. The efficacy of azathioprine, cyclophosphamide, and to a lesser extent 
cyclosporine and mycophenolate mofetil has been reported in small cases 
series. The choice depends on the efficacy/safety ratio individualized for 
each patient. These drugs should be reserved for patients who have failed to 
respond to rituximab and to splenectomy or are not suitable candidates for  
splenectomy.

 PAROXYSMAL NOCTURNAL HEMOGLOBINURIA

 DEFINITION
PNH is a rare and potentially life-threatening clonal blood disorder with protean 
manifestations caused by an acquired somatic mutation in the phosphati-
dylinositol glycan (PIG-A) gene.9 In pluripotent hematopoietic stem cells, the 
mutation in PIG-A leads to a deficiency of glycosylphosphatidylinositol (GPI) 
anchors and GPI-anchored proteins, including the complement regulatory 
proteins CD55 and CD59 normally expressed on the surface of RBCs. PNH 
RBCs are therefore highly vulnerable to activation of complement on their 
surfaces (especially in case of fever, acidosis, or hypoxia) and the formation of 
the membrane attack complex (MAC) (Chapter 44).10 The resulting chronic 
intravascular hemolysis is the hallmark of the classic hemolytic form of the 
disease, and the release of free hemoglobin contributes to most of its clinical 
manifestations (dysphagia, recurrent abdominal pain, erectile dysfunction).

 EPIDEMIOLOGY
PNH can occur at any age but is most common between 10 and 50 years. 
The mean age at diagnosis is about 34 years (median age is about 40) and the 
female/male ratio is close to 1. Median survival after diagnosis is approximately 
20 years. It is a rare disorder with an estimated prevalence in the population 
of one in 105 to one in 106. There is no sex preference, and a family history 
of PNH is highly unusual.

 PATHOBIOLOGY
PNH is due to a somatic mutation that causes a defect in the red cell mem-
brane. The disease begins in a single hematopoietic stem cell when the PIG-A 
gene	on	the	short	arm	of	the	active	X	chromosome	acquires	a	mutation.	The	
PIG-A gene encodes PIG-A, an enzyme that is essential for the synthesis of 
GPI. The location of PIG-A	on	the	X	chromosome	allows	a	single	mutation	
in the gene to affect GPI synthesis. This lipid normally forms a peptide link 
with the C-terminal amino acid of numerous proteins, anchoring them to the 
red cell membrane. Molecular genetic studies indicate that the PNH clone 
upregulates genes that make the PNH clone resistant to apoptosis and immune 
attack. The mutation in a hematopoietic stem cell affects PIG-A in blood cells 
of all lineages. Almost 150 different mutations of PIG-A have been identified. 
Most of them inactivate PIG-A and cause total loss of GPI in the descendants 
of the carrier stem cell. Red cells with complete deficiency of GPI are termed 
PNH III erythrocytes, and those with partial deficiency are called PNH II 
erythrocytes. The coexistence of PNH III and PNH II red cells in the same 
patient indicates the presence of two mutant clones. A small number of 

hematopoietic stem cells in normal people bear the PIG-A mutation; they 
have no proliferative advantage and persist in small numbers. In normal blood, 
the frequency of PIG-A–deficient cells is about one in 50,000 red cells. In 
contrast to those with PNH, however, the deficient cells in normal subjects 
arise from committed hematopoietic cells. The presence of PIG-A–deficient 
cells in normal subjects suggests that PNH involves not only the PIG-A muta-
tion but also a second step, perhaps a mutation, that allows expansion of the 
mutated clone.

Functional Consequences of Deficiency of GPI
The membrane inhibitor of reactive hemolysis (CD59, or protectin) and CD55, 
an inhibitor of C3 convertase, are two of the many proteins that GPI normally 
anchors to the red cell. They prevent polymerization of C9, the final step in 
assembly of the MAC that begins with cleavage of C5 to C5b. Deficiencies 
of CD59 and CD55 allow unimpeded assembly of the MAC on the erythrocyte 
surface, thereby initiating intravascular hemolysis. A variety of nonspecific 
factors, such as a reduction in the pH of blood, can activate complement. The 
morning hemoglobinuria that occurs in some cases of PNH is probably the 
result of subtle acidification of blood during sleep.

 CLINICAL MANIFESTATIONS
Classically, some patients with PNH arise in the morning and pass dark urine. 
The typical paroxysms of hemoglobinuria occur on a background of chronic, 
low-grade intravascular hemolysis that causes constant hemosiderinuria in 
PNH.	About	one	third	of	cases	evolve	into	aplastic	anemia	(Chapter	156).11 
Transformation to acute myelogenous leukemia is a rare event. Abdominal 
pain, dysphagia, and erectile dysfunction are additional clinical features. The 
basis of these symptoms is probably scavenging by free plasma hemoglobin 
of endogenous nitric oxide, a regulator of vasomotor and smooth muscle tone. 
In about one third of cases, venous thrombosis occurs in unusual sites and 
can cause intra-abdominal splanchnic vein thrombosis involving the hepatic 
veins (Budd-Chiari syndrome) or the portal veins, or less frequently cerebral 
vein	thrombosis.	Splenomegaly	is	uncommon;	hepatomegaly	and	ascites	point	
to the complication of intra-abdominal venous thrombosis. Hemosiderinuria 
is	the	result	of	chronic	intravascular	hemolysis.	Subtle	or	overt	signs	of	bone	
marrow damage (leukopenia and thrombocytopenia) are frequent. The extent 
of red cell destruction in PNH depends on the number of PNH red cells in 
blood, the level of GPI on the red cell membrane (PNH III cells are devoid 
of GPI), and the surface activation of complement. The anemia is often aggra-
vated by iron deficiency caused by chronic urinary iron loss in the form of 
hemosiderinuria. A DAT-negative hemolytic anemia associated with iron 
deficiency should raise the suspicion of PNH.12 The basis of the tendency to 
develop venous thrombosis is unclear. Hypercoagulability caused by the release 
of prothrombotic materials in red cell and platelet membranes (which are 
also abnormal in PNH) and impaired fibrinolysis have been implicated. Nitric 
oxide scavenging by free plasma hemoglobin may also damage endothelial 
cells and cause aggregation of platelets.

 DIAGNOSIS
The diagnosis of PNH is suspected in case of an acquired and Coombs-negative 
intravascular hemolytic anemia and can be established by demonstrating, by 
flow cytometry, a deficiency of CD59 on RBCs.13,14 Another reagent with 
utility in flow cytometry is aerolysin, a bacterial protein that binds to the GPI 
anchor.	Data	strongly	suggest	that	the	fluorescent	aerolysin	variant	(FLAER)	
is the best and most reliable reagent to study GPI-linked antigens on leuko-
cytes, helpful for diagnosing PNH.15

The clone size in PNH is usually correlated with the degree of intravascular 
hemolysis.

TREATMENT 

 Grade A References
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 HEMOLYTIC TRANSFUSION REACTIONS
The	cause	of	hemolytic	transfusion	reactions	(Chapter	167)	is	intravascular	
lysis of the donor’s red cells by antibodies (alloantibodies or isoantibodies) 
in the recipient that bind to one or more blood group antigens on the trans-
fused cells. The recipient’s isoantibodies can be natural anti-A or anti-B anti-
bodies, or they can be induced by previous transfusions or pregnancy. Whether 
IgM or IgG, the isoantibodies trigger the assembly of lytic complement com-
ponents on the surface of the donor’s red cells. The rapid formation of large 
amounts of C3a and C5a fragments causes hypotension and bronchospasm. 
Renal failure is a consequence of severe, prolonged hypotension; the main 
renal lesion is renal cortical ischemia secondary to shunting of blood away 
from the kidneys. Hemoglobin itself is not nephrotoxic. The signs and symp-
toms of a hemolytic transfusion reaction are nonspecific and include fever, 
back pain, urticaria, dyspnea, hypotension, and evidence of disseminated 
intravascular coagulation. These nonspecific signs appear and worsen during 
administration of the transfusion. Immediate steps must be taken to stop the 
transfusion, submit the transfused blood and a sample of the patient’s blood 
to the blood bank, and order tests of plasma and urine for free hemoglobin. 
Hydration is necessary to prevent renal failure.

 OTHER CAUSES OF INTRAVASCULAR 
HEMOLYSIS

Conditions in which vascular abnormalities (e.g., valve hemolysis), toxins 
(e.g., venomous snake bites), infections (e.g., malaria, babesiosis, clostridial 
sepsis), or drugs damage RBCs, cause them to lose pieces of membrane, and 
ultimately fragment into free hemoglobin-releasing particles should be con-
sidered in the differential diagnosis of intravascular hemolysis (see Table 151-1). 
Most of these conditions are readily apparent from the history and physical 
examination. Treatment focuses on the underlying cause of the hemolysis.

hematopoietic stem cells in normal people bear the PIG-A mutation; they 
have no proliferative advantage and persist in small numbers. In normal blood, 
the frequency of PIG-A–deficient cells is about one in 50,000 red cells. In 
contrast to those with PNH, however, the deficient cells in normal subjects 
arise from committed hematopoietic cells. The presence of PIG-A–deficient 
cells in normal subjects suggests that PNH involves not only the PIG-A muta-
tion but also a second step, perhaps a mutation, that allows expansion of the 
mutated clone.

Functional Consequences of Deficiency of GPI
The membrane inhibitor of reactive hemolysis (CD59, or protectin) and CD55, 
an inhibitor of C3 convertase, are two of the many proteins that GPI normally 
anchors to the red cell. They prevent polymerization of C9, the final step in 
assembly of the MAC that begins with cleavage of C5 to C5b. Deficiencies 
of CD59 and CD55 allow unimpeded assembly of the MAC on the erythrocyte 
surface, thereby initiating intravascular hemolysis. A variety of nonspecific 
factors, such as a reduction in the pH of blood, can activate complement. The 
morning hemoglobinuria that occurs in some cases of PNH is probably the 
result of subtle acidification of blood during sleep.

 CLINICAL MANIFESTATIONS
Classically, some patients with PNH arise in the morning and pass dark urine. 
The typical paroxysms of hemoglobinuria occur on a background of chronic, 
low-grade intravascular hemolysis that causes constant hemosiderinuria in 
PNH.	About	one	third	of	cases	evolve	into	aplastic	anemia	(Chapter	156).11 
Transformation to acute myelogenous leukemia is a rare event. Abdominal 
pain, dysphagia, and erectile dysfunction are additional clinical features. The 
basis of these symptoms is probably scavenging by free plasma hemoglobin 
of endogenous nitric oxide, a regulator of vasomotor and smooth muscle tone. 
In about one third of cases, venous thrombosis occurs in unusual sites and 
can cause intra-abdominal splanchnic vein thrombosis involving the hepatic 
veins (Budd-Chiari syndrome) or the portal veins, or less frequently cerebral 
vein	thrombosis.	Splenomegaly	is	uncommon;	hepatomegaly	and	ascites	point	
to the complication of intra-abdominal venous thrombosis. Hemosiderinuria 
is	the	result	of	chronic	intravascular	hemolysis.	Subtle	or	overt	signs	of	bone	
marrow damage (leukopenia and thrombocytopenia) are frequent. The extent 
of red cell destruction in PNH depends on the number of PNH red cells in 
blood, the level of GPI on the red cell membrane (PNH III cells are devoid 
of GPI), and the surface activation of complement. The anemia is often aggra-
vated by iron deficiency caused by chronic urinary iron loss in the form of 
hemosiderinuria. A DAT-negative hemolytic anemia associated with iron 
deficiency should raise the suspicion of PNH.12 The basis of the tendency to 
develop venous thrombosis is unclear. Hypercoagulability caused by the release 
of prothrombotic materials in red cell and platelet membranes (which are 
also abnormal in PNH) and impaired fibrinolysis have been implicated. Nitric 
oxide scavenging by free plasma hemoglobin may also damage endothelial 
cells and cause aggregation of platelets.

 DIAGNOSIS
The diagnosis of PNH is suspected in case of an acquired and Coombs-negative 
intravascular hemolytic anemia and can be established by demonstrating, by 
flow cytometry, a deficiency of CD59 on RBCs.13,14 Another reagent with 
utility in flow cytometry is aerolysin, a bacterial protein that binds to the GPI 
anchor.	Data	strongly	suggest	that	the	fluorescent	aerolysin	variant	(FLAER)	
is the best and most reliable reagent to study GPI-linked antigens on leuko-
cytes, helpful for diagnosing PNH.15

The clone size in PNH is usually correlated with the degree of intravascular 
hemolysis.

The treatment of classical PNH has long been only supportive and based 
on regular transfusions and anticoagulation therapy in case of thrombosis. 
Eculizumab, a humanized monoclonal antibody against C5, reduces the signs 
of intravascular hemolysis, the requirement for transfusions, and the incidence 
of thrombosis in PNH. A5  In PNH, it is usually given at a dose of 600 mg every 
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week for 4 weeks, followed 1 week later by a 900-mg dose, and then at 900 mg 
every other week. Complement blockade is not always complete. Before being 
treated with eculizumab, every patient should be vaccinated against Menin-
gococcus A, B, and C and, in many countries, a long-term prophylaxis with oral 
penicillin is also strongly recommended. Beyond transfusion-dependent hemo-
lytic anemia, the occurrence of disease-related venous thrombosis is also a 
strong indication for eculizumab in the setting of PNH in combination with 
anticoagulation. Ravulizumab, which is a newer complement inhibitor that also 
binds to C5, has a much longer terminal half-life compared with eculizumab, 
and can be given every 8 weeks rather than every 2 weeks. A6 
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152 
HEMOLYTIC ANEMIAS: RED BLOOD CELL 
MEMBRANE AND METABOLIC DEFECTS
PATRICK G. GALLAGHER

The mature erythrocyte differs from all other cells in the body. Lacking a 
nucleus, DNA, RNA, and ribosomes, it cannot synthesize RNA, DNA, or 
protein. It does not divide, it has no mitochondria, it cannot perform the 
Krebs cycle, and it lacks an electron transport system for oxidative phosphory-
lation. After enucleation, the reticulocyte, the precursor of the mature eryth-
rocyte, leaves the marrow and enters the circulation equipped with a full 
complement of enzymes, transporters, signaling molecules, and all other 
proteins necessary to perform the essential functions of the red blood cell 
(RBC) during its lifespan.

The erythrocyte membrane accounts for only about 1% of the total weight 
of an RBC, yet it plays a critical role in the maintenance of normal RBC 
homeostasis through a number of mechanisms. These include retention of 
vital compounds and removal of metabolic waste, regulation of erythrocyte 
metabolism and pH, and import of iron required for hemoglobin (Hb) syn-
thesis during erythropoiesis. The membrane maintains a slippery exterior so 
that erythrocytes do not aggregate or adhere to endothelial cells. The membrane 
skeleton, a network of proteins on the inner surface of the RBC, provides the 
strength and flexibility needed to maintain the normal shape and deformability 
of the erythrocyte.

The principal functions of erythrocyte metabolism in the mature erythrocyte 
include maintenance of adequate supplies of adenosine triphosphate (ATP), 
production of reducing substances to act as antioxidants, and control of oxygen 
affinity of Hb by production of adequate amounts of 2,3-diphosphoglycerate 
(2,3-DPG). Because the mature erythrocyte has lost its ability to perform 
oxidative phosphorylation, its energy is supplied by anaerobic glycolysis though 
the Embden-Meyerhof pathway, by oxidative glycolysis through the hexose 
monophosphate shunt, and through nucleotide salvage pathways.

 THE ERYTHROCYTE MEMBRANE
Composed of a lipid bilayer and an underlying cortical membrane skeleton 
(Fig. 152-1), the membrane provides the erythrocyte the deformability and 
stability required to withstand its travels through the circulation. In one 

circulatory cycle throughout the body, an erythrocyte is subjected to high 
shear stress in the arterial system, dramatic size and shape changes in the 
microcirculation with capillary diameters as small as 7.5 µm, and marked 
fluctuations in tonicity, pH, and Po2.1

 Membrane Lipids
Red blood cell membrane lipids are asymmetrically distributed across the 
bilayer membrane, reflecting a steady state involving a constant exchange of 
phospholipids between the two bilayer hemileaflets. Glycolipids and cholesterol 
are intercalated between the phospholipids in the bilayer with their long axes 
perpendicular to the bilayer plane. Glycolipids, located in the external half of 
the bilayer with their carbohydrate moieties extending into the aqueous phase, 
carry several important RBC antigens and serve other important functions. 
Phospholipids are asymmetrically organized, with the choline phospholipids, 
phosphatidylcholine and sphingomyelin, primarily in the outer half of the 
bilayer, and the amino phospholipids, phosphatidylethanolamine and phos-
phatidylserine (PS), in the inner half of the bilayer. In pathologic states, such 
as thalassemia, sickle cell disease, and diabetes, loss of phospholipid asymmetry 
with externalization of PS leads to activation of blood clotting through conver-
sion of prothrombin to thrombin and facilitates macrophage attachment to 
erythrocytes, marking them for destruction. Mature erythrocytes are unable 
to synthesize fatty acids, phospholipids, or cholesterol de novo and depend 
on lipid exchange and fatty acid acylation as mechanisms for phospholipid 
repair and renewal.

 Membrane Proteins
Membrane proteins are classified as integral, penetrating or crossing the lipid 
bilayer and interacting with the hydrophobic lipid core, or peripheral, interact-
ing with integral proteins or lipids at the membrane surface but not penetrating 
into the bilayer core. Integral membrane proteins include the glycophorins, 
the Rh proteins, Kell and Duffy antigens, and transport proteins such as band 
3 (AE1, anion exchanger 1, SLC4A1), Na+,K+-ATPase, Ca2+-ATPase, and Mg2+-
ATPase. Numerous membrane receptors and antigens are present on integral 
membrane proteins. Peripheral membrane proteins are on the cytoplasmic 
membrane face and include enzymes such as glyceraldehyde-3-phosphate 
dehydrogenase and the structural proteins of the spectrin-actin–based mem-
brane skeleton.

Integral Membrane Proteins
Band 3, the major integral protein of the RBC, has two primary functions, 
ion transport and maintenance of protein–protein interactions. Band 3 medi-
ates chloride–bicarbonate exchange and provides a binding site for glycolytic 
enzymes, Hb, and the skeletal proteins ankyrin, protein 4.1, and protein 4.2. 
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FIGURE 152-1. The erythrocyte membrane. A model of the major proteins of the erythrocyte membrane is shown: α and β spectrin, ankyrin, band 3 (the anion exchanger), 4.1 
(protein 4.1) and 4.2 (protein 4.2), actin, and glycophorin. (From Perrotta S, Gallagher PG, Mohandas N. Hereditary spherocytosis. Lancet. 2008;372:1411-1426.)

death or severe hemolytic anemia. In most cases, hereditary spherocytosis 
mutations are “private,” that is, each individual has a unique mutation, implying 
that there is no selective evolutionary advantage to hereditary spherocytosis.

The spleen plays a critical, albeit secondary, role in the pathophysiology of 
hereditary spherocytosis. Splenic destruction of poorly deformable spherocytes 
is the primary cause of hemolysis experienced by hereditary spherocytosis 
patients. Abnormal erythrocytes are trapped in the splenic microcirculation 
and ingested by phagocytes. Moreover, the splenic environment is hostile to 
erythrocytes, with low pH, low glucose, and low ATP concentrations and 
high local concentrations of toxic free radicals produced by adjacent phago-
cytes, all contributing to membrane damage.

 CLINICAL MANIFESTATIONS
The clinical manifestations of the spherocytosis syndromes vary widely.3,4 The 
classic triad of hereditary spherocytosis is anemia, jaundice, and splenomegaly. 
Rarely, patients may have severe hemolytic anemia presenting in utero or 
shortly after birth and continuing through the first year of life. These patients 
may require multiple blood transfusions, and in some cases, splenectomy in 
infancy. Many patients with hereditary spherocytosis escape detection through-
out childhood. In these patients, the diagnosis of hereditary spherocytosis is 
not made until they are being evaluated for unrelated disorders later in life or 
when complications related to anemia or chronic hemolysis occur. Although 
the lifespan of an erythrocyte in these patients may be shortened to only 20 
to 30 days, they adequately compensate for their hemolysis with increased 
bone marrow erythropoiesis.

Chronic hemolysis leads to the formation of bilirubinate gallstones (Chapter 
146), the most frequently reported complication in patients with hereditary 
spherocytosis. Although gallstones have been observed in early childhood, 
most appear in adolescents and young adults. Routine interval ultrasonography 
to detect gallstones should be performed even if patients are asymptomatic.

Other complications of hereditary spherocytosis include aplastic, hemolytic, 
and megaloblastic crises. Aplastic crises occur after virally induced bone marrow 
suppression and present with anemia, jaundice, fever, and vomiting. The most 
common etiologic agent in these cases is parvovirus B19 (Chapter 347). 
Hemolytic crises, usually associated with viral illnesses and occurring before 
6 years of age, are generally mild and present with jaundice, increased spleen 
size, and a decrease in hematocrit. Megaloblastic crises occur in hereditary 
spherocytosis patients with increased folate demands, such as the pregnant 
patient, growing children, or patients recovering from an aplastic crisis.

Uncommon manifestations of hereditary spherocytosis include skin ulcer-
ation, gout, chronic leg dermatitis, cardiomyopathy, spinal cord dysfunction, 
movement disorders, and extramedullary erythropoiesis. In patients with 
untreated severe hereditary spherocytosis, poor growth and findings attribut-
able to extramedullary hematopoiesis, such as hand and skull deformities, 
may be observed.

 DIAGNOSIS
Patients with hereditary spherocytosis may present at any age, usually with 
anemia, hyperbilirubinemia, or an abnormal blood smear. In evaluating a 
patient with suspected hereditary spherocytosis, particular attention should 
be paid to the family history, including questions about anemia, jaundice, 
gallstones, and splenectomy. The initial laboratory investigation should include 
a complete blood count with a peripheral smear, reticulocyte count, direct 
antiglobulin test (Coombs test), and serum bilirubin. When the peripheral 
smear or family history is suggestive of hereditary spherocytosis, flow cyto-
metric analysis of eosin-5-maleimide–labeled erythrocytes (EMA binding) 
or an incubated osmotic fragility test (discussed later) should be obtained. 
Rarely, additional, specialized testing is required to confirm the diagnosis.

Overall, laboratory findings in hereditary spherocytosis are heterogeneous. 
Erythrocyte morphology (Chapter 148) is distinctive but not diagnostic (Fig. 
152-2A). Typical hereditary spherocytosis patients have blood smears with 
easily identifiable spherocytes lacking central pallor. Some patients present 
with only a few spherocytes on peripheral smear, but others present with 
numerous small, dense spherocytes and bizarre erythrocyte morphology. 
Specific morphologic findings have been identified in patients with certain 
membrane protein defects such as pincered erythrocytes (band 3) or sphe-
rocytic acanthocytes (β spectrin). When examining a smear in a case of sus-
pected spherocytosis, it is important to have a high-quality smear with the 
erythrocytes well separated and some cells with central pallor in the field of 
examination because spherocytes are a common artifact on peripheral blood 
smears. Other disorders with spherocytes on peripheral blood smear are listed 
in Table 152-1.

A single N-glycan chain attached to an asparagine in the membrane spanning 
domain of band 3 is composed of N-acetyl-d-lactosamine units arranged in 
an unbranched, linear fashion in fetal erythrocytes (i antigen) and in a branched 
fashion in adult cells (I antigen).

The glycophorins are the next most abundant family of integral membrane 
proteins. They provide most of the negative surface charge required by RBCs 
to avoid sticking to each other and to the vascular wall. They are involved in 
transmembrane signaling and carry receptors for Plasmodium falciparum, a 
number of viruses and bacteria, and several blood group antigens.

Peripheral Membrane Proteins
Spectrin is the major component of the membrane skeleton. It is composed 
of two subunits, α and β spectrin, that are structurally related but functionally 
distinct. Spectrin is highly flexible and assumes a variety of conformations, 
an unusual property that may be critical for normal membrane pliancy. The 
spectrin-based membrane skeleton is linked to the plasma membrane through 
the actin–protein 4.1 junctional complex; through spectrin–ankyrin interac-
tions; and through binding of a multiprotein complex containing Rh proteins, 
Rh-associated glycoproteins, CD47, LW, glycophorin B, and protein 4.2 to 
ankyrin. Protein 4.1, a protein necessary for normal membrane stability, inter-
acts with spectrin, actin, and other proteins of the RBC membrane. Ankyrin 
serves as the primary linkage protein for the high-affinity binding of spectrin 
to the inner membrane through interactions with the cytoplasmic domain of 
band 3. Protein 4.2 is a peripheral membrane protein that helps link the skel-
eton to the lipid bilayer through interactions with ankyrin and band 3.

Erythrocyte membrane disorders result from alterations in the quantity or 
quality (or both) of individual proteins and their dynamic interactions with 
each other. Disruption of the vertical protein–protein interactions of the 
membrane, that is, the spectrin-ankyrin–band 3 linkage or the band 3–protein 
4.2 interaction, leads to uncoupling of the membrane skeleton from the lipid 
bilayer. This leads to membrane instability with loss of lipids and some integral 
membrane proteins, resulting in loss of membrane surface area and the phe-
notype of spherocytosis. Disruption of the horizontal interactions of membrane 
skeleton proteins, including perturbation of spectrin self-association or junc-
tional complex protein–protein interactions, leads to membrane instability, 
altered membrane deformability and mechanical properties, and the phenotype 
of elliptocytosis.

Erythrocyte membrane disorders also result from abnormal cation perme-
ability or disturbed erythrocyte hydration (see later section on “Hereditary 
Stomatocytosis Syndromes.”)

 DISORDERS OF THE ERYTHROCYTE MEMBRANE
Hemolytic anemias caused by defects in the erythrocyte membrane comprise 
an important group of hereditary anemias. Hereditary spherocytosis, hereditary 
elliptocytosis, and hereditary pyropoikilocytosis are the most common dis-
orders among this group.2 Detailed clinical studies carried out years ago have 
now been complemented by biochemical and genetic studies, providing both 
a better understanding of the pathogenesis of these disorders and a better 
understanding of the normal biology of the erythrocyte membrane.

 Hereditary Spherocytosis
 DEFINITION

Hereditary spherocytosis is a group of disorders characterized by spherical 
erythrocytes on the peripheral blood smear (Fig. 152-2A). Clinical, laboratory, 
and genetic heterogeneity characterize this group of disorders.

 EPIDEMIOLOGY
Hereditary spherocytosis affects approximately one in 2000 to 3000 individu-
als of northern European ancestry. Found worldwide, it is much more common 
in whites than individuals of African ancestry.

 PATHOBIOLOGY
The primary defect in hereditary spherocytosis is the loss of erythrocyte 
membrane surface area caused by defects in erythrocyte membrane proteins, 
including α spectrin, β spectrin, ankyrin, band 3, and protein 4.2. Qualitative or 
quantitative defects of one or more of these membrane proteins lead to mem-
brane instability, which, in turn, leads to membrane loss. In approximately two 
thirds of hereditary spherocytosis patients, inheritance is autosomal dominant. 
In the remaining patients, inheritance is nondominant owing to a de novo 
mutation or autosomal recessive inheritance. Cases with autosomal recessive 
inheritance are caused by defects in either α spectrin or protein 4.2. Rare cases 
of homozygous hereditary spherocytosis have been reported, resulting in fetal 
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ABSTRACT
Disorders of the erythrocyte membrane and erythrocyte metabolism comprise 
an important group of inherited hemolytic anemias. Abnormalities of proteins 
of the membrane and its underlying cytoskeleton compromise the strength 
and flexibility of the erythrocyte needed to maintain the normal shape and 
deformability needed to survive its travels through the circulation. Qualitative 
and quantitative membrane protein defects lead to various abnormalities of 
erythrocyte shape associated with varying degrees of hemolysis. In many cases, 
red blood cell shape abnormalities provide a clue to the pathobiology and 
diagnosis of the underlying disorder. Disorders of erythrocyte volume homeo-
stasis associated with abnormalities in membrane proteins are now beginning 
to be understood. Abnormalities of metabolism are particularly crippling to 
the erythrocyte, because without a nucleus or mitochondria, the cell is left 
to depend on the array of proteins available after enucleation to maintain its 
metabolic functions. These include maintaining adequate supplies of energy 
via production of ATP, producing reducing substances to allow antioxidant 
production and activity, and controlling oxygen affinity of hemoglobin. Clini-
cal, laboratory, and genetic manifestations of metabolic disorders of the eryth-
rocyte are heterogeneous.
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death or severe hemolytic anemia. In most cases, hereditary spherocytosis 
mutations are “private,” that is, each individual has a unique mutation, implying 
that there is no selective evolutionary advantage to hereditary spherocytosis.

The spleen plays a critical, albeit secondary, role in the pathophysiology of 
hereditary spherocytosis. Splenic destruction of poorly deformable spherocytes 
is the primary cause of hemolysis experienced by hereditary spherocytosis 
patients. Abnormal erythrocytes are trapped in the splenic microcirculation 
and ingested by phagocytes. Moreover, the splenic environment is hostile to 
erythrocytes, with low pH, low glucose, and low ATP concentrations and 
high local concentrations of toxic free radicals produced by adjacent phago-
cytes, all contributing to membrane damage.

 CLINICAL MANIFESTATIONS
The clinical manifestations of the spherocytosis syndromes vary widely.3,4 The 
classic triad of hereditary spherocytosis is anemia, jaundice, and splenomegaly. 
Rarely, patients may have severe hemolytic anemia presenting in utero or 
shortly after birth and continuing through the first year of life. These patients 
may require multiple blood transfusions, and in some cases, splenectomy in 
infancy. Many patients with hereditary spherocytosis escape detection through-
out childhood. In these patients, the diagnosis of hereditary spherocytosis is 
not made until they are being evaluated for unrelated disorders later in life or 
when complications related to anemia or chronic hemolysis occur. Although 
the lifespan of an erythrocyte in these patients may be shortened to only 20 
to 30 days, they adequately compensate for their hemolysis with increased 
bone marrow erythropoiesis.

Chronic hemolysis leads to the formation of bilirubinate gallstones (Chapter 
146), the most frequently reported complication in patients with hereditary 
spherocytosis. Although gallstones have been observed in early childhood, 
most appear in adolescents and young adults. Routine interval ultrasonography 
to detect gallstones should be performed even if patients are asymptomatic.

Other complications of hereditary spherocytosis include aplastic, hemolytic, 
and megaloblastic crises. Aplastic crises occur after virally induced bone marrow 
suppression and present with anemia, jaundice, fever, and vomiting. The most 
common etiologic agent in these cases is parvovirus B19 (Chapter 347). 
Hemolytic crises, usually associated with viral illnesses and occurring before 
6 years of age, are generally mild and present with jaundice, increased spleen 
size, and a decrease in hematocrit. Megaloblastic crises occur in hereditary 
spherocytosis patients with increased folate demands, such as the pregnant 
patient, growing children, or patients recovering from an aplastic crisis.

Uncommon manifestations of hereditary spherocytosis include skin ulcer-
ation, gout, chronic leg dermatitis, cardiomyopathy, spinal cord dysfunction, 
movement disorders, and extramedullary erythropoiesis. In patients with 
untreated severe hereditary spherocytosis, poor growth and findings attribut-
able to extramedullary hematopoiesis, such as hand and skull deformities, 
may be observed.

 DIAGNOSIS
Patients with hereditary spherocytosis may present at any age, usually with 
anemia, hyperbilirubinemia, or an abnormal blood smear. In evaluating a 
patient with suspected hereditary spherocytosis, particular attention should 
be paid to the family history, including questions about anemia, jaundice, 
gallstones, and splenectomy. The initial laboratory investigation should include 
a complete blood count with a peripheral smear, reticulocyte count, direct 
antiglobulin test (Coombs test), and serum bilirubin. When the peripheral 
smear or family history is suggestive of hereditary spherocytosis, flow cyto-
metric analysis of eosin-5-maleimide–labeled erythrocytes (EMA binding) 
or an incubated osmotic fragility test (discussed later) should be obtained. 
Rarely, additional, specialized testing is required to confirm the diagnosis.

Overall, laboratory findings in hereditary spherocytosis are heterogeneous. 
Erythrocyte morphology (Chapter 148) is distinctive but not diagnostic (Fig. 
152-2A). Typical hereditary spherocytosis patients have blood smears with 
easily identifiable spherocytes lacking central pallor. Some patients present 
with only a few spherocytes on peripheral smear, but others present with 
numerous small, dense spherocytes and bizarre erythrocyte morphology. 
Specific morphologic findings have been identified in patients with certain 
membrane protein defects such as pincered erythrocytes (band 3) or sphe-
rocytic acanthocytes (β spectrin). When examining a smear in a case of sus-
pected spherocytosis, it is important to have a high-quality smear with the 
erythrocytes well separated and some cells with central pallor in the field of 
examination because spherocytes are a common artifact on peripheral blood 
smears. Other disorders with spherocytes on peripheral blood smear are listed 
in Table 152-1.

A single N-glycan chain attached to an asparagine in the membrane spanning 
domain of band 3 is composed of N-acetyl-d-lactosamine units arranged in 
an unbranched, linear fashion in fetal erythrocytes (i antigen) and in a branched 
fashion in adult cells (I antigen).

The glycophorins are the next most abundant family of integral membrane 
proteins. They provide most of the negative surface charge required by RBCs 
to avoid sticking to each other and to the vascular wall. They are involved in 
transmembrane signaling and carry receptors for Plasmodium falciparum, a 
number of viruses and bacteria, and several blood group antigens.

Peripheral Membrane Proteins
Spectrin is the major component of the membrane skeleton. It is composed 
of two subunits, α and β spectrin, that are structurally related but functionally 
distinct. Spectrin is highly flexible and assumes a variety of conformations, 
an unusual property that may be critical for normal membrane pliancy. The 
spectrin-based membrane skeleton is linked to the plasma membrane through 
the actin–protein 4.1 junctional complex; through spectrin–ankyrin interac-
tions; and through binding of a multiprotein complex containing Rh proteins, 
Rh-associated glycoproteins, CD47, LW, glycophorin B, and protein 4.2 to 
ankyrin. Protein 4.1, a protein necessary for normal membrane stability, inter-
acts with spectrin, actin, and other proteins of the RBC membrane. Ankyrin 
serves as the primary linkage protein for the high-affinity binding of spectrin 
to the inner membrane through interactions with the cytoplasmic domain of 
band 3. Protein 4.2 is a peripheral membrane protein that helps link the skel-
eton to the lipid bilayer through interactions with ankyrin and band 3.

Erythrocyte membrane disorders result from alterations in the quantity or 
quality (or both) of individual proteins and their dynamic interactions with 
each other. Disruption of the vertical protein–protein interactions of the 
membrane, that is, the spectrin-ankyrin–band 3 linkage or the band 3–protein 
4.2 interaction, leads to uncoupling of the membrane skeleton from the lipid 
bilayer. This leads to membrane instability with loss of lipids and some integral 
membrane proteins, resulting in loss of membrane surface area and the phe-
notype of spherocytosis. Disruption of the horizontal interactions of membrane 
skeleton proteins, including perturbation of spectrin self-association or junc-
tional complex protein–protein interactions, leads to membrane instability, 
altered membrane deformability and mechanical properties, and the phenotype 
of elliptocytosis.

Erythrocyte membrane disorders also result from abnormal cation perme-
ability or disturbed erythrocyte hydration (see later section on “Hereditary 
Stomatocytosis Syndromes.”)

 DISORDERS OF THE ERYTHROCYTE MEMBRANE
Hemolytic anemias caused by defects in the erythrocyte membrane comprise 
an important group of hereditary anemias. Hereditary spherocytosis, hereditary 
elliptocytosis, and hereditary pyropoikilocytosis are the most common dis-
orders among this group.2 Detailed clinical studies carried out years ago have 
now been complemented by biochemical and genetic studies, providing both 
a better understanding of the pathogenesis of these disorders and a better 
understanding of the normal biology of the erythrocyte membrane.

 Hereditary Spherocytosis
 DEFINITION

Hereditary spherocytosis is a group of disorders characterized by spherical 
erythrocytes on the peripheral blood smear (Fig. 152-2A). Clinical, laboratory, 
and genetic heterogeneity characterize this group of disorders.

 EPIDEMIOLOGY
Hereditary spherocytosis affects approximately one in 2000 to 3000 individu-
als of northern European ancestry. Found worldwide, it is much more common 
in whites than individuals of African ancestry.

 PATHOBIOLOGY
The primary defect in hereditary spherocytosis is the loss of erythrocyte 
membrane surface area caused by defects in erythrocyte membrane proteins, 
including α spectrin, β spectrin, ankyrin, band 3, and protein 4.2. Qualitative or 
quantitative defects of one or more of these membrane proteins lead to mem-
brane instability, which, in turn, leads to membrane loss. In approximately two 
thirds of hereditary spherocytosis patients, inheritance is autosomal dominant. 
In the remaining patients, inheritance is nondominant owing to a de novo 
mutation or autosomal recessive inheritance. Cases with autosomal recessive 
inheritance are caused by defects in either α spectrin or protein 4.2. Rare cases 
of homozygous hereditary spherocytosis have been reported, resulting in fetal 
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many as 20% of mild cases of hereditary spherocytosis missed after incubation. 
It is unreliable in patients who have small numbers of spherocytes and in 
patients who have been recently transfused. It is abnormal in other conditions 
in which spherocytes are present.

Eosin-5-maleimide binding is a flow cytometry–based test used in the diag-
nosis of hereditary spherocytosis.5,6 EMA is a fluorescent dye that binds to 
band 3 and Rh-related proteins in the erythrocyte membrane. In hereditary 
spherocytosis, the mean fluorescence of EMA-stained erythrocytes is lower 
compared with control because of the reduction of band 3 and related proteins, 
typically decreased to approximately 65% of normal (Fig. 152-3, top panel). 
Although primary defects of band 3 protein are seen in only about 25% of 
hereditary spherocytosis patients, decreased fluorescence intensity is also 
observed in the erythrocyte membranes of hereditary spherocytosis patients 
with defects in other membrane proteins such as ankyrin and spectrin. This 
is thought to be attributable to transmission of long-range effects of mutant 
protein defects across the membrane lattice, ultimately influencing the amount 
of EMA binding to band 3. EMA binding has good sensitivity and specificity 
and is simple and rapidly performed.

Specialized testing is available for studying difficult cases or cases in which 
additional information is desired. Useful tests for these purposes include struc-
tural and functional studies of erythrocyte membrane proteins, such as protein 
quantitation, limited tryptic digestion of spectrin, spectrin, and ion transport. 
Membrane deformability may be examined using an ektacytometer.

Genetic diagnosis of hereditary spherocytosis has become widely available 
and the associated costs continue to decrease. The precise role of molecular 
diagnosis is evolving. Next-generation sequencing panels could become a cost-
effective approach to molecular diagnosis of hereditary hemolytic anemia, 
especially when the family history is uninformative or when routine labo-
ratory testing fails to identify the causative hemolytic process.7 In difficult 
cases, such as when there is transfusion dependence, genetic testing may be 
diagnostic. Some experts recommend genetic testing to verify the diagnosis 
prior to splenectomy.

Other laboratory manifestations in hereditary spherocytosis are manifesta-
tions of ongoing hemolysis. Increased serum bilirubin, increased lactate dehy-
drogenase, increased urinary and fecal urobilinogen, and decreased serum 
haptoglobin reflect increased erythrocyte destruction.

After diagnosing a patient with hereditary spherocytosis, family members 
should be examined for presence of the disease. This can be of great epide-
miologic importance, particularly for very old and very young patients. Prenatal 
diagnosis of hereditary spherocytosis has been made in a few cases, but this 
is rarely necessary.

The mean corpuscular hemoglobin concentration (MCHC) is increased 
(between 34.5 and 38) owing to relative cellular dehydration. The mean cor-
puscular volume (MCV) is usually normal or slightly decreased. Many cell 
counters provide a histogram of MCHCs claimed to be accurate enough to 
identify nearly all patients with hereditary spherocytosis.

In a normal erythrocyte, a redundancy of cell membrane gives the cell its 
characteristic discoid shape and provides it abundant surface area. In sphe-
rocytes, there is a decrease in surface area relative to cell volume, resulting in 
their abnormal shape. This change is reflected in the increased osmotic fragility 
found in these cells. Osmotic fragility is tested by adding increasingly hypotonic 
concentrations of saline to RBCs. Normal erythrocytes are able to increase 
their volume by swelling, but spherocytes, which are already at maximal volume 
for surface area, burst at higher saline concentrations than normal. Approxi-
mately one fourth of hereditary spherocytosis individuals will have a normal 
osmotic fragility on freshly drawn RBCs, with the osmotic fragility curve 
approximating the number of spherocytes seen on peripheral smear. However, 
after incubation at 37° C for 24 hours, hereditary spherocytosis RBCs lose 
membrane surface area more readily than normal because their membranes 
have become leaky and unstable. Thus, incubation accentuates the defect in 
hereditary spherocytosis erythrocytes and brings out the defect on osmotic 
fragility, making incubated osmotic fragility the standard test in diagnosing 
hereditary spherocytosis (Fig. 152-3, bottom panel). When the spleen is present, 
a subpopulation of very fragile erythrocytes that have been conditioned by 
the spleen form the tail of the osmotic fragility curve. This tail disappears after 
splenectomy. The osmotic fragility test suffers from poor sensitivity, with as 
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FIGURE 152-2. Peripheral blood smears in disorders of erythrocyte shape. A, Hereditary spherocytosis. Characteristic small spherocytes lacking central pallor are seen. B, Hereditary 
elliptocytosis. Smooth, cigar-shaped elliptocytes are seen. C, Hereditary pyropoikilocytosis. Pronounced microcytosis, poikilocytosis, fragmentation of erythrocytes, and elliptocytes 
are seen. D, Hereditary stomatocytosis. 

TABLE 152-1 DISORDERS WITH SPHEROCYTES ON 
PERIPHERAL BLOOD FILM

Hereditary spherocytosis
Autoimmune hemolytic anemia
Thermal injuries
Microangiopathic and macroangiopathic hemolytic anemias
Hepatic disease
Clostridial septicemia
Transfusion reactions with hemolysis
Poisoning with certain snake, spider, and Hymenoptera venoms
Severe hypophosphatemia
Heinz body anemias
ABO incompatibility (neonates)

 Hereditary Elliptocytosis and Related Disorders
 DEFINITION

Hereditary elliptocytosis is characterized by the presence of elliptical or oval 
cigar-shaped erythrocytes on peripheral blood smears of affected individuals 
(see Fig. 152-2B).

 EPIDEMIOLOGY
Hereditary elliptocytosis has been estimated to occur in approximately one 
in 2000 to 4000 individuals. The true incidence of hereditary elliptocytosis 
is unknown because its clinical severity is heterogeneous, and many patients 
are asymptomatic. It is common in African Americans and people of Mediter-
ranean ancestry, presumably because elliptocytes confer some resistance to 
malaria. In parts of Africa, the incidence of hereditary elliptocytosis approaches 
one in 100.

 PATHOBIOLOGY
The principal defect in hereditary elliptocytosis is mechanical weakness or 
fragility of the erythrocyte membrane skeleton. Qualitative and quantitative 
defects in a number of RBC membrane proteins have been described in heredi-
tary elliptocytosis, including α spectrin, β spectrin, protein 4.1, and glycophorin 
C. Most defects occur in spectrin, the principal structural protein of the eryth-
rocyte membrane skeleton. αβ Spectrin heterodimers self-associate into tet-
ramers and higher order oligomers that are critical for erythrocyte membrane 
stability as well as erythrocyte shape and function. Most spectrin defects in 
hereditary elliptocytosis impair the ability of spectrin dimers to self-associate 
into tetramers and oligomers, thereby disrupting the membrane skeleton. 
Structural and functional defects of protein 4.1 appear to disrupt the spectrin–
actin contact in the membrane skeleton. Glycophorin C variants are also 
deficient in protein 4.1. The precise pathobiology of how elliptocytes are 
formed in these syndromes is unclear.

Genetically, hereditary elliptocytosis is heterogeneous with multiple genetic 
loci. A wide variety of mutations have been described in the α spectrin, β 
spectrin, protein 4.1, and glycophorin C genes, including point mutations, 
gene deletions and insertions, and messenger RNA processing defects. Several 
mutations have been identified in a number of individuals of the same genetic 
background, suggesting a “founder effect” for these mutants, which supports 
the hypothesis that there has been genetic selection for elliptocytosis because 
these RBCs confer some resistance to malaria. Most cases of hereditary ellip-
tocytosis are inherited in an autosomal dominant pattern, with rare cases of 
de novo mutations.

TREATMENT AND PROGNOSIS 
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 Hereditary Elliptocytosis and Related Disorders
 DEFINITION

Hereditary elliptocytosis is characterized by the presence of elliptical or oval 
cigar-shaped erythrocytes on peripheral blood smears of affected individuals 
(see Fig. 152-2B).

 EPIDEMIOLOGY
Hereditary elliptocytosis has been estimated to occur in approximately one 
in 2000 to 4000 individuals. The true incidence of hereditary elliptocytosis 
is unknown because its clinical severity is heterogeneous, and many patients 
are asymptomatic. It is common in African Americans and people of Mediter-
ranean ancestry, presumably because elliptocytes confer some resistance to 
malaria. In parts of Africa, the incidence of hereditary elliptocytosis approaches 
one in 100.

 PATHOBIOLOGY
The principal defect in hereditary elliptocytosis is mechanical weakness or 
fragility of the erythrocyte membrane skeleton. Qualitative and quantitative 
defects in a number of RBC membrane proteins have been described in heredi-
tary elliptocytosis, including α spectrin, β spectrin, protein 4.1, and glycophorin 
C. Most defects occur in spectrin, the principal structural protein of the eryth-
rocyte membrane skeleton. αβ Spectrin heterodimers self-associate into tet-
ramers and higher order oligomers that are critical for erythrocyte membrane 
stability as well as erythrocyte shape and function. Most spectrin defects in 
hereditary elliptocytosis impair the ability of spectrin dimers to self-associate 
into tetramers and oligomers, thereby disrupting the membrane skeleton. 
Structural and functional defects of protein 4.1 appear to disrupt the spectrin–
actin contact in the membrane skeleton. Glycophorin C variants are also 
deficient in protein 4.1. The precise pathobiology of how elliptocytes are 
formed in these syndromes is unclear.

Genetically, hereditary elliptocytosis is heterogeneous with multiple genetic 
loci. A wide variety of mutations have been described in the α spectrin, β 
spectrin, protein 4.1, and glycophorin C genes, including point mutations, 
gene deletions and insertions, and messenger RNA processing defects. Several 
mutations have been identified in a number of individuals of the same genetic 
background, suggesting a “founder effect” for these mutants, which supports 
the hypothesis that there has been genetic selection for elliptocytosis because 
these RBCs confer some resistance to malaria. Most cases of hereditary ellip-
tocytosis are inherited in an autosomal dominant pattern, with rare cases of 
de novo mutations.
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FIGURE 152-3. Testing in hereditary spherocytosis. Top panel, Eosin-5-maleimide (EMA) 
binding. Histogram of fluorescence of EMA-labeled erythrocytes from a normal control 
and a patient with typical hereditary spherocytosis. Decreased fluorescence is observed 
from hereditary spherocytosis (HS) erythrocytes. Bottom panel, Osmotic fragility curves 
in hereditary spherocytosis. The shaded region is the normal range. Results representative 
of both typical, and severe spherocytosis are shown. A tail, representing fragile erythrocytes 
conditioned by the spleen, is common in spherocytosis patients prior to splenectomy. 
(From Gallagher PG. Abnormalities of the erythrocyte membrane. Pediatr Clin North Am 
2013;60:1349-1352.)

Splenic sequestration and destruction is the primary determinant of eryth-
rocyte survival in hereditary spherocytosis patients. Splenectomy cures or 
alleviates anemia in most patients, reducing or eliminating the need for transfu-
sions. The risk for cholelithiasis is also decreased to nearly background levels. 
After splenectomy, spherocytes remain in the peripheral blood, but their lifespan 
becomes near normal.

In the past, splenectomy was routinely performed in all patients with hereditary 
spherocytosis. However, the risk of overwhelming postsplenectomy infection; 
the emergence of penicillin-resistant pneumococci; and the growing recognition 
of the increased risk of postsplenectomy cardiovascular disease, particularly 
thrombosis, pulmonary hypertension, and increased risk of atherosclerosis have 
led to reevaluation of the role of splenectomy in the treatment of hereditary 
spherocytosis (Chapter 159). In addition, with growing globalization, the impor-
tant role of the spleen in protection of individuals living in or traveling to 
geographic regions where parasitic diseases such as malaria or babesiosis occur 
has reemerged. When splenectomy is considered, health care providers, the 
patient, and family members must review and weigh the benefits of splenectomy 
against the immediate and long-term risks of the procedure. Considering the 
risks and benefits, a reasonable approach is to splenectomize all patients with 
severe spherocytosis and all patients who have significant signs or symptoms of 
anemia, including growth failure, skeletal changes, leg ulcers, and extramedul-
lary hematopoietic tumors. Other candidates for splenectomy are older patients 

TREATMENT AND PROGNOSIS 

who have hereditary spherocytosis and also have vascular compromise of vital 
organs. Whether patients with moderate hereditary spherocytosis and com-
pensated, asymptomatic anemia should undergo splenectomy is controversial.8

When splenectomy is indicated, laparoscopic splenectomy has become the 
method of choice. This technique results in less postoperative discomfort, a 
quicker return to preoperative diet and activities, shorter hospitalization, 
decreased costs, and smaller scars. Even massive spleens can be removed lapa-
roscopically because the spleen is placed in a large bag, diced intraoperatively, 
and eliminated through suction catheters. Partial splenectomy, initially advocated 
for infants and young children with significant anemia associated with eryth-
rocyte membrane disorders to allow for palliation of hemolysis and anemia 
while maintaining some residual splenic immune function, is now being sug-
gested by some for most hereditary spherocytosis patients.9 Guidelines, which 
reflect changes in current opinion about surgical management, include (1) 
preference for a laparoscopic approach, (2) performance of splenectomy ideally 
after the age of 6 years, (3) no indication for extended thrombosis prophylaxis 
after splenectomy for hereditary spherocytosis, and (4) avoidance of splenec-
tomy in patients with some forms of hereditary stomatocytosis because of an 
increased risk of venous thromboembolism.

Before splenectomy (Chapter 159), patients should be immunized with vac-
cines against pneumococcus, Haemophilus influenzae type B, and meningococ-
cus. Postsplenectomy care includes counseling of patients or parents to seek 
prompt medical care in case of febrile illness, prophylaxis if traveling to malaria 
endemic areas, and importance of seeking medical care after dog or cat bites. 
Use of routine antibiotics after splenectomy for prevention of pneumococcal 
sepsis is controversial and data are lacking to indicate or refute their prescrip-
tion. Many prescribe daily penicillin prophylaxis for 2 years postsplenectomy. 
Before splenectomy and postsplenectomy if hemolysis does not abate, hereditary 
spherocytosis patients should take folic acid (1 mg/day orally) to prevent folate 
deficiency.
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 Hereditary Stomatocytosis Syndromes
Red blood cell hydration is primarily determined by the intracellular concen-
tration of monovalent cations. A net increase in sodium and potassium ions 
causes water to enter, forming stomatocytes (see Fig. 152-2D) or hydrocytes, 
but a net loss of sodium and potassium produces dehydrated RBCs, or xero-
cytes. Numerous descriptions of congenital or familial hemolytic anemias 
associated with abnormal cation permeability and, in some cases, disturbed 
RBC hydration have been reported.10 These span the range from severe hydro-
cytosis to severe xerocytosis. In many cases, the molecular bases of this group 
of disorders are unknown. An unusual characteristic of the stomatocytosis 
syndromes is a predisposition to thrombosis after splenectomy. Acquired 
stomatocytosis has been associated with acute alcoholism and hepatobiliary 
disease, vinca alkaloid administration, neoplasms, and cardiovascular disease. 
Stomatocytosis is also sometimes observed as a processing artifact.

 OVERHYDRATED HEREDITARY STOMATOCYTOSIS (HYDROCYTOSIS)
This group of disorders is characterized by stomatocytes, erythrocytes with 
a mouth-shaped (stoma) area of central pallor on peripheral blood smear (see 
Fig. 152-2D), severe hemolysis, macrocytosis (110-150 f L), elevated eryth-
rocyte sodium concentration, reduced potassium concentration, and increased 
total Na+ and K+ content. The excess cations expand cell water, producing 
large, osmotically fragile cells with low MCHCs (24%-30%). The clinical 
severity of overhydrated hereditary stomatocytosis is variable; some patients 
experience hemolysis and anemia, but others are asymptomatic. Missense 
mutations in the Rh-associated glycoprotein (RHAG) and in band 3 (SLC4A1) 
have been identified in discrete subsets of hydrocytosis patients.

 DEHYDRATED HEREDITARY STOMATOCYTOSIS (XEROCYTOSIS)
Blood smears from patients with dehydrated hereditary stomatocytosis exhibit 
contracted and spiculated RBCs, dessicytes, a variable number of stomatocytes, 
and target cells. Most patients have nearly normal erythrocyte morphology, 
with only a few target cells and an occasional echinocyte or stomatocyte. The 
MCV (95-115 f L) and MCHC are increased, and the osmotic fragility is 
reduced (i.e., resistance to osmotic lysis). The characteristic biochemical 
abnormality is a decreased potassium concentration and total monovalent 
cation content. Dominantly inherited mutations in PIEZO1 are found in most 
xerocytosis patients. PIEZO proteins are the recently identified pore-forming 
subunits of channels that mediate mechanotransduction in mammalian cells. 
Association of PIEZO variants with changes in erythrocyte hydration suggest 
that these proteins play an important role in erythrocyte volume homeostasis. 
A few hereditary xerocytosis patients have been found to have mutations in 
the Gardos channel, encoded by KCNN4, important in the pathogenesis of 
erythrocyte dehydration in sickle cell disease.

 INTERMEDIATE SYNDROMES AND HEREDITARY  
STOMATOCYTOSIS VARIANTS
Hydrocytosis and xerocytosis represent the extremes of a broad spectrum of 
RBC permeability defects. In fact, families with features of both conditions 
have been reported. Some patients with severe permeability defects have little 
or no hemolysis. The proportion of stomatocytes and the degree of sodium 
influx do not correlate with each other, and neither correlates with the amount 
of hemolysis or anemia.

 ERYTHROCYTE METABOLISM
The primary functions of the erythrocyte, gas transport and exchange, are 
maintained without a net change in energy state. However, several critical 
functions of the erythrocyte depend on the production and expenditure of 
energy. As erythrocytes age, glucose utilization and ATP levels fall, leading 
to decreased membrane deformability and, ultimately, a shortened lifespan. 
Lower potassium levels, higher sodium levels, and decreased membrane lipids 
are also seen in ATP-deficient, aging erythrocytes.

Erythrocytes do not undergo oxidative phosphorylation and do not store 
glycogen; thus, they must constantly catabolize glucose from the blood stream 
through the Embden-Meyerhof pathway and the hexose monophosphate shunt 
as a source of energy (Fig. 152-4). Erythrocytes incorporate glucose from the 

 CLINICAL MANIFESTATIONS
The clinical presentation of hereditary elliptocytosis is heterogeneous, ranging 
from asymptomatic carriers to patients with severe, life-threatening anemia. 
Most patients with hereditary elliptocytosis are asymptomatic and are diag-
nosed incidentally during testing for unrelated conditions. Asymptomatic 
carriers have been identified who possess the same molecular defect as an 
affected hereditary elliptocytosis relative but who have normal peripheral 
blood smears. The erythrocyte lifespan, normal in most patients, is decreased 
in only about 10% of patients. This subset of patients with hereditary ellipto-
cytosis and decreased erythrocyte lifespan experience hemolysis, anemia, 
splenomegaly, and intermittent jaundice. Many of these patients have parents 
with typical hereditary elliptocytosis and thus are homozygotes or compound 
heterozygotes for defects inherited from each of the parents. Symptoms may 
vary among members of the same family; indeed, they may vary in the same 
individual at different times.

 Hereditary Pyropoikilocytosis
Hereditary pyropoikilocytosis is a rare cause of anemia with distinctive eryth-
rocyte morphology on peripheral blood smear (see Fig. 152-2C) and has a 
picture similar to that seen in patients with severe burns. Patients typically 
present in infancy with severe anemia and peripheral blood smear findings of 
elliptocytosis, poikilocytosis, pyknocytosis, and fragmentation. Microsphero-
cytosis is common, and the MCV is usually very low (50-70 f L). Most patients 
are of African ancestry. At least one third of hereditary pyropoikilocytosis 
patients have a parent or sibling with typical hereditary elliptocytosis, as they 
share common mutations in the self-association site of spectrin. Patients with 
hereditary pyropoikilocytosis tend to experience severe hemolysis and anemia 
in infancy that gradually improves, evolving toward typical hereditary ellip-
tocytosis later in life.

 DIAGNOSIS
Cigar-shaped elliptocytes on peripheral blood smear are the hallmark of heredi-
tary elliptocytosis (see Fig. 152-2B). These normochromic, normocytic ellip-
tocytes vary in number from a few to 100%, with the likelihood of hemolysis 
not correlating with the number of elliptocytes present. Ovalocytes, spherocytes, 
stomatocytes, and fragmented cells may also be seen. In some cases, pyknocytes 
may be prominent. Elliptocytes may be seen in association with other disor-
ders, including megaloblastic anemias, hypochromic microcytic anemias (iron 
deficiency anemia and thalassemia), myelodysplastic syndromes, and myelo-
fibrosis; however, elliptocytes generally make up fewer than one third of RBCs 
in these conditions. History and additional laboratory testing usually clarify 
the diagnosis of these disorders. In typical cases, the incubated osmotic fragil-
ity is normal, but in severe hereditary elliptocytosis and hereditary pyropoi-
kilocytosis, incubated osmotic fragility is increased, and EMA binding is 
decreased.

Other laboratory findings in hereditary elliptocytosis are similar to those 
found in other hemolytic anemias and are nonspecific markers of increased 
erythrocyte production and destruction. The reticulocyte count generally is 
less than 5% but may be higher when hemolysis is severe.

Similar to hereditary spherocytosis, specialized laboratory procedures are 
available to study the erythrocyte membranes of hereditary elliptocytosis and 
hereditary pyropoikilocytosis patients. These studies are not routinely required 
to make the diagnosis of hereditary elliptocytosis or hereditary pyropoikilo-
cytosis, but they may be helpful in studying problematic cases and in elucidating 
the underlying molecular defects.

Therapy is rarely needed in patients with hereditary elliptocytosis. In rare 
cases, occasional RBC transfusions may be required. In cases of severe hereditary 
elliptocytosis and hereditary pyropoikilocytosis, splenectomy has been pallia-
tive because the spleen is the site of erythrocyte sequestration and destruction. 
Many practitioners think that the same indications for splenectomy in hereditary 
spherocytosis should be applied to patients with symptomatic hereditary ellip-
tocytosis or hereditary pyropoikilocytosis. Postsplenectomy patients with 
hereditary elliptocytosis or hereditary pyropoikilocytosis experience increased 
hematocrits, decreased reticulocyte counts, and improvement in clinical symp-
toms. Similar postsplenectomy guidelines as outlined for hereditary spherocytosis 
should be followed.

TREATMENT 

Patients should be followed for signs of decompensation during acute ill-
nesses. Interval ultrasonography to detect gallstones should be performed. In 
patients with significant hemolysis, folate should be administered daily.

The Embden-Meyerhof pathway is also the primary source of NADH, a 
necessary cofactor for NADH methemoglobin reductase, which maintains 
heme iron in the reduced state. Without this reaction, heme iron would be 
oxidized to methemoglobin, which is not a functional oxygen transporter.

Finally, the Rapoport-Luebering shunt of the Embden-Meyerhof pathway 
(see Fig. 152-4) produces 2,3-DPG, a compound found in high concentrations 
in erythrocytes but in low concentrations in other cells. After it is formed, 
under physiologic conditions of pH and solute concentrations, 2,3-DPG binds 
reversibly to tetramers of deoxyhemoglobin with greater affinity than it does 
to oxyhemoglobin. By binding to deoxyhemoglobin, it allosterically upregulates 
the release of the remaining oxygen bound to the Hb, enhancing the ability 
of erythrocytes to release oxygen near tissues that need it most.

 Hexose Monophosphate Shunt (Pentose Phosphate Pathway)
In the hexose monophosphate shunt (see Fig. 152-4), glucose-6-phosphate 
undergoes oxidation followed by a series of reactions to yield fructose-6-phos-
phate and glyceraldehyde-3-phosphate, intermediates in the glycolytic pathway. 
The hexose monophosphate shunt is the primary source of erythrocyte NADPH, 
with 2 moles of NADPH produced for each mole of glucose metabolized. 
NADPH is required for the reduction of oxidized glutathione and some protein 
sulfhydryl groups.

Mature erythrocytes synthesize large amounts of reduced glutathione. Glu-
tathione protects erythrocytes from oxidants, including hydrogen peroxide 
(H2O2), superoxide anions (O2

−), and hydroxyl radicals (OH), which are 
produced as byproducts of the oxidation of heme by oxygen. Oxidants are 
also produced by activated phagocytes (e.g., during infection) and by 

plasma through facilitated transfer, with erythrocyte glucose levels rapidly 
equilibrating with changes in blood glucose levels. Glucose is the preferred 
carbohydrate of the RBC, but fructose and mannose are metabolized almost 
as readily. Inside the erythrocyte, glucose is converted to glucose-6-phosphate 
or to fructose by sorbitol. Glucose-6-phosphate follows one of three pathways: 
(1) most (≈90%) enters the Embden-Meyerhof pathway, where it is converted 
into lactate, pyruvate, and ATP; (2) some (≈5%-10%) enters the hexose 
monophosphate shunt to produce reduced intermediates and ribulose 
5-phosphate, the latter of which eventually enters the Embden-Meyerhof 
pathway; and (3) a tiny fraction (<1%) is converted to glucose-1-phosphate 
and then to glycogen.

 Embden-Meyerhof Pathway
The Embden-Meyerhof pathway of glycolysis is the primary source of ATP, 
2,3-DPG and nicotinamide adenine dinucleotide, reduced form (NADH) in 
erythrocytes (see Fig. 152-4). Most of the energy generated by erythrocytes 
is through the Embden-Meyerhof pathway followed by storage as high-energy 
phosphates such as ATP or as reducing energy in the form of glutathione or 
pyridine nucleotides (NADH and nicotinamide adenine dinucleotide phos-
phate, reduced form [NADPH]). This pathway metabolizes about 90% of 
erythrocyte glucose with the catabolism of 1 mole of glucose yielding 2 moles 
of ATP and 2 moles of lactate. Two moles of ATP per mole of metabolized 
glucose seems insignificant compared with the Krebs cycle of intermediary 
metabolism, in which 1 mole of glucose metabolized produces 38 moles of 
ATP. However, this ATP production is adequate to renew 150 to 200% of the 
total RBC ATP every hour.
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The Embden-Meyerhof pathway is also the primary source of NADH, a 
necessary cofactor for NADH methemoglobin reductase, which maintains 
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oxidized to methemoglobin, which is not a functional oxygen transporter.

Finally, the Rapoport-Luebering shunt of the Embden-Meyerhof pathway 
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In the hexose monophosphate shunt (see Fig. 152-4), glucose-6-phosphate 
undergoes oxidation followed by a series of reactions to yield fructose-6-phos-
phate and glyceraldehyde-3-phosphate, intermediates in the glycolytic pathway. 
The hexose monophosphate shunt is the primary source of erythrocyte NADPH, 
with 2 moles of NADPH produced for each mole of glucose metabolized. 
NADPH is required for the reduction of oxidized glutathione and some protein 
sulfhydryl groups.

Mature erythrocytes synthesize large amounts of reduced glutathione. Glu-
tathione protects erythrocytes from oxidants, including hydrogen peroxide 
(H2O2), superoxide anions (O2

−), and hydroxyl radicals (OH), which are 
produced as byproducts of the oxidation of heme by oxygen. Oxidants are 
also produced by activated phagocytes (e.g., during infection) and by 

plasma through facilitated transfer, with erythrocyte glucose levels rapidly 
equilibrating with changes in blood glucose levels. Glucose is the preferred 
carbohydrate of the RBC, but fructose and mannose are metabolized almost 
as readily. Inside the erythrocyte, glucose is converted to glucose-6-phosphate 
or to fructose by sorbitol. Glucose-6-phosphate follows one of three pathways: 
(1) most (≈90%) enters the Embden-Meyerhof pathway, where it is converted 
into lactate, pyruvate, and ATP; (2) some (≈5%-10%) enters the hexose 
monophosphate shunt to produce reduced intermediates and ribulose 
5-phosphate, the latter of which eventually enters the Embden-Meyerhof 
pathway; and (3) a tiny fraction (<1%) is converted to glucose-1-phosphate 
and then to glycogen.

 Embden-Meyerhof Pathway
The Embden-Meyerhof pathway of glycolysis is the primary source of ATP, 
2,3-DPG and nicotinamide adenine dinucleotide, reduced form (NADH) in 
erythrocytes (see Fig. 152-4). Most of the energy generated by erythrocytes 
is through the Embden-Meyerhof pathway followed by storage as high-energy 
phosphates such as ATP or as reducing energy in the form of glutathione or 
pyridine nucleotides (NADH and nicotinamide adenine dinucleotide phos-
phate, reduced form [NADPH]). This pathway metabolizes about 90% of 
erythrocyte glucose with the catabolism of 1 mole of glucose yielding 2 moles 
of ATP and 2 moles of lactate. Two moles of ATP per mole of metabolized 
glucose seems insignificant compared with the Krebs cycle of intermediary 
metabolism, in which 1 mole of glucose metabolized produces 38 moles of 
ATP. However, this ATP production is adequate to renew 150 to 200% of the 
total RBC ATP every hour.
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FIGURE 152-4. Pathways of energy metabolism in the erythrocyte. Glucose-6-phosphate may be degraded anaerobically to lactate through the Embden-Meyerhof pathway or 
oxidatively through the hexose monophosphate shunt. Pentose phosphates (R-5-P) can reenter anaerobic glycolysis as fructose-6-phosphate (F-6-P) and glyceraldehyde-3-phosphate 
(G-3-P) after conversion by enzymes of the terminal pentose phosphate pathway or as a product of adenosine or inosine degradation. 2,3-Diphosphoglycerate (2,3-DPG) may be gener-
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decreased levels of erythrocyte ATP, disturbing many cellular processes such 
as signaling and maintenance of water and ion content, leading to energy 
failure and dehydration. Upstream catabolites accumulate in the erythrocyte, 
including 2,3-DPG, which shifts the oxygen dissociation curve to the right, 
enhancing tissue oxygenation and ameliorating some of the physiologic effects 
of anemia. Early pyruvate kinase-deficient reticulocytes retain the ability to 
use oxidative phosphorylation to produce ATP, bypassing their defect. This 
ability is lost as reticulocytes mature and is markedly dampened in the hypoxic 
environment of the spleen.

Pyruvate kinase deficiency is inherited in an autosomal recessive manner. 
Affected individuals are homozygous or compound heterozygotes for pyruvate 
kinase defects. Heterozygotes are clinically normal or exhibit very minimal 
hemolysis.

 CLINICAL MANIFESTATIONS
Clinical manifestations in pyruvate kinase deficiency are heterogeneous, ranging 
from asymptomatic to transfusion-dependent hemolytic anemia.11 More severely 
affected patients present in infancy or early childhood with anemia, jaundice, 
and splenomegaly. Occasionally, patients may escape detection until later in 
life when complications related to anemia and chronic hemolysis occur such 
as cholelithiasis or aplastic crisis or when the diagnosis is made during evalu-
ation of the patient for another condition.

 DIAGNOSIS
The peripheral blood smear demonstrates normocytic, normochromic erythro-
cytes, sometimes with spiculations (Fig. 152-5A). Poikilocytes and acanthocytes 
may also be seen. Reticulocytosis is common. Osmotic fragility of fresh 
erythrocytes is usually normal. Occasional patients exhibit a population of 
osmotically fragile cells after incubation.

NADH fluorescence is a commonly used screening test for pyruvate kinase 
deficiency. PEP and NADH are mixed with the patient’s blood, incubated, and 
spotted on filter paper, and fluorescence is measured. Direct enzyme assay, 
which uses PEP as substrate for pyruvate kinase, performed on leukocyte-free 
hemolysate is the gold standard for the diagnosis of pyruvate kinase deficiency. 
This detects all but the few rare patients with dysfunctional, thermolabile 
enzyme variants without enzyme deficiency. Leukocytes must be carefully 
depleted from the samples because they contain more than 300 times the 
pyruvate kinase activity of erythrocytes. Genetic diagnosis for pyruvate kinase 
deficiency is now widely available. Molecular diagnosis is particularly helpful 
in patients after transfusion, when prenatal diagnosis is desired, and when 
sample shipping and preparation preclude direct enzyme assay. To most accu-
rately ascertain the diagnosis using molecular techniques, unless the patient 
is homozygous for a deleterious mutation, study of parental DNA is required 
to determine if the variants detected are in cis or trans for precise diagnosis.

erythrocytes after exposure to certain agents. When oxidants accumulate, 
they damage cellular proteins and lipids. Detoxification of H2O2 is significantly 
enhanced by glutathione peroxidase. Glutathione is converted to oxidized 
glutathione and to mixed disulfides with protein thiols. Glutathione levels are 
restored by glutathione reductase. In this process, NADPH is oxidized to 
nicotinamide adenine dinucleotide phosphate (NADP), which stimulates the 
hexose monophosphate shunt to regenerate NADPH. After oxidant stress, 
hypoxia, or acidosis, erythrocytes can increase the amount of glucose metabo-
lized through the hexose monophosphate shunt up to 10- to 20-fold to generate 
increased amounts of reduced glutathione. The tight coupling of glutathione 
metabolism with the hexose monophosphate shunt protects the mature eryth-
rocyte from oxidative stress.

 DISORDERS OF ERYTHROCYTE METABOLISM
Congenital nonspherocytic hemolytic anemia traditionally includes erythrocyte 
disorders not due to defects of the RBC membrane or hemoglobin, immune-
mediated disease, or other diseases such as paroxysmal nocturnal hemoglo-
binuria. Congenital nonspherocytic hemolytic anemia is a heterogeneous 
group of disorders associated with various metabolic abnormalities of the 
erythrocytes, including enzymopathies of glucose, glutathione, and nucleotide 
metabolism. Similar to the membrane disorders, clinical, biochemical, and 
genetic heterogeneity are typical within the enzymopathies. Hemolysis may 
develop as a result of either enzyme or antioxidant deficiency or dysfunction 
(e.g., abnormal substrate or cofactor binding), altered activation or inhibition 
characteristics, or decreased stability or specific activity.

Peripheral blood smears in congenital nonspherocytic hemolytic anemia, 
with the exception of pyrimidine 5′-nucleotidase deficiency, are unremarkable. 
Osmotic fragility of fresh erythrocytes is normal. Response to splenectomy 
is variable. Inheritance is heterogeneous. A thorough family history is important 
and may be of assistance in determining the diagnosis. Manifestations of the 
metabolic defect are usually confined to the erythrocyte but may occasionally 
involve nonerythroid cells.

Definitive diagnosis of metabolic abnormalities of the erythrocyte depends 
on qualitative or quantitative assays of specific enzyme activity or identifica-
tion of the specific genetic mutation by DNA analysis. Results of enzyme 
assays should be interpreted with caution because (1) they only sample sur-
viving RBCs in the peripheral blood, and the metabolic milieu of these cells 
is not necessarily comparable to cells already hemolyzed; (2) in vitro enzyme 
assay conditions may not accurately reflect the in vivo environment; (3) trans-
fusions before the assay may obscure the underlying metabolic defect, and 
(4) leukocyte contamination may lead to spurious results. Finally, average 
enzyme activity may not accurately reflect activity in subpopulations of 
erythrocytes. This is particularly true when there is reticulocytosis, which 
may yield artificially elevated mean enzyme activity owing to higher enzyme 
levels found in reticulocytes.

 Disorders of the Embden-Meyerhof Pathway
Defects of the Embden-Meyerhof pathway are inherited in an autosomal reces-
sive fashion, and usually hemolysis is seen only in homozygotes or compound 
heterozygotes. Heterozygotes, whose erythrocytes contain less than normal 
amounts of mutant enzyme, are clinically normal. An exception is phospho-
glycerate kinase deficiency, an X-linked disorder with hemolysis found only 
in males. In this group of disorders, hemolysis is chronic, is not typically 
influenced by drugs or other inciting agents, and is attributed to insufficient 
levels of erythrocyte ATP. Splenomegaly from trapping of mutant erythrocytes 
is common. The hostile splenic environment contributes to the shortened 
erythrocyte lifespan. When performing specific diagnostic enzyme assays, 
measurement of glycolytic intermediates may assist in diagnosis because con-
centrations of intermediates are increased upstream of a defect and decreased 
downstream of a defect.

 PYRUVATE KINASE DEFICIENCY
Pyruvate kinase deficiency accounts for approximately 90% of inherited defects 
of the Embden-Meyerhof pathway and is the second most common inherited 
erythrocyte enzymopathy associated with anemia after glucose-6-phosphate 
dehydrogenase (G6PD) deficiency (see later). Pyruvate kinase deficiency is 
found worldwide, but it is most common in individuals of northern European 
descent.

 PATHOBIOLOGY
Pyruvate kinase catalyzes the conversion of phosphoenolpyruvate (PEP) to 
pyruvate, generating ATP. Deficient or defective pyruvate kinase leads to 

Most patients require only expectant management, with only rare transfu-
sions, such as during an aplastic episode.12 In severe cases, patients may be 
transfusion dependent. In these cases, splenectomy typically lessens hemolysis 
and ameliorates the anemia. After splenectomy, some patients develop marked 
reticulocytosis, up to 50 to 70%. This paradoxical reticulocytosis is attributed to 
increased reticulocyte survival after removal of the hostile splenic environment.

TREATMENT 

 OTHER DISORDERS OF THE EMBDEN-MEYERHOF PATHWAY
Other abnormalities of the Embden-Meyerhof pathway have been described. 
Hexokinase deficiency is quite uncommon, with great phenotypic variability 
in reported cases. Severely affected patients have had anemia beginning in 
infancy and may require blood transfusions. Glucose phosphate isomerase 
(GPI) deficiency is the third most common hemolytic enzymopathy. GPI 
deficiency usually presents in infancy or early childhood with moderate to 
severe hemolytic anemia. Rare cases of GPI deficiency may also be complicated 
by neurologic symptomatology. Phosphofructokinase deficiency may involve 
erythrocytes, muscle, or both. The presentation is usually in adolescence with 
exertional myopathy. Hemolytic anemia has been described in isolated cases 
of 2,3-bisphosphoglycerate mutase deficiency and phosphoglycerate kinase 
deficiency.

 GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFICIENCY
G6PD deficiency is the most common inherited disorder of erythrocyte 
metabolism, affecting more than 400 million people worldwide.13 The high 
prevalence of G6PD deficiency is thought to be attributable to genetic selec-
tion because G6PD-deficient erythrocytes have a selective advantage against 
invasion by the malaria parasite Plasmodium falciparum.14

 EPIDEMIOLOGY AND PATHOBIOLOGY
G6PD is the initial and rate-limiting step in the hexose monophosphate shunt 
(see Fig. 152-4), which converts NADP into NADPH. NADPH is required 
for the generation of glutathione, a critical constituent in the prevention of 
oxidative damage to the cell. G6PD-deficient patients may develop acute 
hemolytic anemia after exposure to oxidative stress. Although G6PD is a 
ubiquitous enzyme, erythroid cells are particularly susceptible to oxidative 
stress because the hexose monophosphate shunt is their only source of NADPH.

Hundreds of G6PD variants have been described, but only a few are common. 
Variants are classified on the basis of biochemical characteristics; electropho-
retic mobility; ability to use substrate analogue, Km for NADP and G6PD; 
pH activity profile; and thermal stability. The normal enzyme, GdB, is present 
in 99% of white Americans and 70% of African Americans. A normal variant, 
GdA+, found in 20% of African Americans, has a faster electrophoretic mobility 
than GdB. GdA−, the most common variant associated with hemolysis, is found 
in about 10% of African Americans and in many Africans. GdA− has decreased 
catalytic ability compared with GdA+. GdMed, the second most common variant 
associated with hemolysis, is common in the Mediterranean area, in India, 
and in Southeast Asia, with a prevalence of up to 5 to 50%. GdMed exhibits 
markedly decreased catalytic activity. GdCanton, a variant common in Asian 
populations, produces a clinical syndrome similar to GdA−.

GdB activity decreases as normal cells age, with a half-life of approximately 
60 days. Despite very low levels of or no active G6PD, older erythrocytes 
maintain the ability to produce NADPH and maintain a glutathione response 
to oxidative stress. The GdA− variant has a half-life of only 13 days, so young 
cells have a normal amount of enzyme activity, but older RBCs are grossly 
deficient. Because of this heterogeneity in G6PD levels, individuals with the 
GdA− variant experience only limited hemolysis after oxidant exposure.

More than 100 mutations in the G6PD gene, localized to Xq28, have 
been described.15 Most mutations are amino acid substitutions that influ-
ence enzyme kinetics, stability, or both, with a few rare deletions and splicing 

 Disorders of Nucleotide Metabolism
Mature erythrocytes lack the ability to synthesize purine and pyrimidine 
nucleotides de novo. However, they are able to form some nucleotides through 
salvage pathways.

 PYRIMIDINE 5′-NUCLEOTIDASE DEFICIENCY
Pyrimidine 5′-nucleotidase degrades the pyrimidine nucleotides of RNA to 
cytidine and uridine, which can diffuse out of the cell. When pyrimidine 
5′-nucleotidase is deficient, nondiffusible, partially degraded RNAs accumulate, 
leading to the marked basophilic stippling characteristic of pyrimidine 
5′-nucleotidase-deficient erythrocytes (see Fig. 152-5B). These accumulated 
pyrimidine nucleotides inhibit the transport of oxidized glutathione out of 
RBCs, leading to high levels of erythrocyte glutathione. Clinically, the patient 
has mild to moderate hemolytic anemia and splenomegaly. The cause of the 
hemolysis remains cryptic. Typically, splenectomy does not ameliorate the 
hemolysis and anemia.

 Disorders of the Hexose Monophosphate Shunt (Pentose 
Phosphate Pathway) and Associated Pathways
Disorders of the hexose monophosphate shunt or of the glutathione metabolic 
pathways (see Fig. 152-4) compromise the ability of the RBC to respond 
adequately to oxidative stress. In normal erythrocytes, glutathione detoxi-
fies oxidants produced by various agents and infection. In G6PD-deficient 
erythrocytes, because of the inability to generate NADPH, glutathione levels 
are inadequate, leaving the cell susceptible to oxidant stress. Oxidation of Hb 
sulfhydryl groups leads to the production of methemoglobin and intracellular 
Hb precipitates called Heinz bodies. Heinz bodies (see Fig. 152-5D), usually 
visualized on peripheral blood smears with supravital stains such as methyl 
violet, attach to and damage the erythrocyte membrane. They induce clus-
tering of immunoglobulins and band 3 protein, marking the erythrocyte for 
opsonization by phagocytes and eventual removal from the circulation. Heinz 
bodies are “pitted” from circulating cells by the spleen and are commonly seen 
on smears of patients after splenectomy. “Bite cells,” erythrocytes with local-
ized invaginations, possibly at the site of Heinz body injury or removal, are 
seen during acute hemolytic episodes (Chapter 148). In addition to damage 
from Heinz body formation, glutathione-deficient erythrocytes undergo per-
oxidation of membrane phospholipids and oxidative cross-linking of spectrin, 
decreasing membrane deformability and further promoting splenic trapping.
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FIGURE 152-5. Peripheral blood smears in erythrocyte enzymopathies. A, Pyruvate kinase deficiency. B, Pyrimidine 5′-nucleotidase deficiency; C, Glucose-6-phosphate dehydro-
genase (G6PD) deficiency. D, Heinz bodies in G6PD deficiency. (B from Paglia DE. Disorders of erythrocyte glycolysis and nucleotide metabolism. In: Handin RI, Lux SE, Stossel TP, eds. 
Blood: Principles and Practice of Hematology. Philadelphia: JB Lippincott; 1995:1877-1896.)
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with levels of other age-dependent erythrocyte enzymes, especially when 
testing is temporally in close proximity to an acute hemolytic episode. The 
cyanide-ascorbate test measures the ability of erythrocytes to prevent the 
oxidation of Hb by ascorbate. Using intact erythrocytes, as few as 10 to 15% 
deficient cells can be detected, making this test useful for detecting female 
heterozygotes and males after a hemolytic episode. This test also detects other 
perturbations of the hexose monophosphate shunt or glutathione metabolism. 
Genetic testing can be performed in difficult cases or when a molecular diag-
nosis is desired.

mutations described. Because it is X-linked, G6PD deficiency primarily affects 
males. Males have only one G6PD allele and express only one G6PD type. 
Females can express one or two G6PD types. The Lyon hypothesis specifies 
that only one X chromosome is active in any given cell; thus, any given cell 
in a heterozygous female is either normal or deficient. In females who are 
heterozygous for G6PD deficiency, average G6PD activity may be normal or 
mildly, moderately, or severely reduced, depending on the degree of lyoniza-
tion. G6PD-deficient erythrocytes in heterozygous females are susceptible to 
the same oxidant stress as G6PD-deficient cells in males, but, typically, the 
overall degree of hemolysis is less because there is a smaller population of  
vulnerable cells.

 CLINICAL MANIFESTATIONS
G6PD deficiency is divided into five classes based on clinical severity and 
degree of enzyme deficiency. Class I is characterized by congenital nonsphero-
cytic hemolytic anemia without precipitating cause and severe G6PD deficiency. 
Class II is characterized by intermittent hemolysis and severe G6PD deficiency. 
Class III is characterized by hemolysis after oxidant stress and mild G6PD 
deficiency. Class II and III together represent more than 90% of G6PD vari-
ants. Classes IV and V are clinically asymptomatic. The most clinically significant 
syndromes of G6PD deficiency are acute hemolytic anemia; neonatal jaundice; 
and rarely, congenital nonspherocytic hemolytic anemia.

Acute hemolytic anemia is the most dramatic clinical presentation of G6PD 
deficiency with acute intravascular hemolysis after exposure to an oxidative 
stress. Oxidative stresses include ingestion of certain drugs such as primaquine 
or sulfa-containing compounds, exposure to naphthalene (mothballs), inges-
tion of fava beans, or infection, the latter being the most common cause of 
hemolysis. Table 152-2 lists drugs that should be avoided in G6PD-deficient 
patients. Presenting symptoms include irritability, fever, nausea, abdominal 
pain, and diarrhea within 48 hours of oxidant exposure. Hemoglobinuria, 
jaundice, and anemia ensue. The spleen and liver may be enlarged and tender. 
Cases with severe anemia may precipitate congestive heart failure. Laboratory 
findings include a normochromic, normocytic anemia with anisocytosis and 
reticulocytosis. Poikilocytes and bite cells may be seen. Heinz bodies, a classic 
finding in G6PD deficiency, may be seen but are an inconsistent finding because 
these damaged cells are rapidly cleared from the circulation in the spleen. 
Additional laboratory findings may include hemoglobinuria and the presence 
of free Hb in the blood.

Another clinically significant syndrome of G6PD deficiency is neonatal 
jaundice. Jaundice is seldom present at birth, with the peak incidence of onset 
between days 2 and 3 of life. The severity of hyperbilirubinemia is variable. It 
may be severe, resulting in kernicterus or even death. In most cases, however, 
hyperbilirubinemia is adequately treated with phototherapy. In neonatal jaun-
dice, it is important to note that the anemia is very rarely severe. The etiology 
of neonatal jaundice remains controversial. Neonatal jaundice is increased in 
G6PD-deficient infants who also carry a polymorphism of the uridine diphos-
phoglucuronyl transferase (UDPGT1) gene associated with Gilbert syndrome.

Chronic nonspherocytic hemolytic anemia is associated with uncommon 
variants of G6PD deficiency, usually mutant enzymes unable to maintain basal 
NADPH production. Presentation may be in the neonatal period when neo-
natal jaundice is accompanied by anemia in a male. The degree of chronic 
anemia in congenital nonspherocytic hemolytic anemia caused by G6PD 
deficiency has been variable. Some patients have compensated hemolysis, but 
others require intermittent transfusions. Transfusion dependence occurs in 
the most severe cases.

 DIAGNOSIS
The G6PD reaction (glucose-6-phosphate + NADP+ → 6-phosphogluconolactone 
+ NADPH + H+) reduces NADP+ to NADPH. Formation of NADPH and 
NADH can be observed directly because they fluoresce in the visible spectrum 
when illuminated with long-wave ultraviolet light. Based on this observation, 
several simple screening tests performed using inexpensive long-wave ultra-
violet light have been devised, and rapid testing has a very high sensitivity. 
However, these tests are semiquantitative, categorizing a sample as normal or 
deficient. They are unreliable after an acute hemolytic episode and do not 
typically detect female heterozygotes. Positive screening test results should 
be confirmed by spectrophotometric assay or DNA studies because of the 
risk of false-positive results.

Definitive assay of the enzyme depends on direct spectrophotometric mea-
surement of NADPH production. Although more sensitive than screening 
tests, this still requires 20% to 30% G6PD-deficient cells to obtain an abnormal 
result. Sensitivity can be increased by comparing the level of G6PD deficiency 

TABLE 152-2 AGENTS TO BE AVOIDED BY GLUCOSE-6-
PHOSPHATE DEHYDROGENASE–DEFICIENT 
PATIENTS*

ANTIMALARIALS

Primaquine (people with the African A− variant may take it at reduced dosage, 
under surveillance)

Pamaquine
Chloroquine (may be used under surveillance when required for prophylaxis or 

treatment of malaria)
SULFONAMIDES AND SULFONES

Sulfanilamide
Sulfapyridine
Sulfadimidine
Sulfacetamide (Albucid)
Acetyl sulfisoxazole (Gantrisin)
Salicylazosulfapyridine (Salazopyrin)
Dapsone
Sulfoxone
Glucosulfone sodium (Promin)
Sulfamethoxazole-trimethoprim (Bactrim, Septra)
OTHER ANTIBACTERIAL COMPOUNDS

Nitrofurans—nitrofurantoin, furazolidone, nitrofurazone
[Nalidixic acid]
Chloramphenicol
p-Aminosalicylic acid
ANALGESICS

Acetylsalicylic acid (aspirin): moderate doses can be used
Acetophenetidin (Phenacetin)

Safe alternative: Paracetamol
ANTHELMINTICS

β-Naphthol
Stibophen
Niridazole

MISCELLANEOUS

Vitamin K analogues (1 mg of menaphthone can be given to babies)
Naphthalene (moth balls)
Probenecid
Dimercaprol (BAL)
Methylene blue
Arsine†

Phenylhydrazine†

Acetylphenylhydrazine†

Toluidine blue
Mepacrine
*Drugs in bold print should be avoided by people with all forms of glucose-6-phosphate 
dehydrogenase (G6PD) deficiency. Drugs in normal print should be avoided, in addition, by 
G6PD-deficient people of Mediterranean, Middle Eastern, and Asian origin. Items in normal print 
and within square brackets apply only to people with the African A− variant.
†These drugs or chemicals may cause hemolysis in normal people if given in large doses. Many other 
drugs may produce hemolysis in certain individuals.

The best treatment for an individual with acute hemolytic anemia is careful 
prescription of medications and avoidance of inciting agents (see Table 152-2).16 
Outside of acute hemolytic episodes, these patients do not require any special 
therapy. Acute hemolytic anemia episodes are managed with particular atten-
tion to hematologic, cardiopulmonary, and renal complications of hemolysis. 
Management of neonatal jaundice does not differ from that recommended for 

TREATMENT 



 Disorders of Glutathione Metabolism
Defects of glutathione metabolism may be associated with hemolysis. Erythro-
cytes from patients lacking glutathione synthetase or γ-glutamylcysteine syn-
thetase, enzymes involved in glutathione synthesis, have very low levels of 
glutathione. Clinically, these disorders resemble G6PD deficiency. There is 
mild to moderate chronic hemolytic anemia with increased susceptibility to 
oxidant stress.
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at https://expertconsult.inkling.com.

other causes of neonatal hyperbilirubinemia. In congenital nonspherocytic 
hemolytic anemia, management is expectant. Exposure to oxidant stresses 
should be avoided. Blood transfusions may be necessary during acute hemolytic 
episodes. In severe cases of congenital nonspherocytic hemolytic anemia, 
splenectomy may ameliorate the anemia.
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REVIEW QUESTIONS

1. A man was recently diagnosed with glucose-6-phosphate dehydrogenase 
(G6PD) deficiency after an episode of hemolysis after taking chloroquine 
malaria prophylaxis before visiting Benin. He has many questions, includ-
ing about starting a family. At the end of the visit, you provide several 
suggestions. These include all of the following except:
 A. Always inform health care providers that he is G6PD deficient, particu-

larly before they prescribe any medication.
 B. Seek medical attention if he is feeling tired, short of breath, and expe-

riencing palpitations and if dark-colored urine is observed.
 C. He should avoid eating fava beans and fava plant–derived food.
 D. If his wife does not have G6PD deficiency, all sons will be unaffected, 

and all daughters will be carriers.
 E. If his wife is a G6PD carrier, one of two daughters will be G6PD defi-

cient, one out of two daughters will be G6PD carriers, and his sons will 
not be affected.

Answer: E Glucose-6-phosphate dehydrogenase (G6PD) deficiency is inher-
ited in an X-linked manner. Thus, if his wife does not have G6PD deficiency, 
all sons will be unaffected, and all daughters will be carriers (answer D). 
However, if his wife is a G6PD carrier, one of two daughters will be G6PD 
deficient, one of two daughters will be G6PD carriers, one son of two will be 
G6PD deficient, and one son of two will be unaffected. With the diagnosis 
of G6PD deficiency, he should always tell his health care providers, especially 
when they are prescribing medications, and he should avoid fava beans and 
all fava-derived products. Finally, he should seek medical attention when 
experiencing the symptoms of a hemolytic reaction, tiredness, shortness of 
breath, palpitations, and dark-colored urine.

2. You have just diagnosed a 23-year-old patient with hereditary spherocytosis. 
Which of the following are appropriate actions?
 A. Obtain ultrasonography of the spleen and gallbladder.
 B. Counsel the patient to avoid oxidant-inducing foods and 

medications.
 C. Determine if other family members could be affected and should be 

evaluated for the presence of hereditary spherocytosis.
 D. Counsel regarding possible occurrence of hemolytic and aplastic crises.
 E. A, B, and C
 F. A, C, and D
 G. All of the above

Answer: F Assessing spleen size and the biliary tract for the presence of 
cholelithiasis (answer A), determining if other family members could be 
affected after diagnosing a patient with hereditary spherocytosis (answer C), 
and counseling regarding hemolytic and aplastic crises (answer D) are all 
appropriate actions after diagnosing a patient with hereditary spherocytosis. 
Avoidance of oxidant-inducing food and medications (answer B), which is 
appropriate in patients with metabolic disease of the erythrocyte, especially 
glucose-6-phosphate dehydrogenase deficiency, is not necessary in hereditary 
spherocytosis.

3. You are asked to see a jaundiced 62-year-old man with cirrhotic liver disease 
complicated by portal hypertension and hepatosplenomegaly because of 
stomatocytes on peripheral smear. He is being evaluated for splenectomy. 
His total leukocyte count is 4000/µL and his platelet count is 105,000/m3. 
Hemoglobin and hematocrit are 8.4 g/dL and 26%, respectively. Periph-
eral blood smear shows decreased numbers of leukocytes and platelets. 
Erythrocyte morphology reveals nearly 100% stomatocytes, erythrocytes 
with a central bar, and a few target cells. Your most appropriate response 
would be:

 A. The presence of stomatocytes makes splenectomy an absolute 
contraindication.

 B. Obtain erythrocyte electrolyte determinations.
 C. Prominent stomatocytosis is common in patients with severe liver disease 

and no additional specific therapy is indicated.
 D. Obtain cholesterol and triglyceride levels to correlate with severity of 

stomatocytes and target cells and consider lipid lowering therapy.
 E. Obtain osmotic fragility or EMA binding test.

Answer: C Prominent stomatocytosis is common in patients with severe 
liver disease, and no additional specific therapy is indicated. Marked stomato-
cytosis is very common in advanced liver disease. Target cells may also be 
seen in advanced liver disease. Splenectomy is contraindicated in cases of 
hereditary stomatocytosis, not in cases of acquired stomatocytosis (answer 
A). Evaluation for hereditary stomatocytosis or hereditary spherocytosis via 
erythrocyte electrolytes (answer B), osmotic fragility or EMA binding (answer 
E) without additional historical data is not necessary. Although erythrocyte 
membrane lipids and cholesterol are perturbed in stomatocytosis, specific 
therapy is not warranted.

4. A 31-year old woman presents with a history of lifelong hemolytic anemia. 
Her parents are normal, but a sister also has anemia. She tells you she had 
a splenectomy as a teenager, but “it didn’t work.” Laboratory evaluation 
reveals hemoglobin of 10 g/dL, hematocrit of 31%, mean corpuscular volume 
of 96 fl, and reticulocyte count of 15%. The lactate dehydrogenase level 
is 750 IU/L. Peripheral blood smear shows evidence of hemolysis; many 
erythrocytes show prominent basophilic stippling. Her likely diagnosis is:
 A. Pyruvate kinase deficiency.
 B. Glucose-6-phosphate dehydrogenase deficiency.
 C. Hereditary spherocytosis.
 D. Hereditary stomatocytosis.
 E. Pyrimidine 5′-nucleotidase deficiency.

Answer: E All of the disorders listed may be associated with a history of 
lifelong anemia. Pyruvate kinase and pyrimidine 5′-nucleotidase (P5N) defi-
ciency are both recessively inherited (normal parents, affected sister.) Sple-
nectomy failure is typical in P5N deficiency and some cases of hereditary 
stomatocytosis, in which splenectomy is contraindicated. Basophilic stippling 
of erythrocytes is a characteristic finding in P5N deficiency because of the 
accumulation of partially degraded, nondiffusable RNAs in the cell.

5. Evaluation of a patient with hemolytic anemia reveals the presence of 
spherocytes on peripheral blood smear. Which disorder is NOT in the 
differential diagnosis?
 A. Heinz body hemolytic anemia
 B. Autoimmune hemolytic anemia
 C. Hereditary stomatocytosis
 D. Hereditary spherocytosis
 E. Liver disease

Answer: C Although the results of osmotic fragility testing may be similar 
in patients with hereditary stomatocytosis and hereditary spherocytosis, sphe-
rocytes are rarely seen on the peripheral blood smear in those with hereditary 
stomatocytosis. In addition to hereditary spherocytosis, spherocytes may be 
seen on the peripheral blood smear of patients with Heinz body hemolytic 
anemia, autoimmune hemolytic anemia, and liver disease.
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153 
THE THALASSEMIAS
MARIA DOMENICA CAPPELLINI

 DEFINITION
The thalassemias, or more comprehensively the thalassemia syndromes, are 
a heterogeneous group of inherited hemolytic anemias characterized by defi-
cient or absent production of one of the globin chains of hemoglobin. This 
leads to imbalanced globin chain synthesis that is the hallmark of all the thal-
assemia syndromes.

 EPIDEMIOLOGY
Taken together, the thalassemias are the most common single-gene disorder 
in the world, with estimated carrier numbers of more than 270 million, and 
more than 300,000 children are born each year with one of the thalassemia 
syndromes or one of the structural hemoglobin variants. The extremely high 
frequency of the hemoglobin disorders compared with other monogenic diseases 
reflects natural selection mediated by the relative resistance of carriers against 
Plasmodium falciparum malaria. Other factors that may be involved include 
the widespread practice of consanguineous marriage, increased maternal age 
in the poorer countries, and gene drift and founder effects. For these reasons, 
the thalassemias are most frequent in southeastern and southern Asia, in the 
Middle East, in the Mediterranean countries, and in northern and central 
Africa. However, as the result of recent mass migrations from Middle East, 
Africa, and South East Asia, thalassemias are now encountered worldwide.

 PATHOBIOLOGY
Normal adult red cells contain 97% adult hemoglobin (HbA: α2β2), with 
approximately 2.5% of the minor component HbA2 (α2δ2) and a small amount 
of fetal hemoglobin (HbF: α2γ2). Because the stable tetramer α2β2 is the major 
component of hemoglobin after birth, there are two main forms of thalassemia: 
α-thalassemias and β-thalassemias. Because β-chain synthesis is fully activated 
only after birth, it follows that the β-thalassemias are not expressed as a disease 
in intrauterine life; they are manifested as γ-chain synthesis declines during 
the first year of life. In contrast, because α chains are shared by both fetal and 
adult hemoglobin, α-thalassemias are manifested in both fetal and adult life.

As knowledge about their genetic basis and pathophysiologic mechanisms 
has evolved, the thalassemia syndromes can now be classified at genetic and 
clinical levels (Table 153-1).1,2

Genetics
Six different types of globin chains (α, β, γ, δ, ε, ζ) are found in normal human 
hemoglobin at different stages of development. In the very early embryo, 

hemoglobin synthesis is restricted to the yolk sac and the production of hemo-
globins Gower 1 (ζ2ε2), Gower 2 (α2ε2), and Portland (ζ2γ2). Subsequently, 
at about 8 weeks of gestation, the fetal liver takes over, synthesizing predomi-
nantly HbF (α2γ2) and a small amount (<10%) of HbA. Between about 18 
weeks and birth, the liver is progressively replaced by bone marrow as the 
major site of red cell production; this is accompanied in the later stages of 
gestation by a reciprocal switch in production of HbF and HbA, which con-
tinues until, by the end of the first year, HbF production has dropped to less 
than 2%. The globin genes are encoded in separate gene clusters. The α cluster 
(ζ,α2,α1) lies at the telomere of chromosome 16; the β cluster (ε,Gγ and 
Aγ,δ,β) lies at chromosome 11p15.5. In both clusters, the genes are aligned 
5′ to 3′ in the order in which they are expressed during development. Both 
sets of genes are under the regulation of enhancer-like elements (hypersensi-
tive site [HS]–40 for α cluster and locus control region for β cluster) that lie 
some distance away at the 5′ end of the cluster. Deletion of these enhancer 
elements results in inactivation of any related globin gene. There are two α 
genes/alleles (α2 and α1) that differ by a few nucleotides in intron 2 and the 
3′ untranslated region but produce identical protein products. The output of 
the α2 gene exceeds that of the α1 gene by two- to three-fold.

All the thalassemias have a similar pattern of inheritance; in most cases, 
the gene defects are transmitted in a mendelian autosomal fashion. Thus, the 
severe, symptomatic varieties usually result from the interaction of more than 
one genetic determinant. The inheritance of α-thalassemia is more complicated 
because it involves the products of the linked pairs of α genes (αα) (see 
Clinical Manifestations).

Molecular Basis of Thalassemias
The α- and β-thalassemias are divided into disorders in which no chains are 
produced from the affected chromosomes (α0 and β0) and disorders in which 
the output of the chains is reduced (α+ and β+). For the α-thalassemias, the 
most common molecular defects are deletions of one or both α genes, which 
are designated −α and − −, respectively. The single α gene is believed to have 
arisen by crossover between two misaligned α genes on the homologous 
chromosome that can give rise to chromosomes with either single (−α) or 
triplicated (ααα) α-globin genes. To date, more than 20 different deletions 
that involve both α genes, resulting from illegitimate or nonhomologous 
recombination, have been reported. The lengths of deletion vary from 5.2 to 
more than 40 kb; the most common are those from Southeast Asia, the Medi-
terranean, and the Philippines, designated − −SEA, − −MED, and − −FIL, respec-
tively. Nondeletion types of α-thalassemia (αα) are much less common than 
the deletion forms; in most cases, they result from single oligonucleotide 
mutations at regions of the α gene sequence that are critical for normal expres-
sion. Because expression of the α2 gene is two to three times greater than that 
of the α1 gene, it is not surprising that most of the nondeletion mutants pre-
dominantly affect expression of the α2 gene. The mutations may affect the 
initiation codon or splicing signals, cause frame shifts, or introduce premature 
stop codons. At least five single-nucleotide variants affect the natural 

TABLE 153-1 GENETIC AND CLINICAL CLASSIFICATIONS OF 
THE THALASSEMIAS

GENETIC CLINICAL
α-Thalassemias α0 α-Minor

α+ HbH disease
 Deletion (−α) Hydrops fetalis
 Nondeletion (αΤ)

β-Thalassemias β0 β-Minor
β+ Thalassemia intermedia
 Variant with high HbA2 Thalassemia major
 Normal HbA2

 Silent
 Dominant
 Unlinked to β-gene cluster

δβ-Thalassemia (δβ)0 δβ-Minor
(δβ)+ Thalassemia intermedia
(Aγδβ)0

HPFH Deletion Silent increase in HbF
Nondeletion
Unlinked to β-gene cluster

HbA = adult hemoglobin; HbF = fetal hemoglobin; HbH = hemoglobin H; HPFH = hereditary 
persistence of fetal hemoglobin.
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ABSTRACT
The thalassemia syndromes are a heterogeneous group of inherited hemolytic 
anemias characterized by deficient or absent production of one of the globin 
chains of hemoglobin. This leads to imbalanced globin chain synthesis that 
is the hallmark of all the thalassemias. Underlying molecular defects in the 
α- or β-globin gene clusters form the basis of the various inherited forms of 
α- or β-thalassemias. The clinical manifestations of thalassemia syndromes 
are extremely variable and depend on the degree of globin chain imbalance. 
The clinical spectrum of α-thalassemias correlates well with the number of 
the affected α genes, that is, from normal to the loss of all four genes. The 
β-thalassemias are quite heterogeneous and are characterized by a reduced 
output of the β chains of adult hemoglobin. The clinical classification includes 
thalassemia major (transfusion dependent), thalassemia intermedia (of inter-
mediate severity, non–transfusion dependent), and thalassemia minor (asymp-
tomatic). The severity of the clinical manifestations correlates well with the 
degree of imbalance of globin chains; depending on the β-globin gene defects 
and their interaction, the production of β-globin chains is quantitatively reduced 
to different degrees, resulting in accumulation of excess unmatched α-globin 
chains in the erythroid precursors.
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The individual globin genes share many general features; they consist of 
three coding sequence exons separated by two introns in identical position 
but of variable length for a total length of approximately 1500 nucleotides. 
This structure has been highly conserved throughout evolution. The upstream 
regions flanking the first exon contain a number of sequence motifs that are 
necessary for specifying correct transcriptional initiation. A TATA box is found 
at 30 base pairs upstream of the initiation site together with one or more 
CCAAT sites at 70 base pairs upstream. The gene promoters also contain a 
CACCC or CCGCCC box that binds erythroid Krüppel-like factor (EKLF) 
1, and some have binding sites for erythroid transcription factor GATA-1. In 
model systems, mutations introduced into such sequences lead to reduction 
in the level of transcription.

The region around a DNase1 hypersensitive site at 40 kilobases (kb) upstream 
of the ζ-globin gene (HS-40) is the major regulator of α-globin gene expres-
sion. The β cluster contains a single pseudo-β gene; the β cluster enhancer 
consists of five elements marked by erythroid-specific DNase1 hypersensitive 
sites lying 6 to 20 kb upstream of the ε-globin gene, each of which contains 
several binding sites for erythroid-specific and other transcription factors. All 
together, these elements are known as the locus control region, and each 
element contributes to the overall locus control region activity. In addition, 
there is an erythroid-specific hypersensitive site approximately 20 kb down-
stream of the β-globin gene; when the cluster is activated, the upstream and 
downstream hypersensitive sites are brought into proximity with the gene 
promoters to activate their transcription.
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common in areas where β-thalassemias are also found at a high frequency. 
Thus, the coinheritance of α- and β-thalassemia trait may occur and even 
ameliorate the hematologic parameters. In some cases, for genetic counseling 
in families in which α- and β-thalassemias are present, genotype determina-
tion is essential. The unstable mutant HbCT causes a severe reduction in α2-
globin expression from the affected chromosome; therefore, the carriers and 
particularly the homozygotes have a more severe phenotype than α-thalassemia 
minor but not as severe as most cases of HbH disease.

HbH disease most frequently results from the interaction of α+- and α0- 
thalassemia, and not surprisingly most patients originate from the populations 
of southeastern Asia, the Mediterranean, and the Middle East. HbH disease 
is a diagnosis attributed to subjects older than 6 months having a sufficient 
globin imbalance to produce detectable levels of HbH (>1 to 2%) in their 
peripheral blood together with inclusion bodies (β4 tetramers) in their red 
cells on peripheral smear. The clinical phenotypes encompass a wide spectrum 
from mild clinical manifestations to thalassemia intermedia and are included 
in the so-called non–transfusion-dependent thalassemias.5 The predominant 
features of HbH disease are a hypochromic, microcytic anemia with jaundice 
and hepatosplenomegaly. Because the main mechanism of the anemia is hemo-
lysis rather than dyserythropoiesis, only a few patients have clinical evidence 
of an expanded erythron. The most common complication of HbH disease 
is the development of hypersplenism due to severe splenomegaly. Other com-
plications include gallstones, leg ulcers, increased risk for infection, folic acid 
deficiency, and increased risk for venous thrombosis mainly after splenectomy. 
Hemoglobin levels range in different series from 3 to 12 g/dL, with fluctua-
tions that may occur after exposure to an oxidant drug, infection, or transient 
aplasia possibly due to intercurrent viral infection. Rarely, patients with HbH 
disease require regular blood transfusions. The anemia is associated with 
reticulocytosis and typical thalassemic changes of the red cell indices. The 
relative amount of HbH varies from 1 to 40%. The values of HbA2 are always 
reduced. The peripheral blood film shows hypochromia with variable aniso-
poikilocytosis, target cells, and basophilic stippling. The characteristic feature 
of HbH disease is that it is always possible to generate multiple inclusions in 
the red cells after incubation with brilliant cresyl blue. The bone marrow shows 
marked erythroid hyperplasia.

The most severe form of α-thalassemia is hydrops fetalis, in which all 
four α-globin genes are deleted (genotype − −/− −). It is considered a fatal 
disorder. However, over the last few years, improvement in intrauterine inter-
ventions and perinatal intensive care have resulted in some hemoglobin Bart 
hydrops fetalis survivors. Because α-globin chains are absent during gesta-
tion, hemoglobin Bart (γ4) becomes the dominant hemoglobin. Because of its 
high oxygen affinity, hemoglobin Bart is unable to deliver oxygen to tissues, 
and the intrauterine consequences are progressive severe anemia, severe inef-
fective erythropoiesis with marked extramedullary erythropoiesis, massive 
organomegaly, heart failure, severe hypoalbuminemia, and edema. Infants with 
hydrops fetalis syndrome die either in utero (30 to 40 weeks of gestation) or 
soon after birth. The hemoglobin levels range from 3 to 20 g/dL; the peripheral 
blood film is characterized by marked anisopoikilocytosis, large hypochromic 
macrocytes, and many nucleated red cells. The hemoglobin consists almost 
entirely of hemoglobin Bart (80 to 90%), with some remaining HbH and 
Portland. Mothers of these infants often have a history of previous neonatal 
deaths. Without medical care, women carrying these fetuses may have deliv-
ery and postpartum complications (e.g., retained placenta, eclampsia, sepsis)  
(Chapter 226).

There are several reports describing α-thalassemia in association with mental 
retardation (so-called ATR-16 syndrome). These conditions are mainly due 
to large deletions (one or two megabases) of the tip of chromosome 16 includ-
ing the α-globin gene cluster. However, several cases have no deletions or 
other apparent abnormalities of the α-globin gene cluster. It has been shown 
that these patients with a peculiar phenotype characterized by severe mental 
retardation, dysmorphic facies, genital abnormalities, and α-thalassemia have 
a disorder that maps to the X chromosome (ATR-X syndrome).

β-Thalassemias
The β-thalassemias include a considerably heterogeneous group of disorders 
of hemoglobin synthesis, all of which are characterized by a reduced output 
of the β chains of adult hemoglobin.6 The clinical classification includes thalas-
semia major (transfusion dependent), thalassemia intermedia (of intermediate 
severity, non–transfusion dependent), and thalassemia minor (asymptomatic) 
(Fig. 153-1 and see Table 153-1). The severity of the clinical manifestations 
correlates well with the degree of imbalance of globin chains; depending on 
the β-globin gene defects and their interaction, the production of β-globin 

termination codon (TAA) of the α2-globin gene. Among these, hemoglobin 
Constant Spring (αcsα) is the most common and extensively studied. Finally, 
there are several α-globin variants that are so unstable that they undergo rapid, 
post-synthetic degradation. In such situations, β chains remain in excess within 
the red cell, and the patient carriers of these α-chain variants, by definition, 
have α-thalassemia. To date, 17 unstable α variants have been shown to produce 
the phenotype of α-thalassemia to a greater or lesser extent.

Like the α-thalassemias, the β-thalassemias are classified as β0 (in which 
no β-globin is produced) and β+ (in which some β-globin is produced but 
less than normal). In some cases, the defects in β-chain production are so 
mild that they are designated β++. So far, more than 300 different thalassemic 
mutations of the β-globin gene have been reported; most are point mutations 
within the gene or its immediate flanking sequence. A few β-thalassemia muta-
tions that segregate independently of the β-globin gene cluster have been 
described, presumably involving trans-acting regulatory factors. The distribu-
tion of alleles is highly variable from one population to another, but within 
each population, there are only a few alleles that are common. The nondeletion 
forms of β-thalassemia account for most β-thalassemia alleles. An updated 
list of these mutations is accessible at the Globin Gene Server website (http://
globin.cse.psu.edu). They include transcriptional mutations, RNA processing 
mutations, and mutations affecting translation.

Simple deletions of the β-globin gene are rare, ranging in size from 290 
base pairs to more than 60 kb. The 619–base pair deletion at the 3′ end of the 
β gene is relatively common among Sind and Punjabi populations in India 
and Pakistan. The remaining deletions are restricted to single families, are 
necessarily β0-thalassemias, and interestingly are associated with unusually 
high levels of HbA2 in heterozygotes. Large deletions that affect the entire 
β-globin gene cluster (εγγδβ)0 are rare and restricted to single families. Finally, 
some highly unstable β-chain variants may be manifested as a dominant form 
of β-thalassemia.

The δβ-thalassemias and hereditary persistence of fetal hemoglobin (HPFH) 
are the result of deletions affecting various parts of the β-globin locus. These 
deletions are partially compensated by an increased expression of the γ genes 
that raises the level of HbF. The length of deletion accounts for different forms 
of δβ-thalassemia, including both Gγ and Aγ genes or only Aγ, and varies from 
9 to 100 kb. Hemoglobin Lepore is a hybrid of δ and β chains resulting from 
a crossover between the two misaligned genes; this hemoglobin is synthesized 
inefficiently and gives rise to a form of δβ-thalassemia. Deletions of δ and β 
genes are also the molecular basis for many forms of HPFH that, however, 
usually have higher levels of compensatory HbF production than the δβ-
thalassemias. Other HPFHs3 are due to point mutations in the promoter region 
upstream from the transcription start site in either the Gγ or Aγ genes that alter 
the binding of one or more transcription factors; they are known as nondele-
tion HPFHs. Genetic studies have identified three major quantitative trait 
loci that account for 20 to 50% of the common variation in HbF levels in 
patients with β-thalassemia and sickle cell disease as well as in healthy adults.

 CLINICAL MANIFESTATIONS
The clinical manifestations (phenotype expression) of thalassemia syndromes 
are extremely variable and depend on the degree of globin chain imbalance.4

α-Thalassemias
As previously mentioned, there are two major classes of α-thalassemias: α0, 
in which both α genes are inactivated (− −/); and α+, in which only one of 
the pair is defective because of α gene deletion or mutation (−α or ααT). 
The clinical spectrum of α-thalassemias correlates well with the number of 
the affected α genes, that is, from normal to the loss of all four genes. The 
inheritance of a normal allele (αα) with one of the α+ or α0 alleles most 
frequently results in α-thalassemia minor (− −/αα; −α/αα; −αΤ/αα; αΤα
/−α;−α/−α). In general, carriers of such genotypes have lower levels of total 
hemoglobin, mean corpuscular volume, and mean cell hemoglobin but higher 
red blood cell count than normal. The greatest differences are seen in mean 
cell hemoglobin, which is usually less than 26 pg. The peripheral blood smear 
is variable, showing various degrees of hypochromia with some target cells 
and occasional poikilocytes (Chapter 148). In carriers of α0-thalassemia  
(− −/αα), it is possible to generate a few red cell HbH inclusions (β4). The 
carriers of nondeletional forms (ααΤ/αα) show slightly more marked hema-
tologic changes than those for deletional forms. The hemoglobin constitution 
of adult carriers of α+- or α0-thalassemia is indistinguishable from normal but 
has slightly lower levels of HbA2. Traces of hemoglobin Bart (γ4) in the neo-
natal period are detectable in a large proportion of neonates with α-thalassemia, 
and they decline during the first 6 months after birth. The α-thalassemias are 

http://globin.cse.psu.edu/
http://globin.cse.psu.edu/
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leading to pancytopenia. The early childhood of the untreated or inadequately 
treated thalassemia major patients is interspersed with various complications, 
including recurrent infections, spontaneous fractures, gallstones, and leg ulcers. 
The mortality rate in such patients was formerly high around puberty. For-
tunately, this is no longer the case in children with well-treated thalassemia 
major. Thalassemia major children well transfused to maintain a hemoglobin 
level above 9 g/dL have relatively normal growth and development, and their 
future course depends on whether they have received adequate iron chelation 
(see Treatment). Many children who are adequately transfused and are fully 
compliant with iron chelation therapy develop normally, enter puberty, and 
become sexually mature. At present, we are dealing with an adult population 
of thalassemia major patients who may suffer from the side effects of long-term 
treatment, namely, transfusion-associated infections (particularly hepatitis B 
and C and, in some populations, HIV infection) and organ damage (liver, 
heart, endocrine glands) due to unsatisfactory long-term iron chelation. The 
main causes of death in adult thalassemia major patients still remain cardiac 
complications, mainly in poorly chelated patients, although liver cirrhosis is 
also increasing because of the prolongation of life.8

Heart failure in these patients is multifactorial, involving chronic anemia, 
remaining iron overload, myocarditis, pericarditis, and probably other mecha-
nisms. Furthermore, besides the degree of globin chain imbalance that is 
dependent on genetic factors linked to the globin genes (coinheritance of 
α-thalassemia, innate increased synthesis of HbF), there are many other genetic 
modifiers that at the secondary level may affect the outcome of complications 
in different ways. For example, the presence of a polymorphic variant in the 

chains is quantitatively reduced to different degrees, whereas the synthesis of 
α-globin continues as normal, resulting in accumulation of excess unmatched 
α-globin chains in the erythroid precursors. The free α-globin chains are not 
able to form stable tetramers; they therefore precipitate in the erythroid pre-
cursors, forming inclusion bodies that damage the red cell membrane, thereby 
causing premature destruction of erythroid precursors in the bone marrow 
(ineffective erythropoiesis). Ineffective erythropoiesis leads to a sequence of 
events responsible for bone marrow expansion, anemia, hemolysis, spleno-
megaly, and increased iron absorption. Any factor that reduces the degree of 
chain imbalance and the magnitude of α-chain excess, such as coinheritance 
of α-thalassemia or an innate ability to increase fetal hemoglobin, will ame-
liorate the clinical expression of the disease (Fig. 153-2).

The major forms of β-thalassemia (still sometimes called Cooley anemia) 
are disorders in which life can be sustained only by regular blood transfusions. 
This condition usually results from the homozygous state or from the com-
pound heterozygous state for severe β-gene mutations (β0). The typical forms 
of thalassemia major become manifested during the first year of life, during 
which γ chains are switched off but not replaced by β-chain synthesis. These 
infants, left untreated, are incapable of maintaining a hemoglobin level above 
5 g/dL and show marked bone deformities and growth retardation. In a recent 
clinical classification, they are considered as “transfusion-dependent thalas-
semia patients.” They develop the “thalassemic” facies due to frontal bossing 
of the skull and protrusion of the jaws and cheekbones.7 The magnitude of the 
increase in erythropoiesis may result in extramedullary masses arising usually 
from the sternum and ribs. Progressive hepatosplenomegaly is a constant finding 

•  Homozygous disorder
•  Significant imbalance of α/β globin chains
•  Severe anemia presenting early in life
•  Requires lifelong RBC transfusions
•  If untreated, leads to death usually in first decade

•  Various genetic interactions
•  Globin chain production moderately impaired
•  Mild anemia, diagnosed usually in late childhood
•  Occasional blood transfusions may be required

•  Heterozygous condition
•  Asymptomatic
•  May require genetic counseling
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FIGURE 153-1. A, Clinical classification of β-thalassemias, from β-thalassemia minor to β-thalassemia major, according to the disease severity. β-Thalassemia minor subjects are 
asymptomatic, whereas at the severe extreme, β-thalassemia major patients are transfusion dependent. in between is a wide spectrum of clinical phenotypes labeled thalassemia 
intermedia because of different genetic interactions characterized by moderate to severe transfusion-independent anemia. B, Tentative criteria to differentiate thalassemia major from 
thalassemia intermedia at presentation. hba = adult hemoglobin; hbF = fetal hemoglobin; RBC = red blood cell. 
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 DIAGNOSIS
The diagnosis of thalassemia may be required in a patient with an appropriate, 
suggestive clinical picture or for the identification of a heterozygote subject 
as part of a family study or population screening program. The general approach 
is common to any form of thalassemia, regardless of presentation. The primary 
evaluation is based on hematologic changes; the red cell indices by electronic 
cell counter and the red cell morphology examined on a well-stained blood 
film are sufficient to direct further investigations. Individuals with mean cor-
puscular volume below 80 f L and mean corpuscular hemoglobin below 27 pg 
with normal iron parameters need to be further investigated. The red blood 
cell number is usually higher than normal. In the presence of anemia with 
thalassemic red cell changes, the next step is the evaluation of hemoglobin 
fractions (HbA, HbA2, HbF, or hemoglobin variants) by electrophoresis on 
cellulose acetate at alkaline pH or, even better, by high-performance liquid 
chromatography that enables the precise measurement of HbA2, HbF, and 
HbA and the provisional identification of a large number of hemoglobin vari-
ants, including HbE. An HbA2 level above 3.5% associated with hypochromic 
microcytic red cells is diagnostic of β-thalassemia minor. HbA2 values between 
3.2 and 3.5% (borderline) should be interpreted with care because they could 
be due to interaction of more than one thalassemic defect (α and β), a silent 
β mutation, or concomitant iron deficiency. If iron deficiency is present, it 
should be corrected and the HbA2 estimation repeated. The majority of indi-
viduals with thalassemic red cell indices with normal or low HbA2 and normal 
HbF will be α0-thalassemia carriers or α+-thalassemia homozygotes. Carriers 
of α0-thalassemia may have a few red cells with HbH inclusions. Microcytosis 
with low or normal HbA2 levels with elevated HbF (2 to 20%) indicates het-
erozygosity for δβ-thalassemia. Patients with HPFH usually have normal red 
blood cell indices but increased levels of HbF with different intercellular dis-
tribution (homogeneous or pancellular with the exception of heterocellular 
HPFH) compared with δβ-thalassemia (uneven or heterocellular).

A radioactive method for measuring the α/β-globin synthesis ratio was 
introduced in the mid to late 1960s, and it was largely directed at prenatal 
diagnosis in the pre-DNA era. Although it gives a quantitative assessment of 
globin production, today its use is limited to difficult cases because of interac-
tion of different globin chain defects. The definitive diagnosis of the thalassemia 
syndromes involves the identification of the underlying mutations through 
DNA analysis. There are several methods available for the diagnosis of any 

poiesis is the primary determinant of the anemia of thalassemia intermedia; 
peripheral hemolysis of mature, circulating red cells, and an overall reduction 
in hemoglobin synthesis are secondary. Hemolysis and damaged red cells that 
expose negatively charged membrane phosphatidyl-serine residues have been 
linked to the development of a hypercoagulable state and increased risk for 
pulmonary hypertension in the thalassemia intermedia patient population.10

Chronic anemia and chronic ineffective erythropoiesis lead to an inappropri-
ate increase in gastrointestinal iron absorption, resulting in iron overload. In 
contrast, in thalassemia major, iron loading mainly results from transfusional 
iron (red cell) infusion. It has been shown that chronic anemia and ineffective 
erythropoiesis, which are characteristic of thalassemia intermedia, are associated 
with reduced expression of hepcidin, a hepatic peptide that plays a central role 
in iron homeostasis (Chapter 201). Moreover, the growth and differentiation 
factor 15 (GDF15) secreted by erythroid precursors and overexpressed in 
the presence of ineffective erythropoiesis may suppress hepcidin synthesis. 
More recently, a molecule named erythroferrone, secreted by erythroblasts, has 
been identified and may also play a role in hepcidin regulation in thalassemia 
intermedia. Taken together, ineffective erythropoiesis (leading to increased 
GDF15) and chronic anemia/hypoxia result in hepcidin suppression, increased 
dietary iron absorption from the gut, and increased release of recycled iron from 
the reticuloendothelial system, leading to an iron overload situation similar 
to that observed in patients with hereditary hemochromatosis syndromes 
(which are characterized by impaired hepcidin production) (Chapter 201).

As a consequence of these pathophysiologic processes, several complica-
tions have been identified as unique in thalassemia intermedia patients com-
pared with thalassemia major patients, especially in non-splenectomized 
patients. Cholelithiasis is much more common in thalassemia intermedia than 
in thalassemia major because of ineffective erythropoiesis and peripheral 
hemolysis. Extramedullary hematopoiesis, as a compensatory mechanism, 
leads to the formation of erythropoietic tissue masses that primarily affect 
the spleen, liver, lymph nodes, and vertebrae. These masses may cause neu-
rologic problems, such as spinal cord compression (sometimes causing paraple-
gia) and intrathoracic masses. Leg ulcers that are rare in well-transfused 
thalassemia major patients are common in adult thalassemia intermedia patients. 
It remains unclear why at the same level of hemoglobin and at the same HbF 
level some patients develop leg ulcers and others do not. Thrombotic risk is 
definitely increased in thalassemia intermedia patients. Several studies have 
collectively shown that the incidence of thromboembolic events is higher in 
splenectomized thalassemia intermedia patients. Although stroke is rare in 
thalassemia intermedia, asymptomatic brain damage including ischemia has 
been documented by magnetic resonance imaging (MRI) and computed 
tomography in these patients. Pulmonary hypertension (Chapter 75) is preva-
lent in thalassemia intermedia patients (approximately 60%) and is thought 
to be the primary cause of heart failure in this patient population. Liver disease 
due to viral infection is less frequent than in thalassemia major; however, 
abnormal liver enzymes are frequently observed in thalassemia intermedia 
patients, primarily because of hepatocyte damage resulting from iron overload. 
In some of the oldest patients with thalassemia intermedia (>40 years), hepa-
tocellular carcinoma (Chapter 186) due to long-term untreated iron accumula-
tion has been detected with resultant cirrhosis in the liver as found in hereditary 
hemochromatosis (Chapter 201).

Hypogonadism, hypothyroidism, and diabetes mellitus are rare. Although 
patients with thalassemia intermedia generally experience puberty late, they 
have normal sexual development and are usually fertile. Women with thalas-
semia intermedia may have successful pregnancies, although complications 
during pregnancy may occur.11

Thalassemia minor is the heterozygous state of β-thalassemia. Subjects with 
thalassemia minor are “carriers” of a single β-globin gene defect, and they are 
usually asymptomatic except for a mild anemia of pregnancy. The carriers are 
usually identified in the course of a family study, incidentally12 during an 
intercurrent illness, or as part of a population survey. The anemia is mild, 
microcytic, and hypochromic and is associated with an elevated level of HbA2. 
The blood smear shows characteristic microcytosis and hypochromia, with 
some variation in size and shape of the red cells. The presence of target cells 
is variable. The hematologic features are remarkably similar among different 
ethnic groups. Carriers of β-thalassemia with normal HbA2 have been observed 
in settings in which an individual with mild thalassemia intermedia was found 
to have one parent with typical β-thalassemia minor with elevated HbA2, 
whereas the other showed either minimal or no hematologic abnormalities 
and normal HbA2. Subjects with normal HbA2 are usually carriers of silent 
β++ mutations (β++). Carriers of β-thalassemia may have a triplicated α-gene 
allele: its coinheritance may cause a mild thalassemia intermedia phenotype 

UGT1A1 promoter responsible for Gilbert syndrome (Chapter 138) may 
increase the predisposition to cholelithiasis, which is already a common com-
plication in thalassemia. Likewise, polymorphisms in genes involved in iron 
homeostasis or bone metabolism may affect negatively or positively the degree 
of iron overload or the osteopenia and osteoporosis, respectively (see Fig. 
153-2). Environmental factors, including social conditions, nutrition, and the 
availability of medical care, have also been implicated in the variable severity 
of thalassemia major clinical manifestations.

Thalassemia intermedia belongs to the non–transfusion-dependent group 
of thalassemia disorders; it is a clinical term used to describe patients with 
anemia and splenomegaly but without the full spectrum of clinical severity 
found in thalassemia major.9 The clinical phenotypes of thalassemia intermedia 
lie between those of thalassemia minor and major, encompassing a wide clini-
cal spectrum. Mildly affected patients are almost completely asymptomatic 
until adult life, experiencing only mild anemia and spontaneously maintaining 
hemoglobin levels between 7 and 10 g/dL. Patients with more severe thalas-
semia intermedia generally present between the ages of 2 and 6 years, and 
although they are able to survive without regular transfusion therapy, growth 
and development can be retarded. Most thalassemia intermedia patients are 
homozygotes or compound heterozygotes for mild to moderate β-gene muta-
tions (β+/β+;β0/β+); less commonly, only a single β-globin gene is affected. 
Because the clinical severity of the disease is dictated by the different extent 
of globin chain imbalance, at least three different mechanisms may promote 
the mild clinical characteristics of thalassemia intermedia compared with 
thalassemia major: inheritance of mild or silent β-gene mutations; coinheri-
tance of determinants associated with increased γ-chain production, which 
contributes to neutralizing the large proportion of unbound α chains; and 
coinheritance of α-thalassemia, which reduces the synthesis of α chains, thereby 
reducing the α/non-α chain imbalance.

Three main factors are responsible for the clinical sequelae in thalassemia 
intermedia patients: degree of ineffective erythropoiesis, chronic anemia, and 
iron overload. The ineffective erythropoiesis primarily depends on the underly-
ing molecular defects as already mentioned and is due to precipitation of free α 
chains in erythroid precursors in the bone marrow, causing membrane damage 
and premature cell death in the marrow. The degree of ineffective erythro-
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FIGURE 153-2. Pathophysiology of β-thalassemias and modifiers of globin chain 
imbalance. The severity of ineffective erythropoiesis is dependent on the degree of excess 
free α chains that result primarily from three different mechanisms: (1) inheritance of 
severe, mild, or silent β-chain mutations; (2) coinheritance of determinants associated 
with increased γ-chain production; and (3) coinheritance of α-thalassemia. a phenotype 
of thalassemia intermedia may result from the increased production of α-globin chains 
by a triplicated (ααα) or quadruplicated (αααα) α genotype associated with β heterozy-
gosity. inheritance of polymorphisms or mutations of genes involved in bone, iron, and 
bilirubin metabolism as well as in infection may contribute to modify the clinical course 
of the disease. esR1 = estrogen receptor 1; hbF = fetal hemoglobin; hFe = hereditary 
hemochromatosis gene; hla = human leukocyte antigen; iCam1 = intercellular adhesion 
molecule 1; TNF = tumor necrosis factor; UGT1 = UDP-glucose : glycoprotein glucosyl-
transferase 1; VDR = vitamin D receptor. 
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 DIAGNOSIS
The diagnosis of thalassemia may be required in a patient with an appropriate, 
suggestive clinical picture or for the identification of a heterozygote subject 
as part of a family study or population screening program. The general approach 
is common to any form of thalassemia, regardless of presentation. The primary 
evaluation is based on hematologic changes; the red cell indices by electronic 
cell counter and the red cell morphology examined on a well-stained blood 
film are sufficient to direct further investigations. Individuals with mean cor-
puscular volume below 80 f L and mean corpuscular hemoglobin below 27 pg 
with normal iron parameters need to be further investigated. The red blood 
cell number is usually higher than normal. In the presence of anemia with 
thalassemic red cell changes, the next step is the evaluation of hemoglobin 
fractions (HbA, HbA2, HbF, or hemoglobin variants) by electrophoresis on 
cellulose acetate at alkaline pH or, even better, by high-performance liquid 
chromatography that enables the precise measurement of HbA2, HbF, and 
HbA and the provisional identification of a large number of hemoglobin vari-
ants, including HbE. An HbA2 level above 3.5% associated with hypochromic 
microcytic red cells is diagnostic of β-thalassemia minor. HbA2 values between 
3.2 and 3.5% (borderline) should be interpreted with care because they could 
be due to interaction of more than one thalassemic defect (α and β), a silent 
β mutation, or concomitant iron deficiency. If iron deficiency is present, it 
should be corrected and the HbA2 estimation repeated. The majority of indi-
viduals with thalassemic red cell indices with normal or low HbA2 and normal 
HbF will be α0-thalassemia carriers or α+-thalassemia homozygotes. Carriers 
of α0-thalassemia may have a few red cells with HbH inclusions. Microcytosis 
with low or normal HbA2 levels with elevated HbF (2 to 20%) indicates het-
erozygosity for δβ-thalassemia. Patients with HPFH usually have normal red 
blood cell indices but increased levels of HbF with different intercellular dis-
tribution (homogeneous or pancellular with the exception of heterocellular 
HPFH) compared with δβ-thalassemia (uneven or heterocellular).

A radioactive method for measuring the α/β-globin synthesis ratio was 
introduced in the mid to late 1960s, and it was largely directed at prenatal 
diagnosis in the pre-DNA era. Although it gives a quantitative assessment of 
globin production, today its use is limited to difficult cases because of interac-
tion of different globin chain defects. The definitive diagnosis of the thalassemia 
syndromes involves the identification of the underlying mutations through 
DNA analysis. There are several methods available for the diagnosis of any 

due to the excess of α chains production. Coincidental iron deficiency can 
lower elevated HbA2 levels to the normal range.

δβ-Thalassemia and Hereditary Persistence of  
Fetal Hemoglobin
The clinical manifestations of (δβ)0-thalassemias are similar to those of thalas-
semia intermedia, whereas the heterozygotes are distinguished from 
β-thalassemia heterozygotes by normal levels of HbA2 together with an increased 
HbF level of 5 to 20%. Homozygotes for HbLepore may have phenotypes similar 
to either thalassemia major or thalassemia intermedia. Subjects affected by 
deletion or nondeletion forms of HPFH are usually asymptomatic.

Any of the β-thalassemia defects may be coinherited with β-chain variants 
(HbS, HbC, HbE) and cause a clinically relevant β-thalassemia phenotype 
of different severity. These variants further illustrate that β-thalassemia syn-
dromes have a wide clinical spectrum and that specific therapeutic approaches 
may completely change the clinical course and the natural history of these 
disorders (Fig. 153-3).

Hemoglobin E and Hemoglobin E Thalassemias
Hemoglobin E (HbE) is caused by a substitution of glutamic acid by lysine 
at codon 26 of the β-globin gene. It is a common mutation, especially in the 
Indian subcontinent and Southeast Asia and among people who have emigrated 
from those regions. The frequency of HbE approaches 60% in many regions 
of Thailand, Laos, and Cambodia. HbE results in reduced synthesis of the 
β-E chain and therefore has the phenotype of a mild form of β-thalassemia. 
HbE trait has little clinical significance; it may be associated with slight micro-
cytosis without anemia, but it could be mistaken for iron deficiency without 
appropriate laboratory testing. Homozygous HbEE individuals have mild 
anemia and microcytosis, occasional splenomegaly, and peripheral blood 
smears showing red cell changes similar to those seen in thalassemia trait, 
including target cells. In this condition, hepcidin is suppressed, thereby leading 
to iron accumulation—even in the absence of blood transfusions and certainly 
worsened by them.13

HbE interacts with different forms of α-thalassemia to produce a wide 
variety of clinical disorders. Its coinheritance with β-thalassemia, a condition 
called HbE/β-thalassemia, is the most common severe form of β-thalassemia 
in Asia and globally represents about 50% of the clinically severe β-thalassemias.14
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Conventional Treatment
No specific treatment is required for α- or β-thalassemia heterozygotes (carri-

ers, thalassemia minor), but they should receive appropriate genetic counseling. 
During pregnancy, thalassemia-carrying women may become more anemic, 
so they should be observed carefully, mainly during the second and third tri-
mesters, and supported with folic acid. When real iron deficiency is associated 
with thalassemia traits, iron supplementation should be provided, monitoring 
transferrin saturation and ferritin. A few cases of in utero blood transfusions 
have been reported with hemoglobin Bart hydrops fetalis syndrome; most of 
the infants have been delivered prematurely by cesarean section, subsequent 
development has been abnormal, and survivors required regular blood trans-
fusions after birth. HbH patients in general have higher hemoglobin levels (8 
to 9 g/dL) and do not need regular blood transfusion. Supplementation with 
folic acid (2 to 5 mg/day) is generally recommended, especially in pediatric 
patients. The major complications in HbH disease are hemolytic crises that may 
occur during or after acute infections; in such cases, immediate intervention, 
including blood transfusions and treatment for infections, should be promptly 
administered.

The clinical management of thalassemia major and thalassemia intermedia 
remains the major issue. The quality and duration of life of thalassemia major 
and thalassemia intermedia patients have been transformed in this century, 
with life expectancy increasing well into the third and fourth decades. Never-
theless, prolongation of life is accompanied by several complications, partly 
due to the underlying disorder and partly as a consequence of the treatment 
with blood transfusions and iron overload. Moreover, we are starting to deal 
with aging-related complications in the context of a multiorgan disease that 
requires management by a team of clinicians who have specific knowledge of 
thalassemias in adults, working together with different specialists and well-
trained nurses. The conventional treatment of thalassemia major patients includes 
regular transfusion therapy and iron chelation. The definition of the optimal 
transfusion and iron chelation regimen has been the most important advance 
in the management of thalassemia major patients, with the primary objective 
being to control the ineffective erythropoiesis, its consequences, and the body 
iron burden. The optimal transfusion regimen involves regular blood transfu-
sions, usually administered every 2 to 5 weeks, to maintain the pretransfusion 
hemoglobin levels above 9 to 10.5 g/dL. The decision to initiate lifelong trans-
fusion therapy should be based on a definitive diagnosis of severe thalassemia, 
taking into account the molecular defects, the severity of anemia on repeated 
measurement, the level of ineffective erythropoiesis, and the clinical criteria 
(such as failure to thrive or bone changes). It is advisable that thalassemia major 
patients receive leukoreduced packed red cells to minimize transfusion reac-
tions and pathogen transmission. Adverse reactions to red blood cell transfu-
sions may occur during or after transfusion and can be hemolytic and 
nonhemolytic. Transfusion-related acute lung injury is rare but severe and must 
be immediately managed (Chapter 167).

TREATMENT 

particular mutation, such as polymerase chain reaction (PCR) restriction 
enzyme analysis, PCR allele-specific oligonucleotides, gap PCR, and direct 
sequencing that at present is probably the easiest and most reliable method. 
For deletion forms of α-thalassemia, the multiplex ligation-dependent probe 
amplification is a recently introduced, useful method.

During their clinical course, patients affected by different forms of thalas-
semia develop several complications mainly due to iron overload, which requires 
monitoring to direct iron chelation therapy. The principal methods of deter-
mining body iron levels (Chapter 201) are measurements of the serum ferritin 
level and assessment of liver iron concentration from biopsy tissue or, as an 
alternative noninvasive method, by R2 MRI. The reciprocals of T2 and T2*, 
known as R2 and R2*, are directly proportional to iron content and demon-
strate the most promising results. High serum ferritin levels (>2500 µg/L) 
and high liver iron concentration (>15 g/dry weight) indicate high risk for 
significant morbidity and mortality. A cutoff of 800 µg/L ferritin and more 
than 7g/dry weight liver iron concentration have been associated with high 
risk for morbidity in thalassemia intermedia and other forms of non–transfusion-
dependent thalassemias. Cardiac iron can be measured by a T2* MRI procedure 
that allows estimation of the cardiac iron load. MRI T2* values below 10 
milliseconds are always associated with severe iron load and high risk for heart 
failure within 1 year. MRI T2* values above 20 milliseconds are considered 
normal, meaning no iron in the heart. Echocardiography may also be useful 
to evaluate functional changes. For other complications, including endocri-
nopathies, liver disease, lung disease, thrombophilia, and bone disease, the 
diagnostic approaches are similar to those used in clinical practice; these are 
performed with consideration of test cost, performance characteristics, and 
preferences of the patients, as described in the corresponding chapters.

Many patients with thalassemia major require splenectomy because of hyper-
splenism. However, optimal clinical management may delay or even obviate 
the need for splenectomy that was common in the past. Splenectomy should 
be considered only for patients whose annual blood consumption increases 
progressively and is responsible for significant increases in iron stores despite 
good chelation therapy or in the presence of symptoms due to spleen enlarge-
ment. Clinical problems related to leukopenia or thrombocytopenia due to 
hypersplenism could also be the reasons for considering splenectomy.15 The 
major complication of splenectomy is severe and sometimes overwhelming 
infection. Because removal of the spleen may reduce the primary immune 
response to encapsulated organisms, it is advisable to delay splenectomy 
until patients are at least 5 years old. The mortality rate for postsplenectomy 
overwhelming infection in thalassemia patients is approximately 50% despite 
intensive supportive care. Therefore, it is mandatory to adopt preventive mea-
sures including immunoprophylaxis (vaccination against Streptococcus pneu-
moniae, pneumococcus, and meningococcus) (Chapter 159), chemoprophylaxis, 
and education of the parent and patient to recognize and to report febrile 
illnesses. Increase of thrombotic risk has been well documented in thalassemia 
patients after splenectomy; thus this procedure must be avoided as much as  
possible.

Iron overload is an inevitable and serious complication of long-term blood 
transfusion therapy and hyperabsorption of dietary iron that requires adequate 
treatment to prevent early death, mainly from iron-induced cardiac disease. 
Optimal chelation therapy extends complication-free survival (see Fig. 153-
3). The standard chelation therapy for more than 40 years was deferoxamine, 
given for 10 to 24 hours daily as a continuous subcutaneous infusion 5 to 7 
days per week. A1  The long-term efficacy of deferoxamine has been extensively 
documented in large cohorts of patients in Italy and elsewhere. Unfortunately, 
compliance with the rigorous regimen of daily subcutaneous infusions is a 
serious limiting factor, and life expectancy in noncompliant patients is not 
different from that in the pre-deferoxamine era. This has been the rationale 
behind the intensive effort to identify alternative, orally effective iron chelators. 
At present, two oral iron chelators are on the market: deferiprone and deferasirox. 
Deferiprone is registered in Europe and more recently in the United States. By 
the guidelines of the EMEA countries (Europe, Middle East, and Africa), treat-
ment with deferiprone at doses of 75 to 100 mg/kg/day is restricted to patients 
unable to use deferoxamine or patients with an unsatisfactory response to 
deferoxamine as judged by serum ferritin levels and by liver iron concentrations. 
Studies indicate that deferiprone may be more effective than deferoxamine 
in protecting the heart from the accumulation of iron. A2  A potential benefit 
of combined deferoxamine and deferiprone therapy has been observed, and 
according to Thalassemia International Federation guidelines, a combination 
treatment (deferoxamine and deferiprone) should be considered for patients 
with high levels of heart iron or cardiac dysfunction. The new orally effective 
iron chelator deferasirox has been shown to be effective and safe in removing 
excess iron from different organs, including the heart. A3 

,
 A4  Deferasirox is now 

available in most countries throughout the world as first-line treatment. Its use 
has clearly demonstrated that iron chelation is not a standard treatment, but it 
should be individualized according to age, history of compliance with previous 
chelation, and other factors. Monitoring and adjustment of iron chelation by 
repeated measurements of ferritin, calculation of iron intake by transfusions, 
and, whenever possible, measurement of cardiac and liver iron at least once 
by MRI are mandatory. A prospective phase 2 study evaluating combination 
of deferasirox with deferoxamine in patients with severe transfusional myo-
cardial siderosis showed clinically meaningful improvements in cardiac MRI  
results. In patients with thalassemia major and cardiac siderosis, amlodipine 
added to chelation therapy reduced cardiac iron more effectively than chela-
tion therapy alone, but larger studies will be required to inform the evalua-
tions. A5  The use of proton pump inhibitors may further reduce serum ferritin  
levels. A6 

The management of thalassemia intermedia patients is more complicated 
because of the wide heterogeneity of thalassemia intermedia phenotypes. A 
number of options are currently adopted for treatment of thalassemia inter-
media patients, including transfusion therapy, splenectomy, modulation of HbF 
production, and hematopoietic stem cell transplantation (HSCT). However, 
increasing evidence is documenting the benefit of transfusion therapy in decreas-
ing the incidence of complications. Thus, although the common practice has 
been to initiate transfusion when complications ensue, it may be worthwhile 
to start transfusion therapy earlier as a preventive approach, which will also 
help alleviate the increased risk for alloimmunization with delayed initiation 
of transfusion. The initiation of iron chelation therapy in patients with thalas-
semia intermedia depends not only on the amount of excess iron but also on 
the rate of iron accumulation, the duration of exposure to excess iron, and 
various other factors in individual patients.16

Bone Marrow Transplantation and  
Experimental Therapies

Allogeneic HSCT (Chapter 168) in thalassemia syndromes has been increas-
ingly successful during the past two decades, mainly in β-thalassemia major.17 
Predictors of poor transplant outcome are hepatomegaly, history of irregular 



and ineffective erythropoiesis. Like individuals with glucose-6-phosphate 
dehydrogenase deficiency (Chapter 152), those with unstable hemoglobin 
mutants often lack clinical symptoms and signs of hemolysis until they develop 
an infection or are exposed to an oxidant drug.

The diagnosis can be established by a combination of a positive Heinz body 
preparation and either abnormal hemoglobin electrophoresis or demonstra-
tion of a precipitate after exposure of a hemolysate to heat or isopropanol. 
Some clinics have access to a reference laboratory that can identify the specific 
mutation by α- and β-globin DNA sequencing.

Most individuals with this disorder do not require treatment; some are 
symptomatic from severe anemia. Splenectomy generally results in a signifi-
cant increase in red cell mass. However, the fraction of Heinz body–positive 
red cells increases markedly after splenectomy, and these patients are now at 
significant risk for development of pulmonary hypertension and cor pulmonale.

chelation, and hepatic fibrosis. Patients are categorized into three risk classes. 
Class 1 patients have none of these adverse risk factors, class 2 patients have 
one or two adverse risk factors, and class 3 patients have all three. In the most 
recent update of the Pesaro group’s experience, the probabilities of thalassemia-
free survival for patients younger than 17 years at the time of HSCT receiving 
the allograft from an HLA-identical relative were 87% and 85%, respectively, 
in patients belonging to class 1 and class 2 and much lower in young patients 
in class 3. The progressive adjustment of conditioning regimens in class 3 patients 
and in adults (>17 years old) has significantly reduced the incidence of transplant-
related mortality in patients in class 3. Only 25 to 30% of patients with diseases 
potentially curable by HSCT have a suitable HLA-compatible sibling. Bone 
marrow transplantation from unrelated donors increases significantly the inci-
dence of acute and chronic graft-versus-host disease, particularly in thalassemia. 
A study from the Eurocord cooperative group reported the outcome of 33 
patients with thalassemia belonging to class 1 and class 2 (Pesaro classification) 
who received cord blood hematopoietic stem cells from an HLA-identical sibling; 
no patient died of transplant-related complications, suggesting that related 
cord blood HSCT is a safe procedure for thalassemia patients.

An alternative treatment of β-thalassemia consists of the pharmacologic 
stimulation of HbF synthesis. In humans, hemoglobin switch from HbF to HbA 
occurs in the period around birth as a result of γ- to β-globin gene switching. 
A number of pharmacologic agents able to reactivate HbF synthesis have been 
identified, including hypomethylating agents, histone deacetylase inhibitors, 
and hydroxyurea. Whereas the effect of these pharmacologic treatments (par-
ticularly hydroxyurea) in sickle cell disease is clear (Chapter 154), their benefit 
on the clinical course of β-thalassemia is presently limited. The discrepancy 
between these two conditions in the response to HbF inducers may be mainly 
related to the higher level of HbF required in β-thalassemia to achieve clinical 
results compared with those observed in sickle cell disease. The limited clinical 
response to γ-globin inducers observed in the majority of β-thalassemic patients 
may be also a reflection of the unfavorable effects of these agents on the other 
globin genes (i.e., increased α-globin synthesis). Although much attention has 
been paid to pathways that increase γ-globin expression, and hence the pro-
duction of fetal hemoglobin, the reduction of α-globin expression may provide 
an equally plausible approach to ameliorating clinically severe forms of 
β-thalassemia, especially in patients with hemoglobin E β-thalassemia, who 
comprise about 50% of all patients born each year with severe β-thalassemia.

Two new molecules, sotatercept18 and luspatercept,19 activin-type IIA and 
IIB receptor fusion proteins, have recently been shown to increase the release 
of mature erythrocytes into the circulation by acting mainly on late-stage 
erythropoiesis. Clinical data in healthy volunteers have shown that treatment 
with sotatercept results in increased red blood cell parameters. A phase 2a, 
multicenter, open-label, dose-finding study to determine a safe and active dose 
level of sotatercept and luspatercept in adult patients with β-thalassemia inter-
media and major has been completed. The positive results prompted a phase 
3 study with luspatercept in transfusion-dependent thalassemia patients. The 
phase 3 study has been recently completed and the results are very promising, 
showing a significant reduction of blood transfusions in transfusion-dependent 
patients treated with luspatercept compared to placebo group.

Gene therapy (Chapter 38) is an attractive approach for thalassemia syn-
dromes; however, this strategy poses major challenges in terms of controlling 
transgene expression, which should be erythroid specific and sustained over 
time. Treatment of β-thalassemia, sickle cell disease, and other disorders through 
lentivirus-mediated gene transfer has been reported in murine and primate 
models.20 At present, several phase 1/2 clinical studies are ongoing with encour-
aging results. Genome editing through CRISPR/Cas9 technology increases fetal 
hemoglobin production. It is in preclinical phase and will possibly enter the 
clinical phase in 2019. Moreover, new molecules with a potential ability to 
correct ineffective erythropoiesis or to generate iron-restricted erythropoiesis 
are in phase 1 clinical trials.

 UNSTABLE HEMOGLOBINOPATHIES
More than 80 rare mutant hemoglobins have been reported to cause hemolytic 
anemia by either amino acid replacements or deletions that significantly lower 
the solubility of hemoglobin. These mutant hemoglobins thereby form intra-
cellular precipitates that can be detected as so-called Heinz bodies when the 
blood smear is exposed to a supravital stain. Structural abnormalities include 
mutations that weaken the linkage between heme and globin, disrupt second-
ary (α-helical) structure, or introduce a charged or polar side group into the 
hydrophobic interior of the globin subunit.

This disorder, sometimes called congenital Heinz body hemolytic anemia, 
is inherited in an autosomal dominant manner. Severely affected individuals 
have jaundice, splenomegaly, and, on occasion, dark brown urine due to the 
release of heme and aberrant conversion to dipyroles. The instability of a few 
of these globin mutants is so extreme that they cannot be detected by routine 
laboratory methods. This results in a thalassemia phenotype with microcytosis 
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2. Which of the following statements is correct regarding hematopoietic stem 
cell transplantation for thalassemia?
 A. It can lead to thalassemia-free survival of at least 85% in low-risk, younger 

patients.
 B. It should not be administered with cord blood for transplantation.
 C. It has been mostly effective in the α-thalassemias.
 D. It is mostly reserved for thalassemia patients who are poorly iron chelated 

and have liver involvement.
 E. It is associated with a reduced risk for graft-versus-host disease compared 

with comparable unrelated transplants for other hematologic diseases.
Answer: A The highest risk indicators in hematopoietic stem cell transplanta-
tion for thalassemia are hepatomegaly, hepatic fibrosis, and poor iron chelation 
history. On the other hand, the Pesaro group’s experience has demonstrated 
87% disease-free survival in thalassemia patients who are younger than 17 
years at the time of transplantation, have none of the risk factors noted, and 
are allografted from an HLA-identical related donor. Early experience with 
cord blood transplantation has shown it to be a safe procedure for thalassemia 
patients. Hematopoietic stem cell transplantation has been mainly successful 
in β-thalassemia. The risk for graft-versus-host disease (acute and chronic) 
after bone marrow transplantation from unrelated donors is at least as high 
in thalassemia as it is in other indications for bone marrow transplantation.

3. Heterozygosity for hemoglobin E:
 A. Is a rare form of unstable hemoglobinopathy
 B. Is associated with lifelong, low-grade hemolysis
 C. Causes iron overload from hyperabsorption of dietary iron
 D. Is frequently associated with iron deficiency
 E. Is of little if any clinical significance

Answer: E Hemoglobin E is one of the most common mutations in the 
world, especially in the Indian subcontinent and Southeast Asia. Its phenotype 
is that of a mild thalassemia, not an unstable hemoglobinopathy. It is of little 
if any clinical importance in its heterozygous form (HbE trait); even individu-
als who are homozygous for hemoglobin E (HbEE) usually have only mild 
anemia and microcytosis, without any clinical sequelae. Hemoglobin E can 
be mistaken for iron deficiency in the absence of further laboratory testing, 
but it is not known to be associated with iron deficiency.

REVIEW QUESTIONS

1. An 18-year-old woman from Pakistan has been observed for a lifelong 
severe microcytic and hypochromic anemia. Her hemoglobin levels have 
generally been in the range of 7 to 10 g/dL, but she recalls needing blood 
transfusions only twice in her life, on both occasions after traumatic bone 
fractures. Throughout childhood, her parents had kept her from playing 
sports or participating in activities requiring significant physical exertion 
because they had been told by pediatricians that she had a “weak heart.” 
She had markedly delayed puberty but now had regular menses. Physical 
examination shows marked hepatosplenomegaly; laboratory test abnor-
malities include indirect hyperbilirubinemia and hyperglycemia. What is 
the most likely diagnosis?
 A. β-Thalassemia major
 B. Homozygosity for hemoglobin E (HbEE)
 C. Hemoglobin H (HbH) disease
 D. Hydrops fetalis
 E. Hereditary juvenile hemochromatosis

Answer: C The clinical picture is most consistent with thalassemia intermedia. 
In the case of α-thalassemia, this would be most like hemoglobin H disease 
(most frequently resulting from the interaction of α+- and α0-thalassemia), 
with the β4 tetramers of hemoglobin H forming red cell inclusion bodies 
leading to chronic hemolysis. Patients with α- or β-thalassemia intermedia 
become severely iron overloaded from lifelong hyperabsorption of dietary 
iron, even without needing blood transfusions. A similar gut hyperabsorption 
of iron occurs in familial hemochromatosis states, but those individuals are 
not typically anemic. This patient’s hyperglycemia, growth retardation, pos-
sibly her bone fragility, and even the history of a “weak heart” (perhaps due 
to cardiomyopathy) are all manifestations of systemic iron overload. Thalas-
semias are especially prevalent not only in people of Mediterranean and Middle 
Eastern origin but also in those from the Indian subcontinent. In contrast to 
thalassemia intermedia, a patient with β-thalassemia major would be expected 
to be transfusion dependent throughout life. Hydrops fetalis, in which all four 
α-globin genes are deleted, is incompatible with life. Hemoglobin E, even in 
its homozygous state, causes little if any anemia and microcytosis.
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154 
SICKLE CELL DISEASE AND OTHER 
HEMOGLOBINOPATHIES
JO HOWARD

 SICKLE CELL DISEASE

 DEFINITION
Sickle cell disease is caused by a mutation in the β-globin gene (HBB). The 
resulting clinical syndromes are characterized by chronic hemolytic anemias 
and can be complicated by vaso-occlusion and vasculopathy that can cause 
widespread acute and chronic organ damage as well as premature mortality.

 EPIDEMIOLOGY
The sickle mutation became prominent several thousands of years ago in sub-
Saharan African and Arab-Indian populations. Its persistence was due to a 
selective advantage in areas where falciparum malaria was endemic, with sickle 
trait carriers estimated to have approximately 90% protection against severe 
malaria infection. The carrier frequency is now highest in West and Central 
Africa (up to 50%), in Arab populations in the Middle East, and in tribal 
populations in India (Fig. 154-1). Forced movement of African populations 
during the slave trade and, more recently, migration due to war and economic 
pressures have led to increasing numbers of carriers and of those affected in 
the Americas, the Caribbean, Europe, and worldwide.

The prevalence of sickle cell disease and sickle trait varies across the world, 
but more than 75% of the estimated 300,000 to 400,000 births affected annu-
ally with sickle cell anemia (HbSS) occur in sub-Saharan Africa, with these 
numbers predicted to increase.1
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ABSTRACT
Sickle cell disease (SCD) is caused by a homozygous GAG-to-GTG mutation 
in codon 6 of the β-globin chain of human hemoglobin that results in a single 
amino acid substitution, Glu6Val. This point mutation is sufficient to cause 
increased polymerization of hemoglobin in red blood cells that are deoxygen-
ated during transit through the microcirculation of tissues and organs, leading 
to distortion of red cell shape from round, pliable biconcave discs to rigid 
sickle cells that occlude the microvasculature. The clinical sequelae of this 
pathophysiology include episodic vaso-occlusive events that are associated 
with pain crises, hemolytic anemia, stroke, acute chest syndrome, pulmonary 
hypertension, urologic and renal complications that can lead to chronic kidney 
disease, and other ischemic organ involvement. Individuals who are hetero-
zygous for the mutation have sickle trait that does not cause disease but can 
be infrequently associated with specific complications. Curative options include 
hematopoietic stem cell transplantation and gene therapy but both are associ-
ated with significant morbidity and mortality. In addition to well-coordinated 
palliative care, the use of hydroxyurea and transfusion therapy, including 
exchange transfusions, has been found to favorably affect the natural history 
of the disease in certain situations.
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Hemoglobin variants that have the β-globin gene Glu6Val substitution (HbS) 
are prone to polymerization, and accumulation of these HbS polymers within 
sickled erythrocytes causes cellular injury, thereby leading to the clinical 
syndrome of sickle cell disease. In homozygous sickle cell disease (HbSS) 
or coinheritance of HbS and β0-thalassemia (HbSβ0-thalassemia), the cells 
contain HbS and no HbA and have the greatest clinical severity (sickle cell 
anemia). The coinheritance of HbS with other hemoglobin variants (e.g., 
HbC, HbE, HbSβ+-thalassemia, HbSDPunjab, HbSOArab) are also associated 
with sickling disorders of varying severity (Table 154-1). Although most of 
the more than 1000 hemoglobin mutations are clinically insignificant, others 
can occasionally affect the stability and function of hemoglobin and cause 
hemolytic anemia, disordered oxygen transport, or methemoglobinemia  
(Chapter 149).

 CLINICAL MANIFESTATIONS
Sickle Cell Carrier (Sickle Cell Trait, HbAS)
Approximately 18 to 25% of the population of sub-Saharan Africa are sickle 
cell carriers. Carriers are protected against intracellular sickling because the 
red cells contain a predominance of HbA compared with HbS (usually 35 to 
40% HbS) and the HbA inhibits hemoglobin polymerization, except under 
extreme conditions (prolonged hypoxia, acidosis, or dehydration). The carrier 
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FIGURE 154-2. Pathophysiology of sickle cell disease. an adenine (a) to thymidine (t) transversion (a6t) at codon 6 in the β-hemoglobin gene on chromosome 11 (HBB) leads to 
the substitution of a glutamic acid codon by a valine codon. β6 valine allows the hemoglobin S (hbS) molecule (α2β2

S) to polymerize when it is deoxygenated. DeoxyhbS polymer injures 
the erythrocyte and leads to a heterogeneous population of sickle cells with damaged membrane cytoskeleton, reduced cation and water content, and altered distribution of membrane 
lipids. in the vasculature, sickle cells interact with endothelium and other blood cells to cause vaso-occlusion. Some damaged erythrocytes hemolyze intravascularly, thereby releasing 
heme into the plasma to scavenge nitric oxide (nO) and to reduce hemoglobin to methemoglobin and nitrate. nO, by binding soluble guanylate cyclase, converts cyclic guanosine 
triphosphate to guanosine monophosphate, thereby relaxing vascular smooth muscle and causing vasodilation. a state of reduced endothelial nO bioavailability in sickle cell disease 
impairs the homeostatic vascular functions of nO, such as inhibition of platelet activation and aggregation and transcriptional repression of genes transcribing cell adhesion molecules. 
hemoglobin, heme, and heme iron catalyze the production of oxygen radicals and protein nitration, potentially further limiting nO bioavailability and activating endothelium. lysed 
erythrocytes also liberate arginase, which destroys l-arginine, the substrate for nO production, providing another mechanism for endothelial nO deficiency. the normal balance of 
vasoconstriction versus vasodilation is therefore skewed toward vasoconstriction as well as endothelial activation and proliferation. ec = epithelial cell; iSc = irreversibly sickled cell; n 
= neutrophil; r = reticulocyte; rbc = red blood cell. 
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FIGURE 154-1. Worldwide prevalence of the sickle cell trait. Shown are the percent-
ages of individuals with sickle cell trait in regions of the world where the hemoglobin S 
(hbS) gene is often present. in each geographic area, the prevalence of sickle cell trait 
can vary markedly according to racial or ethnic group, by historical migration patterns, 
and even from village to village. not shown is the high concentration of the hbS gene 
in areas of europe, such as london, manchester, and paris, where migrants from africa 
or afro-caribbean populations have settled. 

 PATHOBIOLOGY
Globin, which is the protein portion of hemoglobin, has an iron-containing 
porphyrin heme ring that allows the molecule to transport oxygen efficiently. 
Mutations that cause changes in the amino acid sequence of the globin poly-
peptide can cause clinically significant diseases, including sickle cell disease, 
that collectively are termed hemoglobinopathies. Sickle hemoglobin 
(HbS:α2β2

s), which is caused by an adenine (A) to thymidine (T) substitu-
tion (GAG to GTG) in codon 6 of the β-globin gene (HBB), results in a 
valine residue (Glu6Val) instead of the normal glutamic acid residue (Fig. 
154-2). Homozygous sickle cell disease (HbSS) is an autosomal recessive 
condition, so each offspring of two sickle cell carrier parents has a 25% chance 
of being affected (Fig. 154-3AI).

HbS polymerizes when it becomes deoxygenated, and this distorts the shape 
of red cells into the characteristic sickle shape (Fig. 154-3Aii) and leads to 
red cell damage, hemolysis, and vaso-occlusion. The deoxygenation of red 
cells occurs in the circulation as they cross the capillary bed; but as they return 
to the lungs, oxygen uptake takes place, and the polymers deaggregate. This 
sickling–desickling cycle is repeated as the red cell recirculates, but if the 
passage of red cells is delayed, cell sickling, membrane damage, and thereby 
vaso-occlusion occur before transit through the microvasculature is complete. 
Polymer formation (and severity of sickling) may be increased by increased 
intracellular hemoglobin concentration, low pH, and raised temperature and 
is decreased by the presence of other intracellular hemoglobins, such as fetal 
hemoglobin (HbF).

Sickle hemoglobin polymerization leads to red cell damage by several 
mechanisms that result in red cell destruction (hemolysis) and vaso-occlusion.2 
Most hemolysis is extravascular because it occurs when macrophages recognize 
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Hemoglobin variants that have the β-globin gene Glu6Val substitution (HbS) 
are prone to polymerization, and accumulation of these HbS polymers within 
sickled erythrocytes causes cellular injury, thereby leading to the clinical 
syndrome of sickle cell disease. In homozygous sickle cell disease (HbSS) 
or coinheritance of HbS and β0-thalassemia (HbSβ0-thalassemia), the cells 
contain HbS and no HbA and have the greatest clinical severity (sickle cell 
anemia). The coinheritance of HbS with other hemoglobin variants (e.g., 
HbC, HbE, HbSβ+-thalassemia, HbSDPunjab, HbSOArab) are also associated 
with sickling disorders of varying severity (Table 154-1). Although most of 
the more than 1000 hemoglobin mutations are clinically insignificant, others 
can occasionally affect the stability and function of hemoglobin and cause 
hemolytic anemia, disordered oxygen transport, or methemoglobinemia  
(Chapter 149).

 CLINICAL MANIFESTATIONS
Sickle Cell Carrier (Sickle Cell Trait, HbAS)
Approximately 18 to 25% of the population of sub-Saharan Africa are sickle 
cell carriers. Carriers are protected against intracellular sickling because the 
red cells contain a predominance of HbA compared with HbS (usually 35 to 
40% HbS) and the HbA inhibits hemoglobin polymerization, except under 
extreme conditions (prolonged hypoxia, acidosis, or dehydration). The carrier 

damaged sickle erythrocytes, thereby resulting in erythrophagocytosis. Intra-
vascular hemolysis liberates hemoglobin into the circulation, where it binds 
to and thereby depletes free plasma haptoglobin and also scavenges nitric 
oxide (NO). In addition these sickled red cells adhere to activated vascular 
endothelial cells, promoting inflammation and leukocyte and platelet adher-
ence to endothelium. These interactions with endothelium lead to vascular 
obstruction, tissue ischemia, and then vaso-occlusion. Endothelial cells respond 
to biologic modifiers that are generated during these vaso-occlusive episodes 
and the resulting inflammation. The initiation of vaso-occlusion is complex, 
and mechanisms include the following:
•	 Cellular	damage	from	adhesive	interactions	among	sickle	cells,	leucocytes,	

endothelial cells, and platelets and involving cell adherence molecules such 
as P selectin, which is expressed on endothelial cells and platelets when 
they are activated. Leucocytes are then captured on the endothelium.

•	 Adherent	sickle	cells	and	shear	stresses	that	release	reactive	oxidant	species,	
express endothelin, and disturb NO balance.

•	 Reperfusion	 injury,	 which	 can	 activate	 endothelial	 cells	 and	 stimulate	
inflammation.

•	 Reticulocytes,	which	are	prematurely	released	from	the	bone	marrow,	have	
adhesive ligands that augment interactions between erythrocytes and endo-
thelial cells.
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FIGURE 154-3. Diagnosis of sickle cell disease. A, a prototypical family structure in which both parents (i) have sickle cell trait and each offspring (ii) has a 25% chance of having 
sickle cell anemia (SS). each child of an affected parent (iii) will have sickle cell trait (Sa) if the other parent has a normal hemoglobin (aa) genotype. the blood films (center and right) 
are from patients with sickle cell anemia and hbSc disease, respectively. note the irreversibly sickled cells in the former and the hemoglobin c (hbc) crystal and target cells in the latter. 
B, high-performance liquid chromatography profiles from patients with sickle cell trait (left), sickle cell anemia (center), and hbSc disease (right). C, amplification-refractory mutation 
system–based separation of the β-globin genes from a normal subject (aa), a carrier of sickle cell trait (aS), and a patient with sickle cell anemia (SS). 
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(Table 154-2). Acute complications include an increased risk for infection, 
stroke, and chest complications. Chronic complications include chronic lung 
disease, chronic renal failure, pulmonary hypertension, and ophthalmologic 
complications. These are discussed in more detail later.

Complications experienced will typically vary with age. Dactylitis (pain 
crisis affecting hands and feet) is often the first symptom seen in young chil-
dren as the levels of HbS increase between 6 and 12 months of age due to 

state is not generally regarded as harmful, and carriers have a normal life 
expectancy, but it has been associated with some clinical complications.3

Limited epidemiologic studies of individuals with sickle cell trait (SCT) 
have suggested an increased risk for extreme exercise- and physical exertion–
related injury, broadly including exertional rhabdomyolysis, heat-associated 
collapse, and unexplained sudden death. A retrospective cohort study among 
U.S. enlisted military personnel who were SCT-positive or SCT-negative sug-
gested an association between SCT and exertional heat illnesses.4 SCT screening 
is currently required in some branches of the U.S. armed forces. SCT can be 
likewise a cause of death during training and competition in athletes.5	Renal	
abnormalities are among the most common manifestations of SCT, including 
hematuria and impaired urinary concentrating ability, and can lead to albu-
minuria and chronic kidney disease. Individuals with SCT, like those with 
sickle cell disease, are at increased risk for venous thromboembolism, specifi-
cally pulmonary embolism.6

Sickle Cell Disease
Sickle cell disease has remarkably variable clinical manifestations. An individual 
patient can have almost all known complications, whereas others may have 
almost no complications but nevertheless die suddenly; others have some 
severe complications but do not demonstrate other manifestations. Thus, 
despite being a prototypical “single-gene” mendelian disorder, the phenotypic 
variability is striking. Certainly, the different sickle genotypes have differing 
severity, with HbSS and HbSβ0-thalassemia following a similarly severe disease 
course and those with HbSC, HBSβ+-thalassemia, and the other genotypes 
tending to have a milder disease phenotype. There is considerable overlap 
between genotypes, however, so some with HbSS may have infrequent pain 
episodes and few complications, whereas others with HbSC may experience 
frequent severe pain crises. Factors causing this phenotypic variability include 
coinheritance of disease-modifying genes, including HbF, α-thalassemia, as 
well as genes affecting inflammation, nitric oxide biology, oxidant injury, cell-
cell interactions, vasoregulation, coagulation, and hemostasis.

Multiorgan Disease and Variation with Age
While sickle cell disease is most commonly associated with anemia and repeated 
pain episodes, the pathophysiologic process can affect all organs in the body 

TABLE 154-1 GENETIC AND LABORATORY FEATURES OF COMMON SICKLE HEMOGLOBINOPATHIES*

GENOTYPE GENETICS

PREVALENCE 
AMONG AFRICAN 

AMERICANS†
HEMATOCRIT 

(%) MCV (fL) HbS (%) HbA2 (%) HbF (%) SEVERITY‡

Sickle cell anemia (HbSS) Homozygous HbS 1 : 600 18-28 85-95 >85 2-3 2-15 4
HbSS-α-thalassemia Homozygous HbS 

α+-thalassemia
30% of HbSS patients 25-33 70-85 >85 4-6 2-15 4

HbSC disease (HbSC) Compound heterozygous 
HbS, HbC

1 : 800 28-40 70-85 50 2-3 1-8 2

HbS-β0-thalassemia (HbS-β0-Thal) Compound heterozygous 
HbS, β0-thalassemia

1 : 1600 20-30 65-75 >85 4-6 5-15 4

HbS-β+-thalassemia (HbS-β+-Thal) Compound heterozygous 
HbS, β+-thalassemia

1 : 1600 30-40 60-70 70-95 4-6 2-10 1-3

HbSE disease (HbSE) Compound heterozygous 
HbS, HbE

Rare§ 30-45 70-80 60 2-3 1 1-2

HbS-HPFH Compound heterozygous 
HbS and gene 
deletion HPFH

Rare 38-45 70-80 70 2 20-30 0

Sickle cell trait (HbAS)¶ Heterozygous HbS 1 : 12 38-50 80-90 35-40 2-3 <1 0
Normal (HbAA) Homozygous HbA — 38-50 80-90 0 2-3 <1 —
Hb = hemoglobin; HPFH = hereditary persistence of HbF; MCV = mean corpuscular volume.
*Many other abnormal globin genes can be found as compound heterozygotes with the HbS gene. The most common of these are α-thalassemia, HbD, HbO (Arabia), HbG (Philadelphia), HPFH, Hb Hope, 
and Hb Lepore. Average ranges of laboratory values are shown, but these can vary according to the patient’s age.
†These figures differ by the prevalence of the involved genes in the population studied. In West and Central Africa, where the disease is most common, approximately 2% of all newborns have sickle cell disease. 
The prevalence of the HbC trait in African Americans is 3%, and that of the β-thalassemia trait is 1%. About 30% of African Americans carry an α-thalassemia gene, which can alter the phenotype of sickle cell 
disease by causing microcytosis, reduced cell density, and less hemolysis.
‡Severity of disease compared with sickle cell anemia, clinically the most severe genotype. This is a qualitative ranking of the clinical severity of each genotype; within each genotype, there is great clinical 
heterogeneity.
§Although this combination is still a rare genotype, the rising Asian population in the United States (HbE is a Southeastern Asian gene) will make it more frequent with time. With few cases reported compared 
with the other genotypes, the phenotype of HbSE disease is not totally defined. It may resemble HbS-β+-thalassemia with symptoms appearing mainly in adults.
¶Sickle cell trait should not be classified as a form of sickle cell disease. About 8% of African Americans are carriers of HbS. Carriers are hematologically normal with a normal life expectancy. The few 
abnormalities traceable to the presence of HbS, besides the renal lesions, include a four-fold increased risk for pulmonary embolism, an increased risk for splenic infarction at high altitude, and a higher risk for 
dying during the course of exertional heat illness.

TABLE 154-2 ACUTE AND CHRONIC COMPLICATIONS OF 
SICKLE CELL DISEASE

SYSTEM ACUTE COMPLICATIONS
CHRONIC 

COMPLICATIONS
Neurologic Acute ischemic stroke

Acute hemorrhagic stroke
Venous sinus thrombosis

Silent cerebral ischemia
Vasculopathy (moya moya)
Headache
Cognitive dysfunction

Cardiorespiratory Acute chest syndrome Pulmonary hypertension
Asthma
Chronic sickle lung disease
Sleep-disordered breathing
Myocardial impairment

Renal Acute renal failure
Hematuria
Urinary tract infection

Enuresis
Proteinuria
Chronic renal failure

Urologic Priapism Erectile dysfunction
Orthopedic Osteomyelitis Avascular necrosis
Ophthalmologic Vitreous hemorrhage

Retinal	detachment
Retinal	artery	occlusion

Retinopathy

Others Acute splenic sequestration
Acute hepatic sequestration
Gallstone disease (biliary 

colic, cholecystitis)

Chronic splenomegaly
Splenic dysfunction
Sickle hepatopathy
Leg ulceration
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FIGURE 154-4. Human globin genes. expression of globin genes during development. 
the α chains are expressed throughout gestation and adult life, the fetal γ-globin chains 
are expressed predominantly in utero, and the β-globin and δ-globin genes are expressed 
mainly postnatally. this switching of gene expression patterns accounts for the different 
hemoglobins present in the embryo, fetus, and adult. it also accounts for the observation 
that disorders of α-globin can affect both fetus and adult, whereas β-globin chain diseases 
usually are not clinically apparent in the first months of life, when fetal hemoglobin levels 
are still high. 

hemoglobin switching from HbF to HbS (Fig. 154-4). Splenic dysfunction 
occurs early in life, causing early susceptibility to infection with high rates of 
infective deaths in the absence of antibiotic prophylaxis and vaccination. Splenic 
sequestration is most common in those younger than 5 years before the devel-
opment of splenic infarction, although it may occur later in those with milder 
disease phenotypes. Before the introduction of transcranial Doppler screening 
and primary stroke prevention (see later), stroke was most common in young 
children and in older adults. There has been a marked decrease in stroke rate 
in children, but it persists in adults.

Most chronic organ damage does not become clinically significant until 
adulthood, but invariably organ damage will begin in early childhood. For 
example, while evidence of renal dysfunction (hyposthenuria and microalbu-
minuria) occurs from early childhood, end-stage renal failure is uncommon 
before late adulthood. Similarly, acute chest syndrome (ACS), asthma, and 
sleep-disordered breathing are all common in children, but severe chronic lung 
disease becomes apparent in adulthood. Pulmonary hypertension, retinopathy, 
leg ulcers, and avascular necrosis are all uncommon in childhood.

With an increasing life expectancy in countries with developed health care 
systems, sickle cell disease has now evolved into a debilitating disorder with 
substantial morbidity resulting from ongoing sickle cell vasculopathy and 
multiorgan damage.7 In the same way that the introduction of primary stroke 
prevention has affected the natural history of stroke in sickle cell disease, it is 
likely that the early introduction of hydroxyurea will alter the natural history 
of the chronic complications of sickle cell disease. The full impact of this is 
not yet clear, but certainly hydroxyurea improves survival in sickle cell disease.

Pain
Acute Pain
Acute pain episodes (vaso-occlusive crises) are the hallmark of sickle cell 
disease, occur with unpredictable frequency, and may be triggered by infec-
tion, dehydration, or stress, or they may occur with no precipitant. Young 
children typically experience pain in the fingers and toes (dactylitis), but older 
children and adults tend to experience pain in the arms, legs, and trunk. Exami-
nation of the affected area is usually normal, but there may be swelling and 
acute tenderness. There are no diagnostic tests for sickle crisis, so diagnosis 
is usually based on patient history; patients will usually describe their pain as 
typical for sickle cell disease. Atypical pain needs further investigation to look 
for alternative causes. Pain crises are the most common reason for hospital 
admission in patients with sickle cell disease, but pain is also experienced 
frequently in the community and can have a significant impact on quality of 
life. A large diary study of adults with sickle cell disease showed that almost 
30% had pain on more than 95% of days and only 14% had pain on less than 
5% of days. Patients experienced pain on 54.5% of days but only utilized health 
care on 3.5% of days.

Mild pain episodes can be managed at home with simple analgesia 
(paracetamol, nonsteroidal anti-inflammatory drugs), fluids, and rest, but more 
severe pain crises may need hospital admission for strong opiate analgesia. 

Patients and their families should be made aware of situations when they 
should be seen in the hospital. These “red flag” events are outlined in Table 
154-3. Inpatients may be treated with oral or parenteral opiates; patients often 
find patient controlled analgesic (PCA) devices beneficial, and there is some 
evidence that the use of PCAs reduces total opiate intake. Patients being treated 
with opiates should be monitored for respiratory depression and excessive 
sedation and should be offered adjuvant therapy to manage opiate side effects 
(emesis, constipation, and pruritus). Doses of opiate pain relief should be 
titrated down as soon as pain settles.

Patients with acute pain episodes should be monitored for the development 
of other complications, particularly ACS (see later). This typically commences 
24 to 72 hours after the onset of an acute pain crisis and is more common in 
those with chest and back pain. Early incentive spirometry in those with chest 
and back pain may reduce the incidence of ACS, and regular monitoring of 
oxygen saturations will allow early identification of those with worsening 
hypoxia, which can be a precursor to ACS.

Patients with recurrent acute pain crisis should be offered hydroxyurea 
therapy.

Chronic Pain
Chronic pain refers to pain lasting for more than 3 months. In patients with 
sickle cell disease, this may due to an underlying cause, most commonly avas-
cular necrosis. Others may experience severe daily pain with no clear stimulus. 
This can be due to central sensitivity syndromes, associated with increased 
sensitivity to painful and nonpainful stimuli, and precipitated and reinforced 
by repeated painful and stressful stimuli. This can be difficult to treat and 
worsened	by	opiate	therapy.	Referral	to	chronic	pain	services	is	often	helpful	
(Chapter 27).

Anemia
Patients with HbSS/HbSβ0-thalassemia usually have a baseline hemoglobin 
of 6 to 9 g/dL. Those with HbSC and HbSβ+-thalassemia will have a higher 
baseline hemoglobin of 8 to 12 g/dL. This is usually well tolerated, although 
some patients will experience significant fatigue. Anemia often worsens in 
older adulthood, sometimes associated with renal dysfunction, and patients 
may need intervention with hydroxyurea, transfusions, or erythropoiesis-
stimulating agents.

Acute anemia (a decrease in hemoglobin of >2g/dL) may be associated 
with worsening symptoms of fatigue and breathlessness, and intervention 
with transfusion may be required. Causes of acute anemia include worsening 
hemolysis, parvovirus (erythrovirus) B19 infection (potentially causing pure 
red cell aplasia or hypoplasia), splenic sequestration, folate deficiency, and 
any cause of anemia seen in non–sickle cell disease patients. Parvovirus B19 
causes slapped-cheek syndrome in children. It usually manifests as an acute 
viral illness with profound anemia and reticulocytopenia. Splenic sequestration 
is most common in young children before splenic infarction and is character-
ized by anemia and splenic enlargement. Both should be treated with simple 
transfusion, aiming for a return to the patients’ baseline hemoglobin.

Neurologic Complications
Acute Ischemic Stroke
Acute ischemic stroke (AIS) was previously a common complication in chil-
dren and adults with sickle cell disease and an important cause of morbidity 
and mortality, with rates of approximately 10% by the age of 20 and 25% by 
40 years. Historically, the highest incidence was in children between 2 and 9 
years of age, with high rates also seen in those older than 40 years. Cerebral 

TABLE 154-3 SYMPTOMS THAT SHOULD PROMPT HOSPITAL 
ADMISSION: “RED FLAG” EVENTS

•	 Severe	pain	not	settling	with	usual	analgesia
•	 Atypical	pain
•	 Temperature	>38° C
•	 Chest	pain
•	 Shortness	of	breath
•	 Neurologic	symptoms	(e.g.,	weakness	of	a	limb	or	facial	droop,	diminished	level	

of consciousness)
•	 Pain	associated	with	unusually	severe	headaches
•	 Severe	lethargy
•	 Priapism
•	 Severe	jaundice
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3 years leads to increased stroke recurrence, whereas changing to hydroxyurea  
therapy after 1 year of transfusions is as effective as continuing with trans-
fusion. A3  Therefore, children can be offered hydroxyurea after being treated 
with transfusion for more than 1 year.

Cardiorespiratory Complications
Acute Chest Syndrome
ACS is an acute illness characterized by fever and/or respiratory symptoms 
accompanied by a new pulmonary infiltrate on chest radiograph. Patients may 
present to the hospital with ACS, or ACS may develop 1 to 3 days after admis-
sion for an acute pain crisis. Etiologies include infection (bacterial or viral), 
fat embolism, and pulmonary infarction. Severity is variable, but it may result 
in severe hypoxia, respiratory failure, and death. Initial treatment is supportive 
with pain relief, antibiotics, and oxygen therapy, but more severe presentations 
may require treatment with simple or exchange transfusion and/or noninvasive 
or invasive respiratory support.11 Patients with severe or recurrent ACS should 
be offered treatment with hydroxyurea.

Pulmonary Hypertension
Pulmonary hypertension (PH) is a raised mean pulmonary artery pressure 
(mPAP) of 25 mm Hg or greater, diagnosed by right heart catheterization 
(Chapter 75). It is reported in 6 to 11% of adults with sickle cell disease and 
is associated with increased mortality. Pathogenesis is multifactorial and includes 
left-sided heart disease, chronic lung disease, chronic thromboembolic disease, 
and intravascular hemolysis. Echocardiography has been used as a noninvasive 
tool	for	the	evaluation	of	PH,	and	a	tricuspid	regurgitant	jet	velocity	(TRV)	
of greater than 250 cm/second is seen in about 30% of adults with sickle cell 
disease and is associated with both an increased risk for PH and increased 
mortality.	Raised	TRV	alone	is	not	a	good	predictor	of	PH,	and	sensitivity	
can be increased by combining it with symptoms, N-terminal pro–brain natri-
uretic peptide (BNP) and the 6-minute walk test. Screening with echocar-
diography may identify those at increased risk for PH and who may need 
further investigation or intervention. Patients with catheterization-proved PH 
should be offered sickle cell disease–modifying therapy or PH-specific therapy 
under the guidance of a PH expert.

Chronic Sickle Lung Disease and Sleep-Disordered Breathing
Asthma has been described in 17 to 22% of children with sickle cell disease 
and may be caused by increased pulmonary capillary blood flow or by the 
chronic inflammation of the lungs. Asthma is not increased in adults with 
sickle cell disease. From older childhood, patients with sickle cell disease 
develop restrictive lung defects; these are seen in up to 70% of adults and can 
be associated with daytime hypoxia. Progressive restrictive lung defects with 
fibrosis on high-resolution CT scanning may be seen and can result in chest 
pain and severe hypoxia.

Sleep-disordered breathing includes nocturnal hypoxia and obstructive 
sleep apnea (OSA) and is seen up to 40% of children and 60% of adults with 
sickle cell disease. In children, OSA may be associated with tonsillar hyper-
trophy and may respond to tonsillectomy; in adults, this association is seldom 
seen. Treatment with nocturnal oxygen or noninvasive respiratory support 
may be required.

Renal and Urologic Complications
Renal	complications	are	seen	in	up	to	60%	of	patients	with	sickle	cell	disease,	
commencing in early childhood and progressing with increasing age. A distal 
renal tubule–concentrating defect is an early manifestation of renal damage 
resulting in hyposthenuria (an inability to concentrate urine), nocturnal enure-
sis, and a predisposition to dehydration. Because of this, patients with sickle 
cell disease should be encouraged to maintain a high daily fluid intake. Increased 
glomerular	filtration	rate	(GFR)	is	also	apparent	from	early	childhood	because	
of increased renal cortical blood flow due to anemia and high cardiac output 
and due to cortical and medullary ischemia. This glomerular hyperfiltration 
leads to glomerular hypertrophy and damage and then to microalbuminuria, 
which is seen in 20% of children and 60% of adults with sickle cell disease 
and can progress to unselective proteinuria and even nephrotic syndrome. 
Proteinuria is associated with progression of chronic kidney disease, so patients 
should be offered screening for proteinuria (with albumin-creatinine or protein-
creatinine ratio) and early intervention with angiotensin-converting enzyme 
inhibitors	(ACEi)	or	angiotensin	receptor	blockers	(ARBs)	with	significant	
proteinuria (protein-creatinine ratio >50 mg/mmol).

Progressive renal dysfunction is seen with increasing age in some patients 
and can result in end-stage kidney disease and a requirement for dialysis or 

vasculopathy is the most common cause in children, but in adults, comorbidi-
ties include diabetes, hypertension, and atrial fibrillation. AIS can also occur 
in the context of acute pain crisis or acute anemia. The typical features of AIS 
(Chapter 379) are usually seen, including hemiparesis, facial droop, or dys-
phasia, but patients may present with loss of consciousness or behavioral 
change. Urgent neuroimaging should be organized, and magnetic resonance 
imaging	(MRI)	or	magnetic	resonance	angiography	examinations	will	confirm	
and localize the stroke, although computed tomography (CT) may be used 
in the emergency situation to rule out acute hemorrhagic stroke (see later).

After initial management with hydration and oxygenation, urgent exchange 
transfusion should be performed aiming to minimize ischemic damage and 
improve perfusion of the brain. If there is marked anemia (hemoglobin <6 g/
dL), simple transfusions may be given before exchange transfusion, but there 
is observational evidence that initial exchange transfusion prevents recurrent 
stroke more effectively than initial simple transfusion.8 Usual practice is to 
aim for a post-transfusion hemoglobin of about 10g/dL and HbS% of less 
than 30%. There are limited data on the role of thrombolysis in adults with 
sickle cell disease and AIS, but a recent comparison of sickle cell disease and 
non–sickle cell disease controls who received thrombolytic therapy for treat-
ment of stroke showed no significant differences between the two groups in 
safety or in outcome.9 Therefore, adults with sickle cell disease and AIS should 
be offered thrombolysis, unless there are contraindications, in addition to 
exchange transfusion.

The risk for recurrent stroke is high and patients should be offered long 
term blood transfusion to maintain HbS% of less than 30%. This can be most 
effectively achieved by repeated automated or manual exchange transfusions. 
Randomized	comparison	of	long	term	transfusion	versus	hydroxyurea	therapy	
showed that transfusion was the most effective way of preventing recurrent 
stroke. A1  Surgical revascularization may be indicated for patients with recur-
rent AIS or progressive vasculopathy.

Acute Hemorrhagic Stroke
Patients with sickle cell disease also are at increased risk for intracerebral, 
intraventricular, subdural, and subarachnoid hemorrhage (Chapter 380). This 
is often related to the underlying cerebral vasculopathy. Both moyamoya (a 
rare, chronic occlusive cerebrovascular disease characterized by progressive 
stenosis of the intracranial terminal carotid arteries with an abnormal vascular 
network at the base of the brain) and cerebral aneurysms have an increased 
incidence in this group of patients. Presentation with headache and decreased 
consciousness is more common than with focal neurologic signs. CT will 
show acute intracerebral hemorrhage, and xanthochromia in cerebrospinal 
fluid will confirm a subarachnoid hemorrhage. Treatment should be on a 
specialized neurosurgery unit and should be as in patients without sickle cell 
disease. Exchange transfusion therapy should be considered before neurosurgi-
cal intervention.

Silent Cerebral Infarction
MRI	of	patients	with	sickle	cell	disease	frequently	shows	small	ischemic	lesions	
that are not associated with neurologic deficits. These silent cerebral infarcts 
increase with increasing age from about 10% in infants to 28% by age 5 years, 
37% by 15 years, and more than 50% by 30 years10 and are associated with 
cognitive impairment, including a reduction in IQ. The Silent Infarct and 
Transfusion (SIT) trial randomized children with silent cerebral infarction 
(SCI) to transfusion therapy or not and showed a significant reduction in the 
composite end point of progressive SCI and overt acute stroke in those on 
transfusion.	MRI	screening	of	children	may	identify	those	affected	at	an	early	
age who would benefit from educational or medical intervention. A2 

Other Neurologic Complications
Venous sinus thrombosis, posterior reversible encephalopathy syndrome 
(PRES),	 and	headaches	 are	 also	more	common	 in	patients	with	 sickle	 cell	
disease.

Primary Stroke Prevention
Abnormalities on transcranial Doppler (TCD) screening in children with 
sickle cell disease have shown that raised time-averaged mean of maximal 
velocity (TAMMV) is associated with increased stroke risk. The STOP trial 
randomized children with abnormal TCD to transfusion or standard care and 
showed a 91% reduction in stroke risk with transfusion therapy. TCD scan-
ning is now routine in children 2 to 16 years old, and, if scans are abnormal, 
children are offered regular transfusion therapy to maintain HbS% at less than 
30%. Further randomized trials have shown that stopping transfusions after  

or amniocentesis) early enough to allow reproductive choice. Preconceptual 
screening provides couples with information about the risks of an affected 
birth before conception and allows them to consider the option of preim-
plantation diagnosis.

The aim of neonatal screening is to identify babies with sickle cell disease 
before their first clinical presentation in order to improve clinical outcomes 
and reduce early mortality by prompt infection prevention and engagement 
with comprehensive care.

 TREATMENT
Infection and Infection Prophylaxis
Sickle cell patients experience increased morbidity and mortality from infec-
tion, in part due to functional asplenia or hyposplenia and also due to increased 
rates of gram-negative sepsis. Hyposplenia develops from infancy and leads 
to a deficiency in response to encapsulated bacteria and hence increased risk 
for invasive infection with organisms such as Streptococcus pneumonia, Neisseria 
meningitides, and Haemophilus influenzae type b.

Early treatment with antibiotic prophylaxis and pneumococcal vaccination 
has decreased the risk for early mortality and morbidity from invasive pneu-
mococcal disease, although vaccine-resistant serotypes can still cause serious 
infections.13 Infants identified by neonatal screening should be started promptly 
on antibiotic prophylaxis and vaccination programs.

General Measures
Sickle cell disease is a chronic disease for which good nutrition and adequate 
fluid intake should be encouraged. Patients and their families should be edu-
cated about acute complications and should be taught how to palpate the 
spleen, how to manage simple pain crises, and when to go to the emergency 
department.	Regular	outpatient	clinic	visits	will	ensure	appropriate	screening	
for chronic disease complications (including screening for stroke risk) and 
early intervention. The increased production of red blood cells, combined 
with inadequate nutrition, leads to accelerated consumption of folic acid; 
supplementary folic acid is typically recommended, although patients with a 
good dietary intake may not require it. There are significant psychosocial 
implications of chronic illness, and patients and their families should be offered 
psychological and social support if needed. The transition from pediatric to 
adult care is a time of heightened vulnerability and should be managed in a 
structured way.

Management of Pregnancy
While most women with sickle cell disease should expect to have success-
ful pregnancies and healthy babies, these pregnancies are associated with an 
increased rate of maternal and fetal morbidity and mortality. These include 
increased sickle complications (pain, chest complications), pregnancy com-
plications (infection, raised blood pressure), and high rates of premature birth 
and fetal growth restriction. Women should be counseled about pregnancy 
risk during their routine outpatient appointments, and preconceptual care 
should include partner screening, review of medications, and evaluation of 
chronic complications that may affect the pregnancy. When pregnant, women 
should be enrolled into multidisciplinary antenatal care from an obstetrician 
with experience in sickle cell disease and a hematologist. Caregivers should 
consider prescribing daily low-dose aspirin (75 mg) for prevention of pre-
eclampsia. Patients should be followed regularly throughout pregnancy with 
blood pressure, urinalysis, and ultrasound monitoring. Prophylactic transfusion 
is not recommended for all pregnancies but may reduce the risk for pain 
crisis, chest complications, and fetal complications.14 If there are no obstet-
ric complications, the pregnancy should be allowed to continue to term, 
anticipating spontaneous labor and normal delivery. Women with sickle cell 
disease are at increased risk for venous thrombosis, and their risk should 
be assessed using appropriate tools and the need for thromboprophylaxis  
considered.

Management of Surgery
General anesthesia is associated with increased risk for complications, in par-
ticular, increased pain crises and acute chest crises. These complications can 
be reduced with careful preoperative care (hydration, oxygenation) and con-
sideration of preoperative blood transfusion. Simple transfusion aiming for a 
hemoglobin concentration of more than 9g/dL is as effective as exchange 
transfusion for low- and moderate-risk surgery, but high-risk surgery (cardiac 
or neurosurgery) will need preoperative exchange transfusion. A4 

,
 A5  In low- to 

moderate-risk surgery in patients with non-HbSS genotypes, transfusion may 
not be needed.

renal transplantation.12	Renal	function	should	be	monitored	regularly	to	allow	
optimization of treatment of hypertension and proteinuria and thereby slow 
progression.

Hematuria is also common in sickle cell disease, as well as in sickle cell trait 
(see earlier), and can be due to renal papillary necrosis. This can be painful 
and profuse, requiring treatment with blood transfusion and occasionally with 
interventional radiology or surgery. Hematuria in patients older than 40 years, 
particularly	if	painless,	should	always	be	referred	to	the	urologist.	Renal	med-
ullary carcinoma is a highly aggressive malignancy that predominantly afflicts 
young adults and adolescents with sickle cell hemoglobinopathies.

Acute kidney injury occurs in 2 to 10% of those admitted with acute painful 
crisis	and	can	be	precipitated	by	dehydration,	sepsis,	and	drugs.	Renal	func-
tion and urine output should be monitored in those admitted with pain  
crises.

Priapism
Priapism is a persistent, prolonged, and painful penile erection unrelated to 
sexual stimulation. It is common in men and boys with sickle cell disease and 
may occur as short, intermittent, self-limited episodes (stuttering priapism) 
or as severe acute episodes lasting for more than an hour (fulminant priapism). 
Acute priapism may be preceded by stuttering priapism and can result in 
long-term erectile dysfunction. Young men with sickle cell disease should be 
educated about priapism and encouraged to come to the emergency depart-
ment for episodes lasting more than 1 hour. Initial conservative management 
includes pain relief, fluids, gentle exercise and urination, and oral α-adrenergic 
agents (etilefrine). If the priapism fails to resolve, a urologist should be con-
tacted to perform penile aspiration; this can be combined with the injection 
of α-adrenergic agents into the corpus cavernosa. The procedure will often 
cause detumescence, but if not, further surgical intervention will be needed. 
Transfusion therapy may be helpful to support surgery and possibly to relieve 
persistent priapism. Treatment of stuttering priapism should be considered 
for symptomatic relief and with the aim of preventing future episodes of ful-
minant priapism. Oral α-adrenergic agents and antiandrogens should be 
considered under guidance of an expert urologist, and phosphodiesterase type 
5 (PDE5) inhibitors may also be considered.

 DIAGNOSIS
Routine Blood Tests
The usual steady-state hemoglobin level is 5 to 10 g/dL in HbSS and is higher 
in the milder phenotypes. The anemia in HbSS is typically normochromic 
and normocytic, but microcytosis is often seen in HbSC disease, and marked 
microcytosis and hypochromia are seen in HbSβ-thalassemia. There is usually 
reticulocytosis and evidence of hemolysis with a raised bilirubin and lactate 
dehydrogenase (LDH). The blood film in HbSS will show numerous sickle 
cells, polychromasia, and features of hyposplenism (in adults). In addition, 
hypochromia is also prominent in HbSβ-thalassemia. In HbSC disease, target 
cells, densely staining contracted boat-shaped red cells, and HbC crystals may 
be seen with less sickled cells and polychromasia than in HbSS (Figs. 154-3Aii 
and 154-3Aiii).

Analysis of Hemoglobin Type
High-pressure liquid chromatography (HPLC) is now the most common 
method of hemoglobin analysis. Variant hemoglobins are identified by their 
elution time from an ion exchange column and can be quantified. HPLC is 
quick, is reliable, and allows high throughput of samples (Fig. 154-3B). Con-
firmatory testing should be performed with alternative techniques. These 
include the following:
•	 The	sickle	solubility	test	will	detect	sickling	of	hemoglobin	in	solution	by	

treatment with a reducing agent. It is specific for sickle hemoglobin but 
does not differentiate between HbAS, HbSS, and other compound hetero-
zygotes of sickle cell hemoglobin.

•	 Hemoglobin	 electrophoresis	 was	 the	 first	 method	 used	 to	 demonstrate	
hemoglobin variants but is time-consuming and labor-intensive.

•	 DNA	sequence	analysis	identifies	the	specific	globin	gene	mutation	(Fig.	
154-3C).

•	 Tandem	mass	spectrometry	identifies	the	specific	amino	acid	change	in	the	
globin chain.

 SCREENING
Antenatal and Neonatal Screening
Antenatal screening aims to identify couples at high risk for an affected preg-
nancy to enable counseling and prenatal diagnosis (via chorionic villus sampling 
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or amniocentesis) early enough to allow reproductive choice. Preconceptual 
screening provides couples with information about the risks of an affected 
birth before conception and allows them to consider the option of preim-
plantation diagnosis.

The aim of neonatal screening is to identify babies with sickle cell disease 
before their first clinical presentation in order to improve clinical outcomes 
and reduce early mortality by prompt infection prevention and engagement 
with comprehensive care.

 TREATMENT
Infection and Infection Prophylaxis
Sickle cell patients experience increased morbidity and mortality from infec-
tion, in part due to functional asplenia or hyposplenia and also due to increased 
rates of gram-negative sepsis. Hyposplenia develops from infancy and leads 
to a deficiency in response to encapsulated bacteria and hence increased risk 
for invasive infection with organisms such as Streptococcus pneumonia, Neisseria 
meningitides, and Haemophilus influenzae type b.

Early treatment with antibiotic prophylaxis and pneumococcal vaccination 
has decreased the risk for early mortality and morbidity from invasive pneu-
mococcal disease, although vaccine-resistant serotypes can still cause serious 
infections.13 Infants identified by neonatal screening should be started promptly 
on antibiotic prophylaxis and vaccination programs.

General Measures
Sickle cell disease is a chronic disease for which good nutrition and adequate 
fluid intake should be encouraged. Patients and their families should be edu-
cated about acute complications and should be taught how to palpate the 
spleen, how to manage simple pain crises, and when to go to the emergency 
department.	Regular	outpatient	clinic	visits	will	ensure	appropriate	screening	
for chronic disease complications (including screening for stroke risk) and 
early intervention. The increased production of red blood cells, combined 
with inadequate nutrition, leads to accelerated consumption of folic acid; 
supplementary folic acid is typically recommended, although patients with a 
good dietary intake may not require it. There are significant psychosocial 
implications of chronic illness, and patients and their families should be offered 
psychological and social support if needed. The transition from pediatric to 
adult care is a time of heightened vulnerability and should be managed in a 
structured way.

Management of Pregnancy
While most women with sickle cell disease should expect to have success-
ful pregnancies and healthy babies, these pregnancies are associated with an 
increased rate of maternal and fetal morbidity and mortality. These include 
increased sickle complications (pain, chest complications), pregnancy com-
plications (infection, raised blood pressure), and high rates of premature birth 
and fetal growth restriction. Women should be counseled about pregnancy 
risk during their routine outpatient appointments, and preconceptual care 
should include partner screening, review of medications, and evaluation of 
chronic complications that may affect the pregnancy. When pregnant, women 
should be enrolled into multidisciplinary antenatal care from an obstetrician 
with experience in sickle cell disease and a hematologist. Caregivers should 
consider prescribing daily low-dose aspirin (75 mg) for prevention of pre-
eclampsia. Patients should be followed regularly throughout pregnancy with 
blood pressure, urinalysis, and ultrasound monitoring. Prophylactic transfusion 
is not recommended for all pregnancies but may reduce the risk for pain 
crisis, chest complications, and fetal complications.14 If there are no obstet-
ric complications, the pregnancy should be allowed to continue to term, 
anticipating spontaneous labor and normal delivery. Women with sickle cell 
disease are at increased risk for venous thrombosis, and their risk should 
be assessed using appropriate tools and the need for thromboprophylaxis  
considered.

Management of Surgery
General anesthesia is associated with increased risk for complications, in par-
ticular, increased pain crises and acute chest crises. These complications can 
be reduced with careful preoperative care (hydration, oxygenation) and con-
sideration of preoperative blood transfusion. Simple transfusion aiming for a 
hemoglobin concentration of more than 9g/dL is as effective as exchange 
transfusion for low- and moderate-risk surgery, but high-risk surgery (cardiac 
or neurosurgery) will need preoperative exchange transfusion. A4 

,
 A5  In low- to 

moderate-risk surgery in patients with non-HbSS genotypes, transfusion may 
not be needed.

renal transplantation.12	Renal	function	should	be	monitored	regularly	to	allow	
optimization of treatment of hypertension and proteinuria and thereby slow 
progression.

Hematuria is also common in sickle cell disease, as well as in sickle cell trait 
(see earlier), and can be due to renal papillary necrosis. This can be painful 
and profuse, requiring treatment with blood transfusion and occasionally with 
interventional radiology or surgery. Hematuria in patients older than 40 years, 
particularly	if	painless,	should	always	be	referred	to	the	urologist.	Renal	med-
ullary carcinoma is a highly aggressive malignancy that predominantly afflicts 
young adults and adolescents with sickle cell hemoglobinopathies.

Acute kidney injury occurs in 2 to 10% of those admitted with acute painful 
crisis	and	can	be	precipitated	by	dehydration,	sepsis,	and	drugs.	Renal	func-
tion and urine output should be monitored in those admitted with pain  
crises.

Priapism
Priapism is a persistent, prolonged, and painful penile erection unrelated to 
sexual stimulation. It is common in men and boys with sickle cell disease and 
may occur as short, intermittent, self-limited episodes (stuttering priapism) 
or as severe acute episodes lasting for more than an hour (fulminant priapism). 
Acute priapism may be preceded by stuttering priapism and can result in 
long-term erectile dysfunction. Young men with sickle cell disease should be 
educated about priapism and encouraged to come to the emergency depart-
ment for episodes lasting more than 1 hour. Initial conservative management 
includes pain relief, fluids, gentle exercise and urination, and oral α-adrenergic 
agents (etilefrine). If the priapism fails to resolve, a urologist should be con-
tacted to perform penile aspiration; this can be combined with the injection 
of α-adrenergic agents into the corpus cavernosa. The procedure will often 
cause detumescence, but if not, further surgical intervention will be needed. 
Transfusion therapy may be helpful to support surgery and possibly to relieve 
persistent priapism. Treatment of stuttering priapism should be considered 
for symptomatic relief and with the aim of preventing future episodes of ful-
minant priapism. Oral α-adrenergic agents and antiandrogens should be 
considered under guidance of an expert urologist, and phosphodiesterase type 
5 (PDE5) inhibitors may also be considered.

 DIAGNOSIS
Routine Blood Tests
The usual steady-state hemoglobin level is 5 to 10 g/dL in HbSS and is higher 
in the milder phenotypes. The anemia in HbSS is typically normochromic 
and normocytic, but microcytosis is often seen in HbSC disease, and marked 
microcytosis and hypochromia are seen in HbSβ-thalassemia. There is usually 
reticulocytosis and evidence of hemolysis with a raised bilirubin and lactate 
dehydrogenase (LDH). The blood film in HbSS will show numerous sickle 
cells, polychromasia, and features of hyposplenism (in adults). In addition, 
hypochromia is also prominent in HbSβ-thalassemia. In HbSC disease, target 
cells, densely staining contracted boat-shaped red cells, and HbC crystals may 
be seen with less sickled cells and polychromasia than in HbSS (Figs. 154-3Aii 
and 154-3Aiii).

Analysis of Hemoglobin Type
High-pressure liquid chromatography (HPLC) is now the most common 
method of hemoglobin analysis. Variant hemoglobins are identified by their 
elution time from an ion exchange column and can be quantified. HPLC is 
quick, is reliable, and allows high throughput of samples (Fig. 154-3B). Con-
firmatory testing should be performed with alternative techniques. These 
include the following:
•	 The	sickle	solubility	test	will	detect	sickling	of	hemoglobin	in	solution	by	

treatment with a reducing agent. It is specific for sickle hemoglobin but 
does not differentiate between HbAS, HbSS, and other compound hetero-
zygotes of sickle cell hemoglobin.

•	 Hemoglobin	 electrophoresis	 was	 the	 first	 method	 used	 to	 demonstrate	
hemoglobin variants but is time-consuming and labor-intensive.

•	 DNA	sequence	analysis	identifies	the	specific	globin	gene	mutation	(Fig.	
154-3C).

•	 Tandem	mass	spectrometry	identifies	the	specific	amino	acid	change	in	the	
globin chain.

 SCREENING
Antenatal and Neonatal Screening
Antenatal screening aims to identify couples at high risk for an affected preg-
nancy to enable counseling and prenatal diagnosis (via chorionic villus sampling 



CHAPTER 154 Sickle cell DiSeaSe anD Other hemOglObinOpathieS1068

cells. Clinical trials are ongoing using addition of modified antisickling β-globin 
variants by lentiviral vectors. Data on the first patient, 15 months after treat-
ment, confirmed that the therapeutic antisickling β-globin was more than 
50%, with no recurrence of sickle crises and with improvement in hallmarks 
of disease.22	 Gene-editing	 techniques	 using	 CRISPR/Cas9	 technology	 to	
correct the causative β-globin gene mutation or to encourage production of 
fetal hemoglobin are also under investigation.

New Therapies
There are a number of promising agents currently in development for the 
acute or long-term treatment of sickle cell disease acting through different 
mechanisms.	Rivipansel	is	a	pan-selectin	inhibitor	that	reduced	the	require-
ment for parenteral opiates in acute crisis23 in a phase II trial and now is being 
investigated in a phase III trial. Crizanlizumab, an anti–P selectin agent, showed 
significant decreases in median number of crises per year and in median time 
to first and second crises. A6  Other antiadhesive agents are currently under 
investigation, although trials of vepoloxamer and prasugrel did not show effi-
cacy. A7  Voxelotor, a hemoglobin modifier, is currently being investigated in a 
phase 3 trial, and drugs that modify nitric oxide signaling, inhibit PDE9, and 
reduce oxidative stress are also undergoing investigation. A phase III trial with 
L-glutamine, an antioxidant, has shown a reduction in sickle cell crisis (three 
vs. four events) and in median incidence of hospitalization in the treated group 
and has just been licensed for use in the United States. A8 

 PROGNOSIS
In resource-rich countries with universal neonatal screening, antibiotic pro-
phylaxis, improved supportive care, and successful research trials, most children 
with sickle cell disease reach adulthood.24 In the United States, nearly 95% of 
persons with sickle cell disease reach age 18 years, although adults with the 
most severe forms of sickle cell disease still have a life span that is 20 to 30 
years shorter than those without the disease. In contrast, in sub-Saharan Africa, 
which in 2010 had almost 80% of the projected 306,000 newborns with sickle 
cell disease worldwide, mortality in children ranged from 50 to 90% before 
age 5 years.

 OTHER HEMOGLOBINOPATHIES
Hemoglobin C trait is a benign condition, but homozygous HbC disease is 
associated with a mild hemolytic anemia and splenomegaly. As noted in Figure 
154-3Aiii and in Chapter 148, HbC disease is characterized by a peripheral 
smear with a large population of target cells, with some red cells containing 
crystals. Individuals with HbC disease generally do not have clinical sickle 
crises or other complications. Hemoglobin E and the HbE thalassemias are 
covered in Chapter 153.

Other than HbS, HbE, and HbC, most hemoglobinopathies do not cause 
clinical abnormalities. Among those that may have some clinical complica-
tions are some of the unstable hemoglobin variants, in which the mutant 
hemoglobin tends to precipitate intracellularly and causes a so-called Heinz 
body hemolytic anemia. These are covered in the section on “Unstable Hemo-
globinopathies” in Chapter 153. Another group of hemoglobinopathies are 
globin chain mutations that cause increased binding of oxygen by the abnor-
mal hemoglobin, that is, the high-oxygen-affinity hemoglobin variants. These 
individuals generally have a secondary erythrocytosis (see Chapter 157) as 
a compensatory response to their relative ineffectiveness in releasing O2 to 
tissues.25 High-oxygen-affinity hemoglobinopathies are best diagnosed by 
formal study of the patient’s oxyhemoglobin dissociation curve and P-50 values, 
which can be obtained with a commercially available instrument such as the 
Hemox-Analyzer, which measures in vitro deoxygenation of the sample using 
nitrogen gas and simultaneously determines oxygen tension with a Clarke 
electrode. Estimations of the P-50 by blood gas analyzers on venous blood are 
more convenient but have not been well validated in the screening of hemo-
globin variants with high oxygen affinity. Despite their polycythemia, these 
patients do not have the other diagnostic characteristics of polycythemia vera  
(Chapter 157).

Hydroxyurea
Until recently, hydroxyurea has been the only drug licensed by the U.S. Food 
and Drug Administration for treatment of sickle cell disease, and it works via 
an increase in HbF levels and reduction of cellular adhesion and hemolysis. 
Randomized	 controlled	 trials	 have	 shown	 that	 hydroxyurea	 reduces	 acute	
pain episodes, chest crises, and rates of hospitalization in adults and children 
with HbSS. Although initial studies focused the impact of hydroxyurea on 
those with severe phenotype, a subsequent randomized trial included young 
children with HbSS irrespective of disease severity. This trial showed similar 
improvements in outcome with few side effects. Furthermore, studies in cohorts 
around the world have shown improved survival in patients on hydroxyurea.15 
In addition, hydroxyurea reduces stroke risk in those with elevated transcranial 
Doppler studies. National guidelines recommend that hydroxyurea be offered 
to all infants, children, and adolescents with sickle cell anemia, irrespective 
of severity, and to adults with recurrent pain episodes, severe or recurrent 
acute chest syndrome, and symptomatic anemia.16

Hydroxyurea is well tolerated; the main side effect is myelosuppression, 
and regular blood monitoring is required while on the drug. There is evidence 
of teratogenicity and effects on spermatogenesis, and although this is low-
quality evidence, it should be avoided in those trying to conceive. Despite 
the evidence of efficacy and national guidelines advocating its use, hydroxyurea 
is underutilized.

Blood Transfusion
Red	cell	transfusion	is	used	both	to	treat	the	acute	complications	of	sickle	cell	
disease and as long-term disease-modifying therapy. It can be administered 
as a simple or “top-up” transfusion to increase hemoglobin levels and improve 
oxygen-carrying capacity or as an exchange transfusion (manual or automated). 
Exchange transfusion allows a more marked reduction of HbS compared with 
HbA and modification of vaso-occlusion.17 Methodology of transfusion will 
depend on baseline hemoglobin, reason for transfusion, and availability. In 
view of the increased risk for alloimmunization and delayed hemolytic trans-
fusion	reactions	in	patients	with	sickle	cell	disease,	blood	should	be	ABO	Rh	
(CcDEe) and Kell compatible and blood should be antigen-negative for clini-
cally significant antibodies that are currently or have previously been detected. 
Acute indications for transfusion include acute anemia, acute chest syndrome, 
stroke, and multiorgan failure. Transfusion is not indicated for the treatment 
of simple acute pain crises. Long-term transfusion is indicated for primary 
and secondary stroke prevention as well for the prevention of recurrent pain 
episodes or recurrent acute chest syndrome if there has not been a response 
to hydroxyurea therapy.

The use of transfusion for the management of sickle cell disease has increased 
over recent years, but there is considerable variability in its use in different 
centers. Consistency and equity of transfusion use should improve with national 
guidance.18 Long-term or frequent intermittent transfusion can result in iron 
overload and iron deposition in the liver and other organs. The patient should 
be	monitored	with	 ferritin	and	 liver	 iron	quantification	by	MRI19 and iron 
chelation therapy instigated if the patient is iron-loaded. Both deferasirox and 
desferrioxamine are licensed for use in sickle cell disease and are effective. 
Deferiprone is not currently licensed for use in sickle cell disease but is also 
effective.

Stem Cell Therapy
Successful hematopoietic stem cell transplantation (HSCT) is a potentially 
curative option for sickle cell disease but is associated with significant morbid-
ity and mortality. The majority of HSCTs have been performed in children 
with HLA-matched siblings. In a study of 1000 patients with sickle cell disease 
transplanted from HLA-identical siblings, of the 846 who were younger than 
17 years, 5-year overall survival (OS) was 95%, but it was 81% in the 154 
older patients.20 The utility of this approach is limited because only about 10 
to 20% of sickle cell disease patients will have HLA-identical siblings available 
as donors. Alternative donor approaches (particularly haplo-identical trans-
plants) have shown good outcomes in small studies but are associated with 
increased morbidity and mortality and should be offered as part of clinical 
trials. There is increasing evidence of the efficacy of reduced-intensity condi-
tioning approaches in adults, associated with reduced adverse effects.21

Gene Therapy
Gene therapy is another potentially curative option for sickle cell disease and 
involves manipulation of hematopoietic stem cells to correct or circumvent 
the sickle mutation followed by autologous transplantation of the manipulated 
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155 
MEGALOBLASTIC ANEMIAS
SALLY P. STABLER

 DEFINITION
Megaloblastic anemia is defined as an anemia or pancytopenia resulting from 
failure of DNA synthesis and imbalance of maturation between the nucleus 
and the cellular cytoplasm resulting in large cells subject to maturation arrest 
and early destruction. Large, macrocytic, red blood cells are also seen in con-
ditions other than megaloblastic anemia, as shown in Table 155-1. In practical 
terms, however, many of the causes of macrocytic red blood cells overlap with 
those of full-blown megaloblastic anemias. The most frequent causes of severe 
megaloblastic anemia are deficiencies of cobalamin (vitamin B12) and folate, 
two vitamins with interrelated roles in the synthesis of thymidine and purines 
for DNA synthesis1 (Table 155-2).

 EPIDEMIOLOGY
Cobalamin Deficiency
Cobalamin is synthesized only by microorganisms, and humans obtain the 
vitamin through ingestion of animal-source foods because plants do not utilize 
cobalamin.2,3 There are many populations in the world that do not consume 
adequate cobalamin-containing food due to scarcity and expense of animal-
source food or belief systems against the use of such foods. Recommended 
daily allowances in the United States have been set at 2.4 µg/day, which is 
readily achieved with an omnivorous diet containing meat, dairy, eggs, fish, 
or shellfish. Foods targeted to vegetarian populations in high-resource countries 
usually are supplemented with cobalamin. The fetus and breast-feeding infant 
obtain cobalamin from the mother, and thus requirements are increased to 
2.6 µg for pregnancy and 2.8 µg for lactating women. The breast milk of 
cobalamin-deficient women has low concentrations of the vitamin and their 

infants can have severe developmental and growth impairment. There is an 
efficient enterohepatic circulation of cobalamin which prevents loss of the 
vitamin so that those on deficient or marginal diets will take years to become 
deficient if the gastrointestinal tract is functioning.

Cobalamin is a trace component of food-bound proteins in the diet and 
most causes of severe deficiency relate to the inability to absorb the vitamin. 
The failure of secretion of gastric intrinsic factor due to an autoimmune disease 
of the gastric mucosa is known as pernicious anemia and results in life-
threatening anemia, pancytopenia, or myeloneuropathy unless treated. Surgery 
or disease of the stomach, pancreas, or ileum also will cause deficiency. The 
normal processes of cobalamin absorption are shown in Figure 155-1.

TABLE 155-1 CAUSES OF MACROCYTOSIS
NONMEGALOBLASTIC DISORDERS

Reticulocytosis
Alcohol abuse/heavy use
Chronic liver disease
Thyroid disorders (hypothyroidism)
Chronic lung disease with hypoxemia
Cold agglutinins and paraproteinemias
Hyperglycemia
Primary bone marrow disorders (e.g., myelodysplasia)
MEGALOBLASTIC ANEMIAS (SEE TABLE 155-2)

Cobalamin (vitamin B12) deficiency
Folate deficiency
Other megaloblastic anemias

TABLE 155-2 CAUSES OF MEGALOBLASTIC ANEMIA
COBALAMIN (VITAMIN B12) DEFICIENCY

Lack of intrinsic factor
Pernicious anemia (type A gastritis)
Gastrectomy, gastric bypass
Congenital defect in gastric intrinsic factor

Food cobalamin malabsorption
Atrophic gastritis (type B gastritis)
Gastric hypo- or achlorhydria

Exocrine pancreatic dysfunction
Disorders of the distal ileum

Surgical resection of distal 1-2 ft.
Inflammatory bowel disease
Surgical reconstruction—ileal conduit or cystoplasty
Congenital defects of cubam receptor (Imerslund-Gräsbeck syndrome)

Usurption of intestinal cobalamin
Tropical sprue, bacterial overgrowth, blind loops
Parasitic infection—Diphyllobothrium latum and Giardia lamblia

Nutritional cobalamin deficiency
Breast-fed infant of a deficient mother
Diet lacking animal source food, vegan, lacto-ovo vegetarian, or impoverished 

low-meat diet
Drug-induced cobalamin deficiency

Nitrous oxide abuse or anesthesia in a cobalamin-deficient patient
Metformin, histamine blocking or proton pump inhibitor drugs

Inborn errors of cobalamin metabolism
Transport—transcobalamin deficiency
Cellular metabolism—mutations that cause combined methylmalonic acidemia 

and homocystinuria (CblC-J)
FOLATE DEFICIENCY

Nutritional folate deficiency
Lack of fresh fruit, green leafy vegetables, legumes, organ meats
Anorexia nervosa and other eating disorders
Alcohol abuse combined with poor nutrition

Folate malabsorption
Celiac or tropical sprue
Crohn disease and other small intestinal diseases

Increased demand or loss
Pregnancy
Hemolytic anemias
Proliferative skin diseases
Leukemias
Hemodialysis

Drug-caused folate deficiency
Antifolates—methotrexate, pemetrexed, pralatrexate, pyrimethamine, 

sulfasalazine, trimethoprim
Anticonvulsants—phenytoin, carbamazepine, valproic acid
Methylation-requiring drugs—L-Dopa, high-dose niacin, α-lipoic acid

Inborn errors of folate metabolism
MTHFD1 deficiency
PCFT (SLC46A1) mutation

MEGALOBLASTIC ANEMIA NOT DUE TO COBALAMIN OR  
FOLATE DEFICIENCY

Inborn errors
Thiamine responsive megaloblastic anemia (SLC19A2 mutation)
Hereditary orotic aciduria
Lesch-Nyhan syndrome

Drugs affecting DNA synthesis
Cancer chemotherapy—hydroxyurea, azathioprine, others
Antiretrovirals—zidovudine, stavudine
Tyrosine kinase inhibitors—imatinib, sunitinib, others

CblC-J = cobalamin C, D, E, F, G, and J (defects).
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ABSTRACT
The most common causes of megaloblastic anemia are cobalamin (B12) or 
folate deficiencies. Methylmalonic acid is the most sensitive and specific marker 
of cobalamin deficiency. Folate deficiency is rare in food folate fortified coun-
tries and is usually associated with alcohol abuse. Cobalamin deficiency can 
be treated with injections or high-dose oral preparations. The severity of 
myeloneuropathy due to cobalamin deficiency is inversely related to the sever-
ity of megaloblastic anemia but is reversible if treated early.
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FIGURE 155-1. The normal processes of cobalamin (Cbl) absorption and associated defects are shown. abcD4 = atP binding cassette subfamily D member 4 (defect); cbl = cobala-
min; cbl-F = cobalamin F (defect); Hc = haptocorrin (also called R-protein or R-factor); iF = intrinsic factor; lMbD1 = probable lysosomal cobalamin transporter (defect); tc = transcobala-
min. (adapted from stabler sP, Megaloblastic anemias: pernicious anemia and folate deficiency. in: Young ns, green sl and High Ka [eds.] Clinical Hematology, Philadelphia, Pa: Mosby 
elsevier; 2006:242-251.)

to fortify food and supplements, which has made estimation of total folate 
intake more difficult in fortified populations.

 PATHOBIOLOGY
Cobalamin
Cobalamin is necessary for only two enzymatic reactions in higher animals. In 
one reaction methyl-cobalamin is a cofactor for the enzyme methionine synthase, 
which uses methyl-tetrahydrofolate (methyl-THF) to methylate homocysteine 
to form methionine. Methionine can be activated to S-adenosylmethionine, 
which is the methyl donor for many reactions including the important syn-
thesis of creatine, lipids, neurotransmitters, DNA methylation, and many 
other compounds. The demethylated folate product, THF, is the precur-
sor for the other folate coenzymes. One coenzyme, 5, 10-methyleneTHF, 
participates in the formation of thymidine from dUMP by thymidylate 
synthase. Thymidine is critical for DNA synthesis and the accumulation 
of uracil is harmful; if incorporated into DNA it can cause prolongation of 
the cell cycle, chromosomal damage, and maturation arrest. Apoptosis may 
occur due to the impaired DNA repair with cell fragmentation and resulting  
cell death.

The buildup of methyl-THF, which cannot be converted to THF due to 
the decrease in methionine synthase activity, is referred to as the “methylfo-
late trap.” This causes a secondary state of folate deficiency in the cobalamin-
deficient patient. Methyl-THF is not a good substrate for polyglutamation and 
therefore it diffuses out of cells and will be lost in the urine. The impairment 
in methionine synthase activity is the primary cause for the indistinguishable 
megaloblastic anemia seen with either cobalamin or folate deficiency. When 
methionine synthase activity is impaired serum homocysteine levels increase 
(Chapter 198).

The second cobalamin-dependent reaction uses adenosyl-cobalamin to 
convert a product of propionic acid metabolism, L-methylmalonyl-CoA, to 
succinyl-CoA by the enzyme L-methylmalonyl-CoA mutase. When the mutase 
is blocked by deficiency of adenosyl-cobalamin, the methylmalonyl-CoA is 

The incidence of pernicious anemia is reported to range from 1 to 50 per 
100,000 persons per year, depending on the criteria used for diagnosis. The 
prevalence has been described as 50 to 4000 cases per 100,000 persons, again 
depending on diagnostic criteria. Pernicious anemia becomes more common 
with age, and the highest prevalence occurs in persons of African or European 
ancestry with lower incidence and prevalence in East Asians. Mild atrophic 
gastritis with protein-bound cobalamin malabsorption occurs in up to 20% 
of older adults, particularly Caucasians. Dietary cobalamin deficiency is popu-
lation dependent, but can range from 30 to 50% in areas of South America, 
Africa, and India.

Folate Deficiency
In contrast to cobalamin, folates are abundant in foods of plant origin and are 
also found in dairy and organ meats. Folates are susceptible to loss in cooking, 
particularly if the cooking water is discarded and not incorporated into the 
dish. Populations with limited access to or distaste for vegetables, legumes, 
or fruits may have folate deficiency.4 Alcohol and some other drugs interfere 
with folate absorption or promote excretion and are major causes of folate 
deficiency seen clinically. Folates are absorbed mainly in the upper small intes-
tine; thus, diseases such as celiac or tropical sprue, bacterial overgrowth or 
inflammatory bowel diseases are complicated by clinical folate deficiency. 
Many countries including the United States, Canada, Chile, Costa Rica, and 
South Africa have fortified grain products with folic acid for the last 20 years. 
This has virtually eliminated folate deficiency except in those persons with 
impaired absorption or high alcohol intake. Countries without fortification 
may have a significant folate-deficient population depending on customary 
dietary food patterns which in resource-poor countries provide less than 50% 
of recommended folate intake.4

A recommended daily allowance for folate in the United States is 400 µg 
for adult men and nonpregnant women. The requirement has been increased 
to 600 µg for pregnant women and 500 µg for lactating women. Food folates 
are polyglutamated and are less bioavailable than the synthetic folic acid used 
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Pernicious anemia is found in association with other autoimmune disorders 
such as endocrinopathies like autoimmune thyroid disease, Type I diabetes 
mellitus, and vitiligo. Relatives of patients with pernicious anemia may have 
the full spectrum of autoimmune diseases. The relationship between Graves 
disease and pernicious anemia is especially strong with about a quarter of the 
patients having both illnesses. It is important that women with autoimmune 
thyroid disease have adequate cobalamin status prior to pregnancy and through-
out lactation.

Protein-Bound Cobalamin Malabsorption
Less severe forms of gastric atrophy appear in older adults, most frequently 
in those of European ancestry, wherein a loss of pepsin and gastric acid pre-
vents the total release of cobalamin from protein binding in food. Stomach 
acid–blocking medications may also impair the absorption of protein-bound 
cobalamin. It is difficult to know what the actual risk is since these medications 
are used frequently in the aging population that also has age-related gastric 
atrophy. Patients with gastric atrophy may be identified by serum markers as 
discussed under Diagnosis.

Cobalamin Malabsorption Due to Surgery
Total gastrectomy invariably results in severe cobalamin deficiency due to the 
loss of IF after 1 to 5 years depending on the underlying status of cobalamin 
stores. Bariatric surgery such as the Roux-en-Y gastric bypass and sleeve gas-
trectomy cause the food-cobalamin stream to be separated from the cells 
secreting IF because the stomach is bypassed. The cubam receptor is present 
in the distal 1 to 2 feet of ileum, so its loss due to inflammatory bowel disease 
or the surgical use of distal ileum to create an ileal conduit diversion or ileal 
cystoplasty causes cobalamin deficiency.

Other Causes of Malabsorption
Exocrine pancreatic dysfunction may cause failure of digestion of HC and 
release of cobalamin for binding by IF. Bacterial overgrowth as seen in tropical 
sprue has been shown to cause both cobalamin and folate deficiency. Infesta-
tion with a freshwater fish tapeworm, Diphyllobothrium latum, is an uncommon 
cause of usurpation of cobalamin in the duodenum. Giardia lamblia is a more 
common protozoal intestinal infection that may cause decreased cobalamin 
absorption.

Congenital Malabsorption of Cobalamin
Abnormal gastric IF (GIF) manifests as megaloblastic anemia in infancy or 
childhood, depending on the underlying cobalamin status at birth. Much 
more common disorders include mutations in the cubam receptor which have 
been found in either the cubulin or amnion-less protein. This was initially 
described in Scandinavia and was given the name Imerslund-Gräsbeck disease, 
but it is particularly common in the Middle East. It is not known whether 
heterozygotes for these mutations might be more predisposed to nutritionally 
or atrophic gastritis-induced cobalamin deficiency.

Cobalamin Deficiency Due to Drugs
Many studies have reported on the effects of metformin on cobalamin status. 
Although it does appear to decrease serum cobalamin levels and may cause 
malabsorption in the ileum, it is not known whether it can induce full-blown 
megaloblastic anemia. The anesthetic agent nitrous oxide is a definite cause 
of cobalamin deficiency, usually manifesting as myeloneuropathy. The gas 
inactivates methionine-synthase and increases excretion of cobalamin, therefore 
repeated use induces a severe deficiency. Prolonged continuous use will cause 
bone marrow aplasia in about 10 days. Persons at risk are often employed in 
dental or medical offices where nitrous oxide is available or abuse nitrous 
oxide–containing whipping cream dispensers. There are also reports of a sub-
acute neurologic progression of cobalamin deficiency occurring in patients 
with unrecognized pernicious anemia after only one episode of nitrous oxide 
anesthesia, symptoms occurring over days to weeks. Often neurologic damage 
is permanent despite adequate replacement with cobalamin.

Folate
Folate Metabolism
The role of methyl-THF as a cofactor for methionine synthase was described 
above. However, there are other folate coenzymes that function as cofactors 
for many enzymes involved in amino acid metabolism, purine synthesis, meth-
ylation reactions, one carbon metabolism, and regulatory functions.5 Inhibi-
tion of these reactions due to folate deficiency can cause decreased cellular 
growth and proliferation, which is exploited in the use of antifolates for cancer 

hydrolyzed to methylmalonic acid, a compound with unknown metabolic 
fate. Elevated methylmalonic acid has been shown to be a sensitive indicator 
of impaired mutase activity and thus of cobalamin deficiency in many experi-
mental cellular or animal models as well as in human patients. There are no 
roles for folate metabolism in this pathway.

Cobalamin Absorption
The cobalamin in unfortified food consists of the coenzyme forms bound to 
the two enzymes. Because there are only trace amounts of cobalamin (average 
4 to 6 µg in omnivorous diets) there is a multistep process involving binding 
proteins and receptors to provide for absorption of the vitamin. The normal 
processes of absorption are shown in Figure 155-1 and reviewed elsewhere in 
detail.5 Food is mixed with saliva and digested in the stomach where pepsin 
and gastric acid release cobalamin from the food protein allowing it to bind to 
haptocorrin (HC), also called R-protein or R-factor, a glycoprotein present in 
saliva. The HC-cobalamin complex moves to the duodenum where it is joined 
by HC-cobalamin recycled from bile. Pancreatic proteases with bicarbonate 
digest the HC releasing cobalamin to be bound by intrinsic factor (IF), which 
had been secreted by the gastric parietal cells. IF binding is specific for true 
cobalamin and does not bind the cobalamin analogues found widely in the 
environment. The IF-cobalamin complex travels to the distal ileum where it 
is bound by the cubam receptor, a complex of cubulin and amnionless. The 
IF-cobalamin complex is internalized in lysosomes and two specific exporters 
(products of the LMBD1 and ABCD4 genes) are required to export it into 
the cytoplasm. Eventually cobalamin is bound to transcobalamin (TC), which 
is the physiologic delivery protein. A specific transcobalamin receptor (CD 
320) facilitates cellular uptake wherein the TC is degraded by lysosomes and 
the cobalamin becomes available for intracellular processes. There are many 
intracellular transporters and enzymes responsible for the eventual appearance 
of the coenzyme forms of methyl-cobalamin on methionine synthase and 
adenosyl-cobalamin on L-methylmalonyl-Co-A mutase. The study of congenital 
defects in these enzymes, which are designated Cbl A-Cbl J, has elucidated 
much of this complicated metabolism. Some of these disorders are included in  
Table 155-2.

Cobalamin Transport
About 80% of total cobalamin in blood is bound to HC and only 10 to 20% 
to the delivery protein, TC. TC is known to be the most important carrier 
because inborn errors in TC lead to infantile megaloblastic anemia and severe 
disability. In contrast, deficiencies of HC are moderately common and do not 
appear to result in disease. HC binds analogues of cobalamin that are abundant 
in the human colon, foods, and the environment and may have a role in seques-
tering the analogues to facilitate their excretion. HC is present in white blood 
cells such as granulocytes. HC-cobalamin is taken up by the asialoglycoprotein 
receptors in the liver, which may facilitate the removal of analogues by secre-
tion into the bile. There are problems in interpreting total cobalamin values 
because the cobalamin bound to TC is a small part of the circulating total, as 
discussed in the section on Diagnosis.

Malabsorption of Cobalamin as a Cause of Deficiency
Pernicious Anemia
Pernicious anemia was recognized many decades before cobalamin was identi-
fied because of the histamine-fast achlorhydria found in some patients with 
fatal progressive macrocytic pancytopenia. It is misnamed because it is a gastric 
disease, and many patients may not even have anemia. Pernicious anemia is 
due to a chronic inflammatory attack on the mucosa of the fundus and body 
of the stomach in which there are inflammatory infiltrates and an immune 
response to gastric H/K ATPase in the parietal cells.6 With atrophy of the 
gastric mucosa there is loss of the gastric parietal cells which produce IF in 
addition to stomach acid.7 This type A gastritis takes many years to develop 
and initially may cause iron deficiency anemia before the lesion is severe enough 
to result in the loss of IF.

There may be production of anti-intrinsic factor antibodies, which can also 
block absorption of cobalamin. The cobalamin secreted into bile is lost in 
pernicious anemia because there is no IF in the duodenum to bind the cobala-
min. Thus, instead of the usual normal loss of about 1 µg of cobalamin per 
day there may be 5 to 9 µg lost, greatly shortening the time to develop 
deficiency.

Helicobacter pylori is another cause of chronic gastritis, although it mostly 
affects the antrum of the stomach (Type B gastritis). Whether H. pylori plays 
a role in the progression of pernicious anemia and cobalamin deficiency is 
still undefined.
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Alcohol and Folate Deficiency
Alcohol abuse is the most common cause of folate deficiency manifesting 
megaloblastic anemia.8 Even well-nourished alcoholics may have macrocytosis 
and elevated homocysteine values, often when serum folate and hemoglobin 
are still normal. Alcohol-induced impairment of folate metabolism is exac-
erbated by poor nutrition. Megaloblastic anemia due to alcohol-associated 
folate deficiency still occurs despite the food folate fortification program in the 
United States. Folate-deficient alcoholics have been shown to have impaired 
intestinal absorption of folate, oxidative destruction of folates, impaired hepatic 
uptake, reduced storage, and enhanced renal excretion. Effects on the enzymes 
of methionine metabolism, particularly methionine synthase, are likely due to 
the toxic metabolites of ethanol. It may be difficult to recognize megaloblas-
tic anemia in alcoholics because their frequently coexisting iron deficiency 
due to gastrointestinal bleeding may mask macrocytosis. In addition, alcohol 
induces sideroblastic anemia, an iron utilization defect, which can also mask 
macrocytosis. Nonalcohol related causes of cirrhosis can cause macrocy-
tosis due to membrane abnormalities in the red cells, even with adequate  
folates.

Drugs That Cause Folate Deficiency
There are many drugs that interfere with folate metabolism, as shown in Table 
155-2. The anticonvulsants, particularly carbamazepine, phenytoin, valproate, 
and phenobarbital have all been shown to cause macrocytosis, folate deple-
tion, and hyperhomocysteinemia. Folic acid supplements improve folate 
status without preventing the antiseizure efficacy. There are many antifolates 
in common use, being exploited for their inhibitory effect on cellular prolif-
eration such as methotrexate, pemetrexed, and pralatrexate used in cancer 
chemotherapy and in rheumatic diseases. It is interesting that the beneficial 
effect of methotrexate in rheumatoid arthritis is not counteracted by pro-
viding supplemental folic acid. Some antibiotics such as trimethoprim, pyri-
methamine, and some sulfa derivatives are antifolates. Sulfasalazine used for 
inflammatory bowel disease will also cause folate depletion. Functional folate 
deficiency can be induced by drugs that require methylation for metabolism 
by depleting the normal stores of methyl groups. Drugs such as L-dopa, 
high-dose niacin, and an over-the-counter agent, alpha-lipoic acid, all raise  
homocysteine.

Inborn Errors of Folate Metabolism
There are two inborn errors of folate that present as megaloblastic anemia: 
methylenetetrahydrofolate dehydrogenase deficiency (MTHFD1) and heredi-
tary folate malabsorption due to mutations in the protein-coupled folate 
transporter (PCFT).9 MTHFD1 deficiency has been found in six infants or 
children with megaloblastic anemia, immunodeficiency, or inflammatory 
conditions and hyperhomocysteinemia. Treatment with high doses of folic 
acid or folinic acid were beneficial in several of the patients. It is not yet known 
whether this disorder will be found in adult medicine.

Severe deficiencies of MTHFR (not the common thermolabile polymor-
phism) cause hyperhomocysteinemia with low methionine, but not megalo-
blastic anemia. These patients may present with thrombotic complications of 
hyperhomocysteinemia (Chapter 73) and neurologic deficits (Chapter 388). 
Treatment with betaine and folic acid greatly improves the prognosis.

 CLINICAL MANIFESTATIONS
Definition of Macrocytosis
The best definition of macrocytosis is red blood cell mean cell volume (MCV) 
that is higher than the expected value for any individual patient. Clinicians 
who rely on laboratory reported ranges such as 80 to 100 f L will make errors 
in diagnosis because the MCV is affected by ethnicity and age. For instance, 
30% of persons with African ancestry in the United States have one deleted 
α hemoglobin subunit and their median MCV is about 84 f L. It would take 
much longer for these individuals to increase the MCV to greater than 100 f L 
than someone whose normal MCV was 92 f L. Persons with β-thalassemia 
trait, hemoglobin E, and iron deficiency will also not usually have an increase 
in MCV to more than 100 f L despite the coexistence of severe megaloblastic 
anemia. Individuals with a combination of microcytic red cell indices and 
megaloblastosis may have oval macrocytes visible on the peripheral blood 
smear and a high red cell distribution width (RDW).

The causes of macrocytosis are shown in Table 155-1. As indicated, mac-
rocytosis is not equivalent to megaloblastosis: there are many causes of mac-
rocytic peripheral red blood cell indices that are not associated with a 
megaloblastic state. Reticulocytes, newly released red cells that are less than 
24 hours old, are at their largest size and decrease as they age over 120 days 

chemotherapy. One cellular form, 5,10-methyleneTHF, is at a branch point 
to be used by thymidylate synthase to produce the thymidine necessary for 
DNA synthesis, or is reduced irreversibly by 5,10-methylenetetrahydrofolate 
reductase (MTHFR) to methyl-THF. As discussed above, methyl-THF must be 
converted by cobalamin-dependent methionine synthase before the folate can 
be used in other reactions. A common polymorphism in MTHFR (C677T), 
known as the thermolabile mutation, renders the enzyme somewhat less efficient 
and results in higher homocysteine and lower folate levels when folate intake 
is low. The prevalence of the polymorphism is quite variable, ranging from 
less than 1% in Africans to 30% in Mediterranean, Mexican, and Northern 
Chinese populations. Its association with risk for various human disorders 
has been extensively studied but not clearly defined. The polymorphism 
changes the proportions of folate coenzyme forms, decreasing methyl-THF, 
and thus circulating folate levels. The increase in homocysteine levels and 
decrease in folate levels is most apparent in populations on low or marginal  
folate intakes.

Folate Absorption and Transport
Natural food folates are polyglutamated and must be hydrolyzed by an upper 
small intestinal brush border enzyme, folylpolyglutamate hydrolase. Folate 
monoglutamate is transported into the cells by a surface protein–coupled 
folate transporter (PCFT). Folic acid (nonreduced folate), a stable form, is 
used in supplements and fortified grains and has a bioavailability of about 
90%. Folic acid is reduced to THF and then methylated and released into the 
plasma. The reduced folate carrier (RFC, solute carrier family, SLC19A1) 
transports folates into and out of the cell. Absorbed folates in the portal cir-
culation are taken up in the liver, polyglutamated, and retained or released 
into the circulation or bile. Circulating folates are bound to proteins, particu-
larly albumin. Red blood cells accumulate folates during erythropoiesis, and 
thus the red cell folate level may more constantly reflect long-term folate status 
than serum folate. Concentrations of folates in CSF are three-fold higher than 
in blood, and the choroid plexus has abundant receptors for uptake and 
transport.

Causes of Nutritional Folate Deficiency
Nutritional folate deficiency occurs in the areas of the world that do not cur-
rently have folate food fortification. The foods containing the highest amount 
of naturally occurring folate are dark green leafy vegetables, beans and other 
legumes, nuts, orange juice, and liver or other organ meats. Potatoes, many 
fruits, and eggs have moderate amounts of folate but dairy items and muscle 
meat are much lower in folate. In high-resource countries, cereals, snack 
bars, sport drinks, and other foods promoted for health and exercise are 
often fortified with folic acid. Natural food folate intake has been estimated 
to be roughly 200 µg/day with an extra 200 µg in nonsupplement users from 
the added folic acid in fortified grains in persons in the United States. Total 
folate in supplement users was much higher, between 700 to 1000 µg per day. 
Low serum folate was found in approximately 15% in surveys of the United 
States population prior to the food folate fortification program. Nutritional 
folate deficiency is common in areas of the world with limited opportunity 
for consumption of fresh vegetable foods and is particularly a problem for 
women of childbearing age who require increased quantities to prevent folate 
deficiency–associated pregnancy complications. Folate-deficient diets are often 
deficient in other nutrients such as vitamin C, iron, and other vitamins and  
minerals.

Malabsorption of Folate
The serum folate level decreases within 3 weeks of severe folate malnutrition 
or malabsorption and megaloblastic bone marrow changes occur after 15 to 
20 weeks. Folate malabsorption occurs in diseases of the upper small intestine 
and is rarely seen after gastrectomy or with Roux-en-Y gastric bypass. Celiac 
disease, which causes villous atrophy of the small intestine, causes folate defi-
ciency in up to half of the patients. Tropical sprue, a cause of chronic diarrhea 
and progressive small intestinal villous atrophy, also causes folate deficiency 
with or without cobalamin deficiency. Inflammatory bowel disease, particularly 
Crohn disease, causes folate deficiency in addition to iron and vitamin B12 
deficiency.

Conditions with Increased Folate Requirements
Diseases in which there is increased cellular proliferation may result in folate 
depletion. This includes skin diseases such as psoriasis and chronic hemolytic 
anemias, particularly sickle cell disease. Folates and other water-soluble vita-
mins are lost during renal hemodialysis.
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and fragmented and can be mistaken for schistocytes as seen in fragmenta-
tion anemias. There may be thrombocytopenia and leukopenia when anemia 
becomes severe. Hypersegmented granulocytes are present. The presence of one 
6-lobed or five 5-lobed granulocytes per 100 cells is considered abnormal. Some 
red blood cells may show basophilic stippling. A megaloblastic blood smear 
with oval macrocytes and fragmented red blood cells with thrombocytopenia 
has frequently been mistaken for microangiopathic hemolytic anemia such as 
thrombotic thrombocytopenia, as documented by case reports.10 Reticulocyto-
penia in megaloblastic anemias differentiates these microangiopathic-appearing 
red cells in the peripheral smear from hemolytic anemias.11 The bone marrow 
biopsy and aspirate smear is hypercellular with a decreased myeloid:erythroid 
ratio. There is delayed maturation of erythroblasts, which to the inexperienced 
observer may even suggest a diagnosis of acute leukemia because they are 
large cells with open chromatin and blue cytoplasm. The normal process of 
shrinking and condensing of the nucleus during erythropoiesis is impaired 
so that the chromatin pattern remains open and lacy (i.e., “megaloblastic”). 
Although nuclear maturation is delayed, cytoplasmic maturation (e.g., hemoglo-
binization of the cytoplasm) proceeds unimpaired, leading to the morphologic 
phenomenon of “nuclear cytoplasmic dissociation.” These red cell precursors 
have poor survival within the bone marrow and pathologic abnormalities 
suggestive of cellular dysplasia with nuclear fragments in the red cells are 
present. The cellular apoptosis causes intramedullary hemolysis or “ineffective 
erythropoiesis.” Maturation of white cell precursors is delayed, producing giant 
metamyelocytes and bands. Flow cytometry of the bone marrow demonstrates 
left shifts in erythroblasts and white cell precursors which again could lead 

in the circulation. Thus, reticulocytosis will increase the MCV, in many cases 
to over 100 f L. A rise in MCV may be the first sign of autoimmune hemolytic 
anemia and is also commonly found in patients with fragmentation anemia, 
sickle cell anemia, or with hemolysis due to infectious agents. Macrocytosis 
can be seen in patients who are post-splenectomy or have liver disease of any 
type, especially with associated alcoholism. Severe portal hypertension causes 
macrocytosis with thrombocytopenia and leukopenia mimicking a true mega-
loblastic anemia when examining only the peripheral blood smear. Chronic 
lung disease, particularly with associated hypoxia-induced polycythemia, is 
frequently macrocytic. Hypothyroidism and severe hyperglycemia also cause 
macrocytosis. The primary bone marrow disorders such as aplastic anemia, 
pure red cell aplasia, myelodysplastic syndrome, idiopathic myelofibrosis, and 
multiple myeloma may cause striking macrocytosis, with or without associated 
cytopenias. Cold agglutinins and paraproteinemias cause red cell clumping, 
and respectively, rouleau and may be associated with an erroneously high 
MCV. Drugs with effects on DNA synthesis such as antiretrovirals, chemo-
therapy agents, and antifolates cause macrocytosis.

Pathologic Abnormalities in Megaloblastic Anemia
Examples of peripheral blood smears and bone marrow aspirate and biopsy in 
megaloblastic anemia are shown in Figure 155-2A-D (also see Chapter 148). 
The hallmark of megaloblastic pathology in the marrow is that cells are large 
(“megalo”) and their nuclei have not matured (“blastic”); thus there are oval 
macrocytes and occasionally even a megaloblastic nucleated red blood cell 
detected on the peripheral blood smear. Other red blood cells are misshapen 
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FIGURE 155-2. Photomicrographs of peripheral smear, bone marrow aspirate, and biopsy are shown. A, oval macrocytes and fragmented red blood cells are present in a smear 
from a patient with severe cobalamin deficiency and thalassemia trait, demonstrating an extreme range in size and shape of the red blood cells. B, Hypersegmented neutrophil. C, a 
group of megaloblastic red cell precursors all with an open lacy chromatin pattern is shown from a bone marrow aspirate. Red cell dysplasia and giant metamyelocytes are also present. 
D, the bone marrow biopsy shows hypercellularity with a predominance of large erythroblasts and many mitotic figures, all potentially confused with acute leukemia. the erythroid 
hyperplasia in the bone marrow of a patient with megaloblastic anemia is due to “ineffective erythropoiesis.” (Photomicrographs: 2b courtesy of John W. Ryder, MD, Department of 
Pathology, University of colorado school of Medicine; 2a, c, and D courtesy of Zenggang Pan, MD, PhD, Department of Pathology, University of colorado school of Medicine.)
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which occurs during the first year of life. The demyelinating lesion, often 
termed “subacute combined degeneration,” begins with symptoms of sym-
metric paresthesia, usually in the lower extremities but sometimes involving 
the hands first. There is early impairment of proprioception ending with loss 
of vibration and position sense manifesting as ataxic gait. Other common 
signs and symptoms are shown in Figure 155-3. As the severity of the spinal 
lesions increases weakness develops, with spasticity and hyperreflexia, and 
eventually patients may develop a segmental cutaneous sensory level and 
even paraplegia. Altered mental status occasionally occurs particularly with 
irritability, delusions, paranoia, lability, even mania called “megaloblastic 
madness” in the past. Infants present with unique abnormalities, especially 
hypotonia, irritability, lethargy, failure to thrive, and occasionally movement  
disorders.

The underlying biochemical lesions causing the neurologic disease are still 
unknown although changes in lipids, growth factors, cytokines, or methylation 
status of proteins have all been studied. There is a strong inverse relationship 
between the severity of the neurologic abnormalities and the hematologic 
abnormalities, which has been demonstrated in a large series of patients with 
pernicious anemia and recognized for at least 100 years in the literature. There-
fore, anemia is only helpful in a patient with a compatible neurologic disorder 
in suggesting cobalamin deficiency but is not required. Figure 155-4 shows 
that patients with normal hemoglobin and a neurologic presentation had similar 
metabolic abnormalities as those with anemia. There is also an inverse rela-
tionship between the duration of neurologic abnormalities prior to diagnosis 
and the completeness of correction after adequate cobalamin replacement, 
so early diagnosis is imperative. Further discussion of the neurologic abnor-
malities of megaloblastic anemia and also alcoholism appears in Chapter 388.

 DIAGNOSIS
Cobalamin and Folate Biochemical Assays
Measurement of the serum cobalamin or folate level has been a time-honored 
method of screening. Original tests have been replaced today with auto-
mated assays of cobalamin levels performed on instruments with platforms 
for multiple analytes. These methods rely on purified intrinsic factor (IF) as 
the cobalamin binder, often using chemiluminescent microparticle immu-
noassays for detection. It has been reported that denaturation of anti-IF 
antibodies present in samples from patients with pernicious anemia can be 

the unwary to diagnose acute leukemia. Cytogenetic studies may show chro-
mosomal fragmentation and in some cases even clonal abnormalities which 
correct with vitamin replacement and resolution of megaloblastic anemia.

There is indirect hyperbilirubinemia, low serum haptoglobin, and sometimes 
extreme values for lactate dehydrogenase because of the intramedullary hemo-
lysis. The presence of hemolysis markers and fragmented cells present on 
peripheral blood smear with normal instead of low reticulocyte counts will 
suggest a hemolytic anemia to the unwary clinician, as the literature well docu-
ments. To complicate the situation further, there are reports of previously 
undiagnosed defects of cobalamin metabolism such as cobalamin-C mutation 
presenting with hemolytic-uremic syndrome.

Other tissues that have rapid cellular turnover may become likewise mega-
loblastic, which is particularly common in the gastrointestinal tract where 
they sometimes cause malabsorption. Cells of the uterine cervix have been 
noted to be megaloblastic and appear dysplastic. Impairment of spermato-
genesis can cause infertility. Atrophy and glossitis of the tongue mucosa may 
occur. Some individuals may have areas of skin hyperpigmentation.

Neurologic Abnormalities Due to Cobalamin Deficiency
Cobalamin is necessary for the development and initial myelination and main-
tenance of the spinal cord and brain. Demyelination can be demonstrated on 
imaging in both brain and spinal cord as depicted schematically in Figure 155-3. 
Cobalamin-deficient infants may have delay or failure in normal myelination 
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Cobalamin deficiency of the nervous system
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FIGURE 155-3. The myriad symptoms and signs of cobalamin deficiency of the nervous 
system are shown. these range from paresthesias without objective signs to severe motor 
loss, even quadriplegia. the spongy degeneration shown in the cross-section depiction 
of the spinal cord may be seen on MR imaging as increased signal intensity on t2 weighted 
images often described as an inverted “V” sign. also see chapter 388. (adapted from 
stabler sP, Megaloblastic anemias: pernicious anemia and folate deficiency. in: Young 
ns, green sl and High Ka [eds.] Clinical Hematology, Philadelphia, Pa: Mosby elsevier; 
2006:242-251.)
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FIGURE 155-4. Serum methylmalonic acid plotted against serum homocysteine in 
patients with clinically ascertained and documented cobalamin deficiency. the patients 
with hematocrit greater than 38% are shown as open circles. Hatched lines represent 
methylmalonic acid 376 nmol/l and homocysteine 21.3 µmol/l. (Previously published 
in stabler s. Vitamin b12. in erdman, Jr. JW, McDonald ia, Zeisel sH, [eds.] Present Knowl-
edge in Nutrition. 10th ed. ames, ia: Wiley-blackwell; 2012.)

TREATMENT 



CHAPTER 155 Megaloblastic aneMias 1075

incomplete, and thus normal to even high values of cobalamin are reported 
falsely. In general, the values reported from these automated methods are 
higher than with the historical assays, which complicates comparison of refer-
ence ranges. Extremely low values of serum cobalamin (<70 pg/mL) usually 
reflect deficiency associated with clinical abnormalities that will improve 
with treatment, but such patients are rare. There is a large equivocal range 
(100 to 300 pg/mL) in which further testing with metabolites is needed to 
distinguish between false-positive low and true-positive low or low normal  
values.

A low serum folate (<3 ng/mL) is clinically significant when found in food 
folate fortified countries such as the United States. Most authorities have, 
however, raised the lower limit of the reference range to 5 to 6 ng/mL, values 
that overlap with the median in populations without fortification. Red blood 
cell folate should be a good marker of longer-term folate status but the meth-
odology of measuring folate in the presence of the red cell protein matrix has 
led to poor reproducibility, and the assay cannot be recommended for routine 
clinical use outside of research investigations.

A new assay of the amount of cobalamin bound to transcobalamin, holo-
transcobalamin (Holo-TC or “active B12”) is available in Europe and Canada 
but not yet FDA-approved in the United States. Anti-intrinsic factor antibodies 
present in pernicious anemia patients will not affect this assay. A polymorphism 
in the TC gene has been described which prevents measurement using this 
method.12 Holo-TC increases after oral intake of a large amount of cobalamin 
and thus is being developed as a test for absorption.

Methylmalonic Acid and Homocysteine Markers  
of Deficiency
Excess methylmalonic acid is produced when L-methylmalonyl-Co-A mutase 
is blocked by cobalamin deficiency. Therefore, elevated serum or urine meth-
ylmalonic acid has been proven to be a very sensitive indicator of cobalamin 
status. Figure 155-4 shows the serum methylmalonic acid plotted against 
homocysteine in about 500 patients with clinically ascertained cobalamin 
deficiency. They had either megaloblastic anemia (closed circles), which in 
most cases was proven to respond to cobalamin treatment, or a neurologic 
syndrome compatible with that found in cobalamin deficiency. Those shown 
as open circles had hematocrit values over 38%. Values were equal for meth-
ylmalonic acid and homocysteine whether the patients had anemia or mainly 
neurologic abnormalities. Methylmalonic acid was greater than 1000 nmol/L 
in 90% of these clinically proven patients. Investigations over 30 years have 
shown that patients with low cobalamin values but normal serum methylma-
lonic acid did not respond to treatment and have false-positive low cobalamin 
levels. The methylmalonic acid value is the first test to become abnormal in 
infrequently treated patients with proven pernicious anemia. The methylma-
lonic value decreases immediately after treatment, normalizing within days 
to weeks. Thus, methylmalonic acid must be assayed prior to treatment. A 
common clinical error is to treat a patient who likely has a false-positive low 
cobalamin level and when anemia or the clinical symptoms do not respond, 
to proceed with assaying methylmalonic acid. After treatment, serum meth-
ylmalonic acid normalizes, even into the high normal range in seniors 
(<400 nmol/L) and others with mild renal insufficiency.

Methylmalonic acid values increase above the reference range in renal insuf-
ficiency but are usually less than 1000 nmol/L even in patients on renal dialysis. 
A related metabolite, 2-methylcitric acid, is measured with methylmalonic 
acid by some commercial testing laboratories and if higher than the simultane-
ous methylmalonic acid value will diagnose renal insufficiency rather than 
vitamin deficiency. Methylmalonic acid is a product of propionic acid metabo-
lism; thus gut bacterial overgrowth can cause higher values sometimes responsive 
to antibiotics. A polymorphism in HIBCH, an enzyme in valine catabolism, 
may cause a mild increase in methylmalonic acid. Patients with severe inborn 
errors of cobalamin metabolism rarely normalize methylmalonic acid, even 
with very intensive parenteral treatment. Such individuals are occasionally 
detected in adult medicine clinics and should be referred to a metabolic  
center.

Homocysteine
Homocysteine levels increase when either cobalamin or folate deficiency 
impairs the activity of methionine synthase and cannot be used to distinguish 
between cobalamin or folate deficiency. When patients with elevated serum 
homocysteine have been treated with the wrong vitamin the homocysteine 
levels did not decrease. As seen in Figure 155-4, there were very few homo-
cysteine values in the normal range, below 20 µmol/L. Serum homocysteine 

is elevated in 95% of clinically proven folate-deficient subjects also. Elevated 
homocysteine responds to treatment with the correct vitamin very rapidly, 
often within hours; thus, as in the case of methylmalonic acid, it must be 
measured prior to any treatment. Even nutritious hospital food may correct 
elevated homocysteine. Adding vitamins to intravenous fluids for suspected 
alcoholic patients in the emergency department will correct serum folate levels, 
and if homocysteine is not assayed rapidly it too will have fallen, yet the patient 
will still have unexplained megaloblastic anemia. There is a strong relationship 
between folate intake and homocysteine values in populations that are cobala-
min replete. United States population serum homocysteine values fell by several 
µmol/L after folate food fortification. Renal failure increases homocysteine 
by unclear mechanisms because homocysteine is not dependent on urinary 
clearance, although the kidney is rich in homocysteine metabolizing enzymes. 
Homocysteine can be elevated in hypothyroidism, severe pyridoxine deficiency, 
and in the presence of antifolate drugs.

Diagnosis of Pernicious Anemia
Pernicious anemia is a gastric disease caused by failure of IF secretion and 
production of antibodies to IF. Blocking anti-IF antibodies are found in 50 to 
70% of patients. Anti–parietal cell antibodies are found in a higher percent-
age (90%) but are less specific because they are found in other autoimmune 
diseases and forms of gastritis.13 Demonstration of histamine-fast achlor-
hydria is rarely done but is very specific for pernicious anemia. The gastric 
antrum is spared in pernicious anemia, and the gastrin-producing cells may 
become hyperplastic. Elevated fasting serum gastrin is suggestive of pernicious 
anemia. Another marker of the gastric mucosa is pepsinogen-1, which is low 
in pernicious anemia. These markers, however, have been demonstrated to 
be affected by the widespread use of proton pump inhibitor medications.14 
At least a week after a cobalamin injection should ensue before testing 
for anti-IF antibodies. Many false-positive IF antibody tests have resulted 
by injecting the patient and then drawing blood for the test immediately  
afterward.

Endoscopy with gastric biopsy is the best method of diagnosing atrophic 
gastritis, and some experts recommend that patients with pernicious anemia 
have at least one screening endoscopy because they are at greater risk for 
carcinoid tumors and adenocarcinoma of the stomach.15 This approach would 
be mandatory for patients who have symptoms consistent with gastric neo-
plasm or coexisting iron deficiency.

A radio-labeled cobalamin absorption test known as the Schilling test is no 
longer available. A test using the increase in holo-TC values after three doses 
of unlabeled oral cobalamin is being investigated and may prove to be a good 
substitute.

Folate Malabsorption
There are no specific tests for folate malabsorption. The presence of a disease 
of the upper small intestine such as celiac disease, tropical sprue, or Crohn 
disease will point to folate malabsorption. Folate deficiency is often associated 
with iron and multiple other nutrient deficiencies in contrast to cobalamin 
deficiency due to pernicious anemia.

Cobalamin Deficiency
The primary goals of treatment of cobalamin deficiency are to restore the 

normal tissue content of cobalamin (between 2 to 5 mg in an adult human) 
and prevent relapse. Parenteral administration of either cyano- or hydroxy-
cobalamin is rapidly effective. Common treatment regimens in severely symp-
tomatic patients would be daily intramuscular or subcutaneous injection of 
1 mg (1000 µg) for seven days or every other day for 2 weeks, followed by 
weekly injections for eight weeks, then monthly. Less symptomatic patients 
could be loaded with biweekly or weekly doses for 8 weeks followed by 
monthly administration. Hydroxy-cobalamin is retained better than cyano-
cobalamin and after loading can be given at 2- to 4-month intervals instead 
of monthly. About 150 µg is retained after an injection of 1 mg, which is why 
it is necessary to provide multiple injections during the loading treatment 
phase to achieve the replacement of 2 to 5 mg. Methylmalonic acid remains 
elevated in about 20% of pernicious anemia patients injected monthly with 
cyano-cobalamin, which will normalize with a shorter time interval between 
injections. There is no toxicity upper limit for cobalamin and patients may 
claim that their well-being is enhanced by injections as frequent as every 2 to  
3 weeks.

TREATMENT 
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Sensitivity and Specificity of Biochemical Markers in 
Cobalamin and Folate Deficiency
There is an extensive literature investigating what biochemical marker or com-
bination of markers are the most sensitive or specific for the diagnosis of 
cobalamin deficiency. Of course, the pretest probability of disease will affect 
the results of sensitivity and specificity calculations. The initial investigations 
of the utility of methylmalonic acid and homocysteine biomarkers were per-
formed in patients with proven clinical deficiency defined by correction of 
macrocytosis, anemia, and neurologic disease. Elevated methylmalonic acid 
is often used as a “gold standard” to test various cut points for low serum 
cobalamin or holo-TC assays, but most studies do not test a cohort with clini-
cally ascertained vitamin deficiency. For instance, only 2.5% of subjects had 
elevated methylmalonic acid (>366 nmol/L) in the group with low cobalamin 
(<179 pg/mL) in an unselected NHANES survey population. Other studies 
show specificities of 25 to 60% for detecting elevated methylmalonic acid or 
clinical response depending on the cutoff used for serum cobalamin and the 
subject group studied. If cobalamin is measured because of vague complaints 
of fatigue and nonspecific neurologic or psychiatric symptoms most values 
lower than 200 pg/mL will be false-positive low. Some studies have shown 
that the holo-TC assay is slightly more specific in detecting elevated methyl-
malonic acid. However, a recent investigation revealed almost as many samples 
with methylmalonic acid higher than 1000 nmol/L in those with Holo-TC 
20-30 pmol/L as 40 to 50 pmol/L and overall about 70% in the indeterminant 
range had normal methylmalonic acid. The sensitivity of a low cobalamin value 
(<200 pg/mL) is about 60%. Some authors recommend increasing the cutoff 
for deficiency but this will exacerbate the lack of specificity further. In addi-
tion, current automated laboratory assays need to be tested in patients with 
documented clinical deficiency. The sensitivity of a serum methylmalonic acid 
value higher than 400 nmol/L is about 98% for clinical deficiency but specific-
ity for clinical abnormalities is much less because serum methylmalonic acid 
rises quickly in response to cobalamin depletion. It may be mildly abnormal 
in patients with other causes of anemia or neurologic syndromes, as seen 
frequently in seniors or vegetarians. Those patients with modest elevations 
of methylmalonic acid (<700 nmol/L) may not have any clinical syndrome 
attributable to cobalamin deficiency. It might be prudent to treat all patients 
with mild deficiency while evaluating for and treating other diagnoses such as 
the anemia of chronic kidney disease or myelodysplastic syndrome.

Elevated homocysteine higher than 21 µmol/L was 96% sensitive for folate-
deficient megaloblastic anemia. However, the homocysteine level cannot 
distinguish between cobalamin or folate deficiency and is also increased in 
renal insufficiency. Many investigations of alcoholics have demonstrated both 
elevated homocysteine and mild macrocytosis even when serum folate is not 
depressed.8

The alternative cobalamin forms methyl- and adenosyl-cobalamin are also 
available for replacement but are unstable, converting to the aquo(hydroxy) 
form on exposure to light. There is no advantage in using these expensive 
alternatives because they will undergo the same metabolic conversions as does 
cyano- or hydroxyl-cobalamin.
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 PREVENTION
Severe consequences of cobalamin deficiency can be prevented by investigat-
ing those patients at highest risk, which includes patients with autoimmune 
thyroid disease, vitiligo, history of gastrointestinal surgery, and family histories 
of pernicious anemia and autoimmunity. The tragedy of the cobalamin-deficient 
breast-fed infant should be completely avoidable if attention is paid to the pre-
pregnancy cobalamin status of women who are at risk for deficiency especially 
with Graves or other autoimmune thyroid disease, vitiligo, status post bariatric 
or other gastrointestinal surgery, inflammatory bowel disease, and those who 
avoid animal-source foods. Women who limit animal-source food and immi-
grants from countries with known cobalamin deficiency should be proven to 
be cobalamin replete prior to pregnancy.18 Newborn screening programs using 
tandem mass spectrometry have revealed that there are as many infants with 
nutritional cobalamin deficiency as with the inborn errors of cobalamin metab-
olism. It is possible that prompt treatment of these infants will prevent the worst 
of the growth failure and neurodevelopmental abnormalities seen when they are  
discovered later.

The widespread cobalamin and other micronutrient deficiencies in resource-
poor areas of the world and in populations who shun animal-source foods is 
a difficult problem. Increasing meat, dairy, and other animal foods is an expen-
sive approach for populations eating mostly plant-based proteins. Some fer-
mented plant foods such as enset, tempe, and algae derivatives do contain 
cobalamin although the concentrations are likely variable. Innovative approaches 
such as supplementing toothpaste have been tested and could potentially be 
useful. A8 

Prevention of Folate Deficiency
Folate food fortification has been adopted by many countries. The programs 
were designed to increase folate status in women to prevent neural tube defects. 
Neural tube defects have decreased by 25 to 50% depending on the preexisting 
folate status of the population. Despite food fortification, women of childbear-
ing age in the United States are recommended to take supplements of 400 µg 
of folic acid daily. Prenatal vitamins are fortified with folic acid at 1 mg/day 
and are recommended prior to conception and throughout gestation and 
breast-feeding. Folic acid supplements of 1 mg daily should be given to patients 
with inflammatory bowel disease, celiac disease, on methotrexate or older 
anticonvulsants, and to those with chronic hemolytic anemias. Dietary folate 
deficiency can be corrected by adding green leafy vegetables, legumes, fruits, 
and organ meats to the diet.

TABLE 155-3 USING METABOLITES TO DIAGNOSE 
COBALAMIN AND FOLATE DEFICIENCY

If methylmalonic acid is elevated >400 nmol/L, consider cobalamin deficiency
If homocysteine is elevated >14 µmol/L, then consider either cobalamin or folate or 

both deficiencies
Pretreatment metabolite testing will distinguish between true-positive and 

false-positive low cobalamin values
Metabolite testing is prudent in severe anemia/pancytopenia or demyelinating 

central nervous system disease regardless of vitamin levels

A small percentage (0.5 to 2%) of a high dose of oral cobalamin is absorbed 
by mass action in the upper intestinal tract without IF or an intact ileum.16 
Randomized trials comparing parenteral and high oral doses (1000 to 
2000 µg/day) have shown equivalent clinical correction, rise in serum cobala-
min, and normalization of elevated methylmalonic acid and homocysteine  
levels. A1-A3  Patients with severe abnormalities should receive at least 2000 µg/
day initially, so they absorb 20 to 40 µg/day. High-dose cobalamin tablets con-
taining 500 µg to 2.5 mg dosages are available without prescription in the 
United States. Physician error is one of the leading causes of discontinuation of 
treatment in pernicious anemia. Patients should be taught to start self-directed 
treatment with high-dose oral tablets if denied medical follow-up for cobalamin 
deficiency. High-dose preparations may be less available in other parts of the 
world. There are also preparations designed for intranasal or sublingual use 
which have been less studied in patients with true pernicious anemia. Patients 
and providers may have preferences as to cost, convenience, compliance, and 
comfort relating to injected versus oral treatment.

treatment of Dietary Deficiency
Patients with dietary deficiency should be loaded with high-dose oral or 

parenteral cobalamin to replete tissue stores (2 to 5 mg). This is crucial for 
vegetarian women contemplating pregnancy, especially from countries with 
high prevalence of cobalamin deficiency.17 The amount of cobalamin in maternal 
vitamins is too low to replete stores quickly; IF-mediated absorption is limited 
to 2 to 5 µg per day so it would take an entire pregnancy to replace 1 to 2 mg, 
and the infant could be born deficient. The breast-feeding mother should also 
be loaded to normal stores because her breast milk will be deficient if only 
small supplements are used. The cobalamin-replete vegetarian can supplement 
smaller quantities such as in multivitamin tablets (i.e., 3 to 9 µg/day). Persons 
who avoid animal-source foods are often also deficient in iron and many other 
vitamins. There is a large literature on methods to improve growth and devel-
opment of children in resource-poor countries with combinations of protein, 
iron, folic acid, cobalamin, and other nutrients.

Recommendations for treatment of seniors
The incidence of both true pernicious anemia and atrophic gastritis increase 

with age. The high usage of metformin and stomach acid blocking drugs is 
also more prevalent with age, which compounds the potential malabsorption 
of cobalamin. Elevated methylmalonic acid, which corrects with cobalamin 
treatment, is very prevalent (up to 40%) in studies of the oldest old. Theoreti-
cally, smaller doses of cobalamin should be effective in patients who still have 
some residual IF but studies in seniors have shown that at least 500 µg/day 
is necessary to correct most individuals with elevated methylmalonic acid.3 
The Food and Nutrition Board recommended that seniors take an unspeci-
fied dose of cobalamin daily. It seems prudent to recommend a supplement 
of at least 1000 µg/day for individuals at risk for malabsorption. Many clini-
cal trials of cobalamin and folate replacement in correcting diseases of aging 
such as cognitive impairment A4  or osteoporosis A5  have been disappointing. 
A possible exception is a trial of cobalamin in improving nerve conduction  
in seniors.

Treatment of Folate Deficiency
Because either cobalamin or folate deficiency causes megaloblastic anemia 

and elevated homocysteine levels, it is important to distinguish which vitamin 
is deficient or to treat potential deficiency of both. If serum methylmalonic 
acid is elevated then there is at least cobalamin deficiency (Table 155-3). This 
consideration is particularly important in countries with food folate fortification 
where almost all elevated homocysteine is due to cobalamin deficiency and not 
folate deficiency. Pharmacologic doses of folic acid (i.e., 1 mg daily) can partially 
correct megaloblastic anemia in cobalamin-deficient anemia, which has been 
termed “masking of pernicious anemia.” Unfortunately, if neurologic lesions 
are present they will continue to progress and may become irreversible if a 
cobalamin-deficient patient is treated with only folate. Over-the-counter folic acid 
supplements are topped at 800 µg in the United States to prevent inadvertent 
use by patients with pernicious anemia. Prescription doses of 1 to 5 mg daily 
of oral folic acid are acceptable treatments for replacement. Patients who have 
ongoing alcoholism, gut malabsorption, hemolytic anemia, or other unknown 

pathology should remain on replacement indefinitely. Folic acid 1 mg daily can 
also be given to patients taking methotrexate for rheumatologic disease, or to 
patients taking niacin or L-dopa to prevent hyperhomocysteinemia. Pretreat-
ment with folic acid and cobalamin is used with the multitargeted antifolate 
chemotherapy agents. There is no advantage to treating with methyl-THF over 
folic acid.

treatment of Hyperhomocysteinemia
Severe hyperhomocysteinemia (homocysteine >50 µmol/L) is a prothrombotic 

condition whether due to classical homocystinuria, other inborn errors of 
metabolism, or vitamin deficiency (Chapter 198). There are many case reports 
of thrombosis as the presenting complaint in pernicious anemia. The associa-
tion of hyperhomocysteinemia with vascular disease and thrombosis prompted 
many large trials of folic acid or combination B vitamin (high dose cobalamin, 
vitamin B6 plus folate) therapy in vascular disease. In general, the trials have 
not been successful or have been even harmful, except for a decrease in stroke 
incidence. A randomized trial of antihypertensive medication with or without 
folic acid, 800 µg daily, in China demonstrated a hazard ratio of 0.79 for decreased 
risk of stroke. A6  A trial of high-dose combination cobalamin, folic acid, and 
vitamin B6 in high-altitude soldiers in India decreased thrombotic events by 
54%. A7  Beneficial effects of folic acid or combination B vitamin treatment are 
easier to prove in populations that are not already eating folate fortified food. 
Trials in patients with renal failure, especially on dialysis, have not shown benefit 
in homocysteine lowering and perhaps harm in diabetic kidney disease.

Any patient with extreme hyperhomocysteinemia (>100 µmol/L) should be 
investigated thoroughly with assay of methylmalonic acid and methionine and 
a documented response to treatment after replacement. Patients with milder 
types of pyridoxine-responsive classic homocystinuria may present in adult-
hood with thrombotic disease, although not with megaloblastic anemia. All 
patients with nonresponsive hyperhomocysteinemia should be referred to a 
metabolic center.



 PROGNOSIS
Megaloblastic Anemia
Megaloblastic anemia due to cobalamin or folate deficiency should correct 
completely with the appropriate vitamin so long as there are no comorbidities. 
There is an increase in reticulocyte count within five days, and the hemo-
globin normalizes by 1 to 2 months. Some patients can produce a unit of 
blood per week with replacement. Thrombocytopenia and leukopenia also 
correct within the first two weeks. Iron deficiency will manifest as a blunt-
ing of the hemoglobin response, a fall in MCV into the microcytic range, 
and a decrease in serum ferritin and iron saturation. The anemia of chronic 
renal failure may coexist in seniors with cobalamin deficiency and could be 
treated if appropriate with erythropoiesis-stimulating agents (Chapter 149). 
Patients with intestinal diseases may need combination cobalamin and folic acid  
treatment.

The most likely diagnosis in a failure of vitamin treatment is that of an 
incorrect diagnosis due to a false-positive low vitamin level. There may be 
cobalamin deficiency with coexisting myelodysplastic syndrome or other bone 
marrow disease. Folate-deficient alcoholics often have multifactorial anemia 
and a prolonged period of abstinence with folic acid treatment may be required, 
especially if the bone marrow is sideroblastic.

Correction of glossitis and other megaloblastic abnormalities in the intestinal 
tract may manifest as positive weight gain in malnourished patients.

Recurrent macrocytosis or anemia during adequate cobalamin replacement 
may suggest associated autoimmune disease, particularly thyroid disorders or 
autoimmune hemolytic anemia. Recurrent iron deficiency due to malabsorp-
tion from achlorhydria could be a continuing problem, especially pertinent 
in patients who have undergone bariatric surgery.

Cobalamin Deficiency of the Central Nervous System
The demyelinating nervous system pathology is not always reversible with 
cobalamin treatment (Chapter 388). The duration of and severity of symptoms 
before treatment is inversely correlated with the extent of correction of the 
abnormalities. Paresthesias and behavioral changes are the quickest and most 
likely to correct. Spinal cord lesions that have progressed to severe sensory 
loss and motor weakness usually do not correct fully. The cobalamin-deficient 
infant often has residual impairments and permanent disability. There is an 
occasional patient who develops paresthesias in the first few days after cobala-
min replacement, which will resolve with further treatment.

It is important to document elevated methylmalonic acid or homocysteine 
in a patient who presents without megaloblastic anemia because there is a 
significant probability of a false-positive low cobalamin level in such patients. 
Lack of improvement or progression of neurologic symptoms and signs when 
cobalamin has been adequately replaced is proof that there is another cause 
for the symptoms. Diseases such as spinal stenosis or multiple sclerosis will 
not respond to cobalamin replacement, and delay in diagnosis during futile 
cobalamin therapy may harm the patient.
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3. A 32-year-old African American woman presents to the emergency depart-
ment with hemoptysis, edema, and the following lab studies: Hematocrit 
11%, MCV 92 f L, absolute neutrophil count 1200 × 106/L, platelet count 
30,000 × 106/L, reticulocyte percentage 3.3%, indirect bilirubin 2.3 mg/
dL, LDH 4250 U/L, uric acid 3 mg/dL. The following statements are true 
except:
 A. Extreme values of LDH point to thrombotic thrombocytopenia (micro-

angiopathic hemolytic anemia) in this patient rather than megaloblastic 
anemia.

 B. Persons of African ancestry have a very high incidence and prevalence 
of pernicious anemia.

 C. The pathology review of her peripheral blood smear documents frag-
mented red cells, basophilic stippling, nucleated red blood cells, and 
oval macrocytes which is consistent with megaloblastic anemia.

 D. Flow cytometry of a bone marrow aspirate revealed increased numbers 
of erythroblasts and myeloblasts consistent with megaloblastic anemia.

 E. Transfusion of packed red blood cells followed by gentle diuretic treat-
ment should be started immediately because blood transfusion will not 
affect serum vitamin values or metabolite levels.

Answer: A Answer A is false because the intramedullary hemolysis of the 
red cell precursors in the hypercellular bone marrow in life-threatening mega-
loblastic anemia results in release of LDH often eclipsing those levels seen in 
thrombotic thrombocytopenia or malignant diseases. Epidemiologic investiga-
tions in the United States and Africa have documented the high incidence of 
pernicious anemia. Early reports from Scandinavia and Great Britain may 
have led to the misconceptions describing persons with pernicious anemia 
as mostly blond and blue-eyed. When there is apoptosis and dysplasia in the 
bone marrow, misshapen red blood cells and fragments are released into the 
peripheral blood along with oval macrocytes. As anemia worsens, megaloblastic 
nucleated red blood cells and immature white cells are also released. Markers 
for early red blood and white blood cell precursors will be increased suggesting 
acute leukemia as a diagnosis to the unwary. Transfusion may be life-saving 
in such severe anemia but such patients as described above may have high-
output heart failure. Transfusion of washed red blood cells will have no impact 
on vitamin levels or methylmalonic acid and homocysteine levels.

4. An 80-year-old man is now confined to a wheelchair with loss of sensation 
and motor weakness in bilateral lower extremities. His MR of the spinal 
cord reveals hyperintensity on T2-weighted imaging in the cervical region. 
His neurologic exam reveals a cutaneous sensory level at T12. Which of 
the following statements is most likely true?
 A. His hemoglobin is 14 g/dL so you should refer him to a neurosurgeon 

immediately.
 B. Recently he underwent nitrous oxide anesthesia for a cardiac procedure, 

and his wife noted that his symptoms dramatically worsened over the 
past 3 weeks.

 C. The severity of megaloblastic anemia and neurologic deficits due to 
cobalamin deficiency progress simultaneously.

 D. His history of heavy alcohol use is the most likely explanation for his 
elevated homocysteine value of 50 µmol/L

 E. He can expect dramatic improvement after treatment.
Answer: B This patient has severe neurologic deficits and an MR imaging 
study consistent with cobalamin deficiency. His symptoms have been exac-
erbated by nitrous oxide anesthesia, a drug that inactivates methylcobalamin 
cofactor on methionine synthase within 30 minutes of exposure. There is 
a strong inverse relationship between the hemoglobin and the severity of 
neurologic disease in cobalamin deficiency; therefore the absence of anemia 
should not deter the clinician from testing. The severity of the deficits and 
the length of time of deficiency prior to treatment are strong predictors of 
completeness of response to treatment. With proper testing he was found to 
have both elevated methylmalonic acid and homocysteine, which could not 
be explained only by alcohol abuse, and his neurologic findings were more 
consistent with the myelopathy of cobalamin deficiency than folate deficiency. 
(Stabler SP. Clinical practice. Vitamin B12 deficiency. N Engl J Med. 2013;368: 
149-160.)

REVIEW QUESTIONS

1. A 42-year-old man with diabetes mellitus sustains a pulmonary embolus, 
and his cardiologist sends a testing battery for thrombophilia. The results 
show normal protein C and S, antithrombin III, no lupus anticoagulant, 
homocysteine 102 µmol/L, and homozygous status for MTHFR thermo-
labile polymorphism. You elect to:
 A. Start folic acid 1 mg per day and plan to test other family members for 

thrombophilia.
 B. Send him for serum folate, cobalamin, and TSH testing.
 C. Tell him to take a combination multivitamin tablet.
 D. Send serum for methylmalonic acid and methionine.
 E. Tell him that correcting homocysteine in vascular disease is not proven 

to be of benefit.
Answer: D This patient has extreme hyperhomocysteinemia, which causes 
thrombotic disease regardless of the underlying cause. Answer A is incorrect 
because in countries with food folate fortification the thermolabile polymor-
phism of MTHFR does not cause elevated homocysteine. Also, treating 
cobalamin deficiency with folic acid could cause neurologic abnormalities to 
progress. B is incorrect because it does not account for the possible 40 to 60% 
false-positive low or false-negative high serum cobalamin level. C is incorrect 
because the dose of cobalamin or pyridoxine in standard multivitamins is too 
low to treat cobalamin malabsorption or classical homocystinuria. D is correct 
and in fact this patient had methylmalonic acid of 4300 nmol/L (70 to 
300 nmol/L) with serum cobalamin 240 pg/mL and methionine 24 µmol/L 
(13 to 42 µmol/L) documenting severe cobalamin deficiency. All metabolites 
normalized with cobalamin injections. E is incorrect because this patient has 
an extreme value of homocysteine which is prothrombotic. The homocysteine 
suggests a severe metabolic disturbance which should be specifically diagnosed 
and treated. (Stabler SP. Clinical practice. Vitamin B12 deficiency. N Engl J 
Med. 2013;368:149-160.)

2. Your 30-year-old house staff officer asks you for advice about her anemia 
discovered in the first trimester of her first pregnancy. She assures you that 
she has been taking her prenatal vitamins for the entire time. She is origi-
nally from India and emigrated 4 years ago for training. She describes her 
diet as mostly vegetarian although she does have milk in her tea. Lab testing 
reveals: Hgb 9.2 g/dL, MCV 78 f L, normal WBC and platelet count, fer-
ritin 4 mg/dL, serum cobalamin 90 pg/mL and folate greater than 20 ng/
mL. You decide to:
 A. Check anti-intrinsic factor antibodies which were negative and tell her 

to just continue the prenatal vitamins.
 B. Tell her the prenatal vitamins are adequate for all vitamins except that 

she needs more iron.
 C. Start parenteral cobalamin loading injections (1 mg weekly for 8 weeks) 

with high-dose oral follow-up 2000 µg/day until she stops breast-feeding.
 D. Tell her to eat tempe (fermented soy product) because she is interested 

in a natural form of cobalamin supplementation.
 E. Check serum homocysteine, which was elevated, and increase folic acid 

supplementation to 4 mg/day.
Answer: C C is the correct answer because she is likely deficient in cobalamin, 
consistent with her birth place, diet history, and serum cobalamin level. Your 
goal is to quickly restore her full cobalamin status. A is incorrect because 
anti-intrinsic factor antibodies are only present in 50% of persons with perni-
cious anemia and the dose of cobalamin in prenatal vitamins is not enough 
to treat pernicious anemia if she had it. B is incorrect because it would take 
the entire pregnancy to correct cobalamin deficiency with a cobalamin dose 
of 2 to 6 µg per day because only 2 to 4 µg would be absorbed by the intrinsic 
factor mechanism or 1 mg total in 270 days. Meanwhile, the fetus is being 
deprived of cobalamin. D is incorrect because the variable and possibly low 
concentration of cobalamin in tempe would not be enough to replete her 
during this gestation. E is incorrect because her serum folate is already above 
the measured range, and she is on supplemental folic acid in her prenatal 
vitamin. ( Jeruszka-Bielak M, Isman C, Schroder TH, Li W, Green TJ, Lamers 
Y. South Asian ethnicity is related to the highest risk of vitamin B12 deficiency 
in pregnant Canadian women. Nutrients. 2017;9:pii:E317; and Rizzo G, Lagana 
AS, Rapisarda AM, et al. Vitamin B12 among vegetarians: status, assessment 
and supplementation. Nutrients. 2016;8:pii: E767.)
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5. All of the following statements are true except:
 A. Ten percent of high-dose oral cobalamin can by absorbed by mass action 

in the upper intestine.
 B. The distal ileum is the site of the cubam receptor for intrinsic factor–

bound cobalamin.
 C. Macrocytosis due to chronic liver disease rarely responds to vitamin 

therapy.
 D. Anemia in seniors associated with mildly elevated methylmalonic acid 

(<700 nmol/L) rarely responds to cobalamin therapy.
 E. Gastrectomy and bariatric surgery interfere with the enterohepatic cir-

culation of cobalamin.

Answer: A Only 1% of a high oral dose of cobalamin can be absorbed by 
mass action in the upper intestinal tract. Therefore 10 µg would be absorbed 
from a 1000 µg tablet, which would be sufficient for maintenance of status 
in patients with any type of malabsorption. Loading parenteral or higher oral 
doses (2000 µg BID) are needed to replete tissue levels in patients with clini-
cal abnormalities or during pregnancy. When there is no intrinsic factor in 
the duodenum to bind the cobalamin secreted into bile, then it is lost in the 
stool instead of taken up by the cubam receptor in the distal ileum, as is 
inevitable after gastrectomy or bariatric surgery. Macrocytosis in chronic liver 
disease is due to reticulocytosis and red cell membrane abnormalities. Mild 
cobalamin deficiency is frequently found in seniors and not associated with 
any clinical syndrome that will respond to therapy. (Stabler SP. Clinical prac-
tice. Vitamin B12 deficiency. N Engl J Med. 2013;368:149-160; and Alpers 
DH. Absorption and blood/cellular transport of folate and cobalamin: phar-
macokinetic and physiological considerations. Biochimie. 2016;126:52-56.)
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156 
APLASTIC ANEMIA AND RELATED BONE 
MARROW FAILURE STATES
GROVER C. BAGBY

 DEFINITION
Aplastic anemia is a life-threatening syndrome characterized by failure of the 
bone marrow to produce peripheral blood cells and their progenitors. Diverse 
diseases and environmental factors can cause this syndrome, but its hallmark 
is bone marrow hypocellularity and hypoplasia of the erythroid, myeloid, and 
megakaryocyte lines (Fig. 156-1).

 EPIDEMIOLOGY
Two per million persons in Europe and North America and 4 to 7 per million 
in Asia develop aplastic anemia annually. No age group is exempt, but the age 
distribution of newly diagnosed patients is bimodal, with peaks at 15 to 25 
years and at 60 to 65 years.

 PATHOBIOLOGY
Pathology
Peripheral blood pancytopenia is universally present in patients with aplastic 
anemia, but because other disorders can cause pancytopenia, bone marrow 
biopsy is required to establish the diagnosis. The diagnosis will be clear-cut 
if the biopsy specimen is of sufficient size and has been obtained from an 
anatomic site that has never been exposed to extensive trauma or irradiation. 
A massive reduction in the numbers of non-lymphoid hematopoietic cells is 
a sine qua non. Some lymphocyte populations can be found as shown in 
Figure 156-1B and are of pathophysiologic importance. If the hematopoietic 
marrow has been suppressed (or “replaced”) by the infiltration of neoplastic 
cells or fibroblasts, the diagnosis of aplastic anemia cannot be made. Therefore, 
the diagnosis requires not only a dearth of hematopoietic cells in the marrow 
but also an otherwise “empty” bone marrow.

Some bone marrow failure syndromes affect only one lineage (see 
Autoimmune-Mediated Failure of Single Hematopoietic Lineages). In those 
cases, only the marrow precursors of that lineage are missing, and the overall 
cellularity of the marrow may even be normal (i.e., not “empty”). In patients 
with agranulocytosis, for example, there are rare neutrophils, bands, and meta-
myelocytes, and growth of myeloid progenitor cells is suppressed. The ratio 
of erythroid to myeloid cells is higher than normal. Conversely, in patients 
with the disorder known as pure red cell aplasia, few erythroid cells are detect-
able in the marrow, but the other lineages are well represented and functional. 
These two disorders are bone marrow failure syndromes but are not examples 
of aplastic anemia, which involves global suppression of all hematopoietic 
lineages most often resulting from damage in the stem cell pool.

Pathophysiology
Marrow aplasia in a few patients (10 to 15%) can be attributed to one of the 
inherited bone marrow failure syndromes,1 but most cases are acquired. In 
all cases, it is clear that the causative factors, genetic or environmental, result 
in injury of pluripotent hematopoietic stem cells (Chapter 147). This is in 
contrast to the lineage-restricted marrow failure disorders, wherein the caus-
ative agents and factors suppress the growth and development of unipotent 
progenitor cells committed to that particular lineage. Radiation, viral diseases, 
cytotoxic drugs, and chemicals are known causes of aplastic anemia, but the 
most common form of acquired aplastic anemia is immunologically mediated, 
including many of those cases attributed to infections or idiosyncratic drug 
reactions. Causes of aplastic anemia and related bone marrow failure states 
are outlined in Table 156-1.

Pathogenesis
Autoimmune Aplastic Anemia
Acquired Aplastic Anemia
In patients with the most common form of acquired aplastic anemia, autolo-
gous T lymphocytes suppress the replicative activity and induce the death or 
self-renewal capacity of hematopoietic stem and progenitor cells. Evidence 
supporting this model include the following: removal of T lymphocytes from 
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ABSTRACT
The life-threatening disorder aplastic anemia is characterized by pancytopenia 
and bone marrow hypocellularity. Although there are many causes of aplastic 
anemia, a loss of hematopoietic stem cells and progenitors is a characteristic 
feature in all cases, both inherited and acquired. Pathophysiologically, the 
majority of cases of acquired aplastic anemia are autoimmune disorders in 
which aberrant clones of cytotoxic T-lymphocytes inflict stem cell damage. 
Consequently, both immunosuppressive therapy and stem cell transplantation 
are often curative. Because specific effective therapeutic approaches differ for 
patients with inherited marrow failure syndromes who never respond to 
immunosuppressive therapy, these inherited syndromes must be ruled out at 
the time of diagnosis. Early identification of potential stem cell donors is also 
essential as is screening for evidence of clonal hematopoiesis and myelodys-
plasia prior to and following definitive treatment.
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TABLE 156-2 DRUGS AND TOXINS ASSOCIATED WITH 
APLASTIC ANEMIA

DOSE DEPENDENT
Antineoplastic Agents
Antimetabolites
Alkylating and cross-linking agents
Cytotoxic antibiotics
Plant alkaloids
Topoisomerase inhibitors
Antimicrobial Agents
Chloramphenicol, dapsone, fluorocytosine
Anti-inflammatory and Antirheumatic Agents
Colchicine, allopurinol
insecticides
Chlordane, chlorophenothane (DDT), lindane, parathion
other chemicals
Benzene
Benzene-containing chemicals: kerosene, chlorophenols, carbon tetrachloride
DOSE INDEPENDENT
Idiosyncratic, likely immune mediated
Antimicrobial Agents
Chloramphenicol, dapsone, sulfonamides, tetracycline, methicillin, amphotericin, 

quinacrine, chloroquine, pyrimethamine
Anticonvulsants
Hydantoins, carbamazepine, phenacemide, primidone, ethosuximide
Anti-inflammatory Agents
Phenylbutazone, indomethacin, ibuprofen, oxyphenbutazone, sulindac, naproxen, 

dipyrone, piroxicam
Antiarrhythmic drugs
Quinidine, tocainide, procainamide
metals
Gold, arsenic, mercury, bismuth
Antihistamines
Cimetidine, ranitidine, chlorpheniramine, pyrilamine, tripelennamine
diuretics
Acetazolamide, furosemide, chlorothiazide, methazolamide
Hypoglycemic Agents
Chlorpropamide, tolbutamide
Antithyroid drugs
Propylthiouracil, potassium perchlorate, methylthiouracil, methimazole, carbimazole
Antihypertensive Agents
Methyldopa, enalapril, captopril
sedatives
Chlordiazepoxide, chlorpromazine, meprobamate, prochlorperazine

A B

FIGURE 156-1. Two bone marrow biopsy samples from different patients. A, this specimen, from a normal individual, shows an abundance of hematopoietic cells, including myeloid 
and erythroid precursors and normal-appearing megakaryocytes. B, A specimen from a patient with severe aplastic anemia shows few detectable hematopoietic cells, and those that 
can be seen (one small nest) are lymphocytes. some lymphoid cells are usually detectable and probably play an important pathophysiologic role in many cases of acquired idiopathic 
aplastic anemia, a disorder that is most often immunologically mediated. (courtesy dr. Ken Gatter, oregon Health and science university.)

TABLE 156-1 MAJOR CAUSES OF ACQUIRED APLASTIC 
ANEMIA AND RELATED BONE MARROW 
FAILURE STATES

Autoimmune aplastic anemia
 Acquired
 Drug induced
 Infections
  Hepatitis
  Epstein-Barr virus
Autoimmune-mediated failure of single hematopoietic lineages
 Agranulocytosis
 Pure red cell aplasia
Direct stem cell toxicity
 Radiation
 Chemicals
 Drugs
Other conditions
 Hypoplastic myelodysplasia (MDS)
 Paroxysmal nocturnal hemoglobinuria
 Inherited bone marrow failure syndromes
 Pregnancy

had hepatitis of unclear type. Most patients with this syndrome are younger 
than 20 years. The natural course is rapid, with a 1-year mortality rate of more 
than 90%. The immune system is probably involved in the pathophysiologic 
mechanism of this syndrome because T-cell clonotypes are shared among 
patients with this type of aplasia and immunosuppressive therapy has been 
reported to induce meaningful remissions.

EPSTEIN-BARR VIRUS. In rare patients with aplastic anemia, evidence of 
active Epstein-Barr virus (EBV) infection has been discovered (Chapter 353). 
Because the virus does not infect progenitor cells or stem cells, it is most likely 

cultured bone marrow cells enhances hematopoiesis in vitro; the majority of 
patients with aplastic anemia can be effectively treated with immunosuppres-
sive therapy (IST) alone; oligoclonal T cells1 in the marrow and blood of 
aplastic anemia patients contain high intracellular levels of the myelosuppres-
sive cytokines interferon-γ and tumor necrosis factor-α; the interferon-γ/
tumor necrosis factor-α–positive T-cell populations are suppressed in patients 
who respond to immunosuppressive therapy but are not suppressed in patients 
who do not respond; and the syndrome can be modeled in mice by infusing 
alloreactive lymphocytes that induce marrow failure. The mechanisms by which 
such autoinhibitory T-cell clones arise are unclear; stem cells presenting auto-
antigens to cytotoxic T cells2 via class I HLA proteins and a loss of regulatory 
T-cell function may play a role.

Drug Induced
Although a wide variety of drugs have been associated with aplastic anemia, 
much of the historical evidence is circumstantial, and apart from drugs that 
are known to be directly toxic to the marrow (e.g., chemotherapeutic agents; 
Table 156-2), the cases do not reliably correlate with total dose of the suspect 
agent. These “idiosyncratic” reactions are likely autoimmune. Some agents, 
chloramphenicol being the classic example, are capable of inducing both types 
of injury. High doses can lead to myelosuppression in all treated patients 
(which abates after discontinuation of the drug), but even low doses can cause 
rare idiosyncratic aplastic responses as well (which do not remit after discon-
tinuation of the agent). Drugs that have been associated with aplastic anemia 
are listed in Table 156-2.

Infections
HEPATITIS. About 2 to 5% of patients with severe aplastic anemia have 

had viral hepatitis (Chapters 139 and 140). Some cases have been linked to 
hepatitis A or B, but most patients with the hepatitis-aplasia syndrome have 
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toxic to stem and progenitor cells in the marrow (see Table 156-2). These 
myelosuppressive responses are completely predictable and dose dependent. 
In practical terms, unless the patient receives a drug overdose or has an undi-
agnosed genetic disorder that predisposes the patient to respond to the agent 
in an exaggerated way (e.g., Fanconi anemia), most patients treated for neo-
plastic diseases develop reversible bone marrow aplasia or hypoplasia and 
recover bone marrow function within 1 to 3 weeks.

Other Aplastic States
Pregnancy
Aplastic anemia can be diagnosed in pregnancy. In addition, some patients 
with aplastic anemia have become pregnant after the diagnosis. The prognosis 
in both instances is poor, and most fatal outcomes are due to bleeding com-
plications. Some women who have been fortunate enough to recover bone 
marrow function postpartum develop aplastic anemia with a subsequent 
pregnancy. The pathogenesis and causal relationship between pregnancy and 
aplastic anemia remain unknown but may reflect a high level of immunologic 
activation during pregnancy.

Paroxysmal Nocturnal Hemoglobinuria
Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired disorder that 
results from the expansion of a clone of hematopoietic stem cells whose progeny 
are incapable of anchoring essential proteins to their membranes (Chapter 
151). The defect is caused by an inactivating somatic mutation of PIGA, an 
X-linked gene that encodes a protein essential for synthesis of the membrane 
anchor glycosyl phosphatidylinositol (GPI). Some of the GPI-anchored pro-
teins (e.g., CD55 and CD59) are important in normal cells to protect them 
from activated complement. Consequently, the loss of CD55 and CD59 results 
in chronic intravascular hemolysis and thrombosis (Chapter 73). The emer-
gence of “PNH clones” is not uncommon in patients with acquired aplastic 
anemia, and experimental evidence supports the idea that the evolution of 
PIGA-deficient stem cells represents selection of clones that resist the immune 
attack.

Inherited Bone Marrow Failure Syndromes
Some inherited bone marrow failure syndromes can be manifested in adoles-
cence and adulthood. They include dyskeratosis congenita, Fanconi anemia, and 
Diamond-Blackfan anemia. The molecular pathogenesis of the bone marrow 
failure seen in these diseases is under active investigation.4 Although the 
genetic basis of these disorders has been well defined in the past decade, the 
canonical functions of the proteins encoded by these genes is distinct (Table 
156-3) for each disease. For example, in dyskeratosis, the mutations occur in 
genes that encode proteins and RNAs involved in telomere maintenance. In 
Fanconi anemia, the mutations involve proteins involved in the DNA damage 
response, and in Diamond-Blackfan anemia, inactivating mutations involve 
ribosomal proteins known to be involved in ribosome biogenesis. Whether loss 
of these canonical functions is linked with the pathogenesis of marrow failure is  
unclear.

Genetics
Diagnostic consideration of a hereditary form of aplastic anemia should not 
be limited to children. While some of these syndromes (e.g., Shwachman-
Diamond syndrome, amegakaryocytic thrombocytopenia, severe congenital 
neutropenia, and the MIRAGE syndrome) are almost always diagnosed in 
early life, other inherited marrow failure disorders may be first diagnosed in 
adulthood. These include, most commonly, dyskeratosis congenita, Fanconi 
anemia, and Diamond-Blackfan anemia (Table 156-3) and less commonly, 
patients with germline mutations of GATA2, SAMD9L, and SRP72.6 It 
is critically important to consider these inherited disorders early in the 
initial evaluation of adults with aplastic anemia because the treatment of 
such patients with conventional stem cell transplant conditioning regimens 
(Chapter 168) is associated with high mortality rates (especially in dys-
keratosis congenita and Fanconi anemia). Furthermore, immunosuppressive 
therapy, an effective treatment in patients with acquired aplastic anemia, 
has no role to play in these diseases. The clinical and laboratory manifesta-
tions of these three diseases and the findings that should prompt genetic 
testing in such patients are reviewed in Table 156-3. Whereas the stem cell 
defects can be identified during fetal development, adults who present with 
these diseases were not born with aplastic anemia. Instead, aplasia develops 
over time. Prospective studies of children who present with bone marrow 
failure indicate that nearly 25% will have an inherited bone marrow failure  
syndrome.7

that EBV induces an aberrant immune response that generates either immu-
noglobulin- or T-lymphocyte–mediated hematopoietic suppression. Only a 
minority of EBV-infected aplastic patients describe a history of typical infec-
tious mononucleosis, so it is equally likely that the aplastic state came first 
and that EBV infection or reactivation was a second event.

Autoimmune-Mediated Failure of Single Hematopoietic Lineages
Agranulocytosis
Agranulocytosis is characterized by severe neutropenia and suppression of 
granulopoiesis (also see Chapter 158). This disorder can be an idiosyncratic 
reaction to certain drugs and most likely involves immune suppression of 
granulopoietic progenitor cells. The disease almost always abates when the 
offending drug is discontinued. Agranulocytosis also occurs in patients with 
established autoimmune diseases, including systemic lupus erythematosus, 
Sjögren syndrome, and rheumatoid arthritis. In some cases, the disorder is 
caused by myelosuppressive antibodies; in others, it is caused by T lympho-
cytes that suppress granulopoiesis. Immunosuppressive therapy is often effective 
in such patients and should be used in patients whose agranulocytosis is severe 
and associated with recurrent infections.

Pure Red Cell Aplasia
Severe normochromic, normocytic anemia (Chapter 149) with a marked 
decrease in reticulocyte number is sometimes associated with selective hypo-
plasia of the erythroid marrow without loss of megakaryocytes and myeloid 
precursor cells.3 In immunocompromised hosts and patients with chronic 
hemolytic diseases, this disorder, known as pure red cell aplasia, can be caused 
by parvovirus B19 infection (Chapter 347), an agent that infects erythroid 
precursor cells, suppressing their function and possibly also generating an 
erythroid suppressive immune response. This disease can also be mediated 
by T lymphocytes or natural killer cells that suppress cells of the erythroid 
lineage and in more uncommon cases by antibody-dependent suppression of 
erythropoiesis. Pure red cell aplasia can also develop as a complication of 
benign or malignant thymoma (Chapter 92) and in these circumstances is 
likewise caused by oligoclonal T-cell expansion that specifically suppresses 
erythroid progenitor cells. The disease can also be associated with drug expo-
sure (e.g., isoniazid, chlorpropamide, and phenytoin), lymphoid neoplasms 
(chronic lymphocytic leukemia; Chapter 174), and myelodysplasia (Chapter 
172). Rarely, adults with Diamond-Blackfan anemia present with isolated 
erythroid suppression, but the degree to which the erythroid marrow is sup-
pressed in such patients rarely matches the profound suppression seen in 
acquired cases of immune-mediated pure red cell aplasia.

Direct Stem Cell Toxicity
Radiation
The severity of myelosuppression induced by radiation and the degree to 
which the marrow can recover from that injury depend on the radiation dose, 
the timing of exposure, and the fraction of hematopoietic tissues exposed. 
Low-dose total body radiation causes transient marrow suppression. High 
doses of total body radiation (700 to 1000 cGy) induce severe injury to the 
stem cell pool with persistent and life-threatening marrow failure. In the past, 
direct radiation injury to hematopoietic stem cells was the accepted explana-
tion for stem cell injury, but recent evidence indicates that injury to other 
tissues (especially the gut) results in the release of endogenous factors that 
themselves suppress hematopoiesis. When limited bone marrow sites are 
irradiated to very high doses (4000 cGy or more), the relatively radioresistant 
bone marrow stromal cells are eradicated, and thereafter that marrow space 
can never fully support hematopoietic activity.

Chemicals
Benzene suppresses the bone marrow in a dose-dependent manner, and chronic 
exposure to it has been linked with aplastic anemia and myeloid leukemogen-
esis. Benzene and many of its catabolites are directly toxic to stem cells, damage 
DNA, suppress the supportive function of the bone marrow microenviron-
ment, and accentuate the responsiveness of hematopoietic progenitor cells to 
intramedullary apoptotic cues that arise during the inflammatory response. 
Kerosene, carbon tetrachloride, and chlorophenols contain benzene, as do 
many other like products used for paint stripping, refinishing, and degreasing 
(see Table 156-2).

Drugs
Many agents in use for the treatment of malignant diseases are predictably 
myelosuppressive and can induce aplastic anemia because they are directly 
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developmental anomalies of the skin, nails, hands, or arms; and malformations 
of the heart, liver, or genitourinary tract (see Table 156-3).

Initial Laboratory Findings
Pancytopenia (anemia, leukopenia, and thrombocytopenia) is a universal 
presenting finding. The morphology of neutrophils, platelets, and red cells on 
peripheral blood smear is usually normal unless there is concurrent iron defi-
ciency due to bleeding or clonal evolution to a myelodysplastic state.

 DIAGNOSIS
The evaluation of pancytopenic patients first requires examination of the 
peripheral blood smear (Chapter 148). If there are morphologic or clinical 
signs of vitamin B12 or folic acid deficiency (e.g., hypersegmented neutrophils 
and oval macrocytes), those disorders should be formally ruled out because 
a bone marrow aspiration and biopsy might not be required in those condi-
tions. Others require a bone marrow aspiration and biopsy. Obtaining both 
types of samples is important. The biopsy best assesses overall bone marrow 
cellularity and provides the most sensitive evidence for some infiltrative 
processes. The aspirated sample can be examined microscopically for the pres-
ence of abnormal cells but also provides cells for cytogenetic analyses (which 
can provide evidence supporting hypoplastic myelodysplasia and acute leu-
kemia). Gene mutations associated with inherited marrow failure syndromes 
and somatic mutations associated with a high risk of clonal evolution of marrow 
failure syndromes to myelodysplasia (MDS) and acute myeloid leukemia 
(AML) are now emerging. Acquired aplastic anemia patients in whom certain 
somatic mutations (e.g., ASXL1 and DNMT3A) are detected are reportedly 
more likely to evolve to myelodysplasia than either those without mutations 
or mutations of BCOR, BCORL1, or PIGA. Mutations of ASXL1, DNMT3A, 
and TET2 are interesting candidates for risk assessment in aplastic anemia 
patients but the issue is not settled (see E-Table 156-2) because mutations of 
these genes are not sufficient to cause MDS or AML.8 It is clear, however, that 
targeted gene sequencing for both inherited and somatic mutations will be 
increasingly utilized in the initial evaluation of all patients with aplastic anemia.

Rarely in the early stages of aplasia, the biopsy finding can be somewhat 
cellular. A repeated biopsy in 1 to 2 weeks might be required to establish the 

 CLINICAL MANIFESTATIONS
The natural course of aplastic anemia is influenced by its severity. Patients 
with hypoplastic bone marrows have severe aplastic anemia if they meet two 
of the following laboratory criteria: absolute neutrophil count of less than 
500/µL; platelet count of less than 20,000/µL; or reticulocyte count of less 
than 20,000/µL (E-Table 156-1). Patients who do not have severe aplastic 
anemia often progress to severe aplasia, but the pace is slow (about 40% will 
have progressed in 5 years). Severe aplastic anemia is a life-threatening condi-
tion that, untreated, is associated with a mortality rate of 80% in the 24 months 
after diagnosis. Conventional treatment of any cohort of patients with acquired 
severe aplastic anemia will prolong life, and many patients, particularly those 
who have received stem cell transplants, will be cured.

History
Symptoms of this syndrome, cause notwithstanding, are almost always reflec-
tive of low blood cell counts. The most common presenting symptoms are 
those associated with thrombocytopenia and anemia. Low platelet counts are 
associated with bleeding, often epistaxis and bleeding gums, bruising with 
minor or no trauma, and menorrhagia. Anemia accounts for the nearly universal 
symptoms of fatigue and dyspnea on mild exertion. Some aplastic patients 
may present with intercurrent bacterial or fungal infection (because of severe 
neutropenia), but these cases are less common. Family histories that include 
any of the features listed in Table 156-3 should raise suspicion of an inherited 
bone marrow failure syndrome.

Physical Examination
Pallor and tachycardia at rest are common signs of anemia but can be absent or 
unnoticeable in younger patients and in patients whose aplasia is of recent onset. 
Hemorrhagic manifestations classic for thrombocytopenia are often found: 
petechiae (cutaneous or palatal), ecchymoses, and epistaxis. The most common 
form of aplastic anemia, autoimmune, is rarely associated with lymphadenopathy 
or hepatosplenomegaly, and when such findings are present, alternative diag-
noses should be considered and formally ruled out (Chapter 159). Likewise, 
concerns of an inherited marrow failure disease should be triggered by any 
one of the following: short stature; endocrinopathies; osteopenia; findings of 

TABLE 156-3 DISTINGUISHING CLINICAL FEATURES OF THE INHERITED BONE MARROW FAILURE SYNDROMES THAT MAY BE 
INITIALLY DIAGNOSED IN ADULTHOOD

DISTINGUISHING 
FEATURES

DISEASES

FANCONI ANEMIA DYSKERATOSIS CONGENITA DIAMOND-BLACKFAN ANEMIA
History Skeletal and renal malformations, low birthweight, 

pancytopenia, family member with bone 
marrow failure, myelodysplasia, acute 
myelogenous leukemia, or squamous cell 
carcinoma at an early age

Family member with Fanconi anemia

Intrauterine growth retardation, developmental 
delay, and short stature

Family history of myelodysplasia, acute 
myelogenous leukemia, marrow failure, 
abnormal fingernails or toenails, leukoplakia, 
head and neck cancer, or pulmonary fibrosis

Low birthweight, arm and thumb deformities 
at birth

Physical findings Thumb and radial malformations, hyperpigmented 
skin lesions (cafe au lait spots), short stature, 
myelodysplasia, acute myelogenous leukemia, 
squamous cell carcinoma at young age, renal 
and cardiac malformations, microcephaly, 
hypogonadism

Lacy reticular pigmentation of skin, dystrophic 
fingernails and toenails, premature graying of 
hair, hair loss, short stature, oral leukoplakia, 
squamous cell cancer of head and neck, 
pulmonary fibrosis, osteopenia, hypogonadism

Triphalangeal thumbs, short stature, arm 
anomalies

Genes inactivated 
and (synonyms)

FANCA,* FANCC,* FANCG,* FANCB, FANCD1 
(BRCA2), FANCD2, FANCE, FANCF, FANCI, 
FANCJ (BRIP1), FANCL, FANCM, FANCN 
(PALB2), FANCO (RAD51C), FANCP (SLX4), 
FANCQ (ERCC4), FANCR (RAD51), FANCS 
(BRCA1), FANCT (UBE2T), FANCU 
(XRCC2), FANCV (REV7)

These genes encode proteins known to protect the 
genome from excessive damage induced by 
chemical cross-linking agents.

DKC1,† TERC,† TERT,†
TINF2,† NOLA2 (NHP2), NOLA3 (NOP10)
WRAP53, STN1,
NAF1, PARN, CTC1, ACD,
RTEL1, POT1
These genes encode proteins known to participate 

in maintenance of telomeres.

Ribosomal Genes
RPS19,‡ RPL11,‡
RPS26,‡ RPS10,‡
RPS35a,‡ RPS24,‡
RPS7, RPS17, RPL5, RPS20, RPS27, RPS28, 

RPS29,
RPL15, RPL17, RPL26, RPL27, RPL31
Non-Ribosomal Gene Mutations
GATA1, TSR2

Screening and 
diagnostic tests

1. Mitomycin C or diepoxybutane induced 
chromosomal breakage test using skin 
fibroblasts or peripheral blood lymphocytes

2. Gene sequencing

1. Quantitative analysis of telomere length 
(flow-FISH) in lymphocytes

2. Gene sequencing

Note: Isolated erythroid failure is more 
common than full-blown aplastic anemia.

1. There are no screening tests, although 
serum ADA is often elevated.

2. Gene sequencing
ADA = adenosine deaminase; FISH = fluorescence in situ hybridization.
*Mutations of these account for 85% of cases.
†Mutations of these genes account for 40-45% of cases. The 14 genes identified to date account for 70% of patients with clinically diagnosed dyskeratosis congenita.5

‡Mutations of these genes account for 40-45% of cases.
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E-TABLE 156-1 APLASTIC ANEMIA SEVERITY SCORE*
CLASSIFICATION CRITERIA
Severe 1. Bone marrow cellularity <25% of age-adjusted normal

2. At least two of the following
 A. Neutrophil count <500/mL
 B. Platelet count <20,000/mL
 C. Reticulocyte count <20,000/mL

Very Severe 1. Severe aplastic anemia (as above) PLUS
2. Neutrophil count <200/mL

Nonsevere 1. Pancytopenia and hypocellular marrow,
2. Absence of abnormal marrow infiltrates
3. At least two of the following

 A. Hemoglobin <100 g/L
 B. Platelet count <50,000/mL
 C. Neutrophil count <1000/mL

4. Indices do not meet the standards (above) for either 
“Severe” or “Very Severe”

*Killick SB, Bown N, Cavenagh J et al. Guidelines for the diagnosis and management of adult 
aplastic anaemia. Br J Haematol 2016;172:187-207.

E-TABLE 156-2 SOMATIC MUTATIONS REPORTEDLY 
PREDICTIVE OF CLONAL EVOLUTION  
TO A MYELOID NEOPLASM*

INSUFFICIENT 
PREDICTIVE VALUE

HIGH PREDICTIVE VALUE 
MUTATIONS

CO-OCCURING WITH 
TET2, ASXL1 OR DNMT3A

HIGH PREDICTIVE 
VALUE

TET2 RUNX1 SF3B1
ASXL1† EZH2 RUNX1
DNMT3A† CBL TP53

BCOR SRSF2‡

CUX1 ZRSR2‡

TP53 U2AF1‡

IDH1/IDH2
*Malcovati L, Galli A, Travaglino E et al. Clinical significance of somatic mutation in unexplained 
blood cytopenia. Blood 2017;129:3371-3378.
†Somatic mutations of a variety of genes are found in about one third of patients with aplastic 
anemia.§ Some report that ASXL1 and DNMT3A are predictive of clonal evolution¶¶ and worse 
survival.¶ TET2, TP53, and RUNX1 are also reportedly associated with progression in patients with 
myelodysplasia whose hematopoietic cells carry a 5q deletion.** Given the extraordinary prevalence 
of such mutations, especially DNMT3A and TET2, in hematologically normal older individuals,†† 
the functional role they play in clonal evolution from aplastic anemia to MDS or AML is unclear. 
Large prospective multi-institutional studies are required to clarify which somatic mutations or 
combinations of mutations might indicate pre-emptive treatment.
‡Mutations of these splicing factors occur so frequently in combination with other mutations so 
their predictive value as single gene mutations with high predictive value cannot be assessed yet.
§Park HS, Park SN, Im K et al. Telomere length and somatic mutations in correlation with response 
to immunosuppressive treatment in aplastic anaemia. Br J Haematol 2017;178:603-615.
¶¶Shimamura A. Aplastic anemia and clonal evolution: germ line and somatic genetics. Hematology 
Am Soc Hematol Educ Program 2016;2016:74-82.
¶Yoshizato T, Dumitriu B, Hosokawa K et al. Somatic mutations and clonal hematopoiesis in aplastic 
anemia. N Engl J Med 2015;373:35-47.
**Scharenberg C, Giai V, Pellagatti A et al. Progression in patients with low- and intermediate-1-risk 
del(5q) myelodysplastic syndromes is predicted by a limited subset of mutations. Haematologica 
2017;102:498-508.
††Buscarlet M, Provost S, Zada YF et al. DNMT3A and TET2 dominate clonal hematopoiesis and 
demonstrate benign phenotypes and different genetic predispositions. Blood 2017;130:753-762.
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prevent transfusion-associated graft-versus-host disease (GVHD), to reduce 
alloimmunization, and to reduce the complication of cytomegalovirus (CMV) 
infection. ABO and HLA typing are required. Infections can be of bacterial, 
viral, or fungal origin and must be quickly diagnosed and treated not only 
because the patients are often neutropenic but also because definitive therapy 
will immunosuppress them. In the acutely infected, severely neutropenic 
patient, once culture and biopsy specimens are obtained, empirical antibiotic 
therapy must be given without waiting for the culture results. Post-transplantation 
CMV infection is best avoided in CMV-seronegative recipients by use of CMV-
negative blood products (Chapter 167).

Evaluating the Patient as a Candidate for Stem  
Cell Transplantation
Timing of treatment depends on the severity of the aplastic anemia and the 
age of the patient. Patients with mild marrow hypoplasia and mild bone marrow 
suppression can be observed closely to determine what the pace of hypoplasia 
might be. In patients 60 years of age and under, with either severe acquired 
aplastic anemia or transfusion dependence, steps should be taken to evaluate 
them promptly as potential stem cell transplantation recipients by seeking 
HLA-identical siblings and, in appropriate cases, searching for matched unre-
lated donors.9

Differential Diagnosis
Most classic aplastic anemia patients have immunologically mediated disease. 
Notwithstanding strong evidence in support of this mechanism from some 
research laboratories over the past 30 years, there exists no validated screening 
tool or certified laboratory test that can either rule in or rule out immune-
mediated disease. Therefore, idiopathic autoimmune aplastic anemia remains 
a diagnosis of exclusion, after considering other causes such as chemical or 
viral agents, radiation, association with pregnancy, PNH, and inherited bone 
marrow failure syndromes. Consequently, the obligation of the diagnostician 
is to consider disease induced by chemical and radiation or disease associated 
with pregnancy. It is also most important to rule out PNH and inherited bone 
marrow failure syndromes (see Fig. 156-2).

diagnosis clearly. As summarized in Figure 156-2, once the diagnosis of aplastic 
anemia has been made, a series of additional tests must be obtained. In light 
of the life-threatening nature of this disease, the tests must be obtained simul-
taneously, but they serve three distinct purposes: to identify variants that 
must be treated differently, to obtain information of value in supportive care, 
and to evaluate the suitability of the patient as a potential stem cell transplant 
recipient.

Ruling Out Aplastic Anemia Variants That Must Be Treated 
Differently
The best therapeutic option for many different aplastic states is often matched 
sibling donor stem cell transplantation, but there are some aplastic states that 
are managed differently. For example, a child with an inherited marrow failure 
syndrome might have a human leukocyte antigen (HLA)–identical sibling 
who also has the same genetic defect. Matched siblings with the same disease, 
even if their blood counts are normal, are not suitable donors. For example, 
patients with Fanconi anemia are highly intolerant of both radiation and cross-
linking agents at doses used in conventional conditioning regimens, and patients 
with dyskeratosis suffer excessive post-transplantation morbidity and mortality. 
Patients with dyskeratosis congenita and children with the Shwachman-Diamond 
syndrome are also intolerant of conventional transplantation regimens and 
often suffer severe pulmonary and hepatic toxicity. Although patients with 
Diamond-Blackfan anemia are more tolerant of standard conditioning regimens, 
they are more apt to respond to glucocorticosteroid therapy, and if they are 
transplanted with stem cells from an undiagnosed affected sibling, they too 
will do poorly. Finally, all patients should be screened for PNH (Chapter 152) 
using flow cytometric quantification of GPI anchored proteins on white cells 
(e.g., CD14, CD24, CD16) and red cells (CD55 and CD59) because more 
than half of patients with severe aplastic anemia will have PNH clones that 
may expand during treatment resulting in hemolysis and thrombosis.

Tests Helpful in Supportive Care
At some point during the course of the disease, red cell and platelet transfu-
sions will be necessary. Irradiated and filtered blood products are used to 
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FIGURE 156-2. Diagnostic management of patients with aplastic anemia. patients who present with pancytopenia will require bone marrow biopsy and aspiration unless there are 
signs of vitamin B12 or folate deficiency. if the bone marrow is as cellular as that shown in Figure 156-1A, the diagnosis of aplastic anemia has been effectively ruled out because the 
diagnosis requires bone marrow hypocellularity (as shown in Fig. 156-1B). microscopic evidence in the bone marrow sample of myelodysplastic changes and evidence of a clonal 
chromosomal abnormality (by targeted gene sequencing or cytogenetics [interphase FisH or metaphase analysis]) indicate that the patient has “hypoplastic” myelodysplasia and should 
be treated accordingly. in all patients, regardless of severity, suspect medications should be discontinued, active infections should be treated without delay, and paroxysmal nocturnal 
hemoglobinuria (pnH) should be excluded, as should pregnancy and hepatitis. Ruling out inherited bone marrow failure (BmF) syndromes is essential, particularly Fanconi anemia and 
telomeropathies (table 156-3). such studies are mandatory for patients with positive family histories or any one of the findings listed in table 156-3. patients with severe aplastic anemia 
are those who have at least two of the following: absolute neutrophil count of less than 500/µl; platelet count of less than 20,000/µl; or reticulocyte count of less than 20,000/µl. these 
patients must be treated with definitive therapy and should be evaluated for stem cell transplantation, ideally with allele-level (dnA-sequence based) human leukocyte antigen (HlA) 
typing10 (patient and family members including siblings and, if need be, parents). if necessary, a search for matched unrelated donors should be conducted. 
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and their physical examination performed along with peripheral blood counts 
and telomere length analysis.

Diamond-Blackfan Anemia
Diamond-Blackfan anemia is an inherited bone marrow failure syndrome that 
more often exhibits selective erythroid failure and is therefore an unusual 
cause of full-blown severe aplastic anemia. Although some patients can present 
in adulthood, most are discovered within the first year of life and present with 
anemia but less commonly neutropenia and thrombocytopenia. Phenotypic 
abnormalities like short stature and skeletal defects are the exception in this 
disease. Caused by mutations in one of at least 15 ribosomal proteins, there 
are no simple screening tests as reliable as those used for Fanconi anemia or 
dyskeratosis congenita. However, in patients with unexplained erythroid failure, 
the finding of an elevated adenosine deaminase level in the serum is strongly 
suggestive of this disease, and genetic diagnosis should be considered (see 
Table 156-3).

Other Diagnostic Considerations
Aplastic anemia has been reported in recipients of organ allografts, in which 
mismatched T cells (either from the donated graft or from blood products 
that had not been irradiated) induce severe aplasia; in patients with myelo-
dysplasia (Chapter 172); in patients with congenital and acquired immuno-
deficiency states (Chapter 236); and in patients with established autoimmune 
diseases including systemic lupus erythematosus (Chapter 250) and eosinophilic 
fasciitis (Chapter 411), a disease characterized by painful swelling of the skin 
and subcutaneous tissue.

Cytotoxic Drugs, Chemicals, and Radiation
A fastidiously obtained medication history is important. Any drug with the 
potential of inducing aplastic anemia should be discontinued. It is equally 
important to ask patients about alternative therapies that they might not con-
sider to be “medicines.” Some herbal remedies are known to contain molecules 
(e.g., phenylbutazone) not listed on the label but that are associated with 
aplasia (see Table 156-2). A history of exposure to radiation or to chemi-
cals with myelosuppressive capacities (see Table 156-2) should likewise be 
obtained. Tests for benzene metabolites detect only acute exposure and are 
not reliable indicators of cumulative exposure in individual patients. Although 
it is intuitively obvious and prudent to discontinue the use of agents that 
might have inflicted severe stem cell injury, by the time the injury has pro-
gressed to the point of severe aplastic anemia, many patients are in need of 
the same types of therapy prescribed for patients with autoimmune aplastic  
anemia.

Idiosyncratic Drug Responses
If a medication history uncovers an exposure to an agent known to be associ-
ated with idiosyncratic (not related to dose) responses, the agent must likewise 
be discontinued. Because it is likely that these responses are immunologically 
mediated, the patient should be treated no differently from patients with severe 
idiopathic aplastic anemia, and the patient should be evaluated as a stem cell 
transplantation candidate. If, during the diagnostic evaluation of the patient 
and potential donors, there are signs that the marrow is recovering on its own, 
a more conservative approach can be taken.

Paroxysmal Nocturnal Hemoglobinuria
PNH can be ruled out by screening for CD55 and CD59 on the surface of 
granulocytes, monocytes, and red cells by flow cytometry. The proper diagnosis 
of PNH requires the absence of these or other GPI-anchored proteins on at 
least two hematopoietic cell types. Other characteristic features of this syn-
drome can be a high low-density lipoprotein level, high indirect bilirubin, low 
haptoglobin, and a positive urine hemosiderin test result.

Fanconi Anemia
Fanconi anemia should be considered in adults of any age with a family history 
of aplastic anemia, acute myelogenous leukemia or myelodysplasia, or squa-
mous cell carcinoma at an unusually young age. This disease should also be 
considered in any patient with any physical finding listed in Table 156-3 or 
in patients with a family member who has any of these findings. Unfortunately, 
some patients with Fanconi anemia meet none of these criteria, so some 
hematologists advocate testing for Fanconi anemia in all patients with aplastic 
anemia younger than 40 years. This disease can be ruled out by obtaining a 
chromosomal breakage test (see Table 156-3). Here, either lymphocytes or 
skin fibroblasts are exposed to cross-linking agents (e.g., mitomycin C or 
diepoxybutane) for a period of 2 to 3 days, after which metaphase chromo-
somes are examined for chromosomal breaks and quadriradial forms (four-
armed interchromosomal structures). If the clinical context is suggestive (see 
Table 156-3) but results of the lymphocyte chromosomal breakage test are 
negative or equivocal, testing of skin fibroblasts is absolutely required to rule 
out the diagnosis. Once the diagnosis is made, history, physical examination, 
blood counts, and chromosomal breakage tests should be performed on all 
immediate family members.

Dyskeratosis Congenita
Dyskeratosis congenita should be considered in any aplastic adult of any age 
with a family member who has had aplastic anemia. It should likewise be 
considered if either the patient or a family member has had acute myelogenous 
leukemia, myelodysplasia, nail dystrophy, lacy skin pigmentation, pulmonary 
fibrosis, oral leukoplakia, squamous cell carcinoma at an unusually young age, 
or any other physical finding listed in Table 156-3. This disease, a telomer-
opathy, can be ruled out frequently in patients whose circulating white cells 
have normal or minimally shortened telomeres as assessed by flow cytometric 
methods. It is not yet known whether telomere measurements will ultimately 
become a “gold standard” test as reliable as the chromosomal breakage test is 
for Fanconi anemia because some investigators report that very short telomeres 
can be found in patients who have other causes of bone marrow failure. However, 
in patients with extremely short telomeres (below the first percentile of normal 
telomere length) or in those with a suggestive family history or physical find-
ings, genetic testing is warranted (see Table 156-3). Finally, all immediate 
family members of the patient should be seen individually, their history taken, 

For patients with milder forms of aplastic anemia, aggressive therapy may 
not be indicated. A passive approach is more problematic in patients with 
Fanconi anemia and dyskeratosis congenita because stem cell transplantation 
early in life is better tolerated and immunosuppressive therapy is ineffective. 
For the inherited bone marrow failure syndromes (Fanconi anemia, dyskeratosis 
congenita [telomeropathies], and Diamond-Blackfan anemia) transplantation 
provides the only hope for cure of bone marrow failure but transplantation 
conditioning regimens and specific post-transplant follow-up studies for late 
effects11 are unique for each specific disease (E-Table 156-3 and E-Table 156-
4). If there is evidence of an underlying autoimmune-mediated disease (e.g., 
isolated granulopoietic or erythroid failure in patients with rheumatic diseases 
or thymoma), immunosuppressive therapy alone is often highly effective. In 
fact, for severe acquired aplastic anemia, immunosuppressive therapy either 
alone or associated with stem cell transplantation is required. Recombinant 
hematopoietic growth factors alone are disappointingly ineffective, except 
for eltrombopag, a small-molecule agonist of the thrombopoietin receptor 
(Chapter 163).12 The role of this agent in first-line therapy is unsettled, but 
it is effective alone and in combination with first-line immunosuppressive 
therapy. It seems most promising. A large randomized study of eltrombopag 
in combination with immunosuppressive therapy is underway (ClinicalTrials.
gov number NCT02099747). In patients with shortened telomeres, synthetic 
androgen treatment with danazol (800 mg daily) can lengthen telomeres and 
lead to substantial hematologic improvement.13 Likewise, danazol can enhance 
red cell production in transfusion-dependent Fanconi anemia patients.

Hematopoietic Stem Cell Transplantation: Matched 
Sibling Donor

For patients with severe aplastic anemia, stem cell transplantation (Chapter 
168) offers advantages of immunosuppression, an infusion of new “healthy” 
stem cells, and the expectation that the lymphoid cells that suppressed the 
marrow in the first place will be replaced by more normal donor-derived cells 
that have no myelosuppressive capacity. This is supported by large retrospec-
tive studies suggesting that stem cell transplantation is superior to immuno-
suppressive therapy alone for the treatment of severe aplastic anemia, especially 
in patients younger than 40 years. In the past, this approach was relevant to a 
minority of patients because only 25 to 30% will have an HLA-matched sibling, 
but substantial improvements in outcomes for recipients of stem cell transplants 
from non-sibling donors have expanded the pool of potential donors substan-
tially. Such alternative donor pools should be considered particularly in patients 
who have failed to respond to immunosuppressive therapy. For patients con-
sidering transplantation as a first-line therapy, the unique risks of early treatment-
related mortality and later risk of GVHD should be reviewed (Chapter 168). 
Patients considering immunosuppressive therapy without transplant should 
be aware of the risks of recurrence and late life-threatening clonal evolution 
to myelodysplasia or acute leukemia.

Unless the donor is a twin, stem cells derived from the bone marrow, not 
the peripheral blood, should be the source of donor stem cells. Studies testing 

TREATMENT 

http://clinicaltrials.gov/
http://clinicaltrials.gov/
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Novel mutations can be distinguished from inconsequential sequence vari-
ants using gene complementation analysis in which the mutant gene is intro-
duced into a cell line of an established FA patient with a known mutation of 
the suspect gene.

There are at least 21 different Fanconi anemia genes (see Table 156-3), and 
identification of the particular mutated gene using modern DNA sequencing 
methods is now widely utilized and important for prognostic information and 
for family screening and planning purposes. FANCA, FANCC, and FANCG 
gene mutations account for the majority of cases so initial sequencing can 
focus on these. Knowing the particular gene involved is essential if preim-
plantation genetic diagnosis and in vitro fertilization is planned, an approach 
that has successfully resulted in unaffected offspring and ideal cord blood 
stem cell donors for transplantation of an affected sibling.
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E-TABLE 156-3 FANCONI ANEMIA: POST-TRANSPLANT 
GUIDELINES*

AT RISK ORGAN 
SYSTEM OR PROCESS RECOMMENDATIONS
Cancer Risk Ensure HPV vaccination

Dermatology screening
Oral self-exams, dental exams every 6 months and ENT 

evaluation every 12 months (increase intensity in 
those with GVHD)

Annual gynecological exams with Pap smear and HPV 
screening

Iron Metabolism Rule out iron overload annually
Gonads Measure serum AMH as a potential early marker of 

gonadal insufficiency
Growth Monitor weight and bone age

DXA pre-transplant and post transplant every other year
Measure GH, IGF1, IGFBP3 levels
Tanner staging

Endocrine Screen for diabetes, dyslipidemia, and vitamin D 
deficiency

Rule out avascular necrosis for bone/joint pain
Psychosocial Genetic counselling for patient and family

Assistance with family planning
Lifestyle counselling (diet, exercise, sun exposure)
Emphasize alcohol and tobacco avoidance

Other Cataracts screening
LFT annually

AMH = anti-Müllerian hormone; DXA = dual-energy x-ray absorptiometry; ENT = ear, nose, and 
throat (otolaryngology); GH = growth hormone; GVHD = graft-versus-host disease; HPV = 
human papillomavirus; IGF1 = insulin-like growth factor 1; IGFBP3 = insulin-like growth factor 
binding protein 3; LFT = liver function tests.
*Based on recommendations of the Second International Pediatric Blood and Marrow Transplant 
Consortium Consensus Conference, May, 2016.†

†Dietz AC, Savage SA, Vlachos A et al. Late Effects Screening Guidelines after Hematopoietic Cell 
Transplantation for Inherited Bone Marrow Failure Syndromes: Consensus Statement From the 
Second Pediatric Blood and Marrow Transplant Consortium International Conference on Late 
Effects After Pediatric HCT. Biol Blood Marrow Transplant. 2017;9:1422-1428.

E-TABLE 156-4 DYSKERATOSIS CONGENITA/
TELOMEROPATHIES: POST-TRANSPLANT 
GUIDELINES*

AT RISK ORGAN 
SYSTEM OR PROCESS RECOMMENDATIONS
Cancer Risk Ensure HPV vaccination

Dermatology screening q 12 months
Oral self exams, dental exams every 6 months and 

ENT evaluation every 12 months (increase intensity 
in those with GVHD)

Annual gynecological exams with Pap smear and HPV 
screening

Iron Metabolism Rule out iron overload annually
Pulmonary Lifelong screening for pulmonary fibrosis

PFTs annually
In patients with dyspnea and/or clubbing rule out 

PAVM with TTCE
Gastrointestinal Screen for symptoms of esophageal stenosis

Liver function studies regularly
Growth Weight, height

GH, IGF1, IGFBP3 levels
Bone age

Psychosocial Genetic counselling for patient and family
Assistance with family planning
Lifestyle counselling (diet, exercise, sun exposure)
Emphasize alcohol and tobacco avoidance

Other Cataract screening
For bone or joint pain, rule out avascular necrosis
Screen for osteoporosis (DXA) q 2 years

DXA = dual-energy X-ray absorptiometry; ENT = ear, nose, and throat; GH = growth hormone; 
GVHD = graft-versus-host disease; HPV = human papilloma virus; IGF1 = insulin like growth 
factor 1; IGFBP3 = insulin like growth factor 1 binding protein 3; PAVM = pulmonary 
arteriovenous malformations; PFT = pulmonary function tests; TTCE = transthoracic bubble 
contrast echocardiography.
*Based on recommendations of the Second International Pediatric Blood and Marrow Transplant 
Consortium Consensus Conference, May, 2016.†

†Dietz AC, Savage SA, Vlachos A et al. Late Effects Screening Guidelines after Hematopoietic Cell 
Transplantation for Inherited Bone Marrow Failure Syndromes: Consensus Statement From the 
Second Pediatric Blood and Marrow Transplant Consortium International Conference on Late 
Effects After Pediatric HCT. Biol Blood Marrow Transplant. 2017;9:1422-1428.
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the comparative effectiveness of peripheral blood as a source of stem cells 
have reported that the peripheral blood source is associated with excess mor-
tality stemming from an increased incidence of chronic GVHD. Recipients (in 
whom inherited marrow failure syndromes have been formally ruled out) initially 
receive high-dose cyclophosphamide with either horse antithymocyte globulin 
(ATG) or alemtuzumab as the preparative regimen. Transplant linked immuno-
suppressive therapy begins 2 to 4 days before infusion of stem cells. Post-
transplantation immunosuppression regimens are absolutely required and vary 
from center to center. The complication of graft failure with this approach is 
infrequently seen (<5%), grades II to IV acute GVHD is seen in 30 to 50% of 
recipients, 25% have chronic GVHD, and short-term (2-year) survival after trans-
plantation is nearly 90%. Ten-year survival rates are highly age dependent: 
85%, 77%, and 66% for recipients in the first, second, and third decades of life, 
respectively. In patients 40 years of age or older, the 10-year survival rate is 
only 49%.9 The impact of age is substantial and is a major decision factor in 
selecting front-line therapy. Transplantation of syngeneic (twin) stem cells rep-
resents the only exception to this rule. In such cases, stem cell transplantation 
is the ideal first choice, even in older patients.14

Hematopoietic Stem Cell Transplantation: Matched 
Unrelated Donor

The use of bone marrow from an HLA-matched unrelated donor should be 
considered for patients who have no HLA-identical siblings, have failed to respond 
to immunosuppressive therapy, and are refractory to transfused platelets. As it 
is with matched related donors, the use of peripheral blood–derived stem cells 
is associated with higher mortality than is seen with marrow-derived stem cells. 
Results have not been as favorable as those associated with the use of marrow 
from HLA-identical siblings, but this strategy has improved in the past decade, 
in part because of more accurate selection of HLA-matched donors and in part 
because of dose-intensity reducing adjustments made with pre-transplantation 
conditioning regimens. In fact, in some pediatric populations, some centers are 
now reporting identical outcomes in children transplanted with marrow cells from 
HLA-matched related and matched unrelated donors. Conditioning regimens 
that exclude ATG or that use rabbit rather than horse ATG A1  are associated with 
inferior outcomes, and less toxic conditioning regimens appear to have improved 

survival (65% for patients older than 16 years and 75% for those 16 years of age 
or younger). Fludarabine-based conditioning regimens have improved outcomes 
of matched unrelated donor transplants substantially. Indeed, the improvements 
have been encouraging enough to recommend strongly that unrelated donor 
searches be initiated at the time of diagnosis for any patient younger than 30 
years. Adults older than 30 years should be considered candidates for alternative 
donor stem cell transplantation if two attempts at immunosuppressive therapy  
have failed.

Immunosuppressive Therapy
For patients with acquired aplastic anemia, treatment with ATG alone pro-

longs survival compared with supportive care alone, and for patients with mild 
aplastic anemia (not severe), either no treatment or ATG alone is sufficient. 
In patients with severe aplastic anemia, however, the combination of ATG 
and cyclosporine is superior to treatment with ATG alone. The combination 
reduces mortality and induces more rapid and higher overall response rates 
than does ATG as a single agent. All age groups can benefit from immunosup-
pressive therapy and, unlike stem cell transplantation, advanced age is not a 
contraindication. ATG is administered for from 4 to 5 days but cyclosporine 
is prescribed for 6 months, whereafter it is slowly tapered over a period of 1 
year or more. The median time to response is 120 days. Complete responses 
are defined as the resolution of pancytopenia and the development of normal 
blood counts. Relapses are uncommon (10%) in complete responders. Partial 
responders are those whose counts do not entirely normalize but who no 
longer require transfusion support. Forty to 60% of these patients will relapse 
in 5 years, but most will respond to a repeated course of immunosuppres-
sive therapy. Some will require chronic immunosuppressive therapy with 
cyclosporine to remain transfusion independent. Those with unresponsive 
relapses have a poor prognosis. The humanized anti-CD52 monoclonal anti-
body alemtuzumab also has therapeutic activity but best results are obtained 
in the relapsed and refractory settings. It may also reduce the incidence of 
chronic GVHD, but it is not recommended as first-line immunosuppressive  
therapy.

An approach to the management of severe acquired aplastic anemia is shown 
in Figure 156-3.
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FIGURE 156-3. A therapeutic approach to management of severe acquired aplastic anemia. immunosuppressive therapy (ist) with anti-thymocyte globulin [AtG] and cyclosporin 
or bone marrow transplantation (Bmt) are the two first-line options for treatment. which modality is used depends upon three key factors; age, comorbidities, and the availability of 
a suitable bone marrow donor. while specific age cutoffs in the algorithm differ slightly from center to center,9,13 the general approach is very similar worldwide. the algorithm below 
represents one such approach.9 it suggests first-line matched sibling Bmt for any patient younger than 40 years but for patients 41-60 years of age Bmt is reserved for those who fail 
first-line ist. Because remissions can occur late, 6 months of therapy is required before declaring ist a therapeutic failure. those without an HlA-matched sibling, the approach is dif-
ferent and more variable from institution to institution and will continue to evolve as HlA-typing becomes fully based on allele level (dnA sequencing) assays (see comment e1) and 
as graft-versus-host disease (GVHd) prevention improves. currently, for patients under 20 years of age reasonable first-line treatments are immunosuppressive therapy or a matched 
unrelated Bmt. For patients between 21 and 60 years of age, ist is recommended first. For those in that group whose responses are suboptimal, alternatives are: (a) repeated ist with 
modifications (e.g., the addition of eltrombopag or an experimental agent) (b) an alternative donor transplant (e.g., a matched cord blood donor or a haploidentical donor). For second-
course ist, response rates are 35% for initially refractory patients and 60% for patients whose disease initially responded but then relapsed.13 For patients over the age of 60, immuno-
suppressive therapy is the only reasonable option at this time and if the patient fails to respond a second round of ist with additional agents (e.g., androgens, eltrombopag, or novel 
agents) can be tried. the toxicity of transplant modalities in the elderly at this time is high and the use of Bmt in such patients should only be done in the context of a stringently 
reviewed clinical trial. Bmt = bone marrow transplant; ist = immunosuppressive therapy; ucB = umbilical cord blood. 
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There are some caveats of importance related to the use of immunosup-
pressive therapy in aplastic anemia patients. First, patients may experience 
allergic reactions during infusions of ATG. This should not necessarily dissuade 
one from continuing this agent. Slowing the infusion after premedication with 
glucocorticosteroids and antihistamines often solves this problem. Fever and 
rigor can be signs of cytokine release from damaged cells in the T-cell pool, so 
such symptoms should not be necessarily used as a reason to stop treatment. 
Second, if a responsive patient later relapses, a second course of ATG is frequently 
effective and can be used, although alemtuzumab is effective in relapsing 
patients as well. Third, it seems clear that a long interval between diagnosis of 
aplastic anemia and the initiation of immunosuppressive therapy is a negative 
predictor of response. Treatment should begin as soon as possible, certainly 
within 3 weeks of initial diagnosis.

Inherited Bone Marrow Failure Syndromes and 
Transplantation

A key factor in successful management of children and adults with inherited 
bone marrow failure syndromes is their need for treatment in centers with 
experience and expertise. Pre- and post-transplant management of such patients 
is complex and must be tailored to the unique features of each disease. In 
children with Fanconi anemia who have received either a matched sibling stem 
cell transplant, five-year survival rates are approximately 90%. In patients with 
Diamond-Blackfan anemia and the telomeropathies, survival rates post-transplant 
have not equalled those seen in patients with Fanconi anemia, but this may 
reflect the fact that younger transplanted children do best and the use of 
transplantation in Fanconi children, irrespective of their blood counts, can be 
considered a standard of care. Late morbidity and mortality complicates the 
management of transplanted telomeropathy patients,15 and Diamond-Blackfan 
anemia patients can be managed for long periods of time with steroids alone. 
Consequently, the precise timing of transplants in patients with telomeropathies 
and with Diamond-Blackfan anemia has not been established.
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Glucocorticosteroids in Diamond-Blackfan Anemia
Although the mechanism by which glucocorticosteroids induce remissions 

in patients with Diamond-Blackfan anemia is unknown, nearly 80% of patients 
initially respond. Prednisone treatment is started at 2 mg/kg/day and is tapered 
after the hemoglobin increases to 10 g/dL. Most patients require a low every-
other-day dose, but 15% remain in remission off steroids altogether. In those 
cases, survival to 40 years of age is nearly universal. Of patients who require 
ongoing steroid support, 75% reach the age of 40 years. Only half of the patients 
with steroid-resistant severe anemia survive to the age of 40 years.

Supportive Care
platelet transfusions

In the absence of bleeding or infection, platelet transfusions are commonly 
administered only when the platelet count declines to 10,000/µL or less (Chap-
ters 163 and 167), but in the presence of active infection or bleeding, transfusion 
thresholds are often set at 20,000/µL or higher. If bleeding and infection coexist, 
it is prudent to rule out disseminated intravascular coagulation because fresh-
frozen plasma or cryoprecipitate may be required along with platelet transfu-
sions. Drugs (e.g., aspirin) that inhibit platelet function should be avoided, as 
should activities that might result in trauma. Menstrual activity should be sup-
pressed with oral contraceptives or other agents.

Red cell transfusions
Filtered packed red blood cells should be provided to meet the needs of 

the patient’s daily activities. Because there is substantial interindividual varia-
tion and because comorbidities influence exercise tolerance, there can be no 
firmly established hemoglobin target number for all patients. As a general rule, 
however, the number is higher in elderly patients than in young patients. Chil-
dren with hemoglobin levels as low as 6 g/dL can compensate reasonably. 
Adults with underlying cardiopulmonary disease may have symptomatic anemia 
at 8 g/dL. If chronic transfusion therapy is required, the development of iron 
overload may require chelation therapy.

management of infections
The major infectious challenges result from the immunosuppression used 

(either as primary therapy or as a component of a stem cell transplantation 
regimen) more than from the neutropenia. For that reason, antibacterial, anti-
viral, and antifungal prophylaxis is routinely used in transplant recipients. In 
many centers, severely neutropenic patients treated with immunosuppressive 
therapy alone are treated similarly for a 2- to 3-month period after ATG admin-
istration. Some studies have suggested the administration of G-CSF reduces 
morbidity attributed to infections, although there is no clear overall survival 
advantage. Importantly, the onset of fever requires prompt clinical evaluation 
and empirical antibiotic therapy as described in Chapter 265.

counts and annual marrow exams to search for genetic or cytogenetic evidence 
of clonal evolution is strongly recommended.

 PROGNOSIS
Acquired Aplastic Anemia
The severity of aplastic anemia and age are key determinants of long-term 
survival. Both these factors influence the choice of therapy. Diagnostic evalu-
ation should not be delayed because early intervention is associated with a 
better prognosis. Matched sibling donor transplants are associated with higher 
response rates, lower relapse rates, long-term survival rates approximating 
80%, and lower incidence of clonal evolution. Immunosuppressive therapy is 
associated with long-term (10-year) survival rates of 70 to 75% in responders. 
Infection represents the most common cause of death in patients of any age 
treated with either immunosuppression alone or stem cell transplantation.

About 35% of patients with acquired aplastic anemia have clonal hemato-
poiesis commonly ascertained either cytogenetically or by targeted gene 
sequencing. Some cytogenetic and genetic alterations are associated with better 
responses to immunosuppressive therapy (e.g., trisomy 8 and mutations of 
PIGA, BCOR, and BCORL1) and higher progression-free survival. Other 
alterations (e.g., monosomy 7, DNMT3A, TET2, and ASXL1 mutations) seem 
less apt to respond to immunosuppression and more often progress to a myelo-
dysplastic syndrome (see E-Table 156-2). However, patients with “favorable” 
cytogenetic findings (e.g., trisomy 8) are not exempt from the risks of MDS/
AML. In addition, TET2 and DNMT3A mutations are extraordinarily common 
in older adults who have neither bone marrow failure nor MDS/AML.18 Con-
sequently, while active progress is being made in applying genomic methods 
to the problem of clonal evolution in patients with aplastic anemia, currently 
these mutations alone cannot be used as determining factors in making thera-
peutic decisions.

Inherited Bone Marrow Failure Syndromes
Patients with dyskeratosis congenita and Fanconi anemia will not respond to 
immunosuppressive therapy. Stem cell transplantation with nonmyeloablative 
approaches has the potential of curing the marrow failure component of these 
diseases and prolonging life. However, it does nothing to reduce the other 
common life-threatening complication of squamous cell carcinoma. There 
are good theoretical reasons for anticipating that successful transplantation 
will reduce the likelihood of clonal evolution to myelodysplasia and acute 
leukemia. The decision to transplant is influenced by other key factors, as 
described earlier. In light of these complexities no clear-cut “when-to-transplant” 
rule can be applied to all patients with these diseases, but it is generally accepted 
that transplantation early in childhood is associated with fewer short- and 
long-term complications. Taking these difficult issues into account, all patients 
should be evaluated early in an experienced transplantation center, and family 
members should be screened by hematologists, geneticists, and genetic coun-
selors with use of specialty laboratories.

In patients with dyskeratosis, small case series report good outcomes after 
fludarabine-containing nonmyeloablative conditioning regimens, but studies 
of sufficient size are not available to permit concrete recommendations except 
that patients should be referred to an experienced center in light of the other 
organ systems uniquely at risk (e.g., lung and liver). In children with Fanconi 
anemia, with proper conditioning regimens, matched sibling donor transplant 
recipients have expected 5-year survival rates of 90% or more, and with modern 
conditioning regimens alternative donor transplants, in children 10 years of 
age or younger, are equally successful. In patients with Diamond-Blackfan 
anemia, sibling donor transplant recipients have 3-year survival rates of about 
80%, but the role of matched unrelated donor transplants has not been 
established.

Future Treatments
For patients with acquired aplastic anemia, small molecules that selectively 
target the T-cell clones responsible for hematopoietic suppression and enhance 
the activity of regulatory T-cells19 may provide more effective and less toxic 
strategies for immunosuppressive therapy. For all patients with aplastic anemia, 
further improvements in alternative donor transplantation have made this 
modality more widely available for patients who had not been previously 
considered to be optimal candidates. As more is learned about the molecular 
pathogenesis of severe GVHD control of that life-threatening complication 
will continue to improve. For children with non-severe aplastic anemia, the 
10-year progression-free survival rate is only about 25%, suggesting that pro-
spective trials of early intervention (e.g., bone marrow transplantation) are 
warranted. For patients with inherited bone marrow failure syndromes, the 

 PREVENTION
Apart from public health measures controlling exposures to benzene, aromatic 
hydrocarbons, and radiation, little can be done to prevent acquired aplastic 
anemia. In the inherited bone marrow failure syndromes, prevention is achiev-
able. Once the proband is identified, other affected family members, carriers, 
and siblings with no mutant allele can be identified, and genetic results can 
be applied not only in deciding on preemptive (stem cell transplantation) 
therapy but in family planning as well (for preimplantation genetic diagnosis 
followed by in vitro fertilization). Umbilical cord blood derived stem cell 
transplantation for inherited marrow failure syndromes is effective and associ-
ated with a low incidence of GVHD, so collection of cord blood samples from 
newborn siblings is highly recommended.

Because all somatic cells of children and adults with Fanconi anemia are 
hypersensitive to alkylating agents and oxidative stress, they must not receive 
standard doses of radiation or alkylating agents either for transplant conditioning 
or for treatment of malignancies (e.g., squamous cell carcinomas). Fortunately, 
the potential donor pool has expanded now that alternative donor transplants 
are achievable in Fanconi anemia patients,16 and radiation-free conditioning 
with reduced levels of alkylating agents has also been successful.17

Clonal evolution (e.g., to myelodysplasia and acute leukemia) occurs in 10 
to 20% of patients with acquired aplastic anemia and up to 40% of children 
and adults with dyskeratosis congenita and Fanconi anemia. In patients with 
acquired aplastic anemia, this complication likely evolves through a process 
of clonal selection and adaptation and for that reason is seen less commonly 
in patients completely responsive to treatment than in those with less than 
complete responses (who therefore have ongoing suppression of hematopoi-
esis). This suggests that more effective strategies of immunosuppressive therapy 
may better control ongoing marrow damage and decrease the incidence of 
clonal evolution. Even for responsive patients, regular surveillance with blood 



genes for which have been largely identified, the possibility of stem cell gene 
therapy holds enormous theoretical promise and has been validated in murine 
models of the disease and by experiments of nature.
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3. In a patient with pancytopenia, which of the following abnormalities in 
the peripheral blood smear would provide a useful indicator that the cause 
of the pancytopenia is aplastic anemia?
 A. Hypersegmented polymorphonuclear leukocytes
 B. Nucleated red cells
 C. Teardrop-shaped red cells
 D. Giant platelets
 E. None of the above

Answer: E The peripheral blood smear in aplastic anemia is generally normal, 
even in severe cases. This does not mean that the peripheral blood smear does 
not provide useful information about the etiology of pancytopenia in many 
cases. For example, hypersegmented polymorphonuclear leukocytes (A) suggest 
megaloblastic anemia (which in more advanced stages can cause pancytopenia, 
not just anemia). Nucleated (B) and teardrop-shaped (C) red cells suggest a 
“myelophthisic” process that involves invasion of the bone marrow by “foreign” 
elements (like metastatic cancer, fibrosis, or granulomas).

4. The pathogenesis of most cases of acquired aplastic anemia can be  
attributed to:
 A. Environmental exposure to benzene and benzene derivatives
 B. Inherited defects of DNA repair
 C. Parvovirus infection
 D. Autoimmunity
 E. Radiation exposure

Answer: D Environmental exposure to myelosuppressive chemicals and radia-
tion are now uncommon causes of aplastic anemia. Fanconi anemia and dys-
keratosis congenita (disorders of DNA repair and telomere maintenance, 
respectively, account for no more than 20% of cases). The majority of patients 
with acquired aplastic anemia have an autoimmune disease characterized by 
oligoclonal T-cell populations that function to repress stem cell function. This 
accounts for the favorable responses to immunosuppressive therapy in such 
patients.

REVIEW QUESTIONS

1. A 19-year-old man with severe aplastic anemia is diagnosed by chromosomal 
breakage testing to have Fanconi anemia. Which of the following would 
be the preferred first-line treatment?
 A. Antithymocyte globulin (ATG)
 B. Bone marrow transplant from a matched related donor after fludarabine-

based conditioning
 C. Cord blood hematopoietic stem cell transplant after conditioning that 

includes irradiation
 D. Supportive therapy with erythropoiesis-stimulating agents (ESAs) and 

granulocyte colony-stimulating factor (G-CSF)
 E. Cyclosporine

Answer: B Patients with Fanconi anemia do not respond to ATG and other 
immunosuppressive therapies (including cyclosporine). Growth factors like 
ESAs and G-CSF are generally ineffective. Hematopoietic stem cell transplan-
tation (HSCT) that includes irradiation in the conditioning regimen exposes 
the patient to an additional risk factor interacting with the main underlying 
biologic defect of Fanconi anemia, the DNA repair process. The use of bone 
marrow–derived hematopoietic stem cells along with reduced-intensity con-
ditioning regimens (with fludarabine) is associated with the most favorable 
outcomes, although it will not reduce the subsequent risk of a second malignant 
neoplasm. (Peffault de Latour R, Porcher R, Dalle JH, et al. Allogeneic hema-
topoietic stem cell transplantation in Fanconi anemia: the European Group for 
Blood and Marrow Transplantation experience. Blood. 2013;122:4279-4286).

2. Which of the following statements is not correct regarding inherited bone 
marrow failure syndromes?
 A. Most of the known genes inactivated in Fanconi anemia encode proteins 

that protect the genome from excessive damage induced by chemical 
cross-linking agents.

 B. Most of the known genes inactivated in dyskeratosis congenita encode 
proteins that participate in the maintenance of telomeres.

 C. Most of the known genes inactivated in Diamond-Blackfan anemia 
encode ribosomal proteins.

 D. The best screening test for Diamond-Blackfan anemia is the chromo-
somal breakage test.

 E. The best screening test for dyskeratosis congenita is quantitative analysis 
of telomere length (flow-FISH) in lymphocytes.

Answer: D Gene mutations for these three syndromes mostly involve inac-
tivations of specific genes that encode the key proteins involved in their 
molecular pathogenesis, respectively, as correctly indicated in choices A to C. 
These also form the basis of screening tests for Fanconi anemia and dyskeratosis 
congenita; however, there are no adequate screening tests for Diamond-Blackfan 
anemia. (For Diamond-Blackfan anemia, serum adenosine deaminase is often 
elevated, but this does not represent a screening test.) Gene sequencing can 
provide specific mutation analysis for all three of these syndromes, when 
needed.
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157 
POLYCYTHEMIA VERA, ESSENTIAL 
THROMBOCYTHEMIA, AND PRIMARY 
MYELOFIBROSIS
JASON GOTLIB

 DEFINITION
In the revised 2016 World Health Organization (WHO) classification, the 
major category of myeloproliferative neoplasms (MPN) comprises seven 
diseases (Table 157-1), including polycythemia vera (PV), essential throm-
bocythemia (ET), and primary myelofibrosis (PMF).1 The umbrella term 
“BCR-ABL1-negative MPNs” is used to nosologically distinguish these disorders 
from chronic myeloid leukemia (CML) which is also included in the MPN 
category and molecularly defined by the BCR-ABL1 fusion oncogene. (CML 
is discussed in Chapter 175.) PV, ET, and MF are chronic myeloid stem cell 
disorders characterized by excessive production of terminally differentiated 
cells and variable potential to evolve into acute myeloid leukemia, also referred 
to as blast-phase MPN. Although these neoplasms exist along a continuous 
disease spectrum, they each exhibit heterogeneous molecular, biologic, and 
clinical features that translate into unique natural histories.

 EPIDEMIOLOGY
According to a meta-analysis of 34 studies, the combined annual incidence 
rates (IRs) for PV, ET, and PMF were 0.84, 1.03, and 0.47 per 100,000, respec-
tively. An analysis of SEER data from 2001-20012 found that the age-adjusted 
IRs were highest for PV (10.9 per one million person-years) and ET (IR = 
9.6), and relatively lower for PMF (IR = 3.1). The median ages at diagnosis 
ranged from 65 to 70 years for the three MPNs. Excluding ET, which pre-
dominates among females especially younger than 60 years of age, PV and 
PMF are more commonly diagnosed in males. For all three MPNs, IRs were 

significantly lower among Hispanic whites, Asian-Pacific Islanders, and blacks 
compared to non-Hispanic whites. Based on data from two large U.S. health 
plans spanning 2008 to 2010, prevalence rates ranged from 44 to 57 per 100,000 
individuals for PV, 38 to 57 per 100,000 for ET, and 0.3 to 5.7 per 100,000  
for MF.

 PATHOBIOLOGY
JAK2 V617F has been identified as a highly recurrent, somatic mutation in 
PV, ET, and PMF.2-4 A point mutation at base pair 1849 (G→T) results in 
substitution of the normal valine to phenylalanine in codon 617 (V617F) of 
exon 14. The mutation affects the auto-inhibitory pseudokinase domain of 
JAK2, relieving inhibition of JAK2 kinase activity, and resulting in constitutive 
JAK-STAT signaling (Fig. 157-1). JAK2 V617F is found in ≈95 to 98% of PV 
patients and 50 to 60% of ET and PMF patients; other myeloid neoplasms 
rarely exhibit JAK2 mutations. Small in-frame insertions and deletions in exon 
12 of the JAK2 gene (e.g., codons 530 to 540s) are restricted to ≈3% of PV 
patients who are negative for the V617F mutation (Fig. 157-2).

The JAK2 V617F mutation arises in a multipotent hematopoietic progenitor 
or hematopoietic stem cell. It is identified in all cells derived from the myeloid 
lineage but can also be found in B and NK cells, and more rarely in T cells. 
It has also been identified in endothelial cells of the spleen and of splanchnic 
veins in MF patients or MPN patients with Budd-Chiari syndrome. JAK2 
V617F can evolve from a heterozygous to homozygous state due to uniparental 
disomy (copy-neutral loss of heterozygosity) involving the short arm of chro-
mosome 9 (9pLOH) where the JAK2 gene is located. The JAK2 V617F variant 
allele frequency (VAF) in granulocytes from MPN patients can vary widely. 
The VAF is usually low (e.g., below 50%) in ET and higher in PV and PMF 
(frequently over 50%, attributable to LOH). Similarly, very high VAFs are 
commonly observed in post-PV or post-ET MF.

Activating mutations in the gene encoding the thrombopoietin receptor MPL 
(most commonly MPL W515 L/K) are found in less than 5% of ET patients 
and up to 10% of individuals with MF (see Fig. 157-2). These mutations in 
exon 10 (including the rare S505N variant) occur in the juxtamembrane, 
intracytosolic portion and stabilize the receptor in an active dimeric configura-
tion. Mutations in exon 9 of the calreticulin (CALR) gene have been found in 
the overwhelming majority of nonmutated JAK2/MPL patients and account 
for 20 to 35% of all patients with ET and MF (see Fig. 157-2). Although 
more than 50 types of mutations have been described, CALR variants fall into 
2 predominant subtypes: Type 1 (52 base pair deletions), which are more 
common in MF patients, and Type 2 (5 base pair insertions) mutations, which 
are more prevalent in ET. All exon 9 mutations result in a +1 frameshift in 
the coding sequence, resulting in a modified carboxy terminus which lacks 
a KDEL motif responsible for preventing secretion of the protein from the 
endoplasmic reticulum (ER). The mutant CALR C-terminus also acquires 
a greater positive charge that leads to loss of multiple calcium binding sites. 
Although originally unclear as to why CALR-mutant cells exhibit constitutive 
JAK-STAT signaling, recent investigations have uncovered that mutant CALR 
binds to the extracellular domain of the thrombopoietin receptor, MPL (Chapter 
147), resulting in activation of the JAK-STAT axis. The positive charge of the 
mutant CALR C-terminus and the protein’s lectin activity are required to 
mediate this neomorphic oncogenic activity.5 These findings highlight a new 
paradigm of a mutated ER chaperone protein activating a cytokine receptor, 
leading to cellular transformation. Figure 157-2 displays the relative distribu-
tion of JAK2, CALR, and MPL mutations in PV, ET, and PMF.

LNK (SH2B3) is a negative regulator of JAK2 and normally functions to 
inhibit downstream STAT activation. Mutations in LNK have been found in 
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FIGURE 157-1. Exon 12 and JAK2 V617F gene mutations. Scheme of the JAK2 gene 
showing the positions of the V617F (exon 14) and exon 12 mutations. (From Levine RL, 
Gilliland DG. Myeloproliferative disorders. Blood 112[6]:2190-8, 2008. Fig. 2)

TABLE 157-1 2016 REVISED WHO CLASSIFICATION OF 
MYELOPROLIFERATIVE NEOPLASMS

DISEASE ABBREVIATION
Chronic myeloid leukemia, BCR-ABL1-positive CML
Chronic neutrophilic leukemia CNL
Polycythemia vera PV
Primary myelofibrosis PMF

Prefibrotic/early primary myelofibrosis
Overt primary myelofibrosis

Essential thrombocythemia ET
Chronic eosinophilic leukemia, not otherwise specified CEL, NOS
Myeloproliferative neoplasm, unclassifiable MPN-U
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ABSTRACT
The major clinical disorders that are grouped under the heading of “BCR-
ABL-negative myeloproliferative neoplasms (MPNs)” are polycythemia vera 
(PV), essential thrombocythemia (ET), and primary myelofibrosis (MF). 
(BCR-ABL-positive chronic myeloid leukemia (CML) is covered in Chapter 
175). These are all neoplasms arising in a pluripotent hematopoietic stem cell 
with differences in phenotypic expression being driven, at least in part, by 
now well-established somatic mutations. These genomic alterations include 
the JAK2 V617F mutation (which is the driver mutation in 95 to 98% of PV 
patients, but also occurs in some patients with ET and MF), JAK2 exon 12/13 
mutations, and mutations in MPL and CALR. PV must be differentiated from 
many other (secondary) causes of erythrocytosis; ET must be differentiated 
from other, secondary (reactive) causes of thrombocytosis, and marrow fibrosis 
can be found in conditions other than MF. The characteristic genomic altera-
tions that occur primarily in the MPNs have made the differential diagnosis 
easier. The only curative treatment for MPNs is allogeneic hematopoietic stem 
cell transplantation which, because of its high risk of morbidity and mortality, 
is reserved for only a select group of patients, particularly those with MF. In 
other cases, treatment is directed at palliation of symptoms and/or control 
of the high blood counts to prevent thrombotic, vascular, and bleeding 
complications.
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In his 1951 Blood editorial, William Dameshek highlighted the inter-relatedness 
of PV, ET, and PMF and postulated a “hitherto undiscovered stimulus” as the 
biologic basis for their shared myeloproliferative features. In the 1970s, Adamson 
and colleagues used restriction fragment length polymorphism analysis of the 
X-linked glucose-6-phosphate dehydrogenase (G6PD) gene in a female patient 
to confirm the clonal basis of PV, with follow-up studies also demonstrating 
clonality in ET and MF. The subsequent observations that hematopoietic 
progenitors from patients with PV (and in some cases ET and MF) proliferate 
in the absence of exogenous cytokines such as erythropoietin (EPO) (referred 
to as endogenous erythroid colony growth [EEC]), and that such cells are 
hypersensitive to hematopoietic growth factors such as EPO, thrombopoietin 
(TPO), and interleukin-3 (IL-3) were seminal biologic discoveries that would 
foreshadow the genetic discoveries to follow.

Risk factors associated with MPN development require further study, but 
have included Jewish descent, autoimmune conditions (e.g., Crohn disease), 
and male-predominant occupations including agricultural or other rural sector 
workers with potential exposure to benzene or petroleum. No association has 
been found for professional, administrative, or clerical occupations. In a women’s 
cohort, ET was associated with increased body mass index, low physical activ-
ity, and adult onset diabetes, whereas PV has been associated with current 
smoking. Individual genetic background can influence the propensity for 
developing an MPN. A five- to seven-fold increased risk of MPN development 
was identified in first-degree relatives of patients with MPN. A germline hap-
lotype referred to as “46/1,” encompassing the 3′ region of the JAK2 gene, is 
associated with a three- to four-fold risk of developing a JAK2 V617F-positive 
MPN. Genome-wide association studies have identified additional germline 
predisposition variants associated with development of BCR-ABL1-negative 
MPNs or JAK2 V617F clonal hematopoiesis in the general population, includ-
ing RBBP6, TERT, SH2B3 (LNK), MECOM, TET2, ATM, CHEK2, PINT, 
and GFI1B.
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landscape of PV, ET, and MF and the prognostic relevance of these molecular  
abnormalities.

Genotype-Phenotype Correlations
The high prevalence of the JAK2 V617F mutation in three clinically distinct 
MPNs raises the question of which factors contribute to the phenotypic diver-
sity between PV, ET, and PMF. Differences in mutant allele burden of JAK2 
V617F likely modulate phenotype. Murine retroviral transplant models result-
ing in high levels of JAK2 V617F expression produced a PV-like phenotype 
with marked erythrocytosis. In contrast, transgenic models with more physi-
ologic levels of JAK2 V617F expression resulted in phenotypes resembling 
ET and PMF. These animal models corroborate findings in patients in which 
JAK2 V617F VAF tends to be the highest in PV and PMF, with lower levels 
in ET patients. For ET patients, positivity for JAK2 V617F tends to confer a 
PV-like phenotype, with higher hemoglobin and lower platelet counts than 
in JAK2 V617F-negative ET patients.

Host genetic background may also influence disease presentation. In murine 
transplant models, different phenotypes were observed depending on the 
mouse strain. In C57Bl/6 mice, transplantation with JAK2 V617F-transduced 
cells resulted in a PV-like disease predominantly characterized by erythrocy-
tosis. However, in Balb/C mice, similar experiments yielded mice with not 
only erythrocytosis, but also leukocytosis and the subsequent development 
of myelofibrosis.

1 to 2% of ET/MF patients, and rarely in patients with idiopathic erythrocytosis/
PV. Secondary LNK mutations may also occur during disease progression in 
JAK2- or CALR-mutant patients.

Approximately 10% of patients with ET or PMF don’t exhibit the canonical 
JAK2, MPL, or CALR driver mutations (so-called “triple-negative” MPN 
patients) (see Fig. 157-2). Some of these patients exhibit alternative somatic 
JAK2 or MPL mutations with variable oncogenic activity in preclinical assays; 
other patients exhibit cytogenetic abnormalities without evidence for a driver 
mutation; in other patients, no evidence of clonal hematopoiesis can be found. 
Rare patients exhibit alternative JAK2 or MPL mutations that are present in 
the germline, consistent with a hereditary thrombocytosis.

Additional Molecular Abnormalities
Exome sequencing of a large cohort of MPN patients revealed that the 
median number of mutations in both PV and ET was 6.5, compared to 13 
in MF, consistent with it being a more advanced, genetically heterogeneous 
disease. Besides JAK2, CALR, and MPL, mutations are found in genes encod-
ing epigenetic regulators (TET2, DNMT3A, ASXL1, EZH2, IDH1, and 
IDH2), components of the splicing machinery (SF3B1, SRSF2, U2AF1), 
signal transduction (CBL, SH2B3 [LNK]), and tumor suppressor function 
(TP53). Although identified in chronic phase MPN, acquisition of TP53 is 
commonly associated with disease acceleration, including transformation of 
MF to blast phase disease. Table 157-2 highlights the somatic mutational 

Distribution of JAK2, MPL, and CALR mutations in
Philadelphia chromosome–negative myeloproliferative neoplasms

Polycythemia vera
(N = 382)

Essential thrombocythemia
(N = 311)

Primary myelofibrosis
(N = 203)

Nonmutated
JAK2, MPL,
and CALR

Nonmutated
JAK2, MPL,
and CALR

Nonmutated
JAK2, MPL,
and CALR

JAK2
mutation

JAK2
mutation

CALR
mutation

MPL mutation MPL mutation

JAK2
mutation

CALR
mutation

FIGURE 157-2. Distribution of canonical JAK2, MPL, and CALR mutations in PV, ET, and PMF. Relative distribution of JAK2, CALR, and MPL mutations in polycythemia vera, essential 
thrombocythemia, and primary myelofibrosis. All three mutations lead to constitutive activation of the JAK-STAT signaling axis. (From Klampfl T, Gisslinger H, Harutyunyan AS, et al. 
Somatic mutations of calreticulin in myeloproliferative neoplasms. N Engl J Med. 369[25]:2379-90, 2013. Fig 1a.)

TABLE 157-2 MUTATIONAL LANDSCAPE OF CHRONIC AND BLAST PHASE MPN AND PROGNOSTIC RELEVANCE OF  
MOLECULAR ABNORMALITIES

MUTATION
CHROMOSOME 

LOCATION FREQUENCY PATHOGENETIC RELEVANCE PROGNOSTIC ASSOCIATIONS
JAK2 ( Janus kinase 2): V617F 9p24 PV: ≈96%

ET: ≈55%
PMF: ≈65%

Contributes to abnormal myeloproliferation and 
progenitor cell growth factor hypersensitivity

Intermediate prognosis and higher risk of 
thrombosis compared to patients with CALR 
mutation (PMF)

JAK2 exon 12 mutation 9p24 PV: ≈3% Contributes to primarily erythroid 
myeloproliferation

Younger age, increased mean hemoglobin/
hematocrit, and lower mean white blood cell 
and platelet counts at diagnosis compared to 
those with JAK2 V617F-mutated PV. Both JAK2 
mutations are associated with similar rates of 
thrombosis, evolution to myelofibrosis or 
leukemia, and death in PV

CALR (Calreticulin): exon 9 
deletions and insertions

19p13.2 PMF: ≈25%
ET: ≈20%
PV: 0%

Wild-type CALR is a multifunctional Ca2+ binding 
protein chaperone mostly localized in the 
endoplasmic reticulum

Improved survival compared to JAK2 mutation and 
“triple-negative” PMF. Lower risk of thrombosis 
compared to JAK2 mutation (ET, PMF)

No difference in overall survival or myelofibrotic or 
leukemic transformation compared to 
JAK2-mutated ET

CALR Type 1/Type 1-like with improved overall 
survival compared to CALR type 2/type 2-like 
and JAK2 V617F mutation (PMF)
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TABLE 157-2 MUTATIONAL LANDSCAPE OF CHRONIC AND BLAST PHASE MPN AND PROGNOSTIC RELEVANCE OF  
MOLECULAR ABNORMALITIES—cont’d

MUTATION
CHROMOSOME 

LOCATION FREQUENCY PATHOGENETIC RELEVANCE PROGNOSTIC ASSOCIATIONS
MPL (myeloproliferative 

leukemia virus oncogene): 
MPN-associated MPL 
mutations involve exon 10

1p34 ET: ~3%
PMF: ~10%

Contributes to primarily megakaryocytic 
myeloproliferation

Intermediate prognosis and higher risk of 
thrombosis compared to patients with CALR 
mutation (PMF)

LNK, or SH2B3 (a membrane-
bound adaptor protein): 
MPN-associated mutations 
are monoallelic and involve 
exon 2

12q24.12 PV: rare
ET: rare
PMF: rare
BP-MPN: ≈10%

Wild-type LNK is a negative regulator of JAK2 
signaling

TET2 (TET oncogene family 
member 2): mutations 
involve several exons

4q24 PV: ≈16%
ET: ≈5%
PMF: ≈17%
BP-MPN: ≈17%

TET proteins catalyze conversion of 5mC to 
5hmC, which favors demethylated DNA. Both 
TET1 and TET2 display this catalytic activity. 
IDH and TET2 mutations might share a 
common pathogenetic effect

ASXL1 (additional sex 
combs-like 1): exon 12 
mutations

20q11.1 ET: ≈3%
PMF: ≈13%
BP-MPN: ≈18%

Wild-type ASXL1 is needed for normal 
hematopoiesis and might be involved in 
coactivation of transcription factors and 
transcriptional repression

Independently associated with inferior overall 
survival and leukemia-free survival (PMF)

Survival longest for CALR (+)/ASXL1(−) patients 
(median 10.4 years) and shortest in 
CALR(−)/ASXL1(+) patients (median 2.3 
years). Intermediate survival (median 5.8 years) 
for CALR(+)/ASXL1(+) or 
CALR(−)/ASXL1(−) patients (PMF)

IDH1/IDH2 (isocitrate 
dehydrogenase): exon 4 
mutations

2q33.3/15q26.1 PV: ≈2%
ET: ≈1%
PMF: ≈4%
BP-MPN: ≈20%

IDH mutations induce loss of activity for the 
conversion of isocitrate to 2-KG and gain of 
function in the conversion of 2-KG to 2-HG. 
2-HG might be the mediator of impaired TET2 
function in cells with mutant IDH expression

Independently associated with inferior leukemia-
free survival (PMF)

EZH2 (enhancer of zeste 
homolog 2): mutations 
involve several exons

7q36.1 PV: ≈3%
PMF: ≈7%
MDS: ≈6%

Wild-type EZH2 is part of a histone 
methyltransferase (polycomb repressive 
complex 2 associated with H3 Lys-27 
trimethylation). MPN-associated EZH2 
mutations might have a tumor suppressor 
activity, which contrasts with the gain-of-
function activity for lymphoma-associated 
EZH2 mutations

Independently associated with inferior overall 
survival (PMF)

DNMT3A (DNA cytosine 
methyltransferase 3a): most 
frequent mutations affect 
amino acid R882

2p23 PV: ≈7%
PMF: ≈7%
BP-MPN: ≈14%

DNA methyl transferases are essential in 
establishing and maintaining DNA methylation 
patterns in mammals

CBL (Casitas B-lineage 
lymphoma proto-oncogene): 
exon 8/9 mutations

11q23.3 PV: rare
ET: rare
MF: ≈6%

CBL is an E3 ubiquitin ligase that marks mutant 
kinases for degradation. Transforming activity 
requires loss of this function

IKZF1 (IKAROS family zinc 
finger 1): mostly deletions 
including intragenic

7p12 CP-MPN: rare 
BP-MPN: 
≈19%

IKZF1 is a transcription regulator and putative 
tumor suppressor

TP53 (tumor protein p53): 
exons 4 through 9

17p13.1 PMF: ≈4%
BP-MPN ≈27%

A tumor suppressor protein that targets genes that 
regulate cell cycle arrest, apoptosis, and DNA 
repair

Associated with leukemic transformation (PMF)

SF3B1 (splicing factor 3B 
subunit 1): mostly exons 14 
and 15

2q33.1 PMF: ≈7% SF3B1 is a component of the RNA spliceosome. 
SF3B1 mutations are closely associated with 
ring sideroblasts

SRSF2 (serine/arginine-rich 
splicing factor 2): exon 2

17q25.1 PMF: ≈17% SRSF2 is a component of the RNA spliceosome, 
whose dysfunction promotes defects in 
alternative splicing

Independently associated with inferior overall 
survival and leukemia-free survival (PMF)

U2AF1 (U2 small nuclear RNA 
auxiliary factor 1)

21q22.3 PMF: ≈16% U2AF1 is a subunit of the U2 small nuclear 
ribonucleoprotein auxiliary factor involved in 
pre-mRNA processing

Independently associated with anemia (PMF)

Triple-negative (negative for 
JAK2, MPL, or CALR 
mutations)

Inferior leukemia-free survival compared to 
patients with JAK2- and/or CALR-mutated 
PMF. Inferior overall survival compared to 
patients with CALR-mutated PMF

BP-MPN = blast phase MPN; CP-MPN= chronic phase MPN; ET = essential thrombocythemia; 5hmC = 5-hydroxymethylcytosine; 5mC = 5-methylcytosine; MF includes both PMF and post-ET/PV 
myelofibrosis; MPN = myeloproliferative neoplasms; PMF = primary myelofibrosis; PV = polycythemia vera; 2-KG = 2-ketoglutarate; 2-HG = 2-hydroxyglutarate.
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FIGURE 157-3. Erythromelalgia of the hands in a patient with polycythemia vera char-
acterized by an exon 12 JAK2 mutation. 

Primary Myelofibrosis
Splenomegaly is a cardinal feature of PMF. With advancing disease, the spleen 
can become massive in size (filling the right side of the abdomen and to the 
pelvic brim), resulting in abdominal pain (sometimes with referred left shoulder 
pain), early satiety, weight loss, and complications including splenic infarction. 
Extramedullary hematopoiesis (EMH) resulting in hepatomegaly is also 
common; complications of EMH include portal hypertension, esophageal or 
gastric varices, and ascites. EMH may involve other sites besides the liver and 
spleen, such as the paravertebral space, lymph nodes, retroperitoneum, lungs 
or pleura, genitourinary organs, skin, and bowel. Pulmonary hypertension 
may be underdiagnosed in MF and other MPNs and has been associated with 
increased symptoms (e.g., fatigue and dyspnea) and decreased survival. The 
incidence of arterial and venous thrombosis is similar to that of ET.

Patients with MF exhibit the greatest symptom burden among the Phila-
delphia chromosome-negative MPNs. In addition to mechanical symptoms 
referable to splenomegaly, hypercatabolic signs and symptoms such as fatigue, 
night sweats, low-grade fevers, weight loss, pruritus, gout, and joint or bone 
pain (most commonly involving the lower extremities) tend to become more 
omnipresent and severe with disease evolution.

 DIAGNOSIS
Diagnostic Criteria for Polycythemia Vera, Essential 
Thrombocythemia, and Primary Myelofibrosis
The revised 2016 WHO classification uses a combination of histopathologic, 
laboratory, and molecular data to establish major and minor criteria for the 
diagnosis of PV, ET, and PMF (Table 157-3).6 Major changes compared to 
the prior 2008 WHO criteria include: (1) use of lower hemoglobin thresholds 
to diagnose PV (>16.5 g/dL compared to >18.5 g/dL in men, and >16 g/dL 
compared to >16.5 g/dL in women), reflecting the growing recognition of 
underdiagnosed or “masked” PV; (2) increased importance given to bone 
marrow morphology as a reproducible criterion for diagnosis of PV; (3) sepa-
ration of PMF into “prefibrotic” and “overt” myelofibrosis to differentiate true 
ET from early forms of myelofibrosis given differences in long-term prognosis; 
and (4) addition of new clonal markers such as mutant CALR or other myeloid 
mutations to help distinguish the clonal nature of ET and MF from reactive 
thrombocytosis or marrow fibrosis.

Other Causes of Erythrocytosis and Thrombocytosis
For patients presenting with an elevated hemoglobin, history taking should 
first try to determine whether a spurious erythrocytosis may be present due to 
hemoconcentration (e.g., burns, diarrhea, diuretics). Family history is important 
for evaluating congenital forms of erythrocytosis, including causes associated 
with a decreased p50 (the oxygen tension at which hemoglobin is 50% satu-
rated) such as a high oxygen-affinity hemoglobin, 2,3-bisphosphoglycerate 
(2,3-BPG) deficiency, or methemoglobinemia (Chapter 149). Congenital 
forms of erythrocytosis associated with a normal p50 include mutations in 
the genes encoding EPO or the EPO receptor, and mutations of genes involved 
in the oxygen-sensing pathway (e.g., VHL, HIF2A, and PHD2)7 (Table 157-4). 
Erythrocytosis mutation panels are now commercially available to test for 
such variants.

In secondary types of acquired erythrocytosis (see Table 157-4), only red 
blood cells are increased, whereas in PV, red blood cells, as well as the white 
blood count and platelet count may be increased (because only the latter is 
a pluripotent hematopoietic stem cell disorder). Molecular testing has greatly 
facilitated the evaluation of acquired forms of erythrocytosis; in this clinical 
context, identification of JAK2 V617F (in 95 to 98% of PV patients) or an 
exon 12 JAK2 mutation establishes the diagnosis of PV. Iron deficiency and 
a subnormal EPO level (the latter a minor diagnostic criterion) are common 
laboratory findings in PV.

Like erythrocytosis, the evaluation of thrombocytosis is first directed to 
ruling out reactive causes (Table 157-5), which are much more common than 
ET (see Table 157-5). Hereditary forms of thrombocytosis are rare and may 
be related to germline mutations in the genes encoding thrombopoietin 
(THPO), gelsolin, or MPL and JAK2, which are distinct from the somatic 
MPL W515 L/K and JAK2 V617F variants.

If ET or PMF is suspected, and molecular testing is negative for JAK2 
V617F, screening for CALR and/or MPL mutations is undertaken. Bone 
marrow examination with expert pathology interpretation is critical to dis-
tinguish between ET (Fig. 157-4), prefibrotic MF, and overt PMF (Fig. 157-5) 
and between clonal and reactive forms of myeloproliferation, particularly in 
cases where a clonal marker cannot be found (e.g., triple-negative patients). 

 CLINICAL MANIFESTATIONS
Essential Thrombocythemia
Up to one half of patients may present with incidental thrombocytosis without 
symptoms. The frequency of vasomotor symptoms differs widely between 
series; such microvascular disturbances can manifest as headaches, lighthead-
edness, syncope, chest pain, visual disturbances (amaurosis fugax, scintillating 
scotomata, ophthalmic migraine), and erythromelalgia (Fig. 157-3) which 
manifests as burning pain of the hands or feet associated with erythema and 
warmth. Incidence rates of arterial (e.g., cerebrovascular event, myocardial 
infarction, peripheral arterial disease) and venous (deep vein thrombosis, 
pulmonary embolism, superficial thrombophlebitis) thrombosis as well as 
hemorrhage also vary; however, rates of major thrombosis or bleeding are 
less than 10% at diagnosis and follow-up. Thrombosis of unusual sites such as 
the abdomen (e.g., mesenteric, portal, hepatic vein thrombosis [Budd-Chiari 
syndrome]) and central nervous system (e.g., cerebral venous sinus thrombosis; 
retinal vein or artery thrombosis) is also observed. Differences in diagnostic 
criteria used for ET as well as the potential for inclusion of patients with 
prefibrotic MF may account for the variability in reported rates of spleno-
megaly (typically mild), which range from less than 10% to almost one half of  
patients.

In one study of 150 ET patients, the median platelet count was 1000 × 
109/L (range 454 to 3460 × 109/L). There is no correlation between the 
degree of thrombocytosis and risk of thrombosis; however, patients with a 
platelet count higher than 1000 to 1500 × 109/L are at risk for increased 
bleeding, attributable, in part, to acquired von Willebrand disease (vWD). 
Acquired vWD is due to increased binding of large von Willebrand factor 
multimers, which are the most hemostatically effective components of the 
von Willebrand factor protein, to platelets and their removal from the plasma; 
the finding of decreased ristocetin cofactor activity (e.g., <30%) and loss of 
high molecular weight von Willebrand multimeric proteins on multimer analysis 
can help establish the diagnosis (Chapter 164). Such ET patients should be 
cautioned about the use of aspirin and may require cytoreduction to mitigate 
bleeding episodes.

Polycythemia Vera
Most patients with PV are incidentally discovered to have an elevated 
hemoglobin/hematocrit. Increased blood hyperviscosity can lead to a constel-
lation of physical examination findings including hypertension, facial plethora, 
injection of the conjunctival small vessels and engorgement of the retinal 
veins on funduscopic examination, erythromelalgia (similar to ET), spleno-
megaly (more frequent than hepatomegaly), and tophaceous gout. Relatively 
common complaints include fatigue, aquagenic pruritus (itching following a 
warm bath or shower), headache, difficulty concentrating, lightheadedness/
dizziness, and nondescript gastrointestinal symptoms such as epigastric dis-
comfort and abdominal fullness/early satiety. Neurologic symptoms including 
tinnitus, paresthesias, and the aforementioned visual disturbances are also 
encountered in PV. In the international study of 1545 PV patients, arterial 
thrombotic complication, venous thrombosis, or major hemorrhage were noted 
prior to or at the time of diagnosis in 16, 7, and 4% of patients. E-Table 157-1 
shows the presenting features of patients with PV, also stratified by gender.

The peripheral blood smear may demonstrate large or giant platelets in all 
three MPNs. In PMF, variable degrees of leukoerythroblastosis may be observed, 
consisting of circulating immature granulocytes, nucleated and tear-drop red 
blood cells (dacrocytes) (Chapter 148). Increased numbers of circulating 
CD34+ cells can be detected in the blood, and their numbers increase with 
disease severity. The bone marrow reveals myeloid hyperplasia, clustered atypi-
cal megakaryocytes, and variable degrees of reticulin (or collagen) fibrosis (as 
well as osteosclerosis) depending on disease stage (see Fig. 157-5). Specific 
clinical and laboratory criteria have been codified for a diagnosis of post-PV 
and post-ET myelofibrosis including confirmation of a prior diagnosis of PV 
or ET and minimal thresholds of bone marrow fibrosis. Table 157-6 lists other 
causes of fibrosis involving the bone marrow.

 PROGNOSIS
Polycythemia Vera and Essential Thrombocythemia
Survival
In a natural history study of 1545 PV patients, older age, leukocytosis, venous 
thrombosis and abnormal karyotype were identified as factors adversely affect-
ing survival; the first three parameters were used to devise a prognostic model 
which delineated three risk groups with median survivals ranging from 10.9 
to 27.8 years. The cumulative incidence of transformation to leukemia was 
2.3% at 10 years, 5.5% at 15 years, and 7.9% at 20 years. Older age, abnormal 
karyotype, and leukocyte count of 15 × 109/L or more were independent risk 
factors for leukemia-free survival. Leukemic transformation was associated 
with exposure to pipobroman or P32/chlorambucil, but not with single-agent 
hydroxyurea or busulfan, or the combination of these two drugs.

In an analysis of 867 patients with ET, age of 60 years or older, leukocyte 
count of 11 × 109/L or more, and prior thrombosis were associated with 
inferior survival. Based on the assignment of weighted points to these variables, 
patients were allocated to three risk categories with significantly different 
survivals: low (0 points; median survival not reached); intermediate (1 to 2 
points; median survival 24.5 years); and high (3 to 4 points; median survival 
13.8 years) (E-Table 157-2). The incidence of leukemic transformation is less 
than 5% in ET patients.
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E-TABLE 157-1 ALL-INCLUSIVE AND GENDER-STRATIFIED PRESENTING FEATURES IN 1545 PATIENTS WITH PV

N EVALUABLE
ALL PATIENTS  

(N = 1545)
FEMALES,  

N = 785 (51%)
MALES,  

N = 760 (49%) P-VALUES
Median age, years (range) 1545 61 (18-95) 62 (18-92) 59 (19-95) <0.01

Ages below 40/50 years 1545 10/24% 10/23% 10/26% 0.58
Hemoglobin, median in g/dl (range) 1545 18.4 (15.1-26.5) 17.7 (15.1-24.5) 18.9 (17.1-26.5) <0.01

Hematocrit (median and range) 1545 55 (36-78) 54 (36-76) 57 (42-78) <0.01

Leukocyte count, median × 109/l (range) 1545 10.4 (3-171.6) 10.3 (3-125.5) 10.5 (4.2-171.6) 0.85
Leukocytosis (>10.5 × 109/l), n (%) 1545 751 (49%) 375 (48%) 376 (49.5%) 0.5
Platelet count, median × 109/l (range) 1545 466 (7-2370) 509 (7-2370) 419 (37-1410) <0.01

Thrombocytosis (≥450 × 109/l), n (%) 1545 817 (53%) 472 (60%) 345 (45.4%) <0.01

Extreme thrombocytosis (≥1000 × 109/l), n (%) 1545 58 (4%) 46 (6%) 12 (1.6%) <0.01

Palpable spleen, n (%) 1477 534 (36%) 241 (32%) 293 (40.3%) <0.01

Pruritus, n (%) 1349 485 (36%) 240 (35.4%) 245 (36.6%) 0.64
Vasomotor symptoms, n (%) 1412 403 (28.5%) 213 (30%) 190 (27%) 0.26
Arterial thrombosis before/at diagnosis, n (%) 1545 246 (16%) 108 (14%) 138 (18%) 0.02

Venous thrombosis before/at diagnosis, n (%) 1545 114 (7.4%) 73 (9.3%) 41 (5.4%) <0.01

Major hemorrhage before/at diagnosis, n (%) 572 24 (4.2%) 16 (5.5%) 8 (2.8%) 0.11
↑ Lactate dehydrogenase, n (%) 732 368 (50%) 203 (54%) 165 (47%) 0.07
Leukoerythroblastic smear, n (%) 1056 63 (6%) 28 (5%) 35 (7%) 0.26
Abnormal karyotype, n (%) 631 77 (12%) 29 (9%) 48 (15%) 0.02

JAK2 mutation, n (%) 1268 1239 (98%) 626 (98%) 613 (97.3%) 0.68
V617F/other JAK2 mutation (%) 1268 95%/3% 95.6%/2.5% 95%/3% 0.68
Serum Epo ↓/normal/↑ (%) 1058 81%/17%/2% 83%/15%/2% 79%/19%/1% 0.17
EEC, n (%) 454 331 (73%) 182 (76%) 149 (69.3%) 0.10
Increased red cell mass, n (%) 306 277 (91%) 149 (87.7%) 128 (94%) 0.06

Hemoglobin >18.5 g/dl (>16.5 ♀) n (%) 1545 1122 (73%) 652 (83%) 470 (62%) <0.01

History of tobacco use, n (%) 1301 206 (16%) 74 (11.3%) 132 (20.4%) <0.01

History of diabetes, n (%) 1149 97 (8.4%) 41 (7%) 56 (11%) 0.11
History of hyperlipidemia, n (%) 1073 196 (18.3%) 98 (18%) 98 (18.5%) 0.85
History of hypertension, n (%) 1388 638 (46%) 339 (48%) 299 (43.7%) 0.09
Bold numerals indicate differences that were statistically relevant.
EEC = endogenous erythroid colony; Epo = erythropoietin; PV = polycythemia vera.
From Tefferi A, Rumi E, Finazzi G, et al.: Survival and prognosis among 1545 patients with contemporary polycythemia vera: an international study. Leukemia. 27(9):1874-81, 2013. Table 1.
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Thrombosis
Conventional assessment of thrombosis risk in ET (and PV) separates patients 
into low- and high-risk categories based on the absence or presence of either 
age older than 60 years or history of thrombosis, as demonstrated in the 
phase III European Collaboration on Low-Dose Aspirin in Polycythemia Vera 
(ECLAP) study (Fig. 157-6). Marked thrombocytosis (e.g., platelet count of 
greater than 1500 × 109/L) is associated with a higher risk of bleeding than  
thrombosis.

An international study of ET patients identified cardiovascular risk factors 
(CRF) and JAK2 V617F mutation status as additional independent risk factors 
that were used to validate a three-tiered prognostic model (IPSET-thrombosis) 
consisting of low-, intermediate-, and high-risk patients with respective throm-
bosis risks of 1.03, 2.35, and 3.56% of patients/year (see E-Table 157-2). 
IPSET-thrombosis outperformed the two-tiered (low-risk 0.95% of patients/y 
vs. high-risk 2.86% of patients/year) risk stratification in predicting future 
vascular events.

Subsequent analysis of IPSET-thrombosis revealed that among low-risk 
patients, thrombosis risk was significantly lower in patients with nonmutated 
JAK2 in the absence of CRF (0.44%) compared to the presence of CRF (1.05%). 
In addition, the risk of thrombosis in the presence of the JAK2 mutation 
without CRF and in the presence of both JAK2 mutation and CRF were 
1.59 and 2.57%, respectively. These observations led to the development of 
the revised IPSET-thrombosis scoring system8 which has been independently 
validated and stratifies patients into four risk groups: very low risk (age ≤60 
years, no prior history of thrombosis, and no JAK2 mutation); low risk (age 
≤60 years, no prior history of thrombosis, and having JAK2 mutation); inter-
mediate risk (age >60 years, no prior history of thrombosis, and no JAK2 
mutation), and high risk (prior history of thrombosis and/or age >60 years 
with JAK2 mutation). The CALR mutation does not modify the IPSET score 
for predicting thrombosis.

Primary Myelofibrosis
The Dynamic International Prognostic Scoring System (DIPSS)-Plus uti-
lizes eight clinical and laboratory parameters to refine risk prognostication 

TABLE 157-3 THE REVISED 2016 WORLD HEALTH ORGANIZATION DIAGNOSTIC CRITERIA FOR POLYCYTHEMIA VERA, ESSENTIAL 
THROMBOCYTHEMIA, AND PRIMARY MYELOFIBROSIS

CRITERIA POLYCYTHEMIA VERA* ESSENTIAL THROMBOCYTHEMIA† PRIMARY MYELOFIBROSIS‡

Major criteria 1. Elevated hemoglobin concentration (>16.5 g/
dL in men; >16.0 g/dL in women) or elevated 
hematocrit (>49% in men; >48% in women) 
or increased red blood cell mass (>25% above 
mean normal predicted value

2. Bone marrow biopsy showing age-adjusted 
hypercellularity with trilineage growth 
(panmyelosis), including prominent erythroid, 
granulocytic, and megakaryocytic proliferation 
with pleomorphic, mature megakaryocytes

3. Presence of JAK2 V617F or JAK2 exon 12 
mutation

1. Platelet count ≥450 × 109/L
2. Bone marrow biopsy showing proliferation 

mainly of the megakaryocytic lineage, with 
increased numbers of enlarged, mature 
megakaryocytes with hyperlobulated nuclei, 
no significant increase or left shift in 
neutrophil granulopoiesis or erythropoiesis; 
very rarely or minor (grade 1) increase in 
reticulin fibers

3. WHO criteria for BCR-ABL1-positive chronic 
myeloid leukemia, polycythemia vera, primary 
myelofibrosis, or other myeloid neoplasms are 
not met

4. JAK2, CALR, or MPL mutation

1. Megakaryocytic proliferation and atypia, without 
reticulin fibrosis grade >1, accompanied by 
increased age-adjusted bone marrow cellularity, 
granulocytic proliferation, and (often) decreased 
erythropoiesis (PREFIBROTIC)§

1. Megakaryocytic proliferation and atypia, 
accompanied by reticulin and/or collagen fibrosis 
grades 2 or 3 (OVERT)‖

2. WHO criteria for BCR-ABL1-positive chronic 
myeloid leukemia, polycythemia vera, essential 
thrombocythemia, myelodysplastic syndromes, or 
other myeloid neoplasms are not met

3. JAK2 or CALR or MPL mutation, or presence of 
another clonal marker,¶ or absence of reactive 
myelofibrosis**

Minor criteria Subnormal erythropoietin level Presence of a clonal marker¶ or absence of 
reactive thrombocytosis

Presence of at least one of the following, confirmed 
on 2 separate determinations:
•	 Anemia	not	attributed	to	a	comorbid	condition
•	 Leucocytosis	≥11 × 109/L
•	 Palpable	splenomegaly
•	 LDH	above	the	upper	limit	of	normal
•	 Leukoerythroblastosis	(only	in	overt	PMF)

*The diagnosis of polycythemia vera requires either all 3 major criteria or the first 2 major criteria plus the minor criteria. Major criterion 2 (bone marrow biopsy) may not be required in patients with sustained 
absolute erythrocytosis (hemoglobin concentration in men >18.5 g/dL or >16.5 g/dL in women and hematocrit values >55.5% in men and >49.5% in women) if the major criterion 3 and the minor criteria are 
present. However, initial myelofibrosis (present in as many as 20% of patients) can only be detected by bone marrow biopsy, and this finding may predict a more rapid progression to overt myelofibrosis 
(post-PV myelofibrosis).
†The diagnosis of essential thrombocythemia requires that all major criteria or the first 3 major criteria plus the minor criteria are met.
‡The diagnosis of primary myelofibrosis requires that all 3 major criteria and at least 1 minor criterion are met.
§First major criterion definition for prefibrotic/early myelofibrosis only (not applicable to overt myelofibrosis).
‖First major criterion definition for overt myelofibrosis only (not applicable to prefibrotic/early myelofibrosis).
¶In the absence of any of the 3 major clonal mutations, a search for other mutations associated with myeloid neoplasms (e.g., ASXL1, EZH2, TET2, IDH1, IDH2, SRSF2, and SF3B1 mutations) may be of help 
in determining the clonal nature of disease.
**Minor (grade 1) reticulin fibrosis secondary to infection, autoimmune disorder, or other chronic inflammatory conditions, hairy cell leukemia, or another lymphoid neoplasm, metastatic malignancy, or toxic 
(chronic) myelopathies.
LDH = lactate dehydrogenase; WHO = World Health Organization.

The peripheral blood smear may demonstrate large or giant platelets in all 
three MPNs. In PMF, variable degrees of leukoerythroblastosis may be observed, 
consisting of circulating immature granulocytes, nucleated and tear-drop red 
blood cells (dacrocytes) (Chapter 148). Increased numbers of circulating 
CD34+ cells can be detected in the blood, and their numbers increase with 
disease severity. The bone marrow reveals myeloid hyperplasia, clustered atypi-
cal megakaryocytes, and variable degrees of reticulin (or collagen) fibrosis (as 
well as osteosclerosis) depending on disease stage (see Fig. 157-5). Specific 
clinical and laboratory criteria have been codified for a diagnosis of post-PV 
and post-ET myelofibrosis including confirmation of a prior diagnosis of PV 
or ET and minimal thresholds of bone marrow fibrosis. Table 157-6 lists other 
causes of fibrosis involving the bone marrow.

 PROGNOSIS
Polycythemia Vera and Essential Thrombocythemia
Survival
In a natural history study of 1545 PV patients, older age, leukocytosis, venous 
thrombosis and abnormal karyotype were identified as factors adversely affect-
ing survival; the first three parameters were used to devise a prognostic model 
which delineated three risk groups with median survivals ranging from 10.9 
to 27.8 years. The cumulative incidence of transformation to leukemia was 
2.3% at 10 years, 5.5% at 15 years, and 7.9% at 20 years. Older age, abnormal 
karyotype, and leukocyte count of 15 × 109/L or more were independent risk 
factors for leukemia-free survival. Leukemic transformation was associated 
with exposure to pipobroman or P32/chlorambucil, but not with single-agent 
hydroxyurea or busulfan, or the combination of these two drugs.

In an analysis of 867 patients with ET, age of 60 years or older, leukocyte 
count of 11 × 109/L or more, and prior thrombosis were associated with 
inferior survival. Based on the assignment of weighted points to these variables, 
patients were allocated to three risk categories with significantly different 
survivals: low (0 points; median survival not reached); intermediate (1 to 2 
points; median survival 24.5 years); and high (3 to 4 points; median survival 
13.8 years) (E-Table 157-2). The incidence of leukemic transformation is less 
than 5% in ET patients.
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E-TABLE 157-2 PROGNOSTIC MODELS OF SURVIVAL AND 
THROMBOSIS IN ET

PROGNOSTIC MODEL
RISK GROUPS AND CLINICAL 

RELEVANCE
Conventional score for prediction of vascular complications (European 

LeukemiaNet recommendations)

At least 1 of the following risk 
factors:
•	 Age	≥60 y Low risk: age <60 y AND no history of 

thrombosis or major bleeding AND PLT 
count <1500 × 109/L, that is, none of the 3 
major risk factors

•	 Previous	thrombosis	or	major	
bleeding

High risk: age ≥60 y AND/OR history of 
thrombosis or major bleeding AND/OR 
PLT count ≥1500 × 109/L, that is, at least 1 
of the 3 major risk factors

•	 PLT	count	≥1500 × 109/L While low-risk patients are just followed 
(observation alone) or given low-dose 
aspirin, high-risk patients are given a 
cytoreductive treatment plus low-dose 
aspirin

IPSET-thrombosis (International Prognostic Score for ET: estimates the risk of 
thrombosis)

Risk factors (weight): Low risk: 0-1 point (probability of thrombotic 
events: 1.03% of patients/year)

•	 Age	≥60 y (1 point)
•	 Previous	thrombosis	(2	

points)
•	 Cardiovascular	risk	factors*	 

(1 point)
•	 JAK2(V617F) mutation  

(2 points)

Intermediate risk: 2 points (2.35% of patients/
year)

High risk: ≥3 points (3.56% of patients/year)
Potential therapeutic implications: (1) 

observation alone may be adequate in 
patients with no risk factors; (2) low-dose 
aspirin should be used in all patients with 
JAK2 (V617F) and/or cardiovascular risk 
factors; (3) older patients (≥60 y) without 
additional risk factors may not need a 
cytoreductive treatment; (4) conversely, a 
cytoreductive treatment may be considered 
in younger patients (<60 y) with 
JAK2-mutant ET and concomitant 
cardiovascular risk factors, even in the 
absence of previous thrombosis

IPSET (International Prognostic Score for ET: predicts survival)

Risk factors (weight): Low risk: 0 (median survival not reached)
•	 Age	≥60 y (2 points) Intermediate risk: 1-2 points (median survival, 

24.5 yr)
•	 Previous	thrombosis	(1	point) High risk: 3-4 points (median survival, 

13.8 yr)
•	 Leukocyte	count	>11 × 109/L  

(1 point)
*Cardiovascular risk factors include hypertension, diabetes, and active tobacco use.
ET = essential thrombocythemia; PLT = platelets.
From Rumi E, Cazzola M. Diagnosis, risk stratification, and response evaluation in classical 
myeloproliferative neoplasms. Blood. 129(6):680-692, 2017. Table 4.
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TABLE 157-4 DIFFERENTIAL DIAGNOSIS OF 
ERYTHROCYTOSIS

SPURIOUS ERYTHROCYTOSIS (also referred to as relative polycythemia, stress 
erythrocytosis, stress polycythemia, benign polycythemia, Gaisböck syndrome, 
and pseudopolycythemia)

A. Cases are characterized by an increased hematocrit and normal or decreased red 
blood cell (RBC) total mass resulting from a decreased plasma volume. 
Hemoconcentration can result from vomiting or diarrhea, burns, aggressive 
diuretic therapy, decreased fluid intake, diabetic ketoacidosis, and renal disease. 
Stress and hypertension can also be associated with a decreased plasma volume.

CONGENITAL ERYTHROCYTOSIS

 A. Associated with reduced p50 (partial pressure of oxygen at which 50% of 
hemoglobin is saturated with oxygen)
 i. Mutant high oxygen affinity hemoglobinopathy
 ii. 2,3-Bisphosphoglycerate deficiency
 iii. Methemoglobinemia

 B. Associated with normal p50
 i. VHL mutations (Chuvash polycythemia)
 ii. PHD2 mutations
 iii. HIF2A mutations
 iv. EPO receptor mutations
 v. EPO gain-of-function mutation

ACQUIRED ERYTHROCYTOSIS

 A. Primary (clonal): Polycythemia vera (associated with low EPO level)
 B. Secondary (associated with normal to high EPO levels)

 i. Chronic hypoxia states
(1) Chronic lung disease
(2) Right-to-left cardiopulmonary shunts
(3) High-altitude habitat
(4) Tobacco use or carbon monoxide poisoning
(5) Sleep apnea or hypoventilation syndrome
(6) Renal artery stenosis

 ii. Hypoxia-independent
(1) Use of androgens (e.g., testosterone; danazol)
(2) Use of erythropoietin
(3) Post renal transplant
(4) Anti-VEGF therapy
(5) Erythropoietin-secreting tumors: hepatocellular carcinoma, renal cell 

carcinoma, (cerebellar) hemangioblastoma, uterine leiomyoma, 
meningioma, carcinoid tumor, metanephric adenoma, 
pheochromocytoma, parathyroid adenoma

(6) POEMS
EPO = erythropoietin; POEMS = polyneuropathy, organomegaly, endocrinopathy, M protein, and 
skin (changes) syndrome; VEGF = vascular endothelial growth factor.

TABLE 157-5 DIFFERENTIAL DIAGNOSIS OF 
THROMBOCYTOSIS

PRIMARY (CLONAL) SECONDARY (REACTIVE)
ESSENTIAL THROMBOCYTHEMIA INFECTION
OTHER MYELOID NEOPLASMS Acute bacterial/viral infections
Primary myelofibrosis Chronic infections (e.g., tuberculosis)
Chronic myeloid leukemia NONMALIGNANT BLOOD 

CONDITIONSDel(5q) myelodysplastic syndrome
Myelodysplastic/myeloproliferative 

neoplasms with ring sideroblasts and 
thrombocytosis (MDS)/MPN-RS-T

Iron deficiency anemia
Acute blood loss
Acute hemolytic anemia
Rebound following use of chemotherapy
Rebound following treatment of ITP
Rebound from ETOH-related 

thrombocytopenia
AUTOIMMUNE/INFLAMMATORY 
CONDITIONS
Inflammatory bowel disease
Vasculitides
Rheumatoid arthritis
Celiac disease
MALIGNANCIES
Lymphoma
Metastatic cancer
POEMS
MEDICATIONS
Thrombopoietin receptor agonists
All-trans retinoic acid (ATRA)
Interleukin-1β
Vincristine
Epinephrine
Glucocorticoids
TISSUE DAMAGE
Severe trauma, burns
Acute pancreatitis
Myocardial infarction
Postsurgical period (e.g., CABG)
ALLERGIC REACTION
EXERCISE

CABG = coronary artery bypass graft; ETOH = alcohol; ITP = immune (or idiopathic) 
thrombocytopenic purpura; MDS = myelodysplastic syndrome; POEMS = polyneuropathy, 
organomegaly, endocrinopathy, M protein, and skin (changes) syndrome.

A B C

FIGURE 157-4. Histopathology of essential thrombocythemia. A, Peripheral blood demonstrating increased numbers of platelets, including large forms. Bone marrow aspirate (B) 
and core biopsy (C) revealing a marked increase in numbers of megakaryocytes. 

in patients with PMF: age greater than 65 years, hemoglobin less than 10 g/
dL, leukocyte count greater than 25 × 109/L, circulating blasts 1% or greater, 
constitutional symptoms, unfavorable karyotype, red cell transfusion need, and 
platelet count less than 100 × 109/L. Four risk categories were generated based 
on the number of adverse points: low risk (zero adverse points); intermediate-1 
risk (1 adverse point); intermediate-2 risk (2 to 3 adverse points); and high 
risk (4 to 6 adverse points), with respective median survivals of 180, 80, 35, 
and 16 months.9 In a multivariate analysis, platelet count lower than 100 × 

109/L and unfavorable cytogenetics were independent predictors of leukemia-
free survival: low risk (none of the adverse factors present) and high risk (at 
least one adverse factor present) resulted in 5- and 10-year risks of leukemic 
transformation of 6% and 12% for the low-risk group versus 18% and 31% 
for the high-risk group, respectively. The MIPSS70-Plus prognostic scoring 
system integrates mutational data (absence of CALR type-1 mutation, pres-
ence of a high–molecular risk mutation (i.e., ASXL1, EZH2, SRSF2, IDH1/2), 
and presence of two or more high–molecular risk mutations) in addition to 
clinical and cytogenetic information to further optimize risk stratification in 
transplantation-eligible patients (Fig. 157-7).10

TREATMENT 
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A B C

FIGURE 157-5. Histopathology of primary myelofibrosis. A, Leukoerythroblastic blood findings in primary myelofibrosis including a large platelet, tear-drop red blood cells (dacro-
cytes), and a myeloblast. B, Core bone marrow biopsy showing megakaryocyte clustering with thick irregular bone trabeculae with osteomyelosclerosis (H&E stain × 100). C, Reticulin 
stain of bone marrow biopsy confirms extensive (grade MF-3) fibrosis. (B and C, Courtesy American Society of Hematology image bank, https://imagebank.hematology.org/)

TABLE 157-6 CAUSES OF BONE MARROW FIBROSIS
MYELOID NEOPLASMS/DISORDERS

Primary myelofibrosis
Chronic myeloid leukemia
Myelodysplastic syndromes
Myelodysplastic/myeloproliferative neoplasms
Systemic mastocytosis
Chronic eosinophilic leukemias
Acute myeloid leukemias (including acute myelofibrosis/acute megakaryocytic 

leukemia)
Gray platelet syndrome
LYMPHOID NEOPLASMS

Hairy cell leukemia
Multiple myeloma
Lymphomas
HISTIOCYTIC AND DENDRITIC CELL NEOPLASMS

Langerhans cell histiocytosis
NONHEMATOLOGIC CONDITIONS

Autoimmune myelofibrosis
Connective tissue disorders
Chronic infections (e.g., tuberculosis)
Vitamin D deficiency (rickets)
Renal osteodystrophy
Pulmonary hypertension
Metastatic cancers (e.g., prostate, breast, gastric)

No prior thrombosis
Age ≥ 65 years

No prior thrombosis
Age < 65 years

Prior thrombosis
Age < 65 years

Prior thrombosis
Age ≥ 65 years
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1638  (40) 1487 (46)1412    (30)  1280  (37) 1118 (24) 855   (21)   649  (14)  455  (7)    247   (5)     85    (1)     21
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Age <65 without prior thrombosis

Age ≥65 without prior thrombosis
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FIGURE 157-6. Cardiovascular event-free survival of 1638 patients with PV according 
to age and history of thrombosis. 

Essential Thrombocythemia and Polycythemia Vera
For patients with ET and PV, no therapy has been shown to alter the natural 

history of disease (e.g., transformation to post-PV or post-ET myelofibrosis, 
acute myeloid leukemia, or overall survival), and therapies are aimed at miti-
gating the risk of future vascular events and disease-related constitutional  
symptoms.11

In ET, treatment decisions are based on the classification of patients into 
very low, low, intermediate, and high-risk groups according to the revised IPSET-
thrombosis risk stratification (Table 157-7).12 For patients with very-low risk ET 
(age ≤60 years, no JAK2 mutation, no prior history of thrombosis), aspirin 81 mg 
daily or observation alone may be considered. For patient with low-risk ET (age 
≤60 years, with JAK2 mutation, no prior history of thrombosis) or intermediate-
risk ET (age > 60 years, no JAK2 mutation, no prior history of thrombosis) aspirin 
81 mg daily only is recommended. Although the efficacy of low-dose aspirin 
for the prevention of thrombosis in patients with ET has not been evaluated 
in randomized clinical trials,13 it is supported by the extrapolation of results 
from the ECLAP study (see below) that investigated aspirin in patients with PV 
and the results of retrospective analyses.

Cytoreductive therapy should be administered to patients with high-risk ET 
(history of thrombosis at any age or age >60 years with JAK2 mutation) or those 
with lower-risk forms of ET who develop any signs or symptoms of new throm-
bosis, acquired von Willebrand disease or disease-related major bleeding, 
symptomatic progressive splenomegaly, progressive leukocytosis or thrombo-
cytosis, worsening disease-related symptoms (pruritus, night sweats, fatigue), 
or vasomotor/microvascular disturbances (headaches, chest pain, erythrome-
lalgia) refractory to aspirin.14

TREATMENT 

In a study of 114 patients with high-risk ET randomized to receive hydroxyurea 
or no myelosuppressive treatment, the incidence of thrombosis was signifi-
cantly lower in patients treated with hydroxyurea (3.6% compared to 24%). 
In the randomized PT-1 study of 809 patients with high-risk ET, hydroxyurea 
plus low-dose aspirin was superior to anagrelide plus low-dose aspirin. After a 
median follow-up of 39 months, the long-term control of platelet counts was 
equivalent in both groups and anagrelide plus aspirin was better in the preven-
tion of venous thrombosis. However, the rates of arterial thrombosis, serious 
hemorrhage, and transformation to MF were significantly higher with anagrelide 
plus aspirin. In addition, treatment discontinuation was also significantly higher 
with anagrelide plus aspirin. The diagnosis of ET in this trial was based on the 
Polycythemia Vera Study Group criteria. The subsequent ANAHYDRET phase 
III randomized study and a meta-analysis showed that anagrelide was not 
inferior to hydroxyurea as first-line therapy for the prevention of thrombotic 
complications in patients with high-risk ET diagnosed according to the WHO  
criteria. A1 

,
 A2 

The phase III ECLAP study randomized 518 patients with polycythemia vera 
to low-dose aspirin (100 mg daily) or placebo. Compared with placebo, treat-
ment with low-dose aspirin (100 mg daily) produced an approximately 60% 

https://imagebank.hematology.org/
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reduction in the relative risk of the composite end point of nonfatal myocardial 
infarction, nonfatal stroke, or death from cardiovascular causes. The incidence 
of major bleeding episodes was not significantly increased in the aspirin group. 
The phase III, randomized Cyto-PV study found that more intensive treatment to 
maintain a hematocrit target of less than 45% resulted in a significant, almost 
4-fold reduction in the risk of cardiovascular death and major thrombosis than 
did those with a hematocrit target of 45 to 50%. A3 

,
 A4  A lower hematocrit cutoff 

(42%) may be appropriate for females (attributed to their lower red blood cell 
mass compared to males), or for patients with progressive symptoms, but no 
randomized data are available to support this recommendation.

In a nonrandomized study of 51 PV patients with a median follow-up of 8.6 
years, the use of hydroxyurea with phlebotomy as needed significantly reduced 
the risk of thrombosis compared to a historical cohort of patients treated with 
phlebotomy alone. The incidence of leukemic transformation was 5.9% with 
hydroxyurea compared to 1.5% for phlebotomy (not statistically significant). 
However, the ECLAP study identified older age and the use of other alkylating 
agents (e.g., P32, busulfan, pipobroman) but not hydroxyurea as independent 

risk factors for leukemic transformation. In a randomized trial comparing hydroxy-
urea and pipobroman as first-line therapy in 285 patients with PV younger than 
65 years old, the cumulative incidence of leukemic transformation at a median 
follow-up of 15 years was significantly higher with pipobroman (34%), than 
with hydroxyurea (16.5%). In aggregate, these results and data from several 
retrospective analyses do not demonstrate increased leukemogenicity with 
hydroxyurea in PV or ET.

For patients with ET or PV, interferons (Interferon alfa-2b, PEG-interferon 
alfa-2a, or PEG-interferon alfa-2b) are an alternative first-line treatment to 
hydroxyurea, particularly for younger patients or in pregnant women in need 
of cytoreductive therapy (see Table 157-7). The addition of a polyethylene glycol 
(PEG) moiety to IFN-α results in a longer half-life, which translates into less 
frequent administration, more drug stability, less immunogenicity, and less 
toxicity, and is favored by most practitioners. Still, depending on the study, 
PEG-interferons have resulted in treatment discontinuation rates of 15 to 40%. 
Toxicities include myelosuppression, flu-like symptoms (e.g., fatigue, myalgias/
arthralgias), transaminitis, autoimmune phenomena, hypothyroidism, and 
depression.

Studies of peg-IFN-α2a in patients with PV and ET reveal complete hema-
tologic remission rates of 75 to 95% and complete molecular remission (CMR) 
of the JAK2 V617F mutation in 17 to 24% of patients. The presence of TET2, 
ASXL1, EZH2, DNMT3A, and IDH1/2 mutations is associated with failure to achieve 
a complete molecular remission.

In a randomized prospective study that included 136 patients with JAK2-
mutated PV, IFN-α2b resulted in a significantly higher molecular response rate 
(55% vs. 19%) and 5-year PFS rate (66% and 47%) compared to hydroxyurea. 
Among ET patients, the 5-year PFS rate was 76% for patients with JAK2-mutated 
ET compared to 48% for those with nonmutated JAK2. Although a phase III, 
randomized study of peg IFN-α2a vs. hydroxyurea in high-risk PV and ET showed 
no significant differences in response rates after 24 months, a 36-month update 
of the PROUD-PV (and CONTI-PV extension study) showed that ropeginterferon-
α2b elicited superior and durable hematologic and molecular response rates 
compared with hydroxyurea/best available therapy. Based on these results, the 
European Medicines Agency granted marketing authorization for ropeginterferon-
α2b (Besremi) in 2018 for the treatment of PV patients without symptomatic 
splenomegaly.

European LeukemiaNet consensus criteria have been formulated for hydroxy-
urea resistance and intolerance in patients with PV. In a study of 261 PV patients 
followed for a median of 7.2 years, resistance to hydroxyurea was associated 
with a 5.6-fold increase in the risk of death and a 6.8-fold increase in the risk of 
transformation to post-PV MF and AML.15,16 The JAK1/JAK2 inhibitor ruxolitinib 
was approved by the U.S. Food and Drug Administration in 2014 for patients 
with hydroxyurea-resistant or intolerant PV based on results from the RESPONSE 
trial. A5  In the study, 222 phlebotomy-dependent patients with splenomegaly 
and an inadequate response to or intolerance of hydroxyurea were random-
ized to receive ruxolitinib or best available therapy. The primary end point was 
hematocrit control without phlebotomy and at least a 35% reduction in spleen 
volume (as assessed by imaging) by 32 weeks. Hematocrit control was achieved 
in 60% of patients treated with ruxolitinib compared to 20% of patients treated 
with best available therapy. A reduction in spleen volume (≥35%), complete 
hematologic response, and at least a 50% reduction in symptom burden were 
achieved in 38%, 24%, and 49% of patients, respectively, in the ruxolitinib group 
and in 1%, 9%, and 5% of patients, respectively, in the best available therapy 
group. Four-year follow-up data demonstrate durable response in this patient 
population.

Busulfan is an alkylating agent that can be used as an alternative cytoreduc-
tive agent in older patients with PV or ET. Special care has to be given to 
adjusting the dose based on blood counts because prolonged severe myelo-
suppression/aplasia has been reported.

Primary Myelofibrosis
The DIPSS-(Plus) risk stratification scheme is used to guide decision making 

regarding treatment options (Fig. 157-8), with clinical trials encouraged in all 
risk groups. Allogeneic hematopoietic stem cell transplantation is the only cura-
tive modality, and all other therapies are used with palliative intent. The major 
clinical issues related to PMF include debilitating constitutional symptoms, 
splenomegaly, progressive cytopenias, potential for evolution to AML (15 to 20% 
of patients), and shortened survival. The Myeloproliferative Neoplasm Symptom 
Assessment Form total symptom score (MPN-SAF TSS 10) is a validated patient-
reported outcome instrument that has been incorporated into clinical trials to 
monitor changes in symptom burden during therapy.

Individuals with asymptomatic low-risk PMF do not require treatment and 
are monitored regularly for symptoms and signs of disease progression.17 Symp-
tomatic patients with low- or intermediate-risk disease have demonstrated 
responses in splenomegaly and constitutional symptoms with ruxolitinib in 
nonrandomized studies.18 Although interferons can elicit hematologic responses, 
reduction of splenomegaly, and improvement of bone marrow histopathology 
in earlier stages of MF, responses in more advanced forms of disease are modest.

Two phase III randomized studies (with a crossover design) evaluated rux-
olitinib versus placebo (COMFORT-I) or versus best available therapy (BAT; 

TABLE 157-7 RISK-BASED STRATIFICATION OF TREATMENT 
OPTIONS IN ESSENTIAL THROMBOCYTHEMIA 
AND POLYCYTHEMIA VERA

RISK GROUP*
ESSENTIAL 

THROMBOCYTHEMIA POLYCYTHEMIA VERA
Very-low Observation N/A
Low Low-dose aspirin Low-dose aspirin + phlebotomy
Intermediate Low-dose aspirin N/A
High Low-dose aspirin + 

cytoreduction
Low-dose aspirin + phlebotomy 

+ cytoreduction
Cytoreduction options:
Hydroxyurea†

or
Interferons (based on 

patient-specific variables)‡

or
Anagrelide

Cytoreduction options:
Hydroxyurea
or
Interferons (based on 

patient-specific variables)‡

Ruxolitinib for hydroxyurea-
resistant or intolerant 
patients

Manage cardiovascular risk factors; monitor for new thrombosis 
or bleeding; progressive disease-related signs and symptoms 
(e.g., splenomegaly, leukocytosis, thrombocytosis, pruritus, 
night sweats, fatigue)

N/A = not applicable.
*Risk groups are defined in the text
†For older patients, busulfan may be considered in patients not responding to or tolerating 
hydroxyurea.
‡Interferon alfa-2b, peginterferon alfa-2a, or peginterferon alfa-2b
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FIGURE 157-7. MIPSS70-Plus: mutation-enhanced international prognostic score 
system for patients with primary myelofibrosis. Mayo training cohort. (Adapted from 
Guglielmelli P, Lasho TL, Rotunno G, et al.: MIPSS70: mutation-enhanced international 
prognostic score system for transplantation-age patients with primary myelofibrosis. J 
Clin Oncol. 36[4]:310-318, 2018. Fig 1 and Table 3.)



CHAPTER 157 POLYCYTHEMIA, THROMBOCYTHEMIA, MYELOFIBROSIS 1093

COMFORT-II) in patients with intermediate-2 and high-risk PMF and post-PV/
ET MF. A6 

,
 A7  Both trials demonstrated that ruxolitinib was superior for reduction 

in spleen size (Fig. 157-9), amelioration of disease-related symptoms, and 
improvement in quality of life. Five-year analysis of the COMFORT-I and COMFORT-
II data showed achievement of spleen responses in 53 to 59% of patients which 
were durable (median 3.2 years for both trials). A6 

,
 A7  In both COMFORT-I and 

COMFORT-II, median overall survivals were not reached in the ruxolitinib arms; 
in contrast, the median overall survival was 3.84 years for the placebo cohort 
in COMFORT-I and 4.1 years in the BAT arm in COMFORT-II. A6 

,
 A7 

The majority of patients treated with ruxolitinib do not experience signifi-
cant reductions in JAK2 V617F allele burden or bone marrow fibrosis; JAK2 
allele burden monitoring is not part of routine clinical practice and serial bone 
marrow biopsies are not required in the absence of signs of disease progres-
sion. High-grade anemia and thrombocytopenia are common with ruxolitinib 
(usually improves after the first 8 to 12 weeks of therapy) and requires careful 
dose adjustment to maximize efficacy while minimizing myelosuppression. 
Ruxolitinib is also associated with an increased risk of opportunistic infections, 
with reports of herpes zoster, reactivation of hepatitis B virus, tuberculosis, 
and progressive multifocal leukoencephalopathy. Patients should be evaluated 
for active infection and latent hepatitis or tuberculosis before commencing  
therapy.

Anemia is an unmet need not served (and not infrequently worsened) with 
ruxolitinib treatment. MF-associated anemia may be due to several causes includ-
ing ineffective hematopoieses, splenic sequestration, gastrointestinal bleeding, 
autoimmune hemolytic anemia, or nutritional deficiencies (e.g., vitamin B12). In 
addition to support with red blood cell transfusions, erythropoiesis stimulat-
ing agents (ESAs) such as erythropoietin and darbepoetin alfa have exhibited 
responses (transfusion independence or sustained increase in hemoglobin) 
in 45 to 60% of patients with MF.15 Androgens such as danazol can improve 
anemia in 30% of individuals (more common in non-transfusion-dependent 
patients). Prostate cancer screening and monitoring of liver function tests 
is recommended for patients receiving danazol. Low-dose thalidomide (50 
to 200 mg daily) and lenalidomide are immunomodulatory drugs that have 
been used alone or in combination with prednisone to mitigate anemia in 
selected patients with MF. An analysis of 125 patients treated in three phase 
2 studies revealed that the combination of lenalidomide and prednisone 
was more effective and safer than single-agent thalidomide or lenalidomide. 
The cytogenetic abnormality del(5q) is associated with better response rates 
with lenalidomide, similar to the robust responses observed in myelodys-
plastic syndrome (Chapter 172) with this karyotype. Thalidomide-associated 
fatigue and neuropathy and lenalidomide-related myelosuppression limit  
their use.

The need for splenectomy has probably decreased since the availability of 
ruxolitinib. However, for patients with symptomatic splenomegaly refractory 
to ruxolitinib and hydroxyurea, patients may be candidates for splenectomy 
(or splenic irradiation). Historical series from the Mayo Clinic indicate that 1-year 
benefit for splenectomy is dependent on the indication for the procedure: 67% 
for splenomegaly-related discomfort, 50% for portal hypertension, and 23% 
for transfusion-dependent anemia. Surgical-related mortality was 9%, and 
surgical-related morbidity was 31%. Postsplenectomy complications include 
infection, bleeding, thrombosis, hepatomegaly, extreme thrombocytosis or 
leukocytosis, and an increase in circulating blasts.

Radiation therapy is an option for both hepatosplenic and nonhepatosplenic 
extramedullary hematopoiesis, which can be associated with complications 
such as spinal cord compression, pleural effusion or ascites, pulmonary hyper-
tension, cardiac tamponade, and hydronephrosis. Splenic irradiation (100 to 
500 cGy in 5 to 10 fractions) induces transient reduction in splenomegaly but 
can be associated with persistent, life-threatening pancytopenia. Lower doses 
of radiation (100 cGy total dose in four daily fractions of 25 cGy) have been 
shown to be safe and effective.

Allogeneic Hematopoietic Stem Cell Transplantation
Allogeneic HSCT (Chapter 168) is the only potentially curative therapy for 

MF. Candidacy for transplantation is based on age, performance status, major 
comorbid conditions, psychosocial status, patient preference, and availability 
of caregiver(s). Myeloablative conditioning is associated with higher rates of 
treatment-related nonrelapse mortality (NRM) vs. reduced-intensity conditioning 
(RIC), whereas the latter is associated with a higher risk of disease relapse. Long-
term survival is observed in approximately 30 to 60% of patients and depends 
on the conditioning regimen and the source of stem cells (e.g., matched-sibling 
vs. unrelated donor [URD]). In prospective trials and retrospective analyses 
of reduced-intensity allogeneic RIC transplantation, the respective 5-year 
overall survival and nonrelapse mortality rates have ranged from 47 to 67% 
and 16 to 24%. Age (>55 years) and donor type (HLA-identical sibling donor 
transplant vs. HLA-well-matched URD transplant or partially/mismatched URD 
transplant) have been the most important prognostic factors of overall survival  
and NRM.

Analyses have demonstrated a trend toward lower mortality rates in patients 
with low-risk/intermediate-1-risk disease and higher nonrelapse mortality in 
patients with intermediate-2/high-risk disease. In a multivariate analysis of 
patients undergoing reduced-intensity conditioning transplant, only wild-type 
JAK2 mutation status, age of 57 years or older, and the presence of constitutional 
symptoms were independent predictors of OS. The 5-year OS rates were 90%, 
74%, and 50% for the presence of 0, 1, and 2 risk factors.
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FIGURE 157-8. Risk-based stratification for treatment decision making in myelofibrosis. DIPSS = Dynamic International Prognostic Scoring System (see text under “Prognosis” for 
“Primary Myelofibrosis”); HCST = hematopoietic stem cell transplant; HU = hydroxyurea; IMID = immunomodulatory agents; Int = intermediate; RUX = ruxolitinib. (From Mascarenhas 
J. Looking forward: novel therapeutic approaches in chronic and advanced phases of myelofibrosis. Hematology Am Soc Hematol Educ Program. 2015:329-39, 2015. Fig 3)
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A pooled analysis of COMFORT-I and -II corroborated a 30% reduction in the 
risk of death in ruxolitinib-treated patients compared with the control arms 
was more pronounced for patients who were originally randomized to ruxolitinib 
compared with patients who crossed over from control to ruxolitinib. The OS 
of patients with high-risk disease in the ruxolitinib group was similar to that 
of patients with INT-2-risk MF in the control group. Larger spleen size at baseline 
was associated with shortened survival, whereas any spleen volume reductions 
(>10% reduction in spleen size) and a palpable spleen length reduction of 25% 
or more correlated with longer survival.

Although one study indicated that ruxolitinib improved survival and reduced 
the risk of death in patients from the COMFORT-II cohort harboring higher 
molecular risk mutations (ASXL1, EZH2, SRSF2, IDH1, or IDH2), a single institu-
tion study of 95 patients treated with ruxolitinib showed that these mutations 
were associated with poor outcomes including shorter time to treatment dis-
continuation and less likelihood of spleen response. Patients with more than 
3 mutations exhibited the worst outcomes.

Other JAK inhibitor clinical trial programs (e.g., XL019, fedratinib, momelo-
tinib) have been discontinued for either lack of efficacy or safety concerns. 
While several JAK inhibitors have been discontinued for either lack of efficacy 
or safety concerns (usually neurologic), a few of these (e.g., fedratinib, pacritinib, 
momelotinib) are still being evaluated in ongoing trials. In addition, the approved 
JAK inhibitor ruxolitinib is being evaluated in combination with agents with 
different mechanisms of action in order to improve splenomegaly, blood counts, 
symptoms, freedom from acute leukemia, and overall survival.



FIGURE 157-9. JAK inhibition in myelofibrosis. Marked reduction in massive spleno-
megaly after 2 months of JAK inhibitor therapy. (Photos courtesy Dr. Srdan Verstovsek, 
MD Anderson Cancer Center.)

In a retrospective analysis of 438 patients with MF who had received allogeneic 
transplant or conventional therapy at an age of 65 years or less, the relative 
risk of death after allogeneic HSCT versus those treated with nontransplant 
modalities was 5.6, 1.6. 0.55, and 0.37, respectively.19 These data indicate that 
transplant should be recommended for patients with intermediate-2 or high-
risk disease, nontransplant therapy for low-risk disease, and more individual-
ized risk counseling is required for patients with intermediate-1 risk disease 
where the risk-benefit ratio is less clear. In such individuals, low platelet counts 
and identification of potentially high molecular–risk mutations (e.g., ASXL1) 
may assist with decision making. The role of JAK inhibition as a pretransplant 
strategy is being evaluated in clinical trials given their ability to reduce sple-
nomegaly, improve disease symptoms, and decrease proinflammatory cyto-
kines. Because disease symptoms return after discontinuation of JAK inhibitor 
therapy, these agents are usually tapered just before initiation of pretransplant  
conditioning.

Special Situations
Pregnancy in the setting of PV and ET is a higher-risk clinical situation that 

warrants consultation with a high-risk obstetrician. Patients with ET have an 
increased risk of first trimester pregnancy loss. The JAK2 V617F mutation is an 
adverse prognostic factor for pregnancy outcome, and retrospective analyses 
have shown that low-dose aspirin is associated with a reduction in pregnancy 
complications, especially in patients with JAK2-mutated ET. In low-risk preg-
nancy, low-dose aspirin is recommended throughout pregnancy and for 6 weeks 
postpartum; for high-risk pregnancy (previous microcirculatory disturbances, 
presence of two or more hereditary thrombophilic factors, severe complications 
in a previous pregnancy, age >35 years, and platelet count >1000 × 109/L), 
prophylactic low molecular weight heparin with low-dose aspirin is recom-
mended throughout pregnancy and postpartum. Interferon is considered safe 
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during pregnancy and is the preferred agent when cytoreduction is required; 
hydroxyurea should be avoided, including during the breast-feeding period.

Given the thrombohemorrhagic diatheses observed in MPNs, optimization 
of blood counts (e.g., with phlebotomy or cytoreduction) is a high priority 
before elective surgery. Multidisciplinary collaboration with the surgical team 
is recommended to evaluate the type and duration of prophylactic antiplatelet 
or anticoagulation therapy needed in the perioperative setting, in conjunction 
with close surveillance of thromboembolism.
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Answer: B Dysregulated JAK-STAT signaling is a principal feature among 
the classic Philadelphia chromosome-negative MPNs. Activation of the JAK-
STAT signaling can occur via mutations in several genes in this axis. First, the 
V617F point mutation in the JAK2 gene (≈95% of PV patients and 50 to 60% 
of ET and PMF patients) relieves the pseudokinase domain inhibition of the 
protein’s kinase activity. Mutation of codon 515 in the gene encoding the 
thrombopoietin receptor (MPL) (5% of ET and 5 to 10% of PMF patients) 
stabilizes the receptor in an active dimeric configuration, leading to downstream 
JAK-STAT activation. Mutations in exon 9 of CALR (20 to 25% of ET and 
25 to 30% of PMF patients) result in a +1 frameshift in the coding sequence. 
Although some 50 CALR mutations have been identified, the two most common 
mutations are 52 base pair deletions (type 1 mutations), which are more 
common in MF patients, and 5 base pair insertions (type 2 mutations), which 
are more common in ET. The mutant CALR C-terminus also acquires a greater 
positive charge that leads to loss of multiple calcium binding sites. Mutant 
CALR binds to the extracellular domain of MPL, resulting in activation of 
the JAK STAT signaling. This is a neomorphic function that allows the mutated 
ER chaperone protein to activate a cytokine receptor, leading to cellular trans-
formation. Mutant CALR has also been found to be secreted from cells, cir-
culates in the plasma, and can stimulate cells in an autocrine and paracrine 
fashion by binding to MPL. LNK (SH2B3) is negative regulator of JAK2. 
Mutations in LNK (found in 1 to 2% of ET/MF patients, and rarely in patients 
with idiopathic erythrocytosis/PV) interfere with its inability to inhibit down-
stream STAT activation. Somatic mutations in TET2 are a mixture of deletions, 
frameshifts, stop codons, or conserved amino acid substitutions. TET proteins 
are alpha-ketoglutarate-dependent enzymes that catalyze the conversion of 
5-methylcytosine (5mC) to 5-hydroxymethylcytosine (5hmC). DNA meth-
ylation is an important modulator of gene expression; therefore, the conversion 
of 5mC to 5hmC may alter chromatin structure and restrict access to DNA 
methyltransferases, which mediate repression of gene transcription. In various 
TET2 knockout murine models, loss of TET2 results in a myeloproliferative 
phenotype (e.g., splenomegaly, extramedullary hematopoiesis) with expansion 
of the hematopoietic stem cell compartment. Mutations in TET2 do not appear 
to activate the JAK-STAT signaling pathway.

4. Which of the following is true about the impact of therapy on the clinico-
pathologic features or natural history of PV, ET, or MF?
 A. In PV and ET, complete molecular remission of the JAK2 V617F muta-

tion with PEG-interferon-alfa-2a results in delay of transformation to 
MF and increased overall survival.

 B. Ruxolitinib reduces the rate of transformation to acute myeloid leukemia 
in intermediate and high-risk MF.

 C. Ruxolitinib induces resolution of bone marrow fibrosis and molecular 
remission of JAK2 V617F in the majority of patients with myelofibrosis.

 D. Allogeneic hematopoietic stem cell transplantation (HSCT) is the only 
curative modality in MF.

 E. With 5-year follow-up, there is a 70% relative reduction in the risk of 
death in intermediate- and high-risk MF patients.

Answer: D PEG-interferon-alfa-2a can elicit complete molecular remissions 
of JAK2 V617F in 15 to 20% of patients with PV and ET; however, there are 
no long-term data to indicate how such remissions translate into modification 
of the natural history of these diseases, including delay in transformation to 
MF and overall survival. In patients with intermediate- and high-risk MF, 
ruxolitinib has not been found decrease the frequency of leukemic transforma-
tion (B), nor produce significant decreases in bone marrow fibrosis or JAK2 
V617F allele burden in the majority of patients (C). With 5-year follow-up, 
an approximate 30% (not 70%) reduction in risk of death was observed in 
ruxolitinib-treated intermediate- and high-risk patients compared to patients 
treated with placebo or best available therapy, respectively, in the phase III 
COMFORT-I and COMFORT-II studies. The correct response is D—allo-
geneic HSCT is the only modality that can cure patients with MF. Please refer 
to the treatment section for a discussion regarding risk stratification and deci-
sion making regarding patient selection for HSCT, and outcome data based 
on patient clinical and laboratory variables.

REVIEW QUESTIONS

1. Which of the following patient profiles describes FDA-approved indica-
tions for ruxolitinib?
 A. Second-line therapy for hydroxyurea resistant/intolerant polycythemia 

vera
 B. High-risk essential thrombocythemia
 C. First-line therapy for high-risk polycythemia vera
 D. Intermediate or high-risk myelofibrosis
 E. A and D

Answer: E The phase III COMFORT-I and COMFORT-II trials respectively 
evaluated ruxolitinib versus placebo or best available therapy (BAT) in patients 
with intermediate- or high-risk myelofibrosis. Both trials demonstrated the 
superiority of ruxolitinib in achieving the primary end point of a greater than 
35% reduction in spleen volume and in reduction of patient symptoms. FDA 
approval for the indication of intermediate- and high-risk myelofibrosis was 
granted in 2011. The FDA also granted approval for ruxolitinib in 2014 as 
second-line therapy for patients with polycythemia vera who exhibit resistance 
or intolerance to hydroxyurea therapy. The European LeukemiaNet criteria 
broadly define resistance as persistently elevated blood counts, splenomegaly, 
or need for phlebotomy despite maximally tolerated doses of hydroxyurea. 
The RESPONSE trial randomized patients with hydroxyurea-resistant or 
intolerant PV to ruxolitinib or best available therapy. In patients who had an 
inadequate response to or had unacceptable side effects from hydroxyurea, 
ruxolitinib was superior to BAT in controlling the hematocrit, reducing the 
spleen volume, and improving disease-related symptoms. Currently no FDA-
approved indication exists for the use of ruxolitinib in patients with high-risk 
ET, although trials are currently in progress. While ruxolitinib is not approved 
for patients with low-risk myelofibrosis, symptomatic patients should be evalu-
ated for use of the drug on a clinical trial basis.

2. Which of the following is not a significant risk factor for thrombosis in 
patients with essential thrombocythemia?
 A. Age >60 years
 B. JAK2 V617F mutation
 C. Calreticulin (CALR) mutation
 D. Previous thrombosis
 E. Cardiovascular risk factors

Answer: C In an analysis of a large cohort of ET patients, age >60 years, 
history of thrombosis, cardiovascular risk factors, and presence of the JAK2 
V617F mutation each retained significance in a multivariate analysis of throm-
bosis risk. A prognostic model (IPSET-Thrombosis) could stratify patients 
into low-, intermediate-, and high-risk groups with significantly different rates 
of annual thrombosis risk: 1.03, 2.35, and 3.56%, respectively. Further analysis 
of IPSET-thrombosis revealed that among low-risk patients, the risk of throm-
bosis was significantly lower in patients with JAK2 negative/unmutated ET 
in the absence of cardiovascular risk factors (0.44%) compared to the risk of 
thrombosis in patients with JAK2 unmutated ET in the presence of cardio-
vascular risk factors (1.05%). In addition, the risk of thrombosis in the presence 
of JAK2 mutation without cardiovascular risk factors and in the presence of 
both JAK2 mutation and cardiovascular risk factors were 1.59% and 2.57%, 
respectively. These findings led to creation of the revised IPSET-thrombosis 
classification that stratifies patients into 4 risk groups: very low risk (age ≤60 
years, no prior history of thrombosis and no JAK2 mutation); low risk (age 
≤60 years, no prior history of thrombosis and JAK2 mutation); intermediate 
risk (age >60 years, no prior history of thrombosis and no JAK2 mutation), 
and high risk (prior history of thrombosis and/or age >60 years with JAK2 
mutation). CALR mutation status was not found to have a significant impact 
on the IPSET-thrombosis prognostic score for predicting thrombosis risk.

3. Which of the following mutated genes does not lead to activation of the 
JAK-STAT signaling pathway?
 A. JAK2 V617F
 B. TET2
 C. CALR
 D. MPL
 E. LNK (SH2B3)
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5. A 17-year-old Indian woman presents with increasing headaches over the 
last 6 months. The patient has no smoking history. She is not taking any 
medications. Oxygen saturation is 97%. A CBC reveals a WBC count of 
7.8 × 109/L, hemoglobin 21.3 g/dL, and platelet count of 178 × 109/L. 
Labs reveal iron deficiency and serum erythropoietin level is elevated at 
52 IU/L (upper limit of normal 20 IU/L). What is the most likely cause 
of this patient’s erythrocytosis?
 A. JAK2 V617F mutation
 B. Exon 12 JAK2 mutation
 C. VHL mutation
 D. CALR exon 9 mutation
 E. MPL W515K mutation

Answer: C In patients with polycythemia vera, the JAK2 V617F mutation 
is identified in approximately 95% of patients, and exon 12 JAK2 mutations 
are found in ≈3% of patients. These mutations lead to autonomous red blood 
cell production which results in negative feedback on endogenous erythro-
poietin (EPO) production by the kidneys, thereby resulting in low serum 
EPO levels, in contrast to the elevated serum EPO level identified in this 
patient. The somatic CALR and MPL mutations are not found in patients 
with erythrocytosis, but instead are identified in patients with ET and MF 
with nonmutated JAK2.

The correct answer is C, Von Hippel-Lindau (VHL) mutation. The Arg-
200Trp mutation (C598T), leading to a R200W amino acid substitution in 
the VHL protein, causes the Chuvash form of polycythemia, which is inherited 
in an autosomal recessive manner. Alternatively, compound heterozygosity 
for different germline mutations within the VHL gene can lead to this form 
of congenital erythrocytosis. Besides the original cluster described in the 
Chuvash region, diverse ethnic groups have now been identified with VHL.

The von Hippel-Lindau protein plays an important role in hypoxia sensing. 
It binds to the hydroxylated hypoxia-inducible factor 1α (HIF-1α) and serves 
as a recognition component of an E3-ubiquitin ligase complex. In hypoxia or 
secondary to a mutated VHL gene, the non-degraded HIF-1α forms a het-
erodimer with HIF-β and leads to increased transcription of hypoxia-inducible 
genes, including EPO.
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LEUKOCYTOSIS AND LEUKOPENIA
NANCY BERLINER

The normal peripheral white blood cell count (WBC) ranges between 4500/µL 
and 10,000/µL, with a mean of 7500/µL, and is composed of neutrophils, 
lymphocytes, monocytes, basophils, and eosinophils. Because neutrophils 
usually represent about 60% of the peripheral WBC, derangement in the WBC 
usually reflects elevation or reduction in the absolute neutrophil count. Leu-
kocytosis (an elevated WBC) and leukopenia (a depressed WBC) may be 
secondary to an underlying disease or exposure, or they may be manifestations 
of a primary hematologic disorder. This chapter outlines both the primary 
and secondary causes of leukocytosis and leukopenia, focusing particularly 
on neutrophilia and neutropenia.

 NORMAL NEUTROPHIL DYNAMICS
Neutrophils arise from multipotent progenitor cells in the bone marrow that 
also give rise to erythrocytes, megakaryocytes, eosinophils, basophils, and 
monocytes. Neutrophil precursors in the marrow mature over 6 to 10 days 
to form a storage pool of mature neutrophils (Fig. 158-1). Acetylation of C/
EBPε, a member of the CCAAT/enhancer binding protein family of transcrip-
tion factors, is required for secondary and tertiary granule formation and for 
terminal neutrophil differentiation.1 Together, the marrow populations make 
up about 95% of the body’s total granulocyte mass (20% neutrophil precur-
sors, 75% mature bands and neutrophils). The circulating neutrophil pool 
thus represents only the remaining approximately 5% of the body’s total neu-
trophils, just over half of which at any given time are adherent to the vascular 
endothelium and pooled in the spleen, a phenomenon termed margination. 
Marginated neutrophils are poised for immediate release into the circulation 
during stress. The lifespan of neutrophils in the peripheral blood was thought 
to be very short, only 6 to 12 hours; however, newer in vivo studies suggest 
that they circulate for up to 3 to 4 days. They subsequently migrate into tissues, 

where they can survive for 1 to 4 days. Changes in neutrophil number reflect 
these dynamics.

Neutrophilia can occur as the result of increased marrow production, 
increased release of neutrophils from the storage pool, or mobilization of 
neutrophils from the marginated pool. Neutropenia may be due to decreased 
marrow production, increased margination with or without sequestration by 
the spleen, or increased destruction of peripheral cells.

 NEUTROPHILIA
Neutrophilia is usually reactive or secondary to an underlying inflammatory 
process.2 This includes neutrophilia due to infection, chronic inflammation, 
stress, drugs, nonhematologic malignancy, marrow stimulation (as in hemolysis 
or idiopathic thrombocytopenic purpura), or splenectomy. Primary causes 
of neutrophilia may be congenital, including hereditary neutrophilia, Down 
syndrome, and leukocyte adhesion deficiency or acquired as in the case of 
chronic myelogenous leukemia (CML) and other myeloproliferative neoplasms 
(Chapter 157) (Table 158-1).

 EPIDEMIOLOGY AND PATHOBIOLOGY
Secondary Causes of Neutrophilia
Infection
Many acute bacterial infections can present with leukocytosis with a “left 
shift,” referring to the circulation of more immature myeloid cells. This left 
shift most commonly is restricted to release of an increased number of band 
forms; however, in severe stress, one may also see circulating metamyelocytes 
and even earlier cells (“leukemoid reaction”) (see Fig. 158-1) in the peripheral 
blood. Leukocytosis occurs within minutes to hours of infection owing to 
release of neutrophils from both the marrow and marginated pools. Examina-
tion of these neutrophils on peripheral smear may reveal evidence of toxic 
granulation (see Fig. 148-18), Döhle bodies (see Fig. 148-19), and cytoplasmic 
vacuoles. Certain infections (e.g., Clostridium difficile or tuberculosis in par-
ticular) are known to cause elevations in the WBC to greater than 30,000/µL 
in about one fourth of infected patients and may result in a leukemoid reaction, 
defined as a WBC of greater than 50,000/µL with a pronounced left shift 
(Fig. 158-2).

Chronic Inflammation
Leukocytosis due to chronic inflammation results from increased leukocyte 
(specifically neutrophil and monocyte) production as opposed to altered 
neutrophil distribution. Mature neutrophil pools become depleted with ongoing 
inflammation, and the marrow myeloid compartment expands to increase 
neutrophil production. Myriad cytokines, including tumor necrosis factor-α 
(TNF-α), granulocyte colony-stimulating factor (G-CSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), macrophage inflammatory 
protein-1 (MIP-1), interleukin-1 (IL-1), IL-6, and IL-8, have been implicated 
in this marrow stimulation. Chronic inflammatory conditions that are com-
monly associated with leukocytosis and neutrophilia include juvenile rheu-
matoid arthritis, rheumatoid arthritis, Still disease, Crohn disease, ulcerative 
colitis, granulomatous infection, and chronic hepatitis. The WBC and neutrophil 
elevation in these cases is typically more modest than that seen in acute infec-
tion or inflammation.
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ABSTRACT
Disruption of the normal peripheral white blood cell count may reflect primary 
hematologic disease or may be secondary to a host of other diseases. As the 
primary component of the white blood cell compartment, leukocytosis and 
leukopenia usually reflect disorders of neutrophils. The focus of this chapter 
is on the differential diagnosis, evaluation, and management of leukocytosis 
and leukopenia, with a strong focus on disorders of neutrophils. Leukocytosis 
is most commonly reactive and secondary to nonhematologic disorders, reflect-
ing the normal response of a healthy bone marrow to infectious or inflamma-
tory stress. Evaluation should be focused upon identifying the underlying 
disorder and bone marrow examination is rarely necessary. Primary myelo-
proliferative neoplasms leading to leukocytosis are much less common, but 
can largely be identified by molecular testing for pathognomonic mutations 
on peripheral blood. By contrast, neutropenia is often a primary disorder, 
either congenital or acquired, and requires more intensive hematologic evalu-
ation. Outside of chronic neutropenic disorders, leukopenia may also occur 
because of immune-mediated neutrophil destruction, either as a reaction to 
a drug or toxin, or in the setting of autoimmune disease. Most patients with 
unexplained neutropenia require bone marrow examination, although repeated 
examination is not indicated in patients with chronic idiopathic neutropenia. 
Age of onset and chronicity can help guide the evaluation of patients with 
leukopenia.
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Myeloblast Promyelocyte Myelocyte Metamyelocyte Band
Segmented
neutrophil

Nucleolus:
should be prominent in
myeloblast and much
less in promyelocyte,
and absent thereafter

Primary Granules:
should be present mostly in
promyelocytes and myelocytes,
and fewer in the later stages 

Secondary Granules:
should be present at myelocyte
stage and beyond. Lighter pink
than primary granules

FIGURE 158-1. Myeloid maturation in the bone marrow. nucleoli are prominent in myeloblasts, much less frequent in promyelocytes, and absent in more mature forms. primary 
granules are present in the cytoplasm of promyelocytes and myelocytes, and secondary granules predominate beyond the myelocyte stage. 

where they can survive for 1 to 4 days. Changes in neutrophil number reflect 
these dynamics.

Neutrophilia can occur as the result of increased marrow production, 
increased release of neutrophils from the storage pool, or mobilization of 
neutrophils from the marginated pool. Neutropenia may be due to decreased 
marrow production, increased margination with or without sequestration by 
the spleen, or increased destruction of peripheral cells.

 NEUTROPHILIA
Neutrophilia is usually reactive or secondary to an underlying inflammatory 
process.2 This includes neutrophilia due to infection, chronic inflammation, 
stress, drugs, nonhematologic malignancy, marrow stimulation (as in hemolysis 
or idiopathic thrombocytopenic purpura), or splenectomy. Primary causes 
of neutrophilia may be congenital, including hereditary neutrophilia, Down 
syndrome, and leukocyte adhesion deficiency or acquired as in the case of 
chronic myelogenous leukemia (CML) and other myeloproliferative neoplasms 
(Chapter 157) (Table 158-1).

 EPIDEMIOLOGY AND PATHOBIOLOGY
Secondary Causes of Neutrophilia
Infection
Many acute bacterial infections can present with leukocytosis with a “left 
shift,” referring to the circulation of more immature myeloid cells. This left 
shift most commonly is restricted to release of an increased number of band 
forms; however, in severe stress, one may also see circulating metamyelocytes 
and even earlier cells (“leukemoid reaction”) (see Fig. 158-1) in the peripheral 
blood. Leukocytosis occurs within minutes to hours of infection owing to 
release of neutrophils from both the marrow and marginated pools. Examina-
tion of these neutrophils on peripheral smear may reveal evidence of toxic 
granulation (see Fig. 148-18), Döhle bodies (see Fig. 148-19), and cytoplasmic 
vacuoles. Certain infections (e.g., Clostridium difficile or tuberculosis in par-
ticular) are known to cause elevations in the WBC to greater than 30,000/µL 
in about one fourth of infected patients and may result in a leukemoid reaction, 
defined as a WBC of greater than 50,000/µL with a pronounced left shift 
(Fig. 158-2).

Chronic Inflammation
Leukocytosis due to chronic inflammation results from increased leukocyte 
(specifically neutrophil and monocyte) production as opposed to altered 
neutrophil distribution. Mature neutrophil pools become depleted with ongoing 
inflammation, and the marrow myeloid compartment expands to increase 
neutrophil production. Myriad cytokines, including tumor necrosis factor-α 
(TNF-α), granulocyte colony-stimulating factor (G-CSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), macrophage inflammatory 
protein-1 (MIP-1), interleukin-1 (IL-1), IL-6, and IL-8, have been implicated 
in this marrow stimulation. Chronic inflammatory conditions that are com-
monly associated with leukocytosis and neutrophilia include juvenile rheu-
matoid arthritis, rheumatoid arthritis, Still disease, Crohn disease, ulcerative 
colitis, granulomatous infection, and chronic hepatitis. The WBC and neutrophil 
elevation in these cases is typically more modest than that seen in acute infec-
tion or inflammation.

TABLE 158-1 DIFFERENTIAL DIAGNOSIS OF NEUTROPHILIA
Primary hematologic etiologies

Congenital neutrophilia
Hereditary neutrophilia
Chronic idiopathic neutrophilia
Down syndrome
Leukocyte adhesion deficiency (LAD)

LAD-1
LAD-2

Acquired hematologic neoplasms
Myeloproliferative neoplasm

Chronic myelogenous leukemia
Polycythemia vera

Secondary to other disease entities
Infection

Acute via release from marginated and storage pools
Chronic via increased myelopoiesis (e.g., tuberculosis, fungal infection, chronic 

abscess, other chronic infections)
Chronic inflammation

Rheumatic disease: juvenile rheumatoid arthritis, rheumatoid arthritis, Still 
disease, and others

Inflammatory bowel disease
Granulomatous disease
Chronic hepatitis

Cigarette smoking
Stress
Drug induced

Corticosteroids
β-Agonists
Lithium
Recombinant cytokine administration

Nonhematologic malignancy
Cytokine-secreting tumors (lung, tongue, kidney, urothelial tumors)
Marrow metastasis (myelophthisis)

Marrow stimulation
Hemolytic anemia, immune thrombocytopenia
Recovery from marrow suppression
Recombinant cytokine administration

Post-splenectomy

Cigarette Smoking
Cigarette smoking can cause a neutrophilia in about 25 to 50% of chronic 
smokers that can persist for up to 5 years after smoking cessation. The mecha-
nism of neutrophila is unknown, although there is recent evidence that cigarette 
smoke slows neutrophil apoptosis.

Stress
Within minutes of exercise, surgery, or stress, one can see an increased number 
of circulating neutrophils. This is presumed to be due to the effects of catechol-
amines on marginated neutrophils (causing demargination). Some cases of 
stress-induced neutrophilia can be prevented by pretreatment with β-adrenergic 
antagonists (e.g., propranolol), supporting the role of catecholamines in the 
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Pelger-Huët Anomaly
Patients with the Pelger-Huët anomaly are often misdiagnosed as having a 
left-shifted WBC because many of their mature neutrophils are misinterpreted 
as band forms.3 Although these patients do not have leukocytosis, the Pelger-
Huët anomaly often raises suspicion for an acute infection because of this 
apparent left shift. Pelger-Huët anomaly is due to a mutation in the lamin B 
receptor gene and manifests with mature neutrophils and condensed, clumped 
chromatin within a bilobed nucleus (see Fig. 148-20). A number of drugs can 
reversibly induce pseudo-Pelger-Huët anomaly, including colchicine, sulfon-
amides, ibuprofen, taxoids, and valproate. Pseudo-Pelger-Huët anomaly is also 
seen in some patients with myelodysplasia (Chapter 172). Vitamin B12 or 
folate deficiency can cause increased nuclear lobation of neutrophils in patients 
with Pelger-Huët anomaly, perhaps leading to a missed diagnosis. With cor-
rection of the vitamin deficiency, however, the aberrant neutrophil nuclear 
morphology returns.

Down Syndrome
Up to 10% of patients with Down syndrome develop a transient myelopro-
liferative disorder manifesting as peripheral blood leukocytosis with blasts in 
association with an accumulation of megakaryoblasts in the blood, liver, and 
marrow. Similar reactions have also been reported in phenotypically normal 
individuals with trisomy 21 mosaicism. Transient myeloproliferative disorder 
usually resolves spontaneously but can progress to acute megakaryoblastic 
leukemia in 23 to 30% of affected patients. This disorder is attributable to 
acquisition of mutations in the GATA1 gene, which encodes a key transcrip-
tion factor for hematopoietic regulation, leading to loss of normal GATA-1 
expression and expression of a truncated GATA-1 protein. Evidence supports 
that these mutations are acquired during fetal life, and patients present in early 
infancy with transient myeloproliferative disorder. The pathogenesis of pro-
gression to acute megakaryoblastic leukemia presumably involves additional 
genetic and epigenetic events and is the focus of intense study.

Leukocyte Adhesion Deficiency
Patients with leukocyte adhesion deficiency also have persistent leukocytosis, 
defects in stimulus-dependent activation of neutrophils, recurrent infections, 
and delayed separation of the umbilical cord. Leukocyte adhesion deficiency 
is an abnormality of leukocyte adhesion reflecting the loss of surface adhesion 
molecules.4 Leukocyte adhesion deficiency-1 is due to absence or marked 
reduction in the common β chain of β2 integrins, resulting in loss of expres-
sion of leukocyte function–associated antigen 1 (LFA-1), the C3bi receptor, 
and GP150;95. This results in a failure to ingest and kill microbes opsonized 
by C3bi. In leukocyte adhesion deficiency-2, neutrophils lack sialyl Lewis X, 
the ligand for L-selectin expressed on endothelial cells. Neutrophils appear 
morphologically normal but are defective in chemotaxis, adherence, and 
phagocytosis.

Familial Cold Urticaria
Familial cold urticaria is marked by episodic fevers, leukocytosis, urticaria, 
rash, conjunctivitis, and muscle and skin tenderness with cold exposure. The 

demargination process. Exercise-induced neutrophilia, however, is not blocked 
by propranolol, suggesting that it may instead be due to flow and mechanical 
perturbation of neutrophils in the lungs. An elevated WBC has also been 
noted in the setting of acute myocardial infarction.

Drug Induced
The most well-known and widely used drugs associated with leukocytosis are 
corticosteroids. Other drugs that elevate the neutrophil count include β-agonists 
and lithium. Lithium causes neutrophilia by increasing the production of 
endogenous colony-stimulating factors (CSFs). G-CSF or GM-CSF treatment 
(Chapter 147) likewise cause neutrophilia, and although this is the desired 
effect, the neutrophilia can be quite pronounced.

Nonhematologic Malignancy
Leukocytosis can be seen in a number of nonhematologic malignancies. Some 
tumors (lung, tongue, kidney, bladder) may secrete G-CSF as an ectopic 
hematopoietic growth factor. In cancer patients with hyperleukocytosis, genomic 
testing can discriminate myeloproliferative neoplasms from paraneoplastic 
leukemoid reaction. Other tumors (lung, stomach, breast), when metastatic 
to the bone marrow, can cause a leukoerythroblastic reaction, characterized by 
left-shifted leukocytosis, thrombocytosis, and red cell abnormalities including 
nucleated and teardrop-shaped red blood cells (Fig. 158-3). The presence of 
nonhematopoietic entities invading the bone marrow (metastatic cancer, 
fibrosis, granulomatous disease) is termed myelophthisis.

Marrow Stimulation
Peripheral destruction of red cells and platelets, as seen with hemolytic anemia 
and idiopathic thrombocytopenic purpura, can result in stimulation of the 
bone marrow and a “spillover” leukocytosis. Recovery of cell counts following 
marrow suppression, as in the case of chemotherapy, can result in a rebound 
leukocytosis that may last several weeks.

Primary Causes of Neutrophilia
Hereditary Neutrophilia
Hereditary neutrophilia is an autosomal dominant genetic disease that is char-
acterized by an elevated WBC in the 20,000 to 100,000/µL range with sple-
nomegaly and widened diploe of the skull. The neutrophils function normally, 
and patients have no increased risk for bacterial infection or other sequelae. 
Hereditary neutrophilia caused by an autosomal-dominant GCSF3 gene muta-
tion has been reported, causing constitutive activation of the G-CSF receptor.

Chronic Idiopathic Neutrophilia
Chronic idiopathic neutrophilia is a condition marked by leukocytosis in the 
11,000 to 40,000/µL range with a normal bone marrow biopsy. In one series 
with a 20-year follow-up, patients with this condition had no medical sequelae 
from the elevated WBC.

FIGURE 158-3. Myelophthisic changes in erythrocyte morphology. note prominent 
teardrop forms. (From Rose M, Berliner n. disorders of red blood cells. in: andreoli te, 
Benjamin iJ, Griggs Rc, et al, eds. Andreoli and Carpenter’s Cecil Essentials of Medicine, 8th 
ed. philadelphia: saunders; 2010:522, Fig. 49-2.)

rash is composed of infiltrating neutrophils. The syndrome appears to be related 
to decreased levels of C1-esterase inhibitor and is associated with mutations 
in the CIAS1 gene on chromosome 1q.

Chronic Myelogenous Leukemia and Other  
Myeloproliferative Neoplasms
Chronic myelogenous leukemia (CML), chronic neutrophilic leukemia, and 
the other myeloproliferative neoplasms (namely polycythemia vera and essential 
thrombocythemia) are discussed in detail in Chapters 157 and 175. They are 
the principal acquired primary hematologic disorders associated with neu-
trophilia. CML on presentation often has to be distinguished from a leukemoid 
reaction. In contrast to a leukemoid reaction, CML is characterized by the 
presence of abnormalities of other blood cell lines (“panmyelosis”) and by 
the presence of specific abnormalities. Therefore, the peripheral blood smear 
in CML (but not leukemoid reaction) demonstrates increased numbers in all 
cells of the neutrophilic series, classically with a greater proportion of myelo-
cytes to metamyelocytes, and may display concomitant basophilia, eosinophilia, 
anemia, and thrombocytosis. Chronic neutrophilic leukemia, a rare myelo-
proliferative neoplasm, is characterized by hepatosplenomegaly and leukocytosis 
of at least 25,000/µL, with more than 80% of leukocytes being segmented 
neutrophil/band forms and less than 10% being immature granulocytes.5 At 
least 50% of patients with chronic neutrophilic leukemia harbor mutations in 
the receptor for CSF-3 (CSF3R; GCSFR). Polycythemia vera and essential 
thrombocythemia, on the other hand, are notable for also having a marked 
increase in red cell mass and a marked thrombocytosis, respectively, which is 
often accompanied by leukocytosis.

Post-splenectomy
Patients develop leukocytosis following splenectomy, often long-standing, 
reflecting the loss of a major site of neutrophil margination. This is of no 
clinical importance, except insofar as it leads to unnecessary evaluation for 
other pathology.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
As outlined previously, acquired leukocytosis is most commonly the result 
of acute or chronic infection or inflammation. When it occurs in the absence 
of fever, aberrations in acute phase reactants, effusions and edema, or other 
signs and symptoms of inflammation, it still may be secondary to drugs or 
an underlying nonhematologic malignancy. As such, it should be seen as the 

FIGURE 158-2. Peripheral blood from a patient with leukemoid reaction. From this 
smear, it would be impossible to distinguish this from chronic phase chronic myelogenous 
leukemia (chapter 175). distinction would depend on determination of presence or 
absence of BCR-ABL fusion. 
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sign of a healthy hematopoietic system responding to an outside stress. Bone 
marrow evaluation is therefore rarely indicated. However, persistence of leu-
kocytosis in the absence of signs and symptoms of inflammation or infection, 
nonhematologic malignancy, and offending drugs should prompt an evalua-
tion for a primary myeloproliferative disease or clonal hematologic neoplasm, 
particularly when there is evidence of a leukoerythroblastic reaction. CML and 
other myeloproliferative neoplasms can be ruled out by molecular diagnosis 
on the peripheral blood, as described in Chapter 175. In this setting, bone 
marrow examination is indicated to evaluate for marrow infiltration by infec-
tion, tumor, or fibrosis and should include cultures for tuberculosis and fungal 
infection as well as cytogenetics and flow cytometry (Fig. 158-4).

Leukocytosis Due to Expansion of Other Cell Lines
Monocytosis and lymphocytosis can also elevate the WBC. Monocytosis, 
defined by an absolute monocyte count of greater than 500/µL, usually occurs 
in chronic inflammation resulting from infections like tuberculosis, syphilis, 
or subacute bacterial endocarditis, autoimmune or granulomatous disease, 
and sarcoidosis.6 It can also be seen in malignancies, such as preleukemic 
states, nonlymphocytic leukemia including acute myelomonocytic and mono-
cytic leukemia, histiocytosis, Hodgkin disease, non-Hodgkin lymphoma, and 
various carcinomas. Finally, it can be seen in the setting of chronic neutropenia, 
after splenectomy, and in the setting of recovery from marrow suppression 
(Table 158-2).

Lymphocytosis is defined by an absolute lymphocyte count of more than 
5000/µL. The most common causes of lymphocytosis are viral infections 
such as Epstein-Barr virus (Chapter 346) and the hepatitis viruses (Chapter 
139 and 140). Although most bacterial infections cause neutrophilia, pertussis 
and cat-scratch disease due to Bartonella henselae can cause lymphocytosis. 
Other infections that may cause a secondary lymphocytosis include toxoplas-
mosis and babesiosis. Hypersensitivity reactions due to drugs or serum sickness 
may also be associated with lymphocytosis.

Primary disorders causing lymphocytosis include chronic lymphocytic 
leukemia and monoclonal B-cell lymphocytosis (Table 158-3; see also Chapter 
174). Low-count monoclonal B lymphocytosis can be detected in about 5% 
of adults over age 40 years and rarely progresses to chronic lymphocytic leu-
kemia. By comparison, high-count monoclonal B lymphocytosis progresses 
to chronic lymphocytic leukemia at a rate of 1 to 2% per year.7

Eosinophilia (Chapter 161) is defined by an absolute eosinophil count of 
more than 400/µL.8 Eosinophils proliferate under the influence of IL-5 and 
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FIGURE 158-4. Diagnostic approach to neutrophilia. aid = autoimmune disease; cML = chronic myelogenous leukemia; ddx = differential diagnosis; dx = disease; Mpn = myelopro-
liferative neoplasm; ph1 = philadelphia chromosome; pV = p. vera, et = essential thrombocytopenia. 
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insights into normal myelopoiesis, and then the secondary causes of neutro-
penia (Table 158-4).

 ETIOLOGY
Primary Causes of Neutropenia
Ethnic and Benign Familial (Constitutional) Neutropenia
The normal range of the neutrophil count is genetically determined and is 
variable. Several racial and ethnic groups have a relatively large proportion of 
individuals who are neutropenic by comparison to the published normal range, 
usually based on young, largely white individuals. This is termed constitutional 
neutropenia and is seen among a variety of ethnic groups, including African 
Americans, Yemenite Jews, Falasha Jews, and African Bedouins.9 Single-
nucleotide polymorphisms in the gene for the Duffy antigen receptor for 
chemokine are postulated to explain racial and ethnic differences in neutrophil 
counts. There is also an autosomal dominantly inherited condition called benign 
familial neutropenia that is characterized by neutrophil counts in the 800 to 
1400/µL range. Neither ethnic nor benign familial neutropenia are associated 
with any increased risk for infection.

Severe Congenital Neutropenia
First described by Rolf Kostmann in 1956, severe congenital neutropenia 
presents in the neonatal period with recurrent bacterial infections and neu-
trophil counts of less than 500/µL.10 Infections usually occur in the first months 
of life and often include omphalitis and perirectal abscesses. There is often an 
increase in monocytes and eosinophils. Bone marrow biopsy reveals a “matu-
ration arrest” with an absence of mature neutrophil elements. Severe congenital 
neutropenia can follow autosomal dominant and recessive and X-linked pat-
terns of inheritance and is associated with mutations in a variety of genes, as 
summarized in Table 158-5.

play a role in phagocytosis and modulating toxicity due to mast cell degranula-
tion in hypersensitivity reactions. Eosinophilia is therefore most often seen 
in the setting of drug reactions, allergy, atopy, and asthma. A variety of infec-
tions, particularly parasitic infections and, to a lesser degree, fungal infections, 
can cause eosinophilia. Eosinophilia can also be the result of autoimmune 
and inflammatory conditions, as in eosinophilic granulomatosis with polyan-
giitis (formerly Churg-Strauss vasculitis). Atheroembolic disease and adrenal 
insufficiency may also cause eosinophilia. A number of cancers have been 
associated with polytypic expansion of eosinophils, including lymphomas 
and solid tumors. There are also a number of clonal disorders of eosinophils 
that occur in the setting of some leukemias. Finally, there is a heterogeneous 
group of disorders termed hypereosinophilic syndromes (Chapter 161). A FIP1L1-
PDGFRA fusion gene has confirmed that some of these are primary clonal 
disorders of eosinophils; the clonality of other hypereosinophilic syndromes 
can be difficult to establish (see Table 161-1).

 NEUTROPENIA
The risk for infection with neutropenia is highly dependent on the size of the 
neutrophil storage pool. Although neutropenia is defined by an absolute neu-
trophil count of less than 1500/µL, patients with neutrophil counts below 
this number have different risks and rates of infection depending on the cause 
of neutropenia. Patients who are neutropenic from chemotherapy, marrow 
failure, or marrow exhaustion experience infection at much higher rates than 
those with chronic neutropenic syndromes and immune-mediated neutropenia. 
Neutropenia may be congenital or acquired. The following sections first discuss 
congenital neutropenic disorders, the study of which has provided critical 

TABLE 158-2 DIFFERENTIAL DIAGNOSIS OF MONOCYTOSIS
Infection

Granulomatous disease (tuberculosis, fungal disease)
Endocarditis
Syphilis

Autoimmune diseases
Lupus, rheumatoid arthritis
Giant cell arteritis
Vasculitis

Inflammatory bowel disease
Sarcoid
Malignancy

Primary hematologic malignancy
Chronic myelomonocytic leukemia
Acute myelomonocytic leukemia
Lymphoma

Solid tumors
Neutropenia

Associated with chronic neutropenia
Recovery form marrow suppression

Post-splenectomy

TABLE 158-3 DIFFERENTIAL DIAGNOSIS OF 
LYMPHOCYTOSIS

Infection
Viral infection

Epstein-Barr virus
Cytomegalovirus
Hepatitis

Bacterial infection
Pertussis
Bartonella
Tuberculosis
Syphilis
Rickettsia
Babesia

Hypersensitivity reactions
Serum sickness
Drug hypersensitivity

Primary hematologic disease
Chronic lymphocytic leukemia
Monoclonal B-cell lymphocytosis
Non-Hodgkin lymphoma

TABLE 158-4 DIFFERENTIAL DIAGNOSIS OF NEUTROPENIA
Congenital neutropenia

Ethnic and benign familial (constitutional) neutropenia
Severe congenital neutropenia

Autosomal dominant (ELANE mutation)
Autosomal recessive (Kostmann syndrome; HAX2 mutation)
X-linked (WASP mutation)
Other rare defects (G-CSFR mutation, unknown)

Cyclic neutropenia
Shwachman-Diamond syndrome
Fanconi anemia
Dyskeratosis congenita
Glycogen storage disease type Ib
Myelokathexis
Chédiak-Higashi syndrome
Griscelli syndrome type II
Hermansky-Pudlak syndrome II
Barth syndrome

Acquired neutropenia
Infection
Postinfection
Drug induced
Immune neutropenia

Primary immune neutropenia
Secondary to autoimmune disease

Rheumatoid arthritis
Felty syndrome
Large granular lymphocyte disease

Systemic lupus erythematosus
Granulomatosis with polyangiitis (formerly Wegener granulomatosis)
Hyperthyroidism

Pure white cell aplasia associated with thymoma
Large granular lymphocyte disease (independent of rheumatoid arthritis)

Primary bone marrow failure
Aplastic anemia
Myelodysplastic syndrome
Acute leukemia

Margination and hypersplenism
Vitamin and mineral deficiencies (including B12, folate, copper)
Chronic idiopathic neutropenia in adults (CINA)

ELANE = neutrophil elastase; G-CSFR = granulocyte colony-stimulating factor receptor; WASP = 
Wiskott-Aldrich syndrome protein.
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and their contribution to malignant transformation in patients with severe 
congenital neutropenia (see below under Treatment).

Two classes of G-CSF receptor mutations have been associated with severe 
congenital neutropenia and either hyper-responsiveness or hyporesponsive-
ness of the receptor. Initial studies aimed at demonstrating that severe congenital 
neutropenia was caused by mutation of the G-CSF or G-CSF receptor gene 
did not implicate such mutations in its pathogenesis. However, a small number 
of patients have been shown to have mutations in the G-CSF receptor gene 
that block ligand binding and produce a G-CSF-resistant form of severe 
congenital neutropenia. More important, however, the studies identified an 
acquired missense mutation that introduces a stop codon that leads to the 
deletion of the distal intracellular domain of the receptor known to be respon-
sible for differentiation signaling. This has been shown to cause hypersensitivity 
to G-CSF, suggesting that the mutation may play an important role in the 
development of myelodysplasia/AML. However, whether this mutation in 
fact influences the development of myelodysplasia/AML and whether G-CSF 
increases the risk for developing the mutation remain subjects of significant 
controversy. Even in the presence of the G-CSF mutation, development of 
AML is associated with the acquisition of other myeloid leukemia-associated 
genes.

Cyclic Neutropenia
Cyclic neutropenia is defined by periods of neutropenia (≤200/µL) lasting 3 
to 5 days and occurring at approximately 21-day intervals. Neutropenic periods 
may be marked by recurrent fevers, mouth sores, and infections of the skin, 
upper respiratory tract, and ears. The disorder can be dominantly inherited 
or sporadic. Cyclic neutropenia is also associated with ELANE mutations in 
virtually all cases. The diagnosis formerly required demonstration of transient 
neutropenia through frequent blood counts over a course of 6 weeks but 
now can be established by sequencing of the elastase gene. It is successfully 
treated with G-CSF and is not associated with an increased risk for leukemic 
transformation. Acquired cyclic neutropenia has been rarely associated with 
systemic diseases such as large granular lymphocytosis or T-cell lymphoma.

Other Congenital Syndromes with Associated Neutropenia
Several congenital disorders are associated with neutropenia.12 These include 
Shwachman-Diamond syndrome, Fanconi anemia, dyskeratosis congenita, 
glycogen storage disease Ib, myelokathexis, Chédiak-Higashi syndrome, Gris-
celli syndrome II, and Hermansky-Pudlak syndrome II.

Shwachman-Diamond syndrome usually begins as an isolated neutropenia 
but progresses to marrow failure and is also associated with pancreatic dys-
function and skeletal abnormalities. The responsible gene, the Shwachman-
Bodian-Diamond syndrome gene (SBDS), is involved in the regulation  
of ribosomal RNA. These patients carry an increased risk for leukemic 
transformation.

Fanconi anemia (Chapter 156) is due to mutations in genes involved in 
DNA repair, and as such, marrow failure develops later in these patients (median 
age, 7 years). Patients with Fanconi anemia often have, in addition to marrow 
failure, short stature with upper limb anomalies and hyperpigmented café-
au-lait spots, although about one third have no physical abnormalities. Screening 
is done by chromosomal fragility testing following exposure to diepoxybutane 
or mitomycin C and by direct assessment for known Fanconi gene mutations. 
Stem cell transplantation is curative but carries a high risk for morbidity and 
mortality owing to the toxicity of preparative regimens.

Dyskeratosis congenita (Chapter 156) is a syndrome of nail dystrophy, leu-
koplakia, and skin pigmentation abnormalities with associated neutropenia 
or aplastic anemia. It is inherited in an autosomal dominant or recessive or 
X-linked fashion and is associated with mutations in genes involved in telomere 
maintenance. It typically does not present until the second decade of life. 
Dyskeratosis congenita is one of several diseases associated with telomere 
abnormalities, with wide-ranging manifestations including pulmonary fibrosis 
and hepatic cirrhosis as well as bone marrow failure.

Glycogen storage disease Ib (Chapter 196) is inherited as an autosomal reces-
sive disorder characterized by intermittent neutropenia due to defects in the 
neutrophil respiratory burst with subsequent apoptosis of circulating neutro-
phils. Hepatomegaly and metabolic crises are also the hallmarks of this disease 
and are due to mutations in the gene for the glucose-6-phosphatase translocase 
enzyme.

The neutropenia of myelokathexis is due to retention of mature neutrophils 
in the bone marrow. During infection, however, patients with myelokathexis 
typically have a sudden rise in their neutrophils, making their clinical course 
relatively more benign. There is an association between this condition and 

TABLE 158-5 CONGENITAL NEUTROPENIA SYNDROMES

SYNDROME
INHERITANCE 

PATTERN GENE
SCN Autosomal dominant ELANE (~60%)

Autosomal recessive HAX1 (~5%)
X-linked WASP (~5%)
X-linked TAZ (rare)
Autosomal recessive G6PC3 (~2%)
Autosomal dominant Gfi1 (rare)
Autosomal dominant G-CSFR (rare)

CYCLIC 
NEUTROPENIA

Autosomal dominant ELANE

OTHER CONGENITAL SYNDROMES

Shwachman-Diamond 
syndrome

X-Linked SBDS

Fanconi anemia Autosomal recessive FANCA-FANCO
Dyskeratosis congenita Variable Telomerase and related genes
Glycogen storage disease 

type 1b
Autosomal recessive G-6-PT

Myelokathexis Autosomal dominant CXCR4
Chédiak-Higashi 

syndrome
Autosomal recessive LYST

Griscelli syndrome type 2 Autosomal recessive RAB27A
Hermansky-Pudlak 

syndrome type 2
Autosomal recessive AP3B1

ELANE = neutrophil elastase; G6PC3 = glucose-6-phosphatase catalytic subunit 3; G-6-PT = 
glucose-6-phosphatase translocase; G-CSFR = granulocyte colony-stimulating factor receptor; 
LYST = lysosomal trafficking regulatory gene; SBDS = Shwachman-Bodian-Diamond syndrome; 
SCN = severe congenital neutropenia; WASP = Wiskott-Aldrich syndrome protein.

Neutrophil elastase (ELANE) is a serine protease that is synthesized at high 
levels in the promyelocyte stage of neutrophil maturation and is packaged in 
primary granules. Though originally hypothesized to cause defective cellular 
trafficking and cytoplasmic accumulation leading to neutrophil apoptosis, 
newer evidence supports that ELANE mutations lead to accumulation of 
mutant elastase in the endoplasmic reticulum, with apoptosis resulting from 
activation of the unfolded protein response.11 Severe congenital neutropenia 
due to ELANE mutations is inherited in an autosomal dominant fashion. 
Hax-1 is a mitochondrial protein with weak homology to bcl-2, and its absence 
results in mitochondrial-dependent apoptosis. HAX-1 mutations cause the 
autosomal recessive severe congenital neutropenia originally described by 
Kostmann. Although all severe congenital neutropenia cases were originally 
referred to as Kostmann syndrome, that term is now reserved for this sub-
group of autosomal recessive cases. Wiskott-Aldrich syndrome protein regulates 
actin polymerization in hematopoietic cells, and deficiency of this protein 
results in the Wiskott-Aldrich syndrome, characterized by small platelets in 
low number, sinopulmonary infections, and eczema. Another phenotype of 
mutated Wiskott-Aldrich syndrome protein, however, is X-linked thrombo-
cytopenia and neutropenia. Mutations in the glucose-6-phosphatase catalytic 
subunit 3 (G6PC3) are a more recently discovered cause of severe congenital 
neutropenia; homozygous loss of this metabolic enzyme also appears to lead 
to activation of the unfolded protein response and increased apoptosis of 
neutrophil precursors.

Severe congenital neutropenia was formerly a disease of infancy and early 
childhood because few, if any, patients survived to adulthood. However, the 
observation that G-CSF can raise neutrophil counts and prevent infection in 
most patients has allowed these children to survive. Some patients require 
very high doses of G-CSF, but responses are seen in 80 to 90% of individuals. 
Increased survival led to the realization that severe congenital neutropenia 
predisposes to the development of myelodysplasia and acute leukemia 
(myelodysplasia/AML), with the development of myelodysplasia/AML at a 
rate of approximately 2% per year, and a cumulative risk of about 20 to 30% 
over 10 years. Patients refractory to, or requiring very high doses of, G-CSF 
have a higher risk for leukemic transformation. As discussed below, develop-
ment of myelodysplasia/AML is often associated with the acquisition of a 
G-CSF receptor gene mutation. Considerable controversy exists concerning 
the role of lifelong G-CSF administration in the acquisition of other mutations 



CHAPTER 158 Leukocytosis and Leukopenia1100

Likewise, metastatic carcinoma to the marrow can also cause marrow failure 
as the marrow becomes replaced by the metastatic cells.

Immune Neutropenia
Immune neutropenia can occur as an isolated phenomenon (primary immune 
neutropenia) or as a manifestation of an underlying systemic autoimmune 
disease (secondary immune neutropenia). Primary autoimmune neutropenia is 
primarily a disease of children, with a median age of onset of 6 to 12 months. 
Although infectious risk is increased, treatment is restricted to prophylactic 
antibiotics, with G-CSF reserved for acute infectious episodes. Ninety-five 
percent of patients undergo spontaneous remissions within 2 years. Nearly 
all of these patients have antineutrophil antibodies directed against antigens 
derived from the FcγIIIb receptor; these antibodies mediate neutrophil 
destruction by either sequestration in the spleen or complement-mediated  
neutrophil lysis.

Secondary autoimmune neutropenia is a disease of adults and can be seen in 
association with hyperthyroidism, Wegener granulomatosis, rheumatoid 
arthritis, and systemic lupus erythematosus (SLE). The role of antineutrophil 
antibodies in these patients is less clear. More than 50% of patients with SLE, 
for example, have antineutrophil antibodies, but many have normal neutrophil 
counts, and there is a poor correlation between the presence of the antibodies 
and neutrophil number.

hypogammaglobulinemia and warts, the WHIM syndrome (warts, hypogam-
maglobulinemia, immunodeficiency, and myelokathexis). It is caused by het-
erozygous mutations in the gene encoding chemokine receptor CXCR4.

Chédiak-Higashi syndrome, Griscelli syndrome II, and Hermansky-Pudlak 
syndrome II are all syndromes of albinism and neutropenia due to defects in 
vesicular trafficking. Chédiak-Higashi syndrome is due to mutations in a lyso-
somal trafficking regulatory gene (LYST) and is characterized by oculocutane-
ous albinism, bleeding, progressive neurologic disease, and increased 
susceptibility to hemophagocytic syndrome. Griscelli syndrome II, with nearly 
identical clinical manifestations as Chédiak-Higashi syndrome, is caused by 
mutations in the gene encoding the small guanosine triphosphatase RAB27A, 
which is involved in the release of myeloperoxidase from the primary granules 
of neutrophils. Hermansky-Pudlak syndrome II is due to mutations in the 
AP3B1 gene, which encodes a part of a protein transport complex involved 
in vesicular trafficking and appears to be involved in the trafficking of neutrophil 
elastase. It is also marked by albinism, platelet abnormalities, and pulmonary 
fibrosis.

Barth syndrome is an X-linked autosomal recessive disorder characterized 
by neutropenia, cardiomyopathy, and growth retardation, with a high early 
childhood mortality from the associated heart disease. The causative mutation 
is in the TAZ gene, which encodes tafazzin protein that is critical to remodel-
ing cardiolipin in the mitochondrial membrane.

Secondary Causes of Neutropenia
Infection-Related Neutropenia
Several viral infections cause a transient neutropenia that typically resolves 
as the viremia abates. These include varicella, measles, rubella, hepatitis A 
and B, Epstein-Barr virus, influenza, parvovirus, and cytomegalovirus. The 
mechanisms are diverse and involve redistribution, decreased production, 
and immune destruction of neutrophils. Human immunodeficiency virus 
and acquired immunodeficiency syndrome also cause multifactorial leuko-
penia and neutropenia (Chapter 366). Patients often have splenomegaly and 
sequestration, but more commonly the neutropenia reflects immune-mediated 
destruction. A myriad of atypical infections like Mycobacterium tuberculosis, 
ehrlichiosis, rickettsia, tularemia, brucellosis, and some staphylococcal infec-
tions can cause moderate neutropenia. Any infection leading to overwhelming 
sepsis can cause neutropenia, but this usually reflects consumption of marrow 
neutrophil reserves and is typically seen in newborns and elderly patients with 
limited marrow reserves. There is also increased margination of neutrophils 
during sepsis due to systemic activation of complement, exacerbating the 
neutropenia.

Drug-Induced Neutropenia and Neutropenia Due to  
Marrow Injury
Drug-induced neutropenia is the most common cause of neutropenia.13 Multiple 
drugs have been implicated in neutropenia and agranulocytosis, in both predict-
able and idiosyncratic patterns. Drug-induced neutropenias may reflect either 
suppression of marrow granulopoiesis or increased destruction of peripheral 
neutrophils. Many drugs cause direct dose-dependent marrow suppression, 
which is predictable and often mild. Others incite an idiosyncratic immune-
mediated destruction that can present with profound agranulocytosis. Drug-
induced neutropenia typically presents with a marked decline in neutrophils 
occurring after 1 to 2 weeks of exposure to the drug with recovery within 3 
to 10 days of stopping the drug. However, atypical cases can present long 
after drug initiation, and others may be associated with a markedly delayed 
recovery (Fig. 158-5). Patients with drug-induced agranulocytosis may present 
with acute sepsis, leading to significant acute mortality. Recovery is often 
preceded by the appearance of monocytes and immature neutrophil forms. 
The more hypercellular the marrow is at diagnosis, the earlier marrow recovery 
may occur. Some common drugs known to cause neutropenia, in addition to 
antineoplastic, antiviral, and immunosuppressive agents, include clozapine, 
the antithyroidal thioamides including carbimazole, methimazole and propyl-
thiouracil, quinidine, procainamide, sulfasalazine, and Levamisole, which is 
widely used as a cocaine adulterant, causing cocaine-associated neutropenia. 
Neutrophil recovery is speeded by G-CSF, although there are no definitive 
data that this improves survival.

Radiation can induce marrow injury leading to acute or chronic marrow 
failure; in high doses, it is also a risk factor for the development of myelodys-
plasia and leukemia. These malignant hematopoietic diseases can themselves 
cause marrow failure because the malignant cells proliferate within the marrow 
and can also cause marrow fibrosis, both of which lead to cytopenias. These 
diseases are discussed in greater detail in Chapters 156 and 172, respectively. 
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FIGURE 158-5. Median duration of treatment and neutropenia. only drugs with more 
than three definite or probable reports of the time between onset of acute agranulocytosis 
and normalization of neutrophil count and the duration of treatment before onset of 
acute agranulocytosis were considered. (From andersohn F, konzen c, Garbe e. systematic 
review: agranulocytosis induced by nonchemotherapy drugs. Ann Intern Med. 2007;146: 
657-665.)

tend to have very mild neutropenia, with an absolute neutrophil count that 
is rarely less than 800. They may have an ethnic predisposition to neutropenia; 
indeed, the neutropenia has been demonstrated to be linked to a genetic poly-
morphism in the TGF-β locus. However, these patients should be distinguished 
from other adults with chronic idiopathic neutropenia, many of whom have 
an absolute neutrophil count below 200. The etiology of neutropenia in these 
patients is completely unknown, but the natural history of chronic idiopathic 
neutropenia in adults, even in the face of very low neutrophil counts, is gener-
ally benign. Most patients require no therapy, although those with very low 
counts may require G-CSF if they manifest severe infections.15 Some patients 
with recurrent infections or troublesome aphthous ulcers require chronic 
G-CSF treatment. These patients typically respond to fairly low doses of G-CSF, 
and there is no increase in the development of myelodysplasia/AML.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Neutropenia is not usually associated with clinical signs and symptoms other 
than those of the underlying condition causing the low WBC. It becomes 
clinically evident, however, when it results in infection. Although patients 
with an absolute neutrophil count below 1000/µL have a slightly increased 
risk for infection, the risk increases substantially when the neutrophil count 
falls below 500/µL. With few neutrophils, the signs and symptoms of infec-
tion may be attenuated; pneumonia may be present with minimal infiltrate 
on chest radiograph, or a urinary tract infection may yield only a very mild 
pyuria. Therefore, fever in any neutropenic patient must be considered an 
emergency with prompt acquisition of cultures and administration of empirical 
antibiotic therapy.

Because drug-induced neutropenia is the most common cause of acquired 
neutropenia, a careful inventory for drugs and toxins is warranted.16 Likewise, 
patients should be evaluated for potential precipitating malignant and inflam-
matory conditions. The time course of the neutropenia and infections can 
provide insight into the etiology (acute versus chronic, persistent versus cyclic, 
neonatal versus childhood versus adult onset). Attention should be paid to 
the skin, bones, appendages, and nails because abnormalities in these may 
point toward one of the congenital neutropenia syndromes. Evaluation of the 
complete blood count, peripheral blood smear, and vitamin B12 and folate 
levels should also be performed.

When the neutropenia is mild and associated with anemia and thrombo-
cytopenia, one should consider the possibility of hypersplenism. Diagnosis 
can often be made by the finding of palpable splenomegaly. However, especially 
in obese patients, abdominal imaging should be used to evaluate spleen size. 
Abdominal ultrasound also allows the assessment of portal venous flow with 
Doppler studies. If splenic enlargement is confirmed, the etiology of the sple-
nomegaly (Chapter 159) should be determined.

In patients with chronic neutropenia without a history of infection, 
drug or toxin exposure, or B12 or folate deficiency, bone marrow examina-
tion should be performed to rule out myelodysplasia, with assessment of 
morphology, flow cytometry for large granular lymphocyte syndrome, and 
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morphology, flow cytometry for large granular lymphocyte syndrome, and 

Felty syndrome and large granular lymphocyte syndrome deserve separate 
mention. Felty syndrome occurs in association with long-standing rheumatoid 
arthritis (Chapter 248) and is characterized by splenomegaly and profound 
neutropenia. Large granular lymphocyte syndrome can occur either in the 
setting of rheumatoid arthritis or as an isolated phenomenon. Both Felty syn-
drome and large granular lymphocyte syndrome are associated with a prolif-
eration of large granular lymphocytes, with a characteristic surface phenotype 
(CD3+, CD8+, CD16+, and CD57+). In rheumatoid arthritis, these two syn-
dromes were originally thought to be separate diseases, with Felty syndrome 
being polyclonal and large granular lymphocyte syndrome representing a 
monoclonal proliferation. However, with increasing sensitivity of detection 
of monoclonal populations of lymphocytes, this distinction has become blurred. 
More than 90% of rheumatoid arthritis patients with either syndrome are 
human leukocyte antigen (HLA)-DR4-positive, leading to the postulate that 
the two entities represent the extremes of a single disease spectrum. This HLA 
restriction is not found among non-rheumatoid arthritis patients with large 
granular lymphocyte syndrome. Both syndromes cause immune-mediated 
neutrophil destruction by multiple mechanisms, including antineutrophil 
antibodies and cell-mediated destruction. Some patients may also have G-CSF 
resistance mediated by inhibitory G-CSF antibodies. The pathophysiology of 
LGL is incompletely understood. However, up to 50% of patients have activat-
ing mutations in Stat3, and all patients show constitutive activation of the 
Stat3 signaling pathway.

There are other rare forms of immune neutropenia. Isoimmune neonatal 
neutropenia is a moderate to severe neutropenia of the newborn due to trans-
placental passage of maternal antibodies against alleles inherited from the 
father, resulting in neutropenia in a manner similar to the development of 
anemia in Rh hemolytic disease. Pure white cell aplasia is a rare disease associ-
ated with severe pyogenic infections, and also with thymoma in more than 
two thirds of cases. It has also occurred following ibuprofen therapy. There is 
a complete absence of myeloid precursors on bone marrow examination. It 
is immune mediated, but removal of the thymoma in thymoma-associated 
cases may not be sufficient for remission. Adjuvant therapy with cyclophos-
phamide, corticosteroids, cyclosporine, and intravenous immunoglobulin may 
be needed.

Neutropenia Due to Increased Margination and Hypersplenism
Complement activation can result in both acute and chronic neutropenia as 
a result of increased margination of the circulating neutrophil pool. This is 
attributed to the fact that C5a renders neutrophils more adherent and prone 
to aggregation within the pulmonary vasculature. This has been seen in patients 
suffering from burns and transfusion reactions. Complement activation may 
also lead to neutrophil destruction, as in paroxysmal nocturnal hemoglobinuria. 
Neutropenia can also reflect hypersplenism, although this is typically less 
common and less pronounced than the anemia and thrombocytopenia seen 
in patients with splenomegaly.

Neutropenia Due to Nutritional Deficiency
B12, folate (Chapter 155), and copper deficiency are associated with neutro-
penia. Copper deficiency is an under-recognized cause of neutropenia (usually 
seen with anemia), found especially in situations like total parenteral nutrition 
without copper supplementation, protein-losing enteropathies, celiac disease, 
gastric bypass surgery and postgastrectomy, malabsorption syndromes, and 
zinc toxicity. In addition to low serum copper and ceruloplasmin levels, distinct 
morphologic findings include hypogranularity and hypolobation (PHA) on 
peripheral smear, and cytoplasmic vacuolization of myeloid as well as erythroid 
precursors and ringed sideroblasts.

Deficiencies in these vitamins and minerals result in ineffective myelopoiesis, 
maturation arrest, and megaloblastic changes with nuclear-cytoplasmic dys-
synchrony. The characteristic finding in the setting of megaloblastic anemia 
is hypersegmentation of the neutrophil (Fig. 158-6).

Chronic Idiopathic Neutropenia
Chronic idiopathic neutropenia in adults is an acquired disorder characterized 
by prolonged neutropenia in the absence of any apparent underlying etiology.14 
Chronic neutropenia is often an incidental finding on routine blood tests, 
making it impossible to know the duration of the neutropenia. Patients have 
no evidence of autoimmune disease, nutritional deficiency, or myelodysplasia. 
The syndrome is heterogeneous, with a wide range of neutrophil counts. A 
group of adults from Greece with chronic idiopathic neutropenia were found 
to have increased production of transforming growth factor-β (TGF-β) and 
consequent suppression of granulopoiesis by the bone marrow. These patients 

FIGURE 158-6. peripheral blood with macrocytosis and hypersegmented neutrophils 
in megaloblastic anemia. 
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cytogenetics. Once a normal marrow has been obtained, further bone marrow 
examination is not indicated in adults with chronic idiopathic neutropenia  
(Fig. 158-7).
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Management of the neutropenia patient is nuanced and depends on the 
etiology of the depressed count, its severity, and the presence or absence of 
fever.17

Neutropenia after Chemotherapy
In afebrile adults with acquired neutropenia following chemotherapy, antibiotic 

prophylaxis with a quinolone (ciproflaxin 500 mg orally twice a day, switched 
to 200 mg intravenously twice a day if the patient develops severe mucositis 
or intolerance to the oral formulation) or oral sulfamethoxazole/trimethoprim 
(1 double-strength tablet daily) can reduce all-cause mortality A1  and is recom-
mended along with antifungal prophylaxis (e.g., oral voriconazole 200 mg twice 
daily) in patients who are expected to have profound, protracted neutropenia 
(<100 neutrophils/µL for >7 days).18 Trimethoprim-sulfamethoxazole is specifically 
recommended in patients at risk for Pneumocystis jirovecii pneumonia (Chapter 
321), based on neutropenia in the setting of the equivalent of 20 mg or more 
of prednisone/day for 1 month or longer.

In afebrile neutropenia, the routine prophylactic administration of colony-
stimulating factors does not appear to be beneficial, A2  but many oncologic 
professional society guidelines recommend the use of prophylactic granulocyte-
colony stimulating factor (G-CSF) in patients who are receiving chemotherapy 
and who have a 20% or greater risk for developing febrile neutropenia based 
on their age, comorbid illnesses, disease characteristics, and the myelotoxicity 
of the chemotherapy regimen. G-CSF is also recommended during hemato-
poietic stem cell transplantation (Chapter 168), for patients receiving chemo-
therapy for non-Hodgkin lymphoma (Chapter 176) or dose-dense chemotherapy, 
and for patients with a history of febrile neutropenia receiving further chemo-
therapy. In afebrile neutropenia, granulocyte transfusions may reduce the risk 
of infection but do not reduce mortality. A3 

The approach to the patient with fever and neutropenia is discussed in detail 
in Chapter 265. Neutropenia with fever is a clinical emergency because patients 

TREATMENT 

are at risk for hemodynamic collapse and septic shock. Therefore, such patients 
should be evaluated thoroughly and cultured promptly, and empiric antibiotics 
should be administered within 30 to 60 minutes of presentation while awaiting 
culture results. The timely administration of a combination of antipseudomonal 
antibiotics in neutropenic patients at the onset of fever confers significant 
clinical benefit, with more rapid response and improved survival. With the advent 
of newer-generation cephalosporins, monotherapy with a third- or fourth-
generation cephalosporin may be sufficient. Randomized trials also demonstrate 
the survival superiority of β-lactam monotherapy compared with β-lactam-
aminoglycoside combination therapy. A4 

The addition of a second antipseudomonal agent, vancomycin, or antifungal 
agent is warranted in patients at risk for resistant pseudomonal infection, resis-
tant gram-positive infection, or fungal infections, respectively, or if the patient 
fails to defervesce within 3 to 5 days of antibiotic administration. These con-
siderations are discussed in more detail in Chapter 265.

Other Neutropenias
Patients with immune neutropenia are typically treated with immunosup-

pressive therapy, including steroids, antithymocyte globulin, or cyclosporine, 
aimed primarily at treatment of the underlying autoimmune disease. Patients 
usually respond to G-CSF, although this treatment may induce a flare of joint 
symptoms in the setting of rheumatoid arthritis. Patients with large granular 
lymphocyte syndrome often respond to low-dose methotrexate (10 mg/m2 
orally once a week), cyclosporine (100 to 600 mg or 2 to 10 mg/kg orally daily), 
or low-dose cyclophosphamide (50 to 100 mg orally daily).

Patients with congenital neutropenia, including idiopathic, severe con-
genital, or cyclic neutropenia, are usually successfully managed with G-CSF 
for years. Before the use of G-CSF, the mean age of death for patients with 
severe congenital neutropenia was 2 to 3 years. With G-CSF, however, life 
expectancy has been extended into adulthood. Therapy is daily and chronic, 
given by subcutaneous injection, with doses varying by the type of neutro-
penia and the individual responsiveness to therapy. It is usually well tolerated, 
although accelerated bone loss has been observed. Growth and develop-
ment appear unaffected. Patients with severe congenital neutropenia typi-
cally require the highest doses, whereas those with idiopathic neutropenia 
require the lowest, and patients with cyclic neutropenia fall somewhere in  
between.
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In adults with chronic idiopathic neutropenia, G-CSF should be reserved for 
acute febrile episodes unless the patient has recurrent infections. Adults with 
chronic idiopathic neutropenia treated with G-CSF may experience significant 
side effects, including fever, gastrointestinal symptoms, and splenomegaly. 
Consequently, when adults with chronic idiopathic neutropenia require chronic 
G-CSF, it should be administered at the lowest dose necessary to prevent infec-
tions; it is usually sufficient to treat to maintain the absolute neutrophil count 
in the range of 300 to 500.

For patients with an inflammatory, infectious, or drug-induced neutropenia, 
the recommendation is to treat the underlying condition or stop the offending 
agent.19

The use of antibiotics to prevent infection in other patients with chronic 
neutropenias has not been extensively studied but is typically not recommended 
and should be based on clinical context. There is no evidence that a low bacte-
rial diet can prevent infection or mortality in neutropenic cancer patients. A5 

Stem cell transplantation (Chapter 168) can be curative for a number of the 
congenital neutropenia and bone marrow failure syndromes. It is, however, 
not without risk and should therefore be reserved for patients with severe 
neutropenia complicated by recurrent infection definitively shown to be due 
to marrow failure.

 Leukopenia Due to Deficiency of Other Cell Lines
Lymphocyte production takes place in a variety of anatomic sites, and lym-
phocyte trafficking from those sites is bidirectional, making it difficult to 
understand lymphocyte dynamics in the same way that we do for neutrophils. 
Despite this, the peripheral lymphocyte count seems to be maintained in a 
narrow range at 2000 to 4000/µL, 20% of which are B cells and 70% of which 
are T cells. Lymphocytopenia is a total lymphocyte count of less than 1500/µL. 
It can reflect decreased production, defective trafficking, or increased loss or 
destruction. Decreased production can result from protein and calorie mal-
nutrition; lymphocyte progenitor pool injury secondary to radiation, chemo-
therapy, or immunosuppressive agents; and congenital immunodeficiency 
states. Endogenous or exogenous glucocorticoid excess can cause lymphocy-
topenia by altering lymphocyte trafficking. This can also occur as the result 
of acute bacterial or fungal infections, certain viral infections, and granulomatous 
disease. Finally, many viruses cause direct destruction of lymphocytes, as do 
antilymphocyte antibodies seen in patients with underlying autoimmune 
diseases. Lymphocytes can also be lost from intestinal lymphatics in cases of 
protein-losing enteropathy, primary disease of the gut or intestinal lymphatics, 
or gut edema secondary to severe heart failure. Lymphocytopenia should 
prompt comprehensive assessment of the immune system, including lympho-
cyte subtyping, quantitative immunoglobulins, and skin testing to detect 
deficiencies of cell-mediated immunity. Treatment is aimed at the underlying 
disease, but intravenous immunoglobulin can be administered to patients with 
hypogammaglobulinemia, and transplantation can be performed in patients 
with severe deficiencies of cell-mediated immunity due to impaired lymphocyte 
production and function.

Monocytopenia, eosinopenia, and basophilopenia can accompany bone 
marrow failure syndromes or acute infection, malignancy, or severe injury. 
This is thought to reflect elevations in glucocorticoids, prostaglandins, and 
epinephrine. These humoral factors have the greatest impact on eosinophils, 
and absence of eosinopenia in these settings should prompt suspicion for 
adrenal insufficiency, a primary myeloproliferative syndrome, parasitic infec-
tion, or primary hypereosinophilic syndrome. Monocytopenia is less frequent, 
probably owing to the diverse roles monocytes play in normal human physiol-
ogy; prolonged and extreme monocytopenia may not be compatible with life.
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Answer: C Acute stress is commonly associated with leukocytosis. Acute 
leukocytosis in almost any setting occurs by demargination, in this case in 
response to the release of catecholamines during the stress of the accident, 
also causing his tachycardia. Cytokine-induced marrow proliferation and release 
of neutrophils reflect more chronic inflammation and could not have occurred 
in less than about a week. Unsuspected splenic rupture would likely lead to 
hypotension and shock. There is no reason to consider a diagnosis of chronic 
myeloproliferative disease or sepsis in the absence of other evidence for a 
secondary condition. The patient should have his counts rechecked in several 
days or weeks to rule out any other pathology. (See Stress.)

4. A 3-year-old child presents with recurrent infections and a diagnosis of 
Chédiak-Higashi syndrome is made. Which of the following is not true of 
his disease?
 A. He is likely to have associated nystagmus.
 B. His sibling has a 50% chance of having the disease.
 C. He is likely to have abnormal neutrophil granules.
 D. He is likely to develop hemophagocytic syndrome.
 E. He is likely to have a defect in skin pigmentation.

Answer: A Chédiak-Higashi syndrome is a generalized disorder of granule 
formation caused by abnormalities in the LYST gene, which is required for 
the correct trafficking of proteins into granules. Consequently, patients with 
Chédiak-Higashi syndrome have other defects associated with abnormal granule 
formation, including oculocutaneous albinism, with decreased pigmentation 
and nystagmus, and abnormal-appearing neutrophil granules. Because the 
disease is an autosomal recessive disorder, the heterozygous parents are usually 
totally unaffected, and siblings have a 25% chance of inheriting the disease. 
Patients with Chédiak-Higashi syndrome often have a terminal phase of the 
disease associated with the development of hemophagocytic syndrome, mani-
festing as fever, splenomegaly, and pancytopenia, often as a result of Epstein-
Barr virus infection. (See Other Congenital Syndromes with Associated 
Neutropenia.)

5. A 1-month-old infant presents with a temperature of 103° F and a white 
blood cell count (WBC) of 90,000. He has a history of delayed umbilical 
cord separation, poorly healing skin lesions, recurrent otitis media, and 
failure to thrive. He is admitted to the hospital, where he is documented 
to have methicillin-resistant Staphylococcus aureus (MRSA). He is placed 
on appropriate antibiotics, but he remains febrile, and his WBC is persis-
tently elevated in the 80,000 to 100,000 range. This patient is likely to have 
a mutation in which of the following?
 A. ELANE
 B. HAX1
 C. Integrin receptor β chain
 D. LYST
 E. G-CSFR

Answer: C The child has a congenital disorder of neutrophils that results in 
leukocytosis. The diagnosis is leukocyte adhesion deficiency. This disease arises 
from defects in leukocyte adhesion to endothelium. It can arise from defects 
in the integrin receptor common β chain (leukocyte adhesion deficiency-1), 
with loss of expression of leukocyte function–associated antigen 1 (LFA-1), 
C3bi receptor, and gp150;95, leading to a failure to ingest and kill microbes 
opsonized by C3bi. It can also arise from an abnormality of selectin glycosyl-
ation (leukocyte adhesion deficiency-2). ELANE and HAX1 mutations are 
causes of severe congenital neutropenia, and affected patients present with 
profound neutropenia. LYST mutations are the cause of Chédiak-Higashi 
syndrome, which is also associated with neutropenia. Congenital G-CSFR 
mutations are very rare, although two or three patients in the literature have 
been described to have such mutations as the basis for G-CSF–resistant severe 
congenital neutropenia. More commonly, G-CSFR mutations are somatic 
mutations that arise in patients with severe congenital neutropenia and may 
be a harbinger of the development of myelodysplastic syndrome or acute 
myeloid leukemia. (See Leukocyte Adhesion Deficiency.)

REVIEW QUESTIONS

1. A 20-year-old African American college student receives a scholarship to 
spend her junior year abroad in France. She needs to have a health form 
completed before her departure. A complete blood count (CBC) reveals 
neutropenia, and her physician advises her to postpone the scholarship 
and to see you for evaluation. She is healthy with no history of excessive 
infections. Her physical examination is normal. CBC shows: white blood 
cell count 3400 w/ 30% neutrophils, hematocrit 41, platelets 200,000. 
What should you advise her?
 A. She should have a bone marrow biopsy to rule out a bone marrow 

process causing neutropenia.
 B. She should have serial blood counts to rule out cyclic neutropenia.
 C. She should have chromosome analysis of her peripheral blood.
 D. She should be evaluated for an elastase mutation.
 E. She should go to France without any further evaluation.

Answer: E The normal neutrophil count is partially determined by ethnic 
background. African American males frequently have a neutrophil count of 1000 
to 1500, and African American females may have counts that are even lower. 
Many may actually have counts below 1000. With a total neutrophil count of 
1120, a normal hematocrit and platelet count, and an unremarkable history 
and physical examination, the patient should be diagnosed with constitutional 
neutropenia. This requires no further evaluation, although if Duffy antigen 
receptor for chemokine testing is available, confirming she is Duffy negative 
will confirm the diagnosis. The patient should be reassured that these counts 
are normal for her and present no undue risk. She should leave for France 
as planned. (See Ethnic and Benign Familial [Constitutional] Neutropenia.)

2. A 1-month-old baby boy presents with fever and cough and is found to 
have pneumonia associated with severe neutropenia. His parents have 
normal blood counts but had lost a baby girl at age 3 months under similar 
circumstances 2 years before. Which of the following statements is not 
true?
 A. The patient likely has a mutation in neutrophil elastase.
 B. The child should be treated with granulocyte colony-stimulating factor 

(G-CSF).
 C. The child is at risk for developing myelodysplastic syndrome and acute 

myeloid leukemia (myelodysplasia/AML).
 D. If the child survives, his offspring will probably have normal neutrophil 

counts.
 E. The child’s white blood cell count likely has a 21-day cycle in and out 

of the normal range.
Answer: A This child has a disease that is apparent in neither parent but has 
a sibling that died of the same disease. This is consistent with an autosomal 
recessive form of severe congenital neutropenia. Severe congenital neutropenia 
related to neutrophil elastase mutation is an autosomal dominant disorder. 
Cyclic neutropenia is a milder autosomal dominant disorder, also due to muta-
tions in ELANE; it is clinical mild and rarely presents in infancy. Although it 
can appear sporadically, the occurrence in a sibling makes that virtually impos-
sible. This case is most consistent with Kostmann syndrome, which is due to 
mutations in the HAX1 gene. Because it is a very rare recessive disorder, if 
the child lives to adulthood and has offspring, they will be obligate heterozy-
gotes and, like the patient’s parents, will have normal counts. Like patients 
with dominantly inherited severe congenital neutropenia associated with 
neutrophil elastase mutations, these patients respond to G-CSF and have an 
increased risk for developing myelodysplasia/AML. (See Severe Congenital 
Neutropenia.)

3. A 45-year-old man presents to the emergency department after a motor 
vehicle crash. He is afebrile with a blood pressure of 160/95 mm Hg and 
a pulse of 110 beats per minute. He has several scrapes and bruises, but 
no major injuries. Admission complete blood count reveals: white blood 
cell count 16,000, hematocrit 45, and platelets 280,000. What is the most 
likely explanation for his leukocytosis?
 A. Acute bacterial infection
 B. Undiagnosed chronic myelogenous leukemia
 C. Stress-induced demargination of neutrophils
 D. Cytokine release stimulating increased marrow production and release 

of neutrophils
 E. Unsuspected splenic rupture
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APPROACH TO THE PATIENT WITH 
LYMPHADENOPATHY AND 
SPLENOMEGALY
JANE N. WINTER

 LYMPHADENOPATHY

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Lymph nodes are secondary lymphoid tissues located along the course of the 
lymphatic vessels. These round or bean-shaped structures typically measure 
less than 1 cm in diameter and are strategically situated to filter lymphatic 
fluid and to intercept microorganisms and other antigens. The hilus is the 
point of indentation in these otherwise round tissues where blood vessels 
enter and leave the lymph node. Lymphatic fluid enters the lymph node in 
afferent lymphatic vessels that empty into the subcapsular sinus, traverses the 
lymph node, and then leaves through a single efferent lymphatic at the hilus. 
Lymph nodes consist of B and T lymphocytes, macrophages, and dendritic 
cells that interact to generate an immune response to the antigens transported 
in the lymphatic fluid. These cells function together to generate the normal 
immune response by means of antigen processing, presentation, and recogni-
tion and the resulting proliferation of effector B and T lymphocytes.

Lymph node enlargement generally results from cellular proliferation and 
expansion of lymph node components associated with the normal immune 
response to foreign antigens. Alternatively, it can be caused by infiltration of 
the lymph node by a neoplastic process or deposition of a foreign substance 
(e.g., in storage disease). Whether (lymph) adenopathy is localized or general-
ized, its location, and the age of the patient, help to focus the investigation 
into its cause. Diffuse lymphadenopathy may occur in the setting of generalized 
infections, systemic disorders of the immune system, or widespread neoplasia 
(Table 159-1). Localized lymphadenopathy usually but not always results 
from a regional problem. The particular site may be informative. For example, 
epitrochlear or supraclavicular adenopathy is problematic in any adult or child, 
and it signifies likely disease, whereas inguinal adenopathy is common and of 
little concern in the absence of other findings, commonly related to infection 
or trauma to the lower extremities. Thoracic adenopathy may be caused by a 
variety of nonmalignant conditions including sarcoidosis and Castleman disease 
in addition to infection.1 In young children who are continually exposed to 
new antigens, palpable lymphadenopathy is typical. The location of the enlarged 
lymph nodes reflects the site of infection and differs with the age of the child. 
For example, recurrent sore throats and upper respiratory infections are regu-
larly associated with tender submandibular and/or cervical adenopathy.2

Differential Diagnosis
Lymph nodes that are larger than 1 cm are generally considered to be abnormal, 
although adenopathy in some locations is considered abnormal and worthy 
of investigation even when subcentimeter in size (supraclavicular, epitrochlear, 
or popliteal lymph nodes). The differential diagnosis of lymphadenopathy is 
vast.3 A careful history and physical examination, with consideration of the 
age of the patient, associated symptoms, and distribution of the adenopathy, 
will often but not always guide the investigation to the underlying cause (Table 
159-2). Often, no cause is identified, and careful follow-up is required. The 
general categories of infection, autoimmune disorders, and malignancy cover 
the majority of cases.

Worldwide, infection by bacteria, mycobacteria, fungi, chlamydia, parasites, 
and viruses are the major causes of lymph node enlargement. The location of 
the lymph node enlargement and whether the lymphadenopathy is localized 
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ABSTRACT
The patient with lymphadenopathy and/or splenomegaly is one of the most 
challenging for the general internist. The differential diagnosis is broad, with 
infection, autoimmune disorders, and malignancy representing the vast major-
ity of cases. A careful and complete history is the first and most important 
step in the assessment of the patient with lymphadenopathy and/or spleno-
megaly, including travel history and possible exposures to infectious agents 
and sexual and family history. Similarly, the physical examination must be 
complete, with attention to the distribution of the adenopathy, size, and associ-
ated erythema or tenderness. In the patient with splenomegaly, its overall size, 
the presence of associated lymphadenopathy, tonsillar enlargement, and hepa-
tomegaly are of particular importance. A complete blood count with review 
of the peripheral smear may be especially helpful in identifying the underlying 
cause. Both lymphadenopathy and splenomegaly are often first detected inci-
dentally when imaging is performed for an unrelated issue. In many cases, 
close observation rather than biopsy or splenectomy is the best course of 
action in the asymptomatic patient.
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best done together with the radiologist reading the imaging study. A com-
parison of the radiologic findings to prior imaging studies can often eliminate 
concern if the findings are long-standing. Imaging findings considered wor-
risome by the American College of Radiology include: (1) short axis diameter 
1 cm or larger in the retroperitoneum; (2) abnormal architecture (round, 
indistinct hilum); (3) presence of enhancement (necrosis; hypervascularity); 
and (4) increased number of nodes defined as a cluster of three or more in a 
single nodal station or two or more in at least two regions. Biopsy should be 
considered if the nodes fall into any of these categories and there is clinical 
or laboratory evidence supporting the presence of a lymphoproliferative 
disorder. In many cases, the patient may be followed with repeat imaging in 
3 to 6 months. If stable for 1 year, an abnormal lymph node or group of lymph 
nodes is most likely benign.

A trial of antibiotics is often indicated, especially in children. Steroids should 
be avoided because they may mask the symptoms and cause shrinkage of the 
nodes in hematologic malignancies.

Biopsy
The decision to perform a biopsy of a lymph node depends on the clinical 
history and presentation and the ease with which a biopsy can be performed. 
For patients with symptoms, an early biopsy of a palpable lymph node may 
provide an answer to a puzzling case but may add to the confusion if the biopsy 
result is not definitive. An excisional rather than a core biopsy is most likely to 
provide a definitive diagnosis, but it is not practical in all cases. When there 
are no easily accessible peripheral nodes for biopsy, a core biopsy may be 
obtained by the interventional radiologists with the assistance of ultrasound 
or CT guidance. Fine-needle aspiration may be adequate to diagnose a solid 
tumor or infection but is insufficient for distinguishing malignant lymphoma 
from a reactive lymph node, and it is discouraged if lymphoma is in the dif-
ferential diagnosis. An excisional biopsy remains the gold standard.7 Studies 
for infectious agents including cultures and special stains for infectious agents, 
immunophenotypic analysis by flow cytometry, and molecular studies com-
plement morphology in making a diagnosis.8 In contrast, if head and neck 
cancer is in the differential diagnosis, the patient should have a complete ear, 
nose, and throat examination at the outset to avoid complicating subsequent 
surgery. Face-to-face discussion between the clinician and the pathologist 
is the most effective approach to determining a diagnosis, especially for the 
most challenging cases.9

 SPLENOMEGALY

 PATHOBIOLOGY
The spleen is the largest lymphatic organ in the body, and some liken it to a 
very large lymph node. Similar to lymph nodes, the spleen has multiple and 
diverse functions, including its role as a filter removing defective red blood 
cells and infectious agents, its important role in immune response to blood-
borne antigens, and a role in regulating blood volume.

Consistent with its multiple functions and its role as a massive filter, the 
spleen has an open circulation with three kinds of compartments: the white 
pulp, marginal zone, and red pulp. Blood enters the spleen through the splenic 
artery and its branches, filters through the splenic cords and periarterial lym-
phatic sheath, and is exposed in the white pulp to immunologically active cells 
including macrophages, B lymphocytes, and T lymphocytes. There, micro-
organisms and foreign proteins are recognized, and an immune response to 
blood-borne antigens is initiated. In splenectomized individuals, the absence 
of this splenic function makes them especially susceptible to certain infections, 
especially those with encapsulated organisms such as Streptococcus pneumoniae.

Separating white pulp from red, the marginal zone acts as a transition zone. 
More than half the volume of the spleen is composed of splenic red pulp 
and consists primarily of erythrocytes along with macrophages and dendritic 
cells and other white blood cells. Senescent or defective red blood cells are 
identified and destroyed in the red pulp. The process of hemolysis may be 
mechanical and/or immunologic as in autoimmune hemolytic anemia, where 
the antibody-coated red blood cells are phagocytosed by macrophages. In the 
absence of a functioning spleen, basophilic inclusions representing nuclear 
remnants, known as Howell-Jolly bodies, are seen in circulating red blood cells. 
The presence of Howell-Jolly bodies (Fig. 159-2) in peripheral blood indicates 
that the patient has either undergone splenectomy or has a nonfunctioning 
spleen, as in patients with sickle cell disease who have experienced repeated 
splenic infarcts.

Last, and perhaps less well appreciated, the spleen plays a role in regulating 
blood volume by means of a variety of mechanisms. These include release of 
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FIGURE 159-1. Axillary (A) and retroperitoneal lymph nodes (B) in a patient with 
follicular lymphoma. Arrows indicate examples of enlarged lymph nodes. 

A

TABLE 159-2 CLUES TO THE CAUSE OF LYMPHADENOPATHY
Age
Symptoms (associated or regional)
Localized versus generalized lymphadenopathy
Tenderness, warmth, overlying erythema, mobility, pulsatile
Size
Location/distribution

or generalized may provide a clue to the cause. Lymph node enlargement in 
the drainage region of any pyogenic infection is expected. Dramatic regional 
lymph node enlargement with fluctuant lymph nodes (i.e., buboes) is a hall-
mark of infection with the coccobacillus Yersinia pestis, causing bubonic plague. 
In cat-scratch fever, enlarged nodes close to the site of the flea bite carrying 
Bartonella henselae are common presenting signs. Mediastinal lymphadenopathy 
may occur in inhalational anthrax. Cervical adenopathy is commonly a mani-
festation of tuberculosis, and in parts of the world with limited resources, it 
may lead to empirical antituberculous therapy rather than biopsy. In contrast, 
diffuse adenopathy may represent a systemic infection with Epstein-Barr virus 
(i.e., infectious mononucleosis), cytomegalovirus, or human immunodeficiency 
virus (HIV) or with the parasite Toxoplasma gondii.

Autoimmune disorders may be associated with either localized or general-
ized lymphadenopathy. Lymph node enlargement in this setting is especially 
challenging given the increased frequency of malignant lymphoproliferative 
disorders in these patients. Biopsy and expert hematopathology consultation 
are required to exclude the possibility of lymphoma. Lymphadenopathy occur-
ring as a result of a drug reaction is uncommon, but it may be exceptionally 
difficult to distinguish histopathologically from malignant lymphoma. A wide 
range of drugs, including antiepileptics and antibiotics, have been reported to 
cause lymphadenopathy, but associated rash, eosinophilia, and liver function 
abnormalities are helpful in distinguishing a drug reaction from other causes.

Malignancy commonly manifests as lymphadenopathy. Enlarged lymph 
nodes may be involved or replaced by a hematologic malignancy such as 
Hodgkin or non-Hodgkin lymphoma (Fig. 159-1), or they may represent a 

site of metastasis from a solid tumor, most often occurring in the drainage 
area of the primary tumor; for example, breast cancer is often accompanied 
by ipsilateral axillary nodal involvement and prostate cancer by iliac node 
involvement. Distant spread to the lymph nodes may also occur.

In addition to infectious, autoimmune, and malignant causes of lymph-
adenopathy, there are some less common causes such as storage disease (as 
in Gaucher or Niemann-Pick disease) or amyloidosis (associated with a hema-
tologic malignancy such as multiple myeloma or non-Hodgkin lymphoma, 
an inherited form of the disease, or with chronic inflammation). Sarcoidosis 
may manifest as enlarged lymph nodes, as can endocrinopathies such as thyroid 
disease or adrenal insufficiency.

Evaluation of the Patient with Lymphadenopathy
History and Physical Examination
A careful and complete history is the first and most important step in the 
evaluation of the patient with lymphadenopathy (Table 159-3). The age of 
the patient, recent travel history, possible infectious or toxic exposures through 
employment or hobbies, recent immunizations, current medications, and 
social, sexual, and family history may provide important clues to the cause. 
A complete review of systems is required. Not only can the presence of symp-
toms be informative, but also their pattern, character, and duration (e.g., the 
high spiking fevers characteristic of Hodgkin lymphoma, known as Pel-Ebstein 
fevers) may suggest a particular cause. Similarly, particular symptoms such as 
pruritus suggest specific diagnoses (e.g., also Hodgkin lymphoma).

The physical examination must also be meticulous with attention not only 
to the distribution of the adenopathy but also to the presence of other physical 
findings (e.g., tonsillar enlargement in the patient with cervical adenopathy 
and Burkitt lymphoma, parotid enlargement in Sjögren syndrome, rash in 
T-cell lymphomas, joint findings in autoimmune disorders, or a breast mass 
in the patient with axillary lymphadenopathy) (Table 159-4). Malignant 
lymph nodes are generally painless, whereas those that represent infection 
may be tender. Lymphadenopathy resulting from metastatic solid tumor is 

TABLE 159-1 DIFFERENTIAL DIAGNOSIS OF 
LYMPHADENOPATHY

CAUSES EXAMPLES
Infectious
 Bacteria Group A streptococcus, staphylococcal 

skin infections, syphilis, cat-scratch 
disease, Chlamydia trachomatis, 
typhoid fever, tuberculosis

 Fungi Histoplasmosis, blastomycosis, 
coccidioidomycosis

 Parasites Malaria, toxoplasmosis
 Viruses Infectious mononucleosis (Epstein-Barr 

virus), cytomegalovirus, HIV
Immune-mediated
 Autoimmune disorders Rheumatoid arthritis, systemic lupus 

erythematosus
 Drug reactions
Malignant
 Hematologic Lymphoma, leukemia, myeloproliferative 

neoplasms
 Solid tumors Metastatic to lymph nodes
Unusual
 Storage disease Gaucher disease, Niemann-Pick disease
 Sarcoidosis
 Castleman disease
 Kawasaki vasculitis
 Kikuchi lymphadenitis
 Kimura disease
 Endocrinopathies Addison disease
 Sinus histiocytosis with massive 

lymphadenopathy (Rosai-Dorfman 
disease)

HIV = human immunodeficiency virus.



CHAPTER 159 THE PATIENT WITH LYMPHADENOPATHY AND SPLENOMEGALY 1105

best done together with the radiologist reading the imaging study. A com-
parison of the radiologic findings to prior imaging studies can often eliminate 
concern if the findings are long-standing. Imaging findings considered wor-
risome by the American College of Radiology include: (1) short axis diameter 
1 cm or larger in the retroperitoneum; (2) abnormal architecture (round, 
indistinct hilum); (3) presence of enhancement (necrosis; hypervascularity); 
and (4) increased number of nodes defined as a cluster of three or more in a 
single nodal station or two or more in at least two regions. Biopsy should be 
considered if the nodes fall into any of these categories and there is clinical 
or laboratory evidence supporting the presence of a lymphoproliferative 
disorder. In many cases, the patient may be followed with repeat imaging in 
3 to 6 months. If stable for 1 year, an abnormal lymph node or group of lymph 
nodes is most likely benign.

A trial of antibiotics is often indicated, especially in children. Steroids should 
be avoided because they may mask the symptoms and cause shrinkage of the 
nodes in hematologic malignancies.

Biopsy
The decision to perform a biopsy of a lymph node depends on the clinical 
history and presentation and the ease with which a biopsy can be performed. 
For patients with symptoms, an early biopsy of a palpable lymph node may 
provide an answer to a puzzling case but may add to the confusion if the biopsy 
result is not definitive. An excisional rather than a core biopsy is most likely to 
provide a definitive diagnosis, but it is not practical in all cases. When there 
are no easily accessible peripheral nodes for biopsy, a core biopsy may be 
obtained by the interventional radiologists with the assistance of ultrasound 
or CT guidance. Fine-needle aspiration may be adequate to diagnose a solid 
tumor or infection but is insufficient for distinguishing malignant lymphoma 
from a reactive lymph node, and it is discouraged if lymphoma is in the dif-
ferential diagnosis. An excisional biopsy remains the gold standard.7 Studies 
for infectious agents including cultures and special stains for infectious agents, 
immunophenotypic analysis by flow cytometry, and molecular studies com-
plement morphology in making a diagnosis.8 In contrast, if head and neck 
cancer is in the differential diagnosis, the patient should have a complete ear, 
nose, and throat examination at the outset to avoid complicating subsequent 
surgery. Face-to-face discussion between the clinician and the pathologist 
is the most effective approach to determining a diagnosis, especially for the 
most challenging cases.9

 SPLENOMEGALY

 PATHOBIOLOGY
The spleen is the largest lymphatic organ in the body, and some liken it to a 
very large lymph node. Similar to lymph nodes, the spleen has multiple and 
diverse functions, including its role as a filter removing defective red blood 
cells and infectious agents, its important role in immune response to blood-
borne antigens, and a role in regulating blood volume.

Consistent with its multiple functions and its role as a massive filter, the 
spleen has an open circulation with three kinds of compartments: the white 
pulp, marginal zone, and red pulp. Blood enters the spleen through the splenic 
artery and its branches, filters through the splenic cords and periarterial lym-
phatic sheath, and is exposed in the white pulp to immunologically active cells 
including macrophages, B lymphocytes, and T lymphocytes. There, micro-
organisms and foreign proteins are recognized, and an immune response to 
blood-borne antigens is initiated. In splenectomized individuals, the absence 
of this splenic function makes them especially susceptible to certain infections, 
especially those with encapsulated organisms such as Streptococcus pneumoniae.

Separating white pulp from red, the marginal zone acts as a transition zone. 
More than half the volume of the spleen is composed of splenic red pulp 
and consists primarily of erythrocytes along with macrophages and dendritic 
cells and other white blood cells. Senescent or defective red blood cells are 
identified and destroyed in the red pulp. The process of hemolysis may be 
mechanical and/or immunologic as in autoimmune hemolytic anemia, where 
the antibody-coated red blood cells are phagocytosed by macrophages. In the 
absence of a functioning spleen, basophilic inclusions representing nuclear 
remnants, known as Howell-Jolly bodies, are seen in circulating red blood cells. 
The presence of Howell-Jolly bodies (Fig. 159-2) in peripheral blood indicates 
that the patient has either undergone splenectomy or has a nonfunctioning 
spleen, as in patients with sickle cell disease who have experienced repeated 
splenic infarcts.

Last, and perhaps less well appreciated, the spleen plays a role in regulating 
blood volume by means of a variety of mechanisms. These include release of 

characteristically hard and may be fixed or matted, whereas that representing 
hematologic malignancies is typically soft and may be mobile, but exceptions 
occur. Whereas borderline and slightly enlarged lymph nodes are commonly 
related to infectious causes, sizeable nodes are worrisome and warrant prompt 
investigation.

Imaging
Imaging with computed tomography (CT) or magnetic resonance imaging 
(MRI) (the latter in certain instances where radiation exposure is to be avoided 
as in pregnancy), but not combined positron emission tomography (PET) 
and CT (PET/CT), is the first step in the evaluation of worrisome palpable 
adenopathy in adults.4 Ultrasonography is recommended as the preferred 
approach for children with cervical adenopathy. Clearly, borderline adenopathy 
or lymphadenopathy associated with symptoms or history suggestive of a 
benign origin (e.g., mononucleosis in a college student) does not merit imme-
diate imaging and may be watched.5 PET/CT is reserved for staging and 
evaluation during and after treatment of patients with an established diagnosis 
of malignant lymphoma or a variety of solid tumors. Although most patients 
with lymphadenopathy come to medical attention because they detect a lump 
on self-examination, an increasing number of patients with lymphadenopathy 
are identified incidentally when they undergo imaging for unrelated issues 
(e.g., chest radiography for infectious symptoms; MRI of the spine for back 
pain related to a disc herniation). These patients pose a special challenge.6

Evaluation of the patient with incidentally noted intra-abdominal or pelvic 
adenopathy, like that of the patient with a new palpable lump, requires that 
the clinician integrate the clinical history and radiographic findings. This is 

TABLE 159-3 TAKING A COMPLETE HISTORY IN THE ADULT 
PATIENT WITH LYMPHADENOPATHY

History of present illness
 Duration, recent changes
 Associated symptoms: fevers, drenching night sweats, shaking chills, weight loss, 

sore throat, arthritis or arthralgias, rash or skin lesions, shortness of breath, 
chest pain

 Ill contacts, recent and remote travel, tick or insect bites
Past medical history
 Autoimmune disease, history of immunosuppressive therapy, history of infectious 

disease
Family history
 Malignancy, especially hematologic malignancy, or infection
Social history
 Sexual activity—risk for HIV infection, other sexually transmitted diseases
 Occupation—exposure to toxins, livestock, pets
 Smoking or drinking
Medications: immunosuppressive agents, phenytoin, allopurinol, antibiotics
HIV = human immunodeficiency virus.

TABLE 159-4 EVALUATING THE PATIENT WITH 
LYMPHADENOPATHY

Complete physical examination with particular attention to:
 Tonsillar enlargement, evidence of superior vena cava syndrome
 Attention to all lymph node groups including epitrochlear, femoral
 Hepatosplenomegaly
 Rash
 Joints, deformities
Preliminary laboratory examination
 Complete blood count with differential, platelet count
 Sedimentation rate, testing for mononucleosis in the right setting
Imaging
 Chest radiograph (assess for mediastinal mass, hilar enlargement)
 Ultrasound for children up to age 14 years
 CT with intravenous contrast or contrast-enhanced MRI
 PET/CT not recommended unless diagnosis of lymphoma or other malignancy
Pathologic diagnosis
 Needle aspiration for investigation of infectious causes
 Core biopsy if excisional biopsy unsafe
 Excisional biopsy preferred especially if malignancy suspected
CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission 
tomography.
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How to Approach the Patient with Lymphadenopathy
The patient with lymphadenopathy may come to medical attention in a number 
of ways. An adult may identify an enlarged lymph node through self-examination, 
whereas a child may only come to attention when there are associated symp-
toms or the node has become easily visible to a parent. As noted earlier, it is 
more and more common for asymptomatic lymphadenopathy to be identified 
on imaging performed for unrelated purposes. The location of the enlarged 
node(s), size, consistency, presence of generalized lymphadenopathy or hepa-
tosplenomegaly, or associated symptoms are all helpful in developing an indi-
vidualized approach. If nodes are large, 2 to 3 cm in size, and firm with associated 
symptoms, the risk for malignancy is high, and a diagnostic procedure should 
be performed expeditiously. A complete blood count with differential and 
examination of the peripheral smear along with a plain chest radiography may 
be helpful in sorting out which patient is best served by observation for what 
may be infectious mononucleosis or another infectious and uncomplicated 
process and who should proceed quickly to biopsy. A short course of antibiot-
ics with close observation is often the preferred strategy with little risk if the 
patient is reliable and will return if the lump grows rather than regresses.
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as histoplasmosis. Among the parasitic disorders, malaria is nearly always 
accompanied by an enlarged spleen and should be high on the differential 
diagnosis list in the right setting. Epstein-Barr virus, the cause of infectious 
mononucleosis, is a common cause of splenomegaly that is usually self-limited. 
HIV may also be associated with splenomegaly, although often the causative 
agent is a coexisting infection with hepatitis C virus.

Autoimmune disorders such as rheumatoid arthritis (RA) and systemic 
lupus erythematosus are commonly associated with mild to moderate sple-
nomegaly. Felty syndrome is characterized by splenomegaly, usually in the 
setting of long-standing RA, with associated neutropenia. Autoimmune hemo-
lytic anemia is characterized by splenomegaly. Reactions to a variety of com-
monly prescribed drugs such as antibiotics may result in splenomegaly, through 
direct effects on the spleen, serum sickness, or indirectly through effects on 
the liver.

Hematologic malignancies including myeloproliferative neoplasms frequently 
manifest with splenomegaly. Patients with lymphoproliferative disorders such 
as chronic lymphocytic leukemia or mantle cell lymphoma will in many cases 
have easily appreciated lymphadenopathy in addition to a palpable spleen. 
Isolated splenomegaly without associated lymphadenopathy is characteristic 
of hairy cell leukemia and myeloproliferative neoplasms such as idiopathic 
myelofibrosis. Splenomegaly with weight loss related to compression of the 
stomach and early satiety may be the presenting complaint. Solid tumors may 
sometimes metastasize to the spleen and result in its enlargement, but this is 
an unusual occurrence. Among solid tumors, malignant melanoma is the one 
most likely to be associated with splenic involvement, but even so, palpable 
splenomegaly is rare.

Congestive splenomegaly may occur as the result of chronic liver disease 
with portal hypertension or in the case of splenic or portal vein thrombosis. 
Disorders that result in excessive destruction of abnormal red blood cells such 
as hereditary spherocytosis or hemoglobinopathies are also associated with 
splenomegaly. Storage diseases such as Gaucher disease, sarcoidosis, amyloi-
dosis, thyrotoxicosis, and hemophagocytic lymphohistiocytosis are some of 
the other less common causes of splenomegaly (Fig. 159-3).

Evaluation of the Patient with Splenomegaly
History
As with lymphadenopathy, a careful and complete history is the first and most 
important step in the evaluation of the patient with splenomegaly. The age of 
the patient, travel history, possible infectious or toxic exposures through 
employment or hobbies, recent immunizations, current medications, and 

blood through splenic contraction and the splenorenal reflex promoting fluid 
and sodium retention by the kidneys during septic shock.

 DIAGNOSIS
As with lymphadenopathy, the differential diagnosis of splenomegaly is wide 
ranging (Table 159-5).10 The same principles hold. First, a careful history and 
physical examination, with attention to the age of the patient, the size of the 
spleen, and associated symptoms will often but not always guide the investiga-
tion to the underlying cause. Often, no cause is identified, and careful follow-up 
is required. Again, the general categories of infection, autoimmune disorders, 
and malignancy cover the majority of cases.

As with lymphadenopathy, the infectious causes of splenomegaly are myriad. 
Geography and travel history are often important clues to an underlying infec-
tion. The most likely causes of splenomegaly in equatorial Africa or in a recent 
African immigrant are different from those of a North American urbanite. 
Bacterial infections commonly associated with splenomegaly include endo-
carditis, brucellosis, typhoid fever, and rickettsial disorders such as Rocky 
Mountain spotted fever. Mycobacterial infections including typical and atypical 
mycobacteria may manifest with splenomegaly, as can fungal infections such 

TABLE 159-5 DIFFERENTIAL DIAGNOSIS OF SPLENOMEGALY
CAUSES EXAMPLES
Infectious
 Bacteria Endocarditis, brucellosis, syphilis, tuberculosis, Rocky 

Mountain spotted fever
 Fungi Histoplasmosis, toxoplasmosis
 Parasites Malaria, leishmaniasis
 Viruses Infectious mononucleosis (Epstein-Barr virus), HIV, 

cytomegalovirus
Immune-mediated
 Autoimmune disorders Rheumatoid arthritis, systemic lupus erythematosus, 

autoimmune hemolytic anemia
 Drug reaction Phenytoin
Malignant
 Hematologic Lymphoma, leukemia, myeloproliferative neoplasm
 Solid tumor Metastatic to spleen
Congestive Liver disease, portal vein thrombosis, congestive heart 

failure
Nonmalignant hematologic 

disorders
Hereditary spherocytosis, congenital or acquired 

hemolytic anemias, hemoglobinopathies, 
extramedullary hematopoiesis

Unusual
 Storage disease Gaucher disease, Niemann-Pick disease
 Sarcoidosis
 Cysts, pseudocysts
 Amyloidosis
HIV = human immunodeficiency virus.

FIGURE 159-3. Splenomegaly (indicated by arrow) in a patient with hemophagocytic 
lymphohistiocytosis. 

FIGURE 159-2. Howell-Jolly body in an erythrocyte. This is evidence of splenectomy 
or a nonfunctional spleen. 
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Most incidentally identified splenic masses in asymptomatic patients will 
prove to be benign. Follow-up imaging in short intervals (3 to 6 months) may 
establish a lesion to be unchanged and provide reassurance of its benign nature. 
Additional imaging modalities (e.g., MRI, PET/CT, and ultrasound) may be 
helpful in selecting appropriate patients for further investigation, including 
biopsy.

Biopsy
Because of the spleen’s location and propensity to bleed, needle aspiration or 
core biopsy of the spleen is performed only at centers skilled and experienced 
in the procedure. If an extensive evaluation has not provided a likely explana-
tion for splenomegaly and observation is judged to be imprudent, splenectomy 
may be performed laparoscopically or by laparotomy.11,12 Because of the risk 
of surgical complications and long-term susceptibility to infection in splenec-
tomized individuals, the relative risks and benefits of the procedure must be 
given serious consideration.13 Once splenectomy is a possibility, immunization 
should proceed promptly in an attempt to reduce long-term risks. Guidelines 
for vaccination before splenectomy and in asplenic individuals are presented 
in Table 159-6. Partial splenectomy is performed in some children with heredi-
tary spherocytosis, splenic tumors, or splenic trauma in an attempt to reduce 
the risk of sepsis long term.14

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

social, sexual, and family history all may contribute important clues to the 
cause. A complete review of systems is required. A review of old records includ-
ing imaging may provide evidence that splenomegaly is long-standing.

Physical Examination
Today, splenomegaly is commonly first detected incidentally on imaging per-
formed for what at first appears to be an unrelated issue such as diverticulitis 
or nephrolithiasis. The borderline or slightly enlarged spleen may be difficult 
to appreciate on examination. There are many approaches to palpating the 
spleen. Positioning the patient in the right lateral decubitus position with 
knees slight flexed is an approach favored by some. For most right-handed 
examiners, the patient should be relaxed and in the right lateral decubitus 
position. It is best to begin very low in the pelvis and work up to the left upper 
quadrant so as not to miss the edge of a massively enlarged spleen. Inspection 
and percussion combine with palpation to provide the best chance of identify-
ing the enlarged spleen. It is best to have the patient take deep breaths while 
checking for the tip of the spleen as it descends with deep inspiration. Sple-
nomegaly is typically recorded as the number of centimeters the spleen descends 
below the left costal margin in the midclavicular line on deep inspiration. The 
physical examination in the patient with splenomegaly should be meticulous, 
including attention to the presence of lymphadenopathy, jaundice, tonsillar 
enlargement, joint effusions or swelling, and hepatomegaly.

Laboratory Evaluation
Laboratory studies, especially the complete blood count and peripheral blood 
smear, are important tools in the investigation of the patient with splenomegaly. 
An enlarged spleen is frequently hyperfunctional (“hypersplenism”) seques-
tering red cells and platelets, leading to cytopenias. Leukopenia may also occur. 
In the presence of hypersplenism, the bone marrow is hypercellular, and there 
may be nucleated red cells and an increased number of reticulocytes in the 
peripheral blood. Examination of the peripheral smear (Chapter 148) in the 
patient with splenomegaly may show red cell abnormalities characteristic of 
chronic liver disease. As noted earlier, the presence of Howell-Jolly bodies in 
red cells is a marker of a hypofunctioning or absent spleen. The presence of 
abnormal lymphocytes (e.g., cells with projections as in hairy cell leukemia 
or with villous projections in splenic marginal zone lymphoma with villous 
lymphocytes) suggests the presence of a malignant leukemia or lymphoma. 
The presence of lymphoblasts points to acute lymphoblastic leukemia. Flow 
cytometric analysis is the appropriate next step in identifying the abnormal 
cell population in many cases. A bone marrow aspirate and biopsy with immu-
nohistochemistry, special stains, flow cytometric analysis, fluorescent in situ 
hybridization, cytogenetics, and additional molecular testing for particular 
mutations will be required to evaluate fully the patient with splenomegaly 
and a hematologic malignancy.

Elevated lactate dehydrogenase and uric acid levels are seen in lymphoid 
malignancies such as Burkitt lymphoma or other aggressive non-Hodgkin 
lymphomas, but also in myeloid malignancies. Examination of thick smears 
in patients suspected of malaria may show the offending parasite. Today, genetic 
testing may confirm the suspected diagnosis (e.g., in children and in adults 
with suspected hemophagocytic lymphohistiocytosis).

Imaging
Not all palpable spleens are abnormal, especially in very thin individuals. The 
least invasive and most inexpensive approach to imaging the spleen is ultra-
sound, an approach that allows for sequential and accurate measurements. By 
ultrasound criteria, a spleen that is 13 cm or greater in length and more than 
5 cm in “thickness” qualifies as enlarged. Today, splenomegaly is most often 
identified incidentally in the course of CT imaging for an often unrelated 
process (e.g., diverticulitis). Chest CT scans often capture the upper abdomen 
so that individuals scanned for chest pain or respiratory complaints may be 
found to have unrelated splenomegaly.

In comparison with ultrasound, CT scans generally focus on the entire 
abdomen, not just the spleen, and provide important information that often 
provides an explanation for the splenomegaly. CT scans also will show whether 
the spleen is diffusely enlarged or enlarged because of multiple nodules. 
Whereas fluorodeoxyglucose-PET does not distinguish among a variety of 
malignancies, infections, and other causes of splenomegaly, it is generally 
used later to evaluate patients with lymphoid malignancies to assess response 
and not in the diagnostic evaluation of the patient with splenomegaly. The 
technetium-labeled liver-spleen scan has been replaced by CT, although it 
does have the potential to identify patients with liver disease as the cause of  
splenomegaly.

TABLE 159-6 RECOMMENDATIONS FOR PNEUMOCOCCAL, 
MENINGOCOCCAL AND HAEMOPHILUS 
INFLUENZAE VACCINATION FOR ASPLENIC 
INDIVIDUALS

The following vaccines are used:
Meningococcus Quadrivalent meningococcal conjugate vaccine (Menveo 

or Menactra)
Meningococcal serogroup B vaccine (Trumenba or 

Bexsero)
Pneumococcus 23-valent pneumococcal vaccine (PPSV23, Pneumovax)

13-valent conjugate vaccine (PCV13, Prevnar)
Haemophilus influenzae H. influenza type b (Hib) conjugate vaccine
GENERAL GUIDELINES

•	 Adults	with	functional	asplenia	(e.g.,	those	with	sickle	cell	disease)	or	those	who	
require surgical splenectomy should be immunized with pneumococcal, 
meningococcal, and H. influenza vaccines.

•	 If	undergoing	elective	splenectomy,	meningococcal,	pneumococcal,	and	H. 
influenzae vaccines should be given at least 14 days before surgery. If not possible, 
they should be given after no less than 14 days after splenectomy.

•	 Some	recommend	that	the	same	vaccine	combination	be	given	again	8	weeks	after	
the initial doses.

•	 Multiple	vaccines	can	be	given	at	the	same	visit	but	injected	at	separate	sites.
•	 There	is	some	variation	in	the	specific	recommendations	listed	below	between	

guidelines from the United States Centers for Disease Control (CDC), the United 
States Advisory Committee on Immunization Practices, various institutions, and 
some European agencies.

MENINGOCOCCAL VACCINES

•	 Quadrivalent	meningococcal	conjugate	vaccines:	two	doses	of	Menveo	or	
Menactra, given 2 months apart plus

•	 Serogroup	B	meningococcal	vaccines:	either	Trumenba	(three	doses	at	0,	1-2,	and	
6 months apart) or Bexsero (two doses at least 1 month apart)

•	 Boost	every	5	years	with	Menveo	or Menactra
•	 The	two	serogroup	B	vaccines	are	not	interchangeable;	the	same	vaccine	product	

must be used for all doses in a series.
PNEUMOCOCCAL VACCINES

•	 For	before	splenectomy:	Pneumovax	and	Prevnar
•	 For	functional	asplenia:	Pneumovax	and	Prevnar	given	at	least	8	weeks	apart
•	 Revaccination:	At	least	5	years	after	most	recent	Pneumovax	dose	to	be	followed	

at least 8 weeks later by Prevnar
HAEMOPHILUS INFLUENZAE VACCINE

•	 Most	adults	are	not	at	risk	because	they	have	already	acquired	specific	antibodies	
against it through routine childhood vaccination or previous infection. However,

•	 One	dose	of	Hib	vaccine	can	be	given	before	splenectomy
•	 One	dose	of	Hib	vaccine	can	be	given	to	functionally	asplenic	individuals

https://expertconsult.inkling.com/
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How to Approach the Patient with Splenomegaly
Similar to the patient with lymphadenopathy, the child or adult with spleno-
megaly may come to medical attention in many different ways. Whereas sple-
nomegaly is often associated with lymphadenopathy, an enlarged spleen may 
be detected on physical examination or by imaging in the course of an evalu-
ation for an enlarged lymph node. Pain in the left upper quadrant sometimes 
radiating to the left shoulder may be the first indication of a splenic infarct 
and an enlarged spleen. Rarely, the catastrophic signs and symptoms of splenic 
rupture are the first indications of splenomegaly. Unexplained weight loss 
related to early satiety caused by compression of the stomach by the enlarged 
spleen or unexplained cytopenias caused by hypersplenism may be the first 
indication of splenomegaly.

Today, it is uncommon for splenomegaly to be detected first on physical 
examination given the obesity epidemic and the increasing reliance on testing 
rather than careful physical examination. In contrast to lymphadenopathy, an 
enlarged spleen discovered on physical examination is nearly always abnormal 
and requires explanation. Like lymphadenopathy, splenomegaly is often first 
detected on imaging studies performed for unrelated complaints. When bor-
derline in size, the significance of the incidentally noted spleen, like marginally 
enlarged lymph nodes, is unclear and requires follow-up.

A careful history should focus on excluding a systemic illness that could 
explain the splenomegaly. Prior history or symptoms of infection, autoimmune 
disorders, or neoplasia should be reviewed. If a likely cause, such as infectious 
mononucleosis, is identified and confirmed by testing, appropriate manage-
ment should follow. The associated splenomegaly should resolve over time. 
The patient without an obvious explanation for splenomegaly presents a dif-
ficult diagnostic challenge. Occult liver disease or an undiagnosed autoimmune 
process may emerge over time as an explanation for persistent splenomegaly 
in some of these patients. Although the otherwise asymptomatic patient may 
be monitored, the symptomatic patient requires a diagnosis so that appropriate 
treatment may be initiated. The presence of fevers, weight loss, and other 
symptoms requires persistence and consultation to exclude active infection 
or neoplasia. Bone marrow examination with culture and flow cytometric 
analysis may be helpful in identifying a cause in these patients. Splenectomy 
or biopsy of focal splenic lesions may be the only diagnostic option in patients 
with persistent symptoms or progressive cytopenias. Splenectomy may have 
unintended consequences in patients with occult liver disease and portal 
hypertension and should be avoided in that setting. In the asymptomatic 
patient, close observation is often preferable to splenectomy.
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are the number of organs involved (single system vs. multisystem disease) 
and the presence of disease in “risk organs” (defined as bone marrow, liver, 
or spleen). The Histiocyte Society identified three clinical groups using these 
characteristics for its international LCH-III trial (Table 160-2).

A late manifestation of LCH is neurodegeneration, which occurs in about 
10% of surviving patients. Manifestations include ataxia, dysarthria, and dys-
metria, along with neurocognitive decline and psychological difficulties. Mag-
netic resonance imaging (MRI) shows signal intensity changes in the cerebellar 
peduncles, basal ganglia, and pons. The clinical manifestations may wax and 
wane, but the disease is relentlessly progressive.

 DIAGNOSIS
Because the clinical manifestations of LCH are nonspecific, one must have a 
high index of suspicion for LCH in adult patients who present with a nonheal-
ing seborrheic rash or solitary osteolytic lesion.5 In patients with diabetes 
insipidus, characteristic infiltration of the pituitary stalk may be seen on MRI. 
Pulmonary LCH should be considered in young smokers with dyspnea or a 
nonproductive cough and whose plain chest radiograph shows diffuse bilateral 
reticulonodular disease in the middle and upper lung zones. Computed tomog-
raphy (CT) may show nodules or cysts.

Tissue analysis is mandatory. Histopathologic examination shows an infil-
trate of histiocytic cells with pale cytoplasm and a single kidney- or coffee 

160 
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The histiocytoses comprise a family of diseases characterized by an accumula-
tion of abnormal cells with features reminiscent of macrophages or dendritic 
cells. The term histiocyte refers to tissue macrophages, and although the cell of 
origin in some histiocytoses is indeed a macrophage, many of the other histio-
cytoses arise from nonmacrophage lineages or from hematopoietic stem cells.

The diagnostic category of histiocytosis embraces a large number of het-
erogeneous but distinct clinical entities. The widely divergent nature of these 
diseases has produced a confusing literature that may not help a medical pro-
vider confronted with a patient who has one of these diseases. For example, 
a long-standing categorical division between Langerhans cell histiocytosis 
(LCH) and non-Langerhans cell histiocytoses (non-LCHs) has been under-
mined by a new appreciation for the frequent co-occurrence of these diseases 
in a single patient. This and other considerations have led to an updated under-
standing of the histiocytoses. In particular, recent advances in molecular genetics 
provide the basis for a revised nosology that places the histiocytic diseases 
into five groups (Table 160-1)1:
•	 L	group.	These	diseases	include	LCH	and	Erdheim-Chester	disease	(ECD)	

because the occasional appearance of both diseases in the same patient 
suggests a common origin and because both diseases are characterized by 
somatic mutations in genes of the mitogen-activated protein kinase (MAPK) 
pathway. Indeterminate cell histiocytosis (ICH) is also placed in the L group 
because it shares some characteristics of LCH.

•	 C	group.	These	 are	non-LCHs	 that	 involve	 the	 skin	 and/or	mucosal	 sur-
faces. As in the L group, patients may present with mixtures of C group 
histiocytoses. They are subdivided into the xanthogranuloma (XG) and 
non-XG diseases. Some C group diseases may also have a major systemic  
component.

•	 M	 group.	These	 are	 the	malignant	 histiocytoses,	which	 include	 primary	
malignancies such as malignant histiocytosis (MH) and secondary malignant 

TABLE 160-1 CLASSIFICATION OF HISTIOCYTOSES AND 
MACROPHAGE/DENDRITIC CELL NEOPLASMS

L group Langerhans cell histiocytosis (LCH)
Indeterminate cell histiocytosis (ICH)
Erdheim-Chester	disease	(ECD)

C group Cutaneous non-LCH
Xanthogranuloma (XG) family

Juvenile xanthogranuloma ( JXG)
Adult xanthogranuloma (AXG)
Solitary reticulohistiocytoma (SRH)
Benign cephalic histiocytosis (BCH)
Generalized	disruptive	histiocytosis	(GEH)
Progressive nodular histiocytosis (PNH)
Xanthoma	disseminatum	(XD)

Non-xanthogranuloma (non-XG) family
Cutaneous	Rosai-Dorfman	disease	(RDD)
Necrobiotic xanthogranuloma (NXG)
Multicentric reticulohistiocytosis (MRH)

Cutaneous non-LCH histiocytosis with major systemic involvement
R group Familial	Rosai-Dorfman	Disease	(RDD),	also	known	as	sinus	

histiocytosis with massive lymphadenopathy (SHML)
Sporadic	RDD

Classical	RDD
Extranodal	RDD
RDD	with	neoplasia	or	immune	disease
Not otherwise classified

M group Primary malignant histiocytoses
Secondary malignant histiocytoses (associated with hematologic 

neoplasia)
Subtypes: histiocytic, interdigitating, Langerhans, indeterminate

H group Primary hemophagocytic lymphohistiocytosis (HLH)
Secondary HLH
HLH of unknown or uncertain origin

histiocytoses that occur in the setting of leukemias, lymphomas, or other 
hematologic neoplasms.

•	 R	group.	The	paradigmatic	member	of	this	group	is	Rosai-Dorfman	disease	
(RDD),	also	known	as	sinus	histiocytosis	with	massive	lymphadenopathy	
(SHML). However, the R group also includes all of the other miscellaneous 
noncutaneous, non-LCH histiocytoses.

•	 H	group.	This	group	contains	the	varieties	of	hemophagocytic	lymphohis-
tiocytosis (HLH) and macrophage activation syndromes (MASs).

 L GROUP
Langerhans Cell Histiocytosis

 EPIDEMIOLOGY
LCH occurs predominantly in children (median age, 3.8 years) but is also 
seen in adults.2 Its overall incidence is 2.6 cases per million child years for 
all children younger than 14 years of age but with a strong trend toward a 
higher incidence in younger children: 9.0 cases per million child years for 
infants less than 1 year old, and 0.7 cases per million child years for children 
10 to 14 years old. There is a slight excess of cases in male patients (1.2:1). 
The incidence of high-risk LCH (defined later) is lower in African Americans 
than it is in whites and higher in Hispanics than it is in non-Hispanics. The 
incidence in adults has been estimated at 1 to 2 cases per million. Pulmonary 
LCH, which occurs primarily in adults, is strongly associated with a smoking  
history.

 PATHOBIOLOGY
The cardinal feature of LCH is an accumulation of abnormal histiocytes having 
abundant pale cytoplasm and a single kidney- or coffee bean–shaped nucleus 
(Fig.	 160-1A).	 Pathologic	 LCH	 cells	 all	 express	 the	 surface	marker	CD1a	
(Fig.	160-1B),	and	most	also	express	CD207,	a	mannose-binding	lectin	also	
known as Langerin. A majority of cells contain intracellular organelles called 
Birbeck granules, which can be detected by electron microscopy and are likely 
composed	of	CD207	molecules.	LCH	 lesions	are	commonly	accompanied	
by a marked inflammatory infiltrate. The quality of the infiltrate may vary 
depending on the clinical subtype (e.g., abundant eosinophils in eosinophilic 
granuloma of bone) (see Clinical Manifestations).

LCH is a neoplastic disease: LCH cells are clonal, and most patients carry 
somatic activating mutations in genes that encode members of the MAPK 
pathway.3 Specifically, 50 to 60% have mutated BRAF (predominantly the 
mutation	that	encodes	the	oncogenic	variant	BRAF	V600E),	and	25	to	30%	
have activating mutations of MAP2K1. All cases show evidence for activation 
of	extracellular	signal-regulated	kinase	(ERK),	the	target	of	this	kinase	pathway,	
and the remaining 10 to 25% of cases without BRAF or MAP2K1 mutations 
have mutations in other genes that activate the pathway, including ARAF  
and RAS family members, or translocations resulting in fusion proteins that 
activate BRAF.4

Historically, LCH was acknowledged to be a disease of histiocytes, but 
because the origin was unknown, the disease was called histiocytosis X. The 
discovery	that	LCH	cells	express	CD1a	and	CD207	and	have	Birbeck	granules,	
all of which are characteristic of normal Langerhans cells, led to the suggestion 
that LCH cells are derived from Langerhans cells. However, the profile of 
genes expressed by LCH cells is closer to that of myeloid precursor cells than 
mature Langerhans cells. In addition, BRAF mutations occur in hematopoietic 
stem cells of patients whose LCH cells have BRAF mutations, a finding sug-
gesting that LCH is more properly viewed as a myeloid neoplasm in which 
myeloid precursors may partially differentiate in a direction that allows them 
to acquire attributes that are also characteristic of Langerhans cells.

 CLINICAL MANIFESTATIONS
LCH may occur at any age and involve any organ. However, the disease is 
more common in children, and the organs most frequently affected include 
the following:
•	 Bone	 (80%	 of	 cases).	 Skeletal	 lesions	may	 be	 asymptomatic	 or	may	 be	

associated with tenderness and swelling. The most common locations (in 
descending order of frequency) are skull, pelvis, femur, ribs, humerus, man-
dible, and spine. Radiographically these are punched-out lytic lesions without 
sclerosis (Fig. 160-1C). Resorption of alveolar bone can lead to the appear-
ance of so-called “floating teeth.”

•	 Skin	(33%	of	cases).	The	rash	may	be	intensely	petechial	and	include	scaly	
and	encrusted	papules	(Fig.	160-1D	and	E).	When	skin	involvement	is	the	
presenting manifestation, the LCH rash may be confused with seborrheic 
dermatitis and “cradle cap” in infants.
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ABSTRACT
The histiocytoses are characterized by the accumulation in various organs of 
abnormal cells having features reminiscent of macrophages or dendritic cells. 
These diseases are heterogeneous in their clinical behaviors and outcomes, 
but recent advances in molecular genetics have led to a new nosology that 
divides histiocytic diseases into five categories: L Group: Langerhans cell 
histiocytosis	(LCH),	Erdheim-Chester	disease	(ECD),	and	indeterminate	cell	
histiocytosis; C Group: non-LCH histiocytoses involving skin or mucosa and 
comprising both xanthogranuloma and non-xanthogranuloma subtypes; M 
Group: primary and secondary malignant histiocytoses; R Group: Rosai-
Dorfman	disease	and	other	noncutaneous,	non-LCH	histiocytoses;	H	Group:	
hemophagocytic lymphohistiocytosis (HLH) and macrophage activation 
syndrome (MAS). The discovery of constitutive activation of the mitogen-
activated protein kinase (MAPK) pathway, due largely to mutations in BRAF 
and MAP2K1,	 in	LCH	and	ECD	has	 led	 to	 case	 reports	 describing	major	
clinical	responses	to	BRAF	and	MEK1	inhibitors.	Targeted	therapies	based	
on gene mutations in other histiocytoses have also been effective. However, 
the role of these interventions in the standard treatment of these diseases 
awaits the results of ongoing clinical trials. In its familial form, HLH is associ-
ated with null germline mutations in genes encoding immune proteins such 
as perforin. Acquired HLH, triggered by malignancy, infection, or autoimmune 
disease, may be associated with hypomorphic alleles of these genes. Both 
forms are treated by immune suppression; hematopoietic stem cell transplan-
tation may also be considered.
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•	 Hypothalamus	 and	pituitary	 stalk	 (25%	of	 cases).	Pituitary	 involvement	
can lead to diabetes insipidus, which was initially observed to occur in 25 
to	50%	of	patients	with	LCH.	With	earlier	diagnosis	and	effective	chemo-
therapy, the incidence of diabetes insipidus has been reduced to 7 to 20%.

Involvement of the liver, spleen, bone marrow, or lungs occurs in 15% 
of cases; involvement of lymph nodes in 5 to 10%, and central nervous 
system (CNS; excluding pituitary) in 2 to 4%. Lung involvement is more 
frequent in adults than in children.
The clinical manifestations of LCH are extraordinarily diverse. However, 

some presentations are sufficiently stereotypic that they had been recognized 
as separate entities before the understanding that they are manifestations of 
the same disease. The eponyms for these entities are no longer in use but are 
listed here to aid in understanding older literature:
•	 Hand-Schüller-Christian	disease:	triad	of	exophthalmos,	diabetes	insipidus,	

and bone lesions (especially cranial) in children; 15 to 40% of LCH cases
•	 Letterer-Siwe	disease	(or	Abt-Letterer-Siwe	disease):	multisystem	disease	

involving skin, bone, lymph nodes, liver, and spleen in infants; poor prognosis
•	 Eosinophilic	granuloma:	bone	only,	often	solitary;	60	to	80%	of	LCH	cases
•	 Hashimoto-Pritzker	disease	(or	congenital	self-healing	reticulohistiocytosis):	

self-limited skin involvement in newborns
Contemporary classification of LCH is based on clinical attributes that 

correlate with risk and therefore guide therapy. The two dimensions of risk 

are the number of organs involved (single system vs. multisystem disease) 
and the presence of disease in “risk organs” (defined as bone marrow, liver, 
or spleen). The Histiocyte Society identified three clinical groups using these 
characteristics for its international LCH-III trial (Table 160-2).

A late manifestation of LCH is neurodegeneration, which occurs in about 
10% of surviving patients. Manifestations include ataxia, dysarthria, and dys-
metria, along with neurocognitive decline and psychological difficulties. Mag-
netic resonance imaging (MRI) shows signal intensity changes in the cerebellar 
peduncles, basal ganglia, and pons. The clinical manifestations may wax and 
wane, but the disease is relentlessly progressive.

 DIAGNOSIS
Because the clinical manifestations of LCH are nonspecific, one must have a 
high index of suspicion for LCH in adult patients who present with a nonheal-
ing seborrheic rash or solitary osteolytic lesion.5 In patients with diabetes 
insipidus, characteristic infiltration of the pituitary stalk may be seen on MRI. 
Pulmonary LCH should be considered in young smokers with dyspnea or a 
nonproductive cough and whose plain chest radiograph shows diffuse bilateral 
reticulonodular disease in the middle and upper lung zones. Computed tomog-
raphy (CT) may show nodules or cysts.

Tissue analysis is mandatory. Histopathologic examination shows an infil-
trate of histiocytic cells with pale cytoplasm and a single kidney- or coffee 
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FIGURE 160-1. Histologic, radiographic, and cutaneous features of Langerhans cell histiocytosis (LCH) and Erdheim-Chester disease (ECD). A, Hematoxylin and eosin stain of an 
LcH bone lesion demonstrating the characteristic kidney- or coffee bean–shaped nuclei and abundant pink cytoplasm of LcH histiocytes (1000× magnification). B, cD1a immunostain 
of an LcH skin lesion showing uniformly positively staining LcH histiocytes infiltrating the upper dermis and focally involving the epidermis (200× magnification). C, Radiographic image 
showing lytic skull bone lesions in LcH. D, cutaneous lesions in a child with multisystem LcH. E, intertriginous lesion in an adult with cutaneous LcH. F, Periorbital xanthelasma in a 
patient with ecD. G, Fluorine-18–radiolabeled fluorodeoxyglucose positron emission tomographic (Pet) scan of a patient with ecD showing bilateral and symmetrical abnormal signals 
in femora, tibiae, and humeri. (A and B, From Degar, BA, Fleming, MD, Rollins, BJ, Rodriguez-Galindo c. Histiocytoses. in: orkin sH, Fisher, De, Ginsburg D, et al. eds. Nathan and Oski’s 
Hematology and Oncology of Infancy and Childhood, 8th ed. Philadelphia: elsevier saunders; 2015:2104; C to G, From emile J-F, Abla o, Fraitag s, et al. Revised classification of histiocy-
toses and neoplasms of the macrophage-dendritic cell lineages. Blood. 2016;127:2672-2781.)
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 C GROUP
Cutaneous and Mucosal non-LCH Histiocytoses
These non-LCH histiocytoses are divided into those that are predominantly 
cutaneous	versus	those	that	have	a	significant	systemic	component.	Each	group	
is further divided into the xanthogranuloma (XG) and non-XG categories.

XG Family

 EPIDEMIOLOGY
This group comprises several diseases that are distinguished primarily on the 
basis of clinical presentation: patient age, anatomic site of involvement, and 
whether lesions are solitary, multiple, or disseminated. Juvenile XG ( JXG) is 
the most commonly occurring non-LCH histiocytosis. Although its published 
prevalence is 0.5% of pediatric tumors, the benign nature of JXG likely leads 
to underreporting. Forty to 70% of cases occur in the first year of life, and 
JXG may be appear in neonates. A slight excess of cases in female patients has 
been observed (1.4:1).

 PATHOBIOLOGY
Lesions contain a dermal infiltrate that includes histiocytes, occasional mul-
tinucleated giant cells which may have the features of Touton cells, and non-
specific inflammatory cells. Regressing lesions show replacement by fibrous 
tissue.	Histiocytes	stain	for	CD68,	CD14,	CD163,	 factor	XIIIa,	and	fascin;	
S100	staining	may	be	absent	or	variable,	and	the	cells	do	not	stain	for	CD1a	
or	CD207.

 CLINICAL MANIFESTATIONS
JXG is a benign disease in which a variable number of small (<2.0-cm) yellow-
red skin nodules appear most commonly on the head, neck, or upper trunk, 
although they may occur anywhere. About 70% of lesions are solitary. Systemic 
disease occurs rarely and may involve liver, lung, spleen, lymph nodes, bone, 
and gastrointestinal tract.11 Both cutaneous and systemic lesions generally 
resolve spontaneously within a few months or years, with no clinically signifi-
cant sequelae. Some cases of disseminated JXG in newborns or JXG producing 
symptoms may require treatment.

Xanthoma	disseminatum	(XD)	is	also	in	the	XG	family	and	manifests	as	
a cutaneous eruption of brown papules or nodules on flexor and periorbital 
areas. It involves mucosal surfaces and has a significant visceral component. 
XD	primarily	affects	young	adult	men	and	has	a	chronic	clinical	course	that	
may include diabetes insipidus.

 DIAGNOSIS
The clinical appearance of cutaneous XG may be sufficiently characteristic 
that a diagnosis can be made by observation alone. Biopsy and immune stain-
ing	may	 be	 required	 for	 ambiguous	 cases.	 XG	 histiocytes	 stain	 for	CD68,	
CD163,	 factor	 XIIIa,	 and	 fascin	 and	 do	 not	 stain	 for	CD1a,	CD207,	 and,	
generally,	 S100.	Differential	 diagnosis	 includes	 the	 following:	LCH,	which	
can be distinguished by immune staining; papular xanthoma, the lesions of 
which contain more foam cells and fewer giant cells than XG; eruptive xan-
thoma, generally in hypertriglyceridemic adults; Spitz nevi; mastocytoma; 
and dermatofibroma.

 DIAGNOSIS
Diagnosis	must	be	made	by	histologic	examination	of	involved	sites,	preferably	
osteosclerotic bone. Because genetic analysis for mutations in MAPK pathway 
genes may inform clinical care, and because decalcification for histologic 
examination may preclude such analysis, sufficient material must be collected 
and processed separately for both histologic and genetic testing. Absence of 
CD1a	or	CD207	staining	will	distinguish	ECD	from	LCH.	However,	as	noted	
earlier,	20%	of	patients	with	ECD	have	concurrent	LCH.	Clinical	manifesta-
tions	of	ECD	may	be	confused	with	those	of	Paget	disease	or	POEMS	(poly-
neuropathy, organomegaly, endocrinopathy, myeloma protein, and skin changes) 
syndrome (Chapter 178), but the histopathologic picture of these disorders 
is distinct. Juvenile xanthogranuloma ( JXG) is a histiocytic disease of the C 
group (see later), and its histopathologic features are very similar to those of 
ECD.	However,	JXG	typically	occurs	in	young	children	and	only	rarely	involves	
extracutaneous sites. However, when JXG is disseminated, lesional cells may 
harbor activating mutations in genes of the MAPK pathway, which is remi-
niscent	of	ECD	and	places	this	form	of	JXG	in	the	L	group.

When	the	tissue	diagnosis	of	ECD	is	confirmed,	the	extent	of	disease	should	
be determined. A full endocrine evaluation should be performed to assess 
pituitary involvement, and imaging studies should include long bones, skull, 
and pelvis, as well as CT or MRI evaluation of the brain, full length of the 
aorta, and retroperitoneum. Fluorine-18–radiolabeled fluorodeoxyglucose 
uptake demonstrated by positron emission tomography has been reported to 
provide high specificity in the setting of osteosclerosis (Fig. 160-1G). The 
presence of conduction abnormalities should be evaluated by electrocardiog-
raphy. Macrophage-like cells that stain for S100 and show emperipolesis may 
be	seen	histologically	and	could	suggest	a	diagnosis	of	Rosai-Dorfman	disease	
(RDD),	but	 the	clinical	presentation	of	ECD	is	distinct	 from	that	of	RDD	
(see later).

TREATMENT 

 PROGNOSIS
The	1-	and	5-year	overall	survival	rates	of	patients	with	ECD	who	were	treated	
with IFN alfa are 96 and 68%, respectively, versus 86 and 17% in control 
patients in this small study. The impact of therapy targeted against BRAF 
V600E	or	MEK1	on	survival	is	currently	unknown.

Indeterminate Cell Histiocytosis
ICH is an exceedingly rare disease that may manifest as a cutaneous eruption 
mimicking LCH, although some cases may involve lymph nodes only. It occurs 
in adults and may predominantly affect women, although no rigorous epide-
miologic analyses have been performed. Histologic analysis of lesions shows 
a	nonepidermotropic	infiltration	of	histiocytes	that	may	stain	for	CD1a,	similar	
to	LCH.	In	contrast	to	LCH,	however,	lesional	cells	do	not	express	CD207.	
One	report	describes	a	case	with	a	somatic	mutation	encoding	BRAF	V600E	
that may support the notion that ICH is related to LCH. However, another 
report collected four cases, three of which showed the same ETV3-NCOA2 
gene fusion.10 Although the pathogenic relevance of this translocation is 
unknown, its recurrent appearance in ICH and its absence from LCH indicate 
that these are distinct entities.

TREATMENT 

 PROGNOSIS
Cutaneous and visceral XG lesions spontaneously resolve, and the overall 
prognosis is excellent. Treatment outcomes for symptomatic visceral lesions 
are also good. Fatalities may occur rarely in infants with extensive hepatic 
involvement or CNS disease.

 PROGNOSIS
Outcomes	in	single-system	and	low-risk	disease	are	quite	good.	Overall	survival	
for single system disease is more than 99%, with a relapse rate of 18%. In the 
LCH-III trial, 5-year overall survival in low-risk multisystem disease was 99% 
despite a 40 to 50% cumulative rate of relapse. Nonetheless, morbidities asso-
ciated with the initial site of disease, especially orthopedic problems, may be 
long-standing and significant. Patients with multisystem high-risk disease had 
an 84% 5-year overall survival with a 27% relapse rate in LCH-III. Failure to 
respond to initial therapy carries a dismal prognosis: children younger than 
2 years of age with risk organ involvement who do not respond to initial 
therapy have a 3-year survival of only 17%. Neurodegeneration may appear 
in	up	to	10%	of	patients	several	years	after	otherwise	successful	treatment	and	
in the absence of active histiocytic disease.

Erdheim-Chester Disease
 EPIDEMIOLOGY

ECD	 is	 extremely	 rare.	Fewer	 than	1000	cases	have	been	 reported,	 and	 its	
precise	 incidence	 and	 prevalence	 are	 unknown.	 In	 contrast	 to	 LCH,	ECD	
occurs primarily in adults between 40 and 70 years of age (mean age at diag-
nosis of 53 years),7 although it may occur in children and infants. Male patients 
outnumber female patients by a ratio of nearly 3:1.

 PATHOBIOLOGY
Histopathologic examination of lesions shows infiltration by foamy mono-
nuclear	histiocytes	often	accompanied	by	fibrosis	and	inflammation	involving	
lymphocytes,	neutrophils,	or	plasma	cells.	Occasional	multinucleated	giant	
cells	may	be	observed.	Because	the	histiocytes	stain	for	CD68	and	CD163,	
and	not	for	CD1a,	ECD	histiocytes	are	thought	to	derive	from	the	monocyte-
macrophage	 lineage.	 Although	 these	 characteristics	 distinguish	 ECD	 from	
LCH,	20%	of	patients	with	ECD	have	concurrent	LCH	lesions.

As	in	LCH,	about	50%	of	patients	with	ECD	have	somatic	mutations	encod-
ing	BRAF	V600E.	Essentially	all	remaining	patients	also	have	genetic	variants	
that activate the MAPK pathway, including mutations in MAP2K1, ARAF, 
KRAS, and NRAS, as well as gene fusions that activate BRAF, ALK, and NTRK.8 
Mutations in PIK3CA have been observed and may co-occur with BRAF 
mutations.

 CLINICAL MANIFESTATIONS
Histiocytic infiltration of bone occurs in nearly all patients, manifesting as 
symmetrical cortical sclerosis of diaphyseal and metaphyseal areas of long 
bones,	often	in	the	lower	extremities	(Fig.	160-1G).	Patients	may	complain	
of mild juxta-articular pain but may also be asymptomatic in the presence of 
radiographic	disease.	Osteosclerosis	of	facial	bones	or	other	bones	of	the	skull	
may also occur. CT or MRI may be necessary to detect lesions not seen on 
plain radiographs.

Cardiovascular involvement by fibrosis occurs in the majority of patients 
and may manifest as valvular abnormalities, conduction defects, or periaortic 
coating.9	This	is	one	of	the	main	causes	of	morbidity	and	mortality	in	ECD.	
Similar fibrosis may occur in the retroperitoneum, encircling the kidneys and 
leading to a progressive obstructive nephropathy. About 50% of patients with 
ECD	have	pulmonary	disease	involving	the	pleura,	parenchyma,	or	both.	About	
40% of patients have CNS disease, including pituitary involvement leading 
to diabetes insipidus, as in LCH, and mass lesions in various parts of the brain. 
CNS involvement portends a worse outcome. Cognitive impairment and 
behavioral changes may also occur in the absence of MRI-documented infil-
tration or masses, although they may be associated with gray matter volume 
loss. Cutaneous disease occurs in about 25% of patients and usually manifests 
as xanthelasma, most frequently involving the eyelids (Fig. 160-1F).

TABLE 160-2 CLINICAL CLASSIFICATION OF LANGERHANS 
CELL HISTIOCYTOSIS*

CLINICAL GROUP INVOLVED SYSTEM INVOLVED ORGANS
1 Multisystem Any risk organ†

2 Multisystem ≥2 organs not including risk 
organs

3 Single system
•	 Multifocal‡ or special site§

≥2 lesions in one organ or 
in a special site§

— Single system
•	 Unifocal	or	localized

1 lesion in 1 organ

*Developed	for	the	Langerhans	Cell	Histiocytosis-III	(LCH-III)	trial. A1 

†Risk organs: bone marrow, liver, or spleen. (Lung is no longer classified as a risk organ.)
‡Multiple sites of involvement in a single organ system.
§Special	sites	confer	increased	risk	of	specific	complications	and	include	intracranial	soft	tissue	
extension	or	vertebral	lesions	with	intraspinal	soft	tissue	extension.

Treatment strategies for LCH are evolving rapidly based on new molecular 
characterization of the disease, but historically, therapy and its intensity have 
been matched to risk stratification. For example, patients with single-system 
disease without organ dysfunction have an excellent prognosis and can be 
treated with local therapy (e.g., surgical curettage or radiation) or simply moni-
tored and treated when symptomatic. More extensive disease requires systemic 
therapy, which has been refined through a series of international trials. The 
first such trial, LCH-I, tested the efficacy of adding etoposide to the historical 
standard of care, which was vinblastine and prednisone. Patients with multisystem 
LCH were randomized to receive weekly vinblastine or etoposide every 3 weeks 
for 24 weeks. Overall survival was excellent at 80%, and there were no differ-
ences between treatment arms of the trial.

LCH-II tested the effects of early intensification by randomizing patients with 
multisystem LCH to receive the following: vinblastine and prednisone, followed 
by continuation therapy with 6-mercaptopurine and pulses of vinblastine/
prednisone for 24 weeks; or addition of etoposide to the induction therapy. 
Survival and relapse rates were the same in both arms. However, the subset of 
patients with risk organ involvement (see Table 160-2) had better survival with 
the addition of etoposide.

LCH-III carefully stratified patients by risk and asked whether the addition 
of methotrexate would further improve outcomes in patients with risk organ 
involvement. In addition, because an earlier nonrandomized trial (DAL-HX83) 
suggested that prolonged treatment could be beneficial, LCH-III also tested in 
a randomized fashion whether prolonging treatment in patients with multisystem 
disease would reduce the risk of relapse. A1  Although the addition of methotrex-
ate had no effect on outcomes, prolonging therapy in patients with multisystem 
disease decreased the risk of relapse from 54 to 37%. Thus current standard of 
care for multisystem disease is vinblastine and prednisone induction followed 
by 12 months of continued therapy.

Various approaches are available for relapsed or recurrent LCH, referred to 
historically as “reactivation,” which occurs in 20 to 50% of patients. These patients 
can be placed into low-risk and high-risk categories. Low-risk patients are those 
who initially had low-risk multisystem LCH (i.e., no risk organ involvement or 
multifocal bone disease). Responses to a variety of second-line therapies have 
been documented, including 6-mercaptopurine and methotrexate, indomethacin, 
bisphosphonates, and nucleoside analogues such as cladribine, cytarabine, 
and clofarabine. High-risk patients are those who had risk organ involvement 
at presentation or showed a poor response to first-line treatment. Cladribine 
and high-dose cytarabine may be effective in this setting, as is hematopoietic 
stem cell transplantation, but mortality is still significant.

The discovery of activating mutations in genes encoding MAPK pathway 
components has led to the use of rapidly advancing fibrosarcoma (RAF) and 
MAP kinase/ERK kinase 1 (MEK1) inhibitors primarily in the relapsed setting. 
Most reports describe small series of treated patients, although one so-called 
basket trial using the RAF inhibitor vemurafenib in all patients with BRAF V600E 
included a small number of patients with LCH.6 In general, patients carrying 
sensitive mutations in BRAF or MAP2K1, including heavily pretreated patients, 

TREATMENT 

bean–shaped nucleus accompanied by varying numbers and types of inflam-
matory	cells	(see	Fig.	160-1A).	Eosinophils	may	be	abundant.	Definitive	diag-
nosis	requires	a	demonstration	that	the	histiocytes	stain	for	CD1a	(see	Fig.	
160-1B).	Positive	staining	for	CD207	may	further	support	the	diagnosis	of	
LCH.	Electron	microscopic	examination	for	Birbeck	granules	has	been	sup-
planted	by	CD207	staining.

show remarkable responses to inhibitors of RAF, such as vemurafenib and dab-
rafenib, or MEK1, such as trametinib or cobimetinib. Optimal dosing has not 
yet been explored in a clinical trial, and treatment has generally been devised 
based on efficacy in other diseases. Most reports indicate that patients continue 
to respond to these inhibitors for as long as they are treated and have relapses 
when treatment is discontinued. Therefore, despite the remarkable efficacy of 
these agents, the roles that these inhibitors may play in curative or first-line 
treatment of LCH are currently unclear.

For adults with pulmonary LCH, smoking cessation is usually sufficient treat-
ment. If not, these patients may be treated with corticosteroids. Patients with 
refractory cases may require lung transplantation.
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 C GROUP
Cutaneous and Mucosal non-LCH Histiocytoses
These non-LCH histiocytoses are divided into those that are predominantly 
cutaneous	versus	those	that	have	a	significant	systemic	component.	Each	group	
is further divided into the xanthogranuloma (XG) and non-XG categories.

XG Family

 EPIDEMIOLOGY
This group comprises several diseases that are distinguished primarily on the 
basis of clinical presentation: patient age, anatomic site of involvement, and 
whether lesions are solitary, multiple, or disseminated. Juvenile XG ( JXG) is 
the most commonly occurring non-LCH histiocytosis. Although its published 
prevalence is 0.5% of pediatric tumors, the benign nature of JXG likely leads 
to underreporting. Forty to 70% of cases occur in the first year of life, and 
JXG may be appear in neonates. A slight excess of cases in female patients has 
been observed (1.4:1).

 PATHOBIOLOGY
Lesions contain a dermal infiltrate that includes histiocytes, occasional mul-
tinucleated giant cells which may have the features of Touton cells, and non-
specific inflammatory cells. Regressing lesions show replacement by fibrous 
tissue.	Histiocytes	stain	for	CD68,	CD14,	CD163,	 factor	XIIIa,	and	fascin;	
S100	staining	may	be	absent	or	variable,	and	the	cells	do	not	stain	for	CD1a	
or	CD207.

 CLINICAL MANIFESTATIONS
JXG is a benign disease in which a variable number of small (<2.0-cm) yellow-
red skin nodules appear most commonly on the head, neck, or upper trunk, 
although they may occur anywhere. About 70% of lesions are solitary. Systemic 
disease occurs rarely and may involve liver, lung, spleen, lymph nodes, bone, 
and gastrointestinal tract.11 Both cutaneous and systemic lesions generally 
resolve spontaneously within a few months or years, with no clinically signifi-
cant sequelae. Some cases of disseminated JXG in newborns or JXG producing 
symptoms may require treatment.

Xanthoma	disseminatum	(XD)	is	also	in	the	XG	family	and	manifests	as	
a cutaneous eruption of brown papules or nodules on flexor and periorbital 
areas. It involves mucosal surfaces and has a significant visceral component. 
XD	primarily	affects	young	adult	men	and	has	a	chronic	clinical	course	that	
may include diabetes insipidus.

 DIAGNOSIS
The clinical appearance of cutaneous XG may be sufficiently characteristic 
that a diagnosis can be made by observation alone. Biopsy and immune stain-
ing	may	 be	 required	 for	 ambiguous	 cases.	 XG	 histiocytes	 stain	 for	CD68,	
CD163,	 factor	 XIIIa,	 and	 fascin	 and	 do	 not	 stain	 for	CD1a,	CD207,	 and,	
generally,	 S100.	Differential	 diagnosis	 includes	 the	 following:	LCH,	which	
can be distinguished by immune staining; papular xanthoma, the lesions of 
which contain more foam cells and fewer giant cells than XG; eruptive xan-
thoma, generally in hypertriglyceridemic adults; Spitz nevi; mastocytoma; 
and dermatofibroma.

 DIAGNOSIS
Diagnosis	must	be	made	by	histologic	examination	of	involved	sites,	preferably	
osteosclerotic bone. Because genetic analysis for mutations in MAPK pathway 
genes may inform clinical care, and because decalcification for histologic 
examination may preclude such analysis, sufficient material must be collected 
and processed separately for both histologic and genetic testing. Absence of 
CD1a	or	CD207	staining	will	distinguish	ECD	from	LCH.	However,	as	noted	
earlier,	20%	of	patients	with	ECD	have	concurrent	LCH.	Clinical	manifesta-
tions	of	ECD	may	be	confused	with	those	of	Paget	disease	or	POEMS	(poly-
neuropathy, organomegaly, endocrinopathy, myeloma protein, and skin changes) 
syndrome (Chapter 178), but the histopathologic picture of these disorders 
is distinct. Juvenile xanthogranuloma ( JXG) is a histiocytic disease of the C 
group (see later), and its histopathologic features are very similar to those of 
ECD.	However,	JXG	typically	occurs	in	young	children	and	only	rarely	involves	
extracutaneous sites. However, when JXG is disseminated, lesional cells may 
harbor activating mutations in genes of the MAPK pathway, which is remi-
niscent	of	ECD	and	places	this	form	of	JXG	in	the	L	group.

When	the	tissue	diagnosis	of	ECD	is	confirmed,	the	extent	of	disease	should	
be determined. A full endocrine evaluation should be performed to assess 
pituitary involvement, and imaging studies should include long bones, skull, 
and pelvis, as well as CT or MRI evaluation of the brain, full length of the 
aorta, and retroperitoneum. Fluorine-18–radiolabeled fluorodeoxyglucose 
uptake demonstrated by positron emission tomography has been reported to 
provide high specificity in the setting of osteosclerosis (Fig. 160-1G). The 
presence of conduction abnormalities should be evaluated by electrocardiog-
raphy. Macrophage-like cells that stain for S100 and show emperipolesis may 
be	seen	histologically	and	could	suggest	a	diagnosis	of	Rosai-Dorfman	disease	
(RDD),	but	 the	clinical	presentation	of	ECD	is	distinct	 from	that	of	RDD	
(see later).

Because most cases of ECD are indolent, asymptomatic patients who have 
no CNS disease may be followed without treatment. If patients have CNS disease 
or develop systemic symptoms, treatment with interferon (IFN) alfa (conventional 
or pegylated) is recommended because of the suggestion of a survival benefit 
in a retrospective analysis. For patients in whom IFN treatment fails and are 
symptomatic, cladribine or cyclophosphamide may produce responses. Glu-
cocorticoids and interleukin-1 receptor (IL-1R) antagonists may also have activity. 
Radiotherapy may provide relief of local symptoms.

The nearly universal presence of mutations in genes encoding components 
of the MAPK pathway suggests that therapies targeted against some of these 
activated variants could be effective. A basket trial of the RAF inhibitor vemu-
rafenib in patients with a variety of diseases carrying a somatic mutation encod-
ing BRAF V600E included several cases of ECD and LCH. Prolonged responses 
were seen in six of 18 patients. There are also reports of responses to the MEK1 
inhibitors trametinib and cobimetinib.

TREATMENT 

 PROGNOSIS
The	1-	and	5-year	overall	survival	rates	of	patients	with	ECD	who	were	treated	
with IFN alfa are 96 and 68%, respectively, versus 86 and 17% in control 
patients in this small study. The impact of therapy targeted against BRAF 
V600E	or	MEK1	on	survival	is	currently	unknown.

Indeterminate Cell Histiocytosis
ICH is an exceedingly rare disease that may manifest as a cutaneous eruption 
mimicking LCH, although some cases may involve lymph nodes only. It occurs 
in adults and may predominantly affect women, although no rigorous epide-
miologic analyses have been performed. Histologic analysis of lesions shows 
a	nonepidermotropic	infiltration	of	histiocytes	that	may	stain	for	CD1a,	similar	
to	LCH.	In	contrast	to	LCH,	however,	lesional	cells	do	not	express	CD207.	
One	report	describes	a	case	with	a	somatic	mutation	encoding	BRAF	V600E	
that may support the notion that ICH is related to LCH. However, another 
report collected four cases, three of which showed the same ETV3-NCOA2 
gene fusion.10 Although the pathogenic relevance of this translocation is 
unknown, its recurrent appearance in ICH and its absence from LCH indicate 
that these are distinct entities.

Patients with cutaneous JXG may be observed without treatment. Patients 
with ocular involvement by JXG or XD should be referred to an ophthalmologist 
for evaluation. Symptomatic visceral involvement may be treated, if necessary, 
with surgical excision, radiation therapy, or chemotherapy. Chemotherapeutic 
regimens used for LCH may be effective in this setting.

TREATMENT 

 PROGNOSIS
Cutaneous and visceral XG lesions spontaneously resolve, and the overall 
prognosis is excellent. Treatment outcomes for symptomatic visceral lesions 
are also good. Fatalities may occur rarely in infants with extensive hepatic 
involvement or CNS disease.
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JXG may occur in association with neurofibromatosis type 1, although the 
relationship between genetic abnormalities in NF1 and JXG is unknown. 
Mutations involving NRAS, KRAS, ARAF, MAP2K1, and MAPK1 have been 
reported,	as	well	as	an	activating	RNF11/BRAF	fusion,	but	no	BRAF muta-
tions. Mutations in P/K3CD have also been reported. To date, MAPK pathway 
mutations have been reported only in disseminated cases and not in cutaneous 
cases. Because of the phenotypic similarities between disseminated JXG and 
ECD,	 and	 because	 of	 the	 presence	 of	mutations	 in	MAPK	 genes	 in	 both,	
disseminated JXG has been classified in the L group. Cutaneous JXG remains 
in the C group.
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myelodysplastic syndrome, chronic myelomonocytic leukemia, follicular lym-
phoma, mediastinal germ cell tumors, and LCH.

 PATHOBIOLOGY
MH cells are anaplastic and have frequent mitotic figures and atypical mitoses. 
Cells do not stain for epithelial markers such as keratins and epithelial membrane 
antigen	(EMA),	melanoma	antigens	 such	as	melan-A	and	HMB45,	B-	and	
T-lymphocyte markers, and follicular dendritic cell markers. MH cells must 
express	at	least	two	of	the	histiocytic	or	dendritic	cell	markers	CD68,	CD163,	
CD4,	or	lysozyme	and	not	express	other	histiocytosis	markers	such	as	S100,	
CD1a,	or	CD207.	MH	may	manifest	with	various	cellular	phenotypes	that	
are reminiscent of specific histiocytic cell types, and some pathologists have 
classified these as histiocytic, interdigitating dendritic cell, Langerhans cell, or 
indeterminate cell sarcomas. Recent recommendations suggest that the term 
malignant histiocytosis should be applied to the entire family of diseases and 
that the cellular phenotypes should be considered subtypes. In secondary MH, 
clonal immunoglobulin rearrangements, translocations, or somatic mutations 
may appear both in the MH cells and the cells of the underlying malignancy, 
a finding suggesting an evolutionary relationship between the two diseases.

 CLINICAL MANIFESTATIONS
Patients may present with symptomatic mass lesions that can be accompanied 
by fever and weight loss. However, some lesions may be discovered incidentally 
through	imaging	studies.	Disease	may	be	unifocal	or	multifocal	and	can	involve	
any organ, but MH most commonly manifests in the intestinal tract, skin, or 
soft	tissue.	MH	tumors	generally	progress	rapidly.

 DIAGNOSIS
Diagnosis	depends	on	the	presence	of	the	histopathologic	features	described	
earlier.	Other	 histiocytic	 or	 dendritic	 cell	 disorders	 such	 as	LCH	or	HLH	
must be excluded. MH must be distinguished from myeloid sarcomas, which 
are	soft	tissue	collections	of	myeloid	leukemia	cells	that	are	identical	to	leu-
kemia cells in the circulation or bone marrow. Most challenging may be dis-
tinguishing the anaplastic cells of MH from other aggressive malignancies 
such as diffuse large cell lymphoma, metastatic melanoma, and some metastatic 
carcinomas, but immunohistochemical staining patterns are useful to rule out 
these disorders.

outside the pediatric population, the incidence of HLH in adults is impossible 
to estimate because it has been recognized as a syndrome occurring in adults 
only	for	the	last	15	to	20	years.	With	increased	recognition	of	the	syndrome,	
it has become apparent that it is less rare than was previously appreciated. 
HLH	appears	to	be	more	common	in	China	and	Japan	than	it	is	in	the	West.

 PATHOBIOLOGY
HLH reflects an uncontrolled immune activation resulting from a failure of 
cytotoxic	T-cell	and	NK	cell	cytotoxicity.	On	recognition	of	antigen,	 these	
effector cells release perforin-containing cytolytic granules that contribute to 
lysis	 of	 the	 antigen-expressing	 target	 cell.	Under	 normal	 conditions,	 target	
cell elimination limits antigen exposure, leading to downregulation of the 
immune response, termed activation-induced cell death. In f HLH, however, 
homozygous null mutations in one of a series of genes involved in the synthesis, 
trafficking, and function of cytotoxic granules from cytotoxic immune cells, 
including PRF1, UNC13D, STX11, STXBP2, RAB27A, LYST, and AP3B, leads 
to inability to clear antigenic stimuli, thus causing a persistent and amplified 
immune response. The persistently activated cytotoxic T cells and NK cells 
release high levels of inflammatory cytokines, leading to macrophage activa-
tion, hemophagocytosis, and other manifestations of “cytokine storm.” The 
inciting stimulus to the presentation of f HLH is usually an infection, most 
frequently	with	Epstein-Barr	virus	(EBV).	In	children,	although	the	majority	
of HLH is familial, secondary HLH may occur as a result of infection or 
autoimmune disease. In the setting of autoimmune disease, it is termed mac-
rophage activation syndrome (MAS).

HLH was nearly unrecognized as a disease that occurred in adults until 
the last 15 to 20 years. Since then it has become clear that, although rare, it is 
being increasingly diagnosed worldwide. It is not clear whether the increasing 
recognition of adult HLH reflects a higher incidence or greater ascertainment.

Most, if not all, adults with HLH are thought to have “secondary” or 
“acquired” HLH. The triggers of adult HLH include malignancy, infection, 
and systemic autoimmune disease. Although extremely rare as a trigger in 
children, malignancy (especially lymphoma) is the trigger for HLH in more 
than one half of adult patients. The mechanism of acquired HLH is much less 
well understood, although the pattern of immune hyperactivity and cytokine 
excess is similar.

With	 the	 increasing	 recognition	 of	HLH	 in	 adults,	 significant	 attention	
has focused on polymorphisms and potential heterozygous mutations in the 
f HLH genes that may predispose patients to acquire HLH in the presence 
of other triggers. In the original study examining the presence of genetic 
mutations in f HLH genes in samples from adults suspected of having HLH, 
about 15% were found to have presumed hypomorphic alleles in the f HLH 
genes. The most common mutation is in the perforin gene (A92V), and it is 
a polymorphism present in 5 to 8% of the general population. The effect of 
these mutations is unclear, although modeling suggests they may reduce the 
function of their cognate proteins, and some individuals have had detectable 
subtle abnormalities in NK cell function. These mutations likely represent 
predisposing factors that are part of the pathogenesis of the disease in the 
setting of other triggers; however, the frequency of some of the mutations 
and their presence in asymptomatic family members suggest that they are 
not a driver of the disease.

 CLINICAL MANIFESTATIONS
f HLH typically manifests in the first year of life, nearly always in the setting of 
infection,	most	commonly	with	EBV.	Children	usually	have	prominent	CNS	
symptoms, whereas this is much less frequent in adults. Adults may present 
with f HLH at any age. Patients frequently present with a fulminant picture 
of	fever,	cytopenias,	and	multiorgan	failure,	and	they	are	often	suspected	of	
having septic shock. Because the inciting event in HLH is most commonly 
an infection, treatment of the infection may improve the patient’s clinical 
status. However, recrudescence of symptoms is common because once HLH 
is triggered it is usually not self-limited without directed intervention. As 
delineated later in the diagnostic criteria for HLH, fever and cytopenias are 
often	accompanied	by	splenomegaly,	coagulopathy,	dyslipidemia,	liver	function	
abnormalities, and elevated serum ferritin. Bone marrow aspiration frequently, 
although not always, demonstrates hemophagocytosis. Many of the clinical 
features of HLH are nonspecific, and diagnosis may be delayed. As discussed 
in the next section, the diagnosis, especially in adults, may be challenging.

 DIAGNOSIS
The diagnostic criteria for HLH are outlined in Table 160-3. These criteria 
are based on pediatric HLH, but they perform well in diagnosing the disease 

TREATMENT 

 PROGNOSIS
A spectrum of outcomes can be seen in these patients, from spontaneous 
remission to recurrent and refractory disease. No markers have been described 
that reliably predict response to therapy.

 H GROUP, INCLUDING HEMOPHAGOCYTIC 
LYMPHOHISTIOCYTOSIS

The H group comprises hemophagocytic lymphohistiocytosis (HLH), a 
disorder of immune hyperactivity that was originally described and character-
ized in infants and young children but is increasingly recognized as a disorder 
also seen in adults. In children, HLH is predominantly a congenital syndrome 
associated with homozygous genetic abnormalities that abolish the expression 
of key immune response genes necessary for normal T-cell and NK cell 
responses, although it may also be seen in association with certain infections 
and as a complication of systemic autoimmune disease. In adults, HLH is 
most commonly associated with lymphoid malignancy, but it also may be a 
complication of infection or autoimmune disease.15,16

 EPIDEMIOLOGY
The estimated incidence of familial HLH (f HLH) is widely variable, reflecting 
both	geographic	variation	and	rate	of	 successful	detection.	Estimates	 range	
from one to more than 200 in 300,000 births. Although it is a rare syndrome 

 R GROUP
The R group is composed primarily of the various manifestations of Rosai-
Dorfman	 disease	 (RDD),	 also	 known	 as	 sinus	 histiocytosis	 with	 massive	
lymphadenopathy (SHML).

 EPIDEMIOLOGY
Sporadic	RDD	is	a	rare	disease	that	occurs	more	commonly	in	children	and	
young adults, with a peak incidence in the second and third decades. Male 
patients are affected more frequently than female patients, as are individuals 
of	African	ancestry.	RDD	occurs	in	the	lymph	nodes	of	20%	of	patients	with	
H syndrome, which is associated with mutation in the SLC29A3 gene. Nodal 
involvement	by	RDD	also	occurs	in	41%	of	patients	with	autoimmune	lympho-
proliferative syndrome (ALPS) type Ia in which germline mutations affect 
TNFRSF6, which encodes Fas.

 PATHOBIOLOGY
Nodal	RDD	is	characterized	by	an	accumulation	 in	 lymph	node	sinuses	of	
large, polyclonal histiocytes with hypochromatic nuclei and pale cytoplasm, 
often	showing	emperipolesis.	The	histiocytes	express	macrophage	markers,	
including	 S100,	CD68,	CD14,	HLA-DR,	 and	CD163,	 and	do	not	 express	
CD1a	or	CD207.	Cortical	regions	of	involved	lymph	nodes	often	have	abun-
dant plasma cells and activated B lymphocytes. Histiocytes may also accumulate 
in	extranodal	sites	accompanied	by	plasma	cells.	The	plasma	cells	are	often	
immunoglobulin 4 (IgG4) positive. Somatic mutations in MAPK pathway 
genes, NRAS, KRAS, ARAF, and MAP2K1 but not BRAF have been reported, 
suggesting	 that	 a	 subset	 of	 RDD	 cases	may	 be	 associated	 with	 oncogenic	
driver mutations.

 CLINICAL MANIFESTATIONS
Patients	with	nodal	RDD	present	with	nontender,	massively	enlarged	cervical	
lymphadenopathy along with systemic inflammatory signs such as fever, leu-
kocytosis, elevated erythrocyte sedimentation rate, and a polyclonal hyper-
gammaglobulinemia.	Other	involved	nodal	sites	may	include	axilla,	mediastinum,	
retroperitoneum,	and	inguinal	regions.	Extranodal	involvement	occurs	in	43%	
of	sporadic	RDD	cases,	most	commonly	skin,	nasal	cavity,	retro-orbital	tissue,	
dura,	bone,	and	soft	tissue.

 DIAGNOSIS
Diagnosis	of	RDD	requires	histopathologic	examination	of	involved	lymph	
nodes or extranodal tissues. The immunohistochemical staining pattern of 
the	characteristic	histiocytes	is	described	earlier.	RDD	can	be	distinguished	
from	LCH	by	the	absence	of	CD1a	or	CD207	staining.	In	cases	of	cutaneous	
involvement,	differentiation	from	JXG	may	be	difficult.	Intracranial	RDD	may	
have the radiographic appearance of meningioma, but characteristic cells may 
be	seen	in	cerebrospinal	fluid.	Frequent	IgG4-positive	plasma	cells	in	RDD	
may also raise a suspicion of IgG4-related disease (also known as hyper-IgG4 
syndrome), although the clinical manifestations are distinct.

Non-XG Family

 EPIDEMIOLOGY
Necrobiotic XG (NXG) occurs in adults (average age of onset is in the sixth 
decade) and is accompanied by monoclonal gammopathy in 80% of patients.12 
There is no sex predilection. Multicentric reticulohistiocytosis (MRH) is a 
disease of women in their 50s and 60s.13	Rosai-Dorfman	disease	(RDD)	may	
rarely be confined to the skin and in this manifestation should be considered 
a non-XG group C disease.14

 PATHOBIOLOGY
The pathobiology of NXG is not understood, but its association with para-
proteinemias has suggested that it may be a histiocytic reaction to the deposi-
tion of immunoglobulins. Histopathologic examination shows histiocytic XGs 
with bands of necrosis in the dermis, accompanied by giant cells that may 
have a characteristic morphology for this disease. Lymphoid nodules and 
plasma cells may be seen.

One	 fourth	of	 patients	with	MRH	have	 an	underlying	malignancy,	 thus	
raising the possibility that this is a paraneoplastic syndrome. However, no 
pathogenetic mechanism has been identified. Associated malignancies include 
breast and gastric cancers, as well as hematologic neoplasms.

 CLINICAL MANIFESTATIONS
The cutaneous lesions of NXG are discolored and indurated papules and 
nodules that may coalesce to form plaques, the centers of which may be atro-
phic. Periorbital areas are the most common site of involvement, but lesions 
may occur elsewhere on the face, trunk, arms, legs, and genitalia. The most 
common site of extracutaneous involvement is the eye and can manifest as 
uveitis or scleritis. Visceral involvement may also occur in a variety of sites 
but most commonly in the respiratory tract or cardiac structures.

The cutaneous lesions of MRH are discolored papules that appear predomi-
nantly on the face, hands, forearms, and ears. The oral or nasal mucosa may 
also be involved. Periungual lesions may have a characteristic “coral bead” 
appearance. Patients with MRH have a rapidly progressive destructive poly-
arthritis with systemic symptoms such as fever and weight loss.

 DIAGNOSIS
Periorbital yellowish plaques with associated erythema and central atrophy 
or telangiectasias are highly suggestive of NXG. Skin biopsy should be per-
formed to confirm the diagnosis. Serum and urine electrophoresis should be 
performed to test for the presence of monoclonal gammopathy, and further 
hematologic work-up should be dictated by the results. Imaging of the chest, 
abdomen, and pelvis should be performed to assess visceral disease. The peri-
orbital lesions of NXG are distinguished from xanthelasmas or plane xanthomas 
by	 the	 former’s	 larger	 size,	 induration,	 and	 erythema.	Ocular	 involvement	
may be documented by conjunctival biopsy. NXG should also be distinguished 
from necrobiosis lipoidica which occurs in patients with diabetes mellitus 
and has a histopathologic picture distinct from that of NXG.

Histopathologic examination of MRH shows frequent multinucleated giant 
cells and macrophages with eosinophilic cytoplasm. MRH may be reminiscent 
of fibroblastic rheumatism, although skin lesions in the latter are characterized 
histologically by fibrosis.

Unlike XG, NXG requires treatment because it does not spontaneously resolve 
and can produce disfiguring sequelae. No rigorous studies have identified an 
ideal treatment. Case studies suggest that alkylators such as chlorambucil or 
melphalan, with or without steroids, may be effective first-line therapy. Intra-
venous immunoglobulin has been used a second-line therapy, and lenalidomide 
has been used in patients with monoclonal gammopathy even in the absence 
of clinically documented multiple myeloma. Treatment of MRH should be directed 
toward the underlying neoplasm if present.

TREATMENT 

Sporadic RDD generally has a favorable outcome and may resolve spontane-
ously over months to years. Symptomatic disease may be treated with corticoster-
oids, clofarabine, or radiation therapy.

TREATMENT 

 PROGNOSIS
Scarring and ulceration may be common sequelae of cutaneous NXG lesions. 
Patients with NXG have an increased risk of developing hematologic malig-
nancies and should be monitored. Treatment of the underlying neoplasm may 
not lead to resolution of MRH.

 PROGNOSIS
The	prognosis	of	sporadic	RDD	is	generally	favorable.

 M GROUP
The M group consists of malignant histiocytoses (MHs), which can be primary 
or can occur in association with other neoplasms.

 EPIDEMIOLOGY
MH is rare, and its true incidence is unknown. It is a disease of adults, with 
a median age of diagnosis for the histiocytic sarcoma subtype in the mid-40s 
to mid-50s, and no sex imbalance. Secondary MH may occur in the context 
of hematologic diseases such as acute lymphoblastic leukemia (but not acute 
myeloid leukemia), chronic lymphocytic leukemia, hairy cell leukemia, 
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myelodysplastic syndrome, chronic myelomonocytic leukemia, follicular lym-
phoma, mediastinal germ cell tumors, and LCH.

 PATHOBIOLOGY
MH cells are anaplastic and have frequent mitotic figures and atypical mitoses. 
Cells do not stain for epithelial markers such as keratins and epithelial membrane 
antigen	(EMA),	melanoma	antigens	 such	as	melan-A	and	HMB45,	B-	and	
T-lymphocyte markers, and follicular dendritic cell markers. MH cells must 
express	at	least	two	of	the	histiocytic	or	dendritic	cell	markers	CD68,	CD163,	
CD4,	or	lysozyme	and	not	express	other	histiocytosis	markers	such	as	S100,	
CD1a,	or	CD207.	MH	may	manifest	with	various	cellular	phenotypes	that	
are reminiscent of specific histiocytic cell types, and some pathologists have 
classified these as histiocytic, interdigitating dendritic cell, Langerhans cell, or 
indeterminate cell sarcomas. Recent recommendations suggest that the term 
malignant histiocytosis should be applied to the entire family of diseases and 
that the cellular phenotypes should be considered subtypes. In secondary MH, 
clonal immunoglobulin rearrangements, translocations, or somatic mutations 
may appear both in the MH cells and the cells of the underlying malignancy, 
a finding suggesting an evolutionary relationship between the two diseases.

 CLINICAL MANIFESTATIONS
Patients may present with symptomatic mass lesions that can be accompanied 
by fever and weight loss. However, some lesions may be discovered incidentally 
through	imaging	studies.	Disease	may	be	unifocal	or	multifocal	and	can	involve	
any organ, but MH most commonly manifests in the intestinal tract, skin, or 
soft	tissue.	MH	tumors	generally	progress	rapidly.

 DIAGNOSIS
Diagnosis	depends	on	the	presence	of	the	histopathologic	features	described	
earlier.	Other	 histiocytic	 or	 dendritic	 cell	 disorders	 such	 as	LCH	or	HLH	
must be excluded. MH must be distinguished from myeloid sarcomas, which 
are	soft	tissue	collections	of	myeloid	leukemia	cells	that	are	identical	to	leu-
kemia cells in the circulation or bone marrow. Most challenging may be dis-
tinguishing the anaplastic cells of MH from other aggressive malignancies 
such as diffuse large cell lymphoma, metastatic melanoma, and some metastatic 
carcinomas, but immunohistochemical staining patterns are useful to rule out 
these disorders.

outside the pediatric population, the incidence of HLH in adults is impossible 
to estimate because it has been recognized as a syndrome occurring in adults 
only	for	the	last	15	to	20	years.	With	increased	recognition	of	the	syndrome,	
it has become apparent that it is less rare than was previously appreciated. 
HLH	appears	to	be	more	common	in	China	and	Japan	than	it	is	in	the	West.

 PATHOBIOLOGY
HLH reflects an uncontrolled immune activation resulting from a failure of 
cytotoxic	T-cell	and	NK	cell	cytotoxicity.	On	recognition	of	antigen,	 these	
effector cells release perforin-containing cytolytic granules that contribute to 
lysis	 of	 the	 antigen-expressing	 target	 cell.	Under	 normal	 conditions,	 target	
cell elimination limits antigen exposure, leading to downregulation of the 
immune response, termed activation-induced cell death. In f HLH, however, 
homozygous null mutations in one of a series of genes involved in the synthesis, 
trafficking, and function of cytotoxic granules from cytotoxic immune cells, 
including PRF1, UNC13D, STX11, STXBP2, RAB27A, LYST, and AP3B, leads 
to inability to clear antigenic stimuli, thus causing a persistent and amplified 
immune response. The persistently activated cytotoxic T cells and NK cells 
release high levels of inflammatory cytokines, leading to macrophage activa-
tion, hemophagocytosis, and other manifestations of “cytokine storm.” The 
inciting stimulus to the presentation of f HLH is usually an infection, most 
frequently	with	Epstein-Barr	virus	(EBV).	In	children,	although	the	majority	
of HLH is familial, secondary HLH may occur as a result of infection or 
autoimmune disease. In the setting of autoimmune disease, it is termed mac-
rophage activation syndrome (MAS).

HLH was nearly unrecognized as a disease that occurred in adults until 
the last 15 to 20 years. Since then it has become clear that, although rare, it is 
being increasingly diagnosed worldwide. It is not clear whether the increasing 
recognition of adult HLH reflects a higher incidence or greater ascertainment.

Most, if not all, adults with HLH are thought to have “secondary” or 
“acquired” HLH. The triggers of adult HLH include malignancy, infection, 
and systemic autoimmune disease. Although extremely rare as a trigger in 
children, malignancy (especially lymphoma) is the trigger for HLH in more 
than one half of adult patients. The mechanism of acquired HLH is much less 
well understood, although the pattern of immune hyperactivity and cytokine 
excess is similar.

With	 the	 increasing	 recognition	 of	HLH	 in	 adults,	 significant	 attention	
has focused on polymorphisms and potential heterozygous mutations in the 
f HLH genes that may predispose patients to acquire HLH in the presence 
of other triggers. In the original study examining the presence of genetic 
mutations in f HLH genes in samples from adults suspected of having HLH, 
about 15% were found to have presumed hypomorphic alleles in the f HLH 
genes. The most common mutation is in the perforin gene (A92V), and it is 
a polymorphism present in 5 to 8% of the general population. The effect of 
these mutations is unclear, although modeling suggests they may reduce the 
function of their cognate proteins, and some individuals have had detectable 
subtle abnormalities in NK cell function. These mutations likely represent 
predisposing factors that are part of the pathogenesis of the disease in the 
setting of other triggers; however, the frequency of some of the mutations 
and their presence in asymptomatic family members suggest that they are 
not a driver of the disease.

 CLINICAL MANIFESTATIONS
f HLH typically manifests in the first year of life, nearly always in the setting of 
infection,	most	commonly	with	EBV.	Children	usually	have	prominent	CNS	
symptoms, whereas this is much less frequent in adults. Adults may present 
with f HLH at any age. Patients frequently present with a fulminant picture 
of	fever,	cytopenias,	and	multiorgan	failure,	and	they	are	often	suspected	of	
having septic shock. Because the inciting event in HLH is most commonly 
an infection, treatment of the infection may improve the patient’s clinical 
status. However, recrudescence of symptoms is common because once HLH 
is triggered it is usually not self-limited without directed intervention. As 
delineated later in the diagnostic criteria for HLH, fever and cytopenias are 
often	accompanied	by	splenomegaly,	coagulopathy,	dyslipidemia,	liver	function	
abnormalities, and elevated serum ferritin. Bone marrow aspiration frequently, 
although not always, demonstrates hemophagocytosis. Many of the clinical 
features of HLH are nonspecific, and diagnosis may be delayed. As discussed 
in the next section, the diagnosis, especially in adults, may be challenging.

 DIAGNOSIS
The diagnostic criteria for HLH are outlined in Table 160-3. These criteria 
are based on pediatric HLH, but they perform well in diagnosing the disease 

There is no standard of care for MH. Depending on the sites of disease, 
effective approaches could include surgery, radiation therapy, or systemic che-
motherapy, particularly regimens developed for aggressive lymphomas. A 
response to an RAF inhibitor in histiocytic sarcoma carrying a BRAF V600E 
mutation has been reported, but this cannot be considered a standard thera-
peutic approach.

TREATMENT 

 PROGNOSIS
A spectrum of outcomes can be seen in these patients, from spontaneous 
remission to recurrent and refractory disease. No markers have been described 
that reliably predict response to therapy.

 H GROUP, INCLUDING HEMOPHAGOCYTIC 
LYMPHOHISTIOCYTOSIS

The H group comprises hemophagocytic lymphohistiocytosis (HLH), a 
disorder of immune hyperactivity that was originally described and character-
ized in infants and young children but is increasingly recognized as a disorder 
also seen in adults. In children, HLH is predominantly a congenital syndrome 
associated with homozygous genetic abnormalities that abolish the expression 
of key immune response genes necessary for normal T-cell and NK cell 
responses, although it may also be seen in association with certain infections 
and as a complication of systemic autoimmune disease. In adults, HLH is 
most commonly associated with lymphoid malignancy, but it also may be a 
complication of infection or autoimmune disease.15,16

 EPIDEMIOLOGY
The estimated incidence of familial HLH (f HLH) is widely variable, reflecting 
both	geographic	variation	and	rate	of	 successful	detection.	Estimates	 range	
from one to more than 200 in 300,000 births. Although it is a rare syndrome 
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with hemophagocytosis. Many acute viral infections are associated with 
hemophagocytosis, and hemolytic anemias are associated with the same  
finding.

The first critical step in the diagnosis of HLH is to consider the diagnosis 
because until recently it was rarely entertained in adult patients. In consider-
ing the diagnosis, a thorough history should include details regarding recent 
infections, history of autoimmune disease, underlying malignancy, and under-
lying immune disorders. Testing should include complete blood count, full 
metabolic panel, triglycerides, fibrinogen, ferritin, and sIL2r where available. 
Thorough evaluation for bacterial, parasitic, mycobacterial, and fungal infection 
should be performed, as well as evaluation for viral infection to include both 
serology	and	viral	titers	for	EBV,	cytomegalovirus,	human	immunodeficiency	
virus, influenza, hepatitis B and C, herpes simplex virus, varicella-zoster virus, 
parvovirus, adenovirus, and human herpesvirus-8. Patients should be evaluated 
for evidence of systemic autoimmune disease. Importantly, because lymphoma 
is a trigger of HLH in about half of adult patients, every effort should be made 
to find evidence for lymphoma, including performance of flow cytometry 
and positron emission tomography scan. Patients should undergo marrow 
examination, and in addition to routine studies, marrow samples should be 
sent	 for	flow	cytometry	and	T-cell	gene	rearrangement	studies.	When	pos-
sible, full evaluation for lymphoma should be performed before initiation of 
therapy because HLH therapy is likely to mask accompanying lymphoma and 
impede	timely	diagnosis.	Evaluation	for	genetic	mutations	 in	familial	HLH	
genes may be helpful in later management, but it is not urgent for the initial  
evaluation.

in	adults.	Other	diagnostic	algorithms	such	as	the	H-score	have	been	designed	
with the intent of improving diagnostic accuracy, especially in adults, but they 
probably add little to the ability to diagnose HLH in adult patients, except 
perhaps at initial presentation.

Diagnosis	of	HLH	requires	demonstration	of	homozygous	or	compound	
heterozygous null mutations in familial HLH genes (seen in children) or 
fulfillment of five of eight criteria (see Table 160-3): fever, cytopenias, hypo-
fibrinogenemia or hypertriglyceridemia, elevated ferritin, elevated soluble 
IL-2	 receptor	 (sIL2r	 or	 sCD25),	 splenomegaly,	 hemophagocytosis	 in	 the	
bone marrow, and impaired NK cell function. Because NK cell function is 
highly variable outside of f HLH, it is generally not a helpful test in adult 
patients; given that NK cell function is unreliable and rarely tested, diagnosis in 
adults is therefore usually made by satisfying five of the other seven criteria in  
Table 160-3.

Fever and cytopenias are universal findings in patients presenting with HLH. 
These signs are reflective of the exuberant secretion of inflammatory cytokines 
released by activated T and NK cells, including IFN-γ, tumor necrosis factor-α, 
IL-2, IL-4, IL-6, and IL-10. Splenomegaly has been reported to occur in about 
half of adults with HLH, and its presence may reflect the duration of the 
illness	 before	 diagnosis.	Hypertriglyceridemia	 and/or	 hypofibrinogenemia	
occur	in	at	least	50%	of	adults	with	HLH.	Elevated	liver	function	test	results,	
although not a criterion for the diagnosis, are seen in almost all patients.

Hyperferritinemia	 has	 often	 been	 considered	 the	 hallmark	 of	HLH	 and	
MAS.	In	children,	a	serum	ferritin	level	higher	than	10,000	mg/dL	has	been	
demonstrated to be more than 90% sensitive and specific for HLH. However, 
in adults, ferritin is less powerful for establishing the diagnosis. Survey of a 
database of patients for elevated ferritin revealed that even with ferritin levels 
higher	than	50,000	mg/dL,	fewer	than	20%	of	patients	will	have	HLH;	con-
versely, among adults diagnosed with HLH, the ferritin level ranges from 
600	mg/dL	to	more	than	50,000	mg/dL.	Therefore,	the	negative	predictive	
value of a normal ferritin result is high, but it is not a discerning marker for 
HLH in adults. Because hyperferritinemia is a nonspecific consequence of 
macrophage activation, it is also elevated in other chronic inflammatory condi-
tions, hemolytic anemia, and renal failure, all of which are more common in 
adults than in children.17

The	soluble	form	of	the	IL-2	receptor	(sIL2r,	sCD25)	is	also	elevated	in	
HLH. The IL-2 receptor is widely expressed by lymphocytes, monocytes, 
eosinophils, and NK cells. It is cleaved by macrophage gelatinase (MMP9) 
to release the soluble form of the receptor. It is a marker of immune activation 
in many inflammatory disorders. Although it is elevated in nearly all, if not 
all, patients with HLH, it is not a readily available test. However, it can be an 
extremely valuable diagnostic marker. In particular, in adults, it is usually 
extremely elevated in lymphoma-associated HLH because the malignant lym-
phoma cells themselves express high levels of IL2r. The ratio of sIL2r to ferritin 
can help distinguish lymphoma-associated HLH from other forms of HLH 
in adults because the ratio is usually less than 1 in the absence of malignancy 
and greater than 2 in the setting of lymphoma-associated HLH.

Hemophagocytosis	is	often	a	prominent	feature	of	HLH,	but	it	is	neither	
sensitive	 nor	 specific	 for	 the	 diagnosis.	 Even	 in	 children	 with	 fHLH,	 it	
may be difficult to detect hemophagocytosis in the marrow without mul-
tiple samplings. In adults, it appears to be somewhat more prominent. 
However, it must be remembered that many other diagnoses are associated 

TABLE 160-3 DIAGNOSTIC CRITERIA FOR 
HEMOPHAGOCYTIC LYMPHOHISTIOCYTOSIS

Molecular diagnosis of familial HLH
OR

At least 5 of the following 8 criteria:
Fever
Cytopenia of ≥2 lineages
Splenomegaly
Hypertriglyceridemia	and/or	hypofibrinogenemia
Ferritin >500	ng/mL
Soluble	CD25/sIL2r	>2400	U/mL
Hemophagocytosis in bone marrow, spleen, or lymph nodes
Low or absent NK cell activity

HLH = hemophagocytic lymphohistiocytosis; NK = natural killer; sIL2r = soluble interleukin-2 
receptor.

Therapy of HLH is aimed at suppressing the abnormal immune response, 
usually through a combination of immunosuppressive and targeted anti–T-cell 
therapy (Fig. 160-2). Because there have been no large trials of therapy for adult 
HLH, most adults are treated with the HLH-94 protocol, which was studied in 
a large prospective trial for pediatric HLH (Table 160-4). This therapy entails 
dexamethasone and etoposide with an 8-week induction course. Children 
with neurologic symptoms receive intrathecal methotrexate, but this is rarely 
necessary in adults. Following completion of the 8-week course, patients can 
be put on maintenance therapy with the addition of calcineurin inhibitors to 
intermittent dexamethasone and etoposide, usually as a bridge to stem cell 
transplantation. The HLH-94 was modified with the HLH-2004 protocol. Both 
protocols are shown in Table 160-4. Patients with significant liver dysfunction 
can have initial dose reduction of etoposide with dose increases as function 
improves. Renal failure may also require dose reduction. Etoposide is bound 
to albumin, and patients with HLH frequently present with very low serum 
albumin. This reduced protein binding may increase the potency of etopo-
side, but dosing is not usually adjusted. Treatment should not usually be held 
for cytopenias because these often reflect disease activity rather than drug  
toxicity.

Therapy is tailored to the underlying trigger for the syndrome. In patients 
with malignancy-associated HLH, therapy for the malignancy should be initi-
ated immediately. Because most malignancy-associated HLH accompanies a 
lymphoma, therapy with an etoposide-containing regimen is recommended, 
and steroid therapy should be continued until the HLH has resolved. EBV-related 
HLH is driven by EBV infection of T lymphocytes, so treatment with the HLH-94 
protocol should be administered without delay. In addition, rituximab is recom-
mended to clear the B-cell reservoir of virus. Patients with no clear precipitating 
trigger (“idiopathic HLH”) should receive the HLH-94 protocol with continued 
evaluation for underlying undiagnosed lymphoma or infection.

The one exception to the recommendation for cytotoxic therapy for adult 
HLH is for patients with MAS. This subtype of HLH is often difficult to distinguish 
from an acute flare of the patient’s underlying systemic autoimmune disease. 
MAS usually responds to intensification of immunosuppressive therapy for the 
primary disease and does not usually require cytotoxic therapy.

Patients who fail to respond to the HLH-94 protocol may receive salvage 
therapy with alemtuzumab, a monoclonal anti-CD52 antibody that destroys 
mature T cells. This should be viewed as a bridge to stem cell transplant in 
eligible patients. In this setting, alemtuzumab has also been demonstrated to 
reduce the incidence of graft versus host disease (GVHD) after stem cell trans-
plantation and is now incorporated into the conditioning regimen before stem 
cell transplantation for HLH.

The role of hematopoietic stem cell transplantation (HSCT) (Chapter 168) 
in HLH is evolving. fHLH is uniformly fatal without HSCT, but the necessity for 
other patients with HLH to undergo HSCT is less clear. In many children with 
infection-associated HLH, HLH resolves completely with HLH-94 therapy. The 

TREATMENT 
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History

Fever x7 days, immune disorder,
autoimmune disease, malignancy, IBD

Physical

Laboratory studies

Imaging and pathologic studies

Fever, splenomegaly, lymphadenopathy

CBC, BMP, LFTs, albumin, ferritin, fibrinogen,
triglycerides, sCD25, LDH, viral studies, cultures

Bone marrow aspirate, biopsy, flow cytometry,
TCR studies, CAP CT, PET scan

Rheumatologic disorder Malignancy Infection Idiopathic

Immunosuppression and
disease-specific therapy

Chemotherapy including
etoposide as appropriate

Antimicrobials as appropriate;
HLH-94 protocol.
Add rituximab for EBV

HLH-94 protocol;
no IT therapy

Relapsed/refractory disease

Allogeneic stem cell transplant

FIGURE 160-2. Approach to diagnosis and treatment of adult hemophagocytic lymphohistiocytosis (HLH). BMP = basic metabolic panel; cAP ct = chest, abdomen, pelvis computed 
tomography; cBc = complete blood count; eBV = epstein-Barr virus; HLH-94 protocol (see text and grade A reference A2); iBD = inflammatory bowel disease; it = immunotherapy; LDH 
= lactate dehydrogenase; LFts = liver function tests; Pet = positron emission tomography; scD25 = soluble cD25; tcR = t-cell receptor. 

outcomes in adults are less clear. However, adult patients with refractory or 
relapsed disease, and those who have had life-threatening disease at presenta-
tion, should be evaluated for transplantation. Patients must be in remission at 
the time of HSCT because patients with active HLH at the time of transplanta-
tion fare poorly and usually die of overwhelming GVHD. Outcomes are superior 
with reduced intensity conditioning. Successful HSCT is curative.

Novel therapies that may have an increasing role in the treatment of HLH 
include ruxolitinib and emapalumab. Because most inflammatory cytokines 
signal through the JAK-STAT pathway, the Janus kinase 1/2 inhibitor ruxolitinib 
has been studied in murine models and in early clinical trials. Although it is 
not approved for use in the setting of HLH, it is a possible adjunct to therapy, 
especially in patients with intractable HLH symptoms. Emapalumab is an inves-
tigative antibody targeting IFN-γ that has been studied for the treatment of 
refractory HLH in children; preliminary results suggest that it is extremely effec-
tive. Trials of the agent in adult HLH should follow.

TABLE 160-4 HLH-94 AND HLH-2004 PROTOCOLS FOR 
TREATMENT OF HEMOPHAGOCYTIC 
LYMPHOHISTIOCYTOSIS (HLH)

HLH-94 PROTOCOL
initial therapy for the First 8 Weeks:

Dexamethasone	at	10	mg/m2	per	day	weeks	1-2;	5	mg/m2 per day weeks 3-4; 
2.5	mg/m2	per	day	weeks	5-6;	1.25	mg/m2 per day week 7; taper during  
week 8

Etoposide	at	150	mg/m2 twice weekly for weeks 1-2; then once weekly
Intrathecal MTX (for children with neurologic symptoms only) at 12 mg per 

dose, given at weeks 3 and 4, with two additional doses at weeks 5 and 6 if 
progressive	neurologic	symptoms	and/or	abnormal	CSF	not	improved	after	 
2 weeks

continuation therapy/Hsct:
Dexamethasone	at	10	mg/m2 per day for 3 days, given every 2nd week
Cyclosporine A beginning at week 9, dosing aimed at trough level of 200 µg/L

HLH-2004 PROTOCOL
initial therapy for the First 8 Weeks:

Same as HLH-94 Protocol, except (1) cyclosporine A beginning at day 1 and 
continuing into the Continuation phase. Recommend starting cyclosporine A 
at	a	daily	dose	of	6	mg/kg,	with	dosing	aimed	at	trough	level	of	200	µg/L;	and	
(2) adding prednisone to MTX for intrathecal injections (for children with 
neurologic symptoms only)

continuation therapy/Hsct as soon as an Accepted Donor is identified
CSF = cerebrospinal fluid; MTX = methotrexate.
Modified	from	Bergsten	E,	Horne	A,	Aricó	M,	et	al:	Confirmed	efficacy	of	etoposide	and	
dexamethasone in HLH treatment: long-term results of the cooperative HLH-2004 study. Blood. 
2017;130:2728-2738.
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Answer: C	 Diabetes	insipidus.	Diabetes	insipidus	due	to	histiocytic	involve-
ment of the pituitary may occur in up to 20% of patients with Langerhans 
cell	histiocytosis	and	some	patients	with	Erdheim-Chester	disease,	but	it	 is	
not	a	complication	of	Rosai-Dorfman	disease.

4. A 58-year-old woman presents with pain in multiple joints and a new rash 
consisting of nonpruritic yellow-to-brown papules and nodules on her 
face, ears, and forearms. She also has some periungual papules. Several 
joints are red and warm to the touch. She tells you that she has lost about 
10 pounds, unintentionally, over the past 4 months. In addition to histologic 
and immunohistologic analysis of a skin biopsy, the most useful diagnostic 
strategy will be:
 A. Serum protein electrophoresis
 B. Assessment of mutational status of BRAF, and MAP2K1 in skin biopsy
 C. MRI of the abdomen, chest, and brain to look for malignancy
	D.	Aspiration	of	fluid	from	inflamed	joints	to	identify	cellular	composition
	E.	 PET	scan

Answer: C MRI of the abdomen, chest, and brain to look for malignancy. 
The skin lesions, especially the periungual “coral bead” papules, in the setting 
of inflammatory arthritis are characteristic of multicentric reticulohistiocytosis 
(MRH). Approximately 25% of patients with this disease, the majority of 
whom are women, have an underlying malignancy. Treatment of MRH is 
directed toward the malignancy, and identifying the underlying disease pro-
vides the best chance for effective intervention.

5. A 43-year-old man with no past medical history presents to the hospital 
with a 2-month history of fevers and night sweats. Repeated cultures by 
his PCP have been negative, and despite three admissions to the hospital, 
his illness has evaded diagnosis. He has lost 20 pounds, and he has been 
unable to work for 6 weeks. Physical examination reveals a cachectic-
appearing young man with a palpable liver and spleen. He has no adenopathy. 
Laboratory studies reveal pancytopenia with an ANC of 726 and a platelet 
count of 15,000, elevated transaminases, and diffuse infiltrates on chest 
CT.	He	is	begun	on	empirical	antibiotics.	Which	of	the	following	tests	is	
LEAST	likely	to	be	helpful	in	making	a	diagnosis:
 A. Bone marrow aspirate and biopsy
 B. Liver biopsy
	C.	 Serum	soluble	CD25
	D.	Serum	ferritin
	E.	 Fibrinogen

Answer: B Liver biopsy. This patient almost certainly has hemophagocytic 
lymphohistiocytosis (HLH). He has pancytopenia, splenomegaly, and fever, 
with	no	obvious	infectious	source.	Other	diagnostic	features	that	would	support	
the diagnosis would be the finding of hemophagocytosis on bone marrow, an 
elevated	serum	ferritin,	an	elevated	soluble	CD25,	elevated	triglycerides,	and	
low fibrinogen. A liver biopsy, although it might show hemophagocytosis, is 
likely to be dangerous in someone with this low a platelet count and is not 
considered a particularly helpful diagnostic procedure.

REVIEW QUESTIONS

1. A 45-year-old man with a 25 pack-year smoking history presents to the 
emergency room with chest pain and mild dyspnea. His chest radiograph 
shows a small pneumothorax along with reticulonodular opacities in the 
middle to upper lung zones. Pulmonary function tests show a restrictive 
pattern.	Bronchoalveolar	lavage	shows	20%	CD1a-positive	cells.	What	is	
the first intervention you should make?
 A. Transbronchial biopsy to confirm the diagnosis of pulmonary LCH
 B. Systemic steroid therapy to improve lung function
 C. Smoking cessation
	D.	PET	scan	to	establish	baseline	disease	activity
	E.	 Test	for	circulating	DNA	encoding	BRAF V600E

Answer: C	 Smoking	cessation.	The	finding	of	greater	than	5%	CD1a-positive	
cells on bronchial lavage in a middle-aged smoker with this chest radiographic 
finding establishes the diagnosis of pulmonary LCH. Smoking cessation is a 
mandatory first step and may lead to disease resolution.

2.	 A	76-year-old	man	complains	of	abdominal	pain.	Work-up	includes	a	CT	
scan that showed gallstones but also revealed circumferential periaortic 
fibrosis and a similar fibrotic accumulation around both kidneys. His general 
physical examination is unremarkable except for yellowish plaques in his 
periorbital	 skin.	You	consider	 the	diagnosis	of	Erdheim-Chester	disease	
and confirm it by histopathologic examination of a skin biopsy. Molecular 
assessment of the biopsy reveals the presence of the mutation encoding 
BRAF V600E.	Brain	MRI	shows	no	involvement,	and	ECG	is	unremark-
able.	PET	scan	shows	increased	activity	in	the	diaphyses	of	his	long	bones.	
Appropriate treatment for this patient is the following:
 A. Vemurafenib 960 mg bid
	B.	 Dabrafenib	100	mg	bid	plus	trametinib	3	mg	qd
 C. Pegylated interferon-α starting at 135 µg per week
	D.	Weekly	 vinblastine	 6	mg/m2	 plus	 daily	 prednisone	 40	mg/m2 for 6 

weeks, followed by the same doses of vinblastine on day 1 and predni-
sone on days 1 through 5 every 21 days for 46 weeks

	E.	 Observation	alone
Answer: E	 Observation	alone.	Asymptomatic	Erdheim-Chester	disease	without	
evidence for CNS involvement requires no treatment. Patients should be fol-
lowed and treatment instituted for symptom management or if CNS disease 
appears.

3.	 Rosai-Dorfman	disease	is	characterized	by	all	of	the	following	except:
	A.	 Prominent	lymphadenopathy	often	involving	cervical	lymph	nodes
 B. Fever and leukocytosis
	C.	Diabetes	insipidus
	D.	Accumulation	of	IgG4-positive	plasma	cells	along	with	histiocytes	in	

extranodal lesions
	E.	 A	familial	 form	associated	with	“H	syndrome”	 involving	mutation	of	

SLC29A3
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161 
EOSINOPHILIC SYNDROMES
AMY D. KLION

 DEFINITIONS
Eosinophils are terminally differentiated cells of the myeloid lineage that cir-
culate in low numbers in the peripheral blood. Although normal ranges vary 
depending on the laboratory, blood eosinophilia is typically defined as an 
absolute eosinophil count (AEC) of greater than 450/µL and hypereosino-
philia (HE) as an AEC of 1500/µL or greater. Percentages of eosinophils in 
the total white blood count (WBC) can be misleading because they are affected 
by the relative numbers of neutrophils, which show significant racial differ-
ences. Tissue HE is loosely defined as extensive eosinophil infiltration in the 
opinion of the pathologist and may or may not be accompanied by blood 
eosinophilia. Consensus thresholds for tissue HE have not been defined, except 
for bone marrow eosinophilia and eosinophilic esophagitis.

The term hypereosinophilic syndrome (HES) was first used to describe a het-
erogeneous group of patients with eosinophil-related clinical manifestations of 
unknown etiology. Since that time, a number of definitions and classification 
schemes have been proposed by consensus groups to attempt to distinguish 
between HES of known and unknown etiologies.1,2 For the purposes of this 
chapter, HES will be defined by an AEC of 1500/µL or greater on at least two 
occasions with evidence of clinical manifestations attributable to the eosino-
philia, regardless of the underlying etiology. This definition encompasses a 
number of clinical subtypes that differ in etiology and/or clinical manifestations 
and have prognostic and therapeutic implications (Table 161-1). HE or HES 
can be due to neoplastic or clonal proliferation of eosinophils (myeloid HE 
or HES), aberrant lymphocyte production of cytokines that promote eosino-
philia (lymphoid HE or HES), inherited genetic abnormalities (familial HE 
or HES), or unknown causes (idiopathic HE or HES). Overlap HES refers 
to eosinophilic disorders involving a single organ system, such as eosino-
philic gastrointestinal disorders and eosinophilic fasciitis, or defined clinical 
entities, such as eosinophilic granulomatosis with polyangiitis (EGPA), or 
episodic angioedema and eosinophilia (Gleich syndrome), that overlap in 
clinical presentation with other subtypes of HES. Finally, HE or HES can 
complicate a wide variety of diseases and conditions, including helminth 
infection, neoplasia, and drug hypersensitivity. When this occurs, the eosino-
philic manifestations are collectively referred to as secondary or associated HE  
or HES.

 EPIDEMIOLOGY
Eosinophilia (AEC >450 eosinophils/µL) is common, occurring in 5 to 15% 
of the general population depending on the setting. The most frequent cause 

TABLE 161-1 CLINICAL SUBTYPES OF HYPEREOSINOPHILIA/HYPEREOSINOPHILIC SYNDROMES
CLINICAL SUBTYPE DEFINITION EXAMPLES
Myeloid (clonal, 

neoplastic)
Presumed or proven primary neoplastic or clonal eosinophilia PDGFR-associated myeloid neoplasms

Chronic eosinophilic leukemia–not otherwise specified 
(reviewed in reference 6)

Lymphocytic Eosinophilia secondary to production of interleukin-5 or other eosinophil-
promoting cytokines by aberrant and/or clonal lymphocytes

—

Familial Hypereosinophilia in multiple generations Autosomal dominant familial eosinophilia
Idiopathic Unknown cause and exclusion of other clinical subtypes —
Overlap Clinically-defined eosinophilic disorders, including those with single organ 

involvement, that overlap in clinical presentation with idiopathic or 
lymphocytic variant hypereosinophilic syndrome

Eosinophilic gastrointestinal disease
Eosinophilic fasciitis
Eosinophilic granulomatosis with polyangiitis
Wells syndrome
Episodic angioedema and eosinophilia

Secondary (associated) Eosinophilia in the setting of a distinct diagnosis in which eosinophilia has been 
described in a subset of patients

See Table 161-2

Hypereosinophilia of 
unknown significance

Asymptomatic hypereosinophilia without evidence of end-organ manifestations 
or a primary myeloid etiology

—

 CLINICAL MANIFESTATIONS
The clinical manifestations of eosinophilia are very varied and include asymp-
tomatic eosinophilia detected on a routine blood count, nonspecific symptoms 
such as fatigue and myalgia, and signs and symptoms related to eosinophilic 
tissue infiltration and/or complications of eosinophil-associated hypercoagu-
lability. Although skin, pulmonary, and gastrointestinal manifestations are 
most frequent, any organ can be affected.9 Moreover, there is considerable 
heterogeneity in the clinical manifestations within any given organ system. 
For instance, common presentations of eosinophilic skin involvement include 
intractable pruritus without rash, eczematous rash, urticaria, bullous lesions, 
and mucosal ulcerations. Although some clinical manifestations are more 
common in specific subtypes of HES (e.g., skin manifestations in lymphoid 
HES), there is considerable overlap in presentation among clinical subtypes. 
Moreover, the most serious clinical manifestations, such as endomyocardial 
fibrosis and thromboembolism, can occur in any of the varied HES subtypes, 
including secondary or associated HES caused by untreated helminth infec-
tion or drug hypersensitivity.

 DIAGNOSIS
Differential Diagnosis
Although the differential diagnosis of eosinophilia is very broad, ranging 
from common allergic disorders to rare idiopathic HESs, a careful history 
can substantially narrow the possibilities. Particular attention should be paid 
to medications and supplements, travel and exposures, risk factors for neo-
plasia, and prior medical history (especially asthma, atopic disease, and/or 
recurrent infections) because these may provide clues to secondary causes of 
eosinophilia, such as helminth infection, neoplasia, and immunodeficiency 
syndromes, that require therapy directed at the underlying cause rather than 
the eosinophilia itself (Table 161-2).10,11 Whereas common allergic disor-
ders, including asthma and atopic dermatitis, can be associated with HE, 
especially in children, extremely high AECs (≥5000/µL) should prompt 

of mild to moderate eosinophilia worldwide is helminth infection, although 
atopic disease is the most likely culprit in industrialized settings. In contrast, 
HES (with the exception of some of the single-organ variants) is extremely 
rare, with an overall estimated prevalence of 0.3 to 6.3 per 100,000 in North 
America. The prevalence of eosinophilic esophagitis appears to be increasing, 
in keeping with an overall increase in the incidence of atopic disease, and has 
been estimated at 2.5 to 5 per 10,000 in the United States and Europe. Racial 
and ethnic differences have also been described.

 PATHOBIOLOGY
Eosinophil Biology and Mediators of Tissue Damage
Eosinophils develop from pluripotent hematopoietic stem cells in the bone 
marrow (Chapter 147) under the influence of a complex array of transcription 
factors and cytokines,3 the most important of which is interleukin-5 (IL-5). 
Mature eosinophils are characterized by the presence of cytoplasmic granules 
that stain red with the acidic dye, eosin. These granules contain four cationic 
proteins (major basic protein [MBP1], eosinophilic cationic protein [ECP], 
eosinophil-derived neurotoxin [EDN], and eosinophil peroxidase [EPO]) 
and a panoply of pre-formed cytokines and chemokines within a complex 
membranovesicular network. Release of granule proteins and mediators can 
occur in an indiscriminate way (through cytolysis or classic exocytosis) or 
selectively through a process called piecemeal degranulation.4

Under homeostatic conditions, mature eosinophils are released into the 
blood, where they remain in the circulation for up to 36 hours, before traf-
ficking to the tissues. Data suggest that these “resident” eosinophils may play 
important regulatory roles in the maintenance of tissue integrity and cell-cell 
interactions.5 When eosinophils become activated, irrespective of the cause, 
they can cause tissue damage and other clinical manifestations through direct 
and indirect mechanisms. The latter include tissue deposition of cytotoxic 
eosinophil granule proteins and reactive oxygen intermediates, recruitment 
of inflammatory cells through the selective secretion of cytokines and che-
mokines, formation of lipid bodies with production of leukotrienes and other 
inflammatory mediators, and activation of mast cells, fibroblasts, and endothelial 
cells to promote fibrogenesis and thrombosis. Modulation of surface receptor 
expression and increased responsiveness to chemokines in response to activa-
tion signals also play important roles in eosinophil recruitment to the tissues 
and, ultimately, in disease pathogenesis.

Mutations
A number of recurrent genetic mutations have been described in clonal (neo-
plastic) eosinophilia.6 The most common of these, an interstitial deletion in 
chromosome 4 leading to formation of the fusion gene FIP1L1-PDGFRA, 
likely causes eosinophil activation through a network of molecules including 
the IL-5 receptor, JAK2, and Lyn.7 The mechanisms of eosinophil activation 
in the setting of other mutations associated with clonal eosinophilia remain 
largely unexplored. Disease risk loci have been identified in a number of allergic 
disorders characterized by eosinophil accumulation and activation in tissues, 
including eosinophilic esophagitis.8 Some of these, such as 5q22, encode genes 
known to be involved in eosinophil activation.
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ABSTRACT
Eosinophils are terminally differentiated cells of the myeloid lineage that are 
primarily tissue based and circulate in low numbers in the blood of healthy 
individuals. Increased levels of blood eosinophils are associated with a wide 
variety of conditions, ranging from atopic disorders and helminth infections 
to rare hypereosinophilic syndromes. Since the clinical manifestations of 
eosinophilia are protean and can be very similar regardless of the underlying 
etiology, a careful history is essential to narrow the differential diagnosis. Treat-
ment is guided by the acuity and severity of clinical manifestations and the 
most likely cause of the eosinophilia. Whereas glucocorticoids have been the 
mainstay of treatment for many eosinophilic disorders, the availability of 
therapies that directly target the eosinophils is rapidly changing the therapeutic 
paradigm.
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 CLINICAL MANIFESTATIONS
The clinical manifestations of eosinophilia are very varied and include asymp-
tomatic eosinophilia detected on a routine blood count, nonspecific symptoms 
such as fatigue and myalgia, and signs and symptoms related to eosinophilic 
tissue infiltration and/or complications of eosinophil-associated hypercoagu-
lability. Although skin, pulmonary, and gastrointestinal manifestations are 
most frequent, any organ can be affected.9 Moreover, there is considerable 
heterogeneity in the clinical manifestations within any given organ system. 
For instance, common presentations of eosinophilic skin involvement include 
intractable pruritus without rash, eczematous rash, urticaria, bullous lesions, 
and mucosal ulcerations. Although some clinical manifestations are more 
common in specific subtypes of HES (e.g., skin manifestations in lymphoid 
HES), there is considerable overlap in presentation among clinical subtypes. 
Moreover, the most serious clinical manifestations, such as endomyocardial 
fibrosis and thromboembolism, can occur in any of the varied HES subtypes, 
including secondary or associated HES caused by untreated helminth infec-
tion or drug hypersensitivity.

 DIAGNOSIS
Differential Diagnosis
Although the differential diagnosis of eosinophilia is very broad, ranging 
from common allergic disorders to rare idiopathic HESs, a careful history 
can substantially narrow the possibilities. Particular attention should be paid 
to medications and supplements, travel and exposures, risk factors for neo-
plasia, and prior medical history (especially asthma, atopic disease, and/or 
recurrent infections) because these may provide clues to secondary causes of 
eosinophilia, such as helminth infection, neoplasia, and immunodeficiency 
syndromes, that require therapy directed at the underlying cause rather than 
the eosinophilia itself (Table 161-2).10,11 Whereas common allergic disor-
ders, including asthma and atopic dermatitis, can be associated with HE, 
especially in children, extremely high AECs (≥5000/µL) should prompt 

evaluation for another cause. A detailed review of systems should be obtained 
in all patients because the pattern of clinical manifestations can be suggestive 
of a particular diagnosis. For example, a history of aspirin sensitivity in an 
eosinophilic patient with worsening asthma and sinusitis is highly sugges-
tive of aspirin-exacerbated respiratory disease (AERD), whereas symptoms 
of peripheral neuropathy in a similar patient should point to a diagnosis  
of EGPA.

It is extremely important to identify patients with primary myeloid disorders 
presenting as HES because these patients often have aggressive disease, and 
the approach to therapy is quite different from that of other eosinophilic dis-
orders (see the later Treatment section). Clinical and laboratory features sug-
gestive of a primary myeloid disorder include dysplastic eosinophils and 
eosinophil precursors in the blood, anemia or erythrocytosis, thrombocytopenia, 
splenomegaly, and elevated serum levels of vitamin B12 and/or tryptase. Male 
gender should raise suspicion for PDGFR-associated myeloid neoplasms in 
this setting.

Diagnostic Evaluation
The first step in the diagnostic evaluation of the patient with eosinophilia is 
confirmation of the eosinophil count, while keeping in mind that fever, bacte-
rial infection, and therapies, including glucocorticoids, that may be prescribed 
for other reasons, can all suppress eosinophilia.12 Once eosinophilia is con-
firmed, the next step is a search for secondary causes that require specific 
therapy directed at the underlying disorder (associated HES). If such a cause 
is identified, the patient should be treated and reassessed for resolution of the 
eosinophilia. Patients with persistent eosinophilia and those without evidence 
of a clear secondary cause should undergo an initial evaluation aimed at the 
identification of end-organ involvement and classification by clinical subtype 
(Fig. 161-1). When possible, this should occur before institution of therapy 
because many diagnostic tests are affected by glucocorticoids and other thera-
pies. That said, treatment should not be delayed if life-threatening or disabling 
complications are present or imminent.

The diagnostic evaluation should be performed in a step-wise manner begin-
ning with a careful history and physical examination, complete blood count, 
and differential and routine chemistries (including liver function tests and 
serum immunoglobulins). An initial screen for evidence of myeloid or lym-
phocytic variant HES should include serum vitamin B12 and tryptase levels, 
as well as immunophenotyping for T- and B-cell clonality by flow cytometry. 
Abnormal results, a peripheral eosinophil count of 5000/µL or greater, or other 
evidence suggestive of a hematologic malignancy (including lymphadenopathy, 
splenomegaly, or dysplastic or precursor cells on peripheral blood smear) 
should prompt a bone marrow aspirate and biopsy with standard cytogenetic 
analysis. Specific testing for recurrent molecular abnormalities associated with 
HES should be guided by the clinical features and, if suspected, should be 

TABLE 161-2 SELECTED SECONDARY CAUSES OF 
EOSINOPHILIA REQUIRING TREATMENT 
DIRECTED AT THE UNDERLYING CAUSE

CATEGORY ETIOLOGIES COMMENTS
Infection Reviewed in reference 10

Helminthic Varied Most pronounced early in 
infection and with tissue 
invasive species

Protozoan Isospora belli infection
Sarcocystis infection

Other protozoan infections are not 
associated with eosinophilia

Ectoparasitic Scabies
Myiasis

Hypersensitivity reactions

Viral HIV infection Advanced disease
Bacterial Chronic tuberculosis Rare
Fungal Coccidioidomycosis

Cryptococcosis
Eosinophilia can complicate a 

wide variety of fungal infections
Neoplasia Lymphoma

Leukemia

Carcinoma

Hodgkin, non-Hodgkin
Especially T-cell leukemias and 

pre-B cell ALL
Most commonly adenocarcinoma

Drug hypersensitivity Varied Prescription and non-prescription 
drugs, dietary supplements

Immunodeficiency Varied Hyper-IgE syndromes
Omenn syndrome
Others (reviewed in reference 11)

Autoimmune and 
other immunologic 
disorders

Varied Sarcoidosis
Inflammatory bowel disease
IgG4 disease
Others

Other Cholesterol embolism
Hypoadrenalism
Radiation
Post-transplant status
Cytokine therapy: IL-2, 

GM-CSF

—

ALL = acute lymphoblastic leukemia; GM-CSF = granulocyte-macrophage colony-stimulating 
factor; HIV = human immunodeficiency virus; IgE = immunoglobulin E; IgG4 = immunoglobulin 
G4; IL-2 = interleukin-2.

Confirmation of eosinophilia

Secondary
treatable cause

identified?

Reassess in
1-3 months.
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FIGURE 161-1. initial approach to the clinically stable patient with unexplained 
eosinophilia. 



and treatment responsiveness, the overall prognosis has improved dramatically 
(>90% 5-year survival in most series) with advances in diagnostic tools and 
therapeutic approaches. The most clear-cut example of this has been the dra-
matic decrease in mortality in patients with clinical features consistent with an 
eosinophilic myeloid neoplasm (the majority of whom have FIP1L1-PDGFRA–
associated disease) following the discovery of imatinib. In fact, mortality and 
morbidity in this group of patients (which were 30 to 50% at 5 years before the 
introduction of imatinib) are now almost entirely restricted to those patients 
who present with irreversible cardiac or other life-threatening manifestations. 
Progression to lymphoma remains an issue in patients with lymphocytic variant, 
particularly in those patients with CD3-CD4+ T-cell clones.

included with the bone marrow examination, where their yield may be higher 
than in peripheral blood.13 Although the recommended testing for end-organ 
damage depends on the clinical signs and symptoms, serum troponin levels, 
echocardiography, and pulmonary function tests should be performed in all 
patients to assess clinically evident or occult cardiopulmonary involvement 
such as endomyocardial fibrosis that can be suggested by echocardiographic 
abnormalities. Radiologic imaging of the chest, abdomen, and pelvis should 
also be considered in all patients to identify splenomegaly, lymphadenopathy, 
and clinically silent neoplastic or inflammatory disease.

Initial Therapy
The most appropriate initial treatment for a patient with eosinophilia depends 

on the acuity of the clinical presentation, the severity of the clinical signs and 
symptoms, and the most likely etiology of the eosinophilia. At the present time, 
glucocorticoids remain the first-line agent for most hypereosinophilic disorders, 
with three important exceptions: HES secondary to a treatable cause (associated 
HES), primary clonal or neoplastic HES with an identified mutation for which 
targeted therapy is available (i.e., imatinib-sensitive, PDGFR mutation–positive 
HES), and patients with HE of unknown significance (who may not require therapy 
at all). The most appropriate dose of glucocorticoids for an individual patient 
has not been adequately studied, although clinical subtype appears to be a 
useful predictor of systemic glucocorticoid response in HES.14 Some eosinophilic 
disorders, including eosinophilic esophagitis and eosinophilic dermatitis, can 
be successfully managed with topical steroid therapy alone. If life-threatening 
or disabling complications, such as endomyocardial fibrosis, respiratory failure, 
or neurologic impairment, are present or imminent, high-dose glucocorticoid 
therapy should be initiated without delay. This is true even in the setting of 
associated HES unless a treatable secondary cause is identified and is likely 
to respond rapidly to specific therapy. Ivermectin (200 µg/kg/day for 1 to 2 
days) should be administered if there is any potential history of exposure to 
strongyloidiasis to prevent hyperinfection syndrome. If there is no response to 
glucocorticoid therapy, a second agent should be added based on the clinical 
subtype and most likely etiology of the eosinophilia, as discussed later.

Initial treatment of myeloid neoplasms presenting as HES should be guided 
by the molecular findings. Imatinib is clearly the therapy of choice in PDGFR 
mutation–associated disease, with near 100% response rates reported in most 
series and the possibility of cure in some patients with long-term therapy.15 
Results with other targeted therapies, including JAK inhibitors, have been vari-
able in patients with myeloid forms of HES to date, even in the presence of 
mutations in the corresponding gene. Consequently, glucocorticoids are often 
used initially with rapid addition of hydroxyurea or other second-line agents 
as needed. This approach is likely to change, however, as more experience is 
gained with targeted therapies.

Second-Line Agents
The selection of a second-line agent depends on a variety of factors, includ-

ing the clinical subtype, physicians’ and patients’ preference, and cost. Conven-
tional agents used to treat glucocorticoid-resistant, PDGFR mutation–negative 
patients include hydroxyurea, interferon-α, methotrexate, and imatinib. Patients 
who are PDGFR mutation positive and who are intolerant of or resistant to 
imatinib should be treated with a second- or third-generation tyrosine kinase 
inhibitor with activity against PDGFR, with early consideration of hematopoietic 
stem cell transplant in nonresponders.

The recent availability of therapeutic agents that specifically target eosinophils 
is rapidly changing the approach to the treatment of eosinophilic disorders. 
Three biologics that target eosinophils through the IL-5 axis, mepolizumab, 
reslizumab, and benralizumab, have been approved for the treatment of eosino-
philic asthma on the basis of phase 3 trials documenting reduction in asthma 
exacerbations with little or no toxicity. A1-A3  A placebo-controlled, double-blind 
phase 3 trial in treatment-refractory or relapsing EGPA demonstrated improved 
remission rates and length of remission in patients receiving mepolizumab 
(300 mg subcutaneously every 4 weeks), A4  resulting in approval of mepolizumab 
for this indication. All three agents have been used to treat PDGFRA-negative 
HESs other than EGPA in phase 2 trials with promising results, although only 
mepolizumab is currently available on a compassionate use protocol for patients 
with life-threatening, treatment-refractory HES.16 Other novel agents currently 
in development for eosinophilic disorders, including biologics targeting eotaxin, 
Siglec-8 (an inhibitory receptor whose expression is restricted to eosinophils, 
basophils, and mast cells), and the IL-4/IL-13 axis, are likely to provide additional 
therapeutic options for the heterogeneous group of eosinophilic disorders.

TREATMENT 

 PROGNOSIS
Although the prognosis of an individual patient with HES depends substantially 
on the clinical subtype, the severity of clinical manifestations at presentation, 
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REVIEW QUESTIONS

1. A 32-year-old immigrant from Cameroon presents for evaluation of eosino-
philia (absolute eosinophil count: 1600/µL) detected on routine bloodwork. 
She has a history of seasonal allergic rhinitis for which she takes intermittent 
cetirizine but is otherwise healthy. Physical examination is unremarkable, 
and laboratory testing is notable for a normal complete blood count with 
the exception of the eosinophilia and a mildly elevated serum IgE level 
(230 IU/mL). Three stool samples for ova and parasites are negative. Which 
of the following is the most likely diagnosis?
 A. Atopic disease
 B. Drug hypersensitivity
 C. Helminth infection
 D. Hypereosinophilia of unknown significance
 E. Idiopathic hypereosinophilic syndrome

Answer: C The most common cause of eosinophilia worldwide is helminth 
infection, and this patient is an immigrant from a high-prevalence area. The 
finding of negative stools does not exclude a helminth infection. Stool exami-
nation is insensitive for detection of Strongyloides and Schistosoma species, 
both of which are endemic in Cameroon, and does not detect infection with 
filarial parasites, such as Loa loa, which commonly cause asymptomatic eosino-
philia in Cameroon. Although atopic disease or drug hypersensitivity could 
cause asymptomatic eosinophilia in this patient, they are less likely given the 
epidemiology. Hypereosinophilia of unknown significance and idiopathic 
hypereosinophilic syndrome are not only uncommon, but also are diagnoses 
of exclusion.

2. A 55-year-old man presents with chest pain, shortness of breath, and wheez-
ing. Physical examination reveals a papular erythematous rash on the upper 
arms bilaterally, a blowing systolic murmur at the apex, inspiratory and 
expiratory wheezes, and a palpable spleen tip. Complete blood count is 
notable for an absolute eosinophil count of 14,640/µL and hemoglobin 
10.6 g/dL. Peripheral smear shows promyelocytes and dysplastic eosino-
phils. Serum tryptase is elevated at 45 ng/dL. Serum IgE is within normal 
limits. Which of the following tests is most likely to provide a definitive 
diagnosis?
 A. FIP1L1-PDGFRA testing in peripheral blood
 B. Echocardiography
 C. Lymphocyte subset analysis
 D. D816V KIT testing in bone marrow
 E. Karyotype analysis

Answer: A The clinical features in this case are classic for FIP1L1-PDGFRA–
associated myeloid neoplasm, including male gender, eosinophilic endomyo-
cardial fibrosis, dysplastic eosinophils, anemia, splenomegaly, and elevated 
serum tryptase levels. The interstitial deletion that produces the fusion gene 
is detectable by polymerase chain reaction or fluorescence in situ hybridiza-
tion in peripheral blood. Cytogenetic abnormalities detectable on karyotype 
analysis are extremely uncommon. Echocardiography would likely confirm 
endomyocardial fibrosis, but this can be seen in any of the clinical subtypes 
of HES. The history is inconsistent with lymphocytic variant HES, which is 
characterized by skin manifestations and elevated serum IgE. Finally, although 
elevated tryptase, anemia, and splenomegaly are characteristic of D816V KIT 
mutation–positive systemic mastocytosis, and eosinophilia can be present, 
the clinical manifestations of systemic mastocytosis (e.g., anaphylaxis, urticaria 
pigmentosa, bone pain) differ from those of HES.

3. A 36-year-old obese man presents to the emergency room with presyncope. 
He has no prior cardiac history, and his only travel outside of the United 
States was to rural China more than 10 years earlier. Evaluation is notable 
for a mildly elevated serum troponin (2.8 ng/mL), a normal electrocar-
diogram, and an absolute eosinophil count of 12,456/µL. Echocardiogram 
and exercise stress test are normal. Bone marrow biopsy is hypercellular 
with dysplastic eosinophils, but no increase in blasts. What is the most 
appropriate course of action?
 A. Withhold therapy until diagnostic testing is complete
 B. Prednisone burst taper
 C. Prednisone (1 mg/kg daily)
 D. Prednisone (1 mg/kg daily) and ivermectin (200 µg/kg)
 E. Imatinib mesylate (400 mg daily)

Answer: D This patient meets criteria for hypereosinophilic syndrome with 
potentially life-threatening clinical manifestations and should be treated expe-
ditiously. In the absence of data pointing to a likely secondary cause or con-
vincing evidence for PDGFR-associated myeloid neoplasm, high-dose 
glucocorticoids are indicated.* Because Strongyloides stercoralis is endemic in 
rural China and infection can persist for decades, ivermectin should be admin-
istered concomitantly to prevent hyperinfection syndrome. (*Klion AD. How 
I treat hypereosinophilic syndromes. Blood. 2015;126:1069-1077.)

4. A 55-year-old man with a history of seasonal allergic rhinitis and hyperten-
sion is referred for eosinophilia (5200/µL) noted on routine bloodwork. 
He lives in Boston, where he works as an accountant. He denies foreign 
travel, recent medication changes, or unusual exposures. There is no family 
history of eosinophilia, and his most recent bloodwork 1 year ago was 
notable for an eosinophil count of 1200/µL. He is completely asymptomatic, 
with a normal physical examination. Evaluation, including routine blood-
work, echocardiography, pulmonary function tests, bone marrow biopsy, 
testing for T- and B-cell clonality, and FIP1L1-PDGFRA, is unrevealing 
except for an absolute eosinophil count of 7600/µL. Which of the follow-
ing is the most appropriate management?
 A. Initiate prednisone therapy.
 B. Initiate imatinib therapy.
 C. Recheck eosinophil count in 1 week.
 D. Recheck eosinophil count in 1 month.
 E. Recheck eosinophil count in 1 year.

Answer: C Based on the available information, the most likely diagnosis in 
this patient would be hypereosinophilia of unknown significance. However, 
this is a diagnosis of exclusion, and the eosinophil count appears to be rising. 
Published data indicate that progression is unlikely if there are no signs of 
clinical manifestations after 5 years of hypereosinophilia in the absence of 
specific treatment.* Conversely, progression has been reported when less 
stringent criteria are used.† The safest and most appropriate option for this 
patient in the short term is to monitor his eosinophil count and clinical symp-
toms closely. (*Chen YY, Khoury P, Ware JM, et al. Marked and persistent 
eosinophilia in the absence of clinical manifestations. J Allergy Clin Immunol. 
2014;133:1195-1202. †Helbig G, Hus M, Francuz T, et al. Characteristics and 
clinical outcome of patients with hypereosinophilia of undetermined signifi-
cance. Med Oncol. 2014;31:815.)

5. A 77-year-old Indian woman with a history of chronic cough/asthma and 
peripheral eosinophilia is referred for hand and foot pain of several weeks’ 
duration. Past medical history is significant for eosinophilic pneumonia 
10 years ago and eosinophilic myocarditis with pleural and pericardial 
effusions earlier this year that responded to glucocorticoid therapy. Physical 
examination is unremarkable. Laboratory testing is notable for an eosinophil 
count of 5810/µL, an elevated erythrocyte sedimentation rate at 88 mm/
hour, and microscopic hematuria. Chest CT shows a nodular infiltrate 
versus mass lesion in the left upper lobe, patchy densities bilaterally, medi-
astinal lymphadenopathy, and a left pleural effusion. ANCA antibody testing 
is negative. What is the most likely diagnosis?
 A. Tropical pulmonary eosinophilia
 B. Chronic eosinophilic pneumonia
 C. Sarcoidosis
 D. Drug hypersensitivity
 E. Eosinophilic granulomatosis with polyangiitis

Answer: E Whereas the differential diagnosis of eosinophilia and pulmonary 
infiltrates includes all of the choices listed, this patient’s history of asthma, 
prior episodes of eosinophilic pneumonia, and myocarditis and symptoms 
suggestive of peripheral neuropathy are most consistent with eosinophilic 
granulomatosis with polyangiitis (EGPA).* ANCA antibody testing is positive 
in less than 50% of patients with EGPA. (*Groh M, Pagnoux C, Baldini C, 
et al. Eosinophilic granulomatosis with polyangiitis (Churg-Strauss) (EGPA) 
Consensus Task Force recommendations for evaluation and management. 
Eur J Intern Med. 2015;26:545-553.)
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APPROACH TO THE PATIENT WITH 
BLEEDING AND THROMBOSIS
ANDREW I. SCHAFER

 MECHANISMS OF HEMOSTASIS  
AND THROMBOSIS

Normal Hemostasis
The coagulation system is normally quiescent, and blood fluidity within blood 
vessels is maintained by the actions of a continuous monolayer of endothelial 
cells that line the intimal surface of the vasculature throughout the circulatory 
tree. At a site of vascular damage, the antithrombotic properties of endothe-
lium are lost, and thrombogenic constituents of the subendothelial vessel 
wall become exposed to circulating blood. The result is rapid formation of 
a hemostatic clot that consists of platelets and fibrin and is localized to the 
area of vascular injury. Activation of platelets and formation of fibrin occur 
essentially simultaneously and interdependently to effect hemostasis. Subse-
quently, vascular repair is accomplished by thrombolysis and recanalization 
of the occluded site.1

Platelet activation at a site of vascular injury begins with the adhesion of 
platelets to the locally de-endothelialized intimal surface (platelet–vessel wall 
interaction).2 Platelet adhesion is mediated by von Willebrand factor, which 
sticks circulating platelets to the area of damaged vessel wall by binding to 
its receptors located in platelet membrane glycoprotein Ib. The adherent 
platelets then undergo a “release reaction,” during which they discharge con-
stituents of their storage granules, including adenosine diphosphate (ADP), 
and simultaneously elaborate thromboxane A2 from arachidonic acid through 
the aspirin-inhibitable cyclooxygenase reaction. ADP, thromboxane A2, and 
other components of the release reaction act in concert to recruit and activate 
additional platelets from the circulation to the site of vascular injury. These 
activated platelets expose binding sites for fibrinogen by forming the surface 
membrane glycoprotein IIb/IIIa complex. In the process of platelet aggrega-
tion (platelet-platelet interactions), fibrinogen (or von Willebrand factor under 
conditions of high shear stress) mediates the final formation of an occlusive  
platelet plug.
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ABSTRACT
Physiological coagulation in response to injury is referred to as hemostasis. 
Blood platelets and coagulation factors participate together in forming a hemo-
static plug. Pathological coagulation, however, is referred to as thrombosis, 
which occurs when coagulation is abnormally hyperactive and is unneeded. 
Systemic bleeding disorders are caused by quantitative deficiencies or func-
tional abnormalities in the coagulation cascade and in platelets. Thrombosis, 
particularly venous thrombosis, can be the result of deficiencies or functional 
abnormalities in physiological antithrombotic proteins (like antithrombin III, 
protein C, and protein S). Screening tests for systemic bleeding disorders 
(platelet count, prothrombin time [PT], and activated partial thromboplastin 
time [aPTT]) can rule out most, but not all, clinically significant coagulation 
abnormalities. For example factor XIII deficiency or only mildly low coagula-
tion factor levels will not be picked up by a prolonged PY or aPTT. Algorithms 
for more specialized tests are provided, and newer global coagulation and 
point-of-care tests are discussed. Evaluation of hypercoagulable states requires 
a panel of blood tests, since no well validated screening tests are available.
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FIGURE 162-1. Coagulation cascade. this scheme emphasizes an understanding of 
(1) the importance of the tissue factor pathway in initiating clotting in vivo, (2) the inter-
actions among pathways, and (3) the pivotal role of thrombin in sustaining the cascade 
by feedback activation of coagulation factors. hmwK = high-molecular-weight kininogen; 
pK = prekallikrein; pl = phospholipid; pt = prothrombin; tF = tissue factor; th = thrombin. 
(From schafer Ai. coagulation cascade: an overview. in: loscalzo J, schafer Ai, eds. Throm-
bosis and Hemorrhage. cambridge, mA: Blackwell scientific publications; 1994:3-12.)

binds to the glycosaminoglycan thrombomodulin. TFPI is a plasma protease 
inhibitor that specifically quenches tissue factor–induced coagulation. Finally, 
what little fibrin can be produced, despite these potent physiologic antithrom-
botic mechanisms, is digested rapidly by the endogenous fibrinolytic system. 
Fibrinolysis is mediated by the protease plasmin, which is generated from 
plasminogen in plasma by the action of endothelium-derived plasminogen 
activators.

 EVALUATION OF THE PATIENT WITH A POSSIBLE 
BLEEDING DISORDER

History and Physical Examination
A thorough history is paramount in evaluating a patient for a possible systemic 
bleeding disorder. In addition to asking the patient about spontaneous bleed-
ing episodes in the past, the responses to specific hemostatic challenges should 
be recorded. A bleeding tendency may be suspected if a patient previously 
experienced excessive hemorrhage after surgery or trauma, including common 
events such as circumcision, tonsillectomy, labor and delivery, menses, dental 
procedures, vaccinations, and injections. Conversely, a history of normal blood 
clotting after such specific challenges in the recent past is just as important 
to note. It may be a better test of the integrity of systemic hemostasis than 
any laboratory measurement can provide.

In a patient with a history of excessive or unexplained bleeding, the initial 
goal is to determine whether the cause is a systemic coagulopathy or local-
ized anatomic or mechanical problem with a blood vessel. This situation is 
encountered most frequently in patients with excessive postoperative bleeding, 
which could be due to either local surgical trauma or a coagulation abnor-
mality, or both. A history of prior bleeding suggests a coagulopathy, as does 
the finding of bleeding from multiple sites. However, this is not always the 
case. Even diffuse bleeding may arise from anatomic rather than hemostatic 
abnormalities. An example of this is recurrent mucosal hemorrhage in patients 
with hereditary hemorrhagic telangiectasia (Chapter 164). Conversely, a single 
episode of bleeding from an isolated site may be the initial manifestation of 
a coagulopathy.

The history must include a survey of coexisting systemic diseases and drug 
ingestions that could affect hemostasis. Renal failure and the myeloprolifera-
tive neoplasms are associated with impaired platelet–vessel wall interactions 
and qualitative platelet abnormalities, connective tissue diseases and lymphomas 
are associated with thrombocytopenia, and liver disease causes a complex 
coagulopathy (Chapter 166). Ingestion of aspirin and other nonsteroidal anti-
inflammatory drugs (NSAIDs) that cause nonselective inhibition of cyclo-
oxygenase leads to platelet dysfunction; these drugs are often contained in 
over-the-counter preparations that patients may neglect to report without 
specific questioning. Other drugs, such as antibiotics, also may be associated 
with a bleeding tendency by causing abnormal platelet function or thrombo-
cytopenia.3 Finally, it is important to elicit a family history of bleeding problems. 
Although a positive history provides an important clue to a possible inherited 
coagulopathy, a negative history does not exclude a familial cause; for example, 
20% of patients with classic hemophilia have a completely negative family 
history of bleeding.

Mild bleeding events are commonly reported by patients with and without 
subsequently laboratory-documented bleeding disorders, sometimes making 
it difficult for hematologists to define a “significant bleeding history.” Using a 
web-based questionnaire, 25% of subjects in a healthy population reported 
epistaxis, 18% easy bruising (more commonly in women), 18% prolonged 
bleeding after dental extraction, and 47% of women heavy menstrual bleeding. 
More precise quantification of bleeding symptoms is being attempted by using 
“bleeding score” instruments such as the Vicenza bleeding score to help dis-
criminate, in conjunction with laboratory testing, between healthy subjects 
and those with mild bleeding disorders.

Patterns of clinical bleeding, as revealed by the history and physical exami-
nation, may be characteristic of certain types of coagulopathy (Table 162-1).4 
In general, patients with thrombocytopenia or qualitative platelet or vascular 
disorders present with bleeding from superficial sites in the skin and mucous 
membranes. These may involve petechiae, which are pinpoint cutaneous hem-
orrhages that appear particularly over dependent extremities (characteristic 
of severe thrombocytopenia), ecchymoses (common bruises), purpura, 
gastrointestinal and genitourinary tract bleeding, epistaxis, and hemoptysis. 
In these types of disorders, bleeding tends to occur spontaneously or imme-
diately after trauma. In contrast, patients with inherited or acquired coagulation 
factor deficiencies, such as hemophilia, or those on anticoagulant therapy 
tend to bleed from deeper tissue sites (e.g., hemarthroses, deep hematomas, 
retroperitoneal hemorrhage) and in a delayed manner after trauma.

Fibrin, which anchors the hemostatic platelet plug, is formed from soluble 
plasma fibrinogen by the action of the potent protease enzyme thrombin (Fig. 
162-1). The fibrin mesh is stabilized by covalent cross-linking mediated by 
factor XIII. Thrombin is formed from its inactive (zymogen) plasma precursor, 
prothrombin, by the action of activated factor X (Xa) and its cofactor, factor 
Va. This sequence of reactions has classically been referred to as the common 
pathway of coagulation. Factor X can be activated by either the tissue factor 
(extrinsic) pathway or the contact activation (intrinsic) pathway of coagulation. 
The tissue factor pathway is now considered to be the major physiologic initia-
tor of coagulation activation. It is triggered by the formation of the complex 
of tissue factor, which is exposed on the surfaces of activated vascular and 
blood cells, with activated factor VII (VIIa). The contact activation pathway 
involves a series (or cascade) of zymogen-protease reactions that are initiated 
by factor XII, high-molecular-weight kininogen, and prekallikrein. Activated 
factor XII (XIIa) converts factor XI to XIa, which in turn activates factor IX 
to IXa. Factor IXa is an enzyme that converts factor X to Xa, a reaction that 
requires factor VIIIa as a cofactor.

Physiologic Antithrombotic Mechanisms
Intact, normal endothelium promotes blood fluidity by inhibiting platelet 
activation. It likewise plays a crucial role in preventing fibrin accumulation. 
Among the physiologic antithrombotic systems that produce this latter effect 
are (1) antithrombin III, (2) protein C and protein S, (3) tissue factor pathway 
inhibitor (TFPI), and (4) the fibrinolytic system. Antithrombin is the major 
protease inhibitor of the coagulation system: it inactivates thrombin and other 
activated coagulation factors. Heparin functions as an anticoagulant by binding 
to antithrombin and greatly accelerating these reactions. Heparin and heparin 
sulfate proteoglycans are naturally present on endothelial cells, so antithrombin 
inactivation of thrombin and other coagulation proteases most likely occurs 
physiologically on vascular surfaces rather than in fluid plasma. Activated 
protein C, with its cofactor protein S, functions as a natural anticoagulant by 
destroying factors Va and VIIIa, two essential cofactors of the coagulation 
cascade. Thrombin itself is the activator of protein C, and this reaction occurs 
rapidly only on the surfaces of intact vascular endothelial cells, where thrombin 
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at levels less than 30% of normal; specific factor levels should be determined 
if a mild coagulation factor deficiency is suspected (Table 162-2).7 Rare dis-
orders of fibrinolysis also may be associated with normal screening tests, 
necessitating more specialized tests when indicated (Chapter 165). Abnor-
malities in these screening tests of hemostasis may be pursued by more spe-
cialized tests to establish a specific diagnosis (Fig. 162-3); other similar 
algorithms have been published.

An abnormal VWD screen should be followed up with more specialized 
tests, including von Willebrand factor (VWF) multimer analysis, to identify 
the type of von Willebrand disease involved. Abnormalities in the PFA closure 
time should be followed by more specialized light transmission aggregometry 
(LTA) of platelets using a panel of agonists (ADP, epinephrine, collagen, ara-
chidonic acid, ristocetin) that induce characteristic changes in light transmis-
sion (or optical density) in stirred suspensions of freshly isolated platelets in 
plasma (PRP). LTA is still considered the “gold standard” for platelet function 
testing8 (Chapter 164).

The finding of a prolonged PT and/or aPTT indicates either a deficiency 
of one or more coagulation factors or the presence of an inhibitor (Fig. 162-
4), usually an antibody, directed at one or more components of the coagulation 
system. These two possibilities can be distinguished by performing a simple 
inhibitor screen, which involves a 1 : 1 mix of the patient’s plasma and normal 
plasma. The premise of the test is that even if the patient’s plasma is completely 
deficient (0% level) in a certain factor, mixing it 1 : 1 with normal plasma 
(100% level) should bring the concentration of that factor to 50% in the 

Laboratory Testing
Screening Tests of Hemostasis
A few simple screening tests have traditionally been used in the initial evalu-
ation of patients with a suspected coagulopathy: platelet count, bleeding time, 
prothrombin time (PT) (also reported as the INR), activated partial throm-
boplastin time (aPTT), and thrombin time (TT).5 The North American Spe-
cialized Coagulation Laboratory Association (NASCOLA) has reported that 
most coagulation laboratories currently perform these tests as their “bleeding 
disorder panels.”

Thrombocytopenia, reported by electronic particle counting, should be 
verified by examination of the peripheral smear. Pseudothrombocytopenia, 
a laboratory artifact of ex vivo platelet clumping, may be caused by the eth-
ylenediaminetetraacetic acid (EDTA) anticoagulant used in tubes for blood 
cell counts, by other anticoagulants, or by nonphysiologic cold agglutinins 
acting at room temperature. It should be suspected whenever a very low platelet 
count is unexpectedly reported in a patient who does not exhibit any clinical 
bleeding. Pseudothrombocytopenia is indicated by the finding of platelet 
clumps on the peripheral smear, and the diagnosis is supported by the finding 
of simultaneously normal platelet counts in blood samples obtained by finger 
stick, in tubes containing other anticoagulants, or in a tube maintained at 
37° C before platelet counting. Examination of the blood smear can also reveal 
clues to the cause of real thrombocytopenia, such as fragmented red blood 
cells in thrombotic thrombocytopenic purpura.

The bleeding time was a widely used clinical screening test for disorders of 
platelet–vessel wall interactions. It measures the time to cessation of bleeding 
after a standardized incision over the volar aspect of the forearm. However, 
the test is prone to problems related to quality control, reproducibility, sen-
sitivity, and specificity. Therefore, because von Willebrand disease is the most 
common genetic cause of abnormal platelet–vessel wall interactions, most 
experts now recommend replacing the bleeding time with specific tests for 
von Willebrand disease (VWD screen) in the initial evaluation of patients 
with a suspected coagulopathy (Chapter 164). As an additional replacement 
for the bleeding time, especially when a functional (qualitative) abnormality 
of platelets is suspected by characteristic mucocutaneous bleeding or bruising, 
a global assay of platelet function can be appended to the panel of screening 
tests. This is most commonly a platelet function analyzer (PFA) closure time. 
The PFA and other platelet function studies (see later) must be performed 
after discontinuation of drugs that interfere with platelet function (e.g., aspirin 
and other NSAIDs).

The PT measures the integrity of the extrinsic and common pathways of 
coagulation (factors VII, X, and V; prothrombin; and fibrinogen) (Fig. 162-2). 
The aPTT measures the integrity of the intrinsic and common pathways of 
coagulation (high-molecular-weight kininogen; prekallikrein; factors XII, XI, 
IX, VIII, X, and V; prothrombin; and fibrinogen). The sensitivity of the PT 
and aPTT in detecting coagulation factor deficiencies may vary with the reagents 
used to perform these tests, and each laboratory must determine its own refer-
ence standards. The TT is a screen for quantitative deficiencies and qualitative 
defects of plasma fibrinogen.

With a few notable exceptions, normal results for all these screening tests 
of hemostasis essentially exclude any clinically significant systemic coagulopa-
thy. However, patients with factor XIII deficiency6 may have a serious bleeding 
diathesis but normal screening tests; specific tests for factor XIII deficiency 
should be performed if this disease is suspected (Chapter 165). The PT and 
aPTT detect only the more severe deficiencies of coagulation factors, usually 
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FIGURE 162-2. Classic coagulation cascade. the prothrombin time (pt) measures the 
integrity of the extrinsic and common pathways, whereas the activated partial throm-
boplastin time (aptt) measures the integrity of the intrinsic and common pathways. 
Factor (F) Xiii deficiency is not detected by pt or aptt. hmwK = high-molecular-weight 
kininogen; pK = prekallikrein. 

TABLE 162-1 CHARACTERISTIC PATTERNS OF BLEEDING IN SYSTEMIC DISORDERS OF HEMOSTASIS

TYPE OF 
DISORDER

SITES OF BLEEDING ONSET OF 
BLEEDING CLINICAL EXAMPLESGENERAL SKIN MUCOUS MEMBRANES OTHER

Platelet-vascular 
disorders

Superficial surfaces Petechiae, ecchymoses Common: oral, nasal, 
gastrointestinal, 
genitourinary

Rare Spontaneous or 
immediately after 
trauma

Thrombocytopenia, functional 
platelet disorder, vascular 
fragility, disseminated 
intravascular coagulation, 
liver disease

Coagulation factor 
deficiency

Deep tissues Hematomas Rare Common: joint, muscle, 
retroperitoneal

Delayed after trauma Inherited coagulation factor 
deficiency, acquired 
inhibitor, anticoagulation, 
disseminated intravascular 
coagulation, liver disease
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FIGURE 162-3. A to C, Algorithms for clinical and laboratory approach to the diagnosis of a patient with a suspected systemic bleeding disorder (coagulopathy). the critical importance 
of a thorough personal and family history and physical examination is emphasized before initiating a laboratory work-up. inr = international normalized ratio; pFA = platelet function 
analyzer; prp = platelet-rich plasma; Viii:c = factor Viii coagulant activity; VwF = von willebrand factor; VwF:Ag = von willebrand factor antigen; VwF:rco = von willebrand factor: ris-
tocetin cofactor activity. 
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TABLE 162-2 FEATURES OF COAGULATION FACTOR DEFICIENCIES
DEFICIENCY TYPICAL LABORATORY FINDINGS APPROXIMATE PREVALENCE
Fibrinogen Afibrinogenemia: TT ↑↑, aPTT ↑↑, PT ↑↑

Dysfibrinogenemia and hypofibrinogenemia: TT ↑, aPTT ↑, PT ↑↑
1 in 1 million

Prothrombin TT normal, aPTT ↑, PT ↑ 1 in 2 million

Factor V TT normal, aPTT ↑, PT ↑ 1 in 1 million

Combined factor V and VIII TT normal, aPTT ↑, PT ↑ 1 in 1 million

Factor VII TT normal, aPTT normal, PT ↑ 1 in 500,000

Factor X TT normal, aPTT ↑, PT ↑ 1 in 1 million

Factor XI TT normal, aPTT ↑, PT normal 1 in 1 million

Factor XIII TT, aPTT, and PT normal; specific assays required 1 in 2 million
Vitamin K–dependent coagulation factors TT normal, aPTT ↑, PT ↑↑ <50 families reported
aPTT = activated partial thromboplastin time; PT, prothrombin time; TT, thrombin time.
Adapted from Palla R, Peyvandi F, Shapiro AD. Rare bleeding disorders: diagnosis and treatment. Blood. 2015;125:2052-2061.

mixture; this is sufficient to correct the prolonged PT or aPTT. If correction 
occurs with the inhibitor screen, individual coagulation factor levels should 
be assayed for a specific deficiency state. If the 1 : 1 mix fails to correct the 
prolonged PT and/or aPTT, an inhibitor is likely to be present, and it is inter-
fering with coagulation in vitro in both the patient’s plasma and the normal 
plasma. Specific assays should then be performed to determine whether there 
is a true inhibitor against a coagulation factor (e.g., factor VIII antibody) or 
whether the inhibitor is a lupus anticoagulant. A prolonged TT, with or without 
prolongation of the PT and/or aPTT, suggests the presence of a quantitative 
deficiency or a qualitative defect of fibrinogen. These can then be distinguished 
by following up with simultaneously performed clottable (functional) and 
antigenic assays of fibrinogen: a disproportionately low clottable fibrinogen 
points to a functional fibrinogen abnormality (dysfibrinogenemia), whereas 
proportionately reduced levels of clottable and antigenic fibrinogen suggest 
a quantitative deficiency (hypofibrinogenemia or afibrinogenemia) (see Fig. 
162-3A and Chapter 165).

Newer coagulation tests, known as global assays, have the potential to offer 
fuller evaluation of a patient’s overall clot-forming capability. These global 
assays, including thrombin generation tests and viscoelastic assays, have not 
yet advanced from experimental research to routine clinical practice.

Global Coagulation Laboratory and Point-of-Care Tests
Thrombin Generation Tests
These laboratory tests require separation of platelet-poor plasma (PPP) or 
platelet-rich plasma (PRP) from centrifuged whole blood. Thrombin genera-
tion in the patient’s plasma can be then measured by comparing it to a calibrator 
of known thrombin activity, using automated fluorescence or chromogenic 
readouts. These tests measure primarily the coagulation arm of hemostasis 
and have been shown to be promising in evaluating thrombophilias in guiding 
antithrombotic therapy. The tests are limited at this time by their lack of vali-
dation as a clinical tool.9

Clot Waveform Analysis
This test is based on the activated partial thromboplastin time (aPTT) assay, 
but with a prolonged light transmission readout that can monitor both the 
acceleration and deceleration of clotting, thereby reflecting the whole process 
of clot formation and clot lysis. It shows promise as a global test of dissemi-
nated intravascular coagulation (DIC) and for sensitive detection of mild 
coagulation factor deficiencies, but the method needs further validation and 
standardization.

Thromboelastography
This test provides a global assay of coagulation and fibrinolysis using point-
of-care technology. There are two types of semiautomated commercial devices 
available at this time: the ROTEM (rotational thromboelastometry) analyzer 
and the TEG (thromboelastography) analyzer. It is a whole blood clotting 
test in which a small aliquot of blood is rotated in a cuvette, and the strength, 
elasticity, and dissolution of the forming clot are measured with a torsion wire 
or by optical detection.10 The markedly increasing use of this technology is 
understandable; it is inherently attractive to have a bedside test that provides 
immediate, real-time, visualized monitoring and analysis of clot formation 
and lysis in whole blood incorporating the totality of the hemostatic system, 
including coagulation, fibrinolysis, and platelets.11,12 However, systematic 
reviews have concluded at this time that most meaningful data on thrombo-
elastography have come from their use in cardiac surgery involving cardio-
pulmonary bypass, where it has indeed reduced the need for transfusion of 
blood products. A1  Its impact on producing other favorable clinical end points 
remains open to study.13

Other Point-of-Care Tests of Hemostasis
Other, more specialized but established point-of-care tests of hemostasis include: 
the activated clotting time (ACT), which is used to monitor heparinization 
during extracorporeal circuits in cardiac bypass surgery and extracorporeal 
membrane oxygenation; handheld devices to measure the international nor-
malized ratio (INR) for self-management at-home monitoring in patients 
taking vitamin K antagonists; and platelet function analyzers (i.e., the Veri-
fyNow system), which measure platelet aggregation across fibrinogen-coated 
polystyrene beads in separate cartridges for assessment of resistance to anti-
platelet drugs including aspirin, thienopyridines, and glycoprotein IIb-IIIa  
antagonists.

 EVALUATION OF THE ASYMPTOMATIC PATIENT 
WITH ABNORMAL COAGULATION TESTS

In asymptomatic individuals who are discovered incidentally to have abnor-
malities in screening laboratory tests of hemostasis, the first critical question 
to ask is whether the findings are clinically relevant. Patients with inherited 
deficiencies of one of the contact activation coagulation factors (factor XII, high-
molecular-weight kininogen, prekallikrein) characteristically have a markedly 
prolonged aPTT, yet they do not have a clinical bleeding tendency. Likewise, 
patients with lupus anticoagulants typically have prolongation of the aPTT and 
sometimes also the PT; they more often have thrombotic rather than bleeding 
complications. In patients with heparin-induced thrombocytopenia, a marked 
decrease in the platelet count is sometimes associated with arterial and venous 

Increased PT and/or increased aPTT

1:1 mix
(inhibitor screen)

Corrects Does not correct

Individual coagulation
factor assays

Tests for lupus anticoagulant,
specific coagulation factor inhibitor

FIGURE 162-4. Approach to evaluating patients with prolonged prothrombin time  
(pt) or activated partial thromboplastin time (aptt). 



Patients who present with VTE have an increased risk for harboring an 
occult malignancy. This association is increased further in patients with recur-
rent and unprovoked thrombosis. There are conflicting opinions on whether 
an evaluation for occult malignancy in these patients must be exhaustive. Most 
recommend that evaluation can be limited to a thorough history, physical 
examination, routine complete blood cell count and chemistries, test of fecal 
occult blood, urinalysis, mammogram (in women), and chest radiograph, with 
further testing guided by any abnormalities found in this initial evaluation. 
Others argue for routine computed tomography scanning of the chest, 
abdomen, A2  and pelvis16,17 (see algorithm in Fig. 73-4).

In addition to classic deep vein thrombosis and pulmonary embolism, certain 
characteristic types of thrombosis may provide important clues to the cause 
and trigger a more directed evaluation. Migratory, superficial thrombophlebitis 
(Trousseau syndrome) or nonbacterial thrombotic endocarditis strongly suggests 
the presence of an occult malignancy (Chapter 73). Hepatic vein thrombosis 
(Budd-Chiari syndrome; Chapter 134) or portal vein thrombosis may indi-
cate a myeloproliferative neoplasm (Chapter 157) or paroxysmal nocturnal 
hemoglobinuria (Chapter 151). Extensive inferior vena cava thrombosis may 
occur with renal cell carcinoma (Chapter 187). Warfarin-induced skin necrosis 
strongly suggests underlying protein C or protein S deficiency. Recurrent, 
spontaneous miscarriages are characteristic of the antiphospholipid syndrome 
(Chapter 165), although they are also associated with other thrombophilias.

thrombosis rather than bleeding. It is crucial to view the clinical setting, history, 
physical examination, and screening laboratory tests as complementary facets 
of the approach to patients with suspected coagulopathies.

 EVALUATION OF THE PREOPERATIVE PATIENT
Routine screening of all preoperative patients with a platelet count, bleeding 
time, PT, and aPTT not only is uninformative but also may be counterproduc-
tive if follow-up testing causes unnecessary expense and delays in surgery 
(Chapter 403). Preoperative bleeding time, PT, and aPTT do not predict 
surgical bleeding risk in patients who are not found to be at increased risk on 
clinical grounds, so a thorough clinical assessment should guide the need for 
these preoperative screening tests. Laboratory testing and possibly further 
specialized tests of coagulation are indicated for patients whose bleeding his-
tories are suspicious for a hemostatic abnormality. Preoperative screening 
tests of coagulation are probably warranted for patients who cannot cooperate 
with an adequate clinical assessment and for those who will be undergoing 
procedures in which even minimal postoperative hemorrhage could be hazard-
ous. Recent guidelines for preinterventional and preoperative hemostatic 
evaluation have likewise concluded that bleeding risk requires a detailed per-
sonal and family history of hemorrhagic events and physical examination; but 
individuals with a negative history and without conditions that may interfere 
with systemic hemostasis should not undergo coagulation testing.14

 EVALUATION OF THE PATIENT WITH A POSSIBLE 
HYPERCOAGULABLE STATE

Most patients with venous thromboembolism (VTE) have an inherited basis 
for hypercoagulability (Chapter 73). Patients with inherited hypercoagulable 
states (or thrombophilia) typically present with an initial episode of VTE in 
early adulthood, but thrombotic manifestations may begin at any time from 
early childhood to old age. Patients usually have deep vein thrombosis of the 
lower extremities or pulmonary embolism, but other uncommon sites of venous 
thrombosis may be involved. Arterial thrombosis is not characteristically 
associated with inherited hypercoagulable states. Arterial thrombosis that 
occurs prematurely or in the absence of apparent risk factors should trigger 
a different line of investigation, possibly including evaluation for vasculitis, 
myeloproliferative neoplasms, hyperhomocysteinemia, antiphospholipid syn-
drome, and potential sources of systemic embolization.

The primary or hereditary hypercoagulable states (see Table 73-1) result 
from specific mutations or polymorphisms that lead to decreased levels of 
physiologic antithrombotic proteins or increased levels of procoagulant pro-
teins. In contrast, the secondary or acquired hypercoagulable states are a 
heterogeneous group of disorders that predispose to thrombosis by complex 
mechanisms. VTE is often precipitated by the combination of an underlying 
hypercoagulable genotype and an acquired prothrombotic, hypercoagulable 
state such as pregnancy, immobilization, or the postoperative state. Certain 
clinical characteristics suggest the presence of an inherited hypercoagulable 
state (Table 162-3). Patients with recurrent thrombosis should be tested for 
these disorders and, in most cases, committed to lifelong prophylactic anti-
coagulation. It is not clear whether it is essential to order these tests after a 
single episode of VTE. Counterintuitively, it has been found that most of the 
common inherited hypercoagulable states—which, to varying extents, clearly 
increase the risk for a first episode of VTE—are at best only weak predictors 
of recurrent VTE. It has been argued, therefore, that making a specific throm-
bophilia diagnosis after an initial episode of VTE will not influence the decision 
about the duration of prophylactic anticoagulation. However, the increased 
risk for recurrent VTE with the more strongly prothrombotic mutations (e.g., 
antithrombin III, protein C or S deficiency), combined inherited thrombo-
philias, or antiphospholipid syndrome may necessitate long-term anticoagula-
tion, and therefore their diagnosis after a first episode of VTE would in fact 
alter decisions about the duration of anticoagulation. An algorithm for throm-
bophilia testing after a first episode of VTE is presented in Fig. 73-3. Even if 
they are not maintained on long-term anticoagulation, patients with diagnosed 
primary hypercoagulable states should receive prophylactic anticoagulation 
during situations that pose a high risk for thrombosis, such as the peripartum 
period. There is no simple screening test for primary hypercoagulable states, 
and the timing of obtaining these tests is crucial to avoid erroneous diagnoses. 
Acute thrombosis itself can cause transient decreases in the levels of anti-
thrombin, protein C, and protein S. Heparin therapy can cause a decrease in 
plasma antithrombin activity. Warfarin therapy lowers the functional levels 
of protein C and protein S. Inherited deficiency states can be diagnosed spuri-
ously under these conditions.15 Use of one of the newer anticoagulants can 
also interfere with laboratory tests, especially for lupus anticoagulant.

TABLE 162-3 CLINICAL CHARACTERISTICS OF PATIENTS 
WITH INHERITED HYPERCOAGULABLE STATES 
(THROMBOPHILIA)

Venous thromboembolism (>90% of cases)
Deep vein thrombosis and/or pulmonary embolism most common
Mesenteric, cerebral vein thrombosis rare but characteristic
Frequent family history of thrombosis
Typically autosomal dominant
First episode of thrombosis typically in young adulthood (<40 years)
Often apparently unprovoked (but an acquired thrombosis trigger is frequently 

identified with a careful history)
More common thrombophilias (factor V Leiden, prothrombin 20210G→A) are 

associated with a lower thrombosis risk; rarer thrombophilias (antithrombin III, 
protein C, protein S deficiency) are associated with a higher thrombosis risk

Warfarin-induced skin necrosis or neonatal purpura fulminans with protein C or 
protein S deficiency (very rare)
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REVIEW QUESTIONS

1. You are asked to clear a 48-year-old man for elective surgery for a herniated 
disc because he told his surgeon that he has a history of some kind of 
“blood problem.” The patient tells you he bled heavily one day after a dental 
extraction 5 years ago, requiring blood transfusions in his local hospital’s 
emergency department. He also recalls his parents telling him that he “almost 
died” of bleeding after a tonsillectomy in early childhood. There have been 
no other bleeding problems, even though he was an All-American soccer 
player in college and proudly says that he didn’t bruise any more than his 
teammates. Family history is negative for bleeding except for his maternal 
grandfather, who had serious postoperative bleeding after coronary artery 
bypass graft surgery. The patient’s screening coagulation test results now 
are normal: platelets = 380,000; prothrombin time (PT) = 11.4 (international 
normalized ratio [INR] = 1.0); partial thromboplastin time (PTT) = 27.5. 
What would you do now?
 A. Clear him for surgery with close postoperative observation for 

bleeding.
 B. Order a bleeding time and platelet function tests.
 C. Order factor VIII and factor IX levels.
 D. Order liver function tests.
 E. Order von Willebrand factor (VWF) multimer analysis.

Answer: C The type of bleeding complications this patient describes (i.e., 
delayed, deep bleeding, especially at oropharyngeal sites with surgery) is more 
characteristic of a coagulation factor defect than a platelet-vascular defect. His 
family history is suggestive of an X-linked inherited coagulopathy, with his 
mother being the silent carrier. Factor VIII deficiency (classic hemophilia) and 
factor IX deficiency fit that description. The PTT is not a sensitive screening 
test to pick up less severe forms of a coagulopathy (i.e., when the factor level 
is >25%), so mild hemophiliacs (with either factor VIII or IX deficiency) may 
have a normal PTT and yet still have serious bleeding complications when 
provoked with surgery. Therefore, factor VIII and IX levels must be obtained 
here to rule out the mild hemophilia, which would require prophylactic preop-
erative (as well as intraoperative and postoperative) replacement therapy. The 
bleeding time, a method to test the integrity of platelet-vascular interactions, is 
now largely an obsolete test; and the kinds of bleeding problems this patient 
describes (as well as the notable absence of pathologic bruising with trauma) 
argue strongly against a qualitative platelet abnormality. Liver function tests 
could be done but are unlikely to shed additional light on this diagnostic 
problem; furthermore, this patient appears to have an inherited, not acquired, 
coagulopathy. The possibility of von Willebrand disease is not unreasonable 
(even though it is usually autosomal dominant), although, again patients with 
von Willebrand disease tend to bleed superficially like patients with platelet 
problems. In any case, multimer analysis is not the first step to diagnosing von 
Willebrand disease: it should be preceded by a von Willebrand panel to assay 
levels of functional VWF, antigenic VWF, and factor VIII activity.

2. A 68-year-old man with coronary artery disease, diabetes mellitus, hyper-
tension, and a history of stroke followed by seizures is now 3 days after an 
uncomplicated coronary artery bypass graft (CABG) surgery, and you are 
asked to consult for severe thrombocytopenia. The patient is on multiple 
medications for his chronic conditions and is now on postoperative sub-
cutaneous heparin for thromboprophylaxis. There have been no bleeding 
problems postoperatively, and physical examination shows no signs of 
bleeding from external orifices and no ecchymoses or petechiae. The platelet 
count today is 5000, which triggered the STAT consult; it had been previ-
ously normal, including a count of 280,000 yesterday. Which of the fol-
lowing should be the first step?
 A. Examine the peripheral blood smear for platelet clumping.
 B. Stop heparin.
 C. Stop heparin and all other medications.
 D. Order STAT platelet transfusions.
 E. Take a thorough history and do a comprehensive physical examination.

Answer: A The first step is to promptly determine whether the apparently 
sudden drop in platelet count is real or artifactual. The abrupt drop (when 
counts were normal as recently as 1 day ago), accompanied by the striking 
absence of symptoms or signs of bleeding in this patient raises a high level of 
suspicion for “pseudothrombocytopenia.” Seeing large clumps of platelets on 
the peripheral smear, which should be examined by the hematologist, would 
confirm the suspicion, which should be then promptly documented by order-
ing repeat platelet counts in both the customary purple-top tube containing 
ethylenediaminetetraacetic acid (EDTA) as the anticoagulant along with tubes 
containing other anticoagulants (heparin or citrate). (The platelet count in 
the EDTA tube should be again very low, but not in blood collected into test 
tubes with the other anticoagulants.) Occasionally, pseudothrombocytopenia 
occurs as a result of the presence of a nonphysiologic “cold agglutinin,” which 
clumps platelets in the test tube while sitting at room temperature before 
counting. This can be ruled out by having the laboratory do simultaneous 
platelet counts on a tube kept at 37° C versus one that has been intentionally 
left standing at room temperature: the former should have a normal platelet 
count if this is the case. These findings represent pseudothrombocytopenias 
in which the platelet counts are artifactually low and of no clinical consequence. 
These tests can be all done very quickly without stopping important medica-
tions, including heparin, and before undertaking further work-up and treatment 
of the thrombocytopenia if they remain necessary.

3. Which of the following statements is correct regarding the relationship 
between cancer and thrombosis?
 A. In a patient being treated for gastric cancer, secondary prevention fol-

lowing a first episode of venous thromboembolism is best provided by 
warfarin for 3 to 6 months at doses to target an international normalized 
ratio of 2.0 to 3.0.

 B. A first episode of apparently unprovoked deep vein thrombosis in a 
previously healthy individual requires comprehensive search for an occult 
malignancy, including computed tomography of the chest, abdomen, 
and pelvis.

 C. Pulmonary embolism in a patient being actively treated for cancer 
requires the placement of an inferior vena cava (IVC) filter to prevent 
recurrence.

 D. A patient with breast cancer who completed treatment 6 months ago 
and is now in complete remission, with no evidence of disease, is not 
at increased risk for venous thromboembolism.

 E. In a previously healthy individual, the spontaneous development of 
extensive IVC thrombosis is highly suggestive of an occult renal cell 
carcinoma.

Answer: E IVC thrombosis, a rare and dramatic form of venous thrombosis 
that can extend into the right atrium, is associated with renal cell carcinoma. 
Other characteristic (but not diagnostic) cancer-associated thrombosis syn-
dromes include Budd-Chiari syndrome (hepatic vein thrombosis) or portal 
vein thrombosis in patients with myeloproliferative neoplasms and superficial, 
migratory thrombophlebitis (Trousseau syndrome) with occult cancers of 
the gastrointestinal tract and pancreatic cancer. Subcutaneous low-molecular-
weight heparin is superior to dose-adjusted warfarin for secondary prophylaxis 
after an episode of venous thromboembolism in a cancer patient, even when 
in remission, and it should be continued indefinitely. Although the incidence 
of occult malignancy in a previously healthy person who presents with unpro-
voked venous thromboembolism is definitely increased, most experts agree 
that a comprehensive history and physical examination, stool for occult blood, 
chest radiograph, blood counts and basic chemistries, and a mammogram in 
women is a sufficient initial screen for occult cancer, as long as any abnormali-
ties picked up on that screen are more aggressively pursued. Increased risk 
for thrombosis in a patient with cancer continues for months or even years 
after complete remission has been achieved. An IVC filter is inadequate to 
prevent recurrent pulmonary embolism in patients with or without cancer.
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163 
THROMBOCYTOPENIA
CHARLES S. ABRAMS

 DEFINITION
Thrombocytopenia is defined as a platelet count lower than the normal range, 
typically below 140,000/µL.

 EPIDEMIOLOGY
With the widespread use of the “routine CBC,” asymptomatic individuals 
with incidentally discovered mild thrombocytopenia are being increasingly 
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disseminated intravascular coagulation (DIC)
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ABSTRACT
Thrombocytopenia can be caused by three general mechanisms: (1) increased 
destruction of circulating platelets; (2) impaired production of platelets by 
the bone marrow; or (3) increased splenic sequestration of circulating platelets, 
a passive rather than actively destructive process caused by expansion of the 
splenic platelet pool as a result of splenomegaly due to congestive (e.g., portal 
hypertension) or infiltrative (e.g., lymphoma or storage disease) etiologies. 
Destructive thrombocytopenias can be immune- or nonimmune-mediated. 
The former includes ITP and drug-induced thrombocytopenia; the latter can 
be caused by TTP, HUS, DIC, and ITP and intravascular devices. Before ini-
tiating an extensive workup for the cause of the thrombocytopenia, the periph-
eral blood smear should be examined for artifactual platelet clumping 
(“pseudothrombocytopenia”), an idiosyncratic in vitro phenomenon that 
should be especially suspected in a patient reported to have an unexpectedly 
low platelet count in the absence of any clinical bleeding. Mild thrombocy-
topenias can occur physiologically with the progression of a normal pregnancy 
(gestational thrombocytopenia) or congenitally.
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TABLE 163-1 DISORDERS THAT CAUSE BOTH 
THROMBOCYTOPENIA AND THROMBOSIS

Thrombotic thrombocytopenic purpura (TTP)
Hemolytic-uremic syndrome (HUS)
Heparin-induced thrombocytopenia (HIT)
Disseminated intravascular coagulation (DIC)
Paroxysmal nocturnal hemoglobinuria (PNH)
Vasculitis (such as systemic lupus erythematosus)
Antiphospholipid antibody syndrome (APS)

recognized. The clinical significance of mild thrombocytopenia (platelet counts 
between 100,000/µL and 150,000/µL) in the absence of other CBC abnor-
malities can be difficult to ascertain. Many, and perhaps most of these indi-
viduals with mild chronic thrombocytopenia, represent outliers of the normal 
distribution of platelet counts. However, others have thrombocytopenia that 
represents the early manifestation of an unrecognized disease. In the absence 
of other signs, many of these individuals are diagnosed with idiopathic (immune) 
thrombocytopenic purpura (ITP)—a disease that will be discussed later in 
this chapter.

After a decade, approximately 10% of patients with mild idiopathic throm-
bocytopenia will develop ITP or another autoimmune disorder. However, 
approximately 90% of the subjects will continue to manifest borderline throm-
bocytopenia without developing another disorder during this period of time. It 
can be concluded that most individuals with isolated and asymptomatic chronic 
mild thrombocytopenia simply represent the lower end of the normal platelet 
count distribution. Consequently, international consensus groups have set the 
threshold for the diagnosis of ITP at a platelet count of less than 100,000/µL.

 PATHOBIOLOGY
The causes of thrombocytopenia can be divided into three major categories: 
(1) increased destruction of platelets, such as seen in immune-mediated causes; 
(2) decreased production of platelets, usually due to an underlying bone 
marrow disorder; or (3) sequestration of platelets within the spleen, as occurs 
in conditions that cause splenomegaly (hypersplenism).

Increased Platelet Destruction
In the absence of splenomegaly, the presence of increased megakaryocytes in 
an otherwise normal bone marrow implies that thrombocytopenia is due to 
increased platelet destruction. An acute drop in a patient’s platelet count also 
implies that a peripheral destructive process is the likely cause. For example, 
a patient who develops abrupt thrombocytopenia during hospitalization most 
likely has a low platelet count caused by an infection or by the introduction 
of a new medication. Both nonimmune and immune processes can lead to a 
shortened platelet lifespan. Nonimmune reasons for the accelerated destruc-
tion of platelets include sepsis, disseminated intravascular coagulation (DIC), 
thrombotic thrombocytopenic purpura (TTP), hemolytic-uremic syndrome 
(HUS), preeclampsia or eclampsia, cardiopulmonary bypass, and giant cav-
ernous hemangioma. Thrombocytopenia that occurs in these circumstances 
usually resolves with treatment of the underlying disorder, and platelet trans-
fusions are rarely necessary. Thrombocytopenia due to TTP, HUS, or heparin-
induced thrombocytopenia (HIT) is more characteristically associated with 
microvascular occlusion or thrombosis than with bleeding (Table 163-1), so 
platelet transfusions are also rarely necessary for the management of these 
conditions. In addition, reports have noted the clinical deterioration of patients 
with TTP or HIT following platelet transfusion, leading to the controversial 
suggestion that platelets should not be given to most patients with these two 
particular disorders.

Immune-mediated platelet destruction can result from drugs, alloimmune 
sensitization, or autoimmunity. Medications should always be considered as 
a possible cause of acute thrombocytopenia. The list of potential offending 
agents is long, but drugs with strong evidence of antibody-mediated platelet 
destruction include quinine, quinidine, sulfonamides (such as trimethoprim-
sulfamethoxazole), β-lactam antibiotics (both penicillins and cephalosporins), 
vancomycin, procainamide, and gold salts. In addition to stopping the offending 
medication, platelet transfusions might be required for severe thrombocytopenia.

Decreased Platelet Production
Decreased platelet production occurs in primary diseases of the bone marrow, 
such as acute leukemia and aplastic anemia; myelophthisic processes in which 
bone marrow is affected by metastatic carcinoma, fibrosis, or other clonal 

hematopoietic disorders; following toxin-induced (such as chemotherapy or 
ethanol exposure) or radiation therapy-induced myelosuppression; and during 
infections with viruses such as HIV, cytomegalovirus (CMV), Epstein-Barr 
virus (EBV), and varicella. Thrombocytopenia also occurs when normal 
megakaryocyte proliferation is impaired by myelodysplasia.

Thrombocytopenia due to decreased platelet production is often accom-
panied by abnormalities of the white blood cells or red blood cells. This should 
be readily apparent by inspection of the CBC and review of the peripheral 
blood smear. When thrombocytopenia in this setting is accompanied by bleed-
ing, the bleeding usually requires treatment by platelet transfusion. Additionally, 
when decreased platelet production is profound (less than 10,000/µL) and 
cannot be readily reversed, prophylactic platelet transfusion to prevent bleed-
ing should be considered. However, as will be discussed in the following section, 
prophylactic platelet transfusion is problematic because of the short lifespan 
of platelets and the potential to develop alloantibodies that will limit the effec-
tiveness of future platelet transfusions.

Platelet Sequestration
Approximately 30 to 40% of the circulating platelet mass is normally seques-
tered within the spleen. Enlargement of the spleen due to portal hypertension 
or infiltration is accompanied by expansion of the splenic platelet pool. Because 
hypersplenism by itself rarely causes a platelet count of less than 40,000/µL 
to 50,000/µL, bleeding due to thrombocytopenia from hypersplenism alone 
is unusual. In addition, if a patient with a large spleen has a platelet count of 
less than 40,000/µL, an additional etiology for the thrombocytopenia needs 
to be considered.

 CLINICAL MANIFESTATIONS
In the absence of qualitative platelet defects (Chapter 164), excessive bleeding 
does not occur in thrombocytopenic patients following trauma or surgery 
unless the platelet count is lower than 75,000/µL. In otherwise hemostatically 
normal patients, spontaneous hemorrhage typically does not occur with platelet 
counts above 30,000/µL. Patients with platelet counts of less than 5000/µL 
to 10,000/µL are at a high risk for spontaneous, life-threatening hemorrhage. 
However, there is no absolute threshold for spontaneous bleeding due to 
thrombocytopenia. Bleeding may occur at higher counts when fever, sepsis, 
severe anemia, and other hemostatic defects are present, or when platelet 
function is impaired by medication. It is sometimes said that patients with 
wet purpura (mucocutaneous bleeding with blood blisters) are at particularly 
high risk for sudden catastrophic bleeding events. Therefore, it is critical that 
the physician consider the gamut of possibilities when diagnosing and manag-
ing a patient with a low platelet count.

 DIAGNOSIS
Typically, the first step in diagnosing a patient with a low platelet count is to 
determine whether the thrombocytopenia is attributable to increased platelet 
destruction, decreased platelet production, or hypersplenism. See Figure 163-1 
for an approach to evaluating patients with chronic thrombocytopenia. Because 
there is no easy test to differentiate among the three possibilities, clinical 
evaluation is critical. Therefore, a thorough history and physical examination, 
with attention to possible alternative explanations for thrombocytopenia, are 
mandatory. Particular attention should be paid to the duration of symptoms, 
which helps to determine whether the patient has acute or chronic thrombo-
cytopenia. The clinician should also focus on the patient’s recent exposure to 
new medications that might induce thrombocytopenia as a side effect.

Preliminary laboratory tests include a complete blood count (CBC) with 
a differential, along with an examination of the peripheral blood smear (Chapter 
148). Abnormalities in the number or morphology of the leukocytes or 
erythrocytes may indicate a systemic inflammatory disorder or a pathology 
within the bone marrow; fragmentation of red cells may suggest a microan-
giopathy such as thrombotic thrombocytopenic purpura (TTP) or hemolytic-
uremic syndrome (HUS). Clumping of the platelets on the peripheral blood 
smear may indicate that the patient has pseudothrombocytopenia (Chapter 
162). This anomaly is usually due to an antibody that binds to and thereby 
agglutinates platelets only in the presence of hypocalcemia induced by ethyl-
enediaminetetraacetic acid (EDTA) in the blood collection tube, or when the 
blood sample is allowed to cool to room temperature. Repeating the platelet 
count in a blood sample that has been anticoagulated with heparin and kept 
warm until it is analyzed can help exclude this spurious diagnosis. Any addi-
tional testing to determine the cause of thrombocytopenia is based solely on 
the available clinical information derived from the history and examination 
of the patient. For example, testing for human immunodeficiency virus (HIV) 

TREATMENT 
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would be prudent in a patient with risk factors. A bone marrow aspirate and 
biopsy are typically not required for a patient with thrombocytopenia who 
has an otherwise normal CBC and peripheral blood smear. However, a bone 
marrow aspirate and biopsy should be considered in older patients and in 
patients whose thrombocytopenia is progressive or in whom standard therapy 
has not been effective.

Chronic thrombocytopenia

Follow CBC

Platelet count less
than 100,000/μL; see

above algorithm

Exclude
pseudothrombocytopenia
on peripheral blood smear

Platelet count greater than
100,000/μL

Stable; continue to
follow CBC

Abnormal blood smear or
abnormality of WBC or RBC

suggests bone marrow disorder

Exclude
pseudothrombocytopenia
on peripheral blood smear

Large spleen and platelets
> 40,000/μL suggests hypersplenism

Immune mediated; primary
or secondary ITP; drug induced

thrombocytopenia

Platelet count less than
100,000/μL

Fragmented red cells
suggest microangiopathy

Abnormal smear
or abnormal WBCs

and/or RBCs suggests
bone marrow disorder
Fragmented red cells

suggest microangiopathy:
proceed with differential

diagnosis as in
above algorithm

FIGURE 163-1. Systematic approach to the evaluation of chronic thrombocytopenia. cbc = complete blood count; iTp = idiopathic (immune) thrombocytopenic purpura; rbc = red 
blood cells; Wbc = white blood cells. 

For patients with decreased platelet production, the cornerstone of treat-
ment is platelet transfusion (Chapter 167). For patients with other specific causes, 
however, platelet transfusions may or may not be a beneficial therapeutic option.

Platelet Transfusions
Clinicians usually consider “wet” bleeding to be much more ominous 

than “dry” bleeding. Signs of wet bleeding include epistaxis, gingival bleed-
ing, gastrointestinal bleeding, genitourinary bleeding, and bleeding around 
intravenous sites. Dry bleeding is defined as ecchymosis or petechiae (Fig. 
163-2). Overt wet bleeding that is clearly due to thrombocytopenia is usually 
treated with platelet transfusion (Chapter 167). Prophylactic platelet trans-
fusion for patients who are not bleeding is controversial. When making the 
decision whether to treat a nonbleeding patient with thrombocytopenia, the 
practitioner must consider the short lifespan of platelets (10 days), the 5- to 
7-day shelf life of stored platelets, and the potential for the patient to develop 
transfusion-induced platelet alloantibodies. In patients undergoing treatment 
for acute leukemia, clinical trials have supported the practice of prophylactic 
platelet transfusions when the platelet count is below 5000/µL or 10,000/µL, 
rather than waiting until bleeding occurs in the severely thrombocytopenic  
patient. A1 

The indications for prophylactic platelet transfusions before interventional 
procedures are predominantly based on clinical experience and expert opinions, 
rather than on clinical trials. Current guidelines recommend platelet transfusion 
in patients with therapy-induced hypoproliferative thrombocytopenia and a 
platelet count of less than 10,000/µL. Prophylactic platelet transfusion is also 
indicated for patients having elective central venous catheter placement with 
a platelet count less than 20,000/µL, and for patients having elective diagnostic 
lumbar puncture or major elective nonneuraxial surgery with a platelet count 
less than 50,000/µL (Table 163-2).1,2 Platelet transfusions should continue for 
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FIGURE 163-2. Petechiae. multiple pinpoint, nonblanching, erythematous macules  
found predominantly on skin of dependent extremities in patients with severe 
thrombocytopenia. 

several days following procedures where the risk for bleeding or the complica-
tions resulting from bleeding are high. For extremely high-risk procedures that 
involve the nervous and ocular systems, the prophylactic platelet transfusions 
should be continued for at least 7 to 10 days.

A donated unit of blood contains approximately 50 billion platelets. Infusing 
this number of platelets into a patient should increase his or her platelet count 
by 20,000/µL divided by the patient’s body surface area in square meters. 
Therefore, transfusion of one unit into an average-sized adult patient should 
increase the individual’s platelet count by approximately 10,000/µL to 12,000/µL. 
Bags of platelets used for transfusions are typically obtained by pooling platelets 
derived from four to six blood donors. Therefore, a “unit” at one hospital may 
be derived from more donors than a “unit” obtained at another hospital.

Large quantities of platelets can be derived from a single donor by using 
apheresis technology (plateletpheresis) (Chapter 167). Because there is minimal 
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loss of red blood cells with this technique, plateletpheresis allows one individual 
to donate very large numbers of platelets (equivalent to the number of platelets 
obtained from 6 units of donated blood). As discussed in the following section, 
the risk for platelet alloimmunization is partially dependent on the number of 
individuals donating platelets to a patient. Therefore, single-donor platelet-
pheresis can minimize the risk of alloimmunization.

Several trials have addressed how many platelets should be transfused into 
thrombocytopenic patients to maintain hemostasis and to minimize exposure 
to blood products (also see Chapter 167). The largest of these trials was the 
multicenter Platelet Dose (PLADO) Trial. A2  In this study, patients with throm-
bocytopenia were randomized to receive transfusions of low-dose (110 billion/
m2), medium-dose (220 billion/m2), or high-dose (440 billion/m2) platelets while 
recovering from hematopoietic stem cell transplantation. Patients who received 
the low-dose therapy required more frequent platelet transfusions. However, 
overall they received fewer transfused platelets over the course of the study. 
Importantly, bleeding complications were identical with all platelet transfusion 
strategies. This study demonstrates that low doses of platelets (110 billion/m2 of 
body surface area) are as safe as larger doses in patients with hypoproliferative 
thrombocytopenia who are receiving prophylactic platelet transfusion therapy.

Several complications of platelet transfusion therapy merit mention (also 
see Chapter 167). First, some patients can become alloimmunized against platelet 
antigens and can become refractory to future platelet transfusion therapy 
(discussed in detail later). Second, bacterial contamination of stored platelets 
is a much more common complication than the infectious risk associated with 
red blood cell transfusions. Unlike red blood cells, which are stored frozen after 
being harvested from donated blood, platelets are sensitive to cool temperatures 
and therefore need to be stored at room temperature. This method of storage 
results in more bacterial overgrowth in the transfusion bags. Transfusion-asso-
ciated bacterial sepsis is one of the most frequently reported causes of trans-
fusion-induced mortality in the United States, and platelet transfusions are the 
most common blood products associated with sepsis. It should also be noted 
that room temperature storage of platelets contributes to their short shelf life 
of approximately 5 to 7 days. In contrast to the risk for bacterial infection, the 
risk for viral infection from platelet transfusions is no higher than it is for red 
blood cell transfusions. From a single unit of platelets, the risk for being exposed 
to HIV is less than 1 in 1.5 to 2 million, the risk for exposure to hepatitis B virus 
is less than 1 in 200,000, and the risk for exposure to hepatitis C virus is less 
than 1 in 1 to 2 million.

Platelet transfusions have been considered contraindicated for thrombocy-
topenia caused by TTP or HIT. However, this recommendation is driven entirely 
by retrospective reports of thrombotic events that have occurred soon after 
platelet transfusions had been given to such patients.3 This recommendation 
is not based on randomized trials designed to address this issue. Because 
thrombotic events are a known complication of both TTP and HIT, it is difficult 
to determine whether the thrombi that occurred in these patients were due 
to the platelet transfusions or merely to the intrinsic prothrombotic risk for TTP 
and HIT. In any case, there is usually no indication for platelet transfusions in 
patients with TTP and HIT because thrombosis is a much greater risk than 
hemorrhage in these disorders.

The Transfusion-refractory patient
Many patients do not have an optimal increase in their platelet count fol-

lowing transfusion. Although there are various definitions of platelet refractori-
ness, it is simplest to base this definition on the timing of platelet loss following 

TABLE 163-2 SUGGESTED MINIMUM PLATELET COUNTS 
BEFORE INVASIVE PROCEDURES

VERY-HIGH-RISK PROCEDURES—75,000/µL TO 100,000/µL

Neurosurgery
Ocular surgery (except cataract extraction)
Thyroid surgery
Prostatectomy

MODERATE-RISK PROCEDURES—50,000/µL

Liver biopsy
Dental extraction
Most surgical procedures

LOW-RISK PROCEDURES—30,000/µL

Endoscopy with no biopsy
Bronchoscopy with no biopsy
Lumbar puncture (with scrupulous technique and no intrathecal injection)
VERY-LOW-RISK PROCEDURES—NO PLATELET TRANSFUSIONS 
NECESSARY

Bone marrow biopsy
Cataract extraction

Heparin-Induced Thrombocytopenia
 EPIDEMIOLOGY

A special case of drug-induced immune-mediated thrombocytopenia associated 
with arterial and venous thrombosis, rather than bleeding, is heparin-induced 
thrombocytopenia (HIT).6-8 It is seen in 2 to 5% of patients exposed to unfrac-
tionated heparin, and in 0.7% of patients given low-molecular-weight heparin. 
HIT almost never occurs in patients who are exposed only to fondaparinux.

 PATHOBIOLOGY
Platelets can secrete a protein called platelet factor 4 (PF4) that can bind to 
heparin. HIT is caused by an antibody that binds to this PF4-heparin complex 
(Fig. 163-3). Large complexes of antibodies directed against heparin-bound 
PF4 accumulate on the surface of platelets. At times, these anti-PF4 immu-
noglobulins bind to Fc receptors that are also present on the platelet surface, 
leading to activation of the platelet, release of more PF4, and a cycle of events 
that causes the stimulation of even more platelets. Ultimately, this also leads to 
the activation of the coagulation cascade likely through exposure of tissue factor 
on the surface of activated macrophages. The activation of platelets and the 
clotting cascade results in the formation of both thrombi and thrombocytopenia.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
When thrombocytopenia develops in a hospitalized patient, HIT must always 
be considered. Patients with this syndrome often have multiple potential causes 
of thrombocytopenia (such as infections or other medications). Therefore, it 
is important to consider these other causes. Large retrospective studies of HIT 
have suggested that the onset of thrombocytopenia relative to the initiation of 
heparin therapy is useful in establishing or excluding this diagnosis. Immune-
mediated HIT typically occurs 4 to 14 days after patients are given heparin 
by any route (it can even occur after subcutaneous injections of “minidose” 
heparin or following extremely low doses by heparin flush of intravenous lines). 
This 4- to 14-day lag between heparin exposure and the appearance of HIT 
is due to the time it takes for the immune response to generate the requisite 
antibodies against the heparin-PF4 complex. Some patients who have been 
exposed to heparin within the past several months may already have preexisting 
antibodies against the heparin-PF4 complex in their circulation. Therefore, 
when these patients are re-exposed to heparin, they may develop an acute 
onset of HIT even within the first day of the reinitiation of heparin. Whether 
or not pre-exposed to heparin, however, platelet-activating HIT antibodies 
are detectable at the onset of the HIT-related platelet count fall.

The unique timing of acute-onset HIT within hours of heparin re-exposure 
and the more typical development of HIT within 4 to 14 days of initial heparin 

transfusion. Patients who do not have the predicted rise in their platelet count 
(between 10,000/µL and 12,000/µL for every unit of donated platelets) should 
have their platelet count analyzed before their next platelet transfusion, 1 hour 
after that transfusion, and again 24 hours later. If their platelet count rises 
appropriately 1 hour after the transfusion but falls substantially 24 hours later, 
the patient has ongoing platelet consumption. This is often seen in patients 
with sepsis, DIC, severe active hemorrhage, or sometimes drug-mediated immune 
destruction of platelets. In these situations, the best therapy is to treat the 
underlying cause and to continue to support the patient with platelet transfu-
sions as clinically indicated. Alternatively, some patients fail to have a significant 
increase in platelets even 1 hour after a transfusion. These patients may have 
(1) hypersplenism, (2) an autoantibody that eliminates not only endogenous 
platelets but also allogeneic donor platelets (as seen in patients with ITP or 
some patients with drug-mediated immune destruction of platelets), or (3) 
alloantibodies that react with antigens on the transfused platelets.

Alloantibodies develop in approximately 20% of patients who are repeatedly 
exposed to platelet transfusions, and these patients present some of the most 
challenging management issues in transfusion medicine (Chapter 167). The 
alloantibodies may be directed against human leukocyte antigen (HLA) class I 
antigens (HLA-A and HLA-B) or against platelet-specific antigens present on the 
surface of the platelets. Because it appears that HLA class II antigens present 
on the surface of leukocytes are essential for the development of antibodies 
directed against HLA class I antigens, efforts to remove the contamination 
of leukocytes in platelet transfusion preparations can minimize alloantibody 
formation. Therefore, filters that trap leukocytes during transfusions are useful 
to prevent patients from becoming refractory to future platelet transfusions. 
After a patient develops alloantibodies against transfused platelets, the clini-
cian and the blood bank should attempt to identify whether the alloantibody is 
directed against an HLA class I antigen or against a platelet-specific antigen. If 
the alloantibody can be identified, platelets derived from donors matched for an 
HLA class I antigen or the platelet-specific antigen can be used. Corticosteroids, 
intravenous immunoglobulin, splenectomy, and recombinant factor VIIa are 
probably of no value in maintaining hemostasis in platelet-refractory throm-
bocytopenic patients. Antifibrinolytic agents (e.g., ε-aminocaproic acid) might 
be helpful for patients with bleeding that is predominantly in the oral cavity 
or in the genitourinary tract. However, antifibrinolytic agents are contraindi-
cated in patients with DIC (Chapter 166) because these agents can precipitate 
thrombotic events.

drug and the development of thrombocytopenia has not been well documented 
for most medications. However, thrombocytopenia typically begins days to 
a few weeks after the administration of most medications with this type of 
toxicity. Presumably, this lag time represents the period required for the patient 
to develop an immune response against the drug-platelet complex. Medica-
tions that have been taken safely for years before the onset of thrombocytopenia 
are unlikely to be the offending agents. In addition to an assessment of the 
patient’s prescribed medications, a careful and comprehensive evaluation of 
the patient’s over-the-counter medications is necessary. Agents that contain 
quinine lead the list of often nonprescribed drugs that can induce life-threatening 
thrombocytopenia. Quinine is frequently contained in over-the-counter pills 
for leg cramps. Even the quinine in tonic water can induce severe thrombo-
cytopenia (“gin and tonic purpura”) when ingested by certain patients, since 
most drug-induced, immune-mediated thrombocytopenias are not related to 
the dose of the offending drug.

 DIAGNOSIS
Some medications are much more likely to induce thrombocytopenia than 
others. Table 163-3 contains a partial list of drugs that frequently induce this 
type of toxicity. One particularly useful online database (www.ouhsc.edu/
platelets/ditp.html) lists and periodically updates the level of evidence for 
specific drugs that may induce thrombocytopenia. With the exception of tests 
for HIT, laboratory tests for drug-induced thrombocytopenia do not have 
widespread applicability. Usually, drug-induced thrombocytopenia is proved 
only in retrospect, when the platelet count improves after the discontinuation 
of the suspected medication. Even then, the diagnosis is not conclusive unless 
thrombocytopenia recurs after rechallenging the patient with the offending 
drug (a practice that is almost never recommended).

 SPECIFIC CAUSES OF THROMBOCYTOPENIA
Drug-Induced Thrombocytopenia

 PATHOBIOLOGY
Drug-induced thrombocytopenia is one of the most frequent causes of cyto-
penias evaluated by physicians.4,5 Typically, drug-induced thrombocytopenia 
is the result of an immune reaction elicited by either the drug or by one of its 
metabolites. Sometimes the drug is simply deposited on the platelet surface, 
and antidrug antibodies lead to accelerated platelet clearance, primarily in the 
spleen. More frequently, the drug binds to a protein on the platelet surface 
and induces expression of a neoantigen that is ultimately recognized by the 
immune system. In the absence of the drug or drug metabolites, this platelet 
neoantigen disappears, and the thrombocytopenia slowly resolves as new 
platelets are released from the bone marrow. Immune-mediated platelet destruc-
tion explains most drug-induced thrombocytopenias, but there are some 
exceptions. For example, chemotherapy and other bone marrow toxins can 
decrease platelet production and thereby induce thrombocytopenia by a 
mechanism independent of the immune system.

 CLINICAL MANIFESTATIONS
The thrombocytopenia induced by medications can have a mild, moderate, 
or even severe course. Almost all types of drug-induced thrombocytopenia 
predispose the patient to hemorrhagic but not thrombotic complications. The 
notable exception to this rule is heparin-induced thrombocytopenia (discussed 
separately in the next section). A common clinical scenario is an infected or 
otherwise critically ill patient who develops abrupt thrombocytopenia. In 
that situation, it can be difficult to discern whether the thrombocytopenia is 
the result of the recent illness (such as a bacterial or viral infection) or its 
treatment (such as an antibiotic or another unrelated medication). Another 
difficult diagnostic dilemma is to discern drug-induced thrombocytopenia 
from ITP. For this distinction, the patient’s medical history may be helpful. 
A gradually progressive thrombocytopenia is more consistent with ITP than 
with one induced by a medication. Conversely, the rapid onset of thrombo-
cytopenia following the initiation of a new medication indicates that the drug 
is the most likely culprit. The time between the initiation of the offending 
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Heparin-Induced Thrombocytopenia
 EPIDEMIOLOGY

A special case of drug-induced immune-mediated thrombocytopenia associated 
with arterial and venous thrombosis, rather than bleeding, is heparin-induced 
thrombocytopenia (HIT).6-8 It is seen in 2 to 5% of patients exposed to unfrac-
tionated heparin, and in 0.7% of patients given low-molecular-weight heparin. 
HIT almost never occurs in patients who are exposed only to fondaparinux.

 PATHOBIOLOGY
Platelets can secrete a protein called platelet factor 4 (PF4) that can bind to 
heparin. HIT is caused by an antibody that binds to this PF4-heparin complex 
(Fig. 163-3). Large complexes of antibodies directed against heparin-bound 
PF4 accumulate on the surface of platelets. At times, these anti-PF4 immu-
noglobulins bind to Fc receptors that are also present on the platelet surface, 
leading to activation of the platelet, release of more PF4, and a cycle of events 
that causes the stimulation of even more platelets. Ultimately, this also leads to 
the activation of the coagulation cascade likely through exposure of tissue factor 
on the surface of activated macrophages. The activation of platelets and the 
clotting cascade results in the formation of both thrombi and thrombocytopenia.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
When thrombocytopenia develops in a hospitalized patient, HIT must always 
be considered. Patients with this syndrome often have multiple potential causes 
of thrombocytopenia (such as infections or other medications). Therefore, it 
is important to consider these other causes. Large retrospective studies of HIT 
have suggested that the onset of thrombocytopenia relative to the initiation of 
heparin therapy is useful in establishing or excluding this diagnosis. Immune-
mediated HIT typically occurs 4 to 14 days after patients are given heparin 
by any route (it can even occur after subcutaneous injections of “minidose” 
heparin or following extremely low doses by heparin flush of intravenous lines). 
This 4- to 14-day lag between heparin exposure and the appearance of HIT 
is due to the time it takes for the immune response to generate the requisite 
antibodies against the heparin-PF4 complex. Some patients who have been 
exposed to heparin within the past several months may already have preexisting 
antibodies against the heparin-PF4 complex in their circulation. Therefore, 
when these patients are re-exposed to heparin, they may develop an acute 
onset of HIT even within the first day of the reinitiation of heparin. Whether 
or not pre-exposed to heparin, however, platelet-activating HIT antibodies 
are detectable at the onset of the HIT-related platelet count fall.

The unique timing of acute-onset HIT within hours of heparin re-exposure 
and the more typical development of HIT within 4 to 14 days of initial heparin 

TABLE 163-3 DRUGS THAT ARE STRONGLY ASSOCIATED 
WITH THROMBOCYTOPENIA

ANTIBIOTICS AND ANTIVIRALS

Quinine, quinidine
Penicillin
Cephalosporin
Vancomycin
Trimethoprim-sulfamethoxazole
Sulfonamides, sulfonylureas
Linezolid
Valacyclovir
Ganciclovir
Indinavir
CARDIOVASCULAR MEDICATIONS

Abciximab
Tirofiban
Eptifibatide
Salicylates
Digoxin
Furosemide
MISCELLANEOUS

Cimetidine
Ranitidine
Famotidine
Valproate
Interferon
Oxaliplatin

drug and the development of thrombocytopenia has not been well documented 
for most medications. However, thrombocytopenia typically begins days to 
a few weeks after the administration of most medications with this type of 
toxicity. Presumably, this lag time represents the period required for the patient 
to develop an immune response against the drug-platelet complex. Medica-
tions that have been taken safely for years before the onset of thrombocytopenia 
are unlikely to be the offending agents. In addition to an assessment of the 
patient’s prescribed medications, a careful and comprehensive evaluation of 
the patient’s over-the-counter medications is necessary. Agents that contain 
quinine lead the list of often nonprescribed drugs that can induce life-threatening 
thrombocytopenia. Quinine is frequently contained in over-the-counter pills 
for leg cramps. Even the quinine in tonic water can induce severe thrombo-
cytopenia (“gin and tonic purpura”) when ingested by certain patients, since 
most drug-induced, immune-mediated thrombocytopenias are not related to 
the dose of the offending drug.

 DIAGNOSIS
Some medications are much more likely to induce thrombocytopenia than 
others. Table 163-3 contains a partial list of drugs that frequently induce this 
type of toxicity. One particularly useful online database (www.ouhsc.edu/
platelets/ditp.html) lists and periodically updates the level of evidence for 
specific drugs that may induce thrombocytopenia. With the exception of tests 
for HIT, laboratory tests for drug-induced thrombocytopenia do not have 
widespread applicability. Usually, drug-induced thrombocytopenia is proved 
only in retrospect, when the platelet count improves after the discontinuation 
of the suspected medication. Even then, the diagnosis is not conclusive unless 
thrombocytopenia recurs after rechallenging the patient with the offending 
drug (a practice that is almost never recommended).

The most efficacious method of treating drug-induced thrombocytopenia 
is to stop all suspected offending medications. Usually, no additional therapy 
is indicated. The thrombocytopenia typically begins to resolve without further 
intervention within days to a week of stopping the drug. The notable excep-
tions involve drugs with particularly long half-lives. Sulfonamides, quinine, and 
quinidine are notorious for inducing severe or even life-threatening thrombo-
cytopenia. In patients with profound thrombocytopenia (<10,000/µL to 15,000/µL) 
or at a high risk for bleeding, platelet transfusions are indicated. If ITP cannot 
be confidently excluded, and the thrombocytopenia is life threatening, specific 
treatment for ITP can also be initiated (see later in this chapter).

TREATMENT 
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FIGURE 163-3. Pathophysiology of heparin-induced thrombocytopenia. platelet factor 
4 (pF4) is a protein that is stored in platelet granules and that is secreted from platelets 
upon their activation. heparin can bind to pF4 and induce a conformational change 
within pF4 that in some patients produces an antibody-mediated immune response. 
Large complexes of immunoglobulin (ig), heparin, and pF4 can accumulate on the platelet 
surface and stimulate the platelet when the Fc portion of the antibody interacts with the 
platelet’s Fcγrii receptor (Fcr). once activated, the platelets contribute to thrombosis. 
additionally, the activated platelets secrete more pF4, which perpetuates the process. 

http://www.ouhsc.edu/platelets/ditp.html
http://www.ouhsc.edu/platelets/ditp.html
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exposure emphasize the importance of conducting a careful and critical history 
in establishing the diagnosis. HIT should be suspected in any patient who 
develops thrombocytopenia while on heparin therapy. It is important to note 
that the normal platelet count varies widely (140,000/µL to 450,000/µL), 
and some patients may have a substantial decrease in their platelet count but 
still remain within the normal range. Therefore, a greater than 50% decrease 
in the platelet count of a patient on heparin should raise the suspicion of this 
syndrome. HIT should also be suspected in any patient who develops a throm-
botic event while on heparin therapy. Some have used the 4T scoring system 
to clinically assess the likelihood of HIT, as opposed to a different cause of 
thrombocytopenia. The 4T score uses a combination of platelet count fall, 
timing of platelet count fall, coexisting occurrence of thrombosis, and other 
potential causes of thrombocytopenia to arrive at clinical likelihood of HIT 
that is low probability, intermediate probability, or high probability.

Although antibodies against the heparin-PF4 complex are almost always 
present in patients with HIT, these antibodies are also frequently present in 
heparin-treated patients who do not have this disorder (i.e., those patients 
with neither thrombocytopenia nor thrombosis). There are two general cat-
egories of laboratory assays for the diagnosis of HIT: functional assays and 
immunologic assays (Table 163-4). Functional assays analyze whether the 
combination of heparin and the patient’s plasma can induce normal platelets 
to aggregate or to secrete serotonin; these assays have very high specificity 
but relatively low sensitivity. Immunologic assays test the patient’s plasma for 
antibodies that bind to the heparin-PF4 complex; these assays have very high 
sensitivity but lack specificity. Some studies show a good correlation between 
the amount of anti-PF4 antibodies present (such as determined by the optical 
density of an ELISA-based immunoassay) and the chance that the patient has 
clinically meaningful HIT. A negative immunologic assay is extremely useful in 
excluding this diagnosis, and a positive functional assay is useful in confirming 
the diagnosis of HIT. Several days may elapse before the test results are avail-
able. Therefore, in practice, these laboratory assays provide only confirmatory 
information. Urgent clinical decisions should not be deferred until such test 
results are available. The timing of the thrombocytopenia with respect to the 
heparin exposure and the degree of the platelet drop are the most important 
pieces of information needed by the physician when evaluating a patient sus-
pected of having HIT.

Because platelets are consumed as they become activated, the clinical pre-
sentation of HIT is thrombocytopenia. However, it is unusual for the throm-
bocytopenia to actually cause bleeding in patients with HIT. Instead, HIT is 
a highly prothrombotic disorder. Both venous and arterial thromboses are 
common in HIT. Patients with HIT who do not have thrombosis on initial 
presentation still have a 20 to 30% chance of developing a thrombus within 
the next month. Nevertheless, the incidence of HIT-related clinical events is 
greatest immediately after diagnosis. More importantly, clinical studies report 
that the cessation of heparin alone frequently fails to prevent the development 
of new thrombotic events.

Sepsis
Along with the exposure to certain drugs, bacterial and viral infections are 
among the most common causes of acute thrombocytopenia in hospitalized 
patients.11 Acute thrombocytopenia can be caused by the deposition of antibody-
antigen complexes on the platelet surface through an “innocent bystander” 
phenomenon. These antibody-coated platelets are then cleared from the cir-
culatory system by Fc receptor–expressing macrophages in the spleen. Throm-
bocytopenia associated with infections can also be due to DIC (as discussed 
in Chapter 166). The treatment of sepsis-induced thrombocytopenia is directed 
at treating the underlying cause, along with the administration of platelet 
transfusions as clinically indicated.

Idiopathic (Immune) Thrombocytopenic Purpura
 DEFINITION

ITP is an autoimmune disorder caused by circulating antiplatelet autoantibod-
ies. An ITP-like picture can also be found in patients with autoimmune diseases, 
such as in systemic lupus erythematosus (Chapter 250); in low-grade lympho-
proliferative disorders, such as chronic lymphocytic leukemia (Chapter 174); 
and in HIV infection (Chapter 366).

 CLINICAL MANIFESTATIONS
ITP was originally thought to be a disease of young women. Although this 
description is appropriate for many individuals with this disorder, more recent 
data indicate that ITP can occur in patients of either sex and at any age. ITP 
is a chronic, recurring disorder in most adults with this disease. This is in stark 
contrast to pediatric patients, who usually suffer from acute ITP and rarely 
have the chronic variant of this disorder.

In contrast to patients with coagulation factor deficiencies who present 
with bleeding deep within their tissues, individuals with ITP (or other platelet 
disorders) typically have excessive mucocutaneous bleeding. Consequently, 
the clinician should inquire whether the patient has noticed epistaxis, gingival 
bleeding, easy bruising, hematuria, melena, or hematochezia. Female patients 
should also be asked about inappropriate or excessive vaginal bleeding. The 
physical examination should pay particular attention to signs of mucocutane-
ous bleeding. The patient should be thoroughly examined for petechiae (see 
Fig. 163-2) and ecchymosis as well as for evidence of hemorrhage within the 
conjunctiva, retina, and central nervous system.

 DIAGNOSIS
In patients with ITP, the CBC is usually normal except for the thrombocy-
topenia, and their peripheral blood smear is remarkable only for a decreased 
number of platelets, some of which may be larger than normal. Splenomegaly 
is absent unless the ITP is due to an underlying disorder, such as lymphoma 
that is associated with splenomegaly. A bone marrow examination is usually 
not necessary in the absence of abnormalities other than thrombocytopenia 
on the CBC and peripheral blood smear. If performed, the bone marrow aspi-
rate and biopsy of ITP patients typically show normal or increased numbers 
of megakaryocytes. However, the rest of their bone marrow is otherwise 
normal. These bone marrow findings are similar to what is observed in the 
bone marrows of patients who have other forms of destructive thrombocyto-
penia such as drug-induced thrombocytopenia. Antiplatelet antibody assays 
are insufficiently sensitive or specific and therefore should not be done at  
this time.

TABLE 163-4 LABORATORY ASSAYS FOR HEPARIN-INDUCED 
THROMBOCYTOPENIA

ASSAY SENSITIVITY (%) SPECIFICITY (%)
Functional assay (e.g., serotonin 

release assay)
56-100% >95%

PF4/heparin enzyme immunoassay 
(ELISA)

99% 30-70%

ELISA = enzyme-linked immunosorbent assay; PF4 = platelet factor 4.

If a patient is suspected of having HIT, all heparin should be stopped immedi-
ately. This includes subcutaneous injections of “minidose” heparin, heparin flushes 
of intravenous lines, and low-molecular-weight heparin; even heparin-coated 
intravenous catheters should be withdrawn. Alternative anticoagulation, such 
as the direct thrombin inhibitors argatroban or lepirudin (depending on renal 
and liver function), the low-molecular-weight heparinoid danaproid, or more 
recently, the direct thrombin inhibitor dabigatran,9 should be administered, 
at least until the platelet count normalizes. Although not as well studied (nor 
FDA approved), both bivalirudin and fondaparinux appear to be viable alterna-
tives. There are reports of extremely small cohorts of HIT patients treated with 

TREATMENT AND PREVENTION 

direct oral anticoagulants. However, this has not been studied well enough 
to safely recommend this practice. In contrast, low-molecular-weight heparin 
should not be used because this drug can cross-react with the pathologic 
HIT antibodies. Warfarin should also not be used initially in cases of acute HIT 
because of its delayed therapeutic effect and its association with venous limb 
gangrene. When the platelet count has returned to a normal level after an 
acute episode of HIT, however, warfarin can be slowly introduced at a dose of 
5 mg or less daily and gradually increased to achieve an international normal-
ized ratio (INR) of 2 to 3 for a duration of at least 4 to 6 weeks because HIT is a 
risk factor for subsequent venous thromboembolism. Because patients rarely 
become profoundly thrombocytopenic as a result of HIT alone, platelet trans-
fusions are typically not required. In fact, some reports suggest that platelet 
transfusions can actually precipitate thrombotic complications, although this 
premise remains controversial.

If low-molecular-weight heparin is used for prophylaxis instead of unfraction-
ated heparin, the risk of HIT is much lower. In one interventional program, for 
example, the rate of HIT declined by more than 50%.10

TREATMENT 
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TABLE 163-5 THERAPY FOR THE INITIAL MANAGEMENT OF 
IDIOPATHIC THROMBOCYTOPENIC PURPURA

CORTICOSTEROIDS

The effect is dose dependent—approximately 80% of patients respond to 1 mg/kg/
day. Toxicity also increases with the dose and duration of treatment, and side 
effects include glucose intolerance, immunosuppression, osteoporosis, and 
cataracts. Relapse is typical once therapy is tapered and discontinued. High-dose 
dexamethasone (40 mg/day for 4 days) has been reported to have a higher initial 
response rate and to be generally better tolerated than prednisone 1 mg/kg/day 
for 4 weeks followed by taper as initial first-line therapy.

INTRAVENOUS IMMUNOGLOBULIN

The effect is more rapid than daily prednisone. Administered at a dose of 1 g/kg/day 
for 2 consecutive days or 0.4 g/kg/day for 5 consecutive days. The response rates 
are approximately 80%, and the effects typically last 2 to 4 weeks. Toxicity 
includes headache, allergic reactions, and rarely, thrombosis.

ANTI-D IMMUNOGLOBULIN

It is administered at a dose of 50 to 75 µg/kg IV and should only be given to patients 
who have a Rh+ blood group. The response rates are dose dependent but can 
approach 75 to 80%. Hemolysis is a common toxicity but is usually mild. Rarely, 
hemolysis can be life threatening and can be associated with disseminated 
intravascular coagulation, renal failure, and end-organ infarction. It is generally 
ineffective in patients who have failed splenectomy.

TABLE 163-6 THERAPY FOR THE MANAGEMENT  
OF REFRACTORY IDIOPATHIC 
THROMBOCYTOPENIC PURPURA

ORAL PREDNISONE

The effect is dose dependent and rapidly dissipates after discontinuation of the 
medication. Some patients can be maintained on a very low and tolerable daily 
dose (e.g., 5 mg). Long-term use is associated with infections, diabetes, 
osteoporosis, avascular necrosis, weight gain, and cataracts.

ORAL DEXAMETHASONE

This is administered at a dose of 40 mg/day for 4 consecutive days, repeated every 2 
to 4 weeks for several months. Sustained response rates of 29 to 42% have been 
reported, although response rates are widely believed to be lower. Toxicity is 
similar to that of oral prednisone.

SPLENECTOMY

Durable (often lifelong) significant responses are seen in 65 to 70% of patients who 
undergo this procedure. More modest benefits are seen in another 10 to 15% of 
patients. There is no useful way to predict who will respond.12,13 Splenectomy is 
associated with surgical morbidity and some mortality (≈1-2%). Splenectomy 
produces lifelong immunosuppression to encapsulated and gram-positive 
organisms. Splenectomy is also associated with a long-term risk of thrombosis.

RITUXIMAB

This is given at a dose of 375 mg/m2/wk IV for a total of 4 weeks. Significant 
responses are seen in 28 to 44% of patients, and these responses typically last for 
months. Toxicity includes reactivation of hepatitis B, immunosuppression, and 
rarely, progressive multifocal leukoencephalopathy.

THROMBOPOIETIN RECEPTOR AGONISTS

These are administered daily (eltrombopag) or weekly (romiplostim). An effect 
typically starts to be seen in 2 to 3 weeks and disappears shortly after the 
discontinuation of the medication. However, sustained, long-term effectiveness 
has been demonstrated while on the drug.14 Toxicity from long-term use is not 
well known but may include excessive thrombosis and bone marrow fibrosis. 
Guidelines for treatment of adult patients with ITP15 included the following 
recommendations:
1. Treatment should be administered to newly diagnosed patients if platelets are 

<30,000/µL.
2. First-line treatment should be a longer course of corticosteroids. IVIG should 

be used with corticosteroids when a more rapid increase in platelet count is 
required. Either IVIG or anti-D (where appropriate) should be used as 
first-line treatment if corticosteroids are contraindicated. If IVIG is used, the 
initial dose should be 1 g/kg as a one-time dose, which can be repeated if 
necessary.

3. Recommended second-line treatment in patients who are unresponsive to or 
relapse after the initial course of corticosteroids should be splenectomy. For 
those who relapse after splenectomy or have a contraindication to splenectomy 
a thrombopoietin receptor agonist is recommended. Rituximab may be 
considered for patients at risk of bleeding who have failed one line of therapy 
such as corticosteroids, IVIG, or splenectomy.

Because platelet production is assumed to be increased in patients with ITP 
as a result of the immune-mediated accelerated platelet destruction, traditional 
therapy has focused on moderating this immune response. For most of the 
latter half of the 20th century, splenectomy and corticosteroids were the sole 
therapies for ITP. Corticosteroids in the form of either prednisone (1 mg/kg 
orally daily) or high-dose dexamethasone (4-day pulses of 40 mg intravenously 
per day every 28 days for several cycles) are both effective, with a few trials 
showing better results with dexamethasone, and others (including the largest 
trial) showing no difference in long-term response rates. A3  Although corticoster-
oids remain the first-line therapeutic modalities, other immunomodulating 
agents, such as intravenous immunoglobulin (IVIG), anti-Rh immunoglobulin 
(anti-D), cyclophosphamide, azathioprine, cyclosporine, mycophenolate mofetil, 
dapsone, interferon, and etanercept, can be useful as well.

The basic mechanism of and rationale for ITP treatment has revolved around 
altering the immune system by corticosteroids, splenectomy, or immune modu-
lators, such as IVIG or anti-D. More recently, rituximab, a “humanized” murine 
monoclonal antibody against CD20 (a B-cell antigen), has been added as an 
effective therapeutic option. Although rituximab has not been approved by the 
U.S. Food and Drug Administration (FDA) for the treatment of ITP, it is currently 
widely used off label in patients who are unresponsive to first-line therapy. 
Response rates vary significantly between studies, ranging from 28 to 44% in 
larger trials. In a study of 133 newly diagnosed adult ITP patients with follow-
up of up to 4 years, the combination of rituximab (375 mg/m2 intravenously 
weekly for 4 weeks) plus dexamethasone (40 mg per day orally for 4 days) 
induced higher response rates and longer time to relapse than dexamethasone  
alone. A4  However, grade 3 to 4 adverse events were increased when rituximab 
was combined with dexamethasone.

Although most ITP patients have a compensatory increase in megakaryo-
poiesis in response to their rapid platelet destruction, plasma derived from 
some ITP patients was unexpectedly found to inhibit platelet production. This 
prompted a re-evaluation of whether impaired megakaryopoiesis contributes 
to the development of thrombocytopenia in this disease. Thrombopoietin (TPO) 
is a potent megakaryocyte colony-stimulating factor, and along with other 
cytokines, it increases the size and number of megakaryocytes (Chapter 147). 
TPO levels are not markedly elevated in ITP, suggesting that supplemental TPO 
could help to increase platelet production and correct the thrombocytopenia.

Peptides have been developed that bind to and activate the TPO receptor; 
these agents are called TPO receptor agonists or thrombopoiesis stimulating 
agents (TSAs). Because these recombinant drugs bear little structural similarity 
to native TPO, they do not trigger autoimmune anti-TPO antibodies. The FDA 
has approved two of these drugs, and several more are being used in other 
countries. One of these, called romiplostim (N-plate), is composed of several 
copies of a TPO receptor–binding peptide spliced into a recombinant antibody. 
This peptide agonist competes with TPO for binding to the TPO receptor and 
activates the receptor in an identical fashion as would endogenous TPO. Another 
FDA-approved TPO receptor agonist is eltrombopag (Promacta). It is an oral 
drug that activates the TPO receptor by binding to the receptor’s transmem-
brane region.

Both subcutaneously administered romiplostim and orally administered 
eltrombopag are capable of increasing platelet counts in approximately 70% 
of patients with ITP. Remarkably, these drugs can also increase the platelet 
counts of patients with ITP that are refractory to other treatment modalities, 
including splenectomy. However, adverse events, including bone marrow fibrosis 
and thromboembolism, have been reported. It should be noted that the drugs’ 
effects disappear soon after their discontinuation.

General Principles of ITP Therapy
Initial management of ITP is guided by both symptoms and platelet count. 

Asymptomatic patients with platelet counts of greater than 30,000/µL can be 
followed without treatment. If the patient is bleeding or has a platelet count 
of less than 30,000/µL, initial treatment with corticosteroids is recommended 
(Table 163-5). Refractory patients may require splenectomy, other immunosup-
pressive medications, or one of the new thrombopoiesis-stimulating agents 
(Table 163-6). Splenectomy has a long history of success in this disorder, and 
durable complete response rates are approximately 66 to 70%. Approximately 
half of the remaining patients who do not have normal platelet counts fol-
lowing splenectomy achieve a partial response that is clinically meaningful. 
Unfortunately, 10 to 15% of patients derive no benefit from splenectomy. There 
is no test to predict whether a particular patient will respond to this treatment, 
although initial steroid responders tend to have a better outcome. It should 
be noted that splenectomy is associated with small long-term risks of both 
infections and thrombosis.

ITP patients with severe thrombocytopenia (<5000/µL) or those who have 
internal bleeding should be promptly treated with high doses of pulse corticoster-
oids and IVIG. Platelet transfusions may be given concurrently with IVIG for 
critical bleeding. In Rh-positive patients who have not undergone a splenectomy, 
anti-D immune globulin may be substituted for IVIG. However, some patients 
develop hemolysis from this treatment.

TREATMENT 
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Thrombotic Thrombocytopenic Purpura
 DEFINITION

TTP is a consumptive thrombocytopenia associated with a mechanical hemo-
lytic anemia.16,17 The classic pentad of symptoms, which are thrombocytopenia, 
anemia, fever, neurologic problems, and renal abnormalities, are fully present 
in less than 10% of patients. Many patients today have only hemolytic anemia 
and thrombocytopenia. A good working definition for this diagnosis is throm-
bocytopenia along with a microangiopathic hemolytic anemia that is not 
associated with acute renal failure at presentation, disseminated intravascular 
coagulation, or another apparent cause. The poor specificity of the clinical 
features of this disease and the nonspecific laboratory abnormalities histori-
cally made TTP difficult to diagnose, but this has improved with the availability 
of ADAMTS13 testing. In the past, patients with untreated TTP had a mortality 
rate of 90% within 3 months. With modern therapy, patients with TTP have 
a mortality rate of approximately 10 to 20%.

 PATHOBIOLOGY
Vascular endothelial cells normally secrete von Willebrand factor (vWF) 
(Chapter 164) that is composed of a large range of multimer sizes, including 
so-called “ultralarge multimers.” These latter forms bind to platelets very tightly 
even at low shear forces and therefore have the potential to create platelet 
aggregates in the circulation that might form microvascular occlusive thrombi, 
an undesirable result of vWF circulating with ultralarge multimers. However, 
a metalloproteinase identified as ADAMTS13 (a disintegrin-like and metal-
loprotease with thrombospondin type 1 motif, member 13) is also normally 
present in blood and acts to cleave the ultralarge multimers from vWF, thereby 
preventing the formation of microvascular occlusions by platelet aggregates.18 
Many patients with adult-onset TTP have autoantibodies against ADAMTS13, 
thus causing an acquired deficiency of the enzyme and thereby permitting the 
circulation of thrombogenic ultralarge vWF multimers. Rare patients with 
inherited and recurrent TTP (Upshaw-Schulman syndrome) have a congenital 
deficiency of ADAMTS13. Inherited or acquired ADAMTS13 deficiency causes 
the accumulation of ultralarge multimers of von Willebrand factor in plasma, 
which leads to platelet activation and the microvascular thrombosis that is 
characteristic of TTP (Fig. 163-4). Human neutrophil peptides, which are 
released from activated and degranulated neutrophils during inflammation, 
inhibit the proteolytic cleavage of von Willebrand factor by ADAMTS13 and 
can trigger the onset of microvascular thrombosis in patients with acquired TTP.

Clinical assays of ADAMTS13 enzymatic activity are useful in diagnosing 
TTP. However, many patients can have a partial deficiency of ADAMTS13 
without having TTP, so the absolute amount of deficiency is important. Levels 
of ADAMTS13 below 10% of normal are highly suggestive of TTP, while 
levels greater than 30% strongly argue against this diagnosis. Levels between 
10 and 30% of normal are not very helpful.

Some patients reportedly developed TTP soon after taking an antiplatelet 
drug of the thienopyridine class. Approximately 1 of 2000 patients taking 
ticlopidine will develop TTP. In several individuals with ticlopidine-induced 
TTP, an antibody against ADAMTS13 was identified. A few studies have also 

suggested that clopidogrel can induce TTP at an incidence as rare as 1 in 
250,000. Because the incidence of TTP in the general population is approxi-
mately 1 in 100,000, it is difficult to determine whether there is a significant 
risk for TTP in patients who are prescribed clopidogrel. The thienopyridine-
derivative prasugrel has also been implicated. It should be noted that some 
patients can also develop TTP after exposure to medications that directly 
injure the vascular endothelium (such as cyclosporin or tacrolimus). Most of 
these patients do not have TTP but have the related disorder HUS, discussed 
later in this chapter.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
In TTP, patients can occasionally present with symptoms of excessive muco-
cutaneous bleeding, but they might also present with signs of a thrombotic 
event (including phlebitis, myocardial infarction, or stroke). Abdominal pain 
is present in some patients, which is presumably due to intestinal ischemia. 
Signs of central nervous system disease, somnolence, and even coma can also 
be seen on presentation.

The two major hallmarks of TTP are microangiopathic hemolytic anemia 
and thrombocytopenia. Microangiopathic hemolytic anemia is a non-immune-
mediated hemolytic anemia caused by red cell fragmentation (Chapter 151). 
Patients with this disorder have typical laboratory findings of hemolytic anemia, 
including a high lactate dehydrogenase (LDH) level, elevated indirect bilirubin, 
low haptoglobin, and an increased reticulocyte count. Examination of the 
peripheral blood smear (Chapter 148) shows torn red blood cells (schistocytes), 
and frequently also shows early red blood cell precursor cells (nucleated red 
blood cells). The thrombocytopenia may be mild if the disease is diagnosed at 
an early stage, but advanced cases of TTP can have platelet counts of less than 
10,000/µL. Unlike most patients with typical thrombocytopenia, who tend 
to bleed excessively, patients with TTP have few hemorrhagic complications. 
Instead, they are markedly predisposed to thrombosis. In fact, a thrombotic 
complication in a thrombocytopenic patient is an important clue that TTP might 
be the cause of the thrombocytopenia (see Table 163-1). Characteristically, 
the thrombotic occlusions are in the terminal arterioles and capillaries and are 
composed mainly of platelets within the damaged vascular lumen. In contrast 
to the pathology usually found in typical blood clots, the occlusions found in 
TTP patients contain very little fibrin and are referred to as hyaline thrombi. 
Before plasmapheresis was used in the treatment of this disease, TTP typically 
progressed and caused renal disease, neurologic symptoms, and fever. These 
symptoms are believed to be due to ischemia and infarction of the affected 
organs. Today, TTP is often diagnosed in its early stages, so patients may have 
only microangiopathic hemolysis and thrombocytopenia.
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FIGURE 163-4. Pathophysiology of thrombotic thrombocytopenia purpura (TTP). A, Von Willebrand factor (vWF) is synthesized in endothelial cells and stored in Weibel-palade 
bodies. The vWF is assembled into ultralarge multimers that are cleaved after they are released into the blood stream by the protease aDamTS13. The resultant smaller multimers of 
vWF can bind to platelets to participate in normal hemostasis. B, most patients with TTp have severe deficiency of aDamTS13 (less than 10% of normal). This results in the accumulation 
of ultralarge multimers of vWF within the circulation, which promote the excessive adhesion of platelets. The consequence is the formation of large hyaline plugs of vWF and platelets 
that cause vascular occlusions. 

The prompt initiation of plasma exchange (plasmapheresis with plasma 
replacement) reduces the mortality rate associated with TTP from 90% to 
approximately 15%. The mechanism of this benefit is probably due to the 
replacement of ADAMTS13. A randomized trial demonstrated that plasma 

TREATMENT 

Hemolytic-Uremic Syndrome
 DEFINITION

HUS is another cause of microangiopathic hemolytic anemia, and it may be 
difficult to distinguish from TTP.20 When acute renal failure is predominant 
and there are no neurologic symptoms, many clinicians consider the syndrome 
to be HUS, not TTP. In contrast to TTP, HUS is not caused by a deficiency 
of ADAMTS13. Instead, HUS is probably caused by damage to endothelial 
cells leading to thrombosis in small blood vessels and fragmentation of red 
blood cells as they squeeze past the clots.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
There are three major causes for HUS. The first, and most common cause of 
HUS is a Shiga toxin–producing E. coli infection (STEC-HUS). This “typical” 
form of HUS occurs a few days after a bloody diarrhea syndrome induced by 
toxigenic E. coli (typically serotypes 157:H7 or O104:H4). The Shiga toxin 
binds to, and damages glomerular endothelium, leading to localized thrombus 
formation, shearing of red cells, and kidney failure.

The next most common type of HUS (known as atypical HUS or aHUS) is 
due to inherited dysregulation of the alternative complement cascade (Chapter 

TREATMENT AND PREVENTION 
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exchange is more beneficial than plasma infusion for the treatment of TTP. This 
implies that some of the benefit of plasmapheresis is attributable to the removal 
of a pathologic substance from the patient’s plasma. Assuming that the patho-
genesis of most acquired forms of TTP is the antibody-mediated inhibition of 
ADAMTS13, plasma exchange might have two benefits. First, it helps to remove 
the pathogenic antibody from the plasma. Second, the normal plasma infused 
into the patient during plasmapheresis repletes the deficiency of ADAMTS13.

Because patients with TTP can develop sudden thrombotic events (includ-
ing stroke and myocardial infarction), and because patients can deteriorate 
quickly, it is prudent to initiate plasma exchange as rapidly as possible. Given 
the morbidity and mortality of untreated TTP, and given the relatively low risk of 
administering plasmapheresis, this therapy should be initiated even when the 
diagnosis is not certain, and should not await the results of ADAMTS13 testing. 
As discussed in the section on HUS (later in this chapter), plasmapheresis is 
not beneficial in children with Shiga toxin–induced HUS or in patients who 
develop HUS following their exposure to endothelium-toxic drugs, such as  
chemotherapy.

Plasma exchange is administered to replace one entire plasma volume. An 
average-sized individual requires 20 to 30 units of fresh-frozen plasma for each 
plasmapheresis session. Therapy is usually administered daily, and patients are 
monitored for signs of improvement in their thrombocytopenia, hemolysis, 
neurologic symptoms, fever, and renal disease. Appropriate daily laboratory 
tests to monitor the patient are CBC, LDH, reticulocyte count, and creatinine. 
After the thrombocytopenia and hemolysis have been corrected for a few days, 
the daily plasmapheresis can either be discontinued or continued every other 
day for several more days. Most patients with TTP will start to respond within 
3 to 5 days. A typical duration of therapy is 1 to 2 weeks, although some patients 
require treatment far beyond this usual time course.19

Approximately one third of patients relapse quickly after plasmapheresis is 
stopped. These patients require a reinitiation of plasma exchange and perhaps 
the addition of an immunosuppressive drug, such as a glucocorticoid. Retro-
spective studies suggest that rituximab may be helpful for some patients. 
However, given that this drug does not decrease antibody production for weeks 
to months after its administration, it is likely that if rituximab has any benefit 
in the treatment of TTP, it is probably only to minimize the incidence of late 
relapses. It is still debated whether patients with their first episode of TTP 
should be treated with rituximab.

Major complications of plasmapheresis do occur and are often attributable 
to the use of a central venous catheter. Hypotension, bacteremia, hemorrhage, 
and thrombosis are among the most common life-threatening complications 
of plasmapheresis therapy. Two specific complications deserve emphasis. First, 
patients taking an angiotensin-converting enzyme (ACE) inhibitor are susceptible 
to plasmapheresis-induced hypotension. This is due to these drugs’ interference 
with bradykinin catabolism. Second, a patient who develops recurrent throm-
bocytopenia and a fever several days to a week into treatment may not be 
having an exacerbation of TTP but rather may be developing central line–induced 
sepsis. Therefore, a vigorous investigation for infection should be initiated in 
patients who appear to be relapsing early.

Caplacizumab is an anti–von Willebrand factor single-variable-domain immu-
noglobulin that inhibits the interaction between ultralarge von Willebrand factor 
multimers and platelets. A randomized trial of patients with TTP showed that 
caplacizumab (10 mg subcutaneously daily) during plasma exchange and for 
30 days afterward hastened resolution of the acute TTP episode and reduced 
the composite endpoint of TTP-related death, recurrent TTP, or a thromboem-
bolic event. A5 

44). The best-described genetic mutations cause a deficiency of factor H, 
which is a complement regulatory protease. HUS-inducing mutations in other 
components of complement regulation include those found in C3, factor B, 
CD46, and factor I. In aHUS, there is complement activation on endothelial 
cells. Frequently, an upper respiratory tract infection will precede the aHUS 
episode. However, in contrast to typical HUS that is induced by an infection 
(STEC), the infection is only a trigger for aHUS in a genetically susceptible host.

The least common variety of HUS is secondary HUS. This is usually caused 
by drugs or other medical conditions that directly or indirectly promote endo-
thelial cell damage. Several drugs can also induce HUS by directly damaging 
the endothelial cells. These include calcineurin inhibitors, such as tacrolimus 
and cyclosporine; sometimes, lowering the dose of these drugs can reverse 
the microangiopathic hemolytic anemia. Cytotoxic drugs such as mitomycin 
C, cisplatin, and bleomycin can also induce HUS by directly damaging the 
endothelial cells. Secondary HUS can also be induced by a variety of auto-
immune diseases, cancer, and pregnancy.

Reducing the spread of Shiga toxin–producing E. coli is vital because anti-
biotics and antimotility drugs do not lower the risk for developing HUS symp-
toms. In contrast to TTP, there is little evidence that plasma exchange is beneficial 
in these cases. The clinical course and outcome of E. coli O104:H4–induced HUS 
are similar to infections with the more common O157:H7–induced HUS. Aggres-
sive antibiotic therapy appears to be beneficial for reducing seizures and death. 
However, neither plasmapheresis nor glucocorticoids seem to be helpful for 
typical or secondary HUS. The infusion of plasma or plasmapheresis is report-
edly beneficial in the treatment of the atypical forms of HUS that are caused 
by the dysregulation of complement. More recently, it has been shown that 
patients with atypical forms of HUS respond to eculizumab, an antibody that 
inhibits the terminal steps of the complement cascade.

TREATMENT AND PREVENTION 

Disseminated Intravascular Coagulation
DIC is a pathologic condition that depletes components of the coagulation 
system, including platelets. Therefore, in contrast to TTP and HUS, the throm-
bocytopenia of DIC is associated with the consumption of coagulation factors 
and increased fibrinolysis. This often leads to prolongations of the prothrombin 
time (PT) and activated partial thromboplastin time (aPTT), as well as to 
increased levels of D-dimers. In its fully manifested state, DIC can be associ-
ated with arterial and venous thrombi, hemorrhage, microangiopathic hemolysis, 
thrombocytopenia, excessive fibrinolysis, and the deficiency of coagulation 
factors, such as fibrinogen. For a more complete review of DIC and related 
disorders, see Chapter 166.

Thrombocytopenia during Pregnancy
Thrombocytopenia occurs in approximately 10% of pregnant women.21 It may 
be due to a normal variant of pregnancy (gestational thrombocytopenia), a 
pregnancy-specific condition (preeclampsia and HELLP [hemolysis, elevated 
liver enzymes, and low platelets]) syndrome, or a condition exacerbated by 
pregnancy (ITP, vasculitis, TTP). A recent review estimated that thrombocy-
topenia occurs in approximately 7 to 10% of pregnancies, and about 75% of 
these cases are due to gestational thrombocytopenia, 15 to 20% are secondary 
to hypertensive disorders, 3 to 4% are due to an immune process, and the 
remaining 1 to 2% are rare constitutional thrombocytopenias, infections, and 
malignancies. The prognosis and treatment vary tremendously based on the 
underlying cause.

Gestational thrombocytopenia (incidental thrombocytopenia of preg-
nancy) is a mild, asymptomatic thrombocytopenia that typically occurs 
late in pregnancy. It occurs predominantly because of hemodilution from 
expanded plasma volume, although it is possible that there is also a component 
of increased platelet clearance. Gestational thrombocytopenia is not associated 
with fetal thrombocytopenia, and this form of maternal thrombocytopenia 
resolves spontaneously after delivery. Other than thrombocytopenia during 
previous pregnancies, women with gestational thrombocytopenia have no 
prior history of a low platelet count. This lack of previous thrombocytope-
nia helps to distinguish gestational thrombocytopenia from ITP. Addition-
ally, in contrast to other causes of maternal thrombocytopenia, gestational 
thrombocytopenia does not occur before mid-second trimester, usually 
does not cause the platelet count to drop below 100,000/µL, and almost 
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antibody produced by a pregnant woman can cause thrombocytopenia in her 
fetus (neonatal alloimmune thrombocytopenia, or NAIT). The mother herself 
is not affected. NAIT can cause severe thrombocytopenia and bleeding in 
neonates, and it is treated with the transfusion of platelets derived from a 
PlA1-negative donor (most conveniently the newborn’s mother). Corticosteroids 
and IVIG have also been used to treat NAIT.

Vasculitis
Autoimmune diseases such as systemic lupus erythematosus, rheumatoid 
arthritis, and other forms of vasculitis can also cause thrombocytopenia. This 
can be due to an ITP-like process that occurs in patients with a propensity 
for the development of autoantibodies. The treatment for these patients is 
immunosuppression, similar to the treatment for other patients with ITP. 
Some patients with active vasculitis and endothelial inflammation consume 
circulating platelets by promoting their adhesion to the damaged vessel wall. 
This creates a clinical picture that is difficult to distinguish from that of TTP 
without a tissue diagnosis that documents vasculitis. Because of the difficulty 
of discerning TTP from a flare-up of vasculitis, these patients are often treated 
with both plasma exchange and immunosuppression. The ADAMTS13 level 
is sometimes helpful in discerning TTP from vasculitis.

Dilutional Thrombocytopenia
Thrombocytopenia does not typically occur after blood loss, possibly in part 
owing to the release of platelets from the splenic pool. Thrombocytopenia 
occasionally occurs after a massive hemorrhage. However, this is only when 
the hemorrhage is severe enough to necessitate the replacement of 1.5 to 2 
times the total blood volume, which usually requires the transfusion of at least 
15 to 20 units of packed red blood cells over a short period of time. Even in 
this circumstance, the thrombocytopenia is usually only mild to moderate. 
Therefore, the clinician should remain vigilant for another cause of the throm-
bocytopenia (such as DIC resulting from hemorrhage-induced hypotension 
and shock). When indicated, dilutional thrombocytopenia can be readily 
corrected with platelet transfusions.

Congenital Thrombocytopenias
Lifelong thrombocytopenia can be due to an inherited defect that affects platelet 
production or survival. Improved access to genetic testing has demonstrated that 
inherited thrombocytopenia is much more common than previously realized.23 
Mutations in at least 32 genes can cause inherited thrombocytopenia. These 
disorders can be autosomal dominant (May-Hegglin anomaly and Sebastian 
syndrome), autosomal recessive (Bernard-Soulier disease, Fanconi anemia, 
gray platelet syndrome, thrombocytopenia with absent radius syndrome, and 
Paris Trousseau), or X-linked (Wiskott-Aldrich syndrome, GATA1-related, and 
FLNA-related). Many of these disorders are associated with other abnormali-
ties in addition to thrombocytopenia such as kidney failure, cataracts, deaf-
ness, and predisposition to bone marrow failure or hematologic malignancies. 
A congenital cause of thrombocytopenia should be suspected in a patient 
who has long-standing moderate thrombocytopenia that was presumed to 
be treatment-refractory ITP.

never causes a platelet count lower than 75,000/µL. Consequently, devia-
tion from standard obstetric care is not required for a patient with gestational  
thrombocytopenia.

Preeclampsia causes proteinuria and hypertension during the later stages of 
pregnancy (Chapter 226). A minority of women with preeclampsia progress 
to have seizures; when this occurs, the syndrome is called eclampsia. Approxi-
mately 50% of women with preeclampsia have thrombocytopenia. Platelet 
counts are usually above 100,000/µL, and typically not less than 50,000/µL 
unless there is another coexisting reason. Some patients have an unusually 
severe form of preeclampsia called HELLP syndrome that is associated with 
a more significant thrombocytopenia, a microangiopathic hemolytic anemia, 
and markedly elevated liver function tests. Preeclampsia and HELLP syndrome 
are thought to result from a factor produced within the placenta because these 
syndromes usually resolve rapidly and spontaneously after delivery. However, 
the syndrome can also present postpartum. If these syndromes do not resolve 
spontaneously within 3 days, alternative diagnoses, such as ITP, TTP, or DIC 
should be considered. Consequently, immediate delivery of the child is recom-
mended, if possible, because the microangiopathic process stops soon thereafter.

Although a far less common cause of thrombocytopenia in a pregnant woman 
than gestational thrombocytopenia or preeclampsia, immune-mediated throm-
bocytopenia, particularly ITP, is the most common reason for a maternal 
platelet count less than 50,000/µL. Other than the magnitude of the throm-
bocytopenia, there is no laboratory test to differentiate ITP from gestational 
thrombocytopenia. Most patients with ITP or vasculitis during pregnancy 
have a history of thrombocytopenia before pregnancy. However, pregnancy 
can exacerbate or even unmask previously unrecognized autoimmune disorders 
like ITP. The antiplatelet IgG antibodies that cause ITP in the mother can 
cross the placenta and lead to thrombocytopenia in the fetus. However, the 
platelet count in the unborn child does not correlate well with the platelet 
count of the mother, and attempts to sample fetal blood to monitor platelet 
counts are associated with significant risk. Because most children born to 
women with ITP have a platelet count high enough for a successful delivery, 
the management of ITP focuses on keeping the maternal platelet count accept-
able for the mother’s safety. A platelet count above 30,000/µL is considered 
safe in the early stages of pregnancy and for vaginal delivery (although a platelet 
count above 80,000/µL is recommended for neuraxial anesthesia). A platelet 
count above 50,000/µL is acceptable for cesarean section. This can be managed 
by the use of oral glucocorticoids, and if necessary, by the administration of 
IVIG. Rituximab is not teratogenic but can cause prolonged lymphopenia in 
both the mother and the neonate. Although there are case reports of using 
romiplostim during pregnancy, the safety of thrombopoiesis-stimulating agents 
during pregnancy is essentially not known. Splenectomy is rarely required 
and when performed during the first trimester has a risk for inducing miscar-
riage. This operation is also technically difficult during the later stages of 
pregnancy because of uterine enlargement.

The diagnosis of TTP during pregnancy can be difficult to make because 
many of the symptoms are identical to those of preeclampsia. If the symptoms 
develop during the early stages of pregnancy, when preeclampsia is unlikely, 
the diagnosis of TTP is more certain. The presence of hyperuricemia, hypo-
proteinemia, elevated liver transaminases, and direct bilirubin is more consistent 
with preeclampsia. The absence of elevated liver function abnormalities, and 
the presence of a platelet count less than 20,000/µL or neurologic symptoms 
supports the diagnosis of TTP. The development of microangiopathic hemolytic 
anemia and thrombocytopenia in the peripartum period is presumed to be 
attributable to preeclampsia, and if it is safe to do so, immediate delivery of 
the fetus is desirable. Typically, the thrombocytopenia starts to resolve rapidly 
after delivery. If no improvement is seen by the third postpartum day, and 
other causes like DIC have been ruled out, standard management for TTP, 
including plasma exchange, is recommended.

Post-transfusion Purpura and Neonatal  
Alloimmune Thrombocytopenia
Post-transfusion thrombocytopenia is due to the sensitization to platelet allo-
antigens, such as PlA1 (HPA-1a).22 These alloimmune antibodies can cause 
profound thrombocytopenia approximately a week after a blood transfusion 
(post-transfusion purpura, or PTP). PTP is often induced by exposure to the 
small number of platelets that contaminate most red blood cell transfusions. 
It can be treated with IVIG or by plasma exchange. A similar alloimmune 
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REVIEW QUESTIONS

1. You are asked to see a patient who had coronary bypass surgery 6 days 
ago. The patient has abruptly developed a cold right foot, and his platelet 
count decreased from 350,000/µL yesterday to 155,000/µL today. He is 
afebrile, and his only medication is subcutaneous heparin for deep vein 
thrombosis (DVT) prophylaxis. You are suspicious that the patient may 
have heparin-induced thrombocytopenia. What should you recommend?
 A. Discontinue heparin and start argatroban.
 B. Discontinue heparin and observe platelet trend.
 C. Discontinue heparin and start aspirin.
 D. Send heparin-PF4 enzyme-linked immunosorbent assay (ELISA) and 

base treatment on results.
 E. Change heparin to low-molecular-weight heparin.

Answer: A Stop the heparin and administer argatroban. This patient developed 
a probable thrombosis in his foot and had a greater than 50% decrease in his 
platelet count 6 days after starting to receive heparin. The time course and 
the magnitude of the decrease in the platelet count, along with the new throm-
bosis, places this patient at very high risk for the diagnosis of heparin-induced 
thrombocytopenia and at a very high immediate risk for a recurrent thrombotic 
event, even if the heparin was discontinued (ruling out answers B, C, and D). 
Consequently, this patient needs to be started on an alternative anticoagulant 
that is different enough from heparin to not be recognized by the immune 
response directed against heparin (ruling out answer E). Aspirin alone is not 
sufficient to prevent recurrent thrombi. The only acceptable approach would 
be to stop the heparin and to immediately start argatroban. (See Heparin-
induced Thrombocytopenia.)

2. You have just met a patient with a platelet count of 115,000/µL. She has no 
other medical problems, and the remainder of her complete blood count 
(CBC) and blood smear are normal. Review of her old CBC indicates that 
her platelet count 1 year ago was 120,000/µL. What should you recommend?
 A. Refer patient for bone marrow biopsy.
 B. Repeat CBC in 1 week.
 C. Repeat CBC in several months.
 D. Analyze patient for antiplatelet antibodies.
 E. Initiate folate and B12 therapy.

Answer: C Repeat CBC in several months. The patient has asymptomatic 
and stable mild thrombocytopenia. Her platelet count is probably at the lower 
end of the normal platelet count distribution, although she has a small chance 
of having mild idiopathic thrombocytopenic purpura (ITP). Because her white 
and red blood cell counts are normal, and her peripheral blood smear is normal, 
there is no need for a bone marrow biopsy. There is no indication to repeat 
her CBC in a week because her platelet count is already documented as having 
been stable for the past year. Antiplatelet antibody assays have inadequate 
sensitivity and specificity to be clinically useful. In the absence of anemia and 
a documented deficiency of folate or B12, there is no indication for the supple-
mentation of these vitamins. See Figure 163-1 for further details on evaluating 
patients with chronic thrombocytopenia.

3. You are managing a patient with ITP, who typically has a platelet count of 
60,000/µL to 90,000/µL. Today, she complains of symptoms consistent 
with an upper respiratory infection. Her CBC demonstrates that her platelet 
count is 42,000/µL today but is otherwise normal. Her blood smear is 
normal. She is on no new medications, and on physical examination her 
nares appear congested, but she has no ecchymosis, petechiae, or spleno-
megaly. What should you recommend?
 A. Refer patient for bone marrow biopsy.
 B. Repeat CBC in 1 week.
 C. Start corticosteroid therapy.
 D. Start intravenous immunoglobulin.
 E. Start romiplostim.

Answer: B Repeat CBC in 1 week. The patient has an exacerbation of her 
ITP that is potentially a result of her viral syndrome. Her otherwise normal 
CBC and blood smear exclude the need to consider diagnoses that would be 
demonstrated on a bone marrow biopsy (answer A). In the absence of exces-
sive bleeding or a platelet count of less than 30,000/µL, there is no indication 
for therapy (excluding answers C, D, and E.) If her platelet count in a week 
continues to decrease, she might require a brief course of an ITP therapy, 
such as corticosteroids. See Idiopathic (Immune) Thrombocytopenic Purpura.

4. One week ago, you prescribed trimethoprim-sulfamethoxazole for a patient 
with cellulitis. Her cellulitis is now resolved, but you order a CBC because 
her leukocyte count was 13,500/µL last week. Today’s CBC demonstrates 
that her leukocyte count is now 9,200/µL with a normal differential, her 
hemoglobin is13.9 g/dL, and her platelet count is 77,000/µL. Looking 
back at the older laboratory results, you notice that this is the first time 
she has ever been thrombocytopenic. The patient has no symptoms or 
signs of excessive bleeding, and her spleen is not enlarged. Which of the 
following should you recommend?
 A. Corticosteroids
 B. Bone marrow biopsy
 C. Hospitalization of patient for close observation
 D. Discontinuing antibiotics and repeating CBC in 1 week

Answer: D Discontinue antibiotics and repeat the CBC in 1 week. The patient 
is asymptomatic and has an abrupt onset of moderate thrombocytopenia. 
Because her platelet count was normal a week ago, it makes it extremely likely 
that her thrombocytopenia is due to her exposure to a drug or infection 
(excluding answer B). Her current platelet count does not place her at a high 
risk for hemorrhage (excluding answers A and C.) See Drug-induced Throm-
bocytopenia and Table 163-3.

5. A patient is admitted with confusion and abdominal pain. She has a body 
temperature of 101.1° F, and her laboratory studies demonstrate the fol-
lowing: leukocyte count 4,400/µL, hemoglobin 10.5 g/dL, platelet count 
11,000/µL, D-dimer 0.2 µg/mL, and creatinine 1.1 mg/dL. The peripheral 
blood smear shows nucleated red blood cells and fragmented red blood 
cells (schistocytes). Which of the following should you recommend?
 A. Intravenous immunoglobulin
 B. Platelet transfusion
 C. Platelet transfusion and red blood cell transfusion
 D. Plasmapheresis
 E. Antibiotics

Answer: D Plasmapheresis. The patient has thrombocytopenia and anemia 
associated with schistocytes on her blood smear. This indicates that she has 
a microangiopathic hemolytic anemia. The presence of fever and neurologic 
symptoms suggests that the patient’s diagnosis is thrombotic thrombocytopenic 
purpura (TTP). The normal D-dimer excludes the other likely diagnosis of 
disseminated intravascular coagulation. TTP requires immediate treatment 
with plasmapheresis. This treatment alone will correct the problem and increase 
the platelet count (this excludes answers A and B). Her anemia is mild, so 
there is no indication for red blood cell transfusion at this time (answer C). 
Because TTP frequently causes fever, there is no indication for antibiotics at 
this time (answer E).
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164 
VON WILLEBRAND DISEASE AND 
HEMORRHAGIC ABNORMALITIES OF 
PLATELET AND VASCULAR FUNCTION
ANNE T. NEFF

 VON WILLEBRAND DISEASE

 DEFINITION AND EPIDEMIOLOGY
Von Willebrand disease, which occurs with a population prevalence of between 
1 and 3% depending upon the definition used for diagnosis, is the most common 
of all hereditary bleeding disorders. Von Willebrand disease affects all races 
and genders, and most patients typically have a mild bleeding phenotype. 
Most types are inherited as autosomal traits but can rarely occur in a severe 
autosomal recessive form or as an acquired syndrome secondary to another 
disease.1

 PATHOBIOLOGY
Von Willebrand disease is caused by dysfunction or deficiency of von Wille
brand factor (VWF), which is a multimeric plasma glycoprotein that mediates 
the aggregation and adhesion of platelets at sites of endothelial disruption 
(Chapter 162). VWF also stabilizes and transports coagulation factor VIII 
(FVIII) in the bloodstream. VWF is synthesized by vascular endothelial cells 
and by megakaryocytes as approximately 270kD subunits (protomers) that 
are processed and polymerized into very large multimers up to 20,000 kD. 
The multimers are coiled tightly into tubular helices and stored in endothelial 
cell WeibelPalade bodies or platelet α granules. Approximately 10% of VWF 
in the bloodstream is stored in platelets.2 VWF multimers are secreted by 
endothelial cells into the blood or released upon platelet activation from their 
α granules. Stress, heavy exercise, or vasoactive agents such as desmopressin 
(DDAVP [1desamino8Darginine vasopressin]) stimulate the release of 
VWF multimers from WeibelPalade bodies.

Multimerization of VWF is critical for its hemostatic functions, which are 
mediated mainly by its highermolecularweight forms. Circulating plasma 
VWF normally does not interact with platelets. However, when VWF binds 
to an injured and deendothelialized blood vessel wall through its collagen
binding sites, multimers can uncoil owing to high intravascular shear forces 
that expose the plateletbinding domains, which in turn promote platelets to 
adhere and aggregate onto collagenanchored VWF. Uncoiled VWF multimers 
also expose cleavage sites so they can be proteolyzed by ADAMTS13 (a dis
integrin and metalloprotease domain with thrombospondin type 1 motifs, 
member 13), which is a circulating enzyme.3 Cleaving VWF multimers 

downregulates VWF hemostatic function as smaller sizes have less activity. 
Thrombotic thrombocytopenic purpura (TTP) (Chapter 163) is caused by 
an inhibitor or severe deficiency of ADAMTS13, allowing ultralarge VWF 
multimers to circulate pathologically, leading to microvascular thrombosis.

Von Willebrand disease is classified into three major types, each with some 
variation in severity and response to clinical treatment, thus making differentia
tion among them clinically important. In type 1 von Willebrand disease, patients 
have variable degrees of quantitative deficiencies of an otherwise normally 
functioning glycoprotein. Approximately 75% of symptomatic persons have 
type 1 disease. Type 2 von Willebrand disease includes four subtypes—2A, 
2B, 2M, and 2N—all of which are qualitative VWF deficiencies, each with a 
somewhat different primary functional defect. Type 2 patients make up approxi
mately 25% of the total. Type 3 von Willebrand disease, which accounts for 
less than 1% of patients, is characterized by severe disease from near absence 
of VWF. Types 2N and 3 have autosomal recessive inheritance; the remainder 
are nearly all autosomal dominant. Table 1641 summarizes the classification 
of von Willebrand disease subtypes and their characteristic laboratory find
ings. Although not genetically involved in von Willebrand disease, low FVIII 
levels occur due to VWF’s function as a carrier protein for transporting FVIII. 
Without its VWF protector, FVIII is rapidly degraded; thus, levels can be 
secondarily low. Genetic deficiency of FVIII is hemophilia A and discussed 
in Chapter 165.4

 CLINICAL MANIFESTATIONS
Patients with symptomatic von Willebrand disease usually present with muco
cutaneous bleeding symptoms as opposed to soft tissue hemorrhage or joint 
disease, which is more common with other clotting factor deficiencies (Chapter 
162). Common hemorrhagic sites are the nose, mouth, gastrointestinal tract, 
and uterus (menstrual bleeding), as well as easy bruising and excessive bleed
ing after minor injuries, cuts, or dental procedures. Physicians may first suspect 
the condition because of morethanexpected bleeding after surgery, invasive 
procedures, traumatic injury, or childbirth. Symptoms can be relatively mild 
and infrequent bleeding in type 1 von Willebrand disease but severe and life
threatening in type 3 von Willebrand disease. Patients with type 3 (and some
times 2N) disease may also have hemarthroses and soft tissue bleeding that 
is more characteristic of the very low FVIII levels found in this severe bleeding 
disorder. Von Willebrand disease is often more obvious and clinically relevant 
in women compared with men because of bleeding during menstruation or 
childbirth.

 DIAGNOSIS
Clinical Assessment
As with any bleeding disorder, the diagnosis of von Willebrand disease begins 
with clinical assessment of the patient’s bleeding history, the presence of a 
positive family history of bleeding, and a physical examination to document 
signs of bleeding as well as other diseases for which hemostasis can be com
promised. Therefore, it is helpful to use validated von Willebrand disease 
bleeding assessment tools that capture bleeding events often found in the 
disease and have some predictive value for which patients will meet diagnostic 

TABLE 164-1 CLASSIFICATION AND DIAGNOSIS OF VON WILLEBRAND DISEASE
TYPE VWD DESCRIPTION FVIII RCo VWF RCo:VWF RATIO MULTIMERS SPECIAL TESTING
Normal range 50150% 50200% 50200% >0.6 Normal
Type 1 Quantitative deficiency ↓ or N <30% <30% >0.6 Normal distribution; 

decreased quantity
VWF propeptide:VWF ratio 

>0.6 in type 1C; exon 28 
DNA testing

Type 2A Qualitative VWF defect ↓ or N ↓ N to ↓ <0.6 Loss of HMW forms Exon 28 DNA testing
Type 2B Qualitative gain of function; 

depletes HMW multimers
↓ or N ↓ N to ↓ <0.6 Loss of HMW forms ↑ RIPA low doses; exon 28 

DNA testing
Type 2M Qualitative defect ↓ or N ↓ N to ↓ <0.6 Normal ↓ CB
Type 2N Qualitative defect only in 

FVIII binding
↓↓ N N >0.6 Normal ↓ VWF:FVIII binding study

Type 3 Near absence of VWF ↓↓ <3% <3% NA None
“Low VWF” Borderline values N 3050% 3050% >0.6 Normal
Typical or classical laboratory findings are described for each diagnosis. Expert interpretation is often required for patients without classical findings.
CB = collagen binding activity for VWF function; FVIII = factor VIII activity; HMW = highmolecularweight; N = normal; PltVWD = platelettype von Willebrand disease; RCo = ristocetin cofactor activity 
for VWF function; RIPA = ristocetininduced platelet aggregation; VWF = von Willebrand factor antigen; ↑ = increased; ↓ = decreased value, with more arrows reflecting greater extent of decrease.
Data from Leebeek FWG, Eikenboom JCJ. Von Willebrand’s Disease. N Engl J Med. 2016;375:206780.
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ABSTRACT
Von Willebrand disease is the most common inherited bleeding disorder, 
affecting 0.5 to 1% of the population. Specialized von Willebrand testing is 
indicated in patients with a history of mucocutaneous bleeding to determine 
the disease type. Treatments available include von Willebrand factor (VWF) 
concentrate infusion and desmopressin to release the patient’s own VWF. 
Decreased VWF levels can also be due to acquired conditions. Treatment is 
individualized and is often dependent upon ameliorating the underlying disease. 
Platelet function defects can present with bleeding similar to von Willebrand 
disease, but the defect is intrinsic to the platelet. The most common causes 
of platelet function defects are drugs specifically designed as antiplatelet agents. 
Vascular disorders leading to bleeding such as hereditary hemorrhagic telan
giectasia and EhlersDanlos syndrome are uncommon and present therapeutic 
challenges because there are no effective treatments to stabilize blood vessels.
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In other patients with lownormal laboratory values, the best approach is 
to repeat the three initial von Willebrand disease tests at a time when the 
patient is feeling well, with attention paid to collecting and processing the 
sample. Diagnosis, especially when VWF levels are only mildly decreased (30 
to 50% IU/dL), requires careful correlation of the patient’s personal and family 
bleeding history with results of laboratory testing. Patients who are blood 
type O have lower VWF levels than patients who are nonO. These patients 
in particular often require repeated evaluations and expert test interpretation. 
It remains controversial whether or not these patients should be classified as 
having von Willebrand disease.

criteria. Important details include the frequency, severity, and precipitators of 
bleeding events. A medication history should include information about drugs 
that can increase the bleeding risk, such as antiplatelet agents or nonsteroidal 
antiinflammatory drugs. Chronic liver or kidney disease, an abnormal platelet 
count, and blood dyscrasias all can increase the bleeding risk. An extensive 
family history, especially if multiple members have had excessive bleeding, is 
also very helpful for identifying a related inherited bleeding disorder.

The physical examination should search for signs of bleeding (e.g., petechiae, 
ecchymoses, hematomas; see Table 4102) or evidence of anemia. The exami
nation should also search for potential alternative causes of increased bleeding 
owing to liver disease (e.g., hepatosplenomegaly, jaundice), EhlersDanlos 
syndrome (e.g., joint or skin laxity), telangiectasias (see Table 4117), or uterine 
fibroids.

Laboratory Evaluation
Initial laboratory testing includes measuring plasma levels of VWF antigen 
(VWF:Ag) and FVIII coagulant activity, as well as ristocetin cofactor activity 
(VWF:RCo). Their absolute values as well as their ratios to one another are 
important in establishing the specific type and severity of von Willebrand 
disease. The bleeding time and platelet function tests have poor sensitivities 
and are not recommended for routine screening.

The laboratory evaluation of possible von Willebrand disease can be com
plicated because the values of these tests can be influenced by highstress 
states (e.g., postoperative patients, active infection, or inflammatory disorders; 
vigorous exercise; or pregnancy). For example, it is not unusual for a woman 
with von Willebrand disease temporarily to selfcorrect her VWF levels during 
the third trimester of pregnancy, thereby masking the diagnosis if testing is 
done at that time. As a result, a patient ideally should be evaluated at baseline 
condition and not during an acute hospitalization. Blood samples also must 
be processed promptly and kept frozen if shipped to a reference laboratory. 
The VWF:RCo assay in particular can be unreliable if not handled properly.

When one or more of the three key screening tests is abnormally low or if 
the ratio of VWF:RCo to VWF:Ag is below 0.6, additional laboratory evalua
tion may be indicated to establish the diagnosis. Selection and interpretation 
of additional tests may require consultation with a hemostasis specialist (see 
Table 1641). A rare subtype of type 1, type 1C, can also be identified with high 
VWF:propeptide to VWF:Ag ratios. This unique subtype of type 1 will have 
an initial vigorous VWF response to DDAVP (see Desmopressin [DDAVP] in 
the Treatment box), but the VWF multimers have a very short halflife owing 
to accelerated clearance, thereby making DDAVP a poor choice for therapy.

For patients who have a qualitative defect suggested by a VWF:RCo to 
VWF:Ag ratio lower than 0.6, VWF multimer analysis is the next step to 
characterize the qualitative defects seen in type 2A, 2B, and 2M. Multimer 
analysis displays the distribution and relative amount of plasma VWF multim
ers by gel electrophoresis. If highmolecularweight multimers are missing in 
a patient with a qualitative defect, ristocetininduced platelet aggregation 
(RIPA) testing is indicated to identify the type 2B patients who will distinctly 
have enhanced platelet aggregation in response to low doses of ristocetin owing 
to a gainoffunction affinity in the VWF for its platelet receptor. These patients 
may also have thrombocytopenia, sometimes markedly so, or they may have 
normal platelet counts. DNA studies may be necessary to differentiate type 
2B from platelettype von Willebrand disease (formerly called pseudo–von 
Willebrand disease), in which the gainoffunction defect is in the platelet 
receptor for VWF, GPIb. Exon 28 DNA sequencing is often helpful in iden
tifying many different type 2A, 2B, or even 1C patients. Some type 2A or 2M 
patients have normal VWF:RCo values but have depressed collagen binding 
by VWF (low VWF:CB). Although not routinely recommended as a screening 
test, if all values are normal including the VWF:RCo and the history is quite 
suspicious for von Willebrand disease, low VWF:CB activity may suggest a 
type 2 defect. For patients who have an isolated decreased FVIII activity, a 
VWF:FVIII binding study will help differentiate between von Willebrand 
disease 2N and mild hemophilia A or true FVIII deficiency.

Many of the additional diagnostic tests have limited availability and are 
mainly performed in reference laboratories. Molecular DNA studies to dis
tinguish some type 2 subtypes, including exon 28 testing, are now available 
in commercial reference laboratories. Type 3 patients frequently have large 
deletions responsible for their complete lack of VWF. Type 1 patients will 
most often have missense mutations. Full sequencing of the VWF gene is 
available but costly. Many mutations are clinically silent, thereby complicat
ing interpretation. As knowledge of particular pathologic genetic defects 
expands, DNA confirmation will be increasingly helpful and available for  
routine use.5

TABLE 164-2 VON WILLEBRAND FACTOR REPLACEMENT 
GUIDELINES FOR BLEEDING/PROCEDURES

PROCEDURES/BLEEDING 
EVENTS DURATION DOSING RECOMMENDATIONS
Major surgery: 714 days

Cardiothoracic
Cesarean section
Craniotomy/Spinal cord
Abdominal
Prostatectomy

Initial dose: 4060 RCo units/kg
Maintenance doses: 2040 RCo units/kg every 

824 hr
Monitor: FVIII and RCo trough and peak daily
Targets: troughs >50%; peaks <200% RCo, 

<250% FVIII
In responsive patients; may use desmopressin 

later in treatment
Minor surgery: 15 days

Biopsies
Complex dental extractions
Gingival surgery
Indwelling catheter placement
Laparoscopies

Initial dose: 3060 RCo units/kg
Maintenance doses: 2040 RCo units/kg every 

1248 hr
Monitor: RCo and FVIII
Targets: troughs >50%; peaks <200% RCo, 

<250% FVIII
In responsive patients; may use desmopressin 

later in treatment
Antifibrinolytic agent for 710 days is useful 

adjunct for dental procedures
Other procedures: one dose

Cardiac catheterization
Endoscopy with or without 

biopsies
Liver biopsy
Lacerations
Simple dental extractions

Dose: 2040 RCo units/kg
Rare need for subsequent doses with multiple 

endoscopic biopsies
Monitor: typically not done/required
Desmopressin may suffice in very responsive 

patients
Antifibrinolytic agent for 710 days useful 

adjunct for dental procedures
FVIII = factor VIII; RCo = ristocetin cofactor activity for von Willebrand factor function.
Adapted from Neff AT, Sidonio RF Jr. Management of VWD Hematology Am Soc Educ Program. 
2014;1:536541.

The goal of therapy of von Willebrand disease is to treat or prevent bleeding 
episodes. This goal is accomplished by two different approaches used singularly 
or in concert. The first is to raise endogenous VWF levels, either by stimulating 
the release of endogenous stores from the endothelial cells by using DDAVP or 
by providing exogenous VWF by infusing VWF concentrates.6 The second general 
therapeutic modality consists of adjunctive treatments that either enhance 
clot formation or slow its dissolution by mechanisms other than VWF or FVIII.

With the exception of severe disease and some type 3 patients, routine 
prophylaxis with VWF is seldom required. Episodic treatment (Table 164-2) is 
recommended in response to bleeding or to prevent hemorrhage before planned 
procedures or deliveries.

Desmopressin (DDAVP)
DDAVP, which is a synthetic derivative of the antidiuretic hormone vasopres-

sin, stimulates the release of endogenous VWF from Weibel-Palade bodies in 
endothelial cells by its action on vasopressin V2 receptors. It is primarily used 
in type 1 von Willebrand disease to stimulate the release of normal VWF, but 
some type 2A and 2M patients also respond favorably. It is generally considered 
to be contraindicated in type 2B von Willebrand disease because it can exac-
erbate or even cause thrombocytopenia. DDAVP is of limited benefit for most 
patients with types 2A, 2M, and 2N von Willebrand disease, and it has no role 
in type 3 von Willebrand disease patients who produce no VWF. DDAVP usually 
is used for brief periods (48 to 72 hours) and at intervals of 24- to 48-hours or 
longer because of its predilection to cause tachyphylaxis and symptomatic 
hyponatremia, which can lead to seizures. DDAVP must be used with caution 
in patients who have or are at risk for atherosclerotic cardiovascular disorders 
because it can be mildly thrombogenic.

TREATMENT 

TREATMENT 

 BLEEDING CAUSED BY QUALITATIVE  
PLATELET DISORDERS

 Inherited Platelet Bleeding Disorders
Normal platelet activation at sites of vascular injury is a complex series of 
events (Chapter 162). At every step in the process—platelet adhesion, activa
tion, granule release, to aggregation and participation in the plasma coagulation 
factor cascade—inherited platelet defects can compromise the performance 
and efficiency of these tasks, potentially leading to clinical bleeding.

 INITIAL EVALUATION AND DIAGNOSTIC TESTING
Severe inherited platelet function disorders manifest in childhood with muco
cutaneous bleeding and postprocedural hemorrhage but much less commonly 
with hemarthroses or soft tissue hemorrhage. Affected women typically have 
menorrhagia and postpartum bleeding. The milder forms may cause only easy 
bruising or mild to moderate postprocedural bleeding. These rare disorders 
are usually autosomal recessive, although some exceptions are autosomal 
dominant or Xlinked. The family history can be quite helpful in establishing 
a genetic link.

If a patient’s history suggests that a bleeding disorder could be present and 
studies for a plasma coagulation factor deficiency and von Willebrand disease 
are negative, platelet studies are indicated (Fig. 1641). Platelet function assays 
and a bleeding time are not recommended because neither is sufficiently spe
cific or sensitive. Initial diagnostic testing, including light transmission 
aggregometry, flow cytometry, and assays for platelet granule content and 
release can be performed only at a few large centers (Table 1644), so many 
of these disorders remain undiagnosed in clinical practice. As genetic testing 
becomes more practical and as genes and their pathologic mutations are identi
fied for each of these disorders, initial testing may routinely rely on DNA 
chips or nextgeneration sequencing.9

 PLATELET RECEPTOR DEFECTS
BernardSoulier syndrome is an autosomal recessive disorder defined by defi
ciency or dysfunction of the platelet membrane glycoprotein IbIXV 
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DDAVP is given as 0.3 μg/kg (with a maximum dose of 25 to 30 μg) intrave-
nously over 30 minutes. Outpatient DDAVP (Stimate) can be administered 
intranasally at 150 μg per nostril (300 μg total dose for persons >50 kg body 
weight). The less concentrated forms of DDAVP that are used for diabetes insipi-
dus (Chapter 212) are not effective for VWF bleeding disorders.

Peak plasma levels of VWF and FVIII are achieved about 1 to 2 hours after 
administration, when they are usually two- to four-fold higher than at baseline, 
and then decline toward baseline over the ensuing 24 hours because the average 
half-life in von Willebrand disease is about 15 hours. However, the plasma half-
life depends on von Willebrand disease subtype and phenotype and also can 
vary considerably among individuals. Therefore, treatment should begin with 
monitoring of VWF:Ag, VWF:RCo, and FVIII, before, about 1 hour after, and again 
at about 4 to 6 hours after DDAVP. Because of potential tachyphylaxis, the trial 
should be performed at least 1 week before a planned elective procedure to 
determine the half-life in the specific patient.

Immediate side effects of DDAVP include flushing, hypotension, nausea, and 
headache. Some of these side effects can be reduced by slightly slowing the 
infusion rate.7

Factor Replacement Therapy
Intravenous plasma-derived and recombinant VWF concentrates (see Table 

164-2) are Food and Drug Administration–approved to treat von Willebrand 
disease. The plasma-derived formulations also contain FVIII but differ in their 
VWF/FVIII ratios. Recombinant VWF contains no FVIII, so its use in severe von 
Willebrand disease acute bleeding episodes may also require acute infu-
sion of FVIII until the infused VWF can bind endogenous FVIII to maintain  
levels. A1  Cryoprecipitate is not recommended for von Willebrand disease unless 
it is urgently needed because VWF concentrates are not available. Whenever 
possible, and particularly for patients who have more severe forms of von Wil-
lebrand disease, major procedures and any serious clinical bleeding should be 
managed at sites where appropriate staff and laboratory backup are available, 
including a hematologist and a surgeon skilled in the management of bleed-
ing disorders.

Other Adjunctive Hemostatic Agents
Antifibrinolytic agents such as ε-aminocaproic acid and tranexamic acid can 

inhibit the dissolution of thrombus and thus aid in hemostasis, especially when 
used in concert with DDAVP or VWF concentrates for procedures in locations 
where local fibrinolysis is higher (e.g., tonsillectomy, tooth extractions, and 
menorrhagia). These agents can be given topically, orally, or intravenously, but 
their dosing requires subspecialty expertise.

Topical agents such as bovine thrombin, recombinant human thrombin, 
bovine aprotinin, and a fibrin sealant (composed of human thrombin and 
fibrinogen) can enhance thrombus formation at specific sites of application. 
They have been most effective when combined with other agents that raise 
VWF levels or for procedures in the oral cavity.

Treatment Issues Specific to Women  
with von Willebrand Disease

Oral contraceptive agents (see Table 225-1) can decrease menorrhagia in 
some women with von Willebrand disease, mediated partly by their effects on 
uterine tissues as well as by somewhat elevating blood levels of VWF and FVIII. 
An intrauterine device that releases levonorgestrel is effective for many women 
with menorrhagia. In pregnant women, levels of VWF:Ag, VWF:RCo, and FVIII 
should be obtained in the third trimester. Most patients with type 1 von Wille-
brand disease will normalize their levels and will be eligible for epidural anes-
thesia (VWF:RCo and FVIII >50%) without requiring supplementation at delivery. 
A few women with type 1 and most type 2 and 3 von Willebrand disease women 
will require some hemostatic assistance peripartum. All women with von Wil-
lebrand disease are at risk for postpartum bleeding shortly following delivery 
or 2 to 4 weeks later, especially because VWF levels fall after childbirth.

 ACQUIRED VON WILLEBRAND SYDROME
Acquired von Willebrand syndrome, which is less common than inherited 
von Willebrand disease, is defined when abnormalities in the concentration, 
structure, or function of VWF are not inherited but rather caused by the 
consequences of other disorders (Table 1643).8 Acquired von Willebrand 
syndrome and disorders causing it should be considered in individuals found 
to have abnormal VWF test results and bleeding symptoms without a personal 
or family history consistent with hereditary von Willebrand disease. Labora
tory findings are similar to those of congenital von Willebrand disease (types 
1, 2A, or 3). Although levels of VWF:RCo are typically decreased, sometimes 
only the VWF multimer analysis is abnormal, as may occur with severe aortic 
valvular stenosis when shear forces cause conformational changes in VWF, 
thereby leading to its increased proteolysis by ADAMTS13.

TABLE 164-3 ACQUIRED VON WILLEBRAND  
DISEASE CAUSES

MECHANISM
GENERAL 

ASSOCIATION SPECIFIC CONDITIONS
Autoantibodies Lymphoproliferative Lymphoma, CLL, MM, MGUS 

both IgG and IgM
Autoimmune disease Systemic lupus erythematosus

Adsorption Tumor cells Lymphoma, Wilm’s tumor, other 
solid tumors

Platelets PV, ET, MF, reactive 
thrombocytosis

Other Hetastarch
Proteolysis/shear 

stress
Cardiovascular LVAD, ECMO, AS, VSD, ASD, 

angiodysplasia, atherosclerosis
Drug Ciprofloxacin

Decreased synthesis Drug Valproic acid, griseofulvin
Thyroid disease Hypothyroidism

AS = aortic stenosis; ASD = atrial septal defect; CLL = chronic lymphocytic leukemia; ECMO = 
extracorporeal membrane oxygenation; ET = essential thrombocythemia; IgG = immunoglobulin 
G; IgM = immunoglobulin M; LVAD = left ventricular assist device; MF = myelofibrosis; MGUS = 
monoclonal gammopathy of undetermined significance; MM = multiple myeloma; PV = 
polycythemia vera; VSD = ventricular septal defect.
Adapted from Mital A. Acquired von Willebrand syndrome. Adv Clin Exp Med. 2016:25:13371344.

Treatment should focus on the causative disorder. Because both endogenous 
and infused VWF will have a shorter half-life in acquired von Willebrand syn-
drome, replacement therapy is more challenging and requires monitoring of 
plasma levels of VWF:RCo, VWF:Ag, and FVIII. When acquired von Willebrand 
syndrome is caused by a monoclonal gammopathy of undetermined signifi-
cance, intravenous immunoglobulin therapy may temporarily normalize the 
plasma VWF and FVIII levels, thereby ameliorating abnormal bleeding by reduc-
ing the clearance of VWF.

TREATMENT 

 BLEEDING CAUSED BY QUALITATIVE  
PLATELET DISORDERS

 Inherited Platelet Bleeding Disorders
Normal platelet activation at sites of vascular injury is a complex series of 
events (Chapter 162). At every step in the process—platelet adhesion, activa
tion, granule release, to aggregation and participation in the plasma coagulation 
factor cascade—inherited platelet defects can compromise the performance 
and efficiency of these tasks, potentially leading to clinical bleeding.

 INITIAL EVALUATION AND DIAGNOSTIC TESTING
Severe inherited platelet function disorders manifest in childhood with muco
cutaneous bleeding and postprocedural hemorrhage but much less commonly 
with hemarthroses or soft tissue hemorrhage. Affected women typically have 
menorrhagia and postpartum bleeding. The milder forms may cause only easy 
bruising or mild to moderate postprocedural bleeding. These rare disorders 
are usually autosomal recessive, although some exceptions are autosomal 
dominant or Xlinked. The family history can be quite helpful in establishing 
a genetic link.

If a patient’s history suggests that a bleeding disorder could be present and 
studies for a plasma coagulation factor deficiency and von Willebrand disease 
are negative, platelet studies are indicated (Fig. 1641). Platelet function assays 
and a bleeding time are not recommended because neither is sufficiently spe
cific or sensitive. Initial diagnostic testing, including light transmission 
aggregometry, flow cytometry, and assays for platelet granule content and 
release can be performed only at a few large centers (Table 1644), so many 
of these disorders remain undiagnosed in clinical practice. As genetic testing 
becomes more practical and as genes and their pathologic mutations are identi
fied for each of these disorders, initial testing may routinely rely on DNA 
chips or nextgeneration sequencing.9

 PLATELET RECEPTOR DEFECTS
BernardSoulier syndrome is an autosomal recessive disorder defined by defi
ciency or dysfunction of the platelet membrane glycoprotein IbIXV 
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 Acquired Platelet Bleeding Disorders
 DRUGS
Drugs are the most common cause of platelet dysfunction, far outnumbering 
hereditary platelet function disorders, which are relatively rare. Specific anti
platelet drugs such as aspirin, thienopyridines, and platelet GPIIbIIIa inhibitors 
can be associated with significant bleeding, especially if thrombocytopenia 
coexists. Many other drugs (Table 1645) not intended for use as antiplatelet 
agents have platelet inhibition as a side effect and can lead to unexpected easy 
bruising or bleeding. Diet or some dietary supplements also influence platelet 
function. Testing is generally not recommended for these acquired defects.

 DISEASES ASSOCIATED WITH ACQUIRED PLATELET DYSFUNCTION
Hematologic disorders such as the myelodysplastic syndrome (Chapter 172), 
paraproteinemias (Chapter 178), and myeloproliferative neoplasms (Chapter 
157) can cause platelet defects, sometimes concomitant with thrombocytopenia, 
and thereby lead to disproportionate bleeding. Platelets in the myeloprolifera
tive neoplasms often do not have normal in vitro responses to epinephrine 
stimulation, but their platelet defects are usually nonspecific. Uremic platelet 
dysfunction (Chapter 121) occurs to varying degree in patients with endstage 
renal disease. Both platelet hypofunction and thrombocytopenia are common 
in patients with liver failure (Chapter 145). Patients with immune thrombo
cytopenic purpura (Chapter 163) can have antibodies against specific platelet 
receptors, thereby not only increasing the clearance of the platelets and causing 
thrombocytopenia but also blocking the function of the glycoprotein receptor. 
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FIGURE 164-1. Algorithm for evaluation of suspected inherited platelet function defect. Abn = abnormal; ADP = adenosine diphosphate; BSS = Bernard Soulier syndrome; GATA-1 
= defect in GATA-1 transcription factor; GPS = gray platelet syndrome; GT = Glanzmann thrombasthenia; HP = Hermansky-Pudlak; IPFD = inherited platelet function defect; Plt(s) = 
platelet(s); QPS = Quebec platelet syndrome; risto = ristocetin; VWD = von Willebrand disease; WAS = Wiskott-Aldrich syndrome. (From Murray MF, et al., eds. Clinical Genomics: Practical 
Applications in Adult Patient Care. New York: McGraw-Hill; 2014.)

To treat bleeding or provide prophylaxis prior to surgery, patients with the 
more severe inherited platelet bleeding disorders should receive platelet trans-
fusions. In addition to the standard platelet alloimmunization that is typically 
directed against human leukocyte antigen (HLA) types and can be ameliorated 
with HLA-matching or single-donor platelets (Chapter 167), patients who have 

TREATMENT 

(GPIbIXV) complex. This receptor mediates the process of platelet adhesion 
to the injured vascular intimal surface through VWF, its principal ligand. In 
this disorder, platelets respond poorly to ristocetin in platelet aggregation 
studies but respond normally to adenosine diphosphate (ADP), arachidonic 
acid, collagen, and epinephrine. The platelet count is low, and the platelets 
are quite large, a condition termed macrothrombocytopenia. Because the 
platelets are large or even giant, they are excluded from automated particle 
counting that is gated for normalsized platelets, so a manual platelet count 
may reveal an actual platelet count that is much closer to normal. Monoallelic 
BernardSoulier syndrome is much less severe, has mildly depressed platelet 
counts of large size, and often requires flow cytometry or DNA studies to 
diagnose because functional studies can be normal.

Glanzmann thrombasthenia, which is also an autosomal recessive disorder 
of platelet aggregation, affects the platelet GPIIbIIIa complex, which is the 
main receptor for binding fibrinogen. Patients have normal platelet counts 
and morphologic studies. Platelet light transmission aggregometry yields results 
opposite to that of BernardSoulier syndrome: the ristocetin response is normal, 
but responses to ADP, collagen, epinephrine, and arachidonic acid are very 
depressed or absent.10 Flow cytometry for the GPIIbIIIa receptors will dem
onstrate their absence,11 thereby making DNA studies rarely necessary.

 PLATELET STORAGE POOL DISORDERS
Platelet dense granule storage pool deficiency, which is more common than 
BernardSoulier syndrome or Glanzmann thrombasthenia, usually is an 
autosomal recessive condition but occasionally can be autosomal dominant. 
Bleeding is characteristically mild, but it can be clinically significant. Some of 
these disorders are syndromic with other manifestations, such as skin, hair, 
and ocular albinism in the HermanskyPudlak syndrome and the Chédiak
Higashi syndrome. Platelets are normal in number and size. Some patients 
with HermanskyPudlak subtypes also develop severe pulmonary fibrosis  

(Chapter 86). Xlinked WiskottAldrich syndrome can also display granule 
storage pool deficiency, eczema, and immune defects, but it is best known as 
having the rare finding of microthrombocytopenia or small platelets. Platelet 
function assay100 or light transmission aggregometry testing can be normal. The 
content and secretion of ADP are decreased in granule storage pool deficiency. 
Platelet transmission electron microscopy can confirm an absence or significant 
decrease of dense granules,12 but very few laboratories can perform this test.

In gray platelet syndrome, the platelets selectively lack α granules. This 
macrothrombocytopenic disorder can be distinctively associated with sple
nomegaly and bone marrow fibrosis. Patients may have mild bleeding symptoms. 
The platelets appear gray on a peripheral smear owing to lack of the α granules. 
Nextgeneration sequencing demonstrates mutations of the NBEAL2 gene.

 OTHER INHERITED PLATELET FUNCTION DISORDERS
Over 50 genes are associated with known inherited platelet disorders, and the 
number is rising rapidly as patients with bleeding histories are analyzed using 
whole exome sequencing. Defects in transcription regulation, granule biogenesis 
and trafficking, cytoskeleton regulation, and glycoprotein receptor signaling 
have been identified and characterized. The more common and wellestablished 
diagnoses can now be assessed using platelet gene panels available from many 
commercial laboratories.

TREATMENT 

 VASCULAR HEMORRHAGIC DISORDERS
 Hereditary Vascular Hemorrhagic Disorders
Hereditary hemorrhagic telangiectasia, formerly termed OslerWeberRendu 
syndrome, is characterized by the development of telangiectasias in the skin 
and mucous membranes (Fig. 1642), as well as arteriovenous malformations 
in the lungs, liver, and central nervous system. It is an autosomal dominant 
condition with a prevalence of 1 in 5000. Patients typically suffer severe and 
recurrent nosebleeds, and they often have gastrointestinal bleeding that results 
in chronic iron deficiency anemia (Chapter 150).

The diagnosis (Table 1646) is primarily clinical, and about 33% of persons 
who have “possible” hereditary hemorrhagic telangiectasia have mutations 
identified in one of the known causative genes. There are no “common” muta
tions; nearly all kindreds have a unique mutation. Various mutations in two 
main genes have been described in about 85% of patients: endoglin (ENG) 
in hereditary hemorrhagic telangiectasia type I and activin A receptor type 
II–like1 (ACVRL1) in hereditary hemorrhagic telangiectasia type 2. SMAD4 
mutations have also been implicated in 2 to 3% of patients with hereditary 
hemorrhagic telangiectasia and are associated with concomitant juvenile pol
yposis. These genes encode proteins that modulate transforming growth factorβ 
signaling in vascular endothelial cells that lead to the development of fragile 
telangiectasias and arteriovenous malformations. Supportive treatment includes 
supplemental iron therapy, intravenous or oral, for iron deficiency anemia 
due to chronic bleeding. Bevacizumab 5 mg/kg every 14 days for a total of 
six injections reduces epistaxis and improves quality of life. Tranexamic acid, 
1 g orally three times daily, is effective for reducing recurrent epistaxis. A2  Intra
nasal administration of tranexamic acid, estriol, or bevacizumab is no more 
effective than placebo at reducing nosebleeds. A3  After 20 years of followup, 
patients with hereditary hemorrhagic telangiectasia have survival rates similar 
to that of the general population.15
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These antibodies may produce defects such as acquired Glanzmann throm
basthenia (GPIIbIIIa) or BernardSoulier syndrome (GPIbIX).14 Patients 
who undergo cardiac surgery with cardiopulmonary bypass can also have 
intraoperative and postoperative platelet dysfunction.

 Acquired Platelet Bleeding Disorders
 DRUGS
Drugs are the most common cause of platelet dysfunction, far outnumbering 
hereditary platelet function disorders, which are relatively rare. Specific anti
platelet drugs such as aspirin, thienopyridines, and platelet GPIIbIIIa inhibitors 
can be associated with significant bleeding, especially if thrombocytopenia 
coexists. Many other drugs (Table 1645) not intended for use as antiplatelet 
agents have platelet inhibition as a side effect and can lead to unexpected easy 
bruising or bleeding. Diet or some dietary supplements also influence platelet 
function. Testing is generally not recommended for these acquired defects.

 DISEASES ASSOCIATED WITH ACQUIRED PLATELET DYSFUNCTION
Hematologic disorders such as the myelodysplastic syndrome (Chapter 172), 
paraproteinemias (Chapter 178), and myeloproliferative neoplasms (Chapter 
157) can cause platelet defects, sometimes concomitant with thrombocytopenia, 
and thereby lead to disproportionate bleeding. Platelets in the myeloprolifera
tive neoplasms often do not have normal in vitro responses to epinephrine 
stimulation, but their platelet defects are usually nonspecific. Uremic platelet 
dysfunction (Chapter 121) occurs to varying degree in patients with endstage 
renal disease. Both platelet hypofunction and thrombocytopenia are common 
in patients with liver failure (Chapter 145). Patients with immune thrombo
cytopenic purpura (Chapter 163) can have antibodies against specific platelet 
receptors, thereby not only increasing the clearance of the platelets and causing 
thrombocytopenia but also blocking the function of the glycoprotein receptor. 

significantly mutated or absent membrane glycoprotein receptors (e.g., Glanz-
mann thrombasthenia or Bernard-Soulier syndrome) may form alloantibodies 
directed against the normal receptors on donor platelets, thereby jeopardizing 
the efficacy of platelet transfusion. DDAVP can improve hemostasis in some 
patients who have granule storage pool deficiency, Bernard-Soulier syndrome, 
and some other inherited platelet disorders. Recombinant activated coagula-
tion factor VII is efficacious for patients with Glanzmann thrombasthenia and 
certain other platelet hypofunctional disorders. For patients who are undergoing 
surgical procedures that involve tissues with high intrinsic fibrinolytic activity 
(e.g., nose, mouth and throat, and extraocular tissues), ε-aminocaproic acid or 
tranexamic acid can be useful.13

TABLE 164-4 STEPWISE PLATELET FUNCTION TESTING
TESTING 
SEQUENCE

PLATELET FUNCTION 
TEST PLATELET DISORDER

Step 1 LTA (initial screening)
FC (initial screening)
Granule release

GT, biallelic BSS, WAS, LADIII

Step 2 LTA (additional stimuli)
FC (additional testing)
Granule content
Mixing tests (LTA/FC)
TEM
Clot retraction
Serum TxB2

ARC, CHS, HPS, δSPD, αδSPD, 
PTVWD, GPS, PSD, White PS, 
Medich PS, York PS, Stormorken, 
Scott, adhesive proteins receptor 
defects (α2β1, GPVI, GPIV)

Step 3 Biochemical studies
Molecular (Sanger, NGS)

Monoallelic BSS, GT variant, VCF, 
GATA1, QPD, FPD/AML, PTS, 
Filaminopathy, Soluble agonists 
receptor defects (P2Y12, TP defect), 
Signaling pathway defects (cPLA2, 
COX1, Tx synthase deficiency)

ARC = arthrogryposis renal dysfunction and cholestasis syndrome; BSS = BernardSoulier 
syndrome; CHS = ChédiakHigashi syndrome; COX1 = cyclooxygenase1; cPLA2 = phospholipase 
A2; FC = flow cytometry; FPD/AML = familial platelet disorder with propensity to acute myeloid 
leukemia and myelodysplastic syndrome; GATA1 = macrothrombocytopenia with 
dyserythropoiesis/anemia/βthalassemia; GP = glycoprotein; GPS = gray platelet syndrome; GT = 
Glanzmann thrombasthenia; HPS = HermanskyPudlak syndrome; LADIII = leukocyte adhesion 
deficiency III; LTA = light transmission aggregometry; NGS = nextgeneration sequencing; PS = 
platelet syndrome; PSD = primary secretion defects; PTVWD = platelettype von Willebrand 
disease; PTS = ParisTrousseau syndrome; QPD = Quebec platelet disorder; SPD = storage pool 
disease; TEM = transmission electron microscopy; TP = thromboxane receptor; Tx = thromboxane; 
TxB2 = thromboxane B2; VCF = velocardiofacial syndrome; WAS = WiskottAldrich syndrome.
Data from Gresele P; Subcommittee on Platelet Physiology of the International Society on 
Thrombosis and Hemostasis. Diagnosis of inherited platelet function disorders: guidance from the 
SSC of the ISTH. J Thromb Haemost. 2015;13:31422.

A careful medication review, including herbal supplements as well as dietary 
intake, may identify offending agents. These drugs cannot always be stopped 
safely if other serious illnesses (e.g., severe atherosclerotic vascular disease) 
require them. Treatment of underlying associated conditions may sometimes 
improve the acquired platelet dysfunction. Platelet function can be improved 
in uremia with various treatments such as dialysis (Chapter 122), increasing 
the hematocrit (transfusion [Chapter 167] or erythropoietin therapy), estrogen 
therapy, or increasing levels of VWF (e.g., by using DDAVP, cryoprecipitate or 
VWF concentrates).

TREATMENT 

 VASCULAR HEMORRHAGIC DISORDERS
 Hereditary Vascular Hemorrhagic Disorders
Hereditary hemorrhagic telangiectasia, formerly termed OslerWeberRendu 
syndrome, is characterized by the development of telangiectasias in the skin 
and mucous membranes (Fig. 1642), as well as arteriovenous malformations 
in the lungs, liver, and central nervous system. It is an autosomal dominant 
condition with a prevalence of 1 in 5000. Patients typically suffer severe and 
recurrent nosebleeds, and they often have gastrointestinal bleeding that results 
in chronic iron deficiency anemia (Chapter 150).

The diagnosis (Table 1646) is primarily clinical, and about 33% of persons 
who have “possible” hereditary hemorrhagic telangiectasia have mutations 
identified in one of the known causative genes. There are no “common” muta
tions; nearly all kindreds have a unique mutation. Various mutations in two 
main genes have been described in about 85% of patients: endoglin (ENG) 
in hereditary hemorrhagic telangiectasia type I and activin A receptor type 
II–like1 (ACVRL1) in hereditary hemorrhagic telangiectasia type 2. SMAD4 
mutations have also been implicated in 2 to 3% of patients with hereditary 
hemorrhagic telangiectasia and are associated with concomitant juvenile pol
yposis. These genes encode proteins that modulate transforming growth factorβ 
signaling in vascular endothelial cells that lead to the development of fragile 
telangiectasias and arteriovenous malformations. Supportive treatment includes 
supplemental iron therapy, intravenous or oral, for iron deficiency anemia 
due to chronic bleeding. Bevacizumab 5 mg/kg every 14 days for a total of 
six injections reduces epistaxis and improves quality of life. Tranexamic acid, 
1 g orally three times daily, is effective for reducing recurrent epistaxis. A2  Intra
nasal administration of tranexamic acid, estriol, or bevacizumab is no more 
effective than placebo at reducing nosebleeds. A3  After 20 years of followup, 
patients with hereditary hemorrhagic telangiectasia have survival rates similar 
to that of the general population.15

TABLE 164-5 SOME COMMON AGENTS CAUSING ACQUIRED 
PLATELET DYSFUNCTION

TYPE OF AGENT EXAMPLES
Antiplatelet agents Aspirin, clopidogrel, prasugrel, ticagrelor, 

ticlopidine, abciximab, eptifibatide, tirofiban
Nonsteroidal antiinflammatory 

agents
Ibuprofen, naproxen, indomethacin diclofenac, 

tolmetin, piroxicam
Selective serotonin reuptake 

inhibitors
Fluoxetine, paroxetine, sertraline

Plasma expanders Dextrans, hydroxyethyl starch
Antihistamines Chlorpheniramine, diphenhydramine
Foods and supplements Vitamin E, fish oil, omega3fatty acids, 

alcohol, garlic, Chinese black tree fungus, 
ginger, cumin, turmeric, onion, cloves

Phosphodiesterase inhibitors Cilostazol, dipyridamole, caffeine, 
theophylline, aminophylline, sildenafil

Data from Casari C, Bergmeier W. Acquired platelet disorders. Thromb Res. 2016;141(Suppl 
2):S73S75.



bleeding. Easy bruising and other bleeding complications are exacerbated by 
aneurysms, vascular dissection or rupture, and arteriovenous fistulas. The 
diagnosis of vascular EhlersDanlos syndrome is based on clinical findings 
and confirmed by identification of a heterozygous pathogenic mutation in the 
COL3A1 gene. DDAVP and tranexamic acid may decrease bleeding, but life
threatening arterial bleeding can occur spontaneously or after routine arterial 
interventions or trauma. Affected individuals require genetic counseling as 
well as surveillance and thorough preventive counseling about circumstances 
to avoid.16

 Acquired Vascular Hemorrhagic Disorders
Dysproteinemias, such as Waldenström macroglobulinemia (Chapter 178), 
cryoglobulinemia (Chapter 178), and systemic amyloidosis (Chapter 179), 
can cause purpura or other bleeding because the immunoglobulin fragments 
are deposited in the vasculature (amyloidosis) or because immunoglobulins 
inhibit plateletvessel hemostatic interactions. A benign form, termed hyper
gammaglobulinemia of Waldenström macroglobulinemia and distinguished 
from monoclonal immunoglobulin M macroglobulinemia, presents with lower 
leg purpura, mild anemia, and leukopenia. HenochSchönlein purpura (Chapter 
410) typically presents with a palpable purpura on the lower extremities, 
accompanied by arthralgias, abdominal pain, and renal injury. Scurvy (Chapter 
205), in which the lack of vitamin C affects the synthesis of collagen, typically 
manifests with bruising or petechiae, classically with tiny perifollicular hemor
rhages around corkscrew hairs. Gingival oozing of blood also occurs. In senile 
purpura (Chapter 410) or purpura simplex, a decline in the skin’s vascular 
support structure diminishes with age and sun exposure; patients typically 
develop easy bruisability on the dorsa of their hands, forearms, and lower 
legs. Psychogenic purpuras, which are characterized by recurrent focal pain 
followed by ecchymoses, are controversial and difficult to distinguish from 
selfinduced or factitious traumatic purpura and bleeding.

TABLE 164-6 CLINICAL CRITERIA FOR DIAGNOSIS OF 
HEREDITARY HEMORRHAGIC TELANGIECTASIA

CRITERION LOCATION/COMMENT % AFFECTED IN HHT
1. Epistaxis Spontaneous/recurrent 90%
2. Telangiectasias Multiple sites 80%

Lips
Oral cavity
Finger tips
Nose

3. Visceral lesions GI telangiectasia 1330%
Pulmonary AVM 50%
Hepatic AVM 3070%
Cerebral AVM 1020%
Spinal AVM <1%

4. Family history Affected firstdegree relative
HHT diagnosis: Definite: 34 criteria met

Possible: 2 criteria met
Unlikely: 01 criteria met

AVM = arteriovenous malformation; GI = gastrointestinal; HHT = hereditary hemorrhagic 
telangiectasia.
Adapted from Dittus C, Streiff M, Ansell J. Bleeding and clotting in hereditary hemorrhagic 
telangiectasia World J Clin Case. 2015;3:330337.
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FIGURE 164-2. Hereditary hemorrhagic telangiectasia (HHT). Telangiectasias com-
monly occur on the fingers (A); face, lips, and tongue (B); and in other areas, including 
the nasal and gastrointestinal mucosa, and may develop in certain other internal organs. 
Skin or mucous membrane lesions typically blanch with pressure in contrast to petechiae, 
which do not. (A, Copyrighted and used with permission of the Mayo Foundation for 
Medical Education and Research, all rights reserved. B, Courtesy of Dr. Andrew Schafer.)
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EhlersDanlos syndrome (Chapter 244) is caused by mutations in genes 
that help form or modify collagen. The clinical manifestations and prognosis 
vary among at least nine subtypes (three of which are exceedingly rare). Inheri
tance is usually autosomal dominant, but rare types are autosomal recessive. 
Type 4 (vascular EhlersDanlos syndrome) is particularly associated with 

https://expertconsult.inkling.com/
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Answer: D MGUSinduced acquired von Willebrand syndrome is often quite 
responsive to infusions of IVIG to raise VWF levels within ~24 hours and 
keep them up for several days. The lack of response to DDAVP in the nasal 
route is quite predictive of response to IV, so no need to change the route of 
administration. Also, the fact that he did not respond to endogenous release 
of VWF indicates that the antibody is immediately attacking VWF, therefore 
infusions of exogenous VWF would be unlikely to fare much better. Tranexamic 
acid can assist with clot stability, but does not raise VWF levels. Chemotherapy 
is not a reliable or rapid way to restore VWF to normal.

4. Which treatment has been shown in a randomized clinical trial to reduce 
the intensity of epistaxis in patients with hereditary hemorrhagic telangi
ectasia compared to control?
 A. Intranasal tranexamic acid
 B. Bevacizumab
 C. Oral tranexamic acid
 D. Intranasal estrogen
 E. Selective intranasal cautery

Answer: C Randomized trials are few in hereditary hemorrhagic telangiectasia, 
and results have not been as good as hoped, but oral TA does seem to reduce 
the intensity of epistaxis. Providing TA or any other drug directly into the 
nose was no more effective than saline nose spray, which does help keep the 
membranes moist. Neither surgical treatment nor bevacizumab has been evalu
ated with a randomized trial, and results remain anecdotal.

5. You are asked to evaluate a young woman with iron deficiency anemia 
with thrombocytosis, heavy periods, and prolonged oozing after wisdom 
teeth extraction. Her mother also had epistaxis and heavy periods requiring 
a hysterectomy at which time she was transfused a unit of blood with the 
surgery due to greater than expected blood loss. Your patient’s PT and 
aPTT are normal. What do you recommend next?
 A. Platelet function assay (PFA100)
 B. VWF antigen, VWF ristocetin cofactor, factor VIII activity level
 C. Platelet light transmission aggregometry
 D. von Willebrand multimers
 E. Platelet flow cytometry

Answer: B The bleeding history is mucocutaneous, and genetics sound auto
somal dominant by family history. Platelet disorders are far less common than 
von Willebrand disease. Von Willebrand disease screening tests include all 
three in answer B. Multimers may not be necessary and are never ordered 
alone initially. PFA is not a good test for either von Willebrand disease or 
platelet disorders. Aggregometry and flow cytometry would be reasonable 
next choices if von Willebrand disease was ruled out.

REVIEW QUESTIONS

1. Platelettype von Willebrand disease can have identical screening von Wil
lebrand tests and RIPA (ristocetininduced platelet aggregation) results 
compared to which of the following?
 A. von Willebrand disease type 1
 B. von Willebrand disease type 2A
 C. von Willebrand disease type 2B
 D. von Willebrand disease type 2N
 E. von Willebrand disease type 2M

Answer: C Each of these disorders is characterized by a gainoffunction 
mutation that increases the affinity of binding for von Willebrand factor to 
the platelet GP1b receptor. In the platelettype von Willebrand disease the 
genetic defect is in the platelet GP1b receptor gene. In von Willebrand disease 
type 2B, it is in the VWF molecule.

2. Desmopressin (DDAVP) is most likely to be effective therapy for which 
of the following?
 A. BernardSoulier syndrome
 B. von Willebrand disease type 1
 C. von Willebrand disease type 2B
 D. von Willebrand disease type 2N
 E. Hereditary hemorrhagic telangiectasia

Answer: B Von Willebrand disease type 1 is a deficiency of a normal molecule, 
and anything to raise endogenous levels can be effective. BernardSoulier is 
incorrect as the defect lies in the platelet receptor for VWF. Type 2B von 
Willebrand disease is generally thought to be a contraindication to DDAVP. 
In type 2N, the VWF released will still not be able to bind FVIII very effec
tively and thus not reliably raise the level for any length of time. Hereditary 
hemorrhagic telangiectasia has not been shown to respond to DDAVP.

3. A patient with a small monoclonal spike of IgG kappa and no other evi
dence of myeloma develops significant bruising. Laboratory investigation 
is consistent with von Willebrand disease type 1, but he has no history of 
bleeding with cholecystectomy, CABG, or hernia repair all done more than 
5 years ago. A DDAVP trial with intranasal preparation showed no response 
of VWF. Which of the following treatments is most likely to be effective 
in raising his VWF levels?
 A. IV DDAVP
 B. Chemotherapy for the monoclonal IgG kappa
 C. VWF concentrates
 D. IV gammaglobulin (IVIG)
 E. Tranexamic acid



CHAPTER 165 HemorrHagic DisorDers: coagulation Factor DeFiciencies1138

165 
HEMORRHAGIC DISORDERS: 
COAGULATION FACTOR DEFICIENCIES
MARGARET V. RAGNI

 COAGULATION DEFICIENCIES
Severe coagulation deficiencies, or coagulopathies, are typically characterized 
by spontaneous or provoked bleeding, such as during surgery or trauma, and 
may result in life- or limb-threatening complications. By contrast, moderate 
and mild coagulopathies may remain clinically silent until they are detected 
coincidentally on routine laboratory screening tests (e.g., prothrombin time 
[PT], activated partial thromboplastin time [aPTT]), or when these tests are 
ordered to evaluate the cause of abnormal bleeding or bruising. Much of the 
morbidity of coagulopathies can be minimized or avoided altogether by pro-
phylactic replacement of the deficient clotting factor proteins. In contrast to 
the lifelong clinical manifestations of hereditary or congenital coagulopathies, 
acquired deficiencies usually appear acutely in previously asymptomatic 

individuals; they may not be suspected and often remit spontaneously or after 
eradication of an inciting disease state or withdrawal of an offending medica-
tion. Acquired coagulation disorders may be associated with more severe 
bleeding than congenital disorders, in part because of the delay in diagnosis. 
In general, coagulopathies may result from inadequate synthesis of coagulation 
factor proteins or from inhibition of activated clotting factor proteins by acquired 
antibodies or anticoagulant medications. Finally, qualitative defects, either 
congenital or acquired, may also result in bleeding.

 Hereditary Hemophilias
 DEFINITION

The hemophilias include hemophilia A and hemophilia B, caused by deficien-
cies or defects in clotting factor VIII (antihemophilic factor) and factor IX 
(antihemophilic factor B, or Christmas factor), respectively. A deficiency of 
either of these intrinsic coagulation pathway proteins results in inadequate 
formation of thrombin at sites of vascular injury.

 EPIDEMIOLOGY
Hemophilia A and B are sex-linked recessive disorders estimated to occur in 
1 in 5000 and 1 in 30,000 male births, respectively. The higher incidence of 
hemophilia A may be due to the greater amount of DNA “at risk” for mutation 
in the factor VIII gene (186,000 base pairs) compared with the factor IX gene 
(34,000 base pairs). Hemophilia A and B are observed in all racial and ethnic 
groups, and in the United States, more than 20,000 individuals are affected. 
Although carrier testing, genetic counseling, and prenatal diagnosis are widely 
available in the United States through the network of federally funded hemo-
philia treatment centers (HTCs), fecundity rates remain high, and few con-
firmed carriers elect to terminate their pregnancies, even if an affected fetus 
is detected in utero. These decisions are likely influenced by the wide availability 
of safe and effective coagulation factor replacement concentrates and by the 
prospect of an eventual cure for the hemophilias through gene transfer. A 
substantial proportion (30%) of hemophilia cases arise as new, spontaneous 
mutations. Overall, the hemophilias are much more common than the auto-
somal recessive coagulation disorders (see later), which often affect progeny 
from consanguineous relationships and require the inheritance of two defective 
alleles for the bleeding manifestations to become evident.

 PATHOBIOLOGY
Genetics
As with other sex-linked recessive diseases, the genes for factor VIII and factor 
IX are located on the long arm of the X chromosome. Males with a defective 
allele on their single X chromosome transmit this gene to all their daughters, 
who are then obligate carriers, but to none of their sons. Because the offspring 
of female carriers inherit one affected X chromosome, half of their sons develop 
the coagulation disorder, and half of their daughters are obligate carriers. Female 
carriers may manifest bleeding symptoms, particularly postpartum bleeding, 
if the alleles on the X chromosome are unequally inactivated (lyonization); 
the defective hemophilic allele is expressed in preference to the normal allele, 
plasma factor VIII levels are below 50%, and phenotypic hemophilia results. 
Female hemophilia may arise as a result of mating between a hemophilic male 
and a female carrier (homozygous for the defective factor VIII or IX gene) 
or in carrier females who have the 45 XO karyotype (Turner syndrome) and 
are hemizygous for the defective hemophilia gene.

No single mutation is responsible for the hemophilias. Many missense and 
nonsense point mutations, deletions, and inversions have been described. 
Severe molecular defects predominate, with 40 to 50% of all cases of severe 
hemophilia A evolving from a unique inversion of intron 22 (the largest of 
the factor VIII introns). This inversion results from the recombination and 
translocation of DNA within intron 22 of the factor VIII gene, with areas of 
extragenic but homologous “nonfunctional” DNA located at a distance from 
intron 22. Other less common severe molecular defects include large gene 
deletions (5 to 10% of cases) and nonsense mutations (10 to 15% of cases). 
The encoded proteins resulting from these mutations are defective and do 
not express any factor VIII activity. Mild or moderate hemophilia A is com-
monly associated with point mutations and deletions. In contrast, factor IX 
mutations are more diverse, and severe hemophilia B is more likely caused 
by large deletions. Mutated clotting factor genes responsible for the hemophilias 
may also encode for the production of defective nonfunctional proteins that 
circulate in the plasma and are detected at normal quantitative levels by immu-
noassays but not by functional activity assays. A listing of the mutations that 
cause the hemophilias can be accessed via the Human Gene Mutation Database 
(www.hgmd.org).

 CLINICAL MANIFESTATIONS
Hemophilia A and hemophilia B are said to be clinically indistinguishable, 
with clinical severity corresponding inversely to the circulating levels of plasma 
coagulant factor VIII or IX activity. However, several studies have found a 
higher bleeding frequency, greater factor use, and more frequent hospitaliza-
tions in hemophilia A, suggesting greater clinical severity than hemophilia B. 
Individuals with less than 1% of normal factor VIII or IX activity are classified 
as having “severe” disease, characterized by frequent spontaneous bleeding 
events in joints (hemarthrosis) and soft tissues and by profuse hemorrhage 
with trauma or surgery. Although spontaneous bleeding is uncommon in mild 
deficiencies (>5% normal activity), excess bleeding typically occurs with trauma 
or surgery. A moderate clinical course is associated with factor VIII or IX 
levels between 1 and 5%. Approximately 60% of all cases of hemophilia A are 
clinically severe, whereas only 20 to 45% of cases of hemophilia B are severe.

Severe hemophilia is typically suspected and diagnosed during infancy in 
the absence of a family history. Among newborns, intracranial hemorrhage is 
the leading cause of morbidity and mortality, with a cumulative incidence of 
3.8%, according to data collected by the U.S. Centers for Disease Control and 
Prevention. Intracranial hemorrhage does not appear to be related to the mode 
of delivery, although half of such hemorrhages occur in the newborn period. 
Current guidelines suggest cesarean section delivery be considered for any 
known male infants with severe hemophilia A. Vacuum extraction may increase 
cephalohematoma formation and is discouraged. Circumcision within days 
after birth is accompanied by excessive bleeding in less than half of severely 
affected boys. The first spontaneous hemarthrosis in severely affected hemo-
philiacs usually occurs between 9 and 18 months of age, when ambulation 
begins. In moderately affected individuals, it generally does not occur until 2 
to 5 years of age. The knees are the most prominent sites of spontaneous 
bleeds, followed by the elbows, ankles, shoulders, and hips; wrists are less 
commonly involved.

Acute hemarthroses (Fig. 165-1) originate from the subsynovial venous 
plexus underlying the joint capsule and produce a tingling or burning sensa-
tion, followed by the onset of intense pain and swelling.1 On physical exami-
nation, the joint is swollen, hot, and tender to palpation, with erythema of 
the overlying skin. Joint mobility is compromised by pain and stiffness, and 
the joint is usually maintained in a flexed position. Immediate or early replace-
ment of the deficient clotting factor to normal hemostatic levels rapidly reverses 
the pain, while delayed treatment results in excess pain, morbidity, and joint 
damage. Optimal management once a bleed occurs includes rest, ice, (factor) 
concentrate, and elevation (RICE).2 Over 75% of children and about 50% of 
adults engage in prophylaxis (preventive) factor infusions several times a week 
to maintain factor VIII or IX levels above 1% to prevent joint bleeds and the 
development of chronic hemophilic arthropathy. However, prophylaxis must 
be initiated before 4 years of age and in the absence of obesity to preserve 
joint motion.3

Recurrent or untreated bleeds result in chronic synovial hypertrophy and, 
eventually, damage to the underlying cartilage, with subsequent subchondral 
bone cyst formation, bony erosion, and flexion contractures. Abnormal mechani-
cal forces from weight bearing can produce subluxation, misalignment, loss 
of mobility, and permanent deformities of the lower extremities (Fig. 165-2). 
These changes are accompanied by chronic pain, swelling, arthritis, and dis-
ability.4 Plain radiographs and clinical examination of chronic hemarthroses 
often underestimate the extent of bone and joint damage; serial magnetic 
resonance imaging is the most sensitive technique to detect and monitor early 
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ABSTRACT
Rare congenital and acquired bleeding disorders require an understanding of 
the coagulation pathways, clinical manifestations, how to prevent and treat 
bleeding, and novel clotting factors in development. This is an exciting time 
in congenital bleeding disorders, as recombinant factor therapies, some with 
extended half-life, are now available, and many novel therapeutics are in clini-
cal trials. Finally, gene therapy, primarily with AAV vectors, is now resulting 
in long-lived factor expression.
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individuals; they may not be suspected and often remit spontaneously or after 
eradication of an inciting disease state or withdrawal of an offending medica-
tion. Acquired coagulation disorders may be associated with more severe 
bleeding than congenital disorders, in part because of the delay in diagnosis. 
In general, coagulopathies may result from inadequate synthesis of coagulation 
factor proteins or from inhibition of activated clotting factor proteins by acquired 
antibodies or anticoagulant medications. Finally, qualitative defects, either 
congenital or acquired, may also result in bleeding.

 Hereditary Hemophilias
 DEFINITION

The hemophilias include hemophilia A and hemophilia B, caused by deficien-
cies or defects in clotting factor VIII (antihemophilic factor) and factor IX 
(antihemophilic factor B, or Christmas factor), respectively. A deficiency of 
either of these intrinsic coagulation pathway proteins results in inadequate 
formation of thrombin at sites of vascular injury.

 EPIDEMIOLOGY
Hemophilia A and B are sex-linked recessive disorders estimated to occur in 
1 in 5000 and 1 in 30,000 male births, respectively. The higher incidence of 
hemophilia A may be due to the greater amount of DNA “at risk” for mutation 
in the factor VIII gene (186,000 base pairs) compared with the factor IX gene 
(34,000 base pairs). Hemophilia A and B are observed in all racial and ethnic 
groups, and in the United States, more than 20,000 individuals are affected. 
Although carrier testing, genetic counseling, and prenatal diagnosis are widely 
available in the United States through the network of federally funded hemo-
philia treatment centers (HTCs), fecundity rates remain high, and few con-
firmed carriers elect to terminate their pregnancies, even if an affected fetus 
is detected in utero. These decisions are likely influenced by the wide availability 
of safe and effective coagulation factor replacement concentrates and by the 
prospect of an eventual cure for the hemophilias through gene transfer. A 
substantial proportion (30%) of hemophilia cases arise as new, spontaneous 
mutations. Overall, the hemophilias are much more common than the auto-
somal recessive coagulation disorders (see later), which often affect progeny 
from consanguineous relationships and require the inheritance of two defective 
alleles for the bleeding manifestations to become evident.

 PATHOBIOLOGY
Genetics
As with other sex-linked recessive diseases, the genes for factor VIII and factor 
IX are located on the long arm of the X chromosome. Males with a defective 
allele on their single X chromosome transmit this gene to all their daughters, 
who are then obligate carriers, but to none of their sons. Because the offspring 
of female carriers inherit one affected X chromosome, half of their sons develop 
the coagulation disorder, and half of their daughters are obligate carriers. Female 
carriers may manifest bleeding symptoms, particularly postpartum bleeding, 
if the alleles on the X chromosome are unequally inactivated (lyonization); 
the defective hemophilic allele is expressed in preference to the normal allele, 
plasma factor VIII levels are below 50%, and phenotypic hemophilia results. 
Female hemophilia may arise as a result of mating between a hemophilic male 
and a female carrier (homozygous for the defective factor VIII or IX gene) 
or in carrier females who have the 45 XO karyotype (Turner syndrome) and 
are hemizygous for the defective hemophilia gene.

No single mutation is responsible for the hemophilias. Many missense and 
nonsense point mutations, deletions, and inversions have been described. 
Severe molecular defects predominate, with 40 to 50% of all cases of severe 
hemophilia A evolving from a unique inversion of intron 22 (the largest of 
the factor VIII introns). This inversion results from the recombination and 
translocation of DNA within intron 22 of the factor VIII gene, with areas of 
extragenic but homologous “nonfunctional” DNA located at a distance from 
intron 22. Other less common severe molecular defects include large gene 
deletions (5 to 10% of cases) and nonsense mutations (10 to 15% of cases). 
The encoded proteins resulting from these mutations are defective and do 
not express any factor VIII activity. Mild or moderate hemophilia A is com-
monly associated with point mutations and deletions. In contrast, factor IX 
mutations are more diverse, and severe hemophilia B is more likely caused 
by large deletions. Mutated clotting factor genes responsible for the hemophilias 
may also encode for the production of defective nonfunctional proteins that 
circulate in the plasma and are detected at normal quantitative levels by immu-
noassays but not by functional activity assays. A listing of the mutations that 
cause the hemophilias can be accessed via the Human Gene Mutation Database 
(www.hgmd.org).

 CLINICAL MANIFESTATIONS
Hemophilia A and hemophilia B are said to be clinically indistinguishable, 
with clinical severity corresponding inversely to the circulating levels of plasma 
coagulant factor VIII or IX activity. However, several studies have found a 
higher bleeding frequency, greater factor use, and more frequent hospitaliza-
tions in hemophilia A, suggesting greater clinical severity than hemophilia B. 
Individuals with less than 1% of normal factor VIII or IX activity are classified 
as having “severe” disease, characterized by frequent spontaneous bleeding 
events in joints (hemarthrosis) and soft tissues and by profuse hemorrhage 
with trauma or surgery. Although spontaneous bleeding is uncommon in mild 
deficiencies (>5% normal activity), excess bleeding typically occurs with trauma 
or surgery. A moderate clinical course is associated with factor VIII or IX 
levels between 1 and 5%. Approximately 60% of all cases of hemophilia A are 
clinically severe, whereas only 20 to 45% of cases of hemophilia B are severe.

Severe hemophilia is typically suspected and diagnosed during infancy in 
the absence of a family history. Among newborns, intracranial hemorrhage is 
the leading cause of morbidity and mortality, with a cumulative incidence of 
3.8%, according to data collected by the U.S. Centers for Disease Control and 
Prevention. Intracranial hemorrhage does not appear to be related to the mode 
of delivery, although half of such hemorrhages occur in the newborn period. 
Current guidelines suggest cesarean section delivery be considered for any 
known male infants with severe hemophilia A. Vacuum extraction may increase 
cephalohematoma formation and is discouraged. Circumcision within days 
after birth is accompanied by excessive bleeding in less than half of severely 
affected boys. The first spontaneous hemarthrosis in severely affected hemo-
philiacs usually occurs between 9 and 18 months of age, when ambulation 
begins. In moderately affected individuals, it generally does not occur until 2 
to 5 years of age. The knees are the most prominent sites of spontaneous 
bleeds, followed by the elbows, ankles, shoulders, and hips; wrists are less 
commonly involved.

Acute hemarthroses (Fig. 165-1) originate from the subsynovial venous 
plexus underlying the joint capsule and produce a tingling or burning sensa-
tion, followed by the onset of intense pain and swelling.1 On physical exami-
nation, the joint is swollen, hot, and tender to palpation, with erythema of 
the overlying skin. Joint mobility is compromised by pain and stiffness, and 
the joint is usually maintained in a flexed position. Immediate or early replace-
ment of the deficient clotting factor to normal hemostatic levels rapidly reverses 
the pain, while delayed treatment results in excess pain, morbidity, and joint 
damage. Optimal management once a bleed occurs includes rest, ice, (factor) 
concentrate, and elevation (RICE).2 Over 75% of children and about 50% of 
adults engage in prophylaxis (preventive) factor infusions several times a week 
to maintain factor VIII or IX levels above 1% to prevent joint bleeds and the 
development of chronic hemophilic arthropathy. However, prophylaxis must 
be initiated before 4 years of age and in the absence of obesity to preserve 
joint motion.3

Recurrent or untreated bleeds result in chronic synovial hypertrophy and, 
eventually, damage to the underlying cartilage, with subsequent subchondral 
bone cyst formation, bony erosion, and flexion contractures. Abnormal mechani-
cal forces from weight bearing can produce subluxation, misalignment, loss 
of mobility, and permanent deformities of the lower extremities (Fig. 165-2). 
These changes are accompanied by chronic pain, swelling, arthritis, and dis-
ability.4 Plain radiographs and clinical examination of chronic hemarthroses 
often underestimate the extent of bone and joint damage; serial magnetic 
resonance imaging is the most sensitive technique to detect and monitor early 

FIGURE 165-1. Acute hemarthrosis of the knee is a common complication of hemo-
philia. it may be confused with acute infection unless the patient’s coagulation disorder 
is known, because the knee is hot, red, swollen, and painful. (From Forbes cD, Jackson 
WF. Color Atlas and Text of Clinical Medicine, 3rd ed. london: mosby; 2003.)

http://www.hgmd.org/
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screening test to be prolonged in mild hemophiliacs, in whom the factor VIII 
level is sometimes greater than 30% of normal. Severe hemophilia is usually 
recognized in infancy, with circumcision bleeding; by contrast, moderate or 
mild disease is recognized later in life after trauma or surgery. Hemophilia can 
be distinguished from von Willebrand disease (VWD; Chapter 164) by normal 
ristocetin cofactor and von Willebrand factor antigen levels. In type 2N VWD, 
the factor VIII level is significantly lower than ristocetin cofactor and von 
Willebrand factor antigen levels due to reduced factor VIII binding; this variant 
of VWD may require genotyping to distinguish it from hemophilia A. Other 
congenital intrinsic factor deficiencies (e.g., factor XI and XII) can be deter-
mined by coagulation factor–specific assays. Vitamin K deficiency (see later 
and Chapter 166) can be detected by the associated PT prolongation; defi-
ciencies of factors II, VII, IX, and X; and resolution of the coagulation defect 
with vitamin K. The presence of heparin can be confirmed by correction of 
the aPTT after running the sample over a heparin absorption column. Failure 
of the aPTT to correct in a 1:1 mix with normal plasma suggests the presence 
of an inhibitor; specific inhibitors are associated with a single decreased factor 
level (usually factor VIII; see Alloantibody Inhibitors to Factors VIII and IX 
under Treatment), whereas blocking inhibitors cause nonspecific factor level 
changes associated with a positive hexagonal lipid assay (see Antiphospholipid 
Syndrome and Lupus Anticoagulant).

and progressive disease, and early ultrasound, performed in the office setting, 
is being explored to detect early joint disease even before symptoms occur.

Intramuscular hematomas account for about 30% of hemophilia-related 
bleeding events and are rarely life-threatening. They are usually precipitated 
by physical or iatrogenic trauma (e.g., after intramuscular injections) and may 
compromise sensory and motor function or arterial circulation if they entrap 
and compress vital structures in closed fascial compartments. The latter occur-
rence, termed compartment syndrome, presents with the rapid onset of swelling 
and severe pain in an extremity, unrelieved by factor infusion and standard 
analgesics, and is considered a medical emergency that may require fasciotomy 
to preserve tissue and provide pain relief. Retroperitoneal hematomas may 
be confused clinically with appendicitis or hip bleeds but should be suspected 
in a patient who is unable to stand erect due to the pain of muscle extension 
in the presence of hematoma. Immediate and aggressive treatment is required 
to prevent permanent anatomic deformity, such as flexion contracture, nerve 
damage, or pseudotumor formation (expanding hematomas that erode and 
destroy adjacent skeletal structures). Bleeding from mucous membranes is 
not uncommon and when it involves the tongue or the retropharyngeal space, 
may threaten the airway. Gastrointestinal hemorrhage typically originates from 
anatomic lesions proximal to the ligament of Treitz and may be exacerbated 
by esophageal varices secondary to cirrhosis and portal hypertension or by 
the use of nonsteroidal anti-inflammatory drugs (NSAIDs) for the treatment 
of hemarthroses. Spontaneous bleeding in the genitourinary tract may arise 
from ureteral clots, renal stones, and/or infection. Clotting factor, fluid replace-
ment, and, in children, a short course of steroids may be helpful, to hasten 
resolution. However, genitourinary tract bleeding in patients with hemophilia 
may be worsened by the use of antifibrinolytic agents. Intracranial bleeds 
occur in 10% of patients with a risk of 2% per year; they may be spontaneous 
or traumatic, and are fatal in 30% of cases. Neuromuscular defects, seizure 
disorders, and intellectual deficits may ensue.

Individuals with hemophilia cared for at hemophilia treatment centers have 
lower mortality and reduced costs of care compared with those receiving 
treatment elsewhere. The chronic care model practiced at hemophilia treat-
ment centers emphasizes prevention to reduce joint disease and complications, 
optimization of factor dosing, counseling regarding safe sports and the avoid-
ance of aspirin and other drugs that inhibit platelet function, as well as man-
agement of chronic transfusion-transmitted infections, including hepatitis C 
and HIV infection.

 DIAGNOSIS
The diagnosis of hemophilia is suspected on the basis of a family and personal 
bleeding history and laboratory detection of prolongation of the aPTT (with 
normal PT). It is confirmed by significantly reduced plasma factor VIII or IX 
activity. As noted in Chapter 162, the aPTT is not a sufficiently sensitive 

FIGURE 165-2. Severe chronic arthritis in hemophilia. the knee is the most commonly 
affected joint. Both knees are severely deranged in this patient. note that he is unable 
to stand with both feet flat on the floor. (From Forbes cD, Jackson WF. Color Atlas and 
Text of Clinical Medicine, 3rd ed. london: mosby; 2003.)

Treatment and prevention of acute bleeding events in hemophilia A and B 
are based on replacement of the missing or deficient clotting factor protein to 
restore adequate hemostasis (Table 165-1). Use of factor on a prophylaxis basis, 
that is, several times weekly to prevent bleeds, has been shown to reduce or 
prevent joint bleeds and reduce joint arthropathy. Newer extended half-life 
factors (see below) have simplified treatment by reducing treatment frequency 
and need for central lines.

The goal of replacement therapy (see Table 165-1) is to achieve plasma factor 
VIII or IX activity levels that are sufficient to prevent spontaneous bleeds. As 
these events are individualized and vary by age, level of activity, and individual 
pharmacokinetics, the optimal level of treatment may vary among affected 
patients. In general, activity levels of 25 to 30% are recommended to treat minor 
spontaneous or traumatic bleeds (e.g., hemarthroses, persistent hematuria). At 
least 50% clotting factor activity levels are recommended for severe bleeds (e.g., 
major dental surgery, maintenance replacement therapy after major surgery or 
trauma), and 80 to 100% activity for any life-threatening or limb-threatening 
hemorrhagic event (e.g., major surgery, trauma). After major trauma or if visceral 
or intracranial bleeding is suspected, replacement therapy adequate to achieve 
100% clotting factor activity should be administered before diagnostic proce-
dures are initiated. To calculate the initial dose of replacement factor, plasma 
factor VIII activity generally increases about 2% (0.02 IU/mL) for each unit of 
factor VIII administered per kilogram of body weight, and factor IX activity 
increases about 1% (0.01 IU/mL) for each unit of factor IX administered per 
kilogram of body weight. Therefore, a 70-kg individual with severe hemophilia 
A or B (factor VIII or IX activity <1% of normal) who requires replacement to 
100% activity for major surgery should initially receive 3500 IU of factor VIII or 
7000 IU of factor IX concentrate. The circulating half-lives of factors VIII and 
IX require subsequent dosing at half the initial dose every 8 to 12 hours for 
factor VIII and every 18 to 24 hours for factor IX, respectively. However, this 
empirical dosing (based on calculations) should be individualized according to 
the peak recovery and trough activity levels, which has been optimized by the 
implementation of population pharmacokinetic modeling.5 The frequency of 
repeat dosing is also determined by the rapidity of pain relief, recovery of joint 
function, and resolution of active bleeding. Replacement is usually maintained 
for 10 to 14 days after major surgery to allow proper wound healing. In the 
management of bleeds or surgical procedures in patients with hemophilia, 
either repetitive bolus injections, as described above, or continuous infusion 
can be used for delivery of clotting factor replacement. The latter can provide 
constant levels of the deficient coagulation factor and can be cost effective; 
however, concerns have been raised about the increased risk of developing 
inhibitors to the deficient clotting factor with the use of continuous infusion.6 
Extended half-life (EHL) recombinant factor VIII and IX—including pegylated, 
albumin-fusion, nonacog alfa (factor IX), or Fc-fusion (Fc domain of immuno-
globulin G1, IgG1)—now are available for prophylaxis or treatment, as they are 
safe and effective in reducing bleed frequency, and prolong half-life 1.5- to 
2-fold for factor VIII, and 2.5- to 5.0-fold for factor IX. These agents have also 
been used successfully in surgery. The typical dose frequency for EHL rFVIII is 
twice weekly at a dose of 50 to 65 IU/kg, and for EHL rFIX it is once every 1 to 
2 weeks at a dose of 100 IU/kg.

Cryoprecipitate (a cold precipitate of fresh-frozen plasma [FFP] after thawing 
at 4° C) and FFP contain factor VIII, but only FFP contains factor IX. However, 
neither cryoprecipitate nor FFP is used to treat hemophilia A or hemophilia B 

TREATMENT 
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TABLE 165-1 FDA-APPROVED COAGULATION PROTEINS AND REPLACEMENT THERAPIES AVAILABLE IN THE UNITED STATES
COAGULATION PROTEIN 
DEFICIENCY

INHERITANCE 
PATTERN PREVALENCE MINIMUM HEMOSTATIC LEVEL REPLACEMENT SOURCES

Factor I (fibrinogen)
Afibrinogenemia
Dysfibrinogenemia

Autosomal recessive
Autosomal dominant or 

recessive

Rare (<300 families)
Rare (>300 variants)

50-100 mg/dL Cryoprecipitate, FFP, fibrinogen 
concentrate

Factor II (prothrombin) Autosomal dominant or 
recessive

Rare (25 kindreds) 30% of normal FFP, factor IX complex concentrates

Factor V (labile factor) Autosomal recessive 1 in 1 million births 25% of normal FFP
Factor VII Autosomal recessive 1 in 500,000 births 25% of normal Recombinant factor VIIa (15-20 µg/kg), 

FFP, factor IX complex concentrates
Factor VIII (antihemophilic 

factor)
X-linked recessive 1 in 5000 male births 80-100% for surgery/life-threatening 

bleeds, 50% for serious bleeds, 
25-30% for minor bleeds

Factor VIII concentrates (recombinant 
and recombinant extended-half-life 
factor VIII preferred)

Von Willebrand disease (also see 
Chapter 164)
Type 1 and 2 variants

Type 3

Usually autosomal 
dominant

Autosomal recessive

1% prevalence

1 in 1 million births

>50% VWF antigen and ristocetin 
cofactor activity

DDAVP for mild to moderate disease 
(except type 2B; variable response in 
2A); cryoprecipitate and FFP (not 
preferred, except in emergencies); 
plasma-derived factor VIII/VWF 
concentrate, viral attenuated, 
intermediate purity; recombinant 
VWF concentrate (the latter two 
proteins preferred for surgery, for 
disease unresponsive to DDAVP and 
for type 3

Factor IX (Christmas factor) X-linked recessive 1 in 30,000 male births 25-50% of normal, depending on 
extent of bleeding, surgery

Factor IX concentrates (recombinant and 
recombinant extended half-life factor 
IX preferred); FFP not preferred 
except in dire emergencies

Factor X (Stuart-Prower factor) Autosomal recessive 1 in 500,000 births 10-25% of normal Plasma-derived factor X concentrate, 
FFP, or factor IX complex 
concentrates

Factor XI (hemophilia C) Autosomal dominant; 
severe type is recessive

4% of Ashkenazi Jews; 1 in 1 
million general population

20-40% of normal FFP or factor XI concentrate

Factor XII (Hageman factor), 
prekallikrein, high-molecular- 
weight kininogen

Autosomal recessive Not available No treatment necessary —

Factor XIII (fibrin stabilizing 
factor)

Autosomal recessive 1 in 3 million births 5% of normal Recombinant FXIII concentrate, FFP, 
cryoprecipitate, or viral-attenuated 
factor XIII concentrate

DDAVP = desmopressin; FDA = U.S. Food and Drug Administration; FFP = fresh-frozen plasma; VWF = von Willebrand factor.

because these agents may transmit blood-borne pathogens and require large-
volume infusion. All clotting factor concentrates available in the United States 
(see Table 165-1), whether plasma-derived or genetically engineered, are equally 
efficacious and are considered extremely safe; none has been implicated in the 
transmission of blood-borne viral pathogens or prions. Recombinant factor VIII 
and IX concentrates, including standard half-life and extended half-life proteins, 
are manufactured free of added human or animal proteins in the culture medium 
or in the final formulation, eliminating the theoretical risks of transmission of 
prions or murine viruses.

A promising newer approach is emicizumab, which is a bispecific monoclonal 
antibody that bridges activated factor IX and factor X to replace the function 
of missing activated factor VIII, whether due to a factor VIII inhibitor or factor 
VIII deficiency in hemophilia A. Emicizumab prophylaxis (1.5 mg/kg subcutane-
ously weekly or every other week) is effective in reducing clinical bleeding in 
hemophilia A. A2  Such an approach can provide steady-state hemostatic correc-
tion in these patients instead of the peaks-and-troughs of other replacement 
therapies.7 It has been shown that the amount of time per week spent with a 
factor VIII trough level less than 1% is directly correlated with bleeding risk.8

Hemarthroses
The moderate or severe pain that accompanies acute hemarthroses responds 

to immediate analgesic relief, temporary immobilization, restraint from weight 
bearing, and clotting factor replacement. Narcotic analgesics, such as codeine or 
synthetic derivatives of codeine, are avoided because of their addictive potential, 
and early consultation with pain service physicians is recommended. Chronic 
acetaminophen analgesia, although helpful in low doses, may be associated 
with hepatic toxicity as higher doses are used, especially in patients with 
chronic hepatitis. For some patients compliant with prophylaxis, nonsteroidal 
anti-inflammatory drugs (NSAIDs) may be used, as long as no bleeding occurs. 

Aspirin (ASA) is generally contraindicated as it irreversibly inhibits platelet  
aggregation.

Although prophylaxis is the optimal strategy to prevent pain, reduced motion, 
and the disability of end-stage joint destruction, when prophylaxis has failed 
or was never initiated, surgery may be recommended. Synovectomy through 
open surgery or arthroscopy removes the inflamed tissue and may decrease 
pain and reduce recurrent bleeding, but usually only temporarily. Nonsurgical 
synovectomy (synoviorthosis), which involves the intra-articular administra-
tion of a radioisotope, may be considered in high-risk patients and for those 
with alloantibody inhibitors to factor VIII or IX (see later). Neither synovectomy 
nor synoviorthosis reverses joint damage, but both procedures may delay its 
progression. Non–weight-bearing exercises, such as swimming and isomet-
rics, are important for periarticular muscle development and maintenance 
of joint stability for ambulation. Intractable pain and severe joint destruction 
secondary to repeated hemorrhage require prosthetic replacement. Chronic 
ankle pain responds best to open surgical or arthroscopic fixation and fusion  
(arthrodesis).

Factor Concentrate–Transmitted Viral Infections
In contrast to other at-risk groups, individuals with hemophilia were in the 

past exposed at a young age to transmissible agents through clotting factor 
treatment. These included hepatitis C virus (HCV), leading to infection in 90% 
of those transfused from the late 1970s through the mid-1980s, and human 
immunodeficiency virus (HIV) infection in 80% of those transfused with factor 
VIII products and 50% of those transfused with factor IX products from 1978 
through the mid-1980s. These infections are now managed with chronic antiviral 
therapy, and while chronic HCV infection (Chapter 140) remains the leading 
cause of death in hemophilia, HCV antiviral therapy is anticipated to reduce 
the number requiring liver transplantation and, among those transplanted, the 
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proportion who develop HCV recurrence, the leading cause of transplant death 
in this population.

Ancillary and Other Therapies
Ancillary treatment strategies for the hemophilias include antifibrinolytic 

agents, such as ε-aminocaproic acid (50 mg/kg 3 to 4 times daily) or tranexamic 
acid (3 or 4 g PO daily in divided doses), to minimize mucous membrane bleed-
ing, particularly in the oral cavity, and the application of fibrin glue to bleeding 
sites. Desmopressin (DDAVP) can be administered by nasal insufflation 2 hours 
before a scheduled surgical procedure (one spray per nostril, to provide a total 
dose of 300 µg; or, in patients weighing less than 50 kg, 150 µg administered 
as a single spray); alternatively, DDAVP can be administered intravenously (dis-
solved in 50 mL normal saline) over 30 minutes at a dose of 0.3 µg/kg. DDAVP 
is useful in patients with mild hemophilia A because an adequate incremental 
rise in factor VIII activity can circumvent the use of clotting factor concentrates. 
Repeated administration of DDAVP (intravenously or by intranasal spray) may 
be complicated by facial flushing, tachyphylaxis, hyponatremic seizures (primar-
ily in children), and, rarely, angina.

Alloantibody Inhibitors to Factors VIII and IX
Alloantibodies—that is, antibodies to “foreign” infused factor VIII or, less 

frequently, factor IX—are usually detected in childhood after a median of 9 to 
12 exposures to clotting factor. Inhibitors are associated with high rates of 
hospitalization, cost, and early death. They occur preferentially in those with 
a family history of inhibitors, those with large, multidomain factor VIII and factor 
IX gene deletions, blacks, and Hispanics, yet it is difficult to predict those in 
whom inhibitors will develop.9 Among blacks, gene sequence data suggest 
that mismatched factor VIII transfusions may account for the high inhibitor risk. 
The incidence of factor VIII alloantibodies among hemophilia A patients is 15 
to 25%, while the incidence of factor IX alloantibodies among hemophilia B 
patients is 1.5 to 3%, and is also associated with anaphylaxis and nephrotic 
syndrome. Nongenetic risk factors identified in the RODIN study include early 
high-intensity factor exposure (i.e., >3 to 5 days), for example, to treat a bleed, 
trauma, or surgery, rather than for prophylaxis to prevent a bleed. A random-
ized trial, the SIPPET trial, demonstrated greater inhibitor risk with recombinant 
than plasma-derived factor in previously untreated patients, A1  but inhibitor 
rates may have been underestimated because of lack of complete follow-up, 
and thus optimal factor type remains controversial.

The development of an alloantibody inhibitor is suspected when replace-
ment therapy is ineffective in controlling bleeding symptoms. These antibodies, 
typically of the IgG4 subclass, completely neutralize clotting factor activity and 
prevent or reduce any increment in factor VIII or IX levels following bolus infu-
sions of concentrate. Characterized as time and temperature dependent, inhibi-
tors are quantitated in Bethesda units (BU): by definition, 1 BU is the amount 
of inhibitor that neutralizes 50% of the specific clotting factor activity in normal 
plasma. “High responders,” or patients with high-titer inhibitors (≥5 BU), mount 
an anamnestic antibody response to factor VIII clotting factor protein, usually 
within 5 to 7 days after subsequent exposure, and are no longer responsive to 
infused factor VIII. By contrast, “low responders,” or patients with low-titer inhibi-
tors (<5 BU), do not manifest anamnesis, and such low-titer inhibitors can readily 
be overwhelmed by large amounts of human factor VIII or factor IX concentrate, 
and can be successfully treated with three to four times the usual factor dose.

Management of patients with high-titer inhibitors10 requires both assurance 
of hemostasis using “bypass therapy” and eradication of inhibitor formation. 
Bypass is typically accomplished (see Table 165-1) with activated prothrombin 
complex concentrate FEIBA VH (75 to 100 IU/kg initially, then 50 to 100 IU/kg 
every 6 to 8 hours) or recombinant factor VIIa (90 µg/kg every 2 to 3 hours) 
until bleeding is controlled. Several studies have shown that secondary pro-
phylaxis in adult inhibitor patients with either rFVIIa, 90 µg/kg daily, 270 µg/
kg daily, or FEIBA 85 IU/kg weekly may significantly reduce bleeding rates as 
compared with on-demand treatment. Because neither agent is very effective 
alone and limited by either total dose (FEIBA dose should not exceed 20,000 
units because of thrombosis risk) or dose frequency (VIIa must be given every 
2 to 3 hours), increasingly these bypass agents are alternated every 3 hours 
for severe bleeds, surgery, or trauma, resulting in improved hemostasis and no 
thrombosis. Emicizumab is a bispecific humanized monoclonal antibody that 
bridges activated factor IX and factor X to restore the function of activated 
factor VIII. Emicizumab prophylaxis, given subcutaneously weekly, has been 
found to be associated with a significantly lower rate of bleeding events and 
better quality of life compared with no prophylaxis in patients with hemophilia 
A with inhibitors. A3 

,
 A4 

Eradication of inhibitors is attempted with “immune tolerance induction 
(ITI),” which is effective in 75% if initiated within 12 months of inhibitor detec-
tion. ITI regimens consist of daily factor concentrates to accomplish desensitiza-
tion to infused factor. The use of low-dose factor VIII infusions (50 IU/kg three 
times weekly) has been found to be equally effective in eradicating inhibitors 
as high-dose factor VIII infusions (200 IU/kg daily), with the low-dose regimen 
associated with fewer bleeding complications. A5  ITI appears to be as effective 
whether it is initiated as soon as the inhibitor is detected or after the inhibitor 
titer falls to below 10 BU, the current practice, which requires approximately 

9 months.11 Maintenance of tolerance following ITI typically requires resump-
tion of factor VIII or IX prophylaxis, although this is not needed in some patients. 
Individuals with inhibitors since childhood for whom immune tolerance was 
not possible before adulthood, are unlikely to respond to ITI. Alternative single 
or combination immunosuppressive agents (e.g., rituximab, mycophenolate, 
or cyclosporine) may be used as alternative therapies, but appear to be only 
variably effective. Extended half-life agents such as rFVIIIFc (eloctate), are being 
studied for their potential to prevent inhibitors and/or shorten immune toler-
ance. Other novel agents that promote thrombin generation by alternate path-
ways, including siRNA-antithrombin (fitusiran) and anti-TFPI, are in clinical trials 
to assess their safety and efficacy as potential bypass agents.12 Preliminary data 
suggest bleeding frequency and factor use with these agents may be reduced 
to a similar degree in inhibitor and non-inhibitor patients.

 PREVENTION
Carrier Detection and Prenatal Diagnosis
Carrier detection and prenatal diagnosis have become technically feasible, 
very sensitive, and widely available. Noninvasive prenatal diagnosis by use of 
microfluidic digital PCR of maternal plasma DNA is based on the relative 
proportion of mutated versus normal alleles; it can detect an affected fetus 
and can be detected as early as the eighth week of gestation. Because prenatal 
diagnosis requires the mother to have a known mutation, mothers are increas-
ingly being tested in a nationwide hemophilia genotype program, MLOF (My 
Life Our Future). However, at best only two thirds of carrier mothers will be 
identified because one third of new hemophilia cases arise as spontaneous 
mutations. Early prenatal diagnosis is important to reduce intracranial bleeds 
in an infant with anticipated severe hemophilia by recommended cesarean 
delivery, to reduce circumcision bleeding by preventive factor treatment, and, 
for the mother, to reduce peripartum bleeding and advocate for genetic coun-
seling regarding family planning.

 PROGNOSIS
The life expectancy of individuals with severe hemophilia is similar to that of 
the normal population. Hepatitis C, the leading cause of death, accounts for 
over half of the deaths, but this is expected to decline with viral suppression 
using combination HCV protease inhibitor therapy. HCV and HIV infections 
from past transfusion therapy are present in adults with severe hemophilia 
currently in their mid-30s and older. They are managed as chronic diseases, 
with long-term suppressive antiviral agents, including highly active antiret-
roviral therapy for HIV (Chapter 364), and combination protease inhibi-
tor therapy for HCV, with response rates similar to those observed in other 
risk groups. Among those with alloantibody inhibitors, mortality rates are 
significantly higher than in noninhibitor patients, and thus early diagnosis 
and early ITI are recommended. To prevent early intracranial bleeds, which 
are associated with a 3 to 5% risk, prenatal diagnosis and cesarean delivery 
are recommended when a child with severe disease is expected. Bleeding is 
also a leading cause of death with a lifetime risk of intracranial hemorrhage 
of approximately 2 to 8%. Prospective monitoring of central nervous system 
function continues to be a priority as the population ages. Finally, the usual 
problems of aging are increasingly being recognized in those with hemophilia, 
including atherosclerosis, hypertension, hyperlipidemia, obesity, and diabetes. 
The impact of these conditions on the natural history of hemophilia, given 
several studies suggesting lower mortality from ischemic heart disease, remains 
to be seen. More data are needed to help guide clinical management of these  
patients.

 FUTURE DIRECTIONS
Gene Therapy for Hemophilia A and B
The hereditary hemophilias are model diseases for gene therapy because they 
are caused by specific, well-defined gene mutations; a small, incremental rise 
in clotting factor synthesis can lead to substantially improved treatment and 
quality of life; and inadvertent overexpression by successful gene transfer would 
not be detrimental. Clinical gene transfer trials are underway in humans in 
hemophilia A and B using various adeno-associated (AAV) viral vectors. Thus 
far, a long-term trial of AAV8 carrying a codon-optimized factor IX transgene 
has achieved factor IX expression of 7 to 12% in hemophilia B patients, per-
sisting up to 6.5 years.13 Early studies of AAV5 carrying a human FVIII trans-
gene has achieved levels of 4 to 57% with expression up to 44 weeks. An 
immune response to the AAV capsid, associated with increases in ALT and 

 Von Willebrand Disease
The most common congenital bleeding disorder is VWD. This disorder is 
inherited in an autosomal dominant fashion and affects both sexes, with a 
prevalence of 1 to 3% and no ethnic predominance. Homozygous patients 
are rare and carry a recessive mutant gene. Von Willebrand factor, the protein 
that is decreased or defective in VWD, is a large, multimeric glycoprotein 
encoded by the VWF gene, located on chromosome 12. A personal history 
of mucocutaneous bleeding, a family history, and decreased functional VWF 
constitute a diagnostic triad. Treatment is accomplished with DDAVP or 
recombinant and plasma-derived VWF concentrates. Detailed discussion of 
VWD is provided in Chapter 164.

 Factor XI Deficiency
 EPIDEMIOLOGY

Factor XI deficiency has a prevalence of 1 in 1 million in the general popula-
tion and 1 in 500 births in Ashkenazi Jewish families. Factor XI is the only 
component of the contact phase (the others being factor XII, prekallikrein, 
and high-molecular-weight kininogen) of the intrinsic pathway of coagulation 
that is associated with excessive bleeding complications when a deficiency 
exists.

 PATHOBIOLOGY
Factor XI deficiency is predominantly an autosomal recessive trait, although 
some mutations may have a dominant transmission pattern. The factor XI 
gene (FXI) is located on chromosome 4, and the protein circulates as a homodi-
mer, with each FXI monomer composed of 4 apple domains encoded by 
exons 3 through 10 and a protease domain encoded by exons 11 through 15. 
The Glu117 stop mutation in FXI is the most common cause of factor XI 
deficiency, due to poor secretion or stability of the truncated protein or 
decreased levels of messenger RNA. To date, more than 170 mutations of 
FXI have been identified in factor XI–deficient patients (see www.factorxi.org), 
but close correlation between hemorrhagic phenotype and genotype is lacking. 
Most are missense or nonsense mutations and are located across all 4 apple 
domains and the serine protease region. In Ashkenazi Jewish individuals, factor 
XI deficiency is common, with a heterozygote frequency of 8 to 10%; two 
predominant gene mutations occur with equal frequency and are designated 
type II (a stop codon in exon 5) and type III (a single base defect in exon 9). 
The most severe clinical disease is observed in patients homozygous for type 
II, who usually have less than 1% factor XI activity. Homozygous type III 
individuals also manifest severe symptoms, but typically less severe than those 
of type II patients; they have slightly higher factor XI levels of about 10 to 
20%. Compound heterozygotes, type II/III, make up the bulk of factor XI–
deficient patients; they have clinically mild disease, with factor XI levels between 
30 and 50%. In individuals of non-Ashkenazi Jewish ancestry, the mutations 
are more variable, although Cys128 stop has been described in several kindreds, 
and Cys38Arg has been found in several French Basque families. One third 
of those who develop inhibitors are homozygous for Glu117 stop, which results 
in an absent FXI. Genotypic identification of affected patients is determined 
by measuring factor XI levels rather than by defining the specific gene defect.

 CLINICAL MANIFESTATIONS
The clinical bleeding tendency in factor XI deficiency is less severe than that 
observed in severe hemophilia A or B and, in contrast to the hemophilias, 
does not correlate with the severity of the deficiency. Most individuals with 
less than 20% of normal factor XI activity experience excessive bleeding after 
trauma or surgery; however, a few do not bleed. In contrast, bleeding has been 
observed in approximately 35 to 50% of mildly affected patients with factor 
XI levels between 20 and 50% of normal. Spontaneous hemorrhagic episodes, 
hemarthroses, and intramuscular and intracerebral bleeds are unusual; trau-
matic and surgical bleeds typically involve the mucous membranes. Patients 
undergoing tonsillectomy, prostatectomy, or dental extraction are at highest 
risk for bleeding unless replacement therapy is administered. Women may 
experience significant menorrhagia, and it has been recommended that women 
with menorrhagia be screened for both VWD and factor XI deficiency. Patients 
with mild factor XI deficiency and coincident mild VWD have an increased 
risk of bleeding.

 DIAGNOSIS
Factor XI deficiency is diagnosed in the laboratory by a prolonged aPTT, 
normal PT, and decreased factor XI activity ascertained in a specific quantita-
tive clotting assay (normal range, 60 to 130%).

AST in some subjects appears to be steroid responsive,14,15 but modification 
to neutralize excess AAV is under evaluation to avert this problem. Other 
approaches include design of less immunogenic vectors and use of innovative 
delivery systems, such as platelets. While successful gene therapy has been 
reported in patients with hemophilia B, gene therapy has been more challeng-
ing for hemophilia A because of the large size of the factor VIII coding region. 
However, AAV5 vector encoding a B-domain-deleted human factor VIII has 
shown promise.16 Novel therapeutic approaches to replace clotting factor 
therapy include RNAi silencing of antithrombin III, a thrombin inhibitor, to 
promote hemostasis through thrombin generation17; oral delivery systems 
using bioencapsulated proteins; and molecular modifications to enhance the 
desirable properties of clotting factor.

 Acquired Hemophilias
 EPIDEMIOLOGY AND PATHOBIOLOGY

Autoantibody inhibitors occur spontaneously in individuals with previously 
normal hemostasis (nonhemophiliacs). In contrast to alloantibody inhibitors 
in hemophilic men, which are directed against foreign infused clotting factor, 
autoantibody inhibitors are directed against a “self ” clotting factor, most com-
monly factor VIII. These autoantibodies typically arise in individuals with no 
past bleeding history; thus the diagnosis may be missed until a prolonged 
aPTT and aPTT mix tests are obtained (Chapter 162). Although half of those 
with autoantibody inhibitors have no obvious underlying cause, autoimmune 
diseases, lymphoproliferative disorders, idiosyncratic drug reactions, pregnancy, 
and advanced age are associated in the other half.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Massive hemorrhagic events, even more severe than in hemophilia patients 
with alloantibodies, and more commonly in soft tissues, may occur in those 
with autoantibodies because of a delay in diagnosis and treatment. The labora-
tory expression of autoantibodies is similar to that of alloantibodies, except 
that clotting factor activity is not completely neutralized. Residual clotting 
factor activities between 3 and 20% of normal are frequently observed in 
patients with autoantibodies.

TREATMENT 

 PROGNOSIS
Several large series of patients with acquired hemophilia indicate a substantial 
mortality rate of 15 to 25%, which is considerably higher than that observed 
with alloantibody factor VIII inhibitors. A large meta-analysis found that overall 
survival in acquired hemophilia was influenced primarily by the achievement 
of a complete remission, age younger than 65 years at diagnosis, and related 
diseases (malignancy vs. postpartum vs. others). As many as 17% of the deaths 
were associated with sepsis, and 71% of those arose as a complication of 
cyclophosphamide-induced neutropenia. Hemorrhagic complications were 
the primary cause of death, but these could be reduced if the inhibitor could 
be eradicated.
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 Von Willebrand Disease
The most common congenital bleeding disorder is VWD. This disorder is 
inherited in an autosomal dominant fashion and affects both sexes, with a 
prevalence of 1 to 3% and no ethnic predominance. Homozygous patients 
are rare and carry a recessive mutant gene. Von Willebrand factor, the protein 
that is decreased or defective in VWD, is a large, multimeric glycoprotein 
encoded by the VWF gene, located on chromosome 12. A personal history 
of mucocutaneous bleeding, a family history, and decreased functional VWF 
constitute a diagnostic triad. Treatment is accomplished with DDAVP or 
recombinant and plasma-derived VWF concentrates. Detailed discussion of 
VWD is provided in Chapter 164.

 Factor XI Deficiency
 EPIDEMIOLOGY

Factor XI deficiency has a prevalence of 1 in 1 million in the general popula-
tion and 1 in 500 births in Ashkenazi Jewish families. Factor XI is the only 
component of the contact phase (the others being factor XII, prekallikrein, 
and high-molecular-weight kininogen) of the intrinsic pathway of coagulation 
that is associated with excessive bleeding complications when a deficiency 
exists.

 PATHOBIOLOGY
Factor XI deficiency is predominantly an autosomal recessive trait, although 
some mutations may have a dominant transmission pattern. The factor XI 
gene (FXI) is located on chromosome 4, and the protein circulates as a homodi-
mer, with each FXI monomer composed of 4 apple domains encoded by 
exons 3 through 10 and a protease domain encoded by exons 11 through 15. 
The Glu117 stop mutation in FXI is the most common cause of factor XI 
deficiency, due to poor secretion or stability of the truncated protein or 
decreased levels of messenger RNA. To date, more than 170 mutations of 
FXI have been identified in factor XI–deficient patients (see www.factorxi.org), 
but close correlation between hemorrhagic phenotype and genotype is lacking. 
Most are missense or nonsense mutations and are located across all 4 apple 
domains and the serine protease region. In Ashkenazi Jewish individuals, factor 
XI deficiency is common, with a heterozygote frequency of 8 to 10%; two 
predominant gene mutations occur with equal frequency and are designated 
type II (a stop codon in exon 5) and type III (a single base defect in exon 9). 
The most severe clinical disease is observed in patients homozygous for type 
II, who usually have less than 1% factor XI activity. Homozygous type III 
individuals also manifest severe symptoms, but typically less severe than those 
of type II patients; they have slightly higher factor XI levels of about 10 to 
20%. Compound heterozygotes, type II/III, make up the bulk of factor XI–
deficient patients; they have clinically mild disease, with factor XI levels between 
30 and 50%. In individuals of non-Ashkenazi Jewish ancestry, the mutations 
are more variable, although Cys128 stop has been described in several kindreds, 
and Cys38Arg has been found in several French Basque families. One third 
of those who develop inhibitors are homozygous for Glu117 stop, which results 
in an absent FXI. Genotypic identification of affected patients is determined 
by measuring factor XI levels rather than by defining the specific gene defect.

 CLINICAL MANIFESTATIONS
The clinical bleeding tendency in factor XI deficiency is less severe than that 
observed in severe hemophilia A or B and, in contrast to the hemophilias, 
does not correlate with the severity of the deficiency. Most individuals with 
less than 20% of normal factor XI activity experience excessive bleeding after 
trauma or surgery; however, a few do not bleed. In contrast, bleeding has been 
observed in approximately 35 to 50% of mildly affected patients with factor 
XI levels between 20 and 50% of normal. Spontaneous hemorrhagic episodes, 
hemarthroses, and intramuscular and intracerebral bleeds are unusual; trau-
matic and surgical bleeds typically involve the mucous membranes. Patients 
undergoing tonsillectomy, prostatectomy, or dental extraction are at highest 
risk for bleeding unless replacement therapy is administered. Women may 
experience significant menorrhagia, and it has been recommended that women 
with menorrhagia be screened for both VWD and factor XI deficiency. Patients 
with mild factor XI deficiency and coincident mild VWD have an increased 
risk of bleeding.

 DIAGNOSIS
Factor XI deficiency is diagnosed in the laboratory by a prolonged aPTT, 
normal PT, and decreased factor XI activity ascertained in a specific quantita-
tive clotting assay (normal range, 60 to 130%).

AST in some subjects appears to be steroid responsive,14,15 but modification 
to neutralize excess AAV is under evaluation to avert this problem. Other 
approaches include design of less immunogenic vectors and use of innovative 
delivery systems, such as platelets. While successful gene therapy has been 
reported in patients with hemophilia B, gene therapy has been more challeng-
ing for hemophilia A because of the large size of the factor VIII coding region. 
However, AAV5 vector encoding a B-domain-deleted human factor VIII has 
shown promise.16 Novel therapeutic approaches to replace clotting factor 
therapy include RNAi silencing of antithrombin III, a thrombin inhibitor, to 
promote hemostasis through thrombin generation17; oral delivery systems 
using bioencapsulated proteins; and molecular modifications to enhance the 
desirable properties of clotting factor.

 Acquired Hemophilias
 EPIDEMIOLOGY AND PATHOBIOLOGY

Autoantibody inhibitors occur spontaneously in individuals with previously 
normal hemostasis (nonhemophiliacs). In contrast to alloantibody inhibitors 
in hemophilic men, which are directed against foreign infused clotting factor, 
autoantibody inhibitors are directed against a “self ” clotting factor, most com-
monly factor VIII. These autoantibodies typically arise in individuals with no 
past bleeding history; thus the diagnosis may be missed until a prolonged 
aPTT and aPTT mix tests are obtained (Chapter 162). Although half of those 
with autoantibody inhibitors have no obvious underlying cause, autoimmune 
diseases, lymphoproliferative disorders, idiosyncratic drug reactions, pregnancy, 
and advanced age are associated in the other half.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Massive hemorrhagic events, even more severe than in hemophilia patients 
with alloantibodies, and more commonly in soft tissues, may occur in those 
with autoantibodies because of a delay in diagnosis and treatment. The labora-
tory expression of autoantibodies is similar to that of alloantibodies, except 
that clotting factor activity is not completely neutralized. Residual clotting 
factor activities between 3 and 20% of normal are frequently observed in 
patients with autoantibodies.

The same principles of replacement therapy for alloantibodies apply to these 
acquired autoantibody inhibitors. There are two goals of treatment: stop the 
bleeding and assure hemostasis, and eradicate the inhibitor. For hemostasis, 
recombinant factor VIIa, aPCC, or factor VIII bypass activity is commonly used, 
in similar doses used to achieve hemostasis with alloantibody. Data from the 
EACH2 registry (European Acquired Haemophilia Registry) indicate that optimal 
bleeding control is with bypass treatment (rFVIIa or aPCC), which was effective 
in 93%, as compared to 68% with FVIII or DDAVP. Thrombotic events were 
reported in only 3.6%. Eradication of the inhibitor was significantly better in 
those treated with steroids and cyclophosphamide (80%) than steroids alone 
(58%); and the combination is more effective than in alloantibody patients; 
this includes corticosteroids (prednisone 1 mg/kg/day PO), cytotoxic agents 
(e.g., cyclophosphamide 150 mg/day PO or 500 to 750 mg/m2 IV bolus every 
3 to 4 weeks), or a combination, with dose titration based on inhibitor levels 
and complicating cytopenias. Rituximab (anti-CD20 antibody)-based regimens 
(375 mg/m2 intravenously weekly for 4 weeks) are also effective in 61%. High-
dose intravenous immunoglobulin (IVIg)-based regimens may be effective in 
45%. These agents are tapered and discontinued once the autoantibody has 
disappeared. The time to complete remission is about 5 weeks for steroids with 
or without cyclophosphamide, whereas rituximab-based regimens require twice 
as long to achieve remission.

TREATMENT 

 PROGNOSIS
Several large series of patients with acquired hemophilia indicate a substantial 
mortality rate of 15 to 25%, which is considerably higher than that observed 
with alloantibody factor VIII inhibitors. A large meta-analysis found that overall 
survival in acquired hemophilia was influenced primarily by the achievement 
of a complete remission, age younger than 65 years at diagnosis, and related 
diseases (malignancy vs. postpartum vs. others). As many as 17% of the deaths 
were associated with sepsis, and 71% of those arose as a complication of 
cyclophosphamide-induced neutropenia. Hemorrhagic complications were 
the primary cause of death, but these could be reduced if the inhibitor could 
be eradicated.

http://www.factorxi.org/
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the umbilical stump. Intracranial bleeding events, usually precipitated by 
minimal trauma, occur commonly enough in infants (25%) to justify the 
initiation of a primary prophylaxis regimen of replacement therapy. Delayed 
bleeding after surgery and trauma is the hallmark of the disease; however, 
easy bruising, poor wound healing with defective scar formation and dehis-
cence, and hemarthroses are also characteristic. Spontaneous abortions are 
increased in severely affected women.

 DIAGNOSIS
The diagnosis is usually suspected on clinical grounds, given that factor XIII 
deficiency is not detected by conventional screening coagulation tests (i.e., 
aPTT, PT). Most laboratories use a rapid screening assay that assesses the 
ability of a fibrin clot to remain intact with incubation in 5 mol/L of urea or 
1% monochloroacetic acid. With factor XIII levels less than 1% of normal, 
the clot dissolves within 2 to 3 hours. However, the clot solubility tests are 
not standardized and have a low sensitivity.18

Not all individuals with factor XI deficiency bleed, so it may be reasonable 
to monitor affected individuals with no treatment, especially if there is no 
family history of bleeding. For surgical or other major bleeding, FFP 15 to 20 mL/
kg may be given, although potential complications include fluid overload and 
infection risk, which can be reduced with the use of pathogen-inactivated FFP, 
if available. Use of factor XI concentrate, which is available in Europe but not 
the United States, may be complicated by thrombosis, which occurs in approxi-
mately 10% of patients, particularly in older individuals with preexisting car-
diovascular disease or malignancy. Replacement dosing levels should not exceed 
70% of factor XI activity. Repeat dosing with FFP or factor XI concentrate should 
take into consideration the long (60- to 80-hour) biologic half-life of factor XI 
in vivo.

The decision to treat heterozygotes with factor XI at levels greater than 20% 
is empirical and should be based on personal history of bleeding after trauma 
or surgery. There is no clear evidence of benefit with the use of DDAVP. Because 
hemorrhagic complications originate most commonly from mucous membrane 
surfaces, antifibrinolytic agents such as ε-aminocaproic acid or tranexamic acid 
are frequently helpful as adjunctive therapy. In women with menorrhagia or 
postpartum hemorrhage, testing for VWD is recommended because both dis-
eases may be present.

Alloantibody inhibitors, which neutralize the hemostatic effects of exogenously 
administered factor XI replacement, can develop in patients with severe factor 
XI deficiency who have been exposed to plasma or factor XI concentrate. 
Recombinant factor VIIa can prevent bleeding during or after surgery in these 
patients.

TREATMENT 

 Deficiencies of Contact Activation Factors
Although factor XI plays an important role in the activation of factor IX in 
the intrinsic pathway generation of thrombin, it is only one of the four com-
ponents of the contact phase of coagulation (Chapter 162). Deficiencies in 
any of the other three factors (factor XII, prekallikrein, and high-molecular-
weight kininogen) produce in vitro laboratory abnormalities. Even among 
those with severe factor XII deficiency (<1% activity), there is no clinical 
bleeding; in fact, up to 8 to 10% with severe factor XII deficiency actually 
experience venous thromboembolic events, which are occasionally fatal. This 
finding has led to speculation that factor XII deficiency may lead to hyperco-
agulability through defective participation of the contact phase proteins in 
the activation of fibrinolysis.

 DIAGNOSIS
Deficiencies of each of these factors prolong the aPTT, often markedly, which 
may normalize after prolonged incubation of the patient’s plasma at 37° C 
with a negatively charged activator of the aPTT assay (i.e., kaolin or celite). 
Specific assays are also available to quantitate each of the contact factors.

Deficiencies of the contact activation factors, however severe they are and 
however prolonged the associated aPTT may be, do not cause clinical bleeding 
problems, even in response to surgery or trauma. Therefore, no therapy is indi-
cated for factor XII deficiency, prekallikrein deficiency, or high-molecular-weight 
kininogen deficiency. Routine anticoagulation regimens are used to treat 
thrombogenic events.

TREATMENT 

Replacement therapy for prophylaxis or the treatment of acute bleeds in 
factor XIII deficiency can be accomplished by administering cryoprecipitate, 
FFP, or, preferably, plasma-derived factor XIII concentrate (Corifact, CSL Behring), 
which is pasteurized for viral safety. There is also a recombinant factor XIII 
concentrate (Tretten, NovoNordisk), which is used in the treatment of factor 
XIII-A subunit deficiency. Normal hemostasis is achieved with a factor XIII level 
of only 5% of normal. The dose is 10 to 20 U/kg intravenously, and because it 
has a long half-life (10 days), prophylactic replacement can be given every 3 
to 4 weeks. Acquired alloantibody inhibitors can develop in severely affected 
individuals. Autoantibodies also occur, usually in association with systemic lupus 
erythematosus. Preliminary data from an ongoing clinical trial of recombinant 
factor XIII indicates it is safe and effective in preventing bleeds in factor XIII–
deficient patients.

TREATMENT 

 Dysfibrinogenemia and Afibrinogenemia
Approximately 300 abnormal fibrinogens have been described, but few cause 
hemostatic symptoms. Abnormal fibrinogens are rare, autosomally inherited 
proteins. Quantitative fibrinogen deficiencies (afibrinogenemia and hypofi-
brinogenemia) may result from mutations affecting fibrinogen synthesis or 
processing, whereas qualitative defects (dysfibrinogenemia) are caused by 
mutations that lead to abnormal polymerization, defective cross-linking, or 
defective assembly of the fibrinolytic system.

 CLINICAL MANIFESTATIONS
More than 50% of the dysfibrinogenemias are asymptomatic, 25% are asso-
ciated with a mild hemorrhagic tendency (commonly caused by defective 
release of fibrinopeptide A), and 20% predispose individuals to thrombosis 
(usually caused by impaired fibrinolysis) (Chapter 73). Concurrent bleed-
ing and thrombosis also may occur. The prevalence of dysfibrinogenemia in 
patients with a history of thromboembolic episodes approaches 0.8%. A high 
prevalence of dysfibrinogenemia has been reported among patients with chronic 
thromboembolic hypertension, implicating changes in the molecular struc-
ture of fibrin in the development of this disorder. Women experience a high 
incidence of pregnancy-related complications, such as spontaneous abortion 
and postpartum thromboembolic events. Thrombin times and reptilase times 
(plasma-based clotting times with the substitution of reptilase snake venom 
for thrombin) are not helpful in predicting whether an abnormal fibrinogen 
will be prothrombotic, prohemorrhagic, or asymptomatic. However, clini-
cal history, fibrinopeptide release studies, and fibrin polymerization studies 
may be useful. Clinically insignificant dysfibrinogenemias may be acquired 
in association with hepatocellular carcinoma (Chapter 162).

In contrast to the hepatic synthesis of a qualitatively abnormal protein in 
dysfibrinogenemia, congenital afibrinogenemia, an autosomal recessive disorder, 
causes markedly deficient production of the normal protein. Severe life-
threatening hemorrhagic complications can occur at any site, beginning at 
birth with umbilical bleeding. Intracranial hemorrhage is a frequent cause of 
death. Poor wound healing is characteristic. All coagulation-based assays that 
depend on the detection of a fibrin clot end point are markedly prolonged. 
Afibrinogenemia is usually detectable by specific functional or immunologic 
assays. Platelet dysfunction may accompany afibrinogenemia and exacerbate 
bleeding.

bleeding. Thereafter, unless replacement or prophylactic therapy is provided, 
these patients are subject to mucosal bleeding from epistaxis, menorrhagia, 
and dental extractions; hemarthroses and intramuscular hematomas; and 
bleeding after surgery or trauma.

Acquired factor VII deficiency has been associated with Dubin-Johnson 
and Gilbert syndromes (Chapter 138). Acquired factor IX deficiency has been 
associated with Gaucher disease, because factor IX binds to glucocerebroside. 
Acquired factor X deficiency and amyloidosis are discussed later.

 DIAGNOSIS
In the coagulation laboratory, factor VII deficiency is associated with a pro-
longed PT and a normal aPTT. This pattern localizes the deficiency to the 
extrinsic pathway. In contrast, deficiencies of factors II (prothrombin) and X 
prolong both the PT and the aPTT, with the defects localized to the common 
pathway of coagulation. A Russell viper venom–based clotting test can dif-
ferentiate between these two deficiencies; as a direct activator of factor X, the 
assay is prolonged with factor X deficiency but not with factor II deficiency. 
Mixing patient plasma with normal plasma results in a correction of these 
assays, and specific clotting assays using plasma deficient in the coagulation 
protein to be studied can confirm the diagnosis.

 DIAGNOSIS
Abnormalities are usually detected incidentally when routine coagulation 
screening assays reveal decreased fibrinogen concentrations and prolonged 
thrombin clotting times. On further evaluation, discordance between functional 
and immunologic fibrinogen levels (>50 mg/dL more antigenic than func-
tional) is observed; clotting times using snake venom (reptilase or ancrod) 
are variably prolonged.

TREATMENT 

 Factor V Deficiency
Factor V is a component of the prothrombinase complex that assembles factors 
Va and Xa on the phospholipid membrane of the platelet for prothrombin 
(factor II) activation to thrombin (Chapter 162).

 CONGENITAL FACTOR V DEFICIENCY
Deficiency of factor V is a rare, autosomal recessive disorder (1 in 1 million 
births). The factor V Leiden protein, which is responsible for resistance to 
activated protein C and thrombophilia, does not affect factor V coagulant 
activity. The severity of plasma factor V deficiency correlates less well with 
the risk of clinical bleeding than does the factor V content in platelet α-granules. 
This observation illustrates the critical role of the platelet in promoting adequate 
hemostasis at bleeding sites and explains why transfusions of normal platelets 
may be preferred over FFP for the treatment of hemorrhagic episodes second-
ary to congenital or acquired factor V deficiency. Hemostasis can be maintained 
without correcting plasma factor V activity (>25% of normal).

 COMBINED DEFICIENCIES OF FACTORS V AND VIII
Factors V and VIII are structurally homologous proteins, and combined defi-
ciencies of these factors occur as an autosomal recessive disorder with a preva-
lence of 1 in 100,000 births among Jews of Sephardic origin. The disorder is 
believed to be caused by defective secretion due to mutations in export proteins 
in the endoplasmic reticulum of endothelial cells. The severity of bleeding is 
determined by the levels of these factors, which usually range from 5 to 30% 
of normal. Replacement therapy should be aimed at normalizing both clotting 
protein activities.

 ACQUIRED FACTOR V DEFICIENCY
Acquired factor V deficiency has been described in individuals exposed to 
bovine factor V, which contaminates the thrombin preparations used topically 
to control bleeding during cardiovascular surgery. This abnormality probably 
represents the development of anti–bovine factor V antibodies that cross-
react with the human factor V protein. Profuse bleeding accompanies this 
complication.

 Deficiencies of Vitamin K–Dependent Coagulation
 DEFICIENCIES OF FACTORS II, VII, AND X

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Congenital deficiencies of factors II (prothrombin), VII, and X are rare, auto-
somally inherited disorders. Heterozygotes (with factor levels approximately 
20% of normal) are typically asymptomatic except in the immediate newborn 
period, when physiologic vitamin K deficiency exacerbates the underlying 
clotting factor deficiency. Homozygotes with clotting factor levels less than 
10% of normal manifest variable symptoms. As with other coagulopathies, 
these deficiencies are usually suspected after neonatal umbilical stump 

 FACTOR DEFICIENCY IN AMYLOIDOSIS
Severe acquired deficiency of factor X, often accompanied by deficiencies of 
other vitamin K–dependent factors, occasionally occurs in individuals with 
systemic amyloidosis (Chapter 179). Because amyloid fibrils in the reticulo-
endothelial system bind endogenous and exogenous sources of factor X, 
replacement therapy with FFP or factor IX complex concentrates, even in 
large quantities, may not be sufficient. Recombinant factor VIIa concentrate 
has been used to reverse acute bleeding. Splenectomy may ameliorate recur-
rent bleeding complications.

 Other Acquired Coagulation Abnormalities
 ANTIPHOSPHOLIPID SYNDROME AND LUPUS ANTICOAGULANT

 EPIDEMIOLOGY
The antiphospholipid antibody syndrome (APS) is associated with recurrent 
thrombosis or recurrent pregnancy loss with autoantibodies directed against 
phospholipids. Antiphospholipid antibodies (APAs) may include lupus anti-
coagulant (LA), anticardiolipin antibody (CL), or anti-β2-glycoprotein-I 
(anti-β2-GPI). Thrombocytopenia is also a common finding in this prothrom-
botic disorder. Rarely, multiorgan failure may arise from widespread thrombosis, 
a syndrome called catastrophic APS.

 PATHOBIOLOGY
Our understanding of the role of individual antibodies in diagnosing APS 
continues to be enhanced with clinical studies, which may also contribute to 
the development of better diagnostic assays. It has been suggested that the 
prothrombotic effects of APAs may derive from their ability to complex with 
β2-GPI in vivo (thereby negating their modulatory phospholipid-binding 
function) or through APA inhibition of protein C activation, interference with 
antithrombin III activity, and/or disruption of the annexin V “shield,” thereby 
preventing normal clot breakdown (fibrinolysis). Although complement and 

TREATMENT 

 Factor XIII (Fibrin-Stabilizing Factor) Deficiency
Factor XIII is a transglutaminase that is activated by thrombin and functions 
to cross-link fibrin to protect it from lysis by plasmin, the key enzyme of the 
fibrinolytic system. It is also involved in normal wound healing and tissue 
repair and seems to be crucial for maintaining a viable pregnancy. Homozygous 
severe deficiency states are rare and are inherited in an autosomal recessive 
manner, with a prevalence of 1 per 3 million births. Consanguinity is common. 
Most patients are deficient in the A-subunit (FXIII-A). Half of the molecular 
defects that account for A-subunit deficiency are missense mutations.

 CLINICAL MANIFESTATIONS
Heterozygous carriers are usually asymptomatic, but homozygotes have lifelong 
bleeding that typically starts shortly after birth with persistent bleeding around 
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bleeding. Thereafter, unless replacement or prophylactic therapy is provided, 
these patients are subject to mucosal bleeding from epistaxis, menorrhagia, 
and dental extractions; hemarthroses and intramuscular hematomas; and 
bleeding after surgery or trauma.

Acquired factor VII deficiency has been associated with Dubin-Johnson 
and Gilbert syndromes (Chapter 138). Acquired factor IX deficiency has been 
associated with Gaucher disease, because factor IX binds to glucocerebroside. 
Acquired factor X deficiency and amyloidosis are discussed later.

 DIAGNOSIS
In the coagulation laboratory, factor VII deficiency is associated with a pro-
longed PT and a normal aPTT. This pattern localizes the deficiency to the 
extrinsic pathway. In contrast, deficiencies of factors II (prothrombin) and X 
prolong both the PT and the aPTT, with the defects localized to the common 
pathway of coagulation. A Russell viper venom–based clotting test can dif-
ferentiate between these two deficiencies; as a direct activator of factor X, the 
assay is prolonged with factor X deficiency but not with factor II deficiency. 
Mixing patient plasma with normal plasma results in a correction of these 
assays, and specific clotting assays using plasma deficient in the coagulation 
protein to be studied can confirm the diagnosis.

 DIAGNOSIS
Abnormalities are usually detected incidentally when routine coagulation 
screening assays reveal decreased fibrinogen concentrations and prolonged 
thrombin clotting times. On further evaluation, discordance between functional 
and immunologic fibrinogen levels (>50 mg/dL more antigenic than func-
tional) is observed; clotting times using snake venom (reptilase or ancrod) 
are variably prolonged.

Deficiencies of fibrinogen can be corrected by the administration of FFP, 
cryoprecipitate, or a viral-attenuated (pasteurized), plasma-derived fibrinogen 
concentrate (Riastap, CSL Behring). The target replacement goal is 100 mg/dL, 
and given a circulating biologic half-life of at least 96 hours, treatment every 
3 to 4 days is adequate. Primary prophylaxis regimens may be useful in afi-
brinogenemia, with on-demand or prophylactic replacement for trauma or 
surgery. Individuals with thrombophilic manifestations should receive antico-
agulation long term, depending on risk-benefit assessment. Riastap is not 
recommended for use in dysfibrinogenemia. Solvent/detergent plasma (Octaplas, 
Octapharma), a pooled human plasma which reduces allergic reactions and 
transfusion-related acute lung injury (TRALI), or psoralen-treated FFP (when 
licensed by the FDA) may provide an alternative therapy.

TREATMENT 

 Factor V Deficiency
Factor V is a component of the prothrombinase complex that assembles factors 
Va and Xa on the phospholipid membrane of the platelet for prothrombin 
(factor II) activation to thrombin (Chapter 162).

 CONGENITAL FACTOR V DEFICIENCY
Deficiency of factor V is a rare, autosomal recessive disorder (1 in 1 million 
births). The factor V Leiden protein, which is responsible for resistance to 
activated protein C and thrombophilia, does not affect factor V coagulant 
activity. The severity of plasma factor V deficiency correlates less well with 
the risk of clinical bleeding than does the factor V content in platelet α-granules. 
This observation illustrates the critical role of the platelet in promoting adequate 
hemostasis at bleeding sites and explains why transfusions of normal platelets 
may be preferred over FFP for the treatment of hemorrhagic episodes second-
ary to congenital or acquired factor V deficiency. Hemostasis can be maintained 
without correcting plasma factor V activity (>25% of normal).

 COMBINED DEFICIENCIES OF FACTORS V AND VIII
Factors V and VIII are structurally homologous proteins, and combined defi-
ciencies of these factors occur as an autosomal recessive disorder with a preva-
lence of 1 in 100,000 births among Jews of Sephardic origin. The disorder is 
believed to be caused by defective secretion due to mutations in export proteins 
in the endoplasmic reticulum of endothelial cells. The severity of bleeding is 
determined by the levels of these factors, which usually range from 5 to 30% 
of normal. Replacement therapy should be aimed at normalizing both clotting 
protein activities.

 ACQUIRED FACTOR V DEFICIENCY
Acquired factor V deficiency has been described in individuals exposed to 
bovine factor V, which contaminates the thrombin preparations used topically 
to control bleeding during cardiovascular surgery. This abnormality probably 
represents the development of anti–bovine factor V antibodies that cross-
react with the human factor V protein. Profuse bleeding accompanies this 
complication.

 Deficiencies of Vitamin K–Dependent Coagulation
 DEFICIENCIES OF FACTORS II, VII, AND X

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Congenital deficiencies of factors II (prothrombin), VII, and X are rare, auto-
somally inherited disorders. Heterozygotes (with factor levels approximately 
20% of normal) are typically asymptomatic except in the immediate newborn 
period, when physiologic vitamin K deficiency exacerbates the underlying 
clotting factor deficiency. Homozygotes with clotting factor levels less than 
10% of normal manifest variable symptoms. As with other coagulopathies, 
these deficiencies are usually suspected after neonatal umbilical stump 

 FACTOR DEFICIENCY IN AMYLOIDOSIS
Severe acquired deficiency of factor X, often accompanied by deficiencies of 
other vitamin K–dependent factors, occasionally occurs in individuals with 
systemic amyloidosis (Chapter 179). Because amyloid fibrils in the reticulo-
endothelial system bind endogenous and exogenous sources of factor X, 
replacement therapy with FFP or factor IX complex concentrates, even in 
large quantities, may not be sufficient. Recombinant factor VIIa concentrate 
has been used to reverse acute bleeding. Splenectomy may ameliorate recur-
rent bleeding complications.

 Other Acquired Coagulation Abnormalities
 ANTIPHOSPHOLIPID SYNDROME AND LUPUS ANTICOAGULANT

 EPIDEMIOLOGY
The antiphospholipid antibody syndrome (APS) is associated with recurrent 
thrombosis or recurrent pregnancy loss with autoantibodies directed against 
phospholipids. Antiphospholipid antibodies (APAs) may include lupus anti-
coagulant (LA), anticardiolipin antibody (CL), or anti-β2-glycoprotein-I 
(anti-β2-GPI). Thrombocytopenia is also a common finding in this prothrom-
botic disorder. Rarely, multiorgan failure may arise from widespread thrombosis, 
a syndrome called catastrophic APS.

 PATHOBIOLOGY
Our understanding of the role of individual antibodies in diagnosing APS 
continues to be enhanced with clinical studies, which may also contribute to 
the development of better diagnostic assays. It has been suggested that the 
prothrombotic effects of APAs may derive from their ability to complex with 
β2-GPI in vivo (thereby negating their modulatory phospholipid-binding 
function) or through APA inhibition of protein C activation, interference with 
antithrombin III activity, and/or disruption of the annexin V “shield,” thereby 
preventing normal clot breakdown (fibrinolysis). Although complement and 

Replacement therapy is indicated for acute symptomatic bleeds and for 
prophylaxis before surgery. In addition to FFP, which has the potential to transmit 
blood-borne viruses, plasma-derived factor X (Coagadex, BioProducts) is avail-
able to treat bleeding in factor X deficiency. Alternatively, factor IX complex 
concentrates can be administered to achieve hemostatic levels of any of these 
vitamin K–dependent factors (25 to 30% of normal).

Bleeding complications caused by acquired IgG autoantibodies directed 
against any coagulation factor protein can be reversed rapidly, albeit temporar-
ily, by extracorporeal immunoadsorption over a Sepharose-bound polyclonal 
antihuman IgG or staphylococcal A column, with concomitant replacement 
therapy and initiation of immunosuppression. Recombinant factor VIIa is increas-
ingly used for surgery in those with rare congenital coagulation deficiencies, 
but typically at lower doses than with hemophilia inhibitors—generally 10 to 
15 µg/kg/day or less, for up to several days. A long-acting recombinant factor 
VIIa has been developed and is in clinical trial.

TREATMENT 
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inflammation play a role in fetal loss in a murine model of APS, the pathogenic 
mechanism of APS-associated pregnancy loss remains unclear. Although non-
β2-GPI antibodies detected by CL enzyme-linked immunosorbent assay 
(ELISA) may play a role in early obstetric APS, and anti-β2-GPI antibodies 
with LA activity play a role in late miscarriage, additional studies are needed 
to better classify, understand, and manage this syndrome.

 CLINICAL MANIFESTATIONS
Lupus anticoagulants (LA) prolong coagulation in in vitro assays but are 
not generally associated with clinical bleeding. Rarely, clinical bleeding may 
occur when APA interacts with factor II (prothrombin), producing an acquired 
prothrombin (factor II) deficiency associated with accelerated clearance of 
LA-prothrombin complexes from the circulation. Bleeding tendencies also 
may arise when LA targets platelet membranes and produces quantitative 
or qualitative platelet abnormalities. Other clinical findings in APS include 
livedo reticularis, valvular heart lesions, and nephropathy. Clinically, although 
both arterial and venous thrombosis may occur in APS, the most relevant is 
venous thrombosis and stroke in young adults. A diagnostic work-up in those 
with arterial thrombosis should include transesophageal echocardiography to 
exclude a cardiac source for arterial clots. In obstetric patients, other causes 
of miscarriage should be excluded. A case-control study has indicated that a 
history of recurrent spontaneous abortion associated with antiphospholipid 
syndrome is a risk factor for subsequent venous thromboembolism in the long 
term. Nonpregnant individuals with APS-associated thrombotic manifesta-
tions have a 50% risk of experiencing recurrent events over a 5-year period. 
Typically, recurrent thrombotic episodes occur in a pattern consistent with 
the initial findings (e.g., venous recurrence following an initial deep vein  
thrombosis).19

 DIAGNOSIS
By international consensus, a diagnosis of APS is based on both clinical and 
laboratory criteria. Clinical criteria include (1) arterial, venous, or small-vessel 
thrombosis in any tissue or organ and (2) pregnancy morbidity.20 The latter 
includes one or more pregnancy losses before 10 weeks’ gestation; one or 
more pregnancy losses before 34 weeks due to eclampsia, preeclampsia, or 
placental insufficiency; or three or more spontaneous abortions before 10 
weeks. APS may be suspected in the setting of recurrent spontaneous miscar-
riages or pregnancy-related thromboembolic events; with the detection of 
cerebral arterial thromboses in young adults; in those with systemic lupus 
erythematosus (20 to 40%; Chapter 250) or other autoimmune diseases or 
lymphoproliferative malignancies; in those receiving psychotropic medications 
(e.g., chlorpromazine); or when incidental coagulation assays reveal aPTT 
prolongation.

Laboratory criteria for APS include one or more high-titer APAs (LA, CL, 
anti-β2-GPI) on at least two occasions at least 12 weeks apart. APAs can be 
detected by three assays: the LA assay, the CL ELISA assay, and the β2-GPI 
ELISA assay. The LA assay includes a screening test, based on a prolonged 
phospholipid-dependent clotting time; a mixing test that distinguishes the 
inhibitor (fails to correct in a 1 : 1 mix) from a deficiency state (corrects in a 
1 : 1 mix); and a confirmatory test based on platelet neutralization to dem-
onstrate that the inhibitor is phospholipid dependent (clotting time corrects) 
or a modified aPTT reagent based on the binding of hexagonal phase phos-
pholipids to LA (“LA-insensitive aPTT”). The CL ELISA measures antibod-
ies in dilute sera that bind to CL-coated plates, including those that bind to 
CL alone or bound to bovine β2-GPI and both IgG and IgM, but it may 
miss CL bound to human β2-GPI. The β2-GPI ELISA detects antibodies 
that bind to β2-GPI–coated irradiated plates, but it has reduced specificity 
owing to binding by nonpathogenic antibodies. Positivity in multiple assays is 
strongly associated with thrombosis and miscarriage. The risk of first thrombosis 
among asymptomatic individuals positive for LA, CL, and β2-GPI antibodies, 
so-called “triple-positive” patients, is 5.3% per year. Of the three assays, the 
β2-GPI ELISA is most strongly associated with thrombosis and early recur-
rent miscarriage; the LA assay is associated with venous thrombosis, stroke, 
and late miscarriage. The greatest weight is given to a positive LA test. From 
a practical standpoint, testing for all three antibodies at diagnosis is recom-
mended to guide follow-up, because oral anticoagulants may interfere with  
the LA test.

Because of the high risk of recurrent thromboembolism, patients with APS 
should receive antithrombotic therapy. The approach is based on achieving a 
balance between thrombosis risk and bleeding complications, especially in those 
with thrombocytopenia. Because of the limited information from randomized 
clinical trials, the recommendations for APS are similar to those for patients 
without APS—that is, to use unfractionated heparin or low-molecular-weight 
heparin (LMWH), with a 4- to 5-day overlap with warfarin, for acute venous 
thromboembolism (VTE), followed by long-term warfarin to a target international 
normalized ratio (INR) of 2.0 to 3.0. This recommendation is based on a random-
ized trial indicating no difference in bleeding rates with high-intensity (INR 
>3.0) versus low-intensity (INR 2.0 to 3.0) anticoagulation. In individuals with 
thrombocytopenia, more frequent monitoring of the INR may be warranted to 
avoid bleeding complications. A direct oral anticoagulant (rivaroxaban, apixaban, 
dabigatran) has been used instead of warfarin for long-term thromboprophylaxis, 
but at this point no results are available from randomized trials to document 
the noninferiority of these newer anticoagulants specifically in APS patients. 
The duration of anticoagulation in those both with and without APS is based 
on a balance between VTE recurrence and bleeding.

For women with APS and pregnancy loss but no past thrombosis, the goal 
is to prevent recurrent pregnancy loss. Based on prospective studies indicating 
higher birth rates with aspirin plus heparin, recommendations include low-dose 
aspirin (81 mg daily) in combination with prophylactic heparin or LMWH in the 
antepartum period.

Among those with APS-associated thrombocytopenia and a platelet count 
below 20 to 30 × 109/L, in the setting of bleeding or when bleeding risk exceeds 
bleeding with VTE treatment, management is similar to that for idiopathic 
thrombocytopenic purpura (Chapter 163). This includes steroids, intravenous 
immunoglobulin, and immunosuppressive agents (e.g., cyclophosphamide, 
azathioprine, off-label rituximab). Case reports indicate that danazol, dapsone, 
aspirin, or chloroquine may be helpful adjuncts. In pregnant women with APS-
associated thrombocytopenia, treatment is advised before epidural anesthesia 
or cesarean section. In the latter case, early delivery under cover of intravenous 
immunoglobulin is recommended.

Treatment of APS-associated bleeding is dependent on the site and severity 
of bleeding. For anticoagulation bleeding, the anticoagulant should be withheld 
and an antidote (e.g., protamine or vitamin K) given, if available. For thrombo-
cytopenia bleeding, platelet transfusions should be administered, along with 
red blood cell transfusions, if necessary. If both thrombosis and bleeding occur, 
treatment should be directed at the component that is most life threatening. In 
those with a high bleeding risk, anticoagulants should be withheld or given at 
a lower dosage; those with a high thrombotic risk, despite thrombocytopenia, 
should be anticoagulated and given agents to boost platelet count.

In the life-threatening multisystem complication of catastrophic antiphos-
pholipid syndrome, which is characterized by histopathological evidence of 
small vessel thrombosis and dysfunction of multiple organs (e.g., lung, brain, 
heart, kidneys, skin, or gastrointestinal tract) over a short period of time, maximal 
anticoagulation, plasma exchange, and immunosuppressive therapy have been 
used. A recent report showed that eculizumab, an inhibitor of terminal comple-
ment, was effective in a patient with recurrent catastrophic antiphospholipid 
syndrome.

TREATMENT 

 Grade A References

A1. Peyvandi F, Mannucci PM, Garagiola I, et al. A randomized trial of factor VIII and neutralizing 
antibodies in hemophilia A. N Engl J Med. 2016;374:2054-2064.

A2. Mahlangu J, Oldenburg J, Paz-Priel I, et al. Emicizumab prophylaxis in patients who have hemophilia 
A without inhibitors. N Engl J Med. 2018;379:811-822.

A3. Oldenburg J, Mahlangu JN, Kim B, et al. Emicizumab prophylaxis in hemophilia A with inhibitors. 
N Engl J Med. 2017;377:809-818.

A4. Oldenburg J, Mahlangu JN, Bujan W, et al. The effect of emicizumab prophylaxis on health-related 
outcomes in persons with haemophilia A with inhibitors: HAVEN 1 Study. Haemophilia. 
2019;25:33-44.

A5. Hay CR, DiMichele DM, the International Immune Tolerance Study. The principal results of the 
International Immune Tolerance Study: a randomized dose comparison. Blood. 2012;119:1335-1344.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

https://expertconsult.inkling.com/


CHAPTER 165 HemorrHagic DisorDers: coagulation Factor DeFiciencies 1146.e1

GENERAL REFERENCES

1. van Vulpen LFD, Holstein K, Martinolli C. Joint disease in haemophilia: pathophysiology, pain and 
imaging. Haemophilia. 2018;24(suppl 6):44-49.

2. Hanley J, McKernan A, Creagh MD, et al. Guidelines for the management of acute joint bleeds and 
chronic synovitis in haemophilia: a United Kingdom Haemophilia Centre Doctors’ Organisation 
(UKHCDO) guideline. Haemophilia. 2017;23:511-520.

3. Manco-Johnson MJ, Soucie JM, Gill JC. Prophylaxis: usage, bleeding rates, and joint outcomes of 
hemophilia, 1999-2010: a surveillance project. Blood. 2017;129:2368-2374.

4. Nacca CR, Harris AP, Tuttle JR. Hemophilic arthropathy. Orthopedics. 2017;40:e940-e946.
5. Iorio A, Fischer K, Blanchette V, et al. Tailoring treatment of haemophilia B: accounting for the 

distribution and clearance of standard and extended half-life FIX concentrates. Thromb Haemost. 
2017;117:1023-1030.

6. Holme PA, Tjønnfjord GE, Batorova A. Continuous infusion of coagulation factor concentrates 
during intensive treatment. Haemophilia. 2018;24:24-32.

7. Rodriguez-Merchan EC, Valentino LA. Emicizumab: review of the literature and critical appraisal. 
Haemophilia. 2019;25:11-20.

8. Weyand AC, Pipe SW. New therapies for hemophilia. Blood. 2019;133:389-398.
9. Garagiola I, Palla R, Peyvandi F. Risk factors for inhibitor development in severe hemophilia A. Thromb 

Res. 2018;168:20-27.
10. Delignat S, Tayes J, Russick J, et al. Inhibitor formation in congenital hemophilia A: an immunological 

perspective. Semin Thromb Hemost. 2018;44:517-530.

11. Ljung RCR. How I manage patients with inherited haemophilia A and B and factor inhibitors. Br J 
Haematol. 2018;180:501-510.

12. Sherman A, Biswas M, Herzog RW. Tolerance induction in hemophilia: innovation and accomplish-
ments. Curr Opin Hematol. 2018;25:365-372.

13. Perrin GQ, Herzog RW, Markusic DM. Update on clinical gene therapy for hemophilia. Blood. 
2019;133:407-414.

14. George LA, Sullivan SK, Giermasz A, et al. Hemophilia B gene therapy with a high-specific-activity 
factor IX variant. N Engl J Med. 2017;377:2215-2227.

15. Miesbach W, Meijer K, Coppens M, et al. Gene therapy with adeno-associated virus vector 5-human 
factor IX in adults with hemophilia B. Blood. 2018;131:1022-1031.

16. Rangarajan S, Walsh L, Lester W, et al. AAV5-Factor VIII gene transfer in severe hemophilia. N Engl 
J Med. 2017;377:2519-2530.

17. Pasi KJ, Rangarajan S, Georgiev P, et al. Targeting of antithrombin in hemophilia A and B with RNAi 
therapy. N Engl J Med. 2017;377:819-828.

18. Karimi M, Peyvandi F, Naderi M, Shapiro A. Factor XIII deficiency diagnosis: challenges and tools. 
Int J Lab Hematol. 2018;40:3-11.

19. Kearon C, Parpia S, Spencer FA, et al. Antiphospholipid antibodies and recurrent thrombosis after 
a first unprovoked venous thromboembolism. Blood. 2018;131:2151-2160.

20. Devreese KMJ, Ortel TL, Pengo V, et al. Laboratory criteria for antiphospholipid syndrome: com-
munication from the SSC of the ISTH. J Thromb Haemost. 2018;16:809-813.



CHAPTER 165 HemorrHagic DisorDers: coagulation Factor DeFiciencies1146.e2

Answer: E The current treatment for congenital factor VII deficiency is low-
dose factor VIIa: for surgery it is given preoperatively and for several days 
postoperatively. Once the tissue-factor-VIIa triggered extrinsic coagulation 
pathway is activated, several days of treatment are usually sufficient to maintain 
the clot. As obesity and surgery are both associated with risk for thrombo-
embolism, the patient should be mobilized early in the postoperative course. 
FFP and PCCs are alternative treatments, but levels of VII are low in FFP 
and in 3-factor PCCs, and the latter may increase thrombosis risk. rFVIIa in 
this patient would be less likely to increase thrombosis risk, given the patient’s 
congenital deficiency (associated with lack of thrombin burst).

4. A 17-year-old high school senior with congenital factor XI deficiency is 
referred for management of his upcoming wisdom teeth extraction. His 
family history is negative for bleeding, and the patient has no bleeding 
history but has not had surgery. What is the most appropriate surgical 
management for this patient?
 A. FFP 15-20 U/kg preoperatively
 B. Amicar 50 mg/kg PO every 6 hours preoperatively
 C. DDAVP 0.3 µg/kg IV over 30 minutes preoperatively, and postop day 

1 and 2
 D. Stimate 300 µg by nasal spray, given as 150 µg in each nostril 

preoperatively
 E. No preoperative treatment, but FFP 14-20 U/kg for postoperative 

bleeding
Answer: E At least half of those with factor XI deficiency have no personal 
or family history of bleeding, even with factor XI levels below 1%. Bleeding 
tendency is consistent within families. In the absence of family history, no 
treatment is given preoperatively, but if postoperative bleeding occurs, FFP 
is recommended. In Europe a factor XI concentrate is available, but not approved 
in the U.S. While Amicar, DDAVP, and Stimate may provide hemostasis, they 
are not specific for factor XI deficiency. For mucosal bleeding postoperatively, 
Amicar is a reasonable alternative.

5. A 50-year-old man with the lupus anticoagulant test (LAC) and positive 
β2-GPI antibody, and a recent lower extremity deep venous thrombosis, 
comes for a second opinion regarding need for long-term anticoagulation. 
He will complete a 6-month course on Coumadin 7.5 mg alternating with 
5 mg to maintain INR 2-3 in 2 weeks. What is the optimal management 
of this patient?
 A. Coumadin to maintain INR 2.0-3.0 as long as benefits outweigh risks
 B. Coumadin to maintain INR 2.0-3.0 plus low-dose ASA (81 mg), as 

long as benefits outweigh risks
 C. Coumadin to maintain INR >3.0, as long as benefits outweigh risks
 D. Coumadin to maintain INR >3.0 plus low-dose ASA (81 mg), as long 

as benefits outweigh risks
 E. Stop Coumadin after 6 months, with careful monitoring for VTE 

recurrence
Answer: A The occurrence of β2-GPI antibody and LAC with deep venous 
thrombosis is consistent with the antiphospholipid syndrome (APS). Individu-
als with APS are at increased risk for recurrent venous thromboembolism, and 
thus anticoagulation should be continued as long as the benefits of anticoagula-
tion outweigh bleeding risk. Several studies have demonstrated that standard 
Coumadin to an INR 2.0-3.0 is adequate VTE prophylaxis for individuals 
with APS, with no added benefit to maintain INR above 3 for patients with 
antiphospholipid syndrome. Aspirin, other than in the setting of pregnancy, 
appears to provide no added benefit in clot protection in individuals with APS.

REVIEW QUESTIONS

1. A 7-month-old boy with severe hemophilia A who is receiving daily post-
operative factor replacement for major surgery 10 days ago, has developed 
several large painful hematomas over his extremities. Despite factor replace-
ment, his hematomas have not improved. Which of the following approaches 
is most appropriate for this child?
 A. Draw trough FVIII (before next dose), APTT mix, and anti-VIII
 B. Draw peak FVIII (after the next dose), APTT mix, and anti-VIII
 C. Draw APTT, APTT mix, and anti-VIII
 D. Draw random factor VIII.
 E. Dose with 100% factor VIII and apply ice to hematomas.

Answer: B This child likely has developed an inhibitor, as there was long-
duration factor early in life, and despite ongoing factor treatment, hematoma 
formation has occurred, indicating lack of response. To determine if an inhibitor 
is present, the simplest approach is to draw a factor VIII level just after a 100% 
dose (i.e., peak): in the case of an inhibitor, the FVIII level will be neutralized 
and lower than expected. A random factor VIII could also be drawn, but 
because children have a large volume of distribution it is not as helpful as a 
peak FVIII. Prolongation of both the APTT and APTT mix confirms the pres-
ence of an inhibitor, and the anti-VIII quantitates how high it is in Bethesda 
units. Given that the hematomas occurred while on treatment, it is unlikely 
that increasing the dose will improve the hematomas. Ice is a good approach, 
but determining if the inhibitor is present is the most pressing need, because 
if it is present a bypass agent may be needed, such as recombinant factor VIIa 
(rFVIIa) or prothrombin complex concentrate (PCCs), and immune tolerance 
induction (ITI) should be initiated.

2. A 26-year-old woman who is 20 weeks pregnant is referred for management 
recommendations at delivery. She has had menorrhagia in the past and 
oozing with dental extractions. A maternal uncle has hemarthroses. What 
is the most appropriate next step in the evaluation of this patient?
 A. Screen for von Willebrand disease.
 B. Screen for hemophilia carrier status and von Willebrand disease.
 C. Screening is not helpful as VWF and FVIII increase during pregnancy.
 D. Obtain VWF and Factor VIII at the 8th month of pregnancy.
 E. Plan DDAVP for delivery and neuranesthesia.

Answer: D This woman may have a congenital bleeding disorder, with both 
a personal and a family bleeding history. Menorrhagia is a common symptom 
of von Willebrand disease, but it could also indicate hemophilia A or B carrier 
status, or other rare bleeding disorder. The history of a hemarthrosis (bleeding 
in a joint) in her uncle suggests he may have the X-linked congenital bleeding 
disorder, hemophilia, either A or B, and if inherited, gives her a 50 : 50 chance 
of being a carrier. Hemarthrosis is uncommon in other bleeding disorders 
but may occur in severe type 3 von Willebrand disease. Testing for von Wil-
lebrand disease or hemophilia carrier status is complicated by the well-known 
increase in VWF and factor VIII (FVIII) (but not FIX) during pregnancy, 
potentially masking diagnosis of VWD or hemophilia carrier, but it is critical 
to screen VWF, FVIII and FIX at the 8th month of pregnancy to plan for 
peripartum and neuranesthesia management. DDAVP is contraindicated at 
delivery because of major fluid loss and IV replacement, which could precipitate 
hyponatremia and seizures; VWF concentrate is the drug of choice for VWD, 
and recombinant factor VIII or IX are indicated for symptomatic factor VIII 
(or IX) for carriers.

3. A 47-year-old woman weighing 150 kg with factor VII deficiency is plan-
ning to undergo gastric bypass surgery. She is referred to you for hemostatic 
management of her surgery. What is the most appropriate management 
for her surgery?
 A. FFP 15-20 U/kg before and for up to 1-2 days postoperatively
 B. PCCs 50 IU/kg before and every 6 hours for 2 days postoperatively
 C. PCCs 25 IU/kg before and every 6 hours for 2 days postoperatively
 D. Recombinant VIIa 90 µg/kg before and every 3-4 hours for 2 days 

postoperatively
 E. Recombinant VIIa 15 µg/kg before and on day 1 and 2 postoperatively
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166 
HEMORRHAGIC DISORDERS: 
DISSEMINATED INTRAVASCULAR 
COAGULATION, LIVER FAILURE,  
AND VITAMIN K DEFICIENCY
ANDREW I. SCHAFER

 DISSEMINATED INTRAVASCULAR 
COAGULATION

 DEFINITION
Disseminated intravascular coagulation (DIC), also referred to as consumptive 
coagulopathy or defibrination, is caused by a wide variety of serious disorders 
(Table 166-1). In most patients, the underlying process dominates the clinical 
picture, but in some cases (e.g., occult malignant neoplasm, envenomation), 
DIC may be the initial or predominant manifestation of the disorder. DIC 
never occurs in isolation, without an inciting cause.

 PATHOBIOLOGY
DIC is pathophysiologically a primarily thrombotic process. However, its 
clinical manifestation may be widespread hemorrhage in acute cases. The basic 
pathophysiologic mechanism (Fig. 166-1), regardless of cause, is entry into 
the circulation of procoagulant substances that trigger systemic activation of 

the coagulation system and platelets. This results in disseminated deposition 
of fibrin-platelet thrombi within the microvasculature.1 In most cases, the 
procoagulant stimulus is tissue factor, a lipoprotein that is not normally exposed 
to blood. In DIC, tissue factor gains access to blood by tissue injury, its elabo-
ration by malignant cells, or its expression on the surface of monocytes and 
endothelial cells by inflammatory mediators. Components of the inflammatory 
response and the coagulation system are reciprocally activated in some forms 
of DIC, such as sepsis. Tissue factor triggers generation of the coagulation 
protease thrombin, which induces fibrin formation and platelet activation. In 
some specific cases of DIC, procoagulants other than tissue factor (e.g., a 
cysteine protease or mucin in certain malignant neoplasms) and proteases 
other than thrombin (e.g., trypsin in pancreatitis, exogenous enzymes in 
envenomation) provide the procoagulant stimulus.

In acute, uncompensated DIC, coagulation factors are consumed at a rate 
in excess of the capacity of the liver to synthesize them, and platelets are 
consumed in excess of the capacity of bone marrow megakaryocytes to release 
them. The resulting laboratory manifestations under these circumstances are 
a prolonged prothrombin time (PT), activated partial thromboplastin time 
(aPTT), and thrombocytopenia. Increased fibrin formation in DIC stimulates 
a heightened process of secondary fibrinolysis, in which plasminogen activa-
tors generate plasmin to digest fibrin (and fibrinogen) into fibrin(ogen) deg-
radation products (FDPs). FDPs are potent circulating anticoagulants that 
further contribute to the bleeding manifestations of DIC. Intravascular fibrin 
deposition can cause fragmentation of red blood cells and lead to the appear-
ance of schistocytes in blood smears; however, frank microangiopathic hemolytic 
anemia is unusual in DIC. Occlusive microvascular thrombosis in DIC can 
compromise the blood supply to some organs and lead to multiorgan failure, 
particularly when it is accompanied by systemic hemodynamic, inflammatory, 
and metabolic derangements.

Underlying Causes
DIC always has an underlying cause that generally must be identified and 
eliminated if the coagulopathy is to be managed successfully. The development 
of DIC in many of these disorders is associated with an unfavorable outcome. 
Infection is the most common cause of DIC. The syndrome is particularly 
associated with gram-negative or gram-positive sepsis (Chapter 100), although 
it can be triggered by a variety of other bacterial, fungal, viral, rickettsial, and 
protozoal microorganisms.

The placenta and uterine contents are rich sources of tissue factor and other 
procoagulants that are normally excluded from the maternal circulation; a 
spectrum of clinical manifestations of DIC may accompany obstetric compli-
cations when this barrier is breached, especially in the third trimester. These 
syndromes range from acute, fulminant, and often fatal DIC in amniotic fluid 
embolism to chronic or subacute DIC with a retained dead fetus. Other obstetric 
problems associated with DIC include abruptio placentae, toxemia, and septic 
abortion.

Chronic forms of DIC are caused by a variety of malignant neoplasms, 
particularly pancreatic cancer (Chapter 185) and mucin-secreting adenocar-
cinomas of the gastrointestinal tract (Chapter 184), in which thrombotic rather 
than bleeding manifestations predominate. Treatment with all-trans-retinoic 
acid has greatly reduced the incidence of severe DIC in patients with acute 
promyelocytic leukemia (Chapter 173). It is not known whether liver failure 
(see later) can cause DIC or whether its coexistence merely exacerbates intra-
vascular coagulation because of impaired clearance of activated clotting factors, 
plasmin, and FDPs. Snake venom contains a variety of substances that can 
affect coagulation and endothelial permeability. Bites from rattlesnakes and 
other vipers can induce profound DIC by introduction of these exogenous 
toxins and release of endogenous tissue factor through tissue necrosis.

The likelihood and degree of DIC caused by trauma, surgery, and shock 
(Chapter 98) are related to the extent of tissue damage and the organs involved. 
The brain is a particularly rich source of tissue factor, so traumatic brain injury 
(Chapter 371) can precipitate acute DIC. Large aortic aneurysms (Chapter 
69), giant hemangiomas, and other vascular malformations can cause subclini-
cal or clinical, chronic DIC that is initiated locally within the abnormal vas-
culature but can “spill” into the systemic circulation.

 CLINICAL MANIFESTATIONS
The clinical manifestations of DIC are determined by the nature, intensity, 
and duration of the underlying stimulus. The coexistence of liver disease exac-
erbates DIC of any cause. Low-grade DIC is often asymptomatic and diagnosed 
only by laboratory abnormalities. Thrombotic complications of DIC occur 
most often with chronic underlying diseases, as exemplified by Trousseau 

TABLE 166-1 MAJOR CAUSES OF DISSEMINATED 
INTRAVASCULAR COAGULATION

INFECTIONS

Gram-negative bacterial sepsis
Other bacteria, fungi, viruses, Rocky Mountain spotted fever, malaria
IMMUNOLOGIC REACTIONS

Transfusion reactions (ABO incompatibility)
Transplant rejection
OBSTETRIC COMPLICATIONS

Amniotic fluid embolism
Retained dead fetus
Abruptio placentae
Toxemia, preeclampsia
Septic abortion
MALIGNANT NEOPLASMS

Pancreatic carcinoma
Adenocarcinomas
Acute promyelocytic leukemia
Other neoplasms
LIVER FAILURE

ACUTE PANCREATITIS

ENVENOMATION

RESPIRATORY DISTRESS SYNDROME

TRAUMA, SHOCK

Brain injury
Crush injury
Burns
Hypothermia or hyperthermia
Fat embolism
Hypoxia, ischemia
Surgery
VASCULAR DISORDERS

Giant hemangioma (Kasabach-Merritt syndrome)
Aortic aneurysm
Vascular tumors



CHAPTER 166 HEMORRHAGIC DISORDERS 1147.e1

KEYWORDS
disseminated intravascular coagulation
consumptive coagulopathy
coagulopathy of liver failure
vitamin K deficiency
thrombocytopenia
coagulation factor deficiencies

ABSTRACT
Mixed hemorrhagic disorders that involve deficiencies in multiple coagulation 
factors as well as platelets include “disseminated intravascular coagulation 
(DIC)” and the coagulopathy of liver failure. Vitamin K deficiency causes 
deficiencies of specific vitamin K–dependent coagulation factors II (prothrom-
bin), VII, IX, and X, as well as specific vitamin K–dependent prothrombotic 
factors protein C and protein S, but does not involve platelets. DIC, also called 
consumptive coagulopathy, is a syndrome caused by a wide variety of disorders 
that all have in common their activation of the clotting system at different 
points in the coagulation cascade, leading to increased fibrin deposition in 
the microvasculature. So DIC is primarily a thrombotic disorder and may in 
fact present in its chronic form as thrombosis or occlusive organ dysfunction. 
The bleeding that more typically accompanies DIC, especially in acute cases, 
results from consumption of all clotting factors, consumption of platelets, and 
activation of the fibrinolytic system. The coagulopathy of liver failure is likewise 
a complex disorder that has both prothrombotic and antithrombotic compo-
nents. Therefore, while most patients with liver failure have a bleeding diathesis, 
thrombosis can also occur depending on the balance of these opposing forces. 
Complete resolution of the coagulopathy of DIC and liver failure, which often 
coexist, depends on the ability to control the underlying disease.
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latter.) Thus, the abnormal hemostasis of liver failure is accompanied by oppos-
ing antithrombotic and prothrombotic alterations. Unfortunately, currently 
available laboratory tests of coagulation cannot measure the net effect of the 
complex, incongruous hemostatic forces that are at work at any given time 
on clinical bleeding, or thrombotic risk in a patient with liver disease. For 
example, the prothrombin time (PT)/INR is still accepted as a valid prognostic 
marker of liver failure, but can no longer be considered a reliable indicator of 
bleeding tendency in these patients. Although the degree of prolongation of 
the PT/INR was commonly used in the past to guide treatment with fresh-
frozen plasma (FFP) or prothrombin complex concentrate (PCC), it is now 
recognized that it is not a useful predictor of bleeding after surgery or an 
invasive procedure.13 This explains why having certain prolongations of the 
PT/INR and activated partial thromboplastin time (aPTT) as a function of 
liver disease cannot be regarded as being functionally “auto-anticoagulated:” 
this notion is a seriously misleading fallacy.

The opposing hemostatic forces at work due to liver failure include (1) 
decreased total levels of circulating clotting factors (caused by consumption 
of the factors), (2) hypo- or dysfibrinogenemia, (3) enhanced fibrinolysis, 
and (4) increased levels of fibrin(ogen) degradation products (FDPs) which 
act as circulating anticoagulants, all promoting bleeding, with simultaneously 
(1) increased levels of activated clotting factors (caused by impaired hepatic 
clearance), (2) decreased levels of the physiologic anticoagulant proteins, anti-
thrombin III (AT III), protein C and protein S (caused by consumption of 
those proteins), (3) elevated levels of von Willebrand factor and Factor VIII, 
and (4) low plasminogen, all promoting thrombosis. Two factors that may tip 
the balance more toward a bleeding than a thrombotic phenotype in most of 
these patients are: (1) thrombocytopenia, and (2) anatomically vulnerable 
sites of bleeding in the GI tract in liver failure patients, such as esophageal and 
gastric varices, gastritis (congestive gastropathy), and hemorrhoids.

There is an increased incidence of deep vein thrombosis and/or pulmonary 
embolism in patients with chronic liver disease (ranging from 0.5 to 6% in 
different studies). There is an even higher risk of portal vein thrombosis (ranging 
from 7 to 18% in different series).14

Quantitative and qualitative abnormalities of platelets also contribute to 
the bleeding diathesis of liver failure. Congestive splenomegaly secondary to 
portal hypertension causes increased pooling of platelets in the spleen (hyper-
splenism). The resultant thrombocytopenia, the degree of which generally 
correlates with spleen size, rarely causes a reduction in the platelet count to 
less than 30,000/µL. In alcoholic patients, suppression of bone marrow throm-
bopoiesis by the acute toxic effects of alcohol or folate deficiency may contribute 
to the thrombocytopenia. Qualitative platelet abnormalities have also been 
described in patients with liver disease.

Liver transplantation (Chapter 145) poses special problems to the coagula-
tion system. During the anhepatic stage of surgery, which lasts about 2 hours, 
the complete cessation of synthesis of coagulation factors causes further pro-
longation of the PT and aPTT. Release of tissue plasminogen activator from 
the newly grafted liver leads to increased fibrinolysis and transient exacerbation 
of bleeding risk in the postoperative period.

 CLINICAL MANIFESTATIONS
The most common hemorrhagic complication of liver disease is gastrointestinal 
bleeding, which is usually caused by anatomic abnormalities and exacerbated 
by the systemic coagulopathy of liver failure. Bleeding from other mucosal 
sites, extensive ecchymoses, or more serious hemorrhage into the retroperi-
toneum or central nervous system generally indicates more significant derange-
ments of the coagulation system.

The severe coagulopathy in patients with liver disease makes liver biopsy 
a potentially hazardous procedure. The PT and platelet count may be the best 
guides to bleeding risk, but they too lack reliability as predictors of risk of 
bleeding with liver biopsy. In general, liver biopsy can be performed safely if 
the platelet count is higher than 50,000/µL. The American Association for 
the Study of Liver Diseases has concluded that the bleeding risk-benefit ratio 
of liver biopsy must be carefully considered on a case-by-case basis.

 DIAGNOSIS
Although the PT and aPTT are often prolonged in patients with advanced 
liver disease, the PT tends to be a more sensitive assay early in the course; a 
disproportionate prolongation of the aPTT should raise suspicion of a coexist-
ing coagulation abnormality, such as a lupus anticoagulant or clotting factor 
inhibitor. A prolonged PT is also a useful prognostic indicator of poor outcome 
in patients with cirrhosis, acute acetaminophen hepatotoxicity, and acute viral 
hepatitis; in acute viral hepatitis, it is a better index of prognosis than are 

chronic forms of DIC may actually cause shortening of the PT and aPTT or 
thrombocytosis (or both), even though elevated levels of D-dimers indicate 
secondary fibrinolysis in such cases.

The most difficult differential diagnosis of DIC occurs in patients who have 
coexisting liver disease. The coagulopathy of liver failure (see later section on 
liver failure) is often indistinguishable from that of DIC, partly because advanced 
hepatic dysfunction is in fact accompanied by a state of DIC. In liver failure, 
the combination of decreased synthesis of clotting factors, impaired clearance 
of activated clotting factors, secondary fibrinolysis, and thrombocytopenia 
from portal hypertension and hypersplenism may make the coagulopathy 
virtually impossible to differentiate from DIC. The coagulopathy associated 
with postpartum hemorrhage is rarely caused by DIC alone; there may be 
also varying proportions of dilutional coagulopathy, localized consumption, 
and increased fibrinolysis.6 Thrombotic microangiopathies including throm-
botic thrombocytopenic purpura and hemolytic-uremic syndrome, the syn-
drome of “hemolysis, elevated liver enzymes, and low platelet count” (HELLP) 
in obstetric patients, and other forms of platelet consumption and thrombo-
cytopenia (Chapter 163) are not accompanied by activation of clotting factors 
or secondary fibrinolysis; therefore, the PT, aPTT, thrombin time, and D-dimers 
are generally normal in these disorders. Schistocytes, often with frank hemo-
lysis, are much more prominent in the peripheral smear in thrombotic throm-
bocytopenic purpura and hemolytic-uremic syndrome (Chapter 163) than 
in DIC. One situation where DIC and thrombotic microangiopathy can overlap 
and even coexist is in patients with cancer-associated thrombotic microangi-
opathy. These patients typically have bone marrow involvement and systemic 
microvascular metastases, either in the setting of known metastatic cancer or 
unexpectedly on presentation.

syndrome in cancer (Chapter 73). The thrombotic phenotype of DIC, which 
occurs prototypically in association with solid tumor malignancies, can manifest 
as large vessel venous or arterial thrombosis, or as ischemic organ dysfunction 
due to microvascular thrombosis, or even as a thrombotic microangiopathy.2 
DIC can present as acrocyanosis and gangrene of the digits in critically ill, 
hemodynamically compromised patients receiving vasopressors. Hemorrhagic 
necrosis of the skin (Fig. 166-2) and purpura fulminans may also be mani-
festations of DIC.3 Bleeding is the most common clinical finding in acute, 
uncompensated DIC. Bleeding can be limited to sites of intervention or ana-
tomic abnormalities, but it tends to be generalized in more severe cases, includ-
ing widespread ecchymoses and diffuse oozing from mucosal surfaces and 
orifices. In these cases, causes of which are exemplified by major trauma, 
abruptio placentae, or acute promyelocytic leukemia, the precipitating trigger 
is also a prothrombotic activation of the coagulation system but a fulminant, 
uncontrolled fibrinolytic response creates a bleeding or so-called fibrinolytic 
phenotype.4

 DIAGNOSIS
The laboratory diagnosis of severe, acute DIC is not usually difficult.5 Con-
sumption and inhibition of the function of clotting factors cause prolongation 
of the PT, aPTT, and thrombin time. Consumption of platelets causes throm-
bocytopenia. Secondary fibrinolysis generates increased titers of FDPs, which 
can be measured by latex agglutination or D-dimer assays. Some schistocytes 
may be seen in the peripheral blood smear, but this finding is neither sensitive 
nor specific for DIC. Chronic or compensated forms of DIC are more difficult 
to diagnose, with highly variable patterns of abnormalities in “DIC screen” 
coagulation tests. Increased D-dimers and a prolonged PT are generally more 
sensitive measures than are abnormalities of the aPTT and platelet count. 
Overcompensated synthesis of consumed clotting factors and platelets in some 
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FIGURE 166-1. Pathophysiologic process of bleeding, thrombosis, and ischemic manifestations in patients with disseminated intravascular coagulation. 

FIGURE 166-2. Disseminated intravascular coagulation resulting from staphylococcal 
septicemia. Note the characteristic skin hemorrhage ranging from small purpuric lesions 
to larger ecchymoses. (From Forbes CD, Jackson WF. Color Atlas and Text of Clinical Medicine. 
3rd ed. London: Mosby; 2003.)

Successful treatment of DIC (Table 166-2) requires that the underlying cause 
be identified and eliminated. All other therapies, including hemodynamic 
support, replacement of coagulation factors and platelets, and pharmacologic 
inhibitors of coagulation and fibrinolysis, are just temporizing measures. Because 
of the difficulty of testing this complex syndrome with multiple causes by 
controlled, randomized clinical trials, current guidelines for treatment are gen-
erally not based on high-grade evidence.7,8

In many patients with asymptomatic, self-limited DIC who have only labora-
tory manifestations of the coagulopathy, no treatment may be necessary. In 
patients with DIC who are actively bleeding or who are at high risk for bleeding, 
the blood component treatments of choice are transfusions of platelets to 
improve the thrombocytopenia and fresh-frozen plasma to replace all consumed 
coagulation factors and to correct the prolonged PT and aPTT. In the absence 
of robust evidence-based guidelines for the treatment of DIC, an international 
consensus group recommended VTE prophylaxis in critically ill DIC patients, 
switching from pharmacologic to mechanical prophylaxis in case of bleeding, 
and maintaining platelets at greater than 20,000. Some patients who have 
particularly profound hypofibrinogenemia, the additional transfusion of cryo-
precipitate, a plasma concentrate that is enriched in fibrinogen, may be useful. 

TREATMENT 

 LIVER FAILURE
Bleeding complications in patients with advanced liver disease (Chapters 144 
and 145) can be severe and even fatal and directly account for about 20% of 
the deaths associated with hepatic failure. The extent of the bleeding tendency 
depends on the severity and type of liver disease involved. About one third 
of deaths in patients undergoing liver transplantation are attributable to peri-
operative hemorrhage.

 PATHOBIOLOGY
The pathophysiologic mechanism of bleeding in liver failure is multifacto-
rial.11,12 The complexity of the systemic coagulopathy of hepatic disease is not 
surprising inasmuch as the liver is the principal organ site for the synthesis 
of almost all the coagulation and fibrinolytic factors as well as their inhibitors. 
(Hepatocytes synthesize all the clotting factors except for von Willebrand 
factor (vWF), which serves as a physiologic “carrier” and stabilizer of Factor 
VIII; so the elevated levels of vWF that are seen in liver disease can enable 
near-normal circulating levels of F VIII despite diminished synthesis of the 
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latter.) Thus, the abnormal hemostasis of liver failure is accompanied by oppos-
ing antithrombotic and prothrombotic alterations. Unfortunately, currently 
available laboratory tests of coagulation cannot measure the net effect of the 
complex, incongruous hemostatic forces that are at work at any given time 
on clinical bleeding, or thrombotic risk in a patient with liver disease. For 
example, the prothrombin time (PT)/INR is still accepted as a valid prognostic 
marker of liver failure, but can no longer be considered a reliable indicator of 
bleeding tendency in these patients. Although the degree of prolongation of 
the PT/INR was commonly used in the past to guide treatment with fresh-
frozen plasma (FFP) or prothrombin complex concentrate (PCC), it is now 
recognized that it is not a useful predictor of bleeding after surgery or an 
invasive procedure.13 This explains why having certain prolongations of the 
PT/INR and activated partial thromboplastin time (aPTT) as a function of 
liver disease cannot be regarded as being functionally “auto-anticoagulated:” 
this notion is a seriously misleading fallacy.

The opposing hemostatic forces at work due to liver failure include (1) 
decreased total levels of circulating clotting factors (caused by consumption 
of the factors), (2) hypo- or dysfibrinogenemia, (3) enhanced fibrinolysis, 
and (4) increased levels of fibrin(ogen) degradation products (FDPs) which 
act as circulating anticoagulants, all promoting bleeding, with simultaneously 
(1) increased levels of activated clotting factors (caused by impaired hepatic 
clearance), (2) decreased levels of the physiologic anticoagulant proteins, anti-
thrombin III (AT III), protein C and protein S (caused by consumption of 
those proteins), (3) elevated levels of von Willebrand factor and Factor VIII, 
and (4) low plasminogen, all promoting thrombosis. Two factors that may tip 
the balance more toward a bleeding than a thrombotic phenotype in most of 
these patients are: (1) thrombocytopenia, and (2) anatomically vulnerable 
sites of bleeding in the GI tract in liver failure patients, such as esophageal and 
gastric varices, gastritis (congestive gastropathy), and hemorrhoids.

There is an increased incidence of deep vein thrombosis and/or pulmonary 
embolism in patients with chronic liver disease (ranging from 0.5 to 6% in 
different studies). There is an even higher risk of portal vein thrombosis (ranging 
from 7 to 18% in different series).14

Quantitative and qualitative abnormalities of platelets also contribute to 
the bleeding diathesis of liver failure. Congestive splenomegaly secondary to 
portal hypertension causes increased pooling of platelets in the spleen (hyper-
splenism). The resultant thrombocytopenia, the degree of which generally 
correlates with spleen size, rarely causes a reduction in the platelet count to 
less than 30,000/µL. In alcoholic patients, suppression of bone marrow throm-
bopoiesis by the acute toxic effects of alcohol or folate deficiency may contribute 
to the thrombocytopenia. Qualitative platelet abnormalities have also been 
described in patients with liver disease.

Liver transplantation (Chapter 145) poses special problems to the coagula-
tion system. During the anhepatic stage of surgery, which lasts about 2 hours, 
the complete cessation of synthesis of coagulation factors causes further pro-
longation of the PT and aPTT. Release of tissue plasminogen activator from 
the newly grafted liver leads to increased fibrinolysis and transient exacerbation 
of bleeding risk in the postoperative period.

 CLINICAL MANIFESTATIONS
The most common hemorrhagic complication of liver disease is gastrointestinal 
bleeding, which is usually caused by anatomic abnormalities and exacerbated 
by the systemic coagulopathy of liver failure. Bleeding from other mucosal 
sites, extensive ecchymoses, or more serious hemorrhage into the retroperi-
toneum or central nervous system generally indicates more significant derange-
ments of the coagulation system.

The severe coagulopathy in patients with liver disease makes liver biopsy 
a potentially hazardous procedure. The PT and platelet count may be the best 
guides to bleeding risk, but they too lack reliability as predictors of risk of 
bleeding with liver biopsy. In general, liver biopsy can be performed safely if 
the platelet count is higher than 50,000/µL. The American Association for 
the Study of Liver Diseases has concluded that the bleeding risk-benefit ratio 
of liver biopsy must be carefully considered on a case-by-case basis.

 DIAGNOSIS
Although the PT and aPTT are often prolonged in patients with advanced 
liver disease, the PT tends to be a more sensitive assay early in the course; a 
disproportionate prolongation of the aPTT should raise suspicion of a coexist-
ing coagulation abnormality, such as a lupus anticoagulant or clotting factor 
inhibitor. A prolonged PT is also a useful prognostic indicator of poor outcome 
in patients with cirrhosis, acute acetaminophen hepatotoxicity, and acute viral 
hepatitis; in acute viral hepatitis, it is a better index of prognosis than are 

TABLE 166-2 TREATMENT OF DISSEMINATED 
INTRAVASCULAR COAGULATION

Identify and eliminate the underlying cause
No treatment if mild, asymptomatic, and self-limited
Hemodynamic support, as indicated, in severe cases
Blood component therapy

Indications: active bleeding or high risk for bleeding
Fresh-frozen plasma
Platelets
In some cases, consider cryoprecipitate, antithrombin III

Drug therapy
Indications: heparin for DIC manifested by thrombosis or acrocyanosis and 

without active bleeding; antifibrinolytic agents are generally contraindicated 
except with life-threatening bleeding and failure of blood component therapy

DIC = disseminated intravascular coagulation.

 LIVER FAILURE
Bleeding complications in patients with advanced liver disease (Chapters 144 
and 145) can be severe and even fatal and directly account for about 20% of 
the deaths associated with hepatic failure. The extent of the bleeding tendency 
depends on the severity and type of liver disease involved. About one third 
of deaths in patients undergoing liver transplantation are attributable to peri-
operative hemorrhage.

 PATHOBIOLOGY
The pathophysiologic mechanism of bleeding in liver failure is multifacto-
rial.11,12 The complexity of the systemic coagulopathy of hepatic disease is not 
surprising inasmuch as the liver is the principal organ site for the synthesis 
of almost all the coagulation and fibrinolytic factors as well as their inhibitors. 
(Hepatocytes synthesize all the clotting factors except for von Willebrand 
factor (vWF), which serves as a physiologic “carrier” and stabilizer of Factor 
VIII; so the elevated levels of vWF that are seen in liver disease can enable 
near-normal circulating levels of F VIII despite diminished synthesis of the 

The theoretical concern that these blood products could “fuel the fire” and 
exacerbate the DIC has not been supported by clinical experience.

The use of pharmacologic inhibitors of coagulation and fibrinolysis in DIC 
is controversial. Heparin is of theoretical benefit because it blocks thrombin 
activity and quenches intravascular coagulation and the resultant secondary 
fibrinolysis. In practice, heparin might exacerbate the bleeding tendency in 
acute DIC. Heparin is usually reserved for special forms of DIC, including those 
manifested by thrombosis or acrocyanosis and forms that accompany cancer, 
vascular malformations, retained dead fetus, and possibly acute promyelocytic 
leukemia, in which active bleeding is not present. A meta-analysis of random-
ized controlled trials of anticoagulant therapy specifically in patients with sepsis 
and sepsis-induced DIC showed an increased risk of bleeding but significant 
reduction in mortaility. (In the study, anticoagulation had no benficial effects 
on mortality in the absence of DIC). A1  In cases of DIC in which thrombosis or 
acral ischemia predominates, unfractionated heparin should be used by con-
tinuous infusion because of its short half-life and reversibility in the event of 
increased bleeding. Monitoring of the aPTT in the presence of DIC may be 
problematic, so heparin infusion in this setting should be followed mainly by 
clinical response and improvement in results of other tests of coagulation (e.g., 
thrombocytopenia). Antifibrinolytic agents, including ε-aminocaproic acid and 
tranexamic acid, are generally contraindicated in DIC. By blocking the second-
ary fibrinolytic response to DIC, these drugs cause unopposed fibrin deposition 
and may precipitate thrombosis. Antifibrinolytic agents may be effective in 
decreasing life-threatening bleeding in DIC, however, particularly in extreme 
cases in which aggressive blood component replacement fails to control the 
hemorrhage; in such situations, simultaneous infusion of low doses of heparin 
is needed to reduce the risk for thrombosis.

Recombinant human activated protein C (rhAPC) has not been confirmed 
to reduce mortality in patients with septic shock. A2  There is insufficient evi-
dence to support the use of antithrombin III in patients with sepsis and DIC.9 
Recombinant human soluble thrombomodulin is under active investigation 
for management of DIC in different settings.10 Therefore, rhAPC was withdrawn 
by its manufacturer in 2011. Although recombinant tissue factor pathway 
inhibitor, antithrombin III concentrates, and human soluble thrombomodu-
lin may have some efficacy in improving laboratory parameters of DIC, the 
overall survival benefit with these agents in patients with DIC has not been  
demonstrated.
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 VITAMIN K DEFICIENCY
Vitamin K is required for γ-carboxylation of glutamic acid residues of the 
procoagulant factors II (prothrombin), VII, IX, and X and the anticoagulant 
factors protein C and protein S via the enzyme, γ-glutamyl carboxylase (GGCX). 
This post-translational modification normally renders these proteins function-
ally active in coagulation. The PT is more sensitive than the aPTT in detecting 
vitamin K deficiency states because factor VII, the only vitamin K–dependent 
factor that is in the extrinsic pathway of coagulation, is the most labile of these 
proteins.

The two major sources of vitamin K are dietary intake and synthesis by the 
bacterial flora of the intestine. In the absence of malabsorption, nutritional 
deficiency alone rarely causes clinically significant vitamin K deficiency. The 
condition can arise, however, when eradication of gut flora is combined with 
inadequate dietary intake. This situation typically occurs in critically ill patients 
in intensive care units who have no oral intake and are receiving broad-spectrum 
antibiotics for prolonged periods. Vitamin K deficiency can also develop in 
patients receiving total parenteral nutrition unless the infusions are supple-
mented with vitamin K. Certain mutations of the gene encoding GGCX can 
also cause a bleeding diathesis.16

Vitamin K is absorbed predominantly in the ileum and requires the pres-
ence of bile salts. Clinically significant vitamin K deficiency occurs with mal-
absorption of fat-soluble vitamins secondary to obstructive jaundice (Chapter 
146) or with malabsorption caused by intrinsic small bowel diseases, including 
celiac sprue, short-bowel syndrome, and inflammatory bowel disease (Chapters 
131 and 132).

Warfarin acts as an anticoagulant by competitive antagonism of vitamin K. 
Rare cases of hereditary deficiency of the vitamin K–dependent coagulation 
factors may cause a lifelong bleeding tendency.

Correction of vitamin K deficiency, when it is clinically significant, can be 
achieved with oral supplementation, unless malabsorption is present, in which 
case parenteral vitamin K (10 mg subcutaneously daily) should be adminis-
tered. Emergency treatment of bleeding caused by vitamin K deficiency is 
transfusion of fresh-frozen plasma or four-factor prothrombin complex con-
centrate (PCC, Kcentra).

serum albumin and transaminases. A disproportionate prolongation of the 
thrombin time should suggest the presence of dysfibrinogenemia. Hypersplen-
ism (Chapter 159), possibly associated with nutritional folate deficiency or 
the acute toxic effects of alcohol on bone marrow, often causes mild to moder-
ate thrombocytopenia in patients with liver disease. Thrombocytopenia in 
liver disease can also be due to impaired synthesis of thrombopoietin, the 
primary megakaryocytopoietic growth factor (Chapter 147). However, con-
sideration should be given to other coexisting causes of thrombocytopenia if 
the platelet count is significantly less than 30,000/µL.

The coagulopathy of liver failure is often indistinguishable from that of 
DIC, in part because some degree of DIC is in fact a necessary accompani-
ment of advanced liver disease. In general, patients with DIC have more marked 
decreases in levels of factor VIII and increases in D-dimer than do patients 
with liver failure.

Global coagulation tests, such as thrombelastography (ROTEM), thrombin 
generation assay, and clot waveform analysis (Chapter 162), would seem to 
lend themselves ideally to assessing bleeding or thrombotic risk and monitor-
ing the overall hemostatic state of a complex coagulopathy like the one encoun-
tered in patients with liver disease. While ROTEM is increasingly used 
perioperatively in liver transplantation, the clinical utility of these global 
coagulation assays in chronic liver disease has not yet been validated.

Given more recognition that simple clinical coagulation tests like the PT/
INR are of little value in predicting bleeding problems in patients with liver 
disease, and the continued dearth of evidence that blood component transfu-
sions can predictably avert bleeding complications based on certain cutoff 
values of PT/INR or platelet count, there has been a significant movement 
toward more restrictive transfusion strategies in these patients. This shift in 
practice has been driven not only by the lack of proven benefit in preventing 
bleeding, but also the increasing recognition that attempting to correct abnor-
mal laboratory values with therapeutic transfusions may paradoxically exacerbate 
bleeding in some cases by further expanding intravascular volumes and increas-
ing portal pressures. This may, for example, lead to increased risk of variceal 
bleeding. Restrictive transfusion policies are now widely used in liver trans-
plantation, where they have led to significant reductions in intraoperative blood 
loss and red cell transfusion requirements. By reducing central venous pressures, 
and consequently portal pressures, even performing intraoperative phlebotomy 
has decreased blood loss with liver transplantation.15

For these reasons, routine transfusion of FFP for prophylaxis of bleeding in 
coagulopathic liver disease patients is not recommended because patients are 
unlikely to benefit. Response to FFP is unpredictable and usually does not fully 
normalize the PT/INR even when multiple units are transfused. This is in part 
due to the fact that FFP and especially stored thawed plasma itself often does 
not have an INR of less than 1.3. Some institutional guidelines have recom-
mended empirically giving an intravenous dose of vitamin K, which may slightly 
reduce the PT/INR in liver failure, as well as transfusing cryoprecipitate if the 
plasma fibrinogen is less than 100 mg/dL (as a concentrated source of fibrino-
gen) in patients with or without active bleeding who are undergoing invasive 
procedures. There is little experience with the efficacy of four-factor prothrombin 
complex concentrate (PCC, Kcentra), which is currently approved for urgent 
reversal of vitamin K antagonists. Transfusing plasma (10 mL/Kg) is usually 
reserved for actively bleeding patients who are not responding to these treat-
ments and platelet transfusions if indicated.

In addition to the uncertainty regarding platelet count thresholds for platelet 
transfusion in patients with liver disease, there are other considerations in those 
who have portal hypertension with congestive splenomegaly and hypersplen-
ism. Normally, about one third of the total peripheral platelet pool is sequestered 
in the spleen at any given time. In a patient with hypersplenism, platelet seques-
tration in the spleen can expand to as much as 90%, depending on the size of 
the spleen. Much of this splenic platelet pool can be mobilized into the circula-
tion with catecholamines. It is unknown whether this phenomenon also occurs 
in response to endogenous catecholamines, but it is plausible that the stress 
of a hemostatic challenge could induce a transient increase in platelet counts, 
making the baseline level of thrombocytopenia in these patients a significant 
underestimation of what actually occurs in vivo. Related to the potentially 
marked expansion of the splenic platelet pool with hypersplenism, transfusion 
of a given amount of platelets often does not produce the expected “bump” 
in platelet count, and more units of platelets might be needed to achieve a 
calculated recovery in peripheral blood. The use of a thrombopoietin-receptor 
agonist to increase the platelet count is contraindicated at this time. A random-
ized trial using eltrombopag 75 mg daily versus placebo to increase the platelet 
count of thrombocytopenic patients (platelets <50,000 per µL) with chronic 
liver disease of diverse causes prior to a planned elective procedure was pre-
maturely terminated because of an excess of cases of portal vein thrombosis 

TREATMENT 

in the treatment group. A3  Previous treatment regimens for hepatitis C virus 
(HCV) infection required peginterferon and ribavirin, which suppressed platelet 
counts in already thrombocytopenic patients and thereby compromised antiviral 
treatment. Eltrombopag raised platelet counts sufficiently in these patients (to 
>100,000 per µL) to allow the full-dose initiation and maintenance of these 
antiviral drugs, leading to improved sustained virologic response. A4  However, 
improved treatment today for HCV with direct-acting antivirals may obviate 
the need for raising the platelet count.

Because of the increased risk of thrombosis, as well as bleeding, in patients 
with chronic liver disease, prophylactic anticoagulation, especially when hos-
pitalized or immobilized, should not be withheld. Prophylactic doses of low-
molecular-weight heparin are safe to use. If there is coexisting kidney disease 
that precludes its use, prophylactic doses of unfractionated heparin or warfarin 
can be substituted, although monitoring of the latter may be complicated by 
a preexisting prolonged INR. In patients who are actively bleeding or have a 
very low platelet count, mechanical thromboprophylaxis can be substituted 
for pharmacologic thromboprophylaxis.
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REVIEW QUESTIONS

1. Which of the following statements is correct regarding disseminated intra-
vascular coagulation (DIC)?
 A. There is always an underlying cause for DIC.
 B. Laboratory screening test results showing normal to increased platelet 

counts or normal to shortened (not prolonged) prothrombin time (PT) 
and activated partial thromboplastin time (aPTT) essentially rule out 
DIC.

 C. The primary pathophysiologic mechanism of DIC is bleeding; throm-
bosis can sometimes occur as a secondary event.

 D. Large numbers of schistocytes (fragmented red cells) are characteristic 
blood smear findings in DIC.

 E. The prolongation of PT and aPTT in DIC is a function of depletion of 
coagulation factors.

Answer: A DIC is a syndrome with many possible causes and never occurs 
in isolation as a primary event without an underlying cause. The results of 
laboratory screening tests of DIC (PT, aPTT, platelet count, D-dimers) can 
be highly variable; in fact, in chronic forms of so-called overcompensated 
DIC, most commonly due to malignant disease, the PT and aPTT can be 
actually shortened, and the platelet count can even be elevated. The primary 
pathophysiologic mechanism of DIC, regardless of cause, is activation of the 
coagulation cascade leading to increased fibrin generation and microvascular 
fibrin deposition; therefore, DIC is a primarily thrombotic process. The sys-
temic bleeding that is more often seen in acute DIC is due to a combination of 
depleted (“consumed”) coagulation factors and platelets as well as the circulating 
anticoagulant effect generated by increased levels of D-dimers. Schistocytes 
(fragmented red cells) are nowhere nearly as prominent in the peripheral smear 
of a patient with DIC as they are in thrombotic thrombocytopenic purpura. 
As noted before, the prolongation of PT and aPTT in DIC is caused not just 
by the depletion of clotting factors (“consumption”) but also by the powerful 
circulating anticoagulant effects of fibrin(ogen) degradation products.

2. Which of the following statements is correct regarding the coagulopathy 
of liver failure?
 A. In considering anticoagulation in a patient with liver failure, it should 

be taken into account that the already prolonged PT (and sometimes 
also aPTT) intrinsic to liver failure has already made the patient at least 
partially “auto-anticoagulated.”

 B. The degree of decrease in serum albumin is a better prognostic marker 
than the PT (or international normalized ratio [INR]) in a patient with 
acute viral hepatitis who has fulminant liver failure.

 C. Patients with the coagulopathy of liver failure (prolonged PT and some-
times aPTT, with thrombocytopenia) have a serious bleeding risk but 
not thromboembolic risk.

 D. In general, liver biopsy can be safely performed in a patient with liver 
failure when the PT and aPTT do not exceed 1.5 times control values 
and the platelet count is above 50,000.

 E. In case of bleeding in a liver failure patient, prothrombin complex con-
centrates and recombinant human activated factor VII (rFVIIa) are 
first-line hemostatic agents.

Answer: D The American Association for the Study of Liver Diseases has 
stated that the bleeding risk-benefit ratio of liver biopsy must be carefully 
considered on a case-by-case basis. Nevertheless, most experts think that in 
general, biopsy can be performed without excessive risk of bleeding with the 
PT and aPTT both being less than 1.5 times control and the platelet count 
above 50,000. The notion that a patient in liver failure who already has a 

prolonged PT and thrombocytopenia is auto-anticoagulated is misleading. It 
ignores the complex pathophysiologic process of the coagulopathy of liver 
failure, which also involves important prothrombotic abnormalities. Patients 
with liver failure have a two-fold increase in the risk of venous thromboem-
bolism compared with control individuals, even when the PT (INR) is pro-
longed. Prothrombin complex concentrates and rVIIa are effective “general” 
hemostatic agents but carry a risk of thrombosis, especially in liver failure 
patients, who may have an impaired ability to clear those activated clotting 
factors. A prolonged PT is a useful prognostic indicator in various forms of 
liver disease and is actually a better index of prognosis than the serum albumin 
in acute viral hepatitis.

3. A 62-year-old man with known cirrhosis with portal hypertension and 
splenomegaly as well as alcoholic cardiomyopathy with poorly controlled 
heart failure is admitted to the intensive care unit with septic shock second-
ary to gram-negative sepsis. He is still intubated on hospital day 6. A hema-
tology consultation is requested now because it is noted that his INR (PT) 
has been progressively rising since admission, from a baseline of 1.2 to 1.9. 
Which of the following is not likely to be contributing to this patient’s 
rising INR?
 A. Cirrhosis
 B. Splenomegaly with hypersplenism
 C. Sepsis
 D. Heart failure
 E. Vitamin K deficiency

Answer: B Worsening liver function could be contributing to the rising INR 
in this setting but not the associated portal hypertension, splenomegaly, and 
hypersplenism. Sepsis could be causing DIC, and worsening right-sided heart 
failure could be causing passive hepatic congestion, both of which might be 
likewise contributing. The two major sources of vitamin K are its dietary 
intake and its synthesis by bacterial flora in the intestine. Both of these sources 
of vitamin K have been essentially eliminated in this patient because he has 
not been eating and his gut flora has been largely sterilized with the use of 
broad-spectrum antibiotics for sepsis; this is a prototypical setting for vitamin 
K deficiency. (Elimination of only one source of vitamin K, that is, poor nutri-
tion or use of antibiotics, is usually not sufficient to cause clinically significant 
vitamin K deficiency.)

4. Which of the following is not a coagulation abnormality in advanced liver 
disease?
 A. Dysfibrinogenemia
 B. Disseminated intravascular coagulation
 C. Acquired factor VIII inhibitor
 D. Increased fibrinolytic activity
 E. Decreased synthesis of coagulation factors

Answer: C The pathophysiologic mechanism of bleeding in liver failure is 
complex and multifactorial. Impaired liver function reduces the synthesis of 
all coagulation factors because that organ is the major site of their synthesis. 
Because the liver is also the major site of clearance of trace amounts of circu-
lating activated clotting factors, liver failure is associated with increased levels 
of these, leading to essentially a state of DIC. (It is why it is so difficult and 
sometimes impossible to distinguish the coagulopathy of liver failure from 
the coagulopathy of DIC; they may in fact often coexist in liver failure.) 
Enhanced fibrinolytic activity, partly secondary to DIC, is part of the picture 
in liver disease, as is the development of dysfibrinogenemia (functional abnor-
mality of fibrinogen).
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Blood transfusion can be lifesaving and is currently the safest it has ever been. 
However, blood transfusion is associated with multiple adverse outcomes, 
including both noninfectious and infectious complications. Thus, benefits and 
risks of transfusion must be considered for each patient for optimal outcome. 
In fact, the United States and other countries have implemented patient blood 
management programs and evidence-based medicine. Patient blood manage-
ment, as defined by the American Association of Blood Banks (AABB), is an 
evidence-based, multidisciplinary approach to optimize care of patients who 
might need transfusion. Through patient blood management, hospital costs 
can be reduced, quality of care improved, and patient outcome bettered. As 
a result, blood utilization has plummeted in the United States and worldwide. 
In the United States, 11.3 million units of red blood cells (RBCs) were trans-
fused in 2015, which is markedly decreased from the high of 14.8 million 
units in 2008.1 Platelet transfusions have remained unchanged at around 2.0 
million units while plasma transfusions have decreased from 4.3 to 2.7 million 
units/year.

 BLOOD COMPONENTS
The majority of blood collections are whole blood, which can then be separated 
into plasma, platelets, and red blood cell (RBC) components. In the United 
States, 85% of RBC units are manufactured from whole blood and greater 
than 90% of platelet components are collected by apheresis.

The majority of blood is transfused as component therapy, tailored to the 
need of a specific patient. Blood components such as RBCs, plasma, plate-
lets, or granulocytes are obtained either from donation of whole blood or via 
apheresis (Table 167-1). Each component is able to be stored under their 
respective optimal conditions; RBCs are refrigerated with additive solutions 
to improve long-term storage, plasma is frozen to preserve clotting factors, 

and platelets are stored at room temperature to preserve function and post-
transfusion survival. As needed, components can be modified (e.g., irradiated) 
or selected (e.g., hemoglobin S negative) to meet specific patient requirements.

 Whole Blood
Whole blood contains RBCs, platelets, and plasma. It is stored refrigerated 
unless used shortly after collection. The shelf-life depends on the storage con-
ditions and preservation solution used. Whole blood provides oxygen-carrying 
capacity (RBCs) and coagulation support (plasma and platelets). Whole blood 
has largely been replaced by individual blood components (“component 
therapy”) because most patients only require one component (RBCs, platelets, 
or plasma).

Recently, there has been an increase in the use of whole blood, particularly 
for trauma patients. The military uses a walking donor program for fresh whole 
blood, which is stored at 22° C for less than 24 hours. This product has addressed 
blood component shortages in austere environments, particularly platelet 
products. For civilian trauma some institutions are using cold stored (2 to  
6° C) whole blood, which may or may not be leukoreduced (i.e., depleted of 
leukocytes). Additionally, whole blood is sometimes used for pump-priming 
in pediatric cardiac surgery, with the goal of decreasing donor exposure. The 
benefits for use of whole blood in either clinical situation is not supported by 
randomized controlled trials.

 Red Blood Cell Components
RBC components are usually prepared from whole blood by removing 200 
to 250 mL of plasma after centrifugation. RBC components can also be manu-
factured by apheresis, which can collect two components from a single donor. 
RBC components are stored at 1 to 6° C, which allows for 42-day storage. 
General characteristics of RBC components include 130 to 240 mL of RBCs, 
50 to 80 g of hemoglobin, and 150 to 250 mg of iron per unit. The total 
volume, 250 to 350 mL, and hematocrit, 55 to 80%, vary depending on the 
volume of blood collected (450 versus 500 mL) and the specific preservative 
used, which also determines its shelf life. RBCs stored: in citrate-phosphate-
dextrose (CPD) have a hematocrit of 65 to 80% and a shelf life of 21 days, in 
CPDA-1 have a hematocrit of 65 to 80% and a shelf life of 35 days, and in 
additive solution have a hematocrit of 55 to 65% and a shelf life of 42 days. 
In the United States, most RBC components are stored in additive solutions. 

TABLE 167-1 BLOOD PRODUCT CHARACTERISTICS
PRODUCT VOLUME COMPOSITION STORAGE CONDITIONS STORAGE LENGTH COMMENTS
Red Blood 

Cells
300-350 mL 200 mL RBCs,

50-100 mL plasma,
50-100 mL anticoagulant 

and additive solution

1-6° C CPD: 21 days
CPDA-1: 35 days
AS: 42 days

•	 Leukoreduced:	<5 × 106 leukocytes
•	 Red	blood	cells	must	be	ABO	

compatible with patient plasma
•	 D	compatible	for	females	with	

childbearing potential
Platelets 50 mL per whole blood 

derived platelet 
component; 
200-400 mL/apheresis 
component

Platelets suspended in 
sufficient plasma or 
platelet additive solution

20-24° C with constant 
gentle agitation

5 days or 7 days with 
additional bacterial 
mitigation

Pooled in an open system: 
4 hrs

•	 Whole	blood	derived	platelets:	5.5	× 
1010 platelets/unit

•	 Whole	blood	derived	platelets	into	
pools of 4-6 units

•	 Apheresis	platelets:	3	× 1011 platelets
•	 Pool	or	apheresis,	leukoreduced:	<5 × 

106 leukocytes
•	 ABO	or	D	compatible	is	not	required

Plasma 200-250 mL One	mL	of	plasma	contains	
one unit of coagulation 
factor activity

−18° C; 1-6° C after 
thawing

Frozen shelf life: 1 yr
FFP/FP24/PF24RT24 

after thaw: 24 hrs
Thawed plasma: 5 days

•	 FFP:	Plasma	frozen	within	8	hrs	of	
phlebotomy

•	 FP24:	Plasma	frozen	within	24	hrs	of	
phlebotomy

•	 PF24RT24:	Plasma	frozen	within	
24 hrs after phlebotomy held at room 
temperature up to 24 hrs after 
phlebotomy

•	 Thawed	plasma:	FFP/FP24/FP24RT24	
stored for up to 4 days beyond outdate

•	 Plasma	must	be	ABO	compatible	with	
patient RBCs

•	 D	compatible	is	not	required
Cryoprecipitate 10-15 mL/unit 80-120 units Factor VIII,

>150 mg Fibrinogen,
Factor XIII, VWF

−18° C; room temperature 
after thawing

Frozen shelf life: 1 yr
Thawed/pooled in an 

open system: 4 hrs
Thawed/pooled in a 

closed system: 6 hrs

•	 ABO	and	D	compatible	cryoprecipitate	
is not required

AS = additive solution; CPD = citrate-phosphate-dextrose (anticoagulant); CPDA = citrate-phosphate-dextrose-adenine (anticoagulant); FFP = fresh frozen plasma; vWf = von Willebrand factor.
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ABSTRACT
Blood transfusion can be lifesaving and is currently the safest it has ever been. 
However, blood transfusion is associated with multiple adverse outcomes, 
including both noninfectious and infectious complications. These risks and 
their mitigation strategies are discussed. Some mitigation strategies include 
donor testing and pathogen inactivation, irradiation, and leukoreduction of 
the products. The benefits and risks of transfusion must be considered for 
each patient for optimal outcome. The United States and other countries have 
implemented patient blood management programs and evidence-based medi-
cine. Patient blood management is an evidence-based, multidisciplinary 
approach to optimize care of patients who might need transfusion. With patient 
blood management, hospital costs can be reduced through decreased blood 
use, quality of care improved, and patient outcome bettered. The transfusion 
management of massively bleeding trauma patients continues to evolve with 
the use of whole blood, higher ratios of plasma and platelets to red blood cell 
units, thromboelastography testing, and tranexamic acid use. New therapies 
in development for bleeding patients include cold stored platelets and lyophi-
lized plasma. Hemoglobinopathy patients receive antigen matched red blood 
cell units to decrease the risk of alloimmunization which results in hemolytic 
transfusion reactions. Patient transfusion management continues to improve 
as more knowledge is gained, especially regarding the impact of the donor, 
product, and patient in patient outcomes.
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information (mandated in some states). Additionally, all transfusion-related 
fatalities must be reported to the U.S. Food and Drug Administration (FDA) 
who publish annual reports.

 Noninfectious Adverse Effects of Blood Transfusion
ACUTE HEMOLYTIC TRANSFUSION REACTION
Acute hemolytic transfusion reactions (AHTRs) occur when preformed recipi-
ent antibodies bind to transfused RBC antigens resulting in antigen-antibody 
complex formation. This complex formation activates the complement cascade 
and causes intravascular hemolysis. Most commonly, AHTRs are severe reac-
tions	due	to	ABO	incompatibility.	This	occurs	when	transfused	RBC	antigens	
are incompatible with the recipient’s plasma (e.g., group A RBCs into group 
O	recipient)	or,	less	commonly,	when	transfused	plasma	contains	antibodies	
against	the	recipient’s	RBC	antigens	(e.g.,	group	O	plasma	into	group	A	recipi-
ent). AHTRs can also be associated with antigen-antibody complex formation 
outside	of	the	ABO	system.	Lastly,	RBC	destruction	may	be	unrelated	to	the	
transfusion and be a result of mechanical hemolysis.

The	incidence	of	AHTRs	is	approximately	1:100,000	transfusions	for	ABO-
related and approximately 1:200,000 for other antibodies. Approximately 50% 
of	ABO-incompatible	RBC	transfusions	have	no	adverse	effect,	but	5%	are	fatal.	
ABO-incompatible	RBC	transfusions	most	commonly	occur	with	mistrans-
fusion, when the patient receives an incorrect unit. Mistransfusion is usually 
caused by human error, including improper identification of the intended 
recipient	during	pretransfusion	sample	collection,	improper	ABO	typing	of	
the blood component or the intended recipient, or improper identification of 
the recipient or the blood component at the time of transfusion.

The signs and symptoms of AHTRs are fever, chills/rigors, anxiety, chest 
and abdominal pain, flank and back pain, nausea, vomiting, dyspnea, hemo-
globinuria,	diffuse	bleeding,	and	oliguria/anuria.	 If	an	AHTR	is	 suspected,	
the transfusion should be stopped immediately and reported to the transfusion 
service for investigation. Supportive care should be given to the patient. Diag-
nosis is based on laboratory evidence of hemolysis (e.g., decreased hemoglobin, 
decreased haptoglobin, hemoglobinuria, and elevated lactate dehydrogenase) 
and evidence of incompatible blood transfusion (e.g., positive direct antiglobulin 
test and incompatible crossmatch).

AHTRs can be mitigated with improved tracking of specimens and com-
ponents through radio-frequency identification (RFID) systems. Also, many 
hospitals have policies for patients to have two separate blood typings prior 
to releasing type-specific RBC components.

Febrile Nonhemolytic Transfusion Reaction
Febrile nonhemolytic transfusion reaction (FNTR), with an incidence of 
approximately 1:900 transfusions, is defined as a temperature increase of 1° 
C or more or greater than 38° C, and/or chills/rigors occurring within 4 hours 
of cessation of transfusion. By definition, the temperature increase cannot 
be attributed to other etiologies. In platelet components, FNTRs are caused 
by leukocyte-derived cytokines which accumulate in the component during 
storage. In RBC components, these reactions are caused by donor leukocytes 
interacting	with	patient	white	blood	cell	antibodies.	Of	note,	the	incidence	of	
FNTRs has significantly decreased with the widespread use of leukoreduction.

If an FNTR is suspected, the transfusion should be stopped and reported 
to the transfusion service for investigation to rule out a more serious transfusion-
associated adverse event. Supportive care should be administered to the patient.

Allergic Transfusion Reaction
Allergic transfusion reactions, with an incidence of approximately 1:1200 
transfusions for mild to moderate reactions and approximately 1:15,000 for 
more severe reactions, occur when preformed recipient antibodies bind to 
transfused allergens. Platelet and plasma components are more often associ-
ated with allergic reactions because these components have more plasma. 
Mild reactions consist of urticaria with or without generalized pruritus or 
flushing. More severe symptoms include hoarseness, stridor, wheezing, dyspnea, 
hypotension, gastrointestinal symptoms, and shock. Mild reactions can be 
treated by temporarily stopping the transfusion and administering antihista-
mines, whereas severe reactions require discontinuation of the transfusion 
and treating with epinephrine, H1-receptor antagonists, and steroids. Pre-
medication with antihistamines decreases the incidence of allergic reactions, 
but only in patients with a history of allergic reactions. Platelets stored in 
platelet additive solution have less plasma and thus a decreased allergic reac-
tion rate of 0.29% compared with 0.82% with platelets stored in plasma. Solvent/
detergent-treated plasma from pooled donors also has lower allergic reaction 
rates.

In addition to the component modifications mentioned above for RBCs, 
platelet components are processed to minimize the risk of adverse events. 
Platelet components are screened for the presence of bacteria to prevent septic 
transfusion reactions. Also, platelet components are prepared to reduce the 
risk of transfusion-related acute lung injury (TRALI) by selecting male or 
never-pregnant female donors or testing previously pregnant donors for HLA 
antibodies. Finally, platelets stored in platelet additive solutions have less plasma 
and thus are less likely to result in allergic reactions and hemolytic reactions 
due	to	ABO	incompatibility	between	the	donor	and	recipient.

 Plasma Components
Plasma components can be produced from whole blood after centrifugation 
and RBC removal or by apheresis. Notably, the following information applies 
to the United States, but other countries have simpler terms for their plasma 
components.2 Fresh frozen plasma (FFP) is frozen at −18° C or colder within 
8 hours of collection. Plasma frozen at −18° C or colder within 24 hours of 
collection is referred to as plasma frozen within 24 hours after phlebotomy (FP24). 
Plasma frozen within 24 hours after phlebotomy held at room temperature up to 
24 hours after phlebotomy (PF24RT24) prepared from apheresis collections 
is	also	available.	Once	frozen,	plasma	has	a	frozen	shelf	life	of	1	year.	Prior	to	
transfusion, plasma must be thawed to 30 to 37° C, a process that takes 20 to 
30 minutes. Thawed plasma should be transfused immediately or stored at 1 
to 6° C for up to 24 hours. Thawed plasma stored for up to 4 additional days 
at 1 to 6° C to prevent wastage must be labeled as thawed plasma. FFP contains 
approximately 1 IU/mL of each clotting factor. By comparison, FP24 has 
approximately 20% less factor VIII, which is a clinically insignificant reduction 
in nonhemophiliac patients. Thawed plasma stored for up to 5 days has further 
decreased	 levels	of	 factors	VII,	V,	and	especially	VIII,	but	 these	differences	
are not usually clinically significant. Practically, FFP, FP24, PF24RT24, and 
thawed plasma are considered equivalent and interchangeable.

Other	plasma	components	which	are	less	commonly	used	include	plasma 
cryoprecipitate reduced and liquid plasma. Cryoprecipitate-reduced plasma is 
the plasma remaining after cryoprecipitate is removed. It is also called “cryo-
supernatant” or “cryo-poor plasma” and is mostly deficient in factor VIII, 
fibrinogen, von Willebrand factor, factor XIII, and fibronectin. As with other 
plasma components, it can be kept at 1 to 6° C for 5 days once relabeled as 
thawed plasma cryoprecipitate reduced. The sole clinical indication for 
cryoprecipitate-reduced plasma is in the treatment of thrombocytopenic 
thrombotic purpura (Chapter 163). Liquid plasma, stored at 1 to 6° C, is 
separated from whole blood and transfused no later than 5 days after expira-
tion date of the whole blood. There is progressive decrease in coagulation 
factor activity and increased activation risk during storage after 7 days. This 
product contains viable lymphocytes, so it requires irradiation if clinically 
indicated. Few hospitals are using this product for massive transfusion protocols 
with few clinical studies performed.

 Cryoprecipitate
Cryoprecipitate is manufactured by thawing FFP at 1 to 6° C. During this 
thawing process, a precipitate forms (the cryoprecipitate) which is subsequently 
separated and refrozen. Cryoprecipitate is selectively enriched in fibrinogen, 
fibronectin, factor VIII, von Willebrand factor, and factor XIII. Cryoprecipitate 
and its supernatant (cryoprecipitate-poor plasma) are separately refrozen and 
stored for up to 1 year after collection.

Each unit of cryoprecipitate contains at least 150 mg fibrinogen and 80 IU 
of factor VIII. A single 10 to 15 mL unit of cryoprecipitate should increase 
the fibrinogen concentration by approximately 50 mg/dL per 10 kg of body 
weight. For adult patients, the typical order is a dose of 10 units of cryopre-
cipitate, which are pooled into a single bag for transfusion. Thawing a unit of 
cryoprecipitate in a 30 to 37° C water bath and then pooling the units may 
take 30 minutes. Many institutions now store prepooled cryoprecipitate. These 
prepooled units are usually composed of five single units of cryoprecipitate 
pooled prior to freezing and thus do not require pooling post thaw.

 Granulocytes
Granulocytes have a 24-hour shelf life and are stored at room temperature 
without agitation. Mostly they are collected by apheresis using hydroxyethyl 
starch to improve collection. In order to increase the number of granulocytes 
collected, the donor may be stimulated with steroids yielding components with 
approximately 1 × 1010 granulocytes and donors stimulated with steroids and 
granulocyte colony-stimulating factor (G-CSF) (Chapter 147) yield com-
ponents with approximately 1 × 1011 granulocytes. Apheresis granulocytes 
have approximately 200 mL volume, 10 to 50 mL of RBCs, 3 × 1011 platelets 

Small amounts of plasma, platelets, and leukocytes remain in RBC components, 
unless the latter have been removed by leukoreduction filtration (which also 
removes platelets), which is typical in about 85% of the RBC components 
used in the United States. Canada and many countries in Europe have a uni-
versally leukoreduced blood supply.

 RED BLOOD CELL COMPONENT MODIFICATION
RBCs and other blood components can be modified to mitigate the complica-
tions of transfusion, such as transmission of infectious agents, and to enhance 
the preservation of rare components. Modified blood components include 
leukoreduced, irradiated, pathogen reduced, frozen, and washed components.

 Leukoreduction
In order to remove 99.9% of the white blood cells (yielding <5 × 106 white 
blood cells per component), most RBC and platelet components transfused 
in the United States are leukoreduced. This process decreases the incidence 
of febrile nonhemolytic transfusion reactions (FNHTRs) and the risk of 
transfusion-transmitted cytomegalovirus (CMV) and other leukocyte-
transmitted infections. Leukoreduction likewise reduces the risk of HLA 
alloimmunization as well as the incidence of transfusion-related immuno-
modulation (TRIM). The latter involves a transient depression of the immune 
system after transfusion.

 Irradiation
Irradiation of cellular blood components prevents transfusion-associated 
graft-versus-host-disease (TA-GVHD). The tissue damage that results from 
TA-GVHD is due to engraftment of donor lymphocytes in the recipient. 
It is almost uniformly fatal. TA-GVHD occurs in immunocompromised 
individuals who are unable to mount an immunological response against 
donor lymphocytes or in those who cannot recognize donor lymphocytes 
(e.g., from close relatives) as foreign. Irradiation of RBCs shortens their  
storage period.

 Cryopreservation
Freezing of RBCs extends their storage capability to ten or more years. Red 
cells with rare phenotypes therefore can be frozen and banked for prolonged 
periods and be more readily available for patients with antibodies to high-
frequency antigens or rare combinations of antigens. After thawing, frozen 
RBCs must be meticulously washed to remove the cryoprotectant (glycerol) 
with which they are stored. Because washed cellular blood components are 
depleted of plasma proteins, they are the preferred products for patients with 
a history of allergic, anaphylactoid, or anaphylactic reactions. Washed RBCs 
expire 24 hours after washing.

 Pathogen Reduction
Pathogen reduction inactivates nucleic acids in viruses and bacteria and thus 
reduces the risk of transfusion-transmitted known and unknown pathogens 
in the blood supply. It also inactivates residual white blood cells, thus eliminat-
ing the need for irradiation. Pathogen reduced platelets and plasma are available 
in many countries. These products are seldom used in the United States; 
however, in some European countries they are used preferentially. RBC com-
ponents derived from pathogen reduced whole blood are approved in Europe 
and in use in Africa. Pathogen reduced RBCs are undergoing clinical trials 
for approval in other countries.

 Platelet Components
Platelet components can be produced from whole blood or apheresis collections 
and generally have a volume of approximately 300 mL. Platelets derived from 
whole blood are commonly referred to as random donor platelets or platelet 
concentrates. Each unit derived from whole blood contains approximately 0.5 × 
1011 platelets. Typically 5 units are pooled to provide a therapeutic dose of 3.0 
× 1011 platelets. Platelets collected by apheresis (or plateletpheresis) are referred 
to as single donor platelets or apheresis platelets. The required minimum content 
for a platelet component collected by apheresis is 3.0 × 1011 platelets, but many 
apheresis-derived platelet collections contain two or three times the required 
minimum and are therefore split to make multiple platelet components from 
a	single	collection.	Outside	the	United	States,	platelets	are	made	from	whole	
blood	using	the	buffy	coat	method.	These	are	then	pooled	and	stored	in	either	
platelet additive solution or a single donor’s plasma. Platelet components are 
stored for up to 5 days at room temperature with gentle agitation to ensure 
O2	and	CO2 transfer. Notably, with additional bacterial screening or pathogen 
reduction, depending on the country, they can be stored for up to 7 days.
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information (mandated in some states). Additionally, all transfusion-related 
fatalities must be reported to the U.S. Food and Drug Administration (FDA) 
who publish annual reports.

 Noninfectious Adverse Effects of Blood Transfusion
ACUTE HEMOLYTIC TRANSFUSION REACTION
Acute hemolytic transfusion reactions (AHTRs) occur when preformed recipi-
ent antibodies bind to transfused RBC antigens resulting in antigen-antibody 
complex formation. This complex formation activates the complement cascade 
and causes intravascular hemolysis. Most commonly, AHTRs are severe reac-
tions	due	to	ABO	incompatibility.	This	occurs	when	transfused	RBC	antigens	
are incompatible with the recipient’s plasma (e.g., group A RBCs into group 
O	recipient)	or,	less	commonly,	when	transfused	plasma	contains	antibodies	
against	the	recipient’s	RBC	antigens	(e.g.,	group	O	plasma	into	group	A	recipi-
ent). AHTRs can also be associated with antigen-antibody complex formation 
outside	of	the	ABO	system.	Lastly,	RBC	destruction	may	be	unrelated	to	the	
transfusion and be a result of mechanical hemolysis.

The	incidence	of	AHTRs	is	approximately	1:100,000	transfusions	for	ABO-
related and approximately 1:200,000 for other antibodies. Approximately 50% 
of	ABO-incompatible	RBC	transfusions	have	no	adverse	effect,	but	5%	are	fatal.	
ABO-incompatible	RBC	transfusions	most	commonly	occur	with	mistrans-
fusion, when the patient receives an incorrect unit. Mistransfusion is usually 
caused by human error, including improper identification of the intended 
recipient	during	pretransfusion	sample	collection,	improper	ABO	typing	of	
the blood component or the intended recipient, or improper identification of 
the recipient or the blood component at the time of transfusion.

The signs and symptoms of AHTRs are fever, chills/rigors, anxiety, chest 
and abdominal pain, flank and back pain, nausea, vomiting, dyspnea, hemo-
globinuria,	diffuse	bleeding,	and	oliguria/anuria.	 If	an	AHTR	is	 suspected,	
the transfusion should be stopped immediately and reported to the transfusion 
service for investigation. Supportive care should be given to the patient. Diag-
nosis is based on laboratory evidence of hemolysis (e.g., decreased hemoglobin, 
decreased haptoglobin, hemoglobinuria, and elevated lactate dehydrogenase) 
and evidence of incompatible blood transfusion (e.g., positive direct antiglobulin 
test and incompatible crossmatch).

AHTRs can be mitigated with improved tracking of specimens and com-
ponents through radio-frequency identification (RFID) systems. Also, many 
hospitals have policies for patients to have two separate blood typings prior 
to releasing type-specific RBC components.

Febrile Nonhemolytic Transfusion Reaction
Febrile nonhemolytic transfusion reaction (FNTR), with an incidence of 
approximately 1:900 transfusions, is defined as a temperature increase of 1° 
C or more or greater than 38° C, and/or chills/rigors occurring within 4 hours 
of cessation of transfusion. By definition, the temperature increase cannot 
be attributed to other etiologies. In platelet components, FNTRs are caused 
by leukocyte-derived cytokines which accumulate in the component during 
storage. In RBC components, these reactions are caused by donor leukocytes 
interacting	with	patient	white	blood	cell	antibodies.	Of	note,	the	incidence	of	
FNTRs has significantly decreased with the widespread use of leukoreduction.

If an FNTR is suspected, the transfusion should be stopped and reported 
to the transfusion service for investigation to rule out a more serious transfusion-
associated adverse event. Supportive care should be administered to the patient.

Allergic Transfusion Reaction
Allergic transfusion reactions, with an incidence of approximately 1:1200 
transfusions for mild to moderate reactions and approximately 1:15,000 for 
more severe reactions, occur when preformed recipient antibodies bind to 
transfused allergens. Platelet and plasma components are more often associ-
ated with allergic reactions because these components have more plasma. 
Mild reactions consist of urticaria with or without generalized pruritus or 
flushing. More severe symptoms include hoarseness, stridor, wheezing, dyspnea, 
hypotension, gastrointestinal symptoms, and shock. Mild reactions can be 
treated by temporarily stopping the transfusion and administering antihista-
mines, whereas severe reactions require discontinuation of the transfusion 
and treating with epinephrine, H1-receptor antagonists, and steroids. Pre-
medication with antihistamines decreases the incidence of allergic reactions, 
but only in patients with a history of allergic reactions. Platelets stored in 
platelet additive solution have less plasma and thus a decreased allergic reac-
tion rate of 0.29% compared with 0.82% with platelets stored in plasma. Solvent/
detergent-treated plasma from pooled donors also has lower allergic reaction 
rates.

(equivalent to a platelet component), and plasma. All granulocytes should 
be irradiated but cannot be leukoreduced and should be transfused as soon 
as possible.

 BLOOD SAFETY
Blood transfusion has continually improved in safety since the 1980s by imple-
mentation of new screening tests, donor criteria, and component modifications. 
Adverse	effects	of	blood	transfusion	can	be	classified	as	acute	(within	hours)	
or delayed (days to years) and as noninfectious (Table 167-2) or infectious 
(Table 167-3).3 Infectious risks include emerging infections, such as Zika 
virus,4 and traditional infections, such as hepatitis B or C. With improvement 
in donor screening, more focus has been on reducing noninfectious transfusion 
reactions.5,6 Many countries have biovigilance reporting systems to monitor 
transfusion	adverse	effects,	such	as	Serious	Hazards	of	Transfusion	(SHOT)	in	
the United Kingdom. The United States passively monitors transfusion adverse 
events through the National Healthcare Safety Network, Centers for Disease 
Control and Prevention (CDC), to which hospitals can voluntarily submit their 

TABLE 167-2 NONINFECTIOUS TRANSFUSION-ASSOCIATED 
EVENTS

TRANSFUSION-ASSOCIATED 
ADVERSE EVENT

RISK PER UNIT TRANSFUSED IN 
THE UNITED STATES

Acute hemolytic transfusion reaction ≈1:100,000	transfusions	for	ABO	related
≈1:200,000 for other antibodies

Febrile nonhemolytic transfusion 
reaction

≈1:900

Allergic transfusion reaction ≈1:1200 mild to moderate
≈1:15,000 severe

Transfusion-associated circulatory 
overload

≈1:10,000

Transfusion-related acute lung injury ≈1:60,000
Hypotensive transfusion reactions ≈1:14,000
Transfusion-associated dyspnea ≈1:17,000
Delayed hemolytic and serologic 

transfusion reaction
≈1:20,000 Delayed hemolytic transfusion 

reaction
≈1:6000 Delayed serologic transfusion 

reaction
Transfusion-associated graft-versus-host-

disease
<1:12,000,000

Post-transfusion purpura ≈1:75,000

TABLE 167-3 INFECTIOUS DISEASE WINDOW PERIOD AND 
RESIDUAL RISK

TEST
WINDOW 

PERIOD (DAYS)
RESIDUAL RISK OF 

TRANSFUSION
HIV MP-NAT 9 ≈1:1,800,000
HIV EIA 21
HCV MP-NAT 7 ≈1:1,600,000
HCV EIA 51-58
HBsAg 30-38 ≈1:300,000
HBV NAT 40-50 (MP) and 

15-34 (ID)
≈1:1,500,000

HTLV 80 ≈1: 3,300,000
Syphilis 1 reported case in the U.S. in the 

last 50 years
Chagas Disease 7 reported cases in the U.S.; none 

since testing
WNV NAT Last case in 2012
Bacterial contamination 1:25,350 Whole Blood Derived 

Platelets and 1:2570 Apheresis 
Platelets

EIA = enzyme immunoassay; HBsAg = hepatitis B virus surface antigen; HBV = hepatitis B virus; 
HCV = hepatitis C virus; HIV = human immunodeficiency virus; HTLV = human T-cell 
leukemia-lymphoma virus; MP-NAT = mini-pool nucleic acid testing; WNV = West Nile virus.
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screened for syphilis by nontreponemal or treponemal tests. No transfusion-
transmitted syphilis infections have been reported in the last several decades 
due to the spirochete’s poor viability during storage.

Trypanosoma cruzi
Chagas disease (Chapter 326) is caused by the flagellate protozoan parasite 
Trypanosoma cruzi. Chagas disease is endemic to Central and South America 
and is transmitted through bites of infected Reduviid bugs, as well as vertically. 
Beyond the acute symptomatic infection, chronic infection typically persists 
for life with asymptomatic, low-level, intermittent parasitemia. These chroni-
cally infected, asymptomatic donors are of concern, and, as such, blood com-
ponents in the United States are screened for T. cruzi by testing for anti–T. 
cruzi antibody. In the United States donors are tested only at their first donation. 
Prior to screening, at least 9 cases of transfusion-transmitted Chagas disease 
were reported in the United States. No subsequent case has been reported in 
the United States.

Zika Virus
Zika virus (Chapter 358) is a mosquito-borne flavivirus that is the focus of 
an ongoing pandemic, which is notable for its severe neurologic sequelae in 
babies born to infected mothers. High rates of subclinical infection, as evi-
denced by the finding of RNA in asymptomatic donors, raise concerns of risk 
to the blood supply. To date, four suspected cases of transfusion-transmitted 
Zika virus have been reported (all in Brazil); none of the cases were associated 
with clinical sequelae in the transfusion recipients. In 2016, the FDA issued 
guidance mandating national blood donor screening in the United States, 
which is now performed using NAT.

Babesia
Babesia (Chapter 332) is a tick-borne parasite resulting in approximately 200 
cases of transfusion transmission. Babesia has endemic and hyperendemic 
foci in the United States. About one quarter of tick-borne infected adults 
and one half of children experience asymptomatic infection or a mild viral-
like illness. Symptoms of babesiosis include fever, chills, pallor, diaphoresis, 
fatigue, myalgia, anorexia, back and abdominal pain, nausea, vomiting, and 
diarrhea. Possible complications in severe babesiosis (most often in neonates, 
elderly, asplenic, and immunocompromised patients, often in association with 
high-grade parasitemia) can include acute respiratory failure, disseminated 
intravascular coagulation, congestive heart failure, renal failure, and coma, with 
fatality rates of 5 to 20% reported. Currently there are both FDA-approved 
and under IND screening tests for Babesia. In July 2018 the FDA issued a 
draft guidance regarding screening blood donors for Babesia in high epidemic 
states to prevent transfusion-transmitted babesiosis. The implementation of 
screening has decreased the incidence of transfusion-transmitted Babesia. The 
risk of transfusion-transmission Babesia is dependent on the donor residence  
and travel.

Other Infections
Many other pathogens have been reported to be transfusion transmitted, such 
as Anaplasma phagocytophilum, parvovirus B19, hepatitis A, Dengue virus, 
new variant Creutzfeldt-Jakob disease, and malaria. Donors are screened by 
donor history questionnaire for new variant Creutzfeldt-Jakob disease and 
malaria in the United States. Plasma for further manufacturing is tested for 
parvovirus B19 and hepatitis A.

 INDICATIONS FOR BLOOD TRANSFUSION  
(Table 167-4)

 Red Blood Cell Transfusions
RBC transfusions are used to treat anemia when patients require increased 
oxygen carrying capacity. Although considerable research has been presented 
to determine optimal RBC transfusion triggers, RBC transfusion requirements 
should be based on individual clinical status and coexisting medical conditions 
in any given patient. In an average adult, one RBC component (unit) should 
increase the hemoglobin by about 1 g/dL and the hematocrit by about 3%.

Clinical practice guidelines from AABB regarding RBC transfusion provide 
the following evidence-based recommendations.9,10

1. RBC transfusion threshold of hemoglobin level is 7 g/dL for hospitalized 
adult patients who are hemodynamically stable (strong recommendation, 
moderate quality evidence). For patients undergoing orthopedic surgery 
or cardiac surgery and those with preexisting cardiovascular disease, the 
transfusion threshold is hemoglobin level of 8 g/dL (strong recommenda-
tion, moderate-quality evidence). These recommendations do not apply 

delayed serologic transfusion reaction (DSTR), which has an incidence of 
approximately 1:6000 transfusions. If alloantibodies are formed within days 
of transfusion, it is presumed to be an anamnestic alloantibody response in 
an individual who had previously formed antibodies, usually from an earlier 
transfusion or pregnancy. If alloantibodies are formed within weeks of trans-
fusion, it is presumed to be a primary alloantibody response.

DHTRs are characterized by an unexpected decrease or less than expected 
increase	in	the	recipient’s	hemoglobin	post-transfusion.	Other	signs	and	symp-
toms typically much less severe than those associated with acute hemolytic 
transfusion reactions include fever, chills, jaundice, malaise, back pain, and 
rarely renal failure. To prevent future reactions, the patient should receive 
antigen-negative RBCs for future transfusions. The primary mitigation strategy 
is prophylactic RBC antigen matching.

A severe form of DHTR is hyperhemolytic transfusion reaction. This rare 
reaction is most often reported in sickle cell and thalassemia patients and 
results in destruction of both donor and recipient RBCs, leading to more 
severe anemia. Additionally, the patients usually have reticulocytopenia. 
RBC allo- or autoantibodies may or may not be present. The pathophysiol-
ogy remains unclear, but proposed mechanisms include innocent bystander 
hemolysis, suppression of erythropoiesis, and macrophage-mediated destruc-
tion. Treatment includes erythropoietin, intravenous immunoglobulin, steroids, 
rituximab, and eculizumab. Future RBC transfusions should be administered  
cautiously.

Transfusion-Associated Graft-versus-Host-Disease
Transfusion-associated graft-versus-host disease (TA-GVHD), with an inci-
dence of less than 1:12,000,000 transfusions, results from the engraftment 
of transfused viable donor lymphocytes in an immunosuppressed recipient.8 
The donor lymphocytes subsequently mount an immune response against 
the recipient, resulting in pancytopenia, erythematous rash or even gen-
eralized erythroderma, liver dysfunction, and gastrointestinal symptoms. 
Unlike GVHD associated with hematopoietic progenitor cell transplantation 
(Chapter 168), TA-GVHD has a nearly 100% fatality rate due to the profound  
pancytopenia.

Patients at increased risk for TA-GVHD include those with congenital 
immunodeficiencies, Hodgkin disease, acute leukemia, or other hematologic 
malignancies, as well as patients undergoing hematopoietic progenitor cell 
transplantation. Patients who are also at increased risk are those receiving 
HLA-matched blood components or blood components from close relatives, 
granulocyte transfusions, intrauterine transfusions, or neonatal red cell exchange. 
Patients at increased risk for TA-GVHD should receive irradiated or pathogen 
reduced cellular blood components, resulting in the inability of leukocytes to 
engraft.

Post-Transfusion Purpura
Post-transfusion purpura (PTP), with an incidence of approximately 1:75,000 
transfusions, is an immune thrombocytopenia caused by antiplatelet alloan-
tibodies, most often anti-HPA-1a (Chapter 163). All types of blood components 
have been implicated in PTP, with transfusion triggering an antibody response 
to platelet antigens. Diagnosis is based on the clinical presentation and the 
identification of platelet-specific alloantibodies.

PTP is characterized by acute, profound thrombocytopenia (platelet count 
<10,000/mL), unexplained purpuric rash, bruising, or mucosal bleeding 1 to 
3	weeks	post-transfusion.	Thirty	percent	of	affected	patients	have	major	hem-
orrhage, and 10% of patients have fatal hemorrhage. The primary treatment 
for PTP is intravenous immunoglobulin.

 Infectious Complications of Transfusion
Criteria for transfusion-transmission of pathogens include: (1) asymptomatic, 
infectious phase in the donor; (2) agent viability during storage; (3) seronegative 
recipient population; and (4) agent capable of causing disease post-transfusion. 
Blood safety relies upon several measures, including the appropriate selection 
of donors, careful donor screening by questionnaire, the use of good manufac-
turing practices, and blood component testing for infectious disease markers. 
Although all of these measures are important, the latter will be emphasized here.

Blood donor screening tests were introduced and improved incrementally 
over the last several decades. Currently in the United States, blood donors 
are screened for infection with hepatitis B virus, hepatitis C virus, HIV-1 and 
-2, human T-cell lymphotrophic viruses (HTLV) types I and II, West Nile 
virus (WNV), syphilis, Trypanosoma cruzi, and Zika virus. Additionally donors 
may be screened for CMV and Babesia in high epidemic areas of the United 
States. Platelet components are also screened for bacterial contamination, 
unless pathogen reduced.

Anaphylactic reactions may be secondary to anti-IgA, which can occur in 
patients with IgA deficiency. Patients who have severe allergic reactions should 
be tested for IgA deficiency and the presence of anti-IgA. If anti-IgA is identi-
fied, the patient should receive plasma components from IgA deficient donors 
or washed RBC and platelets components.

Transfusion-Associated Circulatory Overload
Transfusion-associated	 circulatory	overload	(TACO),	with	 an	 incidence	of	
approximately 1:10,000 transfusions, results from circulatory overload follow-
ing transfusion. In a study of pulmonary transfusion reactions, risk factors for 
TACO	or	possible	transfusion-related	acute	lung	injury	(TRALI)	compared	
to TRALI (see later) are age older than 70 years, post-transfusion B-type 
natriuretic peptide (BNP) greater than 1000 pg/mL, positive fluid balance 
of	greater	than	3L,	and	more	units	transfused	within	6	hours.	TACO	symp-
toms include dyspnea, orthopnea, cough, chest tightness, cyanosis, hyperten-
sion, and headache. Symptoms usually present at the end of transfusion but 
may occur up to 6 hours post-transfusion. Diagnosis is based on the pres-
ence of cardiogenic pulmonary edema. Management includes discontinuing 
transfusion, diuretic therapy, oxygen supplementation, and sitting the patient  
upright.

Transfusion-Related Acute Lung Injury
Transfusion-related acute lung injury (TRALI), with an incidence of approxi-
mately 1:60,000 transfusions, is noncardiogenic pulmonary edema associated 
with the transfusion that occurs within 6 hours of cessation of transfusion. 
Risk factors for TRALI include higher IL-8 levels, liver surgery, chronic alcohol 
abuse, shock, higher peak airway pressure while being mechanically ventilated, 
current smoking, positive fluid balance, receipt of plasma from female donors, 
volume of HLA class II antibodies, and volume of human neutrophil antigen 
(HNA) positive antibodies. Symptoms include hypoxemia with radiographic 
evidence of bilateral infiltrates. TRALI is caused by neutrophil and pulmonary 
endothelial activation, usually a result of transfused donor white blood cell 
antibodies, including human leukocyte antigen (HLA) antibodies and HNA 
antibodies. These donor antibodies react with the recipient’s white blood cells 
in the pulmonary vasculature causing leukoagglutination, activation of the 
complement cascade, cytokine release, and pulmonary edema. More rarely 
TRALI is caused by the converse mechanism, in which recipient white blood 
cell antibodies react against transfused donor white blood cells. Nonimmune 
mechanisms are also thought to mediate TRALI, including bioactive lipids 
and sCD40 ligand.

In cases of suspected TRALI, the transfusion should be discontinued. Medical 
management is primarily supportive, commonly with supplemental oxygen 
and endotracheal intubation if needed. Diuresis is not indicated, and the role 
of steroids is unclear. The majority of patients improve within 2 to 4 days, 
although TRALI has a 5 to 10% mortality rate.

The incidence of TRALI has substantially decreased7 with the implementa-
tion of male-only, HLA antibody–negative or nulliparous female plasma and 
platelet donors. Additionally, solvent/detergent-treated plasma has not been 
associated with cases of TRALI.

Hypotensive Transfusion Reactions
Hypotensive transfusion reactions, with an incidence of approximately 1:14,000, 
are usually associated with RBC or platelet transfusions. These reactions appear 
to be related to the generation of bradykinin, resulting in vasodilation and 
hypotension. Hypotensive reactions have most commonly been reported in 
association with the use of negatively charged bedside leukoreduction filters 
in patients being treated with angiotensin-converting enzyme (ACE) inhibi-
tors. Hypotensive transfusion reactions typically resolve with cessation of 
transfusion. Furthermore, the use of prestorage leukoreduction in lieu of bedside 
leukoreduction also limits the incidence of these reactions.

Transfusion-Associated Dyspnea
Transfusion-associated dyspnea, with an incidence of approximately 1:17,000 
transfusions, results in acute respiratory distress within 24 hours of transfusion 
cessation. It is a diagnosis of exclusion, when the diagnosis of allergic reaction, 
transfusion-associated	circulatory	overload	(TACO),	and	transfusion-related	
lung injury (TRALI) are not applicable.

Delayed Hemolytic and Serologic Transfusion Reaction
Delayed hemolytic transfusion reactions (DHTRs), with an incidence of 
approximately 1:20,000 transfusions, occur when RBC transfusion precipitates 
an alloantibody response, resulting in decreased RBC survival. If an alloanti-
body response is noted in the absence of RBC destruction, it is termed a 
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screened for syphilis by nontreponemal or treponemal tests. No transfusion-
transmitted syphilis infections have been reported in the last several decades 
due to the spirochete’s poor viability during storage.

Trypanosoma cruzi
Chagas disease (Chapter 326) is caused by the flagellate protozoan parasite 
Trypanosoma cruzi. Chagas disease is endemic to Central and South America 
and is transmitted through bites of infected Reduviid bugs, as well as vertically. 
Beyond the acute symptomatic infection, chronic infection typically persists 
for life with asymptomatic, low-level, intermittent parasitemia. These chroni-
cally infected, asymptomatic donors are of concern, and, as such, blood com-
ponents in the United States are screened for T. cruzi by testing for anti–T. 
cruzi antibody. In the United States donors are tested only at their first donation. 
Prior to screening, at least 9 cases of transfusion-transmitted Chagas disease 
were reported in the United States. No subsequent case has been reported in 
the United States.

Zika Virus
Zika virus (Chapter 358) is a mosquito-borne flavivirus that is the focus of 
an ongoing pandemic, which is notable for its severe neurologic sequelae in 
babies born to infected mothers. High rates of subclinical infection, as evi-
denced by the finding of RNA in asymptomatic donors, raise concerns of risk 
to the blood supply. To date, four suspected cases of transfusion-transmitted 
Zika virus have been reported (all in Brazil); none of the cases were associated 
with clinical sequelae in the transfusion recipients. In 2016, the FDA issued 
guidance mandating national blood donor screening in the United States, 
which is now performed using NAT.

Babesia
Babesia (Chapter 332) is a tick-borne parasite resulting in approximately 200 
cases of transfusion transmission. Babesia has endemic and hyperendemic 
foci in the United States. About one quarter of tick-borne infected adults 
and one half of children experience asymptomatic infection or a mild viral-
like illness. Symptoms of babesiosis include fever, chills, pallor, diaphoresis, 
fatigue, myalgia, anorexia, back and abdominal pain, nausea, vomiting, and 
diarrhea. Possible complications in severe babesiosis (most often in neonates, 
elderly, asplenic, and immunocompromised patients, often in association with 
high-grade parasitemia) can include acute respiratory failure, disseminated 
intravascular coagulation, congestive heart failure, renal failure, and coma, with 
fatality rates of 5 to 20% reported. Currently there are both FDA-approved 
and under IND screening tests for Babesia. In July 2018 the FDA issued a 
draft guidance regarding screening blood donors for Babesia in high epidemic 
states to prevent transfusion-transmitted babesiosis. The implementation of 
screening has decreased the incidence of transfusion-transmitted Babesia. The 
risk of transfusion-transmission Babesia is dependent on the donor residence  
and travel.

Other Infections
Many other pathogens have been reported to be transfusion transmitted, such 
as Anaplasma phagocytophilum, parvovirus B19, hepatitis A, Dengue virus, 
new variant Creutzfeldt-Jakob disease, and malaria. Donors are screened by 
donor history questionnaire for new variant Creutzfeldt-Jakob disease and 
malaria in the United States. Plasma for further manufacturing is tested for 
parvovirus B19 and hepatitis A.

 INDICATIONS FOR BLOOD TRANSFUSION  
(Table 167-4)

 Red Blood Cell Transfusions
RBC transfusions are used to treat anemia when patients require increased 
oxygen carrying capacity. Although considerable research has been presented 
to determine optimal RBC transfusion triggers, RBC transfusion requirements 
should be based on individual clinical status and coexisting medical conditions 
in any given patient. In an average adult, one RBC component (unit) should 
increase the hemoglobin by about 1 g/dL and the hematocrit by about 3%.

Clinical practice guidelines from AABB regarding RBC transfusion provide 
the following evidence-based recommendations.9,10

1. RBC transfusion threshold of hemoglobin level is 7 g/dL for hospitalized 
adult patients who are hemodynamically stable (strong recommendation, 
moderate quality evidence). For patients undergoing orthopedic surgery 
or cardiac surgery and those with preexisting cardiovascular disease, the 
transfusion threshold is hemoglobin level of 8 g/dL (strong recommenda-
tion, moderate-quality evidence). These recommendations do not apply 

Bacterial Contamination
The risk of septic reactions is approximately 1:300,000 transfusions. Platelet 
components are primarily associated with bacterial contamination due to their 
storage at room temperature. The implementation of multiple steps for plate-
let units, including skin cleansing, diversion pouch, and bacterial screening, 
has resulted in approximately two thirds decrease in septic reactions. Recent 
data using prospective testing found 1:2570 platelet units to be contaminated 
resulting in 1:12,800 reactions (one being fatal, 1:51,400). Pathogen reduction 
decreases bacteria loads by more than 4 logs for most organisms and hemov-
igilance data have not reported septic transfusion cases with pathogen reduced 
platelets.	Other	mitigation	strategies	for	septic	reactions	include	delayed	or	
repeat bacterial culture and use of point-of-issue bacterial screening testing.

Septic reactions should be suspected if the transfused patient has fever 
(≥38° C with rise ≥1° C) with rigors, hypotension, shock, tachycardia, dyspnea, 
or nausea/vomiting. Transfusion should be promptly stopped, supportive care 
instituted, and blood samples for culture (aerobic and anaerobic times two) 
drawn prior to initiating antibiotics. Thrombocytopenic neutropenic patients 
are most at risk for septic reactions, mostly due to Staphylococcal aureus.

Hepatitis B Virus
Hepatitis B virus, with an estimated transfusion transmission risk of approxi-
mately 1:1,500,000 transfusions, is a double-stranded DNA virus and is trans-
mitted via parenteral, sexual, and vertical (pregnant mother to infant) routes 
(Chapter 139). In the United States, blood components are screened by testing 
for Hepatitis B surface antigen (HBsAg), anti-HBc, and HBV nucleic acid 
amplification testing (NAT).

Hepatitis C Virus
Hepatitis C, with an estimated transfusion transmission risk of approximately 
1:1,600,000 transfusions, is a single-stranded RNA virus and is transmitted 
primarily via parenteral routes, through intravenous drug use, infected transfu-
sions,	and	clotting	factor	use	prior	to	effective	screening	tests	and	viral	inacti-
vation methods. Sexual and vertical transmission of hepatitis C is uncommon 
(Chapter 139). In the United States, blood components are screened by testing 
for anti-HCV and HCV NAT.

Human Immunodeficiency Virus
Human immunodeficiency virus (HIV), with an estimated transfusion trans-
mission risk of approximately 1:1,800,000 transfusions, is a single-stranded 
RNA virus and is transmitted via parenteral, sexual, and vertical routes. HIV-1 
is found worldwide, with subtype B being most common in North America 
and Europe. HIV-2 is found mainly in West Africa. In the United States, blood 
components are screened by testing for anti-HIV-1/2 and HIV-1 NAT.

Human T-Cell Lymphotrophic Virus
Human T-cell lymphotrophic virus, with an estimated transfusion transmission 
risk of approximately 1:3,300,000 transfusions, is a member of the Retroviridae 
family, like HIV (Chapter 354). It is primarily transmitted via parenteral routes, 
although transmission is thought to also occur from mother to infant through 
breastfeeding. Infected individuals are commonly asymptomatic. HTLV-I infec-
tion is associated with increased risk of T-cell leukemia/lymphoma, HTLV-
associated myelopathy/tropical spastic paraparesis, and immunologic disease. 
HTLV-II infection is associated with non-specific immunosuppression. In the 
United States, blood components are screened for HTLV-I and -II by testing 
for anti-HTLV-I/II.

West Nile Virus
West Nile virus (WNV) (Chapter 358) is a single-stranded RNA virus that 
is predominantly found in birds and transmitted to humans via bites from 
infected mosquitoes. Eighty percent of WNV cases are asymptomatic. Common 
symptoms include fever and rash, with encephalitis and meningitis occurring 
in 0.7% of those infected. In the United States, blood components are screened 
by testing for WNV NAT. To improve testing logistics and cost, WNV NAT 
is performed on pooled samples; this continues until increased regional disease 
activity is detected, at which time testing is converted to WNV NAT on indi-
vidual samples to improve testing sensitivity. Donor screening has substantially 
reduced the number of transfusion transmitted cases, with the most recent 
U.S. case being reported in 2012.

Syphilis
Syphilis (Chapter 303) is caused by the spirochete Treponema pallidum and 
is typically sexually transmitted. In the United States, blood components are 
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Hodgkin disease, use of purine analogue drugs or anti-CD32 or other drugs 
that alter T-lymphocyte function, intrauterine transfusion, neonatal exchange 
transfusion, leukemia, lymphoma, intense chemotherapy, congenital heart 
disease (DiGeorge syndrome), and aplastic anemia. Products from blood 
relatives, HLA match products, and granulocyte products should be irradiated.

 Pathogen Reduction
Pathogen reduction mitigates the need for irradiation, CMV seronegative blood 
products, Zika testing, and bacteria screening. Currently this technology is 
mostly used in platelets and plasma outside of the United States. For plasma, 
solvent/detergent treated, pooled plasma product or pathogen reduced plasma 
product is available (INTERCEPT Blood System in the United States). No 
cases of TRALI have been reported with solvent/detergent-treated pooled 
plasma. Additionally, it has lower risk of allergic reactions.

Recent systematic review determined that for Mirasol or INTERCEPT 
treated (PR) platelets versus standard platelets16 there is:
1. uncertainty as to whether PR platelets increase the risk of any bleeding,
2.	 no	 evidence	 of	 difference	 in	 incidence	 of	 clinically	 significant	 bleeding	

complications,
3.	 probably	no	difference	in	risk	of	developing	severe	bleeding,
4.	 probably	no	difference	in	incidence	of	all-cause	mortality,
5.	 probably	no	difference	in	incidence	of	serious	adverse	events	(no	bacterial	

transfusion transmission),
6. increased risk of developing platelet refractoriness with PR platelets,
7. increased requirement for platelet transfusions with PR platelets,
8. shorter time interval between transfusions with PR platelets, and
9. lower corrected count increment with PR platelets.

 PRETRANSFUSION TESTING
Routine pretransfusion testing of blood components includes receipt of an 
appropriately labeled patient specimen by the transfusion service, testing of 
the	patient’s	 specimen	 for	ABO	group	and	D	 type	and	 for	 the	presence	of	
unexpected antibodies, and crossmatching of RBC components with the 
patient’s sample.

In emergency situations and before crossmatch compatible blood compo-
nents	are	available,	group	O	RBCs	and	group	AB	plasma	(some	institutions	
use group A plasma) may be appropriately transfused.

Critical to safe blood transfusion is a properly labeled pretransfusion blood 
specimen from the intended transfusion recipient. Most hemolytic transfusion 
reactions are caused by patient misidentification or labeling errors in pretrans-
fusion blood specimens. Radio-frequency identification (RFID) technology 
improves the safety, including decreased transfusion errors, reduced product 
loss, and more efficient inventory management.

A	“type	and	screen”	involves	typing	the	patient’s	RBCs	for	ABO	and	Rh	
(also known as D) type, as well as screening the patient’s plasma for clinically 
significant RBC antibodies. A “type and crossmatch” also includes the selec-
tion, crossmatching, and reserving of appropriate RBC components for the 
transfusion recipient. Many institutions have a maximum surgical blood order 
schedule	(MSBOS),	which	indicates	when	a	type	and	screen	is	ordered	and	
how many components should be reserved for each type of surgical procedure.

RBC antibodies of clinical significance are formed in response to pregnancy 
or transfusion; they may cause hemolysis or shortened survival of transfused 
RBCs carrying the reciprocal antigen (i.e., acute or delayed hemolytic transfusion 
reaction). For this reason, the intended recipient’s plasma is screened for the 
presence of these unexpected antibodies prior to RBC transfusion. If a patient 
has a clinically significant antibody, the transfusion service will select and 
reserve the appropriate RBC components that do not carry the reciprocal 
antigen. The process of identifying a patient’s RBC antibody and crossmatch-
ing the appropriate RBC components can take hours or even days, depending 
on the antibody or antibodies found. It can be particularly problematic when 
the intended recipient has autoantibodies (Chapter 151).

How far in advance a specimen can be drawn is determined by institutional 
policies. In patients with a negative antibody screen and no history of transfusion 
or pregnancy in the preceding 3 months, specimens may be drawn up to 1 
month before surgery. However, if the patient has been transfused or has been 
pregnant in the preceding 3 months, a pretransfusion specimen is valid only 
for 3 days. Most hospitalized patients require a new specimen every 3 days.

 ABO/D Compatibility
Individuals	 naturally	 have	 antibodies	 against	 the	ABO	groups	 they	do	not	
carry	(i.e.,	group	O	individuals	have	anti-A	and	anti-B,	group	A	individuals	
have anti-B, group B individuals have anti-A, and group AB individuals have 

Prothrombin complex concentrates, specifically 4-factor (factors II, VII, 
IX, and X), should be used instead of plasma for the rapid reversal of warfarin 
in patients who experience bleeding or require urgent surgery (Chapter 166). 
Prothrombin complex concentrates result in more rapid reversal, less volume 
overload, and significantly lower mortality.13 Plasma is not recommended for 
reversal of novel oral anticoagulants (e.g., direct thrombin inhibitors and direct 
factor Xa inhibitors).

Plasma is also indicated as replacement fluid for plasma exchange in patients 
with thrombotic thrombocytopenic purpura (TTP) and other diseases.14 Plasma 
may also be used as part of the replacement fluid for patients at risk of coagula-
tion factor depletion, particularly patients who are on daily plasma exchange 
with albumin as replacement fluid.

The only clinical indication for plasma cryoprecipitate reduced and thawed 
plasma cryoprecipitate reduced is thrombotic thrombocytopenic purpura 
(Chapter 163). The only indication for liquid plasma is for initial treatment 
of patients undergoing massive transfusion.

The typical dose of plasma is 10 to 20 mL/kg. Because each plasma com-
ponent is 200 to 300 mL, an average adult dose is 2 to 4 plasma components 
(units). Coagulation factors are expected to increase by approximately 20% 
immediately after plasma infusion.

 Cryoprecipitate Transfusions
Cryoprecipitate contains fibrinogen, factor VIII, von Willebrand factor, factor 
XIII, and fibronectin. It is no longer used as factor VIII replacement in hemo-
philia A patients and as von Willebrand factor replacement in patients with 
von Willebrand disease with the availability of purified, virally inactivated, 
and recombinant components for both of these indications. Purified and virally 
inactivated fibrinogen and factor XIII concentrates are likewise now available 
for use in patients with congenital fibrinogen deficiency (afibrinogenemia and 
hypofibrinogenemia) and factor XIII deficiency, respectively.

Cryoprecipitate is still used for fibrinogen replacement when levels fall 
below 100 mg/dL in acquired hypofibrinogenemia with disseminated intra-
vascular coagulopathy, liver failure, the anhepatic phase of liver transplantation 
(Chapter 166), and massive transfusion with dilution coagulopathy. Cryo-
precipitate may also be used for management of intracranial bleeding related 
to thrombolytic therapy (tissue plasminogen activator).

 Granulocyte Transfusions
Granulocytes are transfused in neutropenic patients with life-threatening infec-
tions. A randomized controlled trial in patients with neutropenia (absolute neu-
trophil count <500/µL) and proven, probable, or presumed infection received 
standard antimicrobial therapy with or without granulocyte transfusions from 
donors stimulated with G-CSF (granulocyte colony–stimulating factor) and 
dexamethasone was not adequately powered due to enrollment. However, it 
showed	there	was	no	overall	effect	of	granulocyte	transfusion	on	survival	and	
microbial response. Post hoc analysis showed that participants who received 
higher granulocyte doses (≥0.6 × 109/kg) tended to have better outcomes.

 INDICATIONS FOR COMPONENT MODIFICATION
 Leukoreduction
The majority of RBC and platelet products are leukoreduced prior to storage. 
Leukoreduction removes white blood cells from the unit to mitigate febrile 
nonhemolytic transfusion reactions, HLA alloimmunization, CMV transmission, 
and transfusion-related immunomodulation. Thus, leukoreduction is indicated 
in patients at risk for these complications, such as potential transplant patients, 
patients with a history of febrile nonhemolytic transfusion reactions, pregnant 
patients, immunocompromised patients, and very low birthweight infants.

 Cytomegalovirus Seronegative
There	does	not	 appear	 to	 be	 a	 differential	 benefit	 between	 leukoreduction	
and CMV seronegative cellular blood components for the mitigation of 
transfusion-transmitted CMV. Patients at risk for CMV disease should receive 
CMV safe components (i.e., leukoreduced, CMV seronegative, or pathogen 
reduced). At-risk patients include transplant candidates, transplant recipients, 
patients undergoing chemotherapy, pregnant women, immunocompromised 
patients, and very low birthweight infants.15

 Irradiation
Irradiation, which inactivates white blood cells so they cannot replicate, is 
used to prevent transfusion-associated graft-versus-host disease. Indications 
for irradiation include congenital immunodeficiency, stem cell transplantation, 

thrombocytopenia or evidence of platelet dysfunction (weak recommen-
dation, very low-quality evidence).

6. No recommendation for or against platelet transfusion for patients receiv-
ing antiplatelet therapy who have intracranial hemorrhage (uncertain rec-
ommendation, very low-quality evidence).

Since these guidelines were published in 2015, a randomized trial demon-
strated that platelet transfusion seems inferior to standard care for patients 
on antiplatelet therapy before intracerebral hemorrhage. A4  Thus, platelet trans-
fusions are not recommended for this indication.

In adults, a typical platelet dose is a single apheresis component or 4 to 6 
whole blood derived platelet concentrates pooled (3 × 1011 platelets). A ran-
domized controlled clinical trial demonstrated the safety and efficacy of using 
lower dose platelet transfusions. Low, medium, and high dose transfusions 
(i.e., 1.1 × 1011/m2 or 2.2 × 1011/m2, and 4.4 × 1011/m2, respectively) resulted 
in	no	difference	in	bleeding	outcome;	however,	lower	doses	resulted	in	more	
platelet transfusions per patient.

Response to platelet transfusion can be assessed by improvement of bleed-
ing and by measuring the post-transfusion increment in platelet count about 
15 to 60 minutes after transfusion. A typical dose of platelets should increase 
the patient’s platelet count by 30,000 to 60,000/µL. Many clinical conditions 
can decrease the expected post-transfusion platelet count increment, including 
fever, sepsis, disseminated intravascular coagulation, splenomegaly with hyper-
splenism,	and	active	bleeding	as	well	as	platelet	allo-	or	autoantibodies.	ABO-
compatible transfusions will result in higher post-transfusion increment than 
ABO-incompatible	transfusions.	Additionally,	pathogen	reduction	results	in	
a lower increment. A more formal evaluation of the platelet increment can be 
performed using the corrected count increment (CCI). The CCI accounts 
for both the patient’s size (via body surface area) and the number of platelets 
in the transfused component.

CCI
Body surface area m Platelet count increment

Num
=
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A 1-hour CCI greater than 7.5 is considered acceptable. A CCI less than 
7.5 is suggestive of platelet refractoriness. Evaluation of platelet refractoriness 
usually includes HLA and platelet antibody screening. If the patient has HLA 
or platelet specific antibodies, antigen negative or crossmatched platelets can 
be transfused.

 Plasma Transfusions
Plasma transfusions are generally used to either prevent or treat bleeding in 
patients with congenital or acquired coagulopathies. Plasma transfusion should 
not be used if a specific and appropriate clotting factor concentrate is available 
(Chapter 165), such as von Willebrand factor, factor VIII, factor IX, fibrinogen, 
factor X, factor VIIa, factor XIII, prothrombin complex concentrate, and C1 
inhibitor concentrate. These are either purified and virally inactivated or 
recombinant proteins.

AABB evidence-based plasma transfusion guidelines, most recently pub-
lished in 2010, include the following.
1. Recommending plasma transfusion to trauma patients requiring massive 

transfusion (moderate-quality evidence).
2. No recommendation for the ratio of plasma to RBC in these patients (low-

quality evidence).
3. No recommendation for the use of plasma in patients undergoing surgery 

without massive transfusion (very low-quality evidence).
4. Plasma suggested for patients with warfarin-related intracranial hemorrhage 

(low-quality evidence).
5. No recommendation for plasma transfusion for warfarin reversal without 

intracranial hemorrhage (very low-quality evidence).
6. No recommendation for plasma transfusion in acute pancreatitis, organo-

phosphate poisoning, coagulopathy associated with acetaminophen overdose, 
intracranial hemorrhage after severe closed head injury without coagulopathy, 
and nonsurgical noncardiac patients in the intensive care unit (very low-
quality evidence).

More recent randomized controlled trials require updating these guidelines. 
The	PROPPR	randomized	clinical	trial	determined	that	a	1:1:1	ratio	compared	
to	1:1:2	ratio	of	plasma:platelets:RBCs	resulted	in	no	difference	in	24-hour	
or 30-day mortality or other complications; however, exsanguination as a 
cause of death within the 24 hours was less, more patients achieved hemostasis, 
and more plasma and platelets were transfused in the 1:1:1 group. A5  A sub-
sequent systemic review determined that there is insufficient basis to recom-
mend the higher transfusion ratio.12

to acute coronary syndrome, severe thrombocytopenia, and chronic 
transfusion-dependent anemia.

2. RBC units can be standard issue rather than only fresh (defined as <10 
days old) (strong recommendation, moderate-quality evidence).

Randomized controlled trials have been reported since these guidelines 
were published in 2016. A study in adult cancer patients with septic shock 
demonstrated lower mortality with liberal (hemoglobin threshold <9 g/dL) 
compared to restrictive (hemoglobin threshold <7 g/dL) transfusion strategy 
(mortality 59% versus 70%, respectively). A1  In cardiac surgery, a conservative 
transfusion strategy was as good as a more liberal strategy. A2  In a multicenter, 
randomized trial in critically ill adults, the storage age of transfused red cells 
did	not	affect	90-day	mortality. A3 

 Platelet Transfusions
Platelet transfusions are given to prevent or treat bleeding in thrombocytopenic 
patients (Chapter 163). Platelet transfusion may also be considered in patients 
with qualitative defects in platelet function. The threshold to transfuse platelets 
is determined by the patient’s platelet count combined with underlying disease 
and the presence of clinical bleeding.

Clinical practice guidelines from AABB regarding platelet transfusion provide 
the following evidence-based recommendations.11

1. Platelets should be transfused prophylactically to reduce the risk for spon-
taneous bleeding in hospitalized adult patients with therapy-induced hypo-
proliferative thrombocytopenia at a platelet count of 10,000/µL or less 
(strong recommendation, moderate-quality evidence).

2. Prophylactic platelet transfusions should be given to patients having elec-
tive central venous catheter placement with a platelet count of less than 
20,000/µL (weak recommendation, low-quality evidence).

3. Prophylactic platelet transfusions should be given to patients having elec-
tive diagnostic lumbar puncture with a platelet count of less than 50,000/µL 
(weak recommendation, low-quality evidence).

4. Prophylactic platelet transfusions should be given to patients having major 
elective non-neuraxial surgery with a platelet count of less than 50,000/µL 
(weak recommendation, very low-quality evidence).

5.	 Prophylactic	platelet	transfusions	should	NOT	be	given	to	patients	who	
are nonthrombocytopenic and have cardiac surgery with cardiopulmo-
nary bypass. Platelet transfusions should be given to patients who have 
had cardiopulmonary bypass and exhibit perioperative bleeding with 

Hb = hemoglobin; Hct = hematocrit; ICH = intracranial hemorrhage; PCC = prothrombin complex 
concentrate.

TABLE 167-4 EVIDENCE-BASED TRANSFUSION TRIGGERS3,6,8

BLOOD 
COMPONENT

COMMONLY ACCEPTED 
INDICATIONS TYPICAL INCREASE

RBC Hb <7.0 g/dL in hemodynamically 
stable

Hb <8.0 g/dL with orthopedic surgery 
or cardiac surgery and those with 
preexisting cardiovascular disease

Hb <9 g/dL with septic shock

Hb: 1 g/dL or
Hct: 3% after one unit 

of RBC

Platelets <10,000/µL hospitalized adult patients 
with therapy-induced 
hypoproliferative thrombocytopenia

<20,000/µL if febrile/septic or central 
venous catheter

<50,000/µL if surgery, lumbar 
puncture, invasive procedure, or 
active bleeding

<100,000/µL neurosurgery

30-60,000/µL after one 
platelet dose (a 
single apheresis 
component or 4-6 
whole blood derived 
platelet concentrates 
[3 × 1011 platelets])

Plasma Warfarin-related ICH (4-factor PCC)
Massive transfusion (plasma:RBC:1:2)
INR >2.0 prior to invasive procedure
Replacement fluid for plasma exchange 

for thrombotic thrombocytopenic 
purpura

10-20 mL/kg increases 
factor levels by ≈20%

Cryoprecipitate Fibrinogen <150 mg/dL with bleeding
Factor XIII deficiency (purified FXIII 

available)
Hypofibrinogenemia (purified 

fibrinogen available)

≈7 mg/dL increase in 
fibrinogen per unit
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Hodgkin disease, use of purine analogue drugs or anti-CD32 or other drugs 
that alter T-lymphocyte function, intrauterine transfusion, neonatal exchange 
transfusion, leukemia, lymphoma, intense chemotherapy, congenital heart 
disease (DiGeorge syndrome), and aplastic anemia. Products from blood 
relatives, HLA match products, and granulocyte products should be irradiated.

 Pathogen Reduction
Pathogen reduction mitigates the need for irradiation, CMV seronegative blood 
products, Zika testing, and bacteria screening. Currently this technology is 
mostly used in platelets and plasma outside of the United States. For plasma, 
solvent/detergent treated, pooled plasma product or pathogen reduced plasma 
product is available (INTERCEPT Blood System in the United States). No 
cases of TRALI have been reported with solvent/detergent-treated pooled 
plasma. Additionally, it has lower risk of allergic reactions.

Recent systematic review determined that for Mirasol or INTERCEPT 
treated (PR) platelets versus standard platelets16 there is:
1. uncertainty as to whether PR platelets increase the risk of any bleeding,
2.	 no	 evidence	 of	 difference	 in	 incidence	 of	 clinically	 significant	 bleeding	

complications,
3.	 probably	no	difference	in	risk	of	developing	severe	bleeding,
4.	 probably	no	difference	in	incidence	of	all-cause	mortality,
5.	 probably	no	difference	in	incidence	of	serious	adverse	events	(no	bacterial	

transfusion transmission),
6. increased risk of developing platelet refractoriness with PR platelets,
7. increased requirement for platelet transfusions with PR platelets,
8. shorter time interval between transfusions with PR platelets, and
9. lower corrected count increment with PR platelets.

 PRETRANSFUSION TESTING
Routine pretransfusion testing of blood components includes receipt of an 
appropriately labeled patient specimen by the transfusion service, testing of 
the	patient’s	 specimen	 for	ABO	group	and	D	 type	and	 for	 the	presence	of	
unexpected antibodies, and crossmatching of RBC components with the 
patient’s sample.

In emergency situations and before crossmatch compatible blood compo-
nents	are	available,	group	O	RBCs	and	group	AB	plasma	(some	institutions	
use group A plasma) may be appropriately transfused.

Critical to safe blood transfusion is a properly labeled pretransfusion blood 
specimen from the intended transfusion recipient. Most hemolytic transfusion 
reactions are caused by patient misidentification or labeling errors in pretrans-
fusion blood specimens. Radio-frequency identification (RFID) technology 
improves the safety, including decreased transfusion errors, reduced product 
loss, and more efficient inventory management.

A	“type	and	screen”	involves	typing	the	patient’s	RBCs	for	ABO	and	Rh	
(also known as D) type, as well as screening the patient’s plasma for clinically 
significant RBC antibodies. A “type and crossmatch” also includes the selec-
tion, crossmatching, and reserving of appropriate RBC components for the 
transfusion recipient. Many institutions have a maximum surgical blood order 
schedule	(MSBOS),	which	indicates	when	a	type	and	screen	is	ordered	and	
how many components should be reserved for each type of surgical procedure.

RBC antibodies of clinical significance are formed in response to pregnancy 
or transfusion; they may cause hemolysis or shortened survival of transfused 
RBCs carrying the reciprocal antigen (i.e., acute or delayed hemolytic transfusion 
reaction). For this reason, the intended recipient’s plasma is screened for the 
presence of these unexpected antibodies prior to RBC transfusion. If a patient 
has a clinically significant antibody, the transfusion service will select and 
reserve the appropriate RBC components that do not carry the reciprocal 
antigen. The process of identifying a patient’s RBC antibody and crossmatch-
ing the appropriate RBC components can take hours or even days, depending 
on the antibody or antibodies found. It can be particularly problematic when 
the intended recipient has autoantibodies (Chapter 151).

How far in advance a specimen can be drawn is determined by institutional 
policies. In patients with a negative antibody screen and no history of transfusion 
or pregnancy in the preceding 3 months, specimens may be drawn up to 1 
month before surgery. However, if the patient has been transfused or has been 
pregnant in the preceding 3 months, a pretransfusion specimen is valid only 
for 3 days. Most hospitalized patients require a new specimen every 3 days.

 ABO/D Compatibility
Individuals	 naturally	 have	 antibodies	 against	 the	ABO	groups	 they	do	not	
carry	(i.e.,	group	O	individuals	have	anti-A	and	anti-B,	group	A	individuals	
have anti-B, group B individuals have anti-A, and group AB individuals have 

Prothrombin complex concentrates, specifically 4-factor (factors II, VII, 
IX, and X), should be used instead of plasma for the rapid reversal of warfarin 
in patients who experience bleeding or require urgent surgery (Chapter 166). 
Prothrombin complex concentrates result in more rapid reversal, less volume 
overload, and significantly lower mortality.13 Plasma is not recommended for 
reversal of novel oral anticoagulants (e.g., direct thrombin inhibitors and direct 
factor Xa inhibitors).

Plasma is also indicated as replacement fluid for plasma exchange in patients 
with thrombotic thrombocytopenic purpura (TTP) and other diseases.14 Plasma 
may also be used as part of the replacement fluid for patients at risk of coagula-
tion factor depletion, particularly patients who are on daily plasma exchange 
with albumin as replacement fluid.

The only clinical indication for plasma cryoprecipitate reduced and thawed 
plasma cryoprecipitate reduced is thrombotic thrombocytopenic purpura 
(Chapter 163). The only indication for liquid plasma is for initial treatment 
of patients undergoing massive transfusion.

The typical dose of plasma is 10 to 20 mL/kg. Because each plasma com-
ponent is 200 to 300 mL, an average adult dose is 2 to 4 plasma components 
(units). Coagulation factors are expected to increase by approximately 20% 
immediately after plasma infusion.

 Cryoprecipitate Transfusions
Cryoprecipitate contains fibrinogen, factor VIII, von Willebrand factor, factor 
XIII, and fibronectin. It is no longer used as factor VIII replacement in hemo-
philia A patients and as von Willebrand factor replacement in patients with 
von Willebrand disease with the availability of purified, virally inactivated, 
and recombinant components for both of these indications. Purified and virally 
inactivated fibrinogen and factor XIII concentrates are likewise now available 
for use in patients with congenital fibrinogen deficiency (afibrinogenemia and 
hypofibrinogenemia) and factor XIII deficiency, respectively.

Cryoprecipitate is still used for fibrinogen replacement when levels fall 
below 100 mg/dL in acquired hypofibrinogenemia with disseminated intra-
vascular coagulopathy, liver failure, the anhepatic phase of liver transplantation 
(Chapter 166), and massive transfusion with dilution coagulopathy. Cryo-
precipitate may also be used for management of intracranial bleeding related 
to thrombolytic therapy (tissue plasminogen activator).

 Granulocyte Transfusions
Granulocytes are transfused in neutropenic patients with life-threatening infec-
tions. A randomized controlled trial in patients with neutropenia (absolute neu-
trophil count <500/µL) and proven, probable, or presumed infection received 
standard antimicrobial therapy with or without granulocyte transfusions from 
donors stimulated with G-CSF (granulocyte colony–stimulating factor) and 
dexamethasone was not adequately powered due to enrollment. However, it 
showed	there	was	no	overall	effect	of	granulocyte	transfusion	on	survival	and	
microbial response. Post hoc analysis showed that participants who received 
higher granulocyte doses (≥0.6 × 109/kg) tended to have better outcomes.

 INDICATIONS FOR COMPONENT MODIFICATION
 Leukoreduction
The majority of RBC and platelet products are leukoreduced prior to storage. 
Leukoreduction removes white blood cells from the unit to mitigate febrile 
nonhemolytic transfusion reactions, HLA alloimmunization, CMV transmission, 
and transfusion-related immunomodulation. Thus, leukoreduction is indicated 
in patients at risk for these complications, such as potential transplant patients, 
patients with a history of febrile nonhemolytic transfusion reactions, pregnant 
patients, immunocompromised patients, and very low birthweight infants.

 Cytomegalovirus Seronegative
There	does	not	 appear	 to	 be	 a	 differential	 benefit	 between	 leukoreduction	
and CMV seronegative cellular blood components for the mitigation of 
transfusion-transmitted CMV. Patients at risk for CMV disease should receive 
CMV safe components (i.e., leukoreduced, CMV seronegative, or pathogen 
reduced). At-risk patients include transplant candidates, transplant recipients, 
patients undergoing chemotherapy, pregnant women, immunocompromised 
patients, and very low birthweight infants.15

 Irradiation
Irradiation, which inactivates white blood cells so they cannot replicate, is 
used to prevent transfusion-associated graft-versus-host disease. Indications 
for irradiation include congenital immunodeficiency, stem cell transplantation, 
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intraoperative blood recovery from contaminated surgical sites, blood collected 
from surgical procedures for cancer with the potential risk of tumor cell con-
tamination of the recovered blood, and blood collected in surgical sites con-
taining medications. Cell salvage can be set up to meet the needs of patients 
who refuse blood transfusion, such as some Jehovah Witnesses.17

In the process of acute normovolemic hemodilution, intraoperative removal 
of whole blood into standard collection bags is replaced simultaneously with 
crystalloid or colloid of equal volume. Hemodilution reduces RBC loss because 
a bleeding patient with an iatrogenically lowered hematocrit loses fewer RBCs. 
The removed whole blood is stored in the operating room and reinfused in 
reverse order of collection. This allows for the components with the highest 
hematocrit to be transfused last, presumably when surgical bleeding has been 
controlled. The whole blood also has functioning platelets and coagulation 
factors. The iatrogenic anemia can compromise oxygen transport, but this is 
usually mitigated by the decrease in blood viscosity. If kept at room tempera-
ture, the collected components must be used within 8 hours of collection; if 
stored at 1 to 6° C, they must be used within 24 hours of collection.

Most patients tolerate the transfusion of autologous blood drainage from 
serosal	cavities.	Adverse	effects	can	include	respiratory	distress,	hypotension	
with anaphylaxis, and fever. Blood collected postoperatively must be used 
within 6 hours of collection.

 Massive Transfusion
Massive transfusion is defined as transfusion of 10 or more RBC components 
(units)	 within	 24	 hours.	 Other	 definitions	 of	 massive	 transfusion	 include	
replacement of 50% of total blood volume within 3 hours or blood loss exceed-
ing 150 mL per minute. Current recommendation is for a 1:1:1 ratio of 
plasma:platelets:RBCs during massive transfusion. The majority of trauma 
centers have adopted 1:1:1 or 1:1:2 transfusion ratios. As described above, 
other changes include the use of whole blood, tranexamic acid, prehospital 
transfusion, and use of thromboelastography.

Aside from the quantities of blood components to be administered, massive 
transfusion protocols also define communication pathways between the labo-
ratory, transfusion service, and clinical team, the timing of blood component 
availability, laboratory testing algorithms, and other patient care needs. Pro-
tocols are designed to ensure optimal transfusion therapy to prevent and treat 
the coagulopathy that can occur after injury.

 Hemoglobinopathy
Patients with hemoglobinopathies, such as thalassemia and sickle cell disease, 
often require chronic transfusion. Sickle cell disease patients are at high risk 
of alloantibody formation. The use of prophylactic antigen matching has 
decreased alloimmunization rates from about 50% to 10% with limited match-
ing (D, C, E, K antigens) and 5% with extended matching (D, C, E, K, Jkb, 
Fya antigens). Additionally, individuals of African descent have variant Rh 
genes so may phenotype as positive but make alloantibodies to the antigen. 
Thus genotyping for RBC antigens in this population is helpful to determine 
the appropriate antigen-negative component product. Providing units based 
on the patient’s genotype has increased post-transfusion hemoglobin levels 
and transfusion intervals. Lastly, RBC units for sickle cell patients are hemo-
globin S negative and labeled as such.

In sickle cell disease patients, the indications for acute transfusion include 
acute chest syndrome, acute multiorgan failure, acute sequestration, acute 
stroke, acute symptomatic anemia, aplastic crisis, fat embolism syndrome, 
and severe hepatic crisis/intrahepatic cholestasis. Indications for chronic 
transfusion include complicated pregnancy and stroke prevention and may 
potentially reduce frequent pain episodes, priapism, and recurrent acute chest 
syndrome. Sickle cell patients (Chapter 154) have increased risk for antibody 
formation, hyperhemolytic transfusion reactions as described above, autoan-
tibody formation, and iron overload.

Patients with thalassemia (Chapter 153) may require chronic lifelong 
transfusion. They may be dependent on transfusions every two to five weeks 
to maintain pretransfusion hemoglobin levels above 9 to 10.5 g/dL in order 
to promote normal growth and physical activity and suppress bone marrow 
activity. The predominant transfusion complication is iron overload.

none).	RBC	components	must	be	major	ABO	compatible	and	usually	D	com-
patible.	Group	O	is	the	universal	RBC	component	because	the	RBCs	carry	
no A or B group antigens, whereas group AB RBCs can only be transfused to 
group AB individuals, group A RBCs can only be transfused to group A or 
AB individuals, and group B RBCs can only be transfused to group B or AB 
individuals. Incompatible RBC transfusions may result in acute hemolytic 
transfusion reactions.

In contrast, D-negative individuals do not make anti-D unless exposed to 
D-positive RBCs through previous pregnancy or transfusion. D negative females 
of childbearing potential must receive D-negative RBCs, unless unavailable 
in emergency situations, to prevent anti-D formation which may result in 
hemolytic disease of the fetus and newborn. If there is a shortage of D-negative 
RBCs, males and women not of childbearing potential (usually defined as age 
≥50 years old) can receive D-positive components. The risk of anti-D forma-
tion from D-positive RBC unit is about 10 to 20%.

Plasma,	which	contains	antibodies,	should	be	minor	ABO	compatible	such	
that group AB plasma is the universal product. Group A plasma can be trans-
fused	to	group	A	or	O	individuals,	group	B	to	group	B	or	group	O	individuals,	
group	O	to	group	O	individuals.	Group	A	plasma	 is	being	used	 in	massive	
transfusion settings due to the limited availability of group AB plasma (4% 
of population is group AB). This practice appears safe, particularly given that 
these	patients	are	receiving	group	O	RBCs	and	are	switched	to	type-specific	
components once the blood type is known. Plasma is not D-matched because 
no RBCs are in the product.

Platelets	are	typically	transfused	with	ABO	or	D	matching.	ABO	compat-
ibility results in higher post-transfusion platelet count increment. To decrease 
the risk of hemolytic transfusion reactions from incompatible plasma, low 
titer	(of	anti-A)	group	O	products	are	used.	Risk	of	anti-D	with	D-positive	
to	D-negative	patients	 is	 less	than	1%.	Granulocytes	should	be	major	ABO	
compatible due to their contamination with RBC and subsequent risk of acute 
hemolytic transfusion reaction.

 SPECIFIC CLINICAL SETTINGS
 Perioperative Alternatives to Allogeneic Transfusion
Patients may donate their own blood in the weeks prior to elective surgery. 
The advantages of such “preoperative autologous donation” include decreased 
risk of infectious disease transmission, decreased risk of alloimmunization to 
donor antigens, and the ready availability of compatible blood products if the 
patient requires rare RBC components. Its disadvantages include additional 
cost, potential adverse reactions associated with autologous blood donation, 
and the development of iatrogenic preoperative anemia associated with phle-
botomy. These components are more expensive than allogeneic components 
because they are specially handled to ensure that they are transfused only to 
the intended recipient. Furthermore, bacterial contamination and transfusion-
associated circulatory overload remain a concern with autologous transfusion 
as well as potential for mislabeling of the product resulting in hemolytic 
transfusion reaction. Additionally, the wastage rate for autologous components 
is about 60%, suggesting that most autologous donations are unnecessary.

Individuals who donate blood components for use by a specific patient, typi-
cally a family member or friend, are referred to as “directed donors.” Although 
directed donors are typically motivated by compassion for the patient, it is 
important to note that components from directed donations are not safer 
than those from volunteer donations. It has been found that in their wish 
to help the patient, the directed donor may intentionally or unintentionally 
omit information that might otherwise preclude them from donating. This 
omission may compromise the safety of the resulting product. Nevertheless, 
directed donations from relatives may be medically desirable when a patient 
requires HLA-matched components or RBCs with a rare phenotype. All directed 
donations from blood relatives should be irradiated to prevent TA-GVHD.

To salvage and reinfuse blood lost during a surgical procedure, several tech-
niques for intraoperative blood recovery have been used. The simplest approach 
to intraoperative blood recovery is direct reinfusion of recovered blood without 
washing. In this method, recovered blood is collected, anticoagulant is added, 
and blood is reinfused within 4 hours of the end of collection. Devices are 
also available for washing the recovered blood with saline prior to reinfusion. 
They are able to collect and process large volumes quickly, making intraoperative 
blood salvage feasible in surgical procedures that involve rapid blood loss. 
Blood recovered by these methods must be reinfused within 4 hours or, if 
stored at 1 to 6° C, within 24 hours of the start of collection.

Intraoperative blood recovery has several limitations that may alter the 
safety of the collected component. These potential contraindications include 
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 PATIENT BLOOD MANAGEMENT
Patient blood management, as defined by AABB, is an evidence-based mul-
tidisciplinary approach to optimizing the care of patients who may need 
transfusion. The goals of a patient blood management program include increas-
ing awareness of evidence-based transfusion guidelines, reducing likelihood 
of transfusion, minimizing blood loss, improving blood utilization, continu-
ously educating clinicians, and standardizing metrics. Implementation of patient 
blood management programs have decreased blood utilization, decreased cost, 
and improved patient care. A retrospective study demonstrated that instituting 
a patient blood management program, which included optimizing RBC mass, 
minimizing blood loss, and optimizing physiologic reserve of anemia, reduced 
blood	utilization	 and	 cost,	 and	 improved	outcome.	Optimizing	RBC	mass	
includes preoperative anemia evaluation, surgery timing, and postoperative 
erythropoiesis optimization. Minimizing blood loss includes management of 
bleeding risk, meticulous surgical technique, blood sparing devices, blood 
conservation strategies, maintenance of normothermia, use of hemostatic 
agents, monitoring postoperatively for bleeding, blood salvage, minimizing 
iatrogenic blood loss, anticoagulation management, and prophylaxis for GI 
hemorrhage.	Optimizing	physiologic	anemia	reserve	includes	estimating	blood	
loss compared to patient tolerance, formulating a patient-specific blood man-
agement plan, optimizing cardiac output and oxygenation, optimizing anemia 
reserve, maximizing oxygen delivery, minimizing oxygen consumption, avoiding/
treating infections, and using restrictive transfusion thresholds.

AABB recommendations for the Choosing Wisely campaign of the American 
Board of Internal Medicine support patient blood management.
1. Don’t transfuse more units than necessary. This recommends using a restric-

tive threshold and transfusing a single unit of RBCs in nonbleeding hos-
pitalized patients.

2. Don’t transfuse RBCs for iron deficiency without hemodynamic instability. 
Iron-deficient patients should receive oral or intravenous iron.

3. Don’t routinely use blood products to reverse warfarin. Patients can be 
reversed with vitamin K or prothrombin complex concentrates if they have 
serious bleeding or require emergent surgery.

4. Don’t perform serial blood counts on clinically stable patients. Repeat 
blood draws can result in iatrogenic anemia.

5.	 Don’t	 transfuse	O-negative	 blood	 except	 to	O-negative	 patients	 and	 in	
emergencies for women of childbearing potential with unknown blood 
group.	O-negative	RBCs	are	in	chronic	short	supply	and	should	be	restricted	
to those who need them.

 FUTURE
The field of transfusion medicine is continuously evolving as knowledge is 
gained regarding both blood products and patient populations. Patient care 
has continuously improved with the evolving knowledge. In the future, improved 
pathogen inactivation technologies may be available which would have less 
negative impact on the blood product. These technologies may also be avail-
able to treat RBC components. New components with improved storage, such 
as cold-stored platelets for bleeding, anaerobic RBC storage, or better additive 
solutions for platelets or RBCs, are in development. In the future, better match-
ing of components to patients (precise and personalized matching) may result 
in	improved	patient	outcomes.	Other	new	products	include	lyophilized	platelets	
and plasma. Additionally, making RBCs and platelets from stem cell sources 
is possible on a small scale and is advancing. Lastly, alternatives to blood 
transfusion through new medications, such as hemoglobin oxygen-carrying 
blood substitutes, also are under development.
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168 
HEMATOPOIETIC STEM CELL 
TRANSPLANTATION
MICHAEL R. BISHOP AND ARMAND KEATING

 INTRODUCTION
Hematopoietic stem cell transplantation (HSCT) is a procedure by which 
hematopoietic stem and progenitor cells (HSCs) are infused intravenously 
to restore hematopoiesis and immune function following a “conditioning” or 
“preparative” regimen, consisting of high-dose chemotherapy with or without 
radiation therapy.1 Stem cells used for HSCT are of hematopoietic origin, in 
contrast to the more primitive pluripotent stem cells (embryonic stem cells) 
that are of interest for use in regenerative therapy because of their ability to 
differentiate into virtually any somatic cell. The term HSCT has replaced the 
term bone marrow transplantation because HSCs can be derived from a variety 
of sources, including bone marrow, the peripheral blood, and umbilical cord 
blood. In addition to treating blood cancers and other malignancies, HSCT 
can also provide clinically significant enzyme replacement as well as treat 
hemoglobinopathies and immune deficiency states. There is also evidence of 
clinical benefit in selected autoimmune disorders. The HSCs can give rise to 
all blood elements, including cells of the immune system, and may be geneti-
cally modified to enhance their function. Furthermore, HSCs may be manipu-
lated ex vivo and used in the burgeoning field of regenerative medicine. Taken 
together, HSCT is a major component and foundation of the broader field of 
cellular therapy, which many believe forms the “third pillar” of medicine, 
complementing small molecule drugs and biologic agents.2

The clinical development and application of HSCT originated in the clinical 
observations of the severe myelosuppressive effects of radiation among sur-
vivors of the Hiroshima and Nagasaki nuclear bombings. There were intensive 
research efforts during the subsequent decade to develop methods to protect 
against and reverse the myelosuppressive effects of radiation, including the 
infusion of bone marrow from different animals of the same species. These 
efforts were primarily hindered by graft rejection. Among animals that did 
not reject their marrow grafts, a syndrome of weight loss, alopecia, diarrhea, 
and eventually death, referred to as “runting” disease, was commonly observed. 
This syndrome is now referred to clinically as graft-versus-host disease (GVHD) 
and is discussed in more detail later in this chapter. The subsequent determi-
nation and understanding of the major histocompatibility complex (MHC) 
and human leukocyte antigens (HLAs), the major determinants of graft rejec-
tion and of GVHD, enabled HSCT to be clinically applied. The first successful 
reports of clinical bone marrow transplantation, used for patients with severe 
combined immunodeficiency disorders, severe aplastic anemia, and advanced 
acute leukemias, occurred in the late 1960s and early 1970s. Subsequently, in 
the 1980s, it was demonstrated that the administration of high-dose chemo-
therapy followed by HSCs obtained from the bone marrow or peripheral 
blood of the patients themselves improved outcomes and survival of patients 
with a variety of hematologic and solid tumors. HSCT is standard treatment 
for many hematologic malignancies, immunodeficiency states, metabolic dis-
orders (e.g., Hurler syndrome), and defective hematopoietic states (e.g., severe 
aplastic anemia, thalassemia).3

There are three types of HSCT: allogeneic, autologous, and syngeneic. HSCs 
obtained from someone other than the patient are referred to as allogeneic, 
whereas HSCs obtained from the patient are referred to as autologous. In 
syngeneic HSCT, patients receive HSCs from an identical (monozygotic) 
twin, a relatively rare event (<1%). The determination of the type of HSCT 
that a patient receives (i.e., allogeneic vs. syngeneic vs. autologous) is based 
on the disease to be treated, disease state (e.g., initial treatment vs. treatment 
of recurrent disease), urgency with which the disease needs to be treated, 
availability of a donor, and time necessary to obtain HSCs from a donor.

As previously mentioned, HSCs may be obtained from bone marrow, 
peripheral blood, and umbilical cord blood. HSCs can be obtained directly 
from bone marrow by serial aspirations from the posterior iliac crests while 
the donor is under general anesthesia. Alternatively, HSCs can be obtained 
from peripheral blood after stimulation with hematopoietic growth factors 
such as granulocyte colony-stimulating factor (G-CSF) and plerixafor (a 
CXCR4 antagonist), followed by leukapheresis. HSCs from bone marrow 
are used in both autologous and allogeneic HSCT, although less frequently 
than in the past. Peripheral blood HSCs are used in approximately 90% of 
autologous HSCT and in approximately 70% of allogeneic HSCT. The greater 
use of peripheral blood HSCs is related to their relative ease of procurement 
and moderate improvement in the rate of hematopoietic recovery after infu-
sion compared with HSCs derived from bone marrow. The HSCs may be 
infused fresh or cryopreserved. Cryopreservation involves processing the cells 
in culture medium containing dimethyl sulfoxide (DMSO), placing them in 
specialized plastic bags, and then storing the cells indefinitely in the vapor 
phase of liquid nitrogen until needed. Cord blood HSCs are collected at the 
time of delivery, cryopreserved, and stored. For allogeneic donation, HSCs 
may also be infused on the day of collection. For autologous donation, HSCs 
are always cryopreserved.

 ALLOGENEIC HEMATOPOIETIC STEM CELL 
TRANSPLANTATION

The distinctive characteristics of allogeneic HSCT are that the stem cell graft 
is free of contamination by malignant cells and contains lymphocytes, primarily 
T and natural killer (NK) cells, that are capable of mediating an immunologic 
reaction against foreign antigens. This latter characteristic can be a major 
advantage if the immunologic response is directed against malignant cells, 
referred to as the graft-versus-leukemia or graft-versus-tumor effect, which 
potentially can eradicate disease and reduce the chance of disease relapse. 
However, if the immunologic response is directed against antigens present on 
normal tissues, the graft-versus-host response, it can result in the destruction 
of normal organs and is clinically described as GVHD. The risk for both graft 
rejection (host-versus-graft reaction) and GVHD rises with the degree of 
HLA disparity between the donor and the recipient.

The graft-versus-leukemia effect was first recognized in animal models and 
subsequently was noted among patients undergoing allogeneic HSCT for 
acute and chronic leukemias. The clinical importance of the role that immu-
nocompetent donor T cells play in mediating a graft-versus-leukemia effect 
was provided by initial observations of increased rates of relapse in patients 
who received allogeneic bone marrow grafts from which T cells had been 
removed (T-cell depletion), an inverse correlation between relapse and severity 
of GVHD, and increased rates of relapse after syngeneic or autologous HSCT 
in patients who had received similar conditioning regimens. These data sug-
gested that T cells within the allogeneic graft are directly involved in eradicating 
leukemia. Finally, the most compelling evidence for the importance of T cells 
mediating the graft-versus-leukemia effect arose from the clinical observation 
that infusion of allogeneic T cells alone, termed a donor lymphocyte infusion 
(DLI), at a time remote from the transplant conditioning regimen, successfully 
eradicated leukemia that had persisted or recurred after allogeneic HSCT. 
However, there is wide variability in the clinical effectiveness of the graft-
versus-leukemia effect against different malignancies after allogeneic HSCT.

As previously emphasized, HSCs used in allogeneic HSCT are obtained 
from a donor other than the recipient or an identical twin. Because of the 
immunologic barriers that can result in graft rejection and GVHD, allogeneic 
HSCT requires that the donor and the recipient share as many key genes as 
possible. The most important of these are HLAs, which are derived from the 
MHC located on chromosome 6. The key HLA loci include HLA-A, HLA-B, 
HLA-C, DR, and DQ. A single set of MHC alleles, described as a haplotype, 
is inherited from each parent, resulting in HLA pairs. A clinical “match” means 
that HLAs in the donor match the HLAs in the patient.

The choice of donor for an allogeneic HSCT takes into account several 
factors, including the patient’s specific disease and disease state (remission 
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ABSTRACT
Hematopoietic stem cell transplantation (HSCT) is a procedure by which 
hematopoietic stem and progenitor cells are infused intravenously to restore 
hematopoiesis and immune function following a conditioning regimen con-
sisting of high-dose chemotherapy with or without radiation therapy. Stem 
cells can be derived from a variety of sources, including bone marrow, the 
peripheral blood, and umbilical cord blood. HSCT can be used to treat blood 
cancers and other malignancies, enzyme deficiencies, hemoglobinopathies, 
and autoimmune disorders. There are three types of HSCT: allogeneic, autolo-
gous, and syngeneic. The determination of the type of HSCT a patient receives 
is based on the specific disease being treated and the availability of a donor. 
Complications associated with all forms HSCT include direct organ toxicities 
from the conditioning regimen and prolonged cytopenias, resulting in infec-
tions and bleeding. Graft-versus-host disease is a complication unique to 
allogeneic HSCT. Through improved supportive measures, there has been 
steady improvement in HSCT outcomes which, along with greater donor 
options, has increased the applicability of HSCT. The toxicities and potential 
mortality associated with HSCT must always be kept in mind when consider-
ing the option of HSCT for patients. Recurrence of disease remains the primary 
cause of treatment failure after both autologous and allogeneic HSCT in 
malignant diseases. However, novel approaches, including chimeric antigen 
receptor T-cells, hold considerable promise in addressing this problem. Taken 
together, HSCT is a major component and foundation of the broader field of 
cellular therapy, which many believe forms the “third pillar” of medicine, 
complementing small molecule drugs and biologicals.
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body weight. The limitation of cell dose can be overcome by the use of more 
than one cord blood unit. Cord blood HSCs are associated with delayed times 
to engraftment and immune reconstitution leading to an increased rate of 
infection. The other significant disadvantage is that after the cord blood unit 
is used, there is no possibility to obtain additional cells in the event of graft 
failure or if a DLI is required.

After an allogeneic stem cell source has been identified, patients then receive 
a conditioning (preparative) regimen with the intent of “conditioning” or 
“preparing” them for the infusion of HSCs (Fig. 168-1). These conditioning 
regimens are designed to be adequately immunosuppressive to overcome the 
host-versus-graft reaction and permit engraftment. They also are designed for 
tumor eradication in patients with an underlying malignancy. Most condition-
ing regimens use a combination of radiation and chemotherapy. Doses of total 
body and total lymphoid irradiation that are used vary between 200 and 1440 
cGy. The most commonly used chemotherapy agents in conditioning regimens 
are alkylating agents (e.g., cyclophosphamide, busulfan). Conditioning regimens 
also may contain monoclonal antibodies that target T cells (e.g., antithymocyte 
globulin, alemtuzumab). The choice of a specific conditioning regimen depends 
on the disease that is being treated. The doses of chemotherapy and radiation 
used in these regimens are highly variable. When the doses result in a degree 
of myelosuppression and immunosuppression that is nearly universally fatal 
without the infusion of HSCs as a rescue product, they are referred to as 
myeloablative. Allogeneic HSCT with myeloablative conditioning regimens 
has been performed successfully in patients older than 60 years; however, 
survival after these transplantations declines with increasing age, limiting the 
application of allogeneic transplantation to a minority of patients who poten-
tially could benefit from this procedure. However, the demonstration that an 
immune-mediated graft-versus-leukemia effect plays a central role in the thera-
peutic efficacy of allogeneic HSCT led to the hypothesis that myeloablative 
conditioning regimens were not essential for tumor eradication. This idea 
subsequently led investigators to develop less intensive conditioning regimens, 
which were adequately immunosuppressive to permit the engraftment of donor 
HSCs but were associated with decreased toxicities compared with myeloabla-
tive regimens. These “nonmyeloablative” and “reduced-intensity” conditioning 
regimens increase the potential option of allogeneic HSCT for older patients 
and patients with preexisting comorbidities. However, the reduced doses in 
radiation and chemotherapy result in decreased antitumor activity and are 
associated with higher rates of disease recurrence after transplantation.

After engraftment has occurred, patients are at risk for the development of 
GVHD, which represents the most important clinical challenge with allogeneic 
HSCT.4 Graft-versus-host disease is described as either acute,5 generally pre-
senting within the first 100 days after transplantation, or chronic,6 generally 
presenting after the first 100 days. However, clinical features of both acute 

vs. relapse) and the time that is required for obtaining HSCs from a donor. 
A fully HLA-matched sibling is the preferred donor source because of the 
observation that the risks for graft rejection and GVHD are lowest with these 
allogeneic HSCs and that they are relatively readily available. The probability 
of having an HLA match with a single sibling is 25% and increases with the 
number of siblings within a specific family. This probability can be estimated 
using the following formula: chance of having an HLA-matched sibling = 1 
− (0.75)n, where n is the number of potential sibling donors. There is approxi-
mately a 1% chance of a crossover event (i.e., genetic material switched between 
chromosomes during meiosis), primarily between the HLA-A and the HLA-B 
loci. The clinical outcomes for allogeneic HSCT using a sibling with a single 
HLA mismatch are similar to those with a fully HLA-matched sibling.

For patients who lack an HLA-identical sibling donor, the alternative sources 
for allogeneic HSCs include a fully HLA-matched volunteer unrelated donor, 
a fully or partially HLA-matched cord blood unit, or a partially HLA-matched 
first-degree family member. The genes encoding HLAs are numerous, and 
the odds that any two unrelated individuals are HLA identical for main loci 
are less than 1 in 10,000. More than 25 million people worldwide are currently 
listed as potential volunteer HSC donors; a donor can be found for about 
50% of all patients for whom a search is initiated. The probability of identify-
ing a suitable volunteer donor is highly dependent on race because of varying 
degrees of HLA diversity. For example, for persons of northern European 
extraction, the probability of a match can be as high as 90%. It usually takes 
about 2 to 4 months to locate and fully evaluate an unrelated donor, which 
may be too long for some patients with rapidly progressive malignancies. 
When a suitable volunteer is not available or a donor is needed more urgently, 
alternative sources of HSCs can be considered, including those from partially 
HLA-matched (“haploidentical”) relatives or from umbilical cord blood. 
Haploidentical HSCs are readily available but have increased risks for graft 
rejection and GVHD. These risks can be reduced by either ex vivo or in vivo 
T-cell depletion methods but lead to delayed immune reconstitution and 
competency after transplantation, increasing the risks for infection and disease 
recurrence. However, the relatively simple incorporation of using post-
transplantation cyclophosphamide as GVHD prophylaxis has markedly 
increased the clinical use of haploidentical donors. Umbilical cord blood HSCs 
are taken at the time of delivery and stored in cord blood banks, and they are 
readily available within 2 to 4 weeks when needed. Because of the unique 
immature biology of lymphocytes in umbilical cord blood, these transplants 
are associated with less GVHD; consequently, the HLA-matching require-
ments are less strict, and two or three HLA mismatches may be acceptable. 
However, the small volume (50 to 150 mL) of cord blood that can be collected 
results in a limited number of HSCs, which often prohibits their use in adults 
because successful engraftment correlates with the number of HSCs per patient 

FIGURE 168-1. The process of allogeneic hematopoietic stem cell transplantation. (1) the patient receives a conditioning regimen of chemotherapy and/or radiation therapy that 
is used to both eliminate the underlying malignancy and suppress the immune system to prevent rejection of the allogeneic hematopoietic stem cells. (2) allogeneic hematopoietic 
stem cells are then collected directly from the bone marrow or from the blood of a related or unrelated stem cell donor and infused intravenously into the donor. (3) after the infusion 
of the hematopoietic stem cells, the patient receives immunosuppressant drugs to help prevent the development of graft-versus-host disease (GVHD). 
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prophylaxis is approximately 30 to 40%. The incidence of grades II to IV 
GVHD in recipients of HLA-matched unrelated donor grafts is approximately 
50 to 80%. Another strategy to prevent GVHD is to deplete the donor’s T 
cells from the graft; the disadvantage of this approach is its association with 
increased rates of disease relapse and infection, and overall survival does not 
seem to be improved.

Moderate to severe GVHD (grades II to IV) requires treatment; the mainstay 
of therapy is corticosteroids. Methylprednisolone 1 to 2 mg/kg/day achieves 
responses in 40 to 60% of patients. Higher doses of steroids are not of greater 
benefit. Steroid-refractory GVHD responds poorly to second-line therapies 
such as antithymocyte globulin or various monoclonal antibodies (e.g., dacli-
zumab, infliximab) and is associated with increased mortality. In general, acute 
GVHD of the skin is most responsive to treatment, whereas GVHD of the 
liver is least responsive. The fatality rate for steroid-refractory acute GVHD 
may be as high as 50%.

Chronic GVHD occurs in 20 to 50% of long-term survivors.6 Chronic GVHD 
occurs most commonly between 100 days and 2 years after transplantation 
and has polymorphic features similar to a number of autoimmune diseases. 
Chronic GVHD is classified as classic chronic GVHD, which consists only 
of manifestations that can be ascribed to chronic GVHD, or as acute and 
chronic GVDH overlap syndrome, in which features of both acute and chronic 
GVHD appear together. These distinctions are clinically relevant because 
“late-onset” acute GVHD and overlap syndrome subsets have been associated 
with poor survival in some studies. Chronic GVHD is most likely to develop 
in older patients who also had acute GVHD or received peripheral blood 
rather than bone marrow grafts. In 20% of chronic GVHD cases, there is no 
history of prior acute GVHD. Adverse prognostic factors include thrombo-
cytopenia, a progressive clinical presentation, extensive skin involvement, and 
an elevated bilirubin. Common manifestations include the sicca syndrome, 
lichen planus–like skin rash, scleroderma-like skin changes, esophageal and 
intestinal fibrosis, obstructive lung disease with or without pneumonitis, and 
elevated alkaline phosphatase level with or without hyperbilirubinemia. Under-
lying immunologic deficiencies, including hypogammaglobulinemia, are 
common, placing patients at increased risk for infectious events.

Historically, chronic GVHD has been considered as limited or extensive. 
Limited disease implies localized skin involvement with minimal or no liver 
involvement, whereas extensive disease suggests generalized skin involvement 
with or without other organ involvement. This classification is relatively poorly 
reproducible and does not always provide useful prognostic information. A 
new chronic GVHD clinical staging system is now recommended for scoring 
of individual organs (scale of 0 to 3) that describes the severity for each affected 
organ/site at any given time and also measures functional impact. Treatment 
of chronic GVHD is guided by the extent of disease. Initiation of therapy 
before functional impairment is of critical importance. Treatments for chronic 
GVHD include corticosteroids, cyclosporine, thalidomide, ultraviolet light 
treatments, monoclonal antibodies, or other immunosuppressive agents. Alter-
native treatments include azathioprine, psoralen ultraviolet A, and extracorporeal 
photopheresis. Given that the most common cause of death in patients with 
chronic GVHD remains infection, all patients with GVHD should receive 
prophylactic antibiotics with or without intravenous immunoglobulin, depend-
ing on serum levels.

 SYNGENEIC HEMATOPOIETIC STEM  
CELL TRANSPLANTATION

Syngeneic HSCT uses stem cells from an identical twin. Because the HSCs 
are genetically identical with the recipient, the major advantage of a syngeneic 
HSCT is that it is not associated with GVHD or graft rejection, resulting in 
a relatively low risk for treatment-related morbidity and mortality. Another 
advantage of syngeneic HSCT, shared with allogeneic HSCT, is a lack of con-
tamination of the graft by malignant cells. The major disadvantage of syngeneic 
HSCT is that it does not provide the graft-versus-leukemia effect associated 
with allogeneic HSCT. However, less than 1% of patients have an identical 
twin, and consequently, this is not an option for most patients.

 AUTOLOGOUS HEMATOPOIETIC STEM  
CELL TRANSPLANTATION

The major rationale for autologous HSCT, using the patient’s own HSCs, is 
that certain malignancies, such as leukemias and lymphomas, have a steep 
dose-response curve to chemotherapy and, to a relative degree, radiation. 
However, the major limitation of the administration of higher doses of che-
motherapy or radiation is the myelosuppressive effects of these therapies. 
Autologous HSCs (and for that matter allogeneic and syngeneic HSCs) permit 

and chronic GVHD may be observed at any time point following allogeneic 
HSCT. Current opinion holds that clinical manifestations rather than time 
after transplantation determine whether the clinical GVHD syndrome is con-
sidered acute or chronic. The broad category of acute GVHD includes “classic” 
acute GVHD, occurring within 100 days after transplantation or DLI and 
“persistent,” “recurrent,” or “late” acute GVHD, occurring beyond 100 days 
after transplantation or DLI. Risk factors for acute GVHD include HLA mis-
match, a female donor (particularly a multiparous donor), more advanced 
age in the patient and the donor, cytomegalovirus seropositivity of the donor 
or patient, and use of an unrelated donor or of a T-cell-replete versus T-cell-
depleted graft.

Acute GVHD can often be diagnosed on the basis of clinical findings and 
is manifest by symptoms in several organ systems, but it primarily affects the 
skin, gastrointestinal tract, and liver. The skin manifestations range from a 
maculopapular rash to generalized erythroderma or desquamation. The sever-
ity of gastrointestinal GVHD is based on the amount of diarrhea per day, 
and the severity of liver GVHD is scored on the basis of the bilirubin level. 
Organs may be involved in isolation or simultaneously. Histologic confirma-
tion can be valuable in excluding other possibilities such as infection. Mild 
GVHD of the skin may demonstrate vacuolar degeneration and infiltration 
of the basal layer by lymphocytes. With more advanced disease, histologic 
findings of necrotic dyskeratotic cells with acantholysis may progress to frank 
epidermolysis. In the liver, early GVHD may be difficult to distinguish from 
hepatitis of other causes. A clinical grading system (Table 168-1) correlates 
with clinical outcome. Severity is described as grade I (mild) to grade IV  
(severe).

The best therapy for GVHD is prophylaxis. The prophylactic use of a cal-
cineurin inhibitor (e.g., cyclosporine, tacrolimus) in combination with metho-
trexate is effective in reducing the incidence and severity of acute GVHD and 
in improving the survival of transplant patients and is the most commonly 
used form of GVHD prophylaxis. Cyclosporine (Chapter 32) is a cyclic poly-
peptide that prevents T-cell activation by inhibiting interleukin-2 (IL-2) pro-
duction and IL-2 receptor expression. Although effective as GVHD prophylaxis, 
cyclosporine imparts significant toxicities, including hypertension, nephro-
toxicity, hypomagnesemia, risk for seizures, hypertrichosis, gingival hyperplasia, 
tremors, and anorexia. Tacrolimus is a macrolide lactone that closely resembles 
cyclosporine in mechanism of action, spectrum of toxicities, and pharmacologic 
interactions. The combination of tacrolimus and methotrexate has been dem-
onstrated to be superior to cyclosporine and methotrexate in reducing grades 
II to IV acute GVHD when used as prophylaxis. Tacrolimus/sirolimus remains 
a valid and safe alternative. A1  For allogeneic HSCT, prophylactic immunosup-
pression is not lifelong; when immunologic tolerance is established, immu-
nosuppressive agents can be slowly withdrawn and discontinued. The incidence 
of clinically significant GVHD (grades II to IV) in recipients of HLA-matched 
sibling grafts (T-cell replete) using tacrolimus and methotrexate for GVHD 

TABLE 168-1 CLASSIFICATION OF PATIENTS WITH ACUTE 
GRAFT-VERSUS-HOST DISEASE

STAGE

CLINICAL STAGING

SKIN LIVER GUT
+ Rash <25% BSA Total bilirubin 

2-3 mg/dL
Diarrhea 500-1000 mL/day

++ Rash 25%-50% BSA Total bilirubin 
3-6 mg/dL

Diarrhea 1000-1500 mL/day

+++ Generalized 
erythroderma

Total bilirubin 
6-15 mg/dL

Diarrhea >1500 mL/day

++++ Desquamation and 
bullae

Total bilirubin 
>15 mg/dL

Pain, with or without ileus

GRADE

CLINICAL GRADING STAGE

SKIN LIVER GUT PS
0 (none) 0 0 0 0
I + to ++ 0 0 0
II + to +++ + + +

III ++ to +++ ++ to +++ ++ to +++ ++

IV ++ to ++++ ++ to ++++ ++ to ++++ +++
BSA = body surface area; PS = performance status.
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attendant morbidity and mortality, because in general patients with autoimmune 
diseases have a low probability of death from their underlying disorder.

 COMPLICATIONS AFTER HEMATOPOIETIC STEM 
CELL TRANSPLANTATION

Early complications associated with all forms of HSCT include direct organ 
toxicities from the conditioning regimen (e.g., mucositis) and prolonged cyto-
penias (7 to 14 days) resulting in infections and bleeding. As described previ-
ously, allogeneic HSCT can be associated with acute and chronic GVHD. 
Long-term complications, particularly secondary malignancies, require that 
patients continue to be monitored for the remainder of their lives.12 Through 
improved supportive measures, there has been steady improvement in HSCT 
over time. A simple index, based on pretransplantation comorbidities, has 
been developed that reliably predicts nonrelapse mortality and survival. This 
comorbidity index is useful for patient counseling before HSCT. Blood bio-
markers are being developed and validated as prognostic tests for complications 
after HSCT, including future occurrence of GVHD, predictive tests for its 
responsiveness to therapy, and nonrelapse mortality.13 The late toxicities of 
HSCT must always be kept in mind when considering the option of HSCT 
for patients.

 Graft Rejection
Graft rejection occurs when immunologically competent cells of host origin 
destroy the transplanted cells of donor origin.14 This complication occurs 
more commonly in patients who receive transplants from alternative or HLA-
mismatched donors, in T-cell-depleted transplants, and in patients with aplastic 
anemia. Graft rejection is rarely, if ever, observed in patients undergoing 
autologous or syngeneic HSCT.

 Infections
Infections are a major cause of morbidity and mortality after all forms of 
HSCT but especially following allogeneic transplantation because of prolonged 
use of immunosuppression for the prevention or treatment of GVHD (Chapter 
265). Bacterial infections are frequently related to central venous catheters. 
Among fungal infections, aspergillus infections typically occur in patients 
receiving prolonged high-dose steroids for the treatment of GVHD. Viral 
infections include reactivation of cytomegalovirus, human herpesvirus 6, and 
Epstein-Barr virus infections. Letermovir prophylaxis can significantly reduce 
cytomegalovirus reactivation A7  and varicella zoster vaccination can significantly 
reduce zoster reactivation A8  in post-HSCT patients. These patients are also 
susceptible to seasonal respiratory viruses. Revaccination for common child-
hood infections are required after transplantation.

 Cardiac Toxicity
Most transplant centers screen potential patients for underlying cardiac abnor-
malities that would place them at a potentially increased risk during the pro-
cedure. Despite this screening, however, a small number of patients experience 
cardiotoxicity, either acutely during the transplantation or at a later time, which 
manifests as a cardiac arrhythmia, congestive heart failure, or cardiac ischemia 
due to the large volumes of fluids administered during the procedure or from 
the added physiologic stress. Complications associated with a pericardial effu-
sion can be seen in some patients during or after transplantation and are more 
common in patients with disease near that area and in those receiving radiation 
therapy in that field. An idiosyncratic cardiomyopathy, associated with the 
administration of high doses of cyclophosphamide, has been documented in 
a small number of patients. Viral cardiomyopathies also can be seen.

 Engraftment Syndrome
Engraftment syndrome occurs during neutrophil recovery following both 
autologous and allogeneic HSCT.15 It consists of a constellation of symptoms 
and signs that may include fever, erythrodermatous skin rash, and noncardio-
genic pulmonary edema, and, in its most extreme forms, acute renal failure 
and diffuse alveolar hemorrhage. These clinical findings reflect the manifesta-
tions of increased capillary permeability and extensive release of endogenous 
cytokines. Corticosteroid therapy often is dramatically effective for engraftment 
syndrome, particularly for the treatment of the pulmonary manifestations.

 Pulmonary Toxicities
Pulmonary toxicities are common during and after transplantation.16 Patients 
who receive certain chemotherapeutic agents, such as 1,3-bis (2-chloroethyl)-
1-nitrosourea (BCNU; carmustine) have an increased incidence of 
chemotherapy-induced lung tissue damage after transplantation, which usually 

 Hodgkin Lymphoma
Based on a small prospective randomized trial conducted in the early 1990s, 
autologous HSCT has become the standard of care for patients with primary 
refractory and relapsed Hodgkin lymphoma (Chapter 177) whose disease 
remains chemotherapy sensitive. The usual approach is to first treat these 
patients with second-line chemotherapy, followed by the high-dose therapy 
and autologous HSCT. Allogeneic HSCT has had a limited role because of 
the efficacy of autologous HSCT and the significant treatment-related toxici-
ties associated with myeloablative allogeneic HSCT. Data are accumulating 
on the efficacy of reduced-intensity allogeneic HSCT, especially in patients 
who relapse after autologous HSCT.

 Multiple Myeloma
Although the advent of new agents, such as immunomodulatory derivatives 
and proteasome inhibitors, for the treatment of multiple myeloma (MM) 
(Chapter 178) is leading to a reappraisal of the role of autologous HSCT in 
the early treatment of the disease, current opinion indicates that the standard 
of care remains induction therapy with novel agents followed by consolidation 
with autologous HSCT.8 Prospective comparisons of single versus tandem 
autologous transplants give conflicting results, although overall survival rates 
appear similar. Single-arm and randomized trials support the use of a second 
autologous transplantation for patients who relapse after the first autologous 
HSCT, provided the duration of response was more than 1 year after the initial 
transplantation.

 Solid Tumors
High-dose chemotherapy plus transplantation has had success in the treatment 
of some chemotherapy-sensitive solid tumors, including germ cell tumors 
and childhood cancers such as neuroblastoma and Wilms tumor. In patients 
with germ cell tumors for whom platinum-based chemotherapy regimens fail 
to result in a cure, the use of high-dose chemotherapy and autologous HSCT 
has resulted in prolonged disease-free survival, including patients with refrac-
tory disease. After initial promising results of autologous HSCT for advanced 
and metastatic breast cancer (Chapter 188), several randomized trials failed 
to demonstrate an overall survival benefit, and the procedure is no longer 
performed for these indications.

 Nonmalignant Conditions
HSCT is also effective for treatment of nonmalignant disorders, including 
aplastic anemia, thalassemias, sickle cell disease, immunodeficiency disorders, 
and enzyme deficiency states. These latter indications are primarily for chil-
dren and young adults. Allogeneic HSCT can lead to long-term, disease-free 
survival in more than 50% of patients with severe aplastic anemia (Chapter 
156).9 When compared with standard immunosuppressive therapy, allogeneic 
transplantation is more likely to produce a complete and durable reversal of 
the hematologic abnormalities. Patients with aplastic anemia who are less 
heavily transfused have better outcomes with allogeneic transplantation. 
For patients with less severe aplastic anemia, patients older than 40 years, 
and those without a matched sibling donor, a trial of immunosuppression 
therapy is usually appropriate before consideration of allogeneic transplantation  
(Chapter 156).

The hemoglobinopathies can be cured only by allogeneic HSCT, and the 
most extensive experience is with β-thalassemia (Chapter 153).10 Best results 
are obtained with HLA-identical sibling donor transplantations and in pediatric 
patients. Adults tend to have more advanced disease with greater iron overload 
and more organ dysfunction; hence, they have high treatment-related mortal-
ity. Studies with nonmyeloablative regimens are ongoing. There is considerably 
less experience with sickle cell disease (Chapter 154), partly because of reluc-
tance to contemplate allogeneic HSCT in patients with an unpredictably 
variable clinical course.11

Autologous HSCT has been investigated for almost 20 years for the treat-
ment of severe autoimmune disease, including systemic lupus erythematosus, 
rheumatoid arthritis, scleroderma, and multiple sclerosis. The strategy has 
been to reconstitute the immune system without the presence of autoreactive 
T-cell clones. Results from recent trials have demonstrated clinically significant 
responses in patients with severe scleroderma (Chapter 251) and advanced 
multiple sclerosis. A randomized trial of myeloablative autologous HSCT 
versus 12 monthly infusions of cyclophosphamide in adults with severe sclero-
derma showed that the transplant patients achieved long-term benefits, including 
improved event-free and overall survival, at a cost of increased expected toxic-
ity. A6  There has been a reluctance to consider allogeneic HSCT, with its 

minimal residual disease. Studies suggest that HSCT improves overall survival 
compared with conventional chemotherapy alone, particularly for those who 
are Ph positive. The overall prognosis for both pediatric and adult patients 
with relapsed ALL is relatively poor, and the general treatment strategy is to 
obtain a second complete remission and then proceed to an allogeneic HSCT.

 Myelodysplastic Syndrome
The only known curative treatment for myelodysplastic syndrome (MDS) 
(Chapter 172) is allogeneic HSCT. Unfortunately, the vast majority of patients 
are not considered candidates for this therapy for many reasons, including 
advanced age, comorbidities, donor availability, access to well-tolerated agents 
such as azacytidine or lenalidomide, and clinician and patient preferences. 
The best results have been obtained in relatively younger patients, who are 
earlier in their disease course and have not received any prior therapy. There 
is increasing evidence that reduced-intensity allogeneic HSCT may benefit 
even considerably older patients with MDS and is of importance given that 
the median age at diagnosis is in the seventh to eighth decades of life. A 
prospective, randomized trial of the European Society of Blood and Marrow 
Transplantation showed that a busulfan-based reduced-intensity conditioning 
regimen resulted in at least a 2-year relapse-free and overall survival, similar 
to that after a myeloablative conditioning regimen for allogeneic stem cell 
transplantation in patients with myelodysplastic syndrome or secondary  
AML. A3  The use of autologous HSCT for MDS remains investigational.

 Chronic Myeloid Leukemia
Previously, allogeneic HSCT was the treatment of choice for chronic myeloid 
leukemia (CML) (Chapter 175); however, currently most CML patients are 
successfully treated with a tyrosine kinase inhibitor (TKI) such as imatinib. 
Consequently, in most cases allogeneic HSCT is not performed in patients 
with CML in chronic phase, but it is reserved for patients in accelerated phase 
(AP) or blast crisis (BC) CML, those who are intolerant of or fail TKIs, and 
those with TKI-resistant mutations of BCR-ABL. Although results of allogeneic 
HSCT in AP or BC CML are poor, results of post-transplantation treatment 
with TKIs appear promising. In the TKI era, autologous stem cell collections, 
even in patients with hematopoiesis shown to be BCR-ABL negative by reverse 
transcription–polymerase chain reaction, are rarely performed.

 Myeloproliferative Neoplasms
Myeloproliferative neoplasms, such as primary myelofibrosis, polycythemia 
vera, and essential thrombocythemia, usually are chronic in nature but can 
progress to a “spent” phase and develop myeloid metaplasia, which is char-
acterized by bone marrow fibrosis and a generally poor prognosis with trans-
formation into acute leukemia and a median survival of less than 3 years 
(Chapter 157). Conventional treatment options in this disease state are limited, 
and the accepted standard of care for myeloid metaplasia/myelofibrosis is 
allogeneic HSCT with increasing reports of the efficacy of nonmyeloablative 
allogeneic HSCT for these disorders in this older age population.7

 Non-Hodgkin Lymphoma
Although allogeneic, syngeneic, and autologous HSCT have all been reported 
to yield long-term, disease-free survival and an apparent cure for patients with 
advanced non-Hodgkin lymphoma (NHL) (Chapter 176), the current standard 
of care for patients with primary refractory or chemotherapy-sensitive relapsed 
NHL of specific histologies, including the most common NHL histology, 
diffuse large B-cell lymphoma, remains autologous HSCT. The demonstration 
of a potent graft-versus-leukemia effect against various NHL histologies is 
very heterogeneous. Consensus is currently lacking regarding for which histol-
ogy allogeneic HSCT is appropriate.

Autologous HSCT has been used to treat patients with indolent follicular 
NHL resulting in disease-free survival rates as high as 60%. A4  However, late 
relapses after transplantation and the long overall survival observed with con-
ventional therapy make long-term follow-up necessary to document the efficacy 
of this approach for patients with follicular lymphoma. Several studies have 
documented the graft-versus tumor effects against follicular lymphoma and 
suggest the potential value of nonmyeloablative allogeneic HSCT regimens 
in the treatment of this histology.

In the case of mantle cell lymphoma (MCL), further prospective trials are 
required, although autologous HSCT appears to improve progression-free 
and possibly overall survival in patients when used as part of front-line therapy. 
These results have been improved with the incorporation of post-transplantation 
maintenance rituximab. A5  Patients with high-risk MCL are candidates for trials 
investigating the role of nonmyeloablative allogeneic HSCT.

the administration of high-dose chemotherapy (with or without radiation) 
by restoring hematopoiesis. The major advantages of autologous HSCT com-
pared with allogeneic HSCT are that (1) the patient can serve as his or her 
own donor and (2) it may be performed in older patients with significantly 
lower morbidity and mortality because of the absence of GVHD as a major 
complication. However, autologous HSCT can be associated with more mor-
bidity than conventional doses of chemotherapy. Although patients undergoing 
autologous HSCT have higher relapse rates than those undergoing allogeneic 
transplantation, the lower rate of other complications seems to translate into 
similar long-term outcomes.

 INDICATIONS FOR TRANSPLANTATION
An estimated 70,000 HSCTs are performed annually worldwide. They are 
used primarily for the treatment of hematologic malignancies, bone marrow 
failure states, and immune and enzyme deficiencies (Fig. 168-2).

 Acute Myeloid Leukemia
Acute myeloid leukemia (AML) (Chapter 173) was one of the first malignan-
cies in which all forms of HSCT were demonstrated to be effective. Allogeneic 
HSCT is capable of resulting in the long-term survival of 10% of patients with 
refractory AML. Long-term survival and an apparent cure rate of 20% to 40% 
have been achieved in patients treated in second or subsequent complete 
remission, and cure rates of 40 to 70% have been reported in patients given 
transplants in first complete remission. Randomized controlled trials compar-
ing autologous and allogeneic HSCT to conventional chemotherapy in patients 
with AML in first complete remission have demonstrated improved leukemia-
free survival with both forms of HSCT. However, the data vary regarding an 
improvement in overall survival. Several meta-analyses demonstrate improved 
overall survival with allogeneic HSCT for AML in first complete remission, 
compared with nonallogeneic treatments in patients with intermediate- and 
high-risk cytogenetics, but not for good-risk AML. A2  More recent studies 
indicate the importance of the presence of molecular mutations. For example, 
intermediate-risk AML with a normal karyotype represents a highly hetero-
geneous group with respect to prognosis based on molecular mutation status. 
Approximately one third of patients with normal-karyotype AML harbor the 
FLT3-internal tandem mutation, which carries a poor prognosis and may 
benefit from HLA-matched related HSCT transplantation, regardless of the 
presence of other mutations.

 Acute Lymphoblastic Leukemia
The results of conventional chemotherapy for acute lymphoblastic leukemia 
(ALL) in children are excellent, except for ALL associated with the Philadel-
phia chromosome (Ph) (Chapter 173). In adults, however, although remission 
is frequently attained after intensive induction therapy, the probability of relapse 
is high in this disease, and some form of consolidation therapy is recommended, 
including allogeneic HSCT. Adverse prognostic factors include the presence 
of the Ph, high white blood cell count, advancing age, and the presence of 
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FIGURE 168-2. Indications for hematopoietic stem cell transplantation in the United 
States as reported to the Center for International Blood and Marrow Research. all = 
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leukemia; cml = chronic myelogenous leukemia; HD = Hodgkin disease; mDS/mpD = 
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attendant morbidity and mortality, because in general patients with autoimmune 
diseases have a low probability of death from their underlying disorder.

 COMPLICATIONS AFTER HEMATOPOIETIC STEM 
CELL TRANSPLANTATION

Early complications associated with all forms of HSCT include direct organ 
toxicities from the conditioning regimen (e.g., mucositis) and prolonged cyto-
penias (7 to 14 days) resulting in infections and bleeding. As described previ-
ously, allogeneic HSCT can be associated with acute and chronic GVHD. 
Long-term complications, particularly secondary malignancies, require that 
patients continue to be monitored for the remainder of their lives.12 Through 
improved supportive measures, there has been steady improvement in HSCT 
over time. A simple index, based on pretransplantation comorbidities, has 
been developed that reliably predicts nonrelapse mortality and survival. This 
comorbidity index is useful for patient counseling before HSCT. Blood bio-
markers are being developed and validated as prognostic tests for complications 
after HSCT, including future occurrence of GVHD, predictive tests for its 
responsiveness to therapy, and nonrelapse mortality.13 The late toxicities of 
HSCT must always be kept in mind when considering the option of HSCT 
for patients.

 Graft Rejection
Graft rejection occurs when immunologically competent cells of host origin 
destroy the transplanted cells of donor origin.14 This complication occurs 
more commonly in patients who receive transplants from alternative or HLA-
mismatched donors, in T-cell-depleted transplants, and in patients with aplastic 
anemia. Graft rejection is rarely, if ever, observed in patients undergoing 
autologous or syngeneic HSCT.

 Infections
Infections are a major cause of morbidity and mortality after all forms of 
HSCT but especially following allogeneic transplantation because of prolonged 
use of immunosuppression for the prevention or treatment of GVHD (Chapter 
265). Bacterial infections are frequently related to central venous catheters. 
Among fungal infections, aspergillus infections typically occur in patients 
receiving prolonged high-dose steroids for the treatment of GVHD. Viral 
infections include reactivation of cytomegalovirus, human herpesvirus 6, and 
Epstein-Barr virus infections. Letermovir prophylaxis can significantly reduce 
cytomegalovirus reactivation A7  and varicella zoster vaccination can significantly 
reduce zoster reactivation A8  in post-HSCT patients. These patients are also 
susceptible to seasonal respiratory viruses. Revaccination for common child-
hood infections are required after transplantation.

 Cardiac Toxicity
Most transplant centers screen potential patients for underlying cardiac abnor-
malities that would place them at a potentially increased risk during the pro-
cedure. Despite this screening, however, a small number of patients experience 
cardiotoxicity, either acutely during the transplantation or at a later time, which 
manifests as a cardiac arrhythmia, congestive heart failure, or cardiac ischemia 
due to the large volumes of fluids administered during the procedure or from 
the added physiologic stress. Complications associated with a pericardial effu-
sion can be seen in some patients during or after transplantation and are more 
common in patients with disease near that area and in those receiving radiation 
therapy in that field. An idiosyncratic cardiomyopathy, associated with the 
administration of high doses of cyclophosphamide, has been documented in 
a small number of patients. Viral cardiomyopathies also can be seen.

 Engraftment Syndrome
Engraftment syndrome occurs during neutrophil recovery following both 
autologous and allogeneic HSCT.15 It consists of a constellation of symptoms 
and signs that may include fever, erythrodermatous skin rash, and noncardio-
genic pulmonary edema, and, in its most extreme forms, acute renal failure 
and diffuse alveolar hemorrhage. These clinical findings reflect the manifesta-
tions of increased capillary permeability and extensive release of endogenous 
cytokines. Corticosteroid therapy often is dramatically effective for engraftment 
syndrome, particularly for the treatment of the pulmonary manifestations.

 Pulmonary Toxicities
Pulmonary toxicities are common during and after transplantation.16 Patients 
who receive certain chemotherapeutic agents, such as 1,3-bis (2-chloroethyl)-
1-nitrosourea (BCNU; carmustine) have an increased incidence of 
chemotherapy-induced lung tissue damage after transplantation, which usually 

 Hodgkin Lymphoma
Based on a small prospective randomized trial conducted in the early 1990s, 
autologous HSCT has become the standard of care for patients with primary 
refractory and relapsed Hodgkin lymphoma (Chapter 177) whose disease 
remains chemotherapy sensitive. The usual approach is to first treat these 
patients with second-line chemotherapy, followed by the high-dose therapy 
and autologous HSCT. Allogeneic HSCT has had a limited role because of 
the efficacy of autologous HSCT and the significant treatment-related toxici-
ties associated with myeloablative allogeneic HSCT. Data are accumulating 
on the efficacy of reduced-intensity allogeneic HSCT, especially in patients 
who relapse after autologous HSCT.

 Multiple Myeloma
Although the advent of new agents, such as immunomodulatory derivatives 
and proteasome inhibitors, for the treatment of multiple myeloma (MM) 
(Chapter 178) is leading to a reappraisal of the role of autologous HSCT in 
the early treatment of the disease, current opinion indicates that the standard 
of care remains induction therapy with novel agents followed by consolidation 
with autologous HSCT.8 Prospective comparisons of single versus tandem 
autologous transplants give conflicting results, although overall survival rates 
appear similar. Single-arm and randomized trials support the use of a second 
autologous transplantation for patients who relapse after the first autologous 
HSCT, provided the duration of response was more than 1 year after the initial 
transplantation.

 Solid Tumors
High-dose chemotherapy plus transplantation has had success in the treatment 
of some chemotherapy-sensitive solid tumors, including germ cell tumors 
and childhood cancers such as neuroblastoma and Wilms tumor. In patients 
with germ cell tumors for whom platinum-based chemotherapy regimens fail 
to result in a cure, the use of high-dose chemotherapy and autologous HSCT 
has resulted in prolonged disease-free survival, including patients with refrac-
tory disease. After initial promising results of autologous HSCT for advanced 
and metastatic breast cancer (Chapter 188), several randomized trials failed 
to demonstrate an overall survival benefit, and the procedure is no longer 
performed for these indications.

 Nonmalignant Conditions
HSCT is also effective for treatment of nonmalignant disorders, including 
aplastic anemia, thalassemias, sickle cell disease, immunodeficiency disorders, 
and enzyme deficiency states. These latter indications are primarily for chil-
dren and young adults. Allogeneic HSCT can lead to long-term, disease-free 
survival in more than 50% of patients with severe aplastic anemia (Chapter 
156).9 When compared with standard immunosuppressive therapy, allogeneic 
transplantation is more likely to produce a complete and durable reversal of 
the hematologic abnormalities. Patients with aplastic anemia who are less 
heavily transfused have better outcomes with allogeneic transplantation. 
For patients with less severe aplastic anemia, patients older than 40 years, 
and those without a matched sibling donor, a trial of immunosuppression 
therapy is usually appropriate before consideration of allogeneic transplantation  
(Chapter 156).

The hemoglobinopathies can be cured only by allogeneic HSCT, and the 
most extensive experience is with β-thalassemia (Chapter 153).10 Best results 
are obtained with HLA-identical sibling donor transplantations and in pediatric 
patients. Adults tend to have more advanced disease with greater iron overload 
and more organ dysfunction; hence, they have high treatment-related mortal-
ity. Studies with nonmyeloablative regimens are ongoing. There is considerably 
less experience with sickle cell disease (Chapter 154), partly because of reluc-
tance to contemplate allogeneic HSCT in patients with an unpredictably 
variable clinical course.11

Autologous HSCT has been investigated for almost 20 years for the treat-
ment of severe autoimmune disease, including systemic lupus erythematosus, 
rheumatoid arthritis, scleroderma, and multiple sclerosis. The strategy has 
been to reconstitute the immune system without the presence of autoreactive 
T-cell clones. Results from recent trials have demonstrated clinically significant 
responses in patients with severe scleroderma (Chapter 251) and advanced 
multiple sclerosis. A randomized trial of myeloablative autologous HSCT 
versus 12 monthly infusions of cyclophosphamide in adults with severe sclero-
derma showed that the transplant patients achieved long-term benefits, including 
improved event-free and overall survival, at a cost of increased expected toxic-
ity. A6  There has been a reluctance to consider allogeneic HSCT, with its 
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many patients take steroids for many months, tapering can be associated with 
malaise, nausea, hypotension, and musculoskeletal pains. In these situations, 
slower tapering over several months or reintroduction of physiologic replacement 
doses (e.g., 7.5 to 10 mg/day of prednisone) is appropriate. Hypothyroidism 
is typically related to the use of total body radiation or local radiation to the 
head and neck for lymphoma or other cancer. Osteoporosis occurs in 50 to 
60% of patients after HSCT. The major contributing causes include hypogo-
nadism, secondary hyperparathyroidism caused by low serum calcium, and 
post-transplantation steroid therapy. Bone mineral density should be evaluated 
before and after transplantation; osteopenia should be treated as appropriate 
with bisphosphonates, calcium, vitamin D, estrogen, and testosterone.

 CONCLUSION
There has been much progress in increasing the efficacy and safety of HSCT 
and in expanding the application of this treatment to more patients. Areas 
currently under development that may further improve the use and efficacy 
of transplantation include continuous improvements in supportive care for 
transplant patients and the broadened use of alternative donors. Recurrence 
of disease remains the primary cause of treatment failure after both autologous 
and allogeneic HSCT in malignant diseases. Better treatments are necessary 
for the treatment of GVHD and innovative studies are ongoing. Future pro-
gress depends on the ability to identify safer and better-targeted antitumor 
therapies that can be incorporated in transplantation regimens without increas-
ing toxicity or attenuating graft-versus-tumor responses. However, novel cellular 
therapies, including genetic modification of lymphocytes to enhance cancer-
killing activity, such as chimeric antigen receptor T cells, hold considerable 
promise.

can occur several weeks after transplantation and can be treated successfully 
with the prompt initiation of corticosteroid therapy. In addition to these com-
plications, patients who are undergoing allogeneic HSCT are at increased risk 
for pneumonitis, caused by cytomegalovirus and fungal infections, because 
of the patient’s increased immunosuppression, and adult respiratory distress 
syndrome or interstitial pneumonia of unknown etiology. Chronic GVHD 
also can manifest as bronchiolitis obliterans in the lung.

 Liver Toxicity
The most common liver complication associated with transplantation is veno-
occlusive disease (VOD)/sinusoidal obstruction syndrome (SOS) of the liver. 
Symptoms associated with VOD/SOS include jaundice, tender hepatomegaly, 
ascites, and weight gain. Progressive hepatic failure and multiorgan system 
failure can develop in the most severe cases. Predisposing factors appear to be 
previous hepatic injury, use of estrogens, and high-dose intensity conditioning.

 Renal Toxicity
Acute renal failure requiring dialysis during the transplantation occurs infre-
quently, although patients with underlying renal dysfunction are at risk for 
this complication.17 An idiopathic or cyclosporine-induced hemolytic-uremic 
syndrome can be a serious complication after allogeneic HSCT and poses a 
high mortality risk or can result in end-stage renal disease. Nephrotic syndrome 
and membranous nephropathy have been described in long-term survivors; 
these complications seem to be associated more commonly with chronic 
GVHD and nonmyeloablative conditioning.

 Secondary Malignancies
One complication of the chemotherapy or radiation therapy (or both) used 
to treat malignancy is the development of a secondary malignancy. There have 
been several reports of the development of secondary AML or MDS after 
autologous transplantation. Some studies have suggested that total body radia-
tion may increase the risk for these complications. After allogeneic transplanta-
tion, the overall incidences of secondary malignancies are 2.2% at 10 years 
and 6.7% at 15 years after transplantation. Solid malignancies occur in up to 
15% of patients 15 years after stem cell transplantation with myeloablative 
conditioning, with no plateau in the incidence rates.18 Within the first 1 to 2 
years, the most common malignancies are Epstein-Barr virus–related lympho-
proliferative disorders19; solid tumors are more likely to occur more than 3 
years after transplantation. Risk factors include the use of antithymocyte 
globulin to treat GVHD, the use of a T-cell-depleted allogeneic graft, HLA 
incompatibility, and perhaps total body radiation.

 Infertility and Hypogonadism
Many of the preparative regimens used for transplantation are associated with 
a high incidence of permanent sterility, particularly regimens containing total 
body radiation. However, successful pregnancies have occurred in some patients 
after other regimens, particularly in younger patients. A reproductive endo-
crinologist should be consulted before transplantation in patients for whom 
future fertility is important. Gynecomastia occasionally occurs in males.

 Endocrine Dysfunction
Iatrogenic Cushing syndrome and diabetes can occur and are commonly due to 
long-term steroid therapy for chronic GVHD. Particularly disabling are steroid-
induced myopathy, avascular necrosis of the hip, and osteoporosis. Because 
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4. Risk factors for the development of acute GVHD include:
 A. HLA mismatch
 B. Cytomegalovirus seronegativity of the donor or patient
 C. More advanced age in the patient and the donor
 D. Female donor (particularly a multiparous donor)
 E. Use of an unrelated donor

Answer: B Seropositivity in either the recipient or the donor is associated 
with a greater risk for developing acute GVHD. All of the other factors have 
also been associated with higher risks for developing acute GHVD. When a 
patient has more than one potential HLA-matched donor, these factors are 
used in the donor selection.

5. All of the following are considered standard indications for HSCT except:
 A. Allogeneic HSCT from HLA-matched donors for patients with inter-

mediate- and high-risk acute myeloid leukemia in first remission
 B. High-dose chemotherapy and autologous HSCT for patients with primary 

refractory and relapsed diffuse large B-cell lymphoma that remains 
chemotherapy sensitive

 C. Allogeneic HSCT from HLA-matched sibling in adult patients with 
advanced sickle cell disease

 D. High-dose chemotherapy and autologous HSCT for patients with newly 
diagnosed multiple myeloma after induction therapy

 E. Allogeneic HSCT for patients with therapy-related acute myeloid 
leukemia

Answer: C In all of the other clinical scenarios, either allogeneic or autologous 
HSCT has been demonstrated to significantly improve progression-free and/
or overall survival. Several meta-analyses have demonstrated the benefit of 
allogeneic HSCT from HLA-matched donors for patients with intermediate- 
and high-risk acute myeloid leukemia in first remission. The benefit in patients 
with normal cytogenetics is being further delineated by molecular studies 
(e.g., FLT3-ITD). In relapsed, chemotherapy-sensitive diffuse large B-cell 
lymphoma, autologous HSCT has been demonstrated to result in improved 
progression-free and overall survival in randomized trials compared with 
conventional therapy. Although the continuing introduction of novel agents 
is changing clinical practice, autologous transplantation remains a standard 
component in the initial management of multiple myeloma patients. In the 
case of therapy-related acute myeloid leukemia, allogeneic stem cell trans-
plantation is the only option that can provide long-term survival and possibly 
cure. Although there have been promising results with allogeneic HSCT in 
adults with advanced sickle cell disease, it still is considered investigational 
because ongoing trials attempt to identify the most appropriate patients in 
whom to use this treatment.

REVIEW QUESTIONS

1. The distinctive characteristic(s) of allogeneic hematopoietic stem cell 
transplantation (HSCT) include(s):
 A. The stem cell graft is free of contamination by malignant cells.
 B. It is associated with decreased complications compared with autologous 

and syngeneic HSCT.
 C. It contains lymphocytes that are capable of mediating an immunologic 

reaction against foreign antigens.
 D. Both A and C
 E. A, B, and C

Answer: D Both allogeneic and syngeneic grafts are free of tumor cell con-
tamination. Allogeneic HSCT is associated with higher rates of treatment-
related morbidity and mortality because of potential for the development of 
graft-versus-host disease (GVHD) and necessity for immunosuppressive agents 
leading to higher risks for infection. Allogeneic HSCT contains lymphocytes 
that can mediate immunologic reactions against foreign antigens, including 
those on tumors, leading to lower rates of relapse compared with either autolo-
gous or allogeneic HSCT.

2. The cells that contribute most to the graft-versus-tumor effects observed 
with allogeneic HSCT are:
 A. Neutrophils
 B. Monocytes
 C. Dendritic cells
 D. T lymphocytes
 E. B lymphocytes

Answer: D Although neutrophils and monocytes play important roles in 
eliminating infections, they contribute little to observed graft-versus-tumor 
effect. B lymphocytes and dendritic cells have been demonstrated to play 
roles in the graft-versus-tumor effects observed with allogeneic HSCT; however, 
T lymphocytes play the most important role. This has been most clearly evident 
clinically by the observation that infusion of donor T lymphocytes, a donor 
lymphocyte infusion (DLI), alone after recurrence of cancer following allo-
geneic HSCT can result in sustained complete remissions.

3. All of the following are disadvantages for the clinical use of cord blood 
hematopoietic stem cells (HSCs) except:
 A. Clinical outcomes are in general inferior to fully HLA-matched sibling 

and volunteer unrelated donors.
 B. Because of the unique immature biology of lymphocytes in umbilical 

cord blood, these transplantations are associated with more GVHD.
 C. Because of the small volume (50 to 150 mL) of cord blood, only a 

limited number of HSCs can be collected, which often prohibits their 
use in adults because successful engraftment correlates with the number 
of HSCs per patient body weight.

 D. Cord blood HSCs are associated with delayed times to engraftment 
and immune reconstitution leading to an increased rate of infection.

 E. After the cord blood unit is used, there is no possibility of obtaining 
additional cells in the event of graft failure or if a donor lymphocyte 
infusion is required.

Answer: B Cord blood transplantation is generally associated with less GVHD 
even when the donor and recipient are HLA disparate. This is the major advan-
tage of cord blood stem cells and permits the application of HSCT to a broader 
group of patients. Outcomes, however, are generally not as good as those 
observed with either fully HLA-matched sibling or volunteer donors in similar 
patients. The limited number of HSCs, delayed hematopoietic recovery and 
immune reconstitution, and availability of a only single unit for each patient 
are major clinical disadvantages.
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169 
APPROACH TO THE PATIENT 
WITH CANCER
JAMES H. DOROSHOW

 INTRODUCTION TO THE CANCER PATIENT
Conveying or receiving an initial diagnosis of cancer, or the knowledge that 
cancer has recurred, is among the most difficult of human enterprises, and 
no amount of either specialized training or forewarning can adequately assuage 
the intensity of the emotions associated with these encounters. Patients often 
experience a storm of feelings that may limit useful discussion immediately 
following the receipt of a diagnosis of cancer. Unquestionably, it is difficult 
for even the most well-informed patient to process the complexities of his or 
her individual situation, including the range of additional diagnostic tests that 
may be required and the potentially vast array of treatment options and out-
comes that lie ahead. And yet, at some point prior to the initiation of treatment, 
the physician and the patient must discuss the diagnosis, its implications, and 
therapeutic alternatives. Because of the wide range of potential prognoses 
(from curable disseminated testicular cancer to the limited lifespan of patients 
with locally advanced gastric or pancreatic cancer), it is often useful for family 
members or close friends to be present in the consulting room when detailed 
discussions of the complexities of either disease or therapy are conducted, 
both to provide emotional support and to be another “set of ears” during the 
visit. It is helpful to ask patients directly: “What do you understand about 
your diagnosis and treatment?” Family members or close associates of the 
patient may also be especially helpful in developing a written or digital record 
of the questions posed to and answered by health care providers; many patients 
find such a record to be especially helpful for later reference.

If the physician is not familiar with the latest treatment options, prompt 
referral to a specialist, whether a surgical oncologist, radiation oncologist, or 
medical oncologist, is imperative. The generalist should not be a therapeutic 
nihilist unless he or she is intimately involved in the field and is well versed in 
the potential risks and benefits of currently available therapies and clinical trials.

 DIAGNOSIS
Diagnostic possibilities are protean for the wide range of human malignancies 
that may be discovered either in the presence of nonspecific but foreboding 
symptoms or signs (severe weight loss, hematuria, jaundice) or in asymptomatic 
individuals (e.g., during a routine physical examination). The importance of 
the medical history and physical examination, however, must be emphasized 
whether or not a pathologic diagnosis of cancer has already been confirmed. 
One of the most important considerations that underlies the approach to 
both the diagnostic work-up and choice of cancer treatment (surgical, radia-
tion, or systemic therapy) is the patient’s basic physiologic condition or “per-
formance status” (Table 169-1). For example, a past medical history of prolonged 
tobacco smoking is not only relevant to a possible diagnosis of lung cancer 
but to the ability of a patient to tolerate potentially curable multimodality 
treatment. Underlying evidence of excessive alcohol consumption may play 
a role in both the tolerance for and metabolism of systemic chemotherapeutic 
agents. Family histories of cancer can provide prognostic indicators as well 
as suggest molecularly guided treatment approaches in, for example, women 
with possible BRCA1-related breast or ovarian cancer. It is also critical to 
assess the environment of care, including all of the patient’s support systems, 
that may be sorely tested by the experience of a cancer diagnosis and the 
interventions that ensue therefrom. Finally, the physical examination will define 
the extent of certain sites of measurable malignancy—lymph node, splenic, 
or hepatic enlargement, for example—as well as the patient’s muscle strength, 
the presence of possible malignant effusions, and potential central or peripheral 
neuropathies reflective of metastatic disease or paraneoplastic syndromes. 
But most importantly, it provides the treating physician with an initial sense 
of the patient’s well-being, or lack thereof, prior to the initiation of therapy.

Diagnostic Procedures
A lesion that has been found on physical examination, or following radiographic 
studies prompted by abnormal laboratory results, will often undergo a per-
cutaneous biopsy for pathologic evaluation. It is critical that the biopsy be 

representative of the entire tumor and be robust enough in size that appropriate 
investigations (e.g., special immunohistologic stains, flow cytometry, cytoge-
netics, hormone assays, molecular testing) can be performed before treatment 
is initiated. If there is a question whether the lesion is benign or malignant or 
about its proper classification, consideration should be given to additional 
biopsies, and consultation with a reference pathologist may be indicated.

More recently, molecular testing has opened up new possibilities for the 
early diagnosis of asymptomatic malignancy. For example, a small number of 
cases of occult cancer may be subsequently diagnosed among pregnant women 
whose noninvasive prenatal testing results show discordance with the fetal 
karyotype.1

The recent emergence of a wide range of molecularly targeted and immu-
notherapeutic agents active in solid tumors (see Table 169-2 for an abbreviated 
list at the end of the chapter and E-Table 169-1 for full list) has focused renewed 
attention on obtaining sufficient tissue from patients for performance of the 
essential molecular studies (DNA sequencing, RNA expression analyses, FISH 
[fluorescence in situ hybridization], and immunologic profiling) necessary to 
determine treatment choice. Although tumors removed by surgical resection 
are routinely of sufficient size to permit the full range of diagnostic examina-
tions, active involvement of a skilled interventional radiologist or endoscopist 
is often required to produce both the size and number of tumor biopsies 
required for modern cancer therapeutic decision making. There is seldom a 
need for such rapid therapy that appropriate pretreatment evaluations cannot 
be performed. For some tumor sites such as the colon (Chapter 184), there 
is one predominant histology but critical molecular features of the tumor 
(presence or absence of a mutant Ras oncogene) can define therapy; in others, 
such as the lung (Chapter 182), the distinction between small cell lung cancer 
and non–small cell lung cancer is critical for treatment. For breast cancer 
(Chapter 188), the treating physician is interested in a variety of factors, such 
as histology, tumor grade, the presence (and its degree) or absence of estrogen 
and progesterone receptor proteins, the presence of HER2/neu overexpres-
sion, as well as other molecular characteristics. The rapidly increasing sophis-
tication of molecular diagnostics has, furthermore, begun to improve the 
potential to localize cancers of unknown primary origin (see section on Cancer 
of Unknown Origin later in this chapter).

TABLE 169-1 KARNOFSKY AND ZUBROD  
PERFORMANCE SCALES

KARNOFSKY PERFORMANCE STATUS SCALE

VALUE LEVEL OF FUNCTIONAL CAPACITY
100 Normal, no complaints, no evidence of disease
90 Able to carry on normal activity, minor signs or symptoms of 

disease
80 Normal activity with effort, some signs or symptoms of disease
70 Cares for self, unable to carry on normal activity or to do active 

work
60 Requires occasional assistance but is able to care for most 

needs
50 Requires considerable assistance and frequent medical care
40 Disabled, requires special care and assistance
30 Severely disabled; hospitalization is indicated, although death 

is not imminent
20 Hospitalization is necessary; very sick, active supportive 

treatment necessary
10 Moribund; fatal processes progressing rapidly
0 Dead

EASTERN COOPERATIVE ONCOLOGY GROUP (ZUBROD)  
PERFORMANCE SCALE

PERFORMANCE 
STATUS DEFINITION
0 Asymptomatic
1 Symptomatic; fully ambulatory
2 Symptomatic; in bed <50% of day
3 Symptomatic; in bed >50% of day
4 Bedridden

Text continued on p. 1184
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KEYWORDS
medical oncology
cancer therapy
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systemic treatment

ABSTRACT
The care of the patient with cancer requires broad knowledge of specific his-
tologic diagnoses, an increasing appreciation of the biology and genetics of 
malignancy, an understanding of cancer immunology, and a broad appreciation 
of the pharmacology of the systemic agents, both cytotoxic and molecularly 
targeted, used to treat cancers in addition to standard surgical and radiothera-
peutic approaches. The approach to the patient with cancer also requires a 
commitment to the critical psychosocial aspects of care that are essential for 
the optimal treatment of the multifaceted medical problems confronted by 
all cancer patients.
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Staging and Multidisciplinary Evaluation
After a tissue diagnosis has been established, staging follows to determine the 
extent of disease. The American Joint Committee on Cancer staging system 
is considered the standard in the United States and is based on the TNM 
(tumor, node, metastasis) system that is anatomically and pathologically based. 
The approach to staging from a clinical perspective depends on the type of 
cancer, but it commonly includes computed tomography (CT), magnetic reso-
nance imaging (MRI), radionuclide scans, and, increasingly, positron emission 
tomography (PET). These studies are supplemented by routine hematologic 
and chemistry profiles, tumor markers and molecular characterization (when 
appropriate), and in some cases, bone marrow aspiration and biopsy.

The goal of tumor staging is to define the extent of a patient’s disease. Tumor 
stage provides critical prognostic information that will inform the therapeutic 
approach that is most appropriate. Accurate staging involves delineating the 
magnitude of the tumor determined by imaging procedures, as well as con-
firming the pathologic limits of disease spread from tissues removed at surgery. 
In essence, for most solid tumor patients, the tumor stage will establish whether 
the treatment will focus on a local (usually confined to an organ), regional, 
or disseminated pattern of malignancy and can determine whether the expected 
outcome of therapy is curative or palliative. On the other hand, hematopoietic 
malignancies are often disseminated at diagnosis and demand their own prog-
nostic classifiers.

The focus of the staging work-up is to identify potential sites of metastases 
and to establish indicator lesions with which to monitor therapy. For most 
solid tumors, CT scans can accomplish both goals; however, in some circum-
stances, other imaging modalities are more appropriate for therapeutic moni-
toring (e.g., MRI when central nervous system [CNS] metastases are likely 
[e.g., small cell lung cancer], or combined PET/CT imaging to establish that 
a given lesion is likely to be metabolically active and malignant, or in diseases 
where early metabolic responses to treatment can be confirmed [such as for 
gastrointestinal stromal tumors]). In patients with established advanced disease, 
indicator lesions for therapeutic monitoring should be carefully chosen prior 
to the initiation of treatment, be well documented in the medical record, and 
should be evaluated with the minimum frequency of imaging procedures 
required for accurate follow-up, consistent with evidence-based medical practice 
or the clinical protocol on which the patient is entered.

The consulting medical oncologist may often be advised by a local tumor 
board composed of other medical, surgical, and radiation oncologists, patholo-
gists, radiologists, and members of the cancer care team (oncology nurses, 
social workers, and palliative care specialists). In such a multidisciplinary 
environment, the patient’s overall prognosis can be reviewed and alternatives 
for care, including standard therapy, possible clinical trials, a second opinion, 
or no treatment, can be considered. The outcome of such an evaluation is 
usually viewed by patients and families as an important component in the 
coordinated development of an overall plan for either further diagnostic pro-
cedures or therapy. Finally, many oncologists actively participate in clinical 
trials that may make investigational drugs or other investigational procedures 
available for patients, or they may suggest referral to a tertiary cancer center 
where disease-specific or molecularly defined clinical trials are available.

Therapeutic Plan
intention of treatment

Based on the multidisciplinary evaluation of an accurately staged patient, 
it should be possible to define whether the intent of treatment is curative or 
palliative. Whether or not this is done during a formal tumor board or multi-
disciplinary case conference, clarity must be reached regarding the specific 
choice of therapeutic options (and their potential risks and benefits, overall 
goals, and alternatives) when considered in the context of the wishes of the 
patient and family. This is particularly true when the side effects of treatment 
are substantial (such as for the multidisciplinary management of non–small 
cell lung cancer or esophageal cancer). For cancers amenable to surgery, resec-
tion is often an initial alternative if the patient is a suitable candidate for anes-
thesia and is otherwise in acceptable condition in terms of comorbid illnesses 
(Chapter 403 and 404). Determination of the patient’s performance score (see 
Table 169-1) is a simple means of assessing functional status. If life expectancy 
is limited or if the patient is not a good candidate for surgery, more limited 
approaches to palliative radiation or systemic therapy may be appropriate. 
There are now substantial data suggesting that the extent of surgery required 

TREATMENT 

for an optimal long-term outcome may be reduced for certain solid tumors 
through the use of presurgical, so-called “neoadjuvant” chemotherapy, often 
as part of an “organ-sparing” approach. Concomitant or sequential multimodality 
treatments also have the potential to produce long-term disease-free remis-
sions. When the best therapeutic outcomes require the combined skills of 
surgical, radiation, and medical oncologists, the need for coordination of care 
among a variety of specialists becomes paramount and the use of predefined 
treatment regimens critical.

therapeutic paradigm and therapeutic index
The therapeutic paradigm in oncology, although still directed at improving 

the multidisciplinary care model, has begun to change from one focused on 
delivering treatments at the “maximally tolerated dose” for normal tissues, to 
therapy that is personalized based on both the molecular characteristics of the 
patient’s tumor as well as any individual germline features that could modify 
treatment tolerance (Chapter 171). Based on the rapid expansion of our under-
standing of somatic mutations in human malignancies and the ability to produce 
therapeutic molecules that can target specific defects in tumoral DNA repair, 
growth factor signaling, energy balance, or immunocompetence, for example, 
the currently developing approach to cancer therapeutics involves the employ-
ment of predictive molecular markers (“biomarkers”) to guide all modalities of 
cancer care for the benefit of unique cancer patients. Hence, the focus of oncolo-
gists today is on the elaboration of treatments that can be administered with 
a high therapeutic index, defined as the comparison of the amount of treatment 
that is effective to the amount that causes toxicity. In this era of precision cancer 
medicine, the goal of cancer therapy is to minimize normal tissue toxicity while 
preserving quality of life by advancing therapies or procedures that are targeted 
only to specific molecular dependencies in tumors.

Surgical Therapy
Surgery is used to biopsy a suspected lesion, remove the primary tumor, 

bypass obstructions, provide palliation, and prevent cancers in patients at very 
high risk because of genetic predispositions or chronic inflammatory states. 
Surgical staging also establishes the extent of disease. For example, patients 
with ovarian cancer (Chapter 189) benefit from surgical “debulking” to remove 
all visible disease, leaving minimal residual tumor, a process that may enhance 
the effectiveness of systemic treatment. Placement of a venous access device 
at the time of surgery, if considered proactively, may eliminate the need for a 
second surgical anesthesia.

Risk-reducing bilateral mastectomy and risk-reducing salpingo-oophorectomy 
are options for the primary prevention of breast and ovarian cancers in indi-
viduals who are genetically predisposed to these malignancies. Although these 
operations provide considerable efficacy in terms of cancer prevention, they 
can be associated with profound adverse physical and psychosexual effects. 
Decisions to proceed with such risk-reducing surgery are complex and emo-
tionally charged. Patients require clearly understandable information and 
counseling, as well as adequate time and support to think through their options.2

Surgery remains the most common method to cure localized cancers such 
as breast cancer (Chapter 188), colorectal cancer (Chapter 184), and lung cancer 
(Chapter 182), but it is limited by the location of the tumor, its extension, and 
distant metastases. Even if a tumor cannot be removed, surgical biopsy provides 
confirmation of the diagnosis and additional tissue for molecular analysis. 
Occasionally, an obstructing lesion can be bypassed to provide palliation.

In specific circumstances when the primary tumor has been controlled, 
removal of a single metastasis (metastasectomy) can result in long-term survival; 
an example is resection of a solitary liver metastasis found at the time of col-
ectomy for colorectal cancer. A variety of surgical techniques, such as radio-
frequency ablation or cryoablation, can also be used to treat hepatic metastases 
in carefully selected patients. Adjuvant chemotherapy is often given after surgery 
in this situation to treat microscopic metastases.

The careful application of reconstructive surgery after a disfiguring procedure 
is critical to long-term physical and emotional well-being. Examples include 
postmastectomy breast reconstruction (Chapter 188) and plastic surgical pro-
cedures to correct deformities following head and neck surgery (Chapter 181).

Radiation Therapy
Ionizing radiation (Chapter 17) can be delivered using beams of high-energy 

rays, known as teletherapy, via a linear accelerator; by brachytherapy, through 
the application of sealed radioactive implants, seeds, wires, or plaques; and 
intravenously by using radioisotopes, either directly or attached to antibod-
ies or other targeting molecules. Radiation interacts with water molecules to 
induce free radical species, including hydroxyl radicals, which damage DNA, 
proteins, and lipid membranes, leading to cell death. Like chemotherapy, 
radiation therapy is most effective against rapidly dividing cells that are well 
oxygenated. Radiation-induced DNA damage may also increase sensitivity to 
chemo- or immunotherapy.

The utility of radiation therapy is limited by the inapparent extension of 
disease outside a local treatment field, by the location of tumors next to normal 
structures that must be preserved, and by the presence of distant metastases. 
Normal tissue tolerance, which varies across different organs and tissues, often 
prevents the use of radiation doses that could uniformly eradicate cancers. 
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Radiation therapy is also limited by tumor hypoxia: large, bulky tumors are 
frequently relatively radioresistant, whereas well-oxygenated tumors can be 
more effectively treated at lower doses. In addition to acute radiation-related 
toxicities (Chapter 17), late effects of radiation therapy include second malig-
nancies, such as breast cancers that may occur decades after administering 
thoracic radiation fields during curative treatment for Hodgkin disease.

Radiation therapy can be used as primary treatment, as part of multimodality 
therapy, in the adjuvant setting, and for palliation. As a single modality, radia-
tion therapy can be curative for early-stage malignancies such as laryngeal 
cancer (Chapter 181), cervical cancer (Chapter 189), and prostate cancer (Chapter 
191). Breast-conserving surgery (Chapter 188) requires the use of radiation to 
treat the remaining breast. Partial irradiation techniques using three-dimensional 
planning with external beam radiation have recently been developed and used 
in selected patients with appropriately placed and sized breast cancers. For 
localized prostate cancer (Chapter 191), implanted radioactive seeds of gold 
or palladium offer an alternative to surgery or external beam radiation therapy 
in certain patients.

Newer techniques, such as intensity-modulated radiation therapy (IMRT), 
permit more exact tailoring of the dose to the target, thereby reducing damage 
to the surrounding normal tissues. Stereotactic radiation therapy or gamma 
knife techniques allow the treatment of primary or metastatic brain tumors 
(Chapter 180) measuring up to 3 cm with enhanced accuracy, minimizing damage 
to normal brain. Particle-based treatment with protons has expanded in use, 
particularly for limited-stage prostate cancer, based on the potential to deliver 
higher radiation doses locally. However, there are no randomized studies dem-
onstrating its superiority over other approaches using computational techniques 
to improve the specificity of radiation delivery (such as IMRT); it is also used for 
some uveal melanomas, base-of-skull tumors, and a few pediatric malignancies.

Low- to moderate-dose palliative radiation is used to ameliorate symptomatic 
cancer when cure is no longer the goal. For instance, radiation therapy can 
improve symptoms from brain metastases (Chapter 180), relieve pain from 
bone lesions, relieve some obstructing lesions, and sometimes improve hemop-
tysis caused by lung cancer (Chapter 182) or bleeding from a gynecologic 
malignancy (Chapter 189). Bone-seeking radioisotopes of samarium, strontium, 
or radium may relieve pain from bone metastases in prostate cancer (Chapter 
191) or breast cancer (Chapter 188).

Systemic Therapy
cancer pharmacology
Principles

The fundamental goal of cancer pharmacology is the development of treat-
ments that can be matched to the intrinsic sensitivity of specific tumors and 
that can be delivered in concentrations that affect the molecular target of 
interest with an acceptable therapeutic index. Three properties of all cancer 
therapeutic agents underlie their clinical utility: (1) pharmacogenetics of the 
drug (how the germline or somatic expression of genes alters normal tissue 
toxicity or antitumor efficacy); (2) action of the drug (pharmacodynamics, or 
what the drug does to the tumor/body); and (3) delivery of the drug (pharma-
cokinetics, or what the body does to the drug).

Pharmacogenetics
Pharmacogenetics, the study of inherited interindividual differences in drug 

disposition and effects, is important in cancer therapy because genetic poly-
morphisms in drug-metabolizing enzymes may be responsible for variations 
in efficacy and toxicity observed with many chemotherapeutic agents. Drugs 
potentially affected by polymorphisms identified to date include the thiopurines, 
5-fluorouracil, irinotecan, taxanes, and the platinum agents. In patients who 
are heterozygous or homozygous for deficiencies in metabolizing enzymes, 
toxicity can be dramatically enhanced. Testing for pharmacogenetic variations 
that predict for altered normal tissue tolerance is currently available for thio-
purines and irinotecan.

Molecular Targeting and Pharmacodynamics
Molecular diagnostic testing to predict antitumor activity for hormonal and 

anti-HER2 therapeutics has been part of routine oncologic practice for the past 
two decades, but the recent past has witnessed a remarkable increase in the 
use of molecular diagnostic testing in cancer drug development and a conse-
quent increase in the number of molecularly targeted and immunotherapeutic 
anticancer agents that are prescribed only after demonstration of specific 
molecular abnormalities (predictive of response) in primary or metastatic tumor 
tissues.3 Examples of such diagnostic/drug pairs include the prototypical BCR-ABL 
mutation in chronic myelogenous leukemia and imatinib; EGFR mutations in 
lung adenocarcinomas and erlotinib; ALK tyrosine kinase translocations in lung 
adenocarcinomas and crizotinib; and BRAFV600E mutations in melanoma and 
vemurafenib. Molecular targeting can also involve the expression of mismatch 
repair genes and immunologic checkpoint inhibitors. Recent advances in the 
process of cancer drug discovery, furthermore, have focused on demonstrating 
engagement of presumed molecular targets of drug action early in the devel-
opment process (e.g., evidence of enzyme inhibition, protein dephosphorylation, 
or DNA damage) as the first step toward implementation of a predictive molecular 
test for the drug in clinical practice.

Pharmacokinetics and Drug Delivery
Dose selection in oncology is a critical issue primarily because anticancer 

agents have among the smallest therapeutic ratios in all of medicine. When 
tumors are responsive to treatment, higher doses may or may not be more 
effective but are likely to be more toxic to normal tissues. The clearance of a 
drug from both the systemic circulation and, potentially, from specific physi-
ologic compartments (CNS, pleural, or peritoneal effusions), as evidenced by 
its systemic exposure, is the most important determinant of the dose chosen 
for a particular patient. It is a composite of all the routes and mechanisms by 
which the drug can be eliminated from the body and thus determines dose 
and dose adjustments in the face of changes in drug metabolism, transport, 
or altered organ function. Although it is important to develop a clear under-
standing of drug half-lives to establish initial dosing schedules, systemic exposure 
will be the actual determinant of the dose of drug that can be safely adminis-
tered. Another aspect of drug delivery is the use of body surface area dosing 
versus flat dosing (using fixed amounts of a drug) in oncologic practice. Although 
dosing based on body surface area has a long history in oncology (unlike other 
areas of internal medicine), very little data support this approach; for most 
agents in common use, empirically determined pharmacokinetic variability 
from patient to patient is far greater than that which could reasonably be 
ameliorated by dosing based on weight or surface area.

Routes of Drug Dosing
Prior to the approval of imatinib (administered orally) for the treatment of 

chronic myelogenous leukemia in 2001, most anticancer agents were developed 
for parenteral use. However, although intravenous administration remains 
important, many new anticancer agents are developed for oral use. This change 
in the route of administration for new drugs brings to the forefront many drug 
delivery issues that had previously not been routinely considered in the oncol-
ogy clinic, such as treatment adherence (does the patient take his/her medica-
tion), variability in absorption due to food effects, emesis prior to drug absorption, 
first-pass metabolism in the liver or intestine, and difficulties in swallowing. 
For example, whether the orally administered anti-HER1/2 drug lapatinib is 
taken with food or on an empty stomach can alter its absorption by as much 
as 10-fold.

In addition to intravenous or oral dosing, anticancer drugs may be used for 
intrathecal delivery (to overcome the blood-brain barrier) for the treatment or 
prevention of meningeal spread of leukemia; intravesicle therapy of early-stage 
bladder cancer; intra-arterial delivery of fluoropyrimidines or other agents to 
treat hepatic metastases from colon cancer or hepatocellular carcinoma; and 
intraperitoneal administration of drugs such as platinum agents for ovarian 
cancer therapy, which provides a survival advantage for these agents compared 
with intravenous treatment. In almost all cases, administration of anticancer 
agents by other than the oral or intravenous routes requires intimate involve-
ment of an oncologic specialist.

Clinical Trials
Clinical trials in oncology are defined by the steps in which new diagnostic 

approaches, therapeutic agents, or procedures are tested to determine whether 
they will become part of the standard care for cancer patients. During inter-
ventional (rather than observational) clinical trials, specific treatments or pro-
cedures are assigned to participants, and the effects of the interventions are 
measured. For trials of new oncologic drugs, the FDA recognizes several states 
in the drug development process. Exploratory studies of new drugs examined 
for the first time in humans (phase 0 trials) may be conducted in a limited 
number of patients to define a drug’s mechanism of action or biodistribution 
and to guide subsequent dosing in larger studies. Phase 1 trials define, using 
a variety of dose-escalation strategies, the maximum dose that can be safely 
administered to humans and the most appropriate schedule for drug admin-
istration, as well as the pharmacokinetic (and more recently pharmacodynamic) 
profile of the drug. Phase 2 trials often enroll 50 to 150 subjects and focus on 
testing the drug to determine its effectiveness and side-effect profile in a specific 
malignancy (or for a specific cancer-related molecular abnormality). If a drug 
demonstrates anticancer activity in a phase 2 study, phase 3 trials are performed 
to compare the usefulness of an investigational treatment to a control group 
receiving the standard of care; patients in most phase 3 studies are randomly 
assigned to the new or standard treatment to avoid a biased assessment of 
the results of the study. Finally, after approval of a new drug by the FDA, usually 
based on the results of phase 3 studies, phase 4 trials may be performed to 
collect safety information on larger patient populations to define the prevalence 
of side effects that may be rare but serious.

Traditionally designed phase 2 trials test one treatment at a time in heter-
ogenous groups of patients and are therefore not an efficient use of clinical 
resources. Adaptive multigroup clinical trials have the potential to answer several 
questions simultaneously and more efficiently by matching targeted therapies 
for the cancer patients most likely to benefit from them. The I-SPY2 trials for 
breast cancer, for example, use a platform to compare up to 12 experimental 
therapies with a single, common control group in subgroups of breast cancer 
patients with ten distinct biomarker signatures.4 New drugs enter the platform 
as they emerge from phase 1 testing and exit the platform with an estimate 
of the chances of future success in a phase 3 trial of prespecified size. Although 
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TABLE 169-3 PRINCIPLES OF COMBINATION THERAPY
CYTOTOXIC AGENTS MOLECULARLY TARGETED DRUGS
Drugs are each active against the 

tumor
Agent has therapeutic effect on molecular 

pathway in vivo
Drugs have different mechanisms of 

action
Agents have complementary effects on the 

same target or other targets in the same 
pathway or pathways that cross-talk to 
control tumor growth

Drugs have different clinical 
toxicities to allow full doses of 
each to be administered

Toxicities do not overlap with cytotoxics 
and are moderate to low to allow 
prolonged administration. Consider 
physiologic consequences of target 
engagement in relation to toxicity profile

Intermittent intensive therapy is 
preferred to continuous treatment 
for cytoreduction and reducing 
immunosuppression

Schedule is chosen to maximize target 
inhibition

TABLE 169-4 COMMON EXAMPLES OF  
THERAPEUTIC SETTINGS

ADJUVANT 
THERAPY

NEOADJUVANT 
THERAPY

ORGAN-
SPARING 
THERAPY

COMBINATION 
CHEMOTHERAPY

Stage I and II breast 
cancer

Stage III breast 
cancer

Anal cancer
Laryngeal cancer
Esophageal cancer

Metastatic solid 
tumors*

Stage III colorectal 
cancer

Hematologic 
malignancies

Stage II lung cancer
*Usually palliative.

there are some significant unresolved issues with the adaptive strategy, it is 
likely to become an important addition to the inventory of clinical trial designs.5

Drug Interactions
Many drug interactions affect the toxicity profile of anticancer agents, for 

the most part because concomitant administration of a second drug changes 
the clearance of the cancer therapeutic, potentially enhancing side effects if 
the clearance is decreased or diminishing efficacy because of reduced drug 
exposure. Most often these interactions occur because one drug affects the 
metabolism of the other by inhibiting or enhancing the activity of cytochrome 
P-450 isoforms (such as CYP3A) in the liver. This is particularly true for agents 
administered orally, such as imatinib, crizotinib, enzalutamide, pazopanib, and 
lapatinib. Concomitant drug-related as well as pharmacogenetic variations in 
proteins that affect the transport of anticancer agents across tumor and normal 
cell membranes, such as efflux pumps, also affect the sensitivity or resistance 
of many classes of cancer drugs. For example, certain drugs that are well-known 
inducers of hepatic metabolism (phenytoin and rifampin) also induce the expres-
sion of drug transport proteins.

Combination Therapy
Virtually all curative chemotherapy regimens developed for hematologic 

malignancies or solid tumors use combinations of active agents. Combination 
chemotherapy is usually superior to the use of single agents in adjuvant and 
neoadjuvant therapy as well. The improved results achieved by combination 
chemotherapy can be explained in several ways. Mechanisms of resistance to 
any particular single agent are almost always present in the tumor genome at 
diagnosis, even in clinically responsive tumors.6 Tumors that are initially “sensi-
tive” to systemic therapy rapidly acquire resistance to single agents, either as 
a result of selection of a preexisting clone of resistant tumor cells or because 
of a variety of potential acquired molecular changes (e.g., increased drug efflux, 
enhanced DNA repair, insensitivity to apoptosis) leading to clinical drug resis-
tance. Combination therapy may address these phenomena by providing a 
broader range of mechanisms of drug action against initially resistant tumor 
cells, preventing or slowing the selection of resistant clones.

The development of combination systemic therapy regimens follows a set 
of principles (Table 169-3). For standard cytotoxic agents, each drug in the 
combination must be active against the tumor, and all drugs must be given at 
an optimal dose and on an appropriate schedule. The drugs should have dif-
ferent mechanisms of antitumor activity as well as different toxicity profiles, 
and the drugs should be given at consistent intervals for the shortest possible 
treatment time. The use of molecularly targeted agents in combination requires 
that each agent engages its specific target and that dual target inhibition pro-
duces a complementary enhancement of tumor growth inhibition. Toxicities 
of targeted agents should be moderate to allow prolonged administration and 
maximum target inhibition.

Therapeutic Settings
Systemic therapy is used in a variety of settings with or without and before, 

during, or after surgery and radiation therapy (Table 169-4). Considerable 
experimental evidence suggests that cancers are most sensitive to chemotherapy 
during early stages of growth because of higher growth fractions and shorter 
cell cycle times. Thus, a given dose of a cytotoxic drug may exert a greater 
therapeutic effect against a rapidly growing tumor than against a larger qui-
escent tumor.

Neoadjuvant therapy, also called primary or induction systemic therapy, is 
used before surgery or radiation therapy to decrease the size of locally advanced 
cancers, thereby permitting a more complete surgical resection or eradicat-
ing undetectable metastases. It also affords an opportunity to evaluate the 

effectiveness of treatment by histologic and molecular analysis of resected 
tissue. This approach is most often used for locally advanced breast cancer 
(Chapter 188).

Organ-sparing therapy is another use of chemotherapy, radiation therapy, or 
both, to salvage organs that would have been surgically removed if cure were 
the intended result. This technique is often effective in patients with cancers 
of the larynx (Chapter 181), esophagus (Chapter 183), and anus (Chapter 184).

Adjuvant chemotherapy is used in patients whose primary tumor and all 
evidence of cancer (e.g., regional lymph nodes) have been surgically removed 
or treated definitively with radiation, but in whom the risk of recurrence is high 
because of involved lymph nodes or certain morphologic or biologic charac-
teristics of the cancer. Common examples include cancers of the breast (Chapter 
188) and colon (Chapter 184). The typical end points of chemotherapy, such 
as shrinkage of measurable tumor on serial radiographic studies, are not avail-
able in this situation; instead, relapse-free survival and overall survival are the 
principal measures of treatment effect. For an individual patient receiving 
adjuvant therapy, there is no way to determine whether such therapy is ben-
eficial; hence, decisions are generally based on evidence from clinical trials.

Assessment of Response
Assessment of the response to therapy (usually performed using RECIST 

[Response Evaluation Criteria in Solid Tumors]) depends largely on tumor size, 
determined by either direct measurement or diagnostic imaging studies, using 
predefined categories. The categories of response are “complete response,” with 
total absence of tumor and correction of tumor-associated changes measured 
twice at least 4 weeks apart; “partial response,” defined as 30% or greater reduc-
tion in the sum of the longest diameters of up to 5 target lesions per organ, 
confirmed by repeat measurement 4 weeks later; “progressive disease,” char-
acterized by either 20% or greater increase over the smallest sum of the longest 
diameters of target lesions or the development of new tumors; and “stable 
disease,” defined as meeting criteria for neither partial response nor progressive 
disease. Leukemias are assessed by bone marrow biopsies and molecular diag-
nostic tests for residual disease, and multiple myeloma is typically assessed by 
the measurement of monoclonal proteins, peripheral blood counts, and per-
centages of malignant plasma cells in bone marrow samples, as well as imaging 
of bone lesions. Accurate assessment of response following systemic therapy 
is essential because of the tight relationship between the degree of response 
and the duration of disease control.

classes of therapeutic Agents
Cytotoxic Agents, Targeted Small Molecules, and Antibodies

The pharmacologic properties of the most commonly used cytotoxic and 
molecularly targeted chemotherapeutic agents and antibodies approved by 
the FDA are described in Table 169-2, and further expanded upon online in 
E-Table 169-1, as well as their most common therapeutic indications. In all 
cases, current information from the manufacturer should be sought before 
therapy is initiated.

Administration of chemotherapy is best done by specifically trained individu-
als because of the dual acute risks of hypersensitivity reactions and extravasa-
tion. No doses or schedules are suggested in Table 169-2 because these agents 
are often used in combination, and the doses of each drug may need to be 
reduced when the compounds are combined. The treatment of special popula-
tions, including patients with significant obesity, during pregnancy, the elderly, 
and those with abnormal end-organ function, are addressed later in this chapter.

Unless otherwise specified, most cytotoxic chemotherapeutic agents are 
capable of producing some degree of nausea and vomiting, myelosuppression, 
alopecia, mucositis, and/or diarrhea after treatment; many agents are also tera-
togenic, mutagenic, and carcinogenic. Drugs used routinely to prevent agent-
specific toxicities are also included in Table 169-2.

Over the past decade, several dozen small molecule anticancer agents with 
more precisely targeted mechanisms of action have become a standard part 
of oncologic practice (see Table 169-2).7,8 Although the molecular dependencies 
within tumor cells against which these drugs are targeted are broad in scope, 
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including tyrosine kinase growth factors or their receptors, they are functionally 
much more specific than prior generations of systemic cancer therapies. This 
allows for a better appreciation of the clinical situations wherein certain drugs 
might be beneficial, as well as the possibility of developing agents for use in 
specific tumors based on their genetic susceptibilities. It is also noteworthy 
that the toxicity profiles of molecular targeted agents most often reflect altera-
tions produced in biochemical pathways that control normal organ function, 
rather than a general pattern of toxicity consistent with injury to rapidly growing 
tissues, such as the bone marrow or gastrointestinal tract. Current research 
aims to clarify specific mutational profiles in the clinic that can be used to 
prospectively select patients for therapy (Chapter 171).

The development of monoclonal antibodies directed against proteins or 
other molecular determinants found on cancer cells represents an additional 
approach to molecular targeting of systemic therapy. Examples include cetux-
imab (targeting the epidermal growth factor receptor), rituximab (targeting 
the B-cell CD20 surface antigen), and trastuzumab A1  (which blocks HER2). These 
monoclonal antibodies can be used alone or in the form of recombinant bispe-
cific or multispecific antibodies that provide multifunctional receptor-targeting, 
or labeled with a radioactive molecule, or conjugated to another cytotoxin to 
enhance cell killing. Radioimmunoconjugate approaches have been most effec-
tive in the treatment of non-Hodgkin lymphoma (Chapter 176) and chronic 
lymphocytic leukemia (Chapter 174). The effectiveness of monoclonal antibod-
ies in specific tumor types is not identical to small molecules developed against 
the same target, in part because of the induction of immunologically mediated 
mechanisms of tumor cell killing that are unique to antibodies.

A major challenge with targeted therapy for malignancies is that drug resis-
tance often develops. Cancers are characterized by extensive intra-tumor genetic 
heterogeneity, and resistance to molecularly targeted therapies can arise from 
the selected growth of preexisting subclones within the bulk of the tumor that 
carry drug-resistant mutations and thus have a survival advantage.9

Hormonal Therapies
Endocrine or hormonal therapy for cancer, the earliest form of systemic 

therapy, is almost entirely limited to breast cancer (Chapter 188) and prostate 
cancer (Chapter 191). Many premenopausal breast cancers are thought to be 
under the influence of estrogens, and hormonal deprivation (ablation) may 
produce long-term responses in properly selected patients (those with estrogen 
and/or progesterone receptor positivity who have predominantly soft tissue 
or bone disease). The antiestrogen tamoxifen is effective against breast cancer, 
and it may decrease the incidence of contralateral breast cancers in both pre-
menopausal and postmenopausal women with breast cancer. It also has an 
estrogen-like activity that is responsible for an increased rate of endometrial 
cancers. Postmenopausal women who are candidates for hormonal therapy 
may also respond to tamoxifen; however, aromatase inhibitors (e.g., anastrozole, 
letrozole, exemestane), which decrease the conversion of metabolites in fat 
and muscle into estrogen, have been found to be more effective than tamoxifen 
as first-line therapy in both the adjuvant and metastatic settings.

Prostate cancer (Chapter 191) is usually androgen dependent, and androgen 
deprivation can produce meaningful responses. The recent introduction of more 
potent inhibitors of androgen biosynthesis (abiraterone) and androgen receptor-
mediated signal transduction (enzalutamide) A2  has further enhanced the range 
and effectiveness of androgen deprivation therapy for this disease.

The corticosteroids (Chapter 32), typically prednisone or dexamethasone, 
are widely used in the treatment of hematologic and oncologic cancers. In 
Hodgkin disease (Chapter 177), the non-Hodgkin lymphomas (Chapter 176), 
and multiple myeloma (Chapter 178), corticosteroids have antitumor activity. 
In solid tumor patients, they are used as antiemetics and for symptomatic relief 
of cerebral edema in cases of CNS metastases (Chapter 180), or as an adjunct 
to radiation therapy for spinal cord metastases.

Epigenetic Therapies
Just as DNA mutations contribute to tumor progression, so do epigenetic 

alterations in the transcription of DNA participate in the growth of tumors and 
their resistance to chemotherapy (Chapter 171). The two best characterized 
epigenetic mechanisms are DNA methylation and histone modification. DNA 
methylation is controlled by DNA methyltransferases (DNMTs), whereas histone 
modification (acetylation) is controlled by histone acetyltransferases (HATs). 
The DNMT inhibitors, azacitidine and decitabine, produce durable responses 
and survival benefit in patients with myelodysplastic syndrome (Chapter 172). 
The HDAC inhibitors, vorinostat and romidepsin, have shown clinical benefit 
in the treatment of cutaneous T-cell lymphoma (Chapter 176). Furthermore, 
epigenetic therapy can reduce the resistance to chemotherapy in several tumor 
types.

The DNMT inhibitors have also been found to have an immune-based mecha-
nism of action. They may enhance the efficacy of immune checkpoint inhibitors 
(see next section on immunotherapy). Therefore current clinical trials are testing 
the combination of epigenetic and immunotherapy in cancer treatment.10

Immunotherapy
Several new approaches to improving cancer immunotherapy by blocking 

the negative effects on the immune system produced by tumors have yielded 

dramatic clinical benefits for patients with a variety of advanced cancers, includ-
ing melanoma, kidney, bladder, head and neck, and lung cancers as well as 
Hodgkin and non-Hodgkin lymphoma. Immune checkpoint therapy targets 
regulatory pathways in T cells to enhance their antitumor immune responses. 
The goal of this form of therapy is not to activate the immune system to attack 
particular targets on tumor cells, but rather to remove inhibitory pathways that 
block effective antitumor T-cell responses. The survival of men and women 
with metastatic melanoma (Chapter 193) is significantly increased following 
treatment with an antibody (ipilimumab, anti-CTLA-4) that neutralizes proteins 
that protect tumor cells against destruction by the immune system. A3  Additional 
antibodies that target other immunologic checkpoints (anti-PD-1 and anti-PD-
L1) provide substantive clinical benefits for patients with melanoma, renal 
cancer, non–small cell lung cancer, and a variety of other solid tumors and 
lymphomas. However, acute cardiac toxicity can occur in patients treated with 
checkpoint inhibitor therapy.11

Another approach to cancer immunotherapy is through adoptive cell transfer, 
which involves the engineering of the patient’s own immune cells to recognize 
and attack their own tumors. In this form of so-called CAR-T-cell therapy, T 
cells collected from a patient are genetically engineered to produce special 
receptors on their surface called “chimeric antigen receptors” (or “CARs”). Find-
ings of impressive outcomes using CD19-targeted CAR-T-cells in patients with 
B-cell malignancies has enhanced enthusiasm for this approach,12 and led to 
the first FDA approval of CAR-T-cells for childhood acute leukemia and certain 
refractory non-Hodgkin lymphomas, despite a high risk of acute neurological 
complications.

Drugs for Prevention or Treatment of Toxicity
In addition to the hematopoietic growth factors used to reduce the adverse 

effects of systemic cancer therapies on the bone marrow (discussed later under 
Management of Complications), there are drugs that have been developed to 
ameliorate important side effects of cytotoxic chemotherapy (see Table 169-2). 
These include dexrazoxane, an iron chelating agent that can prevent the cardiac 
toxicity of the anthracyclines (doxorubicin and daunorubicin); leucovorin, which 
can diminish the hematologic side effects of folic acid antagonists; and mesna, 
a thiol-containing compound that blocks damage to the bladder mucosa from 
metabolites of cyclophosphamide. Uridine triacetate is FDA-approved for the 
treatment of patients who receive an overdose of fluorouracil or capecitabine 
or who develop severe or life-threatening toxicities within four days of receiving 
them.

Bone Marrow or Hematopoietic Stem  
Cell Transplantation

Because the major dose-limiting toxicity of most chemotherapeutic agents 
is myelosuppression, approaches have been developed to harvest the pluripo-
tent stem cells found in bone marrow, peripheral blood, or, less often, cord 
blood before marrow-damaging chemotherapy so that the stem cells can be 
reinfused later (Chapter 168). This technique is most effective for acute leukemias 
(Chapter 173), relapsed lymphomas (Chapter 176), and germ cell tumors (Chapter 
190). The effectiveness of the approach is limited more by the inability to eradi-
cate cancer cells than by the inability to achieve engraftment. Transplants may 
be syngeneic (from an identical twin), autologous (from oneself ), allogeneic 
(from a matched donor such as a sibling or parent), or from a matched unrelated 
donor. Nonablative hematopoietic transplants that do not completely abolish 
myelopoiesis reduce toxicity and allow the treatment of older and medically 
infirm patients. Hematopoietic stem cell transplantation is discussed in detail 
in Chapter 168.

Special Treatment Populations
obesity

Studies of practice patterns indicate that up to 40% of obese patients receive 
limited doses of chemotherapy that are not based on actual body weight. 
Concerns about toxicity or overdosing based on the use of actual body weight 
in obese patients with cancer are unfounded. The American Society of Clinical 
Oncology (ASCO) has published evidence-based practice guidelines that rec-
ommend that full cytotoxic chemotherapy doses be used to treat obese patients 
with cancer, especially when the goal of treatment is cure.13

pregnancy
Cancer during pregnancy is not uncommon, with breast, cervical, ovarian, 

and thyroid cancers, melanoma, and hematologic malignancies14,15 being most 
common. This is an emotionally charged time, and clinical decision making is 
complicated by ethical, moral, cultural, and religious issues. If surgery can be 
safely accomplished, this may be the best course, even if it is only a temporizing 
measure. Radiation therapy carries the very real risk of radiation exposure to 
the fetus, and staging is almost always suboptimal and confined to ultrasound 
examinations. When the disease requires chemotherapy, changes in both the 
mother and fetus must be taken into account; for instance, there are major 
changes in drug clearance during pregnancy, along with gastrointestinal absorp-
tion and placental transfer, not to mention fetal pharmacokinetics and placental 
excretion. Many commonly used chemotherapeutic drugs are classified by the 
FDA as category D (positive human fetal risk, but the benefits in pregnant 
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women may be acceptable despite the risk) or category X (studies in humans 
and animal have shown fetal malformations or there is evidence of fetal risk 
based on human evidence). If the mother’s condition permits, it is advisable 
to defer chemotherapy (including anthracyclines and taxanes) during the first 
trimester and to treat life-threatening situations during the third trimester after 
extensive counseling with the parents. Fertility preservation is particularly chal-
lenging for women with hematologic malignancies, breast cancer, sarcoma, 
and some pelvic cancers, where combinations of alkylating agent chemotherapy, 
pelvic radiotherapy, and/or surgery are most likely to cause premature ovarian 
insufficiency. Options for fertility preservation include embryo cryopreservation, 
mature oocyte cryopreservation, or ovarian tissue cryopreservation.16

Geriatrics
An increasing proportion of cancers occur in an older population. The physi-

ologic changes that develop with age include decreased excretion of drugs 
and metabolites from the kidneys, decreased volume of distribution of water-
soluble drugs, and increased susceptibility to myelosuppression, cardiomyopathy, 
and neuropathy, related in part to comorbid conditions. As a general rule, the 
suitability of an older patient for therapy can be determined by a comprehensive 
geriatric assessment (CGA) that evaluates the patient’s function, comorbidity, 
nutrition, medications, and resources. Geriatric assessment is discussed in detail 
in Chapter 21. By itself, age is not a barrier to surgery; rather, the patient’s 
performance status and the CGA should determine the likelihood of a good 
recovery. Tolerance of radiation therapy seems to remain largely intact with 
increasing age. Chemotherapy decisions are also based on performance status 
and CGA. Dosage adjustments are also made for individual glomerular filtration 
rates for patients aged 65 and older, where appropriate. The use of lower che-
motherapy doses based on age alone is not advisable and may result in inef-
fective treatment.

organ Dysfunction
Alterations in drug clearance play a critical role in the safe administration 

of anticancer agents. Over the past decade, pharmacokinetic studies have begun 
to detail the landscape of how specific levels of carefully defined renal or hepatic 
dysfunction alter the clearance and tolerance of many of the most commonly 
used drugs for the systemic treatment of cancer. For each new agent, prospec-
tive investigations are required to define usage parameters for each clinically 
defined level of organ dysfunction. It should be pointed out that alterations 
in pharmacokinetic parameters per se may occur with or without important 
changes in toxicity. Where evidence exists, applicable recommendations for 
chemotherapeutic drug use in the setting of renal or hepatic dysfunction are 
outlined in Table 169-2.

Management of Complications
Supportive care
Nutritional Support

Nutrition is always a concern for patients newly diagnosed with cancer, even 
if they have not experienced weight loss. In fact, significant weight loss is an 
adverse prognostic factor for several cancers, especially lung cancer. Patients 
are often concerned about whether their diet contributed to development of 
the cancer and whether diet can influence the results of therapy. In most set-
tings, neither of these scenarios is the case. Malnourished patients should be 
evaluated by a dietitian to determine whether they are ingesting sufficient 
calories and whether dietary supplements might be needed. Nutritional assess-
ment is discussed in detail in Chapter 202. Some patients, such as those with 
head and neck cancers (Chapter 181) or esophageal cancers (Chapter 183), 
may require parenteral nutrition through a percutaneous gastrostomy tube. 
Total parenteral nutrition (Chapter 204) is rarely indicated. Larger-than-recom-
mended doses of vitamins are also not helpful and may be toxic. It is important 
to determine whether over-the-counter and/or alternative medications (Chapter 
34) are being contemplated or used by the patient because of the potential 
for drug interactions.

Psychosocial Support
Patients with a recent cancer diagnosis have increased risks of death from 

cardiovascular causes, especially during the first week after diagnosis. The need 
for continuing psychosocial support in the face of ongoing cancer treatment, 
and the associated anxiety, depression, and fear experienced by many patients, 
is substantive and may be beyond the ability of the immediate family to fulfill. 
In this setting, patients often benefit from participation in support groups or 
from direct one-on-one counseling, and from efforts to improve communica-
tion across all levels of care and support systems.

Hematopoietic Growth Factors
Growth factors, such as granulocyte colony-stimulating factor (G-CSF) and 

granulocyte-macrophage colony-stimulating factor (GM-CSF), speed recovery 
from white blood cell count depression, permitting chemotherapy to be given 
on schedule, without reducing the dosage in many cases (Chapter 147). A4  
However, such therapy does not decrease hospitalizations or improve survival. 
It is possible to determine which individuals are at greatest risk for febrile 
neutropenia (Chapter 158) and to treat them in advance, based on published 

guidelines.17 Correction of anemia with erythropoiesis-stimulating agents (ESAs) 
(Epoetin alfa and Darbepoietin alfa), while possible, may be associated with 
complications of adverse cardiovascular events and even potentially tumor 
progression (Chapter 149).18

Prevention of Pathologic Bone Fractures
The bisphosphonates pamidronate and zoledronate are very effective not 

only for the treatment of tumor-induced hypercalcemia but also to reduce 
pathologic fractures in bones with metastatic lesions, particularly from breast 
cancer (Chapter 188), prostate cancer (Chapter 191), and myeloma (Chapter 
178). They are also used to treat osteoporosis caused by chemotherapy-induced 
premature menopause in young women with breast cancer (Chapter 230). 
Denosumab is a human monoclonal antibody that binds to RANK ligand, a 
protein found on osteoclasts that is involved in bone breakdown. Some clinical 
trials have found denosumab to be superior to zoledronic acid for the preven-
tion of skeletal-related events in cancer patients with bone metastases. A5  Adjuvant 
denosumab administered subcutaneously every 6 months, compared to placebo, 
reduces the risk of clinical fracture in postmenopausal women with breast 
cancer receiving aromatase inhibitors, without any added toxicity. A6 

Symptom Management
Effective management of symptoms is critical to successful delivery of either 

curative or palliative treatment and maintenance of a patient’s quality of life.

Nausea and Vomiting
Patients continue to fear chemotherapy because of the risk of nausea and 

vomiting. New antiemetics, used in combination,19 have made this side effect 
much less debilitating. Chemotherapeutic drugs can be ranked according to 
their probability of causing nausea and vomiting, with prophylactic treatment 
given accordingly. The availability of the serotonin 5-hydroxytryptamine type 
3 (5-HT3) receptor antagonists (dolasetron, granisetron, ondansetron) has dra-
matically improved our ability to completely control nausea and vomiting. More 
emetogenic regimens require combination therapy with a corticosteroid (usually 
dexamethasone), a 5-HT3 antagonist, and a benzodiazepine (e.g., lorazepam) 
or the neurokinin-1 receptor antagonist, aprepitant. A7  Aprepitant is particularly 
useful for the treatment/prevention of delayed nausea and vomiting. A double-
blind randomized clinical trial of four combination regimens for controlling 
delayed nausea concluded that the addition of dexamethasone on days 2 and 
3 was particularly effective. A8 

Pain Control
Pain control20 (Chapter 27) can be accomplished with a variety of analgesics, 

both non-narcotic and narcotic.21,22 Oncologists use a variety of scales for the 
evaluation of pain and start treatment with nonsteroidal anti-inflammatory 
drugs (NSAIDs) such as aspirin, or acetaminophen, progress through ibuprofen 
and related drugs, and then through combinations of NSAIDs and narcotics to 
stronger narcotics. Newer narcotics are available in both short-duration and 
long-duration forms; some dermal patches last 72 hours, which is ideal for 
patients who have severe pain and are unable to take oral medications. Oral 
transmucosal fentanyl is more effective than standard-release morphine in this 
setting. Painful oral mucositis, a common complication of intensive therapy for 
hematologic malignancies, can be treated with local measures or with recom-
binant human keratinocyte growth factor. Oral anti-Candida drugs that are 
absorbed or partially absorbed from the gastrointestinal tract can help prevent 
pain from oral candidiasis. American Pain Society standards for pain manage-
ment in cancer recommend both pharmacologic and psychosocial interventions 
as complementary approaches. A meta-analysis of randomized controlled studies 
of various psychosocial interventions among adult cancer patients (e.g., relax-
ation training, cognitive behavioral therapy, and other education- and skills-
based approaches) demonstrated medium-sized effects on both pain severity 
and interference with daily activities.

Malignant Effusions
Accumulations of fluid and malignant cells in the pleural, peritoneal, or peri-

cardial spaces are common complications of epithelial and hematopoietic 
malignancies that frequently produce a significant array of symptoms, either 
at the time of diagnosis or accompanying tumor progression. Malignant pleural 
effusions (Chapter 92) are most commonly associated with cancers of the lung 
and breast or lymphomas, may be the result of lymphatic obstruction or direct 
invasion of pleural membranes, and can produce significant degrees of dyspnea, 
cough, or pain that require therapy. Diagnostic thoracentesis of sufficient volume 
(>60 mL), with cytologic analysis of the pleural effusion, has a reasonably high 
diagnostic yield for malignancy (60 to 90%). In patients with previously untreated 
lymphoma, breast cancer, or small cell lung cancer, objective response to the 
initiation of systemic chemotherapy may provide long-term symptomatic relief. 
However, in patients with recurrent lung or breast cancer, for example, pleural 
effusions that are confirmed to contain malignant cells may present difficult 
ongoing therapeutic challenges. For symptomatic patients, therapeutic thora-
centesis, usually under ultrasound guidance, is required and may need to be 
repeated to reduce dyspnea. When frequent thoracenteses over short intervals 
are needed, a pleurodesis procedure is often performed, encompassing drain-
age of the pleural space with a chest thoracostomy and the instillation of a 

 Other Ectopic Hormone Syndromes
Inappropriate secretion of ACTH is rare but resembles pituitary Cushing 
disease (Chapter 214); tumors that produce CRH include medullary thyroid 
cancer, prostate cancer, and islet cell neoplasms. Ectopic ACTH syndrome 
may become manifest as classic Cushing syndrome, with easy bruisability, 
centripetal obesity, muscle wasting, hypertension, diabetes, and metabolic 
alkalosis, although many patients with ectopic ACTH-producing cancers 
progress too quickly to develop prominent cushingoid manifestations clini-
cally. Profound hypokalemia may predominate without the classic features of 
Cushing syndrome in patients with small cell lung cancer.

Tumor-associated hypoglycemia, although uncommon, may be the result 
of insulin overproduction by islet cell tumors; insufficient hepatic gluconeo-
genesis related to loss of functional hepatic mass by metastatic disease; or 
overexpression of insulin-like growth factor II, which can activate the insulin 
receptor in patients with large retroperitoneal sarcomas or hepatocellular 
carcinomas. In each of these cases, treatment with frequent small feedings 
can be prescribed; however, successful symptomatic management of hypo-
glycemia may be difficult without control of the primary tumor mass or 
metastases.

The clinical syndrome of inappropriate secretion of antidiuretic hormone 
is caused by ectopic production of vasopressin, primarily in patients with 
small cell lung cancer or squamous cancers of the head and neck, and occa-
sionally in those with primary brain tumors. It is characterized by hyponatremia, 
hypo-osmolality, excessive urine sodium excretion, an inappropriately high 
urine osmolality for the low serum osmolality, and normal kidney, adrenal, 
and thyroid function (Chapter 108). The hyponatremia in this condition is 
euvolemic. Fluid (free water) restriction can provide adequate short-term 
management of symptomatic hyponatremia; however, treatment with 

 ENDOCRINE MANIFESTATIONS OF CANCER
Clinical syndromes associated with ectopic hormone production may pose 
special diagnostic dilemmas, can produce a significant degree of morbidity 
or even death in cancer patients, and may be difficult to treat (Table 169-5). 
Management of these syndromes involves the simultaneous treatment of both 
the cancer and the syndrome caused by excessive hormone production. Many 
of the endocrine manifestations of cancer23 are caused by the production of 
small polypeptide hormones by tumors, some of which are derived from spe-
cific types of neuroendocrine cells. These cells are widely dispersed in a wide 
variety of organs, are often of neural crest origin, and can produce biogenic 
amines. The hormones produced from these tumors include adrenocortico-
tropic hormones (corticotropin, ACTH), calcitonin, vasoactive intestinal 
peptide, growth hormone–releasing hormone, corticotropin-releasing hormone 
(CRH), somatostatin, and other peptides. A second group of tumors, generally 
derived from squamous epithelium, produces parathyroid hormone–related 
proteins (PTHrP) and vasopressin.

 Hypercalcemia of Malignancy
Humoral hypercalcemia is one of the most common endocrine syndromes 
related to an underlying malignancy. There are several different underlying 
mechanisms related to this pathophysiologic process, including ectopic pro-
duction of PTHrP with activation of the PTH receptor to increase osteoclast 
differentiation and bone resorption, with consequent hypercalcemia. Ectopic 
PTHrP (rather than PTH) production by several different types of cancer, 
most characteristically in squamous cell, breast, renal cell, and prostate cancer, 
as well as neuroendocrine tumors and melanoma (see Table 169-5), is one 
of the most common causes of hypercalcemia of malignancy.24 Increased pro-
duction of calcitriol, which increases calcium absorption with suppression of 
serum PTH levels, is another cause of malignant hypercalcemia that is most 
commonly observed in patients with lymphoma. Bone metastases, particularly 
in patients with breast cancer and myeloma, may produce hypercalcemia due 
to increased local production of PTHrP or other cytokines that increase bone 
resorption.

The treatment of malignant hypercalcemia is similar to that caused by 
hyperparathyroidism (Chapter 232) in that reversal of dehydration and the 
initiation of a saline diuresis should begin early; patients with a serum calcium 
in excess of 13 mg/dL should be treated with a bisphosphonate initially, with 
extended use of the bisphosphonate, as described earlier, for the prevention 
of bone fractures and recurrence of hypercalcemia (Chapter 232).
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 Other Ectopic Hormone Syndromes
Inappropriate secretion of ACTH is rare but resembles pituitary Cushing 
disease (Chapter 214); tumors that produce CRH include medullary thyroid 
cancer, prostate cancer, and islet cell neoplasms. Ectopic ACTH syndrome 
may become manifest as classic Cushing syndrome, with easy bruisability, 
centripetal obesity, muscle wasting, hypertension, diabetes, and metabolic 
alkalosis, although many patients with ectopic ACTH-producing cancers 
progress too quickly to develop prominent cushingoid manifestations clini-
cally. Profound hypokalemia may predominate without the classic features of 
Cushing syndrome in patients with small cell lung cancer.

Tumor-associated hypoglycemia, although uncommon, may be the result 
of insulin overproduction by islet cell tumors; insufficient hepatic gluconeo-
genesis related to loss of functional hepatic mass by metastatic disease; or 
overexpression of insulin-like growth factor II, which can activate the insulin 
receptor in patients with large retroperitoneal sarcomas or hepatocellular 
carcinomas. In each of these cases, treatment with frequent small feedings 
can be prescribed; however, successful symptomatic management of hypo-
glycemia may be difficult without control of the primary tumor mass or 
metastases.

The clinical syndrome of inappropriate secretion of antidiuretic hormone 
is caused by ectopic production of vasopressin, primarily in patients with 
small cell lung cancer or squamous cancers of the head and neck, and occa-
sionally in those with primary brain tumors. It is characterized by hyponatremia, 
hypo-osmolality, excessive urine sodium excretion, an inappropriately high 
urine osmolality for the low serum osmolality, and normal kidney, adrenal, 
and thyroid function (Chapter 108). The hyponatremia in this condition is 
euvolemic. Fluid (free water) restriction can provide adequate short-term 
management of symptomatic hyponatremia; however, treatment with 

TABLE 169-5 SOME CLINICAL SYNDROMES OF ECTOPIC 
HORMONE PRODUCTION

Humoral hypercalcemia
Parathyroid hormone–related protein

Squamous cell carcinoma
Breast cancer
Neuroendocrine tumors
Renal cell cancer
Melanoma
Prostate cancer

Increased calcitriol
Lymphoma
Benign conditions: sarcoid, berylliosis, tuberculosis, fungal infections

Corticotropin
Proopiomelanocortin

Small cell lung cancer
Pulmonary carcinoid
Medullary thyroid cancer
Islet cell tumor
Pheochromocytoma
Ganglioneuroma

Corticotropin-releasing hormone
Medullary thyroid cancer
Paraganglioma
Prostate cancer
Islet cell tumors

Human chorionic gonadotropin
Choriocarcinoma
Testicular embryonal cell carcinoma
Seminoma

Hypoglycemia
Insulinoma
Sarcomas or large retroperitoneal tumors

Inappropriate antidiuretic hormone secretion
Small cell lung cancer
Squamous cell head and neck cancer

Erythropoietin
Renal cell cancer
Hepatocellular carcinoma
Pheochromocytoma
Benign conditions: cerebellar hemangioblastoma, uterine fibroids

 ENDOCRINE MANIFESTATIONS OF CANCER
Clinical syndromes associated with ectopic hormone production may pose 
special diagnostic dilemmas, can produce a significant degree of morbidity 
or even death in cancer patients, and may be difficult to treat (Table 169-5). 
Management of these syndromes involves the simultaneous treatment of both 
the cancer and the syndrome caused by excessive hormone production. Many 
of the endocrine manifestations of cancer23 are caused by the production of 
small polypeptide hormones by tumors, some of which are derived from spe-
cific types of neuroendocrine cells. These cells are widely dispersed in a wide 
variety of organs, are often of neural crest origin, and can produce biogenic 
amines. The hormones produced from these tumors include adrenocortico-
tropic hormones (corticotropin, ACTH), calcitonin, vasoactive intestinal 
peptide, growth hormone–releasing hormone, corticotropin-releasing hormone 
(CRH), somatostatin, and other peptides. A second group of tumors, generally 
derived from squamous epithelium, produces parathyroid hormone–related 
proteins (PTHrP) and vasopressin.

 Hypercalcemia of Malignancy
Humoral hypercalcemia is one of the most common endocrine syndromes 
related to an underlying malignancy. There are several different underlying 
mechanisms related to this pathophysiologic process, including ectopic pro-
duction of PTHrP with activation of the PTH receptor to increase osteoclast 
differentiation and bone resorption, with consequent hypercalcemia. Ectopic 
PTHrP (rather than PTH) production by several different types of cancer, 
most characteristically in squamous cell, breast, renal cell, and prostate cancer, 
as well as neuroendocrine tumors and melanoma (see Table 169-5), is one 
of the most common causes of hypercalcemia of malignancy.24 Increased pro-
duction of calcitriol, which increases calcium absorption with suppression of 
serum PTH levels, is another cause of malignant hypercalcemia that is most 
commonly observed in patients with lymphoma. Bone metastases, particularly 
in patients with breast cancer and myeloma, may produce hypercalcemia due 
to increased local production of PTHrP or other cytokines that increase bone 
resorption.

The treatment of malignant hypercalcemia is similar to that caused by 
hyperparathyroidism (Chapter 232) in that reversal of dehydration and the 
initiation of a saline diuresis should begin early; patients with a serum calcium 
in excess of 13 mg/dL should be treated with a bisphosphonate initially, with 
extended use of the bisphosphonate, as described earlier, for the prevention 
of bone fractures and recurrence of hypercalcemia (Chapter 232).

sclerosing compound (talc, doxycycline) that will initiate an inflammatory 
response of sufficient magnitude to obliterate the pleural space. Pleurodesis 
is at least temporarily successful in preventing fluid recurrence in most patients; 
when it is not, placement of an indwelling pleural catheter may provide long-
term symptomatic relief of dyspnea.

Malignant ascites (peritoneal effusion) occurs most frequently in patients 
with intra-abdominal malignancies (gastric, ovarian, pancreatic, and primary 
peritoneal cancers) but can be observed as well in patients with advanced 
breast and lung cancers or lymphoma. Malignant ascites may be caused in part 
by increased permeability of the tumor vasculature that is a result of vascular 
endothelial growth factor overexpression, by inflammatory cytokine overpro-
duction in the peritoneal space, or by lymphatic blockade secondary to carci-
nomatosis. Ultrasound-guided paracentesis provides relief of bloating, dyspnea, 
and the pain of abdominal distension, but will often need to be repeated, 
which carries the risk of dehydration, protein loss, electrolyte imbalance, bleed-
ing, infection, and kidney dysfunction. A requirement for paracentesis at fre-
quencies less than 1 week should prompt consideration of placement of a 
permanent catheter to allow self-drainage, although these devices carry a 
significant risk of infection.

Malignant pericardial effusions (Chapter 68) are most commonly related to 
direct extension or metastatic spread from lung or breast cancers, melanomas, 
and hematologic malignancies. As is the case for other malignant effusions, 
image-guided pericardiocentesis with cytologic examination of the fluid that 
has been evacuated will frequently provide diagnostic confirmation of malig-
nancy; furthermore, even the removal of a relatively modest amount of fluid 
(<50 mL) may, at least partially, relieve the hemodynamic compromise produced 
by the effusion. The approach to a patient with malignant pericardial effusions 
is dictated by hemodynamic status (which can drive the choice between emer-
gency pericardiocentesis or elective pericardiostomy) and by the predicted 
sensitivity of the inciting tumor to systemic therapy (untreated lymphoma versus 
chemotherapy-resistant lung cancer, for example).
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392) are also commonly associated with small cell lung cancer. Symptoms 
often include asymmetric numbness and paresthesias, as well as posterior 
column signs of loss of proprioception and vibratory sensation. Paraneoplastic 
cerebellar degeneration may be acute-onset and can mimic a cerebellar tumor 
(Chapter 180). Plasma cell dyscrasia and some lymphoproliferative neoplasms 
are associated with demyelinating peripheral neuropathies and with motor 
neuron symptoms that may mimic amyotrophic lateral sclerosis (Chapter 391). 

demeclocycline, which blocks the effects of vasopressin on the kidney, provides 
more effective long-term therapy.

 PARANEOPLASTIC SYNDROMES
The term paraneoplasia, which means “alongside cancer,” has been commonly 
used to denote remote effects of cancer that cannot be attributed either to 
direct invasion or to distant metastases. These syndromes may be the first 
sign of a malignancy and affect up to 15% of patients with cancer (Table 
169-6). However, if patients with cachexia are excluded, the incidence prob-
ably drops to only a few percent. Paraneoplastic syndromes may be the initial 
presenting sign or symptom of an underlying malignancy. Up to two thirds 
of paraneoplastic syndromes arise before an associated malignancy is diagnosed. 
In some cases, the paraneoplastic syndrome may be associated with relatively 
small tumors; recognition of these associations may lead to earlier diagnosis 
and possibly more effective therapy. Furthermore, one of the hallmarks in 
defining a paraneoplastic syndrome is that the course of the syndrome gener-
ally parallels the course of the tumor. Therefore, effective treatment of the 
underlying malignancy is often accompanied by improvement or resolution 
of the syndrome. Conversely, recurrence of the cancer may be heralded by 
the return of systemic symptoms. The numerous neurologic paraneoplastic 
syndromes25 are reviewed below.

 Neurologic Paraneoplastic Syndromes
A variety of neurologic paraneoplastic syndromes can complicate many dif-
ferent cancers, with small cell lung cancer (Chapter 182) being an especially 
common cause (Table 169-7). The Lambert-Eaton myasthenic syndrome 
(Chapter 394) mimics myasthenia gravis clinically, with the exception that 
strength improves rather than deteriorates with sustained voluntary contrac-
tion. Paraneoplastic encephalitis and subacute sensory neuropathies (Chapter 

TABLE 169-6 EVALUATION AND DIAGNOSIS OF 
PARANEOPLASTIC SYNDROMES

Characterize abnormality; obtain laboratory studies and biopsy as necessary.
Carefully elicit any additional symptoms and signs.
Eliminate common causes.
If there is no obvious etiology, consider a paraneoplastic syndrome.
If findings are consistent with a known syndrome, screen for underlying malignancy.
If signs and symptoms are consistent with a known paraneoplastic syndrome, 

undertake a search for an unknown primary cancer or recurrence or progression 
of a known primary tumor.

Screening should include a careful physical examination including breast, 
gynecologic, and prostate evaluations; basic hematology, chemistry, and urine 
studies; chest radiograph; and mammogram.

Computed tomography (CT) of the abdomen and pelvis or positron emission 
tomography (PET) scan is indicated if there are any suspicious symptoms, signs, 
or laboratory abnormalities of cancer.

Antibody testing for paraneoplastic neurologic syndromes and/or skin biopsy should 
be performed as indicated.

Consider treatment of cancer and/or appropriate palliative treatment, including 
immunosuppressive therapy for paraneoplastic symptoms when possible.

TABLE 169-7 PARANEOPLASTIC NEUROLOGIC SYNDROMES

NEUROLOGIC SYNDROME CLINICAL MANIFESTATIONS DIAGNOSIS
ANTIBODY AND ASSOCIATED 

MALIGNANCY
Lambert-Eaton myasthenic 

syndrome
Proximal lower limb weakness, with 

improvement in strength after 
several seconds of sustained 
voluntary contraction

Electromyogram showing increased muscle 
action potential with repeated nerve 
stimulation >10 Hz (opposite of 
myasthenia gravis)

Anti-VGCC or anti-SOX1 in small cell lung cancer 
(>80%)

Paraneoplastic 
encephalomyelitis/subacute 
sensory neuropathy

Subacute patchy or asymmetrical 
numbness, burning or aching 
paresthesias, and sensory ataxia 
with loss of proprioception and 
vibration sense

Clinical diagnosis supported by circulating 
antibodies and elevated cerebral spinal 
fluid protein levels with a lymphocytosis

Usually anti-Hu in small cell lung cancer; others 
include anti-SOX1 and anti-amphiphysin (small 
cell lung cancer, neuroblastoma), anti-Ma 
(small cell lung cancer, breast cancer), and 
anti-Trk (various carcinomas and lymphomas)

Paraneoplastic cerebellar 
degeneration

Often abrupt onset of dysarthria, 
ataxia, and oculomotor 
dysfunction

Clinical diagnosis supported by the presence 
of circulating antibodies, which also can 
be found in patients who have a variety of 
cerebellar disorders but no evidence of 
cancer; cerebral spinal fluid pleocytosis 
and elevated protein levels

Anti-Yo, anti-SOX1, or anti-Ri (breast, ovarian, 
and other gynecologic malignancies); anti-Hu 
(breast cancer); anti-Tr and anti-GluR (small 
cell lung cancer); and anti-Ma (Hodgkin 
lymphoma, various carcinomas)

Limbic encephalopathy Subacute amnestic syndrome, 
affective disorder, seizures

Improvement common with treatment of 
underlying tumor

Anti-Hu, anti-amphiphysin, anti-SOX1, 
anti-VGKC, and anti-AMPA (small cell lung 
cancer); anti-Ta (testicular and breast cancers)

Stiff-person syndrome Progressive muscle stiffness and 
rigidity, with intermittent and 
painful muscle spasms

Electromyogram showing continuous firing 
of motor unit potentials; may respond to 
muscle relaxants and improve with cancer 
therapy

Anti-amphiphysin (breast and small cell lung 
cancers) and anti-GAD (breast cancer)

Neuromyotonia Diffuse muscle stiffness and cramps Responds to treatment of tumor and 
immunosuppression

Anti-VGCC (thymoma)

Demyelinating neuropathies 
(including chronic 
demyelinating polyneuropathy, 
mononeuritis multiplex)

Sensory more common than motor IgM paraprotein may cross-react with 
myelin-associated glycoprotein, 
cryoglobulins

Plasma cell and lymphoproliferative neoplasms, 
osteosclerotic myeloma, POEMS, small cell 
lung cancer, other carcinomas

Necrotizing myelopathy Symptoms associated with specific 
levels of spinal cord dysfunction; 
rapid deterioration and death

Variety of carcinomas and lymphomas

Motor neuron disease Similar to amyotrophic lateral 
sclerosis with progressive weakness

Paraproteinemia Plasma cell and lymphoproliferative neoplasms

Polymyositis/dermatomyositis Proximal muscle weakness, skin 
lesions (Chapter 253)

May improve with treatment of cancer Variety of carcinomas

AMPA = α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; GAD = glutamic acid decarboxylase; GluR = glutamate receptor; IgM = immunoglobulin M; NMDA = N-methyl-d-aspartate; POEMS = 
polyneuropathy, organomegaly, endocrinopathy, monoclonal protein, and skin changes associated with osteosclerotic myeloma; VGCC = voltage-gated calcium channel; VGKC = voltage-gated potassium 
channel.

enzymes and abnormal synthetic function can be seen with renal cell cancer 
(Chapter 187) without evidence of direct hepatic involvement by the tumor.

 Hematologic Paraneoplastic Syndromes
The most common immunologic paraneoplastic syndrome is thrombosis, 
which is discussed in detail in Chapter 73. Some patients have hemorrhagic 
paraneoplastic syndromes, especially disseminated intravascular coagulation 
(Chapter 166) that can be seen in nearly all patients with acute promyelo-
cytic leukemia (Chapter 173). Acquired von Willebrand disease may be seen 
in rare cases of lymphoproliferative and myeloproliferative disorders, and 
increased fibrinolysis can occur in patients with advanced prostate cancer  
(Chapter 191).

Anemia of chronic disease (Chapter 149) is a common finding in cancers 
of all types. Pure red cell asplasia (Chapter 156) is a rare condition associated 
with benign or malignant thymomas (Chapter 92).

Paraneoplastic hemolytic anemia (Chapter 152) can be seen with warm- or 
cold-reacting antibodies, especially in patients with chronic lymphocytic leu-
kemia (Chapter 174). Microangiopathic hemolytic anemia (Chapter 152) 
with thrombocytopenia is a reasonably common complication of a variety of 
adenocarcinomas. Erythrocytosis is seen in tumors that produce erythropoi-
etin, including renal cell cancers (Chapter 187), hepatocellular carcinomas 
(Chapter 186), and cerebellar hemangioblastomas (Chapter 180).

Patients with advanced cancer can develop leukocytosis caused by cytokines 
in the absence of infection. Eosinophilia (Chapter 161) can be seen with 
lymphoproliferative diseases, including Hodgkin disease. Paraneoplastic throm-
bocytosis is caused by tumors that produce interleukin-6 or thrombopoietin.

 Fever and Cachexia
Fever (Chapter 265), night sweats, and cachexia are nonspecific symptoms 
that, when seen in the absence of infection or a known disorder, suggest the 
diagnosis of an underlying malignancy. Cytokines clearly play a pathogenetic 
role in inducing both fever and cachexia. TNF-α, interleukins (particularly 
IL-1 and IL-6), and interferon-γ are produced directly by the tumor or by 
tumor-associated host inflammatory cells, such as macrophages, which results 
in a catabolic state. Cytokines may produce fever directly by acting at the level 
of the hypothalamic thermoregulatory center. In addition to the burden of 
tumor and the production of cytokines, cachexia may be caused or worsened 
by the side effects of cancer treatment, by intestinal blockage or malabsorption 
caused by tumor infiltration, and by depression.

Polymyositis and dermatomyositis (Chapter 253) can be associated with a 
variety of tumors.

Paraneoplastic neurologic syndromes are more common with advanced 
tumors and are uncommonly the initial presenting manifestation, except perhaps 
with small cell cancers of the lung, plasma cell dyscrasias, and other lympho-
proliferative diseases. Paraneoplastic neurologic syndromes may show some 
response to effective treatment of the tumor, but they can also progress despite 
such therapy.

 Dermatologic Paraneoplastic Syndromes
Associations between cutaneous syndromes and underlying malignancies may 
be difficult to confirm. Generally, the skin condition and cancer follow a paral-
lel course, and the two diagnoses should be made at about the same time. 
Some skin lesions are almost always associated with malignancy. Others, 
however, are nonspecific and are most commonly seen with nonmalignant 
conditions, making it difficult or impossible to connect the skin disease with 
the underlying malignancy. In addition, biopsies of the skin lesion are usually 
nonspecific, showing features identical to those when the same lesion is seen 
without a malignant condition. The formation of tumor-related autoantibodies 
has rarely been associated with dermatologic paraneoplastic syndromes, although 
inflammatory cell infiltration may be seen.

Recognition of cutaneous manifestations of malignancy can be critical for 
the early diagnosis and successful treatment of cancer, but some syndromes 
are seen only with advanced, incurable disease. Cutaneous manifestations 
include direct involvement of the skin with tumor as well as the remote effects 
of cancer. Both specific and nonspecific dermatologic adverse effects are also 
seen with cytotoxic chemotherapeutic agents, including alkylating agents, anti-
metabolites, anthracyclines, tyrosine kinase inhibitors, and immunotherapies.

One of the best-known paraneoplastic syndromes is acanthosis nigricans 
(Chapter 412 and Fig. 412-14), the pathogenesis of which is unclear. The 
tumor may produce factors that activate insulin-like growth factors or the 
insulin receptor in skin. Many tumors are known to produce transforming 
growth factor-α (TGF-α), which might activate epidermal growth factor 
receptors in skin, causing hyperpigmentation and thickening. The skin lesions 
arise as velvety, verrucous hyperpigmentation of the neck, axilla, groin, and 
mucosal membranes, including the lips, periocular area, and anus. Although 
acanthosis nigricans clearly occurs as a benign entity associated with obesity 
and endocrinopathy, its appearance in older adults, especially when it includes 
mucosal lesions, has been highly associated with malignancies of the gastro-
intestinal tract as well as other adenocarcinomas. The lesions often regress 
with successful treatment of the underlying tumor.

 Rheumatologic Paraneoplastic Syndromes
In patients who have rheumatic disorders with atypical clinical presentation—
particularly older patients, those with coexisting systemic symptoms, and 
patients who respond unexpectedly poorly to usual antirheumatic treatments—
the possibility of an underlying occult malignancy should be considered.26,27 
Chemotherapeutic agents can also cause rheumatic adverse effects.

One of the more common and specific rheumatologic paraneoplastic syn-
dromes is hypertrophic osteoarthropathy,28 which arises as an oligoarthritis 
or polyarthritis of the distal joints, with clubbing, tender periostitis of the 
distal long bones, and noninflammatory synovial effusions (also see Chapter 
259). Hypertrophic osteoarthropathy may affect up to 10% of patients with 
adenocarcinoma of the lung. It is also seen with a variety of other pulmonary 
malignancies, including lung metastases from other primary sites. The etiology 
is unknown. Laboratory studies often reveal an elevation in the erythrocyte 
sedimentation rate; bone radiographs show linear ossification of the distal 
long bones separated by a radiolucent zone from the underlying cortex (Fig. 
169-1). Treatment is symptomatic with anti-inflammatory agents; successful 
treatment of the underlying tumor may also improve the signs and symptoms 
of this syndrome.

 Renal and Hepatic Paraneoplastic Syndromes
The most common renal paraneoplastic syndrome is membranous glo-
merulonephritis, which can include nephrotic range proteinuria, edema, 
hypertension, hypoalbuminemia, and microscopic hematuria (Chapter 
113). The most common associated cancers include adenocarcinoma of the  
lung (Chapter 182), breast cancers (Chapter 188), and gastric adenocarcinomas 
(Chapter 183). Lymphoproliferative disorders, especially Hodgkin disease 
(Chapter 177), can cause minimal change nephropathy. Renal microangiopathy 
can be seen with cryoglobulinemia associated with hepatitis C-related hepatocel-
lular carcinoma (Chapter 186). Paraneoplastic hepatopathy with elevated liver 
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enzymes and abnormal synthetic function can be seen with renal cell cancer 
(Chapter 187) without evidence of direct hepatic involvement by the tumor.

 Hematologic Paraneoplastic Syndromes
The most common immunologic paraneoplastic syndrome is thrombosis, 
which is discussed in detail in Chapter 73. Some patients have hemorrhagic 
paraneoplastic syndromes, especially disseminated intravascular coagulation 
(Chapter 166) that can be seen in nearly all patients with acute promyelo-
cytic leukemia (Chapter 173). Acquired von Willebrand disease may be seen 
in rare cases of lymphoproliferative and myeloproliferative disorders, and 
increased fibrinolysis can occur in patients with advanced prostate cancer  
(Chapter 191).

Anemia of chronic disease (Chapter 149) is a common finding in cancers 
of all types. Pure red cell asplasia (Chapter 156) is a rare condition associated 
with benign or malignant thymomas (Chapter 92).

Paraneoplastic hemolytic anemia (Chapter 152) can be seen with warm- or 
cold-reacting antibodies, especially in patients with chronic lymphocytic leu-
kemia (Chapter 174). Microangiopathic hemolytic anemia (Chapter 152) 
with thrombocytopenia is a reasonably common complication of a variety of 
adenocarcinomas. Erythrocytosis is seen in tumors that produce erythropoi-
etin, including renal cell cancers (Chapter 187), hepatocellular carcinomas 
(Chapter 186), and cerebellar hemangioblastomas (Chapter 180).

Patients with advanced cancer can develop leukocytosis caused by cytokines 
in the absence of infection. Eosinophilia (Chapter 161) can be seen with 
lymphoproliferative diseases, including Hodgkin disease. Paraneoplastic throm-
bocytosis is caused by tumors that produce interleukin-6 or thrombopoietin.

 Fever and Cachexia
Fever (Chapter 265), night sweats, and cachexia are nonspecific symptoms 
that, when seen in the absence of infection or a known disorder, suggest the 
diagnosis of an underlying malignancy. Cytokines clearly play a pathogenetic 
role in inducing both fever and cachexia. TNF-α, interleukins (particularly 
IL-1 and IL-6), and interferon-γ are produced directly by the tumor or by 
tumor-associated host inflammatory cells, such as macrophages, which results 
in a catabolic state. Cytokines may produce fever directly by acting at the level 
of the hypothalamic thermoregulatory center. In addition to the burden of 
tumor and the production of cytokines, cachexia may be caused or worsened 
by the side effects of cancer treatment, by intestinal blockage or malabsorption 
caused by tumor infiltration, and by depression.

Polymyositis and dermatomyositis (Chapter 253) can be associated with a 
variety of tumors.

Paraneoplastic neurologic syndromes are more common with advanced 
tumors and are uncommonly the initial presenting manifestation, except perhaps 
with small cell cancers of the lung, plasma cell dyscrasias, and other lympho-
proliferative diseases. Paraneoplastic neurologic syndromes may show some 
response to effective treatment of the tumor, but they can also progress despite 
such therapy.

 Dermatologic Paraneoplastic Syndromes
Associations between cutaneous syndromes and underlying malignancies may 
be difficult to confirm. Generally, the skin condition and cancer follow a paral-
lel course, and the two diagnoses should be made at about the same time. 
Some skin lesions are almost always associated with malignancy. Others, 
however, are nonspecific and are most commonly seen with nonmalignant 
conditions, making it difficult or impossible to connect the skin disease with 
the underlying malignancy. In addition, biopsies of the skin lesion are usually 
nonspecific, showing features identical to those when the same lesion is seen 
without a malignant condition. The formation of tumor-related autoantibodies 
has rarely been associated with dermatologic paraneoplastic syndromes, although 
inflammatory cell infiltration may be seen.

Recognition of cutaneous manifestations of malignancy can be critical for 
the early diagnosis and successful treatment of cancer, but some syndromes 
are seen only with advanced, incurable disease. Cutaneous manifestations 
include direct involvement of the skin with tumor as well as the remote effects 
of cancer. Both specific and nonspecific dermatologic adverse effects are also 
seen with cytotoxic chemotherapeutic agents, including alkylating agents, anti-
metabolites, anthracyclines, tyrosine kinase inhibitors, and immunotherapies.

One of the best-known paraneoplastic syndromes is acanthosis nigricans 
(Chapter 412 and Fig. 412-14), the pathogenesis of which is unclear. The 
tumor may produce factors that activate insulin-like growth factors or the 
insulin receptor in skin. Many tumors are known to produce transforming 
growth factor-α (TGF-α), which might activate epidermal growth factor 
receptors in skin, causing hyperpigmentation and thickening. The skin lesions 
arise as velvety, verrucous hyperpigmentation of the neck, axilla, groin, and 
mucosal membranes, including the lips, periocular area, and anus. Although 
acanthosis nigricans clearly occurs as a benign entity associated with obesity 
and endocrinopathy, its appearance in older adults, especially when it includes 
mucosal lesions, has been highly associated with malignancies of the gastro-
intestinal tract as well as other adenocarcinomas. The lesions often regress 
with successful treatment of the underlying tumor.

 Rheumatologic Paraneoplastic Syndromes
In patients who have rheumatic disorders with atypical clinical presentation—
particularly older patients, those with coexisting systemic symptoms, and 
patients who respond unexpectedly poorly to usual antirheumatic treatments—
the possibility of an underlying occult malignancy should be considered.26,27 
Chemotherapeutic agents can also cause rheumatic adverse effects.

One of the more common and specific rheumatologic paraneoplastic syn-
dromes is hypertrophic osteoarthropathy,28 which arises as an oligoarthritis 
or polyarthritis of the distal joints, with clubbing, tender periostitis of the 
distal long bones, and noninflammatory synovial effusions (also see Chapter 
259). Hypertrophic osteoarthropathy may affect up to 10% of patients with 
adenocarcinoma of the lung. It is also seen with a variety of other pulmonary 
malignancies, including lung metastases from other primary sites. The etiology 
is unknown. Laboratory studies often reveal an elevation in the erythrocyte 
sedimentation rate; bone radiographs show linear ossification of the distal 
long bones separated by a radiolucent zone from the underlying cortex (Fig. 
169-1). Treatment is symptomatic with anti-inflammatory agents; successful 
treatment of the underlying tumor may also improve the signs and symptoms 
of this syndrome.

 Renal and Hepatic Paraneoplastic Syndromes
The most common renal paraneoplastic syndrome is membranous glo-
merulonephritis, which can include nephrotic range proteinuria, edema, 
hypertension, hypoalbuminemia, and microscopic hematuria (Chapter 
113). The most common associated cancers include adenocarcinoma of the  
lung (Chapter 182), breast cancers (Chapter 188), and gastric adenocarcinomas 
(Chapter 183). Lymphoproliferative disorders, especially Hodgkin disease 
(Chapter 177), can cause minimal change nephropathy. Renal microangiopathy 
can be seen with cryoglobulinemia associated with hepatitis C-related hepatocel-
lular carcinoma (Chapter 186). Paraneoplastic hepatopathy with elevated liver 

FIGURE 169-1. Hypertrophic pulmonary osteoarthropathy characterized by periosteal 
elevation of the tibia (arrow). (courtesy Dr. Lynne S. Steinbach.)
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For poorly differentiated tumors, additional pathologic evaluation is required. 
An immunohistochemical (IHC) stain usually can determine the lineage (e.g., 
carcinoma vs. lymphoma vs. sarcoma) of a “poorly differentiated neoplasm,” 
and it sometimes can identify germ cell tumors or neuroendocrine carcinoma. 
More than 50% of such patients will have a lymphoma, for which treatment 
can be highly effective.

In patients with adenocarcinoma, the pathologist rarely can determine a 
primary site by light microscopy. IHC stains can narrow the diagnostic spec-
trum, particularly when interpreted in conjunction with clinical features. In 
several situations, IHC stains are quite specific, including prostate-specific 
antigen (PSA) for prostate cancer (Chapter 191), estrogen and progesterone 
receptors for breast cancer (Chapter 188), and leukocyte common antigen 
for non-Hodgkin lymphoma (Chapter 176). Other diagnoses suggested by 
immunoperoxidase staining include melanomas (Chapter 193), sarcomas 
(Chapter 192), and neuroendocrine tumors.

Occasionally, electron microscopy or analysis for tumor-specific chromo-
somal abnormalities (i12p in germ cell tumors, Chapter 190; t11 : 22 in Ewing 
tumor; immunoglobulin gene rearrangements in non-Hodgkin lymphoma, 
Chapter 176) are useful in the evaluation of poorly differentiated tumors if 
results of other pathologic studies are inconclusive.

Molecular tumor profiling is changing the management of patients with 
cancer of unknown primary origin.30 Gene expression profiles differ in differ-
ent normal body tissues, and cancers usually retain expression profiles that 
are similar or even identical to their tissue of origin. As a result, modern 
molecular profiling can correctly predict the origin of 85 to 90% of metastatic 
cancers by finding such tissue-specific gene expression patterns. Although the 
accuracy of genetic profiling is uncertain in patients with cancer of unknown 
primary origin, in part because most primaries never become manifest, current 
data suggest a similarly high accuracy rate. Therefore, molecular tumor profil-
ing is now a routine complement to pathologic evaluation and is indicated 
whenever a tissue of origin is not definitive on histologic examination.

Search for the Primary Site
After completion of the brief and focused evaluation needed to make the 
initial diagnosis of cancer of unknown primary origin (see the Definition 
section), any additional diagnostic studies should be carefully targeted (Table 
169-8). The value of positron emission tomography (PET) in identifying a 
primary site is unclear because it has not been shown to provide increased 
information above and beyond CT scanning.31 Other routine radiologic and 
endoscopic evaluations of asymptomatic areas are rarely helpful for identifying 
a primary site and, as a result, are not recommended. Levels of serum tumor 
markers, including carcinoembryonic antigen, CA-125, CA-19-9, and CA-15-
3, are frequently elevated in patients with carcinoma of unknown primary 
site, but such elevations are nonspecific and are not useful for inferring a 
primary site. They can, however, be useful to monitor a patient’s response to 
treatment.

Specific clinical findings warrant additional diagnostic evaluation. In all 
men with metastatic adenocarcinoma, a serum PSA level should be measured. 
Mammography and breast MRI are routine components of the evaluation of 
women with metastatic adenocarcinoma, particularly if clinical features are 
consistent with metastatic breast cancer (e.g., axillary node involvement, pleural 
effusion, lytic or blastic bone metastases). In patients who are younger than 
age 50 years and who have poorly differentiated carcinoma, serum human 
chorionic gonadotropin and α-fetoprotein (AFP) levels are indicated to screen 
for germ cell tumors. If metastatic squamous carcinoma involves cervical lymph 
nodes, a thorough endoscopic head and neck evaluation, from the nasopharynx 
to the larynx, and biopsy of any suspicious areas are indicated (Chapter 181). 
In patients who have low cervical adenopathy but no identifiable primary site 
in the head or neck on endoscopic examination, fiberoptic bronchoscopy 
should also be considered. In patients with metastatic squamous carcinoma 
involving inguinal lymph nodes, all perineal structures should be carefully 
inspected, including by anoscopy, a urologic evaluation, and a pelvic examina-
tion in women.

Fever is generally cyclic and may be associated with drenching night sweats. 
Symptoms resolve with successful treatment of the underlying tumor, and 
return of fever usually heralds relapse. When treatment of the tumor is not 
possible or is ineffective, NSAIDs or steroids given around the clock signifi-
cantly improve quality of life. Although cancer-related fever is most commonly 
seen in association with malignant lymphoproliferative disease (Chapters 176 
and 177), renal cell carcinoma (Chapter 187), and leukemias (Chapters 173 
and 174), it may also occur with other cancers, particularly in the face of 
extensive hepatic metastases.

Cachexia, or the cancer wasting syndrome, is probably the single most 
common paraneoplastic syndrome, eventually affecting up to 80% of patients 
with cancer. This syndrome is characterized by anorexia, muscle wasting, loss 
of subcutaneous fat, and fatigue. It appears to be caused by a combination of 
protein wasting, malabsorption, immune dysregulation, and increased glucose 
turnover in the setting of tumor-induced increases in energy expenditure. 
Successful treatment of the underlying tumor reverses the process; symptomatic 
treatment for patients with advanced disease is modestly successful at  
best. Megestrol acetate given in high concentrations in liquid form (400 to 
800 mg/day) can improve appetite and result in weight gain, but at the cost 
of fluid retention. Anamorelin, an oral ghrelin-receptor agonist with appetite-
enhancing and anabolic activity has been shown to have a favorable clinical 
response profile over 3 months in patients with cancer anorexia-cachexia 
syndrome. A9  At a dose of 100 mg orally once daily, anamorelin, compared 
with placebo, significantly increased lean body mass but not handgrip strength 
in patients with advanced lung cancer. A10 

 CANCER OF UNKNOWN PRIMARY ORIGIN

 DEFINITION
Some cancers present with biopsy-confirmed visceral or nodal metastases in 
the absence of an obvious primary lesion. Subsequent clinical evaluation, with 
a comprehensive history, physical examination, complete blood cell count, 
screening chemistries, chest and abdominal computed tomography (CT) scans, 
and other radiologic studies directed by specific symptoms or signs can often 
identify the primary tumor site and clarify the extent of metastatic disease. 
When a primary tumor cannot be located despite such a clinical evaluation, 
the patient is classified as having cancer of unknown primary origin.29 Additional 
clinical, pathologic, and genetic evaluation can sometimes identify the primary 
site, but in up to 90% of patients a primary site may never be identified through-
out their subsequent clinical course.

 EPIDEMIOLOGY
In patients whose primary cancer site remains undetectable, the primary 
site has presumably remained small or, less likely, regressed spontane-
ously. Before the routine use of CT or magnetic resonance imaging (MRI) 
for diagnosis, large autopsy series have identified a primary site (usually 
<2 cm in diameter) in about 85% of patients who clinically have cancer of 
unknown primary origin, with the most common sites being the pancreas, 
lung, and other gastrointestinal (GI) sites. In the current era of CT and 
MRI, however, autopsies identify a primary site in only about 50% to 70%  
of patients.

Approximately 4% of all cancer patients have metastatic disease without a 
known primary site, so the incidence in the United States is about 80,000 
cases annually. Cancer of unknown primary site increases with advancing age, 
but it occurs with about equal frequency in men and women.

 DIAGNOSIS
The initial clinical, radiographic, and pathologic evaluations should focus not 
only on identifying a primary site but also on trying to identify tumors for 
which specific treatments may be most beneficial.

Biopsy and Pathologic Evaluation
The diagnosis of metastatic cancer should first be confirmed by biopsy of the 
most easily accessible lesion. A fine-needle aspiration is often adequate to 
confirm the diagnosis of cancer, but it will not provide adequate material for 
optimum pathologic evaluation. A larger surgical or core needle biopsy should 
be performed if technically feasible.

In about 60% of patients with cancer of unknown primary site, the initial 
microscopy will identify an adenocarcinoma. Other common light microscopy 
findings include poorly differentiated carcinoma (25%), squamous cell car-
cinoma (10%), and poorly differentiated neoplasm (inability to distinguish 
among carcinoma, lymphoma, sarcoma, and melanoma; 5%).

Site-Specific Therapy Directed by Molecular  
Tumor Profiling

Molecular tumor profiling, including epigenetic profiling, can identify a 
potential primary site in more than 90% of patients with cancer of unknown 
origin. Site-specific therapy has many advantages over empiric therapy, 

TREATMENT 
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TABLE 169-8 CANCER OF UNKNOWN PRIMARY ORIGIN: RECOMMENDED EVALUATION AFTER INITIAL LIGHT MICROSCOPIC 
DIAGNOSIS

DIAGNOSIS CLINICAL EVALUATION* SPECIAL PATHOLOGIC STUDIES
Adenocarcinoma (or 

poorly differentiated 
adenocarcinoma)

PET Men: PSA stain
Women: estrogen and progesterone receptor stains (if clinical features 

suggest metastatic breast cancer)
Molecular tumor profiling

CT of the chest and abdomen
Men: serum PSA
Women: mammography, breast MRI
Colonoscopy (patients with colon cancer “profile”)
Additional directed radiologic or endoscopic studies to evaluate 

abnormal symptoms, signs, laboratory values
Poorly differentiated 

carcinoma
PET Immunoperoxidase staining
CT of the chest and abdomen Molecular tumor profiling
Serum hCG and AFP Electron microscopy (if other studies are indeterminate or conflicting)
Additional directed radiologic or endoscopic studies to evaluate 

abnormal symptoms, signs, and laboratory values
SCC, cervical nodes PET —

Direct laryngoscopy with visualization; biopsy of the nasopharynx, 
pharynx, hypopharynx, and larynx

Fiberoptic bronchoscopy (if laryngoscopy results are negative)
SCC, inguinal nodes PET —

Complete examination of perineal area (including pelvic examination)
Anoscopy
Cystoscopy

*In addition to a history, physical examination, complete blood cell counts, chemistry profile, and chest radiograph.
AFP = α-fetoprotein; CT = computed tomography; hCG = human chorionic gonadotropin; MRI = magnetic resonance imaging; PET = positron emission tomography; PSA = prostate-specific antigen; SCC = 
squamous cell carcinoma.
From Hainsworth J, Greco FA. Approach to the Patient with Cancer. In Goldman L, Schafer AI, eds. Cecil Medicine. 25th ed. Philadelphia: Elsevier; 2015.

TABLE 169-9 CANCER OF UNKOWN PRIMARY ORIGIN: SPECIFIC PATIENT SUBSETS AND RECOMMENDED TREATMENT
SUBSET-IDENTIFYING FEATURES

TREATMENT RECOMMENDATIONSHISTOLOGIC CLINICAL
Adenocarcinoma Women, isolated axillary adenopathy Treat as stage II breast cancer
Adenocarcinoma, poorly differentiated carcinoma Women, peritoneal carcinomatosis (occasionally men?) Treat as stage III ovarian cancer
Adenocarcinoma Men, elevated PSA or blastic bone metastases Treat as advanced prostate cancer
Adenocarcinoma, poorly differentiated carcinoma Single metastatic lesion Definitive local therapy (resection or radiation therapy 

[or both]) with or without chemotherapy
Adenocarcinoma Colon cancer profile Treat as metastatic colorectal cancer
Squamous cell carcinoma Cervical adenopathy Treat as locally advanced head or neck cancer
Squamous cell carcinoma Inguinal adenopathy Definitive local therapy (node dissection with or without 

radiation therapy) with or without chemotherapy
Poorly differentiated carcinoma Young men with midline tumor or elevated hCG or AFP Treat as extragonadal germ cell tumor
Neuroendocrine carcinoma, poorly differentiated Diverse clinical presentations Treat as advanced stage small cell lung cancer
Neuroendocrine carcinoma, well differentiated Usually liver metastases Treat as metastatic carcinoid tumor
AFP = α-fetoprotein; hCG = human chorionic gonadotropin; PSA = prostate-specific antigen.
From Hainsworth J, Greco FA. Approach to the Patient with Cancer. In Goldman L, Schafer AI, eds. Cecil Medicine. 25th ed. Philadelphia: Elsevier; 2015.

including the ability to use targeted tumor-specific agents with fewer side 
effects because unnecessary treatments will not be used in patients whose 
tumors would not be responsive. In one study of 194 patients with cancer of 
unknown primary, assay-directed site-specific treatment resulted in a median 
survival of 12.5 months. In patients who are predicted to have a more responsive 
tumor and therefore to derive more benefit from targeted, site-specific treat-
ment, median survival is at least twice as long compared with patients with 
less responsive tumor types. Some patients have remained progression-free 
for more than 5 years.

In general, the response to treatment and subsequent survival are consistent 
with the predicted types of cancer; for example, patients who are predicted to 
have breast or ovarian tumors have a median survival of more than 24 months 
with site-specific treatment. With the advent of immunotherapy and check-
point inhibitors (Chapter 33), directed, site-specific therapy is now the standard 
treatment, and empiric chemotherapy should be reserved for the minority of 
patients whose tumors cannot be classified by molecular profiling.

Management of Specific Treatable Subsets
With the advent of molecular profiling and many new treatments, the tra-

ditional therapeutic nihilism for patients with cancer of unknown primary origin 

has been replaced by increasing optimism because subsets of patients can 
benefit from specific treatment (Table 169-9).

Adenocarcinoma
Women with Axillary Lymph Node Metastases

Metastatic breast cancer should be suspected in any woman who has axillary 
lymph node involvement with adenocarcinoma, particularly if an alternative 
metastatic site is not evident. In these patients, pathologic evaluation of the 
initial lymph node biopsy should include staining for estrogen and progesterone 
receptors and for HER-2 expression; elevated levels strongly suggest the diag-
nosis of breast cancer.

When no other metastases are identified, these women should be treated 
as if they had stage II breast cancer, which is potentially curable with appropri-
ate therapy (Chapter 188). Modified radical mastectomy identifies a breast 
primary site in 44 to 82% of women even when the breast examination and 
mammographic findings are normal. Axillary lymph node dissection followed 
by radiation therapy to the breast appears to give results similar to those of 
mastectomy, although these two options for primary therapy have not been 
compared directly. Adjuvant systemic therapy should follow standard guidelines 
for treating women with stage II breast cancer.
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Women with Peritoneal Carcinomatosis
Adenocarcinoma involving the peritoneum in women usually originates from 

the ovary (Chapter 189), although carcinomas arising in the GI tract or breast can 
occasionally produce this syndrome. However, diffuse peritoneal carcinomatosis 
occasionally occurs in women who have histologically normal ovaries or who 
have had previous bilateral oophorectomy. The peritoneum is frequently the 
only site of tumor involvement, and serum CA-125 levels are usually elevated. 
When histologic features suggest ovarian cancer, this syndrome has been called 
peritoneal papillary serous carcinoma or primary extraovarian serous carcinoma.

Even when the histologic features are not typical, women with adenocarci-
noma of unknown primary site involving the peritoneum often have cancers 
that are biologically similar to ovarian cancer (Chapter 189). In such patients, 
treatment should follow guidelines for stage III ovarian cancer. A full laparotomy 
with maximal surgical cytoreduction should be performed when feasible, and 
it should be followed by combination chemotherapy with a taxane/platinum–
containing regimen. Serial measurement of serum CA-125 levels can accurately 
assess the efficacy of treatment. Some patients may have complete responses 
and long-term survival, particularly when initial surgical cytoreduction leaves 
minimal residual disease. A similar syndrome of peritoneal carcinomatosis that 
is responsive to chemotherapy for ovarian cancer has rarely been reported  
in men.

Men with Skeletal Metastases or Elevated Serum Prostate-Specific 
Antigen Levels

Metastatic prostate cancer (Chapter 191) should be suspected in men 
who have an adenocarcinoma that predominantly involves bone, particu-
larly if the metastases are blastic. An elevated serum PSA level or PSA tumor 
immunostaining confirms the diagnosis of prostate cancer. Occasionally, men 
who have adenocarcinoma of unknown primary site and metastatic patterns 
that are unusual for prostate cancer (e.g., lung metastases, mediastinal lymph 
node metastases) nevertheless have elevated serum PSA levels. Such patients 
should be treated according to guidelines for advanced prostate cancer. 
Androgen ablation produces excellent responses and substantial palliation in  
most patients.

Single Metastatic Lesion
Occasionally, a single metastatic lesion containing adenocarcinoma or poorly 

differentiated carcinoma is identified, and a complete evaluation reveals abso-
lutely no other evidence of disease. Such single lesions may be a single lymph 
node, a subcutaneous site, or visceral lesions in liver, lung, bone, brain, or adrenal 
gland. One possibility is that an unusual primary tumor is mimicking a metastatic 
lesion (e.g., a subcutaneous nodule from a primary apocrine or sebaceous car-
cinoma rather than a metastasis). This possibility can usually be excluded on 
clinical or pathologic grounds, and PET scanning is useful to exclude other 
metastatic lesions.

In patients who have only a single identifiable lesion, definitive local therapy 
is recommended. Based on the site of the tumor, such therapy may include 
surgical resection, radiation therapy, or both. Although most such patients 
eventually have other evidence of metastatic disease, local treatment can provide 
substantial palliation, and some patients experience a significant disease-free 
period. The role of adding systemic chemotherapy to definitive local therapy 
is uncertain, but younger patients who have poorly differentiated carcinoma 
or adenocarcinoma are often treated with a short course of a taxane/platinum–
based regimen.

Colon Cancer Profile
The accurate identification of patients who are likely to respond to treatment 

for advanced colon cancer is increasingly important as the success rates of 
treatment have improved substantially. In a patient who has cancer of unknown 
primary origin, a “colon cancer profile” includes (1) metastases seen predomi-
nantly in the liver, peritoneum, or both; (2) an adenocarcinoma that has histologic 
features typical of gastrointestinal origin; and (3) typical immunohistochemical 
staining (CK20 positive, CK7 negative, and CDX-2 positive).32 Patients who have 
such a profile should be treated according to guidelines for metastatic colorectal 
cancer (Chapter 184).

Squamous cell carcinoma
Cervical Adenopathy

Squamous cell carcinoma of unknown primary site is relatively uncommon. 
Most patients are middle aged or elderly with a long history of substantial 
alcohol or tobacco use or both.

When the cervical lymph nodes, especially in the upper or midcervical area, 
are involved, a primary site should be suspected in the head and neck region33 
(Chapter 181). Nevertheless, a complete endoscopic evaluation will not identify 
a primary tumor in about 15% of such patients. When the endoscopic evalu-
ation is negative, PET scanning can identify a primary head and neck lesion in 
about 25% of such patients, so it should be part of the initial evaluation.

In patients with a squamous cell carcinoma of unknown primary site, concur-
rent chemotherapy and radiation therapy34 are recommended as for locally 
advanced squamous cell carcinoma arising in the head and neck. Combined 
modality therapy results in 50 to 60% 5-year disease-free survival rates. A node 

larger than 2 cm or the presence of multiple involved lymph nodes are adverse 
prognostic features (Chapter 181).

Inguinal Adenopathy
Metastatic squamous cell cancer occasionally can be found in an inguinal 

lymph node. In most such cases the primary site can be identified in the perineal 
or anorectal area. For the occasional patient in whom no primary site is identi-
fied, local therapy with inguinal lymph node dissection, with or without radiation 
therapy can result in long-term survival. Recently, combined-modality treatment 
with concurrent chemotherapy and radiation therapy has improved survival 
and even cure rates in patients with several types of squamous cell carcinomas 
that originate in this region (e.g., cervix, anus, bladder). Although data are 
incomplete, a reasonable approach is the addition of chemotherapy with a 
platinum–5-fluorouracil regimen, as described for locally advanced carcinoma 
of the cervix (Chapter 189).

poorly Differentiated carcinoma
Extragonadal Germ Cell Cancer Syndrome

Young men who have clinical features suggestive of extragonadal germ cell 
tumors, such as tumors that are located in the mediastinum or retroperitoneum 
or tumors that are associated with elevated serum levels of human chorionic 
gonadotropin (hCG) or alpha fetoprotein (AFP), should be treated according 
to guidelines for extragonadal germ cell tumors (Chapter 190). Some of these 
patients can be proven to have germ cell tumors by identifying an i12p chro-
mosomal abnormality even when the diagnosis is not possible with other 
standard pathologic techniques. Approximately 30 to 40% of such patients 
achieve complete responses and long-term survival after chemotherapy with 
cisplatin, etoposide, and bleomycin as used for advanced germ cell tumors.

Anaplastic Lymphoma
An appropriate initial pathologic evaluation should identify most histologi-

cally atypical lymphomas. Occasionally, IHC staining for leukocyte common 
antigen is negative or cannot be adequately performed in patients with ana-
plastic lymphoma. The disease in some of these patients can be recognized 
using other IHC stains (e.g., Ki-1, CD-30), molecular genetic analysis (detection 
of immunoglobulin gene rearrangements), or molecular tumor profiling. All 
patients with lymphomas identified by special pathologic studies should be 
treated using standard guidelines for aggressive non-Hodgkin lymphoma 
(Chapter 176).

Neuroendocrine Carcinoma
In approximately 10% of poorly differentiated carcinomas, neuroendocrine 

features are identified by either IHC staining or electron microscopy. Treatment 
of these patients is under Neuroendocrine Carcinoma.

Other Poorly Differentiated Carcinomas
Most patients with poorly differentiated carcinoma have no clinical or 

pathologic features that can be used to identify a specific treatment. Such 
patients have a poor prognosis, similar to that of patients who have adeno-
carcinoma of unknown primary site, and their treatment should follow similar  
guidelines.

neuroendocrine carcinoma
Poorly Differentiated Neuroendocrine Carcinoma or Small Cell 
Anaplastic Carcinoma

High-grade neuroendocrine tumors can now be reliably identified using 
readily available IHC stains. Although the origin of these tumors is unknown, 
they frequently are very sensitive to combination chemotherapy. For example, 
platinum–etoposide chemotherapy, as prescribed for small cell lung cancer 
(Chapter 182), can provide an overall response rate of approximately 60%, 
including complete responses in 15 to 20% of patients. In patients who have 
locoregional disease, post-chemotherapy radiation therapy is also reasonable.

Low-Grade (Carcinoid-Type) Neuroendocrine Tumors
Some low-grade neuroendocrine tumors present at a metastatic site, usually 

in the liver and usually with histologic features that suggest a carcinoid tumor 
(Chapter 219) or an islet cell tumor of gastrointestinal origin (Chapter 217). The 
clinical syndromes may be dominated by the secretion and action of vasoactive 
peptides (e.g., serotonin, vasoactive intestinal peptide, gastrin). As with other 
carcinoid tumors, these tumors often are relatively indolent, so patients can 
often survive for several years despite multiple liver metastases. Unlike poorly 
differentiated neuroendocrine tumors, these tumors tend to be relatively resis-
tant to chemotherapy, so intensive combination regimens should usually be 
avoided. Treatment, which should follow guidelines for metastatic carcinoid 
tumors (Chapter 219), may include somatostatin analogues, local ablative pro-
cedures (e.g., surgical resection, radiofrequency ablation, chemoembolization), 
targeted agents (e.g., sunitinib, everolimus), or fluorouracil-based chemotherapy 
regimens.

Empiric Chemotherapy
A substantial proportion of patients with adenocarcinoma or poorly dif-

ferentiated carcinoma of unknown primary site do not fit into a defined clinical 



 SURVIVORSHIP AND FOLLOW-UP
Approximately 4% of the United States population (≈14 million people) is 
living with a history of cancer; about 60% of cancer survivors are age 65 or 
older. Thus, there is a large and increasing number of individuals who are 
living longer during the period of cancer survivorship—from the end of active 
treatment to the point of recurrence or death from another condition. There 
has been a growing appreciation of the specific care needs of these patients, 
including: a defined program of surveillance to detect recurrence or second 
cancers and the late effects of cancer treatment; intervention to treat the con-
sequences of the cancer and its treatment (such as lymphedema, fatigue, and 
psychosocial distress); prevention of new cancers through changes in diet, 
behavior, and physical activity; and the institution of a coordinated program 
of care for cancer survivors that may require a variety of specialty services.35 
Long-term follow-up can be optimized by the provision of a survivorship care 
plan for patients that provides a comprehensive summary of all diagnostic 
and therapeutic procedures undergone, toxicities experienced, and therapeutic 
outcomes, as well as a specific program of individualized follow-up care. 
Although definitive follow-up regimens do not exist for most cancers, evidence-
based templates for common malignancies have been developed by the American 
Society of Clinical Oncology and the National Comprehensive Cancer Network. 
Lastly, it must be remembered that issues of survivorship also affect caregivers, 
who often experience a high degree of psychological distress, along with the 
patient, during and after the period of active treatment.

subset for which targeted treatment is available. In such patients, empiric che-
motherapy (usually taxane–platinum or gemcitabine–platinum combinations) 
historically has provided modest benefit, with response rates of 30 to 45% and 
a median survival of 9 to 11 months. However, these empiric chemotherapy 
regimens were evaluated when there was substantial overlap in the systemic 
therapy of different tumor types, and these broad regimens are no longer 
recommended for the increasing percentage of patients for whom site-specific 
treatments can be identified. As a result, standard of care has shifted from 
empiric chemotherapy to the best possible site-specific treatment, guided by 
the tumor’s likely site of origin based on molecular tumor profiling.
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REVIEW QUESTIONS

1. A 65-year-old man reports symptoms of fatigue and loss of appetite.  
Physical examination demonstrates jaundice and an abdominal mass. CT 
scan of the abdomen reveals a mass at the head of the pancreas, with sur-
rounding nodal involvement. The most appropriate next step in this patient’s 
care is:
 A. Examination of serum biomarker studies including CEA and α-fetoprotein
 B. Image-guided biopsy of the abdominal mass
 C. Initiation of combination chemotherapy for advanced pancreatic cancer
 D. Referral for surgical resection and subsequent pathologic staging

Answer: B The diagnosis of locally advanced pancreatic cancer can often be 
made by CT-guided biopsy. In this patient with regionally advanced disease, 
surgery is unlikely to be beneficial; neither are serum biomarkers of use  
in making a tissue diagnosis, which is the first step in planning further 
treatment.

2. An 82-year-old woman is found to have a stage III left-sided invasive ductal 
carcinoma of the breast. She has well-controlled inflammatory bowel disease 
and adult-onset diabetes, lives alone, and has no immediate family. The 
most important factor in choosing a program for further diagnostic evalu-
ation and treatment is her:
 A. Age
 B. Comorbid illnesses
 C. ECOG performance score
 D. Lack of family support

Answer: C A patient’s performance status on the ECOG scale has been dem-
onstrated to correlate well with tolerance of treatment and long-term outcome 
across a wide variety of malignancies to a much greater degree than age or 
individual comorbid illnesses.

3. In choosing a therapeutic regimen for systemic administration, of the fol-
lowing, which is the most important consideration for an adult cancer 
patient?
 A. Drug pharmacokinetics
 B. The ratio of the amount of treatment that can be delivered to the toxicity 

expected at that dose
 C. Route of drug administration
 D. The range of potential toxicities that might accompany drug 

administration
Answer: B Pharmacokinetic profiles and routes of administration are impor-
tant factors in early drug development; however, the “therapeutic index” relating 
efficacy to toxicity is of paramount consideration in deciding which treatment 
should be employed.

4. Altered hepatic function would require substantive dose reduction of which 
one of the following anticancer agents?
 A. 5-Fluorouracil
 B. Imatinib
 C. Oxaliplatin
 D. Carboplatin

Answer: B Only imatinib, which unlike the other three drugs is metabolized 
by the hepatic cytochrome P-450 system, requires significant dose reduction 
for liver dysfunction.

5. A 52-year-old man with chronic hepatitis C develops a multifocal hepato-
cellular carcinoma, accompanied by malignant ascites and thrombocytopenia. 
The most appropriate approach to the control of the patient’s malignant 
effusion is:
 A. Fluid restriction and diuresis
 B. Regular large-volume paracentesis in the clinic
 C. Cryosurgery for the major hepatic lesions
 D. Insertion of a permanent catheter for self-drainage

Answer: D This patient’s tumor is not curable surgically; fluid restriction will 
lead to hyponatremia without producing symptomatic benefit; and large-volume 
paracentesis without ultrasound guidance in this patient carries an excessive 
risk of bleeding.
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170 
EPIDEMIOLOGY OF CANCER
DAVID J. HUNTER

 EPIDEMIOLOGY
Overview
Cancer is the second leading cause of death in the world. An estimated 17.5 
million new incident cases and 8.7 million deaths occurred worldwide in 
2015, an increase of 33% compared with 2005, mainly due to population 
growth and population aging. The ten most common cancers diagnosed 
worldwide are breast (14%); trachea, bronchus, and lung (12%); colorectal 
(9%); prostate (9%); stomach (8%); liver (5%); non-Hodgkin lymphoma 
(4%); leukemia (3%); bladder (3%); and cervical (3%)1 (Fig. 170-1). Eight 
of these were among the ten most common causes of cancer death: tracheal, 
bronchus, and lung (20%); colorectal (10%); stomach (9%), liver (9%); breast 
(6%); esophagus (5%); pancreas (5%); prostate (4%); leukemia (4%); and 
cervical cancer (3%). These global estimates mask very large differences in 
regional incidence rates of specific cancers, with age-standardized incidence 
rates varying over five-fold between low- and high-incidence regions and 
for some cancers over 20-fold between the lowest and highest incidence 
individual countries. The rank order of anatomic cancer site varies substan-
tially according to national level of sociodemographic development (Fig. 
170-2). For instance, cervical cancer is the second most common cancer in 
low sociodemographic index countries, but 22nd in countries with a high  
sociodemographic index.

In the United States, the most common cancers predicted for 2018 for 
men were prostate cancer (19%), lung (14%), colorectal (9%), bladder (7%), 
melanoma (6%), renal (5%), non-Hodgkin lymphoma (5%), oropharyngeal 
(4%), leukemia (4%), and liver (4%), with eight of these being among the ten 
most common causes of cancer death: lung (26%), prostate (9%), colorectal 
(8%), pancreas (7%), liver (6%), leukemia (4%), esophagus (4%), bladder 
(4%), non-Hodgkin lymphoma (4%), and renal (3%), with the addition 
of pancreas (7%) and esophagus (4%). For women these are breast cancer 
(30%), lung (13%), colorectal (7%), uterine (7%), thyroid (5%), melanoma 
(4%), non-Hodgkin lymphoma (4%), pancreas (3%), leukemia (3%), and 
renal (3%), with seven of these being the among the top ten causes of mor-
tality: lung (25%), breast (14%), colorectal (8%), pancreas (7%), uterine 
(4%), leukemia (4%), and non-Hodgkin lymphoma (3%), with the addi-
tion of ovary (5%), liver (3%), and brain and other nervous system (3%)  
(Fig. 170-3).2

Demographic Factors
Age
The rates of most cancers increase with age, often in a log-linear (exponential) 
fashion, and any population that experiences increases in life expectancy will 
inevitably see an increase in the numbers of cases of cancer. Some cancers 
have different age-incidence curves, notably cancers that occur mostly in the 
first few years of life such as retinoblastoma and neuroblastoma, or in young 
adulthood such as testicular cancer. Hodgkin lymphoma has a bimodal age 
incidence curve with peaks in younger and older adults. Breast cancer rates 
increase with age premenopausally, but plateau or increase more slowly 
postmenopausally.

Sex
Cancer at anatomic sites that only occur in one sex (e.g., the prostate or uterus 
and cervix) obviously only affect one sex. Male breast cancer occurs at less 
than 1% of the rate of female breast cancer in most countries. For cancers that 
occur in both sexes, age-specific rates are often 2- to 3-fold higher in men than 
women; for smoking-related cancers this is often due to higher prevalence 
and duration of smoking among men.

Causes of Cancer
Environment and Lifestyle
People who migrate from low- to high-incidence countries tend to acquire 
the cancer incidence profile of their new country within one to three genera-
tions; for example breast cancer risk among Asian American women with 
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ABSTRACT
The number of cases of cancer globally is increasing rapidly, mainly due to 
population growth and aging. Analysis of differences in rates of specific cancers 
between countries, and within countries over time, suggests that most cancers 
are caused by lifestyle and environmental factors. Epidemiologists have identi-
fied these causes for many types of cancer, the major causes being tobacco 
consumption, carcinogenic infections, dietary, obesity, alcohol, ionizing and 
ultraviolet radiation, occupations exposures, exogenous hormones, and repro-
ductive factors. As the prevalence of these exposures changes over time, so 
does the incidence of the associated types of cancers. However, there are 
several common cancer types, such as prostate cancer and glioma, for which 
we have not been successful in elucidating risk factors. The primary prevention 
of cancer refers to a reduction in individual and population-level risk factors 
in order to reduce the incidence and mortality from cancer. Secondary preven-
tion refers to activities such as cancer screening that aim to identify cancers 
at an earlier stage and thus reduce mortality. Educating populations about the 
signs and symptoms of cancer, combined with access to diagnosis and therapy, 
can promote downstaging (i.e., a shift in an earlier, more treatable, stage). 
Some screening and prevention activities result in the diagnosis of cancers 
that might not have become clinically apparent during an individual’s lifetime, 
sometimes called “overdiagnosis.” Cancer control activities must blend risk 
factor reduction with early detection and access to effective treatments in 
order to reduce the burden of both cancer incidence and mortality.
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Smoking
Smoking is the major modifiable cause of cancer in many countries, estimated 
to cause about one third of cancer deaths in the United States3,4 and 21% of 
cancer deaths worldwide. While smoking prevalence has fallen in the United 
States over the past several decades, it has increased in many other countries, 
including the world’s largest, China,5 and deaths from tobacco are likely to be 
much more common in the 21st century than they were in the 20th century. 
Although lung cancer dominates the spectrum of smoking-related cancers, 
cancers at many other anatomic sites have been convincingly related to smoking, 
including those of the oropharynx, larynx, esophagus, acute myeloid leukemia, 
stomach, liver, pancreas, kidney and ureter, cervix, bladder, and colorectum.6 

grandparents born in the United States is actually higher than for white U.S. 
women. These data suggest that the large international differences in cancer 
incidence rates are caused by environment and lifestyle differences between 
countries, rather than ethnic-specific differences in genetic susceptibility. 
Substantial changes in cancer incidence within countries over time, such as 
the rise and fall in lung cancer incidence in the United States in the past 50 
years, during which stomach cancer incidence has fallen steadily, also suggest 
changes in the environmental determinants of these diseases. Thus, a high 
proportion of cancer cases are due to environment and lifestyle, and cancer 
epidemiologists have tried to establish these causative factors over the past  
70 years.
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Body Weight and Height
The role of obesity as a risk factor for a wide variety of cancer sites has become 
more apparent in the past twenty years.11,12 Even this relationship can be 
complex. For example, obesity is inversely related to premenopausal breast 
cancer but positively related to postmenopausal breast cancer. Greater height 
is associated with modest increases in risk of cancer at many sites. The secular 
trends of increasing height and weight in more affluent societies explain a 
proportion of the increases in cancer rates over time.

Alcohol
Consumption of alcohol is associated with cancer at several sites, notably 
cancers of the mouth, pharynx and larynx, esophagus, liver, breast, and rectum.13 
Globally, about 5% of cancers were estimated to be due to alcohol, and for 
the United Kingdom the estimate is 3.3%.14 For breast cancer the risk appears 
to increase linearly with increasing alcohol consumption, whereas for the 
aerodigestive cancers such as esophageal cancer the risk is most apparent for 
heavy drinking. Most authorities recommend no more than one alcoholic 
drink per day for women, and two for men.

Ionizing Radiation
Ionizing radiation is a clear cause of leukemia and thyroid cancer; however, 
minimization of exposure means that it is a relatively infrequent cause 
of cancer,15 estimated to account for about 2% of cancers in the United  
Kingdom.

Ultraviolet Radiation
Ultraviolet radiation is the major cause of non-melanoma skin cancers and 
melanoma, and is estimated to account for 3 to 4% of cancers in the United 
Kingdom. Avoidance of sunburns in early life may be particularly important 
for reducing risk of melanoma.

Occupational Exposures
Starting with the work of Sir Perceval Potts on scrotal cancer in chimney 
sweeps, it has been appreciated that cancer at certain sites is more frequent 
in specific occupations. A wide variety of industrial chemicals more common 
in certain occupations are associated with risk of specific cancers. In advanced 
economies, efforts to minimize exposure usually ensure that risks are minimal, 

Second-hand (or passive) smoking has been associated with lung cancer.7 
Smoking cessation results in rapidly reduced rates of lung cancer; cessation 
before age 30 reduces lifetime risk by more than 90% compared with continuing 
smokers.8 However, the latency between smoking initiation and cancer occur-
rence is several decades, so the emergence of large numbers of smoking-related 
cancers will occur decades after smoking prevalence increases.

Infections
A substantial fraction of cancers, estimated to be about 15% globally, are caused 
by infectious agents, particularly in less developed countries. (This is estimated 
to be over 50% in some sub-Saharan African countries).9 Only 3.6% of cancers 
were estimated to be due to infections in the United Kingdom.10 The major 
infectious agents are Helicobacter pylori (stomach cancer), human papilloma 
virus (cervical cancer), hepatitis B and C viruses (liver cancers) and Epstein-
Barr virus (nasopharyngeal cancer).

Diet
Perhaps no field of cancer epidemiology has been as complex and controversial 
as the relation between diet and cancer. Authoritative sources have estimated 
that a large fraction of cancer incidence is associated with dietary factors, but 
pinning these down has been difficult, mainly due to the difficulties of obtain-
ing valid estimates of intake of specific foods and nutrients and dietary patterns. 
Foods or nutrients associated with one type of cancer may not be associated 
with other types of cancer, and it is difficult to distinguish between true etio-
logic differences between cancer at different sites and false-positive results for 
a specific cancer type. The World Cancer Research Fund has issued two large-
scale summaries of the evidence, and the key recommendations on diet are:

•	 Limit	consumption	of	energy-dense	foods;	avoid	sugary	drinks.
•	 Eat	mostly	foods	of	plant	origin.
•	 Limit	intake	of	red	meat	and	avoid	processed	meat.
•	 Limit	consumption	of	salt	and	avoid	moldy	cereals	(grains)	and	pulses	

(legumes).
Part of the difficulty in making generalizations about the percent of cancer 

attributable to diet is the relation between diet and body size, and whether 
to “count” this influence as a “dietary” or “anthropometric” factor. Well-
nourished, more affluent societies tend to have taller and heavier populations, 
both factors positively related to risk of cancer at several sites.
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Secondary Prevention
Secondary prevention aims to prevent cancer death in those diagnosed with 
cancer or a premalignant lesion, usually by treating at an early stage. The 
major success in cancer screening has been organized cervical cancer screen-
ing (Chapter 189), responsible for a dramatic reduction in cervical cancer 
deaths in countries such as the United States, with most cases occurring 
in women with a suboptimal history of screening. A decline in colorectal 
cancer incidence in the United States is at least partly due to screening for 
early cancers and premalignant colorectal adenomas, with fecal occult blood 
testing, sigmoidoscopy, and colonoscopy having different tradeoffs in terms 
of patient acceptance and test performance (Chapter 184). A6  Both aspirin and 
other non-steroidal anti-inflammatory agents can reduce the risk of future 
colonic neoplasms in patients who have had a first neoplasia. A7  The use of PSA 
screening for prostate cancer (Chapter 191) A8  and mammography A9  for breast 
cancer (Chapter 188) is of variable benefit. In both cases, there is plausibly 
a reduction in the death rate from each cancer in men or women screened. 
However, better appreciation of the harms of screening and “overdiagnosis” 
(i.e., the detection and treatment of lesions that might never have come to 
clinical attention) has meant that recommendations have been changed in 
recent years. In the case of breast cancer, better treatment of the disease, and 
better awareness by women of the need to seek early assessment of any lumps 
or changes in the breast, may mean that the effectiveness of mammography 
in reducing death rates has changed over time. Running somewhat against 
the trend of reduced enthusiasm for screening for some cancers, a report for 
the U.S. Preventive Services Taskforce describes the evidence as “strong” that 
low-dose computed tomography screening reduces risk of lung cancer and lung 
cancer death, although the evidence is based on a single large, good-quality  
study A10  and subsequent studies did not show consistent benefit. A11 

Although many cancers can be cured if detected early enough, the sheer 
volume of cancers in less developed countries with limited infrastructure, and 
the cost of frequent screening, means that organized screening activities will 
take time to develop. The exception may be cervical screening for which HPV 
testing combined with gynecologic follow-up may provide a means of screen-
ing large numbers of women relatively rapidly, A12  although this is by no means 
a trivial endeavor. Greater awareness of cancer symptoms and signs, combined 
with appropriate and prompt follow-up, will remain a mainstay of attempts 
to downstage cancers in less developed regions, and developing adequate 
diagnostic and treatment services may be required before instituting screening 
services.

although it was estimated that almost 4% of cancers in the United Kingdom 
are still due to occupational exposures. In less developed economies risks may 
be higher, due to migration of “dirty” industries to less regulated environments, 
and a lower level of appreciation of the risks and need to protect workers from 
carcinogenic exposures, and less rigorous enforcement of employee protection 
regulations.

Exogenous Hormones
Use of oral contraceptives increases the relative risk of breast cancer by 
about 20% while women are taking them; however, because most women 
taking oral contraceptives are in the 15- to 40-year age group when breast 
cancer incidence rates are low, the absolute number of additional cases is 
small.16 Ten or more years of use of oral contraceptives reduces ovarian 
cancer risk by more than 50%, as well as reducing risk of endometrial  
cancer.

Use of postmenopausal hormones, particularly those combining estrogen 
and progestins, increases risk of breast cancer, although risk declines quickly 
after cessation,17 and decreases risk of colon cancer. After the publication of 
the Women’s Health Initiative findings of a positive association, use of post-
menopausal hormones declined dramatically in the United States, and the 
incidence rate of breast cancer (mostly estrogen-receptor positive) declined 
over the next few years, one of the few examples in which a rapid change in 
prevalence of a risk factor can be linked to a short-term change in cancer 
incidence.

Reproductive Factors
A variety of reproductive factors have been associated with risk of cancer in 
women. These include early age at menarche, late age at first birth, nulliparity 
or low parity, and late age at menopause, short duration of lactation (all increase 
risk of breast cancer), and nulliparity or low parity (increased risk of ovarian 
and endometrial cancer).

 PREVENTION
Definitions of what risk factors are modifiable vary, but consensus estimates 
agree that the majority of cancers are theoretically preventable by various 
combinations of risk factor reduction and immunization against cancer-causing 
infectious agents.

Primary Prevention
Primary prevention refers to the strategy of reducing risk factor prevalence, 
and thereby reducing the incidence of cancer. Reducing the prevalence of 
smoking and the use of other tobacco products is the single factor with the 
greatest potential for reducing cancer risk. Unfortunately, while per capita 
consumption of cigarettes has approximately halved in several high income 
countries since the 1970s, global consumption is still increasing, fueled by 
younger age population structures in less developed countries as well as the 
tobacco industry’s marketing in countries in which cigarette consumption was 
previously low. A diet that minimizes weight gain throughout life is a major 
potentially preventive factor. Although the precise nature of the optimal diet 
is unclear, consensus panels stress diets high in fruits and vegetables and low 
in meat and processed meat products. Minimal to moderate alcohol exposure 
reduces cancer risk. Avoidance of sunburns and long periods of ultraviolet 
exposure will reduce the risk of skin cancers. Hepatitis B and HPV vaccina-
tion (Chapter 139) to prevent hepatic and cervical cancer, respectively, is an 
underused strategy globally. Clinical interventions against H. pylori would 
probably reduce the risk of stomach cancer, but this is unproven. The new 
directly acting antiretrovirals that can cure a high proportion of hepatitis C 
carriers (Chapter 140) should substantially reduce liver cancer incidence, 
but only a fraction of infected people worldwide can access these drugs.18 
Occupational health regulations and enforcement are needed to reduce risk 
of exposure to ionizing radiation and workplace carcinogens. Reduction in 
use of postmenopausal hormones has already been shown to reduce rates of 
estrogen receptor-positive breast cancer. Reproductive factors such as age 
at menarche, parity, and age at first birth, although theoretically modifiable, 
are difficult to alter (e.g., extreme physical activity delays menarche) or are 
socially determined in a way that tends to supersede concerns about future  
cancer risk.

Vaccination against human papillomavirus can reduce the risk of cervical 
cancer A1  and anal cancer in HIV-infected men. A2  Ten or more years of use of 
oral contraceptives reduces ovarian cancer risk by more than 50%, as well as 
reducing the risk of endometrial cancer. A3  Neither vitamin D nor n-3 fatty 
acids are effective for preventing cancer. A4 

,
 A5 

Once cancer is diagnosed, appropriate treatment is not available to many 
in less developed countries, resulting in substantially higher case fatality rates. 
Many of the most efficacious chemotherapy drugs are off-patent and relatively 
inexpensive; other modalities such as radiation can be offered at low cost per 
patient once a facility has been built and staff trained to use it. It is estimated 
that 80% of patients in the world have no access to opiates at the end of life,19 
a situation that could be remedied at low cost if international treaties that limit 
opiate export, as well as concerns about their abuse, could be addressed.

TREATMENT 
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CANCER BIOLOGY AND GENETICS
BEN HO PARK

 INTRODUCTION
Cancer was once thought to be a single disease that was shrouded in mystery 
in terms of its etiology, prognosis, and treatment. We now understand that 
cancer is a collection of many different diseases and is often not uniformly 
categorized by even the tissue of origin. For example, hormone receptor–
positive breast cancers are distinct in biology, prognosis, and treatment com-
pared to hormone receptor–negative breast malignancies. However, a unifying 
feature shared by all human cancers is that they have a genetic basis. This is 
not meant to imply that all cancers have a heritable predisposition. Indeed, 
such familial cancer syndromes are relatively uncommon compared to sporadic 
cancers. But both heritable and sporadic cancers require the accumulation of 
DNA mistakes or alterations that lead to a step-wise progression of events, 
ultimately resulting in cancer. These DNA alterations are typically classified 
as mutations, copy number changes, and gene rearrangements. Cancer also 
results from epigenetic changes in DNA, which does not involve alterations 
to the DNA sequence, but produces modifications that result in either the 
silencing or activation of genes in an aberrant fashion. In this chapter the 
genetic basis of cancer will be further described as well as recent examples of 
how this knowledge has led to new diagnostic tests and targeted therapies.

 CANCER IS A DISEASE OF CUMULATIVE  
DNA ALTERATIONS

Cancer as a disease is often thought of as an abnormal proliferation of cells 
with invasion outside the normal tissue architecture. Although this is the case 
for many cancers, an underappreciated aspect of cancer biology is the fact 
that cancer cells may not necessarily have abnormal proliferation, but can also 
result from inadequate cell death or cell cycle stasis. Thus, we now understand 
that two opposing forces drive the proliferation and death or quiescence of 
cells, and that a proper balance must be maintained for normal function and 
growth. When that balance is perturbed either due to abnormally increased 
proliferation or decreased cell death or stasis, the initial steps of carcinogenesis 
have begun. Therefore, the genes that mediate cell proliferation and cell death 
are often the early “drivers” of cancer, and accordingly many of these genes 
are mutated or altered in many diverse cancer types.

Two broad categories of cancer genes have arisen from this understanding, 
and are termed oncogenes and tumor suppressor genes. Oncogenes are the accel-
erators of cancer growth, driving abnormal cell proliferation through various 
mechanisms. Common oncogenes that are often mutated or altered in human 
cancers include KRAS, BRAF, PIK3CA, and ERBB2 (HER2). The functions 
of oncogenes are diverse, but the majority of mutations and alterations that 
occur in oncogenes constitutively activate critical growth promoting pathways 
that then drive cellular proliferation. On the other hand, tumor suppressor 
genes act as the “brakes” of cell growth. Their normal function is to control 
cell cycling by monitoring and stopping proliferation when appropriate. Any 
disruption of tumor suppressor gene function would predictably lead to a net 
gain in cell numbers, possibly even without additional contributions of increased 
cell proliferation. Examples of tumor suppressor genes commonly mutated 
in human cancers include TP53, CDKN2A, CDKN2B, and others. Most cancers 
will have genetic alterations involving both tumor suppressor genes and onco-
genes, but the types of genetic alterations and consequences for therapies can 
vary dramatically between different malignancies.

 DNA Alterations in Oncogenes and Tumor Suppressor Genes
Given the distinct yet complementary roles of oncogenes and tumor suppres-
sor genes, it is perhaps not surprising that certain types of genetic alterations 
are associated more frequently with one or the other class of genes. Activating 
mutations within oncogenes, for example, tend to be heterozygous (i.e., only 
one allele is mutated) because a gain-of-function mutation would exert an 
effect even in the presence of the normal protein still being produced by the 
other wild-type allele (Fig. 171-1A). These mutations typically occur in regions 
of an oncogene that are known to regulate the corresponding protein’s activity, 
for example, kinase domain mutations that render the protein constitutively 
activated. Similarly, amplification of a gene leading to increased copy number 
of an oncogene can have a similar effect, as can translocations and rearrange-
ments such as BCR-ABL that juxtapose two genes such that the oncogene’s 
normal function is in an “always on” state. In contrast, tumor suppressor genes 
generally require a loss-of-function genetic alteration, which by necessity 
usually requires alterations in both alleles of the cell (Fig. 171-1B). Accord-
ingly, loss-of-function mutations observed in many tumor suppressor genes 
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FIGURE 171-1. Oncogenes and tumor suppressor genes: the accelerators and brakes 
of cancer. A, oncogenes act as the accelerators of cancer cells, driving forward even 
when the cell should stop (stoP sign). oncogenic alterations such as mutations can occur 
in either the maternal allele (M front axle) or paternal allele (P rear axle) and will therefore 
cause the cell to continue to proliferate. in contrast (B), tumor suppressor genes are the 
brakes of the cell cycle. if a mutation or alteration disables only the front brakes or only 
the rear brakes (maternal allele; M front axle in figure), the cell can still obey stop signals. 
However, if both front (M axle) and rear (paternal allele; P rear axle) are disabled, the cell 
continues to go forward through normal stop signaling. Blue lightening bolts represent 
gain-of-function mutations in oncogenes; yellow X marks represent loss-of-function 
mutations in tumor suppressor genes. 
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ABSTRACT
Cancer is a disease of DNA mutations and other alterations that promote the 
growth of cells at the expense of the host. In recent years, an explosion of 
knowledge has been realized due to massive efforts to sequence the genomes 
of many different human cancers. From these studies, a new understanding 
of cancers has emerged, leading to improved diagnostic testing and targeted 
therapies. In this chapter we will review the types of genes that drive cancer 
growth, as well as mutations and alterations that provide opportunities for 
therapeutic and diagnostic exploitation.
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suppressor gene the lifetime chance that any single cell will obtain a “second 
hit” is quite high, and therefore the pattern of inheritance for familial cancer 
syndromes is generally autosomal dominant. However, as stated previously, 
cancer is a result of the accumulation of many DNA alterations. Therefore, 
even the complete loss of a tumor suppressor gene function is generally not 
sufficient to form a mass or tumor, because additional genetic events are 
required (Fig. 171-3). This explains why despite the autosomal pattern of 
inheritance, many familial cancer syndromes have incomplete penetrance (i.e., 
not all carriers will develop cancer).

Germline DNA alterations that predispose to tumor and cancer formation 
also explain the relatively earlier onset of diagnosis for familial cancers relative 
to sporadic counterparts. In the former, cancer initiation is accelerated because 
every diploid cell in the body has functional loss of half of a tumor suppressor 
gene versus the sporadic situation where this “first hit” must occur somatically 
in any given cell. Indeed, it was this observation along with the familial pattern 
of inheritance and multiple independent tumors arising from affected indi-
viduals that led Knudsen to formulate his hypothesis on the existence of tumor 
suppressor genes.

With the advent of large cancer DNA sequencing efforts, the complexity 
of human cancers has become apparent. Although these studies generally 
support the notion that most cancers arise from a stepwise accumulation of 
somatic genetic mutations and alterations resulting in early proliferative changes, 
precancerous tumors, and then invasive disease, there are notable exceptions. 
For instance, it is now well-established that pathogens such as viruses can 
initiate or predispose an individual to cancer formation. As an example, human 
papilloma viruses will express proteins within infected cells that can inactivate 
key tumor suppressor genes such as p53 and RB. This is to the advantage of 
the virus, because cell proliferation is needed for viral replication, but also 
establishes a situation akin to acquiring mutations within tumor suppressor 
genes. Similar to nonviral cancers, however, this is an initiating event, but is 
not sufficient for tumor formation and still requires additional genetic events 
to become a truly invasive cancer.

Sequencing studies have also shown that the number of mutations or genetic 
alterations required for carcinogenesis is highly variable, and becomes more 
complicated when considering the requirements for distant metastases. However, 
statistical analyses in lung and colon cancers suggest that three alterations 
may be sufficient.2 This same group has also suggested through genomic and 
epidemiologic data that increased cellular proliferation can be associated with 
an increased risk of cancer, but that the development of mutations, and there-
fore cancer, does have a strong element of randomness or “bad luck.”3 Further 
studies will likely provide additional clarity on this issue as the number of 
cancers being sequenced increases exponentially.

 Genetic Instability, Clonal Evolution, and Tumor Heterogeneity
An underlying process that is necessary for most cancers to develop is an 
inherent genetic instability. When normal cells divide, surveillance and repair 
mechanisms within the cells ensure that any DNA errors are corrected prior 
to cytokinesis (cell division). This ensures near perfect fidelity and prevents 
the emergence of diseases related to somatic DNA alterations such as cancer. 
In cancer cells, such fail-safe mechanisms are disabled, allowing cells to accu-
mulate DNA mutations, copy number changes, and genomic rearrangements. 

generally lead to premature truncation of the protein, such as nonsense muta-
tions and insertion/deletion frameshift mutations. In addition, larger genomic 
alterations such as deletions or whole gene/chromosome loss is another 
mechanism of tumor suppressor inactivation. Although these are generaliza-
tions in the types of genetic alterations seen in oncogenes and tumor suppressor 
genes, it should be noted that there are exceptions. For example, TP53 is a 
tumor suppressor gene, yet the most frequent type of mutations found in 
human cancers are missense mutations, rather than frame shifts or deletions.1 
This is because these common missense mutations confer a dominant negative 
effect, and prevent the p53 protein from forming tetramers, resulting in a 
loss-of-function, though gain-of-function mutations in TP53 have also been 
described. In contrast, certain deletions in the epidermal growth factor recep-
tor (EGFR) gene (ERBB1) eliminate autoregulatory domains, resulting in 
constitutive activation of this oncogene. Ultimately the nature and type of 
mutations in oncogenes and tumor suppressor genes are predicated on the 
domains of the protein that would readily lend themselves to activate or inac-
tivate the gene, respectively.

 Germline versus Somatic DNA Alterations in Cancer
The human body is composed of trillions of cells, and within each cell there 
are generally two copies (diploid) of the genome. Mature red blood cells and 
platelets are some of the few cell types that are devoid of DNA, and gametes 
(ova and sperm) have only one copy of the genome (haploid) allowing for 
the zygote to inherit a haploid genome from each parent. DNA obtained from 
normal cells is often referred to as germline as it is derived from parental ova 
and sperm, which are also termed germ cells. Therefore, by definition, germline 
DNA (sometimes also referred to as constitutional DNA), is heritable in that 
humans receive all their DNA from both parents. Thus, it follows that any 
mutations that are present in a heterozygous fashion in germline DNA can 
be passed down to progeny, with a 50/50 chance of inheriting the mutant 
allele.

The majority of germline DNA alterations that lead to familial cancer syn-
dromes are mutations found in tumor suppressor genes (Table 171-1). In 
fact, the strictest genetic definition of a tumor suppressor is an alteration in 
a gene that predisposes to tumor formation. Indeed, pedigrees from families 
with hereditary predispositions to cancer have shed much light on the nature 
of tumor suppressor genes, including the “two-hit” hypothesis put forth by 
Knudson, as well as the identification of key tumor suppressor genes such as 
RB1, BRCA1, BRCA2 and APC. Since biallelic inactivation of a tumor sup-
pressor is required for cancer initiation, one might presume that familial cancer 
syndromes would follow an autosomal recessive pattern of inheritance similar 
to heritable diseases such as cystic fibrosis or spinal muscular atrophy. However, 
it is thought that the majority of tumor suppressor genes are embryonic lethal 
if two mutant copies are present in the zygote because this situation is rarely 
seen in families with known mutations of a given tumor suppressor gene in 
both the paternal and maternal lineage. Rather, the “second hit” or inactivation 
of the second allele happens only in the cell(s) that is destined to become a 
tumor (Fig. 171-2). This second loss-of-function event can occur in a number 
of different ways, including loss of the gene, a new mutation, or epigenetic 
silencing. Regardless of the mechanism, because this second event occurs 
only in a single cell and therefore will not be present in gametes, these altera-
tions are referred to as somatic changes. Because the human body has trillions 
of cells, in an individual who has inherited one mutant allele in a tumor 

TABLE 171-1 HALLMARKS OF CANCER
•	 Self-sufficiency	in	growth	signals
•	 Insensitivity	to	anti-growth	signals
•	 Evading	apoptosis
•	 Limitless	replicative	potential
•	 Sustained	angiogenesis
•	 Tissue	invasion	and	metastasis
•	 Reprogramming	energy	metabolism
•	 Evading	immune	response
•	 Genome	instability	and	mutation
•	 Tumor-promoting	inflammation
Hanahan and Weinberg proposed in 2000 that there are six essential alterations in cell physiology 
(“hallmarks of cancer”) that collectively dictate malignant growth, listed in the first six bullets. 
(Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000;100:57-70.) A decade later, they 
updated the list by adding four additional hallmarks, listed in the last four bullets. (Hanahan D, 
Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011;144:646-674.) There have been 
subsequent attempts to simplify the list by merging some of these core traits of most cancers. 
(Fouad YA, Aanel C. Revisiting the hallmarks of cancer. Am J Cancer Res. 2017;7:1016-1036.)

Hereditary

Somatic
mutation

Somatic
mutation

Somatic
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FIGURE 171-2. Knudson’s two-hit model of cancer development. Biallelic inactivation 
is required for tumor initiation. in familial cancer syndromes, the first “hit” is inherited 
in the germline requiring only a single somatic second “hit” to initiate carcinogenesis. in 
sporadic tumors, the first hit occurs in a single cell, and still requires the second somatic 
“hit” to occur in the same cell in order for tumor initiation to ensue. (originally appearing 
in Jozwiak J, Jozwiak s, Wlodarski P. Possible mechanisms of disease development in 
tuberous sclerosis. The Lancet Oncology. 2008:Jan;9[1]:73-9.)
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suppressor because germline mutations in either of these genes lead to heredi-
tary nonpolyposis colorectal cancers and other malignancies such as ovarian 
and	endometrial	cancers,	also	known	as	Lynch	syndrome.4 Hereditary cancer 
risk syndromes are summarized in Table 171-2.

Given that genetic instability drives tumor heterogeneity, it is often this 
property of cancers that makes them so refractory to treatment and cures. 
Even though a therapeutic agent may be effective in the majority of cancer 
cells within a population, preexisting mutations and other alterations will 
then be selected for as a new dominant population. Thus, the same Darwinian 
evolution that leads to cancer and metastases is also being carried out when 
subjecting patients to various chemotherapies and targeted therapies.

 CANCER GENETICS AND TARGETED THERAPIES
A fundamental goal of translating genetic information about cancers is to use 
this knowledge for risk assessment, diagnosis, screening, and therapy. Targeted 
therapies in particular arose from the notion that an improved understanding 
of how oncogenes and tumor suppressor genes drive cancer growth would 
lead to strategies to disrupt these mechanisms with therapeutic gain. There 
are now remarkable results that attest to the success of this tactic. One of the 
earliest examples is the ERBB2 (HER2) oncogene and breast cancer. HER2 
amplification occurs in 15 to 20% of breast cancers and is associated with 
an aggressive behavior and worse prognosis. The humanized monoclonal 
antibody, trastuzumab, was one of the first examples of developing a drug 
against a therapeutic target, because only patients with HER2 amplification/
overexpression in their tumors appeared to derive benefit from this therapy. 
The success of trastuzumab and now additional HER2 targeted therapies such 
as pertuzumab, lapatinib, and TDM-1, has changed the natural history of 
HER2-positive breast cancers such that they are now a highly favorable group 
with good prognosis (Chapter 188). This also serves as a strong reminder that 
understanding the underlying biology of cancer can lead to therapies that can 
have a dramatic impact on the disease.

Many other effective targeted therapies have been developed. Table 171-3 
provides a representative list of such targets and their respective therapies 
that have seen noteworthy success over the past decade. Examples include 
imatinib,	which	inhibits	the	BCR-ABL	fusion	protein	in	chronic	myelogenous	
leukemia	(CML)	(Chapter	175),	converting	a	once	fatal	disease	into	a	man-
ageable chronic one where the majority of patients can now live out their 
natural lives.5 In certain forms of lung cancer (Chapter 182), genomic altera-
tions that occur with 1 to 10% frequency now have highly active and relatively 
target-specific drugs that can have a profound effect on the lives of cancer 
patients.6 Further study of resistance mechanisms has also led to an improved 
understanding of predictors of resistance and the development of targeted 
therapies that can overcome this resistance. For example, gefitinib and erlotinib 
are two small molecule inhibitors against certain activating mutations found 
within the EGFR oncogene in non–small cell lung cancers, and were the 
earliest drugs approved for lung cancers with these mutations. Remarkably, 
sequencing of patients’ tumors who developed resistance to these drugs revealed 
that many cancers developed a specific recurrent mutation (T790M) respon-
sible for the resistance phenotype. Further laboratory research and clinical 

But even more daunting is that the lack of DNA repair mechanisms leads to 
a dynamic, ongoing process of Darwinian evolution. As cancer cells continue 
to divide, each resultant cell is slightly different from the next with regard to 
their genomes. Deleterious mutations or alterations will result in cell death, 
while advantageous changes will enable a clonal growth expansion, yet addi-
tional mutations and alterations are continually occurring even within this 
clonal population. Although there are some rare cancers that are exceptions 
to this model, modern sequencing studies of metastases support this notion 
with many cancer cells within the same patient harboring so-called “private” 
mutations. Although some of these mutations may have no functional con-
sequence and are therefore termed “passenger” mutations, these mutations 
along with other genomic alterations underscore the ongoing genetic instability 
of human cancers.

This continuing clonal evolution, therefore, sets the stage for cancer devel-
opment. Hallmarks of cancer have been well characterized, and are summarized 
in Table 171-1. Features such as genomic instability, angiogenesis, evasion of 
the immune system, escape from cell death and tumor suppressors, as well as 
a sustained proliferative capacity are all due to genetic alterations that directly 
or indirectly arise from genetic instability. Some of the mechanisms of genetic 
instability have been elucidated, and can be classified into two broad categories. 
Chromosomal instability (CIN) is a more common type of genetic instability 
in human cancers and is hallmarked by copy number alterations and rear-
rangements. Cancers with CIN are therefore more likely to have amplifications, 
deletions, and aneuploidy. On the other hand, genetic instability at the nucleo-
tide level is also a well-described phenomenon, though this form of instability 
is much less common. Sequencing efforts have revealed that such cancers 
have thousands of mutations within their genomes, and are often diploid or 
near diploid in contrast to CIN tumors. This increase in mutations has been 
frequently referred to as high “tumor mutation burden.” Several genes have 
been shown to mediate CIN, and many genes have also been shown to regulate 
an increase in tumor mutation burden. The most notable example of the latter 
is the mismatch repair genes and their regulation of a specific form of muta-
tion burden termed microsatellite instability (MSI). MSI tumors generally 
have a high tumor mutation burden and a relatively diploid genome. The 
genetic defects that lead to MSI are the inactivation of DNA mismatch repair 
genes. In normal cells the presence of these mismatch repair proteins will 
ensure that any DNA mistakes occurring with cell replication will be corrected. 
The mismatch repair system is especially important for recognizing and cor-
recting DNA mistakes that occur at base pair “repeat” sequences including 
mono-, di-, tri- and tetra-nucleotide sequences such as AAAAA, ATATAT, 
ATCATCATC, and ACGTACGTACGT, respectively. These areas of DNA 
repeats are scattered throughout the human genome and are termed micro-
satellite sequences. MSI tumors have difficulty repairing these microsatellite 
regions during DNA replication due to the lack of mismatch repair proteins. 
Thus, mismatch repair gene mutations, alterations, and epigenetic silencing 
have been shown to occur in MSI tumors. Most notably, right-sided colon 
cancers often have epigenetic silencing of mismatch repair proteins with the 
two most frequently affected genes being MLH1 and MSH2. Although not 
growth suppressors, MLH1 and MSH2 do meet the definition of a tumor 
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FIGURE 171-3. The stepwise progression from normal colonic epithelium to invasive cancer. Progression from normal epithelium through adenoma to colorectal carcinoma is 
characterized by accumulated genetic and epigenetic alterations of oncogenes and tumor suppressor genes, also known as “the Vogelgram” after Bert Vogelstein, M.d. (From davies 
rJ, Miller r, Coleman n. Colorectal cancer screening: prospects for molecular stool analysis. Nature Reviews Cancer. 2005;Mar;5[3]:199-209.)
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(E-Fig. 171-1) results in more efficacious therapy with reduced side effects. 
A more recent example of molecular targeted therapies is larotrectinib, an 
inhibitor of TRK proteins that have been made constitutively active via trans-
location of TRK genes with other genes, also known as fusion partners. This 
potent inhibitor has striking antineoplastic activity against a variety tumor 
types, provided they have a translocation of either TRK1, TRK2, or TRK3, 
leading to constitutive activation.11 This will lead to the novel approval of 
larotrectinib for a particular molecular alteration rather than a specific cancer 
or group of cancers. Finally, recent studies have led to the first approved use 
of an antineoplastic therapy based upon the type of genetic instability. With 
the emergence of immune checkpoint inhibitor (ICI) therapies for melanoma 
and squamous cell lung cancers, a central question arose as to why these 
cancer types had higher response rates than others. Retrospective analysis 
suggested that high mutation burdens in melanomas and squamous cell lung 
cancers had a much higher likelihood of response, and it was opined that 
ultraviolet light and tobacco exposure led to high mutation burdens in mela-
nomas and squamous cell lung cancers, respectively. As mentioned previously, 
MSI cancers are hallmarked by thousands of mutations in their genomes. 
Testing the hypothesis that a high tumor mutation burden imparted by MSI 
cancers would also lead to a higher rate of response, it has been found that 
MSI cancers have a significantly higher response rate to ICI therapies, and in 
some cases dramatic responses from patients who had become refractory to 
all other therapies.12 In sum, the study of cancer genetics has not only informed 
our understanding of tumor biology, but has also paved the way for new and 
novel approaches to target these genetic alterations.

 CANCER GENETICS FOR DIAGNOSTICS
 Gene Expression Profiling for Prognosis and Prediction
The ability to use RNA for prognostic and predictive tests to help guide clini-
cal decision making is now a reality. The majority of these tests do not measure 

Additional opportunities for therapeutic targeting have arisen through a 
better understanding of cancer genetics. “Synthetic lethality” is an idea origi-
nally put forth by drosophila geneticists that was then applied toward BRCA1 
and BRCA2 null cells.9 The central idea is that the absence of the BRCA 
proteins would lead to a therapeutic vulnerability that could be exploited 
because the noncancerous cells in the affected individual would still harbor 
50% of a given BRCA protein due to the intact wild-type allele (Fig. 171-4). 
Hence, original laboratory studies demonstrated that PARP inhibitors could 
effectively kill BRCA null cells, but spared their wild-type counterparts. These 
findings were rapidly translated into early phase clinical trials that have recently 
led to the approval of PARP inhibitors for ovarian cancers (Chapter 189), 
with additional tumor types soon to follow.

Although targeted therapies are generally approved initially in a single cancer 
tissue type, historic examples have demonstrated that it is the target that is 
generally the important driver of the tumor, and thus may make it susceptible 
to a targeted therapy approved for a different tumor type. For example, it is 
now well-established that HER2 amplified/overexpressing gastric cancers 
(Chapter 183) can respond to trastuzumab, which has led to approval for this 
antibody in HER2-positive metastatic gastric cancers. Similarly, BRAF V600 
oncogenic mutations generally respond to targeted therapies of V600 inhibi-
tors, though colorectal cancers seem to be a notable exception.10 Interestingly, 
suppression with BRAF V600 mutant inhibitors can lead to dysregulation of 
feedback networks in normal and cancerous cells. Combination therapies 
with MEK inhibitors, a molecule distal to BRAF in the MAP kinase pathway 

development led to approval of next-generation receptor tyrosine kinase 
inhibitors capable of overcoming cancers that harbored these mutations. Clearly, 
understanding the genetic underpinnings driving tumor growth and drug 
resistance has had a profound impact on how these lung cancers are clinically 
managed and improved and prolonged the lives of patients. Similar stories 
are now emerging for other diseases. As an example, accumulating evidence 
suggests that the emergence of resistance mutations in the estrogen receptor 
alpha (ESR1) gene’s ligand binding domain occur with relatively high frequency 
in patients with metastatic hormone receptor positive breast cancer (Chapter 
188) treated with aromatase inhibitors.7 Strategies to overcome these ESR1 
mutations with newer combination endocrine therapies are being tested cur-
rently in clinical trials.

Although other resistance mutations have emerged through further sequenc-
ing efforts, additional clarity has been brought about with the understanding 
of gene mutations and their impact on signaling pathways. For example, given 
the sequence of events required for activation of the MAP kinase pathway 
(E-Fig. 171-1), it would be predicted that antibody therapies against EGFR 
would be ineffective in tumors that harbored an activating mutation in KRAS, 
because the activating “lesion” in this particular case is distal to EGFR. There-
fore, inhibition of EGFR using a therapeutic monoclonal antibody would not 
yield any effect. This indeed was shown to be true by several groups and has 
led to the requirement for patients’ tumors to be sequenced for KRAS prior 
to receiving anti-EGFR antibody therapies to ensure only wild-type KRAS is 
present in the cancer.8

TABLE 171-2 FAMILIAL CANCER SYNDROMES
SYNDROME GENE ASSOCIATED TUMORS
TUMOR SUPPRESSOR MUTATIONS

Cowden PTEN Breast, thyroid, endometrial, colorectal, kidney, melanoma
Familial adenomatous polyposis APC Colorectal, stomach, intestinal, hepatoblastoma, thyroid, pancreatic, adrenal, 

bile duct, medulloblastoma
Familial gastric carcinoma CDH1 (E-Cadherin) Stomach, breast
Familial malignant melanoma CDKN2 (p16INK4A and p14ARF), CDK4 Melanoma, pancreatic
Familial Wilms tumor WT1 Wilms (kidney)
Hereditary retinoblastoma RB1 (pRB) Retinoblastoma
Hereditary paraganglioma SDHA, SDHB, SDHC, SDHD, or SDHAF2  

(succinate dehydrogenase)
Paraganglioma, pheochromocytoma

Li-Fraumeni TP53 (p53) Osteosarcoma, soft tissue sarcoma, leukemia, breast, brain, adrenal, melanoma, 
Wilms, stomach, colorectal, pancreatic, esophageal, lung, gonadal germ cells

Multiple endocrine neoplasia 
type 1

MEN1 Parathyroid, pituitary, islet cell, adrenal, carcinoid

Neurofibromatosis type 1 NF1 Neurofibroma, glioma, leukemia, breast, rhabdomyosarcoma, gastrointestinal 
stromal

Neurofibromatosis type 2 NF2 Neuromas, schwannomas, meningiomas, astrocytomas, gliomas
Peutz-Jeghers syndrome LKB1 Colon, intestine, stomach, pancreas, cervix, ovary, testis, breast, thyroid
Von	Hippel-Lindau VHL Kidney, adrenal, pheochromocytoma
DNA REPAIR GENE MUTATIONS

Ataxia telangiectasia ATM Leukemia,	lymphoma
Bloom BLM Leukemia,	multiple	solid	tumors
Fanconi anemia FANCA, FANCC, FANCD2, FANCE, FANCF, or FANCG Leukemia,	multiple	solid	tumors
Hereditary breast and ovarian 

cancer
BRCA1 or BRCA2 Breast, ovary, pancreatic, fallopian tube

Lynch	(hereditary	nonpolyposis	
colon cancer)

MLH1, MSH2, MSH6, or PMS2 Colorectal, endometrial, stomach, breast, ovarian, intestinal, pancreatic, 
prostate, urinary tract, liver, kidney

MYH-associated polyposis MUTYH Colorectal, intestinal
Xeroderma pigmentosum XPA, XPC, ERCC2, ERCC3, ERCC4, ERCC5, or DDB2 Skin (basal cells, squamous), melanoma, tongue, eye
ONCOGENE MUTATIONS

Costello HRAS Papilloma, rhabdomyosarcoma, neuroblastoma
Noonan PTPN11, SOS1, KRAS, NRAS, RAF1, or BRAF (Ras-Erk 

pathway regulators)
Leukemia,	rhabdomyosarcoma,	neuroblastoma

Familial malignant melanoma CDK4 Melanoma
Multiple endocrine neoplasia 

type 2
RET Thyroid, parathyroid, pheochromocytoma
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(E-Fig. 171-1) results in more efficacious therapy with reduced side effects. 
A more recent example of molecular targeted therapies is larotrectinib, an 
inhibitor of TRK proteins that have been made constitutively active via trans-
location of TRK genes with other genes, also known as fusion partners. This 
potent inhibitor has striking antineoplastic activity against a variety tumor 
types, provided they have a translocation of either TRK1, TRK2, or TRK3, 
leading to constitutive activation.11 This will lead to the novel approval of 
larotrectinib for a particular molecular alteration rather than a specific cancer 
or group of cancers. Finally, recent studies have led to the first approved use 
of an antineoplastic therapy based upon the type of genetic instability. With 
the emergence of immune checkpoint inhibitor (ICI) therapies for melanoma 
and squamous cell lung cancers, a central question arose as to why these 
cancer types had higher response rates than others. Retrospective analysis 
suggested that high mutation burdens in melanomas and squamous cell lung 
cancers had a much higher likelihood of response, and it was opined that 
ultraviolet light and tobacco exposure led to high mutation burdens in mela-
nomas and squamous cell lung cancers, respectively. As mentioned previously, 
MSI cancers are hallmarked by thousands of mutations in their genomes. 
Testing the hypothesis that a high tumor mutation burden imparted by MSI 
cancers would also lead to a higher rate of response, it has been found that 
MSI cancers have a significantly higher response rate to ICI therapies, and in 
some cases dramatic responses from patients who had become refractory to 
all other therapies.12 In sum, the study of cancer genetics has not only informed 
our understanding of tumor biology, but has also paved the way for new and 
novel approaches to target these genetic alterations.

 CANCER GENETICS FOR DIAGNOSTICS
 Gene Expression Profiling for Prognosis and Prediction
The ability to use RNA for prognostic and predictive tests to help guide clini-
cal decision making is now a reality. The majority of these tests do not measure 

TABLE 171-3 EXAMPLES OF TARGETED CANCER THERAPIES
THERAPEUTIC 
AGENT TYPE TARGET DISEASE INDICATION COMPANION TEST
Imatinib
Dasatinib
Nilotinib

Small molecule BCR-ABL CML,	ALL Philadelphia chromosome 
positive

Cytogenetic analysis, FISH, PCR

Ponatinib
Bosutinib

Small molecule CML	and	AML	resistant	to	prior	
tyrosine kinase inhibitor therapy

Philadelphia chromosome 
positive

Cytogenetic analysis, FISH, RT-PCR

Imatinib Small molecule c-Kit Gastrointestinal stromal tumors CD117 (c-Kit) positive Immunohistochemistry (c-Kit PharmDx)
Cetuximab
Panitumumab

Monoclonal antibody EGFR Colorectal cancer, head and neck KRAS wild-type in colon 
cancer

PCR (therascreen KRAS RGQ Kit)

Gefitinib
Erlotinib
Afatinib
Osimertinib

Small molecule EGFR NSCLC Mutant EGFR PCR (therascreen EGFR RGQ PCR Kit, 
cobas EGFR Mutation Test)

Trametinib/
Dabrafenib

Cobimetinib/
Vemurafenib

Small molecule MEK/BRAF Melanoma V600 mutant BRAF PCR (THxID, cobas 4800 BRAF V600 
Mutation Test)

Trastuzumab
Pertuzumab
TDM1 (antibody 

drug conjugate 
of trastuzumab)

Monoclonal antibody HER2 Breast, stomach, gastroesophageal HER2 positive Immunohistochemistry (PATHWAY, 
InSite, Bond Oracle, HercepTest),  
FISH	(Inform,	PathVysion,	SPOT-Light,	
HER2 CISH PharmDx)

Lapatinib
Neratinib

Small molecule HER2, 
EGFR

Breast HER2 positive HER2 testing as above

Bevacizumab Monoclonal antibody VEGF NSCLC,	metastatic	colorectal,	
metastatic kidney, glioblastoma

Ipilimumab Monoclonal antibody CTLA-4 Melanoma
Pembrolizumab
Nivolumab

Monoclonal antibody PD-1 Melanoma,	NSCLC,	microsatellite	
instability (MSI)–positive cancers

Companion tests in parentheses are U.S. Food and Drug Administration–stipulated tests for certain uses of the corresponding drug.
ALL	=	acute	lymphoblastic	leukemia;	CML	= chronic myelogenous leukemia; FISH =	fluorescence	in	situ	hybridization;	NSCLC	= non–small cell lung cancer; PCR = polymerase chain reaction.

PARP
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Single-strand break

Double-strand breaks

Normal cell

PARP inhibitors

BRCA-mutated cell

Repair by
homologous
recombination

No homologous
recombination

No repair
DNA repaired

Cell survival Cell death DNA repaired

FIGURE 171-4. Poly(ADP-ribose) polymerase (PARP) inhibitors and synthetic lethality 
in BRCA null cells. ParP1 binds to dna single-strand breaks that frequently occur during 
the cell cycle and recruits other enzymes to repair damaged dna. Failure to repair dna 
will eventually lead to further dna damage and cell death. the BrCa pathway proteins 
can also repair this damaged dna via homologous recombination. Because BrCa medi-
ated cancers lack a BrCa protein, this ability to repair dna via homologous recombination 
is lost. this is the basis for synthetic lethal and targeted therapy with ParP inhibitors in 
patients with BrCa related cancers. dna damage that occurs after inhibition of ParP 
activity cannot be repaired in BrCa null cancers resulting in cell death. as BrCa proteins 
remain intact in non-cancerous cells due to the retention of one functional copy of a 
BrCa gene, ParP inhibition selectively kills cancer cells. (From sonnenblick a, de azam-
buja e, azim Ha Jr, et al. an update on ParP inhibitors—moving to the adjuvant setting. 
Nat Rev Clin Oncol. 2015;12:27-41.)



of whether therapies are truly eradicating microscopic residual disease and  
effecting cures.

 CONCLUSIONS
The ability to quickly and accurately identify mutations and other genetic 
alterations has revolutionized our understanding of cancer and how to best 
prevent, diagnose, and treat this collection of diseases. One can envision a 
future in which sequencing a person’s genome by blood or other noninvasive 
methods will become routine and quickly enable physicians to diagnose cancer, 
and importantly, will also inform how to treat cancers with the most effective 
therapies.
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DNA alterations but instead assess relative levels of RNA within a tumor. 
These RNA levels are then used for various algorithms that have been validated 
for both prognostic information (i.e., the likelihood of recurrence and/or 
survival over a defined time frame) as well as predictive power (i.e., the likeli-
hood of a patient benefitting from a given therapy). An early example of this 
is the Oncotype DX test for early-stage breast cancer. This test measures 21 
genes’ expression via RNA, 5 of which are reference genes, to calculate a 
recurrence score (RS) that has been validated for prognosis as well as likeli-
hood of chemotherapy benefit for select groups of patients. Definitive pro-
spective validation studies have been completed, with only limited data currently 
available, but Oncotype DX has been widely adopted to help patients and 
physicians assess the decision whether or not to administer chemotherapy. 
Similar tests have also been validated in prospective trials13 (e.g., Mammaprint), 
and additional RNA expression assays to help inform clinical decisions are 
now readily available for other cancer types.

 Diagnostic Tests for Targeted Therapies
The ability to unveil the cancer genome has opened the door for targeted 
therapies. But with targeted therapies has come the need for “companion 
diagnostics,” that is, genetic testing to select patients who would have the 
highest likelihood of responding to a given agent. As an example, early studies 
of trastuzumab would likely have failed had patients not been preselected for 
HER2 amplification given that the majority of patients with breast cancer are 
HER2 negative. Although Sanger sequencing was the gold standard for years 
in both research and clinical laboratory testing, next-generation sequencing 
(NGS) has largely supplanted first-generation sequencing technologies for 
cancer research and companion diagnostics (also see Chapter 37).

Briefly,	NGS	 involves	 generation	of	DNA	 “libraries”	 that	 are	 sequenced	
simultaneously (i.e., massively and in parallel), generating terabytes or more 
of data. Redundant sequencing is needed to ensure that each nucleotide is 
sequenced enough times to differentiate true mutations from artifacts of the 
NGS process. Each DNA molecule that is sequenced is then aligned against 
a reference genome to determine the presence or absence of mutations.

Because reference genomes are derived from a variety of sources, it is not 
always possible to distinguish a mutation from a normal variant that could 
exist within the population. As such, “germline sequencing and filtering” is 
becoming more commonplace for tumor sequencing. This entails obtaining 
a normal DNA sample from the patient whose tumor is being sequenced, and 
subjecting the normal germline DNA to NGS. After sequencing and align-
ment, the germline DNA is electronically subtracted from the tumor DNA 
to reveal only somatic mutations. Although this process can reduce the number 
of false-positive mutations, it also can potentially filter out important germline 
mutations that may have therapeutic relevance for a given cancer (e.g., BRCA1, 
BRCA2, MLH1, and MSH2) because this is usually performed electronically 
before any analysis of data by the user. Newer bioinformatic methods may 
circumvent these issues by either not filtering germline mutations in genes 
such as those mentioned or identifying the likelihood of somatic versus germ-
line mutations with the use of statistical algorithms.

Further clinical trials to exploit cancer DNA as a general diagnostic screen-
ing tool are ongoing; a study evaluating the use of stool samples has been 
completed and demonstrated a relatively high sensitivity and specificity for 
detecting early-stage colorectal cancers. This multitarget stool test employs a 
combination of mutation testing, epigenetic markers, and a hemoglobin immu-
noassay, and is now FDA approved for colorectal cancer screening.

NGS has also brought to reality the concept of a “liquid biopsy” for cancer 
diagnostics. Although liquid biopsies originally implied assaying for circulat-
ing tumor cells, more recently this moniker has been used for the testing of 
circulating cell-free DNA (cf DNA). It has been shown that all cells, cancerous 
and normal, shed DNA into the circulation.14 This cf DNA can be isolated and 
analyzed by NGS for a variety of purposes including identifying circulating 
tumor DNA using various substrates such as plasma, serum, urine, saliva, 
and others.15,16 NGS, along with its predecessor digital PCR17 and other tech-
nologies, has now become commonplace for detecting tumor mutations in 
the circulation, and has recently led to an FDA-approved blood test for lung 
cancer mutations as a companion diagnostic tool for mutant EGFR targeted 
therapies. Beyond companion diagnostics, cf DNA is also being studied as a 
marker for residual cancer burden, response to therapies, and prognosis. In 
addition, asymptomatic clonal hematopoiesis, whereby pre-cancerous stem 
cells accumulate genetic mutations that increase the risk of malignant trans-
formation,18 is another potential marker of prognosis. Interventions based 
on these new technologies have the potential to revolutionize how we treat 
patients with both early- and late-stage cancers, allowing for precise knowledge 
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REVIEW QUESTIONS

1. A 33-year-old woman was recently diagnosed with breast cancer. She has 
a strong family history of breast and ovarian cancer, and has a germline 
DNA testing for BRCA1 and 2 that reveals no mutations. You tell her that 
her breast cancer:
 A. Is not related to any germline DNA alterations
 B. May be related but repeat testing for BRCA1 and 2 mutations should 

be performed
 C. Is likely related to a BRCA3 mutation
 D. May still be related to a germline mutation in another gene and further 

testing should be performed
 E. None of the above

Answer: D Although BRCA1 and 2 gene mutations account for the majority 
of familial breast and ovarian cancers, they are not the only genes that can be 
mutated and impart increased risk. Further testing should be considered with 
panels containing additional DNA repair and other genes. There is no BRCA3 
gene, however, and generally the likelihood of a false-negative is extremely 
low and therefore repeat testing is not often indicated.

2. A patient with metastatic prostate cancer who has developed rapidly pro-
gressive castration-resistant disease comes to discuss potential treatment 
options and clinical trial participation. Next-generation sequencing (NGS) 
of his tumor reveals a frameshift mutation in the mismatch repair gene 
MLH1 that is known to be pathogenic. You tell the patient:
 A. This is a germline mutation and therefore family members should be 

tested and screened for cancers if they are positive.
 B. This is a somatic mutation so there is nothing to worry about.
 C. One cannot tell if this mutation is somatic or germline because no 

germline DNA was sequenced; consultation with a genetic counselor 
about germline testing is recommended.

 D. This result is an artifact of how NGS is performed and is not concerning 
because	prostate	cancers	are	not	part	of	Lynch	syndrome.

 E. There is only one mutation present so this is of no consequence since 
the other allele is intact.

Answer: C Tumor only sequencing cannot determine with certainty whether 
a mutation is germline or somatic. Sequencing of a source of germline DNA 
(from skin cells, saliva, blood lymphocytes, etc.) is needed in order to compare 
normal DNA from tumor DNA and determine whether this mutation is in 
the germline or somatic. Prostate cancer can arise from germline mutations 
(Lynch	syndrome)	as	well	as	somatic	alterations	 in	mismatch	repair	genes,	
and the second allele “hit” is usually due to loss of the wild-type allele and 
not by a new mutation. Epigenetic silencing could also lead to a functional 
loss while retaining the wild-type sequence of the other allele.

3. The same patient from question 2 is found to have a germline MLH1 muta-
tion, and his tumor testing also showed a high mutation burden. You 
recommend:
 A. Docetaxel chemotherapy
 B. Further hormone therapy
 C. Clinical trial of PARP inhibitors
 D. Further genomic testing
 E. Immune checkpoint inhibitor therapy

Answer: E	 Le	et	al.	demonstrated	that	MSI	tumors	have	a	high	response	rate	
to immune checkpoint inhibitor therapies (anti-PD1 antibody therapy) due 
to the increased number of neoantigens. This has led to the recent approval 
of these therapies for MSI positive tumors regardless of histology.

4. You are teaching a medical student lecture on tumor suppressor genes and 
an astute student asks you what the definition of a tumor suppressor is. 
Another student states that it is any gene involved with slowing or halting 
the cell cycle. You respond by stating:
 A. Yes, that is the correct definition.
 B. The genetic definition is a gene that when mutated in the germline 

predisposes to tumor formation.
 C. That is incorrect, because there are genes that induce cell death that 

should be included in the definition.
 D. That is the correct definition, but it also includes genes that suppress 

metastases formation.
 E. None of the above.

Answer: B Tumor suppressors have many liberal definitions, but the strictest 
genetic definition is as stated in B.

5. A patient whose father has a tumor suppressor gene pathogenic germline 
mutation asks about her risk of developing cancer. You respond that:
 A. Her chance is extremely unlikely as a tumor suppressor requires a second 

hit. Unless her mother has a mutation in the same gene, which is unlikely, 
she does not have an elevated risk of cancer.

 B. It is very likely if her mother also has a mutation, in which case her 
chance of getting cancer is 1 in 4 because this would be an autosomal 
recessive disease.

 C. It is highly likely because most familial cancer syndromes follow an 
autosomal dominant pattern of inheritance.

 D. There is no concern because these diseases are x-linked.
 E. Inheriting two mutant tumor suppressor genes is generally embryonic-

lethal, so because she is alive, it is nothing to worry about because she 
is just a carrier.

Answer: C Although Knudson’s two-hit hypothesis on tumor suppressor 
genes does postulate that biallelic inactivation is required to initiate tumori-
genesis, the second hit occurs somatically. However, because every cell has 
the germline mutation, the lifetime risk of functionally inactivating the second 
allele is extremely high, approaching 100% for some tumor suppressor medi-
ated heritable cancer syndromes.
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172 
MYELODYSPLASTIC SYNDROMES
DAVID P. STEENSMA AND RICHARD M. STONE

 DEFINITION
The myelodysplastic syndromes (MDS) include a heterogeneous group of 
bone marrow failure syndromes collectively characterized by ineffective hema-
topoiesis resulting in peripheral blood cytopenias, most commonly anemia. 
MDS have a tendency to evolve over time, and there is a risk for progression 
to acute myeloid leukemia (AML), which is currently defined by the World 
Health Organization (WHO) as the presence of at least 20% immature myeloid 
blast cells in the blood or bone marrow.1 Although the dominant clinical 
feature of MDS is bone marrow failure, MDS are clonal disorders and therefore 
classified as hematopoietic neoplasms by the WHO and other organizations. 
More than 40 somatic gene mutations are recurrent in MDS; most of these 
mutations are also commonly detected in AML and other myeloid neoplasms, 
albeit at different frequencies.2

Minimal diagnostic criteria for MDS as these syndromes are currently defined 
by the WHO include the presence of one or more cytopenias, together with 
at least one of the following features: (1) 5 to 19% marrow myeloblasts, (2) 
an abnormal marrow karyotype with an acquired chromosome anomaly that 
is consistent with the diagnosis of MDS, or (3) greater than 10% cells in any 
given hematopoietic linage that appear dysplastic (i.e., morphologically abnor-
mal, described further later) in a patient in whom other causes of dysplastic 
cell morphology, such as nutritional deficiency or a drug effect, have been 
ruled out.

Some patients have persistent cytopenias yet do not meet these diagnostic 
criteria for MDS, but no other diagnosis is apparent, even after detailed inves-
tigation. This pattern has been termed idiopathic cytopenias of undetermined 
significance (ICUS) if a clonal somatic mutation is absent and clonal cytopenias 
of undetermined significance (CCUS) if a somatic MDS-associated mutation 
(e.g., DNMT3A, TET2) is present, and such patients should be followed over 
time because they have a risk for developing overt MDS, especially those with 
CCUS.3 More than 10% of the healthy population age 70 years or older have 
a somatic mutation in DNMT3A, TET2, or another MDS-associated gene; 
therefore, identification of a clonal mutation in the absence of any MDS fea-
tures (called clonal hematopoiesis of indeterminate potential [CHIP]) is not 
considered diagnostic of MDS. Patients with CHIP have a risk for developing 
MDS or another hematologic malignancy, and they also have an increased 
risk for cardiovascular mortality.4

 EPIDEMIOLOGY
The incidence and prevalence of MDS have been difficult to estimate accurately, 
in part because of varying definitions and imprecise terminology historically, 
and also because MDS cases are incompletely captured by cancer registries. 
The U.S. National Cancer Institute Survey, Epidemiology and End Results 

(SEER) data indicate that 10,000 to 12,000 new cases are diagnosed each 
year. However, analysis of Medicare claims suggests that the actual incidence 
of MDS is much higher, with at least 40,000 new U.S. cases per year—more 
than twice the incidence of AML. In addition, many geriatric patients who have 
mild cytopenias and may have MDS are incompletely evaluated (e.g., they do 
not undergo bone marrow aspiration) and never receive a specific diagnosis.

The primary risk factor for development of MDS is aging, with disease 
resulting as a consequence of cumulative acquisition of somatic mutations in 
marrow stem cells.5 The rate at which MDS is diagnosed is slightly increased 
in workers in certain industries such as the petroleum industry and agricultural 
sector, probably because of exposure to agents that favor expansion of mutant 
clones. There is a slight male predominance overall. In Asia and Eastern Europe, 
MDS is typically diagnosed at younger ages than in the West; in the United 
States, the median age at which MDS is diagnosed is about 71 years, whereas 
in China it is closer to 50 years.

Individuals who have been exposed to ionizing radiation or to certain types 
of cytotoxic chemotherapy (i.e., alkylating agents such as chlorambucil or 
melphalan, or topoisomerase II inhibitors such as etoposide or doxorubicin) 
have an increased risk for developing MDS. The peak incidence of MDS diag-
nosis after alkylating agent exposure or radiation exposure is 5 to 10 years 
later, whereas after topoisomerase inhibitor exposure it is 1 to 3 years. This 
increased risk never goes away entirely; even 50 years after the Hiroshima and 
Nagasaki atomic bomb events in Japan, radiation-exposed individuals continued 
to be diagnosed with MDS at a higher rate than the unexposed population. 
Patients with a chemotherapy or radiation exposure history are said to have 
therapy-related MDS (t-MDS).

While familial MDS is rare, germline mutations in several genes, including 
RUNX1 and GATA2, predispose to MDS. RUNX1 mutations are associated 
with a prodrome of thrombocytopenia that can be mistaken for immune throm-
bocytopenic purpura, while GATA2 mutations are sometimes associated with 
a history of mycobacterial infections, cutaneous warts, or monocytopenia.

 PATHOBIOLOGY
MDS are clonal disorders, by which it is meant that one or several stem or 
progenitor cells in the marrow that bear somatic gene mutations proliferate 
at the expense of healthy stem cells, and these mutation-bearing progeny 
eventually come to dominate the bone marrow. Clones can acquire additional 
mutations that give rise to subclones, which can contribute to progression of 
disease if they have a greater proliferation potential than the original mutant 
clone. The process of somatic mutation acquisition may be accelerated through 
exposure to radiation or DNA-damaging chemicals, but more important, such 
exposures can also select for small TP53 or PPM1D mutant preexisting clones. 
The marrow microenvironment (i.e., nonhematopoietic stromal cells) appears 
to play an important role in supporting neoplastic clones.

Marrow cellularity is usually normal or increased in MDS, but excessive 
apoptosis (i.e., programmed cell death) of hematopoietic cells within the bone 
marrow accounts for the peripheral blood cytopenias. Although excessive 
apoptosis within the marrow characterizes earlier phases of MDS, as the disease 
progresses toward AML, intramedullary apoptosis may decrease. In addition, 
hematopoietic differentiation, which is disordered but still can proceed in 
earlier stages of the disease, may become completely impaired later in the 
disease course such that most developing hematopoietic cells are arrested at 
the myeloblast stage.

Large gains and losses of chromosomal material within the disease cells, 
detectable by routine metaphase karyotyping, are present in one half of patients 
with de novo MDS and in more than 80% of patients with t-MDS. Genetic 
techniques such as array-based comparative genomic hybridization can uncover 
cryptic chromosomal deletions in some patients with MDS who have normal 
karyotyping results.

More than 40 genes are now known to be recurrently mutated in MDS.6 
No single mutation dominates; MDS are associated with considerable genetic 
heterogeneity. The most commonly mutated genes and the probable function 
of the proteins they encode are listed in Table 172-1. More than 90% of patients 
with MDS have at least one detectable clonal somatic mutation, which influ-
ences the clinical presentation and prognosis. Mutations affecting epigenetic 
patterning through DNA methylation and chromatin conformation (e.g., 
histone-DNA interactions) are common.7 In addition, mutations affecting 
pre-mRNA splicing are frequent, especially in patients with ring sideroblasts 
(i.e., erythroid precursors with abnormal perinuclear iron-containing mito-
chondria visible with Perls’ Prussian blue reaction) (see Fig. 172-1C); the 
specific genes that are mis-spliced and give rise to an MDS phenotype are as 
yet unclear.

A subset of patients with pathologic findings that resemble MDS will have 
autoimmune suppression of hematopoiesis, which may be driven by an expanded 
autoreactive T-lymphocyte population.8 Patients are more likely to have an 
immune component to their marrow failure if they are younger than 55 years 
and have a hypocellular marrow similar to that seen in aplastic anemia, a 
normal chromosome pattern or trisomy 8 (rather than a more complex karyo-
type), a paroxysmal nocturnal hemoglobinuria cell population detectable by 
flow cytometry (Chapter 151), and HLA DR15 tissue type. Such patients 
may respond to immunosuppressive anti-T-cell therapies.

Most patients with MDS come to medical attention because they have 
anemia (anemia is present in 95% cases and is often macrocytic), whereas 
one half of patients also have neutropenia, thrombocytopenia, or both at the 
time of diagnosis. The peripheral blood and bone marrow exhibit characteristic 
“dysplastic” cell morphologic abnormalities. In the peripheral blood, these 
abnormalities include hypogranular neutrophils, hypolobated neutrophils 
such as the two-lobed pseudo-Pelger-Hüet cell, increased platelet size and 
platelet hypogranularity, poorly hemoglobinized red cells, and circulating early 
myeloid cells including a small number of myeloblasts (Chapter 148). Matu-
ration abnormalities in the bone marrow include megaloblastoid erythroid 
changes, multinucleated erythroid cells, ring sideroblasts, nuclear karyorrhexis, 
left-shifted myelopoiesis, hypogranular white cells, micromegakaryocytes, 
large hypernucleated megakaryocytes, or hypolobated megakaryocytes (Fig. 
172-1). A mild increase in reticulin fibrosis is common in MDS, but severe 
reticulin fibrosis and collagen fibrosis are rare. Extramedullary hematopoiesis 
is uncommon in MDS, and the presence of splenomegaly or hepatomegaly 
should prompt consideration of another diagnosis.

 CLINICAL MANIFESTATIONS
The clinical course in MDS is dominated by complications of the cytope-
nias, including mucosal bleeding, recurrent infections, and exertional dyspnea 
and fatigue. Fatigue correlates poorly with the degree of anemia and may be 
in part due to cytokine release by the abnormal clonal cells. Paraneoplastic 
manifestations, including neutrophilic dermatosis (Sweet syndrome, Chapters 
410 and 411), inflammatory arthritis, and other rheumatologic syndromes, 
occur in 10 to 15% of patients. Repeated transfusions of red cells can lead to 
transfusional hemosiderosis and organ dysfunction, including hepatic and 
cardiac disease. The frequency with which complications of iron overload 
occur, as well as the importance of chelation therapy in MDS, are controversial  
topics.9

The natural history of MDS is highly variable. Approximately one half of 
patients will die of complications of the cytopenias, particularly infection due 
to neutropenia and functional neutrophil defects (i.e., impaired bactericidal 
activity due to hypogranularity).10 Among lethal infections in MDS, pneumonia 
and bacteremia are most common. Bleeding is the second most common 
disease-related cause of death. Anemia may exacerbate cardiovascular or cere-
brovascular disease. Approximately 25% of patients will progress to AML, 
which is usually a fatal complication. Finally, because MDS is often diagnosed 
in elderly patients or people with a history of cancer, frailty and geriatric 
comorbidities contribute to death in at least one third of patients.11

 DIAGNOSIS
MDS is usually suspected when an older patient is discovered to have cyto-
penias, especially macrocytic anemia that is not due to B12 or folate deficiency, 
medication effect (e.g., methotrexate or azathioprine), or alcohol abuse. The 
blood count abnormality may be an incidental finding, but most patients with 
MDS are symptomatic with fatigue, dyspnea, and other cytopenia-associated 
symptoms.12

A bone marrow aspirate is required to make the diagnosis, and bone marrow 
core (trephine) biopsy is also useful and can provide information about the 
marrow architecture and overall marrow cellularity.13 Metaphase cytogenetics 
is essential, while fluorescence in situ hybridization (FISH) is only necessary 
if karyotyping fails because of unsuccessful marrow aspiration. FISH abnor-
malities are rarely detected in patients for whom at least 20 metaphases can 
be counted during karyotyping. Flow cytometric immunophenotyping can 
provide useful diagnostic and prognostic information but should not be relied 
on to count blast proportion.

Dysplastic hematopoiesis has a differential diagnosis, and it is important 
to consider other potential causes for cytopenias and morphologic abnormali-
ties.14 This differential diagnosis includes nonclonal disorders such as B12 or 
folate deficiency, copper deficiency (especially if ring sideroblasts are present), 
iron deficiency, HIV infection, medication exposure (especially cytotoxic 
chemotherapy agents), or an immune disorder such as T-cell large granular 
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ABSTRACT
The myelodysplastic syndromes (MDS) include a group of clonal hemato-
poietic stem cell disorders defined by marrow failure, dysplastic cell morphol-
ogy, and a risk of clonal evolution including to acute myeloid leukemia (AML). 
Most cases arise de novo, but 10 to 20% are a consequence of prior cytotoxic 
chemotherapy or radiation therapy, and MDS due to a germline predisposition 
is increasingly recognized. More than 40 genes are recurrently mutated in 
association with MDS, including genes encoding factors important in epigenetic 
patterning, chromatin remodeling, mRNA splicing, signal transduction, tran-
scription, and DNA repair. More than one half of patients have cytogenetic 
abnormalities in marrow cells, usually aneuploidy such as monosomy 7 or 
trisomy 8, or a deletion of the long arm of chromosomes 5 or 20. The most 
widely used MDS classification system is the 2016 World Health Organization 
criteria. Because the natural history of MDS is highly variable, risk stratifica-
tion using tools such as the 2012 Revised International Prognostic Scoring 
system, supplemented by molecular genetic information, is important for 
counseling patients and choosing appropriate therapy. Only allogeneic hema-
topoietic cell transplantation offers the possibility of cure, but most patients 
with MDS are not transplant candidates due to advanced age and comorbid 
conditions. Approved disease-modifying therapies include azacitidine, 
decitabine, and lenalidomide. Supportive care with erythropoiesis stimulating 
agents, transfusions, and iron chelation is important for some patients. Clinical 
trial enrollment is essential given the poor outcomes for patients, especially 
those who have been failed by hypomethylating agents.
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(SEER) data indicate that 10,000 to 12,000 new cases are diagnosed each 
year. However, analysis of Medicare claims suggests that the actual incidence 
of MDS is much higher, with at least 40,000 new U.S. cases per year—more 
than twice the incidence of AML. In addition, many geriatric patients who have 
mild cytopenias and may have MDS are incompletely evaluated (e.g., they do 
not undergo bone marrow aspiration) and never receive a specific diagnosis.

The primary risk factor for development of MDS is aging, with disease 
resulting as a consequence of cumulative acquisition of somatic mutations in 
marrow stem cells.5 The rate at which MDS is diagnosed is slightly increased 
in workers in certain industries such as the petroleum industry and agricultural 
sector, probably because of exposure to agents that favor expansion of mutant 
clones. There is a slight male predominance overall. In Asia and Eastern Europe, 
MDS is typically diagnosed at younger ages than in the West; in the United 
States, the median age at which MDS is diagnosed is about 71 years, whereas 
in China it is closer to 50 years.

Individuals who have been exposed to ionizing radiation or to certain types 
of cytotoxic chemotherapy (i.e., alkylating agents such as chlorambucil or 
melphalan, or topoisomerase II inhibitors such as etoposide or doxorubicin) 
have an increased risk for developing MDS. The peak incidence of MDS diag-
nosis after alkylating agent exposure or radiation exposure is 5 to 10 years 
later, whereas after topoisomerase inhibitor exposure it is 1 to 3 years. This 
increased risk never goes away entirely; even 50 years after the Hiroshima and 
Nagasaki atomic bomb events in Japan, radiation-exposed individuals continued 
to be diagnosed with MDS at a higher rate than the unexposed population. 
Patients with a chemotherapy or radiation exposure history are said to have 
therapy-related MDS (t-MDS).

While familial MDS is rare, germline mutations in several genes, including 
RUNX1 and GATA2, predispose to MDS. RUNX1 mutations are associated 
with a prodrome of thrombocytopenia that can be mistaken for immune throm-
bocytopenic purpura, while GATA2 mutations are sometimes associated with 
a history of mycobacterial infections, cutaneous warts, or monocytopenia.

 PATHOBIOLOGY
MDS are clonal disorders, by which it is meant that one or several stem or 
progenitor cells in the marrow that bear somatic gene mutations proliferate 
at the expense of healthy stem cells, and these mutation-bearing progeny 
eventually come to dominate the bone marrow. Clones can acquire additional 
mutations that give rise to subclones, which can contribute to progression of 
disease if they have a greater proliferation potential than the original mutant 
clone. The process of somatic mutation acquisition may be accelerated through 
exposure to radiation or DNA-damaging chemicals, but more important, such 
exposures can also select for small TP53 or PPM1D mutant preexisting clones. 
The marrow microenvironment (i.e., nonhematopoietic stromal cells) appears 
to play an important role in supporting neoplastic clones.

Marrow cellularity is usually normal or increased in MDS, but excessive 
apoptosis (i.e., programmed cell death) of hematopoietic cells within the bone 
marrow accounts for the peripheral blood cytopenias. Although excessive 
apoptosis within the marrow characterizes earlier phases of MDS, as the disease 
progresses toward AML, intramedullary apoptosis may decrease. In addition, 
hematopoietic differentiation, which is disordered but still can proceed in 
earlier stages of the disease, may become completely impaired later in the 
disease course such that most developing hematopoietic cells are arrested at 
the myeloblast stage.

Large gains and losses of chromosomal material within the disease cells, 
detectable by routine metaphase karyotyping, are present in one half of patients 
with de novo MDS and in more than 80% of patients with t-MDS. Genetic 
techniques such as array-based comparative genomic hybridization can uncover 
cryptic chromosomal deletions in some patients with MDS who have normal 
karyotyping results.

More than 40 genes are now known to be recurrently mutated in MDS.6 
No single mutation dominates; MDS are associated with considerable genetic 
heterogeneity. The most commonly mutated genes and the probable function 
of the proteins they encode are listed in Table 172-1. More than 90% of patients 
with MDS have at least one detectable clonal somatic mutation, which influ-
ences the clinical presentation and prognosis. Mutations affecting epigenetic 
patterning through DNA methylation and chromatin conformation (e.g., 
histone-DNA interactions) are common.7 In addition, mutations affecting 
pre-mRNA splicing are frequent, especially in patients with ring sideroblasts 
(i.e., erythroid precursors with abnormal perinuclear iron-containing mito-
chondria visible with Perls’ Prussian blue reaction) (see Fig. 172-1C); the 
specific genes that are mis-spliced and give rise to an MDS phenotype are as 
yet unclear.

A subset of patients with pathologic findings that resemble MDS will have 
autoimmune suppression of hematopoiesis, which may be driven by an expanded 
autoreactive T-lymphocyte population.8 Patients are more likely to have an 
immune component to their marrow failure if they are younger than 55 years 
and have a hypocellular marrow similar to that seen in aplastic anemia, a 
normal chromosome pattern or trisomy 8 (rather than a more complex karyo-
type), a paroxysmal nocturnal hemoglobinuria cell population detectable by 
flow cytometry (Chapter 151), and HLA DR15 tissue type. Such patients 
may respond to immunosuppressive anti-T-cell therapies.

Most patients with MDS come to medical attention because they have 
anemia (anemia is present in 95% cases and is often macrocytic), whereas 
one half of patients also have neutropenia, thrombocytopenia, or both at the 
time of diagnosis. The peripheral blood and bone marrow exhibit characteristic 
“dysplastic” cell morphologic abnormalities. In the peripheral blood, these 
abnormalities include hypogranular neutrophils, hypolobated neutrophils 
such as the two-lobed pseudo-Pelger-Hüet cell, increased platelet size and 
platelet hypogranularity, poorly hemoglobinized red cells, and circulating early 
myeloid cells including a small number of myeloblasts (Chapter 148). Matu-
ration abnormalities in the bone marrow include megaloblastoid erythroid 
changes, multinucleated erythroid cells, ring sideroblasts, nuclear karyorrhexis, 
left-shifted myelopoiesis, hypogranular white cells, micromegakaryocytes, 
large hypernucleated megakaryocytes, or hypolobated megakaryocytes (Fig. 
172-1). A mild increase in reticulin fibrosis is common in MDS, but severe 
reticulin fibrosis and collagen fibrosis are rare. Extramedullary hematopoiesis 
is uncommon in MDS, and the presence of splenomegaly or hepatomegaly 
should prompt consideration of another diagnosis.

 CLINICAL MANIFESTATIONS
The clinical course in MDS is dominated by complications of the cytope-
nias, including mucosal bleeding, recurrent infections, and exertional dyspnea 
and fatigue. Fatigue correlates poorly with the degree of anemia and may be 
in part due to cytokine release by the abnormal clonal cells. Paraneoplastic 
manifestations, including neutrophilic dermatosis (Sweet syndrome, Chapters 
410 and 411), inflammatory arthritis, and other rheumatologic syndromes, 
occur in 10 to 15% of patients. Repeated transfusions of red cells can lead to 
transfusional hemosiderosis and organ dysfunction, including hepatic and 
cardiac disease. The frequency with which complications of iron overload 
occur, as well as the importance of chelation therapy in MDS, are controversial  
topics.9

The natural history of MDS is highly variable. Approximately one half of 
patients will die of complications of the cytopenias, particularly infection due 
to neutropenia and functional neutrophil defects (i.e., impaired bactericidal 
activity due to hypogranularity).10 Among lethal infections in MDS, pneumonia 
and bacteremia are most common. Bleeding is the second most common 
disease-related cause of death. Anemia may exacerbate cardiovascular or cere-
brovascular disease. Approximately 25% of patients will progress to AML, 
which is usually a fatal complication. Finally, because MDS is often diagnosed 
in elderly patients or people with a history of cancer, frailty and geriatric 
comorbidities contribute to death in at least one third of patients.11

 DIAGNOSIS
MDS is usually suspected when an older patient is discovered to have cyto-
penias, especially macrocytic anemia that is not due to B12 or folate deficiency, 
medication effect (e.g., methotrexate or azathioprine), or alcohol abuse. The 
blood count abnormality may be an incidental finding, but most patients with 
MDS are symptomatic with fatigue, dyspnea, and other cytopenia-associated 
symptoms.12

A bone marrow aspirate is required to make the diagnosis, and bone marrow 
core (trephine) biopsy is also useful and can provide information about the 
marrow architecture and overall marrow cellularity.13 Metaphase cytogenetics 
is essential, while fluorescence in situ hybridization (FISH) is only necessary 
if karyotyping fails because of unsuccessful marrow aspiration. FISH abnor-
malities are rarely detected in patients for whom at least 20 metaphases can 
be counted during karyotyping. Flow cytometric immunophenotyping can 
provide useful diagnostic and prognostic information but should not be relied 
on to count blast proportion.

Dysplastic hematopoiesis has a differential diagnosis, and it is important 
to consider other potential causes for cytopenias and morphologic abnormali-
ties.14 This differential diagnosis includes nonclonal disorders such as B12 or 
folate deficiency, copper deficiency (especially if ring sideroblasts are present), 
iron deficiency, HIV infection, medication exposure (especially cytotoxic 
chemotherapy agents), or an immune disorder such as T-cell large granular 
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not always) normal. MDS can also be mistaken for a myeloproliferative neo-
plasm (MPN) such as primary myelofibrosis (Chapter 157). Cases in which 
MDS features, such as cytopenias, overlap with MPN features such as leuko-
cytosis and splenomegaly include chronic myelomonocytic leukemia (CMML), 
which requires greater than 1000 monocytes/µL in the blood to diagnose. 
The WHO categorizes MDS/MPN overlap syndromes separately from MDS, 
and these cases have a distinct mutational spectrum.15

lymphocyte (T-LGL) leukemia. In patients with isolated sideroblastic anemia, 
it is important to rule out congenital sideroblastic anemias, including those 
due to germline mutations in ALAS2, which can present late in life.

MDS must be separated from aplastic anemia (Chapter 156), which can 
be oligoclonal and associated with some of the same somatic mutations as 
MDS, but which is not typically associated with Pelger-Hüet cells or other 
morphologic abnormalities. The karyotype in aplastic anemia is usually (but 

TABLE 172-1 GENE MUTATIONS ASSOCIATED WITH MDS AND FUNCTIONAL CLASS OF THE ASSOCIATED PROTEIN
RECURRENTLY MUTATED 
GENES

MUTATION FREQUENCY 
IN MDS ADDITIONAL NOTES

SPLICEOSOME COMPONENTS (ALTER PRE-mRNA SPLICING)

SF3B1 20-25% Strongly associated with the presence of ring sideroblasts (60-80% of MDS-RS cases), often co-occurs with 
DNMT3A mutations; associated with more favorable outlook

U2AF1 5-10% Often co-occurs with del(20q)
SRSF2 5-10% More frequent in CMML (25-30%) than in MDS without proliferative features, often co-occurs with RUNX1 

or ASXL1 mutations
ZRSR2 3-5%
U2AF2, SFRA1, PRPF40B, 

SF1
<2% each

EPIGENETIC PATTERN AND CHROMATIN CONFORMATION MODIFIERS

TET2 20-25% More frequent in CMML (~40%)
DNMT3A 10-15% Low variant allele frequency mutations are also commonly found in the healthy elderly population
SETBP1 5-10% More common in CMML; associated with adverse prognosis in that setting
ASXL1 10-20% More frequent in CMML (~40%)
*EZH2 6% More frequent in CMML (~12%)
KDM6A <2% Rare in MDS, more frequent in CMML
IDH1, IDH2 <2% More frequent in AML than MDS; amenable to targeted therapy with novel agents
PHF6 <1%
ATRX Rare Associated with acquired α-thalassemia (hemoglobin H inclusions in red blood cells)
TRANSCRIPTION FACTORS/DNA REPAIR

*RUNX1 10-15% Germline mutations cause Familial Platelet Disorder with propensity to AML (FPD-AML)
ETV6 <5% Translocations common in AML; formerly known as TEL
MYBL2 <1%
GATA2 Rare Germline mutations cause familial MDS with monocytopenia
CEBPA Rare More frequently mutated in AML, germline mutations cause familial AML without preceding dysplasia
WT1 Rare More frequently mutated in AML
*TP53 5-10% Associated with very poor prognosis; associated with t-MDS and with complex karyotype
TYROSINE KINASE SIGNALING As a group, these genes are more often mutated in myeloid malignancies with a proliferative component
NRAS, KRAS, BRAF 5-10% collectively NRAS mutations more common in CMML and AML; first mutations described in MDS (1987)
JAK2 <5% More frequent in MDS/MPN with ring sideroblasts and thrombocytosis (MDS/MPN-RS-T) (50%)
CBL, CBLB <5% More frequently mutated in CMML than MDS
FLT3, MPL, KIT <1% MPL mutated in (5%) of MDS/MPN-RS-T; FLT3 and KIT mutations are rare in MDS and much more 

common in AML
NF1 <1% Germline mutations cause neurofibromatosis type 1
PTPN11 <1% Rare in MDS, more frequent in JMML (30%)
OTHERS

NPM1 <2% Much more frequently mutated in AML
GNAS <1%
BCOR, BCORL1 <1% More common in aplastic anemia
PIGA <1% Associated with a PNH clone; more common in paroxysmal nocturnal hemoglobinuria
UMODL1 <1%
ZSWIM4 <1%
PPM1D 1-3% Associated with t-MDS
Cohesins (RAD21, STAG1, 

STAG2, SMC3, SMC1A)
5-10% Despite role in chromatid segregation, not associated with numerical chromosome abnormalities

*Mutations that appear to be independently associated with poor outcomes in myelodysplastic syndromes (MDS).
AML = acute myeloid leukemia; CMML = chronic myelomonocytic leukemia; JMML = juvenile myelomonocytic leukemia; MDS-RS = MDS with ringed sideroblasts; MDS/MPN-RS-T = MDS/
myeloproliferative neoplasm overlap syndrome with ring sideroblasts and thrombocytosis; t-MDS = therapy-related myelodysplastic syndrome.
Data based on Bejar R, Levine R, Ebert BL. Unraveling the molecular pathophysiology of myelodysplastic syndromes. J Clin Oncol 2011;29:504-515; Bejar R, Papaemmanuil E, Haferlach T, et al. Somatic 
mutations in MDS patients are associated with clinical features and predict prognosis independent of the IPSS-R: analysis of combined datasets from the International Working Group for Prognosis in 
MDS-Molecular Committee. Blood 2015;126:907; and others.

TREATMENT 
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Several different MDS subtypes of varying risk for progression to leukemia 
are recognized by the WHO. These were reclassified in 2016 and are listed in 
Table 172-2. If a patient has cytopenias but does not have characteristic MDS-
associated morphologic abnormalities, yet has a typical MDS-associated marrow 
cytogenetic abnormality such as loss of chromosome 7 or deletion of the long 
arm of chromosome 5, the patient can be considered to have “unclassifiable 
MDS” (MDS-U) and has a risk for progression to AML.

A B C

D E F

FIGURE 172-1. “Dysplastic” cell morphologic abnormalities commonly observed in the peripheral blood or marrow patients with MDS. A, Multinucleated erythroid precursor.  
B, Megaloblastoid maturation of erythroid precursors with “open” nuclear chromatin. C, ring sideroblast (pathologic erythroid precursor with iron granules surrounding at least one 
third of the nucleus). D, Hypogranular neutrophils. E, pseudo-pelger-Huët anomaly (hypolobated neutrophil.). F, abnormal nuclear lobation in a megakaryocyte—a “pawn ball” cell with 
three separated nuclei/nuclear lobes. A, B, D, and F are Wright-Giemsa stained marrow aspirate; C is perls’ prussian blue reaction of marrow aspirate; E is Wright-Giemsa stained peripheral 
blood. (courtesy elizabeth a. Morgan, Md phd, Brigham & Women’s Hospital, Boston, Ma.)

Given the heterogeneity of MDS and the wide spectrum of functional status 
and comorbidities present in the population with MDS, treatment must be 
individualized.16 Currently, lack of a specific well-characterized molecular target 
in most patients with MDS precludes a true biologically based approach to 
therapy. Algorithms for treatment (Fig. 172-3) are based primarily on the patient’s 
prognosis, as discussed further here.

General Approach to the Patient
When choosing a potential therapy for a patient with MDS, clinicians should 

consider the patient’s age, comorbidity and functional status, disease biology, 
and disease kinetics. Some patients with MDS have mild cytopenias and minimal 
or no symptoms, and they can reasonably be observed without therapy. For 
higher risk patients (e.g., IPSS intermediate 2 or high risk, or IPSS-R high or 
very high risk), immediate therapy is usually indicated because such patients 
are usually severely cytopenic and have a life expectancy of less than 2 years. 
For lower-risk patients (IPSS low or intermediate 1 risk, IPSS-R very low or low 
risk), a more cautious approach is appropriate. The only curative modality for 
MDS is allogeneic hematopoietic stem cell transplantation (Chapter 168), so 
this option should be considered in developing a therapeutic plan if the patient 
is young enough and lacks other major medical problems.17

TREATMENT 

Supportive Care
Hematopoietic Growth Factors and other approaches  
to cytopenias

Because most patients with MDS are anemic, the erythropoiesis-stimulating 
agents (ESAs) epoetin and darbepoetin are often used, even though these are 
not specifically approved by the U.S. Food and Drug Administration (FDA) for 
treatment of MDS. The benefits of ESAs are generally modest and of limited 
duration. A phase III randomized, placebo-controlled trial of 24 weeks of dar-
bepoetin alfa administered every 3 weeks in patients with anemia and lower 
risk MDS showed that it significantly reduced transfusion requirement and 
increased rates of erythroid response. A1  Patients with lower baseline serum 
erythropoietin levels (<500 U/L, and especially <100 U/L) are more likely to 
respond to ESAs than patients with higher baseline serum erythropoietin levels. 
For patients with ring sideroblasts, the addition of low-dose granulocyte colony-
stimulating factor (G-CSF) to the ESA may potentiate the erythropoietic response. 
A few patients will benefit from treatment with androgens, but the risk for 
prostate enlargement (in men) and other complications such as hepatotoxicity 
must be considered.

Myeloid growth factors such as G-CSF can ameliorate the neutropenia often 
seen in MDS patients; however, such an approach, although probably not leu-
kemogenic as was once feared, is not likely to reduce the risk for infections or 
provide other clinical benefits because of the frequency of neutrophil dysfunc-
tion in addition to neutropenia. There is no clear role for prophylactic antimi-
crobials, although these can be considered in patients who have experienced 
recurrent infections or are at particularly high risk.

The thrombopoiesis-stimulating agents romiplostim and eltrombopag are 
not approved by the FDA for MDS and may induce AML progression in some 
patients, but they may be useful in those with severe thrombocytopenia or 
clinically significant bleeding.18 Platelet transfusions should be used carefully 
in MDS patients because of the risk for alloimmunization, with prophylactic 
transfusion appropriate only in those with platelet counts less than 10,000/µL.  
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TABLE 172-2 WORLD HEALTH ORGANIZATION SUBTYPES OF MYELODYSPLASTIC SYNDROME
MDS SUBTYPE DYSPLASIA BLAST COUNT OTHER FINDINGS
MDS with single-lineage 

dysplasia (MDS-SLD)
•	 Present	in	only	1	lineage	(>10% of cells in 

that lineage)
•	 Peripheral	blood:	<1%
•	 Bone	marrow:	<5%

•	 Cases	with	bilineage	cytopenias	may	be	included	in	this	
category, but marrow dysplasia must be limited to 1 lineage

•	 Ring	sideroblasts	represent	<15% of erythroid precursors
MDS with ring sideroblasts 

(MDS-RS)
•	 Present	in	the	erythroid	lineage	(>10% of 

erythroid precursors); subtypes with 
single-lineage dysplasia (MDS-RS-SLD) and 
with multilineage dysplasia (MDS-RS-
MLD)

•	 Peripheral	blood:	none
•	 Bone	marrow:	<5%

•	 Anemia	(normocytic/macrocytic)
•	 Ring	sideroblasts	comprise	≥15% of erythroid precursors or if 

SF3B1 mutation is present ≥5% of erythroid precursors

MDS with multilineage 
dysplasia (MDS-MLD)

•	 Present	in	2	or	more	lineages	(>10% of cells 
in each affected lineage)

•	 Peripheral	blood:	<1%
•	 Bone	marrow:	<5%

•	 One	or	more	cytopenias
•	 No	Auer	rods
•	 If	≥15% of erythroid precursors or if SF3B1 mutation is present 

in ≥5% of erythroid precursors, represents MDS-RS-MLD
MDS with excess blasts-1 

(MDS-EB-1)
•	 Present	in	1	or	more	lineages	(>10% of cells 

in each affected lineage)
•	 Peripheral	blood:	<5%
•	 Bone	marrow:	5-9%

•	 One	or	more	cytopenias
•	 No	Auer	rods
•	 2-4%	blasts	in	the	peripheral	blood	→ MDS-EB-1

MDS with excess blasts-2 
(MDS-EB-2)

•	 Present	in	1	or	more	lineages	(>10% of cells 
in each affected lineage)

•	 Peripheral	blood:	5-19%
•	 Bone	marrow:	10-19%

•	 One	or	more	cytopenias
•	 The	presence	of	Auer	rods	for	any	blast	count	<20% → 

MDS-EB-2
MDS with isolated 

deletion of chromosome 
5q (5q− syndrome)

•	 Increased	numbers	of	megakaryocytes,	many	
small and with hypolobated/nonlobated 
nuclei

•	 Minimal	or	no	dysplasia	in	granulocytic	
lineage

•	 Peripheral	blood:	no	or	
rare blasts (<1%)

•	 Bone	marrow:	<5%

•	 Anemia	(often	macrocytic)	with	or	without	other	cytopenias/
thrombocytosis

•	 No	Auer	rods
•	 Interstitial	or	terminal	deletion	of	the	long	arm	of	chromosome	

5 with no or one other cytogenetic abnormality
MDS, unclassifiable 

(MDS-U)
•	 Unequivocal,	but	present	in	<10% of cells of 

one or more lineages
•	 Peripheral	blood:	≤1%
•	 Bone	marrow:	<5%

•	 May	progress	to	a	specific	MDS
•	 Can	also	include	cases	otherwise	classified	as:	MDS-SLD	or	

MDS-MLD but with 1% blasts in peripheral blood; MDS-SLD 
but with pancytopenia

•	 Cases	with	an	MDS-associated	chromosome	abnormality	
(other than loss of the Y chromosome or trisomy 8 or deletion 
of chromosome 20) but without dysplasia can be included in 
this category

Data based on the 2016 WHO classification of hematopoietic and lymphoid neoplasms (Arber D, Orazi A, Hasserjian R, et al. The 2016 revision to the World Health Organization classification of myeloid 
neoplasms and acute leukemia. Blood 2016:127:2391-2405), which was a minor revision of the 2008 classification. Familial myeloid neoplasms are classified separately, as are therapy-related myeloid neoplasia 
(t-MDS/AML) and MDS with myeloproliferative neoplasm features.

Patients with mucosal bleeding and refractory thrombocytopenia may benefit 
from treatment with antifibrinolytic agents such as aminocaproic acid.

iron chelation therapy
The multiple red blood cell (RBC) transfusions needed by some patients with 

MDS may cause iron overload and tissue injury, but the frequency with which 
this complication occurs is unclear. Patients with higher serum ferritin levels 
fare less well than patients with lower values, both in the transplant and non-
transplant settings. However, the degree to which serum ferritin is a mark of 
inflammation or more advanced disease, or whether the iron deposition in 
marrow, liver, heart, and pancreas directly results in this adverse outcome, 
remains uncertain. That uncertainty, coupled with the relatively infrequently 
reported death in MDS due to iron overload and the toxicity and high cost of 
available chelators, makes the role of iron chelation therapy with agents such 
as deferasirox, deferiprone, or deferoxamine in this disease controversial. Although 
it is reasonable to recommend a trial of iron chelation therapy in patients with 
lower risk disease and high transfusional burdens (e.g., more than 20 to 40 RBC 
units transfused), there are no prospective data yet to suggest a clear-cut benefit 
in this setting. Retrospective data suggest that chelated patients live longer 
than nonchelated patients, but these studies are confounded by patient selec-
tion factors, and the role of deferasirox remains unproven.

Disease-Modifying Therapy
immunosuppressive therapy

As described previously, some patients with MDS display a pathophysiology 
that seems similar to aplastic anemia, including T-lymphocyte-driven autoimmune 
attack against hematopoietic cells. Such patients may respond to anti-T-cell 
therapies, including antithymocyte globulin and calcineurin inhibitors. However, 
although younger patients with normal karyotype, trisomy 8, paroxysmal noc-
turnal hemoglobinuria clones, or HLA DR15 status seem to have a higher likeli-
hood of benefiting, there are currently no good predictive strategies for selecting 
patients for immunosuppressive therapy.

“immunomodulatory” agents
Early reports showing improvements in anemia in some MDS patients during 

thalidomide therapy prompted a trial of lenalidomide in patients with lower 
risk disease. An initial phase I trial and a large phase II trial clearly showed that 
patients with loss of chromosome 5q, either alone or in conjunction with other 

chromosomal abnormalities, had high response rates to lenalidomide, including 
a nearly 70% transfusion independence rate and greater than 30% cytogenetic 
normalization rate lasting a median of more than 2 years.19 Therefore, in the 
United States, lenalidomide has become the treatment of choice for lower risk 
5q− MDS patients. Although lenalidomide has been used in higher risk MDS 
and AML with 5q− chromosomal abnormalities, it is less effective in those 
settings.

A large randomized trial of two doses of lenalidomide versus placebo showed 
that AML progression was not increased in lower risk 5q− MDS patients with 
active therapy, and that responses to a 10-mg dose were more frequent than 
to a 5-mg dose. A2  In patients with lower risk MDS without a chromosome 5 
abnormality, the response rate to lenalidomide is approximately 25%; such 
responses last a median of 8 to 9 months. A3  Important adverse effects of lenalido-
mide include cytopenias, thrombosis, diarrhea, and rash.

dna Hypomethylating agents
Low doses of the nucleoside analogue cytarabine (Ara-C), originally thought 

to work by inducing differentiation of immature marrow elements, were used 
in the early1980s in patients with MDS, but this approach has largely been 
supplanted by azacitidine and decitabine, two azanucleoside analogues that 
inhibit the enzyme DNA methyltransferase, thereby altering the cytosine meth-
ylation “epigenetic” status of DNA and changing gene expression. Whether this 
epigenetic mechanism of action actually accounts for the clinical response to 
azacitidine or decitabine is unproved, but hypomethylating agents have become 
the mainstay of therapy for most patients with higher risk MDS, as well as for 
patients with lower-risk MDS who are refractory to other therapies.20

A randomized trial conducted by a U.S. cooperative group showed that the 
use of azacitidine at a dose of 75 mg/m2 subcutaneously daily for 7 days every 
month given until disease progression or toxicity, compared with observation, 
resulted in a delay in time of progression to AML and improved quality of  
life. Subsequently, an international multicenter trial randomized patients to 
receive either 7-day azacitidine or conventional care therapies (i.e., doctor’s 
choice of either AML induction chemotherapy, low-dose Ara-C, or supportive 
care alone), and this study showed a 9-month median survival prolongation 
(from 15 to 24 months) in patients receiving azacitidine compared with the 
control arm. A4  These results made azacitidine a standard of care for patients 
with higher risk MDS. Cytopenias and gastrointestinal symptoms are the most 
common adverse effects of this class of drugs.
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FIGURE 172-2. The 2012 Revised International Prognostic Scoring System (IPSS-R) for myelodysplastic syndromes. A, cytogenetic abnormalities. B, table for calculation of ipss-r 
risk group. C, outcomes by risk group. aMl = acute myeloid leukemia (data from Greenberg pl, tuechler H, schanz J, et al. revised international prognostic scoring system for myelo-
dysplastic syndromes. Blood 2012;120:2454-2465.)

Decitabine is also an active agent in patients with MDS. A randomized trial 
of decitabine compared with observation failed to show survival benefit, prob-
ably because of a suboptimal dose and schedule of decitabine, but did dem-
onstrate delay in disease progression. A5 

The complete and partial response rate associated with these drugs is low. At 
least half of these patients who receive a hypomethylating agent do experience 
an improvement in at least one cytopenia, but the risks of both neutropenia and 
thrombocytopenia are increased. A6  The major problem is that these agents are 

not curative, and after they fail, the median survival is less than 6 months. There 
are numerous therapies in development, but there is no standard of care for 
patients whose disease worsens after treatment with hypomethylating agents.

stem cell transplantation
Because allogeneic hematopoietic stem cell transplantation (Chapter 168) 

is potentially curative, this modality should be considered in all patients with 
higher risk MDS who are approximately 75 years old or younger and who lack 



CHAPTER 172 Myelodysplastic syndroMes1210

Del5q?

Diagnosis of MDS using WHO criteria

Is therapy needed
now?

Clinical trial enrollment is
encouraged at all stages

Need for therapy

Observation until worse

Yes

No

Lower risk

No, other important
cytopenias are also present

No

Higher risk

YesNo

Individual risk assessment, using
IPSS-R and other tools

Transplant
candidate?Is anemia

isolated or
dominant?

Serum
EPO <500

U/L?

Yes

Yes Yes

No No
Azacitidine or decitabine
(i.e., HMA) until relapse,

progression, or
intolerance

AlloSCT, possibly
with HMA or

chemotherapy as
bridging therapy

Lenalidomide; ESA
trial before or after
if sEPO <500 U/L

ESA ± G-CSF
Optimal therapy

unclear; consider G-
CSF or TSA, IST, HMA,

clinical trial
Donor lymphocyte
infusion or second
alloSCT, possibly

after cytoreduction
Optimal therapy unclear; consider HMA,

IST, androgens, lenalidomide (if not
already used), or clinical trial

Failure
Failure

Failure

Failure

Failure

Relapse

AlloSCT or supportive care Supportive care
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major comorbid conditions. Reduced-intensity conditioning (RIC) stem cell 
transplantation is feasible in adults up to that age, whereas myelosuppressive 
stem cell transplantation is generally reserved for those younger than 55 years. 
A randomized trial comparing myeloablative conditioning (MAC) with RIC in 
AML and MDS patients younger than 65 years, low comorbidity index, and less 
than 5% marrow blasts before transplantation showed higher (but not statisti-
cally) overall survival with MAC 18 months after random assignment, as well 
as statistically significant increased relapse-free survival, but higher treatment-
related mortality with MAC. A7  Studies considering both types of stem cell 
transplantation suggest that patients with higher risk disease should be referred 
immediately for stem cell transplantation if feasible. The optimal conditioning 
regimen is unclear.

Relapses are common after stem cell transplantation. It is unclear whether 
there is benefit from administering so-called bridging therapy with azacitidine 
or decitabine before a planned transplantation in an effort to reduce the clonal 
burden. Because most patients with MDS are older and uncommonly have a 
younger sibling who is a suitable stem cell donor, azacitidine or decitabine 
may be useful to stabilize a patient before transplantation while an unrelated 
donor search is ongoing. Although the long-term outcome of patients under-
going stem cell transplantation varies widely according to disease and host 
features, approximately 40% of patients with MDS can expect to be long-term 
disease-free survivors after a stem cell transplantation, at a 15 to 20% risk for 
treatment-related mortality.

Summary of Treatment Recommendations
For higher risk patients, if feasible, urgent transplantation should be the 

goal, either directly or after exposure to a hypomethylating agent to decrease 
marrow blasts. If transplantation is not the goal, prolonged administration of 
hypomethylating agents is generally indicated. In lower risk patients who have 
a chromosome 5 abnormality, the immunomodulatory agent lenalidomide is 
the treatment of choice. For other lower risk patients, supportive care alone, 
hematopoietic growth factors, immunosuppressive therapy, immunomodula-
tory therapy, or hypomethylating agents can be considered, depending on the 
clinical situation.

 PREVENTION
At present there is no clear way by which MDS can be prevented, with the 
exception of avoiding known risk factors such as radiation exposure or 

alkylating agents. However, emerging clonal hematopoiesis following treat-
ment for cancer or arising de novo can now be recognized at an early stage 
and may be amenable to intervention.21

 PROGNOSIS
Because the natural history of MDS varies widely between patients, several 
prognostic tools have been derived to help clinicians distinguish patients with 
high risk for progression to AML and death from cytopenias within a few 
months from those patients whose disease is likely to be more indolent and 
stable for several years. Classic among these tools is the 1997 International 
Prognosis Scoring System (IPSS), which assessed patients’ risk by scoring the 
number of cytopenias, the chromosome pattern, and the proportion of blast 
cells in the marrow. In 2012, a revised version of the IPSS (IPSS-R) was 
published, which included a broader range of cytogenetic abnormalities than 
the original IPSS and also weights abnormal cytogenetics more heavily than 
the initial IPSS did. The IPSS-R (Fig. 172-2) defines five different subgroups 
of MDS with varying risk for death and AML progression.

Comorbid conditions also influence the patient’s prognosis, independently 
of the MDS. Several molecular abnormalities, including mutations in EZH2, 
TP53, or RUNX1, are associated with poorer prognosis than would be pre-
dicted by the IPSS or IPSS-R, and efforts are ongoing to incorporate molecular 
data into prognostic models.22 Additionally, the presence of either a TP53 or 
RAS pathway mutation predicts poor outcome after hematopoietic stem cell 
transplantation.23
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173 
THE ACUTE LEUKEMIAS
FREDERICK R. APPELBAUM AND ROLAND B. WALTER

 DEFINITION
Normal hematopoiesis (Chapter 147) requires tightly regulated proliferation 
and differentiation of pluripotent hematopoietic stem cells that become mature 
peripheral blood cells. Acute leukemia is the result of a malignant event or 
events occurring in an early hematopoietic precursor. Instead of proliferating 
and differentiating normally, the affected cell gives rise to progeny that fails 
to differentiate but continues to proliferate in an uncontrolled fashion. As a 
result, immature myeloid cells in acute myeloid leukemia (AML) or lymphoid 
cells in acute lymphoblastic leukemia (ALL)—often called blasts—rapidly 
accumulate and progressively replace the bone marrow, diminishing the pro-
duction of normal red cells, white cells, and platelets. This loss of normal 
marrow function in turn gives rise to the common clinical complications of 
leukemia: anemia, infection, and bleeding. With time, the leukemic blasts 
pour out into the blood stream and eventually occupy the lymph nodes, spleen, 
and other organs. If untreated, acute leukemia is rapidly fatal; most patients 
die within several weeks to months after diagnosis. With appropriate therapy, 
however, the natural history of acute leukemia can be markedly altered, and 
many patients can be cured.

 EPIDEMIOLOGY
Incidence
An estimated 21,380 new cases of AML and 5970 new cases of ALL occurred 
in the United States in 2017, leading to 10,590 deaths from AML and 1,440 
deaths from ALL.1 The incidence of acute leukemia has remained relatively 
stable over the past three decades. There is substantial variation in incidence 
between and within world regions.2 Although acute leukemia accounts for 
only about 2% of cancer deaths, the impact of leukemia is heightened because 
of the young age of some patients. For example, with a maximum incidence 
between ages 2 and 10 years, ALL is the most common cancer in children 
younger than 15 years and accounts for one third of all childhood cancer 
deaths. The incidence of AML gradually increases with age, without an early 
peak. The median age at diagnosis of AML is about 67 years.

Determinants
In most cases, acute leukemia develops for no known reason, but sometimes 
a possible cause can be identified.

Genetic Predisposition
The concordance rate is virtually 100% in identical twins if one twin develops 
leukemia during the first year of life. Single germline mutations in RUNX1, 
CEBPA, GATA2, and SRP72 cause rare syndromes leading to acute leukemia 

without other manifestations. The incidence of acute leukemia is markedly 
increased in syndromes involving defective DNA repair, such as Fanconi anemia 
and Bloom syndrome, and in bone marrow failure syndromes associated with 
ribosomal abnormalities (Chapter 156), including Diamond-Blackfan anemia, 
Shwachman-Diamond syndrome, and dyskeratosis congenita. Germline muta-
tions in TP53 (Li-Fraumeni syndrome) and abnormalities in chromosome 
number, as in Down and Klinefelter syndromes, are also associated with an 
increased incidence of acute leukemia.

Radiation
Ionizing radiation (Chapter 17) is leukemogenic. The incidence of ALL, AML, 
and chronic myeloid leukemia (CML) is increased in patients given therapeutic 
radiation and among survivors of the atomic bomb blasts at Hiroshima and 
Nagasaki. The magnitude of the risk depends on the dose of radiation, its 
distribution in time, and the age of the individual. Greater risk results from 
higher doses of radiation delivered over shorter periods to younger patients. 
In areas of high natural background radiation (often from radon), chromosomal 
aberrations are reportedly more frequent, but an increase in acute leukemia 
has not been consistently found. Concern has been raised about the possible 
leukemogenic effects of extremely low-frequency nonionizing electromagnetic 
fields emitted by electrical installations. If such an effect exists at all, its mag-
nitude is small.

Oncogenic Viruses
The search for a viral cause of leukemia has been pursued intensely, but only 
two clear associations have been found. Human T-cell lymphotropic virus 
type I (HTLV-I), an enveloped, single-stranded RNA virus, is a causative 
agent of adult T-cell leukemia (Chapter 354) spread horizontally by sexual 
contact or through blood products. This distinct form of leukemia is found 
within geographic clusters in southwestern Japan, the Caribbean basin, and 
Africa. Because HTLV-I seropositivity was found with increasing frequency 
among heavily transfused patients and intravenous drug users, screening of 
blood products for antibodies to HTLV-I is now routine practice in blood 
banks in the United States. Epstein-Barr virus (Chapter 353), the DNA herpes 
family virus that causes infectious mononucleosis, is associated with the endemic 
African form of Burkitt lymphoma/leukemia (Chapter 176).

Chemicals and Drugs
Heavy occupational exposure to benzene and benzene-containing compounds 
such as kerosene and carbon tetrachloride may lead to marrow damage, which 
can take the form of aplastic anemia, myelodysplasia, or AML. A link between 
leukemia and tobacco use has been reported.

With the increasing use of chemotherapy and radiotherapy to treat other 
malignancies, as much as 10% of AMLs and a smaller percentage of ALLs are 
likely the consequence of prior therapy. Prior exposure to alkylating agents 
such as melphalan and the nitrosoureas is associated with a risk for secondary 
AML, which often manifests initially as a myelodysplastic syndrome (Chapter 
172), frequently with abnormalities of chromosomes 5, 7, and 8 but with 
no distinct morphologic features. These secondary AMLs typically develop 
4 to 6 years after exposure to alkylating agents, and their incidence may be 
increased with greater intensity and duration of drug exposure. Secondary 
AML associated with exposure to topoisomerase II inhibitors, including the 
epipodophyllotoxins (teniposide or etoposide) and doxorubicin, tends to 
have a shorter latency period (1 to 2 years), lacks a myelodysplastic phase, 
has a monocytic morphology, and involves abnormalities of the long arm 
of chromosome 11 (band q23) or chromosome 21 (band q22). Because 
patients frequently receive combination chemotherapy, it is often difficult 
to identify a single causative agent. In general, secondary leukemia responds 
less well to treatment than does de novo disease. Although chemotherapy can 
drive leukemia and other cancer cells into senescence, where cell division is 
arrested, escape from chemotherapy-induced senescence is associated with 
much faster-growing cancer cells.3

 PATHOBIOLOGY
Clonality and Cell of Origin
The acute leukemias are clonal disorders, and all leukemic cells in a given 
patient are descended from a common progenitor. The clonal nature of acute 
leukemia suggests that there are leukemic stem cells capable of both self-
renewal and proliferation. Leukemic stem cells in AML are rare among the 
leukemic mass, with a frequency of 0.2 to 10 per 106, and are usually but not 
invariably within the primitive CD34++ CD38− fraction. Less is known about 
the ALL stem cell.
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ABSTRACT
Acute leukemia is the result of a malignant event or events occurring in an 
early hematopoietic precursor. Instead of proliferating and differentiating 
normally, the affected cell gives rise to progeny that fail to differentiate but 
continue to proliferate in an uncontrolled fashion. As a result, immature myeloid 
cells in acute myeloid leukemia (AML) or lymphoid cells in acute lympho-
blastic leukemia (ALL)—often called blasts—rapidly accumulate and progres-
sively replace the bone marrow, diminishing the production of normal red 
cells, white cells, and platelets. This loss of normal marrow function in turn 
gives rise to the common clinical complications of leukemia: anemia, infec-
tion, and bleeding. With time, the leukemic blasts pour out into the blood 
stream and eventually occupy the lymph nodes, spleen, and other organs. If 
untreated, acute leukemia is rapidly fatal; most patients die within several 
weeks to months after diagnosis. With appropriate therapy, however, the natural 
history of acute leukemia can be markedly altered, and many patients can be 
cured.
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landscape of AML. AML cells appear to carry, on average, a total of approxi-
mately 13 mutations per cell, far less than found in epithelial cancers. Of 
these, on average 5 mutations are in genes recurrently mutated in AML (so 
called driver mutations), with the remainder being considered as passenger 
mutations. Among the recurrently mutated driver mutations, several are of 
significant therapeutic and prognostic importance and thus are part of the 
standard evaluation of AML. CEBPA, a gene encoding a leucine zipper tran-
scription factor involved in myeloid differentiation, is mutated in 4 to 15% 
of cases of AML and is associated with a more favorable prognosis. NPM1 
encodes a nucleolar phosphoprotein with multiple functions. Mutations in 
NPM1 are found in approximately 30% of AML cases and are also associ-
ated with a more favorable prognosis. FLT3 is a receptor tyrosine kinase and 
is mutated in 30 to 35% of AML patients, one fourth of the time as a point 
mutation and three fourths of the time as an internal tandem duplication. 
Mutations in FLT3 are associated with a poorer clinical outcome, at least 
when found to be present at a high allelic ratio. Other driver mutations recur-
rently mutated in AML include DNMT3A, IDH 1 and 2, NRAS and KRAS, 
RUNX1, TET2, and TP53. Although assaying for the mutational status of these 
genes is only slowly becoming standard, increasing numbers of studies are 
suggesting their possible utility both for prognosis and for treatment selection8  
(E-Table 173-1).

Whole-genome sequencing of malignant cells in individuals who transform 
from myelodysplastic syndromes to secondary AML shows that the genetic 
evolution of secondary AML is the result of multiple cycles of mutation acqui-
sition and clonal selection. The preexisting myelodysplastic syndrome–founding 
clone persists with transformation to AML. With the acquisition of each new 
set of mutations, all the preexisting mutations are carried forward, resulting 
in daughter subclones that contain increasing numbers of mutations during 
evolution. Certain mutations are exclusively found in secondary AML and 
can be used to molecularly identify such cases.

The most common cytogenetic abnormality seen in adults with ALL is the 
Philadelphia (Ph) chromosome, or t(9;22). This translocation results in fusion 
of the BCR gene on chromosome 22 to the ABL1 tyrosine kinase gene on 
chromosome 9. This results in the constitutive activation of ABL1, but the 
precise mechanism by which this activity leads to leukemia is unclear. The 
BCR-ABL1 fusion is associated with both ALL and CML (Chapter 175), with 
a difference in the breakpoint of BCR distinguishing the two. A slightly smaller 
190-kD fusion protein is usually found in ALL, whereas a larger 210-kD protein 
is characteristic of CML. The frequency of t(9;22) in ALL increases with age: 
it is found in approximately 5% of childhood cases and 25% of adults. Before 
the development of specific tyrosine kinase inhibitors, ALL with t(9;22) had 
a poor prognosis; newer regimens combining tyrosine kinase inhibitors with 
chemotherapy are providing improved outcomes. Other translocations seen 
in adult B-cell ALL include t(4 : 11), which is seen in 7% of cases, involves 
the KMTZA and AF4 genes, and has a poor prognosis; and t(8;14) seen in 
2 to 4% of cases, involves cMYC and the immunoglobulin (Ig) heavy chain 
gene and is the translocation associated with Burkitt leukemia. T-cell ALLs 
are frequently associated with translocations involving chromosomes 7 or 14 
at the sites of T-cell receptor enhancer genes on these chromosomes. The 
other most common cytogenetic abnormalities seen in adult ALL include 
del(9p) seen in 5 to 9% of cases, del (6q) seen in 5 to 7%, and del(13q) seen 
in 3 to 5%.

As in AML, directed and genome-wide evaluation of cases of ALL have 
revealed recurrent mutations in addition to those already identified through 
cytogenetics. Among the most common are mutations in PAX5 and IKZF1 
seen in 30 and 25% of cases of B-cell ALL, respectively, and mutations in 
NOTCH1 seen in 35% of cases of T-cell ALL. A newly described poor-risk 
form of ALL is termed Ph-like ALL and accounts for 20 to 25% of adult ALLs.9 
Leukemia cells lack the classic BCR-ABL1 translocation but have kinase-
activating mutations in other genes in the same signaling pathway including 
CRLF2, often in combination with mutations in JAK2.

Initial studies have suggested substantial differences between the genomic 
landscapes of adult and pediatric AML.10

 CLINICAL MANIFESTATIONS
The signs and symptoms of acute leukemia are usually rapid in onset, devel-
oping over a few weeks to a few months at most; they result from decreased 
normal marrow function and invasion of normal organs by leukemic blasts. 
Anemia is present at diagnosis in most patients and causes fatigue, pallor, 
headache, and, in predisposed patients, angina or heart failure. Thrombocyto-
penia is usually present, and approximately one third of patients have clinically 
evident bleeding at diagnosis, usually in the form of petechiae, ecchymoses, 

system also recognizes acute basophilic leukemia and acute leukemia with 
predominant myelofibrosis.

The leukemic cells in ALL tend to be smaller than AML blasts and relatively 
devoid of granules (see Fig. 173-1). ALL can be divided by FAB criteria into 
L1, L2, and L3 subgroups. L1 blasts are uniform in size, with homogeneous 
nuclear chromatin, indistinct nucleoli, and scanty cytoplasm with few, if any, 
granules. L2 blasts are larger and more variable in size and may have nucleoli. 
L3 blasts are distinct, with prominent nucleoli and deeply basophilic cytoplasm 
with vacuoles.

Immunophenotyping
Immunophenotyping by multiparameter flow cytometry is used to determine 
lineage involvement of newly diagnosed acute leukemias and to detect aber-
rant immunophenotypes, allowing the measurement of minimal residual disease 
(MRD) after therapy. Most cases of AML express antigens seen on normal 
immature myeloid cells. The most immature forms of AML express CD34, 
CD117, and human leukocyte antigen (HLA)-DR, whereas more differenti-
ated forms express CD13 and CD33. CD14, CD15, and CD11b are expressed 
by AMLs with monocytic features, erythroid leukemias express CD36 and 
CD71, and megakaryocytic AMLs express CD41a and CD61. In 10 to 20% 
of patients, otherwise typical AML blasts also express antigens usually restricted 
to B- or T-cell lineage. Expression of a single lymphoid antigen by AML cells 
does not change either the natural history or the therapeutic response of these 
leukemias.

Approximately 75% of cases of ALL express B-lineage antigens and can be 
subdivided into four categories. The most immature group, pro-B ALL, expresses 
CD19 and/or CD 22 but not CD10 and represents about 10% of cases of 
ALL. Approximately 50 to 60% of cases of ALL express the early B-cell antigens 
CD19 and/or CD22 along with the common ALL antigen (CALLA, or CD10), 
a glycoprotein that is also found occasionally on normal early lymphocytes. 
CALLA-positive ALL is thought to represent an early pre-B-cell differentiation 

TABLE 173-1 WORLD HEALTH ORGANIZATION 
CLASSIFICATION OF ACUTE LEUKEMIAS (2016)

Acute myeloid Leukemia (AmL) and Related Neoplasms
AML with recurrent genetic abnormalities

AML with t(8;21)(q22;q22.1); RUNX1-RUNX1T1
AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11
APL with PML-RARA
AML with t(9;11)(p21.3;q23.3); MLLT3-KMT2A
AML with t(6;9)(p23;q34.1); DEK-NUP214
AML with inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2, MECOM
AML (megakaryoblastic) with t(1;22)(p13.3;q13.3); RBM15-MKL1
Provisional entity: AML with BCR-ABL1
AML with mutated NPM1
AML with biallelic mutations of CEBPA
Provisional entity: AML with mutated RUNX1

AML with myelodysplasia-related changes
Therapy-related myeloid neoplasms
AML, NOS

AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic/monocytic leukemia
Pure erythroid leukemia
Acute megakaryoblastic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis

Myeloid sarcoma
Myeloid proliferations related to Down syndrome

Transient abnormal myelopoiesis (TAM)
Myeloid leukemia associated with Down syndrome

Blastic Plasmacytoid Dendritic cell Neoplasm

Acute Leukemias of Ambiguous Lineage
Acute undifferentiated leukemia
Mixed phenotype acute leukemia (MPAL) with t(9;22)(q34.1;q11.2); BCR-ABL1
MPAL with t(v;11q23.3); KMT2A rearranged
MPAL, B/myeloid, NOS
MPAL, T/myeloid, NOS

B-Lymphoblastic Leukemia/Lymphoma
B-lymphoblastic leukemia/lymphoma, NOS
B-lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities

B-lymphoblastic leukemia/lymphoma with t(9;22)(q34.1;q11.2); BCR-ABL1
B-lymphoblastic leukemia/lymphoma with t(v;11q23.3); KMT2A rearranged
B-lymphoblastic leukemia/lymphoma with t(12;21)(p13.2;q22.1);  

ETV6-RUNX1
B-lymphoblastic leukemia/lymphoma with hyperdiploidy
B-lymphoblastic leukemia/lymphoma with hypodiploidy
B-lymphoblastic leukemia/lymphoma with t(5;14)(q31.1;q32.3); IL3-IGH
B-lymphoblastic leukemia/lymphoma with t(1;19)(q23;p13.3); TCF3-PBX1
Provisional entity: B-lymphoblastic leukemia/lymphoma, BCR-ABL1–like
Provisional entity: B-lymphoblastic leukemia/lymphoma with iAMP21

T-Lymphoblastic Leukemia/Lymphoma
Provisional entity: Early T-cell precursor lymphoblastic leukemia
Provisional entity: Natural killer (NK) cell lymphoblastic leukemia/lymphoma
Data from Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the World Health 
Organization classification of myeloid neoplasms and acute leukemia. Blood. 2016;127:2391-2405.
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FIGURE 173-1. Acute leukemia. A, Acute lymphoblastic leukemia (ALL). B, Acute myeloid 
leukemia (AmL). Lymphoblasts in ALL are smaller, with a higher ratio of nuclear to cyto-
plasmic material and less distinct nucleoli than in the myeloblasts in AmL. The nucleoli 
in the myeloblasts are clear and “punched out.” 

FIGURE 173-2. Acute myeloid leukemia. The myeloblasts in the smear show Auer rods 
as cytoplasmic inclusions. 

Classification
The 2016 revisions to the World Health Organization (WHO) classification 
of acute leukemias are based on clinical, morphologic, immunophenotypic, 
cytogenetic, and molecular features (Table 173-1).4

Morphology
Leukemic cells in AML are typically 12 to 20 nm in diameter, with discrete 
nuclear chromatin, multiple nucleoli, and cytoplasm that usually contains 
azurophilic granules (Fig. 173-1). Auer rods, which are slender, fusiform cyto-
plasmic inclusions that stain red with Wright-Giemsa stain, are virtually 
pathognomonic of AML (Fig. 173-2). The French-American-British (FAB) 
morphologic system divides AML into eight subtypes: M0, M1, M2, and M3 
reflect increasing degrees of differentiation of myeloid leukemic cells; M4 and 
M5 leukemias have features of the monocytic lineage; M6 has features of the 
erythroid cell lineage; and M7 is acute megakaryocytic leukemia. The WHO 
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landscape of AML. AML cells appear to carry, on average, a total of approxi-
mately 13 mutations per cell, far less than found in epithelial cancers. Of 
these, on average 5 mutations are in genes recurrently mutated in AML (so 
called driver mutations), with the remainder being considered as passenger 
mutations. Among the recurrently mutated driver mutations, several are of 
significant therapeutic and prognostic importance and thus are part of the 
standard evaluation of AML. CEBPA, a gene encoding a leucine zipper tran-
scription factor involved in myeloid differentiation, is mutated in 4 to 15% 
of cases of AML and is associated with a more favorable prognosis. NPM1 
encodes a nucleolar phosphoprotein with multiple functions. Mutations in 
NPM1 are found in approximately 30% of AML cases and are also associ-
ated with a more favorable prognosis. FLT3 is a receptor tyrosine kinase and 
is mutated in 30 to 35% of AML patients, one fourth of the time as a point 
mutation and three fourths of the time as an internal tandem duplication. 
Mutations in FLT3 are associated with a poorer clinical outcome, at least 
when found to be present at a high allelic ratio. Other driver mutations recur-
rently mutated in AML include DNMT3A, IDH 1 and 2, NRAS and KRAS, 
RUNX1, TET2, and TP53. Although assaying for the mutational status of these 
genes is only slowly becoming standard, increasing numbers of studies are 
suggesting their possible utility both for prognosis and for treatment selection8  
(E-Table 173-1).

Whole-genome sequencing of malignant cells in individuals who transform 
from myelodysplastic syndromes to secondary AML shows that the genetic 
evolution of secondary AML is the result of multiple cycles of mutation acqui-
sition and clonal selection. The preexisting myelodysplastic syndrome–founding 
clone persists with transformation to AML. With the acquisition of each new 
set of mutations, all the preexisting mutations are carried forward, resulting 
in daughter subclones that contain increasing numbers of mutations during 
evolution. Certain mutations are exclusively found in secondary AML and 
can be used to molecularly identify such cases.

The most common cytogenetic abnormality seen in adults with ALL is the 
Philadelphia (Ph) chromosome, or t(9;22). This translocation results in fusion 
of the BCR gene on chromosome 22 to the ABL1 tyrosine kinase gene on 
chromosome 9. This results in the constitutive activation of ABL1, but the 
precise mechanism by which this activity leads to leukemia is unclear. The 
BCR-ABL1 fusion is associated with both ALL and CML (Chapter 175), with 
a difference in the breakpoint of BCR distinguishing the two. A slightly smaller 
190-kD fusion protein is usually found in ALL, whereas a larger 210-kD protein 
is characteristic of CML. The frequency of t(9;22) in ALL increases with age: 
it is found in approximately 5% of childhood cases and 25% of adults. Before 
the development of specific tyrosine kinase inhibitors, ALL with t(9;22) had 
a poor prognosis; newer regimens combining tyrosine kinase inhibitors with 
chemotherapy are providing improved outcomes. Other translocations seen 
in adult B-cell ALL include t(4 : 11), which is seen in 7% of cases, involves 
the KMTZA and AF4 genes, and has a poor prognosis; and t(8;14) seen in 
2 to 4% of cases, involves cMYC and the immunoglobulin (Ig) heavy chain 
gene and is the translocation associated with Burkitt leukemia. T-cell ALLs 
are frequently associated with translocations involving chromosomes 7 or 14 
at the sites of T-cell receptor enhancer genes on these chromosomes. The 
other most common cytogenetic abnormalities seen in adult ALL include 
del(9p) seen in 5 to 9% of cases, del (6q) seen in 5 to 7%, and del(13q) seen 
in 3 to 5%.

As in AML, directed and genome-wide evaluation of cases of ALL have 
revealed recurrent mutations in addition to those already identified through 
cytogenetics. Among the most common are mutations in PAX5 and IKZF1 
seen in 30 and 25% of cases of B-cell ALL, respectively, and mutations in 
NOTCH1 seen in 35% of cases of T-cell ALL. A newly described poor-risk 
form of ALL is termed Ph-like ALL and accounts for 20 to 25% of adult ALLs.9 
Leukemia cells lack the classic BCR-ABL1 translocation but have kinase-
activating mutations in other genes in the same signaling pathway including 
CRLF2, often in combination with mutations in JAK2.

Initial studies have suggested substantial differences between the genomic 
landscapes of adult and pediatric AML.10

 CLINICAL MANIFESTATIONS
The signs and symptoms of acute leukemia are usually rapid in onset, devel-
oping over a few weeks to a few months at most; they result from decreased 
normal marrow function and invasion of normal organs by leukemic blasts. 
Anemia is present at diagnosis in most patients and causes fatigue, pallor, 
headache, and, in predisposed patients, angina or heart failure. Thrombocyto-
penia is usually present, and approximately one third of patients have clinically 
evident bleeding at diagnosis, usually in the form of petechiae, ecchymoses, 

state. Approximately 10% of cases of ALL have intracytoplasmic immuno-
globulin and are termed pre-B-cell ALL. Mature B-cell ALL is signified by 
the presence of surface immunoglobulin and accounts for less than 5% of 
cases of ALL. In general, the best therapeutic outcomes among B-cell ALL 
types are with early pre-B-cell (CALLA positive) ALL. The 25% of cases of 
ALL that express T-lineage antigens can be separated into three groups: (1) 
early T-precursor ALL expressing CD7 but not CD1a or CD3, (2) thymic 
T-ALL expressing CD1a but not surface CD3, and (3) mature T-ALL express-
ing surface CD3. The prognosis for thymic T-cell ALL is superior to that of 
the other forms of T-ALL. In about 25% of patients with ALL, the leukemic 
cells may also express a myeloid antigen, but with current therapies, this does 
not affect outcome.

Acute leukemias of ambiguous lineage are rare cases with no evidence of 
lineage differentiation (i.e., acute undifferentiated leukemia [AUL]) or those 
with blasts that express definitive markers of more than one lineage (i.e., mixed 
phenotype acute leukemia [MPAL]). MPAL can contain either distinct blast 
populations of different lineages (bilineal) or a single population expressing 
features of both lineages (biphenotypic). In general, the prognosis of patients 
with AUL or MPAL is poor when treated with standard chemotherapy.

Cytogenetics and Molecular Biology
In most cases of acute leukemia, an abnormality in chromosome number or 
structure is found. These abnormalities are (oligo)clonal, involving some or 
all the malignant cells in a given patient; they are acquired and are not found 
in the normal cells of the patient; and they are referred to as “nonrandom” 
because specific abnormalities are found in multiple cases and are associated 
with distinct morphologic or clinical subtypes of the disease. These abnormali-
ties may be simply the gain or loss of whole chromosomes, but more often 
they include chromosomal translocations, deletions, or inversions. When 
patients with acute leukemia and a chromosomal abnormality receive treat-
ment and enter into complete remission (CR), the chromosomal abnormality 
disappears; when relapse occurs, the abnormality often reappears. In many 
cases, these abnormalities have provided clues into the pathobiology of acute 
leukemia.

The most common cytogenetic abnormalities seen in AML can be catego-
rized according to their underlying biology and prognostic significance.5 The 
translocation t(8;21) and the inversion inv(16) result in abnormalities of a 
transcription factor made up of core binding factor-α (CBF-α) and CBF-β. 
t(8;21) results in the fusion of CBF-α on chromosome 21 with the MTG8 
gene on chromosome 8, whereas inv(16) results in the fusion of CBF-β on 
the q arm of chromosome 16 with the MYH11 gene on the p arm. Both of 
these “core binding factor” AMLs (CBF-AMLs) are characterized by a high 
complete response rate and relatively favorable long-term survival for the group 
as a whole. Comprehensive mutational profiling of CBF-AMLs does, however, 
reveal clinical prognostic as well as biologic heterogeneity within this patho-
genetically unique category of patients.6 An additional translocation with a 
favorable prognosis, t(15;17), involves two genes, PML and RAR-α (a gene 
encoding the α-retinoic acid receptor), and is invariably associated with acute 
promyelocytic leukemia (APL), the M3 subtype of AML. Other genetic altera-
tions may cooperate with PML-RARα in the pathogenesis of APL.7 Transloca-
tions involving the KMT2A (previously: MLL) gene, located at chromosome 
band 11q23, are seen in 5 to 7% of AMLs. KMT2A is perhaps the most pro-
miscuous oncogene partner in oncology, with more than 30 fusion partners 
identified. The prognosis of KMT2A-associated AML depends on the fusion 
partner, with t(9;11) predicting an intermediate prognosis and all others 
considered unfavorable. Trisomy 8 is among the most common nonrandom 
cytogenetic abnormalities seen in AML; it accounts for 9% of cases and carries 
an intermediate prognosis. Trisomies of chromosome 21, chromosome 11, 
and other chromosomes are sometimes seen as well. Deletions of part or all 
of chromosome 5 or 7 each account for 6 to 8% of cases of AML. These 
abnormalities are seen with greater frequency in older patients and in patients 
with AML secondary to myelodysplasia or prior exposure to alkylating agents 
and are associated with an unfavorable prognosis. The presence of multiple 
(three or more) cytogenetic abnormalities in individual cases of AML defines 
“complex cytogenetics” and also is associated with an unfavorable prognosis. 
Particularly unfavorable are cases with a monosomal karyotype (i.e., the pres-
ence of two or more distinct monosomies or one monosomy and another 
structural abnormality).

The identification of recurrent chromosomal abnormalities in acute leu-
kemia, including translocations, inversions, and gene duplications, led to the 
identification and cloning of the involved genes. More recently, directed and 
genome-wide assays have provided a better understanding of the genomic 



CHAPTER 173 The AcuTe LeukemiAs 1213.e1

E-TABLE 173-1 COMMON REGIMENS FOR COMMON FORMS 
OF ACUTE LEUKEMIA

I. MANAGEMENT OF NEWLY DIAGNOSED ACUTE MYELOID LEUKEMIA

 A. Induction—daunorubicin 60-90 mg/m2/day for 3 days (or idarubicin 10-12 mg/
m2/day for 3 days) and cytarabine 100-200 mg/m2/day for 7 days

 B. Postremission
1. Favorable risk—cytarabine 3 g/m2 over 3 hr q12h on days 1, 3, and 5 every 

month for 4 mo
2. Intermediate risk—as for favorable risk; or, if HLA-matched related or 

unrelated donor exists, allogeneic hematopoietic cell transplantation
3. Unfavorable risk—proceed to allogeneic transplantation if possible; if not, 

treat as for intermediate risk
II. MANAGEMENT OF NEWLY DIAGNOSED ACUTE PROMYELOCYTIC 
LEUKEMIA

 A. Induction—ATRA 45 mg/m2/day until complete remission plus daunomycin 
45-60 mg/m2/day for 3 days and cytarabine 100-200 mg/m2/day for 7 days

 B. Consolidation #1—arsenic trioxide 0.15 mg/kg/day 5 days/wk for 5 wk; repeat 
course after 2-wk rest
Consolidation #2—ATRA 45 mg/m2/day for 7 days and daunomycin 50 mg/

m2/day for 3 days; repeat course 1 mo later
 C. Maintenance—ATRA 45 mg/m2/day for 15 days every 3 mo plus 6-MP 100 mg/

m2/day and MTX 10 mg/m2/wk for 2 yr
Or, if intermediate/good risk, consider:

 A. Induction: Arsenic trioxide 0.15 mg/kg/day plus ATRA 45 mg/m2/day until 
complete remission

 B. Consolidation: Arsenic trioxide 0.15 mg/kg/day 5 days/wk, 4 wk on, 4 wk off 
for 4 cycles
ATRA 45 mg/m2/day 2 wk on, 2 wk off for 8 cycles

III. MANAGEMENT OF NEWLY DIAGNOSED ADULT PH-NEGATIVE ACUTE 
LYMPHOID LEUKEMIA

 A. Induction (and courses 3, 5, 7)—cyclophosphamide 300 mg/m2 over 3 hr q12h 
for 6 doses on days 1, 2, 3; doxorubicin 50 mg/m2 on day 4; vincristine 2 mg/
day on days 4 and 11; and dexamethasone 40 mg/day on days 1-4 and days 
11-14

 B. Consolidation (courses 2, 4, 6, 8)—MTX 200 mg/m2 over 2 hr, followed by 
800 mg/m2 over 22 hr on day 1; high-dose cytarabine 3 g/m2 over 2 hr q12h for 
4 doses on days 2 and 3

 C. Four intrathecal treatments of MTX 12 mg alternating with cytarabine 100 mg 
are given during the first four courses of systemic therapy

ATRA = all-trans-retinoic acid; HLA = human leukocyte antigen; 6-MP = 6-mercaptopurine;
MTX = methotrexate; Ph = Philadelphia chromosome [t(9;22)].
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the marrow and mimic leukemia, immunologic markers are effective in dif-
ferentiating the two. Leukemoid reactions to infections such as tuberculosis 
can result in the outpouring of large numbers of young myeloid cells, but the 
proportion of blasts in marrow or peripheral blood almost never reaches 20% 
in a leukemoid reaction (Chapter 158). Infectious mononucleosis (Chapter 353) 
and other viral illnesses can sometimes resemble ALL, particularly if large 
numbers of atypical lymphocytes are present in the peripheral blood and the 
disease is accompanied by immune thrombocytopenia or hemolytic anemia.

bleeding gums, epistaxis, or hemorrhage. Most patients with acute leukemia 
are significantly granulocytopenic at diagnosis. As a result, approximately 
one third of patients with AML and slightly fewer patients with ALL have 
significant or life-threatening infections when initially seen, most of which 
are bacterial in origin.

In addition to suppressing normal marrow function, leukemic cells can 
infiltrate normal organs. In general, ALL tends to infiltrate normal organs 
more often than AML does. Enlargement of lymph nodes, liver, and spleen 
is common at diagnosis. Bone pain, thought to result from leukemic infiltra-
tion of the periosteum or expansion of the medullary cavity, is a common 
complaint, particularly in children with ALL. Leukemic cells sometimes infil-
trate the skin and result in a raised, nonpruritic rash, a condition termed 
leukemia cutis. Leukemic cells may infiltrate the leptomeninges and cause 
leukemic meningitis, typically manifested by headache and nausea. As the 
disease progresses, central nervous system (CNS) palsies and seizures may 
develop. Although less than 5% of patients with ALL have CNS involvement 
at diagnosis, the CNS is a frequent site of relapse; therefore, CNS prophylaxis 
is an essential component of ALL therapy. Because the incidence of CNS 
disease is low in AML, there is no proven benefit to CNS surveillance or 
prophylaxis. Testicular involvement is seen in ALL, and the testicles are a 
frequent site of relapse. In AML, collections of leukemic blast cells, often 
referred to as chloromas or myeloblastomas or myeloid sarcomas, can occur in 
virtually any soft tissue and appear as rubbery, fast-growing masses.

Certain clinical manifestations are unique to specific subtypes of leukemia. 
Patients with acute promyelocytic leukemia (APL) commonly have subclinical 
or clinically evident coagulation abnormalities including disseminated intra-
vascular coagulation (DIC; Chapter 166) caused by tissue thromboplastins 
released by the leukemic cells. Acute monocytic or myelomonocytic leukemias 
are the forms of AML most likely to have extramedullary involvement. M6 
leukemia often has a long prodromal phase. Patients with T-cell ALL frequently 
have mediastinal masses.

 DIAGNOSIS
Abnormalities in peripheral blood counts are usually the initial laboratory 
evidence of acute leukemia, with anemia and thrombocytopenia being almost 
universal; up to one fourth have severe thrombocytopenia (platelets 
<20,000/µL). Although most patients are granulocytopenic at diagnosis, the 
total peripheral white cell count is more variable; approximately 25% of patients 
have very high white cell counts (>50,000/µL), approximately 50% have white 
cell counts between 5000 and 50,000/µL, and about 25% have low white cell 
counts (<5000/µL). In most cases, blasts are present in the peripheral blood, 
although in some patients the percentage of blasts is quite low or absent.

The diagnosis of acute leukemia is typically established by marrow aspira-
tion (or biopsy if aspirate cannot be obtained), usually from the posterior 
iliac crest. Marrow aspirates and biopsy specimens are usually hypercellular 
and contain 20 to 100% blast cells, which largely replace the normal marrow 
(see Figs. 173-1 and 173-2). Occasionally, in addition to the blast cell infiltrate, 
other abnormalities are present, such as marrow fibrosis (especially with M7 
AML) or bone marrow necrosis. Marrow samples should also be evaluated 
by immunophenotyping and cytogenetics. If AML is suspected, samples should 
be evaluated for the presence of mutations in FLT3, NPM1, and CEBPA. A 
diagnostic lumbar puncture is generally recommended in suspected cases of 
ALL, but not in asymptomatic cases of AML.

The prothrombin and partial thromboplastin times are sometimes elevated. 
In APL, reduced fibrinogen and evidence of DIC are often seen (Chapter 
166). Other laboratory abnormalities frequently present are hyperuricemia, 
especially in ALL, and increased serum lactate dehydrogenase. In cases of 
high cell turnover and cell death (e.g., L3 ALL), evidence of tumor lysis syn-
drome may be noted at diagnosis, including hypocalcemia, hyperkalemia, 
hyperphosphatemia, hyperuricemia, and renal insufficiency. This syndrome, 
which is more commonly seen shortly after therapy is begun, can be rapidly 
fatal if untreated.

Differential Diagnosis
The diagnosis of acute leukemia is usually straightforward but can occasionally 
be difficult. Both leukemia and aplastic anemia (Chapter 156) can manifest with 
peripheral pancytopenia, but the finding of a hypoplastic marrow without blasts 
usually distinguishes aplastic anemia. An occasional patient has hypocellular 
marrow and a clonal cytogenetic abnormality, which establishes the diagno-
sis of myelodysplasia (Chapter 172) or hypocellular leukemia. A number of 
processes other than leukemia can lead to the appearance of immature cells in 
the peripheral blood. Although other small round cell neoplasms can infiltrate 

With the development of effective programs of combination chemotherapy 
and advances in hematopoietic cell transplantation, many patients with acute 
leukemia can be cured. These therapeutic measures are complex and are best 
carried out at centers with appropriate support services and experience in 
treating leukemia. Because leukemia is often rapidly progressive, specific anti-
leukemic therapy is typically started in a timely manner, usually within 72 hours. 
The goal of initial chemotherapy is to induce a complete remission (CR) with 
restoration of normal marrow function. In general, induction chemotherapy is 
intensive and is accompanied by significant toxicities. Therefore, patients should 
be stabilized to the extent possible before specific antileukemic therapy is 
begun.

Preparing the Patient for Therapy
Severe bleeding usually results from thrombocytopenia, which can be reversed 

with platelet transfusions (Chapter 167). Once thrombocytopenic bleeding is 
stopped, continued prophylactic transfusions of platelets is warranted to main-
tain the platelet count higher than 10,000/µL. Occasionally, patients also have 
evidence of DIC, usually associated with the diagnosis of APL. If APL is suspected 
as the cause, all-trans-retinoic acid (ATRA) should be started without waiting 
for molecular confirmation of the diagnosis; the drug can be discontinued if 
the diagnosis is not APL. If active bleeding is due to DIC (Chapter 166), low 
doses of heparin (50 U/kg) given intravenously every 6 hours can be of benefit. 
Platelets and fresh-frozen plasma (or cryoprecipitate) should be transfused to 
maintain the platelet count higher than 50,000/µL and the fibrinogen level 
greater than 100 mg/dL until the DIC abates. Whether heparin should be given 
prophylactically to patients with laboratory evidence of DIC but no active bleed-
ing is an often debated but unsettled question.

Blood cultures should be obtained in patients with fever and granulocyto-
penia; while awaiting culture results, infection should be assumed and broad-
spectrum antibiotics begun empirically (Chapters 158 and 265). It is preferable 
to bring an infection under control before starting initial chemotherapy if the 
patient has an adequate granulocyte count. However, patients often have infec-
tion but essentially no granulocytes; in this situation, delaying chemotherapy 
is unlikely to be beneficial.

Patients with very high blast counts may develop symptoms attributable to 
the effect of masses of these immature cells on blood flow (leukostasis). The 
role of leukapheresis and/or hydroxyurea in managing such patients is unclear. 
Randomized trials are lacking, but a systematic review involving 20 studies and 
greater than 1000 patients with AML and initial white cell counts higher than 
100,000/µL found an early death rate of 20%, but neither leukapheresis nor 
hydroxyurea influenced outcome. Current guidelines thus suggest proceeding 
to cytoreductive treatment using planned induction therapy as soon as possible.

Before treatment, management in all patients should be aimed at preventing 
the tumor lysis syndrome. Patients should be hydrated and given allopurinol 
100 to 600 mg orally or intravenously daily before chemotherapy is initiated. 
Allopurinol prevents the conversion of xanthine and hypoxanthine to uric acid 
but does not affect already formed uric acid. Patients presenting with very high 
white cell counts may have uremia and anuria secondary to greatly increased 
serum uric acid levels and intratubular crystallization, even before starting 
therapy. These patients should be treated with rasburicase 0.20 mg/kg/day for 
up to 5 days intravenously, given over 30 minutes. Rasburicase promotes the 
catabolism of already formed uric acid to allantoin. Urinary alkalinization, a 
past standard, is no longer recommended because, although it increases uric 
acid solubility, it also increases the possibility of xanthine and calcium phosphate 
precipitation in the kidney.

The diagnosis of leukemia usually comes as a profound psychological shock 
to the patient and family. Therefore, in addition to stabilizing the patient hema-
tologically and metabolically, it is worthwhile to have at least one formal con-
ference in which the patient and family are advised about the meaning of the 
diagnosis of leukemia and the consequences of therapy before treatment is 
initiated.

Treatment of Acute Lymphoblastic Leukemia
After the patient’s condition has been stabilized, antileukemic therapy 

should be started as soon as possible. Treatment of newly diagnosed ALL can 
be divided into three phases: remission induction, postremission therapy, and 
CNS prophylaxis.

TREATMENT 
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FIGURE 173-3. shown are the 5-year survival rates (relative to age-matched controls) 
for adult patients with newly diagnosed acute myeloid leukemia (AmL) on the left and 
acute lymphoblastic leukemia (ALL) on the right according to u.s. surveillance, epide-
miology and end Results Program (seeR) data. 

Remission induction
The initial goal of treatment is to induce CR, defined as the reduction of 

leukemic blasts to undetectable levels and the restoration of normal marrow 
function. A number of different chemotherapeutic combinations can be used 
to induce remission; all include vincristine and prednisone, and most add 
L-asparaginase and daunorubicin, administered over a period of 3 to 4 weeks. 
With such regimens, CR is achieved in 90% of children and 80 to 90% of adults 
(see E-Table 173-1). For adults age 18 to 59 years with CD20-positive, Ph chro-
mosome-negative ALL, the addition of rituximab (beginning with 375 mg/m2 
on days 1 and 7 and continuing for a total of 16 to 18 infusions) improves the 
outcome. A1  Because vincristine, prednisone, and L-asparaginase are relatively 
nontoxic to normal marrow precursors, the disease often enters CR after a rela-
tively brief period of myelosuppression. Failure to achieve CR is usually due to 
either the leukemic cells’ resistance to the drugs or progressive infection. These 
two complications occur with approximately equal frequency.

Postremission chemotherapy
If no further therapy is given after induction of CR, relapse occurs in almost 

all cases, usually within several months. Chemotherapy after CR can be given 
in a variety of combinations, dosages, and schedules. The term consolidation 
chemotherapy refers to short courses of further chemotherapy given at doses 
similar to those used for initial induction (requiring rehospitalization). Usually, 
different drugs are selected for consolidation chemotherapy than were used 
to induce the initial remission. In the case of ALL, such drugs include high-dose 
methotrexate, cyclophosphamide, and cytarabine, among others. Most regimens 
include six to eight courses of intensive consolidation therapy. Maintenance 
involves the administration of low-dose chemotherapy on a daily or weekly 
outpatient basis for long periods. The most commonly used maintenance regimen 
in ALL combines daily 6-mercaptopurine and weekly or biweekly methotrexate. 
The optimal duration of maintenance chemotherapy is unknown, but it is usually 
given for 2 to 3 years. Maintenance is most beneficial for patients with pro- and 
pre-B-cell ALL, less so for T-cell ALL, and of no apparent benefit for patients 
with mature B-cell ALL. The use of more intensive regimens similar to those 
used in the treatment of pediatric ALL are tolerable in patients up to age 40 
and may improve outcomes.11

central Nervous system Prophylaxis
Most chemotherapeutic agents that are given intravenously or orally do not 

penetrate the CNS well, and if no form of CNS prophylaxis is given, at least 35% 
of adults with ALL will develop CNS leukemia. With prophylaxis, relapse in the 
CNS as an isolated event occurs in less than 10% of patients. Systemic chemo-
therapy with high-dose methotrexate (e.g., 200 mg/m2 intravenously over 2 
hours, followed by 800 mg/m2 over 22 hours) and cytarabine (e.g., 3 g/m2 over 
2 hours every 12 hours for four doses) can achieve therapeutic drug levels 
within the CNS. Alternatives are intrathecal methotrexate, intrathecal metho-
trexate combined with 2400 cGy radiation to the cranium, or 2400 cGy to the 
craniospinal axis.

Treatment of Burkitt-like ALL
Burkitt-like ALL (also called FAB L3 or mature B-cell ALL) is characterized by 

the presence of monoclonal surface immunoglobulin, cytogenetics showing 
t(8;14), and the constitutive expression of the MYC oncogene. Burkitt-like ALL, 
which accounts for 3 to 5% of adult cases of ALL, responds well to regimens 
that incorporate short, intensive courses of high-dose methotrexate (1.5 g/m2 
over 24 hours with leucovorin), cytarabine (3 g/m2 over 2 hours every 12 hours 
for four doses), and cyclophosphamide (200 mg/m2/day for 5 days); this regimen 
yields high rates of complete response and cures in about 50% of patients. The 
addition of rituximab may further improve outcomes.

Treatment of Philadelphia Chromosome–Positive ALL
Approximately 5% of pediatric cases and 25% of adult cases of ALL have 

cytogenetics showing t(9;22), the Ph chromosome. Historically, such patients 
had CR rates slightly lower than those seen in Ph-negative ALL and markedly 
reduced remission durations, averaging less than a year; few if any such patients 
were cured with conventional chemotherapy. More recently, the addition of 
the tyrosine kinase inhibitors imatinib or dasatinib to conventional chemo-
therapeutic regimens has increased complete response rates, equaling those 
seen in Ph-negative ALL, and has led to improved disease-free and overall 
survival. The use of tyrosine kinase inhibitors before and after allogeneic 
transplantation may further improve outcomes. Therapy with dasatinib and 
prednisone alone without chemotherapy appears sufficient to allow the major-
ity of older patients with Ph-positive ALL to achieve an initial hematologic  
remission.12

Prognosis of ALL after initial chemotherapy
A number of factors are predictive of outcome in ALL, the most important 

of which are younger age, a lower white cell count at diagnosis, and favorable 
cytogenetics (Fig. 173-3). With currently available treatment regimens, 80 to 
85% of children and 35 to 40% of adults who initially achieve CR maintain that 
state for more than 5 years, and these patients are probably cured of their 
disease. Using more intensive pediatric-inspired regimens, more recent studies 

report 5-year survival rates of 65 to 75% in adolescents and young adults up 
to age 40.

Treatment of Relapsed ALL
Most relapses occur within 2 years after diagnosis, and most occur in the 

marrow. Occasionally, relapse is initially found in an extramedullary site such 
as the CNS or testes. Extramedullary relapse is usually followed shortly by sys-
temic (marrow) relapse and should be considered part of a systemic recurrence. 
With the use of chemotherapeutic regimens similar to those used for initial 
induction, 50 to 70% of patients achieve at least a short-lived second remission. 
If the CNS or testes is the initial site of the relapse, specific therapy to that site 
is also required, along with systemic retreatment. Because the prognosis of 
relapsed leukemia treated with chemotherapy is so poor, hematopoietic stem 
cell transplantation (Chapter 168) is usually recommended in this setting. 
Nelarabine when used as a single agent can induce CRs in 30% of patients with 
recurrent T-cell ALL. The bispecific T-cell engager (BITE) blinatumomab, which 
is composed of the single chain variant segments of anti-CD19 and anti-CD3 
antibodies, has recently been approved by the U.S. Food & Drug Administration 
(FDA) for the treatment of recurrent B-cell ALL following the demonstration in 
a randomized trial that its use improves disease-free and overall survival in this 
setting. A2  In a phase 3 randomized trial of adults with relapsed or refractory 
ALL, a significantly higher CR rate (80% vs. 30%) was achieved with single-agent 
inotuzumab than in those receiving standard intensive chemotherapy. A3  The 
CD22 antibody-drug conjugate inotuzumab ozogamicin also significantly 
improved the duration of remission and progression-free survival. Veno-occlusive 
liver disease was a major adverse event associated with inotuzumab. Very high 
complete responses have recently been reported in trials using chimeric antigen 
receptor T-cells targeting CD19.13,14 Cytokine release syndrome and neurologic 
toxicity are the most significant side effects.

hematopoietic stem cell Transplantation
The use of high-dose chemoradiotherapy followed by hematopoietic stem 

cell transplantation (Chapter 168) from an HLA-identical sibling can cure 20 to 
40% of patients with ALL who fail to achieve an initial remission or who have 
a relapse after an initial CR; it can cure 50 to 60% of patients who undergo 
transplantation during a first remission. Although there is still considerable 
debate, several studies have reported improved survival for adults with high-
risk or standard-risk ALL who receive a hematopoietic stem cell transplant during 
a first remission rather than being treated with standard chemotherapy.15 The 
major limitations of transplantation are graft-versus-host disease, infections, 
and recurrence of disease. If an HLA-identical sibling is not available, transplan-
tation from a matched or partially matched unrelated donor or transplantation 
of cord blood from a partially matched unrelated donor can be conducted, 
with results that approach those seen with matched related donors.

Treatment of Acute Myeloid Leukemia
Remission induction

Unless patients have contraindications to aggressive therapy, initial treat-
ment generally includes a combination of an anthracycline and cytarabine 
(the latter at a dose of 100 to 200 mg/m2/day for 7 days) and leads to CR in 
60 to 80% of patients. Prospective randomized trials have demonstrated that 
for patients aged 65 years or less idarubicin (10 to 12 mg/m2/day for 3 days) 
or a higher dose of daunorubicin (60 to 90 mg/m2/day for 3 days) is superior 
to the conventional daunorubicin dose of 45 mg/m2/day for 3 days. Profound 
myelosuppression always follows when these agents are used at doses capable 
of achieving CR. Approximately 50% of patients will have more than 5% blasts 
remaining in their marrow 1 week after completing the first cycle of induc-
tion. Most experts recommend starting a second cycle in such circumstances. 
Persistence of blasts after the first cycle of induction appears to be associated 
with an increased risk of subsequent disease recurrence. In approximately 
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30% of cases, AML blasts will have mutations in FLT3. In such patients, the 
addition of the FDA-approved FLT3 inhibitor midostaurin as part of induction, 
consolidation, and maintenance leads to improved disease-free and overall  
survival. A4  Several randomized trials suggest that the addition of the CD33 
antibody-drug conjugate gemtuzumab ozogamicin to induction and consolida-
tion may reduce relapse and improve survival, at least in patients with CD33-
positive favorable and intermediate risk disease. A5  Failure to achieve CR is usually 
due to either drug resistance or fatal complications of myelosuppression. In 
patients with secondary AML, CPX-351, a liposomal formulation of cytarabine 
co-encapsulated with daunorubicin, leads to better survival than conventional  
chemotherapy.

Postremission Therapy
Intensive consolidation chemotherapy with repeated courses of daunoru-

bicin and cytarabine at doses similar to those used for induction, high-dose 
cytarabine (1 to 3 g/m2/day for 3 to 6 days), or other agents prolongs the 
average remission duration and improves the chances for long-term disease-
free survival. The best results reported to date have generally been achieved 
with repeated cycles of high-dose cytarabine. Unlike the situation with ALL, 
low-dose maintenance therapy is of limited benefit after intensive consolidation  
treatment, A6  although azacitidine maintenance therapy may be of benefit in 
patients over age 60 years. A7  In AML, leukemic recurrence occurs less often in 
the CNS (approximately 10% of cases) than in patients with ALL, most com-
monly in patients with the M4 or M5 variant. There is no evidence that CNS 
prophylaxis improves survival in AML.

Prognosis of AmL after initial chemotherapy
Patients in CR by morphologic criteria (i.e., ≤5% blasts in the bone marrow) 

may still have some residual leukemic disease not identified by light microscopy. 
Both multiparameter flow cytometry-based methods, which rely on identifica-
tion of abnormal immunophenotypes, and molecular-based methods detecting 
chimeric fusion proteins or somatic mutations have been developed to detect 
minimal residual disease (MRD). Numerous studies have been published showing 
that detection of MRD in patients who have achieved a CR identifies a group 
of patients with a high risk of subsequent disease recurrence and worse overall 
survival.16

Among patients in whom CR is achieved, 20 to 40% remain alive in continu-
ous CR for more than 5 years, suggesting a probable cure. As with ALL, younger 
patients and those with a low white cell count at diagnosis have a more favor-
able outcome (see Fig. 173-3). The European LeukemiaNet recognizes three 
risk categories of AML based on cytogenetics and molecular testing. The favor-
able group includes those with t(8;21) or inv(16) and those with normal cyto-
genetics but biallelic mutated CEBPA, as well as those with mutated NPM1 and 
wild-type FLT3. Intermediate risk patients are those with normal cytogenetics 
but without mutations in NPM1, CEBPA, and FLT3 or with mutations in FLT3 and 
NPM1. Also included are those with t(9;11) or those with cytogenetics abnor-
malities not classified as favorable or unfavorable. Finally, the unfavorable group 
includes those with high allelic-ratio inv(3), t(6;9), −5 or del5, −7 or del7, and 
those with complex cytogenetics (three or more independent chromosome 
abnormalities). Also, cases with FLT3 ITD with wild type NPM1, as well as those 
with mutations in RUNX1, ASXL1, or TP53, are considered unfavorable (E-Table 
173-2). Patients who have a preleukemic phase before their condition evolves 
into acute leukemia and those whose leukemia is secondary to prior exposure 
to chemotherapy have a poorer prognosis. As already mentioned, presence of 
MRD following induction and consolidation greatly increases the risk of sub-
sequent relapse.

Treatment of Recurrent AmL
Patients whose AML recurs after initial chemotherapy can achieve a second 

remission in about 50% of cases after retreatment with daunorubicin-cytarabine 
or high-dose cytarabine. The likelihood of achieving a second remission is pre-
dicted by the duration of the first remission: 70% in patients whose first remis-
sion persisted beyond 2 years, compared with less than 15% in those whose 
first remission lasted less than 6 months. Second remissions tend to be short-
lived, however, and few patients in whom relapse occurs after first-line che-
motherapy are cured by salvage chemotherapy. Therefore, hematopoietic stem 
cell transplantation is generally indicated. Enasidenib and ivosidenib, oral, 
targeted inhibitors of IDH2 and IDH1, respectively, have been approved for the 
treatment of patients with recurrent IDH2-mutated AML. For the treatment of 
patients with recurrent FLT3-mutated AML, the tyrosine kinase inhibitor gil-
teritinib has been approved.

hematopoietic stem cell Transplantation
For patients with AML in whom an initial remission cannot be achieved or 

for those who relapse after chemotherapy, hematopoietic stem cell transplanta-
tion (Chapter 168) from an HLA-identical sibling offers the best chance for cure. 
Fifteen percent of patients with refractory disease can be saved by this treat-
ment. If the procedure is applied earlier, the outcome is better: approximately 
30% of patients who undergo hematopoietic stem cell transplantation at first 
relapse or second remission are cured, and 50 to 60% of patients are cured if 
hematopoietic stem cell transplantation is performed during the first remission. 

Allogeneic transplant is most effective when performed in AML patients who 
are in CR both morphologically and by MRD testing. Patients with MRD at the 
time of transplant are at increased risk for post-transplant relapse.17

A large number of studies have prospectively compared the outcome of 
allogeneic hematopoietic stem cell transplantation with that of chemotherapy 
in patients with AML in first remission. The trends in all these studies have been 
toward higher treatment-related mortality but longer disease-free and overall 
survival time with allogeneic transplantation. Meta-analyses conclude that 
survival is improved with allogeneic transplantation from a matched sibling in 
first remission when compared with continued chemotherapy. This improve-
ment is clearest in patients with unfavorable or intermediate-risk disease and 
is less apparent in those in the favorable-risk category.18 The major limitations 
of allogeneic hematopoietic stem cell transplantation are lack of a matched 
sibling donor, graft-versus-host disease, infections related to immunosuppres-
sion, and disease recurrence. Because transplant-related toxicities increase with 
patient age, some centers limit hematopoietic stem cell transplantation to those 
65 years of age or younger. However, recent studies of reduced-intensity allo-
geneic transplantation have shown encouraging results in patients with AML 
in remission at ages up to 75 years. Allogeneic transplantation using matched 
unrelated donors results in survival essentially equivalent to that seen using 
matched siblings, although there is a higher incidence of complications. Simi-
larly, cord blood transplantation results in cure rates similar to those seen with 
matched unrelated transplants and may result in reduced relapse rates in those 
with MRD at the time of transplant.19 Autologous hematopoietic stem cell 
transplantation offers an alternative for patients without matched siblings to 
serve as donors. In randomized trials, the use of autologous transplantation 
after consolidation chemotherapy significantly prolonged the duration of disease-
free survival for patients with AML in first remission but did not alter overall 
survival compared with chemotherapy alone.

Treatment of AmL in Patients Not candidates for  
intensive Therapy

Recent studies have demonstrated that the benefits of intensive chemo-
therapy are reduced in older, medically less fit patients. Alternatives to intensive 
chemotherapy include support care alone, low-dose cytarabine, or use of a 
DNA methyltransferase inhibitor (e.g., azacitidine or decitabine).

In a randomized trial in patients age 65 years or older with newly diagnosed 
AML, azacitidine increased median overall survival from 6.5 months to 10.4 
months compared with conventional care regimens (best supportive care or 
standard induction chemotherapy or low-dose cytarabine), and its safety was 
consistent with its known safety profile in other trials. A8  Recently, the oral BCL2 
inhibitor venetoclax has been approved for use with a DNA methyltransferase 
inhibitor or low-dose cytarabine in people with AML considered unsuited for 
intensive chemotherapy. For the same target patient population, the hedgehog 
signaling pathway inhibitor glasdegib has been approved for use together 
with low-dose cytarabine. Uncontrolled studies suggest that a 10-day course 
of decitabine may be superior to shorter courses, especially in patients with 
adverse-risk AML, including those with TP53 mutations.20

In older patients with AML who are ineligible for intensive chemotherapy, 
single-agent gemtuzumab ozogamicin, as compared with best supportive care 
(including hydroxyurea), modestly improved overall survival without excess 
serious adverse events. A9 

Treatment of Acute Promyelocytic Leukemia
CR can be induced in at least 90% of patients with APL by using ATRA (45 mg/

m2/day until CR is achieved) in combination with an anthracycline. Patients 
treated with ATRA usually have their coagulation disorders corrected within 
several days. A unique toxicity of ATRA in the treatment of APL is the develop-
ment of hyperleukocytosis accompanied by respiratory distress and pulmonary 
infiltrates. This differentiation syndrome responds to temporary discontinuation 
of ATRA and the addition of corticosteroids. By combining ATRA with anthra-
cyclines for induction and consolidation and then using ATRA as maintenance 
therapy, approximately 70% of patients can be cured. Arsenic trioxide (0.15 mg/
kg/day until CR is achieved) is effective in patients with recurrent APL and 
appears to improve overall survival if used as part of consolidation therapy for 
patients in their first CR. The combination of ATRA plus arsenic trioxide without 
any chemotherapy has recently been shown to be superior to the standard 
ATRA-chemotherapy combination for patients with low- to intermediate-risk 
APL (i.e., those who present with white blood cell counts <10,000/µL). A10 

 MANAGEMENT OF COMPLICATIONS
Treatment of acute leukemia, especially AML, is accompanied by a number 
of complications, the two most serious and frequent being infection and bleed-
ing. During the granulocytopenic period that follows induction and consolida-
tion chemotherapy, the risk for bacterial infection is high. Antibiotic prophylaxis 
significantly decreased infection-related deaths in afebrile neutropenic patients, 
with the best results seen with quinolones. Despite prophylaxis, many patients 



CHAPTER 173 The AcuTe LeukemiAs 1216.e1

E-TABLE 173-2 2017 EUROPEAN LEUKEMIANET 
CYTOGENETIC/MOLECULAR RISK 
STRATIFICATION OF AML

SUBSET
Favorable t(8;21)(q22;q22.1); RUNX1-RUNX1T1

inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow*
Biallelic mutated CEBPA

Intermediate Mutated NPM1 and FLT3-ITDhigh*
Wild type NPM1 without FLT3-ITD or with FLT3-ITDlow* 

(w/o adverse-risk genetic lesions)
t(9;11)(p21.3;q23.3); MLLT3-KMT2A†

Cytogenetic abnormalities not classified as favorable or adverse
t(6;9)(p23;q34.1); DEK-NUP214
t(v;11)(v;q23.3); KTM2A rearranged
T(9;22)(q34.1;q11.2); BCR-ABL1

Adverse inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2, MECOM 
(EVI1)

−5 or del(5q); −7; −17/abnl(17p)
Complex karyotype,‡ monosomal karyotype
Wild type NPM1 and FLT3-ITDhigh*

Adverse Mutated RUNX1§

Mutated ASXL1§

Mutated TP53
*Low, low allelic ratio (<0.5); high, high allelic ratio (≥0.5).
†Takes precedence over rare, concurrent adverse-risk gene mutations.
‡Three or more unrelated chromosome abnormalities in the absence of one of the WHO-designated 
recurring translocations or inversions, that is, t(8;21), inv(16) or t(16;16), t(9;11), t(v;11)
(v;q23.3), t(6;9), inv(3) or t(3;3).
§These markers should not be used as an adverse prognostic marker if they co-occur with 
favorable-risk AML subtypes.



become febrile while neutropenic, and patients can still develop important 
infections. The most common bacterial species vary somewhat from medical 
center to medical center, but Staphylococcus (primarily S. epidermidis) and 
Enterococcus species are the most frequent gram-positive organisms, whereas 
Pseudomonas aeruginosa and enteric organisms such as Escherichia coli and 
Klebsiella species are the most common gram-negative organisms isolated.

Even if no cause for fever is found, bacterial infection should be assumed, 
and, in general, all patients with fever and neutropenia should receive broad-
spectrum antibiotics (Chapters 158 and 265). Monotherapy with an intravenous 
antipseudomonal agent, such as a carbapenem (e.g., imipenem-cilastatin), a 
cephalosporin (e.g., cefepime), or an antipseudomonal penicillin (e.g., 
piperacillin-tazobactam), is recommended as empirical therapy. Vancomycin 
should not be part of standard coverage in most patients but may be used in 
those with suspected catheter infections or severe mucositis and in patients 
with hemodynamic instability or altered mental status. Combination therapy 
with other gram-negative agents (e.g., aminoglycosides) may be needed. Once 
begun, antibiotics should be continued until patients recover their granulocyte 
counts, even if they become afebrile first. If documented bacteremia persists 
despite appropriate antibiotics, the physician should consider removal of 
indwelling catheters.

Invasive fungal infections are also common following chemotherapy for 
acute leukemia and are associated with significant morbidity and mortality. 
Antifungal prophylaxis is associated with a significant reduction in death from 
fungal infection in patients with AML receiving induction chemotherapy. 
Posaconazole is considered by many to be more effective than fluconazole or 
itraconazole. In addition to being granulocytopenic, patients undergoing induc-
tion chemotherapy for leukemia have deficient cellular and humoral immunity, 
at least temporarily, and therefore are subject to infections common in other 
immunodeficiency states, including Pneumocystis jirovecii (formerly Pneumocystis 
carinii) infection and a variety of viral infections. P. jirovecii infection can be 
prevented by the prophylactic use of trimethoprim-sulfamethoxazole. In 
cytomegalovirus (CMV)–seronegative patients, CMV-seronegative or 
leukocyte-reduced blood products should be used to prevent primary infec-
tion (Chapter 352). Herpes simplex (Chapter 350) can often complicate 
existing mucositis and can be prevented with prophylactic acyclovir. Acyclovir 
is also useful for the prevention and treatment of herpes zoster (Chapter 351).

Myeloid growth factors (granulocyte or granulocyte-macrophage colony-
stimulating factor; Chapter 147), if given shortly after the completion of 
chemotherapy, shorten the period of severe myelosuppression by, on average, 
4 days. In most studies, this accelerated recovery has resulted in fewer days 
with fever and less use of antibiotics, but it has not improved the complete 
response rate or altered survival.

The platelet count that signals a need for platelet transfusion has been the 
subject of debate. Traditionally, platelet transfusions from random donors 
were used to maintain platelet counts greater than 20,000/µL, but more recently 
it has been demonstrated that lowering this threshold to 10,000/µL is safe in 
patients with no active bleeding. In contrast, a no-prophylaxis strategy results 
in more days with bleeding and a shorter time to first bleeding episode and 
therefore is not recommended. A11  In 30 to 50% of cases, patients eventually 
become alloimmunized and require the use of HLA-matched platelets (Chapter 
167). Transfusion-induced graft-versus-host disease (Chapter 167), manifest-
ing as a rash, low-grade fever, elevated values in liver function tests, and decreas-
ing blood counts, can be prevented by irradiating all blood products before 
transfusion.
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Answer: C See Döhner H, Estey E, Grimwade D, et al. Diagnosis and manage-
ment of AML in adults: 2017 ELN recommendations from an international 
expert panel. Blood. 2017;129:424-447. Also see Lancet JE, Uy GL, Cortes JE, 
et al. CPX-351 (cytarabine and daunorubicin) liposome for injection versus 
conventional cytarabine plus daunorubicin in older patients with newly diag-
nosed secondary acute myeloid leukemia. J Clin Oncol. 2018;36:2684-2692.

4. A 22-year-old man presents with easy bruising and pallor. A peripheral 
blood examination shows a hematocrit of 29%, a white blood cell count 
of 4000/µL with 10%, and a platelet count of 35,000/µL. A bone marrow 
examination shows 45% myeloblasts with normal cytogenetics. Molecular 
testing shows a mutation in RUNX1. The patient is treated with combination 
chemotherapy and achieves a complete remission. He has three siblings, all 
of whom are reported to be healthy. What is the next step in this patient’s 
care?
 A. Treat with conventional consolidation chemotherapy.
 B. Perform a skin biopsy, and send for mutational analysis to determine 

whether he has a germline mutation.
 C. Begin HLA typing of his three siblings.
 D. Begin an unrelated donor search.
 E. Store his own stem cells and proceed to an autologous transplant.

Answer: B See Godley LA. Inherited predisposition to acute myeloid leu-
kemia. Semin Hematol. 2014;51:306-321.

5. A 66-year-old man presents with fatigue and is found to have pancytopenia 
with a hematocrit of 31%, a white blood cell count of 2300/µL with periph-
eral blasts, and a platelet count of 9000/µL. A bone marrow study shows 
60% myeloblasts consistent with acute myeloid leukemia (AML). The 
patient had previously been in outstanding health. The choice is made to 
attempt induction therapy with daunorubicin and cytarabine. Which of 
the following statements is correct concerning prophylaxis against bleeding 
during induction?
 A. No platelet prophylaxis is necessary. It is sufficient to wait until clinical 

evidence of bleeding (petechiae or ecchymoses) for transfusing 
platelets.

 B. Prophylactic platelet transfusions from random donors should be given 
when platelet counts drop below 10,000/µL.

 C. Prophylactic platelet transfusions from random donors should be given 
when platelet counts drop below 20,000/µL.

 D. Prophylactic platelet transfusions from HLA-matched donors should 
be given when platelet counts drop below 10,000/µL.

 E. Prophylactic platelet transfusions from HLA-matched donors should 
be given when platelet counts drop below 20,000/µL.

Answer: B See Stanworth SJ, Estcourt LJ, Powter G, et al. A no-prophy-
laxis platelet-transfusion strategy for hematologic cancers. N Engl J Med. 
2013;368:1771-1780.

REVIEW QUESTIONS

1. A 45-year-old man presents with pallor and recurrent nosebleeds and is 
found to be pancytopenic with a hematocrit of 22%, a white blood cell 
count of 45,000/µL with peripheral blasts, and a platelet count of 13,000/µL. 
A bone marrow examination shows 55% myeloblasts consistent with acute 
myeloid leukemia. Molecular testing reveals FLT3-ITD with an allelic ratio 
of 0.3. Assuming that a matched related or unrelated donor can be found, 
which of the following statements is correct?
 A. Because of the low allelic ratio, there is no evidence that midostaurin 

is of benefit, and the patient is not at increased risk for relapse. Thus, 
the patient should be treated with conventional induction and consoli-
dation chemotherapy.

 B. Because of the low allelic ratio, there is no evidence that midostaurin 
is of benefit, and so the patient should be treated with conventional 
chemotherapy followed by allogenic transplantation in first remission.

 C. Despite the low allelic ratio, midostaurin should be added as induction, 
consolidation, and maintenance, and with the addition of midostaurin, 
transplantation is no longer indicated.

 D. Despite the low allelic ratio, midostaurin should be added as induction 
and consolidation; transplantation is still indicated, but there is no evi-
dence that midostaurin maintenance after transplantation is of benefit.

 E. Despite the low allelic ratio, midostaurin should be added during induc-
tion, consolidation, and as post-transplant maintenance.

Answer: D See Stone RM, Mandrekar SJ, Sanford BL, et al. Midostaurin plus 
chemotherapy for acute myeloid leukemia with a FLT3 mutation. N Engl J 
Med. 2017;377:454-464.

2. A 42-year-old woman presents with diffuse severe arthralgias and is found 
to have a hematocrit of 33%, a white blood cell count of 11,000/µL with 
peripheral blasts, and a platelet count of 45,000/µL. A bone marrow exami-
nation is consistent with acute lymphoblastic leukemia, and the blasts are 
positive by flow cytometry for CD10, CD19, CD20, CD22, and CD45. 
Cytogenetics are normal. What is the most appropriate initial therapy?
 A. Prednisone, vincristine, daunorubicin, l-asparaginase, plus the tyrosine 

kinase inhibitor imatinib
 B. Prednisone, vincristine, daunorubicin, l-asparaginase, plus the anti-CD19 

bi-specific T-cell–engaging antibody blinatumomab
 C. Prednisone, vincristine, daunorubicin, l-asparaginase, plus the anti-CD20 

antibody rituximab
 D. Prednisone, vincristine, daunorubicin, l-asparaginase, plus the anti-CD22 

antibody-drug conjugate inotuzumab ozogamicin
 E. Prednisone, vincristine, daunorubicin, l-asparaginase, plus anti-CD19 

chimeric antigen receptor T cells.
Answer: C See Maury S, Chevret S, Thomas X, et al. Rituximab in B-lineage 
adult acute lymphoblastic leukemia. N Engl J Med. 2016;375:1044-1053.

3. A 63-year-old man with known myelodysplasia presents with increasing 
red blood cell transfusion requirements. His peripheral counts now show 
a hematocrit of 25%, a white blood cell count of 2300/µL, and a platelet 
count of 43,000/µL. An occasional circulating blast is seen. A bone marrow 
examination shows 23% blasts, which has increased from a level of 5% 6 
months earlier. Cytogenetics show trisomy 8. The patient is otherwise 
healthy and is known to have an HLA-matched brother. What is the most 
appropriate therapy for this man?
 A. Immediate allogeneic hematopoietic cell transplantation from his brother
 B. Standard induction and consolidation chemotherapy
 C. Induction and consolidation chemotherapy with CPX-351 followed by 

allogeneic transplantation in first remission
 D. Azacytidine until disease progression, then allogeneic transplantation
 E. Four cycles of azacytidine followed by allogeneic transplantation



CHAPTER 174 ChroniC LymphoCytiC Leukemia 1217

174 
CHRONIC LYMPHOCYTIC LEUKEMIA
JOHN C. BYRD

 DEFINITION
Chronic lymphocytic leukemia (CLL) is a very well characterized neoplas-
tic process that arises from the B-cell compartment of the adaptive immune 
system. These CLL cells are commonly identified in the blood, bone marrow, 
lymph nodes, spleen, liver, and sometimes other body tissues of patients. 
The disseminated nature of these tumor cells at the time of diagnosis is one 
hallmark of leukemia. CLL cells have typically identical surface antigens, a 
common immunoglobulin gene rearrangement, and epigenetic marks that 
suggest their common derivation from a single transformed cell. The improved 
understanding of CLL biology has led to significant therapeutic advances in 
treating both the complications and symptoms of this disease with either 
potentially curative chemoimmunotherapy or targeted immune therapy that 
in many patients provides continuous lifelong treatment without impairment 
in overall survival (OS).

 EPIDEMIOLOGY
CLL is the most prevalent type of leukemia in the western hemisphere, and 
its frequency is second only to that of acute myeloid leukemia (AML). CLL 
is a disease of older adults, being diagnosed at a median age of 72 years, with 
approximately one third of patients being younger than 60 years and 10% 
younger than 50 years. CLL generally does not occur in adolescents or young 
adults. Like most adult leukemias, CLL occurs more commonly in men and 
is more common in white patients than Native American or black patients. 
CLL is rare among Asians and Pacific Islanders, even immigrants from those 
areas who have moved to the western hemisphere. Although age at diagnosis 
influences CLL-related mortality, with older patient’s lives being proportion-
ately shortened more than younger patients, there is no apparent relationship 
between race or ethnic background and outcome.

CLL is a cancer in which a higher than normal percentage (5 to 10%) of 
patients have a first-degree relative with this disease. The varied frequency of 
CLL among different ethnic and racial backgrounds further suggests a genetic 
predisposition to CLL. In some patients there are impressive multigeneration 
pedigrees of CLL occurrence. Unlike many other types of cancer, there are 
no known common predisposition genes (>1% frequency) that can be exam-
ined for variant DNA codes that predispose to CLL risk. This likely reflects 
the role of low penetrant genes or multiple cooperating genes that contribute 
to predisposition, potentially in concert with immune surveillance and envi-
ronmental exposure. Supporting this hypothesis is the absence of definite 
anticipation (earlier diagnosis of CLL by generation) among families with 
strong predisposition. In most CLL patients, there is no known identifiable 
cause or risk factor identified as predisposing to CLL. Epidemiology studies 
have suggested a variable relationship to pesticide or benzene exposure and 
among farmers compared with city-dwelling individuals, although no defini-
tive data exist. However, CLL is recognized as a service-connected illness 
among Vietnam War veterans who were exposed to Agent Orange directly in 
the theater or in supportive roles where this chemical was frequently used 
(http://www.publichealth.va.gov/exposures/agentorange/). CLL represents 
the only type of leukemia for which no definitive relationship to occupational 
or environmental exposure to radiation exists.

http://www.publichealth.va.gov/exposures/agentorange/
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ABSTRACT
Chronic lymphocytic leukemia is the most prevalent adult leukemia in the 
western hemisphere. It is defined by both the immunophenotype of the malig-
nant B cell and the transition point in B-cell development where transformation 
occurs. The disease often presents asymptomatically but progresses to symp-
toms involving enlarged nodes, bone marrow cytopenias, and constitutional 
symptoms. Disease-related complications include increased infection risk, 
secondary cancers, and autoimmune complications. Therapy has advanced 
significantly with targeted therapies, and chemotherapy-free treatment will 
likely be widely applied in this disease.
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hemolytic anemia, immune-mediated thrombocytopenic purpura, or B symp-
toms (fevers, night sweats, and weight loss). In patients presenting with symp-
tomatic disease, it is much more common to find a history of frequent infections 
that generally corresponds to progressive immune suppression associated with 
more advanced CLL. A small proportion of CLL patients will have disease 
identified during routine procedures (e.g., prostate biopsy, colonoscopy, skin 
biopsy) that show tissue infiltration by CLL cells.

 DIAGNOSIS
For many years the diagnosis of CLL has been made based on morphologic 
criteria of mature lymphocytes on the blood smear with an abundance of 
smudge cells. Smudge cells are an artificial remnant of the blood smear prepa-
ration. Figure 174-1 shows the mature lymphocytic appearance of CLL cells 
in bone marrow (left panel), lymph node (upper right), and peripheral blood 
(lower right). Even though CLL cells have a distinct mature appearance, other 
B-cell malignancies can mimic this diagnosis, including mantle cell lymphoma, 
follicular lymphoma, marginal zone lymphoma, hairy cell leukemia, and mature 
T-cell lymphoma (Chapter 176). Table 174-1 summarizes typical tests that 
are most useful in the initial work-up of CLL. Of greatest help to distinguish 
CLL from other diagnoses is immunophenotyping by flow cytometry. CLL 
cells have a relatively consistent immunophenotype, with expression of dim 
surface immunoglobulin (sIg), CD19, dim CD20, and CD23, as well as the 
pan-T-cell marker CD5. MBL, the precursor to CLL (see Pathobiology), has 
an identical phenotype and is distinguished from CLL by an absolute number 
of monoclonal B cells in the blood less than 5 × 109/L and the absence of 
cytopenias, adenopathy, and splenomegaly. A separate variant of CLL is small 

 PATHOBIOLOGY
Through many decades of research, the origin and progression of CLL have 
become clear. Emerging data suggest that CLL patients have lymphoid-primed 
precursor hematopoietic stem cells. As these cells differentiate to mature 
hematopoietic B cells, acquisition of mutations, alternative genetic rearrange-
ments, and fixed developmental epigenetic changes result in the emergence 
of often multiple clonally rearranged B cells that exist in small numbers. These 
cells have a distinct immunophenotype with surface expression of CD19, 
CD20 (dim), CD22, CD23, and CD200 and coexpression of the T-cell marker 
CD5 with associated dim surface immunoglobulin that is kappa or lambda 
restricted. At the time of transformation to this clone, a distinct immuno-
globulin gene rearrangement develops that is associated with the disease. 
Additionally, wherever transformation occurs in the developmental pathway 
of normal B cells, an epigenetic signature1 will accompany it and persist over 
the entire disease course.

Monoclonal B-Cell Lymphocytosis
With time and potentially additional mutations or genetic events, one or a 
select few of these clones develops additional robust growth and/or immune 
evasive features and ultimately expands in the patient at a subclinical level of 
disease. This subclinical precursor of CLL is termed monoclonal B-cell lym-
phocytosis (MBL; also see later under Differential Diagnosis) and has many 
similarities to monoclonal gammopathy of uncertain significance (MGUS) 
in its relationship to multiple myeloma (Chapter 178). The frequency of MBL 
increases from 3% at age 50 years to more than 10 to 15% in patients older 
than 80 years. Of the patients with MBL, 1 to 2% will progress each year to 
meet the criteria of CLL (i.e., 5 × 109/L malignant B cells of the CLL pheno-
type in the blood), and risk for progression is best predicted by the absolute 
lymphocyte count. Even at the early precursor state of MBL, cellular and 
innate immune suppression is significant, with a higher risk for infections and 
secondary malignancies that increases morbidity in this patient group. This 
early profound cellular and innate immune suppression reflects the importance 
of immune surveillance in CLL. With progression to overt CLL and later 
progressive CLL requiring therapy, immune suppression becomes even more 
profound, emphasizing the interdependence between tumor and immune 
surveillance in development of this disease.

Genetics, Mutations, and Epigenetics
The genetics of CLL are best characterized at the time the disease has fully 
manifested, rather than at the precursor state (MBL) where both the develop-
ment and significance of many of these aberrations are less well defined. At 
the time that CLL fully manifests, a clonal cell of origin with either an unmu-
tated immunoglobulin heavy chain and light chain rearrangement corresponding 
to an early derived, pregerminal center B cell or a mutated immunoglobulin 
heavy chain and light chain rearrangement related to a postgerminal center B 
cell is seen. This is typically assessed clinically by examining the mutational 
status of the IGHV (immunoglobulin heavy chain variable sequence) to deter-
mine whether it is unmutated (<2% variation from germline) or mutated 
(≥2% variation from germline). Patients with IGHV unmutated CLL have 
heightened activation of the B-cell signaling pathway in all disease compart-
ments, increased proliferation, clonal evolution over time, and select genetic, 
mutational, and epigenetic findings. Similarly, IGHV mutated patients have 
evidence of activation of B-cell receptor pathway in select compartments, 
select genetic, mutational, and epigenetic findings that correspond to less 
proliferation and clonal evolution over time. At the present time, the classifica-
tion of CLL discriminates between IGHV unmutated and IGHV mutated 
disease; integration of different biologic components (particularly epigenetic) 
may refine this differentiation further in the future.

Our genetic understanding of CLL was initially derived from classic meta-
phase cytogenetics that are dependent on growth to visualize abnormalities in 
the chromosomes. Because CLL is a slowly dividing B-cell tumor, metaphase 
cytogenetic analysis is only successful in 20 to 30% of patients and often 
does not identify small deletions commonly observed in this disease. Thus 
fluorescence in situ hybridization of interphase cells has been adapted as a 
better technique to identify common deletions and/or trisomy abnormalities 
seen in CLL, including del(13)(q14), del(11)(q22.3), del(6)(q22), del(17)
(p13.1), and trisomies 12, 8, and 3. Amplification of chromosome 2p or myc 
can also occur. Unlike AML and ALL, balanced translocations in CLL are 
rare and typically involve either the heavy chain region with BCL2, BCL3, 
or less common fusion partners. Efforts to improve metaphase karyotype 
analysis through use of cytokines to promote CLL cell proliferation in vitro 

(stimulated metaphase karyotype) have more recently been employed to increase 
sensitivity to identify most of the common CLL aberrations, balanced and 
unbalanced translocations, and genetic complexity (3 or more distinct chro-
mosomal aberrations), which portend adverse outcome. IGHV unmutated 
disease typically encompasses most patients with del(11)(q22.3), del(17)
(p13.1), and complex karyotype, whereas other genomic aberrations are less 
associated with IGHV mutational status.

Separate from cytogenetic aberrations driving CLL are other biologic 
processes such as mutations and epigenetic modulation of coding and non-
coding genes. Next-generation sequencing techniques developed over the past 
decade have shown that CLL has a low mutation rate (approximately 20 per 
exome examined), with multiple recurrent mutations including, but not limited 
to, NOTCH1, SF3B1, ATM, TP53, CH2, POT1, BRAF, BIRC3, EGR2, XPO1, 
MYD88, RPS15, IKZF3, FBXW7, DDX3X, NFKBIE, MED12, and many others. 
Only a few of these mutations (NOTCH1, SF3B1, and ATM) occur in the 15 
to 20% range of patients, making CLL different from other B-cell malignancies 
such as hairy cell leukemia (BRAF) and Waldenström macroglobulinemia 
(MYD88), in which a common mutation virtually defines the disease. It is 
more likely that CLL reflects a cooperativity of these specific gene mutations 
with other features of CLL.2 This is best exemplified by the occurrence of 
certain mutations (NOTCH1, SF3B1, ATM, TP53, XP01, BIRC3, and EGR2) 
in CLL subtypes with IGHV unmutated CLL whereas others such as MYD88 
and KLHL6 are more frequent in IGHV mutated CLL.

Findings related to epigenetic features of CLL have further advanced our 
understanding of CLL development and progression. Two particular areas 
are relevant. First are the patterns of gene methylation, which parallel the 
developmental maturation of normal B cells and change little over the evolu-
tion of the disease. Such analysis identifies three distinct groups (low, inter-
mediate, and high programmed CLL) corresponding to IGHV unmutated, a 
subset of IGHV unmutated and mutated, and IGHV mutated CLL. Separate 
from this, investigation of several of the deletions in CLL, such as the most 
common, del(13)(q14), shows that they correspond to small deleted regions 
where microRNAs such as mir-15 and miR-16 exist. When silenced, these 
miRs contribute to the pathogenesis of CLL by failing to suppress BCL2 and 
other genes, ultimately leading to the development of CLL. Indeed, mice with 
silencing of these miRs silenced a disease similar to human CLL. Other under-
expressed (miR-34a, mir-29b) and overexpressed (mIR-21, miR-155) miRs 
have also been linked to the pathogenesis and progression of CLL.

Immune Suppression
Immune dysfunction plays a major contributing role in the early and late 
progression of CLL and is a major cause of morbidity and mortality in this 
disease.3 Even in the precursor MBL phase, evidence of innate, humoral, and 
cellular immune dysfunction is present, and these patients have a higher fre-
quency of serious infections and secondary malignancies than the age- and 
sex-matched population. At the time of CLL diagnosis, T cells show profound 
defects in function, proliferative capacity, and cytokine secretion. CLL T cells 
show evidence of chronic stimulation and also exhibit features of T-cell exhaus-
tion that become more apparent as the disease progresses. Over time, regula-
tory T cells increase and exert additional cellular immune suppression. Humoral 
immune dysfunction is also quite frequent in CLL, with more than 50% of 
patients having at least one component of immunoglobulin decreased and 
with virtually all subsets becoming low by the time patients have progressed 
to symptomatic disease. The combined cellular and humoral immune defects 
in CLL lead to diminished vaccine response that is present even at diagnosis 
and becomes progressively worse with disease progression. Innate immune 
cells, including neutrophils, monocytes, NK cells, and dendritic cells, have 
also been shown to have functional defects in CLL. As CLL progresses, abso-
lute numbers of NK cells and monocytes often decrease in number. Collectively, 
these profound immune defects contribute greatly to the many complications 
arising in CLL patients as the disease progresses.

 CLINICAL MANIFESTATIONS
Approximately 75% of patients are asymptomatic at diagnosis; the diagnosis 
is made as a consequence of asymptomatic lymphocytosis observed at the 
time of a routine physical exam or evaluation for an unrelated medical ailment. 
In other cases, patients have an extended history of asymptomatic enlarged 
lymph nodes detected by the patient or health care provider during a physical 
examination for another cause or as part of a routine health care evaluation. 
A small group of patients presents with symptomatic lymph node or spleen 
enlargement (early satiety), symptoms of marrow replacement (fatigue, dyspnea, 
or petechiae secondary to anemia and thrombocytopenia), autoimmune 
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lymphocytic lymphoma (SLL; see Differential Diagnosis), in which adenopathy 
is present with an immunophenotype identical to CLL but the absolute number 
of monoclonal B cells in the blood is less than 5 × 109/L. Because CLL and 
SLL share identical immunophenotype and genetic features, they are now 
considered different presentations of the same disease. An immunophenotype 
showing the presence of CD10, FMC7, or CD79b (all typically absent on 
CLL cells) or bright expression of CD11c, CD20, or CD25 (all typically dim 
on CLL cells) suggests an alternative low-grade B-cell lymphoproliferative 
malignancy or a variant that often is typical of trisomy 12 (Table 174-2). 
Expression of CD5 without CD23 suggests mantle cell lymphoma (Chapter 
176), and fluorescence in situ hybridization (FISH) for t(11;14) or immu-
nohistochemical staining for CCND1 overexpression should be performed 
because both the treatment and natural history of this disease are different. 
Repeat immunophenotyping is generally done only to confirm tumor antigen 
expression if antibody-based therapy is to be undertaken. A bone marrow 
biopsy and aspirate are typically not required to make a diagnosis of CLL. 
Similarly, a confirmatory lymph node biopsy is not required at the time of 
diagnosis of CLL unless an alternative diagnosis is suspected. Additionally, 
there is no value in use of computed tomography or positron emission tomog-
raphy at time of CLL diagnosis to identify internal nodes in the absence of 
symptoms.

Differential Diagnosis
A wide variety of diseases can cause lymphocytosis in addition to CLL and its 
variants. These include infections, particularly viral infections such as Epstein-
Barr virus mononucleosis and cytomegalovirus (especially in children and young 
adults), as well as some bacterial and parasitic infections, chronic inflammatory 
disorders, and autoimmune syndromes. These reactive forms of lymphocytosis 
tend to exhibit pleomorphic lymphocytes on peripheral blood smear as opposed 
to the more monotonous, homogeneous lymphocytes seen with CLL; when 
doubt persists, immunophenotypic studies (e.g., by flow cytometry) can readily 
distinguish between the nonclonal nature of reactive lymphocytosis and the 
clonality of CLL and its variants. The following distinct disorders may share 
some features of CLL and should be differentiated.

Monoclonal B-Cell Lymphocytosis
It is now recognized from analysis of stored blood samples that practically all 
patients with established CLL had monoclonal B-cell lymphocytosis many 
years before their clinical diagnosis of CLL. This entity was discussed in more 
detail in the earlier section on Pathology.

Large Granular Lymphocyte Leukemia
This is most commonly an indolent clonal disorder of either T lymphocytes 
(most frequently) or natural killer (NK) cells. Large granular lymphocyte 
(LGL) cells, which normally circulate in low numbers, are readily identified 
in peripheral blood smears as larger-than-normal lymphocytes with round 
nuclei staining for mature chromatin and with abundant cytoplasm containing 
azurophilic granules. However, morphology alone is not diagnostic because 
LGL cells are indistinguishable from normal reactive cytotoxic lymphocytes. 
The indolent T-cell and NK-cell LGL leukemias, which may never require 
definitive treatment, are often associated with cytopenias and autoimmune 
disorders, especially rheumatoid arthritis. They should be distinguished from 
the rare aggressive NK-cell leukemia.

Small Lymphocytic Lymphoma
SLL (Chapter 176) shares histopathologic and immunophenotypic features 
with CLL, differing only in the lack of lymphocytosis in the peripheral blood. 
They are both indolent B-cell malignancies that are often considered to be 
different clinical presentations of one disease.

hemolytic anemia, immune-mediated thrombocytopenic purpura, or B symp-
toms (fevers, night sweats, and weight loss). In patients presenting with symp-
tomatic disease, it is much more common to find a history of frequent infections 
that generally corresponds to progressive immune suppression associated with 
more advanced CLL. A small proportion of CLL patients will have disease 
identified during routine procedures (e.g., prostate biopsy, colonoscopy, skin 
biopsy) that show tissue infiltration by CLL cells.

 DIAGNOSIS
For many years the diagnosis of CLL has been made based on morphologic 
criteria of mature lymphocytes on the blood smear with an abundance of 
smudge cells. Smudge cells are an artificial remnant of the blood smear prepa-
ration. Figure 174-1 shows the mature lymphocytic appearance of CLL cells 
in bone marrow (left panel), lymph node (upper right), and peripheral blood 
(lower right). Even though CLL cells have a distinct mature appearance, other 
B-cell malignancies can mimic this diagnosis, including mantle cell lymphoma, 
follicular lymphoma, marginal zone lymphoma, hairy cell leukemia, and mature 
T-cell lymphoma (Chapter 176). Table 174-1 summarizes typical tests that 
are most useful in the initial work-up of CLL. Of greatest help to distinguish 
CLL from other diagnoses is immunophenotyping by flow cytometry. CLL 
cells have a relatively consistent immunophenotype, with expression of dim 
surface immunoglobulin (sIg), CD19, dim CD20, and CD23, as well as the 
pan-T-cell marker CD5. MBL, the precursor to CLL (see Pathobiology), has 
an identical phenotype and is distinguished from CLL by an absolute number 
of monoclonal B cells in the blood less than 5 × 109/L and the absence of 
cytopenias, adenopathy, and splenomegaly. A separate variant of CLL is small 

FIGURE 174-1. Chronic lymphocytic leukemia bone marrow, lymph node, and blood 
morphology. (Courtesy of Gerard Lozanski.)

TABLE 174-1 USEFUL TESTS IN THE EVALUATION OF 
PATIENTS WITH CHRONIC LYMPHOCYTIC 
LEUKEMIA

Blood immunophenotype (flow cytometry)
IGHV mutational status
Interphase cytogenetics
Serum immunoglobulin levels
TP53 mutation test
β2-microglobulin level

TABLE 174-2 TYPICAL IMMUNOPHENOTYPE OF CHRONIC LYMPHOCYTIC LEUKEMIA COMPARED WITH OTHER B-CELL 
MALIGNANCIES

DISEASE CD5 CD10 CD19 CD20 CD23 CYCLIN D1 SURFACE IMMUNOGLOBULIN
Chronic lymphocytic leukemia + − + + (dim) + − +(dim)
Mantle cell lymphoma + − + + (mod/bright) − + + (mod/bright)
Marginal zone lymphoma −/+ − + + (mod/bright) −/+ − + (mod/bright)
Follicular lymphoma − + + + + −
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stage of disease at diagnosis. The majority of CLL patients have early-stage 
disease, in which unfortunately the Rai staging system does not discriminate 
outcome well. The advancement of our understanding of the biology and 
genetics of CLL has resulted in a more comprehensive way to stage CLL 
patients with early-stage disease to predict outcome.4 The CLL International 
Prognostic Index5 divides patients into five distinct groups based on clinical 
features, IGHV, and the presence or absence of TP53 mutation and/or del(17)
(p13.1) and is highly predictive of long-term outcome, even in early Rai stages 
0 to 1 disease. This staging system is also valuable for predicting outcome in 
patients receiving chemoimmunotherapy but has yet to be tested for other 
targeted treatments used in CLL.

Given the ready availability of CLL tumor cells from blood, prognostic 
studies have examined the impact of specific disease characteristics on (1) 
time from diagnosis to treatment (treatment-free survival [TFS]); (2) time 
from diagnosis to death (OS); and (3) specific treatment response and dura-
tion. Because CLL is often asymptomatic at diagnosis and the standard of 
care is observation until disease-related symptoms or laboratory findings 
(anemia or thrombocytopenia) develop, TFS from diagnosis is the most 
common parameter examined for clinical outcome. Well-studied parameters 
that demonstrate independent prognostic significance for TFS are recom-
mended as part of the initial evaluation and are summarized next.

Cytogenetics are often examined using FISH for specific aberrations such 
as del(17)(p13.1) and del(11)(q22.3), which portend a short TFS (approxi-
mately 1 to 2 years), although extended treatment-free intervals can be seen 
in some patients.6 In contrast, other common interphase abnormalities such 
as del(13)(q14), del(6)(q23), and trisomy 12 confer an intermediate or favor-
able prognosis depending on the patient’s IGHV mutational status. Stimulated 
karyotype analysis (only available in limited sites) identifies poor prognosis 
findings like del(17)(p13.1) and del(11)(q22.3) aberrations and also trans-
locations and complex karyotype that likewise portend a short TFS.

The β2-microglobulin (β2M) is an extracellular protein component of the 
human leukocyte antigen class I complex. β2M has been shown to have 
significant prognostic relevance in lymphoma and multiple myeloma and 
correlates with disease burden in CLL. Multiple studies have shown its 
value in predicting TFS. Because β2M is cleared by the kidney, impairment 
in renal function greatly affects this test, and it must be discounted in this  
setting.

IGHV gene mutational analysis suggests that there may be two subsets of 
CLL: leukemias whose cell of origin has successfully traversed the germinal 
center, resulting in the mutated IGHV phenotype, and leukemias that are 
derived from naïve B cells with the unmutated (germline) IGHV sequence. 
Approximately 60% of CLL patients have cells with mutated IGHV genes 
(<98% sequence identity to germline), whereas the remaining patients have 
cells exhibiting unmutated IGHV (≥98% sequence identity with germline), 
typical of pregerminal B cells. The absence of IGHV gene mutations is asso-
ciated with short event-free survival (EFS) in many studies. Patients with 
IGHV unmutated disease have a median TFS of 2 to 3 years, and all patients 
eventually require therapy by 12 years of follow-up, whereas those with IGHV 
mutated disease have an approximately 40% need for treatment at an average of 
6 to 8 years. Because IGHV unmutated patients also are predisposed to other 
CLL-related complications, including autoimmune disorders, infections, and 
Richter transformation (see below), this test provides significant predictive 
value and is part of the CLL-IPI.

Surrogates of IGHV mutational status have been studied over the past 
two decades, in part because of the difficulty and reliability of this test 
clinically. Although CD38 expression on CLL cells was initially associated 
with IGHV unmutated diseases, subsequent studies have demonstrated 
this is not the case. CLL cell expression of the ZAP-70 protein or absence 
of methylation of this gene in 20% or more cells has been shown to be a 
good surrogate for IHGV mutational testing in several research studies, but 
operationalizing this in a clinical laboratory with reliable reproducibility has 
been challenging. Thus, ZAP-70 analysis is not a recommended test for risk  
stratification.

Select genomic mutations have been identified and, although these clearly 
relate to the biology and progression of CLL, only one mutation of the TP53 
gene has been shown to consistently affect outcome independent of other 
features for TFS.7 When TP53 is mutated, it is common for the other allele 
of this gene to be deleted. Other recently identified common driver mutations 
such as SF3B1 and NOTCH 1 are associated with shorter TFS, but commonly 
are in the IGHV unmutated group of CLL, which makes determining their 
independent prognostic impact difficult. NOTCH1 mutation is one of several 
associated with a higher frequency of Richter transformation.

Prolymphocytic Leukemias
The B-cell and T-cell prolymphocytic leukemias have distinct clinicopathologic 
features. They are both uncommon disorders with generally poor response 
to chemotherapies that are effective in CLL, with median survivals of approxi-
mately 3 to 4 years. They both present in individuals in their 60s with massive 
splenomegaly but minimal if any lymphadenopathy. In T-cell prolymphocytic 
leukemia, skin infiltration, central nervous system involvement, peripheral 
edema and/or pleuroperitoneal effusions also occur in the minority of patients. 
The prolymphocytic leukemias are characterized by markedly elevated white 
blood cell counts of typically greater than 100 × 109/L with greater than 90% 
prolymphocytes. The clonal prolymphocytes have a characteristic morphology 
on peripheral blood smear: twice the size of normal lymphocytes, round nuclei 
with moderately condensed chromatin, and a single prominent round nucleolus 
in the center of the nucleus. In the case of T-cell prolymphocytic leukemia, 
a deeply basophilic cytoplasm may have protrusions called blebs. Although 
B-cell prolymphocytic leukemia does not have a cytogenetic signature, T-cell 
prolymphocytic leukemia has complex recurrent chromosomal abnormalities. 
Diagnosis of prolymphocytic leukemia is made by integrating morphologic 
findings with specialized diagnostic tests that include immunophenotyping.

Hairy Cell Leukemia
The most common form of hairy cell leukemia is a chronic, mature B-cell 
neoplasm that is highly responsive to chemotherapy with purine analogues 
(cladribine, pentostatin). It is four to five times more frequent in men than 
women, and typically presents with pancytopenia, marked splenomegaly, but 
no lymphadenopathy, in individuals in their 50s and 60s. There is infiltration 
of the spleen, bone marrow, and liver by mature B cells that may circulate in 
low numbers in blood where they exhibit thin cytoplasmic projections (hence 
the term hairy cell) and kidney-shaped nuclei with a loose chromatin structure 
with one or two indistinct nucleoli. Practically all cases of this more common 
form of hairy cell leukemia have a diagnostic, gain-of-function BRAF V600E 
driver mutation. Patients with hairy cell leukemia usually have monocytopenia 
and, possibly partly because of this, have a predilection for tuberculosis, both 
typical and atypical, and fungal infections. They can rarely develop a form of 
vasculitis that resembles polyarteritis nodosa. A rare hairy cell leukemia-variant 
disorder can have an aggressive clinical course and poor prognosis; because 
these patients do not have the BRAF V600E mutation, this variant of the 
disorder is probably a separate disease.

T-Cell Leukemias
The predominant clinical manifestation of Sézary syndrome, a CD4+ T-cell 
malignant disorder related to mycosis fungoides, is a chronic exfoliative eryth-
roderma with a low number of circulating monoclonal T cells. Its clinical and 
laboratory differentiation from CLL is not difficult. Also a distinct disease is 
adult T-cell leukemia-lymphoma, which is associated with the retrovirus human 
T-lymphotropic virus 1 (HTLV-1), frequently presenting with lytic bone 
lesions and hypercalcemia (Chapter 354). This disease is notably found in 
Japan and the Caribbean.

Staging and Prognostic Factors
For almost 40 years, two staging systems of CLL (Rai and Binet) have been 
used; they rely predominately on the presence of findings on physical exam 
(lymph node, spleen, and liver enlargement) and the complete blood count 
(presence of lymphocytosis, anemia, and thrombocytopenia). Although both 
the Rai and Binet staging systems are predictive of CLL outcome, the former 
is more widely used in the United States. This staging system is shown in 
Table 174-3 and demonstrates progressively worse outcome with increasing 

TABLE 174-3 THE RAI STAGING SYSTEM OF CHRONIC 
LYMPHOCYTIC LEUKEMIA

CLINICAL FEATURES STAGE
Lymphocytosis only 0
Lymph node enlargement 1
Spleen or liver enlargement (by physical examination) 2
Anemia (hemoglobin <11 (g/dL) 3

Thrombocytopenia (platelets <100,000/µL) 4

TREATMENT 
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Symptoms include an asymmetrical rapidly enlarging lymph node, profound B 
symptoms (uncommon in CLL), and elevated lactate dehydrogenase or high 
standard uptake values on positron emission tomography. Clonally related 
Richter syndrome has an extremely poor outcome, even when treated with 
aggressive diffuse large B-cell lymphoma (DLBCL) therapy and allogeneic 
stem cell transplantation. In contrast, Hodgkin transformation can have a 
natural history similar to de novo disease and can be treated with combined 
chemotherapy used to treat Hodgkin disease. Similarly, a very small number 
of patients with early-stage, previously untreated CLL who present with large 
cell lymphoma that is clonally unrelated to CLL have an outcome that is 
similar to that of DLBCL and can be potentially cured with combination  
chemotherapy.

Follow-Up, Prevention, Identification, and Management  
of Complications
Although there is some debate among practitioners about the need to refer 
CLL patients early to see a specialist, education about the disease, appropriate 
follow-up, lack of evidence for early treatment in the absence of symptoms, 
and complications associated with this disease are best done by such an indi-
vidual. CLL represents one of the few cancers for which observation without 
therapy is recommended in the absence of symptoms or disease-related cyto-
penias. This recommendation comes from more than 40 years of research 
showing that early administration of less effective alkylator therapy, purine 
analogue therapy, and chemoimmunotherapy in high-risk genomic CLL does 
not improve OS compared with therapy at the time of disease symptoms or 
cytopenias. In fact, treatment with chemotherapy or chemoimmunotherapy 
does expose patients to complications, including cytopenias, infectious risk, 
and secondary malignancies. A detailed discussion with patients is required 
to diminish anxiety associated with observation without treatment. Discussion 
of the complications associated with CLL described here is also important 
to enable patients to recognize them and be proactive in their disease 
management.

Infectious Complications
Immune suppression is a key finding in CLL at diagnosis, and it progresses 
as the disease advances. CLL patients are at risk for both bacterial and viral 
infections (particularly with herpes virus family members) early, and, with 
disease progression and also treatment, opportunistic infections can also 
occur. Prompt evaluation for fever should be encouraged, and early interven-
tion for suspected infections (including influenza) should be implemented. 
Because of the immune suppression seen in CLL, response to polysaccharide 
vaccines (influenza and pneumovax) is poor, whereas response to protein 
conjugated vaccine (such as Prevnar 13) is compromised compared with 
the normal population but is detectable. CLL patients should avoid live 
attenuated vaccines because of the potential for dissemination. Patients with 
hypogammaglobulinemia and recurrent infections can benefit from immuno-
globulin replacement, but this is costly and must be decided on a case-by-case  
basis.

Autoimmune Complications
Accompanying the immune suppression in CLL is the identification of auto-
reactive polyclonal B cells with antibodies directed toward self. In CLL, these 
self immunoglobulin G (IgG) polyclonal antibodies most often affect the 
hematopoietic system, manifesting as autoimmune hemolytic anemia (AIHA) 
(Chapter 151), immune-mediated thrombocytopenia (ITP) (Chapter 163), 
and much less frequently autoimmune neutropenia. The latter is discussed in 
relation to the large granular lymphocyte syndrome in Chapter 158. No clear 
link to other autoimmune diseases (rheumatoid arthritis, lupus, and thyroid 
disease) has been shown. Onset of autoimmune cytopenias can occur in one 
or sometimes two lineages at any time in the course of the disease. However, 
most typically they occur as the disease is becoming more active. For a subset 
of patients with AIHA or for those with ITP with only modest thrombocyto-
penia, this can be compensated, leading to a preserved hemoglobin but with 
evidence of active hemolysis (elevated lactate dehydrogenase, low haptoglobin, 
high reticulocyte count). In other patients, it can present abruptly with the 
rapid onset of fatigue, jaundice, dyspnea (AIHA) or bleeding, petechiae, and 
ecchymosis (ITP). Treatment of autoimmune complications of CLL is generally 
with immunosuppressive B-cell-depleting therapies (steroids, rituximab). In 
many patients, AIHA and ITP are a recurring problem as the disease evolves.

Secondary Cancers
Because of immune suppression associated with CLL, secondary cancers of 
multiple types (skin, melanoma, lung, colon, prostate, breast, and kidney) are 
observed more frequently, as are cancers associated with immune suppres-
sion such as Merkel cell tumor and Epstein-Barr lymphoproliferative disorder 
(Chapter 353). CLL patients should be advised to minimize ultraviolet light 
exposure, have yearly dermatology exams, and undergo recommended preven-
tive screening for common epithelial tumor types. The emergence of liquid 
biopsy tools that screen for common cancers will have great promise for pre-
vention in CLL given the higher risk for secondary cancers in this population.

Richter Transformation
Approximately 5% of CLL patients develop a clonally related large cell lymphoma 
(Chapter 176) or Hodgkin disease (Chapter 177) as the disease progresses. 

Initiation of therapy for CLL is generally undertaken when patients have 
symptoms. The National Cancer Institute, National Cancer Center Network, and 
International Workshop for CLL (IWCLL) all have established guidelines for timing 
the initiation of CLL therapy.8,9 Indications include cytopenias; bulky, progres-
sively enlarging, or symptomatic lymphadenopathy and/or hepatosplenomegaly; 
disease-related symptoms; and AIHA or thrombocytopenia that is poorly con-
trolled with standard therapy. In addition to the official IWCLL criteria for therapy, 
increasing frequency of infections and slowly progressive anemia are other 
indications that can aid the practicing physician in deciding when to initiate 
therapy in CLL. Increased infections in isolation are never an indication to start 
CLL-directed therapy.

At the time of treatment initiation, it is important to consider several clinical, 
laboratory, and genomic features. Because CLL occurs more commonly in patients 
older than 70 years and is often treated at an even later age, it is important to 
consider functional status and comorbid illnesses that may increase toxicities 
seen with particular therapies used. Several of the prognostic tests used to 
predict outcome at diagnosis are valuable at the time of treatment initiation, 
including IGHV mutational status, del(17p)(p13.1), and TP53 mutation status. 
IGHV mutational status does not change over time, and it is not necessary to 
repeat this analysis. However, clonal evolution can occur, so most other neces-
sary or optional tests should be considered. Other tests that may have relevance 
for treatment decisions include NOTCH1 mutation (based on diminished response 
to CD20 antibody therapy), stimulated karyotype (based on impact on BCR 
signaling), and very select FISH probes, which may identify uncommon variants 
[e.g., t(14;19) translocation] that are predictive of later ibrutinib progression. 
Because virtually all CLL therapies will include either a CD20-directed mono-
clonal antibody or BCR signaling antagonist, which carry a risk for hepatitis B 
activation, screening for chronic or past hepatitis B disease is important. In this 
regard, it is important to recognize that immunoglobulin replacement therapy 
can cause false-positive hepatitis titers, and confirmation polymerase chain 
reaction tests should be performed in such settings. Unlike in other types of 
lymphoma, HIV infection is extremely rare in CLL, and it is not usual to screen 
for this in the absence of other risk factors.

In general, patients with del(17p) or TP53 mutation do not respond well to 
traditional chemotherapy or chemoimmunotherapy and should be treated with 
ibrutinib as front-line therapy.10 Additionally, several studies have shown that 
CLL patients older than 65 to 70 years or who have multiple comorbid illnesses 
do not benefit from fludarabine-containing regimens, and this needs to be 
factored into treatment algorithms. Finally, emerging convincing data suggest 
that IGHV mutated patients who received intensive chemoimmunotherapy (see 
later) are potentially cured with this intervention. Figure 174-2 shows a general 
outline of the approach to initial therapy of CLL. The common classes of therapy 
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FIGURE 174-2. Guide to initial treatment of chronic lymphocytic leukemia. Br = 
bendamustine and rituximab; FCr = fludarabine, rituximab, and cyclophosphamide. 
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TABLE 174-4 THERAPIES USED IN CHRONIC  
LYMPHOCYTIC LEUKEMIA

THERAPY MECHANISM OF ACTION
CHEMOTHERAPY

Chlorambucil Alkylator/DNA damage
Cyclophosphamide Alkylator/DNA damage
Bendamustine DNA damage
Fludarabine Inhibition of splicing
BIOLOGIC THERAPIES

Corticosteroids Microenvironment effect and steroid receptor activation
Rituximab CD20-directed antibody with ADC, CDC, and direct killing
Ofatumumab CD20-directed antibody with ADC, CDC, and direct killing
Obinutuzumab CD20-directed antibody with enhanced ADC and direct 

killing
Alemtuzumab CD52-directed antibody with ADC, CDC, and direct killing
Lenalidomide Immune activation and microenvironment effect
TARGETED THERAPIES

Ibrutinib Irreversible inhibition of Bruton tyrosine kinase
Acalabrutinib Irreversible inhibition of Bruton tyrosine kinase
Idelalisib Reversible inhibition of phosphoinositide 3-kinase δ
Duvelisib Inhibition of phosphotidyl-3-kinase delta
Venetoclax Inhibition of BCL2 function
ACD = antibody-dependent, cell-mediated cytotoxicity; CDC= complement-dependent 
cytotoxicity.

shown in Table 174-4 that are used in upfront CLL11 include (1) Bruton tyrosine 
kinase (BTK) inhibitor therapy, (2) chemoimmunotherapy, (3) chemotherapy, 
and (4) antibody therapy. For relapsed disease, agents are used that target (1) 
BTK (ibrutinib or acalarutinib), (2) PI3-kinase δ (idelalisib), (3) BCL2 (venetoclax), 
(4) immune modulation (lenalidomide), and (5) allogeneic stem cell transplanta-
tion. Greater emphasis will be placed on BTK inhibitor therapy because this 
represents a major advance in this disease, and, as with chronic myeloid leukemia 
(CML) and imatinib in the early 2000s (Chapter 175), the field is rapidly evolving 
to use this class of drugs in most CLL patients as initial therapy because virtually 
no relapses have been observed with extended use beyond 5 years.

Chemotherapy
Chlorambucil, an oral alkylator agent, has been broadly used in CLL for more 

than 60 years and is effective at reducing lymphocytosis, node size, and spleen 
size and in some cases at partially clearing bone marrow disease. Its major side 
effects are myelosuppression, nausea, vomiting, and infection. Chlorambucil 
is a palliative therapy that is rarely administered as a single agent except for 
in very infirm patients who have a poor performance status because of comor-
bidities unrelated to CLL. Cyclophosphamide is an oral and intravenous alterna-
tive alkylating agent that is sometimes substituted for chlorambucil. With each 
of these therapies, intermittent versus continuous therapy is associated with 
fewer short- and long-term side effects. Fludarabine is a purine analogue whose 
mechanism of action in CLL appears to be incorporation into RNA, where it 
disrupts splicing. Multiple randomized phase 3 studies have shown fludarabine 
to be superior to alkylator therapy in terms of response and progression-free 
survival (PFS) but not OS. Fludarabine is also more toxic than alkylator therapy, 
with myelosuppression, cellular immune suppression, infections (bacterial and 
opportunistic), pulmonary toxicity, and, at higher doses or in combination with 
other therapies, neurotoxicity that can be fatal. Fludarabine is generally not 
used as monotherapy treatment for CLL. Bendamustine has an alkylator-purine 
analogue backbone but appears to act predominately through a DNA-damaging 
mechanism. A randomized phase III study has shown bendamustine to be 
superior to chlorambucil therapy in terms of response and PFS but not OS. 
Bendamustine is associated with more myelosuppression, nausea, cellular 
immune suppression, infections (bacterial and opportunistic), pulmonary toxic-
ity, and rash than chlorambucil. In most settings, bendamustine is used in 
combination therapy as opposed to monotherapy.

Immunotherapy
Targeting CD20 with three distinct monoclonal antibodies (rituximab, ofa-

tumumab, and obinutuzumab) A1 
,
 A2  or CD52 with alemtuzumab has shown 

benefit as part of multiple randomized phase III trials. Of these two targets, 
CD20 is more B-cell specific, and CD20-targeted agents are associated with 
minimal off-target effects toward other portions of the immune system (T cells, 
NK cells), making them safer and more widely used. For marketing reasons, 

alemtuzumab was withdrawn for use in CLL but still is available for compas-
sionate use in diseases for which it has shown efficacy. Rituximab is a chimeric 
monoclonal antibody that initially had very modest activity in CLL compared 
with lymphoma, but when administration was adjusted to higher doses or 
more frequent administration, efficacy was improved, although the duration 
of response is relatively short. Outside of combination-based therapies, it is 
rarely used as monotherapy, with the exception of treatment of AIHA or ITP 
associated with CLL. Ofatumumab and obinutuzumab are second-generation 
humanized antibodies also approved for use in CLL. Ofatumumab mediates 
complement-mediated killing superior to either CD20 antibody, whereas obinu-
tuzumab recruits immune effector cells more effectively to mediate better 
antibody-dependent cellular cytotoxicity toward tumor cells. Ofatumumab is 
the only CD20 antibody approved as monotherapy in the setting of relapsed 
disease, although it is rarely used in this setting. All three CD20 antibodies are 
approved in combination with chemotherapy-based treatments.

Chemoimmunotherapy
A sentinel clinical discovery for CLL patients was identification that combina-

tion therapy with rituximab (and later other CD20 antibodies) with chemotherapy 
agents used in CLL yielded synergy with higher complete (30 to 70%) and 
overall (90 to 95%) response rates initially compared with historical controls 
with chemotherapy combination treatments alone. A subsequent randomized 
phase III study combining rituximab with fludarabine and cyclophosphamide 
(FCR) versus fludarabine and cyclophosphamide alone demonstrated significant 
improvement in response, complete response, PFS, and OS with the chemoim-
munotherapy versus chemotherapy combination alone. Toxicity of FCR versus 
chemotherapy alone was not different except for more frequent delayed neu-
tropenia and infusion reactions. Extended follow-up from this phase III study 
and earlier phase II studies demonstrated the greatest benefit in IGHV mutated 
patients in whom the 13-year PFS rate was greater than 50%, suggesting poten-
tial for cure in this subset of patients. In contrast, IGHV unmutated patients 
virtually all had relapsed by this time. A subsequent phase III study comparing 
FCR to bendamustine and rituximab (BR) demonstrated no difference in early 
mortality and inferior PFS of the latter regimen. More important, the plateau 
in PFS observed for FCR was not observed with BR. For younger patients with 
IGHV mutated disease, this establishes FCR as one standard of care, provided 
individuals are willing to accept the long-term side effects of FCR, including 
immune suppression, secondary malignancies, and treatment-related myeloid 
neoplasia. The latter occurs in 3 to 10% of patients and is virtually always even-
tually fatal regardless of intervention (including stem cell transplantation). In 
parallel to the FCR regimen, phase III trials of ofatumumab or obinutuzumab 
combined with chlorambucil versus chlorambucil alone were performed in 
elderly CLL patients or those with significant comorbidities. The ofatumumab 
plus chlorambucil study showed improved response, complete response, and 
PFS rates, whereas the obinutuzumab plus chlorambucil study showed improve-
ments in all end points including OS. The obinutuzumab plus chlorambucil 
study also included a rituximab plus chlorambucil arm and demonstrated 
superior PFS over this alternative control chemoimmunotherapy. Based on these 
randomized trials and relatively similar costs of the three CD20 antibodies, 
obinutuzumab plus chlorambucil is the most commonly used chemoimmu-
notherapy combination in elderly and infirm patients.

BTK Inhibitors
A common therapeutic target in CLL is dependence on BCR signaling and 

also microenvironmental signals in both proliferation and protection of CLL 
cells in marrow and nodal sites. These findings have prompted introduction of 
several novel, orally available kinase inhibitors targeting BCR signaling. Ibrutinib 
(formerly PCI-32765) is an irreversible inhibitor of BTK with pharmacology that 
allows for once-daily dosing and effective continued target inhibition. Through 
phase I, II, and III clinical trials conducted since 2009, this agent has transformed 
therapy for CLL patients of all ages. A3 

,
 A4  The pattern of response with ibrutinib 

(and all other BCR signaling agents) was shown to be quite different, with virtu-
ally all patients having early blood lymphocytosis that generally peaked between 
months 1 to 3 on therapy and then slowly declined concomitant with rapid 
reduction in lymph node enlargement, splenomegaly, and hepatomegaly. Unlike 
other BCR signaling agents, with which peripheral lymphocytosis only resolved 
in 20 to 30% of patients, ibrutinib and other irreversible BTK inhibitors lead to 
resolution of lymphocytosis eventually in most patients. Although this rise in 
blood lymphocyte count can be dramatic in some patients, it seldom leads to 
clinical consequences from leukostasis. Furthermore, unlike chemotherapy or 
chemoimmunotherapy, failure to not resolve blood lymphocytosis is not associ-
ated with unfavorable outcome with ibrutinib. This lymphocytosis is due to 
blocked CLL homing to the lymph node, bone marrow, and spleen compart-
ment by ibrutinib. Only with extended follow-up of ibrutinib patients do we 
now recognize how effective these therapies are in maintaining remission of 
CLL. Specifically, the 5-year experience from the first phase II trial with ibrutinib 
trial showed an overall response rate of 86% in heavily treated patients, with 
the majority of relapsing patients having del(17)(p13.1) or having received 
three or more therapies. For treatment-naïve patients, the overall response rate 
(ORR) is 84%, and more than 90% of naïve, untreated patients remained in 

 Grade A References
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continuous remission on ibrutinib at 5 years. These promising results led to 
multiple phase III studies comparing ibrutinib or ibrutinib plus rituximab in 
previously untreated CLL to chlorambucil, chlorambucil plus obinutuzumab, 
BR, and FCR. Only the chlorambucil study (Resonate 2 trial) has been reported 
to this point (others still await data maturation), and it demonstrates significant 
improvement in response, PFS, and OS with ibrutinib despite a crossover design. 
At more than 3 years of follow-up, the PFS and OS curves are similar to the 
initial phase II trial. Indeed, PFS and OS outcome in untreated CLL patients 
irrespective of genomic features appear to be dramatically improved by ibrutinib 
over any other treatment applied in this disease. Whereas relapse on ibrutinib 
has occurred in relapsed disease and corresponds to mutations in the drug 
binding site (C481S BTK mutation),12 to date, relapse has only been rarely noted 
when ibrutinib is used as initial therapy. Toxicities observed with ibrutinib include 
nausea, diarrhea, rash, bruising/ecchymosis, myalgias, arthralgias, and a 6 to 
10% frequency of atrial fibrillation and rarely other types of arrhythmias. Many 
of these adverse events are believed to be due to alternative irreversible targets 
of ibrutinib. Ibrutinib administration appears to increase the risk for bleeding 
on warfarin, and these agents should not be given concurrently. The use of 
other oral anticoagulant therapies with ibrutinib should be done with caution. 
Administration of platelet-inhibiting agents in the setting of cardiovascular 
disease can be safely done. Ibrutinib should be discontinued 3 to 7 days before 
and after minor and major surgeries, respectively. One favorable long-term 
effect observed with ibrutinib is improvement in cellular, humoral, and innate 
immune function over time beyond 2 to 3 months of therapy corresponding 
to diminished risk for infections. One exception to this appears to be with 
fungal infections due to ibrutinib’s adverse influence on neutrophil function. 
Several long-term side effects with ibrutinib have emerged similar to other 
kinase inhibitors, including hypertension (often difficult to control), brittle nails, 
and late arthralgias/myalgias that rarely require cessation of therapy. The sig-
nificant clinical benefit of ibrutinib in CLL therapy has prompted investigation 
of alternative, more selective irreversible BTK inhibitors. Although several of 
these agents are in clinical development, acalabrutinib (formerly ACP-196) was 
recently approved by the U.S. Food and Drug Administration (FDA) for market-
ing in relapsed mantle cell lymphoma. Initial phase I and II data with acalabrutinib 
in CLL demonstrate similar or improved efficacy compared with ibrutinib in 
high-risk patients and notably less frequent cardiac events (atrial fibrillation), 
arthralgias/myalgias, diarrhea, rash, and hypertension. Phase III studies examin-
ing acalabrutinib versus other standard-of-care treatments (chlorambucil plus 
obinutuzumab) in CLL as initial therapy and also in relapse compared with 
ibrutinib have completed enrollment and await readout. Additionally, acala-
brutinib has been studied in ibrutinib-intolerant CLL, and more than 60% of 
patients transitioned effectively from one agent to the other without experienc-
ing the adverse events observed with ibrutinib. A5 

Phosphatidylinositol 3-Kinase (PI3K) δ Inhibitors
Another relevant proximal point in BCR signaling is the lipid kinase type Ia 

PI3-kinase. Isoform-specific inhibitors of PI3-kinase have the advantage of being 
more specific to subtypes of cells in the body and thereby enhance the thera-
peutic index compared with pan-inhibitors. Idelalisib (formerly CAL-101) was 
the first δ-isoform-specific PI3-kinase inhibitor introduced into clinical trials for 
hematologic malignancies; dramatic and early reduction in lymph nodes and 
spleen were observed with concomitant blood lymphocytosis that in most 
patients did not resolve, leading to overall disease response of 20 to 30% but 
extended PFS in 80 to 90% of individuals. Among the CLL patients who were 
all heavily pretreated, the median PFS was approximately 18 months. Early 
toxicities observed with idelalisib included infections and drug-related liver 
function (SGOT, SGPT) elevations in a small minority of patients, whereas a 
progressively increasing frequency of diarrhea with pathology reminiscent of 
ulcerative colitis, rash, and pneumonitis became apparent beyond 9 to 12 months 
in patients continuing to stay on medication. The early liver function abnormali-
ties generally are manageable with temporary drug cessation and reinitiation 
at lower doses. In contrast, the later onset of colitis, rash, and pneumonitis is 
often life-threatening and can require prolonged steroid administration to 
effectively treat patients even when idelalisib is permanently stopped. A ran-
domized phase III study of idelalisib plus rituximab versus rituximab alone in 
relapsed high-risk CLL patients demonstrated a higher response rate, PFS, and 
OS, leading to FDA approval of this combination in relapsed and refractory 
CLL. A6  However, application of idelalisib in early-stage disease patients with 
both CLL and low-grade non-Hodgkin lymphoma was associated with increased 
liver, pulmonary, and skin toxicity as well as infections, prompting cessation of 
such trials. In mouse models of inactivated δ-isoform-specific PI3-kinase, a similar 
autoimmune colitis is also noted and is believed to be due to diminished regu-
latory T-cell activity. Application of idelalisib is therefore limited to select relapsed 
CLL patients in whom ibrutinib is contraindicated, such as those with a serious 
bleeding diathesis or ibrutinib intolerance.

BCL2 Inhibitors
The BCL2 protein is overexpressed in CLL and is critical to protect cancer 

and normal cells from apoptosis by binding to and inhibiting proapoptotic 
BH3 domain proteins. Venetoclax is the first orally bioavailable BCL2-specific 

inhibitor that prevents interaction of BCL2 with BH3 domain proteins. Early 
clinical trials with venetoclax in both relapsed and refractory CLL demonstrated 
a high response rate (80 to 90%) that often persisted beyond 2 years. A7  In a 
subset of these early treated patients, minimal residual disease–negative com-
plete responses were observed.13 The major life-threatening side effect of 
venetoclax is hyperacute tumor lysis syndrome, which can be fatal even when 
properly recognized and treated. This observation prompted two approaches 
that are now used to initiate venetoclax in practice: a slow-dose escalation 
over 3 to 4 weeks with close observation for tumor lysis syndrome or alterna-
tively as part of a sequential approach in which early cytoreduction is achieved 
with other active CLL therapies followed by the addition of venetoclax later. 
Each of these approaches has improved the safety of this agent. Other side 
effects observed with venetoclax include neutropenia, nausea, vomiting, and 
diarrhea that is generally able to be medically managed. Although currently 
FDA approved for relapsed del(17)(p13.1) CLL, trials comparing venetoclax 
together with rituximab versus bendamustine plus rituximab (BR) in relapsed 
CLL patients demonstrated improved response, PFS, and OS, which likely will 
result in broader application in relapsed CLL. A8  Additionally, other studies have 
demonstrated lower (60 to 70%) responses that are less durable (median PFS, 
20 months) in ibrutinib-resistant CLL disease. Nonetheless, the availability to 
salvage most CLL patients with venetoclax provides a bridge therapy to those 
eligible for allogeneic stem cell transplantation or alternative cellular therapies 
(see later). Current research efforts are combining BTKi, CD20 antibody therapy, 
and venetoclax together, and high overall (100%) and complete responses 
(50%) have been seen, thereby providing the opportunity for a fixed interval 
of therapy versus the requirement of continuous therapy with BTKi or venetoclax 
alone.

Cell Therapy
The introduction of multiple new effective therapies for high-risk CLL along 

with the introduction of chimeric antigen receptor (CAR) T-cell therapy14 has 
changed the role of autologous and allogeneic stem cell transplantation in CLL. 
In general, autologous transplantation is no longer used in CLL due to lack of 
curative potential and long-term risk of treatment-related myeloid neoplasia 
that may exceed 10 to 15% with extended follow-up. Optimization of reduced-
intensity allogeneic stem cell transplantation (Chapter 168) over the past decade 
has reduced the 1-year mortality of this therapy to 10 to 20%, depending on 
the donor match and also recipient prior treatment and morbidities. However, 
chronic graft-versus-host disease remains quite problematic with this approach, 
and approximately 40% of 1-year survivors having significant clinical morbidity 
and later mortality from this. The success of ibrutinib in many relapsed and 
virtually all high-risk CLL patients A9  and the ability to salvage patients with 
venetoclax or other therapies has often prompted deferment of allogeneic 
transplantation similar to that seen in the decade following full implementa-
tion of imatinib in CML.15 While autologous engineered CAR T-cell therapy in 
CLL initially demonstrated modest activity, the application of different CAR 
T-cell constructs and also coadministration with therapies such as ibrutinib that 
improve generation of these cells and their function in vivo has greatly increased 
enthusiasm about this treatment approach in trials. Unlike allogeneic stem cell 
transplantation, CAR T cells lack the risk for graft-versus-host disease but may 
lead to life-threatening cytokine release syndrome, neurologic complications, 
and late immune deficiency because of complete B-cell depletion. Addition-
ally, it is still unclear whether this approach will represent a curative option 
for CLL, whereas allogeneic stem cell transplantation does offer this potential.

Hairy Cell Leukemia
For patients with gain-of-function BRAF V600E driver mutations, the BRAF 

inhibitor, vemurafenib at a low dose of 240 mg twice daily (much lower than 
the dose given to patients with melanoma) is highly effective, with response 
rates of 99%. For other patients, the combination of cladribine followed by 
rituximab can provide a complete response in 97% of patients.16

Conclusion
CLL is a disease most likely to be encountered by the practicing internist. Its 
many complications mimic other diagnoses commonly observed in the elderly 
population. Our improved understanding of CLL origin and pathogenesis 
has led directly to better treatment strategies that are now employed today.
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Answer: E Hepatomegaly, splenomegaly, and generalized lymphadenopathy, 
as well as systemic B symptoms, usually reflect a more advanced stage of CLL 
that requires treatment compared with CLL patients with only asymptomatic 
lymphocytosis. However, CLL is typically seen in older adults (median age 
of 72 years) and invariably presents with disseminated disease, so these factors 
do not portend poor prognosis. It has been recently recognized that mono-
clonal B-cell lymphocytosis in an adult may progress to CLL in a minority of 
cases but is usually of indeterminate significance. IGHV mutated CLL actually 
has a favorable prognosis in contrast to IGHV unmutated disease.

3. Which of the following should not be by itself considered an indication 
to begin CLL directed therapy:
 A. Increased frequency of infections
 B. Night sweats and weight loss
 C. Anemia and thrombocytopenia
 D. Splenomegaly
 E. Progressive lymphadenopathy

Answer: A Systemic symptoms such as night sweats, fevers, or weight loss, 
cytopenias that are poorly controlled with standard therapy, splenomegaly 
(especially when symptomatic), and bulky, progressively enlarging, or symp-
tomatic lymphadenopathy are all considered to be indications to begin CLL-
directed therapy. CLL patients are predisposed to increased frequency of viral 
and bacterial infections even from the earliest stage of their disease, and increased 
infections in isolation are never an indication to begin CLL treatment.

REVIEW QUESTIONS

1. Which of the following is not considered to be a complication of chronic 
lymphocytic leukemia (CLL):
 A. Herpesvirus infection
 B. Central nervous system (CNS) involvement
 C. Autoimmune hemolytic anemia
 D. Squamous cell skin cancer
 E. Colorectal carcinoma

Answer: B Leptomeningeal infiltration and CNS involvement are seen in 
acute lymphoblastic anemia, especially in relapse, but are not characteristic 
of CLL. However, severe humoral and cellular immune dysfunction even in 
early stages of CLL, sometimes complicated by the treatment given, are major 
causes of morbidity and mortality in this disease. This can take the form of 
both bacterial and viral infections (particularly with herpesvirus family 
members), as well as opportunistic infections when CLL progresses. It can 
also underlie the emergence of many different kinds of secondary malignan-
cies, prominently including skin cancers. Autoimmune cytopenias, including 
autoimmune hemolytic anemia, immune-mediated thrombocytopenia, and 
autoimmune neutropenia, are well described in association with CLL, although 
systemic autoimmune disorders such as systemic lupus erythematosus, rheu-
matoid arthritis, or thyroid disorder, are not clearly linked.

2. Which of the following is considered to be a poor prognostic indicator  
in CLL?
 A. Advanced age
 B. Disseminated disease at diagnosis
 C. Prior finding of monoclonal B-cell lymphocytosis
 D. IGHV (immunoglobulin heavy chain variable sequence) mutated disease
 E. Hepatosplenomegaly and lymphadenopathy
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175 
CHRONIC MYELOID LEUKEMIA
JERALD RADICH

 DEFINITION
Chronic myeloid leukemia (CML) is a hematopoietic stem cell disease caused 
by the reciprocal translocation of gene sequences from the breakpoint cluster 
region (BCR) gene on chromosome 22 with the tyrosine kinase sequences 
of the Abelson (ABL) gene on chromosome 9. On a cytogenetic level, this 
results in an elongated chromosome 9 and a shortened chromosome 22, the 
latter known as the Philadelphia (Ph) chromosome. The unique chimeric 
fusion protein, BCR-ABL, is a constitutively active tyrosine kinase that drives 
the pathogenesis of the disease. Thus, BCR-ABL represents the target for tyro-
sine kinase inhibitor (TKI) therapy as well as a direct measure of disease 
burden. As described further below, there can be cases of “Ph-” CML, where 
the Ph chromosome is not detected, but other methods (fluorescence in situ 
hybridization [FISH], polymerase chain reaction [PCR]) can detect the chi-
meric BCR-ABL. There is no BCR-ABL-negative CML, and such diseases as 
“atypical” CML and chronic neutrophilic leukemia have distinct genetic features 
that identify them as unique disease entities (discussed briefly later).

CML is categorized in different phases (chronic, accelerated, and blast 
phases) based on bone marrow and peripheral blood blast counts, additional 
cytogenetic abnormalities besides the Ph chromosome, and clinical features 
such as fever. There are several classification schemes, including ones proposed 
by the European Leukemia Network (ELN) and the World Health Organiza-
tion (WHO). The main difference between the ELN and WHO classifications 
is the definition of accelerated phase and blast phase: ELN defines accelerated 
phase as peripheral or bone marrow blast counts of at least 15% to less than 
30%, and blast phase as blasts counts greater than or equal to 30%, whereas 
in the WHO classification, these values are at least 10 to 20% and greater or 
equal to 20%, respectively. Of note, the WHO criteria are rarely used in clinical 
practice or clinical trials. More than 75% of CML cases in the developing 
world are diagnosed in the chronic phase, whereas the proportion of cases of 
advanced (accelerated and blast) phase disease is higher in the developing 
world. Untreated chronic phase CML will eventually progress to advanced 
phase within a mean period of approximately 3 to 5 years, and when disease 
reaches blast crisis, the natural history is survival of less than 1 year.

 EPIDEMIOLOGY
The incidence of CML is fairly uniform throughout the world, affecting about 
1 to 1.5 per 100,000 of the adult population each year.1 In the Western indus-
trialized world, CML represents approximately 15% of all adult and less than 
5% of all childhood leukemias, with a median age of onset of about 65 years. 
The median age appears to be earlier in the developing world. As a result of 
the spectacular success of TKI therapy (see later), the prevalence of CML is 
increasing steadily because the average duration of the disease has lengthened 
appreciably.

There are no described “CML families.” The greatest risk factor for CML 
is radiation exposure, particularly in Japanese atomic bomb blast survivors. 
Although ABL sequences are found in the Abelson murine leukemia retrovirus, 
no infectious agent for human CML has been described.

 PATHOBIOLOGY
The Ph chromosome is an acquired cytogenetic abnormality present in all 
leukemic cells of the myeloid lineage and in some B cells and T cells in CML 
patients. It is formed as a result of a reciprocal translocation of genetic mate-
rial of chromosomes 9 and 22 expressed as t(9;22)(q34;q11) (Fig. 175-1). 
The Ph chromosome is found in more than 90% of CML patients, whereas 
approximately 5% of cases have translocations that involve chromosomes 9, 
22, and others as well. The remaining 5% of patients with clinical and hema-
tologic features consistent with CML have undetectable Ph chromosome, 
but BCR-ABL can be detected by FISH (which detects the DNA fusion) or 
reverse transcription–polymerase chain reaction (RT-PCR), which detects 
the chimeric mRNA.

Three possible breakpoints in the BCR gene exist, including breaks in the 
major breakpoint cluster region (M-BCR) in the intron between exons e13 
and e14 or in the intron between exons e14 and e15.2 These breakpoints 
account for more than 95% of CML cases. The breakpoint in the ABL gene 
is varied and can occur broadly upstream of exon a2. Thus, the two possible 
common BCR breakpoints, merging with the ABL breakpoint, can yield two 
slightly different chimeric BCR-ABL genes, which yields a longer e13a2 or 
slightly smaller e14a2 transcript. Both transcripts are translated into a 210-kD 
BCR-ABL tyrosine kinase (p210BCR-ABL) that has greatly enhanced tyrosine 
kinase activity compared with the normal ABL protein. Rarely in CML, the 
breakpoint BCR occurs 5′ to the common breakpoint between exons e1 
and e2 in an area designated the minor breakpoint cluster region (m-bcr). 
This produces the e1a2 mRNA, yielding a smaller BCR-ABL fusion gene  
(p190BCR-ABL). Curiously, although this genetic alteration is uncommon in 
CML, it accounts for roughly half of the cases of Ph chromosome–positive 
acute lymphoblastic leukemia (ALL).

Very rarely, a breakpoint in the so-called micro breakpoint cluster region 
(µ-bcr) results in e19a2 chimeric mRNA and a larger 230-kD BCR-ABL protein 
(p230BCR-ABL). This molecular lesion appears to be associated with the rare 
Ph chromosome–positive chronic neutrophilic leukemia.

The normal ABL protein is a nonreceptor tyrosine kinase with important 
roles in signal transduction and the regulation of cell growth. Normal ABL 
protein migrates between the cytoplasm and nucleus. The chimeric BCR-ABL 
protein, however, associates with the cytoplasmic membrane and is constitu-
tively active with increased kinase activity, causing activation of numerous 
signal transduction pathways, including MYC, RAS, STAT, JUN, and 
phosphatidylinositol-3 kinase. Unlike many multihit models of carcinogenesis, 
the single BCR-ABL lesion thus appears to influence cell cycling, differentia-
tion, and apoptosis, causing DNA genetic instability and attenuation of the 
DNA damage response. In murine models, BCR-ABL can cause myeloprolif-
erative diseases similar to human CML, although chronic phase has been 
difficult to simulate until recent sophisticated genetically engineered murine 
models coupled inducible BCR-ABL with the genetic scrambling of the Sleep-
ing Beauty transposin. In vitro studies suggest that BCR-ABL expression allows 
cells to become cytokine independent, protects cells from apoptotic responses 
to DNA damage, and increases adhesion of hematopoietic cells to extracellular 
matrix proteins.

The progression to advanced phase disease will eventually occur in all cases 
not treated with TKI or allogeneic transplantation, and advanced phase disease 
is not curable without transplant (even in the age of TKIs). Progression is 
associated with a further block in differentiation, with death coming from the 
eventual absence of normal platelets (bleeding) or white blood cells (infec-
tion). Blast counts increase, and new cytogenetic abnormalities accumulate. 
The most common cytogenetic changes in progression are an additional Ph 
chromosome, trisomy 8, isochrome i(17q), and trisomy 19. Gene expression 
profiling suggests that the bulk of the genetic changes triggering progression 
occur from the transition of chronic to accelerated phase, with relatively minor 
genetic changes occurring from accelerated to blast phase. In keeping with 
the stem cell origin nature of CML, in about 25% of blast phase cases, the 
predominant blast expansion is in the lymphoid, not myeloid, lineage.

 CLINICAL MANIFESTATIONS
Most CML patients (>90%) present in chronic phase, often diagnosed inci-
dentally during routine examination and blood cell counts. Symptoms, when 
present, usually include fatigue and abdominal discomfort from splenomegaly. 

More extreme constitutional symptoms of weight loss, bone pain, fever, and 
night sweats are more commonly associated with advancing disease. This has 
practical clinical relevance because although the TKIs used to treat CML 
(discussed later) are generally well tolerated, compliance early in the treatment 
course can be challenging because the medications can make patients feel 
worse than they felt before they were diagnosed.

 DIAGNOSIS
Patients generally present with leukocytosis, often accompanied by throm-
bocytosis and anemia (Fig. 175-2). Basophilia and eosinophilia are common. 
Without any other obvious explanation for a high white blood cell (WBC) 
count, the diagnosis of CML can be entertained.3

In CML, the diagnostic and monitoring target is the chimeric BCR-ABL 
gene, whether this is at the chromosome level (metaphase cytogenetics), at 
the DNA level (FISH), or by chimeric mRNA transcript (RT-PCR).

Diagnostic Work-Up
The diagnostic work-up for the suspected CML patient is fairly straightforward, 
and the goal is to establish both the diagnosis and the phase of disease. A 
bone marrow aspirate should be evaluated for, at minimum, morphology (to 
determine blast count) and cytogenetics (to look for the Ph chromosome 
and other cytogenetic abnormalities that would classify the patient as advanced 
phase). FISH can be used if the cytogenetic test fails and can be done on 
peripheral blood if need be. The RT-PCR assay of bone marrow or peripheral 
blood can be useful to define a “baseline” for later disease monitoring during 
therapy but is not required. Using peripheral blood RT-PCR testing for BCR-ABL 
can establish diagnosis, but without the initial diagnostic bone marrow, staging 
cannot be accomplished.

Monitoring of Disease
Many studies have shown that peripheral blood quantitative monitoring of 
mutant BCR-ABL transcript by RT-PCR is a sensitive and reliable measure of 
disease burden and correlates with short-term and long-term outcomes, as 
discussed later. Because of the exquisite sensitivity of the BCR-ABL assay 
(with an estimated detection limit of 1 CML cell in 105 normal cells), periph-
eral blood testing is the foundation of monitoring treatment efficacy in both 
the National Comprehensive Cancer Network (NCCN; www.NCCN.org) 
and ELN (www.leukemia-net.org) guidelines. Indeed, quantitative PCR testing 
of BCR-ABL transcript is recommended as the only monitoring test needed 
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ABSTRACT
Chronic myeloid leukemia (CML) is a myeloproliferative disorder marked 
by the increased proliferation of a granulocytic cell line that retains the ability 
to differentiate. As many as 95% of patients with CML have the Philadelphia 
(Ph) chromosome caused by the reciprocal translocation of the long arms of 
chromosome 22 at the breakpoint cluster region (BCR) gene and chromo-
some 9 at the Abelson leukemia virus (ABL) gene (t[9;22]). As a result of 
this translocation, a BCR-ABL fusion gene is created that generates a chimeric 
protein with constitutively active tyrosine kinase activity. Tyrosine kinase 
inhibitor (TKI) therapy has revolutionized the treatment of CML, giving 
patients with chronic phase disease a near-normal age-adjusted lifespan. For 
patients with chronic phase CML, the “first-generation” TKI imatinib gives 
a complete cytogenetic remission in roughly 60 to 70% of cases, a major 
molecular response (MMR, a three-log reduction of peripheral blood BCR-
ABL mRNA) in 50 to 60% of cases, with overall survival rates of more than 
90%. The “second-generation” TKIs (e.g., dasatinib, nilotinib) are more potent 
than imatinib and thus give higher short-term response rates and less progres-
sion to advanced phases of disease, although without an advantage in overall 
survival rates. CML will become a very prevalent oncologic diagnosis in the 
future, despite its relatively low incidence. CML is thus becoming an increas-
ing part of most oncology practices, and an understanding of the pathobiology, 
monitoring, and treatment is important to optimize the management of CML 
patients.
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FIGURE 175-1. BCR and ABL gene breakpoints. The BCR gene (from chromosome 22) contains three primary breakpoint regions (denoted the “major breakpoint cluster” [M-bcr]; 
“minor breakpoint cluster” [m-bcr]; and “micro breakpoint cluster” [µ-bcr]). Gene rearrangement at the M-bcr site results in either of two p210 fusion proteins, composed of BCR exons 
1-13 or exons 1-14 (orange and green) fused to ABL exons 2-11 (pink). Gene rearrangement at m-bcr site results in the p190 fusion protein, composed of BCR exon 1 (e1) (orange) fused 
to ABL exons 2-11 (a2-a11) (pink). Gene rearrangement at µ-bcr site results in the p230 fusion protein, composed of BCR exons 1-19 (orange, green, and purple) fused to ABL exons 2-11 
(pink). The BCR e1′ and e2′ are included in the fusion gene, but splicing events result in loss of rna from the BCR-ABL transcript. Fusion transcripts may additionally include ABL exons 
1a or 1a/1b with exons 2-11, depending on the ABL breakpoint region. not to scale. 

More extreme constitutional symptoms of weight loss, bone pain, fever, and 
night sweats are more commonly associated with advancing disease. This has 
practical clinical relevance because although the TKIs used to treat CML 
(discussed later) are generally well tolerated, compliance early in the treatment 
course can be challenging because the medications can make patients feel 
worse than they felt before they were diagnosed.

 DIAGNOSIS
Patients generally present with leukocytosis, often accompanied by throm-
bocytosis and anemia (Fig. 175-2). Basophilia and eosinophilia are common. 
Without any other obvious explanation for a high white blood cell (WBC) 
count, the diagnosis of CML can be entertained.3

In CML, the diagnostic and monitoring target is the chimeric BCR-ABL 
gene, whether this is at the chromosome level (metaphase cytogenetics), at 
the DNA level (FISH), or by chimeric mRNA transcript (RT-PCR).

Diagnostic Work-Up
The diagnostic work-up for the suspected CML patient is fairly straightforward, 
and the goal is to establish both the diagnosis and the phase of disease. A 
bone marrow aspirate should be evaluated for, at minimum, morphology (to 
determine blast count) and cytogenetics (to look for the Ph chromosome 
and other cytogenetic abnormalities that would classify the patient as advanced 
phase). FISH can be used if the cytogenetic test fails and can be done on 
peripheral blood if need be. The RT-PCR assay of bone marrow or peripheral 
blood can be useful to define a “baseline” for later disease monitoring during 
therapy but is not required. Using peripheral blood RT-PCR testing for BCR-ABL 
can establish diagnosis, but without the initial diagnostic bone marrow, staging 
cannot be accomplished.

Monitoring of Disease
Many studies have shown that peripheral blood quantitative monitoring of 
mutant BCR-ABL transcript by RT-PCR is a sensitive and reliable measure of 
disease burden and correlates with short-term and long-term outcomes, as 
discussed later. Because of the exquisite sensitivity of the BCR-ABL assay 
(with an estimated detection limit of 1 CML cell in 105 normal cells), periph-
eral blood testing is the foundation of monitoring treatment efficacy in both 
the National Comprehensive Cancer Network (NCCN; www.NCCN.org) 
and ELN (www.leukemia-net.org) guidelines. Indeed, quantitative PCR testing 
of BCR-ABL transcript is recommended as the only monitoring test needed 

during therapy. Follow-up bone marrow aspirates and cytogenetics are reserved 
for patients who fail to meet treatment milestones or relapse while on therapy 
(see later).

Response Criteria
Several measures of treatment response in CML are integrated into NCCN 
and ELN guidelines.
1. Complete hematologic response (CHR). This is the normalization of peripheral 

blood counts, and it occurs in more than 90% of patients within 3 months 
of starting TKI therapy.

2. Cytogenetic response. This is based on the number of Ph chromosomes found 
on a metaphase preparation of at least 20 cells. A major cytogenetic response 
occurs when 0 to 35% of metaphases are positive for Ph chromosomes. A 
complete cytogenetic response (CCyR) is when no Ph chromosomes are 
found. CCyR correlates strongly with a high overall survival. Both ELN 
and NCCN allow for monitoring with just peripheral blood BCR-ABL, 
and a value of 1% BCR-ABL allele burden correlates with a CCyR.

3. Molecular response. This measures peripheral blood BCR-ABL as a ratio to a 
control (wild-type) gene (BCR, ABL, or GUSB, depending on the reference 

FIGURE 175-2. Chronic myeloid leukemia, chronic phase. Peripheral smear shows 
leukocytosis, with representation by the entire spectrum of leukocyte differentiation, 
ranging from myeloblasts to mature neutrophils. (Courtesy andrew Schafer, Md.)

http://www.nccn.org/
http://www.leukemia-net.org/
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laboratory), set to an international scale (IS).4 A three-log reduction (0.1% 
IS) is termed a major molecular response (MMR) and correlates with a 
superior progression-free survival (PFS) and overall survival (OS) com-
pared with patients with a lesser response. Deeper responses are based on 
the log reduction in the BCR-ABL load (e.g., MR4 represents a four-log 
reduction from baseline). The use of the terms “undetectable” and “nega-
tive” BCR-ABL is discouraged because the absence of BCR-ABL can be 
from either low actual disease burden or poor laboratory performance.

Before the U.S. Food and Drug Administration (FDA) approval of imatinib in 
2001, the only curative approach to CML was allogeneic hematopoietic stem 
cell transplantation (Chapter 168). The introduction of TKIs has upended the 
therapeutic strategy in CML (Fig. 175-3). Transplantation is now relegated to 
the rare chronic phase patient who is either resistant or intolerant to all avail-
able TKIs. Indeed, TKIs are so successful that the average life expectancy of a 
newly diagnosed chronic phase CML patient closely approaches that of the 
age-matched general population.

Frontline Therapy Options for Chronic Phase CML
There are three FDA-approved TKIs for newly diagnosed chronic phase CML, 

the “first-generation” TKI imatinib and two “second-generation” agents, dasatinib 
and nilotinib (Table 175-1). All work by competitively binding to the adenosine 
triphosphate (ATP)-binding pocket of BCR-ABL, thus blocking phosphate passage 
to other downstream signaling effector proteins. In addition, each TKI has a 
unique pattern of “off-target” kinase inhibition, which likely explains the differ-
ent toxicities of the agents.5 Imatinib gained approval through the resounding 
success of the International Randomized Study of Interferon (IRIS) trial, compar-
ing cytarabine versus STI571 (imatinib), which closed early because of the 
dramatic short-term efficacy of imatinib versus the control arm. By 12 months, 
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FIGURE 175-3. Survival of patients with Ph chromosome–positive chronic myeloid 
leukemia (CML) in chronic phase CML. in single-institutional studies, industry-sponsored 
trials, and national reports where Tki therapy has full penetration, the estimated 8- to 
10-year survival rates are high. The survival rates are lower where Tki treatment penetra-
tion is not optimal. (A, From Bjorkholm M, ohm l, eloranta S, et al. Success story of 
targeted therapy in chronic myeloid leukemia: a population-based study of patients 
diagnosed in Sweden from 1973-2008. J Clin Oncol. 2011;29:2514-2520. B, From Chen y, 
Wang h, kantarjian h, et al. Trends in chronic myeloid leukemia incidence and survival 
in the united States from 1975-2009. Leuk Lymphoma. 2013;54:1411-1417.)

67% of the imatinib patients achieved a CCyR compared with 7% in the control 
arm. After more than a decade of follow-up, the cumulative rate of CCyR by 
the end of the trial was 83%, and the estimated freedom from progression to 
progressive disease and OS were 92% and 83%, respectively. A1  Moreover, roughly 
half of those patients with a CCyR obtained an MMR, which, as noted previously, 
proved to be a threshold of disease burden at which resistance and relapse 
are very uncommon.

However, the long-term follow-up studies showed that more than 40% patients 
on the IRIS study came off imatinib therapy. These failures of imatinib could 
roughly be divided into thirds: primary resistance to TKI, intolerance, and resis-
tance/progression after an initial response. Thus, there was a substantial push 
to develop other TKIs that might be better tolerated and more efficacious. 
These TKIs quickly found their way into salvage strategies for patients intolerant 
or resistant to imatinib (see later) and then moved to testing in phase 3 studies. 
Nilotinib was “rationally designed” to have higher ATP binding based on the 
crystallographic structure of imatinib. The other TKI, dasatinib, was developed 
as an SRC inhibitor but was found to have potent BCR-ABL inhibition. Phase 3 
trials comparing nilotinib with imatinib and comparing dasatinib versus imatinib 
have had remarkable consistency in findings (Table 175-2). A2-A6  First, the second-
generation TKIs produce superior short-term responses, as measured by rate 
of CCyR and MMR by 12 months of therapy. In addition, the second-generation 
TKIs produce a higher proportion of “deep” molecular responses (which may 
influence the potential for TKI discontinuation, discussed later). Transformation 
to advanced phase disease was less frequent with nilotinib or dasatinib. However, 
surprisingly, long-term survival was not significantly different between imatinib 
and the second-generation TKIs. It is unclear whether this is just a statistical 
artifact of the trial size (they were all powered to detect differences in 12-month 
responses, not long-term survival) or whether the treatments really are curi-
ously similarly effective, despite short-term differences that would seem, a priori, 
to have long-term consequences.

Several trials have also compared standard (400 mg/day) to high-dose (600 
to 800 mg/day) imatinib. A7  These studies consistently show that high-dose 
imatinib can yield similar short- and long-term outcomes as the second-gen-
eration TKIs. However, ability to tolerate the higher doses of imatinib makes 
this path hard, so both the ELN and NCCN discourage use of high-dose imatinib 
as initial therapy in newly diagnosed chronic phase cases.

Toxicities of TKIs
The common side effect of TKIs is myelosuppression, which is less problematic 

in imatinib than the second-generation TKIs (with grade 3 or 4 cytopenias 
occurring in roughly 10% vs. more than 20% for imatinib and the second-
generation TKIs, respectively). Besides this, each TKI has a unique side-effect 
profile (see Table 175-1).6 The TKIs tend to be “cross-tolerant” in that if a patient 

TABLE 175-1 THERAPY OF CML WITH OUTCOMES AND 
MOST FREQUENT SIDE EFFECTS

SETTING DRUGS
CCyR 
(%)*

SURVIVAL 
(%)* NOTABLE SIDE EFFECTS

Frontline Imatinib 65 (5 yr) 85 (10 yr) Nausea, fluid retention, 
cramps

Dasatinib 86 (2) 93 (4) Pleural effusions, pulmonary 
hypertension, 
thrombocytopenia

Nilotinib 85 (4) 95 (4) Rash, hyperglycemia, 
vascular occlusions

Second/third 
line

Dasatinib 50 (5) 71 (6)
Nilotinib 44 (4) 85 (3)
Bosutinib 40 (2) 92 (2) Diarrhea
Ponatinib 45 (2) 90 (2) Hypertension, pancreatitis, 

vascular occlusion
Omacetaxine 10 (2) 85 (2) Cytopenias

*For complete cytogenetic remission (CCyR) and survival, the year used to determine the outcome 
is shown in italics in the parentheses.

TABLE 175-2 TWELVE-MONTH RESPONSES IN ENESTnd, DASISION, AND US INTERGROUP TRIALS
RESPONSE NIL300 bid NIL400 bid IM 400 DAS 100 IM 400 DAS 100 IM 400
CCyR 80% 78% 65% 83% 72% 84% 69%
MMR 44% 43% 22% 46% 28% 59% 43%
AP/BC 0.7% 0.4% 4.2% 1.9% 3.5% 1% 3%
AP/BC = patients progressing to accelerated phase and blast crisis; CCyR = complete cytogenetic remission; DAS = dasatinib; IM = imatinib; MMR = major molecular response; NIL nilotinib.



CHAPTER 175 ChroniC Myeloid leukeMia 1227

must change the TKI because of a particular side effect, it is unlikely that the 
same complication would be found with another TKI. Chronic fatigue (mostly 
correlated with musculoskeletal pain and muscular cramps) is especially prob-
lematic for imatinib users and is the side effect that most affects quality of life, 
although fluid retention is also a problem. Pleural effusion is an adverse event 
for dasatinib and can be found in about 20% of patients (as opposed to 1% 
with imatinib). In addition, reversible pulmonary arterial hypertension is a rare 
(about 5%) but serious side effect with dasatinib. Nilotinib has a black box 
warning in regard to prolongation of the QT interval and is associated with an 
increased risk for peripheral arterial occlusive disease. Ponatinib has a strong 
association with hypertension and carries a black box warning regarding hepa-
totoxicity and vascular occlusion. Indeed, arterial and venous thrombosis and 
occlusions occurred in approximately 30% of CML patients receiving the drug 
who had highly resistant disease, and these events happened in cases with 
and without cardiovascular risk factors. Peripheral and coronary occlusion is 
seen to a lesser degree with ponatinib and bosutinib and are least likely in 
patients treated with imatinib.

The day-to-day management of TKI side effects is detailed extensively in the 
NCCN guidelines.7

Discontinuation of TKI Therapy
In in vitro studies, the “CML stem cell” appears impervious to TKI therapy, 

and therefore it was assumed that patients would have to remain on TKI for 
life because discontinuation would simply allow the stem cell reservoir to 
proliferate, assuring certain relapse. However, in a pivotal study, TKI therapy 
was discontinued in 100 patients who had been without detectable BCR-ABL 
for several years. A8  More than 50% relapsed fairly quickly (generally in 3 to 6 
months), but remarkably, 40% remained in molecular remission for more than 
2 years. Subsequent TKI discontinuation studies have shown that despite dif-
ferences in study design, roughly 50% of patients remain in a treatment-free 
remission (TFR).8,9 There seems to be an effect of time of total TKI therapy 
before discontinuation, but the nuances of the cutoff are unclear. The minimum 
time appears to be at least 2 years of a deep response, and given that it takes 
about a year to obtain a deep response, most patients will have had at least 
3 years of therapy). Most relapsing patients respond well and quickly to the 
reintroduction of therapy, although not all achieve similarly deep responses. 
Progression to advanced phase disease after discontinuation is exceedingly 
rare. However, the long-term consequences of discontinuation are unknown, 
and patients and physicians who wish to try discontinuation are advised to 
enroll in a clinical trial.

Which TKI for Frontline Therapy?
Both the NCCN and the ELN are agnostic in regard to which TKI should be 

used as frontline therapy. Some practical considerations include:
1. What are the treatment goals? For an older patient, controlling the disease 

and extending survival without undue toxicity are primary goals, and these 
can be accomplished with imatinib. On the other hand, a younger patient 
may be interested in childbearing and/or discontinuation of TKI. In this setting, 
starting with a second-generation TKI may be the best choice because the 
likelihood of a deep response is greater.

2. What is the status of the disease? Clinical assessments such as the Sokal score 
are rough measures of the state of the disease.10 Patients who present in 
chronic phase by morphologic and cytogenetic criteria may be in a high-risk 
group given a high WBC count and spleen size. In cases in which advancing 
phase disease is suspected, the use of the more potent second-generation 
TKI may have merit.

3. What is the status of the patient? Many patients may have comorbidities that 
can affect drug choice. Of the three agents available, imatinib has the longest 
track record and seems to be relatively free of long-term side effects. Nilotinib 
is associated with troublesome side effects in patients with the metabolic 
syndrome and has a higher incidence of vascular occlusive events compared 
with imatinib. Dasatinib has the highest risk for producing pleural effusions 
and is associated with pulmonary artery hypertension in a small subset of 
patients.

Resistance Is Not a Futile Situation
Primary resistance to imatinib is stringently defined as the failure to normal-

ize peripheral blood counts (which typically occurs 1 to 3 months after initiating 
therapy). In clinical trials this occurs in less than 10% of cases. This can be 
confused with poor compliance for reasons noted previously because studies 
have shown that poor adherence significantly affects the likelihood of patients 
ever achieving an MMR or deeper response, or losing cytogenetic response; 
they have a nearly 30% chance of losing CCyR compared with only about 2% 
in highly adherent patients. Beyond the strict definition of primary resistance, 
a failure to reach molecular response milestones at 3 and 6 months bodes 
poorly (see later), and the fact that patients with a poor early response have a 
higher likelihood of early progression to advanced phase disease suggests a 
biologic relationship between primary resistance and progression.

Acquired or “secondary” resistance describes the phenomenon of an early 
response to therapy, with subsequent resistance and a rise in BCR-ABL transcript 

levels. In roughly 50% of cases, this is caused by a single base pair mutation in 
the ABL kinase domain, resulting in a change in protein conformation, with an 
alteration of TKI binding and BCR-ABL inhibition. Thus far, more than 100 such 
mutations have been discovered. It is not clear whether these mutations are 
present at a very low level even at diagnosis and emerge under the selective 
pressure of the TKI, or whether they arise during therapy. In vitro methods have 
been used to describe the relative inhibitory effects of different TKIs with dif-
ferent mutations, and this can be useful in selecting which TKI one should use 
as second-line therapy in cases of resistance. The detection of the T315I muta-
tion is of special note because only one TKI (ponatinib) is effective with this 
particular mutation. The T315I mutation becomes more prevalent with increasing 
patterns of resistance and TKI substitution, so although unusual at the first 
signs of resistance, it is quite common in the setting of multiple TKI failure.

Treatment Milestones for Frontline Therapy in Chronic 
Phase CML

The NCCN and ELN recommend a set of treatment milestones associated 
with survival outcomes. They are remarkably similar and are shown in Table 
175-3. The major prognostic milestones are (1) the achievement of a CCyR (or 
its near equivalent, a BCR-ABL of ≤1% IS) should occur by 12 months of therapy; 
(2) thereafter, achievement of an MMR (BCR-ABL ≤0.1% IS) is desirable because 
this level of disease burden is associated with a very low rate of resistance and 
progression; and (3) deeper responses (MR4.0 and lower) that are sustained 
may allow for TKI discontinuation. The failure to reach milestones, or the loss 
of milestones, should prompt consideration of change to another TKI and muta-
tion testing to inform the decision of which TKI to use as second-line therapy.

The treatment response of CCyR at 12 months of TKI is a prognostic indicator 
of long-term survival with imatinib or second-generation TKIs. For example, 
for chronic phase patients receiving either imatinib or second-generation TKIs, 
the 3-year PFS and OS rates for patients with and without a 12-month CCyR 
were 98%/99% and 67%/94%, respectively. Achievement of MMR is associated 
with continued CCyR, less disease progression to advanced phases, and a better 
OS compared with patients without MMR. For example, in the IRIS study, the 
10-year OS was 91% for patients with an MMR at 12 months versus 85% in 
those without an MMR. Similar benefits of achieving MMR are seen in patients 
receiving second-generation TKIs.

Recent attention has shifted to even earlier assessment of disease burden 
as measured by peripheral blood BCR-ABL allele burden at 3 and 6 months of 
therapy (early molecular response, or EMR). The BCR-ABL cutoff of 10% IS or 
less (good prognosis) versus more than 10% IS (bad prognosis) has been evalu-
ated after frontline therapy with imatinib, dasatinib, and nilotinib, and the EMR 
is consistently associated with short- and long-term outcomes across all TKIs. 
A retrospective study of chronic phase CML patients treated with imatinib 
first-line therapy found that patients with 3-month BCR-ABL levels of 10% IS 
or less had OS and PFS of 93% (both), whereas patients with more than 10% 
IS had inferior rates of 57% (both). This trend has been shown in several other 
retrospective and randomized trials (Table 175-4). In addition, cytogenetic and 
molecular responses also differ based on EMR. For example, dasatinib-treated 
patients with good EMR had 5-year CCyR, MMR, and MR4.5 rates of 94%, 87%, 
and 54%, whereas patients with poor EMR had rates of 41%, 38%, and 5%, 
respectively.

TABLE 175-3 DRUG FAILURE MILESTONES THAT SUGGEST 
NEED FOR A CHANGE IN TYROSINE KINASE 
INHIBITOR

TIME POINT AFTER INITIATION  
OF TKI THERAPY RESPONSE MILESTONE
3 mo No CHR*

Ph+ >95%
BCR-ABL >10% IS†

6 mo BCR-ABL >10% IS
Ph+ >35%

12 mo BCR-ABL >1%
Ph+ >0%

Any time after 12 mo Loss of CHR
Loss of CCyR
Loss of MMR (BCR-ABL >0.1% IS)
ABL kinase domain mutations
New clonal cytogenetic abnormality

*Recommendations for milestones by the National Comprehensive Cancer Network (NCCN) and 
the European Leukemia Network (ELN).
†The NCCN considers change for these patients if the patient has not had treatment interruptions 
from toxicity or adherence. The ELN assesses early molecular response at 6 months.
CCyR = complete cytogenetic response; CHR = complete hematologic response; MMR = major 
molecular response; Ph = Philadelphia chromosome; TKI = tyrosine kinase inhibitor.
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There is some controversy about whether EMR should be assessed at the 
3-month mark, rather than waiting until the 6-month mark. The advantage of 
waiting until 6 months is that 3-month responses can be influenced by dose 
adjustments or discontinuations that might occur after initiating TKI therapy. 
However, most progression events occur early during therapy, so waiting until 
the 6-month mark may underestimate an early warning of progression evidenced 
by a poor EMR.
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TABLE 175-4 EARLY MOLECULAR RESPONSES (BCR-ABL AFTER 3 MONTHS OF TKI) AND OUTCOMES

OUTCOMES
IMATINIB

≤10%/>10%
IMATINIB

≤10%/>10%
DASATINIB

≤10%/>10%
IMATINIB

≤10%/>10%
DASATINIB

≤10%/>10%
IMATINIB

≤10%/>10%
OS (%) 93/57 95/87 94/88 95/81 97/82 99/79
PFS (%) 93/57 92/87 89/72 93/72 95/78 99/79
OS = overall survival; PFS = progression-free survival.

TABLE 175-5 CLINICAL SCORING SYSTEMS USED IN RISK-
STRATIFYING CML PATIENTS

SOKAL HASFORD EUTOS
Age x x
Spleen size x x x
Blast (peripheral) x x
Basophilia x x
Eosinophilia x
Thrombocytosis x x
EUTOS = European Treatment and Outcome Study for CML17; Hasford=Hasford score for CML16; 
Sokal = Sokal Index for CML (https://www.mdcalc.com/sokal-index-chronic-myelogenous 
-leukemia-cml).15

TKIs for Second-Line Therapy
For second-line therapy, the second generation TKIs dasatinib and nilotinib 

are joined by bosutinib and ponatinib (the latter in the case of the T315I muta-
tion). A9  These TKIs have quite similar efficacy in the second-line therapy.11-13 
Single-arm studies suggest that these agents will yield CCyR in 30 to 50% of 
relapsed cases (much higher in cases in which a TKI switch was precipitated 
by a lack of tolerance to the first-line agent). All of the second-generation TKIs 
appear to be equally efficacious for the majority of imatinib-resistant/intolerant 
patients, but importantly, at a 5-year follow-up of the studies, only one third 
of patients remain on treatment. The PFS for second-line TKI is more than 70% 
(see Table 175-1). If or when subsequent relapse occurs, a third-line agent can 
be used, but in this setting responses are unusual. The possible exception is 
ponatinib, which in the setting of multiple-resistant or T315I mutations, achieved 
CCyR of more than 70%, with 2-year PFS rates of about 70%. The more frequent 
use of ponatinib for resistance has been constrained by its significant vascular 
side effects, however.

A key question for patients with resistant disease who are placed on a salvage 
TKI regimen is when to judge efficacy because allogeneic stem cell transplanta-
tion would be the next strategy. Two different studies support an evaluation of 
response after 3 months of therapy. If a major cytogenetic response (MCyR) is 
not achieved, the PFS is dramatically different compared with patients achiev-
ing an MCyR. If a patient is a transplantation candidate, a formal search can be 
initiated at the same time as the second-line TKI because it usually requires 3 
months to identify an unrelated donor. Thus, an assessment can be made as to 
adequacy of TKI response and availability of a donor at 3 months. If the patient 
has a good response, TKI is continued; if the response is poor, the patient can 
move to transplantation.

Allogeneic Hematopoietic Stem Cell Transplantation
Before the advent of TKI therapy, allogeneic transplantation was the treat-

ment of choice for newly diagnosed CML. Most centers reported survival rates 
of 75 to 85%, 25 to 40%, and 10 to 20% for chronic, accelerated, and blast 
phase disease, respectively.14 The results are similar for those with related and 
unrelated matched donors. Currently, transplantation is reserved for salvage 
therapy for those few patients who cannot tolerate TKIs, patients with highly 
resistant disease, and those with advanced phase disease.

There will never be a randomized trial of TKI therapy and transplantation, 
so all comparisons are retrospective and rely on historical controls for the trans-
plant arms. Several studies have shown that unlike with busulfan, hydroxyurea, 
and interferon, prior TKI therapy does not have an adverse effect on transplant-
related mortality and that patients who undergo transplantation because of 
TKI intolerance have survival rates similar to historical controls. In some studies, 
patients treated for resistance have similar outcomes as historical controls (80% 
for chronic phase), whereas other studies have suggested a somewhat inferior 
outcome (about 65%). In additions, studies have shown that patients with T315I 
mutations have similar outcomes as historical controls.

Treatment of Patients with Advanced Phase CML
It is rare for CML to present in advanced phase (AP) disease. Indeed, a patient 

who presents in lymphoid or myeloid blast crisis is difficult to distinguish from 
de novo ALL or acute myeloid leukemia (AML) (Chapter 173).

Rarely, patients present with AP defined by a modest increase in blast counts 
or the Ph chromosome with other clonal cytogenetic abnormalities. In this 
case, upfront treatment with single-agent TKI is often quite effective, yielding 
results similar to chronic phase disease. This is not the case for patients with 
chronic phase CML who progress to advanced phase disease while on TKIs 
because the median survival for such individuals is less than 1 year. Both dasat-
inib and bosutinib (but not nilotinib) are approved for the treatment of blast 
phase CML. In general, the blast phase of CML is treated with ALL- or AML-like 
chemotherapy (Chapter 173), with the addition of a TKI. Another potentially 
useful drug approved for chronic and accelerated phase disease is omacetaxine 
(also known as homoharringtonine), an inhibitor of protein synthesis. The major 
side effect is myelosuppression, and its role is generally as a bridge to allogeneic 
transplantation, which is the only potential curative therapy in patients with 
advanced phase disease in the face of TKI treatment. The survival rates after 
allogeneic transplantation are, roughly, for chronic phase more than 80%, 
accelerated phase 40 to 50%, and blast phase 10 to 20%.

 PROGNOSIS
There are several clinical and pathologic features at diagnosis or shortly there-
after that are associated with long-term response.

Disease Phase
As discussed earlier, the strongest prognostic feature is the phase of disease.

Risk Scores
There are numerous risk scores to predict long-term outcomes.15,16 Each com-
bines clinical factors (e.g., age, spleen size) with laboratory values, and all 
work with a high degree of intrascore system correlation (Table 175-5). The 
scores typically divide patients into low-, intermediate-, and high-risk catego-
ries, with survival and progression correlating with risk group. The Sokal Index, 
developed in 1984 for chronic phase patients, is the most commonly used 
and places patients into risk categories based on age, blast count, spleen size, 
and platelet count. The Hasford score was developed from patients on inter-
feron and adds peripheral blood counts to the Sokal measures. The more 
recently developed European Treatment and Outcome Study (EUTOS) requires 
only an assessment of the spleen size and percent basophils in blood. All of 
these scores have online calculators for easy determination of score. At diag-
nosis, they prove a reasonable guide to predict outcome. These scores work 
similarly in cases treated with first- and second-generation TKI alike.

Laboratory Methods of Risk Stratification in the Newly 
Diagnosed Patient
In addition to standard disease and patient characteristics, molecular studies 
and other biomarkers are actively being investigated as a more refined approach 
to risk stratification in the TKI era.

Molecular Response
The peripheral blood monitoring of BCR-ABL transcripts has a very important 
role in CML management for the following reasons: (1) the depth of molecular 
responses is associated with outcomes (the achievement of an MMR is a “safe 
harbor” because disease resistance or progression is extremely rare after this 
low level of disease burden is achieved); (2) the kinetics of response appears 
to predict outcome because the rate of achieving the 3-month response is 
important and patients with a BCR-ABL of more than 10% IS at the 3-month 
mark do poorly compared with patients whose disease recedes more rapidly; 
(3) deeper responses, beyond MMR, are becoming increasingly more impor-
tant as experience, trials, and treatment strategies move toward treatment 
discontinuation for those patients with a prolonged deep molecular response. 
Several studies have shown that a proportion of selected patients with persis-
tently undetectable BCR-ABL, as defined by at least a 4- or 4.5-log read depth, 
may discontinue TKI therapy without molecular relapse of their disease.

https://www.mdcalc.com/sokal-index-chronic-myelogenous-leukemia-cml
https://www.mdcalc.com/sokal-index-chronic-myelogenous-leukemia-cml
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Who Should Undergo Allogeneic Transplantation in the 
Era of TKIs?

Reasonable indications might include the following:
1. Intolerance of TKIs. TKI agents tend to be cross-tolerant, meaning that if a 

particular toxicity occurs with TKI “A,” it is unlikely to occur with agent “B.” 
However, rare patients cannot tolerate any TKIs. For these patients, bone 
marrow transplantation (BMT) is encouraged.

2. Primary TKI failure (e.g., failure to reach NCCN or ELN guidelines, such as lack 
of a cytogenetic response by 3 to 6 months, less than MCyR by 12 months 
or CCyR by 18 months). These patients should receive a trial of a different 
TKI, but it is prudent to make sure these patients are evaluated for trans-
plantation and undergo HLA typing. Failure of the second agent in this setting 
would be a reasonable indication for BMT.

3. Secondary resistance. As noted earlier, when patients become resistant to a 
frontline agent, the probability of achieving a CCyR with a second-line agent 
is 50% or less. In addition, the probability of such patients failing second-line 
therapy and developing progression or a T315I mutation is greatly increased 
compared with TKI-naïve patients.

4. Patients with T315I mutation. Ponatinib is highly effective in chronic phase 
patients with the T315I mutation, and certainly most patients should initially 
be started on this agent. However, there is considerable risk for venous and 
arterial occlusive disease, so patients with a high risk for vascular events or 
who are young and might need to be on ponatinib for many years should 
consider the transplantation option. The protein synthesis inhibitor omac-
etaxine is also approved in this setting, although responses are few and 
short-lived.

5. Accelerated or blast phase disease. The rare patients who present with acceler-
ated phase respond well to TKI therapy and might not need transplantation 
(although it is worthwhile to begin looking for a donor early in these cases). 
Patients who present in blast crisis should get intensive therapy (often che-
motherapy combined with a TKI) and move to transplantation when a donor 
is identified. Patients who progress to advanced phase disease while on a 
TKI have a median survival of less than 1 year and need transplantation in 
short order.

6. Clonal abnormalities with myelodysplasia. Clonal changes in Ph chromosome–
negative cells occur in about 5% of patients in CCyR. In most cases, these 
do not seem to affect the natural history. However, rare patients have a −5 
or −7 abnormality associated with features of MDS and should consider BMT.

Additional Cytogenetic Abnormalities
Bone marrow cytogenetics should be done at initial work-up to provide mor-
phologic review and also to detect additional chromosomal abnormalities 
(ACAs) other than Ph chromosome.17 The prognostic significance of ACAs 
(also known as clonal evolution) is related to the specific chromosomal abnor-
mality and the presence of other features of accelerated phase. The presence 
of major ACAs (trisomy 8, isochromosome 17q, second Ph chromosome, 
and trisomy 19) at diagnosis is generally associated with negative prognostic 
impact on survival and disease progression to accelerated or blast phase. In 
the German CML IV study, patients with major route ACAs at the time of 
diagnosis had longer times to cytogenetic and molecular responses and shorter 
PFS and OS than patients with t(9;22), t(v;22), loss of Y chromosome, or 
other minor ACAs. The 5-year survival rates were 91%, 87%, 89%, 92%, and 
52%, respectively, for patients with t(9;22), t(v; 22), loss of Y chromosome, 
minor route ACA, and major route ACA. Other studies have reported that 
some of the minor route ACAs, such as 11q23 and 3q26 rearrangements, are 
also associated with poor prognosis. In a more recent study that evaluated 
the prognostic impact of individual chromosomal abnormalities, the presence 
of trisomy 8, loss of Y chromosome, or second Ph chromosome had no adverse 
impact on treatment response and survival, whereas the presence of isochro-
mosome 17q, del7q, or 3q26.2 rearrangements was associated with lower 
response rates and inferior survival. The concurrent presence of two or more 
ACAs is associated with a poor prognosis.
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 CHRONIC MYELOMONOCYTIC  
LEUKEMIA AND ATYPICAL CHRONIC 
MYELOPROLIFERATIVE DISEASES

 DEFINITION AND EPIDEMIOLOGY
The chronic non-BCR-ABL leukemias are diseases that feature components 
of both myeloid dysplasia and proliferation. The WHO classifies chronic 
myelomonocytic leukemia (CMML), juvenile CMML, chronic neutrophilic 
leukemia (CNL), and atypical CML (aCML) among the myelodysplastic/
myeloproliferative disorders (Chapters 157 and 172). CNL and aCML are 
poorly named because they do not involve the BCR-ABL rearrangement. In 
CMML, there is an expansion of the monocytic population in the peripheral 
blood and bone marrow, whereas in CNL, the neutrophil population is increased.

These diseases are quite rare, and indeed, their incidence is difficult to accu-
rately estimate. CMML is estimated to have an incidence of less than 
0.5/100,000, and aCML and CNL are even rarer. The median age at diagnoses 
for these diseases is approximately 65 to 75 years.

 PATHOBIOLOGY
There is no distinguishing genetic feature of CMML. Mutations in genes 
associated with mRNA splicing (e.g., SF3B1), cytokine signaling (e.g., NRAS) 
and epigenetic modification (e.g., TET2) are found in most cases of CMML. 
On the other hand, mutations in CSF3R are present in more than 60% of 
aCML and CNL patients, and this mutation is unusual in other myeloid leu-
kemias and MDS. In addition, one fourth of cases of aCML will have a point 
mutation in the SETBP1 gene.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Like CML, the signs and symptoms are often nonspecific. The first clue to 
the diagnosis is usually abnormal peripheral blood WBC counts, which in 
CMML would demonstrate monocytosis, and may include neutropenia, anemia, 
and thrombocytopenia. Splenomegaly is quite common in these diseases. The 
work-up will be negative for the Ph chromosome or molecular evidence of 
BCR-ABL. The bone marrow typically shows myeloid hyperplasia and dysplasia 
of the myeloid lineage (and sometimes other lineages).18

The WHO definition of CMML requires a persistent (at least 3 months) 
peripheral blood monocytosis of more than 1000/µL and more than 10% of 
the entire WBC differential. In addition, the peripheral blood and bone marrow 
myeloblasts plus monoblasts plus promyelocytes must be less than 20% of 
the total WBC differential; if it is higher, it is classified as AML. CNL and 
aCML are not so strictly defined.

The median survival for these diseases is less than 3 years, with death arising 
from either transition to acute leukemia or from complications of cytopenias.19 
There is no curative therapy outside of allogeneic stem cell transplantation. 
Patients with CMML may benefit from a trial of hypomethylating agents or opt 
for disease control (if they have a highly proliferative disease) with hydroxyurea. 
If transition to AML occurs, induction therapy is often attempted, especially as 
a bridge to rapid transplantation. In aCML and CNL, mutations in CSF3R appear 
to cause aberrant signaling through SRC or JAK2, depending on where the 
mutation occurs. Thus, clinical trials are exploring targeted therapy inhibiting 
SRC and JAK in these rare patients.
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REVIEW QUESTIONS

1. Mr. W. is a 34-year-old man who presents with 2 months of early satiety 
and fatigue. His peripheral blood reveals pronounced leukocytosis (white 
blood cell [WBC] count = 150,000) with 1% peripheral blood blasts. His 
bone marrow is consistent with chronic myeloid leukemia (CML) in chronic 
phase, and his cytogenetics show the Philadelphia (Ph) chromosome and 
no other abnormalities. His Sokal risk score is high risk, and he has no 
other comorbidities. Therapy should begin with:
 A. Imatinib
 B. Dasatinib or nilotinib
 C. Ponatinib
 D. Allogeneic transplant

Answer: B The best answer is to start with the second generation tyrosine 
kinase inhibitors (TKIs). The rationale is that the patient has high-risk chronic 
phase disease and thus has a higher risk for progression to advanced phase 
disease. Randomized trials show a lower progression with dasatinib and nilo-
tinib compared with imatinib. Also, there are no obvious comorbidities that 
would influence the TKI choice. (Hochhaus A, Saglio G, Hughes TP, et al. 
Long-term benefits and risks of frontline nilotinib vs imatinib for chronic 
myeloid leukemia in chronic phase: 5-year update of the randomized ENESTnd 
trial. Leukemia. 2016;30:1044-1054; Cortes JE, Saglio G, Kantarjian HM, 
et al. Final 5-year study results of DASISION: the Dasatinib versus Imatinib 
Study in Treatment-Naive Chronic Myeloid Leukemia Patients Trial. J Clin 
Oncol. 2016;34:2333-2340; Radich JP, Kopecky KJ, Appelbaum FR, et al. A 
randomized trial of dasatinib 100 mg vs imatinib 400 mg in newly diagnosed 
chronic phase chromic myeloid leukemia. Blood. 2012;120:3898-3905.)

2. Ms. O. is a 56-year-old woman seen for her routine 1-year follow-up for 
hypertension and insomnia. Routine complete blood count (CBC) shows 
WBC count of 30,000 with normal hematocrit and platelets and 30% lym-
phoblasts. Her bone marrow is hyperplastic with 20% blasts, which mark 
as lymphoid by flow cytometry. Her cytogenetics show two clones, one 
with the Ph chromosome in 16/20 metaphases and a second clone with 
the Ph chromosome and del17p in 4/20 metaphases. Physical examination 
and CBC were normal last year. On physical examination, there is no 
adenopathy. She is somewhat obese and her spleen is difficult to evaluate. 
You:
 A. Refer for an immediate allogeneic transplantation.
 B. Start imatinib.
 C. Start a second-generation TKI.
 D. Start TKI and acute lymphoblastic leukemia (ALL)-based chemotherapy.

Answer: D A good starting point would be D, with a referral for transplanta-
tion after the disease is controlled by the chemotherapy and TKI. This is a 
difficult case and is not very uncommon. The issue is, can you call a disease 
accelerated or blast phase without a known previous chronic phase? Experts 
debate on clues to whether a case like this would be de novo Ph+ ALL or 
lymphoid blast crisis, based on presence/absence of splenomegaly (presence 
suggesting CML), persistence of the Ph chromosome after disease remission 
following chemotherapy (persistence suggesting CML), or the p190 versus 
p210 BCR-ABL breakpoint (p190 suggesting ALL). Alas, none of these is 
foolproof or convincing. Thus, the best choice here is to treat it like a Ph+ 
ALL (some appropriate ALL chemotherapy regimen with a TKI), call the 
transplant team, start HLA typing, and proceed to transplantation at remis-
sion. (Benjamini O, Dumlao TL, Kantarjian H, et al. Phase II trial of hyper 
CVAD and dasatinib in patients with relapsed Philadelphia chromosome 
positive acute lymphoblastic leukemia or blast phase chronic myeloid leukemia. 
Am J Hematol. 2014;89:282-287; Nair AP, Barnett MJ, Broady RC, et al. Allo-
geneic hematopoietic stem cell transplantation is an effective salvage therapy 
for patients with chronic myeloid leukemia presenting with advanced disease 
or failing treatment with tyrosine kinase inhibitors. Biol Blood Marrow Trans-
plant. 2015;21:1437-1444.)

3. Mr. L. is a 52-year-old man. He was originally diagnosed with high-risk 
chronic phase CML and started on imatinib. BCR-ABL in peripheral blood 
was 15% at diagnosis, 9% at 3 months, 5% at 6 months, and BCR-ABL 
0.9% at 12 months. He continues on imatinib but missed his 15-month 
follow-up and now has a BCR-ABL of 7%. A repeat test in another month 
shows a BCR-ABL of 10%. You:
 A. Stay the course with imatinib.
 B. Start a second-generation TKI.
 C. Get mutation analysis, and pick TKI based on the result.
 D. Start interferon or omacetaxine.

Answer: A This is a good example of a patient, who, by the book, hits his 
early milestones. However, the response is fairly modest. The best pick is A 
because this patient’s disease isn’t progressing rapidly, and you likely have the 
time to get the mutation results and base the choice of the second-generation 
TKI on the results. However, in some cases, the turn-around time for the 
mutation analysis may be prolonged, in which case you can switch to whatever 
second-generation TKI fits the comorbidity profile of the patient, and your 
comfort level of using that particular agent, and change the TKI later based 
on the mutation results. (Soverini S, Branford S, Nicolini FE, et al. Implica-
tions of BCR-ABL1 kinase domain-mediated resistance in chronic myeloid 
leukemia. Leuk Res. 2014;38:10-20; Shah NP, Rousselot P, Schiffer C, et al. 
Dasatinib in imatinib-resistant or -intolerant chronic-phase, chronic myeloid 
leukemia patients: 7-year follow-up of study CA180-034. Am J Hematol. 
2016;91:869-874; Giles FJ, le Coutre PD, Pinilla-Ibarz J, et al. Nilotinib in 
imatinib-resistant or imatinib-intolerant patients with chronic myeloid leukemia 
in chronic phase: 48-month follow-up results of a phase II study. Leukemia. 
2013;27:107-112.)

4. Ms. A. is a 47-year-old woman who presented in chronic phase CML 6 
months ago. She had intermediate Sokal risk, with a baseline BCR-ABL of 
56%, and began nilotinib. Her 3-month BCR-ABL was 30%, and she denied 
side effects. At that time she had stated that she didn’t notice any side 
effects of the drug at all. At the 6-month follow-up, she reports some fatigue 
and a spotty rash, and her laboratory results suggest a mild hyperglycemia. 
Her 6-month BCR-ABL is now down to 0.8%. You:
 A. Suggest she continue taking her nilotinib religiously.
 B. Stay the course.
 C. Switch TKI.
 D. Repeat a BCR-ABL level (to confirm that the most recent allele burden 

quantitation is as good as previously reported).
Answer: B This case suggests a problem with adherence. Her initial disease 
burden decline is poor, and she has no side effects of nilotinib at all. However, 
her next decline is rapid, and she has some predictable side effects. Biologi-
cally, there is no reason that the disease burden should shift gears from slow 
to fast if exposed to an adequate dose of TKI. Thus, B is the choice of record, 
although A is also a good recommendation, just to reinforce the benefits of 
adherence. Repeating the BCR-ABL (D) can be considered based on the trust 
in your referral laboratory’s performance. (Noens L, van Lierde M-A, De Bock 
R, et al. Prevalence, determinants, and outcomes of nonadherence to imatinib 
therapy in patients with chronic myeloid leukemia: the ADAGIO study. Blood. 
2009;113:5401-5411; Marin D, Bazeos A, Mahon F-X, et al. Adherence is 
the critical factor for achieving molecular responses in patients with chronic 
myeloid leukemia who achieve complete cytogenetic responses on imatinib. 
J Clin Oncol. 2010;28:2381-2388.)
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Answer: C Mr. S. should be discouraged from discontinuation at this point. 
The original study of discontinuation was on patients with multiple years of 
TKI therapy and 2 years of continuous undetectable BCR-ABL. New studies 
are examining how long patients need to be on TKI and how long and low 
the best response needs to be, but this is a completely unresolved issue. Off 
study, the minimum requirements by the NCCN are 3 years of therapy and a 
continued BCR-ABL level of MR4 or lower. Mr. S. should choose C if he wants 
to pursue a more aggressive approach, or have patience and choose option B. 
(Mahon FX, Rea D, Guilhot J, et al. Discontinuation of imatinib in patients 
with chronic myeloid leukaemia who have maintained complete molecular 
remission for at least 2 years: the prospective, multicentre Stop Imatinib (STIM) 
trial. Lancet Oncol. 2010:1029-1035; Ross DM, Branford S, Seymour JF, et al. 
Safety and efficacy of imatinib cessation for CML patients with stable unde-
tectable minimal residual disease: results from the TWISTER study. Blood. 
2013;122:515-522; Mahon FX, Richter J, Guilhot J, et al. Discontinuation 
of imatinib in patients with chronic myeloid leukaemia who have maintained 
complete molecular remission for at least 2 years: the prospective, multicentre 
Stop Imatinib (STIM) trial. Lancet Oncol. 2010:1029-1035.)

5. Mr. S. is a 32-year-old man who presented with low-risk CML in chronic 
phase. He was started on dasatinib with the hope of a dramatic response 
to permit discontinuation of TKI therapy, so that he could become a father. 
He reached a major molecular response (MMR) at 3 months, and by 12 
months and 15 months, the BCR-ABL was undetectable. He now wishes 
to be taken off therapy. You:
 A. Agree to discontinuation.
 B. Advise not to discontinue because more treatment time is needed to 

safely discontinue therapy.
 C. Advise not to discontinue unless he enrolls in a clinical trial studying 

discontinuation.
 D. Plan to add interferon, wait 3 months, and if still negative for BCR-ABL, 

discontinue.
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176 
NON-HODGKIN LYMPHOMAS
PHILIP J. BIERMAN AND JAMES O. ARMITAGE

 DEFINITION
Lymphomas are solid tumors of the immune system. Increasing knowledge 
of the biology of the immune system has led to a corresponding increase in 
the understanding of these malignancies. In addition to better systems of 
classification and clinical evaluation, this new knowledge has led to the devel-
opment of new therapies. Beneficial treatment is available for essentially every 
patient with non-Hodgkin lymphoma. The overall survival of lymphoma 
patients has increased steadily over the past 30 years, and many patients can 
be cured.

 EPIDEMIOLOGY
In the United States, it is estimated that 74,600 new cases of non-Hodgkin 
lymphoma will be diagnosed in 2018, and about 19,910 people are estimated 
to die in 2018 of this disease. Non-Hodgkin lymphomas account for about 
4% of new cancers in the United States and result in about 3% of cancer deaths. 
The U.S. lifetime risk for developing non-Hodgkin lymphoma is estimated to 
be 2.4% (1 in 42) for men and 1.90% (1 in 52) for women. Between 2011 
and 2015, in the United States, the number of new cases of non-Hodgkin 
lymphoma was 19.4 per 100,000 men and women per year.1 The incidence 
rate increases dramatically with age and is higher in whites than in other ethnic 
groups.

Geographic differences in the incidence of non-Hodgkin lymphomas vary 
as much as five-fold. The highest rates are seen in the United States, Europe, 
and Australia, whereas lower rates are seen in Asia. Even more striking are 
geographic differences in the incidence of certain types of non-Hodgkin lym-
phoma, such as Burkitt lymphoma, follicular lymphoma, extranodal natural 
killer (NK)/T-cell nasal lymphoma, and adult T-cell leukemia/lymphoma 
(see later).

Between 1950 and the beginning of the 21st century, the incidence rate 
for non-Hodgkin lymphomas in the United States increased by about 3 to 4% 
yearly. Increases occurred among both men and women in all parts of the 
world. The increase in incidence during these periods is illustrated in Fig. 
176-1 and was partially related to the aging population and to the acquired 
immunodeficiency syndrome (AIDS) epidemic (Chapter 366). Since then, 
the incidence rate for non-Hodgkin lymphoma has reached a plateau, and the 
incidence rate of deaths from the disease has been declining. Occupational 
and environmental exposures (e.g., agricultural chemicals) may also explain 
some of the increase. Finally, some of the increase may be explained by improve-
ments in the ability of pathologists to diagnose lymphoma and by improve-
ments in imaging techniques.

 PATHOBIOLOGY
For most cases of non-Hodgkin lymphoma, the cause is unknown, although 
genetic, environmental, and infectious agents have been implicated  
(Table 176-1).
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ABSTRACT
The non-Hodgkin lymphomas represent no more than 5% of all new cancers, 
but they have a disproportionate importance because of the ability of therapy 
to cure a significant fraction of patients and benefit most of the remainder. 
For this reason, the management of lymphoma requires a meticulous approach 
to diagnosis and staging. A large number of histologic subtypes of lymphoma 
with differing clinical and microscopic appearances are recognized in the newest 
classification. It is also recognized that even though lymphomas appear mor-
phologically similar, they may exhibit significant genetic and molecular het-
erogeneity. These differences, as well as individual patient differences, are 
ushering in a new era of precision medicine for the treatment of lymphoma. 
Over the last several years, there have been a large number of new chemo-
therapy agents introduced, as well as monoclonal antibodies, targeted agents, 
and immunotherapies. These new drugs have been responsible for improve-
ments in survival for many types of lymphoma.
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TABLE 176-1 FACTORS ASSOCIATED WITH THE 
DEVELOPMENT OF NON-HODGKIN 
LYMPHOMA

Inherited immune disorders
Severe combined immunodeficiency disease
Common variable immunodeficiency disease
Wiskott-Aldrich syndrome
Ataxia-telangiectasia
X-linked lymphoproliferative disorder
Autoimmune lymphoproliferative syndrome

Acquired immune disorders
Solid organ transplantation
Acquired immunodeficiency syndrome (AIDS)
Rheumatoid arthritis and systemic lupus erythematosus
Sjögren syndrome
Hashimoto thyroiditis
Celiac disease

Drug related
Methotrexate for autoimmune disorders
JAK1/2 inhibitor for myelofibrosis

Infectious agents
Epstein-Barr virus
Human T-lymphotropic virus type 1
Human herpesvirus type 8
Hepatitis C virus
Helicobacter pylori
Borrelia burgdorferi
Chlamydia psittaci
Campylobacter jejuni
Coxiella burnetii

Occupational and environmental exposure
Herbicides
Organic solvents
Hair dyes
Ultraviolet light
Diet
Smoking
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FIGURE 176-1. Non-Hodgkin lymphoma incidence by age in men, 1975-1977 versus 
2008-2010. (From the surveillance, Epidemiology, and End Results [sEER] program of 
the National Cancer institute, http://seer.cancer.gov/csr/1975_2010/.)

Genetic Factors
Familial non-Hodgkin lymphoma clusters have been described, and there is 
a slightly higher risk for non-Hodgkin lymphoma among siblings and first-
degree relatives of patients with lymphoma or other hematologic malignancies. 
There is increasing recognition that host genetics are involved in the develop-
ment of lymphomas. The incidence of non-Hodgkin lymphoma has been 
associated with polymorphisms in a variety of genes related to immunity, 
including chemokines, tumor necrosis factor, interleukin-10 (IL-10), and 
lymphotoxin-α. Polymorphisms in other genes related to the cell cycle and 
apoptosis have also been associated with an increased risk for developing 
lymphoma.

Immune System Abnormalities
Several inherited disorders increase the risk for developing non-Hodgkin 
lymphoma as much as 250-fold (see Table 176-1). In some of these condi-
tions, the lymphoma may be related to Epstein-Barr virus (EBV; Chapter 
353). For example, patients with X-linked lymphoproliferative disorder have 
mutations in the SH2D1A gene, which encodes proteins that regulate the host 
immune response against EBV-infected cells. Patients may develop fatal infec-
tious mononucleosis or non-Hodgkin lymphoma after primary exposure to 
EBV. Acquired immunodeficiency states are also associated with an increased 
risk for non-Hodgkin lymphoma. For example, post-transplantation lympho-
proliferative disorders occur in as many as 20% of solid organ transplant 
recipients, related to the proliferation of B lymphocytes that have been trans-
formed during immunosuppressive therapy.2 The risk for non-Hodgkin lym-
phoma is also increased more than 100-fold in patients infected with the 
human immunodeficiency virus (HIV).3 Almost all central nervous system 
(CNS) lymphomas and approximately 50% of other lymphomas in patients 
with AIDS are related to EBV. Some studies have shown a two-fold increase 
in the incidence of non-Hodgkin lymphomas among patients with rheumatoid 
arthritis (Chapter 248),4 and the risk for marginal zone lymphomas is increased 
approximately 30- to 40-fold in patients with Sjögren syndrome (Chapter 
252).5 Increases in the incidence of thyroid lymphoma are seen in patients 
with Hashimoto thyroiditis (Chapter 213). Enteropathy-type T-cell lymphomas 
are associated with celiac disease (Chapter 131). Patients with the autoimmune 
lymphoproliferative syndrome, associated with mutations in the FAS gene, 
also appear to be at higher risk for developing lymphoma.

Infectious Agents
EBV is associated with the majority of post-transplantation lymphoproliferative 
disorders and many AIDS-associated lymphomas. This viral genome is detect-
able in more than 95% of cases of endemic Burkitt lymphoma and in approxi-
mately 15 to 35% of cases of sporadic Burkitt lymphoma and AIDS-associated 
lymphomas. This virus is also associated with EBV-positive diffuse large B-cell 
lymphoma of elderly people, plasmablastic lymphoma, and extranodal NK/T-
cell lymphoma.6

The human T-lymphotropic virus type 1 (HTLV-1; Chapter 354) is 
detectable in virtually all cases of adult T-cell leukemia/lymphoma. The risk 
for lymphoma is approximately 3% in patients infected with HTLV-1. In 
endemic areas, up to 50% of all non-Hodgkin lymphomas may be related to  
HTLV-1.

Human herpesvirus-8 (HHV-8, Kaposi sarcoma–associated herpesvirus; 
Chapter 366), which is associated with expansion of the B-cell population, is 
also associated with primary effusion lymphoma (see later) in immuno-
compromised patients and with multicentric Castleman disease. Patients with 
primary effusion lymphoma are often coinfected with EBV.

Epidemiologic evidence has linked hepatitis C virus (Chapter 140) to lym-
phoplasmacytic lymphoma associated with type II cryoglobulinemia, nodal 
marginal zone lymphoma, and splenic marginal zone lymphoma. Chronic 
antigenic stimulation from this virus may lead to the emergence of malignant 
B-cell clones.

Helicobacter pylori is associated with gastric lymphoma (Chapter 183) of 
extranodal marginal zone/mucosa-associated lymphoid tissue (MALT). Colo-
nized patients develop gastritis from chronic antigenic stimulation mediated 
by T cells, which respond to H. pylori–specific antigens and emergence of 
malignant B-cell clones. Borrelia burgdorferi (Chapter 305) has been associated 
with marginal zone B-cell lymphoma of the skin. Evidence also links Chlamydia 
psittaci (Chapter 302) with ocular adnexal lymphomas, Campylobacter jejuni 
with immunoproliferative small intestinal disease (Chapter 287), and Coxiella 
burnetii with diffuse large B-cell and follicular lymphoma.7

Environmental and Occupational Exposure
Agricultural chemicals have been associated with an increased risk for devel-
oping non-Hodgkin lymphomas, and the strongest associations involve phenoxy 
herbicides such as 2,4-dichlorophenoxyacetic acid (2,4-D), which was also a 
component of Agent Orange (Chapter 16). An increased risk has also been 
associated with ionizing radiation (Chapter 17), organic solvents, hair dyes, 
and nitrates in drinking water, although contradictory results have been reported. 
Some studies have also linked non-Hodgkin lymphomas to high-fat diets and 
ultraviolet radiation (Chapter 170). The risk for non-Hodgkin lymphomas is 
increased approximately 20-fold after treatment for Hodgkin lymphoma 
(Chapter 177). Heavy smokers (Chapter 29) have an increased risk for devel-
oping follicular lymphoma. Low levels of vitamin D have been associated with 

http://seer.cancer.gov/csr/1975_2010/


CHAPTER 176 NoN-HodgkiN LympHomas 1231

linked to the morphology, immunophenotype, and clinical behavior of the 
lymphoma (Fig. 176-2 and Table 176-2).

The transformation of cells from the normal immune system into malignant 
lymphoma reflects the acquisition of specific genetic abnormalities. In many 
cases, cytogenetic studies can identify chromosomal translocations that underlie 
the development or progression of the lymphoma. In most cases of non-Hodgkin 
lymphoma, the activation of proto-oncogenes is the major abnormality, but 
occasionally chromosomal translocations can lead to fusion genes that code 
for chimeric proteins. In addition, some cases are associated with deletion of 

increased risk for recurrent lymphoma, as well as poor outcome. Anti–tumor 
necrosis factor (anti-TNF) agents might be associated with an increased risk 
for developing lymphoma—particularly hepatosplenic T-cell lymphoma. There 
is also a reported association of breast implants with the development of 
anaplastic large cell lymphoma.

Pathology
Non-Hodgkin lymphomas are derived from cells of the immune system at 
varying stages of differentiation. In some cases, the cell of origin is directly 
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The non-Hodgkin lymphomas recognized in the WHO classification have 
clinically distinctive characteristics (Table 176-5), such that an experienced 
hematopathologist can accurately classify 85% or more of patients by WHO 
criteria when adequate material is available. Some diagnoses, such as follicular 
lymphoma, can be made with a high degree of accuracy without immunologic 
or genetic studies. The diagnosis of T-cell lymphomas cannot be made accu-
rately without immunophenotyping. Cytogenetic studies and molecular genetic 
studies (fluorescent in situ hybridization, or FISH) can help resolve difficult 
differential diagnoses. For example, the presence of a t(8;14) translocation 
supports the diagnosis of Burkitt lymphoma, whereas a t(11;14) with cyclin 
D1 overexpression can confirm the diagnosis of mantle cell lymphoma (see 
Tables 176-2 and 176-3).

Gene expression profiling has allowed the identification of distinct subsets 
of patients with diffuse large B-cell lymphoma (DLBCL). Patients with his-
tologically identical lymphomas can be divided into those with gene expression 
patterns resembling normal germinal center B cells (GCB), those whose tumors 
resemble activated post–germinal center B cells (ABC), or those with patterns 
resembling that seen in Hodgkin lymphoma. The last pattern is most frequently 
found in young women who present with large mediastinal masses. Use of 
immunohistochemistry to subdivide diffuse large B-cell lymphoma into GCB 
and ABC subtypes is widely used but does not correlate perfectly with DNA 
microarray results. Using a combination of exome and transcriptome sequenc-
ing, array-based DNA copy-number analysis, and targeted amplicon resequenc-
ing of selected genes, it has been possible to further subtype DLBCL based 
on shared genomic abnormalities, uncovering therapeutic vulnerabilities based 
on tumor genetics.8

 CLINICAL MANIFESTATIONS
The most common presentation of non-Hodgkin lymphoma is lymphadenopathy 
(Fig. 176-3; Chapter 159). In many cases, patients notice cervical, axillary, 

tumor suppressor genes. Specific genetic abnormalities are associated with 
some specific subtypes of non-Hodgkin lymphoma (Table 176-3). It is becom-
ing clear that the tumor microenvironment from cells of the host immune 
system is important in tumor cell survival and response to therapy.

Classification
Recognition of the Reed-Sternberg cell approximately 100 years ago made it 
possible to define Hodgkin lymphoma (Chapter 177) as a distinct entity, 
whereas other lymphomas were included under the heading “non-Hodgkin 
lymphomas.” In the 1990s, a classification system incorporating morphologic, 
immunologic, genetic, and clinical information (the Revised European-American 
Lymphoma classification, or REAL) was developed to identify distinct clini-
copathologic subgroups representing diseases that can be recognized by clini-
cians (World Health Organization [WHO] classification of lymphomas in 
2008). The updated 2016 WHO classification further integrated genetic data 
into the clinicopathologic classification shown in Table 176-4.

The WHO classification divides lymphomas on the basis of B-cell or T/
NK-cell origin and whether they are derived from primitive precursor cells 
or from more mature “peripheral” cells. Specific clinical and pathologic entities 
are recognized within each of these groupings. In the United States and Europe, 
85 to 90% of non-Hodgkin lymphomas are B cell in origin.

The most frequent type is diffuse large B-cell lymphoma, which represents 
31% of all non-Hodgkin lymphomas worldwide. The next most frequent type 
is follicular lymphoma, which represents 22% of cases. Follicular lymphoma 
is relatively more frequent in North America and Western Europe and less 
frequent in Asia. Less common types, each representing between 5 and 10% 
of all non-Hodgkin lymphomas, are extranodal marginal zone/MALT lym-
phomas, peripheral T-cell lymphomas, small lymphocytic lymphoma, and 
mantle cell lymphoma. Other types each represent less than 2% of non-Hodgkin 
lymphomas seen in the United States.

TABLE 176-2 TYPICAL IMMUNOPHENOTYPES OF COMMON NON-HODGKIN LYMPHOMAS
LYMPHOMA CD20 CD3 CD10 CD5 CD23 OTHER
Small lymphocytic + − − + +

Lymphoplasmacytic + − − − − Cytoplasmic Ig+

Extranodal marginal zone MALT + − − − −

Nodal marginal zone + − − − −

Follicular + − + −

Mantle cell + − + − Cyclin D1+

Diffuse large B cell + −

Mediastinal large B cell + −

Burkitt + − + − TdT−

Precursor T lymphoblastic − +/− TdT+, CD1a+/−, CD7+

Anaplastic large T cell − +/− CD30+, CD15−, EMA+, ALK+/−

Peripheral T cell − +/− Other pan-T variable
ALK = anaplastic lymphoma kinase; EMA = epithelial membrane antigen; MALT = mucosa-associated lymphoid tissue; TdT = terminal deoxynucleotidyl transferase.

TABLE 176-3 CHROMOSOMAL TRANSLOCATIONS CHARACTERISTIC OF NON-HODGKIN LYMPHOMA
LYMPHOMA SUBTYPE TRANSLOCATION GENES INVOLVED FREQUENCY (%)
Diffuse large B cell t(3q27) BCL6 35

t(14;18)(q32;q21) IgH, BCL2 15-20
t(18;14)(q24;q32) MYC (c-Myc), IgH <5

Burkitt t(8;14)(q24;q32) MYC, IgH 100% have one of these, most commonly t(8;14)
t(8;22)(q24;q11) MYC, IgL
t(2;8)(p12;q24) IgK, MYC

Follicular t(14;18)(q32;q21) IgH, BCL2 ~90
Mantle cell t(11;14)(q13;q32) BCL1, IgH >90
ALCL t(2;5)(p23;q35) ALK, NPM >80 of ALK+ ALCLs
MALT t(11;18)(q21;q21) API2, MALT1 35

t(14;18)(q21;q32) IgH, MALT1 20
t(1;14)(p22;q32) BCL10, IgH 10

ALCL = anaplastic large cell lymphoma; ALK = anaplastic lymphoma kinase; MALT = mucosa-associated lymphoid tissue.
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FIGURE 176-3. Non-Hodgkin lymphoma. despite the redness of the skin over the 
enlarged lymph node in this patient, the lesion was completely painless. (From Forbes 
Cd, Jackson WF. Color Atlas and Text of Clinical Medicine, 3rd ed. London: mosby; 2003.)

TABLE 176-4 2016 REVISION OF THE WHO CLASSIFICATION 
OF NON-HODGKIN LYMPHOMA

MATURE B-CELL NEOPLASMS

Chronic lymphocytic leukemia/small lymphocytic lymphoma
Splenic marginal zone lymphoma
Hairy cell leukemia/lymphoma
Splenic B-cell lymphoma/leukemia, unclassifiable

Splenic diffuse red pulp B-cell lymphoma
Hairy cell leukemia-variant

Lymphoplasmacytic lymphoma
Waldenström macroglobulinemia
Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT)
Nodal marginal zone lymphoma
Follicular lymphoma

In situ follicular neoplasia*
Duodenal-type follicular lymphoma*

Large B-cell lymphoma with IRF4 rearrangement*
Primary cutaneous follicle center lymphoma
Mantle cell lymphoma

In situ mantle cell neoplasia*
Diffuse large B-cell lymphoma (DLBCL), NOS

Germinal center B-cell type*
Activated B-cell type*

T-cell/histiocyte-rich large B-cell lymphoma
Primary DLBCL of the central nervous system (CNS)
Primary cutaneous DLBCL, leg type
EBV+ DLBCL, NOS*
EBV+ mucocutaneous ulcer*
DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
Primary mediastinal (thymic) large B-cell lymphoma
Intravascular large B-cell lymphoma
ALK+ large B-cell lymphoma
Plasmablastic lymphoma
Primary effusion lymphoma
HHV8+ DLBCL, NOS*
Burkitt lymphoma
High-grade B-cell lymphoma with MYC and BCL2 and/or BCL6 rearrangements
High-grade B-cell lymphoma, NOS*
B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and HL
MATURE T AND NK NEOPLASIA

Chronic lymphoproliferative disorder of NK cells
Hydroa vacciniforme-like lymphoproliferative disorder*
Adult T-cell leukemia/lymphoma
Extranodal NK-/T-cell lymphoma, nasal type
Enteropathy-associated T-cell lymphoma
Monomorphic epitheliotropic intestinal T-cell lymphoma*
Indolent T-cell lymphoprolifeative disorder of the GI tract*
Hepatosplenic T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides
Sézary syndrome
Primary cutaneous CD30+ T-cell lymphoproliferative disorders

Lymphomatoid papulosis
Primary cutaneous anaplastic large cell lymphoma
Primary γδ T-cell lymphoma
Primary cutaneous CD8+ aggressive epidermotropic cytotoxic T-cell lymphoma
Primary cutaneous acral CD8+ T-cell lymphoma*
Primary cutaneous CD4+ small/medium T-cell lymphoproliferative disorder*
Peripheral T-cell lymphoma, NOS
Angioimmunoblastic T-cell lymphoma
Follicular T-cell lymphoma*
Nodal peripheral T-cell lymphoma with TFH phenotype*
Anaplastic large-cell lymphoma, ALK+
Anaplastic large-cell lymphoma, ALK−

Breast implant-associated anaplastic large-cell lymphoma*
POST-TRANSPLANT LYMPHOPROLIFERATIVE DISORDERS (PTLD)

Plasmacytic hyperplasia PTLD
Infectious mononucleosis PTLD
Florid follicular hyperplasia PTLD*
Polymorphic PTLD
Monomorphic PTLD (B- and T-/NK-cell types)
Provisional entities are listed in italics; * denotes changes from the 2008 classification (shown in 
Volume 25); NOS = not otherwise specified. This table does not include the lymphoid leukemias, 
plasma cell dyscrasia, and Hodgkin lymphoma (see Chapter 177).
Modified from Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World Health 
Organization classification of lymphoid neoplasms. Blood 2016;127:2375-2390.

or inguinal adenopathy and seek a physician’s advice. In general, lymph nodes 
containing lymphoma are firm, nontender, and not associated with a regional 
infection. In other patients, lymphadenopathy occurring in sites such as the 
mediastinum or retroperitoneum causes different symptoms that bring the 
patient to the physician. Chest pain, cough, superior vena cava syndrome, 
abdominal pain, back pain, spinal cord compression, and symptoms of renal 
insufficiency associated with ureteral compression are characteristic.

Non-Hodgkin lymphomas are often associated with systemic symptoms 
that may lead to the diagnosis. The most obvious symptoms are fever, night 
sweats, and unexplained weight loss. Any of these symptoms without an 
obvious cause should lead a physician to consider the diagnosis of lymphoma. 
Other, less characteristic symptoms include fatigue, which is frequently 
present at the time of diagnosis if the patient is questioned carefully, and  
pruritus.

Non-Hodgkin lymphomas can involve essentially any organ in the body, 
and malfunction of that organ can cause symptoms that lead to the diagnosis. 
Examples include neurologic symptoms with primary brain lymphoma (Chapter 
180), shortness of breath with MALT lymphomas in the lung, epigastric pain 
and vomiting with gastric MALT lymphomas or diffuse large B-cell lymphomas 
(Chapter 183), bowel obstruction with small bowel lymphomas (Chapter 
184), testicular masses with diffuse large B-cell lymphoma (Chapter 190), 
and skin lesions with cutaneous lymphomas (Chapter 411). Many lymphomas 
involve the bone marrow and occasionally cause extensive myelophthisis 
(Chapter 156) and bone marrow failure. These patients may present with 
infections, bleeding, and anemia.

Non-Hodgkin lymphomas can also manifest with a variety of immunologic 
abnormalities. For example, autoimmune hemolytic anemia (Chapter 151) 
and immune thrombocytopenia (Chapter 163) can be the presenting mani-
festations of non-Hodgkin lymphoma, especially small lymphocytic lymphoma/
chronic lymphocytic leukemia as well as other subtypes, including diffuse 
large B-cell lymphoma. Peripheral neuropathies (Chapter 392), often associ-
ated with overproduction of a monoclonal protein, can be seen in a variety 
of subtypes but are most characteristic of lymphoplasmacytic lymphoma; 
sometimes they are also seen with POEMS syndrome (polyneuropathy, 
organomegaly, endocrinopathy, M protein, skin changes; Chapter 178). Para-
neoplastic neurologic complications of non-Hodgkin lymphoma include 
demyelinating polyneuropathy, Guillain-Barré syndrome, autonomic dysfunc-
tion, and peripheral neuropathy. Paraneoplastic syndromes (Chapter 169) 
associated with non-Hodgkin lymphoma can affect the skin (e.g., pemphigus), 
kidney (e.g., glomerulonephritis), and miscellaneous organ systems (e.g., vas-
culitis, dermatomyositis, cholestatic jaundice).

The differential diagnosis in patients with non-Hodgkin lymphoma is broad. 
Any cause of lymphadenopathy or splenomegaly can potentially be confused 
with non-Hodgkin lymphoma (Chapter 159). However, this confusion is 
resolved by an appropriate biopsy. It is extremely important to recognize that 
the diagnosis of non-Hodgkin lymphoma must be considered in patients with 
compatible clinical presentations and then confirmed by an adequate biopsy 
read by an experienced hematopathologist. The diagnosis should never be 
inferred, and patients should not be treated until the diagnosis is confirmed 
by biopsy. This is also true for patients who achieve a complete remission 
with initial therapy; they should not be treated for presumed relapse on the 
basis of symptoms or abnormal images without a biopsy.
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TABLE 176-5 PRESENTING CLINICAL CHARACTERISTICS OF COMMON NON-HODGKIN LYMPHOMA SUBTYPES
STAGE (%)

TYPE OF LYMPHOMA MEDIAN AGE (yr) MALE (%) I IV B SYMPTOMS (%) BONE MARROW INVOLVED (%)
B-CELL LYMPHOMAS

Small lymphocytic 65 53 4 83 33 72
Lymphoplasmacytic 63 53 7 73 13 73
Extranodal marginal zone MALT 60 48 39 31 19 14
Nodal marginal zone 58 42 13 40 37 32
Follicular 59 42 18 51 28 42
Mantle cell 63 74 13 71 28 64
Diffuse large B cell 64 55 25 33 33 16
Mediastinal large B cell 37 34 10 31 38 3
Burkitt 31 89 37 38 22 33
PRECURSOR B/T-CELL LYMPHOMAS

Precursor T lymphoblastic 28 64 0 75 21 50
T-CELL LYMPHOMAS

Anaplastic large T cell 34 69 19 39 53 13
Peripheral T cell, NOS 61 55 8 65 50 36
B symptoms = fevers, night sweats, and weight loss; MALT = mucosa-associated lymphoid tissue.
Adapted from Armitage JO, Weisenburger DD, for the Non-Hodgkin Lymphoma Classification Project. New approach to classifying non-Hodgkin lymphomas: clinical features of the major histologic subtypes. 
J Clin Oncol. 1998;16:2780-2795.

TABLE 176-6 TYPICAL EVALUATION OF A PATIENT  
NEWLY DIAGNOSED WITH  
NON-HODGKIN LYMPHOMA

1. Biopsy to establish diagnosis
2. Careful history and physical examination
3. Laboratory evaluation

 A. Complete blood count
 B. Chemistry screen, including lactate dehydrogenase

4. Imaging studies
 A. Computed tomography of chest, abdomen, and pelvis
 B. Positron emission tomography (can often replace the CT scan)

5. Additional biopsies
 A. Bone marrow
 B. Any other suspicious site if results would change therapy

TABLE 176-7 STAGING OF NON-HODGKIN LYMPHOMA
STAGE DESCRIPTION
I Involvement of a single lymph node region (I) or a single 

extralymphatic organ or site (IE)
II Involvement of two or more lymph node regions on the same side of 

the diaphragm (II) or localized involvement of an extralymphatic 
organ or site and one or more lymph node regions on the same side 
of the diaphragm (IIE)

III Involvement of lymph node regions on both sides of the diaphragm 
(III), which may also be accompanied by localized involvement of an 
extralymphatic organ or site (IIIE) or by involvement of the spleen 
(IIIS) or both (IIISE)

IV Diffuse or disseminated involvement of one or more extralymphatic 
organs or tissues with or without associated lymph node enlargement

Subtypes
A No B symptoms
B B symptoms: unexplained weight loss ≥10% of body weight in prior 6 

months, unexplained fever with temperature >38° C, or night sweats
Adapted from Carbone PP, Kaplan HS, Musshoff K, et al. Report of the Committee on Hodgkin 
Disease Staging Classification. Cancer Res. 1971;31:1860-1861.

TREATMENT 

(Table 176-7). In addition, each stage is subdivided into A (no defined general 
symptoms) and B (unexplained weight loss >10% of body weight in the pre-
vious 6 months, unexplained temperature >38° C, or night sweats) catego-
ries. Known sites of disease can be reexamined later to evaluate the response  
to therapy.

Although a wide variety of patient factors (e.g., age, symptoms, LDH level) 
and tumor factors (e.g., bulk, gene expression pattern, proliferation rate) can 
affect treatment outcomes, two prognostic systems can help in choosing therapy 
and determining an accurate prognosis. The International Prognostic Index 
(IPI; Table 176-8) is the most widely used method to predict treatment outcome 
and survival. The IPI is based on five adverse factors (age >60 years, perfor-
mance status ≤2, elevated serum LDH level, two or more extranodal sites of 
disease, Ann Arbor stage III or IV), which are summed to give the score. This 
index was developed for patients with diffuse aggressive lymphoma (predomi-
nantly diffuse large B-cell lymphoma), but it can be used to predict treatment 
outcome with any subtype. For young patients, an abbreviated index that uses 
only reduced performance status, elevated serum LDH level, and high stage 
can be applied. Because patients with follicular lymphoma rarely have a reduced 
performance status or a large number of extranodal sites, an alternative index 

 DIAGNOSIS
Each new patient with a non-Hodgkin lymphoma should be thoroughly evalu-
ated in a systematic manner (Table 176-6). Because subtle pathologic distinc-
tions may alter therapy, the most important issue in managing non-Hodgkin 
lymphoma is to establish an accurate diagnosis. Core needle biopsies can 
occasionally be used for a primary diagnosis if the specimen is handled prop-
erly. Fine-needle aspirates should not be used to diagnose lymphoma, and 
they preclude an accurate diagnosis of the specific subtype of non-Hodgkin 
lymphoma. In most cases, an excisional biopsy is necessary (and is always 
preferred) for the initial diagnosis. Another biopsy should be performed if 
sufficient material is not obtained. Review by an experienced hematopatholo-
gist is essential.

Staging and Prognostic Systems
After diagnosis, a meticulous staging evaluation is necessary to estimate prog-
nosis and determine therapy. Staging requires a careful history and physical 
examination; complete blood count; renal and hepatic function tests; serum 
lactate dehydrogenase (LDH) level; either computed tomography (CT) of 
the chest, abdomen, and pelvis; or positron emission tomography (PET) 
which can often replace CT scanning when done on a combined PET/CT 
machine and bone marrow biopsy (might not be necessary in patients with 
diffuse large B-cell lymphoma if the PET/CT scan showed bone marrow 
involvement). PET can identify initial sites of involvement and, after treat-
ment, can distinguish persisting lymphoma from residual fibrosis in masses 
seen on CT. The most common staging system is the Ann Arbor classification, 
which separates patients into four stages based on anatomic sites of disease 

 SPECIFIC TYPES OF NON-HODGKIN 
LYMPHOMAS

 Precursor T-Cell and B-Cell Lymphomas
These tumors are nodal or other solid tissue infiltrates of cells that are mor-
phologically and immunophenotypically identical to the immature cells seen 
in B-cell or T-cell acute lymphoblastic leukemia (Chapter 173). Patients who 
have predominantly nodal disease with minimal or no involvement of the 
bone marrow are frequently classified as having lymphoblastic lymphoma, whereas 
those with more than 25% neoplastic cells in the marrow are classified as 
having lymphoblastic leukemia. These distinctions are arbitrary and reflect the 
stage of disease rather than different diagnoses. These neoplasms are more 
common in children than in adults.

B-cell precursor lymphomas frequently manifest as solid tumors with involve-
ment of the skin and bones, whereas T-cell neoplasms typically manifest as 
a mediastinal mass in a young male. Involvement of the CNS is common in 
T-cell lymphomas. Approximately 90% of patients who present with lympho-
blastic lymphoma have a T-cell phenotype, whereas about 85% of patients 
who present with acute lymphoblastic leukemia have a B-cell phenotype. 
Adverse prognostic characteristics include CNS involvement, stage IV disease, 
and elevated LDH level.

 Mature B-Cell Lymphomas
 SMALL LYMPHOCYTIC LYMPHOMA AND CHRONIC  
LYMPHOCYTIC LEUKEMIA
Small lymphocytic lymphoma is defined as a lymph node or other tissue infiltrate 
that is morphologically and immunophenotypically identical to chronic lym-
phocytic leukemia (Chapter 174). Patients frequently are symptom free, and 
the diagnosis is often made when blood counts are performed for other reasons. 
Patients frequently have lymphadenopathy or splenomegaly. Fatigue is common. 
Hypogammaglobulinemia can occur and may lead to an increased susceptibil-
ity to infection.

A poor prognosis is associated with advanced stage and systemic symptoms, 
expression of high levels of CD38 and ZAP-70 on tumor cells, lack of rear-
ranged immunoglobulin heavy chain genes, and genetic abnormalities such 
as del(17p) and del(11q). As many as 10% of patients exhibit transformation 
to diffuse large B-cell lymphoma (Richter syndrome), which is associated 
with a poor prognosis.

The median survival time is more than 10 years for patients without adverse 
characteristics, and these patients can often be managed initially with observa-
tion. Therapy is necessary for patients who develop extreme fatigue or have 
systemic symptoms, for those with rapidly progressive or symptomatic lymph-
adenopathy or splenomegaly, and for those who develop cytopenias.

TREATMENT 

TREATMENT 

 EXTRANODAL MARGINAL ZONE LYMPHOMA OF MUCOSA-ASSOCIATED 
LYMPHOID TISSUE (MALT LYMPHOMA)
TheWorld Health Organization (WHO) classification of lymphomas recognizes 
3 groups of marginal zone lymphomas (MZL): (1) splenic MZL, (2) nodal 
MZL, and (3) extranodal MZL of the MALT type (MALT lymphoma). The 
marginal zone B cells in general are continuously exposed to exogenous anti-
gens and have a physiologically reduced threshold for triggering proliferation, 
which may predispose them to malignant transformation.9 The first two types 
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TABLE 176-8 INTERNATIONAL PROGNOSTIC INDEX
CATEGORY SCORE (NO. OF RISK FACTORS)
ALL PATIENTS*

Low 0 or 1
Low intermediate 2
High intermediate 3
High 4 or 5

AGE-ADJUSTED INDEX, PATIENTS ≤60 YEARS†

Low 0
Low intermediate 1
High intermediate 2
High 3
*Adverse factors for all patients: age >60 yr, ↑LDH, performance status 2-4, >1 extranodal site, Ann 
Arbor stage III or IV.
†Adverse factors for patients ≤60 yr: ↑LDH, performance status 2 −4, Ann Arbor stage III or IV.
LDH = lactate dehydrogenase.
Adapted from Shipp M, Harrington D, Anderson J, et al. A predictive model for aggressive 
non-Hodgkin lymphoma. N Engl J Med. 1993;329:987-994.

TABLE 176-9 THE DEAUVILLE SCORE FOR ASSESSING 
PET–CT SCANS TO MEASURE PATIENT 
RESPONSES TO THERAPY

CRITERIA

1 No uptake related to lymphoma
2 The highest uptake in any site of lymphoma is less than or equal to to the uptake 

by the mediastinum
3 The highest uptake by any site of lymphoma is greater than the uptake by the 

mediastinum, but less than or equal to the uptake by the liver
4 The uptake by any site of lymphoma is greater than the uptake by the liver
5 The presence of new sites of uptake or substantial increases in the standardised 

uptake value in previous sites of lymphoma, or both

Lymphomas may behave in an indolent or an aggressive manner. The behavior 
of many of these neoplasms is distinctive, but within each category, behavior 
is frequently influenced by disease site, tumor bulk, and performance status 
of the patient. Some lymphomas can be managed, at least initially, with obser-
vation, whereas other situations are medical emergencies, such as spinal cord 
compression. It is important to consider three questions before starting therapy: 
(1) Does treatment have curative potential? (2) Can treatment prolong survival? 
(3) Will treatment alleviate symptoms?

TREATMENT 

termed the Follicular Lymphoma International Prognostic Index (FLIPI) was 
developed. It substitutes more than four nodal areas of involvement and a 
hemoglobin less than 12 g/dL as staging criteria and does a somewhat better 
job of predicting treatment outcome in follicular lymphoma.

Other prognostic indices have been developed for follicular lymphoma, 
mantle cell lymphoma, and the peripheral T-cell lymphomas.

At the end of therapy patients undergo restaging which involves repeating 
previously abnormal tests to prove the patient has achieved a complete remis-
sion. For most subtypes of lymphoma, the best definition of a complete remis-
sion is a PET/CT scan that has a score of Deauville 1, 2 or 3. The Deauville 
score uses the intensity of uptake in the mediastinum and liver as an internal 
control and is the most widely used system for documenting remission (see 
Table 176-9)

 SPECIFIC TYPES OF NON-HODGKIN 
LYMPHOMAS

 Precursor T-Cell and B-Cell Lymphomas
These tumors are nodal or other solid tissue infiltrates of cells that are mor-
phologically and immunophenotypically identical to the immature cells seen 
in B-cell or T-cell acute lymphoblastic leukemia (Chapter 173). Patients who 
have predominantly nodal disease with minimal or no involvement of the 
bone marrow are frequently classified as having lymphoblastic lymphoma, whereas 
those with more than 25% neoplastic cells in the marrow are classified as 
having lymphoblastic leukemia. These distinctions are arbitrary and reflect the 
stage of disease rather than different diagnoses. These neoplasms are more 
common in children than in adults.

B-cell precursor lymphomas frequently manifest as solid tumors with involve-
ment of the skin and bones, whereas T-cell neoplasms typically manifest as 
a mediastinal mass in a young male. Involvement of the CNS is common in 
T-cell lymphomas. Approximately 90% of patients who present with lympho-
blastic lymphoma have a T-cell phenotype, whereas about 85% of patients 
who present with acute lymphoblastic leukemia have a B-cell phenotype. 
Adverse prognostic characteristics include CNS involvement, stage IV disease, 
and elevated LDH level.

 Mature B-Cell Lymphomas
 SMALL LYMPHOCYTIC LYMPHOMA AND CHRONIC  
LYMPHOCYTIC LEUKEMIA
Small lymphocytic lymphoma is defined as a lymph node or other tissue infiltrate 
that is morphologically and immunophenotypically identical to chronic lym-
phocytic leukemia (Chapter 174). Patients frequently are symptom free, and 
the diagnosis is often made when blood counts are performed for other reasons. 
Patients frequently have lymphadenopathy or splenomegaly. Fatigue is common. 
Hypogammaglobulinemia can occur and may lead to an increased susceptibil-
ity to infection.

A poor prognosis is associated with advanced stage and systemic symptoms, 
expression of high levels of CD38 and ZAP-70 on tumor cells, lack of rear-
ranged immunoglobulin heavy chain genes, and genetic abnormalities such 
as del(17p) and del(11q). As many as 10% of patients exhibit transformation 
to diffuse large B-cell lymphoma (Richter syndrome), which is associated 
with a poor prognosis.

The median survival time is more than 10 years for patients without adverse 
characteristics, and these patients can often be managed initially with observa-
tion. Therapy is necessary for patients who develop extreme fatigue or have 
systemic symptoms, for those with rapidly progressive or symptomatic lymph-
adenopathy or splenomegaly, and for those who develop cytopenias.

Patients with either T-cell lymphoblastic lymphoma or precursor B-cell lym-
phoblastic lymphoma are typically treated with regimens modeled after those 
used for acute lymphoblastic leukemia (Chapter 173). These regimens frequently 
contain cytarabine and high-dose methotrexate, and they often include main-
tenance therapy. CNS prophylaxis with intrathecal chemotherapy, high-dose 
methotrexate, or cranial irradiation is often a component of these regimens.

TREATMENT 

Management must be individualized because therapy is unlikely to be cura-
tive, and patients are often elderly. Details of treatment options are provided 
in the chapter on Chronic Lymphocytic Leukemia (Chapter 174). Allogeneic 
hematopoietic stem cell transplantation may be curative, but few patients are 
candidates for this approach. Patients may develop autoimmune thrombocy-
topenia (Chapter 163), autoimmune neutropenia (Chapter 158), and red blood 
cell aplasia (Chapter 156). These disorders may respond to treatment with 
corticosteroids, intravenous immune globulin, rituximab, cyclosporine, or sple-
nectomy, as used in patients without underlying lymphoma.

TREATMENT 

 EXTRANODAL MARGINAL ZONE LYMPHOMA OF MUCOSA-ASSOCIATED 
LYMPHOID TISSUE (MALT LYMPHOMA)
TheWorld Health Organization (WHO) classification of lymphomas recognizes 
3 groups of marginal zone lymphomas (MZL): (1) splenic MZL, (2) nodal 
MZL, and (3) extranodal MZL of the MALT type (MALT lymphoma). The 
marginal zone B cells in general are continuously exposed to exogenous anti-
gens and have a physiologically reduced threshold for triggering proliferation, 
which may predispose them to malignant transformation.9 The first two types 



CHAPTER 176 NoN-HodgkiN LympHomas1236

TABLE 176-10 COMBINATION CHEMOTHERAPY REGIMENS 
FOR NON-HODGKIN LYMPHOMA

REGIMEN DOSE
DAYS OF 

ADMINISTRATION FREQUENCY
R-CHOP EVERY 21 DAYS
Cyclophosphamide 750 mg/m2 IV 1
Doxorubicin 50 mg/m2 IV 1
Vincristine 1.4 mg/m2 IV* 1
Prednisone, fixed 

dose
100 mg daily PO 1-5

Rituximab 375 mg/m2 IV 1
R-EPOCH† EVERY 21 DAYS
Etoposide 50 mg/m2/d IV‡ 1-4
Doxorubicin 10 mg/m2/d IV‡ 1-4
Vincristine 0.4 mg/m2/d IV‡ 1-4
Cyclophosphamide 750 mg/m2 IV 5
Prednisone 60 mg/m2 bid PO 1-5
Rituximab 375 mg/m2 IV 1
R-CVP EVERY 21 DAYS
Cyclophosphamide 1000 mg/m2 IV 1
Vincristine 1.4 mg/m2 IV* 1
Prednisone, fixed 

dose
100 mg daily PO 1-5

Rituximab 375 mg/m2 IV 1
FCR EVERY 28 DAYS
Fludarabine 25 mg/m2/d IV 1-3
Cyclophosphamide 250 mg/m2/d IV 1-3
Rituximab 375 mg/m2 1
B-R EVERY 28 DAYS
Bendamustine 90 mg/m2/d IV 1-2
Rituximab 375 mg/m2 IV 1
*Vincristine dose is often capped at 2 mg total.
†Doses are adjusted based on myelosuppression with previous cycle.
‡Continuous infusion.

Patients may have tumors in more than one extranodal site, and these loca-
tions can sometimes be successfully treated with local therapy. Patients without 
symptoms can be monitored closely without therapy until symptoms progress. 
Patients with symptoms can be treated with rituximab, single-agent chemo-
therapy, or combinations. A1 ,11 Gastric MALT lymphoma that does not respond 
to antibiotics can be treated with radiation, rituximab as a single agent (similar 
to its use in follicular lymphoma), or several traditional combination chemo-
therapy regimens (see Table 176-10).

TREATMENT 

of marginal zone lymphomas are discussed later (section on “Rare Types of 
B-Cell Lymphoma”). They have different diagnostic criteria, behavior, and 
therapeutic implications.

MALT lymphomas are indolent tumors that originate in association with 
epithelial cells and are seen most commonly in the gastrointestinal tract, sali-
vary glands, breast, thyroid, orbit, conjunctiva, skin, and lung. The majority 
of cases are stage I or II at diagnosis, although in some series as many as 30% 
disseminate to bone marrow or other sites. These lymphomas tend to remain 
localized for extended periods. Local treatment with surgery or radiation 
therapy cures a high proportion of localized neoplasms. Disseminated disease 
is treated similarly to follicular lymphoma (see later).

Gastric MALT lymphomas are frequently associated with infection by H. 
pylori. About 75% of patients achieve remission after eradication of H. pylori, 
and more than 90% remain in remission for prolonged periods of time.10 
Nonresponders are more likely to have submucosal invasion by endoscopic 
ultrasonography. Approximately 25% progress, of which about 25% develop 
diffuse large B-cell lymphoma. Response to antibiotic therapy is less likely if 
invasion is deeper, lymph node metastases are found, or the t(11;18) chro-
mosomal translocation is present.

gene segments) recombination.12 Follicular lymphoma is the most frequent 
of indolent or “low-grade” lymphomas in the United States. Follicular lym-
phoma is divided into three grades based on the proportion of large, trans-
formed cells (centroblasts).

Patients with follicular lymphoma are frequently asymptomatic. The most 
common presenting complaint is painless lymphadenopathy. Some patients 
have cough or dyspnea related to pulmonary or mediastinal involvement or 
pleural effusions. Other patients have symptoms of abdominal pain or fullness 
related to subdiaphragmatic or splenic disease. A minority of patients have 
systemic symptoms of fevers, night sweats, or weight loss.

The clinical behavior and treatment of follicular lymphoma grades 1 and 2 
are the same and are discussed in this section. Some grade 3 follicular lym-
phomas have a more aggressive clinical course and are treated similarly to 
diffuse large B-cell lymphoma (see later). This distinction between grade 3a 
(indolent behavior) and 3b (aggressive behavior) is based on the presence or 
absence of sheets of centroblasts, although this separation may not be repro-
ducible among pathologists.

TREATMENT 

Watch and Wait
Asymptomatic patients, especially elderly patients and those with other 

medical illnesses, are frequently managed with a “watch and wait” approach. 
Prospective trials have demonstrated that this approach does not influence 
overall survival, and patients can sometimes be observed for long periods before 
treatment is required. A2  Given the multiple active new agents that have been 
recently introduced into practice that may improve the survival of patients 
with follicular lymphoma, the question has been asked whether or not “watch 
and wait” is still an acceptable alternative. There has even been disagreement 
among various organizations in their most recent guidelines, but in general 
this approach can be supported in selected patients with low-grade follicular 
lymphoma who are asymptomatic, have no disease involvement in sites that 
might be dangerous, and desire to avoid therapy as long as possible.13

Localized Disease
Approximately 5 to 15% of patients have localized disease (stage I or minimal 

stage II disease) at diagnosis. These lymphomas are often treated with involved-
field radiation, and most series report 10-year disease-free survival rates of 
approximately 50% and overall survival rates of 60 to 70%.14 Some retrospective 
series have reported improved outcomes when chemotherapy plus rituximab 
is combined with radiation.

Advanced Disease
Most patients with follicular lymphoma have extensive disease at diagnosis. 

The median survival time of these patients has improved after the addition 
of rituximab and is now 10 to 20 years. Spontaneous regression has been 
described. As many as 30 to 50% of patients experience transformation to a 
more aggressive histology—usually diffuse large B-cell lymphoma. Transformation 
is frequently associated with new systemic symptoms and rapidly progressive 
lymphadenopathy, an aggressive clinical course, and a poor prognosis.

Most patients with follicular lymphoma eventually require treatment because 
of systemic symptoms, symptomatic or progressive lymphadenopathy, sple-
nomegaly, effusions, or cytopenias. In elderly patients, those who are poor 
candidates for intensive chemotherapy regimens, and those who want to avoid 
the side effects of chemotherapy, single-agent rituximab (375 mg/m2 intrave-
nously, given weekly for 4 consecutive weeks) yields an objective response 
rate of well over 50%. The median duration of response is approximately 1 to 
2 years for patients who receive no additional therapy, but the response can 
be extended with ongoing administration of rituximab once every 2 or 3 months 
or by repeating the initial four doses every 6 months. When rituximab is com-
bined with standard chemotherapy regimens (see Table 176-10) or with lenalido-
mide, the response rate, duration of response, and survival are increased 
compared with the chemotherapy regimen alone. A3 

,
 A4  Maintenance rituximab 

is widely used and extends the duration of remission. A4 
,
 A5  An alternative is 

abinutuzumab, which can provide longer progression-free survival but at the 
expense of more side effects, without improving overall survival. A6 

Salvage Therapy
Most patients respond to initial chemotherapy. However, follicular lymphoma 

recurs in the majority of patients with advanced-stage disease. Patients who 
relapse usually respond to additional therapy, sometimes with the same agents, 
although the duration of response becomes progressively shorter with repeated 
courses of therapy.15 For patients with disease that is refractory to rituximab, 
the combination of obinutuzumab plus bendamustine is preferable to benda-
mustine alone. A7  Some patients respond to the radiolabeled antibodies tosi-
tumomab or ibritumomab. Radiation therapy may also be useful for patients 
with a localized site of symptomatic disease.

TREATMENT 

 FOLLICULAR LYMPHOMA
Follicular lymphoma is derived from germinal center B cells. The hallmark 
t(14;18)(q32;q21) translocation of follicular lymphomas occurs early in B-cell 
development, caused by an error in VDJ (“variable,” “diversity,” and “joining” 

 MANTLE CELL LYMPHOMA
Mantle cell lymphoma is a B-cell neoplasm composed of small lymphoid cells 
that may resemble small lymphocytic lymphoma or follicular lymphoma. It 
is most common in elderly patients and is usually at an advanced stage at the 
time of diagnosis. Males are more frequently affected, and extranodal disease, 
especially involvement of the bone marrow, Waldeyer ring, and the gastro-
intestinal tract, is common. Mantle cell lymphoma is the most common cause 
of multiple lymphomatous polyposis, and many oncologists recommend that 
the gastrointestinal tract be evaluated with endoscopy during the initial 
evaluation.

Some patients present with involvement of the peripheral blood as well as 
the bone marrow, a clinical picture that resembles chronic lymphocytic leu-
kemia (Chapter 174). The lymphocytes in both disorders are CD5+, but the 
t(11;14) translocation and overexpression of cyclin D1 seen in mantle cell 
lymphoma usually allow an accurate diagnosis.

The median survival of mantle cell lymphoma has significantly  
improved with new therapies.18 Occasional patients may have an indolent 
course without initial therapy—particularly those with a leukemic presen-
tation. A8  The combination of bendamustine plus rituximab and regimens 
that incorporate high-dose cytarabine are efficacious, as is the combina-
tion of lenalidomide plus rituximab.19 Substituting bortezomib (1.3 mg/
m2 on days 1, 4, 8, and 11) for vincristine (VR-CAP rather than R-CHOP) 
can improve the median progression-free survival seen with R-CHOP 
alone by about 40% (from 14 to about 25 months) in newly diagnosed  
patients. A9  Maintenance rituximab seems to prolong remission duration. 
Autologous hematopoietic stem cell transplantation for patients in their first 
remission is widely used. The Bruton tyrosine kinase inhibitor ibrutinib is 
very active and may become part of standard therapy. A10  Allogeneic trans-
plantation can be curative but is associated with considerable morbidity  
and mortality.

The elderly comprise the majority of the patients with mantle cell lymphoma. 
For those who are not too frail, 4-year overall survival of greater than 80% 
can be achieved with rituximab and moderate intensive chemotherapy such 
as R-CHOP followed by rituximab maintenance or R-bendamustine.20

 DIFFUSE LARGE B-CELL LYMPHOMA
These tumors are the most common type of non-Hodgkin lymphoma, but 
their morphology and genetic features are heterogeneous. Signs and symptoms 
are similar to those of other subtypes, although patients are more likely to 
have B symptoms or symptoms from the local tumor than are patients with 
follicular lymphoma.

The 2016 WHO classification of non-Hodgkin lymphomas has identified 
several variants and subtypes of diffuse large B-cell lymphoma (Table 176-4).21 
Many of these are histologic or genetic subtypes or variants for which treat-
ment is the same as the standard approach for diffuse large B-cell lymphoma. 
Other subtypes present unusual clinical syndromes or specific therapeutic 
problems.

 Subtypes of Diffuse Large B-Cell Lymphoma
Primary mediastinal large B-cell lymphoma originates in the thymus and is 
most common in young women. This subtype shares genetic features with 
classic Hodgkin lymphoma. This entity is distinguished by the presence of 
a mediastinal mass, which usually causes symptoms of cough, chest pain, or 
superior vena cava syndrome. A very large mass (>10 cm) or the existence of 
a malignant pleural effusion is associated with a worse prognosis. Mediastinal 
large B-cell lymphoma is treated with the same chemotherapy regimens used 
for diffuse large B-cell lymphoma, followed, in some cases, by consolidative 
radiation therapy.23 R-EPOCH is more likely than R-CHOP to achieve a durable 
remission without the need for radiotherapy. Relapses often occur in extra-
nodal sites such as the CNS, lungs, gastrointestinal tract, liver, ovaries, and  
kidneys.

Intravascular large B-cell lymphoma is an aggressive lymphoma caused by 
cells that infiltrate the lumens of small blood vessels. Widespread extranodal 
involvement is common. Focal neurologic deficits and mental status changes 
are frequent. Cases are often diagnosed at autopsy, although durable responses 
to combination chemotherapy have been described.

Primary effusion lymphoma is associated with HHV-8 and is seen in HIV-
infected and other immunosuppressed patients.24 Effusions occur in serous 
body cavities. Peripheral lymphadenopathy is not seen. Prognosis is poor 
despite chemotherapy.

Primary CNS lymphoma is increasing in incidence. Although the prognosis 
is poorer than for some other subtypes of diffuse large B-cell lymphoma, some 
patients can be cured with chemotherapy regimens incorporating high-dose 
methotrexate with or without autologous bone marrow transplant.25 For primary 
CNS lymphoma, whole brain radiotherapy does not add to the benefit achieved 
by chemotherapy alone.

Plasmablastic lymphoma is most often seen in patients with HIV infection 
and frequently presents with involvement of the head and neck. This tumor 
does not express CD20 and thus does not benefit from treatment with 
rituximab.

Primary cutaneous diffuse large B-cell lymphoma of the leg (leg type) is one 
of two presentations of B-cell lymphoma in the skin.26 This tumor occurs 
mostly in older patients and follows an aggressive course. This neoplasm must 
be distinguished from primary cutaneous follicle center lymphoma, which 
might also be diagnosed as a cutaneous diffuse large B-cell lymphoma but 
follows an indolent course and requires only local therapy.

Double-hit and gray-zone lymphomas are more recently described entities. 
Double-hit lymphomas have rearrangements of MYC in combination with 
BCL2 and/or BCL6. They are now incorporated into a new entity called high 
grade B-cell lymphoma with rearrangements of MYC and BCL2 and/or BCL6. 
They have a poor outcome when treated with standard chemotherapy regimens. 
Gray-zone lymphomas include those with features intermediate between diffuse 
large B-cell lymphoma and Burkitt lymphoma and those with features inter-
mediate between mediastinal diffuse large B-cell lymphoma and classic Hodgkin 
lymphoma.
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Localized Disease
As many as 30% of patients with diffuse large B-cell lymphoma have stage 

I or minimal stage II disease. These patients are occasionally cured with radia-
tion therapy alone, but initial treatment with chemotherapy is more effec-
tive. In the United States, most patients are treated with R-CHOP. Some 
patients can be treated with fewer courses of chemotherapy if radiotherapy is 
included. For patients with bulky disease, a complete course of chemotherapy 
is usually used. Some physicians advocate the use of PET scans to shorten 
the duration of therapy or eliminate the need for radiotherapy in complete  
responders.

TREATMENT 

Prolonged remissions have been observed after autologous hematopoietic 
stem cell transplantation. Allogeneic hematopoietic stem cell transplantation may 
cure some patients with relapsed follicular lymphoma, but have more toxicity 
than autologous transplants. Although it is unlikely that immunotherapy with 
checkpoint blockade inhibitors will find a place in treatment for the early course 
of follicular lymphomas, more aggressive variants may represent better targets.16 
Chimeric antigen receptor (CAR) T cell therapy (Chapter 169) has shown promise 
as salvage therapy in patients with relapsed or refractory B cell lymphomas.17

 MANTLE CELL LYMPHOMA
Mantle cell lymphoma is a B-cell neoplasm composed of small lymphoid cells 
that may resemble small lymphocytic lymphoma or follicular lymphoma. It 
is most common in elderly patients and is usually at an advanced stage at the 
time of diagnosis. Males are more frequently affected, and extranodal disease, 
especially involvement of the bone marrow, Waldeyer ring, and the gastro-
intestinal tract, is common. Mantle cell lymphoma is the most common cause 
of multiple lymphomatous polyposis, and many oncologists recommend that 
the gastrointestinal tract be evaluated with endoscopy during the initial 
evaluation.

Some patients present with involvement of the peripheral blood as well as 
the bone marrow, a clinical picture that resembles chronic lymphocytic leu-
kemia (Chapter 174). The lymphocytes in both disorders are CD5+, but the 
t(11;14) translocation and overexpression of cyclin D1 seen in mantle cell 
lymphoma usually allow an accurate diagnosis.

The median survival of mantle cell lymphoma has significantly  
improved with new therapies.18 Occasional patients may have an indolent 
course without initial therapy—particularly those with a leukemic presen-
tation. A8  The combination of bendamustine plus rituximab and regimens 
that incorporate high-dose cytarabine are efficacious, as is the combina-
tion of lenalidomide plus rituximab.19 Substituting bortezomib (1.3 mg/
m2 on days 1, 4, 8, and 11) for vincristine (VR-CAP rather than R-CHOP) 
can improve the median progression-free survival seen with R-CHOP 
alone by about 40% (from 14 to about 25 months) in newly diagnosed  
patients. A9  Maintenance rituximab seems to prolong remission duration. 
Autologous hematopoietic stem cell transplantation for patients in their first 
remission is widely used. The Bruton tyrosine kinase inhibitor ibrutinib is 
very active and may become part of standard therapy. A10  Allogeneic trans-
plantation can be curative but is associated with considerable morbidity  
and mortality.

The elderly comprise the majority of the patients with mantle cell lymphoma. 
For those who are not too frail, 4-year overall survival of greater than 80% 
can be achieved with rituximab and moderate intensive chemotherapy such 
as R-CHOP followed by rituximab maintenance or R-bendamustine.20

 DIFFUSE LARGE B-CELL LYMPHOMA
These tumors are the most common type of non-Hodgkin lymphoma, but 
their morphology and genetic features are heterogeneous. Signs and symptoms 
are similar to those of other subtypes, although patients are more likely to 
have B symptoms or symptoms from the local tumor than are patients with 
follicular lymphoma.

The 2016 WHO classification of non-Hodgkin lymphomas has identified 
several variants and subtypes of diffuse large B-cell lymphoma (Table 176-4).21 
Many of these are histologic or genetic subtypes or variants for which treat-
ment is the same as the standard approach for diffuse large B-cell lymphoma. 
Other subtypes present unusual clinical syndromes or specific therapeutic 
problems.

Advanced Disease
R-CHOP is the most widely used regimen for adults of all ages with advanced-

stage diffuse large B-cell lymphoma. A11  Among patients older than 60 years, 
75% achieve a complete response, with a 10-year progression-free survival rate 
of 36.5% and a 10-year overall survival rate of 43.5%. In younger patients, the 
outcome is better. In younger patients the intensive regimen R-ACVBP yielded 
superior results in one study. A12  No advantage has been found for R-EPOCH 
over R-CHOP. Autologous transplantation in first remission may benefit very 
high-risk patients. A13 

Salvage Therapy
A variety of chemotherapy regimens have been developed for patients who 

relapse after attaining a remission with initial chemotherapy.22 These regimens 
commonly contain agents such as cisplatin, cytarabine, etoposide, carboplatin, 
and ifosfamide. Response rates exceeding 50% can be observed with these 
combinations, although no more than 10% of patients achieve long-term disease-
free survival. High-dose therapy followed by autologous hematopoietic stem 
cell transplantation has become accepted therapy for patients with relapsed 
diffuse large B-cell lymphoma. Approximately 20 to 50% of these patients attain 
long-term disease-free survival, depending on their response to conventional 
salvage chemotherapy. Several new drugs such as lenalidomide and ibrutinib 
seem to particularly benefit patients with activated B-cell (ABC) subtype.

 Subtypes of Diffuse Large B-Cell Lymphoma
Primary mediastinal large B-cell lymphoma originates in the thymus and is 
most common in young women. This subtype shares genetic features with 
classic Hodgkin lymphoma. This entity is distinguished by the presence of 
a mediastinal mass, which usually causes symptoms of cough, chest pain, or 
superior vena cava syndrome. A very large mass (>10 cm) or the existence of 
a malignant pleural effusion is associated with a worse prognosis. Mediastinal 
large B-cell lymphoma is treated with the same chemotherapy regimens used 
for diffuse large B-cell lymphoma, followed, in some cases, by consolidative 
radiation therapy.23 R-EPOCH is more likely than R-CHOP to achieve a durable 
remission without the need for radiotherapy. Relapses often occur in extra-
nodal sites such as the CNS, lungs, gastrointestinal tract, liver, ovaries, and  
kidneys.

Intravascular large B-cell lymphoma is an aggressive lymphoma caused by 
cells that infiltrate the lumens of small blood vessels. Widespread extranodal 
involvement is common. Focal neurologic deficits and mental status changes 
are frequent. Cases are often diagnosed at autopsy, although durable responses 
to combination chemotherapy have been described.

Primary effusion lymphoma is associated with HHV-8 and is seen in HIV-
infected and other immunosuppressed patients.24 Effusions occur in serous 
body cavities. Peripheral lymphadenopathy is not seen. Prognosis is poor 
despite chemotherapy.

Primary CNS lymphoma is increasing in incidence. Although the prognosis 
is poorer than for some other subtypes of diffuse large B-cell lymphoma, some 
patients can be cured with chemotherapy regimens incorporating high-dose 
methotrexate with or without autologous bone marrow transplant.25 For primary 
CNS lymphoma, whole brain radiotherapy does not add to the benefit achieved 
by chemotherapy alone.

Plasmablastic lymphoma is most often seen in patients with HIV infection 
and frequently presents with involvement of the head and neck. This tumor 
does not express CD20 and thus does not benefit from treatment with 
rituximab.

Primary cutaneous diffuse large B-cell lymphoma of the leg (leg type) is one 
of two presentations of B-cell lymphoma in the skin.26 This tumor occurs 
mostly in older patients and follows an aggressive course. This neoplasm must 
be distinguished from primary cutaneous follicle center lymphoma, which 
might also be diagnosed as a cutaneous diffuse large B-cell lymphoma but 
follows an indolent course and requires only local therapy.

Double-hit and gray-zone lymphomas are more recently described entities. 
Double-hit lymphomas have rearrangements of MYC in combination with 
BCL2 and/or BCL6. They are now incorporated into a new entity called high 
grade B-cell lymphoma with rearrangements of MYC and BCL2 and/or BCL6. 
They have a poor outcome when treated with standard chemotherapy regimens. 
Gray-zone lymphomas include those with features intermediate between diffuse 
large B-cell lymphoma and Burkitt lymphoma and those with features inter-
mediate between mediastinal diffuse large B-cell lymphoma and classic Hodgkin 
lymphoma.
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 BURKITT LYMPHOMA
Burkitt lymphoma is a highly aggressive B-cell lymphoma that is more common 
in children and immunosuppressed individuals than in healthy adults (see 
later). Widespread extranodal involvement is common. The endemic form of 
Burkitt lymphoma is seen most frequently in children who reside in equatorial 
Africa. Involvement of bones of the jaw is common in this form. The sporadic 
form of Burkitt lymphoma is seen most commonly in children in the United 
States. Males are more frequently affected. Both children and adults frequently 
have bulky abdominal disease, sometimes with involvement of the kidneys, 
ovaries, and breasts. Bone marrow involvement is seen in about one third of 
cases.

Tumors may progress extremely rapidly, so therapy should be started as 
soon as possible. Tumor lysis syndrome may occur because of the frequent 
presence of bulky disease, the high rate of tumor proliferation, and the extreme 
sensitivity of the tumor to chemotherapy. Patients are usually treated with 
specialized high-intensity regimens, including rituximab, of relatively short 
duration. A14  Treatment with the R-CHOP regimen used for diffuse large B-cell 
lymphoma has a poor outcome, but excellent results have been described with 
R-EPOCH. CNS prophylaxis with intrathecal chemotherapy or high-dose metho-
trexate is required. Cure rates well in excess of 50% are typical with appropriate 
therapy. Excellent results have been described with R-EPOCH.

TREATMENT 

clinical course is usually a slow progression from isolated patches or plaques 
to thickened, more widespread plaques and then to multiple cutaneous 
tumors that may ulcerate (Chapter 411). A subset of patients presents with 
generalized erythroderma and circulating tumor cells, called Sézary syn-
drome. Lymph node and visceral involvement may occur late in the course of  
the disease.

 PERIPHERAL T-CELL LYMPHOMAS, UNSPECIFIED
The largest group of patients with peripheral T-cell lymphomas is defined in 
the WHO classification as having “peripheral T-cell lymphoma, unspecified.” 
These patients’ signs and symptoms are similar to those of patients with aggres-
sive B-cell lymphomas, although systemic symptoms (fevers, night sweats, 
and weight loss) and extranodal involvement are frequent. The diagnosis of 
peripheral T-cell lymphoma requires immunophenotyping to demonstrate 
the T-cell origin.

TREATMENT 

TREATMENT 

Patients with indolent disease can sometimes be monitored without therapy. 
Aggressive disease is usually treated with combination chemotherapy, but there 
is no consensus on the best regimen. Historically, the 5-year survival rate has 
been less than 10%, although recent trials have reported better outcomes.

TREATMENT 

 UNUSUAL SUBTYPES OF T-CELL LYMPHOMA
Angioimmunoblastic T-cell lymphoma is associated with generalized lymph-
adenopathy, fever, weight loss, skin rash, and polyclonal hypergammaglobu-
linemia. Results of therapy are similar to those for peripheral T-cell lymphoma, 
unspecified.

Extranodal NK/T-cell lymphoma usually occurs in extranodal sites, especially 
the nose, palate, and nasopharynx. Involvement of the nose and face leads 
to the syndrome that was previously called lethal midline granuloma. This 
disorder is unusual in the United States, but it is frequent in Southeast Asia 
and Latin America. Patients with localized disease often can be cured with 
aggressive combination radiation therapy and chemotherapy.31 Patients with 
widespread disease have a poor prognosis. These patients frequently respond to  
l-asparaginase

Hepatosplenic T-cell lymphoma is characterized by sinusoidal infiltration of 
the spleen, liver, and bone marrow, which leads to hepatosplenomegaly, sys-
temic symptoms, and cytopenias. Lymphadenopathy is unusual. Patients are 
typically young males, and this disease can occur in allograft recipients and 
in the setting of immune dysfunction. The prognosis is poor.

Enteropathy-type T-cell lymphoma is usually seen in patients with gluten-
sensitive enteropathy (Chapter 131). Patients typically present with abdomi-
nal pain and diarrhea and sometimes with bowel perforation. Treatment of 
celiac disease with a gluten-free diet may reduce the risk for lymphoma. The 
prognosis in undernourished patients is poor, but more fit patients can some-
times be cured with intensive chemotherapy and autologous bone marrow  
transplant.

Subcutaneous panniculitis-like T-cell lymphoma manifests with multiple sub-
cutaneous nodules and is often misdiagnosed as panniculitis. Patients with 

Cutaneous radiation therapy may be curative for patients with limited patch 
or plaque disease. Patients with early-stage disease (<10% body surface area) 
are frequently treated with skin-directed therapy that may include ultraviolet 
radiation, topical steroids, or topical nitrogen mustard.

Patients with more advanced disease frequently benefit from total skin 
electron beam therapy or extracorporeal photopheresis. Medical treatments 
include brentuximab vedotin, with A17  or without A18  standard chemotherapy, 
bexarotene, A19  interferon-α, retinoids, monoclonal antibodies, histone deacetylase 
inhibitors (vorinostat, depsipeptide), and the fusion toxin denileukindiftitox. 
However, these treatments are usually only palliative. Results with autologous 
hematopoietic stem cell transplantation are usually poor, although allogeneic 
stem cell transplantation has yielded promising results in some cases.

TREATMENT 

 RARE TYPES OF B-CELL LYMPHOMA
Several rare types of lymphoma have distinct clinical features.

Lymphoplasmacytic lymphoma is an indolent lymphoma that frequently 
involves the bone marrow, peripheral blood, and spleen. Patients frequently 
have an immunoglobulin M (IgM) paraprotein (and therefore the disease 
could be called Waldenström macroglobulinemia) that may lead to symptoms 
of hyperviscosity, autoimmune phenomena, or neuropathies. Plasmaphere-
sis can reduce symptoms of hyperviscosity. Chemotherapy with alkylating 
agents, combination chemotherapy, or fludarabine all in combination with 
rituximab may be used. A15  Ibrutinib has shown significant activity in Walden-
ström macroglobulinemia, and the combination of ibrutinib plus rituximab has 
resulted in significantly higher rates of progression-free survival than rituximab  
alone. A16 

Splenic marginal zone lymphoma is an indolent lymphoma that usually mani-
fests with splenomegaly and lymphocytosis. A monoclonal gammopathy is 
frequently seen. Peripheral lymphadenopathy is unusual. Anemia and throm-
bocytopenia may respond to splenectomy. Chemotherapy with single agents 
or anthracycline-based combinations may be useful, and when the lymphoma 
is associated with hepatitis C, antiviral therapy may be effective. Responses 
to interferon have been described. This lymphoma appears to be particularly 
responsive to rituximab.

Nodal marginal zone B-cell lymphoma is an indolent disorder that is usually 
associated with generalized lymphadenopathy. The clinical course and prog-
nosis are similar to those of follicular lymphoma, and it is usually treated in 
a similar manner.

Small intestinal immunoproliferative disease, a disorder seen most frequently 
in the Middle East, begins as a polyclonal process and can progress to a large 
B-cell lymphoma. The process is often associated with C. jejuni infection. Early 
in the disease, patients may respond to antibiotics, and frank lymphoma may 
respond to combination chemotherapy regimens.

 Mature T-Cell Lymphomas (Peripheral T-Cell Lymphomas)
Peripheral (or mature) T-cell lymphomas are neoplasms of post-thymic T 
cells. These include relatively indolent disorders such as mycosis fungoides 
and CD30+ cutaneous lymphoproliferative disorders, but most patients 
diagnosed with peripheral T-cell lymphoma have an aggressive neoplasm. 
Peripheral T-cell lymphomas represent only 10% of the non-Hodgkin lym-
phomas occurring in the United States. Unfortunately, the treatment for 
these lymphomas has not progressed as rapidly as the treatments for B-cell  
lymphomas.

 MYCOSIS FUNGOIDES
Mycosis fungoides (often referred to as cutaneous T-cell lymphoma) is an indo-
lent malignancy that is most common in middle-aged and older adults.27 The 

 ADULT T-CELL LYMPHOMA/LEUKEMIA
Adult T-cell lymphoma/leukemia, which is associated with HTLV-1 infection 
(Chapter 354), is most commonly seen in southern Japan and the Caribbean. 
Most infected patients are asymptomatic, and the lifetime risk for developing 
adult T-cell lymphoma/leukemia is approximately 3%.

Patients may have acute leukemia, aggressive lymphoma, or an indolent 
lymphoproliferative disease. Patients with aggressive disease present with 
generalized lymphadenopathy, hepatosplenomegaly, cutaneous infiltration, 
and hypercalcemia. Many patients have characteristic circulating tumor cells 
with a “flower” or “cloverleaf ” nucleus.

 CD30+ CUTANEOUS LYMPHOPROLIFERATIVE DISORDERS
These disorders represent a spectrum of diseases that may have an identical 
histologic appearance and overlapping clinical manifestations. Treatment deci-
sions are often based on the clinical behavior of the lesions. These lymphomas 
express CD30 but do not express the anaplastic lymphoma kinase (ALK) 
protein (see later).

Lymphomatoid papulosis is a “histologically malignant” clonal disorder con-
sisting of erythematous or skin-colored papules that frequently undergo spon-
taneous ulceration and necrosis over a period of weeks. The prognosis is 
excellent, although patients may eventually develop lymphoma.

Primary cutaneous anaplastic large cell lymphoma occurs most commonly in 
older men and also undergoes frequent spontaneous regression. The 5-year 
survival rate is greater than 90%. Treatment usually consists of local measures 
(surgery or radiation), although chemotherapy may be required.

 PRIMARY SYSTEMIC ANAPLASTIC LARGE CELL LYMPHOMA
Anaplastic large cell lymphoma (ALCL) is an aggressive CD30+ T-cell non-
Hodgkin lymphoma that is seen most frequently in young males.28 B-cell 
lymphomas with similar morphology can occur, but they have clinical features 
identical to other diffuse large B-cell lymphomas and are not considered part 
of this disease. A morphologically similar but biologically unrelated and clini-
cally distinct neoplasm, primary cutaneous ALCL, occurs predominantly in 
older adults and represents part of the spectrum of cutaneous CD30+ lympho-
proliferative disorders (see earlier). Primary systemic ALCL frequently has a 
t(2;5) chromosomal translocation that leads to overexpression of ALK, a 
protein not normally detectable in lymphoid cells.

disseminated disease can have a syndrome consisting of fevers, weight loss, 
hepatosplenomegaly, pancytopenia, and phagocytosis of blood cells (hemo-
phagocytic syndrome). Patients sometimes respond to combination chemo-
therapy regimens used for diffuse large B-cell lymphoma, interferon, and 
radiation therapy, but long-term disease-free survival is unusual.

 SPECIAL CLINICAL SITUATIONS
The diagnosis and management of patients with the various types of non-
Hodgkin lymphoma can be profoundly influenced by the site of origin 
of the lymphoma and by certain clinical characteristics of the patients. 
Examples of the latter include pregnant patients with lymphoma, elderly 
patients with lymphoma, and lymphoma in patients who are severely  
immunosuppressed.

 Specific Primary Sites of Diffuse Large B-Cell Lymphoma
Approximately 30% of diffuse large B-cell lymphomas originate in extranodal 
sites. Presentation in certain extranodal sites is associated with unique clinical 
behaviors that may necessitate diagnostic studies or additional therapy beyond 
that used for patients with nodal presentations.

Patients with primary CNS lymphoma (Chapter 180) commonly have 
ocular involvement, and all patients with this diagnosis should have a slit lamp 
examination. Surgical resection of primary CNS lymphoma is usually not 
performed, and the primary role of surgery is for diagnosis. Primary lymphomas 
of the CNS are very sensitive to corticosteroids, but the best results have been 
observed with chemotherapy regimens that use high-dose methotrexate alone 
or in combination with other agents such as cytarabine and temozolomide. 
By comparison, conventional chemotherapy regimens, such as CHOP, are of 
little benefit. Whole brain irradiation is also effective therapy, although the 
incidence of leukoencephalopathy is extremely high, especially in elderly 
patients. Radiation therapy is frequently reserved for relapse rather than being 
used as adjunctive treatment with primary chemotherapy.

Treatment of primary testicular lymphoma, the most common testicular 
cancer in men older than 60 years (Chapter 190), usually consists of orchi-
ectomy followed by combination chemotherapy. Relapse in the contralateral 
testicle is common, and radiation to the scrotum is usually given. CNS involve-
ment is common, and prophylactic intrathecal chemotherapy is usually recom-
mended. Late relapses occur frequently.

Diffuse large B-cell lymphoma of the stomach and gastrointestinal tract is 
treated differently from gastric MALT lymphoma, even if there is a history 
of prior MALT lymphoma. Patients can be cured with surgery and adjunc-
tive radiation or chemotherapy, although surgery is rarely performed for 
gastric lymphomas because of the morbidity associated with gastric resec-
tion. Patients should be treated with chemotherapy regimens used for other 
diffuse large B-cell lymphomas. Radiation therapy is sometimes used after 
chemotherapy, although the role of combined-modality treatment is not  
defined.

 Lymphoma in AIDS and Post-transplantation 
Lymphoproliferative Disorders
Non-Hodgkin lymphoma is an AIDS-defining illness in HIV-infected indi-
viduals (Chapter 366), and the risk for developing a non-Hodgkin lymphoma 
is increased more than 150-fold after the diagnosis of another AIDS-defining 
illness.32 Most cases are diffuse large B-cell lymphomas or Burkitt lymphomas. 
AIDS-associated lymphomas behave aggressively and frequently involve the 
CNS and other unusual sites, such as the gastrointestinal tract, anus, rectum, 
skin, and soft tissue. Factors associated with poor survival include low CD4 
counts, poor performance status, older age, and advanced stage. The incidence 
of AIDS-associated non-Hodgkin lymphoma has declined, and the prognosis 
has improved considerably. Patients are generally treated in the same manner 
as non-immunocompromised patients, and the prognoses are similar. Intrathe-
cal prophylaxis is generally recommended because of a higher risk for CNS 
involvement.

The risk for developing a non-Hodgkin lymphoma is also markedly increased 
in patients who have received a solid organ transplant.33 The histologic appear-
ance of these lymphomas is variable, but they frequently resemble aggres-
sive lymphomas in non-immunocompromised patients. Similar disorders can 
be seen in patients who are treated with methotrexate and other drugs for 
autoimmune disorders and in recipients of allogeneic hematopoietic stem 
cell transplants, especially if the transplants are T-cell depleted. These post-
transplantation lymphoproliferative disorders, which may develop within weeks 
after surgery, are more common in patients who receive aggressive immunosup-
pression after transplantation. Involvement of extranodal sites is common, and 
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 PERIPHERAL T-CELL LYMPHOMAS, UNSPECIFIED
The largest group of patients with peripheral T-cell lymphomas is defined in 
the WHO classification as having “peripheral T-cell lymphoma, unspecified.” 
These patients’ signs and symptoms are similar to those of patients with aggres-
sive B-cell lymphomas, although systemic symptoms (fevers, night sweats, 
and weight loss) and extranodal involvement are frequent. The diagnosis of 
peripheral T-cell lymphoma requires immunophenotyping to demonstrate 
the T-cell origin.

Patients are generally treated with the same regimens used for diffuse 
large B-cell lymphomas (e.g., CHOP with or without etoposide), often in com-
bination with upfront autologous hematopoietic stem cell transplantation, 
although the outcome is substantially worse. Belinostat, which is a histone 
deacetylase inhibitor, and romidepsin appear to be effective as single agents 
in relapsed or refractory peripheral T-cell lymphoma.30 Patients who relapse 
after complete remission can sometimes be cured with hematopoietic stem cell  
transplantation.

TREATMENT 

Patients are usually treated with chemotherapy regimens such as CHOP 
with or without the addition of etoposide. Patients whose tumors express ALK 
have an excellent outcome, and 5-year survival rates of 70 to 90% have been 
observed. ALK-negative ALCL is more common in older patients and is associated 
with an inferior response rate and shorter survival time. Autologous hemato-
poietic stem cell transplantation may be curative for patients who relapse. The 
anti-CD30 antibody-drug conjugate brentuximabvedotin is highly active for 
patients with relapsed disease and may be incorporated into primary therapy. 
Patients whose lymphomas express ALK usually respond to the ALK inhibitor  
crizotinib.29

TREATMENT 

Patients usually have lymphadenopathy, and involvement of the skin, bone, 
and gastrointestinal tract may be observed.

A newly described entity of anaplastic large cell lymphoma of the breast is 
associated with breast implants. When localized, these patients may be cured 
with surgery including removal of the implant.

 UNUSUAL SUBTYPES OF T-CELL LYMPHOMA
Angioimmunoblastic T-cell lymphoma is associated with generalized lymph-
adenopathy, fever, weight loss, skin rash, and polyclonal hypergammaglobu-
linemia. Results of therapy are similar to those for peripheral T-cell lymphoma, 
unspecified.

Extranodal NK/T-cell lymphoma usually occurs in extranodal sites, especially 
the nose, palate, and nasopharynx. Involvement of the nose and face leads 
to the syndrome that was previously called lethal midline granuloma. This 
disorder is unusual in the United States, but it is frequent in Southeast Asia 
and Latin America. Patients with localized disease often can be cured with 
aggressive combination radiation therapy and chemotherapy.31 Patients with 
widespread disease have a poor prognosis. These patients frequently respond to  
l-asparaginase

Hepatosplenic T-cell lymphoma is characterized by sinusoidal infiltration of 
the spleen, liver, and bone marrow, which leads to hepatosplenomegaly, sys-
temic symptoms, and cytopenias. Lymphadenopathy is unusual. Patients are 
typically young males, and this disease can occur in allograft recipients and 
in the setting of immune dysfunction. The prognosis is poor.

Enteropathy-type T-cell lymphoma is usually seen in patients with gluten-
sensitive enteropathy (Chapter 131). Patients typically present with abdomi-
nal pain and diarrhea and sometimes with bowel perforation. Treatment of 
celiac disease with a gluten-free diet may reduce the risk for lymphoma. The 
prognosis in undernourished patients is poor, but more fit patients can some-
times be cured with intensive chemotherapy and autologous bone marrow  
transplant.

Subcutaneous panniculitis-like T-cell lymphoma manifests with multiple sub-
cutaneous nodules and is often misdiagnosed as panniculitis. Patients with 

disseminated disease can have a syndrome consisting of fevers, weight loss, 
hepatosplenomegaly, pancytopenia, and phagocytosis of blood cells (hemo-
phagocytic syndrome). Patients sometimes respond to combination chemo-
therapy regimens used for diffuse large B-cell lymphoma, interferon, and 
radiation therapy, but long-term disease-free survival is unusual.

 SPECIAL CLINICAL SITUATIONS
The diagnosis and management of patients with the various types of non-
Hodgkin lymphoma can be profoundly influenced by the site of origin 
of the lymphoma and by certain clinical characteristics of the patients. 
Examples of the latter include pregnant patients with lymphoma, elderly 
patients with lymphoma, and lymphoma in patients who are severely  
immunosuppressed.

 Specific Primary Sites of Diffuse Large B-Cell Lymphoma
Approximately 30% of diffuse large B-cell lymphomas originate in extranodal 
sites. Presentation in certain extranodal sites is associated with unique clinical 
behaviors that may necessitate diagnostic studies or additional therapy beyond 
that used for patients with nodal presentations.

Patients with primary CNS lymphoma (Chapter 180) commonly have 
ocular involvement, and all patients with this diagnosis should have a slit lamp 
examination. Surgical resection of primary CNS lymphoma is usually not 
performed, and the primary role of surgery is for diagnosis. Primary lymphomas 
of the CNS are very sensitive to corticosteroids, but the best results have been 
observed with chemotherapy regimens that use high-dose methotrexate alone 
or in combination with other agents such as cytarabine and temozolomide. 
By comparison, conventional chemotherapy regimens, such as CHOP, are of 
little benefit. Whole brain irradiation is also effective therapy, although the 
incidence of leukoencephalopathy is extremely high, especially in elderly 
patients. Radiation therapy is frequently reserved for relapse rather than being 
used as adjunctive treatment with primary chemotherapy.

Treatment of primary testicular lymphoma, the most common testicular 
cancer in men older than 60 years (Chapter 190), usually consists of orchi-
ectomy followed by combination chemotherapy. Relapse in the contralateral 
testicle is common, and radiation to the scrotum is usually given. CNS involve-
ment is common, and prophylactic intrathecal chemotherapy is usually recom-
mended. Late relapses occur frequently.

Diffuse large B-cell lymphoma of the stomach and gastrointestinal tract is 
treated differently from gastric MALT lymphoma, even if there is a history 
of prior MALT lymphoma. Patients can be cured with surgery and adjunc-
tive radiation or chemotherapy, although surgery is rarely performed for 
gastric lymphomas because of the morbidity associated with gastric resec-
tion. Patients should be treated with chemotherapy regimens used for other 
diffuse large B-cell lymphomas. Radiation therapy is sometimes used after 
chemotherapy, although the role of combined-modality treatment is not  
defined.

 Lymphoma in AIDS and Post-transplantation 
Lymphoproliferative Disorders
Non-Hodgkin lymphoma is an AIDS-defining illness in HIV-infected indi-
viduals (Chapter 366), and the risk for developing a non-Hodgkin lymphoma 
is increased more than 150-fold after the diagnosis of another AIDS-defining 
illness.32 Most cases are diffuse large B-cell lymphomas or Burkitt lymphomas. 
AIDS-associated lymphomas behave aggressively and frequently involve the 
CNS and other unusual sites, such as the gastrointestinal tract, anus, rectum, 
skin, and soft tissue. Factors associated with poor survival include low CD4 
counts, poor performance status, older age, and advanced stage. The incidence 
of AIDS-associated non-Hodgkin lymphoma has declined, and the prognosis 
has improved considerably. Patients are generally treated in the same manner 
as non-immunocompromised patients, and the prognoses are similar. Intrathe-
cal prophylaxis is generally recommended because of a higher risk for CNS 
involvement.

The risk for developing a non-Hodgkin lymphoma is also markedly increased 
in patients who have received a solid organ transplant.33 The histologic appear-
ance of these lymphomas is variable, but they frequently resemble aggres-
sive lymphomas in non-immunocompromised patients. Similar disorders can 
be seen in patients who are treated with methotrexate and other drugs for 
autoimmune disorders and in recipients of allogeneic hematopoietic stem 
cell transplants, especially if the transplants are T-cell depleted. These post-
transplantation lymphoproliferative disorders, which may develop within weeks 
after surgery, are more common in patients who receive aggressive immunosup-
pression after transplantation. Involvement of extranodal sites is common, and 
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and CNS can be involved. The disease is usually self-limited, but it has been 
associated with autoimmune hemolytic anemia.

Kikuchi disease (histiocytic necrotizing lymphadenitis) is a disease of unknown 
origin that most commonly affects young women. Symptoms most commonly 
consist of painless cervical lymphadenopathy that is often accompanied by 
fever, flulike symptoms, and rash. Treatment is symptomatic, and manifesta-
tions usually resolve within weeks or months.

IgG4-related disease is a systemic immune-mediated fibrosing inflammatory 
disease in which various organs are infiltrated by IgG4-positive plasma cells. 
Patients often have accompanying asymptomatic lymphadenopathy that usually 
responds to corticosteroids.

lymphoma frequently involves the transplanted organ. Post-transplantation 
lymphoproliferative disorders may respond to reduction or withdrawal of 
immunosuppression. Some investigators have advocated the use of acyclovir 
or ganciclovir because these lymphomas are usually related to EBV, but this 
practice is controversial. High response rates are also seen with rituximab. 
Other patients require treatment with combination chemotherapy regimens.

 Non-Hodgkin Lymphoma in Elderly Patients
More than 50% of patients who develop non-Hodgkin lymphomas are older 
than 60 years, and the prognosis is generally worse for elderly patients. These 
poorer outcomes are related to increased toxicity of drug therapy, lower remis-
sion rates, increased rates of relapse, and higher death rates from cardiovascular 
disease and causes other than the lymphoma itself. Older patients are more 
likely to have other adverse prognostic characteristics (see Table 176-8), which 
also contribute to poorer outcomes. The practice of arbitrary dose reductions 
based solely on age should be discouraged if patients have a good performance 
status and no comorbid illnesses.

 Non-Hodgkin Lymphoma and Pregnancy
Non-Hodgkin lymphoma in pregnancy involves major clinical and ethical 
issues, and a multidisciplinary approach is needed (Chapter 226). Although 
chest radiographs are generally considered safe, ultrasound examination is 
usually used instead of CT for staging in the abdomen and pelvis.

Treatment can occasionally be delayed until after delivery; however, most 
women have a tumor that is potentially curable, and treatment delays may 
decrease the chance for cure. Other patients have conditions such as superior 
vena cava syndrome that require immediate treatment. After the first trimester, 
full-dose standard therapy such as R-CHOP may be used. Several studies 
indicate high probabilities of cure without significantly increased adverse long-
term physical or intellectual deficits for the child. Although it is reasonable 
to offer therapeutic abortion for women in the first trimester, chemotherapy 
may also be successful in this situation. Regimens using methotrexate or 
abdominal radiation must be avoided.

 DISEASES SOMETIMES CONFUSED  
WITH LYMPHOMA

A variety of conditions are associated with lymphadenopathy that can be 
confused with lymphoma. The most common atypical lymphoid prolifera-
tions that can be confused with lymphoma are florid reactions to immune 
stimulation. Follicular hyperplasia with diffuse proliferation of B cells and 
T cells can be seen in a variety of autoimmune diseases (e.g., Sjögren syn-
drome, systemic lupus erythematosus, rheumatoid arthritis) and infectious 
processes (e.g., EBV, cytomegalovirus, cat-scratch disease) (Chapter 159). If 
the definitive diagnosis of lymphoma cannot be made even after immunologic 
and molecular studies, the patient should be closely observed. The clinical 
course or subsequent biopsies can usually resolve the confusion.

Castleman disease, or angiofollicular lymph node hyperplasia, usually appears 
with a hyaline vascular pattern of lymphoid proliferation, but a subset of patients 
has hyperplastic lymphoid follicles and sheets of plasma cells.34 Patients with 
Castleman disease often present with a localized lymphoid mass, but some 
patients have a systemic illness with fevers, night sweats, weight loss, and 
fatigue. Frequently, the systemic symptoms of Castleman disease are related 
to excessive production of IL-6. Castleman disease in HIV-infected patients 
is frequently associated with HHV-8. Patients with disseminated and plasma 
cell–rich forms of Castleman disease may occasionally progress to lymphoma. 
Patients with localized Castleman disease can be treated with surgical removal, 
radiation therapy, or, occasionally observation if asymptomatic. Patients with 
systemic disease may respond to treatment with high-dose corticosteroids 
and/or rituximab. Patients with overexpression of IL-6 frequently benefit from 
treatment with an anti-IL-6 antibody. For example, siltuximab (a chimeric 
monoclonal antibody against interleukin 6 at 11 mg/kg intravenous infusion 
every 3 weeks) can provide durable responses in about one third of HIV-
negative patients. A20  If other treatments fail, patients sometimes benefit from 
combination chemotherapy regimens, autologous or allogeneic hematopoietic 
stem cell transplantation, or both.

Sinus histiocytosis with massive lymphadenopathy, also known as Rosai-
Dorfman disease, manifests as bulky lymphadenopathy in children and young 
adults. Extranodal sites such as the skin, upper airways, gastrointestinal tract, 
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REVIEW QUESTIONS

1. A 66-year-old man develops cough and chest pain. A chest radiograph 
shows a mediastinal mass. A biopsy of the mass shows diffuse large B-cell 
lymphoma. Additional studies reveal enlarged lymph nodes in the para-
aortic and mesenteric regions. His bone marrow biopsy is negative. His 
performance status is otherwise normal, and his serum lactate dehydrogenase 
level is normal. How should this man be treated?
 A. Observation (watch and wait)
 B. CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone)
 C. CHOP + rituximab
 D. Radiation to the chest and abdomen
 E. CHOP + rituximab followed by autologous stem cell transplantation

Answer: C This man has a stage III diffuse large B-cell lymphoma. His IPI 
score is II (low-intermediate risk). A watch and wait approach is reasonable 
for some patients with indolent lymphoma, but not for patients with diffuse 
large B-cell lymphoma. There is no role for radiation, alone, in this situation. 
Treatment with CHOP would yield a high response rate, although randomized 
trials show improved survival with the addition of the anti-CD20 antibody 
rituximab (Coiffier B, Thieblemont C, Van Den Neste E, et al. Long-term 
outcome of patients in the LNH-98.5 trial, the first randomized study compar-
ing rituximab-CHOP to standard CHOP chemotherapy in DLBCL patients: 
a study by the Groupe d’Etudes des Lymphomes de l’Adulte. Blood. 
2010;116:2040-2045). There is no evidence that upfront autologous stem 
cell transplantation is beneficial for patients in low-risk groups.

2. A 27-year-old woman has an unexplained 20-lb weight loss, drenching 
night sweats, and bulky bilateral cervical lymphadenopathy. A chest radio-
graph shows bilateral cervical lymphadenopathy. Fine-needle aspiration 
(FNA) of a cervical lymph node reveals cells consistent with a B-cell non-
Hodgkin lymphoma. What should you do next?
 A. Perform a FNA on another cervical lymph node.
 B. Prescribe antibiotics for 10 days and reevaluate.
 C. Start ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine).
 D. Perform an excision biopsy of a cervical lymph node.
 E. Start CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) 

+ rituximab.
Answer: D This woman has an obvious systemic illness. Empirical antibiotic 
therapy would be inappropriate. All non-Hodgkin lymphomas are treatable, 
and many are curable. It is essential to have an accurate diagnosis before start-
ing therapy so that appropriate therapy is administered. Core needle biopsies 
can occasionally be used for a primary diagnosis if the specimen is handled 
properly. Fine-needle aspirates should not be used to diagnose lymphoma, as 
they preclude an accurate diagnosis of the specific subtype of non-Hodgkin 
lymphoma. In most cases, an excisional biopsy is necessary (and is always 
preferred) for the initial diagnosis. Her diagnosis from FNA is inadequate. 
An excisional biopsy with review by an expert hematopathologist is necessary 
for appropriate treatment (Swerdlow SH. Lymphoma classification and the 
tools of our trade: an introduction to the 2012 USCAP Long Course. Mod 
Pathol. 2013;26:S1-S14). It would be inappropriate to start CHOP + rituximab 
before an accurate diagnosis is established. The ABVD regimen is used for 
Hodgkin lymphoma.

3. Patients with mantle cell lymphoma are most likely to have the following 
cytogenetic abnormality in their lymph node biopsy?
 A. t(11;14)
 B. t(11;18)
 C. t(14;18)
 D. t(8;14)
 E. t(2;5)

Answer: A Non-Hodgkin lymphomas are often associated with cytogenetic 
abnormalities. These abnormalities often consist of translocations that result 
in overproduction of fusion proteins that result in cell proliferation or inhibit 
apoptosis (Nogai H, Dörken B, Lenz G. Pathogenesis of Non-Hodgkin lym-
phoma. J Clin Oncol. 2011;29:1803-1811). Certain subtypes of non-Hodgkin 
lymphoma are associated with specific cytogenetic abnormalities. The t(11;18) 
is associated with MALT lymphoma, the t(14;18) is associated with follicular 
lymphoma, the t(8;14) is associated with Burkitt lymphoma, and the t(2;5) 
is associated with anaplastic large cell lymphoma. The t(11;14) is characteristic 
of mantle cell lymphoma. This translocation results in overproduction of cyclin 
D1 and resultant cell proliferation.

4. A 40-year old woman has a history of a mediastinal large B-cell lymphoma. 
She was treated several years ago with R-CHOP followed by radiation 
therapy involving the chest and neck. She comes to you with complaints 
of fatigue, trouble concentrating at work, and feeling cold. Her examination 
reveals no lymphadenopathy. Her chest radiograph is unchanged from 1 
year ago. Laboratory tests are normal except for high cholesterol. What 
should you do?
 A. Order a computed tomography (CT) scan of the chest, abdomen, and 

pelvis.
 B. Check serum vitamin B12 and folic acid levels.
 C. Perform a bone marrow aspirate and biopsy.
 D. Check a thyroid-stimulating hormone (TSH) level.
 E. Order a positron emission tomography (PET) scan.

Answer: D It is important to monitor patients for late effects of therapy. 
Although disease recurrence should always be considered, there is no evidence 
of this. It would be inappropriate to order additional imaging at this time. 
There is no evidence that she is B12 or folic acid deficient. Hypothyroidism is 
a frequent complication of radiation therapy and should always be considered. 
Her history increases her risk for cardiovascular disease, and strict control of 
modifiable risk-factors, such as cholesterol, is necessary (http://www.nccn.
org/professionals/physician_gls/pdf/survivorship.pdf).

5. Which patient is least likely to have a lymphoma associated with the Epstein-
Barr virus (EBV)?
 A. A 42-year old man with a history of a liver transplantation
 B. A 31-year old woman with chronic HIV infection
 C. A 45-year old woman with an extranodal NK/T-cell lymphoma
 D. A 68-year old woman with follicular lymphoma
 E. A child from sub-Saharan Africa with Burkitt lymphoma

Answer: D EBV, as well as other infectious agents, is associated with several 
types of non-Hodgkin lymphoma. Follicular lymphoma is not usually associ-
ated with EBV. (De Falco G, Rogena EA, Leoncini L. Infectious agents and 
lymphoma. Semin Diagn Pathol. 2011;28:178-187).

http://www.nccn.org/professionals/physician_gls/pdf/survivorship.pdf
http://www.nccn.org/professionals/physician_gls/pdf/survivorship.pdf
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177 
HODGKIN LYMPHOMA
JOSEPH M. CONNORS

 DEFINITION
Hodgkin lymphoma, one of the B-cell lymphomas, consists of two major 
types: classic Hodgkin lymphoma, with a characteristic neoplastic cell, the 
Hodgkin-Reed-Sternberg cell; and the much less common (~5% of cases) 
nodular lymphocyte-predominant Hodgkin lymphoma, with a characteristic 
lymphocyte-predominant type. Both types have a distinct natural history, and 
most important, an excellent response to treatment, with the large majority 
of patients being cured. Highly effective multiagent chemotherapy is the cor-
nerstone of treatment. Carefully selected patients may require the addition 
of radiation or, if the lymphoma recurs after primary treatment, high-dose 
chemoradiation therapy and autologous hematopoietic stem cell transplanta-
tion (HDC/HSCT). The major challenge to clinicians managing this neoplasm 
is to cure the disease while minimizing long-term toxicity.

 EPIDEMIOLOGY
The incidence of Hodgkin lymphoma varies substantially around the world. 
The highest rates occur in the United States, Canada, Switzerland, and north-
ern Europe. Intermediate rates are seen in southern and eastern Europe and 
low rates in eastern Asia. No clear explanation for this variation has been 
found. Postulated reasons include differences in the age at onset or genotype 
of any associated Epstein-Barr virus (EBV) infection; crowding during child-
hood as a result of lower socioeconomic status, predisposing to passage of 
an as yet undiscovered infectious vector; and intrinsic genetic differences in  
susceptibility.

Approximately 20,000 new cases are seen annually in North America and 
Europe. The age-adjusted incidence of Hodgkin lymphoma declined modestly 
over the 20 years before 1990 but has leveled off since then at approximately 
2.7 per 100,000. Age-adjusted annual mortality is 0.5 per 100,000. Hodgkin 
lymphoma occurs slightly more often in men and is seen more frequently in 
whites than African Americans and much less frequently in Asian populations. 
Much of the difference in incidence between whites and blacks in North 
America can be attributed to the higher incidence seen in higher socioeconomic 
classes. The cumulative lifetime risk for development of Hodgkin lymphoma 
is approximately 1 in 250 to 1 in 300 in North America.

The incidence of Hodgkin lymphoma is bimodal in age distribution, rising 
from very low in childhood to an early peak in young adulthood (25 to 30 
years) and a later peak in late adulthood (>50 years). In the Western world, 
only about 5% of cases occur in persons younger than 15 years and 5% in 
individuals older than 70 years. In contrast, the age distribution in the Indian 
subcontinent is strongly shifted into childhood.

 PATHOBIOLOGY
The cause of Hodgkin lymphoma remains unclear. It is not associated with 
exposure to radiation, chemicals, biocidal agents, working in health care–related 
professions, or previous tonsillectomy. The leading suspect remains EBV, based 
on much suggestive evidence but no definitive proof.1

Epstein-Barr Virus
EBV is a large B-lymphocyte tropic herpesvirus (Chapter 353). Approximately 
90% of the general population acquires infection with EBV by early adulthood. 
In the developing world, this infection usually occurs in childhood, but in 
developed countries, infection is often delayed into the teens, when it is associ-
ated with the syndrome of infectious mononucleosis in up to 30% of new 
cases. A history of infectious mononucleosis increases the likelihood for sub-
sequent Hodgkin lymphoma three-fold. Antibodies to the viral capsid antigen 
reach higher levels in patients with Hodgkin lymphoma than in controls, and 
these higher levels appear several years before the neoplasm. In situ hybridiza-
tion studies have demonstrated that the Hodgkin-Reed-Sternberg cells in 
approximately 50% of cases of Hodgkin lymphoma contain EBV-encoded 
small RNA (EBER), and in these cases, virtually all the Hodgkin-Reed-Sternberg 
cells are positive for the virus. The EBV genome is amplified 50-fold or more 
in Hodgkin-Reed-Sternberg cells and is monoclonal in an individual patient’s 

Hodgkin-Reed-Sternberg cells. In some populations, virtually all cases of 
Hodgkin lymphoma occur in EBV-positive individuals, but up to 50% of 
patients in developed countries do not have EBV in their Hodgkin-Reed-
Sternberg cells. Thus, although EBV may play an important role in the devel-
opment of Hodgkin lymphoma, that role is neither straightforward nor 
universal.

Genetic Factors
Circumstantial evidence for a genetic contribution to the etiology of Hodgkin 
lymphoma comes from studies showing that Hodgkin lymphoma is almost 
100-fold more likely to develop in the monozygotic twin of an affected indi-
vidual than in a dizygotic twin. First-degree relatives of individuals with the 
disease have up to a five-fold increased risk for development of the lymphoma. 
Perhaps genetically predisposed individuals react differently to EBV, thereby 
increasing the chance that a lymphoid neoplasm will develop.

Polymerase chain reaction–based genotypic analysis has demonstrated the 
clonal derivation of Hodgkin-Reed-Sternberg cells, including identical p53 
mutations from multiple Hodgkin-Reed-Sternberg cells extracted from a single 
biopsy specimen, thereby unequivocally establishing clonality.2 The presence 
of clonal immunoglobulin gene rearrangements from multiple cells in the 
same biopsy specimen also confirms a B-cell origin. Only a few rare cases 
with a T-cell genotype have been reported, but these are exceptional. Finally, 
identification of cells with identical immunoglobulin gene rearrangements 
both at diagnosis and at relapse verify that the B-cell clonality of the disease 
is preserved over time.

Aneuploidy and hyperploidy consistent with the multinucleated nature of 
Hodgkin-Reed-Sternberg cells are frequent, but no consistent chromosomal 
translocations have been detected. Several susceptibility loci for Hodgkin 
lymphoma have been localized to active chromatin with an overrepresentation 
of transcription factor binding for determinants of B-cell development and 
immune response.3

 CLINICAL MANIFESTATIONS
Hodgkin lymphoma is usually manifested as lymphadenopathy (Chapter 159), 
typically in the cervical, axillary, or mediastinal areas, and only about 10% of 
patients present with nodal disease below the diaphragm. Although peripher-
ally located nodes seldom reach large size, very large mediastinal masses or, 
less often, retroperitoneal masses can develop with only modest symptoms. 
Lymph node involvement in Hodgkin lymphoma is usually painless, but an 
occasional patient notes discomfort in involved nodal sites immediately after 
drinking alcohol.

Approximately 25% of patients with Hodgkin lymphoma have constitutional 
symptoms. The classic B symptoms, significant weight loss (>10% of baseline), 
night sweats, and persistent fever, usually signal widespread or locally extensive 
disease and imply a need for systemic treatment. Generalized pruritus, occa-
sionally severe, can antedate the diagnosis of Hodgkin lymphoma by up to 
several years. Some patients have symptoms suggestive of a growing mass 
lesion, such as cough or stridor as a result of tracheobronchial compression 
from mediastinal disease or bone pain secondary to metastatic involvement. 
Because Hodgkin lymphoma can involve the bone marrow extensively, an 
occasional patient presents with symptomatic anemia or incidentally noted 
pancytopenia. Paraneoplastic neurologic or endocrine syndromes have been 
reported with Hodgkin lymphoma but are rare.

 DIAGNOSIS
The diagnosis of classic Hodgkin lymphoma is based on recognition of Hodgkin-
Reed-Sternberg cells (Fig. 177-1) or Hodgkin cells (or both) in an appropriate 
cellular background in tissue sections from a lymph node or extralymphatic 
organ, such as bone marrow, lung, or bone. Fine-needle aspiration biopsy is 
not adequate for the diagnosis of Hodgkin lymphoma. Open biopsy and stan-
dard histochemical staining are required to establish the diagnosis unequivo-
cally and to determine the histologic subtype.4 Immunohistochemical studies 
can prove helpful in difficult cases or to distinguish special subtypes such as 
the lymphocyte-rich classic and nodular lymphocyte-predominant types. In 
classic Hodgkin lymphoma, scattered large Hodgkin-Reed-Sternberg cells 
either are multinucleated or have large polyploid nuclei. Variations include 
mononuclear cells that are similar to the usual polylobated or multinuclear 
cells but have only one large nucleus with a prominent nucleolus, as well as 
lacunar cells, which are Hodgkin-Reed-Sternberg variants with abundant 
cytoplasm that has retracted as an artifact of formalin fixation. The infrequent 
Hodgkin-Reed-Sternberg cells are usually present in a background mixture 
of polyclonal lymphocytes, eosinophils, neutrophils, plasma cells, fibroblasts, 
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ABSTRACT
There are approximately 20,000 new cases of Hodgkin lymphoma, an uncom-
mon but frequently curable B-cell lymphoma, diagnosed annually in North 
America and Europe. Its etiology remains unknown, and it occurs with biphasic 
incidence peaking in adults in their mid-30s and again in those over the age 
of 50. Multiagent chemotherapy, occasionally complemented by therapeutic 
involved field radiation, is the cornerstone of treatment and cures most patients. 
The 30% of patients with limited extent of disease require only brief chemo-
therapy, typically over 3 to 4 months; those with more extensive disease need 
more extended chemotherapy for 6 months. In both groups functional imaging 
with fluorodeoxyglucose positron emission tomography helpfully separates 
the majority of patients who have had a complete remission from the minority 
with possible persistent localized lymphoma who may still be cured with the 
addition of radiation. If, despite optimal primary treatment, the lymphoma 
recurs, high-dose chemoradiation followed by autologous hematologic stem 
cell transplantation is able to cure approximately 50%. Novel treatments with 
antibody drug conjugates targeting unique cell surface characteristics on the 
malignant cells and immune checkpoint inhibitors that neutralize immune 
response-paralyzing factors produced by the malignant cells have been found 
highly effective for Hodgkin lymphoma and are undergoing clinical trials 
integrating their use into standard management. With most patients cured 
using current treatments, the major challenge to clinicians managing this 
neoplasm today is to cure the disease while minimizing long-term toxicity.
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Despite their B-cell origin, the neoplastic cells of Hodgkin lymphoma are 
incapable of making intact antibodies, perhaps because they lack the ability 
to make the transcription factors necessary to activate the immunoglobulin 
promoter. B cells that are incapable of manufacturing antibody should undergo 
apoptosis, but the Hodgkin-Reed-Sternberg cells avoid self-destruction. The 
observation that the anti-apoptotic nuclear transcription factor NFκB is con-
stitutively activated in these cells may provide an explanation.
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is readily determined by obtaining an adequate biopsy specimen for review 
by an experienced hematopathologist. T-cell–rich B-cell lymphoma (Chapter 
176) is distinguished from classic Hodgkin lymphoma by being CD30 and 
CD15 negative but positive for CD20 and CD45. Proceeding to such a biopsy 
early in the assessment of patients with lymphadenopathy (Chapter 159), 
especially of the mediastinum, often saves time and spares the patient delay 
in diagnosis.

With appropriate biopsy procedures to investigate enlarged central thoracic 
or intra-abdominal lymph nodes, the diagnosis of Hodgkin lymphoma seldom 
presents difficulty. The immunophenotype helps distinguish Hodgkin lym-
phoma from other diseases. The combination of appropriate immunohisto-
pathologic evaluation by an expert hematopathologist and clinical assessment 
has virtually eliminated difficulties with the differential diagnosis. Problems 
mostly arise when inadequate or improperly processed material is all that is 
available for diagnosis.

Staging
Physical Examination
Given its tendency to spread in an orderly fashion, usually from initially involved 
lymph nodes, the stage of Hodgkin lymphoma can be established by using 
readily available imaging and laboratory tests (Fig. 177-2 and Table 177-2). 
The evaluation should start with a careful history to search for the presence 
of localizing signs, such as bone pain, or the constitutional symptoms of fever, 
weight loss, or night sweats or comorbid conditions that may affect the safe 
delivery of planned treatment. The physical examination may identify lymph-
adenopathy or organomegaly.

Laboratory Testing
Laboratory testing should include blood cell counts and the erythrocyte sedi-
mentation rate, assessment of liver and renal function, serum albumin level, 
serum protein electrophoresis, and serologic testing for human immunode-
ficiency virus (HIV), and hepatitis B and C. Bone marrow aspiration and 
biopsy have been rendered unnecessary by fluorodeoxyglucose positron emis-
sion tomography (PET).

Imaging
Imaging techniques to evaluate Hodgkin lymphoma continue to evolve (Fig. 
177-3). All patients should undergo contrast-enhanced computed tomography 

FIGURE 177-1. Nodular sclerosing Hodgkin lymphoma. This figure shows a typical 
case of classic nodular sclerosing Hodgkin lymphoma with many lacunar cells, occasional 
diagnostic Hodgkin-Reed-Sternberg cells, and the characteristic background of lympho-
cytes and eosinophils. (photomicrograph courtesy of Randy d. gascoyne, md, British 
Columbia Cancer agency.)

TABLE 177-1 WORLD HEALTH ORGANIZATION 
CLASSIFICATION OF HODGKIN  
LYMPHOMA SUBTYPES

SUBTYPE NAME FREQUENCY (%)*
Classic Hodgkin lymphoma

Nodular sclerosing 66
Lymphocyte rich 3
Mixed cellularity 10
Lymphocyte depleted 1

Nodular lymphocyte-predominant Hodgkin lymphoma 7
Hodgkin lymphoma, not otherwise classifiable 13
*Frequency based on all new cases (N = 1964) seen in British Columbia from January 1998, when 
the category of lymphocyte-rich classic Hodgkin lymphoma became well established, to June 2017
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FIGURE 177-2. Anatomic definition of lymph node regions for staging of Hodgkin 
disease. (From kaplan HS, Rosenberg Sa. The treatment of Hodgkin disease. Med Clin 
North Am. 1966;50:1591-1610.)

and histiocytes. A high number of associated macrophages has been demon-
strated to be a strong predictor of treatment resistance. Occasionally, granulomas 
form with a prominent histiocytic component.

Hodgkin lymphoma can typically be classified into well-described subtypes 
(Table 177-1) including a relatively new category of lymphocyte-rich classic 
Hodgkin lymphoma, which must be distinguished from nodular lymphocyte-
predominant Hodgkin lymphoma. The most common subtype is nodular 
sclerosing, which has characteristic coarse bands of sclerosis surrounding 
nodules composed of typical Hodgkin-Reed-Sternberg cells in the usual back-
ground mixture of reactive and inflammatory cells.

The immunophenotype of the neoplastic cells in Hodgkin lymphoma can 
help identify the specific subtype. Typically, the Hodgkin-Reed-Sternberg 
cells stain positively for CD30 (80 to 100% of cases), CD15 (75 to 85% of 
cases), and B-cell-specific activating protein (BSAP), which is the product of 
the PAX5 gene (>90% of cases). However, often only a minority of the malig-
nant cells stain positively for the CD15 and BSAP markers. CD20, a generally 
reliable marker of B-cell lineage, is positive in about 40% of cases of classic 
Hodgkin lymphoma, but usually only in a minority of cells, and the staining 
can be weak. In contrast, nodular lymphocyte-predominant Hodgkin lym-
phoma almost always stains strongly positive for CD20 and for the specialized 
B-cell markers CD79a and CD45 but is negative for CD30 and CD15. Ana-
plastic large cell lymphoma (Chapter 176) is positive for CD30 but reliably 
negative for CD15, CD20, and CD79a.

Differential Diagnosis
Depending on the site of occurrence and associated symptoms, the differential 
diagnosis of Hodgkin lymphoma includes non-Hodgkin lymphoma (Chapter 
176), germ cell tumors (Chapter 190), thymoma (Chapter 394), sarcoidosis 
(Chapter 89), and tuberculosis (Chapter 308). However, the specific diagnosis 
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Waldeyer ring each count as nodal sites in this system. Stage IV is reserved 
for extranodal disease, which for all practical purposes is disease in the 
bone marrow, lung, bone, or liver. Hodgkin lymphoma at any other extra-
nodal site should prompt questioning of the diagnosis or a search for HIV  
infection.

Bulky disease is defined as the presence of any tumor mass with the largest 
diameter greater than 10 cm. The E lesion designation identifies patients whose 
limited extranodal extension of Hodgkin lymphoma could be included in a 
reasonable involved field of irradiation. As part of staging, patients are further 
subdivided into those with or without fever, night sweats, or weight loss (B 
symptoms).

(CT) scanning of the neck, thorax, abdomen, and pelvis with slices at intervals 
of 1 cm or less. Magnetic resonance imaging is occasionally useful when the 
extent of bone or soft tissue involvement must be determined precisely or for 
a patient with an absolute contraindication to the use of intravenous contrast 
agents.

Positron Emission Tomography
Fluorodeoxyglucose PET is more sensitive and specific than CT or gallium 
scanning both for staging and for assessment of residual masses after treatment 
and is now considered mandatory for staging of Hodgkin lymphoma.5,6 It is 
also useful for the assessment of residual masses during or after planned treat-
ment, allowing better selection of patients who should receive altered or 
additional therapy, especially radiotherapy.

Staging System
The Ann Arbor staging system with the Cotswold modification (Table 177-3) 
categorizes patients into four stages. The spleen and the lymphoid tissue of 

TABLE 177-2 TESTS REQUIRED FOR STAGING OF  
HODGKIN LYMPHOMA

Complete history to search for B symptoms (fever, weight loss, night sweats) or 
other symptomatic problems suggesting more advanced disease

Physical examination for lymphadenopathy or organomegaly
Complete blood count
Serum creatinine, alkaline phosphatase, lactate dehydrogenase, bilirubin, and protein 

electrophoresis (including serum albumin level)
Chest radiograph, posteroanterior and lateral views
Computed tomography scan of the neck, thorax, abdomen, and pelvis
Fluorodeoxyglucose positron emission tomography with computed tomography 

(PET/CT)

A B

C D

FIGURE 177-3. Imaging of Hodgkin lymphoma. Bulky Hodgkin disease as seen on chest radiograph (A), computed tomography (CT) of the chest (B), gallium scan (C), and positron 
emission tomography (pET) (D). The arrows indicate sites of disease. note that the pET and CT scans provide more detailed information than the chest radiograph and gallium scan. 

TABLE 177-3 MODIFIED ANN ARBOR STAGING SYSTEM FOR 
HODGKIN LYMPHOMA

STAGE INVOLVEMENT
I Single lymph node region (I) or one extralymphatic site (IE)
II Two or more lymph node regions, same side of the diaphragm (II), 

or local extralymphatic extension plus one or more lymph node 
regions, same side of the diaphragm (IIE)

III Lymph node regions on both sides of the diaphragm (III); may be 
accompanied by local extralymphatic extension (IIIE)

IV Diffuse involvement of one or more extralymphatic organs or sites
A No “B” symptoms
B Presence of at least one of the following:

Unexplained weight loss >10% of baseline during 6 months 
before staging

Recurrent unexplained fever >38° C
Recurrent night sweats
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TABLE 177-4 TREATMENT PLAN FOR HODGKIN LYMPHOMA 
BASED ON STAGE

STAGE TREATMENT
IA or IIA, no bulky disease* ABVD† × 3-4 if CR after 3 cycles, 

or ABVD × 2 + IRRT
IB, IIB, or any stage III or IV or bulky disease, 

any stage
ABVD† until 6 cycles, or A+AVD 

or escalated BEACOPP†

*Bulky refers to disease with the largest diameter of any single mass equal to or greater than 10 cm.
†See text for drugs in each regimen. Optimal dosing must be individualized.
A+AVD = brentuximab vedotin, doxorubicin, vinblastine, and dacarbazine; ABVD = adriamycin 
[doxorubicin], bleomycin, vinblastin, and dacarbazine; BEACOPP = bleomycin, etoposide, 
doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone; CR = complete 
response; IRRT = involved region radiotherapy.

TREATMENT 

Over the past 80 years, Hodgkin lymphoma has been transformed from a 
nearly uniformly fatal illness to one that is usually cured. Long-term follow-up 
of a large cohort of Hodgkin lymphoma patients treated at all stages has sug-
gested that those who are event free at 2 years have an excellent outcome 
regardless of baseline prognostic factors, although they have an enduring 
increased risk of death from all causes compared with the general popula-
tion. A1  The principles underlying combined-modality treatment and multiagent 
chemotherapy, initially developed for Hodgkin lymphoma, have become the 
mainstays of today’s successful treatment of many malignancies and require 
involvement of a multidisciplinary team, including pathologists, experts in 
diagnostic imaging, medical and radiation oncologists, nurses, and support 
staff. The necessity to balance greater efficacy of initial treatment, which often 
requires an increase in intensity and therefore toxicity, against troublesome and 
occasionally fatal late complications has encouraged a long-term perspective 
and careful monitoring for late treatment-related side effects.

From a practical therapeutic viewpoint, patients with stage III or IV disease 
or bulky disease are defined as having advanced disease, whereas patients 
without these characteristics have limited-stage disease. In Europe, patients 
with limited disease are further subdivided into those with favorable and unfa-
vorable outcomes. Cure rates exceed 90 to 95% for patients with nonbulky 
stage IA or IIA (limited) disease. However, for patients with advanced-stage 
disease, independent predictors of progression include sex, age, stage, hemo-
globin level, white blood cell count, lymphocyte count, and serum albumin 
level. Current treatment results indicate a spread from 60 to 80% from the 
worst to best prognosis groups.7 A straightforward plan of treatment for the 
90% of patients in whom Hodgkin lymphoma is diagnosed between the ages 
of 16 and 70 years can be based on clinical stage, the presence of B symptoms, 
and bulk of the largest tumor mass (Table 177-4).

Treatment of Limited-Stage Hodgkin Lymphoma
More than 95% of the one third of patients with Hodgkin lymphoma initially 

found to have limited-stage disease can be cured regardless of the site of 
occurrence, the presence of disease above or below the diaphragm, or the 
histologic subtype. The challenge is to achieve this goal with the least toxicity 
and cost.8

Two cycles of ABVD (Adriamycin [doxorubicin], bleomycin, vinblastine, and 
dacarbazine) chemotherapy followed by involved-field irradiation cure nearly 
95% of patients with limited-stage disease, nearly completely eliminates the 
risk for infertility, premature menopause, and leukemia, and minimizes car-
diopulmonary toxicity.9 However, chemotherapy alone is a viable alternative 
for patients with a good initial response to treatment documented by PET 
scan and further reduces the risks of exposure to radiation, even though the 
risk of progressive disease is modestly higher in patients who receive che-
motherapy alone. A2  For example, in a randomized trial that compared three 
cycles of ABVD chemotherapy alone versus addition of irradiation, the strategy 
of chemotherapy alone for patients whose post-chemotherapy PET scan had 
become negative proved only minimally inferior to irradiation-based treatment 
in terms of event-free and equivalent in overall survival. These data suggest 
that patients with limited-stage Hodgkin lymphoma can be successfully treated 
with three cycles of ABVD alone if that results in a negative PET scan; for the 
minority whose lymphoma does not completely regress after three cycles, best 
assessed by PET scanning, the addition of radiation may be optimal. In Europe 
more intensified approaches have been tested for early-stage but unfavorable 
Hodgkin lymphoma with adverse prognostic factors such as bulky mediastinal 
mass, extranodal extension, elevated erythrocyte sedimentation rate (ESR), or 
involvement of three or more lymph node areas. In such patients, two cycles 
of BEACOPP (bleomycin, etoposide, Adriamycin, cyclophosphamide, vincristine, 
procarbazine, and prednisone), followed by two cycles of ABVD before involved-
field radiotherapy, significantly improve tumor control compared with four cycles 
of ABVD before involved-field radiotherapy, but long-term results do not differ.7 
Some authorities therefore recommend planned combined-modality treatment 

 FUTURE DIRECTIONS
The ability to profile multigene expression patterns and identify genetic poly-
morphisms associated with specific malignancies may provide better insight 
into the molecular genesis of Hodgkin and other lymphomas. Molecular 
methods to monitor minimal residual disease, in addition to the current 
practice of following only imaging and clinical evaluations, may transform 
treatment paradigms.19 Therapeutic agents more specifically targeted at the 
malignant Hodgkin-Reed-Sternberg cells, such as those coupling an antibody 
to the CD30 antigen with a cellular toxin, and checkpoint inhibitors releas-
ing innate immunity to recognize and attack the malignant cells have proved 
remarkably effective and hold substantial promise to improve treatment  
outcome.

with both chemotherapy and radiation, whereas others prefer to manage 
unfavorable limited-stage Hodgkin lymphoma similarly to advanced-stage  
disease.

Treatment of Advanced-Stage Hodgkin Lymphoma
In advanced-stage Hodgkin lymphoma (stages IIIA, IIIB, IVA, and IVB), ABVD 

has become the most widely used regimen.10 The addition of radiation therapy 
may significantly improve progression-free survival at 10 years in patients with 
advanced-stage Hodgkin lymphoma, but it does not improve overall survival. 
A negative PET scan at the end of chemotherapy distinguishes between residual 
fibrosis and persistent lymphoma and identifies the 75% of patients with a 
residual mass who do not require radiation therapy. A3 

Recently devised regimens for patients with advanced Hodgkin lymphoma are 
the Stanford V regimen (doxorubicin, vinblastine, mechlorethamine, etoposide, 
vincristine, bleomycin, and prednisone) and escalated BEACOPP (bleomycin, 
etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and 
prednisone) (see Table 177-4).11 As originally described, both included post-
chemotherapy irradiation to sites of initial or residual tumor bulk (≥5 cm), but 
radiation does not appear to be routinely necessary after BEACOPP. Although 
initial results appeared quite promising, the Stanford V regimen is no more 
effective than standard ABVD. Assessing the role of escalated BEACOPP for 
advanced-stage Hodgkin lymphoma requires consideration of potential sec-
ondary treatments for those not cured by primary therapy. About 50% of 
such patients can be effectively treated with HDC/HSCT (Chapter 168). Thus, 
although escalated BEACOPP offers better initial disease control, random-
ized trials have failed to demonstrate its superiority over ABVD for overall  
survival. A4 

,
 A5 

Brentuximab vedotin, an anti-CD30 antibody-drug conjugate, added to 
doxorubicin, vinblastine, and dacarbazine (A+AVD), has superior efficacy com-
pared with ABVD in previously untreated stage III or IV Hodgkin lymphoma in 
terms of combined risk of progression, death, or noncomplete response and 
use of subsequent anticancer therapy at 2 years. A6 

Management of Refractory or Relapsed  
Hodgkin Lymphoma

For most patients whose Hodgkin lymphoma persists or recurs despite primary 
chemotherapy, HDC/HSCT has become the established treatment.12 Approxi-
mately one third of patients whose disease progresses during or within 3 months 
of initial multiagent chemotherapy (refractory Hodgkin lymphoma) and about 
two thirds of those who relapse more than 3 months after multiagent chemo-
therapy (relapsed Hodgkin lymphoma) can be cured using HDC/HSCT. Two 
special subgroups may be exceptions. Patients who relapse solely in originally 
involved but unirradiated lymph nodes and without B symptoms or extranodal 
disease may obtain up to a 40 to 50% cure rate with wide-field irradiation, and 
patients who relapse without B symptoms more than 1 year after completion 
of primary chemotherapy, also may achieve up to a 30 to 40% cure rate with 
additional chemotherapy with or without irradiation. However, even these two 
subgroups may achieve up to an 80% 10-year disease-free survival rate after 
HDC/HSCT. Thus, data suggest that standard treatment for patients with pro-
gressive Hodgkin lymphoma after primary chemotherapy for advanced-stage 
disease should be HDC/HSCT regardless of the characteristics of the relapse.13 
It has been shown that after HDC/HSCT the addition of consolidative brentux-
imab vedotin, an antibody-drug conjugate combining an antibody against 
CD30 with a microtubule-disrupting agent, monomethyl aurostatin E, improves 
the outcome of HDC/HSCT by eliminating approximately one third of the relapses 
that would have otherwise occurred. A7 

,
 A8  For patients who relapse despite HDC/

HSCT with brentuximab vedotin blockade of the programmed death 1 (PD-1) 
pathway with checkpoint inhibitors such as nivolumab A9  and pembrolizumab 
is a new option with both agents able to induce an objective response in more 
than 70% of patients.

Management of Complications
Follow-up and Late Complications of Treatment

Most adult patients with Hodgkin lymphoma are cured and experience 
minimal long-term toxicity from their treatment. However, the risk for certain 
late effects warrants careful but not intrusive follow-up and selective interven-
tion (Table 177-5). At the conclusion of treatment, a thorough reassessment of 
the initial sites of lymphoma should be completed to provide post-treatment 
baseline measurements. Patients should be seen by a specialist knowledge-
able in the management of lymphoma, preferably about every 3 months 
for 2 years, then every 6 months for 3 years, then annually. They should be 
strongly encouraged to refrain from smoking, to perform careful breast and 
skin examinations on a regular basis, and to undergo regular immunizations 
for influenza annually, pneumococcus at diagnosis and 5 years after treat-
ment, and diphtheria and tetanus every 10 years (Chapter 15). Patients who 
have received radiation to the head or neck area should follow a vigorous 
program of dental prophylaxis in anticipation of the deleterious effect of 
reduced saliva production and should have their thyroid-stimulating hormone 
(TSH) level checked annually in recognition of the 50% risk for eventual  
hypothyroidism.
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TABLE 177-5 MONITORING AFTER SUCCESSFUL PRIMARY 
TREATMENT OF HODGKIN LYMPHOMA

RISK/PROBLEM INCIDENCE/RESPONSE
Relapse Ten to 30% of patients experience relapse. Careful 

attention should be directed to lymph node sites, 
especially if previously involved with disease and not 
treated with radiation. New persistent focal 
symptoms such as bone pain should be investigated 
with appropriate laboratory and imaging studies.

Dental caries Neck or oropharyngeal irradiation may cause decreased 
salivation. Patients should have regular dental care 
and should make their dentist aware of the previous 
irradiation.

Hypothyroidism After thyroid irradiation at doses sufficient to cure 
Hodgkin lymphoma, at least 50% of patients 
eventually become hypothyroid. All patients who 
have been exposed to neck irradiation should have an 
annual TSH level determined. Patients whose TSH 
level becomes elevated should be treated with 
lifelong thyroxine replacement in doses sufficient to 
suppress TSH levels to low normal (Chapter 213).

Cardiac complications Coronary heart disease (CHD), with median interval 
between Hodgkin lymphoma treatment and CHD of 
19 years.

Infertility ABVD is not known to cause permanent gonadal 
toxicity, although temporary oligospermia or irregular 
menses may persist for 1 to 2 years after treatment. 
Direct or scatter radiation to gonadal tissue may 
cause infertility, amenorrhea, or premature 
menopause, but this adverse event seldom occurs 
with the current fields used for the treatment of 
Hodgkin lymphoma. In general, women who 
continue menstruating are fertile, but men require 
semen analysis to provide a specific answer.

Secondary neoplasms Although uncommon, certain secondary neoplasms 
occur with increased frequency in patients who have 
been treated for Hodgkin lymphoma: acute 
myelogenous leukemia; thyroid, breast, lung, gastric, 
pancreatic, colorectal, and cervical cancers; 
non-Hodgkin lymphoma; and melanoma. It is 
appropriate to “be vigilant” for these neoplasms for 
the remainder of the patient’s life because they may 
have a lengthy induction period.

ABVD = doxorubicin (Adriamycin), bleomycin, vinblastine, and dacarbazine; TSH = thyroid-
stimulating hormone.
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Other potential long-term sequelae of Hodgkin lymphoma treatment include 
second malignancies. Radiation therapy–related solid tumors, most commonly 
nonmelanoma skin cancers, lung, breast, and colorectal malignancies, have a 
median latency period of more than 14 years after treatment. Chemotherapy-
related myelodysplasia and acute myelogenous leukemia are more likely to be 
caused by alkylating agents that are included in regimens like MOPP and 
BEACOPP compared with ABVD and have shorter latency periods (median of 
3 years) after treatment. The treatment of Hodgkin lymphoma has changed 
over the past 50 years, with a trend toward the use of smaller radiation target 
volumes, lower radiation doses, and more effective, generally less toxic che-
motherapy regimens. Nevertheless, a large cohort study with long-term follow-
up showed that the risk of solid cancers did not change appreciably among 
patients who were treated during the 1990s as compared with those who were 
treated during earlier decades.14 However, even more recently treated female 
survivors of Hodgkin lymphoma appear to have a reduced risk of breast cancer,15 
and other studies have shown that the risk of hematologic malignancies has 
clearly decreased among 5-year survivors who were treated in the most recent 
study period, probably reflecting the declining use of alkylating agent–based 
chemotherapy.

Long-term (usually >10 years after treatment) cardiovascular complications 
include coronary artery disease (related to mediastinal irradiation) and cardio-
myopathy (caused by the cardiotoxicity of anthracycline chemotherapy). The 
median interval between Hodgkin lymphoma treatment and development of 
coronary artery disease is approximately 19 years.16 There is a linear, no-thresh-
old relationship between mean heart dose of radiation therapy and develop-
ment of coronary artery disease in survivors of Hodgkin lymphoma. Radiation 
therapy field/volume reduction minimizing radiation exposure to the heart 

as included in current standard involved-node/involved-site radiation therapy 
(INRT/ISRT), with much more accurate targeting and sparing of normal tissue, 
should reduce cardiovascular risk in the future.17 Chemotherapy, particularly 
alkylating agents in MOPP and BEACOPP but not ABVD regimens, can cause 
permanent infertility. Long-term survivors of childhood Hodgkin lymphoma 
(median age at diagnosis of 15 years) are at increased risk for neurocognitive  
impairment.

Special problems in the management of Hodgkin Lymphoma
Hodgkin Lymphoma During Pregnancy

Between 0.5 and 1.0% of cases of Hodgkin lymphoma occur coincident with 
pregnancy (Chapter 226). When the lymphoma is discovered during pregnancy, 
it is almost always possible to keep it under control and allow the pregnancy 
to go to full term.

Standard staging tests (see Table 177-2) should be completed, except that 
imaging requiring radiation must be minimized. For example, abdominal ultra-
sonography can identify bulky retroperitoneal disease, and a single postero-
anterior radiograph of the chest, with proper shielding, can identify bulky 
mediastinal disease.

Patients can often continue the pregnancy to term without any treatment 
of the lymphoma. If symptomatic or progressive disease develops, systemic 
chemotherapy can be given in the second and third trimester with very low 
risk for injuring the fetus. An attractive alternative to multiagent chemotherapy 
is intermittent single-agent vinblastine, given in the lowest dose that can control 
symptoms until delivery, followed by a full course of six to eight cycles of 
multiagent chemotherapy after delivery.

Hodgkin Lymphoma and Acquired Immunodeficiency Syndrome
In patients with HIV infection, the incidence of Hodgkin lymphoma is increased 

as much as 5- to 10-fold, and the lymphoma manifests differently and pursues 
a more aggressive natural history (Chapter 366). Hodgkin lymphoma in HIV-
positive individuals is almost always associated with EBV within Hodgkin-Reed-
Sternberg cells. The histology is much more likely to be mixed cellularity or 
lymphocyte depleted. The disease commonly involves extranodal sites, especially 
the bone marrow. More than 80% of patients have advanced-stage disease, 
and most patients have B symptoms.

Patients are prone to opportunistic infections, and the interaction of che-
motherapeutic agents with other medications may compromise the patient’s 
ability to tolerate treatment. Meticulous attention to drug-drug interactions is 
required to avoid drug toxicity and adverse pharmacokinetic effects that might 
compromise the potential for cure.18 The best approach is a combination of 
highly active antiretroviral agents (Chapter 364), vigorous supportive care with 
antiherpetic and antifungal agents and neutrophil-stimulating growth factors, 
and standard multiagent chemotherapy. With appropriate supportive care, 
regimens such as ABVD can be delivered. However, more severe than normal 
toxicity must be anticipated, and although cure rates for the lymphoma are 
comparable to those seen in HIV-negative individuals, median overall survival 
is much shorter than that seen in the non–HIV-infected patients, typically 3 to 
4 years.

Hodgkin Lymphoma in the Elderly Population
Elderly patients with Hodgkin lymphoma have a worse outcome. For example, 

the 5-year overall survival rate falls from 80% in patients younger than 65 years 
to less than 50% in patients older than 65 years. Explanations include more 
advanced stage at diagnosis, comorbid diseases, delay in diagnosis, incomplete 
staging, inadequate adherence to treatment protocols, and failure to maintain 
full dose intensity.

Of note is that elderly patients achieve outcomes equivalent to those of 
younger patients when they receive similar doses of chemotherapy. The best 
approach for elderly patients is to attempt to treat them in a manner similar 
to younger patients, with vigorous supportive care and the addition of neu-
trophil growth factors if necessary to enable safe delivery of full doses. For 
patients with preexisting pulmonary or cardiac disease, it might be necessary 
to reduce or eliminate bleomycin or doxorubicin, respectively.
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REVIEW QUESTIONS

1. A 23-year-old man has noticed bilateral lower neck firm masses, eventually 
reaching about 3 cm in greatest diameter over the past 3 months, that have 
not resolved after 2 more weeks of observation during which he took a 
7-day course of oral antibiotics. A fine-needle aspiration biopsy reveals 
predominantly small lymphocytes and granulocytes, small numbers of 
eosinophils, and occasional monoclonal large multinucleated cells that are 
positive for CD30 and variably positive for CD20 and are judged consistent 
with Hodgkin-Reed-Sternberg cells and a diagnosis of probable Hodgkin 
lymphoma. What is the most appropriate next step in this patient’s 
evaluation?
 A. Computed tomography (CT) of the neck, chest, abdomen and pelvis
 B. Whole body positron emission tomography/computed tomography 

(PET/CT)
 C. Bone marrow biopsy
 D. Whole lymph node excisional biopsy of an abnormal neck lymph node
 E. A 14-day course of ciprofloxacin

Answer: D This patient probably has Hodgkin lymphoma; however, a firm 
diagnosis cannot be made based on needle aspiration biopsy. Other conditions 
that could be present and cannot be distinguished from Hodgkin lymphoma 
using only a needle aspiration biopsy include anaplastic large cell lymphoma, 
primary mediastinal B-cell lymphoma, T-cell–rich B-cell lymphoma, or unusual 
atypical lymphoid hyperplasia. Accurate diagnosis of Hodgkin lymphoma 
requires at least an incisional biopsy of involved nodal tissue, preferably an 
entire enlarged lymph node. Initiating extensive evaluation or further delay 
in assessment without a firm diagnosis is inappropriate.

2. A 26-year-old schoolteacher seeks a second opinion from you. She has 
been found to have neck and mediastinal nodular sclerosing Hodgkin lym-
phoma based on an excisional biopsy of a left supraclavicular fossa lymph 
node, PET/CT scanning showing definitely enlarged lymph nodes in the 
lower neck bilaterally, the mediastinum, and closely contiguous left hilar 
lymph nodes with standardized uptake values (SUVs) ranging from 4.2 to 
18.9, but no disease outside the neck and thorax. The largest nodal mass 
is 4.5 cm in diameter. Peripheral blood cell counts, serum creatinine, and 
screening liver function tests including alkaline phosphatase are all normal 
except for a mildly elevated neutrophil count. She has received a recom-
mendation that she be treated with six cycles of ABVD chemotherapy 
(Adriamycin [doxorubicin], bleomycin, vinblastine, and dacarbazine) fol-
lowed by involved-field radiation if residual disease remains abnormal on 
PET/CT scanning. What is your recommendation?
 A. Omit the chemotherapy and proceed with irradiation to the neck, axillae, 

and mediastinum using the mantle technique.
 B. Shorten the ABVD chemotherapy to two cycles and follow that with 

mantle radiation.
 C. Shorten the ABVD chemotherapy to two cycles and follow that with 

involved-field radiation.
 D. Perform a PET/CT scan after two cycles of ABVD chemotherapy and 

stop treatment if it is negative.
 E. Agree with the previous specialist’s recommendation.

Answer: C Treatment with two cycles of ABVD followed by involved-
field radiation has been shown to be equivalent to more chemotherapy plus 
involved-field radiation. Answer B is incorrect because it is not necessary to 
use a larger radiation field, and the larger field would be expected to increase 
the risk for serious late complications. Answer D is incorrect because it has 
not been proved that radiation can be omitted based on a negative PET/CT 
scan after only two cycles of chemotherapy. The previous consultant recom-
mended more chemotherapy than is necessary for limited-stage Hodgkin  
lymphoma.

3. An 18-year-old college student is referred to you to investigate new palpable 
inguinal lymphadenopathy. He has been experiencing drenching night 
sweats on at least 4 nights each week for the past month and has lost 7 kg 
of weight on a baseline weight of 84 kg. You document palpable abnormal 
lymph nodes in the left neck, left axilla, and bilateral inguinal/femoral 
areas. An excisional biopsy of a left supraclavicular fossa lymph node dem-
onstrates nodular sclerosing Hodgkin lymphoma, and PET/CT scanning 
shows definite enlarged lymph nodes in the lower neck bilaterally, media-
stinum, retroperitoneum, common iliac, and inguinal/femoral areas, and 

there are multiple nodules within the spleen, with SUVs ranging from 3.2 
to 28.9. The largest nodal mass is in the mediastinum and measures 15.5 cm 
in diameter. Peripheral blood cell counts show hemoglobin 9.2 g/L, white 
blood cell count 13.5 × 109/L, normal differential except for increased 
neutrophils, and normal serum creatinine. Alkaline phosphatase and lactate 
dehydrogenase are both twice the upper limit of normal. Bone marrow 
biopsy demonstrates involvement with Hodgkin lymphoma. What is your 
recommendation?
 A. Initiate ABVD chemotherapy with the plan to continue through six 

cycles if the lymphoma shows continuous response through that time.
 B. Give escalated BEACOPP chemotherapy (bleomycin, etoposide, Adria-

mycin, cyclophosphamide, vincristine, procarbazine, and prednisone) 
for eight cycles followed involved-field radiation.

 C. Give four cycles of ABVD followed by high-dose chemotherapy and 
autologous peripheral blood stem cell transplantation.

 D. Give two cycles of ABVD followed by six cycles of escalated BEACOPP 
chemotherapy if the PET/CT scan remains abnormal after the  
ABVD.

 E. Give involved-field radiation followed by six cycles of ABVD.
Answer: A ABVD has emerged as the best chemotherapy overall because 
of its balance of high efficacy and moderate toxicity. Although escalated 
BEACOPP produces a higher initial response rate, overall survival is not 
improved compared with ABVD. Neither regimen must be followed by radia-
tion if the chemotherapy induces a complete response as measured by PET/
CT scanning. Planned escalation to high-dose chemotherapy and autologous 
peripheral blood stem cell transplantation has not been shown to improve 
overall survival for Hodgkin lymphoma. Altering treatment based on interim 
PET/CT scanning, although an attractive concept, has not been shown to 
improve ultimate disease control for Hodgkin lymphoma. It is never appropri-
ate to initiate treatment of Hodgkin lymphoma with radiation because that 
will compromise safe delivery of necessary chemotherapy without improving  
outcome.

4. Two years ago, you treated a 47-year-old woman with six cycles of ABVD 
for stage IIIA mixed-cellularity Hodgkin lymphoma, and the patient has 
been off treatment and well for 18 months. She now returns with new 
palpable bilateral neck lymph nodes, and a biopsy confirms recurrent 
Hodgkin lymphoma. Complete reassessment confirms recurrent disease 
in the neck and retroperitoneum. What is your recommendation?
 A. Initiate MOPP/ABVD chemotherapy (mechlorethamine, vincristine, 

procarbazine, and prednisone alternating with ABVD) with the plan 
to continue through six cycles if the lymphoma shows continuous 
response through that time.

 B. Give escalated BEACOPP chemotherapy (bleomycin, etoposide, Adria-
mycin, cyclophosphamide, vincristine, procarbazine, and prednisone) 
for six cycles.

 C. Give mantle followed by inverted-Y extended-field radiation.
 D. Give two cycles of ABVD followed by high-dose chemotherapy and 

autologous peripheral blood stem cell transplantation.
 E. Give two cycles of cisplatin- or carboplatin-based multiagent chemo-

therapy followed by high-dose chemotherapy and autologous peripheral 
blood stem cell transplantation.

Answer: E Choices A, B, and D are incorrect because repeating ABVD che-
motherapy by itself or with addition of other agents is inappropriate because 
this patient’s lymphoma has already demonstrated resistance to ABVD by 
relapsing. Although wide-field radiation may be able to cure some patients 
with lymph node–only Hodgkin lymphoma relapsing after ABVD, it is much 
less likely to do so than high-dose chemotherapy and autologous peripheral 
blood stem cell transplantation and is likely to contribute substantially to 
potentially lethal toxicity if treatment is necessary for another relapse. Two 
to three cycles of cisplatin- or carboplatin-based multiagent chemotherapy 
followed by high-dose chemotherapy and autologous peripheral blood 
stem cell transplantation is the treatment of choice for Hodgkin lymphoma 
that has relapsed after primary treatment with ABVD for advanced-stage  
disease.
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5. Which of the following statements about Hodgkin lymphoma occurring 
in an individual known to harbor HIV infection is true?
 A. Coincident HIV infection can be ignored when found in a patient with 

Hodgkin lymphoma.
 B. HIV-associated Hodgkin lymphoma is incurable and thus best approached 

with palliative intent.
 C. Stage IV is uncommon in patients with HIV-associated Hodgkin 

lymphoma.
 D. Patients with HIV-associated Hodgkin lymphoma should be treated 

with standard ABVD.
 E. Patients with HIV-related Hodgkin lymphoma are at high risk for central 

nervous system (CNS) involvement with the lymphoma.

Answer: D Although patients with HIV-associated Hodgkin lymphoma can 
and should be treated curatively with standard chemotherapy, such as ABVD 
(B is false; D is true), these patients require substantial special supportive care 
with antiviral, antifungal, and anti-Pneumocystis antibiotics, coincident treat-
ment with highly active antiretroviral therapy (HAART), and often neutrophil-
stimulating growth factors (A is false). HIV-associated Hodgkin lymphoma 
causes stage IV disease much more often than non–HIV-associated disease 
(C is false). Although HIV-associated non-Hodgkin lymphoma is linked to a 
markedly increased risk for CNS involvement, the same has not been noted 
with Hodgkin lymphoma.
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178 
PLASMA CELL DISORDERS
S. VINCENT RAJKUMAR

Plasma cell disorders are neoplastic or potentially neoplastic diseases associ-
ated with the clonal proliferation of immunoglobulin-secreting plasma cells 
(Table 178-1). They are characterized by the secretion of electrophoretically 
and immunologically homogeneous (monoclonal) proteins that represent 
intact or incomplete immunoglobulin molecules. Monoclonal proteins are 
commonly referred to as M proteins, myeloma proteins, or paraproteins.

Syndromes associated with plasma cell disorders and monoclonal proteins 
include premalignant disorders (monoclonal gammopathy of undetermined 

significance, smoldering multiple myeloma), malignant neoplasms (multiple 
myeloma, Waldenström macroglobulinemia), as well as disorders primarily 
related to the unique properties of the secreted monoclonal protein (cryo-
globulinemia, immunoglobulin light chain (AL) amyloidosis, light chain 
deposition disease) (see Table 178-1).1

Serum Immunoglobulins
Intact immunoglobulins consist of two heavy (H) polypeptide chains of the 
same class and subclass and two light (L) polypeptide chains of the same type 
(Chapter 40). The heavy polypeptide chains are designated by Greek letters: 
γ in immunoglobulin G (IgG), α in immunoglobulin A (IgA), µ in immuno-
globulin M (IgM), δ in immunoglobulin D (IgD), and ε in immunoglobulin 
E (IgE). The light chain types are kappa (κ) and lambda (λ). Both heavy 
chains and light chains have “constant” and “variable” regions with respect to 
the amino acid sequence. The class specificity of each immunoglobulin is 
defined by a series of antigenic determinants on the constant regions of the 
heavy chains (γ, α, µ, δ, and ε) and the two major classes of light chains (κ 
and λ). The amino acid sequence in the variable regions of the immunoglobulin 
molecule corresponds to the active antigen-combining site of the antibody.

In the majority of clonal plasma cell disorders, intact immunoglobulin mol-
ecules are secreted as monoclonal (M) proteins. In addition, there can also 
be abnormal secretion of excess monoclonal free light chains (FLC) that are 
released without being bound to immunoglobulin heavy chains. In some 
patients, heavy chain expression is completely lost, and only monoclonal FLC 
(commonly referred to as Bence Jones proteins) are secreted. Even less fre-
quently, only heavy chains are secreted, resulting in heavy chain diseases 
(HCDs). Rare patients with multiple myeloma secrete no identifiable immu-
noglobulin (“nonsecretory myeloma”).

Identification of Monoclonal Proteins
Protein electrophoresis of the serum and urine detects M protein as a narrow 
peak (like a church spire) on the densitometer tracing or as a dense, discrete 
band on agarose gel (Fig. 178-1). Electrophoresis also permits quantitation 
of M proteins. Monoclonal light chains (Bence Jones proteins) are rarely seen 
on serum electrophoresis but are easily detected on urine electrophoresis. 
Urine electrophoresis requires a 24-hour urine collection.

Immunofixation of the serum and urine is performed when a peak or band 
is first seen on protein electrophoresis to identify the heavy and light chain 
type of the M protein. Immunofixation is also a more sensitive test than protein 
electrophoresis, and it should always be performed in conjunction with elec-
trophoresis when multiple myeloma or related disorders are first suspected 
in order to detect small, unmeasurable M proteins that may be missed on 
electrophoresis. This is particularly important in oligosecretory myeloma, 
primary amyloidosis, and solitary plasmacytoma and after successful treatment 

TABLE 178-1 PLASMA CELL PROLIFERATIVE DISORDERS
 I. Premalignant monoclonal gammopathies

 A. Monoclonal gammopathy of undetermined significance (MGUS)
1. IgM MGUS
2. Non-IgM MGUS
3. Light chain MGUS

 B. Biclonal and triclonal gammopathies of undetermined significance
 C. Smoldering multiple myeloma

 II. Malignant monoclonal gammopathies
 A. Multiple myeloma (IgG, IgA, IgD, IgE, and light chain only)
 B. Plasma cell leukemia
 C. POEMS syndrome
 D. Solitary plasmacytoma
 E. Solitary plasmacytoma with minimal marrow involvement
 F. Waldenström macroglobulinemia (IgM)

 III. Heavy chain diseases (HCDs)
 A. γ-HCD
 B. α-HCD
 C. µ-HCD

 IV. Cryoglobulinemia (types I, II, and III)
 V. Immunoglobulin light chain amyloidosis
Ig = immunoglobulin; POEMS = polyneuropathy, organomegaly, endocrinopathy, monoclonal 
plasma cell disorder, and skin changes.
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FIGURE 178-1. Serum protein electrophoresis showing a monoclonal (M) protein.  
A, monoclonal pattern of serum protein as traced by a densitometer after electrophoresis 
on agarose gel: tall, narrow-based peak of γ mobility. B, monoclonal pattern from elec-
trophoresis of serum on agarose gel (anode on the left): dense, localized band representing 
monoclonal protein of γ mobility. (From Kyle ra, Katzmann Ja. immunochemical char-
acterization of immunoglobulins. in: rose Nr, Conway de macario e, Folds JD, et al., eds. 
Manual of Clinical Laboratory Immunology, 5th ed. Washington, DC: asm Press; 1997:156, 
with permission of the american society for microbiology.)

race in the United States.2 There is an increased prevalence of MGUS, as well 
as multiple myeloma, among blood relatives of individuals with monoclonal 
gammopathies.

 PATHOBIOLOGY
MGUS represents a limited, nonmalignant expansion of monoclonal plasma 
cells. The etiology of MGUS is unknown, but age, male gender, family history, 
immunosuppression, and exposure to certain pesticides are known risk factors. 
It is hypothesized that infection, inflammation, or other antigenic stimuli, 
acting in concert with the development of cytogenetic abnormalities in the 
plasma cells, are the initiating pathogenetic events in most patients. Approxi-
mately 40% of MGUS is associated with plasma cell translocations involving 
the immunoglobulin heavy chain (IgH) locus on chromosome 14q32 (IgH 
translocated MGUS), 40% with trisomies involving odd-numbered chromo-
somes (hyperdiploid MGUS), 15% with both trisomies and IgH translocations, 
and the remaining with other cytogenetic abnormalities. The primary IgH 
translocations seen in MGUS commonly involve one of five recurrent partner 
chromosome loci: 11q13 (CCND1 [cyclin D1 gene]), 4p16.3 (FGFR-3 and 
MMSET), 6p21 (CCND3 [cyclin D3 gene]), 16q23 (c-maf), and 20q11 (mafB).

 CLINICAL MANIFESTATIONS
MGUS is asymptomatic and is usually diagnosed incidentally on laboratory 
testing. Patients with MGUS progress to multiple myeloma or related malig-
nancy at a rate of approximately 1% per year. Patients with IgM MGUS are 
at risk of progression to Waldenström macroglobulinemia, while patients  
with non-IgM MGUS and light chain MGUS are at risk of progression to 
multiple myeloma. All forms of MGUS carry a risk of progression to AL 
amyloidosis.

 DIAGNOSIS
MGUS is differentiated from multiple myeloma and smoldering multiple 
myeloma by the size of the M protein, the bone marrow plasma cell percent-
age, and the presence or absence of anemia, renal failure, hypercalcemia, or 
lytic bone lesions (Table 178-2). Because anemia and renal insufficiency are 
relatively common in the elderly population with MGUS, the causes of these 
conditions should be carefully investigated with adequate laboratory studies. 
Only patients with strong evidence of end-organ damage thought to be directly 
related to a plasma cell disorder can be considered to have myeloma or a 
related malignancy.

Although a reduction in the levels of the immunoglobulin classes other 
than M protein (i.e., the normal polyclonal or background immunoglobu-
lins) is more frequently seen in multiple myeloma or Waldenström mac-
roglobulinemia, such reductions also occur in almost 40% of patients with  
MGUS.

Association of MGUS with Other Diseases
MGUS is associated with numerous diseases. However, because 3% of the 
general population older than 50 years has MGUS, it is often difficult to deter-
mine whether these reported associations are causal or coincidental. Some 
associations have been verified based on epidemiologic studies; these include 
peripheral neuropathy (Chapter 392), proliferative glomerulonephritis, deep 
vein thrombosis (Chapter 74), osteoporosis (Chapter 230), and lymphopro-
liferative disorders (Chapter 176). A secondary form of MGUS also occurs 
with immunosuppression after organ transplantation (Chapter 43) and autolo-
gous or allogeneic stem cell transplantation (Chapter 168). M proteins also 
occur in the sera of some patients with CLL (Chapter 174) but have no rec-
ognizable effect on the clinical course.

Approximately 5% of patients with sensorimotor peripheral neuropathy of 
unknown cause (Chapter 392) have an associated monoclonal gammopathy 
(monoclonal gammopathy-associated peripheral neuropathy).3 Patients with 
IgM MGUS associated peripheral neuropathy have a slowly progressive distal 
acquired demyelinating symmetric (DADS) presentation, with predominantly 
sensory symptoms beginning in the distal ends of the extremities and extend-
ing proximally. In contrast, non-IgM MGUS neuropathy may present similar 
to chronic inflammatory demyelinating polyneuropathy (CIDP) with both 
proximal and distal involvement, and with more motor symptoms. A causal 
relationship between MGUS and peripheral neuropathy is usually assumed 
in younger patients and those without other conditions known to cause neu-
ropathy in whom the neuropathy is severe and progressive. Therapeutic 
approaches include intravenous immunoglobulin or rituximab for IgM mono-
clonal proteins, and plasmapheresis or prednisone for non-IgM monoclonal 
proteins.

of multiple myeloma or macroglobulinemia. In these instances, a small M 
protein can be concealed within the normal β or γ areas of the electrophoresis 
gel and may be overlooked.

Monoclonal proteins must be distinguished from an excess of polyclonal 
immunoglobulins (one or more heavy chain types and both κ and λ light 
chains, usually limited to the γ region), which produce a broad-based peak or 
broad band (Fig. 178-2). This finding is associated with chronic infectious or 
inflammatory states.

Detection of Serum Free Light Chains
The serum free light chain assay measures the level of free κ and λ immu-
noglobulin light chains (i.e., light chains that are not bound to intact immu-
noglobulin). An abnormal κ/λ free light chain ratio (normal range, 0.26 to 
1.65) indicates a significant excess of one light chain type versus the other 
and is interpreted as representing a monoclonal elevation of the correspond-
ing light chain type. The serum free light chain assay is more sensitive than 
electrophoresis or immunofixation in detecting free monoclonal light chains 
and is useful in the diagnostic evaluation of plasma cell disorders and in risk 
stratification.

 MONOCLONAL GAMMOPATHY OF 
UNDETERMINED SIGNIFICANCE

 DEFINITION
Monoclonal gammopathy of undetermined significance (MGUS; formerly 
called benign monoclonal gammopathy) is a premalignant clonal plasma cell 
disorder characterized by the presence of a serum M protein in persons who 
lack evidence of multiple myeloma, macroglobulinemia, amyloidosis, or 
other related diseases. MGUS is defined by a serum M protein concentration 
lower than 3 g/dL, less than 10% clonal plasma cells in the bone marrow, and 
absence of myeloma defining events (MDEs). The main clinical significance 
of MGUS is its lifelong risk of transformation to myeloma or related malig-
nancy at a fixed but unrelenting rate of 1% per year. There are 3 major types 
of MGUS: IgM MGUS, non-IgM MGUS, and light chain MGUS respectively  
(Table 178-2).

 EPIDEMIOLOGY
More than 50% of patients in whom a serum M protein is detected have 
MGUS (Fig. 178-3). The prevalence of MGUS in the general population 
increases with age, from approximately 1% in persons 50 to 60 years old to 
greater than 5% in those older than 70 years. The age-adjusted prevalence is 
higher in males than in females and is twice as high in blacks compared with 
whites. E-Table 178-1 provides data on the prevalence of MGUS by age and 
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ABSTRACT
Plasma cell disorders encompass a wide spectrum of clinical conditions includ-
ing monoclonal gammopathy of undetermined significance (MGUS), smol-
dering multiple myeloma (SMM), multiple myeloma, solitary plasmacytoma, 
immunoglobulin light chain amyloidosis, and Waldenström macroglobulinemia. 
Almost all malignant plasma cell disorders start out as MGUS, which represents 
the premalignant stage. The chapter reviews the diagnosis, clinical presenta-
tion, risk stratification, and management of various plasma cell disorders. Major 
advances have occurred including several new drugs for the treatment of 
myeloma. These include immunomodulatory agents (thalidomide, lenalido-
mide, pomalidomide), proteasome inhibitors (bortezomib, carfilzomib, ixa-
zomib), monoclonal antibodies (daratumumab, elotuzumab), and histone 
deacetylase inhibitors (panobinostat). The use of these drugs alone and in 
combination for both newly diagnosed and relapsed myeloma is discussed. 
Clear guidelines on approach to management of plasma cell disorders are 
provided.
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race in the United States.2 There is an increased prevalence of MGUS, as well 
as multiple myeloma, among blood relatives of individuals with monoclonal 
gammopathies.

 PATHOBIOLOGY
MGUS represents a limited, nonmalignant expansion of monoclonal plasma 
cells. The etiology of MGUS is unknown, but age, male gender, family history, 
immunosuppression, and exposure to certain pesticides are known risk factors. 
It is hypothesized that infection, inflammation, or other antigenic stimuli, 
acting in concert with the development of cytogenetic abnormalities in the 
plasma cells, are the initiating pathogenetic events in most patients. Approxi-
mately 40% of MGUS is associated with plasma cell translocations involving 
the immunoglobulin heavy chain (IgH) locus on chromosome 14q32 (IgH 
translocated MGUS), 40% with trisomies involving odd-numbered chromo-
somes (hyperdiploid MGUS), 15% with both trisomies and IgH translocations, 
and the remaining with other cytogenetic abnormalities. The primary IgH 
translocations seen in MGUS commonly involve one of five recurrent partner 
chromosome loci: 11q13 (CCND1 [cyclin D1 gene]), 4p16.3 (FGFR-3 and 
MMSET), 6p21 (CCND3 [cyclin D3 gene]), 16q23 (c-maf), and 20q11 (mafB).

 CLINICAL MANIFESTATIONS
MGUS is asymptomatic and is usually diagnosed incidentally on laboratory 
testing. Patients with MGUS progress to multiple myeloma or related malig-
nancy at a rate of approximately 1% per year. Patients with IgM MGUS are 
at risk of progression to Waldenström macroglobulinemia, while patients  
with non-IgM MGUS and light chain MGUS are at risk of progression to 
multiple myeloma. All forms of MGUS carry a risk of progression to AL 
amyloidosis.

 DIAGNOSIS
MGUS is differentiated from multiple myeloma and smoldering multiple 
myeloma by the size of the M protein, the bone marrow plasma cell percent-
age, and the presence or absence of anemia, renal failure, hypercalcemia, or 
lytic bone lesions (Table 178-2). Because anemia and renal insufficiency are 
relatively common in the elderly population with MGUS, the causes of these 
conditions should be carefully investigated with adequate laboratory studies. 
Only patients with strong evidence of end-organ damage thought to be directly 
related to a plasma cell disorder can be considered to have myeloma or a 
related malignancy.

Although a reduction in the levels of the immunoglobulin classes other 
than M protein (i.e., the normal polyclonal or background immunoglobu-
lins) is more frequently seen in multiple myeloma or Waldenström mac-
roglobulinemia, such reductions also occur in almost 40% of patients with  
MGUS.

Association of MGUS with Other Diseases
MGUS is associated with numerous diseases. However, because 3% of the 
general population older than 50 years has MGUS, it is often difficult to deter-
mine whether these reported associations are causal or coincidental. Some 
associations have been verified based on epidemiologic studies; these include 
peripheral neuropathy (Chapter 392), proliferative glomerulonephritis, deep 
vein thrombosis (Chapter 74), osteoporosis (Chapter 230), and lymphopro-
liferative disorders (Chapter 176). A secondary form of MGUS also occurs 
with immunosuppression after organ transplantation (Chapter 43) and autolo-
gous or allogeneic stem cell transplantation (Chapter 168). M proteins also 
occur in the sera of some patients with CLL (Chapter 174) but have no rec-
ognizable effect on the clinical course.

Approximately 5% of patients with sensorimotor peripheral neuropathy of 
unknown cause (Chapter 392) have an associated monoclonal gammopathy 
(monoclonal gammopathy-associated peripheral neuropathy).3 Patients with 
IgM MGUS associated peripheral neuropathy have a slowly progressive distal 
acquired demyelinating symmetric (DADS) presentation, with predominantly 
sensory symptoms beginning in the distal ends of the extremities and extend-
ing proximally. In contrast, non-IgM MGUS neuropathy may present similar 
to chronic inflammatory demyelinating polyneuropathy (CIDP) with both 
proximal and distal involvement, and with more motor symptoms. A causal 
relationship between MGUS and peripheral neuropathy is usually assumed 
in younger patients and those without other conditions known to cause neu-
ropathy in whom the neuropathy is severe and progressive. Therapeutic 
approaches include intravenous immunoglobulin or rituximab for IgM mono-
clonal proteins, and plasmapheresis or prednisone for non-IgM monoclonal 
proteins.

of multiple myeloma or macroglobulinemia. In these instances, a small M 
protein can be concealed within the normal β or γ areas of the electrophoresis 
gel and may be overlooked.

Monoclonal proteins must be distinguished from an excess of polyclonal 
immunoglobulins (one or more heavy chain types and both κ and λ light 
chains, usually limited to the γ region), which produce a broad-based peak or 
broad band (Fig. 178-2). This finding is associated with chronic infectious or 
inflammatory states.

Detection of Serum Free Light Chains
The serum free light chain assay measures the level of free κ and λ immu-
noglobulin light chains (i.e., light chains that are not bound to intact immu-
noglobulin). An abnormal κ/λ free light chain ratio (normal range, 0.26 to 
1.65) indicates a significant excess of one light chain type versus the other 
and is interpreted as representing a monoclonal elevation of the correspond-
ing light chain type. The serum free light chain assay is more sensitive than 
electrophoresis or immunofixation in detecting free monoclonal light chains 
and is useful in the diagnostic evaluation of plasma cell disorders and in risk 
stratification.

 MONOCLONAL GAMMOPATHY OF 
UNDETERMINED SIGNIFICANCE

 DEFINITION
Monoclonal gammopathy of undetermined significance (MGUS; formerly 
called benign monoclonal gammopathy) is a premalignant clonal plasma cell 
disorder characterized by the presence of a serum M protein in persons who 
lack evidence of multiple myeloma, macroglobulinemia, amyloidosis, or 
other related diseases. MGUS is defined by a serum M protein concentration 
lower than 3 g/dL, less than 10% clonal plasma cells in the bone marrow, and 
absence of myeloma defining events (MDEs). The main clinical significance 
of MGUS is its lifelong risk of transformation to myeloma or related malig-
nancy at a fixed but unrelenting rate of 1% per year. There are 3 major types 
of MGUS: IgM MGUS, non-IgM MGUS, and light chain MGUS respectively  
(Table 178-2).

 EPIDEMIOLOGY
More than 50% of patients in whom a serum M protein is detected have 
MGUS (Fig. 178-3). The prevalence of MGUS in the general population 
increases with age, from approximately 1% in persons 50 to 60 years old to 
greater than 5% in those older than 70 years. The age-adjusted prevalence is 
higher in males than in females and is twice as high in blacks compared with 
whites. E-Table 178-1 provides data on the prevalence of MGUS by age and 
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FIGURE 178-2. Serum protein electrophoresis showing increased polyclonal immu-
noglobulins. A, Polyclonal pattern from a densitometer tracing of agarose gel: broad-
based peak of γ mobility. B, Polyclonal pattern from electrophoresis of agarose gel (anode 
on the left). The band at the right is broad and extends throughout the γ area. (From Kyle 
ra, Katzmann Ja. immunochemical characterization of immunoglobulins. in: rose Nr, 
Conway de macario e, Folds JD, et al., eds. Manual of Clinical Laboratory Immunology, 5th 
ed. Washington, DC: asm Press; 1997:156, with permission of the american society for 
microbiology.)



CHAPTER 178 Plasma Cell DisorDers 1247.e1

E-TABLE 178-1 PREVALENCE OF MONOCLONAL 
GAMMOPATHY OF UNDETERMINED 
SIGNIFICANCE (MGUS) BY RACE/ETHNICITY 
AND AGE

AGE 
GROUP 
(YEARS)

BLACKS
% (95%CI)

WHITES
% (95%CI)

HISPANIC 
AMERICAN
% (95%CI)

TOTAL 
POPULATION

% (95%CI)
10-19 0.00 (NA) 0.0 (NA) 0.1 (0.0-0.8) 0.0 (0.0-0.1)
20-29 0.3 (0.1-0.8) 0.0 (NA) 0.00 (NA) 0.0 (0.0-0.1)
30-39 0.9 (0.4-1.5) 0.3 (0.1-1.0) 0.2 (0.1-0.8) 0.5 (0.3-0.9)
40-49 3.3 (2.0-5.2) 0.5 (0.2-1.4) 2.2 (1.2-4.0) 0.9 (0.5-1.5)
50-59 2.2(1.3-3.6) 1.0 (0.6-1.7) 0.9 (0.3-2.2) 1.2 (0.8-1.7)
60-69 3.5 (2.3-5.3) 2.4 (1.7-3.4) 2.4 (1.7-3.4) 2.5 (1.9-3.2)
70-79 5.7 (3.7-8.7) 3.4 (2.6-4.6) 2.5 (1.4-4.6) 3.4 (2.6-4.5)
80+ 8.6 (4.9-14.5) 4.4 (3.3-5.9) 4.0 (1.3-11.2) 4.6 (3.5-5.9)
Modified from Landgren O, et al. Prevalence of myeloma precursor state monoclonal gammopathy 
of undetermined significance (MGUS) in 12,309 individuals 10 to 49 years old: a population-based 
study from the National Health and Nutritional Examination Survey. Blood Cancer Journal 
2017;7:e618.
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 PROGNOSIS
Differentiating a patient with MGUS in whom the disorder will remain stable 
for life from one in whom multiple myeloma, macroglobulinemia, or a related 
disorder will eventually develop is difficult when the M protein is first recog-
nized. The size and type of the M protein at diagnosis of MGUS and an 
abnormal serum free light chain ratio are prognostic factors for progression 
(see Table 178-3).5

 BICLONAL GAMMOPATHIES
Biclonal gammopathies occur in at least 5% of patients with clonal plasma 
cell disorders. A biclonal gammopathy of undetermined significance (analogous 
to MGUS) accounts for about two thirds of such patients. The remainder 
have multiple myeloma, macroglobulinemia, or other lymphoproliferative 
diseases. Rarely, triclonal gammopathies may occur.

 MULTIPLE MYELOMA

 DEFINITION
Multiple myeloma is a malignancy of plasma cells characterized by bone marrow 
infiltration and extensive skeletal destruction resulting in anemia, bone pain, 
and fractures. Multiple myeloma (commonly referred to as myeloma) is defined 

Monoclonal gammopathy is also felt to be the underlying cause of approxi-
mately 50% of idiopathic proliferative glomerulonephritis (Chapter 113), 
including membranoproliferative glomerulonephritis and C3 glomerulopathy. 
Certain skin disorders are also known to be associated with MGUS. Lichen 
myxedematosus (papular mucinosis, scleromyxedema) (Chapter 411) is asso-
ciated with an IgG γ protein. Pyoderma gangrenosum and necrobiotic xan-
thogranuloma are other associated skin disorders.

TABLE 178-2 CRITERIA FOR THE DIAGNOSIS OF PLASMA CELL DISORDERS
DISORDER DISEASE DEFINITION
IgM monoclonal gammopathy 

of undetermined significance 
(IgM MGUS)

All 3 criteria must be met:
1. Serum IgM monoclonal protein <3 g/dL
2. Bone marrow lymphoplasmacytic infiltration <10%
3. No evidence of anemia, constitutional symptoms, hyperviscosity, lymphadenopathy, or hepatosplenomegaly that can be attributed to 

the underlying lymphoproliferative disorder
Non-IgM monoclonal 

gammopathy of 
undetermined significance 
(MGUS)

All 3 criteria must be met:
1. Serum monoclonal protein (non-IgM type) <3 g/dL
2. Clonal bone marrow plasma cells <10%*
3. Absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia, and bone lesions (CRAB) that can be attributed to 

the plasma cell proliferative disorder
Light chain MGUS All criteria must be met:

1. Abnormal FLC ratio (<0.26 or >1.65)
2. Increased level of the appropriate involved light chain (increased κ FLC in patients with ratio >1.65 and increased λ FLC in patients 

with ratio <0.26)
3. No immunoglobulin heavy chain expression on immunofixation
4. Absence of end-organ damage that can be attributed to the plasma cell proliferative disorder
5. Clonal bone marrow plasma cells <10%
6. Urinary monoclonal protein <500 mg/24h

Smoldering multiple myeloma Both criteria must be met:
1. Serum monoclonal protein (IgG or IgA) ≥3 g/dL, or urinary monoclonal protein ≥500 mg per 24h and/or clonal bone marrow plasma 

cells 10-60%
2. Absence of myeloma defining events or amyloidosis

Multiple myeloma Both criteria must be met:
1. Clonal bone marrow plasma cells ≥10% or biopsy-proven bony or extramedullary plasmacytoma
2. Any one or more of the following myeloma defining events:

•	 Evidence	of	end	organ	damage	that	can	be	attributed	to	the	underlying	plasma	cell	proliferative	disorder,	specifically:
•	 Hypercalcemia:	serum	calcium	>0.25 mmol/L (>1 mg/dL) higher than the upper limit of normal or >2.75 mmol/L (>11 mg/dL)
•	 Renal	insufficiency:	creatinine	clearance	<40 mL per minute or serum creatinine >177 µmol/L (>2 mg/dL)
•	 Anemia:	hemoglobin	value	of	>2 g/dL below the lower limit of normal, or a hemoglobin value <10 g/dL
•	 Bone	lesions:	one	or	more	osteolytic	lesions	on	skeletal	radiography,	computed	tomography	(CT),	or	positron	emission	

tomography-CT (PET-CT)
•	 Clonal	bone	marrow	plasma	cell	percentage	≥60%
•	 Involved:	uninvolved	serum	free	light	chain	(FLC)	ratio	≥100 (involved free light chain level must be ≥100 mg/L)
•	 >1 focal lesions on magnetic resonance imaging (MRI) studies (at least 5 mm in size)

Solitary plasmacytoma All 4 criteria must be met:
1. Biopsy proven solitary lesion of bone or soft tissue with evidence of clonal plasma cells
2. Normal bone marrow with no evidence of clonal plasma cells
3. Normal skeletal survey and MRI (or CT) of spine and pelvis (except for the primary solitary lesion)
4. Absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia, or bone lesions (CRAB) that can be attributed to a 

lymphoplasma cell proliferative disorder
Solitary plasmacytoma with 

minimal marrow 
involvement**

All 4 criteria must be met:
1. Biopsy proven solitary lesion of bone or soft tissue with evidence of clonal plasma cells
2. Clonal bone marrow plasma cells <10%
3. Normal skeletal survey and MRI (or CT) of spine and pelvis (except for the primary solitary lesion)
4. Absence of end-organ damage such as hypercalcemia, renal insufficiency, anemia, or bone lesions (CRAB) that can be attributed to a 

lympho-plasma cell proliferative disorder
Reproduced from Rajkumar SV, Dimopoulos MA, Palumbo A, et al. International Myeloma Working Group updated criteria for the diagnosis of multiple myeloma. Lancet Oncol 2014;15:e538-e548.
*A bone marrow can be deferred in patients with low risk MGUS (IgG type, M protein <1.5 g/dL, normal free light chain ratio) in whom there are no clinical features concerning for myeloma.
**Solitary plasmacytoma with 10% or more clonal plasma cells is considered as multiple myeloma.

 EPIDEMIOLOGY
Multiple myeloma accounts for 1% of all malignant disease and slightly more 
than 10% of hematologic malignancies in the United States. The annual inci-
dence of multiple myeloma is approximately 4 per 100,000. The incidence of 
multiple myeloma in blacks is almost twice that in whites. Multiple myeloma 
is slightly more common in men than in women. The median age of patients 
at the time of diagnosis is about 65 years; only 2% of patients are younger 
than 40.

 PATHOBIOLOGY
The cause of multiple myeloma is unclear. Exposure to radiation, benzene, 
and other organic solvents, herbicides, and insecticides may play a role. Mul-
tiple myeloma has been reported in familial clusters of two or more first-degree 
relatives and in identical twins.

Almost all cases of myeloma evolve from a premalignant MGUS phase, 
although the MGUS is clinically recognized before the diagnosis of myeloma 
in only a small minority of patients. The progression of MGUS to myeloma 
suggests a simple, random, two-hit genetic model of malignancy in which 
the risk of progression is fixed (approximately 1% per year) regardless of 
the duration of MGUS. Unfortunately, the precise mechanisms of progres-
sion are unknown, although several potentially pathogenetic abnormalities 
have been described in the clonal plasma cells. The two main events asso-
ciated with progression of MGUS to multiple myeloma appear to be RAS 
mutations and MYC abnormalities. Deletions involving 17p and 1p and 
amplification of 1q occur with disease progression in multiple myeloma 
and are associated with adverse prognosis. Changes in the bone marrow 
microenvironment likely play a major role in the pathogenesis, including 
induction of angiogenesis and abnormal paracrine loops involving cyto-
kines such as interleukin-6 (IL-6), which serves as a major growth factor for  
plasma cells.

The lytic bone lesions, osteopenia, hypercalcemia, and pathologic fractures 
in patients with myeloma are a result of abnormal osteoclast activity induced 
by the neoplastic plasma cells, as well as inhibition of osteoblast differentia-
tion.6 Osteoclasts are activated by stimulation of the transmembrane receptor 
RANK (receptor activator of nuclear factor κB), which belongs to the tumor 
necrosis factor (TNF) receptor superfamily. The ligand for this receptor 
(RANKL) also has a decoy receptor, osteoprotegerin (OPG). In myeloma, 
there is an increase in RANKL expression by osteoblasts (and possibly plasma 
cells), accompanied by a reduction in the level of OPG. The resultant increase 
in the RANKL/OPG ratio causes osteoclast activation and increased bone 
resorption and turnover (Chapter 230). Other factors that may play a role in 
osteoclast activation include increased levels of macrophage inflammatory 
protein–1-alpha (MIP-1-alpha), stromal derived factor alpha (SDF-alpha), 
IL (interleukin)-3, IL-1 beta, and IL-6. In addition to these changes that 
promote osteoclast activation, there is simultaneous suppression of osteoblasts 
mediated by increased levels of IL-3, IL-7, and dickkopf 1 (DKK1). This 
combination leads to the pure osteolytic bone disease that is the hallmark of 
multiple myeloma.

Cytogenetic Abnormalities
As discussed earlier (see Pathobiology of MGUS), primary translocations 
involving the IgH loci (chromosome 14q32) are seen in up to 40% of patients 

No treatment is necessary for MGUS.4 A baseline bone marrow biopsy can 
be omitted for patients who appear clinically to have low risk, uncomplicated 
MGUS. Similarly bone imaging can be omitted in asymptomatic patients with 
low-risk MGUS and in patients with IgM. Low-risk patients (Table 178-3) should 
be evaluated in 6 months and, if stable, require no further follow-up until symp-
toms suggestive of myeloma or related disorders occur. In all other patients 
with MGUS, electrophoresis, serum free light chains, complete blood count, 
and creatinine and calcium levels should be repeated at 6 months and, if stable, 
yearly thereafter.

PREVENTION AND TREATMENT 
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 EPIDEMIOLOGY
Multiple myeloma accounts for 1% of all malignant disease and slightly more 
than 10% of hematologic malignancies in the United States. The annual inci-
dence of multiple myeloma is approximately 4 per 100,000. The incidence of 
multiple myeloma in blacks is almost twice that in whites. Multiple myeloma 
is slightly more common in men than in women. The median age of patients 
at the time of diagnosis is about 65 years; only 2% of patients are younger 
than 40.

 PATHOBIOLOGY
The cause of multiple myeloma is unclear. Exposure to radiation, benzene, 
and other organic solvents, herbicides, and insecticides may play a role. Mul-
tiple myeloma has been reported in familial clusters of two or more first-degree 
relatives and in identical twins.

Almost all cases of myeloma evolve from a premalignant MGUS phase, 
although the MGUS is clinically recognized before the diagnosis of myeloma 
in only a small minority of patients. The progression of MGUS to myeloma 
suggests a simple, random, two-hit genetic model of malignancy in which 
the risk of progression is fixed (approximately 1% per year) regardless of 
the duration of MGUS. Unfortunately, the precise mechanisms of progres-
sion are unknown, although several potentially pathogenetic abnormalities 
have been described in the clonal plasma cells. The two main events asso-
ciated with progression of MGUS to multiple myeloma appear to be RAS 
mutations and MYC abnormalities. Deletions involving 17p and 1p and 
amplification of 1q occur with disease progression in multiple myeloma 
and are associated with adverse prognosis. Changes in the bone marrow 
microenvironment likely play a major role in the pathogenesis, including 
induction of angiogenesis and abnormal paracrine loops involving cyto-
kines such as interleukin-6 (IL-6), which serves as a major growth factor for  
plasma cells.

The lytic bone lesions, osteopenia, hypercalcemia, and pathologic fractures 
in patients with myeloma are a result of abnormal osteoclast activity induced 
by the neoplastic plasma cells, as well as inhibition of osteoblast differentia-
tion.6 Osteoclasts are activated by stimulation of the transmembrane receptor 
RANK (receptor activator of nuclear factor κB), which belongs to the tumor 
necrosis factor (TNF) receptor superfamily. The ligand for this receptor 
(RANKL) also has a decoy receptor, osteoprotegerin (OPG). In myeloma, 
there is an increase in RANKL expression by osteoblasts (and possibly plasma 
cells), accompanied by a reduction in the level of OPG. The resultant increase 
in the RANKL/OPG ratio causes osteoclast activation and increased bone 
resorption and turnover (Chapter 230). Other factors that may play a role in 
osteoclast activation include increased levels of macrophage inflammatory 
protein–1-alpha (MIP-1-alpha), stromal derived factor alpha (SDF-alpha), 
IL (interleukin)-3, IL-1 beta, and IL-6. In addition to these changes that 
promote osteoclast activation, there is simultaneous suppression of osteoblasts 
mediated by increased levels of IL-3, IL-7, and dickkopf 1 (DKK1). This 
combination leads to the pure osteolytic bone disease that is the hallmark of 
multiple myeloma.

Cytogenetic Abnormalities
As discussed earlier (see Pathobiology of MGUS), primary translocations 
involving the IgH loci (chromosome 14q32) are seen in up to 40% of patients 

by the presence of 10% or more clonal plasma cells on bone marrow examina-
tion, M protein in serum or urine (except in the case of nonsecretory myeloma), 
and evidence of one or more myeloma defining events (MDE) (see Table 
178-2). Patients with multiple myeloma must be differentiated from those 
with MGUS and smoldering multiple myeloma.

Smoldering myeloma
3.5% (56)

Monoclonal Gammopathies
Mayo Clinic, 2016

n = 1597

Solitary or
extramedullarly 1% (12)

Lymphoproliferative
(1)

MGUS
60% (959)

AL amyloidosis
10% (152)

Multiple myeloma
19% (309)

Macroglobulinemia
3% (52)

Other 5% (56)

Monoclonal Serum Proteins
Mayo Clinic, 2016

n = 1185

Biclonal 5.5% (64)

IgM
19.5% (234)

IgG
56% (663)

IgD 0.5% (7)

IgE (0)IgA
13% (153)

Light chain only
5.5% (64)

A

B
FIGURE 178-3. Monoclonal gammopathy. A, Distribution of serum monoclonal proteins 
in 1185 patients seen at the mayo Clinic during 2016. B, Diagnoses in 1597 cases of 
monoclonal gammopathy seen at the mayo Clinic during 2016. ig = immunoglobulin; 
mGUs = monoclonal gammopathy of undetermined significance. 

TABLE 178-3 RISK OF PROGRESSION OF MONOCLONAL GAMMOPATHY OF UNDETERMINED SIGNIFICANCE TO MYELOMA OR 
RELATED DISORDERS

RISK GROUP RELATIVE RISK

CUMULATIVE ABSOLUTE 
RISK OF PROGRESSION 

AT 20 YEARS (%)*

CUMULATIVE ABSOLUTE RISK OF 
PROGRESSION AT 20 YEARS ACCOUNTING 

FOR DEATH AS A COMPETING RISK (%)†

Low risk: serum M protein <1.5 g/dL, IgG subtype, 
normal free light chain ratio (0.26-1.65)

1 5 2

Low-intermediate risk: any 1 factor abnormal 5.4 21 10
High-intermediate risk: any 2 factors abnormal 10.1 37 18
High risk: all 3 factors abnormal 20.8 58 27
*Estimates in this column represent the risk of progression assuming that patients do not die of other causes during this period.
†Estimates in this column represent the risk of progression calculated by using a model that accounts for the fact that patients can die of unrelated causes during this time.
Ig = immunoglobulin.
Adapted from Rajkumar SV, Kyle RA, Therneau TM, et al. Serum free light chain ratio is an independent risk factor for progression in monoclonal gammopathy of undetermined significance (MGUS). Blood. 
2005;106:812-817.
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and λ in 35%. In 3% of patients, no secreted M protein can be identified; 
these patients are considered to have nonsecretory myeloma.

In the bone marrow, clonal plasma cells account for greater than 10% of all 
nucleated cells in 96% of patients (Fig. 178-4). In 4% of patients, bone marrow 
examination shows less than 10% plasma cells, even though the patient oth-
erwise meets the criteria for myeloma; because bone marrow involvement in 
myeloma may be focal rather than diffuse, repeated bone marrow examinations 
or biopsy of a discrete bone or extramedullary lesion may be required. In most 
cases, the plasma cells in myeloma are cytoplasmic Ig+, CD38+, CD45−, CD138+, 
and CD 56+. Only 20% express CD20. The clonality of the plasma cells is 
established using the κ/λ ratio by immunohistochemistry or flow cytometry. 
The κ/λ ratio is abnormal in myeloma (either >4 : 1, indicating a clonal κ 
population, or <1 : 2, indicating a clonal λ population). This is helpful for 
differentiating monoclonal plasma cell proliferation in multiple myeloma from 
reactive plasmacytosis.

Radiologic Findings
Conventional radiographic studies reveal abnormalities consisting of punched-
out lytic lesions (Fig. 178-5), osteoporosis, or fractures in nearly 80% of patients. 
The vertebrae, skull, thoracic cage, pelvis, and proximal ends of the humerus 
and femur are the most frequent sites of involvement. Conventional radiographs 
are not sensitive, and low dose whole body computed tomography or positron 
emission tomography (PET) are now the preferred imaging modalities to 
assess bone disease in multiple myeloma (Fig. 178-6).8 Magnetic resonance 
imaging (MRI) is useful in patients in whom there is doubt about the mag-
nitude of the disease burden and in those who have spinal involvement.

Organ Involvement
Renal
At diagnosis, creatinine is greater than 2 mg/dL in 20%. The two major causes 
of renal insufficiency are light chain cast nephropathy (myeloma kidney) and 
hypercalcemia. Light chain cast nephropathy is characterized by the presence 
of large, waxy, laminated casts in the distal and collecting tubules. The casts 
are composed mainly of precipitated monoclonal light chains. The extent of 
cast formation correlates directly with the amount of free urinary light chain 
and with the severity of renal insufficiency. Hypercalcemia, which is present 

with multiple myeloma (IgH-translocated or nonhyperdiploid myeloma). 
Approximately 40% of patients do not have IgH translocations but have evi-
dence of trisomies (hyperdiploid myeloma), 15% have both IgH translocations 
and trisomies, and 5% have other abnormalities.7 Although IgH translocations 
and trisomies originate at the MGUS stage, response to therapy and prognosis 
of myeloma is affected by the specific underlying abnormality (Table 178-4). 
Besides these primary cytogenetic abnormalities, other abnormalities (termed 
secondary cytogenetic abnormalities) occur as late events during the course 
of symptomatic myeloma; these include deletion 17p, deletion 1p, and ampli-
fication 1q.

 CLINICAL MANIFESTATIONS
History
Bone pain, particularly in the back or chest and less often in the extremities, 
is present at the time of diagnosis in more than two thirds of patients. The 
patient’s height may be reduced by several inches because of vertebral collapse. 
Weakness and fatigue are common and are often associated with anemia. The 
incidence of infections is increased in patients with multiple myeloma. The 
propensity for infection results from impairment of the antibody response, 
deficiency of normal immunoglobulins, and neutropenia. Myeloma patients 
also have an increased risk of deep vein thrombosis although some myeloma 
treatments (e.g., lenalidomide) may themselves cause thrombosis. Other 
symptoms may result from renal insufficiency, hypercalcemia, nephrotic syn-
drome, radiculopathy, or AL amyloidosis (Chapter 179).

Physical Examination
Pallor is the most frequent physical finding. The liver is palpable in about 5% 
of patients and the spleen in only 1%. Tenderness may be noted at sites of 
bone involvement. Radiculopathy may be caused by spinal compression frac-
tures. Occasionally, extramedullary plasmacytomas are palpable.

 DIAGNOSIS
Laboratory Findings
A normocytic, normochromic anemia (Chapter 149) is present initially in 
approximately 75% of patients, but it eventually occurs in nearly every patient 
with multiple myeloma. Serum protein electrophoresis shows an M protein 
in 80% of patients. With serum immunofixation, an M protein can be detected 
in 93% of patients. When these serum studies are combined with urine elec-
trophoresis plus immunofixation, an M protein can be detected in 97% of 
patients with myeloma. The serum free light chain assay is more convenient 
and can be used in place of urine studies in the diagnostic evaluation. The 
type of M protein is IgG in 52%, IgA in 21%, light chain only in 16%, IgD in 
2%, and biclonal gammopathy in 2%; the light chain type is κ in 65% of cases 

TABLE 178-4 STAGING AND PROGNOSTIC FACTORS IN 
MULTIPLE MYELOMA

STAGE/RISK FACTOR 5-YEAR SURVIVAL RATE
REVISED INTERNATIONAL STAGING SYSTEM

Stage I (serum albumin >3.5, serum beta-2-
microglobulin <3.5, no high-risk cytogenetics, 
and normal serum lactate dehydrogenase level)

82

Stage II (neither stage I nor stage III) 60
Stage III (serum beta-2-microglobulin >5.5 and 

either high-risk cytogenetics [t(4;14), 
t(14;16), or del(17p)] or elevated serum 
lactate dehydrogenase level)

40

RISK STRATIFICATION*

High-risk myeloma (any one of the following):
Translocations t(14;16), t(14;20), t(4;14)
Deletion 17p
Amplification 1q

Standard-risk myeloma
Translocations t(11;14), t(6;14)
Trisomies

OTHER ADVERSE PROGNOSTIC FACTORS

Poor performance status
Increased circulating plasma cells
Plasmablastic morphology

FIGURE 178-4. Multiple myeloma. a bone marrow aspirate shows a predominance of 
plasma cells. 

FIGURE 178-5. skull radiograph showing multiple lytic lesions. 

PREVENTION AND TREATMENT 
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A B

FIGURE 178-6. Positron emission tomography in multiple myeloma. A, extensive bony 
and extramedullary disease. B, significant improvement after systemic chemotherapy 
for myeloma. 

Patients with MGUS or smoldering multiple myeloma9 should not be treated 
until evidence of multiple myeloma develops. The approach to treatment of 
multiple myeloma (Figure 178-7) is increasingly targeted and personalized.10 
Response to therapy and minimal residual disease (MRD) assessment is assessed 
using standard International Myeloma Working Group criteria.11 Although 
achieving an MRD negative state is associated with better survival, there are 
no data to support changing therapy based on MRD results in myeloma.

Initial Therapy of Patients Who Are Candidates for 
Autologous Stem Cell Transplantation

In the approximately 50% of patients with newly diagnosed multiple myeloma 
who are considered candidates for autologous stem cell transplantation based 

PREVENTION AND TREATMENT 

in 15 to 20% of patients initially, is a major and treatable cause of renal insuf-
ficiency. It results from destruction of bone. Other contributing factors include 
dehydration and hyperuricemia.

Besides light chain cast nephropathy and hypercalcemia, there are other 
mechanisms by which renal dysfunction can occur in myeloma and related 
plasma cell disorders. For example, light chain amyloidosis (Chapter 179) 
occurs in nearly 10% of patients with myeloma and may produce nephrotic 
syndrome, renal insufficiency, or both. Acquired Fanconi syndrome (Chapter 
114), characterized by proximal tubular dysfunction, results in glycosuria, 
phosphaturia, and aminoaciduria. Deposition of monoclonal light chains in 
the renal glomerulus (light chain deposition disease) may also produce renal 
insufficiency and nephrotic syndrome. Monoclonal gammopathy associated 
proliferative glomerulonephritis presents with hematuria and renal insufficiency.

Neurologic
Radiculopathy (Chapter 372), the single most frequent neurologic complica-
tion, usually occurs in the thoracic or lumbosacral area and results from com-
pression of the nerve by the vertebral lesion or by the collapsed bone itself. 
Compression of the spinal cord occurs in up to 10% of patients. Peripheral 
neuropathy (Chapter 392) is uncommon in multiple myeloma and, when 
present, is generally caused by amyloidosis. Rarely, myeloma cells diffusely 
infiltrate the meninges. Intracranial plasmacytomas almost always represent 
extensions of myelomatous lesions of the skull. True involvement of the central 
nervous system is rare and is associated with poor prognosis.

Other Systemic Involvement
Hepatic infiltration, pleural effusions, or ascites suggests progression to plasma 
cell leukemia. Similarly the development of multiple extramedullary plasma-
cytomas is also a sign of more aggressive disease biology.

on good performance status, no or limited comorbid conditions, and younger 
physiologic age (<65 to 70 years), autologous peripheral blood stem cell trans-
plantation (Chapter 168) with high-dose chemotherapy improves overall survival 
in comparison to conventional chemotherapy. A1  Currently, it is not possible to 
eradicate myeloma cells completely with conditioning regimens, and reinfused 
autologous stem cells are usually contaminated by myeloma cells or their pre-
cursors. As a result, autologous transplantation is not curative, but it prolongs 
event-free and overall survival.

Initial therapy typically consists of bortezomib, lenalidomide, plus dexa-
methasone (VRD) for approximately 3 to 4 months followed by stem cell col-
lection. A2  Alternative induction regimens include lenalidomide plus low-dose 
dexamethasone (Rd), bortezomib, thalidomide, plus dexamethasone (VTD), and 
bortezomib, cyclophosphamide, plus dexamethasone (VCD) (Table 178-5). In 
a randomized trial, lenalidomide plus low-dose dexamethasone (40 mg once 
a week) was associated with superior overall survival compared with lenalido-
mide and high-dose dexamethasone (40 mg on days 1 to 4, 9 to 12, and 17 to 
20). As a result, high-dose pulse dexamethasone is no longer recommended 
in the context of initial therapy. A3  Toxicities of lenalidomide include deep vein 
thrombosis, and all patients must be treated with prophylactic aspirin or an 
anticoagulant.

After induction therapy, peripheral blood stem cells adequate for one to 
two stem cell transplants are collected with the use of granulocyte colony-
stimulating factor with or without plerixafor or cyclophosphamide to aid in 
mobilization. Autologous stem cell transplantation (Chapter 168) is performed 
with melphalan 200 mg/m2 as the conditioning regimen, followed by infusion 
of the peripheral blood stem cells. Patients who do not achieve a complete or 
very good partial response with the first autologous transplant can be consid-
ered for a second autologous transplant.

An alternative approach in patients with newly diagnosed disease is to cryo-
preserve stem cells for future use after initial therapy. Patients then continue 
initial therapy, until progression or achievement of a plateau phase, reserving 
stem cell transplantation for the first relapse. A recent randomized trial compar-
ing early versus delayed transplantation showed no significant difference in 
overall survival between the two strategies. A4  The choice is based on the patient’s 
preferences and other clinical conditions, but early transplantation is often 
preferred because its mortality is low (<1%), and it avoids the inconvenience, 
cost, and potential side effects of prolonged chemotherapy.

Following stem cell transplantation, data from randomized trials show that 
long-term outcome is improved by the administration of lenalidomide main-
tenance (10 mg per day). A5-A7  In high-risk multiple myeloma (see Table 178-4), 
bortezomib maintenance administered every two weeks is preferred A8  (see 
Table 178-4 for definitions of standard and high-risk myeloma).12

Role of Allogeneic Bone Marrow Transplantation
Most patients with multiple myeloma cannot undergo allogeneic bone 

marrow transplantation because of advanced age, lack of an HLA-matched 
sibling donor, or inadequate renal, pulmonary, or cardiac function (Chapter 
168). There are no clear data showing the benefit of either conventional myeloab-
lative allogeneic transplantation or nonmyeloablative (“mini”) allogeneic trans-
plantation compared with autologous stem cell transplantation, and results of 
randomized trials are conflicting. A9  Allogeneic transplantation for myeloma is 
best performed in the context of clinical trials, or as second-line salvage therapy 
in selected high-risk patients who are willing to accept the high treatment-
related mortality rate associated with the procedure.13

Initial Therapy of Patients Who Are Not Candidates  
for Transplantation

Approximately 50% of newly diagnosed patients are not considered candi-
dates for stem cell transplantation either due to advanced age, poor performance 
status, or associated comorbidities. Initial therapy consists of VRD for approxi-
mately 9-12 months followed by lenalidomide and dexamethasone (Rd). The 
addition of daratumumab to this regimen can reduce the risk of progressive 
disease or death. A10  In frail patients, Rd alone given until progression has been 
shown to improve progression-free and overall survival compared with older 
melphalan-based therapy. A11  VCD can be used as an alternative to VRD. Another 
alternative is melphalan, prednisone plus bortezomib (VMP).

Treatment of Relapsed Refractory Myeloma
Almost all patients with multiple myeloma eventually relapse. The remission 

duration in relapsed multiple myeloma decreases with each regimen. All of 
the active agents discussed below can be used alone and in combination for 
the treatment of relapsed multiple myeloma.14,15

Historically, the mainstay of therapy of multiple myeloma consisted of alkyl-
ating agents (melphalan, cyclophosphamide) and corticosteroids (prednisone, 
dexamethasone). A major breakthrough in the treatment of myeloma occurred 
when thalidomide was serendipitously found to be effective in relapsed myeloma. 
Thalidomide, lenalidomide, and pomalidomide are closely related immuno-
modulatory drugs that form the backbone of numerous myeloma treatment 
regimens. Lenalidomide is better tolerated than thalidomide and has proven 
efficacy in relapsed myeloma. The starting dose of lenalidomide is 25 mg orally 
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on days 1 to 21, every 28 days. Pomalidomide is a newer more potent analogue 
of lenalidomide. A12  All 3 drugs are associated with a risk of deep vein thrombosis, 
and therefore routine antithrombotic prophylaxis is needed.

Bortezomib is the first-in-class proteasome inhibitor to show activity in mul-
tiple myeloma. A13  The usual dose is 1.3 mg/m2 administered subcutaneously 
on days 1, 8, 15, and 22 every 28 days. The once-weekly subcutaneous dosing 
is associated with significantly lower neuropathy than the twice-weekly intra-
venous schedule. The most common adverse events are gastrointestinal side 
effects, fatigue, and neuropathy. Newer proteasome inhibitors that have since 
been found to be effective in myeloma include carfilzomib and ixazomib. A14 

,
 A15 

Two monoclonal antibodies, daratumumab (targeting CD38) and elotuzumab 
(targeting SLAMF7), have been found to be effective in the treatment of relapsed 
multiple myeloma. A16-A19  Another addition to the list of available treatment 
options is panobinostat (histone deacetylase inhibitor). A20  In addition, in selected 
patients traditional chemotherapeutic agents such as doxorubicin are also of 
benefit. Promising investigational agents include venetoclax (a bcl-2 inhibitor), 
and chimeric antigen receptor T (CAR-T) cells targeting specific antigens expressed 
on myeloma cells.16

The approach to therapy at relapse is complex, and a number of factors 
must be considered, including response to prior therapy, duration of prior 
remission, aggressiveness of the relapse, and eligibility for stem cell transplanta-
tion. In general, if relapse occurs more than 6 months after stopping therapy, 
reinstitution of the initial chemotherapy regimen is reasonable. If patients have 
elected to undergo delayed transplant, then autologous transplantation should 
be considered. Similarly, eligible patients who have had a reasonable response 
to a prior autologous transplantation (>18 months without maintenance therapy, 
or >36 months with maintenance therapy) may be considered for a second 
transplantation. In most patients, one of the triplet regimens listed in Table 
178-5 is used for the treatment of relapse. With each relapse a different regimen 
that contains drugs different from the ones used before are tried sequentially. 

VRD x 4 cycles 

VRD x 4 cycles  

Lenalidomide
maintenance if
standard risk
cytogenetics    

Bortezomib-based
maintenance if high
risk cytogenetics    

Possible Diagnosis of Multiple Myeloma 

Multiple Myeloma (meeting diagnostic criteria): 
Therapy is indicated 

Smoldering multiple myeloma: 
No therapy except in approved clinical trials investigating 

novel therapy 

Not a transplant candidate Transplant candidate 

Peripheral Blood Stem Cell Harvest (preferably adequate for 
2 transplants) 

Lenalidomide maintenance if
standard risk cytogenetics  

Bortezomib-based
maintenance if high 
risk cytogenetics  

Delayed stem cell transplant
at first relapse  

Bortezomib, lenalidomide, 
dexamethasone (VRD) for 9-
12 months followed by 
lenalidomide plus 
dexamethasone (Rd); or  
Rd until progression (for frail 
patients) 

Early autologous transplant
(with melphalan 200/m2)

FIGURE 178-7. Approach to newly diagnosed multiple myeloma. rd = lenalidomide and dexamethasone; VrD = bortezomib-lenalidomide-dexamethasone. 

Patients with relapsed refractory myeloma should also be considered for  
clinical trials.

Role of Radiation Therapy
Palliative radiation in a dose of 20 to 30 Gy should be limited to patients 

who have multiple myeloma with disabling pain and a well-defined focal process 
that has not responded to chemotherapy and to patients with spinal cord 
compression from a plasmacytoma. Analgesics in combination with chemo-
therapy can usually control the pain (Chapter 27).

Management of Complications
Hypercalcemia

Hypercalcemia, present in 15 to 20% of patients at diagnosis, should be 
suspected in those with anorexia, nausea, vomiting, polyuria, polydipsia, con-
stipation, weakness, confusion, or stupor. If hypercalcemia is untreated, renal 
insufficiency may develop. Hydration, steroids, and bisphosphonates (zoledronic 
acid or pamidronate) are recommended, and will correct hypercalcemia in 
almost all patients (Chapter 232).

renal insufficiency
The most common cause of acute renal failure is light chain cast nephropathy 

in patients who have excess excretion of monoclonal protein in urine (myeloma 
kidney). Aggressive treatment of acute renal failure due to light chain cast 
nephropathy is critical for long-term overall survival. If the patient is not oliguric, 
intravenous fluids and furosemide are needed to maintain a high urine flow 
rate (100 mL/hour). If the underlying cause is thought to be light chain cast 
nephropathy based on clinical findings (e.g., serum free light chains >150 mg/
dL) or renal biopsy, plasmapheresis is recommended daily for 5 days to reduce 
the levels of circulating light chains. Hemodialysis is necessary for symptomatic 
azotemia. The mainstay of therapy is aggressive treatment of myeloma with a 

 PROGNOSIS
Multiple myeloma is considered incurable at present, but survival has improved 
significantly in recent years. The median survival is approximately 5 years, but 
it varies widely according to clinical stage and risk stratification factors (Table 
178-4). In some patients an acute or aggressive terminal phase is characterized 
by rapid tumor growth, pancytopenia, soft tissue subcutaneous masses, 
decreased M protein levels, and fever; survival in this subset is generally only 
a few months.

 FUTURE DIRECTIONS
Future efforts must be directed toward identifying new active agents and 
developing effective combinations of active drugs. Studies are under way to 
improve the conditioning regimen used in autologous stem cell transplanta-
tion and to better integrate novel therapies with stem cell transplantation.

 VARIANT FORMS OF MULTIPLE MYELOMA
Smoldering Multiple Myeloma
Smoldering (asymptomatic) multiple myeloma is defined by the presence of 
an M protein level greater than 3 g/dL in serum or 10 to 60% clonal plasma 
cells in bone marrow in the absence of anemia, renal insufficiency, hypercal-
cemia, or skeletal lesions.17 Biologically, patients with smoldering multiple 
myeloma are similar to those with MGUS but carry a much higher risk for 
progression to myeloma or related malignancy: 10% per year for the first 5 
years, 5% per year for the next 5 years, and 1 to 2% per year thereafter. As a 
result, patients must be observed more closely (every 3 to 4 months),  
but they should not be treated unless progression to symptomatic multiple 
myeloma occurs. A small randomized trial found improved survival with the 
use of Rd as preventive therapy in patients with high-risk smoldering multiple 
myeloma, A22  but additional data are needed before this approach can be rec-
ommended as routine practice.
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TABLE 178-5 SELECTED REGIMENS FOR THE TREATMENT OF MULTIPLE MYELOMA
REGIMEN USUAL DOSING SCHEDULE*

Lenalidomide-dexamethasone (Rd) Lenalidomide 25 mg oral days 1-21 every 28 days
Dexamethasone 40 mg oral days 1, 8, 15, 22 every 28 days
Repeated every 4 weeks

Bortezomib-cyclophosphamide-dexamethasone 
(VCD or CyBorD)

Cyclophosphamide 300 mg/m2 orally on days 1, 8, 15 and 22
Bortezomib 1.3 mg/m2 intravenously on days 1, 8, 15, 22
Dexamethasone 40 mg orally on days on days 1, 8, 15, 22
Repeated every 4 weeks

Bortezomib-lenalidomide-dexamethasone (VRD) Bortezomib 1.3 mg/m2 intravenous days 1, 8, 15
Lenalidomide 25 mg oral days 1-14
Dexamethasone 20 mg on day of and day after bortezomib (or 40 mg days 1, 8, 15, 22)
Repeated every 3 weeks

Carfilzomib-lenalidomide-dexamethasone (KRD) Carfilzomib 20 mg/m2 (Cycle 1) and 27 mg/m2 (subsequent cycles) intravenously on days 1, 2, 8, 9, 15, 16
Lenalidomide 25 mg oral days 1-21
Dexamethasone 20 mg on day of and day after bortezomib (or 40 mg days 1, 8, 15, 22)
Repeated every 4 weeks

Daratumumab-lenalidomide-dexamethasone (DRd) Daratumumab 16 mg/kg intravenously weekly × 8 weeks, and then every 2 weeks for 4 months, and then once monthly
Lenalidomide 25 mg oral days 1-21
Dexamethasone 40 mg days 1, 8, 15, 22
Lenalidomide-dexamethasone repeated in usual schedule every 4 weeks

Elotuzumab-lenalidomide-dexamethasone (ERd) Elotuzumab 10 mg/kg intravenously weekly × 8 weeks, and then every 2 weeks
Lenalidomide 25 mg oral days 1-21
Dexamethasone 40 mg days 1, 8, 15, 22
Lenalidomide-dexamethasone repeated in usual schedule every 4 weeks

Ixazomib-lenalidomide-dexamethasone (IRd) Ixazomib 4 mg oral days 1, 8, 15
Lenalidomide 25 mg oral days 1-21
Dexamethasone 40 mg days 1, 8, 15, 22
Repeated every 4weeks

Daratumumab-bortezomib-dexamethasone (DVd) Daratumumab 16 mg/kg intravenously weekly × 8 weeks, and then every 2 weeks for 4 months, and then once monthly
Bortezomib 1.3 mg/m2 subcutaneously on days 1, 8, 15, 22
Dexamethasone 20 mg on day of and day after bortezomib or 40 mg days 1, 8, 15, 22
Bortezomib-dexamethasone repeated in usual schedule every 4weeks

Panobinostat-bortezomib Panobinostat 20 mg orally three times a week × 2 weeks
Bortezomib 1.3 mg/m2 intravenous days 1, 8, 15
Repeated every 3weeks

*All doses need to be adjusted for performance status, renal function, blood counts, and other toxicities; Doses of dexamethasone and/or bortezomib recommended have been reduced based on subsequent 
data showing lower toxicity and similar efficacy with reduced doses.
Modified from Rajkumar SV. Multiple myeloma: 2016 update on diagnosis, risk-stratification, and management. Am J Hematol. 2016;91;720-734.

regimen such as VCD or bortezomib, thalidomide, and dexamethasone (VTD). 
Allopurinol is necessary if hyperuricemia is present.

infection
Prompt, appropriate therapy for bacterial infections is necessary. Prophylactic 

antibiotics such as trimethoprim-sulfamethoxazole should be considered in 
patients taking high-dose corticosteroids. Acyclovir should be given as pro-
phylaxis against herpes zoster in patients receiving bortezomib. Intravenously 
administered immunoglobulin is reserved for patients with hypogammaglobu-
linemia and recurrent severe infections. Pneumococcal and influenza immuniza-
tions (Chapter 15) should be given to all patients.

skeletal lesions
Patients should be encouraged to be as active as possible but to avoid trauma. 

Zoledronic acid (4 mg intravenously over at least 15 minutes every 4 weeks) 
or pamidronate (90 mg infused intravenously over a 4-hour period every 4 
weeks) is recommended for all patients with myeloma bone disease. These 
agents reduce the incidence of bone pain, pathologic fractures, and spinal cord 
compression and may improve overall survival. A21  After 1 to 2 years the dosing 
can be reduced to once every 3 months in patients who are stable, to minimize 
the risk of osteonecrosis of the jaw, which is a complication of long-term bisphos-
phonate therapy. Denosumab is an alternative agent that can be used in patients 
who are unable to tolerate zoledronic acid or pamidronate. Kyphoplasty is 
useful in selected patients with vertebral fractures.

Spinal cord compression from an extramedullary plasmacytoma (Chapter 
372) should be suspected in patients who have severe back pain, weakness, 
or paresthesia of the lower extremities, or bladder or bowel dysfunction. Initial 
treatment is with dexamethasone-based therapy and/or radiation therapy. If 
the neurologic deficit increases, surgical decompression is necessary.

miscellaneous Complications
Symptomatic hyperviscosity (see later) is less common than in Waldenström 

macroglobulinemia. Anemia that persists despite adequate treatment of under-
lying myeloma often responds to erythropoietin (Chapter 149).

 PROGNOSIS
Multiple myeloma is considered incurable at present, but survival has improved 
significantly in recent years. The median survival is approximately 5 years, but 
it varies widely according to clinical stage and risk stratification factors (Table 
178-4). In some patients an acute or aggressive terminal phase is characterized 
by rapid tumor growth, pancytopenia, soft tissue subcutaneous masses, 
decreased M protein levels, and fever; survival in this subset is generally only 
a few months.

 FUTURE DIRECTIONS
Future efforts must be directed toward identifying new active agents and 
developing effective combinations of active drugs. Studies are under way to 
improve the conditioning regimen used in autologous stem cell transplanta-
tion and to better integrate novel therapies with stem cell transplantation.

 VARIANT FORMS OF MULTIPLE MYELOMA
Smoldering Multiple Myeloma
Smoldering (asymptomatic) multiple myeloma is defined by the presence of 
an M protein level greater than 3 g/dL in serum or 10 to 60% clonal plasma 
cells in bone marrow in the absence of anemia, renal insufficiency, hypercal-
cemia, or skeletal lesions.17 Biologically, patients with smoldering multiple 
myeloma are similar to those with MGUS but carry a much higher risk for 
progression to myeloma or related malignancy: 10% per year for the first 5 
years, 5% per year for the next 5 years, and 1 to 2% per year thereafter. As a 
result, patients must be observed more closely (every 3 to 4 months),  
but they should not be treated unless progression to symptomatic multiple 
myeloma occurs. A small randomized trial found improved survival with the 
use of Rd as preventive therapy in patients with high-risk smoldering multiple 
myeloma, A22  but additional data are needed before this approach can be rec-
ommended as routine practice.
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generally better in patients with solitary extramedullary plasmacytoma, com-
pared with solitary bony plasmacytoma.

 WALDENSTRÖM MACROGLOBULINEMIA 
(PRIMARY MACROGLOBULINEMIA)

 DEFINITION
Waldenström macroglobulinemia is the result of the uncontrolled proliferation 
of lymphocytes and plasma cells in which an IgM M protein is produced. The 
cause is unknown; familial clusters have been reported. The median age of 
patients at the time of diagnosis is about 65 years, and approximately 60% 
are male. The diagnostic criteria are IgM monoclonal gammopathy (regardless 
of the size of the M protein), 10% or greater bone marrow infiltration (usually 
intertrabecular) by clonal lymphocytes that exhibit plasmacytoid or plasma 
cell differentiation, and a typical immunophenotype (e.g., surface IgM+, CD5+/−, 
CD10−, CD19+, CD20+, CD23−) that would satisfactorily exclude other lym-
phoproliferative disorders, including CLL (Chapter 174) and mantle cell 
lymphoma (Chapter 176). A recurrent mutation of the MYD88 gene (MYD88 
L265P) has been shown to be present in most patients with Waldenström 
macroglobulinemia and is thought to be relatively specific for this disease.

 CLINICAL MANIFESTATIONS
Weakness, fatigue, and bleeding (especially oozing from the oronasal area) 
are common initial symptoms. Blurred or impaired vision, dyspnea, weight 
loss, neurologic symptoms, recurrent infections, and heart failure may occur. 
In contrast to multiple myeloma, lytic bone lesions, renal insufficiency, and 
amyloidosis are rare. Physical findings include pallor, hepatosplenomegaly, 
and lymphadenopathy. Retinal hemorrhages, exudates, and venous congestion 
with vascular segmentation (“sausage” formation) may occur. Sensorimotor 
peripheral neuropathy is common. Pulmonary involvement is manifested by 
diffuse pulmonary infiltrates and isolated masses.

Laboratory Evaluation
Almost all patients have moderate to severe normocytic, normochromic anemia. 
The serum electrophoretic pattern is characterized by a tall, narrow peak or 
dense band that is of the IgM type on immunofixation. Quantitative IgM 
levels are high. A monoclonal light chain is detected in the urine of 80% of 
patients, but the amount of urinary protein is generally modest.

The bone marrow aspirate is often hypocellular, but the biopsy is hypercel-
lular and extensively infiltrated with lymphoid cells and plasma cells, or lym-
phoplasmacytic cells. The number of mast cells is frequently increased. Rouleau 
formation is prominent (Chapter 148), and the sedimentation rate is markedly 
increased. About 10% of cases may have an associated type I cryoglobulinemia 
(see later).

 DIAGNOSIS
Diagnosis requires the combination of typical symptoms and physical findings, 
the presence of an IgM M protein, and 10% or greater lymphoplasmacytic 
infiltration of the bone marrow.21 The lymphoplasmacytic cells express CD19, 
CD20, and CD22, whereas expression of CD5 and CD10 occurs in a minority. 
Asymptomatic patients with 10% or greater lymphoplasmacytic infiltration 
of the bone marrow are considered to have smoldering Waldenström macro-
globulinemia. Multiple myeloma, CLL, and MGUS of the IgM type must be 
excluded.

Patients meeting the diagnostic criteria for Waldenström macroglobulinemia 
but who have less than 3 g/dL IgM protein at diagnosis have sometimes been 
classified as having “lymphoplasmacytic lymphoma with an IgM M protein” 
(Chapter 176). However, except for hyperviscosity, the clinical picture, therapy, 
and prognosis for these patients do not differ from those of patients with an 
IgM level of 3 g/dL or greater; thus, these patients are also considered to have 
Waldenström macroglobulinemia by the current definition.

Patients should not be treated unless they have anemia; constitutional symp-
toms such as weakness, fatigue, night sweats, or weight loss; hyperviscosity; 
or significant hepatosplenomegaly or lymphadenopathy. The most common 
regimens used as front-line therapy are ibrutinib plus rituximab, A23  bendamus-
tine plus rituximab (BR), dexamethasone, rituximab, cyclophosphamide (DRC), 
and ibrutinib.22 Although data on stem cell transplantation is minimal, for eligible 
patients it would be reasonable to collect and cryopreserve stem cells for future 

PREVENTION AND TREATMENT 

Plasma Cell Leukemia
Patients with plasma cell leukemia have more than 20% plasma cells in the 
peripheral blood and an absolute plasma cell count of 2000/µL or greater.18 
Plasma cell leukemia is classified as primary when it is diagnosed in the leuke-
mic phase (60%) or as secondary when there is leukemic transformation of a 
previously recognized multiple myeloma (40%). Patients with primary plasma 
cell leukemia are younger and have a greater incidence of hepatosplenomegaly 
and lymphadenopathy, a higher platelet count, fewer bone lesions, a smaller 
serum M protein component, and longer survival (median, 6.8 vs. 1.3 months) 
than do patients with secondary plasma cell leukemia. Treatment of plasma cell 
leukemia is unsatisfactory. An aggressive initial treatment regimen such as bort-
ezomib, dexamethasone, thalidomide, cisplatin, doxorubicin, cyclophosphamide, 
and etoposide (VDT-PACE) for two cycles, followed by autologous stem cell 
transplantation and subsequent maintenance therapy with a bortezomib-based 
regimen, is a reasonable strategy if the patient’s clinical condition permits such 
an approach. Secondary plasma cell leukemia rarely responds to chemotherapy 
because the patients have already received chemotherapy and are resistant.

Nonsecretory Myeloma
Patients with nonsecretory myeloma have no M protein in either serum or 
urine and account for only 3% of cases of myeloma. To make the diagnosis, 
the clonal nature of bone marrow plasma cells should be established by immu-
noperoxidase, immunofluorescence, or flow cytometric methods. Treatment 
and survival are similar to those in patients with typical myeloma. The serum 
free light chain assay is abnormal in more than 60% of patients and can be 
used to monitor the response to therapy.

Osteosclerotic Myeloma (POEMS Syndrome)
This syndrome is characterized by polyneuropathy, organomegaly, endocri-
nopathy, M protein, and skin changes (POEMS).19 The major clinical features 
are a chronic inflammatory-demyelinating polyneuropathy with predominantly 
motor disability and sclerotic skeletal lesions. The bone marrow usually con-
tains less than 5% plasma cells, and hypercalcemia and renal insufficiency 
rarely occur. Almost all patients have a λ-type M protein. The diagnosis is 
confirmed by identification of monoclonal plasma cells obtained at biopsy of 
an osteosclerotic lesion.

If the lesions are in a limited area, radiation therapy substantially improves 
the neuropathy in more than 50% of patients. If the patient has widespread 
osteosclerotic lesions, treatment is with autologous stem cell transplantation 
or other systemic therapy similar to that used for myeloma.

Solitary Plasmacytoma (Solitary Myeloma) of Bone
The diagnosis of solitary bone plasmacytoma is based on histologic evidence 
of a solitary tumor consisting of monoclonal plasma cells identical to those 
in multiple myeloma. In addition, PET-CT (or whole body CT) or MRI of 
the spine and pelvis must show no other lesions of myeloma, and the bone 
marrow aspirate must contain no evidence of clonal plasma cells. An M protein 
may be present in serum or urine at diagnosis, but persistence of the M protein 
after radiation therapy is associated with an increased risk for progression to 
multiple myeloma. Treatment consists of radiation in the range of 40 to 50 Gy. 
Patients with an apparent solitary plasmacytoma who have limited (<10%) 
clonal marrow involvement are considered to have solitary plasmacytoma 
with minimal marrow involvement (Table 178-2). The risk of recurrence or 
progression to multiple myeloma within 3 years is approximately 10% in patients 
with solitary plasmacytoma versus 60% in patients with solitary plasmacytoma 
and minimal marrow involvement.

Extramedullary Plasmacytoma
Extramedullary plasmacytomas outside the bone marrow are most commonly 
found in the upper respiratory tract (80% of cases), especially in the nasal 
cavity and sinuses, nasopharynx, and larynx. Extramedullary plasmacytomas 
may also occur in the gastrointestinal tract, central nervous system, urinary 
bladder, thyroid, breast, testes, parotid gland, or lymph nodes. Extramedullary 
plasmacytomas may be solitary,20 or they may occur in the context of existing 
myeloma. The diagnosis of solitary extramedullary plasmacytoma is based on 
detection of a plasma cell tumor in an extramedullary site, absence of clonal 
plasma cells on bone marrow examination, and absence of other bony or 
extramedullary lesions on radiographic studies. Treatment of solitary extra-
medullary plasmacytoma consists of either complete surgical resection or 
tumoricidal irradiation. The plasmacytoma may recur locally, metastasize to 
regional nodes, or, rarely, develop into multiple myeloma. Prognosis is 
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γ-HCD
Patients with γ-HCD often initially have a lymphoma-like illness, but the 
clinical findings are diverse and range from an aggressive lymphoproliferative 
process to an asymptomatic state. Hepatosplenomegaly and lymphadenopathy 
occur in about 60% of patients. Anemia is found in approximately 80% initially 
and in nearly all eventually. The electrophoretic pattern often shows a broad-
based band more suggestive of a polyclonal increase than an M protein. The 
diagnosis depends on the identification of an isolated monoclonal γ heavy 
chain on serum immunofixation, without evidence of either monoclonal κ 
or λ light chain expression.

Treatment is indicated only for symptomatic patients and consists of che-
motherapy with regimens used to treat non-Hodgkin lymphoma (Chapter 
176), such as cyclophosphamide, vincristine, and prednisone. The prognosis 
of γ-HCD is variable and ranges from a rapidly progressive downhill course 
of a few weeks’ duration to the asymptomatic presence of a stable monoclonal 
heavy chain in serum or urine.

α-HCD
α-HCD is the most common form of HCD and occurs in patients from the 
Mediterranean region or the Middle East, generally in the second or third 
decade of life. About 60% are men. Most commonly the gastrointestinal tract 
is involved, and severe malabsorption with diarrhea, steatorrhea, and weight 
loss is noted (Chapter 131). Plasma cell infiltration of the jejunal mucosa is 
the most frequent pathologic feature. Immunoproliferative small intestinal 
disease is restricted to patients with small intestinal lesions who have the 
pathologic features of α-HCD but do not synthesize α heavy chains.

The serum protein electrophoretic pattern is normal in half the cases; 
in the remainder an unimpressive broad band may appear in the α2 or β 
region. The diagnosis depends on identification of an isolated monoclonal 
α heavy chain on serum immunofixation, without evidence of either mono-
clonal κ or λ light chain expression. The amount of α heavy chain in urine  
is small.

In the absence of therapy, α-HCD is typically progressive and fatal. The 
usual treatment consists of antibiotics, such as tetracyclines, and the eradi-
cation of any concurrent parasitic infection. Patients who do not respond 
adequately to antibiotics are given chemotherapy similar to that used to treat 
non-Hodgkin lymphoma, for example, the cyclophosphamide, hydroxy-
daunomycin, vincristine (Oncovin), and prednisone (CHOP) regimen  
(Chapter 176).

µ-HCD
This disease is characterized by the demonstration of an isolated monoclonal 
µ chain fragment on serum immunofixation, without evidence of either mono-
clonal κ or λ light chain expression. The serum protein electrophoretic pattern 
is usually normal, except for hypogammaglobulinemia. Bence Jones proteinuria 
has been found in two thirds of cases. Lymphocytes, plasma cells, and lym-
phoplasmacytoid cells are increased in the bone marrow. Vacuolization of the 
plasma cells is common and should suggest the possibility of HCD. The course 
of µ-HCD is variable, and survival ranges from a few months to many years. 
Treatment is with corticosteroids and alkylating agents.

 CRYOGLOBULINEMIA
Cryoglobulins are plasma proteins that precipitate when cooled and dissolve 
when heated. They are designated as idiopathic or essential when they are not 
associated with any recognizable disease. Cryoglobulins are classified into 
three types: type I (monoclonal), type II (mixed monoclonal plus polyclonal), 
and type III (polyclonal).23

Type I Cryoglobulinemia
Type I (monoclonal) cryoglobulinemia is most commonly of the IgM or IgG 
class, but IgA and Bence Jones cryoglobulins have been reported. Most patients, 
even with large amounts of type I cryoglobulin, are completely asymptomatic 
from this source. Others with monoclonal cryoglobulins in the range of 1 to 
2 g/dL may have evidence of vasculitis with pain, purpura, Raynaud phenom-
enon, cyanosis, and even ulceration and sloughing of skin and subcutaneous 
tissue (Fig. 178-9) on exposure to cold because their cryoglobulins precipitate 
at relatively high temperatures. Type I cryoglobulins are associated with mac-
roglobulinemia, multiple myeloma, or MGUS. Therapy for patients with 
symptomatic type I cryoglobulinemia and significant symptoms is similar to 
that for Waldenström macroglobulinemia for the IgM type and multiple 
myeloma for the non-IgM type.

 HYPERVISCOSITY SYNDROME
Hyperviscosity syndrome occurs in patients with Waldenström macroglobu-
linemia who have high levels of serum IgM M protein (>5 g/dL) and occa-
sionally in those with myeloma, especially of the IgA type. For any given level 
of paraprotein, IgM or IgA is more likely than IgG to cause hyperviscosity 
because the former circulate as pentamers or dimers, respectively, in contrast 
to monomeric IgG. Chronic nasal bleeding and oozing from the gums are the 
most frequent symptoms of hyperviscosity, but post-surgical or gastrointestinal 
bleeding may also occur. Retinal hemorrhages are common, and venous con-
gestion with sausage-like segmentation and papilledema may be seen (Fig. 
178-8). The patient occasionally complains of blurring or loss of vision. Diz-
ziness, headache, vertigo, nystagmus, decreased hearing, ataxia, paresthesias, 
diplopia, somnolence, and coma may occur. Hyperviscosity can precipitate 
or exacerbate heart failure. Most patients have symptoms when the relative 
viscosity is greater than 4 cP, but the relationship between serum viscosity 
and clinical manifestations is not precise. There have been no randomized 
trials on management of hyperviscosity syndrome. Patients with symptomatic 
hyperviscosity should be treated with plasmapheresis and with chemotherapy 
to treat the underlying malignancy. Plasma exchange of 3 to 4 L with albumin 
should be performed daily until the patient is asymptomatic. Plasma exchange 
is rapidly effective (two to three exchanges) in the case of IgM M proteins, 
which are primarily intravascular; with IgG M proteins, multiple attempts 
may be needed because a significant amount of IgG can exist in the extravas-
cular space.

 HEAVY CHAIN DISEASES
The HCDs are characterized by the presence of an M protein consisting of a 
portion of the immunoglobulin heavy chain in serum, urine, or both. These 
heavy chains are devoid of light chains and represent a lymphoplasma cell 
proliferative process. There are three major types: γ-HCD, α-HCD, and 
µ-HCD.

transplantation. Rituximab (Chapter 33) as a single agent produces a response 
of approximately 50% in untreated patients and is therefore an option for 
patients with low burden indolent disease.

For relapse, the agents used as initial therapy can be given alone or in com-
bination. Autologous stem cell transplantation can be considered for eligible 
patients with relapsed disease. Other options include cladribine or fludara-
bine with or without rituximab, lenalidomide-based or bortezomib-based regi-
mens, and other regimens used in the treatment of non-Hodgkin lymphoma  
(Chapter 176).

Spuriously low hemoglobin and hematocrit levels may occur because of the 
increased plasma volume from the large amount of intravascular M protein. 
Symptomatic hyperviscosity should be treated by plasmapheresis. The median 
survival of patients with macroglobulinemia is in excess of 5 to 7 years.

FIGURE 178-8. Hyperviscosity syndrome. right eye retinal image in a patient with 
Waldenström macroglobulinemia and hyperviscosity syndrome showing sausaging (focal 
venular dilations), intraretinal hemorrhages, microaneurysms, and peripapillary cotton-
wool spots and disc swelling (papilledema). 
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Type II Cryoglobulinemia
Type II (mixed) cryoglobulinemia typically consists of an immune complex 
of IgM M protein and polyclonal IgG, although monoclonal IgG or monoclonal 
IgA may also be seen with polyclonal IgM. Serum protein electrophoresis 
generally shows a normal pattern or a diffuse, polyclonal hypergammaglobu-
linemic pattern. The quantity of mixed cryoglobulin is usually less than 0.2 g/
dL. Despite the monoclonal component, most patients do not have a clonal 
plasma cell disorder; rather, they have serologic evidence of infection with 
hepatitis C virus (Chapter 140). At present, hepatitis C is thought to be the 
cause of most cases of type II cryoglobulinemia.

Most clinical manifestations are related to the development of vasculitis 
and include palpable purpura, livedo reticularis, polyarthralgias, and neuropathy. 
Involvement of the joints is symmetrical, but joint deformities rarely develop. 
Raynaud phenomenon, necrosis of the skin, and neurologic involvement may 
be present. In almost 80% of renal biopsy specimens, glomerular damage can 
be identified. Nephrotic syndrome may result, but severe renal insufficiency 
is uncommon.

Treatment should target the underlying hepatitis C infection (Chapter 140). 
Administration of corticosteroids is often needed to control vasculitis. Agents 
to treat the monoclonal component, such as cyclophosphamide or rituximab, 
are used if there is no response. Plasmapheresis (with a warmed circuit) is 
helpful in the acute management of symptoms by removing circulating immune 
complexes.

Type III Cryoglobulinemia
Type III (polyclonal) cryoglobulinemia does not have a monoclonal compo-
nent and is not associated with a clonal plasma cell proliferative disorder. 
Type III cryoglobulins are found in many patients with chronic infections or 
inflammatory diseases and are usually of no clinical significance unless associ-
ated with hepatitis C infection.
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REVIEW QUESTIONS

1. A 63-year-old man is found to have a serum monoclonal protein of 1.6 g/
dL during work-up of joint pains. The monoclonal protein is IgG kappa 
on immunofixation. He has no anemia, hypercalcemia, renal failure, or 
bone lesions. Bone marrow biopsy shows 8% plasma cells. The most likely 
diagnosis is:
 A. Multiple myeloma
 B. Smoldering multiple myeloma
 C. Monoclonal gammopathy of undetermined significance (MGUS)
 D. Idiopathic Bence Jones proteinuria
 E. Waldenström macroglobulinemia

Answer: C This patient has a small monoclonal protein, without evidence 
of end-organ damage. This could be either monoclonal gammopathy of unde-
termined significance (MGUS) or smoldering myeloma. The bone marrow 
plasma cell percentage is less than 10%, and the serum monoclonal protein 
level is less than 3 g/dL. Thus the diagnosis is MGUS. In contrast to MGUS, 
smoldering multiple myeloma requires either 10% or more plasma cells on 
bone marrow or 3 g/dl or more M spike on serum protein electrophoresis. 
The diagnosis of myeloma requires presence of end-organ damage or other 
myeloma defining events.

2. Which of the following are risk factors for progression in monoclonal gam-
mopathy of undetermined significance?
 A. Size of the M protein
 B. Type of the M protein
 C. Abnormal free light chain ratio
 D. A and C
 E. A, B, and C

Answer: E The best predictors of progression of MGUS are the size of the 
M protein, the type of the M protein, as well as an abnormal baseline free 
light chain ratio. Patients with a serum M protein of less than 1.5 g/dL, IgG 
type, and normal free light chain ratio have a 5% probability of progression 
over 20 years. In contrast, if all three factors were abnormal, the risk of pro-
gression over that time period is in excess of 50%.

3. Autologous stem cell transplantation is commonly used in the treatment 
of multiple myeloma in eligible patients. Which of the following statements 
is true about this procedure for the treatment of myeloma?
 A. It is not recommended in patients with high risk cytogenetics such as 

deletion 17p.
 B. It is not curative but prolongs overall and event-free survival.
 C. Typically patients receive 4 to 6 cycles of melphalan-based therapy prior 

to transplantation.
 D. Early autologous stem cell transplantation improves overall survival 

compared with transplantation done at first relapse.
 E. Unlike nontransplant chemotherapy regimens, patients do not need 

maintenance therapy after autologous stem cell transplantation.

Answer: B Autologous stem cell transplantation for myeloma is not curative. 
Transplantation prolongs overall and event-free survival by about 12 to 18 
months. It is recommended for all eligible patients including patients with 
high risk cytogenetics. Melphalan should be avoided prior to induction since 
it may affect stem cells and prevent adequate mobilization. Early and delayed 
stem cell transplantation have the same long term outcomes.

4. Which of the following agents is associated with a high risk of peripheral 
neuropathy?
 A. Bortezomib
 B. Lenalidomide
 C. Pomalidomide
 D. Carfilzomib
 E. Melphalan

Answer: A Of the agents listed, bortezomib is the drug associated with the 
highest risk of neuropathy. The major adverse effects with lenalidomide and 
pomalidomide include thrombosis, rash, low blood counts, and fatigue. Carfil-
zomib is a new proteasome inhibitor that unlike bortezomib appears to have 
less risk of neuropathy. Melphalan is an alkylating agent that is associated with 
low blood counts and risk of myelodysplastic syndrome. The rate of bortezomib 
neuropathy and its severity can be limited by using once weekly dosing schedule 
and using the subcutaneous route of administration.

5. Which of the following is not true of Waldenström macroglobulinemia?
 A. The type of monoclonal protein in Waldenström macroglobulinemia 

tends to form a pentamer.
 B. Most patients have a mutation of the MYD88 gene (MYD88 L265P).
 C. Hyperviscosity is an important feature of the disease.
 D. Osteosclerotic bone lesions are seen in 25% of patients.
 E. Rituximab, cyclophosphamide, dexamethasone (RCD) is a commonly 

used treatment regimen.
Answer: D Osteosclerotic bone lesions are a feature of the POEMS syndrome, 
not Waldenström macroglobulinemia. Unlike myeloma, in which osteolytic 
bone disease is present in most patients, patients with Waldenström macro-
globulinemia do not have bone disease. The type of monoclonal protein is 
IgM; this molecule tends to pentamerize, and the high molecular weight leads 
to hyperviscosity. Rituximab, cyclophosphamide, dexamethasone (RCD) is 
a commonly used treatment regimen for initial therapy.
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179 
AMYLOIDOSIS
MORIE A. GERTZ

The amyloidoses are protein-misfolding diseases caused by a precursor protein 
that undergoes a conformational change, which in turn triggers the formation 
of amyloid fibrils that damage different organs. Amyloidosis can be either 
localized or systemic. In systemic amyloidosis (Table 179-1), amyloid deposi-
tion occurs at sites distant from where the precursor protein is formed.1 In 
localized amyloidosis, the deposits form exclusively where the precursor protein 
is synthesized. Despite differences in structure and function, amyloid fibrils 
formed by all these various precursor proteins share a cross-β structure and 
form 2- to 5-nm-diameter filaments that either coil together or form laterally 
adherent fibrils with distinct intensities at 4.7 and 10 angstroms.

 SYSTEMIC AMYLOIDOSIS

 EPIDEMIOLOGY
The incidence of amyloidosis is about 8 per million persons per year. In one 
large series, about 75% of cases were light chain amyloidosis, about 15% were 
secondary amyloidosis, and about 1% were senile amyloidosis; the remainder 
were familial amyloidosis, of which most involved mutated transthyretin and 
the others included rare mutations in genes listed in Table 179-1. Wild type 
TTR amyloidosis is often clinically unrecognized and probably is much more 
common than originally believed.

 Systemic Light Chain Amyloidosis
 PATHOBIOLOGY

In rare cases, light chain amyloidosis can be familial, owing to a mutation in 
the light chain gene, rather than caused by a monoclonal plasma cell dyscrasia.2 

Immunoglobulin light chain amyloidosis is characterized by a clonal popula-
tion of bone marrow plasma cells that produces a monoclonal light chain of 
the κ or λ type, as either an intact molecule or a fragment. The light chain 
protein, instead of conforming to the α-helical configuration of most proteins, 
misfolds and forms a β-pleated sheet.3 This insoluble protein is deposited in 
tissues and interferes with organ function. The β-pleated sheet configuration 
is responsible for the tinctorial properties; when the protein is stained with 
Congo red and viewed under polarized light, apple-green birefringence is 
demonstrated and is required for the diagnosis.

 CLINICAL MANIFESTATIONS
Amyloidosis is particularly difficult to diagnose and is a challenge for internists. 
The presenting symptoms can be diverse and are mimicked by far more common 
disorders (Table 179-2). The signs include tongue enlargement with dental 
indentations (Fig. 179-1) and “pinch” or periorbital purpura (Fig. 179-2), a 
result of vascular fragility. The signs are specific but lack sensitivity in that 
they are present in no more than 20% of patients. No single imaging procedure 
or laboratory study is diagnostic for the disease. The clinician must therefore 
be aware of the possibility of amyloidosis, or it may be overlooked. The kidney 
is commonly involved in amyloidosis (58% of cases). The diagnosis should 
be suspected in any patient who presents with nondiabetic nephrotic-range 
proteinuria (Chapter 113).4 One third of patients with amyloidosis have 
nephrotic syndrome that is manifested with dramatic increases in the blood 
cholesterol level (median, 270 mg/dL), and urinalysis for proteinuria should 
be done in patients with a sudden increase in the serum cholesterol level. Ten 
percent of renal biopsy specimens from patients with nondiabetic nephrotic 
syndrome are subsequently shown to be involved by amyloidosis. The incidence 
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ABSTRACT
The amyloidoses are protein-misfolding diseases caused by a precursor protein 
that undergoes a conformational change, which in turn triggers the formation 
of amyloid fibrils that damage different organs. Amyloidosis can be either 
localized or systemic. The systemic amyloidoses can be manifested clinically 
in many organs, most notably the heart, kidneys, liver, peripheral nerves, skin, 
gastrointestinal tract, and the microvasculature of the brain. Diagnosis can be 
made by immunofixation of the serum and urine, mass spectrometry or immu-
noelectron microscopy (for unequivocal amyloid typing), and ultimately by 
tissue biopsy (with Congo red staining) of organs involved (unless too hazard-
ous) or by subcutaneous fat pad and bone marrow biopsy. While light chain 
amyloidosis was previously thought to be untreatable and invariably fatal, 
current therapy produces response rates of about 70% and median duration 
of survival upward of 5 years.
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Apo = apolipoprotein; BriPP = Bri precursor protein; wtTTR = wild-type transthyretin.
Adapted from Blancas-Mejia LM, Ramirez-Alvarado M. Systemic amyloidoses. Annu Rev Biochem. 2013;82:745-774.

TABLE 179-1 SYSTEMIC AMYLOIDOSES
DISEASE CAUSE AFFECTED ORGANS
Light chain (AL) amyloidosis Acquired mutation and overproduction of immunoglobulin light chain Heart, kidney, liver, nerve
Heavy chain amyloidosis Overproduction of immunoglobulin heavy chain Kidney, liver, heart
Senile systemic amyloidosis (wtTTR amyloidosis) Accumulation of wild-type transthyretin Heart, vessels, soft tissues, nerve
Familial amyloidotic polyneuropathy (mTTR 

amyloidosis)
Hereditary mutation of transthyretin Heart, kidney, peripheral nervous system

Secondary amyloidosis Overproduction of serum amyloid A protein because of chronic inflammation Kidney, liver, spleen
Dialysis-related amyloidosis Copper-triggered oligomerization of β2-microglobulin Joints, heart, gastrointestinal tract, lung
Lysozyme amyloidosis Hereditary mutation of lysozyme Kidney, liver, spleen
Apo AI amyloidosis Hereditary mutation of apolipoprotein AI Kidney, heart, liver
Apo AII amyloidosis Hereditary mutation of apolipoprotein AII Kidney
Apo AIV amyloidosis Hereditary mutation of apolipoprotein AIV Kidney
Fibrinogen amyloidosis Hereditary mutation of fibrinogen α chain Kidney
Finnish hereditary amyloidosis Hereditary mutation of gelsolin Cornea, facial and peripheral nerves, skin
Cystatin amyloidosis Hereditary mutation of cystatin C Cerebral blood vessels
BriPP amyloidosis Hereditary mutation of BriPP Microvasculature of the brain

Immunoglobulin light chain amyloidosis is characterized by a clonal popula-
tion of bone marrow plasma cells that produces a monoclonal light chain of 
the κ or λ type, as either an intact molecule or a fragment. The light chain 
protein, instead of conforming to the α-helical configuration of most proteins, 
misfolds and forms a β-pleated sheet.3 This insoluble protein is deposited in 
tissues and interferes with organ function. The β-pleated sheet configuration 
is responsible for the tinctorial properties; when the protein is stained with 
Congo red and viewed under polarized light, apple-green birefringence is 
demonstrated and is required for the diagnosis.

 CLINICAL MANIFESTATIONS
Amyloidosis is particularly difficult to diagnose and is a challenge for internists. 
The presenting symptoms can be diverse and are mimicked by far more common 
disorders (Table 179-2). The signs include tongue enlargement with dental 
indentations (Fig. 179-1) and “pinch” or periorbital purpura (Fig. 179-2), a 
result of vascular fragility. The signs are specific but lack sensitivity in that 
they are present in no more than 20% of patients. No single imaging procedure 
or laboratory study is diagnostic for the disease. The clinician must therefore 
be aware of the possibility of amyloidosis, or it may be overlooked. The kidney 
is commonly involved in amyloidosis (58% of cases). The diagnosis should 
be suspected in any patient who presents with nondiabetic nephrotic-range 
proteinuria (Chapter 113).4 One third of patients with amyloidosis have 
nephrotic syndrome that is manifested with dramatic increases in the blood 
cholesterol level (median, 270 mg/dL), and urinalysis for proteinuria should 
be done in patients with a sudden increase in the serum cholesterol level. Ten 
percent of renal biopsy specimens from patients with nondiabetic nephrotic 
syndrome are subsequently shown to be involved by amyloidosis. The incidence 

of bleeding after percutaneous renal biopsy is not increased in patients with 
light chain amyloidosis.

The heart is involved in approximately 70% of patients with amyloidosis, 
and the presentation is subtle because fatigue is often the only manifestation.5 
Because amyloid heart disease (Chapter 54) is a disorder of diastolic failure, 
the typical findings of cardiomyopathy (enlarged cardiac silhouette, depressed 
ejection fraction, and pulmonary vascular redistribution) are absent. The effect 
of amyloidosis on the heart is poor filling during diastole. Patients have low 
end-diastolic volume and, as a consequence, poor stroke volume, despite a 
completely normal ejection fraction.6 Electrocardiography frequently shows 
a pseudoinfarct pattern, which can be interpreted as demonstrating silent 
ischemic infarction; this finding leads to coronary angiography, which is invari-
ably negative (unless there is coincidental coronary artery disease). Echocar-
diography, which shows thickening of the heart walls due to amyloid infiltration, 
is frequently interpreted as showing left ventricular hypertrophy, and the cause 
of heart failure can be ascribed to silent hypertension or, alternatively, hyper-
trophic cardiomyopathy. Restrictive cardiomyopathy has been confused with 
pericardial disease, and patients have undergone unnecessary pericardiectomy. 
Patients with amyloidosis rarely have symptoms of ischemic heart disease. 

TABLE 179-2 SYMPTOMS, SIGNS, AND SYNDROMES OF 
SYSTEMIC AMYLOIDOSIS

SYMPTOMS AND SIGNS

Common symptoms: fatigue, edema, dyspnea, anorexia, paresthesias
Rare symptoms: claudication, joint pain and stiffness, sicca syndrome
Common signs: periorbital purpura, glossomegaly, hepatomegaly
Rare signs: waxy infiltration of eyelids, shoulder pad sign
SYNDROMES

Nondiabetic nephrotic syndrome
Nonischemic cardiomyopathy with an echocardiogram showing “hypertrophy”
Hepatomegaly or increased alkaline phosphatase with no imaging abnormality
Peripheral neuropathy with monoclonal gammopathy of undetermined significance 

or chronic inflammatory demyelinating polyneuropathy with autonomic features
Atypical MGUS or myeloma with monoclonal light chains and modest marrow 

plasmacytosis

FIGURE 179-1. Macroglossia (or glossomegaly) in a patient with amyloidosis. (From 
Esplin Bl, Gertz mA. Current trends in diagnosis and management of cardiac amyloidosis. 
Curr Probl Cardiol. 2013;38:53-96.)
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of the tongue occurs in 10 to 15% of patients; therefore, although it is specific, 
it is not sensitive for the diagnosis. Amyloidosis in patients with enlarged 
tongues may be unrecognized, or these patients may be evaluated for acro-
megaly or undergo unnecessary tongue biopsies because of the suspicion of 
squamous cell cancer.

Systemic light chain amyloidosis must be distinguished from the much less 
common systemic amyloidosis associated with inherited amyloid cardiomy-
opathies and neuropathies (familial amyloidosis) or with chronic infection 
and inflammatory arthropathies (secondary amyloidosis). By definition, light 
chain amyloidosis is a plasma cell dyscrasia (Chapter 178); therefore, virtually 
all patients have a detectable immunoglobulin abnormality by immunofixation 
of the serum or urine, or they have abnormal results on a serum immuno-
globulin free light chain assay. When a patient presents with a compatible 
clinical syndrome, these diagnostic studies should be completed before invasive 
diagnostic studies are performed (Fig. 179-3).8 Simple electrophoresis without 
immunofixation is inadequate because the monoclonal proteins are quanti-
tatively very small in most patients and will not cause a detectable peak on 
serum protein electrophoresis. When these three diagnostic studies are used 
in combination, the sensitivity is 100%.

With modern testing, however, a monoclonal component can be found in 
up to 20% of patients with non–light chain amyloidosis. Unequivocal amyloid 
typing is critical. In such cases, either mass spectrometry or immunoelectron 
microscopy, both of which have a specificity of nearly 100% for light chain 
amyloidosis, is needed to make a definitive diagnosis. If a monoclonal protein is 
detected, further investigations for amyloid should proceed, as described later. 
If a monoclonal protein is not found, three possibilities exist: (1) the patient 
does not have amyloidosis; (2) if the patient is known to have amyloidosis, it 
may be localized rather than systemic; or (3) if the patient is known to have 
systemic amyloidosis, it may be the senile systemic or familial type rather 
than the light chain type (see later section on other forms of amyloidosis).

Definitive Testing
In view of the grave prognosis associated with light chain amyloidosis, the 
diagnosis must be confirmed by biopsy (with Congo red staining) in all cases.9 
Although it is reasonable to biopsy the kidney when proteinuria is the present-
ing symptom, the heart when cardiomyopathy is recognized, the liver when 
there is hepatomegaly and increased alkaline phosphatase, or the nerve when 
there is a sensorimotor functional loss, these invasive and occasionally risky 
procedures are not required. Subcutaneous fat aspiration is an outpatient 
procedure that has a 24-hour turnaround time and recognizes amyloid deposits 
in 70% of patients. Bone marrow is a second convenient biopsy site, and this 
test is often required to exclude the possibility of associated multiple myeloma. 
Bone marrow biopsy is positive in 50% of patients. When both subcutaneous 
fat aspiration and bone marrow biopsy are done, amyloid is detected in approxi-
mately 80% of patients. The remaining patients should have biopsy of the 
appropriate organ.

Once amyloid deposits are detected in tissues, further diagnostic evaluation 
is required. The presence of a monoclonal protein in the serum or urine and 
the presence of congophilic deposits in tissue do not verify that amyloidosis 
is light chain in origin. Further diagnostic studies are essential to classify the 
type of amyloid before therapy is initiated. Immunohistochemical studies on 
the tissue may be useful, but misfolding of the amyloid light chain often pre-
vents epitopes from being recognized by commercial antisera; thus, false-
negative results are common. Mass spectrometric analysis of the amyloid 
deposit can be done on paraffin-embedded tissue and validates the type of 
amyloid by direct amino acid sequencing, leaving no question about the origin 
of the amyloid protein as an immunoglobulin light chain.

FIGURE 179-2. Periorbital purpura in amyloidosis. (From Kitchens Cs. Purpura and 
other hematovascular disorders. in: Kitchens Cs, Konkle BA, Kessler Cm, eds. Consultative 
Hemostasis and Thrombosis. 3rd ed. Philadelphia: Elsevier; 2012.)

Enhancement on magnetic resonance imaging with gadolinium is delayed in 
approximately 70% of patients with cardiac amyloidosis. Myocardial enhance-
ment is associated with increased ventricular mass and impaired left ventricular 
systolic function.

The liver is involved in 10 to 20% of patients. The typical presentation is 
hepatomegaly and an increased serum alkaline phosphatase value. Increased 
transaminase values and hyperbilirubinemia are late signs. Imaging is not 
helpful, and liver uptake is homogeneous. Many patients undergo evaluation 
for metastatic malignant disease. Liver biopsy is not associated with an increased 
rate of bleeding. Rarely, patients present with spontaneous splenic rupture. 
Acquired deficiency of coagulation factor X (Chapter 165) is specific to light 
chain amyloidosis and can be associated with severe hemorrhage. Levels of 
coagulation factor X improve with effective therapy.

The peripheral neuropathy (Chapter 392) associated with amyloidosis 
(approximately 15%) begins in the lower extremities, is symmetrical, and is 
generally sensory or mixed sensorimotor. When a monoclonal protein is rec-
ognized, frequent diagnoses are chronic inflammatory demyelinating poly-
neuropathy and neuropathy associated with monoclonal gammopathy of 
undetermined significance.7 Associated autonomic neuropathy occurs in 
approximately 4% of patients and can be characterized by orthostatic hypoten-
sion, which may be misattributed to cardiac failure. Autonomic dysmotility 
of the bowel is a common associated finding (Chapter 127). It can be upper 
intestinal, leading to pseudo-obstruction and recurrent emesis, or lower intes-
tinal, characterized by alternating obstipation and fecal incontinence. Diarrhea 
caused by autonomic failure has been misdiagnosed as collagenous colitis 
when eosinophilic deposits are found in the bowel mucosa on hematoxylin-
eosin staining in the absence of Congo red staining. Carpal tunnel syndrome 
(Chapter 392) occurs in approximately 10 to 15% of patients; it is not clinically 
distinguishable from the syndrome associated with repetitive stress injury but 
frequently fails to improve after surgical release. Rarely, interstitial lung disease, 
pseudoclaudication, periarticular deposits, and unexplained weight loss are 
presenting symptoms.

Systemic amyloidosis can be confused with early multiple myeloma (Chapter 
178). Patients who present with vague symptoms of fatigue and edema are 
found to have a monoclonal protein in the urine, and a bone marrow biopsy 
specimen shows a clonal plasmacytosis with a median of 10% plasma cells in 
the bone marrow. These patients are often considered to have atypical multiple 
myeloma when the underlying amyloid syndrome is unrecognized. In these 
patients, a misdiagnosis of myeloma kidney or demyelinating neuropathy is 
made when an adequate diagnostic evaluation to exclude amyloidosis has not 
been performed.

 DIAGNOSIS
Initial Testing
In a patient with nondiabetic proteinuria, cardiomyopathy without ischemic 
risk factors, unexplained hepatomegaly, peripheral or autonomic neuropathy, 
or carpal tunnel syndrome, amyloidosis is not the most likely cause. The 
disorder occurs in only 8 per million persons per year, and routine biopsy is 
not appropriate whenever consistent symptoms are found. The classic physical 
finding of periorbital purpura occurs in only 10% of patients, is often limited 
to petechial eruptions over the eyelids, and is easily overlooked. Enlargement 

Light chain amyloidosis was previously thought to be untreatable and invari-
ably fatal. With current therapy, response rates of about 70% regularly occur, 
and the median duration of survival is reportedly upward of 5 years.10 Agents 
to reverse the misfolding of the protein and render it soluble would be ideal, 
but they are currently investigational. The source of the immunoglobulin light 
chain is the clonal plasma cell population in the bone marrow. All known thera-
pies are directed at destruction of the plasma cell clone.

The two treatment choices are traditional-dose chemotherapy and high-dose 
chemotherapy with autologous stem cell transplantation. Most patients are 
not candidates for high-dose therapy because of age, advanced cardiac dys-
function, or renal insufficiency. High-dose melphalan is a feasible approach in 

TREATMENT 

 PROGNOSIS
The outcome of patients with light chain amyloidosis depends on the extent 
of cardiac involvement (Chapter 54). With the advent of routine hemodialysis 
for this population, death due to renal failure is uncommon. The greater the 
involvement of the heart, the shorter a patient’s survival.17 Echocardiography 
provides useful information about the ejection fraction, the thickness of the 

ventricular septum and left ventricular free wall, and the strain percentage 
(the rate at which wall shortening occurs). Doppler echocardiography allows 
quantitative measurements of diastolic function and reflects the slowing of 
blood flow into the ventricular chamber as the noncompliant left ventricle 
fills. This “stiffness,” measured by the deceleration time, provides useful infor-
mation and correlates well with survival.

Cardiac biomarkers are extremely sensitive measures of myocardial func-
tion, are reproducible, and can be used not only for prognosis but also to 
follow cardiac response after effective therapy. The serum troponin value is a 
powerful predictor of survival in patients with amyloidosis, and the N-terminal 
pro–brain natriuretic peptide value also predicts survival. A staging system 
has been developed with these two cardiac biomarkers and the difference 
between involved and uninvolved free light chain levels to accurately predict 
survival.

 OTHER SYSTEMIC AMYLOIDOSES
 Senile Systemic Amyloidosis
Senile systemic amyloidosis results from the deposition of a normal serum 
protein, transthyretin, in the myocardium. The clinical presentation of senile 
systemic amyloidosis is not distinguishable from that of cardiac light chain 
amyloidosis, and diagnosis generally requires endomyocardial biopsy. Most 
patients are older than age 70 years with a median survival of 3.6 years. When 
a monoclonal protein is present, it is incidental, and confirmation of type 
generally requires analysis of the amyloid-laden tissues. Therapy is supportive, 
and the disease generally progresses slowly. Elevated brain natriuretic peptide 
and uric acid, decreased left ventricular ejection fraction, and increased left 
ventricular wall thickness are associated with a 5-year survival of about 35%.

 Familial Amyloidosis
Familial amyloidosis is uncommon in the United States and represents only 
3% of cases of systemic amyloidosis. Patients commonly present with the full 
clinical spectrum associated with amyloidosis, including cardiomyopathy, 
peripheral neuropathy, and proteinuria.18 Patients do not have a monoclonal 
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FIGURE 179-3. Algorithm for the cost-effective pursuit of a diagnosis of systemic light chain amyloidosis. 

selected patients with light chain amyloidosis and is associated with a high 
rate of hematologic and organ responses that lead to prolonged survival. Current 
therapies include combinations of melphalan, cyclophosphamide, dexametha-
sone, bortezomib, and lenalidomide. Treatment with a combination of bortezomib 
(1.5 mg/m2 weekly), cyclophosphamide (300 mg/m2 orally weekly), and dexa-
methasone (40 mg weekly) has produced rapid and complete hematologic 
responses in the majority of patients with light chain amyloidosis with few side 
effects.11 Pomalidomide plus dexamethasone may be a useful rescue therapy.12 
Effective therapy has been associated with resolution of nephrotic syndrome, 
cardiac failure, and hepatomegaly. For patients with chronic renal failure, kidney 
transplantation (Chapter 122) is an option.13 Other antibodies to amyloid fibrils 
are being tested.

Assessing the Effect of Therapy
The serum immunoglobulin free light chain assay has been cited as a useful 

screening test for patients with a compatible clinical syndrome. This assay is also 
used to measure the therapeutic effect of intervention because the light chain 
level is quantifiable and reproducible.14 On the basis of current hematologic 
response criteria, successful therapy is characterized by a 50% reduction in 
the abnormal free light chain level. Studies have shown that patients achiev-
ing complete normalization of the free light chain have a better outcome, 
but it is uncertain whether patients who do not achieve this level of response 
should be subjected to more intensive treatment in an effort to remove this 
pathogenic amyloid serum precursor. Patients with light chain (AL) amyloido-
sis who have a difference of less than 50 mg/L between circulating involved 
and uninvolved free light chain (low free light chain burden) have a better  
outcome.15,16

 PROGNOSIS
The outcome of patients with light chain amyloidosis depends on the extent 
of cardiac involvement (Chapter 54). With the advent of routine hemodialysis 
for this population, death due to renal failure is uncommon. The greater the 
involvement of the heart, the shorter a patient’s survival.17 Echocardiography 
provides useful information about the ejection fraction, the thickness of the 

ventricular septum and left ventricular free wall, and the strain percentage 
(the rate at which wall shortening occurs). Doppler echocardiography allows 
quantitative measurements of diastolic function and reflects the slowing of 
blood flow into the ventricular chamber as the noncompliant left ventricle 
fills. This “stiffness,” measured by the deceleration time, provides useful infor-
mation and correlates well with survival.

Cardiac biomarkers are extremely sensitive measures of myocardial func-
tion, are reproducible, and can be used not only for prognosis but also to 
follow cardiac response after effective therapy. The serum troponin value is a 
powerful predictor of survival in patients with amyloidosis, and the N-terminal 
pro–brain natriuretic peptide value also predicts survival. A staging system 
has been developed with these two cardiac biomarkers and the difference 
between involved and uninvolved free light chain levels to accurately predict 
survival.

 OTHER SYSTEMIC AMYLOIDOSES
 Senile Systemic Amyloidosis
Senile systemic amyloidosis results from the deposition of a normal serum 
protein, transthyretin, in the myocardium. The clinical presentation of senile 
systemic amyloidosis is not distinguishable from that of cardiac light chain 
amyloidosis, and diagnosis generally requires endomyocardial biopsy. Most 
patients are older than age 70 years with a median survival of 3.6 years. When 
a monoclonal protein is present, it is incidental, and confirmation of type 
generally requires analysis of the amyloid-laden tissues. Therapy is supportive, 
and the disease generally progresses slowly. Elevated brain natriuretic peptide 
and uric acid, decreased left ventricular ejection fraction, and increased left 
ventricular wall thickness are associated with a 5-year survival of about 35%.

 Familial Amyloidosis
Familial amyloidosis is uncommon in the United States and represents only 
3% of cases of systemic amyloidosis. Patients commonly present with the full 
clinical spectrum associated with amyloidosis, including cardiomyopathy, 
peripheral neuropathy, and proteinuria.18 Patients do not have a monoclonal 



 LOCALIZED AMYLOIDOSIS
Localized amyloidosis can be confused with systemic amyloidosis, but it has 
a much better prognosis, Patients with localized amyloidosis generally do not 
require systemic therapy; management can be supportive or localized to the 
deposition. The location of the amyloid deposits can be a clue to the localized 
nature. Typical sites for localized amyloid deposition include the ureter, bladder, 
urethra, and prostate. Therapy entails cystoscopic resection or intravesical 
instillation of dimethyl sulfoxide. Most forms of cutaneous amyloidosis are 
localized, although nodular cutaneous amyloidosis has occurred in systemic 
light chain amyloidosis. Tracheobronchial and laryngeal amyloidosis and 
nodular pulmonary amyloidosis are localized, are not associated with a plasma 
cell dyscrasia, and generally require only local therapy. Nodular pulmonary 
amyloidosis is often diagnosed after thoracotomy. Most cases of laryngeal 
amyloidosis are found when the patient presents to an otorhinolaryngologist 
with hoarseness and amyloid deposits are found on endoscopic biopsy. Patients 
with localized amyloidosis do not have a demonstrable monoclonal protein 
in the serum or urine and have a normal free light chain ratio. The localized 
amyloidosis found in Alzheimer disease (Chapter 374) is chemically unrelated 
to light chain amyloidosis, and patients with light chain amyloidosis have no 
increased risk of dementia.

protein because the deposited precursor is a mutant form of transthyretin, 
fibrinogen, lysozyme, or apolipoprotein A.

Among the 100 or more transthyretin point mutations,19 one important 
form of familial amyloidosis in the United States is associated with an allele 
in which isoleucine is substituted for valine at position 122 (transthyretin 
Val-122-Ile). Approximately 4% of black Americans carry a heterozygous 
valine-to-isoleucine substitution in the transthyretin protein, which increases 
the risk of incident heart failure by 50% but not the risk of mortality.20 Nev-
ertheless, its recognition has important implications for genetic counseling. 
The Val30Met mutated transthyretin causes a late-onset transthyretin familial 
amyloid polyneuropathy.21 Less common causes of hereditary systemic amy-
loidoses include destabilizing mutations or deletions of lysozyme, apolipoprotein 
AI,22 apolipoprotein AII, apolipoprotein AIV, fibrinogen α chain, gelsolin, 
and cystatin C. Diagnosis, typically by biopsy in the early stages, is essential 
to allow for timely treatment to prevent or delay disease progression. Myo-
cardial radiotracer uptake on bone scintigraphy is greater than 99% sensitive 
and 86% specific for cardiac mutant and wild-type transthyretin amyloidosis, 
with false-positive results almost exclusively from uptake in patients with 
cardiac light chain amyloidosis. Recent recommendations also encourage 
genetic counseling and routine presymptomatic genetic testing.23

Tafamidis (20 to 80 mg daily), which also binds noncooperatively to the 
two thyroxine sites on the tetrameric form of transthyretin and thereby pre-
vents its dissociation into monomers, can slow progression of transthyretin 
amyloid cardiomyopathy and reduce all-cause mortality. A1  Patisiran (generally 
30 mg intravenously every 3 weeks), which is a small interfering RNA drug 
that blocks the production of transthyretin, also can decrease ventricular wall 
thickness, reduce adverse cardiac outcomes, A2  and slow the progression of 
the polyneuropathy. A3  Similarly, inotersen (284 mg subcutaneously weekly) 
also can slow the progression of polyneuropathy and improve quality of  
life. A4  Diflunisal (which is a Food and Drug Administration–approved generic 
nonsteroidal anti-inflammatory drug that complexes to the thyroxine binding 
sites on the tetrameric form of transthyretin, stabilizes it, and thus inhibits 
the release of the transthyretin monomer required for amyloidogenesis) at 
250 mg twice daily can slow the rate of progression of the familial TTR 
amyloidosis–associated polyneuropathy. A5  Selected patients with familial 
amyloidosis and polyneuropathy have benefited from liver transplantation 
because this disease is characterized by systemic accumulation of polymerized 
transthyretin in the peripheral nerves and systemic organs, and liver trans-
plantation stops the major production of amyloidogenic transthyretin.

For transthyretin-related amyloidosis, the median historical survival was 5 
to 15 years depending on the organs involved. The effect of newer medications 
on life expectancy is encouraging but uncertain. The estimated probability of 
10-year survival in patients with familial amyloid polyneuropathy can be as 
high as 90 to 100% after successful liver transplantation.

 SECONDARY SYSTEMIC AMYLOIDOSIS
Systemic secondary amyloidosis is the rarest form of amyloidosis in Western 
countries.24 Previously, it was a consequence of uncontrolled sustained inflam-
mation, usually infectious, and causes included tuberculosis and osteomyelitis. 
Cystic fibrosis, bronchiectasis, decubitus ulcers, and skin abscesses related to 
subcutaneous injection of illicit drugs are modern-day infectious causes. Today 
it occurs primarily in patients with difficult-to-control inflammatory syndromes, 
including Crohn disease, juvenile arthritis, and ankylosing spondylitis. Organ 
damage results from the extracellular deposition of proteolytic fragments of 
the acute phase reactant serum amyloid A as amyloid fibrils. There has been 
a decline in numbers of patients presenting with secondary amyloidosis due 
to rheumatic diseases, at least in part because of the use of disease-modifying 
antirheumatic therapy.

The large majority of these patients present with proteinuria, nephrotic 
syndrome, or renal dysfunction. Diarrhea related to intestinal involvement 
(22%) and thyromegaly (9%) also occurs.

Suppression of the inflammatory process results in regression of tissue 
amyloid deposits. Therefore, monitoring of patients with chronic, active inflam-
matory disease by serial testing of serum amyloid A, C-reactive protein, micro-
albuminemia, proteinuria, and other indicators of amyloid development, as 
well as possibly determination of the SAA1 genotype, can guide management. 
Anti–tumor necrosis factor-α agents have markedly reduced the incidence of 
secondary amyloidosis from inflammatory arthritis. There are familial forms of 
secondary amyloidosis associated with familial periodic fever syndromes, the 
most common being familial Mediterranean fever (Chapter 245) due to muta-
tions in the tumor necrosis factor receptor. Interleukin-1 inhibitors (anakinra) 
have been used successfully in these inherited periodic fever syndromes.
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REVIEW QUESTIONS

1. A 61-year-old man presents to a urologist with hematuria. During cystos-
copy, a mass is found. A biopsy specimen shows dense deposits of amyloid. 
The patient is referred to you for subsequent evaluation. What is the most 
likely next step?
 A. Cardiac biopsy to assess suitability for high-dose chemotherapy and 

stem cell transplantation
 B. Initiation of bortezomib-based chemotherapy
 C. Bone marrow biopsy to determine whether this represents coexistent 

multiple myeloma
 D. Referral back to the urologist for therapy

Answer: D Bladder amyloid is always localized (not associated with systemic 
amyloid). Therefore, the treatment is local and usually involves endoscopic 
therapy of the amyloid deposits. Recurrence is common, and the patient is 
likely to require ongoing monitoring. Computed tomography imaging would 
not add value to the evaluation.

2. A 76-year-old black man is referred to you by a cardiologist after an endo-
myocardial biopsy specimen showed amyloid deposits. The patient was 
seen for dyspnea on exertion that evolved during 24 months. The echo-
cardiogram was clinically suggestive of infiltrative cardiomyopathy. The 
patient has congestive heart failure. Serum and urine immunofixation assays 
were negative, and a free light chain assay showed a normal ratio. What 
should be your next step in the evaluation?
 A. Classify the amyloid by mass spectrometry.
 B. Chemotherapy is urgent in the presence of progressive congestive heart 

failure.
 C. If a bone marrow assay is negative for amyloid deposits, the patient is 

eligible for cardiac transplantation.
 D. Computed tomography imaging of the chest, abdomen, and pelvis should 

be performed to screen for occult amyloid deposits.
Answer: A The absence of serum and urine light chains and a normal light 
chain ratio make light chain amyloidosis highly unlikely. This patient is more 
likely to have non–immunoglobulin-related amyloidosis. Three percent of 
black men have a mutation in transthyretin, which causes late-onset familial 
amyloid cardiomyopathy. At 76 years of age, senile cardiac (systemic) amy-
loidosis is a definite possibility. There is a 1% possibility that this is light chain 
amyloidosis. The evaluation cannot move forward until the type of amyloid 
is identified. Mass spectrometry is the method most likely to provide this 
information (see reference 2). A Tc PYP scan would be very useful to confirm 
TTR cardiac amyloidosis.

3. Your patient with renal amyloidosis read that cerebral amyloid angiopathy 
is found in most patients with Alzheimer disease. The patient is concerned 
that dementia will soon follow. What is your next step?
 A. Referral to a neurologist for neurocognitive studies
 B. Magnetic resonance imaging to look for cerebral amyloid angiopathy
 C. Aspirin therapy to prevent subcortical infarcts
 D. Tell the patient not to worry.

Answer: D The amyloid in Alzheimer disease is composed of amyloid-β 
protein, which is chemically unrelated to immunoglobulin light chains. There 
is no increased risk of Alzheimer disease in the patient.

4. A 58-year-old man is referred to you with endomyocardial biopsy–proven 
amyloidosis. The λ monoclonal protein in the serum is 60 mg/dL. The 
κ/λ free light chain ratio is 0.01. You perform a bone marrow biopsy that 
shows 7% plasma cells. The serum troponin level is 0.08 ng/mL. The 
N-terminal pro–brain natriuretic peptide value is 7800 pg/mL. What is 
your recommendation?
 A. Referral to a transplant center for high-dose therapy
 B. Referral for cardiac transplantation
 C. Referral for conventional chemotherapy
 D. Initiation of digoxin to prevent atrial fibrillation
 E. Referral for consultation in palliative care

Answer: C This patient’s cardiac biomarkers suggest a degree of cardiac dys-
function that is associated with an excessive risk of death during a transplant 
procedure. This patient cannot be considered for cardiac transplantation until the 
underlying hematologic disorder is under control. Even patients with advanced 
cardiac failure can have improvement of cardiac function with appropriate 
systemic chemotherapy. Therapy to prevent atrial fibrillation is not indicated.

5. Which is (are) the most important test(s) for assessing prognosis in a 
patient with light chain amyloidosis?
 A. Troponin
 B. Free light chains
 C. N-terminal pro–brain natriuretic peptide
 D. β2-Microglobulin
 E. Fluorescence in situ hybridization (genetic test)
 F. A through C
 G. B and D
 H. A and C
 I. A through D
 J. A through E

Answer: F The cardiac biomarkers (troponin and N-terminal pro–brain 
natriuretic peptide) determine the prognosis in this disease and are the most 
important tests to perform. Testing for free light chains would complete the 
evaluation of prognosis as a measure of tumor mass. β2-Microglobulin and 
albumin are not important markers for light chain amyloidosis, although they 
are important in multiple myeloma. The role of genetics is presently undefined 
in amyloidosis, and very few patients carry the adverse t(4;14) and −17p 
chromosomal abnormalities seen in myeloma.
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TUMORS OF THE CENTRAL 
NERVOUS SYSTEM
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 INTRACRANIAL TUMORS
 General Approach to Brain Tumors

 EPIDEMIOLOGY
About 75,000 new primary brain tumors and nervous system cancers are 
diagnosed annually in the United States, making central nervous system (CNS) 
tumors as common as melanoma. In contrast, intracranial metastases are five 
times more common than primary brain tumors. More than 120 types of 
primary brain tumors arise from the different cells that make up the CNS 
(Table 180-1). The 2016 World Health Organization (WHO) classification 
has incorporated molecular features into some categories of glioma, ependy-
moma, and embryonal tumors for the first time.1 In addition to the histologic 
and molecular subdivisions, it is often useful to classify a tumor by its intra-
cranial site as well, such as pineal region tumors or pituitary and suprasellar 
tumors. There is no evidence that cell phones increase the risk of primary 
brain tumors.2

 PATHOBIOLOGY
In contrast to tumors arising elsewhere in the body, there is little distinction 
between benign and malignant tumors when they occur in the brain. The 
growth of brain tumors is restricted to the CNS; they rarely if ever metastasize 
to other organs. In the CNS, a malignant tumor is characterized by aggressive 
pathologic features, including local tissue invasion, neovascularity, regional 
necrosis, and cytologic atypia. These features confer a growth advantage to 
malignant cells and lead to rapid expansion and to early regrowth after treat-
ment. Tumors lacking these aggressive histologic features may still continue 
to grow within the CNS, causing progressive neurologic disability, and some 
may acquire a more malignant phenotype over time. The low-grade tumors 
that transform into high-grade neoplasms are primarily the intra-axial tumors 
that cannot be cured by resection because of their diffuse infiltration of brain. 
Almost all truly benign CNS tumors are extra-axial tumors, such as menin-
giomas and acoustic neuromas that can be cured with complete surgical resec-
tion, if feasible.

 CLINICAL MANIFESTATIONS
A patient with a brain tumor can present with one or both of two types of symp-
toms and signs. Generalized symptoms typically reflect the increased intracranial 
pressure (ICP) that often accompanies cerebral tumors, including headache, 
lethargy, personality change, nausea, and vomiting. Lateralizing symptoms reflect 
the specific location of the tumor, including hemiparesis, hemisensory deficits, 
aphasia, visual field impairment, and seizures (Table 180-2).

Most patients have symptoms that progress during a week to a few months. 
A sudden intensification of symptoms may precipitate the patient’s initial visit 
to the physician; however, a careful history usually reveals symptoms that 
predated the acute deterioration and slowly worsened over time. Two excep-
tions are the new appearance of a seizure in a previously asymptomatic indi-
vidual (Chapter 375) and sudden hemorrhage into a tumor.

Symptoms of brain tumors can be produced by tumor invading brain paren-
chyma, tumor and edema compressing brain tissue, cerebrospinal fluid (CSF) 
obstruction caused directly by the tumor or by a shift of brain tissue, and 
herniation. Invasion and compression typically produce focal symptoms, many 
of which can be relieved if the compression is reduced. Obstruction of CSF 
flow and herniation are frequently a consequence of elevated ICP and typically 
produce generalized symptoms of headache, nausea, and vomiting, but they 
can also cause false localizing signs, such as an abducens nerve palsy as a result 
of diffuse increased ICP.

Headache (Chapter 370) is a presenting symptom of approximately 35% of 
brain tumors. It is more common in younger than in older patients and more 
common in patients who have rapidly growing tumors than in those whose 
tumors have evolved slowly (Fig. 180-1). Mental and cognitive abnormali-
ties may be a reflection of local tumor (e.g., aphasia, alexia, agnosia) or of 
general impairment (e.g., lethargy, confusion, word finding difficulty, apathy). 
Seizures affect approximately one third of patients with brain tumors, and 
they are especially common as the presenting and only symptom of a low-
grade tumor. The seizures, which are focal because they originate at the 
site of the tumor, may remain restricted (e.g., focal motor seizures), or they 
may generalize secondarily, producing loss of consciousness, sometimes so 
quickly that the focal signature is missed by the patient or even an observant  
witness.

 DIAGNOSIS
Imaging
Magnetic resonance imaging (MRI) is far superior to computed tomography 
(CT) and should be used in all cases of suspected intracranial tumor. MRI 
should be performed both without and with intravenous administration of 
gadolinium. A well-performed MRI test identifies any intracranial tumor, and 
a normal MRI effectively excludes a neoplasm. Delayed-contrast MRI for 
calculating high-resolution treatment response assessment maps (TRAMs) 
more clearly differentiates tumor from non-tumor-enhancing tissues than does 
conventional MRI.3 The MRI of some extra-axial tumors (e.g., acoustic neu-
romas, meningiomas) is so characteristic that histologic confirmation is not 
required. A non–contrast-enhancing infiltrative lesion that is visible primarily 
on T2-weighted or fluid-attenuated inversion recovery images is most consistent 
with a low-grade glioma (Fig. 180-2), whereas a contrast-enhancing lesion 
with an area of central necrosis and surrounding edema is most likely to be a 
glioblastoma or possibly a brain metastasis.

Perfusion MRI after rapid infusion of gadolinium can measure the rela-
tive cerebral blood volume and neovascularity associated with a tumor; high 
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ABSTRACT
About 75,000 new primary tumors of the central nervous system are diagnosed 
annually in the United States, and five times as many intracranial metastases 
from a wide variety of other primary sites are diagnosed. Both types of tumors 
are addressed in this chapter. The new World Health Organization classifica-
tion of primary brain tumors has incorporated some significant changes, 
particularly including molecular features into some categories of gliomas, 
ependymomas, and embryonal tumors in recognition of their prognostic value. 
Magnetic resonance imaging is far superior to computed tomography in diag-
nosis. The mainstays of therapy are surgery, radiation therapy, and chemotherapy 
and combinations of these modalities. A wealth of controlled clinical trials 
has greatly refined the therapeutic landscape for brain tumors within the past 
five years.
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TABLE 180-1 WORLD HEALTH ORGANIZATION 
CLASSIFICATION OF BRAIN TUMORS*

TUMORS OF NEUROEPITHELIAL TISSUE

Diffuse astrocytic and oligodendroglial tumor
Diffuse astrocytoma, IDH mutant
Diffuse astrocytoma, IDH wild-type
Diffuse astrocytoma, NOS
Anaplastic astrocytoma, IDH mutant
Anaplastic astrocytoma, IDH wild-type
Anaplastic astrocytoma, NOS
Glioblastoma, IDH wild-type
Glioblastoma, IDH mutant
Glioblastoma, NOS
Diffuse midline glioma, H3 K27M mutant
Oligodendroglioma, IDH mutant and 1p/19q codeleted
Oligodendroglioma, NOS
Anaplastic oligodendroglioma, IDH mutant and 1p/19q codeleted
Anaplastic oligodendroglioma, NOS

Other astrocytic tumors
Pilocytic astrocytoma
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma

Ependymal tumors
Ependymoma
Ependymoma, RELA-fusion positive
Anaplastic ependymoma
Myxopapillary ependymoma (spinal tumor)
Subependymoma

Choroid plexus tumors
Choroid plexus papilloma
Atypical choroid plexus papilloma
Choroid plexus carcinoma

Neuronal and mixed neuronal—glial tumors
Gangliocytoma
Dysembryoplastic neuroepithelial tumor
Ganglioglioma
Anaplastic ganglioglioma
Central neurocytoma

Embryonal tumors
Medulloblastoma, genetically defined
Medulloblastoma, histologically defined
Medulloblastoma, NOS

TUMORS OF CRANIAL AND SPINAL NERVES

Schwannoma
Neurofibroma
TUMORS OF MENINGES

Meningioma
Hemangiopericytoma
Hemangioblastoma
PRIMARY CENTRAL NERVOUS SYSTEM LYMPHOMAS

GERM CELL TUMORS

Germinoma
Embryonal carcinoma
Yolk sac tumor (endodermal sinus tumor)
Choriocarcinoma
Teratoma
Mixed germ cell tumors
CYSTS AND TUMOR-LIKE LESIONS

Rathke cleft cyst
Epidermoid cyst
Dermoid cyst
Colloid cyst of the third ventricle
TUMORS OF THE SELLAR REGION

Pituitary adenoma
Pituitary carcinoma
Craniopharyngioma
*Abridged and modified from 2016 World Health Organization classification. Full classification is 
in: Louis DN, Perry A, Reifenberger G, et al. The 2016 World Health Organization classification of 
tumors of the central nervous system. Acta Neuropathol. 2016;131:803-820.
NOS = not otherwise specified.

 PATHOBIOLOGY
In contrast to tumors arising elsewhere in the body, there is little distinction 
between benign and malignant tumors when they occur in the brain. The 
growth of brain tumors is restricted to the CNS; they rarely if ever metastasize 
to other organs. In the CNS, a malignant tumor is characterized by aggressive 
pathologic features, including local tissue invasion, neovascularity, regional 
necrosis, and cytologic atypia. These features confer a growth advantage to 
malignant cells and lead to rapid expansion and to early regrowth after treat-
ment. Tumors lacking these aggressive histologic features may still continue 
to grow within the CNS, causing progressive neurologic disability, and some 
may acquire a more malignant phenotype over time. The low-grade tumors 
that transform into high-grade neoplasms are primarily the intra-axial tumors 
that cannot be cured by resection because of their diffuse infiltration of brain. 
Almost all truly benign CNS tumors are extra-axial tumors, such as menin-
giomas and acoustic neuromas that can be cured with complete surgical resec-
tion, if feasible.

 CLINICAL MANIFESTATIONS
A patient with a brain tumor can present with one or both of two types of symp-
toms and signs. Generalized symptoms typically reflect the increased intracranial 
pressure (ICP) that often accompanies cerebral tumors, including headache, 
lethargy, personality change, nausea, and vomiting. Lateralizing symptoms reflect 
the specific location of the tumor, including hemiparesis, hemisensory deficits, 
aphasia, visual field impairment, and seizures (Table 180-2).

Most patients have symptoms that progress during a week to a few months. 
A sudden intensification of symptoms may precipitate the patient’s initial visit 
to the physician; however, a careful history usually reveals symptoms that 
predated the acute deterioration and slowly worsened over time. Two excep-
tions are the new appearance of a seizure in a previously asymptomatic indi-
vidual (Chapter 375) and sudden hemorrhage into a tumor.

Symptoms of brain tumors can be produced by tumor invading brain paren-
chyma, tumor and edema compressing brain tissue, cerebrospinal fluid (CSF) 
obstruction caused directly by the tumor or by a shift of brain tissue, and 
herniation. Invasion and compression typically produce focal symptoms, many 
of which can be relieved if the compression is reduced. Obstruction of CSF 
flow and herniation are frequently a consequence of elevated ICP and typically 
produce generalized symptoms of headache, nausea, and vomiting, but they 
can also cause false localizing signs, such as an abducens nerve palsy as a result 
of diffuse increased ICP.

Headache (Chapter 370) is a presenting symptom of approximately 35% of 
brain tumors. It is more common in younger than in older patients and more 
common in patients who have rapidly growing tumors than in those whose 
tumors have evolved slowly (Fig. 180-1). Mental and cognitive abnormali-
ties may be a reflection of local tumor (e.g., aphasia, alexia, agnosia) or of 
general impairment (e.g., lethargy, confusion, word finding difficulty, apathy). 
Seizures affect approximately one third of patients with brain tumors, and 
they are especially common as the presenting and only symptom of a low-
grade tumor. The seizures, which are focal because they originate at the 
site of the tumor, may remain restricted (e.g., focal motor seizures), or they 
may generalize secondarily, producing loss of consciousness, sometimes so 
quickly that the focal signature is missed by the patient or even an observant  
witness.

 DIAGNOSIS
Imaging
Magnetic resonance imaging (MRI) is far superior to computed tomography 
(CT) and should be used in all cases of suspected intracranial tumor. MRI 
should be performed both without and with intravenous administration of 
gadolinium. A well-performed MRI test identifies any intracranial tumor, and 
a normal MRI effectively excludes a neoplasm. Delayed-contrast MRI for 
calculating high-resolution treatment response assessment maps (TRAMs) 
more clearly differentiates tumor from non-tumor-enhancing tissues than does 
conventional MRI.3 The MRI of some extra-axial tumors (e.g., acoustic neu-
romas, meningiomas) is so characteristic that histologic confirmation is not 
required. A non–contrast-enhancing infiltrative lesion that is visible primarily 
on T2-weighted or fluid-attenuated inversion recovery images is most consistent 
with a low-grade glioma (Fig. 180-2), whereas a contrast-enhancing lesion 
with an area of central necrosis and surrounding edema is most likely to be a 
glioblastoma or possibly a brain metastasis.

Perfusion MRI after rapid infusion of gadolinium can measure the rela-
tive cerebral blood volume and neovascularity associated with a tumor; high 
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perfusion is associated with higher grade of malignancy. This technique can help 
estimate the tumor grade preoperatively and guide the planning of treatment.

Magnetic resonance spectroscopy noninvasively assesses tissue composi-
tion. High-grade primary brain tumors are associated with a decrease in 
N-acetylaspartate and an increase in choline. More malignant tumors are 
associated with a greater choline/N-acetylaspartate ratio and frequently contain 
areas with elevation of lactate and lipid.

Surgical resection is a major objective in the treatment of almost every kind 
of brain tumor, but resection must be balanced against possible damage to 
adjacent normal brain. The development of functional MRI (fMRI), which 
measures cerebral blood flow when areas of cortex are activated, has greatly 
enhanced the ability to localize critical neurologic functions and their relation-
ship to the tumor preoperatively. When the fMRI is fused with the anatomic 
MRI, essential functions can be identified in relationship to the patient’s tumor, 
and a safer and more complete resection may be planned.

TABLE 180-2 FOCAL CLINICAL MANIFESTATIONS OF  
BRAIN TUMORS

Frontal lobe
Generalized seizures
Focal motor seizures (contralateral)
Expressive aphasia (dominant side)
Behavioral changes
Dementia
Gait disorders, incontinence
Hemiparesis (contralateral)

Basal ganglia
Hemiparesis (contralateral)
Movement disorders (rare)

Parietal lobe
Receptive aphasia (dominant side)
Spatial disorientation (nondominant side)
Cortical sensory dysfunction (contralateral)
Hemianopia (contralateral)
Agnosias

Occipital lobe
Hemianopia (contralateral)
Visual disturbances (unformed)

Temporal lobe
Complex partial (psychomotor) seizures
Generalized seizures
Behavioral changes
Olfactory and complex visual auras
Language disorder (dominant side) 
Visual field defect

Corpus callosum
Dementia (anterior)
Memory loss (posterior)
Behavioral changes
Asymptomatic (middle)

Thalamus
Sensory loss (contralateral)
Behavioral changes
Language disorder (dominant side)

Midbrain/pineal
Paresis of vertical eye movement
Pupillary abnormalities
Precocious puberty (boys)

Sella/optic nerve/pituitary
Endocrinopathy
Bitemporal hemianopia
Monocular visual defects
Ophthalmoplegia (cavernous sinus)

Pons/medulla
Cranial nerve dysfunction
Ataxia, nystagmus
Weakness, sensory loss
Spasticity

Cerebellopontine angle
Deafness (ipsilateral)
Loss of facial sensation (ipsilateral)
Facial weakness (ipsilateral)
Ataxia

Cerebellum
Ataxia (ipsilateral or gait)
Nystagmus

FIGURE 180-1. Meningioma. Computed tomography scan with contrast enhancement 
of a meningioma in a patient who presented with mild cognitive deficits, illustrative of 
the size that a slow-growing tumor can attain in the brain. The tumor was completely 
resected. 

FIGURE 180-2. Glioma. magnetic resonance imaging of a low-grade glioma. Left, 
T2-weighted image. Right, T1-weighted image, gadolinium contrast with minimum 
enhancement. The images are typical of this tumor, which is being detected with increas-
ing frequency by magnetic resonance imaging in seizure patients. many are invisible on 
computed tomography scans. 

On positron emission tomography (PET), high-grade tumors are usually 
hypermetabolic, whereas low-grade tumors are hypometabolic. New technolo-
gies using 11C-methionine PET may differentiate low- from high-grade gliomas 
much more efficiently than deoxyglucose PET.

CT, without and with intravenous administration of contrast material, should 
be used only for patients who cannot undergo MRI. A CT scan, even with 
the administration of contrast material, may miss low-grade tumors and tumors 
in the posterior fossa.

Angiography no longer has a diagnostic role, but angiographic embolization 
is occasionally useful preoperatively to reduce the vascularity of some menin-
giomas, thereby making a complete resection safer.

Other Tests
Electroencephalography can be useful in a brain tumor patient who has pro-
longed or unexplained confusion or stupor and in whom nonconvulsive status 
epilepticus is a consideration. Intraoperative monitoring is used frequently 
to help guide resection of epileptogenic cortex adjacent to or within brain 
tumor tissue or to perform intra-operative mapping of critical functions to 
facilitate a safe, complete resection.

CSF analysis has little role in the diagnosis of most intracranial neoplasms. 
In primary CNS lymphoma (Chapter 176), the diagnosis may be established 
on CSF cytologic examination in about 15% of patients. The sensitivity of 

TREATMENT 
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TABLE 180-3 DIFFERENTIAL DIAGNOSIS OF  
INTRACRANIAL TUMORS

Infection
Brain abscess

Bacterial
Fungal
Parasitic (e.g., cysticercosis)

Herpes encephalitis
Vascular disease

Stroke
Intracranial hemorrhage

Inflammatory conditions
Granuloma (sarcoid)
Multiple sclerosis: tumefactive single large lesion

Vascular malformations
Cavernous angiomas
Venous angiomas

Congenital abnormalities
Cortical dysplasia
Heterotopia

TABLE 180-4 TREATMENT OF BRAIN TUMORS
SYMPTOMATIC

Glucocorticoids
Antiepileptics
Venous thromboembolism prophylaxis and treatment
DEFINITIVE

Surgery
Goal is gross total excision

Radiation therapy
Standard external beam

Fractionated
Usually focal

Stereotactic radiosurgery
Chemotherapy

Limited by intrinsic drug resistance and blood-brain barrier

The treatment for all brain tumors can be divided into two main categories: 
symptomatic and definitive (Table 180-4). Symptomatic treatment addresses 
the associated problems, such as cerebral edema, seizures, and thromboembolic 
disease, which can contribute substantially to clinical symptoms. Definitive 
treatment addresses the tumor itself.

Symptomatic Treatment
Symptomatic management includes the use of corticosteroids, anticonvul-

sants, and prophylaxis for deep vein thrombosis (Chapter 74). Corticosteroids 

TREATMENT 

CSF cytology in the diagnosis of CNS lymphoma increases when it is com-
bined with flow cytometry and is further enhanced by immunophenotypic 
and molecular genetic analyses of the CSF. Rarely, a lumbar puncture is required 
to exclude inflammatory conditions or other processes that may be confused 
with a primary brain tumor. Lumbar puncture must be avoided in patients 
with cerebellar tumors because the release of pressure through the spinal 
needle may result in herniation of the cerebellar tonsils through the foramen 
magnum.

Differential Diagnosis
Patients who present with symptoms of raised ICP or the new onset of central 
neurologic symptoms, such as hemiparesis or seizure, should be evaluated 
rapidly. Prompt neuroimaging discloses a mass, and the radiographic features 
narrow the differential diagnosis (Table 180-3). Extra-axial tumors, such as a 
meningioma or acoustic neuroma, can be confused with a dural metastasis. 
Low-grade intra-axial tumors, which are nonenhancing on MRI, have been 
confused with infections such as herpes encephalitis when they involve the 
temporal lobe. Contrast-enhancing intra-axial tumors can be confused with 
a stroke, brain abscess, or focal plaque of demyelination. Subacute infarc-
tion can show brisk contrast enhancement, usually in a gyral pattern, unlike 
brain tumors in which enhancement is primarily in the white matter; however, 
the two are occasionally indistinguishable radiographically. Brain abscesses 
typically have a thinner enhancing wall than a malignant tumor and have 
restricted diffusion. Despite careful evaluation, patients thought to have a 
malignant glioma occasionally are found at surgery to have a brain abscess. 
A single large plaque of demyelination can also be confused radiographically 
with a brain tumor, and sometimes the diagnosis can be established only  
by biopsy.

When MRI suggests a primary brain tumor, there is no need for an extensive 
systemic search for a possible source of metastasis. Brain metastases are more 
common than primary brain tumors, but most occur in patients with known 
cancer, typically with active systemic disease. If an obvious systemic cancer 
is not revealed by a thorough physical examination, chest radiograph, routine 
blood tests, and urinalysis, the patient should proceed to craniotomy. Even if 
a brain metastasis is found at surgery, resection of a single brain metastasis is 
the appropriate treatment, and the pathologic examination of the lesion guides 
the subsequent search for the primary tumor.

decrease the vasogenic edema that surrounds primary and metastatic brain 
tumors. Blood vessels associated with tumor formation are leaky and do not 
share the normal morphologic and physiologic features that form the blood-
brain barrier; corticosteroids effectively reconstitute the blood-brain barrier by 
decreasing the abnormal permeability of these neovessels. Clinical improvement 
may begin within minutes, and frequently patients are dramatically improved 
within 24 to 48 hours.

Dexamethasone is the most commonly used glucocorticoid because it has 
the least mineralocorticoid activity. The usual starting dose is 8 to 12 mg/day, 
but this can be adjusted to find the lowest possible dose that alleviates neu-
rologic symptoms. After definitive treatment is instituted, many patients can 
be tapered off their corticosteroid completely. Chronic high-dose corticosteroid 
therapy is associated with substantial side effects (Chapter 32) and should be 
avoided if possible. Patients who will be taking glucocorticoids for 6 weeks or 
longer should receive prophylaxis against Pneumocystis jiroveci (formerly  
Pneumocystis carinii; Chapter 321).

Anticonvulsants are administered to any patient who has had a seizure, but 
prophylactic anticonvulsants should not be prescribed for patients who have 
never had a seizure, except in the immediate perioperative period. A1  A taper 
should begin 2 to 3 weeks after craniotomy.

Venous thromboembolism, which occurs in about 25% of patients with brain 
tumors, can occur early in the illness or at any time during treatment. All patients 
undergoing neurosurgery should have pneumatic compression boots in the 
postoperative period to reduce the incidence of venous thromboembolism. 
Prophylactic anticoagulants have also been used successfully in the immediate 
postoperative period without increasing postoperative hemorrhage. Appropri-
ately regulated anticoagulation (Chapter 76) is the optimal therapy for deep 
vein thrombosis and is not associated with an increased risk for intracerebral 
hemorrhage in patients with intracranial tumors. A matched, retrospective 
cohort study reported that enoxaparin at therapeutic doses (1 mg/kg twice 
daily or 1.5 mg/kg daily) does not increase the risk for intracranial hemorrhage 
in patients with brain metastases.4 Inferior vena cava filters can be used for 
patients who have deep vein thrombi or pulmonary emboli and who cannot 
be fully anticoagulated.

Definitive Treatment
surgery

Complete excision is the goal for a primary brain tumor. Surgical excision 
can often be accomplished for primary extra-axial tumors, such as meningiomas 
and acoustic neuromas, unless their intracranial location makes resection impos-
sible. Tumors of the skull base are particularly difficult to remove, and partial 
resection for decompression is often performed to preserve neurologic function. 
The safe boundaries for resecting cortical lesions while preserving function 
can often be elucidated by preoperative fMRI and intraoperative cortical mapping. 
However, lesions involving critical structures, such as the brain stem or thalamus, 
cannot be excised safely.

Lesions that cannot be resected are still amenable to biopsy for diagnostic 
purposes. Stereotactic biopsy can reach lesions in almost any area of the brain 
with minimal morbidity. The risks of stereotactic biopsy include inadequate 
tissue sample to make a diagnosis; a tissue sample that does not accurately 
reflect the most malignant grade of the tumor; and a procedure-related com-
plication, such as hemorrhage. Hemorrhage that causes neurologic impair-
ment occurs in only 2% of stereotactic biopsies, typically in patients with  
glioblastoma.

Complete excision can cure an extra-axial primary brain tumor and is associ-
ated with prolonged survival and better neurologic outcome even in patients 
with primary intra-axial tumors. Gross total excision, as measured by postopera-
tive neuroimaging, is associated with prolonged survival in patients with malig-
nant and lower grade gliomas. However, most low-grade gliomas are not 
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FIGURE 180-3. Skull base meningioma. a post-gadolinium coronal magnetic resonance 
image demonstrating a small left meningioma arising from the clinoid. 

they grow so slowly that the brain accommodates to the progressive compres-
sion. Meningiomas typically occur in specific locations: over the convexity, 
along the falx and parasagittal area, in the olfactory groove, at the base of the 
skull near the sphenoid bone, in the cavernous sinus (Fig. 180-3), in the cer-
ebellopontine angle, and in the foramen magnum. Cortical and parasagittal 
tumors typically are manifested with seizures or progressive hemiparesis. 
Tumors in the anterior cranial fossa can cause slowly progressive cognitive 
and personality changes. Meningiomas at the base of the skull are manifested 
with cranial neuropathies and gait difficulties when there is brain stem com-
pression. Frequently, tumors are completely asymptomatic and are identified 
on neuroimaging done for another purpose, such as head trauma.

On MRI, meningiomas have a characteristic appearance consisting of a 
diffusely enhancing, dural-based lesion that is associated with a thin enhancing 
dural tail extending from the tumor. The radiographic features are often so 
characteristic that surgery is performed for therapeutic purposes only. The 
radiographic differential diagnosis includes the less common hemangioperi-
cytoma and dural metastasis. Most meningiomas are not accompanied by 
significant edema, but marked edema is seen with high-grade malignant lesions 
or the secretory variant.

If small meningiomas are discovered in the absence of clinical symptoms 
or the symptoms are minor, lesions may be monitored with serial images 
because growth can be so slow.

or accompanied by tinnitus and a sensation of dizziness or unsteadiness but 
not true vertigo.8 The slow, progressive enlargement of the tumor produces 
ipsilateral facial numbness or weakness by compressing the fifth or seventh 
cranial nerve, respectively. Tumors originate within the internal auditory meatus 
but grow out of the acoustic canal and into the cerebellopontine angle, where 
they can compress the brain stem and cause ataxia and ipsilateral cerebellar 
signs. Cranial MRI with gadolinium delineates even small acoustic neuromas 
with ease (Fig. 180-4).

Treatment is often surgical; stereotactic radiosurgery may be an alternative 
for lesions smaller than 3 cm. It is preferable to treat the tumors when they 
are small to preserve facial nerve function and hearing.

 Pituitary Adenomas
Pituitary adenomas (Chapter 211) can be classified according to their size as 
microadenomas (<1 cm in diameter) or macroadenomas; by the presence or 
absence of endocrine function; and by the endocrinologic or neurologic syn-
dromes caused by tumor compression. Microadenomas typically manifest 
with endocrine symptoms as described in Chapter 211. As pituitary tumors 
enlarge and become macroadenomas, they compress the surrounding neural 
structures, including the optic chiasm and optic nerves, typically causing 
bitemporal hemianopia and occasionally causing unilateral visual loss. Mac-
roadenomas are frequently nonsecreting but destroy pituitary tissue, causing 
panhypopituitarism. Rarely, pituitary tumors manifest with the abrupt onset 
of headache, ophthalmoplegia, unilateral blindness, and even a depressed level 
of alertness or coma—a syndrome of pituitary apoplexy caused by hemorrhage 
or infarction.

Cranial MRI, particularly with coronal images and gadolinium administra-
tion, can completely outline the pituitary tumor and surrounding neural 
structures. All microadenomas and some macroadenomas can be treated with 
transsphenoidal pituitary surgery, which is associated with minimal morbidity. 
On occasion, residual or recurrent tumor necessitates radiation therapy. Some 
hormone-secreting tumors, particularly prolactinomas or growth hormone–
secreting tumors, can be treated medically with cabergoline or somatostatin 
analogues such as octreotide, respectively (Chapter 211). These medications 
not only correct the hormonal excess but also shrink the tumor; they must 
be taken for life.

Other tumors in the pituitary and suprasellar region include craniopharyn-
giomas, suprasellar epidermoid cysts, Rathke cleft cysts, germinomas (discussed 
later), and lymphocytic hypophysitis, which is a benign inflammatory condi-
tion that usually is manifested with diabetes insipidus (Chapter 212). MRI 
frequently differentiates these conditions, which are usually suprasellar and 
erode into the pituitary fossa only secondarily. Some of these lesions also have 
characteristic radiographic features. These lesions are benign. Except for 
hypophysitis, which resolves completely with corticosteroid treatment (e.g., 
methylprednisolone 120 mg daily for 2 weeks and then tapered for 1 additional 
week), complete surgical excision is the curative therapy.

If treatment is indicated, complete resection is often curative, but even com-
pletely resected benign tumors may recur (as many as 20% in some series), so 
radiologic follow-up is essential. A2  Tumors at the base of the skull often cannot 
be resected completely and tend to recur despite successive attempts at surgi-
cal resection.6 Stereotactic radiosurgery may be an alternative to surgery if the 
lesion is small or there is progressive or residual tumor. External beam radiation 
therapy may slow progression of recurrent lesions and is essential for the treat-
ment of malignant meningiomas. No effective chemotherapy has yet been 
identified.7

TREATMENT 

 Other Extra-Axial Tumors
Pineal region tumors all have a characteristic clinical presentation that includes 
Parinaud syndrome, which consists of paresis of upward gaze, poor pupillary 
reaction to light with brisk reaction on accommodation, impairment of con-
vergence, and convergence-retraction nystagmus. Some of these lesions may 
also cause hydrocephalus and symptoms of increased ICP. Pineal region tumors 
include pineal parenchymal tumors, such as pineocytomas and the more 
aggressive pineoblastomas, and germ cell tumors, including germinomas and 
nongerminomatous germ cell tumors. Germinomas can be completely cured 
with focal radiation therapy, whereas nongerminomatous germ cell tumors 
are more aggressive and frequently relapse despite chemotherapy plus cranial 
irradiation.

Chordomas are rare tumors of residual notochordal tissue. They usually 
occur at the base of the skull, are locally invasive, and are characterized by 
multiple recurrences despite surgery and radiation therapy; proton radiotherapy 
may be recommended for lesions at the skull base that are adjacent to critical 
structures. Chordomas are characterized by overexpression of the transcrip-
tion factor brachyury. They also have activation of several receptor tyrosine 
kinases with overactivation of the downstream pathways, specifically the PI3K/
AKT mTOR pathway. Inhibitors of the epidermal growth factor receptor and 
platelet-derived growth factor β have each been reported to produce responses 
and clinical benefit in patients with recurrent disease. PI3K/AKT/mTOR 
inhibitors are under investigation.

Lipomas are benign tumors that can occur in midline structures, particularly 
near the corpus callosum. They can be cured by complete removal.

Arachnoid cysts are not tumors but can manifest with headache, seizures, 
or focal neurologic symptoms if they become large enough to compress under-
lying brain tissue. Many are completely asymptomatic and are found incidentally 
on neuroimaging. Only symptomatic cysts require removal.

 PRIMARY INTRA-AXIAL TUMORS
Most primary intra-axial brain tumors are gliomas, including the astrocytomas, 
oligodendrogliomas, and ependymomas.9 Less common are medulloblastomas, 
other rare neuroectodermal tumors, and primary CNS lymphomas. All of 
these tumors have a tendency to invade brain tissue, and none can be com-
pletely excised surgically.

 Glioma

 DEFINITION
The 2016 WHO classification (see Table 180-1) dramatically affected the 
definition of the gliomas. While the original distinction of an astrocytoma 
and an oligodendroglioma along with pathologic grades II to IV remains intact, 
all gliomas, especially the lower grade lesions (II and III), are now defined by 
their molecular profile because a few molecular features are better determinants 
of prognosis than classic histology alone. The presence of a mutation in iso-
citrate dehydrogenase 1 or 2 genes (IDH1 and IDH2) is usually associated 
with a lower grade glioma and not a glioblastoma, and the presence of 1p/19q 
codeletion is required for the designation of an oligodendroglioma. An IDH 
mutation induces a hypermethylation state and is a driver mutation for these 
gliomas. The WHO provides diagnostic guidance for when such testing is 
unavailable or inconclusive, by enabling the pathologist to designate the classic 
histologic pattern and grade and indicating the absence of molecular certainty 
by inserting the designation of not otherwise specified (NOS). All grades II 
to IV gliomas are diffuse and infiltrate widely into the brain, and the lower 
grade lesions may progress to higher grade tumors over time. Grade I lesions 
such as the pilocytic astrocytoma are extremely low-grade focal tumors that 
have a separate designation; they are more common in children, may be asso-
ciated with neurofibromatosis type 1, and are often cured by complete surgical 
excision.

 EPIDEMIOLOGY
Gliomas occur at any age, but the peak age is 20 to 30 years for grade II lesions, 
40 years for grade III tumors, and 55 to 60 years for glioblastoma. Age is the 
single most important clinical prognostic factor; younger patients live sub-
stantially longer than older patients. Performance status, duration of symptoms, 
and whether a complete resection has been achieved are also strong predictors 
of improved outcome and prolonged survival. For all grades of glioma, men 
are more frequently affected than women, and whites are significantly more 
frequently affected than blacks. Gliomas are typically single lesions, but mul-
tifocal disease is seen in approximately 5% of patients with high-grade tumors.

amenable to gross total excision, and usually only partial excision is feasible. 
Macroscopic tumor can frequently be removed completely in patients with 
high-grade gliomas, but there is always remaining microscopic disease that 
infiltrates surrounding brain.

Some tumors, such as brain stem gliomas, are in such critical locations that 
biopsy is not attempted. Their characteristic radiographic appearance permits 
diagnosis and initiation of medical treatment.

radiation Therapy
A course of external beam radiation therapy is delivered in small daily frac-

tions to a total cumulative dose usually between 45 and 60 Gy. Dividing the 
treatment into small daily fractions permits sublethal repair in normal tissues 
and markedly reduces neurologic toxicity associated with cerebral irradiation. 
External beam radiation, which is the most effective nonsurgical treatment 
of brain tumors, doubles median survival time of patients with malignant 
primary brain tumors or metastatic lesions. It can also be useful for recurrent 
meningiomas and acoustic neuromas. However, it only rarely cures any of these 
lesions, and most patients develop recurrent disease despite maximal radiation  
therapy.

Stereotactic radiosurgery delivers high fractions of focused radiation therapy 
that spare normal surrounding tissue. The technique is limited to tumors that 
are 3 cm in diameter or smaller and is less useful for malignant gliomas because 
of their infiltrative nature.

The neurologic complications of radiation therapy, which are usually 
observed in patients months to years after completion of treatment, include 
radionecrosis, dementia, and leukoencephalopathy. The incidence is reported 
as less than 5%, and most patients die of their brain tumor before the delayed 
consequences of treatment can be observed. However, in long-term survivors 
(e.g., patients with lower grade glioma or children with medulloblastoma), 
the late consequences of radiation therapy are important. Dementia accom-
panying radiation-induced leukoencephalopathy can progress and result 
in severe neurologic impairment. Radionecrosis can mimic recurrent tumor 
with a large contrast-enhancing lesion on MRI. Corticosteroids can reduce 
the edema and sometimes are sufficient to treat small areas of radionecro-
sis. However, if the lesion is sufficiently large, resection may be required to 
decompress the mass and reduce the steroid requirements. Laser intersti-
tial thermal therapy is also a possible therapeutic approach for intractable  
radionecrosis.

Chemotherapy
Chemotherapy for brain tumors has usually been disappointing because of 

the intrinsic resistance of these tumors to most conventional agents. Carboplatin 
and cisplatin are active agents against medulloblastoma, even when the tumor 
is disseminated in the CSF. Temozolomide (150 to 200 mg/m2 for 5 days every 
4 weeks) is active in all gliomas, and high-dose methotrexate (3 to 8 g/m2 for 
3 to 12 months) is effective for primary CNS lymphoma. For patients with glio-
blastoma, polymers impregnated with carmustine (BCNU) and placed in a 
resection cavity offer modest benefit compared with no chemotherapy, but 
they are associated with local tissue injury and edema.

 Specific Types of Brain Tumors
 PRIMARY EXTRA-AXIAL TUMORS
The most common primary extra-axial tumors are meningiomas, pituitary 
adenomas, and acoustic neuromas. These tumors arise within the intracranial 
cavity but are not tumors of brain tissue. Almost all are benign; because the 
brain is rarely invaded, complete excision often enables cure with full recovery 
of neurologic function. These tumors produce neurologic symptoms and signs 
by compressing the underlying brain; however, edema of the underlying brain 
is infrequent, so glucocorticoids have a limited role.

 Meningiomas

 EPIDEMIOLOGY
Meningiomas are usually benign. Between 10 and 15% of meningiomas are 
atypical or malignant variants with a more aggressive course. Meningiomas 
are more common in women, may be multiple in about 10% of patients with 
sporadic meningioma, and are occasionally part of a familial syndrome. They 
occur with increased frequency in patients with neurofibromatosis type 2. 
NF2 inactivation is seen in approximately 50% of sporadic tumors, and muta-
tions in AKT1, SMO, and TRAF7 have also been identified.

 DIAGNOSIS
Meningiomas grow slowly and produce symptoms that are insidious in onset 
and typically slowly progressive.5 Tumors can reach a considerable size, but 

 Acoustic Neuromas
Acoustic neuromas (Chapter 400), better called vestibular schwannomas, are 
benign tumors that arise from the eighth cranial nerve. Acoustic neuromas 
are twice as common in women as in men; the peak age is between 40 and 
60 years. Sporadic vestibular schwannomas are unilateral; bilateral acoustic 
neuromas are pathognomonic of neurofibromatosis type 2 (Chapter 389).

Acoustic neuromas usually arise from the vestibular portion of the nerve 
and typically are manifested with unilateral hearing loss, sometimes preceded 



CHAPTER 180 Tumors of The CenTral nervous sysTem 1265

or accompanied by tinnitus and a sensation of dizziness or unsteadiness but 
not true vertigo.8 The slow, progressive enlargement of the tumor produces 
ipsilateral facial numbness or weakness by compressing the fifth or seventh 
cranial nerve, respectively. Tumors originate within the internal auditory meatus 
but grow out of the acoustic canal and into the cerebellopontine angle, where 
they can compress the brain stem and cause ataxia and ipsilateral cerebellar 
signs. Cranial MRI with gadolinium delineates even small acoustic neuromas 
with ease (Fig. 180-4).

Treatment is often surgical; stereotactic radiosurgery may be an alternative 
for lesions smaller than 3 cm. It is preferable to treat the tumors when they 
are small to preserve facial nerve function and hearing.

 Pituitary Adenomas
Pituitary adenomas (Chapter 211) can be classified according to their size as 
microadenomas (<1 cm in diameter) or macroadenomas; by the presence or 
absence of endocrine function; and by the endocrinologic or neurologic syn-
dromes caused by tumor compression. Microadenomas typically manifest 
with endocrine symptoms as described in Chapter 211. As pituitary tumors 
enlarge and become macroadenomas, they compress the surrounding neural 
structures, including the optic chiasm and optic nerves, typically causing 
bitemporal hemianopia and occasionally causing unilateral visual loss. Mac-
roadenomas are frequently nonsecreting but destroy pituitary tissue, causing 
panhypopituitarism. Rarely, pituitary tumors manifest with the abrupt onset 
of headache, ophthalmoplegia, unilateral blindness, and even a depressed level 
of alertness or coma—a syndrome of pituitary apoplexy caused by hemorrhage 
or infarction.

Cranial MRI, particularly with coronal images and gadolinium administra-
tion, can completely outline the pituitary tumor and surrounding neural 
structures. All microadenomas and some macroadenomas can be treated with 
transsphenoidal pituitary surgery, which is associated with minimal morbidity. 
On occasion, residual or recurrent tumor necessitates radiation therapy. Some 
hormone-secreting tumors, particularly prolactinomas or growth hormone–
secreting tumors, can be treated medically with cabergoline or somatostatin 
analogues such as octreotide, respectively (Chapter 211). These medications 
not only correct the hormonal excess but also shrink the tumor; they must 
be taken for life.

Other tumors in the pituitary and suprasellar region include craniopharyn-
giomas, suprasellar epidermoid cysts, Rathke cleft cysts, germinomas (discussed 
later), and lymphocytic hypophysitis, which is a benign inflammatory condi-
tion that usually is manifested with diabetes insipidus (Chapter 212). MRI 
frequently differentiates these conditions, which are usually suprasellar and 
erode into the pituitary fossa only secondarily. Some of these lesions also have 
characteristic radiographic features. These lesions are benign. Except for 
hypophysitis, which resolves completely with corticosteroid treatment (e.g., 
methylprednisolone 120 mg daily for 2 weeks and then tapered for 1 additional 
week), complete surgical excision is the curative therapy.

FIGURE 180-4. Acoustic neuroma. a post-gadolinium magnetic resonance image 
demonstrating a large right acoustic neuroma. The origin can be seen in the acoustic 
canal, but the tumor has grown into the cerebellopontine angle, where it is compressing 
the brain stem. 

 Other Extra-Axial Tumors
Pineal region tumors all have a characteristic clinical presentation that includes 
Parinaud syndrome, which consists of paresis of upward gaze, poor pupillary 
reaction to light with brisk reaction on accommodation, impairment of con-
vergence, and convergence-retraction nystagmus. Some of these lesions may 
also cause hydrocephalus and symptoms of increased ICP. Pineal region tumors 
include pineal parenchymal tumors, such as pineocytomas and the more 
aggressive pineoblastomas, and germ cell tumors, including germinomas and 
nongerminomatous germ cell tumors. Germinomas can be completely cured 
with focal radiation therapy, whereas nongerminomatous germ cell tumors 
are more aggressive and frequently relapse despite chemotherapy plus cranial 
irradiation.

Chordomas are rare tumors of residual notochordal tissue. They usually 
occur at the base of the skull, are locally invasive, and are characterized by 
multiple recurrences despite surgery and radiation therapy; proton radiotherapy 
may be recommended for lesions at the skull base that are adjacent to critical 
structures. Chordomas are characterized by overexpression of the transcrip-
tion factor brachyury. They also have activation of several receptor tyrosine 
kinases with overactivation of the downstream pathways, specifically the PI3K/
AKT mTOR pathway. Inhibitors of the epidermal growth factor receptor and 
platelet-derived growth factor β have each been reported to produce responses 
and clinical benefit in patients with recurrent disease. PI3K/AKT/mTOR 
inhibitors are under investigation.

Lipomas are benign tumors that can occur in midline structures, particularly 
near the corpus callosum. They can be cured by complete removal.

Arachnoid cysts are not tumors but can manifest with headache, seizures, 
or focal neurologic symptoms if they become large enough to compress under-
lying brain tissue. Many are completely asymptomatic and are found incidentally 
on neuroimaging. Only symptomatic cysts require removal.

 PRIMARY INTRA-AXIAL TUMORS
Most primary intra-axial brain tumors are gliomas, including the astrocytomas, 
oligodendrogliomas, and ependymomas.9 Less common are medulloblastomas, 
other rare neuroectodermal tumors, and primary CNS lymphomas. All of 
these tumors have a tendency to invade brain tissue, and none can be com-
pletely excised surgically.

 Glioma

 DEFINITION
The 2016 WHO classification (see Table 180-1) dramatically affected the 
definition of the gliomas. While the original distinction of an astrocytoma 
and an oligodendroglioma along with pathologic grades II to IV remains intact, 
all gliomas, especially the lower grade lesions (II and III), are now defined by 
their molecular profile because a few molecular features are better determinants 
of prognosis than classic histology alone. The presence of a mutation in iso-
citrate dehydrogenase 1 or 2 genes (IDH1 and IDH2) is usually associated 
with a lower grade glioma and not a glioblastoma, and the presence of 1p/19q 
codeletion is required for the designation of an oligodendroglioma. An IDH 
mutation induces a hypermethylation state and is a driver mutation for these 
gliomas. The WHO provides diagnostic guidance for when such testing is 
unavailable or inconclusive, by enabling the pathologist to designate the classic 
histologic pattern and grade and indicating the absence of molecular certainty 
by inserting the designation of not otherwise specified (NOS). All grades II 
to IV gliomas are diffuse and infiltrate widely into the brain, and the lower 
grade lesions may progress to higher grade tumors over time. Grade I lesions 
such as the pilocytic astrocytoma are extremely low-grade focal tumors that 
have a separate designation; they are more common in children, may be asso-
ciated with neurofibromatosis type 1, and are often cured by complete surgical 
excision.

 EPIDEMIOLOGY
Gliomas occur at any age, but the peak age is 20 to 30 years for grade II lesions, 
40 years for grade III tumors, and 55 to 60 years for glioblastoma. Age is the 
single most important clinical prognostic factor; younger patients live sub-
stantially longer than older patients. Performance status, duration of symptoms, 
and whether a complete resection has been achieved are also strong predictors 
of improved outcome and prolonged survival. For all grades of glioma, men 
are more frequently affected than women, and whites are significantly more 
frequently affected than blacks. Gliomas are typically single lesions, but mul-
tifocal disease is seen in approximately 5% of patients with high-grade tumors.
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concurrently with radiation therapy and followed by adjuvant temozolomide 
(150 to 200 mg/m2 for 5 consecutive days every 4 weeks for six cycles), sig-
nificantly improved survival (median, 14.6 months) compared with radiation 
therapy alone (median, 12.1 months; P < .001), and the 2-year survival rate 
more than doubled to 26.5%. Patients whose tumors contained a methylated 
promoter of the O6-methylguanine-DNA methyltransferase (MGMT) DNA 
repair gene benefited most from the addition of temozolomide. In glioblastoma 
patients who had received standard radiochemotherapy, the addition of tumor-
treating fields to maintenance temozolomide (vs. maintenance temozolomide 
alone) was associated with improvement in progression-free survival and overall 
survival. A4  Temozolomide also benefits patients with newly diagnosed 1p/10q 
non-deleted anaplastic gliomas. A5  On the basis of these data, combined treatment 
is the current standard of care for patients with glioblastoma. Chemotherapy is 
generally well tolerated and associated with minimal toxicity. Elderly patients 
often do poorly, but a randomized trial showed that a short course of radia-
tion therapy plus temozolomide prolonged survival (9.3 vs 7.6 months) over 
radiotherapy alone, particularly in those whose tumor showed methylation 
of the MGMT promoter. A6  In the Nordic randomized phase III trial, hypo-
fractionated radiotherapy was superior in outcomes over standard radiation 
therapy in elderly patients with glioblastoma, especially those older than 70 
years. Temozolomide can be combined with a device that delivers low-intensity, 
alternating electrical fields (tumor-treating fields) that damage rapidly dividing 
cells, as noted previously. The addition of tumor-treating fields to mainte-
nance temozolomide chemotherapy significantly prolongs progression-free and 
overall survival. A7  The addition of bevacizumab (an antivascular endothelial 
growth factor molecule, initially at 10 mg/kg intravenously every 2 weeks) 
may further improve progression-free survival, but it does not prolong overall  
survival. A8 

,
 A9  Likewise, treatment of glioblastoma patients with disease pro-

gression after chemoradiation with the established nitrosourea, lomustine, 
plus bevacizumab did not confer a survival advantage over treatment with 
lomustine alone. A10  Recurrences can be treated with re-resection, additional 
chemotherapy11 or, occasionally, stereotactic radiosurgery, or a combination 
of these. Despite aggressive treatment, disease recurs in almost all patients, 
and the median survival time is 15 months for glioblastoma.

Patients with grades II and III astrocytic gliomas, IDH wild-type have a 
prognosis comparable to those with glioblastoma. There are no data to guide 
treatment decisions based on this molecular information. However, patients 
with clinical high-risk, low-grade gliomas (age >40 years and incomplete resec-
tion) have prolonged survival (13.3 vs. 7.8 years) with radiotherapy plus 
chemotherapy compared with radiotherapy alone. A11  This study was performed 
without knowing the IDH status of the enrolled patients. However, radiotherapy 
plus chemotherapy is increasingly the standard approach to clinical and molecu-
lar poor-risk low-grade gliomas.

 Optic and Brain Stem Glioma
Optic gliomas, which can involve the optic nerve or optic chiasm, are usually 
associated with neurofibromatosis type 1. These gliomas are typically pilocytic 
tumors that can have an indolent course including rare spontaneous regres-
sion. They are often not amenable to surgical resection, and they can have a 
stuttering clinical course, with periods of visual loss punctuated by prolonged 
periods of visual stability. When necessary, radiation therapy or even chemo-
therapy may be useful, but often no treatment is required. Brain stem gliomas 
usually involve the pons and less often the medulla or midbrain. Brain stem 
gliomas are most commonly seen in children in the first decade of life but can 
be found even in elderly people; they can have a low-grade or high-grade 
histology, but outcome is primarily determined by the location of the tumor. 
In general, most brain stem gliomas have a dismal outcome with survival of 
1 year or less, but relatively benign variants occasionally occur, especially in 
adults with tumors in the medulla or midbrain.

 Lower Grade Astrocytoma, IDH Mutant, and All Oligodendrogliomas
Lower grade astrocytomas, IDH mutant, and oligodendrogliomas have a vari-
able course, with the oligodendrogliomas being more indolent. These young 
adults often present with isolated seizures that can be controlled easily with 
antiepileptics. Both the timing and type of treatment have been uncertain. 
Older studies demonstrated that treatment with radiation therapy or chemo-
therapy immediately after surgery may prolong progression-free but not overall 
survival, suggesting that some patients could be followed until treatment is 
necessary. Most agree that resection should be performed at diagnosis, and 
if a complete resection is achieved and the patient is younger than 40 years, 
these patients have an excellent prognosis and may be followed with serial 
imaging alone. The reason for deferring treatment is the long survival of these 

 PATHOBIOLOGY
At least 95% of gliomas are sporadic, and only 5% occur in patients with a 
family history of brain tumor. Furthermore, patients with a familial history 
of glioma usually do not fall into a well-recognized hereditary syndrome. 
However, neurofibromatosis 1 (von Recklinghausen disease; Chapter 389) 
is associated with an increased incidence of gliomas, particularly in the optic 
pathway, hypothalamus, and brain stem. Gliomas also occur with increased 
frequency in Turcot and Lynch syndromes, in which colorectal neoplasms 
are seen in association with a variety of CNS tumors. Somatic mutations of 
IDH1 and IDH2 have been identified in most lower grade gliomas and in 
about 5% of glioblastomas. Tumors of any histology or grade with an IDH 
mutation have a significantly better prognosis than the identical tumor that 
is IDH wild-type. Regardless of histology or grade, gliomas without IDH 
mutations are molecularly and prognostically similar to glioblastoma.10

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with gliomas often present with seizures, headache, and lateralizing 
signs such as hemiparesis, aphasia, or a visual field deficit. On MRI, low-grade 
gliomas typically appear as diffuse, nonenhancing lesions with a propensity 
to occur in the frontal lobe and insular cortex. High-grade gliomas, which 
typically enhance with contrast material, occur in the cortical white matter 
and are accompanied by significant surrounding edema. Glioblastomas fre-
quently have regions of central necrosis (Fig. 180-5), and hemorrhage can 
occur in 5 to 8% of patients.

For all gliomas, treatment frequently involves surgery, radiation therapy, and 
chemotherapy. The surgical goal of complete removal of all visible disease is 
often impossible. A prospective, randomized trial provided evidence for the 
use of intraoperative MRI guidance in optimizing the extent of resection of 
gliomas. A3  The adequacy of resection is best assessed on a postoperative MRI 
study, without and with gadolinium, performed within 72 to 96 hours after 
surgery. Glioma resections with intraoperative stimulation and cortical mapping 
are associated with fewer severe neurologic deficits and more extensive resec-
tion. Surgical removal usually improves neurologic function and reduces depen-
dency on corticosteroids.

TREATMENT 

FIGURE 180-5. Temporal lobe glioblastoma. This T1-weighted gadolinium-enhanced 
magnetic resonance image shows a typical ring configuration of contrast material with 
central necrosis and marked mass effect. 

 Glioblastoma and Astrocytic Glioma IDH Wild-Type
All glioblastomas should be treated with postoperative radiation therapy to 
a dose of approximately 60 Gy. In a randomized trial of patients with glio-
blastoma, the alkylating agent temozolomide (75 mg/m2 daily), administered 

young patients and the concern for long-term neurotoxicity from cranial irra-
diation. Several studies of high-risk, low-grade gliomas and anaplastic oligo-
dendrogliomas all indicate that when treatment is given, the combination of 
radiotherapy plus chemotherapy is superior to radiotherapy alone. A12  In all 
these studies, the chemotherapy used was the triple regimen of procarbazine, 
lomustine, and vincristine (PCV). There is controversy about whether PCV 
can be replaced with temozolomide, which is usually better tolerated. Most 
of these studies were conducted before prospective molecular profiling was 
done; however, retrospective molecular analysis of tissue from the enrolled 
patients confirms the importance of 1p/19q codeletion and IDH mutation 
in predicting a better outcome and response to therapy.

Treatment is also instituted immediately after initial surgery in patients 
who have progressive neurologic symptoms or intractable seizures. It is also 
given at recurrence, sometimes following re-resection. Grade II tumors can 
transform to a higher-grade malignant neoplasm, a change that typically is 
associated with the appearance of contrast enhancement on MRI. Resection 
or a biopsy may be necessary in these patients to establish a change in grade, 
which often determines the dose of radiotherapy employed (60 Gy for high-
grade lesions and about 54 Gy for low-grade tumors). Re-resection is followed 
by radiation therapy plus chemotherapy if they have not received it previously; 
salvage regimens include lomustine alone, bevacizumab, temozolomide (150 
to 200 mg/m2 for 5 days every 4 weeks for anywhere from 6 to 24 cycles) 
and carboplatin. Patients with an anaplastic oligodendroglioma who have 
1p/19q codeletion live a median of 14.7 years with radiotherapy plus PCV 
compared with 7.3 years with radiotherapy alone. Grade II gliomas that are 
IDH mutant had a median survival of 13.1 years after radiotherapy plus PCV 
compared with 5.1 years after radiotherapy alone.

 Medulloblastoma
Medulloblastomas usually occur in the vermis of the cerebellum and principally 
affect children and young adults. Boys outnumber girls by about 2:1, and peak 
onset is 7 years of age; medulloblastoma in adulthood is rare and usually 
affects the cerebellar hemisphere.

Transcription profiles have identified four distinct subclasses that include 
(1) the Wnt subtype driven by a stabilizing mutation in CTNNB1 (β-catenin), 
which has an excellent prognosis; (2) the SHH subtype with mutations in 
PTCH1, SMO, GLI2, or SUFU, which has an intermediate prognosis; (3) 
group 3, which has an increased expression of MYC and has the worst prog-
nosis; and (4) group 4, which is characterized by isochromosome 17q and 
marked male predominance. Medulloblastomas have a characteristic clinical 
presentation, with ataxia (due to cerebellar and brain stem involvement) and 
headache, nausea, and vomiting (due to increased ICP from obstructive hydro-
cephalus). Aggressive surgery with complete excision is strongly associated 
with improved outcome. Surgery is always followed by neuraxis radiation 
therapy. Chemotherapy with vincristine, etoposide, carboplatin, and cyclo-
phosphamide significantly improves 5-year event-free survival from 60 to 74% 
but has not significantly prolonged overall survival, which is about 70 to 80% 
at 5 years when all patients are considered together. The SHH-driven tumors 
may respond to vismodegib, a smoothened inhibitor.12 However, clinical high-
risk patients do worse, and standard-risk patients do better. It is unknown 
whether molecular subclasses should supersede clinical stratification or dictate 
treatment selection. This vigorous therapy often results in delayed complica-
tions in survivors, including intellectual deficits, growth impairment, and 
endocrinologic dysfunction. Late relapses, as well as secondary neoplasms, 
compromise long-term outcome.

 Ganglioglioma
Gangliogliomas, as the name implies, possess both a glial component and a 
neoplastic neural component (ganglion cell). Some low-grade gangliogliomas 
are indolent and do not require additional treatment after surgical extirpation. 
Patients with anaplastic tumors may fare better than patients with malignant 
gliomas, but recurrence is the rule despite surgery and radiation therapy.

 Primary Central Nervous System Lymphoma
Primary CNS lymphomas are associated with immunodeficiency states, par-
ticularly acquired immunodeficiency syndrome and organ transplantation, 
and are seen with increased frequency among the apparently immunocompetent 
population, in whom the median age at diagnosis is about 60 years. These 
tumors are usually diffuse large B-cell non-Hodgkin lymphomas identical to 
systemic diffuse large B-cell lymphoma (Chapter 176).13 The tumor can involve 
the CSF, eye, and brain, where it is multifocal in about 40% of patients at 
presentation (Fig. 180-6). In contrast to all other brain tumors, surgical 

resection may not be associated with improved survival and can cause signifi-
cant neurologic morbidity; therefore, biopsy is usually the preferred surgical 
approach. Chemotherapy is the primary treatment, and high-dose methotrexate 
(3 to 8 g/m2 on alternate weeks for 3 to 12 months) is the most important 
chemotherapeutic agent. In most patients, radiation therapy is avoided because 
the necessary whole brain irradiation causes significant cognitive impairment 
when it is combined with chemotherapy and does not prolong survival. A13  
Corticosteroids (e.g., dexamethasone 8 to 16 mg/day), which are frequently 
used as part of the chemotherapeutic regimen, not only help manage the 
associated cerebral edema but also can cause tumor regression. With the use 
of multiagent chemotherapy, with or without cranial irradiation, median sur-
vival is 3 to 5 years. Younger patients who receive high-dose chemotherapy 
and autologous stem cell transplantation may have an 80% chance of cure.14

 Other Intra-Axial Tumors
Rare, intra-axial cerebral tumors include the ependymoma, which is opti-
mally treated with surgical excision followed by radiation therapy. Choroid 
plexus papillomas and carcinomas may be manifested with hydrocephalus or 
lateralizing signs. Resection may be sufficient for the benign papilloma, but 
carcinomas rapidly recur even when postoperative radiation therapy is also 
used. Colloid cysts of the third ventricle are benign tumors that can cause 
obstructive hydrocephalus; they may be treated with a third ventriculostomy 
or with resection by use of an intraventricular endoscope. Hemangioblastomas 
occur primarily in the cerebellum but can also occur in the spinal cord and 
the hemispheres. About 15% of patients with a hemangioblastoma have the 
autosomal dominant disorder von Hippel–Lindau disease (Chapter 389), 
which is characterized by hemangioblastomas in the CNS and retina, renal 
cell carcinoma, pheochromocytoma, endolymphatic sac tumors, and cysts in a 
variety of visceral organs. Hemangioblastomas are treated by surgical excision 
and require radiation therapy only for recurrence. Complete removal usually  
results in cure.

 METASTATIC TUMOR
 Brain Metastasis

 DEFINITION AND EPIDEMIOLOGY
Every systemic cancer is capable of metastasizing to the brain. Melanoma 
(Chapter 193) has the greatest propensity to spread to the CNS, but the most 
common causes of CNS metastases are cancers of the breast (Chapter 188) 
and lung (Chapter 182), followed by cancers of the colon (Chapter 184) and 
kidney (Chapter 187). CNS metastases are being seen with greater frequency 
because patients with systemic cancers have prolonged survival with better 
treatments. In most patients with brain metastases, CNS disease develops late 
in the course of their illness, but a brain metastasis may be the initial presenta-
tion of a systemic cancer. In most of these patients, lung cancer is the primary 
site; in some, however, a primary site is never identified (Chapter 169).



CHAPTER 180 Tumors of The CenTral nervous sysTem 1267

young patients and the concern for long-term neurotoxicity from cranial irra-
diation. Several studies of high-risk, low-grade gliomas and anaplastic oligo-
dendrogliomas all indicate that when treatment is given, the combination of 
radiotherapy plus chemotherapy is superior to radiotherapy alone. A12  In all 
these studies, the chemotherapy used was the triple regimen of procarbazine, 
lomustine, and vincristine (PCV). There is controversy about whether PCV 
can be replaced with temozolomide, which is usually better tolerated. Most 
of these studies were conducted before prospective molecular profiling was 
done; however, retrospective molecular analysis of tissue from the enrolled 
patients confirms the importance of 1p/19q codeletion and IDH mutation 
in predicting a better outcome and response to therapy.

Treatment is also instituted immediately after initial surgery in patients 
who have progressive neurologic symptoms or intractable seizures. It is also 
given at recurrence, sometimes following re-resection. Grade II tumors can 
transform to a higher-grade malignant neoplasm, a change that typically is 
associated with the appearance of contrast enhancement on MRI. Resection 
or a biopsy may be necessary in these patients to establish a change in grade, 
which often determines the dose of radiotherapy employed (60 Gy for high-
grade lesions and about 54 Gy for low-grade tumors). Re-resection is followed 
by radiation therapy plus chemotherapy if they have not received it previously; 
salvage regimens include lomustine alone, bevacizumab, temozolomide (150 
to 200 mg/m2 for 5 days every 4 weeks for anywhere from 6 to 24 cycles) 
and carboplatin. Patients with an anaplastic oligodendroglioma who have 
1p/19q codeletion live a median of 14.7 years with radiotherapy plus PCV 
compared with 7.3 years with radiotherapy alone. Grade II gliomas that are 
IDH mutant had a median survival of 13.1 years after radiotherapy plus PCV 
compared with 5.1 years after radiotherapy alone.

 Medulloblastoma
Medulloblastomas usually occur in the vermis of the cerebellum and principally 
affect children and young adults. Boys outnumber girls by about 2:1, and peak 
onset is 7 years of age; medulloblastoma in adulthood is rare and usually 
affects the cerebellar hemisphere.

Transcription profiles have identified four distinct subclasses that include 
(1) the Wnt subtype driven by a stabilizing mutation in CTNNB1 (β-catenin), 
which has an excellent prognosis; (2) the SHH subtype with mutations in 
PTCH1, SMO, GLI2, or SUFU, which has an intermediate prognosis; (3) 
group 3, which has an increased expression of MYC and has the worst prog-
nosis; and (4) group 4, which is characterized by isochromosome 17q and 
marked male predominance. Medulloblastomas have a characteristic clinical 
presentation, with ataxia (due to cerebellar and brain stem involvement) and 
headache, nausea, and vomiting (due to increased ICP from obstructive hydro-
cephalus). Aggressive surgery with complete excision is strongly associated 
with improved outcome. Surgery is always followed by neuraxis radiation 
therapy. Chemotherapy with vincristine, etoposide, carboplatin, and cyclo-
phosphamide significantly improves 5-year event-free survival from 60 to 74% 
but has not significantly prolonged overall survival, which is about 70 to 80% 
at 5 years when all patients are considered together. The SHH-driven tumors 
may respond to vismodegib, a smoothened inhibitor.12 However, clinical high-
risk patients do worse, and standard-risk patients do better. It is unknown 
whether molecular subclasses should supersede clinical stratification or dictate 
treatment selection. This vigorous therapy often results in delayed complica-
tions in survivors, including intellectual deficits, growth impairment, and 
endocrinologic dysfunction. Late relapses, as well as secondary neoplasms, 
compromise long-term outcome.

 Ganglioglioma
Gangliogliomas, as the name implies, possess both a glial component and a 
neoplastic neural component (ganglion cell). Some low-grade gangliogliomas 
are indolent and do not require additional treatment after surgical extirpation. 
Patients with anaplastic tumors may fare better than patients with malignant 
gliomas, but recurrence is the rule despite surgery and radiation therapy.

 Primary Central Nervous System Lymphoma
Primary CNS lymphomas are associated with immunodeficiency states, par-
ticularly acquired immunodeficiency syndrome and organ transplantation, 
and are seen with increased frequency among the apparently immunocompetent 
population, in whom the median age at diagnosis is about 60 years. These 
tumors are usually diffuse large B-cell non-Hodgkin lymphomas identical to 
systemic diffuse large B-cell lymphoma (Chapter 176).13 The tumor can involve 
the CSF, eye, and brain, where it is multifocal in about 40% of patients at 
presentation (Fig. 180-6). In contrast to all other brain tumors, surgical 

resection may not be associated with improved survival and can cause signifi-
cant neurologic morbidity; therefore, biopsy is usually the preferred surgical 
approach. Chemotherapy is the primary treatment, and high-dose methotrexate 
(3 to 8 g/m2 on alternate weeks for 3 to 12 months) is the most important 
chemotherapeutic agent. In most patients, radiation therapy is avoided because 
the necessary whole brain irradiation causes significant cognitive impairment 
when it is combined with chemotherapy and does not prolong survival. A13  
Corticosteroids (e.g., dexamethasone 8 to 16 mg/day), which are frequently 
used as part of the chemotherapeutic regimen, not only help manage the 
associated cerebral edema but also can cause tumor regression. With the use 
of multiagent chemotherapy, with or without cranial irradiation, median sur-
vival is 3 to 5 years. Younger patients who receive high-dose chemotherapy 
and autologous stem cell transplantation may have an 80% chance of cure.14

 Other Intra-Axial Tumors
Rare, intra-axial cerebral tumors include the ependymoma, which is opti-
mally treated with surgical excision followed by radiation therapy. Choroid 
plexus papillomas and carcinomas may be manifested with hydrocephalus or 
lateralizing signs. Resection may be sufficient for the benign papilloma, but 
carcinomas rapidly recur even when postoperative radiation therapy is also 
used. Colloid cysts of the third ventricle are benign tumors that can cause 
obstructive hydrocephalus; they may be treated with a third ventriculostomy 
or with resection by use of an intraventricular endoscope. Hemangioblastomas 
occur primarily in the cerebellum but can also occur in the spinal cord and 
the hemispheres. About 15% of patients with a hemangioblastoma have the 
autosomal dominant disorder von Hippel–Lindau disease (Chapter 389), 
which is characterized by hemangioblastomas in the CNS and retina, renal 
cell carcinoma, pheochromocytoma, endolymphatic sac tumors, and cysts in a 
variety of visceral organs. Hemangioblastomas are treated by surgical excision 
and require radiation therapy only for recurrence. Complete removal usually  
results in cure.

 METASTATIC TUMOR
 Brain Metastasis

 DEFINITION AND EPIDEMIOLOGY
Every systemic cancer is capable of metastasizing to the brain. Melanoma 
(Chapter 193) has the greatest propensity to spread to the CNS, but the most 
common causes of CNS metastases are cancers of the breast (Chapter 188) 
and lung (Chapter 182), followed by cancers of the colon (Chapter 184) and 
kidney (Chapter 187). CNS metastases are being seen with greater frequency 
because patients with systemic cancers have prolonged survival with better 
treatments. In most patients with brain metastases, CNS disease develops late 
in the course of their illness, but a brain metastasis may be the initial presenta-
tion of a systemic cancer. In most of these patients, lung cancer is the primary 
site; in some, however, a primary site is never identified (Chapter 169).

FIGURE 180-6. Primary CNS lymphoma. a post-gadolinium magnetic resonance image 
demonstrating a diffusely enhancing splenial lesion. The periventricular location and 
absence of central necrosis are characteristic of primary Cns lymphoma. 
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 Leptomeningeal Metastasis
The brain is the most common intracranial site of metastases, but systemic 
cancer can spread to the dura and the leptomeninges as well. Dural metastases 
most commonly arise from breast (Chapter 188) or prostate (Chapter 191) 
cancer, frequently from a metastasis in the overlying calvaria. Metastasis to 
the leptomeninges is often manifested as multifocal neurologic symptoms 
and signs. These metastases involve the cranial nerves to cause diplopia or 
bulbar palsy (Fig. 180-8); the cervical and lumbar roots to cause limb pain 
or weakness; and the intracranial space to cause headache, nausea, vomiting, 
and elevated ICP. The diagnosis is established by the presence of tumor cells 
in the CSF, by cytologic examination or novel techniques to identify isolated 
cancer cells, or by neuroimaging that definitively outlines tumor in the sub-
arachnoid space (Fig. 180-9). Treatment frequently involves radiation therapy 
to symptomatic sites; intrathecal chemotherapy, usually through an intraven-
tricular cannula (Ommaya reservoir); or systemic chemotherapy with agents 
or doses that penetrate into the CSF.

 SPINAL TUMORS
Tumors involving the spine can be classified according to the anatomic area 
they involve: extradural, intradural extramedullary, and intramedullary tumors 
(Table 180-5). Extradural tumors typically arise from the bone elements of 
the spine and cause neurologic symptoms and signs by spinal cord compres-
sion. Intradural but extramedullary tumors arise from the pachymeninges or 
nerve roots (meningiomas or schwannomas) and can cause either radicular 
symptoms or spinal cord compression. Intramedullary spinal cord tumors are 

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with brain metastases present with progressive neurologic symptoms 
and signs that typically include headache, seizures, and lateralizing signs. 
Metastases are best diagnosed by cranial MRI with gadolinium (Fig. 180-7). 
All lesions can be clearly seen by MRI, which is better than CT for visualizing 
the posterior fossa. Metastases, which are usually well-circumscribed lesions 
at the gray matter–white matter junction, are often associated with extensive 
edema. Hemorrhage into a metastasis occurs most frequently with metastases 
from melanoma, renal cancer, or thyroid cancer; however, because brain 
metastases from lung cancer are so common, they are the type most commonly 
associated with hemorrhage. Sometimes, hemorrhage into a brain metastasis 
is best visualized by noncontrast head CT.

FIGURE 180-7. Brain metastasis. multiple metastases from breast carcinoma are seen 
on this T1-weighted gadolinium-enhanced magnetic resonance image. The multiple 
smaller tumors were not visible on computed tomography, even after a contrast agent 
was given. 

Because brain metastases do not widely infiltrate into brain tissue and tend 
to have a pseudocapsule around them, they can be completely excised surgi-
cally. In randomized controlled studies, complete removal of a single brain 
metastasis substantially prolonged life and maintained neurologic function for 
a longer period. Postoperative whole brain radiation therapy significantly 
improves control of CNS disease after resection of a single brain metastasis, 
but it does not prolong survival because patients die of progressive systemic 
tumor. The use of postoperative whole brain radiation therapy is frequently 
decided on an individual basis, but increasingly partial brain radiotherapy or 
stereotactic radiosurgery to the postoperative bed are used instead to avoid 
irradiating the entire brain. If multiple lesions can be completely resected, these 
patients do as well as those with a single lesion that has been removed.

Many patients with multiple brain metastases are best treated with a course 
of whole brain radiation therapy, most commonly 3 Gy in 10 fractions for a 
total of 30 Gy.

Stereotactic radiosurgery, with either a gamma knife that delivers gamma 
radiation from multiple cobalt sources or a linear accelerator that delivers x-rays 
to a highly focused area involving the tumor, has been effective for the treat-
ment of one or a few brain metastases. A14  In a randomized trial of patients with 
one to three brain metastases, stereotactic radiosurgery resulted in less cognitive 
deterioration at 3 months, with no difference in overall survival compared with 
whole brain radiotherapy. A15  There is growing evidence for the use of stereo-
tactic radiosurgery for as many as 10 brain metastases. Most patients tolerate 
radiosurgery without difficulty, but the procedure is occasionally complicated 
by seizures or acute swelling that causes more neurologic dysfunction.15 Approxi-
mately 20 to 30% of patients develop radionecrosis, which may be indistin-
guishable clinically and on MRI from recurrent tumor. One advantage of 

TREATMENT 

Whether the mass is a primary bone tumor or a metastasis from a distant 
source, 98% of patients present with pain that is usually localized to the site 
of the tumor. Because there are more thoracic than cervical or lumbar verte-
brae, the tumor and pain are likely to be in the middle or high back, a less 
common site for benign pain (Chapter 372). Motor impairment and sensory 
symptoms are present in about 50% of patients, whereas sphincter disturbances 
are found in only about 25% of patients. Back pain often precedes the devel-
opment of any other neurologic symptom or sign, frequently by weeks and 
occasionally by months.

 DIAGNOSIS
Severe back pain in a patient with cancer should be evaluated by MRI, which 
does not require intravenous administration of contrast material. Plain films 
of the spine, bone scans, or even CT scans may show bone disease, but epidural 
tumor can be seen only on MRI (Fig. 180-10). Furthermore, MRI is the only 
technique that can reveal paravertebral or direct epidural metastasis. Patients 
who cannot have an MRI study should be imaged by CT with sagittal recon-
struction images.

Differential Diagnosis
The differential diagnosis of extradural tumors includes epidural abscess 
(Chapter 385), acute or subacute epidural hematomas (Chapter 372), herni-
ated intervertebral discs (Chapter 372), spondylosis (Chapter 372), epidural 
lipomatosis, and, rarely, extramedullary hematopoiesis. On occasion, a per-
cutaneous needle biopsy or decompressive laminectomy is required to make 
a definitive diagnosis.

FIGURE 180-8. Leptomeningeal metastases. a post-gadolinium cranial magnetic 
resonance image demonstrating enhancement of all sulci of the cerebellar vermis rep-
resenting tumor cells in the subarachnoid space of this patient with breast cancer. 

stereotactic radiosurgery is that most of the normal brain is not exposed to 
the radiation.

Chemotherapy is used to treat brain metastases from only a few chemosensi-
tive primary cancers, such as choriocarcinoma, small cell lung cancer, and, to a 
lesser extent, breast cancer. Because few patients have a significant response 
to chemotherapy, it is usually used as a last resort, although it has increas-
ingly been employed in asymptomatic patients in whom brain metastases 
are identified at diagnosis on a screening MRI examination and who require 
chemotherapy for their systemic disease. The planned chemotherapy is often 
administered, and the brain metastases will frequently respond in a fashion 
comparable to other systemic sites of disease. The choice of agents is based 
on the primary cancer type and the patient’s prior drug exposures. Targeted 
therapies have also been effective against brain metastases, such as in BRAF 
mutant melanoma, in which responses are seen after vemurafenib, or EGFR 
mutant lung cancer, which responds to inhibitors. In addition, immunotherapy 
with checkpoint inhibitors has been reported effective in the treatment of 
brain metastases, particularly from melanoma.16 Lastly, bevacizumab can be 
effective in progressive brain metastases or radionecrosis after stereotactic  
radiosurgery.

rare; they arise from the spinal cord parenchyma and have a biology similar 
to that of brain tumors.

 Extradural Tumors
 EPIDEMIOLOGY AND CLINICAL MANIFESTATIONS

Most extradural tumors originate from a metastasis to the bone elements of 
the spine, typically the vertebral body and occasionally the vertebral lamina 
or spinous process. Less common are primary tumors of the spine, including 
chordoma, osteogenic sarcoma, plasmacytoma, and chondrosarcoma. Expansile 
growth of the bone tumor impinges on the spinal canal and, if untreated, 
compresses the spinal cord or the nerve roots as they exit the intervertebral 
foramina. Whereas most of these lesions arise from bone metastases, extradural 
tumors can also arise from paravertebral metastases that can grow through 
the intervertebral foramina and into the epidural space without affecting sur-
rounding bone structures; very rarely, a direct metastasis to the epidural space 
is also seen. The most common primary cancers that cause extradural metastases 
are prostate cancer (Chapter 191), breast cancer (Chapter 188), and lung 
cancer (Chapter 182) as well as the lymphomas (Chapter 176). Hematologic 
malignant neoplasms may also be associated with paravertebral disease that 
grows through the intervertebral foramina.

TREATMENT 
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Whether the mass is a primary bone tumor or a metastasis from a distant 
source, 98% of patients present with pain that is usually localized to the site 
of the tumor. Because there are more thoracic than cervical or lumbar verte-
brae, the tumor and pain are likely to be in the middle or high back, a less 
common site for benign pain (Chapter 372). Motor impairment and sensory 
symptoms are present in about 50% of patients, whereas sphincter disturbances 
are found in only about 25% of patients. Back pain often precedes the devel-
opment of any other neurologic symptom or sign, frequently by weeks and 
occasionally by months.

 DIAGNOSIS
Severe back pain in a patient with cancer should be evaluated by MRI, which 
does not require intravenous administration of contrast material. Plain films 
of the spine, bone scans, or even CT scans may show bone disease, but epidural 
tumor can be seen only on MRI (Fig. 180-10). Furthermore, MRI is the only 
technique that can reveal paravertebral or direct epidural metastasis. Patients 
who cannot have an MRI study should be imaged by CT with sagittal recon-
struction images.

Differential Diagnosis
The differential diagnosis of extradural tumors includes epidural abscess 
(Chapter 385), acute or subacute epidural hematomas (Chapter 372), herni-
ated intervertebral discs (Chapter 372), spondylosis (Chapter 372), epidural 
lipomatosis, and, rarely, extramedullary hematopoiesis. On occasion, a per-
cutaneous needle biopsy or decompressive laminectomy is required to make 
a definitive diagnosis.

FIGURE 180-9. Leptomeningeal metastases. Gadolinium-enhanced magnetic resonance 
imaging of the lumbosacral spine in a patient with leptomeningeal metastases from 
melanoma. multiple enhancing nodules are seen on the cauda equina, and the conus 
medullaris and lower spinal cord are encased by tumor. 

TABLE 180-5 SPINAL TUMORS
Extradural

Metastasis
Primary bone tumors arising in the spine

Chordoma
Osteogenic sarcoma
Chondrosarcoma
Plasmacytoma

Intradural extramedullary
Meningiomas
Neurofibromas
Schwannomas
Lipomas
Arachnoid cysts
Epidermoid cysts
Metastasis

Intramedullary
Ependymoma
Glioma
Hemangioblastoma
Lipoma
Metastasis

FIGURE 180-10. Multilevel epidural spinal cord compression. This patient with meta-
static breast cancer has multiple areas of ventral epidural tumor seen throughout the 
thoracic spine on this post-gadolinium sagittal magnetic resonance image. 

rare; they arise from the spinal cord parenchyma and have a biology similar 
to that of brain tumors.

 Extradural Tumors
 EPIDEMIOLOGY AND CLINICAL MANIFESTATIONS

Most extradural tumors originate from a metastasis to the bone elements of 
the spine, typically the vertebral body and occasionally the vertebral lamina 
or spinous process. Less common are primary tumors of the spine, including 
chordoma, osteogenic sarcoma, plasmacytoma, and chondrosarcoma. Expansile 
growth of the bone tumor impinges on the spinal canal and, if untreated, 
compresses the spinal cord or the nerve roots as they exit the intervertebral 
foramina. Whereas most of these lesions arise from bone metastases, extradural 
tumors can also arise from paravertebral metastases that can grow through 
the intervertebral foramina and into the epidural space without affecting sur-
rounding bone structures; very rarely, a direct metastasis to the epidural space 
is also seen. The most common primary cancers that cause extradural metastases 
are prostate cancer (Chapter 191), breast cancer (Chapter 188), and lung 
cancer (Chapter 182) as well as the lymphomas (Chapter 176). Hematologic 
malignant neoplasms may also be associated with paravertebral disease that 
grows through the intervertebral foramina.

Epidural metastases require immediate treatment because patients can 
develop acute and unpredictable neurologic deterioration resulting in para-
plegia.17 Patients should be started on high-dose corticosteroids (usually 
>20 mg IV dexamethasone), which rapidly relieve pain and may contribute 
to neurologic recovery. Surgery followed by postoperative radiation therapy 
is superior to radiation therapy alone in preserving the ability to walk and 
may prolong survival in a wide population of patients with metastatic spinal 
cord compression,18 but its advantage may be lost in patients 65 years and  
older. Advances in stereotactic radiosurgery have made this an effective option 
to treat epidural metastases either initially or at relapse. A16  It is much easier to 
preserve neurologic function than to reverse impairment, so clinically silent 
areas of extradural tumor that are detected on MRI should be treated before 
neurologic compromise develops. Patients with epidural metastasis can have 
a good neurologic outcome if they are treated before the onset of severe neu-
rologic compromise, but their overall survival is usually short because of the 
presence of widespread metastatic disease. Patients whose primary tumor arises 
in the spine, such as an osteogenic sarcoma (Chapter 192), should undergo 
definitive surgery; the need for postoperative radiation therapy is based on 
the tumor’s histology.

TREATMENT 
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FIGURE 180-11. Spinal cord astrocytoma. T2-weighted sagittal magnetic resonance 
image demonstrating a lower cervical intramedullary low-grade astrocytoma; no enhance-
ment was evident. 

Surgery is the first therapeutic intervention, both to obtain a definitive diag-
nosis and to resect the lesion.19 Complete resection of spinal cord tumors is 
possible, particularly in the case of ependymomas and hemangioblastomas. 
However, spinal cord tumors are rare, and only neurosurgeons experienced in 
removal of this type of lesion should perform the procedure. High-grade gliomas 
and residual ependymomas should be treated with postoperative radiation 
therapy. Low-grade astrocytomas of the spinal cord can be treated with radia-
tion therapy when the patient develops symptomatic neurologic impairment, 
but presymptomatic treatment does not prevent the development of impair-
ment nor necessarily delay it. Intramedullary metastases do not require surgery 
because the diagnosis is usually straightforward; radiation therapy provides 
limited benefit because these patients typically have other CNS metastases.

TREATMENT 

 Intradural Extramedullary Tumors
 Meningiomas
Most intradural extramedullary tumors are benign. Meningiomas are benign, 
slow-growing tumors that occur primarily in middle-aged women and are 
predominantly located in the thoracic region. Back pain is a common symptom, 
but about 25% of patients have no pain and present with slowly progressive 
neurologic dysfunction, typically a gait disorder that has been progressing, 
frequently for years. Spinal MRI with gadolinium clearly delineates the lesion. 
Surgical resection is curative, and a complete resection can usually be accom-
plished easily.

 Nerve Sheath Tumors
Nerve sheath tumors include schwannomas and neurofibromas. Both typically 
arise from the dorsal root, and the first symptom is often radicular pain that 
precedes symptoms of spinal cord compression by months or even years. 
Some patients with spinal neurofibroma or schwannoma have neurofibromatosis 
type 1 (Chapter 389), but most do not. The diagnosis is clearly established 
by gadolinium-enhanced MRI of the spine. The treatment is surgical, and 
complete removal results in cure.

 Metastases
Metastasis to the spinal leptomeninges can be manifested as an intradural 
extramedullary lesion. A single large tumor nodule can cause focal symptoms 
and signs referable to that spinal level, but in most patients, multiple levels of 
the neuraxis are involved, causing multifocal neurologic symptoms and signs. 
Cervical and lumbosacral radicular pain, as well as sensory and motor loss, is 
seen in more than half of patients. The diagnosis is established by gadolinium-
enhanced MRI showing multifocal nodules or sometimes a layer of cells coating 
the spinal cord or nerve roots (see Fig. 180-9). If imaging is negative, the 
diagnosis can be established by demonstrating tumor cells in the CSF. Treat-
ment is complicated and frequently requires radiation therapy to symptomatic 
sites of disease, intrathecal chemotherapy best administered through an intra-
ventricular cannula (Ommaya device), and occasionally systemic chemotherapy. 
Radiation therapy can ameliorate neurologic symptoms, particularly pain, but 
the disease often has a relentless progressive course, resulting in death in 3 to 
6 months despite aggressive therapy. Because of the diffuse nature of the disease, 
surgery is not an option.

 Intramedullary Tumors
Intramedullary spinal cord tumors are similar to neoplasms that arise in brain 
parenchyma. The most common spinal cord tumors are ependymomas and 
astrocytomas; hemangioblastomas (particularly in association with von Hippel–
Lindau disease; Chapter 389), lipomas, and, rarely, intramedullary metastases 
are also seen.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
All intramedullary tumors have a similar clinical presentation, and pain is a 
common initial symptom. Signs of spinal cord dysfunction subsequently ensue 
and reflect the location of the lesion. In addition, some intramedullary tumors 
are accompanied by a syrinx (Chapter 389), which can contribute to symp-
toms. The classic signs of intramedullary spinal cord lesions, such as dissociated 
sensory loss, sacral sparing, and early sphincter problems, are not sufficiently 
reliable to distinguish intramedullary from extramedullary lesions on the basis 
of clinical findings. The diagnosis is established by gadolinium-enhanced and 
T2-weighted MRI (Fig. 180-11).
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REVIEW QUESTIONS

1. A 78-year-old woman is brought to the hospital by her family, who are 
complaining that she has lost interest in her usual activities and appears 
depressed during the past 4 to 6 months. She was started on an antidepres-
sant by her internist 3 months ago without any response. They have also 
noticed that her walking has deteriorated in the past month, and in the 
last week she has developed incontinence. On examination, you find she 
is indifferent and has a flat affect and bilateral frontal release signs. She 
shuffles when she walks, and her balance is poor. You order magnetic reso-
nance imaging (MRI), which shows a large bifrontal diffusely enhancing 
tumor compressing the frontal lobes without much underlying edema; a 
dural tail is evident. The tumor type is likely to be:
 A. Glioblastoma
 B. Meningioma
 C. Metastasis
 D. Primary central nervous system (CNS) lymphoma
 E. Anaplastic oligodendroglioma

Answer: B Meningiomas can grow to a huge size without causing problems 
because they grow so slowly and the underlying brain accommodates the 
compression. Subacute onset of social withdrawal in an older patient should 
always be suggestive of an underlying neurologic process, particularly when 
other findings, such as a gait disorder and incontinence, are apparent; all these 
symptoms can be caused by compression of both frontal lobes. Resection can 
completely remove this tumor and restore the patient to normal function, 
and she is unlikely to experience recurrence. (Rocha H, Cerejo A, Garrett 
MC, Massano J. Reversible parkinsonism due to a large intracranial tumour. 
BMJ Case Rep. 2012; pii: bcr2012007823.)

2. A 56-year-old man with lung cancer comes to the emergency department 
complaining of progressively severe upper back pain that can occasionally 
radiate around his chest. The pain increases with cough or Valsalva maneu-
ver. He has no sensory or motor symptoms. His examination reveals no 
neurologic deficits. The next step in evaluating his pain is:
 A. Spine radiograph
 B. Chest radiograph
 C. Bone scan
 D. Treat with pain medications and observe
 E. Spine MRI

Answer: E This patient has a high likelihood of having metastases to the 
spinal column. The pain is located in the upper back, which is atypical for the 
common musculoskeletal causes of back pain, and the pain radiating around 
his chest suggests compression of the thoracic nerve roots; exacerbation of 
the pain with cough or Valsalva maneuver indicates compression on the thecal 
sac. Imaging is essential, so observation is not an option, and plain radiographs 
or bone scan cannot visualize tumor extending into the epidural space. A 
complete spine MRI study was obtained and demonstrated marked epidural 
tumor with spinal cord compression at T6. Because it was a single site of 
disease and the patient had few comorbidities, he had a complete resection 
followed by focal radiation therapy and did well.

3. A 72-year-old man has a history of prior myocardial infarction, congestive 
heart failure, atrial fibrillation with anticoagulation, and metastatic renal 
cell cancer. He was at home when he had the sudden onset of left hand 
twitching that progressed to involve his whole arm and the left side of his 
face. It stopped after 45 seconds, and he had mild weakness of his left arm 
and hand, which resolved completely during 12 hours. He went to the 
local emergency department, where MRI revealed a single enhancing mass 
1 × 0.8 cm in the right frontal lobe with surrounding edema, consistent 
with a metastasis. What is the best therapeutic approach in this man with 
poor renal function and severe cardiac disease?
 A. Supportive care only
 B. Surgical resection
 C. Whole brain radiation therapy
 D. Stereotactic radiosurgery
 E. A change in chemotherapy

Answer: D This is a single brain metastasis in a patient with a primary tumor 
type that is relatively radioresistant. Furthermore, he is older and likely to 
experience greater neurologic toxicity if his whole brain is irradiated, so whole 
brain radiation therapy is a poor option. Resection could be considered, but 
his medical condition is too poor for surgery. Chemotherapy is unlikely to be 
effective for a brain metastasis from renal cancer. Stereotactic radiosurgery is 
an excellent option. The tumor is small and therefore a good candidate for 
this approach. Relatively radioresistant primaries respond better to the single 
high-dose fraction of stereotactic radiosurgery; it is also easy to administer, 
and with a good response the patient is more likely to discontinue steroids 
and avoid their attendant toxicities. Supportive care could be a reasonable 
option, but given that his brain metastasis has never been treated and stereo-
tactic radiosurgery has a high probability of being efficacious with minimal 
toxicity, it is the best option.

4. A 67-year-old right-handed woman comes to your office complaining of 
several episodes during the past 2 months of the abrupt onset of an inability 
to speak. She knows what she wants to say but is unable to get the words 
out. These episodes can last for about 1 minute and then resolve and she 
is normal. In addition, in the past 2 to 3 weeks, she has noticed progressive 
word finding difficulty and occasional word substitutions, as well as a very 
mild headache during the past few days. MRI reveals a contrast-enhancing 
mass in the left temporal lobe. She has a surgical resection, and the patho-
logic examination reveals a glioblastoma. The next steps in her treatment 
are:
 A. Radiation therapy with concurrent and adjuvant temozolomide
 B. Radiation therapy alone
 C. Temozolomide alone
 D. No further treatment after resection
 E. Radiation therapy, temozolomide, and bevacizumab

Answer: A Despite a complete resection, a glioblastoma requires additional 
therapy after surgery because there are always infiltrative cells left behind even 
when postoperative MRI shows that all the enhancing disease was removed. 
A large phase III trial has established that the standard of care for a newly 
diagnosed glioblastoma includes focal radiation therapy with concurrent and 
adjuvant temozolomide. This is clearly superior to either modality alone. Two 
recent studies demonstrated that the addition of bevacizumab to radiation 
therapy and temozolomide failed to improve survival, so it is not included in 
the initial regimen.
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181 
HEAD AND NECK CANCER
JULIE E. BAUMAN

 DEFINITION
Head and neck cancer arises from the mucosal linings of the upper aerodiges-
tive tract, sinonasal cavities of the face, major or minor salivary glands, or the 
structures of the base of skull including cranial nerves. The dominant histology, 
squamous cell carcinoma, comprises more than 95% of cancers of the oral 
cavity, pharynx, larynx, and paranasal sinuses (Fig. 181-1). Due to the sun-
exposed cutaneous surface area of the scalp and face, nonmelanomatous skin 
cancers, in particular basal cell carcinoma and squamous cell carcinoma, are 
also frequent within the head and neck. Other less common neoplasms occur-
ring within the anatomic structures of the head and neck include cutaneous 
or mucosal melanoma as well as sarcoma, which are treated according to  
the principles for these mesodermal malignancies (Chapters 192 and 193 
respectively).

Oral Cavity
The margins of the oral cavity extend superiorly from the skin-vermillion 
border of the upper lip to the junction of the soft and hard palates; inferiorly 
from the skin-vermillion border of the lower lip to the circumvallate papillae; 
and laterally to the anterior tonsillar pillars. The structures of the oral cavity 
include the mucosal lip, buccal mucosa, upper and lower alveolar ridges, ret-
romolar trigone, floor of the mouth, hard palate, and oral or mobile tongue. 
Modern staging for oral cavity tumors incorporates depth of invasion, tumor 
size, and invasion of adjacent structures.

Nasopharynx
The margins of the nasopharynx start anteriorly at the posterior choana, and 
extend along the superior, posterior, and lateral walls to a theoretical plane 
between the free edge of the soft palate and the posterior pharyngeal wall. 
The structures of the nasopharynx include the fossae of Rosenmüller, the 
superior surface of the soft palate, and the mucosal linings of the eustachian 
tube and choanal orifices. The dominant risk factor for nasopharyngeal car-
cinoma is infection with the Epstein-Barr virus, endemic to Southeast Asia, 
North Africa, and circumpolar indigenous populations. Due to distinct biology, 

patterns of spread, and natural history, nasopharyngeal carcinoma has its own 
TNM staging system.

Oropharynx
The margins of the oropharynx extend from the plane of the superior surface 
of the soft palate to the superior surface of the vallecula, or hyoid bone. The 
structures of the oropharynx include the base of the tongue (the lingular 
tonsil), the palatine tonsils, the glossotonsillar sulcus, the inferior surface of 
the soft palate and uvula, the anterior and posterior tonsillar pillars, and the 
continuity of the lateral and posterior pharyngeal walls. Oropharyngeal car-
cinoma is associated with both environmental and viral carcinogenesis. Human 
papillomavirus (HPV)-related oropharyngeal squamous cell carcinoma 
(OPSCC) largely arises from the rich lymphoreticular tissue of the lingular 
and palatine tonsils. Due to the distinct biology and superior prognosis, in 
2017 HPV-related OPSCC was distinguished from HPV-negative OPSCC 
by a separate TNM staging system. HPV-negative OPSCC continues to be 
grouped with hypopharynx cancers due to the common etiology of environ-
mental carcinogenesis, contiguous anatomy, and similarly poor prognosis.

Hypopharynx
The margins of the hypopharynx extend from the plane of the superior border 
of the vallecula to the plane of the lower border of the cricoid cartilage. The 
structures of the hypopharynx include the pyriform sinuses, the lateral and 
posterior hypopharyngeal walls, and the postcricoid region. For purposes of 
staging, hypopharynx cancers are grouped with HPV-negative OPSCC, where 
tumor staging incorporates both size and invasion of adjacent structures.

Larynx
The margins of the larynx include anteriorly the anterior surface of the epiglot-
tis, the thyroid cartilage, and the anterior arch of the cricoid cartilage; pos-
terolaterally the aryepiglottic folds and arytenoids; superolaterally the tip and 
lateral borders of the epiglottis; inferiorly the plane of the inferior border of 
the cricoid cartilage. The structures of the larynx include the epiglottis and 
false cords (supraglottic larynx), the true vocal cords (glottis), and the sub-
glottis. Staging of larynx cancer uniquely includes vocal cord mobility, where 
vocal cord fixation constitutes a T3 tumor irrespective of size.

Salivary Glands
The salivary glands of the head and neck are comprised of the major salivary 
glands, which include the parotid, submandibular, and sublingual glands, as 
well as the minor salivary glands, which are scattered throughout the lining 
of paranasal sinuses, oral cavity, pharynx, and larynx. Approximately 6 to 8% 
of head and neck cancers arise from the salivary glands. Although the unified 
biologic function of salivary glands is the production and secretion of saliva, 
salivary gland tumors are histologically, genetically, and prognostically diverse. 
E-Table 181-1 presents the major classes of malignant and benign epithelial 
salivary gland tumors according to the histologic classification of the World 
Health Organization (WHO). The three most common histologies are muco-
epidermoid carcinoma, adenoid cystic carcinoma, and salivary ductal carcinoma 
(SDC), which presents de novo or arises from a preexisting pleomorphic 
adenoma (SDC ex-PA).1

 EPIDEMIOLOGY
Risk Factors
Many oral squamous cell cancers are preceded by precancerous lesions, termed 
potentially malignant disorders (PMDs), as defined by the WHO. Genetically 
acquired PMDs include leukoplakia (mucosal white patches or plaques that 
cannot be rubbed off) and erythroplakia. Tobacco-induced PMDs include 
oral submucous fibrosis and palatal keratosis associated with reverse smoking 
(placing the burnt end of rolled tobacco leaf in the mouth). Immune-mediated 
PMDs include oral lichen planus and discoid lupus. Genetically inherited PMDs 
are dyskeratosis congenita and epidermolysis bullosa.2

Environmental Carcinogens
Head and neck cancer is the sixth most common incident cancer worldwide. 
Among the nearly 700,000 index cases of head and neck squamous cell car-
cinoma (HNSCC) estimated in 2017, the substantial majority were caused 
by environmental carcinogenesis. Environmental risk factors can be proximal, 
where modifiable individual behavior causes direct carcinogen exposure to 
tobacco, alcohol, or areca nut.3 Depending upon the world region, approxi-
mately half of attributable risk for head and neck cancer is explained by proximal 
environmental risk factors. Distal environmental risk factors also pose a 
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FIGURE 181-1. More than 95% of head and neck cancers arise from the mucosal 
surfaces of the upper aerodigestive tract. Specific anatomic sites are associated with 
unique etiologies, including environmental and viral risk factors, modern staging systems, 
and treatment paradigms. Thus, a concise understanding of the five major anatomic sites 
is necessary for the internal medicine physician. 
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ABSTRACT
Head and neck cancer, the 6th most common cancer worldwide, arises from 
the mucosal linings of the upper aerodigestive tract. Head and neck squamous 
cell carcinoma (HNSCC), the dominant histology, is caused either by envi-
ronmental carcinogens such as tobacco and alcohol or by oncogenic human 
papillomavirus (HPV). Persistent infection with oral HPV is now recognized 
as a necessary cause for the epidemic of oropharynx HNSCC. Chronic expo-
sure to environmental carcinogens causes the accumulation of structural and 
functional DNA damage. In the 21st century, the internist must be aware of 
the ongoing epidemic of HPV-related HNSCC when evaluating a new, painless 
neck mass. The diagnosis of HNSCC is established by biopsy of the primary or 
fine-needle aspirate of the neck mass. For oropharynx primaries, HPV status 
is determined by p16 immunohistochemistry. More than 90% of HNSCC 
cases are Stage I-IVb and can be treated with curative intent. A specialized 
multidisciplinary team comprised of surgical, medical, and radiation oncolo-
gists optimizes oncologic and functional outcomes. Important advances in 
minimally invasive transoral surgical techniques, intensity-modulated radiation 
therapy, and molecular- and immune-directed systemic therapies are improv-
ing both survival and survivorship.
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E-TABLE 181-1 STAGING SYSTEM FOR HNSCC
TUMOR LARYNX LIP & ORAL CAVITY HYPOPHARYNX OROPHARYNX (p16−) OROPHARYNX (p16+)
T0 NA NA NA NA No primary identified
TX Primary tumor cannot be assessed Primary tumor cannot be 

assessed
Primary tumor cannot 

be assessed
Primary tumor cannot be 

assessed
Primary tumor cannot be 

assessed
Tis Carcinoma in situ Carcinoma in situ Carcinoma in situ Carcinoma in situ Carcinoma in situ
T1 Supraglottis: Tumor limited to one subsite of 

supraglottis with normal vocal cord mobility
Subglottis: Tumor limited to the subglottis
Glottis: Tumor limited to the vocal cord(s) (may 

involve anterior or posterior commissure) with 
normal mobility

Tumor ≤2 cm, ≤5 mm 
depth of invasion 
(DOI)

Note: DOI is depth of 
invasion and not 
tumor thickness

Tumor limited to one 
subsite of 
hypopharynx and/or 
≤2 cm

Tumor ≤2 cm Tumor ≤2 cm

T1a Glottis: Tumor limited to one vocal cord
T1b Glottis: Tumor involves both vocal cords
T2 Supraglottis: Tumor invades mucosa of more than 

one adjacent subsite of supraglottis or glottis 
or region outside the supraglottis (e.g., mucosa 
of base of tongue, vallecula, medial wall of 
pyriform sinus) without fixation of the larynx

Tumor ≤2 cm, DOI 
>5 mm and ≤10 mm 
or tumor >2 cm but 
≤4 cm, and ≤10 mm 
DOI

Tumor invades more 
than one subsite of 
hypopharynx or an 
adjacent site, or 
>2 cm but ≤4 cm 
without fixation of 
hemilarynx

Tumor >2 cm but ≤4 cm Tumor >2 cm but ≤4 cm

Subglottis: Tumor extends to vocal cord(s) with 
normal or impaired mobility

Glottis: Tumor extends to supraglottis and/or 
subglottis, and/or with impaired vocal cord 
mobility

T3 Supraglottis: Tumor limited to larynx with vocal 
cord fixation and/or invades any of the 
following: postcricoid area, preepiglottic space, 
paraglottic space, and/or inner cortex of 
thyroid cartilage

Tumor >4 cm or any 
tumor >10 mm DOI

Tumor >4 cm in 
greatest dimension 
or with fixation of 
hemilarynx or 
extension to 
esophagus

Tumor >4 cm or 
extension to lingual 
surface of epiglottis

Tumor >4 cm or extension 
to lingual surface of 
epiglottis

Subglottis: Tumor limited to larynx with vocal 
cord fixation and/or invasion of paraglottic 
space and/or inner cortex of the thyroid 
cartilage

Glottis: Tumor limited to the larynx with vocal 
cord fixation and/or invasion of paraglottic 
space and/or inner cortex of the thyroid 
cartilage

T4 Moderately advanced or very advanced Moderately advanced or 
very advanced local 
disease

Moderately advanced or 
very advanced local 
disease

Moderately advanced or 
very advanced local 
disease

Moderately advanced local 
disease

Tumor invades the larynx, 
extrinsic muscle of 
tongue, medial 
pterygoid, hard palate, 
or mandible or beyond

Note: Mucosal extension to 
lingual surface of 
epiglottis from primary 
tumors of the base of 
the tongue and vallecula 
does not constitute 
invasion of the larynx

T4a Supraglottis: Moderately advanced local disease. 
Tumor invades through the outer cortex of the 
thyroid cartilage and/or invades tissues 
beyond the larynx (e.g., trachea, soft tissues of 
neck including deep extrinsic muscle of the 
tongue, strap muscles, thyroid, or esophagus)

Subglottis: Moderately advanced local disease. 
Tumor invades cricoid or thyroid cartilage 
and/or invades tissues beyond the larynx (e.g., 
trachea, soft tissues of neck including deep 
extrinsic muscles of the tongue, straps muscle, 
thyroid, or esophagus)

Glottis: Moderately advanced local disease. 
Tumor invades through the outer cortex of the 
thyroid cartilage and/or invades tissues 
beyond the larynx (e.g., trachea, cricoid 
cartilage, soft tissues of neck including deep 
extrinsic muscle of the tongue, strap muscles, 
thyroid, or esophagus)

Lip: Tumor invades 
through cortical bone 
or involves the inferior 
alveolar nerve, floor of 
mouth, or skin of face 
(i.e., chin or nose)

Tumor invades thyroid/
cricoid cartilage, 
hyoid bone, thyroid 
gland, or central 
compartment soft 
tissue

Tumor invades the 
larynx, extrinsic 
muscle of tongue, 
medial pterygoid, 
hard palate, or 
mandible

Oral cavity: Tumor 
invades adjacent 
structures only (e.g., 
through cortical bone 
of the mandible or 
maxilla, or involves 
the maxillary sinus or 
skin of the face)

Note: Central 
compartment soft 
tissue includes 
prelaryngeal strap 
muscles and 
subcutaneous fat

Note: Mucosal extension 
to lingual surface of 
epiglottis from 
primary tumors of the 
base of the tongue 
and vallecula does not 
constitute invasion of 
the larynx

Note: Superficial erosion 
of bone/tooth socket 
(alone) by a gingival 
primary is not 
sufficient to classify a 
tumor as T4



CHAPTER 181 Head and neck cancer 1271.e3

Source: AJCC Cancer Staging Manual, 8th Ed. Chicago, IL: American Joint Committee on Cancer and Springer; 2017.

E-TABLE 181-1 STAGING SYSTEM FOR HNSCC—cont’d
TUMOR LARYNX LIP & ORAL CAVITY HYPOPHARYNX OROPHARYNX (p16−) OROPHARYNX (p16+)
T4b Tumor invades prevertebral space, encases carotid 

artery, or invades mediastinal structures
Tumor invades 

masticator space, 
pterygoid plates, or 
skull base and/or 
encases the internal 
carotid artery

Tumor invades 
prevertebral fascia, 
encases carotid 
artery, or involves 
mediastinal 
structures

Tumor invades lateral 
pterygoid muscle, 
pterygoid plates, 
lateral nasopharynx, 
or skull base or 
encases carotid artery

OROPHARYNX (p16+)
M0* T0 T1 T2 T3 T4
N0 I I I II III
N1 I I I II III
N2 II II II II III
N3 III III III III III
*When M1, the stage group is IV for any N & T.

LARYNX, LIP & ORAL CAVITY, HYPOPHARYNX, OROPHARYNX (p16−)
M0* T1 T2 T3 T4a T4b
N0 I II III IVA IVB
N1 III III III IVA IVB
N2 IVA IVA IVA IVA IVB
N3 IVB IVB IVB IVB IVB
*When M1, the stage group is IVC for any N & T.
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typically present at an early stage with the chief complaint of a persistent 
mouth sore, ulcer, or mass lesion.13 Due to rich innervation, cancers of the 
mobile tongue are often painful and functionally interfere with the oral phase 
of eating. Dysarthria, but not hoarseness, can also be associated with larger 
lesions of the oral cavity.

HPV-Related OPSCC
Risk factors for HPV-related OPSCC include lifetime number of sexual partners 
and male sex. Although not pathognomonic, HPV-related OPSCC typically 
presents with a small, asymptomatic T1-2 primary tumor and a persistent 
neck mass. In modern series of SCC of unknown primary metastatic to the 
cervical neck, the majority are p16 positive and if identified, the primary is 
localized within the tonsil or base of tongue. If an oropharynx tumor is more 
advanced, patients can present with globus sensation, throat pain, otalgia, 
dysphagia, odynophagia, or hemoptysis.

HPV-Unrelated OPSCC and Hypopharynx Cancer
Behavioral risk factors for HPV-unrelated OPSCC and hypopharynx cancer 
include tobacco smoke and alcohol. Due to occult anatomy, HPV-negative 
oropharynx and hypopharynx cancers often present with locally advanced, 
T3-4 tumors causing throat pain, dysphagia, or weight loss.

Larynx Cancer
Proximal risk factors for larynx cancer include tobacco smoke and alcohol, 
which are particularly synergistic at this anatomic site. Larynx cancers fre-
quently present with early-stage T1-2 disease due to the symptom of hoarse-
ness. More advanced tumors can present with airway obstruction requiring 
emergent tracheostomy.

Salivary Gland Tumors
Salivary gland tumors have a varied presentation depending upon site of origin, 
with chief complaints including an uncomplicated parotid or submandibular 
mass, a new or growing oral or oropharyngeal lesion, dysphagia, cough, hoarse-
ness, and even airway obstruction. The internist is often the first-line diagnosti-
cian for such symptoms, which should trigger imaging and/or subspecialty 
referral. Particular diagnostic rigor should be exercised during the evaluation 
of peripheral cranial nerve VII palsy, also known as Bell palsy. The typical 
presentation of acute, flaccid facial paralysis without an obvious parotid mass 
lesion may initially be treated with steroids and anti-HSV therapy as indicated, 
but follow-up for resolution is critical. Cranial nerve VII courses through the 
deep parotid gland, and tumors can be occult to routine inspection and palpa-
tion. An atypical presentation of CN VII palsy, such as a prodrome of unilateral 
facial twitching or spasm, slow progression over one month or more, or non-
resolution after 4 months should trigger magnetic resonance imaging and 
referral to otolaryngology.

 DIAGNOSIS
A comprehensive, evidence-based summary of clinical practice guidelines for 
head and neck cancer according to pathology, anatomic site, and stage is pub-
lished14 and updated frequently by the National Comprehensive Cancer Center 
Network: https://www.nccn.org/professionals/physician.

Pathology
The diagnosis of HNSCC is established by biopsy of the primary site or fine-
needle aspiration (FNA) of a neck mass. In the evaluation of a persistent neck 
mass, the initial test should be an FNA. Excisional biopsy is reserved for cases 
where initial or repeat FNA is nondiagnostic and panendoscopy has identified 
no primary, or where baseline suspicion for lymphoma is very high due to 
extensive adenopathy outside of the neck.

Ultimately, cytology or histology must confirm the diagnosis of HNSCC. 
Environmental HNSCC is associated with well to poorly differentiated cells, 
where well-differentiated tumors demonstrate unique features of keratinization 
including the presence of “keratin pearls” (Fig. 181-2A and B). HPV-related 
OPSCC is commonly associated with poorly differentiated or basaloid histol-
ogy and lacks keratin pearls (Fig. 181-2C and D). For oropharyngeal or unknown 
primary tumors, HPV status must be determined because this influences both 
stage and prognosis. The most widely used and accepted standard is immu-
nohistochemistry (IHC) for the cell cycle protein p16, where diffuse nuclear 
and cytoplasmic staining in more than 70% of tumor cells signifies an HPV-
positive tumor (Fig. 181-2E). Of note, p16 IHC is not a direct measurement 
of the HPV 16 virus or its oncoproteins; rather, p16 overexpression confirms 
the presence of functionally relevant E7 oncoprotein. As such, p16 IHC is 
not considered a surrogate for HPV infection outside of the oropharynx. 

TP53 mutations, which are rarely identified in this setting. Likewise, genomic 
alterations in CDKN2A are not observed. In fact, as a consequence of negative 
feedback inhibition, p16 is upregulated as E7 degrades retinoblastoma, resulting 
in the histopathologic classification of HPV-positive OPSCC as “p16-positive.” 
Diffuse nuclear and cytoplasmic immunohistochemical (IHC) staining for p16 
is an accepted surrogate for HPV in OPSCC. The most common genomic 
alteration in HPV-related OPSCC is mutation or amplification of the onco-
gene PIK3CA, found in 56%. The selection for gain-of-function alterations in 
PIK3CA result in hyperactive PI3K pathway signaling, and the associated pro-
proliferative, anti-apoptotic phenotype may initially enhance the viral life cycle.

Immunology
Whether caused by environmental carcinogens or HPV oncogenes, HNSCC 
demonstrates a markedly suppressive immune profile.12 Although immunogenic 
tumor antigens exist in HNSCC, as confirmed by circulating T lymphocytes 
specific for p53 and the E6/E7 oncoproteins, HNSCC evades recognition by 
selective loss of human leukocyte antigen I as well as antigen processing machin-
ery. HNSCC also induces a tumor-permissive cytokine profile, where immu-
nosuppressive cytokines such as TGF-β, interleukin-6, and vascular endothelial 
growth factor predominate over immune-stimulatory cytokines such as IFN-γ 
or interleukin-12. HNSCC also demonstrates critical defects in immune effec-
tor cells. Tumor-infiltrating lymphocytes demonstrate low expression of costimu-
latory T-cell receptors, such as OX40 and CD137, and high expression of 
coinhibitory receptors including the immune checkpoints cytotoxic 
T-lymphocyte–associated antigen 4 (CTLA-4) and programmed death 1 (PD-1).

Genetic Landscape of Salivary Gland Cancers
Next-generation sequencing of salivary gland tumors has yielded important 
genetic observations useful for diagnostic classification, and is guiding the 
development of targeted therapeutics. Mucoepidermoid carcinoma, the most 
common malignant salivary gland tumor, is characterized by the MECT1-
MAML2 gene fusion in approximately 90% of cases, which is now considered 
a genomic hallmark and used to establish pathologic diagnosis. The majority 
of adenoid cystic carcinoma harbors a gene rearrangement with the transcrip-
tion factor NFIB, including MYB-NFIB, which is driven by overexpression of 
insulin growth factor receptor 1 (IGFR1), against which there are several 
targeted therapeutics in development. Mammary gland secretory carcinoma 
is associated with the gene fusion ETV6-NTRK3; case reports of exceptional 
response to NTRK targeting have been reported in the recurrent/metastatic 
setting. SDC almost uniformly expresses androgen receptor, and cases of clini-
cally meaningful response to androgen receptor blockade have been reported. 
Otherwise, SDC appears to have different genetic fingerprints depending upon 
whether it arises de novo or from a preexisting pleomorphic adenoma. De 
novo SDC frequently harbors somatic mutations in HRAS, PIK3CA, or both, 
whereas SDC ex-PA is commonly enriched for HER2neu amplification and 
may respond to trastuzumab or other clinically available HER2 inhibitors. 
The existence of multiple unique gene fusions within salivary gland cancers 
also raises the promise of immunotherapy against the peptide neoantigens 
translated from these fusion sites.

 CLINICAL MANIFESTATIONS
Evaluation of the Neck Mass
In adults, particularly those over the age of 40, presentation with a new neck 
mass requires a disciplined diagnostic approach with high suspicion for malig-
nancy. In the 21st century, awareness of the ongoing epidemic of HPV-related 
OPSCC is crucial for the internist because the most common presentation is 
a new, painless neck mass in an adult male. The differential diagnosis is framed 
by a detailed medical and social history, including assessment for the following: 
time course; antecedent or concurrent upper respiratory or dental infection; 
dysphagia or odynophagia; otalgia; hoarseness; hemoptysis; B symptoms 
(fever, drenching night sweats, or weight loss); tobacco and alcohol habits; 
prior tobacco-related malignancy; and sexual history including HIV status. 
The physical examination should encompass the head and neck, including 
inspection of the oral cavity and oropharynx, as well as a thorough lymph 
node examination. If the history and physical examination suggest reactive 
lymphadenopathy, a brief course of observation or treatment with antibiotic 
or anti-inflammatory medications is appropriate; however re-evaluation for 
resolution is critical. In all cases, a neck mass persisting more than 3 weeks in an 
adult should prompt referral to an otolaryngologist for a malignancy work up.

Oral Cavity Cancer
Proximal risk factors for oral cavity cancer include oral tobacco, tobacco smoke, 
areca nut (betel quid), alcohol, and poor dentition. Oral cavity cancers 

during childhood, with evidence of a dose-response relationship. Unlike 
HNSCC, salivary gland tumors are not associated with tobacco exposure with 
the single exception of the benign Warthin tumor.

Human Immunodeficiency Virus
The age-standardized incidence of HPV-related and HPV-negative HNSCC is 
three-fold higher in HIV-infected individuals than in the general U.S. popula-
tion. While the excess in tobacco-related cancers is decreasing in this popula-
tion, likely due to declining tobacco use, the excess of HPV-related HNSCC 
is increasing.8 Unlike cervical cancer, HPV-related OPSCC is not considered 
an AIDS-defining cancer. Nonetheless, the prevalence of oral HPV infection 
in HIV-infected youth is inversely related to CD4+ T-cell count, suggesting 
that HIV-induced immunosuppression and the associated failure to control 
oncogenic HPV is a major contributor to rising incidence rates. Fortunately, 
HIV infection does not increase the risk of death from HPV-related OPSCC, 
and such patients enjoy a favorable prognosis after curative-intent treatment.9

 PATHOBIOLOGY
Environmental Carcinogenesis
The transformation of oral epithelial cells by environmental carcinogens is 
based on the principle of multistep carcinogenesis, where the accumulation 
of structural and functional DNA damage drives stepwise clonal evolution. 
Loss of heterozygosity (LOH), also known as allelic imbalance, has been 
quantified across the histopathologic spectrum of hyperplasia, dysplasia, and 
carcinoma in situ to model malignant transformation. In essence, environ-
mentally induced HNSCC is characterized by loss of function of tumor sup-
pressor genes. A central, early molecular event is LOH at 9p21, where the 
gene CDKN2A encodes p16, a tumor suppressor regulating cell cycle traversal 
from G1 to S-phase. Mutation of TP53 is a later molecular event. The p53 
tumor suppressor is considered the guardian of the genome because it triggers 
cell cycle arrest and apoptosis upon sensing DNA damage. Mutations of 
CDKN2A and TP53 are the most common genetic alterations in HPV-negative 
HNSCC, observed in 57% and 84% respectively. Moreover, p16 expression 
is lost due to epigenetic silencing in 30%, leading to the histopathologic clas-
sification of HPV-negative HNSCC as “p16-negative.” PIK3CA, encoding the 
alpha subunit of phosphoinositide-3-kinase (PI3K), is the most commonly 
mutated oncogene in HPV-negative HNSCC, occurring in 34%.10 Nongenomic 
activation of the oncogenes epidermal growth factor receptor (EGFR) and 
cyclooxygenase-2 (COX2), both induced by tobacco smoke, also increases 
during oral epithelial transformation. Aberrant activation of PI3K, EGFR, 
and COX2 contributes to uncontrolled cellular proliferation while subverting 
an appropriate apoptotic response to DNA damage.

Viral Carcinogenesis
Oral HPV 16 infection is now established as a necessary cause of the ongoing 
epidemic of OPSCC, predominantly occurring in males across all inhabited 
continents. Oral HPV infection is sexually transmitted, and is consistently 
associated with oral sexual behavior including oral-oral, oral-genital, and oral-
anal exposures. The prevalence of oral oncogenic HPV infection has two distinct 
peaks among males: between ages 25 to 30 years and 55 to 60 years, while 
the median age at diagnosis of HPV-related OPSCC is 63 years. Thus, the 
estimated latency period between initial oral HPV infection and the develop-
ment of OPSCC is approximately 10 to 30 years.

The alpha-HPV genotypes infect the basal keratinocytes of the stratified 
mucosal epithelium. The viral life cycle is strictly dependent upon the cellular 
differentiation program of the keratinocyte, and viral oncogene expression is 
coordinated with cellular division and stratification. In particular, the early 
genes, E6 and E7, are transcribed in the basal and parabasal cell layers. The 
E6 and E7 oncoproteins degrade two critical tumor suppressors, p53 and 
retinoblastoma, respectively. Retinoblastoma is a nuclear protein that serves 
as the major G1 checkpoint in cell cycle regulation. The functional loss of 
retinoblastoma and p53 permit unbridled cellular proliferation. As the kera-
tinocyte stratifies into the spinous epithelium, late viral genes are expressed, 
including the L1 and L2 capsid proteins. Ultimately, progenitor virions are 
encapsidated and released from the anuclear, cornified keratinocytes. In an 
HPV-transformed malignancy, late viral gene expression is lost and the virus 
fails to complete its life cycle. However, the E6 and E7 oncoproteins are pre-
served and necessary for maintenance of the transformed phenotype.

The mutational spectrum of HPV-related OPSCC is distinct from that of 
HPV-negative disease.11 Although p53 dysfunction appears to be a universal 
requirement for squamous epithelial transformation, in HPV-related OPSCC 
this is functionally accomplished by the degradation of p53 protein by the E6 
oncoprotein. Thus, in HPV-infected cells there is little selective advantage for 

substantial burden in developing countries, where unavoidable exposures to 
second hand smoke, industrial pollution, pestilence, or war are associated 
with low socioeconomic status. Incidence patterns for head and neck cancer 
caused by environmental carcinogenesis vary in relationship to exposure pat-
terns. In the populations of the United States and China, for example, the 
incidence of environmental HNSCC is declining in parallel to decreased overall 
tobacco use. The risk of environmental HNSCC increases with age, with a 
median age at diagnosis of 66 years.4

Human Papillomavirus
Convergent clinical, molecular, and epidemiologic evidence now confirm that 
persistent oral infection with high-risk human papillomavirus (HPV) is a 
necessary cause for an epidemic increase in the incidence of oropharyngeal 
squamous cell carcinoma (OPSCC).5 HPV, a member of the Papillomaviridae 
family, is an epitheliotropic, double-stranded, circular DNA virus with more 
than 170 distinct genotypes (Chapter 349). Members of the alpha genus infect 
mucosa, and high-risk anogenital genotypes including HPV 16 and 18 are 
the established cause of cervical cancer. HPV genotype 16 also has a predilec-
tion for the lymphoid-rich mucosa of the oropharynx, and comprises more 
than 95% of DNA isolated from OPSCC specimens. In the United States, the 
proportion of OPSCC cases infected with HPV has been increasing substan-
tially. Similar OPSCC HPV infection rates also have been observed in Western 
Europe, Australia, China, and Japan, although large regional, racial, and ethnic 
variations exist as demonstrated by lower rates in Central Europe, Latin America, 
and United States blacks. The incidence of HPV-associated OPSCC in the 
United States surpassed that of cervical cancer in 2016. People diagnosed 
with HPV-associated OPSCC have a lower median age at diagnosis, 58 years, 
than those with environmental HNSCC.

Sex
Males demonstrate a significantly higher risk than females for both HPV-
unrelated and HPV-related HNSCC. The male:female ratio for HPV-unrelated 
HNSCC parallels the sex-specific prevalence of tobacco, alcohol, or areca nut 
use in that geographic catchment. For instance, the age-adjusted incidence 
rate of oral cavity cancer among men ranges from 1 to 16 per 100,000 popula-
tion as compared to 0 to 10 per 100,000 among women. Of note, despite a 
similar prevalence of anogenital HPV infection between adult males and 
females, males have significantly higher rates of oral HPV infection. In a 
population-based, cross-sectional study in the United States, 1.6% of men 
versus 0.3% of women harbored oral HPV 16. The disparity in HPV oral 
infection is reflected in the incidence rate of HPV-related OPSCC, where the 
male:female ratio ranges from 2.7 to 5.7.6 Plausible biologic explanations for 
this disparity are twofold: (1) oral HPV infections are cleared more slowly 
by males; (2) the linear dose-response relationship between lifetime number 
of sexual partners and the prevalence of oral HPV infection exists uniquely 
among males, suggesting that males develop protective anti-HPV antibodies 
when exposed to anogenital HPV less frequently than do females.7

Occupational Exposures
The International Agency for Research on Cancer has classified multiple occupa-
tional exposures, including solvents, polycyclic aromatic hydrocarbons (PAHs), 
and heavy metals, as proven group 1 human carcinogens. Although the evidence 
is incomplete, the relationship of several group 1 chemical carcinogens to 
head and neck cancer risk has been investigated in population-based, case-
control studies. The strongest data point to the following possible relationships: 
formaldehyde and nasopharynx cancer; PAHs and larynx cancer; chlorinated 
solvents and all HNSCC anatomic sites; wood dust and sinonasal cancer.

Dietary Factors
Reduced risk for HNSCC has been associated with diets rich fruits and veg-
etables, in particular the Brassica family of cruciferous vegetables. Crucifers 
are rich in isothiocyanates, phytochemicals that potently induce cytoprotective 
enzymes that could mitigate the impact of environmental carcinogens includ-
ing benzene, PAHs, and mutagenic aldehydes found in tobacco smoke and 
air pollution. People with incident environmental HNSCC have lower serum 
levels of several micronutrients, including vitamin A and beta carotene, which 
may be surrogates for lower intake of fruits and vegetables.

Ionizing Radiation
Ionizing radiation was first recognized as a risk factor for both benign and 
malignant salivary gland tumors during the long-term cohort study of atomic 
bomb survivors from Hiroshima and Nagasaki, Japan. Increased odds of salivary 
gland tumors are also observed in people treated with therapeutic radiation 
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typically present at an early stage with the chief complaint of a persistent 
mouth sore, ulcer, or mass lesion.13 Due to rich innervation, cancers of the 
mobile tongue are often painful and functionally interfere with the oral phase 
of eating. Dysarthria, but not hoarseness, can also be associated with larger 
lesions of the oral cavity.

HPV-Related OPSCC
Risk factors for HPV-related OPSCC include lifetime number of sexual partners 
and male sex. Although not pathognomonic, HPV-related OPSCC typically 
presents with a small, asymptomatic T1-2 primary tumor and a persistent 
neck mass. In modern series of SCC of unknown primary metastatic to the 
cervical neck, the majority are p16 positive and if identified, the primary is 
localized within the tonsil or base of tongue. If an oropharynx tumor is more 
advanced, patients can present with globus sensation, throat pain, otalgia, 
dysphagia, odynophagia, or hemoptysis.

HPV-Unrelated OPSCC and Hypopharynx Cancer
Behavioral risk factors for HPV-unrelated OPSCC and hypopharynx cancer 
include tobacco smoke and alcohol. Due to occult anatomy, HPV-negative 
oropharynx and hypopharynx cancers often present with locally advanced, 
T3-4 tumors causing throat pain, dysphagia, or weight loss.

Larynx Cancer
Proximal risk factors for larynx cancer include tobacco smoke and alcohol, 
which are particularly synergistic at this anatomic site. Larynx cancers fre-
quently present with early-stage T1-2 disease due to the symptom of hoarse-
ness. More advanced tumors can present with airway obstruction requiring 
emergent tracheostomy.

Salivary Gland Tumors
Salivary gland tumors have a varied presentation depending upon site of origin, 
with chief complaints including an uncomplicated parotid or submandibular 
mass, a new or growing oral or oropharyngeal lesion, dysphagia, cough, hoarse-
ness, and even airway obstruction. The internist is often the first-line diagnosti-
cian for such symptoms, which should trigger imaging and/or subspecialty 
referral. Particular diagnostic rigor should be exercised during the evaluation 
of peripheral cranial nerve VII palsy, also known as Bell palsy. The typical 
presentation of acute, flaccid facial paralysis without an obvious parotid mass 
lesion may initially be treated with steroids and anti-HSV therapy as indicated, 
but follow-up for resolution is critical. Cranial nerve VII courses through the 
deep parotid gland, and tumors can be occult to routine inspection and palpa-
tion. An atypical presentation of CN VII palsy, such as a prodrome of unilateral 
facial twitching or spasm, slow progression over one month or more, or non-
resolution after 4 months should trigger magnetic resonance imaging and 
referral to otolaryngology.

 DIAGNOSIS
A comprehensive, evidence-based summary of clinical practice guidelines for 
head and neck cancer according to pathology, anatomic site, and stage is pub-
lished14 and updated frequently by the National Comprehensive Cancer Center 
Network: https://www.nccn.org/professionals/physician.

Pathology
The diagnosis of HNSCC is established by biopsy of the primary site or fine-
needle aspiration (FNA) of a neck mass. In the evaluation of a persistent neck 
mass, the initial test should be an FNA. Excisional biopsy is reserved for cases 
where initial or repeat FNA is nondiagnostic and panendoscopy has identified 
no primary, or where baseline suspicion for lymphoma is very high due to 
extensive adenopathy outside of the neck.

Ultimately, cytology or histology must confirm the diagnosis of HNSCC. 
Environmental HNSCC is associated with well to poorly differentiated cells, 
where well-differentiated tumors demonstrate unique features of keratinization 
including the presence of “keratin pearls” (Fig. 181-2A and B). HPV-related 
OPSCC is commonly associated with poorly differentiated or basaloid histol-
ogy and lacks keratin pearls (Fig. 181-2C and D). For oropharyngeal or unknown 
primary tumors, HPV status must be determined because this influences both 
stage and prognosis. The most widely used and accepted standard is immu-
nohistochemistry (IHC) for the cell cycle protein p16, where diffuse nuclear 
and cytoplasmic staining in more than 70% of tumor cells signifies an HPV-
positive tumor (Fig. 181-2E). Of note, p16 IHC is not a direct measurement 
of the HPV 16 virus or its oncoproteins; rather, p16 overexpression confirms 
the presence of functionally relevant E7 oncoprotein. As such, p16 IHC is 
not considered a surrogate for HPV infection outside of the oropharynx. 

TP53 mutations, which are rarely identified in this setting. Likewise, genomic 
alterations in CDKN2A are not observed. In fact, as a consequence of negative 
feedback inhibition, p16 is upregulated as E7 degrades retinoblastoma, resulting 
in the histopathologic classification of HPV-positive OPSCC as “p16-positive.” 
Diffuse nuclear and cytoplasmic immunohistochemical (IHC) staining for p16 
is an accepted surrogate for HPV in OPSCC. The most common genomic 
alteration in HPV-related OPSCC is mutation or amplification of the onco-
gene PIK3CA, found in 56%. The selection for gain-of-function alterations in 
PIK3CA result in hyperactive PI3K pathway signaling, and the associated pro-
proliferative, anti-apoptotic phenotype may initially enhance the viral life cycle.

Immunology
Whether caused by environmental carcinogens or HPV oncogenes, HNSCC 
demonstrates a markedly suppressive immune profile.12 Although immunogenic 
tumor antigens exist in HNSCC, as confirmed by circulating T lymphocytes 
specific for p53 and the E6/E7 oncoproteins, HNSCC evades recognition by 
selective loss of human leukocyte antigen I as well as antigen processing machin-
ery. HNSCC also induces a tumor-permissive cytokine profile, where immu-
nosuppressive cytokines such as TGF-β, interleukin-6, and vascular endothelial 
growth factor predominate over immune-stimulatory cytokines such as IFN-γ 
or interleukin-12. HNSCC also demonstrates critical defects in immune effec-
tor cells. Tumor-infiltrating lymphocytes demonstrate low expression of costimu-
latory T-cell receptors, such as OX40 and CD137, and high expression of 
coinhibitory receptors including the immune checkpoints cytotoxic 
T-lymphocyte–associated antigen 4 (CTLA-4) and programmed death 1 (PD-1).

Genetic Landscape of Salivary Gland Cancers
Next-generation sequencing of salivary gland tumors has yielded important 
genetic observations useful for diagnostic classification, and is guiding the 
development of targeted therapeutics. Mucoepidermoid carcinoma, the most 
common malignant salivary gland tumor, is characterized by the MECT1-
MAML2 gene fusion in approximately 90% of cases, which is now considered 
a genomic hallmark and used to establish pathologic diagnosis. The majority 
of adenoid cystic carcinoma harbors a gene rearrangement with the transcrip-
tion factor NFIB, including MYB-NFIB, which is driven by overexpression of 
insulin growth factor receptor 1 (IGFR1), against which there are several 
targeted therapeutics in development. Mammary gland secretory carcinoma 
is associated with the gene fusion ETV6-NTRK3; case reports of exceptional 
response to NTRK targeting have been reported in the recurrent/metastatic 
setting. SDC almost uniformly expresses androgen receptor, and cases of clini-
cally meaningful response to androgen receptor blockade have been reported. 
Otherwise, SDC appears to have different genetic fingerprints depending upon 
whether it arises de novo or from a preexisting pleomorphic adenoma. De 
novo SDC frequently harbors somatic mutations in HRAS, PIK3CA, or both, 
whereas SDC ex-PA is commonly enriched for HER2neu amplification and 
may respond to trastuzumab or other clinically available HER2 inhibitors. 
The existence of multiple unique gene fusions within salivary gland cancers 
also raises the promise of immunotherapy against the peptide neoantigens 
translated from these fusion sites.

 CLINICAL MANIFESTATIONS
Evaluation of the Neck Mass
In adults, particularly those over the age of 40, presentation with a new neck 
mass requires a disciplined diagnostic approach with high suspicion for malig-
nancy. In the 21st century, awareness of the ongoing epidemic of HPV-related 
OPSCC is crucial for the internist because the most common presentation is 
a new, painless neck mass in an adult male. The differential diagnosis is framed 
by a detailed medical and social history, including assessment for the following: 
time course; antecedent or concurrent upper respiratory or dental infection; 
dysphagia or odynophagia; otalgia; hoarseness; hemoptysis; B symptoms 
(fever, drenching night sweats, or weight loss); tobacco and alcohol habits; 
prior tobacco-related malignancy; and sexual history including HIV status. 
The physical examination should encompass the head and neck, including 
inspection of the oral cavity and oropharynx, as well as a thorough lymph 
node examination. If the history and physical examination suggest reactive 
lymphadenopathy, a brief course of observation or treatment with antibiotic 
or anti-inflammatory medications is appropriate; however re-evaluation for 
resolution is critical. In all cases, a neck mass persisting more than 3 weeks in an 
adult should prompt referral to an otolaryngologist for a malignancy work up.

Oral Cavity Cancer
Proximal risk factors for oral cavity cancer include oral tobacco, tobacco smoke, 
areca nut (betel quid), alcohol, and poor dentition. Oral cavity cancers 

https://www.nccn.org/professionals/physician
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A

FIGURE 181-2. HNSCC histology and immunohistochemistry. (A) The jagged outlines of well-differentiated squamous cell carcinoma tongues are associated with stromal desmoplastic 
reaction (low power). (B) keratin pearls, abnormal squamous cells forming concentric layers, are associated with well-differentiated squamous cell carcinoma (high power). (C) Basaloid 
squamous cell carcinoma is frequently associated with HPV infection, here demonstrating a highly infiltrative pattern of nests composed of poorly differentiated cells with pushing 
borders (low power). (D) The basaloid squamous cell carcinoma cells demonstrate high nuclear to cytoplasmic ratios and numerous mitotic figures (high power). (E) HPV-associated 
oropharyngeal squamous cell carcinoma shows poorly differentiated histology and diffuse nuclear and cytoplasmic staining for the p16 protein (high power).

B
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Alternative methods in use for establishing HPV status of OPSCC include in 
situ hybridization for HPV 16 DNA and multiplex polymerase chain reaction 
(PCR) for high-risk HPV genotypes.

Staging
The staging system for HNSCC is presented in E-Table 181-1. Once a patho-
logic diagnosis of HNSCC is established, the staging evaluation includes the 
following procedures:
•	 Complete	head	and	neck	examination	with	mirror	or	fiberoptic	examination	

of the oropharynx, hypopharynx, larynx, and nasopharynx as indicated.
•	 Direct	 laryngoscopy	 with	 panendoscopy.	 Patients	 with	 tobacco-related	

HNSCC have a high risk for a second primary upper aerodigestive malig-
nancy, including a head and neck, esophageal, or lung primary. Thus, staging 
includes an examination under anesthesia with direct laryngoscopy, esopha-
goscopy, and bronchoscopy. Panendoscopy may be omitted in the absence 
of specific clinical risk factors.

•	 Head	and	neck	imaging.	Locoregional	staging	is	accomplished	by	a	computed	
tomography (CT) or magnetic resonance imaging (MRI) scan of the primary 
and neck.

•	 Chest	imaging.	Less	than	10%	of	patients	with	HNSCC	present	with	distant	
metastatic disease at diagnosis; however, when present, distant metastases 
typically occur in the lungs. Thus, a diagnostic chest computed tomography 
(CT) scan is a recommended component of staging; combined positron 
emission tomography (PET)/CT may also be considered, particularly in 
those with locally advanced tumors or nodal disease. In patients with tobacco-
related HNSCC, a chest CT is also appropriate to screen for concurrent 
lung cancer.
The current staging system for HNSCC is defined by the American Joint 

Commission on Cancer (AJCC), version 8, released in 2017 (see E-Table 
181-1). The most notable change in version 8 was the addition of a separate 
staging system for p16-positive (HPV-related) OPSCC, as developed and 
validated by the International Collaboration on Oropharyngeal Cancer Network 
for Staging (ICON-S).15

Multidisciplinary Team
In HNSCC, both the cancer itself and its treatment place patients at risk for 

acute and long-term compromise of critical human functions including speak-
ing, eating, and breathing. Treatment by a multidisciplinary team comprised 
of a surgical, medical, and radiation oncologist with specific expertise in head 
and neck cancer optimizes both oncologic and functional outcomes. Early 
consultation with specialists in dental sciences, nutrition, and speech and lan-
guage pathology is also optimal. Given the social and behavioral risk factors 
associated with HPV-negative HNSCC, the integration of nurse navigators, social 
workers, and behavioral medicine specialists into the clinical management team 
can be particularly beneficial for addressing social isolation, treatment compli-
ance, and addiction.

Because more than 90% of index HNSCC diagnoses are stage I-IVb, initial 
treatment in the vast majority is curative in intent. The multidisciplinary team 
must optimally deploy and sequence three key modalities: surgery, radiation 
therapy (RT), and systemic therapy. The primary curative modality for HNSCC 
is either surgery or RT, while systemic therapy serves as an adjunct to RT. The 
selection of a specific multimodality treatment plan is tailored to anatomic site, 
stage, organ preservation, and goals of care.

Treatment Modalities
The last decade has seen meaningful clinical advances in surgery, RT, and 

systemic therapy.16 In head and neck surgery, minimally invasive endoscopic 
procedures incorporating transoral CO2 laser microsurgery or robotic surgery 
markedly limit the morbidity of surgical exposure to the oropharynx. Avoiding 
violation of the soft tissue framework of the head and neck, including muscles, 
ligaments, and bones, decreases hospital stay and enhances function and cos-
mesis compared to historical open procedures.17 Hyperfractionated radiation 
therapy is preferred over conventional radiation therapy. A1  Likewise, the dis-
semination of intensity-modulated and image-guided RT techniques (IMRT 
[intensity-modulated radiation therapy] and IGRT [image-guided radiation 
therapy]) improves the precision and accuracy of delivery of RT to the tumor 
and regional nodes while sparing intricate and vulnerable head and neck struc-
tures. IMRT has been shown to reduce the important long-term morbidity of 
xerostomia. Progressive insight into the pathobiology of head and neck cancer, 
in particular aberrant molecular pathways and the dysregulated immune micro-
environment, has led to advances in systemic therapy. Cetuximab, a murine-
human chimeric monoclonal antibody (mAb) against EGFR, was the first 
molecularly targeted therapy to gain U.S. Federal Drug Administration approval 
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in HNSCC. Cetuximab increases response rate and survival when added to first-
line palliative chemotherapy, and improves locoregional control and survival 
when added to definitive RT. A2 

,
 A3  In 2016, two anti-PD1 monoclonal antibodies 

(mAb) were FDA approved for patients with platinum-refractory, recurrent/
metastatic HNSCC. Nivolumab and pembrolizumab are members of the new 
class of immune checkpoint inhibitors.

Systemic Therapies
Systemic therapies deployed in head and neck cancer include cytotoxic 

chemotherapy, molecular targeted therapy, and immunotherapy. The core 
cytotoxic chemotherapies used in HNSCC include cisplatin, 5-fluorouracil, and 
docetaxel. Cisplatin is an inorganic molecule that undergoes intracellular hydro-
lysis to produce a highly reactive charged platinum complex that reacts with 
DNA to form adducts, intrastrand cross-links, and the uniquely lethal interstrand 
cross-link.18 5-Fluorouracil, a structural analog of the nucleobase uracil, is an 
antimetabolite that inhibits thymidine synthetase, thus impeding normal RNA 
synthesis. Docetaxel is an organic, semisynthetic chemotherapy that potently 
binds to microtubules and disrupts mitosis. Cetuximab is a murine-human 
chimeric IgG1 monoclonal mAb against human EGFR. It has a dual mechanism 
of action, both inhibiting oncogenic EGFR signaling and triggering antibody-
dependent, cell-mediated cytotoxicity. Nivolumab and pembrolizumab are IgG4 
mAbs against PD-1, an immune checkpoint that naturally down-modulates 
T-cell response after stimulation of the T-cell receptor in order to minimize 
autoimmune destruction of normal tissue during infection. Because the PD-1 
pathway is exploited by HNSCC to avoid immune detection, inhibiting PD-1 
can restore anticancer immunity.19

Oral Cavity Cancer
Cancers of the oral cavity are radiation resistant and preferably managed 

with primary surgery,20 which generally should include lymph node dissection 
at the time of the primary surgery. A3  The advancement of modern reconstruc-
tion techniques, including free tissue transfer with microvascular reconstruction, 
has enhanced functional and cosmetic outcomes. The recommendation for 
adjuvant RT is based on the presence of adverse pathologic features, including 
extracapsular nodal spread, positive surgical margin, pT3-4 primary tumor, N2-3 
nodal disease, and perineural or lymphovascular invasion. The addition of con-
current cisplatin chemotherapy to adjuvant radiation therapy improves locore-
gional control and survival in patients with pathologic high-risk HNSCC, defined 
as the presence of extracapsular nodal spread or positive surgical margin. Patients 
with oral cavity cancer were the predominant subgroup in the clinical trials 
leading to this cisplatin indication.

HPV-Unrelated OPSCC and Hypopharynx Cancer
The majority of HPV-negative OPSCC and hypopharynx cancers present with 

locally advanced disease and are treated with an organ preservation approach, 
that is, with primary RT. In stage III or higher disease, concurrent systemic 
therapy with cisplatin or cetuximab, an anti-EGFR monoclonal antibody, increases 
locoregional control and survival. A4  The addition of concurrent carboplatin 
and fluorouracil to cetuximab plus RT improves progression-free survival and 
locoregional control without a significant gain in overall survival. A5  However, the 
PD-1 checkpoint inhibitor pembrolizumab appears to provide better response 
and survival, with a favorable safety profile compared with this combination  
therapy. A6  The decision to offer concurrent systemic therapy also depends 
upon physiologic fitness, because both acute and late toxicities are magni-
fied. Although concurrent cisplatin improves locoregional control in people 
over age 70, a survival benefit is not realized—potentially due to competing 
comorbidities or late toxicities such as aspiration pneumonia. Moreover, retro-
spective subgroup analysis indicates that cetuximab is of uncertain benefit in 
the geriatric HNSCC patient. Although the use of concurrent systemic therapy 
is controversial in this age group, the more favorable toxicity profile of cetux-
imab has resulted in a change in practice patterns, and elders are now more 
likely to receive concurrent cetuximab-radiation therapy than radiation alone 
for locally advanced HNSCC.21

HPV-Related OPSCC
Patients with HPV-related OPSCC have a markedly better prognosis than 

their HPV-negative counterparts, whether treated with primary surgery or RT. 
Treatment standards include definitive (chemo)RT or minimally invasive, trans-
oral surgery followed by adjuvant (chemo)RT. While current standards of care 
are identical for HPV-unrelated and HPV-related OPSCC, these multimodality 
treatment paradigms were developed in the era of HPV-negative HNSCC and 
may represent over-treatment, creating unnecessary long-term toxicities in a 
favorable risk group. Recognition of the possibility of over-treatment resulted 
in the first two randomized, phase III de-intensification trials for HPV-related 
OPSCC, comparing molecular targeted versus cytotoxic chemotherapy concur-
rent with RT. Contrary to the hypothesis, in both studies cetuximab-RT was 
inferior to cisplatin-RT, which remains the standard of care. A7 

,
 A8  Alternative 

de-intensification strategies remain under investigation, including induction 
chemotherapy followed by lower-dose RT,22 minimally invasive surgery followed 
by lower-dose versus standard adjuvant RT, and accelerated RT alone versus 
lower-dose RT with concurrent cisplatin.
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of treatment. Second-generation chemoprevention trials investigated molecular 
targeting of EGFR or COX2, neither of which demonstrated efficacy against 
HNSCC. The development of an effective and tolerable chemopreventive 
agent against environmental HNSCC remains a profound unmet need. Current 
investigations focus on “green chemoprevention,” defined as interventions 
developed from whole plants or their simple extracts and immunoprevention, 
therapies aimed to reprogram the permissive immune microenvironment that 
tolerates oral epithelial transformation.

HPV-Related HNSCC
Three HPV vaccinations, the bivalent (HPV 16/18), quadrivalent (HPV 6, 
11, 16, 18), and nonavalent (HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58), have 
been developed and licensed for the prevention of anogenital diseases caused 
by HPV infection. The primary mechanism of action of HPV vaccinations is 
the induction of L1 capsid antibodies, which block the primary infection step. 
Thus, HPV vaccinations are effective for primary prevention, and have been 
shown to prevent genital warts as well as cervical, vulvar, vaginal, and anal 
cancer. Due to lack of a precursor lesion and the long latency between oral 
infection and cancer, randomized clinical trials designed to demonstrate a 
reduction in HPV-related OPSCC are prohibitive. Several lines of evidence 
point to the likelihood that HPV vaccination would be protective. In a clinical 
trial evaluating the efficacy of the bivalent HPV vaccine against cervical neo-
plasia, point prevalence of oral HPV infection was assessed at the end of study. 
This demonstrated a 1% versus 5.4% prevalence rate in the vaccinated versus 
control groups, respectively, for an estimated vaccine efficacy against oral HPV 
infections of 93%. A10  In a cross-sectional study of males and females aged 18 
to 33 years within the National Health and Nutrition Examination Survey, 
2011 to 2014, self-reported receipt of one or more doses of an HPV vaccine 
was associated with a significantly reduced point prevalence of oral HPV infec-
tion, from 1.6 to 0.1% in the nonvaccinated, corresponding to an estimated 
vaccine efficacy of 88%.26 HPV vaccination is recommended by the U.S. Center 
for Disease Control for both males and females aged 11 to 26 years. Ultimately, 
widespread vaccination will likely result in a dramatic reduction in HPV-related 
OPSCC. However, the current exponential incidence rate in males coupled 
to a low vaccine uptake rate in the United States suggests that this benefit will 
not be realized for another generation.

 PROGNOSIS
Environmental HNSCC
The prognosis of HPV-negative HNSCC is dependent upon stage and per-
formance status. Although patients with stage I-II disease experience an overall 
5-year survival of 60 to 90%, the corresponding rate for those who present 
with locally advanced, stage III-IVb disease is only 30 to 50%. At the time of 
locoregional or distant metastatic relapse, median survival with modern pal-
liative systemic therapy is 1 year.

HPV-Related HNSCC
Patients with HPV-related OPSCC have a more favorable prognosis than those 
with HPV-negative cancer. Because the AJCC version 7 head and neck cancer 
staging system did not adequately stratify prognosis for HPV-related OPSCC, 
version 8 proposed a new, independent system (see E-Table 181-1). Patients 
with stage I-II disease experience 5-year overall survival of 72 to 89%. In 
retrospective analyses of clinical trial cohorts, nonsmokers with stage I-II 
disease enjoy 5-year overall survival rates approaching 95%. Patients with 
stage III HPV-related OPSCC have an intermediate prognosis, with a 5-year 
overall survival of 46 to 72%, and are not considered appropriate candidates 
for de-intensification clinical trials. When patients with HPV-related OPSCC 
develop recurrent/metastatic disease, median survival is approximately 2 years, 
double that for HPV-negative HNSCC. This survival disparity in the recurrent/
metastatic setting may be explained by better prognostic characteristics, includ-
ing younger age and lower comorbidity scores, and the enhanced sensitivity 
of HPV-transformed cancers to chemotherapy. Nomograms to predict overall 
survival and progression-free survival in patients with oropharyngeal squamous 
cell carcinoma have been developed and validated.27

Salivary Gland Cancers
Evidence-based palliative treatment for salivary gland cancers is scarce, due 
to the rarity of the disease and its heterogeneity. A randomized phase II trial 
in all salivary gland cancers showed improved PFS for the combination of 
cisplatin and vinorelbine compared with vinorelbine alone, and this is an 
accepted first-line standard in fit patients. However, ongoing clinical investiga-
tions are better aligned with genomic discoveries. Clinical trials are testing 

Larynx Cancer
An important general principle for the treatment of larynx cancer is organ 

preservation, that is, preservation of a functional larynx.23 Maintaining the larynx 
without adequacy of its three key functions, airway patency, pharyngeal swal-
lowing, and voice, is not an appropriate goal. For patients with early-stage T1-2 
larynx cancer, single modality treatment with either RT or larynx preservation 
surgery results in 90% long-term laryngectomy-free survival. For patients with 
locally advanced larynx cancer, the combination of RT and chemotherapy is 
the preferred approach for organ preservation. The two evidence-based stan-
dards include cisplatin-based induction chemotherapy followed by definitive 
RT, or concurrent cisplatin-RT. A classic teaching is that patients with T4 larynx 
tumors should not be offered laryngeal preservation and instead proceed to 
total laryngectomy. Today, multidisciplinary recommendations for total laryn-
gectomy are based less upon tumor staging per se, because many clinical trials 
and case series demonstrate the feasibility of larynx preservation in some T4 
settings. Rather, more emphasis is placed upon baseline and expected laryngeal 
function as well as fitness for protracted RT regimens. Certain subgroups are 
likely more appropriate for upfront total laryngectomy, including those with 
destructive tumors affecting both vocal cords, patients demonstrating frailty 
or poor performance status, and those at risk for poor compliance with a 7-week 
RT program requiring daily attendance.

Salivary Gland Malignancies
The primary curative-intent treatment for salivary gland malignancies is 

surgery and reconstruction.24 Adjuvant radiation is frequently offered in the 
case of stage III-IVb disease. The role for concurrent chemotherapy is contro-
versial, with institutional series suggesting a role for concurrent cisplatin in the 
setting of positive surgical margin, extracapsular nodal involvement, or high 
grade.

As for HNSCC, the prognosis of salivary gland malignancies is indirectly 
associated with stage at presentation. Prognosis is favorable in the setting of 
stage I-II disease, intermediate in the setting of stage III-IVb disease, and poor 
in the setting of stage IVc disease. Due to its unique and lengthy natural history, 
adenoid cystic carcinoma bears special mention. Although the primary tumor 
is often well controlled following surgery and/or radiation, adenoid cystic car-
cinoma is neurotrophic and may relapse years later with cranial nerve and base 
of skull involvement. Delayed lung metastases are also a common feature, thus 
such patients are frequently followed for a decade or more by their treating 
oncologists.

Recurrent/Metastatic HNSCC
For patients with locally advanced HNSCC, the major cause of mortality is 

failure of locoregional control. In a minority of patients with isolated locoregional 
relapse, salvage surgery or re-irradiation can lead to durable long-term disease 
control at the expense of substantial morbidity. The majority of patients with 
locoregional recurrence or distant metastatic disease are candidates for pallia-
tive systemic therapy, depending upon performance status, comorbidities, and 
goals of care. For patients with a good performance status, first-line platinum-
doublet chemotherapy with cetuximab increases survival relative to chemo-
therapy alone. For the platinum-refractory patient, PD-1 checkpoint blockade 
with nivolumab doubles survival relative to single-agent chemotherapy or 
cetuximab. A9  The observation of long-term disease control in 10 to 20% of 
multirefractory, recurrent/metastatic HNSCC has resulted in many active clinical 
trials investigating the role of anti-PD-1 mAb earlier in HNSCC treatment, includ-
ing their integration into first-line palliative therapy or into definitive therapy 
for high-risk groups.

 PREVENTION
Environmental HNSCC
In 1953, Danely Slaughter and colleagues introduced the concept of epithelial 
field cancerization, where multicentric histologic abnormalities exist in the 
grossly normal mucosa adjacent to a resected HNSCC. Epithelial field can-
cerization is caused by chronic exposure to environmental carcinogens, includ-
ing the modifiable behaviors of tobacco, alcohol, and areca nut use. Patients 
with an index HPV-negative HNSCC develop a second primary tumor of the 
upper aerodigestive tract at the alarming rate of 3 to 6% per year. The most 
important strategy for decreasing primary or secondary risk for HNSCC is 
withdrawal of the offending carcinogen. Although tobacco cessation reduces 
second primary tumors, moderation of risk is not observed for 5 years, and 
risk does not return to baseline.25 The recognition of epithelial field canceriza-
tion compelled the investigation of chemoprevention agents in HNSCC, a 
field that has spanned 40 years without the identification of a tolerable and 
effective strategy. Although high-dose isotretinoin, a synthetic vitamin A analog, 
was shown to reverse oral premalignant lesions and prevent second primary 
tumors in two landmark randomized trials, isotretinoin was too toxic for chronic 
administration and HNSCC risk returned to baseline upon discontinuation 



targeted therapeutics, anti-angiogenic therapies, and anti-PD1 immune check-
point inhibitors in biomarker-enriched target populations.

Supportive and Palliative Care
Due to its anatomic location, HNSCC and its treatment impact functions 
fundamental to our humanity: voice, facial expression, eating, and breathing.28 
The care team must address both physical and psychological distress, often 
stemming from pain, nausea, malnutrition, fatigue, impaired communication, 
and social isolation. The symptom burden is particularly profound at the end 
of life in patients with uncontrolled locoregional disease. The unique palliative 
challenges in this setting include the management of foul-smelling, ulcerative 
masses; decisions regarding the palliative role of enteral feeding tubes or tra-
cheostomy; and preparation of the patient and caregivers for acute terminal 
events resulting from loss of airway or carotid exsanguination. Due to the 
unique symptom burden across the natural history of HNSCC, early and 
continuous involvement of palliative care specialists is ideal.
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Answer: C Human papillomavirus (HPV) is now recognized as a necessary 
cause of the epidemic rise in HNSCC arising within the oropharynx (tonsil, 
base of tongue). Risk factors for HPV-related HNSCC include lifetime number 
of sexual partners, oral infection with HPV, marijuana use, and male sex. The 
incidence of HPV-related HNSCC demonstrates a male:female disparity of 
5 : 1. Epstein-Barr virus is the cause of nasopharyngeal carcinoma in endemic 
regions of Southeast Asia.

4. Your 55-year-old male patient was diagnosed with stage II (T2N2) squa-
mous cell carcinoma of the left tonsil and treated with definitive chemo-
radiation with complete response. He asks you if he should now get the 
nonavalent HPV vaccine to complete his cancer treatment. You answer:
 A. Yes, he should get the nonavalent HPV vaccine series as soon as pos-

sible to induce anti-HPV memory T cells and prevent cancer 
recurrence.

 B. No, the nonavalent HPV vaccine is FDA indicated only in females, not 
males, to protect against cervical cancer.

 C. No, the nonavalent HPV vaccine does not cover the HPV type that 
causes throat cancer.

 D. No, the nonavalent HPV vaccine only prevents HPV infection, but 
cannot treat established cancer.

 E. Yes, he should get the nonavalent HPV vaccine series as soon as pos-
sible to induce innate immunity against HPV and prevent cancer 
recurrence.

Answer: D The nonavalent HPV vaccination prevents infection by nine HPV 
genotypes including HPV 16, the genotype that causes more than 95% of 
HPV-related HNSCC. The nonavalent HPV vaccine is indicated in both boys 
and girls, age 9 to 26 years, for the prevention of anogenital warts, cervical 
dysplasia and cancer, and anogenital dysplasia and cancer. The HPV vaccine 
induces anti-HPV antibodies against L1 capsid proteins; these antibodies block 
initial viral entry into the cell. Thus, the nonavalent HPV vaccine is a preven-
tion vaccine and does not have therapeutic utility in the setting of established 
infection or HPV-transformed cancer.

5. A 72-year-old female with a history of type II diabetes mellitus and hyper-
tension presents to your office with complete left facial paralysis. She 
describes that this came on over the past month, and she has had increasing 
difficulty with chewing and drooling. She denies oropharyngeal dysphagia, 
facial numbness, shortness of breath, cough, or hemoptysis. She is a lifelong 
nonsmoker. On physical examination, you observe complete, peripheral 
CN VII palsy with no other focal neurologic findings. There is no evidence 
of rash or vesicular eruption. There is no evidence of an oral cavity, oro-
pharyngeal, or neck mass. Her blood pressure is well controlled at 120/70 
and her cognition and affect are normal. You prescribe a course of valacy-
clovir and prednisone, as well as topical eye lubricant, and ask her to return 
in 4 weeks. She returns in 4 weeks with no change in exam. What is the 
most appropriate next step?
 A. Obtain carotid duplex, echocardiogram, and brain MRI with 

contrast.
 B. Obtain neck MRI with contrast.
 C. Refer to an ophthalmologist for placement of a gold weight.
 D. Re-treatment with a prolonged course of valacyclovir and 

prednisone.
 E. Refer for an electromyelogram of cranial nerve VII.

Answer: B Although it is possible that the patient has idiopathic Bell palsy 
that will result in long-term paralysis of CN VII, two atypical features of this 
case should prompt imaging of the parotid gland and peripheral facial nerve 
by neck MRI. First, the patient describes slow rather than acute onset of CN 
VII palsy. Second, no improvement is observed after 4 weeks, despite empiric 
management with valacyclovir and prednisone. Additional alarm symptoms 
in the setting of Bell palsy may include a prodrome of facial twitching or 
spasm. While the placement of a gold weight is a useful intervention in the 
setting of chronic Bell palsy, the critical next step in this case is to evaluate 
for an underlying mass lesion.

REVIEW QUESTIONS

1. A 63-year-old male presents to your office with a painful, nonhealing oral 
tongue ulcer. His medical history includes hypertension and erectile dys-
function. He is a former cigarette smoker, having quit with the use of nicotine 
replacement therapy 5 years ago after accumulating 40 pack-years of expo-
sure. He has never used chewing tobacco or marijuana. He drinks approxi-
mately 12 beers per week, usually at the weekend. He reports a history of 
5 female sexual partners during his late teens and early 20s, and has been 
in a monogamous marriage since that time. On physical examination, you 
observe a 2-centimeter right oral tongue lesion (pictured). A biopsy reveals 
moderately differentiated squamous cell carcinoma. The patient’s most 
likely risk factor is:
 A. Unreported chewing tobacco use.
 B. Unreported marijuana use.
 C. Lifetime number of sexual partners.
 D. History of cigarette smoking.
 E. Diet low in selenium.

Answer: D The dominant risk factor in the United States for oral cavity squa-
mous cell carcinoma is tobacco exposure, in particular the use of chewing 
tobacco or cigarettes. In Southeast Asia, chewing betel quid derived from the 
areca nut is a major risk factor. Alcohol is a synergistic carcinogen for envi-
ronmental HNSCC, in particular for larynx cancer. Neither marijuana nor 
lifetime number of sexual partners is an established risk factor for HPV-negative 
HNSCC. Diets low in fruits and vegetables are associated with increased risk 
for HNSCC, and this dietary risk factor interacts with both tobacco and alcohol 
exposure to intensify risk.

2. A healthy 55-year-old male presents to your office with 2 months of globus 
sensation and a left neck mass that he found while shaving. He reports 
that he smoked lightly during college with a cumulative exposure of 3 
pack-years. He has not used chewing tobacco or marijuana. He drinks 2 
glasses of wine 3 to 4 times per week. He reports a history of 10 to 15 
female sexual partners since graduating from high school, and has been in 
a monogamous marriage for the past 20 years. On physical examination, 
you observe a 3-centimeter, nontender, mobile left neck mass and an enlarged 
left tonsil. He has no other lymphadenopathy and no B symptoms. You 
treat him empirically for tonsillitis with a course of Augmentin. He returns 
in 3 weeks with no change in exam. What is your next step?
 A. Refer for FNA biopsy of the left neck mass.
 B. Refer for a CT scan of the neck, with IV contrast.
 C. Reassure the patient that this cannot be head and neck cancer, given 

his minimal tobacco history, and have him return in 3 months.
 D. Re-treat with a course of ciprofloxacin and prednisone.
 E. A or B.

Answer: E In an adult, a neck mass is cancer until proven otherwise. An 
empiric course of antibiotic therapy for lymphadenitis is acceptable, however 
the patient must be re-evaluated to assure resolution. The internist must be 
aware that over the past two decades, there has been a rapid rise in incidence 
of head and neck cancer centered in the oropharynx (tonsil and base of tongue) 
that is unrelated to the classic risk factors of tobacco and alcohol exposure. A 
persistent neck mass requires imaging as well as biopsy. In the setting of a 
cervical neck mass and no other lymphadenopathy, fine-needle aspiration 
rather than excisional biopsy is the preferred approach.

3. A CT scan of the neck demonstrates a conglomerate of enlarged, cystic 
level II/III left cervical lymph nodes and a 2-cm enhancing left tonsillar 
mass. An FNA biopsy of the left neck mass reveals poorly differentiated 
squamous cell carcinoma, and tumor cells stain diffusely positive for p16 
by immunohistochemistry. The patient’s most likely risk factor is:
 A. Under-reported cigarette smoking.
 B. Unreported chewing tobacco use.
 C. Lifetime number of sexual partners.
 D. Epstein-Barr virus.
 E. Alcohol use.
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182 
LUNG CANCER AND OTHER 
PULMONARY NEOPLASMS
FADLO R. KHURI

 BRONCHOGENIC LUNG CANCER

 DEFINITION
Lung cancer, or bronchogenic carcinoma, is a proliferative malignant neoplasm 
arising from the primary respiratory epithelium. Lung cancer is generally 
divided into two major histologic groups: non–small cell lung cancer (NSCLC), 
which accounts for approximately 85% of all lung cancers, and small cell lung 
cancer (SCLC). There are several other less common pulmonary neoplasms 
including carcinoid tumors, primary soft tissue sarcomas of the lung, pulmo-
nary blastomas, and lymphoma.

 EPIDEMIOLOGY
Lung cancer is by far the leading cause of cancer-related mortality globally, 
with an estimated 1.3 million new cases diagnosed worldwide each year, 

accounting for nearly 12% of all cancers and an estimated 1.1 million deaths 
each year. Among men, lung cancer is the most common malignant neoplasm 
(incidence rate of 35.5 per 100,000), whereas in women, lung cancer incidence 
(12.1 per 100,000) is next only to breast, cervix, and colon cancers. The inci-
dence and mortality related to lung cancer in men have declined during the 
last two decades in Western countries but continue to increase in the develop-
ing world; in women, lung cancer deaths are increasing in most regions of the 
world. The most dramatic increases in lung cancer incidence and death globally 
are in China, which has experienced a 465% increase in lung cancer–related 
deaths during the past 30 years.

Risk Factors
Cigarette smoking is the most common risk factor for lung cancer, with roughly 
85% of lung cancer patients having a tobacco-smoking history and approxi-
mately 50% being former smokers (defined as free from smoking for at least 
12 months before diagnosis). The risk for development of lung cancer cor-
relates with the number of cigarettes smoked per day and the cumulative 
duration of smoking time.1 Patients with a smoking history of at least 20 to 
30 pack-years (defined as 1 pack per day of cigarettes for 20 to 30 years) are 
at substantially increased risk for development of lung cancer. Whole genomic 
sequencing has revealed that the mutational burden in specimens of adeno-
carcinomas from the lungs of persons who have never smoked is a log order 
of magnitude lower than those from the lungs of ever-smokers (persons who 
have ever smoked). Characteristic cytosine-adenine (C→A) nucleotide trans-
versions are associated with tobacco exposure and are seen predominantly in 
lung adenocarcinomas from smokers rather than from those who have never 
smoked.2 Since the release of the first U.S. Surgeon General’s Report on the 
Hazards of Smoking in 1964, the prevalence of cigarette smoking has declined 
considerably in the United States but continues to increase at an alarming 
rate in developing and third world countries. As a result, the number of cases 
of lung cancer diagnosed annually is likely to rise during the next few decades, 
and it is estimated that the majority of lung cancer cases will occur outside 
the United States and Europe by the year 2030. Smoking cessation is associ-
ated with a gradual reduction in risk for development of lung cancer, although 
it does not reach that of a never-smoker. Second-hand exposure to smoke is 
another risk factor that contributes to nearly 1% of all cases of lung cancer.

Because only about 11% of heavy smokers develop lung cancer, genetic 
susceptibility to lung cancer also appears to play a role. Patients with a family 
history of early lung cancer (before 60 years of age) have a two-fold higher 
risk for development of the disease. Women appear to be at a higher risk for 
development of lung cancer at the same smoking exposure level as that of 
men, but the reasons behind this remain unclear. In recent years, an increasing 
number of never-smokers have been diagnosed with lung cancer. The etiology 
behind this is unclear at this time. These individuals are more likely to harbor 
certain genetic alterations in the tumor, such as mutations in the gene encod-
ing epidermal growth factor receptor (EGFR) and rearrangement in the gene 
encoding anaplastic lymphoma kinase (ALK). Occupational exposure to 
asbestos leads to an estimated four-fold higher risk of lung cancer, with cigarette 
smoking having an additive effect on risk. There is a latency of several decades 
between asbestos exposure and the development of lung cancer, and risk is 
related to the duration of exposure as well as to the quantity and the type of 
asbestos fiber. The Environmental Protection Agency and the World Health 
Organization consider all forms of asbestos to be carcinogenic; accordingly, 
the use of asbestos is banned in nearly 50 countries.

Radon exposure has also been implicated in the development of 5 to 8% 
of lung cancer cases. Household exposure to radon, which results from the 
radioactive decay of uranium, is high in certain geographic regions. The Envi-
ronmental Protection Agency recommends that the household radon level 
be less than 4 picocuries/liter of air, and simple remedial methods are available 
to reduce radon exposures above this threshold. Exposure to ionizing radiation 
in the form of therapeutic radiation or frequent diagnostic radiographic tests 
is also associated with a higher risk for development of lung cancer, as to a 
lesser degree are exposures to metals such as arsenic, nickel, and chromium 
as well as to silica and general air pollution, including biomass fuels such as 
coal and wood smoke. A study estimated that human immunodeficiency virus 
is associated with an increased risk for development of lung cancer with a 
hazard ratio of 3.6.

 PATHOBIOLOGY
Pathology
Lung cancer is broadly subdivided into NSCLC and SCLC on the basis of 
the distinct biologic behavior and response to chemotherapy of these two 
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ABSTRACT
Lung cancer is a common malignancy and the leading cause of cancer-related 
mortality globally, resulting in an estimated 1.1 million deaths each year world-
wide. It is characterized by presentation at an advanced stage, aggressive disease 
course, and modest sensitivity to systemic therapies. Lung cancer is broadly 
subdivided into two major histologic types: non-small cell lung cancer (NSCLC) 
and small cell lung cancer (SCLC). NCSLC accounts for approximately 85% 
of all lung cancer cases and comprises adenocarcinoma, squamous cell carci-
noma, and large cell carcinoma subtypes. Cigarette smoking is the most common 
risk factor for lung cancer, accounting for about 85% of all cases, although 
the number of never-smokers with lung cancer has increased in recent years. 
Specific molecular abnormalities have been identified in lung cancer in recent 
years, such as mutation in the epidermal growth factor receptor (EGFR) gene 
and rearrangements of the anaplastic lymphoma kinase (ALK) gene. Many 
of these molecular changes represent therapeutic targets and have led to the 
development of specific targeted therapies. Most recently, the approval of 
immunotherapy agents targeting the PD-1 pathway has led to a paradigm-shift 
in the treatment of lung cancer. Increased understanding of disease biology, 
earlier detection, improved treatment agents and modalities, sequencing of 
the tumor genome, and improved supportive care measures are all rapidly 
changing the research and clinical landscape of lung cancer.
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and necrosis. Diagnostic work-up of SCLC includes immunostaining for TTF-1, 
chromogranin, synaptophysin, and CD56. Approximately 15% of SCLC speci-
mens have mixed morphology with components of NSCLC.

Molecular Pathology
In recent years, a number of molecular abnormalities have been identified in 
lung cancer. Many of these represent novel targets for therapy, strengthening 
the rationale for obtaining adequate tumor tissue to conduct molecular studies 
as an essential component of the diagnostic work-up for lung cancer. With 
modern genomic techniques, a greater understanding of the molecular features 
that account for the long-recognized clinical heterogeneity of lung cancer is 
leading to individualized treatment approaches.3

Oncogenes
In lung adenocarcinoma, nearly two thirds of patients harbor an oncogenic 
mutation that can potentially be targeted with specific agents (Fig. 182-1A). 
The most common are mutations involving KRAS, EGFR, BRAF, HER2, MET, 
and PIK3CA and gene rearrangements involving ALK, RET, and ROS1. KRAS 
mutations are present in approximately 25% of lung adenocarcinoma patients 
and are usually associated with cigarette smoking. The most common sites of 
mutation in KRAS include codons 12, 13, and 61, resulting in amino acid 
substitutions, which cause impaired GTPase activity and constitutive activa-
tion of RAS signaling. The prognostic value of KRAS mutation in patients 
with lung cancer is controversial.

Mutations in EGFR are observed in nearly 15% of white and almost 40% 
of Asian lung adenocarcinoma patients. Deletion mutations in exon 19 and 
a point mutation in exon 21 are located in the tyrosine kinase–binding domain 
of the receptor and result in constitutive activation of the signaling pathway, 
leading to proliferation, evasion of apoptosis, and enhanced angiogenesis. 
Patients with EGFR-activating mutations can derive robust and durable clinical 
benefit from treatment with EGFR tyrosine kinase inhibitors (TKIs). However, 
most of the benefit is limited in duration, and within 12 to 24 months, nearly 
60% of these patients will develop a secondary mutation in exon 20(T790M) 
that confers resistance to EGFR TKI therapy. This mutation can also be found 
de novo in certain patients with lung adenocarcinoma along with an exon 19 
or 21 mutation before exposure to EGFR TKI therapy. Another common 
mechanism of acquired resistance to EGFR TKI therapy is amplification of 
the growth factor receptor c-Met. In approximately 5% of patients with lung 
adenocarcinoma, gene rearrangement involving ALK is observed. Clinical 
features associated with the ALK gene rearrangement include never-smokers, 
adenocarcinoma histology, signet ring features on histopathologic evaluation, 
and younger age. The fusion gene results from inversion or translocation of 
portions of the echinoderm microtubule-associated protein-like 4 (EML4) with 
the ALK gene and leads to activation of downstream signals that can be inhib-
ited by specific ALK kinase inhibitors. Crizotinib, an ALK inhibitor, induces 
objective tumor response in nearly two thirds of patients. ALK gene rear-
rangement is detected by fluorescent in situ hybridization, often in addition 
to immunohistochemistry. Other fusion abnormalities involving the RET and 
ROS1 genes are each observed in 1% of lung adenocarcinoma specimens. It 
is noteworthy that EGFR and KRAS mutations and ALK gene rearrangements 
are usually mutually exclusive. Squamous cell carcinoma has an entirely dif-
ferent spectrum of molecular abnormalities (Fig. 182-1B). Recent studies 
from the Cancer Genome Atlas (TCGA) project indicate common mutations 
in p53, PTEN, PIK3CA, KEAP1, DDR2, and RB1. Amplification of the gene 
for fibroblast growth factor receptor (FGFR) is also noted in 10 to 20% of 
squamous cell lung cancers. Many of these abnormalities provide potential 

subsets. NSCLC comprises adenocarcinoma, squamous cell carcinoma, and large 
cell carcinoma subtypes. In the past several years, distinct differences between 
the various histologic subtypes that comprise NSCLC have been recognized, 
with an increasing emphasis placed on the identification of histologic subtype 
from diagnostic specimens.

Adenocarcinoma is now the most common histologic subtype of lung cancer; 
never-smokers who develop lung cancer most frequently have adenocarcinoma. 
It has gradually increased in incidence, surpassing squamous cell cancer during 
the past two decades, and now represents nearly 50% of all newly diagnosed 
cases of lung cancer in the United States. Adenocarcinoma has a higher pre-
dilection for distant metastasis compared with squamous cell histology. In 
2011, a new classification system for lung adenocarcinoma was developed 
dividing adenocarcinomas into preinvasive, minimally invasive, and invasive 
types. Atypical adenomatous hyperplasia refers to a localized proliferative lesion 
consisting of atypical type II pneumocytes or Clara cells and measuring less 
than 5 mm. Adenocarcinoma in situ refers to lesions smaller than 3 cm that 
lack any invasive characteristics. This entity was previously referred to as bron-
chioloalveolar carcinoma or noninvasive adenocarcinoma. Lesions 3 cm or 
smaller with a predominantly lepidic pattern and with invasion of less than 
5 mm in greatest dimension are referred to as minimally invasive adenocarci-
noma. Adenocarcinoma in situ and minimally invasive adenocarcinoma have 
a more than 95% 5-year survival rate when they are treated with surgical 
resection, making the establishment of a precise pathologic diagnosis of great 
significance. Invasive adenocarcinoma represents nearly 90% of all cases of 
adenocarcinoma. Based on the predominant characteristic features, it is cat-
egorized as lepidic, acinar, papillary, micropapillary, or solid predominant with 
mucin production.

Squamous cell lung cancer is decreasing in incidence in the United States, 
most likely because of the changing smoking habits of the population. Squa-
mous tumors of the lung are generally centrally located and are almost always 
seen in patients with a significant smoking history. Squamous dysplasia and 
squamous cell carcinoma in situ are preinvasive lesions that can develop into 
invasive cancers.

In addition to morphologic features, immunohistochemical studies are 
important in establishing NSCLC histologic subtype. Adenocarcinoma speci-
mens usually stain positive for cytokeratin 7, thyroid transcription factor-1 
(TTF-1), and Napsin-A, and are negative for cytokeratin 20. The majority of 
squamous cell tumors stain positive for p40 and p63, members of the p53 
family of proteins, whereas adenocarcinomas occasionally stain positive for 
p63. On the basis of these findings, a panel of markers including TTF-1, p63, 
and p40 is frequently evaluated in diagnostic specimens of patients with lung 
cancer to accurately identify the histologic subtype (Table 182-1). Large cell 
carcinoma represents 3 to 4% of NSCLC and is characterized by a high mitotic 
rate, necrosis, and morphologic features of NSCLC. Large cell tumors stain 
positively for neuroendocrine markers such as chromogranin A and synapto-
physin. Because this histologic subtype is often difficult to accurately diagnose 
owing to an abundance of necrotic tissue and a poor degree of differentiation, 
diagnosis requires an adequate tissue specimen. Large cell carcinoma is often 
associated with an aggressive clinical course and poor survival rates, even 
when it is found in the setting of early-stage disease. Large cell carcinoma is 
strongly associated with a history of prior smoking.

SCLC is diagnosed in approximately 13% of lung cancer cases in the United 
States, and its incidence has gradually declined during the past three decades. 
SCLC is strongly associated with smoking and is rare in never-smokers. Patho-
logic diagnosis can be challenging because of an abundance of necrotic tissue 
but is established by characteristic features, such as a high degree of mitosis 

TABLE 182-1 HISTOLOGIC MARKERS IN NON–SMALL CELL LUNG CANCER

PERCENTAGE IHC-POSITIVE CASES AMONG HISTOLOGIC CARCINOMA SUBTYPES
POSITIVE AND NEGATIVE PREDICTIVE VALUE 

OF ANTIBODY PANEL

ADENOCARCINOMA  
(n = 215)

SQUAMOUS CELL CARCINOMA  
(n = 123)

LARGE CELL CARCINOMA  
(n = 22) ADENOCARCINOMA

SQUAMOUS CELL 
CARCINOMA

p63 7.0 99.2 52 88.9, 99.5
Cytokeratin 5/6 9.8 99.2 68 84.9, 99.5
TTF-1 83.5 3.4 23 97.7, 76.9
Cytokeratin 7 97.2 23.5 77 88.4, 93.6
Mucin 43.4 13.4 0
Modified from Sterlacci W, Savic S, Schmid T, et al. Tissue-sparing application of the newly proposed IASLC/ATS/ERS classification of adenocarcinoma of the lung shows practical diagnostic and prognostic 
impact. Am J Clin Pathol. 2012;137:946-956.
IHC = immunohistochemically; TTF-1 = thyroid transcription factor-1.
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Tumor Suppressor Genes
The function of multiple tumor suppressor genes is frequently lost in lung 
cancer, including p53, Rb, LKB1, and a number of genes found on the short 
arm of chromosome 3 (3p). p53 mutation or loss correlates with cigarette 
smoking and has been detected in some preneoplastic lesions of the lung. 
Mutations of p53 are common in both NSCLC (≈50%) and SCLC (≈80%). 
Mutations in LKB1 are also common in NSCLC. The STK11/LKB1 gene, 
which encodes a serine/threonine kinase, regulates cell polarity and functions 
as a tumor suppressor. One of the earliest genetic abnormalities in lung cancer 
occurs during the deletion of genetic material on chromosome 3p (p14 to 
p23). The deletion occurs in approximately 50% of NSCLC and 90% of 
SCLC patients. The FHIT (fragile histidine triad) gene (3p14.2), which is 
abnormal in many lung cancers, may function as a tumor suppressor gene 
by limiting tumor growth and enhancing apoptosis. The Rb protein is not 

opportunities for targeted therapies. The availability of highly sophisticated 
genomic sequencing has permitted the elucidation of hitherto unidentified 
molecular abnormalities, uncovering new therapeutic targets for lung cancer. 
Increasingly, the performance of “multiplex” testing for a number of molecular 
markers simultaneously, using limited amounts of tumor tissue, is changing 
the therapeutic paradigm for NSCLC.4 Guidelines from the International 
Association for the Study of Lung Cancer recommend routine testing for 
EGFR mutation and ALK translocation for all newly diagnosed patients with 
advanced stage lung adenocarcinoma. For patients with tumors of squamous 
cell histology, routine molecular testing is not yet recommended, although 
randomized clinical trials using this approach are in progress. In the absence 
of Food and Drug Administration–approved, molecularly directed therapies 
for squamous cancers, the use of standard chemotherapies is recommended 
for this disease at present.

FIGURE 182-1. Altered signaling networks in lung cancer. A, significantly mutated pathways in lung adenocarcinoma. aLK = anaplastic lymphoma kinase; egFr = epidermal growth 
factor receptor; ePha/B = ephrina/B; FgFr = fibroblast growth factor receptor; Insr = insulin receptor; Kras = Kristen rat sarcoma Virus; ntrK = neurotrophic tyrosine kinase; PIK3Ca 
= phosphatidylinositol-4,5,-bisphosphate 3-kinase catalytic subunit alpha; VegF = vascular endothelial growth factor. (modified from ding L, getz g, Wheeler da, et al. somatic muta-
tions affect key pathways in lung adenocarcinoma. Nature. 2008;455:1069-1075.) B, genetic profiles by histologic subtype. (From the Lung Cancer mutation Consortium and modified 
from sequist LV, heist rs, shaw at, et al. Implementing multiplexed genotyping of non-small-cell lung cancers into routine clinical practice. Ann Oncol. 2011;22:2616-2624; Bergethon 
K, shaw at, Ou sh, et al. rOs1 rearrangements define a unique molecular class of lung cancers. J Clin Oncol. 2012;30:863-870; Weiss J, sos mL, seidel d, et al. Frequent and focal FgFr1 
amplification associates with therapeutically tractable FgFr1 dependency in squamous cell lung cancer. Sci Transl Med. 2010;2:62ra93; hammerman Ps, sos mL, ramos ah, et al. muta-
tions in the ddr2 kinase gene identify a novel therapeutic target in squamous cell lung cancer. Cancer Discov. 2011;1:78-89.)
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FIGURE 182-2. Evaluation of a patient with a solitary pulmonary nodule. *Patient with a minimal or absent history of smoking and other known risk factors for the development 
of lung cancer and a nodule 8 mm or smaller. †Patient with a history of smoking and other risk factors for the development of lung cancer and a nodule 8 mm or larger. Ct = computed 
tomography; Fna = fine-needle aspiration; Pet = positron emission tomography. 

expressed in 90% of SCLC because of mutation or deletion. In NSCLC, Rb is 
normally expressed, but when Rb is phosphorylated, uncontrolled cell division  
can occur.

Epigenetics
Epigenetics refers to a change in gene expression that is heritable but does 
not involve a change in DNA sequence. Epigenetic modifications involving 
changes in DNA methylation are common in lung cancer and include hypo-
methylation, dysregulation of DNA methyltransferase I, and hypermethylation. 
Genes that are methylated in NSCLC include p16, RARB, RASSFIA, MGMT 
(methylguanine-methyltransferase), and death-associated protein kinase (DAP-
kinase). Hypermethylation in lung cancer can often silence tumor suppressor 
genes, thereby promoting dysregulated cell growth. Silencing of tumor sup-
pressor genes in histologically normal lymph nodes in patients with resectable 
NSCLC is associated with higher likelihood of disease relapse.

 CLINICAL MANIFESTATIONS
Lung cancers grow from a single abnormal cell or small group of abnormal 
cells to develop into large macroscopic masses that may be several centimeters 
in diameter. Most lung cancers originate from the bronchial epithelium and 
are termed carcinomas. Primary noncarcinoma lung cancers are less common 
and include carcinoid, pulmonary blastomas (more common in younger 
patients), and sarcomas. Early lung cancers often are manifested as pulmonary 
nodules, defined as “a rounded opacity, well or poorly defined, measuring up 
to 3 cm in diameter” (see Fig. 182-2 for evaluation of a patient with a solitary 
pulmonary nodule). Abnormal lung tissues range in histologic grade from 
mildly atypical cells to aggressive cancers. Lesions such as atypical adenoma-
tous hyperplasia are considered preinvasive lesions, with a continuum of cel-
lular atypia through adenocarcinoma.

Currently, only 15% of patients with lung cancer are asymptomatic when 
they are initially diagnosed. Diagnosis in these patients is often made inci-
dentally on a chest radiograph obtained for other reasons (e.g., a preoperative 
study). The work-up for suspected lung cancers is dependent on the probability 
that the lesion in question is malignant or the stage of disease at presentation 
(see Fig. 182-2). Pulmonary nodules often are due to current or prior infec-
tion, although they may be the manifestation of early cancer. Results from 
the National Lung Screening Trial showed that of all nodules detected, more 
than 95% were false positives and were noncancerous. In fact, although the 
incidence of pulmonary nodules detected by chest radiographs and computed 

tomography (CT) scans is increasing, the incidence of lung cancer is not.5 
However, most patients have symptoms and signs that are (1) caused by the 
pulmonary lesion itself—these include local tumor growth, invasion, and 
obstruction; (2) intrathoracic-regional tumor spread to lymph nodes and 
adjacent structures; (3) extrathoracic-distant spread of disease; or (4) para-
neoplastic syndromes.6 Common presenting symptoms of lung cancer include 
cough, dyspnea, pain, hemoptysis, and weight loss; anorexia occurs in about 
30% of patients, fatigue in one third of patients, and anemia and fever in 10 
to 20% of patients. More than 80% of patients initially have three or more 
symptoms or signs as a result of the lung cancer. Because the majority of 
patients with lung cancer have other tobacco-related cardiopulmonary diseases, 
such as emphysema/chronic obstructive pulmonary disease, ischemic heart 
disease, and others, these overlapping symptoms often result in a delay in 
diagnosis of the underlying malignant disease. Symptoms could also result 
from local invasion or metastasis of the tumor, such as headache, bone pain, 
airway obstruction, cough, and hemoptysis. Paraneoplastic syndromes associ-
ated with lung cancer include the syndrome of inappropriate antidiuretic 
hormone (Chapter 108), hypercalcemia (Chapter 232), pulmonary hyper-
trophic osteoarthropathy (Chapter 259 and Fig. 259-1), Eaton-Lambert myas-
thenic syndrome (Chapter 394), and Cushing syndrome (Chapters 169 and 
214). Hypercalcemia is common in squamous cell histology, whereas the 
syndrome of inappropriate antidiuretic hormone, Eaton-Lambert myasthenic 
syndrome, and Cushing syndrome are most commonly associated with SCLC.

 DIAGNOSIS
With the advent of CT screening, it is anticipated that a greater subset of 
patients with lung cancer will be diagnosed before the onset of symptoms. In 
patients with clinical or radiographic findings suggestive of lung cancer, CT 
scans of the chest and abdomen are indicated to determine the location of 
the primary tumor, involvement of mediastinal lymph nodes (Fig. 182-3), 
and spread to other anatomic sites. A gene-expression profile can improve the 
diagnostic accuracy of bronchoscopic biopsy for the detection of lung cancer.7

Diagnostic Procedures
Accurate diagnostic characterization of lung cancers is essential because the 
presence or absence of mediastinal nodal metastases is crucial in determining 
prognosis, assessing resectability, and selecting the appropriate treatment 
strategy for primary lung cancer. Enlarged lymph nodes identified by CT or 
positron emission tomography (PET) require histologic confirmation. It is 
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of the mediastinum during diagnostic bronchoscopy. Sensitivity of TBNA is 
dependent on lymph node size, location, and needle size, being best suited 
for large, clinically positive lymph nodes. On-site cytopathologic analysis 
increases the likelihood of obtaining a malignant diagnosis. Linear array ultra-
sound technology combined with TBNA allows endobronchial ultrasound 
(EBUS) fine-needle aspiration (FNA) of mediastinal and hilar lymph node 
stations. EBUS-FNA is superior in performance to TBNA, with overall sen-
sitivity approaching 90%. Among the diseases that are also associated with 
enlarged and metabolically active mediastinal lymph nodes are sarcoidosis, 

debatable whether all patients require invasive mediastinal staging before 
surgical resection or other local treatment modality, such as stereotactic body 
radiation therapy (SBRT) or stereotactic ablative radiotherapy (SABR). Only 
5 to 15% of patients with peripheral T1 tumors with a negative mediastinum 
by CT or PET have mediastinal nodal metastases.

Invasive Diagnostic Procedures
Important advances in surgical diagnosis have been established and refined 
in the last few years. Transbronchial needle aspiration (TBNA) allows staging 
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FIGURE 182-3. The International Association for the Study of Lung Cancer (IASLC) lymph node map. Included is the proposed grouping of lymph node stations into “zones” for the 
purposes of prognostic analyses. (From rusch VW, asamura h, Watanabe h. the IasCL lung cancer staging project. a proposal for a new international lymph node map in the forthcom-
ing seventh edition of the tnm classification for lung cancer. J Thorac Oncol. 2009;4:568-577.)
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incidentally in up to 0.2% of chest radiographs; 10 to 70% are malignant. The 
potential for these lesions to be malignant increases with the patient’s age, 
nodule size (<4 mm vs. >8 mm), growth rate, definite history of smoking, 
and size changes compared with prior imaging studies. PET scans may be 
helpful in defining abnormal mediastinal nodes in these patients. A pulmonary 
nodule that has not changed in size for more than 2 years is probably benign. 
For lesions larger than 8 mm, serial high-resolution CT scans are appropriate. 
Suspicious nodules should undergo definitive biopsy (see Fig. 182-2).

The Dutch-Belgian Randomized Lung Cancer Screening Trial (NELSON) 
recently reported that new solid nodules were detected at each screening round 
in 5 to 7% of individuals who underwent screening for lung cancer with low-
dose CT. These new nodules were found to have a high probability of malig-
nancy even at a small size, suggesting that future guidelines consider more 
aggressive follow-up of new nodules that appear upon serial screening CT 
than for those detected at baseline imaging.9

Staging
Stage is the most important determinant of prognosis in patients with lung 
cancer. The seventh edition of the American Joint Committee on Cancer (AJCC) 
Cancer Staging Manual is currently in use (Table 182-2). This staging system 
uses new T and M descriptors to determine lung cancer stage based on the 
TNM (tumor, node, and metastasis) profile of the patient. Individual T descrip-
tors are defined on the basis of tumor size of less than 2, 2 to 3, 3 to 5, 5 to 
7, and more than 7 cm. In the previous system, tumors were categorized on 
the basis of size of less than or more than 3 cm. Currently, satellite nodules 
in the same lobe as the primary tumor are categorized as T3 and nodules in 
another lobe of the ipsilateral lung as T4. Malignant pleural or pericardial 
effusion constitutes M1 disease. Presence of metastases within the thorax 
constitutes M1a and extrathoracic disease is classified as M1b because patients 
with M1a disease have a slightly better prognosis than those with M1b. Nodal 
descriptors were not changed from the previous system.

The TNM staging system is also now recommended for SCLC, given its 
ability to ascertain prognosis in a more accurate manner. SCLC was previously 
classified as limited or extensive stage on the basis of the ability to administer 
radiation therapy to the tumor with a single port. Treatment guidelines for 
localized SCLC have not been affected.

tuberculosis, and multiple infectious causes, generally of a fungal, atypical, or 
viral nature (histoplasmosis, tuberculosis, and coccidioidomycosis among the 
differential diagnoses), making it mandatory to obtain nodal tissue.

Esophageal endoscopic ultrasonography (EUS), or EUS-FNA, allows sam-
pling of inferior pulmonary ligament, periesophageal, and subcarinal lymph 
node stations (9, 8, and 7). Stations 2 and 4 are difficult to sample. The com-
bination of EBUS-FNA and EUS-FNA can exceed 90% yield in obtaining a 
tissue diagnosis of lung cancer when it is present.

Mediastinoscopy involves surgical assessment of mediastinal lymph nodes 
for determination of tumor involvement. Cervical mediastinoscopy is the 
standard and allows sampling or removal of lymph node stations 2, 4, 7, and 
often 10. The complication rate is 2%, with few life-threatening complications. 
With video mediastinoscopy, sensitivity and specificity exceed 97%.

An anterior mediastinotomy (Chamberlain procedure) provides access to 
stations 5 and 6 (aortic and aortopulmonary window), generally not accessible 
with cervical mediastinoscopy. This is performed through an incision in the 
left second or third intercostal space or through excision of the second costal 
cartilage.

A biopsy is necessary to establish diagnosis and, in recent years, to conduct 
molecular studies that can further guide therapy. The most accessible site with 
the least invasive method is the preferred approach to obtaining diagnostic 
tissue. Whereas an FNA procedure is often adequate to establish diagnosis 
and can be accomplished by a transthoracic approach or by bronchoscopy, 
the yield is often inadequate to conduct molecular studies. Therefore, a core 
needle biopsy to obtain sufficient tissue is recommended for patients with 
suspected lung cancer. Testing is now routine for at least EGFR mutations 
and ALK rearrangements because approved agents for both of these oncogenic 
drivers are available, but the profile of other “druggable” molecular targets to 
be tested (e.g., ROS1, RET, BRAF, etc.) is rapidly expanding. For patients 
presenting with pleural or pericardial effusions, transthoracic aspiration of 
fluid is sufficient for diagnosis and staging. Cell blocks prepared from the fluid 
can be used to conduct molecular studies, although the success rate depends 
on the number of viable cancer cells in the specimen. The diagnostic yield of 
pleural fluid in patients with malignant effusion is approximately 50 to 70%. 
In instances in which repeated aspiration of pleural fluid is nondiagnostic, a 
video-assisted thoracoscopy procedure might be necessary to establish diag-
nosis. For patients with localized lung tumors that are suggestive of cancer, it 
is reasonable to proceed with surgical resection without a diagnostic biopsy 
if all other potential causes are excluded.

With the recent use of molecularly targeted therapies, understanding of the 
mechanisms of resistance is an important determinant of subsequent therapies. 
Therefore, it is recommended to obtain additional tumor biopsy specimens 
at various time points during the course of treatment.

Diagnostic Imaging
In conjunction with standard thoracic imaging procedures, additional sites of 
disease may require evaluation based on presenting complaints. The most 
common sites of lung cancer metastasis include contralateral lung, liver, adrenal 
gland, bones, and brain. Imaging of the brain is recommended to evaluate for 
metastasis in patients with suggestive symptoms and signs or those with lung 
adenocarcinoma larger than 3 cm and evidence of mediastinal nodal involve-
ment. Magnetic resonance imaging (MRI) and CT scan with contrast enhance-
ment are both acceptable modalities to evaluate for brain metastasis, although 
MRI is preferred for its superior sensitivity. Radionuclide study of the bones 
is indicated in patients with bone pain or an unexplained elevation in serum 
alkaline phosphatase level.

PET using [18F]fluorodeoxyglucose (FDG) is included as part of staging 
in patients with localized lung cancer; however, the use of FDG-PET scan to 
assess response to anticancer therapy and in surveillance after curative therapy 
is controversial at this time and is not recommended. MRI scan of the chest 
may be useful in determination of invasion of surrounding structures, such as 
the brachial plexus, in patients with tumors involving the superior sulcus of 
the lung, but its use in staging is generally restricted to preoperative settings.

Solitary Pulmonary Nodule
The management of pulmonary nodules differs by whether they are solid (soft 
tissue attenuation) or subsolid (less than soft tissue attenuation without obscur-
ing of the underlying lung architecture on CT).8 For larger nodules, CT char-
acteristics suggestive of malignancy include irregular margins, spiculation, 
invasion of adjacent structures, lymphadenopathy, and distant metastases. 
Asymptomatic single pulmonary nodules less than 3 cm in diameter, the 
“solitary nodule,” with normal surrounding lung architecture are found 

TABLE 182-2 TREATMENT BY AMERICAN JOINT COMMITTEE 
ON CANCER (AJCC) STAGE

T N M MEDICALLY FIT MEDICALLY UNFIT
Stage IA 1 0 0 Surgery SBRT
Stage IB 2 0 0 Surgery plus adjuvant 

chemotherapy if T ≥4 cm
SBRT plus chemotherapy 

at progression
Stage IIA/B 1-2 1 0 Surgery plus adjuvant 

concurrent 
chemoradiation

Thoracic radiation plus 
chemotherapy

Stage IIIA X-3 2 0 Concurrent or sequential 
chemoradiation

4 X 0
Stage IIIB X-4 3 0 Concurrent chemoradiation
Stage IVA X X 1a Chemotherapy (if EGFR mutation, treat with EGFR 

TKI)
Stage IVB X X 1b Chemotherapy (if EGFR mutation, treat with EGFR 

TKI); radiation for palliation
T = tumor; N = node; M = metastasis; SBRT = stereotactic body radiation therapy; EGFR = 
epidermal growth factor receptor; TKI = tyrosine kinase inhibitor.
From AJCC Cancer Staging Manual. 7th ed. New York: Springer-Verlag; 2018.

Non–Small Cell Lung Cancer
surgery

Surgical management plays the major role in the treatment of patients with 
stage I, stage II, and selected stage III NSCLC. However, nearly 40% of patients 
with early-stage lung cancer are not candidates for surgery because of limiting 
comorbid conditions. The commonly used parameters for inoperability include 
pulmonary functions with baseline forced expiratory volume in the first second 
of expiration (FEV1) of less than 40%, predicted postoperative FEV1 of less than 
30%, and severely limited diffusion capacity. Such patients are referred to as 

TREATMENT 
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medically inoperable despite the presence of localized disease and may be 
candidates for stereotactic body radiation therapy (SBRT), as discussed later.

The first step in managing localized lung cancer is to stage the mediastinal 
lymph nodes. For peripheral tumors that are not associated with mediastinal 
adenopathy and do not have FDG uptake in the nodes, many surgeons advocate 
proceeding with surgical resection and sampling mediastinal nodes intraop-
eratively. However, for patients with nodes that are positive on PET scan, sampling 
is strongly recommended before surgery. The false-positive rate for PET scan 
in the mediastinum for patients with localized lung cancer is approximately 
20%. The likelihood of nodal involvement in patients with negative PET scan 
is approximately 5 to 15%.

Lobectomy is the standard surgical procedure for patients with localized 
lung cancer who are medically fit. If anatomic resection cannot be achieved 
with lobectomy, bilobectomy or pneumonectomy might be necessary. Sleeve 
resection refers to removal of the tumor along with the bronchus and anasto-
mosis of the remaining ends of the bronchial tree. Surgical resection can be 
achieved by performing an open thoracotomy or by video assisted thoracoscopic 
surgery (VATS).10 VATS is gaining wider use because of lower morbidity, faster 
recovery from surgery, and better ability to administer postoperative systemic 
therapy. A1  The ability to achieve an R0 resection is critical, and surgery should 
not be attempted if this is not deemed feasible during preoperative work-up. 
For patients with positive surgical margins, re-resection should be attempted 
whenever it is feasible. If not, postoperative radiation therapy should be admin-
istered. Robotic resection of lung cancers, including robotic lobectomy and 
pneumonectomy, has increased in use but is not as widely employed as VATS 
approaches.

Sublobar resections are not recommended because of the higher risk of 
local recurrence. An exception to this rule is for patients with peripheral tumors 
smaller than 2 cm, for which studies have demonstrated excellent outcomes. 
An ongoing study is comparing sublobar resection to standard lobectomy and 
will likely provide definitive answers to this important question.

A randomized comparison of mediastinal lymph node dissection to nodal 
sampling demonstrated comparable outcomes for patients with NSCLC. Another 
study compared sublobar resection followed by placement of 125I brachytherapy 
to the tumor bed with surgery alone in patients who are not candidates for 
standard lobectomy. There was no difference in overall survival between the 
two groups, and therefore the brachytherapy approach is not recommended. 
Tumors involving the superior sulcus are managed with preoperative chemora-
diotherapy to enhance tumor resectability and to gain local and distant tumor 
control. The decision to perform surgery for these anatomically challenging 
tumors depends on the extent of local invasion, involvement of the brachial 
plexus, and mediastinal lymph node involvement.

The role of surgery in the management of stage III NSCLC with mediastinal 
nodal involvement continues to be controversial. Surgery alone is associated 
with a poor outcome. In a randomized study, patients with N2-positive disease 
who underwent chemoradiotherapy followed by surgery did not have improved 
survival compared with chemoradiotherapy alone and had an unacceptably 
high rate (almost 30%) of postoperative mortality. Therefore, trimodality therapy 
is not recommended for patients who require pneumonectomy. For patients 
with multistation N2 disease or bulky nodal disease, surgical resection is not 
recommended. Clearance of mediastinal nodes after induction therapy might be 
the most important predictor of benefit from surgical resection, which calls for 
restaging of the mediastinum after induction therapy if surgery is contemplated.

The role of surgery in patients with oligometastatic disease can be considered 
under certain situations. Surgical resection of both the primary and a solitary 
brain metastasis has resulted in 5-year survival rates of approximately 20%. 
There are also limited data with oligometastatic disease to the adrenal glands, 
but similar approaches with solitary metastasis at other distant sites are not 
recommended. This approach cannot be recommended for patients with medi-
astinal nodal involvement.

radiation therapy
Radiation therapy is an important part of multimodality therapy for NSCLC. 

It plays a major role in curative therapy for stage III disease and palliation of 
stage IV disease and has been successfully tested for patients with medically 
unresectable stage I disease. Significant improvements in the delivery of radia-
tion therapy in the past two decades allow use of smaller radiation field size, 
reducing exposure of normal tissue to radiation and facilitating more effective 
treatment of tumor. Respiratory gating techniques allow the delivery of radia-
tion therapy to the tumor regardless of the phase of respiration. SBRT involves 
the delivery of high-dose radiation to a limited tumor volume after stereotactic 
localization. SBRT or stereotactic ablative radiotherapy (SABR) for inoperable 
stage I NSCLC has shown promising results and may become an option (versus 
lobectomy) even in operable stage I disease.11

Stage I and Stage II NSCLC
SBRT has emerged as an effective treatment option for patients with T1 and 

T2 tumors who are node negative but are medically inoperable because of 
comorbid illness. In one study, delivery of SBRT over three to five fractions 
resulted in nearly 90% local control rate, prompting studies of SBRT in medically 
fit patients and in combination with systemic therapy for early-stage NSCLC. 

SBRT has shown considerable efficacy for peripheral tumors; studies are ongoing 
to examine its use in centrally located tumors.

Radiation therapy is indicated for patients with positive surgical margins 
after surgery for early-stage NSCLC but not for those with negative surgical 
margins. A meta-analysis reported a detrimental effect for patients treated with 
postoperative radiation therapy, especially for those with N0 and N1 disease. 
Patients with involved mediastinal nodes (or N2 disease) demonstrated favor-
able survival with radiation therapy. This has also been observed in an analysis 
of the U.S. Surveillance, Epidemiology and End Results (SEER) database. A pro-
spective study is under way in Europe to compare postoperative radiation 
therapy with observation in patients with surgically resected N2 disease.

Stage III NSCLC
Whereas surgery is appropriate for patients with T3N1 disease, administra-

tion of radiation therapy results in improved outcomes for patients with involve-
ment of the mediastinal lymph nodes. A subset of N2-positive patients might 
benefit from multimodality therapy involving neoadjuvant chemoradiation 
followed by surgical resection, including stage IIIA patients with single-station 
or microscopic lymph node involvement and disease amenable to resection 
with lobectomy or bilobectomy. Preoperative radiation consists of 45 Gy once 
daily, and a dose of 60 Gy has been piloted with acceptable safety results.

For patients with stage III disease that is not appropriate for surgical resec-
tion, thoracic radiation therapy to a dose of 60 to 66 Gy in once-daily fractions 
with concurrent (rather than sequential) chemotherapy is the recommended 
treatment. This category includes patients with bulky mediastinal disease, 
involvement of contralateral or supraclavicular nodes (N3), and direct invasion 
of major structures such as the vertebrae, trachea, major blood vessel, or esopha-
gus by the primary tumor (T4). A 5-year survival rate of 20 to 25% has been 
reported with combined chemoradiotherapy in this setting. The main adverse 
events include esophagitis and pneumonitis, the latter depending on the extent 
of normal lung tissue and the dose of radiation received by normal lung tissue. 
Radiation-related pneumonitis can occur immediately after radiation therapy 
or after 6 to 9 months.

Several efforts to improve on standard chemoradiotherapy have been under-
taken in the past two decades. Hyperfractionated radiation therapy with admin-
istration of two or three fractions per day has demonstrated favorable results 
over once-daily fractionation, particularly in squamous cell carcinoma. However, 
logistical constraints have limited the adoption of this approach. Single-arm 
studies showed the use of higher doses of up to 74 Gy in once-daily fractions 
to be a promising approach. However, randomized studies have failed to show 
benefit to dose escalation to 70 Gy or higher in this population of patients. 
Therefore, 60 to 66 Gy remains the standard radiation dose for stage III NSCLC. 
In stage III patients, prophylactic cranial radiation can significantly decrease 
the risk of developing symptomatic brain metastases. A2 

Stage IV NSCLC
In patients with advanced-stage NSCLC, radiation therapy can be effective 

for palliation of spinal cord compression, brain metastasis, airway obstruction, 
hemoptysis, and pain.

Spinal cord compression is an emergency situation, and neurosurgical evalu-
ation should be initiated to assess whether surgery is advised, which can be 
the case when there is a large tumor burden and rapidly deteriorating motor 
and sensory function. Surgical decompression is used when neurologic com-
promise is early and the patient has well-controlled systemic disease and it is 
followed by radiation therapy. Spinal cord compression is usually managed 
with external beam radiation therapy to 30 Gy and corticosteroids. For brain 
metastases, resection of oligometastatic disease has been associated with better 
outcomes. Whole brain radiation therapy of 30 to 37.5 Gy given in 10 to 15 
fractions can be administered when multiple metastases are present. Stereo-
tactic radiosurgery can be used instead of whole brain radiation therapy for 
patients with low-volume brain metastasis limited to one to three lesions and 
brain lesions that progress after whole brain radiation therapy. Pain control in 
sites of bone metastasis or chest wall involvement can be achieved by a short 
course of radiation therapy. Palliative radiation therapy is also administered 
to 30 to 45 Gy during 2 to 3 weeks before the initiation of systemic therapy in 
patients with systemic disease who present with hemoptysis or postobstructive  
pneumonia.

systemic therapy
Systemic therapy refers to the use of cytotoxic agents, molecularly tar-

geted therapy or immunotherapy. Although it was initially developed for 
patients with advanced-stage lung cancer, the high propensity for metasta-
sis of lung cancer cells has extended the use of systemic therapy to patients 
with earlier stages of the disease. A number of effective and well-tolerated 
cytotoxic agents have been developed during the past three decades that 
are used for the routine care of patients with lung cancer.12 In addition, many 
targeted agents have replaced standard chemotherapy as first-line agents for 
patients with specific mutations, and others are under clinical investigation; 
13 are currently approved for use in NSCLC (Table 182-3) targeting EGFR, vas-
cular endothelial growth factor (VEGF), B-Raf, and the MET, ALK, and ROS1  
tyrosine kinases.
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Systemic Therapy in Early-Stage NSCLC
Even in the setting of optimal surgery, patients with early-stage NSCLC remain 

at high risk for disease recurrence or metastases due to the presence of micro-
metastasis, which can increasingly be quantified by the evaluation of circulating 
tumor cells or circulating tumor DNA. A consistent benefit of 5 to 15% in 5-year 
survival rate observed across multiple trials has resulted in the adoption of 
four cycles of adjuvant cisplatin-based two-drug combination regimens as the 
standard of care for stage II and stage IIIA NSCLC. In stage IA disease, however, 
the potential benefits of chemotherapy are largely outweighed by the risks, 
and there is an overall detrimental effect. For patients with stage IB disease, 
post hoc analyses have revealed that improvement in survival with adjuvant 
therapy was restricted to patients with tumors larger than 4 cm, but this obser-
vation has yet to be validated in prospective trials.

Whereas cisplatin-vinorelbine has been the most commonly used combina-
tion in clinical trials of adjuvant therapy, the use of newer, better tolerated 
agents effective in the treatment of advanced NSCLC, such as taxanes, gem-
citabine, and pemetrexed, is increasing. Furthermore, adjuvant chemotherapy 
often can be tailored to patients at high risk for recurrence, based on genomic 
or proteomic markers, with circulating tumor cells or circulating tumor DNA 
among the most promising tools at present.

Locally Advanced NSCLC
For patients with stage III disease that is not amenable to surgical resection, 

concomitant administration of chemotherapy with radiation therapy has con-
sistently demonstrated efficacy superior to that of sequential therapy. Both 
cisplatin- and carboplatin-based regimens are associated with meaningful 
survival results but have not been compared in this setting. The combination 
of cisplatin and etoposide allows administration of full systemic dose of che-
motherapy with radiation therapy. The carboplatin and paclitaxel regimen 
involves administration of lower “radiosensitizing” doses of the two agents with 
radiation therapy followed by consolidation therapy with two cycles at regular 
doses. This approach has a favorable tolerability profile compared with cisplatin-
based regimens. The use of induction or consolidation chemotherapy in other 
settings has not resulted in improved survival. With modern combined chemo-
radiotherapy, cure rates of nearly 20 to 25% are achieved in locally advanced 
NSCLC, with esophagitis and pneumonitis being the main toxicities.

The role of EGFR and ALK inhibitors in patients with the relevant molecular 
status is under investigation for locally advanced disease.

Advanced-Stage NSCLC
In patients with advanced-stage NSCLC, randomized trials have shown 

platinum-based systemic therapy to improve overall survival and quality of 
life compared with supportive care alone. Cisplatin treatment is associated 
with nausea, emesis, nephrotoxicity, and neurotoxicity, although the availabil-
ity of highly effective antiemetic agents has greatly improved its tolerability. 
Carboplatin is a better tolerated alternative to cisplatin and is associated with 
ease of outpatient administration. The dose-limiting toxicity of carboplatin is 
thrombocytopenia. Two-drug combination regimens have proved superior to 
monotherapy with cisplatin alone or a nonplatinum compound, leading to 
the adoption of combination chemotherapy as the recommended treatment 
of advanced NSCLC.

A meta-analysis of randomized trials compared the efficacy of cisplatin to 
carboplatin in advanced-stage NSCLC and demonstrated comparable survival 
but a numerically higher incidence of treatment-related deaths with cisplatin-
based regimens. Although cisplatin-based regimens have a narrow efficacy 
advantage, carboplatin-based regimens have found wider adoption because 
of their favorable therapeutic index.

A number of partner agents for platinum have demonstrated similar efficacy 
in advanced NSCLC in randomized trials, including etoposide, vinblastine, vin-
desine, vinorelbine, taxanes, gemcitabine, irinotecan, and pemetrexed. On the 
basis of several randomized studies, the choice of chemotherapy agent for 
frontline treatment is made on consideration of toxicity, preference of the 
patient, schedule, and cost. Recent trials involving superior supportive care 
have shown median survival for combinations of cisplatin with docetaxel, gem-
citabine, or pemetrexed in the 10- to 11-month range. Combinations of three 
cytotoxic agents are not recommended because of a higher toxicity burden 
and lack of meaningful incremental benefit.

Targeted Systemic Therapies
In randomized studies of patients with an activating EGFR mutation, treat-

ment with gefitinib or erlotinib has been associated with improvements in 
progression-free survival and quality of life over platinum-based chemotherapy. 
This did not translate into a survival benefit because the majority of patients 
treated with chemotherapy were subsequently crossed over to receive an EGFR 
inhibitor on disease progression. The importance of molecular testing before 
initiation of EGFR inhibitor therapy in first-line treatment is highlighted by the 
inferior outcomes in wild-type patients treated with targeted therapy. Afatinib, 
an irreversible EGFR TKI, has recently demonstrated superiority over chemo-
therapy and erlotinib A3  in patients with an activating EGFR mutation, leading 
to its FDA-approval in this setting. Osimertinib and dacomitinib are second 
and third generation agents that appear to be more efficacious than earlier 
agents. A4 

,
 A5 

Initial studies of the VEGF antibody bevacizumab for first-line therapy for 
advanced NSCLC were promising, although squamous histology was associated 
with a higher incidence of life-threatening hemoptysis. Further studies limited 
to patients with nonsquamous histology demonstrated a significant improve-
ment in overall survival and progression-free survival with the addition of 
bevacizumab to carboplatin and paclitaxel chemotherapy, leading to the FDA 
approval of bevacizumab in this setting. Notable adverse events included bleed-
ing, hypertension, proteinuria, and neutropenia.

The MET, ALK, and ROS1 TKI crizotinib demonstrated a response rate of 
nearly 60% and a clinical benefit rate of 90% in patients with ALK-positive 
advanced-stage NSCLC, with a median progression-free survival of 10 months. 
Because it significantly improves median survival compared with standard 
platinum-based therapy from 7 months to 11 months in advanced ALK-positive 
NSCLC, A6  crizotinib has become first-line therapy in such patients. The second-
generation ALK inhibitors ceritinib, A7  alectinib A8  and brigatinib A9  are approved 
for use in patients who are intolerant or develop resistance to crizotinib. More 
recently, alectinib demonstrated a significant improvement in progression-free 
survival over crizotinib in two randomized phase 3 clinical trials and is likely 
to become the new first-line therapy of choice. A10 

BRAF-V600E mutations are observed in 1 to 2% of NSCLC. The combination 
of dabrafenib and trametinib has demonstrated response rate of greater than 
60% and has received FDA approval.14

Role of Histology in Choice of Chemotherapy
Until recently, chemotherapy regimens were considered to be suitable for 

all histologic subtypes of NSCLC. This notion was dispelled in a randomized 
phase III study demonstrating superior survival for patients with nonsquamous 
advanced-stage NSCLC treated with cisplatin-pemetrexed and superior survival 
for patients with squamous histology receiving cisplatin-gemcitabine. Nanopar-
ticle albumin-bound paclitaxel (nab-paclitaxel) is associated with a favorable 
response rate in patients with advanced NSCLC, which is restricted to patients 
with squamous histology. Furthermore, the monoclonal antibody necitumumab 
added to gemcitabine and cisplatin is better than gemcitabine and cisplatin 
alone for patients with advanced squamous NSCLC. A11  The biologic basis for 
the histologically specific therapeutic activity of these drugs is not presently 
known; however, the variable efficacy of pemetrexed and nab-paclitaxel based 
on histology should be considered when chemotherapy is selected for first-line 
treatment of advanced NSCLC.

Maintenance Therapy
In the first-line treatment of advanced-stage NSCLC, continuation of com-

bination, multi–cytotoxic drug treatment beyond four to six cycles is associated 
with cumulative toxicities but no tangible benefit. Recently, single-agent main-
tenance therapy has proved to be useful in patients who have a demonstrated 
clinical benefit from four cycles of platinum-based combination chemotherapy. 
Current therapeutic strategies employ either a “switch maintenance” approach, 
which uses an alternative cytotoxic or targeted agent that has not been previ-
ously administered, or “continuation maintenance,” which involves continuing 
the nonplatinum agent beyond four cycles.

Pemetrexed is the only cytotoxic agent that provides a survival advantage 
as maintenance therapy in advanced NSCLC. It has demonstrated similar benefit 
in both continuation and switch maintenance strategies in randomized trials 
for patients with advanced nonsquamous histology and has thus been approved 
for maintenance therapy in the United States and Europe. The use of bevaci-
zumab maintenance has been adopted for patients who receive it as part of 
their initial treatment regimen because all pivotal randomized trials performed 

TABLE 182-3 TARGETED AGENTS IN LUNG CANCER 
THERAPY

MOLECULAR TARGET FDA-APPROVED AGENTS
EGFR Erlotinib

Gefitinib
Afatinib
Osimertinib
Necitumumab
Dacomitinib

ALK translocation Crizotinib
Ceritinib
Alectinib
Brigatinib

ROS Crizotinib
VEGF Bevacizumab

Ramucirumab
B-Raf Dabrafenib/trametinib

 SURVIVORSHIP AND SURVEILLANCE
As outcomes for lung cancer have improved in recent years, with a concomitant 
increase in the number of survivors after surgery or chemoradiotherapy, an 
important part of lung cancer care has become defining the optimal surveil-
lance, follow-up for second primary disease, and management of long-term 
consequences of chemoradiotherapy. The importance of smoking cessation 
cannot be overemphasized, given the high risk of enhanced complications of 
chemotherapy and the higher incidence of second primary tumors in lung 
cancer survivors. Patients should be provided with appropriate opportunities 
to receive counseling and behavioral therapy and other treatment modalities 
to assist their efforts to discontinue smoking (Chapter 29).

At present, there is no standard approach to optimal radiographic and clini-
cal follow-up in patients who undergo surgical resection or chemoradiotherapy. 
CT scans are commonly used for follow-up of these patients. However, the 
relative merits of CT scan versus chest radiography, the frequency of evalua-
tion, and the role of FDG-PET scans are unclear and will be answered only 
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with bevacizumab used it as maintenance therapy after six cycles of combina-
tion treatment.

Salvage Therapy/Immunotherapy
Virtually all patients with advanced NSCLC will eventually experience disease 

progression regardless of the extent of benefit from first-line chemotherapy. 
Salvage therapy for these patients provides a modest but real improvement 
in survival. Docetaxel, at a dose of 75 mg/m2 every 3 weeks, was the first agent 
proven in this setting to improve survival compared with best supportive care 
or first-generation cytotoxic agents. Pemetrexed has efficacy as salvage therapy 
similar to that of docetaxel and a more favorable toxicity profile, but its use is 
restricted to patients with nonsquamous histology. Overall, the presently avail-
able salvage therapy options are associated with response rates of less than 
10%, with a median progression-free survival of 3 months and overall survival 
of 8 months.

Combinations of cytotoxic or targeted agents for salvage therapy have not 
resulted in improved survival, and these are therefore not recommended.

Inhibition of the programmed death (PD-1) ligand pathway with monoclonal 
antibodies reverses T-cell exhaustion and results in activation of host anti-tumor 
immune responses. Nivolumab and pembrolizumab are monoclonal antibodies 
against the PD-1 receptor, whereas atezolizumab and durvalumab are mono-
clonal antibodies against its ligand (PD-L1). Pembrolizumab can provide  
superior overall survival when added to or used instead of platinum-based 
chemotherapy for first-line therapy of patients with PD-L1 expression level 
≥50%.A12-A14  Atezolizumab is effective as first-line therapy added to standard 
chemotherapy. A15 

,
 A16  Nivolumab plus ipilmumab also is effective first-line therapy 

in patients with a high tumor mutational burden irrespective of the PD-L1 
expresion level. A17  Based on these results, these agents are now front-line therapy 
of advanced NSCLC, thereby representing a major shift in treatment paradigm 
for advanced NSCLC. These agents have all been proven superior to docetaxel 
as salvage therapy, resulting in their choice as preferred agents based on response 
rate of approximately 20%, overall survival of 12 to 13 months, and a favorable 
toxicity profile. A18-A21 Immunohistochemical assays can measure PD-L1 expres-
sion on tumor cells and on tumor-infiltrating immune cells, and are being used 
to select patients for immune checkpoint inhibition. The efficacy of these drugs 
appears to correlate with the tumor’s mutational pattern, but no single marker 
has yet been found.15

Other Targeted Agents
Advances in genomic technology have made it possible to prospectively 

identify novel mutations that play a critical role in the growth of lung cancers. 
In adenocarcinoma, a fusion gene involving ROS1, observed in 1% of patients, 
also confers sensitivity to treatment with crizotinib. Another fusion involving 
the RET gene has been identified in 0.5 to 1% of patients. Lung adenocarcinomas 
have a high frequency of KRAS mutations, but KRAS itself has proven difficult 
to inhibit. FGFR1 inhibition has been shown to enhance the effects of the KRAS 
inhibitor trametinib, providing mechanistic support for combination trials.16 
Recent DNA sequencing data from the Cancer Genome Atlas project in a cohort 
of patients with squamous cell lung carcinoma, together with the efforts of 
the Lung Cancer Mutation Consortium, have demonstrated several novel, 
potentially targetable mutations in this disease. Routine testing of tumor speci-
mens of patients for molecular targets is increasingly seen as a strategy to 
personalize treatment options for lung cancer.

Management of Special Populations of Patients
Elderly patients represent a growing subset of lung cancer patients. In 

the United States, the median age at diagnosis of lung cancer is 70 years. 
Aging is associated with declines in physiologic and vital organ function 
that affect a patient’s tolerance for systemic therapy, making current physi-
cal function and prospective quality of life considerations important factors 
in the choice of systemic treatment. Single-agent chemotherapy has a dem-
onstrated survival benefit compared with supportive care in elderly patients; 
and for those with good performance status, platinum-based combinations 
are superior to single-agent therapy. The appropriate use of targeted agents 
may have clinical benefit in the elderly. The addition of bevacizumab to che-
motherapy for nonsquamous cancers in older patients is, however, associ-
ated with a narrow therapeutic index and is recommended only with great  
caution.

A substantial percentage of NSCLC patients present with reduced perfor-
mance status, which limits their ability to tolerate combination chemotherapy. 
The median survival for advanced NSCLC patients with a performance status 
of 2 or worse (Eastern Cooperative Oncology Group scale) is dismal at less 
than 4 months; however, studies conducted exclusively in patients with a 
poor performance status indicate that chemotherapy may be beneficial for 
highly selected patients. It is important to consider the underlying cause 
of poor performance status in making treatment plans for this population 
of patients. For those with limiting comorbid conditions, a less aggressive 
approach with single-agent chemotherapy might be more appropriate. For 
those with a targetable mutation, appropriate targeted therapy can be admin-
istered regardless of the performance status in view of the greater potential  
for benefit.

Small Cell Lung Cancer
SCLC is characterized by enhanced initial sensitivity to systemic chemotherapy, 

although disease recurrence is common regardless of the extent of initial 
response. Approximately two thirds of patients present with extensive-stage 
SCLC, defined as the presence of metastatic disease outside the chest or large-
volume thoracic disease that cannot be treated with radiation therapy. The 
median survival of untreated extensive-stage SCLC is less than 2 months, and 
the overall goal of treatment is palliation. The use of platinum-based chemo-
therapy results in response rates of 50 to 70% and median survival of 9 to 11 
months. The regimen of four to six cycles of cisplatin and etoposide is considered 
the standard approach for the treatment of SCLC, extending to six cycles in 
responding patients, with no proven role for maintenance therapy. Carboplatin 
is considered an acceptable alternative in the treatment of extensive-stage 
disease. Despite the extent of initial response, disease recurrence develops in 
a median of 4 to 6 months. Disease that progresses during or within 90 days 
of administration of cisplatin-based chemotherapy is referred to as refractory 
relapse. Recurrence outside this time window represents a “sensitive” subgroup 
that might benefit from salvage treatment. Other approaches, such as high-
dose chemotherapy, alternating chemotherapy regimens, dose-dense therapy, 
and three-drug combination regimens, have been unsuccessful in improving 
survival. In the Japanese population but not in Western patients, the regimen 
of cisplatin and irinotecan has demonstrated superior results over cisplatin and 
etoposide.

Salvage therapy has yielded only modest results in sensitive relapsed SCLC. 
Topotecan has demonstrated clinical benefit in relapsed SCLC, with a response 
rate of 20% and a favorable symptom improvement profile but no improve-
ment in overall survival in randomized studies. The combination of cisplatin, 
etoposide, and irinotecan has been found to be associated with significantly 
longer overall survival than topotecan alone, but with a higher incidence of 
febrile neutropenia. A22  Several novel agents, including molecularly targeted 
agents against known targets and immunotherapy with immune-checkpoint 
inhibitors,17 are presently being studied in efforts to improve the outcomes 
for patients with SCLC.

For patients with limited-stage SCLC, radiation therapy is used in combina-
tion with chemotherapy and can achieve cure for approximately 20 to 30% of 
patients. Earlier initiation of radiation therapy appears superior to a delayed 
approach and has been adopted as the standard in fit patients. A randomized 
study demonstrated superior survival of twice-daily radiation therapy fractions 
compared with the same dose given once daily along with concomitant che-
motherapy, and this is being further evaluated in an ongoing trial.

Prophylactic cranial irradiation is associated with a modest improvement in 
5-year survival for patients with limited-stage SCLC who achieve complete 
remission after combined modality therapy. This is due to the high risk of brain 
recurrence observed in patients with SCLC. In extensive stage SCLC, the role 
of prophylactic cranial radiation is controversial given conflicting results from 
two phase 3 trials.

The role of surgery is limited to the less than 5% of SCLC patients presenting 
with peripheral lung lesions without mediastinal nodal involvement. In 10 to 
15% of patients with SCLC, a mixed histology with NSCLC features is observed. 
These patients may demonstrate local progression after combined modality 
therapy resulting from the NSCLC component. Therefore, these individuals could 
be considered for surgical resection in selected situations.

Treatment advances in SCLC have, unfortunately, lagged behind those for 
NSCLC during the past two decades; consequently, survival outcomes for SCLC 
have not changed considerably. Concerted efforts to develop appropriate pre-
clinical models to test new agents, genomic subcategorization of SCLC, and 
discovery of new systemic anticancer agents are necessary to improve outcomes 
for this aggressive disease.

 SURVIVORSHIP AND SURVEILLANCE
As outcomes for lung cancer have improved in recent years, with a concomitant 
increase in the number of survivors after surgery or chemoradiotherapy, an 
important part of lung cancer care has become defining the optimal surveil-
lance, follow-up for second primary disease, and management of long-term 
consequences of chemoradiotherapy. The importance of smoking cessation 
cannot be overemphasized, given the high risk of enhanced complications of 
chemotherapy and the higher incidence of second primary tumors in lung 
cancer survivors. Patients should be provided with appropriate opportunities 
to receive counseling and behavioral therapy and other treatment modalities 
to assist their efforts to discontinue smoking (Chapter 29).

At present, there is no standard approach to optimal radiographic and clini-
cal follow-up in patients who undergo surgical resection or chemoradiotherapy. 
CT scans are commonly used for follow-up of these patients. However, the 
relative merits of CT scan versus chest radiography, the frequency of evalua-
tion, and the role of FDG-PET scans are unclear and will be answered only 
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effective means to prevent lung cancer. Smoking cessation efforts are often 
sporadic; but most studies indicate that patients who successfully quit smoking 
benefit from pharmacologic, psychological, and physician support.

Trials of supplemental β-carotene and vitamin E, stimulated by epidemio-
logic evidence of lower serum levels of these antioxidants in patients with 
lung cancer, not only have been unsuccessful but actually produced a higher 
risk of lung cancer in smokers. High concentrations of selenium in the blood 
are associated with a lower risk of lung cancer, but a phase III trial in patients 
with resected stage I lung cancer failed to show any benefit for selenium supple-
mentation. These and other trials have indicated that lung cancer patients 
who continue to smoke have the highest incidence of recurrence and second 
primary tumor development.

 OTHER PULMONARY NEOPLASMS
 Malignant Mesothelioma
Malignant pleural mesotheliomas24 are generally related to asbestos exposure, 
with a peak risk for development of the disease 30 to 35 years after the initial 
exposure. Additional possible risk factors include radiation and SV40 virus. 
Mesothelioma is generally diagnosed in the fifth to seventh decade of life 
(median age, 60 years), with a male-to-female preponderance of 5 : 1. Common 
symptoms include dyspnea (60%) and chest wall pain or discomfort (60%). 
Chest radiographs usually reveal the presence of a unilateral pleural effusion. 
Tumor progression and symptoms are generally the result of local progression, 
with symptomatic distant metastases a late occurrence. Cytologic evaluation 
of pleural fluid to establish diagnosis is difficult and often inaccurate. The 
diagnosis is generally made by a biopsy procedure under CT guidance or 
thoracoscopically, including VATS if necessary. Several staging systems have 
been proposed, but none has achieved complete acceptance.

Treatment, depending on the extent of disease, includes surgery (thoracos-
copy with sclerosis, pleurectomy, extrapleural pneumonectomy), radiation 
therapy, and, often, chemotherapy.25 With rare exceptions, these three modali-
ties individually have not significantly improved survival rates, and chemo-
therapy or radiation therapy does not provide long-term palliation or relief 
of symptoms. More recently, the addition of bevacizumab to pemetrexed plus 
cisplatin significantly improved overall survival from 16.1 to 18.8 months in 
malignant pleural mesothelioma at the cost of expected manageable toxic 
effects, therefore it should be considered as a suitable treatment for the  
disease. A26  Combination chemotherapy with pemetrexed and cisplatin is asso-
ciated with symptomatic relief in patients with advanced, unresectable malignant 
mesothelioma and with a significant response rate in advanced disease. It is 
occasionally used as preoperative or induction chemotherapy before extra-
pleural pneumonectomy followed by radiation therapy. Multimodality and 
molecularly targeted agents are being evaluated. Neither progression-free 
survival nor overall survival was improved by defactinib after first-line che-
motherapy in patients with malignant pleural mesothelioma. A27  Mesothelioma 
unfortunately remains a nearly universally fatal illness, with a median survival 
of less than 12 months from the time of diagnosis.

 Neuroendocrine and Other Lung Tumors
Neuroendocrine lung tumors are classified into four types: carcinoid tumors, 
atypical carcinoids, SCLC, and large cell neuroendocrine carcinomas. Carcinoid 
tumors (Chapter 219) are low-grade neuroendocrine tumors with a 10-year 
survival rate greater than 90%. Atypical carcinoid tumors are intermediate-
grade tumors, significantly more aggressive than carcinoid, with 10-year survival 
of below 20%. Large cell neuroendocrine carcinoma is an aggressive neuroen-
docrine tumor that does not meet the criteria for carcinoid, atypical carcinoid, 
or SCLC. Considerable activity for everolimus and other inhibitors of the 
mammalian target of rapamycin (mTOR) has been demonstrated in low-grade 
carcinoid tumors.

Carcinoid tumors of the lung account for 1 to 2% of all lung neoplasms. 
These neuroendocrine tumors trace their origin to the Kulchitsky cell present 
in bronchial epithelium. Typical and atypical carcinoids differ in the number 
of mitoses (<2 per 10 high-power fields vs. 2 to 10 per 10 high-power fields, 
respectively), nuclear pleomorphism (absent vs. present), and regional lymph 
node metastases (5 to 15% vs. 20 to 28%). Distant metastases at initial evalu-
ation are rare (<20%). Patients with typical carcinoid tumors usually live for 
many years, whereas patients with atypical carcinoid tumors have a 5-year 
mortality rate of 61 to 88%. Carcinoid tumors are not associated with cigarette 
smoking, are twice as common in women as in men, usually occur in patients 
younger than 40 years, and arise in the perihilar area of the lung. Treatment 
of bronchial carcinoid tumors is based on the stage of the disease. Mediastinal 
staging is usually followed by surgical resection. With mediastinal lymph node 

by prospective clinical trials. For patients with advanced-stage disease, CT 
scans are used to assess response to therapy every two or three cycles of treat-
ment. In view of the proven role for salvage therapy, patients who are in follow-
up after combination chemotherapy should be closely observed for development 
of new symptoms or clinical deterioration in addition to periodic radiographic 
studies.

Respiratory therapy should be offered and strongly recommended to patients 
with dyspnea after surgery or chemoradiotherapy. Because a high proportion 
of these patients also have smoking-related pulmonary diseases, referral to a 
pulmonologist should be considered in symptomatic patients. Overall, a team 
approach that includes supportive care personnel, oncologic psychiatrists, 
nutritionists, oncologists, and appropriate additional specialists should be used 
to ensure the return of lung cancer survivors to normalcy to the fullest extent 
possible.

 SUPPORTIVE CARE
Patients with lung cancer have a cure rate of only 16%, even in the most 
advanced Western health systems, because the majority of patients present 
with locally advanced or metastatic disease. Early discussion and institu-
tion of palliative and supportive care are therefore critical for the patient to 
ensure maximal quality of life. Studies indicate that early integration of sup-
portive care helps maintain and improve quality of life, with one randomized 
trial finding that the addition of early palliative care to chemotherapy for 
patients with advanced disease can produce a meaningful impact on overall  
survival, a surprising but reaffirming finding. A multi-regional, prospective, 
observational study has found that among family members of elderly patients 
who died with advanced-stage lung cancer, perceptions of better end-of-life care 
were associated with earlier hospice enrollment, avoidance of ICU admissions, 
and death outside the hospital, supporting advance care planning consistent 
with patients’ preferences.18

 EARLY DETECTION AND PREVENTION
Decades of research into the screening of high-risk individuals for earlier detec-
tion of lung cancer have recently met with some success.19 The National Lung 
Screening Trial randomized more than 50,000 subjects between 55 and 74 
years of age with a history of cigarette smoking of at least 30 pack-years to 
screening with low-dose CT scan or chest radiographs at baseline and 1 and 
2 years after enrollment. The rate of adherence to scans was more than 90% 
in both arms. Positive results were observed in nearly 25% and 7% of subjects 
with CT screening and chest radiograph, respectively. Among patients with 
a positive CT scan, 96.4% were deemed false positive after additional evalu-
ation. Adverse events were uncommon. Screening with annual low-dose CT 
scans in high-risk individuals was associated with a reduction of 20% in lung 
cancer mortality and 6.7% in all-cause mortality. Nearly 80% of patients diag-
nosed with lung cancer with low-dose CT had stage I, II, or IIIA disease 
amenable to curative therapy. A23  Subsequent analysis showed that screening 
with low-dose CT prevented the greatest number of deaths from lung cancer 
among participants who were at highest risk and prevented very few deaths 
among those at lowest risk. A24  These results have led to the adoption of low-
dose CT for early detection of lung cancer by major health organizations 
including the U.S. Preventive Services Task Force.20 For lung nodules detected 
on low-dose CT screening, it has been shown that predictive tools based on 
patient and nodule characteristics can be used to accurately estimate the prob-
ability that they are malignant.21

By comparison, a Danish randomized trial of five annual low-dose CT scans 
compared with no screening among 4000 participants aged 50 to 70 years 
and with a minimum 20 pack-years of smoking found no differences in lung 
cancer mortality or all-cause mortality 5 years after completion of the screen-
ing. Interestingly, twice as many cancers, including 5-fold more early-stage 
cancers and stage IIIA cancers, were found in the screening group. A25  The 
negative result may have been a function of the study size (one tenth the size 
of the National Lung Screening Trial).

Thus, current clinical practice guidelines do not necessarily encourage a 
patient-centered approach.22 More recently, it has been found that selecting 
individuals for CT screening who are at highest lung cancer risk, as determined 
by individual risk calculations (i.e., risk-based selection), rather than by per-
forming a risk assessment–based smoking history, is more effective and more 
efficient.23 Because overly frequent screening has associated harms, increasing 
the interval between screens in persons with a negative low-dose CT prevalence 
screen might be warranted.

Primary prevention of lung cancer focuses on ways to prevent individuals 
from smoking and promotion of smoking cessation, which remain the most 



involvement, radiation therapy is recommended for typical carcinoid tumors 
if surgery cannot be performed. For atypical carcinoid or metastatic disease, 
chemotherapy (etoposide plus cisplatin every 3 weeks for four cycles) plus 
radiation therapy is commonly used, but there is no evidence for the benefit 
of one therapy over another.

Salivary gland carcinomas include mucoepidermoid carcinoma and adenoid 
cystic carcinoma, which represent approximately 0.2% of lung cancers. These 
slow-growing neoplasms arise from the bronchial glands and are usually treated 
with surgery.

Primary sarcomas of the lung are very rare and include malignant fibrous 
histiocytoma, fibrosarcoma, leiomyosarcoma, rhabdomyosarcoma, epithelioid 
hemangioendothelioma, angiosarcoma, and liposarcoma (Chapter 192). The 
primary treatment is surgery, but depending on the size and grade of the 
tumor and whether the margins are clear, radiation therapy or chemotherapy 
may also be given. A subset of sarcomatoid carcinoma of the lung is likely to 
harbor MET 14 exon skipping mutations that could be amenable to targeted 
therapy. Primary lymphomas of the lung are also very rare, accounting for 
approximately 0.3% of all primary lung cancers. The most common type is a 
low-grade small lymphocytic lymphoma, for which surgery and chemotherapy 
are the usual treatments (Chapter 176).
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REVIEW QUESTIONS

1. Which of the following individuals should not consider computed tomog-
raphy (CT) screening for lung cancer because of an absence of increased 
risk?
 A. Individuals who are older than 55 years and have at least 35 pack-years 

of smoking cigarettes
 B. A woman with a heavy smoking history (more than 50 pack-years) and 

evidence for emphysema/chronic obstructive pulmonary disease
 C. A former smoker who is 70 years old with a 60 pack-year history but 

who quit smoking 5 years ago
 D. A patient with a prior history of laryngeal cancer treated by chemo-

therapy and radiation therapy, with a 40 pack-year history, who is down 
to one or two cigarettes per day

 E. A 35-year-old man whose father died of lung cancer after a long smoking 
history

Answer: E There is no evidence that nonsmoking individuals who have family 
histories of lung cancer, particularly lung cancer that is attributable to smoking, 
will benefit by being screened with CT scans. The best evidence to date for 
the utility of CT screening is for individuals older than 55 years with at least 
a 30 to 35 pack-year smoking history. These individuals are more likely to 
have a nodule detected by CT scan than by chest radiography, as shown by 
the NLST study. Thus, individuals A, B, C, and D, all of whom are older than 
55 years and have at least a 30 to 35 pack-year smoking history, are at increased 
risk for lung cancer, and all could potentially benefit from screening with CT 
scan.

2. Which of the following is most consistent with a tissue diagnosis of a lung 
adenocarcinoma?
 A. TTF-1 positive, CK7 positive, EGFR driver mutation, and CK20 nega-

tive and p63 negative
 B. TTF-1 negative, p63 positive, p40 positive, FGFR amplification, and 

EGFR wild type
 C. Synaptophysin and chromogranin positive, p53 mutation, and Rb 

mutation
 D. Tumor positive for vimentin and melanin, negative for TTF-1 and for 

all cytokeratins
 E. CD20 positive, negative for TTF-1 and for all cytokeratins

Answer: A Patients with lung adenocarcinoma are likely to have a TTF-1–
positive tumor, with CK7 expressed. CK20 is more commonly expressed in 
colorectal cancers than in lung tumors. The fact that p63 is negative in this 
case makes this less likely to be a squamous cell carcinoma. The clearest indi-
cator here is that the patient has an EGFR driver mutation. Mutations in exons 
19 or 21 of EGFR are pathognomonic for lung adenocarcinoma, particularly 
in never-smokers. The other three cases are all less likely to be adenocarcino-
mas. Case B is p63 positive, which makes it more likely to be squamous cell 
cancer, and all the other features, including being p40 positive and FGFR 
amplification, are more frequently seen in squamous cell cancers. EGFR is 
mutated almost exclusively in lung adenocarcinomas as opposed to squamous 
cell carcinomas, although the fact that this case B is wild type does not make 
it less likely to be an adenocarcinoma. Case C is more likely to be a small cell 
carcinoma because synaptophysin and chromogranin are positive for neuro-
endocrine tumors, and the combination of the p53 and Rb mutations makes 
this likely to be a small cell lung cancer. In case D, the tumor is positive for 
vimentin and melanin and negative for TTF-1 and all cytokeratins; this is not 
an epithelial tumor and is likely to be a melanoma or poorly differentiated 
sarcoma. The tumor in E that is CD20 positive is likely to be a lymphoma, 
and this is again negative for cytokeratins that are expressed on epithelial 
tumors as well as for TTF-1, which would make this highly unlikely to be an 
epithelial tumor in general and a lung cancer in particular.

3. A 63-year-old woman with a heavy smoking history presents with a diag-
nosis of a squamous cell lung cancer, staged radiographically as T3N2M0. 
She has been referred to a thoracic surgeon who is planning to perform a 
mediastinoscopy. If the mediastinoscopy confirms the presence of tumor 
cells in her mediastinal lymph nodes, the best recommendation for the 
multidisciplinary clinic is:
 A. Surgical resection of her tumor by a pneumonectomy and clearing of 

her mediastinum followed by radiation therapy to any positive margins
 B. Induction or preoperative chemotherapy followed by radiation therapy 

followed by surgery
 C. Concurrent chemotherapy and radiation therapy
 D. Induction chemotherapy followed by radiation therapy
 E. Palliative chemotherapy followed by hospice referral

Answer: C This is the presentation of a patient with stage 3A non–small cell 
lung cancer. A patient such as this with a good performance status would best 
be treated with concurrent chemotherapy and radiation therapy, which would 
give a 15 to 20% chance of 5-year survival. Surgical resection of the tumor by 
pneumonectomy and clearing of the mediastinum followed by radiation therapy 
is a highly morbid procedure and a particularly poor choice, given that the 
mediastinal lymph nodes are involved. This patient is at least as likely to fail 
at distant sites as in the mediastinum, and chemotherapy is as essential as 
radiation therapy to this patient. Option B is suboptimal in that randomized 
trials have shown that concurrent chemotherapy and radiation therapy is 
superior to induction or preoperative chemotherapy followed by radiation 
therapy. Following chemotherapy and radiation therapy with surgery is con-
troversial, with evidence that patients receiving this trimodality therapy with 
all but the most limited mediastinal lymph nodes are more likely to do poorly. 
Option D is again inferior to option C as randomized trials have shown over 
time. Answer E is the most inappropriate of all. This is a patient with a 15 to 
20% chance for a cure, and it is inappropriate to treat her with palliative che-
motherapy followed by hospice referral, as long as the patient’s performance 
status is good and the patient is willing to be treated fully in an attempt at 
cure.

4. A 70-year-old man with lung adenocarcinoma, diagnosed as stage IVB 
(T2N2M1) with metastases to the lymph nodes, bilateral adrenal glands, 
and liver, presents with an excellent performance status, an Eastern Coop-
erative Oncology Group (ECOG) status 1. He has never received prior 
chemotherapy for his lung cancer. He has no evidence of a driver mutation 
on genomic analysis of his tumor. Which of the above is not an acceptable 
approach to his management?
 A. Combination chemotherapy with carboplatin, paclitaxel, and bevacizumab
 B. Combination therapy with carboplatin and pemetrexed
 C. Combination chemotherapy with supportive care initiated at the time 

of the first visit
 D. Single-agent paclitaxel plus erlotinib, the EGFR tyrosine kinase inhibitor
 E. A second opinion followed by participation in a frontline clinical trial 

combining chemotherapy and immunotherapy
Answer: D This question describes a patient with good performance status 
who does not have a driver mutation that would increase the likelihood of 
benefiting from frontline targeted therapy. As such, there are many reasonable 
options, all of them starting with platinum-based chemotherapy. ECOG-5597 
showed that the combination of carboplatin, paclitaxel, and bevacizumab was 
associated with a median survival of more than 12 months, and studies with 
combination therapy with cisplatin or carboplatin and pemetrexed indicate 
similar survivals. Option C may be the best option of all because recent data 
indicate that combination chemotherapy with early initiation of supportive 
care appears to be associated with a survival advantage. Finally, option E is 
also an excellent one with evidence that patients who do not have curable 
disease should strongly consider participating in a frontline clinical trial, in 
this case, combining immunotherapy and chemotherapy. In fact, the only 
inappropriate option is D, which is the correct answer to this question. Patients 
with lung cancer benefit from combination chemotherapy, and there is little 
evidence that combining paclitaxel with a small-molecule EGFR inhibitor 
such as erlotinib provides equivalent benefit to combination chemotherapy 
alone. Therefore, in the absence of a driver EGFR mutation, all options are 
acceptable, making D the only wrong choice.
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5. A 50-year-old never-smoking woman presents with a headache followed 
by a seizure. Her emergent work-up reveals a solitary brain lesion, which 
is resected and reveals lung adenocarcinoma containing an EGFR driver 
mutation in exon 19. After consideration of radiation therapy to the brain, 
the optimal treatment approach would be:
 A. Combination chemotherapy with carboplatin, paclitaxel, and bevacizumab
 B. Combination therapy with carboplatin and pemetrexed
 C. Combination chemotherapy with supportive care initiated at the time 

of the first visit
 D. Initiation of erlotinib, the EGFR tyrosine kinase inhibitor
 E. A second opinion followed by participation in a frontline clinical trial 

combining chemotherapy and immunotherapy

Answer: D This question describes a woman who has an EGFR mutation–
driven lung cancer. She presents with a solitary brain lesion and is treated. 
The patient may well benefit from radiation therapy, either sterotactic radiation 
to the residual lesion or whole brain irradiation, but it is clear that the optimal 
therapy for her, based on the randomized trial published by Mok A5  along with 
an abundance of other data, is to initiate her treatment with erlotinib or gefi-
tinib, first-generation tyrosine kinase inhibitors, which, in this population of 
patients, are far more active than chemotherapy combinations. Therefore, 
option D, given the documented EGFR mutation, is superior to options A, 
B, and C. Finally, whereas E is reasonable from the perspective that all patients 
with lung cancer should strongly consider a second opinion, this patient is 
far more likely to benefit from erlotinib or other EGFR tyrosine kinase inhibi-
tors than from chemotherapy and immunotherapy.



CHAPTER 183 Neoplasms of the esophagus aNd stomach 1287

183 
NEOPLASMS OF THE ESOPHAGUS 
AND STOMACH
ANIL K. RUSTGI

 NEOPLASMS OF THE ESOPHAGUS

 DEFINITION
The esophagus is a hollow tubular organ with primary physiologic functions 
related to contraction to permit propulsion of solid and liquid food con-
tents into the stomach. The mucosa is a stratified squamous epithelium that 
covers the submucosa and muscle; the latter is skeletal muscle in the proximal 
esophagus and smooth muscle in the mid-distal esophagus. Cancers of the 
esophagus may be classified broadly into epithelial versus nonepithelial. There 
are certain benign epithelial tumors referred to as squamous cell papillomas. 
Malignant epithelial tumors are classified into two main subtypes: esopha-
geal squamous cell carcinoma and esophageal adenocarcinoma. Other, less 
common, esophageal epithelium-derived cancers include verrucous squamous 
cell carcinoma, adenosquamous carcinoma, adenoid cystic carcinoma, and 
mucoepidermoid carcinoma. Benign nonepithelial tumors include leiomyoma, 
granular cell tumors, fibrovascular polyp, hemangioma, lymphangioma, lipoma, 
and fibroma. Malignant nonepithelial tumors include leiomyosarcoma and 
other sarcomas, metastatic carcinoma (originating from breast, lung), and  
lymphoma.

 Esophageal Squamous Cell Carcinoma
 EPIDEMIOLOGY

Esophageal squamous cell carcinoma is the more common type of esophageal 
cancer worldwide and represents a leading cause of cancer-related mortality 
in men. Esophageal squamous cell carcinoma may have rates of up to 100 per 
100,000 population in what is often termed the Central Asian belt, including 
regions around the Caspian Sea, Iran, India, and China; other areas of high 
incidence include some Mediterranean countries and South Africa. In the 
United States, esophageal squamous cell carcinoma is more common among 
African American males than white males, with risks of 15.1 per 100,000 
compared with 2.9 per 100,000, respectively. Overall, although the U.S. inci-
dence of esophageal squamous cell carcinoma is low in males or females younger 
than 50 years, it does increase with advancing age.

Risk Factors
Cancers in general are viewed in the context of inherited versus sporadic or 
seemingly random forms that are related to age, environmental exposures, 
and genetic alterations (Table 183-1). That being said, the hereditary basis 
for esophageal squamous cell carcinoma is exceedingly rare, consisting of a 
desquamating condition termed tylosis palmaris et plantaris. As implied, the 
desquamation most dramatically affects the hands and feet, but this extends 
to the esophagus as well. Another uncommon condition, Plummer-Vinson 
syndrome or Paterson-Brown Kelly syndrome, entails glossitis, cervical esopha-
geal webs, and iron deficiency anemia. In both conditions, it is likely that 
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ABSTRACT
Esophageal and gastric cancers are common worldwide. Esophageal cancer 
is subtyped into esophageal squamous cell carcinoma and esophageal adeno-
carcinoma, the latter of which is preceded typically by Barrett esophagus. The 
most common subtype of gastric cancer is gastric adenocarcinoma, and less 
likely lymphoma. This chapter covers the clinical presentation, diagnostic 
strategies, pathobiology (especially genetics), staging, and therapeutic options 
for each of these malignancies.
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 PROGNOSIS
The 5-year survival for treated esophageal squamous cell carcinoma is dependent 
upon stage and types of therapies used. For stages T1 and T2 without lymph 
node involvement, surgery alone may be curative in more than 60% of cases. 
The occurrence of major postoperative complications, which occur in about 
one third of patients, exerts a long-lasting negative effect on health-related 
quality of life in patients who survive for 5 years after esophagectomy for cancer. 
Dyspnea, fatigue, eating restriction, sleep difficulty, and gastroesophageal reflux 
progressively worsen more during follow-up in those who suffer such major 
postoperative complications compared with those without major surgical com-
plications. For patients with unresectable or metastatic disease, therapy is pallia-
tive, involving endoscopically placed expandable prosthetic stents to open the 
nearly obstructed lumen for passage of food contents, percutaneous endoscopic 
gastrotomy tubes for delivery of nutrition to the stomach distal to the mass 
lesion, total parenteral nutrition, pain control, and systemic chemotherapy.9

 Esophageal Adenocarcinoma
 EPIDEMIOLOGY

Esophageal adenocarcinoma affects whites more than African Americans and 
males much more than females (3:1 to 5.5:1); it increases in incidence after 
the age of 40 years. The age-adjusted incidence annually is 1.3 per 100,000. 
In this chapter, esophageal adenocarcinoma is discussed as a separate entity 
from gastroesophageal (GE) adenocarcinomas (so-called GE junctional cancer) 
and gastric cardia adenocarcinomas, although there has been an increasing 
tendency to think of these in aggregate. The incidence of esophageal adeno-
carcinoma is increasing dramatically in developed countries, especially in the 
United States (by 4 to 10% annually) and Western/Northern Europe.10

Etiology
Obesity (central) is an important risk factor for esophageal adenocarcinoma. 
This may be related to either mechanical factors that foster greater gastro-
esophageal reflux disease (GERD) or more likely the release of proinflamma-
tory adipokines, cytokines, and chemokines that track to the esophagus. The 
major recognized precursor of esophageal adenocarcinoma is Barrett esophagus 
(Chapter 129). Barrett esophagus is the replacement of the normal stratified 
squamous epithelium by an incomplete small intestinal epithelium (metaplasia) 
in the distal esophagus, projecting from the GE junction in a distal-proximal 
gradient (Chapter 129). In turn, it has been demonstrated that Barrett esopha-
gus is fostered by GERD but also by an admixture of bile acids in the acid 
refluxate. A small subset of Barrett esophagus patients may progress to esopha-
geal adenocarcinoma through intermediate stages of low-grade and high-grade 
dysplasia. In Barrett esophagus, one case of esophageal adenocarcinoma is 
estimated to arise in 55 to 441 patient-years, which corresponds to an approxi-
mately 125-fold increased risk for esophageal adenocarcinoma compared with 
that in the general population.

 PATHOBIOLOGY
Barrett esophagus involves metaplasia from normal esophageal epithelium to 
a small intestinal epithelium with columnar enterocytes and secretory goblet 
cells, but without Paneth cells and enteroendocrine cells—hence the designa-
tion of incomplete intestinal metaplasia.11 By itself, the metaplasia of Barrett 
esophagus cannot become esophageal adenocarcinoma. However, if and when 
Barrett esophagus transitions to low-grade and high-grade dysplasia, there is 
the aforementioned risk for esophageal adenocarcinoma. Barrett esophagus 
is associated with abnormal DNA ploidy, and certain genetic alterations in 
epidermal growth factor receptor signaling, TP53, and p16INK4A. Microsatel-
lite instability may be noted as well. Whole genome approaches are revealing 
gains and losses of chromosomal regions that might lead to identification of 
known and previously unknown genes critical in the pathogenesis of esophageal 
adenocarcinoma. Recent advances in genetically engineered mouse models have 
allowed the phenocopying of Barrett esophagus and esophageal adenocarcinoma 
through the direct targeting of interleukin (IL)-1β to the esophagus. In another 
approach, through the global knockout of p63 (an important marker of stem 
cells and progenitor cells), Barrett esophagus is evident in the postnatal period.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
It is estimated that 5 to 15% of GERD patients may develop Barrett esophagus, 
but such population-based studies are difficult to pursue because millions of 
people are affected with GERD, and most GERD patients do not undergo upper 
endoscopy. Patients with Barrett esophagus may or may not have symptoms 

Most randomized phase III trials of treatment of local and locally advanced 
gastric and esophageal cancers, upon which level-one evidence for guidelines 
are based, have included heterogenous histologies and different anatomic 
locations of the tumors. However, their different etiologies, molecular biology, 
and recurrence patterns suggest a need to divide rather than coalesce these 
cancers.4

Surgical Therapy
Surgery is the cornerstone of therapy for curative intent.5 Technical 

advances have led to improvements in both operative mortality and post-
operative morbidity. The different surgical techniques include transthoracic, 
transhiatal, and radical en bloc resections. Depending upon the location of 
the esophageal squamous cell carcinoma, either total esophagectomy or sub-
total esophagectomy is pursued. For the latter, jejunal or colonic interposition 
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TABLE 183-1 RISK FACTORS FOR ESOPHAGEAL CANCER
Esophageal squamous cell cancer

Tylosis palmaris et plantaris
Achalasia
Plummer-Vinson syndrome
Cigarette smoking
Alcohol
Chronic lye ingestion
Dietary deficiencies (minerals, vitamins)
Human papillomavirus (HPV) infection
Radiation injury
Celiac sprue

Esophageal adenocarcinoma
Gastroesophageal acid reflux
Bile reflux
Obesity
Barrett esophagus

chronic inflammation triggers the cascade of events that culminate in esophageal 
squamous dysplasia and esophageal squamous cell carcinoma.

Most esophageal squamous cell carcinoma cases are attributable to increased 
cigarette smoking or alcohol consumption, but especially in combination,1 
because there appear to be synergistic deleterious effects of various chemical 
carcinogens in both, including N-nitroso compounds, polycyclic aromatic 
hydrocarbons, and aromatic amines. The relative risk for esophageal squamous 
cell carcinoma is 6.2 in those who smoke more than 25 cigarettes daily. Ces-
sation of cigarette smoking is helpful in attenuating risk after 10 years of absti-
nence. Cigarette smokers who drink beer and whiskey have a 10- to 25-fold 
enhanced risk of developing esophageal squamous cell carcinoma. Indeed, it 
is the type of alcohol and the manner of distillation that are most critical. In 
endemic areas of the world, deficiencies of vitamins A, B12, C, and E, folic 
acid, and certain minerals (zinc, selenium, molybdenum) are important risk 
factors. All these vitamins and minerals exert direct or indirect antioxidant 
effects, and their deficiencies impair epithelial and tissue homeostasis and 
regeneration.

Other risk factors for esophageal squamous cell carcinoma2 include achalasia 
(Chapter 129), a disorder that involves agangliosis of the Auerbach plexus, 
resulting in dysphagia, chest pain, and weight loss, among other symptoms. 
The emergence of esophageal squamous cell carcinoma may be observed 10 
to 20 years after the identification of achalasia in patients. Because head and 
neck squamous cell carcinoma (HNSCC) (Chapter 181) shares many of the 
same environmental and lifestyle risk factors with esophageal squamous cell 
carcinoma, particularly alcohol and tobacco smoking, HNSCC and esophageal 
squamous cell carcinoma may occur synchronously or metachronously. In 
different parts of the world, esophageal squamous cell carcinoma is also associ-
ated with chronic esophageal stricture due to lye ingestion, consumption of 
maté (a hot herb-based beverage), celiac sprue, human papillomavirus (HPV) 
infection (especially genotypes HPV-16, HPV-18, and HPV-33), and radiation 
injury.

 PATHOBIOLOGY
Esophageal squamous cell carcinoma involves the transition from normal 
squamous epithelium to squamous dysplasia to cancer. Esophageal squa-
mous cell carcinoma initiation, progression, and metastasis are associated 
with a number of genetic alterations. Among these genetic alterations are 
overexpression of epidermal growth factor receptor (EGFR) and cyclin D1 
oncogenes, and inactivation of TP53, p16INK4A, E-cadherin, and p120-catenin 
(p120ctn) tumor suppressor genes. The frequency of these changes varies 
greatly based upon various studies, but the oncogenic alterations generally 
appear early in dysplasia and early esophageal squamous cell carcinoma, 
whereas the inactivation of tumor suppressor genes appears as later events 
in established primary and metastatic esophageal squamous cell carcinoma. 
From a genomic viewpoint, the SOX-2 transcription factor, important in the 
pluripotent capacity of somatic cells, has been shown to be an important gene 
involved in esophageal squamous cell carcinoma pathogenesis and transfor-
mation by virtue of SOX-2 amplification. The ability to model esophageal 
squamous cell carcinoma in vitro and in vivo has made great strides in recent 
years through the advent and characterization of three-dimensional organo-
typic culture models, xenograft transplantation mouse models, and genetically 
engineered mouse models. For example, conditional knockout of the p120ctn 

tumor suppressor gene in the esophagus of mice results in invasive esophageal 
squamous cell carcinoma. Recent efforts in deep DNA sequencing have con-
firmed the genetic alterations noted above and revealed low frequency of other  
alterations.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
Although esophageal squamous dysplasia is typically not associated with 
symptoms, esophageal squamous cell carcinoma, which has a predilection for 
the proximal to midesophagus, may be associated with dysphagia, odynophagia, 
atypical or typical chest pain, gastrointestinal bleeding, nausea, vomiting, 
weight loss, and malnutrition. Esophageal squamous cell carcinoma may 
metastasize to local lymph nodes, lung, liver, and bone. Symptoms attributable 
to metastatic esophageal squamous cell carcinoma may include bone-related 
pain, dyspnea, and evidence of jaundice and liver failure, depending upon the 
extent of metastatic disease.

Physical Examination
The patient should be evaluated for changes in hair, skin integrity, and nail 
beds as a reflection of malnutrition. Weight loss may result in general cachexia 
and muscle wasting. There may be lymphadenopathy in the anterior cervical 
and superclavicular regions. Hepatomegaly and complications of liver disease 
may herald metastatic disease to the liver.

Laboratory Studies
There may be progressive iron deficiency anemia due to chronic indolent 
upper gastrointestinal bleeding. Additional abnormalities may be reflected in 
metabolic disturbances, such as metabolic alkalosis due to vomiting and hyper-
natremia due to dehydration. Liver enzyme abnormalities, both hepatocellular 
and cholestatic, may reflect metastasis to the liver. There are no specific markers 
for esophageal squamous cell carcinoma, but an elevated carcinoembryonic 
antigen (CEA) level may be used to aid in monitoring disease recurrence  
after therapy.

 DIAGNOSIS
Upper GI contrast study is useful for the diagnosis of esophageal squamous 
cell carcinoma; it shows a filling defect due to the mucosal lesion or impaired 
transit of contrast due to luminal growth (Chapter 124). However, definitive 
diagnosis involves direct visualization with upper endoscopy (Chapter 125); 
once the mass is visualized, biopsies are necessary for confirmation by histo-
pathology and immunohistochemistry for cytokeratins associated with pro-
liferation and differentiation. Esophageal squamous cell carcinoma may involve 
local lymph nodes, which are best detected by endoscopic ultrasound (EUS); 
as needed, samples can then be analyzed by cytopathology following fine-
needle aspiration (FNA). In high-volume centers in the United States, the 
cytopathologist will be in the procedure room with the gastroenterologist to 
provide an initial evaluation of the specimens obtained through FNA. Evalu-
ation of metastatic disease involves chest and abdominal computed tomography 
(CT) scans. Bone scan might be useful in patients who are symptomatic with 
bone-related pain. Positron emission tomography (PET) is increasingly used 
in some settings. In totality, these diagnostic modalities also allow for staging 
of esophageal squamous cell carcinoma (Table 183-2), which is important in 
guiding therapeutic options.3
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 PROGNOSIS
The 5-year survival for treated esophageal squamous cell carcinoma is dependent 
upon stage and types of therapies used. For stages T1 and T2 without lymph 
node involvement, surgery alone may be curative in more than 60% of cases. 
The occurrence of major postoperative complications, which occur in about 
one third of patients, exerts a long-lasting negative effect on health-related 
quality of life in patients who survive for 5 years after esophagectomy for cancer. 
Dyspnea, fatigue, eating restriction, sleep difficulty, and gastroesophageal reflux 
progressively worsen more during follow-up in those who suffer such major 
postoperative complications compared with those without major surgical com-
plications. For patients with unresectable or metastatic disease, therapy is pallia-
tive, involving endoscopically placed expandable prosthetic stents to open the 
nearly obstructed lumen for passage of food contents, percutaneous endoscopic 
gastrotomy tubes for delivery of nutrition to the stomach distal to the mass 
lesion, total parenteral nutrition, pain control, and systemic chemotherapy.9

 Esophageal Adenocarcinoma
 EPIDEMIOLOGY

Esophageal adenocarcinoma affects whites more than African Americans and 
males much more than females (3:1 to 5.5:1); it increases in incidence after 
the age of 40 years. The age-adjusted incidence annually is 1.3 per 100,000. 
In this chapter, esophageal adenocarcinoma is discussed as a separate entity 
from gastroesophageal (GE) adenocarcinomas (so-called GE junctional cancer) 
and gastric cardia adenocarcinomas, although there has been an increasing 
tendency to think of these in aggregate. The incidence of esophageal adeno-
carcinoma is increasing dramatically in developed countries, especially in the 
United States (by 4 to 10% annually) and Western/Northern Europe.10

Etiology
Obesity (central) is an important risk factor for esophageal adenocarcinoma. 
This may be related to either mechanical factors that foster greater gastro-
esophageal reflux disease (GERD) or more likely the release of proinflamma-
tory adipokines, cytokines, and chemokines that track to the esophagus. The 
major recognized precursor of esophageal adenocarcinoma is Barrett esophagus 
(Chapter 129). Barrett esophagus is the replacement of the normal stratified 
squamous epithelium by an incomplete small intestinal epithelium (metaplasia) 
in the distal esophagus, projecting from the GE junction in a distal-proximal 
gradient (Chapter 129). In turn, it has been demonstrated that Barrett esopha-
gus is fostered by GERD but also by an admixture of bile acids in the acid 
refluxate. A small subset of Barrett esophagus patients may progress to esopha-
geal adenocarcinoma through intermediate stages of low-grade and high-grade 
dysplasia. In Barrett esophagus, one case of esophageal adenocarcinoma is 
estimated to arise in 55 to 441 patient-years, which corresponds to an approxi-
mately 125-fold increased risk for esophageal adenocarcinoma compared with 
that in the general population.

 PATHOBIOLOGY
Barrett esophagus involves metaplasia from normal esophageal epithelium to 
a small intestinal epithelium with columnar enterocytes and secretory goblet 
cells, but without Paneth cells and enteroendocrine cells—hence the designa-
tion of incomplete intestinal metaplasia.11 By itself, the metaplasia of Barrett 
esophagus cannot become esophageal adenocarcinoma. However, if and when 
Barrett esophagus transitions to low-grade and high-grade dysplasia, there is 
the aforementioned risk for esophageal adenocarcinoma. Barrett esophagus 
is associated with abnormal DNA ploidy, and certain genetic alterations in 
epidermal growth factor receptor signaling, TP53, and p16INK4A. Microsatel-
lite instability may be noted as well. Whole genome approaches are revealing 
gains and losses of chromosomal regions that might lead to identification of 
known and previously unknown genes critical in the pathogenesis of esophageal 
adenocarcinoma. Recent advances in genetically engineered mouse models have 
allowed the phenocopying of Barrett esophagus and esophageal adenocarcinoma 
through the direct targeting of interleukin (IL)-1β to the esophagus. In another 
approach, through the global knockout of p63 (an important marker of stem 
cells and progenitor cells), Barrett esophagus is evident in the postnatal period.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
It is estimated that 5 to 15% of GERD patients may develop Barrett esophagus, 
but such population-based studies are difficult to pursue because millions of 
people are affected with GERD, and most GERD patients do not undergo upper 
endoscopy. Patients with Barrett esophagus may or may not have symptoms 

TABLE 183-2 TNM STAGING SYSTEM FOR CANCER OF THE 
ESOPHAGUS (AMERICAN JOINT COMMITTEE 
ON CANCER CRITERIA)

PRIMARY TUMOR (T)*

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasia†

T1 Tumor invades lamina propria, muscularis mucosae, or submucosa
T1a Tumor invades lamina propria or muscularis mucosae
T1b Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
T4a Resectable tumor invading pleura, pericardium, or diaphragm
T4b Unresectable tumor invading other adjacent structures, such as aorta, vertebral 

body, trachea, etc.
*(1) At least maximal dimension of the tumor must be recorded, and (2) multiple tumors require 
the T(m) suffix.

†High-grade dysplasia includes all noninvasive neoplastic epithelia that was formerly called 
carcinoma in situ.

LYMPH NODE (N)*

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1-2 regional lymph nodes
N2 Metastasis in 3-6 regional lymph nodes
N3 Metastasis in 7 or more regional lymph nodes
*Number must be recorded for total number of regional nodes sampled and total number of 
reported nodes with metastasis.

DISTANT METASTASIS (M)

MX Metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
From AJCC Cancer Staging Manual. 7th ed. New York: Springer-Verlag; 2010.

can be done. Surgical proficiency gain in performing esophagectomy has  
been demonstrated to improve short-term as well as long-term mortality 
results in esophageal cancer.6 Although there is currently a lack of high-qual-
ity studies comparing minimally invasive esophagectomy to conventional 
approaches, the former can achieve equivalent or better perioperative mortal-
ity, morbidity, and oncologic outcomes compared to open surgery in selected  
patients. A1 

,
 A2 ,7

It has been shown that salvage esophagectomy after definitive chemora-
diotherapy can offer acceptable short- and long-term outcomes in selected 
patients with esophageal cancer at experienced centers.8

Medical Therapy
Depending upon the stage of disease, there is some variation in whether 

to proceed with preoperative (neoadjuvant) chemoradiation therapy (preferred 
for early stage) or postoperative (adjuvant) chemoradiation therapy.

A study in which patients were randomized to receive surgery alone or surgery 
plus postoperative chemotherapy with 5-fluorouracil and leucovorin and con-
current radiation therapy revealed that the median survival was 36 months for 
patients in the adjuvant arm compared with 26 months for those in the surgery-
only arm. The 3-year overall survival rates were 50% (surgery plus adjuvant 
therapy) compared with 40% (surgery alone), respectively. A3  Long-term follow-up 
data in patients with clinically resectable, locally advanced cancers (squamous 
cell or adenocarcinoma) of the esophagus or esophagogastric junction showed 
significant increase in 5-year overall survival with neoadjuvant chemoradio-
therapy (using concurrent radiotherapy with carboplatin plus paclitaxel) prior 
to surgery, compared with surgery only. A4  A network meta-analysis of random-
ized controlled trials showed that neoadjuvant or adjuvant combination chemo-
radiotherapy, compared to chemotherapy or radiotherapy alone, is more effective 
than chemotherapy or radiotherapy alone for improving the survival of patients 
with resectable esophageal cancer. A5 
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 NEOPLASMS OF THE STOMACH
 DEFINITION

Gastric neoplasms are predominantly malignant, and nearly 90 to 95% of 
these tumors are adenocarcinomas. Less frequently observed malignant dis-
eases include lymphomas, especially non-Hodgkin lymphoma, and sarcomas 
such as leiomyosarcoma. Benign gastric neoplasms include leiomyomas, car-
cinoid tumors, and lipomas.

 Adenocarcinoma of the Stomach
 EPIDEMIOLOGY

The great geographic variation in the incidence of gastric cancer worldwide 
indicates that environmental factors influence the pathogenesis of gastric car-
cinogenesis. Further support for this notion comes from observations that 
groups emigrating from high-risk to low-risk areas, such as Japanese individuals 
moving to Hawaii and Brazil, acquire the low risk of the area into which they 
emigrate, presumably because of adoption of the endogenous lifestyle and 
exposure to different environmental factors.

Gastric adenocarcinoma was the most frequently observed malignant disease 
in the world until the mid-1980s, and it remains extremely common among 
men in certain regions such as tropical South America, some parts of the 
Caribbean, and Eastern Europe. Regardless of gender, it remains one of the 
most common malignancies in Japan and China.

Whereas gastric cancer was the most common cancer in the United States 
in the 1930s, its annual incidence has steadily decreased. The annual incidence 
is now fewer than 10,000 new cases per year. However, although the incidence 
of gastric adenocarcinoma localized to the distal stomach has declined, the 
incidence of proximal gastric and GE junctional adenocarcinomas has been 
steadily increasing in the United States, a finding that perhaps reflects differ-
ences in pathogenic factors. Typically, gastric cancer occurs between the ages 
of 50 and 70 years and is uncommon before age 30. The rates are higher in 
men than in women by 2:1. Five-year survival is less than 20%.

Risk Factors
Risk factors for the development of gastric adenocarcinoma14 can be divided 
into environmental and genetic factors as well as precursor conditions (Table 
183-3). For example, Helicobacter pylori infection is significantly more common 
in patients with gastric cancer than in matched control groups. H. pylori eradi-
cation effectively reduces the incidence of gastric cancer, and the magnitude 
of this protective effect is greater among individuals with higher baseline gastric 
cancer risk.15 Epidemiologic studies of high-risk populations have also sug-
gested that genotoxic agents such as N-nitroso compounds may play a role in 
gastric tumorigenesis. N-nitroso compounds can be formed in the human 
stomach by nitrosation of ingested nitrates, which are common constituents 
of the diet. High nitrate concentrations in soil and drinking water have  
been observed in areas with high death rates from gastric cancer. Atrophic 
gastritis (Chapter 130), with or without intestinal metaplasia, is observed in 
association with gastric cancer, especially in endemic areas. Pernicious anemia 

related to GERD. Chronic GERD with Barrett esophagus may be associated 
with distal esophageal strictures. With esophageal adenocarcinoma, patients 
may suffer from dysphagia, odynophagia, upper gastrointestinal bleeding, chest 
pain, nausea, vomiting, early satiety, weight loss, and malnutrition.

Physical Examination
Examination of the patient may reveal signs consistent with malnutrition and 
weight loss. Lymphadenopathy should be explored. There may be hepatomegaly. 
Paraneoplastic syndromes are unusual with esophageal adenocarcinoma (as 
well as with esophageal squamous cell carcinoma). It is important to ensure 
that esophageal adenocarcinoma is not mistaken for a benign entity such as 
a primary esophageal motility disorder.

Laboratory Studies
Patients with esophageal adenocarcinoma may have iron deficiency anemia 
(from occult upper GI bleeding), metabolic derangements, and abnormal 
liver enzyme tests owing to metastatic disease. CEA may be elevated as a 
tumor serologic marker, although that is not a diagnostic test.

 DIAGNOSIS
Barium swallow radiography may lead one to the suspicion of Barrett esophagus 
and can diagnose luminal mass lesions consistent with esophageal adenocar-
cinoma in the distal esophagus. However, the mainstay of diagnosis is upper 
endoscopy. At that time, a characteristic salmon-colored mucosa is visualized 
at the gastroesophageal (GE) junction, with frondlike projections in a proximal 
direction. If the extent of Barrett esophagus is 3 cm or less, it is termed short-
segment Barrett esophagus; if it is more than 3 cm, it is referred to as long-segment 
Barrett esophagus. This distinction is important in that the risk for esophageal 
adenocarcinoma in long-segment Barrett esophagus is greater than in short-
segment Barrett esophagus. Noting that the normal esophageal mucosa is 
more pinkish-white in hue, one can visually distinguish the two different types 
of epithelia, with the caveat that the gastric cardia mucosa at the GE junction 
should not be mistaken for Barrett esophagus. Endoscopic mucosal biopsies 
from the Barrett esophagus region (with control biopsies from the normal 
esophagus and gastric cardia) are required for histopathologic diagnosis. Fea-
tures of dysplasia are best appreciated in the absence of reflux-related esophagitis 
that can lead to nuclear architectural distortion; hence, suppression of acid 
production with proton pump inhibitor therapy for 6 to 8 weeks is needed, 
with a view to repeat biopsies.

If the patient has Barrett esophagus metaplasia, upper endoscopy should 
be repeated every 3 years. However, low-grade dysplasia (with confirmation 
by an expert pathologist) requires surveillance endoscopy every 6 to 12 months. 
High-grade dysplasia, if properly evaluated by the pathologist, may require 
reconfirmation, but then leads to either medical (radio frequency ablation 
[RFA], endoscopic mucosal resection) or surgical intervention because of the 
possibility of missed contiguous esophageal adenocarcinoma. EUS may be 
helpful in discriminating between high-grade dysplasia and esophageal intramu-
cosal adenocarcinoma.

The principles are very similar to those applied to esophageal squamous cell 
carcinoma in terms of surgery. Preoperative (neoadjuvant) chemoradiotherapy 
(for example, carboplatin titrated to achieve an area under the curve of 2 mg/
mL/min and paclitaxel 50 mg/m2 for 5 weeks) and concurrent radiotherapy (at 
41.4 Gy in 23 fractions, 5 days per week) significantly improves median survival 
from about 24 to 27 months to about 43 to 49 months among patients with 
potentially curable esophageal or esophagogastric-junction cancer. A6  Overall 
prognosis for esophageal adenocarcinoma is similar to that for esophageal 
squamous cell carcinoma. Radiofrequency ablation (RFA) reduces progression 
of Barrett esophagus with low-grade dysplasia or possibly high-grade dysplasia 
to cancer. A7  Endoscopic mucosal resection (EMR) is used for Barrett esophagus–
related high-grade dysplasia or Barrett esophagus associated with intramucosal 
esophageal adenocarcinoma. For advanced, unresectable tumors, self-expanding 
stents, often with localized brachytherapy, can provide palliation.12

Systemic therapies for advanced and metastatic esophageal adenocarcinomas 
(see also section on Treatment under Adenocarcinomas of the Stomach), includ-
ing targeted approaches, generally also apply for advanced and metastatic 
gastric adenocarcinoma. Performance status often declines after first-line therapy. 
Patients with esophageal cancers often have serious comorbidities such as 
obesity, heart disease, emphysema, as well as malnutrition because dysphagia 
limits treatment opportunities after first-line therapy.13

TREATMENT 

precancerous lesions, a finding suggesting that mutation of the p53 gene is  
an early event in gastric carcinogenesis. Microsatellite DNA alterations or 
instability in dinucleotide repeats occur frequently in sporadic gastric carci-
noma. Mutations in genes may accumulate as a result of DNA microsatellite 
instability.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
In its early stages, gastric cancer may be asymptomatic or produce only non-
specific symptoms that make early diagnosis difficult. Later symptoms include 
bloating, dysphagia, epigastric pain, or early satiety. Early satiety or vomiting 
may suggest partial gastric outlet obstruction, although gastric dysmotility 
can contribute to the vomiting in patients with nonobstructive cases. Epigastric 
pain reminiscent of that associated with peptic ulcer occurs in about one 
fourth of patients, but in most patients with gastric cancer, the pain is not 
relieved by food or antacids. Pain that radiates to the back may indicate that 
the tumor has penetrated the pancreas. When dysphagia is associated with 
gastric cancer, this symptom suggests a more proximal gastric tumor at the 
GE junction or in the fundus.

Signs of gastric cancer include bleeding, which can result in iron deficiency 
anemia that produces the symptoms of weakness, fatigue, and malaise, as well 
as rare, more serious cardiovascular and cerebrovascular consequences. Per-
foration related to gastric cancer is unusual. Gastric cancer metastatic to the 
liver can lead to right upper quadrant pain, jaundice, and fever. Lung metastases 
can cause cough, hiccups, and hemoptysis. Peritoneal carcinomatosis can lead 
to malignant ascites unresponsive to diuretics. Gastric cancer can also metas-
tasize to bone.

Physical Examination
In the earliest stages of gastric cancer, the physical examination may be unre-
markable. At later stages, patients become cachectic, and an epigastric mass 
may be palpated. If the tumor has metastasized to the liver, hepatomegaly 
with jaundice and ascites may be present. Portal or splenic vein invasion and 
thrombosis can cause splenomegaly. Lymph node involvement in the left supra-
clavicular area is termed Virchow node, and periumbilical nodal involvement 
is called Sister Mary Joseph node. The fecal occult blood test may be positive. 
Metastasis to the ovary is termed Krukenberg tumor.

Paraneoplastic syndromes may precede or occur concurrently with gastric 
cancer. Examples include the following: Trousseau syndrome (Chapter 73), 
which is recurrent migratory superficial thrombophlebitis indicating a possible 
hypercoagulable state; acanthosis nigricans, which arises as raised and hyper-
pigmented skin lesions of flexor areas, neck, axilla, groin, and mucosal mem-
branes; neuromyopathy with involvement of the sensory and motor pathways; 
and central nervous system syndromes with altered mental status and ataxia.

Laboratory Studies
Laboratory studies may reveal iron deficiency anemia. Microangiopathic 
hemolytic anemia has been reported. Abnormalities in liver tests generally 
indicate metastatic disease. Hypoalbuminemia is a marker of malnutrition. 
Protein-losing enteropathy is rare but can be seen in Ménétrier disease, another 
predisposing condition. Serologic test results, such as those for CEA and 
CA72.4 (typically not used), may be abnormal. Although these tests are not 
recommended for initial diagnosis, they may be useful for monitoring disease 
after surgical resection.

 DIAGNOSIS
The diagnostic accuracy of upper endoscopy with biopsy and cytologic exami-
nation approaches 95 to 99% for both types of gastric cancer.18 Cancer may 
arise as a small mucosal ulceration, a polyp, or a mass (Fig. 183-1). In some 
patients, gastric ulceration may first be noted in an upper gastrointestinal 
barium contrast study. A benign gastric ulcer is associated with a smooth, 
regular base, whereas a malignant ulcer is associated with a surrounding mass, 
irregular folds, and an irregular base. Although these and other radiographic 
characteristics historically helped to predict benign versus malignant disease, 
upper gastrointestinal endoscopy with biopsy and cytologic examination is 
mandatory whenever a gastric ulcer is found in the radiologic study, even if 
the ulcer has benign characteristics.

Endoscopic ultrasonography (EUS) is very helpful in both diagnosis and 
staging of gastric cancer (Table 183-4). The extent of tumor, including gastric 
wall invasion and local lymph node involvement, can be assessed by EUS 
(Fig. 183-2), which provides information complementary to that obtained 
from CT scans.19 EUS can help guide aspiration biopsies of lymph nodes 

(Chapter 155) is associated with a several-fold increase in gastric cancer. 
Atrophic gastritis and gastric cancer have certain environmental risk factors 
in common. It is likely that atrophic gastritis and intestinal metaplasia represent 
intermediary steps to gastric cancer. The achlorhydria associated with gastritis 
related to H. pylori infection, pernicious anemia, or other causes favors the 
growth of bacteria capable of converting nitrates to nitrites. The nitrosamine 
N-methyl-N′-nitro-N-nitrosoguanidine causes a high rate of induction of 
adenocarcinoma in the glandular stomach of rats. At the same time, most 
patients with atrophic gastritis do not develop gastric cancer, a finding sug-
gesting that neither atrophic gastritis nor achlorhydria alone is responsible.

Benign gastric ulcers do not appear to predispose patients to gastric cancer. 
However, patients who have a gastric remnant after subtotal gastrectomy for 
benign disorders have an increased relative risk for gastric cancer of 1.5 to 3.0 
by 15 to 20 years after surgery.

 PATHOBIOLOGY
Gastric adenocarcinomas can be divided into two types based on the Lauren 
classification16: intestinal and diffuse. The intestinal type is typically in the 
distal stomach with ulcerations, is often preceded by premalignant lesions, 
and is declining in incidence in the United States. By contrast, the diffuse type 
involves widespread thickening of the stomach, especially in the cardia, and 
it often affects younger patients; this form may present as linitis plastica, a 
nondistensible stomach with the absence of folds and a narrowed lumen caused 
by infiltration of the stomach wall with tumor. Diffuse-type gastric cancers 
harbor mucin-producing cells. Other conditions may result in linitis plastica, 
such as lymphoma (Chapter 176), tuberculosis (Chapter 308), syphilis (Chapter 
303), and amyloidosis (Chapter 179). The prognosis is generally worse in the 
diffuse type.

Key histopathologic features of gastric cancer include its degree of differ-
entiation, invasion through the gastric wall, lymph node involvement, and the 
presence or absence of signet ring cells within the tumor itself. Other pathologic 
manifestations include a polypoid mass, which may be difficult to distinguish 
from a benign polyp. Early gastric cancer, a condition that is common in Japan 
and has a relatively favorable prognosis, consists of superficial lesions with or 
without lymph node involvement. Here, the Borrmann classification scheme 
is helpful: group I, polypoid; group II, fungating ulcer with sharp raised margins; 
group III, ulcer with poorly defined infiltrative margins; and group IV, infiltra-
tive, mostly intramural lesion, not well demarcated.

The leading hypothesis explaining the way in which H. pylori predisposes 
to gastric cancer risk is the induction of an inflammatory response, in which 
IL-1β may be pivotal. Chronic H. pylori infection also leads to chronic atrophic 
gastritis with resulting achlorhydria, which in turn favors bacterial growth 
that can convert dietary nitrates to nitrites. These nitrites, in combination 
with genetic factors, promote abnormal cellular proliferation, genetic muta-
tions, and eventually cancer. In a mouse model of gastric cancer, H. pylori 
infection may play a role in the recruitment of bone marrow–derived stem 
cells that facilitate gastric carcinogenesis. Animal models can now recapitulate 
the cardinal features of gastric adenocarcinoma, either through the use of 
carcinogens or through genetic approaches.

Genetics
It is clear that genetic factors play a role in gastric cancer. For example, blood 
group A is associated with a higher incidence rate of gastric cancer, even in 
nonendemic areas. A three-fold increase in gastric cancer has been reported 
among first-degree relatives of patients with the disease. Furthermore, germline 
or inherited mutations in the genes for E-cadherin and α-catenin, albeit rare, 
have been described in diffuse hereditary gastric cancer, which is seen in young 
patients. In addition, in Lynch syndrome (Chapter 184), patients have associ-
ated extracolonic cancers, including gastric cancer. Patients with familial 
adenomatous polyposis (FAP) have an increased risk of distal (antral) gastric 
adenocarcinoma.

Gene expression data have identified molecular subtypes linked to distinct 
patterns of molecular alterations that are associated with differences in disease 
progression and prognosis: Epstein-Barr virus related, microsatellite instability, 
genomic instability (especially with RhoA mutations and fusions), and genomic 
instability.17 Several genetic mechanisms are important in gastric cancer: onco-
gene activation, tumor suppressor gene inactivation, and DNA microsatellite 
instability. For example, loss of heterozygosity of the APC (adenomatous 
polyposis coli) gene has been observed in gastric cancers. The p53 tumor 
suppressor gene product regulates the cell cycle at the G1-S phase transition 
and probably also functions in DNA repair and apoptosis (programmed cell 
death). The p53 gene is mutated not only in gastric cancer but also in gastric 

TABLE 183-3 CONDITIONS PREDISPOSING TO OR 
ASSOCIATED WITH GASTRIC CANCER

ENVIRONMENTAL
Helicobacter pylori infection
Dietary: excess of salt (salted pickled foods), nitrates/nitrites, carbohydrates; 

deficiency of fresh fruit, vegetables, vitamins A and C, refrigeration
Low socioeconomic status
Cigarette smoking
GENETIC
Familial gastric cancer (rare)
Associated with hereditary nonpolyposis colorectal cancer
Blood group A
PREDISPOSING CONDITIONS
Chronic gastritis, especially atrophic gastritis with or without intestinal metaplasia
Pernicious anemia
Intestinal metaplasia
Gastric adenomatous polyps (>2 cm)
Postgastrectomy stumps
Gastric epithelial dysplasia
Ménétrier disease (hypertrophic gastropathy)
Chronic peptic ulcer
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precancerous lesions, a finding suggesting that mutation of the p53 gene is  
an early event in gastric carcinogenesis. Microsatellite DNA alterations or 
instability in dinucleotide repeats occur frequently in sporadic gastric carci-
noma. Mutations in genes may accumulate as a result of DNA microsatellite 
instability.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
In its early stages, gastric cancer may be asymptomatic or produce only non-
specific symptoms that make early diagnosis difficult. Later symptoms include 
bloating, dysphagia, epigastric pain, or early satiety. Early satiety or vomiting 
may suggest partial gastric outlet obstruction, although gastric dysmotility 
can contribute to the vomiting in patients with nonobstructive cases. Epigastric 
pain reminiscent of that associated with peptic ulcer occurs in about one 
fourth of patients, but in most patients with gastric cancer, the pain is not 
relieved by food or antacids. Pain that radiates to the back may indicate that 
the tumor has penetrated the pancreas. When dysphagia is associated with 
gastric cancer, this symptom suggests a more proximal gastric tumor at the 
GE junction or in the fundus.

Signs of gastric cancer include bleeding, which can result in iron deficiency 
anemia that produces the symptoms of weakness, fatigue, and malaise, as well 
as rare, more serious cardiovascular and cerebrovascular consequences. Per-
foration related to gastric cancer is unusual. Gastric cancer metastatic to the 
liver can lead to right upper quadrant pain, jaundice, and fever. Lung metastases 
can cause cough, hiccups, and hemoptysis. Peritoneal carcinomatosis can lead 
to malignant ascites unresponsive to diuretics. Gastric cancer can also metas-
tasize to bone.

Physical Examination
In the earliest stages of gastric cancer, the physical examination may be unre-
markable. At later stages, patients become cachectic, and an epigastric mass 
may be palpated. If the tumor has metastasized to the liver, hepatomegaly 
with jaundice and ascites may be present. Portal or splenic vein invasion and 
thrombosis can cause splenomegaly. Lymph node involvement in the left supra-
clavicular area is termed Virchow node, and periumbilical nodal involvement 
is called Sister Mary Joseph node. The fecal occult blood test may be positive. 
Metastasis to the ovary is termed Krukenberg tumor.

Paraneoplastic syndromes may precede or occur concurrently with gastric 
cancer. Examples include the following: Trousseau syndrome (Chapter 73), 
which is recurrent migratory superficial thrombophlebitis indicating a possible 
hypercoagulable state; acanthosis nigricans, which arises as raised and hyper-
pigmented skin lesions of flexor areas, neck, axilla, groin, and mucosal mem-
branes; neuromyopathy with involvement of the sensory and motor pathways; 
and central nervous system syndromes with altered mental status and ataxia.

Laboratory Studies
Laboratory studies may reveal iron deficiency anemia. Microangiopathic 
hemolytic anemia has been reported. Abnormalities in liver tests generally 
indicate metastatic disease. Hypoalbuminemia is a marker of malnutrition. 
Protein-losing enteropathy is rare but can be seen in Ménétrier disease, another 
predisposing condition. Serologic test results, such as those for CEA and 
CA72.4 (typically not used), may be abnormal. Although these tests are not 
recommended for initial diagnosis, they may be useful for monitoring disease 
after surgical resection.

 DIAGNOSIS
The diagnostic accuracy of upper endoscopy with biopsy and cytologic exami-
nation approaches 95 to 99% for both types of gastric cancer.18 Cancer may 
arise as a small mucosal ulceration, a polyp, or a mass (Fig. 183-1). In some 
patients, gastric ulceration may first be noted in an upper gastrointestinal 
barium contrast study. A benign gastric ulcer is associated with a smooth, 
regular base, whereas a malignant ulcer is associated with a surrounding mass, 
irregular folds, and an irregular base. Although these and other radiographic 
characteristics historically helped to predict benign versus malignant disease, 
upper gastrointestinal endoscopy with biopsy and cytologic examination is 
mandatory whenever a gastric ulcer is found in the radiologic study, even if 
the ulcer has benign characteristics.

Endoscopic ultrasonography (EUS) is very helpful in both diagnosis and 
staging of gastric cancer (Table 183-4). The extent of tumor, including gastric 
wall invasion and local lymph node involvement, can be assessed by EUS 
(Fig. 183-2), which provides information complementary to that obtained 
from CT scans.19 EUS can help guide aspiration biopsies of lymph nodes 

(Chapter 155) is associated with a several-fold increase in gastric cancer. 
Atrophic gastritis and gastric cancer have certain environmental risk factors 
in common. It is likely that atrophic gastritis and intestinal metaplasia represent 
intermediary steps to gastric cancer. The achlorhydria associated with gastritis 
related to H. pylori infection, pernicious anemia, or other causes favors the 
growth of bacteria capable of converting nitrates to nitrites. The nitrosamine 
N-methyl-N′-nitro-N-nitrosoguanidine causes a high rate of induction of 
adenocarcinoma in the glandular stomach of rats. At the same time, most 
patients with atrophic gastritis do not develop gastric cancer, a finding sug-
gesting that neither atrophic gastritis nor achlorhydria alone is responsible.

Benign gastric ulcers do not appear to predispose patients to gastric cancer. 
However, patients who have a gastric remnant after subtotal gastrectomy for 
benign disorders have an increased relative risk for gastric cancer of 1.5 to 3.0 
by 15 to 20 years after surgery.

 PATHOBIOLOGY
Gastric adenocarcinomas can be divided into two types based on the Lauren 
classification16: intestinal and diffuse. The intestinal type is typically in the 
distal stomach with ulcerations, is often preceded by premalignant lesions, 
and is declining in incidence in the United States. By contrast, the diffuse type 
involves widespread thickening of the stomach, especially in the cardia, and 
it often affects younger patients; this form may present as linitis plastica, a 
nondistensible stomach with the absence of folds and a narrowed lumen caused 
by infiltration of the stomach wall with tumor. Diffuse-type gastric cancers 
harbor mucin-producing cells. Other conditions may result in linitis plastica, 
such as lymphoma (Chapter 176), tuberculosis (Chapter 308), syphilis (Chapter 
303), and amyloidosis (Chapter 179). The prognosis is generally worse in the 
diffuse type.

Key histopathologic features of gastric cancer include its degree of differ-
entiation, invasion through the gastric wall, lymph node involvement, and the 
presence or absence of signet ring cells within the tumor itself. Other pathologic 
manifestations include a polypoid mass, which may be difficult to distinguish 
from a benign polyp. Early gastric cancer, a condition that is common in Japan 
and has a relatively favorable prognosis, consists of superficial lesions with or 
without lymph node involvement. Here, the Borrmann classification scheme 
is helpful: group I, polypoid; group II, fungating ulcer with sharp raised margins; 
group III, ulcer with poorly defined infiltrative margins; and group IV, infiltra-
tive, mostly intramural lesion, not well demarcated.

The leading hypothesis explaining the way in which H. pylori predisposes 
to gastric cancer risk is the induction of an inflammatory response, in which 
IL-1β may be pivotal. Chronic H. pylori infection also leads to chronic atrophic 
gastritis with resulting achlorhydria, which in turn favors bacterial growth 
that can convert dietary nitrates to nitrites. These nitrites, in combination 
with genetic factors, promote abnormal cellular proliferation, genetic muta-
tions, and eventually cancer. In a mouse model of gastric cancer, H. pylori 
infection may play a role in the recruitment of bone marrow–derived stem 
cells that facilitate gastric carcinogenesis. Animal models can now recapitulate 
the cardinal features of gastric adenocarcinoma, either through the use of 
carcinogens or through genetic approaches.

Genetics
It is clear that genetic factors play a role in gastric cancer. For example, blood 
group A is associated with a higher incidence rate of gastric cancer, even in 
nonendemic areas. A three-fold increase in gastric cancer has been reported 
among first-degree relatives of patients with the disease. Furthermore, germline 
or inherited mutations in the genes for E-cadherin and α-catenin, albeit rare, 
have been described in diffuse hereditary gastric cancer, which is seen in young 
patients. In addition, in Lynch syndrome (Chapter 184), patients have associ-
ated extracolonic cancers, including gastric cancer. Patients with familial 
adenomatous polyposis (FAP) have an increased risk of distal (antral) gastric 
adenocarcinoma.

Gene expression data have identified molecular subtypes linked to distinct 
patterns of molecular alterations that are associated with differences in disease 
progression and prognosis: Epstein-Barr virus related, microsatellite instability, 
genomic instability (especially with RhoA mutations and fusions), and genomic 
instability.17 Several genetic mechanisms are important in gastric cancer: onco-
gene activation, tumor suppressor gene inactivation, and DNA microsatellite 
instability. For example, loss of heterozygosity of the APC (adenomatous 
polyposis coli) gene has been observed in gastric cancers. The p53 tumor 
suppressor gene product regulates the cell cycle at the G1-S phase transition 
and probably also functions in DNA repair and apoptosis (programmed cell 
death). The p53 gene is mutated not only in gastric cancer but also in gastric 
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FIGURE 183-1. Benign (left) and malignant (right) gastric ulcer. Note the shaggy, 
thickened, and overhanging edges of the cancer. (courtesy pankaj Jay pasricha, md.)

TABLE 183-4 TNM STAGING OF STOMACH CANCER
PRIMARY TUMOR (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intraepithelial tumor without invasion of the lamina 

propria
T1 Tumor invades lamina propria, muscularis mucosa, or submucosa
T1a Tumor invades lamina propria or muscularis mucosa
T1b Tumor invades submucosa
T2 Tumor invades muscularis propria*
T3 Tumor penetrates subserosal connective tissue without invasion of 

visceral peritoneum or adjacent structures†,‡

T4 Tumor invades serosa (visceral peritoneum) or adjacent structures†,‡

T4a Tumor invades serosa (visceral peritoneum)
T4b Tumor invades adjacent structures
REGIONAL LYMPH NODES (N)

NX Regional lymph nodes(s) cannot be assessed
N0 No regional lymph node metastasis§

N1 Metastasis in 1-2 regional lymph nodes
N2 Metastasis in 3-6 regional lymph nodes
N3 Metastasis in 7 or more regional lymph nodes
N3a Metastasis in 7-15 regional lymph nodes
N3b Metastasis in 16 or more regional lymph nodes
DISTANT METASTASIS (M)

M0 No distant metastasis
M1 Distant metastasis
*Note: A tumor may penetrate the muscularis propria with extension into the gastrocolic or 
gastrohepatic ligaments, or into the greater or lesser omentum, without perforation of the visceral 
peritoneum covering these structures. In this case, the tumor is classified T3. If there is perforation 
of the visceral peritoneum covering the gastric ligaments or the omentum, the tumor should be 
classified T4.
†The adjacent structures of the stomach include the spleen, transverse colon, liver, diaphragm, 
pancreas, abdominal wall, adrenal gland, kidney, small intestine, and retroperitoneum.
‡Intramural extension to the duodenum or esophagus is classified by the depth of the greatest 
invasion in any of these sites, including the stomach.
§Note: A designation of pN0 should be used if all examined lymph nodes are negative, regardless of 
the total number removed and examined.
From AJCC Cancer Staging Manual. 7th ed. New York: Springer-Verlag, 2010.

Surgical Therapy
The only chance for cure of gastric cancer is surgical resection, which is 

possible in 25 to 30% of cases. If the tumor is confined to the distal stomach, 
subtotal gastrectomy is performed, with resection of lymph nodes in the porta 
hepatis and the pancreatic head. By contrast, tumors of the proximal stomach 
require total gastrectomy to obtain an adequate margin and to remove lymph 
nodes; distal pancreatectomy and splenectomy are usually also performed as 
part of this procedure, which carries higher mortality and morbidity rates.20 
The addition of para-aorta nodal dissection does not improve survival. Even if 
a curative procedure is not possible because of metastasis, limited gastric resec-
tion may be necessary for patients with excessive bleeding or obstruction. 
However, gastrectomy followed by chemotherapy is no better than chemo-
therapy alone for advanced gastric cancer that is not surgically curable. A8  If 
cancer recurs in the gastric remnant, limited resection may again be necessary 
for palliation. Most recurrences of either type of gastric cancer are in the local 
or regional area of the original tumor.

TREATMENT 

A B

FIGURE 183-2. Gastric mass. endoscopic ultrasonography depicting a large gastric mass that is compressing the liver and gallbladder wall (A) and, on a different view, the left lobe 
of the liver (B). 

a better prognosis than proximal gastric cancers with or without lymph node 
involvement. Other prognostic factors include depth of penetration and tumor 
cell DNA aneuploidy. Linitis plastica and infiltrating lesions have a much 
worse prognosis than polypoid disease or exophytic masses. In the subset of 
mostly Japanese patients with early gastric cancer that is confined to the mucosa 
and submucosa, surgical resection may be curative and improves the 5-year 
survival rate to more than 50%. In fact, when early gastric cancer is confined 
to the mucosa, endoscopic mucosal resection may be an alternative.

 Lymphoma of the Stomach
 EPIDEMIOLOGY

Gastric lymphoma represents about 5% of all malignant gastric tumors and 
is increasing in incidence. Most gastric lymphomas are non-Hodgkin lym-
phomas (Chapter 176), and the stomach is the most common extranodal site 
for non-Hodgkin lymphomas. Patients with gastric lymphoma are generally 
younger than those with gastric adenocarcinoma, but the male predominance 
remains.

 CLINICAL MANIFESTATIONS
Patients commonly present with symptoms and signs similar to those of gastric 
adenocarcinoma. Lymphoma in the stomach can be a primary tumor, or it 
can be secondary to disseminated lymphoma.

B-cell lymphomas (Chapter 176) of the stomach are most commonly large 
cell with a high-grade type. Low-grade variants are noted in the setting of 
chronic gastritis and are termed mucosa-associated lymphoid tissue (MALT) 
lymphomas. MALT lesions are strongly associated with H. pylori infection.

 DIAGNOSIS
Radiographically, primary gastric lymphomas usually arise as ulcers or exo-
phytic masses; diffusely infiltrating lymphoma is more suggestive of secondary 
lymphoma. Thus, upper gastrointestinal contrast imaging usually shows multiple 
nodules and ulcers for a primary gastric lymphoma and typically have the 
appearance of linitis plastica (see earlier) with secondary lymphoma. As with 
gastric adenocarcinoma, however, upper endoscopy with biopsy and cytologic 
examination are required for diagnosis and have an accuracy of nearly 90%. 
Apart from conventional histopathologic analysis, immunoperoxidase staining 
for lymphocyte markers is helpful in diagnosis. As with gastric adenocarcinoma, 
proper staging of gastric lymphoma involves EUS, chest and abdominal/pelvic 
CT scans, and bone marrow biopsy as needed.

to determine malignant involvement. CT of the chest, abdomen, and pelvis 
should be performed to document lymphadenopathy and extragastric organ 
(especially lung and liver) involvement. In some centers, staging of gastric cancer 
entails bone scans because of the proclivity of gastric cancer to metastasize  
to bone.

 PROGNOSIS
Approximately one third of patients who undergo a curative resection are 
alive after 5 years. In aggregate, the overall 5-year survival rate in patients with 
gastric cancer is less than 10%. Prognostic factors include anatomic location 
and nodal status. Distal gastric cancers without lymph node involvement have 

TREATMENT 

 Other Malignant Tumors of the Stomach
Leiomyosarcoma, which constitutes approximately 1% of all gastric cancers, 
usually occurs as an intramural mass with central ulceration. Symptoms may 
include bleeding accompanied by a palpable mass. Leiomyosarcomas are often 
relatively indolent; surgical resection yields a 5-year survival rate of about 50%. 
Metastasis can occur to lymph nodes and the liver. Other gastric sarcomas 
include liposarcomas, fibrosarcomas, myosarcomas, and neurogenic sarcomas.

Most gastrointestinal stromal tumors (GISTs)24 have been associated with 
activating mutations in the C-kit gene; a subset of such tumors is associated 
with mutations in the platelet-derived growth factor receptor (PDGFR) gene. 
C-kit mutations are also found in chronic and acute myelogenous leukemia 
(Chapters 173 and 175), and approximately 50% of GISTs respond to imatinib 
mesylate, which should be continued for at least 3 years. A16  If imatinib is not 
successful, sunitinib increases survival. If both fail, regorafenib, a multikinase 
inhibitor, can be tried.25 Carcinoid tumors (Chapter 219) may begin in the 
stomach and are curable by removal if they have not yet spread to the liver.

Other primary tumors can spread to the stomach. In addition to lymphomas, 
primary lung (Chapter 182) and breast (Chapter 188) cancers as well as 
malignant melanoma (Chapter 193) can metastasize to the stomach.
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Medical Therapy
Gastric cancer is one of the few gastrointestinal cancers that is somewhat 

responsive to chemotherapy.21 Single-agent chemotherapy, which provides 
partial response rates of 20 to 30%, is reserved for patients with a poor perfor-
mance status. Otherwise, combination chemotherapy increases overall survival 
compared with single-agent chemotherapy in metastatic disease as well as in 
the adjuvant treatment of non-metastatic disease. A9 

In patients with gastric cancer who undergo gastrectomy and extended 
lymph node dissection with curative intent, S-1 (an oral fluoropyrimidine, 80 mg 
daily for 4 weeks followed by 2 weeks off, repeated in 6-week cycles for 1 year 
starting within 6 weeks after surgery) significantly improves 3-year survival 
from 70 to 80%. Chemotherapy with the combination of epirubicin, cisplatin, 
and fluorouracil, given both preoperatively and postoperatively, significantly 
improves 5-year survival from 23 to 36% in patients with resectable GE cancer. 
Similarly, the combination of chemotherapy (fluorouracil and leucovorin) with 
radiation therapy has been shown to improve median survival from 27 to 36 
months compared with surgery alone in patients with adenocarcinoma of the 
stomach or GE junction. With a more than 10-year median follow-up, overall 
survival and relapse-free survival demonstrate continued strong benefit from 
postoperative radiochemotherapy. However, postoperative chemoradiotherapy 
does not improve overall survival compared with postoperative chemotherapy 
in patients whose resectable gastric cancers are treated with adequate preop-
erative chemotherapy and surgery. A10 

For advanced or metastatic disease, combination regimens can yield partial 
response rates of 35 to 50%, but most patients still have a median survival of 
less than 1 year and survival for more than 2 years is rare. These include the 
following: ECF, which is most popular in Europe (epirubicin, 50 mg/m2 on day 
1; cisplatin, 60 mg/m2 on day 1; 5-fluorouracil, 200 mg/m2/day as a continu-
ous infusion through a central venous access device [CVAD] given throughout 
treatment, repeated every 21 days for a maximum of 8 cycles); CF (5-fluorouracil 
infusion, 1000 mg/m2/day for 4 days; cisplatin, 75 to 100 mg/m2 on day 1, every 
4 weeks); or TCF (docetaxel [Taxotere], 75 mg/m2 on day 1; cisplatin, 75 mg/
m2 on day 1; and 5-fluorouracil, 750 mg/m2/day for 5 days, every 3 weeks), 
or capecitabine plus cisplatin. A randomized trial of triple chemotherapy for 
advanced esophagogastric cancer showed that oral capecitabine is at least as 
effective as infused fluorouracil, and that oxaliplatin (which does not require 
hydration) is at least as effective as cisplatin (which does require hydration) 
with respect to overall survival. Bevacizumab, a monoclonal antibody target-
ing vascular endothelial growth factor A (VEGF-A), administered at a dose 
of 7.5 mg/kg by intravenous infusion every 3 weeks, was found to increase 
progression-free survival and overall response rate when it was given along 
with capecitabine-cisplatin chemotherapy as first-line treatment of advanced 
gastric cancer. A11  Ramucirumab (a VEGF receptor antagonist) given as 8 mg/
kg intravenously every two weeks can improve median survival from 3.8 to 5.2 
months in advanced gastric cancer. A12  Trastuzumab, a humanized monoclonal 
anti-HER2 antibody, (8 mg/kg intravenously once, then 6 mg/kg every 3 weeks) 
can increase survival of HER2-positive advanced gastric or GE junction cancer 
from 11.1 months to 13.8 months. Radiation therapy alone is ineffective and 
is generally employed only for palliative purposes in the setting of bleeding, 
obstruction, or pain. Gene therapy and immune-based therapy are currently 
under investigation in animal models.

Immune checkpoint inhibitors that have activity in advanced and metastatic 
gastric adenocarcinoma include the PD-L1 antibodies durvalumab, nivolumab, A13  
and pembrolizumab. The use of immunotherapy (checkpoint inhibitors) for 
metastatic gastric adenocarcinoma is rational since a subset are the EBV subtype 
that are associated with enrichment of PD-L1 and PD-1, and the microsatellite 
instability subtype that is associated with a higher mutational load and presum-
ably increased recruitment of immune cells. Unfortunately, pembrolizumab 
appears to be no better than paclitaxel for patients with previously treated, 
advanced gastric cancer. A14  Two agents targeting the MET signaling pathway, 
rilotumumab and onartuzumab, are in late-phase clinical trials for the treatment 
of advanced gastric cancer.

Other Management
Critical in the management of the patient with gastric cancer is meticulous 

attention to nutrition (jejunal enteral feedings or total parenteral nutrition), 
correction of metabolic abnormalities that arise from vomiting or diarrhea, and 
treatment of infection from aspiration or spontaneous bacterial peritonitis. 
Patients with early gastric cancer who receive H. pylori eradication treatment 
have a reduced risk for metachronous gastric carcinoma. A15  To maintain lumen 
patency, endoscopic laser treatment or prosthesis placement can be used in 
a palliative fashion.

a better prognosis than proximal gastric cancers with or without lymph node 
involvement. Other prognostic factors include depth of penetration and tumor 
cell DNA aneuploidy. Linitis plastica and infiltrating lesions have a much 
worse prognosis than polypoid disease or exophytic masses. In the subset of 
mostly Japanese patients with early gastric cancer that is confined to the mucosa 
and submucosa, surgical resection may be curative and improves the 5-year 
survival rate to more than 50%. In fact, when early gastric cancer is confined 
to the mucosa, endoscopic mucosal resection may be an alternative.

 Lymphoma of the Stomach
 EPIDEMIOLOGY

Gastric lymphoma represents about 5% of all malignant gastric tumors and 
is increasing in incidence. Most gastric lymphomas are non-Hodgkin lym-
phomas (Chapter 176), and the stomach is the most common extranodal site 
for non-Hodgkin lymphomas. Patients with gastric lymphoma are generally 
younger than those with gastric adenocarcinoma, but the male predominance 
remains.

 CLINICAL MANIFESTATIONS
Patients commonly present with symptoms and signs similar to those of gastric 
adenocarcinoma. Lymphoma in the stomach can be a primary tumor, or it 
can be secondary to disseminated lymphoma.

B-cell lymphomas (Chapter 176) of the stomach are most commonly large 
cell with a high-grade type. Low-grade variants are noted in the setting of 
chronic gastritis and are termed mucosa-associated lymphoid tissue (MALT) 
lymphomas. MALT lesions are strongly associated with H. pylori infection.

 DIAGNOSIS
Radiographically, primary gastric lymphomas usually arise as ulcers or exo-
phytic masses; diffusely infiltrating lymphoma is more suggestive of secondary 
lymphoma. Thus, upper gastrointestinal contrast imaging usually shows multiple 
nodules and ulcers for a primary gastric lymphoma and typically have the 
appearance of linitis plastica (see earlier) with secondary lymphoma. As with 
gastric adenocarcinoma, however, upper endoscopy with biopsy and cytologic 
examination are required for diagnosis and have an accuracy of nearly 90%. 
Apart from conventional histopathologic analysis, immunoperoxidase staining 
for lymphocyte markers is helpful in diagnosis. As with gastric adenocarcinoma, 
proper staging of gastric lymphoma involves EUS, chest and abdominal/pelvic 
CT scans, and bone marrow biopsy as needed.

 PROGNOSIS
Approximately one third of patients who undergo a curative resection are 
alive after 5 years. In aggregate, the overall 5-year survival rate in patients with 
gastric cancer is less than 10%. Prognostic factors include anatomic location 
and nodal status. Distal gastric cancers without lymph node involvement have 

Treatment of gastric diffuse large B-cell lymphoma is best pursued with 
combination chemotherapy with or without radiation therapy22 (Chapter 176). 
For MALT lesions, eradication of H. pylori infection with antibiotics should 
be attempted23 (Chapter 130), but patients with refractory lesions that are 
confined to the stomach can sometimes be cured with chemoradiotherapy  
(Chapter 176).

TREATMENT 

 Other Malignant Tumors of the Stomach
Leiomyosarcoma, which constitutes approximately 1% of all gastric cancers, 
usually occurs as an intramural mass with central ulceration. Symptoms may 
include bleeding accompanied by a palpable mass. Leiomyosarcomas are often 
relatively indolent; surgical resection yields a 5-year survival rate of about 50%. 
Metastasis can occur to lymph nodes and the liver. Other gastric sarcomas 
include liposarcomas, fibrosarcomas, myosarcomas, and neurogenic sarcomas.

Most gastrointestinal stromal tumors (GISTs)24 have been associated with 
activating mutations in the C-kit gene; a subset of such tumors is associated 
with mutations in the platelet-derived growth factor receptor (PDGFR) gene. 
C-kit mutations are also found in chronic and acute myelogenous leukemia 
(Chapters 173 and 175), and approximately 50% of GISTs respond to imatinib 
mesylate, which should be continued for at least 3 years. A16  If imatinib is not 
successful, sunitinib increases survival. If both fail, regorafenib, a multikinase 
inhibitor, can be tried.25 Carcinoid tumors (Chapter 219) may begin in the 
stomach and are curable by removal if they have not yet spread to the liver.

Other primary tumors can spread to the stomach. In addition to lymphomas, 
primary lung (Chapter 182) and breast (Chapter 188) cancers as well as 
malignant melanoma (Chapter 193) can metastasize to the stomach.



 Leiomyomas and Benign Tumors
Leiomyomas, which are smooth muscle tumors of benign origin, occur with 
equal frequency in men and women and are typically located in the middle 
and distal stomach. Leiomyomas can grow into the lumen, with secondary 
ulceration and consequent bleeding. Alternatively, they can expand to the 
serosa with extrinsic compression. Endoscopy may reveal a mass that has 
overlying mucosa or mucosa replaced by ulceration. On upper gastrointestinal 
imaging, leiomyomas are usually smooth with an intramural filling defect, 
with or without central ulceration. However, benign leiomyomas can be dif-
ficult to distinguish from their malignant counterparts radiographically or 
endoscopically; tissue diagnosis is imperative. Symptomatic leiomyomas should 
be removed, but those without associated symptoms do not require therapy.

Other benign gastric tumors include lipoma, neurofibroma, lymphangioma, 
ganglioneuroma, and hamartoma, the last associated with Peutz-Jeghers syn-
drome (Chapter 184) or juvenile polyposis (when restricted to the stomach).

 Adenomas
Gastric adenomas and hyperplastic polyps are unusual but may be found in 
middle-aged and elderly patients. Polyps may be sessile or pedunculated. 
Although isolated gastric adenomatous polyps are generally asymptomatic, 
some patients may have dyspepsia, nausea, or bleeding. Gastric adenomas 
and hyperplastic polyps are smooth and regular on upper gastrointestinal 
series, but the diagnosis must be confirmed by upper endoscopy with biopsy. 
Pedunculated polyps that are larger than 2 cm or that have associated symp-
toms should be removed by endoscopic snare cautery polypectomy, whereas 
large sessile gastric adenomatous polyps may merit segmental surgical resec-
tion. If polyps progress to an intermediary stage of severe dysplasia or culminate 
in cancer, treatment is the same as for gastric adenocarcinoma.
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REVIEW QUESTIONS

1. What is a leading risk factor for the development of Barrett esophagus and 
esophageal adenocarcinoma?
 A. Obesity
 B. Nutritional deficiencies
 C. Childhood gastroesophageal reflux disease
 D. High-fiber diet

Answer: A Obesity, specifically central adiposity, has been associated with 
increased risk of Barrett esophagus and esophageal adenocarcinoma in separate 
studies. Mechanistically, there is secretion of adipokines, cytokines, and che-
mokines from adipocytes that likely produce pro-inflammatory states in the 
esophagus in both conditions.

2. What is a key risk factor for the development of gastric adenocarcinoma?
 A. Obesity
 B. Helicobacter pylori infection
 C. History of pancreatic cancer
 D. Blood group O

Answer: B Helicobacter pylori, a common organism worldwide that affects 
more than 2 billion individuals, causes gastric atrophy with achlorhydria and 
subsequent intestinal metaplasia in the gastric epithelium. This can evolve to 
dysplasia (low grade and high grade) and adenocarcinoma, so-called intestinal 
type. Note that only a subset of chronically H. pylori–infected patients progress 
to gastric adenocarcinoma, suggesting other cofactors are important.

3. Therapy of esophageal or gastric cancer may involve all the following modali-
ties except:
 A. Surgery
 B. Chemoradiation therapy
 C. Palliative chemotherapy
 D. Bone marrow transplantation

Answer: D Bone marrow transplantation is not an option. The modalities in A, 
B, and C are all used and dictated by the stage of esophageal or gastric cancer.

4. What hereditary condition predisposes to gastric adenocarcinoma?
 A. Germline E-cadherin mutation
 B. Germline TP53 mutation
 C. Germline p16INK4a mutation
 D. Germline p120 catenin mutation

Answer: A Germline E-cadherin mutation predisposes to early-age onset of 
diffuse hereditary gastric adenocarcinoma and may also be associated with 
lobular-type breast cancer.

5. What is a likely treatment option for Barrett esophagus with high-grade 
dysplasia and no surrounding esophageal adenocarcinoma?
 A. Neoadjuvant chemoradiation therapy
 B. Laser therapy
 C. Endoscopic mucosal resection (EMR)
 D. Endoscopic prosthetic stent

Answer: C Endoscopic mucosal resection (EMR) is a viable option for high-
grade dysplasia, as well as intramucosal esophageal adenocarcinoma. Radio-
frequency ablation via endoscopy is used for low-grade dysplasia Barrett 
esophagus and may be used for high-grade dysplasia Barrett esophagus under 
certain circumstances.
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184 
NEOPLASMS OF THE SMALL 
AND LARGE INTESTINE
EDWARD CHU

 NEOPLASMS OF THE SMALL INTESTINE

 EPIDEMIOLOGY
Small bowel malignancies are relatively rare and account for only approximately 
3% of all cancers involving the gastrointestinal (GI) tract and less than 0.5% 
of all cancers in the United States. In 2019, an estimated 10,000 new cases of 
small bowel cancers will be diagnosed, and this disease accounts for nearly 
1400 deaths annually.1 There are four major histologic subtypes, which make 
up over 90% of small bowel cancers: carcinoid, adenocarcinoma, lymphoma, 
and gastrointestinal stromal tumors (GISTs). Over the past 15 to 20 years, 
the incidence of small bowel tumors, and in particular carcinoid tumors, has 
increased significantly, in part as a result of improved diagnostic techniques.

For small bowel tumors, the mean age at diagnosis is 65 years. Sarcomas 
and lymphomas present at a slightly younger age, in the range of 60 to 62, 
whereas adenocarcinomas and carcinoid tumors present at a mean age of 68 
years. These cancers are slightly more common in men compared with women 
and in African Americans compared with whites.

 PATHOBIOLOGY
Adenocarcinomas typically arise from adenomas, and the adenoma-carcinoma 
process is driven by specific genetic alterations. It was originally believed that 
the molecular events in small bowel adenocarcinomas were similar to what 
has been well-established for colorectal cancer. However, a recent large-scale 
genomic analysis of small bowel adenocarcinoma and colorectal cancer identi-
fied distinct genomic differences between these two cancers.2 HER2 point 
mutations, microsatellite instability, and high tumor mutational load were all 
enriched in small bowel adenocarcinoma, and potentially targetable mutations 
in PIK3CA and MEK1 were detected. Small bowel adenocarcinomas constitute 
approximately 37% of all malignant small bowel tumors, and the duodenum 
is the most common site of presentation in the small bowel. Histopathological 
review reveals that the majority of these adenocarcinomas are moderately or 
well differentiated.

Small bowel carcinoids (Chapter 219), which are derived from enterochro-
maffin cells in the crypts of Lieberkühn, account for up to 44% of cancers 
arising in the small bowel. They are typically well-differentiated cancers and, 
in contrast to adenocarcinomas, they tend to occur in the distal ileum. Up to 
30% of cases are multifocal. Other less common small bowel neuroendocrine 
tumors include gastrinomas and somatostatinomas (Chapter 219). Small cell 
cancers occur rarely in the small bowel.

About 15% of small bowel cancers are malignant connective tissue tumors. 
GISTs, which are derived from the interstitial cells of Cajal, account for approxi-
mately 85% of the connective tissue tumors in the small bowel (Fig. 184-1). 
GISTs most commonly present in the duodenum, and morphologically, they 
often resemble soft tissue sarcomas (Fig. 184-2). However, in contrast to classic 
sarcomas, GISTs express the c-Kit protein (CD117). Soft tissue sarcomas, 
such as leiomyosarcomas, present more commonly in the stomach and rarely 
in the small bowel (Chapter 192).

Primary GI lymphomas represent the most common location for extranodal 
lymphomas; the second most common site in the GI tract is the small intestine. 
These small intestine lymphomas are most commonly of the non-Hodgkin 
histopathological subtype, and they account for nearly 10% of all small bowel 
cancers. The ileum is the most common region for these extranodal GI lym-
phomas, presumably because this region of the small intestine is rich in sub-
mucosal lymphoid follicles. These cancers may be low- or high-grade in nature. 
Although they are most commonly of B-cell origin (Chapter 176), they can 
arise from precursor T lymphocytes as well.

The small intestine can also serve as a metastatic site of advanced solid 
cancers. Metastatic spread can occur via direct invasion, hematogenous spread, 
or extension of peritoneal metastases. For example, the small bowel is the 
most common GI site for metastatic malignant melanoma (Chapter 193). 

 CLINICAL MANIFESTATIONS
Most small bowel malignant tumors are associated with symptoms, whereas 
benign tumors are typically asymptomatic in up to 50% of patients. The most 
common presenting symptom is abdominal pain. Patients may also present 
with weight loss, nausea and vomiting, reduced appetite, fatigue, GI bleeding, 
and symptoms related to GI obstruction. Duodenal primary tumors, and 
especially those in the periampullary region, can be associated with obstruc-
tive jaundice. Small bowel carcinoid tumors are usually asymptomatic. With 
advanced disease and especially in the presence of hepatic metastasis, they 
secrete the bioactive amines that can lead to symptoms typically associated 
with the carcinoid syndrome: flushing, wheezing, diarrhea, and right heart 
failure (related to valvular fibrosis) (Chapter 219). Systemic symptoms are 
more frequent with tumors that originate in the jejunum or ileum.

Patients with lymphoma may present with evidence of lymphadenopathy, 
hepatomegaly, and intestinal obstruction (e.g., abdominal distention and 
hyperperistalsis). GI lymphomas also may present with constitutional symp-
toms, such as fever, night sweats, and weight loss. Benign tumors usually are 
incidental findings, although larger tumors may eventually cause obstruction 
or bleeding.

 DIAGNOSIS
The diagnosis of small bowel cancer is often delayed due to its rare and non-
specific presentation. The mean duration of symptoms prior to making a 
definitive diagnosis of small bowel cancer can range from 8 to 10 months. In 
patients with small bowel tumors, the physical examination is typically unre-
markable, although some patients develop a palpable mass, distended abdomen, 
or ascites. Patients with a primary duodenal tumor may present with scleral 
icterus and jaundice resulting from biliary obstruction.

Laboratory findings may include iron deficiency anemia or elevations in 
hepatic enzymes (aspartate aminotransferase [AST], alanine aminotransferase 
[ALT], alkaline phosphatase). The serum bilirubin level can be elevated in 
patients who have liver metastases or biliary obstruction. In small bowel 
adenocarcinoma, serum levels of the carcinoembryonic antigen (CEA) may 
be elevated, especially in advanced cases, but this marker is neither sensitive 
nor specific for routine diagnosis because several tumor types can present 
with elevated levels. In patients with neuroendocrine tumors, elevated levels 
of serotonin, chromogranin A, tumor-specific bioactive amines (e.g., gastrin), 
or urinary 5-hydroxyindoleacetic acid (5-HIAA) are commonly observed.

Imaging is required both to diagnose and stage small bowel tumors, but 
there is no optimal imaging modality.4 Standard imaging techniques include 
upper GI series (UGI) with small bowel follow-through (SBFT), enteroclysis, 
transabdominal ultrasound (US), computed tomography (CT) scan, or mag-
netic resonance imaging (MRI). Enteroclysis is a double-contrast imaging 
study that is superior to UGI/SBFT, and it has greater sensitivity to detect 
malignant small bowel tumors. A major limitation of enteroclysis is the inability 
to detect flat lesions. CT scanning of the abdomen is the most common imaging 
modality used in daily clinical practice, and this imaging modality is good for 
diagnosing primary tumors as well as metastatic disease. MRI appears to be 
superior to CT, especially as it relates to the detection of liver metastases as 
well as characterizing soft tissue sarcomas.

Carcinoids and primary neuroendocrine tumors are best imaged with nuclear 
medicine scans with indium-111 octreotide and/or meta-iodobenzylguanidine 
(MIBG).5 Over 90% of carcinoid tumors express somatostatin receptors, and 
the octreotide scan using the indium-111 tracer has high sensitivity (80 to 
100%). A wide variety of small bowel cancers, including adenocarcinomas, 
lymphomas, and GISTs, may show uptake on a positron emission tomograph 
(PET) scanning. However, PET is not useful for diagnosing carcinoid tumors 
because they are not typically FDG-avid.

Video capsule endoscopy uses a wireless endoscopic device to visualize the 
entire small bowel. The primary indications for video capsule endoscopy are 
to evaluate GI bleeding of an unknown source and possible Crohn disease. 
In about 2 to 3% of patients who undergo capsule endoscopy for GI bleeding, 
a tumor is found. Capsule endoscopy can also assess the small intestine in 
patients who have familial adenomatous polyposis and Peutz-Jeghers syndrome, 
but its clinical utility as a routine screening test in such patients is unknown.

Deep enteroscopy techniques facilitate the intubation of the small bowel 
using long endoscopes. The small bowel may be examined antegrade (from 
the mouth) or retrograde (from the colon), thereby permitting direct examina-
tion of most of the small bowel. These methods are more invasive than capsule 
endoscopy but have potential advantages for tissue biopsy, immediate polyp-
ectomy, and direct control of bleeding.
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ABSTRACT
Neoplasms of the small intestine are relatively rare and only 1 to 2% of primary 
GI cancers arise in the small intestine. The most common small bowel cancers 
are adenocarcinomas, carcinoids, gastrointestinal stream tumors (GIST), and 
GI lymphomas. Colorectal cancer is a major public health problem in the U.S. 
and globally. It is the third most common cancer in the U.S. and is the second 
leading cause of cancer mortality. This chapter will focus on the key aspects 
and most updated developments relating to epidemiology, pathobiology, clini-
cal manifestations, diagnosis, treatment, and prognosis for both neoplasms 
of the small and large intestine.
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Ovarian (Chapter 189), breast (Chapter 188), lung (Chapter 182), and other 
GI (Chapter 183) cancers can also spread to the small bowel.

Benign tumors that may originate in the small bowel include adenomas, 
lipomas, and leiomyomas. Desmoids, hamartomas, and hemangiomas are other 
benign tumors but are relatively rare. These benign tumors usually present in 
the distal small bowel.

Predisposing Conditions
Age is an important risk factor for small bowel cancers as it is for colorectal 
cancer. These cancers occur in the older age population, with a mean age of 
66. There is a well-documented linkage between chronic mucosal inflamma-
tory conditions and the development of small bowel adenocarcinomas and 
lymphoma. Inflammatory bowel disease (IBD; Chapter 132), in particular 
Crohn disease, is associated with an increased risk of adenocarcinoma within 
the involved region of the small intestine. As will be described later in this 
chapter, the risk of small bowel adenocarcinoma increases with extent and 
duration of small bowel involvement. Patients with chronic immunodeficiency 
states and autoimmune disorders, such as celiac disease (Chapter 131), are at 
increased risk for developing small bowel adenocarcinomas and small bowel 
lymphoma. Several case-control studies have identified a number of dietary 
factors, including red meat, salt-cured and smoked food, refined sugar, and 
alcohol, that are associated with an increased risk of small bowel adenocarci-
nomas. Although tobacco exposure and obesity may increase the risk of small 
bowel cancers, the data on the potential role of these two factors are conflicting.

There are several familial polyposis syndromes that are associated with 
small bowel neoplasms. As will be described later in this chapter, familial 
adenomatous polyposis syndrome is associated with a 100% risk of developing 
colorectal cancer, and patients with this familial colorectal cancer syndrome 
have a 4 to 12% lifetime risk of developing cancers in the duodenum or peri-
ampullary region. The risk of cancer is related to the number of polyps and 
to their size, histologic type, and degree of dysplasia. Hereditary nonpolyposis 
colon cancer3 is associated with an 80% lifetime risk of colorectal cancer, and 
there is a 1 to 4% lifetime risk of small bowel cancer, which represents a 
100-fold increased risk when compared with the general population. Hereditary 
nonpolyposis colorectal cancer–associated small bowel cancers tend to present 
10 to 20 years earlier than the usual age of onset for small bowel cancer. 
Peutz-Jeghers syndrome is associated with a 57% lifetime risk of GI cancers, 
with colorectal cancer the most common tumor followed by small bowel 
adenocarcinoma.

FIGURE 184-1. small bowel gastrointestinal stromal tumor with ulceration. 

FIGURE 184-2. histopathology of gastrointestinal stromal tumor (gIst). 

 CLINICAL MANIFESTATIONS
Most small bowel malignant tumors are associated with symptoms, whereas 
benign tumors are typically asymptomatic in up to 50% of patients. The most 
common presenting symptom is abdominal pain. Patients may also present 
with weight loss, nausea and vomiting, reduced appetite, fatigue, GI bleeding, 
and symptoms related to GI obstruction. Duodenal primary tumors, and 
especially those in the periampullary region, can be associated with obstruc-
tive jaundice. Small bowel carcinoid tumors are usually asymptomatic. With 
advanced disease and especially in the presence of hepatic metastasis, they 
secrete the bioactive amines that can lead to symptoms typically associated 
with the carcinoid syndrome: flushing, wheezing, diarrhea, and right heart 
failure (related to valvular fibrosis) (Chapter 219). Systemic symptoms are 
more frequent with tumors that originate in the jejunum or ileum.

Patients with lymphoma may present with evidence of lymphadenopathy, 
hepatomegaly, and intestinal obstruction (e.g., abdominal distention and 
hyperperistalsis). GI lymphomas also may present with constitutional symp-
toms, such as fever, night sweats, and weight loss. Benign tumors usually are 
incidental findings, although larger tumors may eventually cause obstruction 
or bleeding.

 DIAGNOSIS
The diagnosis of small bowel cancer is often delayed due to its rare and non-
specific presentation. The mean duration of symptoms prior to making a 
definitive diagnosis of small bowel cancer can range from 8 to 10 months. In 
patients with small bowel tumors, the physical examination is typically unre-
markable, although some patients develop a palpable mass, distended abdomen, 
or ascites. Patients with a primary duodenal tumor may present with scleral 
icterus and jaundice resulting from biliary obstruction.

Laboratory findings may include iron deficiency anemia or elevations in 
hepatic enzymes (aspartate aminotransferase [AST], alanine aminotransferase 
[ALT], alkaline phosphatase). The serum bilirubin level can be elevated in 
patients who have liver metastases or biliary obstruction. In small bowel 
adenocarcinoma, serum levels of the carcinoembryonic antigen (CEA) may 
be elevated, especially in advanced cases, but this marker is neither sensitive 
nor specific for routine diagnosis because several tumor types can present 
with elevated levels. In patients with neuroendocrine tumors, elevated levels 
of serotonin, chromogranin A, tumor-specific bioactive amines (e.g., gastrin), 
or urinary 5-hydroxyindoleacetic acid (5-HIAA) are commonly observed.

Imaging is required both to diagnose and stage small bowel tumors, but 
there is no optimal imaging modality.4 Standard imaging techniques include 
upper GI series (UGI) with small bowel follow-through (SBFT), enteroclysis, 
transabdominal ultrasound (US), computed tomography (CT) scan, or mag-
netic resonance imaging (MRI). Enteroclysis is a double-contrast imaging 
study that is superior to UGI/SBFT, and it has greater sensitivity to detect 
malignant small bowel tumors. A major limitation of enteroclysis is the inability 
to detect flat lesions. CT scanning of the abdomen is the most common imaging 
modality used in daily clinical practice, and this imaging modality is good for 
diagnosing primary tumors as well as metastatic disease. MRI appears to be 
superior to CT, especially as it relates to the detection of liver metastases as 
well as characterizing soft tissue sarcomas.

Carcinoids and primary neuroendocrine tumors are best imaged with nuclear 
medicine scans with indium-111 octreotide and/or meta-iodobenzylguanidine 
(MIBG).5 Over 90% of carcinoid tumors express somatostatin receptors, and 
the octreotide scan using the indium-111 tracer has high sensitivity (80 to 
100%). A wide variety of small bowel cancers, including adenocarcinomas, 
lymphomas, and GISTs, may show uptake on a positron emission tomograph 
(PET) scanning. However, PET is not useful for diagnosing carcinoid tumors 
because they are not typically FDG-avid.

Video capsule endoscopy uses a wireless endoscopic device to visualize the 
entire small bowel. The primary indications for video capsule endoscopy are 
to evaluate GI bleeding of an unknown source and possible Crohn disease. 
In about 2 to 3% of patients who undergo capsule endoscopy for GI bleeding, 
a tumor is found. Capsule endoscopy can also assess the small intestine in 
patients who have familial adenomatous polyposis and Peutz-Jeghers syndrome, 
but its clinical utility as a routine screening test in such patients is unknown.

Deep enteroscopy techniques facilitate the intubation of the small bowel 
using long endoscopes. The small bowel may be examined antegrade (from 
the mouth) or retrograde (from the colon), thereby permitting direct examina-
tion of most of the small bowel. These methods are more invasive than capsule 
endoscopy but have potential advantages for tissue biopsy, immediate polyp-
ectomy, and direct control of bleeding.
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of epidermoid carcinomas are located in the rectum, and they are usually 
moderately or poorly differentiated.

Primary large intestinal lymphomas comprise about 10 to 20% of all GI 
lymphomas but less than 1% of all colorectal cancers. The cecum is the most 
common site, and they are more common in males and in the elderly. The 
large majority of these large bowel lymphomas are of B-cell origin.

Large bowel sarcomas are relatively rare, and a majority are leiomyosarcomas 
(Chapter 192). These tumors commonly present in the rectum, where they 
are usually localized at the time of diagnosis, regardless of their grade. GISTs 
and Kaposi sarcomas (Chapter 366), occur in the large bowel.

Risk Factors
For sporadic colorectal cancer, which accounts for 80 to 85% of cases, risk 
factors include older age, male gender, African American ancestry, family 
history, inflammatory bowel disease, obesity, diabetes mellitus and insulin 
resistance, tobacco use, and alcohol use. The consumption of red meat or 
processed foods and reduced intake of fiber, green leafy vegetables, and fruits 
also contributes to the risk of colorectal cancer. The presence of certain intes-
tinal microbiota, including bacteria (Streptococcus bovis, Fusobacterium, and 
various E. coli strains) and viruses (human papilloma virus), may be risk factors. 
Factors associated with a reduced risk of colorectal cancer include greater 
physical activity and exercise; higher dietary intake of fiber, fruit, and vegetables; 
regular use of aspirin and nonsteroidal anti-inflammatory agents; and supple-
mentation with folic acid, calcium, and vitamin D.

Age is the strongest risk factor for sporadic colorectal cancer, with risk 
increasing starting at age 50 years. Family history is important, even in the 
absence of defined familial colon cancer syndromes. If a first-degree relative 
has colorectal cancer, a person’s risk for developing colorectal cancer is 2- to 
3-fold higher, with the risk rising to 5- or 6-fold when two first-degree relatives 
have colorectal cancer. Even if a first-degree relative has an adenoma, the risk 
of colorectal cancer is increased 2-fold. Patients with a history of inflammatory 
bowel, ulcerative colitis, or Crohn disease (Chapter 132) have a 60% higher 
risk of colorectal cancer compared with the general population, and the risk 
is related to the extent and duration of large bowel involvement.

 Familial Colorectal Cancer Syndromes
Several well-defined familial syndromes are associated with an increased risk 
for colorectal cancer. These syndromes include hereditary nonpolyposis 
colorectal cancer (HNPCC), Muir-Tore syndrome, familial adenomatous 
polyposis, Gardner syndrome, Turcot syndrome, MUTYH-associated polyposis, 
Peutz-Jeghers syndrome, and juvenile polyposis (Table 184-1).

HNPCC, also known as Lynch syndrome, is the most common hereditary 
colorectal cancer syndrome and accounts for approximately 2% of all cases 
of colorectal cancers. The cause is a highly penetrant, autosomal dominant, 
loss-of-function germline mutation in genes (MLH1, MSH2, MSH6, and 
PMS2) that repair DNA base pair mismatches occurring during DNA repli-
cation. The Amsterdam criteria define HNPCC: (1) an HNPCC-associated 
cancer (colorectal cancer or cancers of the stomach, small bowel, renal pelvis, 

for stage I to III patients but only 5% for stage IV. Tumor site is also an impor-
tant determinant of prognosis, with survival rates being worse for primary 
duodenal tumors compared with ileal or jejunal primary tumors. Other factors 
associated with poor prognosis include poor differentiation, lymph node 
involvement, distant metastases, and lymphovascular invasion. Carcinoids 
(Chapter 219) are typically indolent, and 5-year survival rates range between 
50 to 95% depending on the stage of disease. The prognosis of small intestine 
GISTs depends on the tumor’s site (distal tumors have a worse prognosis), 
size, and mitotic activity, as well as the adequacy of surgical resection. However, 
5-year survival rates are about 80% with imatinib therapy, even when complete 
surgical resection is not possible. For small intestinal lymphomas, the 5-year 
survival rate is over 60% but varies by histologic subtype.

 NEOPLASMS OF THE LARGE INTESTINE
In the United States, colorectal cancer is the third most common cancer with 
an annual incidence of approximately 135,000.7 It also is the second-leading 
cause of cancer death, with nearly 50,000 deaths each year. Worldwide, an 
estimated 1.2 million new cases of colorectal cancer are diagnosed each year, 
and about 600,000 patients die from it. In the average individual, the lifetime 
risk of developing colorectal cancer is high, about 1 in 20.

 EPIDEMOLOGY
About 75% of large bowel cancers arise in the proximal colon. Colorectal 
cancer is more common in the elderly, with a median age of approximately 
73 years, but about 10% of cases are in patients younger than 50 years of age. 
The overall incidence and mortality of colorectal cancer have declined sig-
nificantly over the past 2 decades, especially for patients older than 50 years 
of age. However, the incidence of colorectal cancer in adults younger than 50 
years of age has increased by more than 20% since 2000, with that rise driven 
by tumors in the distal colon and rectum. The overall incidence of left-sided 
or distal colon cancer has decreased, likely because of effective distal large 
bowel screening, but the incidence of right-sided or proximal colon cancer 
has been steadily increasing in the United States.

Colorectal cancer is more common in men than in women, and men develop 
it when they are, on average, 5 to 10 years younger than women. Colorectal 
cancer mortality also is 25% higher in men. Of all the ethnic groups in the United 
States, African Americans have the highest rates of colorectal cancer, and their 
disease occurs 5 to 10 years earlier on average than in white patients, with an 
especially increased frequency under age 50 years. Colorectal cancer–associated 
mortality is 20% higher in the African American population than in whites.

 PATHOBIOLOGY
Adenocarcinomas comprise more than 90% of colorectal cancers. Other rela-
tively rare histologic subtypes include neuroendocrine cancers, epidermoid 
carcinomas, hamartomas, lymphomas, and sarcomas (including GISTs). Com-
posite tumors are also observed, most commonly adenocarcinomas with 
neuroendocrine features.

Colorectal adenocarcinomas arise from the columnar glandular epithelium 
of the mucosa. About 20% of adenocarcinomas do not produce mucin, and 
mucinous cancers tend to develop in the right side of the colon, where they 
are associated with a worse overall prognosis than nonmucinous subtypes. 
The medullary carcinoma subtype, which is characterized by large, eosinophilic 
cells, has a heavy infiltration of tumor-infiltrating lymphocytes. These tumors 
exhibit a high degree of microsatellite instability because they are deficient 
in one or more of the mismatch repair proteins. Medullary carcinomas arise 
more commonly on the right side of the colon, are seen in older women, and 
are less likely to spread to lymph nodes. Overall, the medullary subtype has 
a relatively favorable prognosis. Signet ring cancer is characterized by large 
numbers of single tumor cells with nuclear displacement by intracytoplasmic 
mucin. Signet ring tumors are aggressive in their clinical presentation and 
associated with a poorer prognosis.

Neuroendocrine cancers include carcinoid tumors (Chapter 219) and small 
cell carcinomas. Carcinoid tumors, which are the second most common colorec-
tal neoplasms after adenocarcinomas, are more common in nonwhites and are 
associated with a favorable prognosis. In the distal bowel, carcinoids rarely are 
hormonally inactive. The poorly differentiated neuroendocrine cancers, such 
as true small cell carcinoma, are the most aggressive, commonly present with 
hepatic and other distant metastases, and have a poor overall prognosis. In 
contrast to carcinoids, however, poorly differentiated neuroendocrine cancers 
are more responsive, at least initially, to systemic chemotherapy.

Epidermoid carcinomas are usually of the squamous cell subtype. They 
tend to be more common in women and Hispanic patients. More than 90% 

Surveillance
In patients who have any of the various familial colon cancer syndromes (includ-
ing familial adenomatous polyposis, hereditary nonpolyposis colorectal cancer, 
and Peutz-Jeghers syndrome) regular surveillance of the small intestine is 
required. Patients with familial adenomatous polyposis also should undergo 
regular screening esophagogastroduodenoscopy as part of their initial diagnostic 
work-up and repeated at intervals of 1 to 5 years, depending on the presence 
and degree of the duodenal polyposis. Patients who have hereditary nonpol-
yposis colorectal cancer are also at increased risk for small bowel carcinomas, 
which may, in fact, be the first manifestation of their disease. Hereditary non-
polyposis colorectal cancer–associated small bowel cancer typically presents 
at a younger age (median, 39 years), and the duodenum is the most common 
site of disease (about 50% of cases). Screening should be considered starting 
at age 30 years. Patients who have sporadic small intestine adenomas and 
patients who have carcinoid tumors should undergo colonoscopy given their 
higher risk of colonic neoplasia. Currently, there are no specific guidelines for 
the routine surveillance of patients with resected small bowel carcinomas.

Staging
The staging for small bowel tumors varies by their histology. Adenocarcinomas, 
GISTs, and neuroendocrine cancers are staged using specific classifications 
within the American Joint Committee on Cancer’s (AJCC) TNM system. In 
contrast, non-Hodgkin lymphomas (Chapter 176) are staged in accordance 
with a modified Ann Arbor system originally used for the staging of Hodgkin 
disease (Chapter 177).

Surgical removal is generally the preferred treatment of choice for localized 
small bowel tumors, with the extent of the surgical resection dependent on 
the tumor’s histology and location.6 For adenocarcinomas in the first two por-
tions of the duodenum, extensive pancreaticoduodenectomy is usually required, 
whereas small bowel carcinomas of the distal small intestine may require seg-
mental or wide local resection of the tumor and the regional lymph nodes. En 
bloc resection is recommended for low-grade endocrine tumors, including 
regional lymph nodes. In contrast, GISTs do not require lymphadenectomy, 
unless the lymph nodes are grossly abnormal at the time of surgery. Surgery 
is not usually a primary treatment approach for lymphomas but can be con-
sidered for low-stage lymphomas and may also be required to treat complica-
tions such as obstruction or perforation. Benign small bowel tumors (such as 
incidental lipomas) may simply be observed. Small adenomas can be removed 
by endoscopic polypectomy, but periampullary villous adenomas may require 
pancreaticoduodenectomy (Video 184-1).

Adjuvant Therapy
The role of adjuvant therapy depends on the specific type of small bowel 

cancer. Completely resected benign tumors do not require further therapy. 
Small bowel adenocarcinomas are generally treated similarly to colorectal cancer, 
and the usual recommendation is to give 6 months of fluoropyrimidine-based 
systemic chemotherapy for patients with lymph node involvement. Completely 
resected, moderately differentiated neuroendocrine cancers do not require 
adjuvant therapy. For high-risk GISTs, postoperative imatinib reduces recurrence, 
and 3 years of treatment improves survival compared with 1 year of treatment, 
especially in patients with certain Kit exon 11 deletions as well as deletions 
that involve exon 11 codons 557 or 558. Postoperative systemic chemotherapy 
is recommended for both low- and high-grade lymphomas (Chapter 176). For 
other soft tissue sarcomas, adjuvant therapy has no definitive role following 
surgical resection.

Metastatic Disease
Metastatic small bowel carcinomas are usually treated with systemic che-

motherapy regimens known to be effective against colorectal cancer, but 
no data favor any specific treatment. When patients with metastatic GISTs  
are treated with imatinib, the median survival is nearly 4 years, with an 
estimated 10-year survival rate of about 20%. A1  If patients develop resistance 
to imatinib, either sunitinib and/or regorafenib can be effective second-line 
treatments. A2  For metastatic carcinoids that are surgically unresectable, soma-
tostatin analogs, such as octreotide and lanreotide, are the main treatment 
options, but agents such as fluorouracil, streptozocin, and doxorubicin have 
been used with modest clinical activity (see Table 169-4).

TREATMENT 

 PROGNOSIS
The overall prognosis for small bowel cancers depends on the specific patho-
logic subtype. For small bowel carcinomas, the 5-year survival is 50 to 85% 
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of epidermoid carcinomas are located in the rectum, and they are usually 
moderately or poorly differentiated.

Primary large intestinal lymphomas comprise about 10 to 20% of all GI 
lymphomas but less than 1% of all colorectal cancers. The cecum is the most 
common site, and they are more common in males and in the elderly. The 
large majority of these large bowel lymphomas are of B-cell origin.

Large bowel sarcomas are relatively rare, and a majority are leiomyosarcomas 
(Chapter 192). These tumors commonly present in the rectum, where they 
are usually localized at the time of diagnosis, regardless of their grade. GISTs 
and Kaposi sarcomas (Chapter 366), occur in the large bowel.

Risk Factors
For sporadic colorectal cancer, which accounts for 80 to 85% of cases, risk 
factors include older age, male gender, African American ancestry, family 
history, inflammatory bowel disease, obesity, diabetes mellitus and insulin 
resistance, tobacco use, and alcohol use. The consumption of red meat or 
processed foods and reduced intake of fiber, green leafy vegetables, and fruits 
also contributes to the risk of colorectal cancer. The presence of certain intes-
tinal microbiota, including bacteria (Streptococcus bovis, Fusobacterium, and 
various E. coli strains) and viruses (human papilloma virus), may be risk factors. 
Factors associated with a reduced risk of colorectal cancer include greater 
physical activity and exercise; higher dietary intake of fiber, fruit, and vegetables; 
regular use of aspirin and nonsteroidal anti-inflammatory agents; and supple-
mentation with folic acid, calcium, and vitamin D.

Age is the strongest risk factor for sporadic colorectal cancer, with risk 
increasing starting at age 50 years. Family history is important, even in the 
absence of defined familial colon cancer syndromes. If a first-degree relative 
has colorectal cancer, a person’s risk for developing colorectal cancer is 2- to 
3-fold higher, with the risk rising to 5- or 6-fold when two first-degree relatives 
have colorectal cancer. Even if a first-degree relative has an adenoma, the risk 
of colorectal cancer is increased 2-fold. Patients with a history of inflammatory 
bowel, ulcerative colitis, or Crohn disease (Chapter 132) have a 60% higher 
risk of colorectal cancer compared with the general population, and the risk 
is related to the extent and duration of large bowel involvement.

 Familial Colorectal Cancer Syndromes
Several well-defined familial syndromes are associated with an increased risk 
for colorectal cancer. These syndromes include hereditary nonpolyposis 
colorectal cancer (HNPCC), Muir-Tore syndrome, familial adenomatous 
polyposis, Gardner syndrome, Turcot syndrome, MUTYH-associated polyposis, 
Peutz-Jeghers syndrome, and juvenile polyposis (Table 184-1).

HNPCC, also known as Lynch syndrome, is the most common hereditary 
colorectal cancer syndrome and accounts for approximately 2% of all cases 
of colorectal cancers. The cause is a highly penetrant, autosomal dominant, 
loss-of-function germline mutation in genes (MLH1, MSH2, MSH6, and 
PMS2) that repair DNA base pair mismatches occurring during DNA repli-
cation. The Amsterdam criteria define HNPCC: (1) an HNPCC-associated 
cancer (colorectal cancer or cancers of the stomach, small bowel, renal pelvis, 

ureter, or endometrium) has been diagnosed in three or more relatives, one 
of whom is a first-degree relative of the other two, in the absence of familial 
adenomatous polyposis; (2) colorectal cancer has developed in at least two 
successive generations; and (3) one or more family members was diagnosed 
before age 50 years, with one being a first-degree relative of the other two. 
The revised Bethesda criteria define HNPCC when: (1) colorectal cancer 
is diagnosed in a patient younger than 50 years of age; (2) synchronous 
or metachronous colorectal cancer or other Lynch syndrome–associated 
tumors are diagnosed, regardless of age; (3) colorectal cancer has a high 
degree of microsatellite instability in a patient younger than 60 years of age; 
(4) colorectal cancer is diagnosed in one or more first-degree relatives with 
a Lynch syndrome cancer, with one of the cancers diagnosed at younger 
than 50 years of age; (5) colorectal cancer is diagnosed in two or more first-
degree or second-degree relatives with a Lynch syndrome cancer, regardless  
of age.

The median age for diagnosis of HNPCC is the mid-40s, which is 25 to 30 
years younger than the age of presentation for sporadic colorectal cancer. 
Although patients may have several adenomas, the diffuse polyposis charac-
teristic of familial adenomatous polyposis is not found. Synchronous and 
metachronous tumors are common. Colon cancers associated with HNPCC 
have a right-sided predominance (before the splenic flexure). These cancers 
are often poorly differentiated but generally have a better prognosis than typical 
sporadic colorectal cancers. Patients with HNPCC also have higher risk for 
other solid tumors, especially endometrial carcinoma, as well as cancers of 
the ovary (Chapter 189), stomach (Chapter 183), small bowel, pancreas 
(Chapter 185), hepatobiliary tract (Chapter 186), and ureter (Chapter 187).

The Muir-Torre syndrome is a rare autosomal dominant syndrome that is 
an HNPCC subtype. As with HNPCC, Muir-Torre syndrome arises from 
mutations in DNA mismatch repair genes (hMLH1, hMSH2, and MSH6), 
and patients present with colorectal cancer, genitourinary tract cancers, and 
skin lesions, including keratoacanthomas and sebaceous tumors.

Familial adenomatous polyposis, which is an autosomal dominant condition 
with incomplete penetrance, is the result of a mutation in the adenomatous 
polyposis coli (APC) gene. Patients have hundreds to thousands of adeno-
matous polyps (Fig. 184-3) that occur relatively evenly throughout the colon 
and that usually appear by early in the second decade of life. GI symptoms 
usually develop in the third or fourth decade, and nearly every untreated 
patient develops colorectal cancer by age 40 years. Small bowel adenomas, 
usually in the duodenum, are seen in 45 to 90% of cases, and periampullary 
duodenal cancer develops in about 10% of patients. Patients with an attenu-
ated form of familial adenomatous polyposis have fewer than 100 colonic 
adenomas with a right colon predominance and develop colorectal cancer 
about 10 years later.

Gardner syndrome, which is a subtype of familial adenomatous polyposis 
and also is caused by APC gene mutations, is characterized by extra-intestinal 
clinical features, including soft tissue tumors (including lipomas, sebaceous 
cysts, and fibrosarcomas), supernumerary teeth, desmoid tumors, osteomas 
(particularly mandibular), mesenteric fibromatosis, and congenital hypertrophy 

TABLE 184-1 GENERAL FEATURES OF INHERITED COLORECTAL CANCER SYNDROMES

SYNDROME
POLYP 

HISTOLOGY
POLYP 

DISTRIBUTION
AGE OF 
ONSET

RISK OF COLON 
CANCER GENETIC LESION

CLINICAL 
MANIFESTATIONS

ASSOCIATED 
LESIONS

Familial 
adenomatous 
polyposis

Adenoma Large intestine, 
duodenum

16 yr (range, 
8-34 yr)

100% 5q (APC gene) Rectal bleeding, abdominal 
pain, bowel obstruction

Desmoids, CHRPE

Peutz-Jeghers 
syndrome

Hamartoma Large and small 
intestine

First decade Slightly above 
average

19p (STK11) Possible rectal bleeding, 
abdominal pain, 
intussusception

Orocutaneous melanin 
pigment spots, other 
tumors

MUTYH-
associated 
polyposis

Adenoma Large intestine, 
duodenum

45-50 yr (range, 
13-60 yr)

75% (range, 
50-100%)

1p (MUTYH gene) Rectal bleeding, abdominal 
pain, bowel obstruction

CHRPE, osteomas

Juvenile 
polyposis

Hamartoma (rarely 
adenoma)

Large and small 
intestine

First decade ≈9% PTEN, SMAD4, 
BMPR1

Possible rectal bleeding, 
abdominal pain, 
intussusception

Pulmonary AVMs

Hereditary 
nonpolyposis 
colon cancer

Adenoma Large intestine 40 yr (range, 
18-65 yr)

30% Mismatch repair 
genes*

Rectal bleeding, abdominal 
pain, bowel obstruction

Other tumors (e.g., 
ovary, uterus, 
pancreas, stomach)

*Including hMSH2, hMSH3, hMSH6, hMLH1, hPMS1, and hPMS2.
AVM = arteriovenous malformation; CHRPE = congenital hypertrophy of the retinal pigment epithelium.
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 NON-NEOPLASTIC POLYPS
About 50% of all large bowel polyps in average-risk individuals older than 50 
years of age are non-neoplastic (nonadenomatous) polyps. Nonadenomatous 
polyps can be hyperplastic, inflammatory, lymphoid, or juvenile. Hyperplastic 
polyps usually are caused by abnormal maturation of the mucosal epithelial 
cells. Hyperplastic polyps usually are small and seen mostly in the distal sigmoid 
colon and rectum. Hyperplastic polyps are not premalignant.

Patients with inflammatory bowel disease (Chapter 132) often have inflam-
matory pseudopolyps that can be distinguished from neoplastic polyps only 
by biopsy. Lymphoid polyps contain exaggerated intramucosal lymphoid tissue. 
Juvenile polyps are focal hamartomatous malformations that are caused by 
abnormal development of the lamina propria and that are usually seen in the 
rectum of young children. They require treatment only if symptomatic (e.g., 
obstruction, severe bleeding).

 ADENOMATOUS POLYPS
Adenomatous chronic polyps (adenomas) are benign glandular tumors with 
malignant potential. On pathologic examination, they can have low- or high-
grade dysplasia. Adenomatous polyps have an anatomic distribution similar 
to colorectal adenocarcinoma, can vary in size, and may be sessile, flat, or 
pedunculated. Overwhelming evidence indicates that they are precursor lesions 
for colorectal adenocarcinoma. Furthermore, screening, early detection, and 
removal of adenomatous polyps substantially reduce the risk of subsequent 
colorectal cancer.

 EPIDEMIOLOGY
Adenomatous polyps are relatively common and become more common with 
age: more than 15% of healthy women and more than 25% of healthy men 
over age 50 years have adenomas. The prevalence of adenomas tends to be 
higher in Western countries and wherever colorectal cancer is more common. 
In addition to defined genetic risks noted above in familial colorectal cancer 
syndromes, even sporadic adenomas have familial aggregation; for example, 
if a positive first-degree relative has an adenomatous polyp, an individual’s 
risk is increased. In the United States, African Americans have a higher risk 
relative to whites of European descent, whose risks in turn are similar to Asian 
and Hispanic individuals.

 PATHOBIOLOGY
Large bowel epithelial cells undergo continuous self-renewal, with complete 
turnover every 3 to 8 days. Adenomatous polyps are caused by the sequence-
specific acquisition of mutations that favor cell proliferation over cell death. 
Undifferentiated cells accumulate at the luminal surface, continue to divide, 
and eventually form an adenomatous tissue mass.

Adenomas can be tubular, villous, or tubulovillous. Most adenomas (70 to 
85%) removed at colonoscopy are tubular; they typically are small, pedun-
culated, and composed of dysplastic glands that divide and branch out from 
the mucosal surface. Tubular adenomas rarely have high-grade dysplasia or 
carcinoma in situ. By comparison, villous adenomas (<5% of all adenomas) 
are usually large, sessile, and composed of dysplastic epithelium that projects 
into the intestinal lumen. Villous adenomas often have high-grade dysplasia 
or even carcinoma in situ. Tubulovillous adenomas (10 to 25% of all adeno-
mas) include both tubular and villous components. An adenoma is considered 
“advanced” if it is at least 1 cm in size or has villous histology or high-grade 
dysplasia. Patients who have advanced adenomas or three or more adenomas 
have a much higher risk of developing synchronous or metachronous colorectal 
cancer. In a patient who has a first documented adenoma, the risk of an addi-
tional adenoma is 30 to 50%.

 CLINICAL MANIFESTATIONS
Most adenomatous polyps are asymptomatic and discovered by colorec-
tal screening. Some patients, however, may present with an asymptomatic 
positive stool occult blood test or overt evidence of a lower GI bleed. Less 
than 5% of all adenomas will eventually develop into carcinomas: 1 to 
3% of polyps smaller than 1 cm, 10% of polyps between 1 and 2 cm, and 
40% of polyps larger than 2 cm. All adenomas contain some dysplasia, and 
higher-grade dysplasia carries about a 30% risk of undergoing malignant  
transformation.

 DIAGNOSIS
Colonic and rectal cancer can be diagnosed by several methods, including 
endoscopy, barium radiography, or CT colography (virtual colonoscopy). 

years. After removal of a large (≥2 cm) adenoma or the piecemeal resection 
of any adenoma, colonoscopy should be repeated within 6 months to deter-
mine whether the original resection was complete. For sessile serrated polyps 
smaller than 10 mm without dysplasia, surveillance colonoscopy is recom-
mended at 5 years, but the recommended interval is 3 years if the serrated 
polyp showed high-grade dysplasia or was a traditional serrated adenoma 
(Video 184-3).

 Adenocarcinoma of the Colon and Rectum
 PATHOBIOLOGY

Colorectal cancer is caused by a multistep process when multiple genetic 
alterations occur over time (Fig. 184-4) in one or more of three pathways: 
chromosomal instability, microsatellite instability, and CpG island methylator 
phenotype. The chromosomal instability pathway, which accounts for up to 
70% of cases of sporadic colorectal cancer, is most commonly related to muta-
tions in the APC (tumor suppressor gene) and in the KRAS gene (proto-
oncogene that regulates transduction of mitogenic signals across cell 
membranes). In familial adenomatous polyposis, germline mutations in APC 
are the result of chromosomal instability that leads to aneuploidy (imbalance 
in chromosome number), genomic amplifications, and loss of heterozygosity 
(cells have only one gene allele because of the loss of individual chromosomes 
during mitosis). Several other gene mutations lead to colorectal cancer, includ-
ing the colon cancer (MCC) gene (a tumor suppressor gene), p53 (a key 
regulator of the cell cycle), VEGF, MYC, MET, LYN, and PTEN. Many of the 
mutational events have downstream effects on the Wnt signaling pathway.

The microsatellite instability pathway is a result of defects in DNA mismatch 
repair. Microsatellites, which are short repeating nucleotide sequences, are 
prone to errors because of their repetitive nature. Microsatellite instability–high 
tumors are caused by defects in the function of mismatch repair genes, espe-
cially MLH1, MSH2, MSH6, and PMS2. Germline mutations in these genes 
cause HNPCC (Lynch syndrome), but silencing of MLH1 by hypermethylation 
is the most common molecular mechanism underlying mismatch repair defects 
in sporadic colorectal cancer. Microsatellite instability–high tumors, which 
are more common in women and in the right colon, are often poorly differ-
entiated and associated with a lymphocytic infiltration. When patients present 
with stage II disease, microsatellite instability–high colon cancers are associated 
with improved survival.

In the CpG island methylator phenotype pathway, hypermethylation of 
DNA promoter regions silences tumor suppressor genes, thereby leading to 
carcinogenesis. In colorectal cancer, hypermethylated genes include APC, 
MCC, MLH1, and MGMT. CpG island methylator phenotype-high tumors 
often have BRAF mutations, are poorly differentiated, have mucinous or signet 
ring morphology, and are microsatellite instability high. The precursor is likely 
to be a sessile serrated adenoma.

 CLINICAL MANIFESTATIONS
Patients with early-stage colon cancer are typically asymptomatic, and the 
cancer is usually discovered upon routine screening. If symptoms arise, they 
do so when the tumor grows into the bowel lumen or when the tumor invades 
adjacent anatomic structures. Common symptoms related to colorectal cancer 
include lower abdominal pain, change in bowel function, GI bleeding (Chapter 
126), anemia, and alterations in stool caliber. Anorexia, weight loss, and fatigue 
may develop, and liver metastases can be manifested by hepatomegaly, jaundice, 
abdominal fullness, or ascites. Symptoms depend on the primary site (Fig. 
184-5). Proximal lesions more frequently present with iron deficiency anemia 

Colonoscopy is the preferred method because of its high accuracy and ability 
to biopsy and remove most polyps immediately. Nevertheless, colonoscopy 
may miss 6 to 12% of large (≥1 cm) polyps and 5% of cancers. By comparison, 
barium enemas miss about 50% of polyps that are larger than 1 cm. CT colog-
raphy is sensitive for detecting large (>1 cm) polyps (>85%) and for detecting 
cancers (96%) but much less sensitive and specific for polyps smaller than 
1 cm. Although CT colography is noninvasive and relatively quick, it still 
requires bowel preparation and exposes the patient to ionizing radiation. Of 
note is that nonpolypoid (flat and depressed) colorectal neoplasms, which 
are more likely to be carcinomatous than are polypoid lesions, are found on 
colonoscopy in almost 10% of asymptomatic and symptomatic adults but are 
much less likely to be diagnosed by barium radiography or CT.

Flexible sigmoidoscopy, which can be used to screen average risk asymp-
tomatic individuals, detects only 50 to 60% of all polyps and cancers. Patients 
with polyps detected by barium radiography, CT colography, or flexible sig-
moidoscopy should undergo colonoscopy to remove the lesion and to search 
for additional polyps or mass lesions. When patients with polyps discovered 
by flexible sigmoidoscopy also undergo subsequent colonoscopy, the incidence 
of colorectal cancer can be reduced by about 80%. This need for subsequent 
colonoscopy explains the attractiveness of using it as the initial screening 
modality.

 SERRATED POLYPS
Sessile serrated adenomas, which are a recently recognized neoplastic lesion 
with right colon predominance and malignant potential at least as high as with 
conventional carcinomas,8 have a disorganized and distorted crypt growth 
pattern. Because they are sessile or flat, they can be difficult to see on endoscopy. 
Their pathogenesis is via hypermethylation of CpG islands (“CIMP-high”) 
and the MLH1 mismatch repair gene, in the presence of BRAF mutations. 
As a result, serrated polyps exhibit a high degree of microsatellite instability.

Traditional serrated adenomas are rare and histologically distinct from sessile 
serrated adenomas. They commonly exhibit high-grade dysplasia and often-
times carcinoma in situ.

Testing of patients for HNPCC may be by testing the tumor for microsatel-
lite instability and staining for the protein products of mismatch repair genes 
(MLH1, MSH2, MSH6, and PMS2). A positive screen does not definitively 
diagnose HNPCC, because up to 15% of sporadic colorectal cancers may 
have these features. Germline testing of peripheral blood is generally preferred, 
but saliva or a buccal swab can also be tested to confirm the presence of 
mutations in one of the mismatch repair genes and to make the definitive 
diagnosis of HNPCC.

Neoplastic polyps should be removed endoscopically to reduce the risk of 
subsequent colorectal cancer. A pedunculated adenoma usually can be removed 
intact by snare polypectomy (Video 184-2), whereas sessile polyps may require 
piecemeal snare resection. Pathologic evaluation should assess the presence 
or absence of cancer; if malignant tissue is identified, it should be evaluated 
for its histologic grade, vascular and lymphatic spread, and adenoma-free margin. 
Unfavorable histopathologic factors that require prompt surgical resection after 
endoscopic polypectomy include poorly differentiated histology, vascular inva-
sion, lymphatic invasion, and incomplete resection.9 Malignant pedunculated 
polyps can be treated with endoscopic resection alone, if the cancer is confined 
to the submucosa and no unfavorable histologic features are present. When a 
malignant sessile polyp is removed endoscopically, the potential risk of recur-
rence or lymph node involvement must be weighed against the risks of definitive 
surgery in each individual patient.

TREATMENT 

FIGURE 184-3. resected colon of a patient with familial adenomatous polyposis. 

of the retinal pigment epithelium. Gardner syndrome and familial adenoma-
tous polyposis differ because of variations in the location of the APC muta-
tion, modifying genes, and environmental factors. However, the adenomatous 
polyps in Gardner syndrome and in familial adenomatous polyposis have 
similar malignant potential, so screening and treatment recommendations 
also are similar.

Turcot syndrome is the combination of colorectal polyposis, colorectal 
cancer, and central nervous system malignancy. APC gene mutations cause 
two thirds of cases, whereas the other one third result from the same DNA 
mismatch repair gene mutations that are seen in HNPCC. The central 
nervous system malignancies include medulloblastomas, glioblastomas, and  
ependymomas.

MUTYH-associated polyposis, which is an autosomal recessive syndrome, 
is caused by mutations in the MUTYH gene (also called MYH [mutY homo-
logue]). Underlying defects in base excision repair as well as acquired muta-
tions in the APC gene and other genes (e.g., KRAS) lead to colonic polyposis 
and an increased risk of developing colorectal cancer. About 0.4 to 0.7% of 
patients who develop colorectal cancer have a homozygous MUTYH muta-
tion. The phenotype is similar to attenuated familial adenomatous polyposis. 
Patients have up to hundreds of adenomas throughout the colon and may 
also have multiple hyperplastic polyps as well as serrated adenomas. Compared 
with familial adenomatous polyposis, the colorectal cancers of MUTYH-
associated polyposis are more likely to be right-sided, with an average age of 
onset at 45 to 50 years. Extra-colonic features include gastroduodenal polyps, 
duodenal carcinoma, breast cancer, ovarian cancer, bladder cancer, skin cancer, 
osteomas, and congenital hypertrophy of the retinal pigment epithelium.

Peutz-Jeghers syndrome is a rare but highly penetrant autosomal dominant 
syndrome caused by a mutation in the serine-threonine kinase (STK11) gene 
located on chromosome 19p. Nearly all patients have characteristic melanin 
spots on their lips, buccal mucosa, and skin. The average age at diagnosis is 
the third decade. The syndrome is characterized by benign hamartomatous 
polyps predominantly in the small intestine, stomach, and colon, occasionally 
accompanied by adenomatous and hyperplastic polyps. The most common 
symptoms are small bowel intussusception, obstruction, and GI bleeding. 
Nearly 50% of patients develop a malignancy by age 65, most commonly in 
the small intestine, stomach, colon, pancreas, testes, breast, ovary, cervix, or 
uterus. Because genetic testing is not widely available, first-degree relatives 
should be screened annually from birth, looking especially for melanotic spots, 
precocious puberty, and testicular tumors.

Familial juvenile (non-neoplastic, hamartomatous) polyposis is a rare (<1 
in 100,000 births) syndrome in which patients develop 10 or more hamarto-
matous, non-neoplastic polyps (histologically distinct from those seen in 
Peutz-Jeghers syndrome) throughout their GI tract. The cause is a highly 
penetrant autosomal dominant mutation in the SMAD4, PTEN, or BMPR1A 
gene. Symptoms and signs include abdominal pain, rectal bleeding, intestinal 
obstruction, and anemia by early adolescence. Pulmonary arteriovenous mal-
formations are also seen. The risk of malignancy can be as high as 20%, with 
a median age of 37 years.

 Polyps of the Colon
A polyp is a grossly visible epithelial-cell mass that protrudes out from the 
intestinal mucosal surface into its lumen. A polyp may be flat, sessile, or pedun-
culated (attached by a stalk). Polyps can be non-neoplastic or neoplastic 
(adenomatous). They usually are asymptomatic but can occasionally cause 
bleeding, prolapse, or obstruction. Non-neoplastic polyps are not premalignant, 
but neoplastic polyps can become a true cancer.

 PROGNOSIS
Patients who have undergone endoscopic removal of a previously diagnosed 
adenomatous or sessile serrated polyp are at increased risk for the subsequent 
development of adenomas and colorectal cancer. The recommended surveil-
lance post-resection depends on the primary lesions, size, and histology, as 
well as the number of adenomas (Table 184-2). If a low-risk patient has just 
1 or 2 small tubular adenomas, surveillance colonoscopy can be delayed for 
5 to 10 years. By comparison, patients who have multiple (>2) adenomas, 
large (≥1 cm) adenomas, adenomas with villous or high-grade histology, or 
numerous (>10) adenomas, should undergo repeat colonoscopy within 3 
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years. After removal of a large (≥2 cm) adenoma or the piecemeal resection 
of any adenoma, colonoscopy should be repeated within 6 months to deter-
mine whether the original resection was complete. For sessile serrated polyps 
smaller than 10 mm without dysplasia, surveillance colonoscopy is recom-
mended at 5 years, but the recommended interval is 3 years if the serrated 
polyp showed high-grade dysplasia or was a traditional serrated adenoma 
(Video 184-3).

 Adenocarcinoma of the Colon and Rectum
 PATHOBIOLOGY

Colorectal cancer is caused by a multistep process when multiple genetic 
alterations occur over time (Fig. 184-4) in one or more of three pathways: 
chromosomal instability, microsatellite instability, and CpG island methylator 
phenotype. The chromosomal instability pathway, which accounts for up to 
70% of cases of sporadic colorectal cancer, is most commonly related to muta-
tions in the APC (tumor suppressor gene) and in the KRAS gene (proto-
oncogene that regulates transduction of mitogenic signals across cell 
membranes). In familial adenomatous polyposis, germline mutations in APC 
are the result of chromosomal instability that leads to aneuploidy (imbalance 
in chromosome number), genomic amplifications, and loss of heterozygosity 
(cells have only one gene allele because of the loss of individual chromosomes 
during mitosis). Several other gene mutations lead to colorectal cancer, includ-
ing the colon cancer (MCC) gene (a tumor suppressor gene), p53 (a key 
regulator of the cell cycle), VEGF, MYC, MET, LYN, and PTEN. Many of the 
mutational events have downstream effects on the Wnt signaling pathway.

The microsatellite instability pathway is a result of defects in DNA mismatch 
repair. Microsatellites, which are short repeating nucleotide sequences, are 
prone to errors because of their repetitive nature. Microsatellite instability–high 
tumors are caused by defects in the function of mismatch repair genes, espe-
cially MLH1, MSH2, MSH6, and PMS2. Germline mutations in these genes 
cause HNPCC (Lynch syndrome), but silencing of MLH1 by hypermethylation 
is the most common molecular mechanism underlying mismatch repair defects 
in sporadic colorectal cancer. Microsatellite instability–high tumors, which 
are more common in women and in the right colon, are often poorly differ-
entiated and associated with a lymphocytic infiltration. When patients present 
with stage II disease, microsatellite instability–high colon cancers are associated 
with improved survival.

In the CpG island methylator phenotype pathway, hypermethylation of 
DNA promoter regions silences tumor suppressor genes, thereby leading to 
carcinogenesis. In colorectal cancer, hypermethylated genes include APC, 
MCC, MLH1, and MGMT. CpG island methylator phenotype-high tumors 
often have BRAF mutations, are poorly differentiated, have mucinous or signet 
ring morphology, and are microsatellite instability high. The precursor is likely 
to be a sessile serrated adenoma.

 CLINICAL MANIFESTATIONS
Patients with early-stage colon cancer are typically asymptomatic, and the 
cancer is usually discovered upon routine screening. If symptoms arise, they 
do so when the tumor grows into the bowel lumen or when the tumor invades 
adjacent anatomic structures. Common symptoms related to colorectal cancer 
include lower abdominal pain, change in bowel function, GI bleeding (Chapter 
126), anemia, and alterations in stool caliber. Anorexia, weight loss, and fatigue 
may develop, and liver metastases can be manifested by hepatomegaly, jaundice, 
abdominal fullness, or ascites. Symptoms depend on the primary site (Fig. 
184-5). Proximal lesions more frequently present with iron deficiency anemia 

Colonoscopy is the preferred method because of its high accuracy and ability 
to biopsy and remove most polyps immediately. Nevertheless, colonoscopy 
may miss 6 to 12% of large (≥1 cm) polyps and 5% of cancers. By comparison, 
barium enemas miss about 50% of polyps that are larger than 1 cm. CT colog-
raphy is sensitive for detecting large (>1 cm) polyps (>85%) and for detecting 
cancers (96%) but much less sensitive and specific for polyps smaller than 
1 cm. Although CT colography is noninvasive and relatively quick, it still 
requires bowel preparation and exposes the patient to ionizing radiation. Of 
note is that nonpolypoid (flat and depressed) colorectal neoplasms, which 
are more likely to be carcinomatous than are polypoid lesions, are found on 
colonoscopy in almost 10% of asymptomatic and symptomatic adults but are 
much less likely to be diagnosed by barium radiography or CT.

Flexible sigmoidoscopy, which can be used to screen average risk asymp-
tomatic individuals, detects only 50 to 60% of all polyps and cancers. Patients 
with polyps detected by barium radiography, CT colography, or flexible sig-
moidoscopy should undergo colonoscopy to remove the lesion and to search 
for additional polyps or mass lesions. When patients with polyps discovered 
by flexible sigmoidoscopy also undergo subsequent colonoscopy, the incidence 
of colorectal cancer can be reduced by about 80%. This need for subsequent 
colonoscopy explains the attractiveness of using it as the initial screening 
modality.

 SERRATED POLYPS
Sessile serrated adenomas, which are a recently recognized neoplastic lesion 
with right colon predominance and malignant potential at least as high as with 
conventional carcinomas,8 have a disorganized and distorted crypt growth 
pattern. Because they are sessile or flat, they can be difficult to see on endoscopy. 
Their pathogenesis is via hypermethylation of CpG islands (“CIMP-high”) 
and the MLH1 mismatch repair gene, in the presence of BRAF mutations. 
As a result, serrated polyps exhibit a high degree of microsatellite instability.

Traditional serrated adenomas are rare and histologically distinct from sessile 
serrated adenomas. They commonly exhibit high-grade dysplasia and often-
times carcinoma in situ.

Testing of patients for HNPCC may be by testing the tumor for microsatel-
lite instability and staining for the protein products of mismatch repair genes 
(MLH1, MSH2, MSH6, and PMS2). A positive screen does not definitively 
diagnose HNPCC, because up to 15% of sporadic colorectal cancers may 
have these features. Germline testing of peripheral blood is generally preferred, 
but saliva or a buccal swab can also be tested to confirm the presence of 
mutations in one of the mismatch repair genes and to make the definitive 
diagnosis of HNPCC.

Neoplastic polyps should be removed endoscopically to reduce the risk of 
subsequent colorectal cancer. A pedunculated adenoma usually can be removed 
intact by snare polypectomy (Video 184-2), whereas sessile polyps may require 
piecemeal snare resection. Pathologic evaluation should assess the presence 
or absence of cancer; if malignant tissue is identified, it should be evaluated 
for its histologic grade, vascular and lymphatic spread, and adenoma-free margin. 
Unfavorable histopathologic factors that require prompt surgical resection after 
endoscopic polypectomy include poorly differentiated histology, vascular inva-
sion, lymphatic invasion, and incomplete resection.9 Malignant pedunculated 
polyps can be treated with endoscopic resection alone, if the cancer is confined 
to the submucosa and no unfavorable histologic features are present. When a 
malignant sessile polyp is removed endoscopically, the potential risk of recur-
rence or lymph node involvement must be weighed against the risks of definitive 
surgery in each individual patient.

TREATMENT 

 PROGNOSIS
Patients who have undergone endoscopic removal of a previously diagnosed 
adenomatous or sessile serrated polyp are at increased risk for the subsequent 
development of adenomas and colorectal cancer. The recommended surveil-
lance post-resection depends on the primary lesions, size, and histology, as 
well as the number of adenomas (Table 184-2). If a low-risk patient has just 
1 or 2 small tubular adenomas, surveillance colonoscopy can be delayed for 
5 to 10 years. By comparison, patients who have multiple (>2) adenomas, 
large (≥1 cm) adenomas, adenomas with villous or high-grade histology, or 
numerous (>10) adenomas, should undergo repeat colonoscopy within 3 

TABLE 184-2 COLONOSCOPY SURVEILLANCE INTERVALS
MOST ADVANCED FINDING INTERVAL
No polyps or small (<10 mm) hyperplastic polyps 10 yr
1-2 adenomas, <1 cm 5-10 yr
3-10 adenomas or adenoma with villous features, ≥1 cm, or with 

high-grade dysplasia
3 yr

>10 adenomas <3 yr
Sessile adenoma ≥ 2 cm, piecemeal excision 2-6 mo
Serrated lesions:

•	 <10 mm, no dysplasia 5 yr
•	 ≥10 mm or dysplasia 3 yr
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deficiency anemia and elevated liver enzymes (AST, ALT, and alkaline phos-
phatase) and serum bilirubin may aid in the diagnosis. The peripheral blood 
levels of the tumor markers (CEA and CA19-9) may be elevated, but these 
serum markers are relatively insensitive and can be elevated in other solid 
tumors.

The approaches for making the definitive diagnosis of colorectal cancer are 
similar to those used to detect adenomatous polyps. Colonoscopy is considered 
the standard for all patients with occult blood in their stools, unexplained 
iron deficiency anemia, or symptoms and signs suggesting colorectal cancer 
(Fig. 184-6).

For rectal cancer, endoscopic ultrasound (which combines high-frequency 
ultrasonography with video endoscopy) is superior to CT to stage the tumor 
by accurately determining the degree of invasion as well as detecting and 
sampling any enlarged lymph nodes. This procedure also is highly sensitive for 
detecting recurrent rectal cancer after a low anterior resection. MRI also can 
accurately stage rectal cancer and may be preferable to endoscopic ultrasound.

Consensus guidelines recommend CT scans of the chest, abdomen, and 
pelvis because advanced liver metastases or tumor involving these other sites 
often preclude immediate surgical resection of the primary tumor. PET scans, 
which can confirm systemic disease, are useful before resection of a solitary 
metastatic site and in patients who have a rising CEA or new symptoms 

(Chapter 150) resulting from occult blood loss. Colorectal cancer in the distal 
colon typically presents with a change in bowel habits, such as constipation 
or diarrhea, and hematochezia. Tumors arising in the rectum usually present 
with changes in stool caliber, rectal bleeding, and rectal pain. In some cases 
when the rectal tumor involves sacral nerve plexi, significant neuropathic pain 
may be present.

 DIAGNOSIS
A careful history, physical examination, and radiologic evaluation are important 
in making the diagnosis. The patient should be questioned about a prior history 
of adenomatous polyps or colorectal cancer, history of inflammatory bowel 
disease, and any family history of colorectal cancer or other solid tumors. On 
physical examination, extra-intestinal lesions characteristic of Peutz-Jeghers 
syndrome or Gardner syndrome may be noticed. Metastatic disease to the 
liver or lymph nodes may be suggested by the presence of hepatosplenomegaly 
or lymphadenopathy, and abdominal fullness or ascites may reflect peritoneal 
involvement. Digital rectal examination may reveal a mass in the distal rectal 
region or spread of the tumor to the rectal shelf or pelvis. Examination of the 
stool may show frank or occult blood in up to 80% of advanced cases. Iron 
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FIGURE 184-4. The molecular basis of colorectal cancer. sequence-specific genetic alterations result in the transition from normal large bowel epithelium to invasive cancer. aCf = 
aberrant crypt foci; BaX = apoptosis-related proteins; CrC = colorectal cancer; hNpCC = hereditary nonpolyposis colorectal cancer; IIr = type II receptor; loh = loss of heterozygosity; 
mmr = mutation mismatch repair; msI = microsatellite instability; tgf-β = transforming growth factor-β. 
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FIGURE 184-6. Colonoscopy appearance of large bowel adenocarcinomas. A, exo-
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every 1 to 2 years, starting 8 to 10 years after the disease is first diagnosed. 
The main goal is to identify the presence of dysplasia. Multifocal low-grade 
dysplasia or any dysplasia that cannot be excised endoscopically is an indica-
tion for colectomy. In familial adenomatous polyposis, the APC gene muta-
tion can be identified in up to 85% of affected individuals and is useful for  
screening.

Fecal occult blood tests, either guaiac- or immunochemical-based, detect 
hemoglobin from bleeding tumors. The sensitivities of guaiac-based tests for 
detecting colorectal cancer range from 35 to 80%. Guaiac testing should be 
performed on two samples from each of three consecutive stools in individuals 
instructed to avoid aspirin, nonsteroidal anti-inflammatory drugs (NSAIDs), 
vitamin C, red meat, poultry, and fish for two days prior to testing. In random-
ized trials guaiac-based testing decreases colorectal cancer mortality by 15 to 
33%, with the mortality benefit persisting for 30 years. Immunochemical-based 
tests, which have higher sensitivities and specificities than guaiac tests, are 
performed similarly to the traditional guaiac test but do not require any dietary 
restrictions and require only one stool specimen. As a result of better adher-
ence, immunochemical tests identify 2.5-fold more advanced adenomas and 
colorectal cancers than do guaiac-based tests and are now the preferred fecal 
occult blood test. Fecal occult blood tests should be repeated on an annual 
basis, and any positive test should prompt colonoscopy.

The rationale for stool DNA tests is that both adenomas and carcinomas 
contain altered DNA, which is shed continuously in the stool. These stool 
DNA tests contain a panel designed to detect exfoliated DNA markers, includ-
ing KRAS mutation, aberrant NDRG4 and BMP3 methylation, and beta-actin. 
Stool DNA testing identifies up to about 90% of patients with colorectal cancer 
and 40% of patients with advanced adenomas. In a randomized trial, the sen-
sitivity of the multitarget stool DNA test for detecting colorectal cancer was 
92% with stool DNA testing compared with 74% with fecal immunochemical 
testing, and the sensitivity for detecting advanced precancerous lesions and 
polyps with high-grade dysplasia was also significantly higher with stool DNA 
testing. A3  However, stool DNA testing is more costly and associated with a 
higher false-positive rate. The optimal screening interval for stool DNA testing 
has not been clearly defined.

Flexible sigmoidoscopy (Chapter 125) is an endoscopic procedure that 
examines the rectum and distal colon up to the splenic flexure. It is performed 
with minimal bowel preparation, does not require sedation, and can be per-
formed in the office by primary care doctors, nurses, or physician’s assistants. 
This procedure detects distal cancers or polyps with the same accuracy as 
colonoscopy. If an adenoma is found on sigmoidoscopy, colonoscopy is required 
because of the high risk of synchronous polyps or cancer in the more proximal 
colon. In one randomized trial, screening with flexible sigmoidoscopy (with 
subsequent colonoscopy as indicated) reduced the incidence of both the distal 
and proximal colorectal cancer by about 30%, with a significant 50% decrease 
in the mortality from distal colorectal only. In a recent randomized trial, single 
flexible sigmoidoscopy performed once between ages 55 to 64 years reduced 
the incidence of colorectal cancer by 28% and mortality by 27%. A4  In a pooled 
analysis of randomized trials, sigmoidoscopy was proven effective for colorectal 
cancer screening in men and younger women, and it reduces colorectal cancer 
mortality in both younger and older men and in women younger than age 60 
years. A5  In contrast, the benefit of one-time sigmoidoscopy was smaller and 
not statistically significant for women older than age 60 years.

Colonoscopy allows complete visualization of the colon and removal of 
any visualized polyps. As such, colonoscopy is both diagnostic and preventive. 
In the United States, this procedure is performed in a sedated patient after an 
oral bowel preparation by specifically trained physicians. Screening colonoscopy 
finds cancer in about 1% of patients, advanced adenoma (size >10 mm, villous 
histology, or high-grade dysplasia) in 5 to 10%, and 1 or more adenomas in 
at least 20% of patients. The major complication rate is less than 5%, with 
more than half of such complications related to a polypectomy. The National 
Polyp Study, which followed patients after colonoscopic polypectomy, reported 
a 76 to 90% lower incidence of colorectal cancer compared to three reference 
populations.12 In patients whose adenomas are detected and removed by colo-
noscopy, the subsequent risk of death from colorectal cancer is 50% lower 
than otherwise expected, with most of the benefit attributable to the removal 
of low-risk adenomas. The benefit of colonoscopy is higher if it is performed 
by an experienced gastroenterologist, when the cecum is intubated (indicating 
a complete examination), and when it is performed by a physician who removes 
more polyps per examination. If the initial screening colonoscopy is completely 
normal, future screening can be deferred for 10 years.

Double-contrast barium enema (Chapter 124) can evaluate the mucosal 
surface of the entire colon. This test has a sensitivity of 85 to 97% for detecting 

suggestive of progressive disease, despite no change in their CT scans. PET 
scans may also be used to evaluate abnormal lesions seen on CT. However, 
PET has no specific role in the routine evaluation of patients with colorectal 
cancer. Plain chest radiographs are not sufficiently sensitive to detect the pres-
ence of metastatic lesions in the lungs, and plain abdominal films are useful 
only to aid in the diagnosis of bowel obstruction.

Histopathologic analysis is critical for making the diagnosis of colorectal 
cancer. Additional studies to evaluate immunohistochemical expression of 
certain key cellular proteins may be helpful in identifying adenocarcinomas 
of colorectal cancer origin. For example, cytokeratin 20 (CK20) and caudal-
type homeobox 2 (CDX2) are two of the most sensitive and specific markers 
used to help diagnose colorectal cancer. Immunohistochemistry can also be 
helpful in making the diagnosis of defective mismatch repair by testing for 
the protein expression of the four main MMR genes: MLH1, MSH2, PMS2, 
and MSH6.

Prevention (Screening)
The role of screening is to reduce colorectal cancer-related mortality by remov-
ing any precursor adenomas and by detecting true cancers at an earlier, more 
curable stage. For average-risk individuals, the relatively long latency between 
adenoma development and the development of cancer is of the order of 8 
to 12 years, thereby making colorectal cancer a highly preventable disease 
using colonoscopy with polypectomy. For sporadic colorectal cancer, age is 
the major risk factor; for this reason, most patients should begin screening at 
age 50. The wide range of options for average-risk individuals (Table 184-3) 
can be divided into two distinct categories: stool tests for occult blood or 
abnormal DNA; and structural tests, which include colonoscopy, flexible sig-
moidoscopy, CT colography, and double-contrast barium enema, used alone 
or in combination.10,11 In a randomized trial of asymptomatic adults 50 to 69 
years of age, one-time colonoscopy and fecal immunochemical testing were 
equally effective at identifying the presence of colorectal cancer, although a 
greater number of adenomas were identified by colonoscopy (Chapter 125). 
Current professional society guidelines recognize multiple screening options 
but recommend structural tests that can both detect and prevent colorec-
tal cancer. For example, the American College of Physicians recommends 
screening average-risk adults for colorectal cancer starting at age 50 years and 
high-risk individuals starting at age 40 years (or 10 years before the age when 
the youngest relative was diagnosed with colorectal cancer). Colonoscopy, 
flexible sigmoidoscopy, or a stool-based test are recommended in average-
risk patients, but flexible sigmoidoscopy or colonoscopy is recommended in 
high-risk patients. The general recommendation is to discontinue colorectal 
cancer screening in individuals who are older than 75 years of age or have a 
life expectancy of less than 10 years.

Patients with ulcerative colitis (Chapter 132) are 10 to 20 times more likely 
to develop colorectal cancer than is the general population, with a 25-year 
cumulative incidence of about 12%. The risk is even higher in patients who 
have both primary sclerosing cholangitis (Chapter 146) and ulcerative colitis. 
If Crohn disease (Chapter 132) involves more than one third of the colon, 
the risk of colorectal cancer risk is increased 6- to 8-fold. Patients with ulcer-
ative colitis or extensive Crohn disease should have screening colonoscopy 

TABLE 184-3 SCREENING METHODS FOR COLORECTAL 
CANCER*

TEST INTERVAL
TESTS THAT DETECT ADENOMATOUS POLYPS OR CANCER

Colonoscopy Every 10 yr
Flexible sigmoidoscopy† Every 5 yr
CT colography† Every 5 yr
Double-contrast barium enema† Every 5 yr
TESTS THAT DETECT PRIMARILY CANCER†

Fecal occult blood tests
•	 High-sensitivity	guaiac-based	fecal	occult	blood	test Annually
•	 Fecal	immunochemical	test Annually

Stool DNA Interval uncertain
*Beginning at age 50 for average-risk individuals.
†Positive test should prompt full colonoscopy.
CT = computed tomography.
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colorectal cancers but only 48 to 73% for detecting large adenomas. It is rarely 
recommended for routine screening because of this low sensitivity and the 
small but real risk of ionizing radiation.

CT colography (virtual colonoscopy) obtains two- and three-dimensional 
images of the entire colon via multidetector CT scanning (Chapter 124). A 
rectal tube is used to infuse gas to distend the bowel for better imaging. The 
sensitivity is 85 to 92% for large polyps (≥10 mm), with a specificity of 83 to 
89%, and about 65% for polyps 5 mm or larger. Its 96% sensitivity for colorectal 
cancer is similar to colonoscopy. Because CT colography is less sensitive than 
colonoscopy for detecting lesions smaller than 10 mm and substantially less 
sensitive for detecting high-risk sessile serrated polyps,13 colonoscopy gener-
ally remains the preferred screening procedure. If used, CT colography screening 
should begin at age 50 years and be repeated every 5 years. Discovery of a 
polyp larger than 5 mm requires colonoscopy.

Staging
Accurate staging is critical for determining both prognosis and treatment. 
Unlike other solid tumors, colorectal cancer is not staged according to size 
but rather the tumor, node, and metastasis (TNM) classification system based 
on the physical examination, radiography, endoscopy, surgery, and pathologic 
stage: stage I cancers penetrate into but not through the bowel wall 
(T1–2N0M0); stage II cancers penetrate through the bowel wall and can 
involve nearby organs but do not spread to regional lymph nodes; stage III 
cancers involve regional lymph nodes (Fig. 184-7); and stage IV disease spreads 
to the liver, lung, lymph nodes, and peritoneum. In the United States, about 
50% of patients present with stage I or II disease, 30% with stage III disease, 
20% with advanced, metastatic disease. Up to 40 to 50% of patients who 
initially present with early-stage disease will recur with metastatic involvement. 
In general, primary tumors that arise in the colon follow an orderly spread to 
the regional lymph nodes, then to the liver, and then to the lungs and other 
distant sites. In contrast, because of the dual venous drainage of the rectum 
to the portal vein and inferior vena cava, primary rectal tumors may spread 
via hematogenous dissemination to the lungs before any liver involvement.

Distant
(stage IV)

20%
Localized
(stage I/II)

50%

Regional
(stage III)

30%

FIGURE 184-7. stage of disease at time of initial presentation. 

Chemoprevention
NSAIDs A6  and aspirin A7  reduce adenoma formation and inhibit the develop-

ment of colon cancer by inhibiting cyclooxygenase and the subsequent gen-
eration of prostaglandin. In patients with familial adenomatous polyposis, 
sulindac and celecoxib can cause existing adenomas to regress and inhibit the 
formation of new adenomas. In epidemiologic studies, regular users of NSAIDS 
have a lower risk of developing colorectal cancer. In randomized trials, aspirin 
reduced the recurrence of adenomas by up to 20 to 40% with pooled data 
suggesting up to a 70% reduction in the incidence of colorectal cancer when 
at least 75 mg of aspirin daily is taken for 5 or more years. With a median 10-year 
follow-up, the Women’s Health Study conducted in the United States showed 
a 42% reduction in the incidence of colorectal cancer, mainly due to a reduction 
in proximal colon cancer; however, no extended effect was observed on cancer 
deaths or on the incidence of polyps, and aspirin supplementation was associ-
ated with a greater incidence of adverse events, including peptic ulcer disease 

TREATMENT 

and GI bleeding. Calcium supplementation decreases the rate of metachronous 
adenomas by 20%,14 and total calcium intake (>1400 vs. <600 mg/d) is associ-
ated with a significantly lower risk of colon cancer. Observational studies suggest 
that higher levels of 25-hydroxyvitamin D3 (25[OH)D) are associated with a 
reduced risk of colorectal cancer and also improved survival after its diagnosis. 
In patients with stage III colon cancer, adjuvant vitamin D supplementation is 
associated with a significant improvement in recurrence-free survival and overall 
survival.15 Currently, neither aspirin, NSAIDS, nor calcium is routinely recom-
mended to prevent colorectal cancer, but they may be considered on an indi-
vidual basis.

Dietary Prevention
Epidemiologic studies have identified a correlation of colorectal cancer with 

diets high in fat and low in fiber, green leafy vegetables, and fruits; physi-
cal inactivity; smoking; and excessive alcohol use.16 Reports also suggest that 
increased fish consumption reduces colorectal cancer incidence and that supple-
mentation with the omega-3 fatty acid eicosapentaenoic acid can decrease 
polyp burden in familial adenomatous polyposis. However, three randomized 
trials of modest dietary changes (10% less fat, 25 to 75% more fiber, 50% 
more fruits and vegetables) have not reduced the incidence of adenomas or 
colorectal cancer over 3 to 8 years of follow-up. It is possible that prolonged 
dietary modification may be required to effect significant changes in the 
molecular events that mediate the development of adenomas and/or colorectal  
cancer.

Surgery
Surgical resection is the primary treatment for early-stage, locally confined 

colon cancer. Highly selected patients with site-limited metastatic disease also 
may undergo surgery with curative intent. Curative surgery aims to remove 
the primary tumor with tumor-free margins, as well as to remove the primary 
feeding arterial vessel and corresponding lymphatics en bloc. A minimum of 
12 lymph nodes should be removed and examined microscopically for accurate 
staging. Synchronous colon cancers can be removed individually by subtotal 
colectomy. Any adjacent adherent structures should be resected en bloc. Pro-
phylactic oophorectomy is not recommended, but if one ovary is grossly involved, 
the other should be removed as well because of the risk of contralateral involve-
ment. Laparoscopic resection is as safe and effective as open resection and 
requires a modestly shorter recovery time. A8 

For rectal cancer, an important consideration is to try to preserve the func-
tion of the anal sphincter. For distal cancers, the recommendation is total 
mesorectal excision with en bloc removal of the lymphovascular and fatty 
envelope surrounding the rectum. For upper rectal tumors, by comparison, 
tumor-specific mesorectal excision (en bloc removal of the mesorectum 5 cm 
distal to the tumor) is sufficient. For minimal-risk (T1 disease, size <3 cm, well 
differentiated, within 8 cm of the anal verge, no lymphovascular invasion, and 
less than one third circumferential) low rectal cancers, local transanal excision 
is acceptable. Postoperatively, increased bowel frequency is common, and some 
patients develop fecal incontinence or evacuation dysfunction (Chapter 136). 
As such, the main focus in patients with rectal cancer is to preserve the function 
of the anal sphincter.

Obstructing tumors should be immediately resected with bowel reanasto-
mosis. Proximal diversion may be the only initial option for an advanced unre-
sectable cancer, with future resection followed by ostomy closure if the primary 
tumor responds to the point where it can later be removed. Endoscopic stenting 
sometimes may relieve acute obstruction. Perforated bowel must be resected, 
with or without diversion prior to reanastomosis. In patients who present with 
synchronous colorectal cancer and unresectable metastases, an asymptomatic 
primary tumor can be treated safely with systemic medical therapy without 
surgery, with a low probability that serious complications will require immedi-
ate surgical intervention.

Radiation Therapy
Radiation therapy is usually not considered for the treatment of surgically 

resected early-stage colon cancer nor for the treatment of a primary colon 
cancer when metastatic disease is present. A major use for radiation therapy 
is in the combined modality treatment of locally advanced rectal cancer, and 
this is further described below in the Rectal Adenocarcinoma section. Certain 
colorectal cancers at high risk for local recurrence of disease, such as those 
with T4 tumors with penetration to a fixed structure especially within the pelvic 
region, may be considered for postoperative radiation therapy. However, to 
date, there are no randomized clinical trials to document benefit of radiation 
therapy in this setting. Palliative radiation therapy may also be considered to 
control tumor-related symptoms when metastatic colon cancer spreads to bone, 
brain, liver, and lung.

There is growing interest in the use of stereotactic radiation therapy for 
metastatic colorectal cancer patients with liver metastases. The 1- and 2-year 
local control rates are about 90%, with few reports of major toxicity. This approach 
is a reasonable and safe alternative for patients who have fewer than 4 liver 
metastatic lesions and who are unable to undergo surgery or any other treat-
ment options.
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Systemic and Combination Therapies
The backbone of colorectal cancer treatment in both the adjuvant and meta-

static disease settings is the fluoropyrimidine 5-fluorouracil. Two oral fluoro-
pyrimidine agents are approved for use in the United States: capecitabine and 
TAS-102. Although 5-fluorouracil has modest activity as a single agent, its clinical 
efficacy can be enhanced by prolonged infusion and by co-administration with 
the reduced folate leucovorin. Two other cytotoxic agents commonly used to 
treat metastatic colorectal cancer are irinotecan (a topoisomerase I inhibitor) 
and oxaliplatin (a third-generation platinum analog) (see Table 169-4). Biologic 
agents are available to target the vascular endothelial growth factor (VEGF) 
signaling pathway (bevacizumab, aflibercept, and ramucirumab), the epidermal 
growth factor receptor (EGFR) pathway (cetuximab and panitumumab), and 
tyrosine kinases that are involved in cell growth, proliferation, angiogenesis, 
invasion, and metastasis (regorafenib).

Patients with resected stage I colon cancer have an extremely high cure 
rate, approaching 95%, with surgery alone, and do not need adjuvant systemic 
therapy. For stage II patients, the risk of relapse is higher (about 25% at 3 
years), and combined treatment with 5-fluorouracil and leucovorin provides 
modest clinical benefit.17 However, stage II tumors that express high levels of 
microsatellite instability have a better prognosis than tumors with microsatel-
lite stable disease, and survival in such patients is worse with 5-fluorouracil 
treatment. Thus, adjuvant chemotherapy is not recommended for stage II, 
microsatellite instability–high disease. For high-risk stage II disease (defined 
by obstruction, perforation, lymphovascular invasion, perineural invasion, and 
fewer than 12 lymph nodes in the surgical resection specimen), the benefit from 
adjuvant chemotherapy is similar to that seen for stage III colon cancer. Patients 
with high-risk stage II disease should receive 6 months of adjuvant therapy 
with combination chemotherapy that includes 5-fluorouracil, leucovorin, and 
oxaliplatin (FOLFOX) or an alternative combination regimen of capecitabine 
and oxaliplatin (XELOX/CAPOX). Both FOLFOX and XELOX/CAPOX significantly 
prolong disease-free survival and overall survival compared with fluoropyrimidine 
monotherapy. For patients who are unable to tolerate aggressive combination 
chemotherapy, fluoropyrimidine monotherapy with infusional 5-fluorouracil or 
oral capecitabine is a reasonable alternative.

In patients with stage III colon cancer, 5-year disease survival rates range 
from 25 to 85%, depending on the number of lymph nodes that are positive 
in the surgical resection specimen. The usual recommendation for patients 
with node-positive stage III disease is to receive adjuvant systemic therapy. For 
patients with good performance status and no comorbid illnesses, aggressive 
treatment with the FOLFOX regimen significantly improves long-term survival 
rates and represents current standard care. A9  XELOX/CAPOX appears to be as 
good as FOLFOX in patients of all ages. For patients who are not candidates 
for aggressive cytotoxic chemotherapy, fluoropyrimidine monotherapy with 
either infusional 5-fluorouracil or oral capecitabine is an appropriate option. 
Based on multiple studies, 3 months of adjuvant therapy is as good as 6 months 
of therapy in lower risk patients with T1 to 3 disease and only 1 to 3 positive 
lymph nodes. In contrast, for stage III patients with more than 4 lymph nodes, 
standard 6 months of adjuvant therapy provides greater clinical benefit than 
3 months of therapy, albeit at a higher cost of adverse events. A10 

Rectal Adenocarcinoma
The risk of local recurrence is much greater for rectal cancer, so the thera-

peutic approach for patients with primary rectal adenocarcinoma is distinct 
from that for primary colon cancer. Rectal cancer patients require accurate 
preoperative staging with endoscopic rectal ultrasound or rectal MRI to precisely 
define the size, extent, and depth of invasion of the rectal tumor as well as 
lymph node involvement. For patients with stage I rectal cancer, surgical resec-
tion is sufficient with no need for additional adjuvant treatment with either 
radiation or chemotherapy. However, higher-risk patients (T2 disease, T1 with 
poorly differentiated histology, perineural or lymphovascular invasion, or close 
margins) should receive postoperative pelvic irradiation with or without 5-fluo-
rouracil chemotherapy.

Radiation therapy is considered standard therapy for patients with stage II 
and III locally advanced rectal adenocarcinomas to decrease local relapse rates, 
improve the chance of sphincter preservation, and possibly improve survival. 
The major issues to consider relate to timing (pre- or postoperative) and dura-
tion (short or long), as well as whether to combine it with fluoropyrimidine-
based chemotherapy. Short-course 5-day preoperative irradiation without 
chemotherapy, as is practiced in certain countries in Europe, may be considered 
when tumor downsizing is not necessary. When short-course radiation is used, 
postoperative systemic adjuvant therapy is recommended with either a fluo-
ropyrimidine alone (stage II) or a fluoropyrimidine-oxaliplatin combination 
regimen (node-positive disease).

In the United States, a 6-week course of preoperative radiation is the recom-
mended approach in locally advanced rectal cancer to enable surgical resection, 
preserve anal sphincter function, and reduce acute and chronic toxicities. Oral 
capecitabine can be substituted for 5-fluorouracil infusion in the combined 
modality preoperative treatment of stage II/III rectal cancer to give the same 
local-regional control, disease-free survival, and overall survival. A11  The addition 
of the platinum analog oxaliplatin to either a 5-fluorouracil infusion or oral 

capecitabine does not improve clinical efficacy and was associated with a sig-
nificantly higher incidence of diarrhea.

Although adjuvant chemotherapy is usually administered after surgical resec-
tion, the optimal chemotherapy regimen for stage II/III disease has yet to be 
determined. Fluoropyrimidine monotherapy with either a 5-fluorouracil infusion 
or oral capecitabine is usually recommended if there is no evidence of lymph 
node involvement in the surgical resection specimen and if there has been 
significant downstaging of the primary tumor. However, if nodal involvement 
is present in the resected specimen or there is little evidence for significant 
tumor downstaging, oxaliplatin-based chemotherapy regimens with either 
FOLFOX or XELOX/CAPOX are usually recommended.

Metastatic Colorectal Cancer
Metastatic colorectal cancer is treated with the same approach, regardless 

of the site of origin (colon versus rectum). Patients with metastatic disease 
have a median survival of approximately 6 to 8 months with best supportive 
care alone. However, over the past 20 years, new systemic cytotoxic chemo-
therapies in combination with various biologic agents (Chapter 33) have improved 
overall survival to 30 to 32 months (E-Fig. 184-1).18,19 In the first-line treatment 
of metastatic colorectal cancer, randomized clinical studies show that the cyto-
toxic chemotherapy regimens FOLFOX and FOLFIRI provide virtually identical 
progression-free survival and overall survival, A12  with a median overall survival 
of nearly 23 months. Interestingly, long-term results seem to be similar regard-
less of which drug (oxaliplatin or irinotecan) is combined first with 5-fluorouracil. 
However, the toxicity pattern varies, depending on which drug is given; irino-
tecan is commonly associated with GI side effects, whereas oxaliplatin treatment 
can lead to peripheral sensory neuropathy. Metastatic colorectal cancer is now 
becoming a chronic disease, and the key issue is to ensure that patients are 
treated in a continuum of care approach with exposure to all of the active 
agents within the therapeutic armamentarium.

The addition of the anti-VEGF antibody bevacizumab or the anti-EGFR antibody 
cetuximab to cytotoxic chemotherapy, either FOLFOX or FOLFIRI, provides the 
same level of clinical benefit in metastatic colorectal cancer patients with wild-
type RAS—a median progression-free survival of 10.6 months and a median 
overall survival of 30 months. Among the anti-VEGF agents, bevacizumab has 
little single-agent activity against metastatic colorectal cancer, but it signifi-
cantly improves the clinical activity of irinotecan- (FOLFIRI) or oxaliplatin-based 
(FOLFOX) regimens and is now first-line treatment for such patients. If disease 
progresses, bevacizumab can be continued in combination with second-line 
cytotoxic chemotherapy. Aflibercept plus FOLFIRI improves survival compared 
with FOLFIRI alone in patients who progress despite oxaliplatin treatment. 
Ramucirumab is approved for use in combination with FOLFIRI in the second-
line treatment of metastatic colorectal cancer. Cross-trial comparisons suggest 
equivalent clinical efficacy among bevacizumab, aflibercept, and ramucirumab, 
but aflibercept is significantly more toxic and ramucirumab is much more expen-
sive than bevacizumab.

Cetuximab and panitumumab are the two monoclonal antibodies directed 
against the epidermal growth factor receptor (EGFR). Both antibodies have 
nearly identical single-agent activity against chemorefractory metastatic colorec-
tal cancer, A13  and both agents can be effectively combined with FOLFIRI or 
FOLFOX chemotherapy in the first-line treatment setting to improve overall 
response rates and progression-free survival. However, these anti-EGFR antibod-
ies should only be used in patients whose tumors harbor wild-type RAS and 
BRAF. Unfortunately, even in the setting of wild-type RAS, only about 30% of 
patients will respond to anti-EGFR therapy, thereby highlighting the need to 
identify other biomarkers to more accurately predict responsiveness to these 
antibodies.

Patients with left-sided primary tumors have better overall survival than 
those with right-sided primary tumors, regardless of the type of chemotherapy 
and biologic agent. Right-sided tumors derive little benefit from cetuximab, 
whereas left-sided tumors derive significantly greater clinical benefit from 
cetuximab compared with bevacizumab. Although bevacizumab is effective 
in both left- and right-sided tumors, its clinical efficacy is also much greater in 
left-sided tumors.20,21

Regorafenib and the oral fluoropyrimidine TAS-102 are approved in the United 
States for the treatment of chemorefractory metastatic colorectal cancer, with 
nearly identical clinical activity. Although neither agent has a significant impact 
on response rates, both improve median progression-free survival and overall 
survival in patients with disease progression despite multiple prior treatment 
regimens. Regorafenib is an oral inhibitor of certain key angiogenic, stromal, 
and oncogenic tyrosine kinases. Its toxicities include fatigue and the derma-
tologic hand-foot syndrome, and dose reductions and treatment delays are 
usually indicated to reduce or prevent the development of side effects. TAS-102, 
which is a combination of trifluridine, a cytotoxic thymidine analog, and tipiracil, 
significantly improves median overall survival and progression-free survival 
compared with best supportive care. A14  Its main toxicity is myelosuppression 
with severe neutropenia in nearly 40% of patients and febrile neutropenia of 
4%. In general, TAS-102 has a more manageable safety profile when compared 
to regorafenib and does not require as many dose reductions or treatment 
delays.
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E-FIGURE 184-1. evolution of systemic therapy for metastatic colorectal cancer. Bev 
= bevacizumab; Cmab = cetuximab; folfIrI = 5-fluorouracil, folinic acid (leucovorin), 
irinotecan; folfoX = 5-fluorouracil, leucovorin, oxaliplatin; 5-fU = 5-fluorouracil; Ifl = 
irinotecan, 5-fluorouracil, leucovorin; pmab = panitumumab; ras wt = ras wild-type. 
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Immunotherapy with an anti–programmed death 1 (PD-1) immune check-
point inhibitor (pembrolizumab or nivolumab) is FDA-approved for patients 
with microsatellite instability–high or mismatch repair defective metastatic 
colorectal cancer that has progressed despite treatment with a fluoropyrimidine, 
oxaliplatin, and irinotecan.22 These antibodies enhance the T-cell immune 
response, thereby leading to T-cell activation and proliferation.

Locally Directed Treatment of Metastatic Disease
For selected patients with metastatic colorectal cancer, complete resection of 

hepatic or pulmonary metastases can sometimes provide long-term survival and 
has become the standard of care.23 For hepatic metastasectomy, 5-year survival 
rates are in the 30 to 50% range, but later relapses suggest that 5-year survival 
may not be an accurate reflection of true cure. In patients initially deemed to 
have surgically unresectable metastatic disease, preoperative systemic therapy 
improves response rates. For patients with wild-type RAS disease, for example, 
cytotoxic chemotherapy with FOLFOX or FOLFIRI in combination with cetuximab 
or panitumumab offers the best chance for cytoreduction of the metastatic 
liver disease and successful surgical resection. In the setting of mutant RAS 
metastatic colorectal cancer, the anti-VEGF antibody bevacizumab combined 
with chemotherapy provides an objective response rate approaching 70% with 
successful surgical resection approaching 30%.24 After patients have recov-
ered from their metastasectomy procedure, which usually takes 4 to 5 weeks, 
6 months of adjuvant chemotherapy with FOLFOX is usually recommended.

Radiofrequency ablation is a potential treatment for patients whose liver 
metastases are deemed to be surgically unresectable because of their anatomic 
location or because the patient is too debilitated to undergo hepatic resection. 
Its efficacy is probably inferior to surgical resection. An alternative strategy is 
to administer fluoropyrimidine chemotherapy via the hepatic artery through 
an intraarterial catheter. Selective internal radiation therapy embolizes  
radiolabeled spheres into the hepatic artery for the treatment of liver metas-
tases. A15  Stereotactic body radiation therapy is also a reasonable and safe 
alternative for patients who have liver-limited metastatic colorectal cancer and 
who are unable to undergo surgery or other treatment options. Unfortunately, 
the benefit of these approaches compared with chemotherapy is uncertain.

Surveillance
Active surveillance is recommended after surgical resection of early-stage 

colon and rectal cancer because the risk for disease recurrence is highest within 
the first 2 to 3 years after surgery and adjuvant chemotherapy for patients with 
stage II or III cancer. The American Society of Clinical Oncology recommends 
a history and physical examination every 3 to 6 months for 5 years, annual 
chest and abdominal CT scans for 3 years after resection of high-risk primary 
tumors, and the addition of pelvic CT scanning for primary rectal cancer.25 
However, CT plus CEA screening at 12 and 36 months appears to be as good 
as more frequent screening for stage II and III disease. A16  Colonoscopy should 
be performed one year after the completion of adjuvant chemotherapy, and 
if completely negative, every 5 years thereafter. Serum CEA levels should be 
measured every 3 to 6 months for 5 years.

 PROGNOSIS
The overall prognosis for patients with colorectal cancer is mainly dependent 
on stage (Fig. 184-8). Five-year survival is approximately 90 to 95% for stage 
I disease and drops off considerably to less than 10% for stage IV metastatic 
disease. The prognosis for stage III patients can range from 65 to 70% for 
patients with only 1 or 2 lymph nodes and down to less than 25% for those 
with high-risk disease and more than 4 positive lymph nodes. Corresponding 
rates for rectal cancer are slightly inferior to those for colon cancer. In addition 
to stage, other factors that are prognostic for poorer outcomes in patients with 
early-stage colon cancer who undergo potentially curative resection include 
signet ring histology, high tumor grade, lymphovascular and perineural 

invasion, absence of host lymphoid response, evidence for obstruction or 
perforation preoperatively, high preoperative serum CEA levels, positive surgi-
cal margins, and microsatellite-stable disease. Interestingly, the prognosis of 
colorectal cancers is not dependent on the size of the primary tumor. However, 
the location of the primary tumor is an important prognostic factor, with 
left-sided primary tumors associated with a significantly better prognosis 
compared with right-sided tumors.26 Moreover, the effect of tumor location 
is independent of other important clinical factors, including stage, race, and 
use of adjuvant chemotherapy.

Molecular biomarkers also correlate with the prognosis of all stages of 
colorectal cancer. KRAS mutations, which are present in 30 to 40% of colorectal 
cancer, are associated with a worse prognosis. In addition, these mutations 
lead to constitutive activation of the RAS-RAF-MAPK signaling pathway 
downstream of EGFR, which render tumors resistant to anti-EGFR antibody 
therapy with cetuximab or panitumumab. NRAS mutations occur in only about 
5% of colorectal cancer patients, and these mutations also confer resistance 
to anti-EGFR therapy. BRAF mutations, which are seen in 5 to 10% of colorectal 
cancer patients, also predict resistance to anti-EGFR therapy and are associ-
ated with a worse clinical outcome.

More detailed molecular subtyping may be even more predictive. One 
approach groups colorectal cancers into four types—microsatellite instability 
immune, canonical, metabolic and mesenchymal—based on such profiling. 
Hopefully these other approaches can successfully guide the selection of spe-
cific therapies and allow the treatment of colorectal cancer to progress from 
purely empiric to a more personalized, precision medicine approach.
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REVIEW QUESTIONS

1. A 40-year-old woman presents to your office with newly diagnosed stage 
IV metastatic colon cancer. Her mother had colon cancer at the age of 42, 
and one of her mother’s sisters was diagnosed with colon cancer at age 38. 
She has no other comorbidities, and she has no symptoms. Which of the 
following gene mutations is the most likely cause of her colon cancer?
 A. MLH1
 B. KRAS
 C. BRAF
 D. APC

Answer: A Her tumor is most likely the result of hereditary nonpolyposis 
colorectal cancer syndrome or Lynch syndrome. HNPCC accounts for approxi-
mately 3 to 5% of all colorectal cancer cases. About 40 to 60% of patients have 
a germline mutation in one of the DNA mismatch repair genes (MMR), which 
include MLH1, MSH2, MSH6, or PMS2. Over 90% of these mutations are in 
MLH1 or MSH2, and approximately 10% of mutations are in MSH6. (1. Vasen 
HF, et al. New clinical criteria for hereditary non-polyposis colorectal cancer 
[HNPCC, Lynch syndrome] proposed by the International Collaborative group 
on HNPCC. Gastroenterology 1999;116:1453-6. 2. Boland CR, et al. Micro-
satellite instability in colorectal cancer. Gastroenterology 2010;138:2073-87.)

2. Which one of the following is the most important risk factor for the devel-
opment of sporadic colorectal cancer?
 A. Family history
 B. Diet
 C. Age
 D. Gender

Answer: C Age is the most important risk factor for the development of 
sporadic colorectal cancer, with the risk of colon cancer increasing significantly 
at age 50. For this reason, the recommendation is for colorectal cancer screen-
ing to begin at age 50 for average risk individuals. (1. Siegel RL, Miller KD, 
Fedewa SA, Ahnen DJ, Meester RGS, Barzi A, Jemal A. Colorectal cancer 
statistics, 2017. CA Cancer J Clin. 2017;67:177-193. 2. Siegel RL, Fedewa SA, 
Anderson WF, et al. Colorectal cancer incidence patterns in the United States, 
1974-2013. J Natl Cancer Inst. 2017;109:djw322.)

3. A 58-year-old man presents with locally advanced rectal cancer (T3N1M0). 
Physical exam does not reveal any significant abnormality. He has no sig-
nificant symptoms secondary to his cancer, there is no evidence for rectal 
bleeding or change in his bowel movements, and he continues to be physi-
cally active. He has no other medical problems. Which one of the following 
is the most appropriate immediate treatment for this patient?
 A. Surgical resection followed by combined modality therapy with infu-

sional 5-FU and radiation therapy
 B. Neoadjuvant combined modality therapy with oxaliplatin-based che-

motherapy and radiation therapy followed by surgery
 C. Neoadjuvant combined modality therapy with 5-FU chemotherapy, 

bevacizumab, and radiation therapy followed by surgery
 D. Neoadjuvant combined modality therapy with oral capecitabine and 

radiation therapy followed by surgery
 E. Neoadjuvant FOLFOX chemotherapy followed by surgery

Answer: D The current standard of care for patients with locally advanced 
rectal cancer is neoadjuvant concurrent chemoradiation with infusional 5-FU 
chemotherapy or oral capecitabine chemotherapy followed by surgical resection 
and then adjuvant chemotherapy. Prior trials have failed to show any significant 
benefit of additional oxaliplatin or targeted agents, such as bevacizumab, when 
combined with fluoropyrimidine-based concurrent chemoradiation, and thus 
fluoropyrimidine-based concurrent chemoradiation, with either capecitabine 
or infusional 5-FU, has remained the standard treatment option for locally 
advanced rectal cancer. (1. Sauer R, et al. Preoperative versus postoperative 
chemoradiotherapy for rectal cancer. N Engl J Med. 2004;351:1731-40. 2. 
Allegra CJ, Yothers G, O’Connell MJ, et al. Neoadjuvant 5-FU or capecitabine 
plus radiation with or without oxaliplatin in rectal cancer patients: a phase 
III randomized clinical trial. J Natl Cancer Inst. 2015;107. 3. Selem ME, et al. 
Neoadjuvant combined-modality therapy for locally advanced rectal cancer 
and its future direction. Oncology [Williston Park]. 2016;30:546-62.)

4. Which one of the following cancers is not associated with the hereditary 
nonpolyposis colorectal cancer syndrome?
 A. Endometrial cancer
 B. Small bowel cancer
 C. Lung cancer
 D. Ureteral cancer
 E. Renal pelvis cancer

Answer: C Hereditary nonpolyposis colorectal cancer syndrome is the most 
common cause of familial colon cancer and is also associated with other cancers 
involving the endometrium, small bowel, stomach, ureter, and renal pelvis. It 
is not associated with some of the more common solid tumors such as lung 
cancer or prostate cancer. (1. Win AK, Young JP, Lindor NM, et al Colorectal 
and other cancer risks for carriers and noncarriers from families with a DNA 
mismatch repair gene mutation: a prospective cohort study. J Clin Oncol. 
2012;30:958. Epub 2012 Feb 13.)

5. Which one of the following features is not associated with a right-sided 
primary colon cancer?
 A. Female gender
 B. High microsatellite instability
 C. BRAF mutations
 D. Increased infiltration of immune cells
 E. Reduced risk of cancer death when compared to left-sided primary 

colon cancer
Answer: E Right-sided primary tumors typically occur in females, show evi-
dence of high microsatellite instability along with an increased infiltration of 
immune cells, and are associated with a significantly increased risk of death 
when compared to left-sided primary tumors. The overall prognosis for right-
sided primary tumors is worse than left-sided tumors. (1. Petrelli F, Tomasello 
G, Borgonovo K, et al. Prognostic survival associated with left-sided vs right-
sided colon cancer: a systematic review and meta-analysis. JAMA Oncol. 
2017;3:211-219.)
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PANCREATIC CANCER
DANIEL LAHERU

 DEFINITION
Pancreatic cancer usually refers to ductal adenocarcinomas of the pancreas, 
because more than 90% of pancreatic tumors arise from the ductal epithelium. 
Other major tumors of the pancreas include endocrine malignancies (Chapter 
219), carcinoid tumors (Chapter 219), lymphomas (Chapter 176), and a 
variety of rare sarcomas.

 EPIDEMIOLOGY
Pancreatic ductal adenocarcinoma has one of the highest incidence-to-mortality 
ratios of any disease.1 Although it represents the tenth leading cause of cancer 
in the United States, it is the fourth leading cause of cancer-related deaths, 
because the vast majority of patients will die from their disease. Annually, 
approximately 40,000 individuals will die in the United States from pancreatic 
adenocarcinoma or its complications. The incidence of pancreatic cancer is 
slowly increasing based on the changing demographics of the U.S. population. 
The risk of developing pancreatic adenocarcinoma increases with age, with 
a mean age at onset of 71 years; the risk in men and women is equivalent. 
The average lifetime risk for developing pancreatic adenocarcinoma is about 
1 in 78 for both men and women. Globally, 70% of all pancreatic cancer 
cases occur in people living in advanced economies, with over 270,000 deaths 
per year worldwide. Some pancreatic adenocarcinomas occur in association 
with other cancers or diseases, but most do not occur in association with 
a defined syndrome. Most pancreatic adenocarcinoma cases are sporadic—
that is, occurring without a history of the disease in first-degree relatives. 
However, germline mutations in pancreatic cancer susceptibility genes are 
commonly identified in patients with pancreatic cancer without a significant 
family history of cancer.2 Smoking tobacco, as well as passive exposure to 
tobacco smoke in the environment, contributes significantly to the develop-
ment of pancreatic adenocarcinoma, and is also associated with a reduction 
in survival among patients with pancreatic cancer.3 Occupational hazards 
that have been associated with an enhanced risk of developing pancreatic 
adenocarcinoma include exposure to chlorinated hydrocarbon solvents and  
heavy metals.

Approximately 10% of pancreatic adenocarcinomas occur in families 
with a history of pancreatic adenocarcinoma; in these patients, the risk of 
developing pancreatic adenocarcinoma is increased seven-fold compared 
with the general population. Premalignant cystic lesions of the pancreas also 
occur in pancreatic cancer families. In addition to the recent discovery of the 
PALB2 gene in 3% of these families, mutations in ATM or BRCA2, critical 
partners in the DNA damage repair pathway, as well as p16, have also been  
discovered.

Chronic pancreatic inflammation from alcohol misuse or genetic anomalies 
significantly enhances the risk of being diagnosed with pancreatic adenocarci-
noma. Although the association between chronic pancreatitis and the develop-
ment of pancreatic adenocarcinoma has been well known for decades,4 only 
recently have studies clarified how pro-inflammatory cytokines contribute 
to the progression from premalignant lesion to advanced tumor. In addition 
to chronic pancreatitis, the role of diabetes mellitus and obesity in the devel-
opment of pancreatic adenocarcinoma has been emphasized. Long-standing 
type 1 and type 2 diabetes mellitus may represent increased risk of pancreatic 
adenocarcinoma, but the cause-and-effect relationship between pancreatic cancer 
and diabetes is complex. Recently, epidemiologic studies have focused on the 
development of pancreatic adenocarcinoma in patients with type 3c diabetes 
(diabetes related to pancreatic disease, or pancreatogenic diabetes), a major 
subset of diabetes characterized by a severe deficiency of all glucoregulatory 
hormones (Chapter 216). Patients with type 3c diabetes appear to have the 
highest associated risk of developing pancreatic adenocarcinoma, especially 
in the setting of coexisting chronic pancreatitis. Type 3c diabetes is also a 
consequence of pancreatic adenocarcinoma in approximately 30% of patients. 
The increase in obesity in the U.S. population and the concomitant increase in 
associated diabetes mellitus are strongly associated with an enhanced lifetime 
risk of developing pancreatic adenocarcinoma.

 PATHOBIOLOGY
Understanding the molecular characteristics of cancers of the exocrine pan-
creas is critical for the development of targeted therapies.5 Pancreatic cancer 
is caused by inherited (germline) and acquired (somatic) mutations in cancer-
causing genes.6 Several oncogenes and tumor suppressor genes have been 
demonstrated to be involved in the development of pancreatic cancer, both 
by contributing to the growth of the tumor itself as well as to the surround-
ing microenvironment. Oncogenes, typically inactive in normal cells, cause 
uncontrolled cell proliferation by inhibiting apoptosis and activating the cell 
cycle when mutations render them constitutively active. The KRAS oncogene, 
located on chromosome 12, is the most frequently mutated oncogene in pan-
creatic cancer in (>90% of tumors). It encodes a membrane-bound protein that 
has GTP-ase activity and is involved in signal transduction. When activated 
by mutation, typically a point mutation in codon 12, the functions of KRAS 
are independent of growth factor control, leading to chronic activation of its 
downstream signaling partners, PI3K, MAPK, and RAF, causing inhibition of 
apoptosis and activation of the cell cycle, migration, angiogenesis, cytoskel-
etal remodeling, and unchecked proliferation. KRAS oncogenic dose variation 
plays an important role in pancreatic cancer tumorigenesis, progression, and 
metastasis.7 Tumor suppressor genes, when functioning normally, act in the 
opposite manner by enhancing apoptosis and inhibiting cell proliferation. The 
tumor suppressor CDKN2A/TP16, a cell cycle control gene, is commonly 
inactivated in pancreatic cancer, with 80 to 95% loss of activity leading to 
increased cell cycle progression. TP53 is activated by DNA damage to stop 
cell cycle progression and repair damaged DNA or initiate apoptosis. Muta-
tions in this tumor suppressor gene are commonly found in 50 to 75% of 
pancreatic tumors. Inactivation of SMAD4 (DPC4), involved in regulating cell 
cycle progression through the transforming growth factor (TGF)-β pathway, 
is observed in over 50% of pancreatic cancers and is associated with worse 
prognosis and the development of metastases. Inactivation of RB1 (in <10% 
of pancreatic cancers) and STK11 (responsible for Peutz-Jeghers syndrome) 
is also observed.

There are several major signaling pathways involved in pancreatic tumori-
genesis. Hedgehog (Hh) signaling, critical in embryogenesis, regulates the 
cell cycle and apoptosis, aids in the formation of tumor stroma, and is often 
upregulated and abnormal in pancreatic cancers. The NOTCH pathway, also 
important in normal embryogenesis to prevent terminal differentiation of 
cells until appropriate, can be abnormally activated in pancreatic cancer, allow-
ing cells to remain in an undifferentiated state that contributes to tumor growth. 
When the Wnt pathway is activated, β-catenin is stabilized and migrates into 
the nucleus, where it activates its target genes. The epidermal growth factor 
receptor (EGFR), TGF-β, and JAK/STAT pathways have also been found to 
be abnormal in pancreatic cancer cells, leading to the promotion of cell growth, 
proliferation, differentiation, and cell survival. Epigenetic modification, the 
process by which gene expression is altered by mechanisms other than changes 
in actual DNA sequence, also has a role in pancreatic cancer tumorigenesis.8 
Telomere shortening and overexpression of microRNAs lead to chromosomal 
instability and dysregulation of gene expression, respectively, and are also 
observed.

In addition to cancer cells themselves, the tumor microenvironment is 
composed of stromal cells, inflammatory cells, and endothelial cells that all 
play a particularly important role in pancreatic cancer growth. Cancer cells 
secrete growth factors, including insulin-like growth factor (IGF)-1, fibroblast 
growth factor (FGF), TGF-β, vascular endothelial growth factor (VEGF), 
and platelet-derived growth factor (PDGF), that stimulate pancreatic stel-
late cells (also called myofibroblasts) to secrete excess amounts of extracel-
lular matrix. The matrix and its stromal cells, in turn, secrete cytokines and 
growth factors that promote cancer cell growth, invasion, and dissemination 
and protect pancreatic cancer cells from apoptosis, as well as generating a 
desmoplastic reaction that interferes with the delivery of chemotherapy to 
the tumor site.9 The local presence of TGF-β also leads to decreased helper 
T-cell activity, which suppresses the body’s immune reaction against pancreatic  
cancer cells.

Precursor Lesions
A major advance in understanding the development of pancreatic cancer has 
been the appreciation that the majority of pancreatic adenocarcinomas progress 
sequentially from histologically normal ductal epithelium to low-grade pan-
creatic intraepithelial neoplasia, to high-grade pancreatic intraepithelial neo-
plasia, to invasive carcinoma. This process is associated with the accumulation 
of specific gene alterations (Fig. 185-1).
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ABSTRACT
Pancreatic cancer has one of the highest incidence-to-mortality ratios of any 
disease. Risk factors include cigarette smoking, exposure to chlorinated hydro-
carbon solvents and heavy metals, positive family history of pancreatic cancer, 
chronic pancreatitis, and diabetes-mellitus (the latter having an unclear cause-
and-effect relationship). The KRAS oncogene is the most frequently mutated 
oncogene, being found in more than 90% of cases of pancreatic cancer. CT 
scan with dynamic contrast and thin cuts through the pancreas is the imaging 
modality of choice when pancreatic cancer is suspected. Surgery offers the 
only chance to cure pancreatic cancer, and adjuvant chemotherapy after surgery 
is indicated in potentially resectable cases.
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 PROGNOSIS AND SUPPORTIVE CARE
Among patients with a serous cystic neoplasm followed beyond one year in 
one large study, size increased in about 40%, was stable in about 55%, and 
decreased in about 5%. Serous cystadenocarcinomas developed in only 0.1% 
of patients at an average follow-up of three years.23

The overall 5-year survival for all patients with pancreatic cancer is less than 
5%. This is in part because there is no appropriate screening test for the general 
population, and presenting symptoms are vague. T-cell immunity has been 
linked to the exceptional outcome of the few long-term survivors, and recently 
neoantigen quality has been identified as a biomarker for immunogenic tumors 
that may guide future immunotherapies.24 Once patients are diagnosed, only 
15 to 20% present with resectable, and thus potentially curable, disease. In 
these patients, the somatostatin analogue pasireotide (900 mg subcutaneously 
twice daily for 7 days beginning in the morning of surgery) can reduce the 
risk of fistula leak with abscess by 50%. A12  However, even in patients with 
early-stage disease, median survival is 20 to 24 months, with a 5-year survival 
of only 15 to 20% because the majority will eventually recur despite surgery 
and adjuvant or neoadjuvant therapy. Patients with locally advanced (≈25 to 
30% at presentation) and metastatic disease (≈50 to 60% at presentation) 
have median survivals of 8 to 14 months and 4 to 6 months, respectively. 
Advanced pancreatic cancer is associated with a high risk of venous throm-
boembolic complications, and thromboprophylaxis with enoxaparin has been 
shown to be highly effective and feasible in these patients. A13  Because many 
patients suffer from biliary obstruction, diarrhea, pain, and malnutrition, pal-
liative care can provide great benefit. Surgery can also play an important pal-
liative role; patients found to be unresectable may be improved symptomatically 

Serous cystadenomas occur more commonly in women and are nearly always 
benign. Though usually asymptomatic, they can be symptomatic as they enlarge. 
The pathology shows a well-circumscribed fibrous capsule containing numer-
ous small fluid-filled cysts.

Mucinous cystic neoplasms, which nearly always occur in the pancreatic 
body or tail in women, comprise about 50% of pancreatic tumors removed 
in contemporary surgical series. About one third are discovered incidentally 
on radiographic imaging for other purposes, but patients also may present 
with pain, an abdominal mass, or weight loss. A thick fibrous capsule contains 
cysts lined by mucin-producing duct-like cells. About 30% of mucinous  
cystic neoplasms have evidence of invasive adenocarcinoma with a variable 
prognosis.

Intraductal papillary mucinous neoplasms are mucin-producing lesions that, 
unlike mucinous cystic neoplasms, communicate with the main pancreatic 
duct. Their intraductal dysplastic epithelium resembles colorectal villous 
adenomas, with papillae covered by columnar epithelium and the occasional 
goblet cell with extensive mucin production. Lesions, which are often confined 
to the head of the pancreas, typically occur in middle-aged men. Symptoms 
can include recurrent unexplained pancreatitis. These neoplasms always contain 
at least low-grade dysplasia and are always premalignant.

Imaging
CT scan with dynamic contrast and thin cuts through the pancreas is the 
imaging procedure of choice when pancreatic adenocarcinoma is suspected. 
CT scans can provide information regarding the presence of metastatic disease, 
vascular invasion, and potential for resection. Malignancy is more common 
when the cyst is greater than 3 cm, has a solid component, or is associated 
with a dilated pancreatic duct, but less clearly associated with its rate of growth 
on several imaging studies. Consensus recommendations13 include MRI of 
pancreatic cysts identified on CT imaging; endoscopic ultrasonography and 
fine-needle aspiration for pancreatic cysts with concerning features on MRI; 
and cytologic and biomarker evaluation of aspirated fluid.14

Endoscopic ultrasound (EUS) may provide additional information useful 
for preoperative assessment, including fine-needle aspiration biopsy under 
endoscopic guidance. It is important to point out that the typical desmoplastic 
reaction that can encase pancreatic adenocarcinomas increases the possibility 
of false-negative biopsy findings. Patients with locally advanced or metastatic 
disease should have their diagnosis confirmed pathologically by fine-needle 
biopsy of the primary site or of a metastasis.

Biomarkers and Screening
Analysis of cyst fluid can correctly identify up to 90% of pancreatic cysts that 
would not require surgery.15 However, so far, no serum- or tumor-based bio-
markers or biomarker panels have been established that are both sensitive 
and specific enough for accurate early detection in clinical practice, although 
there are promising reports of multi-analyte blood tests that can detect and 
localize surgically resectable cancers, including pancreatic cancers.16 CA19.9 
is the most commonly used tumor biomarker for monitoring therapeutic 
progress in pancreatic adenocarcinoma, but the lack of specificity of the assay 
is a concern, and CA19.9 therefore cannot be used for early detection. EUS 
is useful for the evaluation of cystic lesions and permits sampling of cystic 
fluid for genetic markers associated with the development of pancreatic adeno-
carcinoma in cancer-prone families, as well as for cytologic studies. Some data 
suggest a potential benefit from annual screening using MRI, magnetic reso-
nance cholangiopancreatography, or EUS in asymptomatic adults who are 
carriers of the high-risk CDNK2A mutation.17

 CLINICAL MANIFESTATIONS
Symptoms of early pancreatic adenocarcinoma are often subtle and include 
nonspecific gastrointestinal complaints (nausea, vague abdominal pain), fatigue, 
and weight loss of undetermined etiology. Epigastric pain and obstructive 
jaundice often prompt the initial diagnostic work-up of the biliary tree, but 
are frequently late symptoms that are associated with advanced local or region-
ally disseminated disease. Because approximately 75% of pancreatic carcinomas 
are located in the head of the pancreas, clinical presentations are often related 
to compression or invasion of the biliary tree or pancreatic ducts. Deep or 
superficial venous thrombosis (Trousseau syndrome) is not infrequent, either 
early or late in the presentation of pancreatic adenocarcinoma (Chapter 73). 
Observation of a palpably distended gallbladder (from obstruction of the 
distal common bile duct), or Courvoisier sign, is uncommon.

The laboratory abnormalities that accompany pancreatic adenocarcinoma 
at presentation include anemia and elevations of serum bilirubin, alkaline 
phosphatase, and aminotransferases. A majority of patients eventually develop 
signs of obstructive jaundice as well as hyperglycemia, reflective of associated 
diabetes mellitus. Early pancreatic intraepithelial neoplasia lesions are 
asymptomatic.

Preneoplastic cystic lesions of the pancreas often remain asymptomatic. 
Some are discovered on abdominal imaging performed for other purposes, 
with some estimates that 2 to 15% of patients undergoing abdominal magnetic 
resonance imaging (MRI) may have unsuspected pancreatic cysts. Most small 
lesions do not cause symptoms and otherwise would remain undetected unless 
they later caused acute symptoms that would precipitate an abdominal com-
puted tomographic (CT) scan. Large cysts may cause vague symptoms, but 
obstructive jaundice is uncommon.

 DIAGNOSIS
Differential Diagnosis
The differential diagnosis of pancreatic adenocarcinoma includes conditions 
that can present as a solid pancreatic mass, including acute (or an exacerbation 
of chronic) pancreatitis (Chapter 135), ampullary or distal cholangiocarci-
nomas with associated biliary obstruction and jaundice (Chapter 186), and 
nonadenocarcinomatous cystic pancreatic neoplasms (Chapter 135).

A high proportion of incidental cysts among patients without a history of 
pancreatitis are neoplastic. High-resolution CT may provide a presumptive 
diagnosis when characteristic features are present. MRI can identify any com-
munication between the cyst and the pancreatic duct. Endoscopic ultraso-
nography can differentiate benign from malignant lesions if it finds a solid 
mass or invasive tumor.

Cystic Neoplasms
Cystic lesions of the pancreas can be categorized into non-neoplastic (e.g., 
pseudocysts [see Chapter 135]) and neoplastic cystic lesions.10,11 Cystic neo-
plasms can be subcategorized into mucin-producing and non-mucin-producing 
cystic neoplasms.12 Cystic neoplasms that do not produce mucin include serous 
cystadenomas, which do not have increased risk of cancer, papillary cystic 
neoplasms, and cystic pancreatic neuroendocrine tumors.

Normal PanIN-1A PanIN-1B PanIN-2 PanIN-3

p53
DPC4

BRCA2

p16Her-2/new
K-ras

FIGURE 185-1. Genetic progression model of pancreatic adenocarcinoma. Molecular 
changes in the development of pancreatic ductal adenocarcinoma begin with early changes 
that include telomere shortening and development of mutations in KRAS; these are fol-
lowed by loss of p16 function and expression of cyclin D1. Late changes include expression 
of p53 and loss of SMaD4/DPc4. Panin = pancreatic intraepithelial neoplasia. 

Cystic Neoplasms
Patients with pancreatic cysts that have concerning features are commonly 

offered surgical resection (Table 185-1),18,19 whereas patients without features 
that would warrant resection should undergo MRI surveillance, probably every 
2 years, for up to 5 years. Whereas serous cystadenomas are benign abnormali-
ties that do not connect to pancreatic ducts and warrant surgery only if symp-
tomatic, mucinous cystadenomas are precursors of pancreatic adenocarcinoma 
and often occur in the tail of the pancreas, more frequently in women in their 
40s; they are overtly malignant in 15% of patients and require surgical resec-
tion. Intraductal papillary mucinous neoplasms of the pancreas occur in the 

TREATMENT 
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The overall 5-year survival for all patients with pancreatic cancer is less than 
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population, and presenting symptoms are vague. T-cell immunity has been 
linked to the exceptional outcome of the few long-term survivors, and recently 
neoantigen quality has been identified as a biomarker for immunogenic tumors 
that may guide future immunotherapies.24 Once patients are diagnosed, only 
15 to 20% present with resectable, and thus potentially curable, disease. In 
these patients, the somatostatin analogue pasireotide (900 mg subcutaneously 
twice daily for 7 days beginning in the morning of surgery) can reduce the 
risk of fistula leak with abscess by 50%. A12  However, even in patients with 
early-stage disease, median survival is 20 to 24 months, with a 5-year survival 
of only 15 to 20% because the majority will eventually recur despite surgery 
and adjuvant or neoadjuvant therapy. Patients with locally advanced (≈25 to 
30% at presentation) and metastatic disease (≈50 to 60% at presentation) 
have median survivals of 8 to 14 months and 4 to 6 months, respectively. 
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boembolic complications, and thromboprophylaxis with enoxaparin has been 
shown to be highly effective and feasible in these patients. A13  Because many 
patients suffer from biliary obstruction, diarrhea, pain, and malnutrition, pal-
liative care can provide great benefit. Surgery can also play an important pal-
liative role; patients found to be unresectable may be improved symptomatically 

TABLE 185-1 GUIDELINES FOR ASYMPTOMATIC INCIDENTAL 
PANCREATIC CYSTS

CYST MANAGEMENT STRATEGY
Either (a) a solid component and 

dilation of the main pancreatic duct 
or (b) suspicious EUS-guided FNA

Surgery: if high-grade dysplasia or cancer, 
follow-up MRI every 2 years 
postsurgery; if benign, no follow-up 
required.

≥2 of (a) size ≥3 cm, (b) solid 
component, (c) dilation of main 
pancreatic duct

EUS-guided FNA; if positive, surgery; if 
negative, MRI every 2 years.

Size <3 cm, no solid component, no 
dilation of main pancreatic duct

MRI at 1, 3, and 5 years: if changes, 
EUS-guided FNA; if stable at 5 years, 
discontinue screening.

EUS = endoscopic ultrasound; FNA = fine needle aspiration; MRI = magnetic resonance imaging.
Vege SS, Ziring B, Jain R, et al. American Gastroenterological Association Institute Guideline on  
the Diagnosis and Management of Asymptomatic Neoplastic Pancreatic Cysts. Gastroenterology. 
2015;148:819-822.

TABLE 185-2 SELECTED METASTATIC PANCREATIC CANCER STUDIES
STUDY CHEMOTHERAPY RESPONSE RATE (% PARTIAL RESPONSE) MEDIAN SURVIVAL (MO) 1-YEAR SURVIVAL (%)
Burris (1997)*
N = 126

5-FU v. gem NR 4.4 v. 5.6 (P = .0025) 2 v. 18

Cunningham (2009)†

N = 533
Gem ± capecitabine 14 v. 7 (P = .008) 7.4 v. 6 (P < .05) 26 v. 19

Conroy (2011)‡

N = 343
Gem v. FOLFIRINOX 9 v. 32 6.8 v. 11.1 (P < .0001) 17 v. 36

Van Hoff (2013)§

N = 861
Gem ± nab-paclitaxel 23 v. 7 8.5 v. 6.7 (P < .001) 35 v. 22 (P < .001)

5-FU = 5-fluorocil; FOLFIRINOX = combination chemotherapy with oxaliplatin, irinotecan, fluorouracil, and leucovorin; gem = gemcitabine; NR = not reported.
*Burris H, Storniolo AM. Assessing clinical benefit in the treatment of pancreas cancer: gemcitabine compared to 5-fluorouracil. Eur J Cancer. 1997;33 Suppl 1:S18-S22.
†Cunningham D, Chau I, Stocken DD, et al. Phase III randomized comparison of gemcitabine versus gemcitabine plus capecitabine in patients with advanced pancreatic cancer. J Clin Oncol. 2009;27:5513-5518.
‡Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer. N Engl J Med. 2011;364:1817-1825.
§Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in pancreatic cancer with nab-paclitaxel plus gemcitabine. N Engl J Med. 2013;369:1691-1703.

head of the organ, are often polycystic, and contain malignant elements in 
about 40% of patients; all patients with this lesion require surgery.

Resectable Pancreatic Cancer
Surgery offers the only chance to cure pancreatic cancer.20 Tumors are con-

sidered resectable if a clear fat plane is present around the celiac and superior 
mesenteric arteries, and if the mesenteric and portal veins are patent. Unfor-
tunately, tumor will recur in the majority of patients who undergo resection. 
Adjuvant therapy is indicated to decrease the risk and delay the timing of 
locoregional and metastatic recurrence. It is typically started 1 to 2 months 
after surgery to allow the patient to recover from the complications associated 
with the underlying cancer as well as from surgery itself. Among patients who 
have undergone macroscopic complete removal of pancreatic cancer, adjuvant 
gemcitabine for 6 months increases disease-free survival (from 6.7 months to 
13.4 months) and overall survival (to 21% at 5 years and 12% at 10 years) 
compared with no chemotherapy. A1  Data from Japan suggest that a combina-
tion of tegafur (a fluorouracil prodrug), gimeracil, and oteracil may be even 
better. A2  More recently, the ESPAC-4 trial showed that adjuvant gemcitabine 
plus capecitabine increases the median overall survival (from 25.5 months to 
28.0 months) compared with gemcitabine monotherapy. A3  FOLFIRINOX (oxali-
platin, irinotecan, fluorouracil, and leucovorin) can provide significantly longer 
survival (63% vs. 49% disease free at 3 years) than gemcitabine among patients 
with resected pancreatic cancer, but the rate of serious side-effects is also 
significantly higher. A4  Chemoradiation plus chemotherapy is less effective in 
prolonging survival and is more toxic than chemotherapy. A5 

,
 A6 

Neoadjuvant (presurgical) therapy remains an option in the treatment of 
pancreatic cancer.21 It has the potential to downstage patients of borderline 
resectability who achieve a partial response with therapy, allowing them to 
undergo surgery with a higher likelihood of complete resection. A7  In fact, 15 
to 40% of patients who initially present with borderline or unresectable tumors 
may eventually be deemed appropriate to undergo surgery. In addition, neo-
adjuvant therapy spares some patients the risks and stress of a complex surgical 
procedure, because rapidly developing metastatic disease may be detected 
by routine restaging following the completion of neoadjuvant treatment. Unfor-
tunately, chemotherapy-resistant cancer can be demonstrated in 15 to 35% of 

patients initially considered for surgery in this setting. The use of neoadjuvant 
treatment also guarantees that almost all patients will receive some form of 
chemotherapy or chemoradiation because they do not have any postoperative 
complications from which to recover. Studies show that 73 to 100% of patients 
are able to complete the majority of their neoadjuvant regimens. The chemo-
radiation component of neoadjuvant therapy also decreases local recurrence 
rates in patients who undergo surgery.

However, surgery is required for cure, and neoadjuvant therapy does delay 
potentially curable surgery. Although the same percentage of patients ultimately 
undergo surgery, there are no randomized trials favoring neoadjuvant over 
adjuvant treatment. Therefore, at this time neoadjuvant therapy is usually 
reserved for borderline resectable patients, whereas resectable patients are 
taken to surgery immediately, with adjuvant therapy administered following 
recovery. Patients treated with either adjuvant or neoadjuvant therapy have 
similar survival rates when resection can be completed successfully. Decisions 
regarding initial treatment should, if possible, be made in a multidisciplinary 
manner to achieve the most timely and coordinated therapy.

Metastatic Disease
First line therapy for metastatic pancreatic cancer22 is FOLFIRINOX A8  or gem-

citabine plus NAB-paclitaxel A9  (Table 185-2). Nanoliposomal irinotecan in com-
bination with fluorouracil and folinic acid extends survival with a manageable 
safety profile in patients with metastatic pancreatic adenocarcinoma who 
previously received gemcitabine-based therapy. A10  Gemcitabine has also been 
combined with targeted therapies, such as the EGFR inhibitor erlotinib, but 
with inconsistent effects A11  on overall survival.



by a biliary or gastric bypass procedure, depending on the site of obstruction. 
Placement of both biliary and duodenal stents in the absence of a surgical 
approach may also improve pruritus, pain, or other complications of biliary 
tract obstruction. Palliative care for patients with pancreatic adenocarcinoma 
necessitates scrupulous attention to pain management that often requires a 
multidisciplinary approach, as well as maintenance of hydration and adequate 
nutritional status.
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Answer: D The symptoms of early pancreatic cancer are often subtle, and 
there may be no abnormal findings on physical exam. Although extensive 
pancreatic cancer could potentially cause portal vein or splenic vein thrombosis, 
compromise of the spleen’s arterial supply to cause splenic infarction is not 
characteristic. Hyperglycemia and even frank clinical type 2 diabetes mellitus 
may be a harbinger of occult pancreatic cancer, and its onset may antedate 
the cancer diagnosis by months. Courvoisier sign, a palpably distended gall-
bladder, is a striking physical finding resulting from distal common bile duct 
obstruction due to pancreatic cancer, although it is very rare. Obstructive 
jaundice that is often painless is, however, a common presenting manifestation 
because 75% of pancreatic cancers are located in the head of the pancreas. 
Superficial thrombophlebitis, particularly when it is migratory in nature (called 
Trousseau syndrome), is frequently a sign of occult cancer, with pancreatic 
cancer being among the most common.

3. Which of the following approaches provides the best results in increasing 
survival after surgery for pancreatic cancer?
 A. Radiation therapy
 B. Combined chemoradiation therapy and chemotherapy
 C. Gemcitabine or 5-fluorouracil
 D. Biologic agents
 E. Unfortunately, no current therapy increases survival after surgery.

Answer: C A recently published meta-analysis of several clinical trials has 
shown that chemotherapy with 5-fluoruracil or gemcitabine is the currently 
optimum adjuvant treatment for pancreatic adenocarcinoma and reduces 
mortality after surgery by about a third. Adjuvant radiation therapy alone or 
combined chemoradiation and chemotherapy are less effective in prolonging 
survival and are more toxic than chemotherapy with 5-FU or gemcitabine. 
Biologic agents are not known to be effective at this time.

REVIEW QUESTIONS

1. Which of the following is not a known risk factor for pancreatic cancer?
 A. Chronic proton pump inhibitor therapy
 B. Positive family history
 C. Cigarette smoking
 D. Obesity
 E. Chronic pancreatitis

Answer: A Gastrectomy, much more commonly performed in the past for 
refractory peptic ulcer disease, was considered to be a risk factor for pancreatic 
cancer; however, there is no evidence that medical therapy for it (e.g., with 
proton pump inhibitors) poses a risk. Approximately 10% of pancreatic cancer 
cases occur in families with a positive history. Cigarette smoking, even second-
hand, has been clearly linked to pancreatic cancer risk. Obesity is associated 
with increased risk for a variety of cancers, including pancreatic. The long-
known risk of pancreatic cancer with chronic pancreatic inflammation is now 
being elucidated at the molecular level as a function of the action of pro-
inflammatory cytokines on progression from premalignant lesions to advanced 
tumor. (See Epidemiology.)

2. Which of the following is not known to be a clinical manifestation of pan-
creatic cancer?
 A. Diabetes mellitus
 B. Courvoisier sign
 C. Superficial thrombophlebitis
 D. Splenic infarction
 E. Obstructive jaundice
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186 
LIVER AND BILIARY TRACT CANCERS
ROBIN K. KELLEY AND ALAN P. VENOOK

Malignancies arising from the liver parenchyma and biliary ductal epithelium 
are a heterogeneous group of cancers with generally poor prognosis, whose 
treatment is complicated by underlying liver injury, cirrhosis, or biliary obstruc-
tion in the majority of cases. These cancers collectively represent the second 
leading cause of cancer death worldwide and are rising in incidence, requiring 
clinician awareness of their presentation, evaluation, and treatment.

 DEFINITION
Cancers arising from the liver and biliary tract include hepatocellular carcinoma 
(HCC), cholangiocarcinoma, and gallbladder adenocarcinoma, as well as other 
less common malignant histologies (E-Table 186-1, Fig. 186-1). Cholangio-
carcinomas are further subclassified by their anatomic location along the biliary 
tract: intrahepatic (also known as peripheral) or extrahepatic, which includes 
hilar (also known as Klatskin tumors) and distal locations. The liver is a fre-
quent site of metastasis from other primary cancers, requiring consideration 

of metastatic disease in the differential diagnosis of liver tumors. This chapter 
focuses on primary malignant tumors of the liver and biliary tract; metastatic 
disease to the liver is presented in other chapters, according to primary site 
of origin.

 EPIDEMIOLOGY
Hepatocellular Carcinoma
HCC1 is the most common primary tumor of the liver and the second leading 
cause of cancer death worldwide,2,3 accounting for approximately 782,000 
new cases and 746,000 deaths each year based on estimates from 2012. More 
than 80% of HCC cases occur in developing countries (Fig. 186-2), owing 
to an increased prevalence of HCC risk factors, particularly hepatitis B virus 
(HBV) and hepatitis C virus (HCV), though rates are also increasing in devel-
oped nations (Chapters 139 and 140, E-Table 186-2). HBV and HCV together 
historically have accounted for more than 80% of all HCC cases worldwide, 
though risk factors for nonalcoholic fatty liver disease (NAFLD), including 
diabetes and obesity, now account for the greatest proportion of HCCs in the 
United States,4 ahead of alcohol-related disorders5 and HCV.

Obesity, diabetes, and the metabolic syndrome are risk factors for NAFLD, 
a condition of rising incidence, particularly in Western populations, which 
can lead to steatohepatitis, cirrhosis, and HCC.6 HCCs associated with NAFLD 
and alcoholic liver disease show a similar clinical course, even though the 
characteristic features underlying these two diseases are different. HCC in 
patients with nonalcoholic liver disease before the development of cirrhosis 
is more likely to present at an older age with a larger tumor burden and higher 
rates of tumor recurrence than in patients who already have cirrhosis.7

HBV is endemic in regions including Asia and sub-Saharan Africa and can 
be vertically transmitted from mother to fetus in utero. HCV, which may be 
acquired by intravenous drug abuse or from blood transfusion, is another 
important risk factor for HCC, leading to an estimated HCC incidence of 2 
to 8% per year among patients with cirrhosis caused by HCV. Other risk 
factors for HCC include hepatitis D virus (which requires coinfection with 
HBV for pathogenicity), hereditary hemochromatosis, α1-antitrypsin deficiency, 
primary biliary cirrhosis, autoimmune hepatitis, male gender, and dietary 
exposure to fungal aflatoxins.

Biliary Tract Cancers
Although classified as a rare cancer, cholangiocarcinoma is the most common 
primary biliary tract malignancy and the second most common primary cancer 
of the liver after HCC. The incidence of intrahepatic cholangiocarcinoma 
appears to be increasing. Although most cases are sporadic, there is an increased 
risk for cholangiocarcinoma with the following conditions or exposures: primary 
sclerosing cholangitis, inflammatory bowel disease, viral hepatitis, congenital 
choledochal cysts or other structural abnormalities of the biliary tract, chronic 
pancreatitis, obesity, fluke infections and other causes of chronic cholangitis, 
bile duct adenomas, Caroli disease, and diabetes mellitus.

Gallbladder adenocarcinomas are rare in the United States8 but account 
for 178,100 cases per year worldwide based on estimates from 2012. There 
is significant regional variation in incidence, with higher incidence reported 
in India and areas of South America and Asia. Risk factors for gallbladder 
adenocarcinoma include female gender, chronic cholelithiasis, chronic cho-
lecystitis, history of gallbladder polyps, and abnormalities of the common 
bile duct. Calcification of the gallbladder (“porcelain gallbladder”) is often 
considered a risk factor, but it is only weakly associated with the development 
of cancer.9

Other Primary Liver Cancers
Other primary tumors of the liver are much less common, with poorly under-
stood risk factors. Chronic inflammatory conditions, including viral hepatitis, 
may be associated with the development of combined-histology liver tumors. 
Exposure to polyvinyl chloride has been implicated in the development of 
hepatic angiosarcomas. The fibrolamellar variant of HCC may occur more 
commonly in females. Hepatoblastoma tumors occur in infants and children, 
but almost never in adults.

 PATHOBIOLOGY
Hepatocellular Carcinoma
HCC is an epithelial neoplasm that arises from malignant transformation of 
liver hepatocytes (Fig. 186-3A and B). The pathogenesis of HCC is thought 
to be a multistep process triggered by underlying liver injury (such as from 
viral hepatitis, steatohepatitis, alcohol, iron overload, or aflatoxin exposure) 
in the majority of cases. Subsequent inflammation, necrosis, regeneration, 
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ABSTRACT
Malignancies arising from the liver parenchyma and biliary ductal epithelium 
are a heterogeneous group of cancers with generally poor prognosis. Risk 
factors include chronic liver injury from conditions such as viral hepatitis, 
alcohol, and nonalcoholic fatty liver disease, though some cases are idiopathic. 
These cancers collectively represent the second leading cause of cancer death 
worldwide and are rising in incidence. Hepatocellular carcinoma, the most 
common primary liver cancer which arises from the liver parenchyma, may 
be curable by surgery or transplantation if diagnosed at early stages. More 
advanced stages are treated by liver-directed therapies such as chemoembo-
lization or by systemic therapy with multikinase inhibitors, including sorafenib, 
lenvatinib, regorafenib, and cabozantinib, which can prolong survival. Immu-
notherapy with the checkpoint inhibitors nivolumab and pembrolizumab have 
shown the potential for durable tumor response in advanced hepatocellular 
carcinoma, and clinical trials are ongoing to establish the role of immuno-
therapy in this disease. Cholangiocarcinoma and gall bladder carcinoma are 
tumors which arise from the biliary tract. These tumors are often complicated 
by biliary obstruction and infection requiring multidisciplinary management. 
If diagnosed at early stages, biliary cancers can be curable by surgical approaches 
in a subset of patients, though there is a high risk of recurrence. Advanced or 
unresectable biliary cancers are treated with chemotherapy, with the combina-
tion of gemcitabine plus cisplatin as a standard first line regimen. Molecularly 
targeted therapies are being studied in genetic subgroups of cholangiocarcinoma 
which can harbor mutations such as FGFR2 fusions and IDH1 mutations.
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E-TABLE 186-1 PRIMARY MALIGNANT TUMORS OF THE 
LIVER AND BILIARY TRACT

TUMOR TYPE
APPROXIMATE ANNUAL 

INCIDENCE
Hepatocellular carcinoma 782,000 cases/yr worldwide*
Gallbladder carcinoma 145,000 cases/yr worldwide
Cholangiocarcinoma 9810 cases/yr in U.S.†

Mixed hepatocellular-cholangiocarcinoma Rare
Fibrolamellar hepatocellular carcinoma Rare
Cystadenocarcinoma Rare
Hepatic endothelioid hemangioendothelioma Rare
Angiosarcoma and other sarcomas Rare
*Includes cases of intrahepatic cholangiocarcinoma.
†Includes cases of gallbladder cancer and excludes cases of intrahepatic cholangiocarcinoma.

E-TABLE 186-2 RISK FACTORS FOR HEPATOCELLULAR 
CARCINOMA

RISK FACTOR
INCIDENCE OF HEPATOCELLULAR 

CARCINOMA*

Asian male HBV carriers over age 40 0.4-0.6%/yr
Asian female HBV carriers over age 50 0.3-0.6%/yr
HBV carrier with family history of HCC Higher incidence than without family 

history
African/North American blacks with HBV HCC occurs at younger age
HBV carriers with cirrhosis 3-8%/yr
HCV cirrhosis 3-5%/yr
Stage 4 primary biliary cirrhosis 3-5%/yr
Hereditary hemochromatosis with cirrhosis Unknown
α1-Antitrypsin deficiency with cirrhosis Unknown
Other-cause cirrhosis Unknown
Modified from Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. 
Hepatology. 2011;53:1020-1022.
*Data from Nordenstedt H, White DL, El-Serag HB. The changing pattern of epidemiology in 
hepatocellular carcinoma. Digest Liver Dis. 2010;42(Suppl 3):S206-S214.
HBV = hepatitis B virus; HCV = hepatitis C virus; HCC = hepatocellular carcinoma.
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FIGURE 186-1. Anatomy of the liver and biliary tract. Hepatocellular carcinoma arises from liver parenchyma, and cholangiocarcinomas arise from the biliary ductal epithelium 
within (intrahepatic or peripheral) or outside of (extrahepatic) the liver. Tumors arising from the confluence of the right and left bile duct at the hepatic hilum are called hilar cholan-
giocarcinoma or Klatskin tumors. 

Estimated age-standardized incidence rate per 100,000
Liver: both sexes, all ages

< 2.5 < 4.0 < 5.8 < 9.2 < 94.4

FIGURE 186-2. Global incidence of liver cancer. The incidence of liver cancer is highest in less developed regions, particularly eastern and south-eastern asia and Middle and Western 
africa. 

cell turnover, and proliferation10 result in the progressive accumulation of 
genetic damage and somatic (acquired) mutations. Activation of oncogenes 
or inactivation of tumor suppressor genes, dysplasia, and subsequently 
carcinoma can arise. Analysis of a cohort of 363 HCC cases as part of the 
Cancer Genome Atlas identified promoter mutations resulting in activation of 
the TERT gene, which encodes telomerase reverse transcriptase in approxi-
mately 44% of cases; inactivation of the tumor suppressor TP53 in 31% of 
cases; or activation of the oncogene β-catenin (CTNNB1) gene in 27% of 

cases. Alterations in Wnt, cell cycle, and chromatin-remodeling pathways have  
been described.

Biliary Tract Cancers
Cholangiocarcinomas are a histologically diverse group of epithelial cancers 
that may arise from multiple different cell types within the liver, including 
biliary epithelial cells or hepatic progenitor cells, and are often surrounded 
by a dense stroma with cancer-associated fibroblasts (see Fig. 186-3C). 
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In HBV-associated HCC, a unique mechanism of malignant transformation 
is direct viral DNA integration into the host genome, which appears to favor 
specific loci, including the TERT gene promoter, leading to activation of TERT 
similarly to promoter mutation events.
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Diagnosis and Staging
General Considerations
The approach to patients with a liver mass requires assessment of risk factors 
and extent of any underlying liver disease. The diagnostic evaluation, staging, 
and treatment options are guided by whether underlying liver disease is present 
as well as by its extent. The differential diagnosis for HCC and biliary tract 
cancers includes benign liver lesions (such as hemangiomas, adenomas, 
abscesses, and regenerative nodules), malignant tumors of other primary 
liver histologies, mixed-histology tumors, and metastatic disease. It is recom-
mended that diagnostic evaluation and procedures in patients with hepatobili-
ary tumors be performed at expert centers because of the unique interplay 
of underlying liver disease, disease-specific imaging findings and staging, and 
risks of liver tumor biopsy in the potentially curable subset of patients with  
localized tumors.

Hepatocellular Carcinoma
In some patients, clinical manifestations as described earlier may prompt 
imaging that identifies a liver mass, leading to biopsy for histologic diagnosis 
or, in some cases, a radiographic diagnosis if the tumor imaging findings meet 
the criteria described later. In patients with known cirrhosis or other risk 
factors for HCC (see E-Table 186-2), a liver tumor also may be identified in 
the absence of other signs or symptoms of cancer in patients with HCC risk 
factors undergoing surveillance by imaging and/or serum AFP monitoring. 
A randomized controlled trial of surveillance by ultrasound and AFP every 6 
months compared with no surveillance in a large, predominantly HBV-positive 
Chinese population showed a survival benefit from surveillance, although the 
benefit has not been proved in randomized trials in other populations. A sys-
tematic review and meta-analysis including 15,158 patients with cirrhosis 
found that regular surveillance for HCC with ultrasound and/or AFP moni-
toring was associated with prolonged survival and earlier stage of HCC at 
diagnosis compared with no surveillance. A1 

HCC is unique in oncology in that a diagnosis can be made radiographically 
without tumor tissue sampling in the appropriate clinical context.12 Either 
magnetic resonance imaging (MRI) or computed tomography (CT) is recom-
mended for diagnostic evaluation of liver tumors with multiple phases of 
contrast administration (including arterial, portal venous, and delayed phases). 
In patients with risk factors for HCC (see E-Table 186-2), a nodule of at least 
1 cm featuring arterial phase enhancement with decreased enhancement during 
the portal venous phase of contrast (known as “washout”) is sufficient for a 
radiographic diagnosis of HCC. The bright arterial enhancement of HCC 
lesions on contrast-enhanced imaging studies is due to the propensity of this 
tumor to parasitize blood supply from the hepatic artery, while the normal 
hepatic parenchyma derives the majority of its blood supply from the portal 
vein. This results in HCCs “washing out” as the background liver brightens 
during the later portal venous phase. Figure 186-4A and B depicts the classic 
arterial enhancement (part A) and portal venous washout (part B) of an HCC 
tumor within a cirrhotic liver. Of note, an elevated AFP level is not sufficiently 
sensitive or specific for diagnosis of HCC in cirrhotic patients with a liver 
mass. A biopsy is warranted to confirm the diagnosis of HCC if diagnostic 
imaging criteria are not met. When the first biopsy is inconclusive in patients 
with liver nodules found during the follow-up for chronic liver disease (e.g., 
fibrosis or no definitive focal lesion), a second biopsy of a suspicious lesion 
has been found to yield a diagnostic specimen at a rate no less than the first 
biopsy.13 In patients with small lesions who may be eligible for curative surgery 
or transplantation, consultation with a hepatologist and/or experienced liver 
surgeon should be obtained before performing percutaneous biopsy to 

Cholangiocarcinomas are associated with underlying inflammation and cho-
lestasis, which activate growth factors and a proliferative response. Overex-
pression of Notch1 and AKT has been implicated in a process of hepatocyte 
conversion into cholangiocyte precursors of intrahepatic cholangiocarcinoma. 
Molecular and genomic subtypes of biliary tract cancers can also be defined by 
mutational status (such as isocitrate dehydrogenase-1 [IDH1] gene mutation 
and fibroblast growth factor receptor-2 [FGFR2] gene fusions, which each 
occur in approximately 15% of intrahepatic cholangiocarcinomas) and gene 
expression profiles.11

 CLINICAL MANIFESTATIONS
General Considerations
Regardless of histologic subtype, primary tumors of the liver can manifest 
with right upper quadrant pain, mass effect causing early satiety or obstructive 
symptoms, nausea, bleeding, and biliary obstruction. All of these tumors have 
metastatic potential; thus, presentation with constitutional symptoms (such 
as weight loss, fevers, or night sweats) and signs or symptoms of metastatic 
disease (such as bone pain or a pathologic fracture) is also possible, though 
less common. Paraneoplastic syndromes are rare in hepatobiliary cancers but 
can include erythrocytosis from erythropoietin production by tumor and 
hypercalcemia of malignancy (Chapter 169).

Hepatocellular Carcinoma
The clinical presentation of HCC can vary according to the extent of tumor 
and underlying liver dysfunction. Some patients may be asymptomatic, par-
ticularly when diagnosed by surveillance imaging and/or α-fetoprotein (AFP) 
tumor marker elevation. In some cases, patients present with symptoms of 
worsening liver function and portal hypertension (Chapter 144), such as new 
ascites, encephalopathy, gastrointestinal bleeding, or jaundice, as a result of 
hepatic decompensation triggered by a growing tumor. This presentation is 
more common if there is associated portal vein thrombosis. In other cases, 
there may be chronic progressive upper abdominal pain because of tumor 
involvement of the sensitive liver capsule, sudden onset acute pain from tumor 
bleeding or rupture, or a palpable mass leading to the diagnosis of HCC. 
Constitutional symptoms such as cachexia, fatigue, and weight loss may be 
present with advanced stages. On physical examination, patients with HCC 
may have an enlarged liver with tenderness. Particularly in large and rapidly 
growing tumors, a bruit may be auscultated over the liver surface. Ascites, 
jaundice, signs of portal hypertension such as caput medusae and splenomegaly, 
and asterixis may be variably present if there is decompensation in hepatic 
function. The tumor marker AFP is elevated in approximately 70% of cases 
but is not diagnostic (see later discussion).

Biliary Tract Cancers
Extrahepatic cholangiocarcinomas most often manifest with signs and symp-
toms of biliary obstruction, such as jaundice, pruritus, pale stools, dark urine, 
anorexia, nausea, and weight loss. Intrahepatic cholangiocarcinomas can also 
cause obstruction, but generally only when there is extensive disease present. 
Less commonly, complications such as biliary fistulas and hemobilia can occur. 
Gallbladder cancers are often diagnosed incidentally during cholecystectomy 
but in some cases can be associated with right upper quadrant pain, biliary 
colic, or a tender, palpable mass. Biliary obstruction can lead to infections of 
the biliary tract, or cholangitis, with symptoms including right upper quadrant 
pain, fever, chills, nausea, vomiting, and jaundice. Cholangitis can lead to 
complications such as abscess, bacteremia most commonly with gram-negative 
enteric pathogens, and sepsis syndrome.

A B CA B

FIGURE 186-3. Histology of hepatocellular carcinoma and cholangiocarcinoma. A, Hepatocellular carcinoma (40×) with clear cell features and Mallory hyaline inclusions (arrows). 
B, Hepatocellular carcinoma (40×) with trabecular pattern and small cell change. C, Hilar cholangiocarcinoma (20×) with dense fibrous stromal reaction. (courtesy dr. Linda Ferrell, 
department of Pathology, University of california, san Francisco.)

TREATMENT 
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evaluate candidacy for surgical resection and avoid the rare risk for tumor 
seeding with the biopsy (see Fig. 186-4).

Once a patient has been radiographically and/or pathologically diagnosed 
with HCC, the staging for extent of disease requires cross-sectional imaging 
of the chest, abdomen, and pelvis, AFP measurement, and a bone scan if 
symptoms or signs of bone metastases (such as bone pain or markedly elevated 
alkaline phosphatase value) are present. The staging of HCC also requires a 
thorough assessment of underlying liver function, which affects prognosis 
and treatment options independent of tumor extent. Several HCC-specific, 
joint tumor staging and liver disease scoring systems have been developed, 
including the Barcelona Clinic Liver Cancer (BCLC) staging system, the Hong 
Kong Liver Cancer (HKLC) staging system, the Okuda classification, and 
the Cancer of the Liver Italian Program (CLIP) scoring system, though there 
is no consensus regarding which is superior.

Other Liver Tumors and Biliary Tract Cancers
For patients with liver tumors without known risk factors for HCC, and/or 
if diagnostic enhancement features of HCC are absent, pathologic confirma-
tion by biopsy or cytologic examination is required for diagnosis. Because 
there is a rare risk for tumor seeding of the needle track by percutaneous or 
endoluminal biopsy, referral to an expert center is recommended to guide the 
diagnostic evaluation in potential surgical candidates.

Endoluminal approaches such as by endoscopic retrograde cholangiopan-
creatogram (ERCP) cytologic brushing or endoscopic ultrasound fine-needle 
aspiration are preferred in patients with early stages of disease that may be 
amenable to curative surgery or transplantation. Staging of biliary tract and 
other rarer types of liver cancer generally includes cross-sectional imaging of 
the chest, abdomen, and pelvis. A mass in the gallbladder fossa suggests primary 
gallbladder cancer. Unlike HCC, cholangiocarcinomas characteristically display 
progressive enhancement during the portal venous phase of contrast imaging 
(Fig. 186-5). Biliary obstruction and ipsilateral hepatic lobe atrophy and con-
tralateral hypertrophy may be present and can sometimes obscure identification 
of the actual tumor mass. For biliary tract cancers, CA-19-9 and carcinoem-
bryonic antigen (CEA) tumor markers may be elevated and can help to monitor 
response to treatment, although levels can be confounded if biliary obstruction 
and hyperbilirubinemia are present. Upper and lower endoscopy are indicated 
to exclude metastatic disease in patients diagnosed with intrahepatic cholan-
giocarcinoma, which otherwise can be difficult to discriminate from metastatic 
disease radiographically and histologically. Cholangiography (by ERCP or 
magnetic resonance cholangiogram) may be indicated for both diagnostic and 
therapeutic purposes (such as stent placement), particularly if biliary obstruc-
tion is present. A diagnostic laparoscopy to exclude peritoneal disease should 
be considered before undertaking a laparotomy for curative resection in patients 
with newly diagnosed gallbladder adenocarcinoma and cholangiocarcinoma, 
because of the propensity for radiographically occult peritoneal metastases, 
which would affect surgical decision making. Staging of biliary tract cancers 
and other liver tumors follows the tumor-node-metastasis (TNM) system of 
the American Joint Committee on Cancer.

A B

FIGURE 186-4. Imaging of hepatocellular carcinoma. in this contrast-enhanced computed tomography scan of the liver of a patient with hepatocellular carcinoma, a tumor in the 
right hepatic lobe demonstrates arterial phase enhancement (arrow, A) followed by “wash-out” in the portal venous phase (arrow, B). 

FIGURE 186-5. Imaging of cholangiocarcinoma. This computerized tomography image 
with contrast in portal venous phase depicts an infiltrative hilar cholangiocarcinoma 
(Klatskin tumor) extending into the left hepatic lobe (white arrow) with an endobiliary 
stent in place (black arrow). 

General Considerations
The treatment of patients with hepatobiliary cancers requires management 

of underlying liver disease or obstruction as well as the tumor itself. In patients 
with active HBV infection or prior exposure, close monitoring of liver function 
and viral load is advisable; antiviral therapy may be required to prevent reac-
tivation, which can occur with immunosuppressive therapy (Chapter 32). Man-
agement of liver tumors in patients with cirrhosis may necessitate treatment 
for complications of portal hypertension or liver dysfunction (Chapter 144). In 
patients with biliary tract cancers, biliary obstruction is a common complication 
that often requires endoscopic stent placement, percutaneous drainage, or 
antibiotic therapy if cholangitis develops. Chemotherapy and supportive care 
medications may need dose adjustments depending on the degree of liver 
dysfunction.

Hepatocellular Carcinoma
The treatment of early stages of HCC depends on the degree of liver dysfunc-

tion. In the subset of patients with localized HCC and preserved liver function 
without significant portal hypertension, surgical resection can be curative with 
5-year survival rates of approximately 60 to 80% in carefully selected patients. 
Among patients with increasing degrees of portal hypertension, however, 

TREATMENT 
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FIGURE 186-6. Transarterial chemoembolization (TACE) of hepatocellular carcinoma. 
This common hepatic artery angiogram from a 42-year-old woman with hepatitis B shows 
two distinct areas of “tumor blush” corresponding to underlying hepatocellular carcinoma 
lesions (arrows) that were treated by Tace. (courtesy dr. nicholas Fidelman, department 
of interventional radiology, University of california, san Francisco.)

surgical outcomes are significantly poorer than in patients without portal hyper-
tension. For individuals with contraindications to surgery or inadequate projected 
future liver remnant function, ablation of small tumors using probes that convey 
radiofrequency or microwaves, or by ethanol injection, can provide long-term 
control and is sometimes curative. Unlike some cancers including biliary tract 
or colorectal cancer, in which additional systemic therapy after surgery can 
increase recurrence-free survival, there is no evidence that “adjuvant” systemic 
therapy improves outcomes after surgery or ablation for HCC. The large, ran-
domized phase III STORM trial showed no benefit from adjuvant therapy with 
the multikinase inhibitor sorafenib after resection or ablation of early-stage 
HCC tumors. A2 

For patients with early stages of HCC by the Milan criteria (one lesion ≤5 cm 
or up to 3 lesions ≤3 cm each, without any evidence of vascular involvement 
or extrahepatic spread) who are not candidates for resection due to tumor 
location or inadequate hepatic reserve, orthotopic liver transplantation is an 
approved treatment with potential for long-term survival similar to that of 
patients undergoing transplantation for cirrhosis without cancer present while 
treating the underlying liver dysfunction by replacement with a new liver. 
Extended criteria with parameters including larger tumor sizes may be accepted 
for transplantation at selected centers, often accompanied by liver-directed 
treatments such as embolization or ablation to control tumor burden during 
the period patients are waiting for transplant.

When the HCC tumor burden exceeds criteria for transplantation or surgery 
but remains limited to the liver (BCLC intermediate stage), liver-directed thera-
pies are commonly employed to delay progression and prolong survival, although 
these treatments are not likely to be curative. Transarterial chemoembolization 
(TACE) is the most common approach; it delivers embolic material, usually 
mixed with chemotherapeutic agents, via arterial catheters directly to vascular 
tumors within the liver (Fig. 186-6). Randomized clinical trials have demonstrated 
a survival benefit with TACE for intermediate-stage HCC. A3  The optimal embolic 
material and chemotherapeutic agents for TACE have not yet been defined. A 
randomized phase II trial of bland embolization with embolic beads versus 
chemoembolization with doxorubicin-loaded beads showed no significant dif-
ference in response rate, progression free-survival, or overall survival between 
treatment arms. A4  Radioembolization using yttrium-90 bound to glass or resin 
microspheres is another arterially delivered therapy that may be employed in 
intermediate-stage HCC.14

For patients with more advanced stages of HCC, conventional cytotoxic 
chemotherapy agents do not improve survival.15 The multikinase inhibitor 
sorafenib, which targets Raf kinase and vascular endothelial growth factor 
receptor (VEGFR), was the first systemic therapy agent to significantly prolong 
survival compared with placebo in two randomized phase III clinical trials, 
though tumor shrinkage was achieved in fewer than 5% of patients. Several 
other multikinase inhibitors with antiangiogenic activity have not improved 
outcomes over sorafenib, though lenvatinib, with targets including VEGFR and 
fibroblast growth factor receptors, showed noninferiority to sorafenib as first-
line therapy for unresectable HCC in a randomized phase III trial. A5  The addition 
of other targeted therapies or chemotherapy to sorafenib has not improved 
outcomes over sorafenib monotherapy. After progression on first-line therapy 
with sorafenib,16 the multikinase inhibitors regorafenib and cabozantinib  
have also demonstrated improvement in overall survival compared with 
placebo. A6 

,
 A7  Immunotherapy with the programmed death-1 receptor (PD-1) 

inhibitor, nivolumab, demonstrated an objective response rate of 20% with 
prolonged duration in 262 patients with unresectable HCC in the CheckMate-040 
trial.17 These data led to approval of nivolumab for advanced HCC, and other 
studies of immunotherapy and immunotherapy combinations are now underway 
in HCC.

Biliary Tract Cancers
Surgical resection is the definitive therapy for patients with localized biliary 

tract cancers,18,19 including gallbladder cancer. For patients with distal cholan-
giocarcinoma, a Whipple pancreaticoduodenectomy may be required.20 Liver 
transplantation for early-stage hilar cholangiocarcinoma after neoadjuvant 
chemotherapy and/or chemoradiation may be an option at certain centers in 
highly selected patients.21 In gallbladder cancer, cholecystectomy with en bloc 
hepatic resection and porta hepatis lymphadenectomy is recommended for 
patients with a gallbladder mass identified preoperatively on imaging or intra-
operatively. A staging laparoscopy may be performed in advance to exclude 
occult peritoneal carcinomatosis. For patients with early-stage gallbladder cancer 
diagnosed incidentally on review of surgical pathologic findings after a cho-
lecystectomy performed for benign causes, patients with tumors invading no 
deeper than the lamina propria (T1a) and negative surgical margins may be 
treated with observation only. Those found to have invasion to the muscular 
layer (T1b) or beyond may require additional hepatic resection and lymphad-
enectomy but should be referred to a center with expertise in the management 
of biliary tract cancers for evaluation and treatment.

A large meta-analysis including 6710 patients from 20 studies suggested 
higher survival rates with the use of adjuvant chemotherapy, chemoradiation, 
or radiation after surgical resection for patients with cholangiocarcinoma  
and gallbladder cancers. The addition of adjuvant capecitabine for 6 months 
significantly can prolong overall survival and recurrence-free survival following 
resection of cholangiocarcinoma or gallbladder cancer and may become stan-
dard of care. A8 

In patients with advanced biliary tract cancers not amenable to resection, 
combination chemotherapy with gemcitabine plus cisplatin improved survival 
compared with gemcitabine alone in a randomized phase III trial. A9  There is 
no standard therapy for advanced biliary cancers after failure of first-line therapy, 
though 5-fluorouracil (5-FU)-based regimens are commonly used. A randomized 
phase III trial comparing the regimen of 5-FU plus oxaliplatin (FOLFOX) versus 
best supportive care is ongoing. Studies of genomically targeted therapies 
including IDH1 and FGFR2 inhibitors are likewise in progress for mutation-defined 
subsets. For the rare subset of cholangiocarcinoma patients harboring mismatch 
repair (MMR) pathway–deficient tumors, the PD-1 checkpoint inhibitor, pem-
brolizumab, is an important treatment option, based on durable response and 
prolonged survival across tumors with MMR deficiency.22

 END-OF-LIFE CARE
The majority of patients diagnosed with primary hepatobiliary cancers present 
with or progress to advanced stages of disease and succumb to their cancer 
or complications thereof within a relatively short period of time; therefore, 
palliative care and end-of-life care play an integral role in management. As 
with most advanced cancers, pain control, treatment of nausea and constipa-
tion, and family and social support are essential. Bone metastases may require 
palliative radiation or stabilization procedures. Patients with advanced stages 
of hepatobiliary cancers, particularly HCC, are also at risk for developing 
complications of end-stage liver disease, such as intractable ascites, jaundice, 
pruritus, encephalopathy, infections, and gastrointestinal bleeding (Chapter 
126). Diuretic therapy, therapeutic paracentesis, and endoscopic management 
of gastrointestinal bleeding may be required. In biliary tract cancers, biliary 
obstruction and recurrent cholangitis also may require endoscopic or percu-
taneous biliary drainage and antibiotic therapy for palliation. Hospice referral 
may be appropriate when patients have progressed on standard anticancer 



therapies and/or are ineligible for further anticancer therapy because of extent 
of disease, liver dysfunction, poor performance status, or patient preferences.

In the United States, HCC is associated with a high incidence of health 
disparity, including immigrant status, racial or ethnic minority, and lower 
socioeconomic status. Providers must have an awareness of cross-cultural 
issues surrounding disclosure of diagnosis, pain control, use of alternative 
therapies, and end-of-life care. Pain management in patients with active sub-
stance abuse or a history of substance abuse (a risk factor for HCC) may be 
complicated by tolerance and/or dependency. In some cases, patients and 
caregivers may require providers’ reassurance before using opiates or other 
analgesics for pain control because of concerns about addiction. Palliative 
care specialists and social workers provide important ancillary services in the 
end-of-life care for patients with hepatobiliary cancers.

 PREVENTION
Screening and surveillance for HCC is associated with improved outcomes 
in selected populations, although a role for routine screening and surveillance 
has not been established across populations at risk and remains controversial. 
HBV vaccination programs have also been shown to reduce the incidence of 
HCC. Effective antiviral therapy for underlying HBV in patients with active 
viral hepatitis may be associated with a reduced risk for developing HCC. A 
meta-analysis including 13,875 patients showed no significant difference in 
HCC occurrence or recurrence in HCV patients achieving sustained virologic 
response after direct-acting antiviral therapy or interferon-based therapy.23 
Prevention and treatment of alcohol-related disorders, obesity, and other 
conditions associated with NAFLD are appropriate measures to mitigate HCC 
risk factors and minimize ongoing liver injury, although prospective evidence 
for cancer risk reduction is limited. Individual HCC risk prediction should 
enable personalized chemoprevention in the future, targeting high-risk patients 
for precision prevention.24

There is limited evidence to support preventive measures or screening for 
biliary tract cancers. For patients with primary sclerosing cholangitis at increased 
risk for cholangiocarcinoma, periodic screening by noninvasive imaging and 
serum CA-19-9 marker measurements may be considered, although support-
ing data are limited.

 PROGNOSIS
The prognosis of patients with HCC and biliary tract cancers is generally 
poor. For patients with HCC or intrahepatic cholangiocarcinoma, the overall 
5-year survival rate across stages is approximately 20%. For the minority of 
patients with HCC or intrahepatic cholangiocarcinoma diagnosed with local-
ized stages of disease, the 5-year relative survival rate approaches 30%, although 
this figure is substantially higher in patients with early stages of disease who 
undergo curative ablation, surgery, or transplantation, for whom 5-year cause-
specific survival rates generally approximate or exceed 60%. For patients 
diagnosed with metastatic HCC or cholangiocarcinoma, the 5-year survival 
rate is less than 5% and median overall survival is less than 1 year.

For patients with gallbladder adenocarcinoma, the 5-year overall survival 
rate ranges from approximately 50% for patients with stage I tumors to less 
than 5% for those with metastatic disease. The rate of metastatic recurrence 
is high even among those with resectable gallbladder carcinoma. The prognosis 
of patients with rarer types of primary liver cancers such as fibrolamellar HCC, 
hepatic endothelioid hemangioendothelioma, or hepatic angiosarcoma is 
extremely heterogeneous and generally based on limited data from retrospec-
tive case series.
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REVIEW QUESTIONS

1. Which of the following descriptions is sufficient for the diagnosis of hepa-
tocellular carcinoma (HCC) without biopsy?
 A. There is no exception to the requirement for histologic diagnosis for 

HCC. A biopsy is always required to confirm malignant cells are present.
 B. An Asian man with known hepatitis B virus (HBV) infection without 

cirrhosis who is found to have a 3-cm, space-occupying lesion in the 
liver and an α-fetoprotein (AFP) value of 400 ng/mL.

 C. A patient with Child-Pugh C cirrhosis as a result of long-standing hepa-
titis C virus (HCV) infection who develops hepatic decompensation 
along with the finding of an infiltrative, ill-defined mass on a liver ultra-
sound and AFP value of 43 ng/mL compared to baseline AFP of 18 ng/
mL 1 year earlier.

 D. The presence of a tumor at least 1 cm in size arterial phase enhancement 
and hypoenhancement (“wash-out”) in portal venous phase on contrast-
enhanced computed tomography (CT) or magnetic resonance imaging 
(MRI) study in a patient with known liver disease.

Answer: D A nodule greater than 1 cm in patients with risk factors for HCC 
may be diagnosed radiographically as HCC without biopsy if there is arterial 
phase enhancement with decreased enhancement during the portal venous 
phase. AFP is not sufficient or necessary for diagnosis. (Reference: Bruix J, 
Sherman M, Management of hepatocellular carcinoma: an update. Hepatology. 
2011;53:1020-1022.)

2. A 54-year-old man has Child-Pugh B cirrhosis as a result of HCV infection 
and a recent history of esophageal variceal bleeding requiring transfusion. 
He is radiographically diagnosed with a 2-cm HCC in the right lobe of 
the liver that demonstrates arterial enhancement and portal venous phase 
“wash-out” on a contrast-enhanced CT scan. There is no evidence of vas-
cular invasion or extrahepatic spread on imaging. Which of the following 
is the most appropriate management?
 A. Percutaneous liver biopsy to confirm the diagnosis of HCC followed 

by referral to the interventional radiology department for transarterial 
chemoembolization (TACE)

 B. Ablation or resection of the tumor followed by whole liver adjuvant 
radiation therapy

 C. Referral to an expert center to evaluate for liver transplantation
 D. Surgical resection followed by adjuvant sorafenib
 E. Watchful waiting

Answer: C This patient with Child-Pugh B liver dysfunction has a history of 
variceal bleeding suggesting significant portal hypertension, which indicates 
he is not an appropriate candidate for liver resection because of inadequate 
remnant liver function. There is no proven role for adjuvant radiation after 
resection or ablation. Watchful waiting is not an appropriate option in this 
patient at high risk for complications of liver dysfunction and/or tumor pro-
gression. Outcomes of liver transplantation for cirrhotic patients with small 
HCC lesions are equivalent to those of cirrhotic patients without HCC. (Ref-
erences: Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the 
treatment of small hepatocellular carcinomas in patients with cirrhosis. N Engl 
J Med. 1996;334:693-699; Pelletier SJ, Fu S, Thyagarajan V, et al. An intention-
to-treat analysis of liver transplantation for hepatocellular carcinoma using 
organ procurement transplant network data. Liver Transplant. 2009;15:859-
868; Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. 
Hepatology. 2011;53:1020-1022.) There was no benefit from adjuvant sorafenib 
after surgery or ablation in the randomized phase III STORM trial (Bruix J, 
Takayama T, Mazzaferro V, et al. Adjuvant sorafenib for hepatocellular carci-
noma after resection or ablation (STORM): a phase 3, randomised, double-
blind, placebo-controlled trial. Lancet. 2015:16:1344-54).

3. Sorafenib is currently the standard of care for patients with advanced stages 
of hepatocellular carcinoma. Which of the following statements is true 
about this drug?
 A. Sorafenib is a selective inhibitor of c-Met tyrosine kinase that achieves pro-

longed time to progression in patients with advanced HCC whose tumors 
are positive for overexpression of c-Met by immunohistochemistry.

 B. Sorafenib is a multikinase inhibitor, whose targets include VEGFR2 
and Raf kinases, that has been shown to prolong survival in patients 
with unresectable HCC in randomized, double-blinded, placebo-con-
trolled phase III trials.

 C. Sorafenib is a multikinase inhibitor that inhibits viral replication and 
can reverse the progression of cirrhosis, with increased benefit in patients 
with Child-Pugh B and C cirrhosis compared with Child-Pugh A 
cirrhosis.

 D. Sorafenib demonstrates improved outcomes in Asian patients with 
HBV-associated liver disease by comparison to non-Asian patients with 
underlying HCV infection as the cause of liver disease.

 E. Sorafenib is an immune-modulatory drug that stimulates effector T-cell 
responses against tumor antigens.

Answer: B Sorafenib is not a c-Met inhibitor nor an immune-modulatory 
drug. Patients with worse hepatic dysfunction experience greater toxicity and 
shorter survival on sorafenib therapy. Absolute survival outcomes on sorafenib 
appear poorer in Asian patients with underlying HBV than in non-Asian patients 
with underlying HCV. (References: Llovet JM, Ricci S, Mazzaferro V, et al. 
Sorafenib in advanced hepatocellular carcinoma. N Engl J Med. 2008;359:378-
390. Cheng AL, Kang YK, Chen Z, et al. Efficacy and safety of sorafenib in 
patients in the Asia-Pacific region with advanced hepatocellular carcinoma: 
a phase III randomised, double-blind, placebo-controlled trial. Lancet Oncol. 
2009;10:25-34.)

4. A 47-year-old woman of South American descent undergoes laparoscopic 
cholecystectomy for a clinical diagnosis of cholelithiasis. After surgery, her 
pathology specimen is found incidentally to harbor adenocarcinoma of 
the gallbladder invading into the muscle layer (T1b) with negative margins. 
Staging imaging is negative for metastatic disease. Which of the following 
should be performed?
 A. No further treatment or observation is required after laparoscopic 

cholecystectomy.
 B. She should be followed with close observation including cross-sectional 

imaging and CA-19-9 tumor marker levels at approximately 6-month 
intervals for up to 5 years.

 C. She should be referred to a center with expertise in biliary tract cancers 
for hepatic resection and lymphadenectomy followed by consideration 
of adjuvant capecitabine therapy.

 D. She should be treated with adjuvant gemcitabine-based chemotherapy 
for 6 months.

 E. She should receive adjuvant radiation to the surgical resection bed.
Answer: C (Reference: Fuks D, Regimbeau JM, Le Treut YP, et al. Incidental 
gallbladder cancer by the AFC-GBC-2009 Study Group. World J Surg. 
2011;35:1887-1897.)
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5. A 71-year-old man previously in good health and without any known liver 
disease is found to have mildly elevated aspartate aminotransferase, alanine 
aminotransferase, and alkaline phosphatase with normal bilirubin. A recent 
colonoscopy and upper endoscopy were normal. He is asymptomatic without 
jaundice. An ultrasound shows a poorly defined 4-cm right lobe liver mass, 
along with two smaller right lobe lesions and one left lobe lesion, without 
significant biliary dilation. Contrast-enhanced CT scans of the chest, 
abdomen, and pelvis shows a dominant right lobe lesion with infiltrative 
features and some adjacent capsular retraction, along with multiple addi-
tional bilobar hypoenhancing liver lesions during arterial phase, as well as 
enlarged regional lymph nodes. A percutaneous CT-guided biopsy of a 
regional lymph node shows adenocarcinoma compatible with cholangio-
carcinoma. Which is the most appropriate next step in management?
 A. Referral to oncologist for systemic chemotherapy with gemcitabine plus 

cisplatin for diagnosis of multifocal intrahepatic cholangiocarcinoma 
with lymph node metastases

 B. Referral to radiation oncology department for stereotactic beam radia-
tion therapy for a diagnosis of unresectable, multifocal intrahepatic 
cholangiocarcinoma

 C. Referral to an expert center to evaluate for liver transplantation for 
intrahepatic cholangiocarcinoma

 E. Referral to interventional radiology department for chemoembolization 
for a diagnosis of intermediate-stage bilobar HCC exceeding Milan 
criteria for transplantation.

Answer: A The imaging features of multifocal, bilobar tumors with biopsy-
confirmed regional lymph node metastases is consistent with American Joint 
Committee on Cancer v8 stage IIIB, unresectable cholangiocarcinoma. Gem-
citabine plus cisplatin combination showed improved survival over gemcitabine 
alone in the randomized, phase III ABC-02 trial (Valle J, Wasan H, Palmer 
DH, et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. 
N Engl J Med. 2010;362:1273-1281).
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187 
TUMORS OF THE KIDNEY, BLADDER, 
URETERS, AND RENAL PELVIS
DEAN F. BAJORIN

 RENAL CELL CARCINOMA

 DEFINITION
Cancers of the kidney are a heterogeneous group of neoplasms, the majority 
of which are of epithelial origin and malignant. Renal cell carcinoma, classi-
cally referred to as clear cell carcinoma or hypernephroma, is not a single 
malignancy. Rather, renal cell carcinoma comprises a group of distinguishable 
entities, each with a strong relationship between its morphologic and genetic 
features.1 The World Health Organization recognizes these biologic and his-
tologic differences in its classification system of kidney cancers (Tabvle 187-1). 
The metastatic potential depends on the histologic subtype and ranges from 
the most virulent conventional clear cell carcinomas (65% of total tumors 
but accounting for 90% of the metastases), to the more indolent papillary and 
chromophobe carcinomas (25% of the total but only 10% of the metastases), 
and to the benign oncocytomas (10% of all tumors).

TABLE 187-1 CLASSIFICATION OF RENAL CELL TUMORS 
ACCORDING TO THE 2016 WHO 
CLASSIFICATION

CURRENT RENAL CELL TUMOR SUBTYPES
Clear cell (conventional) RCC* (65-70%)
Papillary (chromophil) RCC* (15-20%)
Chromophobe RCC* (5-7%)
Collecting duct carcinoma*
Renal medullary carcinoma*
Mucinous tubular and spindle cell carcinoma*
RCC, unclassified*
Oncocytoma
Papillary (chromophil) adenoma
NEW RENAL CELL TUMOR SUBTYPES
Multilocular cystic renal neoplasm of low malignant potential
Mi T family translocation RCC*
Tubulocystic RCC*
Acquired cystic disease–associated RCC*
Clear cell papillary RCC*
Succinate dehydrogenase–deficient RCC*
Hereditary leiomyomatosis and RCC-associated RCC*
Tumor subtypes in italics are the most common renal cell tumors, comprising the percentages of all 
RCCs (in parentheses), respectively.
*Malignant.
Mi T = microphthalmia transcription factor; RCC = renal cell carcinoma; WHO = World Health 
Organization.
Adapted from Inamura K. Renal cell tumors: understanding their molecular pathological 
epidemiology and the 2016 WHO classification. Int J Mol Sci. 2017;18:E2195. The revised 2016 
WHO classification added the new tumor subtypes to the 2013 Vancouver Classification of Renal 
Neoplasia (Srigley JR, et al. Am J Surg Pathol. 2013;37:1469-1489).
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ABSTRACT
Cancers of the kidney, ureters, and bladder include a broad spectrum of cancers 
with marked differences in etiology, cell of origin, surgical management, sys-
temic therapy, and clinical outcomes. Clear cell cancer is the most common 
of the tumors that arise in the kidney. Urothelial cancer is the most common 
malignancy arising in the bladder, renal pelvis, ureters, and urethra. All stage 
1 renal and urothelial cancers are characterized by very favorable cure rates 
when managed by either surgery alone or, in the case of bladder cancer, addi-
tional medications instilled directly in the bladder. Organ preservation 
approaches have been used in selected cases of both primary kidney and bladder 
cancers, either by partial nephrectomy for kidney cancer or trimodality therapy 
consisting of cystoscopic resection, radiation, and chemotherapy for bladder 
tumors. Stage 2 and 3 renal cell and urothelial cancer management frequently 
includes both surgery and systemic treatment, such as adjuvant tyrosine kinase 
inhibitor treatment for kidney cancer and either neoadjuvant or adjuvant 
chemotherapy for urothelial cancers of the bladder, ureter, and renal pelvis. 
Systemic treatment with immunotherapy and tyrosine kinase inhibitors has 
improved the clinical outcomes of patients with stage 4 kidney cancers, includ-
ing long term cures. Multiagent chemotherapy and immunotherapy using 
checkpoint blockade inhibitors are standard treatments for urothelial cancers, 
both of which have demonstrated potential curability of metastatic disease.
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TREATMENT TABLE 187-2 HISTOLOGIC SUBTYPES, GENETICS,  
AND SYNDROMES

HISTOLOGIC 
SUBTYPE PERCENT

MAJOR GENETIC/
MOLECULAR DEFECTS

ASSOCIATED 
SYNDROMES

Conventional 
clear cell

75 LOH 3p mutation of 3p25 
(VHL)

Von Hippel-Lindau 
hereditary RCC

Papillary 1 5 C-Met gene mutation 
7q31

Hereditary papillary 
renal cell carcinoma 
(HPRCC)

Papillary 2 10 Fumarate hydratase 1q42 Hereditary 
leiomyomatosis 
renal cell carcinoma 
(HLRCC)

Chromophobe 5 Birt-Hogg Dubé 17p11 Birt-Hogg Dubé
Oncocytoma 9.7 Birt-Hogg Dubé 17p11 Familial oncocytoma 

Birt-Hogg Dubé
Collecting duct 0.4 −18, −Y Renal medullary 

carcinoma
Modified from Zambrano N, Histopathology and molecular genetics of renal tumors. J Urol. 
1999;162:1246-1258.

 EPIDEMIOLOGY
There will be over 65,000 new cases of kidney and renal pelvis tumors in the 
United States in 2018, resulting in approximately 14,000 deaths. These cancers 
represent the sixth most common form of cancer in men and the tenth most 
common in women. The increase in incidence of renal cell cancers may be in 
part related to early detection as a consequence of computed tomography 
(CT) and magnetic resonance imaging (MRI) of the abdomen for other medical 
conditions. The ratio of males to females is approximately 2 : 1 to 3 : 1, and 
the incidence is highest in African Americans and lowest in Asians and Pacific 
Islanders. The mean age at diagnosis is in the sixth to seventh decade of life. 
Aside from genetic predisposition, risk factors associated with renal cell car-
cinoma include cigarette smoking, obesity, hypertension, and the use of diuret-
ics. Cigarette smoking has been associated with greater risk in both men and 
women.2 The risk may decrease after smoking cessation but requires about 
20 years. Obese persons have an increased risk for renal cell carcinoma, and 
the risk rises with increasing body mass index. Although there is an elevated 
risk associated with diuretic use, this association is hard to distinguish from 
the increased risk associated with hypertension. Renal cell carcinoma is more 
prevalent in patients with preexisting renal conditions such as polycystic kidney 
disease, horseshoe kidney, and chronic renal failure requiring hemodialysis.

 PATHOBIOLOGY
The classification system for renal cell carcinomas permits a better understand-
ing of the cell of origin for the various subtypes and their chromosomal abnor-
malities (Table 187-2). The classic clear cell renal cell carcinoma constitutes 
approximately 65% of tumors and is believed to be derived from the proximal 
convoluted tubule. It is generally solitary and well circumscribed, with a golden 
yellow color resulting from the abundant cytoplasmic lipid. Higher-grade 
tumors contain less lipid and glycogen. Approximately half of the tumors 
exhibit either a solid or acinar growth pattern characterized by solid sheets 
of tumor cells accompanied by a rich capillary vascular network. Papillary 
renal cell carcinomas comprise from 7 to 14% of primary epithelial renal 
neoplasms. The majority of patients present with unilateral tumors. Multifo-
cality, either bilateral or multifocal lesions in the same kidney, is present in 
approximately 45% of cases. The majority of these tumors exhibit a broad 
morphologic spectrum, including papillary, papillary-trabecular, and papillary-
solid areas; associated necrosis is a common finding. The classic papillary 
pattern is characterized by discrete papillary fronds lined by neoplastic epithelial 
cells and containing a central fibrovascular core, easily recognized on low 
magnification. These tumors are divided into type 1 and type 2 lesions, based 
on cytologic features and genetic differences. Comprehensive molecular char-
acterization, using a combination of whole-exome sequencing, copy-number 
analysis, messenger RNA and microRNA sequencing, DNA-methylation, and 
proteomic analysis of tumors, has shown that type 1 and type 2 papillary 
renal-cell carcinomas are clinically and biologically distinct.3 Chromophobe 
renal cancers account for 6 to 11% of renal epithelial tumors. Characteristi-
cally, these tumors are solitary and discrete but not encapsulated. The typical 

histologic findings consist of large round-to-polygonal cells with well-defined 
cell borders and pale basophilic cytoplasm admixed with a smaller population 
of polygonal cells with eosinophilic cytoplasm. These tumors may be quite 
large at diagnosis, with resectable tumors reported as big as 23 cm.

Clear cell RCC is characterized by the loss of genetic material from the 
short arm of chromosome 3 (3p) and mutations in the von Hippel-Lindau 
(VHL) gene. In patients with von Hippel-Lindau (VHL) disease, these losses 
and mutations occur in virtually all cases. The more common sporadic tumors 
also have somatic mutations and hypermethylation in the same region in 
approximately 75 to 80% of cases. Conventional clear cell tumors have a muta-
tion in the VHL gene, which is inactivated by a point mutation or by epigenetic 
gene silencing by promoter methylation. The loss of VHL, responsible for 
ubiquination and degradation of hypoxia-inducible factor (HIF), leads to 
upregulation of HIF-responsive genes responsible for angiogenesis and cell 
growth. Two of these upregulated genes are platelet-derived growth factor 
(PDGF) and vascular endothelial growth factor (VEGF), which are pro-
angiogenic proteins thought to induce the neovascularity in both primary and 
metastatic clear cell cancers. Patients with VHL more commonly develop 
tumors at an earlier age and frequently have multiple tumors. Other tumors 
associated with the syndrome include central nervous system hemangioblas-
tomas, pancreatic neuroendocrine tumors, pheochromocytomas, retinal 
angiomas, and epididymal cystadenomas. More recent molecular characteriza-
tion of renal cell carcinoma shows alterations in genes responsible for main-
tenance of chromatin states such as PBRM1, the SWI/SNF chromatin 
remodeling complex including ARID1A and SMARCA4, and members of the 
PI3K/AKT pathway.

The majority of sporadic papillary renal cell carcinomas are characterized 
by trisomy of chromosomes 7 and 17 and loss of chromosome Y. Chromo-
phobe renal cell cancers have genetic loss on chromosomes 1 and Y, as well 
as combined chromosomal losses affecting chromosomes 1, 6, 10, 13, 17, and 
21. Hereditary papillary renal cell cancer is a result of germline mutations and 
activation of the MET proto-oncogene, which is located on chromosome 7p. 
These cells have aberrant hepatocyte growth factor receptors that are unable 
to deactivate after binding by the growth factor. Somatic MET gene amplifica-
tions also have been observed in approximately 10% of sporadic papillary 
renal cancer. Hereditary leiomyomatosis renal cell carcinoma, characterized 
by alteration of the gene fumarate hydratase, is associated with uterine leio-
myomas (more common) or leiomyosarcoma (rare), cutaneous nodules (leio-
myomas), and type 2 papillary renal cell carcinoma, which is often solitary 
and frequently develops metastases. Birt-Hogg Dubé syndrome is a rare disorder 
predominantly associated with chromophobe renal cancers but in which clear 
cell and chromophobe/oncocytic tumors can develop. Birt-Hogg-Dubé syn-
drome is characterized by fibrofolliculomas, pulmonary cysts, pneumothorax, 
and bilateral renal tumors. The gene associated with Birt-Hogg Dubé syndrome 
has been mapped to 17p and expresses a novel protein, folliculin, whose func-
tion is not yet characterized.

 CLINICAL MANIFESTATIONS
Although renal cell carcinoma has a high propensity for metastases and is 
associated with paraneoplastic syndromes, the majority of patients are asymp-
tomatic at presentation. Historically, renal cell carcinoma was characterized 
by the presenting triad of hematuria, a palpable mass, and pain in as many as 
10% of patients. However, there has been a stage migration resulting in the 
detection of tumors at earlier stages with the increased use of abdominal 
imaging for unrelated medical conditions in modern series. Up to 48% of 
tumors may be discovered in this manner, and less than 5% of patients have 
a palpable mass at presentation. The more common manifesting symptoms 
are anemia, weight loss, malaise, and anorexia (Table 187-3). Patients present-
ing with renal cell carcinoma frequently have associated paraneoplastic syn-
dromes (Chapter 169).4 Hypercalcemia has been observed in approximately 
20% of patients and can be due to the secretion of parathyroid hormone, 
parathyroid hormone–like peptide, and interleukin-6 (IL-6), which have been 
shown to stimulate osteoclastic bone resorption. Other associated syndromes 
include hypertension, erythrocytosis (from ectopic erythropoietin produc-
tion), and the rare Stauffer syndrome, which is the presence of liver dysfunction 
without the presence of hepatic metastases; the hepatic dysfunction resolves 
after surgical resection of the tumor.

 DIAGNOSIS
The complete evaluation for patients with suspected renal cell carcinoma should 
include a complete blood count, a chemistry profile, a bone scan, and a CT 
scan of the chest, abdomen, and pelvis. CT is the most reliable method for 
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detecting and staging of renal cell carcinoma.5 The “ideal” CT scan for renal 
masses can be divided into four phases, including the pre-contrast images, 
the arterial phase (~25 seconds after injection), the nephrographic phase (~90 
seconds into the injection), and the excretory phase. The most important 
phases for imaging renal tumors are the precontrast and nephrographic images 
because renal lesions appear low in density in contrast to the uniformly enhanced 
renal parenchyma. The arterial phase is helpful for identifying renal arteries 
and small hypervascular masses. The excretory phase aids in assessing the 
collecting system and the renal pelvis. The CT scan is also helpful in detecting 
regional metastases, and three-dimensional CT imaging is now possible in 
cases in which nephron-sparing surgery or partial nephrectomy is planned. 
The additional use of ultrasonography and MRI can help distinguish benign 
from malignant lesions of the kidney and in treatment planning. Ultrasound 
is used when distinguishing cysts from solid lesions. MRI has the advantage 
of imaging tumors in patients with poor renal function in whom intravenous 
contrast may be contraindicated. MRI is also helpful for delineating any thrombi 
that may be extending into the renal vein or inferior vena cava, and magnetic 
resonance angiography can be used to determine the number and location of 
renal arteries in patients who are candidates for partial nephrectomy. Once 
the evaluation is complete, the clinical stage is assessed using the Tumor, 
Node, Metastasis (TNM) system (Table 187-4).6

TABLE 187-3 PRESENTING SYMPTOMS AND SIGNS OF 
RENAL CELL CARCINOMA (BOTH LOCALIZED 
AND METASTATIC DISEASE)

SYMPTOMS AND SIGNS PERCENT
Anemia 52
Hepatic dysfunction 32
Weight loss 23
Hypoalbuminemia 20
Malaise 19
Hypercalcemia 13
Anorexia 11
Thrombocytosis 9
Night sweats 8
Fever 8
Hypertension 3
Erythrocytosis 4
Chills 3
Modified from Kim HI, Belldegrun AS, Freitas DG, et al. Paraneoplastic signs and symptoms of 
renal cell carcinoma: implications for prognosis. J Urol. 2003;170:1742-1746.

Localized Disease
The historical standard of care for patients with a renal cell carcinoma is a 

radical nephrectomy. Kidney cancers routinely selected for radical nephrectomy 
include large and centrally localized tumors that have effectively replaced the 
majority of the normal renal parenchyma, tumors associated with regional 
adenopathy (of benign or malignant etiology), those with inferior vena cava 
or right atrial extension, and even those in which metastatic disease is evident. 
Nephrectomy can be performed through a flank, transperitoneal, or transthoracic 
incision. The ipsilateral adrenal gland is also removed, but a regional lymph 
node dissection is optional and controversial. The increasing percentage of 
small tumors has resulted in a corresponding decrease in patients undergoing 
radical nephrectomy, with excellent long-term survival. Both open and lapa-
roscopic approaches can be used for partial nephrectomy to control disease 
and preserve renal function. Laparoscopic nephrectomy offers a minimally 
invasive alternative to the classic radical nephrectomy. Partial nephrectomy for 
tumors of 7 cm or less, whether performed by open or minimally invasive lapa-
roscopic technique, accomplishes rates of local tumor control and survival similar 
to radical nephrectomy. Partial nephrectomy reduces the risk for renal insuf-
ficiency over time. Management with a partial nephrectomy is further supported 
by the fact that approximately 35% of renal cortical tumors are the indolent 
papillary or chromophobe carcinomas.

TREATMENT 
AJCC = American Joint Committee on Cancer.
Adapted from AJCC Staging Manual, 8th ed. New York: Springer International Publishing; 2017.

TABLE 187-4 TNM STAGING OF RENAL CELL CARCINOMA
TUMOR, NODES, AND METASTASES CLINICAL CLASSIFICATION

Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 7 cm or less in greatest dimension, limited to the kidney
T1a Tumor 4.0 cm or less in greatest dimension limited to kidney
T1b Tumor more than 4 cm but not more than 7 cm in greatest dimension; 

limited to kidney
T2 Tumor more than 7 cm in greatest dimension, limited to kidney
T2a Tumor more than 7 cm but less than or equal to 10 cm in greatest 

dimension, limited to the kidney
T2b Tumor more than 10 cm, limited to the kidney
T3 Tumor extends into major veins or the perinephric tissues or into the 

ipsilateral adrenal gland and but not beyond the Gerota fascia
T3a Tumor extends into renal vein or its segmental branches or pelvicalyceal 

system, or invades perirenal and/or renal sinus fat but not beyond 
the Gerota fascia

T3b Tumor extends into the vena cava below the diaphragm
T3c Tumor extends into vena cava above diaphragm or invades the wall of 

the vena cava
T4 Tumor invades beyond the Gerota fascia (including contiguous 

extension into the ipsilateral adrenal gland)

n—regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in regional lymph node(s)

m—distant metastasis
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
STAGE GROUPING

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1 N1 M0

T2 N1 M0
T3a N0 or N1 M0
T3b N0 or N1 M0
T3c N0 or N1 M0

Stage IV T4 N0 M0
T4 N1 M0
Any T Any N M1

Renal cell carcinomas are resistant to both radiation therapy and cytotoxic 
chemotherapy and thus neither has a role in the adjuvant setting after nephrec-
tomy. Sunitinib, a drug that targets VEGF, is effective as adjunctive treatment 
after nephrectomy with a favorable impact on survival. A1 

Metastatic Disease
Approximately 30% of patients with renal cell carcinoma present with meta-

static disease, and an additional 20 to 30% of patients with surgically resected 
primary tumors will relapse with metastases. Complications of metastatic disease 
include pain from either an unresectable primary tumor or skeletal metastases. 
Radiation therapy is frequently used for palliation of bone metastases and for 
patients with multiple brain metastases. Palliative nephrectomy is sometimes 
used to provide symptomatic relief of pain. Surgical resection of the primary 
tumor is considered a mainstay of treatment even in the patient with metastatic 
disease and has been shown to extend survival in patients with metastatic 
disease. Surgical resection of metastatic sites of disease (metastasectomy) may 
also extend survival and even cure a subset of patients. The patients most likely 
to benefit from surgical resection of metastatic disease are those with a disease-
free interval of greater than 1 year, those with a solitary site of metastasis, and 
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those with lung metastases. Long-term survival has been observed when the 
solitary site of resection was the lung (up to 45%) and even the brain (up to 
20%). However, sunitinib alone (50 mg daily in cycles of 28 days on and 14 
days off every 6 weeks) is as effective as nephrectomy followed by sunitinib in 
patients with metastatic renal cell carcinoma. A2  Renal cell carcinoma is resistant 
to most conventional chemotherapy agents, with responses seen in less than 
10% of patients.

Immunotherapy7 with either IL-2 or interferon-α (IFN-α) has been the histori-
cal standard treatment for patients with metastatic disease. High-dose intra-
venous IL-2, a potentially curative therapy, requires a dedicated inpatient setting 
because of its severe toxicities, including hypotension, pulmonary edema, renal 
failure, and central nervous system toxicity. However, most toxicities are revers-
ible and complete or partial responses are seen in approximately 15 to 20% of 
patients; approximately 4% of patients achieve long-term, disease-free survival. 
IFN-α therapy is less toxic than IL-2 and has an overall response rate of approxi-
mately 15%, but long-term survival is not observed. Reversible toxicities of 
IFN-α treatment include flulike symptoms, including fever, chills, myalgias, mild 
myelosuppression, and mild hepatic dysfunction. Nivolumab, an immunoglobulin 
G4 (IgG4) programmed death (PD)-1 immune checkpoint inhibitor antibody 
that selectively blocks the interaction between PD-1 and its ligands PD-L1 and 
PD-L2, prevents the ability of tumors to evade host immune responses. Nivolumab 
has shown clinical benefit both as a single agent A3  and in combination with 
the immunotherapy antibody ipilumimab that targets CTLA-4. A recent phase 
3 trial compared nivolumab plus ipilimumab with the tyrosine kinase inhibitor 
sunitinib (see next paragraph) in patients with previously untreated clear cell 
advanced renal cell carcinoma and demonstrated significantly higher overall 
survival and objective response rates in the nivolumab plus ipilimumab–treated 
patients at intermediate and poor risk. A4 

Renal cell carcinoma has been an ideal candidate for the development of 
drugs targeting the downstream effects of VHL mutations.8 Clinical trials have 
shown the benefit of tyrosine kinase inhibitors (TKIs), such as cabozantinib, 
sunitinib, axitinib, pazopanib, and sorafenib, which block the actions of VEGF 
and PDGF; all are approved for the treatment of metastatic disease, but only 
sunitinib is approved as adjuvant treatment of surgically resected primary tumors 
with a high risk of recurrence. A5  Common side effects include fatigue, diarrhea, 
hypertension, and hand-foot syndrome, a condition in which blisters appear 
at areas of contact. The combination of IFN plus bevacizumab, an antibody 
that blocks the VEGF receptor, is superior to IFN alone and also has been approved 
for first-line treatment. A6  Side effects include hypertension and an increased 
risk for bleeding.

Two drugs targeting the mammalian target of rapamycin (mTOR) pathway 
are also approved for the treatment of renal cell carcinoma both as first-line 
treatment and for patients whose disease has progressed despite TKI treatment. 
Temsirolimus, an intravenous mTOR inhibitor, improves survival of patients 
with untreated poor risk disease (those with more than three risk factors, see 
later) and everolimus, an oral mTOR inhibitor, improve the outcomes of patients 
who have been previously treated with sunitinib, sorafenib, or bevacizumab. A7  
Common side effects include fatigue, skin rash, and mouth sores. Among patients 
with previously treated advanced renal cell carcinoma, the FDA-approved PD-1 
checkpoint inhibitor nivolumab leads to longer overall survival with fewer high-
grade adverse events than the mTOR inhibitor everolimus. A8 

Cabozantinib, an oral, small-molecule tyrosine kinase inhibitor that targets 
VEGFR as well as MET and AXL, can improve progression-free survival compared 
with everolimus in patients whose renal cell carcinomas progressed after first-
line VEGFR-targeted therapy. A9  Lenvatinib, another oral multitarget tyrosine 
kinase inhibitor of VEGFRs as well as fibroblast growth factor receptors, PDGFRα, 
RET, and KIT (administered with or without everolimus), also prolongs progression-
free survival for patients whose metastatic renal cell carcinoma progressed 
after initial VEGFR-targeted therapy. A10 

with a median survival of 4 months. IL-2 immunotherapy and surgical resection 
of solitary metastases can result in long-term survival of a small percentage of 
patients with renal cell cancer. Drugs targeting VEGF, the mTOR pathway, 
and PD-1 are now the standard of care for patients with metastatic disease.

 BLADDER CANCER

 DEFINITION
A spectrum of tumors arises from the urothelial lining of the bladder, renal 
pelvis, ureters, and urethra, of which transitional cell carcinoma is the most 
common. The vast majority of tumors arise from the bladder, with a minority 
arising from the upper tracts (renal pelvis and ureters) and even less frequently 
from the proximal urethra. Although transitional cell cancers possess a variable 
natural history, they have a proclivity for multifocality, high recurrence rates, 
and progression to higher pathologic stages. These tumors are generally grouped 
into the three broad categories of non–muscle invasive, muscle-invasive, and 
metastatic disease, each of which differs in clinical behavior, prognosis, and 
primary management. For non–muscle invasive tumors, the aim is to prevent 
recurrences and progression to a more advanced stage. In muscle-invasive 
disease, the medical challenge is to integrate the modalities of surgery, che-
motherapy, and/or radiation to optimize cure and minimize morbidity. For 
metastatic disease, chemotherapy is used to palliate the symptoms of most 
patients, but there is a subset of patients for whom combination chemotherapy 
may result in long-term cure. Long-term cure is directly related to stage and 
grade, ranging from 99% for low-grade Ta tumors to up to 15% for metastatic 
disease.

 EPIDEMIOLOGY
An estimated 81,000 new cases of bladder cancer will be diagnosed in the 
United States in 2018, of which approximately 17,000 patients are expected 
to succumb to their disease. The ratio of males to females is 3 : 1, similar in 
all racial groups; it is the fourth most common cancer in men. The 5-year 
survival for all stages is 78%, resulting in a high prevalence (>500,000 people 
in the United States living with bladder cancer); it is twice as prevalent in 
whites as in African Americans and is less frequently observed in Asians. The 
vast majority of patients (90%) are over 50 years of age at diagnosis, with a 
median age of 73 at diagnosis. There is a lifetime risk of 2.4% of men and 
women developing bladder cancer.

Carcinogens or their metabolites implicated in the carcinogenesis of bladder 
cancer are believed to be excreted in the urine, where they can act directly on 
the urothelial lining. The latency period from initial exposure to the develop-
ment of cancer is almost 20 years, making it difficult to establish a definitive 
cause and effect relationship between a putative carcinogen and the develop-
ment of disease. Cigarette smoking is the leading risk factor for bladder cancer, 
believed to contribute to half of the cancers in men and one quarter of the 
cancers in women.9 A longer duration of exposure is associated with a higher 

KDM6A, and EP300 are significantly mutated in bladder cancer; approximately 
75% have at least one inactivating mutation. Genes that regulate the cell cycle 
are also frequently mutated, including TP53 in 49% and RB1 in 13% of tumors. 
Amplifications of ERBB2, MDM2, and EGFR occur in a minority of tumors 
and represent potential therapeutic targets.11

 CLINICAL MANIFESTATIONS
Hematuria is the manifesting symptom in 80 to 90% of bladder cancer cases, 
but other patients may present with a urinary tract infection. Individuals over 
40 years of age who develop hematuria should have an evaluation for the 
presence of urothelial cancer that includes urinary cytology, cystoscopy, and 
imaging of the urinary tract by either an ultrasound or CT scan. Screening of 
asymptomatic individuals for hematuria increases the probability of diagnosing 
bladder cancer at an earlier stage but does not improve survival; thus, it is not 
routinely recommended. Urinary frequency and nocturia may be present either 
as a consequence of irritative symptoms or a reduced bladder capacity. Pain, 
when present, typically reflects the location of the bladder tumor. Lower 
abdominal pain may occur as a result of a bladder mass, and rectal discomfort 
and perineal pain can result from tumors invading the prostate or pelvis. Tumors 
of the renal pelvis, ureter, or bladder in which the ureteral orifice is obstructed 
can cause hydronephrosis, reduced renal function, and flank pain. Patients 
with more advanced disease can present with anorexia, fatigue, weight loss, 
or pain from a metastatic bone lesion. The physical examination is frequently 
unremarkable in patients presenting with bladder tumors because the vast 
majority of patients have organ-confined tumors.

 DIAGNOSIS
Unfortunately, urinary biomarkers are neither sufficiently sensitive nor specific 
for the diagnosis of bladder cancer, and a small proportion of cases can be 
missed even if biomarkers are combined with urinary cytology.12 The mainstay 
of bladder cancer diagnosis and staging is the cystoscopic evaluation. The 
procedure includes examination under anesthesia to determine if a palpable 
mass (either mobile or not) is present. A nonmobile tumor mass is indicative 
of disease invading the pelvic sidewall that is unlikely to be resectable. Urine 
is obtained to evaluate for the presence of malignant cells. A cystoscope is 
inserted to visually inspect the bladder and detail the size, number, location, 
and growth pattern (papillary or solid) of all lesions. All visible disease under-
goes transurethral resection of the bladder tumor to determine the histologic 
subtype and depth of invasion. Adequate evaluation, particularly in large tumors 
that may be invasive, requires that muscle is identified in the pathologic speci-
men. Repeat biopsy of the resected area is occasionally required to ensure 
that no muscle invasion is present, because invasion into muscle requires 
consideration of surgical removal of the bladder rather than endoscopic resec-
tion of the tumor. Biopsies from any areas of erythema are performed to assess 
for CIS. The urethra is inspected during withdrawal of the cystoscope, and 
biopsies are taken if clinically indicated. Patients with a positive cytologic 
findings but no apparent tumor within the bladder undergo selective retrograde 
catheterization of the ureters up to the renal pelvices to determine whether 
upper tract disease is present.

The decision whether to obtain images of the abdomen and pelvis is based 
on the cystoscopy results and the pathology of the tumor. Either CT or mag-
netic resonance urogram can evaluate the upper urinary tracts, and CT or 
MRI may distinguish whether a tumor extends to the perivesical fat (T3), 
prostate, or vagina (T4) and whether regional lymph nodes are involved (N+). 
In the case of larger, invasive tumors, the presence or absence of distal metas-
tases can be documented with physical examination, CT of the abdomen and 
pelvis, a chest radiograph, and radionuclide bone scan.

All patients with carcinoma of the bladder or related sites are staged using the 
TNM system, advocated by the American Joint Committee on Cancer (AJCC) 
(E-Table 187-1). The TNM system categorizes the depth of invasion of the 
primary tumor, nodal metastases in the pelvis (or retroperitoneum for upper 
tract disease) on the basis of the number and size of regional nodal involve-
ment, other nonregional lymph node sites, and any visceral sites of disease.

risk than a more intense exposure (in cigarettes/day) over a shorter time 
period. Overall, smokers have a two- to four-fold higher relative risk for bladder 
cancer than nonsmokers. Smoking is associated with cellular atypia of the 
urothelium; individuals who never smoked show atypia in only 4% of cases 
in contrast to a 50% incidence of atypia in smokers.

Polycyclic aromatic hydrocarbons such as 2-naphthylamine, 4-aminobiphenyl 
and benzidine, and benzene or exhausts from combustion gases are associated 
with an increased risk for bladder cancer. Occupations reported to be at higher 
risk include aluminum workers, dry cleaners, manufacturers of preservatives 
and polychlorinated biphenyls, and pesticide applicators. Arylamines, also 
implicated in carcinogenesis, are metabolically activated to electrophilic com-
pounds by N-hydroxylation in the liver by cytochrome P-450 IA2 and detoxi-
fied by N-acetylation; studies suggest that individuals with a fast oxidizer and 
slow acetylator phenotype are at highest risk. Occupations associated with a 
higher exposure to arylamines such as workers in the dye, rubber, or leather 
manufacturing industries are believed to be at higher risk for developing bladder 
cancer. Schistosoma haematobium infection enhances formation of carcinogenic 
N-nitroso compounds and results in an increased risk for both squamous and 
transitional cell carcinomas of the bladder. An association has been observed 
between squamous cell carcinoma (but not transitional cell tumors) and the 
presence of chronic urinary tract infections seen in paraplegics and patients 
with chronic bladder stones and indwelling Foley catheters. The chemotherapy 
agent cyclophosphamide can increase the risk for bladder cancer nine-fold 
when used chronically, and phenacetin-containing compounds have been 
implicated in the development of renal pelvis and ureteral tumors.

 PATHOBIOLOGY
Urothelial tumors occur anywhere along the urinary tract, including the renal 
pelvis, ureters, bladder, and the urethra. Over 90% of tumors originate in the 
bladder, 8% in the renal pelvis, and the remaining 2% originate in the ureter 
and urethra. Transitional cell carcinomas comprise 90 to 95% of urothelial 
tumors; squamous cell (keratinizing) tumors (3%), adenocarcinomas (2%), 
and small cell tumors (1%) are the remainder. Mixed-histology tumors, con-
sisting of predominantly transitional cell carcinoma with areas of squamous, 
adenocarcinomatous, or neuroendocrine elements are frequently observed.10 
Squamous cell tumors are more frequent in the distal urethra, and adenocar-
cinomas occur in the embryonal remnant of the urachus on the dome of the 
bladder and in periurethral tissues. In endemic areas of S. haematobium infec-
tions (such as Egypt), 40% of tumors are squamous cell carcinomas. Rare 
tumors of the bladder include lymphoma, sarcoma, and melanoma.

The majority (70 to 80%) of newly detected bladder cancers are classified 
as non–muscle invasive tumors and include exophytic papillary tumors con-
fined to the mucosa (Ta), tumors invading the lamina propria (T1), and car-
cinoma in situ (CIS). Non–muscle invasive bladder tumors are typically graded 
according to the World Health Organization/International Society of Urologic 
Pathology (WHO/ISUP) grading system as low grade and high grade. If the 
grading system is not specified, a numeric system can be used: well differenti-
ated (G1), moderately differentiated (G2), poorly differentiated (G3), and 
undifferentiated (G4). Grading is more important for noninvasive Ta tumors 
because almost all invasive bladder tumors (T1 or greater) are high grade. 
Primary CIS, or Tis, without a concurrent Ta or T1 tumor, constitutes 1 to 
2% of new bladder cancer cases. More frequently, Tis is found in the presence 
of multiple papillary tumors, either immediately adjacent to another lesion 
or involving remote mucosa in the bladder. Tis is, by definition, high-grade 
disease; it is regarded as a precursor to more invasive tumors because 60% of 
untreated tumors develop more invasive disease within 5 years. T1 tumors 
are an aggressive, invasive malignancy. Virtually all T1 tumors are high grade, 
and 50% have associated Tis. Disease recurs in 50% of patients by 1 year and 
in 90% within 5 years. A minority of primary tumors at diagnosis is found to 
invade the muscularis propria (T2), extend to perivesicular fat (T3), or extend 
into immediately adjacent organs (T4); all primary tumors stage T2 or higher 
are high grade.

The natural history of a urothelial tumor is to recur either at the same loca-
tion or at a separate site in the urothelial tract and at the same or a more 
advanced stage. Several studies support the controversial concept that these 
recurrences are clonal in origin. The epidermal growth factor receptor (EGFR) 
is highly expressed (~80%) in bladder cancers; the Her2/Neu growth factor 
receptor is less frequently expressed (~50 to 70%). Studies suggest that higher 
expression of these receptors is associated with a more advanced and/or more 
aggressive phenotype of disease. Bladder cancer has a very high somatic muta-
tion rate (7.7 per megabase) compared to that of other cancers, exceeded only 
by lung cancer and melanoma. Epigenetic modifying genes MLL2, ARID1A, 
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FIGURE 187-1. Overall survival after resection of localized kidney cancer according 
to pathologic tumor (pT) classification. Curve a indicates pT1 tumors; curve B, pT2 tumors; 
curve C, pT3 tumors, curve d, pT4 tumors. (The “pT” categories correspond to the “T” 
categories in the Tnm staging categories shown in Table 187-4). (from russo P, Jang Tl, 
Pettus Ja, et al. survival rates after resection for localized kidney cancer: 1989-2004. 
Cancer. 2008;113:84-96.)

 PROGNOSIS
Progression-free survival and overall survival rates for resected nonmetastatic 
renal cortical tumors substantially differ according to multiple factors includ-
ing age, size, grade and pathologic state (Fig. 187-1, and also E-Figs. 187-1, 
187-2, and 187-3). The prognosis declines considerably for patients with more 
advanced disease, with long-term survival seen in only 20% of stage III patients 
and 5% or less in stage IV patients. Of the more common histologic subtypes 
of renal cell carcinoma, the prognosis of clear cell renal cell carcinoma is less 
favorable than that of papillary renal cell carcinoma; chromophobe renal cell 
carcinoma is the most favorable. For patients with metastatic disease, five clini-
cal features associated with shorter survival are low performance status, high 
lactate dehydrogenase, low hemoglobin, high calcium, and absence of prior 
nephrectomy. Three strata groups have been defined using survival data from 
patients treated with immunotherapy: (1) favorable (zero risk factors) with a 
median survival of 20 months; (2) intermediate (one or two risk factors), with 
a median survival of 10 months; and (3) poor (three or more risk factors)  

TREATMENT 
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KDM6A, and EP300 are significantly mutated in bladder cancer; approximately 
75% have at least one inactivating mutation. Genes that regulate the cell cycle 
are also frequently mutated, including TP53 in 49% and RB1 in 13% of tumors. 
Amplifications of ERBB2, MDM2, and EGFR occur in a minority of tumors 
and represent potential therapeutic targets.11

 CLINICAL MANIFESTATIONS
Hematuria is the manifesting symptom in 80 to 90% of bladder cancer cases, 
but other patients may present with a urinary tract infection. Individuals over 
40 years of age who develop hematuria should have an evaluation for the 
presence of urothelial cancer that includes urinary cytology, cystoscopy, and 
imaging of the urinary tract by either an ultrasound or CT scan. Screening of 
asymptomatic individuals for hematuria increases the probability of diagnosing 
bladder cancer at an earlier stage but does not improve survival; thus, it is not 
routinely recommended. Urinary frequency and nocturia may be present either 
as a consequence of irritative symptoms or a reduced bladder capacity. Pain, 
when present, typically reflects the location of the bladder tumor. Lower 
abdominal pain may occur as a result of a bladder mass, and rectal discomfort 
and perineal pain can result from tumors invading the prostate or pelvis. Tumors 
of the renal pelvis, ureter, or bladder in which the ureteral orifice is obstructed 
can cause hydronephrosis, reduced renal function, and flank pain. Patients 
with more advanced disease can present with anorexia, fatigue, weight loss, 
or pain from a metastatic bone lesion. The physical examination is frequently 
unremarkable in patients presenting with bladder tumors because the vast 
majority of patients have organ-confined tumors.

 DIAGNOSIS
Unfortunately, urinary biomarkers are neither sufficiently sensitive nor specific 
for the diagnosis of bladder cancer, and a small proportion of cases can be 
missed even if biomarkers are combined with urinary cytology.12 The mainstay 
of bladder cancer diagnosis and staging is the cystoscopic evaluation. The 
procedure includes examination under anesthesia to determine if a palpable 
mass (either mobile or not) is present. A nonmobile tumor mass is indicative 
of disease invading the pelvic sidewall that is unlikely to be resectable. Urine 
is obtained to evaluate for the presence of malignant cells. A cystoscope is 
inserted to visually inspect the bladder and detail the size, number, location, 
and growth pattern (papillary or solid) of all lesions. All visible disease under-
goes transurethral resection of the bladder tumor to determine the histologic 
subtype and depth of invasion. Adequate evaluation, particularly in large tumors 
that may be invasive, requires that muscle is identified in the pathologic speci-
men. Repeat biopsy of the resected area is occasionally required to ensure 
that no muscle invasion is present, because invasion into muscle requires 
consideration of surgical removal of the bladder rather than endoscopic resec-
tion of the tumor. Biopsies from any areas of erythema are performed to assess 
for CIS. The urethra is inspected during withdrawal of the cystoscope, and 
biopsies are taken if clinically indicated. Patients with a positive cytologic 
findings but no apparent tumor within the bladder undergo selective retrograde 
catheterization of the ureters up to the renal pelvices to determine whether 
upper tract disease is present.

The decision whether to obtain images of the abdomen and pelvis is based 
on the cystoscopy results and the pathology of the tumor. Either CT or mag-
netic resonance urogram can evaluate the upper urinary tracts, and CT or 
MRI may distinguish whether a tumor extends to the perivesical fat (T3), 
prostate, or vagina (T4) and whether regional lymph nodes are involved (N+). 
In the case of larger, invasive tumors, the presence or absence of distal metas-
tases can be documented with physical examination, CT of the abdomen and 
pelvis, a chest radiograph, and radionuclide bone scan.

All patients with carcinoma of the bladder or related sites are staged using the 
TNM system, advocated by the American Joint Committee on Cancer (AJCC) 
(E-Table 187-1). The TNM system categorizes the depth of invasion of the 
primary tumor, nodal metastases in the pelvis (or retroperitoneum for upper 
tract disease) on the basis of the number and size of regional nodal involve-
ment, other nonregional lymph node sites, and any visceral sites of disease.

risk than a more intense exposure (in cigarettes/day) over a shorter time 
period. Overall, smokers have a two- to four-fold higher relative risk for bladder 
cancer than nonsmokers. Smoking is associated with cellular atypia of the 
urothelium; individuals who never smoked show atypia in only 4% of cases 
in contrast to a 50% incidence of atypia in smokers.

Polycyclic aromatic hydrocarbons such as 2-naphthylamine, 4-aminobiphenyl 
and benzidine, and benzene or exhausts from combustion gases are associated 
with an increased risk for bladder cancer. Occupations reported to be at higher 
risk include aluminum workers, dry cleaners, manufacturers of preservatives 
and polychlorinated biphenyls, and pesticide applicators. Arylamines, also 
implicated in carcinogenesis, are metabolically activated to electrophilic com-
pounds by N-hydroxylation in the liver by cytochrome P-450 IA2 and detoxi-
fied by N-acetylation; studies suggest that individuals with a fast oxidizer and 
slow acetylator phenotype are at highest risk. Occupations associated with a 
higher exposure to arylamines such as workers in the dye, rubber, or leather 
manufacturing industries are believed to be at higher risk for developing bladder 
cancer. Schistosoma haematobium infection enhances formation of carcinogenic 
N-nitroso compounds and results in an increased risk for both squamous and 
transitional cell carcinomas of the bladder. An association has been observed 
between squamous cell carcinoma (but not transitional cell tumors) and the 
presence of chronic urinary tract infections seen in paraplegics and patients 
with chronic bladder stones and indwelling Foley catheters. The chemotherapy 
agent cyclophosphamide can increase the risk for bladder cancer nine-fold 
when used chronically, and phenacetin-containing compounds have been 
implicated in the development of renal pelvis and ureteral tumors.

 PATHOBIOLOGY
Urothelial tumors occur anywhere along the urinary tract, including the renal 
pelvis, ureters, bladder, and the urethra. Over 90% of tumors originate in the 
bladder, 8% in the renal pelvis, and the remaining 2% originate in the ureter 
and urethra. Transitional cell carcinomas comprise 90 to 95% of urothelial 
tumors; squamous cell (keratinizing) tumors (3%), adenocarcinomas (2%), 
and small cell tumors (1%) are the remainder. Mixed-histology tumors, con-
sisting of predominantly transitional cell carcinoma with areas of squamous, 
adenocarcinomatous, or neuroendocrine elements are frequently observed.10 
Squamous cell tumors are more frequent in the distal urethra, and adenocar-
cinomas occur in the embryonal remnant of the urachus on the dome of the 
bladder and in periurethral tissues. In endemic areas of S. haematobium infec-
tions (such as Egypt), 40% of tumors are squamous cell carcinomas. Rare 
tumors of the bladder include lymphoma, sarcoma, and melanoma.

The majority (70 to 80%) of newly detected bladder cancers are classified 
as non–muscle invasive tumors and include exophytic papillary tumors con-
fined to the mucosa (Ta), tumors invading the lamina propria (T1), and car-
cinoma in situ (CIS). Non–muscle invasive bladder tumors are typically graded 
according to the World Health Organization/International Society of Urologic 
Pathology (WHO/ISUP) grading system as low grade and high grade. If the 
grading system is not specified, a numeric system can be used: well differenti-
ated (G1), moderately differentiated (G2), poorly differentiated (G3), and 
undifferentiated (G4). Grading is more important for noninvasive Ta tumors 
because almost all invasive bladder tumors (T1 or greater) are high grade. 
Primary CIS, or Tis, without a concurrent Ta or T1 tumor, constitutes 1 to 
2% of new bladder cancer cases. More frequently, Tis is found in the presence 
of multiple papillary tumors, either immediately adjacent to another lesion 
or involving remote mucosa in the bladder. Tis is, by definition, high-grade 
disease; it is regarded as a precursor to more invasive tumors because 60% of 
untreated tumors develop more invasive disease within 5 years. T1 tumors 
are an aggressive, invasive malignancy. Virtually all T1 tumors are high grade, 
and 50% have associated Tis. Disease recurs in 50% of patients by 1 year and 
in 90% within 5 years. A minority of primary tumors at diagnosis is found to 
invade the muscularis propria (T2), extend to perivesicular fat (T3), or extend 
into immediately adjacent organs (T4); all primary tumors stage T2 or higher 
are high grade.

The natural history of a urothelial tumor is to recur either at the same loca-
tion or at a separate site in the urothelial tract and at the same or a more 
advanced stage. Several studies support the controversial concept that these 
recurrences are clonal in origin. The epidermal growth factor receptor (EGFR) 
is highly expressed (~80%) in bladder cancers; the Her2/Neu growth factor 
receptor is less frequently expressed (~50 to 70%). Studies suggest that higher 
expression of these receptors is associated with a more advanced and/or more 
aggressive phenotype of disease. Bladder cancer has a very high somatic muta-
tion rate (7.7 per megabase) compared to that of other cancers, exceeded only 
by lung cancer and melanoma. Epigenetic modifying genes MLL2, ARID1A, 

Non–Muscle Invasive Disease
The standard treatment for non–muscle invasive tumors is a complete endo-

scopic resection.13 The majority of patients develop new tumors, 30% of which 
progress to a higher stage, mandating vigilant surveillance at 3-month intervals 
with cystoscopy, urine cytology, and repeat transurethral resection when 

TREATMENT 
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PRIMARY TUMORS OF THE BLADDER (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Ta Noninvasive papillary carcinoma
Tis Carcinoma in situ (i.e., flat tumor)
T1 Tumor invades lamina propria (subepithelial connective tissue)
T2 Tumor invades muscularis propria

pT2a Tumor invades non–muscle invasive muscularis propria (inner half)
pT2b Tumor invades deep muscularis propria (outer half)

T3 Tumor invades perivesical tissue
pT3a Microscopically
pT3b Macroscopically (extravesical mass)

T4 Tumor invades directly into any of the following: prostatic stroma, seminal 
vesicles, uterus, vagina, pelvic wall, abdominal wall

T4a Extravesical tumor invades the prostatic stroma, uterus, vagina
T4b Tumor invades the pelvic wall, abdominal wall

REGIONAL LYMPH NODES FOR UROTHELIAL TUMORS OF  
THE BLADDER (N)

NX Regional lymph nodes cannot be assessed
N0 No lymph node metastasis
N1 Single regional lymph node metastasis in the true pelvis (perivesical, 

obturator, external iliac, or sacral lymph node)
N2 Multiple regional lymph node metastases in the true pelvis (perivesical, 

obturator, external iliac, or sacral lymph node metastasis)
N3 Lymph node metastasis to the common iliac lymph nodes
PRIMARY TUMORS OF THE URETER AND RENAL PELVIS (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Ta Papillary noninvasive carcinoma
Tis Carcinoma in situ
T1 Tumor invades subepithelial connective tissue
T2 Tumor invades the muscularis
T3 (For renal pelvis only) Tumor invades beyond muscularis into peripelvic 

fat or the renal parenchyma
T3 (For ureter only) Tumor invades beyond muscularis into periureteric fat
T4 Tumor invades adjacent organs or through the kidney into perinephric fat

REGIONAL LYMPH NODES FOR UROTHELIAL TUMORS (N) OF URETER 
AND RENAL PELVIS

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single lymph node, ≤2 cm in greatest dimension
N2 Metastasis in a single lymph node, >2 cm or multiple lymph nodes.
DISTANT METASTASIS FOR BLADDER (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1a
M1b

Distant metastasis limited to lymph nodes beyond the common iliacs
Non–lymph node distant metastases

DISTANT METASTASIS FOR UROTHELIAL TUMORS (M) OF URETER AND 
RENAL PELVIS

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
AJCC STAGE GROUPINGS FOR BLADDER CANCER

0a Ta N0 M0
0is Tis N0 M0
I T1 N0 M0
II T2a, N0 M0

T2b N0 M0
III T3a N0 M0

T3b N0 M0
T4a N0 M0

IVa T4b Any N M0
IVb Any T any N M1a

Any T any N M1b
AJCC STAGE GROUPINGS FOR CANCER OF THE RENAL PELVIS AND 
URETER

0a Ta N0 M0
0is Tis N0 M0
I T1 N0 M0
II T2 N0 M0
III T3 N0 M0
IV T4 N0 M0

Any T N1 M0
Any T N2 M0
Any T N3 M0
Any T any N M1

E-TABLE 187-1 TNM DEFINITIONS FOR CANCERS OF THE BLADDER, URETER, AND RENAL PELVIS

AJCC = American Joint Committee on Cancer.
Adapted from AJCC Staging Manual, 8th ed. New York: Springer International Publications; 2017.
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indicated. Additional treatment in the form of adjuvant intravesical therapy 
depends on the number of lesions, the size, the depth of invasion, and the 
number of prior tumors in that individual. Prophylactic or adjuvant intravesical 
therapy is typically instituted in the setting when a patient has shown either 
a repeated tendency to develop new lesions in the bladder or is at high risk 
for recurrence or progression de novo. Intravesical therapy is not warranted 
for the first Ta tumor that is low grade. Instances of high recurrence and pro-
gression warranting intravesical therapy include multifocal or large lesions, 
high-grade papillary lesions, T1 tumors, CIS, or a combination of these. It is 
never advised for muscle-invasive tumors because agents instilled in the bladder 
do not penetrate beyond a few layers of cells. After allowing sufficient time for 
healing after the endoscopic resection, intravesical therapy is most frequently 
initiated with the immunologic agent bacillus Calmette-Guérin (BCG) weekly 
for 6 weeks, followed by a prolonged maintenance schedule.13 Occasionally, 
other chemotherapeutic agents or cytokines are used when BCG is contrain-
dicated. Treatment outcome is assessed at the 3- and 6-month evaluations 
following treatment to determine whether the bladder has been rendered 
tumor-free. If disease persists, either a repeat course of BCG treatment or even 
an immediate cystectomy may be recommended. Bladder toxicity caused by 
urothelial irritation can occur and includes bladder irritability or spasms, hema-
turia, and pain on urination. A rare complication of BCG is development of a 
systemic tuberculosis infection requiring treatment with systemic antituberculosis 
agents (Chapter 308). BCG is highly effective in eradicating Tis, with 70% of 
patients disease-free at 1 year and 40% at 10 years. Immediate post-resection 
intravesicular gemcitabine also significantly reduces the risk of recurrence. A11 

Selected tumors in the ureter or renal pelvis can be managed by ureteroscopic 
resection, in some cases by instillation of BCG through the renal pelvis,  
or nephroureterectomy. Tumors of the prostatic urethra are frequently  
managed by cystoprostatectomy, particularly if a complete resection cannot 
be accomplished.

Muscle-Invasive Tumors
For patients with tumors infiltrating the muscularis propria, the standard of 

care in the United States is a radical cystectomy and pelvic lymphadenectomy 
because of the high incidence of cancer extending into the perivesicular fat 
or into regional lymph nodes. A prostatectomy is also performed in men; in 
women, the urethra, uterus, fallopian tubes, ovaries, and anterior vaginal wall 
are removed. Urinary flow can be directed through either a conduit diversion 
or a continent reservoir. With a conduit diversion, urine is drained directly from 
the ureters to a loop of small bowel that is anastomosed to the skin surface 
with no internal reservoir. Urine is collected in an external appliance. Alterna-
tively, a low-pressure continent reservoir can be created from a detubularized 
segment of bowel attached to the abdominal wall with a continent stoma that 
can be self-catheterized at regular intervals. Low-pressure reservoirs also can 
be anastomosed to the urethra, creating an internal orthotopic neobladder 
that permits the patient to void via the normal urethra.14 The standard pelvic 
lymphadenectomy includes the distal common iliac, external iliac, obturator, 
and hypogastric nodes; improved survival and decreased local recurrence are 
associated with an increased number of lymph nodes removed. Complications 
of cystectomy include recurrent urinary infections, hyperchloremic acidosis, 
oxalate stones, incontinence, and impotence. Perioperative chemotherapy in 
addition to surgery is a standard of care for patients with muscle-invasive bladder 
cancer.15 Neoadjuvant chemotherapy before cystectomy for muscle-invasive 
bladder cancer increases survival. A12  This survival benefit is achieved only with 
cisplatin-based combinations, which require that the patient has normal renal 
function and a good performance status. Some physicians prefer immediate 
cystectomy followed by adjuvant chemotherapy for tumors with a high risk 
for relapse. However, no evidence from prospective, randomized trials exists 
to support this approach in contrast to a proved survival benefit from neoad-
juvant chemotherapy. A13  Radical cystectomy is effective at providing long-term 
disease control in 75 to 80% of patients with organ-confined disease, approxi-
mately 50% of those with tumors extending into the perivesical tissues, and 
up to a third of patients with regional lymph node involvement. Metastatic 
disease in the pelvic lymph nodes despite a normal preoperative CT scan is 
very frequent. Bilateral pelvic lymph node dissection in addition to cystectomy 
improves survival. Some patients prefer a nonsurgical, bladder-sparing approach 
using radiation treatment rather than a cystectomy. Radiation with chemo-
therapy sensitization is preferred over radiation alone because of better tumor 
control. A14  The best candidates for this approach are patients with a solitary 
early-stage lesion and no evidence of hydronephrosis. This tri-modality treat-
ment for bladder preservation first requires a successful, near-complete trans-
urethral resection of tumor followed by concurrent chemotherapy and radiation. 
External beam treatments are typically delivered in five daily fractions per week, 
at conventional fractions of ~1.8 Gy (DFB), to a total treatment dose of approxi-
mately 65 Gy. Toxicities include inflammation of the skin, impotence, fatigue, 
and irritative symptoms from the bladder and bowel; persistent proctitis is rare. 
In this approach, cystectomy is reserved for patients whose disease failed to 
achieve complete response. The 5-year disease-free survival with this approach 
is approximately 50%, with the majority of surviving patients retaining a nor-
mally functioning bladder.

Metastatic Disease
Patients with metastatic disease are treated with either platinum-based che-

motherapy or immunotherapy.16 Cisplatin-based chemotherapy is the standard 
of care based on the potential for cure, and the two most commonly used 
regimens are gemcitabine plus cisplatin (GC) and the four-drug regimen of 
methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC). The most fre-
quently observed toxicities include anemia, thrombocytopenia, neutropenic 
fever, mucositis, and fatigue. The GC regimen is better tolerated with less tox-
icity than MVAC. The median survival of patients treated with both regimens 
is approximately 14 months, and the 5-year survival is 15% or less. Multiple 
prognostic factors have been identified, with good performance status and 
metastatic disease limited to the lymph nodes conferring the highest likeli-
hood of response, survival, and potential cure. Medical comorbidities includ-
ing impaired renal function can preclude the use of cisplatin in which case 
carboplatin-based chemotherapy can be considered instead of GC. A15  The 
VEGF antagonist ramucirumab plus docetaxel is better than docetaxel alone 
in patients with locally advanced metastatic disease after platinum-based 
therapy. A16  Bladder cancer is also highly immunogenic, demonstrating marked 
and durable responses to checkpoint blockade inhibitors targeting either PD-1 
or PD-L1. Pembrolizumab has superior survival and less toxicity compared to 
single-agent chemotherapy in patients previously treated with platinum-based  
therapy. A17  Four other anti-PD-1 or anti-PD-L1 antibodies including atezolizumab, 
nivolumab, durvalumab, and avelumab are also FDA approved for treatment 
of patients who have previously received platinum-based therapy. Both pem-
brolizumab and atezolizumab have shown response and favorable survival in 
patients ineligible for cisplatin-based therapy and are approved as first-line 
therapy in both the United States and Europe.17,18

 PROGNOSIS
Cancer of the urinary bladder is a common but heterogeneous disease. Non–
muscle invasive TaG1 lesions, easily treated with endoscopic resection alone, 
almost never progress. At the other end of the spectrum of non–muscle invasive 
disease, aggressive transitional cell carcinoma in situ requires intravesical 
immunotherapy with BCG in addition to endoscopic resection. This intravesi-
cal treatment can substantially reduce recurrence and progression, with 5-year 
disease-free survival rates of 60%. Muscle-invasive disease is most frequently 
cured with an integrated approach of systemic chemotherapy for microme-
tastases followed by cystectomy and pelvic lymphadenectomy; cure rates for 
T2 tumors can be as high as 80% with this multimodality approach. Bladder-
sparing approaches associated with an improved quality of life are possible 
using external beam radiation. Metastatic urinary bladder cancer is a fast-
growing and often lethal malignancy; despite aggressive chemotherapy only 
a small proportion (~15%) of patients are disease-free at 5 years.

 CANCERS OF THE RENAL PELVIS AND URETERS
Approximately 10% of transitional cell carcinomas occur in the ureters and 
the renal pelvis. These tumors can arise either de novo or in the setting of 
prior tumors; the risk for developing an upper tract tumor in patients with 
multifocal carcinoma in situ of the bladder approaches 25% by 10 years. These 
tumors are morphologically similar to the tumors in the bladder and behave 
in a similar manner. Hematuria is the most common manifesting symptom, 
although patients with large tumors and/or ureteral obstruction can present 
with flank pain. A CT scan or MRI is used to stage the extent of primary 
disease and detect regional metastases. Low-grade tumors can be treated 
endoscopically, but high-grade tumors are most commonly treated with a 
nephroureterectomy. In contrast to cystectomy, a regional lymphadenectomy 
is not routinely performed. In renal pelvis tumors, the ureter is removed in 
addition to a nephrectomy because of the high risk for multifocal tumors along 
the entire upper tract and the inability to monitor the ureteral stump with 
accuracy. Systemic chemotherapy is used for unresectable primary tumors, 
patients with regional adenopathy, or recurrent tumors. Upper tract transi-
tional cell carcinomas are staged according to the TNM system (see E-Table 
187-1). Treatment for advanced, nonsurgical disease is with chemotherapy 
or immunotherapy; these urothelial tumors generally have the same sensitiv-
ity and clinical outcomes to each of these treatment modalities as bladder 
cancer. Cisplatin-based chemotherapy is used in patients with normal renal 
function, and either carboplatin-based chemotherapy or a checkpoint block-
ade inhibitor (atezolizumab or pembrolizumab) is considered if there is renal 
insufficiency from obstruction, a prior nephroureterectomy, or other medical  
comorbidity.
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4. The preferred surgical management for a patient with a 7-cm renal cell 
carcinoma in one kidney and a simple cyst in the contralateral kidney 
includes:
 A. Bilateral nephrectomy.
 B. Open partial nephrectomy for the kidney with the 7-cm lesion.
 C. Nephrectomy for the kidney with the 7-cm lesion and retroperitoneal 

lymph node dissection
 D. Laparoscopic partial nephrectomy for the kidney with the 7-cm lesion.
 E. Answers B and D.

Answer: E Partial nephrectomy to preserve renal function as much as pos-
sible is the preferred surgical management in patients with renal cell carcinoma. 
Simple cysts of the kidney are observed, and a retroperitoneal lymph node 
dissection is not the surgical standard of care for renal cell carcinoma.

5. A patient presenting with benign hair follicle tumors (fibrofolliculomas), 
pulmonary cysts with a history of pneumothorax in the past, and bilateral 
renal tumors has which of the following syndromes?
 A. Hereditary papillary renal cell carcinoma (HPRCC)
 B. Hereditary leiomyomatosis renal cell carcinoma (HLRCC)
 C. Birt-Hogg-Dubé syndrome
 D. Familial oncocytoma
 E. Lynch syndrome

Answer: C Explanation: Birt-Hogg-Dubé syndrome is characterized by 
fibrofolliculomas, pulmonary cysts, pneumothorax, and bilateral of the renal 
tumors. Hereditary papillary renal cell carcinoma is associated with bilateral, 
multifocal tumors but not the other features. Hereditary leiomyomatosis renal 
cell carcinoma is associated with uterine leiomyomas (more common) or 
leiomyosarcoma (rare), cutaneous nodules (leiomyomas), and type 2 papil-
lary renal cell carcinoma, which is frequently solitary and frequently develops 
metastases.

REVIEW QUESTIONS

1. A patient with muscle-invasive urothelial cancer of the bladder wishes to 
have bladder-sparing treatment with chemotherapy plus radiation. Which 
of the following components is critical to the success of the therapy?
 A. The radiation port includes the bladder, pelvic nodes, and a boost to 

the bladder.
 B. Brachytherapy to the primary tumor, followed by a boost to the entire 

bladder.
 C. Complete or near-complete transurethral resection of the bladder tumor 

(TURBT).
 D. Adjuvant chemotherapy for three cycles of cisplatin-based chemotherapy.
 E. Both A and C.

Answer: E A complete or near-complete TURBT is critical for success of 
this tri-modality approach (surgery, radiation, chemotherapy) to bladder-sparing 
treatment. Radiation is generally given to the bladder and pelvis, with a boost 
to the bladder cancer primary tumor.

2. A 56-year-old male patient with transitional cell carcinoma presents with 
carcinoma in situ involving the trigone of the bladder. The patient is treated 
with BCG therapy for two 6-week intervals without response. Repeat 
transurethral resection at 3 months shows persistent carcinoma in situ, 
along with new tumor invading the lamina propria but not the muscularis 
propria. The standard of care is:
 A. Radical cystectomy with preservation of the prostate and neurovascular 

bundle to preserve sexual function.
 B. Cystoprostatectomy and bilateral pelvic lymph node dissection.
 C. Intravesical interferon or interleukin-2.
 D. Systemic chemotherapy with a cisplatin-containing regimen.
 E. External beam radiation with a chemotherapy radiosensitizer.

Answer: B The standard of care for refractory carcinoma in situ is cystopros-
tatectomy and bilateral pelvic lymph node dissection. Refractory disease is 
defined in this instance as progression to a greater stage within 6 months of 
therapy.

3. Interleukin-2 (IL-2) therapy for patients with renal cell carcinoma differs 
from drugs that target vascular endothelial growth factor (VEGF) in that:
 A. IL-2 therapy can result in a 4% long-term cure in patients with metastatic 

disease.
 B. IL-2 therapy has a greater response rate than VEGF inhibitors.
 C. IL-2 therapy is given immediately after nephrectomy in contrast to VEGF 

inhibitors, which are given only for metastatic disease.
 D. IL-2 can be given in patients with poor renal function.
 E. IL-2 therapy is reserved for patients with brain metastases.

Answer: A The approval for IL-2 therapy by the U.S. Food and Drug Admin-
istration was, in part, based on this durability of complete responses in approxi-
mately 4% of patients, which is not seen with any other systemic treatments 
for metastatic renal cell carcinoma.
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BREAST CANCER AND BENIGN 
BREAST DISORDERS
NANCY E. DAVIDSON

Invasive breast cancer, the most common nonskin cancer in women in the 
United States, will be diagnosed in approximately 268,600 women in 2019 
and will result in approximately 41,760 deaths. Incidence and mortality from 
breast cancer appear to be dropping in the United States and parts of Western 
Europe. This decline is believed to reflect early detection by screening mam-
mography and widespread use of adjuvant systemic therapy, as well as decreased 
use of hormone replacement therapy.

 BREAST CANCER

 EPIDEMIOLOGY AND PATHOBIOLOGY
Multiple risk factors for the development of breast cancer have been identified 
(Table 188-1). The principal risk factor is gender. Breast cancer is largely  
a disease of women, although it does occur in men at an incidence of  
approximately 1% that seen in women. A second critical risk factor is age. 

Approximately 75% of breast cancer cases in the United States are diagnosed 
in women older than 50 years of age.

Family history is a third critical risk factor. Approximately 20% of breast 
cancer occurs in women with a family history of breast cancer; increased risk 
is associated with a diagnosis of breast cancer in first-degree relatives younger 
than 50 years. Of breast cancer cases, 5 to 8% occur in high-risk families. 
Several familial breast cancer syndromes with associated molecular abnormali-
ties have been identified. Chief among them is the breast-ovarian cancer syn-
drome, which is linked to germline mutations in the breast cancer susceptibility 
genes, BRCA1 and BRCA2, and even specific breast cancer cluster regions 
within those genes.1 These mutations are inherited in an autosomal dominant 
fashion and can therefore be transmitted through the maternal or paternal 
line. Extensive studies suggest that a germline mutation in either of these 
genes is associated with a 50 to 85% lifetime risk for developing breast cancer. 
Testing for BRCA1 and BRCA2 mutations is now viewed as a standard option 
for women with clinical features suggestive of a hereditary breast cancer syn-
drome; these include personal diagnosis of breast cancer at 45 years of age 
or younger or ovarian cancer at any age, personal diagnosis of ER/PR/HER2-
negative breast cancer at 60 years of age or younger, multiple family members 
with early-onset breast or ovarian cancer, bilateral breast cancer, or Ashkenazi 
Jewish heritage. Careful counseling about the implications of a positive or 
negative results and about the limitations of testing is a prerequisite for testing.

Other hereditary cancer syndromes (Chapter 171) include germline loss-
of-function mutations in PALB2 and other DNA repair genes,2 Li-Fraumeni 
syndrome (which is linked with germline mutations in the p53 tumor sup-
pressor gene), and Cowden syndrome (which is associated with inherited 
mutations in the PTEN gene). Finally, in addition to these high-penetrance 
genetic susceptibility syndromes, recent results from genome-wide association 
studies have identified a number of low-penetrance genetic associations, includ-
ing single nucleotide polymorphisms in a variety of genes. If or how to incor-
porate these low-penetrance traits into clinical practice remains to be established. 
Reproductive risk factors include early menarche, late menopause, nulliparity, 
and late first pregnancy. In aggregate, these factors result in prolonged estrogen 
exposure of the breast. The association between postmenopausal obesity and 

TABLE 188-1 RISK FACTORS FOR BREAST CANCER  
IN WOMEN

RELATIVE RISK >4.0

Age (65+ vs. <65 yr, although risk increases across all ages until age 80 yr)
Biopsy-confirmed atypical hyperplasia
Certain inherited genetic mutations for breast cancer (BRCA1 and/or BRCA2)
Ductal carcinoma in situ
Lobular carcinoma in situ
Mammographically dense breasts (compared with least dense)
Personal history of early-onset (<40 yr) breast cancer
Two or more first-degree relatives with breast cancer diagnosed at an early age
RELATIVE RISK 2.1-4.0

Personal history of breast cancer (40+ yr)
High endogenous estrogen or testosterone levels (postmenopausal)
High-dose radiation to chest
One first-degree relative with breast cancer
RELATIVE RISK 1.1-2.0

Alcohol consumption
Ashkenazi Jewish heritage
Diethylstilbestrol exposure
Early menarche (<12 yr)
Height (tall)
High socioeconomic status
Late age at first full-term pregnancy (>30 yr)
Late menopause (>55 yr)
Never breastfed a child
No full-term pregnancies
Obesity (postmenopausal)/adult weight gain
Personal history of endometrial or ovarian cancer
Proliferative breast disease without atypia (usual ductal hyperplasia and 

fibroadenoma)
Recent and long-term use of menopausal hormone therapy containing estrogen and 

progestin
Recent oral contraceptive use
From American Cancer Society. Breast Cancer Facts & Figures 2017–2018. Atlanta, GA: American 
Cancer Society, 2017.
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ABSTRACT
Breast cancer is the most common nonskin cancer in U.S. women. It is now 
recognized to be made up of a myriad of molecular subtypes. Screening and 
prevention approaches to breast cancer are well studied. Most patients present 
with early-stage disease and are treated in a personalized fashion with multi-
modality therapy, including surgery, radiotherapy, chemotherapy, endocrine 
therapy, and targeted therapy. Metastatic breast cancer can be managed as a 
chronic disease with sequential systemic therapies.
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breast cancer likely reflects estrogen exposure as well. Certain types of breast 
pathology, including atypical hyperplasia and lobular carcinoma in situ, are 
also associated with increased risk. The possibility that increased breast density 
as assessed by mammography is a risk factor has also been raised. Finally, 
much interest has focused on the possibility that exogenous environmental 
factors predispose to breast cancer. Among the factors that appear to enhance 
breast cancer risk are ionizing radiation during adolescence, prolonged use of 
hormone replacement therapy,3 ongoing use of oral contraceptives, and alcohol 
consumption. Large studies have failed to show any convincing association 
between exposure to estrogenic pesticides or a high-fat diet and breast cancer.

 CLINICAL MANIFESTATIONS
Breast cancer usually manifests as a mammographic abnormality or a physical 
change in the breast, including a mass or asymmetrical thickening, nipple 
discharge, or skin or nipple changes. Two unusual clinical manifestations 
include Paget disease of the nipple and inflammatory breast cancer. The former 
is a form of adenocarcinoma involving the skin and ducts and is manifested 
as nipple excoriation. The latter is recognized as a constellation of redness, 
warmth, and edema that often reflects tumor cell infiltration of dermal lym-
phatics of the breast; it should not be mistaken for simple mastitis.4

Nipple discharge may be associated with breast malignancy. Although milky 
discharge is seldom associated with a malignant diagnosis, patients with a 
clear or bloody nipple discharge require breast examination and mammography 
and often excisional biopsy of any suspicious area. Ductography and sometimes 
ductoscopy may be used to identify the inciting lesion. A bloody discharge is 
frequently caused by an intraductal papilloma.

Breast pain is common, especially as a premenstrual symptom in premeno-
pausal women. But it may also be associated with an underlying malignancy. 
Patients with localized noncyclic breast pain should undergo breast examina-
tion and bilateral mammography. If these are normal, ultrasound or magnetic 
resonance imaging (MRI) may be used to exclude the small possibility of a 
malignancy.

 DIAGNOSIS
Diagnostic evaluation is generally triggered by suspicious findings on a screen-
ing mammogram or detection of a palpable breast abnormality by the patient 
or health care provider. For both clinically occult and clinically apparent lesions, 
pathologic evaluation is mandatory to establish a diagnosis. Today, fine-needle 
aspiration and core needle biopsy have replaced incisional or excisional biopsy 
as the standard diagnostic measures. These procedures can be performed in 
the office in patients with suspicious palpable lesions. For women with non-
palpable lesions, biopsy guided by mammography, ultrasonography, or MRI 
is now standard. Stereotactic- or ultrasound-guided core needle biopsies are 
almost as accurate as, and associated with lower complication rates than, open 
surgical biopsy. These technologies generally permit an accurate diagnosis 
that can be followed by definitive treatment planning, but the concordance 
among pathologists varies widely—about 96% agreement on the diagnosis 
of invasive carcinoma, about 85% for ductal carcinoma in situ (DCIS) or fully 
benign, and only about 50% for atypia. It is axiomatic, however, that further 
evaluation must be undertaken for suspicious lesions that give an equivocal 
diagnosis after needle aspiration or core biopsy. Finally, bilateral breast imaging 
is always recommended to identify any unsuspected lesions in the contralateral 
breast that may also require evaluation. Evaluation of circulating tumor DNA 
is a potentially exciting but still experimental approach.5

Staging and Prognostic and Predictive Markers
Although staging originally reflected the clinical assessment of tumor size, 
nodal status, and evidence of metastatic disease, pathologic staging is the most 
accurate estimate of tumor involvement and prognosis. The staging system 
for breast cancer was revised in 2018.

Three American Joint Committee on Cancer (AJCC) Anatomic and Prog-
nostic Stage Groups are now defined.6 They preserve key elements of earlier 
staging systems in that invasive tumors are staged from I to IV, with stages I 
and II representing early-stage disease, stage III signaling more locally advanced 
disease, and stage IV denoting metastatic disease. Outcomes are highly cor-
related with stage of disease.

The Anatomic Stage Group7 makes use of tumor size (T), nodal involve-
ment (N), and metastases (M) and should only be used in global regions 
where biomarker tests are not routinely available. In the United States, cancer 
registries must use the Clinical and Pathological Prognostic Stage Group 
systems. Clinical Prognostic Staging is generally carried out before any treat-
ment and makes use of the history, physical examination, any breast imaging, 

the results of breast and lymph node biopsies, and measurement of standard 
biomarkers, including histologic grade and expression of estrogen and pro-
gesterone receptor and HER2 proteins. Pathological Prognostic Stage is carried 
out after definitive therapy has been completed and makes use of the T, N, 
and M status as defined by the pathologist as well as any biomarkers like 
estrogen and progesterone receptor and HER2 expression and any multigene 
panels as described later. Pathological Prognostic Staging is the preferred 
staging for patients receiving treatment in the United States.

Most patients with breast cancer present with stage I or II disease in the 
absence of symptoms. In these patients, laboratory studies can be limited to 
blood counts, chemistry panel, and chest radiograph, and more extensive 
radiologic evaluation is not warranted because of low yield. In contrast, women 
with clinical evidence of stage III or IV disease should undergo more intensive 
evaluation of common sites for metastases, including lung, liver, and bone, 
through computed tomography and radionuclide scanning.

The two most important determinants of prognosis for early-stage breast 
cancer are pathologic lymph node status and tumor size. Other factors that 
contribute to prognosis are the expression of the estrogen receptor-α, pro-
gesterone receptor, and HER2 proteins; these are conventionally measured 
by immunohistochemistry, although in situ hybridization (ISH) for HER2 
gene amplification is also employed. Poor prognosis is associated with high 
lymph node burden, poor histologic grade, large tumor size, absence of 
estrogen receptor and progesterone receptor expression, and overexpression  
of HER2.

Recently, the focus has been on the development of predictive markers to 
guide selection of therapy. The three established predictive markers for breast 
cancer are the estrogen receptor-α, the progesterone receptor, and HER2, and 
these should be routinely evaluated in every invasive cancer. Many tumors 
that express the estrogen receptor-α or progesterone receptor, or both, are 
responsive to endocrine therapy, whereas those that lack both seldom respond 
to such therapy. Overexpression of the HER2 protein by immunohistochem-
istry or HER2 gene amplification by ISH is associated with response to the 
HER2-targeted therapies.8 Evidence that links expression of the estrogen 
receptor, the progesterone receptor, or HER2 to chemotherapy efficacy is  
equivocal.

Modern molecular techniques have provided further insight into molecular 
classification of breast cancer. By integrating data derived from analysis by 
genomic DNA copy number arrays, DNA methylation, exome sequencing, 
messenger RNA arrays, microRNA sequencing, and reverse-phase protein 
arrays, multiple genetically distinct types of breast cancer have been identified. 
Transcriptional profiling has suggested that breast cancers can be divided into 
at least four molecular subsets: luminal A and B, HER2, and basal. The luminal 
subtypes frequently express the estrogen receptor-α, but luminal A appears 
to be associated with a better prognosis and higher likelihood of response to 
endocrine therapy than luminal B. The basal subtype is dominated by tumors 
that lack expression of the estrogen receptor-α, the progesterone receptor, 
and HER2—the so-called triple-negative breast cancer that lacks a readily 
identified molecular target. Multigene assays that evaluate these gene expres-
sion patterns are under investigation, and several multigene assays are available 
in clinical practice. One such assay, Oncotype Dx, may assist in the identifica-
tion of women with early-stage steroid receptor–positive breast cancer who 
would benefit from the addition of chemotherapy to tamoxifen. A second 
assay, Mammaprint, may be useful to identify women with breast cancer with 
poor prognosis. A number of other assays have been developed and their use 
is under study. Both the Oncotype Dx and Mammaprint assays are the subject 
of large randomized trials to refine the conditions for their optimal use. Finally, 
whole-genome sequencing of breast cancers is exposing the scope of tumor 
diversity and may help to pinpoint avenues for precise diagnostics and targeted 
therapy.9

Local Treatment of Early-Stage Breast Cancer
in situ Carcinoma

Thanks to heightened breast cancer awareness and use of screening mam-
mography, in situ carcinomas now account for 20 to 25% of newly diagnosed 
cases of breast cancer (see Table 188-2). Most of these are DCIS. These lesions 
are associated with approximately a 30% risk for subsequent invasive breast 
cancer in the same breast. The risk for metastatic breast cancer with a diagnosis 
of DCIS is extremely small. As a consequence, management decisions are 

TREATMENT 
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TABLE 188-2 CARCINOMA IN SITU: DUCTAL VERSUS 
LOBULAR

FEATURE
LOBULAR CARCINOMA 

IN SITU
DUCTAL CARCINOMA  

IN SITU
Age Younger Older
Palpable mass No Uncommon
Mammographic 

appearance
Not detected on 

mammography
Microcalcifications, mass

Immunophenotype E-cadherin negative E-cadherin positive
Usual manifestation Incidental finding on breast 

biopsy
Microcalcifications on 

mammography or breast 
mass

Bilateral involvement Common Uncertain
Risk and site of 

subsequent breast 
cancer

25% risk for invasive breast 
cancer in either breast 
over remaining lifespan

At site of initial lesion; 0.5% 
risk/yr of invasive breast 
cancer in opposite breast

Prevention Consider tamoxifen or 
raloxifene or aromatase 
inhibitor

Consider tamoxifen or 
aromatase inhibitor if 
estrogen receptor positive

Treatment Yearly mammography and 
breast examination

Lumpectomy ± radiation; 
mastectomy for large or 
multifocal lesions

centered on the involved breast, and axillary lymph node evaluation is not 
routinely performed. Total mastectomy, the traditional therapy, has a high likeli-
hood of cure, but studies suggest that breast conservation is appropriate for 
many women with DCIS. The major contraindications include poor cosmesis, 
extensive disease, or patient preference. Several models have suggested that 
size and grade of lesion and surgical margin status are important determinants 
of local outcome. Excision to obtain tumor-free margins is critical. Careful mam-
mographic examination of the specimen and postexcision mammography of 
the breast are crucial to confirm that the DCIS has been adequately excised. A 
large randomized trial showed that radiotherapy plus lumpectomy decreased 
the likelihood of in situ or invasive recurrence compared with lumpectomy 
alone. Other data sets suggest that some women with favorable histologic 
findings who are willing to undergo close surveillance are candidates for local 
excision alone. In addition, the use of tamoxifen or aromatase inhibitor for 5 
years can reduce ipsilateral breast cancer recurrence and contralateral breast 
cancer diagnosis by approximately 50%.

Controversy continues over whether lobular carcinoma in situ (LCIS) is truly 
a malignant lesion. LCIS is usually an incidental finding on a breast biopsy done 
for other indications, and it appears to be associated with a 25% risk for devel-
opment of invasive breast cancer in either breast. Women with LCIS are generally 
managed expectantly with regular breast examination and mammography. 
Bilateral total mastectomy is sometimes considered for women with LCIS who 
have other risk factors or extreme anxiety. Finally, these women are candidates 
for tamoxifen or raloxifene or an aromatase inhibitor as a risk-reduction strategy 
based on the results of several large breast cancer chemoprevention trials.

invasive Breast Cancer
Surgery

Although radical mastectomy (removal of the breast, axillary contents, and 
underlying chest musculature) was the mainstay for breast cancer treatment 
for many years, it is seldom performed today. Multiple randomized trials have 
consistently shown that breast conservation therapy with lumpectomy plus 
radiotherapy provides identical survival rates to modified radical mastectomy 
(removal of the breast and lymph nodes) for women with stages I and II breast 
cancer. Medical contraindications to breast conservation therapy include mul-
tifocal disease, previous radiotherapy, ongoing pregnancy that precludes the 
timely use of radiotherapy, poor cosmesis, and patient preference. Although 
the number of patients who receive breast conservation therapy has increased 
substantially, there are wide geographic differences in practice even within the 
United States. Patients who undergo mastectomy should be counseled about 
the availability of a number of autologous tissue and implant options for recon-
struction,10 either at the time of surgery or any time thereafter. Routine resection 
of shave margins around the cavity left by partial mastectomy can reduce the 
rates of positive margins and re-excision among patients with partial mastec-
tomy by 50%.

Because the likelihood of distant micrometastatic spread is highly correlated 
with the number of pathologically involved axillary lymph nodes, axillary  
dissection has traditionally been used to provide prognostic information. A 
drive toward limiting axillary surgery to minimize the incidence of postopera-
tive lymphedema (see later)11 has led to the development of sentinel node 

techniques. A radioactive tracer, blue dye, or both are injected into the area 
around the primary breast tumor. The injected substance tracks rapidly to the 
dominant axillary lymph node—the sentinel node—which can be located and 
removed by the surgeon. If the sentinel node is tumor free, the remaining 
nodes are likely to be tumor free as well, and no further axillary surgery is 
required. Currently, women with palpable axillary nodes and those with more 
extensively involved sentinel nodes are counseled to undergo axillary dissec-
tion. For women with small tumors and a clinically negative axilla, large ran-
domized trials of sentinel node management and traditional axillary dissection 
suggest similar outcomes. Data further suggest that it is appropriate to omit 
further axillary surgery for patients with a low burden of disease in sentinel 
nodes. A1 

Adjuvant Radiotherapy
Radiotherapy has been a cornerstone in breast conservation therapy because 

women who undergo lumpectomy alone have a breast cancer recurrence rate 
of up to 40%, whereas the rate of recurrence is less than 10% with whole breast 
radiotherapy. As a result, radiotherapy to the conserved breast reduces the 
breast cancer death rate by approximately 15%. Attempts to identify women 
whose tumors are so favorable that radiotherapy can be withheld are ongoing. 
One large trial suggested that women older than 70 years with small estrogen 
receptor–positive tumors who receive tamoxifen gain little with radiotherapy. 
Unfortunately, radiotherapy delivered to a smaller field (partial breast radio-
therapy) is not as good as whole breast irradiation. A2  The addition of nodal 
radiation appears to reduce recurrence rates in women who have either positive 
axillary nodes or high-risk characteristics despite negative nodes but provides 
little if any overall survival benefit. A3 

The role of postmastectomy radiotherapy continues to be a matter of debate. 
Based on the results of individual randomized trials and a meta-analysis sug-
gesting a survival advantage, many radiation oncologists recommend post-
mastectomy radiation to women with more than three involved nodes and 
discuss its use for those with involvement of one to three nodes, in whom a 
smaller benefit is seen. A4 

Adjuvant Systemic Therapy for Early-Stage  
Breast Cancer

Adjuvant systemic therapy is defined as the use of chemotherapy, endocrine 
therapy, or biologic therapy, or a combination of these, after definitive local 
therapy for early breast cancer. Its goal is to suppress or eradicate clinically 
occult micrometastases. Because current testing does not permit the definitive 
identification of the patient with micrometastases, recommendations for adju-
vant systemic therapy are based on menopausal status, lymph node status, 
tumor size, the extent of expression of the estrogen receptor, progesterone 
receptor, HER2 proteins in breast cancer cells, and certain multigene tests.12 
The treatment algorithms that are currently used are the result of more than 
50 years of clinical trials; the results of these trials have been compiled in 
sequential overview analyses that have evaluated the worldwide experience 
with use of endocrine therapy and chemotherapy. A5 

,
 A6  These analyses have 

shown that adjuvant therapy results in a proportional reduction in risk for 
recurrence across all patients regardless of risk for recurrence; this implies that 
the absolute benefit of adjuvant systemic therapy is greatest for individuals 
with the greatest risk for recurrence. However, in women who have early-stage 
breast cancer with a high clinical risk but a low genomic risk for recurrence, 
basing adjuvant chemotherapy on a 70-gene signature led to a 5-year rate of 
survival without distant metastasis that was only about one percentage point 
lower without compared to with chemotherapy. A7  Tools to assist the clinician 
and patient to make decisions about the use of adjuvant therapy include guide-
lines based on evidence and expert consensus (see Table 188-3).13

adjuvant endocrine therapy
Tamoxifen (20 mg/day for 5 to 10 years) has historically been the most widely 

used endocrine therapy.14 It improves outcomes in women of all ages with 
estrogen receptor- or progesterone receptor-positive breast cancer. Its side-
effect profile includes an increased risk for thromboembolic events and uterine 
cancer, especially in postmenopausal women, because of its estrogen agonist 
properties. Potential benefits include promotion of bone density and lowering 
of cholesterol.

In recent years, the role of estrogen deprivation has been the subject of 
intense scrutiny—ovarian suppression or ablation for premenopausal women 
and aromatase inhibition for postmenopausal women. Ovarian ablation through 
surgery or radiotherapy is the oldest form of systemic therapy for breast cancer. 
More recent work has focused on the use of luteinizing hormone–releasing 
hormone (LHRH) agonists as a means of effecting a temporary and reversible 
ovarian suppression in combination with tamoxifen or aromatase inhibitor. 
Recent updates of two large trials addressing optimal endocrine therapy in 
premenopausal women with hormone receptor–positive breast cancer suggest 
that 5 years of LHRH agonist plus tamoxifen or LHRH agonist plus exemestane 
improved disease-free survival over tamoxifen in women who were at sufficient 
risk for recurrence to warrant adjuvant chemotherapy and who remained pre-
menopausal. The exemestane-containing regimen gives better results than the 
tamoxifen-containing combination with better overall survival. A8 
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Administration of goserelin (a gonadotropin-releasing hormone agonist to 
protect ovarian function) with chemotherapy may protect against permanent 
ovarian failure, thereby reducing the risk for early menopause and improving 
prospects for fertility. A9 

In postmenopausal women, the primary source of estrogen is the conversion 
of androgens synthesized by the adrenal glands to estrogen through the activity 
of CYP19 or aromatase in peripheral tissues such as mammary and adipose 
tissues. The aromatase inhibitors (anastrozole, letrozole, and exemestane) spe-
cifically inhibit this conversion, leading to further estrogen deprivation in older 
women. Randomized trials have shown that efficacy of aromatase inhibitors is 
similar or superior to that of tamoxifen and that these drugs have an acceptable 
side-effect profile. Multiple trials have compared monotherapy with tamoxifen, 
an aromatase inhibitor, A10  or sequential therapy; in aggregate, they suggest 
that the use of an aromatase inhibitor at some point should be considered for 
most postmenopausal women with steroid receptor–positive invasive breast 
cancer. A patient-level meta-analysis of randomized trials in postmenopausal 
women with estrogen receptor–positive early breast cancer showed that aro-
matase inhibitors reduce recurrence rates by about 30% (proportionately) 
compared with tamoxifen while treatments differ, but not thereafter. A11  Side 
effects include postmenopausal symptoms, osteoporosis and fractures, and 
arthralgias. Aromatase inhibitors are not useful for receptor-negative breast 
cancer, nor should they be used as monotherapy in premenopausal women 
or men with breast cancer. The simultaneous administration of tamoxifen plus 
aromatase inhibitor does not improve outcome over aromatase inhibitor alone.

Duration of endocrine therapy appears to be quite important. Direct evidence 
suggests that at least 5 years of adjuvant endocrine therapy is associated with 
better outcomes than shorter periods. Large reported trials suggest that 10 
years of tamoxifen is better than 5 years. Information from randomized trials 
about longer duration of aromatase inhibitors is beginning to emerge and 
suggests that the greatest benefit of longer term therapy is prevention of con-
tralateral breast cancer. A12 

adjuvant anti-Her2 therapy
Increased understanding of growth and death pathways of breast cancer 

led to the identification of critical nonendocrine pathways that are potential 
targets for therapy. The transmembrane HER2/neu protein is overexpressed in 
approximately 15 to 20% of breast cancers, generally because of gene ampli-
fication. The efficacy and safety of the monoclonal antibody trastuzumab in 
the treatment of women with HER2-overexpressing metastatic breast cancer 
laid the foundation for several adjuvant trials that in aggregate showed that 
the addition of 1 year of trastuzumab to chemotherapy reduced the risk for 
recurrence by approximately 50% in women with high-risk or residual invasive 
HER2-positive early breast cancer. A13  Thus, use of trastuzumab is considered 
for most women with HER2-positive tumors. More recent trials suggest that 1 
year of therapy is better than 6 months and 2 years is no better than 1 year. 

TABLE 188-3 ADJUVANT TREATMENT GUIDELINES FOR 
PATIENTS WITH EARLY-STAGE INVASIVE 
BREAST CANCER

PATIENT GROUP TREATMENT
HORMONE RECEPTOR–POSITIVE  
(ER- AND/OR PR-POSITIVE) BREAST CANCER

Low tumor burden
≤0.5 cm pN0 Consider adjuvant hormonal therapy
0.6-1.0 cm well differentiated and no 

unfavorable features pN0
Consider adjuvant hormonal therapy

>1 cm Adjuvant hormonal therapy ± adjuvant 
chemotherapy

Intermediate or high tumor burden
Adjuvant hormonal therapy + adjuvant 

chemotherapy
HORMONE RECEPTOR–NEGATIVE 
(ER- AND PR-NEGATIVE) BREAST 
CANCER
≤0.5 cm and pN0 No adjuvant therapy
All other tumors Adjuvant chemotherapy
HER2 POSITIVE

Trastuzumab should be added to the 
suggested treatment above for all 
node-positive patients and considered 
for pN0 tumors that are >5 mm

Modified from National Comprehensive Cancer Network Guidelines and 2017 St Gallen 
Conference. Available at http://www.nccn.org. and Ann Oncol 28:1700-12, 2017

Important questions remain regarding long-term risks and benefits, the use of 
trastuzumab in the absence of chemotherapy, and the role of other anti-HER2 
agents such as lapatinib, pertuzumab, neratinib, and emtansine in addition to 
or in place of trastuzumab. Currently the U.S. Food and Drug Administration 
(FDA) has approved the use of pertuzumab in combination with trastuzumab 
as well as the use of neratinib for 1 year after a year of trastuzumab-containing 
therapy as adjuvant therapy.

adjuvant Chemotherapy
Individual trials and the Early Breast Cancer Trialists Collaborative Group 

meta-analysis have shown the benefit of adjuvant chemotherapy. A14  Benefit 
varies by age and nodal status such that, in the meta-analysis, the absolute 
benefit is greatest in women younger than 50 years, in whom 15-year breast 
cancer mortality decreased from 42 to 32%, whereas it decreased from 50 to 
47% for women aged 50 to 69 years.

These trials established several principles that guide chemotherapy use. 
Combination therapy appears to be more effective than single-agent chemo-
therapy. Effective agents include anthracyclines, taxanes, antimetabolites, and 
cyclophosphamide. Randomized trials demonstrated that 3 to 6 months of 
therapy is preferred over longer durations. Dose reduction below the standard 
level is associated with inferior outcome, but dose escalation through the use 
of colony-stimulating factors or autologous stem cells support leads to excess 
toxicity without improved outcome. Regimens that use colony-stimulating 
factors to accelerate the schedule of chemotherapy administration have been 
more successful.

Increased use of adjuvant chemotherapy and longer survival led to concerns 
about toxicity. Acute side effects of therapy are nausea and vomiting, bone 
marrow suppression, and hair loss; all are reversible, and the first may be miti-
gated by the use of modern antiemetics. Careful use of colony-stimulating 
agents can minimize complications of neutropenia, but current evidence argues 
against the use of erythroid-stimulating agents for chemotherapy-induced 
anemia. Induction of menopause is a common concern for premenopausal 
women. Its likelihood is related to the type and duration of chemotherapy and 
the age of the patient; most women older than 40 years will suffer drug-induced 
menopause. Doxorubicin-related cardiomyopathy is noted in approximately 
1% of women who received doxorubicin-containing adjuvant chemotherapy. 
Use of standard adjuvant chemotherapy regimens results in a very small increase 
in the incidence of acute leukemia, but there is no evidence of increased inci-
dence of other second tumors. Effect of chemotherapy on cognitive function 
is an area of study.

Sequencing of Adjuvant Therapy
Women frequently receive several adjuvant interventions, including chemo-

therapy, radiotherapy, endocrine therapy, and/or anti-HER2 therapy. A logical 
question is how best to sequence these therapies.

Because a large randomized trial showed that concurrent chemotherapy 
plus tamoxifen led to worse outcome than chemotherapy followed by tamoxifen, 
most practitioners delay the administration of endocrine therapy until after 
completion of chemotherapy. Conversely, the benefit of trastuzumab appears 
to be greater when it is coadministered with taxane chemotherapy rather than 
following completion of taxane. A randomized trial showed no clear difference 
between the sequence of chemotherapy followed by radiotherapy compared 
with radiotherapy followed by chemotherapy.

A number of trials have tested the concept that administration of systemic 
therapy before primary surgery would improve outcome over the standard 
sequence of surgery followed by systemic therapy. Together they suggest that, 
compared with adjuvant therapy, preoperative (also termed neoadjuvant) sys-
temic therapy improves the rate of breast conservation but does not enhance 
disease-free or overall survival. The possibility that preoperative therapy can 
provide an in vivo assessment of tumor response to therapy is suggested by 
the correlation between the finding of a pathologic complete response (absence 
of invasive cancer in the surgical specimen) and long-term disease-free survival 
in some studies.

Follow-Up of Early-Stage Breast Cancer Survivors
A critical question is how longitudinal medical follow-up should be conducted 

in women who have received appropriate local and systemic therapy for early 
breast cancer. Randomized trials have addressed the question of the value of 
serial laboratory and radiology testing, as well as the role of primary care versus 
oncology specialist follow-up. On the basis of these and other studies, the 
American Society of Clinical Oncology has published evidence-based guidelines 
for follow-up of asymptomatic survivors of early-stage breast cancer. These 
guidelines are summarized in (Table 188-4).15

Stage III Breast Cancer
Locally advanced or inoperable stage III breast cancer accounts for approxi-

mately 10% of breast cancers. It is characterized by large primary tumor, fixed 
tumor or lymph nodes, or neoplastic invasion of the skin or chest wall. Inflam-
matory breast cancer falls into this category. It has a clinical presentation of 
breast swelling, warmth, and erythema and may or may not be associated with 
a mass. Because as many as one third of women with locally advanced breast 

http://www.nccn.org/
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TABLE 188-4 FOLLOW-UP GUIDELINES FOR PATIENTS  
WITH EARLY-STAGE BREAST CANCER: 
AMERICAN SOCIETY OF CLINICAL  
ONCOLOGY GUIDELINES

PROCEDURE OR TEST FREQUENCY
History and physical examination* 

(eliciting of symptoms of breast 
cancer)

Every 3-6 mo for first 3 yr, every 
6-12 mo for next yr, then yearly

MAMMOGRAPHY

Mastectomy patients Yearly
Lumpectomy patients Yearly
Pelvic examination Age appropriate
Breast self-examination Monthly
Complete blood cell counts and 

chemistry studies
The literature does not support the use 

of these tests
Chest radiography, bone scans, PET 

scans, breast MRI, liver imaging, and 
tumor marker studies

Not recommended for routine follow-up 
in asymptomatic patients

Patient education regarding signs and 
symptoms of recurrence

Each visit

Modified from Khatcheressian JL, Hurley P, Bantug E, et al. Breast cancer follow-up and 
management after primary treatment: American Society of Clinical Oncology clinical practice 
guideline update. J Clin Oncol. 2013;31:961-965.
MRI = magnetic resonance imaging; PET = positron emission tomography.
*Limited evaluation: assess for pain, dyspnea, weight loss, and other major changes in function. The 
limited examination should include an assessment of nodes, axillae, lumpectomy or mastectomy site, 
contralateral breast, chest, and abdomen. Patients should be instructed regarding symptoms of 
recurrence.

cancer have distant metastases at the time of diagnosis, many oncologists 
perform an evaluation for metastatic disease even in asymptomatic patients. 
Diagnosis is usually established by fine-needle aspiration or core biopsy, and 
combined-modality therapy is used to maximize control of local disease and 
distant micrometastases. Several months of preoperative endocrine therapy 
or chemotherapy results in tumor regression in most patients, thereby allowing 
definitive breast surgery of some type to be performed. Postoperative radio-
therapy is generally employed to enhance local control, and some studies 
suggest that administration of further chemotherapy, hormone therapy, anti-
HER2 therapy, or a combination thereof (depending on the features of the 
cancer) is then desirable. Multimodality therapy results in a 5-year disease-free 
survival rate of approximately 50%.

Stage IV or Metastatic Breast Cancer
Although seldom curable, advanced breast cancer is a highly treatable illness. 

Palliation or prevention of symptoms without excess toxicity is the primary 
goal of treatment. The median survival after diagnosis of metastatic breast 
cancer is 2 to 3 years, although the range is great, and a small cadre of long-
term survivors has been described. Several recent clinical trials have documented 
small improvements in survival with some of the newer therapies.

Most women with metastatic breast cancer present with symptoms or abnor-
malities on physical examination. Less than 10% of women present initially 
with metastatic disease; rather, advanced disease is normally diagnosed in 
women with a previous diagnosis of early breast cancer for which they received 
treatment. Common sites for metastases include bone, soft tissues, lung, liver, 
and brain. If metastatic disease is suspected, relevant hematologic, biochemical, 
and radiographic evaluation is indicated to assess location and severity of 
involvement. Because of the import of the diagnosis, pathologic confirmation 
is preferred. This permits verification of recurrent disease, exclusion of other 
diagnoses, and reassessment of biologic features such as estrogen receptor, 
progesterone receptor, and HER2 expression. Elevation of tumor markers (e.g., 
CA-27-29, carcinoembryonic antigen) or the presence of circulating tumor cells 
is not diagnostic of recurrent disease, although these markers may be useful 
adjuncts in the assessment of the effects of therapy.

The role of surgery in metastatic breast cancer is limited. It is useful in certain 
circumstances such as resection of a chest wall nodule or solitary brain metastasis 
or orthopedic stabilization to treat or prevent a long-bone fracture. Radiotherapy 
is a mainstay in the management of advanced disease. It may be used at any 
time during the patient’s course to treat localized disease such as chest wall 
recurrence, brain metastases, or painful bony metastases. Systemic treatment 
is the primary mode for management of disseminated disease. Key principles 
for selection of therapy include maximal palliation of symptoms, minimiza-
tion of treatment-related toxicity, and prevention of disease complications. 
An algorithm for treatment of stage IV breast cancer is shown in Figure 188-1.

endocrine therapy
Endocrine therapy is preferred as the first intervention for metastatic breast 

cancer whenever feasible because of its favorable therapeutic index. Factors 
that support the use of endocrine therapy include the expression of hormone 
receptors, a long disease-free interval, and absence of symptoms or visceral 
disease. More than half of the women who meet these criteria respond to an 
initial course of hormone therapy, with a median response duration of 9 to 12 
months. Length of response is a good predictor for the likelihood of response 
to a second course of endocrine therapy when the first agent fails. A second 
course of endocrine therapy is less likely to be successful, and the duration of 
response is shorter; again, duration of response predicts for likelihood of success 
with third-line therapy. Successful application of this algorithm can result in 
good disease control with little toxicity for several years in some women.

A number of types of hormone therapy are now available. These include 
the selective estrogen receptor modulator (SERM) tamoxifen, the selective 
estrogen receptor–degrading agent fulvestrant, the aromatase inhibitors, and 
ovarian suppression by oophorectomy or LHRH agonists. Selection is usually 
made on the basis of efficacy, toxicity, and menopausal status. Serial adminis-
tration of agents is the norm, although one study in estrogen receptor–positive 
postmenopausal metastatic breast cancer showed that the combination of the 
aromatase inhibitor anastrozole with fulvestrant was superior to anastrozole 
alone or sequential anastrozole and fulvestrant. A15  Other combination therapies 
(with the possible exception of ovarian suppression plus tamoxifen) do not 
improve outcomes.

Inhibitors of cyclin-dependent kinases 4 and 6, which promote progression 
from the G1 phase to the S phase of the cell cycle, are now commonly used 
with endocrine therapy to improve outcomes.16 Three such inhibitors, palbo-
ciclib, ribociclib, and abemaciclib, are now approved by the FDA for use with 
an aromatase inhibitor for first-line therapy of hormone receptor–positive 
metastatic breast cancer in postmenopausal women because the combination 
of CDK4/6 inhibitor plus aromatase inhibitor gives better progression-free sur-
vival than aromatase inhibitor alone. Other studies show the value of use of 
CDK 4/6 inhibitor with fulvestrant as well.

Finally, recent work has also demonstrated the value of everolimus, but not 
temsirolimus, combined with an aromatase inhibitor to improve progression-
free survival compared with an aromatase inhibitor alone in patients with 
hormone receptor–positive advanced breast cancer previously treated with 
nonsteroidal aromatase inhibitors. A16 

Several months of therapy are needed before the efficacy of a newly intro-
duced endocrine therapy can be assessed. Patients and clinicians should be 
aware of the possibility of treatment-related tumor flare—a syndrome of wors-
ening symptoms and increased circulating tumor markers—that can occur 
within the first few weeks of treatment. This response is usually of short duration 
and should not be confused with disease progression.

Chemotherapy
Most women with advanced breast cancer experience endocrine-unresponsive 

disease at some point and become candidates for palliative chemotherapy. 
Serial chemotherapy is the norm. Patients receive two to four cycles of therapy 
and then are evaluated for disease stabilization or improvement. Duration of 
therapy is variable for those who are responding to therapy. Several trials com-
pared the approach of continuing therapy until time of disease progression 
with the approach of administering therapy, followed by a “drug holiday,” with 
resumption of therapy at the time of disease progression. In sum, these studies 
suggest that survival is the same with these two approaches but that quality 
of life, as judged by the patients, is often better with continued therapy. Thus, 
decisions about continuation or cessation of a therapy are driven by perception 
of side effects and benefits by the patient and clinician.

Many active agents for breast cancer are now available. These include well-
established drugs such as cyclophosphamide, doxorubicin, and methotrexate, 
as well as newer agents such as paclitaxel, docetaxel, vinorelbine, capecitabine, 
gemcitabine, carboplatin, ixabepilone, pegylated doxorubicin, eribulin, and 
nano-albumin–bound paclitaxel. All these agents are active individually and 
in combination. There is considerable debate about the value of combination 
therapy compared with sequential single-agent therapy for metastatic breast 
cancer. Current guidelines suggest the use of serial monotherapy unless the 
patient has highly symptomatic disease or extensive visceral disease. In addi-
tion, much attention has been focused on schedule of administration. For 
example, weekly paclitaxel regimens appear to be more effective and better 
tolerated than regimens of every 3 weeks for many women. As with endocrine 
therapy, response rates and duration diminish with each successive change in 
therapy. As with early breast cancer, high-dose chemotherapy combined with 
autologous stem cell or bone marrow support has not shown benefit. A difficult 
question for patient and doctor is when to stop chemotherapy. No fixed rules 
exist, but many patients and physicians move to a program of supportive care 
if two successive chemotherapy regimens fail to produce a tumor response or 
disease stabilization.

Biologic agents
Enhanced understanding of breast cancer biology has resulted in the iden-

tification of new targets for therapy beyond the estrogen receptor pathway. 
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Diagnosis of metastatic breast cancer

Hormone responsive, 
not life-threatening

Hormone unresponsive 
or life threatening†

First-line endocrine therapy First-line chemotherapy

Second-line endocrine therapy

Third-line endocrine therapy

Continue

Responsive or stable Progression Responsive or stable

Responsive 
or stable

Progression

Progression

Responsive or stable

Responsive or stable

Progression

Responsive or stable Progression

Progression

Progression
Progression

Progression

Begin
chemotherapy

Begin
chemotherapy

Begin
chemotherapy

Continue

Continue

Continue

Continue

Second-line
chemotherapy

Third-line 
chemotherapy

Continue Stop chemotherapy

Evaluation of disease sites, disease extent, hormone
receptor, disease-free interval, and symptoms*

Progression

FIGURE 188-1. An algorithm used for the systemic treatment of stage IV breast cancer. *Consider use of bisphosphonate or denosumab if bone involvement. †Consider integration 
of anti-Her2 therapy if tumor is Her2 overexpressing. 

The first agent brought into clinical practice was the monoclonal antibody, 
trastuzumab (Herceptin), which is active against the transmembrane HER2/
neu protein. Administration of trastuzumab monotherapy to women with 
metastatic HER2-overexpressing breast cancer led to partial or complete tumor 
regression in about 30% of women. Concurrent trastuzumab with paclitaxel 
increased response rate and duration and survival compared with paclitaxel 
alone for women with newly diagnosed HER2-overexpressing metastatic breast 
cancer. Similar results were seen with concurrent administration of trastuzumab 
and doxorubicin, but this combination was associated with a 20% incidence 
of congestive heart failure. This unexpected finding demonstrates the need 
for careful evaluation of new biologic agents as they enter the clinic. Dose and 
schedule of trastuzumab have been studied, and it appears that administration 
every 3 weeks is active with less patient inconvenience. Several other anti-HER2 
agents are now available for treatment of advanced breast cancer in the United 
States. They include the oral small molecular inhibitor lapatinib; the cyclin-
dependent kinase 4 and 6 inhibitor palbociclib A17 ; the monoclonal antibody 
pertuzumab, which inhibits HER dimerization; and the conjugate of a cytotoxic 
to trastuzumab, trastuzumab emtansine. A18 

,
 A19  How to combine and sequence 

these agents in the treatment of metastatic breast cancer is the subject of 
several clinical trials, one of which showed that the addition of pertuzumab to 
trastuzumab and docetaxel significantly improves median overall survival from 
41 months to 56.5 months in patients with either early operable A20  or metastatic 
HER2-positive breast cancer. A21  In addition these agents are being used or 
tested in the neoadjuvant and adjuvant settings.

Strategies to block tumor angiogenesis have been explored. One such agent 
is bevacizumab, a monoclonal antibody that targets the vascular endothelial 
growth factor. This agent has only modest activity as monotherapy in metastatic 
breast cancer. Its addition to taxane-based chemotherapy for women with 
newly diagnosed stage IV breast cancer appears to improve progression-free 
survival very modestly without a major impact on survival. Although two neo-
adjuvant studies have suggested that use of bevacizumab with chemotherapy 
can increase the rate of pathologic complete response in the surgical specimen 
compared with chemotherapy alone, trials of its use in the adjuvant setting 
are thus far negative.

Many other targeted agents are also under development. Of recent interest 
are the poly-ADP-ribose polymerase (PARP) inhibitors.17 These small molecule 
inhibitors of DNA repair show particular activity in women with BRCA mutant 
breast cancer in early studies; two inhibitors, olaparib A22  and talzoparib A23  are 
now approved for use in women with germline BRCA1- or BRCA2-mutant 
advanced breast cancer.

Supportive Care
Bone Health

Because palliation of symptoms and prevention of complications of metastatic 
disease are the primary goals of treatment for advanced breast cancer, careful 
attention to supportive care is vital. Bone is the most common site of metastasis 
in breast cancer, and bone disease can be a source of significant morbidity. 
Several studies have shown that regular administration of a bisphosphonate 

 PREVENTION AND SCREENING
There is enormous interest in the development of breast cancer prevention 
strategies. Currently these include surgical, chemopreventive, and lifestyle 
modification approaches.

Prophylactic Mastectomy and Oophorectomy
Prophylactic mastectomy appears to reduce the risk for developing breast 
cancer by approximately 90% in individuals who are at high risk because of 
a strong family history or carriage of a germline BRCA1 or BRCA2 mutation. 
Prophylactic oophorectomy in BRCA mutation carriers has been shown to 
decrease breast cancer incidence by approximately 50%, presumably because 
of reduction in ovarian steroids. It is critical that women who opt for prophy-
lactic mastectomy be counseled about the possibility that cancer may develop 
in remnants of breast tissue that remain after prophylactic mastectomy.
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such as zoledronate or pamidronate or the anti-RANKL monoclonal antibody 
denosumab, in addition to endocrine therapy or chemotherapy, can reduce 
pain and lower the incidence of skeletal complications of disease. A24  Although 
such therapy is now the norm, several issues remain unaddressed, including 
the optimal treatment interval and duration of therapy in metastatic breast 
cancer.

Given the propensity of breast cancer therapy to spread to bone and to lead 
to estrogen deprivation and osteopenia or osteoporosis (Chapter 230), the use 
of bisphosphonates or denosumab in the adjuvant setting is under evaluation. 
Although individual trials have not shown improved outcomes with the use 
of bisphosphonates in the adjuvant setting, a meta-analysis suggests that certain 
bisphosphonates may be useful in reducing the rate of breast cancer recurrence 
in the bone and improving breast cancer survival in postmenopausal patients. A25 

Postmenopausal symptoms
Postmenopausal symptoms as a consequence of therapy or natural aging 

are common in breast cancer survivors. In general, hormone replacement therapy 
should be avoided in women with a history of breast cancer. A short course of 
treatment can be considered in patients with early-stage breast cancer who 
have truly disabling symptoms. Topical estrogens are considered for women 
with vaginal dryness that does not respond to lubricants. Vasomotor symptoms 
may be reduced with the use of certain antidepressants of the selective sero-
tonin release inhibitor family. Multiple studies have failed to show consistent 
benefit from many alternative therapies, although a placebo-controlled ran-
domized trial reported preliminary findings that electroacupuncture may be 
more effective than gabapentin for managing hot flashes among breast cancer 
survivors, with fewer adverse effects as well. A26  Also, acupuncture may be useful 
for aromatase inhibitor–related arthralgias.

Lymphedema
Lymphedema develops in the ipsilateral arm in up to 15% of women after 

treatment for early breast cancer. Its incidence is lower with sentinel lymph 
node procedures and meticulous radiotherapy planning. Prevention includes 
avoidance of trauma and possibly exercises. Early recognition of symptoms is 
key. Affected patients should be referred to specialists for consideration of 
treatment such as manual drainage or the use of compression stockings or 
pumps.

special Circumstances
Pregnancy

The risk for breast cancer is slightly increased during and just after pregnancy. 
Suspicious breast findings during pregnancy should be investigated vigorously. 
Surgical therapy for breast cancer can be safely performed after the first trimester 
of pregnancy, but radiotherapy should be delayed until after delivery. Current 
data suggest that certain adjuvant chemotherapy regimens can be safely 
administered in the second and third trimesters of pregnancy, and develop-
ment is normal in children of mothers who receive this chemotherapy. Admin-
istration of antimetabolites should be avoided because of the potential for 
damage to the placenta. Initiation of endocrine therapy is generally delayed 
until after delivery. Pregnancy after a diagnosis of early breast cancer does not 
appear to increase the risk for metastatic disease in limited data sets. The major 
considerations for women contemplating pregnancy should be its timing with 
regard to endocrine therapy, which may require 5 or more years to complete, 
as well as the underlying risk for disease recurrence.

Men
Men account for not more than 1% of breast cancer cases.18 Failure of the 

patient or health care provider to diagnose the disease means that it may be 
diagnosed at a later stage. Most breast cancers in men express estrogen recep-
tor, and treatment recommendations for these men are generally similar to 
those for postmenopausal women.

 PREVENTION AND SCREENING
There is enormous interest in the development of breast cancer prevention 
strategies. Currently these include surgical, chemopreventive, and lifestyle 
modification approaches.

Prophylactic Mastectomy and Oophorectomy
Prophylactic mastectomy appears to reduce the risk for developing breast 
cancer by approximately 90% in individuals who are at high risk because of 
a strong family history or carriage of a germline BRCA1 or BRCA2 mutation. 
Prophylactic oophorectomy in BRCA mutation carriers has been shown to 
decrease breast cancer incidence by approximately 50%, presumably because 
of reduction in ovarian steroids. It is critical that women who opt for prophy-
lactic mastectomy be counseled about the possibility that cancer may develop 
in remnants of breast tissue that remain after prophylactic mastectomy.

Chemoprevention
The observation that adjuvant endocrine therapy with the SERM tamoxifen 
also decreased contralateral breast cancer led to evaluation of tamoxifen as a 
chemopreventive for well women who are at high risk for breast cancer, includ-
ing women with atypical hyperplasia on biopsy. In the future, gene panels or 
even whole exome sequencing are likely to become increasingly useful for 
selecting women for chemoprevention.19

Meta-analysis of four randomized trials of tamoxifen versus placebo for 
high-risk women confirmed a 38% reduction in invasive breast cancer with 
tamoxifen. The largest trial, NSABP P01, randomized 13,388 high-risk women 
to receive either tamoxifen or placebo for 5 years. Risk factors used to deter-
mine eligibility were age 60 years or older, a diagnosis of lobular carcinoma 
in situ, or age 35 to 59 years with a constellation of risk factors that, when 
combined, resulted in a 1.67% or greater risk for breast cancer within 5 years. 
This study showed a 50% decrease in the diagnosis of breast cancer across all 
age groups at a cost of increased risk for endometrial cancer and thrombo-
embolic events in women older than 50 years. These data led to the approval 
of tamoxifen to reduce the incidence of breast cancer in women at high risk 
as defined by the eligibility criteria for this prevention trial.

Other SERMs have been studied as chemopreventive agents. Two trials 
have documented the utility of raloxifene as a breast cancer risk-reduction 
strategy. In one trial, raloxifene administration reduced the incidence of breast 
cancer in postmenopausal women of average breast cancer risk and elevated 
cardiovascular risk. A second trial showed that raloxifene was less effective than 
tamoxifen in preventing invasive breast cancer in postmenopausal women at 
high risk for breast cancer. Raloxifene use was associated with fewer uterine 
cancers than tamoxifen but carries the same risk for thromboembolic events. 
It is approved by the FDA for risk reduction in high-risk postmenopausal 
women. Two large studies of an aromatase inhibitor (exemestane or anastro-
zole) show that either of these drugs lowers the incidence of breast cancer in 
moderate- to high-risk postmenopausal women by approximately 50%. A27  A 
vitamin A derivative, fenretinide, showed some impact as a chemopreventive 
agent for secondary prevention in premenopausal breast cancer survivors but 
has not found a place in routine practice. Finally, large epidemiologic studies 
have raised the possibility that aspirin or certain statins might also decrease 
breast cancer risk, but these agents have not yet been prospectively tested.

Lifestyle Modification
Prevention strategies that involve lifestyle alterations have been suggested. 
The Women’s Health Initiative did not show a clear role for a low-fat diet as 
a means of breast cancer prevention. Regular exercise, especially during ado-
lescence, may be associated with reduced breast cancer risk. By extrapolation 
from the epidemiologic studies mentioned previously, abstinence from alcohol 
might slightly reduce the risk for breast cancer.

Screening
Screening strategies for breast cancer have traditionally included the triad of 
breast self-examination, clinical breast examination by a health care professional, 
and screening mammography in well women. Although widely promulgated 
as an important component of early detection, two large randomized trials 
of conventional breast self-examination versus observation failed to show any 
clinical advantage with breast self-examination. As a result, many experts now 
promote breast awareness rather than regular breast self-examination. The 
independent value of clinical breast examinations has not been rigorously 
assessed. Rather, it has been studied in conjunction with screening mam-
mography, in which case the two interventions appear to decrease mortality 
from breast cancer by approximately 20% for average-risk women of all ages20 
and by 25 to 30% in women older than 50 years. Considerable controversy 
continues over the value of screening mammography in women 40 to 50 years 
of age and those older than 70 years, as well as the optimal interval between 
mammograms for women aged 50 to 70 years. However, a recent large random-
ized trial showed a 12% early reduction in mortality from breast cancer with 
annual mammography screening in women aged 40 to 49 years. A28  Currently, 
the American Cancer Society (ACS) recommends annual screening mam-
mography for women at standard risk for breast cancer starting at age 45 (with 
opportunity to begin at age 40) and biennial screening (with opportunity to 
continue annual screening) beginning at age 55 years. These ACS screening 
recommendations are for mammography only; the ACS does not recommend 
clinical breast examination for cancer screening among average-risk women at 
any age.21 In contrast, the U.S. Preventive Services Task Force recommends 
that women between 40 and 50 years of age be counseled about the risks and 
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of dilated subareolar ducts that leads to an inflammatory response to leakage 
of intraductal contents into periductal tissue. Infection is difficult to rule out, 
and, in practice, patients are often treated with empirical antibiotics; if symp-
toms do not resolve within 7 to 10 days on antibiotics, ultrasound is required 
to rule out abscess.28 If the latter is found, incision and drainage are required. 
The most important differential diagnosis with mastitis is inflammatory car-
cinoma, as noted previously. Therefore, failure to improve with antibiotics or 
to find an abscess should lead to evaluation by a breast surgeon. Mastitis in 
lactating women is often due to infection caused by a break in the skin of the 
nipple or milk stasis. Staphylococcus aureus, Staphylococcus albus, and sometimes 
Escherichia coli, Corynebacteria, or streptococci are the most common patho-
gens. Treatment requires antibiotics and milk removal.

 Nonproliferative and Proliferative Benign Breast Lesions
Nonproliferative benign breast lesions include (1) inflammatory fat necrosis, 
which follows surgical or blunt trauma, and generally resolves spontaneously; 
(2) lymphocytic mastitis, which may be seen in diabetic patients; and (3) 
granulomatous mastitis, associated with foreign body reactions (e.g., silicone 
and paraffin for breast augmentation and reconstruction after cancer surgery), 
sarcoid, or certain infections. Other nonproliferative benign breast lesions 
appear as tumor-like processes, including (4) fibroadenoma, a very common 
(~25% of women), usually solitary, sharply demarcated, smooth lesion in 
younger age groups; (5) phyllodes tumor (previously known as cystosarcoma 
phyllodes); (6) intraductal papilloma, solitary lesions that may be accompanied 
by bloody nipple discharge; (7) fibrocystic breast disease, which is now more 
appropriately called fibrocystic changes because it is observed clinically in up 
to 50% and histologically in 90% of women, composed of varying amounts 
of fibrosis and cysts sometimes associated with calcifications and inflamma-
tion; and (8) simple or complex cysts, which should be aspirated with ultra-
sound guidance and, when the fluid is not clear, sent for cytologic analysis.

Proliferative benign breast lesions include ductal or lobular hyperplasia; 
atypical hyperplasias are associated with increased risk for breast cancer.

 Breast Cancer Risk
The increasing use of mammography has increased the frequency of breast 
biopsies, which, in turn, has increased the finding of benign breast lesions, 
the most common findings on biopsy. The benign breast lesions listed in the 
previous section encompass the general histologic spectrum of (1) nonpro-
liferative lesions, (2) proliferative lesions without atypia, and (3) atypical 
hyperplasia, listed in ascending order of risk for breast cancer. A large number 
of retrospective and prospective studies have shown an overall relative risk 
for breast cancer of 1.5 to 1.6 for women with biopsy-proved benign breast 
disease compared with women in the general population. A study of 9087 
women with all types of benign histologic findings, followed for a median of 
15 years at the Mayo Clinic, found that 707 of them developed breast cancers. 
Increased risk for cancer persisted for at least 25 years after the original biopsy. 
Of the three broad histologic categories, the relative risk for cancer develop-
ment was 4.24 associated with atypia, 1.88 with proliferative changes without 
atypia, and 1.27 with nonproliferative lesions. It is not known whether the 
finding of a benign breast lesion with atypical histologic findings represents 
an actual precursor lesion for cancer or if it is only a marker for a general 
tendency to develop breast cancer. The observations that approximately half 
of breast cancers in these patients arise in the contralateral breast suggests the 
latter hypothesis.

TABLE 188-5 BREAST CANCER SCREENING IN WOMEN 
WITHOUT KNOWN GENETIC MUTATIONS (E.G., 
BRCA1 OR BRCA2) OR FAMILIAL BREAST 
CANCER SYNDROME

TEST ACS USPSTF
Mammography For average risk:

Annual aged 45-54 yr Individual decision
Biennial (or annual) aged 

55 yr and older if healthy 
and life expectancy ≥10 yr

Option if 40-44 yr

Every 2 yr, aged 50-74 yr; 
insufficient evidence 
aged ≥75 yr

Clinical breast 
examination

Not recommended Insufficient evidence to 
support

Breast self-examination Not recommended Not recommended
ACS = American Cancer Society; USPSTF = U.S. Preventive Services Task Force.

benefits of screening mammography and that screening mammography can 
be used at 2-year intervals for women aged 50 to 74 years (Table 188-5).22 
However, women aged 40 to 49 years with a two-fold increased risk for breast 
cancer have benefit-to-harm ratios for biennial screening mammography similar 
to average-risk women aged 50 to 74 years. A study of digital versus conven-
tional film screen mammography failed to show an overall advantage for digital 
mammography but suggests that digital mammography may be more useful 
for women with dense breasts. A large national study of tomosynthesis is in 
progress. The survival benefits of mammography come at the cost of false-
positive results that lead to anxiety and further evaluation.23 According to 
various estimates, more than half of the women screened by mammography 
have false-positive results over 10 years of screening, and 7 to 9% get recom-
mendations for breast biopsy. Other studies have estimated an overdiagnosis 
rate of 3.3% for invasive cancer and from 18 to 32% for carcinoma in situ. 
Another issue is that the radiation exposure from mammography is estimated 
to cause 2 to 11 deaths per 100,000 screened women.24 In general, screening 
is unlikely to be worthwhile for women with a life expectancy of less than 10 
years. Furthermore, some analysts suggest that the reduction in breast cancer 
mortality after the introduction of screening mammography is mostly a result 
of improved therapy rather than earlier diagnosis.25

The knowledge that screening mammography fails to diagnose approximately 
10 to 15% of breast cancers has led to the evaluation of other imaging modali-
ties. Of these, MRI is the most mature. MRI has been promoted as a useful 
screening tool for women at high risk by virtue of the BRCA mutation; indeed, 
the ACS has recommended consideration of screening MRI for women whose 
predicted risk for breast cancer exceeds 20%. MRI has been shown to detect 
breast cancer in the contralateral breast in 3% of women with a newly diag-
nosed breast cancer whose contralateral mammogram showed no abnormality. 
Use of MRI in the general population is limited by the fact that it is highly 
sensitive but lacks specificity. As a result, MRI has not translated into improved 
selection of surgical treatments or a reduction in the number of operations. 
Another alternative is adjunctive ultrasonography, which similarly increases 
sensitivity and the detection rate of cancers but also has significantly more 
false positive results compared with ultrasonography overall A29  and in women 
with dense breasts.26,27

 BENIGN BREAST LESIONS
Benign breast disease includes mastalgia (pain and tenderness), mastitis 
(including infectious and noninfectious inflammatory conditions), trauma, 
and benign tumors. In addition, mastalgia can be caused by extramammary 
conditions, such as myocardial ischemia, pneumonia, pleural irritation, esopha-
geal spasm, costochondritis, rib fracture, and varicella-zoster virus (preceding 
the skin eruption). After these conditions have been ruled out, mastalgia is 
considered to be a benign condition that is self-limited. It can be cyclical or 
noncyclical in timing (where it is thought to be related to hormonal activity), 
and it may occur in postmenopausal women, even in the absence of hormone 
replacement therapy.

Mastitis is due to breast inflammation or infection, and it can occur in either 
nonlactating or lactating women. The typical presentation in nonlactating 
women is occurrence in their 40s with the acute onset of severe breast pain 
and tenderness followed by erythema and swelling that tends to be localized 
in the nipple-areolar area. The cause in most cases is considered to be rupture 

 Grade A References

A1. Galimberti V, Cole BF, Viale G, et al. Axillary dissection versus no axillary dissection in patients 
with breast cancer and sentinel-node micrometastases (IBCSG 23-01): 10-year follow-up of a 
randomised, controlled phase 3 trial. Lancet Oncol. 2018;19:1385-1393.

A2. Strnad V, Ott OJ, Hildebrandt G, et al. 5-year results of accelerated partial breast irradiation using 
sole interstitial multicatheter brachytherapy versus whole-breast irradiation with boost after breast-
conserving surgery for low-risk invasive and in-situ carcinoma of the female breast: a randomised, 
phase 3, non-inferiority trial. Lancet. 2016;387:229-238.

A3. Whelan TJ, Olivotto IA, Parulekar WR, et al. Regional nodal irradiation in early-stage breast cancer. 
N Engl J Med. 2015;373:307-316.

A4. McGale P, Taylor C, Correa C, et al. Effect of radiotherapy after mastectomy and axillary surgery 
on 10-year recurrence and 20-year breast cancer mortality: meta-analysis of individual patient data 
for 8135 women in 22 randomised trials. Lancet. 2014;383:2127-2135.

A5. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Comparisons between different 
polychemotherapy regimens for early breast cancer: meta-analyses of long-term outcome among 
100,000 women in 123 randomised trials. Lancet. 2012;379:432-444.

A6. Pan H, Gray R, Braybrooke J, et al. 20-year risks of breast-cancer recurrence after stopping endocrine 
therapy at 5 years. N Engl J Med. 2017;377:1836-1846.



GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

A7. Sparano JA, Gray RJ, Makower DF, et al. Adjuvant chemotherapy guided by a 21-gene expression 
assay in breast cancer. N Engl J Med. 2018;379:111-121.

A8. Francis PA, Pagani O, Fleming GF, et al. Tailoring adjuvant endocrine therapy for premenopausal 
breast cancer. N Engl J Med. 2018;379:122-137.

A9. Moore HC, Unger JM, Phillips KA, et al. Goserelin for ovarian protection during breast-cancer 
adjuvant chemotherapy. N Engl J Med. 2015;372:923-932.

A10. De Placido S, Gallo C, De Laurentiis M, et al. Adjuvant anastrozole versus exemestane versus 
letrozole, upfront or after 2 years of tamoxifen, in endocrine-sensitive breast cancer (FATA-GIM3): 
a randomised, phase 3 trial. Lancet Oncol. 2018;19:474-485.

A11. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Aromatase inhibitors versus tamoxifen 
in early breast cancer: patient-level meta-analysis of the randomized trials. Lancet. 2015;386: 
1341-1352.

A12. Goss PE, Ingle JN, Pritchard KI, et al. Extending aromatase-inhibitor adjuvant therapy to 10 years. 
N Engl J Med. 2016;375:209-219.

A13. von Minckwitz G, Huang CS, Mano MS, et al. Trastuzumab emtansine for residual invasive HER2-
positive breast cancer. N Engl J Med. 2019;380:617-628.

A14. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Long-term outcomes for neoadjuvant 
versus adjuvant chemotherapy in early breast cancer: meta-analysis of individual patient data from 
ten randomised trials. Lancet Oncol. 2018;19:27-39.

A15. Mehta RS, Barlow WE, Albain KS, et al. Combination anastrozole and fulvestrant in metastatic 
breast cancer. N Engl J Med. 2012;367:435-444.

A16. Baselga J, Campone M, Piccart M, et al. Everolimus in postmenopausal hormone-receptor-positive 
advanced breast cancer. N Engl J Med. 2012;366:520-529.

A17. Turner NC, Slamon DJ, Ro J, et al. Overall survival with palbociclib and fulvestrant in advanced 
breast cancer. N Engl J Med. 2018;379:1926-1936.

A18. Baselga J, Cortés J, Kim SB, et al. Pertuzumab plus trastuzumab plus docetaxel for metastatic breast 
cancer. N Engl J Med. 2012;366:109-119.

A19. Verma S, Miles D, Gianni L, et al. Trastuzumab emtansine for HER2-positive advanced breast 
cancer. N Engl J Med. 2012;367:1783-1791.

A20. von Minckwitz G, Procter M, de Azambuja E, et al. Adjuvant pertuzumab and trastuzumab in early 
HER2-positive breast cancer. N Engl J Med. 2017;377:122-131.

A21. Swain SM, Baselga J, Kim SB, et al. Pertuzumab, trastuzumab, and docetaxel in HER2-positive 
metastatic breast cancer. N Engl J Med. 2015;372:724-734.

A22. Robson M, Im SA, Senkus E, et al. Olaparib for metastatic breast cancer in patients with a germline 
BRCA mutation. N Engl J Med. 2017;377:523-533.

A23. Litton JK, Rugo HS, Ettl J, et al. Talazoparib in patients with advanced breast cancer and a germline 
BRCA mutation. N Engl J Med. 2018;379:753-763.

A24. Gnant M, Pfeiler G, Dubsky PC, et al. Adjuvant denosumab in breast cancer (ABCSG-18): a mul-
ticentre, randomised, double-blind, placebo-controlled trial. Lancet. 2015;386:433-443.

A25. Coleman R, Powles T, Paterson A, et al. Adjuvant bisphosphonate treatment in early breast cancer: 
meta-analyses of individual patient data from randomised trials. Lancet. 2015;386:1353-1361.

A26. Mao JJ, Bowman MA, Xie SX, et al. Electroacupuncture versus gabapentin for hot flashes 
among breast cancer survivors: a randomized placebo-controlled trial. J Clin Oncol. 2015;33: 
3615-3620.

A27. Cuzick J, Sestak I, Forbes JF, et al. Anastrozole for prevention of breast cancer in high-risk post-
menopausal women (IBIS-II): an international, double-blind, randomised placebo-controlled trial. 
Lancet. 2014;383:1041-1048.

A28. Moss SM, Wale C, Smith R, et al. Effect of mammographic screening from age 40 years on breast 
cancer mortality in the UK Age trial at 17 years’ follow-up: a randomised controlled trial. Lancet 
Oncol. 2015;16:1123-1132.

A29. Ohuchi N, Suzuki A, Sobue T, et al. Sensitivity and specificity of mammography and adjunctive 
ultrasonography to screen for breast cancer in the Japan Strategic Anti-cancer Randomized Trial 
( J-START): a randomised controlled trial. Lancet. 2016;387:341-348.

https://expertconsult.inkling.com/


CHAPTER 188 Breast CanCer and Benign Breast disorders 1327.e1

GENERAL REFERENCES

1. Rebbeck TR, Mitra N, Wan F, et al. Association of type and location of BCRA1 and BCRA2 muta-
tions with risk of breast and ovarian cancer. JAMA. 2015;313:1347-1361.

2. Wendt C, Margolin S. Identifying breast cancer susceptibility genes—a review of the genetic back-
ground in familial breast cancer. Acta Oncol. 2019;58:135-146.

3. Mørch LS, Skovlund CW, Hannaford PC, et al. Contemporary hormonal contraception and the risk 
of breast cancer. N Engl J Med. 2017;377:2228-2239.

4. Woodward WA. Inflammatory breast cancer: unique biological and therapeutic considerations. Lancet 
Oncol. 2015;16:e568-e576.

5. Buono G, Gerratana L, Bulfoni M, et al. Circulating tumor DNA analysis in breast cancer: is it ready 
for prime-time? Cancer Treat Rev. 2019;73:73-83.

6. Abdel-Rahman O. Validation of the 8th AJCC prognostic staging system for breast cancer in a 
population-based setting. Breast Cancer Res Treat. 2018;168:269-275.

7. Ibis K, Ozkurt S, Kucucuk S, et al. Comparison of pathological prognostic stage and anatomic stage 
groups according to the updated version of the American Joint Committee on Cancer (AJCC) breast 
cancer staging 8th edition. Med Sci Monit. 2018;24:3637-3643.

8. Loibl S, Gianni L. HER2-positive breast cancer. Lancet. 2017;389:2415-2429.
9. Low SK, Zembutsu H, Nakamura Y. Breast cancer: the translation of big genomic data to cancer 

precision medicine. Cancer Sci. 2018;109:497-506.
10. Lee GK, Sheckter CC. Breast reconstruction following breast cancer treatment—2018. JAMA. 

2018;320:1277-1278.
11. Rockson SG. Lymphedema after breast cancer treatment. N Engl J Med. 2018;379:1937-1944.
12. Waks AG, Winer EP. Breast cancer treatment. JAMA. 2019;321:316.
13. Denduluri N, Chavez-MacGregor M, Telli ML, et al. Selection of optimal adjuvant chemotherapy 

and targeted therapy for early breast cancer: ASCO clinical practice guideline focused update. J Clin 
Oncol. 2018;36:2433-2443.

14. Turner NC, Slamon DJ, Ro J, et al. Overall survival with palbociclib and fulvestrant in advanced 
breast cancer. N Engl J Med. 2018;379:1926-1936.

15. Runowicz CD, Leach CR, Henry NL, et al. American Cancer Society/American Society of Clinical 
Oncology breast cancer survivorship care guideline. J Clin Oncol. 2016;34:611-635.

16. Lynce F, Shajahan-Haq AN, Swain SM. CDK 4/6 inhibitors in breast cancer therapy: current practice 
and future opportunities. Pharmacol Ther. 2018;191:65-73.

17. Wang X, Shi Y, Huang D, et al. Emerging therapeutic modalities of PARP inhibitors in breast cancer. 
Cancer Treat Rev. 2018;68:62-68.

18. Giordano SH. Breast cancer in men. N Engl J Med. 2018;378:2311-2320.
19. Sauler ER. Breast cancer prevention: current approaches and future directions. Eur J Breast Health. 

2018;14:64-71.
20. Myers ER, Moorman P, Gierisch JM, et al. Benefits and harms of breast cancer screening: a systematic 

review. JAMA. 2015;314:1615-1634.
21. Nelson HD, Fu R, Cantor A, et al. Effectiveness of breast cancer screening: systematic review and 

meta-analysis to update the 2009 U.S. Preventive Services Task Force recommendation. Ann Intern 
Med. 2016;164:244-255.

22. Siu AL. Screening for breast cancer: U.S. Preventive Services Task Force recommendation statement. 
Ann Intern Med. 2016;164:279-296.

23. Lauby-Secretan B, Scoccianti C, Loomis D, et al. Breast-cancer screening: viewpoint of the IARC 
Working Group. N Engl J Med. 2015;372:2353-2358.

24. Nelson HD, Pappas M, Cantor A, et al. Harms of breast cancer screening: systematic review to 
update the 2009 U.S. Preventive Services Task Force recommendation. Ann Intern Med. 2016; 
164:256-267.

25. Welch HG, Prorok PC, O’Malley AJ, et al. Breast-cancer tumor size, overdiagnosis, and mammography 
screening effectiveness. N Engl J Med. 2016;375:1438-1447.

26. Sprague BL, Stout NK, Schechter C, et al. Benefits, harms, and cost-effectiveness of supplemental 
ultrasonography screening for women with dense breasts. Ann Intern Med. 2015;162:157-166.

27. Melnikow J, Fenton JJ, Whitlock EP, et al. Supplemental screening for breast cancer in women with 
dense breasts: a systematic review for the U.S. Preventive Services Task Force. Ann Intern Med. 
2016;164:268-278.

28. Angelopoulou A, Field D, Ryan CA, et al. The microbiology and treatment of human mastitis. Med 
Microbiol Immunol. 2018;207:83-94.



CHAPTER 188 Breast CanCer and Benign Breast disorders1327.e2

REVIEW QUESTIONS

1. A 36-year-old woman presents with a palpable 2-cm right upper outer 
quadrant breast mass. There is no palpable axillary, cervical, or supracla-
vicular adenopathy, nor any skin or nipple changes. Bilateral mammography 
shows only the index 2-cm right breast lesion, and ultrasound-guided biopsy 
shows infiltrating ductal cancer with positive estrogen and progesterone 
receptor expression and absence of HER2 expression. Options for local 
therapy could include breast conservation (lumpectomy, sentinel node 
removal, and radiotherapy) or mastectomy with or without reconstruction. 
Which factor would be an absolute contraindication to breast conservation 
therapy?
 A. Patient is 35 weeks pregnant
 B. Previous radiation therapy for a diagnosis of cervical cancer
 C. BRCA1 mutation carrier
 D. Inability to obtain negative margins of the lumpectomy specimen even 

after re-excision
 E. Family history of breast cancer in maternal grandmother

Answer: D Randomized clinical trials have demonstrated that breast con-
servation therapy and mastectomy are equally effective for most women with 
early-stage breast cancer. Thus, breast conservation therapy is the preferred 
approach for local therapy for most women. The primary reasons to favor 
mastectomy include the inability to excise all tumor in the breast (positive 
margins on re-excision or multifocal breast cancer) or inability to deliver 
radiotherapy (e.g., during an ongoing pregnancy or after previous mantle 
radiotherapy for treatment for Hodgkin lymphoma). In this patient, radiation 
therapy could be safely delayed for several weeks to permit completion of the 
pregnancy. Because the breast does not fall in the treatment area for radio-
therapy for cervical cancer, this patient could safely receive breast radiotherapy. 
Family history of breast cancer may contribute to breast cancer risk but does 
not have an impact on selection of therapy for breast cancer once diagnosed. 
Breast conservation therapy remains an option for women with a germline 
BRCA1 or BRCA2 mutation, although some patients will opt for bilateral 
mastectomy. Finally, patient preference should always take precedence after 
a detailed informed consent discussion has taken place.

2. The patient in question 1 asks if she should consider genetic testing for a 
hereditary breast cancer syndrome because of the diagnosis of breast cancer 
at an early age. What additional element in her history would support the 
recommendation to proceed with testing?
 A. Personal history of cervical cancer
 B. Patient is of Irish Catholic extraction
 C. Personal history of Hodgkin lymphoma
 D. Family history of breast cancer in paternal grandmother and ovarian 

cancer in paternal aunt
 E. Family history of endometrial cancer in mother and postmenopausal 

breast cancer in maternal grandmother
Answer: D Germline mutations in the BRCA1 or BRCA2 gene leading to 
hereditary breast and ovarian cancer syndromes account for a few percent of 
breast cancer diagnoses in women. These mutations are autosomal dominant 
and can thus be inherited through the maternal or paternal line. Careful ascer-
tainment of family history for cancer diagnosis on both sides of the family is 
critical. Clinical hallmarks of BRCA1- or BRCA2-related malignancies include 
the predisposition to breast and/or ovarian cancer (but not endometrial or 
cervical cancer), bilateral disease, and early onset of disease. Three founder 
mutations in BRCA1 or BRCA2 are found in 1 to 2% of Ashkenazi Jews but 
have not been described in Irish Catholics.

3. A 70-year-old postmenopausal woman underwent breast conservation 
surgery and radiotherapy for management of a 1.7-cm, grade 2 infiltrating 
ductal carcinoma with highly positive estrogen and progesterone receptor 
and absent HER2 expression by immunohistochemistry. Sentinel lymph 
node biopsy was negative. Her general health is good. She takes no medica-
tions. Family history is negative for malignancy. A 5-year course of adjuvant 
treatment with the aromatase inhibitor, anastrozole, is recommended. She 
should be counseled that a potential side effect of anastrozole is which of 
the following?
 A. Neutropenia
 B. Arthralgias
 C. Neuropathy
 D. Uterine cancer
 E. Risk for thromboembolic events

Answer: B Two common types of adjuvant endocrine therapy, tamoxifen 
and the aromatase inhibitors such as anastrozole, are considered for post-
menopausal women with hormone receptor–positive invasive breast cancer. 
Current guidelines suggest that use of an aromatase inhibitor is preferred for 
most postmenopausal women. These agents suppress aromatase, the enzyme 
that converts androgens synthesized in the adrenal glands to estrogens in 
adipose and breast tissues. Therefore, this patient should be counseled that 
letrozole could lead to signs and symptoms of estrogen deprivation such as 
vasomotor symptoms, bone loss, and elevated cholesterol. An increased inci-
dence of arthralgias is also seen in placebo-controlled trials of aromatase 
inhibitors; the underlying mechanism is not well understood. Because of its 
estrogen suppressive action, anastrozole administration is not associated with 
the development of uterine cancer, a malignancy that is associated with unop-
posed estrogen, nor is it associated with increased risk for thromboembolic 
events that are seen with tamoxifen or hormone replacement therapy. Finally, 
unlike cytotoxics, endocrine therapy such as letrozole is not associated with 
neutropenia or neuropathy.

4. The patient in question 3 asks what type of breast cancer–specific testing 
is required during her follow-up in the absence of symptoms. Which is the 
most appropriate strategy?
 A. Regular history and physical examination without any testing in the 

absence of symptoms
 B. Regular history and physical examination and annual mammography
 C. Regular history and physical examination, annual mammography, and 

breast MRI
 D. Regular history and physical examination, annual mammography, and 

routine blood testing, including complete blood count (CBC), chemistry 
panel, and tumor markers

 E. Regular history and physical examination; annual mammography; routine 
blood testing including CBC, chemistry panel and tumor markers, and 
annual positron emission tomography (PET)/computer-assisted tomog-
raphy (CAT)

Answer: B Evidence-based guidelines for the follow-up of asymptomatic 
survivors of early breast cancer recommend regular physical examination and 
annual mammography. The goal of follow-up in such individuals is to facilitate 
the early diagnosis of a new breast cancer in the contralateral breast or a 
recurrence in the ipsilateral breast so that appropriate management can be 
undertaken. There is no information to support the use of MRI in addition 
to mammography for this purpose, and bilateral mammography is the preferred 
approach. A third potential goal is to assess patients for metastatic disease. 
The primary goal of therapy for metastatic breast cancer is palliation and 
prevention of symptoms. Randomized trials failed to show a benefit for routine 
blood tests or whole body imaging to facilitate this goal or prolong survival. 
The preferred approach is regular history and physical examination and educa-
tion of patients about symptoms that might suggest distant recurrence. Breast 
cancer survivors also should undertake a program of age-appropriate general 
health measures (e.g., pelvic examination, Papanicolaou smear, colon cancer 
screening). In addition, a diagnostic evaluation should be undertaken to inves-
tigate any suspicious symptoms or findings on physical examination in a survivor 
of early-stage breast cancer.
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mutations of the RET gene are associated with multiple endocrine neoplasia 
(MEN) syndrome 2; its hallmarks are medullary thyroid cancer, pheochro-
mocytoma, and hyperparathyroid gland abnormalities. Inherited mutations 
of the APC tumor suppressor gene characterize familial adenomatous polyposis 
of the colon and predispose to colon cancer but not breast cancer. Mutated 
VHL is seen in a variety of benign and malignant tumors, including clear cell 
renal cancers and breast cancer. The HER2 gene is amplified in 15 to 20% of 
breast cancers; this somatic change is associated with sensitivity of the tumor 
to HER2-targeted therapy; germline mutations of the HER2 gene have not 
been described.

5. Multiple hereditary cancer syndromes and their associated genes have been 
identified. In addition to BRCA1 and BRCA2 germline mutations, germline 
mutations in which gene can predispose to breast cancer?
 A. p53
 B. RET
 C. APC
 D. VHL
 E. HER2

Answer: A Germline mutations of the p53 tumor suppressor gene define 
Li-Fraumeni hereditary cancer syndrome, which is characterized by predis-
position to multiple types of cancer, including breast cancer. Germline 
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189 
GYNECOLOGIC CANCERS
DEBORAH K. ARMSTRONG

The internist or primary care physician has multiple important roles in the 
management of gynecologic cancers. These roles include recognizing the etiol-
ogy and risk factors for disease, understanding the potential development of 
gynecologic cancers as part of familial or inherited cancer syndromes, imple-
menting recommendations for screening and prevention, managing toxicities 
and supporting patients during treatment, and identifying interventions 
important in the care of gynecologic cancer survivors. Gynecologic cancers 
are not common, but in all cases, earlier diagnosis is associated with improved 
survival and a greater chance for cure. As outcomes from gynecologic cancer 
treatments improve, there will be a growing population of cancer survivors 
who need care outside of the oncology sphere. Recognition and management 
of survivorship issues and referral to appropriate specialists are essential for 
the internist involved in the care of these patients.

 CERVICAL CANCER
Cancer of the uterine cervix is the third most common gynecologic cancer 
diagnosis in the United States. A more than 80% decrease in the incidence of 
cervical cancer since the 1950s is related to screening for abnormal cervical 
cytology with the Papanicolaou (Pap) test and, more recently, screening for 
human papillomavirus (HPV) infection. These demographic trends are seen 
throughout the developed world, yet cervical cancer remains a major cause 
of cancer-related deaths in women worldwide, particularly in Central and 
South America and in Africa, owing to lack of access to screening and treat-
ment. In the United States, there are nearly 13,000 new cases of cervical cancer 
and approximately 4000 cancer-related deaths annually.1

 EPIDEMIOLOGY
HPV is central to the development of preinvasive and invasive disease and is 
detected in more than 99% of cervical cancers.2 There are more than 200 
strains of HPV (Chapter 349), and about 40 infect the genital tract. Low-risk 
HPV causes genital warts, whereas high-risk HPV causes cancers affecting 
the anogenital tract, including cervical, vaginal, vulvar, anal, and penile cancers, 
and is now known to cause most oral and throat cancers. Although there are 
approximately one dozen high-risk HPVs, two HPV types, HPV 16 and 18, 
cause 70% of cervical cancers, and types 31, 33, 45, 52, and 58 cause an 
additional 20%. HPV is transmitted sexually through genital-genital or genital-
oral contact, and its transmission is significantly diminished with the use of 
condoms. The cervical cells targeted by HPV are in the squamocolumnar 
junction (SCJ), where the squamous cells of the ectocervix meet the columnar 
cells of the endocervix. The position of the SCJ migrates with age and is 
altered by hormonal and reproductive factors. The susceptibility of the SCJ 
to the carcinogenic effects of HPV is higher in adolescents and younger women 
and declines with hormonal maturation of the cervix. The carcinogenic effects 
of HPV take approximately a decade to develop into malignancy, which explains 
why the median age of cervical cancer diagnosis is younger than most other 
gynecologic cancers, 48 years of age. The majority of sexually active individuals 
will be infected with HPV at some time, usually early on at the beginning of 
sexual activity; however, most HPV infection is transient, declining with 
increasing age, related to an immune response against the virus. Risk factors 
for cervical cancer are noted in Table 189-1. Most are related to increased risk 
of acquiring HPV or increased virulence of HPV infection.

 PATHOBIOLOGY
HPVs are small, nonenveloped, double-stranded DNA viruses protected 
by a capsid formed by late proteins, L1 and L2 (Chapter 349). The regu-
lation of viral gene expression is complex and controlled by host cellular 
and viral transcription factors. HPV infection occurs at the basal cell layer 
of stratified squamous epithelial cells, resulting in cellular proliferation, 
with pathologic findings from benign hyperplasia to dysplasia to invasive 
carcinoma. The E6 and E7 proteins of the high-risk HPV types act as viral 
oncoproteins that suppress normal, negative growth regulation. E6 binds to 
and degrades the tumor suppressor protein p53, thereby inhibiting normal 
apoptotic cell death, contributing to immortalization of HPV-infected cells. 
Similarly, E7 binds to and degrades the pRB tumor suppressor protein and 
targets cellular cyclins and cyclin-dependent kinases that are critical for cell 
cycle regulation. Both E6 and E7 have immunosuppressive effects contrib-
uting to immune evasion and induction of peripheral tolerance in cytotoxic  
T lymphocytes.

TABLE 189-1 RISK FACTORS FOR CERVICAL CANCER
•	 Human	papillomavirus
•	 Early	onset	of	sexual	activity
•	 Multiple	sexual	partners
•	 History	of	genital	warts
•	 Multiparity
•	 Lower	socioeconomic	status
•	 Cigarette	smoking
•	 Oral	contraceptives
•	 HIV	infection
•	 Immunodeficiency	state
•	 In	utero	diethylstilbestrol	(DES)	exposure
•	 Hispanic	and	African	American	women
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ABSTRACT
The internist or primary care physician has multiple important roles in the 
management of gynecologic cancers. These include recognizing the etiology 
and risk factors for disease, understanding the potential for development of 
gynecologic cancers as part of familial or inherited cancer syndromes, imple-
menting recommendations for screening and prevention, managing toxicities 
and supporting patients during treatment, and identifying interventions 
important in the care of gynecologic cancer survivors. Gynecologic cancers 
are not common, but in all cases, earlier diagnosis is associated with improved 
survival and a greater chance for cure. As outcomes from gynecologic cancer 
treatments improve, there will be a growing population of cancer survivors 
who need care outside of the oncology sphere. Recognition and management 
of survivorship issues and referral to appropriate specialists are essential for 
the internist involved in the care of these patients.
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TABLE 189-2 APPROACH TO CERVIX CANCER BY STAGE*
STAGE BRIEF DEFINITION USUAL TREATMENT
0 Carcinoma in situ Conization, hysterectomy†

I Cervical cancer confined to the uterus
IA1 Microscopic stromal invasion <3 mm Conization, hysterectomy†

+LVSI‡ Radical hysterectomy or 
CRT

IA2 Microscopic stromal invasion 3 to 5 
mm

Radical hysterectomy or 
CRT

IB1 Visible lesion ≤4 cm in greatest 
dimension§

Radical hysterectomy or 
CRT

IB2 Visible lesion >4 cm in greatest 
dimension

Radical hysterectomy or 
CRT

II Limited cervical cancer spread 
beyond the uterus

IIA Tumor beyond the uterus, no 
parametrial involvement

IIA1 Visible lesion ≤4 cm in greatest 
dimension

Radical hysterectomy or 
CRT

IIA2 Visible lesion >4 cm in greatest 
dimension

Radical hysterectomy or 
CRT

IIB Parametrial extension CRT
III Pelvic extension of cervical cancer

IIIA Tumor involves lower third of the 
vagina but no pelvic wall extension

CRT

IIIB Tumor extends to pelvic wall, 
hydronephrosis or regional nodes

CRT

IVA Involvement of mucosa of bowel or 
bladder

CRT

IVB Distant metastatic disease Chemotherapy¶

*Cervical cancer is staged clinically, radiographically, and pathologically. Staging may include 
findings at examination under anesthesia, imaging, and pathology, where available, to supplement 
clinical findings with respect to tumor size and extent, in all stages. Gynecologic cancers are most 
commonly	staged	using	the	FIGO	(Fédération	Internationale	de	Gynécologie	et	d’Obstétrique)	
staging system.
†If positive margins after cone, repeat cone or perform hysterectomy.
‡Hysterectomy recommended for lymphovascular space invasion (LVSI).
§Chemoradiation therapy (CRT) includes weekly cisplatin treatment with definitive radiation 
therapy.
¶Chemotherapy for metastatic disease is generally a platinum taxane doublet with bevacizumab.

In addition to stage, treatment decisions will take into account patient age, 
desire for fertility, comorbidities, and tumor size.4 Treatment of low-volume 
disease limited to the cervix is generally radical hysterectomy, although simple 
hysterectomy can be done in very-low-risk disease. In women undergoing radical 
hysterectomy, minimally invasive approaches (e.g., laparoscopic or robot-assisted 
laparoscopic) are no longer recommended due to studies demonstrating worse 
disease-free survival compared with open surgery. A1  In some cases, a cervical 
cone biopsy (excision of a cone-shaped circumferential wedge from the cervix 
that includes the transformation zone and at least a portion of the endocervical 
canal, also called conization) or loop electrosurgical excision procedure (LEEP) 
may be sufficient treatment for women with microscopic disease. In limited 
situations in which fertility preservation is desired, a radical trachelectomy 
(removal of the cervix only) can be performed. Ongoing clinical trials are also 
evaluating the use of conization with lymph node dissection for fertility pres-
ervation. There is some variability in treatment recommendations for patients 
with Fédération Internationale de Gynécologie et d’Obstétrique (FIGO) stages 
IA with lymphovascular space invasion (LVSI), IB, and IIA disease, with options 
for hysterectomy or definitive chemoradiation therapy (CRT). Women with 
pathologic findings at hysterectomy such as LVSI, deep cervical stromal involve-
ment, larger-than-expected tumor size, positive surgical margins, parametrial 
involvement, or nodal involvement may be treated with adjuvant postoperative 
radiation therapy. A2  Patients with FIGO stages IIB to IVA should be treated with 
definitive CRT using radiation-sensitizing weekly cisplatin in combination with 
radiation therapy. Patients with distant metastases at diagnosis are generally 
treated with systemic therapy containing a platinum taxane doublet. Bevaci-
zumab, an antibody to vascular endothelial growth factor (VEGF), has been 
shown to provide a survival benefit when combined with initial chemotherapy 
for advanced cervical cancer. A3  Treatment recommendations are summarized 
in Table 189-2.

Highly select patients with a central recurrence of cervical cancer may be 
candidates for pelvic exenteration. This is a highly morbid procedure but can 
result in cure in 25 to 50% of patients. Otherwise, recurrent cervical cancer, 
while treatable, is usually not curable. Systemic chemotherapy is the usual 
approach, although palliative localized radiation may be employed for symptom 
management. Median overall survival for individuals with advanced disease is 
less than 18 months. Death is usually related to local recurrence and may be 
associated with organ dysfunction such as hydronephrosis, bowel obstruction, 
and fistula formation. Distant metastatic spread to the nodes, peritoneum, liver, 
lung, or bone can also be seen in cervical cancer.

TREAT MENT 

HPV infects cutaneous and mucosal epithelial tissues with tropism for the 
anogenital tract. Most HPV infections are transient, asymptomatic, and without 
clinical consequences. They clear within 1 to 2 years. In about 10% of infected 
women, HPV DNA will continue to produce viral proteins resulting in per-
sistent infection. In some cases, the HPV DNA is silenced, resulting in latency 
of variable duration, but can be reactivated later. The persistence of HPV in 
a latent state requires maintenance of the viral genome in the infected cell, 
either as an episome or integrated into the host cell DNA. Persistent HPV 
infection is necessary for the development of precancerous cervical changes 
and, subsequently, cervical cancer.3

 CLINICAL MANIFESTATIONS
Early-stage cervical cancer is largely asymptomatic, and detection is generally 
made by colposcopy and biopsy for screen-detected abnormalities. Cervical 
cancer frequently spreads by local extension to the uterine corpus, vagina, 
bladder, and parametria. In advanced stages, patients may present with pain 
with intercourse, vaginal discharge or bleeding, pelvic pain, or abnormalities 
of bowel, bladder, or sexual function. In advanced cases, direct visualization 
of the cervix may reveal an obvious lesion for biopsy. In these cases, Pap smear 
is not adequate for diagnostic purposes, and the patient should be referred 
for biopsy.

 DIAGNOSIS
The treatment of cervical cancer is guided predominantly by the stage of disease. 
Staging of cervical cancer depends on a careful and thorough clinical evalu-
ation by a gynecologic oncologist. Survival from cervical cancer is higher in 
women managed by a gynecologic oncologist, and prompt referral is important. 
In addition to pelvic and rectovaginal examination, this may include examina-
tion under anesthesia, cystoscopy, proctoscopy, and imaging such as magnetic 
resonance imaging (MRI), computed tomography (CT), or positron emission 
tomography (PET).

 PREVENTION
Human Papillomavirus Vaccine
HPV infection is most common in people in their late teens and early 20s; 
therefore, vaccination is recommended before an individual becomes sexually 
active. The HPV vaccine was initially approved for females but has been 
approved by the U.S. Food and Drug Administration (FDA) for both genders 
since 2009. HPV vaccine is included in the Advisory Committee on Immu-
nization Practices (ACIP) routine childhood vaccinations for both genders 
to be given at 11 to 12 years old but can be given as early as age 9 years. The 
original vaccine was three doses at 0, 1, and 6 months, but a two-dose series 
given 6 to 12 months apart is now recommended for any child who initiates 
vaccination before their 15th birthday.5 The ACIP provides catch-up vaccina-
tion recommendations for females 13 through 26 years old, males 13 through 
21 years old, and high-risk populations such as men who have sex with men 
or immunocompromised individuals through age 26 years who have not yet 
been vaccinated or have not completed the vaccine series. In 2018, the FDA 
expanded approval of the vaccination for male and female adults up to age 
45, based on evidence that even when given after age 26 it can confer protec-
tion against HPV-related diseases.

Although the vaccine should ideally be given before the onset of sexual 
activity, those who are sexually active are still expected to benefit because few 
sexually active individuals will have been exposed to (or infected with) all 
HPV types prevented by the vaccines. Although no fetal harm has been docu-
mented with in utero HPV vaccine exposure, and data from inadvertent vac-
cination in pregnancy are increasingly available and reassuring, vaccination 
is not recommended for pregnant women. There is no contraindication to 
immunization immediately postpartum, and the postpartum period may be 
an ideal time to capture women who otherwise do not consistently access the 
health care system. Because HPV vaccination recommendations are recent, 
the duration of vaccine protection, particularly with the 9-valent vaccine, is 
not currently known. However, studies to date have shown no evidence of 
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Interpretation of Screening Tests
Current Pap reporting uses the Bethesda 2014 classification system for cervical 
cytology and will typically be reported as normal, atypical squamous cells of 
undetermined significance (ASC-US), low-grade squamous intraepithelial 
lesion (LSIL), high-grade squamous intraepithelial lesion (HSIL), or atypical 
glandular cells (AGCs). These cytologic findings will correlate with subsequent 
histologic findings of varying degrees of dysplasia, cervical intraepithelial 
neoplasia (CIN), and carcinoma in situ or invasive carcinoma (Table 189-4). 
The results of cervical cytology are generally not used alone to make a defini-
tive diagnosis or initiate treatment. Rather, the test results are used to guide 
further evaluation. The cytology results may be associated with a subsequent 
histologic finding that is either more or less severe.

ASC-US has a low risk for progression to carcinoma and can be managed 
conservatively with HPV testing (preferred in women age 25 years or older) 
or repeat cytology in 1 year. If HPV is positive, women with ASC-US should 
have colposcopy. LSIL, particularly in young women, is generally a transient 
HPV infection. Women with LSIL should have colposcopy unless simultane-
ous HPV co-testing was negative, in which case repeat co-testing in 1 year is 
recommended. HSIL is more likely to be associated with persistent HPV 
infection and a higher rate of progression to invasive cervical cancer. Women 
with HSIL should have colposcopy, although an immediate LEEP may be 
performed. The presence of AGCs on cervical cytology is a significant marker 
for premalignant disease of the cervix or endometrium, and evaluation should 
include testing of both these sites.

The colposcope is a lighted binocular microscope that magnifies the tissue 
of interest. Cervical colposcopy is used to examine the entire surface of the 
cervix, with emphasis on the squamocolumnar junction and transformation 
zones. Abnormal colposcopic findings are used to choose the sites to biopsy. 
In addition to cervical biopsy, repeat cervical cytology (with HPV testing, if 
indicated) and endocervical curettage may be obtained. The pathologic find-
ings will guide follow-up and therapy, if necessary. Women with high-risk 
cytologic findings during pregnancy can still undergo colposcopy, although 
the endocervical curettage is omitted.

 ENDOMETRIAL CANCER
Endometrial cancer arises from the inner epithelial lining of the uterus and 
is the most common gynecologic cancer in women in the United States. Endo-
metrial cancer rates are rising in parallel with increasing obesity rates, with 
an estimated 63,000 new cases of endometrial cancer and 11,000 cancer-related 
deaths in the United States annually. Endometrial cancer is the fourth most 
common cancer in women after breast, lung, and colorectal cancers. Nearly 
3% of women in the United States are expected to develop the disease. The 

weakened protection over 10 years of follow-up. There is currently no recom-
mendation for vaccination boost after vaccine series completion. Vaccination 
after treatment for cervical intraepithelial neoplasia (CIN) types 2 and 3 may 
decrease the incidence of recurrence.

Vaccination of males is critical not only in prevention of spread of HPV to 
female partners but also in prevention of HPV-associated head and neck cancers, 
which have increased dramatically in recent decades and predominate in men.

The HPV vaccines are based on the capsid protein of HPV (L1) that 
assembles into hollow virus-like particles (VLPs) that resemble the outer shell 
of HPV. VLPs are not infectious because they lack the viral DNA but will 
induce high titers of antibodies that neutralize virions. Three different HPV 
vaccines are approved by the FDA (Table 189-3), but since 2017, only the 
9-valent vaccine is available in the United States. A4  Trials of all three vaccines 
document a high level of safety. All of the vaccines are highly effective in 
preventing sequelae of high-risk HPV in males and females, with 97% or 
greater efficacy. A5  However, they are somewhat less effective in prevention of 
genital warts, one of the prevention outcomes measured in males, thus the 
lower efficacy rates reported in them.

Rates of vaccination in the United States have lagged behind rates in Europe 
and Australia, with 53.1% in girls and 44.3% in boys as of 2017. Lack of 
parental understanding about the necessity and safety of HPV vaccination 
appear to be the main factors on the part of the parent. Health care providers 
have a critical role in educating parents and vaccination-age individuals about 
the importance of timely and complete HPV vaccination because provider 
recommendation is one of the strongest drivers of HPV vaccine initiation. 
The U.S. Centers for Disease Control and Prevention (CDC) provides tools 
for providers to improve the quality of their recommendations and emphasizes 
the role of cancer prevention in discussions regarding HPV vaccination.6

Screening Recommendations
For average-risk women, the U.S. Preventive Services Task Force (USPSTF) 
currently recommends Pap test screening every 3 years for women age 21 to 
29 years of age. For women ages 30 to 65 years of age, it recommends choos-
ing one of three options: (1) Pap smear alone every 3 years, (2) Pap smear 
and HPV testing together (“co-testing”) every 5 years, or (3) HPV testing 
alone every 5 years. It is important to note that Pap smear testing alone does 
not reduce the incidence of adenocarcinoma, which may be better detected 
by HPV testing.7 The USPSTF recommends against screening women who 
have had a hysterectomy with removal of the cervix, women younger than 
age 21 years, or women older than age 65 years who previously have been 
adequately screened. However, women at high risk, such as women who are 
immunocompromised, should continue with life-long screening. Guidelines 
from the American Cancer Society (ACS) and the National Cooperative Cancer 
Network	(NCCN)	are	similar.	The	American	College	of	Obstetrics	and	Gyne-
cology	(ACOG)	has	similar	recommendations	but	prefers	combined	Pap	and	
HPV testing for women 30 to 65 years of age. HPV vaccination status does 
not affect screening recommendations, so women who have been vaccinated 
against HPV should still follow these guidelines. In 2018, the USPSTF included 
HPV testing alone every 5 years as an alternative to co-testing or cytology 
alone. In a patient with a positive HPV result, the next step is guided by 
cytology	per	interim	guidance	from	the	ASCCP	and	ACOG.	More	frequent	
screening is recommended for women who are at high risk for cervical cancer 
because of immunosuppression (e.g., HIV infection, organ transplantation, 
or long-term steroid use), because of in utero diethylstilbestrol (DES) exposure, 
or because of prior positive Pap or HPV test.8,9

TABLE 189-3 PROPHYLACTIC HUMAN PAPILLOMAVIRUS VACCINES
VACCINE PROPERTIES GARDASIL CERVARIX GARDASIL-9†

Proper name Human papillomavirus quadrivalent (types 
6, 11, 16, 18) vaccine, recombinant

Human papillomavirus bivalent (types 16 
and 18) vaccine, recombinant

Human papillomavirus 9-valent vaccine 
recombinant

Manufacturer Merck GlaxoSmithKline Merck
Type Tetravalent Bivalent 9-Valent
HPV strains 6, 11, 16, 18 16, 18 6, 11, 16, 18, 31, 33, 45, 52, 58
Adjuvant used Aluminum hydroxyphosphate A504 Aluminum hydroxyphosphate
Efficacy* 97-100% (females); 60-100% (males) 93% (females) 97% (females); 60-100% (males)
*Prevention of cervical intraepithelial neoplasia type 2 or more severe disease due to human papillomavirus (HPV) vaccine type in HPV-naïve population.
†Only	Gardasil-9	is	currently	available	in	the	United	States.

TABLE 189-4 CERVICAL CYTOLOGY AND HISTOPATHOLOGY
Dysplasia Very mild CIN1 LSILMild

Moderate CIN2
Severe

Carcinoma In situ
Invasive

}}

}
}

}CIN3 HSIL

CIN = cervical intraepithelial neoplasia; HSIL = high-grade squamous intraepithelial lesion; LSIL = 
low-grade squamous intraepithelial lesion.
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wild-type), and copy number high (TP53 mutated). Figure 189-1 shows a 
suggested schema to segregate patients into these subtypes using molecular 
classification. The identification of 30% of endometrial cancer patients with 
microsatellite instability (defective DNA mismatch repair) or POLE mutated 
is providing a paradigm shift in therapy and possibly in prognosis and survival 
because these are markers of effectiveness of immune-directed therapies. In 
addition, the Cancer Genome Atlas showed that about 25% of endometrioid 
tumors share characteristics with serous tumors, including extensive copy 
number alterations, few DNA methylation changes, low estrogen receptor 
and progesterone receptor expression, and frequent TP53 mutations. These 
may behave in a more aggressive fashion that may affect postsurgical adjuvant 
therapy recommendations.12

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The primary manifestation of endometrial cancer is postmenopausal vaginal 
bleeding. Any report of postmenopausal bleeding should be considered suspi-
cious and requires a thorough evaluation to rule out endometrial cancer. The 
initial approach to suspicious bleeding is pelvic examination, ultrasound imaging, 
and endometrial biopsy. In almost all cases of pathologically confirmed endo-
metrial cancer, hysterectomy with surgical staging is recommended. For select 
young women with low-grade endometrial cancer who desire to preserve 
fertility, or in women who are not medically fit for surgery, continuous progestin-
based therapy with repeat endometrial sampling every 3 to 6 months can be 
considered. Radiation is another option for women with an absolute contra-
indication to surgical management.

Special Considerations for Testing in Endometrial Cancer
It has recently been recognized that 30 to 40% of women with endometrioid 
endometrial cancer will have evidence of microsatellite instability. This can 
occur as a result of germline mutations in DNA mismatch repair genes in 
Lynch syndrome but is more commonly from noninherited alterations such 
as hypermethylation of the MLH1 promoter or somatic mutations in the 
DNA mismatch repair genes that result in loss of protein expression. The 
proteins involved in mismatch repair correct errors that spontaneously occur 
during DNA replication, such as base mismatches or short insertions and 
deletions. Cells with deficient mismatch repair accumulate errors, creating 
novel microsatellite fragments. Polymerase chain reaction (PCR)-based assays 
can reveal these novel microsatellite changes and provide evidence for the 
presence of microsatellite instability.13

Tumor tissue can be used to identify patients with abnormal DNA mismatch 
repair expression using immunohistochemistry for the four mismatch repair 
proteins. PCR to test for microsatellite instability requires tumor and normal 
tissue. Immunohistochemistry is frequently used because of the lower cost 
of this testing. In some cases, the etiology of loss of DNA mismatch repair 
protein expression can be identified through tumor tissue methylation testing.

The finding of microsatellite instability or deficient mismatch repair has 
clinical therapeutic implications. Mismatch repair–deficient cells have a marked 
increase in mutations: 1700 on average, compared with just 70 in a typical 
cancer cell. These mutations result in production of abnormal proteins that 
are recognized by the immune system as foreign. Studies have shown that 
tumors with deficient mismatch repair, regardless of site of origin, will have 

average age of endometrial cancer diagnosis is 60 years, and it is rare in women 
before age 45 years. Endometrial cancer is more common in white women 
but has a higher mortality rate in African American women.

 EPIDEMIOLOGY
A major factor for development of endometrial cancer is estrogen exposure. 
Increasing trends in endometrial cancer incidence may be largely explained 
by increased endogenous estrogen exposure and the use of exogenous estrogen 
in	perimenopausal	and	postmenopausal	women.	Obesity	is	related	to	increased	
circulating estrogens due to increased aromatase activity in adipose tissue 
contributing to the conversion of adrenal androgens to estrogen (Table 189-5).

Women with a history of complex atypical hyperplasia have a nearly 30-fold 
risk for subsequent development of endometrial cancer. As the population 
ages, the incidence of endometrial cancer increases. The combination of 
improved life expectancy, decreasing parity, and rising rates of diabetes and 
obesity make endometrial cancer an increasing challenge in many developing 
and middle-income countries.

Most endometrial cancers are sporadic, but a small percentage (3 to 5%) of 
endometrial cancers are attributed to a genetic predisposition. Women with 
a family history of endometrial cancer are at a 1.5 to 2-fold increased risk 
for the disease. Some of this is related to an inherited predisposition. Lynch 
syndrome (also called hereditary nonpolyposis colorectal cancer [HNPCC]) 
is the most common genetic syndrome associated with endometrial cancer 
and is caused by germline mutations in one of the DNA mismatch repair 
genes, MLH1, MSH2, MSH6, PMS2, or EPCAM (Chapter 171). Women with 
Lynch syndrome have up to a 80% lifetime risk for colorectal cancer and up 
to a 60% risk for developing endometrial cancer. The identification of Lynch 
syndrome in women with endometrial cancer can lead to the prevention of 
a second cancer in the patient and prevention of new, incident cancers in 
family members through risk-reducing strategies and heightened surveillance.10 
Cowden syndrome is a rare condition resulting from a mutation in the PTEN 
tumor suppressor gene. The lifetime risk for endometrial cancer is 13 to 20% 
in women with Cowden syndrome, a 5-fold elevation compared with the 
general population.

 PATHOBIOLOGY
More than 80% of endometrial cancers (type 1 endometrial cancers) are related 
to estrogen. The remaining 10 to 20% (type 2 endometrial cancers) are estrogen 
independent but share some risk factors with type 1 endometrial cancers, 
such as low parity, early age at menarche, and diabetes. The distinction between 
types 1 and 2 endometrial cancer is based on differences in histology and 
clinical outcomes, with type 2 having a poorer prognosis (Table 189-6). Type 
1 malignancies tend to present with uterine-confined disease, generally have 
a better overall prognosis than the type 2 cancers, and often retain expression 
of	hormone	receptors.	On	a	molecular	level,	type	1	tumors	are	more	likely	to	
be diploid, have loss of PTEN, retain wild-type p53, and be associated with 
microsatellite instability. Conversely, type 2 endometrial cancers are poorly 
differentiated; have serous, clear cell, or carcinosarcoma histology; often first 
present at advanced stages; and are at higher risk for disseminating. At the 
molecular level, type 2 endometrial cancers are higher grade, more frequently 
have aneuploidy, harbor mutations or loss of p53, and rarely express estrogen 
and progesterone receptors.11

The Cancer Genome Atlas project is systematically performing an integrated 
genomic, transcriptomic, and proteomic characterization of the major human 
malignancies. In endometrioid and serous endometrial cancer, the Cancer 
Genome Atlas identified four subtypes of endometrial cancer: POLE ultra-
mutated, microsatellite instability hypermutated, copy number low (TP53 

TABLE 189-5 RISK FACTORS FOR ENDOMETRIAL CANCER
•	 Complex	atypical	hyperplasia
•	 Unopposed	estrogen	exposure
•	 Obesity
•	 Increasing	age
•	 Nulliparity
•	 Diabetes	mellitus
•	 Early	menarche,	late	menopause
•	 Tamoxifen	use
•	 Family	history	of	endometrial	cancer
•	 Lynch	syndrome	(hereditary	nonpolyposis	colorectal	cancer	[HNPCC])
•	 Cowden	syndrome

TABLE 189-6 TYPE 1 VERSUS TYPE 2 ENDOMETRIAL 
CANCERS

TYPE 1 ENDOMETRIAL 
CANCERS

TYPE 2 ENDOMETRIAL 
CANCERS

Hormonal impact Estrogen dependent Estrogen independent
Histology Endometrial 

adenocarcinoma
Clear cell or serous 

carcinosarcoma
Patient population Younger, obese, 

perimenopausal
Older,	thin,	

postmenopausal
Frequency 80-85% 15-20%
Prognosis Lower grade; earlier stage; 

lower mortality rate
More aggressive; higher 

mortality rate
Molecular and genomic 

characteristics
ER/PR-positive; MSI P53 mutations; ERBB2 

overexpression
ER = estrogen receptor; MSI = multisatellite instability; PR = progesterone receptor.

TREATMENT 
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a high response to immunotherapy with the PD-1 inhibitor pembrolizumab, 
and an additional substantial fraction will have prolonged stable disease.

Although most observations of deficient mismatch repair or microsatellite 
instability in endometrial cancer are caused by somatic changes, germline 
testing should be considered to rule out Lynch syndrome as the cause of these 
findings.	The	Society	of	Gynecologic	Oncology	has	 recommended	 that	 all	
women diagnosed with endometrial cancer should undergo systematic clinical 
screening for Lynch syndrome (review of personal and family history) and/
or molecular screening.

Patients divided into TCGA subgroups

100 hypothetical newly diagnosed
endometrial cancer patients

POLE hotspot or exonuclease
domain mutation

POLE sequencing

TP53 sequencing
or IHC

100

95

70

TP53
Wild-type

TP53
Mutant

PMS2 or
MSH6 loss

2 marker IHC
(PMS2 and MSH6)

POLE (~5%)

MSI (~25%)

Copy Number Low
(~40%)

Copy Number
High (~30%)

FIGURE 189-1. Suggested potential schema for molecular classification of endometrial cancer using sequencing and immunohistochemistry results to segregate patients into 
the molecular subtypes previously defined by The Cancer Genome Atlas (TCGA). iHc = immunohistochemistry; Msi = microsatellite instability; Pole = polymerase ε; TcGa = The cancer 
Genome atlas. (From MacKay HJ, levine Da, Bae-Jump Vl, et al. Moving forward with actionable therapeutic targets and opportunities in endometrial cancer: nci clinical trials planning 
meeting report on identifying key genes and molecular pathways for targeted endometrial cancer trials. Oncotarget. 2017;8:84579-84594.)

Fortunately, most women will have localized disease that is amenable to 
surgery. Minimally invasive surgery with a laparoscopic or robotic approach 
has largely replaced open surgical procedures for apparent uterine-confined 
disease. Total hysterectomy, bilateral salpingo-oophorectomy, peritoneal cytol-
ogy (washings), and lymph node assessment are recommended. Visual inspec-
tion of the upper abdomen and pelvic surfaces is important to exclude 
extrauterine disease. Common sites of spread for endometrial cancer include 
the ovaries, pelvic or periaortic lymph nodes, and peritoneum. Sentinel node 
biopsy is an alternative at centers with expertise in these surgical methods. 
Surgical advances have decreased the morbidity and length of hospitalization 
associated with the primary surgical treatment of endometrial cancer.14

Comprehensive pathologic evaluation should include histologic subtype 
and grade, size and location of tumor, depth of myometrial invasion, presence 
or absence of cervical stromal involvement, involvement of the parametria, 
and assessment of lymphatic and vascular invasion. The 2009 FIGO staging 
system for endometrial cancer is shown in Table 189-7 with treatment recom-
mendations. Surgical staging and identified risk factors are used to guide rec-
ommendations for adjuvant, postoperative therapy. Risk factors include increasing 
age, presence of LVSI, histology, tumor size, tumor grade, involvement of the 
lower uterine segment, or cervical stromal (glandular) involvement.15,16

For select women with uterine-confined disease, adjuvant, posthysterectomy 
radiation with vaginal brachytherapy and/or external beam, whole pelvic radia-
tion therapy is sometimes considered. A6 

,
 A7  Systemic therapy is usually with 

paclitaxel and carboplatin. In many of these situations, adjuvant treatment can 
reduce the risk for recurrence but may not have a significant impact on survival. 
In this setting, sequelae of treatment and long-term toxicities of therapy will 
contribute to treatment recommendations. For women with adnexal, parame-
trial, or nodal involvement (stage III disease), systemic chemotherapy and/or 
radiation therapy is recommended. For women with distant metastases at 
diagnosis, surgical debulking along with radiation for palliation is sometimes 
considered, but systemic chemotherapy is the standard of care.

For women with recurrent disease, systemic therapy is standard treatment. 
For low-grade tumors that are hormone receptor–positive, hormonal therapy 
can sometimes provide long-term treatment benefits. Progestational agents 

TREATMENT 

TABLE 189-7 APPROACH TO ENDOMETRIAL CANCER  
BY STAGE*

STAGE BRIEF DEFINITION TREATMENT
I Tumor confined to the 

uterine corpus
IA <50% myometrial invasion TH,	BSO,	± vag brachy†

IB ≥50% myometrial invasion TH,	BSO,	± vag brachy†

II Cervical stromal involvement TH,	BSO,	vag	brachy	± EBRT‡

IIIA Tumor involving serosa and/
or adnexa

TH,	BSO,	systemic	therapy	± 
EBRT ± vag brachy

IIIB Vaginal or parametrial tumor 
involvement

TH,	BSO,	systemic	therapy	± 
EBRT ± vag brachy

IIIC Pelvic and/or para-aortic 
node involvement

TH,	BSO,	systemic	therapy	± 
EBRT ± vag brachy

IVA Tumor invades bladder or 
bowel

TH,	BSO,	systemic	therapy	± 
EBRT ± vag brachy

IVB Distant metastases, inguinal 
node involvement

TH,	BSO,	systemic	therapy	± 
EBRT ± vag brachy

BSO	= bilateral salpingo-oophorectomy; EBRT= external beam radiation therapy; TH = total 
hysterectomy; vag brachy = vaginal brachytherapy.
*Endometrioid histology.
†EBRT and systemic therapy can be considered for those with high-grade disease or adverse risk 
factors.
‡Systemic therapy can be considered for those with high-grade disease.
§Vaginal brachytherapy is recommended for stage IIIB.

are the backbone of treatment and can be used alone or with tamoxifen. Sys-
temic chemotherapy recommendations will depend on prior treatment and 
time to recurrence. Bevacizumab may be considered for patients who have 
progressed on chemotherapy, and pembrolizumab can be used for women 
with deficient DNA mismatch repair expression or microsatellite instability–high 
tumors (see later).

Three high-risk histologic subtypes of endometrial cancer warrant special 
consideration: carcinosarcoma, clear cell carcinoma, and serous carcinoma. All 
three are type 2 endometrial cancers that are more aggressive, with a higher 
propensity for advanced disease at diagnosis and a poorer overall prognosis. 
Systemic chemotherapy with or without radiation is recommended treatment 
for all but stage IA of these high-risk histologies.

Uterine carcinosarcomas are rare, aggressive, biphasic neoplasms that contain 
high-grade malignant epithelial and mesenchymal elements. The mesenchymal 
component may resemble any one of a number of high-grade sarcomas. Uterine 
carcinosarcomas account for less than 5% of uterine malignancies but have a 
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poor overall prognosis. At the time of diagnosis, approximately one third of 
patients will have disease spread beyond the uterus. Uterine carcinosarcomas 
have frequent TP53 mutations and are thus considered type 2 tumors. The 
treatment of uterine carcinosarcoma is similar to that of other endometrial 
cancers but is more responsive to ifosfamide, which can be considered in its 
treatment. Although there are multiple genomic alterations identified in uterine 
carcinosarcoma, there is currently no targeted therapy that has been shown 
to provide an improved therapeutic outcome in this subtype of endometrial 
cancer.

Endometrial clear cell carcinomas are rare tumors that have an aggressive 
clinical behavior and a poor outcome compared with endometrioid tumors. 
Paclitaxel and carboplatin are considered standard therapy, but clear cell car-
cinoma will be less responsive to this therapy.

Uterine serous carcinomas are very aggressive neoplasms with a very high 
propensity for spread, including to distant sites in the upper abdomen, even 
when confined to the endometrium. These represent less than 10% of endo-
metrial cancers but are responsible for more than 30% of endometrial cancer 
mortality. Chemotherapy is frequently used even in very-early-stage disease. 
Overexpression of ErbB2 (HER2) has been frequently noted in uterine serous 
carcinoma, and trials examining the addition of HER2-directed therapy to che-
motherapy have shown improved outcomes.

Approximately 80% of ovarian cancers are sporadic, but about 20% can be 
linked to autosomal dominant germline mutations.18 BRCA1 and BRCA2 are 
the most common mutations, identified in about 15% of patients with advanced 
ovarian cancer (Chapter 171). Inherited mutations in these genes are associ-
ated with a 5- to 30-fold increase in the lifetime ovarian cancer risk, compared 
with the 1 to 2% risk in the general population, and with a significantly increased 
risk for breast and other cancers (Table 189-9).19 In addition to BRCA1 and 
BRCA2, several other genes have been associated with an increased ovarian 
cancer risk, including ATM, BRIP1, PALB2, BARD1, RAD51C, RAD51D, and 
the Lynch syndrome genes MSH2, MLH1, PMS2, and MSH6. These genes 
combined are responsible for the remaining 5% of advanced ovarian cancer 
patients with an identified germline mutation. Most of these are lower pen-
etrance genes that may increase lifetime ovarian cancer risk to 5 to 15% or 
less. Because of the high rate of association of ovarian cancer with inherited 
cancer-predisposing genes, it is recommended that all women with advanced 
ovarian cancer undergo genetic counseling and consider genetic testing.

 PATHOBIOLOGY
Histopathologic evaluation will identify several subtypes of epithelial ovarian 
cancer, the most common being serous, mucinous, clear cell, and endometrioid 
cancers. Endometrioid and clear cell carcinomas are much more common in 
early-stage ovarian cancer. By comparison, more than 80% of patients with 
advanced disease have high-grade, serous ovarian cancer, which is the best 
understood ovarian cancer.20

It is now clear that a significant portion, perhaps the majority, of serous 
ovarian cancers arise from the fallopian tube. The process of malignant trans-
formation of the fallopian tube epithelium is characterized by p53 mutation, 
increased proliferation, cytologic atypia, detachment and exfoliation, metastasis, 
and implantation on peritoneal surfaces, including the ovary. This discovery 
potentially explains the decreased ovarian cancer risk seen with tubal ligation, 
which may result in fallopian tube necrosis and death of tubal epithelial cells.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The symptoms of ovarian cancer include bloating, increased abdominal girth, 
early satiety, pelvic or abdominal pain, dyspareunia, and bowel or bladder 
complaints. Unfortunately, small adnexal masses are usually silent, and most 
of the previous symptoms are related to disease dissemination within the 
abdomen and pelvis. Ultrasonography or CT of the abdomen and pelvis will 
usually identify adnexal abnormalities and may also demonstrate ascites, 
lymphadenopathy, and omental or peritoneal involvement. Peritoneal fluid 

TABLE 189-8 RISK FACTORS FOR OVARIAN CANCER
Increasing age
Factors associated with increased lifetime ovulation

Early menarche
Late menopause
Nulliparity
Infertility
Use of ovulatory stimulating drugs

Family history of ovarian cancer
Genetic predisposition

BRCA1 and BRCA2
Lynch syndrome
Other	genes

Decreased ovarian cancer risk
Use of oral contraceptives
Prolonged lactation
Increased parity
Tubal ligation

TABLE 189-9 BRCA1 AND BRCA2 PENETRANCE: 
CUMULATIVE LIFETIME CANCER RISK

GENERAL 
POPULATION BRCA1 BRCA2

Breast cancer 13% 50-72% 40-69%
Ovarian	cancer 1-2% 35-60% 10-27%
Prostate cancer 11% 15-25% 15-25%
Pancreatic cancer 1-2% Two-fold increase Two- to five-fold increase

TREATMENT 

 PREVENTION
Screening Recommendations
On	reaching	menopause,	all	women	should	be	informed	about	the	risks	and	
symptoms of endometrial cancer and strongly encouraged to report any unex-
pected vaginal bleeding or spotting to their physicians. No standard endometrial 
cancer screening is recommended for the general population. Women with 
Lynch syndrome should be offered endometrial cancer screening with trans-
vaginal ultrasound and endometrial biopsy annually starting at age 35 years. 
Hysterectomy with bilateral salpingo-oophorectomy is recommended for 
women with Lynch syndrome after completion of childbearing.

Pap tests are not used to screen for endometrial cancer. However, Pap test 
results sometimes show signs of an abnormal endometrium, which should be 
thoroughly evaluated. Although standard Pap testing is not currently able to 
detect endometrial abnormalities reliably, newer approaches using genetic 
evaluation of Pap specimens are being tested to determine whether they can 
detect endometrial and ovarian cancers.

 OVARIAN AND FALLOPIAN TUBE CANCER
There are three cell types in the ovary, and all can become malignant: (1) the 
supporting stromal cells that provide structural support to the follicles, maintain 
cellular organization within the ovary, and differentiate into steroid-secreting 
cells necessary to promote oocyte development and ovulation; (2) the ova 
that are the female germ cells necessary for reproduction; (3) and the ovarian 
epithelial cells that form the surface of the ovary. The latter cell type, along 
with the cells of the fallopian tube and those lining the peritoneal cavity, give 
rise to what is commonly referred to as ovarian epithelial malignancies.	Ovarian	
stromal and germ cell tumors will be briefly covered later in this chapter. The 
use of the term ovarian cancer will refer to epithelial ovarian cancers, cancers 
of the fallopian tube, and primary peritoneal cancers.17

More than 22,000 new cases of ovarian cancer are diagnosed annually in 
the United States Unfortunately, most women have advanced disease at diag-
nosis,	and	more	than	14,000	women	will	die	annually	of	their	disease.	Ovarian	
cancer thus had the highest mortality rate of all gynecologic malignancies. 
Because the incidence of ovarian cancer is highest in developed countries 
where parity is lower, diets are higher in fat, and women have longer life 
expectancies, its incidence is highest in North America and Europe but lower 
in much of Asia and sub-Saharan Africa. The lifetime risk for ovarian cancer 
in women in the United States is 1 : 70, or 1 to 2%. The median age of onset 
for ovarian cancer is 60 to 65 years, although women with a genetic predis-
position to ovarian cancer may develop the disease in their 40s or 50s.

 EPIDEMIOLOGY
Although risk factors for ovarian cancer have been identified (Table 189-8), 
the cause of most ovarian cancers is not known. More frequent lifetime ovula-
tion is associated with increased risk, and factors that suppress ovulation, 
including pregnancy, use of oral contraceptives, and prolonged lactation, are 
associated with a decreased risk. Most of these are modest risk factors with 
the exception of genetic predisposition related to inherited germline mutations 
in cancer-predisposing genes.
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cytology can sometimes be diagnostic, but percutaneous biopsy of an appar-
ently isolated adnexal mass is not recommended because of the potential for 
tumor spillage and spread of an otherwise localized tumor into the peritoneal 
cavity. CA-125 is a glycoprotein encoded by the MUC16 gene that is often 
significantly elevated in the serum of patients with ovarian cancer and can 
support the diagnosis of ovarian cancer. Elevated CA-125 alone is not diag-
nostic of ovarian cancer. It can be elevated with other malignancies and with 
benign processes, especially those affecting the abdominal and peritoneal 
surfaces. It is also frequently normal when disease is confined to the fallopian 
tube and/or ovary, making it a poor screening tool.

Treatment of ovarian cancer starts with surgery in those who are eligible, 
which should be performed by a gynecologic oncologist. Multiple studies have 
demonstrated improved disease outcomes when a gynecologic oncologist 
performs the procedure in a hospital with a high ovarian cancer case volume. 
Surgery serves to make the pathologic diagnosis and to stage the patient and 
is an important component of treatment, even in the setting of disseminated 
disease. Initial surgery should include an exploratory laparotomy, a total abdomi-
nal hysterectomy, bilateral salpingo-oophorectomy, omentectomy, removal of 
ascites or peritoneal washings, and lymph node dissection in certain circum-
stances. The diaphragm and upper abdomen should be inspected, and biopsies 
should be obtained. The goal of initial surgery should be resection of all visible 
disease to microscopic residual, which may include peritonectomy and/or bowel 
resection. This has been demonstrated over multiple studies to result in improved 
overall survival compared with lesser degrees of resection. If complete resection 
is not achievable, a maximal cytoreduction effort is still useful because there 
is a direct correlation between volume of residual tumor and survival. Patients 
are characterized after initial surgery as R0 (zero visible residual disease) if no 
visible disease remains, optimally debulked when all visible disease is smaller 
than 1 cm, and suboptimally debulked if disease of 1 cm or greater remains at 
completion of surgery. The operative report should clearly state the status and 
location of any visible residual disease. The improved outcome with resection 
of disseminated disease is somewhat unique to ovarian cancer and may reflect 
the propensity for peritoneal spread of disease over lymphatic and hematog-
enous dissemination.

In situations in which optimal debulking is not considered feasible because 
of disease volume and location or patient comorbidities, neoadjuvant chemo-
therapy with interval debulking surgery after four or fewer cycles is accept-
able. A8  In multiple non-U.S. based clinical trials, outcomes were not different  
between patients randomized to primary debulking vs. neoadjuvant chemo-
therapy. However, in the U.S., non-randomized studies show a clear benefit to 
primary upfront debulking. Disease outcomes for U.S. patients treated with 
neoadjuvant chemotherapy do not approach those of patients who had primary 
cytoreductive surgery (PCS) to R0 or optimal debulking before chemotherapy 
but are similar those who had suboptimal initial debulking. For this reason, 
primary cytoreductive surgery is recommended over neoadjuvant chemotherapy 
for women with a high likelihood of achieving optimal cytoreduction with 
acceptable morbidity. The decision regarding operability and timing of surgery 
should be made by a gynecologic oncologist.

At the completion of primary surgery, tumor histology is identified, and 
stage is assigned based on surgical and pathologic findings. More than 85% 
of patients with advanced stages III and IV disease will have serous histology, 
whereas clear cell and endometrioid make up approximately 50% of stages I 
and II disease. Up to 85% of patients will have disease spread at diagnosis, and 
75 to 80% will have stage III or IV disease. Disease stage, residual tumor, histol-
ogy, and grade are used to determine treatment as noted in Table 189-10. 
When used, chemotherapy is typically a platinum-taxane combination, but 
pegylated liposomal doxorubicin and carboplatin can also be considered.

For stage IA or IB, grade 1 tumors, disease recurrence rates are less than 5%; 
thus postoperative observation without adjuvant chemotherapy is recommended. 
Grade 2 tumors are rare, and treatment recommendations for nonserous stage 
I grade 2 tumors are individualized. Three to six cycles of platinum-based che-
motherapy are recommended for stage I grade 3, stage IC, and stage II disease. 
Six cycles are preferred for serous tumors, whereas three cycles may be sufficient 
for endometrioid, clear cell, and mucinous tumors.

For patients with stage III R0 (stage III patients with no residual tumor after 
surgery) or optimally debulked disease, six cycles of platinum-based combined 
intravenous and intraperitoneal treatment are preferred, whereas suboptimal 
stage III or stage IV disease should receive intravenous platinum-based therapy. 
Intravenous and intraperitoneal therapies have not been rigorously studied in 
stage II patients, but this group is now categorized as having advanced-stage 
disease, so such therapies can be considered for this group.

A number of less common ovarian histologies have been identified and are 
summarized in Table 189-11. Borderline tumors, also known as low malignant 
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TABLE 189-10 APPROACH TO OVARIAN CANCER BY STAGE
STAGE BRIEF DEFINITION TREATMENT
I Tumor confined to the ovary

IA No surface involvement
Grade 1/2 Staging laparotomy, observation*
Grade 3 Staging laparotomy, 3-6 cycles IV 

chemotherapy
IB Tumor confined to both ovaries

Grade 1/2 Staging laparotomy, observation
Grade 3 Staging laparotomy, 3-6 cycles IV 

chemotherapy
IC Surface involvement, positive 

ascites or washings
Capsule rupture or surgical spill Staging laparotomy, 3-6 cycles IV 

chemotherapy
II Disease spread limited to the pelvis

IIA Uterus or fallopian tube 
involvement

Staging laparotomy, 3-6 cycles 
chemotherapy†

IIB Extension to other pelvic tissues Staging laparotomy, 3-6 cycles 
chemotherapy†

III Tumor involving upper abdomen 
or regional nodes

IIIA RP nodes, microscopic disease 
beyond the pelvis

Staging laparotomy, 6 cycles IV or 
IVIP chemotherapy†

IIIB ≤2 cm disease beyond the pelvis ± 
RP nodes

Staging laparotomy, 6 cycles IV or 
IVIP chemotherapy†

IIIC >2 cm disease beyond the pelvis ± 
RP nodes

Staging laparotomy, 6 cycles IV 
chemotherapy‡

IVA Pleural effusion, positive cytology Staging laparotomy, 6 cycles IV 
chemotherapy‡

IVB Liver/spleen parenchyma, inguinal 
node involvement

Extraabdominal metastases Staging laparotomy, 6 cycles IV 
chemotherapy‡

*Staging laparotomy includes exploratory laparotomy, a total abdominal hysterectomy with bilateral 
salpingo-oophorectomy, omentectomy, removal of ascites or peritoneal washings, and lymph node 
dissection.
†Combined intravenous and intraperitoneal chemotherapy can be considered for stage II patients. It 
is preferred for R0 or optimally debulked stage III patients with less than 1-cm residual disease.
‡For patients unlikely to be successfully debulked with initial surgery, neoadjuvant chemotherapy 
with interval debulking can be considered.
IV = intravenous; IVIP = intravenous/intraperitoneal; RP = retroperitoneal.

TABLE 189-11 LESS COMMON OVARIAN HISTOLOGIES AND 
TREATMENT RECOMMENDATIONS

•	 Borderline	(also	known	as	low	malignant	potential	[LMP]):	Observation
•	 Complete	surgical	staging	without	invasive	implants

•	 Low-grade serous/endometrioid
•	 Hormonal	therapy	or
•	 Chemotherapy	± hormonal therapy

•	 Mucinous: Poor response to standard ovarian cancer chemotherapy, consider 
gastrointestinal-targeted therapies or regimens (5-fluorouracil, capecitabine, 
oxaliplatin)

•	 Carcinosarcoma: Treated with standard ovarian cancer chemotherapy or an 
ifosfamide-containing regimen

•	 Clear cell carcinoma: Associated with endometriosis, ARID1A driver mutations; 
less responsive to standard ovarian cancer chemotherapy

potential tumors, are a distinct group that is characterized by a lack of invasion 
(although it may spread within the peritoneal cavity), slow growth, and overall 
indolent behavior. These tend to occur in younger women and are managed 
primarily with surgical resection as necessary. Low-grade ovarian cancers also 
have a lower growth fraction but have characteristics of invasion. These tumors 
have lower responses to chemotherapy and may be more responsive to hor-
monal therapies. Mucinous cancers involving the ovary are commonly metastatic 
from a gastrointestinal primary that may be occult. Mucinous ovarian cancers 
are less responsive to standard ovarian chemotherapy regimens, and many 
require the use of agents used in treatment of gastrointestinal cancers. As with 
endometrial carcinosarcomas, ovarian carcinosarcomas are biphasic neoplasms 
with malignant epithelial and mesenchymal elements. Carcinosarcomas are 
also less responsive to typical ovarian cancer treatments and may be more 
responsive to ifosfamide-based therapies. Clear cell carcinomas are frequently 
associated with endometriosis involving the ovary and are characterized by 
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ARID1A driver mutations. They are also less responsive to standard ovarian 
cancer therapies.

Recurrence and overall survival are related to stage of disease. Five-year 
survival diminishes significantly with more advanced disease at diagnosis, as 
summarized in Table 189-12.21 The majority of patients with stages I and II 
cancer will be cured with standard therapy, but patients with advanced stages 
III and IV disease at diagnosis are the major contributors to disease mortality. 
Most patients with advanced disease will respond to initial therapy and enter 
a clinical remission, but the vast majority will eventually relapse. This has led 
to a number of studies examining the role of maintenance therapy, after comple-
tion of initial chemotherapy, with the goal of delaying or preventing relapse 
and improving survival. Early studies examined continuing chemotherapy past 
six cycles, high-dose chemotherapy with stem cell support, intraperitoneal 
therapy, and whole abdominal radiation therapy, among other treatments. 
Subsequent studies used paclitaxel, topotecan, or pegylated liposomal doxo-
rubicin, and the most recent studies have examined targeted biologics agents, 
including pazopanib, nintedanib, and others. In most cases, this treatment 
delayed recurrence but did not significantly improve survival. The addition of 
bevacizumab to initial platinum-based chemotherapy and continued afterward 
can delay progression, particularly in high-risk patients, but does not increase 
overall survival. More recently the use of the poly-ADP-ribose polymerase (PARP) 
inhibitor olaparib has provided significant delay in progression when used 
after initial chemotherapy in women with BRCA-associated ovarian cancer.

Despite the high rate of recurrence, patients with ovarian cancer will com-
monly respond to treatment of recurrent disease and may have additional 
windows of remission. A number of chemotherapy agents are used in the treat-
ment of recurrent ovarian cancer. Subsequent treatment recommendations 
depend on response to initial therapy; toxicities experienced, particularly those 
such as neuropathy, which may persist; and the elapsed time since prior treat-
ment. Patients who experience recurrence more than 6 to 12 months after 
completion of initial platinum-based therapy are considered platinum sensitive 
and are usually retreated with another platinum-containing doublet. Those 
whose recurrence is less than 6 months after completion of prior platinum-
based therapy are considered platinum resistant and are typically treated with 
nonplatinum single-agent therapy. Bevacizumab added to treatment of platinum-
sensitive or platinum-resistant disease can improve response to therapy and 
delay recurrence. A9 

One of the most significant advances in recent years has been the identifica-
tion of the activity of PARP inhibitors in ovarian cancer. As noted previously, 
about 15% of women with advanced ovarian cancer will have a germline muta-
tion in BRCA1 or BRCA2. The BRCA proteins serve as critical checkpoint regulators 
of the cell cycle. They help maintain DNA, particularly the homologous recom-
bination pathway that is critical to repair double-stranded DNA. In sporadic 
ovarian cancers, the integrity of these same genes or other genes in the homolo-
gous recombination pathway is sometimes altered by somatic mutation or 
gene silencing. Data from the Cancer Genome Atlas and other studies have 
documented a BRCA-like phenotype in approximately 50% of all ovarian cancers. 
Interestingly, women with BRCA1/2-mutated ovarian cancer survive longer than 
do women with sporadic ovarian cancer, probably because BRCA1 and BRCA2 
mutations are associated with an increased sensitivity to platinum drugs and 
other chemotherapy agents. These observations have opened the way for 
development of PARP inhibitors that target single-stranded DNA repair. PARP 
inhibitors are now approved for use as treatment of BRCA-associated recurrent 
ovarian cancer and as maintenance after treatment of platinum-sensitive recur-
rent disease. A10  As noted above, olaparib is now FDA approved for maintenance 
therapy after front-line chemotherapy in patients with a germline or somatic 
BRCA mutation based on a trial that demonstrated significantly delayed time 
to recurrence. A11  This underlines the importance of early genetic testing in 
women with ovarian cancer, as the results hold implications for treatment. 
Studies are underway to examine the use of these agents in combination with 
initial chemotherapy and as part of neoadjuvant therapy.

A much smaller fraction of familial ovarian cancers are linked to Lynch syn-
drome (HNPCC) or have microsatellite instability or somatic loss of DNA mismatch 
repair function. As in endometrial cancer, ovarian cancers that are deficient in 
mismatch repair will have a high rate of response to immune checkpoint inhibi-
tor therapy with pembrolizumab.

 SCREENING AND PREVENTION
There is no recommended screening for ovarian cancer in women who do 
not have symptoms. Given the low ovarian cancer incidence of 1 to 2% in the 
general population, effective screening approaches would require a very high 
sensitivity and specificity to diagnose disease in the early stages, when it is 
potentially curable with surgery, without an excess of unnecessary and poten-
tially harmful interventions. Serum CA-125 alone or in combination with 
other markers and transvaginal ultrasound (TVUS) are the most commonly 
used screening modalities but have not been documented to have a benefit 
in the general population. Even in high-risk women, these have limited value 
for screening. Two large trials in the United Kingdom have prospectively evalu-
ated	ultrasound	and	longitudinal	CA-125	screening	using	the	Risk	of	Ovarian	
Cancer	Algorithm	(ROCA)	in	women	older	than	50	years	and	in	a	high-risk	
population and have not shown a consistent reduction in mortality from ovarian 
cancer.	Similarly,	the	Prostate,	Lung,	Colorectal,	and	Ovarian	Cancer	Screen-
ing Trial, a large population-based, randomized, National Cancer Institute–
sponsored trial showed no mortality benefit from screening for ovarian cancer 
with CA-125 and TVUS in women aged 55 to 74 years.22

Few strategies are available to prevent ovarian cancer. The use of oral con-
traceptive agents (Chapter 225) for 5 years or longer reduces the incidence 
of ovarian cancer by about 50%. For high-risk women, such as those with 
BRCA1 or BRCA2 mutations, prophylactic removal of the fallopian tubes and 
ovaries is recommended beginning at age 35 years and when childbearing is 
complete. This is the most effective approach to reduce ovarian cancer risk 
but is associated with complications of early menopause. Given the recently 
recognized role of the fallopian tube in ovarian carcinogenesis, “opportunistic 
salpingectomy,” the removal of the fallopian tubes for primary prevention of 
epithelial ovarian malignancies, may be recommended. This approach entails 
removal of the fallopian tubes in average-risk women undergoing pelvic surgery 
for another indication and allows preservation of the ovary without interrup-
tion in ovarian hormonal function. Common procedures that could potentially 
include opportunistic salpingectomy include hysterectomy for benign indica-
tions and in place of tubal ligation for women who desire sterilization. It will 
require long-term follow-up of 10 to 20 years or more to determine the effec-
tiveness of opportunistic salpingectomy for prevention of ovarian cancer.

 OTHER GYNECOLOGIC CANCERS
Malignant	transformation	can	occur	in	every	part	of	the	müllerian	tract.	Other	
much less common types of gynecologic cancers include gestational tropho-
blastic disease, stromal and germ cell ovarian tumors, uterine sarcomas, and 
cancers of the vagina and vulva. Patients with these tumors should be referred 
to experts in the care and treatment of gynecologic cancer patients. Gestational 
trophoblastic disease is a group of pregnancy-related disorders resulting from 
a pathologic conceptus. The cells that form such tumors arise from tropho-
blastic tissue that will form the placenta. Gestational trophoblastic diseases 
range	from	benign	hydatidiform	moles	to	malignant	choriocarcinoma.	Ovarian	
germ cell tumors have strong homology with testicular cancer, including early 
age	 of	 onset	 and	 a	 high	 cure	 rate	 with	 current	 therapies.	Ovarian	 stromal	
tumors are typically early stage and usually cured with surgery alone but may 
require systemic therapy if advanced or recurrent.

The most common uterine sarcomas are leiomyosarcoma and endometrial 
stromal sarcoma. Leiomyosarcoma, which is a malignant tumor of smooth 
muscle, develops in the myometrium. Surgical resection is the treatment of 
choice. Neither adjuvant chemotherapy nor radiotherapy is useful for stage I 
disease, but recurrent leiomyosarcoma is most commonly treated with che-
motherapy. Endometrial stromal sarcomas are commonly low grade and 
responsive to hormonal therapy, but when high grade, they are treated similarly 
to leiomyosarcomas. Cancers of the vagina and vulva are typically HPV-related 
cancers and are treated similarly to cervical cancer.

Survivors of all forms of gynecologic cancers—whether of the cervix, endo-
metrium, or ovary—are at risk for future sexual dysfunction as well as altera-
tions of bowel and bladder function. They also must be counseled and often 
treated regarding the consequences of early menopause.

 CARE OF GYNECOLOGIC CANCER SURVIVORS
Gynecologic cancer survivors are at continuous risk for both local and distant 
recurrences. Most gynecologic cancers that recur will do so within the first 5 
years; however, later recurrences can occur, particularly with low-grade disease. 
The treating oncology team will have primary responsibility for surveillance, 
but internists and primary care physicians may be called on to evaluate new 
symptoms, laboratory abnormalities, or physical examination findings.

STAGE PROPORTION OF PATIENTS 5-YR SURVIVAL
I 15% 90%
II <5% 70%
III 70% 25-50%
IV 10% 10-15%

} 85%

TABLE 189-12 OVARIAN CANCER: STAGE AND SURVIVAL



progesterone, they can grow rapidly in early pregnancy but typically shrink 
after menopause.

Fibroids are usually asymptomatic. However, fibroids can cause pelvic dis-
comfort and substantial uterine bleeding. Fibroids often can be detected by 
careful physical examination, but ultrasonography is confirmatory.

Fibroids themselves are benign and not premalignant. However, about 1 per 
1100 to 1 per 1500 women under age 45 years may also have uterine cancer.

The definitive treatment for fibroids is hysterectomy, but less invasive options 
are often preferable.23 An anti-progesterone agent (e.g., oral mifepristone, 5 mg 
daily for 6 months or 10 mg daily for 3 months) or ulipristal acetate, 5 or 
10 mg per day for 13 weeks24 can effectively reduce fibroid size and symp-
toms. A12  However, their benefits usually are transient. Nonsteroidal anti-
inflammatory drugs (e.g., naproxen or mefenamic acid) also are useful for 
discomfort. Hysteroscopic myomectomy can remove submucosal fibroids and 
preserve childbearing capacity.25 For other symptoms, options include uterine-
artery embolization, focused ultrasound surgery, radiofrequency ablation, and 
surgical myomectomy. Power morcellation has fallen out of favor because of 
the low but real chance of spreading the potentially malignant tissue that is 
present in a low proportion of fibroids.

The predominant site of recurrence for cervical cancer is locoregional at 
the vaginal apex or pelvic sidewall; however, recurrences also occur in the 
upper abdomen or lung. Cervical cancer survivors are also at risk for other 
HPV-associated cancers. Typical sites of endometrial cancer recurrence include 
local pelvic disease and distant metastases to the upper abdomen or lung. The 
risk for local pelvic recurrence is lower in patients who have received radiation 
therapy.	Ovarian	cancer	recurrences	are	most	common	in	the	prior	sites	of	
disease, typically in the abdominal or pelvic peritoneum or the pelvic and 
para-aortic nodes. Many recurrent ovarian cancer patients will have significant 
bowel problems, including obstipation, constipation, and intermittent bowel 
obstruction.

Radical hysterectomy may disrupt the autonomic nervous system in the 
pelvis leading to bowel and/or bladder dysfunction. Pelvic lymphadenectomy, 
performed as part of many gynecologic cancer surgeries, can lead to lymph-
edema. Women treated with whole pelvic radiation therapy can suffer from 
bowel and bladder dysfunction and sexual dysfunction. Bladder problems 
may include urgency, incontinence, and chronic cystitis with loss of bladder 
elasticity and distensibility. Rectal problems include pain, diarrhea or consti-
pation, rectal urgency, and incomplete stool evacuation or fecal incontinence. 
Radiation can also lead to pelvic insufficiency fractures with associated pain 
in up to 10% of patients.

Gynecologic cancer surgery and treatment are commonly associated with 
sexual dysfunction, which is multifactorial related to fatigue from treatment, 
emotional and physical stresses of disease, surgery, and sequelae of systemic 
therapy. Vaginal stenosis, dryness, and dyspareunia are common. Resection 
of the upper vagina included in cervical cancer surgery may lead to a shortened 
vagina. Sexual dysfunction is increased after pelvic radiation but is also docu-
mented in women who have had surgery alone.

Most gynecologic cancer surgery will include removal of the ovaries. In 
premenopausal women, this will result in abrupt menopause with its attendant 
short- and long-term sequelae (Chapter 227). In addition, even when the 
ovaries are preserved, as in younger cervical cancer patients, the ovarian blood 
supply may be compromised, resulting in premature ovarian failure. For many 
gynecologic cancers, the use of hormone replacement therapy is contraindicated 
and thus should be used only after consultation with the oncology care team.

Cisplatin and paclitaxel, commonly used in all gynecologic cancers, can 
result in peripheral neuropathy, which can be permanent in many women. 
Cisplatin can also result in renal injury and renal electrolyte wasting, including 
loss of potassium, magnesium, and calcium. Bevacizumab is used in most 
gynecologic cancers, sometimes as prolonged maintenance in patients who 
are in remission. Bevacizumab toxicities, many of which are cumulative, include 
hypertension, proteinuria, bleeding or clotting, interference with wound healing, 
bowel perforation or fistula formation, and reversible posterior leukoencepha-
lopathy	 syndrome.	 Ovarian	 cancer	 patients	 treated	 with	 poly	 ADP	 ribose	
polymerase (PARP) inhibitors are at increased risk for secondary hematologic 
malignancies, specifically myelodysplastic syndrome and acute myelogenous 
leukemia. Persistent cytopenias or other unexplained abnormalities in blood 
counts in patients treated with this class of agents should undergo a thorough 
hematologic evaluation.

Obesity	is	a	risk	factor	for	endometrial	cancer,	and	unfortunately,	endome-
trial cancer survivors have a high prevalence of continued obesity after treat-
ment completion. Studies in endometrial cancer survivors suggest that increasing 
obesity is associated with lower health-related quality of life and is inversely 
correlated with lower functional domain scores, including lack of fulfillment 
in work and enjoyment of life. All gynecologic cancer survivors should be 
encouraged to adopt healthy lifestyle modifications, including increased physical 
activity, regular exercise routines, and gradual dietary modifications.

Studies have suggested that endometrial cancer survivors are at higher risk 
for a number of long-term cardiovascular problems compared with their cancer-
free counterparts, including thrombophlebitis, pulmonary heart disease, and 
atrial fibrillation.

Fatigue, depression, and mood disorders are common in cancer survivors. 
These factors have a significant impact on quality of life and may persist many 
years, even decades, after treatment. Gynecologic cancer survivors may benefit 
from seeing a counselor or therapist to help with emotional issues associated 
with cancer treatment and recovery.

 UTERINE FIBROIDS
The most common pelvic tumors in women are uterine fibroids, which are 
present in up to 40% of women during their reproductive years and up to 
70 to 80% by 50 years of age. Implicated somatic mutations include the  
MED12 gene on the X chromosome. Since fibroids require estrogen and 
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3. Which of the following is not associated with a significant increase in the 
risk for endometrial cancer?
 A. BRCA2 mutation
	B.	 Obesity
 C. Tamoxifen use
 D. Atypical hyperplasia on endometrial biopsy
 E. Lynch syndrome

Answer: A	 Obesity	is	associated	with	increased	estrogen	levels	and	increased	
endometrial cancer risk. Tamoxifen has an estrogen agonistic effect on the 
endometrium and is thus associated with increased endometrial cancer risk. 
Prior atypical hyperplasia is a major risk for subsequent endometrial cancer. 
Lynch syndrome is associated with increased risk for gastrointestinal and 
endometrial cancers. BRCA mutations increase the risk for breast, ovarian, 
prostate, and pancreatic cancer but not for endometrial cancer.

4. Which ovarian cancer patient can have postsurgical observation without 
chemotherapy?
 A. Stage IA, grade 3 serous ovarian cancer
 B. Stage IB, grade 1 serous ovarian cancer
 C. Stage 1C, grade 2 cancer (based on positive peritoneal cytology)
 D. Stage IIA, grade 1 optimally debulked ovarian cancer
 E. Stage IIIA, endometrioid ovarian cancer

Answer: B	 Only	 stage	 IA	 or	 IB,	 grade	 1	 cancers	 are	 suitable	 for	
observation.

5. Which of the following is the most common complication of chemoradia-
tion for cervical cancer?
 A. Vascular insufficiency fracture of the pubic ramus
 B. Transitional cell cancer of the bladder
 C. Intermittent diarrhea
 D. Chronic anemia
 E. Rectovaginal fistula

Answer: C Diarrhea can be seen in 10% or more of patients after pelvic 
radiation therapy. Insufficiency fractures occur less frequently, and radiation-
induced tumors are quite rare.

REVIEW QUESTIONS

1. Which gynecologic cancer is responsible for the most deaths in the United 
States each year?
 A. Cervical cancer
 B. Endometrial cancer
 C. Uterine sarcomas
	D.	Ovarian	cancer
 E. Vulvar cancer

Answer: D As noted in the chapter, endometrial cancer is the most common 
gynecologic cancer; however, ovarian cancer is more likely to be discovered 
at an advanced stage. The number of deaths in the United States is roughly 
twice the number of endometrial cancer deaths. In developing countries, 
cervical cancer is much more common owing to lack of access to screening 
and vaccination and is thus the leading cause of cancer deaths worldwide.

2. Which of the following women can stop routine cytologic screening for 
cervical cancer?
 A. A 21-year-old woman immunized at age 19 years against human papil-

lomavirus (HPV)
 B. A 38-year-old woman who has completed her childbearing
 C. A BRCA1 carrier who underwent a risk-reducing salpingo-oophorectomy 

5 years ago
 D. A 48-year-old woman who underwent a total hysterectomy for benign 

uterine bleeding 3 years ago
 E. A 26-year-old graduate student with three prior negative Pap tests

Answer: D Immunized individuals should still undergo regular recommended 
cervical cancer screening. Neither pregnancy nor parity impact screening 
recommendations, and salpingo-oophorectomy has no impact on cervical 
cancer risk. Individuals with prior negative Pap tests can have a modified 
screening regimen but are still recommended for screening. However, a woman 
who underwent a total hysterectomy has no cervical tissue at risk and thus is 
not recommended to have cervical cancer screening.
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190 
TESTICULAR CANCER
LAWRENCE H. EINHORN

 EPIDEMIOLOGY
Testicular cancer accounts for only 1% of male cancers in the United States, 
with an incidence of about 8000 cases annually and rising.1 It is the most 
common carcinoma in the age group of 15 to 35 years. Male patients with a 
history of cryptorchidism have a 10- to 40-fold increased risk for the develop-
ment of testicular cancer. The normally descended testis in these men also 
has a higher risk for malignancy.2
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ABSTRACT
Although rare, testicular cancer is one of the most curable cancers in men. 
Most testicular tumors are germ cell cancers and may be divided into seminoma 
and nonseminoma. Patients with a palpable testicular mass or persistent orchal-
gia should be evaluated for testicular cancer, and ultrasound is recommended. 
An intratesticular mass requires referral to a skilled urologist for diagnosis 
and management. Evaluation and treatment for testicular cancer depends on 
histologic type and staging and may include surgery alone or use of chemo-
therapy, or both. Outcomes are excellent, and patients should be followed for 
recurrent disease and sequelae of therapy.
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FIGURE 190-1. Management of a scrotal mass or orchalgia. nsaiD = nonsteroidal 
anti-inflammatory drug. 

Careful testicular examination is mandatory. With the patient standing or 
lying supine, the testes are gently palpated with the thumb and second or 
third fingers. Patients who are cured of their testis cancer have a 1 to 2% prob-
ability of a second unrelated germ cell cancer in the contralateral testis. They 
should be instructed in self-examination. Physician examination of the remaining 
testis should be a routine component of follow-up examinations.

PREVENTION AND TREATMENT 

 PATHOBIOLOGY
More than 95% of testicular tumors are germ cell cancers.3 Rare tumor types 
include lymphoma (especially in older men and often bilateral), Leydig cell, 
and Sertoli cell tumors. Non–germ cell tumors do not secrete serum 
α-fetoprotein (AFP) nor human chorionic gonadotropin (hCG) and do not 
respond to platinum-based chemotherapy.

Germ cell tumors are clinically divided into seminoma versus nonseminoma. 
Seminomas occur in men one to two decades older, never secrete AFP, have 
normal or only modest elevation of hCG, and usually present with disease 
localized in the testis (stage I). Initial spread is lymphatic to ipsilateral retro-
peritoneal nodes. Imaging studies consist of only an abdominal computed 
tomography (CT) scan because hematogenous spread to lungs is rare. If there 
is a history of undescended testis, scrotal violation, inguinal hernia surgery, 
or vasectomy, then a pelvic CT should be added because that could alter the 
normal lymphatic drainage to the retroperitoneum.

Nonseminomas are composed of embryonal cell carcinoma, yolk sac tumor, 
choriocarcinoma, or teratoma (with/without seminoma). Initial staging workup 
should include serum hCG, AFP, and posteroanterior (PA) and lateral chest 
x-ray as well as abdominal CT scan. There is no indication for a staging positron 
emission tomography (PET) scan. Immunohistochemical stains can be helpful 
in difficult diagnostic cases. Embryonal cell carcinoma is CD30 positive and 
seminoma CD117 and PLAP positive.

 CLINICAL MANIFESTATIONS
Most patients are initially evaluated because of unilateral testis pain or swell-
ing. Enlarging metastatic retroperitoneal nodes may cause flank pain as a 
presenting symptom. Less commonly, initial diagnosis is made during a couple’s 
fertility workup in which the male partner has oligospermia. Pulmonary symp-
toms of chest pain, cough, or dyspnea are only seen with extensive hematog-
enous spread to the lungs. Significant elevation of serum hCG may produce 
gynecomastia. Lymphatic spread of a testicular germ cell cancer is detected 
on abdominal CT with nodes more than 1 cm in the interaortocaval area for 
a right-sided and left periaortic area for left-sided primary. Nodal disease below 
the diaphragm constitutes stage II, and nodal spread above the diaphragm to 
posterior mediastinal or supraclavicular nodes is stage III. Hematogenous 
dissemination to lungs, or liver, bone, or brain is also classified as stage III.

 DIAGNOSIS
Patients with a palpable mass or persistent orchalgia should be suspected of 
having testicular cancer.4 History of cryptorchidism or flank pain further raises 
the possibility of cancer. Differential diagnosis includes epididymitis, hydrocele 
(which may be secondary to cancer), torsion, or a varicocele. Testicular ultra-
sound is the diagnostic modality of choice in all suspicious cases. A hypoecho-
genic intratesticular mass is almost always malignant and requires referral to 
a urologist (Fig. 190-1).

Workup for metastatic disease is dependent on signs, symptoms, and histol-
ogy of seminoma versus nonseminoma. Initial history and physical examination 
and serum hCG and AFP should be performed as well as abdominal CT scan. 
A chest radiograph or CT scan is routine for nonseminoma or for stage II 
seminoma. Pelvic nodal metastases are rare in the absence of cryptorchidism, 
scrotal violation, vasectomy, or inguinal hernia surgery. There is no indication 
for PET scans, and head CT or MRI is performed only in the presence of 
signs or symptoms of central nervous system disease. Serum hCG and AFP 
are also performed after orchiectomy. A persistent rising AFP or hCG indicates 
metastatic spread, requiring chemotherapy, even in the absence of metastases 
on CT scans or physical exam. The half-life for hCG is 18 to 24 hours and for 
AFP, 5 days. Thus, in a patient with preorchiectomy AFP of 1000 ng/mL with 
clinical stage I disease cured with orchiectomy alone, the AFP might take 6 
weeks to normalize. There is never a need to rush to judgment and start che-
motherapy in such cases.

Local and Regional Disease
seminomas

Approximately 70% of seminomas are initially diagnosed with clinical stage 
I disease. Risk factors for micro-metastases include size larger than 4 cm or 
involvement of the rete testis. Absence of either feature results in a 95% cure 
rate with orchiectomy alone. Presence of either adverse pathologic finding 
translates to a still excellent 80% cure rate with orchiectomy alone. Other options 
are a single course of carboplatin or radiotherapy. A1  A preferred recommenda-
tion for all clinical stage I seminomas probably consists of surveillance, with 
history and physical examination, serum hCG and AFP, and most important, 
abdominal CT (with pelvic CT if indicated) every 4 months in year 1, every 6 
months in year 2, and annually in years 3 to 5. Patients who relapse on surveil-
lance still have a nearly 100% cure rate with either abdominal irradiation or 
cisplatin-based combination chemotherapy.

nonseminomatous Germ cell Tumors
Patients presenting with clinical stage I disease can be managed initially 

with orchiectomy alone and observation (surveillance), retroperitoneal lymph 
node dissection (RPLND), or a single course of bleomycin + etoposide + cisplatin 
(BEP) combination chemotherapy. All three options lead to an eventual 98 to 
100% cure rate. Surveillance protocols vary. Most relapses occur the first year, 
and we recommend serum hCG and AFP, history, and physical examination 
every 2 months and PA and lateral chest radiograph and abdominal CT scan 
every 4 months. All studies are then done every 6 months during year 2 and 
annually in years 3 to 5. Risk factors for relapse on surveillance are vascular 
invasion in the orchiectomy specimen or embryonal carcinoma as the pre-
dominant cell type. RPLND is best performed at a tertiary center with a nerve-
sparing procedure to prevent retrograde ejaculation. Patients with bulky stage 
II or stage III disease are treated with cisplatin combination chemotherapy. 
Clinical small-volume stage II disease (1-3 cm nodes) is often managed by RPLND.

Chemotherapy for Disseminated Disease
The goal of cisplatin combination chemotherapy is cure, and this is achieved 

with initial chemotherapy in 70% of cases. The BEP combination for three or 
four courses is the standard chemotherapy for disseminated testis cancer. Risk 
stratification, based on amplitude of serum hCG and AFP and presence of non-
pulmonary visceral metastases, separates patients into good-risk (90% cure rate 
with three courses of BEP), intermediate-risk (75% cure rate with three to four 
courses of BEP), and poor-risk (50 to 60% cure rate with four courses of BEP).5

Second- or third-line therapy still has curative potential, either with standard-
dose salvage chemotherapy (ifosfamide + cisplatin + either paclitaxel or vin-
blastine) or high-dose carboplatin + etoposide followed by peripheral blood 
stem cell transplantation. A2  Cure rates range from 25 to 85%, depending on 
second versus third-line chemotherapy and patient characteristics, including 
seminoma versus nonseminoma.6-8 Selected patients with localized relapse are 
appropriate for salvage surgical procedures such as RPLND. Late relapse beyond 
2 years is uncommon but can occur in 2 to 3% of patients who achieved a 
complete remission. This is usually manifested by a rise in serum AFP. Optimal 
approach is evaluation for site(s) of metastases and surgical resection if feasible. 
Platinum-based chemotherapy can produce temporary remissions but few cures.



 PROGNOSIS
Testicular cancer is the most curable solid tumor, with 10-year survival rates, 
including stage I, II, and III, of 95%, and of 80% for disseminated disease 
requiring chemotherapy. However, there is a burden to the cure due to potential 
sequelae in these long-term survivors.9 This includes second malignancies 
from chemotherapy or irradiation and cardiovascular disease,10,11 as well as 
ototoxicity with tinnitus and high-frequency hearing loss, infertility, and psy-
chosocial issues.12 However, the great majority of survivors work full-time 
and lead healthy and productive lives. Patients with metastatic disease should 
not be denied curative platinum combination chemotherapy because of these 
late complications. However, health maintenance is crucial; this includes non-
smoking lifestyle, exercise, avoidance of obesity, and management of blood 
pressure and lipid profile as risk factors for cardiovascular disease and second 
malignancies. Hypogonadism with low testosterone levels can increase the 
risk for metabolic syndrome, another risk factor for cardiovascular disease. 
Current studies are assessing genomic susceptibility for late complications of 
platinum combination chemotherapy.
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 A. Referral to urology for a retroperitoneal lymph node dissection
 B. Chemotherapy with three courses of bleomycin plus etoposide plus 

cisplatin (BEP)
 C. Chemotherapy with four courses of etoposide plus cisplatin (EP)
 D. Radiation therapy to the ipsilateral retroperitoneal lymph nodes
 E. None of the above

Answer: E The half-life of AFP is 5 days, and thus far it has undergone the 
expected decline. The correct answer is to continue to observe AFP levels 
every several weeks. If AFP normalizes, that means the patient has stage I 
disease, and surveillance would be very appropriate. Other options for stage 
I disease at that time would be retroperitoneal lymph node dissection or one 
course of adjuvant BEP. It would be incorrect to give chemotherapy for meta-
static disease without knowing if the AFP is rising. Likewise, radiotherapy is 
not used in any setting for patients with yolk sac tumor. A retroperitoneal 
lymph node dissection would be an option, if the AFP returns to normal and 
the patient has clinical stage I disease.

4. A 33-year-old patient presents with disseminated metastatic testicular cancer. 
Orchiectomy revealed embryonal cell carcinoma + yolk sac tumor + mature 
teratoma. Serum hCG was 13,245 mIU/mL, and AFP was 11,320 ng/mL. 
At time of diagnosis, there was a 10-cm retroperitoneal mass and bilateral 
pulmonary metastases. This patient was treated with four courses of BEP 
with disappearance of his pulmonary metastases and normalization of his 
hCG and AFP. The 10-cm retroperitoneal mass reduced in size to 5 cm. 
A postchemotherapy RPLND was performed revealing only mature tera-
toma. Routine postoperative follow-up was done with no complications 
until 7 years later. At that time, the patient was asymptomatic with a normal 
physical examination, but serum AFP rose to 120. A repeat AFP was 180. 
Imaging studies were normal except for a new 4-cm pelvic mass. What is 
the optimal recommendation?
 A. Salvage chemotherapy including high-dose carboplatin plus etoposide
 B. Standard-dose cisplatin combination chemotherapy
 C. Biopsy of the pelvic mass
 D. Radiotherapy to the pelvic mass
 E. Referral to urology for resection of the pelvic mass

Answer: E This is clearly a late relapse, which is typically manifested by an 
elevated AFP and is especially seen in patients who present with advanced 
disease, as he did 7 years earlier. There is no need to biopsy the mass because 
whether this is embryonal carcinoma or yolk sac tumor would not make any 
difference, and resection is required. Standard-dose or high-dose salvage che-
motherapy would reduce the size of the mass and lower the AFP but would 
offer little chance for cure. Instead, surgical resection of this mass would have 
a >50% probability for cure without the need for any further chemotherapy.

REVIEW QUESTIONS

1. All of the following represent poor-risk metastatic nonseminomatous germ 
cell tumor requiring four courses of triple drug therapy such as BEP except:
 A. Serum human chorionic gonadotropin (hCG) > 50,000 mIU/mL
 B. α-Fetoprotein (AFP) > 10,000 ng/mL
 C. Metastatic retroperitoneal mass > 10 cm
 D. Bone metastases
 E. Primary mediastinal nonseminomatous germ cell tumor

Answer: C The amplitudes of tumor markers are independent prognostic 
variables, and hCG levels higher than 50,000 and AFP levels higher than 
10,000 represent poor-risk disease regardless of results of any imaging study. 
Nonpulmonary visceral disease such as lung, bone, or brain or primary medi-
astinal nonseminomatous germ cell tumor also place a patient in a poor risk 
category. However, the size of metastatic deposits, either lymphatically in the 
retroperitoneum or hematogenously in the lung, are not independent prog-
nostic variables and do not require placement in a poor risk category.

2. A 25-year-old man presents with an enlarging right testicular mass. An 
orchiectomy was done revealing embryonal cell carcinoma + seminoma. 
He is otherwise completely asymptomatic with a normal physical examina-
tion. Appropriate initial studies should include all of the following except:
 A. Total body positron emission tomography (PET) scan
 B. Abdominal computed tomography (CT) scan
 C. Serum hCG
 D. Serum AFP
 E. Chest radiograph

Answer: A Testicular cancer spreads lymphatically to the retroperitoneal 
lymph nodes, which are assessed with abdominal CT scan. It can also spread 
hematogenously, and the initial landing site is the lungs. Thus, posteroanterior 
(PA) and lateral chest radiograph or chest CT scan is indicated. Any patient 
with embryonal carcinoma should have a baseline serum hCG and AFP. A 
PET scan would light up in areas of known metastatic disease but does not 
provide any useful additional information, and there can be false-positive PET 
scans.

3. A 28-year-old patient complains of a fullness in his left testis. Testis ultra-
sound reveals a left-sided hypoechogenic mass. Orchiectomy reveals a pure 
yolk sac tumor with vascular invasion. Preorchiectomy serum hCG is normal, 
and AFP is 14,000 ng/mL. Abdominal and chest CT scan are normal, as 
are history and physical examination. Ten days later, repeat AFP is still 
significantly elevated at 3000. Which of the following is the correct approach?
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PROSTATE CANCER
ERIC J. SMALL

 DEFINITION
Prostate cancer is the most common noncutaneous malignant neoplasm in 
men in the United States, accounting for approximately 160,000 incident cases 
and 27,000 deaths each year. This marked discrepancy between incidence and 
mortality rates reflects the marked clinical heterogeneity of the disease, ranging 
from indolent, clinically unimportant disease to a virulent, rapidly lethal 
phenotype.

 EPIDEMIOLOGY
The incidence of clinically diagnosed prostate cancer reflects the effects of 
screening by the prostate-specific antigen (PSA) assay. Before PSA testing 
was available, about 19,000 new cases of prostate cancer were reported each 
year in the United States; this number reached 84,000 by 1993 and peaked 
at about 300,000 new cases in 1996 and, after the initial wave of screened 
patients, declined to a stable rate of around 180,000 annual cases. In 2012 the 
U.S. Preventive Services Task Force (USPSTF) issued a recommendation 
against the use of routine PSA screening. Subsequently a substantial decline 
in PSA screening has been observed, with a concordant decrease in rates of 
prostate biopsies and prostate cancer incidence. A shift toward higher grade 
and stage of disease on diagnosis has also been observed. Risk factors for 
prostate cancer1 include increasing age, family history, African American eth-
nicity, smoking, obesity, and dietary factors. Although it is estimated that over 
50% of interindividual risk for prostate cancer can be attributed to genetic 
factors, no one genetic factor accounts for more than 10% of cases (see Patho-
biology). Epidemiologic studies have suggested that nutritional factors such 
as reduced fat intake and increased soy protein may have a protective effect 
against the development of prostate cancer. The incidence of prostate cancer 

among African Americans is nearly twice that observed among white Ameri-
cans. Prostate cancer is diagnosed in African Americans at a more advanced 
stage, and disease-specific survival is lower in African Americans. A systematic 
review of published data from 2000 to 2017 concluded that smoking increases 
the risk of prostate cancer in most case-controlled studies. Smoking is associ-
ated with more advanced stage, adverse pathologic features, and more aggressive 
disease. This modifiable risk factor persists for 10 years after quitting. Although 
not proven conclusively, benefits arise from regular physical activity in  
terms of disease progression and treatment outcome. Prior vasectomy, sexual 
activity, and benign prostatic hypertrophy (BPH) do not increase the risk of 
prostate cancer.

The Global Surveillance of Trends in Cancer Survival study for 2000 to 
2014 (CONCORD-3), which interrogates individual patient records from 
332 population-based registries in 71 countries, found a 5-year net survival 
of 70 to 100% for prostate cancer. The 5-year survival was at least 90% in the 
United States and 22 other countries.2

 PATHOBIOLOGY
Prostate cancer is more common among relatives of men with early-onset 
prostate cancer. Although many genetic abnormalities with both loss and gain 
of function have been identified, none occur in more than 10% of patients 
with localized prostate cancer. Germline mutations in DNA damage repair 
genes, including BRCA1, BRCA2, ATM, and CHEK2, have been observed in 
12% of men with metastatic prostate cancer, considerably higher than the 
1.8% reported incidence of BRCA2 in localized prostate cancer.3 Genomic 
alterations occurring both early and later in the natural history of prostate 
cancer have allowed classification of these cancers into molecular subtypes.4 
Prostate cancers then accumulate additional genomic alterations that appear 
to be specific for the primary subtype that may or may not drive prostate 
cancer to metastasis.

Approximately half of prostate cancers demonstrate genetic rearrangements,5 
including fusion of promoters or enhancers of androgen-responsive genes 
such as TMPRSS2 (transmembrane protease, serine 2) with oncogenic ETS 
(E-26) transcription factors such as ERG (ETS-related gene). Gene fusions 
lead to overexpression of these oncogenic transcription factors.

Testosterone is required for maintenance of a normal, healthy prostatic 
epithelium, but it is also a prerequisite for the development of prostate cancer. 
Prostate cancers express robust levels of androgen receptor (AR), and signal-
ing through the AR results in growth, progression, and invasion of prostate 
cancer. Inhibition of signaling, typically by the surgical or pharmacologic 
reduction of testosterone levels, results in prostate cancer apoptosis and invo-
lution. Ultimately, however, androgen-deprivation therapy (ADT) loses clinical 
efficacy. Amplification of the AR is a common event in these patients and 
makes the cancer sensitive to minute levels of androgen or other ligands of 
the AR. Androgens produced through accessory pathways by the adrenal gland 
and upregulation of enzymatic regulators of androgen synthesis pathways 
within castration-resistant prostate cancer (CRPC) cells provide additional 
sources of ligand. The identification of AR splice variants that are constitutively 
active and ligand independent raises this as a potential mechanism by which 
hormone resistance develops. CRPC metastatic deposits have frequent aber-
rations of AR, ETS genes, TP53, and PTEN (40 to 60% of patients), as well 
as DNA damage repair pathway aberrations in nearly 20%. The development 
of resistance to potent androgen signaling inhibition may be associated with 
the emergence of aggressive, lethal CRPC with neuroendocrine differentiation. 
Whether this reflects a process of transdifferentiation or clonal selection is 
not known.

 CLINICAL MANIFESTATIONS
Most patients with early-stage, organ-confined disease are asymptomatic. 
Obstructive voiding symptoms (hesitancy, intermittent urinary stream, 
decreased force of stream) generally reflect locally advanced disease with 
growth into the urethra or bladder neck, although these symptoms can be 
indistinguishable from BPH (Chapter 120). Locally advanced tumors can 
also result in hematuria and hematospermia. Prostate cancer that has spread 
to the regional pelvic lymph nodes occasionally causes edema of the lower 
extremities or discomfort in the pelvic and perineal areas. Metastasis occurs 
most commonly to bone, where it is frequently asymptomatic, but it can also 
cause severe and unremitting pain. Bone metastasis can result in pathologic 
fractures or spinal cord compression. Although visceral metastases are rare as 
presenting features of prostate cancer, there is an increasing incidence of pul-
monary, hepatic, pleural, peritoneal, and central nervous system metastases 
that appear to emerge on treatment.
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ABSTRACT
Prostate cancer is the most common malignancy in men. Risk factors include 
genetic and environmental factors. Chemoprevention measures are available, 
and risk-appropriate interventions exist for men with localized disease, ranging 
from active surveillance to aggressive multimodality therapy. For men with 
advanced disease, androgen-deprivation therapy is the mainstay of therapy, 
with a number of active interventions identified for resistant disease.
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Localized Prostate Cancer
Principles of therapy

The principal therapeutic options for men with localized prostate cancer 
include (1) active surveillance11; (2) retropubic or perineal radical prostatectomy, 
with or without postoperative radiation therapy to the prostate margins and 
pelvis; (3) external-beam radiation therapy; and (4) brachytherapy (either per-
manent or temporary radioactive seed implants), with or without external-beam 
radiation therapy to the prostate margins and pelvis.12

Treatment options require individualization, taking into account the patient’s 
comorbidity, life expectancy, likelihood of cure, and personal preferences based 
on an understanding of the potential morbidity associated with each treat-
ment.13 A multidisciplinary approach to integrate surgery, radiation therapy, 
and androgen deprivation is increasingly recommended, particularly in high-risk 
patients. Although ADT has an important role with radiation or potentially 
following prostatectomy (see below), the preoperative use of androgen depri-
vation has no utility.

PSA screening has led to the early detection of a large number of nonpalpable 
tumors, for which conventional clinical means of staging are inadequate. Thus, 
less emphasis is being placed on clinical stage, and more emphasis is being 
placed on Gleason score or Gleason Grade Grouping, PSA values, and other 
predictors of outcome. Other clinical features with prognostic value include 
the percentage of biopsy specimens that are positive. A number of multivari-
able prognostic models have been developed and validated and have been 
used to develop simple nomograms or online risk calculators that can be used 
to counsel patients. Several genomic classifiers14 have been developed that 
provide additive information to clinical classification schemas with regard to 
risk of recurrence, metastasis, or cancer-specific survival.

Low- to Intermediate-risk Disease
Active surveillance is an increasingly important option for men with low-risk 

disease. A9  Careful observation of PSA and serial biopsies identify patients who 
will never need local therapy.15 In large active surveillance series, anywhere 
from 50 to 75% of carefully selected patients never require local therapy. In 
patients with intermediate-risk disease, definitive therapy with radiation or 
surgery is considered the standard of care. In one randomized trial of patients 
younger than 75 years with clinical stage T1b, T1c, or T2 prostate cancer, radical 
prostatectomy compared with no therapy significantly reduced the relative 
risk of death caused by prostate cancer and overall mortality by about 40% 
(an 11% absolute risk reduction) at 18 years of follow-up. The greatest benefit 
was seen in patients with intermediate-risk disease. A10  Reductions in progres-
sive disease and metastases were also significant. The adverse effects on quality 

TREATMENT 

 DIAGNOSIS
More than 60% of patients with prostate cancer are asymptomatic, and the 
diagnosis is made solely because of an elevated screening PSA level. A palpable 
nodule on digital rectal examination (DRE), which is the next most common 
clinical presentation, generally prompts biopsy. Much less commonly, prostate 
cancer is diagnosed because of advanced disease that causes obstructive voiding 
symptoms, pelvic or perineal discomfort, lower extremity edema, or symp-
tomatic bone lesions.

The prognosis of patients with prostate cancer correlates with histologic 
grade and extent (stage) of disease. More than 95% of prostate cancers are 
adenocarcinomas, and multifocal disease is common. Although uncommon, 
a neuroendocrine variant is increasingly being identified, because of more 
awareness but also as a manifestation of the development of resistance to 
androgen-deprivation therapy (ADT). The histologic (Gleason) grade of 
adenocarcinomas ranges from 3 to 5, and a score is assigned to the primary 
and secondary pattern observed, and then summed to yield a total score. 
Increasingly, a Gleason Grade Grouping has been used that defines five risk 
groups based on Gleason score.6 The new grading system overcomes some of 
the limitations of the original Gleason staging and provides a more refined 
discrimination between prognostic groups.

Screening
The precise role for screening remains controversial.7 Although PSA screening 
clearly results in increased detection of prostate cancer and identifies prostate 
cancer at earlier stages, there remains debate as to its utility in reducing death 
rates from prostate cancer. A1  Although overall mortality from prostate cancer 
has fallen during the screening era, there is no direct evidence that there is a 
causal relationship. The Cluster Randomized Trial of PSA Testing for Prostate 
Cancer (CAP) in the United Kingdom found that among practices random-
ized to a single PSA screening intervention for their eligible patients versus 
those providing standard practice without screening, there was no significant 
difference in prostate cancer mortality after a median follow-up of 10 years, 
but the detection of low-risk prostate cancer cases increased. It was concluded 
that the findings do not support single PSA testing for population-based screen-
ing at this point. A2  The USPSTF concluded from evidence systematically 
reviewed that PSA-based screening offers a small potential benefit in reducing 
the chance of death from prostate cancer in some men; however, many men 
will experience potential harms of screening, including false-positive results 
that require additional testing and possible prostate biopsy, overdiagnosis and 
overtreatment, and treatment complications such as incontinence and erectile 
dysfunction. A3-A5 

While some organizations currently recommend screening with PSA, the 
USPSTF has recommended against routine screening since 2012. The USPSTF 
now recommends that men ages 55 to 69 years be informed about the potential 
benefits and harms of PSA-based screening and make individualized decisions.8 
Screening of men at high risk for developing prostate cancer (family history 
and African Americans) has not been specifically tested. At-risk individuals 
with a parent with germline mutations in the DNA damage repair pathway 
should be referred to a genetic counselor to consider genetic testing and, if 
positive, subsequent screening. Although the DRE has a low sensitivity and 
specificity for the diagnosis of prostate cancer, biopsy of a nodule or area of 
induration reveals cancer 50% of the time. The PSA level has a far better 
sensitivity but a low specificity because conditions such as BPH and prostatitis 
can cause false-positive PSA elevations. By use of a PSA threshold of 4 ng/
mL, 70 to 80% of tumors are detected. Far greater accuracy is achieved with 
age-specific PSA thresholds. Thus, for men age 40 to 49 years, a PSA greater 
than 2.5 is considered abnormal; for men 50 to 59 years, a PSA greater than 
3.5 is abnormal; for men 60 to 69 years, a PSA greater than 4.5 is abnormal; 
and patients age 70 to 79 years should have a PSA of 6.5 or less. Assays of the 
PSA fraction that circulates unbound (percentage of free PSA) may help dis-
tinguish prostate cancer from benign processes; in patients with PSA levels 
of 4 to 10 ng/mL, the percentage of free PSA appears to be an independent 
predictor of prostate cancer, and a cutoff value of free PSA less than 25% can 
detect 95% of cancers while avoiding 20% of unnecessary biopsies. If early 
identification of prostate cancer is a goal, transrectal ultrasonography with 
biopsies is indicated when the PSA level is elevated, when the percentage of 
free PSA is less than 25%, when an abnormality is noted on DRE, or, increas-
ingly, when a PI-RADS score indicates high likelihood of cancer. Extended 
field specimens (preferably up to six biopsies on each side) are generally 
obtained. Seminal vesicles are sampled in high-risk patients.9 Multi-parametric 
magnetic resonance imaging of the prostate10 can guide biopsy to yield better 

results than those achieved by ultrasonography-guided biopsy, A6  with a 94% 
accuracy for detecting localized prostate cancers.

Staging
Clinical stage is defined by the extent of disease. Stage T1 is nonpalpable 
prostate cancer detected only on pathologic examination, noted either inci-
dentally after transurethral resection for benign hypertrophy (T1a and T1b) 
or on a biopsy specimen obtained because of an elevated PSA level (T1c). 
Stage T2 is a palpable tumor that appears to be confined to the prostate gland 
(T2a in one lobe or T2b in two lobes), and stage T3 is tumor with extension 
through the prostatic capsule (T3a if it is focal or T3b if seminal vesicles are 
involved). T4 tumors are those with invasion of adjacent structures, such as 
the bladder neck, external urinary sphincter, rectum, levator muscles, or pelvic 
sidewall. Distant metastases are predominantly to bone, but occasional visceral 
metastases occur. Bone scintigraphy and abdominal and pelvic computed 
tomography or magnetic resonance imaging is usually unrevealing in patients 
with localized disease with PSA levels below 10 ng/mL. Increasingly, functional 
positron emission tomography imaging with F-18 sodium fluoride, F-18 flu-
ciclovine, C-11 choline, or prostate-specific membrane antigen has been used 
to identify otherwise hidden metastatic deposits in patients with high-risk 
localized disease before definitive local therapy, although none of these 
approaches is yet validated.

 PREVENTION
Randomized trials have shown that vitamins C and selenium are not effective 
in preventing prostate cancer, and vitamin E supplementation increases prostate 
cancer risk by 17%. The use of 5α-reductase inhibitors (both finasteride and 
dutasteride) unambiguously reduces the risk for development of prostate 
cancer. A7 

,
 A8  However, this approach has not been widely adopted, primarily 

because of attendant side effects, most notably sexual dysfunction.
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of life differed between the two strategies—more sexual dysfunction and urinary 
leakage after radical prostatectomy and more urinary obstruction with active 
surveillance—but were of similar magnitude. In another randomized trial, neither 
radical prostatectomy nor external-beam radiotherapy was better than active 
surveillance for clinically localized prostate cancer detected by PSA testing in 
terms of prostate cancer–specific deaths or total mortality at 10 years. However, 
over 75% of patients had low-risk disease (Gleason score 6) and over 50% of 
men assigned to active surveillance in fact underwent radical prostatectomy 
or radiation therapy. A11  In a third trial of men with localized prostate cancer, 
radical prostatectomy did not significantly reduce all-cause or prostate-cancer 
mortality compared with observation through at least 12 years of follow-up, 
although the trial accrued only 37% of its intended enrollment, and 34% of 
patients had good risk disease. In this study, patients with a PSA greater than 
10 ng/mL and possibly patients with intermediate-risk or high-risk tumors may 
have benefited. A12 

Nerve-sparing procedures and careful dissection techniques have decreased 
the risk of postoperative urinary incontinence and impotence. Postoperative 
urinary incontinence is reported to occur in fewer than 10% of cases. Postop-
erative impotence depends on a variety of factors, including the patient’s age, 
preoperative erectile function, extent of cancer, and whether a nerve-sparing 
procedure was performed. In general, impotence rates of 10 to 50% are cited. 
Robotic-assisted laparoscopic prostatectomies have gained popularity, and 
although length of hospital stay has been reduced, they have not been shown 
to reduce urinary or sexual side effects, and the somewhat lower rate of post-
operative complications is offset by a higher rate of incomplete tumor removal 
as evidenced by positive surgical margin. A13 

In many centers, conventional external-beam radiation therapy is being 
replaced by hypofractionated intensity-modulated radiation therapy, which 
uses 19 treatments of 3.4 Gy each rather than 39 treatments of 2.0 Gy each. 
Randomized trials indicate equivalent outcomes and toxicities. A14-A16  Another 
option is three-dimensional conformal radiation therapy. The use of antecedent 
and concurrent ADT together with radiation therapy, followed by adjuvant 
androgen deprivation, improves outcomes in patients with intermediate- to 
high-risk disease. Patients with intermediate-risk cancer may be considered for 
pelvic lymph node irradiation and 4 to 6 months of neoadjuvant/concomitant/
adjuvant ADT.

Brachytherapy, which is the placement of permanent or temporary radioac-
tive seeds directly into the prostate, is adequate for intracapsular disease with 
no more than minimal transcapular extension16; otherwise, it should be com-
bined with external-beam radiation therapy.

High-risk Disease
Patients with adverse risk features (Gleason score of 8 to 10, PSA >10, stage 

T3) are at high risk of nodal and micrometastatic disease and are generally 
treated with either radical prostatectomy followed by adjuvant radiotherapy, 
if indicated, or radiation therapy in combination with androgen deprivation.

For patients treated with frontline surgery, whose prostatectomy reveals 
capsule penetration, positive surgical margins, or invasion of a seminal vesicle, 
immediate (adjuvant) postoperative radiation therapy improves biochemical 
progression-free survival and local control. Similarly, the use of immediate ADT 
in patients with microscopic involvement of lymph nodes prolongs survival 
compared with deferral of androgen deprivation until osseous metastases are 
detected.

For high-risk patients undergoing primary radiotherapy, the concurrent use 
with androgen deprivation is superior to radiotherapy alone. A17  In a retrospec-
tive cohort study in 12 tertiary medical centers in the United States and Norway, 
patients with Gleason score 9 to 10 prostate cancer who were treated with 
external beam radiotherapy with brachytherapy boost plus ADT had a signifi-
cantly lower prostate cancer–specific mortality and longer time to distant 
metastases compared with those treated with radical prostatectomy, external 
beam radiotherapy, plus ADT.17

Taken in aggregate, trials suggest that 4 months of androgen deprivation 
with radiation therapy can improve local control and prolong progression-free 
survival in patients with intermediate-risk features, and long-term androgen 
deprivation (up to 3 years) prolongs local control, progression-free survival, 
and overall survival in patients with high-risk features compared with radiation 
therapy alone. A randomized study of 18 months versus 36 months of ADT 
together with radiation in high-risk patients suggests that a year and a half of 
ADT provides similar outcomes to 3 years, with less toxicity. Unless medically 
unfit to receive radiation therapy, patients with high-risk disease should be 
treated with radiation together with ADT. Compared with ADT alone, the addi-
tion of radiation therapy to ADT improved the overall survival rate at 7 years 
from 66 to 74% in patients with locally advanced prostate cancer.

Recurrent Disease
After a radical prostatectomy, the PSA should become undetectable. Between 

30% and 50% of men treated with radiation therapy or prostatectomy have 
evidence of disease recurrence, as defined by a rising PSA level. PSA doubling 
time is predictive of survival, and a short PSA doubling time (<3 to 6 months) 
is associated with a higher likelihood of systemic disease. The site of recurrence 
can often be localized using fluciclovine positron emission tomography 

scanning.18 The use of secondary or “salvage” radiation therapy is effective in 
controlling recurrent disease, and a randomized placebo-controlled phase III 
trial has demonstrated the superiority of the addition of 24 months of antian-
drogen therapy with bicalutamide to salvage radiation therapy compared with 
radiation therapy plus placebo, with regard to the incidence of developing 
metastatic disease, prostate cancer–specific survival, and overall survival in 
men with recurrent disease following prostatectomy. A18 

Although ADT alone readily controls PSA levels, it is unknown whether it 
prolongs life in patients with PSA-only recurrent disease. Intermittent ADT, 
typically consisting of 12 months of therapy followed by time off therapy before 
resuming ADT, is an option in patients with nonmetastatic disease and has 
been shown in a randomized phase III trial in patients with recurrence following 
primary radiation therapy, to be associated with a prolonged time to develop-
ing castration-resistant disease. A19 

Advanced Disease
In patients with newly diagnosed metastatic prostate cancer, ADT is the 

mainstay of treatment and results in symptomatic improvement and disease 
regression in approximately 80 to 90% of patients.19 ADT can also be achieved 
by orchiectomy or by medical castration with a luteinizing hormone–releasing 
hormone (LHRH) agonist (leuprolide acetate, goserelin acetate). Although radia-
tion to the prostate does not improve survival in all men with metastatic disease, 
there appears to be a survival benefit in the subset of men with low metastatic 
burden. A20 

Some LHRH agonists cause a transient worsening of signs and symptoms 
during the first week of therapy as a result of a surge in luteinizing hormone 
and testosterone, which peaks within 72 hours; an antiandrogen (flutamide, 
bicalutamide, or nilutamide) should be given with the first LHRH injection to 
prevent a tumor flare. Medical castration occurs within 4 weeks. The duration 
of hormone sensitivity is 5 to 10 years for node-positive or high-risk localized 
(or recurrent) prostate cancer, but it is closer to 36 months in patients with 
overt metastatic disease. In patients with higher risk disease, the addition of 
docetaxel (75 mg/m2 every 3 weeks for six cycles) significantly prolongs survival 
by around 40% compared with ADT alone. A21 

,
 A22  The same magnitude of benefit 

is also observed with the addition of abiraterone acetate, an androgen synthesis 
inhibitor. A23 

,
 A24 

Castration-Resistant Prostate Cancer
Typically, the first manifestation of resistance to androgen deprivation is a 

climbing PSA level in the setting of anorchid levels of testosterone. This disease 
state has been termed castration-resistant prostate cancer (CRPC). In about 15% 
of patients, discontinuation of antiandrogen therapy (flutamide, bicalutamide, 
nilutamide) while continuing treatment with LHRH agonists results in a PSA 
decline that can be associated with symptomatic improvement and can persist 
for 4 months or more. If antiandrogen withdrawal fails, treatment with second-
ary hormonal manipulations, such as ketoconazole or estrogens, is appropriate. 
Sipuleucel-T is an autologous dendritic cell product that has been shown to 
prolong life A25  and is appropriate for patients with castration-resistant metastatic 
prostate cancer who do not have cancer-associated pain, visceral metastases, 
rapidly progressive disease, or the need for systemic steroids.

As noted earlier, AR amplification is a common event in CRPC. Consequently, 
novel agents that inhibit androgen signaling have demonstrated dramatic 
improvements in response proportion, progression-free survival, and overall 
survival. Agents that reduce the ligand (i.e., the androgen biosynthesis inhibitor 
abiraterone acetate), as well as agents that target the receptor (i.e., enzalutamide, 
a direct AR antagonist), in this pathway have been shown to increase survival 
in metastatic CRPC patients, delay time to disease progression and symptomatic 
progression, and delay the time to a skeletal-related event. A26-A29  Among patients 
with nonmetastatic CRPC, metastasis-free survival and time to symptomatic 
progression were significantly longer with apalutamide, a competitive inhibitor 
of the androgen receptor, than with placebo. A30  Although not directly compared, 
abiraterone and enzalutamide appear to be equally efficacious, and the optimal 
sequencing or combination of these agents is under investigation.

Thereafter, treatment with chemotherapeutic regimens, such as docetaxel 
plus corticosteroids or mitoxantrone plus corticosteroids, may be effective. 
Randomized phase III trials have demonstrated the advantage of docetaxel over 
mitoxantrone, and docetaxel-prednisone is now considered a standard therapeu-
tic approach in patients with metastatic CRPC.20 After therapy with docetaxel, 
patients who remain candidates for further chemotherapy can be treated with 
cabazitaxel, an agent shown to prolong life in this group of patients. A31 

Radium 223 is an α-emitting agent that localizes to metastatic prostate cancer 
lesions in bone and has been shown to provide a survival advantage in patients 
with bone-predominant disease and no visceral metastases. A32  The optimal 
sequencing and combination of this agent with others is under investigation.

Treating prostate cancer patients based on molecular stratification is being 
tested. Approximately 20% of CRPC patients harbor mutations in the DNA 
damage repair pathways; these patients respond well to poly(adenosine diphos-
phate [ADP]-ribose) polymerase inhibitors, although impact on survival is not 
yet known.21 The development of resistance to potent androgen signaling 
inhibition may be associated with the emergence of aggressive, lethal CRPC 
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surgery; 50 to 70% for intermediate-risk tumors; and 30% for high-risk tumors. 
For patients with a climbing PSA level after radical prostatectomy, time to 
detectable PSA, Gleason score at the time of prostatectomy, and PSA doubling 
time are important prognostic variables. The likelihood of bone metastases 
at 7 years ranges from 20% for good-prognosis patients to 80% for poor-
prognosis patients. Patients require periodic surveillance and careful compre-
hensive medical care.

For patients with microscopic nodal disease, the 10-year survival rate 
approaches 80% in men treated with androgen deprivation. The median sur-
vival period in men treated with androgen deprivation for established metastatic 
disease ranges from 2 to 6 years. The median survival period for men with 
metastatic CRPC exceeds 3 years. Patients with small cell/neuroendocrine 
differentiation or other adverse features such as liver metastases generally 
have a median survival of less than 2 years.

 FUTURE DIRECTIONS
Molecular markers can not only identify patients at risk for the development 
of progressive disease but also act as therapeutic targets. In addition, the 
genomic characterization of prostate cancer subtypes will lead to risk-adapted 
therapy. Enhanced understanding of AR biology may permit the development 
of specific hormonal therapies and guide the more rational use of existing 
agents.

with small cell/neuroendocrine differentiation. Carboplatinum appears to have 
activity in this setting and a number of novel agents are being evaluated for 
these patients.

Supportive Care
The most common side effects of androgen deprivation are loss of libido, 

impotence, hot flashes, weight gain, fatigue, anemia, and osteoporosis. The 
use of supplemental vitamin D and calcium is recommended. Bisphosphonates 
and denosumab reduce bone mineral loss. Hot flashes can be treated with 
some success with venlafaxine, and dietary and exercise consultation, as well 
as monitoring of glucose and cholesterol levels, is recommended. Zoledronic 
acid or denosumab is indicated in CRPC patients with bone metastases because 
each reduces the incidence of skeletal-related events. A randomized phase III 
trial of denosumab versus zoledronic acid demonstrated the superiority of 
denosumab. A33 

Many patients with advanced prostate cancer have bone pain or functional 
impairments that adversely affect quality of life, and the provision of appropri-
ate palliative care is an integral component of their management. In addition 
to the usual analgesics, glucocorticoids serve as anti-inflammatory agents and 
can alleviate bone pain. For patients with widespread bone metastases and 
pain not easily controlled with analgesics or local irradiation, samarium-153 or 
radium-223 can be administered intravenously; they are selectively concentrated 
in bone metastases and can be effective in alleviating pain.

The approach to the treatment of patients with prostate cancer is detailed 
in Table 191-1.

TABLE 191-1 APPROACH TO THE TREATMENT OF PROSTATE 
CANCER

EXTENT OF CANCER THERAPEUTIC OPTIONS
Organ confined: low risk (usually T1 

or T2, GS = 7, PSA <10 ng/mL)
Active surveillance
Radical prostatectomy
External-beam radiation therapy to prostate
Brachytherapy

Organ confined: intermediate risk 
(usually T2, GS = 7, PSA = 
10-20 ng/mL)

Active surveillance
Radical prostatectomy
External-beam radiation therapy to 

prostate, possibly to pelvis, with or 
without ADT

Brachytherapy
Organ confined: high risk (usually T3, 

GS >7, PSA >20 ng/mL)
Radical prostatectomy (with adjuvant 

radiation therapy, if needed)
External-beam radiation therapy to prostate 

and pelvis (usually with ADT)
Brachytherapy plus radiation therapy 

(usually with ADT)
Climbing PSA level after local therapy ADT: antiandrogen monotherapy or 

combined ADT
Salvage radiation therapy with or without 

bicalutamide (for patients with prior 
prostatectomy)

Salvage radical prostatectomy (for patients 
with prior radiation therapy)

Surveillance
Investigational therapy

Node positive ADT
Pelvic or prostate radiation therapy + ADT
Investigational therapy

Metastatic: untreated hormone-
refractory prostate cancer

ADT
Abiraterone
Enzalutamide
Sipuleucel-T
Docetaxel
Cabazitaxel
Apalutamide
Radium 223
Investigational therapy

ADT = androgen-deprivation therapy; GS = Gleason score; PSA = prostate-specific antigen.

 PROGNOSIS
In general, the 10-year PSA progression-free survival rate is 70 to 80% with 
well-differentiated tumors, whether treatment is with radiation therapy or 
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3. Which of the following is effective in preventing prostate cancer?
 A. Vitamin C
 B. Selenium
 C. Nonsteroidal anti-inflammatory drugs (NSAIDs)
 D. Vitamin E
 E. Finasteride

Answer: E Androgen inhibition by the 5α-reductase inhibitors, finasteride 
or dutasteride, has been shown unambiguously to reduce the risk of overall 
development of prostate cancers, although there was a subsequently disputed 
finding of an increase in the number of cases with specifically higher grade 
disease with these drugs. Randomized trials have shown that vitamin C and 
selenium are not effective in preventing prostate cancer. Vitamin E has not 
been demonstrated to be effective. NSAIDs have demonstrated effectiveness 
in prevention of some cancers, such as colorectal cancer, but there is no con-
vincing evidence that they are effective in the prevention of prostate cancer 
(see the Prevention section).

4. Androgen receptor (AR) targeted therapy has utility in all of the following 
settings except:
 A. To potentiate radiation therapy in patients with high-risk localized disease
 B. To enhance salvage radiation therapy in patients with recurrent disease 

after prostatectomy
 C. To treat newly diagnosed metastatic prostate cancer
 D. To enhance the efficacy of surgery (preprostatectomy)
 E. To treat castration-resistant prostate cancer (CRPC) presumed to have 

AR amplification
Answer: D Androgen deprivation has no direct impact on the surgical outcome 
following radical prostatectomy. Androgen deprivation with an LHRH agonist 
or antagonist has efficacy as a potentiator of radiation therapy for high-risk 
localized prostate cancer, with 4 to 16 months of therapy administered. Simi-
larly, the antiandrogen bicalutamide, given for 20 months, enhances the efficacy 
of salvage radiation following prostatectomy. LHRH agonists or orchiectomy 
are the mainstay of therapy for metastatic prostate cancer, and once CRPC 
ensues, the presence of an amplified AR makes second-line androgen signaling 
inhibition with either abiraterone or enzalutamide appropriate therapy.

REVIEW QUESTIONS

1. Which of the following is not a risk factor for prostate cancer?
 A. African American race
 B. Benign prostatic hypertrophy
 C. Obesity
 D. Family history
 E. Dietary factors

Answer: B Neither benign prostatic hypertrophy (BPH) nor a prior history 
of vasectomy is associated with an increased risk of prostate cancer. The inci-
dence of prostate cancer among African Americans is nearly twice that observed 
among white Americans. Obesity is associated with several malignancies, and 
prostate cancer is among the prominent (along with breast cancer, gynecologic 
malignancies, esophageal adenocarcinoma, colorectal, and renal cell carcinoma). 
Family history is a significant risk, especially involving relatives of men with 
early age of onset of prostate cancer. Some dietary factors are likewise con-
sidered to enhance or reduce the risk of prostate cancer; the protective nutri-
tional factors include reduced fat intake and increased soy protein (see the 
Epidemiology section).

2. A 65-year-old man in previously good health generally is found to have an 
area of induration on the prostate palpable on routine digital rectal 
examination. The next step should be:
 A. Prostate biopsy.
 B. PSA level.
 C. Imaging for visceral metastases.
 D. Cystoscopy.
 E. Sigmoidoscopy.

Answer: A Although the digital rectal examination has a low sensitivity and 
specificity for the diagnosis of prostate cancer, biopsy of a nodule or an area 
of induration reveals cancer 50% of the time, suggesting that prostate biopsy 
should be done in all such cases. The PSA (if it has not been already done) 
will be useful as a parameter of disease to follow if prostate cancer is patho-
logically diagnosed, but whatever its level is at this time it would not obviate 
the need for a biopsy. Imaging or procedures to evaluate the local extent of 
disease or metastases is premature before a pathologic diagnosis is made (see 
the Diagnosis section).
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MALIGNANT TUMORS OF BONE, 
SARCOMAS, AND OTHER SOFT  
TISSUE NEOPLASMS
ROBIN L. JONES

 PRIMARY BONE TUMORS

 DEFINITION
Primary bone tumors arise from bone’s normal cellular components and can 
potentially metastasize. These rare tumors have an incidence of 1.8 new cases 
per 100,000 population per year and account for only 0.2% of all cancers.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients who have either primary malignant or benign bone tumors can present 
with pain, swelling, and sometimes pathologic fracture of the involved bone. 
A patient should be referred to an orthopedic oncologist if imaging suggests 
a malignant primary bone tumor to perform a diagnostic biopsy. An improperly 
performed biopsy can potentially change a tumor resectable by limb salvage 
to a tumor requiring amputation. Imaging of the primary tumor can include 
plain x-ray, magnetic resonance imaging (MRI), and computed tomography 
(CT). On imaging malignant tumors generally have irregular, poorly defined 
borders, a wide area of transition, evidence of cortical bone destruction, peri-
osteal reaction, and soft tissue extension. Staging should include CT and  
bone scan.

 MAJOR PRIMARY MALIGNANT BONE TUMORS
Multiple myeloma, which is the most common primary bone malignancy, is 
covered in Chapter 178.

 Osteosarcoma
Osteosarcoma, which is the most common bone sarcoma, accounts for approxi-
mately 35% of all primary bone tumors. This disease has a bimodal age dis-
tribution, with its highest incidence before age 20 years and a second peak 
after age 60 years.1 About 60% of cases are in males. The most common primary 
sites in the younger age group are the metaphyses of long bones and in the 
extremities, especially the distal femur, proximal tibia, and proximal humerus. 
In older adults, the primary anatomic sites are more varied.

Most cases are sporadic, but the incidence is higher among families with 
germline gene deletions, such as retinoblastoma (about 60% of cases), TP53 
(Li-Fraumeni syndrome, about 40% of cases), or rarely the RecQ DNA helicase 
(Rothman-Thompson, Werner, or Bloom syndrome) genes. Prior radiation 

Before the introduction of multiagent chemotherapy, the overall survival of 
patients with localized osteosarcoma was between 10 and 20%. A1  With current 
multidisciplinary management, complete surgical resection, and multiagent 
chemotherapy, the overall survival of patients is in the order of 65%.2 Manage-
ment generally consists of neoadjuvant chemotherapy followed by surgical 
resection and then adjuvant chemotherapy. Most patients can undergo limb 
salvage surgery rather than amputation. For patients under the age of 40 years, 
the most widely used chemotherapy schedule consists of methotrexate, doxo-
rubicin, and cisplatin. The percentage of tumor necrosis (>90%) following neo-
adjuvant chemotherapy is prognostic.

TREATMENT 

and Paget disease (Chapter 233) are also risk factors, particularly in the older 
age group.

Histopathologically, osteosarcomas contain varying amounts of osteoid as 
well as cartilage and fibrous tissue. The typical radiologic appearance is a 
mixture of osteoblastic and osteolytic features with periosteal elevation.

 PROGNOSIS
The outcome for patients with metastatic osteosarcoma is poor.3 Some patients 
with solitary or oligometastatic disease can undergo surgery with curative 
intent, but the evidence base is limited to retrospective studies. A number of 
salvage chemotherapy schedules can be considered, including gemcitabine/
docetaxel and ifosfamide/etoposide (see Table 169-4).

 Chondrosarcoma
Chondrosarcomas, which are the second most common bone sarcoma (25% 
of cases), are characterized by malignant hyaline cartilage differentiation. The 
peak incidence is in the fifth to seventh decades. The pelvis, proximal femur, 
and proximal humerus are the most common primary sites, and patients can 
present with long-standing swelling and/or pain. Approximately 15% of chon-
drosarcomas arise from preexisting peripheral osteochondromas and harbor 
mutations in the exostosin (EXT) gene. The other 85% arise in a central 
location, some in preexisting enchondromas. The majority of chondrosarcomas 
(90%) are low or intermediate grade, but the 10% of high-grade tumors have 
a much higher metastatic potential.

The pathologic distinction between low-grade chondrosarcoma and benign 
central enchondromas can be challenging, but size greater than 5 cm and axial 
location are very suggestive of malignancy. On imaging these tumors can have 
a mixed sclerotic and lytic appearance.

Complete surgical resection with clear margins is the mainstay of manage-
ment for all grades of chondrosarcoma. These tumors are relatively insensitive 
to radiation and chemotherapy, but these modalities may be considered in the 
palliative setting.4 Clinical trial participation should be encouraged.

TREATMENT 

 Ewing Sarcoma
Ewing sarcoma accounts for approximately 16% of bone sarcomas. These 
tumors have a characteristic translocation between EWS and ETS family tran-
scription factors. The most common translocation [t(11;22)(q24;q12)] between 
EWSR1 and FLI1 occurs in approximately 85% of cases, but other fusion 
genes are also found.

The peak incidence is in the second decade, but 20% can occur in older 
patients. This disease mainly occurs in whites of European origin. Patients 
can present with a systemic illness, characterized by intermittent low-grade 
fever, leukocytosis, and anemia. Ewing sarcoma has a predilection for the 
diaphyseal region of long bones, pelvis, and ribs.

On imaging, these tumors frequently have associated soft tissue involvement 
and can also have a permeative or “moth-eaten” appearance and a multilayered 
“onion-skin” periosteal reaction. Special pathologic input is critical in estab-
lishing the diagnosis, particularly in distinguishing Ewing sarcoma from other 
small round blue cell tumors.
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ABSTRACT
The sarcomas represent a constellation of cancers whose biology is now becom-
ing apparent. These tumors are largely of mesenchymal origin. Multidisciplinary 
care by an experienced team is vital to optimize outcomes for patients with 
sarcoma.
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It is important that a patient with a suspected sarcoma diagnosis be evalu-
ated by an experienced multidisciplinary team of health care providers before 
initiation of management. Improperly performed surgical procedures can have 
a negative impact on outcome.

Due to the rarity, heterogeneity, and diverse range of primary anatomic 
sites, the care of virtually all sarcoma patients should be through a specialist 
multidisciplinary team. The mainstay of management of localized sarcomas is 
complete surgical resection with clear margins, and limb-preserving surgery 
plus radiation provides outcomes that are similar to amputation for extremity 
tumors.

Excellent evidence supports the use of neoadjuvant/adjuvant radiation in 
large, high-grade extremity/trunk soft tissue sarcomas. Neoadjuvant radia-
tion has the advantage of lower dose, smaller field size, and consequently 
reduced fibrosis and edema, but in a randomized trial neoadjuvant therapy 
was associated with a higher wound complication rate than was adjuvant  
radiation.7

For retroperitoneal sarcomas, some experts advocate an aggressive surgical 
approach, including resection of adjacent structures even in the absence of 
clear invasion, with retrospective data suggesting favorable local control rates 
compared with historical controls. The role of neoadjuvant radiation in poten-
tially operable retroperitoneal sarcomas is currently being evaluated.

TREATMENT 

Pathologic fractures or lesions at imminent risk of fracture are generally treated 
with surgical fixation. Painful lesions with no risk of fracture are treated with 
external-beam radiation. Dexamethasone (two 4 mg dexamethasone tablets 
at least 1 hour before the start of radiation treatment and then every day for 
4 days after radiotherapy) can reduce the risk of a radiation-associated flare of 
pain. A3  Systemic palliative therapy for bone metastases should follow standard 
guidelines for the specific tumor type, and treatment can include bisphos-
phonates (Chapter 230), denosumab, and endocrine and/or chemotherapy.

Prevention
Treatment with bisphosphonates can prolong the time to a first skeletal 

event in patients with breast cancer (Chapter 188), prostate cancer (Chapter 
191), and myeloma (Chapter 178). A4  The optimal schedule and duration of 
therapy remains to be defined.

TREATMENT 

 METASTATIC TUMORS TO BONE
Metastatic bone disease is an important cause of cancer-related morbidity, so 
prevention and prompt treatment are essential for optimal clinical care. Breast 
cancer (Chapter 188) in women and prostate cancer (Chapter 191) in men 
are the most common tumors that metastasize to bone. Other tumors that 
often develop bone metastases include lung (Chapter 182), thyroid (Chapter 
213), gastrointestinal tract (Chapter 184), and kidney (Chapter 187) cancers.

Patients can present with localized or referred pain and, occasionally, a 
pathologic fracture. A plain radiograph can show blastic (typical of prostate 
cancer) or lytic (e.g., myeloma; Chapter 178) lesions. However, most bone 
metastases have a mixed appearance. A radiologic survey should be performed 
in a patient who has known bony metastatic disease or who presents with 
bone pain to identify other possible metastatic lesions. CT scanning or MRI 
can help determine the risk of fracture. Radionuclide bone scans can also 
identify the extent of metastatic bone disease and evaluate response to treat-
ment, but the bone scan may be negative in tumors such as myeloma that 
cause purely lytic lesions. If patients have no symptoms and a low risk of 
developing bone metastases, routine screening is not recommended.

Survival for Ewing sarcoma patients who are treated with local therapy alone 
is in the range of 10 to 20%. The introduction of multiagent chemotherapy has 
improved outcome greatly, with a 5-year event-free survival rate currently of 
about 70%. A2  A commonly used schedule includes vincristine, doxorubicin, 
and cyclophosphamide alternating with ifosfamide and etoposide (see Table 
169-4). Patients are generally treated with neoadjuvant chemotherapy followed 
by surgery/radiation and then adjuvant chemotherapy.5

The outcome for patients with metastatic disease is poor. A number of salvage 
therapies can be used, including cyclophosphamide/topotecan, irinotecan/
temozolomide, and gemcitabine/docetaxel.

TREATMENT 

 SOFT TISSUE SARCOMAS

 DEFINITION
Sarcomas, which are malignant tumors of mesodermal origin, account for 
approximately 1% of all adult cancers. These tumors of connective tissue can 
occur in almost any anatomic location. In addition, they are very heteroge-
neous, with more than 80 different histologic subtypes, each with unique 
underlying biology and clinical behavior.

 EPIDEMIOLOGY
In the United States the incidence of soft tissue and bone sarcomas is about 
15,000 cases per year. Sarcomas rarely occur in adults but account for about 
15% of pediatric cancers. Patients at high risk for developing sarcomas include 
those with Li-Fraumeni syndrome (Chapter 171), retinoblastoma (Chapter 
395), neurofibromatosis (Chapter 389), malignant peripheral nerve sheath 
tumor, gastrointestinal stromal tumors (GISTs; Chapter 184), and familial 
polyposis (Chapter 184) (intra-abdominal desmoid). Prior radiation treatment 
(e.g., for breast cancer, cervical cancer, or lymphoma) also increases the risk 

of developing a sarcoma in the radiation field. Occupational exposure to poly-
vinyl chlorides is associated with increased risk of hepatic angiosarcomas. 
Chronic lymphedema is also a risk factor for the development of angiosarcoma 
(Stewart-Treves syndrome). However, the vast majority of sarcomas are spo-
radic with no known risk factor.

 PATHOBIOLOGY
Sarcomas can be divided into those with a complex karyotype (e.g., leiomyo-
sarcoma, undifferentiated pleomorphic sarcoma, and angiosarcoma) and those 
with a simple karyotype. Tumors with simpler karyotypes include translocation-
associated sarcomas (myxoid liposarcoma, synovial sarcoma, and Ewing 
sarcoma), those with specific kinase mutations (notably GIST), those with 
simple genetic alterations (amplifications of CDK4 and MDM2 in dedifferenti-
ated liposarcoma), and those with gene activation (INI1 loss in rhabdoid 
tumors, NF1 in malignant peripheral nerve sheath tumor). Improved under-
standing of the molecular biology of these tumors has led to better classification 
of these cancers and also, in certain subtypes, improved therapy.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The diversity of primary anatomic sites and the rarity as well as the hetero-
geneity of histologic subtypes can make the diagnosis and management of 
sarcomas challenging. Even within a particular subtype (e.g., leiomyosarcoma), 
clinical manifestations can be remarkably heterogeneous. Clinical behavior 
can range from an indolent tumor that can grow over decades (e.g., well-
differentiated liposarcoma) to highly aggressive life-threatening diseases (e.g., 
angiosarcoma). Patients with extremity sarcomas often present with a slowly 
growing, nontender mass, although it is important to note that benign soft 
tissue tumors outnumber soft tissue sarcomas 100-fold.

The anatomic distribution of soft tissue sarcomas is as follows: lower extremity 
40%, upper extremity 20%, abdominal/pelvic 20%, trunk 10%, head and neck 
10%. The blood stream is the primary means of dissemination, and sarcomas 
very rarely spread to lymph nodes. Notable subtypes that can spread to lymph 
nodes include epithelioid, clear cell, and certain vascular sarcomas.

Initial investigation of a suspected sarcoma should include imaging of the 
primary site. MRI is used for extremity, chest wall, and head and neck sarcomas. 
CT scans can be used to evaluate sarcomas of the abdomen and pelvis and 
also to define the presence of metastatic disease in the lungs and bone.

A core biopsy of the mass should be performed to make the histologic 
diagnosis of a soft tissue sarcoma.6 The biopsy tract should be in the direction 
of the future incision. Because of the challenges of histopathologic diagnosis, 
fine-needle aspiration has no role in the management of localized soft tissue 
sarcomas (apart from occasionally in GIST).

Because of their heterogeneous pathobiology, specialized pathology review 
is needed to confirm the diagnosis of sarcoma. Numerous studies have docu-
mented that diagnostic discrepancy for soft tissue sarcomas is frequent among 
pathologists, primarily due to the rarity and profound heterogeneity of these 
tumors. The most common histologic subtypes are GISTs, undifferentiated 
pleomorphic sarcoma, leiomyosarcoma, and liposarcoma.  PROGNOSIS

Approximately 50 to 60% of patients with localized sarcoma are cured with 
optimal management. However, sarcomas encompass a range of different 
diseases with variable prognosis. The risk of recurrence varies depending on 
the tumor’s grade, size, anatomic location, depth, and histologic subtype. 
Furthermore, the primary anatomic site can also be important; for example, 
the outcome following resection of a cutaneous sarcoma is excellent, whereas 
the prognosis of a cardiac sarcoma is very poor.

The outcome for patients with metastatic disease is poor, with a median 
overall survival between 12 and 18 months. There is considerable variation, 
however, depending on the volume of metastatic disease, histologic subtype, 
and location. In certain histologic subtypes, particularly GIST (see following 
section), the introduction of effective systemic therapy has led to clear improve-
ments in outcome. For most sarcomas, however, current treatments have 
improved median survival from 12 months to approximately 18 to 20 months.

 GASTROINTESTINAL STROMAL TUMORS

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal 
tumor of the gastrointestinal tract. They are characterized in 82% to 87% of 
cases by activating mutations in KIT or PDGFRA.10 Gain of function muta-
tions in KIT and PDGFRA receptors lead to constitutive, ligand-independent 
activation of downstream signaling pathways. Most GISTs express CD117 
and DOG1. In about 70%, CD34 is also expressed.11

TREATMENT 

 Grade A References

TREATMENT 
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GISTs occur throughout the gastrointestinal tract, most commonly in the 
stomach or small intestine.12 They typically are vascular tumors, frequently 
presenting with bleeding into the bowel or the abdominal cavity. Mass effects 
of GIST may cause abdominal pain or bowel obstruction, and they sometimes 
are palpable on physical examination. However, most GISTS are detected by 
imaging or during surgical exploration.

The role of neoadjuvant/adjuvant chemotherapy for soft tissue sarcomas 
other than large, high-grade tumors of the extremity and trunk remains con-
troversial. Neoadjuvant/adjuvant chemotherapy provides a survival advantage 
in embryonal rhabdomyosarcoma and Ewing sarcoma. A recent randomized 
trial of patients with high-grade soft tissue sarcomas of the extremity or trunk 
larger than 5 cm in size to receive either neoadjuvant standard (epirubicin/
ifosfamide) or histology-tailored chemotherapy reported a significant benefit 
in favor of the standard neoadjuvant chemotherapy for both recurrence-free 
and overall survival at a median follow-up of 12.3 months. A5 

Despite optimal management, about 50% of patients with high-grade local-
ized soft tissue sarcomas develop recurrent/metastatic disease. The outcome 
for patients with metastatic soft tissue sarcomas is poor, with a median overall 
survival of approximately 12 to 18 months. The mainstay of management of 
metastatic disease is palliative chemotherapy.8 However, certain patients with 
low-volume, asymptomatic, and indolent disease may initially undergo active 
surveillance. For patients with solitary or oligometastatic disease, local therapy 
including surgery, radiation, ablation, and embolization techniques could be 
considered. The evidence base for surgery in the metastatic setting is limited 
to small, retrospective studies with limited follow-up.

First-line palliative therapy generally consists of an anthracycline-based 
regimen (Table 169-4). A randomized trial reported a significantly higher 
response rate, longer progression-free survival, but no significant difference 
in overall survival with doxorubicin and ifosfamide compared with doxorubicin  
alone. A6  Consequently, the combination of doxorubicin and ifosfamide is usually 
reserved for patients with symptomatic and rapidly progressive disease.

For certain histologic subtypes, specific therapies to be considered include 
paclitaxel for angiosarcoma; aromatase inhibitors for endometrial stromal 
sarcoma and low-grade leiomoyosarcoma; antiangiogenic agents (pazopanib/
sunitinib) in alveolar soft part sarcoma and solitary fibrous tumor; and ALK 
inhibitors in ALK-mutated inflammatory myofibroblastic tumors. These options 
again illustrate the complexities of treating sarcoma patients and the need for 
experienced multidisciplinary management.

Multiple options are now available for second-line systemic therapy.9 For 
example, a randomized trial showed that the combination of gemcitabine and 
docetaxel is preferred over gemcitabine alone. Another randomized trial of 
patients with advanced, pretreated soft tissue sarcoma found that the 
combination of gemcitabine plus dacarbazine was well tolerated and provided 
significantly longer progression-free and overall survival compared with 
dacarbazine alone. A7  In addition, a number of Phase III trials have been performed. 
Among patients with advanced pretreated liposarcoma and leiomyosarcoma, 
those treated with trabectedin have significantly longer progression-free survival 
(median 4.2 vs. 1.5 months, respectively) but no significant difference in overall 
survival compared with those treated with dacarbazine, A8  whereas those treated 
with eribulin instead of dacarbazine have significantly longer overall survival 
(median 13.5 vs. 11.5 months, respectively) despite no significant difference in 
progression-free survival. A9  In patients with pretreated advanced sarcomas, 
median progression-free survival is 4.6 months with pazopanib (a multitarget 
tyrosine kinase inhibitor) versus 1.6 months with placebo, but overall survival 
is not significantly prolonged. A10 

 PROGNOSIS
Approximately 50 to 60% of patients with localized sarcoma are cured with 
optimal management. However, sarcomas encompass a range of different 
diseases with variable prognosis. The risk of recurrence varies depending on 
the tumor’s grade, size, anatomic location, depth, and histologic subtype. 
Furthermore, the primary anatomic site can also be important; for example, 
the outcome following resection of a cutaneous sarcoma is excellent, whereas 
the prognosis of a cardiac sarcoma is very poor.

The outcome for patients with metastatic disease is poor, with a median 
overall survival between 12 and 18 months. There is considerable variation, 
however, depending on the volume of metastatic disease, histologic subtype, 
and location. In certain histologic subtypes, particularly GIST (see following 
section), the introduction of effective systemic therapy has led to clear improve-
ments in outcome. For most sarcomas, however, current treatments have 
improved median survival from 12 months to approximately 18 to 20 months.

 GASTROINTESTINAL STROMAL TUMORS

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal 
tumor of the gastrointestinal tract. They are characterized in 82% to 87% of 
cases by activating mutations in KIT or PDGFRA.10 Gain of function muta-
tions in KIT and PDGFRA receptors lead to constitutive, ligand-independent 
activation of downstream signaling pathways. Most GISTs express CD117 
and DOG1. In about 70%, CD34 is also expressed.11

Due to the rarity of this condition, the evidence base for management is 
limited. The general consensus is that a period of initial active surveillance is 
appropriate for most asymptomatic patients because spontaneous regressions 
can occur. Local treatment options include surgery, radiation, isolated limb 
perfusion, and ablation techniques. However, the decision to proceed with 
local therapy should be made within the context of an experienced 
multidisciplinary team. Sorafenib is of proven value for prolonging progression-
free survival for advanced and refractory tumors. A13  Other systemic therapies 
include tamoxifen/nonsteroidal anti-inflammatory drugs, imatinib, sorafenib, 
liposomal doxorubicin, navelbine, and methotrexate/vinorelbine.

TREATMENT 

 DESMOID TUMORS/AGGRESSIVE 
FIBROMATOSIS

Desmoid fibromatosis is a very rare, monoclonal, fibroblastic proliferation 
characterized by an unpredictable clinical course. This tumor lacks metastatic 
potential but is locally invasive and has a high local recurrence rate. Between 
80 and 95% of desmoid tumors harbor mutations in the β-catenin gene, which 
leads to nuclear accumulation of β-catenin protein.
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4. Which of the following statements concerning soft tissue sarcomas is 
incorrect?
 A. Soft tissue sarcomas are a relatively homogeneous group of malignancies 

at the molecular level because they all originate from primordial 
mesenchyme.

 B. Classification of soft tissue sarcoma subtypes is difficult at the level of 
light microscopy.

 C. Traditional cytotoxic chemotherapy is only useful for specific types of 
soft tissue sarcoma.

 D. Radiation to the chest wall as part of a combined modality approach 
to patients with breast cancer can lead to secondary sarcomas in the 
radiated field.

 E. Many benign tumors (e.g., lipomas) cannot be easily distinguished clini-
cally from frankly malignant sarcomas.

Answer: A Soft tissue sarcomas are among the most heterogeneous groups 
of malignancies currently known.

5. Which of the following sarcomas has the best prognosis after definitive 
surgery?
 A. Ewing sarcoma
 B. Liposarcoma
 C. Chondrosarcoma
 D. Leiomyosarcoma
 E. Osteosarcoma

Answer: C Definitive surgery is curative in many patients with chondrosar-
coma; the recurrence rate after surgery with each of the other diseases is 
considerably higher.

REVIEW QUESTIONS

1. A 72-year-old woman with metastatic breast cancer to multiple sites who 
has been treated with an aromatase inhibitor complains of severe left hip 
pain. Plain radiographs of the pelvis and left femur demonstrate greater 
than 90% lytic destruction of the femoral neck. Her performance status 
except for the pain is excellent. The most appropriate therapy, in addition 
to adequate pain control, to consider at this time is:
 A. Initiation of combination chemotherapy with doxorubicin and paclitaxel.
 B. Intravenous bisphosphonate therapy.
 C. Immediate palliative radiation therapy to the left hip.
 D. Operative procedure to stabilize the hip.
 E. Bed rest followed by reassessment in 6 weeks.

Answer: D Patients with breast cancer at risk of immediate hip fracture should 
be referred for an orthopedic procedure to stabilize the hip; radiation therapy 
will follow the surgery, as will consideration of a change in systemic treatment.

2. Which of the following malignancies is associated with germline abnor-
malities of the TP53 gene?
 A. Chondrosarcoma
 B. Ewing sarcoma
 C. Angiosarcoma
 D. Osteogenic sarcoma
 E. Gastrointestinal stromal tumor (GIST)

Answer: D Li-Fraumeni families are characterized by hereditary osteogenic 
sarcomas that are associated with germline mutations in TP53.

3. Gastrointestinal stromal tumors (GISTs) are highly responsive to tyrosine 
kinase inhibitors that target which of the following proteins?
 A. c-Kit
 B. Epidermal growth factor receptor (EGFR)
 C. BCL-2
 D. Focal adhesion kinase
 E. PDGFRA (platelet-derived growth factor receptor-alpha)

Answer: A Imatinib, which targets both the c-Kit and bcr-abl kinase, is highly 
active in the treatment of GISTs (as well as chronic myelogenous leukemia).
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193 
MELANOMA AND NONMELANOMA 
SKIN CANCERS
LYNN M. SCHUCHTER

 MELANOMA

 EPIDEMIOLOGY
Current estimates are that one of 28 men and one of 37 women will be diag-
nosed with melanoma during their lifetime. Each year in the United States, 
approximately 87,110 new cases of invasive melanoma are detected. The 
explanation for the rising incidence is thought to be increasing sun exposure, 
especially early in life. Melanoma is the leading cause of death from cutaneous 
malignant disease, and it accounts for 1 to 2% of all cancer deaths in the United 
States. Melanoma affects all age groups; the median age at diagnosis is 63 
years. Melanoma is largely a disease of whites, with a very low incidence in 
African Americans, Asians, and Hispanics.

 PATHOBIOLOGY
Exposure to sunlight, especially ultraviolet (UV) radiation (Chapter 17), has 
been strongly implicated as a causative factor in the development of melanoma. 
Melanomas originate from melanocytes, which are located predominantly in 
the basal cell layer of the epidermis and use the enzyme tyrosinase to synthesize 
melanin pigment, which serves to protect against UV damage (Chapter 407).

Somatic mutations in primary and metastatic melanoma primarily involve 
the mitogen activated protein kinase pathway (MAPK). The point-mutation 
burden increases from benign through intermediate precursor lesions to mela-
noma, with strong genetic evidence of the effects of UV radiation detectable 
at all evolutionary stages.1 Activating mutations in BRAF can be found in 
approximately 50% of melanomas, and 20% of melanomas are associated with 
a mutation in NRAS. Studies have found that melanoma on mucous mem-
branes, acral skin (soles, palms), and skin with chronic sun damage (i.e., lentigo 
maligna melanoma) have frequent mutations in KIT. Thus, distinct patterns of 
genetic alterations are found in primary melanomas based on anatomic location 
and extent of sun exposure.2 Uveal melanoma is associated with mutations in 
GNAQ/GNA11. Monosomy of chromosome 3 and somatic mutations in the 
gene encoding BRCA1-associated protein (BAP) on chromosome 3 have been 
associated with worse outcome and the development of metastatic melanoma. 
The discovery of somatic mutations in melanoma and associated aberrant 
signal transduction pathways has provided the bases for the development of 
molecularly targeted therapy for patients with advanced melanoma.3

Risk Factors
Risk factors for melanoma include family history of melanoma, prior mela-
noma or nonmelanoma skin cancer, inherited genetic susceptibility, and sun 
exposure. Artificial exposure to UV radiation by indoor tanning beds is likewise 
a risk factor for melanoma.4 In 2014, the U.S. Food and Drug Administration 
(FDA) required that indoor tanning devices be labeled with visible, black 
box warnings stating that they should not be used by people younger than 18 
years. Individuals with fair complexion, blond or red hair, blue eye color, and 
freckles, who have a tendency to burn rather than tan, have higher rates of 
melanoma. The pattern of sun exposure may also be important; intermittent 

also arise from noncutaneous sites, including mucosal epithelium in the gas-
trointestinal tract, anorectal area, genitourinary tract, and nasal and nasopha-
ryngeal mucosa. Melanomas of the vulva and vagina are relatively rare. In 
general, mucosal melanomas are diagnosed at a more advanced stage of disease. 
The mainstay of treatment is surgical.

 DIAGNOSIS
Any skin lesion suggestive of melanoma should be sampled using biopsy with 
complete excision, including a 1- to 2-mm margin of normal skin and some 
subcutaneous fat. Both molecular and cellular criteria can distinguish common 
nevi from dysplastic nevi. An incisional biopsy may be necessary for lesions 
too large for complete excision. The role of sentinel lymph node biopsy (SLNB) 
is explained in detail in the Treatment section. Shallow shave biopsies, curet-
tage, cryosurgery, laser, and electrodessication are contraindicated in lesions 
suggestive of melanoma. Other lesions that can be confused with melanoma 
include blue nevi, pigmented basal cell carcinoma (BCC), seborrheic keratosis, 
and hemangiomas (Table 193-1).

Prognostic Factors
As with most malignancies, the outcome of melanoma depends on the stage 
and extent of disease at presentation. For localized melanoma, the most impor-
tant prognostic factor is involvement of regional lymph nodes. The most 
important prognostic factor related to the primary tumor is the depth of inva-
sion (Breslow thickness) of the melanoma, which is measured in millimeters 
from the top of the epidermis to the underlying dermis. Increasing thickness 
is associated with an increased risk for recurrence, regional lymph node involve-
ment, and death from melanoma. Whereas patients whose melanomas are 
thinner than 1 mm have about an 80 to 90% 10-year survival rate, patients 
whose melanomas are thicker than 4 mm have only a 40 to 50% 10-year sur-
vival rate. Other poor prognostic factors related to the primary melanoma 
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FIGURE 193-1. Nevi. A, Common benign nevus. B, dermal nevus. 

B

A

FIGURE 193-2. Dysplastic nevi. A and B, examples of dysplastic nevi. 

intense exposure, rather than chronic sun exposure, may carry a higher risk 
for melanoma.

Individuals with an increased number of typical or benign moles, atypical 
moles, or dysplastic nevi (Figs. 193-1 and 193-2) also have an increased risk 
for melanoma. Atypical moles or dysplastic nevi are important precursor lesions 

of melanoma and serve as markers for increasing risk. For example, individuals 
with dysplastic nevi have a 6% lifetime chance of developing melanoma, and 
this risk increases to as high as 80% in individuals who have dysplastic nevi 
and a strong family history of melanoma.

Inherited Genetics
Approximately 10% of patients with melanoma have a family history of mela-
noma. Several chromosomal loci determine susceptibility to melanoma, the 
most important of which is p16/CDKN2A, a gene located on chromosome 
9p21. This gene is a member of a class of molecules that play a central role in 
cell cycle regulation. Of the members of melanoma-prone families, 25 to 40% 
have mutations in this gene. The risk for developing cutaneous melanoma in 
an individual who is a CDKN2A carrier is between 30 and 90% by age 80 
years and varies by geographic location. Testing for mutations in the p16/
CDKN2A locus is commercially available, but its clinical utility is limited at 
this time. Genetic variability in the melancortin-1 receptor (MC1R) plays a 
key role in pigmentation of skin and hair and more recently has been implicated 
in melanoma predisposition. Carriers of the BRCA2 familial breast cancer 
gene have an increased risk for cutaneous melanoma

 CLINICAL MANIFESTATIONS
Early detection and recognition of melanoma are key to improving survival. 
The signs of early melanoma are based on the clinical appearance of the pig-
mented lesion and a change in the shape, color, or surface of an existing mole. 
Most patients report a preexisting mole at the site of the melanoma. Itching, 
burning, or pain in a pigmented lesion should increase suspicion, although 
melanomas often are not associated with local discomfort. Bleeding and ulcer-
ation are signs of a more advanced melanoma. Most melanomas are varying 
shades of brown, but they may be black, blue, or pink. The ABCDEs for the 
recognition of melanoma are asymmetry, border irregularity, color variation, 
diameter greater than 6 mm, and evolution or a change in a skin lesion. The 
“ugly duckling” sign is recognizing a pigmented lesion that looks different 
from other skin lesions and is therefore suspicious.

Cutaneous melanoma has been divided into four subtypes. Superficial 
spreading melanoma (SSM), which accounts for 70% of all melanomas, can 
be located on any anatomic site (Fig. 193-3). Lentigo maligna melanoma 
(LMM), which represents 4 to 10% of all melanomas, tends to occur more 
commonly in chronically sun-exposed skin in older patients, frequently on 
the head and neck (Fig. 193-4); clinically, it appears as a macular (flat) lesion, 
with varying degrees of color, usually brown. Nodular melanoma (Fig. 193-5) 
accounts for 15 to 30% of melanomas and manifests as a rapidly enlarging, 
elevated or polypoid lesion, often blue or black. These lesions can also be 
amelanotic and lack pigment and have more of a pink color. The ABCDE rule 
does not always apply as well to nodular melanomas. Acral lentiginous mela-
noma manifests as a darkly pigmented, flat to nodular lesion on the palm, on 
the sole, or subungually; sunlight is not thought to play a causative role in 
this form of melanoma. Histologic subtype does not directly correlate with 
clinical behavior. However, recent data suggest that histologic subtype may 
correlate with specific genetic abnormalities. For example, SSM melanoma 
may be associated with BRAF mutation, and LMM may be associated with 
KIT mutation.5

Ocular melanomas arise from the pigmented layer of the eye. Uveal mela-
noma is the most common intraocular malignancy of adults. Melanomas can 
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ABSTRACT
Long-term sun exposure and artificial exposure to ultraviolet radiation (e.g., 
indoor tanning beds) are established risk factors for both melanoma and non-
melanoma skin cancers. Somatic driver mutations in primary and metastatic 
melanoma are now well established, including mutations in BRAF, NRAS, and 
KIT, and targeted treatment in advanced cases has revolutionized melanoma 
therapeutics. Nonmelanoma skin cancers (basal cell carcinoma and squamous 
cell carcinoma) are the most common malignancies in the United States.
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also arise from noncutaneous sites, including mucosal epithelium in the gas-
trointestinal tract, anorectal area, genitourinary tract, and nasal and nasopha-
ryngeal mucosa. Melanomas of the vulva and vagina are relatively rare. In 
general, mucosal melanomas are diagnosed at a more advanced stage of disease. 
The mainstay of treatment is surgical.

 DIAGNOSIS
Any skin lesion suggestive of melanoma should be sampled using biopsy with 
complete excision, including a 1- to 2-mm margin of normal skin and some 
subcutaneous fat. Both molecular and cellular criteria can distinguish common 
nevi from dysplastic nevi. An incisional biopsy may be necessary for lesions 
too large for complete excision. The role of sentinel lymph node biopsy (SLNB) 
is explained in detail in the Treatment section. Shallow shave biopsies, curet-
tage, cryosurgery, laser, and electrodessication are contraindicated in lesions 
suggestive of melanoma. Other lesions that can be confused with melanoma 
include blue nevi, pigmented basal cell carcinoma (BCC), seborrheic keratosis, 
and hemangiomas (Table 193-1).

Prognostic Factors
As with most malignancies, the outcome of melanoma depends on the stage 
and extent of disease at presentation. For localized melanoma, the most impor-
tant prognostic factor is involvement of regional lymph nodes. The most 
important prognostic factor related to the primary tumor is the depth of inva-
sion (Breslow thickness) of the melanoma, which is measured in millimeters 
from the top of the epidermis to the underlying dermis. Increasing thickness 
is associated with an increased risk for recurrence, regional lymph node involve-
ment, and death from melanoma. Whereas patients whose melanomas are 
thinner than 1 mm have about an 80 to 90% 10-year survival rate, patients 
whose melanomas are thicker than 4 mm have only a 40 to 50% 10-year sur-
vival rate. Other poor prognostic factors related to the primary melanoma 

of melanoma and serve as markers for increasing risk. For example, individuals 
with dysplastic nevi have a 6% lifetime chance of developing melanoma, and 
this risk increases to as high as 80% in individuals who have dysplastic nevi 
and a strong family history of melanoma.

Inherited Genetics
Approximately 10% of patients with melanoma have a family history of mela-
noma. Several chromosomal loci determine susceptibility to melanoma, the 
most important of which is p16/CDKN2A, a gene located on chromosome 
9p21. This gene is a member of a class of molecules that play a central role in 
cell cycle regulation. Of the members of melanoma-prone families, 25 to 40% 
have mutations in this gene. The risk for developing cutaneous melanoma in 
an individual who is a CDKN2A carrier is between 30 and 90% by age 80 
years and varies by geographic location. Testing for mutations in the p16/
CDKN2A locus is commercially available, but its clinical utility is limited at 
this time. Genetic variability in the melancortin-1 receptor (MC1R) plays a 
key role in pigmentation of skin and hair and more recently has been implicated 
in melanoma predisposition. Carriers of the BRCA2 familial breast cancer 
gene have an increased risk for cutaneous melanoma

 CLINICAL MANIFESTATIONS
Early detection and recognition of melanoma are key to improving survival. 
The signs of early melanoma are based on the clinical appearance of the pig-
mented lesion and a change in the shape, color, or surface of an existing mole. 
Most patients report a preexisting mole at the site of the melanoma. Itching, 
burning, or pain in a pigmented lesion should increase suspicion, although 
melanomas often are not associated with local discomfort. Bleeding and ulcer-
ation are signs of a more advanced melanoma. Most melanomas are varying 
shades of brown, but they may be black, blue, or pink. The ABCDEs for the 
recognition of melanoma are asymmetry, border irregularity, color variation, 
diameter greater than 6 mm, and evolution or a change in a skin lesion. The 
“ugly duckling” sign is recognizing a pigmented lesion that looks different 
from other skin lesions and is therefore suspicious.

Cutaneous melanoma has been divided into four subtypes. Superficial 
spreading melanoma (SSM), which accounts for 70% of all melanomas, can 
be located on any anatomic site (Fig. 193-3). Lentigo maligna melanoma 
(LMM), which represents 4 to 10% of all melanomas, tends to occur more 
commonly in chronically sun-exposed skin in older patients, frequently on 
the head and neck (Fig. 193-4); clinically, it appears as a macular (flat) lesion, 
with varying degrees of color, usually brown. Nodular melanoma (Fig. 193-5) 
accounts for 15 to 30% of melanomas and manifests as a rapidly enlarging, 
elevated or polypoid lesion, often blue or black. These lesions can also be 
amelanotic and lack pigment and have more of a pink color. The ABCDE rule 
does not always apply as well to nodular melanomas. Acral lentiginous mela-
noma manifests as a darkly pigmented, flat to nodular lesion on the palm, on 
the sole, or subungually; sunlight is not thought to play a causative role in 
this form of melanoma. Histologic subtype does not directly correlate with 
clinical behavior. However, recent data suggest that histologic subtype may 
correlate with specific genetic abnormalities. For example, SSM melanoma 
may be associated with BRAF mutation, and LMM may be associated with 
KIT mutation.5

Ocular melanomas arise from the pigmented layer of the eye. Uveal mela-
noma is the most common intraocular malignancy of adults. Melanomas can 

FIGURE 193-3. Superficial spreading melanoma. 

FIGURE 193-4. lentigo maligna melanoma. 

FIGURE 193-5. nodular melanoma. 
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include the presence of ulceration, an increasing level of invasion (Clark level), 
a high mitotic rate, and the presence of microscopic satellites. Regional lymph 
node involvement (stage III) has a major impact on survival, with 5-year 
survival rates ranging from 20 to 70%, depending on the number of involved 
lymph nodes. Patients with multiple primary melanomas may have a similar 
survival time as patients with single primary melanomas.6 Melanomas that 
arise on the extremity tend to have a better prognosis, and women tend to do 
better than men.

Staging System for Melanoma
Staging and prognosis for melanoma are based on the TNM system, in which 
T refers to tumor, N to nodes, and M to metastasis, which was updated in the 
eighth edition of the American Joint Committee on Cancer (AJCC) staging 
system.7 Stages I and II indicate clinically localized primary melanoma, stage 
III indicates regional involvement (lymph nodes or in-transit metastases), 

Once melanoma has been diagnosed, if localized, the standard treatment 
is surgical excision of the primary lesion with consideration of regional nodal 
basin assessment using sentinel lymph node biopsy (SLNB) (Fig. 193-6).

Primary Melanoma
After melanoma is diagnosed, the standard treatment is surgical excision. 

Several prospective randomized trials have been conducted to define the optimal 
surgery for primary melanoma. The extent of the surgery depends on the thick-
ness of the primary melanoma. Large surgical excisions are no longer required, 
and most wide excisions can be performed with primary closure without skin 
graft. For melanoma in situ, excision with a 0.5-cm border of clinically normal 
skin is sufficient. For melanomas less than 1 mm thick, a 1-cm margin is recom-
mended. If the thickness is between 1 and 4 mm, a 1- to 2-cm margin is recom-
mended For melanomas thicker than 2 mm, a 2-cm resection margin also is 
sufficient and safe. In cosmetically sensitive areas (face) or anatomically difficult 
areas (ear, hands), it may be difficult to achieve the desired margin, but at least 
a 1-cm margin should be obtained whenever possible.

TREATMENT 

Wide excision of
primary melanoma

>1 mm or <1 mm with ulceration,
increased mitotic rate 

 ≤1 mm thick, no ulceration,
mitotic count <1 mm2 

Wide excision and
sentinel lymph node biopsy

Newly diagnosed melanoma

Sentinel lymph node -
No further treatment

Primary melanoma <4 mm
No additional surgery

(but can be considered
in selected cases)

Monitor lymph node
basin with serial

ultrasound
Consider adjuvant

therapy, clinical trial, or
observation

Sentinel lymph node +

Consider adjuvant
therapy, clinical trial, or

observation 

Primary melanoma >4 mm

FIGURE 193-6. Treatment algorithm for newly diagnosed melanoma. 

TABLE 193-1 CLINICAL FEATURES OF COMMON NEVI, 
DYSPLASTIC NEVI, AND MELANOMAS

DISEASE CHARACTERISTICS
Common acquired 

nevi (moles)
These tend to be small, flat, and round; the border is regular, 

smooth, and well defined; the color is homogeneous, 
usually no more than two shades of brown; any site is 
affected; lesions are usually <6 mm.

Dysplastic nevi 
(atypical moles)

These occur predominantly on the trunk; they tend to be 
large, usually >5 mm, with a flat component; the border is 
characteristically fuzzy and ill defined. The shape can be 
round, oval, or misshapen. The color is usually brown but 
can be mottled with dark brown, pink, and tan. Some 
individuals have only one to five moles; others have more 
than 100.

Melanoma The border is more irregular; lesions tend to be larger, often 
>6 mm; substantial heterogeneity of color is noted, which 
can be tan-brown, dark brown, black, pink, red, gray, blue, 
or white.

and stage IV is metastatic disease beyond the regional lymph nodes (i.e., lung, 
liver, brain).

Patient Evaluation
The initial evaluation of a patient with melanoma includes a personal history, 
a family history, a total skin examination, and palpation of regional (draining) 
lymph nodes. The focus is to identify risk factors, signs or symptoms of metas-
tases, dysplastic nevi, and additional melanomas. A chest radiograph and liver 
enzyme tests may be performed at the discretion of the physician. Most patients 
who present with melanoma do not have distant metastatic disease at presen-
tation; therefore, extensive evaluations with computed tomography (CT) to 
search for distant metastases have an extremely low yield and are not indicated 
in asymptomatic patients. More extensive staging evaluation with CT or posi-
tron emission tomography (PET) can be considered in patients with high-risk 
disease (primary melanoma >4 mm thick or node-positive disease), in whom 
the risk for distant metastatic disease is higher.
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Management of Regional Lymph Nodes
Clinically normal regional lymph nodes

The surgical management of clinically normal lymph nodes is determined 
by the characteristics of the primary melanoma. There is a direct relation-
ship between thickness of the melanoma and risk for regional lymph node 
involvement.

SLNB is a technique that accurately evaluates whether microscopic melanoma 
cells involve regional lymph nodes. The technique relies on the concept that 
specific regions of the skin drain specifically to an initial lymph node within 
the regional nodal basin through an organized pathway of afferent lymphatic 
channels. This technique is performed by injecting the primary melanoma site 
with blue dye (isosulfan blue), radiolabeled colloid, or both. When both modali-
ties are used in combination, a sentinel node can be identified in 98% of patients; 
biopsy of the node accurately determines whether melanoma cells have metas-
tasized to that specific lymph node basin.

Sentinel lymph node (SLN) mapping is routinely recommended for mela-
nomas thicker than 1 mm. For melanomas that are less than 1 mm thick, the 
likelihood of regional lymph node involvement is relatively low (approximately 
5%). Therefore, SLN mapping is not routinely recommended for thin melanomas 
unless there are adverse prognostic features present such as ulceration and/
or high mitotic count. The morbidity of SLNB is relatively low, and the staging 
information is valuable.

The SLNB is generally performed at the same time as the wide excision of 
the primary tumor. If the SLNB result is negative for melanoma, no further 
lymph node surgery is required. Until recently, if melanoma was detected in 
the SLN, then a completion lymph node dissection was performed. However, 
based on recent data, completion lymph node dissections are no longer recom-
mended. MSLT-II was a large clinical trial that investigated the role of completion 
lymph node dissection compared with close surveillance for patients with SLN-
positive melanoma. In this trial, 1934 patients with SLN-positive melanoma 
were randomized to immediate lymph node dissection or nodal observation 
with ultrasonography monitoring. The primary end point was melanoma-specific 
survival. The 3-year rate of melanoma-specific survival was similar in the two 
groups (86% for both groups, P = .42 by the log rank test). These study results 
showed that completion lymph node dissection in patients with positive SNL 
did not improve melanoma-specific survival. A1  Thus, patients with SLN-positive 
(stage III) melanoma may now be offered serial ultrasound of regional lymph 
basin rather than additional surgery. SLN mapping is now largely considered 
an important surgical staging tool.8

Clinically apparent regional lymph nodes
For patients with clinically enlarged regional lymph nodes, surgical (thera-

peutic) lymphadenectomy is the preferred treatment following pathologic 
confirmation of melanoma. The goal is to provide long-term, disease-free survival 
and reduce local morbidity of enlarged lymph nodes.

adjuvant Therapy
Postsurgical adjuvant therapy can be considered for patients at high risk for 

recurrence (melanomas ≥4 mm thick or node-positive disease). These patients 
have at least a 25 to 75% chance of dying of melanoma; therefore, adjuvant 
therapy is often considered. For patients with thick primary melanoma larger 
than 4 mm without lymph node involvement, adjuvant interferon-α (IFN-
α), pegylated IFN-α, or observation can be considered.9 For patients with 
resected stage III (node positive) melanoma, adjuvant therapy with immuno-
therapy or targeted therapy is available based upon improvement in survival. 
Options include adjuvant anti-PD-1 therapies, including pembrolizumab or 
nivolumab; targeted therapy with dabrafenib and trametinib in BRAF mutant 
melanoma; ipilimumab; clinical trial, or observation. The FDA-approved dose 
of ipilimumab in the adjuvant setting is high (10 mg/kg), and although it is 
associated with improved recurrence-free survival and overall survival, there 
is substantial immune-mediated toxicity. This has limited the widespread use 
of this approach. Results of CheckMate 238, a phase III trial involving patients 
with resected stage III melanoma, compared the anti-PD-1 antibody nivolumab 
to ipilimumab and showed that the recurrence-free survival was higher with 
nivolumab compared with ipilimumab and with much fewer immune adverse 
side effects. A2  Nivolumab is now a treatment option for patients with node-
positive melanoma, regardless of whether the melanoma has a BRAF muta-
tion. The COMBI-AD trial evaluated the targeted therapy dabrafenib (BRAF 
inhibitor) plus trametinib (MEK inhibitor) in patients with node-positive mela-
noma with a BRAF mutation. With a median follow-up of 2.8 years, the rates of 
relapse-free survival were 58% in the combination therapy arm and 39% in the  
placebo arm. A3 

Based upon these results, the FDA approved dabrafenib and trametinib for 
patients with node positive stage III melanoma with BRAF V600 E or K mutation. 
The efficacy of pembrolizumab as an adjuvant therapy for stage III melanoma 
was demonstrated in KEYNOTE 054, which randomized 1019 patients to either 
pembrolizumab or matched placebo for 18 doses. Relapse-free survival was 
significantly increased compared with placebo. A4 

At this time, the preferred option for patients with stage III melanoma is 
anti-PD-1 therapy for 1 year based upon the safety and tolerability.10

Treatment and Course of advanced Melanoma (Stage iV)
Melanoma can metastasize to virtually any organ, especially the lung, skin, 

liver, and brain. Historically, advanced melanoma has been refractory to treat-
ment, with limited effective therapeutic options. However, new approaches 
with immunotherapy and molecularly targeted therapy based on somatic 
mutation profile has led to ten FDA-approved drugs over the past 5 years for 
patients with melanoma that have markedly improved the overall survival in 
metastatic melanoma. These agents include potent and selective kinase inhibi-
tors of BRAF and MEK in the MAPK pathway and immunotherapy with immune 
checkpoint inhibitors11 (Table 193-2). With these new approaches, some patients 
may be cured; many have remarkable improvements in symptoms and quality 
and duration of life. The median overall survival of patients with disseminated 
melanoma has increased from 9 months before 2011 to at least 2 years.

Immunotherapy approaches include ipilimumab (blocks CTLA-4), which has 
been shown to be better than dacarbazine alone (3-year survival rates, 21 vs. 
12%) for previously untreated metastatic melanoma. Ipilimumab, 3 mg/kg 
intravenously every 3 weeks for a total of four doses, is approved by the FDA 
for patients with unresectable stage III or stage IV melanoma. A5  Treatment with 
ipilimumab results in immune-mediated adverse reactions, including entero-
colitis, hepatitis, dermatitis, and endocrinopathies such as hypopituitarism and 
hypothyroidism.12 Dose interruption of ipilimumab and corticosteroids are the 
mainstays of treatment for this side effect mediated by T-cell activation and 
proliferation.

A newer and more clinically effective approach is to block the PD-1/PD-L1 
pathway. PD-1, a T-cell coinhibitory receptor, and one of its ligands, PD-L1, play 
an important role in tumor cells’ ability to evade the host’s immune system.13 
The FDA has approved two monoclonal antibodies targeting PD-1 for the treat-
ment of advanced metastatic melanoma. Nivolumab was evaluated as first-line 
treatment in a randomized phase III study of 418 patients in comparison with 
dacarbazine. The 1-year overall survival rate was 72.9% with nivolumab com-
pared with 42.1% with dacarbazine, and the objective response rate was 40% 
compared with 13.9%. A6  Nivolumab also demonstrated improved progression-
free survival (PFS) compared with ipilimumab in a randomized phase III trial 
of patients with untreated metastatic melanoma. A7 

Pembrolizumab is a humanized PD-1-blocking monoclonal antibody that is 
approved for the treatment of advanced metastatic melanoma. Pembrolizumab 
demonstrated an overall survival benefit compared with ipilimumab in a ran-
domized phase III trial of 834 patients with advanced disease. Patients were 
randomly assigned in a 1 : 1:1 manner to receive pembrolizumab 10 mg/kg 
every 3 weeks or every 2 weeks or ipilimumab 3 mg/kg every 3 weeks. The 
response and survival rates for both pembrolizumab schedules were similar, 
and both were superior to ipilimumab. The estimated 2-year survival rates were 
55, 55, and 43%, respectively. A8 

Treatment with PD-1 inhibitors is associated with immune-related adverse 
events, though these adverse events are less frequent and less severe compared 
with ipilimumab. However, rare but serious pulmonary toxicity (immune-mediated 
pneumonitis) can occur with PD-1 inhibitors and requires careful monitoring. 
Tumor expression of PD-L1 may result in higher response rate but is not an 
adequate biomarker of response because patients may or may not have a 
response regardless of PD-L1 expression status.14 Combining anti-CTLA-4 and 
anti-PD-1 immunotherapy (dual-checkpoint blockade) has also been tested in 
several clinical trials. In a large randomized phase III clinical trial (CheckMate 
067), 945 patients with unresectable stage III and stage IV melanoma were 
assigned single-agent nivolumab, combination nivolumab and ipilimumab, or 
ipilimumab alone. Improved PFS was seen in patients receiving single-agent 
or combination therapy compared with ipilimumab. Though more toxicity was 
observed for the combination, treatment outcomes in term of efficacy may be 
better with the combination of ipilimumab and nivolumab in patients with 
metastatic melanoma. A9  Grades 3 to 4 treatment-related adverse events occurred 

TABLE 193-2 NEW TREATMENTS FOR MELANOMA.
AGENT MECHANISM OF ACTION
Dabrafenib BRAF inhibitor
Vemurafenib BRAF inhibitor
Encorafenib BRAF inhibitor
Binimetinib MEK Inhibitor
Trametinib MEK inhibitor
Cobimetinib MEK inhibitor
Pembrolizumab Anti-PD-1 blocking antibody
Nivolumab Anti-PD-1 blocking antibody
Ipilimumab CTLA-4 inhibitor
Talimogene laherparepvec Oncolytic viral therapy
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Squamous Cell Carcinoma
This type of skin cancer usually appears on areas of skin that are heavily damaged 
by sun exposure. The most common sites include the head, neck, back, fore-
arms, and dorsum of the hand. Clinically, SCC occurs as a discrete scaly 
erythematous papule on an indurated base that can develop on normal-appearing 
skin or on an actinic keratosis (Fig. 193-8). The lesion may grow over time 
and may become ulcerated, itchy, or painful and may bleed. Keratoacanthoma 
is a variant that is characterized by rapid growth and a crateriform appearance 
with a central plug. Bowen disease, or SCC in situ, manifests as an erythema-
tous, scaly, sharply defined plaque.

Untreated SCC may cause significant local destruction. However, unlike 
BCC, SCC carries a 0.5 to 5% risk for metastasis. Higher risk lesions are 
those that are larger than 2 cm, are moderately or poorly differentiated, have 
perineural involvement, are located on the ear or the lip, arise in scars, or 
occur in immunosuppressed patients. Most metastases develop in regional 
lymph nodes, although metastases may also occur in lung, liver, brain, skin, 
or bone. For patients with lymph node metastases, the 5-year survival rate 
is less than 50%.

 DIAGNOSIS
The diagnosis of BCC and SCC is frequently suspected by inspection alone, 
but histologic confirmation is usually indicated. Either a shave or a punch 
biopsy technique is acceptable (Chapter 407). Care should be taken to include 
the base of the lesion if a shave biopsy technique is used.

in 55% of patients, including alanine aminotransferase elevation, diarrhea, and 
colitis, among other immune-related toxicities. The FDA approved the combina-
tion of nivolumab and ipilimumab based on high rates of durable responses 
and improved progression-free survival (PFS), and most toxicities were reversible 
and manageable.

The discovery of somatic genetic mutations in melanoma has provided leads 
for the development of molecularly targeted therapies. The MAPK pathway, 
which is activated in most melanomas because of mutations in BRAF, NRAS, 
and KIT, has been the focus of most clinical investigations of signal transduction 
(kinase) inhibitors. All patients with advanced cutaneous melanoma should 
have their tumors assessed for the presence or absence of a BRAF mutation. 
Activating mutations in the BRAF gene are present in approximately 50% of 
melanomas. The most commonly identified BRAF mutation is the V600E. Almost 
80% of BRAF mutations are V600E, with most of the remainder consisting of 
V600K.

The BRAF inhibitors dabrafenib and vemurafenib have demonstrated dramatic 
antitumor activity with an approximately 50% response rate. The BRAF inhibi-
tors were initially evaluated as single agents, but the combination of BRAF 
inhibitors with MEK inhibitors, the immediate downstream signaling component 
in the MAPK pathway, have largely replaced single-agent BRAF therapy because 
of enhanced efficacy and more favorable toxicity profile. The COMBI-D trial 
compared the combination of dabrafenib and trametinib to dabrafenib and 
placebo in 423 previously untreated patients who had unresectable stage IIIC 
or stage IV melanoma and a BRAF V600E– or BRAF V600k–activating mutation. 
The overall response rates were 67% in the dabrafenib-trametinib group and 
51% in the dabrafenib-only group. The primary end point of PFS was longer 
with combination treatment. Additional follow-up confirmed a PFS and an 
overall survival benefit. A10  The COMBI-V study compared the combination of 
dabrafenib and trametinib to vemurafenib in 704 previously untreated patients. 
This open-label study did result in an overall survival advantage, with a 12-month 
survival rate of 72% in the combination group compared with 65% with vemu-
rafenib alone. The PFS was 11.4 months in the combination group compared 
with 7.3 months in the vemurafenib arm. A11  The coBRIM trial compared the 
combination of vemurafenib plus the MEK inhibitor cobimetinib with vemu-
rafenib alone. The median PFS was 9.9 months with the combination compared 
with 6.2 months with vemurafenib alone. A12  More recently, the FDA approved 
encorafenib, an oral BRAF inhibitor with binimetinib, an oral MEK inhibitor, for 
patients with unresectable or metastatic melanoma with BRAF V600E or K muta-
tion. This was based upon the results of a randomized clinical trial that showed 
that encorafenib and binimetinib resulted in improved progression-free survival 
(14.9 months vs. 7.3 months) compared to vemurafenib. Fever is less with this 
combination compared to dabrafenib and trametinib. A13 

In summary, the FDA has approved three BRAF inhibitors (vemurafenib, 
dabrafenib, and encorafenib) and three MEK inhibitors (trametinib, cobimetinib, 
and binimetinib) for BRAF-mutated melanoma. These drugs should not be used 
in BRAF wild-type tumors. Combination therapy with BRAF and MEK inhibition 
results in increased response rates, with improvement in PFS and overall survival 
over monotherapy, and is considered a standard treatment option, with three 
combination regimens approved (dabrafenib plus trametinib, vemurafenib plus 
cobimetinib, and encorafenib plus binimetinib). The most common toxicity 
from BRAF-targeted therapy includes fever, dermatologic complications (e.g., 
rash, photosensitivity, squamous cell carcinoma [SCC], keratoacanthoma, hyper-
keratoses), arthralgia, fatigue, nausea, and diarrhea. Secondary tumors, including 
second primary melanomas, rapid expansion of chronic myelomonocytic leu-
kemia, and mucosal cancers, have been reported.

Although clinical activity of the selective BRAF inhibitors is impressive, com-
plete responses are uncommon, and most patients develop progressive disease 
as a result of acquired drug resistance. Understanding the molecular basis for 
primary- and secondary-resistance mechanisms to BRAF inhibitors is a major 
focus of investigation.

Talimogene laherparepvec is a modified, live herpes simplex virus type 1–
derived oncolytic immunotherapy that selectively replicates within tumors 
and produces granulocyte-macrophage colony-stimulating factor to enhance 
systemic antitumor immune responses. When injected directly into melanoma 
lesions, it demonstrated about a 15% response rate against melanoma in  
one randomized trial. This agent is FDA-approved for immunocompetent,  
nonpregnant patients, but improved overall survival has not yet been 
demonstrated.15

For patients with metastatic melanoma, treatment options focus on immu-
notherapy with checkpoint inhibitors or targeted therapy directed against BRAF 
mutation. The optimal sequence of therapy has not been defined. The presence 
of a BRAF mutation is an important factor in selecting appropriate treatment. 
For patients without a BRAF mutation, the initial focus will be immunotherapy: 
either single-agent anti-PD-1 antibody therapy (nivolumab or pembrolizumab) 
or in combination with ipilimumab. For patients with a BRAF mutation, initial 
treatment options include combination targeted therapy with BRAF and MEK 
inhibitors (vemurafenib and cobimetinib, dabrafenib and trametinib, or 
encorafenib and binimetinib) or immunotherapy as previously mentioned. 
Factors such as performance status, comorbid conditions, and burden of disease 
and symptoms will influence the selection of initial therapy. Treatment with 

interleukin-2 and chemotherapy are much less used given efficacy of the newer 
agents. The selection of treatment needs to be individualized, considering the 
overall condition of the patient, prior treatment, a molecular analysis for the 
presence of mutated BRAF gene, and the extent of metastatic disease.

Finally, it is important to note that brain metastases occur frequently in 
patients with melanoma, ranging from 10 to 50% in patients with advanced 
melanoma. Common symptoms include headache, seizures, or focal neurologi-
cal symptoms. The newer systemic therapies (e.g., combined nivolumab and 
ipilimumab) A14  have activity in the central nervous system, which has resulted 
in improved prognosis for some of these patients. Thus, patients with brain 
metastases should also be considered for systemic therapy, in addition to local 
measures.

Surveillance and Follow-up
Patients should be educated on the clinical characteristics of melanoma, the 

importance of safe sun exposure strategies, and the performance of monthly 
self-examinations of the skin. Patients should be followed regularly for evidence 
of local or regional recurrence, distant metastatic disease, and a second primary 
melanoma. The intensity of the surveillance and the extent of the investigation 
are influenced by risk for recurrence, with more frequent follow-up visits in 
patients who have thicker tumors or node-positive disease because these 
patients are at greater risk for recurrence.

For patients with low-risk melanoma (≤1 mm), visits are recommended every 
6 months for 2 years and then annually. The surveillance guidelines for patients 
with high-risk melanoma include evaluation every 6 months for 5 years. After 
5 years, patients are seen once a year. Patients are generally followed for 10 
years. However, lifelong dermatologic examination is recommended, particularly 
for patients with dysplastic nevi or a family history of melanoma. In general, a 
history and physical examination are performed at each visit. Periodic labora-
tory studies and other imaging studies are performed at the discretion of the 
treating physician. The physical examination should include a thorough skin 
examination because at least 3% of patients develop an additional primary 
cutaneous melanoma. Regional lymph nodes should be thoroughly examined, 
especially in patients without prior nodal surgery. For the remainder of the 
examination, one should keep in mind the frequency of metastases to lung, 
liver, and brain. Follow-up studies may include a complete blood cell count 
and chemistry studies, including liver enzyme tests. An elevated lactate dehy-
drogenase level suggests metastatic melanoma. CT scans of chest/abdomen 
and pelvis are often performed in patients with stage III melanoma, every 6 
months for 5 years after diagnosis.

 PREVENTION
The most important measures to prevent melanoma are to reduce excessive 
sun exposure, particularly to the midday sun, and to avoid sunburns. Sunscreen 
products with a sun protection factor (SPF) of 15 or greater and protective 
clothing are recommended, and one randomized trial found that regular sun-
screen use reduced invasive melanoma by 75%. Sunscreens block primarily 
UVB rays, which are considered to be the major causative agent of cutaneous 
cancers. Newer sunscreen products also block UVA rays, which may contribute 
to the risk for melanoma.

Screening for skin cancer, whether by self-examination or by a health care 
provider, is controversial (Chapter 12). Many public health experts do not 
recommend screening for adults in the general population, but some organiza-
tions do. On the basis of the type and number of nevi, family history of mela-
noma, prior melanoma, and history of severe sunburns, clinicians can identify 
patients who are at high risk for melanoma and who may benefit from screening 
programs. In several population studies, screening has detected melanomas 
at an earlier, curable stage. Physicians, other health care providers, and the 
public should be educated regarding the early signs of melanoma and the need 
for prompt biopsy of a suspicious pigmented lesion.

Patients with clinically atypical nevi (see Fig. 193-2), particularly those 
with a family history of melanoma, require a regular dermatologic surveillance 
program. Regular skin examinations should be performed every 6 to 12 months, 
preferably assisted by the use of serial photography.

Numerous chemoprevention studies have been conducted aimed at reduc-
ing the development of melanoma, and none have proved effective. Approaches 
have included vitamin D, nonsteroidal anti-inflammatory drugs, and lipid-
lowering agents (statins).

 BASAL AND SQUAMOUS CELL SKIN CANCER
Nonmelanoma skin cancer (BCC and SCC) is the most common malignant 
disease in the United States. Although national statistics are imprecise, an 
estimated 900,000 to 1,200,000 of nonmelanoma skin cancers are diagnosed 

annually in the United States. SCC accounts for 20%, and most of the remainder 
are BCC. SCC is associated with a higher absolute mortality rate; most of the 
2300 annual deaths from nonmelanoma skin cancer in the United States arise 
from this tumor.

 EPIDEMIOLOGY
Overall, skin cancer incidence rates are rising because of increased recreational 
sun exposure, longer life expectancy, and depletion of the ozone layer. More 
than 99% of nonmelanoma skin cancers occur in whites. These skin cancers 
are most commonly seen in elderly persons, especially those with fair skin 
and long-standing sun exposure. However, nonmelanoma skin cancers are 
increasingly being seen in people in their 30s and 40s. The lifetime risk for 
developing BCC is 30%.

 PATHOBIOLOGY
BCC arises from a pluripotential stem cell within the skin. Acquired mutations 
in the patched gene 1 (PTCH1), a tumor suppressor gene in the hedgehog 
signaling pathway, have been identified in cases of sporadic BCC. Sporadic 
BCC is also associated with mutations in the genes encoding p53 and ras.

SCC of the skin is a malignant disease of epidermal keratinocytes. Many 
such carcinomas are derived from actinic keratosis, a precursor that appears 
as a rough, scaly, often erythematous papule, which often is more apparent 
on palpation than on visual examination. Estimates of the likelihood of pro-
gression of actinic keratosis to SCC range from 0.025% to as high as 20%. 
Mutations in the gene encoding the p53 protein and in the RAS oncogene 
have been found in both actinic keratosis and SCCs. Mutations in p16 have 
also been reported in SCCs.

Risk Factors
The most important risk factor is exposure to UV radiation from sunlight. 
The most clearly established association is with UVB radiation, but increasing 
evidence suggests that UVA is probably carcinogenic as well (Chapter 17). 
The timing and pattern of sun exposure are associated with different types of 
skin cancer. In general, SCC is associated with cumulative sun exposure and 
occurs most frequently in areas maximally exposed to the sun (e.g., the face, 
back of hands, and forearms). Intermittent, intense exposure to the sun, par-
ticularly in childhood, is associated with an increased risk for BCC. There is 
evidence for a dose-response relationship between artificial UV radiation 
exposure by use of tanning beds and the risk for skin cancers, especially BCC, 
and the association is stronger for individuals with a younger age at exposure. 
Individuals who have fair skin, light-colored eyes, red hair, a tendency to burn 
rather than tan, and a history of severe sunburns are at increased risk for 
nonmelanoma skin cancers. Other risk factors, primarily for SCC, include 
chronic arsenic exposure, therapeutic radiation, chronic inflammatory skin 
conditions, psoralen plus UVA (PUVA) treatment for psoriasis and other 
diseases, as well as exogenous (e.g., after organ transplantation) or endogenous 
(e.g., chronic lymphocytic leukemia) immunosuppression.16 Long-term use 
of certain drugs with photosensitizing properties, including some antihyper-
tensive agents (e.g., calcium-channel blockers, β-blockers) can also increase 
the risk for skin cancer.17 Most cases in African American patients are associ-
ated with scarring or burns rather than UV exposure. Human papillomavirus 
infection (Chapter 349) has also been implicated in some SCCs, particularly 
in the autosomal dominant disorder epidermodysplasia verruciformis.

BCC can be seen in association with several conditions, including the basal 
cell nevus syndrome (also called nevoid basal cell carcinoma syndrome or 
Gorlin syndrome), albinism, and xeroderma pigmentosum. The basal cell 
nevus syndrome is a rare autosomal dominant disorder caused by germline 
mutations in the patched gene (PTCH).

 CLINICAL MANIFESTATIONS
Basal Cell Carcinoma
Approximately 90% of BCCs occur on sun-exposed areas such as the face, 
neck, ears, scalp, and arms. The nose is the most common site. Typical BCC 
appears as slowly growing, shiny, skin-colored to pink translucent papules 
with telangiectasia and a “pearly,” rolled border (Fig. 193-7). As the tumor 
grows, the center may become ulcerated and bleed, although there is usually 
no associated pain or tenderness. BCC rarely metastasizes and is usually curable 
with a variety of treatments. Although the mortality rate is low, these cancers 
may result in significant morbidity owing to invasive local growth with potential 
disfigurement and destruction of skin, bone, and cartilage. Clinical trials with 
inhibitors of the hedgehog pathway for patients with advanced BCC have 
demonstrated very encouraging clinical activity.

TREATMENT 
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Squamous Cell Carcinoma
This type of skin cancer usually appears on areas of skin that are heavily damaged 
by sun exposure. The most common sites include the head, neck, back, fore-
arms, and dorsum of the hand. Clinically, SCC occurs as a discrete scaly 
erythematous papule on an indurated base that can develop on normal-appearing 
skin or on an actinic keratosis (Fig. 193-8). The lesion may grow over time 
and may become ulcerated, itchy, or painful and may bleed. Keratoacanthoma 
is a variant that is characterized by rapid growth and a crateriform appearance 
with a central plug. Bowen disease, or SCC in situ, manifests as an erythema-
tous, scaly, sharply defined plaque.

Untreated SCC may cause significant local destruction. However, unlike 
BCC, SCC carries a 0.5 to 5% risk for metastasis. Higher risk lesions are 
those that are larger than 2 cm, are moderately or poorly differentiated, have 
perineural involvement, are located on the ear or the lip, arise in scars, or 
occur in immunosuppressed patients. Most metastases develop in regional 
lymph nodes, although metastases may also occur in lung, liver, brain, skin, 
or bone. For patients with lymph node metastases, the 5-year survival rate 
is less than 50%.

 DIAGNOSIS
The diagnosis of BCC and SCC is frequently suspected by inspection alone, 
but histologic confirmation is usually indicated. Either a shave or a punch 
biopsy technique is acceptable (Chapter 407). Care should be taken to include 
the base of the lesion if a shave biopsy technique is used.

annually in the United States. SCC accounts for 20%, and most of the remainder 
are BCC. SCC is associated with a higher absolute mortality rate; most of the 
2300 annual deaths from nonmelanoma skin cancer in the United States arise 
from this tumor.

 EPIDEMIOLOGY
Overall, skin cancer incidence rates are rising because of increased recreational 
sun exposure, longer life expectancy, and depletion of the ozone layer. More 
than 99% of nonmelanoma skin cancers occur in whites. These skin cancers 
are most commonly seen in elderly persons, especially those with fair skin 
and long-standing sun exposure. However, nonmelanoma skin cancers are 
increasingly being seen in people in their 30s and 40s. The lifetime risk for 
developing BCC is 30%.

 PATHOBIOLOGY
BCC arises from a pluripotential stem cell within the skin. Acquired mutations 
in the patched gene 1 (PTCH1), a tumor suppressor gene in the hedgehog 
signaling pathway, have been identified in cases of sporadic BCC. Sporadic 
BCC is also associated with mutations in the genes encoding p53 and ras.

SCC of the skin is a malignant disease of epidermal keratinocytes. Many 
such carcinomas are derived from actinic keratosis, a precursor that appears 
as a rough, scaly, often erythematous papule, which often is more apparent 
on palpation than on visual examination. Estimates of the likelihood of pro-
gression of actinic keratosis to SCC range from 0.025% to as high as 20%. 
Mutations in the gene encoding the p53 protein and in the RAS oncogene 
have been found in both actinic keratosis and SCCs. Mutations in p16 have 
also been reported in SCCs.

Risk Factors
The most important risk factor is exposure to UV radiation from sunlight. 
The most clearly established association is with UVB radiation, but increasing 
evidence suggests that UVA is probably carcinogenic as well (Chapter 17). 
The timing and pattern of sun exposure are associated with different types of 
skin cancer. In general, SCC is associated with cumulative sun exposure and 
occurs most frequently in areas maximally exposed to the sun (e.g., the face, 
back of hands, and forearms). Intermittent, intense exposure to the sun, par-
ticularly in childhood, is associated with an increased risk for BCC. There is 
evidence for a dose-response relationship between artificial UV radiation 
exposure by use of tanning beds and the risk for skin cancers, especially BCC, 
and the association is stronger for individuals with a younger age at exposure. 
Individuals who have fair skin, light-colored eyes, red hair, a tendency to burn 
rather than tan, and a history of severe sunburns are at increased risk for 
nonmelanoma skin cancers. Other risk factors, primarily for SCC, include 
chronic arsenic exposure, therapeutic radiation, chronic inflammatory skin 
conditions, psoralen plus UVA (PUVA) treatment for psoriasis and other 
diseases, as well as exogenous (e.g., after organ transplantation) or endogenous 
(e.g., chronic lymphocytic leukemia) immunosuppression.16 Long-term use 
of certain drugs with photosensitizing properties, including some antihyper-
tensive agents (e.g., calcium-channel blockers, β-blockers) can also increase 
the risk for skin cancer.17 Most cases in African American patients are associ-
ated with scarring or burns rather than UV exposure. Human papillomavirus 
infection (Chapter 349) has also been implicated in some SCCs, particularly 
in the autosomal dominant disorder epidermodysplasia verruciformis.

BCC can be seen in association with several conditions, including the basal 
cell nevus syndrome (also called nevoid basal cell carcinoma syndrome or 
Gorlin syndrome), albinism, and xeroderma pigmentosum. The basal cell 
nevus syndrome is a rare autosomal dominant disorder caused by germline 
mutations in the patched gene (PTCH).

 CLINICAL MANIFESTATIONS
Basal Cell Carcinoma
Approximately 90% of BCCs occur on sun-exposed areas such as the face, 
neck, ears, scalp, and arms. The nose is the most common site. Typical BCC 
appears as slowly growing, shiny, skin-colored to pink translucent papules 
with telangiectasia and a “pearly,” rolled border (Fig. 193-7). As the tumor 
grows, the center may become ulcerated and bleed, although there is usually 
no associated pain or tenderness. BCC rarely metastasizes and is usually curable 
with a variety of treatments. Although the mortality rate is low, these cancers 
may result in significant morbidity owing to invasive local growth with potential 
disfigurement and destruction of skin, bone, and cartilage. Clinical trials with 
inhibitors of the hedgehog pathway for patients with advanced BCC have 
demonstrated very encouraging clinical activity.

FIGURE 193-7. Basal cell carcinoma. 

FIGURE 193-8. Squamous cell carcinoma of the skin. 

TREATMENT 

Basal Cell Carcinoma
BCCs are classified as low or high risk based on their clinical features, loca-

tion, and histology. Treatment options include cryotherapy (liquid nitrogen), 
electrosurgery (i.e., curettage and electrodessication), topical treatment (i.e., 
5-fluorouracil, photodynamic therapy, or imiquimod), A15  surgical excision, Mohs 
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 PREVENTION
Primary prevention strategies are aimed at reducing long-term sun exposure. 
Public education and patient education should encourage the regular use of 
sunscreens with an SPF of 15 or greater, especially in childhood, and sun-
protective clothing (e.g., a broad-brimmed hat). Avoidance of tanning parlors 
and minimizing of total sun exposure, especially to the midday sun, is recom-
mended. The thinning of the ozone layer has been linked to increased UV 
radiation and increases in the incidence of nonmelanoma skin cancers. Cur-
rently, no evidence indicates that total body skin examination is effective at 

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

 Grade A References

A1. Faries MD, Thompson JF, Cochran AJ, et al. Completion dissection or observation for sentinel 
lymph node metastasis in melanoma. N Engl J Med. 2017;376:2211-2222.

A2. Weber J, Mandala M, Del Vecchio M, et al. Adjuvant nivolumab in resected stage III or IV melanoma. 
N Engl J Med. 2017;377:1824-1835.

A3. Long GV, Hauschild A, Santinami M, et al. Adjuvant dabrafenib and trametinib in stage III BRAF 
mutated melanoma. N Engl J Med. 2017;377:1812-1823.

A4. Eggermont AMM, Blank CU, Mandala M, et al. Adjuvant pembrolizumab versus placebo in resected 
stage III melanoma. N Engl J Med. 2018;378:1789-1801.

A5. Robert C, Thomas L, Bondarenko I, et al. Ipilimumab plus dacarbazine for previously untreated 
metastatic melanoma. N Engl J Med. 2011;364:2517-2526.

A6. Robert C, Long GV, Brady B, et al. Nivolumab in previously untreated melanoma without BRAF 
mutation. N Engl J Med. 2015;372:320-330.

A7. Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Combined nivolumab and ipilimumab or monotherapy 
in untreated melanoma. N Engl J Med. 2015;37391:23-34.

A8. Schachter J, Ribas A, Long GV, et al. Pembrolizumab versus ipilimumab for advanced melanoma: 
final overall survival results of a multicentre, randomised, open-label phase 3 study (KEYNOTE-
006). Lancet. 2017;390:1853-1862.

A9. Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Overall survival with combined nivolumab and 
ipilimumab in advanced melanoma. N Engl J Med. 2017;377:1345-1356.

A10. Long GV, Stroyakovskiy D, Gogas H, et al. Dabrafenib and trametinib versus dabrafenib and placebo 
for Val600 BRAF-mutant melanoma: a multicentre, double-blind, phase 3 randomised controlled 
trial. Lancet. 2015;386:444-451.

A11. Robert C, Karaszewska B, Schachter J, et al. Improved overall survival in melanoma with combined 
dabrafenib and trametinib. N Engl J Med. 2015;372:30-39.

A12. Larkin J, Ascierto PA, Dréno B, et al. Combined vemurafenib and cobimetinib in BRAF-mutated 
melanoma. N Engl J Med. 2014;371:1867-1876.

A13. Dummer R, Ascierto PA, Gogas HJ, et al. Overall survival in patients with BRAF-mutant melanoma 
receiving encorafenib plus binimetinib versus vemurafenib or encorafenib (COLUMBUS): a mul-
ticentre, open-label, randomised, phase 3 trial. Lancet Oncol. 2018;19:1315-1327.

A14. Tawbi HA, Forsyth PA, Algazi A, et al. Combined nivolumab and ipilimumab in melanoma meta-
static to the brain. N Engl J Med. 2018;379:722-730.

A15. Jansen MHE, Mosterd K, Arits A, et al. Five-year results of a randomized controlled trial comparing 
effectiveness of photodynamic therapy, topical imiquimod, and topical 5-fluorouracil in patients 
with superficial basal cell carcinoma. J Invest Dermatol. 2018;138:527-533.

A16. Chen AC, Martin AJ, Choy B, et al. A phase 3 randomized trial of nicotinamide for skin-cancer 
chemoprevention. N Engl J Med. 2015;373:1618-1626.

surgery, or radiation therapy. Mohs microsurgery involves serial excisions of a 
skin cancer with subsequent microscopic examinations for residual tumor, 
providing histologic control of the surgical margins to achieve the lowest recur-
rence rate while maximally preserving uninvolving tissue. The procedure should 
be considered when treating recurrent cases; microscopically aggressive forms, 
such as the morpheaform subtype; lesions more than 2 cm in greatest diameter; 
and tumors of the ears, eyelids, nose, nasolabial folds, and lips. Cure rates for 
BCC range between 90 and 99%.

Treatment of advanced and metastatic BCC can now be approached using 
targeted therapy.18 Vismodegib, an inhibitor of the hedgehog signaling pathway, 
has been approved by the FDA. In a nonrandomized study, treatment with 
vismodegib provided objective tumor responses in 30 to 43% of patients and 
a complete response in 20% of patients with locally advanced or metastatic 
BCC. Side effects associated with therapy include muscle spasms, taste abnor-
malities, diarrhea, and fatigue.

Squamous Cell Carcinoma
As with BCC, SCC can also be cured by traditional surgical excision or Mohs 

surgery, cryotherapy, topical therapies, and radiation therapy. Topical 5-fluo-
rouracil, photodynamic therapy, and imiquimod have roles in the management 
of in situ SCC. The optimal approach for a specific patient requires consideration 
of likelihood of the lesion recurring or metastatic potential, cosmetic factors, 
and the expertise of the treating physicians.

Mohs micrographic surgery provides the lowest recurrence rate, with cure 
rates greater than 90%. Mohs microsurgery is especially useful for recurrent 
tumors or lesions that have an increased risk for metastasis. Cetuximab, a mono-
clonal antibody that targets epidermal growth factor receptor (EGFR), has some 
antitumor activity in patients with advanced SCC of the skin. Anti-PD-1 and 
anti-PD-L1 agents also have clinical activity in metastatic SCC. High response 
rates have been reported in patients with locally advanced or metastatic squa-
mous cell skin cancer treated with cemilimab, an anti-PD-1 antibody.19 This 
represents a new standard of care for these patients, provided the squamous 
cell skin cancer was not a consequence of immunosuppression from organ 
transplantation.

reducing mortality or morbidity from nonmelanoma skin cancer. In one 
randomized trial of patients who had two or more nonmelanoma skin cancers 
in the prior 5 years, oral nicotinamide (vitamin B3, 500 mg twice daily)  
safely reduced new nonmelanoma skin cancers and actinic keratosis by 20  
to 30%. A16 
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REVIEW QUESTIONS

1. A 43-year-old man was recently diagnosed with a 0.65-mm thick melanoma 
on his back. There was no ulceration, it was a Clark’s level III, and the 
mitotic count was <1.0/mm2. The complete blood count (CBC), chemistry 
panel, and lactate dehydrogenase (LDH) level were all normal. Sentinel 
lymph node (SLN) mapping was not recommended. Which of the fol-
lowing imaging studies is appropriate for this patient?
 A. No imaging studies
 B. Computed tomography (CT) scan of the chest, abdomen, and pelvis 

and magnetic resonance imaging (MRI) of the brain
 C. Positron emission tomography (PET)/CT scan and MRI of the brain
 D. Bone scan; CT scan of the chest, abdomen, and pelvis; and brain MRI
 E. CT scan of the chest, abdomen, and pelvis

Answer: A The staging evaluation of a patient with a low-risk melanoma 
should include a physical examination, including a skin examination. Imaging 
studies are not routinely recommended. Most patients who present with 
melanoma do not have distant metastatic disease at presentation; therefore, 
extensive evaluations with CT scans to search for distant metastases have an 
extremely low yield and consequently are not indicated in asymptomatic 
patients. More extensive staging evaluation with CT scans of the chest, abdomen, 
and pelvis can be considered in patients with high-risk disease (primary mela-
noma >4 mm thick or node-positive disease), in whom the risk for distant 
metastatic disease is higher. Given the low-risk features of this patient’s primary 
melanoma, SLN mapping is not indicated. (National Comprehensive Cancer 
Network [NCCN] guidelines. Available at http://www.nccn.org.)

2. A 55-year-old man presents to your office with a right axillary lump. Five years 
ago, he was treated for a malignant melanoma on his right upper arm. The 
melanoma was 1.3 mm thick, and there was no ulceration. The melanoma 
was treated with wide excision and SLN mapping. There was no residual 
melanoma, the SLN was negative for melanoma, and the patient was then 
monitored. He now presents to your office with an enlarged right axillary 
lymph node measuring 2.5 × 2.0 cm. The patient has no symptoms and no 
fever, and the remainder of the physical examination findings are unremark-
able. Which of following would you recommend to this patient now?
 A. Arrange for fine-needle aspiration (FNA) of the lymph node.
 B. Perform surgical excision of the lymph node.
 C. Prescribe a 10-day course of antibiotics.
 D. Refer the patient to radiation therapy to begin radiation therapy to right 

axillary region.
 E. Continue monitoring and have the patient return to the office in 3 

months because this likely represents a postoperative seroma.
Answer: A In this patient with a history of melanoma, an enlarged regional 
lymph node is highly suspicious for disease recurrence, even with prior nega-
tive SLN. Obtaining an FNA, often with ultrasound guidance, is the most 
appropriate next step to confirm diagnosis. The physical examination does 
not suggest infection, and postoperative seroma would be highly unusual this 
far out from surgery. After melanoma is confirmed, then staging evaluation 
should be completed with CT scans of the chest, abdomen, and pelvis or PET 
scan. Additional surgery with complete lymph node dissection and plans for 
adjuvant systemic therapy would follow, provided that no distant metastatic 
disease was identified.

3. A 35-year-old woman presents with a mild cough, fatigue, and some weight 
loss. She was treated for melanoma on her left lower leg 3 years ago. Imaging 
studies reveal multiple pulmonary nodules. A CT-guided biopsy confirms 
diagnosis of metastatic melanoma. Analysis of the tumor for which of the 
following mutations would be most useful in determining treatment options?
 A. KIT
 B. BRAF
 C. EGFR
 D. ALK
 E. KRAS

Answer: B BRAF V600 is the most common somatic mutation in melanoma, 
occurring in 50% of patients. It also tends to occur in younger patients with 
melanoma, so this is the most likely mutation in this patient. Importantly, 
BRAF inhibitors (vemurafenib, dabrafenib) are effective therapies for patients 
with BRAF mutant melanoma and are now approved by the U.S. Food and 

Drug Administration based on survival benefit demonstrated in randomized 
phase III clinical trials. KIT is uncommonly mutated in melanoma (<3% of 
melanomas). KIT mutations are most frequent in acral (arising on palms and 
soles or subungual), mucosal, or cutaneous melanomas associated with chronic 
sun exposure. In this patient, testing for BRAF mutation is most appropriate. 
EGFR mutation is associated with lung cancer, not melanoma. ALK and KRAS 
are not somatic mutations that occur in melanoma.

4. Which of the following patients has the highest risk for developing 
melanoma?
 A. A 35-year-old woman with red hair and blue eyes who has had more 

than five blistering sunburns
 B. A 72-year-old farmer who has had chronic sun exposure for more than 

60 years
 C. A 68-year-old woman who has had several basal cell and squamous cell 

skin cancers
 D. A 29-year-old woman with multiple dysplastic nevi and an uncle and 

cousin who had melanoma
Answer: D All of these patients are at increased for melanoma. Individuals 
with red hair, blue eyes, history of blistering sun burns, chronic sun exposure, 
and history of nonmelanoma skin cancers (basal cell and squamous cell) are 
at increased risk. However, the highest risk patient is the woman with dysplastic 
nevi and a family history of melanoma. In this patient, a careful family history 
should be obtained to determine whether additional relatives have melanoma 
or other cancers, and all should be referred for dermatology evaluation. This 
patient could be part of familial melanoma/dysplastic nevus syndrome, which 
is associated with a very high risk for developing melanoma and with germline 
mutation in p16.

5. A 65-year-old man was recently diagnosed with stage IV melanoma. Staging 
workup showed multiple liver metastases, lung metastases, and bone metas-
tases. Symptoms at this time include shortness of breath, significant cough, 
and extensive bone pain. Mutation testing for BRAF confirmed BRAF V600E 
mutation. What treatment would you recommend now?
 A. Dabrafenib
 B. Trametinib
 C. Imatinib
 D. Dabrafenib and trametinib
 E. Vemurafenib

Answer: D In this patient with symptomatic metastatic melanoma, the most 
appropriate choice would be a highly potent and selective BRAF inhibitor 
(dabrafenib) combined with a MEK inhibitor (trametinib). Combination 
targeted therapy is more effective than monotherapy with a BRAF inhibitor. 
Treatment with dabrafenib and trametinib is associated with an approximately 
60% response rate. Clinical benefit is often seen within 72 hours of adminis-
tration. Trametinib is a recently approved MEK inhibitor; however, clinical 
activity is less than that reported for dabrafenib. Imatinib targets KIT, so its 
selection is not appropriate.

6. A 63-year-old woman was recently diagnosed with stage IV melanoma. 
Staging workup showed lung and liver metastases. She had no symptoms 
at that time. Her melanoma tested negative for BRAF mutation. She started 
treatment with a PD-1 antibody, pembrolizumab, and has been on treat-
ment for 6 months. Though her scans have shown improvement in her 
melanoma, she reports new fatigue, cold intolerance, mild constipation, 
and weight gain. Her past medical history is remarkable for hypertension 
and diabetes mellitus. Which of the following best explains her current 
symptoms?
 A. Depression
 B. Progression of her melanoma
 C. Hypothyroidism related to treatment with pembrolizumab
 D. Hepatitis related to pembrolizumab
 E. Worsening diabetes mellitus

Answer: C The most common side effects of the anti-PD-1 antibody pem-
brolizumab are immune mediated and include endocrinopathies, colitis, and 
dermatitis. Hypothyroidism occurs in about one third of patients treated with 
anti-PD-1 antibodies. Regular testing of thyroid-stimulating hormone and 
thyroid function tests is a part of monitoring for patients on immunotherapy.

http://www.nccn.org/
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194 
APPROACH TO INBORN ERRORS 
OF METABOLISM
OLAF A. BODAMER

 DEFINITION
The term metabolism (Greek: metabolé, “change”) refers to the network of 
chemical reactions that sustain the human organism through the digestion, 
absorption, transport, and utilization of nutrients.

Inborn errors of metabolism (IEM) are genetic disorders that affect the 
intrinsic metabolic pathways either through deficiencies of enzymes, membrane 
transporter proteins, signaling peptides, or structural proteins. The resulting 
clinical phenotype follows a spectrum of different organ manifestations that 
may be progressive, fluctuating, or stationary in nature and may manifest at 
any age. Any IEM can principally present during adolescence and/or adult-
hood, although more severe presentations are typically recognized during 
infancy and childhood.1 A growing number of patients with IEM who were 
diagnosed during infancy or childhood now reach adulthood due to improved 
management and the advent of novel therapies.

Archibald Garrod pioneered the field of IEM after recognizing alkaptonuria 
as one of the first metabolic conditions due to homozygosity of mutant alleles 
in 1902. He had the foresight to recognize the autosomal recessive inheritance 
of additional IEM, including cystinuria, pentosuria, and albinism, and to 
speculate about “chemical individuality” as one of the driving forces of selec-
tion and evolution. However, it was not until the early 1950s when the defi-
ciency of homogentisate 1,2-dioxygenase (HGD) was recognized as the 
underlying cause of alkaptonuria, and it took many more years to identify 
pathogenic mutations in the HGD gene.

The advent of novel analytical techniques led to the molecular and bio-
chemical characterization of known IEM and the delineation and recognition 
of new clinical phenotypes, some of which were previously not presumed to 
be due to IEM. The completion of the first human genome in 2001 and the 
following “genomics” revolution laid the foundation for the successive iden-
tification of many additional conditions through next-generation sequencing, 
bringing the total number of cataloged IEM to about 1000.

 EPIDEMIOLOGY
Inborn errors of metabolism occur in all populations, although their incidence 
and prevalence rates may vary considerably due to differences in carrier rates. 
These variations are readily explained by the presence of founder mutations, 
for example, in individuals of Ashkenazi Jewish or Amish ancestry, or by an 
increased rate of parental consanguinity that leads to a relative increase in 
mutant allele frequency (Table 194-1). Knowledge of the increased carrier 
frequencies is instrumental for preconception genetic counseling and targeted 
carrier screening.

 PATHOBIOLOGY
The complexity of human metabolism and its spatial relationship with the 
human proteome, genome, and methylome is poorly understood. Naturally 
occurring variants in human nucleotide sequences may or may not result in 
variation of amino acid sequences in peptides and proteins. It is now well 
established from whole exome and genome sequencing that individuals may 
carry in excess of 10,000 nucleotide variants, the vast majority of variants 
being silent, single nucleotide polymorphic variants. Up to 4% of variants may 
be pathogenic in either recessive or dominant genes.2 These variants in par-
ticular will lead to functional changes in proteins that may render the affected 
individual susceptible to disease, increase the risk of undesired side effects 
when treated with certain drugs, or increase the risk for genetic conditions 
in future generations.

Inborn errors of metabolism are monogenic conditions that follow either 
autosomal recessive or dominant, X-linked recessive/dominant, or mitochon-
drial inheritance patterns. Of note is the existence of genetic and/or environ-
mental modifiers that contribute to the interindividual and intrafamilial 
variability of phenotypic expression, although for most inborn errors of 
metabolism these modifiers remain elusive. In case of mitochondrial inheri-
tance, heteroplasmy (the random distribution and expression of mitochondrial 

mutations in different organs) may explain by itself the striking variability of 
clinical symptoms in mitochondrial conditions.

Pathophysiology
The severity of any given IEM depends on the degree of enzyme deficiency 
and the complex interaction of the underlying pathogenic mutations, genetic 
modifiers, and environment. Hypomorphic mutations may not lead to overt 
disease until adulthood, whereas severe mutations in the same gene may lead 
to infantile-onset disease associated with significant morbidity and mortality. 
The underlying pathophysiologic mechanisms may contribute individually 
or in combination to the disease state (Table 194-2). Complete blockage of 
a catabolic pathway may result in accumulation of toxic substrates, activa-
tion of secondary minor pathways, and/or a relative shortage of downstream 
products. As a consequence, different organs may be affected by the same 
metabolic defect.

 CLINICAL MANIFESTATIONS
Inborn errors of metabolism typically affect multiple organs and, in more than 
50% of cases, the central and/or peripheral nervous systems and/or muscles. 
One or more organ manifestations may dominate the clinical phenotype, 
although oligosymptomatic cases may occur. The clinical phenotype represents 
a continuous clinical spectrum ranging from the severe end, presenting during 
infancy, to the mild end of the spectrum, presenting during adolescence and/
or adulthood. Some affected individuals may never come to medical attention 
due to almost complete absence of symptoms or atypical presentation. Recent 
data from newborn screening programs suggest much higher incidence rates 
for some IEM due to the detection of a high rate of mild cases who may never 
develop disease-related signs or symptoms. Some clinical signs are pathog-
nomonic for IEM, whereas others should raise the suspicion for the presence 
of an IEM (Table 194-3).

Classification
Inborn errors of metabolism can be classified based on the underlying 
pathomechanism (see Table 194-2) on the nature and/or localization of the 
protein involved or on the clinical phenotype (see Table 194-3). A new nosol-
ogy has been recently proposed for IEM.3

 SELECTED INBORN ERRORS OF METABOLISM
Disorders of Protein Metabolism
These conditions are due to cytosolic or mitochondrial enzyme or transport 
protein deficiencies (Table 194-4 and Table 194-5). Listed next are selected, 
more frequent inborn errors of protein metabolism, although the list is not 
exhaustive due to space constraints.

PHENYLKETONURIA
Phenylalanine is an essential amino acid important for growth and production 
of thyroid hormone, neurotransmitters, and melanin. Phenylketonuria (PKU) 
is caused by deficiency of tetrahydrobiopterin (BH4)–dependent phenylala-
nine hydroxylase that catalyzes the conversion of phenylalanine to tyrosine. 
PKU may also be caused by deficiency of enzymes that are required for BH4 
synthesis. PKU is one of the “traditional” IEM and the first to be included 
in newborn screening programs more than 50 years ago, demonstrating that 
early diagnosis and continued therapy consistently result in normal intellec-
tual development.4 The advent of novel therapies, most recently pegylated 
recombinant phenylalanine ammonia lyase (PEG-PAL), has provided an 
effective alternative to dietary therapy with the potential of normaliza-
tion of phenylalanine levels even when individuals with PKU remain on a  
normal diet. A1 

,
 A2 

Disorders of the Urea Cycle
The role of the urea cycle is to convert ammonium as a byproduct of amino 
acid metabolism to nontoxic urea that is readily excreted in urine and to syn-
thesize arginine and ornithine.5 Arginine is an important precursor for the 
nitric oxide pathway and substrate for creatine/creatine phosphate synthesis. 
Several mitochondrial and cytosolic enzymes and transporters are required 
for the function of the urea cycle. Individuals with any of the disorders of the 
urea cycle are at risk for hyperammonemia during catabolic episodes when 
there is an increased rate of protein breakdown. All conditions are inherited 
as an autosomal recessive trait with the exception of ornithine transcarbamylase 
deficiency (OTCD), which is inherited as an X-linked recessive trait (see 
Table 194-4). Females with OTCD typically report an aversion to high protein 

Hurler syndrome, Scheie syndrome; MPS II, Hunter syndrome; MPS III a–d, 
Sanfilippo syndrome A–D; MPS IVa, IVb, Morquio syndrome A and B; MPS VI, 
Maroteaux-Lamy syndrome; MPS VII, Sly syndrome. Disorders of ganglioside 
metabolism include Fabry disease, Gaucher disease, Niemann-Pick disease, 
Tay-Sachs disease, I-cell disease, fucosidosis, mannosidosis, sialidosis, and 
aspartylglycosaminuria. Danon and Pompe diseases are two lysosomal storage 
disorders resulting in storage of glycogen in different types of muscle cells.8

 DIAGNOSIS
Biochemical and Molecular Testing
The path to a diagnosis of an inborn error of metabolism begins with ascer-
tainment of the medical and family history, as well as an in-depth clinical 
evaluation. The majority of inborn errors of metabolism can be diagnosed 
through analysis of small molecules (metabolites, peptides, and hormones) 
in appropriate body fluids (serum, whole blood, urine, and cerebrospinal fluid 
[CSF]) followed by enzyme testing in tissues (dried whole blood, lympho-
cytes, leukocytes, fibroblasts, and muscle tissue). Tissue biopsies for histology 
and histochemistry are still of value in some cases. Selected metabolic tests 
for diagnosis of IEM include analysis of amino acids in plasma, dried blood 
spots (DBS), urine, and CSF; analysis of acylcarnitine species in plasma and 
DBS; analysis of total and free carnitine in plasma and urine; analysis of suc-
cinylacetone in DBS and urine; and analysis of orotic acid in plasma and urine.

Molecular confirmation is warranted for prediction of phenotype and as 
prerequisite for family planning, including preimplantation diagnosis, prenatal 
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ABSTRACT
Inborn errors of metabolism (IEM) are genetic disorders that affect the intrinsic 
metabolic pathways described in this chapter either through deficiencies of 
enzymes, membrane transporter proteins, signaling peptides, or structural 
proteins. The resulting clinical phenotype follows a spectrum of different organ 
manifestations that may be progressive, fluctuating, or stationary in nature 
and may manifest at any age. Any IEM can principally present during adoles-
cence and/or adulthood, although more severe presentations are typically 
recognized during infancy and childhood. A growing number of patients with 
IEM who were diagnosed during infancy or childhood now reach adulthood 
due to improved management and advent of novel therapies.
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Hurler syndrome, Scheie syndrome; MPS II, Hunter syndrome; MPS III a–d, 
Sanfilippo syndrome A–D; MPS IVa, IVb, Morquio syndrome A and B; MPS VI, 
Maroteaux-Lamy syndrome; MPS VII, Sly syndrome. Disorders of ganglioside 
metabolism include Fabry disease, Gaucher disease, Niemann-Pick disease, 
Tay-Sachs disease, I-cell disease, fucosidosis, mannosidosis, sialidosis, and 
aspartylglycosaminuria. Danon and Pompe diseases are two lysosomal storage 
disorders resulting in storage of glycogen in different types of muscle cells.8

 DIAGNOSIS
Biochemical and Molecular Testing
The path to a diagnosis of an inborn error of metabolism begins with ascer-
tainment of the medical and family history, as well as an in-depth clinical 
evaluation. The majority of inborn errors of metabolism can be diagnosed 
through analysis of small molecules (metabolites, peptides, and hormones) 
in appropriate body fluids (serum, whole blood, urine, and cerebrospinal fluid 
[CSF]) followed by enzyme testing in tissues (dried whole blood, lympho-
cytes, leukocytes, fibroblasts, and muscle tissue). Tissue biopsies for histology 
and histochemistry are still of value in some cases. Selected metabolic tests 
for diagnosis of IEM include analysis of amino acids in plasma, dried blood 
spots (DBS), urine, and CSF; analysis of acylcarnitine species in plasma and 
DBS; analysis of total and free carnitine in plasma and urine; analysis of suc-
cinylacetone in DBS and urine; and analysis of orotic acid in plasma and urine.

Molecular confirmation is warranted for prediction of phenotype and as 
prerequisite for family planning, including preimplantation diagnosis, prenatal 

intake that leads to neurologic symptoms, including migraine headaches. Timely 
diagnosis and initiation of therapy following careful dietary history and family 
history to identify additional family members at risk are important determi-
nants for good outcome.6

Organic Acidurias
Organic acidurias are disorders due to mitochondrial enzyme deficiencies 
and accumulation of potentially toxic substrates, activation of alternative path-
ways, and lack of downstream products. Although the typical clinical presenta-
tion is during infancy or childhood, adult cases with mild or atypical symptoms 
have been reported in the medical literature. Although individuals with organic 
acidurias are at risk for metabolic decompensation during catabolic episodes, 
this risk is somewhat lower during adulthood (see Table 194-5).

Lysosomal Storage Disorders
The lysosomal storage disorders comprise a heterogeneous group of more 
than 50 distinct disorders due to genetic defects in lysosomal enzymes and 
membrane proteins or transporters, resulting in lysosomal accumulation of 
specific substrates.7 The accumulation in tissues and organs is progressive, 
ultimately causing deterioration of cellular and tissue function. Many lyso-
somal disorders affect the central nervous system, and most patients have a 
decreased lifespan and significant morbidity. Lysosomal storage disorders may 
be categorized based on the type of substrate stored. Disorders of glycosami-
noglycan metabolism include the mucopolysaccharidoses (MPSs): MPS I, 

TABLE 194-1 INCIDENCE OF SELECTED INBORN ERRORS OF METABOLISM
DISORDER GENE INCIDENCE* CARRIER RATE POPULATION
Familial hypercholesterolemia LDLR 1 : 500 1 : 500 United States
Phenylketonuria PAH 1 : 4000 1 : 32 Ireland

<1 : 120,000 <1 : 173 Finland, Japan
1 : 15,000 1 : 61 United States

Gaucher disease GBA 1 : 20,000 1 : 71 United States†

1 : 450 1 : 11 Ashkenazi Jews
Canavan disease ASPA Unknown Unknown United States

1 : 6000 1 : 39 Ashkenazi Jews
Glycogen storage disease 1a G6PC 1 : 100,000 1 : 158 United States

1 : 1225 1 : 18 Ashkenazi Jews
Mucolipidosis IV MCOLN1 Unknown Unknown United States

1 : 3000 1 : 27 Ashkenazi Jews
Niemann-Pick disease A SMPD1 <1 : 250,000 <1 : 250 United States

1 : 40,000 1 : 100 Ashkenazi Jews
Tay-Sachs disease HEXA 1 : 300,000 1 : 274 United States

1 : 3500 1 : 30 Ashkenazi Jews
*Per live births.
†Includes Ashkenazi Jews.

TABLE 194-2 PATHOPHYSIOLOGIC MECHANISMS IN INBORN 
ERRORS OF METABOLISM

MECHANISM DISORDER
Accumulation of toxic substrates through 

primary blockage of catabolic pathway
Organic acidopathies (MMA, PA)
MSUD, tyrosinemia type 1

Accumulation of nontoxic 
macromolecules through blockage of 
catabolic pathway

Lysosomal storage disorders (MPS)

Energy failure through primary blockage 
of pathway relevant for ATP synthesis

Fatty acid oxidation defects
Glycogen storage disorder types I and III
Respiratory chain enzyme deficiencies

Impairment of post-translational 
glycosylation

Congenital disorders of glycosylation

Deficiency of end product through 
primary blockage of anabolic pathway

Albinism, orotic aciduria, scurvy, 
disorders of creatine metabolism

Lack of detoxification through primary 
blockage of catabolic pathway

Urea cycle defects

ATP = adenosine triphosphate; MMA = methylmalonic aciduria; MPS = mucopolysaccharidoses; 
MSUD = maple syrup urine disease; PA = propionic aciduria.

TABLE 194-3 CHARACTERISTIC SIGNS OF INBORN ERRORS 
OF METABOLISM

ORGAN CLINICAL SIGN DISORDER
Eye (cornea) Cornea verticillata Fabry disease
Skeletal system Ochronosis, black urine Alkaptonuria
Connective 

tissue
Carpal tunnel syndrome MPS I, II, VI, and VII

Central nervous 
system

Ataxia Respiratory chain enzyme deficiency

Muscle Hypotonia Pompe disease, GSD V
Disorders of creatine metabolism

Liver Hepato(-spleno)megaly
Fibrosis/cirrhosis

MPS I, II, VI, and VII
GSD I, III
GSD IV, IXb/c, LAL deficiency

Kidney Renal insufficiency Cystinosis, Fabry disease
Skin Angiokeratomata Fabry disease
GSD = glycogen storage disease; LAL = lysosomal acid lipase; MPS = mucopolysaccharidosis.
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IEM, provided all other diagnostic avenues are exhausted. Although sequenc-
ing may be relatively straightforward and inexpensive, analytical challenges 
remain.9,10

testing, and carrier testing for the partner (Table 194-6). Additionally, next-
generation sequencing (NGS) is increasingly used as a first-line test.

Next-Generation Sequencing
NGS enables the rapid and accurate sequencing of whole human genomes 
and/or exomes that represent the 1 to 2% of the genome that is translated 
into proteins. The continuous refinement of NGS technologies has led to a 
rapid decline of sequencing cost, thereby facilitating the sequencing of tens 
of thousands of individuals in both research and clinical settings. NGS has 
not been restricted to humans but plays an increasing role in the delineation 
of other species, including microorganisms, which may help us understand 
the functionality of the intestinal microbiome and allow the development of 
new anti-infectious therapies.

Clinical gene panels and whole exome or genome sequencing in accredited 
laboratories may aid in the diagnosis of rare mendelian disorders, including 

TABLE 194-4 DISORDERS OF PROTEIN METABOLISM
DISORDER ENZYME DEFECT METABOLITE(S) CLINICAL PHENOTYPE
Argininemia Arginase Arginine Hyperammonemia, neurologic disease
Argininosuccinic aciduria Argininosuccinate lyase Argininosuccinate* Hyperammonemia, liver cirrhosis
Citrullinemia Arginiosuccinate synthetase Citrulline, orotic acid* Hyperammonemia, liver cirrhosis
Homocystinuria Cystathionine β-synthase Homocysteine, methionine Marfanoid habitus, intellectual disability, lens dislocation
Maple syrup urine disease Branched-chain α-keto acid 

dehydrogenase complex
Alloisoleucine,* leucine, valine, 

isoleucine
Encephalopathy, ataxia, metabolic decompensation

Ornithine transcarbamylase 
deficiency

Ornithine transcarbamylase Orotic acid,* ornithine, arginine Severe hyperammonemia, X-linked inheritance

Phenylketonuria Phenylalanine hydroxylase Phenylalanine Intellectual disability,† seizures†

Tyrosinemia type I Fumaryl acetoacetase Succinylacetone,* tyrosine Acute liver failure, tubulopathy
Tyrosinemia type II Tyrosine aminotransferase Tyrosine, phenylalanine Corneal lesions, hyperkeratosis of the skin, mild intellectual disability
*Diagnostic compound.
†If untreated.

TABLE 194-5 ORGANIC ACIDURIAS
DISORDER ENZYME DEFECT INHERITANCE URINE METABOLITES
Glutaric aciduria type I Glutaryl-CoA dehydrogenase Autosomal recessive 3-Hydroxyglutaric acid, glutaric acid
Holocarboxylase 

synthetase deficiency
Holocarboylase synthetase Autosomal recessive β-Hydroxyisovaleric acid, β-methylcrotonylglycine, β-hydroxypropionic 

acid, 3-methylcitrate
Isobutyric aciduria Isobutyryl-CoA dehydrogenase Autosomal recessive Isobutyric acid
Isovaleric aciduria Isovaleryl-CoA dehydrogenase Autosomal recessive Isovaleric acid
Methylmalonic aciduria Methylmalonyl-CoA dehydrogenase Autosomal recessive Methylmalonic acid
Mevalonic aciduria Mevalonate kinase Autosomal recessive Mevalonic acid
Propionic aciduria Propionyl-CoA carboxylase Autosomal recessive 3-Methylcitrate, propionic acid, 3-hydroxypropionic acid

TABLE 194-6 DIAGNOSTIC TESTS FOR INBORN ERRORS OF METABOLISM
METABOLITE BIOLOGICAL MATRIX METHOD DISORDER
Amino acids Plasma, urine, CSF HPLC, MS-MS Disorders of amino acid metabolism including PKU, MSUD, tyrosinemia, urea cycle defects, 

lysinuric protein intolerance
Organic acids Urine, CSF GC-MS Organic acidopathies including MMA, PA, IVA

Lactic acidosis, mitochondrial disorders including disorders of the Krebs cycle, respiratory 
chain enzymes, fatty acid oxidation defects

Acylcarnitine species Plasma, DBS MS-MS Fatty acid oxidation defects, organic acidopathies
Total/free carnitine Plasma, DBS, urine MS-MS Carnitine transporter deficiency, CPT-I/II deficiencies (in conjunction with acylcarnitine 

species), secondary carnitine deficiency
Orotic acid Plasma, urine GC-MS, MS-MS Orotic aciduria, OTC deficiency, citrullinemia type I
Succinylacetone Plasma, DBS, urine GC-MS Tyrosinemia type 1
Glycosaminoglycans Urine TLC, MS-MS Mucopolysaccharidoses
CPT-I/II = carnitine palmitoyl transferase I/II; CSF = cerebrospinal fluid; DBS = dried blood spots; GC-MS = gas chromatography–mass spectrometry; HPLC = high-pressure liquid chromatography; IVA = 
isovaleric aciduria; MMA = methylmalonic aciduria; MS-MS = tandem mass spectrometry; MSUD = maple syrup urine disease; PKU = phenylketonuria; OTC = ornithine transcarbamylase; PA = propionic 
aciduria; TLC = thin layer chromatography.

The individual treatment strategy follows the general principle of either (1) 
enhancing enzyme activity through cofactor administration, (2) stabilizing 
enzyme structure through chaperone therapy, (3) enzyme replacement therapy, 
(4) reduction of substrate through dietary intervention, (5) substrate inhibition 
through blockage of the reverse enzyme reaction, (6) replacement of the affected 
organ (e.g., liver), or (7) stem cell transplantation and/or therapy.11 Other thera-
peutic approaches, including “read-through,” m-RNA, gene modification (CRISPR), 

TREATMENT 



TABLE 194-7 EXAMPLES OF THERAPEUTIC STRATEGIES FOR 
INBORN ERRORS OF METABOLISM

LEVEL
THERAPEUTIC 

APPROACH DISORDER
Gene Solid organ transplantation Urea cycle defects, MSUD, tyrosinemia 

type I
Stem cell transplantation Adrenoleukodystrophy, MPS I
Gene therapy MPS I and II, Pompe disease (phase I/II 

trial)
Read-through therapy Duchenne muscular dystrophy (phase III), 

cystic fibrosis (phase III)
Enzyme Recombinant enzyme 

infusion
Gaucher, Pompe, Fabry diseases, MPS I, II, 

IVa, VI
Phenylketonuria

Chaperone Fabry and Pompe diseases
Substrate Substrate reduction Phenylketonuria, maple syrup urine disease

Substrate inhibition Gaucher disease, Tay-Sachs disease, 
Niemann-Pick type C

MPS = mucopolysaccharidosis; MSUD = maple syrup urine disease.

and gene therapies, are either in preclinical development or already in clinical 
trials (Table 194-7).

The choice of therapy is guided by the underlying diagnosis, but additional 
factors warrant consideration. A curative approach may be preferred whenever 
possible, although this may be rarely an option in adults with IEM, as in the 
case of bone marrow or stem cell transplantation in metachromatic leukodys-
trophy or X-linked adrenoleukodystrophy. Therapeutic agents that address 
central nervous system manifestations have to cross the blood-brain barrier to 
be effective, thereby limiting the use of larger molecules, including enzymes, 
for treatment of neurologic manifestations.

Individuals with IEM should always be managed by a multidisciplinary team 
of biochemical geneticists, internists, and genetic counselors at a tertiary center 
with significant expertise in the management of inborn errors of metabolism. 
Ideally a biochemical genetics laboratory to facilitate immediate sample testing 
should be on site.

Genetic Counseling
Genetic counseling through board-certified genetic counselors is an integral 

part of the evaluation and management of patients with any genetic condition, 
including complex IEM. A three-generation family history and thorough medical 
history are the prerequisites for a focused clinical and diagnostic evaluation. 
Genetic counseling communicates limitations and implications of genetic testing 
and associated test results to the patient and the family at large.

Enzyme Therapy
The therapeutic goal of enzyme therapy is to increase endogenous enzyme 

activity. Individuals with cofactor (vitamin)–responsive enzyme deficiencies 
may benefit from supraphysiologic doses of the respective vitamin. An example 
is tetrahydrobiopterin (BH4)–responsive PKU due to mutations in the PAH gene 
affecting the binding site of phenylalanine hydroxylase (PAH). In this case 20 mg/
kg of BH4 will result in stabilization of the PAH through a chaperone-like effect 
and as a consequence increase PAH activity. Patients with BH4-responsive PKU 
will experience improved phenylalanine tolerance and metabolic control when 
taking BH4 supplementation.

Enzyme replacement therapy has been available for the treatment of Gaucher 
disease for over 15 years. Initially glucocerebrosidase, the enzyme deficient in 
Gaucher disease, was purified from human placentas and administered intra-
venously to affected patients. More recently, glucocerebrosidase has been 
overexpressed in Chinese hamster ovary cells and produced in large quantities 
in bioreactors. Recombinant enzyme replacement therapies are now available 
for Pompe disease (α-glucosidase), Fabry disease (α-galactosidase), mucopoly-
saccharidosis type I (α-iduronidase), mucopolysaccharidosis type II (α-iduronate 
sulfatase), mucopolysaccharidosis type IVa (galactosamine-6-sulfatase), and 
mucopolysaccharidosis type VI (arylsulfatase B). Additional enzyme therapies 
are currently in different phases of clinical trials (see Table 194-7).

Nutritional Therapy
The therapeutic goal for nutritional therapy is the correction of the meta-

bolic imbalance through reduced substrate accumulation, promoting protein 
synthesis through anabolism and the prevention of episodes of metabolic 
decompensation. In addition, supplementation of a reduced product may be 
needed. An example is the therapy for PKU. The mainstay of its therapy is the 
reduction of phenylalanine intake through low-protein food and the simultane-
ous supplementation of phenylalanine-free amino acids for sustained growth 
and development. This regimen will reduce the phenylalanine levels in plasma 
and, most important, in the brain to nontoxic, near-normal levels that facilitate 

age-appropriate intellectual development.12 Occasionally tyrosine supplementa-
tion is needed when tyrosine levels are low. Similar dietary strategies apply to 
other disorders of amino acid metabolism and organic acidopathies, although 
natural protein restriction may be more pronounced to reduce the risk for 
metabolic decompensation during a catabolic episode (intercurrent illness).

Another approach to reduce substrate accumulation is through inhibition 
of the reverse enzyme reaction that leads to substrate synthesis. This concept 
has been shown to be effective in reducing glucosylceramide in mild to moder-
ate Gaucher disease type I.

Individuals with IEM at risk for metabolic decompensation, such as urea 
cycle disorders, organic acidopathies, and disorders of fatty acid oxidation, 
should always carry an “emergency letter” detailing the diagnosis, symptoms 
of decompensation, emergency treatment, and contact information of the 
tertiary metabolic center.

Vitamin Therapy
A number of IEM affect transport and/or metabolism of vitamins. These 

conditions typically benefit from supraphysiologic doses of vitamins. An example 
is thiamine-responsive megaloblastic anemia, which is due to mutations in the 
thiamine transporter gene SLC19A2. Affected individuals develop sensorineural 
deafness, vision loss, diabetes mellitus, and megaloblastic anemia. Diabetes 
and anemia respond to high doses of thiamine. Other examples include dis-
orders of vitamin B12 (cobalamin) absorption, transport, and metabolism and 
disorders of biotin and folic acid metabolism.

Organ, Bone Marrow, and Stem Cell Transplantation
Liver transplantation has been done in patients with tyrosinemia type I, urea 

cycle defects, methylmalonic aciduria, propionic aciduria, lysosomal lipase 
deficiency, and glycogen storage diseases affecting the liver. The effect of liver 
transplantation in these conditions is two-fold. First, metabolic control will be 
improved in those conditions where the diseased liver is the main contributor 
to the overall lack of sufficient metabolic control. However, the intrinsic defect 
will not be corrected elsewhere after liver transplantation, and an affected 
individual may continue to have significant neurologic disease in methylmalonic 
aciduria, for example. Second, liver function will be restored in those conditions 
that lead to chronic liver disease, including liver fibrosis and/or cirrhosis, or 
where there is a significant risk for malignant transformation. Kidney transplan-
tation may be required in conditions that affect kidney function, as is the case 
in methylmalonic aciduria or cystinosis.

Bone marrow and/or stem cell transplantation has limited benefits in patients 
with IEM. Examples include presymptomatic bone marrow and/or stem cell 
transplantation in severe mucopolysaccharidosis type I, metachromatic leuko-
dystrophy, and X-linked adrenoleukodystrophy. Stem cell therapy is currently 
under investigation for glycogen storage disease type I.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

A1. Thomas J, Levy H, Amato S, et al. Pegvaliase for the treatment of phenylketonuria: results of a long-
term phase 3 clinical trial program (PRISM). Mol Genet Metab. 2018;124:27-38.

A2. Harding CO, Amato RS, Stuy M, et al. Pegvaliase for the treatment of phenylketonuria: a pivotal, 
double-blind randomized discontinuation phase 3 clinical trial. Mol Genet Metab. 2018;124:20-26.

 Grade A References

https://expertconsult.inkling.com/


CHAPTER 194 ApproAch to Inborn Errors of MEtAbolIsM 1355.e1

GENERAL REFERENCES

1. Saudubray JM, Mochel F. The phenotype of adult versus pediatric patients with inborn errors of 
metabolism. J Inherit Metab Dis. 2018;41:753-756.

2. Navarrete R, Leal F, Vega AI, et al. Value of genetic analysis for confirming inborn errors of  
metabolism detected through the Spanish neonatal screening program. Eur J Hum Genet. 2019;27: 
556-562.

3. Ferreira CR, van Karnebeek CDM, Vockley J, et al. A proposed nosology of inborn errors of metabo-
lism. Genet Med. 2019;21:102-106.

4. Lichter-Konecki U, Vockley J. Phenylketonuria: current treatments and future developments. Drugs. 
2019. [Epub ahead of print.]

5. Aliu E, Kanungo S, Arnold GL. Amino acid disorders. Ann Transl Med. 2018;6:1-10.
6. Waisbren SE, Gropman AL, Batshaw ML, et al. Improving long-term outcomes in urea cycle disorders-

report from the urea cycle disorders consortium. J Inherit Metab Dis. 2016;39:573-584.

7. Bellattato CM, Hubert L, Scarpa M, et al. Inborn errors of metabolism involving complex molecules: 
lysosomal and peroxisomal storage diseases. Pediatr Clin North Am. 2018;65:353-373.

8. Ferreira CR, Gahl WA. Lysosomal storage diseases. Transl Sci Rare Dis. 2017;2:1-71.
9. Yubero D, Brandi N, Ormazabal A, et al. Targeted next generation sequencing in patients with inborn 

errors of metabolism. PLoS ONE. 2016;11:1-10.
10. Wang W, Yang J, Xue J, et al. A comprehensive multiplex PCR based exome-sequencing assay for 

rapid bloodspot confirmation of inborn errors of metabolism. BMC Med Genet. 2019;20:1-14.
11. Smets F, Dobbelaere D, McKiernan P, et al. Phase I/II trial of liver derived mesenchymal stem cells 

in pediatric liver based metabolic disorders: a prospective, open label, multicenter, partially random-
ized, safety study of one cycle of heterologous human adult liver-derived progenitor cells (HepaStem®) 
in urea cycle disorders and Crigler-Najjar syndrome patients. Transplantation. 2019. [Epub ahead 
of print.]

12. van Wegberg AMJ, MacDonald A, Ahring K, et al. The complete European guidelines on 
phenylketonuria: diagnosis and treatment. Orphanet J Rare Dis. 2017;12:162.



CHAPTER 194 ApproAch to Inborn Errors of MEtAbolIsM1355.e2

3. A 23-year-old woman and her 25-year-old husband, both of Ashkenazi 
Jewish ancestry, are seen for genetic counseling regarding their risk of having 
a child with Gaucher disease and/or other conditions. What is the most 
appropriate response regarding their risk?
 A. Their risk to have a child with Gaucher disease is negligible.
 B. Carrier screening of both parents for Gaucher disease through analysis 

of common mutations in the GBA gene is indicated.
 C. Prenatal diagnosis is recommended during early pregnancy through 

analysis of glucocerebrosidase activity in amniocytes.
 D. Carrier screening of both parents should be comprehensive and include 

an Ashkenazi Jewish disease panel and spinal muscular atrophy (SMA) 
for both parents and fragile X for the mother.

 E. Only karyotyping for the mother is indicated.
Answer: D The carrier frequency for a number of genetic conditions, includ-
ing Gaucher disease, is markedly increased in individuals of Ashkenazi Jewish 
ancestry. Carrier screening should therefore not be restricted to Gaucher disease 
but also include Tay-Sachs disease, Canavan disease, SMA, and many others 
for both parents, as well as fragile X for the mother.

4. A 19-year-old man has been diagnosed with a disorder of fatty acid oxida-
tion. He is at increased risk for complications due to which pathophysiologic 
mechanism?
 A. Accumulation of toxic substrates due to blockage of pathway
 B. Energy failure due to primary blockage of a pathway that is important 

for ATP synthesis
 C. Progressive accumulation of nontoxic substrates due a defect in a cata-

bolic pathway
 D. Defect in post-translational glycosylation
 E. Blockage of an anabolic pathway

Answer: B Disorders of fatty acid oxidation lead to reduced β-oxidation of 
fatty acids of various chain lengths depending on the exact enzyme deficiency. 
As a consequence, fewer acetyl-CoA equivalents are produced that would be 
available for ATP and/or ketone body synthesis. Clinically, patients with dis-
orders of fatty acid oxidation have a reduced fasting tolerance and are at risk 
for hypoglycemia and energy failure in skeletal and cardiac muscles.

5. The diagnosis of a mucopolysaccharidosis type 1 (MPS-1) is suspected in 
a 21-year-old woman with hepatosplenomegaly, corneal clouding, and 
carpal tunnel syndrome. What is the first-line diagnostic test to confirm 
the diagnosis?
 A. Urine glycosaminoglycans
 B. Urine organic acids
 C. Plasma acylcarnitine profile
 D. Plasma amino acids
 E. Whole exome sequencing

Answer: A Mucopolysaccharidosis type 1 is characterized through increased 
excretion of dermatan and heparin sulfates (glycosaminoglycans).

REVIEW QUESTIONS

1. A 35-year-old woman is brought to the emergency department with a 
history of acute-onset nausea, headaches, and stupor after a protein-rich 
meal. She has a history of similar events in the past. Her brother died as 
an infant due to an encephalopathic crisis. The plasma ammonium level 
on admission is 400 µmol/L (reference: <40 µmol/L). What is the most 
appropriate initial treatment?
 A. Enzyme replacement therapy
 B. Liver transplantation
 C. Intravenous fluids only
 D. Alternative pathway therapy using intravenous sodium benzoate and/

or sodium phenylbutyrate
 E. Hydroxycobalamin IM

Answer: D The 35-year-old woman suffers from ornithine transcarbamylase 
(OTC) deficiency. OTC is a urea cycle enzyme that is part of the urea cycle 
responsible for conversion of nitrogen to urea. Deficiency of any of the five 
urea cycle enzymes and three transporter proteins will lead to variable eleva-
tions of plasma ammonium during episodes of intercurrent illnesses, catabolism, 
or high-protein meals. OTC deficiency is inherited as an X-linked recessive 
trait, explaining why the affected brother died as an infant during a hyperam-
monemic crisis. Female carriers of OTC deficiency may only show symptoms 
when exposed to a high-protein meal. The goal of therapy is to normalize 
ammonium levels quickly through alternative pathway therapy and/or hemo-
filtration and/or hemodialysis. Outcome is poor if ammonium levels are not 
corrected in a timely manner.

2. A 32-year-old man from Pakistan with a seizure disorder has been recently 
diagnosed with an inborn error of metabolism. His family history is remark-
able for an affected sister and consanguinity of the healthy parents. There 
is a distant male cousin with the same condition. Given this family history, 
what is the most likely mode of inheritance for this condition?
 A. Mitochondrial inheritance
 B. X-linked recessive inheritance
 C. Autosomal recessive inheritance
 D. Autosomal dominant inheritance with complete penetrance
 E. Complex inheritance including different genetic and environmental 

factors
Answer: C Because of consanguinity of the healthy parents and absence of 
affected family members in other generations, autosomal recessive inheritance 
is the most likely mode of inheritance for the condition in question. Mito-
chondrial (maternal) inheritance of mutations in mitochondrial genes may 
be observed in respiratory chain disorders, with variable expressivity of disease 
as a result of heteroplasmy. X-linked recessive inheritance as in OTC deficiency 
results in severely affected males and mildly affected or unaffected carrier 
females. Disorders with an autosomal dominant inheritance with complete 
penetrance affect multiple family members at each generation. The recurrence 
risk is 50% for future offspring of affected individuals. Complex inheritance 
may be observed in cancer, glaucoma, and Alzheimer disease due to different 
contributions from genetic and environmental factors.
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195 
DISORDERS OF LIPID METABOLISM
JENNIFER G. ROBINSON

Disorders of lipid metabolism are an increasingly common consequence of 
modern industrial lifestyles.1 With increasing prosperity, the spread of Western-
style diets and sedentary habits is resulting in dramatic rises in obesity in 
countries around the world. Poor lifestyle habits coupled with genetic pre-
disposition commonly result in dyslipidemia characterized by higher levels 
of the atherogenic cholesterol- and triglyceride-rich apolipoprotein (apo) B-100 
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ABSTRACT
Disorders of lipid metabolism are an increasingly common consequence of 
modern industrial lifestyles. The most common clinical manifestation of lipid 
disorders is atherosclerotic cardiovascular disease (ASCVD) resulting from 
elevated levels of apo B-100 lipoproteins. Despite tremendous advances in 
acute treatment, and improvements in smoking cessation and risk factor control, 
ASCVD remains the leading cause of death in almost every developed country 
in the world. Statins are the first-line lipid-modifying therapy for ASCVD risk 
reduction based on extensive clinical trial data that they reduce fatal and non-
fatal ASCVD events and overall mortality.
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synthesis of both LDL receptors and PCSK9. LDL receptors travel to the cell 
surface where they bind LDL particles from the blood. The LDL particle–LDL 
receptor complex is then taken up into vesicles, where the LDL particle under-
goes degradation while the LDL receptor remains intact. The LDL receptor 
is then recirculated intact back to the cell surface to continue to remove LDL 
particles from the blood.

At the same time that LDL-receptor is traveling to the cell surface, the 
PCSK9 molecule is secreted into the blood, where it can bind the LDL-LDL 
receptor complex, tagging both the LDL receptor and the LDL particle for 
degradation. Inhibition or decreased levels of PCSK9 thus permit greater LDL 
receptor circulation and enhanced LDL particle removal from the circulation.

The atherogenicity of large VLDL particles is unclear. Smaller VLDL par-
ticles, IDL, and LDL are clearly atherogenic.

Lp(a)
The liver assembles lipoprotein(a) (Lp[a]) from an apo(a) moiety connected 
to the apo B of an LDL-like particle (Fig. 195-1). Apo(a) isoforms are quite 
variable due to the number of kringle repeats determined by the apo(a) gene. 
Apo(a) size is inversely related to Lp(a) concentration, and is thought to result 
from the longer assembly time of an apo(a) isoform with a large number of 
kringle repeats. The liver removes Lp(a) from the circulation. This process 
and the function of Lp(a) are not well understood. Lp(a) appears to be ath-
erogenic. It is unknown whether pharmacologically lowering Lp(a) reduces 
cardiovascular events.

HDL
High density lipoprotein (HDL) is the smallest and densest of the circulating 
lipoproteins (Fig. 195-1). HDL carries apos AI and AII rather than apo B-100 
or apo B-48. HDL is synthesized in the liver from apos AI, AII and phospho-
lipids to form nascent HDL or pre-β HDL (E-Fig. 195-2). As this particle 
circulates through the body and interacts with peripheral cells, it acquires 
cholesterol and additional phospholipid by binding to adenosine triphosphate-
binding cassette protein (ABC1), through a process called “reverse cholesterol 
transport.”

HDL carries about 30% of blood cholesterol. Inside the HDL particle, 
unesterified cholesterol is esterified by lecithin-cholesterol acyl transferase 
(LCAT). Esterified cholesterol can be removed from HDL via the scavenger 
receptor B1 (SR-B1) in the liver. In the blood, esterified cholesterol can be 
exchanged for triglycerides from apo B lipoproteins via the cholesteryl ester 
transfer protein (CETP) in the plasma. Phospholipid transfer protein transfers 
phospholipids from apo B lipoproteins to HDL. Lipoprotein lipase hydrolyzes 
triglycerides from VLDL and chylomicrons to HDL. Hepatic lipase removes 
triglycerides from HDL.

In epidemiologic studies low levels of HDL, HDL-cholesterol (HDL-C), 
and apo AI are associated with increased cardiovascular risk. It is unclear 
whether low HDL-C, often accompanied by elevated triglyceride levels, causes 
cardiovascular disease or is simply a marker of impaired glucose metabolism 
and insulin resistance. Mendelian randomization studies have failed to find 
an association between HDL-C-raising genes and cardiovascular risk. In ran-
domized trials, HDL-C-raising drugs have not been shown to decrease car-
diovascular risk beyond their effects on LDL-C or non-HDL-C (e.g., niacin 
and cholesteryl ester transfer protein [CETP] inhibitors). Indeed, there are 
several genetic polymorphisms that markedly increase HDL-C levels that  
are associated with increased cardiovascular risk. A number of mechanisms 
for this increase in risk have been proposed, including conversion of HDL 
into a more pro-inflammatory state or impairment of reverse cholesterol 
transport.

The functionality of HDL as measured by in vitro reverse cholesterol 
assays has been associated with reduced cardiovascular risk, independent 
of HDL-C levels. An uncommon apo AI mutation, apo AI-Milano, causes 
low HDL-C levels and is associated with reduced cardiovascular risk that 
is thought to be mediated by more efficient reverse cholesterol transport. 
Apo AII is associated with increased cardiovascular risk through unknown  
mechanisms.

 DIAGNOSIS
Lipid Measurement
In the clinical laboratory lipoprotein particles are usually not measured directly, 
but by density ultracentrifugation, which separates them into bands based on 
cholesterol and triglyceride content. Hence, the more commonly reported 
triglyceride, total cholesterol, LDL-cholesterol (LDL-C), and HDL-cholesterol 
(HDL-C) levels. Patients with high triglyceride levels have elevated numbers 

via the Niemann-Pick C1-Like 1 (NPC1L1) receptor, which can be inhibited 
with ezetimibe.

Chylomicrons
In the enterocyte, triglycerides and cholesterol are packaged with apo B48 
as well as apo CII and CIII and other apolipoproteins for secretion into the 
blood as triglyceride-rich chylomicrons (Fig. 195-1). Chylomicrons undergo 
progressive hydrolysis of triglycerides into fatty acids by lipoprotein lipase 
in the capillary endothelium, which binds apo CII, as well as other apoli-
poproteins. The fatty acids can be stored in adipose tissue or used as fuel 
by muscle tissue. Chylomicrons are converted into chylomicron remnants 
which are relatively enriched in cholesteryl esters. Chylomicrons are the 
largest lipoproteins and thought unlikely to contribute to atherosclerosis. 
They are not soluble in plasma, and cause a “tomato soup” appearance to 
freshly drawn plasma, rising to the top of the serum after overnight refrigera-
tion to cause a “cream” layer. The smaller chylomicron remnants can enter 
the subendothelial space to be taken up by macrophages, and may be the 
mechanism through which postprandial hypertriglyceridemia contributes to  
atherogenesis.

Chylomicrons and chylomicron remnants are also taken up by the liver by 
the LDL receptor-related protein which interacts with apo E, and to a lesser 
extent by the LDL receptor and cell surface glycosaminoglycans. The liver 
breaks down the chylomicron particles, which can be stored as cholesteryl 
ester and triglycerides, assembled into very low density lipoprotein (VLDL) 
particles for secretion into the blood, or the cholesteryl esters can be incor-
porated into bile acids for secretion into the intestine.

VLDL, IDL, LDL
The liver assembles a VLDL particle from one apolipoprotein B100 molecule, 
cholesteryl esters, triglycerides, and a number of other apolipoproteins and 
lipids. Triglycerides are the rate limiting step in VLDL synthesis. Microsomal 
transfer protein (MTP) transfers triglycerides to the growing apo B peptide. 
Drugs that inhibit MTP can thus cause intrahepatic triglyceride accumulation.

Nascent VLDL is secreted into the blood, where it acquires apo E, apo CII, 
and apo CIII. Similar to chylomicrons, apo CII activates lipoprotein lipase to 
hydrolyze triglycerides into fatty acids for transport into tissues. As VLDL 
continues to deliver cholesterol and triglycerides to tissues, VLDL is trans-
formed into increasingly cholesteryl-rich intermediate density lipoproteins 
(IDL) and ultimately into low density lipoproteins (LDL) (Fig. 195-1). LDLs 
comprise the largest fraction of circulating lipoproteins and contain about 60 
to 70% of total cholesterol in the circulation.

LDL is removed from the blood predominantly by the LDL receptor. LDL 
receptor expression is regulated by proprotein convertase subtilisin/kexin type 
9 (PCSK9). In response to decreased intracellular cholesterol levels, sterol 
regulator element-binding proteins (SREBP) 1 and 2 upregulate the hepatic 

lipoproteins, higher levels of triglyceride-rich apo B-48 lipoproteins, and lower 
levels of apo A lipoproteins. In the office setting, these apolipoproteins are 
reflected in levels of low-density lipoprotein cholesterol (LDL-C), triglycerides, 
high-density lipoprotein cholesterol (HDL-C), and non-HDL-C.

The most common clinical manifestation of lipid disorders is atherosclerotic 
cardiovascular disease (ASCVD) resulting from elevated levels of apo B-100 
lipoproteins.2,3 The role of apo A lipoproteins in the development of (or pro-
tection from) ASCVD is less clear. Severe hypertriglyceridemia is primarily 
associated with an increased risk of pancreatitis.

 LIPID METABOLISM

 PATHOBIOLOGY
Cholesterol and Triglycerides
Cholesterol is an essential component of all animal cell membranes and func-
tions as a precursor to fat-soluble vitamins and steroid hormones such as 
cortisol, estradiol, progestins, and testosterone. Plants utilize sterols rather 
than cholesterol as structural components of the cell membrane. Triglycerides 
are composed of 3 fatty acid chains attached to a glycerol molecule. Triglyc-
erides are a source of energy, particularly in the fasting state. Both cholesterol 
and triglycerides are insoluble in water, requiring transport in lipoprotein 
particles in plasma (Fig. 195-1). Apolipoproteins are amphipathic molecules 
located on the surface of the lipoprotein particle that serve as biochemical 
keys to specific receptors or binding sites that allow delivery, entry, or modi-
fication. E-Figure 195-1 provides an overview of cholesterol, triglyceride, and 
lipoprotein metabolism and sites of lipid-modifying drug action.

Cholesterol and triglycerides are either synthesized or absorbed from the 
intestine. Adults synthesize about 100 mg of cholesterol per day. The liver 
synthesizes about 25% of cholesterol; the brain, reproductive organs, adrenal 
glands and intestines also have higher rates of cholesterol synthesis. Cholesterol 
is synthesized via multiple steps from acetyl CoA and acetoacetyl-CoA. The 
rate-limiting step in cholesterol synthesis is the reduction to mevalonate by 
3-hydroxy-3-methyl-glutaryl-CoA (HMG CoA) reductase, the target of statins. 
Downstream metabolites of mevalonate include several bioactive molecules, 
which have been implicated in some adverse effects of statins.

Diet provides 300 to 500 mg cholesterol per day. Bile acids provide about 
two thirds of daily cholesterol (800 to 1200 mg) and sloughed intestinal cells 
about 300 mg. Nonesterified cholesterol is secreted from the liver in bile acids, 
which are stored in the gallbladder and secreted into the small intestine where 
they solubilize dietary fats and enhance fatty acid, lipid, and fat-soluble vitamin 
absorption. Bile acids are largely reabsorbed from the distal ileum and trans-
ported back to the liver via the enterohepatic circulation.

Dietary fats and animal products are broken down in the intestine, and the 
constituents are transported into enterocytes where they are re-esterified into 
cholesteryl ester and triglycerides. Cholesterol is absorbed from the intestine 
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protein; ptpL = phospholipase transfer protein; spLa2 = secretory phopholipase a2; srb-1 = steroid receptor binding protein.  (from robinson J. Clinical Lipid Management. 1st ed. West 
islip, NY: professional Communications; 2016.)
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of chylomicrons, chylomicron remnants, or VLDL, or have increased triglyc-
eride content in VLDL. It should be understood that triglyceride levels reflect 
the triglyceride content of the lipoprotein particles and do not exist as inde-
pendent entities in the blood. (They would be insoluble even if they did.) 
Patients with high cholesterol levels have increased numbers of LDL, VLDL, 
IDL, or Lp(a) particles, or increased cholesteryl content in these particles.

On fasting samples (≥8 hours), LDL-cholesterol (LDL-C) is calculated by 
the Friedewald equation when the triglyceride level is lower than 400 mg/dL:

LDL-C Total cholesterol HDL-C triglycerides= − − 5

Calculated LDL-C is not accurate in the presence of Type III hyperlipidemia 
(see later) or when CETP inhibitors are used.

On nonfasting or fasting samples when triglycerides are greater than 500 mg/
dL, non-HDL-C can be calculated:

Non-HDL-C Total cholesterol HDL-C= −
thus, non-HDL-C represents the atherogenic lipid component (see Fig. 195-
1). Non-HDL-C is generally about 30 mg/dL higher than LDL-C. A more 
elaborate method of calculating LDL-C when triglycerides are elevated has 
been developed but has not been validated in multiple populations.

LDL-C levels can also be measured directly, and are accurate when triglyc-
erides are as high as 1000 mg/dL. Direct LDL-C levels are 5 to 10 mg/dL 
lower than calculated LDL-C levels, in part because they do not measure 
lipoprotein (a) (Lp[a]).

Measurement of Lp(a) has been problematic due to inter-individual varia-
tion in the number of kringles in the apo(a) moiety. No standardized method 
exists at this time, and large race-dependent variations support the need to 
develop race-specific reference ranges.

Advanced lipid testing can measure apo B and apo A directly, but only apo 
B measurement has been standardized. Other techniques can measure the 
number of LDL, IDL, and VLDL particles and their size using a variety of 
methods; none of these methods have been standardized and test-retest vari-
ability is often high. The clinical utility of advanced lipid testing is not clearly 
established. The vast majority of patients can be managed with calculated 
LDL-C or non-HDL-C levels, which is the least expensive and widely avail-
able method. Apo B measurement may be helpful in select patients with 
hypertriglyceridemia.

Apo B Lipoproteins, Cholesterol, and Atherogenesis
An extensive body of over 50 years of epidemiologic, genetic, and clinical trial 
evidence has shown a direct and causal relationship between blood cholesterol 
levels and ASCVD (also see Chapter 46). More recent evidence has shown 
that it is the accumulation of cholesterol and triglyceride-rich apo B lipopro-
teins in the arterial subendothelium that is the pathologic initiating factor in 
the development of an atherosclerotic plaque (Chapter 46 and Fig. 195-2). 
Apolipoproteins with up to approximately 70 nm diameter (LDL, IDL, smaller 
VLDL, remnant chylomicron particles, and Lp[a]) more efficiently cross the 
endothelium. High plasma concentrations increase the probability that these 
particles will enter the subendothelial space of the artery. This size limitation 
is likely why very high plasma levels of large apo B-48 chylomicrons in lipo-
protein lipase deficiency do not cause atherosclerosis.

Normally, few apo B lipoproteins are retained in the subendothelium and 
return to the circulation. In the presence of atherosclerotic plaque, the endo-
thelium becomes abnormally permeable to apo B lipoproteins. Treatment of 
hyperlipidemia results in rapid decreases in permeability and increased fractional 
degradation of the LDL entering the plaque. However, the key initiating factor 
of atherogenesis is the subendothelial retention of apo B lipoproteins. Athero-
sclerosis preferentially develops in specific sites in the arterial tree. Disturbed 
laminar flow at these sites provokes matrix proliferation in the adjacent arterial 
wall. In the earliest stages of atherogenesis, negatively charged proteoglycans 
in the extracellular matrix of the arterial intima trap the positively charged apo 
B-100 and apo B-48 moieties. Other characteristics of the LDL molecule may 
affect atherogenicity by influencing apo B binding or proteoglycan interactions, 
such as surface lipid composition or core lipid composition. Apo E mediates 
binding to arterial glycosaminoglycans but also facilitates hepatic disposal of 
apo B lipoproteins. On the other hand, apo CIII increases both the affinity 
of LDL for arterial wall proteoglycans and decreases hepatic uptake of apo B 
lipoproteins, thereby promoting retention of the cholesterol and triglyceride-
rich apo B lipoproteins.

Following retention in the arterial wall, apo B lipoproteins undergo further 
enzymatic modifications that promote aggregation and accelerating accumula-
tion. These aggregations release biologically active byproducts that recruit 

synthesis of both LDL receptors and PCSK9. LDL receptors travel to the cell 
surface where they bind LDL particles from the blood. The LDL particle–LDL 
receptor complex is then taken up into vesicles, where the LDL particle under-
goes degradation while the LDL receptor remains intact. The LDL receptor 
is then recirculated intact back to the cell surface to continue to remove LDL 
particles from the blood.

At the same time that LDL-receptor is traveling to the cell surface, the 
PCSK9 molecule is secreted into the blood, where it can bind the LDL-LDL 
receptor complex, tagging both the LDL receptor and the LDL particle for 
degradation. Inhibition or decreased levels of PCSK9 thus permit greater LDL 
receptor circulation and enhanced LDL particle removal from the circulation.

The atherogenicity of large VLDL particles is unclear. Smaller VLDL par-
ticles, IDL, and LDL are clearly atherogenic.

Lp(a)
The liver assembles lipoprotein(a) (Lp[a]) from an apo(a) moiety connected 
to the apo B of an LDL-like particle (Fig. 195-1). Apo(a) isoforms are quite 
variable due to the number of kringle repeats determined by the apo(a) gene. 
Apo(a) size is inversely related to Lp(a) concentration, and is thought to result 
from the longer assembly time of an apo(a) isoform with a large number of 
kringle repeats. The liver removes Lp(a) from the circulation. This process 
and the function of Lp(a) are not well understood. Lp(a) appears to be ath-
erogenic. It is unknown whether pharmacologically lowering Lp(a) reduces 
cardiovascular events.

HDL
High density lipoprotein (HDL) is the smallest and densest of the circulating 
lipoproteins (Fig. 195-1). HDL carries apos AI and AII rather than apo B-100 
or apo B-48. HDL is synthesized in the liver from apos AI, AII and phospho-
lipids to form nascent HDL or pre-β HDL (E-Fig. 195-2). As this particle 
circulates through the body and interacts with peripheral cells, it acquires 
cholesterol and additional phospholipid by binding to adenosine triphosphate-
binding cassette protein (ABC1), through a process called “reverse cholesterol 
transport.”

HDL carries about 30% of blood cholesterol. Inside the HDL particle, 
unesterified cholesterol is esterified by lecithin-cholesterol acyl transferase 
(LCAT). Esterified cholesterol can be removed from HDL via the scavenger 
receptor B1 (SR-B1) in the liver. In the blood, esterified cholesterol can be 
exchanged for triglycerides from apo B lipoproteins via the cholesteryl ester 
transfer protein (CETP) in the plasma. Phospholipid transfer protein transfers 
phospholipids from apo B lipoproteins to HDL. Lipoprotein lipase hydrolyzes 
triglycerides from VLDL and chylomicrons to HDL. Hepatic lipase removes 
triglycerides from HDL.

In epidemiologic studies low levels of HDL, HDL-cholesterol (HDL-C), 
and apo AI are associated with increased cardiovascular risk. It is unclear 
whether low HDL-C, often accompanied by elevated triglyceride levels, causes 
cardiovascular disease or is simply a marker of impaired glucose metabolism 
and insulin resistance. Mendelian randomization studies have failed to find 
an association between HDL-C-raising genes and cardiovascular risk. In ran-
domized trials, HDL-C-raising drugs have not been shown to decrease car-
diovascular risk beyond their effects on LDL-C or non-HDL-C (e.g., niacin 
and cholesteryl ester transfer protein [CETP] inhibitors). Indeed, there are 
several genetic polymorphisms that markedly increase HDL-C levels that  
are associated with increased cardiovascular risk. A number of mechanisms 
for this increase in risk have been proposed, including conversion of HDL 
into a more pro-inflammatory state or impairment of reverse cholesterol 
transport.

The functionality of HDL as measured by in vitro reverse cholesterol 
assays has been associated with reduced cardiovascular risk, independent 
of HDL-C levels. An uncommon apo AI mutation, apo AI-Milano, causes 
low HDL-C levels and is associated with reduced cardiovascular risk that 
is thought to be mediated by more efficient reverse cholesterol transport. 
Apo AII is associated with increased cardiovascular risk through unknown  
mechanisms.

 DIAGNOSIS
Lipid Measurement
In the clinical laboratory lipoprotein particles are usually not measured directly, 
but by density ultracentrifugation, which separates them into bands based on 
cholesterol and triglyceride content. Hence, the more commonly reported 
triglyceride, total cholesterol, LDL-cholesterol (LDL-C), and HDL-cholesterol 
(HDL-C) levels. Patients with high triglyceride levels have elevated numbers 
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Netherlands, where nationwide efforts to identify FH patients have resulted 
in earlier treatment, FH patients who receive statins have an ASCVD risk 
similar to that of the non-FH population. Therefore, all patients older than 
20 years with a primary elevation in LDL-C higher than 190 mg/dL should 
receive high-intensity statin therapy unless a contraindication is present.

 Familial Hypercholesterolemia
 EPIDEMIOLOGY

FH is the most common genetic disorder, affecting about 1 in 250 persons 
in populations around the world. FH may be more common in some popula-
tions such as Ashkenazi Jews, some Lebanese groups, and French Canadians. 
Homozygous FH or compound heterozygous FH is present in about 1 in 
500,000 adults.

 PATHOBIOLOGY
Heterozygous FH is characterized by LDL-C levels higher than 190 mg/dL 
and a family history of severe LDL-C elevations or premature cardiovascular 
disease and/or a genetic FH mutation.7 Genetic testing is more common in 
European countries. About 60 to 75% of those with heterozygous FH have a 
monogenetic autosomal dominant mutation, and the remainder have a poly-
genic disorder. The most common FH mutations result in loss of function in 
the LDL receptor. Uncommon are gain-of-function mutations in PCSK9, which 
results in more rapid LDL receptor degradation, and mutations which alter 
the apo B LDL receptor binding site.

 CLINICAL MANIFESTATIONS
Men and women with heterozygous FH have a 20-fold higher lifetime risk of 
ASCVD and death due to their genetic disorder. FH is a common cause of 
premature atherosclerotic coronary heart disease in the 30s and 40s in men 
and 40s and 50s in women. The first presentation is often sudden death in 
younger adults, leaving no opportunity for prevention. Clinical ASCVD is 
markedly accelerated in smokers with FH, with death in the 20s and 30s not 
uncommon. Homozygous FH manifests with ASCVD events in childhood.

 DIAGNOSIS
Screening
Because heterozygous FH is a common and completely reversible genetic 
disorder if treated early, universal screening with a fasting or nonfasting lipid 
panel is recommended between the ages of 8 and 11 years. Screening should 
occur at an even earlier age if there is family history of LDL-C higher than 
190 mg/dL or premature onset ASCVD (before age 55 in male first-degree 
relative or age 65 in a first-degree female relative). All adults should be screened 
no later than age 20.

and necrotic core. Inflammatory cells out-migrate and smooth muscle cells 
migrate into the subendothelium, collagen synthesis falls, and fibrosis resolves. 
In animal models, very low LDL-C levels of less than 20 to 40 mg/dL have 
been shown to completely regress early atheroma and normalize vascular 
function. In more advanced atheroma, substantial regression can occur but 
residual stabilized plaque remains.

To date, only lipid-modifying drugs that lower LDL-C or non-HDL-C 
have been shown to stabilize or regress atherosclerotic plaque and to reduce 
cardiovascular events. Mendelian randomization studies have consistently found 
that genetic polymorphisms that increase LDL-C or non-HDL-C increase 
cardiovascular risk, and that the converse is true for those that cause lower 
LDL-C or HDL-C levels.5,6 Polymorphisms causing very elevated Lp(a) levels 
are also associated with increased cardiovascular risk. Consistent with a causal 
role for apo B lipoproteins in atherosclerosis, the only hypertriglyceridemic 
polymorphisms that influence cardiovascular risk are those influencing VLDL 
levels. In contrast, Mendelian randomization studies have found little associa-
tion between HDL-C raising polymorphisms and cardiovascular risk, con-
sistent with the findings from randomized trials of pharmacologically raising 
HDL-C levels.

 CLINICAL DISORDERS OF LIPID METABOLISM
 Secondary Causes of Hyperlipidemia
All patients with a first LDL-C of 160 mg/dL or higher or triglycerides of 
500 mg/dL or higher should be evaluated for secondary causes of hyperlipidemia 
(Table 195-1). The most common causes of secondary hypercholesterolemia 
include obesity, high intake of saturated or trans-fats, and glucocorticoids. The 
most common causes of hypertriglyceridemia are poorly controlled diabe-
tes, obesity, and high refined carbohydrates, alcohol, or fat. Once secondary 
causes are addressed or stabilized, a repeat fasting lipid panel can be used to 
guide therapy.

 Genetic Lipid Disorders
Blood levels of LDL-C, non-HDL-C, triglycerides and HDL-C are influenced 
by genetics, lifestyle habits, medications, and medical conditions. Secondary 
causes of hyperlipidemia should be identified and treated. Severe primary 
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more macrophages and immunoregulatory T cells into the developing lesion. 
Interestingly, dietary composition can alter LDL aggregability: saturated fats 
and sucrose increase it, and polyunsaturated fats and fiber decrease it. Aggre-
gated apo B lipoproteins are avidly taken up by vascular smooth muscle cells 
and macrophages, initiating their transformation into cholesterol-laden foam 
cells. This results in a maladaptive response that further accelerates athero-
genesis. Proatherogenic enzymes and signaling molecules are released, inducing 
synthesis of more proteoglycans with increased affinity for apo B lipoproteins, 
other factors that enhance retention, and proteolytic enzymes. Proteases can 
weaken the overlying fibrous cap, which favors plaque rupture and release of 
the thrombogenic subendothelial contents. In animal models, injections of 
HDL, overexpression of apo AI and increased HDL function to inhibit plaque 
formation and promote plaque stabilization and regression.

Atherogenesis begins in childhood, and may progress to advanced plaque 
by late adolescence or early adulthood, a process that is accelerated in the 
presence of other cardiovascular risk factors and genetic predisposition. Most 
adults have advanced plaque in their 40s and 50s, and begin experiencing 
clinical ASCVD events such as myocardial infarction and other acute coronary 
syndromes, stroke, peripheral arterial disease, and death. Apo B lipoproteins, 
as measured by total, LDL-C and non-HDL-C levels, predict ASCVD risk in 
all ages, genders, races/ethnicities, and regions. The increase in the relative 
risk of ASCVD per increment increase in total or LDL-C depends on age and 
the level and duration of exposure (Fig. 195-3). Elevated cholesterol levels 
remain a risk factor into old age, although the relative contribution to risk is 
attenuated.4 Lp(a) level appears to increase ASCVD risk beyond that expected 
from the LDL-C level.

Atherosclerosis Regression
Reducing LDL and other apo B lipoproteins levels can regress atheroma. 
Markedly lowering apo B lipoprotein levels results in reduced subendothelial 
uptake and retention and decreased monocyte and macrophage recruitment 
(E-Fig. 195-3). Reducing the inputs allows the normal scavenger and phago-
cytic clearance mechanisms to clear the apo B lipoprotein overload. Reverse 
cholesterol transport mechanisms mobilize cholesterol out of the foam cells. 
Foam cells decrease due to emigration into adventitial lymphatics and trans-
migration into the lumen. More effective efferocytosis clears apoptotic cells 
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Netherlands, where nationwide efforts to identify FH patients have resulted 
in earlier treatment, FH patients who receive statins have an ASCVD risk 
similar to that of the non-FH population. Therefore, all patients older than 
20 years with a primary elevation in LDL-C higher than 190 mg/dL should 
receive high-intensity statin therapy unless a contraindication is present.

 Familial Hypercholesterolemia
 EPIDEMIOLOGY

FH is the most common genetic disorder, affecting about 1 in 250 persons 
in populations around the world. FH may be more common in some popula-
tions such as Ashkenazi Jews, some Lebanese groups, and French Canadians. 
Homozygous FH or compound heterozygous FH is present in about 1 in 
500,000 adults.

 PATHOBIOLOGY
Heterozygous FH is characterized by LDL-C levels higher than 190 mg/dL 
and a family history of severe LDL-C elevations or premature cardiovascular 
disease and/or a genetic FH mutation.7 Genetic testing is more common in 
European countries. About 60 to 75% of those with heterozygous FH have a 
monogenetic autosomal dominant mutation, and the remainder have a poly-
genic disorder. The most common FH mutations result in loss of function in 
the LDL receptor. Uncommon are gain-of-function mutations in PCSK9, which 
results in more rapid LDL receptor degradation, and mutations which alter 
the apo B LDL receptor binding site.

 CLINICAL MANIFESTATIONS
Men and women with heterozygous FH have a 20-fold higher lifetime risk of 
ASCVD and death due to their genetic disorder. FH is a common cause of 
premature atherosclerotic coronary heart disease in the 30s and 40s in men 
and 40s and 50s in women. The first presentation is often sudden death in 
younger adults, leaving no opportunity for prevention. Clinical ASCVD is 
markedly accelerated in smokers with FH, with death in the 20s and 30s not 
uncommon. Homozygous FH manifests with ASCVD events in childhood.

 DIAGNOSIS
Screening
Because heterozygous FH is a common and completely reversible genetic 
disorder if treated early, universal screening with a fasting or nonfasting lipid 
panel is recommended between the ages of 8 and 11 years. Screening should 
occur at an even earlier age if there is family history of LDL-C higher than 
190 mg/dL or premature onset ASCVD (before age 55 in male first-degree 
relative or age 65 in a first-degree female relative). All adults should be screened 
no later than age 20.

elevations in LDL-C (≥190 mg/dL), non-HDL-C (≥220 mg/dL), or triglyc-
erides (≥1000 mg/dL) almost always occur in the setting of a significant genetic 
disorder. However, treatment approaches are guided by LDL-C or non-HDL-C 
as the primary elevation or triglycerides higher than 1000 mg/dL.

In the United States, individuals with LDL-C higher than 190 mg/dL have 
a five-fold higher lifetime risk of ASCVD, and those with familial hypercho-
lesterolemia (FH) have a 20-fold higher lifetime risk of ASCVD. In the 
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TABLE 195-1 SECONDARY CAUSES OF HYPERLIPIDEMIA
SECONDARY CAUSE ELEVATED LDL–C OR NON-HDL-C ELEVATED TRIGLYCERIDES
Diet Saturated or trans fats, large weight gain, 

anorexia
Large weight gain, high fat intake, high refined carbohydrate intake, excessive alcohol intake, 

very-low-fat diets if high in refined carbohydrates
Drugs Glucocorticoids, cyclosporine, 

anticonvulsants, oral contraceptives, 
anabolic steroids, diuretics, sirolimus, 
amiodarone

Glucocorticoids, oral estrogens, anabolic steroids, bile acid sequestrants, highly active retroviral 
therapy, retinoic acid (isotretinoin), sirolimus, tacrolimus, raloxifene, tamoxifen, β-blockers (not 
carvedilol), thiazides, cyclophosphamide, L-asparaginase, second-generation antipsychotics 
(clozapine and olanzapine)

Diseases Biliary obstruction, nephrotic syndrome, 
monoclonal gammopathy

Proteinuria, nephrotic syndrome, chronic renal failure, glomerulonephritis, Cushing syndrome, 
HIV, lipodystrophies, monoclonal gammopathy, systemic lupus erythematosus, autoimmune 
chylomicronemia, chronic idiopathic urticaria

Disorders and altered 
states of metabolism

Obesity, hypothyroidism, pregnancy* Diabetes (poorly controlled), obesity, lipodystrophy, hypothyroidism, pregnancy*, polycystic 
ovarian syndrome

*Cholesterol and triglycerides rise progressively throughout pregnancy
Common causes of secondary hyperlipidemia (most common causes in bold; leading causes underlined).
Secondary causes of hyperlipidemia should be evaluated in patients with:

•	 Newly	identified	LDL-C	≥160 mg/dL or non-HDL-C ≥190 mg/dL
•	 Newly	identified	triglycerides	≥500 mg/dL
•	 Worsening	LDL-C,	non-HDL-C,	or	triglyceride	levels	despite	adherences	to	lifestyle	and	drug	therapy

Initial laboratory tests should include:
•	 Fasting	glucose	or	hemoglobin	A1C	(HbA1C)
•	 Thyroid-stimulating	hormone	(TSH)
•	 Alkaline	phosphatase,	bilirubin,	and	alanine	aminotransferase	(ALT)
•	 Creatinine/glomerular	filtration	rate	(GFR)
•	 Urinary	albumin

Additional tests include:
•	 Total	protein
•	 Women	of	childbearing	age—beta	human	chorionic	gonadotropin	(βhCG)

Used with permission of author: Robinson JG. Clinical Lipid Management. West Islip, NY: Professional Communications Inc; 2015.
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The 2018 AHA/ACC guideline uses LDL-C (or non-HDL-C) levels as 
thresholds for triggering consideration of the potential for net benefit from 
added therapy. This depends on the absolute ASCVD risk of the patient, 
the relative risk reduction from the added therapy, and the potential  
for harm.13,14

 Lifestyle
Healthy lifestyle habits throughout the lifespan are associated with lower car-
diovascular risk, and lifestyle remains the foundation of all cardiovascular risk 
reduction efforts. Unfortunately, by adulthood, less than 5 to 10% of individuals 
in industrialized societies remain in a state of ideal cardiovascular health as 
characterized by healthy diet, regular physical activity, smoking avoidance, 
and desirable levels of cholesterol, blood pressure, and blood glucose.15

Lifestyle modifications can reduce LDL-C levels by about 10 mg/dL (Table 
195-2). Referral to a dietician can be helpful for motivated patients seeking 
to improve their dietary habits. It should be noted that the cholesterol-lowering 
drug trials were performed in the background of healthy diet advice.

 Drug Therapy
Several classes of drugs have been shown to reduce cardiovascular events used 
as monotherapy. Based on an extensive body of randomized trial evidence, 
statins are overwhelmingly the first choice for reducing ASCVD events, car-
diovascular mortality, and all-cause mortality. More limited data are avail-
able from cardiovascular outcomes trials in highly selected populations for 
other lipid-modifying agents. The LDL-C lowering agents ezetimibe A7  and 
PCSK9 monoclonal antibodies A8 

 
 A9  have been shown to further reduce car-

diovascular events when added to background statin therapy in very-high-
risk patient populations. The relative reduction in ASCVD risk from all of 
these drugs is proportional to the magnitude of the LDL-C or non-HDL-C  
lowering. A10 

 STATIN THERAPY
Statins have been shown to reduce nonfatal and fatal cardiovascular events 
and overall mortality in primary and secondary prevention populations over 
treatment periods of 2 to 7 years. Those receiving high-intensity statin therapy 
had greater relative risk reductions than those receiving moderate-intensity 
statin therapy. In the Cholesterol Treatment Trialists’ individual level meta-
analysis of 28 statin trials, each 39 mg/dL (1 mmol/L) reduction in LDL-C 

disorders, including severe neurologic dysfunction and retinopathy beginning 
early in life.

Individuals homozygous for mutations resulting in abnormal or decreased 
apo B synthesis have hypobetalipoproteinemia with low but not absent levels 
of circulating apo B, VLDL-C, IDL-C, and LDL-C levels. These individuals 
appear to be healthy.

Loss-of-function PCSK-9 mutations result in no breakdown of LDL recep-
tors, and enhanced removal of LDL from the blood. Depending on the degree 
of loss of function, heterozygotes have lower than average LDL-C levels and 
reduced risk of cardiovascular disease. Homozygotes have LDL-C levels of 
10 to 15 mg/dL and appear to be healthy.

 Low HDL-C
HDL-C levels have a U-shaped association with mortality. Recent studies 
have found that extremely high HDL-C levels (>115 mg/dL in men and 
>135 mg/dL in women) are associated with increased mortality. The mecha-
nism for this is unclear, but is consistent with the lack of benefit observed in 
trials of CETP inhibiting drugs.

Sitosterolemia
Beta sitosterolemia results from increased intestinal absorption of plant sterols, 
which are normally excreted back into the intestine by ABCG5 and ABCG8.

Severe Hypertriglyceridemia
Severe hypertriglyceridemia (>1000 mg/dL) is due to rare monogenetic lipid 
disorders, typically unmasked in the presence of secondary causes of hyper-
triglyceridemia (Table 195-1). Treatment of hypertriglyceridemia is outlined 
in the Hypertriglyceridemia section.

 ASCVD PREVENTION
Despite tremendous advances in acute treatment, and improvements in 
smoking cessation and risk factor control, ASCVD remains the leading cause of  
death in almost every country in the world.9 Lipid-modifying drugs that  
predominantly lower LDL-C and/or non-HDL-C levels are the first-line 
approach to reduce the risk of a first or recurrent cardiovascular event. A1-A5  
HDL-C raising has not been shown to reduce cardiovascular events after 
accounting for the reduction in LDL-C or non-HDL-C levels. A6  Reduc-
tion of elevated triglyceride levels may also be beneficial in selected  
patients.10

Lifestyle is the foundation of all cardiovascular risk reduction efforts. 
However, most individuals are at increased risk of cardiovascular events during 
their lifetime, due to genetic predisposition, unhealthy lifestyle habits, or both. 
Statins are overwhelmingly the first choice for cardiovascular prevention, with 
more than 25 randomized trials demonstrating cardiovascular risk reduction 
with an excellent margin of safety in a wide variety of populations around the 
world. Selected patients remain at high risk after maximizing statin therapy, 
and may benefit from the addition of a nonstatin cholesterol-lowering therapy 
to further reduce cardiovascular risk.

The randomized clinical trial evidence that supported the 2018 AHA/ACC 
Multispecialty Guideline on the Management of Blood Cholesterol11 provides 
the basis for the following discussion. Guideline recommendations from other 
organizations may differ from those of the 2018 AHA/ACC cholesterol guide-
line. Guidelines from the U.S. Preventive Services Task Force,12 and National 
Institutes for Clinical Excellence, among others, have taken an approach similar 
to that of the 2018 AHA/ACC cholesterol guideline by focusing on statin 
treatment in patient groups most likely to benefit. Other specialty groups and 
the European Society of Cardiology guidelines have continued to recommend 
titrating statin dose aiming for a target LDL-C.

The 2018 AHA/ACC cholesterol guideline recommends periodically moni-
toring LDL-C levels after initiating statin therapy to evaluate treatment response 
and adherence. It continues the 2013 ACC/AHA cholesterol guideline move 
away from treat-to-target approaches for several reasons. There is no clinical 
trial evidence that titration to a specific cholesterol goal improves outcomes. 
Nor does titration to goal account for the potential for net benefit from addi-
tional therapy, which is a function of both risk reduction benefit as well as 
the harms from the added therapy. Harms include not only the potential for 
adverse effects from the drug, but diminished adherence to evidence-based 
therapy and increased patient costs. Being “at goal” may mean a patient does 
not receive evidence-based statin therapy, or receives a suboptimal intensity of 
statin therapy. Treat to goal also means a patient with cholesterol slightly above 
goal is treated, while the patient with slightly below goal is not, despite identical  
cardiovascular risk.

Cascade Screening
Once an index case of FH is identified, all first-degree relatives should be 

screened with a fasting lipid panel. As an autosomal dominant genetic disorder, 
50% of first-degree relatives will likely have FH and benefit from early 
treatment.

FH Treatment
Smoking avoidance and risk factor control is imperative for patients with 

FH. All FH patients should adhere to lifestyle healthy lifestyle habits, but almost 
all will need statin therapy due to the impaired removal of LDL-C from the 
blood. Moderate-intensity statin therapy is recommended for children and 
adolescents with LDL-C over 160 mg/dL after a trial of lifestyle change to healthy 
habits. High-intensity statin therapy is recommended after age 20 for adults 
with FH higher than 190 mg/dL. Some individuals will have milder cases of FH 
with LDL-C levels of 160 to 189 mg/dL. These patients will benefit from earlier 
statin treatment as well, especially if risk factors are present.

A high-intensity statin on average lowers LDL-C by about 50%. Many patients 
with FH will achieve LDL-C levels around 100 mg/dL with a high-intensity statin 
and ezetimibe, in addition to healthy lifestyle habits. For primary prevention 
of younger patients with FH this level of LDL-C, along with non-HDL-C levels 
around 130 mg/dL are likely sufficient to prevent significant progression of 
atherosclerosis. However, patients with more severe FH or those with clinically 
evident ASCVD may benefit from the addition of a PCKSK9 inhibitor (see later). 
Bile acid sequestrants and niacin are infrequently used in FH patients due to 
problems with tolerability and only modest efficacy. LDL apheresis under the 
direction of a lipid specialist may be an option for statin intolerant or unre-
sponsive FH patients.

Pregnancy and Lactation
Statins, PCSK9 monoclonal antibodies, and niacin are contraindicated during 

pregnancy and lactation due to potential effects on the fetus and infant. There-
fore, early treatment may be helpful for a woman with FH, because she may 
more comfortably discontinue statin therapy once she contemplates pregnancy 
and lactation, and then resume statin therapy once childbearing is complete.

FH TREATMENT AND  
PREVENTION 

 Familial Combined Hypercholesterolemia
Familial combined hypercholesterolemia (FCH) is relatively common poly-
genic cholesterol disorder that often runs in families, although in a less distinct 
pattern than that of autosomal dominant FH. The genetic predisposition of 
FCH is expressed with advancing age and increasing adiposity. Most typically, 
non-HDL-C is elevated to higher than 220 mg/dL and accompanied by elevated 
triglycerides of 200 to 600 mg/dL. FCH can also be expressed as pure LDL-C 
or triglyceride elevations. Onset of clinical ASCVD is somewhat later than in 
FH, with clinical ASCVD presentation in the 50s in men and 60s in women. 
Screening and treatment is as for FH, with an emphasis on lifestyle, weight 
control, and statin therapy. If triglycerides remain elevated above 1000 mg/
dL after lifestyle and maximal statin therapy, triglycerides should be treated 
as outlined in the Hypertriglyceridemia section.

 Familial Dysbetalipoproteinemia
Familial dysbetalipoproteinemia is an uncommon (1 in 10,000) but extremely 
high risk genetic disorder for premature coronary heart disease.8 These patients 
have two copies of apo E2, which results in impaired clearance of VLDL 
through the VLDL receptor. However, two copies of apo E2 are insufficient 
to cause severe hyperlipidemia in the absence of conditions that slow VLDL 
clearance, such as obesity, diabetes, or hypothyroidism. LDL-C levels are 
usually over 190 mg/dL and non-HDL-C levels are over 220 mg/dL. Triglyc-
erides of higher than 500 mg/dL are common and are caused by impaired 
lipolysis of VLDL remnants, in addition to the higher levels of circulating 
VLDL. Patients with familial dysbetalipoproteinemia respond well to fibrates, 
but a statin should be added to further reduce ASCVD risk.

 Other Rare Monogenetic Lipid Disorders
 Low LDL-C
Individuals homozygous for mutations in the gene encoding microsomal tri-
glyceride transfer protein (MTP) can have abetalipoproteinemia, a rare disease 
characterized by the absence of circulating apo B, VLDL-C, IDL-C, and LDL-C. 
Fat-soluble vitamins (vitamins A, D, E, K) cannot be transported in the absence 
of apo B, and patients with abetalipoproteinemia suffer from multiple severe 
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was associated with a 22% reduction in cardiovascular events. With the excep-
tion of patients with class II to IV heart failure or receiving hemodialysis, all 
patient subgroups in the clinical trials benefited from statin therapy. A11 

The 2018 AHA/ACC cholesterol guideline identified four groups of patients 
for high-intensity statin therapy (unless safety concerns) and at least a 50 
percent LDL-C reduction (Fig. 195-4):

1. Clinical ASCVD
2. LDL-C higher than 190 mg/dL
3. Higher risk diabetes (High-risk characteristics or ≥7.5% 10-year ASCVD 

risk)
4. Primary prevention with at least 20% 10-year ASCVD risk

Based on a high level of clinical trial evidence, two groups of patients were 
identified for moderate-intensity statin therapy following a clinician-patient 
discussion:

1. Lower risk diabetes (No risk factors or less than 7.5% 10-year ASCVD 
risk)

2. Primary prevention with 7.5 to less than 20% 10-year ASCVD risk.
Because the margin of benefit may be less, a clinician patient discussion is 
recommended to consider the potential for an ASCVD risk reduction benefit, 
potential for adverse effects, and patient preferences.

There is also moderate evidence from one trial of benefit from statins in 
primary prevention patients with 5 to less than 7.5% 10-year ASCVD risk.

Based on extensive clinical trial evidence that high-intensity statins reduce 
cardiovascular events more than moderate-intensity statins, and that the rela-
tive reduction in cardiovascular risk is proportional to the magnitude of LDL-C 
reduction, high-intensity statins are recommended for higher risk patients. 
Moderate-intensity statins are recommended for lower risk patients, those 
older than 75 years, or those who have safety concerns such as the potential 
for drug-drug interactions. A12  Statins are categorized by intensity in Table 
195-3. The primary effect of statins is on LDL-C and non-HDL-C levels.

In patients with heart failure with reduced ejection fraction attributable to 
ischemic heart disease who have a reasonable life expectancy and are not 
already on a statin because of ASCVD, clinicians may consider initiation of 
moderate-intensity statin therapy to reduce the occurrence of ASCVD events. 
In patients requiring hemodialysis, statin initiation is not recommended but 
can be continued if already initiated.

Risk Estimation for Primary Prevention Statin Therapy
The ASCVD risk calculator developed as part of the 2018 AHA/ACC guideline 
process can be used to estimate 10-year ASCVD risk. The ASCVD calculator 
can be found online or downloaded in an app (http://tools.acc.org/ascvd-
risk-estimator-plus/#!/calculate/estimate/). The ASCVD calculator estimates 
the risk of an incident fatal or nonfatal myocardial infarction or stroke over 
10 years. It performs well in the general U.S. population of non-Hispanic white 
and African American women and men. However, the risk estimate may be 
adjusted upward or downward based on other characteristics (Table 195-4). 
Risk estimation in populations outside the United States should use risk cal-
culators developed for that country. For example, in Europe, the SCORE 
equations are recommended (https://www.escardio.org/Education/Practice-
Tools/CVD-prevention-toolbox/SCORE-Risk-Charts), and in the United 
Kingdom the QRISK equations are recommended (https://www.qrisk.org/).

In patients who remain reluctant to initiate statin therapy for primary pre-
vention after estimating ASCVD risk and considering risk enhancing factors, 
coronary artery calcification can be measured in selected patients. Coronary 
artery calcification should not be measured in patients who smoke or have 
diabetes, a premature family history of ASCVD, or LDL-C levels greater than 
or equal to 130 mg/dL since these patients are at increased ASCVD risk 
regardless of the presence of coronary artery calcium. In patients without 
these characteristics, a calcium score of zero indicates lower ASCVD risk.

Statin Safety
Statins have had an excellent margin of safety in all clinical trial populations, 
including trials in heart failure and hemodialysis populations, with similar 
rates of adverse events, including muscle adverse events, in the placebo/control 
and low-, moderate-, and high-intensity statin arms.16, A13  Statins are contrain-
dicated during pregnancy and lactation, and women with childbearing potential 
should be appropriately counseled.

Moderate-intensity statins slightly increase, and high-intensity statins mod-
estly increase, the risk of diabetes in individuals already at risk for diabetes. 
However, this is not of concern because the diagnosis is only accelerated by 
about 2 months. Patients receiving statins should be encouraged to adhere to 
healthy lifestyle habits. Those with diabetes risk factors or glucose intolerance 

The 2018 AHA/ACC guideline uses LDL-C (or non-HDL-C) levels as 
thresholds for triggering consideration of the potential for net benefit from 
added therapy. This depends on the absolute ASCVD risk of the patient, 
the relative risk reduction from the added therapy, and the potential  
for harm.13,14

 Lifestyle
Healthy lifestyle habits throughout the lifespan are associated with lower car-
diovascular risk, and lifestyle remains the foundation of all cardiovascular risk 
reduction efforts. Unfortunately, by adulthood, less than 5 to 10% of individuals 
in industrialized societies remain in a state of ideal cardiovascular health as 
characterized by healthy diet, regular physical activity, smoking avoidance, 
and desirable levels of cholesterol, blood pressure, and blood glucose.15

Lifestyle modifications can reduce LDL-C levels by about 10 mg/dL (Table 
195-2). Referral to a dietician can be helpful for motivated patients seeking 
to improve their dietary habits. It should be noted that the cholesterol-lowering 
drug trials were performed in the background of healthy diet advice.

 Drug Therapy
Several classes of drugs have been shown to reduce cardiovascular events used 
as monotherapy. Based on an extensive body of randomized trial evidence, 
statins are overwhelmingly the first choice for reducing ASCVD events, car-
diovascular mortality, and all-cause mortality. More limited data are avail-
able from cardiovascular outcomes trials in highly selected populations for 
other lipid-modifying agents. The LDL-C lowering agents ezetimibe A7  and 
PCSK9 monoclonal antibodies A8 

 
 A9  have been shown to further reduce car-

diovascular events when added to background statin therapy in very-high-
risk patient populations. The relative reduction in ASCVD risk from all of 
these drugs is proportional to the magnitude of the LDL-C or non-HDL-C  
lowering. A10 

 STATIN THERAPY
Statins have been shown to reduce nonfatal and fatal cardiovascular events 
and overall mortality in primary and secondary prevention populations over 
treatment periods of 2 to 7 years. Those receiving high-intensity statin therapy 
had greater relative risk reductions than those receiving moderate-intensity 
statin therapy. In the Cholesterol Treatment Trialists’ individual level meta-
analysis of 28 statin trials, each 39 mg/dL (1 mmol/L) reduction in LDL-C 

TABLE 195-2 2013 ACC/AHA LIFESTYLE GUIDELINE 
RECOMMENDATIONS

CLASS/LOE
DIET

Consume a dietary pattern that: IA
•	 Emphasizes	intake	of	vegetables,	fruits,	and	whole	grains
•	 Includes	low-fat	dairy	products,	poultry,	fish,	legumes,	

nontropical vegetable oils, and nuts
•	 Limits	intake	of	sweets,	sugar-sweetened	beverages,	and	red	

meats
•	 Adapts	to	appropriate	calorie	requirements,	personal	and	

cultural food preferences, and nutrition therapy for other 
medical conditions (including diabetes mellitus)

•	 Follows	plans	such	as	the	DASH	dietary	pattern,	the	USDA	
Food Pattern, or the AHA Diet

Aim for a dietary pattern that achieves 5 to 6% of calories from 
saturated fat

IA

Reduce percent calories from saturated fat IA
Reduce percent calories from trans fat IA
PHYSICAL ACTIVITY

In general, advise adults to engage in aerobic physical activity to 
reduce LDL-C and non-HDL-C

IIaA

•	 3	to	4	sessions	per	week
•	 Lasting	on	average	40	minutes	per	session
•	 Involving	moderate	to	vigorous	physical	activity

From Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA guideline on the treatment 
of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report of the American 
College of Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll 
Cardiol. 2014;63(25Pt B):2889-2934.
ADD/AHA = American College of Cardiology/American Heart Association; DASH = Dietary 
Approaches to Stop Hypertension; HDL-C = high-density lipoprotein cholesterol; LDL-C = 
low-density lipoprotein cholesterol.

http://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate/
http://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate/
https://www.escardio.org/Education/Practice-Tools/CVD-prevention-toolbox/SCORE-Risk-Charts
https://www.escardio.org/Education/Practice-Tools/CVD-prevention-toolbox/SCORE-Risk-Charts
https://www.qrisk.org/
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Monitoring Statin Therapy
The 2018 AHA/ACC cholesterol guideline recommends periodically moni-
toring LDL-C levels after initiating statin therapy to evaluate treatment response 
and adherence to lifestyle and drug therapy.

 NONSTATIN THERAPY
Two PCSK9 monoclonal antibodies, alirocumab and evolocumab, and ezeti-
mibe have been shown to futher reduce ASCVD risk when added to background 
statin therapy in high risk ASCVD patients. Although trials of niacin and 
fenofibrate reduced cardiovascular events as monotherapy, no benefit, and 
some evidence of harm, was found when these drugs were added to background 
therapy. Cholestyramine (a bile acid sequestrant) and gemfibrozil (a fibrate) 
did reduce cardiovascular events in selected populations of men. No trials 
have evaluated bile acid sequestrants added to background statin therapy. 
Gemfibrozil is contraindicated for use with statin therapy due to a greater 
than 30-fold increased risk of myopathy.

Ezetimibe
Ezetimibe acts in the small intestine to block cholesterol uptake by the Niemann-
Pick C1-Like 1 receptor. The resulting lower level of intrahepatic cholesterol 
stimulates synthesis of LDL-C receptors. Ezetimibe 10 mg daily lowers LDL-C 
by 15 to 20% as monotherapy and an additional 20 to 25% when added to 
statin therapy, with similar percent reductions in non-HDL-C.

In IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Efficacy 
International Trial), ezetimibe further reduced cardiovascular events when 
added to moderate-intensity statin therapy in patients with acute coronary 
syndromes and at least one additional high-risk characteristic. A14  Mean LDL-C 
levels were 70 mg/dL in the simvastatin 40- to 80-mg group and 54 mg/dL in 
the ezetimibe-simvastatin 40-mg group. A modest 10% reduction in ASCVD 
events was observed over the average 6 years of treatment. The greatest reduc-
tions in risk occurred in the patients with diabetes, polyvascular ASCVD, or 
multiple high-risk characteristics.

Ezetimibe has no known significant adverse effects. Ezetimibe should be 
avoided during pregnancy and lactation.

PCSK9 Monoclonal Antibodies
PCSK9 monoclonal antibodies inactivate PCSK9, which allows the LDL 
receptor to be recirculated to the cell surface to continue to remove LDL from 
the blood. Two PCSK9 monoclonal antibodies have been FDA approved, 
alirocumab and evolocumab. These drugs are injected subcutaneously every 
2 to 4 weeks. Alirocumab 75 to 150 mg every 2 weeks or 300 mg every 4 
weeks lowers LDL-C by 45 to 65% as monotherapy or added to background 
statin therapy. Evolocumab 140 mg every 2 weeks or 320 mg every 4 weeks 
lowers LDL-C by 50 to 70%. Fairly similar reductions in non-HDL-C occur. 
These drugs also lower Lp(a) by 25 to 30%, the significance of which in unclear.

In the FOURIER (Further Cardiovascular Outcomes Research with PCSK9 
Inhibition in Subjects with Elevated Risk) trial, evolocumab further reduced 
ASCVD risk when added to high- or moderate-intensity statin therapy in 
more than 27,000 patients with cardiovascular disease and additional high-risk 
characteristics. A15  LDL-C levels were 92 mg/dL in the statin-placebo group 
and 30 mg/dL in the statin-evolocumab group. ASCVD events were reduced 
by 20% over the average treatment period of 2.2 years. This magnitude of 
relative risk reduction was somewhat less than expected for the 62 mg/dL 
(1.6 mmol/L) reduction in LDL-C when compared to the 22% reduction 
observed per 39 mg/dL (1 mmol/L) reduction in LDL-C observed in the 
statin trials. The ODYSSEY OUTCOMES trial found that alirocumab further 
reduced cardiovascular events in patients with acute coronary syndromes 
treated with high- or moderate-intensity statin therapy. A16  A reduction in total 
mortality and the majority of the ASCVD risk reduction occurred in patients 
with baseline LDL-C levels greater than or equal to 100 mg/dL.

Previous data from evolocumab and alirocumab trials of 11 to 18 months 
duration found 50% relative risk reductions from approximately 70 mg/dL 
LDL-C reductions. In contrast to the FOURIER trial population, populations 
in these trials had mean baseline LDL-C levels of approximately 120 mg/dL, 
which is similar to the mean level in the Cholesterol Treatment Trialists meta-
analysis where each 39 mg/dL reduction in LDL-C was associated with a 
22% reduction in cardiovascular events. A subsequent meta-analysis of LDL-C 
lowering trials found when baseline LDL-C levels were less than 100 mg/dL, 
no reductions in total or cardiovascular mortality were observed. When baseline 
LDL-C levels were greater than 100 mg/dL, greater reductions in total and 
cardiovascular mortality occurred as baseline LDL-C levels increased. These 

TABLE 195-3 HIGH-, MODERATE-, AND LOW-INTENSITY 
STATIN THERAPY*

STATIN 
THERAPY

DAILY DOSE

HIGH 
INTENSITY†

↓LDL-C ≥50%

MODERATE 
INTENSITY‡

↓LDL-C 30-<50%
LOW INTENSITY§

↓LDL-C <30%
Atorvastatin (40||)-80 mg 10 (20) mg

Rosuvastatin 20 (40) mg (5) 10 mg

Simvastatin 20-40 mg¶ 10 mg
Pravastatin 40 (80) mg 10-20 mg

Lovastatin 40 mg 20 mg

Fluvastatin 80 mg (Fluvastatin XL) 20-40 mg

Fluvastatin 40 mg**
Pitavastatin 2-4 mg 1 mg
FDA = U.S. Food and Drug Administration; LDL-C = low-density lipoprotein cholesterol; XL = 
extended-release.
*Individual responses to statin therapy varied in randomized, controlled trials and vary in clinical 
practice. A less-than-average response may have a biologic basis. Statins and dosages in bold were 
reduced in major cardiovascular events in randomized, controlled trials. Statins and doses in italics 
were approved by the FDA but were not tested in randomized, controlled trials.
†Daily dose decreases LDL-C levels by an average of ≥50%.
‡Daily dose decreases LDL-C levels by an average of 30 to <50%.
§Daily dose decreases LDL-C levels by an average of <30%.
||Evidence from 1 randomized, controlled trial only; down-titration if patient is unable to tolerate 
atorvastatin, 80 mg.
¶Although simvastatin, 80 mg, was evaluated in randomized, controlled trials, the FDA recommends 
against initiation of or titration to 80 mg of simvastatin because of increased risk for myopathy and 
rhabdomyolysis.
**Twice daily.
Reprinted with permission of the authors: Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 
ACC/AHA Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic 
Cardiovascular Risk in Adults: A Report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2014;63(25, Part B):2889-2934.

TABLE 195-4 RISK ENHANCING FACTORS FAVORING  
STATIN INITIATION

These characteristics may confer increased ASCVD risk due to genetic or adverse 
cardiometabolic risk factiors:

Family history of premature ASCVD (males, age < 55 years; females, age < 65 years)
Metabolic syndrome
CKD (eGFR 15-59 mL/min/1.73 m2 ± albuminuria; no dialysis or transplantation)
Chronic inflammatory conditions (e.g., psoriasis, rheumatoid arthritis, HIV/AIDS)
Premature menopause (before age 40 years)
Pregnancy-associated conditions that increase later ASCVD risk (e.g., preeclampsia)
High-risk race/ethnicities (e.g., South Asian ancestry)
Ankle-brachial index < 0.9
LDL-C 160-189 mg/dL (4.1-4.8 mmol/L)
Non–HDL-C 190-219 mg/dL (4.9-5.6 mmol/L)
Persistently elevated, primary hypertriglyceridemia (≥175 mg/dL)
Lp(a) ≥ 50 mg/dL or ≥125 nmol/L
ApoB ≥ 130 mg/dL
hs-CRP ≥ 2.0 mg/L
2019 AHA/ACC Chol GL.

should be counseled to lose weight and engage in regular physical activity to 
prevent progression to diabetes.

Statins have no hepatotoxic effects. If baseline hepatic aminotransferase 
levels are less than two times the upper limit of normal, no further monitoring 
is needed following statin initiation. Nor is routine monitoring of creatine 
kinase recommended.

In the Cholesterol Treatment Trialists’ meta-analysis of 26 statin trials, 
rhabdomyolysis, severe myopathy, and hemorrhagic stroke events were rare. 
The cardiovascular risk reduction benefit from statins far exceeds the risk of 
these rare events (E-Fig. 195-4).

Muscle or Other Symptoms During Statin Therapy
Many patients have symptoms during statin therapy. The challenge is to deter-
mine if the symptoms are caused by the statin. Recent randomized, 

Clinical ASCVD

*Favors statin if risk enhancers present. †If reluctant to start statin, consider CAC.

High intensity
statin

(unless >75 years
or safety concerns)

Moderate
intensity

statin

Moderate intensity
statin

Lifestyle is Foundation of ASCVD Risk Reduction

LDL-C ≥190 mg/dL

Higher Risk Diabetes
≥7.5% 10-year ASCVD risk/Risk factors

Primary prevention
≥20% 10-year ASCVD risk

Lower Risk Diabetes
<7.5% 10-year ASCVD risk/No risk factors

Primary prevention
≥7.5–<20% 10-year ASCVD risk*†

Primary prevention
5 to <7.5% 10-year ASCVD risk*

A

FIGURE 195-4. Summary of 2018 ACC/AHA cholesterol guideline recommendations for statin and nonstatin therapy. background color denotes Class and level of evidence:  
Green = Class i (strong) recommendation; yellow = Class iia (reasonable) recommendation; blue = Grade a (high) level of evidence; orange = Grade b (moderate) level of evidence. 

Consider potential to benefit and cost of
adding ezetimibe or PCSK9 inhibitor

Add ezetimibe, PCSK9 inhibitor, or bile
acid sequestrant

On Maximally Tolerated Statin Therapy

Very high-risk clinical ASCVD
and LDL-C ≥70 mg/dL

LDL-C ≥190 mg/dL 40-75 years
or
Familial hyperchoelsterolemia
40-75 years and LDL-C ≥100 mg/dL

B
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E-FIGURE 195-4. Comparison of the number-needed-to treat to prevent one ASCVD event (NNH) and the number-needed-to treat to cause one adverse event (harm; NNH) across 
the range of 10-year ASCVD risk for moderate- and high-intensity statin therapy. if the excess risk of diabetes is excluded, the NNH is 1000 based on the excess risk of serious myopathy 
and hemorrhagic stroke. asCVD = atherosclerotic cardiovascular disease. (adapted from stone N, robinson J, Lichtenstein a et al. 2013 aCC/aHa guideline on the treatment of blood 
cholesterol to reduce atherosclerotic cardiovascular risk in adults. Circulation. 2014;129[suppl 2]:s1-s45. full report online supplement.)
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Monitoring Statin Therapy
The 2018 AHA/ACC cholesterol guideline recommends periodically moni-
toring LDL-C levels after initiating statin therapy to evaluate treatment response 
and adherence to lifestyle and drug therapy.

 NONSTATIN THERAPY
Two PCSK9 monoclonal antibodies, alirocumab and evolocumab, and ezeti-
mibe have been shown to futher reduce ASCVD risk when added to background 
statin therapy in high risk ASCVD patients. Although trials of niacin and 
fenofibrate reduced cardiovascular events as monotherapy, no benefit, and 
some evidence of harm, was found when these drugs were added to background 
therapy. Cholestyramine (a bile acid sequestrant) and gemfibrozil (a fibrate) 
did reduce cardiovascular events in selected populations of men. No trials 
have evaluated bile acid sequestrants added to background statin therapy. 
Gemfibrozil is contraindicated for use with statin therapy due to a greater 
than 30-fold increased risk of myopathy.

Ezetimibe
Ezetimibe acts in the small intestine to block cholesterol uptake by the Niemann-
Pick C1-Like 1 receptor. The resulting lower level of intrahepatic cholesterol 
stimulates synthesis of LDL-C receptors. Ezetimibe 10 mg daily lowers LDL-C 
by 15 to 20% as monotherapy and an additional 20 to 25% when added to 
statin therapy, with similar percent reductions in non-HDL-C.

In IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Efficacy 
International Trial), ezetimibe further reduced cardiovascular events when 
added to moderate-intensity statin therapy in patients with acute coronary 
syndromes and at least one additional high-risk characteristic. A14  Mean LDL-C 
levels were 70 mg/dL in the simvastatin 40- to 80-mg group and 54 mg/dL in 
the ezetimibe-simvastatin 40-mg group. A modest 10% reduction in ASCVD 
events was observed over the average 6 years of treatment. The greatest reduc-
tions in risk occurred in the patients with diabetes, polyvascular ASCVD, or 
multiple high-risk characteristics.

Ezetimibe has no known significant adverse effects. Ezetimibe should be 
avoided during pregnancy and lactation.

PCSK9 Monoclonal Antibodies
PCSK9 monoclonal antibodies inactivate PCSK9, which allows the LDL 
receptor to be recirculated to the cell surface to continue to remove LDL from 
the blood. Two PCSK9 monoclonal antibodies have been FDA approved, 
alirocumab and evolocumab. These drugs are injected subcutaneously every 
2 to 4 weeks. Alirocumab 75 to 150 mg every 2 weeks or 300 mg every 4 
weeks lowers LDL-C by 45 to 65% as monotherapy or added to background 
statin therapy. Evolocumab 140 mg every 2 weeks or 320 mg every 4 weeks 
lowers LDL-C by 50 to 70%. Fairly similar reductions in non-HDL-C occur. 
These drugs also lower Lp(a) by 25 to 30%, the significance of which in unclear.

In the FOURIER (Further Cardiovascular Outcomes Research with PCSK9 
Inhibition in Subjects with Elevated Risk) trial, evolocumab further reduced 
ASCVD risk when added to high- or moderate-intensity statin therapy in 
more than 27,000 patients with cardiovascular disease and additional high-risk 
characteristics. A15  LDL-C levels were 92 mg/dL in the statin-placebo group 
and 30 mg/dL in the statin-evolocumab group. ASCVD events were reduced 
by 20% over the average treatment period of 2.2 years. This magnitude of 
relative risk reduction was somewhat less than expected for the 62 mg/dL 
(1.6 mmol/L) reduction in LDL-C when compared to the 22% reduction 
observed per 39 mg/dL (1 mmol/L) reduction in LDL-C observed in the 
statin trials. The ODYSSEY OUTCOMES trial found that alirocumab further 
reduced cardiovascular events in patients with acute coronary syndromes 
treated with high- or moderate-intensity statin therapy. A16  A reduction in total 
mortality and the majority of the ASCVD risk reduction occurred in patients 
with baseline LDL-C levels greater than or equal to 100 mg/dL.

Previous data from evolocumab and alirocumab trials of 11 to 18 months 
duration found 50% relative risk reductions from approximately 70 mg/dL 
LDL-C reductions. In contrast to the FOURIER trial population, populations 
in these trials had mean baseline LDL-C levels of approximately 120 mg/dL, 
which is similar to the mean level in the Cholesterol Treatment Trialists meta-
analysis where each 39 mg/dL reduction in LDL-C was associated with a 
22% reduction in cardiovascular events. A subsequent meta-analysis of LDL-C 
lowering trials found when baseline LDL-C levels were less than 100 mg/dL, 
no reductions in total or cardiovascular mortality were observed. When baseline 
LDL-C levels were greater than 100 mg/dL, greater reductions in total and 
cardiovascular mortality occurred as baseline LDL-C levels increased. These 

double-blind placebo controlled trials have found that about 75 to 80% of 
patients reporting intolerance to two or more statins can tolerate atorvastatin 
20 mg when received as blinded therapy. Therefore patient expectations of 
adverse effects, the “nocebo” effect, may play a large role in patients reporting 
symptoms during statin therapy.

The most straightforward approach in patients with mild to moderate symp-
toms is to stop the statin, wait until symptoms resolve, and rechallenge with 
the same statin at a lower dose or another statin at least once a week, depending 
on the patient’s preferences after being informed of statin benefits (heart attack, 
stroke, and death reduction) (Table 195-5). If symptoms do not resolve within 
2 months, the statin is not the cause. Alternative etiologies should be inves-
tigated and treated. Once treated, the statin can be reinitiated. After the statin 
has been tolerated for 3 months, up-titration is desirable. However, even rosu-
vastatin 10 mg once a week will lower LDL-C by about 25% on average.

Patients with severe muscle pain or weakness or dark urine should be evalu-
ated for the possibility of rhabdomyolysis. Symptomatic creatine kinase eleva-
tions more than 10 times the upper limit of normal, elevated creatinine levels, 
and myoglobinuria are indicative of rhabdomyolysis. The statin should be 
stopped and the patient should be admitted to the hospital for hydration, 
close observation, and evaluation for other causes of severe muscle damage. 
Once any predisposing conditions are addressed, the safety and potential 
benefits of reinitiating statin therapy need to be carefully considered. Referral 
to a lipid specialist is advisable.

Statins have no hepatotoxic effects. If transaminases are two to three times 
the upper limit of normal, then alanine aminotransferase can be retested in 3 
months as reassurance of continued statin safety. In patients with transaminases 
that are more than three times the upper limit of normal, other causes of 
hepatoxicity or infection should be investigated prior to statin initiation and 
the potential benefit and safety of statin therapy should be reassessed. If hepa-
titis symptoms develop during statin therapy, or transaminases more than five 
times the upper limit of normal persist on retest, the statin should be stopped 
until the patient’s condition has improved.

Cognitive impairment has been reported anecdotally during statin therapy. 
The statin can be discontinued and rechallenged as outlined above. Persistent 
cognitive symptoms should be evaluated.

Special Populations
Many groups of patients were excluded from the randomized trials due 
to concerns regarding safety or the potential to benefit. Little clinical trial 
evidence is available for primary prevention patients older than 75 years of 
age. Statin initiation should be individualized in primary prevention patients 
older than 75 years based on patient preferences and severity of other  
comorbidities.

Patients with inflammatory or chronic infectious conditions may be at 
increased cardiovascular risk, and may meaningfully benefit from statin therapy. 
However, these patients may also be at increased risk of drug-drug interactions 
due to immunosuppressive or antiviral therapy.

TABLE 195-5 APPROACH TO PATIENTS WITH SYMPTOMS 
DURING STATIN THERAPY

Mild-moderate symptoms 1. Stop statin
2. Wait until symptoms resolve
3. Rechallenge with lower dose of same statin, or 

another statin, per the patient’s preference
4. Increase statin dose/interval as tolerated

Severe muscle pain or 
weakness

1. Stop statin
2. Check creatine kinase (CK), creatinine/glomerular 

filtration rate (GFR), urine myoglobin
3. Admit and carefully hydrate if CK >10 × ULN and 

elevated/worsened creatinine or myoglobinuria
4. Evaluate for predisposing factors and treat
5. If considering restarting statin, refer to lipidologist

Jaundice or persistent 
hepatic transaminases 
>5×

1. Stop statin
2. Evaluate for other causes of hepatitis
3. Consider statin reinitiation once condition resolves

Diabetes mellitus 1. Continue statin
2. Encourage weight loss and regular physical activity
3. Treat diabetes

ULN = upper limit of normal
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Determining When to Add Nonstatin Therapy
Once statin therapy and lifestyle are optimized, selected high-risk patients 
may benefit from further LDL-C lowering therapy. As for primary prevention 
in nondiabetic patients with LDL-C lower than 190 mg/dL, where the margin 
of benefit may be less and patient preferences are important, a clinician-patient 
discussion is recommended.

For very high-risk patients with an approximately 30% 10-year ASCVD 
risk, such as those with cardiovascular disease and familial hypercholesterol-
emia, diabetes, or polyvascular disease, adding ezetimibe would result in NNTs 
of more than 50 unless LDL-C levels are above 130 mg/dL (E-Fig. 195-5). 
Adding a PCSK9 monoclonal antibody is unlikely to be cost-effective unless 
LDL-C levels are over 100 to 130 mg/dL, dependent upon the level of price 
discounting.

For high-risk patients with an approximately 20% 10-year ASCVD risk, 
such as those with cardiovascular disease and well-controlled risk factors, or 
primary prevention patients with heterozygous familial hypercholesterolemia, 
adding ezetimibe would result in NNTs of more than 50 unless LDL-C levels 
are over 190 mg/dL (E-Fig. 195-5). Adding a PCSK9 monoclonal antibody 
is unlikely to be cost-effective unless LDL-C levels are over 130 to 160 mg/
dL, dependent upon the level of price discounting.17

 HYPERTRIGLYCERIDEMIA
The triglyceride levels reported by the laboratory reflect the triglycerides in 
the triglyceride-rich lipoproteins and their remnants, predominantly chylo-
microns, VLDL, IDLs and to some extent LDL (Fig. 195-1). Since both cho-
lesterol and triglycerides are carried in apolipoprotein B-containing lipoproteins, 
genetic variants associated with elevated blood triglyceride levels due to elevated 
triglyceride-rich lipoproteins are associated with increased ASCVD risk. Thus, 
the increased risk is not due to triglyceride levels per se.18 However, the increased 
cardiovascular risk arises from the cholesterol-rich lipoproteins rather than 
the triglyceride level per se. Therefore, cardiovascular risk reduction efforts 
should focus primarily on reducing the levels of LDL-C and non-HDL-C. 
However, pancreatitis risk is increased when triglycerides are in excess of 
1000 mg/dL, suggesting that these patients could benefit from therapy targeted 
specifically at lowering triglycerides.

Mild-moderate hypertriglyceridemia (150 to 499 mg/dL) is common in 
patients with cardiovascular risk factors, diabetes, or cardiovascular disease.19 
Small effects from a number of common and rare genetic variants contrib-
ute to triglyceride levels of 175 to 899 mg/dL. Triglyceride levels over  
900 mg/dL usually result from a large-effect monogenetic disorder. Hyper-
triglyceridemia gene expression is modified by stimuli from the diet, excess 
adiposity, physical activity, drugs, and other factors. Because hypertriglyceri-
demia clusters in families due to shared genetic and environmental stimuli, 
screening and counseling of family members is recommended once severe 
hypertriglyceridemia (>500 mg/dL) is identified.

data suggest diminishing returns to further reducing LDL-C levels of less than 
100 mg/dL and of achieving very low LDL-C levels. A17 

PCSK9 monoclonal antibodies have been well tolerated over a period of 
up to 3 years. The most common adverse effect has been mild, transient injec-
tion site reactions occurring in less than 5% of patients. No excess of adverse 
events was observed in the FOURIER trial or ODYSSEY OUTCOMES trials 
overall, and adverse event rates were similar across levels of achieved LDL-C 
levels, including those whose LDL-C remained below 25 mg/dL. PCSK9 
monoclonal antibodies are highly selective for PCSK9, and the antibody-
antigen complexes are metabolized by the reticuloendothelial system. Evo-
locumab and alirocumab have no drug interactions. Both antibodies are 
contraindicated during pregnancy and lactation.

The acquisition price of PCSK9 monoclonal antibodies has limited their 
use.17 The 2018 AHA/ACC cholesterol guideline recommended the consid-
eration of PCSK9 monoclonal antibodies only for very high-risk ASCVD 
patients whose LDL-C remained greater than 70 mg/dL despite maximal 
statin and ezetimibe therapy. Very high-risk patients include ASCVD patients 
with heterozygous FH or with several additional high-risk characteristics, 
including age 65 years or older, previous coronary revascularization, diabetes 
mellitus, hypertension, renal insufficiency (eGFR 15-59 mg/nL/min/1.73 m2), 
current smoking, LDL-C 100 mg/dL or greater despite maximal statin therapy, 
or a history of congestive heart failure.

Other Nonstatin Therapies
Bile Acid Sequestering Agents
Cholestyramine, colestipol, and colesevelam bind bile acids in the intestinal 
lumen, interrupting the enterohepatic recirculation of the cholesterol-rich bile 
acids. Decreased intracellular cholesterol levels upregulate LDL-C receptor 
synthesis, thereby enhancing removal of LDL from the blood. Bile acid seques-
trants are not absorbed and are excreted in the feces. Due to tolerability issues 
and modest LDL-C lowering effects, bile acid binding agents have limited 
clinical use.

Colesevelam is an anion-binding resin with greater affinity for the negatively 
charged bile acids than cholestyramine and colestipol. As a consequence, 
colesevelam is better tolerated and has fewer drug-drug interactions. At the 
full recommended doses, the three bile acid sequestering agents have similar 
efficacy, reducing LDL-C by 15 to 20%, similar to ezetimibe 10 mg used as 
monotherapy. Cholestyramine reduced cardiovascular events by 19% over a 
7-year period in the Lipid Research Clinics trial in hypercholesterolemic men.

Use of bile acid sequestrants is limited by their bulk and significant gastro-
intestinal adverse effects, including severe constipation. They can also severely 
exacerbate underlying hypertriglyceridemia, and should be avoided when 
triglyceride levels are higher than 300 mg/dL. They may cause fat-soluble 
vitamin deficiencies. Use during pregnancy or lactation requires the potential 
for benefit to be weighed against the potential for harm.

Niacin
Niacin, or nicotinic acid, has beneficial effects on all lipid parameters, raising 
HDL-C, lowering LDL-C or non-HDL-C, triglycerides, and Lp(a) in a dose-
dependent manner. Niacin’s mechanisms of action have not been clearly elu-
cidated. Due to tolerability issues and modest if any cardiovascular benefits, 
niacin is rarely used in clinical practice.

Niacin was one of the first cholesterol-lowering drugs tested in clinical 
trials. A trial of niacin in the pre-statin era found a modest benefit for immediate-
release niacin 2 grams daily for reducing nonfatal coronary heart disease events 
in men with coronary heart disease, and a total mortality benefit that emerged 
on long-term follow-up. However, enthusiasm for niacin waned after the results 
of the AIM-HIGH A18 

 
 A19  and HPS2-THRIVE A20  trials, performed in the back-

ground of statin therapy, were reported. In AIM-HIGH, where both treatment 
groups were treated to similar LDL-C levels, the additional increase in HDL-C, 
reduction in triglycerides, non-HDL-C, and Lp(a) with extended release niacin 
1.5 to 2 grams did not reduce cardiovascular events. In HPS2-THRIVE, 
extended-release niacin 2 grams combined with laropriprant (an antiflushing 
agent) did not further reduce cardiovascular events. Moreover, the niacin/
laropriprant group had more serious adverse events, including disturbances 
in diabetes control, increased diabetes incidence, and cutaneous, gastrointestinal, 
bleeding, musculoskeletal, and infectious adverse events.

Mipomersen and Lomitapide
Mipomersen and lomitapide are orphan drugs with significant hepatotoxicity 
that are approved for use only in patients with homozygous familial hypercho-
lesterolemia. They should be used only under the direction of a lipid specialist.

Patients should be retested after at least a 12-hour fast to confirm fasting 
hypertriglyceridemia. Reductions in elevated triglyceride levels are likely to 
benefit selected patients,20 and the treatment approach is the same for almost 
all patients with hypertriglyceridemia.

Lifestyle
Successful lifestyle modification often has dramatic effects. All patients with 

triglycerides higher than 150 mg/dL should be counseled on a healthy diet, 
with an emphasis on avoiding refined carbohydrates and processed foods as 
well as saturated, trans and overall high fat intake. Increased omega-3 rich fish 
intake may also be beneficial. Regular physical activity and modest weight loss 
are also helpful. Alcohol should be avoided. Patients whose triglycerides remain 
over 1000 mg/dL should also be referred to a dietician for counseling on a very 
low-fat diet.

Rule Out Secondary Causes
If triglycerides remain elevated above 500 mg/dL, secondary causes should 

be sought and treated (Table 195-1). The most common secondary cause of 
hypertriglyceridemia is undiagnosed or inadequately treated diabetes mellitus 
(Chapter 216). Other common causes include a large weight gain, excessive 
alcohol or sugar intake, drugs (estrogen, glucocorticoids, protease inhibitors, 
retinoic acid), pregnancy, and renal disease.

TREATMENT 
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The potential to benefit, or absolute reduction in risk, can be estimated 
from the absolute risk of the patient and the relative risk reduction from the 
added therapy. The inverse of the absolute risk reduction is the number-needed-
to-treat to prevent one cardiovascular event (NNT).

Extended-release niacin of more than 2 grams and all sustained-release 
niacin formulations should be avoided due to hepatotoxicity and cases of 
fulminant liver failure. Inositol, or “no-flush” formulations have no effect on 
lipid levels. Contraindications to use include hepatic transaminase levels higher 
than two times the upper limit of normal. In addition to the adverse effects 
reported in the HPS2-THRIVE trial, niacin increases the risk of myopathy 
and rhabdomyolysis, atrial fibrillation, gout, and thrombocytopenia.

Some degree of flushing, itching, or other cutaneous symptoms is experi-
enced by almost all patients receiving immediate-release, or crystalline, and 
about half of patients receiving extended-release niacin. With careful up-titration 
and aspirin or diphenhydramine prophylaxis, most patients develop tolerance 
over time. Acanthosis nigricans, marked hyperpigmentation in the axillary 
folds, can develop.
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Patient at ASCVD risk on maximum statin therapy

LDL-C thresholds for considering additional LDL-C lowering treatment with:

PCSK9 mAB
for ~50% LDL-C reduction

Ezetimibe
for ~20% LDL-C reduction

or

Patient
LDL-C

(mg/dL)
Very high-risk patient

(≥30% 10-year ASCVD risk)
High-risk 

(20-29% 10-year ASCVD risk)
Moderate-risk

(10-19% 10-year ASCVD risk)

≥190

≥160

≥130

≥100

≥70

PCSK9 mAb
(NNT ≤ 21-28)

Ezetimibe
(NNT <30)

Ezetimibe
(NNT <50)

PCSK9  mAb
(NNT <50)

PCSK9 mAb
(NNT ≤ 21-28)

Ezetimibe
(NNT <50)

PCSK9  mAb
(NNT <50)

PCSK9 mAb
(NNT <50)

E-FIGURE 195-5. Determining when to use nonstatin therapy rule of thumb + categories of patients who are likely to experience an ASCVD risk reduction benefit from additional 
LDL-C lowering therapy, considering both clinical and cost perspectives (assuming no adverse events). mab = monoclonal antibody; NNt = number-needed-to-treat to prevent one 
asCVD event. (from robinson JG et al. Determining when to add nonstatin therapy: a quantitative approach. J Am Coll Cardiol. 2016; 68:2412-21.)



Statins to Reduce ASCVD Risk
Many hypertriglyceridemic patients are at increased cardiovascular risk or 

may have concomitant elevations in LDL-C or non-HDL-C. Statin therapy to 
reduce ASCVD risk is recommended for these patients. A direct LDL-C can be 
obtained when triglyceride levels are over 500 mg/dL.

As monotherapy, gemfibrozil and fenofibrate have been shown to reduce 
cardiovascular events in selected populations. Subgroup analyses suggest 
fenofibrate may reduce cardiovascular risk in diabetic patients with both low 
HDL-C and elevated triglycerides on a moderate-intensity statin. However, the 
relative reductions in cardiovascular risk observed in these analyses were what 
would be expected from the reductions in non-HDL-C. Therefore, statins con-
tinue to be first-line cardiovascular risk reduction therapy based on the extensive 
evidence of benefit and safety for statin therapy across all triglyceride and 
HDL-C subgroups.

Drug Therapy to Lower Triglycerides
Based on observational data, patients with triglyceride levels over 1000 mg/

dL or a history of hypertriglyceridemic pancreatitis may benefit from additional 
drug therapy to lower triglycerides in order to decrease the risk of pancreatitis. 
The efficacy of various drugs with triglyceride-lowering effects is shown in 
E-Table 195-1. Low- to moderate-intensity statin therapy should be intensified 
because high-intensity statins further reduce triglycerides by about 25%.

Fibrates
If additional triglyceride lowering is needed, fenofibrate is the most conve-

nient option and lowers triglycerides 15 to 35%. However, fenofibrate increases 
the risk of serious myopathy five-fold in patients treated with moderate-intensity 
statins, with little safety data on use with high-intensity statins. Fenofibrate 
can also raise LDL-C levels in some patients, which is probably not beneficial. 
It can also raise creatinine levels without affecting renal function, and needs 
dose adjustment when the glomerular filtration rate is lower than 60 mL/
min/1.73 m2. Gemfibrozil increases the risk of serious myopathy and rhabdo-
myolysis 30-fold in statin-treated patients and should be avoided.

Marine Omega-3 Fatty Acids
It is probably safer for patients on high-intensity statin therapy to add omega-3 

fatty acids with at least 3.4 mg of docosahexaenoic acid (DHA) or eicosapen-
tanoic acid (EPA). This amount of DHA/EPA can be obtained from 4 capsules 
containing 850 mg DHA/EPA per 1000 mg marine oil capsule, and can be taken 
in divided doses. Lower doses (1000 mg daily) can reduce the risk of myocardial 
infarction but not of all major cardiovascular events. A21  In the REDUCE-IT trial, 
icosapent ethyl, a highly purified eicosapentaenoic acid ester (4 grams daily) 
reduced cardiovascular events in very high-risk ASCVD patients with triglyceride 
levels 135 to 499 mg/dL. A 25% reduction in the risk of major cardiovascular 
events occurred over an average of 5 years of treatment. A22  It is not clear whether 
this benefit was due to triglyceride-lowering per se or an effect of EPA. Atrial 
fibrillation, peripheral edema, and adverse bleeding events were more common 
in the icosapent ethyl group.

Other Lipid Drugs
Niacin has modest triglyceride-lowering effects but may exacerbate hypergly-

cemia, and along with its other adverse effects has a limited role. Ezetimibe and 
PCSK9 monoclonal antibodies have no significant triglyceride-lowering effects. 
Bile acid sequestrants should be avoided when triglycerides are over 300 mg/
dL because they have been known to cause hypertriglyceridemic pancreatitis.

Volanesorsen is an orphan drug approved for treatment of patients with 
familial chylomicronemia syndrome and familial partial lipodystrophy, severe 
autosomal recessive triglyceride disorders with significant morbidity. Volanesorsen 
is an antisense olionucleotide that targets the messenger RNA for apo C-III.

In pregnant women, the benefits of fenofibrate and gemfibrozil therapy 
should be carefully weighed against the risks; fibrates should not be used in 
nursing mothers.
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E-TABLE 195-1 COMPARISON OF TRIGLYCERIDE-LOWERING 
DRUG EFFICACY

DRUG EFFICACY (%)
Double statin dose −2 to −12

Moderate- vs. high-intensity statin −26
Fenofibrate 145 mg
Fenofibric acid 135 mg

Mixed dyslipidemia: −15 to 36

Gemfibrozil 600 mg bid Isolated hypertriglyceridemia: −46 to 
−62

Marine omega-3 fatty acids (dose 
dependent)

Mixed dyslipidemia: −19 to −44
Isolate hypertriglyceridemia: −26 to −52

Niacin extended-release 2 g Mixed dyslipidemia: −5 to −38
Ezetimibe 10 mg −9
Alirocumab 75 mg q2wk; increase to 

150 mg q2wk if LDL-C ≥ 70 mg/DL
0 to −13

Alirocumab 150 mg q2wk −17
Evolocumab 140 mg q2wk or 420 mg 

q4wk
−4 to −23

CONTRAINDICATED WHEN TRIGLYCERDIES > 300 mg/dL

Bile acid binding agents 0 to +23
 Colestipol 2 scoops (6 g)
 Cholestyramine 2 scoops (8 g)
 Colesevelam 6 tabs or suspension 

(3.75 g)
From Robinson J. Clinical Lipid Management. 1st ed. West Islip, NY: Professional Communications 
Inc; 2016.
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196 
GLYCOGEN STORAGE DISEASES
DAVID A. WEINSTEIN

 DEFINITION
Glycogen, a highly branched polymer of glucose, is the storage form of glucose 
in mammals. The major sites of glycogen deposition are skeletal muscle and 
liver. Several other tissues and organs, including the heart, smooth muscle, 
kidney, and intestine, are sites of glycogen synthesis that can be impaired in 
the glycogen storage diseases (GSDs).1

 EPIDEMIOLOGY
The overall frequency of the GSDs is approximately 1 case per 20,000 to 
25,000 births. Sixteen distinct types have been identified, which are referred 
to either by the deficient enzyme or by a numbering system that reflects the 
historical sequence of their description. They are all uncommon and some 
are extremely rare. Six types account for approximately 97% of GSD cases: 
GSD I (25%), GSD II (15%), GSD III (24%), GSD IV (3%), and GSD VI 
and IX (30%). It is likely, however, that the mild forms of GSD are under-
recognized, and GSD IX may be the most common identifiable cause of recur-
rent hypoglycemia (Chapter 217) in male patients.
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ABSTRACT
The glycogen storage diseases are a group of disorders with aberrant glycogen 
synthesis or degradation. The liver glycogen storage diseases manifest as 
hypoglycemia with fasting, while a myopathy develops in the muscle forms 
of the disease. With treatment, most complications can be prevented, and 
treatment strategies are outlined in this chapter.
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FIGURE 196-1. Simplified scheme of glycogen synthesis and degradation in the liver. note that in skeletal muscle, glucose transporter type 4 (GlUt4) transports glucose across the 
cell membrane and glucose-6-phosphatase is absent. coa = coenzyme a; UDP-glucose = uridine diphosphoglucose; 1, hexokinase/glucokinase; 2, glucose-6-phosphatase; 3, phospho-
glucomutase; 4, glycogen synthase; 5, branching enzyme; 6, glycogen phosphorylase; 7, debranching enzyme; 8, phosphofructokinase; 9, fructose-1,6-bisphosphatase; 10, acid maltase; 
11, pyruvate dehydrogenase. 

 PATHOBIOLOGY
Glucose transporter type 2 (GLUT2) predominates in the liver (and pancreatic 
beta cells) and has a high Km (≈15 to 20 mmol/L); consequently, the free 
glucose concentration in hepatocytes increases in direct proportion to the 
increase in plasma glucose concentration. Glucose is rapidly phosphorylated 
by glucokinase to form glucose 6-phosphate, which is converted to glucose 
1-phosphate, the starting point for glycogen synthesis (Fig. 196-1). Hepatic 
glycogen synthase catalyzes the formation of α-1,4 linkages that elongate the 
chains of glucose molecules. A branching enzyme leads to formation of α-1,6 
linkages at branch points along the chain. The concentration of GLUT4 in 
the plasma membrane of skeletal muscle increases markedly after exposure 
to insulin and in response to exercise, resulting in increased glucose transport 
into skeletal muscle, where it is either oxidized to provide energy for contract-
ing muscle or converted to glycogen.

In the intervals between meals and during the overnight fast, a cascade of 
enzymatic reactions (including adenylate cyclase, phosphorylase b kinase, 
and cyclic adenosine monophosphate–dependent protein kinase) activates 
hepatic glycogen phosphorylase, the rate-limiting enzyme in glycogenolysis, 
leading to the formation of glucose 6-phosphate. Glucose-6-phosphatase cata-
lyzes the terminal reaction of both glycogenolysis and gluconeogenesis, the 
hydrolysis of glucose 6-phosphate, thereby allowing glucose to be released 
from the liver into the systemic circulation. This process is critically important 
for the maintenance of glucose homeostasis. Because muscle lacks glucose-
6-phosphatase, it cannot release glucose for systemic use. Muscle glycogen is 
used to meet the energy requirement of contracting muscle and is a source 
of lactate, pyruvate, and alanine for gluconeogenesis early in starvation. The 
rate of glycogenolysis in muscle is most rapid during the first 5 to 10 minutes 
of exercise. As exercise continues and blood flow to muscle increases, blood-
borne substrates (glucose and free fatty acids) become increasingly important 
sources of energy.

The GSDs or glycogenoses comprise several inherited disorders of glycogen 
synthesis or degradation. All are autosomal recessive with the exception of a 
subtype of GSD IX that is X-linked. The GSDs are caused by mutations in 

The goal of treatment of the hepatic forms of GSD is to prevent hypoglycemia 
and glucose counter-regulation. The specific details of therapy principally depend 
on whether normal gluconeogenesis can occur. In GSD I, abnormal glucose-
6-phosphatase activity impairs both glycogenolysis and gluconeogenesis. In 
contrast, gluconeogenesis is intact in the other liver forms of GSD, allowing 
protein to be used as a substrate for endogenous glucose production. Fatty 
acid oxidation is also intact in all types of GSD except for GSD I, resulting in 
ketone formation during periods of hypoglycemia.2

Treatment of GSD I consists of providing a continuous dietary source of 
glucose to maintain blood glucose levels at 75 to 90 mg/dL before meals and 
overnight. Glucose concentrations must be maintained above 70 mg/dL to 
prevent counter-regulation, which causes shunting of glucose 6-phosphate 
into alternative pathways, resulting in hyperlactacidemia, hyperuricemia, and 
hypertriglyceridemia. In infants, continuous glucose can be provided by frequent 
feeds during the day and continuous intragastric feeds at night through a 
nasogastric or gastrostomy tube. Beginning at 6 to 12 months of age, uncooked 
cornstarch (UCS), which is slowly digested and absorbed into the circulation 
as glucose, can be used as an alternative method of continuously providing 

TREATMENT 

the genes that code for enzymes involved in the synthesis or degradation of 
glycogen and may involve the liver, skeletal muscle, and kidney. They are all 
characterized by an abnormal tissue concentration or structure (or both) of 
the glycogen molecule.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Hepatomegaly and hypoglycemia are the principal clinical manifestations of 
the hepatic glycogenoses; muscle cramps, exercise intolerance, easy fatigability, 
and progressive weakness are the major manifestations of the muscle glyco-
genoses. Features of the most common GSDs are shown in Table 196-1. 
Molecular genetic testing performed on DNA extracted from blood or saliva 
is used to diagnose all of the common forms of GSD.
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TABLE 196-1 PRINCIPAL FEATURES OF THE COMMON GLYCOGEN STORAGE DISEASES
TYPE AND DEFECTIVE 
ENZYME CHARACTERISTIC CLINICAL FEATURES

HIGH-RISK 
POPULATIONS THERAPY

0
Hepatic glycogen synthase

Liver small or normal in size, fasting ketotic hypoglycemia, 
postprandial hyperglycemia and hyperlactatemia

French Canadians
Italians

UCS, especially at bedtime, with high-protein 
diet

Ia
Glucose-6-phosphatase
von Gierke disease

Hepatomegaly, failure to thrive, growth retardation, severe 
hypoglycemia, lactic acidosis, hyperuricemia, hyperlipidemia

Ashkenazi Jews
Mexicans
Chinese
Japanese

UCS during the day and night or continuous 
overnight intragastric feeding

Ib
Glucose 6-phosphate 

transporter

Same as type Ia; also neutropenia, recurrent bacterial infections, and 
inflammatory bowel disease

Native Americans
Iranian Jews
Italians

UCS as for glycogen storage disease Ia; 
granulocyte colony-stimulating factor, 
mesalamine

II
Lysosomal acid maltase 

(α-glucosidase)
Pompe disease

Infantile form is characterized by severe generalized hypotonia, muscle 
weakness, and hypertrophic cardiomyopathy leading to 
cardiorespiratory failure usually by 1 year of age.

Skeletal myopathy with slowly progressing muscle weakness is the 
primary clinical manifestation of the juvenile- and adult-onset forms.

Serum creatine kinase is markedly increased.

None Intravenous enzyme replacement with 
recombinant human α-glucosidase

III
Debranching enzyme
Cori or Forbes disease

Hepatomegaly, moderate to severe ketotic hypoglycemia, muscle 
weakness and wasting, hypertrophic cardiomyopathy (IIIa), 
increased transaminases; without muscle involvement (IIIb)

Faroe Islanders
First Nation (Canada)
Indian subcontinent

High-protein diet with low-dose UCS 
supplementation

IV
Glycogen branching enzyme
Andersen disease

A clinically heterogeneous disorder
The typical presentation is liver disease in early childhood progressing 

to lethal cirrhosis.
The less common neuromuscular presentation is distinguished by age 

at onset into 4 groups: perinatal, congenital, childhood, and adult.

None High-protein diet with restriction of 
carbohydrates

Liver transplantation has resulted in decreased 
glycogen storage in heart and skeletal 
muscle.

V
Muscle glycogen 

phosphorylase
McArdle disease

Symptoms usually begin in adolescence or early adulthood with 
exercise intolerance, fatigue, myalgia, muscle cramps, and muscle 
swelling. Transient myoglobinuria due to rhabdomyolysis may occur 
after exercise. Severe myoglobinuria may lead to acute renal failure.

Later in adult life, persistent and progressive muscle weakness and 
atrophy with fatty replacement occur. Serum creatine kinase is 
increased.

None High-protein diet (50% carbohydrate and 
25-30% protein)

Oral sucrose before sustained aerobic exercise 
may be beneficial.

VI
Hepatic glycogen 

phosphorylase
Hers disease

Hepatomegaly; growth retardation; moderate ketotic hypoglycemia; 
increased serum transaminases, cholesterol, and triglycerides

Mennonites
Scottish

UCS dosed to prevent hypoglycemia and 
ketosis

VII
Muscle phosphofructokinase
Tarui disease

Manifested in childhood with fatigue, muscle cramps, exercise 
intolerance; rhabdomyolysis and myoglobinuria with strenuous 
exertion; increased serum creatine kinase; may have mild hemolytic 
anemia and mild hyperbilirubinemia; hyperuricemia

None No specific treatment; avoid strenuous exercise

IX
Phosphorylase b kinase

Hepatomegaly, mild ketotic hypoglycemia, growth retardation, 
increased serum transaminases, hypercholesterolemia, 
hypertriglyceridemia

May be X-linked or autosomal recessive

None UCS dosed to prevent hypoglycemia and 
ketosis; high-protein diet to normalize 
prealbumin

UCS = uncooked cornstarch.

glucose. Initially, UCS is given every 3 hours. As children age and guided by 
the results of periodic blood glucose and lactate monitoring, the interval 
between feeds eventually is increased to 4 to 5 hours. An extended-release 
cornstarch preparation allows many older patients to sleep through the night 
without awakening, but use is not recommended in children under 5 years 
of age.3 Galactose and fructose must be restricted because they cannot be 
converted to glucose, and consumption of large quantities may exacerbate 
the biochemical derangements. Optimal care usually ameliorates all biochemi-
cal abnormalities; however, if optimal dietary management does not lower 
serum uric acid and triglycerides to acceptable levels, treatment with allopurinol 
and gemfibrozil, respectively, is indicated. Neutropenia (Chapter 158) in type 
Ib responds well to low-dose granulocyte colony-stimulating factor (G-CSF) 
therapy; however, untoward effects of G-CSF may include splenomegaly and 
very rare cases of leukemia.4 The recommended starting dose (2.5 µg/kg/day) 
is therefore lower than in other conditions, and the lowest possible dose that 
prevents infections is used. Vitamin E supplementation may improve neutro-
phil survival and allow lower G-CSF doses.5 An enterocolitis that resembles 
Crohn disease (Chapter 132) occurs almost universally in GSD type Ib, and 
mesalamine (Pentasa) is the first-line therapy because small intestinal disease  
predominates.

Patients with the other forms of GSD use a high-protein diet (2 or 3 g/kg) 
supplemented with complex carbohydrates and UCS, which, typically, is  
administered every 6 to 8 hours to maintain glucose concentrations above 
75 mg/dL. Because β-oxidation of fatty acids can occur in these forms of GSD, 
ketosis can develop rapidly, and UCS doses are titrated to maintain a normal 

blood ketone concentration (<0.3 mmol/L). Protein dosing is aimed at normal-
ization of total protein and prealbumin concentrations. Strict avoidance of 
fructose and sucrose is unnecessary; however, intake of simple sugars is still 
discouraged to avoid excessive storage of glycogen. This is particularly important 
in GSD III because excessive glycogen storage has been associated with wors-
ening of the associated hypertrophic cardiomyopathy.

Treatment of the muscle glycogenoses is shown in Table 196-1.

Prevention of Complications
Long-term complications previously were common in GSD I and III. There is 

increasing evidence, however, that complications can be delayed or even pre-
vented with optimal metabolic control.6 Hepatic adenomas can develop in 
patients with GSD I during adolescence or early adulthood and may gradually 
enlarge, undergo malignant transformation, or hemorrhage into the peritoneal 
cavity. Nephrocalcinosis and nephrolithiasis, caused by hypocitraturia, are also 
common and can be prevented by oral citrate supplementation. Maintenance 
of optimal metabolic control can prevent development of hepatic adenomas, 
renal tubular dysfunction, focal segmental glomerulosclerosis, anemia, gout, 
and osteoporosis.

In type III GSD, a hypertrophic cardiomyopathy can develop. The cardiac 
disease appears to be caused by overstorage of glycogen, and restriction of 
simple sugars and carbohydrates has resulted in normalization of cardiac func-
tion. Hepatic adenomas develop in 10% of patients, and hepatocellular cancer 
is rare. Most patients with type III do not have myopathic symptoms during 
childhood and early adulthood. Progressive myopathy can develop beginning 



 PROGNOSIS
The prognosis for all of the hepatic GSDs is now excellent. Almost all com-
plications can be delayed or prevented with optimal metabolic control. Patients 
are doing well into adulthood, and pregnancies are now routine. Liver trans-
plantation should be viewed as a treatment of last resort, especially because 
gene therapy may be available for treatment of these disorders in the future. 
Gene therapy has been used to successfully treat animal models for GSD I 
and II, and human gene therapy trials for GSD Ia have recently been started.

The Association for Glycogen Storage Disease website (http://www.agsdus.org) 
provides basic information about the GSDs intended to be of use to people 
affected by one of the GSDs, their families, and other interested parties. Similar 
organizations exist in the United Kingdom, France, Spain, the Netherlands, 
Germany, Italy, Sweden, the Faroe Islands, Russia, Poland, Brazil, and Mexico, 
as well as an organization for all of South America.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

in the teenage years, and it can become debilitating. A very high protein diet 
(3 or 4 g/kg) may slow the progression of the muscle disease.7

Short stature and osteoporosis are the only common complications in GSD 
0, VI, and IX, but these can be prevented by maintenance of optimal metabolic 
control and avoidance of ketosis. Cirrhosis has been described as a complica-
tion in untreated patients with GSD IX, but scarring may be prevented with 
treatment.

http://www.agsdus.org/
https://expertconsult.inkling.com/


CHAPTER 196 GlycoGen StoraGe DiSeaSeS 1368.e1

GENERAL REFERENCES

1. Kanungo S, Wells K, Tribett T, et al. Glycogen metabolism and glycogen storage disorders. Ann Transl 
Med. 2018;6:1-8.

2. Weinstein DA, Steuerwald U, De Souza CFM, et al. Inborn errors of metabolism with hypoglycemia: 
glycogen storage diseases and inherited disorders of gluconeogenesis. Pediatr Clin North Am. 
2018;65:247-265.

3. Ross KM, Brown LM, Corrado MM, et al. Safety and efficacy of chronic extended release cornstarch 
therapy for glycogen storage diseases type I. JIMD Rep. 2016;26:85-90.

4. Dale DC, Bolyard AA, Marrero T, et al. Neutropenia in glycogen storage disease Ib: outcomes for 
patients treated with granulocyte colony-stimulating factor. Curr Opin Hematol. 2019;26:16-21.

5. Melis D, Minopoli G, Balivo F, et al. Vitamin E improves clinical outcome of patients with glycogen 
storage disease type Ib. JIMD Rep. 2016;25:39-45.

6. Dambska M, Labrador E, Kuo CL, et al. Prevention of complications in glycogen storage disease type 
Ia with optimization of metabolic control. Pediatr Diabetes. 2017;18:327-331.

7. Sentner CP, Hoogeveen IJ, Weinstein DA, et al. Glycogen storage disease type III: diagnosis, genotype, 
management, clinical course and outcome. J Inherit Metab Dis. 2016;39:697-704.



CHAPTER 196 GlycoGen StoraGe DiSeaSeS1368.e2

REVIEW QUESTIONS

1. Which of the following symptoms and signs would not be a likely present-
ing manifestation of glycogen storage disease in an adult?
 A. Unexplained hepatomegaly
 B. Limb-girdle muscle weakness
 C. Transient ischemic attacks
 D. Symptoms of hypoglycemia
 E. Muscle cramps

Answer: C Most cases of glycogen storage disease seen by internists will have 
been already diagnosed in childhood. However, individuals with much milder 
disease (presumably associated with less severe enzyme activity as determined 
by genotype) may present with symptoms and signs in adulthood. Hepato-
megaly (A) and hypoglycemia (D) are the principal clinical manifestations 
of the hepatic glycogenoses; muscle cramps (E), exercise intolerance, and 
progressive fatigue and weakness are the major manifestations of the muscle 
glycogenoses (see Table 196-1). For example, whereas infants with Pompe 
disease (type II glycogen storage disease) present at birth (floppy infant 

syndrome) or shortly thereafter and progress to respiratory failure, cardiomy-
opathy, and death by the age of 1 year unless treated, adult-onset disease 
commonly is manifested as limb-girdle muscle weakness (B), which can mimic 
that of other musculoskeletal disorders, especially muscular dystrophies. (Vissing 
J, Lukacs Z, Straub V. Diagnosis of Pompe disease. JAMA Neurol. 2013;70:923-
927.) Cerebrovascular disease (C) may be seen in homocystinuria but is not 
known to be associated with glycogen storage diseases.

2. What is the only glycogen storage disease that affects both the liver and 
the muscle?
 A. Type Ia glycogen storage disease
 B. Type III glycogen storage disease
 C. Type VI glycogen storage disease
 D. Type IX glycogen storage disease

Answer: B As a result of both liver and muscle involvement, type III GSD 
is the only type of glycogen storage disease that involves the heart.
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197 
LYSOSOMAL STORAGE DISEASES
DONNA M. KRASNEWICH AND ELLEN SIDRANSKY

The lysosomal storage diseases encompass a group of more than 50 different 
inherited disorders, all sharing a defect in lysosomal function. Lysosomes are 
acidic, membrane-bound organelles located in the cytoplasm that contain 
enzymes that degrade macromolecules. Lysosomal storage disorders ensue 
when one or more of the hydrolytic enzymes are deficient or when essential 
lysosomal transporters, receptors, cofactors, or protective proteins are defec-
tive or lacking. Typically, complex macromolecules, including glycolipids, 
mucopolysaccharides, and glycoproteins, are delivered to the lysosome, where 
they undergo sequential modification by a series of hydrolases. An enzymatic 
deficiency becomes clinically important when macromolecules accumulate 
due to inadequate degradation. Different categories of defects resulting in 
lysosomal dysfunction are encountered in the lysosomal storage disorders; 
examples of each type are listed in Table 197-1.

Although most lysosomal storage disorders are rare, as a group their fre-
quency is estimated to be 1 per 7000 to 8000 live births. This is an underes-
timate because milder or attenuated forms of these disorders are often not 
identified. Each of the disorders has an autosomal recessive pattern of inheri-
tance, except for Fabry disease and Hunter syndrome (mucopolysaccharidosis 
II), which are X-linked recessive, and Danon disease, caused by mutations in 
the lysosome-associated membrane protein 2 (LAMP-2), which is inherited 
in an X-linked dominant manner. All lysosomal storage disorders are charac-
terized by a broad spectrum of manifestations, sometimes causing them to 
evade diagnosis. Many were traditionally classified into infantile, juvenile, and 
adult types, based on the patient’s age at the onset of manifestations, but 
atypical presentations complicate these distinctions. Among the factors con-
tributing to this phenotypic diversity are the amount of residual enzyme activity, 
the cellular localization of the enzyme, the genotype, and the genetic back-
ground of the affected individual, as well as other genetic, environmental, and 
epigenetic influences.1

 GAUCHER DISEASE

 PATHOBIOLOGY
Gaucher disease, the autosomal recessively inherited deficiency of the lysosomal 
enzyme glucocerebrosidase, is a disorder primarily of the reticuloendothelial 
system.3 Lysosomes within macrophages become engorged with the substrate 
glucocerebroside, giving rise to the characteristic Gaucher cells, that have a 
wrinkled-paper appearance resulting from intracytoplasmic substrate deposition. 
The accumulated glycolipid glucocerebroside is derived from the degradation 
of senescent leukocytes or erythrocyte membranes.

 CLINICAL MANIFESTATIONS
Clinically, Gaucher disease has been divided into three types based on the 
absence or presence and the rate of progression of neurologic involvement. 
Type 1, the non-neuronopathic form, is the most common type and can mani-
fest at any age. Type 2, the acute neuronopathic form, manifests before or 
shortly after birth and has a rapid and progressive course. Type 3 is the subacute 
neuronopathic form. The spectrum of manifestations encountered in this 
disorder ranges from asymptomatic octogenarians to infants who succumb 
in utero. Some patients defy classification into one of the three types. It is a 
pan-ethnic disorder, although type 1 Gaucher disease is more frequent among 
Ashkenazi Jews, in whom the carrier frequency is about 1 in 16; in contrast, 
the approximate carrier frequency in the general population is 1 in 100.

The gene encoding glucocerebrosidase,GBA1, is located on chromosome 
1q21. More than 300 different mutations have been found in patients, several 
of which are encountered with increased frequency in type 1 Gaucher disease; 
for example, among Ashkenazi Jews, mutation N370S is the most common 
allele. However, the mutations identified do not adequately correlate with the 
range of manifestations encountered.

In recent years, an association between Gaucher disease and Parkinson-
ism (Chapter 381) has been reported. Both patients with Gaucher disease 
and carriers of mutations in GBA1 have a higher incidence of Parkinson 
disease and Lewy body disorders. Studies in cohorts of patients with Par-
kinson disease around the world demonstrate that they have a more than 
five-fold increased frequency of GBA1 mutations, rendering this the most 
common genetic risk factor for Parkinsonism identified to date. However, 
the majority of affected individuals and carriers do not develop Parkinson 
disease.

Commonly encountered symptoms in all types of Gaucher disease include 
easy bruisability, hepatomegaly, splenomegaly, chronic fatigue, and bone pain 
or pathologic fractures. Laboratory findings include anemia, thrombocytopenia, 
and elevations of ferritin, acid phosphatase, angiotensin-converting enzyme, 
and, at times, liver enzymes. Painless splenomegaly is the most common 

TABLE 197-1 CLASSIFICATION OF LYSOSOMAL STORAGE 
DISORDERS BASED ON THE TYPE OF DEFECT*

SPHINGOLIPIDOSES

Fabry disease (α-galactosidase)
Farber disease (ceramidase)
GM1 gangliosidosis/Landing disease (β-galactosidase)
GM2 gangliosidosis/Tay-Sachs disease
Sandhoff disease (α-hexosaminidases A and B)
Gaucher disease (glucocerebrosidase)
Niemann-Pick disease, types A and B (sphingomyelinase)
Metachromatic leukodystrophy (arylsulfatase A)
Krabbe disease (β-galactocerebrosidase)
LIPID STORAGE DISORDERS

Wolman disease (acid lipase)
Ceroid-lipofuscinosis, adult type, Kufs/Parry (CLN4, heterogeneous)
MUCOPOLYSACCHARIDOSES

Type I/Hurler disease (α-l-iduronidase)
Type II/Hunter disease (iduronate-2-sulfatase)
Type III/Sanfilippo disease (four different enzymes in the degradation of heparan 

sulfate defining types A-D)
Type VI/Maroteaux-Lamy disease (N-acetylgalactosamine-4-sulfatase)
Type VII/Sly disease (α-glucuronidase)
OLIGOSACCHARIDOSES

Aspartylglucosaminuria (aspartylglucosaminidase)
Fucosidosis (α-fucosidase)
α-Mannosidosis (α-mannosidase)
Schindler disease (α-N-acetylgalactosaminidase)
Sialidosis I (sialidase)
Sialidosis II/mucolipidosis I (sialidase)
MUCOLIPIDOSES

Mucolipidosis II/I-cell disease (N-acetylglucosaminylphosphotransferase)
Mucolipidosis III/pseudo-Hurler (N-acetylglucosaminylphosphotransferase)
Mucolipidosis IV (MCOLN1 mutation)
LYSOSOMAL GLYCOGEN STORAGE DISORDERS

Glycogenosis type II/Pompe disease (α-1,4-glucosidase)
LYSOSOMAL TRANSPORT DISORDERS

Sialic acid storage disease/Salla disease (sialin/SLC17A5)
Cystinosis (cystine transporter)
Niemann-Pick disease, type C (intracellular cholesterol transport)
MULTIPLE ENZYME DEFICIENCY DISORDERS

Galactosialidosis (β-galactosidase and sialidase)
Multiple sulfatase deficiency/Austin disease (sulfatases)
*Full chapters describing each of these disorders are available in Valle D, Beaudet AL, Vogelstein B, 
et al., eds. The Online Metabolic and Molecular Bases of Inherited Disease. http://www.ommbid 
.com/OMMBID

With the advent of new therapies for some of the lysosomal storage disor-
ders, early establishment of the diagnosis is paramount. Suggestive clinical 
findings include coarse facial features; organomegaly; specific eye findings, 
including corneal clouding or a cherry red spot (of the macula); cytopenia; 
and skeletal abnormalities, notably dysostosis multiplex. Disorders associated 
with each of these findings are listed in Table 197-2. There should be a greater 
index of suspicion whenever these features occur in concert, the findings are 
progressive, there is developmental regression, or the affected individual appears 
dissimilar to other family members.

The diagnostic work-up includes a careful history, with analysis of the family 
pedigree and assessment of developmental milestones in childhood and ado-
lescence. A family history of consanguinity, other affected siblings, multiple 
miscarriages, or early deaths can aid in making the diagnosis. Ethnicity can 
be a helpful clue because some of the lysosomal disorders occur with increased 
incidence in specific populations, such as Ashkenazi Jews (Gaucher disease 
type 1, Tay-Sachs disease, mucolipidosis type IV) and Scandinavians (man-
nosidosis, aspartylglucosaminuria, Salla disease, Gaucher disease type 3). On 
physical examination, special attention should be paid to head circumference 
(micro or macrocephaly), facial appearance (coarse facies), enlargement of 
the tongue, hepatosplenomegaly, skeletal manifestations including kyphosis, 
broadening of the long bones, and stiffness of the joints. Skin evaluation may 
reveal angiokeratoma, especially around the umbilicus and in skin creases. 

http://www.ommbid.com/OMMBID
http://www.ommbid.com/OMMBID
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ABSTRACT
The lysosomal storage diseases encompass a group of around fifty inherited 
disorders, all sharing a defect in lysosomal function. Lysosomes are acidic, 
membrane-bound organelles that contain enzymes that degrade macromol-
ecules including glycolipids, mucopolysaccharides, and glycoproteins. Lysosomal 
storage occurs when one or more of the hydrolytic enzymes are deficient or 
when essential lysosomal transporters, receptors, cofactors, or protective pro-
teins are defective or lacking. This storage results in a gamut of clinical mani-
festations affecting different organs. Lysosomal disorders may present at different 
ages, from infancy to adulthood, and should be considered in the differential 
diagnosis of organomegaly, cardiomyopathy, renal disease, bony involvement, 
and neurodegeneration. Each disorder has varying degrees of severity, ranging 
from early lethality to a normal life expectancy. Two of the more common 
lysosomal storage disorders which may present in adulthood, Gaucher disease 
and Fabry disease, have implications relevant to other more common diseases. 
Mutations in the glucocerebrosidase gene that cause Gaucher disease are a 
common genetic risk factor for the development of Parkinson disease and 
related synucleinopathies, whereas Fabry mutations are identified in patients 
with hypertrophic cardiomyopathies. Several treatment strategies are available, 
including enzyme replacement and substrate reduction, and other approaches 
that may cross the blood-brain barrier are being developed.
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 GAUCHER DISEASE

 PATHOBIOLOGY
Gaucher disease, the autosomal recessively inherited deficiency of the lysosomal 
enzyme glucocerebrosidase, is a disorder primarily of the reticuloendothelial 
system.3 Lysosomes within macrophages become engorged with the substrate 
glucocerebroside, giving rise to the characteristic Gaucher cells, that have a 
wrinkled-paper appearance resulting from intracytoplasmic substrate deposition. 
The accumulated glycolipid glucocerebroside is derived from the degradation 
of senescent leukocytes or erythrocyte membranes.

 CLINICAL MANIFESTATIONS
Clinically, Gaucher disease has been divided into three types based on the 
absence or presence and the rate of progression of neurologic involvement. 
Type 1, the non-neuronopathic form, is the most common type and can mani-
fest at any age. Type 2, the acute neuronopathic form, manifests before or 
shortly after birth and has a rapid and progressive course. Type 3 is the subacute 
neuronopathic form. The spectrum of manifestations encountered in this 
disorder ranges from asymptomatic octogenarians to infants who succumb 
in utero. Some patients defy classification into one of the three types. It is a 
pan-ethnic disorder, although type 1 Gaucher disease is more frequent among 
Ashkenazi Jews, in whom the carrier frequency is about 1 in 16; in contrast, 
the approximate carrier frequency in the general population is 1 in 100.

The gene encoding glucocerebrosidase,GBA1, is located on chromosome 
1q21. More than 300 different mutations have been found in patients, several 
of which are encountered with increased frequency in type 1 Gaucher disease; 
for example, among Ashkenazi Jews, mutation N370S is the most common 
allele. However, the mutations identified do not adequately correlate with the 
range of manifestations encountered.

In recent years, an association between Gaucher disease and Parkinson-
ism (Chapter 381) has been reported. Both patients with Gaucher disease 
and carriers of mutations in GBA1 have a higher incidence of Parkinson 
disease and Lewy body disorders. Studies in cohorts of patients with Par-
kinson disease around the world demonstrate that they have a more than 
five-fold increased frequency of GBA1 mutations, rendering this the most 
common genetic risk factor for Parkinsonism identified to date. However, 
the majority of affected individuals and carriers do not develop Parkinson 
disease.

Commonly encountered symptoms in all types of Gaucher disease include 
easy bruisability, hepatomegaly, splenomegaly, chronic fatigue, and bone pain 
or pathologic fractures. Laboratory findings include anemia, thrombocytopenia, 
and elevations of ferritin, acid phosphatase, angiotensin-converting enzyme, 
and, at times, liver enzymes. Painless splenomegaly is the most common 

The eye evaluation should include a funduscopic and slit-lamp examination 
to screen for storage material within the retina (cherry red spots) as well as 
an assessment for atypical eye movements, which may be pathognomonic for 
disorders such as neuronopathic Gaucher disease and Niemann-Pick disease 
type C. Unexplained cardiomyopathy and cryptogenic stroke may be the initial 
presentation of Fabry disease. A careful neurologic and cognitive evaluation 
can be fruitful because the later presentations include dementia and psychiatric 
manifestations in several of these disorders. Regression of developmental 
milestones can provide an early diagnostic clue. Preliminary clinical diagnostic 
studies include urine for thin-layer chromatography, blood count with smear 
for vacuolated white blood cells, skeletal radiography, and ophthalmologic 
examination.

For the most part, the diagnosis of a specific lysosomal storage disorder is 
made by assaying enzymatic activity in a blood sample or fibroblast cell line. 
A lysosomal panel, evaluating the activity of multiple lysosomal enzymes from 
the same sample, historically has been the first-tier test. If a lysosomal storage 
disorder is suspected, a tissue biopsy, most often of the bone marrow or liver, 
might be considered, although this is rarely indicated. Most of the genes encod-
ing the lysosomal enzymes have been identified, and mutation analysis is 
commonly used when a mutation has already been identified in a family or 
when specific mutations are known to be common in a given ethnic group. 
Diagnostic testing based on DNA sequencing of panels of genes implicated 
in lysosomal storage disease is emerging.

Improved care and new therapeutic modalities have transformed the natural 
history of several of these disorders. With patients’ increased longevity, diseases 
that were once encountered only by pediatricians have now made their way 
to the offices of internists. Moreover, many of the classic complications are 
now avoided by early therapeutic interventions, such as enzyme replacement 
therapy.2 However, in some instances, prolonged longevity has unmasked 
unanticipated clinical manifestations. In addition, the advent of next genera-
tion DNA sequencing of affected individuals with unknown diagnoses has 
led to the identification of lysosomal storage disorders in individuals lacking 
classic disease manifestations. Physicians’ increased awareness of the range 
of manifestations and presentations of lysosomal disorders may lessen the 
lengthy delays in diagnosis that patients frequently experience. As the patho-
genesis of many of these disorders continues to be investigated, some common 
themes are emerging, including the involvement of the CLEAR (coordinated 
lysosomal expression and regulation) network which unites autophagy, lyso-
somes, and lysosome-like organelles in response to nutrient availability, and 
downstream inflammatory events. Lysosomal disorders encountered in adult 
patients are discussed here, with a focus on Gaucher disease and Fabry disease. 
A brief discussion of specific disorders frequently diagnosed during adulthood, 
as well as of childhood-onset lysosomal disorders that persist through adult-
hood is included.

TABLE 197-2 MANIFESTATIONS ENCOUNTERED IN DIFFERENT LYSOSOMAL STORAGE DISORDERS
FINDING DISORDERS
Hepatosplenomegaly GM1 gangliosidosis, Niemann-Pick disease, Gaucher disease, Wolman disease, lysosomal acid lipase deficiency, fucosidosis, Pompe disease, 

mannosidosis, multiple sulfatase deficiency, sialidosis, galactosialidosis, several mucopolysaccharidoses, cystinosis
Coarse facies GM1 gangliosidosis, fucosidosis, Pompe disease, mannosidosis, multiple sulfatase deficiency, I-cell disease, several mucopolysaccharidoses, 

mucolipidosis II, sialic acid storage disease, aspartylglucosaminuria
Skeletal findings GM1 gangliosidosis, Gaucher disease, fucosidosis, mannosidosis, sialidosis, galactosialidosis, several mucopolysaccharidoses, I-cell disease, 

mucolipidosis III
Cherry red spot (retina) Infantile forms of GM1 gangliosidosis, Sandhoff disease, Tay-Sachs disease, Niemann-Pick disease, sialidosis, galactosialidosis, I-cell disease
Corneal clouding GM1 gangliosidosis, several mucopolysaccharidoses, mannosidosis, I-cell disease, mucolipidosis III and IV, multiple sulfatase deficiency, 

galactosialidosis
Cognitive impairment GM1 gangliosidosis, Sandhoff disease, Tay-Sachs disease, Niemann-Pick disease, Gaucher disease type 2, Wolman disease, fucosidosis, 

mannosidosis, multiple sulfatase deficiency, sialidosis, galactosialidosis, several mucopolysaccharidoses, sialic acid storage disease, 
aspartylglucosaminuria, I-cell disease, mucolipidosis III and IV, Krabbe disease, metachromatic leukodystrophy, neuronal ceroid 
lipofuscinosis

Hematologic
 Foam cells GM1 gangliosidosis, Niemann-Pick disease, Gaucher disease, acid lipase deficiency, fucosidosis
 Granulated or vacuolated 

white blood cells
Several mucopolysaccharidoses, sialidosis, galactosialidosis, neuronal ceroid-lipofuscinosis, Niemann-Pick disease, Wolman disease, 

fucosidosis, mannosidosis, aspartylglucosaminuria, I-cell disease, mucolipidosis III, multiple sulfatase deficiency
Psychiatric or behavioral 

manifestations
Several mucopolysaccharidoses (especially Sanfilippo), sialidosis, galactosialidosis, Fabry disease, mannosidosis, neuronal ceroid-

lipofuscinosis, metachromatic leukodystrophy, Tay-Sachs disease, Niemann-Pick disease, type C
Newborn presentations Gaucher disease, type 2; GM1 gangliosidosis; Krabbe disease; Niemann-Pick disease, types A and C; mucopolysaccharidosis I, IVA, VII; 

Pompe disease; sialidosis, types I and II; mucolipidosis, types I and II; Schindler disease; Wolman disease; infantile sialic acid storage 
disease; sialuria; Salla disease; galactosialidosis; multiple sulfatase deficiency; prosaposin deficiency
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presentation in patients with type 1 Gaucher disease, and the spleen can be 
massively enlarged. Occasional patients have pulmonary involvement or pul-
monary hypertension. Bone involvement is a significant cause of morbidity 
and can manifest with extreme bone pain or pathologic fractures. Most patients 
have radiologic evidence of skeletal involvement, including the classic Erlen-
meyer flask deformity of the distal end of the femur and osteopenia (Fig. 
197-1A). Pathologic fractures (especially of the hip, ribs, or spine), lytic bone 
lesions, and osteoporosis may occur. Painful bone crises, episodes of bone 
infarcts, can last for weeks and may require aggressive pain management. Altered 
macrophage function, complement processing, and an increased risk for mul-
tiple myeloma (Chapter 178) have been reported.

Type 2 Gaucher disease, which is rare, is characterized by a rapid neuro-
degenerative course with extensive visceral involvement and associated with 
failure to thrive, laryngospasm, strabismus, and seizures. Death usually occurs 
within the first 3 years of life.

Type 3 disease is clinically variable and is often noted in childhood. In 
addition to organomegaly and bone involvement, patients have abnormal 
horizontal eye movements, and some develop myoclonic epilepsy or neuro-
degeneration. A subgroup of patients have cardiac calcifications, hydrocephalus, 
and other atypical manifestations. All carry the GBA1 mutation D409H.

 DIAGNOSIS
Gaucher disease should be considered in the differential diagnosis of patients 
of all ages with unexplained organomegaly, easy bruisability, or bone pain 
(Table 197-3). The diagnosis can be made by demonstration of deficient glu-
cocerebrosidase activity in leukocytes or cultured cells. In some populations, 
particularly Ashkenazi Jews, mutation analysis can be diagnostic because 
mutation N370S accounts for about 70% of mutant alleles. However, the 
presence of a highly homologous pseudogene sequence nearby can complicate 
molecular analysis. Bone marrow and liver biopsies show pathologic changes 
(Fig. 197-1B) but are not indicated for diagnosis. Carrier identification is best 
achieved by DNA testing when the mutant allele is known. Prenatal diagnosis 
is possible by determining the enzymatic activity or specific mutations in 
chorionic villi or cultured amniotic fluid cells.

 FABRY DISEASE

 PATHOBIOLOGY
Fabry disease, an X-linked inherited deficiency of the lysosomal enzyme 
α-galactosidase A, has intermediate penetrance in females and is considered 
a systemic vascular disorder. This defect in the hydrolytic cleavage of the ter-
minal molecule of galactose from glycolipids causes lysosomal accumulation 
of globotriaosylceramide and galabiosylceramide in many cell types. Lysosomal 
inclusions or lipid deposits can be seen in vascular cells, including both endo-
thelial and smooth muscle cells; cardiac cells, such as endocardial cells, car-
diomyocytes, and cardiac valves; kidney epithelial cells, including tubular and 
glomerular cells and podocytes; and nerve cells, including dorsal root ganglia 
and some central nervous system neurons.

The gene encoding α-galactosidase A, GLA, is located on Xq22.1. More 
than 400 mutations have been described, including missense/nonsense muta-
tions, small deletions, large deletions, splice defects, and complex rearrange-
ments. Most affected individuals have 2 to 25% of residual enzymatic activity, 
but the most severe form of Fabry disease has been correlated with complete 
absence of α-galactosidase A activity.

 CLINICAL MANIFESTATIONS
Clinically, angiokeratomas (nonblanching, punctate, blue-black skin lesions), 
debilitating pain, and corneal opacities can occur in childhood and may lead 
to the diagnosis. If the diagnosis is missed, the disease can result in progressive 
renal and cardiac deterioration. Affected adults have a propensity for ischemic 
stroke, sometimes in their 20s, but more commonly in the fourth and fifth 
decades of life. As with many metabolic disorders, there is a spectrum of 
presentations that can mimic more common disorders, and many patients are 
undiagnosed.

Fabry disease typically manifests in childhood in classically affected males 
with episodes of extremity pain. Angiokeratomas develop in adolescence, fol-
lowed by advancing renal disease during adulthood. The progressive cardiac 
and cerebrovascular involvement accounts for most of the deaths associated 
with Fabry disease in adulthood. X-linked inactivation and the penetrance of 
this X-linked disorder are reflected in the fact that approximately 90% of females 
carrying the mutation have symptoms although they frequently go undiag-
nosed. However, affected males show more significant clinical manifestations 
at an earlier age than do heterozygous females.

Although variable, clinical manifestations of Fabry disease occur in a pre-
dictable order; acroparesthesia, angiokeratoma, proteinuria, polyuria, polydipsia, 
heat, cold, exercise intolerance, hypo- or hyperhidrosis, lymphadenopathy, 
abdominal pain and diarrhea, with increasing risk in adulthood of progressive 
cardiac and central nervous system involvement.

The majority of patients experience acroparesthesia, or a “Fabry crisis,” 
characterized by excruciating, burning pain that may be either continuous or 
episodic. This is often the initial clinical manifestation. The pain typically 
affects the feet first, followed by the hands, and may be triggered by exercise, 
stress, and extremes in environmental temperatures. Abdominal or flank pain, 
simulating renal colic, may occur.

Angiokeratomas (Fig. 197-1C) are often an early sign of Fabry disease 
and may be accompanied by hypohidrosis. These classic skin lesions 
increase in number and size over time, and are typically most dense between 
the umbilicus and the knees; however, they may occur anywhere, includ-
ing the buccal mucosa. Ophthalmologic findings include conjunctival and 
retinal tortuosity and corneal opacities (cornea verticillata). Characteristic 
lenticular lesions are observed during slit-lamp examination and are present 
in affected males and female heterozygotes. Progressive hearing loss may  
also occur.

Renal involvement is seen in approximately 50% of affected males by age 
35 and 20% of affected females, initially manifesting with proteinuria, fol-
lowed by progressive renal insufficiency, with birefringent “Maltese crosses” 
sometimes seen in the urinary sediment. Chronic kidney disease is part of the 
natural history, and end-stage renal disease may develop in the second to fourth 
decades. Fabry disease should be considered when multiple renal sinus cysts 
are seen on an imaging study. As affected men and women age, cardiovascular 
findings may include ventricular hypertrophy, conduction defects, coronary 
artery disease, aortic and mitral valve insufficiency, and aortic root dilation. 
Furthermore, atypical Fabry disease can be manifested with concentric left 
ventricular hypertrophy and no other disease findings. Cerebrovascular involve-
ment, leading to transient ischemic attacks and stroke, occur in approximately 
25% of patients, with a mean age at onset of 40 years.

A C

B

FIGURE 197-1. A, Radiographic image showing the Erlenmeyer flask deformity in 
Gaucher disease. there is cortical thinning and widening of the medullary cavity of the 
metaphysis and adjacent diaphysis. B, gaucher cells—reticuloendothelial cells storing 
abnormal amounts of lipid. C, angiokeratomas, the nonblanching punctate skin lesion 
in Fabry disease. 

TABLE 197-3 SUGGESTIVE DIAGNOSTIC FEATURES IN 
ADULTHOOD FOR GAUCHER DISEASE AND 
FABRY DISEASE

GAUCHER DISEASE FABRY DISEASE
Family member with Gaucher disease
Hepatomegaly, splenomegaly 

(sometimes massive)
Frequent epistaxis
Easy bruising
Abnormal saccadic eye movements
Thrombocytopenia or anemia
Painful bone crisis
Erlenmeyer flask deformity of the 

distal femur, aseptic necrosis of 
the femoral heads

Pathologic fractures, unexplained rib 
fracture

Multiple myeloma
Parkinsonism
Elevated serum ferritin, angiotensin-

converting enzyme, or tartrate-
resistant acid phosphatase

Family history of Fabry disease
Cutaneous lesions of capillaries 

(angiokeratoma)
Hypohidrosis or heat intolerance
Intermittent episodes of severe pain in the 

extremities (acroparesthesias)
Left ventricular hypertrophy of unknown 

etiology in young adulthood
Stroke of unknown etiology in young 

adulthood
Chronic kidney disease of unknown 

etiology in young adulthood
Multiple renal sinus cysts discovered 

incidentally
Female carriers may have more variable and 

less severe symptoms with later onset

Two treatment approaches have been used to lower pathologic glucocer-
ebroside accumulation in Gaucher disease: enzyme replacement therapy and 
substrate reduction therapy. Enzyme replacement with recombinant glucocer-
ebrosidase is available for the treatment of symptomatic patients with type 1 
Gaucher disease (Table 197-4). Studies show that anemia, thrombocytopenia, 

TREATMENT 

TABLE 197-4 ENZYME REPLACEMENT THERAPY (ERT) FOR 
GAUCHER DISEASE AND FABRY DISEASE

GAUCHER DISEASE FABRY DISEASE
ERT is a costly but effective intravenous 

therapy generally administered every 
other week for life.

Decreased splenic and hepatic volumes 
and increases in hemoglobin levels 
and platelet counts should be 
expected in the first year of 
treatment.

Asymptomatic and mildly symptomatic 
adults do not always require 
treatment.

ERT does not cross the blood-brain 
barrier and does not correct 
neurologic features of neuronopathic 
forms of Gaucher disease.

ERT will not prevent the development 
of Parkinsonism.

ERT is costly, and there are not uniform 
recommendations for its use.

On the basis of some current trials, 
hemizygous males with a low or 
undetectable level of α-galactosidase A 
should be treated with ERT, whether 
or not clinical features are present.

On the basis of current trials, female 
carriers and atypically affected males 
with clinical features of Fabry disease 
(renal, neurologic, cardiovascular) 
should be treated with ERT.

Other trials suggest that patients with 
end-stage renal disease due to Fabry 
disease should be treated with ERT to 
potentially reduce other organ 
involvement.

and organomegaly are reversed within 12 to 36 months with enzyme doses 
between 15 and 60 IU/kg given every other week. The treatment is ongoing, 
administered intravenously, and extremely expensive. Asymptomatic and 
mildly symptomatic adults do not always require treatment. Several compa-
nies are now marketing different forms of recombinantly produced enzyme. 
The enzyme does not cross the blood-brain barrier and does not alter the 
neurologic progression of patients with neuronopathic forms of Gaucher 
disease, but it can still be useful in alleviating visceral manifestations. Enzyme 
replacement does not prevent the development of Parkinsonism. Efforts are 
also under way to develop alternative therapies, including substrate reduction 
therapy, chemical chaperones, and gene therapy. A newer substrate reduction 
therapy is eliglustat, which is a ceramide analog.4 It is a potent specific inhibitor 
of glucosylceramide synthase, which reduces glucosylceramide production to 
match its impaired rate of degradation. It is administered orally and significantly 
improves the spleen and liver volume, the hemoglobin level, and the platelet 
count. However longer-term comparison with standard enzyme replacement 
therapy is needed. A1 

,
 A2 

Useful supportive therapies include bisphosphonates for osteoporosis,  
orthopedic surgery for bone fractures, and palliative therapy and hydration 
for bone crises. Total or partial splenectomy, once commonly performed in 
patients with Gaucher disease, is now rarely indicated. Hematopoietic stem 
cell transplantation (Chapter 168) has improved systemic but not neurologic 
manifestations.

Female carriers of this X-linked disorder tend to have more variable and 
less severe symptoms, with a later age at onset. Affected women may not have 
proteinuria, even with pronounced renal impairment, and in almost 40%, 
stroke is the initial presentation. While angiokeratomas are not typically seen 
in affected women, half have hypohidrosis and heat intolerance. The onset of 
cardiomyopathy in affected women is generally 10 years later than the classic 
presentation in men, and may be the only manifestation of Fabry disease.

 DIAGNOSIS
Fabry disease should be considered in individuals with acroparesthesia, 
angiokeratoma, and corneal lesions as well as in individuals with cryptogenic 
strokes, idiopathic cardiomyopathy, or renal disease (Table 197-3). Men and 
women with left ventricular hypertrophy without any other explanation or 
with a family history of renal, cardiovascular, cerebrovascular, or skin issues 
should be screened for Fabry disease. Angiokeratoma should be differenti-
ated from Fordyce disease, benign angiokeratomas of the scrotum, and angio-
keratoma circumscriptum. Angiokeratomas are also seen in other lysosomal 
disorders including mannosidosis, fucosidosis, sialidosis, β-galactosidase and 
β-hexosaminidase deficiency. Corneal abnormalities are like those seen sec-
ondary to the use of chloroquine or amiodarone. Exposure to silicone dust 
can result in similar renal findings.

A presumed diagnosis can be confirmed by low α-galactosidase activity in 
peripheral white blood cells or cultured skin fibroblasts. Levels below 20% of 
normal are considered diagnostic, and levels up to 35% of normal should be 
considered suggestive. GLA mutation analysis is available and is critical for 
confirmation in atypically presenting males and heterozygote females because 
random X chromosome inactivation may lead to only slightly reduced or 
normal enzyme activity. An increased awareness of Fabry disease, pilot newborn 
screening studies, and the implementation of next-generation sequencing 
strategies in cardiovascular disease have led to the appreciation that Fabry 
disease is more common than previously recognized. Mutations associated 
with classic Fabry disease features are present in approximately 1 : 22,000 to 
1 : 40,000 males and mutations associated with atypical presentations are 
present in about 1 : 1000 to 1 : 3000 males and 1 : 6000 to 1 : 40,000 females. 
As many as 3 to 12 % of adults with hypertrophic cardiomyopathy may have 
Fabry disease.

TREATMENT 
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 FABRY DISEASE

 PATHOBIOLOGY
Fabry disease, an X-linked inherited deficiency of the lysosomal enzyme 
α-galactosidase A, has intermediate penetrance in females and is considered 
a systemic vascular disorder. This defect in the hydrolytic cleavage of the ter-
minal molecule of galactose from glycolipids causes lysosomal accumulation 
of globotriaosylceramide and galabiosylceramide in many cell types. Lysosomal 
inclusions or lipid deposits can be seen in vascular cells, including both endo-
thelial and smooth muscle cells; cardiac cells, such as endocardial cells, car-
diomyocytes, and cardiac valves; kidney epithelial cells, including tubular and 
glomerular cells and podocytes; and nerve cells, including dorsal root ganglia 
and some central nervous system neurons.

The gene encoding α-galactosidase A, GLA, is located on Xq22.1. More 
than 400 mutations have been described, including missense/nonsense muta-
tions, small deletions, large deletions, splice defects, and complex rearrange-
ments. Most affected individuals have 2 to 25% of residual enzymatic activity, 
but the most severe form of Fabry disease has been correlated with complete 
absence of α-galactosidase A activity.

 CLINICAL MANIFESTATIONS
Clinically, angiokeratomas (nonblanching, punctate, blue-black skin lesions), 
debilitating pain, and corneal opacities can occur in childhood and may lead 
to the diagnosis. If the diagnosis is missed, the disease can result in progressive 
renal and cardiac deterioration. Affected adults have a propensity for ischemic 
stroke, sometimes in their 20s, but more commonly in the fourth and fifth 
decades of life. As with many metabolic disorders, there is a spectrum of 
presentations that can mimic more common disorders, and many patients are 
undiagnosed.

Fabry disease typically manifests in childhood in classically affected males 
with episodes of extremity pain. Angiokeratomas develop in adolescence, fol-
lowed by advancing renal disease during adulthood. The progressive cardiac 
and cerebrovascular involvement accounts for most of the deaths associated 
with Fabry disease in adulthood. X-linked inactivation and the penetrance of 
this X-linked disorder are reflected in the fact that approximately 90% of females 
carrying the mutation have symptoms although they frequently go undiag-
nosed. However, affected males show more significant clinical manifestations 
at an earlier age than do heterozygous females.

Although variable, clinical manifestations of Fabry disease occur in a pre-
dictable order; acroparesthesia, angiokeratoma, proteinuria, polyuria, polydipsia, 
heat, cold, exercise intolerance, hypo- or hyperhidrosis, lymphadenopathy, 
abdominal pain and diarrhea, with increasing risk in adulthood of progressive 
cardiac and central nervous system involvement.

The majority of patients experience acroparesthesia, or a “Fabry crisis,” 
characterized by excruciating, burning pain that may be either continuous or 
episodic. This is often the initial clinical manifestation. The pain typically 
affects the feet first, followed by the hands, and may be triggered by exercise, 
stress, and extremes in environmental temperatures. Abdominal or flank pain, 
simulating renal colic, may occur.

Angiokeratomas (Fig. 197-1C) are often an early sign of Fabry disease 
and may be accompanied by hypohidrosis. These classic skin lesions 
increase in number and size over time, and are typically most dense between 
the umbilicus and the knees; however, they may occur anywhere, includ-
ing the buccal mucosa. Ophthalmologic findings include conjunctival and 
retinal tortuosity and corneal opacities (cornea verticillata). Characteristic 
lenticular lesions are observed during slit-lamp examination and are present 
in affected males and female heterozygotes. Progressive hearing loss may  
also occur.

Renal involvement is seen in approximately 50% of affected males by age 
35 and 20% of affected females, initially manifesting with proteinuria, fol-
lowed by progressive renal insufficiency, with birefringent “Maltese crosses” 
sometimes seen in the urinary sediment. Chronic kidney disease is part of the 
natural history, and end-stage renal disease may develop in the second to fourth 
decades. Fabry disease should be considered when multiple renal sinus cysts 
are seen on an imaging study. As affected men and women age, cardiovascular 
findings may include ventricular hypertrophy, conduction defects, coronary 
artery disease, aortic and mitral valve insufficiency, and aortic root dilation. 
Furthermore, atypical Fabry disease can be manifested with concentric left 
ventricular hypertrophy and no other disease findings. Cerebrovascular involve-
ment, leading to transient ischemic attacks and stroke, occur in approximately 
25% of patients, with a mean age at onset of 40 years.

Female carriers of this X-linked disorder tend to have more variable and 
less severe symptoms, with a later age at onset. Affected women may not have 
proteinuria, even with pronounced renal impairment, and in almost 40%, 
stroke is the initial presentation. While angiokeratomas are not typically seen 
in affected women, half have hypohidrosis and heat intolerance. The onset of 
cardiomyopathy in affected women is generally 10 years later than the classic 
presentation in men, and may be the only manifestation of Fabry disease.

 DIAGNOSIS
Fabry disease should be considered in individuals with acroparesthesia, 
angiokeratoma, and corneal lesions as well as in individuals with cryptogenic 
strokes, idiopathic cardiomyopathy, or renal disease (Table 197-3). Men and 
women with left ventricular hypertrophy without any other explanation or 
with a family history of renal, cardiovascular, cerebrovascular, or skin issues 
should be screened for Fabry disease. Angiokeratoma should be differenti-
ated from Fordyce disease, benign angiokeratomas of the scrotum, and angio-
keratoma circumscriptum. Angiokeratomas are also seen in other lysosomal 
disorders including mannosidosis, fucosidosis, sialidosis, β-galactosidase and 
β-hexosaminidase deficiency. Corneal abnormalities are like those seen sec-
ondary to the use of chloroquine or amiodarone. Exposure to silicone dust 
can result in similar renal findings.

A presumed diagnosis can be confirmed by low α-galactosidase activity in 
peripheral white blood cells or cultured skin fibroblasts. Levels below 20% of 
normal are considered diagnostic, and levels up to 35% of normal should be 
considered suggestive. GLA mutation analysis is available and is critical for 
confirmation in atypically presenting males and heterozygote females because 
random X chromosome inactivation may lead to only slightly reduced or 
normal enzyme activity. An increased awareness of Fabry disease, pilot newborn 
screening studies, and the implementation of next-generation sequencing 
strategies in cardiovascular disease have led to the appreciation that Fabry 
disease is more common than previously recognized. Mutations associated 
with classic Fabry disease features are present in approximately 1 : 22,000 to 
1 : 40,000 males and mutations associated with atypical presentations are 
present in about 1 : 1000 to 1 : 3000 males and 1 : 6000 to 1 : 40,000 females. 
As many as 3 to 12 % of adults with hypertrophic cardiomyopathy may have 
Fabry disease.

Symptomatic treatment of the clinical manifestations of Fabry disease 
should follow standard medical care.5 Antiplatelet agents such as clopidogrel 
and aspirin or long-acting dipyridamole should be used for the prevention of 
strokes. Angiotensin-converting enzyme inhibitors and angiotensin receptor 
blockers are appropriate to manage hypertension and to preserve renal func-
tion. Kidney transplantation is effective in individuals with end-stage renal 
disease. Neuropathic pain can be treated with relatively low doses of anti-
epileptic medications, antidepressants, topical anesthetics, or pain relievers. 
Nonsteroidal anti-inflammatory agents should be avoided because of potential  
renal toxicity.

Enzyme replacement therapy has been available since 2001, and clini-
cal trials suggest a modest benefit in modifying the natural course of the  
disease. A3  Although there are no uniform recommendations, it is generally 
agreed that this therapy is appropriate for classically affected males, symptomatic 
females, and males with atypical disease (Table 197-4). Recent ongoing studies 
have revealed potential efficacy of migalastat hydrochloride, an oral pharma-
cologic chaperone, in affected individuals with specific appropriate mutations  
in GLA. A4 

TREATMENT 

 OTHER LYSOSOMAL DISORDERS SEEN  
IN ADULTS

Metachromatic leukodystrophy, the deficiency of arylsulfatase A, results in the 
accumulation of sulfatides in the central and peripheral nervous systems, 
leading to demyelination of axons and peripheral nerves. It has a spectrum of 
manifestations, divided into childhood, juvenile, and adult variants.6 Peripheral 
neuropathy is often the presenting feature, with gait disturbance and cognitive 
regression also seen. The adult form typically presents with dementia and 
behavioral disturbances, often mistakenly resulting in a diagnosis of psychosis. 
Metachromatic leukodystrophy is a recognized underlying cause of psychiatric 
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thioesterase 1, cathepsin D, and tripeptidyl-peptidase 1. These diseases, when 
identified in children and teens, are characterized by visual impairment that 
leads to blindness, gait abnormalities, seizures, and early death. The two major 
clinical phenotypes in adults are: (1) progressive myoclonic epilepsy with 
dementia, ataxia, and late occurring Parkinsonian symptoms or (2) behav-
ior changes and dementia with motor dysfunction, ataxia, extrapyramidal 
and brain stem involvement. The diagnosis is based on diminished enzyme 
activity, molecular genetic testing and, in some cases, clinical findings and 
electron microscopy of biopsied tissues. Distinguishing between the clinical 
phenotypes can be challenging because of the wide variation in both the 
age of onset and disease progression. Therefore, molecular testing may be 
necessary for optimal classification. Intrathecal recombinant human tripep-
tidyl peptidase 1 replacement therapy may slow the decline in motor and  
language function.10

Lysosomal acid lipase deficiency (LAL-D or Wolman disease in infants) is 
an autosomal recessive storage disease that is caused by mutations in the 
LIPA gene. Clinical manifestations are due to the lysosomal accumulation 
of cholesteryl esters and triglycerides, which lead to the reduced generation 
of free cholesterol, increased production of apolipoprotein B-containing 
lipoproteins, and reduced formation of high-density lipoprotein cholesterol. 
In infants, progression of the disease is rapid, typically occurring within 6 
months of age. Clinical manifestations of LAL-D are quite diverse.11,12 The 
most common manifestations, specifically dyslipidemia, hepatomegaly and 
liver cell damage, elevated serum transaminases, and progression to fibrosis 
and cirrhosis, are shared with other, more common cardiovascular, liver, and 
metabolic diseases. LAL-D is an under-recognized condition, and many affected 
individuals are not diagnosed or receive the incorrect diagnoses of heterozygous 
familial hypercholesterolemia, familial combined hyperlipidemia, nonalcoholic 
steatohepatitis, or nonalcoholic fatty liver disease. Enzyme replacement with 
sebelipase-alfa therapy is an FDA-approved therapy to reduce hepatic and 
lipid abnormalities in children and adults with LAD-D. A5 

Pompe disease is discussed in Chapters 196 and 393.
The mucopolysaccharidoses (MPS) are a group of disorders resulting from 

defective lysosomal degradation and storage of glycosaminoglycans. These 
chronic, progressive storage disorders show clinical manifestations that vary by 
type. Findings may include growth impairment, coarse facial features, dysos-
tosis multiplex, organomegaly, and neurologic manifestations with regression. 
Affected individuals may develop ophthalmologic, cardiovascular, musculo-
skeletal, neurologic, gastrointestinal, and auditory complications. All types 
are inherited in an autosomal recessive pattern except for MPS II (Hunter 
syndrome),13 which is X-linked. The mucopolysaccharidoses were once typi-
cally considered pediatric disorders, but with the advent of enzyme replace-
ment therapy, improved management strategies, and the recognition of milder 
forms, more patients are being cared for in adult clinics.14 Clinical features of 
each type have similarities and distinctions. For example, patients with MPS 
type IS (Hurler syndrome) may present with normal to short stature, normal 
intelligence, degenerative joint disease, corneal opacities, and cardiac valve 
lesions. However, patients with MPS II share the symptoms of MPS I, except 
that airway involvement may be more significant in individuals with MPS II, 
and the corneas are clear. Patients with MPS III (Sanfilippo) have primarily 
central nervous system manifestations, with mild somatic involvement. They 
develop progressive speech impairment, as well as severe behavioral and sleep 
disturbances. Later they experience an unrelenting loss of skills and deteriora-
tion into a vegetative state, with death in the third decade. Individuals with 
MPS IV have severe skeletal dysplasia, with normal intelligence in type A 
and a degenerative course in type B. Medical management is type specific. 
In general, attention should focus on the need to optimize joint mobility 
and function by physical therapy and to manage airway involvement result-
ing from progressive storage in the soft tissue of the upper airway. Patients 
with MPS I, II, and VI should be monitored for the development of cervical 
myelopathy due to dural thickening, which may impact endurance before 
ascending paralysis becomes apparent. Treatment is available in the form of 
enzyme replacement therapy for MPS IS, MPS II, and MPS IVA and VI, and 
enzyme therapies for other forms are in development. It is interesting to note 
that gene therapy directly to the central nervous system appears promising in 
a mouse model of Hunter syndrome.

Cystinosis is a lysosomal storage disorder with three clinical phenotypes: 
the most common infantile or nephropathic form, an intermediate or juvenile-
onset form, and a benign form typically seen in adults and affecting primarily 
the eyes. Lysosomal cystine accumulation results from mutations in the gene 
CTNS, which codes for cystinosin, a lysosomal carrier protein. Individuals 
with the nephropathic form have lysosomal cystine accumulation leading to 

illness in adults, and prominent features include auditory hallucinations, bizarre 
delusions, behavioral changes, personality changes, disinhibition and disor-
ganization in daily life, and catatonic posturing. The diagnosis can be especially 
difficult in these individuals. Other neurologic signs, such as dysarthria and 
spasticity, manifest later as the disease progresses. Metachromatic leukodys-
trophy should be considered in individuals with the combined findings of 
reduced nerve conduction velocity and elevated cerebrospinal fluid protein 
levels. The diagnosis is made by demonstration of low arylsulfatase A activity. 
However, because there can be a pseudodeficiency, it must be confirmed by 
molecular diagnosis or the demonstration of the excretion of sulfatides in 
urine. No specific therapy is currently available. A case series suggests that 
hematopoietic stem cell gene therapy can potentially prevent the onset of 
symptoms in presymptomatic children and may slow or even halt progression 
of the disease.7

Tay-Sachs disease, caused by β-hexosaminidase A deficiency, is characterized 
by an excessive accumulation of the fatty acid derivative ganglioside GM2 in 
neurons. There are three clinical variants based on the age at onset: type 1, 
infantile acute; type 2, subacute (2 to 18 years); and type 3, late onset.8 The 
main features of the disease are neurologic and cognitive deterioration as well 
as blindness, a macular cherry red spot, and deafness. In patients with late-
onset GM2 gangliosidosis, there is typically a history of subtle motor issues. 
In some patients, psychiatric signs may manifest years before the appearance 
of significant motor findings. The most common psychiatric signs include 
acute psychosis, mania, and depression without psychosis. Either recurrent 
progressive psychosis, consistent with schizophrenia-hebephrenia, or major 
depression followed by psychotic features may occur. Dysarthria and progres-
sive speech loss are also common. The disorder is diagnosed by measurement 
of β-hexosaminidase A activity in the serum or white blood cells in the pres-
ence of normal or elevated activity of the β-hexosaminidase B isoenzyme. 
In pregnant women or those taking oral contraceptives, the test should be 
performed only in leukocytes. Community-based screening efforts in the 
high-risk Ashkenazi Jewish population have vastly decreased the incidence of  
this disorder.

Niemann-Pick disease type C results from an error in cellular trafficking of 
exogenous cholesterol, leading to lysosomal accumulation of unesterified 
cholesterol, and has been linked to mutations in the NPC1 (95% of cases) 
and NPC2 (5% of cases) genes. Affected individuals present with a spectrum 
of features ranging from a rapidly progressive, fatal neonatal phenotype to an 
adult-onset chronic, neurodegenerative course. Glycosphingolipids and cho-
lesterol accumulate in different tissues such as the liver, spleen, bone marrow, 
and brain. In adults, the presentation may include progressive ataxia, vertical 
supranuclear ophthalmoplegia, and dystonia. Dementia, depression, bipolar 
symptoms or schizophrenia may be the presenting features. Hepatospleno-
megaly may be present and precede the neurologic deterioration. The diagnosis 
is made by demonstration of impaired cholesterol esterification in cultured 
skin fibroblasts, termed the Filipin test. Molecular genetic testing for muta-
tions is available. Miglustat (N-butyldeoxynojirimycin) has been shown in 
clinical trials to stabilize but not to prevent or reverse key neurologic findings. 
Decisions about starting this therapy typically involve the team of physicians, 
parents, and caregivers of the affected individual. A trial using intrathecal 
2-hydroxypropyl-β-cyclodextrin began in 2017.9

Aspartylglucosaminuria, a disorder more common in Finland than elsewhere 
in the world, is an autosomal recessive defect in glycoprotein degradation 
with subsequent lysosomal storage of the undegraded compounds. Affected 
individuals generally have a slow or progressive delay in development. The 
speech delay and motor defects are often accompanied by repeated upper 
respiratory infections. Patients typically achieve the developmental competency 
of a 5- to 6-year-old child at around puberty; subsequently, they may experi-
ence progressive deterioration, resulting in the severe cognitive impairment 
seen in adulthood. The characteristic coarse facial features, thick calvaria, and 
osteoporosis result from mild connective tissue transformation. About 20% 
of patients experience seizures during the later stages of the disease, resulting 
primarily from abnormalities in the differentiation between gray and white 
matter and delayed myelination. The diagnosis is made by the detection of 
elevated urine oligosaccharides and deficient aspartylglucosaminidase activity 
in leukocytes.

The neuronal ceroid-lipofuscinoses were historically divided into four major 
groups—infantile, classic late infantile, juvenile, and adult—reflecting the 
age at symptom onset and the appearance of autofluorescent ceroid lipopig-
ments in the brain and other tissues. To date, mutations causing neuronal 
ceroid-lipofuscinoses have been found in thirteen human genes, complicat-
ing genetic analysis. Symptoms result from deficiencies in palmitoyl-protein 



multiorgan system involvement, including progressive renal disease, corneal 
crystals, and effects on the thyroid, gonads, pancreas, muscle, and central 
nervous system. The adult form has only corneal crystals. Treatment is sup-
portive and should include cysteamine, which is an oral medication that 
decreases cystine accumulation. Cysteamine hydrochloride eyedrops dissolve 
corneal crystals and relieve photophobia.
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REVIEW QUESTIONS

1. All except which of the following are different defects that can result in 
lysosomal storage disorders?
 A. Sphingolipidosis
 B. Lysosomal transport disorders
 C. Phenylketonuria
 D. Oligosaccharidoses
 E. Lipid storage disorders

Answer: C Lysosomal storage disorders are a group of more than 45 different 
inherited disorders, all sharing a defect in lysosomal function. Lysosomes, 
acidic, membrane-bound organelles present in the cytoplasm, contain enzymes 
that degrade cellular macromolecules. These disorders occur when one or 
more of the hydrolytic enzymes are deficient or when essential lysosomal 
transporters, receptors, cofactors, or protective proteins are defective or lacking. 
Sphingolipidosis, the oligosaccharidoses, lipid storage disorders, and lysosomal 
transport disorders are all considered lysosomal storage disorders. Phenylke-
tonuria is a disorder of amino acid metabolism, and abnormal lysosomal storage 
does not occur.

2. Dyslipidemia, hypertriglyceridemia and elevated liver enzymes, while 
encountered in many common cardiovascular and hepatic disorders, are 
characteristic of this treatable rare metabolic disorder:
 A. Cystinosis
 B. Lysosomal acid lipase deficiency
 C. Aspartylglucosaminuria
 D. Neuronal ceroid lipofuscinosis
 E. Down syndrome

Answer: B Lysosomal acid lipase deficiency (LAL-D) may present in adult-
hood with symptoms similar to other more common disorders including 
hepatomegaly, dyslipidemia, hypertriglyceridemia, and elevated liver enzymes. 
Consideration of LAL-D in the differential diagnosis of these patients is essen-
tial because management of the symptoms will change if this diagnosis is 
made, because there is an FDA approved enzyme replacement therapy.

3. A 24-year-old woman with no prior health issues presents with sudden 
onset of dysarthria and right hemiparesis. She also mentions that she “sweats 
less than her peers during exercise.” She had a paternal grandmother and 
uncle who both died of renal disease in their fourth decade. Her work-up 
should include testing for:
 A. Gaucher disease
 B. Fabry disease
 C. Glycogen storage disease
 D. Wolman disease
 E. All of the above

Answer: B Female carriers of Fabry disease, which is an X-linked disorder, 
have less severe symptoms with a later age at onset. About 40% of affected 
women have stroke as the initial symptom. Whereas the typical skin finding 

in Fabry disease of angiokeratoma is not seen in women, about half complain 
of hypohidrosis and heat intolerance. Renal involvement is common, with 
progressive renal insufficiency and end-stage renal disease in the second to 
fourth decades. Affected men have proteinuria, which is less frequently seen 
in affected women, even those affected with renal disease. Gaucher disease, 
glycogen storage disease, and Wolman disease are not manifested with stroke 
symptoms in men or women.

4. A 22-year-old Ashkenazi Jewish college student presents with 
thrombocytopenia and painless splenomegaly. He is otherwise healthy 
with no relevant family history. His work-up should include diagnostic 
testing for:
 A. Hurler disease
 B. Fucosidosis
 C. Cystinosis
 D. Gaucher disease
 E. Hereditary hemorrhagic telangiectasia

Answer: D Type 1 Gaucher disease should be considered in an otherwise 
healthy young adult with thrombocytopenia and painless splenomegaly. The 
carrier frequency of mutations in the gene encoding glucocerebrosidase (GBA1), 
which underlies Gaucher disease, is about 1 in 16 in Ashkenazi Jews, in contrast 
to the carrier frequency in the general population of about 1 in 100. Hurler 
disease is a mucopolysaccharidosis that manifests with hepatosplenomegaly, 
typically in childhood, although patients may live to adulthood. Cystinosis 
manifests in adults with corneal crystals. Hereditary hemorrhagic telangiectasia 
is an autosomal dominant disease that is manifested with abnormal blood 
vessel formations (telangiectasias) of the skin, mucous membranes, lungs, 
and gut. Fucosidosis manifests in childhood with developmental delay and a 
neurodegenerative course.

5. The following is true about the association between Gaucher disease and 
Parkinsonism:
 A. All patients with Gaucher disease ultimately develop Parkinsonism.
 B. The increased risk of Parkinson disease is observed only in Ashkenazi 

Jews.
 C. Mutations in GBA, the gene encoding glucocerebrosidase, are extremely 

rare in subjects with Parkinsonism.
 D. An increased frequency of Parkinsonism is seen in both patients with 

Gaucher disease and Gaucher disease carriers.
 E. Lewy body disorders other than Parkinson disease are not associated 

with mutations in GBA1.
Answer: D Mutations in the glucocerebrosidase gene are one of the most 
common genetic risk factors for the development of Parkinsonism. Both patients 
with Gaucher disease and Gaucher disease carriers have an increased risk of 
both Parkinson disease and related synucleinopathies, such as dementia with 
Lewy bodies. The increased frequency of GBA1 mutations is observed in both 
Jewish and non-Jewish patients with Parkinsonism. However, the majority of 
patients with Gaucher disease never develop Parkinson disease.
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198 
HOMOCYSTINURIA AND 
HYPERHOMOCYSTEINEMIA
MANUEL SCHIFF AND HENK J. BLOM

 DEFINITION
Homocysteine is a nonprotein amino acid and is a key metabolic branch point 
metabolite between the trans-sulfuration and remethylation pathways of 
methionine metabolism. The many conditions associated with high homo-
cysteine levels encompass a wide range of clinical manifestations.1 The normal 
level of plasma total homocysteine (tHcy) is below 15 µM. However, the 
threshold of tHcy above which a disorder of homocysteine metabolism should 
be suspected and a specific therapy should be initiated is around 50 µM. These 
metabolic conditions mainly include genetic recessively inherited disorders 
of homocysteine metabolism but also acquired severe nutritional cobalamin 
(cbl, vitamin B12) or folate deficiencies. Inherited disorders of homocysteine 
metabolism (Figs. 198-1 and 198-2) comprise disorders of the transsulfuration 
pathway with cystathionine β-synthase (CBS) deficiency (or classical homo-
cystinuria), and disorders of remethylation of homocysteine to methionine. The 
latter include 5,10-methylenetetrahydrofolate reductase [MTHFR] deficiency 
and inherited disorders of cbl absorption, transport, and intracellular metabo-
lism, as well as the very rare congenital folate malabsorption disorder. Intracel-
lular remethylation defects include disorders which all have defective methionine 
synthesis in common: MTHFR deficiency impairs 5-methyltetrahydrofolate 
(5-methylTHF) synthesis, defective lysosomal release of cobalamin (cblF and 
cblJ), and defects in cytosolic reduction and transport of hydroxocobalamin 
(cblC and cblD) impair the synthesis of both methyl- and adenosylcobalamin. 
Isolated deficiencies of methionine synthase (cblE and cblG) are associated 
with defective methyl cobalamin synthesis as well as the cblD-Hcy variant.

In CBS deficiency, in addition to severe elevations of tHcy, plasma methio-
nine level is also increased. In contrast, in remethylation disorders, the increased 
tHcy is associated with a low (or low-normal) level of methionine in plasma 
due to the ineffective conversion (remethylation) of homocysteine to methio-
nine. Among the remethylation disorders, the cblC defect (the most frequent 
inherited disorder of intracellular cbl metabolism) and MTHFR deficiency 
are by far the most frequent.

Accordingly, this chapter will focus on CBS deficiency, the cblC defect, 
and MTHFR deficiency.

 EPIDEMIOLOGY
Prevalence and Incidence
The worldwide prevalence of CBS deficiency has been reported at 1 in 344,000. 
Minimum estimates of the incidence of CBS deficiency by newborn screening 
programs have ranged from 1 in 60,000 to 1 in 300,000 live births, varying 
with the population and the screening method. Estimates of its incidence in 
Europe have been in the area of 1 in 40,000 live births, which corresponds to 
a carrier (heterozygote) frequency of about 1%, but studies with screening for 
known mutations suggest that the incidence may be more than twice that rate. 
Studies from the Saudi Arabian countries have shown incidence rates as high 
as 1 in 1800 live births. The incidence of severe homocysteine remethylation 
defects has never been evaluated but may be less than 1 in 500,000 live births.

 PATHOBIOLOGY
The homocysteine that accumulates in both CBS deficiency and remethylation 
defects is a well-known multisystem toxic agent. It exerts its effects either 
directly or indirectly via conversion to S-adenosylmethionine (AdoHcy)  
(Fig. 198-1), which potentially inhibits many essential methyltransferases. 
Direct cellular homocysteine toxicity is found with endothelial damage and 
neuronal cell death. Homocysteine’s effects on vascular endothelium predispose 
to thrombosis that may occur at any age and involve arteries and/or veins of 
any size. Specifically in CBS deficiency, accumulation of homocysteine and/
or cysteine deficiency induces modification of connective tissue proteins, 
possibly causing the skeletal and ocular manifestations of the disease. These 
effects are probably related to fibrillin, which is a component of the matrix of 
periosteum and perichondrium, the major component of the zonular fibers 
of the ocular lens, and a protein singularly rich in cysteine. Fibrillin structure 
can be affected by the linking of homocysteine to cysteine; as a result, some 
clinical features of homocystinuria overlap with fibrillin mutations (Marfan 
syndrome; Chapter 244).

Remethylation defects (cblC and MTHFR) not only result in severe 
elevations of homocysteine, but also in depletion of methionine that is required 
for protein synthesis and AdoMet synthesis. The latter causes via this route 
a reduction of cellular methylation capacity in addition to accumulation of 
AdoHcy, especially in the central nervous system (CNS). The cblC defect is 
an inborn error of intracellular cobalamin metabolism due to a mutation in 
MMACHC, the gene that encodes methylmalonic aciduria and homocystinuria 
type C protein. After normal dietary intake, intestinal absorption, blood 
transport, and cellular uptake, cobalamin is delivered in the cytosol where 
it becomes bound to MMACHC. This protein has been shown to catalyze 
dealkylation of alkylcobalamins, such as adenosylcobalamin (Ado-cbl) and 
methylcobalamin (Me-cbl), and the decyanation of cyanocobalamin. In the 
absence of normal MMACHC, neither Me-cbl (the cofactor of methionine 
synthase) nor Ado-cbl (the cofactor of methylmalonyl-CoA mutase) is 
functional with subsequent secondary defects of the methionine synthase 
(remethylation defect) and methylmalonyl-CoA mutase (methylmalonic acid 
[MMA] accumulation), respectively (Fig. 198-2). In MTHFR deficiency, the 
methyl donor 5-methylTHF cannot be produced, which secondarily reduces 
methionine synthase function and subsequent remethylation (Fig. 198-2). The 
pathogenesis of MTHFR deficiency can be ascribed to homocysteine toxicity 
together with cellular methionine depletion. In addition, 5-methylTHF (the 
circulating form of folate) formation is hampered, causing in particular cerebral 
folate deficiency. The pathophysiology of the other remethylation disorder, 
the cblC defect, remains incompletely understood. One unique mechanism 
in cblC defect is the trapping of 5-methylTHF due to methionine synthase 
dysfunction. Because MTHFR activity is irreversible this causes accumulation 
of 5-methylTHF. Because this form of folate is not available for metabolism in 
the cblC defect, it results in cellular folate deficiency. Toxic accumulation of 
MMA in the cblC defect might play an additional role, though it is considered 
to be minor.

All these disorders are inherited in an autosomal recessive manner  
(Table 198-1).

 CLINICAL MANIFESTATIONS
Cystathionine β-synthase (CBS) Deficiency 
Overview of Clinical Presentation
As an autosomal recessive condition, CBS deficiency can clinically affect 
homozygous or compound heterozygous individuals. Affected individuals are 
normal at birth after an uneventful pregnancy and delivery. If untreated, they 
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ABSTRACT
Inherited homocystinurias have in common accumulation of homocysteine 
with subsequent neurotoxicity; they also encompass two distinctive clinical 
entities: classical homocystinuria due to cystathionine β-synthase (CBS) 
deficiency and the rare inborn errors of cobalamin and folate metabolism. In 
the latter group, remethylation disorders of homocysteine to methionine 
(mainly cblC defect and 5,10-methylenetetrahydrofolate reductase [MTHFR] 
deficiency) are by far the most frequently encountered situations. The natural 
history of CBS deficiency is relatively well known and described. Similarly, 
clinical presentations of remethylation defects are becoming better recognized 
and reported. Thromboembolic disease is the leading feature shared by all 
homocystinurias. In CBS deficiency, patients also exhibit eye, skeletal, and 
neuropsychiatric abnormalities. In remethylation defects, patients typically 
exhibit neuropsychiatric issues along with hematological findings i.e., mega-
loblastic bone marrow failure. The diagnosis is suggested by biochemical test-
ings results: high total homocysteine plasma levels with high methionine in 
CBS and normal-low methionine in remethylation defects with methylmalonic 
acidemia/uria in some. Final confirmatory diagnosis relies on molecular testing. 
Treatment aims at lowering (albeit not to normal levels) homocysteine with 
low-protein diet and/or vitamin B6 along with betaine in CBS deficiency. In 
remethylation defects, betaine is given in association with vitamin B12 and/
or B9 either orally or intramuscular depending on the site of the defect.
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In MTHFR deficiency, the neuropsychiatric presentation is similar and can 
be subtle. Patients may remain asymptomatic or exhibit isolated stroke.

In both remethylation defects, the neurologic disorder results in many 
signs similar to the late stage observed in childhood. Previously, most of these 
patients had either no or mild developmental delay and a striking feature is 
the rapid mental deterioration occurring in the second decade of life accom-
panied by bouts of unexplained lethargy and a progressive cerebral, myelo-
pathic, and neuropathic disorder with variable results on neurophysiologic  
investigations.

In both groups of inherited homocystinurias, isolated arterial and venous 
occlusive disease may present at any age. Because of the very low incidence 
of arteriosclerosis and thrombosis in children or adolescents, homocystinurias 
should therefore be excluded in any case in this age group in the setting of 
arterial or venous occlusive disease.

 DIAGNOSIS
If homocystinuria is suspected clinically, plasma total homocysteine (tHcy) 
should be determined. If tHcy (normal values 5 to 15 µM) is higher than 
50 µM, determination of serum vitamin B12 along with folates in serum and 
in red blood cells, plasma amino acids and urinary organic acids (and/or 
plasma methylmalonic acid) is warranted. If tHcy is below 50 µM, the 

progressively develop the core clinical symptoms of CBS deficiency,2,3 which 
involve four major organ systems.

CENTRAL NERVOUS SYSTEM. Developmental delay and mental retarda-
tion affect about 60% of the patients to a variable degree of severity. Seizures, 
electroencephalogram abnormalities, and psychiatric disturbances have also 
been reported in approximately half of the cases. Focal neurologic signs may 
be a consequence of cerebrovascular accidents.

EYE. Dislocation of the ocular lens (ectopia lentis), myopia, and glaucoma 
are frequent, severe, and characteristic complications. Retinal detachment and 
degeneration, optical atrophy, and cataracts may eventually appear. Myopia 
often precedes lens dislocation. Ectopia lentis is detected in most untreated 
patients from 5 to 10 years of age and in nearly all untreated patients by the 
end of the fourth decade. In children as well as adults it is often the clue to 
diagnosis. The dislocation is generally downward, whereas it is usually upward 
in Marfan syndrome. However, upward lens dislocation may also occur in CBS 
deficiency. Once ectopia lentis has occurred, a peculiar trembling of the iris 
(iridodonesis) following eye or head movement may be observed.

SKELETON. Osteoporosis is almost invariably detected, at least after child-
hood. Frequent consequences are scoliosis and a tendency toward pathologic 
fractures and vertebral collapse. Homocystinuric patients tend to be tall, with 
thinning and elongation (dolichostenomelia) of long bones near puberty, 
enlarged metaphyses and epiphyses, especially at the knees, and arachnodactyly, 
present in about half of the patients. Other bone deformities include genu 
valgum, pes cavus, and pectus carinatum or excavatum. Restricted joint mobil-
ity, particularly at the extremities, contrasts with the joint laxity observed in 
Marfan syndrome.

VASCULAR SYSTEM. Thromboembolic complications, occurring in arteries 
and veins4 of all parts of the body, constitute the major cause of morbidity 

and mortality at any age. Two phenotypic variants are recognized, vitamin 
B6-responsive homocystinuria and vitamin B6-nonresponsive homocystinuria. 
B6-responsive homocystinuria is usually milder than the nonresponsive variant.

Adult-Onset Clinical Presentation
Onset of all clinical symptoms is extremely variable and may manifest during 
childhood, but also during adulthood even up to 60 years of age. Individuals 
are often tall and slender with a marfanoid habitus and are prone to osteopo-
rosis. The main acute manifestation in adulthood is thromboembolic disease. 
In all forms of inherited homocystinurias, isolated arterial and venous occlusive 
disease may present at any age. Thromboembolism is the major cause of early 
death and morbidity. Adults can also present with isolated quick loss of diopter, 
which is the most common symptom before diagnosis.

IQ in individuals with untreated homocystinuria ranges widely, from 10 
to 138. In B6 (pyridoxine)-responsive untreated individuals the mean IQ is 
79 versus 57 for those who are B6-nonresponsive.

The neuropsychiatric symptoms (like schizophrenia or autistic-like features) 
may remain apparently isolated, but a thorough clinical history and examina-
tion will often reveal associated features like marfanoid habitus, skeletal abnor-
malities, and lens dislocation.

Remethylation Disorders: cblC Defect  
and MTHFR Deficiency
Clinical signs of remethylation defects are mainly neurologic. Neonatal and 
early-onset patients exhibit acute neurologic distress. In childhood, patients 
exhibit nonspecific developmental delay often associated with acquired micro-
cephaly. Without appropriate therapy, remethylation defective patients may 
develop acute or rapidly progressive neurologic deterioration, sometimes 
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In MTHFR deficiency, the neuropsychiatric presentation is similar and can 
be subtle. Patients may remain asymptomatic or exhibit isolated stroke.

In both remethylation defects, the neurologic disorder results in many 
signs similar to the late stage observed in childhood. Previously, most of these 
patients had either no or mild developmental delay and a striking feature is 
the rapid mental deterioration occurring in the second decade of life accom-
panied by bouts of unexplained lethargy and a progressive cerebral, myelo-
pathic, and neuropathic disorder with variable results on neurophysiologic  
investigations.

In both groups of inherited homocystinurias, isolated arterial and venous 
occlusive disease may present at any age. Because of the very low incidence 
of arteriosclerosis and thrombosis in children or adolescents, homocystinurias 
should therefore be excluded in any case in this age group in the setting of 
arterial or venous occlusive disease.

 DIAGNOSIS
If homocystinuria is suspected clinically, plasma total homocysteine (tHcy) 
should be determined. If tHcy (normal values 5 to 15 µM) is higher than 
50 µM, determination of serum vitamin B12 along with folates in serum and 
in red blood cells, plasma amino acids and urinary organic acids (and/or 
plasma methylmalonic acid) is warranted. If tHcy is below 50 µM, the 

leading to death. Adolescents and adults exhibit, after a period of normal 
development or mild developmental delay, a rapid mental or psychiatric dete-
rioration. These patients may typically have signs of subacute combined 
degeneration of the spinal cord. In addition, adults can be asymptomatic or 
present with isolated stroke.

In cblC disease, 5-methylTHF accumulates due to the block at methio-
nine synthase (the 5-methylTHF trap), causing a functional cellular folate 
deficiency (Fig. 198-1). This explains the hematologic signs (megaloblastic 
bone marrow leading to macrocytic anemia or pancytopenia) which are not 
present in MTHFR deficiency. In cblC defect, severe (occasionally fatal) mul-
tisystem deterioration may occur. This includes hemolytic uremic syndrome 
(HUS),5 cardiomyopathy, and interstitial pneumonia, which all share an iden-
tical pathologic hallmark (i.e., thrombotic microangiopathy) (Chapter 163). 
Pulmonary hypertension has also been reported. In addition, a peculiar and 
poorly understood retinopathy with nystagmus is often present especially in 
early onset severe presentations.

Adult-Onset Clinical Presentation
Adult-onset cblC disease is less frequent than childhood-onset and is domi-
nated by neuropsychiatric manifestations such as ataxia, cognitive impairment, 
and psychosis.6 HUS (even isolated) can also be present (Chapter 163).
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to methylcobalamin, the cofactor for methionine synthase (cblG). after its transport into the mitochondrion, cobalamin is converted to adenosylcobalamin, the cofactor for methylmalonyl-
coenzyme a (coa) mutase (mut), by cobalamin adenosyltransferase (cblB). cbld defect can cause isolated methylmalonic aciduria (cbld-mma complementation group), isolated homo-
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TABLE 198-1 GENETIC DEFECTS ASSOCIATED WITH HOMOCYSTINURIA
FUNCTIONAL DEFECT COMMON NAME ENZYME DEFECT GENE CHROMOSOME LOCUS
Trans-sulfuration “Classical” homocystinuria Cystathionine β-synthase CBS 21q22.3
Remethylation Folate-dependent homocystinuria Methylenetetrahydrofolate reductase MTHFR 1p36.3

cblE Methyltransferase reductase MTRR 5p15.2-p15.3
cblG Methionine synthase MTR 1q43

Cobalamin transport TC-II Transcobalamin TCN2 22q11.2-qter
cblF Lysosomal B12 translocase LMBRD1 6q13

Cobalamin processing cblC Intracellular cobalamin chaperone? MMACHC 1p34.1
cblD Cobalamin reductase? MMADHC 2q23.2
cblJ Cobalamin processing? ABCD4 14q24.3
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probability of a disorder of homocysteine metabolism is very low but not 
excluded. If methionine is elevated or high-normal with low cysteine, it points 
to CBS deficiency whereas decreased or low-normal methionine and elevated 
tHcy points to remethylation defects. In cblC disease, hematologic abnormali-
ties with megaloblastic bone marrow failure are observed along with normal 
vitamin B12 and folate blood levels. Nutritional vitamin B12 or folate deficiencies 
and other genetic causes of cobalamin and folate metabolism should also be 
considered as other possible causes for remethylation defects. It has to be 
kept in mind that CBS deficiency can cause secondary vitamin B12 and folate 
deficiency and remethylation defects can cause secondary folate deficiency. 
In MTHFR, folate levels (red blood cells and/or serum, CSF) are usually low. 
Blood cell count with blood smear (looking for characteristics of vitamin B12/
folate deficiency) (Chapter 155), blood vitamin status, and metabolic bio-
markers (tHcy, methionine and MMA) are usually sufficient to differentiate 
between the different forms of homocystinurias (Table 198-2). Definitive 
diagnosis can be confirmed at the molecular level by sequence analysis of the 
putative gene or direct homocystinurias panel sequencing (Table 198-1); if 
the molecular studies are not conclusive, functional studies can be performed 
in fibroblasts or lymphocytes.

TREATMENT 

In the context of the European network and registry for homocystinurias 
and methylation defects (E-HOD) consortium (http://www.e-hod.org), published 
treatment guidelines are now available. None of the treatment options are 
evidence based due to the rarity of these disorders (grade D).7

Therapeutic Goals
The general therapeutic goal is to reduce tHcy accumulation and, for remeth-

ylation disorders, to bypass the remethylation defect, thereby maintaining 
normal methionine and folate concentrations. This should correct the hema-
tologic abnormalities and ensure normal neurologic development or prevent 
further neurologic deterioration. In both conditions, normalization of plasma 
tHcy levels would be ideal but in practice is difficult if not impossible to achieve. 
However, the large experience with CBS defective patients has shown that 
treatment prevents further thromboembolic events even when the tHcy levels 
remain clearly above the normal range. Decreasing tHcy to 50 to 70 µM would 
therefore be a more reasonable goal in many patients with CBS deficiency or 
remethylation disorders.

Available Treatment Options
To date, all the remethylation disorders are similarly treated with the com-

bined supplementation of vitamin B12, vitamin B9 (folate), vitamin B6, betaine, 
and methionine, although the dosage and route of administration may vary 
with the type of defect.

With CBS deficiency, therapy is more standardized with a longer experience 
available. It is based on (1) increasing residual CBS activity with the use of 
vitamin B6 (in B6-responsive patients); (2) decreasing the load on the affected 

TABLE 198-2 CLINICAL FEATURES OF HOMOCYSTINURIAS
BIOCHEMICAL FEATURES CLINICAL FEATURES

CLASS tHcy METH MMA SYSTEM SIGNS
CBS deficiency ↑ ↑ − Ocular Ectopia lentis, myopia, glaucoma, optic atrophy, retinal detachment

Skeletal Elongated and thinned bones, arachnodactyly, genu valgum, pectus malformation, scoliosis
Vascular Thromboembolic events (arterial or venous)
Neurologic Mental retardation in untreated cases, cerebrovascular thromboses, seizures

Psychiatric disorders, personality disorder
MTHFR deficiency ↑ ↓ − Vascular Thromboses

Neurologic Variable: psychiatric to severe neurologic
Transcobalamin ↑ −/↓ + Hematologic Early-onset pancytopenia, macrocytosis
cblF, cblJ ↑ −/↓ + Pansystemic MMA, macrocytosis, stomatitis, congenital heart defects
cblC, cblD ↑ ↓ + Hematologic Pancytopenia

Neuropsychiatric
Systemic (cblC) HUS

cblE, cblG ↑ ↓ − Vascular Thromboses
Hematologic Pancytopenia
Neurologic
Ocular Retinopathy (macular involvement) in early onset cblC

cbl = cobalamin; HUS = hemolytic uremic syndrome; tHcy = total plasma homocysteine; Meth = plasma methionine; MMA = methylmalonic acid urine or plasma.

pathway and replacing the deficient products by a low methionine diet, limita-
tion of natural proteins, methionine-free amino acid mixture, special low-protein 
foods, and supplementation of cystine to increase cysteine; and (3) increasing 
remethylation to methionine with folate, vitamin B12, and betaine to reduce 
tHcy accumulation.

Vitamin B12
Vitamin B12 is the cofactor of methionine synthase. Its natural form, hydroxo-

cobalamin (OHcbl) is more effective than the synthetic form cyanocobalamin 
(CNcbl). In CBS deficiency, OHcbl may be given orally (1 mg/day to 1 mg/week) 
according to the serum B12 level to prevent cbl deficiency (Chapter 155).

In remethylation disorders, initial treatment includes daily parenteral adminis-
tration of OHcbl (1 mg/day). If MTHFR deficiency is confirmed, switching to oral 
hydroxocobalamin (1 mg/day to 1 mg/week) or even stopping hydroxocobalamin 
supplementation may deserve discussion. Conversely, in the cblC defect, lifelong 
high-dose intramuscular hydroxocobalamin injections are needed. The optimal 
interval between intramuscular injections remains to be determined.

Folate
Folate (or vitamin B9) is available in three different forms. Folic acid, a stable 

synthetic form of the vitamin used, for example, in food fortification; folinic 
acid (5-formyl-THF), the most stable form of the reduced and active vitamin; 
and 5-methylTHF (CH3-THF), the main natural and circulating form of the vitamin 
(Chapter 155). A folinic acid formulation for parenteral administration is avail-
able for emergency treatment, whereas the other forms are available only for 
oral use. Whatever the disorder, folinic acid is more appropriate because it is 
the most stable reduced form, and folic acid may exacerbate cerebral CH3-THF 
deficiency, especially in MTHFR deficiency. In CBS deficiency, folinic acid should 
be given orally (1 to 5 mg/day) to avoid folate depletion. Moreover, folate reple-
tion may be necessary to permit a pyridoxine (B6) response, which means that 
pyridoxine responsiveness should always be tested after folate depletion cor-
rection. In cblC defect, long-term high-dose oral folinic supplementation is 
added to compensate for the methylfolate trap and to correct the hematologic 
abnormalities. The daily dose varies from 5 to 30 mg. The same folinic acid 
doses should be used in MTHFR deficiency.

Vitamin B6
Vitamin B6 (or pyridoxine), via its action as the cofactor for CBS, is given 

orally in pharmacological dose in CBS-deficient patients to detect possible 
B6-responsive individuals. There is no consensus on the dose and duration of 
B6, which is usually given from 100 to 500 to 1000 mg/day during a period of 
several weeks, after which tHcy is determined to evaluate whether B6 has been 
effective in lowering (or even normalizing) tHcy. As discussed above, B6 should 
always be combined with folinic acid. In B6-responsive patients, long-term 
therapy with pyridoxine and folate prevents further deterioration. In remeth-
ylation disorders, B6 might theoretically enhance homocysteine removal and 
may be given at a low dose (50 to 100 mg/day).

For pyridoxine-responsive CBS-deficient patients, pyridoxine should be kept 
at the lowest dosage able to achieve adequate metabolic control. Due to reported 
high-dose pyridoxine toxicity on the nervous system, daily dosages of more 
than 400 to 500 mg/day in children and adults should probably be avoided as 
long-term treatment. In pyridoxine-nonresponsive patients, a daily dosage of 
50 to 100 mg of pyridoxine can be added to the treatment.

http://www.e-hod.org/


Betaine
Betaine is derived from choline and is a substrate for the enzyme betaine-

homocysteine methyltransferase and therefore acts as a methyl donor (Fig. 
198-1). Oral betaine supplementation decreases homocysteine levels. Despite 
widespread usage, there is little consensus on betaine dosage and frequency 
of administration. Case studies and early literature have used doses of 150 to 
250 mg/kg/day in children and 5 to 10 g/day in adults, usually given two or 
three times daily. These early data were further confirmed by pharmacokinetic 
studies that showed that above 200 mg/kg/day in two to three divided doses, 
there was no obvious benefit in terms of lowering tHcy (in studies performed 
in CBS deficient patients).

In CBS deficiency, the use of betaine is usually followed by an increase in 
plasma methionine, and a fall in plasma tHcy. Methionine levels should be kept 
below 1000 µM because there is a serious risk for brain edema at levels of 
methionine greater than 1000 µM. In B6-nonresponsive early-treated patients, 
a low-methionine diet alone can be highly successful with very good long-term 
outcomes provided life-long compliance is good. The clinical benefits of betaine 
are therefore questionable in compliant patients on a low-methionine diet. 
However, in some patients (especially when compliance with the diet is poor), 
betaine has been of benefit and may allow an increase in natural protein intake, 
thus improving the nutritional status.

In remethylation disorders, betaine increases systemic methionine levels 
and probably also methionine availability for the CNS, especially in patients 
with MTHFR deficiency. In cblC defect, there are some data reporting a syner-
gistic action of OHcbl with betaine in terms of lowering tHcy level.

oral methionine
Oral methionine may also hold promise as an additional therapeutic measure 

in remethylation defects for several reasons. Cerebral methionine depletion is 
a key pathogenic factor. Added methionine might act synergistically with betaine 
by supplying intracellular methionine, and acute methionine loading does not 
lead to further homocysteine accumulation (with its attendant risk of 
thromboembolism). As a whole, whatever the remethylation defect, methionine 
depletion is rarely corrected by betaine therapy alone, whereas the combination 
of methionine and betaine usually corrects methionine depletion.

 PREVENTION
It is prudent to adopt measures to prevent additional risk of thrombosis, such 
as using long-term low-dose aspirin or dipyridamole in CBS deficiency and 
avoiding smoking and oral contraceptives in all homocystinurias. In remeth-
ylation disorders, nitrous oxide is contraindicated because it inhibits methionine 
synthase. In CBS deficiency, surgery poses serious risks and should be avoided 
if possible, especially when tHcy is above 50 µM. However, it can be performed 
safely if tHcy is below 50 µM (or has been lowered to such levels after a few 
days of emergency dietary regimen) as long as attention is paid to the patient’s 
hydration (1.5 times IV maintenance) and coagulation status. Low-molecular-
weight heparin can be used.

 PROGNOSIS
In CBS deficiency, pyridoxine responsiveness generally correlates with higher 
residual enzyme activity, and the outcome is significantly better than that for 
unresponsive cases, with or without treatment. Skeletal, ocular, vascular, and 
neurologic risks are all reduced with successful treatment. Without the early 
institution of treatment, the median IQ in a large outcome study was 57 for 
unresponsive patients and 78 for responsive patients. With early treatment, 
pyridoxine-unresponsive patients have a nearly normal median IQ. For patients 
who are responsive and compliant to treatment, the prognosis for intellectual 
development is very good, especially with diet alone. However, in cases of 
poor adherence, significant elevations in tHcy generally persist, and some 
increased risk for vascular complications probably remains.

In the few MTHFR-deficient patients treated in the neonatal period, the 
outcome is good with respect to the first years of neurologic development 
despite suboptimal metabolic control. If undiagnosed or untreated or late 
treated, these patients have a very poor outcome with severe impairments. In 
spite of some pathogenic similarity (intracellular methionine depletion due 
to impaired remethylation), early-onset cblC-defective patients have in general 
a particularly poor long-term outcome with multisystem involvement, throm-
botic microangiopathy, and retinopathy.
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REVIEW QUESTIONS

1. A man 56 years of age presents with ectopia lentis and venous thrombosis. 
What would be the first step in ruling out homocystinuria due to cysta-
thionine β-synthase deficiency?
 A. Rule out Marfan syndrome
 B. Measure cystathionine β-synthase in cultured fibroblasts
 C. Measure total homocysteine and methionine in plasma
 D. Try oral vitamin B6

 E. Sequence the cystathionine β-synthase gene
Answer: C Given the clinical picture, if plasma methionine and tHcy are 
elevated, the diagnosis of CBS deficiency is certain and therapy is urgently 
needed.

2. A patient is diagnosed with cystathionine β-synthase deficiency. The muta-
tion is not known. What is the best way to start therapy?
 A. Oral aspirin
 B. Oral vitamin B6 along with oral folinic acid
 C. Vitamin B12 injections
 D. Oral vitamin B6 alone
 E. Cocktail of all the vitamins B2, B6, B12 and folinic acid

Answer: B Determination of B6 responsiveness is key because vitamin B6 can 
be the sole and effective life-long treatment. Folate repletion with folinic acid 
supplementation is necessary to permit a pyridoxine response.

3. A 27-year-old woman presents with renal failure, malignant hypertension, 
and mechanical hemolysis. She has early-onset nystagmus and had an 
unexplained stroke a few years earlier. What do you do?
 A. Start immunosuppressive therapy
 B. Start plasmapheresis
 C. Measure plasma total homocysteine, methionine, and methylmalonic 

acid and start hydroxocobalamin parenteral injection
 D. Give high dose folinic acid and betaine
 E. Give vitamin B6

Answer: C Atypical HUS associated with stroke and nystagmus points toward 
cblC deficiency. Hydroxocobalamin IM is urgent to correct HUS.

4. If a cystathionine β-synthase-deficient patient does not respond to B-vitamin 
therapy, what other therapeutic option remains?
 A. Enzyme replacement
 B. Adding cysteine as N-acetylcysteine
 C. Dietary methionine restriction
 D. Aspirin administration
 E. Stem cell donation

Answer: C Dietary methionine restriction is the first line of treatment in 
pyridoxine unresponsive CBS deficiency.

5. One should determine homocysteine if a patient manifests with:
 A. Neural tube defect
 B. Hypotonia
 C. Stroke at under 18 years
 D. Brittle hair
 E. Liver dysfunction

Answer: C Any stroke or thrombosis at any age, especially in adolescents 
and younger adults, should prompt measurement tHcy in plasma because 
treatments aimed at lowering tHcy levels and reducing (if not abolishing) the 
vascular risk are available.
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199 
THE PORPHYRIAS
RICHARD J. HIFT

 DEFINITION
The porphyrias are a group of disorders that arise from disturbances in heme 
synthesis and are characterized by the accumulation of porphyrins or their 
precursors, the intermediate metabolites, on the heme biosynthetic pathway. 
Most porphyrias are genetic and heritable, except for the sporadic form of 
porphyria cutanea tarda and rare instances of porphyria arising from acquired 
somatic mutations.

 CLASSIFICATION
Approximately 90% of heme biosynthesis occurs within the erythron, leading 
to the production of heme for incorporation into hemoglobin. The remainder 
is synthesized in all other nucleated cells of the body, producing heme for 
incorporation into hemoproteins. The liver is the predominant site of non-
erythroid heme synthesis, with much of the product being incorporated into 
enzymes of the cytochrome P450 (CYP) system.

Thus the porphyrias may be classified into two categories: the erythropoietic 
and hepatic porphyrias.1 Disturbances in erythroid heme biosynthesis give 
rise to congenital erythropoietic porphyria (CEP) and two forms of proto-
porphyria: erythropoietic protoporphyria (EPP) and X-linked protoporphyria 
(XLP). A possible third form of protoporphyria, related to mutations in the 
CLPX gene, has recently been described.2 Disturbances in nonerythroid heme 
biosynthesis give rise to five forms of hepatic porphyria: acute intermittent 
porphyria (AIP), variegate porphyria (VP), porphyria cutanea tarda (PCT), 
hereditary coproporphyria (HCP), and ALA dehydratase porphyria (ALADP).

A clinical classification divides the porphyrias into a further two cross-
cutting groups (Table 199-1). The acute hepatic porphyrias (AHP) are those 
characterized by the potential to develop the potentially fatal acute attack 
(AIP, VP, HCP, and ALADP), whereas the nonacute porphyrias present with 
cutaneous manifestations alone (PCT, CEP, EPP, and XLP).

 EPIDEMIOLOGY
Each porphyria has a prevalence that varies between populations. Assessment 
of prevalence is complicated by incomplete penetrance, suboptimal case rec-
ognition, and unevenness in the accuracy of biochemical diagnosis performed 
by different laboratories. The prevalence reported from Europe is 9.2 per million 
for EPP, 5.9 per million for AIP, and 3.2 per million for VP. The figures for 
North America are believed to be similar. The prevalence of potentially patho-
genic mutations may be higher than these figures suggest, possibly as high as 
560 cases per million, but with a low penetrance of approximately 1%.3 The 
incidence of PCT in Europe is estimated at 40 to 120 per million. HCP has 
a lower prevalence whereas CEP and ALADP are very rare, and experience 
is restricted to small case series and case reports. Founder effects have led to 
a high prevalence of AIP in northern Sweden of 23 per million, and of VP 
among the Dutch-descended immigrant population of South Africa of 1.2 per 
thousand of the white population.

 PATHOBIOLOGY
The pathobiology of the porphyrias is easily understood by reference to the 
heme biosynthetic pathway (Fig. 199-1). There are slight differences in ery-
throid and nonerythroid heme synthesis. The initial step in the pathway is 
the synthesis of 5-aminolevulinate (ALA), catalyzed by the enzyme 
5-aminolevulinate synthase (ALAS). The nonerythroid enzyme, ALAS1, is 
strongly expressed in the liver and is encoded by the ALAS1 gene. The ery-
throid form, ALAS2, is encoded by the ALAS2 gene on the X chromosome. 
The two genes share 73% homogeneity. The remaining genes are common to 
both systems.

Regulation of Heme Biosynthesis
The synthesis of ALA is under normal circumstances the rate-limiting step in 
the pathway. ALAS1 and ALAS2 are regulated by different mechanisms as 
described later. The importance of the regulatory elements and proteins associ-
ated with control of heme synthesis is now increasingly recognized.4 They 
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ABSTRACT
The porphyrias are a group of disorders that arise from disturbances in heme 
synthesis and are characterized by the accumulation of porphyrins or their 
precursors. Most porphyrias are genetic and heritable. They are classified as 
acute and nonacute. The acute porphyrias (acute intermittent porphyria, var-
iegate porphyria, hereditary coproporphyria, and ALA dehydratase porphyria) 
are characterized by the acute attack: a metabolic crisis associated with severe 
abdominal pain, autonomic overactivity, metabolic disturbance, and neurologic 
dysfunction. Acute attacks are often induced by drugs that increase heme 
requirement. The nonacute porphyrias are characterized by vesiculo-erosive 
skin disease in sun-exposed areas (porphyria cutanea tarda and congenital 
erythropoietic porphyria) or immediate photosensitivity and a propensity to 
liver and biliary disease secondary to protoporphyrin accumulation (eryth-
ropoietic protoporphyria and X-linked protoporphyria). Porphyria cutanea 
tarda is typically an acquired disorder, arising from an enzyme inhibition in 
association with factors such as iron overload, alcohol, estrogens, and renal 
failure. The porphyrias are diagnosed by demonstrating characteristic accu-
mulation patterns of porphyrins in urine, stool, plasma, and erythrocytes. 
Patients should then be tested to determine the underlying molecular defect, 
which can then be sought in family members. The acute attack is treated 
with a hemin infusion. The prognosis is usually good, though long-term 
complications include recurrent attacks, painful neuropathy, hypertension, 
chronic kidney disease, and hepatocellular carcinoma. Skin disease is treated 
symptomatically, with sun avoidance and sun protection. Protoporphyria 
responds well to afamelanotide. Patients with liver disease may require liver  
transplantation.
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FIGURE 199-1. The heme biosynthetic pathway. heme is synthesized via a series of porphyrin precursor and porphyrin intermediates, catalyzed by the enzymes listed on the left of 
the figure. The form of porphyria associated with abnormal enzyme function is shown on the right. 

TABLE 199-1 SUMMARY OF THE PORPHYRIAS

PORPHYRIA ENZYME
KEY CLINICAL FEATURES AND 
LONG-TERM COMPLICATIONS INHERITANCE

ACUTE PORPHYRIAS

More Common
Acute intermittent 

porphyria (AIP)
Hydroxymethylbilane synthase 

(HMBS)
Acute attacks
Hypertension
Chronic kidney disease
Hepatocellular carcinoma

Autosomal dominant

Variegate porphyria (VP) Protoporphyrinogen oxidase 
(PPOX)

Vesiculo-erosive skin disease
Acute attacks
Hepatocellular carcinoma

Autosomal dominant

Less Common
Hereditary coproporphyria 

(HCP)
Coproporphyrinogen oxidase 

(CPOX)
Vesiculo-erosive skin disease
Acute attacks

Autosomal dominant

rare
ALA dehydratase porphyria 

(ALADP)
Porphobilinogen synthase 

(PBGS)
Acute attacks
Neuropathy

Autosomal recessive

NONACUTE PORPHYRIAS

More Common
Porphyria cutanea tarda 

(PCT)
Uroporphyrinogen decarboxylase 

(UROD)
Vesiculo-erosive skin disease
Associated with iron-loading, alcoholic liver 

disease, hepatitis C, HIV infection, renal 
failure, and other disorders

Acquired, sometimes on a background of an inherited 
mutation

*Erythropoietic 
protoporphyria (EPP)

Ferrochelatase (FECH) Immediate photosensitivity
Cholelithiasis, liver disease

Autosomal recessive; frequently in association with a 
common polymorphism in the ferrochelatase gene

*X-linked protoporphyria 
(XLP)

5-Aminolevulinate synthase 
(ALAS)

Immediate photosensitivity
Cholelithiasis, liver disease

X-linked

rare
*Congenital erythropoietic 

porphyria
Uroporphyrinogen III synthase 

(UROS)
Vesiculo-erosive skin disease
Severe photomutilation

Autosomal recessive

*The three forms of erythropoietic porphyria. The remainder are classified as hepatic porphyrias. Rare instances of phenotypic CEP presenting in association with GATA1 mutations and of EPP with CLPX 
mutations have recently been described and require further investigation and description.
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may be responsible in part for modulating the phenotypic expression of the 
porphyrias, and in some instances, disturbances may present phenotypically 
as a porphyria even in the absence of a primary defect within the enzymes of 
the heme biosynthetic pathway. They constitute potential targets for therapeutic 
intervention.

Hepatic Heme Biosynthesis
Transcription of ALAS1 is upregulated in response to a reduction of heme 
within the hepatocyte and conversely is suppressed by heme replenishment. 
The mechanisms are less well understood than those for erythroid heme 
synthesis.

Erythroid Heme Biosynthesis
ALAS2 is not subject to repression by exogenous hemin nor is it induced by 
factors responsible for induction of hepatic ALAS1. Regulation appears to be 
exerted at several levels, including ALAS2, HMB synthase, and ferrochelatase. 
It is primarily regulated by iron availability. When the intracellular iron pool 
is reduced, iron regulatory proteins IRP1 and IRP2 bind to an iron-responsive 
element (IRE) in the 5′ region of the ALAS2 mRNA, preventing translation 
and hence blocking the synthesis of ALAS2. Erythropoietin has also been 
shown to directly affect heme synthesis, thus coupling heme production with 
erythropoiesis.

Heme Biosynthetic Pathway
The structure of the biochemical intermediates of heme biosynthesis, as well 
as the heme catabolic products biliverdin and bilirubin, are shown in E-Fig. 
199-1. After ALAS-mediated synthesis, ALA is converted into porphobilinogen 
(PBG), which has a monopyrrolic ring structure. Four PBG molecules are 
then combined to form the linear tetrapyrrole hydroxymethylbilane, which 
is then enzymatically cyclized by the enzyme uroporphyrinogen-III synthase, 
resulting in the tetrapyrrolic macrocycle, uroporphyrinogen-III. Sequential 
modification of the porphyrinogen side chains of uroporphyrinogen-III results 
in the production of a sequence of porphyrinogens and their oxidized coun-
terparts, the porphyrins. In the final step, iron is incorporated into the tetra-
pyrrolic macrocycle, resulting in the functional heme molecule. The enzymes 
ALAS, coproporphyrinogen oxidase, protoporphyrinogen oxidase, and fer-
rochelatase are all mitochondrial, whereas the remaining enzymes are cytosolic. 
Heme synthesis therefore begins and ends in the mitochondrion, with inter-
mediate metabolism occurring in the cytoplasm.

Characteristics of the Porphyrins
ALA and PBG are classified as porphyrin precursors, whereas the subsequent 
tetrapyrrolic structures are known as the porphyrins. The distinction between 
porphyrin precursors and porphyrins is important in diagnosis and in predict-
ing the clinical presentation of each form of porphyria. The porphyrin precur-
sors and the initial porphyrins in the pathway (ALA, PBG, uroporphyrin, and 
coproporphyrin) are water soluble, circulate freely in the plasma, and are largely 
excreted in urine. Protoporphyrin is hydrophobic, may be protein bound  
in the plasma, and is subject to biliary excretion, eventually being excreted in 
the stool. Coproporphyrin has intermediate water solubility and is found  
in both urine and stool. The pattern of accumulation and excretion of precur-
sors and porphyrins is exploited for the biochemical diagnosis of porphyrias 
and ultimately underlies the varying presentations of the acute and nonacute 
porphyrias. The acute attack is always associated with elevations in the precur-
sors in urine and plasma, whereas skin disease is characteristic of the disorders 
in which substantial amounts of porphyrin accumulate in plasma and skin, 
and variably in urine and feces.

Etiology
Acute Hepatic Porphyrias
AIP, VP, and HCP are inherited as autosomal dominant disorders. ALADP 
is autosomal recessive and rare. The dominant porphyrias are marked by 
numerous mutations in different families. The clinical penetrance of each is 
low; thus the prevalence of asymptomatic carriers exceeds the prevalence of 
clinically affected patients.5 Rare cases of homozygous AIP, VP, and HCP have 
been described. Such patients are severely affected and may have skeletal and 
neurologic developmental abnormalities.

Nonacute Porphyrias
In approximately 75% of patients with PCT, the UROD gene is normal, and 
symptoms result from the inhibition of UROD enzymatic activity by uropor-
phomethene, an oxidative product of the normal substrate uroporphyrin. PCT 

is associated with hepatic iron overload, alcohol, hepatitis C virus (HCV) 
infection, HIV infection, estrogen treatment, renal failure, lymphoma, systemic 
lupus erythematosus, and exposure to toxins such as hexachlorobenzene. In 
the other 25%, there is an inherited mutation resulting in reduced UROD 
activity (familial PCT). Since this is insufficient on its own to cause symptoms, 
clinically expressed patients will be found to have one or more of the associa-
tions listed above as well.

Iron loading may be secondary to known causes of iron loading (Chapter 
201). Thus the C282Y mutation in the HFE gene commonly found in Cau-
casian patients with hereditary hemochromatosis is overrepresented in PCT. 
In other cases, the reason for the iron loading is unknown. Alcohol, toxins, 
and HCV infection may induce PCT via the downregulation of hepcidin and 
oxidative stress. Rare cases of homozygous PCT had been described. This is 
known as hepatoerythropoietic porphyria and presents clinically with severe 
photomutilation resembling that seen in CEP.

EPP is a recessive disorder associated with ferrochelatase mutations. Approxi-
mately 5% of cases are homozygous, resulting in sufficiently reduced ferroche-
latase activity for the disease to become clinically manifest.6 The remainder 
carry a disease-associated mutation on one allele only, but have inherited an 
FECH*IVS3-48C polymorphism on the other. This allele is subject to aberrant 
splicing and decreased stability of the transcript, resulting in low expression. 
The summative effect of the family-specific mutation and low-expression allele 
is sufficient to reduce ferrochelatase activities to a level below approximately 
35%, at which stage the clinical syndrome may develop. Prevalence of the 
polymorphism in the population varies from 1% in West African to 12% in 
European and 47% in Japanese populations. As a result of the high preva-
lence of the polymorphism, EPP presents clinically more frequently than is 
expected of a recessive disorder, and its inheritance has been described as  
“pseudo-dominant.”

CEP is an autosomal recessive disorder associated with homozygosity or 
compound heterozygosity for mutations in the UROS gene. Most of the muta-
tions underlying CEP are associated with abnormal folding of the UROS 
protein and resulting thermodynamic instability. Several patients with CEP 
have been shown to have normal UROS but carry a mutation in the X-linked 
gene that encodes the GATA1 transcription factor. It is hypothesized that the 
GATA1 mutation may impair the UROS gene promotor, causing a reduction 
in gene expression, providing an alternative mechanism for CEP.7 Several 
coinherited factors are reported to function as modifier genes, including an 
ALAS2 gain-of-function mutation, coinheritance of which in a patient with 
homozygous UROS mutation expressed a markedly severe phenotype.

Somatic Mutations Resulting in Acquired Porphyria
Very rarely, non–germline tissue-specific mutations may result in manifest 
porphyria. Cases of CEP, EPP, and VP have been described in neoplastic and 
paraneoplastic settings such as myelodysplasia (Chapter 172), myeloprolifera-
tive disorders (Chapter 157), and hepatocellular carcinoma (Chapter 186).

Pathogenesis
Heme Deficiency
Reduced heme production does not appear to result in direct clinical adverse 
effect in patients with the porphyrias. Though patients with CEP, EPP, and 
XLP may be mildly anemic, this is in part secondary to hemolysis in CEP and 
to iron deficiency in XLP. In the acute porphyrias, hemoproteins such as CYP 
and tryptophan pyrrolase and the cytochromes of the respiratory chain may 
reveal evidence of heme desaturation without obvious clinical consequences. 
A possible exception may be the homozygous forms of acute hepatic porphyria, 
which are accompanied by a range of developmental abnormalities that may 
possibly be heme dependent. The principal consequence of heme deficiency 
in the hepatic porphyrias is the induction of ALAS1. This upregulates heme 
biosynthesis with a consequent increase in the flux of porphyrins through the 
pathway. If this throughput exceeds the capacity of a secondary rate-limiting 
step downstream (in most cases, a mutant or inhibited enzyme further down 
the pathway), porphyrins, their precursors, or both will accumulate, potentially 
precipitating symptoms. This mechanism is the key to understanding the 
porphyrias.

Photosensitivity
In those porphyrias associated with skin disease, porphyrins are found in 
high concentrations in plasma, skin, and blister fluid. Porphyrins are fluo-
rescent. Stimulation by light results in an excitation of the porphyrin mol-
ecules, the promotion of electrons to a higher energy state, and the production 
of singlet oxygen. Relaxation to the ground state is accompanied by loss of 
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E-FIGURE 199-1. Heme biosynthesis and catabolism. S1-S3. Synthesis of the porphyrin precursors and the first tetrapyrrole. s1. 5-aminolevulinate is synthesized from glycine and 
succinyl-Coa, catalyzed by the mitochondrial enzyme 5-aminolevulinate aLa synthase (aLas). s2. Two molecules of 5-aminolevulinate condense to form a cyclic pyrrole, porphobilinogen, 
catalyzed by the cytosolic enzyme porphobilinogen PBG synthase (PBGs). s3. Four molecules of porphobilinogen are combined to form an open tetrapyrrole, hydroxymethylbilane, 
catalyzed by the cytosolic enzyme hydroxymethylbilane synthase (hMBs). S4-S8. Sequential modification of tetrapyrrolic porphyrinogens, porphyrins, and heme. s4. The cytosolic enzyme 
uroporphyrinogen-iii synthase (Uros) catalysis ring closure brings about a specific isomerization, thereby forming a closed macrocycle. This is uroporphyrinogen iii. in the absence of 
the enzyme, spontaneous cyclization occurs, giving rise to uroporhyrinogen-i. This nonphysiologic isomer is not available for further enzymatic conversion. s5. Uroporphyrinogen-iii 
undergoes four sequential decarboxylation reactions all catalyzed by the cytosolic enzyme uroporphyrinogen decarboxylase (UroD), producing sequentially heptacarboxylic porphyrinogen, 
hexacarboxylic porphyrinogen, pentacarboxylic porphyrinogen (not shown), and coproporphyrinogen. s6. Coproporphyrinogen-iii reenters the mitochondrion and is oxidized to 
protoporphyrinogen-iX by coproporphyrinogen oxidase (CPoX). s7. Protoporphyrinogen-iX is oxidized to protoporphyrin-iX by the mitochondrial enzyme protoporphyrinogen oxidase 
(PPoX). s8. elemental iron is inserted into the macrocycle by the mitochondrial enzyme ferrochelatase (FeCh), forming heme. C1-C2. Heme catabolism. C1. Catalyzed by heme oxygenase 
(ho), the tetrapyrrolic macrocycle is opened, releasing iron and carbon monoxide and forming biliverdin. C2. a reduction step catalyzed by biliverdin reductase (BVr) results in bilirubin, 
which is bound to albumin and other plasma proteins and excreted. 
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A family with phenotypic EPP has been reported as carrying a third muta-
tion: a dominant mutation in the gene for ClpX. Mutation-dependent reduced 
activity in this mitochondrial unfoldase increases post-translational stability 
of ALAS2, resulting in increased porphyrin synthesis and protoporphyrin 
accumulation as in XLP.2

Approximately 10% of patients with an EPP-like presentation do not carry 
FECH mutations. These patients carry mutations in a sharply restricted region 
at the C-terminal end of the ALAS2 gene, which result in disruption of a 
control region and elevated ALAS2 activity. These gain-of-function mutations 
cause an increased flux of porphyrins through the erythroid heme biosynthetic 
pathway. Ferrochelatase and iron availability then become rate limiting, such 
that substantial amounts of protoporphyrin cannot be further metabolized 
to heme but are diverted to the plasma, thus replicating the EPP phenotype. 
Erythrocyte protoporphyrin levels tend to be higher in patients with XLP 
than in those with EPP. Penetrance appears to be near 100%, and liver com-
plications are more prevalent. Transmission is as expected of an X-linked 
disorder, one manifestation of which is the absence of father-to-son transmis-
sion. Males tend to be severely affected, whereas expression in females is vari-
ably affected by X-inactivation.1
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Nerve conduction studies show a characteristic pattern of axonal necrosis 
with little evidence of demyelination. Upper limbs may be affected more than 
the lower limbs. Sensory nerves may be variably affected. Electromyography 
initially shows a pattern of denervation, with widespread fibrillation, later 
replaced by a pattern of reinnervation marked by polyphasic motor unit poten-
tials with increased amplitude and duration.

 CLINICAL MANIFESTATIONS
Patients with CEP and EPP and patients with the homozygous forms of the 
acute porphyrias usually present in childhood, though occasional patients 
with milder expression may present in adult life. The dominant porphyrias 
usually present clinically after puberty.

The Acute Attack
The cardinal manifestation of the acute hepatic porphyrias is the acute attack. 
There is often a brief prodrome of mild behavioral disturbance, anxiety, and 
restlessness followed by a characteristic picture of severe, generalized abdominal 
pain, felt throughout the abdomen and sometimes in the lower back, buttocks, 
and thighs. The pain is severe and requires opioids for relief. It is not associ-
ated with signs of peritonitis, and typically the abdominal examination is 
normal. Autonomic overactivity may present as hypertension, tachycardia, 
and gastrointestinal dysfunction, vomiting, and constipation. Occasionally 
autonomic overactivity is so severe as to resemble a pheochromocytoma crisis. 
Hyponatremia is common and may lead to seizures and altered consciousness. 
Though often ascribed to the syndrome of inappropriate antidiuretic hormone 
secretion (SIADH), the pattern of electrolyte excretion frequently suggests 
renal salt-wasting, sometimes associated with marked urinary losses of potas-
sium, calcium, and magnesium. Typically the urine darkens on standing. This 
is due to the nonenzymatic conversion of PBG to the colored molecules por-
phobilin and uroporporphyrin-I in the urine.

A severe acute attack may be complicated by a rapid-onset motor neuropathy, 
usually developing 24 or more hours after the onset of the abdominal pain. 
Rarely a patient will present with an acute-onset neuropathy with a history 
of minimal or no abdominal pain. The neuropathy is typically symmetrical 
and affects proximal muscles predominantly; it may progress to quadriparesis 
and respiratory paralysis requiring ventilation. Though motor signs predomi-
nate, there may be some sensory involvement in a central, “bathing-suit” 
distribution. Once established, the recovery of motor function is typically 
slow, but usually near-complete. Cranial nerve or cerebellar involvement is 
occasionally noted. Patients with severe acute attacks may develop the posterior 
reversible encephalopathy syndrome (PRES) with radiologic evidence of 
reversible cerebral ischemia (Chapter 265). Rhabdomyolysis (Chapter 105) 
complicating the acute attack has been described, as have acute renal failure 
and potentially fatal cardiac arrhythmias.

Occasionally patients manifest a short-lived psychotic episode, which 
reverses completely with remission of the attack. There is, however, a wide-
spread misperception that psychiatric manifestations are a prominent part of 
the symptomatology of the acute porphyrias. Claims that historical figures 
such as King George III of England and Vincent van Gogh had porphyria 
are not supported by evidence. A statistical association with chronic anxiety 
and depression in patients with AIP has been shown but may not differ from 
that encountered in other chronic disorders. National data in Sweden have 
suggested a statistical association between porphyria, schizophrenia, and 
bipolar illness in patients with AIP and their first-degree relatives. This con-
clusion is provisional; it is now generally accepted by porphyria experts that 
the link between porphyria and chronic psychotic illness has been greatly  
overstated.

The acute attack is more common in females than males, is rare before 
puberty, and becomes uncommon from the sixth decade onward. Acute attacks 
are more prevalent in patients with AIP and more likely to be associated with 
hormonal factors than VP. Pregnancy may occasionally precipitate an acute 
attack. The most characteristic laboratory disturbance is hyponatremia (Chapter 
108), which may be present in up to 40% of cases. It may be severe, associated 
with encephalopathy, seizures, and coma. There may be a slight rise in urea, 
probably reflecting dehydration and, very occasionally, hypocalcemia and 
hypomagnesemia in association with hyponatremia reflecting renal tubular 
dysfunction. Hematologic parameters are usually normal.

Features of the Chronic Phase of Acute Hepatic Porphyrias
Recurrent Attacks
Approximately 3 to 5% of patients, typically young women with AIP, may 
show a course characterized by recurrent acute attacks.8 In some of these 

energy manifesting as a radiation of red light. In the skin, this energy may 
be transferred to biologic molecules resulting in oxidation of membrane 
lipids, polypeptides, and nucleic acids and phototoxic skin damage. The 
most potent wavelengths for porphyrin excitation lie within the ultraviolet 
spectrum, in the Soret band between 400 and 410 nm. Four additional 
absorption bands are present in the range 500 to 700 nm; thus, even visible 
light, against which most topical sunscreen preparations are ineffective, is 
harmful to the skin in subjects with a cutaneous porphyria. Pathologic 
examination will reveal epidermal bullae, duplication of basement mem-
branes, and deposition of hyaline material, which appears to be associated 
with fibrinogen, immunoglobulins, and complement in and around the blood 
vessels of the dermis, suggesting that these vessels may be the principal 
target for light-induced injury.

The Acute Attack
Elevated concentrations of the heme precursors ALA and PBG are always present 
in patients during the acute attack, and remission is commonly accompanied 
by a reduction in these concentrations. The development of the acute attack is 
strongly associated with hyperinduction of ALAS1. In patients with AIP, HMBS 
becomes rate-limiting, resulting in increased ALA and PBG concentrations and 
acute symptoms. In VP and HCP, the accumulation of cop roporphyrinogen 
and protoporphyrinogen secondarily inhibits HMBS with the same consequences, 
thus explaining the co-occurrence of acute attacks with skin disease.

Many drugs will induce ALAS1 as part of their metabolism. Such drugs 
are termed porphyrogenic, and exposure to porphyrogenic medication is a 
common cause of the acute attack. The most powerfully porphyrogenic com-
pounds include multifunctional inducers, which induce multiple hepatic 
microsomal autosomal enzymes, those which induce the CYP3A and CYP2C9 
subclasses, and those which are associated with irreversible mechanism-based 
inhibition of CYP. Such inhibition results in destruction of the enzyme and 
the release of heme, which is then catabolized by heme oxygenase, leading to 
a reduction in the free heme pool, and consequently to ALAS1 induction. 
These processes are mediated by nuclear receptors, particularly the constitu-
tively active receptor (CHR) and the pregnane xenobiotic receptor (PXR). 
Now that these mechanisms are understood, it is possible with high accuracy 
to predict which drugs are most likely to be porphyrogenic. Patients carrying 
a gene for an acute porphyria do not respond uniformly or predictably to drug 
exposure. The reason for this varying susceptibility is not understood. Caloric 
deprivation is known to induce porphyrin synthesis and potentially the acute 
attack, whereas glucose administration has a suppressive effect. This is medi-
ated via the transcriptional coactivator, peroxisome proliferator-activated 
receptor gamma coactivator-1-alpha (PGC-1α), which is upregulated when 
the liver shifts from the use of glucose as an energy substrate to β-fatty  
acid oxidation, inducing the transcription of ALAS1 and increasing heme 
synthesis.

Women with AIP may show a pattern of regularly recurring attacks associ-
ated with the luteal phase of the menstrual cycle. Endogenous hormone pro-
duction is sufficient to induce ALAS and cause an acute attack. Smoking, 
stress, and infection have been listed as possible inducers of the acute attack, 
though the evidence for this is weak. The mechanism may involve induction 
of the acute-phase protein heme oxygenase 1, which will result in increased 
catabolism of heme.

Several lines of evidence point to a direct role for ALA in causing the 
symptoms of the acute attack. ALA is structurally similar to neurotrans-
mitters such as glutamine and γ-aminobutyric acid (GABA). Patients with 
hereditary tyrosinemia and with lead poisoning, conditions in which ALAD 
is inhibited and ALA elevated, may experience neurologic symptoms resem-
bling the acute attack of porphyria. Liver transplantation cures AIP and VP; 
conversely, nonporphyric recipients who received the explanted porphyric 
liver as part of a domino transplant have developed acute attacks. Studies 
of the explanted liver have suggested that, although there is elevated ALAS1 
expression and markedly raised hepatic ALA and PBG levels, there is appar-
ently no generalized hepatic heme deficiency. There is, however, evidence to 
suggest that in the hyperinduced state, there are manifest defects in hepatic 
mitochondrial nonheme respiratory chain complexes linked to withdrawal of 
succinyl CoA from the tricarboxylic acid cycle, as well as deficiencies in adrenal  
steroidogenesis.

Nerve Damage
Nerve damage is characterized by axonal loss, though some degree of segmental 
demyelination may be present. There may be a reduction in intradermal nerve 
fiber density on skin biopsy. Skeletal muscle may show neurogenic atrophy. 
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digits; ulcerative keratitis; and corneal scarring (Fig. 199-3). Patients may 
show erythrodontia, osteodystrophy, a hypercellular bone marrow, hemo-
lytic anemia, and splenomegaly. The skin deteriorates progressively with age. 
Impact on quality of life and psychosocial consequences may be severe. Pre-
natal cases presenting in utero with severe anemia associated with hydrops 
fetalis have been described. There is a variable genotype-phenotype cor-
relation, and some patients are less severely affected. Reports have sug-
gested an interaction with modifier genes, including ALAS2 and GATA1, 
with severity of phenotype being modulated by variants in those genes. 
The features most predictive of a severe course are early age of onset and 
the presence of hematologic complications, particularly severe anemia and  
thrombocytopenia.

Skin Disease Associated with Immediate Photosensitivity
Protoporphyria
Patients with EPP, XLP, and the recently described EPP-like syndrome associ-
ated with CLPX mutations do not manifest the vesiculo-erosive pattern of 
skin disease described previously, but develop a characteristic pattern of imme-
diate photosensitivity. Patients report that after a short period of sun exposure, 
they develop severe discomfort and pain in sun-exposed areas. This may be 

women there is a clear relationship to the menstrual cycle. In the remainder 
such an association is not obvious. The worst-affected patients become debili-
tated and cachectic, show evidence of accumulating neuronal damage, experi-
ence a poor quality of life,9 and may ultimately die.

Chronic Sensory Neuropathy
Patients who have had severe or recurrent attacks may develop a persistent 
small-fiber neuropathy that presents with generalized dysesthesia and hyper-
algesia. This is now increasingly recognized as a problem, particularly as it 
may be difficult to distinguish a recurrent acute attack from a flare in neuro-
pathic pain centered on the abdomen. Such pain may even appear cyclical. 
The factors determining the intensity and frequency of such pain are not 
understood.

Hypertension and Chronic Kidney Disease
At least 40% of patients with AIP will develop chronic hypertension, possibly 
due in part to chronic activation of the sympathetic nervous system. Many 
patients with symptomatic AIP will develop chronic kidney disease. It is not 
a feature of latent disease and is independent of hypertension. It presents as 
chronic tubulointerstitial nephropathy or focal cortical atrophy. The mechanism 
is believed to be tubular cell death and tubulointerstitial damage secondary 
to reabsorption of ALA. The severity of this varies with genetic variation in 
peptide transporter 2 (PEP2), which mediates the reabsorption of ALA in 
the proximal tubule.10 The disease is slowly progressive and may result in 
end-stage kidney disease requiring dialysis or renal transplantation.

Hepatocellular Carcinoma
A strong association between both AIP and VP and noncirrhotic hepatocel-
lular carcinoma (Chapter 186) has been reported from several countries. 
Swedish patients with AIP older than age 50 have been shown to be at 86-fold 
increased risk of hepatocellular carcinoma. The risk is significantly higher in 
females. There is evidence of an increased risk in VP as well, though surpris-
ingly, such an association has not been seen in South Africa despite the fre-
quency of VP in that population. The mechanism is unknown but may include 
mutagenesis stimulated by a heightened oxidative state within the hepatocyte 
in response to chronically elevated ALA levels. Biallelic gene inactivation has 
been shown in some cases, with a somatic mutation present in tumor tissue 
in trans to the inherited mutation. A population-wide study in Norway has 
suggested an association between acute hepatic porphyrias, kidney, and endo-
metrial cancers; corroboration is required.

Acute Attacks in Children
The three dominantly inherited acute porphyrias typically present after puberty, 
most commonly in the third decade. Clinical presentation in prepubertal 
children is extremely rare. The presentation of affected children is as described 
for the adult attack, though patients are more likely to be male, tend to have 
severe attacks, and have complications such as seizures and, occasionally, 
irreversible neurologic deficits. Prepubertal presentation of VP is less common 
still.

Vesiculo-erosive Skin Disease
The vesiculo-erosive skin disease of VP, HCP, PCT, and CEP presents as blis-
tering and erosions, typically in response to minor skin trauma, in sun-exposed 
areas, particularly the dorsal surfaces of the hands and forearms, the face, and 
the back of the neck. There is no immediate photosensitivity and changes 
develop insidiously. Therefore patients frequently fail to recognize the associa-
tion between sun exposure and skin damage. The lesions heal slowly, leaving 
a residuum of scarring and areas of hypopigmentation or hyperpigmentation 
(Fig. 199-2). Milia may be present, particularly on the dorsal surfaces of the 
hands and in the digital clefts. The most severe skin disease is characterized 
by photomutilation, including loss of skin appendages such as the nose, ears, 
and lips. This is seen in CEP and HEP. Patients with homozygous VP and 
HCP may show lesser changes.

PCT usually presents in middle-aged and older subjects who develop char-
acteristic vesiculo-erosive skin lesions in sun-exposed areas.11 They may develop 
thickening of the skin of the fingers and hands (so-called pseudosclerodermoid 
changes), which may lead to a misdiagnosis of scleroderma. Other common 
features are facial hypertrichosis, skin darkening, and alopecia. There is often 
evidence of increased iron storage, liver dysfunction, alcohol misuse, or renal 
dysfunction.

CEP is usually mutilating.12 Patients typically demonstrate scarring; 
loss of skin appendages such as ears, nose, and lips; loss of fingernails and 

FIGURE 199-2. The hands in variegate porphyria. The characteristic lesions are bullae, 
shallow erosions that develop scabs and heal slowly, leaving areas of hypopigmentation 
and hyperpigmentation. The skin disease of porphyria cutanea tarda and hereditary 
coproporphyria is similar. 

FIGURE 199-3. The hands of a patient with a homozygous form of variegate porphyria. 
in addition to the characteristic vesiculo-erosive skin lesions, there is marked brachydac-
tyly, representing both photo-osteolysis and a skeletal developmental defect. 
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The skin disease of homozygous VP is marked by vesiculo-erosive skin 
disease, alopecia, skeletal dysmorphism, resorption of digits, nystagmus, sei-
zures, a sensory neuropathy, and cognitive impairment. An association with 
cerebral demyelination, detectable on magnetic resonance imaging, has been 
described. Despite the severity of the symptoms, there is no appreciable early 
mortality, and for reasons yet unknown, acute attacks are not a feature of 
homozygous VP.

Homozygous HCP takes two forms: the first resembles homozygous VP 
with small stature, photosensitivity, psychomotor retardation, and neurologic 
defects; the second presents at birth with hemolytic anemia and severe jaun-
dice. This variant, known as harderoporphyria, is associated with specific 
mutations in the CPOX gene that block an intermediate stage in the oxidation 
of coproporphyrinogen to protoporphyrinogen, resulting in the accumulation 
of a tricarboxylic harderoporphyrinogen intermediate.

 DIAGNOSIS
Delayed diagnosis may result in unnecessarily impaired quality of life and 
potentially a fatal acute attack. Conversely it is not unusual for patients to be 
erroneously labeled as having a porphyria, and an accurate laboratory diagnosis 
is essential. Physicians need to recognize the acute attack early and should be 
particularly alerted by the presence of hyponatremia, dark urine, or muscle 
weakness in the patient with severe abdominal pain.

Biochemical Testing
Biochemical analysis is the first and essential step in the diagnosis and evalu-
ation of the porphyrias. It is highly recommended that diagnostic testing for 
porphyria be restricted to national reference laboratories that analyze sufficient 
cases to develop expertise and that cooperate in a quality-enhancement 
network.14

Porphyrin analysis is typically performed with a high-performance liquid 
chromatographic separation technique with fluorometric detection of the 
porphyrins. The varying water solubilities of the precursors and porphyrins 
lead to differential patterns of accumulation in urine, stool, and plasma, whereas 
the erythropoietic porphyrias are most reliably diagnosed by measuring eryth-
rocyte porphyrin concentrations. Accordingly, urine, stool, and blood samples 
should be submitted for examination. Examination of urine alone may lead 
to both misdiagnosis and to misclassification of the porphyria. The series I 
and III isomers can be distinguished, and the concentration of each individual 
porphyrin species quantitated by reference to standard specimens. Differentia-
tion of isomers is particularly important in the identification of HCP. Enzyme 
assays are no longer recommended, given their inaccuracy.

Coproporphyrinuria refers to an elevation of urinary coproporphyrin that 
is common in patients with liver disease. It results from a diversion of copro-
porphyrin excretion from bile to urine. It is not related to any disturbance in 
heme biosynthesis and is essentially irrelevant, yet patients with copropor-
phyrinuria have frequently been misdiagnosed as having porphyria.

Plasma fluorescence scanning is a useful initial screening test that is suitable 
for most laboratories. The fluorescence emission maximum varies between 
different porphyrins and with the extent of their protein binding. When sub-
jected to ultraviolet light, a plasma sample will typically demonstrate an emis-
sion peak at approximately 630 nm in EPP, 625 nm in VP, and 619 nm in AIP, 
HCP, and PCT. The fluorescence emission peak in AIP may be transient, and 
a negative test does not therefore exclude the diagnosis.

The acute attack is always associated with an elevation of the porphyrin 
precursors ALA and PBG. It is therefore essential to submit urine with a 
specific request for measurement of PBG concentration to confirm the pres-
ence of an acute attack. Urine porphyrin testing in the acute setting is of little 
value as it will not confirm the presence of an acute attack. In the appropriate 
clinical setting, elevated levels are highly confirmatory; conversely, where the 
PBG concentration is normal, an acute attack is highly unlikely. A quantitative 
result is recommended. A very dilute sample may produce false-negative results: 
the PBG concentration should therefore be expressed as a ratio to the urine 
creatinine concentration, which will correct for concentration or dilution. 
Since early diagnosis of the acute attack is essential, the specimen should be 
tested at a laboratory that can return a result within 24 hours. For immediate 
use in the emergency setting, semiquantitative test kits have been developed 
that allow the identification of elevated urinary PBG concentrations without 
the use of specialized equipment. It is recommended that every emergency 
department have ready access to these.

It may be difficult to confirm the presence of a recurrent acute attack in a 
patient known to have symptomatic AIP, because the PBG may remain elevated 
in AIP in remission. It is often a matter of clinical judgment as to whether the 

FIGURE 199-4. The hands in erythropoietic protoporphyria. There is thickening and 
grooving of the skin over the knuckles. 

associated with erythema and edema, or there may be no objective visible 
signs of injury. The discomfort may take 24 to 48 hours to settle after cessation 
of sun exposure. Photosensitivity is often sufficiently severe to markedly impair 
quality of life and to restrict the patient’s choice of occupation and recreational 
activity.

The onset of the illness is often in childhood, but typically there is a delay 
of months or years before the diagnosis is made. Chronic skin changes are 
minimal and are usually limited to the development of a waxy thickening and 
grooving of the skin, typically over the bridge of the nose and over the knuckles 
(Fig. 199-4). Patients who are homozygous or compound heterozygous for 
ferrochelatase mutations may show seasonal palmar keratoderma. A mild 
microcytic hypochromic anemia may be present. Cholelithiasis associated 
with pigment stones in the biliary tract is common. Approximately 1 to 3% 
of patients with EPP will develop life-threatening liver disease secondary to 
the massive accumulation of protoporphyrin within hepatocytes.

X-linked Protoporphyria
XLP and EPP cannot for practical purposes be distinguished clinically. XLP 
is likely to have a higher penetrance as well as a typical X-linked pattern of 
inheritance. Some patients will report a correlation between iron deficiency 
and severity of symptoms. Patients with XLP, particularly males, tend to have 
higher protoporphyrin levels than patients with EPP and appear to be at higher 
risk of hepatopathy.

Immediate Photosensitivity in Other Settings
A transient immediate acute photosensitivity is occasionally observed in patients 
with VP as they emerge from an acute attack. This is sometimes associated 
with acute loss of fingernails. Patients with CEP may manifest immediate 
photosensitivity in addition to the characteristic vesiculo-erosive skin response. 
Immediate photosensitivity is observed in patients treated with ALA or syn-
thetic porphyrin analogs as part of photodynamic therapy for cancer.

Homozygous Acute Hepatic Porphyrias
ALA dehydratase deficiency porphyria is an extremely rare recessive disorder, 
which may present in either childhood or adulthood, depending on the sever-
ity of the phenotype, typically with chronic neuropathy, other neurologic 
symptoms, and acute attacks.

Patients with homozygous AIP present with severe neurodevelopmental 
abnormalities, including porencephaly, psychomotor and developmental retar-
dation, ataxia, epilepsy, cataracts, and several other neurologic manifestations. 
It is usually fatal in childhood. Recently a family has been described in which 
a leukoencephalopathy accompanied by progressive neurologic deficits includ-
ing slowly progressive spastic paraparesis, cerebellar ataxia, peripheral neu-
ropathy, optic atrophy, nystagmus, and gaze palsies with childhood onset 
persisted into middle age. Those affected were found to be compound het-
erozygous for biallelic HMBS mutations previously reported to be associated 
with symptomatic AIP.13

TREATMENT 
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patient with known AIP who complains of abdominal pain is experiencing 
an acute attack or not, as there is no defined diagnostic threshold that reliably 
distinguishes AIP in the acute phase from AIP in remission.

Genetic Testing
Once a biochemical diagnosis of porphyria has been made, the underlying 
mutation should be identified. Screening family members for this mutation 
will then determine carrier status. This is particularly important in the case 
of the acute hepatic porphyrias, so that as-yet unaffected family members can 
practice risk avoidance. Where there is a very high prevalence of a single 
mutation because of a founder effect, screening for that mutation may prove 
useful in preliminary assessment. This is the case in South Africa, where a 
single PPOX mutation, the R59W mutation, accounts for over 95% of all cases 
of VP.

Given that the various porphyrias result from mutations in different genes, 
and that within each porphyria numerous family-specific mutations may give 
rise to the characteristic phenotype, molecular diagnosis is not well suited to 
the primary evaluation of a patient. No mutation-specific diagnostic test will 
exclude any form of porphyria other than the one specifically associated with 
that gene and that mutation. Conversely, detection of a mutation in the gene 
for one or more heme-biosynthetic enzymes does not establish the diagnosis 
as it may represent an incidental polymorphism. Proving that a mutation is 
indeed associated with clinical disease requires experience and expertise. 
Genetic testing, unlike biochemical testing, provides no information on the 
degree of activity of the porphyria at the time of testing.

Differential Diagnosis
Acute Attack
The differential diagnosis of an acute attack includes any cause of severe 
abdominal pain. About 40% of children with hereditary tyrosinemia type I 
may develop a syndrome closely resembling the acute attack; this is mediated 
by the accumulation of succinylacetone, which is a potent inhibitor of ALAD. 
Lead poisoning may also be accompanied by an acute abdominal crisis, and 
both these conditions may be distinguished by demonstrating isolated eleva-
tion of ALA with a normal PBG concentration. Where patients present with 
a motor neuropathy or quadriparesis, other causes of acute-onset neuropathy, 
such as the Guillain-Barré syndrome, should be considered. A careful history 
may reveal a history of abdominal pain (though very occasionally this is absent), 
and neurophysiologic testing in acute porphyria will show a pattern of axonal 
necrosis rather than demyelination. A biochemical analysis for porphyria will 
confirm the correct diagnosis.

Skin Disease
The differential diagnosis of a typical vesiculo-erosive porphyria is limited. 
Other chronic bullous diseases require exclusion (Chapter 410). Epidermolysis 
bullosa is not restricted to sun-exposed areas. Pseudoporphyria is a condition 
associated with vesiculo-erosive disease resembling porphyria, but there is no 
underlying enzymatic or genetic defect and plasma porphyrin profiles are 
normal. Pseudoporphyria is associated with end-stage renal or liver disease, 
with tanning bed use, or as a class of drug-induced skin reactions, particularly 
in response to nonsteroidal anti-inflammatory drugs, nalidixic acid or tetra-
cycline, sulfur-containing diuretics, systemic retinoids, cyclosporine, and 
dapsone. The pathogenetic mechanism is unknown.

The Acute Attack
Patients should be managed by or in consultation with a physician with 

experience in porphyria. Pain is severe and requires opioid analgesia in doses 
sufficient to relieve it. Inexperienced physicians and nurses frequently do not 
prescribe opioids in the doses and frequency required; they may be misled by 
the lack of abdominal signs and may incorrectly suspect exaggeration of symp-
toms or opioid addiction. Morphine and newer opioids should be selected in 
preference to meperidine, given its addictive potential. It is essential that all 
porphyrogenic drugs and other potential precipitants are stopped, and no 
medication should be administered to the patient unless its safety in porphyria 
has been checked. Patients may require antiemetics. Though β-blockers may 
assist in slowing the pulse and reducing blood pressure, these are rarely suf-
ficiently elevated to require treatment.

Electrolyte balance requires careful monitoring. Though carbohydrate 
loading has been shown to have a suppressive effect on porphyrin synthesis, 
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its effect is minimal in comparison with that of hemin therapy. Enteral glucose 
administration is more effective and safer than intravenous administration, 
because infusions of glucose-containing hypotonic fluids may aggravate  
hyponatremia.

specific Therapy
Administration of exogenous heme (in the form of hemin, a heme variant 

in which the iron moiety is in the ferric state, with a coordinating chloride 
ligand) results in negative feedback inhibition of ALAS1, resulting in a rapid 
reduction in porphyrin synthesis. This is now the standard of care for the 
acute attack. It shortens the duration of symptoms, allows earlier discharge, 
and prevents severe complications such as encephalopathy and motor  
neuropathy.

Human hemin is marketed in two forms.1 They are equally efficacious. Lyophi-
lized human hemin (Panhematin, Recordati Rare Diseases Inc., Lebanon, NJ) is 
licensed for use in the United States. It is presented as a powder that is recon-
stituted with sterile water for injection and infused intravenously in a dose of 
1 to 4 mg per kilogram per day. Heme arginate (Normosang, Orphan Europe, 
Puteaux, France) is a newer compound in which heme is complexed with argi-
nine. It is not currently licensed for use in the United States but is now widely 
used in Europe and other areas. It is administered intravenously in a dose of 
3 mg/kg daily for 4 days. The manufacturer recommends that the dose be 
reconstituted in 100 mL of a 0.9 % sodium chloride solution and infused into 
a large vein over at least 30 minutes. It is common practice, however, to administer 
heme arginate in human serum albumin as albumin has a buffering effect, 
which may reduce the incidence of phlebitis at the site of infusion and may 
facilitate hepatic uptake.

Administration of hemin typically results in clinical improvement within 24 
hours. After the third or fourth dose the patient is usually symptom free and 
may be discharged. It is essential that hemin is administered early as it will 
prevent neuropathy but not reverse it once established. Treatment of children 
and pregnant women is safe.

Patients may rarely present with a syndrome of severe, accelerated hyperten-
sion, tachycardia, and cerebral complications, which may include coma, seizures, 
and the posterior reversible encephalopathy syndrome. Administration of 
intravenous magnesium sulfate in association with combined α- and β-blockade 
is useful in controlling the autonomic overactivity while the attack is aborted 
with hemin. Recovery is usually rapid and complete.

recurrent attacks
Recurrent acute attacks are an uncommon manifestation of the acute por-

phyrias, affecting approximately 3 to 5% of all symptomatic patients. Medica-
tions should be reviewed and potentially porphyrogenic medication stopped. 
Smoking and alcohol should be discouraged.

Patients experiencing recurrent attacks need to be under the care of an 
experienced physician or team. Advance arrangements to ensure that hemin 
will be readily available when required should be made. It is advisable that 
patients are admitted directly to a ward where they are known and staff are 
comfortable with therapy rather than being processed via the emergency 
department.

Prophylactic Use of Hemin
Some patients with a history of recurrent acute attacks have received pro-

phylactic hemin at scheduled intervals or on demand at the earliest onset of 
symptoms, reportedly with benefit. Home use has been practiced in the United 
Kingdom. Frequent administration is associated with high incidence of throm-
bophlebitis, and a permanent indwelling central venous catheter is often required. 
Regular administration of prophylactic hemin is not without risk. Frequent 
administration of hemin may induce heme oxygenase, leading to rapid catabo-
lism of heme, thus initiating a vicious cycle of reduction in hepatocyte free 
regulatory heme levels, ALAS1 induction, and increased precursor synthesis, 
promoting the development of a further attack. Hemin contains 9% iron by 
weight, and patients receiving frequent courses of therapy may become iron 
overloaded. Ferritin should be measured at regular intervals, and phlebotomy 
undertaken if necessary. Once-monthly injections of givosiran (an investigational 
RNA interference therapeutic agent that inhibits hepatic synthesis of delta 
aminolevulinic acid synthase 1) is an experimental therapy to reduce attack 
rates in patients with acute intermittent porphyria.15

Management of Chronic Pain
The problem of chronic neuropathic pain following recurrent acute attacks 

is difficult to manage. It may run a relapsing/remitting course, which may make 
it difficult to distinguish from recurrent acute attacks. It is not responsive to 
hemin but may respond to drugs used for neuropathic pain, such as anticon-
vulsants and antidepressants. The advice of a neurologist or pain management 
specialist should be sought.

Menstrual Attacks
Some patients have had a pattern of menstrual attacks successfully treated 

with low-dose estrogen-gestagen combinations, whereas others have had 
attacks precipitated by such treatment. Some patients have responded satis-
factorily to prophylactic hemin therapy given just before the luteal phase of 
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the cycle. Oophorectomy is not appropriate. Gonadal suppression using gonad-
otropin-releasing hormone agonists such as gonadorelin, goserelin, buserelin, 
leuprorelin, triptorelin, histrelin, or nafarelin may be attempted. This is efficacious 
in aborting the pattern of recurrent attacks in approximately half the patients 
treated.16 Treatment should be initiated within the first 3 days of the cycle as 
later initiation may precipitate an attack. Therapy results in estrogen deficiency, 
which is usually symptomatic, and is accompanied by bone demineralization. 
This may be counteracted by administration of low-dose estrogen, preferably 
as a cutaneous patch. Adding supplemental gestagen will frequently precipitate 
an attack.

Orthotopic Liver Transplantation
Orthotopic liver transplantation prevents further acute attacks in both AIP 

and VP. It should be considered in any patient who develops a pattern of severe 
repetitive acute attacks, particularly when there is incomplete recovery between 
attacks, progressive disability, or severely impaired quality of life. Combined 
liver and kidney transplantation may be necessary when AIP is accompanied 
by chronic kidney disease.

Skin Disease
There is no specific therapy for vesiculo-erosive skin disease. Sun avoidance 

is central to its management. This may require behavioral modification as well 
as careful attention to dress, wearing nontranslucent clothing to reduce the 
skin’s ultraviolet exposure. Trauma to exposed areas should be minimized. 
Sunscreens must prevent the transmission of ultraviolet (UV) A, UVB, and visible 
wavelengths. Zinc oxide is more effective than titanium dioxide. Though sun-
screens containing micronized zinc oxide or titanium dioxide are translucent 
and cosmetically more acceptable, they reflect less light and therefore only 
provide partial protection. Established lesions should be carefully cleaned with 
nonastringent antiseptics. In our experience, aseptic lancing of bullae may 
hasten resolution. Where secondary infection is noted, topical or systemic anti-
biotics are indicated.

Porphyria Cutanea Tarda
PCT will remit once the precipitating factors have been removed. Alcohol 

use should be severely restricted. Hepatitis C should be treated. Elevated iron 
stores should be reduced (Chapter 201). A common regimen is to carry out 
a 500-mL venesection fortnightly until the serum ferritin is in the low-normal 
range; typically, this requires about 8 to 12 sessions. Iron chelation therapy 
is effective, though less efficient than phlebotomy. Patients who are anemic, 
as in those with renal failure, may require concurrent erythropoietin to main-
tain an adequate hemoglobin concentration and will in addition mobilize  
hepatic iron.

Oral chloroquine is as effective as venesection in inducing remission in PCT. 
By disrupting lysosomal structure, it allows the release of porphyrins stored in 
the liver into the plasma from where they are cleared by the kidneys. Initiation 
of chloroquine therapy frequently causes an initial, transient increase in plasma 
porphyrins and severity of skin disease. Chloroquine must be used in low doses, 
typically 125 mg twice weekly, as larger doses may result in a significant 
transaminitis.

Specific therapy for HCV infection will induce remission in PCT. Direct-acting 
antiviral agents are preferable to α-interferon and ribavirin, treatment with 
which has been reported to induce an initial exacerbation in the severity of 
the PCT skin disease. Given the deleterious effects of iron overload, however, 
it would appear prudent to combine treatment with antivirals or chloroquine 
with iron-lowering therapy where accompanying iron overload is shown. Remis-
sion of PCT, once attained, is usually maintained for many years, though occa-
sionally retreatment may be necessary.

Protoporphyrias
Reducing sun exposure requires behavioral change, attention to dress, and 

use of broad-spectrum sunscreens. Some patients appear to respond positively 
to the administration of β-carotene in doses sufficiently large to induce caro-
tenodermia, though efficacy has not been convincingly proven. Narrow-band 
UVB phototherapy has in some cases resulted in increased phototolerance.

Treatment with afamelanotide has been proven effective in controlled  
trials. A1  This is a synthetic melanocyte-stimulating hormone analog, administered 
as a slow-release subcutaneous implant, with a longer duration of action than 
the natural hormone. It induces the synthesis of both pheomelanin and eumela-
nin, which together absorb and reflect radiation over a wide light spectrum. 
Eumelanin synthesis is not dependent on UV exposure. Afamelanotide is now 
licensed for use in EPP in Europe and is under review in the United States. 
Treatment is without serious adverse effects, and it may now be recommended 
as the standard of care.

Anemia and iron deficiency are common in patients with EPP and XLP. It is 
appropriate to provide iron replacement therapy with careful monitoring of 
both the clinical response and plasma protoporphyrinogen levels, as some 
though not all patients have been reported to respond favorably.

Benefit has been claimed for a number of interventions in terms of their 
utility in reducing the acute pain of EPP, including lotions, steroids, local anes-
thetics, antihistamines, water immersion, and ice packs. Though individual 

patients may feel that they were helped by one or the other, no consistent 
benefit has been shown for any single intervention. A method for dynamically 
measuring protoporphyrin levels in the skin noninvasively has shown that 
erythrocyte and skin porphyrin levels are closely correlated with photosensitivity 
in EPP and offers a potential method for monitoring of such patients to deter-
mine photosensitivity and monitor treatment response.

Protoporphyria-associated hepatopathy is not well understood. Certain groups 
are at elevated risk: those with homozygosity, EPP, XLP, or a family history of 
liver disease, and those with high erythrocyte protoporphyrinogen levels. Such 
patients require the care of an experienced hepatologist. The sensitivity of liver 
chemistry tests in providing early warning of liver involvement has not been 
established nor are evidence-based recommendations to guide treatment. 
Administration of oral sorbents such as activated charcoal, cholestyramine, and 
colestipol, which interrupt hepatic porphyrin recycling, have yielded inconsistent 
results. Hypertransfusion and administration of hemin may suppress porphyrin 
synthesis but are not suitable for long-term use. Severely affected patients are 
candidates for orthotopic liver transplantation. Given that the viscera are por-
phyrin laden and prone to severe light-induced necrosis, careful preparation 
of the patient is necessary, and surgery must be carried out using filtered oper-
ating lights. Severe motor neuropathy has proven to be an unexpected com-
plication of liver transplantation in patients with protoporphyria. Following 
transplantation, protoporphyrin will reaccumulate in the liver. Consideration 
may therefore be given to performing combined bone marrow and liver 
transplantation.

Congenital Erythropoietic Porphyria
Light avoidance, with protection for both skin and eyes, is essential. Where 

skin disease is severe—as in CEP—consideration may be given to replacing 
fluorescent lighting with other forms of illumination with lower short-wavelength 
light emission and the application of transparent film to windows, spectacles, 
and windshields to exclude the relevant wavelengths. Afamelanotide has shown 
benefit in a single case. Some patients require chronic transfusion for anemia 
and may benefit from splenectomy. Early autologous stem cell transplanta-
tion will prevent further disfigurement and inevitable psychosocial conse-
quences in severely affected individuals. There is now consensus that young 
subjects with severe CEP should be offered stem cell transplantation before 
mutilating disease becomes established. The phenotype of CEP is extremely 
variable. It is recommended that bone marrow transplantation be reserved 
for patients with a mutation known to be associated with a severe pheno-
type and for those presenting in infancy or with severe hemolytic anemia or  
thrombocytopenia.

Investigational Therapies for the Porphyrias
acute hepatic Porphyrias

Though hemin administration is effective, it is subject to limitations that 
make the search for better treatments worthwhile. These include a relatively 
slow onset of action, the frequency of phlebitis requiring administration through 
a central venous line in patients with recurrent attacks, and tolerance with 
repeated use.

Intravenous administration of recombinant HMBS protein to patients with 
AIP has been studied in a small series. Although treatment reduced plasma 
PBG levels, ALA levels remained high and symptoms were not affected, presum-
ably because of limited access of this preparation to the hepatocyte. Gene 
replacement for AIP, using a variety of vectors, is under active development 
and has shown promise in laboratory studies. Administration of a recombinant 
adenovirus-associated vector expressing HMBS has now been investigated in 
a small clinical study. Precursor levels did not change in response, though an 
apparent trend to improvement in clinical course was reported. Further studies 
are in progress. Hepatocyte transplantation has shown promise experimentally 
in the treatment of AIP and would have advantages over orthotopic liver 
transplantation.

Because ALAS1 is central to the pathogenesis of the acute attack, down-
regulation of ALAS1 is seen as a prime target for therapeutic intervention. 
Several potential sites have been identified: transcriptional and post-transcrip-
tional regulation, modulation of the rate of import of the precursor enzyme 
from cytosol into the mitochondrion, enzyme inhibition, and downregulation 
of LON1P, a protease that controls the turnover of mitochondrial matrix proteins. 
The effect of exogenous hemin is mediated via at least three of these mecha-
nisms. Gene-silencing directed at ALAS1 mRNA to block ALAS1 induction appears 
encouraging in the acute hepatic porphyrias. Patients with AIP have higher 
ALAS1 mRNA levels compared with controls. Use of givoseran, which is an 
ALAS1 antisense nucleotide (small interfering RNA sequence, siRNA1) complexed 
with N-acetylgalactosamine to promote hepatocyte uptake has been reported 
to be safe and effective in reducing ALA and PBG levels and in reducing recur-
rent attacks in patients with AIP.17 More studies will be needed to determine 
its role in clinical care.

Congenital Erythropoietic Protoporphyria
Encouraging results for gene therapy, including reengineered induced plu-

ripotent stem cells, have been shown in animal studies. Where the effect of a 



mutation is to reduce protein stability, interventions to improve stability may 
lead to improvement in enzyme concentration and activity. In vitro studies 
suggest that administration of a proteasome inhibitor may improve UROS func-
tion where the enzyme deficiency is due to an unstable protein.

Erythropoietic Protoporphyria
A study has shown that an antisense oligonucleotide directed at the cryptic 

splice site of FECH coded for by the common low-expression polymorphism 
increases the use of the wild-type splice site, leading to increased mRNA levels, 
increased FECH activity, and decreased protoporphyrin accumulation in vitro. 
This may potentially have therapeutic value.

 PREVENTION
Primary Prevention
Given that most of the porphyrias are genetically determined, there is cur-
rently no practical way in which these illnesses may be prevented. Genetic 
counseling and education of patient and family, as well as access to appropriate 
literature resources for patient support, are important. Diagnosis in utero using 
molecular methods for the identification of family-specific mutations is pos-
sible. Selective abortion is not appropriate given that a very high proportion 
of carriers will be either unexpressed or will experience symptoms that are 
easily controlled. The conditions most likely to result in severely impaired 
quality of life are CEP and the homozygous acute porphyrias. These recessive 
conditions are extremely rare, and in many instances parents have not previ-
ously been recognized as gene carriers, thus preventing prenatal diagnosis. 
Prenatal testing may, however, be appropriate in cases of known consanguinity, 
where the possibility of recessive inheritance is increased.

Secondary Prevention
Acute Hepatic Porphyrias
Acute attacks should be prevented. Patients must avoid sudden reductions in 
caloric intake and must not be exposed to any porphyrogenic medication. All 
gene carriers, whether the disease is expressed or not, and the health profes-
sionals who care for them must understand the importance of consulting a 
drug safety database before taking or prescribing any medicinal agent. We 
recommend use of the European web-based database The Drug Database for 
Porphyria (http://www.drugs-porphyria.org) maintained by the Norwegian 
Porphyria Centre. The recommendations in this database are assigned on the 
basis of their metabolic fate and predicted porphyrogenicity. Experience has 
shown that these predictions are reliable and avoid many of the shortcomings 
of older lists based largely on clinical or animal experience.

Anesthesia is safe in acute hepatic porphyria, provided that nonporphyro-
genic anesthetic agents and ancillary drugs are used. Pregnancy is rarely prob-
lematic. Occasional patients experience more frequent attacks during pregnancy. 
Hemin administration is safe in pregnancy. There is a slightly increased risk 
of fetal loss in patients who have experienced recurrent attacks. Patients should 
be screened at regular intervals for hypertension, chronic kidney disease, and 
hepatocellular carcinoma.

Cutaneous Porphyrias
Children at risk for the cutaneous porphyrias, including those known to have 
inherited a gene for VP or HCP, should be encouraged to develop healthy 
habits of sun avoidance and sun protection before the onset of symptoms. 
Patients with established disease need to modify behavior and dress to limit 
sun exposure. In cases of extreme photosensitivity, filtering of natural and 
artificial light may be beneficial.

Patients with PCT should be screened for hemochromatosis-associated 
mutations (Chapter 201). Once in remission, the precipitating factors for 
PCT described previously should be avoided. Patients should be screened 
annually for urine porphyrin concentrations and ferritin levels, and a repeat 
course of phlebotomy commenced if necessary. Some authorities recommend 
monitoring for diabetes and for hepatocellular carcinoma, particularly in those 
with hepatitis C or alcoholic cirrhosis.

 PROGNOSIS
With few exceptions, the prognosis of the porphyrias is favorable.

Acute Hepatic Porphyrias
Patients may expect a normal lifespan provided that acute attacks are avoided 
and, if experienced, effectively treated. The prognosis for the individual attack 

is good if the patient is treated, usually with hemin, before the onset of neu-
ropathy. Even where the patient has developed quadriparesis, the prognosis 
for ultimate recovery is good provided the patient receives high-quality care, 
including assisted ventilation if necessary. Typically the patient may be weaned 
off the ventilator within 4 months and is usually fully ambulant and indepen-
dent by 8 months. There may be some mild residual footdrop and wristdrop, 
but recovery is usually near-complete by 12 months. It is important to avoid 
further acute attacks during the period of convalescence, and if necessary to 
treat them properly and effectively, to prevent a relapse in neuropathy.

There has been a dramatic decrease in the incidence of acute attacks over 
the past 5 decades, probably because of increasing awareness, early screening, 
better education, and changing habits in drug prescription. In expert hands, 
death is now extremely rare. Yet in countries where historically the acute 
porphyrias have not previously been recognized, such as India, a proliferation 
of recent case reports and small series indicate increasing diagnosis of patients 
experiencing the acute attack, typically made late with a high incidence of 
serious complications and significant mortality.

The prognosis is less benign in those patients who present with recurrent 
acute attacks poorly responsive to therapy. The course is frequently one of 
slow deterioration over several years and may ultimately be fatal. Such patients 
should be assessed for orthotopic liver transplantation. Patients with homo-
zygous AIP are prone to severe developmental abnormalities and may die in 
childhood. By contrast, there appears to be no early mortality in patients with 
homozygous VP, though the photomutilation and neurodevelopmental effects 
may have psychosocial and educational consequences.

Cutaneous Porphyrias
The skin disease of porphyria is not life threatening. Patients with CEP are 
subject to severe photomutilation with serious psychosocial consequences 
and should be assessed for allogeneic stem cell transplantation. PCT is treat-
able and remission is expected once the precipitating factors, including iron 
overload, have been corrected. A small proportion of patients with protopor-
phyria will develop hepatopathy, which may prove fatal. The majority will, 
however, have a normal lifespan.
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in variegate porphyria, porphyria cutanea tarda, hereditary coproporphyria, 
and congenital erythropoietic porphyria. Hypertrichosis may be noted in 
chronic cases, particularly in porphyria cutanea tarda, and photomutila-
tion is only encountered in the most severe forms of vesiculo-erosive por-
phyria, such as congenital erythropoietic porphyria, hepatoerythropoietic 
porphyria, and the homozygous forms of variegate porphyria and hereditary  
coproporphyria.

4. Which of the following statements best characterizes the solubility and 
route of excretion of protoporphyrin?
 A. It is of intermediate water solubility and may be identified in both urine 

and stool.
 B. It is water insoluble and may be identified in urine.
 C. It is water insoluble and may be identified in stool.
 D. It is water soluble and may be identified in stool.
 E. It is water soluble and may be identified in urine.

Answer: C The different porphyrins vary in their water solubility. The earlier 
porphyrins such as uroporphyrin and the porphyrin precursors are water 
soluble or hydrophilic and are readily detectable in urine, whereas very little 
emerges in the stool. Water solubility decreases with each step in the heme 
biosynthetic pathway. Protoporphyrin is hydrophobic and for practical pur-
poses is undetectable in urine. It is excreted in bile and is therefore identified 
in stool. Some of the intermediate porphyrins, including coproporphyrin, are 
of intermediate solubility and detectable in both urine and stool. These prop-
erties are important because it is necessary to analyze both urine and stool 
(as well as plasma, and in the case of erythropoietic porphyrias, in erythrocytes) 
for an accurate diagnosis.

5. Which of the following treatment modalities is of most importance in 
modifying the course of the acute attack of porphyria?
 A. Assisted ventilation
 B. β-Blockade
 C. Hemin
 D. Liver transplantation
 E. Meperidine

Answer: C Hemin is safe and highly effective in terminating the acute attack. 
When administered early, it will prevent serious complications such as quadri-
paresis and will reduce the hospital stay. Analgesia is an essential part of man-
agement, but does not affect the natural history of the attack. β-Blockade may 
counteract the autonomic activity but is usually not necessary and will not 
alter the natural history of the attack. Assisted ventilation is only relevant in 
the patient who has had a serious attack with motor neuropathy, quadriparesis, 
and respiratory failure. Orthotopic liver transplantation is reserved for patients 
with a severe progressive course marked by recurrent acute attacks.

REVIEW QUESTIONS

1. Which is the commonest form of acute hepatic porphyria?
 A. Acute intermittent porphyria
 B. ALA dehydratase deficiency
 C. Hereditary coproporphyria
 D. Porphyria cutanea tarda
 E. Variegate porphyria

Answer: A All forms of acute porphyria are hepatic porphyrias, and acute 
intermittent porphyria is the commonest everywhere except in the South 
African white population where variegate porphyria is locally prevalent as a 
result of a founder effect. Hereditary coproporphyria is considerably less 
common than both these forms of porphyria, and ALA dehydratase porphyria 
is excessively rare, having been described in fewer than 10 patients. Though 
porphyria cutanea tarda is a hepatic porphyria, it is not an acute porphyria 
because it presents clinically with skin disease alone and never with acute 
attacks.

2. The enzyme 5-aminolevulinate synthase 1 (ALAS1) is regulated by:
 A. Cytochrome P450 concentration
 B. Erythrocyte hemoglobin concentration
 C. Free heme pool within the hepatocyte
 D. Iron availability
 E. Substrate availability

Answer: C ALAS1 is the hepatic isoenzyme. When the regulatory free heme 
pool in the hepatocyte is reduced, ALAS1 is induced, heme biosynthesis is 
upregulated, and heme levels rise. Conversely, when it is replete, heme synthesis 
stops. The erythroid isoenzyme, ALAS2, by contrast, is principally regulated 
by iron availability. The availability of the substrates, glycine and succinyl-CoA, 
is not a limiting factor in heme synthesis. Hemoglobin concentrations are of 
no relevance to the regulation of hepatic heme synthesis.

3. What is the characteristic clinical presentation of erythropoietic 
protoporphyria?
 A. Erosions and blisters
 B. Hyperpigmentation
 C. Hypertrichosis
 D. Immediate photosensitivity
 E. Photomutilation

Answer: D Patients with erythropoietic protoporphyria and X-linked proto-
porphyria complain of immediate photosensitivity, which manifests as burning, 
itching, and pain in the skin after a short period of exposure to sunlight. This 
may be accompanied by erythema and edema. The other options on this 
list are not characteristic of this form of photosensitivity. Blisters and ero-
sions are typical of the vesiculo-erosive form of cutaneous porphyria noted 
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200 
WILSON DISEASE
MICHAEL L. SCHILSKY

 DEFINITION
Wilson disease is an autosomal recessive disorder of copper transport. Affected 
individuals accumulate abnormal levels of copper in the liver and later in the 
brain as a consequence of mutations in both alleles of the Wilson disease gene 
(ATP7B). The gene encodes a copper-transporting ATPase expressed primarily 
in hepatocytes in the liver, where its major function is excretion of hepatic 
copper into the biliary tract. The clinical condition of hepatolenticular degen-
eration with associated cirrhosis was first described in detail in 1912 by  
S. A. K. Wilson. There are wide differences between patients in the age at 
onset and the spectrum of symptoms.

 EPIDEMIOLOGY
The incidence of Wilson disease, defined as the occurrence of new cases, is 
approximately 1 in 30,000 to 40,000 live births. For special populations in 



CHAPTER 200 Wilson Disease 1385.e3

KEYWORDS
copper
ceruloplasmin
Kayser-Fleischer ring
hepatolenticular degeneration
chelation therapy

ABSTRACT
Wilson disease is an autosomal recessive disorder of copper metabolism due 
to mutation of the ATP7B gene encoding the copper transporting ATPase 
present in hepatocytes. The accumulation of copper in the liver and then at 
other sites in the body, in particular in the central nervous system, is respon-
sible for the disease that is progressive if untreated. The diagnosis is established 
by a combination of clinical and laboratory testing or by identification of two 
disease specific mutations of ATP7B, on each allele. Most younger patients 
present with liver disease, and neuropsychiatric manifestations typically occur 
later. About 5% of patients present with acute liver failure and require urgent 
liver transplantation for survival. Treatment is lifelong with medical therapy, 
chelating drugs, or with zinc, or by liver transplantation for those with liver 
failure.
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FIGURE 200-2. Kayser-Fleischer ring in a newly diagnosed patient with Wilson disease. 

Approximately 95% of patients with neurologic or psychiatric signs have 
Kayser-Fleischer rings compared with approximately 50 to 65% of those with 
hepatic presentations. Copper chelation therapy, zinc treatment, and liver 
transplantation cause fading and disappearance of corneal copper over time.

Hemolytic anemia resulting from the direct toxic effects of copper on red 
blood cell membranes has been observed in Wilson disease. This is usually 
associated with the release of massive quantities of hepatic copper into the 
circulation, a phenomenon that can be sudden and catastrophic due to the 
development of acute (fulminant) liver failure.12 On occasion, hemolytic anemia 
may occur without liver failure.

Renal dysfunction in Wilson disease is tubular in nature and leads to abnor-
mal losses of amino acids, electrolytes, calcium, phosphorus, uric acid, and 
glucose. This effect is presumably related to direct renal tubular copper toxicity 
or toxicity of copper complexes with metallothionein. Treatment with copper 
chelation often improves the renal disturbances.

There can be skeletal involvement in Wilson disease, including osteoporosis 
and rickets; in part these may be attributable to renal losses of calcium and 
phosphorus. Osteoarthritis primarily affecting the knees and wrists also occurs 
in Wilson disease patients and may involve excess copper deposition in the 
bone and cartilage.

 DIAGNOSIS
Wilson disease should be considered in patients with liver disease without a 
clear etiology; in patients presenting with acute liver failure with associated 
hemolysis; in patients with neurologic and psychiatric disease, especially if 
there is concomitant liver disease; and in first-degree relatives of identified 
patients.13

Laboratory findings supporting the diagnosis include low levels of serum 
copper and serum ceruloplasmin, elevated urine copper excretion (>100 µg/24 
hours), elevated hepatic transaminase levels, low serum albumin, elevated 
prothrombin time (international normalized ratio), aminoaciduria, low uric 
acid levels, and direct antiglobulin test (Coombs)–negative hemolytic anemia. 
Analysis of liver biopsy specimens for histologic features and copper content 
also can assist diagnosis (see later). Clinical signs of the disease include the 
stigmata of chronic liver disease, neurologic signs and symptoms, and Kayser-
Fleischer rings (often requiring slit-lamp examination for detection). A scoring 
system was developed by experts that uses biochemical, clinical, and molecular 
genetic data to give a cumulative score that allows establishment of the diag-
nosis, suggests further evaluation is needed, or provides exclusion of the 
diagnosis; it has been used in a diagnostic algorithm developed by the European 
Association for the Study of the Liver.

Molecular diagnostics for ATP7B mutations has been extremely helpful, 
especially for difficult to diagnose cases and for family screening, in which it 
may be used as first-line testing if the mutations in the proband have been 
identified.14 There are over 500 known disease-specific mutations, and most 
patients have different mutations on each allele.

Incorporation of a stable radioisotope, 64Cu, into serum ceruloplasmin is 
a highly specific diagnostic test; patients with Wilson disease incorporate very 
little 64Cu into ceruloplasmin. This test is particularly useful in patients thought 
to have Wilson disease despite normal ceruloplasmin levels. Clinical avail-
ability of this test, however, is limited.

Increased urinary excretion of copper (>100 µg/24 hours) is another diag-
nostic test for this disorder. Copper-free collection containers should be used. 
A variation involving serial urine copper measurements is the penicillamine 
“challenge,” in which 500 mg of penicillamine is administered orally once and 
again after 12 hours during the 24-hour urine collection. A more than 10-fold 
increase in copper excretion is highly suggestive of Wilson disease, though 
using a cutoff of basal urine copper excretion of 40 µg/24 hours is equally 
sensitive for detecting patients.

Percutaneous needle liver biopsy for quantitative measurement of hepatic 
copper remains a useful test for the diagnosis of Wilson disease. Hepatic copper 
values higher than 250 µg/g of dry weight (normal, 20 to 50 µg/g dry weight) 
are characteristic of Wilson disease, although rare patients may have levels as 
low as 75 µg/g dry weight liver. Copper quantitation by inductively coupled 
plasma mass spectrometry or by atomic absorption spectrometry on dried 
and digested specimens is preferred to paraffin-embedded specimens, although 
paraffin-embedded specimens may be used when the diagnosis is considered 
retrospectively and adequate tissue was obtained. Histochemical staining of 
a liver biopsy specimen for copper by rhodanine may suggest Wilson disease 
but is less reliable.

In summary, in the absence of formal molecular evidence, the diagnosis of 
Wilson disease should be considered when at least two of the following are 

FIGURE 200-1. Hepatic cirrhosis in Wilson disease. (image courtesy Kisha a. Mitchell, 
MD.)

which consanguinity is common, the incidence is higher. In the general popu-
lation, the prevalence of heterozygous gene carriers (defined as the ratio of 
all individuals with one mutant ATP7B allele to the population at large) is 
estimated to be 1 in 90 to 1 in 180. Some consider this incidence an under-
estimate on the basis of population data of the frequency of ATP7B mutation 
in the United Kingdom.

 PATHOBIOLOGY
Individuals normally consume 1 to 3 mg of dietary copper daily, 50% of which 
is absorbed through the gastrointestinal tract. Most diets contain adequate 
amounts of copper, and certain foods (e.g., shellfish, liver, mushrooms, choco-
late, nuts) contain higher quantities. In normal homeostasis, copper is absorbed 
from the stomach and duodenum, where absorption at the apical surface of 
the enterocyte is mediated by a specific copper transporter, hCTR1. ATP7A, 
which encodes a copper transporting ATPase protein with high homology to 
the one encoded by ATP7B, transports copper from intestinal epithelial cells 
into the blood stream, where it is bound by albumin or amino acids, carried 
to the liver and other organs and tissues, or excreted by the kidney. Renal 
copper excretion represents a minor pathway, and adults normally excrete 
only up to 40 µg of copper per day in the urine.

Within the liver, copper may be (1) incorporated into ceruloplasmin, a 
multifunctional 132-kD α2-glycoprotein enzyme containing six or seven copper 
atoms per molecule; (2) used in the synthesis of other copper-requiring 
enzymes; (3) bound by metallothionein, a low-molecular-weight, cysteine-rich 
protein that provides a storage and detoxification depot for copper and other 
trace metal elements; or (4) excreted into the bile. ATP7B, the gene that is 
mutated in Wilson disease, is expressed primarily in the liver and encodes 
another copper-transporting protein that facilitates the removal of excess 
hepatic copper through the bile.1,2 Biliary copper does not undergo entero-
hepatic recirculation, and thus fecal loss of copper normally represents a major 
pathway for copper excretion.

In Wilson disease, copper excretion is impaired due to the abnormal ATPase 
copper transporter encoded by the mutant ATP7B gene, thereby producing 
massive hepatic copper overload when the condition is unrecognized and 
untreated.3 With untreated hepatic copper overload, excess copper enters the 
circulation and copper subsequently deposits in other tissues, including the 
brain, which is particularly sensitive to perturbations in trace metal homeo-
stasis. It is because copper first accumulates in the liver before other organs 
that liver disease tends to precede the onset of copper injury to other organs, 
most notably the brain.

In Wilson disease, the acquisition of copper by ceruloplasmin is usually 
reduced, reflecting impaired transport of copper into the trans-Golgi compart-
ment, where glycoprotein processing and the copper incorporation by apoceru-
loplasmin occur. This results in low circulating levels of holoceruloplasmin 
(the protein with its full complement of copper) due to the instability of the 
apoprotein (without copper) in the circulation. Because copper in cerulo-
plasmin accounts for 90% of circulating copper, total serum copper is low in 
most Wilson disease patients.

 CLINICAL MANIFESTATIONS
Presenting clinical features of Wilson disease include nonspecific liver disease 
(Fig. 200-1), neurologic abnormalities, psychiatric illness, hemolytic anemia, 
renal tubular Fanconi syndrome, and various skeletal abnormalities.4

There is considerable variation in clinical presentation and phenotype in 
Wilson disease.5 Specific presentations differ with age, with liver disease more 
often presenting at age less than 30 years, sometimes even in the first or second 
decades of life. By contrast, those presenting with neurologic or psychiatric 
signs typically do so after age 20, but reports show a range in age from the 
first to the eighth decade of life. Regardless of clinical presentation, some 
degree of liver disease is invariably present.6 In one older series of 400 adult 
patients with Wilson disease, approximately 50% presented with neurologic 
and psychiatric symptoms, 20% with neurologic and hepatic symptoms, and 
20% with purely hepatic symptoms.

In hepatic presentations, signs and symptoms include fatigue, jaundice, 
hepatomegaly, edema, and ascites. Secondary endocrine effects of liver disease 
may include delayed puberty or amenorrhea. Viral hepatitis and autoimmune 
hepatitis are often initial diagnostic considerations in individuals with Wilson 
disease. Rare patients have Wilson disease concurrent with another liver 
disorder, and the diagnosis of Wilson disease is often delayed in these indi-
viduals as a consequence.

In patients with neurologic presentations, abnormalities include speech 
difficulty (dysarthria), dystonia, rigidity, tremor or choreiform movements, 

abnormal gait, uncoordinated handwriting, and (rarely) a combined motor 
and sensory peripheral neuropathy.7-10 Wilson disease may properly be clas-
sified as a movement disorder. The neurologic signs and symptoms reflect a 
predilection for involvement of the basal ganglia (e.g., caudate, putamen) in 
the brains of these individuals. Parkinson disease or other movement disorders 
may be mistakenly diagnosed.

In psychiatric presentations,11 changes in personality (irritability, anger, 
poor self-control), depression, and anxiety are common symptoms. Psychosis 
or bipolar disorder may also occur. Patients presenting with psychiatric symp-
toms are typically in their late teens or early twenties, a period during which 
substance abuse and schizophrenia are also prime diagnostic considerations. 
Wilson disease should be considered and formally excluded in all young adults 
with new-onset psychiatric symptoms, especially if results of liver function 
tests are abnormal or a family history of Wilson disease is noted.

In addition to brain and liver, the eye is a site of copper deposition in Wilson 
disease, producing a benign but characteristic sign, the Kayser-Fleischer ring 
(Fig. 200-2). The Kayser-Fleischer ring is the annular deposition of copper 
in the periphery of the cornea. This important diagnostic sign first appears as 
a golden colored superior crescent, then develops inferiorly and ultimately 
becomes circumferential. Slit-lamp examinations are required to detect rings 
in their early stage of formation. Copper can also accumulate in the lens and 
produce “sunflower” cataracts.

 PROGNOSIS
The prognosis in Wilson disease is generally favorable. Current therapeutic 
approaches can prevent, stabilize, or reverse most of the significant clinical 
signs and symptoms, including Kayser-Fleischer rings. However, if treatment 
is stopped, recurrence of symptoms and potentially fatal liver damage inevitably 
occur.

 FUTURE DIRECTIONS
Treatment with methanobactin, a peptide that is produced by Methylosinus 
trichosporium OB3b and that has an exceptionally high affinity for copper, can 

TREATMENT 
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present: a positive family history, Kayser-Fleischer rings, Coombs-negative 
hemolytic anemia, low serum copper and ceruloplasmin levels, elevated hepatic 
copper content, increased 24-hour urine copper excretion, or a positive peni-
cillamine challenge result. Heterozygous carriers for Wilson disease do not 
require treatment.

Approximately 95% of patients with neurologic or psychiatric signs have 
Kayser-Fleischer rings compared with approximately 50 to 65% of those with 
hepatic presentations. Copper chelation therapy, zinc treatment, and liver 
transplantation cause fading and disappearance of corneal copper over time.

Hemolytic anemia resulting from the direct toxic effects of copper on red 
blood cell membranes has been observed in Wilson disease. This is usually 
associated with the release of massive quantities of hepatic copper into the 
circulation, a phenomenon that can be sudden and catastrophic due to the 
development of acute (fulminant) liver failure.12 On occasion, hemolytic anemia 
may occur without liver failure.

Renal dysfunction in Wilson disease is tubular in nature and leads to abnor-
mal losses of amino acids, electrolytes, calcium, phosphorus, uric acid, and 
glucose. This effect is presumably related to direct renal tubular copper toxicity 
or toxicity of copper complexes with metallothionein. Treatment with copper 
chelation often improves the renal disturbances.

There can be skeletal involvement in Wilson disease, including osteoporosis 
and rickets; in part these may be attributable to renal losses of calcium and 
phosphorus. Osteoarthritis primarily affecting the knees and wrists also occurs 
in Wilson disease patients and may involve excess copper deposition in the 
bone and cartilage.

 DIAGNOSIS
Wilson disease should be considered in patients with liver disease without a 
clear etiology; in patients presenting with acute liver failure with associated 
hemolysis; in patients with neurologic and psychiatric disease, especially if 
there is concomitant liver disease; and in first-degree relatives of identified 
patients.13

Laboratory findings supporting the diagnosis include low levels of serum 
copper and serum ceruloplasmin, elevated urine copper excretion (>100 µg/24 
hours), elevated hepatic transaminase levels, low serum albumin, elevated 
prothrombin time (international normalized ratio), aminoaciduria, low uric 
acid levels, and direct antiglobulin test (Coombs)–negative hemolytic anemia. 
Analysis of liver biopsy specimens for histologic features and copper content 
also can assist diagnosis (see later). Clinical signs of the disease include the 
stigmata of chronic liver disease, neurologic signs and symptoms, and Kayser-
Fleischer rings (often requiring slit-lamp examination for detection). A scoring 
system was developed by experts that uses biochemical, clinical, and molecular 
genetic data to give a cumulative score that allows establishment of the diag-
nosis, suggests further evaluation is needed, or provides exclusion of the 
diagnosis; it has been used in a diagnostic algorithm developed by the European 
Association for the Study of the Liver.

Molecular diagnostics for ATP7B mutations has been extremely helpful, 
especially for difficult to diagnose cases and for family screening, in which it 
may be used as first-line testing if the mutations in the proband have been 
identified.14 There are over 500 known disease-specific mutations, and most 
patients have different mutations on each allele.

Incorporation of a stable radioisotope, 64Cu, into serum ceruloplasmin is 
a highly specific diagnostic test; patients with Wilson disease incorporate very 
little 64Cu into ceruloplasmin. This test is particularly useful in patients thought 
to have Wilson disease despite normal ceruloplasmin levels. Clinical avail-
ability of this test, however, is limited.

Increased urinary excretion of copper (>100 µg/24 hours) is another diag-
nostic test for this disorder. Copper-free collection containers should be used. 
A variation involving serial urine copper measurements is the penicillamine 
“challenge,” in which 500 mg of penicillamine is administered orally once and 
again after 12 hours during the 24-hour urine collection. A more than 10-fold 
increase in copper excretion is highly suggestive of Wilson disease, though 
using a cutoff of basal urine copper excretion of 40 µg/24 hours is equally 
sensitive for detecting patients.

Percutaneous needle liver biopsy for quantitative measurement of hepatic 
copper remains a useful test for the diagnosis of Wilson disease. Hepatic copper 
values higher than 250 µg/g of dry weight (normal, 20 to 50 µg/g dry weight) 
are characteristic of Wilson disease, although rare patients may have levels as 
low as 75 µg/g dry weight liver. Copper quantitation by inductively coupled 
plasma mass spectrometry or by atomic absorption spectrometry on dried 
and digested specimens is preferred to paraffin-embedded specimens, although 
paraffin-embedded specimens may be used when the diagnosis is considered 
retrospectively and adequate tissue was obtained. Histochemical staining of 
a liver biopsy specimen for copper by rhodanine may suggest Wilson disease 
but is less reliable.

In summary, in the absence of formal molecular evidence, the diagnosis of 
Wilson disease should be considered when at least two of the following are 

 PROGNOSIS
The prognosis in Wilson disease is generally favorable. Current therapeutic 
approaches can prevent, stabilize, or reverse most of the significant clinical 
signs and symptoms, including Kayser-Fleischer rings. However, if treatment 
is stopped, recurrence of symptoms and potentially fatal liver damage inevitably 
occur.

 FUTURE DIRECTIONS
Treatment with methanobactin, a peptide that is produced by Methylosinus 
trichosporium OB3b and that has an exceptionally high affinity for copper, can 

TREATMENT 

d-Penicillamine binds copper and greatly enhances its urinary excretion, 
thereby preventing copper overload and its effects. Faithful compliance with 
oral penicillamine treatment has enabled the good health of thousands of 
patients with Wilson disease worldwide during the past 50 years.15-17 Pyridoxine 
(vitamin B6) should be prescribed concomitantly to counter the vitamin B6 
deficiency that may develop with long-term d-penicillamine administration.

About 20% of patients are intolerant of d-penicillamine. Significant side 
effects include hypersensitivity; nephrotoxicity; hematologic abnormalities; 
and a distinctive rash, elastosis perforans serpiginosa, that often involves the 
neck and axilla. Furthermore, in some patients with neurologic presentations, 
d-penicillamine treatment induces paradoxical worsening of the neurologic  
disease.

Even though d-penicillamine is the therapy with the longest experience, 
other pharmaceutical agents are available and may be considered for use as 
first-line drugs. For example, zinc acetate and triethylene tetramine dihydro-
chloride (trientine) are suitable alternative agents with somewhat less significant 
side-effect profiles.18

Oral zinc acetate also has proved highly effective as maintenance therapy 
in Wilson disease. The mechanism involves decreased copper absorption by 
the intestine into the blood stream by induction of the copper storage protein 
metallothionein in intestinal epithelial cells. Zinc monotherapy has particular 
value in young, presymptomatic patients and in patients who are pregnant, 
given the possible fetal teratogenic effects of other compounds. Whereas most 
patients do well with zinc therapy, 10 to 20% experience dyspepsia, and a 
higher incidence of hepatic decompensation has been observed with long-term 
zinc therapy compared with chelation therapy. Another drawback to zinc is 
the relatively long time (4 to 6 months) needed to restore proper copper balance 
if zinc monotherapy is used as initial treatment.

Tetrathiomolybdate (TTM) remains experimental for the treatment of Wilson 
disease, and there are ongoing clinical trials of a stabilized form of this com-
pound. TTM forms stable tripartite complexes with albumin and copper and 
promotes biliary copper excretion. It is fast acting and can restore normal copper 
balance within several weeks, compared with the several months required with 
other copper chelators or with zinc. TTM may be especially appropriate for the 
initial treatment of patients with neurologic presentations on the basis of a 
completed phase 2 clinical trial. A1 

Regardless of the specific regimen chosen, treatment of Wilson disease is 
lifelong. Noncompliance eventually leads to symptomatic disease or liver failure.

Liver transplantation for Wilson disease is curative, but should be considered 
only for patients with acute liver failure due to Wilson disease or those with 
end-stage liver disease with irreversible hepatic damage who are unlikely to 
respond to medical therapy. Long-term outcomes after transplantation for 
Wilson disease are excellent, and the disease does not recur in the transplanted 
organ.19

Apart from pharmacologic treatment, there are several other important con-
siderations in the treatment of Wilson disease. These include dietary copper 
restriction, especially of shellfish, liver, and chocolate, which are copper rich.20 
The major sources of patients’ drinking water should be tested for copper 
concentration and avoided if levels approach 1.3 mg/L, which is the current 
maximum contaminant level goal established by the U.S. Environmental  
Protection Agency.

In newly diagnosed patients with neurologic manifestations, there is fre-
quently a need for speech therapy and physical or occupational therapy, and 
for others, psychological and genetic counseling.



deplete excess copper from hepatocytic mitochondria, as well as prevent sub-
sequent hepatocyte death and liver failure in rats, but it has not been tested 
in humans.21 Gene therapy for Wilson disease is also a possibility. Because 
the Wilson copper transporter is expressed most prominently and functions 
most critically in the liver, this organ could be specifically targeted by the use 
of adenoviral or adeno-associated viral vectors (e.g., AAV8). This has been 
accomplished in an animal model of Wilson disease, and human trials may 
proceed in the near future. Hepatocyte transplantation, an alternative to gene 
therapy, may also be applicable to the treatment of liver-specific metabolic 
disorders through therapeutic liver repopulation.
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4. Low serum copper and ceruloplasmin levels may be found in all except 
which of the following?
 A. ATP7A-related distal motor neuropathy
 B. Wilson disease
 C. Aceruloplasminemia
 D. Menkes disease
 E. Postbariatric surgery

Answer: A Serum copper and ceruloplasmin levels are normal in patients 
with ATP7A-related isolated distal motor neuropathy. These can be low in all 
the other conditions listed.

5. Neurologic presentations of Wilson disease:
 A. Never coincide with hepatic symptoms.
 B. Do not include dysarthria, dystonia, rigidity, tremor, or choreiform 

movements.
 C. Usually involve stroke events affecting the basal ganglia.
 D. Never feature a sensory neuropathy.
 E. Are nearly always (95% of the time) associated with presence of Kayser-

Fleischer rings.
Answer: E Kayser-Fleischer rings are typically associated with neurologic 
presentation of Wilson disease. Basal ganglia copper deposition is a pathologic 
feature in Wilson disease; however, stroke is not.

REVIEW QUESTIONS

1. The diagnosis of Wilson disease can be excluded in a patient:
 A. If the individual is younger than 21 years.
 B. If a Kayser-Fleischer ring is detected on slit-lamp examination.
 C. If the individual’s penmanship is neat.
 D. If results of repeated 24-hour urine copper collections are normal.
 E. If serum ceruloplasmin and serum copper levels are normal.

Answer: D Wilson disease may be manifested at any age, although appear-
ance of symptoms before the age of 5 years is rare. The Kayser-Fleischer ring 
representing copper accumulation in the periphery of the cornea is a diagnostic 
hallmark of Wilson disease. Dysgraphia is sometimes reported by affected 
patients, but if it is not present, it should not exclude the diagnosis. The 24-hour 
urine copper excretion is reliably elevated in Wilson disease, and normal results 
exclude the diagnosis.

2. All except which of the following are true concerning the diagnosis of 
Wilson disease?
 A. Schizophrenia in a 20-year-old can be a presenting manifestation.
 B. Hepatic manifestations usually precede neurologic symptoms.
 C. Serum copper and serum ceruloplasmin levels are invariably low.
 D. ATP7B mutation analysis is useful for detection of presymptomatic 

affected individuals.
 E. Neurologic symptoms often occur later than hepatic signs.

Answer: C An estimated 10% of individuals with Wilson disease have normal 
serum copper and ceruloplasmin levels, for reasons that remain unclear.

3. ATP7B is a copper-transporting molecule that:
 A. Mediates copper transport to the brain.
 B. Enables biliary excretion of copper.
 C. Is mutated in Menkes disease.
 D. Has its gene located on the X chromosome.
 E. Is responsible for intestinal copper absorption.

Answer: B The Wilson disease gene product, ATP7B, normally mediates 
excretion of copper from the liver into the bile. The gene is located on chro-
mosome 13. ATP7A is the gene mutated in X-linked recessive Menkes disease.
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201 
IRON OVERLOAD (HEMOCHROMATOSIS)
KRIS V. KOWDLEY

 DEFINITION
Iron overload disorders (Table 201-1) represent chronic conditions that result 
from excess iron accumulation in various tissues and organs, which may result 
in injury, fibrosis, and organ failure. The most common genetic disorder of 
iron overload is hereditary hemochromatosis.1 Of note, hyperabsorption of 
dietary iron may result from other conditions, including chronic anemias 
associated with ineffective erythropoiesis (e.g., thalassemia; Chapter 153) or 
chronic hepatitis (Chapter 140).2

 EPIDEMIOLOGY
Three common HFE mutations have been described, C282Y, H63D, and S65C. 
The allele carrier frequency of C282Y is greater than 10% among the general 
Irish population and 5 to 10% in other Northern European countries. Homo-
zygosity for the C282Y mutation in the total U.S. population has been estimated 
to be 0.26%, whereas compound heterozygosity for C282Y/H63D occurs in 
approximately 2%. There are significant racial differences in the distribution 
of the C282Y mutation and therefore the overall prevalence of hereditary 
hemochromatosis. The prevalence of hereditary hemochromatosis is six times 
higher in whites than in African Americans. The prevalence of C282Y homo-
zygotes is estimated to be significantly higher in non-Hispanic whites than in 
other populations such as Native Americans, Hispanics, African Americans, 
Pacific Islanders, or Asians.

 PATHOBIOLOGY
Dietary iron absorption is regulated by body iron needs.3,4 Under circumstances 
of iron deficiency, there is increased iron absorption until body iron stores 
are replete at which time iron absorption decreases to basal levels. Dietary 
iron is absorbed in the proximal duodenum either as inorganic iron or as 
heme iron as shown in Figure 201-1. Iron balance in humans is regulated 
primarily at the level of intestinal absorption, because the body does not have 
a mechanism for the excretion of iron other than through physiologic loss of 
desquamated cells or menses. Hepcidin is a 25-amino acid peptide that is 
synthesized mainly in the liver and secreted into the blood; it is considered 
to be the master hormone regulator of iron homeostasis.5 It acts by blocking 
iron absorption from the intestine and blocking iron release from reticuloen-
dothelial cell storage sites mainly within the liver. Inappropriately low levels 
of hepcidin are the cause of many iron overload disorders.6 Primary iron over-
load disorders are caused by mutations in iron regulatory genes, the net effect 

TABLE 201-1 CLASSIFICATION OF IRON  
OVERLOAD SYNDROMES

HEREDITARY HEMOCHROMATOSIS

HFE related
C282Y/C282Y
C282Y/H63D
C282Y/S65C
Other mutations

non–HFE related
Hemojuvelin (HJV) mutations (autosomal recessive)
Hepcidin (HAMP) mutations (autosomal recessive)
Ferroportin (SLC40A1) mutations (autosomal dominant)
Transferrin receptor 2 (TFR2) mutations (autosomal recessive)
Divalent metal transporter 1 (SLC11A2) mutations (rare)
Ferritin regulatory mutations (rare)

miscellaneous
African iron overload
Neonatal iron overload (rare)
SECONDARY IRON OVERLOAD

anemia caused by Ineffective erythropoiesis
Thalassemia major
Sideroblastic anemias
Congenital dyserythropoietic anemias
Congenital atransferrinemia

liver disease
Alcoholic liver disease
Chronic viral hepatitis B and C
Porphyria cutanea tarda
Nonalcoholic steatohepatitis
After portacaval shunt

miscellaneous
Transfusional iron overload
Excessive parenteral iron administration
From Bruce R. Bacon. Chapter 212. Iron overload (hemochromatosis). Goldman-Cecil Medicine. 
25th ed. Philadelphia: Elsevier; 2016.

of which is lifelong hyperabsorption of dietary iron. Because the human body 
does not have a physiologic mechanism to excrete excess iron, progressive 
iron loading of various organs can eventually cause the characteristic forms 
of organ damage seen in advanced iron overload states.

Absorption of both forms of iron is increased in hereditary hemochromatosis. 
Absorption of inorganic iron follows a coordinated process beginning with 
conversion of iron from ferric to ferrous form by the duodenal cytochrome 
b–related ferric reductase (dcytb) that is present on the luminal surface of 
duodenal enterocytes. Ferrous iron then traverses the apical membrane of 
enterocytes via the divalent metallic transporter 1 (DMT1). The absorbed iron 
may be utilized for intracellular processes, stored as ferritin in enterocytes, or 
it can be converted back to ferric iron by hephaestin, thereby allowing it be 
transferred across the basolateral membrane of enterocytes into circulating 
plasma via the iron export protein, ferroportin. Iron is bound to transferrin 
at the transferrin receptor (Tf R1) in the circulation. Parenchymal cells in the 
liver (hepatocytes) take up transferrin-bound iron via the receptors, Tf R1, 
and possibly Tf R2, as well as by non–receptor-mediated mechanisms. Hepa-
tocytes may also absorb free iron found in the circulation when transferrin 
becomes highly saturated. In contrast, reticuloendothelial system (RES) cells 
(Kupffer cells in the liver) take up iron primarily by phagocytosis of senes-
cent erythrocytes or possibly apoptotic hepatocytes. They can also sequester 
transferrin-bound iron via Tf R1. Hepcidin, a circulating peptide is produced 
by hepatocytes in response to the status of body iron stores and regulates iron 
metabolism by reducing iron absorption via binding to ferroportin.7 Ferropor-
tin is then internalized and degraded, resulting in reduced iron export from 
enterocytes and reticuloendothelial cells, leading to decreased intestinal iron 
absorption. Mutations in the HFE, TfR2, and HJV genes result in markedly 
depressed hepcidin levels, thereby permitting persistently increased absorp-
tion of iron from a normal diet. Mutations in the HAMP (hepcidin) gene may 
likewise lead to inappropriately low levels of hepcidin, thereby resulting in 
iron overload. Parenchymal iron overload may also be caused by mutations 
in the ferroportin gene.

Approximately 85 to 90% of patients of white descent with phenotypic 
hemochromatosis are homozygous for the C282Y mutation in the HFE gene. 
In recent years, a greater understanding of iron biology and pathobiology has 
led to identification of several other genetic forms of hemochromatosis.8,9 These 
other forms are rare but may be identified by distinct clinical presentations.

The new Online Mendelian Inheritance in Man (OMIM) classification of 
hereditary hemochromatosis now defines classical (HFE hemochromatosis) 
as type 1. Other types of hereditary hemochromatosis are now classified as 
type 2 to 4. Juvenile hemochromatosis, a severe form of hemochromatosis 
that is associated with severe iron overload presenting in the second to third 
decade of life, consists of type 2A and type 2B forms. Type 2A is caused by 
a mutation in the hemojuvelin (HJV) gene located on chromosome 1 encod-
ing the hemojuvelin protein. Type 2B is caused by a mutation in the hepatic 
antimicrobial protein (HAMP) gene, which encodes hepcidin. Type 3 is due 
to a mutation in the transferrin receptor 2 (TFR2) gene that is located on the 
long arm of chromosome 7; TFR2 is similar to TFR1 but expressed predomi-
nantly in the liver and is now recognized to be involved in iron homeostasis. 
Type 4 is usually associated with a rare autosomal dominant mutation in the 
ferroportin (SLC40A1) gene encoding ferroportin protein, located on chro-
mosome 2. Type 4 has also been called “ferroportin disease” because the 
clinical, biochemical, and histologic features are very different from other 
forms of hereditary hemochromatosis.

 CLINICAL MANIFESTATIONS
Our understanding of the clinical features of hereditary hemochromatosis has 
evolved substantially from the original description of “bronze diabetes.” Prior 
to the identification of the HFE gene, the disorder was identified by the phe-
notype of iron overload and occasionally in siblings of a proband by HLA A 
and B haplotyping. Subsequently, the C282Y homozygous mutation was found 
to be present in the majority of white patients expressing the hereditary hemo-
chromatosis phenotype. It is now apparent that many patients carrying HFE 
mutations, whether they are heterozygous or homozygous, do not express 
the clinical phenotype of iron overload disease (Tables 201-2 and 201-3) or 
even biochemical evidence of iron overload (increased serum transferrin-iron 
saturation, ferritin). This finding indicates that the C282Y as well as the H63D 
mutations of the HFE gene have low penetrance.10 It has been estimated that 
about 50% of female and 25% of male adults who are homozygous for the 
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ABSTRACT
Hereditary hemochromatosis is one of the most common inherited disorders 
among whites, particularly those of Northern European descent. Screening 
should be conducted with serum Fe and TIBC, and patients with a transferrin-
iron saturation greater than 45% should be evaluated with repeat fasting assess-
ment along with measurement of serum ferritin and serum liver biochemical 
tests. Serum transferrin-iron saturation should also be measured in patients 
with liver disease. Those with repeat transferrin-iron saturation greater than 
45% should undergo HFE gene testing. Patients with the homozygous C282Y 
genotype have type 1 hereditary hemochromatosis and subsequent testing 
for level of hepatic fibrosis using liver biopsy or noninvasive tests (T2*-weighted 
magnetic resonance imaging) is indicated. Investigation for other causes of 
iron overload is appropriate for patients with suspected iron overload based 
on serum transferrin-iron saturation and/or ferritin who are not C282Y homo-
zygotes. Patients with other HFE genotypes may have concomitant liver disease 
due to hepatitis or fatty liver disease or excess alcohol consumption. Family 
screening using iron studies is important for all patients with unexplained 
iron overload. Therapeutic phlebotomy remains the most effective therapy 
for most patients although small molecule therapies to block iron absorption 
are being studied and may have a role in the future.
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C282Y mutation have normal serum ferritin levels and will never require 
phlebotomy therapy.11 Even those homozygotes who have modestly elevated 
ferritin levels do not necessarily progress to clinical iron overload. Based on 
these discoveries, hereditary hemochromatosis can be classified into three 
clinical stages, as shown below:
•	 Stage	1:	 genetic	predisposition	 for	hereditary	hemochromatosis	without	

evidence for increase in iron stores (normal serum iron studies)
•	 Stage	2:	genetic	predisposition	for	hereditary	hemochromatosis	and	some	

phenotypic characteristics of iron overload in the absence of organ damage
•	 Stage	3:	genetic	predisposition	for	hereditary	hemochromatosis	accompanied	

by evidence for iron overload with tissue injury or organ damage
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FIGURE 201-1. Regulation of iron homeostasis in healthy individuals and hereditary hemochromatosis individuals. nonheme iron is reduced from ferric (Fe3+) to ferrous (Fe2+) iron 
by duodenal cytochrome b (dcytb) that is present on the apical surface of enterocytes. Fe2+ is taken up into the cells via divalent metallic transporter 1 (dmt1). In healthy individuals, 
plasma transferrin saturation controls the expression of liver hepcidin through an HFE, TFR2, and HJV induced signaling pathway. Hepcidin is secreted into the blood, where it binds to 
ferroportin (FPn) on the enterocytes in the intestine and macrophages, inducing FPn internalization and degradation, reducing intestinal iron absorption, and recycling by macrophages 
to maintain plasma transferrin saturation. In individuals with mutations in HFE, HJV or TFR2, hepcidin synthesis is impaired, leading to reduced levels of hepcidin in the blood, in turn 
leading to increased FPn levels/activity and increased iron release from intestinal cells and macrophages, elevating plasma transferrin saturation and promoting the accumulation of 
iron in the liver and other tissues. 

Approximately 85 to 90% of patients of white descent with phenotypic 
hemochromatosis are homozygous for the C282Y mutation in the HFE gene. 
In recent years, a greater understanding of iron biology and pathobiology has 
led to identification of several other genetic forms of hemochromatosis.8,9 These 
other forms are rare but may be identified by distinct clinical presentations.

The new Online Mendelian Inheritance in Man (OMIM) classification of 
hereditary hemochromatosis now defines classical (HFE hemochromatosis) 
as type 1. Other types of hereditary hemochromatosis are now classified as 
type 2 to 4. Juvenile hemochromatosis, a severe form of hemochromatosis 
that is associated with severe iron overload presenting in the second to third 
decade of life, consists of type 2A and type 2B forms. Type 2A is caused by 
a mutation in the hemojuvelin (HJV) gene located on chromosome 1 encod-
ing the hemojuvelin protein. Type 2B is caused by a mutation in the hepatic 
antimicrobial protein (HAMP) gene, which encodes hepcidin. Type 3 is due 
to a mutation in the transferrin receptor 2 (TFR2) gene that is located on the 
long arm of chromosome 7; TFR2 is similar to TFR1 but expressed predomi-
nantly in the liver and is now recognized to be involved in iron homeostasis. 
Type 4 is usually associated with a rare autosomal dominant mutation in the 
ferroportin (SLC40A1) gene encoding ferroportin protein, located on chro-
mosome 2. Type 4 has also been called “ferroportin disease” because the 
clinical, biochemical, and histologic features are very different from other 
forms of hereditary hemochromatosis.

 CLINICAL MANIFESTATIONS
Our understanding of the clinical features of hereditary hemochromatosis has 
evolved substantially from the original description of “bronze diabetes.” Prior 
to the identification of the HFE gene, the disorder was identified by the phe-
notype of iron overload and occasionally in siblings of a proband by HLA A 
and B haplotyping. Subsequently, the C282Y homozygous mutation was found 
to be present in the majority of white patients expressing the hereditary hemo-
chromatosis phenotype. It is now apparent that many patients carrying HFE 
mutations, whether they are heterozygous or homozygous, do not express 
the clinical phenotype of iron overload disease (Tables 201-2 and 201-3) or 
even biochemical evidence of iron overload (increased serum transferrin-iron 
saturation, ferritin). This finding indicates that the C282Y as well as the H63D 
mutations of the HFE gene have low penetrance.10 It has been estimated that 
about 50% of female and 25% of male adults who are homozygous for the 

TABLE 201-2 SYMPTOMS IN PATIENTS WITH  
HEREDITARY HEMOCHROMATOSIS

ASYMPTOMATIC

Abnormalities of serum iron studies on routine screening chemistry panel
Abnormal liver test results
Identified by family screening
Identified by population screening
NONSPECIFIC SYSTEMIC SYMPTOMS

Weakness
Fatigue
Lethargy
Apathy
Weight loss
SPECIFIC ORGAN-RELATED SYMPTOMS

Abdominal pain (hepatomegaly)
Arthralgias (arthritis)
Symptoms of diabetes mellitus (pancreas)
Amenorrhea (cirrhosis)
Loss of libido, impotence (pituitary, cirrhosis)
Congestive heart failure symptoms (heart)
Arrhythmias (heart)
From Bacon BR. Chapter 212. Iron overload (hemochromatosis). Goldman-Cecil Medicine. 25th ed. 
Philadelphia: Elsevier; 2016.
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TABLE 201-3 PHYSICAL FINDINGS IN PATIENTS WITH 
HEREDITARY HEMOCHROMATOSIS

ASYMPTOMATIC

No physical findings
Hepatomegaly
SYMPTOMATIC

liver
Hepatomegaly
Cutaneous stigmata of chronic liver disease
Splenomegaly
Signs of liver failure: ascites, encephalopathy

Joints
Arthritis
Joint swelling

Heart
Dilated cardiomyopathy
Congestive heart failure

skin
Increased pigmentation

endocrine
Testicular atrophy
Hypogonadism
Hypothyroidism
From Bacon BR. Chapter 212. Iron overload (hemochromatosis). Goldman-Cecil Medicine. 25th ed. 
Philadelphia: Elsevier; 2016.

Symptoms and Signs Associated with  
Hereditary Hemochromatosis
Arthropathy
Arthropathy occurs in 20 to 60% of patients with hereditary hemochroma-
tosis.12 The second and third metacarpophalangeal joints and knees are most 
commonly involved but other joints may be affected, causing a mono- or 
polyarticular arthritis. The axial skeleton can be involved with associated 
deformities. The mechanism is believed to be deposition of calcium pyro-
phosphate crystals in joint spaces, leading to inflammation, joint space nar-
rowing, chondrocalcinosis, subchondral cyst formation, and osteopenia. The 
features of hereditary hemochromatosis-associated arthritis may overlap with 
those of osteoarthritis and calcium pyrophosphate deposition disease. The 
classic physical sign is “pain on handshake,” reflecting inflammatory changes 
of the second and third metacarpophalangeal joints. Plain radiography can 
differentiate hereditary hemochromatosis-associated arthritis from calcium 
pyrophosphate deposition disease by the finding of specific involvement of the 
second and third metacarpophalangeal joints and “hook-shaped” osteophytes 
of the metacarpal heads. Unfortunately, iron depletion by phlebotomy does 
not reliably improve joint symptoms and patients should be advised as to such.

Fatigue
Fatigue is a nonspecific symptom but may affect up to 60% of hereditary 
hemochromatosis patients. Hereditary hemochromatosis patients were shown 
to be significantly more likely to report fatigue compared to coworkers in one 
study. Fatigue may improve with iron depletion.

Liver Disease
The liver as a major storage site for iron is always involved in patients with 
significant iron overload in hereditary hemochromatosis, and liver disease is 
the most common cause of mortality in HFE-associated hereditary hemo-
chromatosis.13 Hepatomegaly is frequently present and may be asymptomatic 
or be associated with right upper quadrant pain from distension of the liver 
capsule. Progressive iron accumulation in the liver can lead to hepatic fibrosis 
and cirrhosis. Advanced fibrosis and even cirrhosis may occur in the absence 
of inflammation; therefore serum aminotransferase levels are not useful to 
identify patients with advanced hepatic fibrosis. The presence of coincidental 
liver disease, particularly steatohepatitis (alcoholic or nonalcoholic) and chronic 
hepatitis C, may increase the level of hepatic iron overload and the likelihood 
of cirrhosis in patients with hereditary hemochromatosis. Patients with cir-
rhosis have a significantly increased risk of hepatocellular carcinoma, especially 

in the presence of another coexisting form of liver disease. Hepatocellular 
carcinoma may develop in hereditary hemochromatosis patients in the absence 
of cirrhosis, but in the great majority hepatocellular carcinoma develops with 
underlying cirrhosis. Patients with advanced liver disease from another cause, 
particularly hepatitis C and alcohol, may have increased serum-transferrin 
saturation and ferritin levels, in addition to increased hepatic iron content 
even in the absence of hereditary hemochromatosis. Therefore, HFE genotyp-
ing is necessary to establish the diagnosis in this setting, although genetic 
testing will not be helpful in patients with non-HFE hereditary hemochro-
matosis (types 2 to 4).

Heart Disease
Cardiac manifestations of hereditary hemochromatosis are uncommon but 
they are the second leading cause of disease-related death. Cardiac iron over-
load in hereditary hemochromatosis is associated with conduction defects 
which may lead to arrhythmias or heart block. Patients may initially present 
with exertional dyspnea due to diastolic dysfunction that creates restrictive 
hemodynamics and elevated filling pressures. Manifestations of dilated car-
diomyopathy and left ventricular systolic dysfunction occur later.14

Diabetes Mellitus
The relationship between diabetes mellitus and hereditary hemochromatosis 
has been best studied in type 1 hereditary hemochromatosis. The prevalence 
has been estimated at approximately 13 to 23% but reported to be higher in 
juvenile hereditary hemochromatosis (type 2) and possibly type 4. The putative 
mechanisms include direct damage to pancreatic beta cells by iron with some 
component of insulin resistance in the liver due to the organ’s iron loading.15

Hypogonadism and Thyroid Disease
Hypogonadotropic hypogonadism in hereditary hemochromatosis is due to 
iron deposition in the anterior pituitary. It is the second most common endo-
crine complication of hereditary hemochromatosis after diabetes mellitus. It 
is a predominant feature of juvenile hereditary hemochromatosis (type 2). 
Clinical manifestations in men include loss of libido, impotence, and early 
osteoporosis. Amenorrhea, loss of libido, or premature menopause is seen in 
women. The prevalence of hypothyroidism is 80 times higher in hereditary 
hemochromatosis than in the general population.

Skin Pigmentation
Hyperpigmentation of the skin in hereditary hemochromatosis is mostly due 
to primary adrenal insufficiency which leads to increased melanin production 
that results in the characteristic metallic or slate gray hue commonly referred 
to as bronzing. It is most pronounced in the face, neck, and extremities. Increased 
pigmentation of the hard palate and retina has also been reported, as well as 
epidermal and dermal atrophy.

Infection and Immunity
Iron overload is associated with reduced function in immune cells. It is also asso-
ciated with altered regulation of CD8 T lymphocytes from both HFE patients 
and Hfe null mice. Siderophilic microbes grow rapidly in niches where iron is 
more available, and these organisms may cause severe infections in patients 
with iron overload.16 Possibly as a result, the risk of infections with Listeria 
monocytogenes, Yersinia enterocolitica, Aeromonas hydrophila, Cunninghamella 
bertholletiae, and Vibrio vulnificus is increased in hereditary hemochromatosis.

 DIAGNOSIS
The widespread availability of mutation analysis for the common mutations 
in HFE has revolutionized the diagnosis of hereditary hemochromatosis.17 
Genetic testing for HFE mutations has eliminated the need for phenotype-
based tests such as liver biopsy to confirm the diagnosis. However, it is important 
to remember that clinical genetic testing is limited to the C282Y, H63D, and 
S65C mutations. In addition, because the C282Y mutation is present primarily 
in white populations, HFE gene testing is less likely to be positive in persons 
of non-white descent. Furthermore, patients who are not C282Y homozygous 
are more likely to have an additional explanation for hepatic iron overload 
compared to C282Y homozygotes. One study of 182 U.S. patients with phe-
notypic hereditary hemochromatosis showed that patients with the C282Y/
H63D compound heterozygous mutation and other HFE genotypes were 
more likely to have portal or lobular inflammation and steatosis on liver biopsy 
than C282Y homozygotes, suggesting that patients with HFE genotypes should 
be evaluated for the presence of concomitant liver disease such as hepatitis 
or fatty liver disease.

TREATMENT 
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diagnosis of hereditary hemochromatosis has been confirmed by HFE geno-
typing. These include serum-based markers as well as transient elastography 
and MR elastography. Serum-based biomarkers for fibrosis include the European 
Liver Fibrosis Group score and hyaluronic acid. Vibration-controlled transient 
elastography is a noninvasive and rapid procedure for detecting hepatic fibrosis 
by measuring liver stiffness.

In patients with clinical or laboratory evidence of iron overload who do 
not have a mutation of the HFE gene that is associated with classical (type 
1) hereditary hemochromatosis, one of the non-HFE forms of hereditary 
hemochromatosis should be considered. Phenotypic analysis of hereditary 
hemochromatosis caused by one of the 70 different mutations identified to 
date in the HJV, HAMP, and TFR2 genotypes has shown that these patients 
have an earlier age of onset and a more severe clinical course than HFE heredi-
tary hemochromatosis with cardiomyopathy and hypogonadism being par-
ticularly prevalent.20

Screening of first-degree relatives of patients with genotypically confirmed 
hereditary hemochromatosis is indicated. In addition to HFE mutation analysis, 
measurement of transferrin saturation and ferritin should be part of the basic 
screening. Relatives of patients with HFE-related hereditary hemochromatosis 
who are negative for HFE mutations do not require further testing, whereas 
those who are positive should be monitored annually for serum ferritin levels, 
and phlebotomy should be started if and when clinical iron overload appears.

An algorithm for evaluation of patients with suspected iron overload is 
shown in Figure 201-2. The initial screening test for hereditary hemochroma-
tosis should include serum iron (Fe), total iron binding capacity (TIBC), 
calculation of transferrin-iron saturation (Fe/TIBC×100), and serum ferritin.18 
A transferrin-iron saturation greater than 45% should prompt further evalu-
ation, which should include HFE gene testing and serum ferritin measurement. 
Patients found to be C282Y homozygous can be confirmed to have hereditary 
hemochromatosis.

The next step is to assess the degree of hepatic iron overload, the possibility 
of advanced hepatic fibrosis, and extrahepatic manifestations. Additional mea-
sures to evaluate the degree of hepatic fibrosis include serum hyaluronic acid 
levels, transient elastography or magnetic resonance elastography.19 Patients 
with a serum ferritin over 1000 ng/mL have up to a 40% risk of advanced 
hepatic fibrosis or cirrhosis and should be evaluated for advanced hepatic 
fibrosis. Magnetic resonance (MR) imaging (T2*-weighted) is the most sensi-
tive and specific imaging modality that is readily available in major medical 
centers for the diagnosis and quantitation of iron overload in patients with 
hereditary hemochromatosis. Liver biopsy has been the gold standard for 
confirming the diagnosis of hereditary hemochromatosis and for the biochemi-
cal measurement of hepatic iron concentration (HIC) and calculation of the 
hepatic iron index (HII), as well as determining the degree of hepatic fibrosis. 
Liver biopsy can establish the phenotypic diagnosis of hereditary hemochro-
matosis when HFE genotyping is negative. For secondary iron overload (e.g., 
transfusional iron overload), the pattern of iron distribution within the liver 
is similar to that observed in type 4 hereditary hemochromatosis, with iron 
deposition primarily localized in Kupffer RES cells, a scarcity of iron in hepa-
tocytes, and the lack of a periportal to pericentral iron gradient.

Noninvasive methods have gained popularity in recent years to evaluate 
for advanced hepatic fibrosis and may be considered especially when the 
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FIGURE 201-2. Proposed algorithm for diagnosis and management of hereditary hemochromatosis. alt = alanine aminotransferase; ast = aspartate aminotransferase; wt = wild-type 
(normal). 

The cornerstone of therapy of hereditary hemochromatosis has been therapeutic 
phlebotomy, with removal of one unit of blood at regular intervals, with a goal 
to reduce serum ferritin to less than 100 ng/mL.21 Each unit of whole blood (450 
to 500 mL) contains about 200 to 250 mg of iron. Most patients tolerate frequent 
phlebotomies (weekly or biweekly) until they have depleted their total body iron 
stores. Erythrocytapheresis selectively removes red cells and is more efficient and 
leads to faster iron depletion than simple phlebotomy, but it requires apheresis 
equipment and expertise. It is important to monitor serum ferritin levels and 
hemoglobin levels during treatment because the rate of iron mobilization may 
vary among patients.22 Although there is little controversy about the need to 
institute phlebotomy therapy in patients with hereditary hemochromatosis who 
have serum ferritin levels greater than 1000 ng/mL, some had advocated “watchful 
waiting” for those with only modest hyperferritinemia. However, a participant-
blinded, randomized controlled trial of erythrocytapheresis versus sham treatment 
with plasmapheresis in hereditary hemochromatosis patients with moderately 
elevated serum ferritin levels (300 to 1000 ng/mL) and raised TF saturation found 
that iron depletion leads to significant improvement in quality of life as measured 
by (blinded) patient-reported Modified Fatigue Impact Scale scores. A1 

TREATMENT 
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Hemoglobin levels are routinely checked before each phlebotomy, and 
phlebotomy is suspended or the schedule is modified if it has dropped to less 
than 11 g/dL. After reaching the target serum ferritin level of 50 to 100 ng/mL, 
maintenance phlebotomy is instituted (every 2 to 4 months) because of ongoing 
hyperabsorption and reaccumulation of iron.23 Additional therapeutic options 
include oral or parenteral iron chelators, which may be indicated in patients 
with iron overload and anemia who are unable to undergo therapeutic phle-
botomy.24 Recent studies suggest that proton pump inhibitors (PPI) may reduce 
iron absorption and phlebotomy requirements, A2  although therapeutic admin-
istration of PPIs for this purpose is not currently recommended. The future 
development of hepcidin agonists holds promise.

Liver transplantation has been performed for end-stage liver disease or 
hepatocellular carcinoma due to hereditary hemochromatosis. There are data 
to suggest that patients with hereditary hemochromatosis may be at increased 
risk of infectious or cardiac complications after liver transplantation, and careful 
attention to degree of cardiac iron overload and attempts at iron depletion 
prior to liver transplantation should be attempted.

https://expertconsult.inkling.com/
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202 
NUTRITION’S INTERFACE WITH HEALTH 
AND DISEASE
DONALD D. HENSRUD AND DOUGLAS C. HEIMBURGER

 OLD AND NEW PARADIGMS IN THE SCIENCE  
OF NUTRITION

Nutrition science was characterized by two major phases in the 20th century. 
During the first phase, nutrition scientists discovered, characterized, and syn-
thesized the essential nutrients and described their deficiency syndromes in 
detail. The dietary requirements for these nutrients were estimated and peri-
odically updated as recommended dietary allowances (RDAs). The RDAs are 
the average daily level of intake sufficient to meet the nutrient requirements 
of nearly all (97 to 98%) healthy people. Beginning in 1997, the RDAs were 
reformulated in a series of volumes containing dietary reference intakes (DRIs). 
In addition to the RDAs, the DRIs include adequate intakes (AIs), which are 
determined when there is inadequate information to determine an RDA, and 
tolerable upper intake levels (ULs), which are the highest intake levels likely 
not to pose any adverse health risks.

More fundamentally, the DRIs take into consideration the accumulating 
evidence on the relationships of diet and nutritional status to chronic diseases, 
such as coronary heart disease (CHD), cancer, diabetes, and the other leading 
causes of death.1 DRIs recommend intake levels that not only prevent defi-
ciencies but also may promote long-term health and disease prevention.

Along with this, diet and nutrition research and dietary guidelines have 
expanded from focusing on preventing deficiencies through isolated nutrients 
to chronic disease prevention and dietary patterns that can help accomplish 
this. The importance of this is underscored by the facts that about one half 
of all adult Americans have one or more preventable chronic diseases, and 
two thirds of adults and one third of children are overweight or obese. The 
2015-2020 Dietary Guidelines for Americans reflect these changes to preven-
tion of chronic diseases through healthy dietary patterns.

 NUTRITION’S INFLUENCE ON MORTALITY  
AND MORBIDITY

 Evidence of Connections Between Diet and Disease
Deficiency conditions of specific nutrients have been well documented. Estab-
lishing conclusive relationships between diet and chronic diseases can be much 
more difficult. In vitro and animal studies may have limited relevance to humans. 
Epidemiologic studies are susceptible to unrecognized confounding variables 
and cannot infer causality. Difficulties isolating nutritional variables make 
randomized controlled trials connecting dietary factors and chronic diseases 
challenging to perform. Subjecting people to a dietary intervention to prevent 
a specific cancer, for example, is not feasible because of the time, cost, and 
behavior change involved.

However, when considering the totality of evidence, relationships have 
emerged. In some cases, large population studies have reported consistent 
results that have been further supported through meta-analyses. Randomized 
controlled trials conducted in at-risk individuals have reported even stronger 
findings. Although controversies remain in some specific areas, characteristics 
of dietary patterns that promote optimal health are more apparent now than 
ever. Further research should continue to build on this body of evidence in an 
evolutionary manner but will not likely replace it with revolutionary new claims.

Diet should not be considered in isolation because other lifestyle factors 
also influence the risk of chronic diseases. The greatest nutritional public 
health problems in the United States and in many other parts of the world 
are overweight and obesity and their associated comorbidities. Body weight is 
ultimately determined by the balance between energy intake through diet and 
energy expenditure through physical activity. Health promotion and disease 
prevention recommendations must include diet, physical activity, and other 
lifestyle factors.

 Diseases Influenced by Nutrition
Table 202-1 lists the 10 leading causes of death in the United States.2 Six of 
the top causes of death are related to diet, four to excess alcohol use, and 
six to obesity. The table also lists other major medical conditions that are 

associated with diet and nutrition. Table 202-2 summarizes the 2015-2020 
Dietary Guidelines for Americans. It should be noted that the primary audi-
ences for the Dietary Guidelines are policymakers, as well as nutrition and 
health professionals, not the general public. The Dietary Guidelines are a 
critical tool for professionals to help Americans make healthy choices. Table 
202-3 compares dietary recommendations promulgated by professional 
societies for risk reduction and/or management of the major chronic dis-
eases. The close agreement among these recommendations enhances their  
credibility.

Coronary Heart Disease
Nutritional influences on the leading cause of death in the United States, 
CHD, have been the subject of a great deal of research. Of the seven major 
risk factors for CHD, four are related to diet: hypercholesterolemia, hyperten-
sion, obesity, and diabetes. Elevated plasma low-density lipoprotein (LDL) 
cholesterol is a strong risk factor for CHD and is raised by increasing con-
sumption of dietary saturated fat and trans fat. Trans fat also lowers high-density 
lipoprotein (HDL) cholesterol. Saturated fat is found in meat, full-fat dairy 
products, and tropical oils. Trans fat comes almost entirely from partially 
hydrogenated oils and has no health benefits, which led the U.S. Food and 
Drug Administration to require food manufacturers to remove these fats from 
processed foods by June 2018. Less emphasis is being placed on limiting 
dietary cholesterol in recent guidelines because dietary cholesterol has a lesser 
effect on LDL cholesterol than saturated fat and is often found in the same 
foods. Limiting foods that contain saturated fat also limits dietary cholesterol. 
LDL cholesterol levels can be lowered by substituting healthier unsaturated 
fats (polyunsaturated or monounsaturated oils) or carbohydrates (preferably 
whole grains) for saturated fat. LDL cholesterol can also be lowered modestly 
by increasing the intake of soluble fiber and phytosterols from legumes, fruits, 
vegetables, and flax seed, as well as by consuming proteins and isoflavones 
from soy foods.

In recent decades, it has become clear that diet may influence the risk of 
CHD through many different mechanisms independent of LDL cholesterol 
and traditional risk factors, such as inflammation, oxidative stress, endothelial 
function, insulin sensitivity, and others.3,4 However, identifying and charac-
terizing the precise mechanisms are not necessary when certain foods and 
dietary patterns have demonstrated consistent evidence in influencing the risk 
of CHD. Good evidence from meta-analyses of large cohort studies has shown 
decreased cardiovascular and total mortality with increasing consumption of 
fruits and vegetables,5 whole grains,6 and nuts and decreased incident CHD 
and total mortality from fish and olive oil.7,8 Randomized trials are generally 
consistent with cohort studies, and a Mediterranean dietary pattern composed 
of many of these food groups has produced favorable effects on cardiovascular 
risk factors. A1  The Prevención con Dieta Mediterránea (PREDIMED) trial 
conducted in Spain randomized subjects at high risk of heart disease to a 
control diet versus a Mediterranean diet supplemented with either olive oil or  
nuts. A2  Subjects following both of the supplemented diets experienced 30% 
less cardiovascular disease (CVD) than did those on the control diet. The 
Optimal Macronutrient Intake Trial for Heart Health (OmniHeart) diet 
built on the groundwork of the Dietary Approaches to Stop Hyperten-
sion (DASH) diet (see Hypertension) and compared three different diets 
in a randomized trial with a common core built around the DASH diet: 
higher carbohydrate (similar to DASH), higher unsaturated fat, and higher 
protein. The higher-carbohydrate diet lowered the risk of CHD in men by 
20%, whereas the higher–unsaturated fat and higher-protein diets reduced 
the risk by 30%. The prognostic nutritional index (PNI), a well-accepted 
parameter of nutritional status, calculated based on serum albumin level and 
lymphocyte count, has been found to be an independent prognostic factor 
for mortality in patients undergoing coronary artery bypass graft (CABG)  
surgery.9

Moderate consumption of alcohol, defined as no more than one drink 
daily for women and two for men, has been associated with reduced risk 
of CHD, primarily by raising HDL cholesterol, inhibiting platelet aggrega-
tion, and stimulating fibrinolytic activity. Data from the National Health and 
Nutrition Examination Survey (NHANES) reported that added sugar was 
associated with increased CVD mortality. In addition, consumption of red and 
particularly processed meat has been associated with increased CVD and total  
mortality.10

Cancer
It has been consistently estimated that one third of cancers are due to sub-
optimal habits in diet, physical activity, and weight management. Because 
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ABSTRACT
The relationships of diet and nutrition with health and disease have evolved 
over time. In the past, dietary guidelines focused more on isolated nutrients 
and preventing nutritional deficiencies. More recently, dietary guidelines have 
emphasized healthy dietary patterns to prevent chronic disease and promote 
health. The optimum dietary pattern based on current evidence is one that is 
higher in vegetables, fruits, whole grains, low- or nonfat dairy, seafood, legumes, 
and nuts; moderate in alcohol (among adults); lower in red and processed 
meats; and low in sugar-sweetened foods and drinks and refined grains. This 
chapter describes in greater detail the evidence supporting this dietary pattern 
in preventing chronic disease and improving health.
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inducing insulin resistance, and creating a chronic inflammatory state (Chapter 
169). Excess alcohol intake also increases the risk for many cancers, including 
liver, breast, and the entire gastrointestinal tract. The World Cancer Research 
Fund International has conducted an extensive review of diet and lifestyle 
risk factors for various cancers and continues to update the literature on an  
ongoing basis.11

Lung Cancer
Although the most important causal factor in the number one cancer killer, 
lung cancer (Chapter 182), is cigarette smoking, consumption of fruit is 
inversely associated with lung cancer risk in both smokers and nonsmokers. 
Two large, randomized trials of supplementation with β-carotene reported 
increased mortality from lung cancer and all causes, primarily in smokers and 
former smokers, so β-carotene supplementation should be avoided.

Breast Cancer
The number two cause of cancer deaths in women is breast cancer (Chapter 
188). Postmenopausal breast cancer is positively associated with obesity, 
especially when excess adiposity is located predominantly in the abdomen. 
Paradoxically, the risk of premenopausal breast cancer is decreased with obesity. 
Alcohol increases and lactation probably decreases the risk of both types of 
breast cancer.

Colorectal Cancer
Colorectal cancer (Chapter 184) is the third leading cause of cancer mortality 
in men and women. The risk for colorectal cancer correlates positively with 
the intake of red and processed meats, obesity, and alcohol. The World Health 
Organization has classified processed meat as a carcinogen and red meat as a 
probable carcinogen based on an International Agency for Research on Cancer 
monograph on this topic.12 Foods that contain dietary fiber (as opposed to 
fiber per se), dairy products, and calcium decrease risk.13

Prostate Cancer
Although studies have evaluated different dietary factors on the risk of prostate 
cancer, the clearest risk factor is obesity.

Liver Cancer
The strongest risk factor for liver cancer is alcohol; obesity also increases risk. 
Aflatoxins are a strong risk factor, primarily outside the United States where 
they are more prevalent in the food supply. Coffee is protective against liver 
cancer.

TABLE 202-1 MAJOR CAUSES OF DEATH (2017) AND 
MORBIDITY IN THE UNITED STATES RELATED 
TO DIETARY FACTORS

CAUSE OF DEATH NUMBER %
1. Heart disease*† 647,000 23
2. Cancer*†‡ 599,000 21
3. Accidents‡ 169,000 6
4. Chronic lower respiratory diseases† 160,000 6
5. Cerebrovascular diseases*†‡ 146,000 5
6. Alzheimer*† 121,000 4
7. Diabetes mellitus*† 84,000 3
8. Pneumonia/influenza 56,000 2
9. Kidney disease* 51,000 2

10. Suicide‡ 47,000 2
MORBIDITY

1. Obesity
2. Chronic liver disease and cirrhosis
3. Hypertension
4. Diverticular disease and constipation
5. Osteoporosis
*Related to diet.
†Related to obesity.
‡Related to excess alcohol use.

cancer consists of many different conditions that share a common feature of 
uncontrolled abnormal cell division, risk factors, including diet, vary among 
different types of cancer. Nutrients, non-nutritive dietary constituents, and 
nutritional status can influence the risk for cancer through many different 
mechanisms such as free radical scavenging and DNA repair. Supplemen-
tation with individual nutrients has had limited success in preventing and 
treating cancer. Therefore, as with heart disease, a focus on foods and dietary 
patterns provides the best nutritional approach to preventing cancer. Over 
the past couple of decades, obesity has emerged as a major risk factor for 
at least 11 cancers, perhaps by elevating serum levels of insulin and leptin, 

TABLE 202-2 DIETARY GUIDELINES FOR AMERICANS, 2015-2020 AND KEY RECOMMENDATIONS
DIETARY GUIDELINES

1. Follow a healthy eating pattern across the lifespan.
2. Focus on variety, nutrient density, and amount.
3. Limit calories from added sugars and saturated fats and reduce sodium intake.
4. Shift to healthier food and beverage choices.
5. Support healthy eating patterns for all.
KEY RECOMMENDATIONS

Consume a healthy eating pattern that accounts for all foods and beverages within an appropriate calorie level.
A healthy eating pattern includes:

•	 A	variety	of	vegetables	from	all	the	subgroups—dark	green,	red	and	orange,	legumes	(beans	and	peas),	starchy,	and	other
•	 Fruits,	especially	whole	fruits
•	 Grains,	at	least	half	of	which	are	whole	grains
•	 Fat-free	or	low-fat	dairy,	including	milk,	yogurt,	cheese,	and/or	fortified	soy	beverages
•	 A	variety	of	protein	foods,	including	seafood,	lean	meats	and	poultry,	eggs,	legumes	(beans	and	peas),	and	nuts,	seeds,	and	soy	products
•	 Oils

A healthy eating pattern limits:
•	 Saturated	fats	and	trans fats, added sugars, and sodium

Key Recommendations that are quantitative are provided for several components of the diet that should be limited. These components are of particular public health concern in 
the United States, and the specified limits can help individuals achieve healthy eating patterns within calorie limits:
•	 Consume	less	than	10%	of	calories	per	day	from	added	sugars.
•	 Consume	less	than	10%	of	calories	per	day	from	saturated	fats.
•	 Consume	less	than	2300	mg	per	day	of	sodium.
•	 If	alcohol	is	consumed,	it	should	be	consumed	in	moderation—up	to	one	drink	per	day	for	women	and	up	to	two	drinks	per	day	for	men—and	only	by	adults	of	legal	

drinking age.
In	tandem	with	the	recommendations	above,	Americans	of	all	ages—children,	adolescents,	adults,	and	older	adults—should	meet	the	Physical	Activity	Guidelines	for	Americans	

to help promote health and reduce the risk of chronic disease. Americans should aim to achieve and maintain a healthy body weight. The relationship between diet and 
physical activity contributes to calorie balance and managing body weight. As such, the Dietary Guidelines include a Key Recommendation to:
•	 Meet	the	Physical	Activity	Guidelines	for	Americans
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TABLE 202-3 DIETARY GUIDELINES PROMULGATED BY NATIONAL ORGANIZATIONS*

U.S. DEPARTMENT OF 
AGRICULTURE AND 

DEPARTMENT OF HEALTH 
AND HUMAN SERVICES: 

DIETARY GUIDELINES FOR 
AMERICANS (2015-2020)

AMERICAN HEART 
ASSOCIATION (2013 

AND 2016)
AMERICAN CANCER 

SOCIETY (2012)

NATIONAL HIGH 
BLOOD PRESSURE 

EDUCATION PROGRAM/
JOINT NATIONAL 

COMMITTEE: 7 DIETARY 
APPROACHES TO STOP 
HYPERTENSION (DASH; 

2006)

AMERICAN DIABETES 
ASSOCIATION (2014 AND 

2017)

Indication or 
Objective

General Health Promotion 
and Disease Prevention

Heart Disease 
Prevention Cancer Prevention

Prehypertension and 
Hypertension (2000-

calorie level)
Diabetes Prevention and 

Treatment
NUTRIENT/FOOD GROUP

Total energy Achieve and maintain a healthy 
body weight

Achieve and maintain a 
healthy weight

Achieve and maintain a 
healthy weight throughout 
life. Choose foods and 
beverages in amounts that 
help achieve and maintain 
a healthy weight

Reduce energy intake to 
lose weight if overweight

Modest weight loss achievable 
by the combination of 
reduction of calorie intake 
and lifestyle modification in 
overweight and obese adults 
with type 2 diabetes and 
prediabetes

Fruits and 
vegetables

Include 2 c fruits, especially 
whole fruits, and 2½ c of a 
variety of vegetables from all 
the subgroups daily

Emphasize vegetables 
and fruits

Consume a healthy diet, with 
an emphasis on plant 
foods. Eat at least 2.5 cups 
of vegetables and fruits 
each day

4-5 servings/day of 
vegetables and 4-5 
servings/day of fruit

Meat Choose a variety of protein 
foods, including 5½ 
oz-equivalents of seafood, lean 
meat and poultry, eggs, 
legumes (beans and peas), 
and nuts, seeds, and soy 
products

Limit red meat, use lean 
sources

Limit consumption of 
processed and red meats

≤6 oz/day lean meat, 
poultry, or fish

Dairy 3 c-equivalents daily of fat-free or 
low-fat dairy including milk, 
yogurt, cheese, and/or 
fortified soy beverages

Include fat-free and 
low-fat dairy 
products

2-3 servings/day of fat-free 
or low-fat dairy

Grains, fiber Consume 6 oz-equivalents daily 
with at least half as whole 
grains.

Emphasize whole 
grains, 28-30 g/day 
fiber

Choose whole grains instead 
of refined grain products

6-8 servings/day of whole 
grains and whole-grain 
products, 30 g/day fiber

Achieve U.S. Dietary 
Guidelines recommendation

Fat Include 27 g daily of PUFA and 
MUFA oils

Limit saturated fats and trans fats

The totality of the evidence 
does not support a 
relationship between total 
fat intake and cancer risk

27% of calories Individualize the mix of 
carbohydrate, protein, and 
fat

Saturated fats <10% of daily calories, by 
replacing them with MUFA 
and PUFA

Limit to 5-6% of 
calories

6% of calories Achieve U.S. Dietary 
Guidelines recommendation

Polyunsaturated 
fats

Replace solid fats with PUFA Include nontropical 
vegetable oils

Monounsaturated 
fats

Replace solid fats with MUFA Emphasize in a Mediterranean 
style diet

Trans-fats Keep as low as possible Avoid Avoid
Cholesterol 150 mg/day
Carbohydrates 55% of calories Replace refined carbohydrates 

and added sugars with whole 
grains, legumes, vegetables, 
and fruits. Individualize the 
mix of carbohydrate, protein, 
and fat

Sugar <10% of calories Limit added sugars to 
no more than 100 
calories/day for 
women and 150 
calories/day for men

Limit sugar-sweetened 
beverages and high-sugar 
foods

≤5 servings/week Persons with or at risk for type 
2 diabetes should avoid 
sugar-sweetened beverages 
and minimize added sugars

Protein Choose a variety of protein 
foods, which include eggs, 
beans and peas, soy products, 
and unsalted nuts and seeds 
(for more, see Meat)

Include fish, poultry, 
nuts, and beans

18% of calories from lean 
meats, poultry, fish, and 
4-5 servings/week of 
nuts, seeds, beans, and 
peas

Individualize the mix of 
carbohydrate, protein, and 
fat. Select lean protein 
sources
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risk of type 2 diabetes. A high–glycemic index (a measure of the amount a  
food increases blood glucose) diet also increases risk. Red and particu-
larly processed meats increase the risk of type 2 diabetes. Coffee intake 
decreases the risk of diabetes in a dose-dependent fashion. Similar to the 
general population, different proportions of macronutrient intakes can be 
used to treat diabetes, and this allows individualization of dietary practices. 
A Mediterranean dietary pattern higher in healthy fat has been demon-
strated to lead to slightly better glucose control than a high-carbohydrate  
diet. A9  However, a higher-carbohydrate diet can still be utilized, as long as 
calories are controlled and preferably whole grains are included. An overall 
healthy eating pattern helps reduce risk for CVD, the main killer of persons 
with diabetes.

Osteoporosis
Adequate intake of calcium, vitamin D, and protein in childhood is important 
for achieving optimal peak bone mass in adulthood and preventing osteopo-
rosis (Chapter 230) later in life. Dairy products are the primary source of 
calcium for most children. Adults should try to achieve the RDA for calcium 
(1000 mg/day until age 50 for women and age 70 for men, then 1200 mg/
day), primarily through dietary calcium with supplemental calcium as neces-
sary. The optimum intake and blood level of vitamin D are controversial. 
Although there are suggestive data of broader health benefits from increased 
vitamin D status, this depends on interpretation of the data. Therefore, most 
adults should try to achieve an intake of vitamin D at the level of the RDA 
(600 IU/day until age 70, then 800 IU/day). Fruit and vegetable intake is 
associated with increased bone density through various mechanisms. Vitamin 
K, magnesium, and zinc are involved in bone metabolism, but supplementa-
tion has not been demonstrated to be beneficial to bone health. Excessive 
supplementation with vitamin A increases fracture risk, as does excess alcohol 
consumption.

Other Conditions
Obesity
The causes and health effects of obesity, the most prevalent nutritional disorder 
in the United States, are reviewed in Chapter 207. The metabolic syndrome, 
a constellation that includes obesity with a large waist circumference; increased 
serum glucose, triglycerides, and blood pressure; and reduced HDL cholesterol, 
is strikingly prevalent in the United States and is a major risk factor for CHD, 
cancer, type 2 diabetes, and hypertension (Chapter 70).

Pancreas Cancer
Associations exist between pancreas cancer and various dietary factors, but 
causality is not clear except for obesity, which increases risk.

Summary
Although there are differences among dietary risks for different cancers, the 
American Cancer Society Guidelines for Cancer Prevention are generally 
similar to other major dietary guidelines: consuming a plant-based diet, regular 
physical activity, and maintenance of a healthy body weight. Alcohol intake 
is the primary difference between guidelines to prevent heart disease, in which 
moderate consumption is beneficial, and guidelines to prevent cancer, in which 
consumption even at low levels for some cancers, such as breast, increases 
risk. Randomized trials with isolated nutrients including carotenoids, A3  vita-
mins C and E, A4  folic acid, A5  selenium, A6  and fiber A7  have not shown benefit 
on cancer risk. Whole plant foods contain hundreds of different vitamins, 
nutrients, and other phytochemicals that may collectively reduce the risk of 
cancer more than specific nutrients.

Hypertension
Elevated blood pressure (Chapter 70) is a major risk factor for stroke, CHD, 
heart failure, peripheral vascular disease, and renal disease. There are five life-
style factors that reduce blood pressure: weight loss if overweight or obese, 
the Dietary Approaches to Stop Hypertension (DASH) diet, increased phys-
ical activity, sodium restriction, and alcohol restriction. Obesity, especially 
abdominal obesity, is associated with hypertension, and weight reduction is 
the strongest lifestyle change that decreases blood pressure. The DASH diet 
is a plant-based diet that has been studied extensively, originally for its effect 
on blood pressure, where it lowered blood pressure as much as drug treatment 
(11.6/5.3 mm Hg), in people with hypertension. A8  The DASH-sodium trial 
found that sodium restriction provided additional benefit when added to the  
DASH diet.

Diabetes Mellitus
Type 2 diabetes mellitus (Chapter 216) is strongly associated with obesity, 
especially abdominal obesity, so maintenance of a desirable body weight 
throughout life is of major importance in both preventing and treating  
type 2 diabetes. Sugar consumption does not lead to diabetes, except to  
the extent that it may promote weight gain. However, there is evidence  
that sugar-sweetened beverages contribute to weight gain and increased 

TABLE 202-3 DIETARY GUIDELINES PROMULGATED BY NATIONAL ORGANIZATIONS—cont’d

U.S. DEPARTMENT OF 
AGRICULTURE AND 

DEPARTMENT OF HEALTH 
AND HUMAN SERVICES: 

DIETARY GUIDELINES FOR 
AMERICANS (2015-2020)

AMERICAN HEART 
ASSOCIATION (2013 

AND 2016)
AMERICAN CANCER 

SOCIETY (2012)

NATIONAL HIGH 
BLOOD PRESSURE 

EDUCATION PROGRAM/
JOINT NATIONAL 

COMMITTEE: 7 DIETARY 
APPROACHES TO STOP 
HYPERTENSION (DASH; 

2006)

AMERICAN DIABETES 
ASSOCIATION (2014 AND 

2017)

Indication or 
Objective

General Health Promotion 
and Disease Prevention

Heart Disease 
Prevention Cancer Prevention

Prehypertension and 
Hypertension (2000-

calorie level)
Diabetes Prevention and 

Treatment
Alcohol Up to 2 drinks/day for men and 

up to 1 drink/day for women; 
persons in special 
circumstances (e.g., 
pregnancy, history of 
alcoholism) should abstain

If you drink alcohol, do 
so in moderation. 
No more than 1 
drink/day for 
women and 2 
drinks/day for men

No more than 1 drink/day 
for women and 2 drinks/
day for men

<2 drinks/day for men and 
<1 drink/day for women

If individuals with type 2 
diabetes choose to drink, 
limit to 2 drinks/day for 
men and 1 drink/day for 
women, and take extra 
precautions to prevent 
hypoglycemia

Sodium Reduce daily sodium intake to 
less than 2300 mg, and further 
reduce intake to 1500 mg 
among persons who have 
prehypertension or 
hypertension

Consume no more than 
2300 mg/day of 
sodium; further 
reduction of sodium 
intake to 1500 mg/
day is desirable

1500-2300 mg/day <2300 mg/day

Potassium 4700 mg/day
*For further details, see the websites listed in this chapter.
c = cups; LDL = low-density lipoprotein; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.
Adapted from Heimburger DC, Ard JD, eds. Handbook of Clinical Nutrition, 4th ed. Philadelphia: Elsevier; 2006.
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Intestinal Diverticular Disease
Low dietary fiber intake causes constipation, and it is thought to be a cause 
of intestinal diverticular disease.

Dementia
Although physical activity is the strongest lifestyle factor to prevent cognitive 
decline, dietary factors also play a role. The Mediterranean and DASH diets 
have some evidence supporting a role in preserving cognitive function. People 
who followed the Mediterranean-DASH Intervention for Neurodegenerative 
Delay (MIND) diet experienced less cognitive decline over time compared 
with either the Mediterranean or DASH diet.14 This dietary pattern is a hybrid 
of both diets and emphasizes 10 healthy food groups that have some evidence 
supporting cognitive protection (e.g., green leafy vegetables, berries, fish, nuts, 
olive oil) and limiting five less healthy food groups (e.g., red meats, pastries, 
and sweets).

Congenital Neural Tube Defects
Inadequate maternal folic acid intake has been definitively proven to be a 
major risk factor for congenital neural tube defects such as spina bifida and 
myelomeningocele. For this reason, cereal and grain products have been forti-
fied with folic acid in the United States since 1998, and supplementation with 
folic acid is recommended in all women capable of becoming pregnant.15

Dietary Supplements
Relatively few dietary supplements have demonstrated benefit in prevent-
ing disease. Meta-analyses of randomized, controlled trials of antioxidants 
have reported increased total mortality from vitamin A, vitamin E, and β- 
carotene. A10  Vitamin D and calcium are necessary for adequate bone health, 
and vitamin D may have other health benefits, although interpretations of the 
evidence behind this and the optimal dose of vitamin D are controversial. A 
recent large randomized trial showed no reduction in cancer, cardiovascular 
disease, or mortality with vitamin D supplementation in men over age 50 
years or women over age 55 years. A11  Although multivitamins are one of the 
most widely used dietary supplements, with over one third of Americans 
taking them, there is little evidence that they prevent CVD or cancer. Fish 
consumption is associated with decreased CVD, yet randomized trials have 
found no benefit from omega-3 supplementation. A12  A condition that has 
demonstrated benefit from dietary supplements is early macular degeneration. 
The second Age Related Eye Disease Study (AREDS2) trial demonstrated the 
most effective combination of supplements to prevent progression of early 
macular degeneration contained vitamins C and E, zinc, copper, lutein, and 
zeaxanthin. A13 

 TRANSLATING EVIDENCE INTO  
DIETARY CHANGE

The evidence is strong that dietary habits can influence the incidence and 
severity of many incapacitating or lethal diseases.16,17 No justification exists 
for the belief that modification of the “usual” American diet is unnecessary 
or futile. The following statement from the Scientific Report of the 2015 
Dietary Guidelines Advisory Committee concisely outlines the optimal 
dietary pattern based on current evidence: “The overall body of evidence 
examined by the 2015 Dietary Guidelines Advisory Committee identifies 
that a healthy dietary pattern is higher in vegetables, fruits, whole grains, low- 
or non-fat dairy, seafood, legumes, and nuts; moderate in alcohol (among 
adults); lower in red and processed meats; and low in sugar-sweetened foods 
and drinks and refined grains.”18 Various organizations have provided dietary 
recommendations generally consistent with this statement (see Table 202-3). 
The U.S. Departments of Agriculture and of Health and Human Services have 
developed and periodically revised the Dietary Guidelines for Americans (see 
Table 202-2). The Dietary Guidelines list three patterns of eating that are 
consistent with the guidelines and people can use as a practical template to 
follow: the DASH diet, the Mediterranean diet, and the vegetarian diet.19 A 
food guidance system, now called MyPlate (Fig. 202-1), is part of a larger com-
munications initiative to help consumers make better food choices. Although 
the practical applications of nutritional genomics and the microbiome are 
not yet ready for routine clinical practice, they represent important emerging 
sciences that may in the future be applied to nutrigenetic testing to provide  
dietary advice.

FIGURE 202-1. U.S. Department of Agriculture’s MyPlate. MyPlate illustrates that a 
substantial proportion of dietary intake should be derived from vegetables, fruits, and 
grains, as contrasted with many americans’ expectation that protein sources should 
dominate. for more information, see www.chooseMyPlate.gov. 
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Answer: E There is no clear evidence that supplementation with multivitamins 
or vitamin A, or restriction of dietary fat or carbohydrate alone, will reduce 
the risk of chronic diseases. As noted in the Osteoporosis section of the chapter, 
excessive supplementation with vitamin A reduces bone mass and increases 
fracture risk. Evidence supports general adherence to dietary recommenda-
tions as the best nutritional means to reduce the risk of chronic diseases.

4. Long-term control of the blood glucose level in an obese type 2 diabetic 
patient is likely to be improved most by:
 A. Moderate caloric restriction
 B. Fat restriction
 C. Protein restriction
 D. Alcohol restriction
 E. Carbohydrate restriction

Answer: A As noted in the Diabetes Mellitus section of the chapter, dietary 
carbohydrate restriction is no longer the focus of management of type 2 dia-
betes, and persons with obesity and type 2 diabetes are best served by weight 
reduction. This is best accomplished by moderate caloric restriction, not by 
focusing on restriction of carbohydrates, fats, alcohol, or protein.

5. A 54-year-old white woman has a bone mineral density that indicates 
osteopenia in both the spine and hip. Which of the following nutrients 
may enhance the efficacy of calcium in preserving her bone mineral density?
 A. Vitamin A
 B. Vitamin D
 C. Protein
 D. Vitamin K supplementation
 E. Sodium

Answer: B As noted in the Osteoporosis section of the chapter, vitamin D 
assists in maintaining optimal bone mass, whereas excess intakes of vitamin 
A, protein, and sodium promote bone loss. Vitamin K supplements have not 
been demonstrated to increase bone density.

REVIEW QUESTIONS

1. Which of the following, when included in the diet, is most likely to increase 
a person’s risk for cardiovascular disease?
 A. Monounsaturated fatty acids
 B. Trans-fatty acids
 C. Soy protein
 D. Alcohol
 E. Dietary cholesterol

Answer: B As noted in the Coronary Heart Disease section of the chapter, 
hydrogenation of vegetable oils to create margarine and shortening results in 
the formation of trans-fatty acids, which affect serum cholesterol levels in a 
manner	similar	to—and	even	worse	than—the	saturated	fatty	acids	found	in	
butter and lard. Monounsaturated fatty acids, soy protein, and alcohol are all 
noted in the same section to have potentially protective effects against CHD. 
Dietary cholesterol was removed as a nutrient of concern in the Dietary Guide-
lines for Americans 2015-2020.

2. The risk of hypertension is reduced by relatively high intakes of which of 
the following dietary sources?
 A. Alcohol
 B. Fat
 C. Fruits and vegetables
 D. Sodium
 E. Saturated fat

Answer: C As noted in the Hypertension section of the chapter, the Dietary 
Approaches to Stop Hypertension (DASH) diet, which is rich in fruits, veg-
etables, and low-fat dairy products and advocates a reduced saturated and 
total fat content, can decrease blood pressure levels; reducing one’s sodium 
intake provides an additional benefit both alone and when included as part 
of the DASH diet.

3. Which of the following lifestyle habits is most likely to reduce the risk of 
chronic diseases?
 A. Multivitamin supplementation
 B. Vitamin A supplementation
 C. Dietary total fat restriction
 D. Dietary carbohydrate restriction
 E. General adherence to dietary recommendations



CHAPTER 203 Protein-energy Malnutrition 1399

203 
PROTEIN-ENERGY MALNUTRITION
MARK J. MANARY AND INDI TREHAN

 DEFINITION
The term protein-energy malnutrition encompasses at least three distinct clini-
cal syndromes. The first and most common, stunting, occurs throughout the 
developing world. It is a consequence of chronic macronutrient and micro-
nutrient deficiency prenatally and during early childhood and is manifested 
as low birthweight and irreversible cognitive and physical stunting, including 
below normal weight and short stature in the first few years of life.1 A second 
manifestation takes the form of acute malnutrition, a primarily macronutrient 
deficiency that can also occur in adults. In its most severe forms, it includes 
kwashiorkor, marasmus (wasting), and marasmic kwashiorkor. The third syn-
drome is the wasting that occurs secondary to acute or chronic underlying 
medical or surgical illnesses.

 EPIDEMIOLOGY
Global rates of stunting and acute malnutrition are difficult to quantify accu-
rately, given the primarily rural populations where they mostly occur.2 Nearly 
23% of children younger than 5 years are stunted worldwide, and another 8% 
suffer from wasting.3 The number with kwashiorkor is unknown and under-
reported because of minimal high-quality surveillance data; more than half 
of children with severe acute malnutrition in southern Africa have kwashiorkor. 
It is estimated that some 15% of the worldwide under-5 mortality is attribut-
able to stunting and another 12% to wasting.

Rates of secondary protein-energy malnutrition among those with medical 
and surgical illnesses vary widely and are a function of underlying disease 
processes, comorbidities, nutritional status before illness, and level of financial 
resources and social support. It is not unusual for malnutrition rates of 25 to 
60% among hospitalized patients to be reported in the literature (Chapter 204).

 PATHOBIOLOGY
Most stunting in children occurs during the critical “1000 days” window 
between conception and 2 years of age.4 Maternal undernutrition contributes 
to low birthweight, which persists as underweight, short stature, and cognitive 
stunting. Stunting also places children at elevated risk for acute malnutrition 
when challenged by food shortages or acute infections. Even children without 
prenatal stunting are at high risk for stunting and acute malnutrition when 
raised in impoverished environments.5 HIV infection and exposure, diarrhea, 
pneumonia, measles, and malaria lead to anorexia with decreased dietary intake, 
increased energy expenditure, and poor nutrient absorption, placing the child 
at risk for stunting and acute malnutrition. The end of exclusive breast-feeding 
(whether prematurely or at the recommended 6 months of age) and the intro-
duction of complementary feeding also represent a high-risk period as the 
child ingests a variety of environmental pathogens and often suffers a relative 
loss of high-quality protein, lipids, and micronutrients.

Aside from chronic food insecurity and repeated gastrointestinal infections, 
two major pathobiologic factors have been recently appreciated to contribute 
significantly to the development of protein-energy malnutrition in children. 
The first is environmental enteric dysfunction (EED), endemic in children and 
adults throughout the developing world.6 EED is characterized by blunted and 
atrophied intestinal villi, hyperplasia of the crypts, and lymphocytic infiltration 
of the lamina propria, histologically similar in many ways to celiac disease. The 
net effect of EED is an increase in intestinal permeability with bacterial and 
toxin translocation due to loss of tight junction integrity, impaired immune 
functioning, and malabsorption. EED is generally subclinical, predisposing 
children to growth faltering, and leaves them more susceptible to develop-
ing acute malnutrition. A second, related risk factor for the development of 
acute malnutrition is a disturbed configuration of the intestinal microbiome.7

Secondary protein-energy malnutrition that occurs in the context of an 
underlying illness often results from a triad of decreased energy intake, mal-
absorption, and catabolic stressors. Virtually any chronic and/or critical illness 
can precipitate protein-energy malnutrition, but among the most common 
are cancer,8 HIV/AIDS, tuberculosis, inflammatory bowel disease, chronic 
kidney disease, chronic liver disease, and rheumatologic illnesses. The patient 

FIGURE 203-1. Kwashiorkor and marasmus in brothers. the younger brother, on the 
left, has kwashiorkor with generalized edema, skin changes, pale reddish yellow hair, 
and an unhappy expression. the older child, on the right, has marasmus, with generalized 
wasting, spindly arms and legs, and an apathetic expression. (From Peters W, Pasvol g, 
eds. Tropical Medicine and Parasitology, 5th ed. london: Mosby; 2002, Fig. 986.)

is in a state of net negative energy balance manifested by decreased weight 
and metabolic rate, accompanied to varying degrees by muscle wasting, deple-
tion of fat stores, reduced cardiorespiratory capacity, skin thinning with easy 
breakdown and ulceration, hypothermia, immunodeficiency with impaired 
wound healing, and apathy.

The specific pathobiologic etiologies and risk factors for the development 
of secondary protein-energy malnutrition are numerous. Primary among them 
is poor dietary intake from nausea, anorexia, depression, poor dentition, and 
oral-motor weakness accompanying the underlying illness. Even nutrients 
that are ingested may not be absorbed, for example, because of reduced bile 
salt secretion leading to steatorrhea, pancreatic insufficiency, and damage to 
the intestinal mucosa in Crohn disease. Systemic inflammation and oxidative 
stress are common in critical illness, cirrhosis, patients with HIV/AIDS, tuber-
culosis, other infections, and hemodialysis patients, contributing to a catabolic 
state. In patients with chronic renal disease, altered amino acid homeostasis 
by the kidney, resistance to growth hormone and insulin-like growth factor-1, 
low testosterone levels, insulin resistance, and altered insulin signaling are all 
important factors in protein-energy wasting.9 Patients with chronic liver disease 
often suffer from protein-energy malnutrition due to a combination of altered 
gut motility, dyspepsia, cholestasis with poor absorption of fat-soluble vitamins, 
small intestine bacterial overgrowth, a hypermetabolic state, inadequate hepatic 
protein synthesis, lack of glycogen reserves, and blood loss from varices and 
the intestinal lumen.

 CLINICAL MANIFESTATIONS
Stunting manifests quite simply as short stature and underweight for age. 
Brain development, and thus head circumference, may also be small for age, 
although this is relatively proportional for overall body size.

Acute malnutrition manifests in at least three different forms. Children and 
adults with wasting are emaciated and weak, having suffered significant weight 
loss in a relatively short period.10 The wasting often first manifests in the axilla 
and groin, progressing to the thighs and buttocks, and eventually becomes 
visible in the face, taking on an “old man” appearance. Wasting may be mild, 
moderate, or severe (“marasmus”) (Fig. 203-1).

The second form of acute malnutrition, edematous malnutrition or kwashi-
orkor,11 was classically described to occur when a child was weaned rapidly 
from the high-quality protein source that is breast milk,12 although older 
children and adults may certainly develop this as well, particularly in the context 
of extrapulmonary tuberculosis infection. Bilateral peripheral edema begins 
in the most dependent areas of the body and progresses cephalad as it worsens. 
Despite what can be a relatively profound edema, they generally do not have 
ascites, nor is their illness a result of hepatic insufficiency or hypoalbuminemia. 
The skin may have patchy areas of “flaky paint” depigmentation, commonly 
with areas of breakdown and resultant infection (Fig. 203-2).
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ABSTRACT
Protein-energy malnutrition encompasses growth stunting among impover-
ished populations that begins in childhood and continues into adulthood. 
Acute malnutrition can occur at any age, and complicates the care of patients 
with acute illnesses worldwide. All forms of protein-energy malnutrition lead 
to an array of pathophysiologic changes in multiple organ systems that may 
not recover fully, even when the patient’s nutritional status appears be clini-
cally restored. Effective interventions to reverse growth stunting are relatively 
lacking, and preventive approaches focus on improved sanitation, attention 
to acute and chronic infections, and increased intake of complete dietary 
protein. Uncomplicated cases of acute malnutrition can generally be treated 
as outpatients using ready-to-use therapeutic food; cases complicated by severe 
infection or anorexia require inpatient treatment. Patients with malnutrition 
concomitant with an acute illness will benefit from nutritional rehabilitation 
in addition to therapies directed at their primary underlying disease(s). The 
consequences of stunting and acute malnutrition in childhood persist for life 
and place survivors at increased risk for the metabolic syndrome and obesity.
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these will be relatively rare compared with stunting in the relevant epidemio-
logic context.

Wasting may be diagnosed based on a weight-for-height Z-score (WHZ) 
or BMI-for-age Z-score (BMIZ) more than 2 SD below the median. The 
mid-upper arm circumference can also be used to diagnose wasting in children 
under 5, in pregnant women, and in adults. Congenital heart disease, severe 
diarrhea and dehydration, malabsorption syndromes due to intestinal parasites, 
malaria, HIV/AIDS, tuberculosis, and malignancy should be considered in 
the differential diagnosis of a patient presenting with wasting.

The presence of edema in the appropriate epidemiologic context, regardless 
of other anthropometric parameters, should prompt serious consideration of 
the diagnosis of kwashiorkor. Edema is most easily detected on the dorsum 
of the feet and is graded as 1+ if confined to the lower extremities, 2+ if also 
present on the upper extremities, and 3+ if extending to the face. The usual 
physiologic causes of edema, including underlying cardiac, hepatic, and renal 
diseases, should be considered in the differential diagnosis. In rural impover-
ished populations where kwashiorkor is endemic, routine health care is also 
generally limited; thus, the possibilities of congenital or rheumatic heart disease, 
acute proliferative glomerulonephritis (postinfectious or poststreptococcal), 
profound anemia (from primary iron deficiency, severe malaria, or hookworm, 
among other causes), and tuberculosis should be considered. Nevertheless, 
for the majority of children presenting with edema in these populations, 
kwashiorkor remains the leading diagnosis (E-Fig. 203-1).

Secondary malnutrition due to underlying illness also requires careful 
anthropometry, with a BMI of less than 18.5 kg/m2 representing moderate 
malnutrition and a BMI of less than 15 kg/m2 representing severe protein-
energy malnutrition. Even without a BMI this low, any significant weight loss, 
especially if associated with lean muscle loss in addition to depletion of fat 
stores, should prompt consideration of protein-energy malnutrition and neces-
sitates an investigation into an underlying illness if one had not been previously 
identified. No reliable diagnostic tests are available to identify those with 
protein-energy malnutrition because serum markers such as albumin, preal-
bumin, and C-reactive protein are themselves acute phase reactants and non-
specific for this purpose. Diminished grip strength is perhaps the best single 
clinical measure to assess the degree of malnutrition in this context.

Protein-energy malnutrition in patients with severe or chronic underlying 
disease generally presents as low body-mass index (BMI) or with progressive 
weight loss.

Virtually every organ system and tissue type is starved of energy in all forms 
of protein-energy malnutrition, resulting in a homeostatic drive to adapt to 
the decreased energy available. Fat is increasingly used as the body’s primary 
fuel source within days, having replaced glucose, and ketosis quickly develops. 
Overall, the marked changes in glucose production and protein breakdown 
are associated with decreased urea production and urinary fluid losses. The 
basal metabolic rate declines, accompanied by hypothermia and easy fatigue. 
As starvation continues, nearly all of the body’s fat stores are depleted, and 
lean muscle tissue may be cut in half. Hypokalemia leads to rapid muscle 
fatigue. Cardiac muscle is not spared, and the metabolic changes potentially 
lead to bradycardia, decreased stroke volume, hypotension, and poor tissue 
perfusion. Intravascular volume may be diminished at the same time that 
cellular and capillary leakage increases, leading to generalized edema, particu-
larly in kwashiorkor.

Pulmonary capacity is adversely affected by decreased respiratory muscle 
mass and electrolyte disturbances. The skin and hair often atrophy, depigment, 
and break down, leaving the patient susceptible to cutaneous infections. Insulin 
and thyroid hormone levels decrease, and cortisol concentrations increase. A 
state of immunodeficiency develops as lymphoid tissues atrophy and cell-
mediated immunity becomes impaired, placing the malnourished patient at 
high risk for opportunistic infections. Pancytopenia can occur due to bone 
marrow suppression, sometimes due to gelatinous transformation of the marrow. 
Prolonged malnutrition leads to deterioration of all portions of the gastro-
intestinal system, including atrophy and blunting of the intestinal villi (thereby 
complicating therapeutic feeding), impaired exocrine pancreatic function, and 
decreased gastric and biliary secretions. Hepatomegaly and fatty liver infiltra-
tion are seen. Except in cases in which renal pathology is the inciting pathway, 
kidney function is relatively well preserved until late in the course. Although 
the brain is preserved longer than other organs, cerebral atrophy is seen in 
acute malnutrition, and (often permanently) delayed cognitive development 
is a profound complication with lifelong consequences among survivors.

 DIAGNOSIS
Careful anthropometry must be conducted to accurately evaluate any individual 
for protein-energy malnutrition. In the case of children, it can be particularly 
challenging to gain their cooperation for anthropometry. Precise measure-
ments of height (to the nearest 0.5 cm or less), weight (to the nearest 100 g 
or less), mid-upper arm circumference (to the nearest 2 mm or less), and an 
assessment of peripheral pitting edema should be performed. World Health 
Organization growth standards should be used for diagnosis and classification.

Children and adults are considered stunted when the height-for-age Z-score 
(HAZ) is 2 or more standard deviations (SD) below the median.13 Familial 
short stature, hypothyroidism, growth hormone deficiency, and micronutrient 
deficiency are all in the differential diagnosis for a stunted child, although 

FIGURE 203-2. edematous malnutrition or kwashiorkor. 

Relatively little can be done to reverse stunting because the physical and 
cognitive growth faltering suffered in the first “1000 days” is due to a confluence 
of environmental factors not likely amenable to medical therapies. These chil-
dren remain at high risk for further stunting during childhood, although some 
degree of catch-up growth is possible in later childhood and adolescence. 
Attention should be directed to an overall improvement in dietary quality and 
diversity, particularly with respect to increased complete protein intake. Exclusive 
breast-feeding until 6 months of age and continued breast-feeding with appro-
priate supplementary foods until at least 2 years of age should be encouraged 
whenever possible, with special considerations in the case of an HIV-infected 
mother.14 Routine health care, including immunizations, vitamin A supplemen-
tation, and periodic deworming, should be ensured. HIV testing and treatment 
should be sought. Improvements in sanitary living conditions are likely to be 
the most beneficial.

Children with uncomplicated severe acute malnutrition can be treated as 
outpatients using ready-to-use therapeutic food, most often a fortified peanut 
paste, if they are able to successfully ingest approximately 30 g of ready-to-use 
therapeutic food under directly observed therapy (see E-Fig. 203-1). They can 
then be treated at home with 1 to 2 weeks of 175 kcal/kg/day of ready-to-use 
therapeutic food, returning for reassessments on a regular basis until they 
reach anthropometric and therapeutic end points. The inclusion of a week of 
empiric oral antibiotic therapy decreases mortality and improves nutritional 
recovery. A1 

,
 A2  Children with complicated severe acute malnutrition should be 

managed as inpatients, with initial attention focused urgently on the infections, 
hypoglycemia, hypothermia, and dehydration that lead to early mortality. If 
the child is unable to initially consume ready-to-use therapeutic food, then 
nutritional rehabilitation can begin with a milk-based formula known as F-75 
before transitioning to a more nutrient-dense food (Table 203-1).

Mortality and nutritional recovery outcomes from community-based programs 
are generally superior to those achieved by inpatient care, making this the 
current international standard of care and relegating inpatient care only to 
those children who have anorexia or medical complications or who are in an 
area where ready-to-use therapeutic food is not available.

Patients with secondary protein-energy malnutrition should, first and fore-
most, have their underlying illness addressed because this is most likely to lead 
to long-term recovery of their nutritional status. Concomitantly, nutritional 
rehabilitation should be undertaken to prevent further energy losses and allow 

TREATMENT 
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Check Mid-Upper Arm Circumference (MUAC)
and Weight-for-Height Z-score (WHZ)

MUAC less than 115 mm
or WHZ less that −3

Complications?

Severe Acute Malnutrition
(marasmus, kwashiorkor,
or marasmic kwashiorkor

MUAC 115−125 mm
or WHZ −2 to −3

MUAC more than 125 mm
or WHZ more than −2

Assess for bilateral
peripheral pitting edema

Moderate Acute
Malnutrition

Yes

YesYes

No

NoNo

Recovery
Recovery

Followup every 1−2 weeks
until MUAC more that 125 mm

or WHZ more that −2

Outpatient Supplementary
Feeding Program providing

~75 kcal/kg/day and
routine health maintenance
(immunizations, HIV test,
nutrition counseling, etc.)

Assess for bilateral
peripheral pitting edema

No Acute Malnutrition

Routine care with close
monitoring for high-risk

children. Provide nutritional
counseling and consider

supplementation
if available and appropriate.

Followup every 1−2 weeks
until edema resolved and
MUAC more that 125 mm

or WHZ more than −2

Improvement

Inpatient 
Therapeutic 

Feeding Program 
starting with F-75 
and 10-step care 

as per WHO 
guidelines

Outpatient Ready-to-Use 
Therapeutic Feeding 
Program providing 

~175kcal/kg/day, 1 week 
of oral antibiotics, and 

routine health 
maintenance 

(immunization, HIV test, 
nutrition counseling, etc.)

E-FIGURE 203-1. Diagnostic and treatment algorithm for acute malnutrition in children 6-59 months of age. Mid-upper arm circumference (MuaC) is only to be used for children 
6 to 59 months of age. See reference 10 for details of diagnosis and management. HiV = human immunodeficiency virus; WHo = World Health organization. 



 PREVENTION
Prevention of stunting and acute malnutrition remains one of the most chal-
lenging and elusive goals in global health, especially given the intergenerational 
effects of maternal malnutrition. Providing pregnant women with nutritional 
supplementation, intermittent malaria treatment, timely care for sexually 
transmitted infections, and comprehensive prenatal care shows some success 
in improving birthweights and decreasing premature delivery. Adherence to 
recommendations for exclusive breast-feeding for the first 6 months and con-
tinued breast-feeding for at least the first 2 years also shows significant benefits.16 
Early diagnosis and treatment of HIV in mothers and their infants is also 
beneficial. Nevertheless, impoverished children remain at high risk for stunting 
and acute malnutrition because of the relative lack of sanitation, high rates of 
food insecurity, spotty vaccination coverage, and limited access to medical 
care. Addressing these underlying societal factors and dietary interventions 
to improve complete protein intake A4  may provide the most benefit to decreas-
ing childhood protein-energy malnutrition and its adult consequences.

Close attention to the nutritional status of medical and surgical patients, 
with risk stratification based on BMI and weight trajectory, is necessary to 
limit the risk for protein-energy malnutrition in these patients as they are 
treated for their underlying illnesses. Optimizing nutritional status will aid in 
recovery from their primary conditions, and similarly, recovery from the primary 
condition will improve benefit to overall nutritional status. Efforts to empiri-
cally provide extra protein, calories, and micronutrients during times of par-
ticular oxidative stress and catabolism will help limit weight loss and its adverse 
effects.

 PROGNOSIS
The prognosis for stunted children generally remains poor because the physical 
and cognitive deficits they suffer are mostly carried with them throughout 
life. Children who recover from an episode of severe acute malnutrition remain 
more susceptible to further episodes over the next several months than their 

for recovery of damaged organic pathways. Fluid, electrolyte, and acid-base 
status should be corrected cautiously. In general, enteral nutrition (Chapter 
204) is preferred over parenteral, assuming the gastrointestinal tract is function-
ing adequately. Frequent small feedings or slow drip feedings may be necessary. 
Aggressive tube feeding or parenteral nutrition should be avoided in the early 
stages of rehabilitation because the refeeding syndrome is a real danger in 
patients who are malnourished. Hypophosphatemia, hypokalemia, hypomag-
nesemia, hyperglycemia, fluid overload, muscular weakness, cardiac arrhythmias, 
and diarrhea are all risks associated with aggressive refeeding. Fluid status, 
glycemic status, and electrolyte levels should be monitored closely throughout 
refeeding.15 Studies are limited with regard to how effective nutritional support 
is during acute illness, A3  but much of the benefit is likely to be seen in the 
longer term, beyond the duration of most clinical studies.

 Grade A References

A1. Trehan I, Goldbach HS, LaGrone LN, et al. Antibiotics as part of the management of severe acute 
malnutrition. N Engl J Med. 2013;368:425-435.

A2. Isanaka S, Langendorf C, Berthé F, et al. Routine amoxicillin for uncomplicated severe acute mal-
nutrition in children. N Engl J Med. 2016;374:444-453.

A3. Bally MR, Blaser Yildirim PZ, Bounoure L, et al. Nutritional support and outcomes in malnourished 
medical inpatients: a systematic review and meta-analysis. JAMA Intern Med. 2016;176:43-53.

A4. Iannotti LL, Lutter CK, Stewart CP, et al. Eggs in early complementary feeding and child growth: a 
randomized controlled trial. Pediatrics. 2017;140:1-8.

TABLE 203-1 NUTRITIONAL COMPOSITION OF 
THERAPEUTIC FOODS FOR SEVERE  
ACUTE MALNUTRITION

F-75 (100 mL) F-100 (100 mL) RUTF (100 mg)
Energy (kcal) 75 100 543
Protein (g) 0.9 2.9 13.6
Lactose (g) 1.3 4.2
Potassium (mg) 156 246 1111
Sodium (mg) 14 44 189
Magnesium (mg) 10.5 17.7 92
Zinc (mg) 2 2.3 14
Copper (mg) 0.25 0.25 1.78
Osmolarity (mOsm/L) 413 419
% of total energy from 

protein
5 12 10-12

% of total energy from 
fat

36 53 45-60

RUTF = ready-to-use therapeutic food.

peers; those with underlying illnesses such as HIV or tuberculosis remain at 
significantly elevated risk. The best recovery rates in severe acute malnutrition 
treatment programs peak at approximately 90%, with about 4 to 5% mortality. 
Mortality rates are substantially higher, about 35%, in children who require 
hospitalization.17 Untreated episodes of severe wasting carry an estimated 10 
to 20% mortality risk per month. Although many children will recover spon-
taneously, most will never return to their baseline nutritional status and fully 
thrive.

Most relevant for the practicing internist must be the understanding that 
early childhood protein-energy malnutrition is linked to an increased risk for 
the metabolic syndrome as adults, contributing to the double epidemic of 
childhood undernutrition and adult obesity being increasingly observed world-
wide.18 Thus, although the predominant burden of protein-energy malnutrition 
occurs in young childhood, its intergenerational effects and lifelong conse-
quences make an assessment of nutritional challenges during childhood and 
adolescence an important consideration when caring for any adult patient 
with a vulnerable background.
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4. Nutritional supply and function of which of the following organs are pre-
served the longest and most in protein-energy malnutrition?
 A. Brain
 B. Heart
 C. Intestine
 D. Liver
 E. Lung
 F. Skin

Answer: A Nutrient supply to the brain is preserved the longest in patients 
with protein-energy malnutrition, whereas the other organs must adapt to 
the decreased nutrients available to them. Nevertheless, some degree of cerebral 
atrophy is seen, with often permanent irreversible cognitive stunting and 
developmental delay for children who suffer protein-energy malnutrition.

5. Which of the following is the most useful anthropometric measure for 
diagnosing acute wasting in a 3-year-old child?
 A. Height
 B. Height-for-age Z-score
 C. Mid-upper arm circumference
 D. Weight
 E. Weight-for-age Z-score
 F. Weight-for-height Z-score

Answer: C The two parameters that are used for diagnosing wasting in all 
patients are mid-upper arm circumference (MUAC) and weight-for-height 
Z-score (WHZ). Although WHZ has traditionally been the preferred method 
for diagnosing acute wasting, MUAC has in recent years proved to be a better 
predictor of future mortality than WHZ and is now the preferred anthropo-
metric criterion for diagnosing acute wasting. If resources are available to 
assess both criteria in any given health system, then both should be performed, 
but this may be tedious, time-consuming, and more expensive (Briend A, 
Maire B, Fontaine O, Garenne M. Mid-upper arm circumference and weight-
for-height to identify high-risk malnourished under-five children. Matern Child 
Nutr. 2012;8:130-133). Height-for-age Z-score and weight-for-age Z-score 
are useful for diagnosing stunting and underweight, respectively, which are 
both markers of chronic malnutrition. Height and weight alone do not provide 
any specific information because there is wide genetic variability in each indi-
vidual’s potential height and weight, and because this is also a function of 
gender and age.

REVIEW QUESTIONS

1. Which one of the following is not considered a form of protein-energy 
malnutrition?
 A. Stunting
 B. Beriberi
 C. Marasmus
 E. Kwashiorkor
 E. HIV wasting

Answer: B Beriberi occurs as a result of vitamin B1 (thiamine) deficiency 
and may be due to inadequate intake, malabsorption in the gastrointestinal 
tract, alcoholism, dialysis, genetic disorders, and other causes (Chapter 218). 
Although beriberi may be present in patients with protein-energy malnutri-
tion, it is a micronutrient deficiency and would be part of a more global mal-
nutrition syndrome in these patients.

2. Which of the following is the most common underlying factor in childhood 
mortality worldwide?
 A. Malaria
 B. HIV
 C. Intestinal parasites
 D. Malnutrition
 E. Premature birth

Answer: D Malnutrition, in all of its various forms, is an underlying factor 
in about 45% of all deaths in children younger than 5 years worldwide.2 Although 
malaria, HIV, intestinal parasites, and prematurity remain extremely common 
and are a cause of significant mortality and morbidity, malnutrition continues 
to exceed all of these as a contributing factor to childhood mortality. Malaria 
accounts for approximately 7% of all childhood deaths, HIV 2%, and prema-
turity 14%, although each of these numbers would be lower if not for the 
malnutrition suffered by the mothers and children in question. Intestinal 
parasites rarely lead directly to mortality, but instead contribute greatly to 
morbidity, including malabsorptive syndromes and iron deficiency anemia.

3. Which of the following interventions is most likely to be effective in reduc-
ing the burden of environmental enteric dysfunction (EED)?
 A. Ensuring all children receive their routine immunizations
 B. Antibiotic prophylaxis
 C. Routine probiotic administration
 D. Zinc supplementation
 E. Albendazole for deworming
 F. Improved sanitation

Answer: F EED is most likely a result of repeated pernicious insults to the 
intestinal tract that are found most often in developing settings, influenced to 
a large degree by the lack of sanitation present there in impoverished areas 
(Korpe PS, Petri WA Jr. Environmental enteropathy: critical implications of 
a poorly understood condition. Trends Mol Med. 2012;18:328-336). Immu-
nizations are unlikely to have an effect on EED because most do not target 
enteric pathogens, and none target intestinal bacterial or parasitic pathogens. 
Antibiotics and probiotics have not shown benefit in rigorous clinical prospec-
tive clinical trials (Trehan I, Shulman RJ, Ou CN, et al. A randomized, double-
blind, placebo-controlled trial of rifaximin, a nonabsorbable antibiotic, in the 
treatment of tropical enteropathy. Am J Gastroenterol. 2009;104:2326-2333). 
Zinc and albendazole have recently shown modest benefits (Ryan KN, Ste-
phenson KB, Trehan I, et al. Oral zinc or albendazole ameliorates environmental 
enteropathy in Malawian children: a randomized controlled trial. Clin Gas-
troenterol Hepatol. 2014;12:1507-1513), but these are relatively minimal com-
pared with the degree of benefit that would be expected from modern sanitation 
systems.
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204 
MALNUTRITION: ASSESSMENT 
AND SUPPORT
THOMAS R. ZIEGLER

Nutritional assessment is designed to identify and address possible malnutri-
tion or overweight/obesity. Protein-energy malnutrition, which is the focus 
of this chapter, is present when a patient has unintentionally lost more than 
10 pounds or 5% of body weight or developed hypoalbuminemia (not due 
to fluid overload or inflammation/infection, which are non-nutritional causes 
of hypoalbuminemia). It is commonly associated with specific dietary defi-
ciencies, which are reviewed in more detail in Chapter 205. Obesity is discussed 
in Chapter 207.

 EPIDEMIOLOGY
Protein-energy malnutrition and depletion of specific micronutrients is common 
in adult patients with chronic illnesses and in those requiring hospital admis-
sion for acute care (Table 204-1), with a typical prevalence of 20 to 40%. 
Common associated chronic conditions include heart failure, depression, and 
chronic pulmonary, kidney, or liver disease. Patients with chronic infections, 
such as HIV, or gastrointestinal conditions (ranging from malabsorption to 
short bowel syndrome, to intestinal parasites) also become malnourished. 
Eating disorders (Chapter 206) represent a specific challenge beyond the 
malnutrition itself. Hospitalization can worsen or even precipitate undernutri-
tion because patients commonly consume or receive inadequate amounts of 
calories, protein, vitamins, and minerals during their hospital stay.

Patients with acute and chronic illnesses typically have experienced several 
days to several weeks or months of continuous or intermittent decreased food 
intake owing to anorexia, gastrointestinal symptoms, depression/anxiety, and 
other medical factors. They may also have had restricted food intake due to 
a surgical operation or diagnostic/therapeutic procedure and their subsequent 
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ABSTRACT
Comprehensive nutritional assessment to identify protein-energy malnutrition 
and/or micronutrient depletion is an important but sometimes overlooked 
aspect of clinical care. In the hospital setting, studies show that up to 40% of 
patients exhibit protein-energy malnutrition, characterized by loss of skeletal 
muscle and fat mass due to chronic or acute illness. Causes of such malnutri-
tion include decreased nutrient intake associated with illness, gastrointestinal 
nutrient losses, coupled with increased energy, protein, and vitamin/trace 
element	requirements.	The	Harris-Benedict	equations	to	estimate	energy	needs	
in men and women is commonly used, and protein needs may be up to 1.5 
to 2.0 g/kg/day. Enteral nutritional support includes oral vitamins and trace 
elements (e.g., multivitamin-mineral capsule), complete liquid or solid nutri-
ent products, individual energy and protein supplements, and complete liquid 
products for tube feeding. Parenteral nutrition should be used in malnourished 
or high-risk patients in whom enteral feeding is not possible or cannot oth-
erwise meet energy/protein needs. Complete parenteral nutrition solutions 
are available for administration via either peripheral or central veins and should 
be discontinued when the gastrointestinal tract function enables enteral feeding. 
Close monitoring of blood glucose, electrolytes, and organ function is impera-
tive when specialized tube feedings or parenteral nutrition support is admin-
istered and overfeeding should be avoided.
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TABLE 204-2 COMPREHENSIVE NUTRITIONAL ASSESSMENT 
OF MEDICAL PATIENTS

•	 Review past medical and surgical history and current illness
•	 Obtain body weight history
•	 Determine	dietary	intake	pattern	in	relation	to	nutrient	needs
•	 Perform	detailed	physical	examination	(consider	skeletal	muscle	wasting,	skin,	

hair, and tongue lesions suggestive of micronutrient deficiency)
•	 Evaluate	gastrointestinal	tract	function
•	 Determine	ambulatory	and	mental	functional	status
•	 Evaluate	standard	biochemical	tests	of	organ	function	indices	and	obtain	blood	

levels of micronutrients as indicated by clinical status (e.g., zinc, copper, thiamine)
•	 Consider	consultation	with	multidisciplinary	nutrition	support	team

Nutritional Requirements
Energy requirements can be estimated using standard methods. These include 

the Harris-Benedict equation, which incorporates the patient’s age, gender, 
weight, and height to determine basal energy expenditure in kilocalories (kcal) 
per 24 hours. The Harris-Benedict equation to estimate basal energy expenditure 
(BEE) for males and females is as follows:

Males kcal per hours kg body weight
heig

( ): ( . )
( .

24 66 13 7
5 0

= + ×
+ × hht in cm age in years) .( )− ×6 8

Females kcal per hours kg body weight
he

( ): ( . )
( .

24 655 9 6
1 8

= + ×
+ × iight in cm age in years) .( )− ×4 7

The estimated maintenance energy requirement is approximately 1.3 times 
the BEE in ambulatory subjects. A simple and relatively accurate method to 
estimate energy needs is to simply use 20 to 25 kcal/kg/day using actual, dry 

TREATMENT 

TABLE 204-1 COMMON CAUSES OF PROTEIN-ENERGY 
MALNUTRITION AND MICRONUTRIENT 
DEPLETION IN MEDICAL PATIENTS WITH 
ACUTE OR CHRONIC ILLNESSES

•	 Decreased	spontaneous	food	intake	due	to	anorexia	from	chronic	or	acute	illness,	
gastrointestinal symptoms (e.g., nausea, vomiting, abdominal pain), depression/
anxiety

•	 Restricted	food	intake	required	for	surgical	operations	or	diagnostic/therapeutic	
procedures and gastrointestinal dysfunction that follows these

•	 Abnormal	macronutrient	and	micronutrient	losses	from	the	body	due	to	
malabsorption (e.g., celiac sprue, short-gut syndrome, inflammatory bowel 
disease, cystic fibrosis, diarrhea), maldigestion (e.g., pancreatitis), emesis, polyuria 
(e.g., in diabetes), wound drainage, or renal replacement therapy

•	 Periods	of	increased	energy	expenditure	(calorie	needs),	protein	requirements,	
and micronutrient needs (e.g., critical illness, increased inflammation)

•	 Catabolic	effects	of	counter-regulatory	hormones	(e.g.,	cortisol,	catecholamines,	
glucagon), release of pro-inflammatory cytokines from stimulated immune cells 
and endothelial and epithelial cells (interleukins 1, 6, and 8 and tumor necrosis 
factor-α), and peripheral tissue resistance to the anabolic hormones insulin and 
insulin-like growth factor-I

•	 Bedrest,	decreased	ambulation,	and	chemical	paralysis	during	mechanical	
ventilation (skeletal muscle wasting due to impaired protein synthesis)

•	 Administration	of	drugs	that	induce	skeletal	muscle	breakdown,	gastrointestinal	
injury, or electrolyte and water-soluble vitamin losses (e.g., corticosteroids, 
chemotherapeutic agents, diuretics, and antirejection regimens)

•	 Socioeconomic	deprivation,	inadequate	caregivers,	ambulation	difficulties	in	the	
home setting

•	 Inadequate	provision	of	calories,	protein,	and	essential	micronutrients	(vitamins,	
minerals, and trace elements) during hospitalization

recovery.	Some	patients	become	nutrient-depleted	owing	to	diarrhea,	vomit-
ing,	polyuria,	wound	drainage,	dialysis,	 and	other	 causes.	Drugs,	 including	
corticosteroids, chemotherapeutic agents, anti-rejection drugs, and diuretics 
are associated with skeletal muscle breakdown, gastrointestinal injury, and 
losses of electrolytes or water-soluble vitamins.1 Complete bedrest or limited 
ambulation are common in outpatient and inpatient settings and are associ-
ated with skeletal muscle wasting and impaired muscle anabolic responses.

 PATHOBIOLOGY
Catabolic and critical illnesses are associated with concomitantly increased 
blood concentrations of catabolic hormones (cortisol, catecholamines, glu-
cagon), release of pro-inflammatory cytokines from stimulated immune, 
endothelial, and epithelial cells (interleukins [e.g., IL-1, IL-6, IL-8] and tumor 
necrosis factor-α [TNF-α]) and peripheral tissue resistance to anabolic hor-
mones (insulin and insulin-like growth factor-I [IGF-I]). These hormonal and 
cytokine alterations serve to increase the availability of endogenous metabolic 
substrates critical for cellular and organ function, wound healing, and host 
survival (e.g., glucose via glycogenolysis and gluconeogenesis, amino acids 
via skeletal muscle breakdown, and free fatty acids via lipolysis). This common 
combination of decreased nutrient intake and increased tissue nutrient losses, 
coupled with increased energy (calorie), protein, and micronutrient needs 
owing to inflammation, infection, cytokinemia, and the like is responsible for 
the wasting and micronutrient depletion common in medical patients with 
acute and chronic illness.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Significant	erosion	of	lean	body	mass	or	deficiency	of	specific	vitamins	and	
minerals is variously associated with weakness and fatigue, increased rates of 
infection, impaired wound healing, and delayed convalescence. This relation-
ship is especially apparent in patients with chronic protein-energy malnutrition 
and body weight loss associated with illness.

Body	mass	index	(BMI;	weight	in	kilograms	divided	by	height	in	meters	
squared)	can	quantify	undernutrition.	Malnutrition	should	be	suspected	in	
patients (a) with involuntary loss of 5 to 10% or more of their usual body 
weight in the previous few weeks or months, (b) weighing less than 90% of 
their	ideal	body	weight,	or	(c)	having	a	BMI	less	than	18.5	kg/m2.	Skinfold	
calipers can be used to measure the skinfold thickness of the triceps as an 
estimate	of	body	fat;	a	thickness	below	the	age-adjusted	fifth	percentile	(gener-
ally a skinfold thickness of ≤5 mm in men or 12 to 13 in women should raise 
a	suspicion	of	malnutrition	[E-Table	204-1]).	Another	approach	is	to	measure	
the circumference of the mid-upper arm muscle: a measurement below 24 cm 
in men or 19 cm in women suggests malnutrition. In outpatients, tools such 

as	 the	Mini	Nutritional	Assessment	Score	 (https://www.nestle.com/asset-
library/documents/library/events/2010-malnutrition-in-older-people/
mna_mini_english.pdf) can identify patients who require formal assessment 
by a nutritionist.2,3

 NUTRITIONAL ASSESSMENT
Accurate	assessment	of	nutritional	status	is	essential	for	detecting	preexisting	
depletion of body protein, energy reserves, and micronutrients, identifying 
risk factors for malnutrition, and defining steps to prevent nutrient deficien-
cies,	depletion	of	lean	body	mass,	and	loss	of	skeletal	muscle.	Blood	concen-
trations of specific micronutrients (e.g., copper, thiamine, 25-hydroxyvitamin 
D,	vitamin	B6,	folate,	vitamin	B12) and electrolytes (e.g., magnesium, potassium, 
phosphorus) are important to guide needs and repletion responses. Unfor-
tunately, there is not a practical, simple test that can be used as an index of 
general protein-energy nutritional status. Nutritional assessment involves 
integration of multiple factors, including medical/surgical history, type and 
severity of the acute/chronic underlying illness and anticipated medical and 
surgical course, fluid drainage sites and amounts, physical examination find-
ings, history of body weight change (degree and temporal aspects), dietary 
intake pattern, use of nutritional supplements, including prior administration 
of specialized enteral nutrition or parenteral nutrition, evaluation of current 
organ function and fluid status, and determination of selected vitamin, mineral, 
and electrolyte concentrations in blood (Table 204-2).4 In the intensive care 
unit (ICU) setting, measured body weight typically reflects recent intravenous 
fluid administration and is generally much higher than their most recent “dry” 
weight, or preoperative weight, which is the best parameter to use.5

In hospitalized patients, especially those in the ICU, circulating concentra-
tions of proteins (e.g., albumin, prealbumin, transferrin) are generally quite 
low and not useful as protein nutritional status biomarkers given their lack 
of specificity. Plasma concentrations during active inflammation/infection, 
critical	illness,	and	the	like	are	markedly	affected	by	non-nutritional	factors,	
including fluid status, capillary leak, iron status (ferritin), impaired hepatic 
synthetic	function,	or	abnormal	protein	clearance	from	blood.	Because	of	the	
long circulating half-life of albumin (18 to 21 days), levels in blood remain 
low despite adequate feeding and are slow to respond to nutritional repletion, 
irrespective of the other confounding factors noted above. Prealbumin has 
a much shorter circulating half-life than albumin (several days), and serial 
blood levels can be used as a rough indicator of protein status in clinically 
stable outpatients.

https://www.nestle.com/asset-library/documents/library/events/2010-malnutrition-in-older-people/mna_mini_english.pdf
https://www.nestle.com/asset-library/documents/library/events/2010-malnutrition-in-older-people/mna_mini_english.pdf
https://www.nestle.com/asset-library/documents/library/events/2010-malnutrition-in-older-people/mna_mini_english.pdf
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E-TABLE 204-1 FIFTH, TENTH, AND FIFTIETH PERCENTILES 
FOR TRICEPS SKINFOLD AND MID-UPPER 
ARM MUSCLE CIRCUMFERENCE OF  
U.S. MEN AND WOMEN FROM THE FIRST 
NATIONAL HEALTH AND NUTRITION 
EXAMINATION SURVEY

AGE 
GROUP

MUAMC (cm) PERCENTILE TSF (mm) PERCENTILE

5TH 10TH 50TH 5TH 10TH 50TH
MEN

18-74 23.8 24.8 27.9 4.5 6 11
18-24 23.5 24.4 27.2 4 5 9.5
25-34 24.2 25.3 28 4.5 5.5 12
35-44 25 25.6 28.7 5 6 12
45-54 24 24.9 28.1 5 6 11
55-64 22.8 24.4 27.9 5 6 11
65-74 22.5 23.7 26.9 4.5 5.5 11
WOMEN

18-74 18.4 19 21.8 11 13 22
18-24 17.7 18.5 20.6 9.4 11 18
25-34 18.3 18.9 21.4 10.5 12 21
35-44 18.5 19.2 22 12 14 23
45-54 18.8 19.5 22.2 13 15 25
55-64 18.6 19.5 22.6 11 14 25
65-74 18.6 19.5 22.5 11.5 14 23
MUAMC	=	mid-upper	arm	muscle	circumference;	TSF	= triceps skinfold.
From	Bishop	CW,	Bowen	PE,	Ritchey	SJ.	Norms	for	nutritional	assessment	of	American	adults	by	
upper arm anthropometry. Am J Clin Nutr.	1981;34:2530-2539.



CHAPTER 204 Malnutrition: assessMent and support 1403

or ideal body weight in most patients. This assumes that the body weight used 
does not reflect intravenous fluid administration or capillary leak syndromes 
(see above). In ICU patients, even lower caloric doses (equivalent to 15 to 20 kcal/
kg dry weight/day) have been advocated by some, based on known complica-
tions of overfeeding (see below) and limited clinical outcome data as a function 
of energy dose. In obese subjects (defined for these calculations as 20 to 25% 
above ideal body weight), the calculation of energy and protein needs should 
be based on adjusted body weight as follows:

Adjusted body weight current weight ideal body weight
from

= −
(   standard tables or equations ideal body weight) .× +0 25

Guidelines for protein/amino acid administration are shown in Table 204-3. 
In most catabolic patients requiring specialized feeding, a generally recom-
mended protein dose is 1.5 g/kg/day in individuals with normal renal function. 
This is about twice that of the recommended dietary allowance (RDA) for healthy 
adults, which is 0.8 g/kg/day. The administered protein dose should be adjusted 
downward as a function of the degree and rate of azotemia (without dialysis) 
and hyperbilirubinemia.

TABLE 204-3 ESTIMATED PROTEIN REQUIREMENTS IN 
ADULT MEDICAL PATIENTS

CLINICAL CONDITION
PROTEIN/AMINO ACID DOSE  

(G/KG/DAY)
Well-nourished with acute illness 1.2-1.5
Malnourished	and/or	severe	catabolic	

stress
1.5-2.0

Postoperative 1.2-1.5
Hepatic failure 0.6-1.0 (based on estimated liver function)
Acute	encephalopathy 0-0.6
Acute	renal	failure,	not	on	renal	

replacement therapy
0.6-1.0 (based on estimated renal 

function/azotemia)
Renal	failure,	on	renal	replacement	

therapy
1.2-2.0

TABLE 204-4 SOME CLINICAL INDICATIONS FOR 
SPECIALIZED ORAL/ENTERAL OR PARENTERAL 
NUTRITION SUPPORT

•	 Evidence	of	moderate	to	severe	protein	or	protein-energy	malnutrition	or	
evidence of specific deficiency of one or more essential micronutrients

•	 Involuntary	loss	of	5-10%	or	more	of	usual	body	weight
•	 Dietary	food	intake	likely	to	be	<50% of needs for more than 5 to 10 days
•	 Severe	catabolic	stress	(e.g.,	intensive	care	unit	care,	serious	infection,	major	

operation), prolonged gastrointestinal dysfunction (>5-10 days), or intestinal 
failure (e.g., short bowel syndrome)

•	 Chronic	obstructive	lung	disease,	chronic	infection,	and	other	chronic	
inflammatory or catabolic disorders with documented poor nutrient intake and 
recent weight loss

 NUTRITIONAL SUPPORT
Nutritional support beyond usual oral feeding should be considered when 
patients have evidence of protein-energy malnutrition or a clinical condition 
likely to result in malnutrition. A1 	Major	 indications	 for	 specialized	 oral	 or	
enteral nutrition or parenteral nutrition are shown in Table 204-4.

Oral Nutrition Support
Oral nutrition supplementation includes provision of balanced oral diets of 
usual foods supplemented with complete liquid (or solid) nutrient products, 
protein supplements (e.g., hydrolyzed whey or casein powder that can be 
mixed with dietary beverages), high potency multivitamin-mineral supple-
ments, or specific micronutrients required to treat a diagnosed deficiency 
(e.g.,	zinc,	copper,	vitamins	B6,	B12,	or	D).	Special	supplements	designed	for	
patients with chronic renal failure featuring concentrated calories and low 
amounts of protein and electrolytes are available, as are a variety of formula-
tions	designed	for	other	specific	disease	categories.	Several	studies	show	that	
convalescence is enhanced with the addition of one or two containers per day 
of complete liquid nutrient supplements to meals following stresses such as 
total hip replacement. It is prudent to place patients who can tolerate oral 
medications on a potent oral multivitamin-mineral preparation, at least for 
several months, particularly for those who either exhibit or are at risk for 
undernutrition, although this is not specifically evidence supported.

Tube Feeding
Patients with intact gastrointestinal (GI) function may be unable to consume 
an adequate diet orally due to medical or surgical conditions (e.g., mechanically 
ventilated patients, those with pancreatitis, dementia, dysphagia, and following 
trauma	or	burns).	Although	parenteral	nutrition	is	commonly	administered	in	
these settings, this practice is not evidence based. Current guidelines strongly 
suggest that oral nutritional supplements or enteral tube feedings should be 
used if specialized nutrition support is indicated in patients with a functional GI 
tract.6 Permissive underfeeding (which provides 80% of caloric requirements) 

TABLE 204-5 ENTERAL NUTRITION (PROTOCOL FOR 
NASOGASTRIC FEEDING)

1. Elevate head of bed 30 to 45 degrees at all times.
2.	 Scrutinize	and	correct	electrolyte	abnormalities	(esp.	K+, Ca2+,	Mg2+, and 

phosphorus).
3. Place nasal bridle.

•	 Place	12-French	nasogastric	tube	into	stomach.
•	 Secure	tube	to	bridle.
•	 Confirm	position	by	abdominal	radiograph.

4. Initiate enteral nutrition (EN) feeds with small peptide/medium-chain 
triglycerides	(MCT)	oil	formula	full	strength	at	10	to	25	mL/hr.
•	 Advance	by	10	to	25	mL/hr	every	8	to	12	hours	as	tolerated	to	goal.
•	 State	goal	feeds	in	kcal/day	and	the	goal	infusion	rate	in	mL/hr.

5.	 Administer	chlorhexidine	mouthwash	with	good	oral	hygiene	nursing	care	twice	
daily.

6.	 Check	gastric	residual	volume	(GRV)	every	4	hours.
•	 Return	all	contents	<500 mL to the patient.

7.	 If	GRV	>400 mL, initiate the following:
•	 Continue	EN	at	the	current	rate.
•	 Turn	patient	to	right	lateral	decubitus	position	if	possible	for	30	minutes.
•	 Begin	metoclopramide	10	mg	IV	every	6	hours	(if	patient	is	receiving	opioid	

narcotics).
•	 Begin	naloxone,	8	mg	in	10	mL	saline	per	tube	every	6	hours.
•	 Recheck	GRV	in	4	hours.

8.	 Only	if	second	GRV	4	hours	later	is	>400 mL, hold EN.
•	 Recheck	GRV	every	2	hours	and	restart	EN	when	GRV	is	<400 mL.
•	 If	no	other	signs	of	intolerance,	restart	at	same	rate.
•	 If	other	evidence	of	intolerance	is	present,	consider	reducing	rate	by	25	mL/hr	

when	GRV	<400 mL (or to baseline 25 mL/hr).
9.	 If	tube	in	small	bowel	and	GRV	>50 mL, recheck position of tube by abdominal 

radiograph. Consider switching to aspirate/feed nasojejunal tube.

and trophic feeding (which provides only 25% of caloric requirements) may 
be as good as full feeding for critically ill adults during the first week or two 
of hospitalization—with the caveat that, lacking good data, underlying pre-
hospitalization protein-energy malnutrition may be the exception with regard 
to the need to provide more adequate initial nutritional support during this 
early hospital period. A2-A4 

Enteral nutrition is associated with improved gut barrier function, decreased 
infectious complications, less hypermetabolism, and decreased morbidity 
and mortality, compared to parenteral nutrition.7 When delivered in recom-
mended amounts, the liquid tube feedings provide complete nutrition for 
most patients, although some ICU patients and patients with malabsorption 
may have special needs.

The feedings can be delivered by conventional nasogastric tubes into the 
stomach, small-bore nasogastric or nasojejunal tubes, percutaneous endoscopic 
gastrostomy (PEG) or jejunostomy tubes, or percutaneous gastrojejunostomy 
tubes (in which the gastric port may be used for suction and the jejunal port 
for feeding).8 Gastric feedings can be by either continuous or bolus feeds, 
while small bowel feeds must be via continuous slow administration using an 
infusion pump to avoid diarrhea (Table 204-5). Tube feedings should be initi-
ated at a slow rate (e.g., 10 to 20 cc/hr) for 8 to 24 hrs and slowly advanced 
to the goal rate by 8 to 24 hour increments to deliver the calculated caloric 
and protein needs over the next 24 to 48 hours, depending on clinical toler-
ance	and	clinical	conditions.	Recent	guidelines	emphasize	placing	tube-fed	
patients in the semi-recumbent position (e.g., increase head of bed), advancing 
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greater extent, is safer in terms of mechanical and metabolic complications 
(see below), and is associated with reduced rates of nosocomial infections. 
Thus, the enteral route of feeding should be utilized and advanced whenever 
possible and the amount of administered parenteral nutrition correspondingly 
reduced. Generally recognized indications for parenteral nutrition include:
1. Patients with short bowel syndrome or other conditions causing intestinal 

failure which prohibit adequate intake or absorption of enteral nutrients 
(e.g., motility disorders, obstruction, severe ileus, severe inflammatory 
bowel	disease),	especially	in	those	with	preexisting	malnutrition;

2. Clinically stable patients in whom adequate enteral feeding (e.g., >50% of 
needs)	is	unlikely	for	7	to	10	days	due	to	any	underlying	illness(s);

3. Patients with severe catabolic stress requiring ICU care in whom adequate 
enteral nutrient intake is unlikely for more than 3 to 5 days.

Generally accepted contraindications for parenteral nutrition include (1) 
inability to tolerate the extra intravenous fluid that may be required to meet 
nutrient	needs	via	parenteral	nutrition;	(2)	the	presence	of	severe	hypergly-
cemia or electrolyte abnormalities at the time the start of parenteral nutrition 
is	scheduled;	(3)	coexistence	of	uncontrolled	bloodstream	infection	or	severe	
hemodynamic	instability;	or	(4)	undue	risks	posed	by	the	insertion	of	a	new	
intravenous line just for the purpose of parenteral nutrition.

Parenteral nutrition can be administered either as peripheral vein solutions 
or as central vein solutions. To minimize the possible development of phlebitis, 
typical peripheral vein parenteral nutrition solutions provide low concentra-
tions	of	dextrose	(5%;	provides	3.4	kcal/g)	and	amino	acids	(<3.5	%;	provides	
4	kcal/g).	A	major	percentage	of	energy	 is	provided	as	 fat	emulsion	(50	to	
60%	of	 total	 calories).	Because	fluid	 restriction	or	organ	dysfunction	often	
precludes infusion of large fluid volumes for parenteral nutrition, peripheral 
vein parenteral nutrition is usually avoided in ICU patients or patients with 
fluid overload or renal, hepatic, or cardiac failure. These solutions are most 
useful in stable patients who can tolerate the large fluid volumes required to 
meet amino acid and energy goals (usually 2.5 to 3 L/day) without providing 
excessive lipid.

Intravenous lipid emulsions (typically added to parenteral nutrition as a 
20% soybean oil-based solution) provide both essential linoleic and α-linolenic 
fatty	acids	and	energy	(10	kcal/g);	these	are	generally	infused	over	a	24-hour	
period in the complete parenteral nutrition administration bag.10,11 The maximal 
recommended	rate	of	fat	emulsion	infusion	is	approximately	1.0	g/kg/day.	Most	
patients	clear	triglyceride	from	intravenous	fat	emulsion	well	from	plasma.	A	
new intravenous lipid emulsion for use in parenteral nutrition containing a 
combination of soybean oil, medium-chain triglycerides, fish oil, and olive oil 
has	been	approved	for	clinical	use	in	the	United	States.	Additional	intravenous	
lipid products containing medium-chain triglyceride or olive oil with soybean 
oil and fish oil are clinically available throughout the world, including recently 
in	the	United	States.	 It	 is	 important	to	monitor	serum	triglyceride	 levels	at	
the start of intravenous lipid emulsions and then weekly or as frequently as 
indicated to determine removal of intravenous fat. Triglyceride levels should 
be kept under 400 to 500 mg/dL to reduce the risk of pancreatitis or impaired 
pulmonary	diffusion	capacity	in	individuals	with	severe	chronic	obstructive	
lung disease.

Central venous administration of parenteral nutrition allows higher con-
centrations of dextrose and amino acids to be delivered as hypertonic solutions 
and thus lower amounts of fat emulsion are needed to reach caloric goals. 
Requirements	for	potassium,	magnesium,	and	phosphorus	are	typically	higher	
with central vein parenteral nutrition compared to peripheral vein parenteral 
nutrition due to the increased dextrose provided (insulin-mediated intracel-
lular	electrolyte	shift)	and	needs	related	to	increased	glucose	metabolism	and	
ATP	production.	The	higher	concentrations	of	dextrose	and	amino	acids	pos-
sibly allow most patients to attain caloric and amino acid targets with only 1 
to 1.5 liters of parenteral nutrition/day. In central vein parenteral nutrition, 
initial orders typically prescribe 60 to 70% of nonamino acid calories as dex-
trose and 30 to 40% of nonamino acid calories as fat emulsion. These percent-
ages are adjusted as indicated based on blood glucose and triglyceride levels, 
respectively.	Based	on	 comprehensive	data	 associating	hyperglycemia	with	
hospital morbidity and mortality, expert panels now recommend blood glucose 
in ICU and general ward settings to be maintained between 80 and 180 mg/
dL and close blood glucose monitoring. The dextrose amount in central vein 
parenteral nutrition should be reduced or regular insulin added to the paren-
teral	nutrition	bag	to	maintain	blood	glucose	within	the	desired	range.	Separate	
intravenous insulin infusions may be required in some ICU patients to maintain 
adequate blood glucose control.

Requirements	for	intravenous	trace	elements	and	vitamins	have	not	been	
rigorously	determined;	therefore	treatment	follows	published	recommended	

feedings cautiously (with serial evaluation for diarrhea, nausea, emesis, abdomi-
nal distention, significant gastric residuals), and use of prokinetic agents or 
postpyloric	feedings	when	gastric	feedings	are	not	well	tolerated.	Recent	data	
suggest that higher volumes of gastric residuals (e.g., >250 mL) are usually 
well	tolerated;	lower	residual	volumes	commonly	used	as	a	cutoff	for	temporary	
discontinuation of feeding (e.g., >100 to 125 mL) may not be necessary if the 
above safety procedures are maintained.

Most	 outpatients	 and	 hospitalized	 ICU	 and	 non-ICU	 patients	 tolerate	
standard, inexpensive enteral formulas delivered via gastric or intestinal routes 
that	 provide	 between	 1.0	 and	 1.5	kcal/mL.	A	 large	 variety	 of	 enteral	 tube	
feeding products are available for clinical use. The specific product chosen 
should be based both on clinical conditions and underlying organ function, 
with the assistance of a dietitian or other nutrition support professional.

Diarrhea	is	common	in	hospital	patients	receiving	tube	feedings	but	is	typi-
cally due to factors independent of the feeding, including administration of 
antibiotics, sorbitol-containing or hypertonic medications (e.g., acetaminophen 
elixir),	 and	 infections.	Diarrhea	due	 to	 tube	 feeding	 itself	 does	 occur	with	
rapid formula administration, in patients with underlying gut mucosal disease, 
and those with severe hypoalbuminemia which causes bowel wall edema. Use 
of a fiber-containing enteral formula is sometimes a useful maneuver to decrease 
diarrhea. Other complications of tube feeding include aspiration of tube feed-
ings into the lung, mechanical problems with nasally placed feeding tubes 
including discomfort, sinusitis, pharyngeal or esophageal mucosal erosion 
due to local tube trauma, and, with percutaneous feeding tubes, entrance site 
leakage,	skin	breakdown,	cellulitis,	and	pain.	Metabolic	complications	of	tube	
feeding include fluid imbalances, hyperglycemia, electrolyte abnormalities, 
azotemia, and occasionally refeeding syndrome. In general, if tube feedings 
are deemed to be required for more than 4 to 6 weeks, a percutaneous feeding 
tube should be placed.

In tube-fed patients receiving either subcutaneous or intravenous insulin to 
control hyperglycemia, significant hypoglycemia due to the continued actions 
of insulin may occur when tube feedings are discontinued inadvertently or 
for	diagnostic	or	therapeutic	tests.	A	prudent	approach	is	to	have	a	standing	
order on the patient’s chart to begin dextrose-containing intravenous fluids 
(e.g., 10% dextrose in one half normal saline at 42 mL/hr) if tube feeds are 
discontinued for more than 2 hours in patients who are not consuming  
oral diet.

Hospital patients receiving tube feedings should generally have blood glucose 
monitored on a daily basis (as frequently as indicated) and blood electrolytes 
(including magnesium and phosphorus) and renal function monitoring several 
times weekly (generally daily in the ICU setting). Other blood chemistries 
should be determined at least weekly. This should be accompanied by close 
monitoring of intake and output records (including urine, stool, and drainage 
outputs), gastrointestinal tolerance, vital signs, physical examination changes, 
and chart review and communication with primary physicians for recent or 
anticipated changes in the clinical course. When patients are able to consume 
oral food, tube feeding should be decreased and then discontinued when oral 
intake is clearly established (e.g., with daily calorie counts by a registered 
dietitian).

Parenteral Nutrition
Parenteral nutrition support includes administration of standard complete 
nutrient mixtures, which contain dextrose, L-amino acids, lipid emulsion, 
electrolytes, vitamins, and minerals (and certain medications as indicated, 
such as insulin or octreotide) given via either a peripheral or central vein. 
Parenteral nutrition technically also includes parenteral administration of 
specific micronutrients or micronutrient combinations to replete a deficiency 
(e.g.,	thiamine,	copper,	electrolytes).	Administration	of	complete	parenteral	
nutrition therapy in patients with GI tract dysfunction has become a standard 
of care in most hospitals and intensive care units throughout the world, although 
use in individual institutions varies widely. Parenteral nutrition is lifesaving 
in	patients	with	intestinal	failure	(e.g.,	short	bowel	syndrome);	unfortunately,	
in patient subgroups with lesser degrees of intestinal failure, few objective 
data from properly designed, large, randomized, controlled studies are avail-
able	to	determine	the	true	efficacy	of	and	optimal	indications	for	parenteral	
nutrition. A5  Enteral nutrition is at least as good as parenteral nutrition in patients 
who can tolerate the former. A6 

,
 A7  In patients who cannot tolerate enteral nutri-

tion, early parenteral nutrition is no better than delaying for 3 to 4 days. A8 

As	a	result,	the	basic	principle	in	considering	parenteral	nutrition	therapy	
is that the patient must be unable to achieve adequate nutrient intake via the 
enteral route.9 Compared with parenteral nutrition, enteral nutrition is less 
expensive, probably maintains intestinal mucosal structure and function to a 

 Grade A References
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substantially induces the release of insulin, which rapidly reduces blood potas-
sium, magnesium, and especially phosphorus concentrations as a result of 
intracellular	 shift	 and	 consumption	 in	 carbohydrate	 metabolic	 pathways.	
Administration	of	high	doses	of	carbohydrate	also	utilizes	thiamine,	which	is	
required as a cofactor for carbohydrate metabolism and can precipitate symp-
toms of thiamine deficiency. Hyperinsulinemia can also lead to sodium and 
fluid retention at the level of the kidney. The combination of fluid and sodium 
retention, drop in blood levels of electrolytes (which can cause arrhythmias), 
and hypermetabolism due to excessive calorie provision can lead to heart 
failure, especially in those with preexisting heart disease and cardiac muscle 
atrophy due to prolonged protein-energy malnutrition. Prevention of refeeding 
syndrome requires vigilance to identify patients at special risk, initiation of 
parenteral nutrition dextrose at relatively low concentrations, and empiric 
supplementation with higher doses of potassium, magnesium, and phosphorus, 
based on current blood levels and renal function, and the addition of thiamine 
(100 mg/day for 3 to 5 days).

For patients in whom home parenteral nutrition is indicated, primary 
physicians should consult with social service professionals to identify appro-
priate home care companies and nutrition support professionals to assess 
intravenous line access, metabolic status, and the home parenteral nutrition 
order and to arrange for follow-up care and monitoring of parenteral nutri-
tion.14 It is important not to arrange for rapid hospital discharge in patients 
newly	 started	on	parenteral	nutrition;	obtaining	appropriate	 venous	 access	
and monitoring of fluid and electrolyte status over a 2- to 3-day period is an 
important aspect of care for most patients started on parenteral nutrition and 
imperative in those with severe malnutrition and those at risk for refeeding  
syndrome.

 FUTURE DIRECTIONS
The field of malnutrition, nutritional assessment, and nutritional support 
should be significantly advanced in the future with developments like those 
listed below.
•	 Optimal	levels	for	vitamins	and	trace	elements	(e.g.,	vitamin	D,	zinc)	and	

other micronutrients will be better defined, thus making clearer the cir-
cumstances under which they should be measured and provided.

•	 Better	evidence	will	be	generated	on	target	blood	glucose	levels	that	achieve	
optimal benefit compared with adverse consequences in hospitalized, acutely 
ill patients with various disorders.

•	 Better	methods	to	accurately	assess	underlying	nutritional	status	in	hospital-
ized patients will be developed (e.g., use of metabolomics).

doses that are aimed at keeping blood levels within normal limits in most 
stable patients with the use of standardized intravenous preparations.

The most common complication of peripheral vein parenteral nutrition is 
local phlebitis due to the catheter (a small dose of hydrocortisone and heparin 
is	typically	added	to	such	solutions).	Alterations	in	blood	electrolytes	can	be	
treated with adjustment of concentration in the peripheral parenteral nutrition 
prescription. Hypertriglyceridemia typically responds well to lowering of the 
total parenteral nutrition lipid dose. Central vein parenteral nutrition is associ-
ated with a much higher rate of mechanical, metabolic, and infectious com-
plications than peripheral vein parenteral nutrition.12	Mechanical	complications	
include those related to insertion of the central venous catheter (e.g., pneu-
mothorax, hemothorax, malposition of the catheter, and thrombosis). Infec-
tious complications include catheter-related bloodstream infections and 
noncatheter-related infections by bacteria and fungal species, that may in some 
cases be due to endogenous bacterial translocation from the gut lumen. The 
risk for these infections appears to be increased with use of nonsubclavian 
vein central venous access (e.g., jugular, femoral veins) and multiple-use cath-
eters with nondedicated parenteral nutrition infusion ports used for additional 
purposes such as blood drawing or medication administration. Poorly controlled 
blood glucose is not uncommon in patients requiring central vein parenteral 
nutrition and associated with an increased risk of nosocomial infection. Factors 
that may contribute to the development of hyperglycemia are (1) poor glucose 
control	at	 the	start	of	parenteral	nutrition;	(2)	administration	of	high	con-
centrations of dextrose (>10%) during initiation of parenteral nutrition or an 
excessively	rapid	 increase	 in	 total	dextrose	 load;	(3)	 inadequate	exogenous	
insulin	dosing;	 (4)	 inadequate	monitoring	of	blood	glucose	during	central	
vein	parenteral	nutrition	administration;	or	(5)	administration	of	corticosteroids	
and pressor agents such as norepinephrine (which stimulate gluconeogenesis 
and cause insulin resistance).

Overfeeding can induce severe metabolic complications, including carbon 
dioxide overproduction, azotemia, hyperglycemia, electrolyte alterations, and 
hepatic	steatosis	and	injury	(Table	204-6).	Dextrose	and	lipid	doses	in	par-
enteral	nutrition	 should	be	 advanced	over	 several	days	 after	 initiation,	 and	
blood glucose, electrolytes, triglycerides, and organ function tests, intake and 
output measurements, and the clinical course must be closely monitored. 
Refeeding	syndrome13 with central vein parenteral nutrition administration 
can occur particularly in patients at risk, including those with preexisting 
malnutrition,	electrolyte	depletion,	alcoholism,	or	after	prolonged	periods	of	
intravenous hydration therapy (e.g., 5% dextrose) without nutrition support, 
all	of	which	are	common	in	hospital	patients.	Refeeding	syndrome	is	caused	
by intravenous infusion of excessive dextrose (>150 to 250 g, such as given 
in	 1	 liter	 of	 parenteral	 nutrition	 with	 15	 to	 25%	 dextrose).	 Dextrose	

TABLE 204-6 COMMON METABOLIC COMPLICATIONS OF 
PARENTERAL NUTRITION

PARENTERAL NUTRITION 
PRESCRIPTION PROBLEM

METABOLIC/CLINICAL 
CONSEQUENCES

Excess kcal, CHO, fat Abnormal	liver	function	tests
Excess kcal, CHO, fat Hepatic steatosis
Excess CHO Hypercapnia
Excess fluid, kcal, CHO, fat Respiratory	insufficiency
Excess amino acids Azotemia
Excess sodium and fluid Sodium	and	fluid	retention
Excess CHO, inadequate insulin Hyperglycemia-mediated immune cell 

dysfunction, infection
Inadequate or excessive electrolytes Abnormal	blood	electrolyte	levels
Excess fluid, kcal, sodium, CHO,  

inadequate electrolytes
Cardiac failure, arrhythmias

Excess CHO, inadequate electrolytes, 
thiamine

Refeeding	syndrome

CHO =	carbohydrate;	kcal	= calories.
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VITAMINS, TRACE MINERALS, AND 
OTHER MICRONUTRIENTS
JOEL B. MASON AND SARAH L. BOOTH

 MICRONUTRIENTS IN NUTRITIONAL SCIENCE
Dietary Requirements
Micronutrients are a diverse array of dietary components necessary to sustain 
health. The physiologic roles of micronutrients are as varied as their composi-
tion. Some micronutrients are used in enzymes as either coenzymes or pros-
thetic groups, others as biochemical substrates or hormones; in some instances, 
the functions are not well defined. Under normal circumstances, the average 
daily dietary intake required to sustain normal physiologic functions for each 
micronutrient is measured in milligrams or smaller quantities. In this manner, 
micronutrients are distinguished from macronutrients, which encompass 
carbohydrates, fats, and proteins as well as macrominerals such as calcium, 
magnesium, phosphorus, sodium, potassium, and chloride.

Optimal Intake
For orderly homeostasis to proceed, most dietary nutrients must be ingested 
in quantities that are neither too small nor too great. Disorders may arise, 
therefore, when intake regularly falls outside of this physiologic window. The 
size of this physiologic window varies for each micronutrient and should be 
kept in mind, particularly in this era when the administration of large quanti-
ties of certain micronutrients is increasingly explored for possible therapeutic 
implications. The dietary requirement for a particular micronutrient is deter-
mined by many factors, only one of which is the amount needed to sustain 
those physiologic functions for which it is used (Table 205-1). The U.S. Institute 
of Medicine of the National Academies Food and Nutrition Board regularly 
updates dietary guidelines that define the quantity of each micronutrient that 
is “adequate to meet the known nutrient needs of practically all healthy persons.” 
These recommended dietary allowances (RDAs) were most recently revised 
between 1998 and 2001 (vitamin D and calcium values were updated in 2010), 
and the values for adults appear in Tables 205-2 and 205-3. Also established 
for the first time for each micronutrient were tolerable upper limits (TULs), 
which are the “maximal daily levels of oral intake likely to pose no adverse 
health risks.” Adequate intake, the amount necessary to prevent a deficiency 
state, is not necessarily synonymous with optimal intake.

 TYPES AND FUNCTION OF MICRONUTRIENTS
Vitamins
Vitamins are categorized as either fat soluble (A, D, E, K) or water soluble 
(all the others), as shown in Table 205-2. This categorization remains physi-
ologically meaningful. Fat-soluble vitamins rarely serve as coenzymes whereas 

most of the functions of the water-soluble vitamins are as coenzymes. Intestinal 
absorption of the fat-soluble vitamins is primarily through a micellar phase, 
and pathophysiologic conditions associated with fat malabsorption frequently 
are associated with selective deficiencies of the fat-soluble vitamins. In contrast, 
water-soluble vitamins are not absorbed through the lipophilic phase in the 
intestine.

Trace Minerals (Alternatively, “Trace Elements”)
Fifteen trace minerals have been identified as essential for health: iron, zinc, 
copper, chromium, selenium, iodine, fluorine, manganese, molybdenum, cobalt, 
nickel, tin, silicon, vanadium, and arsenic (see Table 205-3), but only for the 
first 10 of these has compelling evidence indicated that they are essential 
nutrients in humans. Cobalt appears to be essential solely as a component of 
vitamin B12, but an isolated deficiency state has never been described. Defi-
ciency syndromes for several of the essential trace elements were not recognized 
until recently because of their exceedingly small requirements and because 
of the ubiquitous nature of these elements in foodstuffs. Only under excep-
tional circumstances, such as long-term reliance on total parenteral nutrition 
lacking these elements, have some of the deficiency syndromes been observed.

The biochemical functions of trace elements appear to be as components 
of prosthetic groups or as cofactors for enzymes. Determination of essential 
trace element status is problematic with the exception of iron. The low con-
centrations of these elements in body fluids and tissues, the finding that blood 
levels frequently do not correlate well with levels in the target tissues, and the 
fact that functional tests cannot be devised until their biochemical functions 
are better understood preclude an accurate laboratory method of assessing 
the adequacy of most trace elements.

Additional Compounds with Nutritional Relevance
Evidence indicates that humans also have an absolute requirement for the 
dietary component choline, which is a necessary precursor for acetylcholine 
and phospholipids and is needed to sustain normal levels of biologic methyla-
tion. To date, the most significant adverse effect of dietary inadequacy has 
been hepatic inflammation. Deficiency is nevertheless thought to be extremely 
rare, although pregnancy, and particularly lactation, increases the apparent 
requirement. Individuals whose long-term nutritional requirements are solely 
derived from total parenteral nutrition appear to be susceptible to choline 
deficiency. Both an RDA (425 mg, women; 550 mg, men) and a TUL (3.5 g) 
have now been established.

l-Carnitine is a dietary component that facilitates the transport of fatty 
acids into mitochondria, and a deficit therefore limits the fatty acid β-oxidation 
that occurs in those organelles. Although no evidence exists for a dietary 
requirement in healthy children or adults, individuals undergoing chronic 
hemodialysis develop diminished plasma and muscle levels. Controlled clinical 
trials in hemodialysis patients who suffer from cardiomyopathy, intradialytic 
hypotension, or anemia refractory to erythropoietin have shown improvements 
in these parameters with intermittent parenteral supplementation. A1  Premature 
infants also have very low stores of skeletal muscle carnitine, although in clini-
cal trials parenteral supplementation has not generally improved clinical end 
points. Similarly, it has been suggested that individuals on long-term total 
parenteral nutrition may also be susceptible to the clinical consequences of 
l-carnitine depletion, but convincing evidence is lacking.

Lutein and zeaxanthin are two carotenoids that are not precursors of vitamin 
A but appear to play a role in age-related macular degeneration. Low plasma 
lutein and zeaxanthin concentrations or dietary intake are associated with low 
macular pigment density and increased risk of macular degeneration. The 
AREDS2 trial indicated that a combination supplement that included lutein 
and zeaxanthin (in addition to vitamins C and E, zinc oxide, and cupric oxide) 
significantly diminished the progression of macular degeneration. A2 

 CONDITIONS THAT INCREASE REQUIRED 
DIETARY INTAKE

Many physiologic, pathophysiologic, and pharmacologic factors increase the 
dietary requirements for micronutrients (see Table 205-1), thereby enhancing 
the risk for development of a deficiency state.

Physiologic Factors
Stages of the life cycle frequently have a significant impact on the requirements 
of nutrients. Phases of rapid growth and development, such as in utero devel-
opment, infancy, adolescence, and pregnancy, are associated with increases 
in the utilization of certain micronutrients on a per-kilogram basis.

TABLE 205-1 FACTORS THAT DETERMINE DIETARY 
REQUIREMENT OF A MICRONUTRIENT

PHYSIOLOGIC FACTORS

Bioavailability: the proportion of an ingested micronutrient that is capable of being 
assimilated and used for physiologic purposes

Quantity required to fulfill physiologic roles
Extent to which the body can reuse the micronutrient
Distribution of nutrient in the body: storage compartments
Gender
Stage of life cycle: intrauterine development, childhood, adulthood, elder adulthood, 

pregnancy, lactation
PATHOPHYSIOLOGIC AND PHARMACOLOGIC FACTORS

Inborn errors of metabolism: variously affect assimilation, utilization, or excretion of 
micronutrients

Acquired disease states that alter the amounts required to sustain homeostasis (e.g., 
malabsorption, maldigestion, states that increase use)

Lifestyle habits: smoking, ethanol consumption
Drugs: may alter bioavailability or utilization Text continued on p. 1413
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ABSTRACT
Dietary nutrients whose daily requirements to sustain health are measured in 
milligram or smaller quantities are called micronutrients. These encompass a 
diverse array of vitamins, trace minerals, and other compounds that support a 
wide array of metabolic functions, which in some cases remain poorly under-
stood. The amount of any particular nutrient that is required to sustain health is 
defined by a number of physiological, pathological, and pharmacological factors. 
The biochemistry and physiology, the signs and symptoms that accompany 
states of deficiency and excess, and the means of assessing nutrient status are 
briefly summarized for each micronutrient. New insights into the functions of 
these nutrients continue to occur, sometimes necessitating a reassessment of 
the daily requirement and the safe upper limits of consumption. A common 
query posed by patients is whether routine supplementation with one or more 
micronutrients is beneficial; present evidence suggests there is little benefit for 
the generally healthy adult population in high-income countries. Nevertheless 
certain segments of the population, such as the elderly and those with certain 
chronic illnesses, may realize genuine benefits from targeted supplementation.

KEYWORDS
vitamin
trace mineral
recommended daily allowance
nutrient deficiency
nutrient supplementation
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TABLE 205-2 VITAMINS AND THEIR FUNCTIONS
BIOCHEMISTRY AND PHYSIOLOGY DEFICIENCY [RDA*] TOXICITY [TUL†] ASSESSMENT OF STATUS

FAT-SOLUBLE VITAMINS

Vitamin A A family of retinoid compounds, each 
member having biologic activity 
qualitatively similar to retinol. 
Carotenoids are structurally related 
to retinoids. Some carotenoids, most 
notably β-carotene, are metabolized 
into compounds with vitamin A 
activity and are therefore considered 
to be provitamin A compounds. 
Vitamin A is an integral component 
of rhodopsin and iodopsins, 
light-sensitive proteins in rod and 
cone cells in the retina. Additional 
functions: induction and maintenance 
of cellular differentiation in certain 
tissues; signal for appropriate 
morphogenesis in the developing 
embryo; maintenance of cell-
mediated immunity. 1 µg of retinol = 
3.33 IU of vitamin A.

Follicular hyperkeratosis and night 
blindness are early indicators. 
Conjunctival xerosis, degeneration of 
the cornea (keratomalacia), and 
dedifferentiation of rapidly 
proliferating epithelia are later 
indications of deficiency. Bitot spots 
(focal areas of the conjunctiva or 
cornea with foamy appearance) are 
an indication of xerosis. Blindness, 
due to corneal destruction and 
retinal dysfunction, ensues if left 
uncorrected. Increased susceptibility 
to infection is also a consequence. 
[F: 700 µg; M: 900 µg]

In adults, >150,000 µg may cause 
acute toxicity: fatal intracranial 
hypertension, skin exfoliation, 
and hepatocellular necrosis. 
Chronic toxicity may occur 
with habitual daily intake of 
>10,000 µg: alopecia, ataxia, 
bone and muscle pain, 
dermatitis, cheilitis, 
conjunctivitis, pseudotumor 
cerebri, hepatocellular 
necrosis, hyperlipidemia and 
hyperostosis are common. 
Single, large doses of vitamin 
A (30,000 µg) or habitual 
intake of  >4500 µg/day in 
early pregnancy can be 
teratogenic. Excessive intake of 
carotenoids causes a benign 
condition characterized by 
yellowish discoloration of the 
skin. [3000 µg]

Retinol concentration in the 
plasma and vitamin A 
concentrations in the milk and 
tears are reasonably accurate 
measures of adequate status. 
Toxicity is best assessed by 
elevated levels of retinyl esters 
in plasma. A quantitative 
measure of dark adaptation for 
night vision and 
electroretinography are useful 
functional tests.

Vitamin D A group of sterol compounds whose 
parent structure is cholecalciferol 
(vitamin D3). Cholecalciferol is 
formed in the skin from 
7-dehydrocholesterol (provitamin 
D3) by exposure to UVB radiation. A 
plant sterol, ergocalciferol 
(provitamin D2), can be similarly 
converted into vitamin D2 and has 
similar vitamin D activity. The 
vitamin undergoes sequential 
hydroxylations in the liver and 
kidney at the 25 and 1 positions, 
respectively, producing the most 
bioactive form of the vitamin, 
1,25-dihydroxy vitamin D. Vitamin D 
maintains intracellular and 
extracellular concentrations of 
calcium and phosphate by enhancing 
intestinal absorption of the two ions 
and, in conjunction with PTH, 
promoting their mobilization from 
bone mineral. It retards proliferation 
and promotes differentiation in 
certain epithelia. Purported actions 
of vitamin D as an anti-diabetes, 
anti-inflammatory, and cancer 
preventive agent remain controversial 
and are under investigation. 1 µg = 
40 IU.

Deficiency results in decreased 
mineralization of newly formed bone 
called rickets in childhood and 
osteomalacia in adults. Deficiency 
also contributes to osteoporosis and 
increased fracture risk in later life. 
Commonly appears following gastric 
bypass procedures. Expansion of the 
epiphyseal growth plates and 
replacement of normal bone with 
unmineralized bone matrix are the 
cardinal features of rickets; the latter 
feature also characterizes 
osteomalacia. Deformity of bone and 
pathologic fractures occur. Decreased 
serum concentrations of calcium and 
phosphate may occur. [15 µg, ages 
19-70 yr; 20 µg, age >70 yr]

Excess amounts result in 
abnormally high 
concentrations of calcium and 
phosphate in the serum; 
metastatic calcifications, renal 
damage, and altered mentation 
may occur. [100 µg for ages 
≥9 yr]

The serum concentration of the 
major circulating metabolite, 
25-hydroxyvitamin D, is the 
best indicator of systemic 
status except in advanced 
kidney disease (stages 4 and 
5), in which the impairment of 
renal 1-hydroxylation results in 
disassociation of the 
mono- and dihydroxyvitamin 
concentrations. Measurement 
of the serum concentration of 
1,25-dihydroxyvitamin D is 
then necessary.

Vitamin E A group of at least 8 naturally occurring 
compounds, some of which are 
tocopherols and some of which are 
tocotrienols. At present, the only 
dietary form that is thought to be 
biologically active in humans is 
α-tocopherol. Vitamin E acts as an 
antioxidant and free radical scavenger 
in lipophilic environments, most 
notably in cell membranes. It acts in 
conjunction with other antioxidants, 
such as selenium.

Deficiency due to dietary inadequacy is 
rare. It is usually seen in premature 
infants, individuals with fat 
malabsorption, and individuals with 
abetalipoproteinemia. Red blood cell 
fragility occurs and can produce a 
hemolytic anemia. Neuronal 
degeneration produces peripheral 
neuropathies, ophthalmoplegia, and 
destruction of posterior columns of 
spinal cord. Neurologic disease is 
frequently irreversible if deficiency is 
not corrected early enough. May 
contribute to the hemolytic anemia 
and retrolental fibroplasia seen in 
premature infants. Reported to 
suppress cell-mediated immunity. 
[15 mg]

Depressed levels of vitamin K–
dependent procoagulants and 
potentiation of oral 
anticoagulants have been 
reported, as has impaired 
WBC function. Doses of 
800 mg/day have been 
reported to increase slightly 
the incidence of hemorrhagic 
stroke. [1000 mg]

Plasma or serum concentration of 
α-tocopherol is most 
commonly used. Additional 
accuracy is obtained by 
expressing this value per 
milligram of total plasma lipid. 
RBC peroxide hemolysis test 
is not entirely specific but is a 
useful functional measure of 
the antioxidant potential of 
cell membranes.
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TABLE 205-2 VITAMINS AND THEIR FUNCTIONS—cont’d
BIOCHEMISTRY AND PHYSIOLOGY DEFICIENCY [RDA*] TOXICITY [TUL†] ASSESSMENT OF STATUS

Vitamin K A family of naphthoquinone 
compounds with similar biologic 
activity. Phylloquinone (vitamin K1) 
is derived from plants; a variety of 
menaquinones (vitamin K2) are 
derived from bacterial and animal 
sources. Vitamin K serves as an 
essential cofactor in the post-
translational γ-carboxylation of 
glutamic acid residues in many 
proteins. These proteins include 
several circulating procoagulants and 
anticoagulants as well as proteins in a 
variety of tissues.

Deficiency syndrome is uncommon 
except in breast-fed newborns, in 
whom it may cause “hemorrhagic 
disease of the newborn,” especially 
among newborns whose parents 
refuse prophylactic administration of 
vitamin K at birth. Also occurs in 
adults with fat malabsorption or who 
are taking drugs that interfere with 
vitamin K metabolism (e.g., 
coumarin, phenytoin, broad-
spectrum antibiotics); and in 
individuals taking large doses of 
vitamin E and anticoagulant drugs. 
Excessive hemorrhage is the usual 
manifestation. [F: 90 µg; M: 120 µg]

Rapid intravenous infusion of K1 
has been rarely associated with 
dyspnea, flushing, and 
cardiovascular collapse; this is 
likely related to the dispersing 
agents in the solution. 
Supplementation may interfere 
with coumarin-based 
anticoagulation. Pregnant 
women taking large amounts 
of the provitamin menadione 
may deliver infants with 
hemolytic anemia, 
hyperbilirubinemia, and 
kernicterus. [No TUL 
established]

Prothrombin time is typically 
used as a measure of 
functional K status; it is 
neither sensitive nor specific 
for vitamin K deficiency. 
Determination of fasting 
plasma vitamin K is an 
accurate indicator of status. 
Undercarboxylated plasma 
prothrombin is also an 
accurate metric, but only for 
detecting the deficient state, 
and is less widely available 
than plasma vitamin K.

WATER-SOLUBLE VITAMINS

Thiamin (vitamin 
B1)

A water-soluble compound containing 
substituted pyrimidine and thiazole 
rings and a hydroxyethyl side chain. 
The coenzyme form is thiamin 
pyrophosphate (TPP). Thiamin 
serves as a coenzyme in many 
α-ketoacid decarboxylation and 
transketolation reactions. Inadequate 
thiamin availability leads to 
impairments of these reactions, 
resulting in inadequate adenosine 
triphosphate synthesis and abnormal 
carbohydrate metabolism, 
respectively. It may have an 
additional role in neuronal 
conduction independent of the 
aforementioned actions.

Classic deficiency syndrome (beriberi) 
remains endemic in Asian 
populations consuming a polished 
rice diet. Globally, alcoholism, 
chronic renal dialysis, and persistent 
nausea and vomiting after bariatric 
surgery are also common 
precipitants. High carbohydrate 
intake increases need for B1. Mild 
deficiency: irritability, fatigue, and 
headaches. More severe deficiency: 
combinations of peripheral 
neuropathy, cardiovascular 
dysfunction, and cerebral 
dysfunction. Cardiovascular 
involvement (wet beriberi): 
congestive heart failure and low 
peripheral vascular resistance. 
Cerebral disease: nystagmus, 
ophthalmoplegia, and ataxia 
(Wernicke encephalopathy); 
hallucinations, impaired short-term 
memory, and confabulation 
(Korsakoff psychosis). Deficiency 
syndrome responds within 24 hr to 
parenteral thiamin but is partially or 
wholly irreversible after a certain 
stage. [F: 1.1 mg; M: 1.2 mg]

Excess intake is largely excreted 
in the urine, although 
parenteral doses of >400 mg/
day are reported to cause 
lethargy, ataxia, and reduced 
tone of the gastrointestinal 
tract. [TUL not established]

The most effective measure of B1 
status is the erythrocyte 
transketolase activity 
coefficient, which measures 
enzyme activity before and 
after addition of exogenous 
TPP; RBCs from a deficient 
individual express a substantial 
increase in enzyme activity 
with addition of TPP. Thiamin 
concentrations in blood or 
urine are also used.

Riboflavin 
(vitamin B2)

Consists of a substituted isoalloxazine 
ring with a ribitol side chain. 
Riboflavin serves as a coenzyme for a 
diverse array of biochemical 
reactions. The primary coenzymatic 
forms are flavin mononucleotide and 
flavin adenine dinucleotide. 
Riboflavin holoenzymes participate 
in oxidation-reduction reactions in 
myriad metabolic pathways.

Deficiency is usually seen in 
conjunction with deficiencies of 
other B vitamins. Isolated deficiency 
of riboflavin produces hyperemia and 
edema of nasopharyngeal mucosa, 
cheilosis, angular stomatitis, glossitis, 
seborrheic dermatitis, and a 
normochromic, normocytic anemia. 
[F: 1.1; M: 1.3]

Toxicity is not reported in 
humans. [TUL not 
established]

The most common method of 
assessment is to determine the 
activity coefficient of 
glutathione reductase in RBCs 
(the test is invalid for 
individuals with glucose-6-
phosphate dehydrogenase 
deficiency). Measurements of 
blood and urine 
concentrations are less 
desirable methods.
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TABLE 205-2 VITAMINS AND THEIR FUNCTIONS—cont’d
BIOCHEMISTRY AND PHYSIOLOGY DEFICIENCY [RDA*] TOXICITY [TUL†] ASSESSMENT OF STATUS

Niacin (vitamin 
B3)

Refers to nicotinic acid and the 
corresponding amide, nicotinamide. 
The active coenzymatic forms are 
composed of nicotinamide affixed to 
adenine dinucleotide, forming NAD 
or NADP. More than 200 
apoenzymes use these compounds as 
electron acceptors or hydrogen 
donors, either as a coenzyme or as a 
co-substrate. The essential amino 
acid tryptophan is a precursor of 
niacin; 60 mg of dietary tryptophan 
yields approximately 1 mg of niacin. 
Dietary requirements thus depend 
partly on tryptophan intake. 
Requirement is often determined on 
basis of calorie intake (i.e., niacin 
equivalents/1000 kcal). Large doses 
of nicotinic acid (1.5-3 g/day) 
effectively lower low-density 
lipoprotein cholesterol and elevate 
high-density lipoprotein cholesterol.

Pellagra is the classic deficiency 
syndrome and is often seen in 
populations in which corn is the 
major source of energy; it is still 
endemic in parts of China, Africa, 
and India. Diarrhea, dementia (or 
associated symptoms of anxiety or 
insomnia), and a pigmented 
dermatitis that develops in 
sun-exposed areas are typical 
features. Glossitis, stomatitis, 
vaginitis, vertigo, and burning 
dysesthesias are early signs. It is 
reported occasionally to occur in 
carcinoid syndrome because 
tryptophan is diverted to other 
synthetic pathways. [F: 14 mg; M: 
16 mg]

Human toxicity is known largely 
through studies examining 
hypolipidemic effects. Includes 
vasomotor phenomenon 
(flushing), hyperglycemia, 
parenchymal liver damage, and 
hyperuricemia. [35 mg]

Assessment of status is 
problematic; blood levels of 
the vitamin are not reliable. 
Measurement of urinary 
excretion of the niacin 
metabolites 
N-methylnicotinamide and 
2-pyridone is thought to be 
the most effective means of 
assessment at present.

Vitamin B6 Refers to several derivatives of pyridine, 
including pyridoxine, pyridoxal, and 
pyridoxamine, which are 
interconvertible in the body. The 
coenzymatic forms are pyridoxal-5-
phosphate (PLP) and pyridoxamine-
5-phosphate. As a coenzyme, B6 is 
involved in many transamination 
reactions (and thereby in 
gluconeogenesis), in the synthesis of 
niacin from tryptophan, in the 
synthesis of several 
neurotransmitters, and in the 
synthesis of δ-aminolevulinic acid 
(and therefore in heme synthesis). It 
also has functions unrelated to 
coenzymatic activity: pyridoxal and 
PLP bind to hemoglobin and alter 
oxygen affinity; PLP also binds to 
steroid receptors, inhibiting receptor 
affinity to DNA and thereby 
modulating steroid activity.

Deficiency is usually seen in 
conjunction with other water-soluble 
vitamin deficiencies. Stomatitis, 
angular cheilosis, glossitis, irritability, 
depression, and confusion occur in 
moderate to severe depletion; 
normochromic, normocytic anemia 
has been reported in severe 
deficiency. Abnormalities on 
electroencephalography and, in 
infants, convulsions have also been 
observed. Some sideroblastic 
anemias respond to B6 
administration. Isoniazid, 
cycloserine, penicillamine, ethanol, 
and theophylline can inhibit B6 
metabolism. [Ages 19-50 yr: 1.3 mg; 
>50 yr: 1.5 mg for women, 1.7 mg 
for men]

Long-term use with doses 
exceeding 200 mg/day (in 
adults) may cause peripheral 
neuropathies and 
photosensitivity. [100 mg]

Many useful laboratory methods 
of assessment exist. The 
plasma or erythrocyte PLP 
levels are most common. 
Urinary excretion of 
xanthurenic acid after an oral 
tryptophan load and activity 
indices of RBC alanine or 
aspartate transaminase are 
functional measures of 
B6-dependent enzyme activity.

Folate A group of related pterin compounds. 
More than 35 forms of the vitamin 
are found naturally. The fully 
oxidized form, folic acid, is not found 
in nature but is the pharmacologic 
form of the vitamin used in 
supplements and fortification 
programs. All folate functions relate 
to its ability to transfer one-carbon 
groups. It is essential in the de novo 
synthesis of nucleotides and in the 
metabolism of several amino acids; it 
is an integral component for the 
regeneration of the “universal” 
methyl donor, S-adenosylmethionine. 
Inhibition of bacterial and cancer cell 
folate metabolism is the basis for the 
sulfonamide antibiotics and 
chemotherapeutic agents, such as 
methotrexate and 5-fluorouracil, 
respectively.

Women of childbearing age are most 
likely to be deficient. Classic deficiency 
syndrome: megaloblastic anemia, 
diarrhea. The hematopoietic cells in 
bone marrow become enlarged and 
have immature nuclei, reflecting 
ineffective DNA synthesis. The 
peripheral blood smear demonstrates 
macro-ovalocytes and 
polymorphonuclear leukocytes with 
an average of more than 3.5 nuclear 
lobes. Megaloblastic changes also 
occur in other epithelia that 
proliferate rapidly (e.g., oral mucosa 
and gastrointestinal tract, producing 
glossitis and diarrhea, respectively). 
Sulfasalazine and diphenytoin inhibit 
absorption and predispose to 
deficiency. [400 µg of dietary folate 
equivalents (DFE); 1 DFE = 1 µg 
food folate = 0.6 µg folic acid]

Doses >1000 µg/day may 
partially correct the anemia of 
B12 deficiency and may 
therefore mask (and perhaps 
exacerbate) the associated 
neuropathy. Large doses are 
also reported to lower seizure 
threshold in individuals prone 
to seizures. Parenteral 
administration is rarely 
reported to cause allergic 
phenomena, which is probably 
due to dispersion agents. 
[1000 µg]

Serum folate measures short-term 
folate balance, whereas RBC 
folate is a better reflection of 
tissue status. Serum 
homocysteine rises early in 
deficiency but is nonspecific 
because B12 or B6 deficiency, 
renal insufficiency, and older 
age may also cause elevations.
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TABLE 205-2 VITAMINS AND THEIR FUNCTIONS—cont’d
BIOCHEMISTRY AND PHYSIOLOGY DEFICIENCY [RDA*] TOXICITY [TUL†] ASSESSMENT OF STATUS

Vitamin C 
(ascorbic and 
dehydroascorbic 
acid)

Ascorbic acid readily oxidizes to 
dehydroascorbic acid in aqueous 
solution. Dehydroascorbic acid can 
be reduced in vivo, so it possesses 
vitamin C activity. Total vitamin C is 
therefore the sum of ascorbic and 
dehydroascorbic acid content. 
Vitamin C serves primarily as a 
biologic antioxidant in aqueous 
environments. Biosyntheses of 
collagen, carnitine, bile acids, and 
norepinephrine as well as proper 
functioning of the hepatic mixed-
function oxygenase system depend 
on this property. Vitamin C in 
foodstuffs increases the intestinal 
absorption of nonheme iron.

Overt deficiency is uncommon in 
developed countries. The classic 
deficiency syndrome is scurvy: 
fatigue, depression, and widespread 
abnormalities in connective tissues, 
such as inflamed gingivae, petechiae, 
perifollicular hemorrhages, impaired 
wound healing, coiled hairs, 
hyperkeratosis, and bleeding into 
body cavities. In infants, defects in 
ossification and bone growth may 
occur. Tobacco smoking lowers 
plasma and leukocyte vitamin C 
levels. [F: 75 mg; M: 90 mg; increase 
requirement for cigarette smokers by 
35 mg/day]

≥500 mg/day (in adults) may 
cause nausea and diarrhea. 
>1 g/day modestly increases 
risk for oxalate kidney stones. 
Supplementation may interfere 
with laboratory tests based on 
redox potential (e.g., fecal 
occult blood testing, serum 
cholesterol, and glucose). 
Withdrawal from chronic 
ingestion of high doses of 
vitamin C supplements should 
be done gradually because 
accommodation appears to 
occur, raising a concern of 
“rebound scurvy.” [2 g]

Plasma ascorbic acid 
concentration reflects recent 
dietary intake, whereas WBC 
levels more closely reflect 
tissue stores. Women’s plasma 
levels are approximately 20% 
higher than men’s for any 
given dietary intake.

Vitamin B12 A group of closely related cobalamin 
compounds composed of a corrin 
ring (with a cobalt atom in its 
center) connected to a 
ribonucleotide through an 
aminopropanol bridge. 
Microorganisms are the ultimate 
source of all naturally occurring B12. 
The two active coenzyme forms are 
deoxyadenosylcobalamin and 
methylcobalamin. These coenzymes 
are needed for the synthesis of 
succinyl CoA, which is essential in 
lipid and carbohydrate metabolism, 
and for the synthesis of methionine. 
The synthesis of methionine is 
essential for amino acid metabolism, 
for purine and pyrimidine synthesis, 
for many methylation reactions, and 
for the intracellular retention of 
folates.

Dietary inadequacy is a rare cause of 
deficiency except in strict 
vegetarians. Most deficiencies arise 
from loss of intestinal absorption, 
which may occur with pernicious 
anemia, pancreatic insufficiency, 
atrophic gastritis, small bowel 
bacterial overgrowth, or ileal disease. 
Megaloblastic anemia and 
megaloblastic changes in epithelia 
(see Folate) are the result of 
sustained depletion. Demyelination 
of peripheral nerves, posterior and 
lateral columns of spinal cord, and 
nerves within the brain may occur. 
Altered mentation, depression, and 
psychoses occur. Hematologic and 
neurologic complications may occur 
independently. Folate 
supplementation, in doses of 
1000 µg/day, may partly correct the 
anemia, thereby masking (or perhaps 
exacerbating) the neuropathic 
complication. [2.4 µg]

A few allergic reactions have been 
reported to crystalline B12 
preparations and are probably 
due to impurities, not the 
vitamin. [TUL not 
established]

Serum or plasma concentrations 
are generally accurate. Subtle 
deficiency with neurologic 
complications, as described in 
the Deficiency column, can 
best be established by 
concurrently measuring the 
concentration of plasma B12 
and serum methylmalonic 
acid, which is a sensitive 
indicator of cellular deficiency. 
This subtle deficiency state has 
been increasingly recognized 
among elder populations.

Biotin A bi-cyclic compound consisting of a 
ureido ring fused to a substituted 
tetrahydrothiophene ring. 
Endogenous synthesis by intestinal 
flora may contribute significantly to 
biotin nutriture. Most dietary biotin 
is linked to lysine, a compound called 
biotinyl lysine, or biocytin. The 
lysine must be hydrolyzed by an 
intestinal enzyme called biotinidase 
before intestinal absorption occurs. 
Biotin acts primarily as a coenzyme 
for several carboxylases; each 
holoenzyme catalyzes an adenosine 
triphosphate–dependent carbon 
dioxide transfer. The carboxylases are 
critical enzymes in carbohydrate and 
lipid metabolism.

Isolated deficiency is rare. Deficiency  
in humans has been produced by 
prolonged total parenteral nutrition 
lacking the vitamin and by ingestion 
of large quantities of raw egg white, 
which contains avidin, a protein that 
binds biotin with such high affinity 
that it renders it biounavailable. 
Alterations in mental status, 
myalgias, hyperesthesias, and 
anorexia occur. Later, a seborrheic 
dermatitis and alopecia develop. 
Deficiency is usually accompanied by 
lactic acidosis and organic aciduria. 
[30 µg]

Toxicity has not been reported in 
humans with doses as high as 
60 mg/day in children. [TUL 
not established]

Plasma and urine concentrations 
of biotin are diminished in  
the deficient state. Elevated 
urine concentrations  
of methyl citrate, 
3-methylcrotonylglycine, and 
3-hydroxyisovalerate are also 
observed in deficiency.
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TABLE 205-3 NUTRITIONAL TRACE ELEMENTS AND THEIR CLINICAL IMPLICATIONS
BIOCHEMISTRY AND 

PHYSIOLOGY DEFICIENCY [RDA*] TOXICITY [TUL†] ASSESSMENT OF STATUS
Chromium Dietary chromium consists of both 

inorganic and organic forms. Its 
primary function in humans is to 
potentiate insulin action. It 
accomplishes this function as a 
circulating complex called glucose 
tolerance factor, thereby affecting 
carbohydrate, fat, and protein 
metabolism.

Deficiency in humans has been 
described only in long-term total 
parenteral nutrition (TPN) 
patients receiving insufficient 
chromium. Hyperglycemia or 
impaired glucose tolerance occurs. 
Elevated plasma free fatty acid 
concentrations, neuropathy, 
encephalopathy, and abnormalities 
in nitrogen metabolism are also 
reported. Whether supplemental 
chromium may improve glucose 
tolerance in glucose-intolerant 
individuals remains controversial. 
[F: 25 µg; M: 35 µg]

Toxicity after oral ingestion is uncommon 
and seems confined to gastric 
irritation. Airborne exposure may 
cause contact dermatitis, eczema, skin 
ulcers, and bronchogenic carcinoma. 
[no TUL established]

Plasma or serum concentration of 
chromium is a crude indicator of 
chromium status; it appears to be 
meaningful when the value is 
markedly above or below the 
normal range.

Copper Copper is absorbed by a specific 
intestinal transport mechanism. It 
is carried to the liver, where it is 
bound to ceruloplasmin, which 
circulates systemically and 
delivers copper to target tissues 
in the body. Excretion of copper 
is largely through bile and then 
into the feces. Absorptive and 
excretory processes vary with the 
levels of dietary copper, 
providing a means of copper 
homeostasis. Copper serves as a 
component of many enzymes, 
including amine oxidases, 
ferroxidases, cytochrome c 
oxidase, dopamine β-hydroxylase, 
superoxide dismutase, and 
tyrosinase.

Dietary deficiency is rare; it has been 
observed in premature and 
low-birthweight infants fed 
exclusively a cow’s milk diet and in 
individuals on long-term TPN 
lacking copper. It has also been 
described after gastric bypass 
surgery and with chronic zinc 
supplementation. Clinical 
manifestations include 
depigmentation of skin and hair, 
myelopathy and other neurologic 
lesions, leukopenia, anemia, and 
skeletal abnormalities. Anemia 
arises from impaired utilization of 
iron and therefore often is 
manifested as a sideroblastic 
anemia. The peripheral smear and 
bone marrow may mimic 
myelodysplasia. A deficiency 
syndrome is also observed in 
Menkes disease, a rare inherited 
condition associated with impaired 
copper utilization. [900 µg]

Acute copper toxicity has been described 
after excessive oral intake and with 
absorption of copper salts applied to 
burned skin. Milder manifestations 
include nausea, vomiting, epigastric 
pain, and diarrhea; coma and hepatic 
necrosis may ensue in severe cases. 
Toxicity may be seen with doses as 
low as 70 µg/kg/day. Chronic toxicity 
is also described. Wilson disease is a 
rare, inherited disease associated with 
abnormally low ceruloplasmin levels 
and accumulation of copper in the 
liver and brain, eventually leading to 
damage to these two organs. [10 mg]

Practical methods to detect marginal 
deficiency are not available. 
Marked deficiency is reliably 
detected by diminished serum 
copper and ceruloplasmin 
concentrations as well as by low 
red blood cell superoxide 
dismutase activity.

TABLE 205-2 VITAMINS AND THEIR FUNCTIONS—cont’d
BIOCHEMISTRY AND PHYSIOLOGY DEFICIENCY [RDA*] TOXICITY [TUL†] ASSESSMENT OF STATUS

Pantothenic acid Consists of pantoic acid linked to 
β-alanine through an amide bond. 
Pantothenic acid is an essential 
component of CoA and 
phosphopantetheine, which are 
essential for synthesis and 
β-oxidation of fatty acids as well as 
for synthesis of cholesterol, steroid 
hormones, vitamins A and D, and 
other isoprenoid derivatives. CoA is 
also involved in the synthesis of 
several amino acids and 
δ-aminolevulinic acid, a precursor for 
the corrin ring of vitamin B12, the 
porphyrin ring of heme, and of 
cytochromes. CoA is also necessary 
for the acetylation and fatty acid 
acylation of a variety of proteins.

Deficiency is rare; it has been reported 
only as a result of feeding of 
semisynthetic diets or consumption 
of an antagonist such as calcium 
homopantothenate (which has been 
used to treat Alzheimer disease). 
Experimental, isolated deficiency in 
humans produces fatigue, abdominal 
pain, vomiting, insomnia, and 
paresthesias of the extremities. 
[5 mg]

In doses of 10 g/day, diarrhea is 
reported to occur. [TUL not 
established]

Whole blood and urine 
concentrations of pantothenate 
are indicators of status; serum 
levels are not thought to be 
accurate.

CoA = coenzyme A; NAD = nicotinamide adenine dinucleotide; NADP = nicotinamide adenine dinucleotide phosphate; PTH = parathyroid hormone; RBC = red blood cell; UVB = ultraviolet B; WBC = 
white blood cell.
*Recommended daily allowance (RDA) established for female (F) and male (M) adults by the U.S. Food and Nutrition Board, 1999-2001 (updated in 2010 for vitamin D and calcium). In some instances, 
insufficient data exist to establish an RDA, in which case the adequate intake (AI) established by the board is listed.
†Tolerable upper limit (TUL) established for adults by the U.S. Food and Nutrition Board, 1999-2001.
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TABLE 205-3 NUTRITIONAL TRACE ELEMENTS AND THEIR CLINICAL IMPLICATIONS—cont’d
BIOCHEMISTRY AND 

PHYSIOLOGY DEFICIENCY [RDA*] TOXICITY [TUL†] ASSESSMENT OF STATUS
Fluorine Known more commonly by its ionic 

form, fluoride. Fluorine is 
incorporated into the crystalline 
structure of bone, thereby 
altering its physical 
characteristics. Fluoridation of 
water has reduced incidence of 
caries in communities with 
fluoridation programs.

Intake of <0.1 mg/day in infants and 
<0.5 mg/day in children is 
associated with an increased 
incidence of dental caries. Optimal 
intake in adults is between 1.5 and 
4 mg/day. [F: 3 mg; M: 4 mg]

Acute ingestion of >30 mg/kg body 
weight is likely to cause death. 
Excessive chronic intake (0.1 mg/kg/
day) leads to mottling of teeth (dental 
fluorosis), calcification of tendons and 
ligaments, and exostoses and may 
increase the brittleness of bones. 
[10 mg]

Estimates of intake and clinical 
assessment are used because no 
good laboratory test exists.

Iodine Iodine is readily absorbed from the 
diet, concentrated in the thyroid, 
and integrated into the thyroid 
hormones thyroxine and 
triiodothyronine. These 
hormones circulate largely bound 
to thyroxine-binding globulin. 
They modulate resting energy 
expenditure and, in the 
developing human, growth and 
development.

In the absence of supplementation, 
populations relying primarily on 
food from soils with low iodine 
content have endemic iodine 
deficiency. Maternal iodine 
deficiency leads to fetal deficiency, 
which produces spontaneous 
abortions, stillbirths, 
hypothyroidism, cretinism, and 
dwarfism. Permanent cognitive 
deficits may result from iodine 
deficiency during the first 2 years 
of life. In the adult, compensatory 
hypertrophy of the thyroid (goiter) 
occurs along with varying degrees 
of hypothyroidism. [150 µg]

Large doses (>2 mg/day in adults) may 
induce hypothyroidism by blocking 
thyroid hormone synthesis. 
Supplementation with >100 mg/day 
to an individual who was formerly 
deficient occasionally induces 
hyperthyroidism. [1.1 mg]

Iodine status of a population can be 
estimated by the prevalence of 
goiter. Urinary excretion of iodine 
is an effective laboratory means of 
assessment. Thyroid-stimulating 
hormone blood level is an indirect 
and therefore not entirely specific 
means of assessment.

Iron Conveys the capacity to participate 
in redox reactions to a number of 
metalloproteins, such as 
hemoglobin, myoglobin, 
cytochrome enzymes, and many 
oxidases and oxygenases. The 
primary storage form of iron is 
ferritin and, to a lesser degree, 
hemosiderin. Intestinal 
absorption is 15-20% for “heme” 
iron and 1-8% for iron contained 
in vegetables. Absorption of the 
latter form is enhanced by the 
ascorbic acid in foodstuffs; by 
poultry, fish, or beef; and by an 
iron-deficient state. It is 
decreased by phytate and tannins.

Iron deficiency is the most common 
micronutrient deficiency in the 
world. Women of childbearing age 
are the group at highest risk 
because of menstrual blood losses, 
pregnancy, and lactation. The 
classic deficiency syndrome is 
hypochromic, microcytic anemia. 
Glossitis and koilonychia (“spoon” 
nails) are also observed. Easy 
fatigability often is an early 
symptom, before anemia appears. 
In children, mild deficiency of 
insufficient severity to cause 
anemia is associated with 
behavioral disturbances and poor 
school performance. 
[postmenopausal F and M: 8 mg; 
premenopausal F: 18 mg]

Iron overload typically occurs when 
habitual dietary intake is extremely 
high, intestinal absorption is excessive, 
repeated parenteral administration 
occurs, or a combination of these 
factors exists. Excessive iron stores 
usually accumulate in the 
reticuloendothelial tissues and cause 
little damage (hemosiderosis). If 
overload continues, iron eventually 
begins to accumulate in tissues such as 
the hepatic parenchyma, pancreas, 
heart, and synovium, causing 
hemochromatosis (Chapter 201). 
Hereditary hemochromatosis results 
from homozygosity of a common 
recessive trait. Excessive intestinal 
absorption of iron is seen in 
homozygotes. [45 mg]

Negative iron balance initially leads 
to depletion of iron stores in the 
bone marrow; a bone marrow 
biopsy and the concentration of 
serum ferritin are accurate 
indicators of early depletion. As 
the severity of deficiency 
proceeds, serum iron (SI) 
decreases and total iron-binding 
capacity (TIBC) increases; an 
iron saturation (SI/TIBC) of 
<16% suggests iron deficiency. 
Microcytosis, hypochromia, and 
anemia ensue. Elevated levels of 
serum ferritin or an iron 
saturation of >60% suggests iron 
overload, although systemic 
inflammation elevates serum 
ferritin regardless of iron status.

Manganese A component of several 
metalloenzymes. Most 
manganese is in mitochondria, 
where it is a component of 
manganese superoxide dismutase.

Manganese deficiency in the human 
has not been conclusively 
demonstrated. It is said to cause 
hypocholesterolemia, weight loss, 
hair and nail changes, dermatitis, 
and impaired synthesis of vitamin 
K–dependent proteins. [F: 1.8 mg; 
M: 2.3 mg]

Toxicity by oral ingestion is unknown in 
humans. Toxic inhalation causes 
hallucinations, other alterations in 
mentation, and extrapyramidal 
movement disorders. [11 mg]

Until the deficiency syndrome is 
better defined, an appropriate 
measure of status will be difficult 
to develop.

Molybdenum A cofactor in several enzymes, most 
prominently xanthine oxidase 
and sulfite oxidase.

A probable case of human deficiency 
is described as being secondary to 
parenteral administration of sulfite 
and resulted in hyperoxypurinemia, 
hypouricemia, and low sulfate 
excretion. [45 µg]

Toxicity not well described in humans, 
although it may interfere with copper 
metabolism at high doses. [2 mg]

Laboratory means of assessment are 
not meaningful until the 
deficiency syndrome is better 
described.
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TABLE 205-3 NUTRITIONAL TRACE ELEMENTS AND THEIR CLINICAL IMPLICATIONS—cont’d
BIOCHEMISTRY AND 

PHYSIOLOGY DEFICIENCY [RDA*] TOXICITY [TUL†] ASSESSMENT OF STATUS
Selenium Most dietary selenium is in the form 

of an amino acid complex. Nearly 
complete absorption of such 
forms occurs. Homeostasis is 
largely performed by the kidney, 
which regulates urinary excretion 
as a function of selenium status. 
Selenium is a component of 
several enzymes, most notably 
glutathione peroxidase and 
superoxide dismutase. These 
enzymes protect against oxidative 
and free radical damage of 
various cell structures. The 
antioxidant protection conveyed 
by selenium apparently operates 
in conjunction with vitamin E 
because deficiency of one seems 
to potentiate damage induced by 
a deficiency of the other. 
Selenium also participates in the 
enzymatic conversion of 
thyroxine to its more active 
metabolite, triiodothyronine.

Deficiency is rare in North America 
but has been observed in 
individuals on long-term TPN 
lacking selenium. Such individuals 
have myalgias or cardiomyopathies. 
Populations in some regions of the 
world, most notably some parts of 
China, have marginal intake of 
selenium. In these regions Keshan 
disease, a condition characterized 
by cardiomyopathy, is endemic; it 
can be prevented (but not treated) 
by selenium supplementation. 
[55 µg]

Toxicity is associated with nausea, 
diarrhea, alterations in mental status, 
peripheral neuropathy, and loss of hair 
and nails; such symptoms were 
observed in adults who inadvertently 
consumed 27-2400 mg. [400 µg]

Erythrocyte glutathione peroxidase 
activity and plasma or whole 
blood selenium concentrations are 
the most commonly used 
methods of assessment. They are 
moderately accurate indicators of 
status.

Zinc Intestinal absorption occurs by a 
specific process that is enhanced 
by pregnancy and corticosteroids 
and diminished by coingestion of 
phytates, phosphates, iron, 
copper, lead, or calcium. 
Diminished intake of zinc leads 
to an increased efficiency of 
absorption and decreased fecal 
excretion, providing a means of 
zinc homeostasis. Zinc is a 
component of more than 100 
enzymes, among which are DNA 
polymerase, RNA polymerase, 
and transfer RNA synthetase.

Zinc deficiency has its most profound 
effect on rapidly proliferating 
tissues. Mild deficiency: growth 
retardation in children. More severe 
deficiency: growth arrest, 
teratogenicity, hypogonadism and 
infertility, dysgeusia, poor wound 
healing, diarrhea, dermatitis on the 
extremities and around orifices, 
glossitis, alopecia, corneal 
clouding, loss of dark adaptation, 
and behavioral changes. Impaired 
cellular immunity is observed. 
Excessive loss of gastrointestinal 
secretions through chronic 
diarrhea and fistulas may 
precipitate deficiency. 
Acrodermatitis enteropathica is a 
rare, recessively inherited disease in 
which intestinal absorption of zinc 
is impaired. [F: 8 mg; M: 11 mg]

Acute zinc toxicity can usually be 
induced by ingestion of >200 mg of 
zinc in a single day (in adults). It is 
manifested by epigastric pain, nausea, 
vomiting, and diarrhea. Hyperpnea, 
diaphoresis, and weakness may follow 
inhalation of zinc fumes. Copper and 
zinc compete for intestinal absorption: 
long-term ingestion of >25 mg/day of 
zinc may lead to copper deficiency. 
Long-term ingestion of >150 mg/day 
has been reported to cause gastric 
erosions, low high-density lipoprotein 
cholesterol levels, and impaired 
cellular immunity. [40 mg]

No accurate indicators of zinc status 
exist for routine clinical use. 
Plasma, red blood cell, and hair 
zinc concentrations are often 
misleading. Acute illness, in 
particular, is known to diminish 
plasma zinc levels, in part by 
inducing a shift of zinc out of the 
plasma compartment and into the 
liver. Functional tests that 
determine dark adaptation, taste 
acuity, and rate of wound healing 
lack specificity.

*Recommended daily allowance (RDA) established for female (F) and male (M) adults by the U.S. Food and Nutrition Board, 1999-2001. In some instances, insufficient data exist to establish an RDA, in 
which case the adequate intake (AI) established by the board is listed.
†Tolerable upper limit (TUL) established for adults by the U.S. Food and Nutrition Board, 1999-2001.

women who are planning or capable of pregnancy take a daily supplement 
of 0.4 to 0.8 mg (400-800 micrograms) of folate.2 Populations with a high 
background rate of NTD births attain the largest reductions in NTDs from 
supplemental folate. However, because the nascent neural tube closes about 
day 20 after conception, the additional folate must be provided before this 
time to be effective.

Infancy
Infancy carries particular vulnerabilities to specific micronutrient inadequa-
cies. Healthy infants in the United States are typically supplemented with 
vitamin K at birth and with iron and vitamin D during the course of the first 
year because of their particular susceptibility to deficiencies of these nutrients. 
There has been a recent rise in parental refusal of vitamin K prophylaxis at 
birth, primarily among couples giving birth in birthing centers who plan to 
exclusively breast-feed and who refuse vaccinations, enhancing the likelihood 
of hemorrhagic disease of the newborn.

Women of Childbearing Age
The ability to maintain adequate iron status from menarche through menopause 
is compromised in women by the additional losses incurred by menstruation, 

Pregnancy
Requirements for most micronutrients are increased in pregnancy,1 but, pro-
portionately, the observed increases in the maternal requirements for iron 
and folate are particularly great and are related to the rapid proliferation of 
the placental and fetal tissues. Periods of lactation are similarly associated 
with remarkable increases in requirements; a lactating woman experiences 
disproportionately large increases in her requirements for zinc and vitamins 
A, E, and C to meet the metabolic demands incurred by milk production in 
addition to the aforementioned needs observed in pregnancy.

Aside from its general role in supporting the rapid proliferation of placental 
and fetal tissues, folate plays a specific role in the prevention of particular birth 
defects. A 20 to 85% reduction in births complicated by neural tube defects 
(NTDs, i.e., spina bifida and anencephaly) has been realized by providing 
women of childbearing age with a daily supplement of folic acid in the form of 
supplements or fortified foods. Most women do not receive the recommended 
daily intake of folate from diet alone. The optimal dose is not well defined, 
but the U.S. Preventive Services Task Force recently reassessed the balance of 
the benefits and harms of folate supplementation in women of childbearing 
age, determined that the net benefit is substantial, and recommended that all 
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ascorbic acid levels in leukocytes, and decreased concentrations of vitamin E 
in the alveolar fluid, indicating that the effect does not simply represent a shift 
of these micronutrients out of the plasma compartment.

 ADVANCES IN NUTRITIONAL SCIENCE
New Frontiers in Marginal Deficiency States of Micronutrients
Does Optimal Intake of Micronutrients Optimize Health?
Updating the definition of a micronutrient deficiency and establishing recom-
mended daily intakes that are consistent with the most recent evidence have 
proved difficult for several reasons. In some instances, a novel biochemical or 
physiologic role for a nutrient has been identified but the question that arises 
is whether optimization of such functions translates into optimization of health. 
For example, providing supplemental vitamin E to elderly individuals whose 
vitamin E status falls within normative standards enhances T-lymphocyte 
responsiveness; nevertheless, it is unclear whether this translates into dimin-
ished infection rates. Another difficulty pertains to the use of micronutrients 
in supraphysiologic quantities to achieve a pharmacologic effect. The ingestion 
of gram quantities of niacin to reduce low-density lipoprotein (LDL) choles-
terol is an example. Such physiologic effects are not observed at more con-
ventional levels of intake.5 Thus, the determination of optimal nutrient intake 
is highly dependent on which physiologic effect is sought. Furthermore, if 
only a segment of the population will benefit from supraphysiologic quantities 
of a nutrient, should dietary guidelines for the remainder of the population 
be established according to this effect?

Defining a desirable level of intake also implies the existence of a means of 
measuring nutrient status. In seeking an appropriate measure of nutrient status, 
the diversity of function often makes it difficult to decide which measurement 
is the most germane. Tobacco smoking, for example, diminishes vitamin E 
levels in alveolar fluid but not in the serum. Thus, the concepts of localized 
nutrient deficiencies and tissue-specific requirements add an additional level 
of complexity to the determination of nutrient status.

Redefining Nutritional Requirements. A Contemporary Example: Folate and B12
Examples of the complexities that have arisen in redefining the criteria for 
vitamin deficiencies and vitamin requirements are the water-soluble vitamins 
folate and B12.

In the past, guidelines regarding the necessary intake of folate were straight-
forward because they were based solely on the prevention of megaloblastic 
anemia. Measurement of serum and erythrocyte folate concentrations was 
the most common means of assessing status, and maintaining these levels 
within accepted normative ranges provided assurance that folate status was 
adequate to prevent anemia. However, degrees of deficiency that are insufficient 
to cause anemia may still disturb normal biochemical and physiologic homeo-
stasis and, in some instances, cause clinical disease. Clinical trials have dem-
onstrated that women taking folic acid supplements at the time of conception 
have a markedly lower chance of delivering a baby with an NTD compared 
with women who are not folate supplemented but whose folate status falls 
within a conventionally accepted range (see under “Pregnancy”).

Less than optimal intake of folate is also evidenced by an increase in serum 
homocysteine, an amino acid that is normally metabolized by a folate-dependent 
pathway. Before the federally mandated fortification of flour, the median 

pregnancy, and lactation. Therefore, it is not surprising that the population 
subset that almost invariably displays the highest rate of iron deficiency is 
women of childbearing age.

Elderly Persons
Specific dietary recommendations for elderly people have been formally incor-
porated into the recommended dietary allowances (RDA) because aging has 
an impact on the need for certain micronutrients.3 Vitamin B12 status declines 
significantly with aging, in large part because of the high prevalence of atrophic 
gastritis and its associated impairment in protein-bound vitamin B12 absorp-
tion.4 Estimates suggest that 10 to 20% of the elderly population is at risk for 
clinically significant vitamin B12 deficiency. Consequently, elderly persons 
should consume some of their vitamin B12 requirement in the crystalline form 
rather than solely from the naturally occurring protein-bound forms found 
in food because absorption of the crystalline form is not impaired by atrophic 
gastritis. Elderly people also require greater quantities of vitamins B6 and D 
to maintain health compared with younger adults, as reflected in the new 
RDAs (see Table 205-2). The increased need for vitamin D appears to result 
from less consumption of vitamin D, diminished cutaneous synthesis of the 
vitamin by senile skin, and from decreased sun exposure, a particularly impor-
tant factor in elders residing in institutional facilities. The need for crystalline 
vitamin B12 and for a quantity of vitamin D that is difficult to achieve without 
resorting to a supplement suggests that universal use of a daily supplement 
pill containing these nutrients would benefit elderly people. Widespread use 
of a multivitamin that contains a broad spectrum of micronutrients is more 
controversial, in part because of concerns about subtle toxicity. For example, 
elders with chronic renal failure appear to have a vulnerability to vitamin A 
toxicity, suggesting that use of supplements containing this vitamin is 
contraindicated.

 PATHOPHYSIOLOGIC AND  
PHARMACOLOGIC FACTORS

Diseases of the Gastrointestinal Tract
Malabsorption and maldigestion predispose to multiple micronutrient defi-
ciencies. Both fat- and water-soluble micronutrients (except vitamin B12) are 
absorbed predominantly in the proximal small intestine. Therefore, diffuse 
mucosal diseases affecting the proximal portion of the gastrointestinal tract 
are likely to result in deficiencies. Even in the absence of mucosal disease of 
the proximal small intestine, extensive ileal disease, small bowel bacterial 
overgrowth, and chronic cholestasis can each interfere with the maintenance 
of adequate intraluminal conjugated bile acid concentrations and thereby 
impair absorption of fat-soluble vitamins. Maldigestion is usually the result 
of chronic pancreatitis. Untreated, it frequently causes malabsorption and 
deficiencies of fat-soluble vitamins. Vitamin B12 malabsorption can often be 
demonstrated in this setting, a result of inadequate R-protein digestion, but 
clinical vitamin B12 deficiency is rarely reported.

Inborn Errors of Metabolism
Myriad rare inborn errors of metabolism have been described for vitamins 
and minerals that impair an individual’s ability to assimilate, to use, or to retain 
a particular micronutrient (Chapter 194). Such defects are usually partial and 
can often be overcome, to a certain extent, by administering doses of the 
nutrient that are several orders of magnitude greater than usually required. 
Suspicion for such defects should be entertained if a known defect exists in 
the family, a deficiency syndrome arises at birth or during infancy, or the 
deficiency syndrome is present despite adequate dietary intake and the absence 
of any disease that would impair the ability to assimilate the nutrient.

Medications
Long-term administration of many drugs may adversely affect micronutrient 
status. The manner in which drug-nutrient interactions occur varies; some of 
the more common mechanisms are outlined in Table 205-4. Some drugs exert 
their therapeutic effects by specifically inhibiting the actions of a micronutri-
ent. Examples include coumarin, which inhibits γ-carboxylation reactions 
mediated by vitamin K, and methotrexate, which binds tightly to dihydrofolate 
reductase, thereby inhibiting folate metabolism.

Toxins
Tobacco smoking alters the metabolism of several vitamins, including folate 
and vitamins C and E. In large surveys, diminished plasma levels of folate and 
ascorbic acid have been observed in chronic smokers. Smoking is also associ-
ated with diminished levels of folate in cells of the oral mucosa, diminished 

TABLE 205-4 DRUG-MEDIATED EFFECTS ON 
MICRONUTRIENT STATUS: EXAMPLES

DRUG NUTRIENT MECHANISM OF INTERACTION
Dextroamphetamine, 

fenfluramine, levodopa
Potentially all 

micronutrients
Induces anorexia

Cholestyramine Vitamin D, folate Adsorbs nutrient, decreases 
absorption

Omeprazole Vitamin B12 Modest bacterial overgrowth, 
decreases gastric acid, impairs 
absorption

Sulfasalazine Folate Impairs absorption and inhibits 
folate-dependent enzymes

Isoniazid Pyridoxine Impairs utilization of B6

Nonsteroidal anti-
inflammatory drugs

Iron Gastrointestinal blood loss

Penicillamine Zinc Increases renal excretion

 Grade A References
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multimineral supplement is safe and efficacious in the maintenance of health. 
Although there is not a unanimous consensus about the “correct” answer to 
this question, the weight of available evidence indicates that for the general 
adult North American population, supplementation offers little or no benefit 
in regard to the prevention of common chronic degenerative diseases such as 
vascular disease, cancer, and dementia. A4 

,
 A5  This apparent lack of efficacy has 

been notably contradicted by two clinical trials conducted in Western indus-
trialized countries in which men taking multivitamins realized modest decreases 
in the incidence of cancer, but such benefits have not been substantiated by 
other investigations.

Although daily supplementation at the levels found in most multivitamin 
preparations probably presents no risk of harm, adverse health effects have 
been observed in several rigorously performed clinical trials in which long-
term supplementation with micronutrients at levels that exceed the RDA (or 
conventional levels of dietary intake) by several-fold was examined. For example, 
an increased incidence of prostate cancer was observed in the SELECT trial, 
in which vitamin E was administered at a dose of 400 IU/day, A6  and β-carotene 
supplementation resulted in an increased incidence of lung cancer among 
heavy smokers in the ATBC and CARET trials at doses of 20 to 30 mg/day.

This is not to say that health benefits cannot be realized from supplementa-
tion in select groups of individuals, although some thought needs to be exercised 
to determine which segments of the population should be targeted and what 
specific nutrients should be administered. Certainly, health benefits are likely 
in individuals whose dietary intake is chronically inadequate or in patients 
whose medical conditions are predictably complicated by micronutrient defi-
ciencies, such as those on chronic renal dialysis or among individuals with 
marginally controlled intestinal malabsorption. The elderly frequently cannot 
achieve recommended intakes of vitamin D and calcium to optimize bone 
health with diet alone, and therefore targeted supplementation with these 
nutrients is often indicated. Additional extra-skeletal benefits of vitamin D 
supplementation remain a matter of controversy, and a recent meta-analysis 
of more than 50,000 patients showed no benefit of vitamin D on musculoskeletal 
health. A7  Although a 2014 systematic review of randomized clinical trials in 
elderly individuals identified a small (7%) but significant decrease in all-cause 
mortality with vitamin D supplementation, the most definitive vitamin D 
supplementation trial to date, which post-dated the systematic review, observed 
no decrease in the incidence of either cancer or cardiovascular events among 
more than 25,000 enrolled participants. A8  In addition to elder adults, certain 
racial and ethnic subgroups and those who are obese may have increased 
needs for some vitamins. Poorer dietary patterns among those of lower socio-
economic status and among certain race/ethnic groups have also been reported. 
Before dietary supplements are deemed categorically not beneficial, they need 
to be studied more extensively in those population subgroups most likely to 
benefit from them.

Moreover, in many regions of the world, there continues to be a high preva-
lence of marginal micronutrient status among the general adult population, 
and in such areas widespread supplementation may be indicated.

intake of folate among adults was half of the present RDA, and a substantial 
minority of Americans had significantly elevated serum homocysteine levels. 
Elevated homocysteine (Chapter 198) is associated with the development of 
occlusive vascular disease and accelerated cognitive decline. In randomized 
clinical trials, however, supplementation with folate, vitamin B12, and vitamin 
B6 has shown no benefit against cardiovascular disease despite its ability to 
lower homocysteine levels. A3  Such supplementation also has no clear benefit 
for cognitive function, except perhaps in patients with low baseline folate  
levels.

A compelling body of observations in both humans and animals has dem-
onstrated that habitually low consumption of folate substantially increases 
the risk of colorectal cancer6 and perhaps cancers of other organs, such as 
those of the breast and pancreas. This inverse relationship is observed even 
when dietary folate intake falls within the range of conventionally accepted 
normative values. This relationship has further complicated the determination 
of what constitutes an optimal intake of folate because the recent epidemiologic 
data suggest that about 500 µg constitutes the optimal daily intake for sup-
pressing the risk of colon cancer. The issue is further confounded by observa-
tions, albeit controversial, suggesting that exceptionally high doses of 
supplemental folic acid among those who unknowingly harbor precancerous 
or cancerous lesions may paradoxically enhance the progression of these neo-
plasms, thereby underscoring the potential for harm produced by taking a 
nutrient outside of its physiologic window.

The most recent update of the U.S. RDA for folate raised the value from 
200 to 400 µg/day, citing both the prevention of anemia and optimization of 
serum homocysteine as criteria, and recommended that women capable of 
becoming pregnant consume an additional 400 µg/day in the form of supple-
ments or fortified food. The issues surrounding the prevention of cardiovascular 
disease, cancer, and cognitive decline were not incorporated into that 1998 
determination because the existing data at the time were inconclusive. However, 
future revisions of the RDAs may integrate some of this new knowledge. The 
potential for toxicity, the criterion for which was primarily linked to its ability 
to mask vitamin B12 deficiency, was dealt with by setting the TUL at 1000 µg/
day of folic acid obtained from supplements and fortified foods in addition 
to that obtained from natural food sources (see Table 205-2).

Like folate, the metrics by which we assess vitamin B12 status are also evolv-
ing. Plasma vitamin B12 concentrations were formerly considered to be an 
accurate indication of vitamin B12 status (see Chapter 155 for full discussion 
of clinical B12 and folate deficiency). Values greater than 150 µg/mL were 
thought to exclude vitamin B12 deficiency as a cause of neurologic or psychiatric 
syndromes.7 Recent observations now indicate that 7 to 10% of elder individu-
als who have plasma vitamin B12 values between 150 and 400 µg/mL may 
develop neuropsychiatric complications of vitamin B12 deficiency in the absence 
of any indications of megaloblastic anemia. Such individuals can be identified 
by the demonstration of an elevated level of methylmalonic acid in the blood 
that decreases to normal levels with parenteral vitamin B12 repletion. An eleva-
tion in serum methylmalonic acid is both a sensitive and a specific indication 
of cellular vitamin B12 deficiency. An alternative approach is to administer 
parenteral injections of vitamin B12 to an individual who has an otherwise 
unexplained neuropsychiatric syndrome and whose plasma vitamin B12 level 
falls in the range of 150 to 400 µg/mL and follow clinical response. Awareness 
of this phenomenon is particularly important because it has become clear 
that atrophic gastritis, an asymptomatic condition that affects approximately 
30% of the elderly population, frequently produces a modest decrease in vitamin 
B12 status; similarly, long-term use of proton pump inhibitor drugs inhibits 
absorption and also increases the risk of clinically significant deficiency.8

New biochemical functions of vitamins are increasingly being recognized. 
As the clinical significance of each of these new roles is defined and as quanti-
ties of each vitamin needed to optimize such functions are determined, redefi-
nition of the desirable range of vitamin status is likely to occur. Future efforts 
to refine appropriate dietary goals for each micronutrient will, however, need 
to take into consideration an important theme that is underscored by the 
previous discussion: the level of consumption of a particular micronutrient 
that conveys health benefits to one segment of the population is not neces-
sarily beneficial, or even appropriate, for all segments of society.

Is Routine Multivitamin and Multimineral Supplementation Beneficial?
In a large, nationally representative survey of U.S. adults, use of supplements, 
including vitamins and minerals, remained stable from 1999 to 2012, with 
52% of adults reporting their use in the prior 30 days; trends varied for indi-
vidual supplements and across age, sex, race/ethnicity, and education.9 A 
common query by patients is whether regular use of a multivitamin or 
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206 
EATING DISORDERS
MARIAN TANOFSKY-KRAFF

 DEFINITION
Feeding and eating disorders are defined as syndromes “characterized by a 
persistent disturbance of eating or eating related behavior that results in the 
altered consumption or absorption of food and that significantly impairs 
physical health or psychosocial functioning.”1 The Diagnostic and Statistical 
Manual of Mental Disorders, 5th edition (DSM-5), defines anorexia nervosa, 
bulimia nervosa, and binge eating disorder as primary diagnoses in adolescents 
and adults. All other diagnoses are identified as Unspecified Feeding or Eating 
Disorders and represent presentations that do not meet the criteria for the 
primary eating disorders, but nonetheless cause significant distress and impair-
ment. The severity of each disorder is also specified as mild, moderate, severe, 
or extreme.

 Anorexia Nervosa
Anorexia nervosa (AN) involves a restriction of “energy intake relative to 
requirements, leading to a significantly low body weight in the context of age, 
sex, developmental trajectory, and physical health.” Individuals with AN expe-
rience an intense fear of gaining weight or becoming fat, have an over-concern 
with weight or shape, and often may not recognize the seriousness of their 
low body weight. AN has two subtypes, restricting and binge-eating/purging. 
DSM-5 criteria for AN are listed in Table 206-1.

 Bulimia Nervosa
A diagnosis of bulimia nervosa (BN) requires recurrent episodes of binge 
eating (i.e., the consumption of an unambiguously large amount of food given 
the context, accompanied by a sense of loss of control over eating). Episodes 
of binge eating co-occur with behaviors intended to compensate for energy 
consumed and to prevent weight gain, such as self-induced vomiting and 
fasting. Binge eating and compensatory behaviors must occur, on average, at 
least once a week for three months. The self-esteem of individuals with BN 
is excessively influenced by their body weight and shape. DSM-5 criteria for 
BN are outlined in Table 206-2.

 Binge Eating Disorder
Binge eating disorder (BED)2 is characterized by recurrent episodes of binge 
eating in the absence of regular compensatory behaviors that are present in 
BN. The binge episodes are distinguished by at least three associated charac-
teristics: eating rapidly, eating until feeling uncomfortably full, and feeling 

disgust and guilt regarding the episodes. Individuals experience marked distress 
surrounding the binge episodes, and the binge eating episodes must occur, 
on average, at least once a week for three months. DSM-5 criteria for BED 
are listed in Table 206-3.

 EPIDEMIOLOGY
The lifetime prevalence of AN is approximately 0.6%, with higher rates among 
women (0.9%) compared to men (0.3%). The lifetime prevalence of BN appears 
to be about 1%, with higher rates among women (1.5%) than men (0.5%). The 
lifetime prevalence of BED is estimated at 3.5% for women and 2.0% for men. 
Among adolescents, lifetime prevalence estimates of AN, BN, and BED have 
been reported at 0.3%, 0.9%, and 1.6%, respectively. Contrary to the view that 
eating disorders afflict only non-Hispanic white, affluent females, individuals 
of all races, ethnicities, and cultures are impacted by these diagnoses.

 PATHOBIOLOGY
Several brain regions may be involved in, and potentially interact with, the 
manifestations of all eating disorders. With regard to structural neurobiology, 
the pathology of ED is associated with general brain atrophy and enlarged 
ventricles. In terms of functional neurobiology, individuals with eating disorders 
appear to have brain function alterations in emotional/limbic, reward, and 
cognitive control circuits. Fear circuitry networks involving the amygdala, 
anterior cingulate cortex, hippocampus, insula, striatum, and prefrontal cortex 
have demonstrated differential activation among individuals with eating dis-
orders compared with controls. Specifically, there tends to be a hyper-
responsiveness in the limbic circuitry in response to potentially threatening 
cues, such as food, and about body weight/shape.

There also appear to be alterations in reward function in patients with AN, 
but the direction is unclear. By contrast, individuals with BN and BED con-
sistently demonstrate hyper-responsivity in reward and somatosensory regions 
upon exposure to food images. Individuals with eating disorders may have 
dysregulated frontal cortical cognitive neural networks acting in concert with 
regional reward systems. Individuals with eating disorders have demonstrated 
impaired cognitive flexibility. Specifically in BN, impulsivity and poor inhibi-
tory control have also been reported.

Individuals with AN appear to have impaired dopaminergic signaling, 
particularly in striatal circuits, that might contribute to altered reward and 
affect, decision making, and executive control, as well as compulsivity and 
decreased food ingestion. Increased dorsal striatal dopaminergic activity is 
associated with greater anxiety in AN, suggesting that endogenous dopamine 
release might have an anxiogenic effect that drives restriction of food intake.3 
Increased functional connectivity between the dorsal striatum and the dor-
solateral prefrontal cortex (DLPFC) for low- versus high-fat foods and its 
association with decreased food intake in individuals with AN highlights the 
role of fronto-striatal circuits in AN pathobiology. Striatal dopamine abnor-
malities may exist in individuals with BN and BED. Because serotonin 1A 
and 2A receptors and the serotonin transporter may play a part in eating 
disorder symptoms such as impulse control and associated mood symptoms, 
it is likely that interactions between the serotonin and dopaminergic systems 
contribute to eating disorders. Furthermore, atypical intestinal microbiota 
may also contribute to altered energy homeostasis and behavior in eating 
disorders via the brain-gut axis.4

TABLE 206-1 DSM-5* DIAGNOSTIC CRITERIA FOR  
ANOREXIA NERVOSA

 A. Restriction of energy intake relative to requirements, leading to a significantly low 
body weight in the context of age, sex, developmental trajectory, and physical 
health. Significantly low weight is defined as a weight that is less than minimally 
normal or, for children and adolescents, less than minimally expected.

 B. Intense fear of gaining weight or becoming fat, or persistent behaviors that 
interfere with weight gain, even though at a significantly low weight.

 C. Disturbance in the way in which one’s body weight or shape is experienced, 
undue influence of body weight or shape on self-evaluation, or persistent lack of 
recognition of the seriousness of the current low body weight.

Specify whether:
Restricting type: During the last 3 months, the individual has not engaged in 

recurrent episodes of binge eating or purging behavior (i.e., self-induced vomiting 
or the misuse of laxatives, diuretics, or enemas). This subtype describes 
presentations in which weight loss is accomplished primarily through dieting, 
fasting, and/or excessive exercise.

Binge-eating/purging type: During the last 3 months, the individual has engaged 
in recurrent episodes of binge eating or purging behavior (i.e., self-induced 
vomiting or the misuse of laxatives, diuretics, or enemas).

*Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Washington, DC: American 
Psychiatric Association; 2013.

TABLE 206-2 DSM-5* DIAGNOSTIC CRITERIA FOR  
BULIMIA NERVOSA

 A. Recurrent episodes of binge eating. An episode of binge eating is characterized by 
both of the following:
1. Eating, in a discrete period of time (e.g., within any 2-hour period), an amount 

of food that is definitely larger than most people would eat during a similar 
period of time and under similar circumstances.

2. A sense of lack of control over eating during the episodes (e.g., a feeling that 
one cannot stop eating or control what or how much one is eating).

 B. Recurrent inappropriate compensatory behavior in order to prevent weight gain, 
such as self-induced vomiting; misuse of laxatives, diuretics, enemas, or other 
medications; fasting; or excessive exercise.

 C. The binge eating and inappropriate compensatory behaviors both occur, on 
average, at least once a week for 3 months.

 D. Self-evaluation is unduly influenced by body shape and weight.
 E. The disturbance does not occur exclusively during episodes of anorexia nervosa.
*Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Washington, DC: American 
Psychiatric Association; 2013.

Individuals with BN present with signs and symptoms most commonly 
associated with purging behavior. These include dental enamel erosion sec-
ondary to vomiting, gastrointestinal symptoms, including gastric acid reflux 
leading to dyspepsia and repeated exposure to gastric acid with dysphagia, 
salivary gland hypertrophy, and electrolyte disturbance. Electrolyte abnormali-
ties and changes in acid-base balance can have dangerous consequences. BN 
patients are at risk for cardiometabolic conditions (i.e., diabetes, stroke) as 
well as chronic pain. Metabolic acidosis can also occur in patients who are 
abusing laxatives as a result of the loss of bicarbonate from the bowel (Chapter 
110). The cathartic colon syndrome is caused by permanent damage to the 
Auerbach plexus in the colon by the chronic laxative abuse. Although the 
acute therapeutic actions of laxatives stimulate these nerve plexi to promote 
peristalsis, their chronic use incapacitates the colon’s ability to propagate fecal 
matter and leads to severe constipation.

Noninflammatory swelling of the salivary glands is a common clinical mani-
festation of BN. The most common psychiatric comorbidities in BN are major 
depressive disorder, anxiety disorders, substance use disorders, and disruptive 
behavioral disorders.

Individuals with BED are frequently overweight or obese. However, adults 
with BED are likely to report the development of diagnoses of metabolic 
syndrome components (i.e., dyslipidemia, hypertension, type 2 diabetes) after 
accounting for the contribution of body weight. The presence of BED may 
impact bariatric surgery (Chapter 207) outcome resulting in less weight loss 
or more weight regain, but this is not a consistent finding. However, the pres-
ence of “loss of control” eating post-surgery consistently predicts less weight 
loss or greater weight regain. Compared to obese adults without BED, those 
with the disorder experience significant impairment in a number of domains 
of psychosocial functioning, including a poorer quality of life and more impaired 
functioning in their home and social lives. Individuals with BED often have 
higher levels of disability, health problems, and work productivity impairment 
compared to obese and healthy controls without binge eating. With regard 
to comorbid psychiatric diagnoses (Chapter 406), adults with BED experience 
Axis I psychiatric disorders at a rate comparable to (or higher than) individuals 
with AN or BN, including major depressive disorder, anxiety disorders, sub-
stance use disorders, and disruptive behavioral disorders.

Natural History
AN typically manifests during adolescence, although the disorder can develop 
prior to puberty. BN frequently develops during later adolescence or early 
adulthood. BED often manifests in adulthood, but adolescents also present 
with the disorder. Several retrospective and prospective studies report that 
binge and “out of control” eating are reported as early as middle childhood.

Data on the natural course of eating disorders in the clear absence of treat-
ment are limited. Eating disorders tend to exhibit a remitting and relapsing 
natural course across the lifespan, and there appear to be high rates of diagnostic 
crossover. Treatment outcome data indicate that AN tends to transition to 
BN or an Unspecified Eating Disorder and those with BN and BED tend to 
migrate from one to the other.

 DIAGNOSIS
A number of structured, well-validated assessments for the diagnosis of eating 
disorders exist. These include, but are not limited to, the Structured Clinical 
Interview for the DSM, the Eating Disorder Examination, and the Eating 
Disorders Assessment for DSM-5 (EDA-5). However, eating disorders are 
typically diagnosed by review of patient history, symptoms, and behaviors in 
an interview format. Evaluation of comorbid psychiatric problems, most notably 
mood, anxiety, substance use disorders, and disruptive behavioral disorders 
is also required. Information should be gathered on interpersonal relationships, 
history of sexual and physical abuse, self-harm, and suicidal ideation or behavior. 
Family involvement is crucial, particularly for pediatric patients. A complete 
physical examination is recommended for all patients to assess body composi-
tion, vital signs, cardiovascular function, hematologic assessment, and blood 
chemistries.

Risk Factors
Eating disorders develop as a result of multiple biological, psychological, and 
sociocultural factors. AN, BN, and BED aggregate in families with estimates 
from twin studies suggesting that 40 to 60% of vulnerability for eating disorders 
is genetic. Although genetic linkage and association studies have implicated 
several susceptibility loci for AN, BN, and BED, specific genes that consistently 
lend vulnerability to eating disorders are less conclusive.

Female sex, age, presence of eating disorders in siblings, and comorbid 
disorders in family members, pediatric overweight, elevated shape and weight 
concerns, sexual abuse, trauma, and mood disorders have been identified as 
risk factors for eating disorders.5 Personality-related variables, such as impul-
sivity and perfectionism, appear to be linked to eating disorders. Internalization 
to the “thin ideal” (a sociocultural emphasis on shape and weight and a marked 
preference for a thin body type) and resulting weight and shape concerns 
have been proposed to contribute to eating disorder development, particularly 
among adolescents who are under strong influence from their peer and family 
environments. For example, parental over-concern about eating, shape, and 
weight, as well as weight-related teasing by family members confer risk for 
eating disorders. Specific to BED, maltreatment, including teasing and bully-
ing, and perceived stress are risk factors for the disorder.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
For AN, physical symptoms and signs may include amenorrhea, constipation, 
cold intolerance, anemia, and lanugo hair. Reduced bone density may predict 
the onset of premature osteopenia and osteoporosis. Health problems associ-
ated with malnutrition impact cardiovascular, gastrointestinal, reproductive, 
hematologic, and endocrine systems.6 Many of the medical complications of 
AN are potentially reversible with refeeding and improved nutrition. Sinus 
bradycardia caused by heightened vagal tone associated with weight loss is a 
characteristic finding. However, patients with AN can also develop arrhythmias, 
prolongation of the QTc interval on electrocardiogram, sudden cardiac death, 
and structural changes in the heart such as left ventricular atrophy and cardiac 
fibrosis. Patients with AN can have markedly slowed gastric emptying, mani-
fested by early satiety, nausea, abdominal pain, and bloating. Superior mesenteric 
artery syndrome, resulting in chronic intermittent or acute duodenal obstruc-
tion (that can be complete or partial), can result from the loss of fatty tissue 
that normally maintains the angle between the superior mesenteric artery and 
the aorta, leading to extrinsic compression of the duodenum by the superior 
mesenteric artery. Transient elevations of liver transaminases are common. 
Hypogonadism, with amenorrhea in females, and transient thyroid function 
abnormalities are common endocrine manifestations of AN. In advanced AN, 
pancytopenia can develop as a result of gelatinous transformation of the bone 
marrow.

Individuals with AN frequently present with comorbid psychiatric disorders, 
including mood and anxiety disorders (i.e., social phobia, specific phobias, 
post-traumatic stress disorder), as well as high rates of suicidal ideation and 
behavior.

TREATMENT 
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ABSTRACT
The feeding and eating disorders encompass the entities of anorexia nervosa, 
bulimia nervosa, and binge eating disorder, in addition to unspecified feeding 
and eating disorders. They all cause significant impairment of physical health 
and psychosocial functioning. The abnormal structural and functional neu-
robiology of these disorders is under study. Risk factors have been identified. 
The clinical systemic manifestations of eating disorders are protean, can be 
caused directly or indirectly by the eating disorder, and can vary in severity 
to even fatal outcomes. Cognitive behavioral therapy and interpersonal psy-
chotherapy are most effective for bulimia and binge eating disorders. For 
severely underweight patients with anorexia nervosa, inpatient medical moni-
toring and supervised nutritional rehabilitation may be required.
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Individuals with BN present with signs and symptoms most commonly 
associated with purging behavior. These include dental enamel erosion sec-
ondary to vomiting, gastrointestinal symptoms, including gastric acid reflux 
leading to dyspepsia and repeated exposure to gastric acid with dysphagia, 
salivary gland hypertrophy, and electrolyte disturbance. Electrolyte abnormali-
ties and changes in acid-base balance can have dangerous consequences. BN 
patients are at risk for cardiometabolic conditions (i.e., diabetes, stroke) as 
well as chronic pain. Metabolic acidosis can also occur in patients who are 
abusing laxatives as a result of the loss of bicarbonate from the bowel (Chapter 
110). The cathartic colon syndrome is caused by permanent damage to the 
Auerbach plexus in the colon by the chronic laxative abuse. Although the 
acute therapeutic actions of laxatives stimulate these nerve plexi to promote 
peristalsis, their chronic use incapacitates the colon’s ability to propagate fecal 
matter and leads to severe constipation.

Noninflammatory swelling of the salivary glands is a common clinical mani-
festation of BN. The most common psychiatric comorbidities in BN are major 
depressive disorder, anxiety disorders, substance use disorders, and disruptive 
behavioral disorders.

Individuals with BED are frequently overweight or obese. However, adults 
with BED are likely to report the development of diagnoses of metabolic 
syndrome components (i.e., dyslipidemia, hypertension, type 2 diabetes) after 
accounting for the contribution of body weight. The presence of BED may 
impact bariatric surgery (Chapter 207) outcome resulting in less weight loss 
or more weight regain, but this is not a consistent finding. However, the pres-
ence of “loss of control” eating post-surgery consistently predicts less weight 
loss or greater weight regain. Compared to obese adults without BED, those 
with the disorder experience significant impairment in a number of domains 
of psychosocial functioning, including a poorer quality of life and more impaired 
functioning in their home and social lives. Individuals with BED often have 
higher levels of disability, health problems, and work productivity impairment 
compared to obese and healthy controls without binge eating. With regard 
to comorbid psychiatric diagnoses (Chapter 406), adults with BED experience 
Axis I psychiatric disorders at a rate comparable to (or higher than) individuals 
with AN or BN, including major depressive disorder, anxiety disorders, sub-
stance use disorders, and disruptive behavioral disorders.

Natural History
AN typically manifests during adolescence, although the disorder can develop 
prior to puberty. BN frequently develops during later adolescence or early 
adulthood. BED often manifests in adulthood, but adolescents also present 
with the disorder. Several retrospective and prospective studies report that 
binge and “out of control” eating are reported as early as middle childhood.

Data on the natural course of eating disorders in the clear absence of treat-
ment are limited. Eating disorders tend to exhibit a remitting and relapsing 
natural course across the lifespan, and there appear to be high rates of diagnostic 
crossover. Treatment outcome data indicate that AN tends to transition to 
BN or an Unspecified Eating Disorder and those with BN and BED tend to 
migrate from one to the other.

 DIAGNOSIS
A number of structured, well-validated assessments for the diagnosis of eating 
disorders exist. These include, but are not limited to, the Structured Clinical 
Interview for the DSM, the Eating Disorder Examination, and the Eating 
Disorders Assessment for DSM-5 (EDA-5). However, eating disorders are 
typically diagnosed by review of patient history, symptoms, and behaviors in 
an interview format. Evaluation of comorbid psychiatric problems, most notably 
mood, anxiety, substance use disorders, and disruptive behavioral disorders 
is also required. Information should be gathered on interpersonal relationships, 
history of sexual and physical abuse, self-harm, and suicidal ideation or behavior. 
Family involvement is crucial, particularly for pediatric patients. A complete 
physical examination is recommended for all patients to assess body composi-
tion, vital signs, cardiovascular function, hematologic assessment, and blood 
chemistries.

Risk Factors
Eating disorders develop as a result of multiple biological, psychological, and 
sociocultural factors. AN, BN, and BED aggregate in families with estimates 
from twin studies suggesting that 40 to 60% of vulnerability for eating disorders 
is genetic. Although genetic linkage and association studies have implicated 
several susceptibility loci for AN, BN, and BED, specific genes that consistently 
lend vulnerability to eating disorders are less conclusive.

Female sex, age, presence of eating disorders in siblings, and comorbid 
disorders in family members, pediatric overweight, elevated shape and weight 
concerns, sexual abuse, trauma, and mood disorders have been identified as 
risk factors for eating disorders.5 Personality-related variables, such as impul-
sivity and perfectionism, appear to be linked to eating disorders. Internalization 
to the “thin ideal” (a sociocultural emphasis on shape and weight and a marked 
preference for a thin body type) and resulting weight and shape concerns 
have been proposed to contribute to eating disorder development, particularly 
among adolescents who are under strong influence from their peer and family 
environments. For example, parental over-concern about eating, shape, and 
weight, as well as weight-related teasing by family members confer risk for 
eating disorders. Specific to BED, maltreatment, including teasing and bully-
ing, and perceived stress are risk factors for the disorder.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
For AN, physical symptoms and signs may include amenorrhea, constipation, 
cold intolerance, anemia, and lanugo hair. Reduced bone density may predict 
the onset of premature osteopenia and osteoporosis. Health problems associ-
ated with malnutrition impact cardiovascular, gastrointestinal, reproductive, 
hematologic, and endocrine systems.6 Many of the medical complications of 
AN are potentially reversible with refeeding and improved nutrition. Sinus 
bradycardia caused by heightened vagal tone associated with weight loss is a 
characteristic finding. However, patients with AN can also develop arrhythmias, 
prolongation of the QTc interval on electrocardiogram, sudden cardiac death, 
and structural changes in the heart such as left ventricular atrophy and cardiac 
fibrosis. Patients with AN can have markedly slowed gastric emptying, mani-
fested by early satiety, nausea, abdominal pain, and bloating. Superior mesenteric 
artery syndrome, resulting in chronic intermittent or acute duodenal obstruc-
tion (that can be complete or partial), can result from the loss of fatty tissue 
that normally maintains the angle between the superior mesenteric artery and 
the aorta, leading to extrinsic compression of the duodenum by the superior 
mesenteric artery. Transient elevations of liver transaminases are common. 
Hypogonadism, with amenorrhea in females, and transient thyroid function 
abnormalities are common endocrine manifestations of AN. In advanced AN, 
pancytopenia can develop as a result of gelatinous transformation of the bone 
marrow.

Individuals with AN frequently present with comorbid psychiatric disorders, 
including mood and anxiety disorders (i.e., social phobia, specific phobias, 
post-traumatic stress disorder), as well as high rates of suicidal ideation and 
behavior.

TABLE 206-3 DSM-5* DIAGNOSTIC CRITERIA FOR BINGE 
EATING DISORDER

 A. Recurrent episodes of binge eating. An episode of binge eating is characterized by 
both of the following:
1. Eating, in a discrete period of time (e.g., within any 2-hour period), an amount 

of food that is definitely larger than most people would eat during a similar 
period of time and under similar circumstances.

2. A sense of lack of control over eating during the episodes (e.g., a feeling that 
one cannot stop eating or control what or how much one is eating).

 B. The binge eating episodes are associated with three (or more) of the following:
1. Eating much more rapidly than normal.
2. Eating until feeling uncomfortably full.
3. Eating large amounts of food when not feeling physically hungry.
4. Eating alone because of feeling embarrassed by how much one is eating.
5. Feeling disgusted with oneself, depressed, or very guilty afterward.

 C. Marked distress regarding binge eating is present.
 D. The binge eating occurs, on average, at least once a week for three months.
 E. The binge eating is not associated with the recurrent use of inappropriate 

compensatory behavior as in bulimia nervosa and does not occur exclusively 
during the course of bulimia nervosa or anorexia nervosa.

*Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Washington, DC: American 
Psychiatric Association; 2013.

Anorexia Nervosa
There is limited evidence on effective treatments for AN, with no FDA-approved 

medication currently available.7,8 For severely underweight patients, inpatient 
medical monitoring and supervised nutrition rehabilitation are required. The 

TREATMENT 



duration of illness prior to receiving treatment and the need for inpatient 
treatment as negative prognostic indicators for AN. Predictors of relapse include 
desiring a lower weight at the end of treatment and receiving treatment in a 
general (versus specialty) clinic, with the highest risk of relapse during the 
first year after treatment.15

Bulimia Nervosa
Similar to AN, most individuals with BN (70% or greater) who receive treat-
ment fully remit when assessed 5 to 20 years later, with remission rates being 
much lower (27 to 28%) at one-year follow-up. If individuals with BN do not 
achieve remission within 5 years, however, they are likely to exhibit a chronic 
course of the illness. Mortality rates for BN range between 0 and 2%. Diag-
nostic crossover from BN to AN is relatively rare. Yet, there is frequent diag-
nostic crossover between BN and BED, which may suggest possible common 
psychological and/or biological maintaining processes. Negative prognostic 
indicators for BN include endorsement of greater psychiatric comorbidity, 
multiple impulsive behaviors (e.g., self-harm, substance use disorder), and 
a family history of alcohol abuse. Individuals who receive inpatient treat-
ment or have a low motivation for engaging in treatment are more likely  
to relapse.

Binge Eating Disorder
A paucity of data exists on the long-term outcomes for BED patients. There 
are data to suggest that at 1 year following outpatient treatment, upward of 
80% of patients remit. In one clinical trial that examined 4-year outcomes, 
between 52 and 76% of individuals receiving psychological treatment for BED 
demonstrated remission from binge eating. These preliminary data suggest 
that the prognostic trajectory may be similar to BN. Diagnostic crossover 
from BED to BN is high, whereas crossover to AN is relatively rare. Although 
examination of prognostic indicators for BED is in its early stages, patients 
reporting an undue influence of their body shape or weight on self-evaluation 
are less likely to have remission from binge eating at 12-month follow-up. 
Rapid remission of binge eating has also been shown to be a positive prognostic 
indicator for binge remission.

 PREVENTION
In general, data suggest that media literacy interventions are effective for uni-
versal prevention, and cognitive-based approaches are effective for selective 
prevention of eating disorders.13 However, most macro-level environmental 
public health initiatives (i.e., anti-dieting media campaigns and sanctions on 
advertising practices propagating an ideal of extreme thinness) have not been 
empirically evaluated. There are more data on individual, micro-level inter-
ventions aimed at reducing proximal eating disorder risk factors, as well as 
current and distal eating pathology. Selected, interactive, multisession pro-
grams with adolescent girls may be more effective than universal, didactic, 
heterogeneous-sampled and single session programs in reducing risk factors 
for eating disorder symptoms. For example, a dissonance-based program aimed 
at reducing eating disorder risk factors in adolescent girls has demonstrated  
effectiveness.14

 PROGNOSIS
Anorexia Nervosa
Remission rates vary widely for AN. Lower remission rates (29%) have been 
observed, particularly in studies with the shortest follow-up duration, with 
relatively higher remission rates (40%) at longer follow-up duration (20 years). 
However, most individuals with AN (approximately 76%) treated in outpatient 
settings will remit within 5 years following the initiation of treatment. Most 
individuals who do not achieve remission from AN during follow-up periods 
transition to a diagnosis of BN or an Unspecified Eating Disorder, which likely 
captures partial syndrome AN, though transition to BED or obesity is less 
likely. Among psychiatric diagnoses, AN consistently has one of the highest 
mortality rates due to suicide, nutritional deficits, cardiac complications, and 
substance abuse. The crude cumulative mortality rate is 2.8% with longer 

optimal setting (inpatient vs. outpatient treatment) remains a subject of debate9 
and the evaluation of treatment costs in AN plays an important role in deter-
mining treatment. However, for pediatric patients, family-based psychotherapy, 
particularly during the early phases of the disorder, has demonstrated effective-
ness. A1  Maudsley’s family-based therapy involves both joint family sessions and 
simultaneous, but independent, patient/family intervention. Antidepressants 
(e.g., selective serotonin reuptake inhibitors, SSRIs) are associated with high 
rates of noncompliance and compelling evidence of beneficial effects has not 
been found. The use of antipsychotic drugs has been explored, but results 
regarding their effectiveness remain nondefinitive. Furthermore, the treatment 
potential of neuromodulative techniques such as transcranial direct current 
stimulation (tDCS), repetitive transcranial magnetic stimulation (rTMS), and 
deep brain stimulation (DBS) are currently being explored.10, A2 

Bulimia Nervosa
Cognitive-behavioral therapy (CBT) has been recognized as the treatment 

of choice for BN. A3  Interpersonal psychotherapy (IPT) is also effective for the 
treatment of BN, particularly for those who are nonresponsive to CBT.11 There 
is growing support that pharmacotherapy may be helpful for some patients 
with BN. Antidepressants, especially SSRIs, are modestly effective for reducing 
binge eating in BN over the short term and long term, with fluoxetine approved 
by the FDA for treatment of BN.12 Topiramate has consistently been shown to 
decrease binge eating in BN, but side effects may limit its usefulness. It is unclear 
whether combination therapy may be required for optimal outcomes.

Binge Eating Disorder
Psychological treatment for BED aims to reduce binge eating, reduce weight 

and shape concerns, and prevent excess weight gain and/or induce modest 
weight loss. The psychotherapies most evaluated in clinical trials include CBT, 
IPT, behavioral weight loss, and CBT guided self-help approaches (CBTgsh). 
CBT and IPT are first-line treatments. Given its cost-effectiveness, CBTgsh may 
be an optimal treatment option when specialist care is not available. Face-to-
face CBT leads to quicker and greater reductions in the number of objective 
binge eating episode days, better abstinence rates, and better eating disorder 
psychopathologic findings, and may be generally a better initial treatment 
option than internet-based guided self-help. A4  With regard to pharmacologic 
treatment in BED, three medications or classes of medications have been studied 
in two or more placebo-controlled trials. SSRIs, sibutramine, and topiramate 
all produce reductions in frequency of binge eating relative to placebo in 
short-term trials. However, sibutramine was withdrawn from the market and 
topiramate is frequently associated with problematic cognitive effects, thus 
limiting its clinical utility. Lisdexamfetamine has been shown to reduce binge 
eating episodes in RCTs and is currently the only FDA-approved medication for  
BED in adults. A5 
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207 
OBESITY
MICHAEL D. JENSEN

Obesity is the most common nutritional disorder in the United States and 
directly or indirectly accounts for a significant portion of health-related expenses. 
The safest treatment approaches (comprehensive lifestyle change with behavior 
modification) are not commonly employed by physicians and require training 
and time to implement. The Guideline for the Management of Overweight 
and Obesity in Adults provides direction for clinicians for the treatment of 
obesity.

 DEFINITION
The Guideline for the Management of Overweight and Obesity in Adults 
produced by the National Institutes of Health and the National Heart, Lung, 
and Blood Institute (NHLBI) and disseminated by the American College of 
Cardiology (ACC), the American Heart Association (AHA), and The Obesity 
Society (TOS) provides evidence-informed, scientifically based recommenda-
tions on evaluation and management of overweight and obesity.

Body mass index (BMI) continues to be the recommended approach to 
categorize weight relative to height for adults. BMI is calculated as weight (in 
kilograms) divided by height squared (in meters):

BMI
weight kg

height m
=

( )

( )2 2

To calculate BMI with pounds and inches, the formula is modified as follows:

BMI
weight lb

height in
= ×

( )

( )2 2
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The guideline did not recommend changes in the weight classifications by 
BMI, which are summarized in Table 207-1. Individuals who are overweight 
(BMI of 25.0 to 29.9) are not always overfat—some “overweight” adults have 
increased muscle mass, which is a straightforward clinical observation. Although, 
in general, the risk for development of adiposity-related health problems 
increases continuously as the BMI exceeds 25, the new guideline recommends 
providers use waist circumference measurements to discriminate among patients 
who may require more testing. Overweight and class I obese patients with a 
waist circumference in the high-risk category deserve a discussion of lifestyle 
issues as they relate to health and weight loss. Some individuals with a BMI 
of 27 to 29.9 develop serious metabolic complications that improve with weight 
loss and are candidates for more aggressive treatment, including pharmaco-
therapy if it is justified. Asian populations, in particular, are at risk for the 
typical metabolic complications of obesity at lower BMI and waist circumfer-
ences than those for whites, Hispanics, blacks, and Polynesians; the guideline 
for at-risk BMI in Asian populations is 23 to 24.

The prevalence of comorbidities and risk of future morbidities increase 
considerably at a BMI of more than 30, the cut point for obesity. Obesity is 
divided into three classes, also depending on BMI (see Table 207-1). Treat-
ment approaches may differ for those who are overweight and for different 
classes of obesity. Current U.S. Food and Drug Administration (FDA) guide-
lines indicate that pharmacotherapy can be adjunct treatment for any class of 
obesity, even if medical complications are not present. Familiarity with the 
guidelines is important. Supervisory agencies and third-party payers use them 
to determine who is eligible for treatment benefits. Class III obesity (BMI > 
40) is one feature that would prompt consideration of a patient for bariatric 
surgery when medical treatments have failed. Patients with class II obesity 
(BMI of 35.0 to 39.9) may be considered for bariatric surgery if medical 
treatments have failed and if severe, life-threatening complications are present.

Waist circumference measures are recommended as an office assessment 
tool to help with the treatment decision-making process. The guidelines agree 
that the waist circumference cut points of more than 102 cm (40 inches) for 
men and more than 88 cm (35 inches) for women are indicators of increased 
metabolic risk. The relationships between disease risk and waist circumference 
are continuous and progressive, with no obvious cut points. The recommenda-
tion is to measure waist circumference in overweight and class I obesity adults. 

Those adults with waist circumferences above the cut points deserve further 
evaluation to detect other cardiovascular disease risk factors. Adults with class 
II or class III obesity are at sufficiently high risk that waist circumference 
information does not add valuable information. These definitions of overweight 
and obesity and of high-risk waist circumference are generally applicable to 
those of European and African descent, but lower values are recommended 
for those of Asian descent. The risks of metabolic abnormalities occur at lower 
BMI and lower waist circumference in these populations.

 EPIDEMIOLOGY
Prevalence of Obesity
It has been estimated that a total of 107.7 million children (<20 years of age) 
and 603.7 million adults were obese worldwide in 2015. Using the Global 
Burden of Disease study data and methods, excess body weight accounted 
for about 4 million deaths and 120 million disability adjusted life-years world-
wide in 2015.1 The prevalence of overweight and obese adults in the United 
States increased dramatically between the 1980s and 2000s, but the increase 
in the prevalence is now leveling off. The prevalence of obesity was 36.5% 
(38.3% for women and 34.3% for men) among U.S. adults between 2011 to 
2014. Approximately 60% of U.S. men and 51% of U.S. women are overweight 
or obese. In 2013 to 2016, there were differences in the prevalence of obesity 
and severe obesity by age, race and Hispanic origin, and household education, 
and severe obesity was inversely associated with urbanization.2 There was a 
significantly greater prevalence of obesity and severe obesity among adults 
living in nonmetropolitan compared with large metropolitan statistical areas.3 
There are substantial differences in the prevalence of obesity by age, race, and 
socioeconomic status. The prevalence of obesity in adults tends to rise steadily 
from the ages of 20 to 60 years, decreasing in later years. It has been estimated 
that almost 75% of men aged 60 to 69 years in the United States have a BMI 
of more than 25.

Because young adults will accumulate greater exposure to metabolic and 
mechanical damage from being overweight or obese throughout their lives, 
they are at increased risk for chronic health conditions such as coronary heart 
disease and type 2 diabetes mellitus.4 By comparison, the increase in mean 
BMI with age, though deleterious, is not as much of a threat to population 
health as is a similar increase in the BMI of younger populations. A study 
involving 62,565 Danish men whose weights and heights had been measured 
at 7 and 13 years of age and in early adulthood (ages 17 to 26) found that 
childhood overweight at 7 years of age was associated with increased risk of 
adult type 2 diabetes only if it continued until puberty or later ages.5

The lowest mortality rates for young adults have historically been for a BMI 
in the normal range (20.0 to 24.9),6 whereas the BMI associated with the lowest 
mortality rates is somewhat above 25 kg/m2 for those in their 60s and 70s. 
Data also suggest that the optimal BMI may be evolving as we live longer. For 
example, a recent large Danish study found a gradual increase in ideal BMI 
from 23.7 to 27.0 from the late 1970s to the 21st century.7 Because of this, 
providers should base their weight recommendations for individual patients 
on whether adverse health consequences associated with obesity are present.

The differences in overweight and obesity among African Americans, Mexican 
Americans, and European Americans are not subtle. African American women 
and Mexican Americans of both sexes have the highest rates of overweight 
and obesity in the United States. In interpreting these data, however, it is 
important to keep in mind that there is an inverse relationship between socio-
economic status and obesity, especially among women (Chapter 4). Women 
in lower socioeconomic classes are much more likely than those in higher 
socioeconomic classes to be obese. This association reduces but does not 
eliminate the racial differences in the prevalence of obesity. Whether the 
remaining racial differences in the prevalence of obesity are due to genetic, 
constitutional, or social factors is not yet known.

 PATHOBIOLOGY
Etiology
Genetic and constitutional susceptibility to obesity are heavily influenced by 
the environment. Studies of twins adopted into different families indicate that 
within a given environment, a significant portion of the variation in weight 
is genetic.8 That said, the remarkable increase in the prevalence of obesity in 
the United States during the past 3 decades cannot be explained by changes 
in the genetic makeup of Americans.

Genetic Aspects of Human Obesity
Although obesity susceptibility is a classic polygenic condition, there are also 
a number of syndromic and monogenic obesity syndromes. The genetic defects 
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ABSTRACT
This chapter reviews the epidemiology and biology of obesity, including aspects 
of energy expenditure, appetite regulation, and medical/mechanical complica-
tions. It also reviews the salient features of dietary, activity, and behavioral 
treatments for obesity. The appropriate use of antiobesity medications, endo-
scopic treatment approaches, and bariatric surgery is discussed.
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 DEFINITION
The Guideline for the Management of Overweight and Obesity in Adults 
produced by the National Institutes of Health and the National Heart, Lung, 
and Blood Institute (NHLBI) and disseminated by the American College of 
Cardiology (ACC), the American Heart Association (AHA), and The Obesity 
Society (TOS) provides evidence-informed, scientifically based recommenda-
tions on evaluation and management of overweight and obesity.

Body mass index (BMI) continues to be the recommended approach to 
categorize weight relative to height for adults. BMI is calculated as weight (in 
kilograms) divided by height squared (in meters):

BMI
weight kg

height m
=

( )

( )2 2

To calculate BMI with pounds and inches, the formula is modified as follows:

BMI
weight lb

height in
= ×

( )

( )2 2
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The guideline did not recommend changes in the weight classifications by 
BMI, which are summarized in Table 207-1. Individuals who are overweight 
(BMI of 25.0 to 29.9) are not always overfat—some “overweight” adults have 
increased muscle mass, which is a straightforward clinical observation. Although, 
in general, the risk for development of adiposity-related health problems 
increases continuously as the BMI exceeds 25, the new guideline recommends 
providers use waist circumference measurements to discriminate among patients 
who may require more testing. Overweight and class I obese patients with a 
waist circumference in the high-risk category deserve a discussion of lifestyle 
issues as they relate to health and weight loss. Some individuals with a BMI 
of 27 to 29.9 develop serious metabolic complications that improve with weight 
loss and are candidates for more aggressive treatment, including pharmaco-
therapy if it is justified. Asian populations, in particular, are at risk for the 
typical metabolic complications of obesity at lower BMI and waist circumfer-
ences than those for whites, Hispanics, blacks, and Polynesians; the guideline 
for at-risk BMI in Asian populations is 23 to 24.

The prevalence of comorbidities and risk of future morbidities increase 
considerably at a BMI of more than 30, the cut point for obesity. Obesity is 
divided into three classes, also depending on BMI (see Table 207-1). Treat-
ment approaches may differ for those who are overweight and for different 
classes of obesity. Current U.S. Food and Drug Administration (FDA) guide-
lines indicate that pharmacotherapy can be adjunct treatment for any class of 
obesity, even if medical complications are not present. Familiarity with the 
guidelines is important. Supervisory agencies and third-party payers use them 
to determine who is eligible for treatment benefits. Class III obesity (BMI > 
40) is one feature that would prompt consideration of a patient for bariatric 
surgery when medical treatments have failed. Patients with class II obesity 
(BMI of 35.0 to 39.9) may be considered for bariatric surgery if medical 
treatments have failed and if severe, life-threatening complications are present.

Waist circumference measures are recommended as an office assessment 
tool to help with the treatment decision-making process. The guidelines agree 
that the waist circumference cut points of more than 102 cm (40 inches) for 
men and more than 88 cm (35 inches) for women are indicators of increased 
metabolic risk. The relationships between disease risk and waist circumference 
are continuous and progressive, with no obvious cut points. The recommenda-
tion is to measure waist circumference in overweight and class I obesity adults. 

TABLE 207-1 CLASSIFICATION OF OVERWEIGHT AND 
OBESITY BY BODY MASS INDEX (BMI)

OBESITY CLASS BMI (kg/m2)
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-29.9
Obesity I 30.0-34.9
Obesity II 35.0-39.9
Extreme obesity III ≥40
From Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/ACC/TOS guideline for the 
management of overweight and obesity in adults: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines and The Obesity Society. J Am Coll 
Cardiol. 2014;63:2985-3023.

Those adults with waist circumferences above the cut points deserve further 
evaluation to detect other cardiovascular disease risk factors. Adults with class 
II or class III obesity are at sufficiently high risk that waist circumference 
information does not add valuable information. These definitions of overweight 
and obesity and of high-risk waist circumference are generally applicable to 
those of European and African descent, but lower values are recommended 
for those of Asian descent. The risks of metabolic abnormalities occur at lower 
BMI and lower waist circumference in these populations.

 EPIDEMIOLOGY
Prevalence of Obesity
It has been estimated that a total of 107.7 million children (<20 years of age) 
and 603.7 million adults were obese worldwide in 2015. Using the Global 
Burden of Disease study data and methods, excess body weight accounted 
for about 4 million deaths and 120 million disability adjusted life-years world-
wide in 2015.1 The prevalence of overweight and obese adults in the United 
States increased dramatically between the 1980s and 2000s, but the increase 
in the prevalence is now leveling off. The prevalence of obesity was 36.5% 
(38.3% for women and 34.3% for men) among U.S. adults between 2011 to 
2014. Approximately 60% of U.S. men and 51% of U.S. women are overweight 
or obese. In 2013 to 2016, there were differences in the prevalence of obesity 
and severe obesity by age, race and Hispanic origin, and household education, 
and severe obesity was inversely associated with urbanization.2 There was a 
significantly greater prevalence of obesity and severe obesity among adults 
living in nonmetropolitan compared with large metropolitan statistical areas.3 
There are substantial differences in the prevalence of obesity by age, race, and 
socioeconomic status. The prevalence of obesity in adults tends to rise steadily 
from the ages of 20 to 60 years, decreasing in later years. It has been estimated 
that almost 75% of men aged 60 to 69 years in the United States have a BMI 
of more than 25.

Because young adults will accumulate greater exposure to metabolic and 
mechanical damage from being overweight or obese throughout their lives, 
they are at increased risk for chronic health conditions such as coronary heart 
disease and type 2 diabetes mellitus.4 By comparison, the increase in mean 
BMI with age, though deleterious, is not as much of a threat to population 
health as is a similar increase in the BMI of younger populations. A study 
involving 62,565 Danish men whose weights and heights had been measured 
at 7 and 13 years of age and in early adulthood (ages 17 to 26) found that 
childhood overweight at 7 years of age was associated with increased risk of 
adult type 2 diabetes only if it continued until puberty or later ages.5

The lowest mortality rates for young adults have historically been for a BMI 
in the normal range (20.0 to 24.9),6 whereas the BMI associated with the lowest 
mortality rates is somewhat above 25 kg/m2 for those in their 60s and 70s. 
Data also suggest that the optimal BMI may be evolving as we live longer. For 
example, a recent large Danish study found a gradual increase in ideal BMI 
from 23.7 to 27.0 from the late 1970s to the 21st century.7 Because of this, 
providers should base their weight recommendations for individual patients 
on whether adverse health consequences associated with obesity are present.

The differences in overweight and obesity among African Americans, Mexican 
Americans, and European Americans are not subtle. African American women 
and Mexican Americans of both sexes have the highest rates of overweight 
and obesity in the United States. In interpreting these data, however, it is 
important to keep in mind that there is an inverse relationship between socio-
economic status and obesity, especially among women (Chapter 4). Women 
in lower socioeconomic classes are much more likely than those in higher 
socioeconomic classes to be obese. This association reduces but does not 
eliminate the racial differences in the prevalence of obesity. Whether the 
remaining racial differences in the prevalence of obesity are due to genetic, 
constitutional, or social factors is not yet known.

 PATHOBIOLOGY
Etiology
Genetic and constitutional susceptibility to obesity are heavily influenced by 
the environment. Studies of twins adopted into different families indicate that 
within a given environment, a significant portion of the variation in weight 
is genetic.8 That said, the remarkable increase in the prevalence of obesity in 
the United States during the past 3 decades cannot be explained by changes 
in the genetic makeup of Americans.

Genetic Aspects of Human Obesity
Although obesity susceptibility is a classic polygenic condition, there are also 
a number of syndromic and monogenic obesity syndromes. The genetic defects 
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intake to offset the extra energy intake. The implication is that some types of 
beverages will increase energy intake and promote weight gain. Larger food 
portion size also increases food intake. The trend to serve larger portions of 
food and beverages in the United States could contribute to greater obesity 
risk. Food variety can also affect energy intake. An increased variety of entrees, 
sweets, snacks, and carbohydrates in the diet is associated with an increase in 
body fatness and food intake. In contrast, an increase in the variety of vegetables 
available does not appear to increase energy intake and is not associated with 
increased body fatness. Other factors that may have broad population effects 
in the United States include the reduced costs of food, increased availability, 
and palatability.

Psychological factors such as dietary restraint or disinhibition, as well as 
the social context in which the food is present, can influence how the food 
properties affect energy intake.

Physical Activity
Physical activity can be divided into three categories: (1) exercise (fitness- and 
sports-related activities); (2) work-related physical activity; and (3) nonex-
ercise, nonemployment (spontaneous) activity. Online resources are available 
that allow one to calculate energy expenditure on the basis of weight, type, 
and duration of exercise. Only about 20 to 30% of Americans engage in exercise 
at the recommended frequency, intensity, or duration that could be expected 
to substantially reduce the chances of developing obesity and related health 
problems, but this does not seem to have changed in recent decades. The 
amount of time spent in sedentary activities (e.g., watching television, using 
the computer) is an independent predictor of metabolic abnormalities associ-
ated with obesity over and above the effects of exercise. Thus to the extent 
that reduced physical activity is contributing to the epidemic of obesity, it is 
likely that it is reduced employment-related and spontaneous physical activity 
that is changing.

Although it is becoming easier for individuals to measure the energy expended 
in nonexercise activity with step counters and electronic motion sensors, there 
are limited longitudinal, population-based data that quantitates the changes 
in this activity. Certainly, employment-related physical activity has decreased 
with the advent of more automated systems in the workplace. Analysis of data 
from the U.S. Bureau of Labor Statistics indicates that since 1960 employment-
related physical activity has decreased enough to reduce mean daily energy 
expenditure by over 100 calories/day.

The energy Americans expend performing the activities of daily living has 
probably been reduced by labor-saving conveniences (e.g., drive-through food 
and banking, escalators, remote controls, e-mail, online shopping). Although 
there are few hard data to assess how much of a change has actually occurred, 
a reduction in daily walking trips and an increase in daily automobile trips 
have been documented.

There is a large amount of information on how differences in sedentary 
activity (television watching, video games, and computer use) relate to obesity 
and obesity complications. The evidence indicates that more time spent in 
sedentary pursuits is associated with an increased risk of overweight and obesity. 
The striking aspect to these studies is that the adverse effect of sedentary 
activities is independent of participation in traditional exercise activities.

Providers who are aware of the decreases in work-related physical activity 
and activities of daily living, as well as the increases in sedentary behavior, 
can help their patients uncover patterns that may relate to weight gain. Like-
wise, providers who understand the effects of environmental factors can better 
help their obese patients identify the environmental factors that are contribut-
ing to the problem and thus to help them develop intervention plans. In this 
regard, patients who regularly use step counters or other types of activity-
monitoring devices will be better able to self-identify and modify their behavior 
to obtain sufficient physical activity.

Regulation of Body Weight and Energy Balance
The regulation of adult body weight is a well-balanced process. The typical 
U.S. adult will take in and expend approximately 2000 to 3000 kcal/day. Con-
sistent errors of even 1% in excess food consumption can result in body fat 
gain of 25 to 30 pounds in 10 years, assuming no change in energy expenditure. 
It follows that many adults regulate their average energy balance with greater 
than 1% precision. There appears to be regulation of both energy intake and 
energy expenditure through conscious and unconscious processes.

The excess energy consumed by adults is generally stored as triglycerides 
in adipocytes. Humans continuously recruit new adipocytes from a large pre-
adipocyte pool to replace dying adipocytes. Although the primary means by 

resulting in obesity include Prader-Willi and Laurence-Moon-Biedl syndromes. 
Rare monogenic forms of human obesity can be due to mutations in the leptin 
gene, the leptin receptor gene, and the melanocortin signaling system genes.9 
These gene mutations are associated with increased appetite rather than with 
reduced energy expenditure. Genome-wide association studies have revealed 
a number of genes associated with higher BMI. Those that appear to predict 
the greatest amount of variance in BMI include the fat mass and obesity-
associated (FTO) gene and the melanocortin-4 receptor (MC4R) gene. Other 
genes that have been associated with obesity include TMEM18, KCTD15, 
GNPDA2, SH2B1, MTCH2, and NEGR1. Together, however, the combined 
effects of all the identified genetic contributions account for less than 1% of 
the variance in BMI. This emphasizes both the huge environmental effects 
and the polygenic nature of susceptibility to obesity.10

Constitutional Influences on Obesity
Environmental factors can result in long-term, epigenetic effects that affect 
body weight regulation and the susceptibility to obesity-related health prob-
lems. These epigenetic effects are ascribed to changes in DNA methylation, 
acetylation, and chromatin remodeling. The effect of the intrauterine environ-
ment and the perinatal period on subsequent weight and health is best studied. 
Undernutrition in the last trimester of pregnancy and in the early postnatal 
period decreases the risk of adult obesity, although the low birthweight associ-
ated with undernutrition (or smoking) in late pregnancy also increases the 
risk of adulthood hypertension, abnormal glucose tolerance, and cardiovascular 
disease. In contrast, undernutrition limited to the first two trimesters of preg-
nancy is associated with an increased probability of adult obesity. The infants 
of diabetic mothers tend to be fatter than those of nondiabetic mothers, and 
children of diabetic mothers have a greater prevalence of obesity when they 
are 5 to 19 years old, independent of whether their mother is obese. Finally, 
intrauterine exposure to the diabetic environment results in an increased risk 
of diabetes mellitus and obesity in the offspring. Thus the issue of the genes 
versus the environment in regard to obesity and metabolic complications of 
obesity is blurred in the intrauterine and perinatal time intervals. Worrisome 
aspects of these metabolic effects are the long-term effects on the individual’s 
weight regulation and health and the likelihood that these traits can be passed 
on to future generations.

Environmental Contributors to Human Obesity
Dramatic changes in the environment of Western countries over the past 50 
years include reduced demands for physical activity and alterations in the 
food supply. These food supply changes appear to have either increased or 
prevented the expected decrease in energy intake that would be needed to 
match the reduced energy expenditure from physical activity.

Food
Some of the environmental factors can influence food intake are listed in 
Table 207-2. Consuming energy-dense foods results in greater energy intake 
because adults tend to respond to food volume rather than to the energy 
content. This factor likely accounts for the association between high-fat diets 
and excess body weight; many high-fat foods are also energy dense. When 
humans consume diets that are high in fat but low in energy density, energy 
intake is not greater than would be expected on the basis of the energy density 
of the foods. There is evidence that consuming sugar-sweetened beverages, 
such as soft drinks and fruit juices, is not accompanied by a decrease in food 

TABLE 207-2 ENVIRONMENTAL FACTORS PROMOTING 
OBESITY

DIETARY ACTIVITY
↑ Energy density of foods ↑ Sedentary behavior
↑ Portion size ↓ Activities of daily living
↑ Variety* ↓ Employment-related physical 

activity
↑ Palatability
↑ Availability
↓ Cost
↑ Caloric beverages (sugar-sweetened beverages)
*Variety of sweets, snacks, and entrees.
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which abdominal adipose tissue mass expands is through increased fat cell 
size (adipocyte hypertrophy), this process can store only a limited amount 
of fat. Adults who gain leg fat accumulate more rather than larger adipocytes 
on average, resulting in a net increase in adipocyte number as more new adi-
pocytes are created than needed to replace dying cells. Some adults appear 
to recruit new adipocytes more readily than others do and if they gain body 
fat will do so more from adipocyte hyperplasia (increased fat cell number) 
than from hypertrophy. Those who gain fat with large adipocytes are more 
likely to be insulin resistant.

Leptin is a hormone that is secreted by adipocytes. As such, leptin is one 
of the most important of the so-called adipokines.11 Low leptin, such as is 
seen with leptin deficiency or extreme loss of body fat, results in extreme 
hunger, which can be reduced by administering leptin. Leptin also has other 
hypothalamic-pituitary functions and is proposed to have diverse peripheral 
physiologic actions. The leptin-deficient animal model of obesity, the ob/ob 
mouse, is severely obese, hyperphagic, hypometabolic, and sexually immature 
and has low levels of spontaneous activity; leptin administration corrects all 
of these defects. A few leptin-deficient humans (due to mutations in the leptin 
gene) have been identified. These severely obese children had very low plasma 
leptin concentrations, were hyperphagic, and responded to exogenous leptin 
administration with dramatic weight loss, reduced food intake, and accelerated 
maturation of the pituitary-gonadal axis. Obese humans are almost never leptin 
deficient and in fact have high plasma leptin concentrations unless they are 
in a major negative energy balance circumstance. Screening for leptin deficiency 
is not warranted except in severe, hyperphagic obesity that begins in early 
childhood, is accompanied by sexual immaturity, and exists in the absence of 
other known causes (e.g., Prader-Willi syndrome).

Some animal models of genetic obesity (the db/db mouse and fa/fa rat) 
have defective leptin receptors, making them unresponsive to leptin. There 
are very rare cases of obese humans with defective leptin receptor genes. Clini-
cal screening for leptin receptor mutations is not warranted, given that no 
treatment exists.

Energy Intake
Much of what has been learned about the biologic regulation of food intake 
has been from the study of animal models. These signals may affect different 
aspects of eating behavior. They can affect hunger, the compelling need or 
desire for food; satiation, the state of being satisfactorily full and unable to 
take on more; or satiety, the sense of no longer being hungry, a complex set 
of postprandial events that affect the interval to the next meal or the amount 
consumed at the next meal. Some of the signals alter just one aspect of eating 
behavior and others affect multiple aspects. For example, ghrelin, a peptide 
produced by the stomach, increases hunger but does not appear to affect 
satiation or satiety. Cholecystokinin causes satiation but has no effect on satiety. 
Leptin appears to act on multiple pathways; leptin deficiency is associated 
with increased hunger and reduced satiation and satiety.

Peripheral satiety signals act to inhibit further food intake at some point 
during meal consumption. Some of the signals reach the brain through the 
vagus nerve and some through the systemic circulation. Examples of the factors 
thought to modulate appetite are listed in Table 207-3. The compounds range 

TABLE 207-3 SUGGESTED BIOLOGIC MODULATORS OF 
FOOD INTAKE

PERIPHERAL SIGNAL
PROPOSED EFFECT 
ON FOOD INTAKE

Vagal −

Cholecystokinin −

Apolipoprotein A-IV −

Insulin −

Amylin −

Peptide YY3-36 −

Glucagon-like peptide 1 −

Oxyntomodulin −

Leptin + when leptin ↓↓

Ghrelin +

Obestatin −

TABLE 207-4 CENTRAL NERVOUS SYSTEM MODULATORS 
OF ENERGY BALANCE

CENTRAL ANABOLIC (↑ INTAKE) CENTRAL CATABOLIC (↓ INTAKE)
Neuropeptide Y α-Melanocyte-stimulating hormone
Agouti-related protein Corticotropin-releasing hormone
Melanin-concentrating hormone Thyrotropin-releasing hormone
Hypocretins and orexins Cocaine- and amphetamine-regulated 

transcript
Galanin Interleukin-1β

Norepinephrine Urocortin
Endogenous endocannabinoids 

(anandamide and 2-arachidonoylglycerol)
Oxytocin

Neurotensin
Serotonin

from gut-derived (ghrelin, cholecystokinin, glucagon-like peptide 1) and 
pancreas-derived (insulin and amylin) hormones to peptides such as apoli-
poprotein A-IV, which is secreted with chylomicrons. The signals are thought 
to be triggered both by mechanical stimuli (e.g., the fullness of the stomach) 
and by the presence of nutrients in the jejunum and ileum.

The central nervous system regulation of food intake, energy expenditure, 
and peripheral metabolism (or the so-called gut-brain axis) is becoming better 
understood.12 A number of neuropeptides, lipid derivatives, and monoamines 
have either anabolic (increased food intake with or without decreased energy 
expenditure) or catabolic (decreased food intake with or without increased 
energy expenditure) properties. A list of these molecules is provided in Table 
207-4. Many of these compounds serve more than one function, such as regu-
lation of hormone secretion (thyrotropin-releasing hormone and corticotropin-
releasing hormone), wakefulness (norepinephrine), and behavior-reinforcing 
systems (endocannabinoids).

Energy Expenditure
There is a wide range of daily energy expenditure in adults, from less than 
1400 kcal/day to more than 5000 kcal/day, with larger, more physically active 
individuals having the greatest energy needs. Typically, daily energy expen-
diture is divided into resting (or basal) metabolic rate, the thermic effect of 
food, and physical activity energy expenditure.

Basal Metabolic Rate
The basal metabolic rate (BMR) is the energy expenditure of lying still at rest, 
awake, in the overnight postabsorptive state. The resting metabolic rate (RMR) 
is similarly defined but is not necessarily measured before arising from bed. 
For most sedentary adult Americans, the RMR represents the major portion 
of energy expended during the day and may range from less than 1200 to 
more than 3000 kcal/day. Most (~80%) of the variability in BMR can be 
explained by how much lean and fat tissue an individual has. In addition, 
BMR is slightly lower in women than men and older than younger adults even 
after accounting for the amount of lean and fat tissue. There is evidence for 
heritable or family factors that influence BMR, accounting for as much as 
10% of the interindividual differences. There are both obligatory and faculta-
tive components to RMR. With an energy-restricted diet, significant reductions 
in BMR relative to the amount of fat-free mass occur. Reductions in the pro-
duction of triiodothyronine from thyroxine and the sympathetic nervous 
system drive are thought to contribute to this phenomenon. Likewise, during 
brief periods of overfeeding, RMR increases slightly above that which would 
be expected for the amount of lean tissue present. There are a number of 
formulas that can be used to estimate BMR. The Harris-Benedict formula 
(available through numerous online calculators) predicts BMR on the basis 
of height, weight, age, and sex and is accurate to within 10% in approximately 
90% of adults with BMIs of 18.5 to 45 kg/m2.

In contrast to what is typically thought, muscle accounts for only 25% of 
RMR, but during exercise muscle can account for 80 to 90% of energy expen-
diture. Adipose tissue is a minor contributor to daily energy expenditure, 
consuming only approximately 3 kcal/kg of body fat per day.

Brown fat is adipose tissue that expresses large amounts of uncoupling 
protein-1, a protein that allows a mitochondrial membrane proton leak, 
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TABLE 207-5 PHARMACOLOGIC INFLUENCES IN WEIGHT GAIN AND ALTERNATIVE THERAPIES
DRUGS THAT MAY PROMOTE WEIGHT GAIN ALTERNATIVE TREATMENTS: WEIGHT NEUTRAL OR WEIGHT LOSS
PSYCHIATRIC AND NEUROLOGIC MEDICATIONS ALTERNATIVE PSYCHIATRIC AND NEUROLOGIC MEDICATIONS
Antipsychotics: olanzapine, clozapine, risperidone, quetiapine, aripiprazole Ziprasidone
Antidepressants Nortriptyline, bupropion, nefazodone, fluvoxamine, sertraline, duloxetine
 Tricyclics: imipramine, amitriptyline Topiramate, zonisamide (weight loss), lamotrigine (less weight gain)
 Triazolopyridines: trazodone
 Serotonin reuptake inhibitors: paroxetine, fluoxetine, citalopram
Tetracyclics: mirtazapine
Monoamine oxidase inhibitors
Antiepileptic drugs: gabapentin (higher doses), valproic acid, carbamazepine, divalproex
Mood stabilizers: lithium, carbamazepine, lamotrigine, gabapentin (higher doses)
STEROID HORMONES ALTERNATIVES TO STEROID HORMONES
Progestational steroids Barrier methods, intrauterine device
Corticosteroids Nonsteroidal anti-inflammatory drugs
Hormonal contraceptives
ANTIDIABETES AGENTS ALTERNATIVE ANTIDIABETES AGENTS
Insulin (most forms) Metformin
Sulfonylureas Acarbose, miglitol
Thiazolidinediones Exenatide

Dipeptidyl peptidase 4 inhibitors
Liraglutide
Sodium-glucose cotransporter 2 inhibitors

ANTIHISTAMINES ALTERNATIVES TO ANTIHISTAMINES
Commonly reported with older agents; also oxatomide, loratadine, and azelastine Decongestants, mast cell stabilizers, antagonists of endogenous mediators of 

inflammation
ANTIHYPERTENSIVE AGENTS ALTERNATIVE ANTIHYPERTENSIVE AGENTS
α-Adrenergic and β-adrenergic receptor blockers Angiotensin-converting enzyme inhibitors
Calcium channel blockers: nisoldipine Angiotensin receptor blockers

Calcium channel blockers: most other agents
Diuretics

HIGHLY ACTIVE ANTIRETROVIRAL THERAPY

surgery), insulinoma (Chapter 217), and hypothyroidism (Chapter 213). A 
Cushing syndrome–like fat distribution is common; therefore other physical 
or laboratory findings are the best clues to whether to test for this condition. 
These include the classic purple striae, thinning skin, easy bruising, proximal 
muscle weakness, and electrolyte abnormalities. Correction of Cushing syn-
drome commonly results in substantial loss of excess body fat. Insulinoma is 
a rare tumor, and only a small portion of patients with insulinoma develop 
obesity. The weight gain associated with hypothyroidism is largely due to fluid 
retention and resolves with thyroid hormone replacement. Unfortunately, 
successful treatment is not available for hyperphagia due to hypothalamic 
damage. Adult patients with growth hormone deficiency, most commonly 
after hypophysectomy, may lose excess body fat with growth hormone replace-
ment therapy.

Psychosocial Aspects of Obesity
Sexual, physical, and emotional abuse, especially in women, can result in long-
term adverse consequences, including obesity. The effects of the abuse tend 
to be most profound if it occurs in childhood and adolescence. These women 
may be severely obese, suffer from chronic depression, and experience a number 
of psychosomatic symptoms, particularly chronic gastrointestinal distress. 
Identifying these issues before initiation of weight loss programs is important 
because successful weight loss may actually aggravate the distress experienced 
by these women. In addition, appropriate referral for psychiatric help may be 
needed before initiation of treatment for obesity.

 PATHOPHYSIOLOGY
Metabolic Complications of Obesity
A central or upper body fat distribution is more predictive than total fat mass 
of the metabolic complications of obesity. Adipose tissue release of free fatty 
acids (FFAs) and glycerol into the circulation through lipolysis provides 50 
to 100% of daily energy needs. Adipose tissue lipolysis is regulated primarily 
by insulin (inhibition) and catecholamines (stimulation), although growth 
hormone, cortisol, and atrial natriuretic peptide also stimulate lipolysis. Upper 
body obesity is associated with several abnormalities of adipose tissue lipolysis, 
most remarkably with higher postprandial FFA release and concentrations; 
this abnormality is particularly evident in type 2 diabetes mellitus. Abnormally 

resulting in heat release as opposed to chemical work from adenosine triphos-
phate—“uncoupling” of substrate oxidation from chemical or mechanical work. 
This thermogenic tissue was thought to be present only in human infants but 
does exist in small amounts in adults. Because of the high metabolic activity 
of brown adipose tissue and its potential role in stimulating energy expenditure 
(i.e., resting energy expenditure and possibly thermogenesis) it is an attractive 
target for interventions to reduce adiposity.13 Methods used to detect brown 
fat largely rely on 18F-fluorodeoxyglucose positron emission tomography scan-
ning of humans exposed to cold.

Measurement of BMR is sometimes helpful in the evaluation of patients 
who insist that they are unable to lose weight while following diets containing 
less than 1000 kcal/day. Almost without fail, if BMR is measured with a reli-
able instrument, it is substantially greater than the reported food intake. This 
underscores the fact that most adults are unreliable in assessing their own 
food intake.

The Thermic Effect of Food
An average of 10% of the energy content of food is expended in the process 
of digestion, absorption, and metabolism of nutrients. There is a significant 
interindividual variability in this value, however, ranging from a low of about 
3% to a high of about 15% of meal calories that are “wasted” in the postprandial 
interval.

Secondary Causes of Obesity
Medications
A number of medications cause weight gain in some or most of the patients 
for whom they are prescribed. Awareness of the medications that have this 
potential can facilitate weight loss treatment in some patients. Table 207-5 
lists a number of medications that are associated with weight gain as well as 
alternative treatment approaches, if any, for the underlying condition.

Diseases
Less than 1% of obese patients have an underlying disease that can explain 
the development of their obesity. Endocrinopathies are the most common 
secondary cause of obesity. These include Cushing syndrome (Chapter 214), 
hypothalamic damage resulting in overeating (most commonly after pituitary 
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Physical Activity Energy Expenditure
The energy expenditure of physical activity is a product of the amount of work 
done and the work efficiency of the individual. Tracking the total amount of 
physical activity that humans perform throughout the day is becoming easier 
with a variety of relatively inexpensive devices. By doing so, it is also possible 
to calculate the energy expended with published values for estimating the 
energy costs of work performed. Work units are expressed as metabolic equiva-
lents (METs), a multiple of the RMR. If an individual’s RMR is 1 kcal/minute 
(1440 kcal/day), a workload of 5 METs would be 5 kcal/minute. Although 
most sedentary individuals can work for only a limited amount of time at 
relatively low workloads, highly trained athletes can work at extremely high 
METs (>16) for extended periods. This is because athletes have both a greater 
peak work capacity (or maximal amount of calories or oxygen that can be 
consumed) and a higher lactate threshold. The lactate threshold is closely 
related to the level at which exercise begins to become so uncomfortable that 
it cannot be maintained much longer. Highly fit individuals can expend much 
greater amounts of energy per minute of exercise with less sense of discomfort 
than can obese, sedentary individuals who typically have low aerobic fitness 
and low lactate thresholds. The lactate threshold can be very low in obese 
patients with type 2 diabetes, such that walking a mere 3 miles per hour can 
exceed their lactate threshold. Appreciation of the physical limitations of 
patients, which can usually be overcome with a carefully designed training 
program, is necessary to provide realistic activity recommendations.

Exercise (fitness- and sports-related activities) is commonly considered the 
main component of physical activity thermogenesis. Because most adults do 
not exercise at high levels or for a sufficient duration to expend a large amount 
of energy, focusing solely on “exercise” as the main component of physical 
activity will miss significant opportunities for improving energy balance. The 
benefits of and energy expended in nonexercise activity can be far greater 
than with exercise, given the limited amount of time and effort that most 
patients can commit to exercise.

Nonexercise activity thermogenesis (NEAT) is the calorie expense of per-
forming all activities other than exercise- or employment-related and spon-
taneous activity. The range of observed NEAT ranges from less than 100 to 
more than 800 kcal/day. The energy expended from a physically demanding 
job or volitional exercise may or may not be offset by reductions in spontane-
ous (nonemployment) activity. For example, young adult men and women 
respond differently to 1 year of extra exercise; men lose weight and women 
do not, despite the absence of detectable change in food intake. Women must 
either reduce spontaneous activity in response to exercise or have subtle 
increases in food intake. It has also been shown that the variations in uncon-
scious increases in NEAT relate strongly to the amount of fat gained in response 
to overeating. Low levels of NEAT have been reported to predict future weight 
gain in some populations.
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apolipoprotein E, lipoprotein lipase, apolipoprotein B-100, and apolipoprotein 
A-II are correlated with increased triglycerides and decreased HDL.

Endocrine Manifestations of Obesity
Obesity is associated with abnormalities of the endocrine system, one of the 
most common being polycystic ovary syndrome. This syndrome (Chapter 
223) is characterized by mild hirsutism and irregular menses or amenorrhea 
with anovulatory cycles. It is most commonly linked with obesity and often 
improves with weight loss and other treatments that improve insulin resistance.

The insulin resistance associated with obesity may trigger the development 
of polycystic ovary syndrome in susceptible individuals. Whereas mild to 
moderate androgen overproduction is a feature of upper body obesity in 
women, obese men may suffer from mild to severe hypothalamic hypogonad-
ism. This androgen deficiency improves with weight loss, and attempts to 
treat this condition with testosterone replacement offer little clinical benefit. 
There has been some concern that testosterone treatment of obese men may 
increase the risk of obstructive sleep apnea and perhaps even cardiovascular 
events. Although estrogens are not elevated in obese premenopausal women, 
they remain somewhat above postmenopausal levels in obese postmenopausal 
women. Serum growth hormone concentrations are often low in obese adults, 
but insulin-like growth factor-I concentrations are often normal, and growth 
hormone concentrations increase with weight loss. Treatment of these patients 
with growth hormone has been reported to worsen insulin resistance and 
glucose intolerance and cannot be justified, considering the costs and poor 
risk-to-benefit ratio.

Mechanical Complications of Obesity
The excess body weight associated with obesity is thought to be responsible 
for the increased prevalence of lower extremity degenerative joint disease. 
Extreme obesity can result in premature degenerative joint disease, and this 
may be especially difficult to treat surgically, given the greater stress on joint 
replacements. Severely obese individuals may also have problems with venous 
stasis, which is occasionally aggravated by right-sided heart failure (see later).

Obstructive Sleep Apnea and Sleep Restriction
Sleep apnea (Chapter 377) is common in severely obese patients, tending to 
be more prevalent in men and in women with an upper body/visceral obesity. 
Sleep apnea is most likely explained by enlargement of upper airway soft 
tissue, resulting in collapse of the upper airways with inspiration during sleep. 
The obstruction leads to apneas, with hypoxemia, hypercarbia, and high 
catecholamine and endothelin levels. The frequent arousals to restore breath-
ing result in poor sleep quality. Sleep apnea is associated with an increased 
risk of hypertension, and if sleep apnea is severe, it can lead to right-sided 
heart failure and sudden death. A history of daytime hypersomnolence, loud 
snoring, restless sleep, or morning headaches is suggestive of obstructive sleep 
apnea. Treatment of sleep apnea is important to improve cardiovascular risk, 
and the failure to recognize and to treat this complication may make weight 
loss intervention strategies much less successful.

Epidemiologic studies have linked short sleep duration and disruptions of 
circadian rhythm with increased risk of metabolic syndrome and diabetes. 
Experimentally induced sleep restriction combined with circadian disruption 
in humans led to decreased RMR and increased postprandial plasma glucose 
levels due to inadequate insulin secretion.

Cancer
The risk of breast cancer and endometrial cancer is increased in obese women 
(Chapter 170). It is thought that this may be due to the increased estrogen 
levels associated with obesity in the postmenopausal woman. Obese men also 
have a higher mortality risk from cancers of the prostate and colon. The reasons 
for this association are unknown. The International Agency for Research on 
Cancer Working Group identified the following additional cancers for which 
there is now sufficient evidence that the absence of body fatness lowers cancer 
risk: esophageal, gastric cardia, colorectal, liver, gallbladder, pancreas, ovary, 
renal cell, meningioma, thyroid, and multiple myeloma.14

Gastrointestinal Disorders
Gastroesophageal reflux disease and gallstones are more prevalent in obese 
patients. Likewise, fatty liver and nonalcoholic steatohepatitis (Chapter 143) 
is strongly associated with overweight, obesity, and the metabolic syndrome.15 
Nonalcoholic steatohepatitis can eventually progress to life-threatening hepatic 
cirrhosis. Weight loss and interventions that improve insulin sensitivity have 
been shown to improve fatty liver and nonalcoholic steatohepatitis.

high FFA concentrations can contribute to a number of the metabolic com-
plications of obesity.

Insulin Resistance
The term insulin resistance is typically used in referring to the ability of insulin 
to promote glucose uptake and to inhibit the release of glucose into the cir-
culation. The primary site of insulin-stimulated glucose uptake, oxidation, and 
storage is skeletal muscle. The principal site of glucose production is the liver. 
Insulin resistance initially leads to hyperinsulinemia and may eventually lead 
to the development of type 2 diabetes mellitus if β-cell exhaustion occurs 
(Chapter 216).

The ability of insulin to promote glucose uptake, oxidation, and storage in 
muscle and to suppress plasma FFA concentrations is reduced in upper body 
obesity. High plasma FFA concentrations can induce a state of insulin resistance 
both in the muscle (glucose uptake) and in the liver (glucose release), inde-
pendent of obesity. Thus abnormal regulation of adipose tissue FFA export 
is a significant component of the development of insulin resistance. It is 
hypothesized that excess FFAs induce muscle insulin resistance by promoting 
increased synthesis of diacylglycerols and ceramides, both of which can inter-
fere with the normal insulin signaling pathway.

Dysregulated production of a number of adipose-derived hormones, also 
called adipokines, is hypothesized to contribute to insulin resistance and the 
metabolic complications of obesity. Adiponectin, an adipocyte-derived hormone 
that improves insulin action, is secreted at reduced rates in obesity and diabetes. 
Increased production of resistin, interleukin-6, and tumor necrosis factor by 
adipose tissue has been linked to insulin resistance in animal models. We 
currently lack the experimental evidence from human studies to know what 
role adipokines play in the metabolic complications of obesity.

Islet Cell Failure and Type 2 Diabetes Mellitus
Type 2 diabetes usually results from defects in both insulin secretion and 
insulin action (Chapter 216). Many obese individuals are insulin resistant, 
yet only a subset will develop diabetes mellitus. It follows that those who 
develop type 2 diabetes develop pancreatic β-cell decompensation with sub-
sequent hyperglycemia. Animal (rodent) studies have suggested that a process 
referred to as lipotoxicity is involved in pancreatic β-cell failure. In this model, 
increased FFAs are proposed to contribute to the insulin secretory abnormali-
ties seen in obesity and ultimately to lead to β-cell failure. There is some 
evidence that elevated FFAs have adverse effects on islet β-cell function in 
humans.

Hypertension
Blood pressure can be increased by a number of mechanisms (Chapter 70). 
Increased circulating blood volume, abnormal vasoconstriction, decreased 
vascular relaxation, and increased cardiac output may all contribute to hyper-
tension in obesity. The effect of hyperinsulinemia to increase renal sodium 
absorption may contribute to hypertension through increased circulating blood 
volume. Abnormalities of vascular resistance also contribute to the pathophysi-
ologic process of obesity-related hypertension. Under some experimental 
conditions, elevated FFAs have been found to cause increased vasoconstriction 
and reduced nitric oxide–mediated vasorelaxation, similar to that seen in the 
metabolic syndrome. Some obese adults have increased sympathetic nervous 
system activity, which could contribute to obesity-associated hypertension. 
Finally, angiotensinogen (also produced by adipocytes) is a precursor of the 
vasoconstrictor angiotensin II and is proposed to contribute to elevated blood 
pressure.

Dyslipidemia
Upper body obesity and type 2 diabetes mellitus are associated with increased 
triglycerides, decreased high-density lipoprotein (HDL) cholesterol, and a high 
proportion of small, low-density lipoprotein (LDL) particles (Chapter 195). 
This dyslipidemia contributes to the increased cardiovascular risk observed in 
the metabolic syndrome. Fasting hypertriglyceridemia is caused by increased 
hepatic very low density lipoprotein (VLDL) secretion, which may be driven 
by increased delivery of FFAs to the liver coming from both visceral fat and 
upper body subcutaneous fat. The reduced HDL cholesterol concentrations and 
the increased small, dense LDL particle concentrations associated with upper 
body obesity are likely an indirect consequence of elevated triglyceride-rich 
VLDL. Increased cholesterol ester transfer protein activity and hepatic lipase 
activity can theoretically account for the atherogenic shifts in triglycerides and 
cholesterol between lipoproteins. Genetic influences play a significant role in 
the expression of these lipid abnormalities. Polymorphisms in the genes for 
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Diet
Changes in eating habits must be permanent if weight loss is to be main-

tained. An experienced registered dietitian can be helpful in the evaluation of 
a patient’s eating habits and will be able to provide the needed education. The 
diet history may identify eating behaviors that result in excess energy intake. 
Although it is important to address specific adverse eating behaviors, patients 
need to understand some general principles regarding diet. Reducing the energy 
density of food (most commonly accomplished by reducing dietary fat) can 
allow patients to feel satiated while consuming fewer calories. A consensus 
recommendation is that providers prescribe 1200 to 1500 kcal/day for women 
and 1500 to 1800 kcal/day for men.18 Alternatively, diets that produce an energy 
deficit of 500 to 750 kcal/day can be recommended. Because there appears to 
be no clear superiority of one diet over another (e.g., low-carbohydrate com-
pared with low-fat) with regard to weight loss, A3  it is recommended that pro-
viders prescribe one of the evidence-based diets that restricts selected food 
types (e.g., high-carbohydrate foods, low-fiber foods, or high-fat foods) to create 
an energy deficit by reduced food intake as well as to address issues such as 
dyslipidemia, diabetes, and hypertension. Patients should be informed that 
consuming foods high in water and fiber (fruits, vegetables, legumes, and soups) 
can provide satiety without excess calories. Patients also should be counseled 
to reduce the intake of beverages containing substantial calories, most often 
sugar-sweetened beverages. Finally, a regular pattern of eating should be 
encouraged.

Commercial weight-loss programs (Weight Watchers, Jenny Craig, Nutrisys-
tem) generally result in 2 to 4% more weight loss than usual education and 
counseling. A4  Contrary to expectations, however, the opportunity to choose 
what diet to follow does not necessarily improve weight loss.

New diets are continually being promoted with the promise of easy weight 
loss. A common feature of these diets is the claim that special properties of 
certain foods help people lose weight or are the cause of obesity. If followed, 
most of these diets result in weight loss because of a reduced energy intake. 
The reduced intake can often be explained by the monotony of the diet, and 
no diets have been identified that cause persons to lose weight out of accor-
dance with physiologic principles. Although a number of dietary approaches 
can be successful in promoting weight loss, if there is no peer-reviewed evidence 
for safety and success of new diets, a review by a dietitian for nutritional safety 
is warranted. The NHLBI/AHA/ACC/TOS obesity guideline concluded that many 
types of diets are able to help patients achieve long-term, medically significant 
weight loss. Thus it may be less important what specific type of diet (DASH 
diet, Mediterranean diet, high-carbohydrate/low-fat or high-fat/low-carbohydrate 
diet) is recommended than for the patient to find dietary adherence to be rela-
tively easy. A comprehensive lifestyle intervention that includes a high-intensity, 
on-site behavioral intervention provides the best results.

Very low calorie diets (<800 calories per day) are still used to achieve acceler-
ated weight loss. Because the long-term results of these diets are no better 
and sometimes worse than the results from the standard low-calorie diet com-
bined with behavior modification, these diets are not commonly used. The 
expensive laboratory monitoring required for very low calorie diets without 
an improved long-term outcome raises questions about the costs versus benefits 
of this approach.

Physical Activity
A long-term increase in physical activity, either through the activities of daily 

living or through regular exercise, is key to preventing weight regain, thereby 
increasing the amount of successful, long-term weight loss. A5  Unfortunately, 
many overweight and obese patients are unfit, being unable to walk even 1 
mile continuously. It is not possible for most adults to expend a great deal of 
energy through exercise. For example, only about 100 kcal are expended by a 
70-kg adult walking one mile. Losing weight solely by increasing exercise is 
impractical for most patients. However, increasing physical activity as a means 
of maintaining weight loss is an attainable goal for most patients.

Successful maintenance of weight loss usually entails maintaining a daily 
energy expenditure approximately 80 to 90% above RMR. This is a considerable 
increase for most patients. For example, someone with an RMR of 1500 kcal/
day would need to expend about 1000 kcal/day in physical activity to meet 
this target. Activities other than exercise are important means to achieve this 
goal. The most commonly applicable approach is by increasing the amount of 
walking done throughout the day.

The health benefits from regular physical activity over and above the effects 
on weight include lower cardiovascular and all-cause mortality as well as 
improved mood and cognition. The options for increasing physical activity 
include exercise (sports or fitness pursuits) and use of lifestyle approaches.

Both methods can improve fitness and allow weight stability. In a random-
ized trial involving 160 obese older adults, a combined aerobic and resistance 
exercise program with weight management was more effective in improving 
functional status than either aerobic-only or resistance-only programs combined 
with weight management. A6  Persuading obese patients to become more active 
is not easy. Physicians can begin by asking patients about their current and 
past activity habits as well as what barriers they see to increasing physical 
activity. This accomplishes the goal of stimulating patients to think about the 

 DIAGNOSIS
Evaluation of Obesity
In the office practice, obtaining height and weight allows calculation of BMI. 
For patients with a BMI above 25 and below 35, a second piece of information—
the waist circumference—provides an added indicator as to whether the patient 
is at greater risk for adverse consequences (see earlier). Measurement of blood 
pressure (which may require a large blood pressure cuff) then provides a third 
item of health information at almost no cost. The presence or absence of 
dyslipidemia (HDL cholesterol < 45 mg/dL for women, HDL cholesterol < 
35 mg/dL for men, or triglycerides > 150 mg/dL), hypertension, glucose 
intolerance and diabetes, and hyperuricemia should be documented. A history 
suggestive of sleep apnea should prompt a referral for overnight oximetry or 
a sleep disorder evaluation.

A review of the patient’s lifestyle, including an assessment of physical activity 
level and eating habits, may help provide information about why the patient 
is obese. A family history of obesity, or long-standing obesity, provides evidence 
against a secondary cause of obesity. A careful medication history, including 
over-the-counter medications, and social history may help the clinician identify 
precipitating factors that can be modified. By emphasizing the role of modifi-
able lifestyle factors that predispose to disease risk, as opposed to focusing 
solely on the patient’s weight, it may be possible to initiate a conversation 
about weight/disease management in a less threatening manner from the 
patient’s perspective.

Before a patient enters a weight management program, it is helpful to ensure 
that the patient is interested and ready to make lifestyle changes and has real-
istic goals and expectations. Patients who expect to lose large amounts of 
weight in a short time are virtually doomed to disappointment. Medical treat-
ment programs, even if they include pharmacotherapy, struggle to routinely 
achieve sustained weight loss of more than 10%. Although this amount of 
weight loss is sufficient to markedly reduce the medical complications of 
obesity, disappointment with “only” 10% weight loss may cause patients to 
abandon a medically successful program. Helping the patient to accept that 
lifestyle changes resulting in achievable (10%) weight loss is a reasonable, 
initial goal can be challenging for a physician.

It is sometimes necessary to delay entry into any treatment program if a 
patient is not ready to make lifestyle changes. Every form of treatment cur-
rently available requires some degree of lifestyle accommodation, and those 
uninterested in doing so should be advised to reconsider their goals at a later 
date. A reasonable strategy is to periodically remind the patient of the health 
benefits of improved activity and eating habits and reconsider efforts once a 
willingness to make changes is apparent.

Obesity represents an individual’s response to the environment based on 
genetics and learned behavior and is best viewed as a chronic disease. Therefore 
treatment must be considered a long-term issue, much like diabetes, hyperten-
sion, or dyslipidemia. Substantial weight loss can be induced through severe 
dietary calorie restriction, but without approaches to ensure behavioral changes, 
body fat is invariably regained. To the extent that environmental factors con-
tribute to a patient’s overweight status, and to the extent that the macroen-
vironment is unlikely to change, patients must learn how to make permanent 
lifestyle changes (eating and activity behavior) to hope for permanent weight 
loss. Behavior modification approaches,16 which can help patients recognize 
and circumvent environmental cues for sedentary behavior and overeat-
ing, can increase the likelihood that patients will accomplish these lifestyle  
changes. A1  A randomized study has shown that intensive lifestyle intervention 
(compared with only support and education) is associated with fewer hospi-
talizations, fewer medications, and lower health care costs in overweight or 
obese adults with type 2 diabetes. A2 

Reducing energy intake is the most efficient and effective means to lose 
weight.17 For example, creating a 500 kcal/day deficit by reduced food intake 
will initially theoretically result in the loss of 1 pound of fat per week. It is more 
difficult to increase energy expenditure by 500 kcal/day through exercise. Greater 
amounts of physical activity can prevent weight gain (or weight regain after 
weight loss). Some patients are able to change eating and activity habits on 
their own, given the proper information, whereas others require formal or 
informal behavior modification interventions (see later) to help make these 
changes. In some instances, pharmacotherapy, endoscopic obesity treatments 
or bariatric surgery may be needed for treatment of obesity. A flow diagram 
on how to evaluate and to manage patients with overweight and obesity is 
presented in Figure 207-1.

TREATMENT 
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issue in a tactful manner. It can help to ask the patient what personal benefits 
are envisioned as a result of increasing the level of activity. If patients agree to 
begin an exercise or physical activity program, they will need to set realistic 
goals for the amount of exercise they are going to achieve and to monitor their 
activity. The ready availability of step counters and electronic activity monitor-
ing devices built into many “smart phones” offers practical means for patients 
to track physical activity throughout the day and to assess the effects of changes 
in lifestyle on their activity level. Patients should be advised to use devices that 
accurately count steps. Self-monitoring of how many steps are taken each day 
for 1 to 2 weeks can give patients a good sense of their baseline activity level. 
Many Americans take as few as 4000 to 5000 steps per day, whereas it may 
take as many as 15,000 to 17,000 steps per day to help those who have lost 
significant amounts of weight to maintain that lower weight. Gradually increas-
ing the number of steps regularly taken during the day through a series of 
changes in habits (e.g., parking farther away, walking during work breaks) is 
more likely to result in long-term success for most persons than setting aside 
2 hours or more for continuous walking.

Behavior Modification
Patients who are unable to make changes in eating activity habits on their 

own or with informal office counseling may benefit from referral to an interven-
tionist trained in behavior therapy. The goals are to help patients modify their 

eating, activity, and thinking habits that predispose to obesity and focus on 
specific pathways to achieve the goals. These pathways may include identifying 
and removing barriers to development of better eating or activity habits. Small, 
incremental, and consistent changes in behavior are encouraged. Self-monitoring 
of food and activity is considered a key feature to success because most obese 
patients underestimate food intake and overestimate exercise. Cognitive restruc-
turing has been introduced as a way to help overcome the thought processes 
that can lead to failure of a weight management program. Patients are taught 
to identify, to challenge, and to correct self-defeating thoughts.

The best weight loss results are provided by in-person, high-intensity (≥14 
sessions in 6 months) comprehensive behavioral interventions, which average 
an 8-kg (5 to 10% of body weight) loss in 6 months. Approaches that provide 
electronically delivered counseling (telephone or Internet), including some 
commercial programs, can also achieve weight loss, but generally less than 
with in-person delivery approaches. Commercial programs that have published 
their results in peer-reviewed journals are preferred. Physicians who refer patients 
to programs that offer intensive, comprehensive lifestyle interventions are 
encouraged to obtain outcomes data from those programs.

Pharmacotherapy
A number of drugs are currently available to help patients with weight loss.19,20 

All of the major studies of obesity medications uses them in concert with a 
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success of Medical therapy
It has been estimated that more than 95% of those embarking on self-diets 

or fad diets fail to maintain a significant weight loss for a time that would have 
meaningful health benefits. The published results from two commercial programs 
have shown better results. These commercial weight loss interventions provided 
a comprehensive intervention that was delivered in person and resulted in an 
average weight loss of 4.8 to 6.6 kg at 6 months in trials in which conventional 
foods were consumed and 6.6 to 10.1 kg at 12 months in trials in which prepared 
food was provided. Comprehensive weight management programs delivered at 
academic medical centers that employ behavior modification, dietary instruction, 
and physical activity can achieve equally or more impressive results. Average 
1-year weight losses of about 10% can be achieved and maintained for 1 to 2 
years, depending on the intensity of follow-up. Additional evidence that intense 
lifestyle interventions can provide long-term benefits comes from the control 
groups of studies comparing bariatric surgery to lifestyle for type 2 diabetes. 
Even after 5 years (3 of which with virtually no behavioral support), the control 
groups have maintained 8 to 10% weight loss. The addition of medications, when 
indicated (see earlier), can produce even greater amounts of weight loss.

Endoscopic Treatment of Obesity
Three different types of gastric balloons have been FDA approved for treat-

ment of obesity, as has one gastric aspiration device. The gastric balloons have 
been documented to result in significantly greater weight loss than placebo 
at 6 months (when they need to be removed). Weight regain occurs following 
removal of the device despite efforts to provide behavioral support. The gastric 
aspiration device provided significantly greater weight loss than lifestyle alone 
at 1 year and has been approved for up to 5 years of use by the FDA. Where 
these devices fit in the growing number of options for treating obesity is not 
yet clear. An electrical stimulation system that delivers low-level electrical stimuli 
to the vagus nerve has been approved with the goal of blocking nerve activity 
between the brain and stomach, thereby reducing food intake. Although this 
device is placed into the abdomen surgically rather than endoscopically, con-
ceptually this is closer to endoscopic treatments than bariatric surgery. The 
amount of weight loss obtained from this treatment is modest at best.

Bariatric Surgery
Surgical treatment can provide more weight loss than medications for class 

II and class III (see Table 207-1) obese patients with medical complications that 
could be expected to improve with successful weight loss, such as uncon-
trolled type 2 diabetes,21 assuming past attempts at medical treatment have  
failed. Patients with a BMI of 35 to 40 with life-threatening complications can be 
considered, but more typically patients with a BMI higher than 40 and several 
complications are candidates for surgery. Because the risks and costs of surgical 
treatment are greater than for medical treatment, selection of patients who 
stand to obtain more potential benefit from surgery should optimize the risk-to-
benefit ratio. Among patients with severe obesity followed for a median of 6.5 
years, bariatric surgery compared with medical treatment was associated with 
a clinically important increased risk for complication (new-onset depression, 
treatment with opioids, need for additional surgical procedure) but lower risks 
of obesity-related comorbidities. A13  Contraindications to surgery include active 
substance abuse, defined noncompliance or inability to comply with medical care, 
and schizophrenia, borderline personality disorder, or uncontrolled depression.

A multidisciplinary team, including a physician, dietitian, psychologist or 
psychiatrist with expertise in this area, and surgeon experienced in bariatric 
procedures, is important for optimal outcome. Defining realistic expectations 
is an important part of the evaluation process. Patients undergoing bariatric 
surgery are not likely to be reduced to their ideal body weight. Successful 
weight loss is typically defined as losing an average of 50 to 60% of excess 
body weight, which is a difficult criterion to explain to patients. An easier expla-
nation is that most successful patients will achieve weight losses of 25 to 35% 
of body weight. Follow-up to support the necessary changes in long-term 
behavior is recommended to optimize weight loss outcomes.

A variety of bariatric surgical procedures have been used. Procedures that 
only modify the capacity of the stomach (laparoscopic gastric banding) are much 
less effective than Roux-en-Y gastric bypass in terms of long-term weight loss. 
Procedures that both reduce stomach size and modify other stomach properties 
(sleeve gastrectomy) are somewhat less effective than the Roux-en-Y gastric 
bypass in terms of long-term weight loss and outright surgical success. Follow-
up at 12 years after Roux-en-Y gastric bypass surgery in a large, prospective trial 
has confirmed the procedure’s durability of weight loss and prevention of type 2 
diabetes, hypertension, and dyslipidemia. A14  Offsetting advantages include the 
absence of any nutrient malabsorption. The partial pancreaticobiliary bypass, the 
very long limb Roux-en-Y gastric bypass, and the duodenal switch procedures 
create malabsorption that results in greater weight loss than with the standard 
Roux-en-Y gastric bypass. Unfortunately, the incidence of severe, even fatal vitamin 
and mineral deficiencies (Chapter 205) is much higher with these procedures. 
Laparoscopic approaches are routinely employed for bariatric surgery because 
they reduce the hospitalization time and reduce the risk of incisional hernias 
compared with open procedures. The Swiss Multicenter Bypass or Sleeve Study 
in patients with morbid obesity reported no significant difference in excess BMI 
loss between patients randomized between laparoscopic sleeve gastrectomy 
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 PREVENTION
The dramatic increase in the prevalence of obesity during the past few decades 
strongly suggests that preventive strategies are needed. Public health approaches 
that emphasize education have been almost uniformly unsuccessful at prevent-
ing weight gain or producing weight loss. Public health strategies that virtually 
impose behavior change are more successful in this regard. Unless widespread 
efforts are made to address the problem of obesity, it is likely that its prevalence 
and complications will become an ever-increasing health burden.

comprehensive lifestyle intervention by knowledgeable providers; prescribing 
these medications without such support is likely to result in lesser success. Not 
all overweight or obese patients are candidates for pharmacologic treatment 
of obesity. Table 207-6 provides criteria that should help select patients for 
pharmacologic treatment. Because pharmacologic treatment of obesity exposes 
patients to some risks and expense, it is reasonable to require an objective 
benefit. A rational argument can be made that prioritization should be given 
to those with one or more medical complications or conditions that are likely 
to improve with weight loss. In prescribing antiobesity medications, it is impor-
tant to set clear goals with respect to both weight loss and health benefits.

Currently Available Medications
The medications currently available for long-term use act through either 

appetite reduction or inhibition of pancreatic lipase, which results in fat mal-
digestion. All are better than placebo for achieving weight loss. A7 

Phentermine is approved only for short-term (3 months) use. Other medica-
tions approved by the FDA for chronic treatment of obesity include lorcaserin, 
a selective serotonin 2C receptor agonist; the combination of topiramate and 
phentermine (see later); a combination of bupropion with naltrexone; and 
liraglutide. Because weight that is lost with pharmacotherapy is often regained 
once the medication is discontinued, agents that are approved for long-term 
use are better therapeutic choices.

Orlistat at the typical dose of 120 mg three times daily with meals causes 
about 30% of dietary fat to be malabsorbed. As expected, adverse gastrointestinal 
side effects, such as oily spotting, abdominal pain, excess flatus, fecal urgency, 
and fatty or oily stools, are not uncommon. These side effects decrease over 
time, and the concomitant use of bulk-forming laxatives (e.g., psyllium, meth-
ylcellulose) can reduce these symptoms. A daily multivitamin is recommended 
for those receiving long-term orlistat therapy. It is not necessary to take orlistat 
if a nonfat meal is being consumed. Orlistat is now available as an over-the-
counter medication. Orlistat improves the results of medical treatment programs 
that include diet, exercise, and behavior modification, resulting in almost twice 
as many patients achieving goal weight loss (10% of body weight).

The combination of phentermine and topiramate in an extended-release 
capsule is approved for chronic treatment of obesity. The highest dose (15 mg 
phentermine/92 mg controlled-release topiramate) resulted in an average of 
about 10% weight loss at 2 years (8% more than with placebo), with slightly 
more than half of patients achieving 10% weight loss and 15% of patients 
achieving 20% weight loss. A8  As both components of this medication were 
previously approved (topiramate for seizures and migraine prevention), the 
side effects are somewhat predictable. The most common side effects are con-
stipation, paresthesia, sinusitis, and dry mouth; the incidence of individual 
adverse effects diminishes significantly after the first year.

Lorcaserin inhibits the serotonin pathway in a manner similar to fenfluramine, 
but without the cardiac valvulopathy effects. Patients taking lorcaserin 10 mg/
day for 1 year lost an average of 5.8 kg compared with 2.2 kg with placebo. At 
1 year, 47% of patients treated with lorcaserin lost 5% or more of their body 
weight compared with 20% of the placebo group. A9  Lorcaserin can sustain 
weight loss without adverse cardiovascular effects, though with a slightly higher 
risk of hypoglycemia compared with placebo. A10 

The combination of bupropion and naltrexone was developed to address 
the issue of dopamine-induced gratification and addictive behavior. The drug 
results in an average weight loss comparable to other approved drugs, with 
few side effects and no abuse potential, and probably without an increased 
risk of major cardiovascular events. A11 

Liraglutide is FDA approved for the treatment of obesity in patients who 
have a BMI greater than or equal to 30 or a BMI greater than or equal to 27 in 
association with dyslipidemia or hypertension. Given as a once-daily subcuta-
neous injection at a dose of 3 mg, it can reduce weight by an average of about 
8% (compared with about 3% for placebo) when used as an adjunct to diet and  
exercise. A12 

TABLE 207-6 INDICATIONS FOR PHARMACOLOGIC 
TREATMENT OF OBESITY

Body mass index > 27 kg/m2

One or more complications or conditions that are likely to improve with weight loss
Previous failure of conservative treatment with behavioral intervention, diet, and 

exercise
Agree to 2- to 4-wk trial of making initial changes in diet and exercise before starting 

pharmacotherapy
Agree to continued treatment with diet, exercise, and behavioral modification while 

receiving pharmacologic treatment
Agree to periodic follow-up
Premenopausal women (able to have children) must use some form of contraception
Consider a pregnancy test on initiation of treatment if there is any possibility of 

pregnancy
No contraindications to the specific drug used for pharmacologic treatment
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and laparoscopic Roux-en-Y gastric bypass at 5 years of follow-up. A15  Also at 
5 years of follow-up, the SLEEVEPASS randomized trial reported a statistically 
insignificant excess weight loss in the gastric bypass group. A16 

After surgery, almost all of the weight loss that occurs will happen during 
the first 1 to 2 years. Long-term (>5 year) success rates are outstanding in good 
programs. Virtually all patients with successful weight loss will have a dramatic 
improvement in the medical complications of obesity, making bariatric surgery 
an important treatment for severe, medically complicated obesity.

The results of the Roux-en-Y gastric bypass for treatment of morbid obesity 
have been favorable. Approximately 70% of patients achieve success as defined 
previously with this procedure. The mortality and morbidity (e.g., infection, 
anastomotic leak, wound dehiscence) of this procedure are low in centers with 
expertise, despite the high-risk population. Laparoscopic gastric banding is 
less used because of the inferior long-term weight loss results and late com-
plications of band slippage, erosion, and weight regain. After any of the mal-
absorptive procedures, the patients require permanent follow-up specifically 
for adverse nutritional consequences.

The long-term follow-up of patients who have undergone gastric bypass surgery 
is needed to ensure adequate protein, calorie, vitamin, and mineral nutrition. 
Supplemental vitamin B12, iron, and calcium are routinely added to standard 
multivitamins. The most common nutritional consequences of malabsorptive 
procedures are disorders of calcium and vitamin D metabolism, although many 
severely obese patients have low vitamin D levels even before surgery (Chapter 
231). An increase in bone alkaline phosphatase may signal calcium or vitamin D 
deficiency. Low plasma vitamin D levels and low urinary calcium excretion should 
prompt aggressive replacement therapy. Iron deficiency, other fat-soluble vitamin 
deficiencies, and cases of copper defic iency occurring more than 5 to 10 years 
after surgery have been described. There have also been cases of pancreatogenous 
hypoglycemia that develop after bariatric surgical procedures. The symptoms 
are primarily postprandial and can be quite severe. Medical management by 
specialists in this field is the best approach for these patients.
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 PREVENTION
The dramatic increase in the prevalence of obesity during the past few decades 
strongly suggests that preventive strategies are needed. Public health approaches 
that emphasize education have been almost uniformly unsuccessful at prevent-
ing weight gain or producing weight loss. Public health strategies that virtually 
impose behavior change are more successful in this regard. Unless widespread 
efforts are made to address the problem of obesity, it is likely that its prevalence 
and complications will become an ever-increasing health burden.
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REVIEW QUESTIONS

1. A 52-year-old woman with type 2 diabetes, normal renal function, and a 
body mass index (BMI) of 36 asks for a referral to a surgeon for evaluation 
of possible bariatric surgery. Her glycemic control is adequate with a hemo-
globin A1c value of 7.2% on 500 mg/day of metformin, 30 U/day of inter-
mediate-acting insulin, and 30 mg/day of pioglitazone. She also has 
well-managed depression treated with fluoxetine. She has seen a dietitian 
in the past and has been unable to lose weight. Which of the following is 
the most appropriate recommendation?
 A. Advise the patient to begin a walking program and refer her to a surgeon 

with experience in laparoscopic banding procedures.
 B. Advise the patient to begin a walking program and refer her to a surgeon 

with experience in laparoscopic gastric bypass procedures.
 C. Advise the patient to begin a walking program and refer her to a com-

mercial weight loss program that has good outcome results based on 
peer-reviewed, published data and change the fluoxetine to bupropion.

 D. Advise the patient to begin a walking program, gradually increase the 
metformin to 2500 mg/day, substitute liraglutide for pioglitazone, and 
request the dietitian to reevaluate the patient.

 E. Refer the patient to an academic weight management program that 
includes cognitive-behavioral therapy and dietary and exercise interven-
tion components.

Answer: D Although the patient’s BMI and medical condition technically 
meet the criteria for bariatric surgery, her previous weight loss attempts have 
not included a comprehensive program, and she is taking three medications 
that have weight gain as a side effect. Failure to address iatrogenic causes of 
weight gain will predispose to medical treatment failure. Surgery should be 
an option for those who fail to respond to optimal medical management. 
Pioglitazone and insulin promote weight gain to a greater extent than fluoxetine 
does, and the decision to change from fluoxetine to bupropion is best made 
by a clinician responsible for managing her depression. Increasing the met-
formin to maximum doses and substituting liraglutide for pioglitazone may 
reduce the need for insulin while maintaining glycemic control. Revisiting 
dietary strategies is likely to be more effective in the absence of medications 
that promote weight gain.

2. A 33-year-old woman presents for treatment of obesity. She has been over-
weight since her teens and experienced net weight gain with each of two 
pregnancies such that her BMI is now 32.5 kg/m2. She had normal glucose 
tolerance during both pregnancies. Her waist circumference is 29 inches, 
and her blood pressure in the office is 110/70. Which of the following 
approaches best matches evaluation/treatment risks and costs with the 
potential health benefits of weight loss interventions?
 A. Recommend over-the-counter orlistat, advise the patient to begin a 

walking program, and refer her to a dietitian for instruction in a 1200 kcal/
day diet.

 B. Measure thyroid-stimulating hormone, fasting triglycerides, high-density 
lipoprotein cholesterol, low-density lipoprotein cholesterol, aspartate 
transaminase, alanine transaminase, and alkaline phosphatase and perform 
an oral glucose tolerance test to look for hormonal causes of obesity 
and to screen for metabolic complications. Refer the patient to a dietitian 
for specific dietary advice based on test results.

 C. Advise the patient to begin a walking program, prescribe phentermine/
topiramate in an extended-release capsule, and refer her to a dietitian 
for a 1200-kcal/day diet.

 D. Advise the patient to begin a walking program and refer her to a com-
mercial weight loss program that has good outcome results based on 
peer-reviewed publications.

Answer: D This patient is at low risk for metabolic complications of obesity. 
She has a low waist circumference for a woman in her BMI range and had no 
pregnancy-associated glucose abnormalities. Weight gain with pregnancy is 
common, and in the absence of symptoms of hypothyroidism, laboratory 
screening is unlikely to be revealing. Costly laboratory testing looking for 
metabolic abnormalities is likewise a low-yield strategy in this patient. Although 
this patient is technically a candidate for pharmacotherapy, in practice, the 

out-of-pocket expense is such that the majority of patients will not continue 
with treatment because the amount of weight lost is insufficient. In addition, 
the side effects and risks of some medications make the risk-to-benefit ratio 
unappealing. Proven commercial weight loss programs can offer support and 
education not commonly available in a primary care provider’s office. However, 
providers may wish to confirm that local programs maintain the integrity of 
the program’s published results.

3. A 23-year-old man with a BMI of 56 kg/m2 presents in the office after a 
work screening examination revealed a fasting blood glucose concentration 
of 180 mg/dL. The patient admits to nocturia for the past 6 months. He 
has been severely obese since early childhood and reports being frequently 
hungry and eating large amounts of food. All members of his immediate 
family are obese. On examination, he has acanthosis nigricans, large amounts 
of subcutaneous fat, no cushingoid striae, and normal chest and pubic hair. 
Which of the following further evaluations is most helpful in making disease 
management decisions?
 A. Administer the Berlin Questionnaire, perform overnight oximetry, and 

measure hemoglobin A1c, lipids, and liver function.
 B. Measure serum leptin concentration to test for leptin deficiency and 

refer the patient to a center with a leptin treatment IND if indicated.
 C. Perform genetic screening for leptin receptor and melanocortin-4 recep-

tor gene mutations.
 D. Measure serum testosterone, cortisol, thyroid-stimulating hormone, and 

growth hormone to screen for endocrine causes of obesity.
Answer: A The patient has evidence of sexual maturation, which would not 
be expected with either leptin deficiency or leptin receptor mutations. Fur-
thermore, there are currently no therapies for patients with leptin or melano-
cortin-4 receptor gene mutations. Endocrine causes of obesity that begin in 
childhood would prevent normal adult development (Cushing syndrome, 
growth hormone deficiency, hypothyroidism), and testosterone may be low 
because of obesity. If the patient has sleep apnea, treatment with continuous 
positive airway pressure is urgently needed, and knowing whether the patient 
has dyslipidemia or fatty liver disease will inform the urgency of medical or 
surgical treatment of obesity.

4. A 42-year-old premenopausal woman with type 2 diabetes, dyslipidemia, 
and a BMI of 44 kg/m2 failed to lose a clinically meaningful amount of 
weight during a comprehensive lifestyle program and is now scheduled 
for gastric bypass surgery in 1 week’s time. In the process of evaluating 
microcytic anemia and elevated alkaline phosphatase, she is found to have 
severe iron and vitamin D deficiency. Gastrointestinal studies are negative 
for bleeding or malabsorption. Which of the following approaches best 
balances the risks and benefits of treatment?
 A. Prescribe the patient oral vitamin D 50,000 U three times weekly and 

ferrous sulfate 325 mg, one tablet three times daily, in preparation for 
surgery.

 B. Prescribe the patient oral vitamin D 2000 U daily and ferrous sulfate 
325 mg, one tablet three times daily, in preparation for surgery. Inform 
the patient that she will likely need parenteral supplements after surgery.

 C. Prescribe the patient oral vitamin D 50,000 U three times weekly and 
ferrous sulfate 325 mg, one tablet three times daily, and defer surgery 
until her blood levels are replete.

 D. After surgery, prescribe the patient oral vitamin D 50,000 U three times 
weekly and ferrous sulfate 325 mg, one tablet three times daily, and 
monitor blood levels.

Answer: C Bariatric surgery is never an emergency, although many patients 
are impatient to have this procedure. Absorption of iron, vitamin D, and calcium 
is often reduced after gastric bypass, making correction of preexisting deficien-
cies even more difficult. It is highly unlikely that it will be possible to correct 
this patient’s iron and vitamin D deficiencies in 1 week. Aggressive replacement 
therapy and deferment of surgery until her deficiencies have been corrected 
will make it easier to manage this patient after bariatric surgery and may improve 
the surgical risks.
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5. A 48-year-old woman, height 175 cm, weight 104 kg, requests treatment 
for obesity. She states that she has not lost weight following a 1200 kcal/
day diet prescribed by a dietitian despite walking 5 miles/day. Her serum 
thyroid-stimulating hormone level is normal with no thyroid hormone 
replacement, and her only medication is an angiotensin-converting enzyme 
inhibitor for hypertension. She requests instruction in a very low calorie 
(800-kcal/day) diet and a prescription for a medication to help her lose 
weight. This patient is most likely to benefit from which of the following 
approaches?
 A. Refer the patient for measurement of a basal metabolic rate to assess 

whether she is hypometabolic.
 B. Ask the patient to use a pedometer to ensure that she is walking 5 miles 

per day.
 C. Prescribe an 800-kcal/day high-protein diet and monitor electrolytes 

carefully.
 D. Request that the patient complete a real-time diet diary for 2 weeks 

and weigh the patient when she returns.

Answer: D The patient’s basal metabolic rate calculated by the Harris-Benedict 
formula is 1750 kcal/day, which is likely to be within 10% of her actual meta-
bolic rate if it were measured. It is virtually physiologically impossible for her 
metabolic rate, let alone total daily energy expenditure, to be less than 1200 kcal/
day even if she is not walking at all. Even a very sedentary woman at this 
height, weight, and age would be expected to expend at least 2000 kcal/day. 
If she is walking 5 miles, her daily energy expenditure will exceed 2500 kcal/
day. The patient must not be following a 1200 kcal/day diet. Self-monitoring 
of food intake is a proven approach to improve awareness of the types and 
amounts of food consumed. Many patients will lose weight while self-moni-
toring, and this approach can help identify problem eating habits. On occasion, 
patients will record perfect eating habits of unbelievably low energy intake 
and still not lose weight. Under these circumstances, measurement of a basal 
metabolic rate may help the physician and patient understand that inaccurate 
perception of food intake is the issue.
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208 
APPROACH TO THE PATIENT WITH 
ENDOCRINE DISEASE
DAVID R. CLEMMONS AND LYNNETTE K. NIEMAN

Most endocrine disorders are due to either an excess or a deficiency of a 
hormone that is transported in the systemic circulation and therefore result 
in multiorgan manifestations. Patients rarely present with a single isolated set 
of symptoms referable to only one organ system. Generalized nonspecific 
symptoms such as weakness, difficulty concentrating, lack of energy, and change 
in appetite are common. Often, a constellation of symptoms is required to 
point to the correct diagnosis, and single symptoms evaluated in isolation are 
rarely helpful even if one considers an exhaustive differential diagnosis (Table 
208-1). As a result, it is critical to obtain a good longitudinal history. The 
duration of hormone excess or deficiency often dictates the severity of symp-
toms, and characterizing symptom progression over time can be very helpful 
in selecting diagnostic tests, and either substantiating the need for treatment 
or selecting the optimal treatment. Physical examination helps to confirm the 
likelihood of a diagnosis; for example, the presence of a symmetrically enlarged 
thyroid gland indicates that Graves disease is the most likely cause of hyper-
thyroidism. Even if endocrine disorders are diagnosed by biochemical screening 
in the absence of symptoms or signs of overt disease (e.g., hyperparathyroid-
ism), a thorough history and physical examination are still important; they 
establish whether the patient is truly in the asymptomatic phase of the disease, 
and whether therapy or observation is required. A careful temporal history 
of a symptomatic change may also assist with the differential diagnosis—for 
example, whether a thyroid mass is due to a hemorrhagic cyst (i.e., occurring 
suddenly) or is an adenoma that evolved over an extended period. A thorough 
general history and physical examination may identify diseases associated 
with endocrinologic abnormalities, such as cancers that ectopically secrete 
hormones.

As genetic testing to establish the etiology of endocrine syndromes is more 
available, an accurate family history can indicate a need for genetic testing or 
familial screening. A thorough evaluation of medication use is also mandatory. 
Some medications can mask the symptoms of overt endocrine disease, such 
as β-blockers in hyperthyroidism, and others can exacerbate the findings, such 
as thiazide diuretic use in hyperparathyroidism. Medications also may confound 
laboratory evaluation, such as diuretics in patients with hyperaldosteronism 
or acetaminophen in patients screened for pheochromocytoma. Medication 
withdrawal may be required before testing. Finally, it may be difficult to obtain 
an accurate history of certain complaints. For example, in evaluating male 
sexual dysfunction, a corroborating history from his partner may be needed.

 COMMON SYMPTOMS OF  
ENDOCRINOLOGIC DISEASE

A number of signs and symptoms are common to many endocrine disorders 
and the general population without endocrine disorders. These include weak-
ness and fatigue, abnormal menstrual function, constipation or diarrhea, 
generalized hair loss or male pattern balding, recurrent or episodic headaches, 
altered libido, polyuria and nocturia, weight gain or loss, depression, altered 
mood, acne, dry skin, and vitiligo. By contrast, pain is not common and usually 
accompanies an acute endocrine emergency such as diabetic ketoacidosis or 
adrenal crisis, although chronic bone pain is seen in hyperparathyroidism and 
osteomalacia. Other signs are not so common in the general population and 
may more specifically suggest an endocrine disorder. These include striae, 
plethora, easy bruisability, acanthosis nigricans, and hyperpigmentation.

Any single symptom is unlikely to lead to the correct diagnosis. However, 
combinations of these symptoms (e.g., weight gain, constipation, cold intoler-
ance, and dry skin in hypothyroidism) are more likely to suggest a diagnosis.

 PHYSICAL EXAMINATION
Physical examination can confirm or refute findings ascertained by a medical 
history (Table 208-2). Thyroid disease is often first suspected based on the 
physical examination.1

Endocrinopathies lead to skin changes that may occur early in the illness 
and progress over time and may assist in identifying the diagnosis.2

By contrast, a number of symptoms are found in multiple endocrine dis-
orders, such as hypertension, hypercalcemia, hyperparathyroidism, acromegaly, 
Cushing syndrome,3 diabetes mellitus, pheochromocytoma, obesity, and 
primary aldosteronism.

The presence of edema may be an early sign of hormone-producing tumors 
that result in salt retention, including Cushing syndrome and hyperaldos-
teronism. Measurement of upper to lower segment ratios and arm span is 
helpful in establishing the timing and onset of puberty in primary gonadal  
disorders.

Pelvic examination is a major aid to the differential diagnosis of ovarian 
disorders. Palpation may identify polycystic ovaries and suggest the absence 
of ovarian tissue. The absence of a uterus is important in the differential diag-
nosis of pseudohermaphroditism, and the evaluation of external genitalia 
can be important in establishing the presence of congenital adrenal hyper-
plasia. Vaginal dryness is a sign of severe estrogen deficiency, as is breast  
atrophy.

Mental status changes occur frequently with extreme hypercalcemia, Cushing 
syndrome, and hyperthyroidism. Many primary endocrine disorders are asso-
ciated with characteristic psychiatric manifestations.4

 LABORATORY EVALUATION
Endocrine diseases are frequently diagnosed in an asymptomatic state because 
of radiologic or hormonal testing abnormalities.

The most common radiologic conundrums occur in patients who are noted 
incidentally to have small pituitary, thyroid, or adrenal masses. Evaluation for 
a functionally active tumor is usually necessary, even though only a minority 
will test positive. For pituitary tumors, this includes measurement of a baseline 
serum prolactin level and, in cases with suggestive symptoms, of 24-hour 
urine cortisol and growth hormone after glucose suppression. In patients with 
incidentally found adrenal masses (“incidentalomas”),5,6 the tumor heteroge-
neity, size (>4 cm) and density, hypertension or hypokalemia, and symptoms 
and signs of Cushing syndrome should be evaluated. If any of these are present, 
evaluation should be done for Cushing syndrome, hyperaldosteronism, and 
pheochromocytoma.7

Measurements of the active hormone in blood, urine, or saliva are gen-
erally sufficient. Occasionally, measurement of a metabolite (such as 25- 
hydroxycholecalciferol, a vitamin D metabolite) is more reliable. Measure-
ment of hormones with a very long plasma half-life (e.g., thyroxine) can be 
obtained at any time of day. However, other hormones (e.g., growth hormone) 
are secreted episodically, and therefore a static measurement may or may not 
be indicative of hormone excess or deficiency. In these cases, suppression or 
stimulation testing is used to confirm the diagnosis. Usually, an exogenous 
substance (e.g., adrenocorticotropic hormone [ACTH]) is administered either 
orally or intravenously, and the production of the hormone (e.g., cortisol) by 
the gland is either stimulated or suppressed.

Many hormones circulate bound to binding proteins, which can cause 
problems in interpretation. Medications or concomitant illnesses can result 
in a major change in the concentration of the binding protein, which in turn 
alters the total hormone concentration. This problem can be obviated either 
by measuring the binding protein itself or by direct measurement of the free 
hormone, such as measurement of free thyroxine.8

Static hormone measurements are often used for screening—for example, 
morning cortisol for hypoadrenalism. Stimulation or suppression testing is 
then used to confirm the diagnosis. In some cases, plasma measurements are 
much less reliable than urinary testing (e.g., a single morning cortisol level to 
identify Cushing syndrome).9 In these cases, 24-hour urinary measurement 
of hormone is often required to document overproduction. Urinary assays 
have the advantage of providing integrative assessment over 24 hours and 
thus are less likely to be susceptible to errors due to episodic hormonal secre-
tion. Occasionally, measurements of other substances, such as electrolytes or 
metabolites, are also informative for confirming the diagnosis. For example, 
measurement of 24-hour urinary calcium can be important in the differential 
diagnosis of hypercalcemia. Metabolites in the urine may be extremely impor-
tant in the evaluation of adrenal disorders and in documentation of pheo-
chromocytoma and carcinoid syndrome. Simultaneous measurements of two 
substances is extremely helpful in the diagnosis of some disorders. Measure-
ment of simultaneous serum calcium and parathyroid hormone (PTH) is 
important for confirming the presence of hyperparathyroidism. Likewise, 
simultaneous measurement of blood glucose and insulin are needed to screen 
for an insulin-producing tumor. Indirect measurement of hormonal status can 
also be important; for example, insulin-like growth factor (IGF)-I, which is 
inducible by growth hormone (GH), reflects integrated GH secretion, and 
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ABSTRACT
Endocrine disorders can be classified as states in which there is too much or 
too little of one or more hormones. As many hormones have multiple sites 
of action, there may be many possible clinical features for each presentation, 
and not all features may be present, particularly in early stages of the disease. 
Thus, a very complete history and physical examination are often required to 
determine whether these entities are the cause of the patient’s complaints. 
Laboratory evaluation is usually needed to validate the clues provided by 
these clinical interactions, except when the disorders are severe and clinically 
unmistakable. The treatment of endocrine excess disorders is generally directed 
to resection of the causative (overactive) tissue, while the treatment of endo-
crine deficiency is generally directed to replacement of the missing hormones 
with a satisfactory exogenous substitute.

KEYWORDS
endocrinopathy
physical examination
diagnosis
treatment
laboratory evaluation



used to determine the presence of a specific disorder. This has been extremely 
useful in differential diagnosis, for determining prognosis, and for deciding 
whether family screening is required (e.g., in the presence of multiple endocrine 
neoplasia).

 EVALUATION OF THE RESPONSE OF AN 
ENDOCRINE DISEASE TO TREATMENT

Most hormone excess syndromes are treated surgically by removal of the 
particular endocrine gland or tumor that is oversecreting the hormone.10 
However, appropriate follow-up of these patients requires that (1) it be estab-
lished that the disease has truly been cured by the resection, or whether residual 
disease is present and (2) if the patient has not been cured, one must determine 
whether a repeat operation is likely to result in remission, or whether some 
other form of therapy should be undertaken. These decisions generally are 
made in consultation with surgeons and radiotherapists.

If an endocrine deficiency is present, hormone replacement therapy is most 
often used to correct the disorder. A combination of return of symptoms and 
signs to normal, laboratory testing, and indirect tests (e.g., potassium, blood 
urea nitrogen, and creatinine in the case of adrenal insufficiency) is required 
to determine the adequacy of replacement therapy. Sometimes the efficacy 
of substitution therapy can be assessed by laboratory testing, such as measure-
ment of thyroid-stimulating hormone during thyroxine replacement. Under-
standing the pharmacology of the particular synthetic hormone used is 
important for proper replacement therapy. For example, synthetic glucocor-
ticoids vary greatly in their half-life, and therefore dosage and timing of admin-
istration are important issues for patients receiving these hormones. Some 
patients, such as those with hypopituitarism, require substitution with multiple 
hormones, and often these interact and must be coordinated.

Hormones are also used throughout medicine for treatment of other disor-
ders, and sometimes these treatments result in a hormone excess syndrome. 
The most common example is administration of high-dose glucocorticoid 
therapy for immune suppression resulting in Cushing syndrome. Similarly, 
growth hormone may be administered to children with short stature who 
do not have GH deficiency. A comprehensive knowledge of the actions of 
these hormones, and understanding of the desired nonphysiologic effect, can 
intelligently guide the proper use of these agents in treating nonendocrine  
disorders. 
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hemoglobin A1c is an integrative measurement of long-term blood sugar control 
in diabetes.

Imaging studies are commonly used in endocrine diagnosis. Magnetic reso-
nance imaging and computed tomography are helpful in evaluating pituitary 
and adrenal masses. The ability of the thyroid gland to take up radioactive 
iodine is used to evaluate its functional status and the etiology of nodules. 
Bone mineral density testing is used to document osteoporosis and to evaluate 
established fracture syndromes. Imaging can be combined with hormonal 
measurements. Specifically, venous sampling can confirm the presence of an 
aldosteronoma and the location of PTH-secreting tumors. Similarly, intra-
operative measurements of hormones that change rapidly, such as intraoperative 
PTH, can help determine whether surgical removal of the hormone-secreting 
tumor has been adequate. The primary use of biopsy in endocrinologic diag-
nosis is ultrasound-guided fine-needle aspiration of the thyroid gland in the 
outpatient setting. It can determine whether further diagnostic evaluation or 
therapeutic intervention is necessary.

 GENETIC EVALUATION
Genetic testing in endocrinologic diagnosis is commonplace. Polymerase chain 
reaction amplification of DNA obtained from peripheral blood cells is often 

TABLE 208-1 SYMPTOM CONSTELLATIONS SUGGESTING 
SPECIFIC ENDOCRINE DISORDERS

SYMPTOM CONSTELLATION DIAGNOSIS
Weakness, fatigue, anorexia, loss of appetite, postural 

hypotension
Adrenal insufficiency

Cold intolerance, dry skin, constipation, weight gain Hypothyroidism
Fatigue, easy bruising, striae, proximal muscle weakness, 

obesity, hypertension, acne
Cushing syndrome

Weight loss, increased appetite, palpitations, tremor, 
emotional lability, diffuse hair thinning

Hyperthyroidism

Galactorrhea, amenorrhea, headaches Prolactinoma
Weight loss, anorexia, loss of pubic and axillary hair Hypopituitarism
Episodic palpitations, tremor, anxiety, headaches, sweating, 

weight loss
Pheochromocytoma

Episodic flushing, palpitations, abdominal cramping, and 
diarrhea

Carcinoid syndrome

TABLE 208-2 PHYSICAL SIGNS THAT SUGGEST SPECIFIC 
ENDOCRINE DISORDERS

Hyperpigmentation of palms, extensor surfaces, 
and buccal mucosa

Adrenal insufficiency

Facial plethora, moon facies, striae, purpura, 
proximal muscle weakness

Cushing syndrome

Skin tags, acral enlargement, prognathism, 
orthodontia, cardiomegaly, increased size of 
hand/foot/tongue

Acromegaly

Proptosis, lid lag, symmetrically diffuse thyroid 
enlargement, abnormal extraocular 
movements

Graves disease

Hyperreflexia, moist skin, thin hair, tachycardia, 
wide pulse pressure, flow murmur, bruit over 
thyroid, tremor

Hyperthyroidism

Hyperkeratosis, myxedema, hyporeflexia, coarse 
hair

Hypothyroidism

Retinal microaneurysms, macular edema, motor 
nerve defect, inability to detect monofilament 
or vibratory sensation

Diabetic retinopathy/neuropathy

Short stature, web neck, loss of tears, coarctation 
of the aorta

Turner syndrome

Shield-like chest, short fourth vertebra Primary ovarian failure
Bowing of the legs Hypophosphatemic rickets
Orthostatic blood pressure Pheochromocytoma
Galactorrhea Hyperprolactinemia
Purple-hued flushing Midgut carcinoid
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209 
PRINCIPLES OF ENDOCRINOLOGY
ALLEN M. SPIEGEL

 INTRODUCTION
The principal manifestation of most endocrine diseases is over- or undersecre-
tion of one or more hormones, but the causes of endocrine disease are not 
unique to endocrinology as a subspecialty of medicine. Benign or malignant 
proliferation of endocrine cells, destruction of endocrine cells by autoimmune, 
infectious, or other infiltrative processes, mutations in genes expressed by 
endocrine cells, and alterations in endocrine cell function caused by metabolic 
abnormalities or drugs are major causes of endocrine disease shared with 
diseases of other organ systems. If the causes of endocrine disease are not 
unique, there are nonetheless some general principles of endocrinology that 
define it as a medical subspecialty. These principles all derive from the study 
of hormones. Endocrinology was born with the recognition that certain cells 
secrete specific chemical entities—hormones—directly into the blood stream 
to act on specific distant targets. This immediately posed a series of questions: 
how are hormone synthesis and secretion regulated, how are hormones 
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ABSTRACT
The principles of endocrinology are presented: what is a hormone?; regulation 
of hormone synthesis and secretion; hormone transport and metabolism; 
mechanism of hormone action; diseases caused by hormone resistance (recep-
tor loss of function mutations) and by hormone-independent stimulation 
(receptor gain of function mutations).
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FIGURE 209-1. Hypothalamic-pituitary-thyroid axis illustrating negative feedback 
regulation. following thyroid-stimulating hormone (TsH) secretion by the pituitary, the 
thyroid gland secretes triiodothyronine (T3) and thyroxine (T4), which feed back on the 
hypothalamus and pituitary to suppress further increases in thyrotropin-releasing hormone 
(TrH) and TsH secretion. 

transported and metabolized, and how do hormones exert their actions on 
specific target tissues? This chapter will provide an overview of the answers 
to each of these questions and how they inform our current approach to the 
diagnosis and treatment of endocrine diseases.

 WHAT IS A HORMONE?
The initial definition of a hormone was based on physiology rather than chem-
istry. Action on target cells reached via the blood stream was the operative 
principle. Secretin, now known to be a peptide hormone secreted by entero-
endocrine cells in the gastrointestinal lining and acting on pancreatic exocrine 
cells, was the first example.1 In contrast to enteroendocrine cells dispersed in 
the gut lining with other cell types, discrete collections of hormone-secreting 
cells, endocrine glands such as the adrenals, gonads, thyroid, and parathyroids, 
were soon recognized and their hormonal secretions chemically characterized. 
We now know that peptides, steroids, and many other chemical substances 
fit the definition of a hormone.

Endocrine action, a hormone secreted into the blood stream acting at a dis-
tance, has been contrasted with paracrine action, a growth factor or other 
signaling molecule secreted from one cell and acting on adjacent cells, and 
autocrine action, a cell secreting a signaling molecule that acts on the same 
cell. The distinction among endocrine, paracrine, and autocrine actions is not 
sharp. In some cases, a factor such as parathyroid hormone–related peptide 
(PTHrP) that acts physiologically in paracrine fashion during normal bone 
development may act as an endocrine factor in the syndrome of humoral 
hypercalcemia of malignancy. The definition of what constitutes an endocrine 
gland has also blurred. First came the discovery that specialized neurons could 
synthesize and secrete hormones directly into the blood stream, so-called 
neuroendocrine action, exemplified by vasopressin secretion by posterior 
pituitary cells. This contrasts with the classic neuronal secretion of neurotrans-
mitters into a synaptic cleft. With increasing recognition that many tissues 
secrete hormones (e.g., erythropoietin by the kidney and leptin and other 
adipokines by fat cells), the role of endocrine glands as the exclusive purveyors 
of hormonal secretions has diminished. This blurring of the boundaries between 
endocrinology and other medical specialties is a general phenomenon in which 
study of hormones has informed seemingly disparate fields. Radioimmunoas-
say, the concept of receptors, and other principles of signal transduction first 
elucidated in studying hormone action are now broadly applied in all fields 
of medicine.

 REGULATION OF HORMONE SYNTHESIS  
AND SECRETION

There are two broad categories of hormone synthesis: (1) that responsible for 
the synthesis of peptide hormones and (2) that responsible for the synthesis of 
steroids, including the active form of vitamin D, thyroid hormones, catechol-
amines, and other nonpeptide hormones. In the former category, hormone 
structure is encoded genetically. mRNA translation yields a protein precursor 
(pre-prohormone) that is generally cleaved through successive steps to yield 
the mature secreted product. Some protein precursors such as proopiomela-
nocortin contain within them multiple hormonal products, adrenocortico-
tropic hormone (ACTH), melanocyte-stimulating hormone (MSH), and 
endorphins in that example. In certain pathologic conditions, inappropriate 
immature hormone secretion occurs (e.g., excessive proinsulin secretion by 
insulinomas). Post-translational modifications occur for some hormones, such 
as disulfide bond formation for vasopressin and insulin, C-peptide cleavage 
for insulin, and glycosylation of the pituitary glycoprotein hormones, thyroid-
stimulating hormone (TSH), follicle-stimulating hormone (FSH), and lutein-
izing hormone (LH). Mutations in genes encoding peptide hormones can 
lead to disruption of normal hormone synthesis or secretion, a rare cause 
of hormone deficiency. Peptide hormones are typically stored in secretory 
granules, and they are secreted by exocytosis, a process regulated by calcium 
(Ca2+) and other factors. For steroids and other nonpeptide hormones, hormone 
synthesis is accomplished by a series of enzymatic steps acting on precursors 
(cholesterol for steroid hormones; aromatic amino acids for thyroid hormones, 
catecholamines, and related compounds). Mutations in genes encoding enzymes 
responsible for one or more steps in hormone synthesis can lead to hormone  
deficiency.

Negative feedback regulation is the general principle that governs normal 
hormone synthesis and secretion. For endocrine glands whose growth and 
hormone secretion is stimulated by pituitary trophic hormones (gonads, 
adrenal cortex, thyroid), the hormone secreted by the gland acts directly on 
cognate pituitary trophic cells (e.g., cortisol acting on ACTH-secreting pitu-
itary corticotrophs) to suppress hormone secretion (Fig. 209-1).2 Conversely, 

a physiologically meaningful reduction in target gland hormone secretion 
leads to increased pituitary trophic hormone secretion. In many other cases, 
negative feedback regulation operates without the pituitary as an intermediate 
(e.g., PTH secretion from the parathyroid glands regulates extracellular Ca2+ 
homeostasis, and Ca2+ feeds back directly on parathyroid cells to regulate 
PTH secretion). Chronic hormone deficiency with resultant loss of nega-
tive feedback can lead to hypersecretion of the cognate trophic hormone and 
even to neoplastic proliferation of trophic hormone–secreting cells. Examples 
include Nelson syndrome in which corticotroph tumors form secondary to 
adrenalectomy, and tertiary hyperparathyroidism in which parathyroid adeno-
mas occur in the setting of chronic hypocalcemia. In some adrenal cortical 
disorders, hormone deficiency leading to loss of negative feedback of trophic 
hormone secretion causes pathologic hypersecretion of alternative steroid 
hormones. The various forms of congenital adrenal hyperplasia are caused by 
mutations in one of the several enzymes in the cortisol biosynthetic pathway. 
21-Hydroxylase deficiency, the most common, can lead to virilization in female 
infants, with excessive adrenal androgen secretion caused by ACTH stimu-
lation in the face of inability to synthesize cortisol. Inhibition of enzymatic 
steps in hormone synthesis, such as aromatase inhibitors to decrease estrogen 
formation in estrogen receptor–positive forms of breast cancer, may be an 
important therapeutic target.

Hormone hypersecretion syndromes in which excessive hormone secretion 
occurs in the face of “normal” levels of the factor that ordinarily suppresses 
the cognate hormone are by definition caused by some intrinsic defect in 
negative feedback suppression. This may be caused by neoplastic proliferation 
of hormone-secreting cells, so that “basal” hormone secretion from the increased 
mass of cells exceeds physiologic levels. This may also be due to alterations 
in the intrinsic “set-point” for negative feedback suppression of hormone 
secretion. In practice, it may be impossible to differentiate these two mecha-
nisms, and they are not mutually exclusive.

Hormone secretion is subject to many additional forms of regulation beyond 
simple negative feedback suppression. These include metabolic, neural, and 
other internal and environmental inputs. The temporal pattern of hormone 
secretion is often related to diurnal rhythms, as classically seen for cortisol, 
and also pulsatility. Changes in gonadotropin secretion during the menstrual 
cycle and during the course of puberty are striking examples of complex regu-
lation of temporal patterns of hormone secretion.

 HORMONE TRANSPORT AND METABOLISM
Most peptide hormones circulate as the free peptide, but insulin-like growth 
factor-I (IGF-I) uniquely binds to a number of specialized binding proteins. 
Steroid and thyroid hormones are lipophilic molecules that circulate largely 
in protein-bound form. Specialized binding proteins for cortisol, androgens, 
estrogens, and thyroid hormones are selective for their cognate hormone. The 
free circulating hormone concentration is only a small fraction of the total 
hormone measured by routine analytic methods. Binding protein abnormali-
ties can occur in liver disease because most are synthesized by the liver. Thus, 
the determination of free as opposed to total plasma hormone concentration 
may be critical to accurate diagnosis in certain clinical conditions.

Hormone metabolism is another critical determinant of action for some 
hormones. For testosterone, thyroxine, and vitamin D, enzymatic conversion 
to more potent hormones—dihydrotestosterone formation in target tissues 
such as skin by 5-α reductase, thyroxine conversion to triiodothyronine by 
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peptide and protein hormones (e.g., insulin, growth hormone, ACTH) bind 
to cell surface receptors that can be classified according to the mechanism of 
signal transduction to which they are coupled (e.g., G protein–coupled4,5 
receptor tyrosine or serine kinase, JAK/STAT coupled; see Fig. 209-2). Cell 
surface receptors may generate “second messengers,” which in turn regulate 
a kinase cascade. Receptor activation may have rapid effects such as exocytosis 
of secretory granules, but longer-term actions involving gene regulation may 
also be a consequence of second messenger and kinase cascade activation. 
Steroid and thyroid hormones and vitamin D bind to members of the nuclear 
receptor family. The latter act as “ligand-regulated” transcription factors to 
regulate gene expression (see Fig. 209-3).

Selectivity of hormone binding by receptors is not absolute. “Specificity 
spillover” is a clinically important phenomenon in which supraphysiologic 
concentrations of a hormone leads to binding and activation of a noncognate 
receptor for a closely related hormone. Examples include hypoglycemia seen 
with nonislet cell tumors secreting IGF-II, which binds to the insulin recep-
tor6; skin hyperpigmentation in subjects with Addison disease in whom exces-
sive ACTH secretion activates the melanocortin receptor in melanocytes 
normally regulated by MSH; and hyperthyroidism in pregnant women with 
high human chorionic gonadotropin (HCG) concentrations activating the 
TSH receptor.

deiodinases, and 1,25 dihydroxyvitamin D formation by sequential hydrox-
ylations in the liver and kidney—are all critical to normal hormone action. 
Defects in these metabolic steps leads to impaired hormone action. Even some 
peptide hormones such as angiotensin must undergo enzymatic conversion 
from secreted precursor form to generate the active hormone.

 MECHANISM OF HORMONE ACTION
The central question in hormone action is how a hormone circulating in the 
blood stream in minute concentrations recognizes its specific target cells and 
regulates physiologic processes within them. Research addressing this question 
over the past four decades defined receptors, previously a purely theoretical 
concept, in molecular terms. Receptors are highly selective molecules that 
bind their cognate hormones with high affinity and specificity. Two broad 
classes of receptors were identified: (1) cell surface receptors that typically 
span the plasma membrane one or more times (Fig. 209-2) and (2) so-called 
nuclear receptors that reside either in the nucleus or in the cytoplasm, with 
subsequent translocation to the nucleus3 (Fig. 209-3).

Hormones regulate cellular physiologic processes such as secretion of hor-
mones, enzymes, and other compounds, muscle contraction, growth, and 
proliferation. Signal transduction is the general term for the biochemical steps 
between hormone binding to receptor and alterations in cell physiology. Most 
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Genetic endocrine diseases include those caused by mutations in one com-
ponent of a signal transduction pathway leading either to hormone “resistance” 
or hormone-independent activation (Tables 209-1 and 209-2). In the former, 
subjects present with apparent hormone deficiency, but direct hormone mea-
surement reveals high concentrations of bioactive hormone that fails to act 
owing to target organ resistance. In the latter, patients present with apparent 
endocrine hyperfunction, but direct measurement reveals suppressed hormone 
concentration due to intact negative feedback. Loss-of-function mutations in 
receptors and in signaling intermediates such as G proteins have been identi-
fied in patients with hormone resistance. The converse, mutations that con-
stitutively activate receptors or downstream signaling components,7 have been 
identified in endocrine hyperactivity diseases such as familial male precocious 
puberty and familial nonautoimmune hyperthyroidism. Receptor inactivating 
mutations that lead to hormone-resistance diseases, such as the androgen 
receptor mutations responsible for varying degrees of testosterone insensitiv-
ity,8 have been identified for both the cell surface and nuclear classes of recep-
tors. Mutations in genes encoding proteins such as corepressors that form 
part of the nuclear receptor complex may also cause hormone resistance (e.g., 
central hypothyroidism caused by TBL1X mutations).9
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TABLE 209-1 DISEASES CAUSED BY G PROTEIN–COUPLED 
RECEPTOR LOSS-OF-FUNCTION MUTATIONS

RECEPTOR DISEASE INHERITANCE
V2 vasopressin Nephrogenic diabetes insipidus X-linked
ACTH Familial ACTH resistance Autosomal recessive
GHRH Familial GH deficiency Autosomal recessive
GnRH Hypogonadotropic hypogonadism Autosomal recessive
GPR54 Hypogonadotropic hypogonadism Autosomal recessive
Prokineticin receptor 2 Hypogonadotropic hypogonadism Autosomal dominant*
FSH Hypergonadotropic ovarian 

dysgenesis
Autosomal recessive

LH Male pseudohermaphroditism Autosomal recessive
TSH Familial hypothyroidism Autosomal recessive
Ca2+ sensing Familial hypocalciuric 

hypercalcemia, neonatal severe 
primary hyperparathyroidism

Autosomal dominant 
Autosomal recessive

Melanocortin 4 Obesity Autosomal recessive
PTH/PTHrP Blomstrand chondrodysplasia Autosomal recessive
*With incomplete penetrance.
ACTH = adrenocorticotropic hormone; Ca2+ = calcium; FSH = follicle-stimulating hormone; GH = 
growth hormone; GHRH = growth hormone–releasing hormone; GnRH = gonadotropin-releasing 
hormone; LH = luteinizing hormone; PTH = parathyroid hormone; PTHrP = parathyroid 
hormone–related protein; TSH = thyroid-stimulating hormone.

TABLE 209-2 DISEASES CAUSED BY G PROTEIN–COUPLED 
RECEPTOR GAIN-OF-FUNCTION MUTATIONS

RECEPTOR DISEASE INHERITANCE
LH Familial male precocious puberty Autosomal dominant
TSH Sporadic hyperfunctional thyroid nodules Noninherited (somatic)
TSH Familial nonautoimmune 

hyperthyroidism
Autosomal dominant

Ca2+ sensing Familial hypocalcemic hypercalciuria Autosomal dominant
PTH/PTHrP Jansen metaphyseal chondrodysplasia Autosomal dominant
V2 vasopressin Nephrogenic inappropriate antidiuresis Autosomal dominant
Ca2+ = calcium; LH = luteinizing hormone; PTH = parathyroid hormone; PTHrP = parathyroid 
hormone–related protein; TSH = thyroid-stimulating hormone.
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Answer: B B is the correct definition of negative feedback suppression. The 
latter is not the primary cause of either A or C. D is incorrect because outputs 
other than hormones can exert negative feedback suppression (e.g., Ca2+ sup-
pressing PTH secretion).

4. Hormone receptors are:
 A. Always located on the cell surface
 B. When activated, may exert their effects via a second messenger cascade
 C. When activated, may exert their effects by directly regulating gene 

transcription
 D. Irrespective of starting location, always translocate to the nucleus to 

exert their actions
 E. Both B and C

Answer: E Because there are cell surface receptors that do not translocate to 
exert their action and nuclear receptors for steroid hormones, A and D are 
incorrect. Both B and C are true for cell surface and nuclear receptors, 
respectively.

5. Genetic hormone resistance disorders:
 A. Are due to gain-of-function mutations in hormone receptors
 B. Are always due to loss-of-function mutations in nuclear receptors
 C. Are due to overactivity of enzymes that degrade hormones
 D. May be caused by loss-of-function mutations in genes encoding cell 

surface or nuclear receptors or other components of the signal transduc-
tion pathway

 E. Are generally associated with autoimmune disease
Answer: D All the cited examples may be causes of inherited hormone resis-
tance diseases, not just B. A, C, and E do not apply.

REVIEW QUESTIONS

1. Hormones are synthesized and secreted by:
 A. Specialized collections of cells that form endocrine glands
 B. Cells dispersed throughout the lining of the small intestine and within 

the pancreas
 C. Neurons that comprise the posterior pituitary
 D. The kidney, adipose tissue, and some other organs
 E. All of the above

Answer: E Research has shown that not only classical endocrine glands such 
as the thyroid and adrenal, but also dispersed enteroendocrine cells in the 
gut lining and islets in the pancreas, neuroendocrine cells in the posterior 
pituitary, and nonclassical hormone-secreting sites such as kidney, heart, and 
adipose are all sources of hormone secretion.

2. A genetic hormone deficiency disorder may be caused by:
 A. A mutation in the gene encoding the hormone’s signal sequence
 B. Exposure of the pregnant mother to an endocrine “disruptor”
 C. A mutation in a gene encoding an enzyme in the TCA cycle
 D. Paternal advanced age at time of conception
 E. All of the above

Answer: A A mutation in the hormone gene altering the signal sequence of 
a peptide hormone and thereby impairing its ability to be secreted may cause 
genetic forms of hormone deficiency such as hypoparathyroidism.

3. Negative feedback suppression is:
 A. The basis for the diurnal rhythm in serum cortisol
 B. The mechanism whereby an “output” regulated by a hormone feeds 

back to regulate the secretion of that hormone
 C. The basis for menopause in women and lower testosterone with age in 

men
 D. Always involves one hormone regulating the secretion of another 

hormone
 E. None of the above
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210 
NEUROENDOCRINOLOGY AND THE 
NEUROENDOCRINE SYSTEM
ROY E. WEISS

 NEUROENDOCRINE REGULATION
The interactions between the nervous system and the endocrine system’s 
metabolic and hormonal homeostatic activities is termed neuroendocrinology. 
One role the nervous system has is to connect the environment with the body. 
The most important environmental factors are temperature and light, which 
fluctuate in a predictable way each day. Humans have a circadian clock that 
makes sure that the physiology and behavior are attuned to the time of day. 
The nervous system senses temperature and light, and it uses them as clues 
to guide eating, activity, sleep, and other essential life functions. The neuro-
hypophysial neurons originate from the paraventricular and supraoptic nuclei 
and traverse the hypothalamic-pituitary stalk to the posterior pituitary, where 
nerve endings release vasopressin and oxytocin. Hypophysiotropic neurons 
are localized to specific hypothalamic nuclei, from which they project their 
axons to the median eminence, where they secrete hormones, which in turn 
stimulate or inhibit the release of peptides and bioamines into the proximal 
hypothalamic-pituitary vessels (Fig. 210-1). The blood supply of the median 
eminence comes from the superior hypophysial artery and its richly arborized 
capillary beds that extend into the median eminence and then coalesce to 
form the portal veins that traverse the pituitary stalk and terminate in the 
pituitary gland. The neuroendocrine system relies on a series of feedback 
loops, which regulate pituitary hormones as well as the levels of target organ 
hormones. The target organ hormones regulate both the hypothalamus and 
the pituitary gland to complete the feedback loop. Perturbations in feedback 
loops can be altered by factors like circadian rhythms (circadian periodicity), 
stress, nutritional status, and response to systemic illness.
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FIGURE 210-1. Neuroendocrine organization of the hypothalamus and pituitary 
gland. the posterior pituitary is fed by the inferior hypophyseal artery and the hypo-
thalamus by the superior hypophyseal artery, both branches of the internal carotid artery. 
most of the blood supply to the anterior pituitary is venous by way of the long portal 
vessels, which connect the portal capillary beds in the median eminence to the venous 
sinusoids in the anterior pituitary. hypophysiotropic neuron 3 in the parvocellular divi-
sion of the paraventricular nucleus and neuron 2 in the arcuate nucleus are shown to 
terminate in the median eminence on portal capillaries. these neurons of the tuberoin-
fundibular system secrete hypothalamic releasing and inhibiting hormones into the portal 
veins for conveyance to the anterior pituitary gland. Neuron 2 is innervated by mono-
aminergic neurons. Note that the multiple inputs to such neurons, using neuron 2 as an 
example, can be stimulatory, inhibitory, or neuromodulatory, in which another neuron 
may affect neurotransmitter release. Neuron 1 represents a peptidergic neuron originat-
ing in the magnocellular division of the paraventricular nucleus or supraoptic nucleus 
and projecting directly to the posterior pituitary by way of the hypothalamic-neurohy-
pophyseal tract. (From gay Vl. the hypothalamus: physiology and clinical use of releasing 
factors. Fertil Steril. 1972;23:50-63, with permission of the american Society for reproduc-
tive medicine.)

 Hypophysiotropic Hormones
The hypophysiotropic hormones regulate pituitary hormones by releasing 
various hormones that then affect the secretion of pituitary hormones. Some 
feedback loops are redundant, and some hypophysiotropic hormones exert 
effects on more than one pituitary hormone. Furthermore, the hypophysio-
trophic hormones themselves are regulated by signals higher in the brain, 
such as the thalamus and the molecular clocks.

Thyrotropin-Releasing Hormone
The primary neuroendocrine function of thyrotropin-releasing hormone (TRH) 
is to stimulate the synthesis and release of both thyroid-stimulating hormone 
(TSH) and prolactin. TRH is synthesized from the precursor prepro-TRH 
and then processed to biologically active TRH. Tanycytes that line the third 
ventricle contain an enzyme, pryoglutamyl peptidase II, that degrades TRH 
to regulate the amount of TRH that is transported to the pars distalis of the 
anterior pituitary gland. In hypothyroidism, the increased TRH synthesis and 
binding to the thyrocyte TRH receptors results in increased levels of TSH 
and prolactin. Correction of the hypothyroidism with thyroid hormone replace-
ment decreases the elevated levels of both TSH and prolactin. Conversely, in 
primary hyperthyroidism, TSH levels are markedly suppressed owing to a 
direct effect of thyroid hormone on mRNA expression of TRH in the para-
ventricular nucleus (Fig. 210-2). While TRH is the major regulator of the 
synthesis and secretion of TSH, the role of TRH for regulating prolactin-
releasing factor is less well understood.

Gonadotropin-Releasing Hormone
Gonadotropin-releasing hormone (GnRH) is a 10–amino acid peptide; its 
neurons originate outside the central nervous system in the epithelium of the 
medial part of the olfactory placode. This origin of GnRH-producing neurons 
from olfactory epithelium is of clinical interest with respect to the entity of 
Kallmann syndrome (Chapter 220), in which GnRH deficiency is associated 
with congenital agenesis of the olfactory bulbs. One of its genetic forms is 
caused by a loss of anosmin, which is a protein that facilitates the embryologic 
migration of these GnRH-producing neurons.

The primary function of GnRH is to control the reproductive axis. GnRH, 
which is released in a pulsatile manner into the hypothalamohypophyseal 
portal circulation, subsequently reaches the anterior pituitary gland where it 
stimulates the secretion of luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH). In humans, two different forms of GnRH have been identi-
fied: GnRH-1 and GnRH-2. The function of the latter is not well understood, 
and it does not regulate LH and FSH secretion.

Once the GnRH neuron migrates to the hypothalamus, a GnRH pulse 
generator is activated. In early postnatal life, GnRH secretion increases, thereby 
leading to temporary activation of gonadal hormone production, referred to 
as “minipuberty.” During childhood, the gonads respond to exogenous LH 
and FSH stimulation but remain quiescent because the endogenous pulsatile 
GnRH release is suppressed until puberty. The processes that cause the infantile 
and prepubertal quiescent periods are not understood.

GnRH results in the differential secretion of LH and FSH owing to variable 
sensitivity of the feedback loop for steroid and peptide hormones as well as 
variable sensitivity to GnRH. The pulsatile secretion of GnRH directly increases 
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ABSTRACT
Neuroendocrinology refers to the area of endocrinology in which the nervous 
system interacts with the endocrine system to link neural activity with meta-
bolic and hormonal homeostatic activity. This chapter reviews the principles 
of neuroendocrine regulation as well as neuroendocrine diseases, including 
congenital disorders, tumors, inflammatory and infiltrative diseases, trauma, 
and irradiation.
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FIGURE 210-2. In situ hybridization autoradiographs of proTRH mRNA in the paraventricular nucleus of (A) euthyroid and (B) hypothyroid rats. Note the marked increase in 
hydridization signal in (B). C shows the effect of stereotaxic placement of a thyroid hormone implant adjacent to one side of the paraventricular nucleus in a hypothyroid animal. marked 
asymmetry of hybridization signal is apparent with diminished signal on the side of the implant (arrow iii, 3rd ventricle). (From lechan, rm and hollenberg a. thyrotopin releasing 
hormone [trh]. in: henry h, Norman aW. Encyclopedia of Hormones. academic Press: amsterdam; 2003:519.)

 Hypophysiotropic Hormones
The hypophysiotropic hormones regulate pituitary hormones by releasing 
various hormones that then affect the secretion of pituitary hormones. Some 
feedback loops are redundant, and some hypophysiotropic hormones exert 
effects on more than one pituitary hormone. Furthermore, the hypophysio-
trophic hormones themselves are regulated by signals higher in the brain, 
such as the thalamus and the molecular clocks.

Thyrotropin-Releasing Hormone
The primary neuroendocrine function of thyrotropin-releasing hormone (TRH) 
is to stimulate the synthesis and release of both thyroid-stimulating hormone 
(TSH) and prolactin. TRH is synthesized from the precursor prepro-TRH 
and then processed to biologically active TRH. Tanycytes that line the third 
ventricle contain an enzyme, pryoglutamyl peptidase II, that degrades TRH 
to regulate the amount of TRH that is transported to the pars distalis of the 
anterior pituitary gland. In hypothyroidism, the increased TRH synthesis and 
binding to the thyrocyte TRH receptors results in increased levels of TSH 
and prolactin. Correction of the hypothyroidism with thyroid hormone replace-
ment decreases the elevated levels of both TSH and prolactin. Conversely, in 
primary hyperthyroidism, TSH levels are markedly suppressed owing to a 
direct effect of thyroid hormone on mRNA expression of TRH in the para-
ventricular nucleus (Fig. 210-2). While TRH is the major regulator of the 
synthesis and secretion of TSH, the role of TRH for regulating prolactin-
releasing factor is less well understood.

Gonadotropin-Releasing Hormone
Gonadotropin-releasing hormone (GnRH) is a 10–amino acid peptide; its 
neurons originate outside the central nervous system in the epithelium of the 
medial part of the olfactory placode. This origin of GnRH-producing neurons 
from olfactory epithelium is of clinical interest with respect to the entity of 
Kallmann syndrome (Chapter 220), in which GnRH deficiency is associated 
with congenital agenesis of the olfactory bulbs. One of its genetic forms is 
caused by a loss of anosmin, which is a protein that facilitates the embryologic 
migration of these GnRH-producing neurons.

The primary function of GnRH is to control the reproductive axis. GnRH, 
which is released in a pulsatile manner into the hypothalamohypophyseal 
portal circulation, subsequently reaches the anterior pituitary gland where it 
stimulates the secretion of luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH). In humans, two different forms of GnRH have been identi-
fied: GnRH-1 and GnRH-2. The function of the latter is not well understood, 
and it does not regulate LH and FSH secretion.

Once the GnRH neuron migrates to the hypothalamus, a GnRH pulse 
generator is activated. In early postnatal life, GnRH secretion increases, thereby 
leading to temporary activation of gonadal hormone production, referred to 
as “minipuberty.” During childhood, the gonads respond to exogenous LH 
and FSH stimulation but remain quiescent because the endogenous pulsatile 
GnRH release is suppressed until puberty. The processes that cause the infantile 
and prepubertal quiescent periods are not understood.

GnRH results in the differential secretion of LH and FSH owing to variable 
sensitivity of the feedback loop for steroid and peptide hormones as well as 
variable sensitivity to GnRH. The pulsatile secretion of GnRH directly increases 

its own receptor, whereas continuous administration of GnRH is associated 
with a decrease. In women, positive and negative regulation of steroid hormone 
feedback in the hypothalamic-pituitary-gonadal axis occurs at both the 
hypothalamic and pituitary levels. The hypothalamic effects depend on the 
amplitude and frequency of the pulsed release of GnRH, whereas the pituitary 
effects are modulated by the gonadotropin response to GnRH. In males, 
testosterone decreases pulsatile GnRH secretion, with a resulting decrease in 
amplitude and frequency of the gonadotropin pulse as well as a decreased 
gonadotropin response to exogenous GnRH.

In addition to pulsatility and regulation of GnRH receptors, kisspeptin 
may indirectly stimulate LH and FSH release by stimulating GnRH neurons. 
Kisspeptin levels rise just before puberty. Mutations in the kisspeptin gene 
have been associated with hypothalamic hypogonadism and impaired 
pubertal development, thereby demonstrating its role in the reproductive  
axis.

The negative feedback effects of inhibin, a peptide produced by testicular 
Sertoli cells and ovarian granulosa cells, are predominantly on FSH at the 
pituitary level, where inhibin causes a decrease in the sensitivity of gonado-
trophs to GnRH. A related ovarian protein, activin, stimulates the basal and 
GnRH-stimulated synthesis and release of FSH from the pituitary, but its 
primary effect is to promote the response of ovarian granulosa cells to FSH. 
Another gonadal peptide, follistatin, inhibits the GnRH-induced rise in FSH 
that follows oophorectomy, primarily by binding to activin. These ovarian 
peptides are also found in the pituitary; therefore they may have additional 
local effects on gonadotropin secretion.

Pulsatile administration of exogenous GnRH is very successful for restoring 
normal sexual function and fertility in patients who have hypogonadotropic 
hypogonadism (Chapter 221) secondary to GnRH deficiency. Long-acting 
GnRH agonists also are useful to downregulate GnRH receptors and gonado-
tropin secretion in a variety of conditions, including precocious puberty 
(Chapter 220), prostate cancer (Chapter 191), breast cancer (Chapter 188), 
uterine fibroids (Chapter 189), and endometriosis (Chapter 223). Direct 
GnRH antagonists, which competitively bind to the GnRH receptor, are used 
for similar conditions.

Somatostatin
Somatostatin (also known as somatotropin release inhibiting factor) inhibits 
the secretion of growth hormone. The interactions between somatostatin and 
growth hormone–releasing hormone (GHRH) and their effects on the secre-
tion of growth hormone are complex. Growth hormone secretory episodes 
are associated with increased secretion of GHRH, often accompanied by low 
somatostatin levels. By comparison, basal or trough levels of growth hormone 
are associated with lower levels of GHRH and more elevated levels of soma-
tostatin. Somatostatin also inhibits both the basal and stimulated TSH secre-
tion. However, growth hormone is about 10-fold more sensitive to inhibition 
by somatostatin than is TSH, thereby suggesting that the physiologic role of 
somatostatin in inhibiting TSH secretion is limited. Other tissues with 
somatostatin include the gut mucosa, D cells of the pancreatic islets, and the 
myenteric neural plexus. By its paracrine and endocrine actions, somatostatin 
suppresses the secretion of insulin, glucagon, gastrin, secretin, cholecystokinin, 
vasoactive intestinal polypeptide (VIP), and other gastrointestinal hormones, 
which in turn regulate functions such as gastric acid secretion, gastric emptying, 
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which is derived from proopiomelanocortin. For the opioid δ-receptor, which 
mediates behavioral, analgesic, and endocrine effects, the principal peptide 
ligands are met- and leu-enkephalins that are derived from proenkephalin A. 
Naloxone is not as effective for blocking the δ-receptor as for blocking the 
µ-receptor. The κ-receptor, which mediates sedation and ataxia, binds prin-
cipally to dynorphin and the neoendorphins. A fourth receptor, which is partly 
homologous with the δ-receptor, binds to nociception, an endogenous 17–
amino acid peptide.

Proopiomelanocortin, which is a 31-kD precursor peptide, contains ACTH, 
β-lipotropin, and β-endorphin. Its major cleavage products in the anterior 
pituitary are ACTH and β-lipotropin, and much of the latter is then processed 
into β-endorphin. In the intermediate lobe of the pituitary, the major products 
are α-melanocyte stimulating hormone (α-MSH), corticotropin-like inter-
mediate peptide, β-endorphin, and γ-lipotropin. In the brain, however, proo-
piomelanocortin is processed primarily to β-endorphin, γ-lipotropin, and 
ACTH, with most of the ACTH then further processed to corticotropin-like 
intermediate peptide and α-MSH. The pentapeptide enkephalins are derived 
from the 28-kD precursor proenkephalin A. Neuronal perikarya containing 
the enkephalins are widely distributed in the brain. Dynorphin is a 17–amino 
acid peptide that is derived from a 28-kD precursor called proenkephalin B 
or prodynorphin. This peptide as well as shorter peptides called α-neoendorphin 
(with 10 amino acids) and β-neoendorphin (with 9 amino acids) react almost 
exclusively with the κ-receptor. Nociceptin, which is a 17–amino acid peptide 
that is derived from a κ precursor called pronociceptin, and its receptor, which 
also is present in the hypothalamus as well as in other areas of the brain, are 
sources of monoamine neurotransmitters. Nociceptin appears to have an 
antiopioid or antinociceptive effect. Opioid peptides that influence hormone 
secretion in the anterior pituitary are produced through modulation of hypo-
thalamic bioamines and hypophysiotropic factors.

The specific functions of the various opioid peptides and their receptors 
are incompletely understood, although evidence links them to a number of 
bodily functions, including stress, mental illness, narcotic tolerance and depen-
dence, pregnancy, eating, drinking, gastrointestinal function, learning, memory, 
reward, cardiovascular responses, respiration, thermoregulation, locomotor 
activity, seizures, brain electrical activity, and neuroimmune activity. Endog-
enous opioids inhibit gonadotropin secretion via their action on GnRH secre-
tion. The exogenous administration of analogues of β-endorphin or enkephalin 
increase serum levels of growth hormone and prolactin, but blocking endog-
enous opioid pathways with naloxone does not alter basal or stimulated levels 
of growth hormone or prolactin. Opioids provide negative feedback on the 
secretion of ACTH and β-endorphin, and naloxone increases basal and stimu-
lated levels of ACTH. Overall, the effects of the endogenous opioids on the 
normal physiologic regulation of the various pituitary hormones in humans 
is minimal. However, exogenous opioids in pharmacologic doses can impair 
the secretion of GnRH and gonadotropin, thereby causing hypogonadism 
(reduced libido, sexual function, and fertility) and adrenal insufficiency (by 
impairing the secretion of CRH and ACTH).

 Central Nervous System Rhythms and Neuroendocrine Function
Pituitary hormones are secreted in a pulsatile fashion but in the context of 
underlying rhythms. A pituitary hormone’s pulse amplitude reflects the amount 
of releasing hormone as well as factors that alter the pituitary’s sensitivity to 
that releasing hormone. Thus, the pulse amplitude will be reduced by inhibi-
tory factors (e.g., GHRH versus somatostatin), feedback from target organ 
hormones, nutritional factors, and prior stimulation that can deplete the releas-
able hormone pool. Pulse frequency is driven by the frequency at which the 
hypophysiotropic factor is released, which in turn is regulated by the hypo-
thalamic pulse generator system.

The pituitary has an intrinsic rhythm of small amplitudes at a frequency of 
every 2 to 10 minutes. The pulsatile release of hypophysiotropic releasing 
factors is superimposed on this intrinsic rhythm with or without the withdrawal 
of a corresponding inhibitory factor. Ultradian rhythms are less than 1 day, 
circadian rhythms have a periodicity of about 24 hours (synchronized by an 
environmental cue such as the light-dark cycle), and infradian rhythms have 
a periodicity of more than 24 hours. The suprachiasmatic nucleus functions 
as a circadian pacemaker and receives light-induced electrical impulses from 
the retina and then transmits these impulses to the pineal gland, where they 
are converted to hormonal signals. Infradian rhythms include the gravitational 
influence of the moon, which guides the menstrual cycle.

Circadian and infradian rhythms are modulated by the sleep-wake cycle. 
For example, the secretion of growth hormone, prolactin, ACTH, and puber-
tal LH are linked more to the sleep-wake cycle than to the dark-light cycle  

gallbladder contraction, and splanchnic blood flow. Somatostatin analogs are 
used to treat acromegaly (Chapter 211), carcinoid tumors (Chapter 219), 
VIP-secreting tumors (Chapter 219), TSH-secreting pituitary tumors (Chapter 
211), and islet cell tumors (Chapter 217).

Corticotropin-Releasing Hormone
Corticotropin-releasing hormone (CRH) stimulates the release of equimolar 
amounts of adrenocorticotropic hormone (ACTH), β-endorphin, β-lipotropin, 
melanocyte-stimulating hormone (MSH), and other peptides that are gener-
ated from proopiomelanocortin. CRH and vasopressin have synergistic effects 
on the release of ACTH. For example, the release of ACTH in response to 
stress is mediated 75% via CRH and 25% by vasopressin. However, since the 
releases of CRH and vasopressin are not always coordinated, stress can selec-
tively activate the vasopressin-containing subset of CRH neurons. In a feedback 
loop, cortisol decreases ACTH secretion at both the hypothalamic and the 
pituitary levels. ACTH and β-endorphin also feed back negatively to decrease 
the release of CRH by the hypothalamus. Central bioamines, opioids, and 
peptides also influence the secretion of CRH. Inflammatory monokines, includ-
ing interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-α, stimulate 
the synthesis and release of CRH and vasopressin from the hypothalamus. 
The resulting increase in cortisol then reduces the intensity of the inflamma-
tory response and the related release of monokines, thereby completing the 
feedback loop. CRH receptors, which are widely distributed in the brain, are 
activated by the sympathetic nervous system and suppressed by the parasym-
pathetic nervous system. CRH may also help regulate body weight, because 
overfeeding increases leptin levels, which stimulate CRH, which in turn inhibits 
appetite and increases energy expenditure.

Biosynthetic human CRH is helpful for differentiating Cushing disease 
from ectopic ACTH syndrome, with the finding that patients with Cushing 
disease respond with a greater than 35% increment, whereas those with ectopic 
ACTH secretion have a lesser response. If the results are equivocal, CRH 
testing during bilateral inferior petrosal sinus sampling for ACTH often provides 
additional discriminatory information.

Growth Hormone–Releasing Hormone
GHRH dose-dependently stimulates growth hormone secretion. Repetitive 
administration of GHRH can release enough growth hormone in children 
with GHRH deficiency to increase insulin-like growth factor (IGF)-I levels 
and accelerate growth. The negative feedback of both IGF-I and growth hormone 
on the secretion of growth hormone decreases GHRH and increases 
somatostatin. This feedback effect is clinically relevant, as evidenced by high 
circulating growth hormone levels in IGF-I-deficient states such as renal 
insufficiency (Chapter 121) and cirrhosis (Chapter 144). In children in whom 
mutations in the growth hormone receptor make them unresponsive to growth 
hormone (also known as Laron-type dwarfism), IGF-I levels are very low and 
levels of growth hormone are correspondingly elevated.

Prolactin Inhibitory Factor
The inhibitory component of hypothalamic regulation of prolactin secretion 
predominates over the stimulatory component. Dopamine is the major factor 
that inhibits prolactin in most physiologic circumstances (e.g., lactation), 
such as when a rising prolactin level is accompanied by a simultaneous fall 
in dopamine as well as a rise in prolactin-releasing factors such as VIP. When 
endogenous dopamine receptors are blocked by drugs, such as the antipsychotic 
agents, prolactin levels rise. Lesions that interrupt the basal hypothalamic 
neuronal pathways that carry dopamine to the median eminence or interrupt 
portal blood flow (e.g., craniopharyngiomas or other large mass lesions) 
decrease the amount of dopamine that reaches the pituitary and can cause  
hyperprolactinemia.

Prolactin-Releasing Factor
Hypothalamic peptides other than TRH that have prolactin-releasing factor 
activity include VIP, which stimulates the synthesis and release of prolactin 
in hypothalamic-pituitary portal blood. Within the VIP precursor, another 
similarly sized peptide (peptide histidine methionine) also has prolactin-
releasing factor activity.

 Endogenous Opioid Peptides
Endogenous opioid peptides, which have a common 5–amino acid sequence 
at their amino terminals (Tyr-Gly-Gly-Phe-Met [or Leu]), bind to endogenous 
opioid receptors. The opioid µ-receptor mediates most of the opioid endocrine 
effects and analgesia (Chapter 27). Its primary peptide ligand is β-endorphin, 

Children with very mild midline cleft defects (e.g., cleft lip, cleft palate, or 
both) are more likely to have deficiencies of growth hormone and other pituitary 
hormones. Nearly 50% of patients with “idiopathic” growth hormone deficiency 
will have an absent infundibulum detectable on MRI.

 TUMORS
The most common tumors that affect the hypothalamus are pituitary adenomas 
with significant suprasellar extension. Such tumors typically cause variable 
degrees of hypopituitarism and hyperprolactinemia, either because they disturb 
the pituitary stalk and the mediobasal hypothalamus or because the normal 
pituitary is compressed. A normal or elevated prolactin level indicates the 
hypothalamus or stalk as the site of the lesion, and normal pituitary function 
often returns following therapy. Surprisingly, diabetes insipidus (Chapter 212) 
is rarely caused by pituitary adenomas.

Craniopharyngiomas, which arise from remnants of Rathke pouch, are the 
next most common tumors affecting the hypothalamus.2 Microscopically, 
craniopharyngiomas consist of cysts alternating with stratified squamous 
epithelium. The cyst’s fluid is usually dark and thick, and the lesion is often 
calcified. A Rathke cleft cyst is a closely related lesion that develops from the 
space between the anterior and rudimentary intermediate lobes. These cysts 
are lined with cuboidal (as opposed to squamous) epithelium, and their fluid 

(E-Fig. 210-1). Each of these hormones increases to its maximal level after the 
onset of sleep. The marked diurnal variation in ACTH and cortisol is often 
an indication of whether this system is functioning normally (E-Fig. 210-2). 
Loss of this diurnal rhythm occurs when the regulation of CRH is abnormal, 
which may occur with depression, excessive alcohol intake, or autonomous 
secretion of ACTH in Cushing disease (Chapter 214). In fact, a diagnostic 
test for Cushing syndrome is the diurnal cortisol rhythm.

Interesting changes occur in gonadotropin secretion as a child passes through 
puberty into adulthood. Early in puberty, the amplitude of the pulses increases 
during sleep at night, especially for LH, but this nocturnal rise is lost in 
adulthood. In patients who have anorexia nervosa (Chapter 206), the pattern 
of gonadotropin secretion often reverts to this pubertal pattern. This 
phenomenon suggests that body composition may influence the pulsatile 
secretion of gonadotropins. The percentage of body fat also may influence 
the timing of the onset of puberty. Recent studies implicate leptin levels as 
the signal that indicates changes in body composition.

The hypothalamic-pituitary axis also undergoes changes with aging. Whether 
the cause of abnormal sleep patterns in the elderly is a result of the changes 
in the circadian rhythm is not known. However, it has been well described 
that hypothalamic-pituitary axes are blunted with aging (E-Fig. 210-3). Fur-
thermore, changes in the hormonal milieu associated with sleep deprivation 
and disruption of the axes result in significant metabolic sequelae, such as 
hypertension and impaired glucose tolerance.

 NEUROENDOCRINE DISEASE
 Diseases of the Hypothalamus
Diseases that cause localized hypothalamic changes include generalized central 
nervous system diseases (e.g., neurosarcoidosis [Chapter 89]) and processes 
(e.g., hydrocephalus) (Table 210-1). Systemic illnesses also can alter hypo-
thalamic regulation and cause systemic illnesses.

Axons that project to the median eminence contain the various hypophy-
siotropic factors that are concentrated in the basal portion of the hypothala-
mus. Thus, lesions located within this final common pathway can decrease 
secretion of some or all of the pituitary hormones except prolactin, which 
may increase because its tonic inhibition by dopamine is eliminated. Diabetes 
insipidus (Chapter 212) may also occur. Symptoms of hypothalamic dysfunc-
tion also correlate with the size of the lesion, the area of the hypothalamus 
involved, and the rapidity at which the lesion grows. Slowly growing lesions 
typically cause gradual hormone dysregulation rather than sudden symptoms. 
However, slowly growing but large lesions also can cause acute symptoms if 
a slight increment in growth eliminates the remaining vestiges of vasopres-
sin or ACTH secretion. The best way to diagnose hypothalamic lesions is 
magnetic resonance imaging (MRI) with gadolinium enhancement, although 
computed tomographic (CT) scanning with intravenous contrast is also effec-
tive. Visual field testing may detect an impingement on the optic chiasm and 
nerves by hypothalamic lesions. Detailed hypothalamic-pituitary function 
testing may reveal functional hypothalamic disruption that is not otherwise  
clinically evident.

 CONGENITAL EMBRYOPATHIC DISORDERS
The most common embryopathic disorders that affect the hypothalamus are 
the midline cleft syndromes, which cause varying defects of midline structures, 
especially the optic and olfactory tracts, the septum pellucidum, the corpus 
callosum, the anterior commissure, the hypothalamus, and the pituitary. The 
clinical features of midline cleft defects vary from cyclopia to cleft lip and 
from isolated hypothalamic hormone defects to panhypopituitarism.

Optic nerve hypoplasia is a common but complex congenital disorder of 
unknown cause. It involves a spectrum of anatomic malformations and clinical 
manifestations ranging from isolated hypoplasia of one or both optic nerves, 
with a variable degree of visual impairment, to extensive brain malformations, 
hypothalamic-pituitary dysfunction, neurocognitive disability, and autism 
spectrum disorders (Chapter 389). It is the second leading cause of congenital 
visual impairment, superseded only by cortical visual impairment. More recent, 
larger studies have demonstrated optic nerve hypoplasia to be an independent 
risk factor for hypothalamic-pituitary dysfunction. Abnormalities of the septum 
pellucidum have no independent prognostic value, but the combination of 
an absent septum pellucidum plus optic nerve hypoplasia (termed septo-optic 
dysplasia) is associated with abnormalities in the hypothalamus and other 
diencephalic structures. Some such patients have precocious puberty (Chapter 
220), presumably because they lack other inhibitory influences but have intact 
GnRH-producing structures.1
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A separate growth hormone–stimulating system involves a distinct receptor, 
termed the growth hormone secretagogue receptor, which interacts with a 28–
amino acid peptide called ghrelin, which initially was isolated from the stomach. 
Both growth hormone secretagogue receptor and ghrelin messenger RNA are 
present in the human hypothalamus and pituitary. The physiologic interaction 
of ghrelin with GHRH and somatostatin is complex. In addition to a direct 
stimulatory effect on the pituitary, ghrelin amplifies secretion of growth hormone 
by indirect hypothalamic actions. However, ghrelin appears to be more impor-
tant for the regulation of appetite and food intake.

The mechanisms underlying circadian regulation are cell-autonomous, 
transcription-translation feedback loops. The transcription factors circadian 
locomotor output cycles kaput (CLOCK) and brain and muscle ARNT-like 
1 (BMAL1) genes drive expression of period (Per1/2) and cryptochrome 
(Cry1/2), which in turn inhibit CLOCK and BMAL1. Most cells in the body 
have a molecular clock, and the orchestra leader of these rhythms resides 
in the suprachiasmatic nucleus of the hypothalamus. Signals from feeding, 
glucocorticoids, temperature, and metabolic markers (such as leptin) modulate 
this orchestra and the periodicity of various physiologic/metabolic reactions.
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Children with very mild midline cleft defects (e.g., cleft lip, cleft palate, or 
both) are more likely to have deficiencies of growth hormone and other pituitary 
hormones. Nearly 50% of patients with “idiopathic” growth hormone deficiency 
will have an absent infundibulum detectable on MRI.

 TUMORS
The most common tumors that affect the hypothalamus are pituitary adenomas 
with significant suprasellar extension. Such tumors typically cause variable 
degrees of hypopituitarism and hyperprolactinemia, either because they disturb 
the pituitary stalk and the mediobasal hypothalamus or because the normal 
pituitary is compressed. A normal or elevated prolactin level indicates the 
hypothalamus or stalk as the site of the lesion, and normal pituitary function 
often returns following therapy. Surprisingly, diabetes insipidus (Chapter 212) 
is rarely caused by pituitary adenomas.

Craniopharyngiomas, which arise from remnants of Rathke pouch, are the 
next most common tumors affecting the hypothalamus.2 Microscopically, 
craniopharyngiomas consist of cysts alternating with stratified squamous 
epithelium. The cyst’s fluid is usually dark and thick, and the lesion is often 
calcified. A Rathke cleft cyst is a closely related lesion that develops from the 
space between the anterior and rudimentary intermediate lobes. These cysts 
are lined with cuboidal (as opposed to squamous) epithelium, and their fluid 

(E-Fig. 210-1). Each of these hormones increases to its maximal level after the 
onset of sleep. The marked diurnal variation in ACTH and cortisol is often 
an indication of whether this system is functioning normally (E-Fig. 210-2). 
Loss of this diurnal rhythm occurs when the regulation of CRH is abnormal, 
which may occur with depression, excessive alcohol intake, or autonomous 
secretion of ACTH in Cushing disease (Chapter 214). In fact, a diagnostic 
test for Cushing syndrome is the diurnal cortisol rhythm.

Interesting changes occur in gonadotropin secretion as a child passes through 
puberty into adulthood. Early in puberty, the amplitude of the pulses increases 
during sleep at night, especially for LH, but this nocturnal rise is lost in 
adulthood. In patients who have anorexia nervosa (Chapter 206), the pattern 
of gonadotropin secretion often reverts to this pubertal pattern. This 
phenomenon suggests that body composition may influence the pulsatile 
secretion of gonadotropins. The percentage of body fat also may influence 
the timing of the onset of puberty. Recent studies implicate leptin levels as 
the signal that indicates changes in body composition.

The hypothalamic-pituitary axis also undergoes changes with aging. Whether 
the cause of abnormal sleep patterns in the elderly is a result of the changes 
in the circadian rhythm is not known. However, it has been well described 
that hypothalamic-pituitary axes are blunted with aging (E-Fig. 210-3). Fur-
thermore, changes in the hormonal milieu associated with sleep deprivation 
and disruption of the axes result in significant metabolic sequelae, such as 
hypertension and impaired glucose tolerance.

 NEUROENDOCRINE DISEASE
 Diseases of the Hypothalamus
Diseases that cause localized hypothalamic changes include generalized central 
nervous system diseases (e.g., neurosarcoidosis [Chapter 89]) and processes 
(e.g., hydrocephalus) (Table 210-1). Systemic illnesses also can alter hypo-
thalamic regulation and cause systemic illnesses.

Axons that project to the median eminence contain the various hypophy-
siotropic factors that are concentrated in the basal portion of the hypothala-
mus. Thus, lesions located within this final common pathway can decrease 
secretion of some or all of the pituitary hormones except prolactin, which 
may increase because its tonic inhibition by dopamine is eliminated. Diabetes 
insipidus (Chapter 212) may also occur. Symptoms of hypothalamic dysfunc-
tion also correlate with the size of the lesion, the area of the hypothalamus 
involved, and the rapidity at which the lesion grows. Slowly growing lesions 
typically cause gradual hormone dysregulation rather than sudden symptoms. 
However, slowly growing but large lesions also can cause acute symptoms if 
a slight increment in growth eliminates the remaining vestiges of vasopres-
sin or ACTH secretion. The best way to diagnose hypothalamic lesions is 
magnetic resonance imaging (MRI) with gadolinium enhancement, although 
computed tomographic (CT) scanning with intravenous contrast is also effec-
tive. Visual field testing may detect an impingement on the optic chiasm and 
nerves by hypothalamic lesions. Detailed hypothalamic-pituitary function 
testing may reveal functional hypothalamic disruption that is not otherwise  
clinically evident.

 CONGENITAL EMBRYOPATHIC DISORDERS
The most common embryopathic disorders that affect the hypothalamus are 
the midline cleft syndromes, which cause varying defects of midline structures, 
especially the optic and olfactory tracts, the septum pellucidum, the corpus 
callosum, the anterior commissure, the hypothalamus, and the pituitary. The 
clinical features of midline cleft defects vary from cyclopia to cleft lip and 
from isolated hypothalamic hormone defects to panhypopituitarism.

Optic nerve hypoplasia is a common but complex congenital disorder of 
unknown cause. It involves a spectrum of anatomic malformations and clinical 
manifestations ranging from isolated hypoplasia of one or both optic nerves, 
with a variable degree of visual impairment, to extensive brain malformations, 
hypothalamic-pituitary dysfunction, neurocognitive disability, and autism 
spectrum disorders (Chapter 389). It is the second leading cause of congenital 
visual impairment, superseded only by cortical visual impairment. More recent, 
larger studies have demonstrated optic nerve hypoplasia to be an independent 
risk factor for hypothalamic-pituitary dysfunction. Abnormalities of the septum 
pellucidum have no independent prognostic value, but the combination of 
an absent septum pellucidum plus optic nerve hypoplasia (termed septo-optic 
dysplasia) is associated with abnormalities in the hypothalamus and other 
diencephalic structures. Some such patients have precocious puberty (Chapter 
220), presumably because they lack other inhibitory influences but have intact 
GnRH-producing structures.1

TABLE 210-1 ETIOLOGY OF HYPOTHALAMIC DISEASE
NEONATES

Congenital embryopathic disorders: agenesis of the corpus callosum, cleft palate 
(HESX1)

Congenital disorders: isolated hormone and receptor mutations, combined pituitary 
hormone deficiency (PIT1, PROP1), Laurence-Moon-Bardet-Biedl syndrome, 
Prader-Labhart-Willi syndrome

Tumors: glioma, hemangioma
Trauma
Hydrocephalus, hydranencephaly, kernicterus
1 MONTH TO 2 YEARS

Tumors: glioma, especially optic glioma, hemangiomas
Infiltrative disease: Langerhans cell histiocytosis, meningitis
Hydrocephalus
2-10 YEARS

Tumors: craniopharyngioma, glioma, dysgerminoma, hamartoma, leukemia, 
ganglioneuroma, ependymoma, medulloblastoma

Infiltrative disease: Langerhans cell histiocytosis, meningitis, tuberculosis, 
encephalitis

Irradiation: for nasopharyngeal tumors, intracranial tumors, leukemia
Functional: psychosocial deprivation
10-25 YEARS

Congenital disorders: Kallmann syndrome, gonadotropin-releasing hormone 
receptor defects

Tumors: craniopharyngioma, pituitary tumors, glioma, hamartoma, dysgerminoma, 
dermoid, lipoma, neuroblastoma

Trauma: subarachnoid hemorrhage, vascular aneurysm, arteriovenous malformation
Infiltrative diseases: Langerhans cell histiocytosis, sarcoidosis, tuberculosis, 

meningitis, encephalitis, leukemia
Chronic hydrocephalus or increased intracranial pressure
Functional: hypogonadotropic hypogonadism associated with weight loss, exercise
25-50 YEARS

Tumors: pituitary tumors, meningioma, craniopharyngioma, Rathke cleft cyst, 
glioma, lymphoma, angioma, colloid cysts, ependymoma

Infiltrative diseases: sarcoidosis, Langerhans cell histiocytosis, tuberculosis, viral 
encephalitis

Subarachnoid hemorrhage, vascular aneurysms, arteriovenous malformation
Irradiation: for pituitary adenoma, nasopharyngeal tumors, intracranial tumors
Nutritional: Wernicke disease
Functional: hypogonadotropic hypogonadism associated with weight loss, exercise
50 YEARS AND OLDER

Tumors: pituitary tumors, meningioma, craniopharyngioma, sarcoma, glioblastoma, 
lymphoma, colloid cysts, ependymoma

Vascular: infarct, subarachnoid hemorrhage, pituitary apoplexy, aneurysm
Irradiation: for pituitary adenoma, nasopharyngeal tumors, intracranial tumors
Infiltrative diseases: encephalitis, sarcoidosis, meningitis
Nutritional: Wernicke disease
Modified from Plum F, Van Uitert R. Non-endocrine diseases of the hypothalamus. In: Reichlin S, 
Baldessarini RJ, Martin JB, eds. The Hypothalamus. New York: Raven Press; 1978:415.
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E-FIGURE 210-1. Hormonal circadian rhythms. mean (+Sem) profiles of plasma levels of adrenocorticotropic hormone (acth), cortisol, thyroid-stimulating hormone (tSh), testos-
terone, growth hormone (gh), and prolactin from a group of 8 to 12 normal men studied at 15-minute intervals for 24 hours. the sleep times are indicated by black bars. (redrawn with 
permission from Van cauter e. diurnal and ultradian rhythms in human endocrine function: a minireview. Horm Res. 1990;34:45-53.)
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E-FIGURE 210-2. 24-hour profile of ACTH and cortisol secretion in 12 normal subjects (controls) (open circles; vertical lines are SE) and 1 patient with pituitary dependent Cushing 
disease (closed circles). Blood samples were obtained every 20 minutes continuously over a 24-hour period without disruption of sleep (stippled line). A, cortisol; B, acth. Note the 
normal expected diurnal pattern of rise in acth and cortisol prior to rising (red arrow). the pattern, in addition to being disrupted, shows the absolute values of the patient with cushing 
as much higher than the normal controls. C, cortisol and acth plotted together. Note the direct correlation of acth and cortisol peaks and the reverse diurnal pattern seen in this 
patient. 



CHAPTER 210 NeuroeNdocriNology aNd the NeuroeNdocriNe SyStem 1437.e3

OLD YOUNG600

400

200

0

2.0

1.5

1.0

0.5

0.0

400

300

200

100

0

15

12

9

6

3

15

10

5

0

10

8

6

4

2

0

10

8

6

4

2

0
12 16 20 24 04 08 12 12 16 20 24 04 08 12

24-Hour clock time 24-Hour clock time

P
la

sm
a 

co
rt

is
ol

 (
nm

ol
/L

)
P

la
sm

a 
T

S
H

 (
µU

/m
L)

P
la

sm
a 

m
el

at
on

in
 (

pm
ol

/L
)

P
la

sm
a 

pr
ol

ac
tin

 (
µg

/L
)

P
la

sm
a 

G
H

 (
µg

/L
)

S
lo

w
-w

av
e 

sl
ee

p 
(m

in
)

R
E

M
 s

le
ep

 (
m

in
)

A

B

C

D

E

F

G

E-FIGURE 210-3. Mean 24-hour profiles of plasma cortisol (A), thyroid stimulating 
hormone (B), melatonin (C), prolactin (D), and growth hormone (E) levels and distribu-
tion of slow wave (SW; F) and rapid-eye-movement (REM; G) stages in sleep in old and 
young subjects. distribution of sleep stages is expressed in minutes in each 150-min 
interval between blood samples spent in SW or rem stage. Vertical lines represent Se. 
Black bars correspond to mean sleep period. (From van coevorden a, mockel J, laurent 
e, et al. Neuroendocrine rhythms and sleep in aging men. Am J Physiol. 260[4 Pt 1]:e651-
661, 1991.)
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Mutations in HESX1, SOX2, SOX3, and OTX2 transcription factor genes 
cause agenesis of the corpus callosum and panhypopituitarism. The diagnosis 
is made by finding anosmia and low gonadotropin levels, and MRI will show 
absence or hypoplasia of the olfactory bulbs. The X-linked form of Kallmann 
syndrome, which represents about 85% of cases, occurs when a gene defect 
(KAL1) results in loss of function of a protein called anosmin that facilitates 
the embryologic migration of GnRH-producing neurons. Other implicated 
genes include PROK2, PROKR2, FGFR1, and FGF8. The pituitary is usually 
intact, and pulsatile exogenous GnRH or gonadotropins stimulate spermato-
genesis and induce normal gonadal function. Some patients have coexistent 
nerve deafness, cerebellar ataxia, color blindness, cleft lip and palate, mental 
retardation, disordered thirst, unilateral renal agenesis, synkinesia, dental 
agenesis, and skeletal anomalies such as syndactyly and polydactyly; these 
abnormalities tend to track with specific mutations of the genes outlined above.
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Other infiltrative diseases that can cause progressive alteration in the hypo-
thalamic regulation of the secretion of pituitary hormones include tuberculosis 
(Chapter 308), lymphomas (Chapters 176 and 177), and fungal diseases 
(E-Fig. 210-4).

 VASCULAR DISEASE
An enlarging aneurysm (Chapter 380) may present as a mass lesion in the 
hypothalamic-pituitary area, where it can cause visual field defects and hypo-
pituitarism. Tumors and aneurysms may also coexist, and careful MRI evalu-
ation is critical. Vascular infarction very rarely causes hypothalamic disease, 
but almost 50% of cases of subarachnoid hemorrhage (Chapter 380) may be 
associated with varying degrees of hypopituitarism. Diabetes insipidus is an 
uncommon complication.

 TRAUMA
Traumatic brain injury (Chapter 371) can cause a variety of hormonal per-
turbations that range from isolated ACTH deficiency to panhypopituitarism 
with diabetes insipidus. With frontal injuries, the brain travels backward, but 
the pituitary cannot move; as a result, the pituitary stalk is avulsed, with 
interruption of the portal vessels. The paraventricular and supraoptic nuclei 
and median eminence are particularly involved with microhemorrhages, hence 
the high frequency of panhypopituitarism with diabetes insipidus. Most patients 
with head injury are hyperprolactinemic, which clinically confirms that the 
primary site of injury is the hypothalamus or stalk. Blood levels of growth 
hormone, ACTH, TSH, LH, and prolactin may actually be elevated. These 
levels subsequently fall, and then pituitary function either may return to normal 
or hypopituitarism may develop.6 Overall, about 25% of surviving patients 
develop hypopituitarism after major traumatic brain injury, but significant 
hypothalamic, pituitary stalk, or anterior pituitary damage is seen in about 
85% of fatal cases. Deficiencies in ACTH (and hence cortisol) may be 
life-threatening, so cortisol levels should be monitored carefully in the hours 
and days after major brain trauma.7 Hypocortisolism must be treated with 
stress doses of glucocorticoids (Chapter 32). However, hypopituitarism should 
not be confused with prolonged stress-related endocrine alterations.

 IRRADIATION
Whole-brain irradiation frequently causes hypothalamic dysfunction, with 
resulting endocrine abnormalities and behavioral changes. The loss of pituitary 

is usually white and mucoid. Craniopharyngiomas most commonly arise during 
childhood but can occur in adults and even the elderly.

Tumors cause symptoms because their mass effects precipitate headache, 
vomiting, visual disturbance, seizures, hypopituitarism, and polyuria. Some 
patients have galactorrhea, amenorrhea, and hyperprolactinemia suggestive 
of a prolactinoma. Careful endocrine testing reveals varying degrees of 
hypopituitarism in 50 to 75% of cases, modest hyperprolactinemia in 25 to 
50%, and often diabetes insipidus. Surgical extirpation of craniopharyngiomas 
commonly worsens pituitary function, often results in complete 
panhypopituitarism and diabetes insipidus, and may damage the hypothalamic 
centers that regulate thirst, body temperature, and food intake, thereby resulting 
in severe obesity. Hypothalamic-sparing surgery may cause less obesity without 
increasing recurrence rates. It can be difficult to remove craniopharyngiomas 
completely, but postoperative radiation reduces the risk of recurrence. Rathke 
cleft cysts are less likely to recur.

Suprasellar dysgerminomas arise from primitive germ cells, which are struc-
turally identical to germ cell tumors and which migrated during fetal develop-
ment. The tumors occur most commonly in children, in whom they decrease 
growth because of hypopituitarism, and also cause diabetes insipidus and 
visual problems. Hyperprolactinemia occurs in more than 50% of affected 
children, and 10% have precocious puberty because of the production of human 
chorionic gonadotropin (HCG) by the tumor. The finding of an elevated 
HCG level in the spinal fluid may be diagnostic. As compared with cranio-
pharyngiomas, these tumors are very radiosensitive, and radiation therapy 
combined with chemotherapy is the preferred treatment.

A hypothalamic hamartoma is a nodule of hypothalamic neurons, glia, and 
fiber bundles. It is attached to the hypothalamus by a pedicle between the 
tuber cinereum and the mammillary bodies, and it extends into the basal 
cistern.3 Asymptomatic hamartomas can be identified in up to 20% of routine 
autopsies. These lesions rarely may enlarge and disrupt hypothalamic func-
tion because they compress adjacent tissues. Less commonly, they may cause 
seizures, especially gelastic seizures. Some hamartomas can be associated 
with other congenital anomalies and mutations in the transcription factor 
gene GLI3. A choristoma (or gangliocytoma) is a hamartomatous variant 
composed of similar tissue in the anterior pituitary but not attached to the 
hypothalamus. These neuronal tumors cause precocious puberty, acromegaly, 
or Cushing syndrome when they produce GnRH. Surgery can be risky. Treat-
ment with a long-acting GnRH analogue can be used to suppress gonado-
tropin secretion and may be preferred if the hamartoma does not cause mass  
effects.

Other tumors and space-occupying lesions in the suprasellar area include 
arachnoid cysts, meningiomas (Chapter 180), gliomas (Chapter 180), 
astrocytomas, chordomas, infundibulomas, cholesteatomas (Chapter 400), 
neurofibromas (Chapter 389), lipomas, and metastatic cancer (especially from 
the breast and lung). Such lesions can cause varying degrees of hypopituitarism, 
diabetes insipidus, and hyperprolactinemia. Unfortunately, surgical therapy 
often worsens the hormonal deficit and may cause other hypothalamic  
damage.

 INFLAMMATORY AND INFILTRATIVE DISORDERS
Sarcoidosis (Chapter 89) involves the central nervous system clinically in 1 
to 5% of patients and in up to 16% of patients at autopsy. Isolated central 
nervous system sarcoidosis, however, is uncommon. When sarcoidosis involves 
the central nervous system, it affects the hypothalamus in 10% to 20% of 
cases. Sarcoid granulomas can be seen in the hypothalamus, pituitary, or stalk, 
either as an infiltrative process or as a mass lesion.4 The most common endo-
crinologic sequelae are varying degrees of hypopituitarism, diabetes insipidus, 
and hyperprolactinemia. Obesity can also result from hypothalamic involve-
ment by sarcoidosis. Examination of cerebrospinal fluid usually shows pleo-
cytosis, elevated protein levels, low glucose levels, and variable elevations of 
angiotensin-converting enzyme. In a patient who has isolated central nervous 
system sarcoidosis, the diagnosis may be extremely difficult to establish, and 
biopsy is often required. Corticosteroid therapy can at least partially reverse 
the thirst disorders, but deficits in anterior pituitary hormones usually do not 
improve.

Langerhans cell histiocytosis (Chapter 160) of the hypothalamus can cause 
diabetes insipidus, varying degrees of hypopituitarism, and hyperprolactinemia.5 
It is the most common cause of diabetes insipidus in children. This infiltration 
usually thickens the pituitary stalk, but it may cause a mass lesion of the 
hypothalamus or pituitary (Fig. 210-3). Osteolytic lesions may be seen on 
radiographs of the jaw or mastoid. Therapy consists of surgery, focal irradiation, 
or chemotherapy with alkylating agents and high-dose corticosteroids.

hypogonadotropic hypogonadism occur in women, especially related to weight 
loss, excessive exercise with reduced body fat even if body weight is unchanged, 
psychogenic stress, or systemic illness, but idiopathic forms also are seen. 
Pulsatile gonadotropin secretion is usually lost, but the gonadotropin response 
to injected GnRH is normal. Weight gain and reduced exercise can restore 
normal gonadal function. Furthermore, leptin administration can also restore 
the normal pulsatile secretion of gonadotropins and subsequent ovulation, 
thereby confirming that leptin has a critical mediating influence on reproduc-
tive function. Postpuberty hyperprolactinemia can also decrease GnRH as 
well as the pulsatile secretion of LH and FSH, thereby resulting in anovulation 
with oligomenorrhea and amenorrhea in women and impotence and infertility 
in men.

In the idiopathic form, spontaneous resolution does not occur. The treat-
ment of idiopathic functional hypogonadotropic amenorrhea focuses on 
restoration of a normal estrogen status to promote well-being, to prevent 
osteoporosis, and to facilitate ovulation.10 The first two usually can be achieved 
with cyclic estrogen and progesterone (Chapter 223), whereas the latter may 
require clomiphene, GnRH, or gonadotropin therapy. In men, similar goals 
may be achieved with testosterone, GnRH, or gonadotropins.

 Hypothalamic Hypergonadism (Precocious Puberty)
Precocious puberty is defined when puberty begins before 8 years of age in 
girls or 9 years of age in boys. Central (GnRH-dependent) precocious puberty 
is characterized by hormonal changes similar to what occurs at the time of 
normal puberty—that is, an increase in the pulsatile release of LH, an increase 
in the gonadotropin response to GnRH, and an increase in gonadal steroid 
secretion. Pseudoprecocious puberty results from peripheral (gonadal or 
adrenal) causes.

The molecular basis for precocious puberty is not well defined. Some patients 
have activating mutations of KISS1 and KISSR1, and a loss of function mutation 
in the makorin ring finger protein 3 (MKRN3) can also result in central pre-
cocious puberty.11 GnRH-dependent precocious puberty can be related to 
premature activation of the GnRH pulse generator by a variety of lesions, or 
it may also be idiopathic.

Boys represent only about 10% of cases of central precocious puberty, but 
they often have more serious underlying causes. For example, hypothalamic 
hamartomas account for about 40% of boys who have central GnRH-dependent 
precocious puberty, another 30% are caused by central nervous system lesions, 
familial disease accounts for about 25% of cases, and the remainder are 
idiopathic. The picture is quite different in girls, in which hypothalamic 
hamartomas account for only about 15% of cases, other central nervous system 
lesions for 14%, and the McCune-Albright syndrome (polyostotic fibrous 
dysplasia [Chapter 218]) for 6%; the remaining 65% are idiopathic.

The treatment of central GnRH-dependent precocious puberty emphasizes 
surgical removal of the tumor or medical therapy with a long-acting GnRH 
analogue, either as monthly injections or yearly implants. When therapy is 
discontinued at the time of normal puberty, sex steroid levels increase, second-
ary sexual characteristics again develop, growth increases, and regular menses 
appear spontaneously.

 PROLACTIN
 Hypothalamic Hyperprolactinemia
Structural or infiltrative hypothalamic lesions can decrease how much dopamine 
reaches the lactotrophs and thereby cause modest hyperprolactinemia (usually 
<100 ng/mL).12 A nonsecreting pituitary adenoma with extensive suprasellar 
extension can cause elevated prolactin levels that must be distinguished from 
a prolactin-secreting adenoma, which usually elevates prolactin levels 5 to 50 
times higher. In patients with very large tumors, the prolactin level should be 
measured undiluted and at 1 : 100 dilution to avoid spurious findings. A number 
of medications, especially antipsychotic agents, can cause hyperprolactinemia, 
primarily by interfering with central catecholamines.

 THYROID-STIMULATING HORMONE
Hypothalamic hypothyroidism (Chapter 213) is due to a central lesion that 
impairs the secretion of TRH, usually along with the loss of other hormones.13 
It occurs considerably less commonly than hypothalamic deficiencies in growth 
hormone and gonadotropins. Molecular causes of central hypothyroidism 
include mutations in the TRH receptor and the TSH beta gene that encodes 
for the TSH β-glycoprotein. In these patients, TSH is less biologically active 
than normal, so it binds less well to the TSH receptor.

Prenatal screening with TSH only (as is done in parts of the United States 
and England) will not detect children sufficiently early to prevent the 

function is so frequent that all patients who have had their pituitary and hypo-
thalamic areas irradiated must be monitored periodically to detect the most 
common abnormality, which is hyperprolactinemia, as well as hypopituitarism 
that occurs especially when the radiotherapy is targeted to the hypothalamic 
area.8 However, such deficiencies may occur many years later, so annual testing 
is recommended for up to 20 years. Stereotactic gamma knife irradiation and 
external beam radiation of pituitary and other parasellar tumors appear to 
carry a similar risk of subsequent hypopituitarism.

 Effects of Hypothalamic Disease on Pituitary Function
Hypothalamic disease can cause both pituitary hyperfunction and hypofunc-
tion of varying degrees of severity. Although severe disease can cause absolute 
deficiencies of the various hormones, milder disease may cause subtle altera-
tions, such as the loss of menstrual cycling and subsequent “hypothalamic” 
amenorrhea (Chapter 223). Furthermore, these hypothalamic defects may 
be interrelated. A rather common phenomenon is when hyperprolactinemia 
owing to hypothalamic dysfunction causes a hypogonadotropic hypogonadism 
that can be reversed when the elevated prolactin levels are normalized. Often-
times MRI does not reveal a structural lesion, so a functional defect is presum-
ably related to altered neurotransmitter regulation.

 GROWTH HORMONE
Loss of normal secretion of growth hormone is the most common hormonal 
defect caused by structural hypothalamic disease. About 75% of patients with 
congenital idiopathic growth hormone deficiency respond normally to exog-
enous GHRH, thereby implying that the problem is probably disordered 
hypothalamic regulation. A rare form of growth hormone deficiency is caused 
by a mutation in the GHRH receptor. Reversible idiopathic growth hormone 
deficiency, which can be caused by inadequate parental care and affection, is 
termed the emotional deprivation syndrome or psychosocial dwarfism (e.g., 
inflammatory bowel disease [Chapter 132]). The disordered regulation of 
growth hormone is probably caused by psychogenic alterations in the balance 
of neurotransmitters needed for normal secretion of GHRH and somatostatin. 
Restoration of proper care promptly normalizes the secretion of growth 
hormone and subsequent growth. Treatment of systemic illnesses that also 
may decrease the secretion of growth hormone will correct the growth abnor-
mality. Treatment of children and adults with growth hormone deficiency is 
discussed in Chapter 211.

 GONADOTROPINS
 Hypothalamic Hypogonadism
The primary defect in hypothalamic hypogonadism is the diminished secretion 
of GnRH that impairs the secretion of pituitary gonadotropin and gonadal 
function.9 The cause may be congenital or acquired. Depending on the age 
of onset, these conditions may be manifested as either delayed development 
or loss of adult gonadal function. Hormonal deficiencies may be isolated to 
GnRH or involve other hormones as well. Primary growth hormone deficiency 
is the most common cause; some cases are idiopathic, but mutations in the 
GnRH receptor may be implicated. Hypothalamic structural damage is the 
second most common cause, but a substantial portion of these defects are 
caused by hyperprolactinemia and are reversible if the hyperprolactinemia is 
corrected.

In children with isolated disorders of GnRH and gonadotropins, growth 
and development are normal until puberty, when the expected growth spurt 
does not occur. About 50% of males with GnRH deficiency have undescended 
testes, probably secondary to the absence of gonadotropins during fetal 
development. The most common congenital lesion causing prepubertal GnRH 
deficiency is Kallmann syndrome, which affects 50% of males and 37% of 
females with isolated gonadotropin deficiency (see earlier). In patients with 
GnRH deficiency, subcutaneous replacement of GnRH every 2 hours via 
a portable pump rapidly increases FSH and LH so that testosterone levels 
rise to normal, and normal spermatogenesis ensues. Similar approaches in 
women restore the ovulatory cycles in 80% of cases. In men, comparable 
results can be obtained with a more practical administration of exogenous 
gonadotropins three times per week. In patients with GnRH receptor mutations, 
GnRH therapy is not successful. Testosterone replacement alone induces 
adequate androgenization but does not increase testicular size or generate  
spermatogenesis.

Acquired loss of previously normal GnRH secretion in adulthood may be 
caused by structural hypothalamic damage (e.g., a tumor), a functional change 
without a detectable anatomic lesion, or hyperprolactinemia. A CT or MRI 
is indicated to evaluate possible structural disease. Most cases of functional 

FIGURE 210-3. Thickened pituitary stalk in Langerhans cell histiocytosis. magnetic 
resonance image of patient with langerhans cell histiocytosis who manifested initially 
with amenorrhea, galactorrhea, and diabetes insipidus. arrow points to the thickened 
pituitary stalk. (reproduced with permission from Purdy lP, molitch me. Sudden onset 
of diabetes insipidus in an adolescent. Endocr Trends. 1998;5:1-7.)
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E-FIGURE 210-4. Progressive hypothalamic dysfunction from infiltrative disease of the hypothalamus. clinical sequence in an 18-year-old woman with hypothalamic tuberculosis 
that progressed despite antituberculosis therapy. her initial endocrine symptom was amenorrhea, which was followed over several months by the development of diabetes insipidus, 
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tF Jr. manifestations of hypothalamic obesity in man: a comprehensive investigation of eight patients and a review of the literature. Medicine. 1975;54:301-330.)
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hypogonadotropic hypogonadism occur in women, especially related to weight 
loss, excessive exercise with reduced body fat even if body weight is unchanged, 
psychogenic stress, or systemic illness, but idiopathic forms also are seen. 
Pulsatile gonadotropin secretion is usually lost, but the gonadotropin response 
to injected GnRH is normal. Weight gain and reduced exercise can restore 
normal gonadal function. Furthermore, leptin administration can also restore 
the normal pulsatile secretion of gonadotropins and subsequent ovulation, 
thereby confirming that leptin has a critical mediating influence on reproduc-
tive function. Postpuberty hyperprolactinemia can also decrease GnRH as 
well as the pulsatile secretion of LH and FSH, thereby resulting in anovulation 
with oligomenorrhea and amenorrhea in women and impotence and infertility 
in men.

In the idiopathic form, spontaneous resolution does not occur. The treat-
ment of idiopathic functional hypogonadotropic amenorrhea focuses on 
restoration of a normal estrogen status to promote well-being, to prevent 
osteoporosis, and to facilitate ovulation.10 The first two usually can be achieved 
with cyclic estrogen and progesterone (Chapter 223), whereas the latter may 
require clomiphene, GnRH, or gonadotropin therapy. In men, similar goals 
may be achieved with testosterone, GnRH, or gonadotropins.

 Hypothalamic Hypergonadism (Precocious Puberty)
Precocious puberty is defined when puberty begins before 8 years of age in 
girls or 9 years of age in boys. Central (GnRH-dependent) precocious puberty 
is characterized by hormonal changes similar to what occurs at the time of 
normal puberty—that is, an increase in the pulsatile release of LH, an increase 
in the gonadotropin response to GnRH, and an increase in gonadal steroid 
secretion. Pseudoprecocious puberty results from peripheral (gonadal or 
adrenal) causes.

The molecular basis for precocious puberty is not well defined. Some patients 
have activating mutations of KISS1 and KISSR1, and a loss of function mutation 
in the makorin ring finger protein 3 (MKRN3) can also result in central pre-
cocious puberty.11 GnRH-dependent precocious puberty can be related to 
premature activation of the GnRH pulse generator by a variety of lesions, or 
it may also be idiopathic.

Boys represent only about 10% of cases of central precocious puberty, but 
they often have more serious underlying causes. For example, hypothalamic 
hamartomas account for about 40% of boys who have central GnRH-dependent 
precocious puberty, another 30% are caused by central nervous system lesions, 
familial disease accounts for about 25% of cases, and the remainder are 
idiopathic. The picture is quite different in girls, in which hypothalamic 
hamartomas account for only about 15% of cases, other central nervous system 
lesions for 14%, and the McCune-Albright syndrome (polyostotic fibrous 
dysplasia [Chapter 218]) for 6%; the remaining 65% are idiopathic.

The treatment of central GnRH-dependent precocious puberty emphasizes 
surgical removal of the tumor or medical therapy with a long-acting GnRH 
analogue, either as monthly injections or yearly implants. When therapy is 
discontinued at the time of normal puberty, sex steroid levels increase, second-
ary sexual characteristics again develop, growth increases, and regular menses 
appear spontaneously.

 PROLACTIN
 Hypothalamic Hyperprolactinemia
Structural or infiltrative hypothalamic lesions can decrease how much dopamine 
reaches the lactotrophs and thereby cause modest hyperprolactinemia (usually 
<100 ng/mL).12 A nonsecreting pituitary adenoma with extensive suprasellar 
extension can cause elevated prolactin levels that must be distinguished from 
a prolactin-secreting adenoma, which usually elevates prolactin levels 5 to 50 
times higher. In patients with very large tumors, the prolactin level should be 
measured undiluted and at 1 : 100 dilution to avoid spurious findings. A number 
of medications, especially antipsychotic agents, can cause hyperprolactinemia, 
primarily by interfering with central catecholamines.

 THYROID-STIMULATING HORMONE
Hypothalamic hypothyroidism (Chapter 213) is due to a central lesion that 
impairs the secretion of TRH, usually along with the loss of other hormones.13 
It occurs considerably less commonly than hypothalamic deficiencies in growth 
hormone and gonadotropins. Molecular causes of central hypothyroidism 
include mutations in the TRH receptor and the TSH beta gene that encodes 
for the TSH β-glycoprotein. In these patients, TSH is less biologically active 
than normal, so it binds less well to the TSH receptor.

Prenatal screening with TSH only (as is done in parts of the United States 
and England) will not detect children sufficiently early to prevent the 

function is so frequent that all patients who have had their pituitary and hypo-
thalamic areas irradiated must be monitored periodically to detect the most 
common abnormality, which is hyperprolactinemia, as well as hypopituitarism 
that occurs especially when the radiotherapy is targeted to the hypothalamic 
area.8 However, such deficiencies may occur many years later, so annual testing 
is recommended for up to 20 years. Stereotactic gamma knife irradiation and 
external beam radiation of pituitary and other parasellar tumors appear to 
carry a similar risk of subsequent hypopituitarism.

 Effects of Hypothalamic Disease on Pituitary Function
Hypothalamic disease can cause both pituitary hyperfunction and hypofunc-
tion of varying degrees of severity. Although severe disease can cause absolute 
deficiencies of the various hormones, milder disease may cause subtle altera-
tions, such as the loss of menstrual cycling and subsequent “hypothalamic” 
amenorrhea (Chapter 223). Furthermore, these hypothalamic defects may 
be interrelated. A rather common phenomenon is when hyperprolactinemia 
owing to hypothalamic dysfunction causes a hypogonadotropic hypogonadism 
that can be reversed when the elevated prolactin levels are normalized. Often-
times MRI does not reveal a structural lesion, so a functional defect is presum-
ably related to altered neurotransmitter regulation.

 GROWTH HORMONE
Loss of normal secretion of growth hormone is the most common hormonal 
defect caused by structural hypothalamic disease. About 75% of patients with 
congenital idiopathic growth hormone deficiency respond normally to exog-
enous GHRH, thereby implying that the problem is probably disordered 
hypothalamic regulation. A rare form of growth hormone deficiency is caused 
by a mutation in the GHRH receptor. Reversible idiopathic growth hormone 
deficiency, which can be caused by inadequate parental care and affection, is 
termed the emotional deprivation syndrome or psychosocial dwarfism (e.g., 
inflammatory bowel disease [Chapter 132]). The disordered regulation of 
growth hormone is probably caused by psychogenic alterations in the balance 
of neurotransmitters needed for normal secretion of GHRH and somatostatin. 
Restoration of proper care promptly normalizes the secretion of growth 
hormone and subsequent growth. Treatment of systemic illnesses that also 
may decrease the secretion of growth hormone will correct the growth abnor-
mality. Treatment of children and adults with growth hormone deficiency is 
discussed in Chapter 211.

 GONADOTROPINS
 Hypothalamic Hypogonadism
The primary defect in hypothalamic hypogonadism is the diminished secretion 
of GnRH that impairs the secretion of pituitary gonadotropin and gonadal 
function.9 The cause may be congenital or acquired. Depending on the age 
of onset, these conditions may be manifested as either delayed development 
or loss of adult gonadal function. Hormonal deficiencies may be isolated to 
GnRH or involve other hormones as well. Primary growth hormone deficiency 
is the most common cause; some cases are idiopathic, but mutations in the 
GnRH receptor may be implicated. Hypothalamic structural damage is the 
second most common cause, but a substantial portion of these defects are 
caused by hyperprolactinemia and are reversible if the hyperprolactinemia is 
corrected.

In children with isolated disorders of GnRH and gonadotropins, growth 
and development are normal until puberty, when the expected growth spurt 
does not occur. About 50% of males with GnRH deficiency have undescended 
testes, probably secondary to the absence of gonadotropins during fetal 
development. The most common congenital lesion causing prepubertal GnRH 
deficiency is Kallmann syndrome, which affects 50% of males and 37% of 
females with isolated gonadotropin deficiency (see earlier). In patients with 
GnRH deficiency, subcutaneous replacement of GnRH every 2 hours via 
a portable pump rapidly increases FSH and LH so that testosterone levels 
rise to normal, and normal spermatogenesis ensues. Similar approaches in 
women restore the ovulatory cycles in 80% of cases. In men, comparable 
results can be obtained with a more practical administration of exogenous 
gonadotropins three times per week. In patients with GnRH receptor mutations, 
GnRH therapy is not successful. Testosterone replacement alone induces 
adequate androgenization but does not increase testicular size or generate  
spermatogenesis.

Acquired loss of previously normal GnRH secretion in adulthood may be 
caused by structural hypothalamic damage (e.g., a tumor), a functional change 
without a detectable anatomic lesion, or hyperprolactinemia. A CT or MRI 
is indicated to evaluate possible structural disease. Most cases of functional 



neuropsychiatric sequelae of hypothyroidism. Screening with both T4 and 
TSH, as is done in the Netherlands, has the potential to diagnose these children 
early and perhaps uncover other newborns with life-threatening pituitary 
deficiencies.

Treatment is with l-thyroxine (Chapter 213), and patients should be moni-
tored with free thyroxine (T4) levels rather than TSH levels.

 ADRENOCORTICOTROPIC HORMONE
Hypothalamic lesions rarely cause ACTH deficiency. ACTH deficiency can 
be an isolated abnormality or be accompanied by deficiencies in other pituitary 
hormones. The most common cause is suppression by exogenous or endog-
enous glucocorticoids, but head trauma or an autoimmune pituitary disorder 
also can be causative. Glucocorticoid treatment is indicated, but mineralo-
corticoid treatment is not.

 Effects of Hypothalamic Disease on Other  
Neurometabolic Functions
Other functions that are regulated, at least in part by the hypothalamus, include 
food intake, carbohydrate metabolism, temperature control, sleep, and behavior.

 ALTERATIONS IN FOOD INTAKE
 Hypothalamic Obesity
Destruction of the mediobasal hypothalamus can suppress the phenomenon 
of satiety, thereby resulting in hyperphagia and hypothalamic obesity.14 Because 
of the location of the lesions, hypopituitarism and diabetes insipidus often 
coexist. Whether the obesity seen in rare patients with Prader-Willi (Chapter 
220) and Laurence-Moon-Biedl-Bardet (Chapter 220) syndromes is caused 
by hypothalamic dysfunction is unproven.

 Hypothalamic Anorexia
Very rare bilateral lesions of the lateral hypothalamus can destroy nigrostriatal 
dopaminergic fibers that pass through this area, suppress appetite, increase 
in peripheral norepinephrine turnover, and raise the metabolic rate. By com-
parison, the hormonal changes seen in patients with anorexia nervosa (Chapter 
206) are as a result of the weight loss, with no evidence that there is a primary 
preexisting hypothalamic abnormality.

 HYPERGLYCEMIA
The hypothalamic response to stress can release growth hormone, ACTH, 
and prolactin, which then stimulate gluconeogenesis, lipolysis, and insulin 
resistance, thereby resulting in elevation of blood glucose levels. This hypo-
thalamic response also activates the sympathetic nervous system, which releases 
catecholamines that inhibit insulin secretion and stimulate glycogenolysis.

 TEMPERATURE REGULATION
Although input regarding body temperature comes from a variety of feed-
back signals, these signals appear to converge on a common set of neurons 
in the preoptic area of the hypothalamus. The anterior hypothalamus and 
preoptic area contain temperature-sensitive neurons that respond to internal 
temperature changes by initiating the thermoregulatory responses that are 
needed to restore a constant temperature. Measures that dissipate heat include 
cutaneous vasodilation, sweating, and panting; measures that increase body 
heat include increasing metabolic heat production, shivering, and cutaneous 
vasoconstriction.

Rare patients with anterior hypothalamic lesions can develop paroxysmal 
or sustained hypothermia or hyperthermia because these thermoregulatory 
activities fail. Some patients respond to anticonvulsant medications, 
thereby suggesting that the temperature changes are caused by seizure-like  
discharges.

Poikilothermy results from an inability to dissipate or generate heat to keep 
the body temperature constant in the face of varying ambient temperatures. 
This condition results from bilateral lesions in the posterior hypothalamus 
and rostral mesencephalon, which are the areas responsible for the final inte-
gration of thermoregulatory neural efferents. Patients with this condition are 
not bothered by temperature changes and typically are unaware that they have 
such a problem. Depending on the ambient temperature, they may experience 
life-threatening hypothermia or hyperthermia.
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211 
ANTERIOR PITUITARY
ROY E. WEISS

 ANATOMY AND EMBRYOLOGY
The pituitary is located in the sella turcica, which is a part of the sphenoid 
bone of the skull. It is attached to the base of the brain by a stalk, known as 
the infundibulum, and is contained in a capsule that is continuous with the 
dura mater, thus making it technically outside of the blood-brain barrier. The 
gland itself is composed of two parts, the anterior pituitary (adenohypophysis) 
and the posterior pituitary (neurohypophysis). The adenohypophysis has three 
anatomic components: the pars distalis (where the hormone-secreting cells 
are situated); the pars tuberalis (which hugs the infundibulum); and in children 
one can appreciate a third structure between the two, known as the pars inter-
media, which is essentially absent in adulthood. The infundibulum has direct 
neural fibers that connect to the neurohypophysis, and, in a network of blood 
vessels, the infundibulum communicates with the adenohypophysis. The 
inferior border of the pituitary rests on the floor of the sella turcica, and the 
superior border is located just under the optic chiasm. Growth of the pituitary 
inferiorly can lead to erosion of the floor of the sella turcica and invasion into 
the sphenoid bone and sphenoid sinus, whereas the cavernous sinus and 
carotids are found laterally. Abnormal superior growth of the pituitary explains 
the visual problems encountered when the pituitary is enlarged by tumor, 
bleeding, or infiltration.

An understanding of the vascular supply and drainage of the pituitary is 
necessary for both diagnosis and treatment of pituitary disease (Fig. 211-1). 
The superior and inferior hypophyseal arteries provide the main arterial supply 
to the anterior and posterior pituitary, respectively. These vessels are branches 
from the internal carotid arteries. The superior hypophyseal artery forms the 
primary plexus of the hypophyseal portal system at the origin of the infun-
dibulum. Blood from this plexus flows down the portal vessels. The pars distalis 
receives very little blood from the internal carotid and instead is mainly sup-
plied by the venous system—long portal veins from the plexus and from the 
neurohypophysis through short portal vessels. This anatomy allows the pars 
distalis to be exposed to hormones from the hypothalamus, posterior pituitary, 
and the general blood circulation. Lack of direct arterial supply to the pars 
distalis makes it vulnerable to ischemia secondary to hypovolemia and hypo-
tension. Venous drainage of the anterior pituitary is by the hypophyseal veins 
and of the posterior pituitary is via the short portal and hypophyseal veins to 
the cavernous sinus. The cavernous sinus drains into the inferior petrosal 
sinuses and then the internal jugular vein. Oftentimes lateralization (left or 
right sided tumor) of a small secreting tumor of the anterior pituitary can be 
detected by measuring the concentrations of the hormones in blood from the 
inferior petrosal sinuses.

 IMAGING OF THE PITUITARY
The indication for imaging the pituitary is usually based on the history, physical 
examination, and laboratory evaluation of the patient. A lesion is suspected 
in the pituitary when there is evidence of over-secretion or under-secretion 
of one or more of the pituitary hormones or a visual disturbance consistent 
with disruption of the optic chiasm. Occasionally, however, there is no prior 
suspected pituitary or hormonal abnormality, but the imaging study is obtained 
for a different reason (e.g., a motor vehicle accident, headaches, or a non-
pituitary intracerebral mass effect) and a pituitary microadenoma or an empty 
sella is an incidental finding. These findings are referred to as “incidentalomas” 
that otherwise would have avoided clinical detection because they are either 
silent or subclinical.2

Magnetic resonance imaging (MRI) is the preferred radiologic method for 
anatomic definition of the pituitary and its surrounding structures.3 The normal 
pituitary is less than 1 cm in height, and a small tumor (microadenoma) can 
be as small as 1 mm, so high quality imaging is necessary. Sagittal and coronal 
images are the most useful to obtain (Fig. 211-2). The quality and resolution 
of an image depends on (1) the thickness of the sections obtained, generally 
2 mm; (2) the graininess of the image, which is related to the strength of the 
magnetic field; and (3) the acquisition time. The longer the acquisition time, 
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ABSTRACT
The anterior pituitary is the command center for the majority of endocrine 
organs, regulating the adrenal, thyroid, gonads as well as being responsible 
for growth hormone and prolactin release. Diseases of the pituitary include 
those pathologies that compromise the normal functioning of one or more 
of the anterior hormones or tumors of clonal proliferation of a cell type that 
results in excess secretion of one of the hormones. Diagnosis of these condi-
tions require astute clinical skills to suspect the syndromes of hormone defi-
ciency or excess and rational provocative testing based on the physiology and 
selective imaging. Treatment is based on the etiology and can range from 
medical to surgical intervention. 
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The pituitary forms as early as the fifth week of embryonic growth where 
the Rathke pouch, which eventually becomes the anterior pituitary, and the 
diencephalon, which develops into the posterior pituitary, move from the 
rostral to caudal regions. After 13 weeks of development, they rest in a posi-
tion similar to that found in the newborn infant. The area of contact between 
the Rathke pouch and the diencephalon results in the cells having greater 
epithelial characteristics. Consequently, the less epithelial the more “hormon-
ally potent” these cells are. The interaction between spatial and temporal cell 
movement is controlled by expression of transcription factors such as Sonic 
hedgehog from the oral ectoderm as well as downstream factors that control 
proliferation and formation of the pituitary. The Wnt family of signaling 
molecules and bone morphogenic protein 4 (BMP4) are some of the factors 
guiding proliferation and specification of pituitary cell types. There are five 
mature pituitary cell types in the anterior pituitary: somatotrophs (growth 
hormone); lactotrophs (prolactin); thyrotrophs (thyrotropin or thyroid stimu-
lating hormone, TSH); gonadotrophs (gonadotrophins or luteinizing hormone, 
LH; and follicle stimulating hormone, FSH); and corticotrophs (adrenocor-
ticotrophic hormone, ACTH). The temporal and special development of these 
mature cell types requires a cascade of transcription and signaling factors 
(E-Fig. 211-1).1 The identification of factors required for cell differentiation 
was aided by analysis of patients with pituitary hormone deficiencies and 
identification of the mutated gene(s) associated with the deficiency. Several 
cell types may require the identical factor, which would lead to multiple hormone 
abnormalities even if a single factor is perturbed or absent.

ACTH

LH,
FSH

PRL

TSH

GH

HESX1
PROP1

OTX2

LHX3 POUF LHX4

E-FIGURE 211-1. Molecular factors influencing pituitary cell differentiation. note 
some pituitary cell lines are stimulated by more than one factor and one factor can 
stimulate differentiation of multiple cells. Homeobox gene expressed in eS cells (HESx1); 
Prophet of ProP paired-like homeobox 1 (PROP1); orthodenticle drosophila homolog of 
2 (OTX2); LiM homeobox gene 3 (LHX3) and gene 4 (LHX4); Pou homeodomain family 
(POUF); somatotrophs (GH), corticotrophs (ACtH), thyrotophs (tSH), gonadotrophs (LH 
and FSH) and lactotrophs (PrL). 
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FIGURE 211-1. Structural-functional, humoral, endocrine, and neuroendocrine rela-
tionships within the hypothalamic-pituitary unit emphasize the unique and intimate 
interdependence of neural structures and hormone secretion with the circulation. 
oxytocin and vasopressin neuron bodies located in the hypothalamus send axons through 
the pituitary stalk that terminate in the posterior pituitary, where they release oxytocin 
and vasopressin into blood vessels within the posterior pituitary. Hypothalamic neurons 
that produce growth hormone–releasing hormone, corticotropin-releasing hormone, 
thyrotropin-releasing hormone, and gonadotropin-releasing hormone send their axons 
through the median eminence to terminate and release their hormones into the hypo-
physeal-portal circulation. this network of blood vessels is located at the median eminence, 
which surrounds the pituitary stalk and penetrates into the anterior lobe of the pituitary. 
these hypothalamic neurohormones stimulate responsive anterior pituitary cells to secrete 
growth hormone (GH), adrenocorticotropic hormone (ACtH), thyroid-stimulating hormone 
(tSH), luteinizing hormone (LH), and follicle-stimulating hormone (FSH), respectively. 
Dopamine neurons reaching the median eminence are responsible for tonic inhibition 
of prolactin (PrL) secretion from the anterior pituitary, whereas somatostatin released 
from somatostatinergic neurons inhibits GH and trH release. (From Melmed S. The Pitu-
itary. 3rd ed. London: elsevier; 2011.)
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FIGURE 211-2. Magnetic resonance image of normal pituitary. A, Sagittal postcontrast. normal anterior pituitary (long arrow), posterior pituitary (curved arrow). B, Coronal post-
contrast image shows homogeneously enhancing gland (P) and stalk (i). note the carotid arteries (C), easily depicted by their flow voids. optic chiasm (oC) is the cranial nerves within 
the cavernous sinuses. 

the better the quality but the more likely the image is influenced by movement 
artifact.

MRI images are usually obtained as either T1 or T2 weighted images. T1 
(longitudinal relaxation time) is the time it takes the protons to realign in the 
tissue when stimulated by disruption of the magnetic field by an external 
radiofrequency. T2 (traverse relaxation time) is when the protons go out of 
phase with each other. Different tissues have different properties with T1 or 
T2. For example, cerebrospinal fluid is black on T1 images and white on T2 
images. To enhance the images, intravenous contrast can be used as bolus and 
directly imaged afterward because normal pituitary generally enhances more 
than tumors. When the use of a contrast agent is not recommended, the T2 
images may be helpful to distinguish normal pituitary from a tumor (Fig. 
211-3).

Functional imaging of the pituitary is still in development and not recom-
mended as a routine imaging tool. However, there are several modalities that 
are most useful when a tumor is actively secreting a hormone. These include 
positron emission tomography (PET), single photon emission computed 
tomography (SPECT), and magnetic resonance spectroscopy (MRS). PET 
is based on the tumor utilizing radiolabelled glucose (18F-fluorodeoxyglucose, 
FDG) or methionine (11C L-methionine) combined with a simultaneous CT 
scan to create a three-dimensional image of where the isotopic uptake is rela-
tive to the anatomic landmarks. MRS allows spectral analysis coupled with 
MRI to see changes in peaks of N-acetylaspartate with the use of 1H.

 REGULATION OF THE PITUITARY AXIS
Given the multitude of effects that the hormones of the pituitary have on the 
physiology and metabolism of the entire body, exquisite control of hormone 
secretion is regulated via multiple feedback loops and other stimuli either from 
the hypothalamus or higher in the brain or in the environment. The pituitary 
hormones are regulated and secreted with a highly reproducible diurnal variation 
and with superimposed episodic secretion throughout the day and night and 
influenced by sleep and wakefulness (Chapter 210). Therefore, measurement 
of hormone levels needs to account for the episodic secretion of the hormones, 
and a single point in time may not reflect the overall activity of the axis. For 
example, the stress and pain (although minimal) of phlebotomy itself could 
be sufficient to cause an increase in prolactin and cortisol.

One example of axis regulation is the release of thyroid hormone from the 
thyroid under the control of TSH from the pituitary thyrotrophs. The more 
TSH stimulates the TSH receptors on the thyroid cells (thyrocytes), the more 
thyroid hormone is released. The thyroid hormone then feeds back to the 
pituitary to downregulate further secretion of TSH, which then turns off thyroid 
hormone release from the thyrocytes. Superimposed on this process is the 
hypothalamus, which secretes TRH (thyrotropin releasing hormone) and 
stimulates the release of TSH. However, thyroid hormone also provides feed-
back to the hypothalamus and, independent of TSH, turns off TRH secretion. 
Therefore the pituitary’s thyrotrophs need to integrate the positive stimulation 
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Since the treatment of choice of most symptomatic nonfunctioning pituitary 
tumors is surgical resection (see below), intraoperative imaging now allows 
the surgeon to distinguish tumor tissue from normal pituitary using an optical 
contrast technique that takes advantage of the overexpression of folate receptors 
in pituitary adenomas. The use of intraoperative MRI has been tried in limited 
settings and is costly.

There are few contraindications for an MRI, which include implanted metal-
lic devices (pacemakers, older aneurysm clips, cochlear implants, and some 
artificial heart valves, and some ocular implants) and unstable or uncooperative 
patients. In such cases, helical computerized tomography (CT) can be useful 
with noncontrast and immediate postcontrast imaging.
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be as subtle as skin changes, decreased sexual functioning, decreased muscle 
mass, and increased fat mass.

Genetic defects have been reported at every level of the hypothalamic 
pituitary axis, including defects in the hypothalamic factors, receptors for the 
hypothalamic factors, and the genes for the pituitary hormones. These patients 
present with congenital failure of a specific pituitary function and manifest 
with early onset growth defects, delayed puberty or hypothyroidism. Defects 
in the genes coding for the specific hormone almost always result in a low 
serum concentration of the hormone, and factors such as the PIT1 and PROP1 
genes may impair pituitary cell differentiation. Furthermore, the pituitary 

A B

FIGURE 211-3. Magnetic resonance image of a large pituitary macroadenoma. A, Sagittal postcontrast. note the extension of the tumor (arrow) below and above the sella. B, Coronal 
postcontrast. Large tumor is encircled with displacement of the carotid arteries (arrow), erosion of the floor of the sella turcica, and extension into the sinuses. 

of TRH and at the same time the inhibition by the thyroid hormone levels 
in order to modulate the level of TSH release. The story is still not complete, 
because dopamine and other neurotransmitters from centers in the brain above 
the hypothalamus can stimulate and inhibit TRH, thereby providing an 
additional level of control over thyroid hormone secretion. Similar multilevel 
feedback control mechanisms can be described for cortisol from the adrenal 
gland as well as other pituitary hormones such as the gonadotropins, prolactin, 
and growth hormone. Understanding the basis for hypothalamic-pituitary-
target endocrine gland axis regulation is essential for the diagnosis of 
abnormalities at specific levels of the axis as interpreted from provocative and 
suppressive tests used clinically to assess the pituitary axes.

 HYPOPITUITARISM

 PATHOBIOLOGY
Hypopituitarism is a condition in which there is a deficiency of one or more 
pituitary hormones.4 The prevalence is between 290 to 455 cases per million, 
with an incidence of 42 cases per million per year. It is useful to classify 
hypopituitarism into two main categories: congenital (with known and unknown 
genetic causes) and acquired (Table 211-1). Although the congenital types 
may involve deficiency of a single or multiple pituitary hormones, acquired 
types of hypopituitarism usually simultaneously involve more than one of the 
pituitary hormones. Panhypopituitarism refers to a defect in all pituitary 
hormone lines. In addition to congenital and acquired defects, hypopituitarism 
may result from a hypothalamic disorder. Clinical manifestations of diabetes 
insipidus and hypopituitarism usually suggest combined hypothalamic and 
pituitary defects. Furthermore, the presence of hyperprolactinemia suggests 
interruption of the hypothalamic dopaminergic inhibition of prolactin and 
can be a result of hypothalamic defects.

Congenital defects are usually noted soon after birth when the consequences 
of an absent pituitary hormone become evident due to growth retardation 
or failure to develop. Acquired hypopituitarism usually presents the soonest 
in women of reproductive age because any perturbation in the hypothalamic 
pituitary milieu will likely result in an abnormality of the menstrual cycle. 
Normal menstruation requires orchestration of multiple hormones, which 
are exquisitely sensitive to changes in the pituitary hormones. Males of all 
ages and women of post-reproductive age usually have hypopituitarism for 
several years before the diagnosis is made. In such patients, the symptoms 
can be nondescript and not appreciated for many years after the onset of 
hypopituitarism.

A clinical description of each hormone deficiency is found in the following 
paragraphs. Although growth hormone deficiency can exist in up to 60% of 
patients with hypopituitarism, such deficiency in an adult is not likely to cause 
the same remarkable symptoms as the short stature that is seen in children. 
When multiple hormones are deficient, the manifestations in adulthood may 

 Hypophysitis
Inflammation of the pituitary is known as hypophysitis and can be classified 
clinically as primary hypophysitis when isolated inflammation of the 
pituitary is not associated with other inflammatory conditions, infections, or 
medications. Histologically, lymphocytic hypophysitis is the most common 
form and occurs three times more frequently in women, typically in the 
fourth decade. It was previously thought that lymphocytic inflammatory 
hypophysitis was predominately related to the end of pregnancy or the first 
few months after delivery; however, rare cases have been described in men 
and children. The other histologic types, granulomatous and xanthomatous 
hypophysitis, are not associated with pregnancy although they are more 
common in females. The least common form, plasmacytic or IgG4-related 
hypophysitis, occurs in males in a 2 : 1 ratio and usually presents in the 
seventh decade. Furthermore, IgG4-related hypophysitis cases usually have 
other organ involvement. The etiology of any of the forms of hypophysitis 
is unknown, and an autoantigen in the pituitary has yet to be clearly  
identified.6

TABLE 211-1 CONGENITAL AND ACQUIRED CAUSES OF 
HYPOPITUITARISM

CONGENITAL EMBRYOPATHIC DEFECTS

Anencephaly
Midline cleft defects: septo-optic dysplasia, basal encephalocele, cleft lip and palate
Pituitary aplasia
Kallmann syndrome (GnRH defect with anosmia)
ACQUIRED DEFECTS

Tumors: pituitary adenomas, craniopharyngiomas, dysgerminomas, meningiomas, 
gliomas, metastatic tumors, hamartomas, Rathke cleft cysts

Irradiation
Trauma: surgery, external blunt trauma
Empty sella syndrome
Vascular

Pituitary apoplexy
Sheehan syndrome
Internal carotid aneurysm
Vasculitis
Subarachnoid hemorrhage

Inflammatory and infiltrative diseases
Sarcoidosis
Langerhans cell histiocytosis (histiocytosis X, eosinophilic granuloma)
Tuberculosis, syphilis
Meningitis
Lymphocytic hypophysitis, infundibulohypophysitis

Metabolic defects
Hemochromatosis
Amyloidosis
Critical illness
Malnutrition
Anorexia nervosa
Psychosocial deprivation

Idiopathic
GnRH = gonadotropin-releasing hormone.
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The molecular basis for the negative feedback loops described above is 
incompletely understood. In brief, the presence of the hormone on its cognate 
receptor results in a conformational change of the receptor-hormone complex 
and a cofactor is recruited from the cytoplasmic or nucleoplasmic milieu. The 
cofactor can then serve as either (1) a coactivator that has histone deacetylase 
activity and allows for the unraveling of the DNA and transcription of the 
hormone responsive gene or (2) a corepressor which turns the gene off.
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 Hypophysitis
Inflammation of the pituitary is known as hypophysitis and can be classified 
clinically as primary hypophysitis when isolated inflammation of the 
pituitary is not associated with other inflammatory conditions, infections, or 
medications. Histologically, lymphocytic hypophysitis is the most common 
form and occurs three times more frequently in women, typically in the 
fourth decade. It was previously thought that lymphocytic inflammatory 
hypophysitis was predominately related to the end of pregnancy or the first 
few months after delivery; however, rare cases have been described in men 
and children. The other histologic types, granulomatous and xanthomatous 
hypophysitis, are not associated with pregnancy although they are more 
common in females. The least common form, plasmacytic or IgG4-related 
hypophysitis, occurs in males in a 2 : 1 ratio and usually presents in the 
seventh decade. Furthermore, IgG4-related hypophysitis cases usually have 
other organ involvement. The etiology of any of the forms of hypophysitis 
is unknown, and an autoantigen in the pituitary has yet to be clearly  
identified.6

hormone receptor in the respective glands may be defective, thereby resulting 
in resistance to the action of the pituitary hormones. Finally, genetic defects 
in the gene coding for the hormone or the hormone’s receptor can result in 
profound hormone deficiency.

Acquired defects such as a tumor, specifically a macroadenoma in the sella, 
is the most common cause of hypopituitarism. Tumor enlargement within 
the confines of the bony sella turcica can compress the normal pituitary cells, 
resulting in their failure to function. Irradiation of the pituitary, pituitary 
infarction, surgical intrusion, and infiltrative disease can compromise normal 
pituitary functioning. In addition to structural damage to the cells, dysfunction 
can occur in malnutrition, critical illness, and psychiatric disorders.

Diagnosis of hypopituitarism in patients with secreting or non-secreting 
pituitary masses usually involves a combination of static and stimulatory blood 
tests (Table 211-2). While there are multiple tests available, each has advantages 
and disadvantages, and the choice of the test may depend on the age of the patient 
and the clinical setting. Sometimes multiple tests may be performed if results 
of one test are equivocal. Treatment is replacement of the deficient hormones  
(Table 211-3).5

TABLE 211-2 TESTS OF PITUITARY INSUFFICIENCY
HORMONE TEST INTERPRETATION
Growth hormone (GH) Insulin tolerance test: Regular insulin (0.05-0.15 U/kg) is given IV, 

and blood is drawn at −30, 0, 30, 45, 60, and 90 min for 
measurement of glucose and GH.

If hypoglycemia occurs (glucose <40 mg/dL), GH should increase 
to >5 µg/L.*

Arginine-GHRH test: GHRH 1 µg/kg IV bolus followed by 30-min 
infusion of l-arginine (0.5 g/kg up to 30 g)

Normal response is GH >4.1 µg/L.

Glucagon test: 1 mg IM with GH measurements at 0, 60, 90, 120, 
150, and 180 min

Normal response is GH >3 µg/L.

Arginine-L-DOPA test: L-DOPA 500 mg PO at start of Arginine 30 g 
in 10% solution IV infusion over 30 minutes, blood sampled at 30, 
60, 90, 120 min

Normal response is GH > 1.5 µg/L.

Adrenocorticotropic 
hormone (ACTH)

Insulin tolerance test: Regular insulin (0.05-0.15 U/kg) is given IV, 
and blood is drawn at −30, 0, 30, 45, 60, and 90 min for 
measurement of glucose and cortisol.

If hypoglycemia occurs (glucose <40 mg/dL), cortisol should 
increase by >7 µg/dL or to >20 µg/dL.

CRH test: 1 µg/kg ovine CRH IV at 8 am, with blood samples drawn 
at 0, 15, 30, 60, 90, and 120 min for measurement of ACTH and 
cortisol

In most normal individuals, the basal ACTH increases two- to 
four-fold and reaches a peak (20-100 pg/mL). ACTH responses 
may be delayed in cases of hypothalamic dysfunction. Cortisol 
levels usually reach 20-25 µg/dL.

ACTH stimulation test: ACTH1-24 (cosyntropin), 0.25 mg IM or IV. 
Cortisol is measured at 0, 30, and 60 min.

A normal response is cortisol >18 µg/dL. In suspected 
hypothalamic-pituitary deficiency, a low-dose (1-µg) test may 
be more sensitive.

Thyroid-stimulating 
hormone (TSH)

Basal thyroid function tests: free T4, free T3, TSH Low free thyroid hormone levels in the setting of TSH levels that 
are not appropriately increased

Luteinizing hormone (LH), 
follicle-stimulating 
hormone (FSH)

Basal levels of LH, FSH, testosterone, estrogen Basal LH and FSH should be increased in postmenopausal women. 
Low testosterone levels in conjunction with low or low-normal 
LH and FSH are consistent with gonadotropin deficiency.

*Values are with polyclonal assays.
CRH = corticotropin-releasing hormone; GHRH = growth hormone–releasing hormone; IM = intramuscularly; IV = intravenously; PO = orally; T3 = triiodothyronine; T4 = thyroxine.

TABLE 211-3 HORMONAL REPLACEMENT THERAPY IN HYPOPITUITARISM*
PITUITARY AXIS HORMONAL REPLACEMENTS
Growth hormone (GH) In children, GH (0.25 mg/kg) SC daily. In adults, GH (0.3-1.2 mg) SC daily. Titrate dose to achieve IGF-I levels in 

middle to upper part of normal range. Women receiving oral estrogens require higher doses.
Prolactin None
Adrenocorticotropic hormone–cortisol Hydrocortisone (10-15 mg PO q am; 5-10 mg PO q pm) or prednisone (2.5 mg PO q am; 2.5 mg PO q pm). Dose 

adjusted on clinical basis. Stress dosing: 50-75 mg hydrocortisone IV q8h
Thyroid-stimulating hormone–thyroid l-thyroxine (0.075-0.15 mg) PO daily
Gonadotropins–gonads FSH and LH (or HCG) can be used to induce ovulation in women. HCG alone or with FSH can be used to induce 

spermatogenesis in men.
In men, testosterone enanthate (100-300 mg) IM q1-3 wk or testosterone cyclopentylpropionate (100-300 mg) IM 

q1-3 wk. Testosterone transdermal patches can also be used (5 mg daily). Testosterone gel 5-10 g daily
In women, conjugated estrogens (0.625-1.25 mg) PO days 1-25 each month, cycled with medroxyprogesterone acetate 

(5-10 mg) PO days 15-25 each month. Low-dose contraceptive pills may also be used.
Estrogen-containing transdermal patches are also available.

Posterior pituitary Desmopressin, 0.05-0.2 mL (5-20 µg) intranasally once or twice daily, or tablets (0.1-0.4 mg q8-12h) or 0.5 mL (2 µg) 
SC

*Replacement therapy is dictated by the types of hormone deficiencies and by the clinical circumstances. In each case, the recommended preparations and doses are representative but need to be adjusted for 
individual patients. Other hormonal preparations are also available.
FSH = follicle-stimulating hormone; GnRH = gonadotropin-releasing hormone; HCG = human chorionic gonadotropin; IGF-I = insulin-like growth factor-I; IM = intramuscularly; LH = luteinizing hormone; 
PO = orally; SC = subcutaneously.
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(hypofunctioning of thyroid, adrenal, or gonadal systems) may be helpful. The 
cornerstone for diagnosis is urgent radiologic assessment. MRI T2-weighted 
images are the test of choice and should be performed emergently in all patients 
with visual symptoms. A CT scan can be useful when an MRI is not available 
or possible. Urgent measurement of blood chemistries, including electrolytes, 
kidney function, liver function, complete blood count with platelets, and 
prothrombin time can be useful. Because more than 80% of patients will 
have endocrine dysfunction, urgent measurement of free T4, TSH, prolactin, 
and random cortisol can be helpful. Less rapidly available and helpful (and 
less important in the initial diagnosis and management) are other pituitary 
hormones such as LH, FSH, estradiol or testosterone, growth hormone, and 
IGF-I. Examination of cerebrospinal fluid (CSF) is usually not diagnostic 
and is unnecessary if the diagnosis of apoplexy is certain. However, if there 
is bleeding into the CSF as a result of the apoplexy, red blood cells as well as 
an elevated protein level and xanthochromia can be seen.

The differential diagnosis of pituitary apoplexy should include other conditions 
that result in the symptoms of headache, vomiting, visual disturbances, and 
hemodynamic instability such as infection (meningitis [Chapter 384]), cavernous 
sinus thrombosis (Chapter 385), migraine (Chapter 370), Rathke cyst hemorrhage 
(Chapter 380), and hyperemesis gravidarum (Chapter 226). Each of these 
conditions is itself a medical emergency that requires specific treatment.

TABLE 211-4 SIGNS AND SYMPTOMS OF PITUITARY 
APOPLEXY

SYMPTOM INCIDENCE
Headache 95%
Vomiting 70%
Vision Defects:

Visual field defect 64%
Decreased visual acuity 52%
Diplopia (CN III, IV, V and VI)

Hemiplegia Rare
Meningismus Rare
Hypotension (cardiovascular collapse) 95%
CN = cranial nerves.

Patients with hypophysitis usually present with headaches and multiple 
deficiencies of anterior pituitary hormones. Diabetes insipidus (Chapter 212) is 
reported in half the patients, and most have associated mild hyperprolactinemia. 
Diagnosis typically cannot be confirmed by imaging alone. An MRI cannot 
reliably differentiate hypophysitis from a pituitary adenoma, but hypophysitis 
usually causes diffuse pituitary enlargement, normal sellar size, and thickening 
of the midline stalk. Diagnosis can be made based on radiologic and clinical 
characteristics during or just after pregnancy or if there is a proximal history 
of use of anti-CTLA-4 agents several months prior to the onset of symptoms 
(headaches and weakness). Definitive diagnosis, however, is usually made by 
biopsy. Surgery may be indicated when a biopsy is needed for diagnosis, when 
the history is unclear or if there is a mass effect. Careful pituitary function 
testing is mandatory even in patients who do not undergo surgery because 
they might otherwise die from undiagnosed adrenocortical insufficiency. The 
prognosis is unclear, but both the structural and functional abnormalities can 
occasionally resolve spontaneously. Glucocorticoids in physiologic doses may 
have a direct effect on the lymphocytic invasion in lymphocytic hypophysitis, 
but there are no prospective treatment trials of this rather rare condition.

 Pituitary Apoplexy
Insult to the pituitary can be in the form of hemorrhage, infarction, or both. 
When abrupt, and sometimes catastrophic hemorrhagic infarction occurs in 
the pituitary, it is defined as apoplexy. The constellation of headache, vomiting, 
visual impairment, and altered consciousness with hemodynamic instability 
is not specific for pituitary apoplexy but raises suspicion for the diagnosis 
(Table 211-4). Often, this dramatic presentation is the first time the patient 
is aware of a potential pituitary tumor. Asymptomatic hemorrhage and infarction 
into a pituitary tumor can occur in 10 to 25% of patients, but true apoplexy 
occurs in only 2 to 10% of pituitary tumor patients.

The most common presenting complaint, headache, can present variably 
from retro-orbital to unilateral to bilateral temporal headaches during the 
acute phase of apoplexy. As the hemorrhagic infarction resolves, the patient 
often is left with hypopituitarism.

Certain conditions predispose a patient to pituitary apoplexy (Table 211-5). 
Although all large pituitary tumors are at risk for hemorrhagic infarction, 
certain functional pituitary tumors, such as those in Cushing disease or acro-
megaly, may be particularly prone. Nearly 25% of all patients with apoplexy 
have inadequately treated hypertension.

The main symptoms and consequences of apoplexy are due to the increased 
pressure present within the bony walls of the sella turcica in which the pituitary 
resides. A sudden increase in the sellar contents, due to blood and edema, 
results in increased pressure. This increased pressure and meningeal irritation 
are responsible for the neurologic symptoms described in Table 211-4, including 
the increased pressure in the cavernous sinus and the cranial nerve palsies as 
well as bitemporal hemianopsia. Extravasation of blood into the subarachnoid 
space causes meningeal irritation.

 DIAGNOSIS
Prompt recognition of patients presenting with the triad of headache, 
vomiting, and visual disturbances is required to prevent death or irreversible 
neurologic impairment. Clinical evaluation of the patient should begin with 
a thorough history from the patient, if sufficiently conscious to give one, or 
from family members. A history of a pituitary tumor should raise the suspicion 
of apoplexy. More subtle abnormalities associated with pituitary dysfunction 

allows the arachnoid membrane to herniate into the sella. If the herniation 
has been present for years, the sella enlarges, probably owing to persistent 
exposure to intracranial pressure. Primary empty sella is more frequent in 
women and may be accompanied by benign intracranial hypertension (Chapters 
180 and 370). Pituitary function is usually normal, but about 10% of patients 
also have mild hyperprolactinemia, probably owing to stretching of the pitu-
itary stalk. Patients with acquired empty sella may have a prior history of an 
infarcted pituitary, surgery, or radiation. After the diagnosis of empty sella is 
made and the patient is asymptomatic, there is no need to measure hormone 
levels unless there is suspicion of a clinical abnormality related to the pituitary. 
Because pituitary function is usually normal, no specific treatment is required. 
However, when there is concern about hypopituitarism, investigation as out-
lined above should be performed.

 Other Causes of Hypopituitarism
Functional causes of defective pituitary function can be seen in severe mal-
nutrition (Chapter 203). Such nutritional deprivation can occur in critically 
ill patients who are in a state of severe calorie deprivation or in anorexia 
nervosa (Chapter 206). In both examples, there are likely central (hypotha-
lamic and higher) mechanisms and molecular mediators (e.g., cachexins and 
tumor necrosis factor) that inhibit the release of pituitary hormone. This form 
of hypopituitarism is generally reversible when the caloric situation improves. 
Deposition and infiltration of amyloid protein in amyloidosis (Chapter 179) 
or iron in hemochromatosis (Chapter 201) can result in hypopituitarism.

 PITUITARY TUMORS

 PATHOBIOLOGY
Clonal proliferation of the different cell types in the pituitary result in tumor 
formation. Although the molecular basis for this clonal proliferation is not well 
understood, pituitary tumors are classified clinically as “functioning,” meaning 
they produce one or more hormones in excess, or “nonfunctioning,” meaning 
that they do not produce an excess hormone in blood.7 Because most functional 
tumors do not have appropriate physiologic feedback due to their oncologic 
nature, they usually secrete excess hormone(s) that cause a variety of clinical 
syndromes as described. Not uncommonly, confirmation of the secretory 
nature of the pituitary tumor is made at the time of removal when the surgical 
pathologist, based on immunochemistry, demonstrates the immunoreactivity of 
a hormone(s) in the tumor. However, not all immunohistochemically positive 
tumors result in excess blood levels of the hormone. The exact reason is unknown 
but may result when a defect in the intracellular processing of the hormone 
inhibits release of that hormone. Nevertheless, a functioning pituitary tumor 
is a diagnosis made clinically and based on provocative testing as discussed 
below. The five cell types result in different pituitary adenomas. The reported 
prevalences differ among large surgical series, which represent only patients 
who undergo surgery rather than being managed medically.

TABLE 211-5 PREDISPOSING CONDITIONS ASSOCIATED 
WITH PITUITARY APOPLEXY

Pituitary Tumor
Nonfunctioning pituitary macroadenoma
Certain functional tumors

Hypertension and/or hypotension
Surgery

Cardiac surgery (heart lung bypass; coronary artery grafts)
Major orthopedic procedures

Drugs
Cabergoline
Bromocriptine
Endocrine stimulation tests (thyrotropin-releasing hormone stimulation; insulin 

tolerance test)
Anticoagulants
Estrogen

Head Trauma
Pregnancy and delivery (when significant hemorrhage and hypovolemia occurs, 

called Sheehan syndrome)
Infections

Dengue fever
Hypophysitis

Radiation therapy
Diabetes, poorly controlled
Sickle cell anemia

The initial management is stabilization of the hemodynamic status with 
intravenous 0.9% NaCl boluses to maintain normal tissue perfusion, usually 
accompanied by high-dose parenteral glucocorticoids (100 mg hydrocortisone 
every 8 hours intravenously). Although 80% of patients have residual hypopi-
tuitarism following apoplexy (with or without surgical decompression), some 
patients do not display immediate evidence of hypopituitarism. In addition, 
recurrent apoplexy has been reported to occur. MRI of the pituitary should be 
obtained at 3- to 6-month intervals until the anatomy is stable and then yearly 
for 5 years. A month after discharge from the hospital and recovery from the 
acute event, patients should have repeat endocrine testing to determine if the 
endocrine defect persists. Repeat testing will confirm whether the patient needs 
to remain on life-long hormone replacement therapy.

TREATMENT AND PROGNOSIS 

Prolactinomas, which may account for up to 50% of pituitary tumors, are 
likely caused when proliferation of the lactotroph results in excess prolactin 
and subsequent galactorrhea and hypogonadism. Somatotrophs producing 
growth hormone, corticotrophs making ACTH, and gonadotrophs making 
LH and FSH together account for 10 to 20% of adenomas. Nonfunctioning 
tumors, which mainly cause a mass effect or hypopituitarism, account for 10 
to 25%. The size of the tumor usually is proportional to the amount of hormone 
it produces when functioning. Depending on the severity of the clinical per-
turbation caused, certain tumors are usually diagnosed sooner and therefore 
are usually smaller on diagnosis than others. For example, gonadotropinomas 
are usually diagnosed as macroadenomas because their symptoms are usually 
more subtle than in TSH-secreting tumors, where the symptoms present early 
and the tumors are usually smaller at the time of diagnosis. In addition to 
functioning and nonfunctioning, tumors are classified by their anatomy based 
on imaging studies: microadenomas are less than 10 mm in diameter versus 
macroadenomas which are greater than 10 mm in diameter (and typically 
with extrasellar extension).

Pituitary adenomas are monoclonal and can be locally invasive, but they 
are rarely malignant. The somatic mutations causing most pituitary tumors 
remain unknown, and the hormonal environment may also affect the rate of 
tumor growth (e.g., the growth of ACTH-secreting tumors following bilateral 
adrenalectomy as seen in Nelson syndrome).

At least six types of inherited predispositions to pituitary tumors are 
recognized (Table 211-6). When macroadenomas are found in children or 
when there is a family history of pituitary adenomas, genetic testing is warranted 
(Table 211-6) so that appropriate monitoring can occur before the patient is 
symptomatic.8

 CLINICAL MANIFESTATIONS
The clinical manifestations of pituitary tumors depend in large part on whether 
they are functional and whether their size compromises the normal function 
of the pituitary gland and thereby results in clinical symptoms of hypopituitarism.9 
In general, the diagnosis of a tumor due to excess or diminishing hormone 
secretion presents the greater clinical challenge. Pituitary tumors have historically 
been diagnosed more frequently in women of reproductive age because even 
a slight perturbation in hormonal milieu will disrupt the multiple hormone 
interactions necessary for a normal menstrual period. In men or postmenopausal 
women, slight perturbations in hormone levels (either excess or deficiency) 
are usually not noticed for several years. More recently, the diagnosis of pituitary 
adenomas is usually an incidental finding on an imaging study obtained for 
unrelated reasons. Even careful endocrine evaluation of patients with incidental 
tumors reveals hyper- or hyposecretion of pituitary hormones in only a small 
percent, and such incidental tumors usually do not increase in size over time.

Other than hormonal effects, reasons for suspicion of a pituitary mass are 
headaches and visual field abnormalities. A reported 33 to 72% of patients 
with a pituitary lesion have headaches, a percentage that is greater than the 

 Empty Sella
Empty sella is a radiologic diagnosis that refers to the observation on imaging 
of the presence of CSF in the sella turcica accompanied by a flattened pituitary 
gland (Fig. 211-4). It is usually noted as an incidental finding when an MRI 
or CT scan of the skull is performed because of problems unrelated to the 
pituitary. It can be primary or acquired when a defect in the diaphragma sella 
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allows the arachnoid membrane to herniate into the sella. If the herniation 
has been present for years, the sella enlarges, probably owing to persistent 
exposure to intracranial pressure. Primary empty sella is more frequent in 
women and may be accompanied by benign intracranial hypertension (Chapters 
180 and 370). Pituitary function is usually normal, but about 10% of patients 
also have mild hyperprolactinemia, probably owing to stretching of the pitu-
itary stalk. Patients with acquired empty sella may have a prior history of an 
infarcted pituitary, surgery, or radiation. After the diagnosis of empty sella is 
made and the patient is asymptomatic, there is no need to measure hormone 
levels unless there is suspicion of a clinical abnormality related to the pituitary. 
Because pituitary function is usually normal, no specific treatment is required. 
However, when there is concern about hypopituitarism, investigation as out-
lined above should be performed.

 Other Causes of Hypopituitarism
Functional causes of defective pituitary function can be seen in severe mal-
nutrition (Chapter 203). Such nutritional deprivation can occur in critically 
ill patients who are in a state of severe calorie deprivation or in anorexia 
nervosa (Chapter 206). In both examples, there are likely central (hypotha-
lamic and higher) mechanisms and molecular mediators (e.g., cachexins and 
tumor necrosis factor) that inhibit the release of pituitary hormone. This form 
of hypopituitarism is generally reversible when the caloric situation improves. 
Deposition and infiltration of amyloid protein in amyloidosis (Chapter 179) 
or iron in hemochromatosis (Chapter 201) can result in hypopituitarism.

 PITUITARY TUMORS

 PATHOBIOLOGY
Clonal proliferation of the different cell types in the pituitary result in tumor 
formation. Although the molecular basis for this clonal proliferation is not well 
understood, pituitary tumors are classified clinically as “functioning,” meaning 
they produce one or more hormones in excess, or “nonfunctioning,” meaning 
that they do not produce an excess hormone in blood.7 Because most functional 
tumors do not have appropriate physiologic feedback due to their oncologic 
nature, they usually secrete excess hormone(s) that cause a variety of clinical 
syndromes as described. Not uncommonly, confirmation of the secretory 
nature of the pituitary tumor is made at the time of removal when the surgical 
pathologist, based on immunochemistry, demonstrates the immunoreactivity of 
a hormone(s) in the tumor. However, not all immunohistochemically positive 
tumors result in excess blood levels of the hormone. The exact reason is unknown 
but may result when a defect in the intracellular processing of the hormone 
inhibits release of that hormone. Nevertheless, a functioning pituitary tumor 
is a diagnosis made clinically and based on provocative testing as discussed 
below. The five cell types result in different pituitary adenomas. The reported 
prevalences differ among large surgical series, which represent only patients 
who undergo surgery rather than being managed medically.

A B

FIGURE 211-4. Magnetic resonance image of an empty sella. A, Sagittal postcontrast. note the void in the sella (large arrow) with compression of the normal pituitary against the 
sella turcica (small, thin arrow). B, Coronal postcontrast. Sella filled with cerebrospinal fluid and appears as empty. 

Prolactinomas, which may account for up to 50% of pituitary tumors, are 
likely caused when proliferation of the lactotroph results in excess prolactin 
and subsequent galactorrhea and hypogonadism. Somatotrophs producing 
growth hormone, corticotrophs making ACTH, and gonadotrophs making 
LH and FSH together account for 10 to 20% of adenomas. Nonfunctioning 
tumors, which mainly cause a mass effect or hypopituitarism, account for 10 
to 25%. The size of the tumor usually is proportional to the amount of hormone 
it produces when functioning. Depending on the severity of the clinical per-
turbation caused, certain tumors are usually diagnosed sooner and therefore 
are usually smaller on diagnosis than others. For example, gonadotropinomas 
are usually diagnosed as macroadenomas because their symptoms are usually 
more subtle than in TSH-secreting tumors, where the symptoms present early 
and the tumors are usually smaller at the time of diagnosis. In addition to 
functioning and nonfunctioning, tumors are classified by their anatomy based 
on imaging studies: microadenomas are less than 10 mm in diameter versus 
macroadenomas which are greater than 10 mm in diameter (and typically 
with extrasellar extension).

Pituitary adenomas are monoclonal and can be locally invasive, but they 
are rarely malignant. The somatic mutations causing most pituitary tumors 
remain unknown, and the hormonal environment may also affect the rate of 
tumor growth (e.g., the growth of ACTH-secreting tumors following bilateral 
adrenalectomy as seen in Nelson syndrome).

At least six types of inherited predispositions to pituitary tumors are 
recognized (Table 211-6). When macroadenomas are found in children or 
when there is a family history of pituitary adenomas, genetic testing is warranted 
(Table 211-6) so that appropriate monitoring can occur before the patient is 
symptomatic.8

 CLINICAL MANIFESTATIONS
The clinical manifestations of pituitary tumors depend in large part on whether 
they are functional and whether their size compromises the normal function 
of the pituitary gland and thereby results in clinical symptoms of hypopituitarism.9 
In general, the diagnosis of a tumor due to excess or diminishing hormone 
secretion presents the greater clinical challenge. Pituitary tumors have historically 
been diagnosed more frequently in women of reproductive age because even 
a slight perturbation in hormonal milieu will disrupt the multiple hormone 
interactions necessary for a normal menstrual period. In men or postmenopausal 
women, slight perturbations in hormone levels (either excess or deficiency) 
are usually not noticed for several years. More recently, the diagnosis of pituitary 
adenomas is usually an incidental finding on an imaging study obtained for 
unrelated reasons. Even careful endocrine evaluation of patients with incidental 
tumors reveals hyper- or hyposecretion of pituitary hormones in only a small 
percent, and such incidental tumors usually do not increase in size over time.

Other than hormonal effects, reasons for suspicion of a pituitary mass are 
headaches and visual field abnormalities. A reported 33 to 72% of patients 
with a pituitary lesion have headaches, a percentage that is greater than the 
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22% of women and 11% of men in the general population who complain of 
headaches (Chapter 370). Mass effect of the innervated dura is an explanation 
for the headache, but discerning which patients have a headache from the 
pituitary lesion and which ones have an unrelated cause for the headache is 
challenging. Headaches due to pituitary lesions are more common in females 
and in patients with Rathke cleft cysts and apoplexy. The mass effect of the 
tumor is also responsible for the temporal visual field problems associated 
with macroadenomas that expand into the suprasellar region and abut against 
the optic chiasm. The superior and temporal visual fields are most affected, 
and severely impaired visual fields can be revealed on examination by 
confrontation testing. The degree of visual field loss depends on how the 
pituitary is fixed to the sella, the mode of expansion, and the degree of growth. 
If there is any evidence on MRI that the tumor is close to or abuts the chiasm, 
formal visual field testing should be performed. In general, the sooner treatment 
is initiated to decompress the chiasm (with surgery, or in the case of a medically 
responsive prolactinoma, with appropriate medication) the more likely vision 

TABLE 211-6 INHERITED SYNDROMES OF PITUITARY ADENOMAS
SYNDROME PITUITARY TUMOR MOLECULAR PATHOGENESIS MODE OF INHERITANCE OTHER MANIFESTATIONS
McCune Albright F/NF Gsα SU Somatic mutation Ovary, bone, thyroid dysfunction

Multiple endocrine neoplasias* F (30% PRL)/NF Menin (MEN1) and MEN4 
(CDKN1B)

AD Parathyroid and pancreas tumors

Familial Isolated Pituitary Adenoma 
(FIPA) Syndrome*

F/NF Arylhydrocarbon receptor 
interacting protein (AIP)†

AD with variable penetrance None

Carney Complex (with or without 
PPNAD)

1/3 with Cushing Type 1A regulatory subunit of 
protein kinase A (PRKARIA)

AD Atrial myxomas, spotty skin 
pigmentation, schwannomas

Primary Pigmented Nodular 
Adrenocortical Disease (PPNAD)

Cushing Succinate dehydrogenase subunit 
(SDH)

AD Pheochromocytomas, 
paragangliomas

Early childhood gigantism GH CD40LG, ARHGEF6, RBMX, 
GPR101

X-linked gigantism

*Tumors are generally more aggressive and occur at a younger age.
†About 15% of FIPA and 50% of familial acromegaly
AD = autosomal dominant; F = functioning; GH = growth hormone; NF = nonfunctioning; PPNAD = primary pigmented nodular adrenocortical disease; PRL = prolactin.

Surgery
The first line of therapy for pituitary tumors that require treatment is surgery 

(Video 211-1). The major exception is for prolactinomas (even those that are 
macroadenomas and result in visual field cuts, headaches, and evidence of 
selected hypopituitarism), for which medical therapy is the first mode of treat-
ment. Indications for surgery include decompression of mass effects, prevention 
of further tumor expansion, and normalization of hormone levels. The endoscopic 
transsphenoidal approach is the standard for decompression or extirpation. 

TREATMENT 

TABLE 211-7 SELECTED TESTS OF EXCESS PITUITARY FUNCTION
HORMONE TEST INTERPRETATION
Growth hormone (GH) Basal IGF-I Elevated IGF-I levels are consistent with acromegaly when interpreted in the context of 

age and nutritional status.
Oral glucose suppression test: after 75-g glucose load, GH is 

measured at −30, 0, 30, 60, 90, 120 min.
GH should be suppressed to <1 µg/L in normal persons with polyclonal 

radioimmunoassays; <0.4 µg/L with two-site monoclonal assays. GH may 
paradoxically increase in acromegaly.

Prolactin Basal prolactin levels Elevated prolactin (>200 µg/L) is consistent with a prolactinoma. When prolactin 
levels are between 20 and 200 µg/L, other causes of hyperprolactinemia should be 
considered.

Adrenocorticotropic 
hormone (ACTH)

Measurement of 24-hr urine free cortisol Elevated level is suggestive of Cushing syndrome, but it has several other causes as well.
Midnight salivary cortisol: special tubes with cotton pledgets 

available to collect saliva at 11 pm to midnight
In normal persons, the midnight salivary cortisol is very low because of the normal 

diurnal variation. In patients with Cushing syndrome, the salivary cortisol is elevated.
Overnight dexamethasone suppression test: dexamethasone 

(1 mg) PO at midnight, followed by 8 am plasma cortisol
In normal persons, am cortisol should be suppressed to <5 µg/dL. Normal test excludes 

Cushing syndrome. Other disorders can cause failure to suppress normally.
CRH test: ovine CRH (1 µg/kg) is administered IV, and 

ACTH and cortisol are drawn at −15, 0, 15, 30, 60, 90, 
and 120 min.

In Cushing disease, there is usually a 50% increase in ACTH and a 20% increase in 
cortisol. Adrenal adenoma is associated with suppressed ACTH. Ectopic ACTH is 
associated with high basal ACTH and cortisol levels that are not affected by CRH.

Petrosal sinus ACTH sampling: the inferior petrosal sinus is 
catheterized bilaterally, and plasma ACTH is compared 
with simultaneous peripheral samples. The sampling can 
be done in conjunction with CRH stimulation.

In Cushing disease, the ratio of ACTH in the petrosal sinus to the periphery is at least 2 
basally and at least 3 after CRH. In ectopic ACTH, the ratio of petrosal sinus to 
peripheral level is <1.5.

Thyroid-stimulating 
hormone (TSH)

Basal thyroid function tests An inappropriate normal or elevated TSH in the setting of increased free thyroid 
hormone levels is consistent with a TSH-producing tumor or other causes of 
inappropriate TSH secretion.

Free α-subunit level Elevated levels associated with inappropriately elevated TSH are suggestive of a 
TSH-producing tumor.

Follicle-stimulating 
hormone (FSH), 
luteinizing hormone 
(LH)

Basal FSH, LH, testosterone Increased LH and testosterone levels in males are consistent with LH-secreting tumors. 
Elevated FSH and low-normal testosterone are suggestive of an FSH-producing 
tumor if primary gonadal failure is not present. In females, assessment of excess 
hormone secretion is difficult because of changes during the menstrual cycle and at 
menopause.

CRH = corticotropin-releasing hormone; IGF = insulin-like growth factor; TRH = thyrotropin-releasing hormone.

will be restored; however, visual improvement has been noted even after months 
of visual field impairment.

Diagnosis of pituitary adenomas that are actively secreting a hormone is 
based on provocative testing (Table 211-7).

 GROWTH HORMONE

 PATHOBIOLOGY
Growth hormone is the main regulator of the growth of bone and other tissues. 
The human growth hormone gene along with four other related genes is located 
at the growth hormone locus on chromosome 17 where, by gene duplication, 
these genes are interspersed in the same transcriptional orientation. The five 
genes not only have a high degree of sequence identity but also exist as multiple 
isoforms based on variable splicing. The variant expressed in the somatotrophs 
of the pituitary gives rise to two isoforms. Growth can occur in the fetus and 
early postnatal state independent of growth hormone; but soon after birth, 
growth hormone controls growth, and its deficiency results in dwarfism.

The metabolic effects of growth hormone are both direct, by interaction 
with its tissue receptors, as well as mediated by a serum factor secreted by the 
liver (somatomedin or insulin-like growth factor-I [IGF-I]). IGF-I in turn acts 
on a variety of tissues to stimulate body growth. IGF-I is also produced in a 
variety of tissues including smooth muscle, skin, lung, bone, and cartilage. 
However, in addition to IGF-I production in the various tissues, growth hormone 
causes hydrolysis of triglycerides in adipose tissue. In skeletal muscle, growth 
hormone enhances amino acid uptake and nitrogen retention, similar to what 
would be expected in exercising muscle. Growth hormone also stimulates 
glycogenolysis and gluconeogenesis.

 Growth Hormone Deficiency
 PATHOBIOLOGY

Growth hormone deficiency in children may be due to hypothalamic defects 
in the production, release, or sensing of growth-hormone-releasing hormone 
(GHRH). Deficiency also can be caused by any congenital disorder of pituitary 
gland development or from central nervous system defects such as tumors 
(craniopharyngioma, germinoma, ependymoma, pituitary adenoma, menin-
gioma, medulloblastoma, glioma, Rathke cleft cyst, and arachnoid cyst). 
Postsurgical disruption of the hypothalamic pituitary axis, trauma, radiation, 
or infiltration also can cause growth hormone deficiency. Isolated growth 
hormone deficiency, which is the most common form of nonfamilial deficiency, 
is responsible for most cases of hypopituitarism in children. Growth hormone 
deficiency also can occur in combination with other pituitary hormone defects, 
as discussed above.

 CLINICAL MANIFESTATIONS
In children, growth hormone deficiency is primarily manifested by slow growth. 
The child may present with short stature (>2 standard deviations below normal) 
or have a height that is crossing the centile on the growth chart. Due to redun-
dancy of other hormones and factors on growth, children usually are not small 
for gestational age at birth but can manifest hypoglycemia due to the counter-
regulatory effect of growth hormone. There is an increase in body fat, which 
may result in an appearance that the child is younger than the stated age, and 
hypogonadism or small genitalia may variably be present. Children usually 
are diagnosed when found to be shorter than their peers—at well-baby visits, 
when they enter school, or at puberty. In the Laron dwarfism syndrome, growth 
hormone levels are high due to failure of IGF-I stimulation caused by muta-
tions in the growth hormone receptor.

 DIAGNOSIS
In children, the diagnosis of isolated growth hormone deficiency is most reli-
ably made by careful growth measurements, a thorough medical history to 
exclude other causes of growth failure (renal tubular acidosis [Chapter 110], 
thyroid disease [Chapter 213], Turner syndrome in girls, or other chronic 
disease) or combined hormone deficiencies. Because growth hormone is 
secreted episodically, measurements of serum growth hormone, IGF-I, and 
insulin-like growth factor binding protein-3 (IGFBP-3) are also helpful to 
confirm the diagnosis.

Provocative tests are usually necessary to diagnose growth hormone 
deficiency in children (Table 221-2), and similar diagnostic criteria can 
be applied for adult onset growth hormone deficiency. Children with the 
diagnosis of idiopathic growth hormone deficiency should be retested as 
adults if they were inadequately diagnosed or had a mild form that resolved 
in adulthood. If an adult is deficient in three pituitary hormones and has 
an IGF-I level below the lower limit of normal, provocative testing is  
not required.

TREATMENT 
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Subfrontal craniotomy is reserved for tumors requiring extensive extrasellar 
exploration. Transsphenoidal surgery is effective, with a less than 5% complica-
tion rate and 1% mortality rate in experienced centers, but potential sequelae 
include sinusitis, hemorrhage, CSF leak, hypopituitarism, and optic nerve injury. 
About 5% of patients develop transient postoperative diabetes insipidus that 
rarely persists. About 80 to 90% of microadenomas and only 30 to 60% of 
macroadenomas are completely cured by transsphenoidal hypophysectomy, 
but most other patients substantially improve in terms of their hormone levels. 
Even after apparent surgical cure, about 10 to 20% of tumors recur within 
several years, as manifested by oversecretion of their hormones, and recurrence 
is more likely if the tumor extended into the suprasellar space or fragmented 
upon removal.

Radiation Therapy
Irradiation (typically 45 Gy) can be adjunctive therapy after surgery or used 

in combination with medical therapy. CyberKnife stereotactic radiotherapy can 
deliver the same total dose in one treatment as would be provided by traditional 
external beam radiotherapy over five weeks. CyberKnife therapy spares critical 
radiosensitive structures, but the response can take months up to several years.10 
Proton beam therapy may be performed for intrasellar lesions but is not widely 
available. Irradiation provides complete remission, and it is most useful for 
nonfunctioning macroadenomas and for patients who have some residual 
postoperative tumor or visible tumor. Complications are generally dose related 
and include partial or complete hypopituitarism (50 to 70% of patients), second 
tumors in the radiation field (about 2% of patients over a 20-year period), 
cognitive dysfunction, damage to the optic nerve, and stroke. Stereotactic 
radiotherapy appears to cause similar complication rates of hypopituitarism 
but less stroke compared with conventional external beam therapy.

Medical Therapy
Bromocriptine and cabergoline, which are dopamine agonists, now are the 

primary treatments for prolactinomas. These agents decrease the tumor’s size 
and induce a rapid decline in prolactin levels. They also can treat acromegaly, 
but the decline in tumor size and in growth hormone levels is less pronounced 
than in prolactinomas, and they usually work best if the tumor is also secreting 
prolactin as well as growth hormone. Somatostatin analogues (octreotide, 
lanreotide, and pasireotide)—which suppress the secretion of growth hormone, 
TSH, and ACTH—can treat acromegaly, Cushing disease, and TSH-producing 
tumors. Other medications (ketoconazole, metyrapone, etomidate, and mitotane) 
used in Cushing disease inhibit steroid biosynthesis, but these agents have 
side effects that adversely affect adherence. Furthermore, because most tumors 
cannot be controlled with these agents, they are used primarily to reduce 
preoperative cortisol levels or as adjunctive postoperative therapy.

The hormonal effects of functioning pituitary tumors can also be treated 
with receptor blockers. For example, pegvisomant, which is an analogue of 
growth hormone, competitively binds the growth hormone receptor and can 
be used to treat acromegaly. Mifepristone blocks the interaction of cortisol 
with its receptor and is useful to treat Cushing syndrome, specifically in helping 
with glucose control. However, these drugs do not affect the size or growth of 
the tumor, only the biologic effect of its hormone in the peripheral tissues.

 GROWTH HORMONE

 PATHOBIOLOGY
Growth hormone is the main regulator of the growth of bone and other tissues. 
The human growth hormone gene along with four other related genes is located 
at the growth hormone locus on chromosome 17 where, by gene duplication, 
these genes are interspersed in the same transcriptional orientation. The five 
genes not only have a high degree of sequence identity but also exist as multiple 
isoforms based on variable splicing. The variant expressed in the somatotrophs 
of the pituitary gives rise to two isoforms. Growth can occur in the fetus and 
early postnatal state independent of growth hormone; but soon after birth, 
growth hormone controls growth, and its deficiency results in dwarfism.

The metabolic effects of growth hormone are both direct, by interaction 
with its tissue receptors, as well as mediated by a serum factor secreted by the 
liver (somatomedin or insulin-like growth factor-I [IGF-I]). IGF-I in turn acts 
on a variety of tissues to stimulate body growth. IGF-I is also produced in a 
variety of tissues including smooth muscle, skin, lung, bone, and cartilage. 
However, in addition to IGF-I production in the various tissues, growth hormone 
causes hydrolysis of triglycerides in adipose tissue. In skeletal muscle, growth 
hormone enhances amino acid uptake and nitrogen retention, similar to what 
would be expected in exercising muscle. Growth hormone also stimulates 
glycogenolysis and gluconeogenesis.

 Growth Hormone Deficiency
 PATHOBIOLOGY

Growth hormone deficiency in children may be due to hypothalamic defects 
in the production, release, or sensing of growth-hormone-releasing hormone 
(GHRH). Deficiency also can be caused by any congenital disorder of pituitary 
gland development or from central nervous system defects such as tumors 
(craniopharyngioma, germinoma, ependymoma, pituitary adenoma, menin-
gioma, medulloblastoma, glioma, Rathke cleft cyst, and arachnoid cyst). 
Postsurgical disruption of the hypothalamic pituitary axis, trauma, radiation, 
or infiltration also can cause growth hormone deficiency. Isolated growth 
hormone deficiency, which is the most common form of nonfamilial deficiency, 
is responsible for most cases of hypopituitarism in children. Growth hormone 
deficiency also can occur in combination with other pituitary hormone defects, 
as discussed above.

 CLINICAL MANIFESTATIONS
In children, growth hormone deficiency is primarily manifested by slow growth. 
The child may present with short stature (>2 standard deviations below normal) 
or have a height that is crossing the centile on the growth chart. Due to redun-
dancy of other hormones and factors on growth, children usually are not small 
for gestational age at birth but can manifest hypoglycemia due to the counter-
regulatory effect of growth hormone. There is an increase in body fat, which 
may result in an appearance that the child is younger than the stated age, and 
hypogonadism or small genitalia may variably be present. Children usually 
are diagnosed when found to be shorter than their peers—at well-baby visits, 
when they enter school, or at puberty. In the Laron dwarfism syndrome, growth 
hormone levels are high due to failure of IGF-I stimulation caused by muta-
tions in the growth hormone receptor.

 DIAGNOSIS
In children, the diagnosis of isolated growth hormone deficiency is most reli-
ably made by careful growth measurements, a thorough medical history to 
exclude other causes of growth failure (renal tubular acidosis [Chapter 110], 
thyroid disease [Chapter 213], Turner syndrome in girls, or other chronic 
disease) or combined hormone deficiencies. Because growth hormone is 
secreted episodically, measurements of serum growth hormone, IGF-I, and 
insulin-like growth factor binding protein-3 (IGFBP-3) are also helpful to 
confirm the diagnosis.

Provocative tests are usually necessary to diagnose growth hormone 
deficiency in children (Table 221-2), and similar diagnostic criteria can 
be applied for adult onset growth hormone deficiency. Children with the 
diagnosis of idiopathic growth hormone deficiency should be retested as 
adults if they were inadequately diagnosed or had a mild form that resolved 
in adulthood. If an adult is deficient in three pituitary hormones and has 
an IGF-I level below the lower limit of normal, provocative testing is  
not required.

The treatment of isolated growth hormone deficiency in childhood is replace-
ment human recombinant growth hormone at 0.3 mg/kg/week divided into 
6 or 7 doses. The average growth is 9 to 10 cm in the first year of treatment, 
and then it begins to slow down to 6 to 7 cm per year for the next two years. 
At the time of puberty, some pediatric endocrinologists increase the dose to 
0.7 mg/kg/week in divided doses while monitoring serum IGF-I and IGFBP-3 
levels to be sure they are not greater than 2 standard deviations above the 
upper limit of normal. If growth slows, thyroid function should be checked 
because hypothyroidism develops in some children who are treated with growth 
hormone.

Treatment of adult-onset growth hormone deficiency is with human 
recombinant growth hormone at 0.2 mg/day in men and 0.3 mg/day in women, 
but 0.1 mg/day in older individuals. The dose is usually given in the evening 
to mimic the diurnal variation in growth hormone secretion in the physiologic 
state. Assessment of fat and muscle mass, as well as objective assessment of 
quality of life, can be helpful to monitor treatment. Although generally safe, 
complications of treatment include fluid retention (resulting in lower extremity 
edema or carpal tunnel syndrome) and mild glucose intolerance. Contraindications 
for treatment include known malignancy, intracranial hypertension, and 
proliferative retinopathy.

TREATMENT 
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Growth hormone is a peptide hormone whose receptor is located on the 
cell surface. Growth hormone promotes the dimerization of two growth 
hormone receptors and activates JAK2 by phosphorylation of tyrosine residues. 
The activated JAK2 in turn activates STAT and an entire cascade of signal 
factors, thereby resulting in nuclear activation.

Provocative testing is not indicated in children who have a known pituitary 
disorder plus growth retardation or severe short stature (<3 standard devia-
tions below normal) without another explanation (nutrition). Similarly, if a 
child has normal height velocity and normal IGF-I and IGFBP-3 levels, 
provocative testing is not required because growth hormone deficiency is 
unlikely. However, in all other children, two provocative tests usually are 
required.
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apparent but recognized in retrospect and after looking at past photographs 
(Fig. 211-5). Because these pituitary tumors are usually diagnosed only years 
after the onset of symptoms,11 they are usually macroadenomas by the time 
of presentation (75%). Headaches are an initial symptom in up to 60% of the 
patients, and 10% present with the classic temporal hemianopsia. Tall stature 
may be present depending on when the growth hormone excess began, with 
younger age of onset correlating with taller stature.

The effects are most apparent in the bones and soft tissue with bony over-
growth, specifically a protruding lower jaw, splayed teeth, malocclusion, man-
dibular overbite, and macroglossia are frequently noted. Overgrowth of soft 
tissues of the pharynx may result in sleep apnea. Enlargement of the nose and 
facial bones results in frontal bossing. Enlargement of bones and soft tissue 
likewise account for the changes patients may observe in ring, shoe, or hat 
size. Soft tissue growth, including multiple skin tags, is often associated with 
premalignant colonic polyps and colon cancer (Chapter 184). Hyperhidrosis 
at rest is very common. Neuropathy, such as carpal tunnel syndrome (Chapter 
392), can be seen secondary to nerve entrapment.

Acromegaly increases mortality rates two- to three-fold, with increased 
mortality mostly attributable to cardiovascular and cerebrovascular complica-
tions. This risk can be explained in part by high frequencies of hypertension 
(25 to 35%) and diabetes mellitus (10 to 25%). Most patients develop myo-
cardial hypertrophy, which is often ultimately associated with symptomatic 
ischemic heart disease and heart failure. Sleep apnea (Chapter 377) may 
contribute to cardiac dysrhythmias. The multiple cosmetic, metabolic, cardiac, 
and other consequences of acromegaly emphasize why early diagnosis and 
appropriate therapy is so important.

 DIAGNOSIS
Because growth hormone is secreted in a pulsatile manner and at high ampli-
tudes (>50 ng/mL), random measurements are not very useful for diagnos-
ing or excluding acromegaly. Because stress, exercise, and sleep all cause 

 Growth Hormone Excess: Acromegaly and Gigantism
Acromegaly is a disease of excessive growth and metabolic derangements 
caused by proliferation of pituitary somatotrophs and excessive secretion of 
growth hormone. If left untreated, it results in gross acral and facial disfigure-
ment, cardiac disease, cancer, metabolic abnormalities including diabetes, and 
increased mortality.

 PATHOBIOLOGY
There are multiple levels of normal control of growth hormone synthesis 
and release. The hypothalamic factor, somatotropin release–inhibiting factor, 
inhibits growth hormone release, whereas growth hormone–releasing hormone 
stimulates both its synthesis and release. Other growth hormone secretagogues, 
such as ghrelin in the gastrointestinal tract, directly bind to growth hormone–
stimulating receptors in the hypothalamus and induce the release of growth 
hormone. Furthermore, growth hormone’s action is mediated by hepatic IGF-I, 
which inhibits growth hormone synthesis by stimulating somatotropin release–
inhibiting factor in the hypothalamus and pituitary. Acromegaly therefore can 
be due to pituitary adenomas that produce excessive and uncontrolled amounts 
of growth hormone, by ectopic production of growth hormone by islet cell 
tumors (Chapter 217) or lymphomas (Chapters 176 and 177), or by ectopic 
production of growth hormone–releasing hormone in bronchial carcinoid 
tumors (Chapter 182), small cell cancers of the lung (Chapter 182), medullary 
thyroid cancers (Chapter 213), or pheochromocytomas (Chapter 215).

 CLINICAL MANIFESTATIONS
When first encountering patients with excess growth hormone, the handshake 
by a large, enveloping doughy hand and a rough, resonant “Hello Doctor” 
may be the first hints of acromegaly. Symptoms associated with growth hormone 
hypersecretion are often not recognized for 10 or more years after their 
often-subtle onset. The classic coarse facial features are usually not immediately 
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FIGURE 211-5. Clinical features of acromegaly. A, Serial photographs of a woman with acromegaly. over a 9-year period, there is a progressive coarsening of facial features, including 
enlargement of the nose and lips and development of prognathism. She also experienced hypertension, arthropathy, and enlargement of the hands. B, Mri of patient’s pituitary adenoma 
at the time of presentation. 

TREATMENT 

 PROLACTIN
Both prolactin and growth hormone have similar amino acid sequences and 
are present in all vertebrates. During pregnancy, prolactin concentrations 
increase and, in conjunction with the other hormones of pregnancy, stimulate 
the breast epithelium to produce milk. Lactotrophs, which are the cells that 
secrete prolactin, represent 20 to 50% of the anterior pituitary cell population 
and are the most likely to give rise to pituitary tumors. Prolactin is now impli-
cated in not only lactation, but also inhibition of reproductive function (by 
suppression of gonadotropins) and support of maternal behavior. The function 
is less clear when prolactin is expressed outside the pituitary, including in the 
mammary gland and uterine decidua. A prolactin variant, “big prolactin” or 
macroprolactin, is a high-molecular-weight variant due to the tendency of 
prolactin to aggregate and form intermolecular disulfide bridges spontaneously 
or with IgG. Despite their immunoreactivity, these prolactin variants usually 
have decreased biologic activity.

Prolactin binds to the prolactin receptor, which is a member of the type 1 
cytokine receptor family. Janus kinase-2 is a protein kinase that is associated 
with the prolactin receptor and mediates prolactin’s effect in the target cells 
in ways that are incompletely understood. The prolactin receptor is also the 
receptor for placental lactogens, which are hormones synthesized during preg-
nancy and which are also a result of prolactin or growth hormone gene 
duplication.

Regulation of prolactin secretion by lactotrophs is primarily under the 
inhibition of dopamine, which acts through the D2-type receptors on lacto-
trophs. Inhibition of the dopamine (“inhibiting the inhibitor”) results in a 
release of prolactin as is seen in nonsecreting pituitary tumors or trauma that 
disrupts the pituitary stalk, thereby preventing dopamine from inhibiting 
prolactin release. Estrogen is a potent stimulator of lactotroph proliferation 
and raises the possibility that exogenous estrogen could increase the growth 
of prolactinomas, although clinical evidence suggests this phenomenon may 
be true only for macroprolactinomas. Thyrotropin releasing hormone (TRH) 
and vasoactive intestinal peptide (VIP) also stimulate the release of prolactin, 
so when hypothyroidism increases TRH release from the hypothalamus, it 
causes hyperprolactinemia. In addition to the hypothalamic control, prolactin 
secretion is induced by sleep, stress, chest wall stimulation, and pregnancy. 
During pregnancy, high levels of estrogen and progesterone inhibit lactation, 
and their postpartum decline permits lactation accompanied by the secretion 
of oxytocin in response to suckling.

 Prolactin Deficiency
The normal concentration for prolactin is less than 15 to 20 pg/mL in women 
and less than 10 to 15 pg/mL in men. The consequences of low prolactin 
values and the lower limits of normal are not well understood, but the limit 
of detection of prolactin in most clinical assays is less than 1 pg/mL. Low 
serum levels of prolactin can be seen in hyperthyroidism because TRH is 
suppressed. Low prolactin may prevent adequate lactation in nursing mothers 
and may be a reliable marker for hypopituitarism when seen with another 
pituitary hormone deficiency. Lactation is not completely absent because 
nipple stimulation may be sufficient to start milk production. No cases of 
isolated prolactin deficiency have been reported in men.

 Hyperprolactinemia
 PATHOBIOLOGY

Among causes of elevated levels of prolactin (Table 211-8) are medications 
that antagonize dopamine action or increase the activity of endorphins or 
serotonin. These mechanisms result in mild hyperprolactinemia (<100 pg/
mL), but the most common cause of hyperprolactinemia greater than 100 pg/
mL is a prolactinoma.

 CLINICAL MANIFESTATIONS
In adult premenopausal females, the typical presentation is galactorrhea and 
oligomenorrhea. Because galactorrhea is enabled by estrogen, postmenopausal 
women, who are generally deficient in estrogen, do not develop galactorrhea 
despite elevated prolactin levels. Prolactin can also suppress GnRH, therefore 
LH and FSH, and in turn estrogen. As a result, symptoms of hyperprolactinemia 
may also be manifestations of low estrogen levels, such as infertility, decreased 
libido, and vaginal dryness. Oral contraceptive agents (Chapter 225) can 
overcome the perturbations in GnRH and induce normal menses even in the 
presence of elevated prolactin levels. Osteopenia (Chapter 230) may be a direct 
effect of an elevated prolactin level on the bone as well as its indirect effects 
on estrogen. If the prolactinoma grows large enough, neurologic symptoms 
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The molecular basis of pituitary adenomas is beginning to be understood. 
Mutations in growth hormone–secreting pituitary adenomas may be tumor 
suppressor genes and oncogenes. The MEN1 gene, which codes for menin, 
is associated with defects in histone methylation, syndromic acromegaly, 
hyperplastic parathyroid glands, and adenomas of the endocrine pancreas and 
anterior pituitary. Pituitary adenomas develop in 50% of these patients, and 
10% of those tumors secrete growth hormone. Activating mutations in the 
Gs alpha subunit result in ligand-independent Gs activity, thereby causing 
elevated cAMP levels and growth hormone hypersecretion. Many additional 
molecular mechanisms are likely to be discovered as causes of acromegaly.
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physiologic increases in serum growth hormone, a better integrated index of 
growth hormone production and a more useful way to screen for acromegaly 
is to measure IGF-I levels (which correlate well with daily secretion of growth 
hormone and with the activity of the disease) after a 2-hr, 75-g oral glucose 
tolerance test (Table 211-7). In acromegaly, glucose administration will not 
suppress growth hormone levels to below 1 ng/mL by a polyclonal antibody 
immunoassay or below 0.4 ng/mL by a chemiluminescent immunoradiometric 
assay. The response to a glucose load is also useful to determine the efficacy 
of therapy because it should normalize quickly after growth hormone levels 
normalize. Co-secretion of prolactin should be measured, since a significant 
percentage of tumors co-secrete growth hormone and prolactin, and these 
findings have implications for medical therapy with dopamine agonists.

After the diagnosis of acromegaly is made based on a full endocrine evalu-
ation, an MRI should be obtained to determine the extent of tumor growth. 
Although 90% of patients have a visible pituitary adenoma on MRI, 10% of 
the patients have an empty sella. The rare nonpituitary causes of acromegaly 
include hypothalamic tumors that make excess growth hormone–releasing 
hormone or nonendocrine tumors that secrete ectopic growth hormone. 
Occasionally, selective venous sampling over tumor beds identified radiologi-
cally can identify sources of secreted IGF-I or similar compounds.

The goals of therapy are to shrink the tumor, prevent tumor mass effects, and 
eliminate the function of the tumor, thereby reducing the long-term morbidity 
and mortality that result from excess growth hormone production. Treatment is 
usually successful at reversing many of the soft tissue abnormalities as well as 
the diabetes and other metabolic derangements. Acral changes, however, are 
usually arrested, so that physical disfigurement can be prevented rather than 
corrected. Although any reduction in the growth hormone level can improve 
symptoms, the goal is to normalize growth hormone and IGF-I levels, to prevent 
recrudescence of the tumor, and to avoid precipitating hypopituitarism. Cure 
usually is defined by the normalization of random blood levels as well as levels 
after provocative testing, such as an oral glucose tolerance test.

Transsphenoidal surgery can reduce growth hormone levels below 2.5 ng/
mL in 80 to 90% microadenomas. Macroadenomas have tumor cure rates less 
than 30%, but the growth hormone level usually is substantially reduced.

Medical therapies for acromegaly include somatostatin analogues (octreotide, 
lanreotide, and pasireotide), dopamine agonists (e.g., cabergoline), and a growth 
hormone receptor antagonist (pegvisomant). Somatostatin analogues can be 
used as adjunctive therapy if surgery or radiation do not cure the tumor or as 
primary therapy when a surgical cure is not possible, such as when the tumor 
has invaded the cavernous sinus. Intramuscular octreotide, lanreotide, and 
especially pasireotide given every 4 weeks almost always reduce growth hormone 
and IGF-I levels, and they normalize IGF-I levels in about 50 to 60% of cases. 
Pasireotide LAR (either 40 mg or 60 mg administered once every 28 days for 
24 weeks) provides superior efficacy compared with octreotide or lanreotide 
and is becoming the new standard in patients whose acromegaly is not ade-
quately controlled by a first-generation somatostatin analog. A1 

,
 A2 

,
 A3  Tumor size 

is reduced modestly in about 50% of cases, and about 10 to 20% of patients 
who achieve normal levels of growth hormone and IGF-I can eventually be 
successfully withdrawn from treatment after several years. Side effects of soma-
tostatin analogues include diarrhea and cholelithiasis, although cholecystitis 
and subsequent cholecystectomy are rare. Some patients experience additive 
benefit when two classes of medications are combined in low doses to avoid 
adverse effects.

Although cabergoline often can reduce levels of growth hormone and IGF-I, 
levels return to normal in only about 30% of patients. Pegvisomant, which is 
a biosynthetic analogue of growth hormone, prevents growth hormone from 
binding to its receptor. When given by daily subcutaneous injection, it can 
normalize IGF-I levels in greater than 90% of patients but does not affect the 
size of the tumor itself. It can be reserved for patients who do not respond to 
other therapies, be used as initial medical therapy for small tumors, or be com-
bined with somatostatin analogues. The most common adverse effect of pegvi-
somant is an increase in liver enzyme levels.

Radiation is not an effective primary treatment because it will not reduce 
growth hormone levels until 5 to 10 years later and carries a high risk of hypo-
pituitarism and other complications. Adjunctive radiation therapy, especially 
stereotactic radiotherapy, may benefit patients whose macroadenomas persist 
despite transsphenoidal surgery and medical therapy.

Data show that patients with acromegaly have a mortality similar to the 
general population if they achieve growth hormone suppression to less than 
1 ng/mL during an oral glucose tolerance test and normal IGF-I levels, especially 
with ongoing use of somatostatin analogs as adjuvant therapy. However, the 
increased life expectancy has been associated with more deaths due to cancer.

TREATMENT 

 PROLACTIN
Both prolactin and growth hormone have similar amino acid sequences and 
are present in all vertebrates. During pregnancy, prolactin concentrations 
increase and, in conjunction with the other hormones of pregnancy, stimulate 
the breast epithelium to produce milk. Lactotrophs, which are the cells that 
secrete prolactin, represent 20 to 50% of the anterior pituitary cell population 
and are the most likely to give rise to pituitary tumors. Prolactin is now impli-
cated in not only lactation, but also inhibition of reproductive function (by 
suppression of gonadotropins) and support of maternal behavior. The function 
is less clear when prolactin is expressed outside the pituitary, including in the 
mammary gland and uterine decidua. A prolactin variant, “big prolactin” or 
macroprolactin, is a high-molecular-weight variant due to the tendency of 
prolactin to aggregate and form intermolecular disulfide bridges spontaneously 
or with IgG. Despite their immunoreactivity, these prolactin variants usually 
have decreased biologic activity.

Prolactin binds to the prolactin receptor, which is a member of the type 1 
cytokine receptor family. Janus kinase-2 is a protein kinase that is associated 
with the prolactin receptor and mediates prolactin’s effect in the target cells 
in ways that are incompletely understood. The prolactin receptor is also the 
receptor for placental lactogens, which are hormones synthesized during preg-
nancy and which are also a result of prolactin or growth hormone gene 
duplication.

Regulation of prolactin secretion by lactotrophs is primarily under the 
inhibition of dopamine, which acts through the D2-type receptors on lacto-
trophs. Inhibition of the dopamine (“inhibiting the inhibitor”) results in a 
release of prolactin as is seen in nonsecreting pituitary tumors or trauma that 
disrupts the pituitary stalk, thereby preventing dopamine from inhibiting 
prolactin release. Estrogen is a potent stimulator of lactotroph proliferation 
and raises the possibility that exogenous estrogen could increase the growth 
of prolactinomas, although clinical evidence suggests this phenomenon may 
be true only for macroprolactinomas. Thyrotropin releasing hormone (TRH) 
and vasoactive intestinal peptide (VIP) also stimulate the release of prolactin, 
so when hypothyroidism increases TRH release from the hypothalamus, it 
causes hyperprolactinemia. In addition to the hypothalamic control, prolactin 
secretion is induced by sleep, stress, chest wall stimulation, and pregnancy. 
During pregnancy, high levels of estrogen and progesterone inhibit lactation, 
and their postpartum decline permits lactation accompanied by the secretion 
of oxytocin in response to suckling.

 Prolactin Deficiency
The normal concentration for prolactin is less than 15 to 20 pg/mL in women 
and less than 10 to 15 pg/mL in men. The consequences of low prolactin 
values and the lower limits of normal are not well understood, but the limit 
of detection of prolactin in most clinical assays is less than 1 pg/mL. Low 
serum levels of prolactin can be seen in hyperthyroidism because TRH is 
suppressed. Low prolactin may prevent adequate lactation in nursing mothers 
and may be a reliable marker for hypopituitarism when seen with another 
pituitary hormone deficiency. Lactation is not completely absent because 
nipple stimulation may be sufficient to start milk production. No cases of 
isolated prolactin deficiency have been reported in men.

 Hyperprolactinemia
 PATHOBIOLOGY

Among causes of elevated levels of prolactin (Table 211-8) are medications 
that antagonize dopamine action or increase the activity of endorphins or 
serotonin. These mechanisms result in mild hyperprolactinemia (<100 pg/
mL), but the most common cause of hyperprolactinemia greater than 100 pg/
mL is a prolactinoma.

 CLINICAL MANIFESTATIONS
In adult premenopausal females, the typical presentation is galactorrhea and 
oligomenorrhea. Because galactorrhea is enabled by estrogen, postmenopausal 
women, who are generally deficient in estrogen, do not develop galactorrhea 
despite elevated prolactin levels. Prolactin can also suppress GnRH, therefore 
LH and FSH, and in turn estrogen. As a result, symptoms of hyperprolactinemia 
may also be manifestations of low estrogen levels, such as infertility, decreased 
libido, and vaginal dryness. Oral contraceptive agents (Chapter 225) can 
overcome the perturbations in GnRH and induce normal menses even in the 
presence of elevated prolactin levels. Osteopenia (Chapter 230) may be a direct 
effect of an elevated prolactin level on the bone as well as its indirect effects 
on estrogen. If the prolactinoma grows large enough, neurologic symptoms 
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Although rare in children (<2 to 3% of intracranial tumors), prolactinomas 
are usually detected and have clinical symptoms when they become macroad-
enomas and cause neurologic symptoms (visual problems, headaches), delayed 
puberty, or retard growth. The latter two signs may be due to the direct effects 
of the tumor on other cell lines or to the effect of excess prolactin on the 
release of growth hormone and reduced gonadotropin response.
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 ADRENOCORTICOTROPHIC HORMONE (ACTH)
 Introduction
ACTH is a 39–amino acid peptide synthesized as part of a precursor poly-
peptide, proopiomelanocortin (POMC; 241 amino acids).

In extrapituitary tumors, the processing of POMC is variable, and a number 
of intermediates are produced. Therefore, tumors that produce ectopic ACTH 
usually are accompanied by detectable blood levels of other POMC intermedi-
ates that are not seen when a pituitary adenoma causes excess ACTH.

Balanced blood ACTH levels, and therefore the cortisol levels, require 
several layers of control of ACTH secretion by the pituitary gland. The most 
important stimulator of ACTH secretion is hypothalamic corticotropin-releasing 
hormone (CRH). Chronic CRH stimulation causes hyperplasia of corticotroph 
cells, which rarely can be seen in neuroendocrine tumors that secrete CRH. 
However, other neurotransmitters and brain peptides (including various cyto-
kines that synergize with hypothalamic hormones, leukemia inhibitor factor, 
and CRH) also traverse the hypothalamic portal axis and stimulate the 
corticotroph to release ACTH. In addition, hypoglycemia, stress (as from 
sepsis, surgery, acute illness), and depression can stimulate the peripheral and 
hypothalamic cytokines that activate the hypothalamic-pituitary-adrenal axis. 
Cortisol inhibits the release of ACTH, blunts the response of ACTH to CRH, 
and inhibits the production of CRH. After prolonged administration of exog-
enous glucocorticoids and the resulting suppression of the hypothalamic-
pituitary-adrenal axis, the recovery of endogenous CRH secretion, which 
appears to be the rate-limiting step for a return to normal function, can take 
several months.

ACTH is released in an ultradian pulsatile manner, with 10 to 12 pulses 
each day resulting in plasma levels of less than 10 to 80 pg/mL. The values 
are highest around 8 am and spike with meals. The nadir is usually around 1 
to 2 am. Even the stress of a venipuncture can increase plasma ACTH con-
centrations. Pulse release combined with a short half-life (minutes) explains 
why random measurement of ACTH is generally unhelpful except when the 
random level is very high, as can be seen in primary adrenal insufficiency (low 
cortisol). Nearly undetectable plasma ACTH concentrations in the setting of 
hypercortisolism suggest a primary adrenal source (an adrenal adenoma making 
cortisol or congenital adrenal hyperplasia).

Insulin-induced hypoglycemia provides a mechanism for testing the integrity 
of the hypothalamic-pituitary-adrenal axis (see Table 211-2). Trauma and 

(e.g., vision changes and headaches) can appear even before endocrine  
manifestations.

In adult men, prolactinomas are usually detected late because a large mass 
is necessary to cause neurologic or endocrine manifestations. However, excess 
prolactin inhibits GnRH, thereby lowering testosterone and resulting in 
decreased libido, impotence, reduced muscle mass, and increased fat mass. In 
rare situations when men have elevated estrogen levels (e.g., cirrhosis), high 
prolactin levels can include gynecomastia and even galactorrhea. In men with 
osteopenia (Chapter 230), prolactin should be measured because elevated 
levels decrease testosterone and osteoblasts.

 DIAGNOSIS
The diagnosis of hyperprolactinemia is based on a straightforward measure-
ment of elevated blood prolactin by immunoassay. When an occasional mac-
roprolactinoma causes a prolactin level higher than 1000 pg/mL, falsely low 
values may be reported because the high level “overwhelms” the antibody and 
artificially reduces the measured value. Conversely, prolactin can dimerize 
with itself (“big prolactin”) or complex with circulating IgG (“big big prolac-
tin”) to form “macroprolactin” complexes that are not biologically active but 
may result in elevated prolactin values on some immunoassays.

Prolactin values slightly above normal but less than 70 pg/mL are usually 
due to drug causes. Nondrug causes include chest wall syndrome, pregnancy, 
lactation, and renal failure as well as prolactin-secreting adenomas. Because 
dopamine inhibits prolactin, nonprolactin–secreting pituitary or hypothalamic 
tumors that compress the pituitary stalk can also cause an increase in prolactin 
by disrupting the flow of dopamine to the lactotrophs. As in most functional 
adenomas, in which larger tumors generally produce more hormones, mac-
roadenomas can be associated with levels greater than 1000 pg/mL whereas 
microadenomas may only slightly elevate prolactin levels. In patients who 
have mildly elevated prolactin levels (<100 pg/mL) but no tumor seen on 
MRI, the cause may be macroprolactin, a microadenoma too small to be seen 
on MRI, or “idiopathic” hyperprolactin owing to hypothalamic dysfunction.

TABLE 211-8 CAUSES OF HYPERPROLACTINEMIA

DRUG CAUSES EXAMPLES MECHANISM
SERUM PRL 

RANGE PG/ML
Antiemetics Metoclopramide, 

domperidone, 
prochlorperazine

Dopamine receptor 
blockade

Antipsychotics First generation: 
fluphenazine; 
halperidol, others;

Second generation: 
paliperidone; 
risperidone

Dopamine receptor 
blockade

20-70

Antidepressants, 
cyclic

Clomipramine Unknown 20-70

Narcotics Methadone, 
morphine, others

Indirect effect of 
opioid mu 
receptor 
activation

20-70

Estrogen Oral contraceptives Stimulates PRL at 
transcription

20-70

NONDRUG CAUSES

Stress Hypothalamic 20-70
Pregnancy Estrogen 20-500
Pituitary adenoma Macro: 

200->10,000
Micro: 20-250

Hypothyroidism Increase in TRH Moderate;<100
Chronic renal 

failure, cirrhosis
Decreased 

clearance and 
central effect

Moderate; <100

Chest wall injury, 
nipple 
stimulation

Unknown 20-70

PRL = prolactin; TRH = thyrotropin releasing hormone.

infection increase the secretion of CRH, ACTH, and, as a result, cortisol 
levels. Analogous adjustments in the doses of cortisol replacement therapy 
are required in seriously ill patients.

 Adrenocorticotropic Hormone Deficiency:  
Secondary Hypocortisolism
Secondary adrenal insufficiency refers to states of low cortisolism due to 
inappropriately low levels of CRH or ACTH. Any congenital or acquired 
disease that disrupts normal pituitary function can disrupt the formation 
and release of ACTH. Symptoms of fever, nausea, vomiting, weakness, 
and fatigue are typically accompanied by relative or absolute hypotension. 
Abnormal laboratory test findings can include hypoglycemia, hyponatremia, and 
eosinophilia. Primary adrenal insufficiency (Chapter 214) usually causes more 
severe cortisol deficiency and associated mineralocorticoid deficiency, whereas 
secondary adrenal insufficiency is often not as severe and is not accompanied 
by mineralocorticoid deficiency, because the mineralocorticoids are controlled 
primarily through the renin-angiotensin system rather than ACTH-dependent 
mechanisms. As a result, volume depletion is less pronounced in ACTH 
deficiency, and hyperkalemia is not a part of the clinical syndrome. Another 
differentiating feature is that MSH levels are low when ACTH levels are low, 
so hyperpigmentation is not a feature of primary adrenal insufficiency. In 
women, a reduction in adrenal androgens can reduce libido and lead to loss 
of hair in the axillary and pubic areas.

ACTH deficiency is most often caused when exogenous glucocorticoid 
treatment suppresses the hypothalamic-pituitary-adrenal axis. Because of 
the lack of ACTH stimulation, the sudden discontinuation of exogenous 
glucocorticoids or an unmet increased need for them because of intervening 
severe stress can cause symptoms and signs of glucocorticoid deficiency. When 
ACTH deficiency otherwise occurs in adults, it is almost always accompanied 
by deficiencies in other pituitary hormones, especially in women who have 
lymphocytic hypophysitis. Isolated primary ACTH deficiency is rare,13 though 
it can be seen in defects of transcription factors (T-Box19 and pituitary 
restricted transcription factor), proopiomelanocortin expression, or CRH gene  
expression.

ACTH reserve is usually assessed by the controlled induction of hypoglycemia 
with intravenous insulin via an insulin tolerance test that directly tests the 
hypothalamic-pituitary-adrenal axis by stimulating the brain to release cyto-
kines and CRH, which in turn stimulate ACTH release. The insulin tolerance 
test is performed following an overnight fast by administering 0.1 U insulin/
kg/body weight intravenously (or 0.05 U if there is high suspicion of ACTH 
deficiency) using 0.9% NaCl to maintain IV access. The blood glucose level 
is measured every 15 minutes, monitoring for a glucose level less than 40 mg/
dL or when symptoms of hypoglycemia appear (whichever is first). Patients 
with ACTH deficiency may not rebound from the hypoglycemia and may 
need to receive 50 mL of 50% dextrose solution to normalize their blood 
sugar. A normal test would be a cortisol level greater than 18 µg/dL at or 

soon after confirmed hypoglycemia. The insulin tolerance test should be 
conducted cautiously in patients with seizure disorders because hypoglycemia 
may lower the seizure threshold.

Another way to determine ACTH reserve when ACTH deficiency is 
suspected is to administer CRH (1 µg/kg) intravenously at time “zero,” with 
cortisol measurements at 5, 10, 15, and 30 minutes following the injection. 
This test, which is not as well standardized as the insulin tolerance test, bypasses 
the hypothalamus. The metapyrone test, which often is poorly tolerated and 
can be difficult to obtain, is now rarely used.

ACTH deficiency responds to glucocorticoid replacement. In general, isolated 
ACTH deficiency requires only hydrocortisone, usually 20 mg in the morning 
and 10 mg in the afternoon, to mimic the physiologic profile of cortisol release. 
Such doses are usually doubled during mild to moderate stress. Emergency 
hydrocortisone injection kits are worthwhile in case vomiting prevents oral 
dosing. Stress doses of steroids (e.g., 50 to 75 mg every 8 hours for severe 
stress) are required for acute illness. Patients who have been taking long-acting, 
potent glucocorticoids (e.g., prednisone) for months for chronic inflammatory 
diseases (e.g., asthma [Chapter 81], systemic lupus erythematosus [Chapter 
250], or inflammatory bowel disease [Chapter 132]) can be liberated from 
chronic glucocorticoid if the hypothalamic-pituitary-adrenal axis is stimulated 
by switching to shorter-acting glucocorticoids (e.g., hydrocortisone) in gradually 
diminishing doses, oftentimes slowly titrated over many months. However, if 
the underlying disease for which the steroids were given is still active, other 
immunosuppressive drugs must be substituted, or the underlying disease will 
flare.

 Cushing Disease
Cushing syndrome is a clinical syndrome that reflects excessive tissue exposure to 
glucocorticoids. The diagnosis depends on a suspicion and definitive laboratory 
testing. The syndrome can be ACTH-dependent and ACTH-independent, 
but the most common cause is when excess cortisol is produced by the 
unmitigated release of ACTH from a pituitary adenoma; the term Cushing 
disease is reserved for this specific cause of Cushing syndrome. Other causes of 
ACTH-dependent Cushing syndrome are ectopic ACTH secretion, ectopic 
CRH secretion, and exogenous administration of ACTH. ACTH-independent 
causes of Cushing syndrome are adrenal adenomas, adrenal carcinomas, 
primary pigmented nodular adrenal disease, ACTH-independent bilateral 
macronodular hyperplasia (Chapter 214), and the exogenous administration of  
glucocorticoids.

 PATHOBIOLOGY
Approximately 60 to 70% of all cases of Cushing syndrome represent Cushing 
disease caused by a solitary corticotroph adenoma, although rare cases are 
caused by corticotroph hyperplasia or even more rarely a corticotroph 
carcinoma. Cushing disease occurs 8 to 10 times more frequently in women 
than in men. Although most tumors are small when they are identified because 

The goal of therapy is to restore normal gonadal function.12 An additional 
goal is to shrink the tumor to alleviate any anatomic or neurologic mass effects. 
Dopamine agonists, which activate dopamine receptors located on the tumor, 
are the therapy of choice for patients with prolactinomas. Cabergoline (0.5 mg 
orally twice weekly) is the most popular drug because it is effective and relatively 
well tolerated (Fig. 211-6). It is usually preferred over bromocriptine because 
of fewer side effects and better efficacy for reducing the size of the tumor. 
Patients should be prescribed the lowest dose that reduces the serum prolactin 
level to less than 10 pg/mL. In general, patients with macroprolactinomas require 
higher doses, usually greater than 2.0 mg/week. Between 80 and 90% of patients 
with macroprolactinomas have a greater than 50% decrease in tumor size, and 
visual fields can improve within the first week. Patients who cannot tolerate 
cabergoline due to nausea and dizziness may respond better to bromocriptine, 
which can be inserted vaginally in women. A patient who appears to be resistant 
to dopamine agonists may be nonadherent, unable to tolerate the side effects, 
or have true resistance. Because of the concern that these agents could damage 
heart valves, it is reasonable to perform yearly echocardiograms in patients 
who have known valvular heart disease or who require long-term therapy at 
doses greater than 5 mg/week.

Patients who respond well—with suppression of prolactin levels, disappear-
ance of their tumor, and resolution of symptoms for at least a year—should 
reduce their dose or stop it completely. Prolactin levels and MRI should be 
requested at 3 months after stopping the medication, then at 6 months, and 
then yearly until it is certain there is no recurrence. Macroprolactinomas are 
more likely to recur than microprolactinomas. If cabergoline is restarted, it 
should be prescribed at the lowest dose necessary to keep the serum prolactin 
less than 10 pg/mL.

As a clear second choice, and only in patients in whom pharmacologic inter-
vention is not successful, transsphenoidal tumor resection is recommended. 
Although cure rates are not as impressive as for medication, prolactin normalizes 
in 65 to 85% of microadenomas and 30 to 40% of macroadenomas, with recur-
rent rates of 20% over 10 years. Radiotherapy is rarely used.

TREATMENT 
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In humans, the POMC gene is located at 2p23 on the short arm of chromo-
some 2 and is composed of three exons. The first exon is the leader sequence 
and binds the ribosome. The second exon contains the signal sequence, which 
enables the protein to be translocated to the endoplasmic reticulum and codes 
for the initial part of POMC. The third exon codes for the mature protein and 
the polyA tail. In humans, there are three RNA transcripts. The T1 transcript 
is the form found in the corticotroph cells of the pituitary as well as the 
hypothalamus. The T2 transcript arises from the 5′ end of exon 3 and is found 
primarily in peripheral tissues, and the T3 transcript has promoter elements 
upstream of exon 1 and is expressed in ACTH-secreting tumors, such as small 
cell lung cancer. POMC undergoes proteolytic cleavage to generate pro-ACTH 
and β-lipotropin. Specifically, two serine proteases, prohormone convertase 
1 (PC1) and PC2, are responsible for the cleavage of the peptides that result 
in ACTH as well as gamma melanocyte stimulating hormone (MSH), gamma 
lipotropin, and beta endorphin. ACTH is cleaved into corticotropin-like inter-
mediate lobe peptide and alpha MSH. The biologically active portion of ACTH 
resides within the first 18 of its 39 amino acids. A synthetic peptide (cosyn-
tropin) includes the first 24 of these amino acids and has a longer half-life 
because it is not readily cleaved by PC1. This longer half-life makes such a 
preparation useful clinically to assess adrenocortical function.

After a patient is on treatment and the prolactin values normalize, ovulation 
may be possible. In general, pregnant patients should discontinue medical 
therapy and their prolactin levels should be monitored, acknowledging that 
pregnancy alone causes prolactin levels to increase. No evidence suggests that 
either cabergoline or bromocriptine is associated with congenital malforma-
tions. Estrogen may stimulate prolactin and perhaps the pituitary tumor; micro-
adenomas are less likely to grow, but about 25% of macroprolactinomas grow 
during pregnancy as evidenced by symptoms of headache and visual field 
abnormalities. Once pregnancy is confirmed and cabergoline is held, monitor-
ing of the tumor requires visual field measurements at each trimester to avoid 
MRIs during pregnancy. If the visual fields are normal, the pregnancy can pro-
gress without medication. If visual fields change, discussion should take place 
about restarting the medication. Usually bromocriptine is preferred during 
pregnancy because there is more experience with it.



CHAPTER 211 Anterior PituitAry 1451

Initial MRI
MRI after 6 months of
Cabergoline therapyA B

FIGURE 211-6. Magnetic resonance image a macroprolactinoma before (A) and after (B) commencing cabergoline therapy. 43-year-old man presented with headaches for 4 weeks 
and normal vision. Mri revealed the large mass. Prolactin on presentation was 8000 ng/dL (normal <20). After 2 doses of cabergoline (0.5 mg Po at night) the serum prolactin was 2086; 
after 6 months of treatment the prolactin was 15 ng/dL, and repeat Mri showed a significant decrease in size of tumor. 

infection increase the secretion of CRH, ACTH, and, as a result, cortisol 
levels. Analogous adjustments in the doses of cortisol replacement therapy 
are required in seriously ill patients.

 Adrenocorticotropic Hormone Deficiency:  
Secondary Hypocortisolism
Secondary adrenal insufficiency refers to states of low cortisolism due to 
inappropriately low levels of CRH or ACTH. Any congenital or acquired 
disease that disrupts normal pituitary function can disrupt the formation 
and release of ACTH. Symptoms of fever, nausea, vomiting, weakness, 
and fatigue are typically accompanied by relative or absolute hypotension. 
Abnormal laboratory test findings can include hypoglycemia, hyponatremia, and 
eosinophilia. Primary adrenal insufficiency (Chapter 214) usually causes more 
severe cortisol deficiency and associated mineralocorticoid deficiency, whereas 
secondary adrenal insufficiency is often not as severe and is not accompanied 
by mineralocorticoid deficiency, because the mineralocorticoids are controlled 
primarily through the renin-angiotensin system rather than ACTH-dependent 
mechanisms. As a result, volume depletion is less pronounced in ACTH 
deficiency, and hyperkalemia is not a part of the clinical syndrome. Another 
differentiating feature is that MSH levels are low when ACTH levels are low, 
so hyperpigmentation is not a feature of primary adrenal insufficiency. In 
women, a reduction in adrenal androgens can reduce libido and lead to loss 
of hair in the axillary and pubic areas.

ACTH deficiency is most often caused when exogenous glucocorticoid 
treatment suppresses the hypothalamic-pituitary-adrenal axis. Because of 
the lack of ACTH stimulation, the sudden discontinuation of exogenous 
glucocorticoids or an unmet increased need for them because of intervening 
severe stress can cause symptoms and signs of glucocorticoid deficiency. When 
ACTH deficiency otherwise occurs in adults, it is almost always accompanied 
by deficiencies in other pituitary hormones, especially in women who have 
lymphocytic hypophysitis. Isolated primary ACTH deficiency is rare,13 though 
it can be seen in defects of transcription factors (T-Box19 and pituitary 
restricted transcription factor), proopiomelanocortin expression, or CRH gene  
expression.

ACTH reserve is usually assessed by the controlled induction of hypoglycemia 
with intravenous insulin via an insulin tolerance test that directly tests the 
hypothalamic-pituitary-adrenal axis by stimulating the brain to release cyto-
kines and CRH, which in turn stimulate ACTH release. The insulin tolerance 
test is performed following an overnight fast by administering 0.1 U insulin/
kg/body weight intravenously (or 0.05 U if there is high suspicion of ACTH 
deficiency) using 0.9% NaCl to maintain IV access. The blood glucose level 
is measured every 15 minutes, monitoring for a glucose level less than 40 mg/
dL or when symptoms of hypoglycemia appear (whichever is first). Patients 
with ACTH deficiency may not rebound from the hypoglycemia and may 
need to receive 50 mL of 50% dextrose solution to normalize their blood 
sugar. A normal test would be a cortisol level greater than 18 µg/dL at or 

soon after confirmed hypoglycemia. The insulin tolerance test should be 
conducted cautiously in patients with seizure disorders because hypoglycemia 
may lower the seizure threshold.

Another way to determine ACTH reserve when ACTH deficiency is 
suspected is to administer CRH (1 µg/kg) intravenously at time “zero,” with 
cortisol measurements at 5, 10, 15, and 30 minutes following the injection. 
This test, which is not as well standardized as the insulin tolerance test, bypasses 
the hypothalamus. The metapyrone test, which often is poorly tolerated and 
can be difficult to obtain, is now rarely used.

ACTH deficiency responds to glucocorticoid replacement. In general, isolated 
ACTH deficiency requires only hydrocortisone, usually 20 mg in the morning 
and 10 mg in the afternoon, to mimic the physiologic profile of cortisol release. 
Such doses are usually doubled during mild to moderate stress. Emergency 
hydrocortisone injection kits are worthwhile in case vomiting prevents oral 
dosing. Stress doses of steroids (e.g., 50 to 75 mg every 8 hours for severe 
stress) are required for acute illness. Patients who have been taking long-acting, 
potent glucocorticoids (e.g., prednisone) for months for chronic inflammatory 
diseases (e.g., asthma [Chapter 81], systemic lupus erythematosus [Chapter 
250], or inflammatory bowel disease [Chapter 132]) can be liberated from 
chronic glucocorticoid if the hypothalamic-pituitary-adrenal axis is stimulated 
by switching to shorter-acting glucocorticoids (e.g., hydrocortisone) in gradually 
diminishing doses, oftentimes slowly titrated over many months. However, if 
the underlying disease for which the steroids were given is still active, other 
immunosuppressive drugs must be substituted, or the underlying disease will 
flare.

 Cushing Disease
Cushing syndrome is a clinical syndrome that reflects excessive tissue exposure to 
glucocorticoids. The diagnosis depends on a suspicion and definitive laboratory 
testing. The syndrome can be ACTH-dependent and ACTH-independent, 
but the most common cause is when excess cortisol is produced by the 
unmitigated release of ACTH from a pituitary adenoma; the term Cushing 
disease is reserved for this specific cause of Cushing syndrome. Other causes of 
ACTH-dependent Cushing syndrome are ectopic ACTH secretion, ectopic 
CRH secretion, and exogenous administration of ACTH. ACTH-independent 
causes of Cushing syndrome are adrenal adenomas, adrenal carcinomas, 
primary pigmented nodular adrenal disease, ACTH-independent bilateral 
macronodular hyperplasia (Chapter 214), and the exogenous administration of  
glucocorticoids.

 PATHOBIOLOGY
Approximately 60 to 70% of all cases of Cushing syndrome represent Cushing 
disease caused by a solitary corticotroph adenoma, although rare cases are 
caused by corticotroph hyperplasia or even more rarely a corticotroph 
carcinoma. Cushing disease occurs 8 to 10 times more frequently in women 
than in men. Although most tumors are small when they are identified because 
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of the profound biologic effects of excess cortisol, 10 to 15% present as 
macroadenomas. The molecular pathology of most corticotroph adenomas 
is unknown because the usual oncogenes and tumor suppressor genes do 
not appear to be commonly involved. In patients with familial endocrine 
tumor syndromes, corticotroph producing adenomas are more rare than 
nonsecreting adenomas or adenomas that secrete growth hormone or  
prolactin.

 CLINICAL MANIFESTATIONS
The presence of glucocorticoid receptors on most cells of the body explains 
why the overproduction of ACTH has multiple manifestations. The symptoms 
that lead most patients to seek medical care are weight gain, sleep disturbances, 
emotional lability, and the typical physical changes associated with glucocor-
ticoid excess. Most patients experience depression, and some even have suicidal 
ideation if left untreated. In menstruating females, the first perturbations can 
be oligomenorrhea and amenorrhea. Patients may also note proximal muscle 
weakness when entering or exiting an automobile or even brushing their hair. 
Occasional patients complain of headaches and vision loss depending on the 
size of the pituitary adenoma. Women can also present with hirsutism and 
worsening acne. Because of their immunocompromised state, the initial pre-
sentation also can be with life-threatening infections and sepsis. The associated 
hypercoagulable state can result in deep venous thrombosis or pulmonary 
embolism (Chapter 74).

Common findings on physical examination include central obesity, 
owing to muscle wasting. Large, wide, violaceous striae (“stretch marks”) 
are also seen on the abdomen, under the breasts, in the axillae, and in the 
upper inner thighs. Compared with the stretch marks in pregnancy, Cushing 
striae are usually wider than a fingerbreadth, purple in color, and can have 
subcutaneous bleeding that contributes to their pigmentation. Abnormal 
adipose tissue is usually seen between the scapulae (“buffalo hump”) or in 
the supraclavicular space. In the face, fat deposition causes “moon facies,” and 
the increased hematocrit contributes to facial plethora (ruddy cheeks) (Table 
211-9). Hair growth is increased in an androgen-dependent distribution, and 
male-pattern baldness develops in women (Fig. 211-7). Multiple ecchymoses 
on the trunk and extremities can be seen due to bruising from capillary  
fragility.

Patients can have mild glucose intolerance or flagrant diabetes depending on 
the absolute elevation of the cortisol level as well as its chronicity. Relatively 
constant high levels of cortisol do not follow the physiologic diurnal variation. An 
additional finding in ACTH-dependent Cushing disease is hyperpigmentation 

TABLE 211-9 CLINICAL FEATURES OF CUSHING DISEASE
GENERAL

Obesity (centripetal distribution)
“Moon facies” and mild proptosis
Increased supraclavicular fat and “buffalo hump”
Hypertension
SKIN

Hyperpigmentation
Facial plethora
Hirsutism
Violaceous striae and thin skin
Capillary fragility and easy bruising
Acne
Edema
Female balding
MUSCULOSKELETAL

Muscle weakness (proximal)
Osteoporosis and back pain
REPRODUCTIVE

Decreased libido
Oligomenorrhea and amenorrhea
NEUROPSYCHIATRIC

Depression
Irritability and emotional lability
Psychosis
Disrupted sleep
METABOLIC

Hypokalemia and alkalosis
Hypercalciuria and renal stones
Glucose intolerance or diabetes mellitus
Impaired wound healing
Impaired resistance to infection
Granulocytosis and lymphopenia
Hypercoagulable state—Pulmonary embolus, deep vein thrombosis
TUMOR MASS EFFECTS

Headache
Visual field loss
Hypopituitarism and mass effect of tumor

A B

C D

FIGURE 211-7. Clinical features of Cushing disease before (A, C) and after (B, D) transsphenoidal resection of an ACTH-secreting pituitary adenoma. 18-year-male presented with 
lower back pain secondary to vertebral fractures, depression, and 20-pound weight gain over a 2-year period. note the “moon facies” and facial plethora (A) and abdominal obesity 
with thin extremities as well as violaceous striae (C). 1 year after pituitary tumor removal the patient had weight loss and while the striae remained as scar tissue, they were less viola-
ceous. Muscle mass increased and abdominal obesity decreased. 

owing to the melanocyte-stimulating hormone (MSH) that is secreted along 
with ACTH from the adenoma. Although the hyperpigmentation is not as 
marked as seen in Addison disease (where ACTH levels are usually 10- to 
100-fold greater) nor as in ectopic hypercortisolism, it is certainly more than 
seen in ACTH-independent causes of Cushing syndrome. Hypertension, 
which is common, is caused by the direct ability of ACTH to stimulate the 
secretion of mineralocorticoids from the adrenal cortex as well as the excess 
glucocorticoids. The mineralocorticoid excess also commonly leads to kaliuresis 
and hypokalemia.

 DIAGNOSIS
Most patients with obesity, hypertension, and glucose intolerance or diabetes do 
not have Cushing syndrome, but the presence of the classic physical findings may 
suggest the need for further investigation. No single diagnostic test can confirm 
Cushing disease, but a constellation of test results is usually determinative. The 
first and often most difficult step is to document hypercortisolism.

Measurement of the Serum Cortisol Level
Hypercortisolism is challenging to confirm by measuring a random serum 
cortisol level because 80% of serum cortisol is bound to cortisol-binding 
globulin, 10% is bound to albumin, and only 10% is free. Changes in 
cortisol-binding globulin (e.g., in pregnancy) and albumin can therefore affect the 
measurement. Although the liquid chromatography–tandem mass spectrometry 
(LC-MS/MS) assay provides high analytical sensitivity and specificity, a 
random serum level is rarely diagnostic because of the episodic secretion of  
cortisol.

24-Hour Urine Free Cortisol Measurement
A properly collected 24-hour urine specimen that measures urine free cortisol 
avoids the fluctuations that make serum cortisol levels unreliable and is suf-
ficiently deterministic that an elevated urine free cortisol level in an unstressed 
patient with normal renal function is usually sufficient to diagnose Cushing 
syndrome. Conversely, a normal result is strong evidence against that diagnosis. 
However, biologic variation as well as problems with the over- or under-collection 
of urine make this test less than ideal for the initial screening of Cushing 
syndrome.

Late-Night Salivary Cortisol Measurement
Late-night (23:00 to 24:00 hour) salivary cortisol testing is increasingly used 
as an initial test to evaluate patients with a clinical suspicion of Cushing syn-
drome. The diagnostic sensitivity of this test is high (80 to 90%), but its 
specificity is lower (70 to 90%). Nevertheless, its excellent sensitivity make 
it a good screening test.

Plasma ACTH Measurement
ACTH measurements, although subject to the same circadian variability as 
cortisol levels, are not subject to the effects of cortisol-binding globulin. ACTH 
values greater than 100 pg/mL are suggestive of primary adrenal insufficiency, 
whereas values greater than 500 pg/mL are diagnostic. Low concentrations 
of plasma ACTH are not diagnostic, except for the undetectable levels observed 
with cortisol-producing adrenal adenomas. The plasma ACTH concentration 
is also low in patients taking exogenous steroids.

Dexamethasone Suppression Testing
At least five variations of dexamethasone suppression testing have been 
described. All versions require patients to self-administer the dexamethasone 
at inconvenient hours of the day (11 pm) or up to four times a day. Sampling 
requires either collection of urine for 24 hours or coming to the physician’s 
office or laboratory at 8 am for multiple blood sampling.

A popular option is a single dose of 1 mg dexamethasone administered at 11 
pm, with blood obtained by 8 am the following morning. A normal response 
is a serum cortisol concentration of less than 1.8 µg/dL. An alternative cut 
point, less than 5 µg/dL, is more specific but less sensitive. If the cortisol 
level is greater than 10 µg/dL, the likelihood of hypercortisolism is high. 
Patients with corticotroph-secreting macroadenomas or very active tumors 
may have urine free cortisol levels greater than 1000 µg/dL and will require 
higher doses of dexamethasone to confirm suppressibility and exclude ectopic 
ACTH production.

CRH Stimulation Test
The CRH stimulation test is one of the most sensitive to determine if there 
is an abnormality in the hypothalamic-pituitary-adrenal axis and for diagnosing 

TREATMENT 

 Nelson Syndrome
Nelson syndrome is a rare condition of uncontrolled growth of an ACTH-
secreting pituitary adenoma, usually within three years after bilateral adrenal-
ectomy has been performed to treat Cushing disease. The incidence of Nelson 
syndrome following bilateral adrenalectomy can be as high as 43% in patients 
with macroadenomas, high plasma concentrations of ACTH, and visible pitu-
itary tumors prior to adrenalectomy. Other risk factors for Nelson syndrome 
include longer duration of Cushing disease before diagnosis and treatment, 
younger patients, inadequate glucocorticoid replacement, and tumors with 
higher mitotic indices.

All patients have high plasma ACTH levels following bilateral adrenalectomy, 
even those without prior Cushing disease. Such patients should have their 
hormones measured prior to administration of the am dose of steroid or 1 
hour thereafter. Some experts recommend follow-up MRI every 6 months 
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the etiology of hypercortisolism in ACTH-dependent Cushing syndrome. 
The mean ACTH concentrations at 15 and 30 minutes after CRH administration 
should increase by at least 35% above the mean basal value in patients with 
Cushing disease but not in patients with ectopic ACTH secretion. This measure 
provides the best sensitivity (93%) and specificity (100%).

MRI
The best next step in the evaluation of patients with documented hypercortisolism 
(i.e., nonsuppression with low-dose dexamethasone and CRH hyperstimulation) 
is MRI to confirm the presence of a pituitary mass. Unfortunately, 10% of all 
normal individuals may have slight MRI abnormalities of their pituitary glands, 
and many patients with Cushing disease may have tumors that are too small 
to be seen on MRI. However, subjecting a patient to surgical pituitary exploration 
in the absence of a demonstrable mass is likely to result in an unsuccessful 
surgery.

Inferior Petrosal Sinus Sampling
If previous dexamethasone suppression and CRH testing have been equivocal, 
then inferior petrosal sinus sampling should be performed to confirm the 
pituitary as the source of the ACTH. Although this test is less reliable in 
lateralizing the ACTH source (i.e., left vs. right) than it is in confirming that 
the ACTH is central in origin, it can exclude ectopic ACTH production by 
a tumor. However, it usually cannot distinguish an ectopic CRH-secreting 
tumor from true Cushing disease.

owing to the melanocyte-stimulating hormone (MSH) that is secreted along 
with ACTH from the adenoma. Although the hyperpigmentation is not as 
marked as seen in Addison disease (where ACTH levels are usually 10- to 
100-fold greater) nor as in ectopic hypercortisolism, it is certainly more than 
seen in ACTH-independent causes of Cushing syndrome. Hypertension, 
which is common, is caused by the direct ability of ACTH to stimulate the 
secretion of mineralocorticoids from the adrenal cortex as well as the excess 
glucocorticoids. The mineralocorticoid excess also commonly leads to kaliuresis 
and hypokalemia.

 DIAGNOSIS
Most patients with obesity, hypertension, and glucose intolerance or diabetes do 
not have Cushing syndrome, but the presence of the classic physical findings may 
suggest the need for further investigation. No single diagnostic test can confirm 
Cushing disease, but a constellation of test results is usually determinative. The 
first and often most difficult step is to document hypercortisolism.

Measurement of the Serum Cortisol Level
Hypercortisolism is challenging to confirm by measuring a random serum 
cortisol level because 80% of serum cortisol is bound to cortisol-binding 
globulin, 10% is bound to albumin, and only 10% is free. Changes in 
cortisol-binding globulin (e.g., in pregnancy) and albumin can therefore affect the 
measurement. Although the liquid chromatography–tandem mass spectrometry 
(LC-MS/MS) assay provides high analytical sensitivity and specificity, a 
random serum level is rarely diagnostic because of the episodic secretion of  
cortisol.

24-Hour Urine Free Cortisol Measurement
A properly collected 24-hour urine specimen that measures urine free cortisol 
avoids the fluctuations that make serum cortisol levels unreliable and is suf-
ficiently deterministic that an elevated urine free cortisol level in an unstressed 
patient with normal renal function is usually sufficient to diagnose Cushing 
syndrome. Conversely, a normal result is strong evidence against that diagnosis. 
However, biologic variation as well as problems with the over- or under-collection 
of urine make this test less than ideal for the initial screening of Cushing 
syndrome.

Late-Night Salivary Cortisol Measurement
Late-night (23:00 to 24:00 hour) salivary cortisol testing is increasingly used 
as an initial test to evaluate patients with a clinical suspicion of Cushing syn-
drome. The diagnostic sensitivity of this test is high (80 to 90%), but its 
specificity is lower (70 to 90%). Nevertheless, its excellent sensitivity make 
it a good screening test.

Plasma ACTH Measurement
ACTH measurements, although subject to the same circadian variability as 
cortisol levels, are not subject to the effects of cortisol-binding globulin. ACTH 
values greater than 100 pg/mL are suggestive of primary adrenal insufficiency, 
whereas values greater than 500 pg/mL are diagnostic. Low concentrations 
of plasma ACTH are not diagnostic, except for the undetectable levels observed 
with cortisol-producing adrenal adenomas. The plasma ACTH concentration 
is also low in patients taking exogenous steroids.

Dexamethasone Suppression Testing
At least five variations of dexamethasone suppression testing have been 
described. All versions require patients to self-administer the dexamethasone 
at inconvenient hours of the day (11 pm) or up to four times a day. Sampling 
requires either collection of urine for 24 hours or coming to the physician’s 
office or laboratory at 8 am for multiple blood sampling.

A popular option is a single dose of 1 mg dexamethasone administered at 11 
pm, with blood obtained by 8 am the following morning. A normal response 
is a serum cortisol concentration of less than 1.8 µg/dL. An alternative cut 
point, less than 5 µg/dL, is more specific but less sensitive. If the cortisol 
level is greater than 10 µg/dL, the likelihood of hypercortisolism is high. 
Patients with corticotroph-secreting macroadenomas or very active tumors 
may have urine free cortisol levels greater than 1000 µg/dL and will require 
higher doses of dexamethasone to confirm suppressibility and exclude ectopic 
ACTH production.

CRH Stimulation Test
The CRH stimulation test is one of the most sensitive to determine if there 
is an abnormality in the hypothalamic-pituitary-adrenal axis and for diagnosing 

The best chance of curing an ACTH-secreting adenoma is transsphenoidal 
surgery (Fig. 211-7).14 Recurrences are seen in 7% of cases when the immediate 
postoperative plasma cortisol is less than 3 µg/dL compared with 100% when 
the postoperative plasma cortisol is 3 to 8 µg/dL. In patients with Cushing 
disease and macroadenomas, only about one third of patients have long-term 
remission. When initial surgery fails, a second pituitary surgery has a success 
rate of only about 50%.

Pituitary irradiation or bilateral adrenalectomy may be recommended in 
patients who have a recurrence, in whom surgery is contraindicated (large 
tumor with invasion of carotid or cavernous sinus), or when a skilled neuro-
surgeon is not available. Pituitary radiation can take up to 2 to 5 years to be 
effective, and panhypopituitarism usually results. If a pituitary tumor cannot 
be demonstrated with certainty, bilateral laparoscopic adrenalectomies will 
cure the hypercortisolism, and lifetime postoperative steroid replacement is 
then required.

Medical therapy to inhibit ACTH release from the corticotroph, to block the 
synthesis of cortisol by the adrenal glands, or to inhibit the action of cortisol 
at the tissue level is neither particularly well tolerated nor easy to monitor. 
Mifepristone, which is a glucocorticoid receptor antagonist, and some newer 
analogues are effective against hyperglycemia and can improve quality of life, 
but patients may become severely adrenally insufficient because of the receptor 
blockade, despite very high cortisol and ACTH levels. In tumors that co-secrete 
prolactin and ACTH, cabergoline may have some limited effect. The somatostatin 
analogue pasireotide can normalize cortisol levels in about 20% of patients, 
but it worsens hyperglycemia in about 75%. Chemical adrenalectomy using 
ketoconazole, mitotane, metapyrone, or etomidate is poorly tolerated and dif-
ficult to titrate to normal adrenal function.

TREATMENT 

 Nelson Syndrome
Nelson syndrome is a rare condition of uncontrolled growth of an ACTH-
secreting pituitary adenoma, usually within three years after bilateral adrenal-
ectomy has been performed to treat Cushing disease. The incidence of Nelson 
syndrome following bilateral adrenalectomy can be as high as 43% in patients 
with macroadenomas, high plasma concentrations of ACTH, and visible pitu-
itary tumors prior to adrenalectomy. Other risk factors for Nelson syndrome 
include longer duration of Cushing disease before diagnosis and treatment, 
younger patients, inadequate glucocorticoid replacement, and tumors with 
higher mitotic indices.

All patients have high plasma ACTH levels following bilateral adrenalectomy, 
even those without prior Cushing disease. Such patients should have their 
hormones measured prior to administration of the am dose of steroid or 1 
hour thereafter. Some experts recommend follow-up MRI every 6 months 
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Plasma ACTH values are normalized to the prolactin value in order to 
correct for possible different localization of the catheters or movement of the 
catheters during the study. The post-CRH ACTH prolactin value of the central 
catheters should be greater than 2.1-fold higher than the ACTH/prolactin 
value of the peripheral sample. In most cases of pituitary-dependent Cushing 
syndrome, the increase is greater than 5.0-fold. A central to peripheral ACTH 
gradient of 2 or above before CRH administration or above 3 at 10 minutes 
after CRH infusion is considered diagnostic of a pituitary source of ACTH 
(Cushing disease). Lateralization would mean that the ratio of the left to right 
side is greater than 2.0. Oftentimes the ratio criteria can be met without the 
need for CRH stimulation, but the diagnostic accuracy increases from 86 to 
90% with CRH.
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 Tumors Producing Follicle-Stimulating Hormone and 
Luteinizing Hormone

 PATHOBIOLOGY
A majority of pituitary tumors are classified clinically as nonsecreting or non-
functional adenomas. On further investigation, however, the majority (70 to 
80% of them) secrete small amounts of either the α-subunit or β-subunit  
of LH or FSH (which would have no clinical manifestations) or rarely an intact 
LH or FSH with both alpha and beta subunits. FSH is more common than 
LH, and free α-subunits are more common than β-subunits. Little is known 
about the molecular basis of these tumors.

 CLINICAL MANIFESTATIONS
Most gonadotrophinomas are clinically silent except when their size results 
in neurologic findings such as visual field problems or headaches. Patients 
usually present with hypogonadism because secreted gonadotropins are 
ineffective for stimulating the gonads. Premenopausal females may have ovarian 
cysts and menstrual disorders. Men commonly are hypogonadal because of 
low testosterone levels but also develop testicular enlargement from FSH-
secreting tumors. In rare tumors that secrete LH, males have elevated testos-
terone and hemoglobin levels.

 DIAGNOSIS
No clinical syndrome is uniquely associated with these tumors. Some patients 
may have nonspecific moderate elevations of prolactin, but almost all cases 
are diagnosed postoperatively when the surgical specimen is analyzed.

for several years in patients who have undergone bilateral adrenalectomy 
after failed transsphenoidal pituitary adenomectomy. Treatment of Nelson 
syndrome is usually with the same modalities used for ACTH-secreting pituitary  
adenomas.15

 GONADOTROPINS (FOLLICLE STIMULATING 
HORMONE AND LUTEINIZING HORMONE)

 PATHOBIOLOGY
The three pituitary glycoprotein hormones—FSH, LH, and TSH—have a 
common α-subunit and a hormone-specific β-subunit that are combined 
together to form the hormone. Chorionic gonadotropin (hCG), which is 
structurally very similar to LH, is made in the placenta. The protein is 
glycosylated in the Golgi apparatus, and this glycosylation is responsible for 
the proper synthesis and transport of the molecule from the pituitary into 
the blood. These peptides interact with their cognate receptors located in the 
cell membrane of their target cells. These transmembrane receptors classically 
have an extracellular domain that binds the hormone, an intramembranous 
domain, and an intracellular domain that transduces the hormone signal to 
the cell. Mutations in the extracellular or intracellular domain can cause con-
stitutive activation of the receptor even in the absence of the ligand. The result 
is the appearance of a hormone-rich state in the absence of the hormone (e.g., 
precocious puberty due to the constitutive activation of the FSH receptor). 
Similarly, mutations in the receptor can make it insensitive to the ligand, so 
that even high hormone levels are not recognized by the receptor. Lastly, due 
to the similarity of the α-subunit among these glycoprotein hormones, there 
can be some promiscuity of ligand stimulation when ligand levels are high. 
During pregnancy, for example, the hCG level is very high and can stimulate 
the TSH receptor as if TSH were present.

Gonadotropins regulate sexual differentiation, the production of sex steroids, 
and gametogenesis. In males, FSH receptors are located on Sertoli cells and 
seminiferous tubules, where they stimulate sperm maturation, whereas LH 
receptors on Leydig cells in the testis stimulate the production of androgen. 
Together, FSH and LH induce spermatogenesis (Chapter 221). In females, 
ovarian FSH receptors on granulosa cells induce the biosynthesis of estrogen, 
whereas LH receptors on ovarian thecal cells stimulate the synthesis of ovarian 
androgens and steroid precursors that granulosa cells aromatize into estrogens. 
The secretion of FSH and LH regulate the menstrual cycle (Chapters 222 
and 223).

 Hypogonadotrophic Hypogonadism
 CLINICAL MANIFESTATIONS AND DIAGNOSIS

Hypogonadotrophic hypogonadism or secondary hypogonadism is defined as 
failure of gonadal function due to pituitary or hypothalamic abnormalities that 
result in acquired or congenital reductions in LH, FSH, or GnRH.16 Acquired 
forms can be due to a tumor that interferes with the normal production of LH or 
FSH, such as Rathke pouch cysts, craniopharyngiomas, or other brain tumors. 
Functional gonadotropin deficiency can be transient as seen in chronic illness, 
starvation, Cushing syndrome, anorexia nervosa (Chapter 206), or alcoholism 
(Chapter 30). Other causes of acquired hypogonadotrophic hypogonadism 
include infection (tuberculosis [Chapter 308], HIV [Chapter 366], syphilis 
[Chapter 303]), trauma, infiltrative diseases (e.g., hemochromatosis [Chapter 
201], and sarcoidosis [Chapter 89]), and medications such as opioids and 
anabolic steroids. Congenital forms of hypogonadotrophic hypogonadism can 
be due to at least 18 different genes involved in the migration of the GnRH 
neurons and stimulation of GnRH signaling.

The clinical presentation of hypogonadotrophic hypogonadism depends 
on the onset (acquired or congenital), the severity of the defect, and any 
associated conditions. Classically, patients present in the second or third decade 
of life with poorly or absent sexual characteristics, failure to enter puberty, 
and primary amenorrhea or infertility. The endocrine diagnosis of hypogo-
nadotrophic hypogonadism is rather straightforward when there are low levels 
of testosterone in men or estradiol in women in the presence of low or normal 
levels of gonadotropins. Selective deficiency of LH or FSH can rarely be due 
to inactivating mutations of the β-subunit.

Occasionally a provocative test is necessary to confirm hypogonadotrophic 
hypogonadism and to distinguish hypothalamic from pituitary disease. In 
such instances, leuprolide is administered (10 µg/kg subcutaneously), and 
then LH and FSH are measured at −10, 0, 30, 60, 90, 180, 240, and 1440 
minutes later, with estradiol (or testosterone) also measured at baseline and 
1440 minutes.

 Tumors that Secrete Thyroid-Stimulating Hormone
Rarely, pituitary adenomas known as TSHomas or TSH-secreting pituitary 
adenomas can produce TSH. These tumors account for less than 1% of all 
cases of hyperthyroidism. In addition to classic findings of hyperthyroidism, 
clinical findings in TSHoma include a diffuse goiter, visual field defects, 
headache, and menstrual irregularities in women. Occasionally, patients do 
not have hyperthyroid symptoms, most likely due to habituation to the mildly 
elevated hormone concentrations.

A diagnosis of TSHoma should be considered when patients present with 
high serum levels of total and free thyroxine and triiodothyronine. In some 
cases, elevated serum levels of the alpha subunit of the TSH molecule and 
nonsuppressed TSH can be seen. Other causes of elevated T4 and T3 in the 
presence of nonsuppressed TSH are shown in Table 211-10. The diagnosis is 
rarely straightforward. A combination of tests (e.g, repeat thyroid tests in another 
laboratory, α-subunit, other pituitary hormones) can confirm the diagnosis, but 
no single test is diagnostic. In the absence of any history or testing suggestive 
of a pituitary adenoma and given the difficulty in distinguishing patients with 
TSH-secreting tumors from resistance to thyroid hormone, consideration 
should be given to performing (when available) an analysis for mutations in 
the thyroid hormone receptor-β gene in patients with elevated free T4 and 
T3, nonsuppressed TSH, and a normal serum α-subunit.

is by the hypothalamic TRH and by thyroid hormone itself. Feedback by 
thyroid hormone is dependent on intranuclear thyroid hormone receptors, 
which bind T3.

TSH is secreted in a pulsatile and diurnal variation; but, unlike other pituitary 
hormones, random measurements of morning serum TSH are consistent 
enough so that measurement of TSH is clinically useful in determining the 
extent of thyroid hormone production. Whereas the range of TSH in the 
normal population is generally between 0.4 and 4.0 mU/L, each person has 
an individual “thyroid thermostat” set at a specific level. This variability means 
that someone who normally has a TSH of 2.0 might feel hyperthyroid when 
the TSH is 0.5, and conversely someone with a normal TSH of 0.5 might feel 
relatively hypothyroid when their TSH is 2.0, although both values are within 
the normal range for the population. In general, screening for thyroid disease 
is best done by TSH measurement and, if outside the normal range, confers 
a high likelihood of thyroid dysfunction (see Chapter 213). When thyroid 
hormone production is low due to a defect in thyroid hormonogenesis, levels 
of thyroid hormones are low and those of TSH are high, and vice versa. However, 
when the thyroid hormone levels are low and the TSH is normal or low, 
secondary or central hypothyroidism exists. Alternatively, when thyroid 
hormone levels are high and the TSH is not suppressed, secondary 
hypothyroidism, of which TSH-secreting pituitary adenomas are in the 
differential diagnosis (see below), is likely.

 Central Hypothyroidism
Failure of the pituitary to produce TSH in response to low levels of thyroid 
hormone is consistent with central or secondary hypothyroidism. An isolated 
TSH defect is relatively rare and usually related to a genetic factor necessary 
for thyrotroph differentiation. Pituitary masses that impinge on the thyrotrophs 
would cause failure to produce sufficient amounts of TSH in the setting of 
low thyroid hormone levels. Another cause of the constellation of thyroid 
tests consistent with central hypothyroidism would be in euthyroid sick syn-
drome (Chapter 213) or nonthyroidal illness. In patients with concurrent 
critical illness, cytokines inhibit the release of hypothalamic and pituitary 
hormones. This finding is most noticeable in patients who have low T4, T3, 
and TSH. Furthermore, euthyroid sick syndrome is characterized by an increase 
in serum reverse T3, which is formed by 5′ deiodination of T4 and is not 
biologically active. The conversion to the inactive reverse T3 occurs in the 
tissues and is thought to preserve metabolic demand during critical illness. 
The same test results are seen in starvation due to activation of the deiodinase. 
Other causes of low thyroid hormone levels and inappropriately normal TSH 
are listed in Table 211-10.

Treatment of secondary hypothyroidism is straightforward once the diag-
nosis is made. A physiologic replacement dose of T4 (e.g., levothyroxine) is 
targeted to maintain serum T4 levels at the upper end of normal if not slightly 
elevated. TSH is not a useful marker as in other forms of hypothyroidism 
because the thyrotroph is not responsive to the thyroid hormone concentration. 
Because isolated TSH deficiency is rare, the clinician needs to be certain other 
hormone replacement is not needed.

Because the major symptoms of the gonadotropin-producing tumors or 
nonfunctioning adenomas are related to local mass effects and extrasellar 
extension, the goal of treatment is to reduce the size of the tumor. Trans-
sphenoidal surgery usually can completely or partially reverse any hypopitu-
itarism and visual field impairment but is rarely curative because the tumors 
are large. Postoperative radiation therapy may benefit patients who have minimal 
residual tumor. If no tumor is seen on a postoperative MRI, annual monitoring 
with visual field testing plus CT or MRI is indicated. Tumor markers also can 
monitor tumor activity. For growing tumors, repeat surgery, radiation therapy, 
or both are indicated. Medical therapy (e.g., dopamine agonists and somatostatin 
analogues) usually is not helpful.

TREATMENT 

 THYROID-STIMULATING HORMONE

 PATHOBIOLOGY
Thyroid function (Chapter 213) and growth is controlled by the action of 
TSH. Similar to LH and FSH, TSH is composed of a common α-subunit and 
a unique β-subunit that is unique to thyrotrophs. Regulation of TSH secretion 

Replacement of gonadal hormones is usually the best treatment. In females 
who have not yet started puberty, estrogen should be initiated at low doses 
to promote breast development. When breakthrough bleeding occurs about 
6 months later, cyclical therapy can be started by adding a progestogen and 
then increasing estrogen doses gradually over a 2- to 3-year period. Vitamin D 
should also be provided. Chapter 223 provides guidance for inducing ovulation 
for women who hope to become pregnant.

In men, testosterone can be replaced using intramuscular injections at 2- to 
4-week intervals (e.g., testosterone cypionate 200 mg every 2 weeks). Doses 
and the intervals between injections should be adjusted based on peak and 
trough testosterone levels (one week after and just before the next dose) and 
self-reported libido. Oral androgens can cause hepatotoxicity and should 
be avoided, but transdermal testosterone is effective for maintaining stable  
levels.

TREATMENT 

TREATMENT 
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 Tumors that Secrete Thyroid-Stimulating Hormone
Rarely, pituitary adenomas known as TSHomas or TSH-secreting pituitary 
adenomas can produce TSH. These tumors account for less than 1% of all 
cases of hyperthyroidism. In addition to classic findings of hyperthyroidism, 
clinical findings in TSHoma include a diffuse goiter, visual field defects, 
headache, and menstrual irregularities in women. Occasionally, patients do 
not have hyperthyroid symptoms, most likely due to habituation to the mildly 
elevated hormone concentrations.

A diagnosis of TSHoma should be considered when patients present with 
high serum levels of total and free thyroxine and triiodothyronine. In some 
cases, elevated serum levels of the alpha subunit of the TSH molecule and 
nonsuppressed TSH can be seen. Other causes of elevated T4 and T3 in the 
presence of nonsuppressed TSH are shown in Table 211-10. The diagnosis is 
rarely straightforward. A combination of tests (e.g, repeat thyroid tests in another 
laboratory, α-subunit, other pituitary hormones) can confirm the diagnosis, but 
no single test is diagnostic. In the absence of any history or testing suggestive 
of a pituitary adenoma and given the difficulty in distinguishing patients with 
TSH-secreting tumors from resistance to thyroid hormone, consideration 
should be given to performing (when available) an analysis for mutations in 
the thyroid hormone receptor-β gene in patients with elevated free T4 and 
T3, nonsuppressed TSH, and a normal serum α-subunit.

is by the hypothalamic TRH and by thyroid hormone itself. Feedback by 
thyroid hormone is dependent on intranuclear thyroid hormone receptors, 
which bind T3.

TSH is secreted in a pulsatile and diurnal variation; but, unlike other pituitary 
hormones, random measurements of morning serum TSH are consistent 
enough so that measurement of TSH is clinically useful in determining the 
extent of thyroid hormone production. Whereas the range of TSH in the 
normal population is generally between 0.4 and 4.0 mU/L, each person has 
an individual “thyroid thermostat” set at a specific level. This variability means 
that someone who normally has a TSH of 2.0 might feel hyperthyroid when 
the TSH is 0.5, and conversely someone with a normal TSH of 0.5 might feel 
relatively hypothyroid when their TSH is 2.0, although both values are within 
the normal range for the population. In general, screening for thyroid disease 
is best done by TSH measurement and, if outside the normal range, confers 
a high likelihood of thyroid dysfunction (see Chapter 213). When thyroid 
hormone production is low due to a defect in thyroid hormonogenesis, levels 
of thyroid hormones are low and those of TSH are high, and vice versa. However, 
when the thyroid hormone levels are low and the TSH is normal or low, 
secondary or central hypothyroidism exists. Alternatively, when thyroid 
hormone levels are high and the TSH is not suppressed, secondary 
hypothyroidism, of which TSH-secreting pituitary adenomas are in the 
differential diagnosis (see below), is likely.

 Central Hypothyroidism
Failure of the pituitary to produce TSH in response to low levels of thyroid 
hormone is consistent with central or secondary hypothyroidism. An isolated 
TSH defect is relatively rare and usually related to a genetic factor necessary 
for thyrotroph differentiation. Pituitary masses that impinge on the thyrotrophs 
would cause failure to produce sufficient amounts of TSH in the setting of 
low thyroid hormone levels. Another cause of the constellation of thyroid 
tests consistent with central hypothyroidism would be in euthyroid sick syn-
drome (Chapter 213) or nonthyroidal illness. In patients with concurrent 
critical illness, cytokines inhibit the release of hypothalamic and pituitary 
hormones. This finding is most noticeable in patients who have low T4, T3, 
and TSH. Furthermore, euthyroid sick syndrome is characterized by an increase 
in serum reverse T3, which is formed by 5′ deiodination of T4 and is not 
biologically active. The conversion to the inactive reverse T3 occurs in the 
tissues and is thought to preserve metabolic demand during critical illness. 
The same test results are seen in starvation due to activation of the deiodinase. 
Other causes of low thyroid hormone levels and inappropriately normal TSH 
are listed in Table 211-10.

Treatment of secondary hypothyroidism is straightforward once the diag-
nosis is made. A physiologic replacement dose of T4 (e.g., levothyroxine) is 
targeted to maintain serum T4 levels at the upper end of normal if not slightly 
elevated. TSH is not a useful marker as in other forms of hypothyroidism 
because the thyrotroph is not responsive to the thyroid hormone concentration. 
Because isolated TSH deficiency is rare, the clinician needs to be certain other 
hormone replacement is not needed.

TABLE 211-10 CAUSES OF DISCORDANT THYROID TESTS
LOW TH AND NORMAL OR LOW TSH

Secondary hypothyroidism
Pituitary dysfunction
TRH mutation
TSH mutation
Low TBG or other binding proteins (free T4 would be normal)
Nonthyroidal illness
Medications
HIGH TH AND NORMAL OR HIGH TSH

TSHoma
Thyroid hormone receptor β resistance to thyroid hormone
Elevated binding proteins (e.g., elevated TBG, familial dysalbuminemic 

hyperthyroxinemia)
Thyroid hormone habituation
Selenocysteine deficiency syndrome (inability to convert T4 to T3)
TBG = thyroid-binding globulin; TH = thyroid hormone; TRH thyroid-releasing-hormone; TSH = 
thyroid-stimulating hormone.

The goal of treatment is to reduce the size of the tumor. Treatments and 
outcomes are similar to those for gonadotropin-producing adenomas (see 
above).

A β-blocker such as propranolol (80 to 160 mg daily) or atenolol (25 to 
50 mg daily) can be given to ameliorate some of the symptoms and signs 
of hyperthyroidism (Chapter 213). Long-term antithyroid drug therapy or 
thyroid ablation with radioiodine or surgery is not indicated because sustained 
reductions in thyroid hormone secretion would be expected to increase TSH 
secretion and stimulate the tumor’s growth. However, if euthyroidism cannot 
be achieved with somatostatin analogs or dopamine agonists, short-term 
administration of a thionamide is necessary to restore euthyroidism prior to  
neurosurgery.

TREATMENT 

 NONFUNCTIONING PITUITARY ADENOMAS
Nonfunctioning pituitary adenomas do not cause hormonal excess,17 although 
hyperprolactinemia can occur if the pituitary stalk is sufficiently compressed. 
As a result, these tumors are usually detected when their size causes neurologic 
symptoms, especially visual field abnormalities, headaches, and ophthalmople-
gias. Elevated prolactin levels from stalk compression are much lower than 
the levels seen with a macroprolactinoma. Oftentimes a nonfunctioning pitu-
itary adenoma is found incidentally when a pituitary mass is discovered in a 
patient who has a brain imaging study for an unrelated reason. Evaluation 
(Table 211-7) reveals no hormone excess. Nonfunctioning pituitary adenomas 
that cause neurologic symptoms require surgical removal, but asymptomatic 
nonfunctioning pituitary adenomas can be monitored by hormonal testing, 
to assure that no abnormal abnormalities develop, and by MRI, to evaluate 
the tumor’s potential growth.

 PITUITARY CARCINOMAS
With few exceptions, pituitary tumors are adenomas that can grow around the 
sella and invade the carotids and sphenoid sinuses but that do not metastasize. 
The term pituitary carcinoma is restricted to 0.1 to 0.2% of the pituitary 
tumors that metastasize beyond the immediate vicinity of the sella to the 
craniospinal region or systemically. The Ki-67 proliferation index of greater 
than 3% can be useful as a guide to suggest a more aggressive pituitary tumor. 
Approximately half of these tumors produce either ACTH or prolactin, and 
the remainder are nonsecreting. Surgical debulking is the standard therapy, but 
radiotherapy and temozolomide chemotherapy also have been used because 
pituitary tumors can have multiple recurrences and be resistant to standard 
treatments. These aggressive tumors generally have a high mortality rate (over 
50%), with a median life expectancy of about 10 months after diagnosis  
(Fig. 211-8).
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T4 enters the portal-hypophyseal plexus and is deiodinated into T3 where it 
then effects pituitary thyrotroph release. TSH acts on thyroid cells via a specific 
TSH membranous receptor, which contains extracellular, intramembranous, 
and intracellular domains. Large quantities of hormones similar to TSH, for 
example hCG, can stimulate the TSH receptor, and thereby the thyroid gland, 
in the absence of TSH. Furthermore, most thyroid-hormone secreting (“toxic” 
or “hot”) thyroid nodules are due to constitutive activating mutations in the 
TSHR gene. Although most cases of neonatal hyperthyroidism are due to 
transplacental transfer or activating antibody, a few cases of germline-derived 
TSH receptor-activating mutations result in neonatal hyperthyroidism.



A B

FIGURE 211-8. Pituitary carcinoma. Magnetic resonance image of a cerebral mass in a 43-year-old male patient with an aggressive tSH-secreting adenoma (A). Patient presented 
with seizures. Biopsy of brain lesion revealed sheaths of disorganized pituitary cells (B). 
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212 
POSTERIOR PITUITARY
JOSEPH G. VERBALIS

 ANATOMY AND HORMONE SYNTHESIS
The hormones of the posterior pituitary, vasopressin and oxytocin, are syn-
thesized in specialized neurons in the hypothalamus, the neurohypophyseal 
neurons. These neurons, notable for their large size, are termed magnocellular 
neurons. In the hypothalamus, the magnocellular neurons are clustered in the 
paired paraventricular and supraoptic nuclei (Fig. 212-1). Vasopressin and 
oxytocin are also synthesized in parvocellular (i.e., small cell) neurons of the 
paraventricular nuclei,1,2 and vasopressin (but not oxytocin) is also synthesized 
in the suprachiasmatic nucleus.

Transcription of vasopressin and oxytocin messenger RNA and translation 
of the vasopressin and oxytocin prohormones occur entirely in the cell bodies 
of the neurohypophyseal neurons. The prohormones provasopressin and pro-
oxytocin are packaged along with processing enzymes into neurosecretory 
granules that are transported out of the perikaryon of the neurohypophyseal 

Osmoreceptor
PVN

SONOsm

    Ant.
Pit.

Thirst

FIGURE 212-1. Sagittal view of the head, demonstrating the position of the neuro-
hypophysis. the magnocellular neurons are clustered in two paraventricular nuclei (PVN) 
and two supraoptic nuclei (soN). only one nucleus of each pair is illustrated. the supraoptic 
nuclei are lateral to the edge of the optic chiasm, whereas the paraventricular nuclei are 
central along the wall of the third ventricle. the axons of the four nuclei combine to form 
the supraopticohypophysial tract as they course through the pituitary stalk to their storage 
terminals in the posterior pituitary. the osmostat (osm) is in the hypothalamus anterior 
to the third ventricle; the thirst center (thirst) is distributed across different brain areas. 
ant. Pit. = anterior pituitary. (From Buonocore CM, robinson aG. Diagnosis and manage-
ment of diabetes insipidus during medical emergencies. Endocrinol Metab Clin North Am. 
1993;22:411-423.)

stimulate the release of neurohypophyseal hormones also stimulate their syn-
thesis. Because synthesis is delayed, maintenance of a large store of hormone 
in the posterior pituitary is essential to enable the instantaneous release of 
each hormone that is necessary following acute hemorrhage (vasopressin) or 
during parturition (oxytocin). In most species, sufficient vasopressin is stored 
in the posterior pituitary to support maximal antidiuresis for several days and 
to maintain baseline levels of antidiuresis for weeks.

 Vasopressin
Vasopressin and Regulation of Osmolality
The primary physiologic action of vasopressin is its function as a water-retaining 
hormone. The central sensing system (osmostat) for controlling the release 
of vasopressin is anatomically discrete, located in a small area of the hypo-
thalamus just anterior to the third ventricle (see Fig. 212-1). The osmostat 
controls the release of vasopressin to allow water retention and also stimulates 
thirst to cause water repletion.

Osmotic regulation of vasopressin release and osmotic regulation of thirst 
are usually tightly coupled, but they can be dissociated under pathologic con-
ditions. The primary extracellular osmolyte to which the osmoreceptor responds 
is sodium. Under normal physiologic conditions, glucose and urea cross neuron 
cell membranes and do not stimulate the release of vasopressin. Although 
basal osmolality in normal subjects ranges between 280 and 295 mOsm/kg 
H2O, extracellular fluid osmolality for each individual is maintained within 
narrow ranges. Increases in plasma osmolality as small as 1 to 2% are sufficient 
to stimulate vasopressin release. Basal plasma levels of vasopressin are gener-
ally 0.5 to 2 pg/mL, which maintains urine osmolality above plasma osmolality 
and urine volume in the range of 1 to 3 L/day. When vasopressin levels are 
suppressed below 0.5 pg/mL, maximal urine osmolality decreases to below 
100 mOsm/kg H2O, and a free water diuresis (or “aquaresis”) ensues at levels 
that approach 800 to 1000 mL/hour (18 to 24 L/day). Increases in plasma 
osmolality cause a linear increase in plasma vasopressin and a corresponding 
linear increase in urine osmolality. At a plasma osmolality of approximately 
295 mOsm/kg H2O, urine osmolality is maximally concentrated to 1000 to 
1200 mOsm/kg H2O. Thus, the entire physiologic range of urine osmolality 
is accomplished by relatively small changes in plasma vasopressin levels of 0 
to 5 pg/mL (Fig. 212-2).

To maintain fluid balance, water must be not only conserved but also con-
sumed to replace insensible water losses and obligate urine output. Thirst is 
not stimulated until a somewhat higher plasma osmolality (5 to 10 mOsm/
kg H2O) above the threshold for release of vasopressin. Most humans derive 
sufficient water from habitual fluid intake and catabolism of food to maintain 
plasma osmolality below the threshold that activates thirst. Therefore, under 
normal physiologic conditions, water balance (and hence plasma osmolal-
ity) is regulated more by secretion of vasopressin than by thirst. However, 
with severe degrees of dehydration, thirst is essential to restore body water  
deficits.

Vasopressin acts on the V2 subtype of vasopressin receptors in the collecting 
duct principal cells of the kidney to cause water retention, or antidiuresis. 
Vasopressin V2 receptors are G protein–coupled receptors that activate adenyl-
ate cyclase, with subsequent increased intracellular cyclic adenosine mono-
phosphate (cAMP) levels upon ligand activation of the receptor. The increased 
cAMP initiates the movement of aquaporin-2 (AQP2) water channels to the 
apical (luminal) membrane of the collecting duct cells. These channels allow 
facilitated rapid transport of water from the collecting duct lumen into the 
principal cell along osmotic gradients. The water then exits the cell through 
the basolateral membrane into the kidney medullary circulation through con-
stitutively expressed aquaporin-3 and aquaporin-4 water channels. This entire 
process is termed antidiuresis. In the absence of vasopressin, the AQP2 chan-
nels are reinternalized from the apical membrane into subapical vesicles. This 
prevents active reabsorption of water from the collecting duct lumen, resulting 
in diuresis. In addition to this rapid “shuttling” of the AQP2 channels to regulate 
water reabsorption on a minute-to-minute basis, vasopressin also acts through 
the V2 receptors to regulate long-term stores of AQP2—that is, increased 
vasopressin stimulates AQP2 synthesis, and the absence of vasopressin results 
in decreased AQP2 synthesis. The hypertonic medullary interstitium is the 
determinant of the maximal concentration of the urine, which is in equilibrium 
with the osmolality of the inner medulla of the kidney under conditions of 
maximal antidiuresis (Chapter 107).

Vasopressin and Pressure and Volume Regulation
High-pressure baroreceptors are located in the aorta and carotid sinus, and 
low-pressure baroreceptors are located in the right and left atria. Decreases 

neurons via microtubules and down the long axons that form the supraopti-
cohypophysial tract, which terminates in the posterior pituitary. During trans-
port, the processing enzymes cleave provasopressin into vasopressin (9 amino 
acids), vasopressin-neurophysin (95 amino acids), and vasopressin glycopeptide, 
or copeptin (39 amino acids). Pro-oxytocin is similarly cleaved to oxytocin 
(which differs from vasopressin by only two of nine amino acids) and oxytocin-
neurophysin. The neurophysins form neurophysin-hormone complexes that 
stabilize the hormones. Stimulatory (e.g., glutamatergic, cholinergic, and 
angiotensin) neurotransmitter terminals and inhibitory (e.g., γ-aminobutyric 
acid and noradrenergic) neurotransmitter terminals control the release of 
vasopressin through the activity of synaptic contacts on the neurohypophyseal 
cell bodies. Physiologic release of vasopressin or oxytocin into the general 
circulation occurs at the level of the posterior pituitary, where, in response to 
an action potential, intracellular calcium is increased and causes the neuro-
secretory granules to fuse with the axon membrane, thereby releasing each 
hormone into the general circulation. Although each of the other prohormone 
fragments are released into the circulation, vasopressin and oxytocin are the 
only known biologically active components of the prohormones. Factors that 
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ABSTRACT
The hormones of the posterior pituitary, vasopressin and oxytocin, are syn-
thesized in the hypothalamus and transported to the posterior pituitary where 
they are released in response to specific stimuli. The primary physiologic action 
of vasopressin is its function as a water-retaining hormone. In response to 
conditions of reduced body water, vasopressin is secreted to maximize urine 
concentration and reduce urine volume losses. Diabetes insipidus can result 
from either inadequate vasopressin secretion (central) or inadequate renal 
response to vasopressin (nephrogenic). Central diabetes insipidus is caused 
by a variety of acquired or congenital anatomic lesions that disrupt the neu-
rohypophysis. Nephrogenic diabetes insipidus is most commonly congenital, 
but therapy with drugs such as lithium can cause an acquired form sufficient 
to warrant treatment. Regardless of the etiology of the diabetes insipidus, the 
end result is a water diuresis due to an inability to concentrate urine appro-
priately. This results in symptoms of polyuria and secondary polydipsia from 
stimulation of thirst, except with osmoreceptor dysfunction where thirst is 
also impaired. Treatment depends on the type of diabetes insipidus and can 
consist of replacement of vasopressin via synthetic vasopressin analogues in 
central diabetes insipidus or treatments to reduce polyuria in nephrogenic 
diabetes insipidus. In all cases, achievement of normal water homeostasis with 
reduction of polyuria and polydipsia is the goal.
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in blood pressure or intravascular volume stimulate vasopressin release, whereas 
situations that increase blood volume or left atrial pressure (e.g., negative-
pressure breathing) decrease the secretion of vasopressin.2 The release of 
vasopressin in response to changes in volume or pressure is much less sensitive 
than the release in response to osmoreceptors; generally a 10 to 15% reduction 
in blood volume or pressure is needed to stimulate the release of vasopressin. 
However, once arterial pressure falls below this threshold, the stimulated 
response is exponential, resulting in plasma levels of vasopressin that are 
markedly greater than those resulting from osmotic stimulation.

The pressor effects of vasopressin are mediated through a separate vasopres-
sin receptor subtype, the V1a receptors, located on vascular smooth muscle. 
The relatively insensitive regulation of vasopressin secretion by changes in 
volume and pressure and the modest role of vasopressin to regulate blood 
pressure are consistent with the notion that regulation of sodium homeostasis 
by the renin-angiotensin-aldosterone system (Chapter 214) is more important 
for controlling extracellular and blood volume than is the regulation of water 
homeostasis. However, the pressor effects of vasopressin to increase blood 
pressure can become prominent when other blood pressure regulatory systems 
are deficient (e.g., autonomic neuropathy or renin-angiotensin-aldosterone 
system blockade) or in states of pathologic vasodilation (e.g., liver cirrhosis, 
septic shock).

Vasopressin and Adrenocorticotropic Hormone
Vasopressin stimulates adrenocorticotropic hormone (ACTH) secretion via 
stimulation of the vasopressin V1b receptor subtype that is located on anterior 
pituitary corticotroph cells. Although the major regulator of ACTH secretion 
is corticotropin-releasing hormone (Chapter 211), vasopressin activates a 
different signal transduction system in the corticotrophs, so these hormones 
have synergistic effects on ACTH secretion.

stimulate the release of neurohypophyseal hormones also stimulate their syn-
thesis. Because synthesis is delayed, maintenance of a large store of hormone 
in the posterior pituitary is essential to enable the instantaneous release of 
each hormone that is necessary following acute hemorrhage (vasopressin) or 
during parturition (oxytocin). In most species, sufficient vasopressin is stored 
in the posterior pituitary to support maximal antidiuresis for several days and 
to maintain baseline levels of antidiuresis for weeks.

 Vasopressin
Vasopressin and Regulation of Osmolality
The primary physiologic action of vasopressin is its function as a water-retaining 
hormone. The central sensing system (osmostat) for controlling the release 
of vasopressin is anatomically discrete, located in a small area of the hypo-
thalamus just anterior to the third ventricle (see Fig. 212-1). The osmostat 
controls the release of vasopressin to allow water retention and also stimulates 
thirst to cause water repletion.

Osmotic regulation of vasopressin release and osmotic regulation of thirst 
are usually tightly coupled, but they can be dissociated under pathologic con-
ditions. The primary extracellular osmolyte to which the osmoreceptor responds 
is sodium. Under normal physiologic conditions, glucose and urea cross neuron 
cell membranes and do not stimulate the release of vasopressin. Although 
basal osmolality in normal subjects ranges between 280 and 295 mOsm/kg 
H2O, extracellular fluid osmolality for each individual is maintained within 
narrow ranges. Increases in plasma osmolality as small as 1 to 2% are sufficient 
to stimulate vasopressin release. Basal plasma levels of vasopressin are gener-
ally 0.5 to 2 pg/mL, which maintains urine osmolality above plasma osmolality 
and urine volume in the range of 1 to 3 L/day. When vasopressin levels are 
suppressed below 0.5 pg/mL, maximal urine osmolality decreases to below 
100 mOsm/kg H2O, and a free water diuresis (or “aquaresis”) ensues at levels 
that approach 800 to 1000 mL/hour (18 to 24 L/day). Increases in plasma 
osmolality cause a linear increase in plasma vasopressin and a corresponding 
linear increase in urine osmolality. At a plasma osmolality of approximately 
295 mOsm/kg H2O, urine osmolality is maximally concentrated to 1000 to 
1200 mOsm/kg H2O. Thus, the entire physiologic range of urine osmolality 
is accomplished by relatively small changes in plasma vasopressin levels of 0 
to 5 pg/mL (Fig. 212-2).

To maintain fluid balance, water must be not only conserved but also con-
sumed to replace insensible water losses and obligate urine output. Thirst is 
not stimulated until a somewhat higher plasma osmolality (5 to 10 mOsm/
kg H2O) above the threshold for release of vasopressin. Most humans derive 
sufficient water from habitual fluid intake and catabolism of food to maintain 
plasma osmolality below the threshold that activates thirst. Therefore, under 
normal physiologic conditions, water balance (and hence plasma osmolal-
ity) is regulated more by secretion of vasopressin than by thirst. However, 
with severe degrees of dehydration, thirst is essential to restore body water  
deficits.

Vasopressin acts on the V2 subtype of vasopressin receptors in the collecting 
duct principal cells of the kidney to cause water retention, or antidiuresis. 
Vasopressin V2 receptors are G protein–coupled receptors that activate adenyl-
ate cyclase, with subsequent increased intracellular cyclic adenosine mono-
phosphate (cAMP) levels upon ligand activation of the receptor. The increased 
cAMP initiates the movement of aquaporin-2 (AQP2) water channels to the 
apical (luminal) membrane of the collecting duct cells. These channels allow 
facilitated rapid transport of water from the collecting duct lumen into the 
principal cell along osmotic gradients. The water then exits the cell through 
the basolateral membrane into the kidney medullary circulation through con-
stitutively expressed aquaporin-3 and aquaporin-4 water channels. This entire 
process is termed antidiuresis. In the absence of vasopressin, the AQP2 chan-
nels are reinternalized from the apical membrane into subapical vesicles. This 
prevents active reabsorption of water from the collecting duct lumen, resulting 
in diuresis. In addition to this rapid “shuttling” of the AQP2 channels to regulate 
water reabsorption on a minute-to-minute basis, vasopressin also acts through 
the V2 receptors to regulate long-term stores of AQP2—that is, increased 
vasopressin stimulates AQP2 synthesis, and the absence of vasopressin results 
in decreased AQP2 synthesis. The hypertonic medullary interstitium is the 
determinant of the maximal concentration of the urine, which is in equilibrium 
with the osmolality of the inner medulla of the kidney under conditions of 
maximal antidiuresis (Chapter 107).

Vasopressin and Pressure and Volume Regulation
High-pressure baroreceptors are located in the aorta and carotid sinus, and 
low-pressure baroreceptors are located in the right and left atria. Decreases 
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FIGURE 212-2. Idealized schematic of the normal physiologic relationships among 
plasma osmolality, plasma vasopressin (AVP), urine osmolality, and urine volume. the 
entire physiologic range of urine osmolality occurs with plasma vasopressin levels from 
0 to 5 pg/mL. increases in plasma osmolality above approximately 290 to 295 mosm/kg 
H2o result in increases in plasma vasopressin but no further concentration of the urine, 
which is limited by the maximal osmolality in the inner medulla. the relation of volume 
(calculated on the basis of a constant osmolar load) is inversely exponential to the other 
parameters. Because of this relationship, urine volume does not change substantially 
until there is nearly absent vasopressin secretion, after which urine volume increases 
dramatically. (Calculated from formulas presented in robertson GL, shelton rL, athar s. 
the osmoregulation of vasopressin. Kidney Int. 1976;10:25-37. Figure drawn by J.G. Ver-
balis, Georgetown university, Washington, DC.)
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polydipsia (increased thirst).4,5 The large urine volume, usually in excess of 
50 to 60 mL/kg/day, must be distinguished from an increased frequency of 
small urine volumes and from large volumes of isotonic or hypertonic urine, 
both of which have different clinical significance.

 PATHOBIOLOGY
Five pathophysiologic mechanisms must be considered in the differential 
diagnosis of diabetes insipidus.
1. Central diabetes insipidus is caused by the inability of the hypothalamus–

posterior pituitary to secrete (and usually to synthesize) vasopressin in 
response to increased osmolality.6 No concentration of the dilute glomerular 
filtrate takes place in the renal collecting duct, and consequently, a large 
volume of hypotonic (i.e., dilute) urine is excreted. This produces a second-
ary increase in serum osmolality, with stimulation of thirst and secondary 
polydipsia. Levels of vasopressin in plasma are unmeasurable or inappro-
priately low for the plasma osmolality.

2. Nephrogenic diabetes insipidus is caused by the inability of an otherwise 
normal kidney to respond to vasopressin. As in hypothalamic (central) 
diabetes insipidus, the dilute glomerular filtrate entering the collecting 
duct is excreted as a large volume of hypotonic urine. The rise in plasma 
osmolality that occurs stimulates thirst and produces polydipsia. Unlike 
central diabetes insipidus, however, measured levels of vasopressin in plasma 
are high or appropriate for plasma osmolality.

3. Gestational diabetes insipidus7 is a rare condition produced by elevated 
levels or activity of placental cysteine aminopeptidase (oxytocinase or 
vasopressinase) during pregnancy. The rapid destruction of vasopressin 
produces diabetes insipidus with polyuria and secondary stimulation of 
thirst with polydipsia. Because of the circulating vasopressinase, plasma 
vasopressin levels usually cannot be measured.

4. Primary polydipsia is a disorder of excess fluid ingestion rather than of 
vasopressin secretion or activity. Excessive ingested water produces a mild 
decrease in plasma osmolality that shuts off the secretion of vasopressin. 
In the absence of vasopressin action on the kidney, urine does not become 
concentrated, and a large volume of hypotonic urine is excreted. The amount 
of vasopressin in plasma is unmeasurable or low but is appropriate for the 
low plasma osmolality.

5. Osmoreceptor dysfunction is a variant of central diabetes insipidus in which 
the neurohypophysis is intact, but the osmoreceptive cells in the anterior 
hypothalamus have been damaged (see Fig. 212-1). Because the osmore-
ceptor cells are necessary for osmotically stimulated vasopressin secretion, 
the patient manifests polyuria. However, because the osmoreceptor cells 
also control thirst, these patients do not have polydipsia. As a result, they 
are characterized by elevated serum sodium levels and plasma osmolalities. 
For this reason, this disorder has also been called essential hypernatremia 
and adipsic diabetes insipidus, in recognition of the profound thirst deficits 
found in most of the affected patients.8

Although the pathophysiologic mechanisms for each of these five disorders 
are distinct, patients in the first four categories usually manifest polyuria and 
polydipsia, and the serum sodium level is usually normal because an intact 
thirst mechanism is sufficiently sensitive to maintain water homeostasis in 
the first three disorders, and the normal kidney has sufficient capacity to excrete 
the excess water load in the fourth. The fifth category of osmoreceptor dys-
function is the exception, owing to a defective thirst mechanism leading to 
hypernatremia.

 CLINICAL MANIFESTATIONS
Central Diabetes Insipidus
The sudden appearance of hypotonic polyuria after transcranial surgery in 
the area of the hypothalamus or after head trauma with basal skull fracture 
and hypothalamic damage strongly suggests the diagnosis of central diabe-
tes insipidus.9 In these situations, if the patient is unconscious and unable 
to recognize thirst, hypernatremia is a common accompaniment. However, 
even in patients with more insidious progression of a specific disease or in 
patients with idiopathic central diabetes insipidus, the onset of polyuria is 
often relatively abrupt and occurs over several days or weeks. Most patients 
do not notice polyuria until urine volume exceeds 3 to 4 L/day, and as illus-
trated in Figure 212-2, urine volume does not exceed 4 L/day until the ability 
to concentrate the urine is severely limited and plasma vasopressin is nearly 
absent. As few as 10 to 15% of the normal number of vasopressinergic neurons 
in the hypothalamus is sufficient to maintain an asymptomatic urine volume, 
but the further loss of just a small number of these neurons produces a rapid 
increase in urine volume and symptomatic polyuria. Urine volume seldom 

Interaction of Osmotic and Volume Regulation
The vasopressin system has evolved to optimize mammalian water homeostasis. 
Water is consumed as available in the absence of stimulated thirst, and 
vasopressin secretion then regulates water excretion to maintain plasma 
osmolality. Thirst serves as a backup mechanism if dehydration becomes 
excessive. Because pressure-volume regulation of vasopressin is less sensitive, 
modest changes in pressure or volume, which are exacerbated by upright 
posture, do not interfere with the regulation of osmolality. Yet the pressor 
effect of high vasopressin levels serves to maintain blood pressure if volume 
depletion or hypotension becomes excessive. Usually, the physiologic regulation 
of osmolality and pressure-volume are synergistic. Dehydration causes an 
increase in plasma osmolality and a decrease in blood volume, both of which 
stimulate the release of vasopressin. Conversely, excess fluid administration 
causes a decrease in plasma osmolality and an expansion of blood volume, 
both of which inhibit vasopressin secretion.

Other factors can also modulate osmotic release and action of vasopressin. 
With volume expansion, natriuretic factors such as atrial natriuretic peptide 
and brain natriuretic peptide are released from atrial myocytes and act at the 
kidney to induce a natriuresis. Brain natriuretic peptide is also synthesized in 
the hypothalamus, where it may act to decrease vasopressin secretion. During 
pregnancy, there is a decrease of plasma osmolality by approximately 10 mOsm/
kg H2O as a result of a resetting of the osmostat for vasopressin secretion, and 
the osmostat for thirst is reset downward in parallel. These effects appear to 
be mediated by the placental hormone relaxin.

Abnormalities in water and electrolyte balance are common in the elderly. 
This is due in part to age-related changes in body volume (as much as a 
50% decrease in total body water occurs in those older than 75 years) and 
renal function. The elderly also have a decreased sense of thirst. Although 
there is a normal or even increased ability to secrete vasopressin with age, 
there is a decreased ability to achieve either maximal urine concentration 
to retain water or maximal dilution of urine to excrete water. Consequently, 
the elderly are particularly prone to both hypernatremia and hyponatremia 
with diseases that affect water balance or from the drugs used to treat various  
diseases.

 Oxytocin
Prolactin is the main hormone necessary for milk production, but oxytocin 
is essential for milk secretion. Suckling stimulates tactile receptors in the nipple, 
producing an afferent signal to the hypothalamus that causes a synchronized 
release of oxytocin from the posterior pituitary. Oxytocin binds to oxytocin 
receptors in the breast and induces contraction of myoepithelial cells around 
the alveoli and ductules to eject milk. In addition, upregulation of uterine 
oxytocin receptors dramatically increases uterine smooth muscle contractions 
in response to oxytocin secretion at the end of pregnancy. The greatest release 
of oxytocin occurs with, not before, delivery of the infant, probably secondary 
to stretching of the vaginal wall. Because transgenic mice lacking either oxy-
tocin or oxytocin receptors have normal parturition, oxytocin release may be 
more important to induce uterine contraction to inhibit blood loss after delivery 
than to initiate parturition. No pathologic syndromes of either increased or 
decreased secretion of oxytocin have yet been defined, but experimental studies 
have implicated oxytocin in maternal and affiliative behavior as well as bone 
formation.3 However, because of the structural similarity between vasopressin 
and oxytocin, at high plasma levels oxytocin can activate vasopressin receptors, 
and vasopressin can activate oxytocin receptors, both of which can have patho-
logic consequences.

 SYNDROME OF INAPPROPRIATE ANTIDIURETIC 
HORMONE SECRETION

Excess secretion of vasopressin can be caused by abnormally regulated secre-
tion from the posterior pituitary, or by ectopic synthesis and secretion of 
vasopressin by tumors. Osmotically inappropriate secretion of vasopressin 
causes renal water retention and volume expansion of body fluids, with con-
sequent dilutional hyponatremia. This disorder is called the syndrome of 
inappropriate antidiuretic hormone secretion (SIADH) and is discussed in 
Chapter 108.

 DIABETES INSIPIDUS
 DEFINITION

Diabetes insipidus is the excretion of a large volume of hypotonic insipid 
(tasteless) urine, usually manifested by polyuria (increased urination) and 
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membrane insertion. Familial nephrogenic diabetes insipidus is a rare disease, 
most cases of which (>90%) are due to mutations of the V2 receptor.11 More 
than 100 different V2 receptor mutations have been described and can be 
classified into several different general categories based on differences in 
transport of the mutant receptor to the cell surface and vasopressin binding 
or stimulation of adenylate cyclase. Because the gene for the V2 receptor is 
located on the X chromosome, this is an X-linked recessive disease. Symptoms 
are noted only in affected males, who often present with vomiting, constipa-
tion, failure to thrive, fever, and polyuria during the first week of life. Hyper-
natremia with a hypotonic urine is typically present. The phenotype is similar 
in the less than 10% of patients with mutations of the AQP2 water channel, 
but because the AQP2 gene is located on chromosome 12, mutations cause 
autosomal recessive disease; consequently, consanguinity and a family history 
of the disease in men and women is common, and this disorder should be 
suspected when the proband is female.

Nephrogenic diabetes insipidus can also be acquired during treatment with 
certain drugs such as demeclocycline (which can be used to treat inappropri-
ate secretion of vasopressin), lithium carbonate (used to treat bipolar disorders), 
and fluoride (previously used in fluorocarbon anesthetics), and from electrolyte 
abnormalities such as severe hypokalemia and hypercalcemia. All causes of 
acquired nephrogenic diabetes insipidus have in common the decreased syn-
thesis and function of AQP2 due to impaired vasopressin signaling from V2 
receptor binding and activation. Other diseases of the kidney can produce 
polyuria and inability to concentrate the urine secondary to altered renal 
medullary blood flow or to other disorders that inhibit maintenance of the 
hyperosmolar concentrating gradient in the inner medulla. Renal manifesta-
tions of such disorders (e.g., sickle cell disease, sarcoidosis, pyelonephritis, 
multiple myeloma, analgesic nephropathy) are discussed in Chapter 113.

Gestational Diabetes Insipidus
In pregnancy, there is an increased metabolism of vasopressin due to cysteine 
aminopeptidase (oxytocinase or vasopressinase), an enzyme that degrades 
oxytocin and prevents premature uterine contractions. Normally, this is 
compensated for by increased synthesis and secretion of vasopressin. Rarely, 
women with normal regulation of vasopressin develop diabetes insipidus 
because of markedly elevated levels of vasopressinase. Some of these patients 
have accompanying preeclampsia, acute fatty liver, and coagulopathies, but 
causal relations between diabetes insipidus and these abnormalities have not 
been identified. In general, diabetes insipidus does not persist after the pregnancy 
ends and does not recur in subsequent normal pregnancies.

Polyuria can also manifest in patients who have limited vasopressin reserve 
(partial central diabetes insipidus) or who respond poorly to vasopressin action 
(compensated nephrogenic diabetes insipidus). Treatment may be required 
only during the pregnancy, and the patient often returns to her previous base-
line function without the need for therapy when the pregnancy ends. Less 
commonly, central diabetes insipidus of another cause first becomes symp-
tomatic during pregnancy and then persists afterward, following the usual 
course of diabetes insipidus.

Primary Polydipsia
Excessive fluid intake also causes hypotonic polyuria and, by definition, poly-
dipsia. This disorder must be differentiated from the various causes of diabetes 
insipidus. Despite normal pituitary and kidney function, patients with this 
disorder share many characteristics of both central diabetes insipidus (vaso-
pressin secretion is suppressed as a result of decreased plasma osmolality) 
and nephrogenic diabetes insipidus (kidney AQP2 expression is decreased 
as a result of suppressed plasma vasopressin levels). Many different names 
have been used for this excessive fluid intake, but primary polydipsia remains 
the best descriptor to avoid confusing this order with diabetes insipidus as 
classically defined.12

Primary polydipsia is sometimes due to a severe mental illness such as 
schizophrenia, mania, or obsessive-compulsive disorder, in which case it is 
called psychogenic polydipsia. These patients usually deny true thirst and 
attribute their polydipsia to bizarre motives, such as a need to cleanse the 
body of poisons. The incidence in psychiatric hospitals can be as high as 40%, 
and there is no obvious explanation for the polydipsia. Primary polydipsia 
can also be caused by an abnormality in the osmoregulatory control of thirst, 
in which case it is called dipsogenic diabetes insipidus. These patients have 
no overt psychiatric illness and invariably attribute their polydipsia to a nearly 
constant thirst. Dipsogenic diabetes insipidus is usually idiopathic, but it can 
also be secondary to organic structural lesions in the hypothalamus identical 
to those causing central diabetes insipidus, such as neurosarcoidosis of the 

exceeds the amount of dilute fluid delivered to the collecting duct (≈18 to 24 L 
in humans); in many cases, urine volume is significantly less because patients 
voluntarily restrict fluid intake, which causes some mild volume contraction 
and increased proximal tubular reabsorption of fluid. Patients often express a 
preference for cold liquids, which are more effective in assuaging thirst. Both 
thirst and increased urine output persist through the night, impairing sleep. 
Patients with partial central diabetes insipidus have some ability to secrete 
vasopressin, but this secretion is markedly attenuated at normal levels of plasma 
osmolality. Therefore, these patients often have urine volume and symptoms 
similar to those of patients with complete central diabetes insipidus. Because 
most patients with central diabetes insipidus have sufficient thirst to drink 
fluid to match urine output, few laboratory abnormalities are present at the 
time of initial evaluation. The serum sodium level can be in the high-normal 
range, whereas the blood urea nitrogen level can be low secondary to the 
large urine volume. Uric acid is relatively high because of the modest intra-
vascular volume contraction and lack of action of vasopressin on V1a recep-
tors in the kidney, which stimulate the clearance of uric acid. Uric acid levels 
greater than 5 mg/dL can help to differentiate diabetes insipidus from primary  
polydipsia.

Central diabetes insipidus can be inherited as an autosomal dominant disease 
that is typically characterized by an asymptomatic infancy and an onset later 
in childhood. Most genetic defects are either in the signal peptide of the pre-
prohormone or in the neurophysin portion of the prohormone.10 Mutations 
involving the vasopressin sequence itself are few. Most cases are believed to 
result from disruption of cleavage from the signal peptide or abnormal folding 
of the neurophysin, which slows trafficking of the mutant prohormone through 
the endoplasmic reticulum, leading to neuronal cell dysfunction or death. 
Because this is a cumulative process, this explains the later onset of central 
diabetes insipidus with these types of mutations.

Myxedema and adrenal insufficiency both impair the ability to excrete free 
water by renal mechanisms. The simultaneous occurrence of either of these 
diseases with central diabetes insipidus (as can occur with a tumor of the 
hypothalamus or pituitary) can decrease an otherwise large urine output, 
thereby masking the symptoms of diabetes insipidus. Replacement treatment 
for the anterior pituitary deficiency, especially glucocorticoids, can then cause 
a sudden and massive excretion of dilute urine. Similarly, the onset of either 
hypothyroidism or adrenal insufficiency during the course of diabetes insipidus 
can decrease the need for vasopressin replacement and in some cases can even 
cause hyponatremia. Central diabetes insipidus occurs commonly in patients 
with severe brain ischemia and is often indicative of brain death. Treatment 
of the diabetes insipidus along with any coexistent anterior pituitary hormone 
deficiencies can be used to preserve donor organs in such cases.

Osmoreceptor Dysfunction
A variant of central diabetes insipidus is the syndrome of osmoreceptor dys-
function. Physiologic maneuvers demonstrate that when such patients are 
euvolemic, an increase in plasma osmolality produces neither secretion of 
vasopressin nor a sensation of thirst. However, vasopressin is still synthesized 
by the hypothalamus and stored in the posterior pituitary, because stimulation 
of baroreceptors by hypovolemia or hypotension results in the prompt secre-
tion of vasopressin; the kidney is responsive because vasopressin release by 
volume receptor stimulation causes urinary concentration. Because patients 
lack thirst, they are chronically dehydrated, often with markedly increased 
serum sodium levels (hypovolemic hypernatremia). However, it is the 
dehydration-induced volume depletion, not the increased osmolality that 
eventually stimulates the secretion of vasopressin. The volume of urine output 
depends on the degree of dehydration-induced secretion of vasopressin. If 
sufficient fluid replacement is given to return extracellular fluid volume to 
normal, these patients are unable to regulate vasopressin by osmolality and 
again become polyuric, thereby manifesting their underlying central diabetes 
insipidus. Lesions that cause osmoreceptor dysfunction are similar to lesions 
that can cause central diabetes insipidus, but in contrast to central diabetes 
insipidus these lesions usually occur more rostrally in the hypothalamus, 
consistent with the anterior hypothalamic location of the primary osmorecep-
tor cells (see Fig. 212-1). One lesion that is unique to this disorder is an 
anterior communicating cerebral artery aneurysm, particularly following resec-
tion of the aneurysm.

Nephrogenic Diabetes Insipidus
Nephrogenic diabetes insipidus is caused by mutations of the vasopressin V2 
receptor or the vasopressin-induced water channel AQP2, or by impairments 
in the signal transduction system linking V2 receptor activation and AQP2 
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hypothalamus, tuberculous meningitis, multiple sclerosis, or trauma. Conse-
quently, all polydipsic patients should be evaluated with magnetic resonance 
imaging (MRI) of the brain before it is concluded that excessive water intake 
is due to an idiopathic or psychiatric cause. Primary polydipsia can also be 
produced by diseases or drugs that cause a dry mouth, or by any peripheral 
disorder causing marked elevations of renin or angiotensin II.

Finally, primary polydipsia is sometimes caused by physicians, nurses, lay 
practitioners, or health writers who recommend a high fluid intake for valid 
(e.g., recurrent nephrolithiasis) or unsubstantiated health reasons. These patients 
lack overt signs of mental illness, but they also deny thirst and usually attribute 
their polydipsia to habits acquired from years of adherence to a drinking 
regimen. Laboratory studies in these patients are generally normal, although 
the serum sodium concentration is sometimes at the low end of the normal 
range, and the level of uric acid is generally lower than in patients with other 
forms of diabetes insipidus.

 DIAGNOSIS
Physiologic Diagnosis
Diabetes insipidus should be considered in all patients presenting with sig-
nificant polyuria, defined as urine output greater than 50 mL/kg/day. Although 
osmotic diuresis secondary to hyperglycemia, intravenous contrast agents, or 
renal injury is a more common clinical cause of polyuria, the medical history, 
an isotonic urine osmolality, and routine clinical laboratory tests generally 
distinguish these disorders from diabetes insipidus. A diagnosis of diabetes 
insipidus can be made when urine osmolality is inappropriately low in the 
presence of an elevated plasma osmolality as a result of increased serum sodium 
concentration.13 These criteria are sometimes met at the initial examination, 
especially in cases of acute diabetes insipidus occurring after trauma or surgery 
with inadequate fluid replacement. In such patients with hypernatremia and 
hypotonic urine osmolality with normal renal function, one need only administer 
a vasopressin agonist to differentiate central diabetes insipidus, in which a 
renal response with decreased urine volume and increased urine osmolality 
occurs, from nephrogenic diabetes insipidus, in which a subnormal renal 
response is seen. Sometimes in the postoperative state, a water diuresis occurs 
as a result of water retention during the surgical procedure. Vasopressin is 
normally secreted in response to surgical stress, causing fluid administered 
intravenously during the procedure to be retained. During recovery, vasopres-
sin levels fall, and a diuresis of the retained fluid occurs. In this case, the serum 
sodium level is almost always normal; however, if additional fluid is admin-
istered to match the urine output, persistent polyuria can be mistaken for 
diabetes insipidus. In this situation, the physician should decrease the rate of 
fluid administered and follow the urine output and serum sodium level. If the 
urine output decreases and the serum sodium level remains normal, no treat-
ment is necessary; if serum sodium rises above the normal range and the urine 
remains hypotonic, diabetes insipidus is likely, and the response to a vasopressin 
agonist can ascertain the type (central versus nephrogenic).

Most outpatients with diabetes insipidus are not hypernatremic, because 
the polydipsia produced by a normal thirst response is generally sufficient to 
maintain water homeostasis. Instead, they present with polyuria, polydipsia, 
and a normal sodium level. In these patients, further testing is necessary to 
increase serum osmolality and then measure the plasma vasopressin level or 
the urinary response to an administered vasopressin agonist. The best described 
test is the water deprivation test (Fig. 212-3), which should be carried out 
under controlled observation in the hospital or an appropriately equipped 
outpatient area. The exact timing of the test depends on the patient’s symp-
toms. If the patient has marked polyuria during the night, it is best to begin 
the test during the day because the patient may become overly dehydrated 
overnight. However, if the patient has only two or three episodes of nocturia 
per night, it is best to begin the test in the evening so that the major part of 
the dehydration takes place when the patient is asleep. In either case, the 
patient is weighed at the beginning of the test, and all subsequent fluids are 
withheld. The volume and osmolality of all excreted urine are measured, and 
the patient is reweighed after each liter of urine output. When three consecutive 
urine samples have an osmolality differing by no more than 10% and the 
patient has lost at least 2% of body weight, a blood sample is obtained for the 
measurement of serum osmolality, sodium, and plasma vasopressin. The patient 
is then given 2 µg of desmopressin intravenously or subcutaneously and 
observed for an additional 2 hours.

Adults with normal vasopressin secretion concentrate their urine to greater 
than 800 mOsm/kg H2O and have less than a 10% increase in urine osmolal-
ity in response to administered desmopressin. Patients with complete central 
diabetes insipidus have minimal concentration of the urine with dehydration, 
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and a marked increase in urine osmolality (usually >50%) in response to admin-
istered desmopressin. Patients with nephrogenic diabetes insipidus usually have 
no increase in urine concentration in response to administered desmopres-
sin, although in some cases of acquired nephrogenic diabetes insipidus, some 
increased urinary concentration (but generally <10%) can occur. Nephrogenic 
diabetes insipidus is best distinguished from central diabetes insipidus by the 
measurement of vasopressin in plasma; plasma vasopressin levels are elevated 
in cases of nephrogenic diabetes insipidus, especially after dehydration.

In patients with partial central diabetes insipidus and patients with primary 
polydipsia, the urine is often somewhat concentrated in response to dehydra-
tion, but not to the maximum of a normal person. The chronically reduced 
level of vasopressin downregulates the synthesis of AQP2 water channels, 
and the large urine volume, regardless of cause, washes out the medullary 
osmotic gradient that is the determinant of maximal urine concentration. 
When desmopressin is administered, patients with partial central diabetes 
insipidus have a further increase (usually >10% but <50%) in urine osmolal-
ity, whereas most patients with primary polydipsia have no further increase 
(i.e., <10%). However, the reliability of distinguishing between these two 
disorders by the water deprivation test is suboptimal. Some patients with 
primary polydipsia may not become sufficiently dehydrated to secrete maximal 
vasopressin and hence have an increase in urine osmolality in response to 
administered desmopressin. Alternatively, some patients with partial central 
diabetes insipidus can become sufficiently dehydrated that their maximal con-
centration of urine is reached during the test, and no further concentration 
is seen with administered desmopressin. Plasma vasopressin levels at the end 
of dehydration are better at discriminating between these two disorders, but 
only at high serum sodium concentrations (i.e., >145 mmol/L). Consequently, 
some investigators recommend a limited infusion of hypertonic (3%) sodium 
chloride solution to achieve these elevated levels if they are not achieved by 
the water deprivation itself. Because measurement of vasopressin in plasma 
is difficult, recent studies have suggested that the C-terminal fragment of the 
vasopressin prohormone copeptin may be a reliable and more convenient 
surrogate measure of vasopressin secretion.14

Etiologic Diagnosis
If the water deprivation test confirms that inadequate vasopressin secretion 
is responsible for the polyuria, the underlying cause must be determined. 
MRI of the hypothalamic-pituitary area is the most important diagnostic tool 
in these cases. The three areas of interest are the immediate suprasellar region 
of the hypothalamus, the pituitary stalk, and the posterior pituitary within 
the sella turcica (see the earlier discussion of anatomy). Most slow-growing 
tumors confined to the sella do not cause diabetes insipidus. To cause central 
diabetes insipidus, tumors in the hypothalamic area immediately above the 
sella must be either sufficiently large to destroy 80 to 90% of the vasopressin 
cells or located where the paths of the four nuclear groups converge at the 
origin of the pituitary stalk, just above the diaphragm sella. Primary tumors, 
especially craniopharyngioma and suprasellar germinoma, metastatic tumors, 

TREATMENT 
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In some difficult cases, the response to treatment with a vasopressin agonist 
can be a useful aid to diagnosis. If a decrease in polyuria and thirst with main-
tenance of normal serum sodium concentration occurs, a diagnosis of partial 
central diabetes insipidus is likely; however, if polydipsia persists and hypo-
natremia develops, a diagnosis of primary polydipsia is confirmed. If this 
approach is used, serum sodium levels must be checked within several days 
to avoid development of severe hyponatremia in patients with primary 
polydipsia.
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Because excess excretion of water is the primary manifestation of diabe-
tes insipidus, water replacement in adequate quantities avoids the metabolic 
complications of all forms of this disease. However, oral or intravenous admin-
istration of the volume of fluid required to replace the often large urinary 
losses in diabetes insipidus is difficult and inconvenient. The goal of therapy 
is therefore to reduce the amount of polyuria and polydipsia to a tolerable 
level while avoiding overtreatment, which can produce water retention and  
hyponatremia.

Central Diabetes Insipidus
The best therapeutic agent for the treatment of central diabetes insipidus 

is the vasopressin agonist desmopressin. Desmopressin is different from vaso-
pressin in that the amino group of the N-terminal cysteine residue has been 
removed to prolong the duration of action, and D-arginine has been substituted 
for L-arginine in position 8 to decrease the vasopressor effects. At therapeutic 
dosages, this agent acts primarily on V2 or antidiuretic receptors, with minimal 
activity at V1a or pressor receptors. Desmopressin is available as tablets of 0.1 
or 0.2 mg for oral administration and in either a spray bottle that delivers a 
fixed dose of 10 µg in 100 µL or a bottle with a rhinal catheter that can deliver 
50 to 200 µL (5 to 20 µg) for intranasal administration. When therapy is initiated, 
it is generally best to begin with a low dose (e.g., half of a 0.1-mg tablet, 5 µg 
by the rhinal tube, or a single 100 µL spray of 10 µg) at bedtime to allow the 
patient to sleep through the night, and then determine the duration of action 

TREATMENT 

by quantifying the polyuria the next day. The duration of action of a single 
dose varies from 6 to 24 hours, but in most patients, a good therapeutic response 
can be achieved on an every-12-hour schedule for the nasal spray or an 8- or 
12-hour schedule for the tablets. Desmopressin is also available for parenteral 
use in 1-mL vials of 4 µg/mL. Parenteral administration is especially useful 
postoperatively or when a patient is unable to take the nasal preparation. In 
hospitalized patients, some physicians add vasopressin directly to a crystalloid 
solution to infuse doses in the range of 0.25 to 2.7 mIU/kg/hour to cause modest 
but persistent urinary concentration as a treatment of diabetes insipidus. With 
any form of desmopressin administration, serum sodium levels should be moni-
tored regularly to prevent the development of hyponatremia.18

Osmoreceptor Dysfunction
Because the diabetes insipidus of patients with osmoreceptor dysfunction 

is central, they respond to desmopressin as do patients with central diabetes 
insipidus. However, because of their thirst defect, this is usually not sufficient 
to maintain normal plasma osmolality. Consequently, they must be given a 
“prescription” for amounts of fluids to be consumed each 24 hours in order to 
maintain normal serum sodium levels and plasma osmolalities. This must be 
individualized to each patient because overconsumption of fluid coupled with 
desmopressin administration can produce severe hyponatremia. Body weight 
using an accurate scale is useful as a guide to preventing under- or overhydra-
tion, but frequent monitoring of serum sodium levels is usually necessary  
as well.

Nephrogenic Diabetes Insipidus
Although most patients with nephrogenic diabetes insipidus do not respond 

to desmopressin, a small number have a partial response to higher doses (e.g., 
10 to 20 µg subcutaneously or intranasally).19 For the majority of patients who 
have no response to desmopressin, some orally administered pharmacologic 
agents are also useful. Chlorothiazide, amiloride, and prostaglandin synthase 
inhibitors can be used to reduce polyuria in nephrogenic diabetes insipidus. 
Symptomatic nephrogenic diabetes insipidus is usually treated with a thiazide 
diuretic, which is enhanced by coadministration of the potassium-sparing diuretic 
amiloride. Thiazide diuretics cause sodium depletion and volume contraction 
and decrease urine volume by increasing proximal tubular reabsorption of 
glomerular filtrate. Prostaglandin synthase inhibitors (e.g., indomethacin) block 
the action of prostaglandin E to inhibit the action of vasopressin on the kidney. 
However, none of these agents has been approved by the U.S. Food and Drug 
Administration for the treatment of diabetes insipidus; therefore, the prescrib-
ing physician should be aware of potential toxicities and side effects. When 
diuretics are used to treat nephrogenic diabetes insipidus, special attention 
should be paid to the possibility that the induced dehydration may increase 
the concentration of other drugs. In cases of drug-induced nephrogenic diabetes 
insipidus, the most direct therapy is discontinuation of the offending agent, if 
possible. Amiloride can be especially beneficial in cases of nephrogenic diabetes 
insipidus induced by lithium, because the drug decreases the entrance of lithium 
into cells in the distal tubule.

Gestational Diabetes Insipidus
During pregnancy, vasopressinase increases the metabolism of vasopres-

sin but not of desmopressin, so desmopressin is the drug of choice for these 
patients. The vasopressinase activity subsides within a few weeks of delivery, 
and patients with the onset of partial diabetes insipidus during pregnancy may 
become asymptomatic after delivery. An additional advantage of desmopres-
sin is that it has little action on the oxytocin receptors of the uterus. During 
pregnancy, normal serum sodium decreases by approximately 10 mOsm/kg 
H2O because of a reset osmostat, so pregnant patients with diabetes insipidus 
require only enough desmopressin to maintain the plasma osmolality at this  
lower level.

Correction of Hyperosmolality
Some situations require special attention during therapy. Rarely, if patients 

with diabetes insipidus are unable to drink or are given a hypertonic solution, 
severe hypernatremia can develop acutely. Osmotic equilibrium with the intra-
cellular water of neurons and glia produces shrinking of the brain. The brain 
is in a closed vault (i.e., the skull), and when the brain shrinks, traction on the 
vasculature of the central nervous system can cause the rupture of blood vessels 
and subarachnoid or intracerebral hemorrhage. If the hypernatremia persists 
for a longer time, the neurons accommodate by producing organic osmolytes 
(previously called idiogenic osmoles), which limit the amount of brain shrink-
age. Once this adaptation has occurred, a too-rapid lowering of osmolality in 
the extracellular fluid will produce a shift of water into the brain and cause 
cerebral edema. This is especially of concern in children, in whom overly rapid 
rehydration can produce seizures. In this situation, desmopressin can be admin-
istered to produce constant antidiuresis, and the amount of water given can 
be regulated to decrease osmolality by no more than approximately 12 mEq/L 
every 24 hours. Postoperatively or after head trauma, diabetes insipidus can 
be transient (see Prognosis), and the need for long-term maintenance therapy 
cannot be immediately established.

and infiltrative diseases can also cause diabetes insipidus by involvement of 
the pituitary stalk, which is then thickened (i.e., >2 mm) on MRI. On 
T1-weighted MRI, the vasopressin and oxytocin stored in neurosecretory 
granules in the posterior pituitary are visualized as a bright spot in the sella 
turcica. Most but not all normal subjects have this bright spot (it is absent 
more frequently in elderly and dehydrated patients); in most but not all patients 
with central diabetes insipidus, the bright spot is absent. Thickening of the 
stalk and absence of the bright spot are therefore especially suggestive of a 
hypothalamic disease process.15

Brain trauma (Chapter 371), especially when severe, can also cause diabetes 
insipidus. In particular, deceleration injuries can cause a shearing of the pituitary 
stalk at the level of the diaphragm sella. Patients with basilar skull fractures 
should always be evaluated for possible accompanying diabetes insipidus.

Tumors that cause central diabetes insipidus are most often benign primary 
intracranial tumors such as craniopharyngioma, ependymoma (suprasellar 
germinoma), and pinealoma, which arise in the third ventricle. Primary tumors 
of the anterior pituitary (Chapter 211) cause diabetes insipidus only when 
substantial suprasellar extension is present. However, rapidly growing intrasellar 
lesions, such as metastases from carcinomas of the lung, breast, and melanoma or 
hemorrhage into pituitary adenomas, can cause diabetes insipidus because there 
is insufficient time for the vasopressin axons to adapt by releasing vasopressin 
from the hypothalamus. Metastases to the hypothalamus can also destroy the 
supraopticohypophysial tract and produce diabetes insipidus.

Granulomatous diseases, such as Langerhans cell histiocytosis, sarcoidosis, 
tuberculosis, and leukemic infiltrates and lymphomas of the hypothalamus, 
can cause diabetes insipidus by destroying vasopressin cells. In such patients, 
the diagnosis is usually suspected on the basis of peripheral manifestations 
of the respective diseases. Lymphocytic infundibuloneurohypophysitis is 
an autoimmune disease similar to lymphocytic hypophysitis of the anterior 
pituitary (Chapter 211) in which lymphocytes infiltrate the neurohypophysis 
to produce diabetes insipidus. The hallmarks of this process are a thickened 
pituitary stalk and an absence of the pituitary bright spot in a patient with the 
abrupt onset of polyuria and polydipsia, particularly a postpartum female. The 
diagnosis was originally demonstrated by pituitary biopsy, but now is more 
commonly made by regression of the thickened stalk with continued MRI 
follow-up. When no specific cause is identified, the diagnosis of exclusion is 
idiopathic diabetes insipidus; but most such cases are probably caused by 
an autoimmune disease, and other autoimmune diseases, including anterior 
pituitary hypophysitis,16 are often recognized in affected patients. When central 
nervous system disease is suspected but not diagnosed by MRI or general 
physical examination, cerebrospinal fluid obtained by lumbar puncture may 
be helpful in identifying tumor cells or markers of tumors or inflammatory 
processes (e.g., elevated angiotensin-converting enzyme levels with neurosar-
coidosis, elevated β-HCG levels with germinomas).

A family history suggestive of diabetes insipidus should be investigated 
with genetic testing for inherited mutations in the vasopressin or vasopressin 
receptor genes depending on the site of the defect.17



 PROGNOSIS
The prognosis of properly treated diabetes insipidus is excellent. If nephrogenic 
diabetes insipidus is diagnosed and treated early, intracranial calcification and 
mental retardation do not occur. When the diabetes insipidus is secondary 
to a recognized disease process, that disease generally determines the ultimate 
prognosis. In some specific clinical situations, the course is different and char-
acteristic. The development of diabetes insipidus after surgical or traumatic 
injury to the neurohypophysis can follow any of several well-defined patterns 
(Fig. 212-4). In some patients, polyuria develops 1 to 4 days after injury and 
resolves spontaneously. Less often, the diabetes insipidus is permanent and 
continues indefinitely. Most interestingly, one can see a “triphasic” response 
that has been well described after pituitary stalk transection. The first phase 
of diabetes insipidus is due to axon shock and lack of function of the damaged 
neurons. This phase lasts several hours to several days and is followed by a 
second, antidiuretic phase that is due to the uncontrolled release of vasopressin 
from the disconnected and degenerating posterior pituitary or from the 
remaining severed neurons. Overly aggressive administration of fluids during 
this second phase does not suppress the uncontrolled vasopressin release from 
the damaged neurohypophysis and can lead to hyponatremia. The antidiuresis 
can last 2 to 14 days, after which diabetes insipidus recurs after depletion of 
vasopressin from the degenerating posterior pituitary gland (third phase). 
Transient hyponatremia without preceding or subsequent diabetes insipidus 
has been reported with surprisingly high frequency after transsphenoidal 
surgery for pituitary microadenomas, and is a common cause of hospital read-
mission after pituitary surgery.20

Once a deficiency of vasopressin secretion has been present for more than 
a few weeks, it rarely improves, even if the underlying cause of the neurohy-
pophyseal destruction is eliminated. The major exception to this is postopera-
tive diabetes insipidus, in which spontaneous resolution is the rule. Although 
recovery from diabetes insipidus that persists more than several weeks post-
operatively is less common, and is uncommon after 1 year of continued diabetes 
insipidus, well-documented cases of recovery as long as 10 years after the 

initiating event have been reported. Potential return of function is a reason 
to occasionally withhold therapy transiently (i.e., one dose every 1 to 2 weeks) 
during long-term treatment. Diabetes insipidus after traumatic brain injury is 
associated with high mortality, but it usually resolves within a few days to a 
few weeks. In the minority of cases in which it is permanent, management is 
similar to nontraumatic central diabetes insipidus.

Diabetes insipidus should not be considered idiopathic until at least 4 years 
of follow-up. During this interval, annual computed tomography or MRI is 
indicated to search for a tumor or infiltrative process that may not have been 
detected at the initial examination.
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FIGURE 212-4. A to C, Diagrammatic summary of the major patterns of postoperative 
and post-traumatic diabetes insipidus (DI). the abscissa represents time (t) after the 
initial injury (arrow); the ordinate represents urinary volume (uv) relative to a hypothetical 
“normal” urine output of 2 to 3 L/24 hours (solid line). see the discussion in the text. 
During the triphasic response (C), uncontrolled release of vasopressin from the discon-
nected or damaged posterior pituitary gland causes an antidiuresis that can lead to water 
retention and a dilutional hyponatremia. Diabetes insipidus returns as the third phase 
after the stored hormone in the posterior pituitary has been depleted. (From Verbalis 
JG, robinson aG, Moses aM. Postoperative and post-traumatic diabetes insipidus. in: 
Czernichow aP, robinson a, eds. Diabetes Insipidus in Man: Frontiers of Hormone Research. 
Basel: s Karger; 1985:247.)
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REVIEW QUESTIONS

1. The hormone vasopressin (AVP) that regulates body water balance is syn-
thesized where?
 A. The anterior pituitary gland
 B. The posterior pituitary gland
 C. The supraoptic and paraventricular nuclei of the hypothalamus
 D. The anterior hypothalamus near the osmoreceptor cells
 E. The principal collecting duct cells of the kidney

Answer: C The supraoptic and paraventricular nuclei of the hypothalamus. 
The hormones of the posterior pituitary, vasopressin and oxytocin, are syn-
thesized in specialized neurons in the hypothalamus, the neurohypophysial 
neurons. These neurons, notable for their large size, are termed magnocellular 
neurons. In the hypothalamus, magnocellular neurons are clustered in the paired 
paraventricular and supraoptic nuclei (see Fig. 212-1). The synthesized vaso-
pressin prohormone is transported down the axons of the magnocellular 
neurons to the posterior pituitary gland, where vasopressin is released in 
response to specific stimuli.

2. Vasopressin secretion is stimulated at what levels of plasma osmolality?
 A. Plasma osmolality above the thirst threshold of 295 mOsm/kg H2O
 B. Increases of plasma osmolality of 4 to 5%
 C. Increases of plasma osmolality of 2 to 3%
 D. Increases of plasma osmolality of 1 to 2%
 E. Decreases in plasma osmolality of 1 to 2%

Answer: D Increases of plasma osmolality of 1 to 2%. Increases in plasma 
osmolality as small as 1 to 2% stimulate vasopressin release. Basal plasma 
levels of vasopressin are generally 0.5 to 2 pg/mL, which is sufficient to main-
tain urine osmolality above plasma osmolality and urine volume in the range 
of 2 to 3 L/day. When vasopressin levels are suppressed below 0.5 pg/mL, 
maximal urine osmolality decreases to less than 100 mOsm/kg H2O, and a 
free water diuresis (or “aquaresis”) ensues at levels approaching 800 to 1000 mL/
hour (18 to 24 L/day). Increases in plasma osmolality cause a linear increase 
in plasma vasopressin and a corresponding linear increase in urine osmolality. 
At a plasma osmolality of approximately 295 mOsm/kg H2O, urine osmolality 
is maximally concentrated to 1000 to 1200 mOsm/kg H2O. Thus, the entire 
physiologic range of urine osmolality is accomplished by relatively small changes 
in plasma vasopressin of 0 to 5 pg/mL (see Fig. 212-2).

3. Patients with diabetes insipidus and inability to concentrate their urine 
usually present with what manifestations?
 A. Polyuria, polydipsia, and hyperosmolality
 B. Polyuria, polydipsia, and dehydration
 C. Polyuria, polydipsia, and hypernatremia
 D. Polyuria, polydipsia, and elevated BUN and creatinine
 E. Polyuria, polydipsia, and normal serum sodium, osmolality, BUN, and 

creatinine
Answer: E Polyuria, polydipsia, and normal serum sodium, osmolality, BUN, 
and creatinine. Most patients with diabetes insipidus are not hypernatremic, 
because the polydipsia produced by a normal thirst response is generally suf-
ficient to maintain water homeostasis. Instead, they present with polyuria, 
polydipsia, and a normal sodium level and osmolality. Because their fluid 
intake is sufficient to maintain homeostasis, they are not dehydrated and do 
not have an elevated BUN or creatinine. In these patients, further testing is 
necessary to increase serum osmolality and then measure the plasma vasopres-
sin level or the urinary response to an administered vasopressin agonist.

4. After a water deprivation test, a patient increases their urine osmolality 
from 350 to 375 mOsm/kg H2O following administration of desmopressin 
(7% increase). What is the most likely diagnosis?
 A. Primary polydipsia
 B. Nephrogenic diabetes insipidus
 C. Partial hypothalamic diabetes insipidus
 D. Gestational diabetes insipidus
 E. Osmoreceptor dysfunction

Answer: A Primary polydipsia. Adults with normal vasopressin secretion can 
concentrate their urine to greater than 800 mOsm/kg H2O and have less than 
a 10% increase in urine osmolality in response to administered desmopressin. 
Patients with complete central diabetes insipidus have minimal concentration 
of the urine with dehydration, and a marked increase in urine osmolality 
(usually >50%) in response to administered desmopressin. Patients with 
nephrogenic diabetes insipidus usually have no increase in urine concentration 
in response to administered desmopressin, although in some cases of acquired 
nephrogenic diabetes insipidus, some increased urinary concentration (gener-
ally <10%) can occur. In patients with partial central diabetes insipidus and 
patients with primary polydipsia, the urine is often somewhat concentrated 
in response to dehydration, but not to the maximum of a normal person. The 
chronically reduced level of vasopressin downregulates the synthesis of aqua-
porin-2 water channels, and the large urine volume, regardless of cause, washes 
out the medullary osmotic gradient that determines the maximal urine con-
centration. When desmopressin is administered, patients with partial central 
diabetes insipidus have a further increase (usually >10% but <50%) in urine 
osmolality, whereas most patients with primary polydipsia have no further 
increase (i.e., <10%). Patients with gestational diabetes insipidus respond well 
to desmopressin because desmopressin is resistant to destruction by placental 
cystine aminopeptidase. Osmoreceptor dysfunction also responds well to 
desmopressin because it is a variant of central diabetes insipidus, with inad-
equate osmotic stimulation of vasopressin secretion.

5. What is the treatment of choice for patients with central diabetes 
insipidus?
 A. Vasopressin
 B. Desmopressin
 C. Thiazide diuretics
 D. Water
 E. Insulin

Answer: B Desmopressin. The best therapeutic agent for the treatment of 
hypothalamic diabetes insipidus is the vasopressin agonist desmopressin. 
Desmopressin is different from vasopressin in that the amino group of the 
N-terminal cystine residue has been removed to prolong the duration of action, 
and d-arginine has been substituted for l-arginine in position 8 to decrease 
the vasopressor effects. At therapeutic dosages, this agent acts on V2 or antidi-
uretic receptors, with minimal activity at V1a or pressor receptors. Because 
excess diuresis of water is the primary manifestation of diabetes insipidus, 
water replacement in adequate quantities avoids the metabolic complications 
of this disease. However, oral or intravenous administration of the volume of 
fluid required to replace urinary losses in diabetes insipidus is difficult and 
inconvenient. Thiazide diuretics and amiloride are useful to reduce polyuria 
in nephrogenic diabetes insipidus by causing sodium depletion and volume 
contraction, thereby decreasing urine volume by increasing proximal tubular 
reabsorption of glomerular filtrate, but do not have as great an effect as des-
mopressin for hypothalamic diabetes insipidus. Insulin is used to treat diabetes 
mellitus, not diabetes insipidus.
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The function of the thyroid gland is to secrete the thyroid hormones: 3,5,3′,5′-l- 
tetraiodothyronine (thyroxine, T4) and a smaller amount of 3,5,3′-l- 
triiodothyronine (T3). The main source of circulating T3 is from the subsequent 
extrathyroidal deiodination of T4 in peripheral tissues. In thyroid hormone 
responsive tissues, T3 interacts with nuclear T3 receptors that bind to pro-
moter regions of genes that are positively or negatively regulated by thyroid 
hormone. Thyroid hormones are critically important for fetal and childhood 
growth and development; regulate heart rate and contractile function; affect 
gastrointestinal motility, respiratory function, and renal water clearance; and 
also modulate the body’s energy expenditure, heat generation, weight, and 
lipid metabolism. In addition, the thyroid contains parafollicular or C cells that 
produce calcitonin, a 32-amino-acid polypeptide that inhibits bone resorption 
but has no apparent physiologic role in humans. However, calcitonin is clini-
cally important as a tumor marker produced by medullary thyroid cancers 
that arise from these cells.

In utero, the thyroid develops at the base of the tongue and descends via 
the foramen cecum to its normal position along the anterior trachea midway 
between the thyroid cartilage and the suprasternal notch. The adult thyroid 
gland is butterfly-shaped, containing two lobes connected by an isthmus. Each 
lobe is about the size of a teaspoon (5 cc) and measures approximately 4 cm 
in length, 2 cm in width, and 1 cm in depth. Ectopic thyroid tissue can be 
present anywhere along the tract of its embryologic descent, starting at the 
base of the tongue (“lingual thyroid”) and moving down toward the 
mediastinum. Remnants of the tract can form “thyroglossal duct cysts” or can 
persist as a pyramidal thyroid lobe, which can be palpably enlarged in diffuse 
thyroid disease (e.g., autoimmune thyroiditis and Graves disease).

When the thyroid enlarges, it can extend laterally, posteriorly, and inferiorly 
into the superior mediastinum, causing deviation and compression of the 
trachea, veins at the thoracic outlet, and the esophagus. Important structures 
around the thyroid also can be compromised during thyroid surgery: the 
parathyroid glands, which usually are behind the thyroid gland’s superior and 
inferior poles; and the recurrent laryngeal nerves, which course upward through 
the tracheoesophageal groove and then branch behind each thyroid lobe.

Histologically, thyroid tissue is composed of clustered spherical follicles, 
each lined by a single layer of epithelial thyrocytes, which in turn surround a 
colloid-containing lumen. Thyroglobulin, which is the principal component 
of colloid, is the storage form of thyroid hormones. Calcitonin-producing 
parafollicular C cells, which are derived from the neural crest, are distributed 
between follicles.

 PHYSIOLOGY
 Thyroid Hormone Synthesis and Secretion
Dietary iodine (iodide I− or iodate IO3

−) is absorbed and then distributed in 
extracellular fluid. In the United States, daily iodine intake routinely exceeds the 

gonadotropin) coupled to a unique β-subunit. After it is transported by the 
circulation to the thyroid gland, it binds to the TSH receptor of thyrocytes, 
where it stimulates growth as well as the synthesis and secretion of thyroid 
hormone. Circulating T3 and T4 exert negative feedback that inhibits the synthe-
sis and secretion of TRH in the hypothalamus and TSH in the pituitary gland  
(Fig. 213-1).

 Thyroid Hormone Action
Although the circulating levels of thyroid hormones are determined by the 
hypothalamic pituitary axis, the intracellular levels and impact of T3 are regu-
lated by several distinct factors. These include thyroid hormone transporters, 
deiodinase enzymes, tissue-specific thyroid hormone receptors, and coregula-
tors.1 The thyroid hormone receptors that bind T3 are members of the nuclear 
receptor superfamily, and there are at least three distinct isoforms, α1, β1, and 
β2. In the presence of T3, the various isoforms of the thyroid hormone recep-
tors bind to specific DNA sequences known as thyroid hormone response ele-
ments. The regulation of target genes is achieved through the recruitment and 
release of corepressors and coactivators which interact with the transcriptional 
machinery.2 The classic view of thyroid hormone action is positive regulation 
of gene expression. In the liver, for example, T3 increases the expression of the 
low-density lipoprotein (LDL) receptor, thereby accelerating the clearance of 
LDL cholesterol. In the myocardium, T3 increases myocyte contractility by 
promoting expression of alpha myosin heavy chain myocytes and relaxation 
by promoting sarcoplasmic reticulum adenosine triphosphatase (ATPase). T3 
increases the heart rate by accelerating depolarization and repolarization in 
the sinoatrial node. Thyroid hormone also increases the basal metabolic rate, 
thermogenesis,3 ventilatory drive, gastrointestinal motility, mental alertness, 
and bone turnover. During fetal development, thyroid hormone is critical for 
skeletal maturation and brain development. Interestingly, although T3 up-
regulates the expression of many genes, it also down-regulates the expression 
of other genes, such as those coding for the beta subunit of TSH. Negative 
regulation takes place in the hypothalamus, pituitary, and liver.

Although T4 is classically viewed as a prohormone that requires conversion 
to T3 to have biologic activity, under certain circumstances T4 can also bind 
to the thyroid hormone receptors. The ability of T4 to bind to the thyroid 
hormone receptor seems to be determined by alterations in the cellular comple-
ment of corepressors and coactivators. Furthermore, the ability of the thyroid 
hormone receptor to respond to T4 seems to differ according to the receptor 
isoform. Thus, T4 may function directly as a hormone in specific physiologic 
situations yet to be determined.

 DIAGNOSIS
Physical Examination
Examination of the thyroid starts with inspecting the anterior lower portion  
of the neck to determine whether the gland is diffusely or asymmetrically 
enlarged, the trachea is deviated, and lymphadenopathy or jugular venous 
distention is present. Palpation can be performed by an anterior or posterior 
approach. Anterior palpation uses one thumb to locate the gland’s isthmus 
inferior to the cricoid cartilage. The right thyroid lobe is then palpated by 
placing the right thumb along the left side of the trachea, thereby displacing 
the contralateral lobe. Then, by placing the fingertips of the left hand medial 
to the right sternocleidomastoid muscle at the thyroid isthmus, the fingerpads 
of the right hand are used to define size, firmness, contour, surface characteristics, 
and potential tenderness, as well as possible palpable nodules in that thyroid 

recommended daily need (150 µg) because of the widespread use of iodized 
salt and iodate preservatives in baked goods. The active transportation of cir-
culating iodine into the thyrocyte is facilitated by a sodium-iodide symporter 
that is located in its basolateral membrane. After iodide has translocated to 
the apical membrane, its efflux is mediated by three apical iodide channels. 
Pendrin, anoctamin-1, and chloride channel-5 have been identified as candi-
date iodide transporters involved in iodine efflux. An H2O2 generation system 
is present at the apical surface of the thyrocyte in which H2O2 is produced 
by the enzyme dual oxidase 2. Molecules of the enzyme thyroid peroxidase, 
also present at the apical surface of the thyrocyte, are activated by H2O2. 
Oxidized thyroid peroxidase can then in turn oxidize iodide. The resulting 
reactive iodinium ion then covalently binds to tyrosyl residues in thyroglobulin, 
where it generates monoiodotyrosine and diiodotyrosine residues via organi-
fication. Thyroid peroxidase also catalyzes the formation of thyroxine (T4) 
and triiodothyronine (T3) by coupling monoiodotyrosine and diiodotyrosine  
residues.

Thyroglobulin is then pinocytosed at the apical membrane, and T4 and T3 
are secreted after proteolysis of thyroglobulin. The proteolysis of thyroglobulin 
also liberates monoiodotyrosine and diiodotyrosine, and these compounds 
undergo deiodination so that the iodide can be recycled. Release of T4 and 
T3 from the basolateral membrane of the thyrocyte is mediated by thyroid 
hormone transporters, including monocarboxylate transporter 8 (E-Fig. 213-1). 
About 100 µg of T4 and 5 µg of T3 are normally released daily into the circula-
tion. Thyroglobulin itself can also be measured in the circulation. Pharmacologic 
amounts of iodine inhibit the trapping and organification of iodide, as well 
as the release of the thyroid hormones. The release of thyroid hormone can 
also be blocked by lithium.

 Thyroid Hormone Transport and Metabolism
More than 99% of circulating T4 and T3 is bound to three classes of plasma 
proteins. Thyroxine-binding globulin functions as the principal transport 
protein, whereas thyroxine-binding prealbumin (also known as transthyretin) 
and albumin make lesser contributions to T4 and T3 transport in blood. Phar-
macologic doses of estrogens, pregnancy, hepatitis, and some medications 
(e.g., 5-fluorouracil, tamoxifen, and methadone) increase the serum thyroxine-
binding globulin level, and familial excess of thyroxine-binding globulin can 
also be seen. Conversely, thyroxine-binding globulin levels are decreased with 
hepatic failure (Chapter 145), severe systemic illness, nephrotic syndrome 
(Chapter 113), and some medications (e.g., androgens, glucocorticoids, and 
slow-release nicotinic acid). Although total T4 and T3 levels change with changes 
in thyroxine-binding globulin, the free serum levels of these hormones remain 
constant. Familial dysalbuminemic hyperthyroxinemia is an autosomal dominant 
disorder characterized by the production of an albumin molecule that binds 
T4 with a higher-than-normal affinity. Affected individuals may present with 
high total T4 levels with an apparently inappropriately normal thyroid-
stimulating hormone (TSH), and with normal free T4 when this is measured 
by equilibrium dialysis.

T3 is the preferred ligand for the thyroid hormone receptors. More than 
80% of the T3 present in target tissues is derived from T4 through the action 
of deiodinase enzymes that remove an outer-ring iodine, converting T4 to T3, 
generating the pool of T3 in target tissues, and contributing to T3 in the cir-
culation. The type 2 deiodinase is present in the pituitary gland and brain, 
whereas type 1 deiodinase predominates in other peripheral tissues such as 
the liver and kidney. The activity of these deiodinases may be inhibited by 
iodide-containing compounds (e.g., amiodarone, radiocontrast agents), 
glucocorticoid therapy, systemic illness, and selenium deficiency. T4 can also 
be converted to biologically inactive reverse T3 (rT3) when its inner ring is 
deiodinated by type 1 deiodinase and a type 3 deiodinase that is present in 
the central nervous system glial cells. Type 3 deiodinase, which is also expressed 
in placenta, is one of several factors that lead to increased thyroxine dose 
requirements in pregnant women. Both T3 and rT3 can be converted by the 
action of deiodinases to inactive diiodothyronine (T2).

 Control of Thyroid Function
The hypothalamus and the pituitary gland control the growth of thyroid tissue 
and its production of thyroid hormones. Thyrotropin-releasing hormone 
(TRH), which is a tripeptide synthesized in the hypothalamus, is trans-
ported to the pituitary gland via the hypothalamic-pituitary portal system 
(Chapter 211). It then binds to receptors on thyrotrophic cells, where it 
stimulates the synthesis and secretion of TSH (thyrotropin). TSH is a het-
erodimeric glycoprotein composed of an α-subunit (which is identical to that 
of follicle-stimulating hormone, luteinizing hormone, and human chorionic 
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ABSTRACT
Thyroid hormone is critical for the function of all the organ systems of the 
body. Iodine is an essential requirement for adequate production of thyroid 
hormones. A classic endocrine feedback loop involving the hypothalamus 
and pituitary regulates production of thyroid hormones. The circulating hor-
mones constituting the pituitary thyroid axis can be measured in the blood, 
thereby allowing thyroid status to be accurately assessed. This chapter describes 
the evaluation of thyroid function using measurement of these hormones. It 
then reviews the diverse clinical manifestations and etiologies of hypothyroid-
ism and hyperthyroidism. The diagnosis and treatment of these two conditions 
are described. Thyroiditis or inflammation of the thyroid gland can produce 
both hyperthyroidism and hypothyroidism, and this condition is reviewed. 
Thyroid nodules are common in the general population. The vast majority 
are benign, but an important minority are malignant. The management of 
thyroid nodules, including malignant nodules, is described. The spectrum of 
thyroid malignancies, including differentiated thyroid cancer, medullary thyroid 
cancer, anaplastic thyroid cancer, and lymphoma are described, along with 
their respective management strategies.
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gonadotropin) coupled to a unique β-subunit. After it is transported by the 
circulation to the thyroid gland, it binds to the TSH receptor of thyrocytes, 
where it stimulates growth as well as the synthesis and secretion of thyroid 
hormone. Circulating T3 and T4 exert negative feedback that inhibits the synthe-
sis and secretion of TRH in the hypothalamus and TSH in the pituitary gland  
(Fig. 213-1).

 Thyroid Hormone Action
Although the circulating levels of thyroid hormones are determined by the 
hypothalamic pituitary axis, the intracellular levels and impact of T3 are regu-
lated by several distinct factors. These include thyroid hormone transporters, 
deiodinase enzymes, tissue-specific thyroid hormone receptors, and coregula-
tors.1 The thyroid hormone receptors that bind T3 are members of the nuclear 
receptor superfamily, and there are at least three distinct isoforms, α1, β1, and 
β2. In the presence of T3, the various isoforms of the thyroid hormone recep-
tors bind to specific DNA sequences known as thyroid hormone response ele-
ments. The regulation of target genes is achieved through the recruitment and 
release of corepressors and coactivators which interact with the transcriptional 
machinery.2 The classic view of thyroid hormone action is positive regulation 
of gene expression. In the liver, for example, T3 increases the expression of the 
low-density lipoprotein (LDL) receptor, thereby accelerating the clearance of 
LDL cholesterol. In the myocardium, T3 increases myocyte contractility by 
promoting expression of alpha myosin heavy chain myocytes and relaxation 
by promoting sarcoplasmic reticulum adenosine triphosphatase (ATPase). T3 
increases the heart rate by accelerating depolarization and repolarization in 
the sinoatrial node. Thyroid hormone also increases the basal metabolic rate, 
thermogenesis,3 ventilatory drive, gastrointestinal motility, mental alertness, 
and bone turnover. During fetal development, thyroid hormone is critical for 
skeletal maturation and brain development. Interestingly, although T3 up-
regulates the expression of many genes, it also down-regulates the expression 
of other genes, such as those coding for the beta subunit of TSH. Negative 
regulation takes place in the hypothalamus, pituitary, and liver.

Although T4 is classically viewed as a prohormone that requires conversion 
to T3 to have biologic activity, under certain circumstances T4 can also bind 
to the thyroid hormone receptors. The ability of T4 to bind to the thyroid 
hormone receptor seems to be determined by alterations in the cellular comple-
ment of corepressors and coactivators. Furthermore, the ability of the thyroid 
hormone receptor to respond to T4 seems to differ according to the receptor 
isoform. Thus, T4 may function directly as a hormone in specific physiologic 
situations yet to be determined.

 DIAGNOSIS
Physical Examination
Examination of the thyroid starts with inspecting the anterior lower portion  
of the neck to determine whether the gland is diffusely or asymmetrically 
enlarged, the trachea is deviated, and lymphadenopathy or jugular venous 
distention is present. Palpation can be performed by an anterior or posterior 
approach. Anterior palpation uses one thumb to locate the gland’s isthmus 
inferior to the cricoid cartilage. The right thyroid lobe is then palpated by 
placing the right thumb along the left side of the trachea, thereby displacing 
the contralateral lobe. Then, by placing the fingertips of the left hand medial 
to the right sternocleidomastoid muscle at the thyroid isthmus, the fingerpads 
of the right hand are used to define size, firmness, contour, surface characteristics, 
and potential tenderness, as well as possible palpable nodules in that thyroid 

recommended daily need (150 µg) because of the widespread use of iodized 
salt and iodate preservatives in baked goods. The active transportation of cir-
culating iodine into the thyrocyte is facilitated by a sodium-iodide symporter 
that is located in its basolateral membrane. After iodide has translocated to 
the apical membrane, its efflux is mediated by three apical iodide channels. 
Pendrin, anoctamin-1, and chloride channel-5 have been identified as candi-
date iodide transporters involved in iodine efflux. An H2O2 generation system 
is present at the apical surface of the thyrocyte in which H2O2 is produced 
by the enzyme dual oxidase 2. Molecules of the enzyme thyroid peroxidase, 
also present at the apical surface of the thyrocyte, are activated by H2O2. 
Oxidized thyroid peroxidase can then in turn oxidize iodide. The resulting 
reactive iodinium ion then covalently binds to tyrosyl residues in thyroglobulin, 
where it generates monoiodotyrosine and diiodotyrosine residues via organi-
fication. Thyroid peroxidase also catalyzes the formation of thyroxine (T4) 
and triiodothyronine (T3) by coupling monoiodotyrosine and diiodotyrosine  
residues.

Thyroglobulin is then pinocytosed at the apical membrane, and T4 and T3 
are secreted after proteolysis of thyroglobulin. The proteolysis of thyroglobulin 
also liberates monoiodotyrosine and diiodotyrosine, and these compounds 
undergo deiodination so that the iodide can be recycled. Release of T4 and 
T3 from the basolateral membrane of the thyrocyte is mediated by thyroid 
hormone transporters, including monocarboxylate transporter 8 (E-Fig. 213-1). 
About 100 µg of T4 and 5 µg of T3 are normally released daily into the circula-
tion. Thyroglobulin itself can also be measured in the circulation. Pharmacologic 
amounts of iodine inhibit the trapping and organification of iodide, as well 
as the release of the thyroid hormones. The release of thyroid hormone can 
also be blocked by lithium.

 Thyroid Hormone Transport and Metabolism
More than 99% of circulating T4 and T3 is bound to three classes of plasma 
proteins. Thyroxine-binding globulin functions as the principal transport 
protein, whereas thyroxine-binding prealbumin (also known as transthyretin) 
and albumin make lesser contributions to T4 and T3 transport in blood. Phar-
macologic doses of estrogens, pregnancy, hepatitis, and some medications 
(e.g., 5-fluorouracil, tamoxifen, and methadone) increase the serum thyroxine-
binding globulin level, and familial excess of thyroxine-binding globulin can 
also be seen. Conversely, thyroxine-binding globulin levels are decreased with 
hepatic failure (Chapter 145), severe systemic illness, nephrotic syndrome 
(Chapter 113), and some medications (e.g., androgens, glucocorticoids, and 
slow-release nicotinic acid). Although total T4 and T3 levels change with changes 
in thyroxine-binding globulin, the free serum levels of these hormones remain 
constant. Familial dysalbuminemic hyperthyroxinemia is an autosomal dominant 
disorder characterized by the production of an albumin molecule that binds 
T4 with a higher-than-normal affinity. Affected individuals may present with 
high total T4 levels with an apparently inappropriately normal thyroid-
stimulating hormone (TSH), and with normal free T4 when this is measured 
by equilibrium dialysis.

T3 is the preferred ligand for the thyroid hormone receptors. More than 
80% of the T3 present in target tissues is derived from T4 through the action 
of deiodinase enzymes that remove an outer-ring iodine, converting T4 to T3, 
generating the pool of T3 in target tissues, and contributing to T3 in the cir-
culation. The type 2 deiodinase is present in the pituitary gland and brain, 
whereas type 1 deiodinase predominates in other peripheral tissues such as 
the liver and kidney. The activity of these deiodinases may be inhibited by 
iodide-containing compounds (e.g., amiodarone, radiocontrast agents), 
glucocorticoid therapy, systemic illness, and selenium deficiency. T4 can also 
be converted to biologically inactive reverse T3 (rT3) when its inner ring is 
deiodinated by type 1 deiodinase and a type 3 deiodinase that is present in 
the central nervous system glial cells. Type 3 deiodinase, which is also expressed 
in placenta, is one of several factors that lead to increased thyroxine dose 
requirements in pregnant women. Both T3 and rT3 can be converted by the 
action of deiodinases to inactive diiodothyronine (T2).

 Control of Thyroid Function
The hypothalamus and the pituitary gland control the growth of thyroid tissue 
and its production of thyroid hormones. Thyrotropin-releasing hormone 
(TRH), which is a tripeptide synthesized in the hypothalamus, is trans-
ported to the pituitary gland via the hypothalamic-pituitary portal system 
(Chapter 211). It then binds to receptors on thyrotrophic cells, where it 
stimulates the synthesis and secretion of TSH (thyrotropin). TSH is a het-
erodimeric glycoprotein composed of an α-subunit (which is identical to that 
of follicle-stimulating hormone, luteinizing hormone, and human chorionic 
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FIGURE 213-1. Schematic of control of thyroid gland. T3 = triiodothyronine; T4 = thy-
roxine; Trh = thyrotropin-releasing hormone; TSh = thyroid-stimulating hormone. 
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serum T3 levels are often elevated above the T3 reference range to a greater 
degree than serum T4 or free T4 levels. In contrast, serum T4 and free T4 are 
elevated to a greater degree than serum T3 in various forms of thyroiditis, 
because the thyrotoxicosis is due to leakage of thyroid hormonal stores into 
the circulation, and far more T4 than T3 is stored within the thyroid gland.

Other Laboratory Tests
Thyroid autoantibody titers can aid in the evaluation of thyroid dysfunction. 
Antithyroid peroxidase and antithyroglobulin antibody titers can confirm the 
diagnosis of autoimmune thyroiditis. TSH receptor binding and stimulating 
immunoglobulin levels can be used to confirm the diagnosis of Graves disease. 
The erythrocyte sedimentation rate (ESR) can be helpful in the diagnosis of 
subacute thyroiditis. Serum thyroglobulin and calcitonin levels are used as 
tumor markers when observing patients treated for differentiated and medul-
lary thyroid cancers, respectively.

Imaging
Anatomic Imaging
Ultrasonography can assess the size, texture, vascularity, symmetry, and 
structural abnormalities of the thyroid, including simple cysts, solid nodules, 
and cystic nodules.5 Diffuse ultrasonographic heterogeneity is suggestive of 
autoimmune thyroiditis. Certain characteristics of nodules—including their 
number, echogenicity, capsular regularity, vascularity, and patterns of 
calcification—alter the probability of malignancy but rarely confirm or exclude 
thyroid cancer with certainty. Imaging of surrounding structures may identify 
cervical lymphadenopathy not detectable on physical examination.

Computed tomographic (CT) scanning and magnetic resonance imaging 
(MRI) can detect tracheal narrowing or deviation and determine whether 
the thyroid extends substernally into the mediastinum. Regional lymph-
adenopathy can also be detected by cervical CT scanning. Positron emission 
tomography (PET) can help localize metastatic sites of thyroid cancer.

Nuclear Medicine Imaging
Radioactive iodine-123 (123I) scanning shows the pattern of uptake within 
the thyroid gland. Scanning can determine whether a nodule is hypofunctional 
(cold), hyperfunctional (hot), or has apparently equivalent function to the 
surrounding extranodular thyroid. Radionuclide scanning also can identify 
ectopic thyroid tissue at the base of the tongue (lingual thyroid), in ovarian 
teratomas (struma ovarii), or in distant thyroid cancer metastases. However, 
radionuclide imaging has essentially been replaced by ultrasonography and 
fine-needle aspiration biopsy (see section on Thyroid Nodules) for the evalu-
ation of thyroid nodules.

The fractional amount of administered radioactive iodine or technetium 
that the thyroid gland takes up and retains during a defined period is an indi-
cator of the gland’s activity. Normal technetium pertechnetate uptake ranges 

lobe while the patient swallows. The maneuver is reversed to examine the left 
lobe. The normal thyroid is just barely palpable, and it has a smooth surface 
and a slightly rubbery consistency. An enlarged thyroid is called a goiter. A 
goiter can be diffuse or nodular, and thyroid enlargement can be symmetrical 
or asymmetrical. Other features on physical examination include tracheal 
deviation from a large thyroid mass, the presence of cervical adenopathy, and 
a palpable pyramidal lobe. A palpable thrill is often noted over the thyroid in 
Graves disease due to increased vascularity, which can also be documented 
as a bruit on auscultation over the gland.

Laboratory Findings
TSH and Thyroid Hormone Levels
The serum level of TSH, which is a sensitive indicator of primary thyroid 
gland dysfunction, should be measured whenever thyroid dysfunction is 
suspected,4 but routine screening of thyroid dysfunction is not of proven value 
in asymptomatic, nonpregnant adults. Indeed, the exquisitely sensitive inverse 
relationship between thyroid hormone levels and TSH secretion, which is 
logarithmic, results in serum TSH levels that are abnormal even when patients’ 
thyroid hormone levels remain within the reference ranges. Subclinical 
hypothyroidism occurs when the serum free T4 level is normal and the serum 
TSH is elevated (usually between 5 and 10 mU/L), and subclinical thyrotoxicosis 
exists when the serum free T4 is normal but the serum TSH is below the 
reference range. In these circumstances, the serum free T4 is “normal” but has 
become lower or higher compared with the patient’s individual “set point.” A 
single TSH measurement accurately classifies thyroid function, except when 
TSH deficiency is caused by hypothalamic or pituitary disease, by temporary 
perturbations in the hypothalamic-pituitary-thyroid axis or analytic problems 
affecting the TSH immunoassay. Apparently, normal aging is also associated 
with increased serum TSH levels without any changes in free T4 levels, thereby 
suggesting that rising TSH levels in many elderly individuals are caused by 
age-related alterations in the TSH set point or by reduced TSH bioactivity, 
rather than by actual thyroid disease.

Concurrent measurements of the serum free T4 level can confirm the clinical 
significance of an abnormal TSH level, define the severity of any thyroid dys-
function, and (together with a serum T3 level in a thyrotoxic patient) suggest 
an underlying cause. Assays of total T4 and T3 levels are accurate but cannot 
distinguish the large plasma protein–bound (>99.5%) fractions from the much 
smaller (<0.5%) free fractions of each hormone. Congenital and acquired 
derangements of thyroxine-binding globulin (and, less commonly, transthyretin 
and albumin), which alter the total but not the free T4 and T3 levels, will be 
misdiagnosed as thyroid dysfunction unless the TSH level is measured (Tables 
213-1 and 213-2). Free T4 immunoassays are now widely available and yield 
reliable results in common conditions that alter plasma protein levels, such 
as estrogen-induced thyroxine-binding globulin excess. Free T4 measurement 
after equilibrium dialysis of serum is the most accurate approach, but it is 
technically demanding and less readily available. Due to the small circulating 
quantities of free T3, serum free T3 assays are not quite as reliable as free T4 
assays, so some experts recommend total T3 assays, recognizing the potential 
for misinterpretation in pregnancy and when levels of thyroxine-binding 
globulin are elevated. Serum T3 measurements are useful in patients with 
various forms of thyrotoxicosis, in whom T3 levels are usually elevated. Because 
T3 is secreted preferentially in Graves disease and toxic multinodular goiter, 

is most commonly an autoimmune disease (Hashimoto thyroiditis) in 
which altered T-cell-mediated immunity leads to a lymphocytic infiltrate, 
inflammation, and fibrosis, with linkage studies suggesting a polygenic genetic 
predisposition. In some patients, autoimmune thyroiditis is accompanied by 
other endocrine and nonendocrine autoimmune disorders (e.g., the type 2 
polyglandular autoimmune syndrome with adrenal insufficiency and type 1 
diabetes mellitus or the type 1 autoimmune syndrome with adrenal insufficiency, 
hypoparathyroidism, and chronic mucocutaneous candidiasis [Chapter 218]). 
Other associated nonendocrine autoimmune conditions include atrophic 
gastritis, pernicious anemia (Chapter 155), celiac disease (Chapter 131), 
Sjögren syndrome (Chapter 252), systemic sclerosis, and vitiligo (Chapter 
412). Treatment with interferon-α can also cause transient or permanent 
autoimmune thyroiditis.

Surgical resection of the thyroid gland predictably leads to hypothyroidism. 
Radioactive iodine therapy for treatment of hyperthyroidism commonly 
destroys sufficient thyroid tissue to cause postablative hypothyroidism. External 
beam radiation therapy for head and neck cancer can also cause thyroid gland 
failure. Exposure to pharmacologic and radiocontrast agents that contain large 
amounts of iodine (e.g., amiodarone, radiocontrast dyes, some expectorants, 
and some topical disinfectants) can disrupt thyroid hormone production, 
thereby leading to hypothyroidism. Lithium inhibits secretion of T4 and T3, 
leading to hypothyroidism in 10% of treated patients. Other pharmacologic 
agents reported to cause hypothyroidism include stavudine, thalidomide, 
lenalidomide, imatinib, sunitinib, sorafenib, motesanib, bexarotene, ipilimumab, 
and aminoglutethimide. Interestingly, ipilimumab and nivolumab are associ-
ated with both primary and secondary hypothyroidism.6

Other rare causes of primary hypothyroidism (see Table 213-3) include 
thyroid agenesis, infiltrative disorders (e.g., hemochromatosis [Chapter 201], 
amyloidosis [Chapter 179], systemic sclerosis [Chapter 251], and invasive 
fibrous thyroiditis [Riedel thyroiditis]). Subacute thyroiditis and painless 
(postpartum) thyroiditis also can result in transient hypothyroidism. 
Consumptive hypothyroidism can occur with hemangiomas or gastrointestinal 
stromal tumors that express the type 3 deiodinase, which converts T4 to 
biologically inactive reverse T3.

Central or secondary hypothyroidism can be seen in disorders that impair 
the normal control of the thyroid gland by the hypothalamus or by the pituitary 
gland (Chapter 211). Infiltrative hypothalamic disorders include sarcoidosis 
(Chapter 89), hemochromatosis (Chapter 201), and histiocytosis (Chapter 
160). Compression of thyrotrophic cells by pituitary adenomas and other 
masses can inhibit the synthesis and secretion of TSH, as can radiation therapy 
or surgery used to treat adenomas. Other disorders that can cause secondary 
hypothyroidism include lymphocytic hypophysitis, hypophysitis caused by 
immune checkpoint inhibitors (e.g., ipilimumab, nivolumab), metastatic tumors, 
pituitary infarction, and traumatic brain injury (Chapter 371).

 CLINICAL MANIFESTATIONS
Symptoms of hypothyroidism include lethargy, fatigue, weakness, myalgias, 
decreased exercise tolerance, cold intolerance, depressed mood, weight gain 
despite poor appetite, hoarseness, constipation, arthralgias, paresthesias, dry 
skin, and hair loss.7 If severe, women can develop amenorrhea, menorrhagia, 
and galactorrhea. Cognitive changes can range from mild memory lapses to 
delirium, dementia, seizures, and even myxedema coma. Because these 
symptoms are nonspecific and because hypothyroidism is often insidious in 
its onset, it can be under-recognized, especially in older adults.

Physical findings vary by age and the severity. Children may have delayed 
growth despite weight gain, delayed or precocious puberty, and muscle pseu-
dohypertrophy. Adults can have mild hypothermia, bradycardia, and diastolic 
hypertension. Heart sounds may be muffled by a pericardial effusion. The 
skin may be dry, coarse, yellow, and cool to the touch because of peripheral 
vasoconstriction. Scalp hair thins, sometimes accompanied by thinning of the 
lateral eyebrows as well. The nails may become brittle. In autoimmune 
thyroiditis, the gland can be diffusely enlarged, normal in size, or atrophic 
and difficult to detect on palpation. The gland may be soft and smooth or firm 
and irregular, and its texture can be lobular or nodular. Diffuse nonpitting 
edema of the extremities can be a result of the deposition of glycosaminoglycans. 
The terminal relaxation phase of the deep tendon reflexes can be markedly 
delayed. Speech and mentation can be impaired in severe hypothyroidism.

Other Routine Test Abnormalities
Typical laboratory abnormalities can include macrocytic anemia (Chapter 
155), hyponatremia (Chapter 108), hypoglycemia (Chapter 217), and elevated 
blood levels of creatine phosphokinase, total and LDL cholesterol, triglyceride, 

from 0.5 to 3% at 20 minutes, whereas radioiodine uptake ranges from 8 to 
28% at 24 hours. Radionuclide uptake is elevated in Graves disease, toxic 
nodules, and toxic multinodular goiter, but it is low in thyroiditis. Although 
radioiodine uptake measurements are rarely indicated for making these diag-
noses, they remain valuable for calculating the 131I dose needed to treat hyper-
thyroidism and thyroid cancer.

 HYPOTHYROIDISM

 DEFINITION
Primary hypothyroidism, which is called myxedema when severe, is hormone 
deficiency caused when intrinsic dysfunction of the thyroid gland reduces 
the synthesis and secretion of T4 and T3 (Table 213-3). In clinically overt 
primary hypothyroidism, the TSH level is elevated (usually >10 mU/L), in 
conjunction with a free T4 level below the lower limit of the reference range. 
In subclinical hypothyroidism, the TSH level is only modestly elevated; the 
free T4 level remains in the low-normal to normal range.

Secondary or central hypothyroidism develops when the pituitary gland 
does not adequately stimulate the thyroid gland with TSH. The cause can be 
a congenital or acquired pituitary or hypothalamic disorder, such that TSH is 
insufficient, either in quantity or functional integrity (Chapter 211).

 EPIDEMIOLOGY
The lifetime incidence of primary hypothyroidism is about 5%. As many as 
15% of older adults may develop mild hypothyroidism, depending on how 
subclinical hypothyroidism is defined (see Subclinical and Mild Hypothyroid-
ism below). Hypothyroidism is more common in women, whites, and Latin 
Americans. More than 99% of all hypothyroidism reflects primary dysfunction 
of the thyroid gland itself.

 PATHOBIOLOGY
Dietary iodine deficiency is a cause of primary hypothyroidism in regions of the 
world where deficiency of this micronutrient exists and is uncorrected by iodine 
supplementation. In developed countries, however, primary hypothyroidism 

TABLE 213-1 CAUSES OF EUTHYROID HYPERTHYROXINEMIA 
(INCREASED TOTAL T4, NORMAL TSH,  
NORMAL FREE T4)

Increased synthesis of thyroxine-binding globulin
Pregnancy
Hepatitis
Acute intermittent porphyria
Drugs

Estrogens
Tamoxifen
Raloxifene
Methadone
5-Fluorouracil

Increased binding of thyroid hormone to albumin
Familial dysalbuminemic hyperthyroxinemia

Increased binding of thyroid hormone to transthyretin
Hereditary variants

T4 = thyroxine; TSH = thyroid-stimulating hormone.

TABLE 213-2 CAUSES OF EUTHYROID HYPOTHYROXINEMIA 
(DECREASED TOTAL T4, NORMAL TSH, 
NORMAL FREE T4)

Increased metabolism of thyroid hormone
Drugs

Phenytoin
Phenobarbital
Carbamazepine
Rifampin

Decreased synthesis of thyroxine-binding globulin
Severe liver disease
Malnutrition
Drugs

Androgens
Danazol
l-Asparaginase

Increased clearance of thyroxine-binding globulin
Nephrotic syndrome
Protein-losing enteropathy

Decreased binding of thyroid hormone to thyroxine-binding globulin
Drugs

Salicylates (high dose)
Phenytoin (high dose)
Furosemide (intravenous)

T4 = thyroxine; TSH = thyroid-stimulating hormone.
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TABLE 213-3 ETIOLOGIES OF HYPOTHYROIDISM
PRIMARY HYPOTHYROIDISM

Insufficient functioning thyroid tissue
Congenital absence of thyroid tissue
Autoimmune destruction of thyroid tissue (Hashimoto thyroiditis)
Surgical removal of thyroid tissue
Radioablation of thyroid tissue by radioactive iodine or external beam radiation
Infiltrative destruction of thyroid tissue

Hemochromatosis
Scleroderma
Amyloidosis

Impaired thyroid hormone synthesis
Iodine deficiency
Congenital enzymatic defects that disrupt thyroid hormone synthesis
Drug-mediated inhibition of thyroid hormone production and release

Thionamides
Amiodarone
Lithium
Bexarotene
Certain tyrosine kinase inhibitors (e.g., sunitinib)

Altered metabolism of thyroid hormone
Consumptive hypothyroidism
Drugs altering thyroid hormone metabolism

SECONDARY HYPOTHYROIDISM

Insufficient secretion of TRH or TSH
Hypothalamic disorders

Tumor (lymphoma, germinoma, glioma)
Irradiation
Inflammation (sarcoidosis, vasculitis)

Hypopituitarism
Mass lesions
Pituitary surgery
Pituitary radiation
Hemorrhagic apoplexy (Sheehan syndrome)
Infiltration (hemochromatosis, tuberculosis, fungal infection)
Lymphocytic hypophysitis

Thyroid hormone resistance syndrome

is most commonly an autoimmune disease (Hashimoto thyroiditis) in 
which altered T-cell-mediated immunity leads to a lymphocytic infiltrate, 
inflammation, and fibrosis, with linkage studies suggesting a polygenic genetic 
predisposition. In some patients, autoimmune thyroiditis is accompanied by 
other endocrine and nonendocrine autoimmune disorders (e.g., the type 2 
polyglandular autoimmune syndrome with adrenal insufficiency and type 1 
diabetes mellitus or the type 1 autoimmune syndrome with adrenal insufficiency, 
hypoparathyroidism, and chronic mucocutaneous candidiasis [Chapter 218]). 
Other associated nonendocrine autoimmune conditions include atrophic 
gastritis, pernicious anemia (Chapter 155), celiac disease (Chapter 131), 
Sjögren syndrome (Chapter 252), systemic sclerosis, and vitiligo (Chapter 
412). Treatment with interferon-α can also cause transient or permanent 
autoimmune thyroiditis.

Surgical resection of the thyroid gland predictably leads to hypothyroidism. 
Radioactive iodine therapy for treatment of hyperthyroidism commonly 
destroys sufficient thyroid tissue to cause postablative hypothyroidism. External 
beam radiation therapy for head and neck cancer can also cause thyroid gland 
failure. Exposure to pharmacologic and radiocontrast agents that contain large 
amounts of iodine (e.g., amiodarone, radiocontrast dyes, some expectorants, 
and some topical disinfectants) can disrupt thyroid hormone production, 
thereby leading to hypothyroidism. Lithium inhibits secretion of T4 and T3, 
leading to hypothyroidism in 10% of treated patients. Other pharmacologic 
agents reported to cause hypothyroidism include stavudine, thalidomide, 
lenalidomide, imatinib, sunitinib, sorafenib, motesanib, bexarotene, ipilimumab, 
and aminoglutethimide. Interestingly, ipilimumab and nivolumab are associ-
ated with both primary and secondary hypothyroidism.6

Other rare causes of primary hypothyroidism (see Table 213-3) include 
thyroid agenesis, infiltrative disorders (e.g., hemochromatosis [Chapter 201], 
amyloidosis [Chapter 179], systemic sclerosis [Chapter 251], and invasive 
fibrous thyroiditis [Riedel thyroiditis]). Subacute thyroiditis and painless 
(postpartum) thyroiditis also can result in transient hypothyroidism. 
Consumptive hypothyroidism can occur with hemangiomas or gastrointestinal 
stromal tumors that express the type 3 deiodinase, which converts T4 to 
biologically inactive reverse T3.

Central or secondary hypothyroidism can be seen in disorders that impair 
the normal control of the thyroid gland by the hypothalamus or by the pituitary 
gland (Chapter 211). Infiltrative hypothalamic disorders include sarcoidosis 
(Chapter 89), hemochromatosis (Chapter 201), and histiocytosis (Chapter 
160). Compression of thyrotrophic cells by pituitary adenomas and other 
masses can inhibit the synthesis and secretion of TSH, as can radiation therapy 
or surgery used to treat adenomas. Other disorders that can cause secondary 
hypothyroidism include lymphocytic hypophysitis, hypophysitis caused by 
immune checkpoint inhibitors (e.g., ipilimumab, nivolumab), metastatic tumors, 
pituitary infarction, and traumatic brain injury (Chapter 371).

 CLINICAL MANIFESTATIONS
Symptoms of hypothyroidism include lethargy, fatigue, weakness, myalgias, 
decreased exercise tolerance, cold intolerance, depressed mood, weight gain 
despite poor appetite, hoarseness, constipation, arthralgias, paresthesias, dry 
skin, and hair loss.7 If severe, women can develop amenorrhea, menorrhagia, 
and galactorrhea. Cognitive changes can range from mild memory lapses to 
delirium, dementia, seizures, and even myxedema coma. Because these 
symptoms are nonspecific and because hypothyroidism is often insidious in 
its onset, it can be under-recognized, especially in older adults.

Physical findings vary by age and the severity. Children may have delayed 
growth despite weight gain, delayed or precocious puberty, and muscle pseu-
dohypertrophy. Adults can have mild hypothermia, bradycardia, and diastolic 
hypertension. Heart sounds may be muffled by a pericardial effusion. The 
skin may be dry, coarse, yellow, and cool to the touch because of peripheral 
vasoconstriction. Scalp hair thins, sometimes accompanied by thinning of the 
lateral eyebrows as well. The nails may become brittle. In autoimmune 
thyroiditis, the gland can be diffusely enlarged, normal in size, or atrophic 
and difficult to detect on palpation. The gland may be soft and smooth or firm 
and irregular, and its texture can be lobular or nodular. Diffuse nonpitting 
edema of the extremities can be a result of the deposition of glycosaminoglycans. 
The terminal relaxation phase of the deep tendon reflexes can be markedly 
delayed. Speech and mentation can be impaired in severe hypothyroidism.

Other Routine Test Abnormalities
Typical laboratory abnormalities can include macrocytic anemia (Chapter 
155), hyponatremia (Chapter 108), hypoglycemia (Chapter 217), and elevated 
blood levels of creatine phosphokinase, total and LDL cholesterol, triglyceride, 

from 0.5 to 3% at 20 minutes, whereas radioiodine uptake ranges from 8 to 
28% at 24 hours. Radionuclide uptake is elevated in Graves disease, toxic 
nodules, and toxic multinodular goiter, but it is low in thyroiditis. Although 
radioiodine uptake measurements are rarely indicated for making these diag-
noses, they remain valuable for calculating the 131I dose needed to treat hyper-
thyroidism and thyroid cancer.

 HYPOTHYROIDISM

 DEFINITION
Primary hypothyroidism, which is called myxedema when severe, is hormone 
deficiency caused when intrinsic dysfunction of the thyroid gland reduces 
the synthesis and secretion of T4 and T3 (Table 213-3). In clinically overt 
primary hypothyroidism, the TSH level is elevated (usually >10 mU/L), in 
conjunction with a free T4 level below the lower limit of the reference range. 
In subclinical hypothyroidism, the TSH level is only modestly elevated; the 
free T4 level remains in the low-normal to normal range.

Secondary or central hypothyroidism develops when the pituitary gland 
does not adequately stimulate the thyroid gland with TSH. The cause can be 
a congenital or acquired pituitary or hypothalamic disorder, such that TSH is 
insufficient, either in quantity or functional integrity (Chapter 211).

 EPIDEMIOLOGY
The lifetime incidence of primary hypothyroidism is about 5%. As many as 
15% of older adults may develop mild hypothyroidism, depending on how 
subclinical hypothyroidism is defined (see Subclinical and Mild Hypothyroid-
ism below). Hypothyroidism is more common in women, whites, and Latin 
Americans. More than 99% of all hypothyroidism reflects primary dysfunction 
of the thyroid gland itself.

 PATHOBIOLOGY
Dietary iodine deficiency is a cause of primary hypothyroidism in regions of the 
world where deficiency of this micronutrient exists and is uncorrected by iodine 
supplementation. In developed countries, however, primary hypothyroidism 



CHAPTER 213 Thyroid1466

TABLE 213-4 INTERFERENCE WITH THYROXINE 
REPLACEMENT THERAPY

FACTORS CONTRIBUTING TO UNDERREPLACEMENT

Inadequate prescribed dose
Limited compliance
Decreased absorption due to ingestion of agents that bind thyroxine

Ferrous sulfate
Calcium carbonate
Aluminum hydroxide
Sucralfate
Cholestyramine
Soy protein

Increased metabolism of thyroxine
Pregnancy
Drugs

Phenytoin
Phenobarbital
Carbamazepine
Rifampin

Diminishing residual thyroid function
Changing formulations
FACTORS CONTRIBUTING TO OVERREPLACEMENT

Excessive prescribed dose
Factitious ingestion of additional doses
Decreased metabolism of thyroxine due to aging
Increasing residual thyroid function
Changing formulations

with no residual thyroid function (e.g., postsurgical or postablative hypothyroid-
ism) than in patients with autoimmune thyroiditis, in which the gland may 
retain some residual function. Malabsorption can interfere with intestinal absorp-
tion of thyroxine, as can soy-containing foods and some medications (e.g., oral 
iron tablets, calcium carbonate, aluminum hydroxide, sucralfate, cholestyramine) 
(Table 213-4). As a result, thyroxine should be given 4 or more hours before or 
after such medications.

Thyroxine requirements may increase by as much as 75% in many pregnant 
women because of the increased production of thyroxine-binding globulin 
caused by high estrogen levels, their increased clearance of thyroid hormone 
by placental deiodinase activity, and their increased plasma volume.9 Patients 
who have the nephrotic syndrome (Chapter 113) or systemic illnesses, as well 
as patients being treated with some medications (e.g., phenytoin, carbamazepine, 
phenobarbital, or rifampin) may require higher daily doses.

Most adults without known or suspected heart disease can be started 
immediately on a full replacement dose, with the TSH level measured 4 to 6 
weeks later. The target TSH level typically is the lower half of the normal range 
(i.e., 0.5 to 2.0 mU/L). Once the dose is appropriate, the TSH level should be 
checked annually unless substantial weight changes, new potentially interfering 
medications, symptoms of hyperthyroidism or hypothyroidism, or pregnancy 

 THYROTOXICOSIS

 DEFINITION AND EPIDEMIOLOGY
Thyrotoxicosis is a clinical syndrome resulting from tissue exposure to exces-
sive circulating levels of thyroid hormones (Table 213-5).13 Its prevalence is 
1 in 2000 adults, and it affects 2% of women during their lifetime.

 PATHOBIOLOGY
Thyrotoxicosis refers to any condition in which thyroid hormone levels are 
elevated, whether by actual thyroidal secretion or any other means (e.g., exog-
enous thyroid hormone ingestion). By comparison, hyperthyroidism is the 
term for thyrotoxicoses that are caused when the thyroid gland itself produces 
excessive thyroid hormone, either because of a thyrotropic stimulus or because 
of autonomous hormone secretion (see Table 213-5). Graves disease, which is 
the most common cause of hyperthyroidism, occurs when the TSH receptor is 
activated by autoantibodies that bind to it. Excessive TSH causes hyperthyroid-
ism in patients with rare TSH-secreting pituitary adenomas (Chapter 211). 
Human chorionic gonadotropin (hCG), a glycoprotein with a high degree 
of TSH homology, can cause transient gestational hyperthyroidism during 
pregnancy if hCG levels are excessive, as occurs in hyperemesis gravidarum or 
choriocarcinoma. Alternatively, mutant TSH receptors may bind hCG more 
avidly, as occurs in a rare syndrome of familial gestational thyrotoxicosis.

Autonomous production of thyroid hormone occurs when thyrocytes 
function independently of TSH receptor activation. This phenomenon 
is seen with a benign functioning thyroid adenoma or growth of multiple 
autonomously functioning nodules in a toxic multinodular goiter. In rare 
cases, a well-differentiated thyroid cancer can have functioning metastases. In 

Levothyroxine sodium (thyroxine T4) is the preferred replacement hormone 
and should be dosed to restore normal TSH and thyroid hormone levels. Thyroxine 
is well absorbed, with a 7-day half-life that permits daily dosing. Although T3 
is the active thyroid hormone at the thyroid hormone receptor, T4 (which is 
converted to T3 by deiodinases present in peripheral tissues) provides steady 
circulating levels of T3. By comparison, T3 is more difficult to use therapeutically 
because its 1-day half-life is associated with fluctuating T3 levels.

However, even thyroxine has a relatively narrow therapeutic index, and it 
requires careful titration in order to avoid iatrogenic thyrotoxicosis. The 
bioavailability of different preparations may vary by as much as 12%, perhaps 
because various inert ingredients affect the absorption of the preparation. 
Consequently, an individual patient should take a single, consistently identifiable 
thyroxine formulation (i.e., the same generic or brand name formulation).

The optimal thyroxine dose is approximately 1.6 to 1.8 µg/kg, but it is often 
lower in elderly adults (e.g., 1 µg/kg/day), possibly because of their slower 
metabolic clearance of the drug. The required dose is often higher in patients 
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FIGURE 213-2. Laboratory assessment of suspected hypothyroidism. *e.g., suppression of TSh by dopamine, lowering of free T4 due to increased metabolism by antiseizure medica-
tions. TSh = thyroid-stimulating hormone. 

homocysteine, and prolactin.8 On electrocardiography, typical findings are 
sinus bradycardia and low voltage in the limb leads. Chest radiography may 
show a widened cardiac silhouette, which echocardiography may confirm as 
a pericardial effusion.

 DIAGNOSIS
Suspected primary hypothyroidism is confirmed by an elevated TSH level 
(Fig. 213-2). Established reference ranges for TSH levels typically extend 
from 0.5 to 4.5 mU/L. However, the distribution of values within this range 
is skewed toward the lower half, such that the mean TSH level in adults is 
1.5 mU/L. Measurement of the free T4 level confirms the diagnosis of primary 
hypothyroidism and characterizes its severity. A low free T4 level in conjunc-
tion with a persistently elevated TSH level represents overt primary hypo-
thyroidism, whereas a low-normal free T4 level with an elevated TSH level is 
termed mild or subclinical primary hypothyroidism. Other uncommon causes 
of isolated TSH elevation should be considered in appropriate settings, includ-
ing recovery from severe systemic illness, renal failure, and adrenal insufficiency. 
The underlying cause of primary hypothyroidism is usually clinically obvious, 
and laboratory testing is unnecessary in most cases. When confirmation is 
helpful (e.g., to enhance patient understanding of the etiology of their condi-
tion, or in a female contemplating pregnancy), serum antithyroid antibodies 
may be assessed. Measurement of thyroid peroxidase antibody is a more 
sensitive test than thyroglobulin antibody for this purpose. However, 10% of 
patients with histologically documented autoimmune thyroiditis have no 
circulating antithyroid antibodies.

If a sellar mass, prior pituitary surgery, or irradiation suggests possible sec-
ondary hypothyroidism, the TSH level cannot be relied on to provide an 
accurate index of thyroid function. However, a low or even low-normal free 
T4 level confirms the diagnosis.
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indicate a need for more frequent monitoring. In secondary hypothyroidism, 
the serum free T4 level should be checked 2 to 4 weeks after thyroxine is started 
or adjusted, targeted to a free T4 level in the upper half of the reference range.

Avoidance of Adverse Effects
Complications of thyroxine therapy are limited to iatrogenic thyrotoxicosis 

and, rarely, adverse effects of restoring euthyroidism. Typical symptoms and 
signs of thyrotoxicosis usually accompany significant degrees of overtreatment. 
However, even a modestly excessive thyroxine dose can induce bone mineral 
loss, especially in postmenopausal women, and it can increase the risk of atrial 
fibrillation in older individuals. In patients with underlying coronary artery 
disease, the positive chronotropic and inotropic effects of thyroxine may exac-
erbate myocardial ischemia. Consequently, adults with known or suspected 
ischemic heart disease should be started on a low dose that is titrated upward 
in small increments once tolerance is ensured (e.g., starting with 25 µg daily, 
then increasing the dose by 12.5 to 25 µg every 4 to 6 weeks). In some cases, 
β-blocker therapy may need to be intensified to counter the induction of myo-
cardial ischemia. However, deliberate suboptimal dosing of thyroxine should 
be avoided. If necessary, coronary revascularization may be required before 
euthyroidism can be fully restored.10 Adrenal insufficiency, associated with 
hypopituitarism or the type 2 polyglandular autoimmune syndrome, may be 
unmasked when the cortisol clearance is accelerated and cortisol requirement 
is increased by a return to the euthyroid state. Even a modestly excessive dose 
of thyroxine can cause loss of bone mineralization, especially in postmenopausal 
women. Other infrequent adverse effects include transient hair loss and sym-
pathomimetic symptoms.

Approximately 15% of hypothyroid patients continue to report bothersome 
symptoms despite biochemical evidence of adequate thyroid hormone 
replacement. Multiple randomized clinical trials have disproven the hypothesis 
that thyroxine/liothyronine combinations are superior to thyroxine replacement 
alone. Even combination therapy using desiccated thyroid does not improve 
performance or cognitive measures, although a patient may prefer desiccated 
thyroid, in part because it can modestly augment weight loss. A1 

Subclinical and Mild Hypothyroidism
Individuals with subclinical hypothyroidism (i.e., a free T4 level within the 

normal range but an elevated TSH) may benefit from thyroxine therapy if their 
TSH values are higher than 10 mU/L, are unlikely to benefit if their TSH values 
are higher than 7 mU/L, but are much less likely to benefit if their TSH values 
are between 4.5 and 7 mU/L.11 For example, a randomized trial of thyroxine 
administration for patients over 65 years of age with a mean TSH value of 
6.4 mU/L showed no improvement in hypothyroid symptoms, and thyroid 
hormone therapy does not improve general quality of life or thyroid-related 
symptoms in patients with subclinical hypothyroidism. A2 

,
 A3  Another randomized 

trial found that treatment of subclinical hypothyroidism in pregnant women 
between 8 and 20 weeks of gestation did not result in significantly better 
cognitive outcomes in their children through 5 years of age. A4  In practice, many 
physicians may try thyroxine therapy in mildly hypothyroid, symptomatic, young 
or middle-aged patients who have underlying hypercholesterolemia, or have 
a high likelihood of progressing to overt hypothyroidism. Predictors of progressive 
thyroid failure include age older than 65 years, TSH level higher than 10 mU/L, 
and the presence of circulating thyroid autoantibodies, indicating underlying 
autoimmune thyroiditis.

Myxedema Coma
Myxedema coma is a rare, life-threatening manifestation of severe hypothy-

roidism. It is characterized by hypotension, bradycardia, hypothermia, altered 
mental status, and multisystem organ failure. Risk factors for myxedema can 
include advanced age, poor access to health care, cold weather, and severe 
underlying diseases. Most patients have long-standing and severe thyroid 
hormone deficiency, but exposure to iodine-containing contrast agents or other 
iodine sources can precipitate a severe decline in thyroid hormone release. 
Treatment is by parenteral thyroxine (1.8 µg/kg/day after a 200- to 400-µg 
loading dose), but some experts advocate coadministration of liothyronine 
(5- to 20-µg loading dose followed by 2.5 to 10 µg every 8 hours) to compensate 
for temporarily impaired peripheral conversion of T4 to T3. Intravenous dosing 
is often recommended because of potential coexisting gastrointestinal dysfunc-
tion, but myxedema coma is successfully treated by thyroxine given via a feeding 
tube in countries where intravenous preparations are not available. Stress doses 
of glucocorticoids (Chapter 214) are recommended until the result of a cosyn-
tropin stimulation test, performed before treatment to check for concomitant 
adrenal insufficiency, is available (Chapter 214). Hypothermia should be treated 
with passive external warming to reduce the risk that peripheral vasodilation 
will lead to circulatory collapse. Sedative or analgesic agents should be avoided. 
Older age, need for mechanical ventilation, vasopressors, and unfavorable scores 
on the Glasgow Coma Scale are associated with higher mortality rates, which 
can approach 30 to 50%.

Nonthyroidal Illness
Patients with a severe nonthyroidal illness may have thyroid function test 

results that suggest central hypothyroidism but are consistent with the so-called 

 THYROTOXICOSIS

 DEFINITION AND EPIDEMIOLOGY
Thyrotoxicosis is a clinical syndrome resulting from tissue exposure to exces-
sive circulating levels of thyroid hormones (Table 213-5).13 Its prevalence is 
1 in 2000 adults, and it affects 2% of women during their lifetime.

 PATHOBIOLOGY
Thyrotoxicosis refers to any condition in which thyroid hormone levels are 
elevated, whether by actual thyroidal secretion or any other means (e.g., exog-
enous thyroid hormone ingestion). By comparison, hyperthyroidism is the 
term for thyrotoxicoses that are caused when the thyroid gland itself produces 
excessive thyroid hormone, either because of a thyrotropic stimulus or because 
of autonomous hormone secretion (see Table 213-5). Graves disease, which is 
the most common cause of hyperthyroidism, occurs when the TSH receptor is 
activated by autoantibodies that bind to it. Excessive TSH causes hyperthyroid-
ism in patients with rare TSH-secreting pituitary adenomas (Chapter 211). 
Human chorionic gonadotropin (hCG), a glycoprotein with a high degree 
of TSH homology, can cause transient gestational hyperthyroidism during 
pregnancy if hCG levels are excessive, as occurs in hyperemesis gravidarum or 
choriocarcinoma. Alternatively, mutant TSH receptors may bind hCG more 
avidly, as occurs in a rare syndrome of familial gestational thyrotoxicosis.

Autonomous production of thyroid hormone occurs when thyrocytes 
function independently of TSH receptor activation. This phenomenon 
is seen with a benign functioning thyroid adenoma or growth of multiple 
autonomously functioning nodules in a toxic multinodular goiter. In rare 
cases, a well-differentiated thyroid cancer can have functioning metastases. In 

“sick euthyroid syndrome” (see Fig. 213-2).12 The T3 level usually declines and 
is accompanied by an increase in reverse T3 (rT3) concentrations. Reduced activ-
ity of type 1 deiodinase and increased activity of type 3 deiodinase are at least 
partially responsible for these changes. With increasingly severe disease, total 
T4 and free T4 levels progressively decline. TSH levels are usually low-normal or 
low. During recovery, TSH levels can rise above normal, thereby mimicking 
primary hypothyroidism. Clinical correlation (e.g., a history of preexisting thyroid 
or pituitary disease, the presence of a goiter, or features suggesting other ele-
ments of hypopituitarism) is essential to determine whether thyroid disease 
requiring treatment truly exists in severely ill patients. If not, the preferred 
approach is observation with retesting 6 to 8 weeks after recovery because 
thyroid hormone replacement is of no benefit for patients with nonthyroidal 
illness.

TABLE 213-5 ETIOLOGIES OF THYROTOXICOSIS
HYPERTHYROIDISM

Antibody-mediated stimulation of thyroid tissue
Graves disease

Autonomously functioning thyroid tissue
Toxic multinodular goiter
Toxic adenoma
Iodine exposure (in a patient with thyroid nodules)

Autonomously functioning heterotopic thyroid tissue
Struma ovarii
Metastatic differentiated thyroid cancer

Excessive secretion of TSH
TSH-secreting pituitary adenoma

NONHYPERTHYROID THYROTOXICOSIS

Ingestion of exogenous thyroid hormone
Pharmacologic

Levothyroxine
Liothyronine
Combination preparations

Nonpharmacologic
Dietary supplements
Improperly processed meat products

Inflammation causing release of endogenous thyroid hormone
Subacute (De Quervain) thyroiditis
Silent or painless thyroiditis
Amiodarone-induced thyroiditis

TSH = thyroid-stimulating hormone.
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some toxic adenomas, gain of function somatic mutations in the TSH receptor 
gene and, less commonly, activating mutations in the Gs alpha gene, lead to 
constitutive activation. In patients whose thyroid glands have the potential for 
autonomous function, exposure to excessive amounts of iodine in the form of 
amiodarone or iodinated contrast agents can provoke hyperthyroidism (the 
so-called “Jod-Basedow phenomenon”).

Various forms of transient thyroiditis are the most common cause of thyro-
toxicosis without true hyperthyroidism. In these conditions, thyroid inflam-
mation causes the release of an excessive amount of stored thyroid hormone 
(see section on Thyroiditis below). Examples include subacute thyroiditis 
(which may be triggered by a viral infection), acute or suppurative thyroid-
itis (caused by bacterial or fungal infection), radiation-induced thyroiditis, 
and pharmacologic thyroiditis (as can be caused by amiodarone). Thyroid-
itis typically occurs after delivery, when it is called “postpartum thyroiditis”; 
when it occurs in men or nonpostpartum women, it is called silent or painless 
thyroiditis. Excess thyroid hormone also rarely can be secreted by ectopic 
thyroid tissue, which can be located anywhere from the mediastinum to the 
base of the tongue, or by heterotopic thyroid tissue in an ovarian teratoma (a 
condition known as struma ovarii).

Thyrotoxicosis can also be caused by ingestion of excessive amounts of 
thyroid hormone. This is most often the result of the prescription of excessive 
doses of pharmacologic preparations of thyroid hormone, but it can rarely be 
due to surreptitious or accidental ingestion. An example of the latter is inclusion 
of thyroid hormones in over-the-counter supplements.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
The classic symptoms of thyrotoxicosis include anxiety, irritability, insomnia, 
weakness, weight loss despite hyperphagia, heat intolerance, tremor, 
palpitations, and increased frequency of formed bowel movements. Some 
patients develop chest pain, dyspnea on exertion, and even periodic paralysis  
(Chapter 393).

Signs of thyrotoxicosis include resting tachycardia, systolic hypertension with 
a widened pulse pressure, warm moist skin with a velvety texture, onycholysis 
(separation of the nails from the nailbed), and a staring gaze with lid lag 
(sclera is visible between the upper eyelid and the superior margin of the iris 
on downward gaze). A systolic flow murmur is often heard, and the apical 
impulse may be prominent and accompanied by brisk carotid upstrokes. 
Neurologic findings may include a restless, impatient demeanor, pressured 
speech, hand tremor, proximal muscle weakness, and brisk deep-tendon 
reflexes. Elderly patients may present with “apathetic thyrotoxicosis” typified 
by weight loss or atrial fibrillation in the absence of adrenergic symptoms  
and signs.

Several clinical findings are suggestive of a specific underlying cause. In 
Graves disease, the gland is diffusely enlarged, has a smooth or slightly lobu-
lated contour, and may be associated with a palpable thrill or an audible bruit. 
Thyroid orbitopathy (ophthalmopathy) and dermopathy are also unique to 
Graves disease. With a toxic nodular goiter, one or more discrete nodules may 

be appreciated. By comparison, the gland is extremely tender, firm, and usually 
modestly enlarged in subacute thyroiditis. A history of recent pregnancy sug-
gests possible painless thyroiditis. Exposure to amiodarone, other iodine-
containing compounds, interferon-α, the tyrosine kinase inhibitor sorafenib, 
or pharmacologic preparations of thyroid hormone suggest thyrotoxicosis 
precipitated by these agents.

 DIAGNOSIS
Laboratory Findings
Occasionally, patients have few symptoms or signs of thyrotoxicosis, and routine 
laboratory testing provides the first suggestion of thyrotoxicosis. Thyrotoxic 
patients may have hypercalcemia or hypercalciuria, increased alkaline 
phosphatase levels, modestly elevated aminotransferase levels, and low or 
declining levels of total and LDL cholesterol. When they are measured, sex 
hormone binding globulin, ferritin, and angiotensin-converting enzyme levels 
are often increased. Electrocardiography typically reveals resting sinus 
tachycardia or an atrial tachyarrhythmia, especially atrial fibrillation (Chapter 
58) at a rapid ventricular rate. In severe thyrotoxicosis, the chest radiograph 
may show cardiomegaly and high-output heart failure.

The diagnosis is established by an elevated free T4 level combined with a 
low TSH level (Fig. 213-3). However, patients with TSH-secreting pituitary 
tumors or isolated pituitary resistance to thyroid hormone will not have 
suppressed TSH levels. Free T4 and T3 levels define the severity of thyrotoxicosis 
and may suggest its underlying cause. If only one hormone (the free T4 or 
T3) is elevated, the terms T4 toxicosis or T3 toxicosis are used. If the TSH 
level is suppressed but both free T4 and T3 levels are normal, the patient has 
mild or subclinical thyrotoxicosis.

 Specific Causes of Thyrotoxicosis
 GRAVES DISEASE
Graves disease is an autoimmune form of hyperthyroidism, associated with 
ophthalmopathy in about 30% of patients, dermopathy (also called “pretibial 
myxedema” in 1 to 3% of patients), and acropachy (clubbing of the digits, in 
about 0.1% of patients).14 Graves disease is 3- to 4-fold more common in 
women than men, and as many as 1 in 50 women will develop Graves disease 
during her lifetime. Graves disease can present at any age, but the onset is 
most commonly between ages 30 and 60 years.

 PATHOBIOLOGY
Graves hyperthyroidism results from production of thyroid-stimulating 
immunoglobulins that bind to the TSH receptor and activate it, thereby 
promoting growth of the thyroid gland as well as the synthesis and secretion 
of thyroid hormone. Stimulating TSH-receptor antibodies are present in over 
95% of patients, whereas antithyroid peroxidase antibodies and antithyroglobulin 
antibodies are found in about 50% of patients. Although the underlying cause 
is unknown, the higher incidence in monozygotic twins and first-degree relatives 
indicates a genetic predisposition. Factors potentially implicated in triggering 
Graves disease include female sex, cigarette smoking, a high dietary intake of 
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FIGURE 213-3. Laboratory assessment of suspected thyrotoxicosis. TSh = thyroid-stimulating hormone. 

iodine, stressful life events, and infection, especially with Yersinia enterocolitica 
(Chapter 296).

 CLINICAL MANIFESTATIONS
In addition to thyrotoxicosis, patients typically have a diffusely enlarged, 
smooth, rubbery gland; a definable pyramidal lobe; and palpable thrill or 
audible bruit. Thyroid eye disease usually develops within 6 months before 
or after the diagnosis of hyperthyroidism, but it can develop long before or 
after the initial presentation. Rare patients may have typical findings of thyroid 
eye disease without biochemical hyperthyroidism (“euthyroid Graves disease”).

 Graves Orbitopathy
Graves eye disease is characterized by proptosis (also called exophthalmos; 
Chapter 395) with inflammation and swelling of orbital fat and extraocular 
muscles, retraction, periorbital edema, conjunctival swelling, and episcleral 
vascular injection.15 Ophthalmopathy is more common when Graves disease 
has been of longer duration and in patients who smoke. Affected individuals 
typically note a change in the appearance of their eyes, ocular dryness and 
irritation, the sensation of a foreign body, and ironically, excessive tearing. 
More severe disease can cause exposure keratitis with corneal ulceration, 
diplopia, and blurred vision. On physical examination, patients may have a 
staring gaze, a scleral rim visible between the upper eyelid and the superior 
margin of the iris during downward gaze (lid lag), conjunctival inflammation, 
periorbital edema, and abnormalities of color vision, visual acuity, and even 
conjugate gaze (Fig. 213-4). Patients can develop diplopia, and, uncommonly, 
optic nerve compression that may threaten sight and is an ophthalmologic  
emergency.

The precise degree of proptosis can be measured with an exophthalmometer. 
Clinical tools such as the “clinical activity score” have been developed to 
enumerate and quantify the extent and activity of the disease. Orbital CT 
scanning, MRI, or ultrasonography can confirm the diagnosis and distinguish 
it from other causes of bilateral and unilateral proptosis, including orbital 
myositis and tumors, respectively.

 Graves Dermopathy and Acropachy
Infiltrative dermopathy or pretibial myxedema, which is typically nonpitting, 
is an uncommon physical finding caused by the dermal deposition of 
glycosaminoglycans and associated fibroblast proliferation. Affected individuals, 
who almost always have concomitant ophthalmopathy, present with a mildly 
pruritic, orange peel–like thickening that is most prominent along the anterior 
surfaces of the shins and other areas of repetitive trauma and increased 
intradermal pressure, including the dorsal aspects of the feet and fingers and 

the extensor surface of the elbows. The diagnosis can be confirmed by skin 
biopsy. Clinically, thyroid acropachy appears similar to the digital clubbing 
seen in cardiopulmonary disease.

 PROGNOSIS
Untreated Graves disease is persistent and progressive, but up to 25% of patients 
have spontaneous remissions. The likelihood of remission appears to be linked 
to a decline in the titer of the inciting TSH receptor antibodies.

 TOXIC ADENOMA
A toxic adenoma is an almost always benign thyroid neoplasm that autonomously 
synthesizes and secretes excessive thyroid hormone independent of TSH 
stimulation. Most adenomas are palpable by the time they produce overt 
thyrotoxicosis. Some are caused by somatic gene mutations that constitutively 
activate the TSH receptor. If untreated, the hyperthyroidism persists, except 
in rare cases of spontaneous hemorrhagic infarction.

 TOXIC MULTINODULAR GOITER
A toxic multinodular goiter comprises multiple nodules that autonomously 
synthesize and secrete excessive thyroid hormone. A goiter typically is felt 
with multiple palpable thyroid nodules, but the size of the goiter can be difficult 
to assess because of substernal extension. Toxic multinodular goiters become 
more common with advanced age. In some euthyroid patients with preexisting 
multinodular goiters, iodine-containing radiographic contrast material can 
induce previously quiescent nodules to hyperfunction and cause thyrotoxicosis.

 TSH-SECRETING PITUITARY ADENOMA
TSH-secreting pituitary adenomas represent less than 1% of all functioning 
pituitary tumors (Chapter 211). Patients have the typical clinical manifesta-
tions of thyrotoxicosis, but they also usually have symptoms and signs of 
excess secretion of other anterior pituitary hormones (growth hormone, 
prolactin, or adrenocorticotropic hormone) or of panhypopituitarism. The 
key to suspecting the condition is usually recognition of an inappropriately 
nonsuppressed TSH level in a patient with thyrotoxicosis. The diagnosis can 
be confirmed by an elevated level of the pituitary glycoprotein α-subunit 
associated with a sellar mass on pituitary imaging.

 DIFFERENTIAL DIAGNOSIS OF THYROTOXICOSIS
The specific cause of thyrotoxicosis guides its treatment.16 The normal ratio 
of serum T3 to free T4 is elevated in Graves disease and toxic nodular goiter, 
because of increased relative thyroidal secretion of T3. In contrast, the T3 to 
free T4 ratio is lower than normal in various forms of thyroiditis, because 
circulating hormone levels reflect release of thyroid hormonal stores, which 
contain a higher proportion of T4 than T3. Iodine-induced hyperthyroidism 
is also associated with a lower T3 to free T4 ratio.

TSH receptor antibodies are pathognomonic of Graves disease, and their 
presence excludes other etiologies. Measurement of these antibodies is not 
necessary in patients with obvious stigmata of Graves disease (i.e., orbitopathy, 
dermopathy) but can be very helpful when the diagnosis is not clinically 
apparent.

Thyroid ultrasonography can detect solitary or multiple thyroid nodules. 
On Doppler imaging, thyroidal blood flow is increased in Graves disease and 
is normal in thyroiditis. On scintigraphic scanning, uptake of the radiotracer 
and its distribution can establish a definitive diagnosis (Table 213-6). Chest 
radiography and CT scanning may help delineate a substernal goiter.

TREATMENT 
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iodine, stressful life events, and infection, especially with Yersinia enterocolitica 
(Chapter 296).

 CLINICAL MANIFESTATIONS
In addition to thyrotoxicosis, patients typically have a diffusely enlarged, 
smooth, rubbery gland; a definable pyramidal lobe; and palpable thrill or 
audible bruit. Thyroid eye disease usually develops within 6 months before 
or after the diagnosis of hyperthyroidism, but it can develop long before or 
after the initial presentation. Rare patients may have typical findings of thyroid 
eye disease without biochemical hyperthyroidism (“euthyroid Graves disease”).

 Graves Orbitopathy
Graves eye disease is characterized by proptosis (also called exophthalmos; 
Chapter 395) with inflammation and swelling of orbital fat and extraocular 
muscles, retraction, periorbital edema, conjunctival swelling, and episcleral 
vascular injection.15 Ophthalmopathy is more common when Graves disease 
has been of longer duration and in patients who smoke. Affected individuals 
typically note a change in the appearance of their eyes, ocular dryness and 
irritation, the sensation of a foreign body, and ironically, excessive tearing. 
More severe disease can cause exposure keratitis with corneal ulceration, 
diplopia, and blurred vision. On physical examination, patients may have a 
staring gaze, a scleral rim visible between the upper eyelid and the superior 
margin of the iris during downward gaze (lid lag), conjunctival inflammation, 
periorbital edema, and abnormalities of color vision, visual acuity, and even 
conjugate gaze (Fig. 213-4). Patients can develop diplopia, and, uncommonly, 
optic nerve compression that may threaten sight and is an ophthalmologic  
emergency.

The precise degree of proptosis can be measured with an exophthalmometer. 
Clinical tools such as the “clinical activity score” have been developed to 
enumerate and quantify the extent and activity of the disease. Orbital CT 
scanning, MRI, or ultrasonography can confirm the diagnosis and distinguish 
it from other causes of bilateral and unilateral proptosis, including orbital 
myositis and tumors, respectively.

 Graves Dermopathy and Acropachy
Infiltrative dermopathy or pretibial myxedema, which is typically nonpitting, 
is an uncommon physical finding caused by the dermal deposition of 
glycosaminoglycans and associated fibroblast proliferation. Affected individuals, 
who almost always have concomitant ophthalmopathy, present with a mildly 
pruritic, orange peel–like thickening that is most prominent along the anterior 
surfaces of the shins and other areas of repetitive trauma and increased 
intradermal pressure, including the dorsal aspects of the feet and fingers and 

FIGURE 213-4. Graves ophthalmopathy. A, A 59-year-old woman with excess proptosis, 
moderate eyelid edema, and erythema with moderate eyelid retraction affecting all four 
eyelids. Conjunctival chemosis (edema) and erythema with bilateral edema of the caruncles, 
with prolapse of the right caruncle, are evident. B, A 40-year-old woman with excess 
proptosis, minimal bilateral injection, and chemosis with slight erythema of the eyelids. 
on slit lamp examination, she also had evidence of moderate superior limbic keratocon-
junctivitis. (From Bahn rS. Graves’ ophthalmopathy. N Engl J Med. 2010;362:726-738. 
Copyright 2010, Massachusetts Medical Society. All rights reserved.)
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the extensor surface of the elbows. The diagnosis can be confirmed by skin 
biopsy. Clinically, thyroid acropachy appears similar to the digital clubbing 
seen in cardiopulmonary disease.

 PROGNOSIS
Untreated Graves disease is persistent and progressive, but up to 25% of patients 
have spontaneous remissions. The likelihood of remission appears to be linked 
to a decline in the titer of the inciting TSH receptor antibodies.

 TOXIC ADENOMA
A toxic adenoma is an almost always benign thyroid neoplasm that autonomously 
synthesizes and secretes excessive thyroid hormone independent of TSH 
stimulation. Most adenomas are palpable by the time they produce overt 
thyrotoxicosis. Some are caused by somatic gene mutations that constitutively 
activate the TSH receptor. If untreated, the hyperthyroidism persists, except 
in rare cases of spontaneous hemorrhagic infarction.

 TOXIC MULTINODULAR GOITER
A toxic multinodular goiter comprises multiple nodules that autonomously 
synthesize and secrete excessive thyroid hormone. A goiter typically is felt 
with multiple palpable thyroid nodules, but the size of the goiter can be difficult 
to assess because of substernal extension. Toxic multinodular goiters become 
more common with advanced age. In some euthyroid patients with preexisting 
multinodular goiters, iodine-containing radiographic contrast material can 
induce previously quiescent nodules to hyperfunction and cause thyrotoxicosis.

 TSH-SECRETING PITUITARY ADENOMA
TSH-secreting pituitary adenomas represent less than 1% of all functioning 
pituitary tumors (Chapter 211). Patients have the typical clinical manifesta-
tions of thyrotoxicosis, but they also usually have symptoms and signs of 
excess secretion of other anterior pituitary hormones (growth hormone, 
prolactin, or adrenocorticotropic hormone) or of panhypopituitarism. The 
key to suspecting the condition is usually recognition of an inappropriately 
nonsuppressed TSH level in a patient with thyrotoxicosis. The diagnosis can 
be confirmed by an elevated level of the pituitary glycoprotein α-subunit 
associated with a sellar mass on pituitary imaging.

 DIFFERENTIAL DIAGNOSIS OF THYROTOXICOSIS
The specific cause of thyrotoxicosis guides its treatment.16 The normal ratio 
of serum T3 to free T4 is elevated in Graves disease and toxic nodular goiter, 
because of increased relative thyroidal secretion of T3. In contrast, the T3 to 
free T4 ratio is lower than normal in various forms of thyroiditis, because 
circulating hormone levels reflect release of thyroid hormonal stores, which 
contain a higher proportion of T4 than T3. Iodine-induced hyperthyroidism 
is also associated with a lower T3 to free T4 ratio.

TSH receptor antibodies are pathognomonic of Graves disease, and their 
presence excludes other etiologies. Measurement of these antibodies is not 
necessary in patients with obvious stigmata of Graves disease (i.e., orbitopathy, 
dermopathy) but can be very helpful when the diagnosis is not clinically 
apparent.

Thyroid ultrasonography can detect solitary or multiple thyroid nodules. 
On Doppler imaging, thyroidal blood flow is increased in Graves disease and 
is normal in thyroiditis. On scintigraphic scanning, uptake of the radiotracer 
and its distribution can establish a definitive diagnosis (Table 213-6). Chest 
radiography and CT scanning may help delineate a substernal goiter.

TREATMENT 

Selection of the most effective treatment for thyrotoxicosis requires an 
understanding of the underlying pathophysiologic process and natural history.17 
For example, toxic multinodular goiter does not remit and usually requires 
definitive radioiodine treatment or surgery; silent and subacute thyroiditis 
subsides spontaneously and requires only temporizing symptomatic therapy 
(see below). For Graves disease, symptomatic therapy provides temporary 
amelioration while patients undergo primary treatment with antithyroid drugs, 
radioactive iodine, or surgical total thyroidectomy (Table 213-7).

Symptomatic Therapy: β-Blockers
β-Blockers, which help alleviate the sympathomimetic manifestations of 

thyrotoxicosis regardless of the underlying cause, often can promptly control 
tremor, anxiety, and palpitations. However, other clinical features of thyrotoxicosis 
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TABLE 213-6 RADIOGRAPHIC EVALUATION OF  
SUSPECTED THYROTOXICOSIS

ETIOLOGY

FRACTIONAL 
24-HOUR 

RADIOIODINE 
UPTAKE (%) THYROID SCAN APPEARANCE

Graves disease 35-95 Diffuse increased homogeneous 
uptake; visible pyramidal lobe 
extending from isthmus

Toxic adenoma 20-60 Solitary focus of intense uptake; 
suppression of uptake in remainder 
of thyroid

Toxic multinodular 
goiter

20-60 Patchy heterogeneous foci of increased 
uptake interspersed with regions of 
diminished uptake

Subacute thyroiditis 0-2 Minimal to absent uptake
Autoimmune thyroiditis 0-2 Minimal to absent uptake; patchy 

heterogeneous uptake during 
recovery

Iodine-induced 
hyperthyroidism

0-2 Minimal to absent uptake

Exogenous thyroid 
hormone intoxication

0-2 Minimal to absent uptake

Metastatic differentiated 
thyroid cancer

0-5 Focal uptake in metastases

TSH-secreting pituitary 
adenoma

30-80 Diffuse increased homogeneous uptake

TSH = thyroid-stimulating hormone.

TABLE 213-7 TREATMENT OF GRAVES DISEASE
TREATMENT OUTCOME
Antithyroid drugs: methimazole, 

carbimazole, propylthiouracil
About 50% remission rate; hypothyroidism 

unusual
Radioactive iodine (131I) About 75% cure rate (euthyroid or hypothyroid) 

after one dose; up to 80% risk of 
hypothyroidism at 1 year

Surgical total thyroidectomy Definitive cure and universal hypothyroidism, 
except in very rare cases of ectopic thyroid 
tissue

(including fatigue, weight loss, and heat intolerance) do not respond to β-blockers. 
In thyrotoxic patients with marked sinus tachycardia or atrial fibrillation with a 
rapid ventricular response rate, β-blockers can be used as rate-controlling agents. 
Propranolol in high doses also partially inhibits the extrathyroidal conversion 
of T4 to T3, so it may particularly benefit patients with severe thyrotoxicosis.

Propranolol can be started as 20 to 40 mg every 8 hours and then titrated 
to a maximal daily dose of 240 mg as needed to control symptoms. Sustained-
release propranolol or longer-acting β-blockers, such as metoprolol and atenolol, 
can also be used. β-Blockers must be used cautiously in patients with asthma 
(Chapter 81), chronic obstructive pulmonary disease (Chapter 82), Raynaud 
phenomenon (Chapter 72), or heart failure (Chapter 53). Esmolol is a short-acting 
parenteral option if heart rate control is urgent in patients with thyrotoxic heart 
failure. Calcium channel blockers such as diltiazem can be used to control the 
heart rate in patients in whom β-blockers are contraindicated.

For transient thyrotoxicosis (subacute thyroiditis, silent thyroiditis, or exog-
enous thyroid hormone intoxication), a β-blocker may be the only required 
treatment. In Graves disease and toxic nodular goiter, however, the prompt 
initial relief provided by β-blockers should be considered a temporary measure 
until definitive treatment (e.g., antithyroid drugs, radioiodine therapy, or cura-
tive surgery) reduces thyroid hormone levels.

Antithyroid Drugs
Methimazole, carbimazole, and propylthiouracil inhibit thyroid hormone 

biosynthesis by competitively inhibiting iodine organification and iodotyrosine 
coupling. Propylthiouracil, but not methimazole or carbimazole, inhibits the 
conversion of T4 to T3 in peripheral tissues. These agents are used for the 
treatment of thyrotoxicosis caused by overproduction of thyroid hormones. 
Because the thionamides block only new thyroid hormone synthesis, glandular 
stores of preexisting thyroid hormone must be exhausted before they are fully 

effective. This may require 3 to 8 weeks in patients with Graves disease or 
toxic multinodular goiter. Although antithyroid drugs can provide long-term 
control of hyperthyroidism, they are most appropriately used when there is 
a possibility that the underlying condition will remit, as in Graves disease, 
or when thyrotoxicosis must be attenuated before radioiodine treatment or  
surgery.

Methimazole is the most widely used antithyroid agent. For mild to moderate 
hyperthyroidism, methimazole is usually started as 5 to 10 mg daily if the free 
T4 level is 1 to 1.5 times the upper limit of normal; 10 to 20 mg daily if the free 
T4 level is 1.5 to 2 times the upper limit of normal; and 30 to 40 mg daily if the 
free T4 level is 2 to 3 times the upper limit of normal. It can be increased to 
120 mg daily if needed. Propylthiouracil, which is a second line agent because 
of its hepatotoxicity, may be used in the first trimester in pregnant women 
with Graves disease, in thyroid storm because of its ability to block the conver-
sion of T4 to T3, or when methimazole is not tolerated.

Chronic medical therapy is generally reserved for patients who are most likely 
to achieve a remission (defined as maintenance of a euthyroid state for 1 year 
off methimazole): those with mild biochemical hyperthyroidism, a small thyroid 
gland, low levels of TSH receptor antibodies, and no active ophthalmopathy.

In patients who are taking antithyroid drugs, thyroid function should be 
monitored every 3 to 12 weeks while the dose is being titrated. Minor side 
effects (fever, rash, pruritus, and arthralgias) are common. Agranulocytosis 
(Chapter 158) develops in approximately 0.2% of patients, typically within the 
first 90 days. Drug-induced hepatoxicity (1/1000 to 1/10,000 patients) can require 
liver transplantation. Because these severe adverse reactions are unpredictable 
and relatively sudden in onset, monitoring of blood counts and liver function 
usually is not recommended. However, patients should be advised, preferably 
in writing, to seek medical attention should they experience a high fever, 
pharyngitis, jaundice, or abdominal pain.

Radioactive Iodine
After oral administration, radioactive iodine (131I) is concentrated in the thyroid 

gland, where its destruction of thyroid tissue effectively can control thyrotoxi-
cosis, usually within 1 to 2 months. Although the dose can be calculated based 
on the fractional uptake of radioiodine on imaging and on the size of the 
thyroid gland, a fixed dose achieves a similar cure rate of about 75%.

The most common adverse effect of radioiodine is a transient exacerbation of 
thyrotoxicosis, which can occur in the first few weeks after treatment as a result 
of radiation thyroiditis, and 1 to 3 months after treatment due to worsening 
Graves disease caused by an increase in TSH receptor antibody levels. Following 
radioiodine therapy, thyroid function should be assessed every 4 to 8 weeks. 
Some patients may have transient mild hypothyroidism followed by a return 
of hyperthyroidism. Postablative hypothyroidism develops in about 50% of 
patients in the first 6 to 12 months. Lifelong monitoring of thyroid function is 
required because patients who remain euthyroid or mildly hyperthyroid after 
the first year subsequently develop postablative hypothyroidism at a rate of 
approximately 3% per year. The risk of postablative hypothyroidism is much lower 
in patients with solitary autonomous nodules or toxic nodular goiter, because 
the paranodular normal tissue does not concentrate the radioiodine because 
TSH levels are suppressed. An FT4 level below the normal range, accompanied 
by a persistently low TSH value, also signals the development of hypothyroidism, 
as recovery of thyrotrophs from prior hyperthyroidism can be delayed. Prompt 
treatment of hypothyroidism may limit worsening of Graves orbitopathy.

In Graves disease, radioiodine therapy can worsen preexisting thyroid eye 
disease, so radioiodine is contraindicated in patients who have active moderate 
to severe eye disease. In patients with milder eye involvement, glucocorticoid 
therapy (e.g., prednisone 40 mg/day) at the time of therapy and tapered over 
2 to 3 months can prevent exacerbations.

Radioiodine-treated patients do not have an increased risk of thyroid cancer, 
other malignancies, infertility, spontaneous abortion, or children with birth 
defects. Nevertheless, women should avoid pregnancy until euthyroidism has 
been confirmed 3 to 6 months after treatment.

Other Drugs
Potassium iodide transiently inhibits the synthesis and release of thyroid 

hormone from the gland and is rarely used to accelerate recovery after radioac-
tive iodine treatment, to prepare patients for thyroidectomy, and to augment 
other treatments used to control severe thyrotoxicosis (see later). It can also 
temporarily control hyperthyroidism if severe allergies preclude the use of other 
medications.

Surgery
In the United States total thyroidectomy is seldom recommended for hyper-

thyroid Graves disease, except when radioiodine therapy is contraindicated, 
when malignancy is suspected in a thyroid nodule, or when concomitant 
hyperparathyroidism also requires surgical intervention. It may be first-line 
therapy, however, if a woman with Graves disease wishes to become pregnant 
and avoid taking antithyroid drugs during pregnancy. Thyroidectomy is the 
treatment of choice for toxic multinodular goiters that cause cosmetic disfig-
urement or compressive symptoms. Prior to surgery, patients should be rendered 
euthyroid with methimazole.

 THYROIDITIS
 Subacute (de Quervain) Thyroiditis

 PATHOBIOLOGY
The uncontrolled release of thyroid hormone from an inflamed and damaged 
thyroid gland can cause transient thyrotoxicosis that resolves spontaneously 
2 to 8 weeks later, when the supply of stored hormone has been released. 
Hypothyroidism then ensues for about one month, after which normal thyroid 
function returns in most patients.

 CLINICAL MANIFESTATIONS
Patients usually have pain that is localized to the thyroid gland, but pain can 
radiate to the throat, ears, or jaw. Systemic symptoms, including fever, chills, 
sweats, and malaise, are common and, on occasion, can dominate the clinical 
picture. Patients typically have symptoms of transient thyrotoxicosis followed 
by transient hypothyroidism. Many patients report an antecedent upper 
respiratory infection. On examination, the thyroid gland typically is exquisitely 
tender, modestly enlarged, and woody or hard on palpation

 DIAGNOSIS
Differential Diagnosis
The differential diagnosis includes acute (suppurative) thyroiditis, hemorrhage 
into an existing thyroid nodule, and rapid growth of anaplastic or infiltrating 
thyroid cancer or a thyroid lymphoma.

Laboratory Findings
Laboratory testing initially shows evidence of overt thyrotoxicosis, with T4 
levels proportionately higher than T3 levels. The erythrocyte sedimentation 
rate is elevated during the acute phase. On scanning, the fractional radioiodine 
uptake typically is less than 2% at 24 hours (see Table 213-6).

TREATMENT 

 Silent Thyroiditis

 EPIDEMIOLOGY
Silent thyroiditis (also known as painless or lymphocytic thyroiditis) occurs 
more commonly in women than men, with a peak age of incidence at ages 30 
to 40 years. It appears to be more prevalent in areas of high iodine uptake.

 PATHOBIOLOGY
This painless inflammation of the thyroid gland is characterized by diffuse 
lymphocytic infiltration. Based on this finding and the presence of thyroid 
peroxidase antibodies in about 50% of patients, this condition is believed to 
be autoimmune. Silent thyroiditis typically follows the same triphasic course 
as subacute thyroiditis, with transient thyrotoxicosis followed by transient 
hypothyroidism and eventual return to euthyroidism. The thyrotoxic phase 
may be less frequently recognized than the hypothyroid phase. Hypothyroidism 
may occasionally persist. Each of these phases of thyroid dysfunction can have 
a variable duration of weeks to months.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The diagnosis of silent thyroiditis may be suspected when a patient presents 
with symptoms of hypothyroidism that were preceded by symptoms of 
hyperthyroidism. The thyroid gland is either normal in size or modestly enlarged 
and is not tender. The diagnosis of silent thyroiditis can be made by finding 
a suppressed TSH level during the thyrotoxic phase but an elevated TSH level 
during the hypothyroid phase. The fractional uptake of radioiodine is very 
low or absent during the thyrotoxic phase and then returns to normal as the 
gland recovers (see Table 213-6).

TREATMENT 

 PROGNOSIS
Most patients with silent thyroiditis return to a euthyroid state, but 10 to 20% 
develop persistent hypothyroidism. Recurrences of silent thyroiditis may occur 
in 5 to 10% of patients.

 Postpartum Thyroiditis
 EPIDEMIOLOGY

Postpartum thyroiditis is defined as the development of thyroid dysfunction 
in a previously euthyroid woman within 12 months of pregnancy. It 
affects 8 to 11% of women within two to 12 months after delivery or 
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 THYROIDITIS
 Subacute (de Quervain) Thyroiditis

 PATHOBIOLOGY
The uncontrolled release of thyroid hormone from an inflamed and damaged 
thyroid gland can cause transient thyrotoxicosis that resolves spontaneously 
2 to 8 weeks later, when the supply of stored hormone has been released. 
Hypothyroidism then ensues for about one month, after which normal thyroid 
function returns in most patients.

 CLINICAL MANIFESTATIONS
Patients usually have pain that is localized to the thyroid gland, but pain can 
radiate to the throat, ears, or jaw. Systemic symptoms, including fever, chills, 
sweats, and malaise, are common and, on occasion, can dominate the clinical 
picture. Patients typically have symptoms of transient thyrotoxicosis followed 
by transient hypothyroidism. Many patients report an antecedent upper 
respiratory infection. On examination, the thyroid gland typically is exquisitely 
tender, modestly enlarged, and woody or hard on palpation

Specific Treatment Scenarios
Treatment of Graves ophthalmopathy and dermopathy

Mild thyroid eye disease can be treated with moisturizing ointment or drops, 
glasses, and even taping the eyelids closed at bedtime. In more severe cases, 
high-dose systemic glucocorticoid therapy can sufficiently diminish orbital 
inflammation so that orbital irradiation, which was recommended in the past, 
does not have added benefit. A5  Teprotumumab, a humanized monoclonal 
antibody that inhibits the insulin-like growth factor-I receptor, also reduces 
proptosis in active ophthalmopathy. A6  Orbital decompression surgery may 
occasionally be required for persistent corneal complications, optic nerve com-
pression, or cosmetic reasons. Infiltrative dermopathy may respond to topical 
glucocorticoids, but intradermal or systemic glucocorticoids, long-acting 
somatostatin analogues, and surgery have been tried for advanced disease.

Pregnancy
In pregnant patients, Graves disease is almost always the underlying cause 

of the hyperthyroidism.18 The diagnosis requires a careful assessment of symp-
toms, especially heat intolerance, palpitations, and vomiting, which also occur 
during normal pregnancy. In pregnancy total T4 levels are elevated because of 
increased thyroxine-binding globulin, and the TSH level can be suppressed in 
the first trimester because of hCG-mediated thyroid stimulation. If hyperthy-
roidism is confirmed, β-blockers should be used only transiently for severe 
symptoms. Propylthiouracil can cause congenital malformations but is the 
preferred medication for the first trimester because methimazole has been 
linked to more severe birth defects. However, methimazole is preferred after 
the first trimester because of its better side-effect profile. If Graves disease has 
been well controlled on low-dose methimazole, it can be discontinued with 
careful monitoring prior to conception with the goal of avoiding its use during 
pregnancy. Because Graves disease often remits in late pregnancy, the dose of 
the antithyroid drug often can be reduced. TSH receptor antibody levels can 
be used to estimate the likelihood that the baby will develop neonatal Graves 
disease.

Subclinical and Mild hyperthyroidism
Patients who have mild or subclinical hyperthyroidism (i.e., a suppressed TSH 

level with normal free T4 and T3 levels) may have findings, particularly bone 
mineral loss (Chapter 230) or atrial fibrillation (Chapter 58), that can justify 
treatment. It is less clear, however, whether younger asymptomatic patients 
with modestly suppressed TSH levels (e.g., 0.1 to 0.5 mU/L) require anything 
more than periodic monitoring.19

Thyrotoxic Crisis
Thyrotoxic crisis (thyroid storm) is a rare but potentially life-threatening 

sequela of sustained and severe thyrotoxicosis.20 The greatest risk is in patients 
who have inadequately treated Graves disease, in whom it can be precipitated 
by the discontinuation of medications, intercurrent illness, trauma, infection, 
surgery, childbirth, radiocontrast dye, or treatment with radioactive iodine. 
Clinical findings include fever, atrial tachyarrhythmias, heart failure, nausea, 
vomiting, diarrhea, and seizures. Agitation, psychosis, delirium, and even coma 
are seen. Prompt recognition and treatment in a monitored setting are crucial. 
Treatment should include acetaminophen, external cooling, β-blockers, thion-
amides, potassium iodide, and glucocorticoids, as well as rapid evaluation and 
aggressive management of any underlying medical problems. Addition of bile 
acid sequestrants can lower free T4 levels faster than antithyroid drugs alone. 
Salicylates are contraindicated because they can increase serum levels of free 
T4 and T3 by displacing thyroid hormones from thyroid binding proteins. Plas-
mapheresis has also been used in critically ill patients not responding to tra-
ditional pharmacologic therapies.

 DIAGNOSIS
Differential Diagnosis
The differential diagnosis includes acute (suppurative) thyroiditis, hemorrhage 
into an existing thyroid nodule, and rapid growth of anaplastic or infiltrating 
thyroid cancer or a thyroid lymphoma.

Laboratory Findings
Laboratory testing initially shows evidence of overt thyrotoxicosis, with T4 
levels proportionately higher than T3 levels. The erythrocyte sedimentation 
rate is elevated during the acute phase. On scanning, the fractional radioiodine 
uptake typically is less than 2% at 24 hours (see Table 213-6).

High-dose aspirin or nonsteroidal anti-inflammatory drugs (NSAIDs) can treat 
the thyroid pain and systemic inflammatory symptoms, with glucocorticoids 
reserved for unresponsive patients (and tapered over several weeks to prevent 
a relapse). Transient symptoms of thyrotoxicosis will respond after 1 to 3 weeks 
of β-blocker treatment. Subsequent symptomatic hypothyroidism may require 
short-term thyroxine, but long-term thyroid hormone replacement usually is 
not required.

TREATMENT 

 Silent Thyroiditis

 EPIDEMIOLOGY
Silent thyroiditis (also known as painless or lymphocytic thyroiditis) occurs 
more commonly in women than men, with a peak age of incidence at ages 30 
to 40 years. It appears to be more prevalent in areas of high iodine uptake.

 PATHOBIOLOGY
This painless inflammation of the thyroid gland is characterized by diffuse 
lymphocytic infiltration. Based on this finding and the presence of thyroid 
peroxidase antibodies in about 50% of patients, this condition is believed to 
be autoimmune. Silent thyroiditis typically follows the same triphasic course 
as subacute thyroiditis, with transient thyrotoxicosis followed by transient 
hypothyroidism and eventual return to euthyroidism. The thyrotoxic phase 
may be less frequently recognized than the hypothyroid phase. Hypothyroidism 
may occasionally persist. Each of these phases of thyroid dysfunction can have 
a variable duration of weeks to months.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The diagnosis of silent thyroiditis may be suspected when a patient presents 
with symptoms of hypothyroidism that were preceded by symptoms of 
hyperthyroidism. The thyroid gland is either normal in size or modestly enlarged 
and is not tender. The diagnosis of silent thyroiditis can be made by finding 
a suppressed TSH level during the thyrotoxic phase but an elevated TSH level 
during the hypothyroid phase. The fractional uptake of radioiodine is very 
low or absent during the thyrotoxic phase and then returns to normal as the 
gland recovers (see Table 213-6).

Silent thyroiditis can often be managed with observation and reassurance. 
Symptoms of hyperthyroidism can be treated with a course of β-blockers, 
whereas overt hypothyroidism warrants short-term thyroxine replacement.

TREATMENT 

 PROGNOSIS
Most patients with silent thyroiditis return to a euthyroid state, but 10 to 20% 
develop persistent hypothyroidism. Recurrences of silent thyroiditis may occur 
in 5 to 10% of patients.

 Postpartum Thyroiditis
 EPIDEMIOLOGY

Postpartum thyroiditis is defined as the development of thyroid dysfunction 
in a previously euthyroid woman within 12 months of pregnancy. It 
affects 8 to 11% of women within two to 12 months after delivery or 
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miscarriage. Predisposing factors include a history of previous episodes of 
postpartum thyroiditis, type 1 diabetes mellitus, and circulating antithyroid  
autoantibodies.

 PATHOBIOLOGY
Postpartum thyroiditis, which is an autoimmune condition characterized by 
lymphocytic infiltration of the thyroid gland, is likely a form of silent thyroiditis 
specifically related to pregnancy. The inflammation of the thyroid gland is 
painless but can cause transient thyrotoxicosis followed by transient or persistent 
hypothyroidism. However, the pattern of thyroid dysfunction can be quite 
variable, with some patients exhibiting the classic triphasic pattern and others 
exhibiting only hyperthyroidism or hypothyroidism.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The diagnosis of postpartum thyroiditis is often overlooked because its 
nonspecific thyrotoxic symptoms (e.g., weight loss, insomnia, anxiety) or 
hypothyroid symptoms (e.g., fatigue, depression) are attributed to the 
postpartum state. Most patients have a small painless goiter. The diagnosis 
can be confirmed or excluded by a suppressed TSH level during the thyrotoxic 
phase followed by an elevated TSH level during the hypothyroid phase. The 
median time of onset of the thyrotoxic and hypothyroid phases are about 13 
and 19 weeks postpartum, respectively. Approximately 80% of patients have 
thyroid peroxidase antibodies, and this condition must be distinguished from 
postpartum Graves disease, which can occur at about the same time but is 
associated with TSH-stimulating antibodies. Fractional uptake of radioiodine 
is either absent or very low in the setting of postpartum thyroiditis, whereas 
it is increased in active Graves disease (see Table 213-6).

Postpartum thyroiditis can usually be managed with observation and reas-
surance. A course of β-blocker therapy can be used for symptomatic thyrotoxi-
cosis. Overt hypothyroidism may require short-term thyroxine replacement. 
Monitoring of thyroid function after recovery is essential because thyroxine 
therapy may be required if a subsequent pregnancy is also affected by post-
partum thyroiditis or if permanent hypothyroidism ensues.

TREATMENT 

lymphoplasmocytic fibro-inflammation (Chapter 259). Diagnosis requires 
open biopsy. Glucocorticoids are first-line therapy, with tamoxifen and 
rituximab being second-line agents. Unfortunately, surgical removal is difficult or  
impossible.

 GOITER

 DEFINITION
A goiter can be diffuse or nodular, nontoxic or toxic (i.e., associated with 
thyroid hormone overproduction), and benign or malignant.22 It can be the 
result of the proliferation of thyrocytes stimulated by circulating TSH or 
thyroid-stimulating autoantibodies, infiltration by inflammatory or malignant 
cells, or a benign or malignant neoplasm.

 EPIDEMIOLOGY
Worldwide, the most common cause of goiter is iodine deficiency. Such goiters 
are only encountered in the United States among immigrants from iodine-
deficient regions. In younger patients, the goiter will shrink if adequate iodine 
supplementation is provided, whereas iodine supplementation in older 
individuals with multinodular iodine-deficient goiters will not decrease their 
size but may provoke thyrotoxicosis.

 PATHOBIOLOGY
Mutations in the thyroglobulin, thyroid peroxidase, dual oxidase, and pendrin 
genes can cause benign multinodular goiters or adenomas. Drugs (e.g., 
lithium carbonate) that inhibit the synthesis of thyroid hormone can also 
lead to goiter, but the underlying cause usually is unknown in iodine-replete  
patients.

Autoimmune thyroiditis can cause a modest goiter because of glandular 
infiltration with lymphocytes, inflammation, and fibrosis. Hypothyroid auto-
immune thyroiditis results in increased TSH levels, which further stimulate 
enlargement. In Graves disease, diffuse thyroid enlargement is stimulated by 
thyroid stimulating immunoglobulins. Other forms of thyroiditis and malignant 
neoplasms also can cause a goiter to develop.

 CLINICAL MANIFESTATION AND DIAGNOSIS
Clinical Examination
True thyroid enlargement is confirmed by palpation, but a thyroid ultrasound 
may help resolve any uncertainty. A childhood history may provide a clue 
to iodine deficiency. Symptoms of hypothyroidism suggest autoimmune 
thyroiditis, whereas thyrotoxicosis suggests toxic multinodular goiter or 
Graves disease. Clinical findings may lead to recognition of one of the various 
forms of thyroiditis (e.g., pain in subacute thyroiditis or postpartum status in 
lymphocytic thyroiditis).

On physical examination, the gland should be measured and any evidence 
of tracheal deviation, cervical lymphadenopathy, or venous distention should 
be assessed. Diffuse enlargement is consistent with Graves disease, thyroiditis, 
or a diffusely infiltrating neoplasm. Nodularity suggests a benign multinodular 
goiter or a malignancy. Subtotal thoracic outlet obstruction may be diagnosed if 
signs of facial plethora and cervical venous distention are seen when the patient 
touches his or her hands together above the head (Pemberton maneuver).

Laboratory Findings
A TSH level determines whether there is primary hypothyroidism or thyro-
toxicosis. Elevated antithyroid peroxidase antibody titers can confirm suspected 
autoimmune thyroiditis. Other blood tests (e.g., ESR for subacute thyroiditis 
or calcitonin for medullary thyroid cancer) may be useful if the clinical exami-
nation suggests specific diagnoses.

Imaging
Ultrasonography can accurately determine whether a goiter is diffuse or nodular, 
impinging on other cervical structures, or associated with lymphadenopathy. 
Ultrasonography is also essential to guide fine-needle aspiration for cytologic 
diagnosis. If the goiter extends posteriorly or beneath the sternal notch, CT 
or MRI may be required for evaluation. Iodine-containing radiocontrast dyes 
should be avoided because the iodide load may induce hyperthyroidism in 
patients with nodular goiters. Radionuclide 123I scanning can determine the 
gland’s functional status, the cause of the goiter, and whether any mediastinal 
mass is truly thyroid tissue. A barium swallow is indicated in patients with 
swallowing symptoms, and pulmonary function testing (Chapter 79) is indicated 
if tracheal compression is suspected. Laryngoscopy can evaluate vocal cord 
function if recurrent laryngeal nerve involvement is suspected.

TREATMENT 

 PROGNOSIS
Although most patients recover from their hypothyroidism, long-term studies 
show that about 15 to 50% of patients with postpartum thyroiditis eventually 
develop permanent hypothyroidism. Furthermore, patients have a 70% risk 
of recurrent postpartum thyroiditis after a subsequent pregnancy.

 Acute (Suppurative) Thyroiditis
Infection of the thyroid gland is a rare condition that typically presents with 
severe thyroid pain, fever, and other systemic manifestations of infection. The 
bacterial infection can be due to direct spread of bacteria from the skin or 
piriform sinus, or hematogenous spread (bacteria, mycobacteria, fungi, or 
parasites, especially Pneumocystis carinii) in immunocompromised individuals.

On physical examination, fever is associated with localized erythema and 
asymmetrical swelling of a tender, warm, and even fluctuant thyroid gland. 
Thyroid ultrasound may show an abscess, which can be aspirated to iden-
tify the pathogen. Prompt antibiotic therapy guided by the Gram stain and 
culture of the aspirate may need to be accompanied by surgical drainage of any  
abscesses.

 Other Forms of Thyroiditis
Amiodarone can cause painless thyroiditis that may be associated with thyro-
toxicosis or lead to iodine-induced thyrotoxicosis. The former should be treated 
with glucocorticoids, but the latter requires antithyroid drugs.21 Interferon-α 
can cause a painless thyroiditis and transient thyrotoxicosis that must be dif-
ferentiated from interferon-α–induced Graves disease; the former is treated 
with β-blockers, but the latter requires antithyroid drugs.

Riedel thyroiditis or struma is fibrotic replacement of thyroid tissue. The 
thyroid becomes substantially enlarged, hardened, and fixed. Adherence and 
infiltration of adjacent structures can cause local compressive symptoms. 
Some patients also have mediastinal and retroperitoneal fibrosis (Chapter 
259), sclerosing cholangitis (Chapter 146), or orbital pseudotumor as 
part of the spectrum of IgG4-related diseases that are characterized by 

 THYROID NODULES
Thyroid nodules are detected by palpation in about 6% of women and 2% of 
men,23,24 but high-resolution ultrasonography will find a thyroid nodule in up 
to 75% of all adults, especially women. Although the majority of these represent 
small, benign adenomatoid nodules or cysts, 5 to 10% of thyroid nodules are 
malignant. Less commonly, thyroid nodules are clinical problems by virtue 
of being hyperfunctioning or causing local compressive symptoms or cosmetic 
dissatisfaction.

 DIAGNOSIS
Clinical Manifestations
An otherwise asymptomatic thyroid nodule may be noted by the patient or 
discovered on a physician’s examination, but it also may be detected incidentally 
on carotid ultrasonography or a cervical spine CT or MRI.24 Local symptoms 
of compression or invasion suggest a malignancy. Examples include lower 
anterior neck pain, cough or dyspnea (owing to tracheal compression), 
hemoptysis (owing to tracheal invasion), dysphonia (owing to encasement 
of the recurrent laryngeal nerve), and dysphagia or odynophagia (owing to 
esophageal compression). A toxic adenoma should be suspected if patients 
have evidence of thyrotoxicosis, whereas hypothyroid symptoms and signs 
suggest autoimmune thyroiditis. Symptoms and signs related to metastases 
of thyroid cancer include chest pain, dyspnea, bone pain, and neurologic 
findings. Rare thyroid nodules can represent metastatic spread from a primary 
kidney (Chapter 187), colon (Chapter 184), or breast cancer (Chapter 188).

A history of neck irradiation greatly increases the risk of papillary thyroid 
cancer. Medullary and papillary thyroid cancers have a strong familial 
predisposition. Medullary thyroid cancer should be considered if there is a 
personal or family history of diagnosed or possible multiple endocrine neoplasia 
type 2 (MEN 2) syndromes, including hyperparathyroidism and 
pheochromocytoma (Chapter 218). Other genetic syndromes associated with 
thyroid cancer include Cowden syndrome and familial adenomatous polyposis 
(Gardner syndrome; Chapter 184).



CHAPTER 213 Thyroid 1473

Physical Examination
The physical examination of a thyroid nodule should define its tenderness, size, 
consistency, surface texture, and mobility. A hard texture, fixation, ipsilateral 
adenopathy or vocal cord paresis suggests a malignancy. Multinodularity 
suggests a benign nodular goiter but is not sufficiently diagnostic to avoid 
further evaluation. Furthermore, a patient’s risk of having thyroid cancer 
is only marginally lower with multiple nodules compared with a solitary  
nodule.

Laboratory Findings
A TSH level can identify hyperthyroidism or hypothyroidism. If the TSH 
level is low or undetectable, radionuclide thyroid scanning can diagnose a 
benign autonomous toxic adenoma or multiple functioning nodules (see Table 
213-6). If the TSH level is elevated, antithyroid peroxidase antibody titers 
can diagnose autoimmune thyroiditis. If MEN 2 or familial medullary thyroid 
cancer is a consideration, a calcitonin level should be measured.

Imaging
Thyroid ultrasonography is critical to confirm that a mass is a thyroid nodule 
and then to define its size, whether it is cystic or solid, and whether more 
than one nodule is present.25 Nodules that are more than 50% cystic or have 
a “spongiform” appearance are rarely malignant. Conversely, hypoechogenicity, 
microcalcifications, irregular nodule borders, a “taller than wide” orientation, 
and cervical adenopathy suggest the need for further evaluation with fine-
needle aspiration (Fig. 213-5A).

Radionuclide scanning with radioiodine or technetium pertechnetate is 
helpful only if the TSH level is suppressed. In this situation, scanning can 
determine whether the nodule is hyperfunctioning, in which case biopsy 
usually can be avoided.

Invasive Evaluation
Fine-Needle Aspiration Biopsy
Ultrasound-guided fine-needle aspiration is the most accurate way to confirm 
or exclude malignancy when a nodule is accompanied by a normal TSH level 
(Fig. 213-5B). The size of the nodule is relevant but less important than its 
full sonographic features. Nodules less than 1 cm in diameter generally do 
not require biopsy (see Table 213-8).

An adequate biopsy specimen can be accurately categorized as benign, 
atypical, suspicious for a follicular neoplasm, suspicious for malignancy, or 
malignant (Table 213-9). A benign classification is highly accurate, with a 
false-negative rate of less than 3% in sonographically directed biopsy specimens. 
Furthermore, the biopsy diagnosis of malignancy typically has a 98% 
true-positive rate. If a biopsy is judged suspicious for malignancy, approximately 
70% will be thyroid cancers when resected.

About 20% of biopsies yield adequate but diagnostically indeterminate 
cytologic material. Although most indeterminate nodules are benign, 

If thyroid dysfunction and malignant disease can be excluded, asymptomatic 
goiters can be observed and monitored with periodic ultrasonography. The 
suppression of TSH levels with thyroxine therapy shrinks only a minority of 
goiters and carries the risks of symptomatic thyrotoxicosis, atrial fibrillation, 
and loss of bone mineralization.

Surgery is often preferred if the goiter causes compressive complications, 
especially when there is substernal extension of the goiter or an acute worsening 
of symptoms. If surgery is contraindicated, radioactive iodine therapy can reduce 
the goiter size by an average of 50% over 12 to 24 months.

TREATMENT 

 THYROID NODULES
Thyroid nodules are detected by palpation in about 6% of women and 2% of 
men,23,24 but high-resolution ultrasonography will find a thyroid nodule in up 
to 75% of all adults, especially women. Although the majority of these represent 
small, benign adenomatoid nodules or cysts, 5 to 10% of thyroid nodules are 
malignant. Less commonly, thyroid nodules are clinical problems by virtue 
of being hyperfunctioning or causing local compressive symptoms or cosmetic 
dissatisfaction.

 DIAGNOSIS
Clinical Manifestations
An otherwise asymptomatic thyroid nodule may be noted by the patient or 
discovered on a physician’s examination, but it also may be detected incidentally 
on carotid ultrasonography or a cervical spine CT or MRI.24 Local symptoms 
of compression or invasion suggest a malignancy. Examples include lower 
anterior neck pain, cough or dyspnea (owing to tracheal compression), 
hemoptysis (owing to tracheal invasion), dysphonia (owing to encasement 
of the recurrent laryngeal nerve), and dysphagia or odynophagia (owing to 
esophageal compression). A toxic adenoma should be suspected if patients 
have evidence of thyrotoxicosis, whereas hypothyroid symptoms and signs 
suggest autoimmune thyroiditis. Symptoms and signs related to metastases 
of thyroid cancer include chest pain, dyspnea, bone pain, and neurologic 
findings. Rare thyroid nodules can represent metastatic spread from a primary 
kidney (Chapter 187), colon (Chapter 184), or breast cancer (Chapter 188).

A history of neck irradiation greatly increases the risk of papillary thyroid 
cancer. Medullary and papillary thyroid cancers have a strong familial 
predisposition. Medullary thyroid cancer should be considered if there is a 
personal or family history of diagnosed or possible multiple endocrine neoplasia 
type 2 (MEN 2) syndromes, including hyperparathyroidism and 
pheochromocytoma (Chapter 218). Other genetic syndromes associated with 
thyroid cancer include Cowden syndrome and familial adenomatous polyposis 
(Gardner syndrome; Chapter 184).
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FIGURE 213-5. A, Initial evaluation of a thyroid nodule. TSh = thyroid-stimulating hormone; 123i = radioactive iodine 123; 99mTc = technetium 99m. B, Algorithm for evaluation of a 
thyroid nodule with fine-needle aspiration (FNA). With indeterminate nodules (Bethesda Class 3 and 4), surgery, typically a diagnostic lobectomy, or molecular testing are both potential 
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 THYROID CANCER
Thyroid gland cancers range from incidental and inconsequential microcarci-
nomas to aggressive and virtually untreatable anaplastic tumors.28,29 The U.S. 
Preventive Services Task Force recommends against screening for thyroid 
cancer.30,31 Thyroid cancers usually present as asymptomatic thyroid nodules, 
although they may present with local symptoms, or with cervical adenopathy. 
They rarely present with metastatic signs or symptoms, such as a pulmonary 
mass or bone pain.

 Papillary and Follicular (Epithelial or Differentiated) 
Thyroid Carcinomas
Papillary and follicular thyroid cancers, which arise from follicular epithelium, 
often retain the characteristics of normal thyrocytes, including responsiveness 
to TSH, production of thyroglobulin, and concentration of iodide. They are 
distinguished by their histopathologic appearances and characteristic patterns of 
progression. Hürthle cell carcinoma is composed of thyrocytes with abundant 
mitochondria-laden cytoplasm and behaves like a follicular thyroid cancer, 
although it typically does not have iodine-concentrating ability.

 EPIDEMIOLOGY
Approximately 50,000-60,000 new cases of thyroid cancer are diagnosed 
each year in the United States. Thyroid cancer is three-fold more common 
in women than men (about 21 vs. 7 per 100,000 population), and the median 
age at diagnosis is 51 years. The incidence of thyroid cancer has increased in 
both women and men since 2004, although incidence rates now appear to be 
stabilizing, with about 52,000 new cases per year. Several factors, including 
diagnostic aggressiveness, may potentially account for this changing incidence of 
thyroid cancer (E-Table 213-1). Papillary microcarcinomas also are a common 
incidental pathologic finding, seen in 10% of thyroid glands excised for other 
reasons or examined at autopsy. Death rates from thyroid cancer (about 0.5 per 
100,000 population) are similar in both sexes, but the percentage of thyroid 
cancer deaths increases with age and is highest in the 75- to 84-year age group.

 PATHOBIOLOGY
Childhood irradiation to the thyroid gland and radioiodine exposure after 
nuclear incidents are risk factors for thyroid cancer. Gene mutations in RET/
PTC, RAS, and BRAF activate the MAP kinase signaling pathway and are 
implicated in the pathogenesis and progression of papillary thyroid cancer.

 CLINICAL MANIFESTATIONS
Papillary thyroid carcinoma, which is the most common form, accounts for 
90% of cases. Most papillary thyroid carcinomas are slow growing and either 
confined to the thyroid gland or spread to local cervical lymph nodes. However, 
papillary thyroid carcinomas can be more aggressive, with extension into 
adjacent tissues, extensive nodal involvement, and distant metastatic spread, 
most commonly to the lungs. Aggressive tumors are more common in older 
patients and with specific gene mutations, such as combined BRAF and TERT 
mutations.

Follicular and Hürthle cell thyroid carcinomas represent 9% of thyroid 
cancer cases. The noninvasive encapsulated follicular variant of papillary thyroid 
cancer is now considered a nonmalignant lesion. If these tumors invade only 
the tumor capsule, they are minimally invasive and typically behave like papillary 
thyroid carcinomas. If, however, follicular and Hürthle cell carcinomas invade 
the vasculature, they are more likely to metastasize, commonly to the lungs 
and bones.

approximately 15 to 25% are thyroid carcinomas. Repeat sampling may allow 
a more specific diagnosis to be made.

For cytologically indeterminate nodules, about 75% of which are histo-
pathologically benign,26 molecular diagnostic testing is helpful.27 For a typical 
cytologically indeterminate nodule with a thyroid cancer probability of 20 to 
35%, the negative predictive value of oncogenic testing and gene expression 
profiling is 90 to 95%. For patients with no clinical features of malignancy, 
particularly middle-aged or older women with multinodular glands in whom 
the prevalence of malignancy is 5% or less, vigilant observation with serial 
sonography is an alternative to molecular testing.

TABLE 213-9 BETHESDA SYSTEM FOR REPORTING 
CYTOPATHOLOGY

BETHESDA 
CLASS CYTOLOGIC DIAGNOSIS

RISK OF 
MALIGNANCY*

2 Benign 0-3% (1-10%)
3 Atypia of undetermined significance 14% (6-48%)
4 Suspicious for a follicular neoplasm 25% (14-34%)
5 Suspicious for malignancy 70% (53-97%)
6 Malignant 99% (94-100%)
Diagnostic categories associated with risk of malignancy.
Adapted from Bongiovanni M, Spitale A, Faquin WC, et al. The Bethesda System for Reporting 
Thyroid Cytopathology: a meta-analysis. Acta Cytol. 2012;56:333-339.
*The risk of malignancy is lower than depicted for Class 3,4, and 5 now that the noninvasive 
encapsulated follicular variant of papillary thyroid cancer is considered to be “nonmalignant” (see 
text) (Strickland KC, Howitt BE, Marqusee E, et al. The impact of noninvasive follicular variant of 
papillary thyroid carcinoma on rates of malignancy for fine-needle aspiration diagnostic categories. 
Thyroid. 2015;25:987-92.

TABLE 213-8 SIZE THRESHOLDS FOR THYROID NODULE 
FINE-NEEDLE ASPIRATION (FNA) BASED ON 
SONOGRAPHIC FEATURES

NODULE SONOGRAPHIC FEATURES
RECOMMENDED NODULE 

THRESHOLD SIZE FOR FNA
High suspicion:
 Hypoechoic AND microcalcifications, taller 

than wide configuration, irregular borders

≥1 cm

Intermediate suspicion:
 Hypoechoic without and other suspicious 

features

≥1 cm

Low suspicion:
 Iso- or hyperechoic without any suspicious 

features

≥1.5 cm

Very low suspicion:
 Spongiform or partially cystic with no 

suspicious features

>2 cm or consider not 
performing an FNA at all

Benign (pure cyst) Not needed
Data from Haugen BR, Alexander EK, Bible KC, et al. 2015 American Thyroid Association 
Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated Thyroid 
Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and 
Differentiated Thyroid Cancer. Thyroid. 2016;26:1-133.

Most asymptomatic, sonographically or cytologically benign thyroid nodules 
do not grow in the subsequent 5 years, and thyroid cancer rarely develops. As 
a result, conservative observation with periodic sonographic reassessment can 
be recommended. Further enlargement during observation (i.e., >20% increase 
in two of three dimensions) should prompt a repeat biopsy. A cytologically 
benign nodule should be surgically resected only if it causes compressive 
symptoms or cosmetic disfigurement.

The definitive diagnosis of a suspicious nodule often requires surgical resec-
tion for pathological examination. Unilateral lobectomy, which results in fewer 
surgical complications and a lower risk of postoperative hypothyroidism com-
pared with complete thyroidectomy is typically recommended for definitive 
diagnosis and treatment of the nodule. Total thyroidectomy is usually needed 
only when a higher-risk cancer is diagnosed.

TREATMENT AND PROGNOSIS 

Treatment of differentiated thyroid cancer entails surgery, selectively followed 
by radioiodine ablation of remnant thyroid tissue.32 Total or near-total thyroid-
ectomy with or without selective central compartment lymph node resection 
is often the appropriate initial surgical procedure. However, lobectomy may 
be considered for patients with tumors smaller than 4 cm confined to one lobe 
of the thyroid gland and without other negative prognostic indicators such as 
cervical node involvement or extrathyroidal extension. Thyroid surgery can be 
complicated by hypoparathyroidism or recurrent laryngeal nerve injury, which 
causes hoarseness if it is unilateral and airway obstruction if it is bilateral. Tra-
ditionally, the rationale for bilateral surgery is the frequent presence of bilateral 
disease in papillary thyroid cancer, and the lower risk of recurrence after bilateral 
gland removal in some but not all studies. In addition, there may be greater 
accuracy in detecting residual disease after the eradication of all remaining 

TREATMENT 

 PROGNOSIS
The TNM (tumor, node, metastasis) staging system is commonly used to 
predict the survival of patients with differentiated thyroid cancer. Tumor size, 
extra-thyroidal extension, extent of node involvement, presence of distant 
metastatic disease, and the patient’s age are important predictors of outcome 
(E-Table 213-2, E-Table 213-3). The 10-year survival rates for patients with 
stage I and stage II disease are now 99% and more than 95%, respectively. 
However, tumors recur in up to 5% of patients with low-risk thyroid cancer, 
so all patients must be monitored.

 Medullary Thyroid Carcinoma
In contrast to differentiated thyroid cancer, medullary thyroid cancer arises 
from the parafollicular or C cells, which produce calcitonin. It is a rare malig-
nancy, comprising approximately 2% of all thyroid malignancies. The average 
age of diagnosis is approximately 50 years. Medullary thyroid cancer can be 
hereditary or nonhereditary. Hereditary medullary thyroid cancer, which 
accounts for approximately 25% of cases, is associated with the multiple 
endocrine neoplasia syndrome 2 (MEN2A and MEN2B; Chapter 218) and 
with mutations in the RET proto-oncogene. It tends to be bilateral and 
multifocal. The remaining 75% of medullary thyroid cancers are the results 
of sporadic mutations, which may be in the RET gene, and are typically 
associated with a unilateral lesion.

Patients with the familial multiple endocrine neoplasia syndromes (Chapter 
218) are often diagnosed by genetic testing in the preclinical phase of their 
disease. In the more common MEN2A syndrome, medullary thyroid cancer 
typically occurs in the third decade of life, compared with the first decade of 
life in patients with the less common MEN2B syndrome. MEN2A may be 
accompanied by pheochromocytoma (Chapter 215), Hirschsprung disease 
(Chapter 127), and hyperparathyroidism (Chapter 232), whereas MEN2B 
is accompanied by pheochromocytoma, mucosal neuromas, intestinal 
ganglioneuromas, and a marfanoid habitus (Chapter 244). Patients with 
nonhereditary medullary thyroid cancer typically present with a thyroid nodule 
and cervical adenopathy. Symptoms of flushing, diarrhea, and pruritus can 
occur when the circulating calcitonin level is markedly elevated. At presentation, 
approximately 35% of tumors may have spread to cervical nodes, and 13% 
may have distant metastases.

After sporadic medullary thyroid cancer has been diagnosed, the treatment 
is total thyroidectomy and central compartment lymph node dissection. Dis-
section of lateral neck compartments may be considered depending upon the 
calcitonin levels. Thyroidectomy is generally recommended before age 5 years 
in patients with MEN2A and before age 1 in MEN2B, although these recom-
mendations may be modified based on the specific mutation. Serum calcitonin 
concentrations are used to monitor patients postoperatively, and the serum 
calcitonin doubling time provides a valuable prognostic indicator of survival. 
A rising calcitonin level should lead to imaging of the neck, chest, and abdomen. 
Recurrent or persistent disease is best treated with surgery. However, treat-
ment options for unresectable or advanced disease include radiation and 
systemic therapy with multikinase inhibitors. Both vandetanib and cabozantinib 
are approved agents for the treatment of progressive medullary thyroid cancer. 
Early diagnosis is the key to successful treatment of medullary thyroid cancer: 
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E-TABLE 213-1 FACTORS POTENTIALLY ACCOUNTING FOR CHANGES IN THYROID CANCER INCIDENCE
INC   REASED INCIDENCE DECREASED INCIDENCE

TRUE* APPARENT† TRUE APPARENT
Increased radiation exposure
•	 diagnostic
•	 therapeutic
•	 environmental

Increased detection as a result of
•	 more	use	of	new	diagnostic	technology
•	 increased	access	to	medical	care
•	 increased	surveillance

Iodine sufficiency or repletion§ Decreased detection as a result of
•	 halting	of	surveillance	programs
•	 discouraging	detection	of	early	stage	disease

Increased chemical exposure
•	 pesticides
•	 polychlorinated	biphenyls
•	 dioxins

Decreased prevalence of gene 
mutations

Reclassification of low-grade encapsulated 
follicular variants of papillary thyroid carcinoma 
as a neoplasm rather than a carcinoma

Population trends
•	 increased	obesity
•	 increased	insulin	resistance
•	 decreased	cigarette	smoking

Evidence that encapsulated follicular 
variant of papillary thyroid 
carcinoma is “noninvasive”

Iodine deficiency‡

Increased prevalence of point mutations 
e.g. BRAF, RAS

*Increased incidence of all thyroid carcinomas, including advanced or large carcinomas
†Increased detection of thyroid microcarcinomas specifically
‡Increased follicular and anaplastic carcinomas
§Decreased follicular carcinomas (increased papillary carcinomas)
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normal thyroid tissue. Recent guidelines have suggested that the selection of 
initial surgery (thyroidectomy versus lobectomy) can be considered on a case 
by case basis, considering the suspected extent of disease on the basis of 
thyroid ultrasonography and preoperative cervical node mapping, and the 
likelihood that radioactive iodine treatment may be pursued. Use of postopera-
tive cervical ultrasonography and following the trend in thyroglobulin concen-
tration provides sensitive tools for surveillance in those patients who have not 
had a total thyroidectomy or received radioiodine therapy.

Follow-Up
Once surgery has been performed, adjuvant therapy with radioiodine 

harnesses the properties that thyroid cancer cells share with normal thyroid 
tissue, namely the ability to accumulate iodine and responsiveness to TSH 
stimulation. Postoperatively, 131I administration after TSH stimulation can be 
employed to ablate the small amount of normal thyroid tissue that usually 
remains after total thyroidectomy. Thyroglobulin is a more specific tumor marker 
with essentially a baseline of zero if all remaining normal thyroid tissue has 
been ablated. Remnant ablation, however, does not improve the mortality rate 
in low risk disease, which is close to zero, nor does it decrease recurrence rates 
in individuals with low risk thyroid cancers. Therefore, radioiodine therapy is 
not recommended for the vast majority of thyroid cancer patients with low risk 
disease. Although the patient may have detectable circulating thyroglobulin 
and residual thyroid tissue detectable upon ultrasonography, these measures 
can be followed for changes in their respective baselines. Similarly, for patients 
in whom lobectomy alone has been chosen, follow-up relies on assessment 
of thyroglobulin levels and ultrasound examination of the ipsilateral cervical 
nodes and the remaining thyroid tissue. Controlled but nonrandomized trials 
have shown that radioiodine treatment is associated with a lower rate of tumor 
recurrence in patients with advanced disease (stages 3 and 4) at presentation 
(see later). Studies of some cohorts also show improved survival. TSH stimulation 
of residual thyroid tissue, which is essential for effective radioiodine therapy, 
can be accomplished either by the temporary withdrawal of thyroid hormone 
therapy to promote endogenous TSH production or, more commonly, by the 
administration of recombinant human thyrotropin, which avoids the morbidity 
of hypothyroidism.

Thyroxine therapy is required for all patients who have had a total thyroid-
ectomy. In addition to providing thyroid hormone replacement, thyroxine can 
be adjusted to suppress the patient’s circulating TSH level to the low or low-
normal range to reduce the likelihood of tumor recurrence. In determining the 
extent to which the TSH level should be suppressed, the patient’s risk of cancer 
recurrence must be balanced against potential thyrotoxic complications such 
as bone mineral loss in postmenopausal women and atrial fibrillation in older 
patients. In patients who have had a lobectomy, thyroxine replacement may 
not be required, since many patients will have serum TSH levels that are in the 
appropriate range (0.5 to 2 mU/L).

Radioiodine imaging is helpful in the early postoperative phase in those 
patients in whom radioactive iodine therapy is being considered, since it may 
reveal metastatic disease in cervical nodes or in distant sites. Post-treatment 
radioiodine imaging is always performed to document areas of radioiodine 
avidity. Patients who received radioiodine therapy usually have at least one 
additional diagnostic radioiodine scan 6 to 12 months later to document that 
previous regions of radioiodine concentration have been ablated. Long-term 
monitoring of patients entails periodic clinical assessment, measurement of 
serum thyroglobulin levels, and use of cervical ultrasonography. Clinically, 
patients should be assessed for local neck symptoms or recurrent cervical masses, 
as well as for optimization of thyroid hormone therapy. For patients treated 
with radioactive iodine therapy, who have negative diagnostic scanning and 
stimulated thyroglobulin values at initial follow-up, and subsequent undetect-
able thyroglobulin levels on TSH-suppressive thyroid hormone therapy, additional 
radioiodine imaging is not necessary.

Most differentiated thyroid cancer “recurrences” actually represent persistent 
disease, typically in cervical nodes or the thyroid bed. Ultrasonography is par-
ticularly useful for postoperative monitoring in patients who presented with 
extensive cervical disease or who have persistently detectable serum thyro-
globulin levels. If further follow-up radioiodine imaging is performed to identify 
disease recurrence, once such imaging is negative, it offers little or no advantage 
over measurement of thyroglobulin levels or other imaging. Trends in thyro-
globulin levels, assessed using thyroglobulin doubling times, are useful for 
predicting the progression of disease, analogous to the use of calcitonin doubling 
times for monitoring of medullary thyroid cancer (see later). Unfortunately, 
thyroglobulin testing is unreliable in the 15 to 20% of patients who have cir-
culating thyroglobulin autoantibodies that interfere with thyroglobulin immu-
noassays. In such patients, the trend in the thyroglobulin autoantibody titer 
may be informative. Chest CT scans can detect intrathoracic disease if recurrence 
outside of the neck is suspected. In patients with substantial detectable thy-
roglobulin levels (>10 ng/mL) and negative findings on standard imaging studies, 
FDG-PET scanning can locate residual disease in more than 50% of patients.

Recurrent cervical disease is usually an indication for a comprehensive 
compartmental neck dissection. Distant and nonresectable metastases that 
are iodine-avid can be treated with repeated 131I. External beam radiation can 

provide symptomatic relief for hilar node and skeletal metastases. Surgery may 
be useful for isolated metastatic disease sites.

Conventional chemotherapy is of limited use for metastatic differentiated 
thyroid cancer, but agents that target relevant molecular pathways hold promise.33 
Sorafenib and lenvatinib are FDA-approved for patients with progressive dif-
ferentiated thyroid cancer that is unresponsive to the usual therapies, including 
131I. Sorafenib (an oral inhibitor of vascular endothelial growth factor receptors, 
platelet-derived growth factor receptors, RET, and KIT) can double progression-
free survival to almost 11 months in patients who have metastatic thyroid 
cancers. A7  Lenvatinib (an oral inhibitor of vascular endothelial growth factor 
receptors, fibroblast growth factor receptors, platelet-derived growth factor 
receptors, RET, and KIT) at a daily dose of 24 mg per day in 28-day cycles provides 
at least a partial response in 65% of patients and prolongs median progression-
free survival from 3.6 months to 18.3 months. A8  Multikinase inhibitors have 
significant adverse effects, including hypertension, diarrhea, anorexia, nausea, 
weight loss, and fatigue. Because they are only tumoristatic, their discontinuation 
is associated with resumed tumor growth. Thus, the size and site of metastatic 
lesions, the possibility of local treatment measures, and the age and comorbidi-
ties of the patient must be carefully considered before initiating treatment.

 PROGNOSIS
The TNM (tumor, node, metastasis) staging system is commonly used to 
predict the survival of patients with differentiated thyroid cancer. Tumor size, 
extra-thyroidal extension, extent of node involvement, presence of distant 
metastatic disease, and the patient’s age are important predictors of outcome 
(E-Table 213-2, E-Table 213-3). The 10-year survival rates for patients with 
stage I and stage II disease are now 99% and more than 95%, respectively. 
However, tumors recur in up to 5% of patients with low-risk thyroid cancer, 
so all patients must be monitored.

 Medullary Thyroid Carcinoma
In contrast to differentiated thyroid cancer, medullary thyroid cancer arises 
from the parafollicular or C cells, which produce calcitonin. It is a rare malig-
nancy, comprising approximately 2% of all thyroid malignancies. The average 
age of diagnosis is approximately 50 years. Medullary thyroid cancer can be 
hereditary or nonhereditary. Hereditary medullary thyroid cancer, which 
accounts for approximately 25% of cases, is associated with the multiple 
endocrine neoplasia syndrome 2 (MEN2A and MEN2B; Chapter 218) and 
with mutations in the RET proto-oncogene. It tends to be bilateral and 
multifocal. The remaining 75% of medullary thyroid cancers are the results 
of sporadic mutations, which may be in the RET gene, and are typically 
associated with a unilateral lesion.

Patients with the familial multiple endocrine neoplasia syndromes (Chapter 
218) are often diagnosed by genetic testing in the preclinical phase of their 
disease. In the more common MEN2A syndrome, medullary thyroid cancer 
typically occurs in the third decade of life, compared with the first decade of 
life in patients with the less common MEN2B syndrome. MEN2A may be 
accompanied by pheochromocytoma (Chapter 215), Hirschsprung disease 
(Chapter 127), and hyperparathyroidism (Chapter 232), whereas MEN2B 
is accompanied by pheochromocytoma, mucosal neuromas, intestinal 
ganglioneuromas, and a marfanoid habitus (Chapter 244). Patients with 
nonhereditary medullary thyroid cancer typically present with a thyroid nodule 
and cervical adenopathy. Symptoms of flushing, diarrhea, and pruritus can 
occur when the circulating calcitonin level is markedly elevated. At presentation, 
approximately 35% of tumors may have spread to cervical nodes, and 13% 
may have distant metastases.

After sporadic medullary thyroid cancer has been diagnosed, the treatment 
is total thyroidectomy and central compartment lymph node dissection. Dis-
section of lateral neck compartments may be considered depending upon the 
calcitonin levels. Thyroidectomy is generally recommended before age 5 years 
in patients with MEN2A and before age 1 in MEN2B, although these recom-
mendations may be modified based on the specific mutation. Serum calcitonin 
concentrations are used to monitor patients postoperatively, and the serum 
calcitonin doubling time provides a valuable prognostic indicator of survival. 
A rising calcitonin level should lead to imaging of the neck, chest, and abdomen. 
Recurrent or persistent disease is best treated with surgery. However, treat-
ment options for unresectable or advanced disease include radiation and 
systemic therapy with multikinase inhibitors. Both vandetanib and cabozantinib 
are approved agents for the treatment of progressive medullary thyroid cancer. 
Early diagnosis is the key to successful treatment of medullary thyroid cancer: 
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E-TABLE 213-2 TNM STAGING OF THYROID CANCER
T, N, M DESCRIPTION
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor ≤2 cm in greatest dimension limited to the thyroid
T1a Tumor ≤1 cm in greatest dimension limited to the thyroid
T1b Tumor >1 cm but ≤2 cm in greatest dimension, limited to the thyroid
T2 Tumor >2 cm but ≤4 cm in greatest dimension limited to the thyroid
T3 Tumor >4 cm limited to the thyroid, or gross extrathyroidal extension 

invading only strap muscles
T3a Tumor >4 cm limited to the thyroid
T3b Gross extrathyroidal extension invading only strap muscles (sternohyoid, 

sternothyroid, or omohyoid muscles) from a tumor of any size
T4 Includes gross extrathyroidal extension beyond strap muscles
T4a Gross extrathyroidal extension invading subcutaneous soft tissues, 

larynx, trachea, esophagus, or recurrent laryngeal nerve from a tumor 
of any size

T4b Gross extrathyroidal extension invading prevertebral fascia or encasing 
carotid artery/mediastinal vessels, any size

N0 No evidence of regional lymph nodes metastasis
N1 Metastasis to cervical/upper mediastinal lymph nodes
N1a Central neck only (Level VI, VII)
N1b Lateral neck (Level I, II, III, IV, V)
M0 No distant metastasis
M1 Distant metastasis
From Tarasova VD, Tuttle RM. Current management of low risk differentiated thyroid cancer and 
papillary microcarcinoma. Clin Oncol. 2017;29(5):290-29.

E-TABLE 213-3 PROGNOSTIC STAGE GROUPS
WHEN AGE AT 
DIAGNOSIS IS 
…

AND 
THE T IS 

…
AND N 

IS …
AND M 

IS …

THEN THE 
STAGE 

GROUP IS …
<55 years Any T Any N M0 I

Any T Any N M1 II
≥55 years T1 N0/NX M0 I

T1 N1 M0 II
T2 N0/NX M0 I
T2 N1 M0 II
T3a/T3b Any N M0 II
T4a Any N M0 III
T4b Any N M0 IVA
Any T Any N M1 IVB

From: Tarasova VD, Tuttle RM. Current management of low risk differentiated thyroid cancer and 
papillary microcarcinoma. Clin Oncol. 2017;29(5):290-297.



ten-year survival is 100% for stage I disease, compared with approximately 
20% in stage IV.

 Anaplastic Thyroid Carcinoma
Anaplastic thyroid carcinoma is a rare, histologically undifferentiated, clinically 
aggressive malignant neoplasm that typically arises in older patients, about 
25% of whom have had a prior differentiated thyroid cancer. This cancer typi-
cally presents with a rapidly enlarging anterior or lateral neck mass associated 
with pain, tenderness, and compressive symptoms, including dysphagia, dys-
phonia, and stridorous dyspnea. Fine-needle aspiration biopsy of the mass 
usually yields large, pleomorphic, undifferentiated cells, but open surgical 
biopsy is sometimes required to confirm the diagnosis.

Most anaplastic thyroid cancers cannot be fully resected because they already 
have invaded other cervical structures when diagnosed. Surgery targets airway 
preservation. In the case of esophageal impingement, a percutaneous gastros-
tomy tube is often required to ensure adequate nutrition. Patients typically 
relapse within a few months and die within a median of 3 to 7 months.34 
However, overall survival of 22 months has been reported with trimodal therapy 
including surgery, radiation, and chemotherapy (potentially including targeted 
therapy and immunotherapy) compared with 6.5 months with just radiation 
and chemotherapy.

 Primary Thyroid Lymphoma
Lymphoma (Chapter 176), which rarely arises in the thyroid gland, neverthe-
less accounts for 1 to 5% of all thyroid malignancies. It typically presents in 
older persons, with an average age of diagnosis of 66 years. Hashimoto thy-
roiditis is the strongest risk factor for primary thyroid lymphoma.

Thyroid lymphoma typically presents as a rapidly enlarging, diffuse goiter 
with compressive symptoms. Fine-needle aspiration biopsy usually shows 
abundant lymphocytes, and flow cytometry can identify monoclonal lym-
phocytes, usually B cells. Surgical biopsy is sometimes required to establish 
the diagnosis.

Most tumors respond to chemotherapy and external beam radiation therapy 
(Chapter 176). Surgery is rarely indicated, but tracheal compression occasionally 
requires elective tracheostomy. Disease-free survival rates vary, but early stage 
disease localized to the thyroid gland is associated with a 5-year survival rate 
of over 85%.
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REVIEW QUESTIONS

1. An 84-year-old man is found to have an elevated TSH level of 6.5 mU/L 
(reference range 0.5 to 4.5 mU/L) on routine screening. The patient has 
been in good health previously and feels entirely well. His physical 
examination is normal, including the thyroid, which is not palpable. Repeat 
laboratory results 2 months later: Free T4 1.1 ng/dL (0.8-1.8 ng/mL), TSH 
5.9 mU/L. Anti-thyroperoxidase antibodies are negative. Which of the 
following statements is correct regarding this patient?
 A. TSH in this range is associated with increased cardiovascular mortality.
 B. Treatment with levothyroxine will improve his quality of life.
 C. The abnormal serum TSH is likely an artifact due to assay interference.
 D. His TSH values are normal for an octogenarian.

Answer: D Cross-sectional and prospective studies show that serum TSH 
levels rise with age, and that this increase is not associated with underlying 
thyroid disease or adverse effects. In fact, some data suggest that elderly indi-
viduals with higher serum TSH levels have lower mortality rates and better 
functional status. The largest published cross-sectional study, using data from 
the U.S. National Health and Nutrition Epidemiologic Study (NHANES), 
showed that the 2.5 to 97.5% confidence intervals for serum TSH for healthy 
octogenarians was 1.9 to 7.5 mU/l.

2. A 59-year-old male was started on nivolumab (an immune checkpoint 
inhibitor) for treatment of metastatic melanoma. Five months after begin-
ning therapy the patient developed nausea, vomiting, weakness, and fatigue. 
A viral gastroenteritis was initially suspected, but hypophysitis and second-
ary adrenal insufficiency were later recognized. The patient was treated 
with hydrocortisone for secondary adrenal insufficiency and had resolution 
of his nausea and vomiting. However, he continued to have weakness and 
fatigue. Hypothyroidism was suspected. Which of the following laboratory 
tests would be most useful in confirming hypothyroidism in this particular 
situation?
 A. An MRI of the pituitary
 B. A serum TSH level
 C. A free T4 level
 D. Thyroid peroxidase antibodies

Answer: C Immune checkpoint inhibitors are commonly used for cancer 
therapy. Although very effective, they have several side effects, including the 
development of endocrinopathies as a result of autoimmune damage to endo-
crine glands. This patient has sustained damage to his pituitary gland, and 
although an MRI of the pituitary gland would show evidence of inflammation, 
such imaging would not delineate which pituitary hormones were affected. 
If the patient had developed secondary hypothyroidism in addition to second-
ary adrenal insufficiency, a serum TSH would not be elevated (as it would be 
in primary hypothyroidism), and could be normal or low. Although thyroid 
peroxidase antibodies are associated with autoimmune damage to the thyroid 
gland itself, including in association with nivolumab-induced thyroiditis, they 
do not provide information about whether thyroid insufficiency has actually 
developed. The best test to confirm the suspicion of secondary hypothyroid-
ism is a free T4, which would be low or in the lower part of the normal range.

3. A 30-year-old woman develops heat intolerance, palpitations, tremor, and 
a 10-lb weight loss despite an increase in food intake. There is a strong 
family history of both hypothyroidism and hyperthyroidism. On physical 
exam, her pulse is 100 beat/minute and there is a mild stare but no proptosis. 
Her thyroid is enlarged 2-fold, symmetrical, and rubbery. There is a fine 
tremor. Thyroid function tests show the following: free T4 2.8 ng/dL (0.8 
to 1.8 ng/dL), T3 300 ng/dL (80 to 180 ng/dL) and TSH less than 
0.02 mU/L. AntiTSH receptor antibody titers are positive. The patient is 
started on atenolol 50 mg/day with improvement in her adrenergic 
symptoms, and one week later wishes to discuss specific management 
strategies for her Graves disease. Which is the best specific treatment for 
this patient?
 A. Methimazole for 12 to 18 months to see if she has a remission
 B. Radioiodine therapy to induce permanent hypothyroidism
 C. Thyroidectomy with permanent hypothyroidism
 D. Either methimazole, radioiodine, or surgery
 E. No specific treatment as her Graves disease may spontaneously remit

Answer: D There is no “best” treatment for Graves disease in a young oth-
erwise healthy individual. The only prospective randomized controlled study 
of antithyroid drugs, radioiodine, and surgery found that the three treatments 
were equivalent in terms of efficacy, patient satisfaction, and quality of life 
(Abraham-Nording M, et al. Thyroid. 2005;15:1279-1285). The American 
Thyroid Association hyperthyroidism guidelines recommends all three thera-
pies, recognizing that many factors play into decision making, including patient 
preferences, other medical problems and comorbidities, and desire for preg-
nancy, among many others. Although some patients do have spontaneous 
remissions, these are uncommon, and overt hyperthyroidism always requires 
treatment.

4. A 60-year-old woman is found to have a 1.5-cm right thyroid nodule after 
undergoing a cervical MRI. On physical exam, a vague rubbery thyroid 
nodule is noted, corresponding to the nodule seen on imaging. Thyroid 
function tests are normal and thyroid ultrasound reveals an isoechoic 1.6-cm 
nodule with a sonolucent rim and mainly peripheral flow. FNA of the 
nodule is benign (an adenomatoid nodule). What is the most likely scenario 
in the follow-up of this patient over the next 3 to 5 years?
 A. The nodule will grow slowly
 B. The nodule will remain stable
 C. The nodule will decrease in size
 D. The nodule will need to be rebiopsied because of a greater than 50% 

increase in volume
Answer: B Two prospective studies have shown that over a 5-year follow-up 
period, thyroid nodules remain stable. In one of the studies of 1567 nodules 
monitored annually, 15% of nodules grew, 18% decreased in size, and the 
rest remained stable. Nodule growth was associated with larger nodule size 
at baseline, the presence of multiple nodules, male sex, and younger age  
(<age 45).

5. A 29-year-old female was found to have a thyroid nodule by her gynecolo-
gist. She was referred to an endocrinologist who suggested further evalu-
ation with laboratory testing, a thyroid ultrasound, and ultimately a 
fine-needle aspiration biopsy of the documented 1.8-cm nodule. The FNA 
revealed a diagnosis of papillary thyroid cancer and the patient underwent 
a thyroidectomy. The final histology showed a 2-cm papillary thyroid car-
cinoma in the right lobe. There was no lymphatic or vascular invasion, 
extrathyroidal extension, or cervical lymph node involvement. In discussing 
this patient’s prognosis with her, which of the following statements is true?
 A. Her risk of a recurrence of her thyroid cancer is 30%.
 B. Her risk of death from thyroid cancer is 5%.
 C. Her risk of recurrence and death related to her thyroid cancer will be 

reduced by radioactive iodine therapy.
 D. She can be expected to have an essentially normal life span.

Answer: D This patient has a T1 (tumor ≤2 cm), N0 (no evidence of regional 
lymph node metastases) thyroid cancer (see E-Table 213-2). Regardless of 
her age, her thyroid cancer stage is classified as stage I (see E-Table 213-3). 
A patient such as this requires thyroid hormone therapy for her postsurgical 
hypothyroidism. In addition, she should be monitored for possible recurrence 
of her thyroid cancer. However, she does not require radioiodine therapy, 
because her prognosis is excellent and unlikely to be altered by administration 
of radioactive iodine. Her risk of death from thyroid cancer is less than 1% 
and her risk of thyroid cancer recurrence is less than 5%. Therefore, answer 
D best reflects this patient’s excellent prognosis.
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214 
ADRENAL CORTEX
LYNNETTE K. NIEMAN

The adrenal glands weigh 6 to 8 g in adults (Fig. 214-1). Each contains a 
cortex, which makes steroid hormones, and a medulla, which produces cat-
echolamines. Diseases of the adrenal medulla are discussed in Chapter 215. 
In the adrenal cortex, production of the three major classes of steroids occurs 
in specific zones: (1) the outermost layer, the glomerulosa, produces min-
eralocorticoids, primarily aldosterone; (2) the middle layer, the fasciculata, 
produces glucocorticoids, primarily cortisol; and (3) the innermost layer, the 
reticularis, produces adrenal “androgens,” primarily dehydroepiandrosterone 
(DHEA) and its sulfated conjugate (DHEA-S) (Fig. 214-2). This division 
reflects the fact that certain critical enzymes are restricted to specific zones, 
resulting in the ability or inability to synthesize specific end products.

 FUNCTION
The actions and regulation of these steroid classes differ. Mineralocorticoids 
act through the renal mineralocorticoid receptor1 to promote the reabsorption 
of sodium and the secretion of potassium. In addition to this classic action, 
mineralocorticoids have important action on the vasculature and may exac-
erbate the metabolic syndrome. Aldosterone secretion is stimulated primarily 
by hyperkalemia and angiotensin II (which itself is stimulated by hypovolemia 
and excess renin). These agents increase the production of aldosterone synthase 
to restore homeostasis through this feedback loop. Aldosterone production is 
stimulated to a much smaller degree by adrenocorticotropic hormone (ACTH).

FIGURE 214-1. Magnetic resonance images of the abdomen showing the position and 
relative size of the normal adrenal glands. 

Capsule

Medulla

Zona glomerulosa

Zona reticularis

Zona fasciculata

FIGURE 214-2. Histologic section through a normal adult adrenal gland showing the 
progression (from outside to inside) of the zona glomerulosa, zona fasciculata, zona 
reticularis, and medulla. 

Cortisol and other glucocorticoids act through the glucocorticoid receptor 
type 2 and its isoforms. The actions of this class of steroids are much broader, 
including effects on carbohydrate handling, lipid and calcium metabolism, 
and the immune and nervous systems. Cortisol production is regulated pri-
marily by ACTH, which is secreted in a circadian rhythm in response to 
corticotropin-releasing hormone (CRH) so that cortisol levels are highest in 
the morning and fall to a nadir around midnight. Cortisol coordinates ACTH 
production through negative feedback at the pituitary (ACTH) and hypo-
thalamus (CRH). Vasopressin secretion also plays a role in stimulating ACTH 
release.

DHEA and DHEA-S are the most abundant products of the adrenal gland. 
They exert their estrogenic and androgenic effects as prohormones, being 
converted to estrogens and testosterone in the peripheral tissues and activating 
the androgen and estrogen receptors. There is no known regulator of DHEA 
synthesis, but its production declines with age.

 DISORDERS OF ADRENAL FUNCTION
Most disorders of the adrenal cortex reflect overproduction or underproduction 
of the products of a single synthetic zone—cortisol, aldosterone, or testos-
terone or estrogen (Fig. 214-3). The congenital adrenal hyperplasias are an 
exception and are manifested with both overproduction and underproduction. 
Abnormal secretion is suggested by clinical features of each disorder and is 
reflected in plasma or urine levels of the relevant hormones or by the conse-
quent increases or decreases in feedback systems, which form the basis of the 
biochemical diagnostic tests.

 Glucocorticoid Excess: Cushing Syndrome
 CLINICAL MANIFESTATIONS

Cushing syndrome is a symptom complex that reflects excessive tissue exposure 
to cortisol. Classic features of Cushing syndrome include weight gain, plethora, 
hypertension, and striae (Table 214-1). Not all patients have all features; the 
number and severity of features correlate roughly with the duration and sever-
ity of hypercortisolism. Because many of the signs and symptoms are non-
specific, the diagnosis may be confused with psychiatric disorders, polycystic 
ovary syndrome, the metabolic syndrome, simple obesity, fibromyalgia, or 
acute illness. However, because worsening hypercortisolism may precipitate 
hypertension, glucose intolerance, infections, psychiatric disturbances, impaired 
cognition, and hypercoagulability, it is important to identify this treatable 
disorder to prevent its associated morbidity and mortality.2

Changes in mood and cognition are useful markers of hypercorti-
solism. These include irritability, crying, and restlessness; depressed mood; 
decreased libido; insomnia; anxiety; and decreased concentration and  
impaired memory.

 DIAGNOSIS
Clinical Examination
Cushing syndrome screening is most likely to be positive in the presence of 
signs that are typical of glucocorticoid excess, such as abnormal fat distribution 
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ABSTRACT
The adrenal glands contain the cortex, which makes steroid hormones, and 
the medulla, which produces catecholamines. In the adult human adrenal 
cortex, production of the three major classes of steroids occurs in specific 
zones: the outermost layer, the glomerulosa, produces mineralocorticoids, 
primarily aldosterone; the middle layer, the fasciculata, produces glucocorti-
coids, primarily cortisol; the innermost layer, the reticularis, produces adrenal 
“androgens,” primarily dehydroepiandrosterone (DHEA) and its sulfated 
conjugate (DHEA-S). Most disorders of the adrenal cortex reflect overproduc-
tion or underproduction of the products of a single synthetic zone—cortisol, 
aldosterone, or testosterone or estrogen. The congenital adrenal hyperplasias 
are an exception and manifest with both overproduction and underproduc-
tion. Abnormal secretion is suggested by clinical features of each disorder and 
is reflected in plasma or urine levels of the relevant hormones or by the con-
sequent increases or decreases in feedback systems, which form the basis of 
the biochemical diagnostic tests. Current diagnostic and treatment recom-
mendations are presented for hypercortisolism and hypocortisolism (Cushing 
syndrome and adrenal insufficiency), mineralocorticoid and adrenal androgen 
excess, and combined excess and deficiencies seen in congenital adrenal 
hyperplasias.
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in the supraclavicular and temporal fossae, proximal muscle weakness, wide 
(>1 cm) purple striae, and new irritability, decreased cognition, and decreased 
short-term memory.3 Testing is indicated when clinical features have progressed 
over time and in patients with adrenal masses that are incidentally detected 
on imaging obtained for unrelated reasons (so-called adrenal incidentalomas).4 
For example, oligomenorrhea is more suggestive of Cushing syndrome if a 
woman previously had regular menses. Serial seven subtractions and recall of 
three cities (or objects) are useful bedside strategies to identify deficits in 
cognition and memory.

Laboratory Findings
Exogenous administration of glucocorticoid should be excluded before screen-
ing for endogenous Cushing syndrome. In the absence of pseudo-Cushing 
states (see later), at least two different screening test results should be abnormal 
to establish the diagnosis. Tests for the differential diagnosis of Cushing 

Cortisol and other glucocorticoids act through the glucocorticoid receptor 
type 2 and its isoforms. The actions of this class of steroids are much broader, 
including effects on carbohydrate handling, lipid and calcium metabolism, 
and the immune and nervous systems. Cortisol production is regulated pri-
marily by ACTH, which is secreted in a circadian rhythm in response to 
corticotropin-releasing hormone (CRH) so that cortisol levels are highest in 
the morning and fall to a nadir around midnight. Cortisol coordinates ACTH 
production through negative feedback at the pituitary (ACTH) and hypo-
thalamus (CRH). Vasopressin secretion also plays a role in stimulating ACTH 
release.

DHEA and DHEA-S are the most abundant products of the adrenal gland. 
They exert their estrogenic and androgenic effects as prohormones, being 
converted to estrogens and testosterone in the peripheral tissues and activating 
the androgen and estrogen receptors. There is no known regulator of DHEA 
synthesis, but its production declines with age.

 DISORDERS OF ADRENAL FUNCTION
Most disorders of the adrenal cortex reflect overproduction or underproduction 
of the products of a single synthetic zone—cortisol, aldosterone, or testos-
terone or estrogen (Fig. 214-3). The congenital adrenal hyperplasias are an 
exception and are manifested with both overproduction and underproduction. 
Abnormal secretion is suggested by clinical features of each disorder and is 
reflected in plasma or urine levels of the relevant hormones or by the conse-
quent increases or decreases in feedback systems, which form the basis of the 
biochemical diagnostic tests.

 Glucocorticoid Excess: Cushing Syndrome
 CLINICAL MANIFESTATIONS

Cushing syndrome is a symptom complex that reflects excessive tissue exposure 
to cortisol. Classic features of Cushing syndrome include weight gain, plethora, 
hypertension, and striae (Table 214-1). Not all patients have all features; the 
number and severity of features correlate roughly with the duration and sever-
ity of hypercortisolism. Because many of the signs and symptoms are non-
specific, the diagnosis may be confused with psychiatric disorders, polycystic 
ovary syndrome, the metabolic syndrome, simple obesity, fibromyalgia, or 
acute illness. However, because worsening hypercortisolism may precipitate 
hypertension, glucose intolerance, infections, psychiatric disturbances, impaired 
cognition, and hypercoagulability, it is important to identify this treatable 
disorder to prevent its associated morbidity and mortality.2

Changes in mood and cognition are useful markers of hypercorti-
solism. These include irritability, crying, and restlessness; depressed mood; 
decreased libido; insomnia; anxiety; and decreased concentration and  
impaired memory.

 DIAGNOSIS
Clinical Examination
Cushing syndrome screening is most likely to be positive in the presence of 
signs that are typical of glucocorticoid excess, such as abnormal fat distribution 
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FIGURE 214-3. Physiology of the adrenal axis in health, Cushing syndrome, and pseudo-Cushing states. A, In healthy individuals, cortisol production is stimulated by the increased 
hypothalamic release of corticotropin-releasing hormone (CrH), which then travels down the pituitary stalk to stimulate adrenocorticotropic hormone (ACtH) secretion and release by 
corticotropes. Circulating ACtH stimulates adrenal gland production and secretion of cortisol. Cortisol then functions in a negative feedback mechanism to inhibit both CrH and ACtH. 
B, In Cushing disease, a pituitary tumor releases excessive amounts of ACtH, which results in increased cortisol secretion by the adrenal glands. C, In ectopic ACtH secretion, a nonpi-
tuitary ACtH-secreting tumor releases excessive amounts of ACtH, which results in increased cortisol secretion by the adrenal glands. D, In ACtH-independent adrenal forms of Cushing 
syndrome, the adrenal tumor autonomously releases excess amounts of cortisol. In all forms of Cushing syndrome, the negative feedback effects of excessive cortisol inhibit endogenous 
CrH and ACtH secretion, so that circulating ACtH levels reflect the underlying tumor (levels are normal or increased) or independent cortisol production (levels are suppressed). E, In 
pseudo-Cushing states, central stimulation increases CrH secretion, which in turn increases ACtH and hence cortisol production. In this setting, the negative feedback effects of exces-
sive cortisol inhibit endogenous CrH and ACtH secretion, so that cortisol levels are ultimately constrained, albeit at an increased level. 

TABLE 214-1 THE FREQUENCY OF CLINICAL SIGNS AND 
SYMPTOMS OF CUSHING SYNDROME

SIGN OR SYMPTOM PERCENTAGE
Decreased libido in men and women 100
Obesity or weight gain 97
Plethora 94
Round face 88
Menstrual changes 84
Hirsutism 81
Hypertension 74
Ecchymoses 62
Lethargy, depression 62
Striae 56
Weakness 56
Electrocardiographic changes or atherosclerosis 55
Dorsal fat pad 54
Edema 50
Abnormal glucose tolerance 50
Osteopenia or fracture 50
Headache 47
Backache 43
Recurrent infections 25
Abdominal pain 21
Acne 21
Female balding 13
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with certainty unless values reach this threshold. Conversely, patients with 
Cushing syndrome may have normal UFC excretion because of mild or 
intermittent hypercortisolism or altered renal metabolism of cortisol. If 
UFC is only mildly elevated and clinical features are minimal, it is best to 
treat any pseudo-Cushing state and to remeasure UFC excretion with the 
expectation that it will normalize. Alternatively, if UFC values are normal but 
clinical suspicion is high, repeated measurement might disclose intermittent  
hypercortisolism.

Measurement of plasma cortisol at midnight distinguishes pseudo-Cushing 
states from Cushing syndrome with 95% diagnostic accuracy; a level greater 
than 7.5 µg/dL is required for the diagnosis of Cushing syndrome. Measurement 
of salivary cortisol at bedtime or at midnight works as well, is more convenient, 
and may be the best screening test in patients with mild or intermittent 
hypercortisolism.6 However, the criteria for its interpretation differ, so each 
assay must be validated before it is used for this purpose.

Dexamethasone Suppression Tests
The dexamethasone suppression test is a simple screening test that takes 
advantage of the negative feedback effect of glucocorticoids to reduce ACTH 
(and hence serum cortisol). Dexamethasone 1 mg is given orally between 11:00 
pm and midnight, and plasma cortisol is measured between 8:00 and 9:00 the 
next morning. The test has an 8% false-negative rate in patients with Cushing 
disease and a 30% false-positive rate in chronic illness, obesity, psychiatric 
disorders, and normal individuals. As a result, Cushing syndrome cannot be 
diagnosed by this test alone unless the result is extremely abnormal.

The 2-day, 2-mg dexamethasone suppression test discriminates patients with 
a pseudo-Cushing state if plasma cortisol end points of less than 1.4 or 2.2 µg/
dL are used. Dexamethasone 500 µg is given orally every 6 hours for eight 
doses, and plasma cortisol is measured 2 hours after the last dose. The test has 
excellent sensitivity (90 to 100%) and specificity (97 to 100%) for discriminating 
Cushing syndrome, but it is costly and requires excellent compliance of the 
patient. The immediate subsequent administration of CRH (1 mg per kilogram 
of body weight intravenously) and the measurement of cortisol 15 minutes later 
increased the sensitivity and specificity to 100% in a small study of patients, 
with values above 1.4 µg/dL indicating Cushing syndrome. Although this 
combined dexamethasone-CRH test has high diagnostic accuracy, it has the 
same disadvantages as the 2-day dexamethasone suppression test and the 
added cost of CRH testing. Because of these drawbacks, these tests are usually 
reserved for patients with ambiguous or confusing results on other screening 
tests. CRH is available commercially (Acthrel), with U.S. Food and Drug 
Administration–approved labeling for the differential diagnosis of Cushing 
syndrome. Its use in the dexamethasone-CRH test is an off-label use.

Any dexamethasone test may give false results in patients with abnormal 
metabolic clearance of the drug. Agents that induce the cytochrome P-450 
CYP3A4 enzymes (alcohol, rifampin, phenytoin, phenobarbital) increase dexa-
methasone clearance, whereas renal or hepatic failure decreases it. Measurement 
of a dexamethasone level can determine whether its clearance has been altered.

Differential Diagnosis
The causes of endogenous Cushing syndrome can be divided broadly into 
ACTH-dependent (80%) and ACTH-independent (20%) forms (Table 214-2). 

Any abnormal result Normal (CS unlikely)

24-h UFC
(≥2 tests)

Overnight
1-mg DST

Use 48-h, 2-mg DST in certain populations (see text)

Late night salivary
cortisol (≥2 tests)

Consult endocrinologist

Perform 1 or 2 other
studies shown above

Suggest consider
repeating the abnormal study
Suggest Dex-CRH or midnight

serum cortisol in certain populations

Normal
(CS unlikely)

Abnormal

Cushing
syndrome

Discrepant
(Suggest additional

evaluation)

Cushing syndrome suspected
(consider endocinologist consultation)

Exclude exogenous
glucocorticoid exposure

Exclude physiologic causes
of hypercortisolism

Perform one of the following tests

FIGURE 214-4. Algorithm for testing of patients suspected of having Cushing syn-
drome (CS). All statements are recommendations except for those prefaced by “suggest.” 
diagnostic criteria that suggest Cushing syndrome are urine free cortisol (UFC) greater 
than the normal range for the assay, serum cortisol greater than 1.8 µg/dl (50 nmol/liter) 
after 1 mg dexamethasone (1-mg dSt), and late-night salivary cortisol greater than 145 ng/
dl (4 nmol/liter). dex-CrH = dexamethasone–corticotropin-releasing hormone test; dSt 
= dexamethasone suppression test. (reprinted with permission from nieman lK, Biller 
BM, Findling JW, et al. the diagnosis of Cushing syndrome: an endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab. 2008;93:1526-1540.)

TABLE 214-2 ETIOLOGY OF CUSHING SYNDROME
EXOGENOUS ENDOGENOUS
Most common cause of Cushing 

syndrome:
Glucocorticoid or ACTH driven
May be factitious or iatrogenic

ACTH independent—autonomous 
adrenal activation (20% of all cases)
Adrenal adenoma (40-50%)
Adrenal carcinoma (40-50%)
Primary pigmented nodular adrenal 

disease
McCune-Albright syndrome

Massive macronodular adrenal 
disease

Gastric inhibitory polypeptide or 
food induced

ACTH dependent—adrenal activation 
by excessive ACTH (80% of all cases)
Corticotrope adenoma (80%)
Ectopic ACTH secretion (20%)
Ectopic CRH secretion (rare)

ACTH = adrenocorticotropic hormone; CRH = corticotropin-releasing hormone.

syndrome should not be used to make the diagnosis. Figure 214-4 is the 
Endocrine Society’s recommended algorithm for testing of patients suspected 
of having Cushing syndrome.

Urine, Saliva, and Serum Cortisol Measurements
Urine free cortisol (UFC) excretion during 24 hours is a good screening test. 
Specific, structurally based assay techniques, such as high-performance liquid 
chromatography and tandem mass spectrometry, are the “gold standard.” The 
upper-normal limit of these tests is much lower and more specific than that 
of antibody-based assays, in which other steroids may cross-react. This cross-
reactivity may be an advantage in screening for hypercortisolism.

UFC excretion is elevated in about 20% of adrenal incidentalomas5 and 
also may be increased in the so-called pseudo-Cushing states, including psy-
chiatric disorders (depression, anxiety disorder, obsessive-compulsive disor-
der), chronic pain, severe exercise, alcoholism, uncontrolled diabetes, and 
morbid obesity. Here, it is hypothesized that higher brain pathways stimu-
late CRH release and activation of the entire hypothalamic-pituitary-adrenal 
axis (see Fig. 214-3E). Cortisol negative feedback inhibition on CRH and 
pituitary ACTH release restrains the resulting hypercortisoluria to less than 
four-fold greater than normal. Thus Cushing syndrome cannot be diagnosed 

TREATMENT 
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Hypercortisolism from autonomously functioning adrenal tumors suppresses 
ACTH, whereas in primary disorders of ACTH excess, the adrenal glands 
respond to tumor-derived ACTH. Plasma ACTH concentration distinguishes 
between these causes. ACTH is usually less than 10 pg/mL in primary adrenal 
disorders but is also suppressed by exogenous steroids, whether they are pre-
scribed intentionally (iatrogenic Cushing syndrome) or taken factitiously. 
Patients in the latter group often have had multiple surgical procedures and 
do not reveal that they are self-administering steroids. As a result, patients 
must be queried closely about exogenous steroid administration, recognizing 
that parenteral, inhaled, and topical steroids can all cause glucocorticoid excess. 
Patients with endogenous Cushing syndrome and low ACTH concentrations 
should undergo adrenal imaging to identify the site of adrenal abnormality. 
Nonautonomous adrenal tissue atrophies when ACTH support is subnormal. 
Because of this, the common ACTH-independent forms of Cushing syndrome—
adrenal adenoma and carcinoma—are manifested as a unilateral adrenal mass, 
with atrophy of the adjacent and contralateral tissue on magnetic resonance 
imaging or computed tomography.

Bilateral forms of primary adrenal disease are rare and may be manifested 
with small or large adrenal nodules. Primary pigmented nodular adrenal disease 
occurs primarily in children and young adults and is characterized by small 
to normal-sized adrenal glands containing small (<5 mm) black-brown cortical 
nodules. About half of these patients have additional features, termed Carney 
complex, which are often inherited in an autosomal dominant fashion.7 The 
clinical features of Carney complex include myxomas of the skin, breast, and 
heart; spotty pigmentation, such as lentigines and blue nevi; and other endocrine 
overactivity, such as acromegaly and testicular tumors. Some of these patients 
have mutations leading to a truncated form of protein kinase A regulatory 1α 
subunit. The resultant increase in protein kinase A activation by cyclic adenosine 
monophosphate presumably allows tumor formation. Bilateral nodular 
hyperplasia with Cushing syndrome can occur in the setting of McCune-Albright 
syndrome, mostly in infants or children. Massive macronodular adrenal disease 
generally is manifested after the age of 40 years with huge adrenal glands and 
aberrant expression of “illicit” receptors for various ligands (gastric inhibitory 
polypeptide, β-adrenergic, vasopressin), which presumably mediates 
autonomous cortisol production.

A normal or elevated plasma ACTH level (>15 pg/mL; 3.3 pmol/L) is 
consistent with an ACTH-producing tumor. Intermediate ACTH concentra-
tions between 5 and 15 pg/mL (1.1 to 3.3 pmol/L) in a two-site sandwich 
assay are not diagnostic. In these patients, suboptimal cortisol responses to 
CRH stimulation may identify the minority of cases of ACTH-independent 
Cushing syndrome with borderline basal ACTH values. In addition, a sup-
pressed plasma DHEA-S value supports the diagnosis of an ACTH-independent 
disorder.

Cushing disease,8 an ACTH-secreting pituitary adenoma, is the most common 
cause of Cushing syndrome (Chapter 211). It is more common in women than 
in men (6 : 1 ratio), with a mean age at onset in the fourth decade. ACTH also 
may be secreted ectopically by a variety of neuroendocrine tumors, as shown in  
Table 214-3.

Pituitary magnetic resonance imaging shows a tumor in only about 40 to 
50% of patients with Cushing disease, but it is obtained routinely in patients 

TABLE 214-3 THE INCIDENCE AND TYPES OF TUMORS 
CAUSING THE SYNDROME OF ECTOPIC  
ACTH SECRETION

TUMOR TYPE PERCENTAGE
Carcinoma of lung (small cell or oat cell) 19-50
Carcinoid of bronchus 2-37
Carcinoid of thymus 8-12
Pancreatic tumors, carcinoid and islet cell 4-12
Pheochromocytoma, neuroblastoma, 

ganglioma, paraganglioma
5-12

Medullary carcinoma of the thyroid 0-5
Miscellaneous* <1
*Miscellaneous tumors reported to secrete ACTH in 1-10 cases include carcinoma of the ovary, 
prostate, breast, thyroid, kidney, salivary glands, testes, gallbladder, esophagus, and appendix; gastric 
carcinoid and renal carcinoid; acute myeloblastic leukemia; melanoma; and cloacogenic carcinoma 
of the anal canal.
ACTH = adrenocorticotropic hormone.

with ACTH-dependent disease to exclude a macroadenoma or abnormal 
anatomy before petrosal sinus sampling or surgery. A pituitary lesion less than 
6 mm is seen in up to 10% of healthy individuals and so does not always 
indicate Cushing disease. Biochemical tests must be used to distinguish among 
the ACTH-dependent causes of Cushing syndrome, and they must be per-
formed after a 6- to 8-week period of sustained hypercortisolism sufficient to 
suppress normal corticotrope function.

Inferior petrosal sinus sampling is the best test to distinguish between a 
pituitary and an ectopic source of excess ACTH; worldwide, the overall sen-
sitivity and specificity are about 94%. The test involves catheterization of a 
peripheral vein and also the petrosal sinuses draining the pituitary gland; 
simultaneous measurement of ACTH levels at each site before and 3, 5, and 
10 minutes after administration of CRH; and calculation of the central-to-
peripheral ACTH ratio at each time point. Ratios of more than 2 before CRH 
administration or more than 3 after CRH administration are consistent with 
Cushing disease.

Although it is accurate in experienced hands, inferior petrosal sinus sampling 
carries a small risk of stroke, is expensive, and is not widely available. Other 
tests, such as the CRH test and the 8-mg dexamethasone suppression test, 
may be useful if both responses indicate Cushing disease. In this setting, the 
likelihood of ectopic ACTH secretion is low. However, the diagnosis is not 
clear if both responses are negative or if they are mixed. (Disorders of the 
anterior pituitary, including Cushing disease, are discussed in detail in Chapter 
211.)

If endocrine tests suggest ectopic ACTH secretion, imaging is obtained to 
localize the tumor. Computed tomography and magnetic resonance imaging 
of the chest are the best initial screens because these tumors are most often 
in the thoracic cavity. Octreotide scintigraphy is a useful adjunctive test. 
Measurement of serum calcitonin and gastrin and measurement of plasma 
or urine catecholamines may identify medullary carcinoma of the thyroid, 
gastrinoma, and pheochromocytoma. The process can be repeated every 6 to 
12 months; tumors that make ACTH ectopically have a spectrum of malignant 
potential, and annual screening should continue, regardless of treatment for  
hypercortisolism.

TREATMENT 

Surgical Therapy
The optimal treatment of Cushing syndrome is surgical resection of the lesion 

that is producing excessive ACTH or cortisol. In ACTH-dependent Cushing syndrome, 
if this is unsuccessful or cannot be done, bilateral adrenalectomy is an option.9

Transsphenoidal resection of a microadenoma is the optimal therapy for a 
patient with Cushing disease, with up to a 90% chance of cure in the hands of 
an experienced neurosurgeon. A successful outcome is less likely if the initial 
surgery is not curative, in cases of recurrence, and for macroadenomas. Con-
troversy exists about the criteria for remission; although a low postoperative 
cortisol level is encouraging, it does not preclude later recurrence. If recurrence 
develops, additional resection or alternative therapy should be considered.

Patients with ectopic ACTH secretion can be cured if the tumor can be removed 
and is not metastatic. Otherwise, adrenalectomy or medical therapy is chosen 
(see later). Adrenalectomy is appropriate when the patient cannot tolerate the 
medical toxicity, cost, or adverse psychological effects of long-term medical 
therapy and monitoring; when rapid correction of hypercortisolism is needed; 
or if maximal daily doses of ketoconazole (1600 mg) and metyrapone (2 g) 
given in combination do not render the patient eucortisolemic.

Nonmalignant primary adrenal causes of Cushing syndrome are cured by 
resection of the abnormal tissue. Laparoscopy is the preferred approach. Surgery 
is the mainstay in the treatment of adrenal cancer; multiple operations may 
be needed to resect primary lesions, local recurrences, and hepatic, thoracic, 
and intracranial metastases. Adjuvant adrenolytic therapy with mitotane may 
provide a chemotherapeutic benefit.

Radiation Therapy
Radiation therapy to the pituitary gland, with adjunctive therapy with ste-

roidogenesis inhibitors to normalize cortisol levels, is a good option for patients 
with Cushing disease who cannot undergo surgery, for those in whom the risk 
of Nelson syndrome (Chapter 211) is deemed great, and for those with recur-
rent disease. This is usually delivered in 200-rad daily increments to a total dose 
of 4500 cGy. The disadvantage of radiation therapy is the length of time needed 
for a full response—up to 10 years—and the possibility of hypopituitarism. 
There is less experience with high-energy radiosurgery, such as the gamma 
knife, which has the advantage of requiring only one or two treatments. Adre-
nalectomy is preferable if rapid normalization of hypercortisolism is needed, 
and this option may be chosen by patients who have concerns about radiation-
induced hypopituitarism and loss of reproductive function.
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TABLE 214-4 CAUSES OF MINERALOCORTICOID EXCESS
PRIMARY HYPERALDOSTERONISM: HIGH ALDOSTERONE, LOW RENIN

Aldosterone-producing adenomas (30-50%)
Bilateral zona glomerulosa hyperplasia
Familial hyperaldosteronism

Type 1: glucocorticoid-remediable hyperaldosteronism—this results from 
formation of a chimeric gene containing the regulator portion of 
11β-hydroxylase (normally regulated by ACTH) and the synthetic region of 
aldosterone synthase; as a result, ACTH stimulates aldosterone synthase and 
hence aldosterone production

Type 2: adrenal adenomas or hyperplasia expressed in a familial pattern
Type 3: caused by mutant KCNJ5, often younger and more severe than type 2

Aldosterone-producing adrenal carcinoma
Ectopic aldosterone secretion (rare): kidney, ovary
SECONDARY HYPERALDOSTERONISM: HIGH ALDOSTERONE,  
HIGH RENIN

Renovascular hypertension and aortic stenosis
Diuretic use
Renin-secreting tumors
Severe cardiac failure
APPARENT MINERALOCORTICOID EXCESS: LOW ALDOSTERONE,  
LOW RENIN

Licorice ingestion: licorice (candy or flavored tobacco) containing glycyrrhetinic acid 
(or similar compounds such as carbenoxolone) inhibits renal 11β-hydroxysteroid 
dehydrogenase type 2, reducing cortisol conversion to cortisone and enabling 
cortisol to act as an endogenous mineralocorticoid

Severe hypercortisolism: similar in mechanism to licorice ingestion; very high 
cortisol levels are thought to overwhelm the ability of 11β-hydroxysteroid 
dehydrogenase type 2 to convert cortisol to cortisone in the kidney; cortisol itself 
then acts as a potent mineralocorticoid

Liddle’s syndrome: mutation of the gene for the β or γ subunit of the collecting 
tubule sodium channel leads to a constitutive increase in sodium reabsorption 
and potassium excretion

11β-Hydroxylase deficiency form of congenital adrenal hyperplasia: 11-deoxycortisol 
accumulates because of an inability to convert it to cortisol

17-Hydroxylase deficiency form of congenital adrenal hyperplasia: 
deoxycorticosterone and corticosterone are increased

Medical Therapy
Medical therapy can also be used for patients with occult ectopic ACTH-secreting 

tumors or in combination with pituitary irradiation to treat Cushing disease.
Medical therapy with steroidogenesis inhibitors alone is rarely appropriate 

for Cushing disease because it requires close monitoring and adjustment of 
dose. Cabergoline or pasireotide may normalize UFC in about 40% of patients. A1  
There are limited data on the long-term efficacy of any medical therapy in 
Cushing disease.

After complete resection, the recurrence of adrenocortical carcinoma is more 
common in patients who had a larger tumor size, venous tumor thrombus, 
and the proliferation tumor marker Ki67.10 For advanced adrenocortical carci-
noma, rates of response and progression-free survival but not overall survival 
are significantly better with first-line therapy using a combination of etoposide 
(100 mg/m2 on days 2 to 4), doxorubicin (40 mg/m2 on day 1), and cisplatin 
(40 mg/m2 on days 3 and 4) plus oral mitotane (to achieve a blood level of 14 
to 20 mg/L) than with streptozocin plus mitotane as first-line therapy, with 
similar rates of toxic events. A2 

Treatment of primary hyperaldosteronism includes laparoscopic or robotic 
resection for adenomas.16 Afterward, hypokalemia generally resolves, but hyper-
tension persists in up to 65% of patients. A mineralocorticoid antagonist, spi-
ronolactone or eplerenone, is used to treat patients unable to undergo surgery 
or those with hyperplasia. Eplerenone is a more selective mineralocorticoid 
antagonist (with fewer side effects of sexual dysfunction and gynecomastia 
compared with spironolactone). A sodium channel blocker (e.g., amiloride) 
may be helpful, and antihypertensive agents are continued as needed.

TREATMENT 

 Mineralocorticoid Excess
 DIAGNOSIS

Patients with mineralocorticoid excess often have few clinical symptoms apart 
from fatigue and muscle weakness or cramps related to hypokalemia. Most 
often the condition is suspected because of hypertension, especially if it occurs 
at an early age in association with spontaneous hypokalemia or is difficult to 
control.11 The prevalence of primary aldosteronism among patients with 
hypertension is uncertain but is generally felt to be no higher than about 5%.12 
Mineralocorticoid excess can result from primary adrenal disease, in which 
aldosterone (or another mineralocorticoid) is produced autonomously (and 
renin levels are low),13 or it may be due to nonadrenal causes as a result of 
elevated renin values, which stimulate aldosterone secretion. The latter situations 
include states of contracted arterial intravascular volume, such as congestive 
heart failure or cirrhosis with ascites, decreased renal arterial blood flow, and 
tumor production of renin (Table 214-4).

 RENIN-INDEPENDENT MINERALOCORTICOID EXCESS
 DIAGNOSIS

Although most of these conditions result from excessive aldosterone production 
by one or both adrenal glands, excessive production of other mineralocorticoids 
or constitutive activation of the renal sodium channel must be excluded. In 
these latter conditions, both aldosterone and renin values are low, resulting 
in the so-called syndrome of apparent mineralocorticoid excess. In this setting, 
diagnostic information is obtained by history (licorice ingestion) or measure-
ment of other mineralocorticoids (see Table 214-4).

Primary hyperaldosteronism is diagnosed when there is an increased 
ratio (>20) of morning aldosterone to plasma renin activity (Fig. 214-5). 
Except as noted in the figure, one of four tests (usually salt loading) is used to 
confirm primary hyperaldosteronism by demonstrating a lack of aldosterone  
suppression.14

Differential Diagnosis
Having made the diagnosis of aldosterone-dependent mineralocorticoid 
excess, one must differentiate between the two most common adrenal 
causes—hyperplasia and adenoma—after excluding potential rare causes of 
hyperaldosteronism. Two rare autosomal dominant forms of familial hyperal-
dosteronism are type 1, a glucocorticoid-suppressible hyperaldosteronism, and 
type 2. Familial hyperaldosteronism type 1 is caused by a genetic swap of the 
promoter for CYP11B1 (11β-hydroxylase) with that of CYP11B2 (aldosterone 
synthase), forming a chimeric gene in which ACTH stimulates aldosterone 
synthase. It should be suspected in the setting of familial disease, particularly 
if there is a history of early-onset cardiovascular events, and is confirmed by 
gene testing (see http://www.brighamandwomens.org/Departments_and_
Services/medicine/services/endocrine/Services/gra/default.aspx). Analysis of 
a multiplex family with familial hyperaldosteronism type 2 and 80 additional 
probands with unsolved early-onset primary aldosteronism revealed that eight 
had novel heterozygous variants in the CLCN2 gene that encodes a voltage-
gated chloride channel that is expressed in adrenal glomerulosa cells.15

For the more common conditions, adrenal computed tomography scans 
may show nonfunctioning nodules and falsely suggest an adenoma. However, 
further testing is not recommended in a patient less than 35 years old with 
marked aldosteronism and an adrenal mass.14 The responses to physiologic 
maneuvers, such as upright posture, and salt loading with oral or intravenous 
sodium tend to be preserved in patients with hyperplasia, but there is significant 
overlap among groups of patients. The best diagnostic test involves the 
measurement of cortisol and aldosterone in bilateral adrenal venous effluent 
and a peripheral vein before and during an ACTH infusion. Cortisol is used 
to evaluate catheter placement in the adrenal veins, as levels from the two 
sides should be similar. When an adenoma is present, the aldosterone-to-
cortisol ratio on one side is usually at least five-fold greater than the other, 
which may be similar to the periphery, indicating suppression. Bilateral 
hyperplasia tends to produce similar values on each side.

 Androgen Excess
 DEFINITION

Women with excess circulating androgens or increased sensitivity to androgens 
present with complaints of hirsutism, acne, and anovulation or infertility. When 
testosterone is secreted in great excess, women may virilize and exhibit a 
deepened voice, clitorimegaly, masculinized body habitus, and alopecia.

 DIAGNOSIS
The adrenal causes of hyperandrogenism—congenital adrenal hyperplasia, 
Cushing disease, adrenal cancer, and androgen-producing adrenal adenoma—are 

TREATMENT 

 Mixed Mineralocorticoid and Glucocorticoid Deficiency: 
Adrenal Insufficiency

 PATHOBIOLOGY
Primary Adrenal Insufficiency
Autoimmune Destruction
Autoimmune destruction is the most common cause of primary adrenal 
insufficiency in industrialized countries and may occur alone or, rarely, in 
association with autoimmune polyglandular syndromes. These syndromes 

http://www.brighamandwomens.org/Departments_and_Services/medicine/services/endocrine/Services/gra/default.aspx
http://www.brighamandwomens.org/Departments_and_Services/medicine/services/endocrine/Services/gra/default.aspx


CHAPTER 214 AdrenAl Cortex 1481

Patients with hypertension that are at increased risk for PA

Patient unwilling/
unable to proceed

PA unlikely
−

+

+
ARR to detect cases (1|⊕⊕⊕⊕)

PA unlikely

K+, renin 
   PAC >20 ng/dL

−
Confirmatory testing (1|⊕⊕⊕⊕)

+

Adrenal CT (1|⊕⊕⊕⊕)

No need for
confirmatory

testing
(2|⊕⊕⊕⊕)b

Treat with MR
antagonist
(2|⊕⊕⊕⊕)a

If surgery desired

If surgery
not desired

Subtype
testing

Bilateral Unilateral

AVS (1|⊕⊕⊕⊕)

Treat with MR antagonist
(1|⊕⊕⊕⊕)

Treat with laparoscopic
adrenalectomy (1|⊕⊕⊕⊕)

Marked PA, young age, and + CT (2|⊕⊕⊕⊕)c

FIGURE 214-5. Algorithm for the diagnosis and treatment of primary aldosteronism (hyperaldosteronism). Cross-filled circles indicate the quality of evidence, such that ⊕○○○ 
denotes very low quality evidence; ⊕⊕○○, low quality; ⊕⊕⊕○, moderate quality; and ⊕⊕⊕⊕, high quality. Arr = aldosterone-to-renin ratio; AVS = adrenal venous sampling; Ct = 
computed tomography; Mr = mineralcorticoid receptor; PA = primary aldosteronism. (reprinted, with slight modification of text, from Funder JW, Carey rM, Mantero F, et al. the man-
agement of primary aldosteronism: case detection, diagnosis, and treatment: an endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2016;101:1889-916.) 

uncommon. Most women have no clear-cut cause (idiopathic hirsutism) or 
polycystic ovary syndrome. Rarely, androgen-secreting ovarian tumors, hyper-
prolactinemia, glucocorticoid resistance, or exogenous drugs cause hyperan-
drogenism. Patients with an adrenal source of hyperandrogenism usually have 
increased serum levels of DHEA, DHEA-S, or androstenedione, in contrast to 
the testosterone excess that is more typical of an ovarian source. DHEA and 
DHEA-S are weak androgens that can be converted locally to testosterone 
in the hair follicles. Because DHEA and DHEA-S levels decline throughout 
adult life, these values must be interpreted within age-specific normal ranges. 
Although a tumor is more likely if DHEA-S is greater than 500 µg/dL or 
testosterone is greater than 200 ng/mL, it is not excluded at lower levels.

Imaging identifies nearly all adrenal tumors but may miss a small intraovarian 
one. UFC may be elevated in patients with virilizing adrenal carcinoma or 
Cushing disease (see earlier) and in those with glucocorticoid resistance. By 
contrast, androgen-secreting adrenal adenomas do not have glucocorticoid 
excess. In women suspected of having nonclassic forms of congenital adrenal 
hyperplasia, precursor and product hormones should be measured before and 
after ACTH to confirm the diagnosis.

Treatment of adrenal causes of hyperandrogenism varies according to the 
disorder. Classic congenital adrenal hyperplasia is treated by glucocorticoids 
to normalize ACTH and hence androgen levels (typically dexamethasone 0.125 
to 0.375 mg at bedtime). The nonclassic forms respond well to oral contracep-
tive or antiandrogen treatment, with dexamethasone reserved for ovulation 
induction. Surgery with adjunctive medical treatment may be used in adrenal 
carcinoma (see earlier).

TREATMENT 

 Mixed Mineralocorticoid and Glucocorticoid Deficiency: 
Adrenal Insufficiency

 PATHOBIOLOGY
Primary Adrenal Insufficiency
Autoimmune Destruction
Autoimmune destruction is the most common cause of primary adrenal 
insufficiency in industrialized countries and may occur alone or, rarely, in 
association with autoimmune polyglandular syndromes. These syndromes 

tend to be manifested either in childhood (type 1), in association with 
hypoparathyroidism and mucocutaneous candidiasis, or in adulthood (type 
2), in association with insulin-dependent diabetes mellitus, autoimmune thyroid 
disease, alopecia areata, or vitiligo. The glands are small on imaging.

Adrenoleukodystrophy
Adrenoleukodystrophy, a rare (1 in 25,000) X-linked condition, is character-
ized by a deficiency of peroxisomal membrane adrenoleukodystrophy protein, 
which transports activated acyl-coenzyme A derivates into the peroxisomes, 
where they are shortened by β-oxidation. This deficiency results in the accu-
mulation of very long chain fatty acids in the central nervous system and other 
tissues and increased plasma C26:0 fatty acids. Incomplete penetrance of the 
genetic defect and variable accumulation of very long chain fatty acids in the 
adrenal gland, brain, testis, and liver account for the clinical phenotypes, which 
differ by age and presentation.17

Replacement of Adrenal Tissue
Infections cause about 15% of primary adrenal insufficiency. Typical 
infections include tuberculosis and systemic fungal diseases (histoplasmosis, 
coccidioidomycosis, blastomycosis), in which the adrenal tissue is replaced 
by caseating granulomas. End-stage AIDS-associated opportunistic infections, 
such as cytomegalovirus or Mycobacterium avium-intracellulare, may reduce 
adrenal function. Adrenal tissue may be replaced by bilateral metastases 
(most commonly primary carcinoma of the lung, breast, kidney, or gut) or 
primary lymphoma, although adrenal insufficiency is uncommon. Intra-adrenal 
hemorrhage may also lead to insufficient steroidogenesis. Hemorrhage typically 
occurs in a stressed, hospitalized patient receiving long-term prophylactic 
anticoagulation and is often accompanied by back pain. The adrenal glands 
tend to be large on imaging.

Congenital Adrenal Hyperplasias
The congenital adrenal hyperplasias18 are a disparate group of diseases caused 
by a genetic deficiency of one of the enzymes needed for adrenal steroidogenesis. 
Patients with nearly complete deficiency of an enzyme required for cortisol 
synthesis present in infancy with adrenal insufficiency and salt-wasting crisis. 
This is most problematic in patients with mutation of the 21-hydroxylase 
(CYP21A2) or 11β-hydroxylase (CYP11B1) gene. The increase in ACTH 
levels caused by cortisol deficiency drives the intact steroidogenic pathways 
so that there is excessive production of the steroids just proximal to the 
enzymatic block—17-hydroxyprogesterone and 11-deoxycortisol, respectively, 
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trauma, destruction by infiltrating disorders, x-irradiation, and lymphocytic 
hypophysitis. In general, these are not reversible conditions. Patients with 
secondary adrenal insufficiency not ascribed to glucocorticoid use should 
undergo imaging of the pituitary and hypothalamus to exclude a structural or 
infiltrating lesion as well as tests of other pituitary function to exclude additional  
deficiencies.

 CLINICAL MANIFESTATIONS
The clinical presentation of adrenal insufficiency reflects the cause and duration 
of this uncommon condition. Primary adrenal insufficiency eventually destroys 
the entire adrenal cortex, with loss of both glucocorticoid and mineralocorticoid 
activity. By contrast, secondary adrenal insufficiency reflects an inability of 
the hypothalamic-pituitary unit to deliver CRH or ACTH, thus reducing 
trophic support to otherwise normal glands. As a result, only cortisol production 
decreases because mineralocorticoid production is not very ACTH dependent 
(Fig. 214-6).

The characteristic clinical presentation of acute primary adrenal insufficiency 
includes orthostatic hypotension, agitation, confusion, circulatory collapse, 
abdominal pain, and fever.20 These features are most likely to be caused by 
hemorrhage, metastasis, or acute infection and can lead to death if not treated. 
In contrast, the typical history and clinical findings of chronic primary adrenal 
insufficiency include a longer history of malaise, fatigue, anorexia, weight loss, 
joint and back pain, and darkening of the skin (especially in the creases of the 
hands, extensor surfaces, recent scars, buccal and vaginal mucosa, and nipples). 
Patients may crave salt and may develop unusual food preferences, such as 
drinking the brine from pickles. Associated biochemical features for both 
acute and chronic presentations include hyponatremia, hypoglycemia, 
hyperkalemia, unexplained eosinophilia, and mild prerenal azotemia.

Chronic secondary adrenal insufficiency is manifested in a similar way, but 
without hyperpigmentation or mineralocorticoid abnormalities.

 DIAGNOSIS
Biochemical testing confirms the diagnosis of adrenal insufficiency. A morning 
serum cortisol measurement is an inexpensive but relatively insensitive 
screening test for adrenal insufficiency in patients who are not acutely ill. 
The diagnosis is virtually excluded by values greater than 19 µg/dL 
(524 nmol/L) and is likely if the value is less than 3 µg/dL (83 nmol/L). 
However, both healthy individuals and patients with adrenal insufficiency 
may have indeterminate results (3 to 19 µg/dL) that require additional 
evaluation.

Patients with acute adrenal insufficiency should be evaluated for sepsis, 
adrenal metastases, and hemorrhage. Imaging of the glands and other testing 

in 21-hydroxylase and 11β-hydroxylase deficiency. The increased levels of 
precursor steroids enable increased adrenal androgen synthesis, so that severely 
affected girls may be virilized in utero. Girls and women with nonclassic 
congenital adrenal hyperplasia present later. They have greater enzyme activity, 
so that cortisol production is adequate, but increased ACTH levels cause 
hyperandrogenism.

Rare Causes
Other rare causes of primary adrenal insufficiency include ACTH resistance, 
congenital adrenal hypoplasia, Smith-Lemli-Opitz syndrome, and amyloidosis. 
Patients with primary adrenal insufficiency should undergo further evaluation 
to determine its cause (Table 214-5). Detection of antibodies to 21-hydroxylase 
identifies nearly all patients with idiopathic disease. In a male with negative 
results, measurement of plasma C26:0 fatty acids will detect adrenoleukodys-
trophy. Taken together, this strategy identifies the cause in nearly all adult 
patients with idiopathic adrenal insufficiency. Patients with autoimmune disease 
should be tested for other endocrine deficiencies, and those with adrenoleu-
kodystrophy require neurologic evaluation.

Secondary Adrenal Insufficiency
Suppression of the Pituitary Axis
Suppression of the hypothalamic-pituitary-adrenal axis by exogenous or 
endogenous glucocorticoids is the most common cause of secondary adrenal 
insufficiency. This phenomenon depends on the dose, duration, and schedule 
of glucocorticoid administration. Thus adrenal suppression is unusual with 
“replacement” doses of glucocorticoid that are roughly equivalent to daily 
production (e.g., total daily doses of 20 mg hydrocortisone, 5 mg prednisone, 
or 0.3 to 0.5 mg dexamethasone). At higher doses, adrenal suppression is 
usually not seen until after 3 weeks of administration, and a single morning 
administration is less suppressive than are divided doses given during the day. 
When potentially suppressive doses of glucocorticoids are stopped, symptoms 
of adrenal insufficiency may occur within 48 hours, and the entire axis may 
not recover for up to 18 months. During this time, the patient should receive 
replacement glucocorticoid treatment or supplemental steroids at times of 
physiologic stress, depending on the degree of impairment (see later). Chronic 
opiate use may suppress pituitary ACTH secretion, but the frequency of frank 
adrenal insufficiency appears uncommon.19

Lesions of the Hypothalamus or Pituitary
Secondary adrenal insufficiency also may result from structural lesions of 
the hypothalamus or pituitary gland that interfere with CRH production 
or transport or with corticotrope function. These causes include tumors, 

TABLE 214-5 CAUSES OF ADRENAL INSUFFICIENCY AND ANCILLARY TESTS
SPECIFIC CAUSES SUGGESTIVE CLINICAL FEATURES USEFUL ANCILLARY TESTS
Primary adrenal insufficiency Hyperpigmentation, orthostatic hypotension Hyperkalemia, elevated ACTH

Idiopathic autoimmune destruction Most common cause (80%) in developed countries; with 
or without other endocrinopathies, as below

Antibodies to 21-hydroxylase are present; on imaging, 
adrenal glands are small

Polyglandular failure type 1 Hypoparathyroidism, mucocutaneous candidiasis, 
vitiligo; age <20 years

Polyglandular failure type 2 Insulin-dependent diabetes, autoimmune thyroid disease, 
alopecia areata, vitiligo; age >40 years

On imaging, adrenal glands are small

Infections: tuberculosis, systemic fungal diseases, 
AIDS-associated opportunistic infections (e.g., 
cytomegalovirus)

15% of patients in U.S. series Adrenal glands tend to be large on CT and may be 
calcified

Space-occupying adrenal lesions Metastases from carcinoma of lung, breast, kidney, gut; 
lymphoma or hemorrhage (heparin use)

Abnormal shape of adrenal glands on CT; evidence of 
hemorrhage

Bilateral adrenalectomy or treatment with 
steroidogenesis inhibitors

Ketoconazole, mitotane, aminoglutethimide, trilostane, 
and metyrapone reduce cortisol levels

Adrenoleukodystrophy X-linked—screen males; in childhood, cognitive and gait 
disturbances; in adults, spastic paraparesis

Deficiency of peroxisomal very long chain acyl-coenzyme 
A synthetase leads to elevated plasma C26:0 fatty acid 
levels

Secondary adrenal insufficiency
Suppression of the adrenal axis by exogenous or 

endogenous glucocorticoids
Medication history; history of Cushing syndrome Adrenal glands are small on imaging

Structural lesions of the hypothalamus or pituitary 
gland (tumors, destruction by infiltrating disorders, 
x-irradiation, and lymphocytic hypophysitis)

Other pituitary deficiencies Adrenal glands are normal or small on imaging; MRI or 
CT may show pituitary or hypothalamic lesion

Isolated ACTH deficiency
Head trauma

ACTH = adrenocorticotropic hormone; AIDS = acquired immunodeficiency syndrome; CT = computed tomography; MRI = magnetic resonance imaging.

TREATMENT 
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may reveal an infectious cause. In acute adrenal insufficiency, a serum cortisol 
value is generally inappropriately normal or subnormal in the setting of 
hypotension, in which cortisol values are usually well above 18 µg/dL.

There is controversy about the best test to diagnose chronic adrenal insuf-
ficiency. Many use the cortisol response to exogenous ACTH as a gold standard 
test of adrenal steroidogenic ability. In the classic test, 250 µg of ACTH (1-24, 
cosyntropin) is given intravenously at any time of day. This dose of ACTH is 
a maximal stimulus to the adrenal gland, so that the serum cortisol level 
measured 30 to 60 minutes later is greater than 18 µg/dL. A 1-µg dose is 
equally good for establishing the diagnosis, but both doses are unfortunately 
associated with a substantial risk of a false-negative result.21 Lower values 
indicate adrenal insufficiency. Insulin-induced hypoglycemia and metyrapone 
stimulation have been proposed as better tests for patients with mild or recent 
secondary adrenal insufficiency, who may respond to pharmacologic doses 
of ACTH. None of these is ideal. Also, because there is no commercial 
formulation of ACTH for lower-dose tests, the product must be diluted on 
site, leading to concerns about the accuracy of the administered dose and the 
validity of results. Metyrapone has limited availability in the United States.

Cerebral adrenoleukodystrophy, presenting in childhood, is characterized 
by cognitive and gait disturbances; the adult form, adrenomyeloneuropathy, 
is characterized by spinal cord and peripheral nerve demyelination. In both 
forms, the accumulation of very long chain fatty acids in the adrenal cortex 
alters membrane function and inhibits signal transduction by ACTH. Because 
a substantial minority of patients in both groups present first with adrenal 
insufficiency, boys and young men with adrenal insufficiency should be screened 
for adrenoleukodystrophy.

Differential Diagnosis
Primary and secondary adrenal insufficiency can be distinguished by measure-
ment of plasma ACTH. In primary adrenal insufficiency, ACTH levels are 
generally above the normal range and may exceed the normal range before 
the cortisol response to exogenous ACTH stimulation is subnormal. In addi-
tion, hyperkalemia and elevated renin values are characteristic of primary but 
not of secondary adrenal insufficiency, which is identified by a suppressed or 
inappropriately normal ACTH level.
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FIGURE 214-6. Physiology of the adrenal axis in health, primary adrenal insufficiency, 
and secondary adrenal insufficiency. In healthy individuals (normal), cortisol produc-
tion is stimulated by the increased hypothalamic release of corticotropin-releasing 
hormone (CrH), which then travels down the pituitary stalk to stimulate adrenocortico-
tropic hormone (ACtH) secretion and release by corticotropes. Circulating ACtH stimu-
lates adrenal gland production and secretion of cortisol. Cortisol then functions in a 
negative feedback mechanism to inhibit both CrH and ACtH. In patients with primary 
adrenal insufficiency, destruction or replacement of the entire adrenal cortex results in 
decreased cortisol, aldosterone, and dehydroepiandrosterone (dHeA, not shown) secretion 
by the adrenal glands. As a result of decreased cortisol negative feedback, the normal 
hypothalamus and pituitary gland increase CrH and ACtH secretion. the decreased 
aldosterone levels lead to an increase in renin levels. In patients with secondary adrenal 
insufficiency, ACtH or CrH secretion is reduced because of destruction or replacement 
of the hypothalamus or pituitary gland or because of disruption of the pituitary stalk. 
the decreased ACtH stimulation results in decreased cortisol (and, not shown, dHeA) 
secretion by the adrenal glands. Aldosterone production is only slightly affected by ACtH 
stimulation, and levels remain normal. the abnormal hypothalamus and pituitary gland 
do not increase CrH and ACtH secretion in response to the decreased cortisol negative  
feedback. 

Acute Adrenal Insufficiency
In suspected acute adrenal insufficiency, hydrocortisone is the treatment  

of choice because it has both glucocorticoid and mineralocorticoid activity. 
Treatment with intravenous saline for volume expansion, glucose for hypo-
glycemia, and intravenous hydrocortisone (100 mg) is started immediately after 
placement of an intravenous line and withdrawal of blood for documentation 
of the cortisol value.

Chronic Adrenal Insufficiency
Therapy for chronic adrenal insufficiency22 aims to provide the physiologic 

replacement of steroids. Glucocorticoid replacement is achieved by administra-
tion of 10 to 12 mg/m2 of hydrocortisone daily in one to three oral doses, 
attempting to mimic the physiologic diurnal variation of cortisol concentrations. 
Hydrocortisone offers the advantage of multiple-dose tablets, which allows 
fine adjustment and splitting of the daily dose. Ideally, the morning dose is 
given as soon after waking as possible; for individuals who feel extremely 
fatigued in the morning before the agent is absorbed, a strategy of taking the 
medication 30 minutes before arising may be helpful. Some data suggest that 
once-daily dosing is preferable in terms of immune function, weight gain, and 
quality of life. A3   Although many patients do well with a single dose, others 
complain of pronounced fatigue in the afternoon and evening. For them, a 
split-dose regimen, in which about one third of the daily dose is given around 
4:00 PM or two afternoon doses are given, may be useful.

Other glucocorticoids may be used for daily replacement therapy. Prednisone, 
5 to 7.5 mg daily, has the advantage of a long half-life and may be particularly 
helpful in patients with afternoon or evening fatigue. Dexamethasone may be 
used, but because of variable interindividual metabolism, it is difficult to rec-
ommend a specific replacement dose; in addition, few options for fixed doses 
are available, so it is difficult to adjust the dose.

Patients with primary adrenal insufficiency should be encouraged to salt 
their food and not to limit salt intake. Nearly all patients also require a miner-
alocorticoid, such as fludrocortisone 50 to 300 µg/day. The dose is adjusted 
until plasma renin activity is normal. If a mineralocorticoid is not given, the dose 
of hydrocortisone or other steroid with mineralocorticoid activity is often mis-
takenly increased to reduce an “unwell” feeling or hyperkalemia or salt craving. 
However, if a supraphysiologic dose is given, the patient becomes cushingoid.

Patients with primary adrenal insufficiency also have decreased serum DHEA 
levels. Controversy exists about its replacement. A meta-analysis concluded 
that there is insufficient evidence to support its routine use in these patients.

Ensuring Proper Dosing
education of the Patient

All patients receiving chronic glucocorticoid replacement therapy should 
be instructed that they must take the glucocorticoids as prescribed and that 
failure to take or to absorb the medication will lead to adrenal crisis and pos-
sibly death. They should wear medical information bracelets or necklaces that 
identify this requirement. It is important to educate patients and their families 
about glucocorticoid adjustment during physiologic stress conditions, including 
the emergency administration of intramuscular glucocorticoid by means of a 
kit containing prefilled syringes with injectable steroid.

dosing for Stress
The daily oral glucocorticoid dose is usually doubled for “stressful” physiologic 

conditions, such as fever, nausea, and diarrhea, although there are few data to 
support this strategy. In addition, this practice may lead to chronic overmedica-
tion by the patient because of a liberal interpretation of what constitutes physical 
stress. Thus education about when and how to change the dose of steroid 
should be reinforced periodically, preferably with written material, and the 
dangers of excessive steroid use should be emphasized. If the patient is vomit-
ing, has severe diarrhea, or has collapsed, intramuscular glucocorticoids should 
be given before transport to a medical facility.

The glucocorticoid dose is increased in proportion to the amount of stress. 
Thus during maximally stressful situations (e.g., adrenal crisis, major surgery, 
trauma, labor and delivery), the daily hydrocortisone dose is 100 to 300 mg. 
Few data support the need for this supraphysiologic dose, but the safety of 
not following this practice has not been established. The dose may be tapered 
by 50% per day if the patient is clinically stable. For more moderate stress, such 
as that of cholecystectomy, 75 to 100 mg of hydrocortisone is given on the 
day of surgery, and the dose is tapered more rapidly. Patients undergoing 
minimal stress, such as tooth extraction or short operative orthopedic proce-
dures, may not require any additional supplementation.

Assessment to ensure Proper dosing
Clinical assessment is the best way to judge whether the glucocorticoid 

dose is correct. Symptoms of adrenal insufficiency improve with adequate 
therapy. The development of cushingoid features or osteopenia suggests frank 
or subtle overreplacement, respectively, and the presence of adrenal insuffi-
ciency symptoms (fatigue, anorexia, weight loss) suggests underreplacement. 

TREATMENT 



 PROGNOSIS
Even in educated patients with chronic adrenal insufficiency, adrenal crisis 
develops at a rate of 8.3 crises per 100 patient-years. Common precipitating 
causes include gastrointestinal infection, fever, and emotional stress (about 
20% of cases each), but major pain, surgery, strenuous physical activity, heat, 
and pregnancy are other precipitants. About 6% of crises are fatal.23

 Mineralocorticoid Deficiency
Hypoaldosteronism may be classified as a low-normal or a high renin state on the 
basis of plasma renin activity after 4 hours of upright posture. Renin deficiency 
is the most common cause of hypoaldosteronism, occurring most often in older 
patients with mild, nonoliguric renal disease who often have insulin-dependent 
diabetes and potentially diabetic nephropathy. Indomethacin and other 
prostaglandin synthesis inhibitors as well as autonomic dysfunction associated 
with prolonged bed rest can also result in hyporeninemic hypoaldosteronism.

 CLINICAL MANIFESTATIONS
There are few clinical features associated with mineralocorticoid deficiency; 
as a result, it is usually suspected when laboratory results reveal hyperkalemia, 
hyponatremia, and a mild metabolic alkalosis. If glucocorticoid deficiency is 
excluded, isolated hypoaldosteronism is established if the circulating level of 
aldosterone is inappropriately low.

High renin states of hypoaldosteronism include congenital adrenal 
hyperplasias with mineralocorticoid deficiency and primary adrenal insufficiency 
when it is treated with pure glucocorticoid replacement.

Treatment of these conditions involves sodium replacement with at least 
10 mEq/kg/day, roughly equivalent to the 4 g of sodium chloride found in a 
typical diet in the United States. For individuals who do not maintain such a 
diet (often the elderly or the young), fludrocortisone can be given at the same 
doses used in primary adrenal insufficiency.

In women, DHEA replacement increases testosterone levels, so that hirsutism, 
acne, or other signs of androgen excess may suggest overreplacement. In primary 
adrenal insufficiency, adequate hormone replacement results in plasma ACTH 
levels that decrease but remain elevated, in the range of 100 to 200 pg/mL. 
Renin values, however, normalize completely and may be used to judge the 
adequacy of mineralocorticoid replacement. Although hydrocortisone is metabo-
lized to cortisol, plasma cortisol values should not be used to monitor therapy 
because clearance from the bloodstream is rapid, and circulating values are 
low for most of the day. UFC does not reflect adequate replacement; the increase 
in plasma cortisol levels after a single daily dose may exceed corticosteroid-
binding globulin capacity, resulting in excessive urine levels and overestimation 
of integrated cortisol levels.
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REVIEW QUESTIONS

1. A 35-year-old woman has had weight gain, insomnia, decreased short-term 
memory, and depression for the last year. She states that her symptoms 
are worsening. Two recent urine free cortisol (UFC) test results are three-
fold increased. She takes lisinopril for recent-onset hypertension. What is 
the next best diagnostic test?
 A. A 1-mg dexamethasone suppression test
 B. A pituitary magnetic resonance imaging study
 C. An adrenocorticotropic hormone (ACTH) measurement
 D. Another UFC determination
 E. A dexamethasone–corticotropin-releasing hormone test

Answer: A Recent guidelines and expert opinion suggest that at least two 
different screening test results should be abnormal to confirm the clinical 
suspicion of Cushing syndrome (see Fig. 214-4). This patient has had two 
abnormal UFC results and should undergo another screening test, either 
measurement of late-night salivary cortisol or a 1-mg or 2-day 2-mg dexa-
methasone suppression test. Another UFC determination will not obviate 
the need for a different screening test. The dexamethasone–corticotropin-
releasing hormone stimulation test is more cumbersome and expensive than 
the dexamethasone suppression test and would not be a better choice. Tests 
that are used for the differential diagnosis, such as ACTH level or magnetic 
resonance imaging, should not be used to establish the diagnosis of Cushing 
syndrome.

2. A 32-year-old white woman with known idiopathic primary adrenal insuf-
ficiency complains of recent fatigue and a feeling of being unwell. This has 
been worse lately when she has been more active with gardening and is 
worse in the afternoon and evening. She denies dizziness, anorexia, increase 
in pigmentation, or change in weight. On physical examination, she weighs 
125 pounds, with a height of 63 inches. Blood pressure is 110/75, and 
pulse is 86 without orthostasis. She has pigmented palmar creases and 
some buccal pigmentation, unchanged from the last visit. There are no 
other skin lesions. She does not appear cushingoid, there is no abdominal 
tenderness, and the joint examination findings are normal. Her only medi-
cations are hydrocortisone, 15 mg in the morning and 5 mg in the afternoon, 
and fludrocortisone, 50 mg every other day. What is the next best step?
 A. Measure a plasma renin level.
 B. Increase the afternoon hydrocortisone dose to 10 mg.
 C. Measure the urine free cortisol excretion.
 D. Add a late afternoon hydrocortisone dose of 5 mg.
 E. Measure plasma ACTH before the morning hydrocortisone dose.

Answer: A This woman has somewhat nonspecific symptoms that are exac-
erbated by gardening (perhaps by heat). She is receiving adequate hydrocor-
tisone replacement but taking a low fludrocortisone dose. Such nonspecific 
symptoms may occur in the setting of relative mineralocorticoid deficiency, 
which can be evaluated through renin measurement. If the renin were elevated, 
an increased fludrocortisone dose might eliminate her vague symptoms of 
being unwell. The history and the amount of prescribed hydrocortisone do 
not suggest that she needs additional glucocorticoid. If she is mineralocorticoid 
deficient, she might feel better with a higher hydrocortisone dose because of 
its mineralocorticoid activity; however, a slightly supraphysiologic dose would 
put her at risk for osteopenia and other features of glucocorticoid excess. (See 
the section on adrenal insufficiency, assessment to ensure proper dosing.) 
Measurement of ACTH and urine free cortisol usually is not helpful in assess-
ing adequacy of dosage.

3. A 30-year-old woman presents to the emergency department with the acute 
onset of nausea, vomiting, diarrhea, and dizziness. Her only medication is 
levothyroxine, 88 µg daily. On examination, she is hypotensive, tachycardic, 
and orthostatic. She has dark skin, and no hyperpigmentation is seen on 
cursory examination. She has abdominal pain and increased bowel sounds. 
She is extremely weak but able to move all extremities and to respond to 
questions. The sodium concentration is 129 mEq/L, potassium concentra-
tion is 5.3 mEq/L, and blood urea nitrogen level is 40 mg/dL. Apart from 
initiating fluid resuscitation and evaluation for sepsis, what treatment and 
testing should be ordered immediately?
 A. Draw blood for cortisol measurement before giving hydrocortisone 

100 mg IV.
 B. Give dexamethasone 8 mg and perform an ACTH stimulation test.
 C. Measure an ACTH level and give hydrocortisone 100 mg IV.
 D. Give dexamethasone 8 mg and defer further testing.
 E. Give hydrocortisone 100 mg IV and obtain an adrenal computed tomog-

raphy scan to evaluate for hemorrhage.
Answer: A This woman presents with the signs and symptoms of acute primary 
adrenal insufficiency. The knowledge that she takes thyroid hormone suggests 
polyglandular failure. However, it is possible that this constellation of features 
is caused by sepsis, renal failure, or hypothyroidism. Thus it is prudent to 
measure cortisol in blood obtained during intravenous line insertion to confirm 
the diagnosis of adrenal insufficiency. Other biochemical and stimulation 
testing can be deferred. She has no apparent reason to have adrenal hemor-
rhage. Dexamethasone 8 mg is more than what is needed for treatment of 
adrenal insufficiency; hydrocortisone 100 mg is the recommended initial dose. 
(See the section on adrenal insufficiency, replacement of adrenal tissue, and 
treatment.)

4. A 50-year-old man is evaluated for hyperaldosteronism because of difficult-
to-control hypertension. He is otherwise healthy. Evaluation was done 
during treatment with agents that do not affect aldosterone or renin levels 
and include an aldosterone-to-renin ratio of more than 40 and lack of 
aldosterone suppression to oral salt loading. A computed tomography (CT) 
scan of the adrenal glands shows a 1-cm mass on the right with a density 
of 10 HU. What is the next best step?
 A. Adrenal venous sampling
 B. Right laparoscopic adrenalectomy
 C. Treatment with eplerenone
 D. Review of CT scan to exclude hyperplasia of the left adrenal gland
 E. Ultrasound ablation of the adrenal gland

Answer: A Adrenal venous sampling should be performed to identify the 
source of excess aldosterone. It is possible that the visualized mass is a non-
functioning tumor. This man is a good surgical candidate, and laparoscopic 
adrenalectomy would be recommended if venous sampling is consistent with 
unilateral disease. The CT scan is not helpful in identifying bilateral disease. 
Treatment with eplerenone and ultrasound ablation would be possibilities if 
he were not a surgical candidate; eplerenone would be an appropriate treat-
ment for bilateral disease. (See section on mineralocorticoid excess, diagnosis 
and treatment.)
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5. A 35-year-old woman presents with a 6-month history of increasing body 
hair growth. Before that time, she states that she was mildly “hairy” but 
now needs to shave her face daily. (She has stopped shaving for 3 days so 
that her hair growth would be visible.) She has had only two episodes of 
vaginal spotting during this time. Her menses started at the age of 13 years 
and are usually irregular, occurring every 30 to 45 days. The extra hair 
growth started in her teens and until 6 months ago was similar to the hair 
pattern of her mother and sister. She admits to some recent irritability and 
perhaps has gained 5 pounds. She has always had a low voice and does not 
notice any recent change. She has a 3-year-old daughter. She has been able 
to continue her 35 minutes of daily cardiovascular exercise. On physical 
examination, body mass index is 30, blood pressure 125/85 mm Hg, pulse 
82. The Ferriman-Galway score is 17. Fat distribution is normal with some 
increased abdominal fat, and she appears “well developed” but not especially 
muscular. There is no temporal hair recession, but her scalp hair appears 
thin. Acne is present on the chest and back. The clitoral index is 100 mm. 
Laboratory results include low luteinizing hormone and follicle-stimulating 
hormone, estradiol 50 pg/mL, dehydroepiandrosterone sulfate (DHEA-S) 
653 ng/dL (reference range, 4 to 332), and testosterone 235 ng/dL. These 
abnormalities are confirmed on a second set of tests. What is the next best 
diagnostic step?
 A. Obtain a CT scan of the adrenal glands.
 B. Obtain an ovarian ultrasound.
 C. Perform a 1-mg overnight dexamethasone suppression test.
 D. Measure a morning17-hydroxyprogesterone level.
 E. Measure an androstenedione level.

Answer: A This woman has recent-onset hirsutism and virilization. Although 
worsening polycystic ovary syndrome is a possibility, the degree of DHEA-S 
and testosterone elevation suggests the possibility of an adrenal tumor. The 
slight weight gain and irritability might also point to possible cortisol excess. 
Although androstenedione would confirm an adrenal source, it is unlikely to 
point to another cause, and so proceeding to adrenal CT scan is reasonable, 
particularly because adrenal cancer is part of this differential diagnosis. An 
ovarian ultrasound is less likely to be abnormal (i.e., an ovarian tumor is less 
likely). Congenital adrenal hyperplasia is consistent with these signs and 
symptoms but not with the time course of rapid worsening. Cushing syndrome 
is a possibility, but it is less likely to be Cushing disease with these levels of 
hormones; adrenal cancer is a possibility that would be identified by the CT 
scan, making a 1-mg dexamethasone suppression test less urgent. (See the 
section on androgen excess.)
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215 
ADRENAL MEDULLA, CATECHOLAMINES, 
AND PHEOCHROMOCYTOMA
WILLIAM F. YOUNG, JR.

 ADRENAL MEDULLA AND CATECHOLAMINES
The adrenal medulla occupies the central portion of the adrenal gland. 
Adrenomedullary cells are called chromaffin cells (they stain brown with 
chromium salts). Chromaffin cells differentiate in the center of the adrenal 
gland in response to cortisol; some chromaffin cells also migrate to form 
paraganglia. The largest cluster of chromaffin cells outside the adrenal medulla is 
near the level of the inferior mesenteric artery and is referred to as the organ of  
Zuckerkandl.

Catecholamines are substances that contain catechol (o-dihydroxybenzene) 
and a side chain with an amino group—the catechol nucleus (Fig. 215-1). 
Epinephrine is synthesized and stored in the adrenal medulla and released 
into the systemic circulation. Norepinephrine is synthesized and stored not 
only in the adrenal medulla but also in the peripheral sympathetic nerves. 
Dopamine, the precursor of norepinephrine, is found in the adrenal medulla 
and peripheral sympathetic nerves.

Catecholamines have many cardiovascular and metabolic actions, includ-
ing increasing the heart rate, blood pressure, myocardial contractility, and 
cardiac conduction velocity. Three types of specific adrenergic receptors 
mediate their biologic actions: α, β, and DA. Their receptor subtypes are 
α1, α2, β1, β2, β3, DA1, and DA2. The α1 subtype is a postsynaptic receptor 
that mediates vascular and smooth muscle contraction; stimulation causes 
vasoconstriction and increased blood pressure. The α2-receptors are located 
on presynaptic sympathetic nerve endings and, when activated, inhibit the 
release of norepinephrine; stimulation causes suppression in central sympa-
thetic outflow and decreased blood pressure. Stimulation of the β1-receptor 
causes positive inotropic and chronotropic effects on the heart, increased renin 
secretion in the kidney, and lipolysis in adipocytes as well as bronchodila-
tion, vasodilation in skeletal muscle, glycogenolysis, and increased release of 
norepinephrine from sympathetic nerve terminals. The β3-receptor regulates 
energy expenditure and lipolysis. DA1 receptors are localized to the cerebral, 
renal, mesenteric, and coronary vasculature; stimulation causes vasodilation 
in these vascular beds. DA2 receptors are presynaptic and localized to sympa-
thetic nerve endings, sympathetic ganglia, and brain; their stimulation inhibits 
the release of norepinephrine, inhibits ganglionic transmission, and inhibits  
prolactin release.

Catecholamines are synthesized from tyrosine by a process of hydroxylation 
and decarboxylation (see Fig. 215-1). Tyrosine is derived from the diet or syn-
thesized from phenylalanine in the liver, and it enters neurons and chromaffin 
cells by active transport. Tyrosine is converted to 3,4-dihydroxyphenylalanine 
(dopa) by tyrosine hydroxylase, the rate-limiting step in catecholamine syn-
thesis. α-Methyl-p-tyrosine (metyrosine) is a tyrosine hydroxylase inhibitor 
that may be used therapeutically in patients with catecholamine-secreting 
tumors. Aromatic l-amino acid decarboxylase catalyzes the decarboxylation of 
dopa to dopamine. Dopamine is actively transported into granulated vesicles 
to be hydroxylated to norepinephrine by the dopamine β-hydroxylase. These 
reactions occur in the synaptic vesicle of adrenergic neurons and the chro-
maffin cells of the adrenal medulla. In the adrenal medulla, norepinephrine 
is released from the granule into the cytoplasm, where phenylethanolamine 
N-methyltransferase converts it to epinephrine. Expression of phenylethanol-
amine N-methyltransferase is positively regulated by glucocorticoids. Thus 
catecholamine-secreting tumors that secrete primarily epinephrine are localized 
to the adrenal medulla. In normal adrenal medullary tissue, approximately 
80% of the catecholamine released is epinephrine.

The biologic half-life of circulating catecholamines is between 10 and 100 
seconds. Thus plasma concentrations of catecholamines fluctuate widely. 
Catecholamines are removed from the circulation by either reuptake by 
sympathetic nerve terminals or metabolism through two enzyme pathways 
(see Fig. 215-1), followed by sulfate conjugation and renal excretion. Almost 
90% of catecholamines released at sympathetic synapses are taken up locally 
by the nerve endings (uptake 1). Uptake 1 can be blocked by cocaine, tricy-
clic antidepressants, and phenothiazine. Extraneuronal tissues also take up 

catecholamines (uptake 2). Most of these catecholamines are metabolized by 
catechol-O-methyltransferase. Metanephrine and normetanephrine are oxidized 
by monoamine oxidase to vanillylmandelic acid by oxidative deamination. 
Monoamine oxidase may also oxidize epinephrine and norepinephrine to 
3,4-dihydroxymandelic acid, which is then converted by catechol-O-methyl-
transferase to vanillylmandelic acid. In the storage vesicle, norepinephrine is 
protected from metabolism by monoamine oxidase. Monoamine oxidase and 
catechol-O-methyltransferase metabolize dopamine to homovanillic acid (see  
Fig. 215-1).

 PHEOCHROMOCYTOMA AND PARAGANGLIOMA

 DEFINITION
Catecholamine-secreting tumors that arise from chromaffin cells of the adrenal 
medulla and the sympathetic ganglia are referred to as pheochromocytomas 

and extra-adrenal catecholamine-secreting paragangliomas, respectively. Because 
the tumors have similar clinical presentations and are treated with similar 
approaches, many clinicians use the term pheochromocytoma to refer to both 
entities. However, the distinction between pheochromocytoma and paragan-
glioma is an important one because there are differences in the risk for associ-
ated neoplasms, risk for malignant transformation, and type of genetic testing 
that should be considered.1,2

 EPIDEMIOLOGY
Catecholamine-secreting tumors are rare; the annual incidence is 2 to 8 cases 
per million people. Nevertheless, it is important to suspect, confirm, localize, 
and resect these tumors. The associated hypertension is curable with surgical 
removal of the tumor, a risk of lethal paroxysm exists, and at least 10% of the 
tumors are malignant. Approximately 40% of cases are familial, so detection of 
this tumor in the proband may result in early diagnosis in other family members.
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ABSTRACT
Catecholamines affect many cardiovascular and metabolic processes and form 
the basis for many cardiovascular, pulmonary, and neuroendocrine pharma-
cotherapeutics. Catecholamine-secreting tumors that arise from chromaffin 
cells of the adrenal medulla and the sympathetic ganglia are referred to as 
pheochromocytomas and extra-adrenal catecholamine-secreting paraganglio-
mas, respectively. Although catecholamine secreting tumors are rare, it is 
important to suspect, confirm, localize, and resect these tumors, because (1) 
the associated hypertension is curable with surgical removal of the tumor; 
(2) a risk of lethal paroxysm exists; (3) 10% of the tumors are malignant; and 
(4) 40% of these tumors are familial and their detection in the proband may 
result in early diagnosis in other family members.
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FIGURE 215-1. Biosynthetic and metabolic pathways for catecholamines. the term catecholamine comes from the catechol (o-dihydroxybenzene) structure and a side chain with 
an amino group—the catechol nucleus (top left). tyrosine is converted to 3,4-dihydroxyphenylalanine (dopa) in the rate-limiting step by tyrosine hydroxylase (th). Aromatic l-amino 
acid decarboxylase (AAdC) converts dopa to dopamine. dopamine is hydroxylated to norepinephrine by dopamine β-hydroxylase (dBh). norepinephrine is converted to epinephrine 
by phenylethanolamine N-methyltransferase (PnMt); cortisol serves as a cofactor for PnMt, and this is why epinephrine-secreting pheochromocytomas are almost exclusively localized 
to the adrenal medulla. Metabolism of catecholamines occurs through two enzymatic pathways. Catechol-O-methyltransferase (CoMt) converts epinephrine to metanephrine and 
norepinephrine to normetanephrine by meta-O-methylation. Metanephrine and normetanephrine are oxidized by monoamine oxidase (MAo) to vanillylmandelic acid by oxidative 
deamination. Monoamine oxidase also may oxidize epinephrine and norepinephrine to dihydroxymandelic acid, which is then converted by catechol-O-methyltransferase to vanillyl-
mandelic acid. dopamine is also metabolized by monoamine oxidase and catechol-O-methyltransferase, with the final metabolite homovanillic acid. 

catecholamines (uptake 2). Most of these catecholamines are metabolized by 
catechol-O-methyltransferase. Metanephrine and normetanephrine are oxidized 
by monoamine oxidase to vanillylmandelic acid by oxidative deamination. 
Monoamine oxidase may also oxidize epinephrine and norepinephrine to 
3,4-dihydroxymandelic acid, which is then converted by catechol-O-methyl-
transferase to vanillylmandelic acid. In the storage vesicle, norepinephrine is 
protected from metabolism by monoamine oxidase. Monoamine oxidase and 
catechol-O-methyltransferase metabolize dopamine to homovanillic acid (see  
Fig. 215-1).

 PHEOCHROMOCYTOMA AND PARAGANGLIOMA

 DEFINITION
Catecholamine-secreting tumors that arise from chromaffin cells of the adrenal 
medulla and the sympathetic ganglia are referred to as pheochromocytomas 

and extra-adrenal catecholamine-secreting paragangliomas, respectively. Because 
the tumors have similar clinical presentations and are treated with similar 
approaches, many clinicians use the term pheochromocytoma to refer to both 
entities. However, the distinction between pheochromocytoma and paragan-
glioma is an important one because there are differences in the risk for associ-
ated neoplasms, risk for malignant transformation, and type of genetic testing 
that should be considered.1,2

 EPIDEMIOLOGY
Catecholamine-secreting tumors are rare; the annual incidence is 2 to 8 cases 
per million people. Nevertheless, it is important to suspect, confirm, localize, 
and resect these tumors. The associated hypertension is curable with surgical 
removal of the tumor, a risk of lethal paroxysm exists, and at least 10% of the 
tumors are malignant. Approximately 40% of cases are familial, so detection of 
this tumor in the proband may result in early diagnosis in other family members.



CHAPTER 215 AdrenAl MedullA, CAteCholAMines, And PheoChroMoCytoMA1486

Genetic Testing
Since 1990, 15 different pheochromocytoma and paraganglioma susceptibility 
genes have been reported: NF1, RET, VHL, SDHD, SDHC, SDHB, EGLN1/
PHD2, KIF1B, SDHAF2, IDH1, TMEM127, SDHA, MAX, HIF2A, and FH 
gene encoding fumarate hydratase.8

Genetic testing should be considered if a patient has one or more of the 
following: paraganglioma, bilateral adrenal pheochromocytomas, unilateral 
adrenal pheochromocytoma and a family history of pheochromocytoma or 
paraganglioma, onset of unilateral adrenal pheochromocytoma at a young age 
(before 45 years), or other clinical findings suggestive of one of the previously 
discussed syndromic disorders. Genetic testing can be complex; testing of 
one family member has implications for related individuals.9,10 Genetic coun-
seling is recommended to help families understand the implications of genetic 
test results; to coordinate the testing of at-risk individuals; and to help families 
work through the psychosocial issues that may arise before, during, or after 
the testing process. A list of clinically approved molecular genetic diagnostic 
laboratories is available at www.genetests.org.

 CLINICAL MANIFESTATIONS
Catecholamine-secreting tumors occur with equal frequency in men and 
women, primarily in the third, fourth, and fifth decades of life. These tumors 
are rare in children; when discovered, they may be multifocal, extra-adrenal, 
metastatic, and associated with a hereditary syndrome.11 When symptoms are 
present, they are due to the pharmacologic effects of excess concentrations of 
circulating catecholamines (Table 215-1). The resulting hypertension may be 

 PATHOBIOLOGY
Genetics
Approximately 40% of patients with catecholamine-secreting tumors have 
germline mutations (inherited mutations present in all cells of the body) in 
genes associated with the genetic disease.3 Hereditary catecholamine-secreting 
tumors typically are manifested at a younger age than sporadic neoplasms. 
Sporadic pheochromocytoma is typically diagnosed on the basis of symptoms 
or incidental discovery on computed imaging, whereas syndromic pheochro-
mocytoma and paraganglioma are frequently diagnosed earlier in the course 
of disease because of biochemical surveillance or genetic testing.

Multiple Endocrine Neoplasia
Multiple endocrine neoplasia (MEN) type 2A is an autosomal dominant 
disorder (Chapter 218). The phenotype includes adrenal pheochromocytoma 
in 50% (usually bilateral and may be asynchronous), medullary carcinoma of 
the thyroid in 100%, hyperparathyroidism in 20 to 30%, and cutaneous lichen 
amyloidosis in 5%.4 Medullary carcinoma of the thyroid is usually detected 
before pheochromocytoma. Numerous activating mutations in the RET proto-
oncogene have been documented in persons with MEN type 2A.

MEN type 2B is also an autosomal dominant disorder, and it represents 
approximately 5% of all MEN type 2 cases. The phenotype includes pheo-
chromocytoma in 50% (usually bilateral), aggressive medullary carcinoma of 
the thyroid in 100%, mucosal neuromas (typically involving the tongue, lips, 
and eyelids) in most patients, thickened corneal nerves, intestinal ganglio-
neuromatosis, and marfanoid body habitus. MEN 2B–associated tumors are 
caused by mutations in the RET protein’s intracellular domain, as described 
in detail in Chapter 218.

Von Hippel–Lindau Disease
Von Hippel–Lindau (VHL) disease is an autosomal dominant disorder char-
acterized by pheochromocytoma (frequently bilateral), paraganglioma (skull 
base, mediastinal, abdominal, pelvic), hemangioblastoma (involving the cer-
ebellum, spinal cord, or brain stem), retinal angioma, clear cell renal cell car-
cinoma, pancreatic neuroendocrine tumor, endolymphatic sac tumor of the 
middle ear, serous cystadenoma of the pancreas, and papillary cystadenoma 
of the epididymis and broad ligament.5 Pheochromocytoma occurs in about 
10 to 20% of patients with VHL disease. Nearly 100% of patients have an 
identifiable gene mutation (VHL tumor suppressor gene).6 Certain missense 
mutations appear to be associated with a “pheochromocytoma only” 
presentation of VHL disease.

Neurofibromatosis
Neurofibromatosis type 1 (NF1) is an autosomal dominant disorder charac-
terized by neurofibromas, multiple café au lait spots, axillary and inguinal 
freckling, iris hamartomas (Lisch nodules), bone abnormalities, central nervous 
system gliomas, pheochromocytoma and paraganglioma, macrocephaly, and 
cognitive deficits. The expression of these features is variable. Approximately 
3% of patients with NF1 develop catecholamine-secreting tumors; in these 
patients, the tumor is usually a solitary benign adrenal pheochromocytoma, 
occasionally bilateral adrenal pheochromocytomas, and rarely an abdominal 
paraganglioma.7 Inactivating NF1 mutations cause the disorder (NF1 tumor 
suppressor gene).

Familial Paraganglioma
Familial paraganglioma is an autosomal dominant disorder characterized by 
paragangliomas that are located in the skull base and neck, thorax, abdomen, 
and pelvis. Most cases of familial paraganglioma are caused by mutations in 
the succinate dehydrogenase (SDH; succinate:ubiquinone oxidoreductase) 
subunit genes (SDHB, SDHC, SDHD, SDHAF2, SDHA), which compose 
portions of mitochondrial complex II. In patients with SDHD mutations, 
penetrance depends on the mutation’s parent of origin. Hence, the disease 
does not manifest when the mutation is inherited from the mother but is 
highly penetrant when it is inherited from the father. This phenomenon is 
known as maternal imprinting. Multiple cofactors are required for normal 
activity of the SDH complex, including flavin adenine dinucleotide (FAD) 
in the SDH1 subunit. FAD is covalently attached to Sdh1, and deletion of 
SDHAF2 causes a complete loss of FAD cofactor attachment (flavination) of 
Sdh1. Like families with mutations in SDHD, those with mutations in SDHAF2 
also exhibit maternal imprinting and parasympathetic paragangliomas that 
typically occur in the skull base and neck. Patients with SDHB mutations 
have an increased risk for malignant paraganglioma.

TABLE 215-1 SIGNS AND SYMPTOMS ASSOCIATED WITH 
CATECHOLAMINE-SECRETING TUMORS

SPELL RELATED

Anxiety and fear of impending death
Diaphoresis
Dyspnea
Epigastric and chest pain
Headache
Hypertension
Nausea and vomiting
Pallor
Palpitation (forceful heartbeat)
Tremor
CHRONIC

Cold hands and feet
Congestive heart failure—dilated or hypertrophic cardiomyopathy
Constipation (megacolon)
Diaphoresis
Dyspnea
Ectopic hormone secretion–dependent symptoms (e.g., CRH/ACTH, GHRH, 

PTH-RP, VIP)
Epigastric and chest pain
Erythrocytosis
Fatigue
Fever
Grade II to IV retinopathy
Headache
Hyperglycemia
Hypertension
Livedo reticularis
Orthostatic hypotension
Painless hematuria (associated with urinary bladder paraganglioma)
Palpitation (forceful heartbeat)
Raynaud phenomenon
Tremor
Weight loss
NOT TYPICAL OF PHEOCHROMOCYTOMA

Flushing
ACTH = adrenocorticotropic hormone; CRH = corticotropin-releasing hormone; GHRH = growth 
hormone–releasing hormone; PTH-RP = parathyroid hormone–related peptide; VIP = vasoactive 
intestinal polypeptide.
Modified from Young WF Jr. Pheochromocytoma: 1926-1993. Trends Endocrinol Metab. 
1993;4:122-127.

 DIAGNOSIS
Differential Diagnosis
Numerous disorders can cause signs and symptoms that may lead the clinician 
to test for pheochromocytoma. These disorders span much of medicine and 
include endocrine disorders (e.g., primary hypogonadism), cardiovascular 
disorders (e.g., idiopathic orthostatic hypotension), psychological disorders 
(e.g., panic disorder), pharmacologic causes (e.g., withdrawal from an adren-
ergic inhibitor), neurologic disorders (e.g., postural orthostatic tachycardia 
syndrome), and miscellaneous disorders (e.g., mast cell disease). Indeed, most 
patients tested for pheochromocytoma do not have it. In addition, fractionated 
catecholamines and metanephrines may be elevated in several clinical scenarios: 
withdrawal from medications or drugs (e.g., clonidine, alcohol), any acute 
illness (e.g., subarachnoid hemorrhage, migraine headache, preeclampsia), 
and administration of many drugs and medications (e.g., tricyclic antidepressants, 
levodopa, cocaine, phencyclidine, lysergic acid diethylamide, amphetamines, 
ephedrine, pseudoephedrine, phenylpropanolamine, isoproterenol) (Table 
215-2).

Pheochromocytoma should be suspected in patients who have one or more 
of the following: hyperadrenergic spells (e.g., self-limited episodes of nonex-
ertional palpitations, diaphoresis, headache, tremor, or pallor); resistant hyper-
tension; a familial syndrome that predisposes to catecholamine-secreting 
tumors (e.g., MEN type 2, NF1, VHL disease); a family history of pheochro-
mocytoma or a history of a resected pheochromocytoma and a present history 
of recurrent hypertension or spells; an incidentally discovered adrenal mass 
with increased precontrast CT attenuation of more than 20 Hounsfield units 
(HU); hypertension and diabetes; pressor response during anesthesia, surgery, 
or angiography; onset of hypertension at a young age (before 20 years); and 
idiopathic dilated cardiomyopathy.

Laboratory Findings
The diagnosis must be confirmed biochemically by increased concentrations of 
fractionated metanephrines in the plasma or fractionated catecholamines and 
metanephrines in a 24-hour urine collection (Fig. 215-3). Most laboratories 
now measure fractionated catecholamines (dopamine, norepinephrine, and 
epinephrine) and metanephrines (metanephrine and normetanephrine) by 
high-performance liquid chromatography with electrochemical detection or 
tandem mass spectroscopy.12,13 These techniques have overcome the problems 
with fluorometric analysis (e.g., false-positive results caused by α-methyldopa, 
labetalol, sotalol, and imaging contrast agents). One of the most reliable 
methods of identifying catecholamine-secreting tumors is measurement of 
fractionated metanephrines and catecholamines in a 24-hour urine collec-
tion (sensitivity, 98%; specificity, 98%). If clinical suspicion is high, plasma 
fractionated metanephrines should also be measured. Some groups have advo-
cated the measurement of plasma fractionated metanephrines as a first-line 
test for pheochromocytoma; the predictive value of a negative test result is 
extremely high, and the finding of normal plasma fractionated metaneph-
rines excludes pheochromocytoma, except in patients with early preclinical 
disease and those with strictly dopamine-secreting neoplasms. A plasma test 
is also attractive because of its simplicity. Although measurement of plasma 
fractionated metanephrines has a sensitivity of 96 to 100%, the specificity is 
poor at only 85 to 89%; the specificity falls to 77% in patients older than 60 

http://www.genetests.org/


CHAPTER 215 AdrenAl MedullA, CAteCholAMines, And PheoChroMoCytoMA 1487

sustained (in approximately half of patients) or paroxysmal (in approximately 
a third of patients). The remaining patients have normal blood pressure. Epi-
sodic symptoms may occur in spells, or paroxysms, that can be extremely 
variable in presentation but typically include forceful heartbeat, pallor, tremor, 
headache, and diaphoresis. The spell may start with the sensation of a “rush” 
in the chest and a sense of shortness of breath, followed by a “pounding” 
heartbeat in the chest that typically progresses to a throbbing headache. 
Peripheral vasoconstriction with a spell results in cool or cold hands and 
feet and facial pallor. Increased sense of body heat and sweating are common 
symptoms that occur toward the end of the spell. Spells may be spontane-
ous or precipitated by postural change, anxiety, medications (e.g., metoclo-
pramide, β-adrenergic inhibitors, anesthetic agents, corticosteroids), exercise, 
or maneuvers that increase intraabdominal pressure (e.g., change in position, 
lifting, defecation, exercise, colonoscopy, pregnancy, trauma). Although the 
types of spells experienced by patients are highly variable, spells tend to be 
stereotypical for each patient. Spells may occur multiple times a day or as 
infrequently as once a month. The typical duration of a pheochromocytoma 
spell is 15 to 20 minutes, but it may be much shorter or last several hours. 
The clinician must recognize that most patients with spells do not have a  
pheochromocytoma.

Fasting hyperglycemia and diabetes mellitus are caused in part by the 
α-adrenergic inhibition of insulin release. Some of the cosecreted hormones 
that may dominate the clinical presentation include corticotropin (Cushing 
syndrome), parathyroid hormone–related peptide (hypercalcemia), vasopres-
sin (syndrome of inappropriate antidiuretic hormone secretion), vasoactive 
intestinal peptide (watery diarrhea), and growth hormone–releasing hormone 
(acromegaly) (see Table 215-1). Cardiomyopathy and congestive heart failure 
are the symptomatic presentations of pheochromocytoma that are most fre-
quently unrecognized by clinicians. Cardiomyopathy, whether dilated or 
hypertrophic, may be totally reversible with tumor resection. Some patients 
with pheochromocytoma may be asymptomatic despite high circulating levels 
of catecholamines, probably reflecting adrenergic receptor desensitization 
related to chronic stimulation.

Symptomatic pheochromocytomas are localized to the adrenal glands, with 
an average diameter of 4.5 cm (Fig. 215-2). Paragangliomas are found where 
there is chromaffin tissue: along the para-aortic sympathetic chain, within the 
organs of Zuckerkandl (at the origin of the inferior mesenteric artery), in the 
wall of the urinary bladder, and along the sympathetic chain in the neck or 
mediastinum. Paragangliomas in the skull base and neck region (e.g., carotid 
body tumors, glomus tumors, chemodectomas) usually arise from 
parasympathetic tissue and typically do not hypersecrete catecholamines and 
metanephrines, whereas paragangliomas in the mediastinum, abdomen, and 
pelvis usually arise from sympathetic chromaffin tissue and usually do 
hypersecrete catecholamines and metanephrines.

FIGURE 215-2. Contrast-enhanced computed tomography of the abdomen in a 
32-year-old second-year medical student with the peripartum discovery of a pheo-
chromocytoma. the plasma fractionated metanephrines were abnormal: metanephrine, 
0.19 nmol/l (normal, <0.5 nmol/l); normetanephrine, 28.6 nmol/l (normal, <0.9 nmol/l). 
the 24-hour urine values were abnormal: norepinephrine, 781 µg (normal, <170 µg); 
epinephrine, 2.4 µg (normal, <35 µg); dopamine, 197 µg (normal, <700 µg); metanephrine, 
117 µg (normal, <400 µg); normetanephrine, 8760 µg (normal, <900 µg). the axial image 
shows a typical 5-cm heterogeneously enhancing right adrenal mass, consistent with 
pheochromocytoma (arrow). After α- and β-adrenergic blockade, a 5.3 × 5.0 × 2.0–cm, 
40-g pheochromocytoma was removed laparoscopically. 

 DIAGNOSIS
Differential Diagnosis
Numerous disorders can cause signs and symptoms that may lead the clinician 
to test for pheochromocytoma. These disorders span much of medicine and 
include endocrine disorders (e.g., primary hypogonadism), cardiovascular 
disorders (e.g., idiopathic orthostatic hypotension), psychological disorders 
(e.g., panic disorder), pharmacologic causes (e.g., withdrawal from an adren-
ergic inhibitor), neurologic disorders (e.g., postural orthostatic tachycardia 
syndrome), and miscellaneous disorders (e.g., mast cell disease). Indeed, most 
patients tested for pheochromocytoma do not have it. In addition, fractionated 
catecholamines and metanephrines may be elevated in several clinical scenarios: 
withdrawal from medications or drugs (e.g., clonidine, alcohol), any acute 
illness (e.g., subarachnoid hemorrhage, migraine headache, preeclampsia), 
and administration of many drugs and medications (e.g., tricyclic antidepressants, 
levodopa, cocaine, phencyclidine, lysergic acid diethylamide, amphetamines, 
ephedrine, pseudoephedrine, phenylpropanolamine, isoproterenol) (Table 
215-2).

Pheochromocytoma should be suspected in patients who have one or more 
of the following: hyperadrenergic spells (e.g., self-limited episodes of nonex-
ertional palpitations, diaphoresis, headache, tremor, or pallor); resistant hyper-
tension; a familial syndrome that predisposes to catecholamine-secreting 
tumors (e.g., MEN type 2, NF1, VHL disease); a family history of pheochro-
mocytoma or a history of a resected pheochromocytoma and a present history 
of recurrent hypertension or spells; an incidentally discovered adrenal mass 
with increased precontrast CT attenuation of more than 20 Hounsfield units 
(HU); hypertension and diabetes; pressor response during anesthesia, surgery, 
or angiography; onset of hypertension at a young age (before 20 years); and 
idiopathic dilated cardiomyopathy.

Laboratory Findings
The diagnosis must be confirmed biochemically by increased concentrations of 
fractionated metanephrines in the plasma or fractionated catecholamines and 
metanephrines in a 24-hour urine collection (Fig. 215-3). Most laboratories 
now measure fractionated catecholamines (dopamine, norepinephrine, and 
epinephrine) and metanephrines (metanephrine and normetanephrine) by 
high-performance liquid chromatography with electrochemical detection or 
tandem mass spectroscopy.12,13 These techniques have overcome the problems 
with fluorometric analysis (e.g., false-positive results caused by α-methyldopa, 
labetalol, sotalol, and imaging contrast agents). One of the most reliable 
methods of identifying catecholamine-secreting tumors is measurement of 
fractionated metanephrines and catecholamines in a 24-hour urine collec-
tion (sensitivity, 98%; specificity, 98%). If clinical suspicion is high, plasma 
fractionated metanephrines should also be measured. Some groups have advo-
cated the measurement of plasma fractionated metanephrines as a first-line 
test for pheochromocytoma; the predictive value of a negative test result is 
extremely high, and the finding of normal plasma fractionated metaneph-
rines excludes pheochromocytoma, except in patients with early preclinical 
disease and those with strictly dopamine-secreting neoplasms. A plasma test 
is also attractive because of its simplicity. Although measurement of plasma 
fractionated metanephrines has a sensitivity of 96 to 100%, the specificity is 
poor at only 85 to 89%; the specificity falls to 77% in patients older than 60 

TABLE 215-2 MEDICATIONS THAT MAY INCREASE 
MEASURED LEVELS OF CATECHOLAMINES 
AND METANEPHRINES

Tricyclic antidepressants (including cyclobenzaprine)
Levodopa
Drugs containing adrenergic receptor agonists (e.g., decongestants)
Amphetamines
Buspirone and antipsychotic agents
Monamine oxidase inhibitors (MAO inhibitors)
Prochlorperazine
Reserpine
Serotonin and norepinephrine reuptake inhibitors (SNRIs)
Withdrawal from clonidine and other drugs
Ethanol
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TREATMENT 

Localization: 
Adrenal/abdominal 

MRI or CT scan 

Discontinue interfering medications (Table 215-2) 

24-h urine: 
Fractionated metanephrines
Fractionated catecholamines 
Plasma: Fractionated metanephrines

>2-fold elevation above upper limit of nl in urine 
catecholamines or   urine metanephrines 

(Nmet >900 µg or Met >400 µg) or “significant 
increase” in fractionated plasma Mets

24-h urine: 

Fractionated metanephrines

Low High 

Clinical suspicion
(Pretest probability) 

Normal Normal 

Recheck
during a spell

Normal:
Investigate other
causes of spells

Typical adrenal or
para-aortic mass

Negative 
abdominal imaging 

Consider genetic testing 
Preoperative α- & β-
adrenergic blockade 

68-Ga DOTATATE PET
scan if:
• >10-cm adrenal mass
• Paraganglioma

Reassess the diagnosis 
Consider:
• 123 I-MIBG scan 
• Whole body MRI scan
• 68-Ga DOTATATE PET
   scan 

Tumor
found

Surgical resection

FIGURE 215-3. Evaluation and treatment of catecholamine-secreting tumors. Clinical suspicion is triggered by the following: paroxysmal symptoms (especially hypertension); 
hypertension that is intermittent, unusually labile, or resistant to treatment; family history of pheochromocytoma or associated conditions; or incidentally discovered adrenal mass. 
the details are discussed in the text. Ct = computed tomography; Ga-68 dotAtAte = gallium 68 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (dotA)-octreotate;  
123i-MiBG = 123i-metaiodobenzylguanidine; Met = metanephrine; Mri = magnetic resonance imaging; nl = normal; nmet = normetanephrine; Pet = positron emission tomography.  
(Modified from young WF Jr. Pheochromocytoma: 1926-1993. Trends Endocrinol Metab. 1993;4:122.)

years. It has been estimated that 97% of patients with hypertension seen in 
a tertiary care clinic who have abnormal plasma fractionated metanephrine 
measurements do not have pheochromocytoma. This high false-positive rate 
results in excessive health care expenditures because of subsequent imaging 
as well as potentially inappropriate surgery. Thus plasma fractionated meta-
nephrines lack the necessary specificity to be recommended as a first-line 
test; this measurement is reserved for cases in which the index of suspicion is 
high. However, measurement of plasma fractionated metanephrines is a good 
first-line test for children, in whom it is difficult to obtain a complete 24-hour  
urine collection.

The index of suspicion for pheochromocytoma should be high (see Fig. 
215-3) in patients with the clinical scenarios described earlier and in those 
with an incidentally discovered adrenal mass that has imaging characteristics 
consistent with pheochromocytoma. These include increased precontrast 
computed tomography (CT) attenuation (e.g., >10 HU), marked enhance-
ment with intravenous contrast medium on CT with slow contrast washout, 
high signal intensity on T2-weighted magnetic resonance imaging (MRI), 
cystic and hemorrhagic changes, bilaterality, and large size (>4 cm) (see later).

Although it is preferable for patients not to receive any medications  
during the diagnostic evaluation, treatment with most medications can be 
continued. Tricyclic antidepressants interfere most frequently with the inter-
pretation of fractionated catecholamines and metanephrines. For the effective 
detection of catecholamine-secreting tumors, treatment with tricyclic anti-
depressants and other psychoactive agents listed in Table 215-2 should be 
tapered and discontinued at least 2 weeks before any hormonal assessments. 

Furthermore, catecholamine secretion may be appropriately increased in situa-
tions of physical stress or illness (e.g., stroke, myocardial infarction, congestive 
heart failure, obstructive sleep apnea). Therefore the clinical circumstances 
under which catecholamines and metanephrines are measured must be assessed 
in each case.

Imaging
Localization studies should not be initiated until biochemical studies have 
confirmed the diagnosis of a catecholamine-secreting tumor (see Fig. 215-3). 
Computer-assisted imaging of the adrenal glands and abdomen with CT or 
MRI should be the first localization test (sensitivity, >95%; specificity, >65%). 
Approximately 85% of these tumors are found in the adrenal glands, and 95% 
are found in the abdomen. If the results of abdominal imaging are normal, 
localization with gallium 68 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic 
acid (DOTA)-octreotate positron emission tomography (68-Ga DOTATATE 
PET) is indicated (see Fig. 215-3). Ga-68 DOTATATE PET CT has a lesion-
based detection rate of 96-98% and is superior to 123I metaiodobenzyl guanidine 
(123I-MIBG) scintigraphy.14–16 If a typical (<10 cm) unilateral adrenal pheo-
chromocytoma is found on CT or MRI, Ga-68 DOTATATE PET CT or 
MIBG is superfluous. If the adrenal pheochromocytoma is larger than 10 cm 
in diameter or if a paraganglioma is identified on CT or MRI, Ga-68 DOT-
ATATE PET CT or 123I-MIBG scintigraphy is indicated because the patient 
has an increased risk of malignant disease and additional paragangliomas. 
Ga-68 DOTATATE and 18F-fluorodeoxyglucose positron emission tomography 
are excellent imaging modalities to detect metastatic disease.
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Medical Therapy
Some form of preoperative pharmacologic preparation is indicated for all 

patients with catecholamine-secreting neoplasms. However, no randomized 
controlled trials have compared the different approaches. Combined α- and 
β-adrenergic blockade is one approach to control blood pressure and to prevent 
intraoperative hypertensive crises. α-Adrenergic blockade should be started 7 
to 10 days preoperatively to normalize blood pressure and to expand the con-
tracted blood volume. A longer duration of preoperative α-adrenergic blockade 
is indicated in patients with recent myocardial infarction, catecholamine car-
diomyopathy, and catecholamine-induced vasculitis. Blood pressure should be 
monitored with the patient in the seated and standing positions twice daily. 
Target blood pressure is less than 120/80 mm Hg (seated), with systolic blood 
pressure greater than 90 mm Hg (standing); both targets should be modified 
on the basis of the patient’s age and comorbid disease. On the second or third 
day of α-adrenergic blockade, patients are encouraged to start a diet high in 
sodium content (≥5000 mg daily) because of the catecholamine-induced volume 
contraction and the orthostasis associated with α-adrenergic blockade. This 
degree of volume expansion may be contraindicated in patients with conges-
tive heart failure or renal insufficiency. After adequate α-adrenergic blockade 
has been achieved, β-adrenergic blockade is initiated if the average heart rate 
is greater than 80 beats per minute.

Phenoxybenzamine is the preferred drug to control blood pressure and 
arrhythmia preoperatively.17 It is an irreversible, long-acting, nonspecific 
α-adrenergic blocking agent. The initial dosage is 10 mg once or twice daily, 
and the dose is increased by 10 to 20 mg in divided doses every 2 or 3 days 
as needed to control blood pressure and spells. The final dosage of phenoxy-
benzamine is typically between 20 and 100 mg daily. By comparison, the more 
selective α-adrenergic blocking agent doxazosin appears to cause more transient 
intraoperative hypotension during surgery and a greater need for postoperative 
blood pressure support.18

The β-adrenergic antagonist should be administered only after α-adrenergic 
blockade is effective; with β-adrenergic blockade alone, hypertension may be 
more severe from the unopposed α-adrenergic stimulation. Preoperative 
β-adrenergic blockade is indicated to control the tachycardia associated with 
both the high concentrations of circulating catecholamines and the α-adrenergic 
blockade. The clinician should exercise caution if the patient is asthmatic or 
has heart failure. Chronic catecholamine excess can produce a cardiomyopathy 
that may become evident with the initiation of β-adrenergic blockade, resulting 
in acute pulmonary edema.19 Therefore, the β-adrenergic blocker should be 
administered cautiously and at a low dose. Other agents that may be used to 
prepare the patient with pheochromocytoma for surgery include α-methyl-p-
tyrosine (metyrosine) and calcium-channel blockers. Despite treatment, nor-
motensive patients with pheochromocytomas have roughly comparable 
perioperative hemodynamic instability to hypertensive pheochromocytoma 
patients, and both differ markedly from nonpheochromocytoma patients under-
going adrenal surgery.20 Acute hypertensive crises may occur before or during 
an operation, and they should be treated with intravenous sodium nitroprusside, 
phentolamine, or nicardipine.

Surgical Therapy
The treatment of choice for pheochromocytoma is complete surgical resec-

tion. Surgical survival rates are 98 to 100% and are highly dependent on the 
skill of the endocrinologist–endocrine surgeon–anesthesiologist team. Careful 
preoperative pharmacologic preparation is crucial for successful treatment. 
Most catecholamine-secreting tumors are benign and can be totally excised. 
Tumor excision usually cures hypertension.

The laparoscopic approach to the adrenal gland is the procedure of choice 
for a solitary intra-adrenal pheochromocytoma smaller than 8 cm in diameter. 
Surgical expertise is key to avoid intraoperative tumor capsule rupture. Lapa-
roscopic adrenalectomy for pheochromocytoma should be converted to open 
adrenalectomy in cases of difficult dissection, invasion, adhesions, or an 
inexperienced surgeon. An anterior midline abdominal surgical approach is 
indicated for abdominal paragangliomas. Paragangliomas of the neck, chest, 
and urinary bladder require specialized approaches.

TREATMENT 

Other localizing procedures that can be used but are rarely required include 
computer-assisted imaging of the chest, skull base, and neck (see Fig. 215-3). 
Because of marked gradients between the adrenal glands in nonpheochromo-
cytoma patients, adrenal venous sampling for catecholamines is not helpful 
in the investigation of adrenal pheochromocytoma.

Management of Complications
Hypotension may occur during and after surgical resection of the 

pheochromocytoma, and it should be treated with fluids and colloids and then 
intravenous pressor agents if necessary. Postoperative hypotension is less 
frequent in patients who have had adequate preoperative α-adrenergic blockade 
and volume expansion. If both adrenal glands were manipulated during surgery, 
adrenocortical insufficiency should be considered a potential cause of 
postoperative hypotension. Because hypoglycemia can occur in the immediate 
postoperative period, blood glucose levels should be monitored, and intravenous 
fluids should contain 5% dextrose.

Approximately 1 to 2 weeks after surgery, fractionated catecholamines and 
metanephrines should be measured by collection of a 24-hour urine specimen. 
If the levels are normal, resection of the pheochromocytoma should be con-
sidered complete. Increased levels of fractionated catecholamines and meta-
nephrines detected postoperatively are consistent with residual tumor due to 
either a second primary lesion or occult metastases.

Follow-up
The 24-hour urinary excretion of fractionated catecholamines and 

metanephrines or plasma fractionated metanephrines should be checked 
annually for life. Annual biochemical testing assesses for metastatic disease, 
tumor recurrence in the adrenal bed, or delayed appearance of multiple primary 
tumors. Follow-up CT or MRI is not needed unless the metanephrine or 
catecholamine levels become elevated or the original tumor was associated 
with minimal or no catecholamine or metanephrine excess.

 METASTATIC PHEOCHROMOCYTOMA  
AND PARAGANGLIOMA

Distinguishing between benign and malignant catecholamine-secreting tumors 
is difficult on the basis of clinical, biochemical, or histopathologic character-
istics; thus, malignancy is based on documentation of metastatic disease (e.g., 
lymph nodes, bone, lung, liver). Metastases develop at a median of 5.5 years 
(range, 0.3 to 53.4 years) from the initial diagnosis.21 Median overall and 
disease-specific survivals are 24.6 and 33.7 years, respectively. However, 13% 
of patients die within 5 years of diagnosis and shorter survival correlates with 
male sex, older age at the time of primary tumor detection, synchronous 
metastases, larger primary tumor size, elevated dopamine, and not undergoing 
primary tumor resection. The clinician should assess the pace of the malignant 
disease and base the level of therapy on the aggressiveness of the tumor’s 
behavior. A multimodality, multidisciplinary, individualized approach is 
indicated to control catecholamine-dependent symptoms, local mass effects, 
and overall tumor burden.

 PHEOCHROMOCYTOMA IN PREGNANCY
Pheochromocytoma in pregnancy can cause the death of both the fetus and 
the mother. The approach to the biochemical diagnosis is the same as for 
nonpregnant patients. MRI without gadolinium enhancement is the preferred 
imaging modality. 123I-MIBG scintigraphy and Ga-68 DOTATATE PET-CT 
are contraindicated. The treatment of hypertensive crises is the same as for 
nonpregnant patients, except that nitroprusside should be avoided. Although 
the most appropriate management is debated, adrenal pheochromocytomas 
should be removed promptly after α- and β-adrenergic blockade if the diag-
nosis is made during the first two trimesters of pregnancy.22 The preoperative 
preparation is the same as for nonpregnant patients. If the pregnancy is in the 
third trimester, one operation is recommended for cesarean delivery and 
removal of the adrenal pheochromocytoma at the same time. Spontaneous 
labor and delivery should be avoided. The management of catecholamine-
secreting paragangliomas in pregnancy may require modification of these 
guidelines, depending on tumor location.
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4. Medications and agents that frequently increase measured levels of catechol-
amines and metanephrines include:
 A. β-Adrenergic inhibitors
 B. Presynaptic α2-receptor agonists
 C. Tyrosine hydroxylase inhibitors
 D. Tricyclic antidepressants
 E. Calcium-channel blockers

Answer: D See Table 215-2. In addition, β-adrenergic inhibitors do not affect 
circulating levels of catecholamines or metanephrines in a clinically important 
way. Central α-receptor agonists (e.g., clonidine) decrease the release of cat-
echolamines. Tyrosine hydroxylase is the rate-limiting step in catecholamine 
synthesis, and inhibition of this step decreases total body catecholamine pro-
duction. Use of tricyclic antidepressants is the most common cause of false-
positive results of biochemical testing for pheochromocytoma.

5. In preparing the patient with pheochromocytoma for surgery, which of 
the following statements is correct with regard to β-adrenergic blockade?
 A. The β-adrenergic antagonist should be administered before the 

α-adrenergic blocker is started.
 B. It is indicated to control the tachycardia associated with both the high 

concentrations of circulating catecholamines and the α-adrenergic 
blockade.

 C. The dosing of the β-adrenergic antagonist is not affected by asthma or 
congestive heart failure in this unique setting of catecholamine excess.

 D. The dose of the β-adrenergic antagonist should be titrated for a heart 
rate of 50 beats per minute.

 E. The dose of the β-adrenergic antagonist should be titrated for a systolic 
blood pressure of 100 mm Hg.

Answer: B See medical therapy section on treatment. The β-adrenergic 
antagonist should be administered only after α-adrenergic blockade is effec-
tive; with β-adrenergic blockade alone, hypertension may be more severe 
from the unopposed α-adrenergic stimulation. Preoperative β-adrenergic 
blockade is indicated to control the tachycardia associated with both the high 
concentrations of circulating catecholamines and the α-adrenergic blockade. 
The clinician should exercise caution if the patient is asthmatic or has heart 
failure. Chronic catecholamine excess can produce a cardiomyopathy that 
may become evident with the initiation of β-adrenergic blockade, resulting 
in acute pulmonary edema. Therefore the β-adrenergic blocker should be 
administered cautiously and at a low dose.

REVIEW QUESTIONS

1. An effective class of antihypertensive drugs could be based on which of 
the following?
 A. Postsynaptic α1-receptor agonists
 B. Presynaptic α2-receptor agonists
 C. Tyrosine hydroxylase activators
 D. β1-Receptor agonists
 E. β2-Receptor agonists

Answer: B See introduction section of the chapter on catecholamines and 
adrenergic receptors. Agonism at the presynaptic α2-receptor is the only option 
listed that would decrease catecholamine synthesis or release. Central α2-
receptor agonists are Food and Drug Administration–approved antihypertensive 
drugs (e.g., clonidine, guanfacine).

2. Your patient has a disease-causing mutation in succinate dehydrogenase 
subunit D (SDHD) and is currently pregnant. She asks you if her child 
inherits the SDHD mutation from her, what is the chance that her child 
will develop a paraganglioma in his or her lifetime? You advise her that if 
her child inherits the SDHD mutation, the risk for development of a para-
ganglioma is closest to:
 A. 0%
 B. 25%
 C. 50%
 D. 75%
 E. 100%

Answer: A See section on familial paraganglioma under Pathobiology and 
Genetics. In patients with SDHD mutations, penetrance depends on the muta-
tion’s parent of origin. Hence, the disease does not manifest when the mutation 
is inherited from the mother but is highly penetrant when it is inherited from 
the father. This phenomenon is known as maternal imprinting.

3. In a patient with an incidentally discovered adrenal mass, which of the 
following imaging characteristics is consistent with pheochromocytoma?
 A. Lack of enhancement with intravenous contrast medium on computed 

tomography (CT)
 B. Low signal intensity on T2-weighted magnetic resonance imaging (MRI)
 C. Homogeneous mass with absent cystic and hemorrhagic changes
 D. Increased precontrast CT attenuation (e.g., >20 Hounsfield units)
 E. Rapid contrast washout with more than 50% washout at 10 minutes

Answer: D See section on diagnosis. Imaging characteristics of an incidentally 
discovered adrenal mass consistent with pheochromocytoma include increased 
precontrast CT attenuation (e.g., >20 Hounsfield units); marked enhancement 
with intravenous contrast medium on CT; high signal intensity on T2-weighted 
MRI; cystic and hemorrhagic changes; bilaterality; and large size (>4 cm). In 
addition, pheochromocytomas are characterized by slow contrast washout 
(e.g., <50% at 10 minutes after administration of contrast material).
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DIABETES MELLITUS
JILL P. CRANDALL AND HARRY SHAMOON

Diabetes mellitus is a chronic disorder characterized by abnormal metabolic 
regulation as well as by the potential for vascular and neuropathic complica-
tions. Diabetes comprises a cluster of heterogeneous disorders with elevated 
blood glucose levels as a common diagnostic feature; however, as genetic and 
molecular studies have suggested, it is likely that the cluster includes many 
subcategories, each of which requires tailored prevention, diagnosis, and treat-
ment approaches. Depending on the context in which the patient presents, 
diabetes can be an acute life-threatening condition, a pregnancy-associated 
disorder, or a gradually evolving chronic disorder that carries with it secondary 
complications that may be ultimately more debilitating than hyperglycemia. 
Other factors make diabetes an unusual clinical challenge, including the need 
for active participation by patients in their treatment, the varying presentations 
across the age spectrum, and the unstable and evolving clinical presentation. 
Because the severity of the underlying metabolic defects does not remain 
static, diabetes management always requires changes in treatment according 
to the stage of the disease. These patterns of evolution are superimposed on 
the phenotypes at presentation and depend on a host of factors, including 
age, sex, race, societal setting, and others.

It is now established that diabetes-related vascular and neuropathic com-
plications stem from imperfect treatment of the metabolic disturbances, defined 
principally by hyperglycemia. There is also evidence that genetic factors may 
predispose or protect individual patients from the deleterious effects of hyper-
glycemia. Regardless of the specific subtype of diabetes, all have in common 
some degree of insulin deficiency; insulin deficiency may be absolute, as in 
type 1 diabetes, or a relative deficit with coexisting insulin resistance, as in 
type 2 diabetes. Deficient insulin is the primary driver of impaired fuel homeo-
stasis, whereas hyperglycemia plays the dominant role in disease-related com-
plications. Major strides in our understanding of diabetes have been made 
during the last 40 years, with accompanying additions to the diagnostic and 
treatment armamentarium.

 DEFINITIONS
Despite the heterogeneity of phenotypes, it is possible to generally classify 
diabetes into two major subgroups, type 1 (previously referred to as juvenile-
onset or insulin-dependent diabetes) and type 2 (previously referred to as 
adult-onset or non–insulin-dependent diabetes). The major clinical features 
of type 1 and type 2 are shown in Table 216-1 and are described in detail in 
the corresponding sections later.

In addition to these two large categories, diabetes may occur in association 
with other disorders, with use of certain medications, or, rarely, as a result of 
a specific genetic mutation, such as maturity-onset diabetes of youth (MODY).

 DIABETES ASSOCIATED WITH OTHER 
DISORDERS OR SYNDROMES

Diabetes may occur as part of several inherited syndromes, including the 
Turner, Klinefelter, Prader-Willi, Down, and Wolfram syndromes, among 
others. The genetic and metabolic defects involved are heterogeneous but 
usually result in impaired β-cell function. The obesity (and resulting insulin 
resistance) associated with many of these syndromes also contributes. Diseases 
of the exocrine pancreas, such as pancreatitis, pancreatic cancer, hemochro-
matosis, and cystic fibrosis, can be accompanied by impaired pancreatic endo-
crine function, leading to insulin-deficient diabetes. Several endocrinopathies 
that are associated with insulin resistance, including acromegaly, Cushing 
syndrome, and pheochromocytoma, may result in impaired glucose tolerance 
or frank diabetes in predisposed individuals. Viral infections, such as congenital 
rubella and cytomegalovirus, may cause diabetes by β-cell destruction. Finally, 
hyperglycemia may be associated with the use of certain drugs, including 
those that worsen insulin resistance (e.g., glucocorticoids, nicotinic acid, thia-
zide diuretics) and those that impair β-cell function (e.g., pentamidine, diazox-
ide, interferon gamma).

 DIAGNOSTIC CRITERIA FOR DIABETES
Diabetes is diagnosed on the basis of one of several criteria, including fasting 
plasma glucose concentration, plasma glucose concentration after a standard 
75-g oral glucose challenge (oral glucose tolerance test), and percentage of 
glycosylated hemoglobin (HbA1c) (Table 216-2). In most cases, abnormal 
results require a confirmatory test, but diabetes can be diagnosed in the pres-
ence of unequivocal hyperglycemia (casual plasma glucose concentration 
>200 mg/dL) and typical symptoms of polyuria, polydipsia, and weight loss.

Because plasma glucose levels range on a continuum, the selection of a 
specific diagnostic threshold is in some respects arbitrary. Current criteria are 
based on the plasma glucose or HbA1c level above which the risk of diabetes-
specific microvascular complications (e.g., retinopathy) is perceptibly increased. 
In situations of altered red blood cell turnover or certain hemoglobinopathies, 
HbA1c may not accurately reflect mean plasma glucose levels (see later section 
on glycosylated hemoglobin), and direct glucose measurement should be used. 
Separate glucose criteria exist for the diagnosis of gestational diabetes (see 
section on gestational diabetes under clinical manifestations of type 2 
diabetes).

States of impaired glucose regulation, not meeting the criteria for diabetes, 
have also been defined (fasting glucose concentration of 100 to 125 mg/dL, 
2-hour glucose concentration of 140 to 199 mg/dL, or HbA1c level of 5.7 to 
6.4%). Individuals in these categories are at increased risk for diabetes, although 
not all will progress and some may revert to normal glucose regulation. Impaired 
glucose tolerance (oral glucose tolerance test 2-hour glucose concentration 
of 140 to 199 mg/dL) has also been associated with increased risk of athero-
sclerotic cardiovascular disease (CVD), which may be independent of future 
development of diabetes.

 Glycosylated Hemoglobin
Measurements of glycosylated hemoglobin have been in clinical use since the 
1980s as a means of assessing glucose control in patients with diabetes and 
more recently for the diagnosis of diabetes and pre-diabetic states. Hemoglobin 
A1c (HbA1c) is formed by the nonenzymatic glycosylation of hemoglobin, and 
its percentage reflects the exposure of the hemoglobin A molecule to glucose 
during the lifespan of circulating red blood cells (about 120 days). Thus HbA1c 
has a predictable (but nonlinear) relationship with mean plasma glucose levels 
during the preceding 3 to 4 months, although more recent glucose exposure 

TABLE 216-1 CLASSIFICATION OF DIABETES
TYPE 1 TYPE 2

Age at onset Childhood or early 
adulthood, but can be 
manifested at any age

Middle age or older, but 
can be manifested in 
obese children and 
adolescents

Family history/genetic 
factors

Genetic risk defined, but 
most cases are sporadic

Strong genetic component, 
polygenic in most cases

Environmental triggers Largely unknown Obesity, sedentary lifestyle
Requirement for insulin 

therapy
Universal Variable

Frequency among 
people with diabetes

5-10% ≈90%

Associated disorders Autoimmunity, especially 
thyroid, other 
endocrine disorders

Hypertension, 
dyslipidemia, metabolic 
syndrome, polycystic 
ovary syndrome

TABLE 216-2 DIAGNOSTIC CRITERIA FOR DIABETES

NORMAL
IMPAIRED 

(PRE-DIABETES) DIABETES
Fasting glucose 

concentration (mg/dL)
<100 100-125 ≥126

OGTT 2-hour glucose 
concentration (mg/dL)

<140 140-199 ≥200

HbA1c (%) <5.7 5.7-6.4 ≥6.5
OGTT = oral glucose tolerance test.
Modified from American Diabetes Association Standards of Medical Care in Diabetes—2018. 
Diabetes Care 2018;41(Suppl 1):S13-S27.
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ABSTRACT
Diabetes mellitus is a chronic disorder characterized by elevated blood glucose, 
which occurs as a consequence of insulin deficiency and, in some cases, impaired 
insulin action. Although heterogeneous, diabetes can be separated into two 
broad categories. Type 1 diabetes results from autoimmune destruction of 
pancreatic beta cells and results in total (or near total) insulin deficiency. Type 
2 diabetes is strongly associated with obesity and is characterized by relative 
insulin deficiency and variable defects in insulin sensitivity. Chronic hyper-
glycemia from all forms of diabetes can result in microvascular complications 
(retinopathy, nephropathy, neuropathy), as well as increased risk for athero-
sclerotic cardiovascular disease. Aggressive control of hyperglycemia and related 
risk factors, which includes medical nutrition therapy, exercise, weight man-
agement, and medications, can substantially reduce the risk of complications. 
Treatment of type 1 diabetes requires physiologic insulin replacement using 
multiple daily injections or a continuous subcutaneous insulin infusion pump. 
Pharmacologic options for treating type 2 diabetes include several classes of 
oral and injectable medications, which are often used in combination in order 
to achieve and maintain adequate glucose control. Acute, life-threatening 
complications of diabetes can occur and include diabetic ketoacidosis, hyper-
glycemic hyperosmolar state, and iatrogenic hypoglycemia. Recent advances 
in technology, including continuous glucose monitors, and availability of newer 
pharmacologic agents have improved quality of life for many patients with 
diabetes and have the potential to reduce the burden of the disease.
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diabetes. However, because many other diabetogenic factors can be operative 
and there is interdependence among many of these homeostatic mechanisms, 
teasing out their individual contributions is virtually impossible in any given 
patient.

Normal insulin physiology is orchestrated in a complex dynamic involving 
metabolic fuels, neurotransmitters, and other hormones. Insulin is synthe-
sized as preproinsulin in the ribosomes of the rough endoplasmic reticulum 
of pancreatic islet β cells and is then converted to proinsulin, which in turn is 
transported to the Golgi apparatus, where it is packaged into secretory gran-
ules. Proinsulin is cleaved into equimolar amounts of insulin and a connecting 
segment (C-peptide) in the secretory granules. The stimulation of insulin 
secretion results in release of equimolar quantities of insulin and C-peptide 
(as well as a small amount of proinsulin) into the hepatic portal vein. Whereas 
a large proportion of insulin is bound to its hepatic receptor and metabolized 
in its “first pass” through the liver, C-peptide is much less prone to hepatic 
metabolism and is a better reflection of insulin secretion, although it is quanti-
tatively of limited usefulness in the clinical diagnosis or treatment of diabetes.

The principal regulator of insulin secretion is glucose. The process of β-cell 
insulin secretion is shown schematically in Figure 216-2. Glucose is taken up 
by the β cells through the GLUT2 glucose transporter system and then phos-
phorylated to glucose 6-phosphate by an islet-specific glucokinase. Thus glu-
cokinase can be considered the “glucose sensor” of the β cell; mutations in 
this enzyme can lead to a specific diabetes syndrome (MODY2), and there 
is evidence of its role in common forms of type 2 diabetes. The conversion 
of glucose to glucose 6-phosphate results in a sequential increase in intracel-
lular adenosine triphosphate (ATP), closing of the ATP-dependent potassium 
(KATP) channels in the β-cell membrane, membrane depolarization and influx 
of calcium, migration of the insulin secretory granules to the cell membrane 
and their fusion with the membrane, and finally release of insulin into the 
extracellular fluid. The KATP channel is made up of the sulfonylurea 1 receptor 
(SUR1) and an inward potassium channel subunit, Kir6.2. Mutations in either 
the SUR1 gene or the Kir6.2 gene lead to loss of KATP activity; as a result, the 
cell is depolarized, resulting in chronic release of insulin and a syndrome 
termed persistent hyperinsulinemic hypoglycemia of infancy. Mutations in Kir6.2 
and SUR1 have also been identified in patients with permanent neonatal dia-
betes mellitus; treatment with sulfonylurea can normalize insulin secretion 
in these patients.

The magnitude of the insulin secretory response is determined by the level 
of blood glucose as well as by the rate and mode of glucose entry. Compared 
with intravenous administration of glucose, higher insulin levels are produced 
when glucose is taken orally because of the simultaneous release of gut-derived 
incretins that include glucagon-like peptide 1 (GLP-1) and glucose-dependent 
insulinotropic peptide (GIP), both of which augment insulin secretion. In 

(preceding 4 weeks) contributes relatively more to glycosylation. The relation-
ship between HbA1c and mean glucose levels was initially based on data obtained 
from the Diabetes Control and Complications Trial (DCCT) and recently 
updated on the basis of data obtained from studies using continuous glucose 
monitoring in ambulatory individuals, including those with and without dia-
betes (Table 216-3).

Although several different types of assays (e.g., affinity chromatography, 
immunoassay) are used to measure HbA1c, most methods have been harmo-
nized to a common standard and generally allow results from different labo-
ratories to be used interchangeably. HbA1c results may be influenced by a 
number of factors, including conditions that alter red cell survival (e.g., hemolytic 
anemia) or cause interference with a specific assay. In these situations, mea-
surement of fructosamine (a glycosylated serum protein) or glycated albumin, 
both of which reflect mean glucose levels during the preceding 2 to 3 weeks, 
may provide more accurate assessment of recent glucose levels. However, 
these assays have not been as well standardized, and the relationship with 
mean plasma glucose levels is less well established.

 PATHOBIOLOGY OF DIABETES
Figure 216-1 summarizes the effects of insulin deficiency on body fuel 
metabolism.

Given the dominant role of insulin in carbohydrate metabolism, it is not 
surprising that its availability and effectiveness play a role in every form of 

TABLE 216-3 THE RELATIONSHIP BETWEEN HBA1C AND 
ESTIMATED AVERAGE GLUCOSE LEVELS 
DURING THE PRECEDING 3 MONTHS

ESTIMATED AVERAGE GLUCOSE LEVEL

HbA1c (%) mg/dL mmol/L
5 97 5.4
6 126 7.0
7 154 8.6
8 183 10.2
9 212 11.8
10 240 13.4
11 269 14.9
12 298 16.5
From Nathan DM, Kuenen J, Borg R, et al. Translating the A1c assay into estimated average glucose 
values. Diabetes Care. 2008;31:1473-1478.
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FIGURE 216-1. Effects of insulin deficiency on body fuel metabolism. lack of insulin 
leads to mobilization of substrates for gluconeogenesis and ketogenesis from muscle 
and adipose tissue, accelerated production of glucose and ketones by the liver, and 
impaired removal of endogenous and exogenous fuels by insulin-responsive tissues. the 
net results are severe hyperglycemia and hyperketonemia that overwhelm renal removal 
mechanisms. FFa = free fatty acids. 
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FIGURE 216-2. Nutrient regulation of insulin secretion. Glucose is taken up by the β 
cell through the Glut2 glucose transporter and is metabolized (initially through phos-
phorylation by the glucokinase to glucose 6-phosphate). this leads to an increase in 
intracellular atP (and an increase in the cytoplasmic atP/aDP ratio), which causes closure 
of the atP-dependent potassium channel, followed by membrane depolarization  
and the subsequent opening of voltage-gated calcium channels. the influx of calcium 
mobilizes the insulin secretory granules to fuse with the cell membrane and to release 
insulin into the extracellular fluid. the sulfonylurea 1 receptor (suR1) is a component of 
the atP-dependent potassium channel. aDP = adenosine diphosphate; atP = adenosine 
triphosphate. 
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racial and ethnic groups.2 These trends are elaborated below in this section. 
The increasing incidence of type 1 diabetes suggests a major environmental 
contribution, but the role of specific pathogenic factors remains largely unsettled. 
The distinction between type 1 and type 2 diabetes can become blurred in 
later life, and the true lifetime incidence of the condition is therefore unknown.

In Europe, the highest rates of childhood diabetes are found in Scandinavia, 
with an incidence for children from birth to 14 years of age ranging from 57 
per 100,000 per year in Finland to 4 per 100,000 in Macedonia. In the United 
States, the overall annual incidence in youths is about 19 per 100,000. Preva-
lence rates are strikingly different among ethnic groups living in the same 
geographic region, probably because of genetic differences in susceptibility 
to the disease. Early-onset diabetes carries a higher familial risk, and affected 
fathers are more likely to transmit type 1 diabetes to their offspring than 
affected mothers are, with risks being 6 to 9% and 1 to 3%, respectively.

Given that the United States does not have a systematic health registry and 
that its population is multiethnic, previous estimates of the prevalence and 
incidence of type 1 diabetes have been based on extrapolations from limited 
cohorts. The SEARCH for Diabetes in Youth multicenter study (funded by 
the U.S. Centers for Disease Control and Prevention and the National Insti-
tutes of Health) examined diabetes among children and adolescents in the 
United States. During 2008–2009, an estimated 18,436 people younger than 
20 years in the United States were newly diagnosed with type 1 diabetes and 
5089 people younger than 20 years were newly diagnosed with type 2 dia-
betes. For those younger than 10 years, new cases of type 1 far outweighed 
type 2 (22.2 per 100,000 per year for type 1 diabetes vs. 0.8 per 100,000 
for type 2 diabetes). Among youth aged 10 years or older, the rate of new 
cases of type 1 was about double that of type 2 (21.9 per 100,000 per year 
for type 1 diabetes vs. 11.0 per 100,000 for type 2 diabetes). Non-Hispanic 
white youth had the highest rate of new cases of type 1 diabetes in all age 
groups. Diabetes incidence rates by age and race/ethnicity are summarized in  
Figure 216-3.

Higher body mass index (BMI) is associated with younger age at diagnosis 
of type 1 diabetes, but this appears to be the case only in children with already 
compromised β-cell function. In addition, low birth weight may be a factor 
in accelerating the onset of type 1 diabetes, suggesting that the intrauterine 
environment may be an important determinant of age at onset for type 1 
diabetes.

 Pathobiology
In type 1 diabetes a complex interplay of genetic, environmental, and autoim-
mune factors selectively targets insulin-producing pancreatic islet β cells and 
ultimately destroys the β cells. The role of genetic factors in type 1 diabetes has 
long been appreciated, emphasized by familial clustering with other autoim-
mune endocrine disorders3 and by concordance rates in identical twins of 30 
to 40%. Because these concordance rates are not as high as in type 2 diabetes 
(i.e., >80%), environmental factors must clearly play a major role. Although the 
presence of an environmental trigger for type 1 diabetes is highly likely, even 
identical twins do not express identical T-cell receptor and immunoglobulin 
genes; as a result, total concordance might not be expected. Siblings who are 

fact, drugs that mimic or enhance this incretin effect are useful in the treat-
ment of type 2 diabetes.

Rapid increases in blood glucose concentration (e.g., after intravenous 
administration of glucose) cause a spike of insulin secretion that peaks within 
a few minutes and declines quickly (so-called first-phase insulin secretion). 
With more persistent elevations of plasma glucose concentration, insulin secre-
tion is sustained (so-called second-phase insulin secretion). The earliest patho-
physiologic indicator of defective β-cell function may be the loss of first-phase 
secretion of insulin, which precedes by years the decline in insulin secretory 
reserve sufficient to lead to overt glucose intolerance or diabetes.

 Insulin Action
The actions of insulin on its principal target organs (i.e., muscle, fat, liver) 
have complex and coordinated effects on the metabolism of carbohydrates, 
proteins, and lipids and are mediated by its interaction with the insulin recep-
tor. Insulin receptor signaling through insulin receptor substrate 1 and phos-
phatidylinositol 3-kinase is a major pathway in the mediation of insulin-stimulated 
glucose transport, notably by stimulating the translocation of the glucose 
transporter GLUT4 to the cell membrane. This pathway is also responsible 
for the vasodilator effects of insulin (through increased expression of endo-
thelial nitric oxide synthase), which may contribute to glucose utilization by 
increasing nutrient delivery to tissues. Defects in these intracellular signaling 
pathways are an important cause of impaired insulin action, or “insulin resis-
tance” (see section on impaired insulin action [insulin resistance] under 
pathobiology of type 2 diabetes).

The overall actions of insulin tend to promote uptake and storage of nutrients 
in the fed state and release of nutrients from body stores in the fasting state, 
as summarized in Table 216-4.

In the postprandial period, rising glucose levels simultaneously trigger insulin 
secretion and suppress glucagon release. The resulting rise in the insulin-to-
glucagon ratio increases hepatic glycogen synthesis and inhibits release of 
glucose from the liver. Insulin stimulates glucose uptake into skeletal muscle 
and adipose tissue, promoting the synthesis of protein and triglycerides. In 
the fasting state, declining glucose levels inhibit insulin release, thereby increas-
ing glycogenolysis and gluconeogenesis and the resulting delivery of glucose 
into the circulation. In states of absolute or relative insulin deficiency, inad-
equate basal insulin levels allow unrestrained hepatic glucose production, 
which results in fasting hyperglycemia. Inadequate insulin in the fed state 
impedes peripheral (predominantly skeletal muscle) glucose uptake, thereby 
contributing to postprandial hyperglycemia. Impaired suppression of hepatic 
glucose production also contributes to postprandial hyperglycemia in patients 
with diabetes (see also the section on type 2 diabetes).

 TYPE 1 DIABETES
 Epidemiology
Type 1 diabetes may be manifested at any age but most typically appears in 
childhood, especially around puberty. However, new cases of type 1 diabetes 
can appear at any time in life, and in the United States approximately 30% of 
patients are diagnosed after young adulthood.1

Worldwide, the incidence of type 1 diabetes varies 50- to 100-fold, with 
the highest rates occurring in individuals of northern European descent. Both 
sexes are equally affected in childhood, but men are affected more commonly 
in early adult life. The incidence of childhood type 1 diabetes is rising rapidly 
in all populations, especially in the age group younger than 5 years, with a 
doubling time of less than 20 years in Europe. In the United States, the inci-
dence of type 1 diabetes among youth significantly increased in a linear fashion 
by 1.8% annually between 2002 and 2012, particularly among youths of minority 

TABLE 216-4 THE METABOLIC EFFECTS OF INSULIN

METABOLIC EFFECT
STIMULATED BY 

INSULIN INHIBITED BY INSULIN
Carbohydrate 

metabolism
Glucose transport
Glycolysis
Glycogen synthesis

Glycogen breakdown
Gluconeogenesis

Protein metabolism Amino acid transport
Protein synthesis

Protein breakdown

Lipid metabolism Triglyceride uptake
Lipogenesis

Lipolysis
Fatty acid oxidation
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FIGURE 216-3. Rate of new cases of type 1 and type 2 diabetes among people younger 
than 20 years in the United States, by age and race/ethnicity, 2008–2009. ai = american 
indians; aPi = asian/Pacific islander americans; H = Hispanics/latinos; NHb = non-Hispanic 
blacks; NHW = non-Hispanic whites. (From Centers for Disease Control and Prevention. 
National Diabetes Statistics Report: Estimates of Diabetes and Its Burden in the United States, 
2014. atlanta, Ga: us Department of Health and Human services; 2014. source: seaRCH 
for Diabetes in Youth study.)

been important tools for studying the potential for early identification and 
prevention of total β-cell destruction in individuals susceptible to type 1 dia-
betes. β-cell destruction is largely mediated by a variety of cytokines or by 
direct T-lymphocyte activity that causes apoptosis or cellular destruction, 
although evidence suggests that islet-directed antibodies may also play a role. 
Both animal models and human pathologic studies have established that islet-
targeted inflammatory cell infiltrates (termed insulitis) that are composed of 
CD8+ and CD4+ T cells, macrophages, and B cells are linked to the onset of 
diabetes. Over time, the islets become completely devoid of β cells and inflam-
matory infiltrates; α, δ, and pancreatic polypeptide cells are left intact, thus 
illustrating the specificity of the autoimmune attack on β cells.

A critical role for T cells is suggested by studies involving pancreatic trans-
plantation in identical twins. Monozygotic twins with diabetes who received 
kidney and pancreas grafts from their nondiabetic, genetically identical siblings 
required little or no therapeutic immunosuppression. However, these patients 
eventually experienced a resumption of insulitis, with the subsequent recur-
rence of diabetes. Evidence implicating T cells in diabetes autoimmunity also 
derives from clinical trials using immunosuppressive drugs. Drugs such as 
cyclosporine or antibodies directed against a component of the T-cell receptor 
(anti-CD3) or that alter antigen presentation by B cells (anti-CD20) slow the 
progression of recent-onset diabetes, but this effect is not sustained if immu-
nosuppression is withdrawn.

 Clinical Manifestations
It has been clearly established that type 1 diabetes has a long preclinical phase, 
best described in Figure 216-4. At the time of clinical diagnosis, about 10 to 
20% of the original β-cell mass may still be functional. In most cases, overt 
hyperglycemia (and ketosis if it is present) may be precipitated by an unrelated 
medical illness or stress placed on an already-limited islet reserve, thus trig-
gering the diagnostic clinical manifestations. Typically, symptomatic hyper-
glycemia, manifested by polyuria, polydipsia, weight loss, and fatigue, occurs 
abruptly in an otherwise healthy child or young adult. For a minority of patients, 
the initial presentation may be diabetic ketoacidosis (DKA), which can occur 
if there is a delay in recognizing the symptoms of diabetes. Whereas the disease 
has an increased incidence in the winter months, classically attributed to 
respiratory viral infections, this seasonal pattern may be the result of 
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has an increased incidence in the winter months, classically attributed to 
respiratory viral infections, this seasonal pattern may be the result of 

human leukocyte antigen (HLA) identical to the proband have a 12 to 15% 
risk for development of diabetes by the age of 20 years.

Although many of the genes linked to type 1 diabetes have yet to be identi-
fied, about 60 are known.4 HLA genes, located on the short arm of chromo-
some 6, contribute about 50% of genetic susceptibility to type 1 diabetes.5 
Two HLA class II haplotypes, DR4-DQ8 and DR3-DQ2, are present in about 
90% of children with type 1 diabetes. The genotype containing both haplotypes 
carries the highest risk of diabetes (about 5%) and is most commonly seen 
in early-onset disease. In contrast, the DR15-DQ6 haplotype is highly protec-
tive, being found in only 1% of children with type 1 diabetes in contrast to 
20% in the general population. HLA susceptibility haplotypes are overrepre-
sented in adult-onset type 1, but at lower frequency than in classic type 1 
diabetes in youth. Other genes likely contribute to the genetic susceptibility 
to type 1 diabetes. These include the insulin gene (on chromosome 11) and 
a number of other loci that are associated with other autoimmune conditions, 
suggesting the existence of common pathways predisposing to loss of self-
tolerance. Another gene, IFIH1, located on chromosome 2, encodes a protein 
involved in innate immunity and plays a role in recognition of the RNA genomes 
of certain viruses. It is suggested that high IFIH1 levels might provoke exag-
gerated antiviral immune responses that predispose to autoimmunity. Many 
other genes have also been implicated, underscoring the polygenic nature of 
this disease.

Historically, environmental causes of type 1 diabetes focused on viruses 
because of associations with seasonal pandemics of infections and rarely because 
of the isolation of a specific pathogen. Epidemics of mumps, rubella, and 
coxsackievirus infection have been associated with an increased frequency of 
type 1 diabetes. Moreover, specific and convincing rare examples of virus-
induced diabetes have been reported. However, it is believed that virus-mediated 
β-cell damage is not responsible for the massive destruction of β cells but 
that it triggers an autoimmune response in genetically predisposed individuals. 
Thus viruses may contain molecules that resemble a β-cell protein, and viral 
infection could thus nullify self-tolerance and trigger autoimmune responses.

It has long been recognized that about 80% of patients with new-onset type 
1 diabetes have antibodies directed against various islet cell proteins, including 
insulin, glutamic acid decarboxylase (GAD65 and GAD67), and the secretory 
granule protein islet cell antigen 512 (IA-2). These antibody biomarkers have 
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illness-associated counter-regulatory hormones that drive hyperglycemia in 
individuals with already compromised β-cell function. Similarly, the coincidence 
of type 1 diabetes with puberty has been attributed to insulin resistance 
associated with increases in sex and growth hormone secretion.

The diagnosis of diabetes is made according to symptoms or glucose criteria 
(see Table 216-2). Rarely, measurement of anti–glutamic acid decarboxylase 
antibodies is performed, but the determination of type 1 etiology is generally 
made on clinical grounds. After initiation of insulin therapy and stabilization 
of plasma glucose levels, the patient may experience a period of weeks to 
months of relatively easily controlled hyperglycemia. This so-called honeymoon 
phase of type 1 diabetes results from amelioration of the underlying stress in 
the face of β-cell function that has not declined further, and reflects the severe 
but not total β-cell destruction with ongoing (albeit reduced) insulin secre-
tion. Subsequently, the ongoing, progressive, decline in insulin production 
generally leads to undetectable levels after a few years. However, with highly 
sensitive C-peptide assays, low levels of insulin production have been detected 
in some patients with long-standing type 1 diabetes who demonstrate more 
stable glycemic control. In patients with onset of type 1 diabetes in adulthood, 
the clinical presentation may follow a more indolent course (termed latent 
autoimmune diabetes in adults), perhaps because β-cell mass declines at a 
slower pace. In fact, type 1 diabetes may be misdiagnosed as type 2 in many 
of these patients until the progression of insulin deficiency reveals the phe-
notype of permanent and complete insulin dependence.

TABLE 216-5 INSULIN PREPARATIONS

TYPE OF INSULIN
ONSET OF 

ACTION
PEAK 

EFFECT
DURATION 
OF ACTION

BASAL INSULIN

Glargine Approximately 
2 hours

None Approximately 
24 hours

Detemir Approximately 
2 hours

3-9 hours 6-24 hours

Degludec Approximately 
2 hours

None Approximately 
40 hours

NPH/NPL Approximately 
2 hours

6-12 hours 14-24 hours

PRANDIAL INSULIN

Lispro, aspart, glulisine 5-15 minutes 45-75 minutes 2-4 hours
Regular Approximately 

30 minutes
2-4 hours 5-8 hours

NPH = neutral protamine Hagedorn; NPL = neutral protamine lispro.

The key to successful treatment of type 1 diabetes is to achieve physiologic 
insulin replacement, that is, to replicate the normal and tightly regulated rela-
tionship between plasma glucose and insulin secretion. Although current 
technology can only mimic this normal physiology, substantial progress has 
been made to permit maintenance of relative euglycemia by many patients. 
Successful glucose management requires substantial commitment by the patient 
and health care practitioner.6

Insulin Therapy
All patients with type 1 diabetes require insulin treatment to maintain life. 

The approach to insulin replacement in type 1 diabetes requires consideration 
of both basal insulin requirements (insulin required to maintain homeostasis 
in the fasting state) and insulin required for the influx of nutrients that occurs 
with meals. A variety of insulin preparations is available, which differ by patterns 
of absorption after subcutaneous injection. Most currently used insulin prepara-
tions are analogues of human insulin that have been modified (usually by 
changing one or more amino acids) to alter pharmacokinetics to speed or to 
delay absorption (Table 216-5).

Patients with type 1 diabetes are treated with both a long-acting “basal” 
insulin and a shorter-acting “prandial” insulin at mealtime, by a multiple daily 
insulin injection regimen or a continuous subcutaneous insulin infusion pump. 
Typically, the daily insulin requirement for patients with type 1 diabetes is 
between 0.3 and 1.0 unit/kg/day, with half given as basal insulin and the remain-
der divided into pre-meal boluses. Prandial insulin doses are determined by 
meal carbohydrate content plus a “correction factor” if glucose is elevated before 
the meal. For example, a common approach is to use 1 unit for every 10 to 

TREATMENT 

15 g of meal carbohydrate plus a correction factor of 1 unit to lower plasma 
glucose concentration by 20 to 50 mg/dL. However, insulin requirements are 
influenced by a number of factors (e.g., age, body size, insulin sensitivity) and 
vary substantially among patients; therefore these algorithms need to be indi-
vidualized. A number of mobile phone applications and computer programs 
are available to assist patients with dose calculation. Critical to the success of 
physiologic insulin replacement is the need for the patient to monitor blood 
glucose concentration, generally several times a day (see later).

A continuous subcutaneous insulin infusion pump using a short-acting insulin 
analogue can be programmed to deliver both a basal infusion and a preprandial 
bolus. Most insulin pumps contain an insulin reservoir attached by thin flexible 
tubing to a very small catheter that is inserted subcutaneously by the patient 
and changed every 2 or 3 days to avoid local inflammation and fibrosis, which 
can interfere with insulin absorption. The basal insulin delivery rate can be 
programmed to vary throughout the day and may be especially useful to prevent 
hyperglycemia associated with the “dawn phenomenon” (rising blood glucose 
levels in the early morning hours, thought largely to be due to increased growth 
hormone secretion). Most insulin pumps can be programmed to calculate 
prandial insulin doses, based on pre-meal glucose level and meal carbohydrate 
content, which is entered by the patient. However, in the event of pump mal-
function, metabolic decompensation, including DKA, can develop within several 
hours because there is no subcutaneous reservoir of long-acting insulin. Suc-
cessful use of an insulin pump requires a motivated and educated patient plus 
the support of a specialized diabetes team, including a certified diabetes edu-
cator. Insulin pump therapy can be used successfully in children and adolescents 
and is associated with reduced rates of acute complications, including severe 
hypoglycemia and DKA, compared with insulin injection therapy.7 When used 
appropriately, continuous subcutaneous insulin infusion provides patients with 
maximal lifestyle flexibility and the best chance to achieve near-normal blood 
glucose levels. A1  More recently, hybrid closed-loop insulin delivery systems, in 
which a control algorithm autonomously and continually increases or decreases 
the subcutaneous delivery of basal insulin on the basis of real-time glucose 
levels recorded by a continuous glucose monitor (see below), have become 
available. These systems can improve glucose control and reduce hypoglycemia, 
compared with conventional insulin pump use. A2 

Some patients who find adherence to a multiple injection or insulin pump 
regimen difficult can be treated with premixed “biphasic” insulin combinations, 
for example, a mixture of NPH and regular insulin given twice daily. This approach 
may be appropriate for patients with recent onset of type 1 diabetes who still 
maintain some endogenous insulin production. However, for most patients, 
this regimen is rarely optimal because it lacks flexibility and often increases 
the risk of hypoglycemia.

Diet and Lifestyle Treatment
In type 1 diabetes, the focus of dietary planning is on accurate estimation 

of meal carbohydrate content to allow appropriate prandial insulin dosing. This 
can be approached by promotion of “carbohydrate consistency” from meal to 
meal and the use of relatively fixed pre-meal insulin dosing. A more flexible 
approach is for the patient to learn “carbohydrate counting,” which specifies 
an insulin dose per amount of carbohydrate in the meal. With either approach, 
patients need to monitor the nutrient content of their meals. Avoidance of 
concentrated sweets and other high-carbohydrate meals, including those with 
a high “glycemic index,” tends to facilitate accurate insulin dosing and to mini-
mize postprandial glycemic excursions. In contrast to type 2 diabetes, most 
patients with type 1 diabetes are not overweight or obese, and calorie restric-
tion is neither required nor helpful. A variety of eating patterns are considered 
acceptable, and recommendations for a “heart healthy” diet (low in saturated 
fat and cholesterol) are the same as for the general population.

Glucose Self-Monitoring
Successful management of type 1 diabetes requires consistent self-monitoring 

of blood glucose concentration by the patient or caregiver several times a day. 
Small portable meters with disposable strips are easy to use and reasonably 
accurate in most ambulatory care settings. Frequent testing (i.e., before meals 
and at bedtime) allows appropriate prandial insulin dosing and correction of 
unexpected hyperglycemia as well as detection or confirmation of hypoglycemia. 
Most current meters store a large number of readings, which can be downloaded 
to a computer for analysis by the patient and health care team. Subcutaneous 
glucose monitors that provide continuous reading of interstitial glucose levels 
are available and are most commonly used in conjunction with an insulin pump. 
These monitors are most useful to determine glucose patterns and some can 
be programmed to sound an alarm when the glucose level exceeds a preset 
range or rate of change. The accuracy of continuous glucose monitoring (CGM) 
technology has improved substantially and may allow it to be used in place of 
conventional blood glucose measurement for immediate decision making and 
use in a closed loop system with an insulin pump. Evidence suggests that use 
of CGM, compared with usual care, can improve glycemic control for many 
patients, including those using conventional insulin injection therapy. A3 

,
 A4 

Patients with type 1 diabetes should be also instructed to test urine ketones 
(with a reagent strip) in situations in which blood glucose concentration is 
unexpectedly and persistently elevated, especially if it is accompanied by 

 Prevention of Type 1 Diabetes
Given that type 1 diabetes is an immunologically mediated disease, it has long 
been supposed that immune intervention should alter its natural history and 
perhaps even prevent it altogether.8 Furthermore, the significant heritability 
of type 1 diabetes suggests that treatment could target only susceptible indi-
viduals, and the existence of known biomarkers (antibodies that reflect disease 
activity as well as levels of insulin or C-peptide that reflect islet function) also 
lends credence to experimental immunologic treatments. Unfortunately, 
however, the major challenge for most immunologic interventions has been 
their lack of specificity for immune-mediated insulitis or the risks of spillover 
immune suppression in otherwise healthy persons. Given the experimental 
nature of all the tested therapies, we provide only a brief overview here.

Prevention of type 1 diabetes can theoretically be undertaken at three stages: 
(1) in susceptible individuals before there is evidence of immune attack against 
islet cells (primary prevention); (2) in nondiabetic people who already have 
evidence of immune activation (antibodies, insulin defects) to prevent pro-
gression to actual diabetes (secondary prevention); and (3) in newly diagnosed 
patients in whom the goal is to slow the β-cell destructive process (tertiary 
prevention).

Avoidance of putative environmental triggers of islet autoimmunity (e.g., 
cow’s milk) is one approach, and dietary supplementation with nutrients that 
may diminish islet autoimmunity (e.g., omega-3 fatty acids or vitamin D) has 
been attempted. Despite promising results of a pilot study, a large trial of 
primary prevention by removal of cow’s milk from the infant diet failed to 
reduce incident diabetes over 11 years of follow-up. Secondary prevention 
trials have also been undertaken with oral, inhaled, or injected insulin and 
with nicotinamide, but the results have been disappointing. A5  There are sec-
ondary prevention studies with teplizumab (an FcR-nonbinding anti-CD32 
monoclonal antibody) and with abatacept (a costimulation modulator) under-
way. Several tertiary prevention studies (i.e., after the diagnosis of diabetes) 
have been published. Nonspecific immune interventions, such as cyclosporine, 
demonstrate that immunotherapy can indeed rescue β cells from ongoing 
destruction, but it is not an acceptable therapeutic alternative given that it 
preserves β-cell function only transiently and carries heightened risks of adverse 
effects, such as nephropathy. Anti-CD3 antibodies currently appear more 
promising and are being evaluated in clinical trials.

 Prognosis
Substantial progress has been made in recent decades in improving the prog-
nosis for patients affected by type 1 diabetes. This is largely due to adoption of 
more intensive glucose control and more effective nonglycemic treatment of 
early stages of renal disease and retinopathy. Data from long-term follow-up  
of the intensively treated DCCT cohort showed that after 30 years’ duration of 
diabetes, rates of serious diabetes complications were substantially lower than 
in historical controls, and less than 1% became blind, required renal replace-
ment, or had an amputation due to diabetes. In Sweden from 1998 through 
2014, mortality and the incidence of cardiovascular complications declined 
substantially among type 1 diabetic persons.9,10 In the absence of renal disease, 
life expectancy for type 1 patients in the United States is comparable to that 

of the general population. However, the mortality rate of all type 1 diabetic 
patients from age 35 onward is about twice as high as in non-diabetics even 
if the HgbA1c level is 6.9% or lower and becomes progressively higher for 
HgbA1c levels above 7.9%. Analysis of nationally representative hospitaliza-
tion and registry data has shown large reductions in the incidence of a broad 
spectrum of diabetes-related complications between 1985 and 2015 in the 
U.S. population of adults with diabetes11; however, despite the substantial 
decline in the rates of diabetes-related complications in the past two decades, 
a large burden of disease persists because of the continued increase in the 
prevalence of diabetes.

 TYPE 2 DIABETES
 Epidemiology
Type 2 diabetes is one of the most common chronic diseases, affecting more 
than 30 million people in the United States and an estimated 366 million 
worldwide.12 The prevalence of type 2 diabetes has been increasing in the 
United States, from approximately 3% of the population in 1995 to more than 
9% in 2015.13,14 This increase is in part due to demographic shifts (i.e., the 
aging of the population), but incidence rates are also increasing and parallel 
the rise of overweight and obesity as well as increasingly sedentary lifestyles. 
A similar pattern is observed globally, with projections of 550 million (approxi-
mately half undiagnosed) to be affected by 2030. Although type 2 diabetes is 
being increasingly recognized in obese adolescents and young adults, older 
age remains a major risk factor for type 2 diabetes. More than one quarter of 
adults age 65 years and older have diabetes, and another 50% have glucose 
or HbA1c levels in the impaired or pre-diabetic range. Type 2 diabetes in the 
United States is more common among some racial and ethnic groups, with 
prevalence rates highest among non-Hispanic blacks (18%), Hispanics (16%), 
and American Indians (16%) and lowest among non-Hispanic whites (9%). 
Individuals from the Indian subcontinent (i.e., India, Pakistan, Bangladesh) 
and the Pacific Islands (e.g., Hawaii, Nauru, Samoa) also have high rates of 
type 2 diabetes. In general, men and women have about equal prevalence of 
type 2 diabetes.

 Pathobiology
Type 2 diabetes is characterized by variable defects in both insulin secretion 
and insulin action. The underlying metabolic phenotype of type 2 diabetes 
is distinctly heterogeneous among individuals with the disease; some have a 
more pronounced defect in insulin secretion, and others have greater resistance 
to insulin action. The metabolic profile also varies within a given patient over 
time, as insulin secretion progressively declines with longer duration of disease. 
Although heterogeneous, type 2 diabetes is characterized in all cases by inad-
equate insulin secretion for the prevailing glucose level and degree of insulin 
sensitivity.

 IMPAIRED INSULIN SECRETION
The relative insulin deficiency characteristic of type 2 diabetes appears to be 
a consequence of both functional (i.e., reduced responsiveness to secretagogues) 
and quantitative (i.e., reduction in β-cell mass) factors. Insulin secretory capac-
ity is difficult to directly measure in humans, but reductions of β-cell mass up 
to 60% are estimated to occur in type 2 diabetes. However, this alone is insuf-
ficient to explain insulin deficiency in type 2 diabetes, as evidenced by the 
observation that 50% surgical pancreatectomy does not lead to hyperglycemia 
in otherwise healthy individuals. Classic studies in diabetic patients have 
demonstrated failure of insulin secretion in response to glucose but a normal 
response to the amino acid arginine, providing further evidence for the pres-
ence of a functional defect specific to glucose sensing. Abnormalities in the 
usual pulsatile and oscillatory patterns of insulin secretion and inefficient 
insulin biosynthesis have also been demonstrated in type 2 diabetes. For 
example, abnormal peptide processing results in increased secretion of intact 
proinsulin, which serves as a useful biomarker of future diabetes risk. Increased 
accumulation of amyloid also occurs within diabetic islets and may contribute 
to impaired secretory function. Ultimately, the β-cell defects in type 2 diabetes 
appear to be multifactorial, in part genetically determined (see later) but also 
influenced by environmental exposure, for example, to high levels of circulat-
ing glucose (glucotoxicity) and lipids (lipotoxicity). In addition, the β-cell 
defects are not static but worsen with increasing duration of diabetes.

 IMPAIRED INSULIN ACTION (INSULIN RESISTANCE)
Resistance to the metabolic effects of insulin is also a characteristic although 
variable feature of type 2 diabetes. Hyperinsulinemia, thought to be a 
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symptoms suggestive of DKA (see section on diabetic ketoacidosis under hyper-
glycemic states in acute metabolic complications of diabetes). Small or trace 
amounts of urinary ketones are not cause for concern, but moderate or large 
amounts may indicate the onset of DKA and should prompt the patient to seek 
urgent medical attention.

Whole Pancreas and Islet Cell Transplantation
The ultimate goal of a “cure” of type 1 diabetes could most likely be achieved 

by successful transplantation of insulin-producing β cells. Whole pancreas 
transplantation has been performed for almost three decades, with 5-year graft 
survival rates of about 70%. However, the surgery is complicated, and lifelong 
immunosuppression is required, as with any organ transplant. For these reasons, 
pancreas transplantation is generally reserved for patients who already have 
or are concurrently receiving a kidney transplant. In the absence of indications 
for kidney transplantation, pancreas-alone transplantation may be considered 
for patients who have a history of frequent, acute and severe metabolic com-
plications (especially severe hypoglycemia) or severe and incapacitating psy-
chosocial problems related to insulin therapy. Pancreatic islet cell transplants 
hold significant potential advantages over whole-gland transplants. However, 
at this time, islet cell transplantation is an experimental procedure, also requir-
ing systemic immunosuppression, and is performed only within the setting of 
controlled research studies.

 Prevention of Type 1 Diabetes
Given that type 1 diabetes is an immunologically mediated disease, it has long 
been supposed that immune intervention should alter its natural history and 
perhaps even prevent it altogether.8 Furthermore, the significant heritability 
of type 1 diabetes suggests that treatment could target only susceptible indi-
viduals, and the existence of known biomarkers (antibodies that reflect disease 
activity as well as levels of insulin or C-peptide that reflect islet function) also 
lends credence to experimental immunologic treatments. Unfortunately, 
however, the major challenge for most immunologic interventions has been 
their lack of specificity for immune-mediated insulitis or the risks of spillover 
immune suppression in otherwise healthy persons. Given the experimental 
nature of all the tested therapies, we provide only a brief overview here.

Prevention of type 1 diabetes can theoretically be undertaken at three stages: 
(1) in susceptible individuals before there is evidence of immune attack against 
islet cells (primary prevention); (2) in nondiabetic people who already have 
evidence of immune activation (antibodies, insulin defects) to prevent pro-
gression to actual diabetes (secondary prevention); and (3) in newly diagnosed 
patients in whom the goal is to slow the β-cell destructive process (tertiary 
prevention).

Avoidance of putative environmental triggers of islet autoimmunity (e.g., 
cow’s milk) is one approach, and dietary supplementation with nutrients that 
may diminish islet autoimmunity (e.g., omega-3 fatty acids or vitamin D) has 
been attempted. Despite promising results of a pilot study, a large trial of 
primary prevention by removal of cow’s milk from the infant diet failed to 
reduce incident diabetes over 11 years of follow-up. Secondary prevention 
trials have also been undertaken with oral, inhaled, or injected insulin and 
with nicotinamide, but the results have been disappointing. A5  There are sec-
ondary prevention studies with teplizumab (an FcR-nonbinding anti-CD32 
monoclonal antibody) and with abatacept (a costimulation modulator) under-
way. Several tertiary prevention studies (i.e., after the diagnosis of diabetes) 
have been published. Nonspecific immune interventions, such as cyclosporine, 
demonstrate that immunotherapy can indeed rescue β cells from ongoing 
destruction, but it is not an acceptable therapeutic alternative given that it 
preserves β-cell function only transiently and carries heightened risks of adverse 
effects, such as nephropathy. Anti-CD3 antibodies currently appear more 
promising and are being evaluated in clinical trials.

 Prognosis
Substantial progress has been made in recent decades in improving the prog-
nosis for patients affected by type 1 diabetes. This is largely due to adoption of 
more intensive glucose control and more effective nonglycemic treatment of 
early stages of renal disease and retinopathy. Data from long-term follow-up  
of the intensively treated DCCT cohort showed that after 30 years’ duration of 
diabetes, rates of serious diabetes complications were substantially lower than 
in historical controls, and less than 1% became blind, required renal replace-
ment, or had an amputation due to diabetes. In Sweden from 1998 through 
2014, mortality and the incidence of cardiovascular complications declined 
substantially among type 1 diabetic persons.9,10 In the absence of renal disease, 
life expectancy for type 1 patients in the United States is comparable to that 

of the general population. However, the mortality rate of all type 1 diabetic 
patients from age 35 onward is about twice as high as in non-diabetics even 
if the HgbA1c level is 6.9% or lower and becomes progressively higher for 
HgbA1c levels above 7.9%. Analysis of nationally representative hospitaliza-
tion and registry data has shown large reductions in the incidence of a broad 
spectrum of diabetes-related complications between 1985 and 2015 in the 
U.S. population of adults with diabetes11; however, despite the substantial 
decline in the rates of diabetes-related complications in the past two decades, 
a large burden of disease persists because of the continued increase in the 
prevalence of diabetes.

 TYPE 2 DIABETES
 Epidemiology
Type 2 diabetes is one of the most common chronic diseases, affecting more 
than 30 million people in the United States and an estimated 366 million 
worldwide.12 The prevalence of type 2 diabetes has been increasing in the 
United States, from approximately 3% of the population in 1995 to more than 
9% in 2015.13,14 This increase is in part due to demographic shifts (i.e., the 
aging of the population), but incidence rates are also increasing and parallel 
the rise of overweight and obesity as well as increasingly sedentary lifestyles. 
A similar pattern is observed globally, with projections of 550 million (approxi-
mately half undiagnosed) to be affected by 2030. Although type 2 diabetes is 
being increasingly recognized in obese adolescents and young adults, older 
age remains a major risk factor for type 2 diabetes. More than one quarter of 
adults age 65 years and older have diabetes, and another 50% have glucose 
or HbA1c levels in the impaired or pre-diabetic range. Type 2 diabetes in the 
United States is more common among some racial and ethnic groups, with 
prevalence rates highest among non-Hispanic blacks (18%), Hispanics (16%), 
and American Indians (16%) and lowest among non-Hispanic whites (9%). 
Individuals from the Indian subcontinent (i.e., India, Pakistan, Bangladesh) 
and the Pacific Islands (e.g., Hawaii, Nauru, Samoa) also have high rates of 
type 2 diabetes. In general, men and women have about equal prevalence of 
type 2 diabetes.

 Pathobiology
Type 2 diabetes is characterized by variable defects in both insulin secretion 
and insulin action. The underlying metabolic phenotype of type 2 diabetes 
is distinctly heterogeneous among individuals with the disease; some have a 
more pronounced defect in insulin secretion, and others have greater resistance 
to insulin action. The metabolic profile also varies within a given patient over 
time, as insulin secretion progressively declines with longer duration of disease. 
Although heterogeneous, type 2 diabetes is characterized in all cases by inad-
equate insulin secretion for the prevailing glucose level and degree of insulin 
sensitivity.

 IMPAIRED INSULIN SECRETION
The relative insulin deficiency characteristic of type 2 diabetes appears to be 
a consequence of both functional (i.e., reduced responsiveness to secretagogues) 
and quantitative (i.e., reduction in β-cell mass) factors. Insulin secretory capac-
ity is difficult to directly measure in humans, but reductions of β-cell mass up 
to 60% are estimated to occur in type 2 diabetes. However, this alone is insuf-
ficient to explain insulin deficiency in type 2 diabetes, as evidenced by the 
observation that 50% surgical pancreatectomy does not lead to hyperglycemia 
in otherwise healthy individuals. Classic studies in diabetic patients have 
demonstrated failure of insulin secretion in response to glucose but a normal 
response to the amino acid arginine, providing further evidence for the pres-
ence of a functional defect specific to glucose sensing. Abnormalities in the 
usual pulsatile and oscillatory patterns of insulin secretion and inefficient 
insulin biosynthesis have also been demonstrated in type 2 diabetes. For 
example, abnormal peptide processing results in increased secretion of intact 
proinsulin, which serves as a useful biomarker of future diabetes risk. Increased 
accumulation of amyloid also occurs within diabetic islets and may contribute 
to impaired secretory function. Ultimately, the β-cell defects in type 2 diabetes 
appear to be multifactorial, in part genetically determined (see later) but also 
influenced by environmental exposure, for example, to high levels of circulat-
ing glucose (glucotoxicity) and lipids (lipotoxicity). In addition, the β-cell 
defects are not static but worsen with increasing duration of diabetes.

 IMPAIRED INSULIN ACTION (INSULIN RESISTANCE)
Resistance to the metabolic effects of insulin is also a characteristic although 
variable feature of type 2 diabetes. Hyperinsulinemia, thought to be a 
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 Polygenic, Common Type 2 Diabetes
Common forms of type 2 diabetes are likely polygenic and multifactorial and 
represent a complex interaction between genes and environment. In the past 
several years, more than 100 genetic risk loci for common forms of type 2 
diabetes have been identified by genome-wide association studies, but col-
lectively these explain less than 15% of the heritability of the disorder. Outside 
of rare variants that are unique to specific groups, the gene with the strongest 
effect size to date (odds ratio for diabetes, 1.4) is TCF7L2, which is associated 
with reduced insulin secretion, as are the majority of other recognized gene 
variants. Others include a β-cell zinc transporter (ZnT-8; odds ratio, 1.15), 
the sulfonylurea receptor (KCNJ11; odds ratio, 1.1), and melatonin receptor 
1B (MTNR1B; odds ratio, 1.10). A smaller number of gene variants associated 
with insulin resistance have been identified and include genes encoding per-
oxisome proliferator-activated receptor γ (odds ratio, 1.20) and insulin receptor 
substrate 1 (odds ratio, 1.10). Sequence variants in SLC16A11, a gene involved 
in intracellular lipid metabolism, were discovered to be a relatively common 
risk allele (odds ratio, 1.29) in Mexican populations. Current knowledge about 
genetic variants associated with type 2 diabetes risk is not useful for clinical 
disease prediction, offering no advantage to simple clinical tools based on 
traditional risk factors.

There is emerging evidence that epigenetic changes may play an important 
role in development of type 2 diabetes. Epidemiologic studies suggest that 
“metabolic programming” may occur in utero, with both fetal starvation and 
fetal overnutrition predisposing to diabetes in adult life. One example comes 
from experience with the Pima Indians, who have an extremely high prevalence 
of type 2 diabetes. Children born to mothers who were diabetic during their 
pregnancy had higher rates of adult diabetes than did children born to the 
same mothers before they became diabetic, suggesting that intrauterine expo-
sure can have long-lasting metabolic effects. Studies of DNA methylation in 
animal models support this hypothesis, although human epigenome-wide 
studies are just now being conducted. Conversely, maternal undernutrition 
is associated with diabetes in offspring. Low birth weight has been linked to 
predisposition to cardiovascular disease and diabetes in adulthood. According 
to the widely cited Barker hypothesis, nutrient deficiency in utero (e.g., due 
to maternal starvation or placental insufficiency) impairs development of the 
endocrine pancreas, leading to inadequate insulin production later in life.16 
The available data suggest that maternal nutrition may play an important role 
in metabolic programming, resulting in increased diabetes susceptibility in 
adulthood.

 OBESITY
The presence of overweight or obesity (Chapter 207) substantially increases 
the risk for type 2 diabetes and likely accounts for the dramatic increase in 
diabetes prevalence during the past several decades. In fact, the presence of 
overweight or obesity is the single most important clinical predictor of type 
2 diabetes, particularly for young or middle-aged individuals. The relationship 
between BMI and type 2 diabetes is linear, and increased risk can be observed 
even within the BMI range defined as normal (<25 kg/m2). Related factors, 
such as sedentary lifestyle and diet (increased consumption of foods with 
high glycemic load, increased trans and saturated fat), may also contribute to 
diabetes risk, independent of BMI. Distribution of body fat also plays an 
important role, with visceral adiposity (as assessed by waist circumference or 
waist-to-hip ratio) being a particularly strong diabetes risk factor in Asian 

compensatory response to impaired insulin action, can be demonstrated in 
patients with pre-diabetes and in many patients with established type 2 dia-
betes, particularly early in its course. More precise techniques to measure 
insulin action (e.g., the euglycemic hyperinsulinemic clamp) have demonstrated 
resistance to insulin action primarily in peripheral tissues (reduced capacity 
to stimulate glucose uptake in muscle and fat) but also in the liver (reduced 
capacity of insulin to suppress hepatic glucose production). Insulin resistance 
is closely associated with obesity (see later) but also has genetic determinants, 
reflected by the observation that some obese patients do not have severe 
insulin resistance. Insulin resistance frequently occurs as part of a constellation 
of features, termed the metabolic syndrome, which include hypertension, abdomi-
nal obesity, dyslipidemia, glucose intolerance, and increased cardiovascular 
risk. Insulin resistance is also a common feature of the polycystic ovary 
syndrome.

There are multiple molecular mechanisms that can lead to resistance to 
physiologic insulin action, including pre-receptor defects (e.g., an abnormal 
insulin molecule) and abnormal insulin receptors (e.g., due to gene mutations). 
However, common forms of insulin resistance that occur in association with 
type 2 diabetes are generally due to post-receptor defects, that is, abnormali-
ties in intracellular signaling. In insulin target tissues, signaling through the 
phosphatidylinositol 3-kinase pathway is responsible for translocation of the 
glucose transporter GLUT4, which is necessary for uptake of glucose into 
the cell. Several defects in this pathway have been described in humans with 
insulin resistance, including abnormalities in insulin receptor substrate 1 and 
protein kinase B/Akt2. Some specific gene mutations associated with insulin 
resistance have been identified, but insulin resistance may also be acquired as 
a consequence of obesity (see later), increases in circulating free fatty acids, 
certain medications (e.g., glucocorticoids, niacin), and inflammatory states.

Evidence from natural history and genetic association studies (see later) 
indicates that defects in either insulin action or insulin secretion can remain 
clinically silent. For example, insulin resistance can induce compensatory 
hyperinsulinemia, which early in the course of the disease is sufficient to 
maintain euglycemia. However, in individuals with inherited or acquired defects 
in β-cell function, this compensation ultimately fails and hyperglycemia ensues. 
Viewed another way, a subclinical β-cell defect may remain silent in the setting 
of normal insulin sensitivity but be manifested as hyperglycemia when acquired 
insulin resistance develops because of weight gain, aging, or some other factor. 
A unifying theory that explains the coexistence of defects in both insulin 
action and insulin secretion is appealing but so far elusive.

 GENETICS
The evidence for familial aggregation of type 2 diabetes is substantial and 
supports the presence of an important genetic influence. An individual with 
one parent with type 2 diabetes has a lifetime risk for development of type 2 
diabetes of approximately 40%, with risk increasing to approximately 70% if 
both parents are affected. Further, the concordance rate among monozygotic 
twins is as high as 70%. The greater risk of type 2 diabetes among certain 
racial and ethnic groups also supports an important genetic component. The 
overall heritability of type 2 diabetes is estimated to be between 25 and 50%, 
although the specific gene or genes ultimately responsible for common forms 
of type 2 diabetes have not been established.15

 Single-Gene Mutations Linked to Type 2 Diabetes Phenotype
A number of syndromes, termed maturity-onset diabetes of youth (MODY), 
characterized by impaired β-cell function have been recognized and linked 
to specific single-gene mutations. The phenotypes vary with the mutation but 
generally include early onset of relatively mild hyperglycemia in nonobese 
children or young adults and an autosomal dominant pattern of inheritance. 
Although not common (representing 1 to 3% of diabetes cases worldwide), 
their discovery has provided insight into the role of β-cell function in the 
more common forms of type 2 diabetes. MODY 2 is associated with a muta-
tion of glucokinase, which acts as a glucose sensor within the β cell. In this 
case, higher levels of glucose are required to stimulate release of insulin from 
the β cell. MODY 3 is due to a mutation of the gene for hepatic nuclear factor 
1α, which is involved in early pancreatic development and in the regulation 
of insulin gene expression. Other MODY forms (1, 4, 5, 6) are much less 
common, having been described in only a few families (Table 216-6).

Other examples of single-gene mutations associated with specific diabetes 
syndromes include activating mutations of KCNJ11 (encoding a portion of 
the β-cell sulfonylurea receptor), which causes severe neonatal diabetes, and 
WFS1, which encodes a protein that is defective in Wolfram syndrome (dia-
betes insipidus, diabetes mellitus, optic atrophy, and deafness).

TABLE 216-6 SINGLE-GENE MUTATIONS RESPONSIBLE FOR 
THE MORE COMMON FORMS OF MATURITY-
ONSET DIABETES OF YOUTH (MODY)

MUTATION
METABOLIC 

DEFECT CLINICAL PHENOTYPE
MODY 2 Glucokinase Decreased β-cell 

sensitivity to 
glucose

Mild nonprogressive 
hyperglycemia, may not 
require pharmacologic 
treatment; diabetes 
complications rare

MODY 3 Hepatic nuclear 
factor 1α

Abnormal 
regulation of 
β-cell gene 
transcription

Mild hyperglycemia, may be 
progressive; renal glycosuria; 
increased sensitivity to 
sulfonylurea drugs; 
susceptibility to microvascular 
complications

populations, who tend to develop type 2 diabetes at a lower BMI than some 
other racial or ethnic groups do. Ectopic accumulation of adipose tissue in 
the liver, often manifested as nonalcoholic fatty liver disease, is also strongly 
associated with increased diabetes risk.

The increase in adipose tissue mass impairs insulin action by a number of 
proposed mechanisms, including alterations in fatty acid metabolism, accu-
mulation of triglycerides in the liver, and low-grade systemic inflammation. 
Adipose tissue macrophages produce proinflammatory cytokines, including 
tumor necrosis factor–α and interleukin-6, which can interfere with insulin 
signaling. Obesity is also associated with reduced levels of the fat-derived 
peptide adiponectin, which exhibits both anti-inflammatory and insulin-
sensitizing properties. The increase of circulating free fatty acids that is char-
acteristic of obese states can interfere with insulin action in skeletal muscle 
and liver, and increased intramyocellular lipid is also associated with insulin 
resistance. Further, increased lipid accumulation in pancreatic islets may lead 
to impaired insulin secretion. Interestingly, some obese individuals have appar-
ently normal insulin sensitivity and glucose metabolism, sometimes referred 
to as the obesity paradox. The mechanisms that may protect someone from 
the diabetogenic effects of excess adiposity are not known, but intact cardio-
respiratory fitness may play a role.

 Clinical Manifestations
 TYPICAL TYPE 2 DIABETES
The classic hyperglycemic symptoms of polyuria, polydipsia, and weight loss 
occur when the renal threshold for glucose reabsorption (about 180 mg/dL) 
is exceeded and glycosuria with osmotic diuresis occurs. Therefore patients 
may have a plasma glucose concentration that is elevated but below this thresh-
old, for years if not for decades, before specific symptoms appear. In the current 
era many patients are found to have diabetes during routine screening or in 
the course of investigation for another disorder (typically CVD). The initial 
presentation for some patients may be severe decompensated hyperglycemia, 
with profound dehydration, electrolyte imbalance, and plasma glucose levels 
of 400 mg/dL or higher, with the most striking examples being hyperosmolar 
hyperglycemic state (HHS) and DKA (see corresponding sections later).

A key feature of type 2 diabetes is that the metabolic defects are not static 
but tend to worsen over time. A patient early in the course of type 2 diabetes 
may maintain acceptable glucose control with simple dietary modification 
and modest weight loss. For many patients, these measures alone fail over 
time, and combinations of oral medications and often insulin therapy become 
necessary to control blood glucose levels.

Although the defining clinical feature of type 2 diabetes is hyperglycemia, 
it is actually the vascular complications of the disorder that cause the greatest 
morbidity and mortality. For a minority of patients, the initial clinical presen-
tation of diabetes may be the presence of diabetic microvascular complications 
(retinopathy, neuropathy, nephropathy), which usually indicates many years 
of unrecognized hyperglycemia. More typical is the insidious onset of symp-
tomatic microvascular complications after many years of diabetes, especially 
if it is poorly controlled.

 ATYPICAL DIABETES
DKA may be the initial clinical presentation for a minority of patients with 
type 2 diabetes, who subsequently recover β-cell function and do not require 
insulin treatment. This entity, referred to as ketosis-prone type 2 or Flatbush 
diabetes (named for the New York City neighborhood where it was first 
described), appears to be more common among African Americans and some 
other ethnic minorities. These patients typically lack markers of β-cell autoim-
munity and have a strong family history of type 2 diabetes. Once the initial 
episode of DKA is treated and glucose levels stabilize, patients may have near-
normoglycemic remissions lasting many years. The pathogenesis of this form 
of diabetes is not clear, but a unique β-cell predisposition to glucose desen-
sitization (“glucose toxicity”) has been proposed.

 GESTATIONAL DIABETES
Diabetes that appears for the first time during pregnancy and typically regresses 
after delivery is termed gestational diabetes (Chapter 226). Women who develop 
gestational diabetes usually have risk factors including overweight or obesity, 
older age (>30 years), and a family history of type 2 diabetes. The majority 
will develop permanent type 2 diabetes during their lifetime. Hormonal changes 
(increases in placental lactogen, estrogen, progesterone) induce insulin resis-
tance during pregnancy and may uncover latent β-cell defects in predisposed 
women. Babies born to mothers with diabetes mellitus are at risk for a number 
of adverse outcomes, especially macrosomia but also preterm birth, neonatal 

TREATMENT 



CHAPTER 216 Diabetes Mellitus 1497

hypoglycemia, and hyperbilirubinemia. Routine screening, with an oral glucose 
tolerance test, of all pregnant women at 24 to 28 weeks of gestation is currently 
recommended. Because glucose levels tend to be lower than in the nonpregnant 
state, separate criteria have been developed for the diagnosis of diabetes in 
pregnancy. These include the presence of any of the following: fasting glucose 
concentration of 92 mg/dL or higher; glucose concentration of 180 mg/dL 
or higher at 1 hour or 153 mg/dL or higher at 2 hours after a 75-g oral glucose 
load. Aggressive glycemic control has been shown to reduce adverse pregnancy 
outcomes, including macrosomia and traumatic delivery, although its effects 
on long-term outcomes in offspring have not been established. Medical nutri-
tion therapy is recommended for all women with gestational diabetes, with 
emphasis on moderate carbohydrate intake and avoidance of excessive weight 
gain. If diet modification is inadequate to maintain euglycemia, insulin has 
historically been considered first-line pharmacologic treatment for gestational 
diabetes. Oral diabetic medications, including glyburide and metformin, are 
increasingly being used to treat gestational diabetes, although long-term safety 
has not been established and they are not approved for this indication by the 
U.S. Food and Drug Administration. A multicenter noninferiority trial in 
women with gestational diabetes has failed to show that the use of glyburide 
compared with subcutaneous insulin does not result in a higher frequency of 
perinatal complications. A6  After delivery, women with gestational diabetes 
should continue to be observed for the development of type 2 diabetes.

populations, who tend to develop type 2 diabetes at a lower BMI than some 
other racial or ethnic groups do. Ectopic accumulation of adipose tissue in 
the liver, often manifested as nonalcoholic fatty liver disease, is also strongly 
associated with increased diabetes risk.

The increase in adipose tissue mass impairs insulin action by a number of 
proposed mechanisms, including alterations in fatty acid metabolism, accu-
mulation of triglycerides in the liver, and low-grade systemic inflammation. 
Adipose tissue macrophages produce proinflammatory cytokines, including 
tumor necrosis factor–α and interleukin-6, which can interfere with insulin 
signaling. Obesity is also associated with reduced levels of the fat-derived 
peptide adiponectin, which exhibits both anti-inflammatory and insulin-
sensitizing properties. The increase of circulating free fatty acids that is char-
acteristic of obese states can interfere with insulin action in skeletal muscle 
and liver, and increased intramyocellular lipid is also associated with insulin 
resistance. Further, increased lipid accumulation in pancreatic islets may lead 
to impaired insulin secretion. Interestingly, some obese individuals have appar-
ently normal insulin sensitivity and glucose metabolism, sometimes referred 
to as the obesity paradox. The mechanisms that may protect someone from 
the diabetogenic effects of excess adiposity are not known, but intact cardio-
respiratory fitness may play a role.

 Clinical Manifestations
 TYPICAL TYPE 2 DIABETES
The classic hyperglycemic symptoms of polyuria, polydipsia, and weight loss 
occur when the renal threshold for glucose reabsorption (about 180 mg/dL) 
is exceeded and glycosuria with osmotic diuresis occurs. Therefore patients 
may have a plasma glucose concentration that is elevated but below this thresh-
old, for years if not for decades, before specific symptoms appear. In the current 
era many patients are found to have diabetes during routine screening or in 
the course of investigation for another disorder (typically CVD). The initial 
presentation for some patients may be severe decompensated hyperglycemia, 
with profound dehydration, electrolyte imbalance, and plasma glucose levels 
of 400 mg/dL or higher, with the most striking examples being hyperosmolar 
hyperglycemic state (HHS) and DKA (see corresponding sections later).

A key feature of type 2 diabetes is that the metabolic defects are not static 
but tend to worsen over time. A patient early in the course of type 2 diabetes 
may maintain acceptable glucose control with simple dietary modification 
and modest weight loss. For many patients, these measures alone fail over 
time, and combinations of oral medications and often insulin therapy become 
necessary to control blood glucose levels.

Although the defining clinical feature of type 2 diabetes is hyperglycemia, 
it is actually the vascular complications of the disorder that cause the greatest 
morbidity and mortality. For a minority of patients, the initial clinical presen-
tation of diabetes may be the presence of diabetic microvascular complications 
(retinopathy, neuropathy, nephropathy), which usually indicates many years 
of unrecognized hyperglycemia. More typical is the insidious onset of symp-
tomatic microvascular complications after many years of diabetes, especially 
if it is poorly controlled.

 ATYPICAL DIABETES
DKA may be the initial clinical presentation for a minority of patients with 
type 2 diabetes, who subsequently recover β-cell function and do not require 
insulin treatment. This entity, referred to as ketosis-prone type 2 or Flatbush 
diabetes (named for the New York City neighborhood where it was first 
described), appears to be more common among African Americans and some 
other ethnic minorities. These patients typically lack markers of β-cell autoim-
munity and have a strong family history of type 2 diabetes. Once the initial 
episode of DKA is treated and glucose levels stabilize, patients may have near-
normoglycemic remissions lasting many years. The pathogenesis of this form 
of diabetes is not clear, but a unique β-cell predisposition to glucose desen-
sitization (“glucose toxicity”) has been proposed.

 GESTATIONAL DIABETES
Diabetes that appears for the first time during pregnancy and typically regresses 
after delivery is termed gestational diabetes (Chapter 226). Women who develop 
gestational diabetes usually have risk factors including overweight or obesity, 
older age (>30 years), and a family history of type 2 diabetes. The majority 
will develop permanent type 2 diabetes during their lifetime. Hormonal changes 
(increases in placental lactogen, estrogen, progesterone) induce insulin resis-
tance during pregnancy and may uncover latent β-cell defects in predisposed 
women. Babies born to mothers with diabetes mellitus are at risk for a number 
of adverse outcomes, especially macrosomia but also preterm birth, neonatal 

Effective treatment of type 2 diabetes is uniquely challenging because it 
encompasses management of lifestyle factors (including diet, exercise, and 
weight control), use of multiple oral or injectable medications, self-monitoring 
of blood glucose concentration, and surveillance and treatment for acute and 
chronic diabetic complications. The active participation of the patient in this 
complex program is critical for successful diabetes management, and many 
patients benefit from participation in a program of diabetes self-management 
education.

Goals of Therapy Including Glucose Targets
The primary goals of diabetes management are to prevent symptomatic 

hyperglycemia and hypoglycemia and to prevent the vascular complications 
associated with diabetes (see later section on chronic vascular complications). 
Intensive glycemic control (near-normoglycemia) has been shown to reduce 
microvascular and neuropathic complications of diabetes but not CVD or mor-
tality. A7 

,
 A8  The current consensus view is that lowering of the HbA1c level to 7% 

or below is an appropriate goal for most patients with diabetes. More stringent 
glycemic control (HbA1c level close to the normal range) may be appropriate 
for some individuals (e.g., young patients with short duration of disease) if it 
can be achieved without excessive hypoglycemia. Conversely, less stringent 
goals may be suitable for patients with established vasculopathy, significant 
comorbidities, or reduced life expectancy. Generally accepted targets for fasting 
and postprandial glucose levels are 80 to 130 mg/dL and less than 180 mg/dL, 
respectively. Glycemic targets during pregnancy are different, in part because 
plasma glucose levels normally are lower during pregnancy and because of the 
risk of adverse fetal outcomes with even modest hyperglycemia (Table 216-7).

Diet and Lifestyle Management
Dietary recommendations for patients with type 2 diabetes have varied over 

the years and in the past included strict avoidance of sugars and the use of 
specific diet plans (e.g., “exchange systems”) that provided prescribed amounts 
of carbohydrate, fat, and protein. Current approaches for most patients focus 
on calorie restriction to achieve and to maintain modest (approximately 5 to 
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TABLE 216-7 RECOMMENDED GLYCEMIC TARGETS FOR 
ADULTS WITH DIABETES

PREPRANDIAL 
GLUCOSE LEVEL

POSTPRANDIAL 
GLUCOSE LEVEL HbA1c

Nonpregnant adults 80-130 mg/dL <180 mg/dL <7%
Gestational diabetes ≤95 mg/dL <140 mg/dL (1 hour after 

meal) or <120 mg/dL 
(2 hours after meal)

—

Pre–gestational 
diabetes

<95 mg/dL <140 mg/dL (1 hour after 
meal) or <120 mg/dL 
(2 hours after meal) 

6-6.5%

Modified from American Diabetes Association standards of medical care in diabetes—2018. 
Diabetes Care. 2018;41(Suppl 1):S55-S64.
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10% of body weight) weight loss, moderate carbohydrate intake, and avoidance 
of concentrated sweets and foods high in saturated fats and cholesterol. An 
optimal macronutrient distribution for patients with type 2 diabetes has not 
been established, and individualization of nutrition plans, depending on such 
factors as renal function, weight status, and the patient’s preference, is recom-
mended. Evidence suggests that a low-fat, low-carbohydrate (Atkins-type) diet 
and a Mediterranean-type diet can each be effective in promoting weight loss 
and improving glucose control in patients with diabetes. Moderate alcohol 
consumption is not prohibited, with the proper consideration of calorie intake 
(7 kcal/g) and hypoglycemia risk if alcohol is consumed without food, particularly 
in insulin-treated patients. Referral to a registered dietitian for medical nutrition 
therapy should be considered for patients newly diagnosed with type 2 diabetes 
and those who are not achieving glycemic or weight targets.

Regular exercise is an important but often overlooked component of diabetes 
management. Both aerobic exercise and resistance training can improve blood 
glucose control, even in the absence of significant weight change. Current 
recommendations are for a minimum of 150 minutes per week of moderate-
intensity physical activity, such as brisk walking, biking, or swimming, and 
muscle-strengthening exercises two or three times per week. Assessment of 
cardiovascular status before beginning of an exercise program should be con-
sidered for selected patients, but routine screening (e.g., with an exercise stress 
test) of asymptomatic patients is not recommended. The presence of some 
diabetic complications may require restriction of certain activities. For example, 
in patients with proliferative retinopathy, vigorous aerobic or resistance exercise 
could precipitate retinal hemorrhage or detachment. The presence of significant 
sensory loss due to peripheral neuropathy can increase the risk of foot injury, 
including skin ulceration and Charcot joint destruction. Use of proper footwear 
and careful foot inspection are recommended, and avoidance of weight-bearing 
exercise may be required for high-risk patients. Finally, exercise-induced hypo-
glycemia can occur in patients treated with insulin or some secretagogues (i.e., 
sulfonylureas) and may require adjustment of the medication regimen or added 
carbohydrate before exercise.

Bariatric Surgery
Weight loss is considered the cornerstone for treatment of patients with 

type 2 diabetes, the majority of whom are overweight or obese. It has been 
clearly shown to improve glucose control. As expected, diabetic patients who 
undergo bariatric (weight reduction) surgery (Chapter 207) also show improve-
ment in glucose control, which in some cases is dramatic. Improvements in 
glycemia often occur almost immediately after surgery, before significant weight 
loss has occurred, and appear to be related to changes in gut hormones (includ-
ing GLP-1 and GIP) or bile acid metabolism. Many patients are able to discontinue 
diabetes medications, and diabetes remission rates above 50% have been 
reported. Among obese patients with uncontrolled type 2 diabetes, 3 years of 
intensive medical therapy plus bariatric surgery was reported to result in gly-
cemic control in significantly more patients than did medical therapy alone; 
bodyweight, use of glucose-lowering medications, and quality of life also showed 
more favorable results at 5 years in the surgical groups. A9 

,
 A10 

Pharmacologic Therapy
Although weight control and nutrition form the foundation of effective 

management, most patients with type 2 diabetes will require use of pharma-
cologic agents, often multiple, to maintain recommended levels of glycemic 
control. During the last two decades, several new classes of drugs, targeting 
different metabolic pathways, have become available for treatment of type 2 
diabetes. However, some of the most effective drugs are the oldest, and the 
long-term safety profile of newer agents remains to be established. Medications 
can be broadly categorized as those that enhance insulin availability (insulin 
and insulin secretagogues), those that enhance insulin action, or a miscellaneous 
group with other targets. Insulin therapy is also covered later and in the section 
on type 1 diabetes.

insulin sensitizers
Metformin

The biguanide drug metformin is the most widely used antidiabetic medica-
tion and is considered preferred initial therapy for patients with type 2 diabetes. 
The pleiotropic effects of metformin are thought to be mediated primarily 
through inhibition of mitochondrial complex 1 (i.e., effects on mitochondrial 
oxidative phosphorylation and cellular energy charge) and, in part, through 
regulation of the activity of 5′-adenosine monophosphate–activated protein 
kinase and the mammalian target of rapamycin. Metformin lowers glucose 
levels primarily through suppression of hepatic glucose production, but it also 
may enhance insulin sensitivity (improved insulin-mediated glucose uptake) 
and limit intestinal glucose absorption. Modest and sustained weight loss (about 
2 to 4 kg) is common with metformin. Metformin is used orally twice a day, 
and extended-release forms are available for once-daily dosing. Hypoglycemia 
occurs rarely if at all with metformin monotherapy. The most common adverse 
effect is gastrointestinal intolerance (dyspepsia, diarrhea), which can be mini-
mized by slow upward dose titration. Vitamin B12 malabsorption, leading to 
clinical B12 deficiency, has also been reported. The occurrence of lactic acidosis 
is the most serious although rare adverse effect, which occurs almost exclusively 

in patients with renal insufficiency and another precipitating factor, such as 
sepsis or shock. Renal function should be monitored periodically; metformin 
must be used with caution in those with an estimated glomerular filtration 
rate (GFR) of 45 mL/minute or lower and should be discontinued for an esti-
mated GFR of 30 mL/minute or lower. Unique among available antidiabetic 
therapies, metformin was shown to reduce cardiovascular and all-cause mortality 
in the U.K. Prospective Diabetes Study (UKPDS), which adds to its appeal as a 
first-line agent. Metformin has also been used for diabetes prevention and for 
treatment of polycystic ovary syndrome.

Thiazolidinediones
The thiazolidinediones, which include rosiglitazone and pioglitazone, improve 

insulin-mediated glucose uptake and reduce hepatic glucose production. They 
bind to a nuclear receptor, peroxisome proliferator-activated receptor γ, and thus 
regulate the transcription of a variety of genes involved in carbohydrate and 
lipid metabolism. Thiazolidinedione therapy has pronounced effects on adipose 
tissue, reducing lipolysis, increasing fat mass, and causing redistribution of fat 
away from visceral to subcutaneous depots. Increases in circulating adiponectin, 
an adipokine with insulin-sensitizing and anti-inflammatory properties, may also 
play a role in the glucose-lowering effect of these drugs. Thiazolidinediones are 
given orally in once-a-day dosing. Common adverse effects include weight gain 
and fluid retention, including precipitation or worsening of congestive heart 
failure. Also reported have been an increase in fractures in postmenopausal 
women and increased risk of bladder cancer. The potential cardiovascular toxicity 
of rosiglitazone remains controversial, and its use has been restricted in many 
countries; these effects have not been observed for pioglitazone.

insulin secretagogues
Sulfonylureas

The sulfonylurea class of insulin secretagogues is among the oldest available 
oral antidiabetes drugs. Sulfonylureas currently in common use include glipizide, 
glyburide, and glimepiride; older sulfonylureas (chlorpropamide, tolbutamide) 
are still sometimes used outside of the United States. Their mechanism of action 
is to bind to the ATP-sensitive potassium channel in the β-cell membrane (at 
a site termed the sulfonylurea receptor), resulting in membrane depolarization 
and, ultimately, release of insulin from preformed secretory granules. Therefore 
the presence of a sufficient mass of intact β cells is required for efficacy of these 
drugs. They can be used as monotherapy or in combination with other drugs. 
The major adverse effect of sulfonylureas is their potential to cause hypogly-
cemia because insulin secretion occurs regardless of ambient plasma glucose. 
Modest weight gain is also common. Results of a study conducted in the 1970s 
(University Group Diabetes Program) suggested that sulfonylurea drugs may 
increase the risk of cardiovascular events and mortality. These findings were 
not confirmed in other trials, but the issue remains controversial. Despite this, 
sulfonylureas are among the most widely used antidiabetic medications.

Glinides
Repaglinide and nateglinide are chemically distinct non-sulfonylurea insulin 

secretagogues that also bind to the ATP-sensitive potassium channel in the 
β-cell membrane. Their onset and duration of action are much shorter than 
those of sulfonylureas, and the frequency of fasting hypoglycemia may be less. 
They are administered orally before each meal, making them somewhat less 
convenient than medications with a single daily dose but potentially providing 
an advantage for patients with inconsistent meal timing or content.

Incretin-Based Therapies/GLP-1 Agonists
Exenatide, liraglutide, semaglutide, dulaglutide, and lixisenatide are analogs 

of the endogenous incretin hormone GLP-1 and stimulate insulin secretion by 
binding to GLP-1 receptors on β cells. These drugs augment glucose-stimulated 
insulin secretion and thus have less potential to cause hypoglycemia than sul-
fonylureas and glinides do. They also suppress hepatic glucose production (by 
reduction of glucagon secretion), delay gastric emptying, and suppress appetite, 
resulting in modest weight loss for many patients. GLP-1 agonists are given by 
injection once or twice a day, and weekly long-acting formulations are also 
available. Major adverse effects include gastrointestinal intolerance (nausea 
and vomiting), which can be minimized by initiation with a low dose and gradual 
titration. In combination with basal insulin treatment, these agents can improve 
glycemic control without increasing hypoglycemia and often induce significant 
weight loss. A11 

,
 A12  Liraglutide also reduces all-cause mortality by about 15%, 

as well as reducing the risk of death from cardiovascular causes, nonfatal myo-
cardial infarction, or nonfatal stroke. A13  Liraglutide, added to usual care, also 
resulted in lower rates of the development and progression of diabetic kidney 
disease than placebo. A14  Similarly, weekly semaglutide (0.5 or 1.0 mg) signifi-
cantly reduces the rate of cardiovascular death, nonfatal myocardial infarction, 
or nonfatal stroke in type 2 diabetes patients who are at high cardiovascular 
risk. A15  Improvement in renal outcomes has also been reported for liraglutide 
and semaglutide. An increased risk of acute pancreatitis has been reported 
with GLP-1 agonists (and DPP-4 inhibitors; see later), but the magnitude of the 
risk is uncertain and requires additional research. An increase in C-cell hyper-
plasia and medullary thyroid cancer was found in laboratory animals, although 
the relevance of this to humans is unclear.
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T2 DM treatment algorithm

Diabetes diagnosis

Lifestyle modification and metformin

ASCVD or multiple risk factors No ASCVD

Add drug shown to reduce CVD risk
GLP-1 receptor agonist or SGLT-2 inhibitor

Low hypoglycemia risk
TZD, GLP-1, DPP-4, or

SGLT-2

Promote weight loss
GLP-1 or SGLT-2

Inexpensive
SU or TZD

Most effective
GLP-1, basal

insulin, TZD, or SU

FIGURE 216-5. Algorithm for pharmacologic treatment of type 2 diabetes. asCVD = atherosclerotic cardiovascular disease; CVD = cardiovascular disease; DPP-4 = dipeptidyl pep-
tidase 4; DPP-4-i = DPP-4 inhibitor; GlP-1 = glucagon-like peptide 1; Hba1c = glycosylated hemoglobin; sGlt-2 = sodium-glucose cotransporter-2; su = sulfonylurea; tZD = 
thiazolidinedione. 

Incretin-Based Therapies/DPP-4 Inhibitors
Inhibitors of dipeptidyl peptidase 4 (DPP-4), a ubiquitous serine protease, 

work by preventing the breakdown of endogenous GLP-1, thus prolonging its 
effects. DPP-4 inhibitors, including sitagliptin, saxagliptin, and linagliptin, are 
given orally in a single daily dose. Similar to GLP-1 agonists, they rarely cause 
hypoglycemia, but they are generally weight neutral and cause fewer gastro-
intestinal side effects. In a large randomized trial of patients with preexisting 
CVD, sitagliptin had no effect on future cardiovascular events. A16  A network 
meta-analysis has shown that the use of GLP-1 agonists (above) or SGLT2 inhibi-
tors (below) were associated with lower all-cause mortality in patients with 
type 2 diabetes that DDP-4 inhibitors or placebo or no treatment.17 Concern 
about potential risk of pancreatitis and medullary thyroid cancer has also been 
raised but unconfirmed; however, severe joint pain and skin reactions (bullous 
pemphigoid) can occur in a small percentage of patients.

Other Pharmacologic agents
SGLT2 Inhibitors

Canagliflozin, dapagliflozin, and empagliflozin are inhibitors of the sodium 
glucose cotransporter 2 (SGLT2) in the proximal renal tubule. This inhibition 
prevents the reabsorption of filtered glucose and results in glycosuria, which 
is accompanied by mild osmotic diuresis and modest weight loss. The most 
common adverse effect is an increase in mycotic genital infections; hyperka-
lemia, urinary tract infections, and reductions in blood pressure have also been 
reported. Other adverse effects include increased risk of diabetic ketoacidosis, 
and for canagliflozin, lower extremity amputation. In a large randomized trial 
of type 2 diabetes patients at high risk for cardiovascular events, empagliflozin 
reduced cardiovascular and all-cause death by 32% when added to standard 
care. A17  Similar cardiovascular benefit has been reported with canagliflozin, 
but with a greater risk of amputation, primarily at the toe or metatarsal  
level, A18  and both drugs appear to prevent decline in renal function. Among 
patients with evidence of CKD (albuminuria and/or eGFR 30-90 ml/min), cana-
gliflozin can reduce the risk of adverse renal outcomes by 30%. A19 

Other Drugs
Acarbose and miglitol are inhibitors of α-glucosidase enzymes in the intestinal 

lumen. They are given with meals to slow the absorption of carbohydrates. 
Gastrointestinal side effects (e.g. flatulence and bloating) are common and 
limit their use. Pramlintide, bromocriptine, and colesevelam are also approved 
for treatment of type 2 diabetes. However, they are used infrequently due to 
side effects and modest glucose-lowering properties.

insulin therapy
Insulin treatment can be considered for patients with type 2 diabetes at any 

point in the course of the disorder, although typically it is used after “failure” 
of oral or other noninsulin therapies. Insulin may also be preferred therapy in 
specific situations, such as during hospitalizations (especially in the periopera-
tive period) or in pregnancy. In contrast to patients with type 1 diabetes, patients 
with type 2 diabetes may be adequately controlled with basal insulin alone or 
in combination with other antidiabetic medications. Basal insulin is frequently 
used in combination with oral medications (e.g., metformin, DPP-4 inhibitors) 
or GLP-1 agonists (e.g., exenatide, liraglutide). However, reflecting the hetero-
geneity of type 2 diabetes, some patients may require physiologic insulin 
replacement similar to that used in type 1 diabetes, and insulin pump therapy 
is a safe and valuable option in patients who otherwise require multiple daily 

injections. A20  Daily insulin requirements tend to be higher for patients with 
type 2 compared with type 1 diabetes, reflecting the existence of insulin resis-
tance. Use of concentrated insulin preparations (U-200 degludec, U-300 glargine, 
U-500 regular, U-200 lispro) may be helpful for insulin resistant patients who 
require insulin doses exceeding 100 units per day. Among patients with type 
2 diabetes at high risk for cardiovascular events (CVEs), degludec is noninferior 
to glargine with respect to the incidence of major CVE and reduces the risk of 
symptomatic hypoglycemia. Information about available insulin preparations 
and insulin regimens is provided in the section on insulin therapy under type 
1 diabetes (earlier) and in Table 216-5.

Treatment Algorithms
Use of multidrug regimens is common in type 2 diabetes, and algorithms 

have been developed to guide therapy; however, the current evidence base 
to support these recommendations is limited. There is general agreement that 
metformin should be initial therapy for most patients and that subsequent 
drugs (when needed) are added to but do not replace metformin. The choice 
of a specific drug combination is driven by a number of factors, including 
efficacy, cost, side effect profile (e.g., hypoglycemia, weight gain), and prefer-
ence of the patient (Fig. 216-5). Preferential use of drugs shown to have car-
diovascular benefits should be considered for patients with established 
atherosclerotic heart disease or multiple cardiovascular risk factors.

Metabolic Monitoring
Ongoing assessment of glycemic control is necessary to ensure optimal out-

comes in patients with diabetes. Measurement of HbA1c, which reflects mean 
glucose levels during the preceding 2- to 3-month period, should be performed 
routinely in all patients with diabetes, beginning at diagnosis and periodically 
thereafter. Quarterly tests should be done for patients whose therapy has been 
recently changed or who are not meeting glycemic goals. More stable patients 
can be tested twice a year. Self-monitoring of blood glucose levels is recom-
mended for all patients using insulin and may be useful for any patient trying 
to achieve target glucose control. Monitoring for the development of vascular 
complications is addressed in the later section on chronic vascular complications.

Inpatient Management
Management of blood glucose levels during hospitalization is increasingly 

recognized as an important clinical issue, especially because 40 to 70% of hos-
pitalized patients carry a concomitant diagnosis of diabetes. Frequently, diabetes 
is not the reason for admission, and attention to glucose management is sec-
ondary to other more critical medical problems. However, both hyperglycemia 
and hypoglycemia are associated with adverse outcomes in hospitalized patients, 
which has stimulated the development of algorithms and guidelines for inpa-
tient glucose management, although the evidence base to support them is 
limited. Obviously, all patients with type 1 diabetes require continued insulin 
use during hospitalization.

Critically ill Patients
After initial enthusiasm for intensive glucose control (maintenance of  

near-normoglycemia) for critically ill patients, more recent evidence suggests 
that it may be harmful, particularly when it is accompanied by hypoglyce-
mia. A21  Current guidelines recommend intravenous administration of insulin 
for critically ill patients in intensive care settings, with a goal of maintaining 
plasma glucose concentration between 140 and 180 mg/dL. Application of 
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the Diabetes Prevention Program is available online (http://www.bsc.gwu.edu/
dpp/lifestyle/dpp_part.html) and has been widely implemented in community 
settings, including the YMCA. Both lifestyle modification and metformin have 
shown positive effects on cardiovascular risk factors, but whether interventions 
to prevent diabetes will result in lower rates of microvascular or macrovascular 
complications remains to be determined.

 Screening for Type 2 Diabetes
Individuals with risk factors for type 2 diabetes should be considered for 
screening for diabetes and impaired glucose regulation, even though screening 
has not been shown to reduce subsequent mortality.19,20 This is especially 
important given that hyperglycemia can be present for years without specific 
symptoms and up to 30% of people with diabetes in the United States are 
undiagnosed. Screening will also allow identification of people with pre-diabetes, 
who may benefit from prevention interventions (Table 216-8).

Diabetes screening may be conducted with HbA1c level, fasting glucose 
concentration, or oral glucose tolerance test, with the choice of test depending 
on the clinical setting and the preference of the patient. Screening should also 
be considered for asymptomatic children with BMI above the 85th percentile 
for age and sex plus any two of the following risk factors: family history of 
type 2 diabetes, high-risk race/ethnicity, or evidence of insulin resistance or 
features associated with insulin resistance (acanthosis nigricans, hypertension, 
dyslipidemia, polycystic ovary syndrome, or small-for-gestational-age birth 
weight). Pregnant women with risk factors for diabetes should be screened 
for undiagnosed diabetes at the first prenatal visit. Otherwise, a 75-g oral 
glucose tolerance test should be performed at 24 to 28 weeks of gestation to 
detect gestational diabetes.

 Prognosis
Type 2 diabetes is a chronic and, in most cases, progressive condition with poten-
tially serious health consequences. However, it is also uniquely sensitive to modi-
fication of nutritional and lifestyle factors, which has been shown to be effective 
for both prevention and treatment of diabetes. Further, several classes of effective 
antihyperglycemic medications are available. There is substantial evidence that 
early intervention with a multifactorial approach to achieve and to maintain 
metabolic control, plus aggressive control of CVD risk factors, will substantially 
reduce the burden of diabetes complications and improve quality of life.

 ACUTE METABOLIC COMPLICATIONS  
OF DIABETES

 Hypoglycemia
Iatrogenic hypoglycemia in people with diabetes is the most frequent cause 
of low blood glucose concentration. Hypoglycemia (Chapter 217) affects the 
daily lives of persons with diabetes and can have a dramatic effect on quality 
of life. It can induce great fear, preclude comfortable engagement in routine 
activities (e.g., driving, uninterrupted sleep), and lead both patient and clini-
cian to set higher glycemic targets and hence worse metabolic control. Thus 
hypoglycemia continues to be a major limiting factor in the treatment of dia-
betes, particularly with the use of insulin.21

Whereas insulin-stimulatory drugs (e.g., sulfonylureas) and parenteral insulin 
are the primary causes of drug-induced iatrogenic hypoglycemia, underlying 

TABLE 216-8 CRITERIA FOR DIABETES SCREENING IN 
ASYMPTOMATIC ADULTS

1. Overweight or obese (BMI >25 kg/m2) with one or more of the following:
•	 First-degree	relative	with	type	2	diabetes
•	 High-risk	race/ethnicity	(e.g.,	African	American,	Latino,	Native	American,	

Asian American, Pacific Islander)
•	 History	of	CVD
•	 Hypertension
•	 HDL	cholesterol	level	<35 mg/dL or triglyceride level >250 mg/dL
•	 Women	with	polycystic	ovary	syndrome
•	 Physical	inactivity
•	 Other	clinical	conditions	associated	with	insulin	resistance
Screening should begin at age 45 and be repeated at least every 3 years.

2. Patients with pre-diabetes (HbA1c ≥5.7%, IGT, or IFG) should be tested annually.
3. Women with history of gestational diabetes should be tested at least every 3 years.
BMI = body mass index; HDL = high-density lipoprotein; IFG = impaired fasting glucose; IGT = 
impaired glucose tolerance.
Modified from American Diabetes Association. Standards of medical care in diabetes—2018. 
Diabetes Care. 2018;41(Suppl 1):S55-S64.

standardized infusion protocols, which include frequent glucose monitoring, 
is recommended.

Non–Critically ill Patients
The evidence base to support specific treatment guidelines for non–critically 

ill hospitalized patients is weak because this has not been systematically studied 
in randomized trials. However, there is agreement that subcutaneous admin-
istration of insulin is the preferred therapy to control glucose for most hospital-
ized (non–critically ill) patients with diabetes. Generally accepted targets are 
below 140 mg/dL for fasting glucose concentration and below 180 mg/dL for 
random or postprandial glucose concentration, if this can be achieved with 
minimal hypoglycemia risk. The patient’s status needs to be reassessed frequently 
and insulin doses adjusted as needed to maintain target glucose levels. Use of 
basal insulin (see Table 216-5) is sufficient for many type 2 patients, but some 
may require the addition of prandial or corrective doses of short-acting insulin. 
However, prolonged dependence on insulin “sliding scales” to manage hyper-
glycemia should be avoided as this is rarely successful and carries the increased 
risk of hypoglycemia. For stable patients who are eating consistent meals and 
those nearing hospital discharge, resumption of their usual oral or noninsulin 
injectable medications can be considered. Most patients with type 1 diabetes 
can be managed with their usual insulin injection regimen during hospitaliza-
tion, but extra attention should be paid to hypoglycemia risk due to missed 
or delayed meals. Insulin pump therapy can be continued during hospitalization 
if the patient is able to direct its use and hospital personnel are sufficiently 
familiar with this form of treatment.

 Prevention of Type 2 Diabetes
The substantial burden, both human and societal, that accompanies type 2 
diabetes and the difficulty in treating it effectively once it has developed make 
it an appropriate target for prevention. Further, the existence of a defined state 
of increased risk, pre-diabetes (i.e., impaired glucose tolerance and impaired 
fasting glucose), allows identification of patients who are most likely to benefit. 
Interventions that have been studied to date include lifestyle change (i.e., 
weight loss and exercise) and several antidiabetic medications.18

 LIFESTYLE CHANGES
The largest and longest diabetes prevention study to date was the Diabetes 
Prevention Program, conducted in the United States beginning in the 1990s. 
Individuals at high risk for type 2 diabetes on the basis of the presence of 
overweight or obesity and pre-diabetic hyperglycemia (fasting glucose con-
centration of 95 to 125 mg/dL and 2-hour glucose concentration of 140 to 
199 mg/dL) were randomly assigned to an intensive lifestyle program or a 
medication arm (metformin vs. placebo) and observed for a mean of 3 years. 
The lifestyle intervention stressed modest weight reduction (minimum 7% 
of body weight) with a reduced fat, hypocalorie diet and moderate-intensity 
physical activity for 150 minutes/week. Incident diabetes (determined by oral 
glucose tolerance test) was reduced by 58% compared with placebo, although 
the risk reduction was somewhat diminished (34%) with longer-term follow-
up of the cohort. Successful weight loss was the major predictor of diabetes 
prevention, with every kilogram of weight loss reducing diabetes risk by 16%. 
Primary care–led weight management programs A22  and locaserin use A23  can 
reduce hyperglycemia and lead to remission of type 2 diabetes. Similar find-
ings were reported from other studies, including the Finnish Diabetes Preven-
tion Study. Even among individuals who did not lose weight, achieving the 
physical activity goal was associated with lower diabetes risk.

 MEDICATION
Several classes of antidiabetic drugs have been studied for diabetes prevention, 
including metformin, which reduced the risk of diabetes by 31% in the Diabetes 
Prevention Program. In smaller studies, the α-glucosidase inhibitor acarbose 
showed modest reduction in diabetes risk (approximately 25%). The thiazoli-
dinediones (e.g., troglitazone and rosiglitazone) have also shown diabetes 
prevention effects but are not widely used for this purpose because of concerns 
about their long-term safety. Liraglutide used at the dose approved for weight 
loss (3 mg/day) lowered incident diabetes by 21% in overweight patients 
with pre-diabetes. None of these drugs is approved by the U.S. Food and Drug 
Administration for diabetes prevention.

 RECOMMENDATIONS
Lifestyle modification and metformin can both be recommended for individuals 
at high risk of diabetes. A24  Candidates for prevention include those with defined 
glucose abnormalities (impaired glucose tolerance, impaired fasting glucose) 
and those with overweight or obesity plus an additional risk factor, such as 
family history of diabetes. The curriculum for the lifestyle intervention used in 
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Patients with diabetes need to be well informed about the symptoms of 
hypoglycemia and the factors that predispose to its occurrence: meal timing 
and content, exercise, and the expected time course of the drugs in use (espe-
cially insulin). Patients should also be made aware that the accuracy of some 
home glucose meters and continuous glucose monitors may be reduced in 
the hypoglycemia range and that the typical sympathoadrenal symptoms may 
wane during years of diabetes. A history of recurrent hypoglycemia should be 
carefully evaluated and attempts made to determine whether the patient had 
experienced events that went unrecognized. For example, reports of unexplained 
night sweats or a clouded mental state on arising in the morning may be due 
to nocturnal hypoglycemia and should be investigated.

Table 216-10 lists several risk factors for severe hypoglycemia. Patients with 
these characteristics require greater vigilance, both in selection of treatment 
regimen and in the recognition and treatment of acute episodes.

Most mild or moderate episodes of hypoglycemia can be self-treated by 
ingestion of fast-acting carbohydrates such as glucose tablets, glucose gels, or 
food (juices, soft drinks, or a meal). The suggested amount of carbohydrate to 
be ingested is about 15 g, which will increase the plasma glucose concentration 
by about 15 mg/dL. Importantly, foods that are rich in fat delay glucose absorp-
tion and are thus less effective. If plasma glucose levels are still below 70 mg/
dL and if symptoms have not abated after 15 minutes, the patient should take 
an additional 15 g of carbohydrate. Because the glycemic response to oral 
glucose is relatively transient, ingestion of a snack or a meal shortly after cor-
rection of hypoglycemia is recommended.

Parenteral treatment of hypoglycemia is recommended if the patient is 
unwilling or unable to ingest carbohydrates (e.g., due to impaired mental status) 
or if a patient has sulfonylurea-induced hypoglycemia (which may be prolonged). 
Intravenous administration of glucose (25 g) is the preferred treatment of 
hypoglycemia. Parenteral glucagon (1 mg subcutaneously) is an alternative, 
especially in patients with type 1 diabetes who may have to be treated by 
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the counter-regulatory response. In experiments in people without diabetes, 
recurrent or recent episodes of hypoglycemia are associated with reduced 
autonomic (epinephrine and norepinephrine), symptomatic, and cognitive 
functional responses to subsequent episodes of hypoglycemia, impairing the 
endogenous defense mechanisms and the clinical signs required for hypogly-
cemia detection. Because patients with type 1 diabetes already have a reduced 
counter-regulatory response, hypoglycemia-associated autonomic failure may 
play a role in the vicious circle of hypoglycemia begetting hypoglycemia. Meticu-
lous avoidance of hypoglycemia is the only current approach proven to improve 
the epinephrine response and to reverse impaired awareness of hypoglycemia.

Compared with type 1 diabetes, type 2 diabetes is associated with a much 
lower risk of hypoglycemia. However, hypoglycemia remains a major clinical 
problem in this population. Episodes of severe hypoglycemia become progres-
sively more common in patients with longer duration of type 2 diabetes, due 
in part to progressive β-cell failure and increased dependence on pharmacologic 
treatments. Use of sulfonylureas accounts for a substantial proportion of cases 
of drug-induced hypoglycemia, and severe episodes characterized by coma 
have been reported with all the agents in common use. Other antidiabetic 
agents, such as metformin, thiazolidinediones, and incretin-based drugs, have 
been associated with measureable albeit lower risks of hypoglycemia; however, 
symptomatic hypoglycemia is rare unless these drugs are used in combination 
with insulin. The elderly are at particularly high risk for iatrogenic hypoglycemia 
because the intensity of adrenergic symptoms may be reduced and hypoglycemia-
induced cognitive impairment greater.

defects in some parts of the counter-regulatory cascade contribute to the 
greater frequency and potential morbidity and mortality of hypoglycemia 
among patients with diabetes. The normal counter-regulatory response to 
hypoglycemia and the typical adrenergic and neuroglycopenic hypoglycemia 
symptoms are described in Chapter 217.

The threshold plasma glucose value that results in hypoglycemic symptoms 
is not constant; it is lower after recent antecedent hypoglycemia and higher 
in patients with poor glycemic control. However, there is general consensus 
that a self-monitored glucose level of 70 mg/dL or lower is a value that should 
alert the patient or caregiver, regardless of the presence of symptoms. A more 
detailed classification system to describe hypoglycemia has been established 
and widely adopted in research settings (Table 216-9).

However, these distinctions are not commonly used in clinical practice, and 
the severity of symptoms is often confused with severity of the actual prevailing 
physiologic state. Thus a patient may feel intense symptoms at a glucose level 
of 50 to 60 mg/dL, for which there is no evidence of cognitive impairment or 
imminent danger, whereas potentially dangerous plasma glucose levels in the 
range of 20 to 40 mg/dL might go unappreciated owing to lack of classical 
symptoms. This also has implications for the epidemiology of hypoglycemia; 
most studies have reliably ascertained only the rates of severe hypoglycemia 
because other episodes are less likely to be documented. In type 1 diabetes, the 
DCCT reported 62 severe hypoglycemic episodes per 100 patient-years, although 
the actual risk may be higher in clinical settings. An episode of severe hypoglycemia 
can be the immediate cause of death in patients with type 1 diabetes, with 
recently reported mortality rates ranging from 4 to 10%. There remains uncer-
tainty about the temporal relationship between hypoglycemia and death, and 
although prolonged episodes of very low circulating glucose (<15 mg/dL) can 
cause brain death, episodes of fatal hypoglycemia may be due to other mecha-
nisms, such as ventricular arrhythmias. Episodes of severe hypoglycemia are 
much less common in patients with type 2 diabetes (see later).

In patients with treated diabetes, the initiation of the hypoglycemic event 
is due to mismatching of prevailing insulin levels to the underlying physiologic 
state of the individual. Thus even absent overt insulin overdosage, factors such 
as missed meals, exercise, recent weight loss, alcohol, or insulin-sensitizing 
drugs create this mismatch and may set the plasma glucose concentration on 
a downward trajectory. In addition, the counter-regulatory systems that nor-
mally would counteract the decline of glucose to dangerous levels may be 
impaired. In patients with type 1 diabetes, glucagon release during hypogly-
cemia may become impaired shortly after the onset of diabetes, although 
glucagon is still secreted in response to other secretagogues, suggesting the 
presence of a functional defect. Epinephrine release during hypoglycemia also 
becomes progressively defective in type 1 diabetes; it is not triggered until 
the plasma glucose level is lower, and the maximal concentration of epinephrine 
released is significantly reduced. This decrease in epinephrine response during 
hypoglycemia is accompanied by an attenuated autonomic neural response, 
which results in the clinical syndrome of impaired awareness of hypoglycemia. 
Without autonomic symptoms, mild hypoglycemia may proceed unnoticed 
to more advanced and dangerous phases. Patients who have both impaired 
awareness of hypoglycemia and defective counter-regulation are at the greatest 
risk for development of severe hypoglycemia.

Hypoglycemia-associated autonomic failure in type 1 diabetes apparently 
results from antecedent episodes of mild hypoglycemia that further degrade 

TABLE 216-9 CLASSIFICATION OF IATROGENIC 
HYPOGLYCEMIA IN TREATED  
DIABETIC PATIENTS

CLINICAL FEATURES
Severe hypoglycemia Episode with neurocognitive impairment that requires 

another person to administer treatment
Documented 

symptomatic 
hypoglycemia

Measured glucose concentration ≤70 mg/dL that 
coincides with sympathoadrenal or neurologic 
symptoms. Episode is self-managed.

Asymptomatic 
hypoglycemia

Measured glucose concentration ≤70 mg/dL, but 
without concomitant symptoms. Absence of 
symptoms may be due to hypoglycemia unawareness 
or hypoglycemia-associated autonomic failure.

Pseudo-hypoglycemia Typical hypoglycemia symptoms, but with measured 
glucose concentration >70 mg/dL. Symptoms may 
be caused by resetting of counter-regulatory system 
in the setting of chronic poor glucose control.

TABLE 216-10 RISK FACTORS FOR SEVERE HYPOGLYCEMIA 
IN PATIENTS WITH DIABETES

Youth (children)
Elderly taking sulfonylurea drugs or insulin
Altered consciousness
Ethanol use
Strenuous exercise in the previous 24 hours
Recent antecedent hypoglycemia
Use of pentamidine, quinine, or nonselective β-blocker drugs
Concomitant illnesses, such as sepsis, or hepatic, renal, or cardiac failure
Type 1 diabetes with history of recurrent severe hypoglycemia
Recent rapid improvement in HbA1c into the normal range
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 Hyperglycemic States
Diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state (HHS) 
are the most serious acute hyperglycemic complications of diabetes. DKA is 
typically associated with severe insulin-deficient states (i.e., type 1 diabetes). 
It may also occur rarely in type 2 diabetes under conditions of extreme stress, 
such as major infection or trauma or as a presentation of a variant of type 2 
diabetes (ketosis-prone or Flatbush diabetes). On the other hand, HHS typi-
cally occurs in patients with type 2 diabetes. However, the distinction between 
the two clinical scenarios is sometimes blurred (e.g., patients with HHS may 
present with ketosis and acidosis), and these states may be considered as parts 
of the spectrum of severe metabolic decompensation. Despite aggressive treat-
ment, mortality rates remain high for both conditions, approaching 5% for 
DKA and 15% for HHS. Mortality is associated not only with the extremes 
of age (i.e., the very young and the elderly) and comorbidities but also, impor-
tantly, with the severity of the precipitating illness or event. Thus in addition 
to correction of fluid and electrolyte imbalance and administration of insulin, 
treatment also includes prompt recognition of and therapy for any precipitat-
ing illness or event. A list of precipitating conditions commonly associated 
with DKA and HHS is shown in Table 216-11.

 PATHOBIOLOGY
The pathogenesis of DKA and HHS mirrors the underlying respective forms 
of diabetes. The three fundamental biochemical features of DKA—
hyperglycemia, ketosis, and acidosis—result from the combined effects of 
deficient circulating insulin and counter-regulatory hormone excess. This 
hormonal milieu promotes the delivery of substrates from muscle (amino 
acids, lactate, pyruvate) and adipose tissue (free fatty acids, glycerol) to the 
liver, where they are converted to glucose or to ketone bodies (β-hydroxybutyrate, 
acetoacetate, acetone). Glucose and ketones are thus released into the circula-
tion at greater rates than their utilization, resulting in severe hyperglycemia 
(>250 mg/dL), ketoacidosis (arterial pH <7.30), and an osmotic diuresis that 

promotes dehydration and electrolyte loss. In HHS, despite comparable eleva-
tions of glucagon, the presence of some endogenous insulin modulates the 
ketosis even though the plasma glucose concentration in HHS typically exceeds 
600 mg/dL, whereas in DKA it is usually more than 250 mg/dL.

In both states, fluid depletion plays a major role in causing dramatic eleva-
tions in circulating glucose. Indeed, the hyperosmolality accompanying DKA 
and HHS is best linked to the patient’s level of neural and cognitive function, 
and treatment of both conditions depends on restoration of fluid balance. 
Finally, other factors have been invoked, including other hormones (such as 
epinephrine, growth hormone, and cortisol), proinflammatory cytokines (such 
as tumor necrosis factor–α, interleukin-1β, interleukin-6, and interleukin-8), 
and lipid peroxidation markers as well as plasminogen activator inhibitor–1 
and C-reactive protein. Whether all these factors are simply “stress markers” 
reflecting the disordered metabolic state or true pathogenetic factors remains 
uncertain.

 Diabetic Ketoacidosis
 CLINICAL MANIFESTATIONS
DKA (Chapter 110) may signal the onset of type 1 diabetes, but changes in 
medical practice in the developed world during the past several decades have 
enhanced earlier diagnosis of type 1 diabetes, and now the majority of child-
hood cases are detected and treated before ketoacidosis occurs. Thus DKA is 
more frequently seen in those with established diabetes, usually in the setting 
of coexisting illness or poor adherence. For example, a patient may be unable 
to maintain adequate hydration during an illness, such as a viral gastroenteritis, 
and may mistakenly omit insulin because of inability to eat. A key component 
of a diabetes treatment program is education in “sick-day” rules focused on 
home-based prevention of DKA (e.g., frequent blood glucose monitoring, 
serum or urine ketone testing, fluid intake, determination of insulin dosing 
or delivery problems). Behavioral factors may also be involved; some younger 
patients may omit insulin deliberately to promote weight loss or to call atten-
tion to a dysfunctional home situation. This should be suspected in cases of 
recurrent episodes of DKA.

The clinical history of DKA typically involves deterioration during several 
hours to days, with progressive polyuria, polydipsia, and other symptoms of 
hyperglycemia. Other common clinical features are weakness, lethargy, nausea, 
and anorexia. Nonlocalizing upper abdominal pain in the setting of DKA can 
mimic an acute abdomen. Reduced motility of the gastrointestinal tract or, 
in severe cases, paralytic ileus may further contribute to diagnostic confusion. 
Nausea and vomiting are symptoms that indicate the need for in-hospital 
treatment because they preclude oral fluid intake. Physical findings in DKA 
are mainly secondary to dehydration, hyperosmolality, and acidosis; these 
include dry skin and mucous membranes, reduced jugular venous pressure, 
tachycardia, orthostatic hypotension, depressed mental function, and deep, 
rapid respirations (Kussmaul breathing).

 DIAGNOSIS
In DKA, glucose levels may vary from modestly elevated to more than 1000 mg/
dL, serum bicarbonate concentration drops below 18 mEq/L, and there is an 
excess anion gap that is generally proportional to the decrease in serum bicar-
bonate (Table 216-12). Hyperchloremia may be superimposed if the patient 
maintains an adequate GFR and is able to exchange keto acids for chloride 
in the kidney. The degree of depression of arterial pH depends largely on 
respiratory compensation. In mild cases, the pH may range from 7.20 to 7.30; 
in severe cases, it can fall below 7.00. On occasion, a degree of superimposed 
metabolic alkalosis (e.g., caused by vomiting or diuretic use) may obscure the 
true severity of the ketoacidosis. An anion gap out of proportion to the fall 
of bicarbonate should suggest this possibility. Other laboratory abnormalities 
commonly seen in DKA include a reduced measured serum sodium concen-
tration (due to hyperosmolarity and the resulting osmotic shift of intracellular 
water into the intravascular space), prerenal azotemia, and elevated serum 
amylase. The last is usually of nonpancreatic origin and can lead to an errone-
ous diagnosis of pancreatitis. Normal, elevated, or reduced concentrations of 
potassium, phosphate, and magnesium may exist when DKA is diagnosed; 
however, large deficits of these electrolytes invariably accompany the osmotic 
diuresis and become readily apparent during the course of treatment. The 
serum triglyceride concentration is frequently elevated, a reflection of deranged 
lipid metabolism in the setting of insulin deficiency. The white blood cell 
count is typically elevated; the hemoglobin and hematocrit may be elevated, 
reflecting intravascular volume contraction (hemoconcentration).

Special care should be taken in interpreting serum or urine ketone results. 
Because quantitative measurements of β-hydroxybutyrate and acetoacetate 

family members for severe hypoglycemia. Because glucagon stimulates secre-
tion of insulin in addition to promoting glucose production, it is less effective 
in patients with type 2 diabetes.

Nocturnal hypoglycemia may be a particular problem for patients with type 
1 diabetes. It may be asymptomatic and unsuspected because plasma glucose 
concentration is rarely measured during the night. Risk factors for nocturnal 
hypoglycemia include increased physical activity in the last 24 hours, certain 
insulin regimens (e.g., use of NPH or regular insulin), meal content (e.g., the 
amount of fat), and alcohol consumption. In addition, sleep is associated with 
a decrease in the autonomic response to hypoglycemia. Currently, the only 
practical approaches to detection of nocturnal hypoglycemia are regular noc-
turnal (3 AM) self-monitoring or the use of continuous glucose monitors with 
alarm features. Some patients with nocturnal hypoglycemia present with sleep 
disturbances, morning headache, chronic fatigue, or depression. Children in 
particular may present with seizures or enuresis. Strategies to prevent nocturnal 
hypoglycemia include eating “long-acting” bedtime snacks (slowly absorbed 
carbohydrate, such as uncooked cornstarch) and regular monitoring of blood 
glucose concentration at bedtime so that corrective action (carbohydrate inges-
tion) can be taken.

TABLE 216-11 PRECIPITANTS OF DIABETIC  
KETOACIDOSIS AND HYPEROSMOLAR 
HYPERGLYCEMIC STATE

MOST COMMON

Inadequate insulin treatment or noncompliance
New-onset diabetes
Infections
Myocardial infarction
OTHER PRECIPITATING FACTORS

Cerebrovascular accident
Acute pulmonary embolism
Acute pancreatitis
Intestinal or mesenteric thrombosis
Alcohol intoxication
Endocrinopathies: Cushing syndrome, thyrotoxicosis, acromegaly
Severe burns, hyperthermia, hypothermia
Drugs: clozapine, olanzapine, cocaine, lithium, sympathomimetics, corticosteroids, 

thiazide diuretics, SGLT-2 inhibitors
SGLT-2 = sodium-glucose cotransporter-2.

TREATMENT 

 Hyperosmolar Hyperglycemic Syndrome
 CLINICAL MANIFESTATIONS
The metabolic state formerly known as the hyperglycemic hyperosmolar non-
ketotic state or coma has been renamed the hyperosmolar hyperglycemic syndrome 
(HHS) to highlight two important points: (1) ketosis (and acidosis) may in 
fact be present to varying degrees in HHS, and (2) alterations in sensorium 
most commonly occur in the absence of coma. In fact, only 10% of HHS 
patients present with frank coma, and an equal percentage show no signs 
whatsoever of mental status change. Major risk factors for HHS include older 
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are not readily available, rapid diagnosis usually requires qualitative assessment 
of serum ketones by the use of serum dilutions and reagent strips (e.g., Keto-
stix) or tablets (e.g., Acetest), which depend on a nitroprusside reaction with 
acetoacetate. However, acetone reacts weakly with nitroprusside, and 
β-hydroxybutyrate does not react at all; thus the results of qualitative testing 
for ketones can be misleadingly low. Furthermore, because of the presence of 
intracellular acidosis, β-hydroxybutyrate levels are often much higher than 
acetoacetate levels, which may further conceal the true degree of ketoacidosis. 
Conversely, after insulin therapy is begun, the nitroprusside reaction may give 
the “false” impression of sustained ketoacidosis for hours or even days. This 
occurs because nonacidic acetone is slowly cleared from the circulation and 
also because, as acidosis improves, β-hydroxybutyrate is converted to aceto-
acetate, giving the false impression that ketosis is worsening.

TABLE 216-12 DIAGNOSTIC CRITERIA FOR DIABETIC KETOACIDOSIS (DKA) AND HYPEROSMOLAR HYPERGLYCEMIC STATE (HHS)
CRITERION MILD DKA MODERATE DKA SEVERE DKA HHS
Plasma glucose concentration (mg/dL) ≥250 ≥250 ≥250 ≥600
Effective serum osmolality (mOsm/kg) Variable Variable Variable ≥320
Urine or serum ketones (nitroprusside reaction) Positive Positive Positive Negative to small
Arterial pH 7.25-7.30 7.00-7.24 <7.00 >7.30
Serum bicarbonate (mEq/L) 15-18 10-15 <10 >15
Anion gap (mEq/L) >10 >12 >12 Variable, usually <12
Typical mental status Alert Drowsy Stupor or coma Stupor or coma

An overview of the treatment of DKA and HHS is shown in Figure 216-6.
In the early hours of treatment, the primary considerations are to restore 

intravascular volume, to correct tissue hypoperfusion, and to restore insulin 
sensitivity. With DKA, large total body deficits of water (5 to 10 L), sodium (5 
to 10 mEq/kg), and other electrolytes may exist (Chapter 110). These losses are 
even more profound in HHS, which typically develops during a longer time. 
Although water loss usually exceeds the loss of sodium, it is almost always 
preferable to begin fluid replacement with isotonic normal saline (0.9% NaCl 
solution) for efficient intravascular volume restoration. Fluid replacement regi-
mens vary, but it is common to administer 1 L of normal saline within the first 
hour, followed by a continuous infusion with either 0.45% NaCl or 0.9% NaCl, 
depending on the corrected serum sodium concentration, the patient’s hemo-
dynamic status, and the clinical assessment of tissue perfusion. Likewise, the 
rate of infusion (commonly 250 to 500 mL/hour) should be adjusted according 
to both biochemical responses and the age and clinical status of the patient 
(e.g., oliguria or underlying CVD). In children, isotonic solutions are generally 
preferred because they are less likely than hypotonic solutions to accelerate 
water shifts into the intracellular space and contribute to cerebral edema. As 
the blood glucose concentration falls below 250 mg/dL, dextrose should be 
added to intravenous fluids to avoid later insulin-induced hypoglycemia because 
continued insulin delivery may be required to correct the persistent acidemia.

Although insulin resistance is present in both DKA and HHS, supraphysiologic 
doses of insulin are unnecessary and are more likely to provoke hypokalemia, 
hypophosphatemia, and delayed hypoglycemia. A typical insulin replacement 
regimen uses an intravenous 0.1 U/kg bolus of rapid-acting (e.g., regular) insulin, 
followed by 0.1 U/kg/hour thereafter. Intravenous administration is the most 
predictable way to deliver insulin to target tissues, particularly in severely hypo-
volemic patients with reduced peripheral blood flow. If intravenous administra-
tion is not possible, intramuscular or subcutaneous routes of administration 
can be used. It is ideal if blood glucose levels fall at a steady and predictable 
rate (50 to 75 mg/dL/hour), so it is important to monitor blood glucose levels 
hourly during insulin therapy to ensure an appropriate rate of decline. Blood 
glucose levels should not fall too rapidly, especially in young children, in whom 
accelerated correction of plasma glucose concentrations has been associated 
with cerebral edema.

After a stable blood glucose level of 150 to 250 mg/dL is achieved, with 
resolution of the anion gap acidosis, subcutaneous administration of insulin 
can be started and the intravenous insulin infusion discontinued. With DKA, it 
is important to overlap the intravenous and subcutaneous routes by at least 
1 to 2 hours to avoid the rebound ketoacidosis if insulin levels drop precipitously. 
After stabilization, and with resumption of oral food intake, long-term medical 
management should be initiated (or resumed), with both long-acting and short-
acting insulins, to approximate the desired outpatient regimen. A temporary 
“regular insulin sliding scale” should be avoided because such therapy is reactive 
to hyperglycemia and the swings in glycemia will not allow safe discharge of 
the patient. The eventual dosage and frequency of insulin depend on multiple 
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factors, including body weight, comorbidity, insulin sensitivity, and effective-
ness of prior therapeutic regimens.

Potassium replacement is usually required in DKA. Overt hypokalemia can 
result in muscle weakness, cramps, and nausea; both hyperkalemia and hypo-
kalemia are associated with cardiac arrhythmias. Even absent severe hypokalemia, 
patients have a significant total body potassium deficit (about 3 to 7 mEq/kg), 
and measured serum potassium levels may be normal or high as acidosis and 
renal failure can mask the potassium deficiency. As insulin is infused, potassium 
will move into the intracellular space, further lowering serum potassium to 
levels that may trigger life-threatening arrhythmias. In addition, fluid replace-
ment causes extracellular dilution of potassium, leading to improved renal 
perfusion and increased urinary potassium excretion. Thus potassium replace-
ment should be initiated as soon as it is established that the patient is not in 
renal failure. A low potassium level (<3.5 mEq/L) requires prompt treatment 
with up to 40 mEq/hour, whereas “normal” serum levels (3.5 to 5.0 mEq/L) call 
for less aggressive repletion of potassium (20 to 30 mEq/hour), assuming 
adequate urine output. In patients who may have lost potassium for additional 
reasons, such as diuretic use or gastrointestinal loss, there will be need for 
greater potassium supplementation.

In the majority of patients with mild to moderate DKA, keto acids clear 
spontaneously with standard therapeutic measures, and correction of the pH 
with alkali (as bicarbonate) is unnecessary. Suppression of lipolysis by insulin 
reduces free fatty acid flux to the liver and blocks ketogenesis, and circulating 
keto acids are then cleared or oxidized, with subsequent regeneration of bicar-
bonate and restoration of arterial pH. However, in cases of severe acidosis (pH 
<6.9 to 7.0), bicarbonate administration may be indicated if the clinical picture 
dictates (e.g., hypotension that is unresponsive to fluids, cardiac dysfunction, 
respiratory exhaustion).22 Bicarbonate therapy should be used with caution 
and only at the minimal doses required to stabilize the patient because it can 
further provoke hypokalemia. In addition, by causing a sudden left shift of the 
dissociation curve for oxyhemoglobin, bicarbonate may impair oxygen delivery 
to the tissues. Therefore if alkali therapy is given, small amounts should be 
administered slowly: 50 mEq of NaHCO3 during 1 hour for arterial pH 6.9 to 7.0, 
and 100 mEq during 2 hours for pH below 6.9. After bicarbonate administration, 
arterial pH (and serum potassium levels) should be rechecked every 2 hours, 
and alkaline therapy should be discontinued when the pH rises above 7.0.

In the setting of DKA, phosphate losses average 3 to 7 mmol/kg; magnesium 
losses reach 1 to 2 mEq/kg. Phosphate is shifted extracellularly during hyper-
osmolar states, so initial serum levels may be falsely elevated and may drop 
rapidly during therapy. Complications of hypophosphatemia generally occur 
at serum levels below 1.0 mg/dL and include respiratory and skeletal muscle 
weakness, impaired cardiac systolic performance, and hemolytic anemia. Phos-
phate repletion should be used in patients with serum phosphate levels below 
1.0 mg/dL and in patients with evidence of cardiac or respiratory compromise, 
hypoxia, or hemolytic anemia. An effective means of replacing phosphate is 
to replace one third to one half of the potassium losses (discussed previously) 
as potassium phosphate. In severe hypophosphatemia, cautious intravenous 
administration of additional small amounts of potassium phosphate may be 
necessary. Because of calcium binding, hypocalcemic tetany may complicate 
phosphate therapy unless magnesium supplements are also provided; for this 
reason, serum calcium, phosphate, and magnesium levels should be monitored 
during any phosphate infusion.

 Hyperosmolar Hyperglycemic Syndrome
 CLINICAL MANIFESTATIONS
The metabolic state formerly known as the hyperglycemic hyperosmolar non-
ketotic state or coma has been renamed the hyperosmolar hyperglycemic syndrome 
(HHS) to highlight two important points: (1) ketosis (and acidosis) may in 
fact be present to varying degrees in HHS, and (2) alterations in sensorium 
most commonly occur in the absence of coma. In fact, only 10% of HHS 
patients present with frank coma, and an equal percentage show no signs 
whatsoever of mental status change. Major risk factors for HHS include older 



CHAPTER 216 Diabetes Mellitus1504

contrast to DKA, even though glucose concentrations are generally higher, 
severe acidosis and ketosis are usually absent in the HHS. This is probably 
explained by the presence of some residual insulin secretory capacity that is 
sufficient to suppress lipolysis and to avoid significant keto acid production. 
Some type 2 patients with depressed endogenous insulin secretion may be 
unable to suppress ketone production fully in the face of elevated counter-
regulatory hormones produced by physical illness. However, because HHS 
patients have higher portal vein insulin concentrations than do patients with 

age (most cases occur in patients aged 65 years and older) and impaired cogni-
tion (i.e., impaired ability to recognize thirst or to obtain access to water).

As shown in Table 216-12, the hallmarks of the HHS are severe hyperos-
molarity (>320 mOsm/L) and hyperglycemia (>600 mg/dL). Severe hyper-
glycemia occurs because patients cannot consume enough liquid to keep pace 
with a vigorous osmotic diuresis. The resulting impairment in renal function 
eventually further reduces glucose excretion through the kidney, leading to 
remarkable blood glucose elevations, sometimes exceeding 1000 mg/dL. In 

Adult patient with DKA or HHS

Medical history and physical 
 examination
Complete blood count with 
 differential
Fingerstick blood glucose
Serum chemistries 
 (“Chem-10” plus serum 
 ketones)

Urine for urinalysis and ketones
Cultures as indicated (wound, 
 blood, urine, etc.)
Chest ± abdominal x-ray

12-lead ECG

IV Fluids
Based on corrected serum sodium*
If high/normal, use 0.45% NaCl
If low/normal, use 0.9% NaCl
Continue IV fluids at 250–1000 mL/hr, 

depending on volume status, cardiovascular 
history, and cardiovascular status (pulse, BP)

Follow and replete serum 
electrolytes (including divalent 
cations) q2–4h until stable

After resolution of hyperglycemic 
state, follow blood glucose q4h 
and initiate sliding scale regular 
insulin coverage

Convert IV insulin to subcutaneous 
injections (or resumption of prior 
therapy), ensuring adequate 
overlap

Begin clear liquid diet and advance 
as tolerated. Encourage 
resumption of ambulation and 
activity 

Review and update diabetes 
education, with special attention to 
prevention of further hyperglycemic 
crises 

Potassium (K+) Repletion
Obtain baseline serum potassium
Obtain 12-lead ECG

Follow serum [K+] every 2–4 hours until stable: anticipate rapid drop of 
serum [K+] during therapy, due to dilution and intracellular shifting 

Ensure adequate urine output to avoid over-repletion and hyperkalemia
Continue K+ repletion until serum [K+] is stable at 4–5 mEq/L
If refractory hypokalemia, ensure concurrent magnesium repletion
Repletion may need to be continued for several days, as total body losses 

may reach up to 500 mEq

[K+] ≥ 5.5 mEq/L [K+] < 5.5 mEq/L and
 adequate urine output

Hold K+ therapy Add K+ to IV fluids 
 (Use KCl and/or KPhos)

Treat hyperkalemia if
ECG changes present [K+] = 4.5–5.4: add 20 mEq/L IV fluids
 [K+] = 3.5–4.4: add 30 mEq/L IV fluids
Recheck [K+] in 2 hr [K+] < 3.5: add 40 mEq/L IV fluids

Bicarbonate Therapy
Obtain ABG
Obtain baseline serum bicarbonate

pH < 6.9 6.9 ≤ pH < 7.0 pH ≥ 7.0

100 mEq 50 mEq Bicarbonate therapy
(2 amps) (1 amp) usually not necessary
NaHCO3 NaHCO3

over 2 hr over 1 hr

Repeat ABG after bicarbonate administration
Repeat NaHCO3 therapy until pH ≥ 7.0, then discontinue 
therapy
Follow serum bicarbonate q4h until stable 

 *Sodium correction: Serum sodium should be corrected for hyperglycemia. 
For every 100 mg/dL of glucose elevation above 100 mg/dL, add 1.6 mEq/L 
to the measured sodium value; this will yield the corrected serum sodium 
concentration.

Regular insulin bolus,
 0.1 U/kg
IV infusion, 0.10 U/kg/hr
Check serum glucose 
 hourly—should fall by 
 50–80 mg/dL/hr

Complete initial evaluation, including (but not limited to): Concurrently, begin empirical fluid 
 resuscitation with 0.9% NaCl at 
 1000 mL/hr
Consider volume expanders if hypovolemic 
 shock is present
Continue fluid resuscitation until volume 
 status and cardiovascular parameters 
 (pulse, BP) have been restored

If serum glucose falling 
too rapidly, back off on insulin 
infusion

If serum glucose rising or falling 
too slowly, increase insulin 
infusion rate by 50–100%

Insulin Therapy

Continuing Management:
When Serum Glucose Reaches 250–300 mg/dL:

For DKA, add dextrose to IV fluids and reduce insulin infusion,
   adjusted to maintain serum glucose ~200 mg/dL until anion 
   gap has closed
For HHS, continue IV fluids but may reduce insulin infusion
   until plasma osmolality drops below 310 mOsm/kg
Begin more exhaustive search for precipitant of metabolic
   decompensation 

FIGURE 216-6. Management of diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic syndrome (HHS). abG = arterial blood gas; bP = blood pressure; eCG = electrocardio-
gram; iV = intravenous. 

 CHRONIC VASCULAR COMPLICATIONS
 Epidemiology
The major clinical burden associated with long-standing diabetes is the devel-
opment of vascular disease, which includes characteristic microvascular com-
plications (retinopathy, nephropathy, neuropathy) and accelerated medium- and 
large-vessel atherosclerosis. Diabetes is the leading cause of kidney failure, 
nontraumatic lower limb amputations, and new cases of blindness among 
adults in the United States. Diabetes is also a major cause of coronary heart 
disease, heart failure, and stroke and is the seventh leading cause of death in 
the United States. The microvascular complications are directly linked to 
hyperglycemia, with both the duration of diabetes and the degree of glucose 
elevation constituting the major risk factors. Other factors, including genetic 
susceptibility, smoking, and concomitant conditions like hypertension, also 
contribute to the risk of complications (Fig. 216-7). Diabetic microvascular 
complications occur in both type 1 and type 2 diabetes; given that most patients 
with type 1 diabetes develop it when younger, they may face greater lifetime 
risk of complications.

The central role for hyperglycemia in the development of diabetic complica-
tions was long suspected and ultimately confirmed by the landmark DCCT, 
which was reported in 1993. In this study, 1441 adolescents and younger 
adults with type 1 diabetes were randomly assigned to conventional treatment 
designed to avoid symptomatic hypoglycemia or hyperglycemia (standard 
therapy at the time) or to an experimental treatment group designed to achieve 
near-normoglycemia. The experimental group received intensive management 
with multiple daily insulin injections or use of a continuous subcutaneous 
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insulin pump; frequent self-monitored blood glucose determinations; and 
adoption of detailed algorithms to guide the patient in determining insulin 
dosing in response to meals, glucose, and exercise. During the course of the 
study, mean HbA1c levels were 7.2% in the intensive group compared with 
9% for the conventional treatment group. The unequivocal DCCT results 
showed substantially lower rates of retinopathy, nephropathy, and neuropathy 
in the intensively treated group and led to major changes in the approach to 
diabetes treatment in the United States and worldwide. Results of the UKPDS, 
conducted in a cohort of recently diagnosed patients with type 2 diabetes, 
later confirmed the benefits of more intensive glucose control in the preven-
tion of microvascular complications. These and other studies have provided 
convincing evidence that hyperglycemia is the driving force behind diabetic 
microvascular disease. Indeed, the long-term follow-up studies of the DCCT 
cohort showed that the benefits seen in the intensively treated group persisted 
for at least a decade after the study ended, even after HbA1c levels between 
the two treatment groups converged, suggesting that the mechanisms underly-
ing microvascular complications are conditioned by the prevailing metabolic 
milieu.

 Pathobiology
The cellular and molecular mechanisms that mediate hyperglycemic tissue 
damage are complex and still being elucidated. We now know that multiple 
interrelated pathways are involved, including four that have received the most 
attention as key mediators of vasculopathy (Fig. 216-8).

 ADVANCED GLYCATION END PRODUCTS
Advanced glycation end products (AGEs) are a heterogeneous group of com-
pounds that form by the nonenzymatic interaction of glucose with amino 
groups on proteins. This process occurs continuously in vivo but is markedly 
accelerated in the presence of hyperglycemia. Indeed, the HbA1c test to monitor 
the chronic level of glycemia was the result of observations of the glycosylation 
of subfractions of adult hemoglobin. Levels of AGEs in serum and tissues 
(e.g., skin collagen) correlate with diabetic vascular complications and mean 
glucose levels over time. AGEs can alter the properties and function of long-
lived proteins, such as collagen and elastin, leading to vascular stiffness and 
increases in basement membrane thickness. AGE binding to specific cell surface 
receptors (e.g., receptors for AGE, RAGE), particularly on macrophages and 
endothelial cells, stimulates activation of signaling cascades that promote 
inflammation and oxidative stress. For example, AGE-RAGE interaction acti-
vates the transcription factor NF-κB, leading to multiple pathologic changes 
in gene expression. Further, AGEs formed intracellularly alter the function of 
many important cellular proteins. Studies in animal models provide strong 
evidence that AGE formation is a key process mediating hyperglycemic damage. 
However, to date, studies of anti-AGE compounds (e.g., aminoguanidine) 
have failed to demonstrate efficacy in preventing or ameliorating diabetic 
complications in humans.

 INCREASED POLYOL PATHWAY FLUX
Metabolism of glucose through the aldose reductase pathway is generally minor 
because this enzyme has a low affinity for glucose. However, in the setting of 
intracellular hyperglycemia (most likely to occur in tissues that cannot 
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 Epidemiology
The major clinical burden associated with long-standing diabetes is the devel-
opment of vascular disease, which includes characteristic microvascular com-
plications (retinopathy, nephropathy, neuropathy) and accelerated medium- and 
large-vessel atherosclerosis. Diabetes is the leading cause of kidney failure, 
nontraumatic lower limb amputations, and new cases of blindness among 
adults in the United States. Diabetes is also a major cause of coronary heart 
disease, heart failure, and stroke and is the seventh leading cause of death in 
the United States. The microvascular complications are directly linked to 
hyperglycemia, with both the duration of diabetes and the degree of glucose 
elevation constituting the major risk factors. Other factors, including genetic 
susceptibility, smoking, and concomitant conditions like hypertension, also 
contribute to the risk of complications (Fig. 216-7). Diabetic microvascular 
complications occur in both type 1 and type 2 diabetes; given that most patients 
with type 1 diabetes develop it when younger, they may face greater lifetime 
risk of complications.

The central role for hyperglycemia in the development of diabetic complica-
tions was long suspected and ultimately confirmed by the landmark DCCT, 
which was reported in 1993. In this study, 1441 adolescents and younger 
adults with type 1 diabetes were randomly assigned to conventional treatment 
designed to avoid symptomatic hypoglycemia or hyperglycemia (standard 
therapy at the time) or to an experimental treatment group designed to achieve 
near-normoglycemia. The experimental group received intensive management 
with multiple daily insulin injections or use of a continuous subcutaneous 

The approach to treatment of HHS is similar to that of DKA and requires 
aggressive management of fluids and electrolytes (see Fig. 216-6).23 Importantly, 
patients with HHS tend to have more dramatic volume contraction, and by 
definition, acidosis is not present or is minimal in degree. It is important to 
volume resuscitate the patient adequately before insulin is administered because 
intracellular fluid shifts that occur as glucose levels are reduced may worsen 
systemic tissue perfusion. In fact, glucose levels usually drop substantially with 
hydration alone, in part because of improved renal perfusion, thus promoting 
glycosuria. Coadministration of dextrose along with insulin, as is recommended 
in patients with DKA to allow ketones to clear and the acidosis to resolve, is 
rarely required. Further, because recurrent acidosis is less of a concern, patients 
may be transitioned directly from insulin infusion to subcutaneous injections. 
Because altered mental status (and, in some cases, coma) is a frequent feature 
of HHS, attention should be paid to respiratory status and appropriate airway 
protection. A diligent search for underlying precipitating illness should be made, 
keeping in mind that the typical HHS patient is elderly and may well have overt 
or subclinical CVD. The presence of impaired cardiac function, also more common 
among the elderly, needs to be considered in the management of intravenous 
fluid resuscitation.

After resolution of the HHS episode, some patients may ultimately be able 
to be managed with oral agents alone. However, the development of HHS 
signifies a significant degree of insulin deficiency. As a consequence, it is always 
best to prescribe insulin injections before the patient is discharged and to 
reserve judgment about the appropriateness of using non-insulin therapies 
until the patient’s progress can be monitored and reassessed in the outpatient 
setting.
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FIGURE 216-7. Factors related to the pathogenesis of diabetes complications. (From 
brownlee M. the pathobiology of diabetic complications: a unifying mechanism. Diabetes. 
2005;54:1615-1625.)

DKA, keto acid production by the liver is quantitatively less, yielding only 
mild acidosis. In the HHS, in the absence of concurrent acid-base disturbances, 
arterial pH rarely drops below 7.30, and serum bicarbonate levels typically 
do not fall below 18 mEq/L.

In the HHS, clinical severity and levels of consciousness generally correlate 
with the severity and duration of hyperosmolarity. Clinical signs indicate 
profound dehydration; gastrointestinal symptoms are seen less frequently than 
in DKA. A variety of often reversible neurologic abnormalities may exist, 
including grand mal or focal seizures, extensor plantar reflexes, aphasia, hemi-
sensory or motor deficits, and worsening of a preexisting organic mental 
syndrome. The laboratory picture is dominated by the effects of uncontrolled 
diabetes and dehydration; renal function is impaired, hemoglobin and hema-
tocrit are elevated, and liver function test results may be abnormal because 
of baseline hepatic steatosis. Although severe hyperglycemia would be expected 
to lower measured serum sodium concentration, it is not uncommon to see 
normal or even elevated sodium levels because of the severity of dehydration. 
The serum osmolarity can be measured directly or estimated.
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cohort showed that the benefits seen in the intensively treated group persisted 
for at least a decade after the study ended, even after HbA1c levels between 
the two treatment groups converged, suggesting that the mechanisms underly-
ing microvascular complications are conditioned by the prevailing metabolic 
milieu.
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The cellular and molecular mechanisms that mediate hyperglycemic tissue 
damage are complex and still being elucidated. We now know that multiple 
interrelated pathways are involved, including four that have received the most 
attention as key mediators of vasculopathy (Fig. 216-8).
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Advanced glycation end products (AGEs) are a heterogeneous group of com-
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groups on proteins. This process occurs continuously in vivo but is markedly 
accelerated in the presence of hyperglycemia. Indeed, the HbA1c test to monitor 
the chronic level of glycemia was the result of observations of the glycosylation 
of subfractions of adult hemoglobin. Levels of AGEs in serum and tissues 
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glucose levels over time. AGEs can alter the properties and function of long-
lived proteins, such as collagen and elastin, leading to vascular stiffness and 
increases in basement membrane thickness. AGE binding to specific cell surface 
receptors (e.g., receptors for AGE, RAGE), particularly on macrophages and 
endothelial cells, stimulates activation of signaling cascades that promote 
inflammation and oxidative stress. For example, AGE-RAGE interaction acti-
vates the transcription factor NF-κB, leading to multiple pathologic changes 
in gene expression. Further, AGEs formed intracellularly alter the function of 
many important cellular proteins. Studies in animal models provide strong 
evidence that AGE formation is a key process mediating hyperglycemic damage. 
However, to date, studies of anti-AGE compounds (e.g., aminoguanidine) 
have failed to demonstrate efficacy in preventing or ameliorating diabetic 
complications in humans.
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Metabolism of glucose through the aldose reductase pathway is generally minor 
because this enzyme has a low affinity for glucose. However, in the setting of 
intracellular hyperglycemia (most likely to occur in tissues that cannot 
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the past few decades as glucose and blood pressure control have improved in 
the population with diabetes. Nonetheless, it remains an important cause of 
preventable blindness, especially among patients with poor metabolic control. 
Both vascular and neural tissues in the retina are affected by chronic hyper-
glycemia. Early changes include the loss of retinal supporting cells (pericytes), 
basement membrane thickening, and retinal blood flow changes. Damaged 
retinal capillaries leak protein, red blood cells, and lipids, leading to retinal 
edema. Chronic retinal hypoxia (due to capillary occlusion) promotes neo-
vascularization; these new vessels are abnormal and prone to rupture. Retinal 
hemorrhage, inflammation, and scarring can ultimately lead to traction retinal 
detachment and permanent vision loss (Table 216-13).

Diabetic retinopathy can be detected by dilated funduscopy, with early 
signs being the presence of microaneurysms, exudates, and intraretinal hemor-
rhages. Additional tests, including fluorescein angiography and ocular coher-
ence tomography, are helpful to detect abnormal vessel permeability and 
macular edema, which can threaten vision. Regular screening by an eye care 
specialist (an ophthalmologist or optometrist) is recommended for all patients 
with diabetes because significant and potentially vision-threatening retinopathy 
can be present in the absence of any symptoms.24 Screening should begin at 
diabetes diagnosis for patients with type 2 diabetes because hyperglycemia 
has typically been present for years before it is recognized clinically. For patients 
with type 1 diabetes, screening can begin at 5 years after diagnosis or after 
puberty for childhood onset. Because retinopathy can progress rapidly during 
pregnancy, screening and follow-up should be more aggressive during this 
time (Table 216-14).

As with other diabetic complications, intensive glycemic control can prevent 
diabetic retinopathy, delay its progression, and reduce the long-term need for 

downregulate glucose uptake, such as neurons and endothelial cells), there is 
increased flux through this pathway, leading to an accumulation of osmotically 
active sorbitol within the cell. Increased cellular osmolarity occurs, along with 
an increase in redox stress due to depletion of the reduced form of nicotinamide 
adenine dinucleotide phosphate and reduced glutathione. Inhibitors of aldose 
reductase have been proposed as a therapeutic strategy to reduce diabetic 
complications. Current evidence from clinical trials does not support their 
use, but this remains an active area of research.

 ACTIVATION OF PROTEIN KINASE C
Intracellular hyperglycemia leads to increased de novo synthesis of diacylg-
lycerol, which is a major activator of the protein kinase C family of enzymes. 
Activation of protein kinase C initiates a complex network of intracellular 
signaling that alters gene expression and results in enhanced angiogenesis, 
vasoconstriction, vascular permeability (by increases in vascular endothelial 
growth factor), cytokine activation, and extracellular matrix expansion. These 
alterations in cellular function have been linked to the development of micro-
vascular complications (especially retinopathy) and atherosclerosis. Inhibitors 
of specific protein kinase C isoforms are being studied in clinical trials as 
agents specific for diabetic retinopathy and macular edema.

 INCREASED HEXOSAMINE PATHWAY FLUX
In the setting of hyperglycemia and excess fatty acid oxidation, there is also 
increased flux of glucose through the hexosamine pathway, leading to increases 
in glucosamine 6-phosphate and ultimately post-translational modification 
of certain cytoplasmic and nuclear proteins. Associated with this are increases 
in expression of key genes, including those for transforming growth factor (α 
and β1) and plasminogen activator inhibitor–1, and inhibition of endothelial 
nitric oxide synthase activity. Whereas the pathway has been linked to defec-
tive insulin action, its role in specific complications remains unclear.

These multiple and complex pathways are not mutually exclusive but are 
interconnected and may have a common antecedent process, which is over-
production of superoxide by the mitochondrial electron transport chain. 
Superoxide generates the production of other reactive oxygen species that 
can lead to cellular damage in a variety of ways. Data from animal models 
support the possibility that correction of diabetes-induced superoxide over-
production will have positive downstream effects on the various pathways 
leading to hyperglycemic tissue damage, but this remains to be confirmed in 
human studies.

 Microvascular Complications
 DIABETIC RETINOPATHY
Diabetic retinopathy (Chapter 395) is a highly prevalent, pathognomonic, 
microvascular complication, eventually affecting more than 50% of patients 
with long-term diabetes, although it causes vision impairment less frequently. 
The occurrence of vision loss due to diabetic retinopathy has declined during 

Abnormal
protein
function

↑ Circulating
AGEs

↑ AGEs

Hyperglycemia

↑ Intracellular glucose

• Renal, vascular,
  connective
  tissue effects
• Cytokines,
  growth factors

Alteration in
osmolarity,

myoinositol and
redox potential

Altered
cell 

function

Altered
cell 

function

Altered
enzyme
function

Altered gene
expression &

increased
growth factors 

Complications
of diabetes

↑ Sorbitol ↑ DAG

PKC activation

FIGURE 216-8. Proposed mechanisms of hyperglycemia-induced vascular complications. see text for discussion. aGes = advanced glycation end products; DaG = diacylglycerol; 
PKC = protein kinase C. 

TABLE 216-13 CLASSIFICATION OF DIABETIC RETINOPATHY
CLINICAL FEATURES

Mild NPDR At least one microaneurysm
Moderate NPDR Microaneurysms, intraretinal (blot) hemorrhage, 

soft exudates, venous beading, intraretinal 
microvascular abnormalities

Severe NPDR More extensive intraretinal hemorrhages (>20 in 
each of four quadrants) or venous beading in 
at least two quadrants or prominent 
intraretinal microvascular abnormalities

PDR Neovascularization and/or vitreous or pre-retinal 
hemorrhage; traction retinal detachment

Clinically significant macular 
edema

Retinal thickening or hard exudates approaching 
or involving the center of the macula

NPDR = nonproliferative diabetic retinopathy; PDR = proliferative diabetic retinopathy.

ocular surgery. A25  However, it has limited effects on advanced retinal disease. 
Blood pressure control is also important to prevent worsening of retinopathy; 
there is some evidence that renin-angiotensin system (RAS) blockers may be 
especially beneficial.

Treatment of diabetic retinopathy (Chapter 395) includes laser photo-
coagulation, which can ablate abnormal vessels (thus reducing the risk of 
hemorrhage) and treat macular edema. Laser photocoagulation can be focal 
(to treat clinically significant macular edema or nonproliferative diabetic retino-
pathy) or panretinal (to treat severe nonproliferative diabetic retinopathy or 
proliferative diabetic retinopathy). Vitrectomy is a surgical procedure to remove 
hemorrhage and scar tissue that is obscuring vision. Nonsurgical therapies 
include intravitreal injection of glucocorticoids or anti–vascular endothelial 
growth factor monoclonal antibodies (e.g., ranibizumab) to treat macular  
edema. A26  The established efficacy of retinopathy treatment, particularly photo-
coagulation, in preventing vision loss provides strong justification for routine 
retinopathy screening. There is evidence that treatment with fenofibrate reduces 
the progression of retinopathy, although the medication has not been approved 
for this indication in the United States. In addition to its well-known effects 
on lipid metabolism, fenofibrate appears to have significant anti-inflammatory, 
antiangiogenic, and antioxidant properties that are relevant to retinal disease. 
The presence of retinopathy is not considered a contraindication to the use 
of aspirin for CVD prevention.

Other eye conditions also affect patients with diabetes. Transient osmoti-
cally induced refractive error is common, especially at the time of diabetes 
diagnosis, but resolves with glucose control. Age-related eye conditions, such 
as cataracts and glaucoma, tend to occur at younger ages among diabetic 
patients. Diplopia and other gaze disorders due to acute mononeuropathy 
involving the cranial nerves (typically III or VI) are also more common in 
diabetes.

 DIABETIC NEPHROPATHY
Diabetic nephropathy (Chapter 116) remains the most common single cause 
of end-stage renal failure, accounting for up to 50% of the cases in Western 
societies. Further, despite advances in the management of glucose and hyper-
tension, the prevalence of chronic kidney disease among patients with diabetes 
has declined little, if at all, in the past several decades. Overall, 20 to 30% of 
type 1 and type 2 diabetic patients develop evidence of nephropathy, although 
fewer type 2 patients progress to end-stage renal disease (ESRD). This may 
be because of competing mortality from CVD, with fewer surviving to ESRD. 
However, because of their much greater frequency in the population, the 
majority of diabetes patients presenting for treatment of ESRD (dialysis or 
transplantation) have type 2 diabetes.25 The major risk factor for the develop-
ment of diabetic nephropathy is the duration and severity of hyperglycemia, 
but there is evidence for variation in genetic susceptibility. For example, African 
Americans and individuals with a family history of diabetic or nondiabetic 
renal disease are at higher risk for diabetic nephropathy. An insertion/deletion 
polymorphism in the gene encoding angiotensin-converting enzyme (ACE) 
has been widely reported to be associated with increased risk of diabetic 
nephropathy, but variants in genes involved in the polyol pathway, lipid metabo-
lism, inflammatory cytokines, angiogenesis, and oxidative stress have also been 
identified.

Diabetic nephropathy develops during many years to decades, with a pro-
longed “silent” period before clinical detection, followed by more rapid pro-
gression to overt renal disease (Chapter 116). In the classic view, the hallmark 
of diabetic nephropathy is the development of proteinuria, which is due to 
alteration in glomerular basement membrane permeability and increases in 
intraglomerular pressure. The first clinical evidence of incipient nephropathy 
is the development of albuminuria, which is quantitatively minor at first 
(microalbuminuria, urine albumin-to-creatinine ratio of 30 to 300 mg/g) and 
then progresses to overt proteinuria, sometimes in the nephrotic range (>2 g/
day). During the microalbuminuria phase, GFR is preserved but begins to 
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decline in parallel with increasing proteinuria, leading to ESRD 5 to 15 years 
after the first detection of abnormal albumin excretion. However, recent evi-
dence suggests that chronic kidney disease in diabetes is more heterogeneous 
than previously thought, with some patients progressing to advanced stages 
of chronic kidney disease in the absence of albuminuria (Fig. 216-9). Nonal-
buminuric diabetic kidney disease appears more likely to occur in older patients 
with type 2 diabetes and may reflect, in part, the concurrence of multiple 
renal risk factors, including hypertension, obesity, and dyslipidemia. Further, 
microalbuminuria does not inevitably progress, with some patients regressing 
to normal or maintaining small but stable amounts of albuminuria. However, 
persistent and increasing albuminuria is a marker of high risk for progression 
to clinical nephropathy. Pathologic changes that are typical of diabetic nephropa-
thy include an increase in glomerular basement membrane thickness and 
increased accumulation of extracellular matrix leading to mesangial expansion 
and the classic Kimmelstiel-Wilson nodular lesion.

Patients with diabetes should be screened annually for renal involvement 
(Chapter 116) by measurement of albumin on a spot urine sample with a 
sensitive immunoassay to detect microalbuminuria and by measurement of 
serum creatinine for calculation of estimated GFR. The finding of moderately 
increased urine albumin-to-creatinine ratio (30 to 300 mg albumin per gram 
of creatinine) should be confirmed on two of three repeated tests because 
transient increases are not uncommon but may not be clinically important. 
Data from the DCCT and other studies provide strong evidence that aggres-
sive glycemic control can prevent the development of diabetic nephropathy 
and can retard the progression of microalbuminuria. However, there is little 
evidence that glycemic control can modulate the course once clinical albu-
minuria (>300 mg/day) and declining GFR occur. Central to the treatment 
of patients with albuminuria (micro or clinical) is intensive blood pressure 
control, preferentially by blockade of the RAS. Both ACE inhibitors and angio-
tensin receptor blockers have been shown to delay the progression of diabetic 
nephropathy and are recommended for patients with albuminuria even in the 
absence of hypertension. Despite initial enthusiasm, combined ACE inhibitor 
and angiotensin receptor blocker therapy is not recommended because of 
high rates of hyperkalemia and acute renal injury. In hypertensive patients, 
other drugs, such as calcium-channel blockers, diuretics, and β-blockers, can 
be used as additional therapy if needed to achieve adequate blood pressure 
control. A27  There is little evidence to support use of RAS blockade in diabetic 
patients who are normotensive and normoalbuminuric, although there may be 
a therapeutic rationale for use of these agents in patients who cannot achieve 
adequate glycemic control. Dietary protein restriction has been recommended 
in the past for patients with nephropathy, but recent trials have been unable 
to demonstrate an effect of a low-protein diet on the rate of deterioration  
of GFR.

ocular surgery. A25  However, it has limited effects on advanced retinal disease. 
Blood pressure control is also important to prevent worsening of retinopathy; 
there is some evidence that renin-angiotensin system (RAS) blockers may be 
especially beneficial.

Treatment of diabetic retinopathy (Chapter 395) includes laser photo-
coagulation, which can ablate abnormal vessels (thus reducing the risk of 
hemorrhage) and treat macular edema. Laser photocoagulation can be focal 
(to treat clinically significant macular edema or nonproliferative diabetic retino-
pathy) or panretinal (to treat severe nonproliferative diabetic retinopathy or 
proliferative diabetic retinopathy). Vitrectomy is a surgical procedure to remove 
hemorrhage and scar tissue that is obscuring vision. Nonsurgical therapies 
include intravitreal injection of glucocorticoids or anti–vascular endothelial 
growth factor monoclonal antibodies (e.g., ranibizumab) to treat macular  
edema. A26  The established efficacy of retinopathy treatment, particularly photo-
coagulation, in preventing vision loss provides strong justification for routine 
retinopathy screening. There is evidence that treatment with fenofibrate reduces 
the progression of retinopathy, although the medication has not been approved 
for this indication in the United States. In addition to its well-known effects 
on lipid metabolism, fenofibrate appears to have significant anti-inflammatory, 
antiangiogenic, and antioxidant properties that are relevant to retinal disease. 
The presence of retinopathy is not considered a contraindication to the use 
of aspirin for CVD prevention.

Other eye conditions also affect patients with diabetes. Transient osmoti-
cally induced refractive error is common, especially at the time of diabetes 
diagnosis, but resolves with glucose control. Age-related eye conditions, such 
as cataracts and glaucoma, tend to occur at younger ages among diabetic 
patients. Diplopia and other gaze disorders due to acute mononeuropathy 
involving the cranial nerves (typically III or VI) are also more common in 
diabetes.

 DIABETIC NEPHROPATHY
Diabetic nephropathy (Chapter 116) remains the most common single cause 
of end-stage renal failure, accounting for up to 50% of the cases in Western 
societies. Further, despite advances in the management of glucose and hyper-
tension, the prevalence of chronic kidney disease among patients with diabetes 
has declined little, if at all, in the past several decades. Overall, 20 to 30% of 
type 1 and type 2 diabetic patients develop evidence of nephropathy, although 
fewer type 2 patients progress to end-stage renal disease (ESRD). This may 
be because of competing mortality from CVD, with fewer surviving to ESRD. 
However, because of their much greater frequency in the population, the 
majority of diabetes patients presenting for treatment of ESRD (dialysis or 
transplantation) have type 2 diabetes.25 The major risk factor for the develop-
ment of diabetic nephropathy is the duration and severity of hyperglycemia, 
but there is evidence for variation in genetic susceptibility. For example, African 
Americans and individuals with a family history of diabetic or nondiabetic 
renal disease are at higher risk for diabetic nephropathy. An insertion/deletion 
polymorphism in the gene encoding angiotensin-converting enzyme (ACE) 
has been widely reported to be associated with increased risk of diabetic 
nephropathy, but variants in genes involved in the polyol pathway, lipid metabo-
lism, inflammatory cytokines, angiogenesis, and oxidative stress have also been 
identified.

Diabetic nephropathy develops during many years to decades, with a pro-
longed “silent” period before clinical detection, followed by more rapid pro-
gression to overt renal disease (Chapter 116). In the classic view, the hallmark 
of diabetic nephropathy is the development of proteinuria, which is due to 
alteration in glomerular basement membrane permeability and increases in 
intraglomerular pressure. The first clinical evidence of incipient nephropathy 
is the development of albuminuria, which is quantitatively minor at first 
(microalbuminuria, urine albumin-to-creatinine ratio of 30 to 300 mg/g) and 
then progresses to overt proteinuria, sometimes in the nephrotic range (>2 g/
day). During the microalbuminuria phase, GFR is preserved but begins to 

TABLE 216-14 RECOMMENDED INTERVALS FOR DIABETIC 
RETINOPATHY SCREENING

DIABETES TYPE FIRST EXAMINATION FOLLOW-UP
Type 1 5 years after diagnosis Annual
Type 2 At time of diagnosis Annual
Established diabetes 

during pregnancy
Before or soon after 

conception
At least every 3 months

Reduced GFR 

*

ESRD 

Macroalbuminuria

Microalbuminuria

Normoalbuminuria

Normal GFR Normal GFR Normal GFR

Increased GFR
(hyperfiItration)

Normoalbuminuria Normoalbuminuria

Diabetes duration (years) 
0 5 10 15 20

*

FIGURE 216-9. Development of diabetic nephropathy. see text for discussion. GFR = 
glomerular filtration rate; esRD = end-stage renal disease. *GFR and albuminuria may 
progress independently of each other, that is, patients may have microalbuminuria or 
macroalbuminuria even though their GFR is normal or even slightly elevated. However, 
macroalbuminuria is usually associated with reduced GFR and is a strong risk for progres-
sive esRD. (From boger Ca, sedor JR. GWas of diabetic nephropathy: is the GeNie out of 
the bottle? PLoS Genet. 2012;8:e1002.)
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or hot-water bottles on the feet. Referral to a foot care specialist should be 
considered for patients with sensory loss, foot deformity, extensive callus 
formation, and nonhealing ulcers. Ulcers are treated with aggressive débride-
ment of necrotic tissue and systemic antibiotics (guided by culture of infected 
tissue) if infection is present. Pressure “off-loading” by use of special shoes, 
orthotics, or application of total contact casts may be necessary to allow healing. 
Additional treatments include use of topical platelet-derived growth factor, 
bioengineered skin substitutes, hyperbaric oxygen, and negative-pressure 
wound therapy, although none of these has shown conclusive evidence of 
effectiveness in promoting wound healing.

 Other Associated Conditions
Patients with diabetes can develop a number of electrolyte and acid-base 
abnormalities,28 even in the absence of ketoacidosis or hyperosmolarity. In 
type 4 renal tubular acidosis (Chapter 110), for example, hyperkalemia can 
require dietary and medical interventions.

Although not traditionally recognized as diabetic complications, there are 
a number of disorders that are increased in frequency or severity in patients 
with diabetes and that have a plausible or established relationship with hyper-
glycemia. These include periodontal disease, Alzheimer dementia, and mus-
culoskeletal disorders, such as limited joint mobility, adhesive capsulitis, 
Dupuytren contracture, and trigger finger (flexor tenosynovitis). Patients with 
poorly controlled diabetes are widely thought to have increased susceptibility 
to infection, particularly with fungal pathogens. Defects in immune function 
(impaired neutrophil chemotaxis) have been described in diabetes, but whether 
this occurs in reasonably controlled diabetes or contributes to clinical infec-
tion is unclear. The incidence of osteoporotic fractures appears to be increased 
in women with diabetes, despite the presence of normal or even increased 
bone density. There is also emerging evidence that the frequency of some 
cancers (e.g., pancreatic, endometrial, colorectal, breast) is increased among 
people with diabetes.

 CARDIOVASCULAR DISEASE IN DIABETES
Atherosclerotic CVD is the major cause of morbidity and mortality for patients 
with diabetes and contributes substantially to its economic costs. The clinical 
and pathologic features of CVD in diabetes are generally not distinguishable 
from those occurring in nondiabetic individuals, but they are manifested at 
an earlier age, are more aggressive, and are associated with mortality rates that 
are two to four times higher in patients with diabetes (Chapter 46). This 
increased CVD risk is true for both type 1 and type 2 diabetes, with CVD in 
type 1 diabetes being strongly associated with concurrent presence of renal 
disease. Diabetes is also an important risk factor for peripheral vascular disease 
and stroke, which carries greater mortality risk than in nondiabetic patients.

 Pathobiology of Cardiovascular Disease in Diabetes
The pathogenesis of atherosclerotic CVD in diabetes is complex and multi-
factorial, with several mechanisms playing key roles. Metabolic factors, including 
hyperglycemia, insulin resistance, dyslipidemia, and increases in circulating 
free fatty acids, contribute to atherosclerotic plaque formation. Increases in 
oxidation and glycoxidation of lipoproteins increase their atherogenicity and 
enhance foam cell formation. Endothelial dysfunction, an early event in the 
development of atherosclerosis, has been described in association with several 
metabolic syndrome components, including hyperglycemia, insulin resistance, 
hypertension, and dyslipidemia. Systemic inflammation, which contributes to 
accelerated plaque formation, is increased in diabetes and obesity as a conse-
quence of increased cytokine production by adipose tissue. Finally, diabetes 
is characterized by a prothrombotic state due to enhanced platelet reactivity 
and alterations in coagulation factors, including increased circulating levels 
of fibrinogen and plasminogen activator inhibitor–1.

 Diabetic Cardiomyopathy and Heart Failure
Diabetic cardiomyopathy is defined as alterations in cardiac structure and 
function that are not directly attributable to coronary artery disease or hyper-
tension (Chapters 52 and 53). Characteristic features include cardiac hyper-
trophy, left ventricular dysfunction (diastolic may precede systolic), and altered 
myocardial metabolism. Diabetes is a recognized risk factor for the development 
of heart failure, even in the absence of atherosclerotic heart disease. For example, 
in the Framingham Heart Study, the frequency of heart failure was twice in 
diabetic men and five times in diabetic women compared with age-matched 
controls and persisted despite correction for hypertension, obesity, dyslipid-
emia, and coronary artery disease. Increased activation of the renin-angiotensin-
aldosterone system and formation of AGEs are thought to contribute to 

 DIABETIC NEUROPATHY
Diabetic neuropathy (Chapter 392) is a common complication of diabetes, 
with an estimated lifetime prevalence of about 50%. Diabetic neuropathy can 
be manifested in a variety of syndromes, including radiculoplexopathy and 
autonomic neuropathy, but the most common form is a characteristic distal 
symmetrical polyneuropathy (DSP).26 Despite its high prevalence, there is 
no distinct neuropathic symptom or lesion that is specific to diabetes, and 
separation of diabetic neuropathy from other causes can be problematic. As 
for other microvascular complications, the etiology of DSP is attributed to 
hyperglycemia, as demonstrated by the dramatic 60% reduction in neuropathy 
in the intensive treatment group in the DCCT study. However, the possibility 
that the pathogenesis of DSP may differ in type 2 diabetes, with dyslipidemia 
and insulin resistance also contributing, has recently emerged. Support for 
this view comes from largely negative neuropathy results of clinical trials of 
intensive glucose control in type 2 diabetes (e.g., Action to Control Cardio-
vascular Risk in Diabetes [ACCORD] trial, VA Cooperative study) and the 
observation that the prevalence of DSP is already increased in the setting of 
pre-diabetes and the metabolic syndrome.

The clinical manifestations of DSP include symptoms of pain, paresthesias, 
and numbness that typically begin in the feet and progress more proximally 
in a “stocking and glove” distribution (Chapter 392). Loss of sensation, which 
may not be noticed by the patient, constitutes an important risk factor for 
falls due to gait instability. Ulceration, uncontrolled infection, and amputation 
can also occur from altered foot mechanics and inability to perceive repetitive 
trauma or other foot injury. For some patients, neuropathic pain can be severe 
and disabling, resulting in a major reduction in quality of life. DSP can be 
diagnosed by the presence of classic symptoms and by loss of ability to perceive 
pressure from a nylon (Semmes-Weinstein) monofilament, impaired vibration 
sense or loss of pinprick sensation. Additional tests, such as nerve conduction 
studies or electromyography, are occasionally indicated to distinguish DSP 
from radiculopathy. Current treatment options are mostly limited to control 
of metabolic risk factors (i.e., glucose, lipids) and symptoms. The chronic pain 
of DSP can be difficult to manage. Available therapies include tricyclic anti-
depressants, serotonin-norepinephrine reuptake inhibitors, and anticonvulsants 
(such as gabapentin and pregabalin); opioids are not specifically useful and 
their use has major addiction potential.

Other forms of diabetic nerve damage (Chapter 392) include small-fiber 
predominant neuropathy, radiculoplexopathy (diabetic amyotrophy), non-
compressive radiculopathy, and mononeuritis multiplex. Autonomic neuropathy 
can be manifested as gastroparesis, urinary retention, erectile dysfunction, 
sudomotor dysfunction (typically anhidrosis of the extremities with or without 
hyperhidrosis of the trunk), cardiac arrhythmias, and disturbance of gut motil-
ity (diabetic diarrhea or constipation). Cardiac autonomic neuropathy is an 
especially ominous form of diabetic autonomic neuropathy. Typical clinical 
manifestations of cardiac autonomic neuropathy include resting tachycardia, 
diminished heart rate variability, and orthostatic blood pressure changes. 
Patients with cardiac autonomic neuropathy are at high risk for myocardial 
infarction, congestive heart failure, and sudden cardiac death.

 DIABETIC FOOT
The combination of sensory impairment due to peripheral neuropathy and 
reduced tissue perfusion due to large-vessel atherosclerosis (peripheral arterial 
disease) or microvascular dysfunction can result in ulceration, infection, and 
ultimately lower extremity amputation. A typical case involves development 
of an ulceration (often surrounded by callus formation) on the plantar surface 
of the foot, often underneath the metatarsal heads.27 Ulceration can be slow 
to heal because of repetitive trauma from walking and impaired blood flow; 
hyperglycemia may also impair wound healing by effects on white blood cell 
migration and function. In the absence of protective sensation, an infection 
may fester for weeks and eventually invade the bone, leading to osteomyelitis. 
Altered foot mechanics can also lead to repeated (and usually undetected) 
fractures that destroy normal foot architecture and result in the classic Charcot 
foot deformity.

For many patients, foot amputation is the most feared diabetic complica-
tion; fortunately, it can be prevented in most cases but requires vigilance on 
the part of the patient and health care team. Routine foot examination, espe-
cially for patients who have evidence of sensory loss, should be performed at 
every medical visit, and patients should be instructed to inspect their feet 
daily for cracks, fissures, ulcers, or inflammation. Patients should avoid walking 
barefoot (even at home) and should wear protective covering (avoid sandals) 
outside. Thermal injuries can be prevented by avoiding use of heating pads 

UKPDS, Systolic Hypertension in the Elderly Program (SHEP), Hypertension 
Optimal Treatment (HOT) study, and others. A30  However, analysis of these and 
other trials failed to show evidence of improved outcomes (i.e., in myocardial 
infarction or mortality) with systolic blood pressure targets of 130 mm Hg or  
lower. A31  An even more aggressive target systolic blood pressure of less than 
120 mm Hg was shown to be of no additional benefit in reducing CVD events 
in the ACCORD trial. Current guidelines from the American Heart Associa-
tion and the American College of Cardiology recommend a blood pressure 
goal of less than 130/80 for most patients, including those with diabetes. 
Other guidelines, including those from the American Diabetes Association 
(ADA), suggest a blood pressure target of less than 140/90 mm Hg for patients 
with diabetes but with the further recommendation that a lower target may 
be considered for selected patients if it can be achieved without excessive 
treatment burden. However, many of these recommendations are based on 
expert opinion rather than on evidence from randomized trials, and some 
uncertainty remains.

The choice of antihypertensive agent has also received considerable study, 
which is complicated by the fact that many patients will require treatment 
with two or more drugs to achieve target blood pressure. ACE inhibitors and 
angiotensin receptor blockers are generally considered first-line therapy for 
patients with diabetes, in part on the basis of their demonstrated renoprotec-
tive benefits. In addition, results from several randomized trials, including the 
Heart Outcomes Protection Study (HOPE), Fosinopril versus Amlodipine 
Cardiovascular Events Trial (FACET), and Appropriate Blood Pressure Control 
in Diabetes (ABCD), indicated improved cardiovascular outcomes with ACE 
inhibitors compared with other antihypertensive drugs, although this was not 
the case for the UKPDS, in which β-blockers were equally effective. Calcium-
channel blockers and low-dose diuretics are also recommended as add-on 
therapy if needed to achieve blood pressure targets. Use of β-blockers should 
be considered in the setting of established CVD because of their proven ben-
efits in patients with prior myocardial infarction and congestive heart failure. 
However, β-blockers should be used with caution in patients at high risk for 
hypoglycemia because they may blunt the autonomic warning symptoms 
associated with low glucose concentration. Both β-blockers and thiazide diuret-
ics have been reported to increase the risk for development of diabetes, although 
there is little evidence for significant deterioration of glycemic control in 
patients with diabetes.

 DYSLIPIDEMIA
The characteristic dyslipidemia of type 2 diabetes and insulin-resistant states, 
which includes low levels of high-density lipoprotein (HDL) cholesterol, 
elevated triglycerides, and small dense low-density lipoprotein (LDL) particles, 
is highly atherogenic (Chapter 195). LDLs also are prone to oxidative modi-
fication in the setting of hyperglycemia, which enhances their atherogenicity. 
There is substantial clinical trial evidence to support lowering of LDL cho-
lesterol levels with statin drugs in the majority of patients with diabetes older 
than 40 years. These findings come from trials limited to diabetes (Collaborative 
Atorvastatin Diabetes Study [CARDS]) and to diabetes subset analysis of 
larger trials (Heart Protection Study), all of which report similar CVD benefits 
of statin therapy among diabetics and nondiabetics. ADA recommendations 
are for target LDL levels of less than 100 mg/dL for most adult patients with 
diabetes and less than 70 mg/dL for diabetic patients with established CVD 
or multiple risk factors. Recent guidelines from the American Heart Associa-
tion (AHA) and American College of Cardiology (ACC) have focused on 
CVD risk stratification to determine the need for and intensity of statin therapy. 
With this approach, virtually all patients with diabetes (aged 40 to 75 years) 
would be candidates for statin therapy, regardless of baseline level of LDL 
cholesterol. Diabetic patients with established atherosclerotic CVD or esti-
mated 10-year CVD risk of more than 7.5% would receive high-intensity statin 
treatment (regimens sufficient to lower LDL cholesterol >50% from untreated 
baseline); all others would be considered for moderate-intensity treatment 
(lowering of LDL cholesterol 30 to <50%). The evidence base to support 
these new recommendations is considered relatively strong. Although the 
ADA and the AHA/ACC guidelines differ in structure, ultimately the recom-
mendations for most patients with diabetes will be similar with either approach.

Recent observations from several trials (e.g., JUPITER) and observational 
cohort studies of an increase in incident diabetes with statin therapy have 
generated concern, although the risk appears to be small in magnitude (hazard 
ratio, ≈1.2) and is outweighed by the substantial benefits of CVD protection.30 
Clinically relevant effects of statins on glucose control among established 
diabetics have not been reported. In patients intolerant of statins, nicotinic 
acid (niacin) can be used, although CVD outcome trials have been disappointing 

myocardial fibrosis and stiffness, and altered substrate utilization (preferential 
use of free fatty acids) can promote myocyte dysfunction by enhanced pro-
duction of reactive oxygen species and other mechanisms. Characteristic 
changes in myocardial function and structure were reported in type 1 diabetes 
in the DCCT and Epidemiology of Diabetes Interventions and Complications 
(EDIC) study and were related to long-term glycemic control.

 Prevention of Cardiovascular Disease in Diabetes
Aggressive control of CVD risk factors is recommended for most patients 
with diabetes, keeping in mind that the presence of diabetes is considered the 
risk equivalent of a prior myocardial infarction by most risk assessment algo-
rithms (e.g., Framingham risk score, Adult Treatment Panel III Report of the 
National Cholesterol Education Program). Assessment of blood pressure, lipid 
profile, and smoking status should be included as part of routine diabetes 
care. Determination of the optimal targets for risk factor control has been the 
subject of several large randomized trials, which have informed consensus 
guidelines.

 GLUCOSE CONTROL
Hyperglycemia is a major risk for atherosclerotic CVD. In population-based 
studies including diabetic and nondiabetic cohorts, HbA1c has been reported 
as an independent predictor of all-cause and CVD mortality, and among indi-
viduals with diabetes, every 1% rise in HbA1c is associated with a 30% increase 
in all-cause mortality and a 40% increase in CVD mortality. Compelling evi-
dence for the benefit of intensive glucose control in patients with type 1 diabetes 
was shown in the DCCT/EDIC study, in which CVD events were reduced 
by 58%. However, in type 2 diabetes, hyperglycemia occurs in the setting of 
multiple other CVD risk factors, including hypertension, dyslipidemia, and 
obesity, which also contribute to risk, so the contribution of glucose control 
is less clear. Several large clinical trials in patients with type 2 diabetes have 
failed to show that aggressive control of hyperglycemia has important effects 
on CVD outcomes (see later), highlighting the complex pathogenesis of vas-
cular disease in diabetes. Similarly, an intensive lifestyle program designed to 
achieve weight loss and exercise goals also failed to demonstrate significant 
effects on CVD outcomes in type 2 diabetes patients. A28 

The strongest evidence in favor of intensive glucose control comes from 
the long-term follow-up of the UKPDS, which demonstrated 15% reduction 
in myocardial infarction and 13% reduction in all-cause mortality in the inten-
sive versus conventional treatment group. More recently, in the ACCORD 
trial, an intensive treatment arm, designed to maintain HbA1c below 6%, was 
compared with conventional treatment with HbA1c goal of 7.5% in a cohort 
of type 2 diabetes patients at high risk for CVD. This trial was stopped early 
because of unexpected increased mortality, largely CVD related, in the intensive 
treatment group. The reasons for increased mortality with intensive treatment 
are not known for certain, but increased frequency and severity of hypogly-
cemia or the toxicity of specific drugs or combinations has been proposed. 
Secondary analysis of ACCORD data showed a reduction in nonfatal myo-
cardial infarction in the intensive treatment group, leading to speculation that 
some patients might still benefit. Other studies designed to address this, 
including the VA Cooperative Study and ADVANCE, also failed to show 
CVD benefit for intensive glucose control. A29  These trials differed somewhat 
in patient characteristics, HbA1c goal, and specific treatment regimens, and 
the largely negative results stimulated controversy. However, some consensus 
views have emerged29: (1) in the current era of effective treatment of other 
CVD risk factors (i.e., with statins, RAS blockers, antiplatelet therapy), the 
additional benefits of intensive glycemic control are modest at best; (2) patients 
with long-standing diabetes or established CVD are least likely to benefit from 
intensive glucose lowering; (3) the benefits of glucose lowering in the preven-
tion of microvascular complications provide an independent rationale for strict 
glucose control for many patients; and (4) specific glycemic targets should 
be individualized according to the patient’s characteristics (e.g., comorbidities, 
life expectancy, hypoglycemia risk) and preferences.

 HYPERTENSION
Hypertension (Chapter 70) is a common comorbidity in diabetes, affecting 
the majority of patients with type 2 diabetes, and constitutes an important 
modifiable CVD risk factor. Further, in even the earliest stages of diabetic 
nephropathy (i.e., microalbuminuria), hypertension is further accelerated. 
In type 1 diabetes, hypertension is generally the result of concurrent renal 
disease, with both contributing to CVD risk. The importance of blood pres-
sure control in reducing CVD events as well as microvascular outcomes in 
patients with diabetes was established by several major trials, including the 
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UKPDS, Systolic Hypertension in the Elderly Program (SHEP), Hypertension 
Optimal Treatment (HOT) study, and others. A30  However, analysis of these and 
other trials failed to show evidence of improved outcomes (i.e., in myocardial 
infarction or mortality) with systolic blood pressure targets of 130 mm Hg or  
lower. A31  An even more aggressive target systolic blood pressure of less than 
120 mm Hg was shown to be of no additional benefit in reducing CVD events 
in the ACCORD trial. Current guidelines from the American Heart Associa-
tion and the American College of Cardiology recommend a blood pressure 
goal of less than 130/80 for most patients, including those with diabetes. 
Other guidelines, including those from the American Diabetes Association 
(ADA), suggest a blood pressure target of less than 140/90 mm Hg for patients 
with diabetes but with the further recommendation that a lower target may 
be considered for selected patients if it can be achieved without excessive 
treatment burden. However, many of these recommendations are based on 
expert opinion rather than on evidence from randomized trials, and some 
uncertainty remains.

The choice of antihypertensive agent has also received considerable study, 
which is complicated by the fact that many patients will require treatment 
with two or more drugs to achieve target blood pressure. ACE inhibitors and 
angiotensin receptor blockers are generally considered first-line therapy for 
patients with diabetes, in part on the basis of their demonstrated renoprotec-
tive benefits. In addition, results from several randomized trials, including the 
Heart Outcomes Protection Study (HOPE), Fosinopril versus Amlodipine 
Cardiovascular Events Trial (FACET), and Appropriate Blood Pressure Control 
in Diabetes (ABCD), indicated improved cardiovascular outcomes with ACE 
inhibitors compared with other antihypertensive drugs, although this was not 
the case for the UKPDS, in which β-blockers were equally effective. Calcium-
channel blockers and low-dose diuretics are also recommended as add-on 
therapy if needed to achieve blood pressure targets. Use of β-blockers should 
be considered in the setting of established CVD because of their proven ben-
efits in patients with prior myocardial infarction and congestive heart failure. 
However, β-blockers should be used with caution in patients at high risk for 
hypoglycemia because they may blunt the autonomic warning symptoms 
associated with low glucose concentration. Both β-blockers and thiazide diuret-
ics have been reported to increase the risk for development of diabetes, although 
there is little evidence for significant deterioration of glycemic control in 
patients with diabetes.

 DYSLIPIDEMIA
The characteristic dyslipidemia of type 2 diabetes and insulin-resistant states, 
which includes low levels of high-density lipoprotein (HDL) cholesterol, 
elevated triglycerides, and small dense low-density lipoprotein (LDL) particles, 
is highly atherogenic (Chapter 195). LDLs also are prone to oxidative modi-
fication in the setting of hyperglycemia, which enhances their atherogenicity. 
There is substantial clinical trial evidence to support lowering of LDL cho-
lesterol levels with statin drugs in the majority of patients with diabetes older 
than 40 years. These findings come from trials limited to diabetes (Collaborative 
Atorvastatin Diabetes Study [CARDS]) and to diabetes subset analysis of 
larger trials (Heart Protection Study), all of which report similar CVD benefits 
of statin therapy among diabetics and nondiabetics. ADA recommendations 
are for target LDL levels of less than 100 mg/dL for most adult patients with 
diabetes and less than 70 mg/dL for diabetic patients with established CVD 
or multiple risk factors. Recent guidelines from the American Heart Associa-
tion (AHA) and American College of Cardiology (ACC) have focused on 
CVD risk stratification to determine the need for and intensity of statin therapy. 
With this approach, virtually all patients with diabetes (aged 40 to 75 years) 
would be candidates for statin therapy, regardless of baseline level of LDL 
cholesterol. Diabetic patients with established atherosclerotic CVD or esti-
mated 10-year CVD risk of more than 7.5% would receive high-intensity statin 
treatment (regimens sufficient to lower LDL cholesterol >50% from untreated 
baseline); all others would be considered for moderate-intensity treatment 
(lowering of LDL cholesterol 30 to <50%). The evidence base to support 
these new recommendations is considered relatively strong. Although the 
ADA and the AHA/ACC guidelines differ in structure, ultimately the recom-
mendations for most patients with diabetes will be similar with either approach.

Recent observations from several trials (e.g., JUPITER) and observational 
cohort studies of an increase in incident diabetes with statin therapy have 
generated concern, although the risk appears to be small in magnitude (hazard 
ratio, ≈1.2) and is outweighed by the substantial benefits of CVD protection.30 
Clinically relevant effects of statins on glucose control among established 
diabetics have not been reported. In patients intolerant of statins, nicotinic 
acid (niacin) can be used, although CVD outcome trials have been disappointing 

myocardial fibrosis and stiffness, and altered substrate utilization (preferential 
use of free fatty acids) can promote myocyte dysfunction by enhanced pro-
duction of reactive oxygen species and other mechanisms. Characteristic 
changes in myocardial function and structure were reported in type 1 diabetes 
in the DCCT and Epidemiology of Diabetes Interventions and Complications 
(EDIC) study and were related to long-term glycemic control.

 Prevention of Cardiovascular Disease in Diabetes
Aggressive control of CVD risk factors is recommended for most patients 
with diabetes, keeping in mind that the presence of diabetes is considered the 
risk equivalent of a prior myocardial infarction by most risk assessment algo-
rithms (e.g., Framingham risk score, Adult Treatment Panel III Report of the 
National Cholesterol Education Program). Assessment of blood pressure, lipid 
profile, and smoking status should be included as part of routine diabetes 
care. Determination of the optimal targets for risk factor control has been the 
subject of several large randomized trials, which have informed consensus 
guidelines.

 GLUCOSE CONTROL
Hyperglycemia is a major risk for atherosclerotic CVD. In population-based 
studies including diabetic and nondiabetic cohorts, HbA1c has been reported 
as an independent predictor of all-cause and CVD mortality, and among indi-
viduals with diabetes, every 1% rise in HbA1c is associated with a 30% increase 
in all-cause mortality and a 40% increase in CVD mortality. Compelling evi-
dence for the benefit of intensive glucose control in patients with type 1 diabetes 
was shown in the DCCT/EDIC study, in which CVD events were reduced 
by 58%. However, in type 2 diabetes, hyperglycemia occurs in the setting of 
multiple other CVD risk factors, including hypertension, dyslipidemia, and 
obesity, which also contribute to risk, so the contribution of glucose control 
is less clear. Several large clinical trials in patients with type 2 diabetes have 
failed to show that aggressive control of hyperglycemia has important effects 
on CVD outcomes (see later), highlighting the complex pathogenesis of vas-
cular disease in diabetes. Similarly, an intensive lifestyle program designed to 
achieve weight loss and exercise goals also failed to demonstrate significant 
effects on CVD outcomes in type 2 diabetes patients. A28 

The strongest evidence in favor of intensive glucose control comes from 
the long-term follow-up of the UKPDS, which demonstrated 15% reduction 
in myocardial infarction and 13% reduction in all-cause mortality in the inten-
sive versus conventional treatment group. More recently, in the ACCORD 
trial, an intensive treatment arm, designed to maintain HbA1c below 6%, was 
compared with conventional treatment with HbA1c goal of 7.5% in a cohort 
of type 2 diabetes patients at high risk for CVD. This trial was stopped early 
because of unexpected increased mortality, largely CVD related, in the intensive 
treatment group. The reasons for increased mortality with intensive treatment 
are not known for certain, but increased frequency and severity of hypogly-
cemia or the toxicity of specific drugs or combinations has been proposed. 
Secondary analysis of ACCORD data showed a reduction in nonfatal myo-
cardial infarction in the intensive treatment group, leading to speculation that 
some patients might still benefit. Other studies designed to address this, 
including the VA Cooperative Study and ADVANCE, also failed to show 
CVD benefit for intensive glucose control. A29  These trials differed somewhat 
in patient characteristics, HbA1c goal, and specific treatment regimens, and 
the largely negative results stimulated controversy. However, some consensus 
views have emerged29: (1) in the current era of effective treatment of other 
CVD risk factors (i.e., with statins, RAS blockers, antiplatelet therapy), the 
additional benefits of intensive glycemic control are modest at best; (2) patients 
with long-standing diabetes or established CVD are least likely to benefit from 
intensive glucose lowering; (3) the benefits of glucose lowering in the preven-
tion of microvascular complications provide an independent rationale for strict 
glucose control for many patients; and (4) specific glycemic targets should 
be individualized according to the patient’s characteristics (e.g., comorbidities, 
life expectancy, hypoglycemia risk) and preferences.

 HYPERTENSION
Hypertension (Chapter 70) is a common comorbidity in diabetes, affecting 
the majority of patients with type 2 diabetes, and constitutes an important 
modifiable CVD risk factor. Further, in even the earliest stages of diabetic 
nephropathy (i.e., microalbuminuria), hypertension is further accelerated. 
In type 1 diabetes, hypertension is generally the result of concurrent renal 
disease, with both contributing to CVD risk. The importance of blood pres-
sure control in reducing CVD events as well as microvascular outcomes in 
patients with diabetes was established by several major trials, including the 
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despite substantial improvement in lipid parameters, including lowering of 
LDL cholesterol and increasing of HDL cholesterol levels. Further, nicotinic 
acid may worsen insulin resistance and glycemic control in some patients. 
Bile acid sequestrants, such as colesevelam or cholestyramine, can also be 
used but may exacerbate the hypertriglyceridemia characteristic of diabetic 
dyslipidemia.

In contrast to the definitive benefits of LDL lowering, there is less evidence 
that pharmacologic treatment of hypertriglyceridemia or of low HDL choles-
terol levels reduces CVD risk. This may be in part due to the lesser efficacy 
of available drugs to alter these lipid subfractions. Trials with fibrate derivatives 
(gemfibrozil and fenofibrate) have yielded mixed results, and the addition of 
fenofibrate to a statin did not reduce the rate of major CVD events compared 
with statin alone in the ACCORD trial. Because most statins have some 
triglyceride-lowering effect, maximizing statin dose should be considered for 
patients with high triglyceride levels. Lifestyle factors are also effective, includ-
ing weight loss and dietary modification (reduced fat diet, avoidance of alcohol). 
Omega-3 fatty acid supplementation can lower triglyceride levels but is not 
effective for the routine primary prevention of cardiovascular events in diabetic 
patients. A32  Pharmacologic treatment (i.e., with fibrates or fish oil supplements) 
of severe hypertriglyceridemia (triglyceride level >1000 mg/dL) is indicated 
to prevent acute pancreatitis.

 ANTIPLATELET THERAPY
Prophylactic low-dose aspirin therapy is widely used for prevention of car-
diovascular events in high-risk patients (i.e., those with prior myocardial infarc-
tion or stroke), with reported risk reductions of about 12%. In patients with 
diabetes, aspirin is not effective for the primary prevention of cardiovascular 
disease and increases bleeding events. A33  Current guidelines recommend aspirin 
therapy for diabetic patients with a prior CVD event (secondary prevention), 
but it is uncertain whether primary prevention is beneficial even in higher 
risk patients, because the potential adverse effects from bleeding may outweigh 
the potential benefits. The optimal dose (balancing thrombosis prevention 
with the risk of bleeding) of aspirin has not been established and may differ 
according to patient characteristics, but 75 to 162 mg/day is commonly rec-
ommended. For high-risk patients who are unable to tolerate aspirin, clopidogrel 
is an effective alternative.

In general, treatment of clinically established CVD, including acute coronary 
syndromes and stable angina, is similar in diabetic and nondiabetic patients. 
There is some evidence that ischemic symptoms may be less intense, atypical, 
or absent in diabetic patients, leading to higher rates of “silent” myocardial 
infarction. However, a strategy of screening for ischemic heart disease, by exer-
cise stress testing, in asymptomatic patients did not result in lower event rates 
or improved outcomes. Therefore current recommendations are for coronary 
artery disease screening in patients with symptoms suggestive of ischemia.

The role of intravenous insulin (with or without potassium and glucose infu-
sion) in the setting of acute myocardial infarction has been considered in a few 
studies. In the Diabetes and Insulin-Glucose Infusion in Acute Myocardial Infarc-
tion (DIGAMI) study, acute myocardial infarction patients with diabetes were 
treated with standard therapy or with insulin infusion during the first 48 hours, 
followed by continued insulin use after hospital discharge. Mortality after 1 
year was reduced by 30% in the insulin-treated group. However, the implica-
tions of these results have been debated because factors other than insulin 
treatment differed between the two groups (i.e., sulfonylureas were routinely 
used in the standard therapy group but withdrawn from the insulin group). 
These findings subsequently were not confirmed in a follow-up study, and this 
approach has largely been abandoned.

Several studies have addressed the roles of medical therapy and revascu-
larization in diabetic patients with coronary artery disease. Among them, the 
Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) study 
demonstrated that a policy of medical management (including aggressive risk 
factor modification) was as effective as early revascularization in diabetic patients 
with stable angina. In the Future Revascularization Evaluation in Patients with 
Diabetes Mellitus: Optimal Management of Multivessel Disease (FREEDOM) trial, 
diabetic patients with multivessel coronary disease had better outcome (reduced 
rates of death from any cause or nonfatal myocardial infarction) with coronary 
bypass surgery compared with percutaneous intervention with drug-eluting 
stents, although strokes were more frequent in the surgical group.

TREATMENT OF ESTABLISHED  
CARDIOVASCULAR DISEASE IN DIABETES 
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3. A mother brings her 19-year-old son, who has type 1 diabetes and uses an 
insulin pump, to see you and to ask for referral to a dietitian. She complains 
that her son refuses to follow his “diabetic diet” and frequently eats junk 
food, including fast food (burgers, fries, pizza) and ice cream. She also 
worries that he sometimes skips meals, saying he is not hungry. His body 
mass index is 22, and his recent laboratory results show an HbA1c of 7.8%, 
low-density lipoprotein cholesterol of 95, and normal triglycerides. Which 
of the following dietary recommendations is most appropriate for this 
patient?
 A. An 1800-calorie/day American Diabetes Association diet
 B. A low-carbohydrate diet
 C. A low-protein diet
 D. A low-fat, high-fiber diet
 E. A flexible “heart healthy” meal plan that limits concentrated sweets and 

emphasizes fruits and vegetables
Answer: E Dietary recommendations for patients with diabetes have changed 
substantially over time, from the extremely low-carbohydrate, high-fat diets 
used before the discovery of insulin as a therapy, to “exchange diets,” to more 
flexible meal plans. For patients with type 1 diabetes, the key element is for 
the patient to learn to match mealtime insulin doses to the carbohydrate content 
of the meal. Severely restricted diets (very low carbohydrate or low calorie) 
are neither required nor advisable, although avoidance of large carbohydrate 
loads will help minimize postmeal glycemic excursions. For most patients 
with type 2 diabetes who are typically overweight or obese, moderate carbo-
hydrate intake and reduction in total calories are advised. Current recom-
mendations allow a variety of eating styles and ethnic food preferences, with 
emphasis on fruits and vegetables, low-fat protein sources, and use of mono-
unsaturated or polyunsaturated fats.

Evert A, Boucher J, Cypress M, et al. Nutrition therapy recommendations 
for the management of adults with diabetes. Diabetes Care. 2013;36:3821-3842.

Lasa A, Miranda J, Bullo M, et al. Comparative effect of two Mediterranean 
diets versus a low-fat diet on glycaemic control in individuals with type 2 
diabetes. Eur J Clin Nutr. 2014;68:767-772.

4. A 54-year-old woman presents to her physician for treatment of hyperten-
sion. She had gestational diabetes during her last pregnancy 15 years ago, 
and there is a family history of type 2 diabetes (mother and older brother). 
Her body mass index is 36. Fasting glucose concentration is 110 mg/dL, 
and HbA1c is 6.2%. Which of the following have been shown to reduce the 
progression to diabetes in high-risk patients?
 A. Weight loss by reduced calorie diet
 B. Treatment with metformin
 C. Treatment with acarbose
 D. Bariatric surgery
 E. All of the above

Answer: E This patient has multiple risk factors for the development of type 
2 diabetes, including family history, prior history of gestational diabetes, obesity, 
and hypertension. In addition, her glucose and HbA1c levels are already elevated 
above normal, in the defined “pre-diabetes” range. All of the treatments listed 
have been shown to prevent or to delay the onset of diabetes in randomized 
clinical trials. The most consistent evidence comes from weight loss trials. 
Both the Finnish Diabetes Prevention Study and the U.S. Diabetes Prevention 
Program reported 58% reduction in diabetes with a hypocalorie, reduced fat 
diet combined with moderate-intensity physical activity. Weight loss achieved 
with bariatric surgery is also highly effective in preventing (or even reversing) 
diabetes. Medications, including metformin, the α-glucosidase inhibitor acar-
bose, and troglitazone (a thiazolidinedione), have also been shown to reduce 
diabetes in high-risk patients, although somewhat less effectively than by 
lifestyle modification. Lifestyle changes and metformin are reported to be 
cost-effective interventions, but whether delay or prevention of type 2 diabetes 
will result in lower rates of cardiovascular disease and diabetes microvascular 
complications will require longer-term follow-up studies.

Schwarz PE, Greaves CJ, Lindstrom J, et al. Nonpharmacologic interven-
tions for the prevention of type 2 diabetes mellitus. Nat Rev Endocrinol. 
2012;8:363-373.

REVIEW QUESTIONS

1. A 51-year-old man has a history of type 2 diabetes mellitus for 6 years. 
Past medical history is significant for chronic hepatitis C infection, chronic 
kidney disease stage 3, and a recent hospitalization for an upper gastroin-
testinal bleed. He takes a sulfonylurea for blood glucose control and rarely 
checks his blood glucose level. Fasting plasma glucose concentration in 
the office is 195 mg/dL, and his HbA1c is 6.8%. What do you conclude 
about his glucose control?
 A. His average blood glucose concentration during the past 3 months is 

approximately 140 mg/dL.
 B. HbA1c may be falsely high because of chronic kidney disease.
 C. HbA1c may be falsely low because of liver disease.
 D. HbA1c levels are increased after acute blood loss.
 E. HbA1c levels are more reflective of postprandial than of fasting glucose 

concentration.
Answer: C This patient has several reasons that his HbA1c may not accurately 
reflect his mean plasma glucose concentration. HbA1c results may be influenced 
by a number of factors, including conditions that alter red cell survival or 
cause interference with a specific assay. The HbA1c may be falsely low in this 
patient because of cirrhosis (increased red cell turnover), recovery from recent 
acute blood loss (greater percentage of younger erythrocytes with shorter 
exposure to glucose), or transfusion (dilution of patient’s blood with nondia-
betic donor blood). In these instances, measurement of glycated serum proteins 
(fructosamine) or direct measurement of plasma glucose concentration will 
more accurately reflect glycemic control.

Additional information about HbA1c assay methodology and interpretation 
of results can be obtained from the National Glycohemoglobin Standardiza-
tion Program: http://www.ngsp.org.

2. A 38-year-old woman has had type 1 diabetes mellitus since the age of 12 
years. She has maintained excellent control (HbA1c 6.0%) with a basal/
bolus injection regimen. She tests her glucose level four or five times a day, 
and review of her meter download shows many glucose levels in the 30s 
and 40s. However, the patient is unconcerned because she has no symptoms 
at these times. On questioning, she admits to recently “spacing out” while 
driving, which led to a minor traffic accident. Regarding the etiology and 
treatment of hypoglycemia in this patient:
 A. She has adapted to low blood glucose concentration and no change in 

treatment is required.
 B. She has developed hypoglycemia unawareness and her target HbA1c 

should be increased.
 C. Strict avoidance of hypoglycemia is of little benefit in reversing hypo-

glycemia-associated autonomic failure.
 D. An excessive counter-regulatory hormone response to hypoglycemia 

may contribute to her lack of symptoms.
 E. Treatment with β-blocker should be considered.

Answer: B In patients with long-standing diabetes, the counter-regulatory 
systems that normally would counteract the decline of glucose to dangerous 
levels may be impaired. This is especially true for patients with type 1 diabetes, 
who often have defects in glucagon and epinephrine response during hypo-
glycemia. This decrease in epinephrine response during hypoglycemia is 
accompanied by an attenuated autonomic neural response, which results in 
the clinical syndrome of impaired awareness of hypoglycemia. Without autonomic 
symptoms, mild hypoglycemia may proceed unnoticed to more advanced and 
dangerous phases. There is, however, evidence that hypoglycemia-associated 
autonomic failure can be reversed by strict avoidance of hypoglycemia, which 
can be facilitated by increasing target glucose levels.

Reno CM, Litvin M, Clark AL, Fisher SJ. Defective counterregulation and 
hypoglycemia unawareness in diabetes: mechanisms and emerging treatments. 
Endocrinol Metab Clin North Am. 2013;42:15-38.

http://www.ngsp.org/
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Answer: A Although pregnancies in women with type 1 diabetes are generally 
considered “high risk,” the outlook for patients with minimal complications 
and good metabolic control is good. Women with advanced renal disease 
(proteinuria, reduced glomerular filtration rate) or proliferative retinopathy 
may experience rapid progression during pregnancy because of the influence 
of hormonal and hemodynamic changes and should be monitored closely by 
specialists. Use of angiotensin-converting enzyme inhibitors is contraindicated 
during pregnancy because of the risk of fetal renal damage. The key to suc-
cessful pregnancy outcomes is achieving optimal glucose control before con-
ception because the developing fetus is most susceptible to the teratogenic 
effects of hyperglycemia in the first 6 to 8 weeks of pregnancy, before the time 
that most women are aware of being pregnant. Maintaining strict glucose 
control during the pregnancy will reduce the risk of fetal complications, such 
as macrosomia and hyperbilirubinemia. Many patients benefit from use of an 
insulin pump and continuous glucose monitoring during this time. Although 
a child of a mother with type 1 diabetes is at increased risk of diabetes com-
pared with the general population, the risk is less than 10%.

5. A 28-year-old woman with type 1 diabetes since the age of 12 years is 
considering having a child. Currently, her blood glucose is reasonably well 
controlled, although she admits this was not the case during her teens and 
early 20s, when her HbA1c was in the 9 to 11% range. She has mild back-
ground diabetic retinopathy, normal blood pressure, urine albumin-to-
creatinine ratio of 25 mg/g, and normal findings on foot examination. 
Which of the following is true?
 A. She should delay pregnancy until she has achieved optimal glucose 

control (HbA1c approximately 6.5%).
 B. She should be treated with an angiotensin-converting enzyme inhibitor 

to prevent progression of renal disease during pregnancy.
 C. Progression of her retinopathy during pregnancy is likely to result in 

vision loss.
 D. The risk of her child’s developing type 1 diabetes is 25 to 50%.
 E. She should be advised to avoid pregnancy because of the risk of both 

maternal and fetal complications.
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217 
HYPOGLYCEMIA AND PANCREATIC 
ISLET CELL DISORDERS
KHALID HUSSAIN

 DEFINITIONS
Hypoglycemia is a common biochemical abnormality observed in clinical 
practice. Hypoglycemic disorders are more frequent in neonates, infants, and 
children as compared to adults. Inappropriately treated hypoglycemia can 
have severe consequences, including seizures, permanent brain injury, or death. 
This is especially the case in neonates with persistent forms of hypoglycemia, 
who are at high risk of brain injury from delays in diagnosis and effective 
therapy.

Hypoglycemic disorders in neonates, infants, and children differ from adults 
in important aspects. First, they are most often due to congenital or genetic 
disorders, such as disorders of insulin secretion, as well as a range of metabolic 
and endocrine diseases. Second, during a transitional period of 1 to 3 days 
after birth, low plasma glucose concentrations are common in normal neonates, 
thus making it difficult to identify the minority that might have a persistent 
genetic disorder associated with hypoglycemia. The importance of early rec-
ognition and treatment of such persistent hypoglycemia disorders in neonates 
is emphasized by reports that developmental handicap, which might have 
been avoidable by early recognition and treatment, occurs in 25 to 50% of 
cases with congenital hyperinsulinism.1

The current adult recommendations define clinical hypoglycemia as a plasma 
(or serum) glucose concentration low enough to cause symptoms or signs, 
including impairment of brain function. Because its clinical manifestations 
and symptoms of hypoglycemia are nonspecific, it is not possible to state a 
single plasma glucose concentration that categorically defines hypoglycemia. 
The measured plasma or serum glucose concentration may be low owing to 
an artifact (e.g., when the blood sample is collected in a tube that does not 
contain an inhibitor of glycolysis and when separation of the plasma or serum 
from the formed elements is delayed).

For these reasons, guidelines in adults emphasize the value of the Whipple 
triad for confirming hypoglycemia: (1) symptoms and/or signs compatible 
with hypoglycemia, (2) a low measured plasma glucose concentration, and 
(3) resolution of symptoms and signs when glucose concentrations are raised. 
Because circulating fuels such as ketone bodies can be used by the brain, lower 
plasma glucose concentrations can occur in healthy individuals, particularly 
in women and children, without symptoms or signs during extended fasting. 
The Pediatric Endocrine Society (PES) recently recommended guidelines for 
the evaluation and management of persistent hypoglycemia in neonates, infants, 
and children.2

The aim of this chapter is to outline the physiologic and biochemical changes 
associated with maintenance of a normal blood glucose level, describe the 
role of the counter-regulatory hormones, review the different hypoglycemia 
disorders observed in adults and children, and then finally discuss the various 
management strategies.

 PATHOBIOLOGY
Physiologic and Biochemical Changes During Fasting  
and Feeding
Overview
Plasma glucose concentration is regulated by a balance between glucose pro-
duction and utilization. Glucose is derived from three sources: (1) intestinal 
absorption that follows digestion of dietary carbohydrates; (2) glycogenolysis, 
the breakdown of glycogen, which is the polymerized storage form of glucose; 
and (3) gluconeogenesis, the formation of glucose from precursors (lactate, 
pyruvate, alanine, glutamine, and glycerol). Normally the, rate of endogenous 
glucose influx into the circulation and glucose efflux out of the circulation 
into insulin-dependent tissues (skeletal muscle, adipose tissue, and liver) is 
regulated so that despite periods of feeding and fasting, the plasma glucose 
concentration is maintained in a relatively narrow range between 70 and 
110 mg/dL (3.8 to 6 mmol/L). Figure 217-1 shows an outline of glucose 
physiology.

Glucose is an obligate metabolic fuel for the brain under physiologic condi-
tions. Unlike other body tissues, the brain cannot oxidize fatty acids, and 
neither can it synthesize/store glucose for later use. It is dependent on a con-
tinuous supply of glucose from the circulation. Given the vital importance of 
brain function and the above circumstances, it is not surprising that physiologic 
mechanisms have evolved for the maintenance of normal plasma glucose 
concentrations.

Changes During Fasting
During fasting, the basal rate of glucose output by the liver (2.2 mg/kg/minute 
in healthy adults after an overnight fast) is precisely matched to glucose uptake 
by various body tissues. In infants, these rates are much higher (≈6 mg/kg/
minute) because of their greater brain mass relative to their body weight. The 
brain is responsible for nearly two thirds of basal glucose utilization. The 
remaining one third is used by red blood cells, renal medulla, and to some 
extent muscle and fat.

Hepatic glucose production results from a combination of glycogenolysis 
and gluconeogenesis. Endogenous glucose production is also contributed by 
gluconeogenesis in the kidneys. Breakdown of stored hepatic glycogen is a 
readily available source of free glucose. However, in an average adult, this 
process can only provide less than an 8-hour supply of free glucose. (In infants, 
this may provide only 4 hours of free glucose.) Considering this limited capac-
ity of glycogenolysis, gluconeogenesis is very important in supporting hepatic 
glycogen stores during an overnight fast.

The key enzymes involved in gluconeogenesis are pyruvate carboxylase, 
phosphoenolpyruvate carboxykinase (PEPCK), and fructose-1,6-bisphosphatase. 
Muscle and adipose tissue, which utilize glucose in the fed state, respond to 
prolonged fasting by reducing their glucose uptake and satisfying their energy 
requirements by the β-oxidation of fatty acids. Additionally, through the process 
of proteolysis, muscle tissue provides amino acids to the liver to serve as 
gluconeogenic precursors for net glucose formation. Changes in the hormonal 
milieu during fasting (suppressed insulin and elevated counter-regulatory 
hormones) stimulate ketogenesis. Ketones become a major source of fuel for 
the brain when glucose utilization by the brain declines. This leads to a decrease 
in the rate of gluconeogenesis required to maintain plasma glucose concentra-
tion and hence in diminished protein wasting.

Changes During Feeding
After a meal, plasma glucose concentrations increase, which stimulates secre-
tion of insulin from the pancreatic β cells and suppresses secretion of glucagon 
from the pancreatic α cells. This change in the hormonal milieu switches off 
endogenous hepatic glucose production and accelerates glucose utilization 
by liver, muscle, and adipose tissue. Glucose concentration then returns gradu-
ally to the postabsorptive level, at which endogenous glucose production is 
equal to the glucose uptake by peripheral tissues.

Counter-Regulatory Hormonal Responses to Hypoglycemia
Counter-regulatory hormones play a key role in the maintenance of normal 
plasma glucose concentration. During the counter-regulatory hormonal response 
a reduction in the plasma glucose concentration will result in a decrease in 
insulin secretion and an increase in glucagon, epinephrine, norepinephrine, 
cortisol, and growth hormone (GH) secretion. Glucagon secretion increases 
rapidly in response to decreasing plasma glucose level, and studies have shown 
that the glucagon response is the primary essential defense mechanism against 
acute hypoglycemia. GH and cortisol have numerous effects on glucose 
metabolism, including increasing the rate of gluconeogenesis and antagonizing 
the effects of insulin. In adults, the glycemic thresholds for the activation of 
glucose counter-regulatory hormones such as GH and cortisol lie within or 
just below the physiologic plasma glucose concentration and slightly higher 
than the threshold for symptoms. This suggests that GH and cortisol secretion 
increase in response to plasma glucose concentrations within the normogly-
cemic range, and these increases are inversely proportional to the nadir in 
plasma glucose. Figure 217-2 outlines the role of the counter-regulatory 
hormones.

Insulin secretion from β cells of the pancreas in healthy individuals is inhib-
ited as plasma glucose concentration falls below 72 mg/dL (4.0 mmol/L). 
As insulin secretion is reduced, the repressive effect of insulin on pancreatic 
α-cell function is removed, thereby rapidly increasing glucagon secretion. 
Glucagon acts on the liver to increase hepatic glycogenolysis and gluconeo-
genesis. When the plasma glucose concentration falls further (≈68 mg/dL 
[3.8 mmol/L]), epinephrine and norepinephrine are released both from the 
adrenals and directly into interstitial fluid from nerve terminals, further 
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ABSTRACT
Hypoglycemia is one of the most common biochemical abnormalities observed 
in clinical practice. It is a biochemical finding and not a diagnosis. Hypogly-
cemic disorders are more common in neonates, infants, and children as com-
pared to adults. Inappropriately treated hypoglycemia can have severe 
consequences, including seizures, permanent brain injury, or death. In adults 
an insulinoma is the commonest cause of endogenous hyperinsulinemic 
hypoglycemia, and other causes of hypoglycemia are relatively rare. In adults 
Whipple triad is used in the diagnostic approach to hypoglycemic disorders. 
The aim of this chapter is to outline the physiological and biochemical changes 
associated with maintenance of a normal blood glucose level, to describe the 
role of the counter-regulatory hormones, to review the different hypoglycemia 
disorders observed in adults and children, and then finally to discuss the various 
management strategies for different hypoglycemic disorders.
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thresholds for responses to hypoglycemia are reset at a lower plasma glucose 
concentration. The glucose thresholds for the activation of neuroglycopenic 
and autonomic symptoms in children are not as clearly defined as in adults. 
The symptoms and signs of hypoglycemia are not influenced by the rate of 
blood glucose decline in nondiabetic individuals.

Clinical Approach to the Patient with Hypoglycemia
A careful clinical history, description of symptoms, physical examination, and 
a systematic step-by-step approach is the cornerstone of establishing a diag-
nosis. The symptoms of hypoglycemia may be very nonspecific, hence any 
symptomatic child or adult must have the blood glucose level measured and 
documented.

The relationship of a hypoglycemic episode to the most recent meal can 
be important diagnostically. Hypoglycemia occurring after a short fast (2 to 
3 hours) may be suggestive of hyperinsulinism or glycogen storage disease. 
Hypoglycemia occurring after a long fast (12 to 14 hours) may suggest a 
disorder of gluconeogenesis. Postprandial hypoglycemia may indicate galac-
tosemia, hereditary fructose intolerance, dumping syndrome, insulinoma, 
insulin autoimmune syndrome, and noninsulinoma pancreatogenous hypo-
glycemia syndrome. In both children and adults, a clear documentation of 
the medication history is important.

 DIAGNOSIS
After the clinical history has been taken and the examination completed, a 
diagnostic cascade of appropriate tests is necessary. These may be guided 
in the context of the most common causes of hypoglycemia as listed in  
Table 217-1.

The current adult recommendations state that evaluation and management 
of hypoglycemia should only be undertaken in patients in whom Whipple 
triad—symptoms, signs, or both consistent with hypoglycemia, a low plasma 
glucose concentration, and resolution of those symptoms or signs after the 
plasma glucose concentration is raised—is documented. However, this does 
not apply to children for the reasons discussed earlier.

Causes of Hypoglycemia
Hypoglycemia is more common in the childhood period than in adults and 
can be due to a large number of causes. Table 217-1 summarizes the differential 
diagnosis of hypoglycemia.

Hypoglycemia Due to Excess Production of Hormones
Inappropriate and excess production of certain hormones can lead to hypo-
glycemia. The two most common conditions associated with excess production 
of a hormone are hyperinsulinemic hypoglycemia and non–islet cell tumor 
hypoglycemia or IGF-2-oma (insulin-like growth factor–secreting tumor). 

(1) those that arise as a result of the central nervous system being deprived 
of glucose (neuroglycopenic) and (2) symptoms arising from the perception 
of physiologic changes caused by the central nervous system–mediated 
sympatho-adrenal discharge triggered by hypoglycemia (neurogenic or auto-
nomic). The neurogenic symptoms of hypoglycemia are largely the result of 
sympathetic neural, rather than adrenomedullary, activation.

Neuroglycopenic symptoms (e.g., dizziness, confusion, tiredness, difficulty 
with speaking, headache, inability to concentrate, coma, and seizures) arise 
from the failure of brain function itself and are caused by deficient supply of 
glucose to the brain. Neurogenic symptoms include both adrenergic responses 
(catecholamine-mediated symptoms such as palpitations, tremor, and anxiety) 
and cholinergic responses (acetylcholine-mediated symptoms such as sweat-
ing, hunger, paresthesias). Awareness of hypoglycemia chiefly depends on 
perception of the central and peripheral effects of neurogenic (as opposed to 
neuroglycopenic) responses to hypoglycemia.

In nondiabetic adults during acute insulin-induced hypoglycemia, autonomic 
symptoms become apparent at a threshold of approximately 60 mg/dL 
(3.3 mmol/L), and impairment of brain function manifested by neuroglyco-
penic symptoms occurs at a threshold of approximately 50 mg/dL (2.8 mmol/L) 
in arterialized venous blood (venous levels would be ≈3 mg/dL [0.16 mmol/L] 
less). However, in patients with recurrent hypoglycemia, the glycemic 

suppressing insulin secretion, increasing glucagon secretion, and decreasing 
peripheral glucose utilization in the muscle and increasing lipolysis in the 
adipose tissues.

Additional responses include GH and cortisol secretion, which occur below 
a plasma glucose concentration of around 66 mg/dL (≈3.7 mmol/L) and are 
initiators of the adaptive response to hypoglycemia (e.g., during prolonged 
starvation); glucose-raising actions are much slower in onset (several hours). 
These hormone responses stimulate lipolysis, ketogenesis, and gluconeogenesis. 
Permissive amounts of cortisol and GH are required for a normal hepatic 
response to glucagon and epinephrine. In healthy individuals, this system 
ensures that hypoglycemia is rarely experienced and would only occur during 
starvation or ultra-endurance sports. Drugs or diseases that inhibit counter-
regulatory secretion or action predispose patients to hypoglycemia.

 CLINICAL MANIFESTATIONS
Symptoms of Hypoglycemia
The symptoms of hypoglycemia reflect the responses of the brain to a decrease 
in the blood glucose level; such symptoms may be nonspecific and vague, 
especially in the childhood period. Children and those with impaired con-
sciousness may not be able to communicate their hypoglycemic symptoms. 
The symptoms of hypoglycemia may be categorized into two main groups: 
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FIGURE 217-1. outline of the biochemical pathways involved in glucose physiology. 
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Activation of counter-regulation depends on effective detection of falling 
plasma glucose levels. This is achieved by the complex integration of various 
glucose-sensing systems in both the periphery and central nervous system. 
Fluctuations in peripheral glucose levels are detected by glucose-sensing neurons 
in the oral cavity, gut, portal/mesenteric vein (PMV), and carotid body. PMV 
neurons detect changes in blood glucose prior to entry into the liver from the 
gut. This information is then relayed through the vagus nerve and spinal cord 
to the hindbrain and then to the hypothalamus. In addition, the hypothalamus, 
because of its location adjacent to the third ventricle and median eminence, 
may sample factors from peripheral circulation, including glucose, as well as 
hormones such as insulin and leptin. Although a complex network of glucose 
sensors has been described in the central nervous system and peripherally, 
the brain appears to have the dominant role during hypoglycemia and, specifi-
cally, the ventromedial region of the hypothalamus (VMH). VMH neurons 
contain the same glucose-sensing mechanisms (e.g., glucokinase, ATP-sensitive 
K+ channels) as found in pancreatic β cells.
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thresholds for responses to hypoglycemia are reset at a lower plasma glucose 
concentration. The glucose thresholds for the activation of neuroglycopenic 
and autonomic symptoms in children are not as clearly defined as in adults. 
The symptoms and signs of hypoglycemia are not influenced by the rate of 
blood glucose decline in nondiabetic individuals.

Clinical Approach to the Patient with Hypoglycemia
A careful clinical history, description of symptoms, physical examination, and 
a systematic step-by-step approach is the cornerstone of establishing a diag-
nosis. The symptoms of hypoglycemia may be very nonspecific, hence any 
symptomatic child or adult must have the blood glucose level measured and 
documented.

The relationship of a hypoglycemic episode to the most recent meal can 
be important diagnostically. Hypoglycemia occurring after a short fast (2 to 
3 hours) may be suggestive of hyperinsulinism or glycogen storage disease. 
Hypoglycemia occurring after a long fast (12 to 14 hours) may suggest a 
disorder of gluconeogenesis. Postprandial hypoglycemia may indicate galac-
tosemia, hereditary fructose intolerance, dumping syndrome, insulinoma, 
insulin autoimmune syndrome, and noninsulinoma pancreatogenous hypo-
glycemia syndrome. In both children and adults, a clear documentation of 
the medication history is important.

 DIAGNOSIS
After the clinical history has been taken and the examination completed, a 
diagnostic cascade of appropriate tests is necessary. These may be guided 
in the context of the most common causes of hypoglycemia as listed in  
Table 217-1.

The current adult recommendations state that evaluation and management 
of hypoglycemia should only be undertaken in patients in whom Whipple 
triad—symptoms, signs, or both consistent with hypoglycemia, a low plasma 
glucose concentration, and resolution of those symptoms or signs after the 
plasma glucose concentration is raised—is documented. However, this does 
not apply to children for the reasons discussed earlier.

Causes of Hypoglycemia
Hypoglycemia is more common in the childhood period than in adults and 
can be due to a large number of causes. Table 217-1 summarizes the differential 
diagnosis of hypoglycemia.

Hypoglycemia Due to Excess Production of Hormones
Inappropriate and excess production of certain hormones can lead to hypo-
glycemia. The two most common conditions associated with excess production 
of a hormone are hyperinsulinemic hypoglycemia and non–islet cell tumor 
hypoglycemia or IGF-2-oma (insulin-like growth factor–secreting tumor). 
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FIGURE 217-2. the role of the counter-regulatory hormones, glycogenolysis, gluco-
neogenesis, and lipolysis in glucose physiology. 

TABLE 217-1 DIFFERENTIAL DIAGNOSIS  
OF HYPOGLYCEMIA*

HYPERINSULINEMIC HYPOGLYCEMIA (INCLUDING POSTPRANDIAL)

Transient: infant of diabetic mother, perinatal asphyxia, Rhesus disease, intrauterine 
growth retardation, Beckwith-Wiedemann syndrome

Congenital: ABCC8, KCNJ11, GCK, GDH, HADH, HNF4A, HNF1A, SLC16A1, 
UCP2, HK-1, PGM-1

Dumping syndrome
Insulin receptor mutations and antibodies
Hypoketotic hypoinsulinemic hypoglycemia with overgrowth
Activating mutations in AKT2, AKT3 and PIK3CA
Insulinoma
Noninsulinoma pancreatogenous hypoglycemia (adults)
Gastric bypass surgery for morbid obesity
Non–islet cell tumor hypoglycemia or IGF-2-oma
Insulin autoimmune syndrome
Insulin factitious hypoglycemia

HORMONAL DEFICIENCY/RESISTANCE

Adrenocorticotropic hormone
Cortisol
Growth hormone
Glucagon†

Adrenaline†

DEFECTS IN HEPATIC GLYCOGEN RELEASE/STORAGE

Glycogen storage diseases: glucose-6-phosphatase deficiency, amylo-1,6-
glucosidase deficiency, liver phosphorylase deficiency, glycogen storage disease 
type 0

DEFECTS IN GLUCONEOGENESIS

Fructose-1,6-bisphosphatase deficiency, phosphoenolpyruvate carboxykinase 
deficiency, pyruvate carboxylase deficiency

CARNITINE METABOLISM

Carnitine deficiency (primary and secondary)
Carnitine palmitoyltransferase deficiency (CPT 1 and 2)
Carnitine transporter defects
FATTY ACID OXIDATION

Medium-chain acyl-CoA dehydrogenase (MCAD) deficiency
Very long-chain acyl-CoA dehydrogenase (VLCAD) deficiency
Short-chain acyl-CoA dehydrogenase (SCAD) deficiency
Long/short-chain L-3-hydroxyacyl-CoA (L/SCHAD) deficiency
DEFECTS IN KETONE BODY SYNTHESIS/UTILIZATION

HMG-CoA synthase deficiency, HMG-CoA lyase deficiency
Succinyl-CoA: 3-oxoacid-CoA transferase (SCOT) deficiency
METABOLIC CONDITIONS (COMMON ONES)

Organic acidemias (propionic, methylmalonic)
Maple syrup urine disease, galactosemia, fructosemia, tyrosinemia
Hereditary fructose intolerance
Mitochondrial respiratory chain complex deficiencies
Congenital disorders of glycosylation (CDG)
DRUG INDUCED

Oral hypoglycemic agents
Insulin
β-Blockers
Salicylates
Alcohol
Quinine
Haloperidol
Pentamidine
Levofloxacin
Methadone
Disopyramide
Indomethacin
Cibenzoline
Gatifloxacin
TOXIN INDUCED

Lychee fruit
MISCELLANEOUS CAUSES (MECHANISM[S] NOT CLEAR)

Idiopathic ketotic hypoglycemia (diagnosis of exclusion)
Infections (sepsis, malaria), congenital heart disease
*Boldface indicates more common in adults.
†No human case yet reported with glucagon or adrenaline deficiency.
HMG = 3-hydroxy-3-methylglutaryl; IGF = insulin-like growth factor.
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extremely uncommon in Western countries. Insulin autoimmune syndrome 
affects men and women equally and is seen more frequently in patients older 
than 40 years. The binding kinetics of endogenous insulin by the antibodies are 
thought to lead to physiologically inappropriate levels of bioavailable insulin, 
causing either hyper- or hypoglycemia.

In this syndrome, the insulin levels are markedly elevated, usually above 
100 mU/L. After a meal or glucose load, these patients often demonstrate 
initial hyperglycemia, followed by hypoglycemia a few hours later. The hyper-
glycemia is caused by the anti-insulin antibodies that bind the insulin secreted 
in response to rising blood glucose levels after a meal. This binding reduces 
the bioavailability of the secreted insulin to the receptors in the liver and 
peripheral tissues, resulting in hyperglycemia and further insulin secretion. 
As blood glucose concentrations begin to decrease and insulin secretion 
declines, the insulin bound to the antibodies is released, resulting in inap-
propriately high free insulin concentrations for the blood glucose, causing  
hypoglycemia.

postprandial hyperinsulinemic hypoglycemia in 
patients with insulin-receptor mutations. Postprandial 
hyperinsulinemic hypoglycemia has been described in patients who carried 
a heterozygote mutation (Arg1174Gln) in the insulin-receptor gene. Hyper-
insulinism seems to be associated with decreased degradation rather than 
increased secretion of insulin, as evidenced by increased fasting levels of serum 
insulin despite normal levels of serum C-peptide and reduced clearance of 
exogenous insulin during clamp studies.

postprandial hyperinsulinemic hypoglycemia 
after gastric bypass surgery. The increasing use of Roux-
en-Y gastric bypass for extreme obesity (Chapter 207) has led to reports of 
postprandial hyperinsulinemic hypoglycemia.7 This is independently asso-
ciated with lower age, greater weight loss, as well as higher β-cell function 
and insulin sensitivity but not with β-cell mass. In a review of the Swedish 
Bariatric Surgery registry, the incidence of hospitalization for hypoglycemia 
in post–gastric bypass patients was reported as less than 1%.

A number of different explanations have been suggested to explain hypo-
glycemia following gastric bypass surgery. Pancreatic nesidioblastosis (islet 
cell enlargement, β cells budding from ductal epithelium, and islets in apposi-
tion to ducts) has been proposed as the underlying mechanism for this disorder, 
but this remains controversial. The hypoglycemia may be due to an effect on 
the enteroinsular axis induced by the diversion of nutrients into the small 
intestine.

The enhanced postprandial insulin secretion involves increased secretion 
of glucagon like peptide 1 (GLP-1), and glucose-dependent insulinotropic 
polypeptide (GIP) GLP-1 levels are increased two- to five-fold after gastric 
bypass. The elevations of incretins tend to be seen early, even as early as 2 
days after gastric bypass, and levels may decline as substantial weight loss and 
normalization of insulin sensitivity occurs. In patients with postprandial hyper-
insulinemic hypoglycemia, elevated levels of GIP and GLP-1 persist for years 
after surgery.

Increased postprandial insulin secretion by incretins is mediated by islet 
cell hypertrophy and hyperplasia. Both GIP and GLP-1 have been implicated 
in increasing pancreatic β-cell mass in rodent models. GLP-1 regulates islet 
growth by inducing the expression of the transcription factor pancreatic-
duodenum homeobox-1 (PDX-1).

Overexpression of IGF-2 and IGF-1 receptor alpha (IGF1Rα) have been 
found in pancreatic tissue removed from patients with persistent postprandial 
hyperinsulinemic hypoglycemia after gastric bypass surgery as compared to 
controls. These findings are suggestive of the role of growth factors in islet 
hyperfunction seen in post–gastric bypass patients.

noninsulinoma pancreatogenous hypoglycemia 
syndrome. Noninsulinoma pancreatogenous hypoglycemia syndrome 
(NIPHS) is characterized by postprandial neuroglycopenia in the presence of 
negative prolonged fasting tests and negative perioperative localization studies 
for insulinoma.8 However, in some patients the selective arterial calcium stimu-
lation test is positive, with the histology of the resected pancreas showing 
nesidioblastosis. The underlying genetic basis of NIPHS is not known.

These patients are negative for ABCC8/KCNJ11 mutations and show islet 
hypertrophy histologically (as observed in diffuse congenital hyperinsulinemic 
hypoglycemia).

Immunohistologic studies of the resected pancreatic tissue have failed to 
show an increased rate of proliferation of β cells or abnormal synthesis or 
processing of either proinsulin or amylin. Neither has there been any evidence 
of overexpression of pancreatic differentiation factors, PDX-1, and Nkx-6.1, 
nor the calcium-sensing receptor (CaSR).

Inappropriate production of insulin can lead to either fasting hypoglycemia 
or postprandial hypoglycemia.

Hyperinsulinemic Hypoglycemia
Hyperinsulinemic hypoglycemia is a heterogeneous group of disorders char-
acterized by unregulated insulin secretion from pancreatic β cells. In the face 
of hypoglycemia, patients have inappropriately detectable serum insulin levels, 
low ketone bodies, and low fatty acids and show a glycemic response to 
glucagon.

Congenital Forms of Hyperinsulinemic Hypoglycemia
In patients with congenital forms of hyperinsulinemic hypoglycemia, muta-
tions in the key genes (ABCC8, KCNJ11, GLUD1, GCK, HADH, SLC16A1, 
HNF4A, HNF1A, HK-1, PGM-1 and UCP2) regulating insulin secretion have 
been identified.3 Children with inactivating mutations in the genes ABCC8 
and KCNJ11 present with the most severe forms of congenital hyperinsulin-
emic hypoglycemia, typically in the newborn period. Hyperinsulinism-
hyperammonemia syndrome due to activating mutations in the GLUD1 gene 
and activating mutations in the GCK gene, leading to hyperinsulinemic 
hypoglycemia, have both been described in adults as well as children. Exercise-
induced hyperinsulinemic hypoglycemia due to activating mutations in the 
SLC16A1 gene has also been recognized in adults.

Hypoketotic Hypoinsulinemic Hypoglycemia with Overgrowth
Activating mutations in the genes encoding AKT2, AKT3 and PIK3CA lead 
to autonomous activation of the insulin signaling pathway but no detectable 
insulin in the blood. These conditions are associated with various overgrowth 
manifestations and biochemically with hypoketotic hypoglycemia.4

Insulinoma
An insulinoma is the commonest cause of endogenous hyperinsulinemic 
hypoglycemia in adults. Insulinomas have the highest incidence in the fifth 
and sixth decades.5 Insulinomas are insulin-secreting tumors of pancreatic 
origin, with an incidence of 1 to 4 per million. The majority (90%) of them 
are benign, solitary, intrapancreatic, and less than 2 cm in diameter. Classi-
cally, symptoms become evident in the fasting state or following exercise. 
However, it is now known that insulinoma can also present with postprandial 
symptoms. Diagnosis is based on findings of abnormal serum levels of insulin 
and C-peptide (also proinsulin) at the time of fasting hypoglycemia. An insu-
linoma can occur either in isolation or in association with multiple endocrine 
neoplasia type 1 (MEN 1), with a lifetime prevalence of 10% among adults 
carrying mutations in MEN1 (Chapter 218). Around 6% of insulinomas occur 
in patients with MEN 1, and most insulinomas are benign, but 5 to 10% 
are malignant. Recurrent somatic mutations in the YY1 gene occur in some 
sporadic insulinomas, and some insulinomas show increased expression of  
hexokinase-1.

Postprandial Hyperinsulinemic Hypoglycemia
Postprandial hyperinsulinemic hypoglycemia refers to hypoglycemia within 
a few hours of meal ingestion, secondary to inappropriate insulin secretion 
in response to a meal. If postprandial hyperinsulinemic hypoglycemia is clini-
cally suspected, then an oral glucose tolerance test (OGTT) or a mixed-meal 
provocation test is performed. (See later in section “Investigations for Hypo-
glycemia.”) A physiologic dip in the blood glucose level seen in OGTT might 
lead to misdiagnosis. However, corresponding biochemical evidence of endog-
enous hyperinsulinemic hypoglycemia and symptoms of neuroglycopenia 
during a hypoglycemic episode would help distinguish between pathologic 
postprandial hyperinsulinemic hypoglycemia and reactive hypoglycemia. A 
decrease of more than 108 mg/dL (6 mmol/L) between peak and nadir blood 
glucose during OGTT has been used as a diagnostic criterion for dumping 
syndrome in adults.

dumping syndrome. Dumping syndrome seen in infants after 
Nissen fundoplication is a classic example of postprandial hyperinsulinemic 
hypoglycemia. Precipitous emptying of hyperosmolar carbohydrate-containing 
solutions into the small bowel results in rapid glucose absorption, hyperglycemia, 
and reactive hypoglycemia. These children also tend to have abnormally exag-
gerated secretion of glucagon-like peptide-1 (GLP-1), which may contribute 
to the exaggerated insulin surge and resultant hypoglycemia.

insulin autoimmune syndrome. Insulin autoimmune syn-
drome, or Hirata disease, is a rare condition characterized by hyperinsulin-
emic hypoglycemia associated with high titers of antibodies to endogenous 
insulin in the absence of prior exposure to exogenous insulin.6 The disease is 
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normoglycemia during fasting. Inborn deficiencies are known in each of the four 
enzymes of the glycolytic-gluconeogenic pathway that ensure a unidirectional 
flux from pyruvate to glucose: pyruvate carboxylase, phosphoenolpyruvate 
carboxykinase (PEPCK), fructose-1,6-bisphosphatase, and glucose-6-phos-
phatase. Gluconeogenesis can essentially be viewed as a reversal of glycolysis 
but with a few important differences. Patients with defects in gluconeogenesis 
present with fasting hypoglycemia and lactic acidosis. Pyruvate carboxylase 
deficiency may lead to a more widespread clinical presentation, with lactic 
acidosis, severe mental and developmental retardation, and proximal renal  
tubular acidosis.

Hypoglycemia Due to Disorders of Carnitine Metabolism and 
Defects of Fatty Acid Oxidation
Serious clinical consequences may occur if fatty acid oxidation (FAO) is 
impaired, including hypoglycemic seizures, muscle damage, cardiomyopathy, 
metabolic acidosis, and liver dysfunction. Fatty acids are taken up by hepato-
cytes and muscle, where they are subsequently activated to their coenzyme 
A (CoA) esters. FAO disorders are individually rare, but they are collectively 
common because of the number of different enzymes affected. When defects 
occur in fatty acid degradation, excess acylcarnitine intermediates accumulate 
in the tissues, including heart, liver, and skeletal muscle, which can lead to 
organ dysfunction. The diversion of acyl-CoA intermediates into β-oxidation 
results in accumulation of toxic dicarboxylic acids. Acylcarnitines that spill 
into the blood provide a marker for diagnosis.

Primary carnitine deficiency is an autosomal recessive disorder of fatty acid 
oxidation that can present at different ages with hypoketotic hypoglycemia 
and cardiomyopathy or skeletal myopathy (Chapter 194). This disease is sus-
pected based on reduced levels of carnitine in plasma and confirmed by mea-
surement of carnitine transport in the patient’s fibroblasts. Carnitine transport 
is markedly reduced (usually <5% of normal) in fibroblasts from patients with 
primary carnitine deficiency. Patients with the hepatic isoform of carnitine 
palmityltransferase (CPT)-1 deficiency present with hypoketotic hypoglycemia 
in the neonatal period.

The commonest disorder of fatty acid β-oxidation is medium-chain acyl-
CoA dehydrogenase (MCAD) deficiency, an autosomal recessive disease 
presenting in children who are typically asymptomatic except during times 
of fasting and metabolic stress, usually associated with a viral illness, when 
they present with fasting nonketotic hypoglycemia; if undiagnosed, 20 to 25% 
of affected patients will die during the first episode.

Metabolic Diseases
Hypoglycemia can also be due to a number of metabolic conditions (Chapter 
194), including galactosemia, fructosemia, tyrosinemia, organic acidemias, 
maple syrup urine disease, glutaric aciduria type II, and in mitochondrial 
respiratory chain defects. Hereditary fructose intolerance, caused by catalytic 
deficiency of aldolase B (fructose-1,6-phosphate aldolase), is a recessively 
inherited condition in which affected homozygotes develop hypoglycemia 
and severe abdominal symptoms after taking foods containing fructose and 
cognate sugars. Continued ingestion of noxious sugars leads to hepatic and 
renal injury and growth retardation.

Noninsulinoma Islet Cell Tumors
Islet cell tumors present an important challenge to the clinician because of 
their protean manifestations and potential lethality. These tumors can be clini-
cally silent or active (functioning). Early diagnosis is essential and depends 
on recognition of the classic and variant clinical syndromes followed by con-
firmation of elevated peptide levels by radioimmunoassay.10 Glucagonoma, 
gastrinoma, VIPoma (VIP = vasoactive intestinal peptide), somatostatinoma, 
and ACTHoma are functioning tumors that may occur in isolation but can 
also be part of MEN 1 syndrome (Chapter 218) and von Hippel-Lindau 
disease (Chapter 389).

Tumor marker measurement gives useful information for the follow-up and 
management of patients with noninsulinoma islet cell tumors (neuroendocrine 
tumors). The currently used tumor markers are neuron-specific enolase (NSE) 
and chromogranin A (CgA). The clinical accuracy of these biomarkers depends 
on histotype and disease extent. CgA is thought to be the optimal marker for 
most neuroendocrine tumors, because it is independent of the biologic char-
acteristics of the tumor.

Glucagonoma
Glucagonomas are α-cell tumors that, when they are active, produce a syn-
drome characterized by necrolytic migratory erythema, diabetes mellitus, 

Insulin Factitious Hypoglycemia
Hypoglycemia can also be induced pharmacologically, either intentionally as 
a diagnostic tool, accidentally as a complication of the treatment of diabetes 
mellitus, or as a consequence of poisoning either with insulin itself or with 
drugs (e.g., sulfonylureas) that stimulate insulin release. Whenever severe 
hypoglycemia occurs with documented hyperinsulinism, the possibility of 
Munchausen syndrome by proxy should be considered in children. The pos-
sibility of malicious administration of insulin or an oral sulfonylurea should 
always be suspected in cases of sudden onset of hypoglycemia in a previously 
healthy individual. In the case of insulin administration, the clue in the bio-
chemistry will be a raised insulin level accompanied by normal C-peptide.

Non–Islet Cell Tumor Hypoglycemia, or IGF-2-oma
Non–islet cell tumor hypoglycemia, or IGF-2-oma, denotes the syndrome of 
hypoglycemia produced by or associated with any neoplasm other than an 
insulinoma. These are usually tumors of mesenchymal and epithelial origin 
(including hepatomas, fibromas, and fibrosarcomas). The underlying mecha-
nism of hypoglycemia in nearly all patients with this syndrome is overproduc-
tion of IGF-2 by the tumor, which includes mature IGF-2 and incompletely 
processed forms of IGF-2, referred to collectively as “big” IGF-2.9 The elevated 
IGF-2–related peptides mimic the fasting hypoglycemia characteristic of patients 
with insulin-producing islet cell tumors. Rarely, markedly elevated IGF-2 levels 
produce somatic changes suggestive of acromegaly. Typically, the elevated 
IGF-2 levels are associated with suppressed plasma levels of insulin, IGF-1, 
and GH. Hypoglycemia can also occur due to paraneoplastic secretion of 
insulin-like growth factor-I (IGF-1).

Hypoglycemia Due to Hormone Deficiency
Glucagon and adrenaline deficiency must be extremely rare as, to date, no 
true human, genetically proven defects in glucagon and adrenaline deficiency 
have been described. Hormonal deficiency might be either in isolation (e.g., 
isolated GH, adrenocorticotropic hormone [ACTH], or cortisol deficiency) 
or in combination with other hormones, such as in patients with hypopitu-
itarism. GH and cortisol deficiency lead to hypoglycemia by reducing gluco-
neogenic substrate availability (decreased mobilization of fats and proteins) 
and increasing glucose utilization due to increased insulin sensitivity of tissues 
in the absence of these two hormones.

Acquired hypopituitarism may result from tumors (most commonly cra-
niopharyngioma), radiation, infection, hydrocephalus, vascular anomalies, and 
trauma. Addison disease (AD) results from adrenal cortex hypofunction/
dysfunction, with deficient production of glucocorticoids, mineralocorticoids, 
and androgens, and with high levels of both ACTH and plasma renin activity 
(Chapter 214). Autoimmune AD is the most frequent etiologic form in adult 
patients, accounting for about 80% of cases, followed by post-tuberculosis 
AD in 10 to 15%; the remaining 5% of cases are due to vascular, neoplastic, 
or rare genetic forms.

The markers of autoimmune AD are adrenal cortex (ACA) or 21-hydroxylase 
autoantibodies (21-OHAbs), and they are present at diagnosis in more than 
90% of cases. In autoimmune AD, the adrenal cortex is infiltrated by lympho-
cytes and plasma cells, and the glands are sclerotic and reduced in volume. 
Autoimmune AD occurs mainly in middle-aged women, alone or associated 
with other (clinical, subclinical, or potential) autoimmune diseases, giving 
rise to various forms of autoimmune polyglandular syndrome. Replacement 
therapy with gluco- and mineralocorticoids is life-saving for patients with 
chronic adrenal insufficiency.

Hypoglycemia Due to Defects in Hepatic Glycogen  
Release/Storage
Glucose-6-phosphatase deficiency (glycogen storage disease [GSD] type I, 
Von Gierke disease) is the commonest of the glycogen storage diseases causing 
hypoglycemia (Chapter 196). Deficiency of this enzyme results in the inability 
to release free glucose from glucose-6-phosphate, with resultant hepatomegaly 
due to stored glycogen. These children and adults present with recurrent 
hypoglycemia associated with lactic acidosis, hyperuricemia, and hyperlipid-
emia. The two other glycogen storage diseases causing hypoglycemia are due 
to deficiencies of the enzymes amylo-1,6-glucosidase (GSD type III) and liver 
phosphorylase (GSD type VI). The clinical and biochemical features of GSD-III 
subjects are quite heterogeneous.

Hypoglycemia Due to Defects in Gluconeogenesis
Gluconeogenesis, or the formation of glucose from mainly lactate/pyruvate, 
glycerol, glutamine, and alanine, plays an essential role in the maintenance of 
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concurrent hormone concentrations. However, this is not always possible, 
and patients may require further tests (e.g., fasting, mixed-meal, or provoca-
tion testing) to unravel the cause of the hypoglycemia. The various tests used 
for eliciting hypoglycemia in adults and children are described next. Table 
217-2 shows the routine baseline investigations that should be performed in 
children and adults presenting with hypoglycemia.

Fasting Tests
Controlled fasting tests are important procedures for eliciting the cause of 
hypoglycemia in both children and adults. In adults it is recommended that 
a prolonged supervised (72-hour) fast be conducted in a standardized fashion 
(Table 217-3). During the fast, if patients have any signs or symptoms of 
hypoglycemia, with a documented low blood glucose level, the fast should 
be terminated. It is currently recommended that the fast not be prolonged 
beyond 72 hours if patients do not have any symptoms or signs of hypoglycemia 
and no documentation of low blood glucose. Monitoring for symptoms or 
signs of hypoglycemia during the fast is essential because patients may experi-
ence some symptoms but have serum glucose levels higher than the hypogly-
cemic range. In some healthy women (thin and lean) and men, blood glucose 
levels may drop to 40 mg/dL (2.2 mmol/L) during prolonged fasting. Some 
patients have lower glycemic thresholds without symptoms or signs of 
hypoglycemia.

In an adult patient where Whipple triad has been demonstrated, the 72-hour 
fast may be terminated if the plasma glucose concentration is 55 mg/dL 
(3 mmol/L) or less. The interpretation of serum insulin, C-peptide, and pro-
insulin during the 72-hour fast will depend on the concurrent plasma glucose 
concentration. Pancreatic β-cell insulin secretion becomes undetectable in 
healthy persons when the plasma glucose concentration is down to 55 mg/
dL (3 mmol/L). Most patients with an insulinoma become hypoglycemic 
before 72 hours. However, continuation of the fast to 72 hours is necessary 
to rule out the likelihood of organic hypoglycemia.

Hyperinsulinemic hypoglycemia in adults is characterized by plasma insulin 
concentrations of 3 µU/mL or greater (C-peptide of 200 pmol/L or more 

weight loss, anemia, glossitis, thromboembolism, neuropsychiatric disturbances, 
and hyperglucagonemia. Tumor characterization is made by computed tomog-
raphy (CT) and/or pancreatic endoscopic ultrasonic and indium-labeled 
octreoscan. The diagnosis is established by documenting the presence of 
hyperglucagonemia, with diagnostic levels being generally above 500 pg/mL 
(normal, <120). It is important to remember that other diseases can also cause 
hyperglucagonemia, including cirrhosis, pancreatitis, diabetes mellitus, pro-
longed fasting, sepsis, burns, renal failure, acromegaly, and familial hyperglu-
cagonemia. Surgery is the main component of treatment, in some cases in 
association with chemotherapy.

Gastrinoma
Gastrinomas are uncommon tumors of the endocrine system, occurring within 
the pancreas and duodenum. Overproduction of the hormone gastrin by these 
tumors produces a sustained increase in gastric acid secretion, leading to 
complications of peptic ulceration known as the Zollinger-Ellison syndrome 
(ZES). Gastrinomas can occur sporadically or in a familial pattern as a com-
ponent of the MEN 1 syndrome. Gastrinomas have the potential to metastasize 
to regional lymph nodes, the liver, and other distant sites.

VIPoma
VIPoma is very rare, with 80% of these tumors originating from the pancreas, 
mostly in the tail. The majority of cases are sporadic. About 50 to 60% of 
cases have metastasized by the time the diagnosis is made. Most patients have 
secretory watery diarrhea, resulting in electrolyte disturbances, such as hypo-
kalemia, hypophosphatemia, hypomagnesemia, and metabolic acidosis (Verner-
Morrison syndrome, pancreatic cholera, WDHA syndrome). Hypochlorhydria 
or achlorhydria occurs in 75% of cases, owing to the inhibition of gastric acid 
production by VIP. Hyperchloremic acidosis can also occur as a result of low 
bicarbonate levels from severe intestinal loss. Occasionally, hypercalcemia, 
glucose intolerance, and hypotension may be present. The VIP level is elevated 
in almost all cases, but it can also be normal between episodes of diarrhea.

Somatostatinoma
Somatostatinomas are rare neuroendocrine tumors with an incidence of 1 in 
40 million. These unusual tumors arise predominantly in the pancreas and 
peripancreatic duodenum, and patients often present with nonspecific symp-
toms. Rarely, patients present with somatostatinoma syndrome (diabetes, 
gallstones, and steatorrhea) when the tumor is secretory.

Drug and Toxin-Induced Hypoglycemia
A number of drugs have been linked to hypoglycemia (see Table 217-1). 
Mechanisms vary, and, except for insulin and oral hypoglycemic agents, the 
risks in any individual are very low.

The white-fleshed lychee berry has been implicated as the cause of large-
scale, severe hypoglycemia in the Bihar state of India. The likely cause is a 
lychee toxin that is known to cause hypoglycemia in rats. Similar illnesses 
have been reported in lychee-growing regions of Bangladesh and Vietnam.11

Investigations for Hypoglycemia
From the clinical history, description of symptoms, and physical examination, 
there might be important clues to the underlying cause of hypoglycemia, and 
the investigations can then be tailored to the particular cause. However, in 
some cases the clinical history and physical examination may not provide any 
clues, and in these cases the patient will need to be investigated more 
extensively.

Reagent strips in combination with a reflectance meter are the most common 
method of measuring bedside blood glucose levels. However, it is important 
to remember that these should be used only as a guide (they can be inaccurate), 
and the blood glucose concentration should always be checked in the labora-
tory. Whole-blood glucose is approximately 15% lower than serum glucose 
levels because of the lower glucose content and intracellular water content of 
the red cells. Glucose concentrations in venous blood are 10% lower than 
arterial blood. The blood sample for glucose measurement should be collected 
in a fluoride container to inhibit glycolysis. It should also be analyzed imme-
diately because, even in the presence of fluoride, the blood glucose concentra-
tion will decrease over time.

In an ideal situation, the blood glucose level should be measured at the 
time of a spontaneous episode of hypoglycemia, and samples for plasma glucose, 
insulin, C-peptide, proinsulin, and β-hydroxybutyrate concentrations and 
toxicology screen for oral hypoglycemic agents taken. The blood glucose must 
be considered in the context of the whole fuel economy and in the light of 

TABLE 217-2 ROUTINE BASELINE INVESTIGATIONS IN 
PATIENTS WITH SUSPECTED HYPOGLYCEMIA

BLOOD URINE
Glucose Ketones
Insulin Reducing substances
Cortisol Organic acids
Lactate
Growth hormone
Nonesterified fatty acids
3β-Hydroxybutyrate
Carnitine (free and total)
Blood spot acylcarnitine
Ammonia

TABLE 217-3 PROTOCOL FOR 72-HOUR FAST IN ADULTS
1. Start the fast from the last ingestion of a meal. Stop all medications that might 

interfere with test.
2. The patient can drink water during the test.
3. The patient must be active during waking hours.
4. Measure plasma glucose, insulin, C-peptide, and β-hydroxybutyrate (on the same 

venipuncture specimen) every 6 hours until plasma glucose reaches 60 mg/dL 
(3.3 mM). Then measure every 1 to 2 hours.

5. End the fast when the plasma glucose is 45 mg/dL (2.5 mM) and the patient has 
symptoms or signs of hypoglycemia, or plasma glucose is 55 mg/dL if Whipple 
triad had been demonstrated previously.

6. At the end of the fast, measure plasma glucose, insulin, C-peptide, 
β-hydroxybutyrate, and sulfonylurea (on the same venipuncture specimen). Then 
inject glucagon, 1 mg intravenously, and measure plasma glucose every 10 
minutes three times. Once the fast is completed, allow the patient to eat normally.

Adapted from Cryer PE, Axelrod L, Grossman AB, et al. Evaluation and management of adult 
hypoglycemic disorders: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 
2009;94:709-728.
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Hypoglycemia due to IAS typically occurs in the fasting period but can occur 
postprandially as well.

Radiologic Investigations
Noninvasive imaging procedures such as CT and magnetic resonance imaging 
(MRI) are used when a diagnosis of insulinoma has been made to localize 
the source of pathologic insulin secretion. Invasive modalities, such as endo-
scopic ultrasonography (EUS) and arterial stimulation venous sampling (ASVS), 
are highly accurate in the preoperative localization of insulinomas and have 
frequently been shown to be superior to noninvasive localization techniques. 
Intraoperative manual palpation of the pancreas by an experienced surgeon 
and intraoperative ultrasonography are both sensitive methods with which 
to finalize the location of insulinomas.

The sensitivity of transabdominal ultrasonography in the localization of 
insulinomas is poor (ranging from 9% to 64%). However, insulinomas dem-
onstrate characteristic features when imaged with both CT and MRI, and  
the sensitivity of these techniques is 33 to 64% and 40 to 90%, respectively. 
The sensitivity and specificity of MRI is generally superior to that of CT, as 
is the detection of extrapancreatic extensions. Insulinomas generally demon-
strate low signal intensity on T1-weighted images and high signal intensity 
on T2-weighted images.

Invasive modalities such as EUS and ASVS have been shown to be highly 
accurate in the preoperative localization of insulinomas and have frequently 
been shown to be superior to noninvasive localization techniques. EUS is 
currently the test of choice in most Western centers, with reported detection 
rates of 86.6 to 92.3%.

ASVS has greatly facilitated the precise regionalization of insulinomas smaller 
than 2 cm, which noninvasive techniques like ultrasonography, CT, and MRI 
often fail to localize. This test requires access to intra-abdominal vessels, includ-
ing the right hepatic vein, splenic artery, gastroduodenal artery, and superior 
mesenteric artery. A two- to three-fold increase in insulin concentration in 
the right hepatic vein in response to calcium injection into one or more of 
the arteries supplying the pancreas suggests that the region served by that 
artery may harbor abnormally functioning β cells, whether from insulinoma 
or islet hypertrophy or nesidioblastosis. Calcium injection will stimulate a 
brisk response of insulin, C-peptide, and proinsulin simultaneously, and the 
magnitude of increase of both insulin and C-peptide appears to be correlated 
well with the degree of differentiation of the tumor cells.

Insulinomas have been shown to express GLP-1R in high density, and 
GLP-1R imaging has been used in some patients for insulinoma localization.12 
Fluorine-18-L-dihydroxyphenylalanine (18F-DOPA) positron emission 
tomography (PET) has also been used in localizing neuroendocrine tumors. 
In children with congenital hyperinsulinemic hypoglycemia, 18F-DOPA PET/
CT is the gold standard for localizing focal lesions prior to surgery. 18F-DOPA 
PET has been found to be useful in some patients with insulinoma who had 
negative CT, MRI, and ultrasound results.

The positive responses to selective arterial calcium stimulation in some 
patients with NIPHS, despite negative radiologic localizing studies, establish 
that this technique should be performed in all adults with hyperinsulinemic 
hypoglycemia of unknown etiology.

Protein/Leucine Sensitivity Testing
Protein sensitivity is observed in some patients with congenital hyperinsu-
linemic hypoglycemia due to mutations in the genes ABCC8/KCNJ11, GDH, 
and HADH that lead to protein-induced hypoglycemia. These patients will 
demonstrate severe hypoglycemia in response to a protein or leucine load.

Exercise Test
In some patients, exercise can trigger unregulated insulin secretion. This is 
referred to as exercise-induced hyperinsulinism. Promoter-activating mutations 
induce expression of the SLC16A1 gene in β cells, where this gene is not 
usually transcribed, permitting pyruvate uptake and pyruvate-stimulated insulin 
release despite ensuing hypoglycemia. A physical exercise test will identify 
this group of patients.

Genetic Studies
Genetic testing should be undertaken in children who have been diagnosed 
with congenital hyperinsulinemic hypoglycemia and other causes of hypo-
glycemia that might have a genetic basis. Mutation in the genes ABCC8/
KCNJ11 is the commonest cause of medically unresponsive congenital hyper-
insulinemic hypoglycemia. All patients with insulinoma and noninsulinoma 
islet cell tumors should be tested for mutations in the MEN1/YY1 genes.

and proinsulin 5 pmol/L or more). Insulinoma patients have plasma insulin 
concentrations that rarely exceed 100 µU/mL, and plasma insulin levels greater 
than 1000 µU/mL suggest exogenous insulin administration or the presence 
of insulin antibodies. In the childhood period, any detectable plasma insulin 
in the presence of hypoglycemia is inappropriate and is highly suggestive of 
hyperinsulinemic hypoglycemia.

Measurement of the plasma β-hydroxybutyrate concentration is used as a 
surrogate marker of insulin action at the end of the 72-hour fast in healthy 
adult individuals and when Whipple triad is fulfilled in patients during a diag-
nostic fast. In patients with hyperinsulinemic hypoglycemia, because of the 
suppressive action of insulin on ketogenesis, plasma concentrations of 
β-hydroxybutyrate are typically less than 2.7 mmol/L. This is in contrast to 
healthy individuals, who will show a progressive rise in the concentration of 
β-hydroxybutyrate during the 72-hour test. If a value above 2.7 mmol/L is 
documented at any time point in the fast, the test can be terminated. In the 
childhood period, there is no clear-cut plasma level of β-hydroxybutyrate that 
can be used to confirm hyperinsulinemic hypoglycemia.

Another useful marker of insulin action in both adults and children is the 
glycemic increment in response to an intravenous/intramuscular injection of 
glucagon (1-mg dose in adults). Patients with hyperinsulinemic hypoglycemia 
will have increased glycogen stores, and giving glucagon will result in glyco-
genolysis. A positive response is defined as a maximal increment at least 25 mg/
dL (1.3 mmol/L) greater than the terminal fasting serum glucose.

During the 72-hour prolonged fast, blood should also be collected for mea-
surement of plasma sulfonylureas and meglitinides if the patient develops 
hypoglycemia. Sulfonylureas stimulate pancreatic β-cell insulin and C-peptide 
secretion, and the biochemical pattern is similar to that of an insulinoma.

Mixed-Meal Test
A mixed-meal test is performed in patients in whom there is a history sug-
gestive of neuroglycopenic symptoms for up to 5 hours after food ingestion 
(Table 217-4). A positive test is defined as the onset of neuroglycopenic 
symptoms in association with a documented low blood glucose level (e.g., 
≤50 mg/dL). In postprandial hyperinsulinemic hypoglycemia, plasma insulin 
and C-peptide levels might be inappropriately elevated. Neuroglycopenic 
symptoms after a meal are reported in patients with insulinoma, patients with 
NIPHS, and patients who have undergone surgery for obesity.

The combination of a positive mixed-meal test and a negative 72-hour fast 
may occur in a patient with insulinoma or with NIPHS. The 5-hour oral glucose 
tolerance test should not be used as a sole diagnostic test for hypoglycemia, 
because a substantial percentage of healthy persons may have a serum glucose 
concentration of 50 mg/dL (2.7 mmol/L) or less.

Insulin Antibodies
In patients with insulin autoimmune hypoglycemia the insulin antibodies may 
be monoclonal or polyclonal and are present in very high titers, in contrast 
to the much lower titers in insulin-treated diabetes. It is important to test for 
the presence of insulin antibodies, because even low titers—which may have 
no diagnostic significance—may cause spurious results of the assay for insulin. 

TABLE 217-4 SUGGESTED PROTOCOL FOR A MIXED-MEAL 
DIAGNOSTIC TEST IN ADULTS

1. Fast patient overnight. Stop all medications that might interfere with test.
2. Use a mixed meal similar to one that causes patient to experience symptoms.
3. Collect samples for plasma glucose, insulin, C-peptide, and proinsulin before 

ingestion and every 30 minutes through 300 minutes after meal ingestion.
4. Observe the patient for symptoms and/or signs of hypoglycemia, and ask the 

patient to keep a written log of all symptoms, timed from the start of meal 
ingestion.

5. The mixed-meal test should be interpreted on the basis of laboratory measured 
plasma glucose concentrations, not those estimated with a point-of-care glucose 
monitor. If it is judged necessary to treat before 300 minutes because of severe 
symptoms, obtain samples for all the following before administering 
carbohydrates: plasma insulin, C-peptide, and proinsulin (sent for analysis only in 
those samples in which plasma glucose is <60 mg/dL [3.3 mmol/L]), and a 
measurement of oral hypoglycemic agents. If Whipple triad is demonstrated, 
antibodies to insulin should also be measured.

Adapted from Cryer PE, Axelrod L, Grossman AB, et al. Evaluation and management of adult 
hypoglycemic disorders: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 
2009;94:709-728.
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The correct management of hypoglycemia will depend on the underlying 
cause. Therefore, establishing the correct diagnosis is fundamentally important.

Emergency Management
Acute management of hypoglycemia13 involves giving a bolus of intravenous 

glucose (in adults a bolus of 50% dextrose) to correct the blood glucose level. 
In children a 2 mL/kg bolus of 10% dextrose is used. This will then need to be 
followed by an infusion of 10% dextrose to maintain normoglycemia. Glucagon 
can be used in the emergency management of hypoglycemia (in emergency, 
give 1 mg stat intramuscularly). Glucagon can cause rebound hypoglycemia, 
so the patient will need blood glucose monitoring after the administration of 
glucagon.

Management of Specific Causes of Hypoglycemia
The long-term management of hypoglycemia depends on the underlying 

cause. Below is a summary of the management of the different types of 
hypoglycemia.

Hyperinsulinemic Hypoglycemia
Diazoxide (5 to 20 mg/kg/day given orally three times daily) is the first-line 

medical therapy in children and adults with hyperinsulinemic hypoglycemia. 
Fluid retention is a major side effect. Diazoxide may be combined with a diuretic 
to reduce the side effect of fluid retention. Second-line therapies include the 
use of octreotide (5 to 35 µg/kg/day as an infusion or injection 3 or 4 times 
daily) and glucagon (1 to 10 µg/kg/hour given as a subcutaneous or intravenous 
infusion). mTOR inhibitors have been tried in some patients.

For adult patients with insulinoma, pancreatectomy is the treatment of choice. 
However, there are reports of insulinoma in adults responding to therapy with 
diazoxide and octreotide (including long-acting octreotide). The mTOR inhibitor 
everolimus has been reported to be effective in controlling hypoglycemia in 
patients with malignant insulinomas or those who cannot undergo surgical 
resection. Adult patients with postprandial hyperinsulinemic hypoglycemia 
after gastric bypass surgery can be treated with diazoxide and octreotide, but 
some will require pancreatectomy. The insulin autoimmune syndrome will 
respond to therapy with glucocorticoids, but some patients have responded 
to diazoxide and octreotide. Non–islet cell tumor hypoglycemia or IGF-2-oma 
patients will require resection of the primary tumor.

Hypoglycemia due to Hormonal deficiencies
Adult patients and children with GH and cortisol deficiency will require 

replacement therapy with recombinant GH and hydrocortisone (prednisolone), 
respectively. Replacement therapy with gluco- and mineralocorticoids can be 
life-saving in patients with adrenal insufficiency.

Hypoglycemia due to glycogen storage diseases
Patients with hypoglycemia due to disorders of hepatic glycogen storage 

and release need to avoid prolonged periods of fasting. Children will require 
overnight continuous feeding. Raw, uncooked cornstarch is commonly used 
as a slow-release source of glucose and helps with prolonging the period of 
fasting.

Hypoglycemia due to defects in Fatty acid oxidation, disorders 
of gluconeogenesis, and disorders of Ketone Body metabolism

Principles similar to those already discussed also apply to these patients. 
However, patients with fatty acid oxidation disorders should have carnitine 
supplementation.

TREATMENT 

https://expertconsult.inkling.com/


CHAPTER 217 Hypoglycemia and pancreatic islet cell disorders 1518.e1

GENERAL REFERENCES

1. Stanley CA. Perspective on the genetics and diagnosis of congenital hyperinsulinism disorders. J 
Clin Endocrinol Metab. 2016;101:815-826.

2. Kandaswamy L, Raghavan R, Pappachan JM. Spontaneous hypoglycemia: diagnostic evaluation and 
management. Endocrine. 2016;53:47-57.

3. Shah P, Rahman SA, Demirbilek H, et al. Hyperinsulinaemic hypoglycaemia in children and adults. 
Lancet Diabetes Endocrinol. 2017;5:729-742.

4. Leiter SM, Parker VER, Welters A, et al. Hypoinsulinaemic, hypoketotic hypoglycaemia due to mosaic 
genetic activation of PI3-kinase. Eur J Endocrinol. 2017;177:175-186.

5. Peltola E, Hannula P, Huhtala H, et al. Characteristics and outcomes of 79 patients with an insulinoma: 
a nationwide retrospective study in Finland. Int J Endocrinol. 2018;2018:1-10.

6. Ismail AA. The insulin autoimmune syndrome (IAS) as a cause of hypoglycaemia: an update on the 
pathophysiology, biochemical investigations and diagnosis. Clin Chem Lab Med. 2016;54:1715-1724.

7. Guarino D, Moriconi D, Mari A, et al. Postprandial hypoglycaemia after Roux-en-Y gastric bypass 
in individuals with type 2 diabetes. Diabetologia. 2019;62:178-186.

8. Kittah NE, Vella A. Management of endocrine disease: pathogenesis and management of hypoglycemia. 
Eur J Endocrinol. 2017;177:R37-R47.

9. Fukuda I, Asai A, Nagamine T, et al. Levels of glucose-regulatory hormones in patients with non-islet 
cell tumor hypoglycemia: including a review of the literature. Endocr J. 2017;64:719-726.

10. d’Herbomez M, Coppin L, Bauters C, et al. Biomarkers of neuroendocrine tumors. Ann Biol Clin 
(Paris). 2016;74:669-679.

11. Shrivastava A, Kumar A, Thomas JD, et al. Association of acute toxic encephalopathy with litchi 
consumption in an outbreak in Muzaffarpur, India, 2014: a case-control study. Lancet Glob Health. 
2017;5:e458-e466.

12. Pattison DA, Hicks RJ. Molecular imaging in the investigation of hypoglycaemic syndromes and 
their management. Endocr Relat Cancer. 2017;24:R203-R221.

13. Villani M, de Courten B, Zoungas S. Emergency treatment of hypoglycaemia: a guideline and evidence 
review. Diabet Med. 2017;34:1205-1211.



CHAPTER 217 Hypoglycemia and pancreatic islet cell disorders1518.e2

REVIEW QUESTIONS

1. Which of the following is true in relation to glucose physiology?
 A. Insulin stimulates gluconeogenesis.
 B. Glycogenolysis predominantly takes place in the kidney.
 C. Lipolysis is dependent on ketogenesis.
 D. Glucagon stimulates glycogenolysis.
 E. Pancreatic beta cells stop producing insulin when the blood glucose 

level reaches 2.4 mmol/L.
Answer: D Glucagon stimulates glycogenolysis and releases stored glucose.

2. In the counter-regulatory hormonal response to hypoglycemia:
 A. Growth hormone is the first hormone to increase in response to a falling 

blood glucose level.
 B. Serum cortisol levels increase in parallel to glucagon.
 C. Adrenaline and noradrenaline are the first line of defense against a falling 

blood glucose level.
 D. Pancreatic delta cells produce glucagon in response to hypoglycemia.
 E. The main glucosensors for hypoglycemia are located in the carotid body.

Answer: C Adrenaline and noradrenaline are the first line of defense against 
a falling blood glucose level. Adrenaline and noradrenaline with glucagon are 
the key counter-regulatory hormones produced in response to a falling blood 
glucose level.

3. Which of the following does not constitute Whipple triad?
 A. A low measured plasma glucose concentration
 B. Symptoms and/or signs compatible with hypoglycemia
 C. Occurrence of any symptoms and/or signs during hypoglycemia
 D. Resolution of symptoms and signs when glucose concentrations are 

corrected
Answer: C Whipple triad includes a low measured plasma glucose concentra-
tion, symptoms and/or signs compatible with hypoglycemia, and resolution 
of symptoms and signs when glucose concentrations are corrected.
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218 
POLYGLANDULAR DISORDERS
LYNNETTE K. NIEMAN AND ALLEN M. SPIEGEL

 DEFINITION AND CLINICAL SIGNIFICANCE
Polyglandular syndromes are disorders in which there is dysfunction and 
pathology of more than one endocrine gland. These disorders can be classi-
fied into (a) neoplastic syndromes in which there is abnormal endocrine cell 
proliferation and often, but not invariably, hormone hypersecretion, and (b) 
autoimmune syndromes in which there is evidence of immune destruction of 
endocrine cells, often resulting in hypofunction and reduced hormone secre-
tion. Both the neoplastic and autoimmune polyglandular syndromes often have 
nonendocrine manifestations that are relatively syndrome specific.

With few exceptions, the polyglandular syndromes are due to germline 
mutations of key growth regulatory genes (neoplastic syndromes) or immune 
regulatory genes (autoimmune syndromes).1 It is important to recognize these 
disorders and differentiate them from sporadic single–endocrine gland diseases 
for several reasons. First, recognition of a specific polyglandular syndrome 
should alert the clinician to look for other endocrine and extra-endocrine 
manifestations of the syndrome. Although some patients will present with 
multiple endocrine gland manifestations, some will initially present with only a 
single endocrine gland affected. Careful family history and screening for other 
endocrine and characteristic extra-endocrine manifestations is needed in such 
cases. Second, treatment of polyglandular disease may differ from treatment of 
individual gland disease. Third, because of the genetic basis of most of these 
syndromes, taking a careful family history and, in some cases, screening other 
family members to allow disease prevention in affected individuals is indicated.

This chapter discusses the best-characterized polyglandular disorders. Other 
chapters on the anterior pituitary (Chapter 211), thyroid (Chapter 213), adrenal 
cortex (Chapter 214), adrenal medulla (Chapter 215), pancreatic islets (Chap-
ters 217 and 219), and parathyroids (Chapter 232) should be consulted for 
more detailed discussion of the diseases of individual glands.

 NEOPLASTIC SYNDROMES
Six distinct neoplastic syndromes involve more than one endocrine gland. 
These include multiple endocrine neoplasia type 1 (MEN 1), multiple endocrine 
neoplasia types 2A (MEN 2) and 2B (sometimes referred to as MEN 3), 
multiple endocrine neoplasia type 4 (MEN 4), Carney complex,2 von Hippel-
Lindau disease (VHL), and McCune-Albright syndrome (MAS) (Table 218-1).3 
All but the latter are caused by heterozygous germline mutations and are 
inherited in autosomal dominant fashion. The genes responsible for MEN 14 
and 4, Carney complex, and von Hippel-Lindau disease act as tumor suppres-
sor genes. Germline loss-of-function mutations in one allele are followed by 
somatic mutations inactivating the second normal allele, leading to tumori-
genesis. The basis for the tissue-specific expression of both the endocrine and 
extra-endocrine manifestations of these syndromes is not well understood, 
but the germline nature of the mutation and the expression of the affected 
gene in more than one endocrine gland explains the polyglandular aspect of 
the disorder. MEN 2A and 2B, in contrast, are caused by germline activating 
mutations of an oncogene, RET. The pattern of expression of this gene, involv-
ing chromaffin cells, helps explain the specific clinical manifestations. McCune-
Albright syndrome is caused by a somatic rather than germline mutation that 
constitutively activates the ubiquitously expressed GNAS gene. This mutation, 
which may occur early in embryogenesis, leads to unregulated cyclic adenosine 
monophosphate (cAMP) formation in affected cells. The resultant mosaic 
distribution of the mutant gene helps explain the pleiotropic manifestations 
of the disease.

Patients with polyglandular neoplastic syndromes typically present with 
their respective endocrine tumors at a younger age than patients with single-
gland sporadic endocrine tumors. Treatment of the polyglandular neoplastic 
syndromes, both in terms of the neoplastic component and the hormone 
hypersecretion, poses greater challenges than treatment of individual endocrine 
tumors.5 For disorders with high risk of fatal cancer, such as medullary thyroid 
cancer in MEN 2, early genetic diagnosis and prophylactic surgical removal 
of the thyroid is indicated.6 In other disorders such as MEN 1 and Carney 
complex, less aggressive approaches such as selective tumor resection and 

 PATHOGENESIS
APS type 1 is an autosomal recessive disorder caused by a variety of inactivat-
ing mutations in the gene encoding autoimmune regulator-1 (AIRE-1),8 which 
controls the expression of autoantigens by medullary epithelial cells of the 
thymus. These antigens are also expressed in peripheral tissues. Their expression 
in the thymus is important for negative selection (elimination) of autoreactive 
T cells, which underlies the development of (self-) tolerance. These autoreactive 
T cells escape to the periphery in the absence of AIRE, and if activated, induce 
autoimmune destruction of the specific tissue. The appearance of organ-specific 
autoantibodies precedes disease presentation and predicts the development 
of specific end-organ damage. The role of these antibodies is unknown, however.

 CLINICAL MANIFESTATIONS
Mucocutaneous candidiasis (Chapter 318) occurs in virtually all patients and 
is usually the first manifestation of disease.9 Hypoparathyroidism and Addison 
disease are the most common endocrine manifestations; each of these diseases 
occurs in 70 to 80% of patients. Hypoparathyroidism usually precedes Addison 
disease; both diseases typically manifest before age 15 years. Premature ovarian 
failure (in 60% of affected women) usually presents as secondary amenorrhea; 
testicular failure occurs less frequently. Insulin-dependent diabetes mellitus 
occurs in 12% of patients, usually in adulthood; hypothyroidism is uncommon.

Nonendocrine components of this syndrome, in addition to the 
mucocutaneous candidiasis, include alopecia, vitiligo, ocular complications 
(including keratitis, blepharitis, retinitis, corneal opacities, and ptosis), cerebellar 
ataxia, autoimmune hepatitis, enamel hypoplasia of teeth, tympanic membrane 
calcification, obstructive respiratory disease, nail dystrophy that correlates 
only loosely with obvious candidiasis, parietal cell atrophy and vitamin B12 
malabsorption, and more general intestinal malabsorption with steatorrhea. 
Asplenism, with Howell-Jolly bodies on peripheral blood smears (Chapter 
148), has been noted in several patients. Each of the disease components 
should be sought when any patient presents with hypoparathyroidism, primary 
adrenal insufficiency, or mucocutaneous candidiasis.

pharmacologic treatment to reduce hormone hypersecretion may be more 
appropriate. More detailed discussion of the clinical features, diagnosis, and 
treatment of these neoplastic syndromes may be found in other chapters (MEN 
1 in Chapter 232; MEN 2 and 3 in Chapter 219; McCune-Albright syndrome 
in Chapters 220 and 222).

 AUTOIMMUNE SYNDROMES
Organ-specific autoimmune disease, characterized by lymphocytic infiltration 
and organ-specific autoantibodies, commonly results in endocrine hypofunction. 
Not uncommonly, however, disorders of more than one endocrine gland appear 
in families or individual patients. Characteristic patterns of disease presentation 
and genetic inheritance allow the definition of two syndromes with overlap-
ping manifestations (Table 218-2).7

 Autoimmune Polyglandular Syndrome Type 1
 DEFINITION

Autoimmune polyglandular syndrome (APS) type 1 is a rare disease that is 
also known as autoimmune polyendocrinopathy, candidiasis, and ectodermal 
dystrophy syndrome. It typically manifests in early childhood.

TREATMENT 

 PROGNOSIS
The prognosis of the variably expressed hormonal disorders is similar to that 
of their sporadic counterparts. When the diagnosis of APS type 1 is made, 
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ABSTRACT
Polyglandular syndromes are disorders in which there is dysfunction and 
pathology of more than one endocrine gland. These may be either neoplastic 
syndromes, involving proliferation of various tissues and often a component 
of hyperfunction of endocrine glands, or they may be autoimmune syndromes 
in which immune destruction of tissues may result in loss of function. In 
general, these are genetic syndromes in which key growth regulatory genes 
(neoplastic disorders) or immune regulatory genes (autoimmune disorders) 
are mutated. Patients presenting with only one feature of these syndromes 
should be screened for the other features to ensure that all manifestations are 
treated and to enable screening of other family members or genetic counseling 
of the patient.



CHAPTER 218 Polyglandular disorders 1519

 PATHOGENESIS
APS type 1 is an autosomal recessive disorder caused by a variety of inactivat-
ing mutations in the gene encoding autoimmune regulator-1 (AIRE-1),8 which 
controls the expression of autoantigens by medullary epithelial cells of the 
thymus. These antigens are also expressed in peripheral tissues. Their expression 
in the thymus is important for negative selection (elimination) of autoreactive 
T cells, which underlies the development of (self-) tolerance. These autoreactive 
T cells escape to the periphery in the absence of AIRE, and if activated, induce 
autoimmune destruction of the specific tissue. The appearance of organ-specific 
autoantibodies precedes disease presentation and predicts the development 
of specific end-organ damage. The role of these antibodies is unknown, however.

 CLINICAL MANIFESTATIONS
Mucocutaneous candidiasis (Chapter 318) occurs in virtually all patients and 
is usually the first manifestation of disease.9 Hypoparathyroidism and Addison 
disease are the most common endocrine manifestations; each of these diseases 
occurs in 70 to 80% of patients. Hypoparathyroidism usually precedes Addison 
disease; both diseases typically manifest before age 15 years. Premature ovarian 
failure (in 60% of affected women) usually presents as secondary amenorrhea; 
testicular failure occurs less frequently. Insulin-dependent diabetes mellitus 
occurs in 12% of patients, usually in adulthood; hypothyroidism is uncommon.

Nonendocrine components of this syndrome, in addition to the 
mucocutaneous candidiasis, include alopecia, vitiligo, ocular complications 
(including keratitis, blepharitis, retinitis, corneal opacities, and ptosis), cerebellar 
ataxia, autoimmune hepatitis, enamel hypoplasia of teeth, tympanic membrane 
calcification, obstructive respiratory disease, nail dystrophy that correlates 
only loosely with obvious candidiasis, parietal cell atrophy and vitamin B12 
malabsorption, and more general intestinal malabsorption with steatorrhea. 
Asplenism, with Howell-Jolly bodies on peripheral blood smears (Chapter 
148), has been noted in several patients. Each of the disease components 
should be sought when any patient presents with hypoparathyroidism, primary 
adrenal insufficiency, or mucocutaneous candidiasis.

pharmacologic treatment to reduce hormone hypersecretion may be more 
appropriate. More detailed discussion of the clinical features, diagnosis, and 
treatment of these neoplastic syndromes may be found in other chapters (MEN 
1 in Chapter 232; MEN 2 and 3 in Chapter 219; McCune-Albright syndrome 
in Chapters 220 and 222).

 AUTOIMMUNE SYNDROMES
Organ-specific autoimmune disease, characterized by lymphocytic infiltration 
and organ-specific autoantibodies, commonly results in endocrine hypofunction. 
Not uncommonly, however, disorders of more than one endocrine gland appear 
in families or individual patients. Characteristic patterns of disease presentation 
and genetic inheritance allow the definition of two syndromes with overlap-
ping manifestations (Table 218-2).7

 Autoimmune Polyglandular Syndrome Type 1
 DEFINITION

Autoimmune polyglandular syndrome (APS) type 1 is a rare disease that is 
also known as autoimmune polyendocrinopathy, candidiasis, and ectodermal 
dystrophy syndrome. It typically manifests in early childhood.

TABLE 218-2 CLINICAL FEATURES OF AUTOIMMUNE 
POLYGLANDULAR SYNDROMES

FEATURE TYPE 1 TYPE 2
Mucocutaneous candidiasis Very common Not seen
Hypoparathyroidism Common Rare
Addison disease Common Common
Primary hypogonadism Common Occurs
Autoimmune thyroid disease Rare Common
Autoimmune diabetes Occurs Common
Hypophysitis Occurs Occurs
Autoimmune hepatitis Occurs Not seen
Pernicious anemia Occurs Occurs
Vitiligo Occurs Occurs
Malabsorption syndrome Occurs Occurs as celiac disease
Alopecia Common Occurs
Myasthenia gravis Not seen Occurs
Keratopathy Common Not seen
Tympanic membrane calcification Common Not seen
Inheritance Autosomal recessive HLA association
Age at onset Usually childhood Usually adulthood
HLA = human leukocyte antigen.

TABLE 218-1 POLYGLANDULAR NEOPLASIA SYNDROMES
SYNDROME GENETIC BASIS* ENDOCRINE TUMORS NONENDOCRINE FEATURES
MEN 1 MEN1 Parathyroid Subcutaneous lipomas

Anterior pituitary Skin collagenomas
Pancreatic islet

MEN 2 (A and B) RET Medullary thyroid cancer Mucosal neuromas (2B)
Pheochromocytoma Megacolon (2B)
Parathyroid (2A)

MEN 4 CDNK1B Anterior pituitary Renal tumors
Parathyroid

Carney complex PKAR1A Adrenal cortex Atrial myxomas
Anterior pituitary Skin lentigines
Thyroid Blue nevi

von Hippel-Lindau disease VHL Pheochromocytoma Renal cell cancer
Pancreatic islet CNS hemangioblastoma

McCune-Albright syndrome GNAS (mosaic) Thyroid Fibrous dysplasia
Anterior pituitary Café au lait skin lesions
Adrenal cortex
Gonads

*With the exception of McCune-Albright, all syndromes are caused by heterozygous germline mutations of the gene listed and show autosomal dominant inheritance.
CNS = central nervous system.

The hypoparathyroidism is treated, like the sporadic disease, with oral calcium 
and 1,25-dihydroxyvitamin D, although variable intestinal malabsorption can 
present a particular therapeutic challenge. Synthetic parathyroid hormone (PTH) 
1-34 or 1-84 is a new treatment option.10 The candidiasis can be satisfactorily 
controlled with ketoconazole. Primary adrenal insufficiency is treated with 
glucocorticoid and mineralocorticoid replacement.

TREATMENT 

 PROGNOSIS
The prognosis of the variably expressed hormonal disorders is similar to that 
of their sporadic counterparts. When the diagnosis of APS type 1 is made, 



The treatment of each component of this syndrome is identical to the treat-
ment of each disorder in isolation, although possible clustering of diseases 
must be kept in mind during the evaluation and follow-up of all patients with 
each individual component disorder. Thyroid hormone therapy can precipitate 
symptoms of adrenal insufficiency in patients with both disorders. Consequently, 
a careful history (including family history), physical examination, and a low 
threshold for specific laboratory testing for adrenal insufficiency should be part 
of the evaluation of every patient with autoimmune hypothyroidism. Further, 
combinations of hypothyroidism, adrenal insufficiency, and hypogonadism can 
mimic hypopituitarism, although specific hormonal testing (Chapter 211) can 
easily distinguish these disorders. Because multiple components of the syndrome 
can appear asynchronously, periodic evaluation for the early appearance of 
additional disease components is indicated.

TREATMENT 

surveys for other components of the syndrome can allow earlier treatment 
than would otherwise occur.

 Autoimmune Polyglandular Syndrome Types 2, 3, and 4
 PATHOGENESIS

APS types 2 and 3 are usually inherited in families with characteristic (normal) 
variants of genes that regulate the presentation of antigens to T cells and 
subsequent T-cell function. The most common genetic locus associated with 
this syndrome is the human leukocyte antigen (HLA) locus, particularly the B8, 
DR3, and DR4 alleles. The HLA associations do not predict disease absolutely, 
even in identical twins, so environmental or other genetic factors must influence 
disease presentation. Variants of the genes encoding cytotoxic T-lymphocyte 
antigen-4 (CTLA-4), the MHC class I chain-related gene A (MICA) allele 
5.1, signal transducer and activator of transcription 4 (STAT4), and GATA 
binding protein 3 (GATA) can also predispose to Addison disease (APS type 
2). The protein tyrosine phosphatase nonreceptor type 22 gene that encodes 
the lymphoid tyrosine phosphatase opposes signaling from the activated T-cell 
receptor. A variant of this gene is enriched in families with both type 1 diabetes 
mellitus and autoimmune thyroid disease. Genome-wide association studies 
have identified a large number of genes associated with type 1 diabetes that 
influence immune responsiveness. It seems likely that some of these genes 
will prove relevant to APS types 2 and 3, but this remains to be evaluated. 
Genotyping is not widely available for clinical testing.

 CLINICAL MANIFESTATIONS
APS types 2 and 3 are considerably more common than type 1 and typically 
manifest in the fourth decade of life.11 Insulin-dependent diabetes mellitus 
and thyroid dysfunction, either autoimmune hypothyroidism or Graves disease, 
are the most frequent manifestations.12 Addison disease (Chapter 214) is the 
third major endocrine component of this disorder; when present, the disorder 
may be referred to as APS type 3. Although most patients who present with 
autoimmune diabetes or thyroid disease have clinical involvement of only one 
gland, many patients with autoimmune Addison disease develop clinically 
evident disease in other endocrine glands. Less common components of type 
2 or 3 APS include primary hypogonadism and hypophysitis. Pernicious anemia, 
vitiligo, celiac disease, alopecia, and myasthenia gravis are also associated with 
this syndrome.

APS type 4 is a combination of endocrine and autoimmune diseases, 
including insulin-dependent diabetes, pernicious anemia, alopecia, vitiligo, 
or neuromuscular junction disorder, but without Addison disease, thyroid 
disease, or hypoparathyroidism. A substantial proportion of these patients 
may also have positive autoantibodies against glutamic acid decarboxylase  
(GAD).

Organ-specific antibodies appear before clinical disease and predict sub-
sequent disease. The role of these antibodies in organ hypofunction has not 
been established, however.

 PROGNOSIS
The prognosis of the individual components of APS types 2 and 3 is the same 
as for the sporadic versions of each component.
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4. A patient with autoimmune adrenal insufficiency and type 1 diabetes pre-
sents with complaints of abdominal discomfort and occasional diarrhea. 
This is not precipitated by food. She does not have orthostasis, nausea, 
vomiting, or joint aches and otherwise feels well, although she recently 
lost 5 pounds. What is the next best step?
 A. Consider increasing her hydrocortisone dose to test whether this rep-

resents subtle glucocorticoid deficiency.
 B. Measure tissue transglutaminase (TTG) antibody to exclude celiac 

disease.
 C. Assess gastric motility to evaluate for gastroparesis.
 D. Measure liver function tests to exclude hepatitis.

Answer: B This patient may have celiac disease, which is associated with 
autoimmune adrenal insufficiency. These symptoms do not suggest that the 
other conditions are more likely.

5. A 22-year-old woman with autoimmune polyglandular syndrome (APS) 
1 mentions during a routine visit that she is thinking of becoming pregnant. 
She wants to know whether she will pass on the disorder to her child and 
what genetic testing should be done. She is not related to her partner. You 
reassure her that it is extremely unlikely that her child will have APS 1 
because of its recessive genetic transmission. What else should you tell her 
regarding testing for the AIRE gene?
 A. She could get the AIRE gene tested to see if her child will carry a 

mutation.
 B. Her partner could get the AIRE gene tested to see if her child will carry 

a mutation.
 C. The child should be tested for AIRE mutations at birth.
 D. No gene testing is necessary.

Answer: D Her child will be an obligate carrier of an AIRE haplotype muta-
tion; this is not sufficient to cause the disease and does not need to be docu-
mented by analysis of her mutations. Given that she is not related to her 
partner, it is unlikely that he will carry a mutation, thus testing of the partner 
is not indicated. There is no reason to test the child at birth.

REVIEW QUESTIONS

1. Which of the following polyglandular neoplastic syndromes is not caused 
by a germline mutation?
 A. McCune-Albright syndrome
 B. MEN 1
 C. Carney complex
 D. von Hippel-Lindau disease
 E. MEN 2

Answer: A The polyglandular neoplastic syndromes are all due to germline 
mutations in either tumor suppressor genes (MEN1, MEN4, Carney complex, 
VHL) or in an oncogene (MEN2). Only McCune-Albright syndrome is due 
to a somatic mutation, but because the mutation may occur early in embryo-
genesis, multiple endocrine and nonendocrine organs may be affected.

2. A 25-year-old man presents with kidney stones and is found to be hyper-
calcemic with an elevated PTH. All the following steps are indicated except:
 A. Ultrasound localization of parathyroids and immediate parathyroidec-

tomy
 B. Take a careful family history and consider screening first-degree relatives 

for hypercalcemia
 C. Consider testing the patient for anterior pituitary and pancreatic islet 

lesions
 D. Test the patient’s germline DNA for MEN1 gene mutations

Answer: A Age 25 is quite young to present with primary hyperparathyroidism 
on a sporadic basis and raises suspicion of familial disease, particularly MEN 
1. Steps in B through D are indicated because a positive family history for 
parathyroid, anterior pituitary, and/or pancreatic islet tumors would bolster 
the likelihood of MEN 1, as would positive results of screening for pituitary 
and pancreatic islet disease, and of course if MEN1 gene mutation is identified.

3. A 35-year-old woman with type 1 diabetes and Hashimoto thyroiditis pre-
sents for routine follow-up. She has no specific complaints, and her physical 
examination is normal except for a small thyroid gland. Which additional 
screening test should be done to evaluate adrenal function?
 A. Measurement of antiadrenal antibodies
 B. Measurement of morning serum cortisol
 C. No screening test is necessary; adrenal insufficiency is unlikely
 D. A Cortrosyn stimulation test

Answer: A Antiadrenal antibodies predict the development of adrenal insuf-
ficiency and in the absence of clinical features are a reasonable screening test 
in this woman with a high probability of having autoimmune polyglandular 
syndrome 2. One might argue that no test is needed in the absence of clinical 
symptoms; however, many would advocate measurement of the antibodies, 
which, if positive, might increase the frequency of clinical surveillance.
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219 
NEUROENDOCRINE TUMORS
EDWARD M. WOLIN AND ROBERT T. JENSEN

 GENERAL ASPECTS

 DEFINITION
Neuroendocrine tumors (NETs) include pancreatic neuroendocrine tumors 
(pNETs) and NETs in other locations, which in the past were generally called 
carcinoid tumors.1 These two groups of NETs have many similarities, which 
will be discussed together, and several important differences, which are con-
sidered separately.

 EPIDEMIOLOGY
The incidence of NETs in the United States increased 6.4-fold from 1973 
(1.09 per 100,000) to 2012 (6.98 per 100,000), with the highest rates in the 
lung (1.5 per 100,000); 50% occur in the gastrointestinal (GI) tract, 21% in 
the lung, and 12% with an unknown primary.2 pNETS account for 1 to 10% 
of all pancreatic tumors, with a prevalence of 1 per 100,000 and an annual 
incidence of 1 to 4 per million, which is also increasing. However, pNETs 
occur in 0.5 to 1.5% of autopsies. In recent studies, nonfunctional pNETs 
(NF-pNETs) have accounted for 60 to 80% of all pNETs (Table 219-1). For 
the functional pNETs (F-pNETs) associated with clinical syndromes, 
insulinomas and gastrinomas are the most common, with annual incidences 
of 0.5 to 3 per million (see Table 219-1). In general, insulinomas and gastri-
nomas are 8-fold more frequent than VIPomas, 17-fold more than glucagono-
mas, and greater than 20-fold more than the others.

 PATHOBIOLOGY
Pathology/Classification
NETs originate from the diffuse neuroendocrine system, which is present 
throughout the body. All NETs share cytologic features and were once called 
APUDomas (for amine precursor uptake and decarboxylation tumors). Although 
originally proposed to be of neural crest origin, current studies support more 
of an endodermal origin. Ultrastructurally they have electron-dense granules 
containing multiple peptides/amines, neuron-specific enolase, synaptophysin, 
and chromogranins. Histologically, they characteristically show small cells with 
uniform nuclei and low rates of mitotic figures. Chromogranin immunoreactivity 
in the tumor is now widely used to identify them as NETs. Malignancy can 
be reliably determined only by demonstrating the presence of metastatic 
disease; light microscopic or ultrastructural findings cannot clearly establish 
malignant behavior.

Recently several classification systems for staging/grading NETs have been 
developed (WHO [World Health Organization], ENETs [European Neuro-
endocrine Tumor Society], AJCC/UICC [Union for International Cancer 
Control  and the American Joint Committee on Cancer]) and are becoming 
essential to manage NET patients because they have prognostic significance 
and are coupled to different therapeutic approaches in some cases. These 
classification systems use differentiation (good vs. poor), tumor size, invasion, 
and extent. The NETs are divided into three grades depending on proliferative 
indices, including mitotic rate and Ki-67 expression.

Molecular Pathogenesis
The molecular pathogenesis of NETs is still largely unknown and differs from 
nonendocrine tumors in rarely having mutations of common oncogenes (ras, 
fos, myc, etc.) and common tumor suppressor genes (p53,rb).3 Numerous 
studies using comparative-genomic hybridization, sequencing, and microarrays 
show that pNETs, GI-NETs, and lung NETs all have a different molecular 
pathogenesis.

pNETs most commonly have allelic losses at chromosomal loci 1p, 1q, 3p, 
11p, and 22p, whereas GI-NETs have losses at 18q, 18p, 9p, and 16q.4 Sequenc-
ing studies of pNETs have shown that 44% have inactivating mutations of the 
multiple endocrine neoplasia type 1 gene (MEN1); 43% have mutations in 
genes encoding either of two subunits of a transcription/chromatin remodel-
ing complex composed of DAXX (death-domain associated protein) and ATRX 
(α thalassemia/mental retardation syndrome X-linked chromatin remodeler) 

with high affinity for sst2 is now the most sensitive NET imaging modality.6 Most 
frequently used for SRI is single-photon emission CT (SPECT) after injection 
of indium-111–[diethylenediamine penta-acetic acid-d-phenylalanine-1] 
octreotide or 68Ga-DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic 
acid)–labeled somatostatin analogs with positron-emission-tomography 
combined with CT (PET/CT) or MRI (PET/MRI). More recently, SRI with 
68Ga-labeled somatostatin analogs has been approved in the United States, 
with numerous studies showing that it has greater sensitivity than SRI with 
111In-somatostatin analogs and greater sensitivity than cross-sectional imaging. 
Endoscopic studies are particularly important for localizing duodenal, gastric, 
and rectal NETs. Endoscopic ultrasound is widely used to localize pancreatic 
pNETs and to assess the depth of penetration of gastric and rectal NETs.

 SPECIFIC NEUROENDOCRINE TUMORS
 Pancreatic Neuroendocrine Tumors (pNETS)

 DEFINITION
pNETs are also called islet-cell tumors, but because the cell of origin of most 
of these tumors is unknown, the general term pNET is preferred. This term 
is also a misnomer, however, because pNETs can occur outside the pancreas. 
The established pNET syndromes are listed in Table 219-1 and comprise 16 
functional pNETs that cause specific clinical syndromes and nonfunctional 
pNETs. Nonfunctional pNET is also a misnomer in that these tumors secrete 
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ABSTRACT
This chapter summarizes all important aspects of neuroendocrine tumors, 
including their epidemiology; pathogenesis; localization methods, including 
molecular imaging; and latest treatments. It also includes brief summaries 
and updates on the most important functional pancreatic endocrine tumor 
syndromes, carcinoid syndrome, and carcinoid tumors in the most frequent 
locations.
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TABLE 219-1 PANCREATIC NEUROENDOCRINE TUMORS (PNETS)

NAME OF TUMOR NAME OF SYNDROME
MAIN SIGNS OR 

SYMPTOMS LOCATION (%)
MALIGNANCY 

(%)
HORMONE CAUSING 

SYNDROME
I. FUNCTIONAL pNET

Gastrinoma Zollinger-Ellison syndrome Abdominal pain, diarrhea, 
esophageal symptoms

Pancreas—10-30
Duodenum—70-90
Other—0-10

60-90 Gastrin

Insulinoma Insulinoma Hypoglycemic symptoms Pancreas—100 5-15 Insulin
Glucagonoma Glucagonoma Dermatitis, diabetes/

glucose intolerance, 
weight loss

Pancreas—100 60 Glucagon

VIPoma Verner-Morrison, Pancreatic 
cholera, WDHA

Severe watery diarrhea, 
hypokalemia

Pancreas—90
Other—10 (neural, adrenal, 

periganglionic tissue)

80 Vasoactive intestinal peptide 
(VIP)

Somatostatinoma Somatostatinoma Diabetes mellitus, 
cholelithiasis, diarrhea

Pancreas—56
Duod/jejunum—44

60 Somatostatin

GRFoma GRFoma Acromegaly Pancreas—30
Lung—54
Jejunum—7
Other—13 (adrenal, 

foregut, retroperitoneum)

30 Growth hormone–releasing 
factor (GRF)

ACTHoma ACTHoma Cushing syndrome Pancreas—4-16% of all 
ectopic Cushing 
syndrome cases

>95 Adrenocorticotropic 
hormone (ACTH)

pNET causing carcinoid 
syndrome

pNET causing carcinoid 
syndrome

Diarrhea, flushing Pancreas—<1% of all 
carcinoids

60-90 Serotonin, tachykinins

pNET causing hypercalcemia pNET causing hypercalcemia Signs/symptoms of 
hypercalcemia

Pancreas (rare cause of 
hypercalcemia)

>85 PTHrP, other unknown

pNET secreting erythropoietin pNET secreting erythropoietin Polycythemia Pancreas Unknown Erythropoietin
pNET secreting renin pNET secreting renin Hypertension Pancreas Unknown Renin
pNET secreting Luteinizing 

hormone syndrome
pNET secreting luteinizing 

hormone
Masculinization, loss of 

libido
Pancreas Unknown Luteinizing hormone

CCKoma CCKoma Diarrhea, peptic ulcer, 
gallstone

Pancreas Unknown Cholecystokinin

pNET secreting enteroglucagon pNET secreting enteroglucagon Small intestinal hypertrophy Pancreas, renal, duodenal Unknown Enteroglucagon
pNET secreting IGF-2 or 

GLP-1
pNET secreting IGF-2 or 

GLP-1
Hypoglycemic symptoms Pancreas Unknown IGF-2/GLP-1

II. NF-pNET

NONFUNCTIONAL/PPoma NONFUNCTIONAL/PPoma Weight loss, abdominal 
mass, hepatomegaly

Pancreas—100% 60-90 None: pancreatic polypeptide, 
chromogranin released but 
no known symptoms due 
to hypersecretion

CCKoma = cholecystokinin-secreting NET; Duod = duodenum; GLP-1 = glucagon-like peptide 1; IGF-2 = insulin-like growth factor 2; pNET = pancreatic neuroendocrine tumor; PP = pancreatic polypeptide; 
PPoma = pancreatic polypeptide secreting NET; PTHrP = parathormone-related peptide; WDHA = watery diarrhea, hypokalemia, and achlorhydria.

and 14% have mutations in the mTOR pathway. Somatic mutations in pNETs 
are commonly found in four main pathways, including genes involved in chro-
matin remodeling, DNA repair, mTOR signaling, and telomere maintenance. 
In contrast, in small intestinal carcinoids sequencing studies demonstrate a 
low mutation rate with recurrent somatic mutations and deletions in 8% in 
CDKN1B, the cyclin-dependent kinase inhibitor gene that encodes p27. Recent 
studies suggest that epigenetic dysregulation may play an important role in 
the pathogenesis of NETs.

Four autosomal dominant inherited disorders are associated with the occur-
rence of pNETs: (a) MEN1 (80 to 100% develop pNETs), (b) von Hippel–
Lindau disease (VHL; 10 to 17% have pNETs), (c) von Recklinghausen disease 
(neurofibromatosis-1 [NF-1]; 12% develop duodenal somatostatinomas), and 
(d) tuberous sclerosis (<1% develop pNETs). Familial syndromes associated 
with GI/pulmonary NETs (carcinoids) are uncommon.5

Tumor Localization
To assess the primary location and extent of an NET, the initial tumor 
localization study is generally a cross-sectional imaging examination, such as 
triphasic computed tomography (CT) or magnetic resonance imaging (MRI) 
with contrast, because of their widespread availability. Greater than 90% of 
well-differentiated NETs overexpress one of the five subtypes of somatostatin 
receptors (sst1-5), with sst2 the most frequently overexpressed (>80%). 
Somatostatin receptor imaging (SRI) using radiolabeled somatostatin analogs 

with high affinity for sst2 is now the most sensitive NET imaging modality.6 Most 
frequently used for SRI is single-photon emission CT (SPECT) after injection 
of indium-111–[diethylenediamine penta-acetic acid-d-phenylalanine-1] 
octreotide or 68Ga-DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic 
acid)–labeled somatostatin analogs with positron-emission-tomography 
combined with CT (PET/CT) or MRI (PET/MRI). More recently, SRI with 
68Ga-labeled somatostatin analogs has been approved in the United States, 
with numerous studies showing that it has greater sensitivity than SRI with 
111In-somatostatin analogs and greater sensitivity than cross-sectional imaging. 
Endoscopic studies are particularly important for localizing duodenal, gastric, 
and rectal NETs. Endoscopic ultrasound is widely used to localize pancreatic 
pNETs and to assess the depth of penetration of gastric and rectal NETs.

 SPECIFIC NEUROENDOCRINE TUMORS
 Pancreatic Neuroendocrine Tumors (pNETS)

 DEFINITION
pNETs are also called islet-cell tumors, but because the cell of origin of most 
of these tumors is unknown, the general term pNET is preferred. This term 
is also a misnomer, however, because pNETs can occur outside the pancreas. 
The established pNET syndromes are listed in Table 219-1 and comprise 16 
functional pNETs that cause specific clinical syndromes and nonfunctional 
pNETs. Nonfunctional pNET is also a misnomer in that these tumors secrete 
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Almost all the initial symptoms of ZES result from the effects of acid hyper-
secretion, but late in the disease patients can have tumor-related symptoms. 
Approximately one third of patients have metastatic liver disease at presenta-
tion, but less than 20% of other patients develop metastatic disease to the 
liver during a 10-year follow-up period.

Up to 5% of patients with ZES develop ectopic Cushing syndrome (Chapter 
214) because of adrenocorticotropic hormone (ACTH) secretion by the 
gastrinoma. These patients usually have a metastatic gastrinoma in the liver, 
have ZES without MEN1, and have a poor prognosis.

 DIAGNOSIS
ZES should be suspected in any patient whose peptic ulcer disease (PUD) is 
accompanied by diarrhea, is recurrent, does not heal with treatment, is not 
associated with H. pylori infection, is associated with a complication (bleeding, 
obstruction, esophageal stricture), is multiple or occurs in unusual locations, 
or is associated with a pancreatic tumor. ZES should also be suspected in 
patients with chronic secretory diarrhea (Chapter 131), as well as when PUD 
is associated with large gastric folds, a family/personal history of nephrolithiases/
endocrinopathies, or the finding of hypercalcemia, hypergastrinemia, or acid 
hypersecretion.

When suspected, the initial test is a fasting serum gastrin level, which is 
elevated in 99 to 100% of ZES patients. After this, the further steps to establish 
the diagnosis have become controversial. Recent studies report that up to 
60% of commercial gastrin assays are unreliable (overestimate/underestimate 
of true value), so a reliable assay should be used.9 Besides ZES, other causes 
of fasting hypergastrinemia include those also associated with hyperchlorhydria 
(retained antrum, antral hyperfunction/hyperplasia, renal failure, H. pylori 
infections) and those associated with hypochlorhydria/achlorhydria (physi-
ologic hypergastrinemia) because of pernicious anemia, atrophic gastritis, or 
the use of proton pump inhibitors (PPIs). All guidelines recommend that if 
the serum gastrin level is elevated, fasting gastric pH should be determined. 
If the serum gastrin is greater than 1000 pg/mL (normal <100) and the gastric 
pH less than 2.0, the patient almost certainly has ZES; approximately 40% of 
patients have this combination. If the gastrin is increased less than 10-fold 
and the gastric pH is less than 2.0, basal acid output (BAO), a secretin test 
should be performed. BAO is increased in patients with ZES with greater 
than 95% having a BAO greater than 15 mEq/hr if no previous gastric acid–
reducing surgery has been performed and 94% having a positive secretin test 
(stimulating a >120 pg/mL increase in serum gastrin). Because most patients 
when initially seen are already being treated with PPIs, which have a long 
duration of action, PPIs should be stopped for up to 1 week, if possible, to 
ensure that the cause of the hypergastrinemia is not the drug itself. Stopping 
a PPI in an undiagnosed ZES patient can lead to PUD complications, so this 
approach is controversial and not performed by many physicians. If it is 
performed, it needs to be done with care, and it is best to consult a group well 
versed in making the diagnosis.

Differential Diagnosis
A positive secretin test excludes other causes of hypergastrinemia and hyper-
chlorhydria that may mimic ZES. No false-positive results are reported except 
in patients with achlorhydria, and thus it is not reliable if the patient is taking 
PPIs. In all patients with ZES, evaluation must exclude MEN1 syndrome by 
searching for other endocrinopathies and assessing family history.

multiple peptides (chromogranin, pancreatic polypeptide [PP], etc.), but these 
do not cause a specific clinical syndrome. Several of the functional pNET 
syndromes are very uncommon (fewer than 5 cases reported), including pNETs 
that secrete renin, erythropoietin, enteroglucagon, luteinizing hormone, and 
cholecystokinin (CCKoma) (see Table 219-1), as well as pNETs secreting 
GLP1 and IGF-2 that cause hypoglycemia (2 cases). In addition, pNETs 
synthesizing neurotensin, calcitonin, and ghrelin have been reported, but no 
distinct syndromes related to them have been generally established.

 PATHOBIOLOGY AND TREATMENT
Except for insulinomas, pNETs are frequently malignant (>50%). Therefore 
patients with functional pNETs have two treatment problems: both the 
hormone-excess state needs to be controlled and treatment needs to be directed 
against the tumor itself because of its malignant nature. Surgical resection 
would solve both problems, but unfortunately in many cases patients present 
with advanced, unresectable disease.

 Functional Pancreatic Neuroendocrine Tumor  
Syndromes (F-PNETs)
 Zollinger-Ellison Syndrome (Gastrinomas)

 DEFINITION
Zollinger-Ellison syndrome (ZES) is a clinical syndrome caused by a gastrin-
secreting neuroendocrine tumor usually located in the pancreas or duodenum 
and characterized by clinical symptoms/signs resulting from gastric acid 
hypersecretion (peptic ulcer disease, diarrhea, esophageal reflux disease).7,8

 PATHOBIOLOGY
Currently, gastrinomas are found in the duodenum (80 to 100%) more fre-
quently than in the pancreas (0 to 20%). Duodenal gastrinomas are generally 
small (<1 cm), whereas pancreatic gastrinomas are generally larger. Occasionally 
ZES results from a gastrinoma in the splenic hilum, mesentery, or stomach, 
or only in a lymph node or an ovary. Extrapancreatic gastrinomas producing 
ZES have been reported in the heart and with small cell lung cancer.

Gastrin stimulates parietal cells to secrete acid and has a growth effect on 
the gastric mucosa. Chronic hypergastrinemia thus leads to increased gastric 
mucosal thickness, prominent gastric folds, and increased numbers of parietal 
cells and gastric enterochromaffin-like cells. Patients with gastrinomas have 
increased basal and maximal acid outputs from the stomach. Helicobacter pylori 
appears not to be important in the pathogenesis of the ulcer disease in ZES, 
in contrast to that of common peptic ulcers (Chapter 130). Diarrhea is common 
because the large-volume gastric acid output leads to structural damage to 
the small intestine (inflammation, blunted villi, edema), interference with fat 
transport, inactivation of pancreatic lipase, and precipitation of bile acids. 
These same mechanisms, if prolonged, can lead to steatorrhea. If acid hyper-
secretion is controlled, the diarrhea will stop.

From 20 to 25% of ZES patients have MEN1 (MEN1/ZES) (Chapter 130). 
These patients have hyperplasia or tumors of multiple endocrine glands (para-
thyroid hyperplasia [>90%], pituitary tumors [60%]). In MEN1/ZES patients, 
80 to 95% of the gastrinomas are in the duodenum. They are frequently small 
(<0.5 cm), almost always multiple, and in 40 to 60% of cases associated with 
lymph node metastases.

 CLINICAL MANIFESTATIONS
ZES is diagnosed most frequently between ages 35 and 65 years, but has been 
reported in both children and the elderly. Abdominal pain resulting from a 
peptic ulcer is the most common symptom (>80%). Most ulcers occur in the 
duodenum (>85%), but they occasionally occur in the postbulbar area, jejunum, 
or stomach, or in multiple locations. Initially, the pain is usually like that of 
patients with typical peptic ulcer disease (Chapter 130). With time, however, 
the symptoms become persistent and generally respond poorly to treatments 
aimed at eliminating H. pylori and to conventional doses of histamine-2 recep-
tor antagonists, as well as to the now rarely used surgical treatments for ulcer 
disease. By comparison, conventional doses of proton pump inhibitors (PPIs) 
(e.g., omeprazole, lansoprazole, pantoprazole, esomeprazole, rabeprazole) 
frequently control the symptoms of most patients with ZES.

Heartburn is also common (20%). Diarrhea (60 to 70%) occurs frequently 
and may be the first symptom (10 to 20%). In MEN1, ZES is the most common 
functional pNET syndrome (54%), although patients typically first develop 
renal stones related to hypercalcemia from the associated hyperparathyroidism 
or have elevated prolactin levels resulting from pituitary tumors that only later 
develop. However, studies show that 20 to 40% of patients with MEN1/ZES 
initially present with ZES symptoms.

Medical Therapy
Patients need medical therapy directed at controlling the gastric acid hyper-

secretion and, if possible, surgical therapy to remove the gastrinoma. PPIs are 
now the drugs of choice. Because of their long duration of action, acid hyper-
secretion can be controlled in almost every patient with once- or twice-daily 
doses. The recommended starting dose for omeprazole is 60 mg once a day. 
In 30% of patients, higher doses are needed, particularly in patients with com-
plicated disease (MEN1), previous gastric surgery, or a history of severe esopha-
geal reflux. With time the omeprazole dose can be reduced in most patients 
with uncomplicated disease to 20 to 40 mg/day. Patients must be treated 
indefinitely unless surgically cured. Long-term therapy is generally safe, and 
patients have been treated for up to 20 years with omeprazole without loss of 
efficacy, although reduced vitamin B12 levels may occur. Histamine-2 receptor 
antagonists are also effective, but frequent (every 4 to 6 hours) and high doses 
are needed. Long-acting somatostatin analogs can also control the acid hyper-
secretion but are uncommonly used because parental administration is needed, 

TREATMENT 

 PROGNOSIS
Approximately 25% of gastrinomas show aggressive growth. The most impor-
tant prognostic predictor is the development of liver metastases. The presence 
of advanced gastrinoma grade or stage, large primary tumor, a pancreatic tumor, 
bone metastases, development of ectopic Cushing syndrome, or a high fasting 
gastrin level is associated with aggressive growth.

 Glucagonomas
 DEFINITION

Glucagonomas are neuroendocrine tumors of the pancreas that ectopically 
secrete glucagon, causing a specific syndrome.

 PATHOBIOLOGY
Glucagon hypersecretion explains the glucose intolerance. The exact origin 
of the rash (necrolytic migratory erythema; see later) is unclear; some studies 
report that prolonged glucagon infusions can cause the characteristic skin 
lesions. A role for possible zinc deficiency has been proposed because of the 
similarity of the rash to that seen with zinc deficiency (acrodermatitis entero-
pathica) and because the rash improves in some patients who are given zinc. 
The hypoaminoacidemia is thought to be secondary to the effect of glucagon 
on amino acid metabolism by altering gluconeogenesis. The wasting and weight 
loss are intrinsic parts of the glucagonoma syndrome, and recent studies suggest 
that a novel anorectic substance distinct from glucagon may be responsible.

 CLINICAL MANIFESTATIONS
The cardinal clinical features are a distinct dermatitis (necrolytic migratory 
erythema [NME], seen in 70 to 90%) (Fig. 219-1), diabetes mellitus and 
glucose intolerance (40 to 90%), weight loss (70 to 96%), anemia (30 to 
85%), hypoaminoacidemia (80 to 90%) with deficiencies of essential fatty 
acids, thromboembolism (10 to 25%), diarrhea (15 to 30%), and psychiatric 
disturbances (0 to 20%).12 NME is usually found at intertriginous and peri-
orificial sites, especially in the groin and buttocks. It is initially erythematous, 
becomes raised, and develops central bullae whose tops detach, with the eroded 
areas becoming crusty. Healing occurs with hyperpigmentation.

 DIAGNOSIS/DIFFERENTIAL DIAGNOSIS
The diagnosis is established by demonstrating elevated plasma glucagon levels 
with accompanying symptoms/signs. Normal levels are 150 to 200 pg/mL; 
in patients with glucagonomas, levels usually (>90%) are greater than 1000 pg/
mL. However, in some recent studies, up to 40% of patients have lower plasma 
glucagon values. Increased plasma glucagon levels also occur in renal 
insufficiency, acute pancreatitis, hypercorticism, hepatic diseases, celiac disease, 
severe stress, and prolonged fasting; in patients treated with danazol; and in 
familial hyperglucagonemia. In these conditions, the level is usually less than 

TREATMENT 

 PROGNOSIS
The prognosis is now largely determined by the growth of the tumor per se, 
because the symptoms of glucagon excess can be largely controlled by soma-
tostatin analogs. This is particularly true with glucagonomas. In many series, 
more than 50 to 80% are metastatic at presentation, and patients usually present 
late with large primary tumors. The mean 5-year survival rate is 50%; however, 
extended survivals (>15 years) are reported in some patients with treatment 
with somatostatin analogs and other tumor-directed therapies.

 VIPomas
 DEFINITION

The VIPoma syndrome, also called the Verner-Morrison syndrome, pancreatic 
cholera, and the WDHA syndrome (for watery diarrhea, hypokalemia, and 
achlorhydria), results from a neuroendocrine tumor, usually in the pancreas, 
that ectopically secretes vasoactive intestinal polypeptide (VIP).13
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whereas PPIs are effective with oral dosing.10 Total gastrectomy, the historical 
treatment, is now performed only for patients who cannot or will not take oral 
antisecretory medications. Selective vagotomy reduces acid secretion, but many 
patients continue to require a low dose of drug, and it is now rarely performed. 
Parathyroidectomy should be performed in MEN1 patients with hyperparathy-
roidism and ZES because the procedure reduces acid secretion and increases 
the sensitivity to antisecretory drugs.

Surgical Therapy
Surgical exploration for cure is recommended in all patients without unre-

sectable liver metastases, MEN1, or complicating medical conditions that limit 
life expectancy. Tumors are found by experienced endocrine surgeons in 95% 
of patients at surgery. Surgical resection decreases the metastatic rate, increases 
survival, and results in a 5-year cure rate of 30 to 40%. At exploration, a duo-
denotomy to locate small duodenal gastrinomas is essential, as is the use of 
operative ultrasound to find and stage small pancreatic tumors. Patients with 
metastatic gastrinoma in the liver have a poor prognosis, with a 5-year survival 
rate of 30%. Surgical treatment of MEN1/ZES patients is controversial, because 
80 to 90% have multiple small duodenal tumors with 50 to 60% having meta-
static lymph nodes, and thus cannot be cured without extensive resections 
(usually a Whipple procedure). MEN1/ZES patients with an imaged tumor that 
is less than 2 to 2.5 cm have an excellent prognosis without surgery. Therefore 
most guidelines recommend surgery only in these cases.11

Treatment of Metastatic Disease in ZES
If the metastatic disease can be resected, surgery should be considered (5 

to 15% of cases). Additional treatment of metastatic disease is considered later.

 PROGNOSIS
Approximately 25% of gastrinomas show aggressive growth. The most impor-
tant prognostic predictor is the development of liver metastases. The presence 
of advanced gastrinoma grade or stage, large primary tumor, a pancreatic tumor, 
bone metastases, development of ectopic Cushing syndrome, or a high fasting 
gastrin level is associated with aggressive growth.

 Glucagonomas
 DEFINITION

Glucagonomas are neuroendocrine tumors of the pancreas that ectopically 
secrete glucagon, causing a specific syndrome.

 PATHOBIOLOGY
Glucagon hypersecretion explains the glucose intolerance. The exact origin 
of the rash (necrolytic migratory erythema; see later) is unclear; some studies 
report that prolonged glucagon infusions can cause the characteristic skin 
lesions. A role for possible zinc deficiency has been proposed because of the 
similarity of the rash to that seen with zinc deficiency (acrodermatitis entero-
pathica) and because the rash improves in some patients who are given zinc. 
The hypoaminoacidemia is thought to be secondary to the effect of glucagon 
on amino acid metabolism by altering gluconeogenesis. The wasting and weight 
loss are intrinsic parts of the glucagonoma syndrome, and recent studies suggest 
that a novel anorectic substance distinct from glucagon may be responsible.

 CLINICAL MANIFESTATIONS
The cardinal clinical features are a distinct dermatitis (necrolytic migratory 
erythema [NME], seen in 70 to 90%) (Fig. 219-1), diabetes mellitus and 
glucose intolerance (40 to 90%), weight loss (70 to 96%), anemia (30 to 
85%), hypoaminoacidemia (80 to 90%) with deficiencies of essential fatty 
acids, thromboembolism (10 to 25%), diarrhea (15 to 30%), and psychiatric 
disturbances (0 to 20%).12 NME is usually found at intertriginous and peri-
orificial sites, especially in the groin and buttocks. It is initially erythematous, 
becomes raised, and develops central bullae whose tops detach, with the eroded 
areas becoming crusty. Healing occurs with hyperpigmentation.

 DIAGNOSIS/DIFFERENTIAL DIAGNOSIS
The diagnosis is established by demonstrating elevated plasma glucagon levels 
with accompanying symptoms/signs. Normal levels are 150 to 200 pg/mL; 
in patients with glucagonomas, levels usually (>90%) are greater than 1000 pg/
mL. However, in some recent studies, up to 40% of patients have lower plasma 
glucagon values. Increased plasma glucagon levels also occur in renal 
insufficiency, acute pancreatitis, hypercorticism, hepatic diseases, celiac disease, 
severe stress, and prolonged fasting; in patients treated with danazol; and in 
familial hyperglucagonemia. In these conditions, the level is usually less than 

500 pg/mL except in patients with hepatic diseases or in those with familial 
hyperglucagonemia. NME is not specific for glucagonomas, and is also seen 
in short bowel syndrome, myelodysplastic syndromes, malnutrition, hepatitis 
B infections, cirrhosis, celiac disease, other malignancies, inflammatory bowel 
disease, and nutritional deficiencies. Two new glucagonoma-related syndromes 
have been described: (1) Mahvash disease (characterized by mutations in the 
glucagon receptor gene, glucagon cell hyperplasia, hyperglucagonemia, but 
no symptoms of the glucagonoma syndrome) and (2) glucagon cell 
adenomatosis (characterized by glucagon cell hyperplasia and occasional 
symptoms mimicking the glucagonoma syndrome).

Glucagonomas are generally large when discovered (mean, 5 to 10 cm), 
and they most frequently occur in the pancreatic tail (>50%). Liver metastases 
are commonly present at the time of diagnosis (45 to 80%).

FIGURE 219-1. A patient with a glucagonoma with the characteristic rash (necrolytic 
migratory erythema). The rash is usually at intertriginous areas or periorificial sites and 
shows various stages of erythema and crusting. (From Forbes cd, Jackson WF. Color Atlas 
and Text of Clinical Medicine. 3rd ed. London. mosby; 2003.)

Subcutaneous administration (monthly) of a synthetic long-acting soma-
tostatin analog, octreotide (octreotide [LAR]/lanreotide [Autogel]), controls the 
rash in 80% of patients and improves weight loss, diarrhea, and hypoamino-
acidemia, but it usually does not improve the diabetes mellitus. Zinc supple-
mentation and infusions of amino acids or fatty acids, or both, can diminish 
the severity of the rash. After tumor localization, surgical resection is preferred; 
even debulking of metastatic tumor may be of benefit. For advanced disease, 
treatment is similar to that outlined for other advanced, nonresectable pNETs 
outlined later.

TREATMENT 

 PROGNOSIS
The prognosis is now largely determined by the growth of the tumor per se, 
because the symptoms of glucagon excess can be largely controlled by soma-
tostatin analogs. This is particularly true with glucagonomas. In many series, 
more than 50 to 80% are metastatic at presentation, and patients usually present 
late with large primary tumors. The mean 5-year survival rate is 50%; however, 
extended survivals (>15 years) are reported in some patients with treatment 
with somatostatin analogs and other tumor-directed therapies.

 VIPomas
 DEFINITION

The VIPoma syndrome, also called the Verner-Morrison syndrome, pancreatic 
cholera, and the WDHA syndrome (for watery diarrhea, hypokalemia, and 
achlorhydria), results from a neuroendocrine tumor, usually in the pancreas, 
that ectopically secretes vasoactive intestinal polypeptide (VIP).13
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cases; 70 to 92% will have metastasized at the time of diagnosis, and they are 
usually large (mean, 5 cm) and solitary. In contrast, duodenal somatostati-
nomas are smaller (mean, 2.4 cm), frequently associated with psammoma 
bodies on histologic examination (11%), and less frequently have metastases 
at diagnosis (30 to 40%).

 CLINICAL MANIFESTATIONS
Most reported somatostatinomas are diagnosed histologically as a neuroen-
docrine tumor containing somatostatin-like immunoreactivity and are not 
associated with a distinct clinical syndrome (the somatostatinoma syndrome). 
The somatostatinoma syndrome includes diabetes mellitus, gallbladder disease, 
diarrhea, steatorrhea, and weight loss. Sixty percent of somatostatinomas occur 
in the pancreas, and 40% are found in the duodenum or jejunum.

The somatostatinoma syndrome occurs much more commonly in patients 
with pancreatic than duodenal or intestinal somatostatinomas. Duodenal 
somatostatinomas occur in up to 10% of patients with von Recklinghausen 
disease and are usually asymptomatic.

 DIAGNOSIS/DIFFERENTIAL DIAGNOSIS
Somatostatinomas are usually found incidentally, particularly during exploratory 
laparotomy or cholecystectomy, during endoscopy, or on imaging studies. The 
presence of psammoma bodies on histologic examination of a duodenal neuro-
endocrine tumor or any duodenal lesions in patients with von Recklinghausen 
disease should raise the suspicion of a duodenal somatostatinoma. The diagnosis 
of the somatostatinoma syndrome requires the demonstration of increased 
concentrations of somatostatin-like immunoreactivity in the plasma and the 
resected tumor. However, other tumors outside the pancreas or intestine, such 
as small cell lung cancer, medullary thyroid carcinoma, pheochromocytomas, 
and paragangliomas, may also have elevated concentrations of somatostatin-
like immunoreactivity. Somatostatinomas can be imaged using somatostatin 
receptor scintigraphy or, if needed, other conventional imaging studies to 
assess the tumor’s location.

Treatment with octreotide or lanreotide can improve symptoms. Surgery, if 
possible, should be performed. For patients with unresectable advanced disease, 
treatment is similar to that for other advanced nonresectable pNETs (outlined 
later).

TREATMENT 

 PROGNOSIS
Patients with intestinal somatostatinomas, which uncommonly cause the 
somatostatinoma syndrome, and are less malignant, have an excellent prognosis 
(5-year survival rate >80%), whereas those with pancreatic somatostatinomas, 
which frequently cause the somatostatinoma syndrome and present with 
metastatic disease (>70%), have a much reduced 5-year survival rate (<50%).

 GRFomas
 DEFINITION

GRFomas are neuroendocrine tumors that can originate in the pancreas, but 
also occur in other extrapancreatic locations and ectopically release growth 
hormone–releasing factor (GRF). The GRF causes acromegaly that is clinically 
indistinguishable from that caused by a pituitary adenoma.

 PATHOBIOLOGY
GRFomas most commonly occur in the lung (54%). Most of the remainder 
occur in the GI tract, including 30% in the pancreas. Pancreatic GRFomas 
are usually large (mean, 6 cm), 39% are metastatic at diagnosis, 40% occur in 
combination with ZES, and 33% are in patients with MEN1.

 DIAGNOSIS/DIFFERENTIAL DIAGNOSIS
GRFomas are an uncommon cause of acromegaly. They occurred in none of 
177 unselected patients with acromegaly in one study. However, any patient 
with acromegaly and abdominal complaints, with acromegaly but no pituitary 
tumor (Chapter 211), or with acromegaly and hyperprolactinemia (which 
occurs in 70% of GRFomas) should be suspected of having a GRFoma. 
The intra-abdominal features of GRFomas result from its metastases. The 
diagnosis is confirmed by performing a plasma assay for GRF and growth  
hormone.

TREATMENT 

 Nonfunctional Pancreatic Neuroendocrine Tumors
 DEFINITION

Nonfunctional pancreatic neuroendocrine tumors (NF-pNETs) are 
neuroendocrine tumors that originate in the pancreas and either secrete no 
peptides or secrete products that do not cause clinical symptoms.14

 PATHOBIOLOGY
NF-pNETs frequently secrete nonfunctional peptides, including chromogranin 
A (100%), pancreatic polypeptide (60%), and the α-subunit (40%) and 
β-subunit of human chorionic gonadotropin. Immunocytochemically, even 
higher percentages contain these peptides, as well as insulin (50%), glucagon 
(30%), and somatostatin (13%).

 CLINICAL MANIFESTATIONS
In older series NF-pNETs were frequently diagnosed only in late disease stages 
after the patient presented with symptoms or signs of metastatic disease and 
a liver biopsy revealed metastatic pNET. In more recent series, an increasing 
percentage of NF-pNETs are found incidentally during investigation of unre-
lated symptoms or on screening. Any symptoms or signs in these patients 
result from the tumor per se and include abdominal pain (36 to 56%), abdominal 
mass or hepatosplenomegaly (8 to 40%), weight loss or cachexia (8 to 46%), 
and jaundice (27 to 40%).

 DIAGNOSIS/DIFFERENTIAL DIAGNOSIS
Any patients with a long survival (>5 years) after a diagnosis of metastatic 
pancreatic adenocarcinoma should be suspected of having an NF-pNET. In 
older series of symptomatic patients, primary tumors were large (70% were 
>5 cm) and liver metastases were frequent (38 to 62%) at presentation, whereas 
in recent series of asymptomatic patients, the NF-pNETs detected incidentally 
have been frequently less than 2 cm, without metastases. An elevated plasma 
chromogranin A or pancreatic polypeptide level or a positive somatostatin 
receptor scintigraphic scan is strong evidence that a pancreatic mass is a pNET. 
Malignancy correlates with vascular/perineural invasion, a proliferative index 
of greater than 2%, a mitotic rate of greater than 2, a size of at least 4 cm, 
capsular penetration, nuclear atypia, lack of progesterone receptors, and the 
presence of calcitonin immunoreactivity in the tumor.

TREATMENT 

 PROGNOSIS
The overall 5-year survival rate varies in different series from 30% to greater 
than 90%, but it is heavily dependent on the extent of the disease at diagnosis, 
with survival rates of 96% in patients without metastases at presentation, 
decreasing to 30 to 50% with metastatic disease.

 ACTHomas and Other Uncommon Tumors
pNETs that ectopically secrete ACTH cause 4 to 16% of the cases of ectopic 
Cushing syndrome.16 Cushing syndrome (Chapter 214) occurs in 5% of all 
cases of ZES, but in patients with sporadic ZES it is a late feature, occurring 

The symptoms caused by the VIP are controlled initially in greater than 85% 
of patients by daily doses of octreotide (50 to 400 µg 1 to 3 times/daily) or by 
monthly injections of a depot form (octreotide [LAR]/lanreotide [Autogel]), but 
increased doses may be needed over time. Before the availability of octreotide, 
small numbers of patients were reported to respond to a variety of agents, 
including high-dose prednisone (60 to 100 mg/day; 40 to 50%), clonidine, lithium 
carbonate, indomethacin, loperamide, metoclopramide, and phenothiazines. 
After tumor localization studies, surgical resection should be attempted if it is 
possible to remove all visible tumor; however, greater than 50% of patients 
have generalized liver metastases at diagnosis, so complete resection may not 
be possible. For patients with unresectable advanced disease, treatment is 
similar to that for other advanced nonresectable pNETs (outlined later).

TREATMENT 

 EPIDEMIOLOGY AND PATHOBIOLOGY
VIPomas in adults are found in the pancreas in 80 to 90% of cases; rare cases 
result from intestinal carcinoids, ganglioneuromas, ganglioneuroblastomas, 
and pheochromocytomas. In children less than 10 years and rarely in adults, 
the VIPoma syndrome is caused by ganglioneuromas or ganglioneuroblastomas 
at extrapancreatic sites. VIPomas are usually large and solitary; 50 to 75% 
occur in the pancreatic tail, and 40 to 70% have metastasized at the time of 
diagnosis. VIPomas frequently secrete both VIP and peptide histidine methio-
nine, but VIP is responsible for the symptoms. VIP is a potent stimulant of 
secretion in the small and large intestine, which causes the cardinal clinical 
features. VIP also causes relaxation of GI smooth muscle, and this may con-
tribute to the dilated loops of bowel that are common in this syndrome, as 
well as a dilated atonic gallbladder. Hypochlorhydria is thought to result from 
the inhibitory effect of VIP on gastric acid secretion, the flushing is related 
to the vasodilatory effects of VIP, and the hyperglycemia is caused by the 
glycogenolytic effect of VIP. The mechanism of the hypercalcemia remains 
unclear.

 CLINICAL MANIFESTATIONS
The cardinal clinical feature is severe, large-volume, watery diarrhea (>1 L/
day) in all cases, which is secretory and occurs during fasting. Hypokalemia 
(67 to 100%) and dehydration (83%) commonly occur because of the volume 
of the diarrhea. Achlorhydria is only occasionally noted, but hypochlorhydria 
is usually found (34 to 72% of cases). Flushing occurs in 20% of patients, 
hyperglycemia in 25 to 50%, and hypercalcemia in 41 to 50%. Steatorrhea is 
uncommon (16%) despite the volume of diarrhea.

 DIAGNOSIS/DIFFERENTIAL DIAGNOSIS
The diarrhea of VIPomas characteristically persists during fasting and is large 
in volume (>3 L/day in 70 to 80%); the diagnosis is excluded when fasting 
stool volume is less than 700 mL/day. To differentiate VIPomas from other 
causes of large-volume fasting diarrhea, fasting plasma VIP levels should be 
determined. The normal value in most laboratories is less than 190 pg/mL, 
and elevated levels are present in 90 to 100% of patients. The differential 
diagnosis of large-volume fasting diarrhea (>700 mL/day) includes ZES, diffuse 
islet-cell hyperplasia, surreptitious use of laxatives, the pseudopancreatic cholera 
syndrome, and, rarely, HIV infection (Chapter 366). Serum gastrin levels 
identify patients with ZES, and plasma VIP levels are normal in most patients 
who abuse laxatives, in 82% of patients with pancreatic islet cell hyperplasia, 
and in patients with HIV-induced secretory diarrhea.

 PROGNOSIS
The prognosis is now largely determined by the growth of the tumor per se, 
because the symptoms of VIP excess can be largely controlled by somatostatin 
analogs. The mean 5-year survival rate is 50 to 70%.

 Somatostatinomas
 DEFINITION AND PATHOBIOLOGY

Somatostatinomas are neuroendocrine tumors that occur primarily in the 
pancreas or upper small intestine and ectopically secrete somatostatin. In the 
GI tract, somatostatin inhibits basal and stimulated gastric acid secretion, pan-
creatic secretion, intestinal absorption of amino acids, gallbladder contractility, 
and release of numerous hormones, including cholecystokinin and gastrin. 
Pancreatic somatostatinomas occur in the pancreatic head in 60 to 80% of 

with metastatic liver disease. Its development is associated with a poor prog-
nosis, and the response to chemotherapy is generally poor; however, some 
patients benefit from the use of long-acting somatostatin analogs (octreotide, 
lanreotide).

Paraneoplastic hypercalcemia (Chapter 169) can result from a pNET that 
releases parathormone-related peptide or an unknown hypercalcemic substance. 
Tumors are generally large, with metastatic liver disease at diagnosis. Somatosta-
tin analogs may help control the hypercalcemia, but surgery, chemotherapy, 
hepatic embolization, and chemoembolization are the mainstays of treatment.

pNETs causing the carcinoid syndrome (see later) are usually large, and 
68 to 88% are malignant. Octreotide may control the symptoms and the newly 
released tryptophan hydrolase 1 inhibitor, telotristat, may be helpful to control 
the diarrhea. Surgery, chemotherapy, hepatic embolization, chemoemboliza-
tion, or molecular targeted therapy (everolimus, sunitinib) may be helpful.

A single case of a pNET that secreted renin manifested with severe hyper-
tension; the tumor was localized with somatostatin receptor scintigraphy, and 
the patient’s symptoms improved significantly after tumor resection. A single 
case of an erythropoietin-secreting pNET resulting in polycythemia and a 
single case of a pNET secreting IGF-II or GLP-1 causing hypoglycemia have 
been described. Two symptomatic cases of pNETs that secreted luteinizing 
hormone have been described; virilization occurred in the female patient, 
whereas the male patient had increased acne and a rash. In both cases, the 
tumors were resectable, and symptoms improved postoperatively. A single 
case of a pNET secreting cholecystokinin (CCKoma) has been described, 
with the patient demonstrating PUD, gallbladder disease, diarrhea, and weight 
loss. A case of a pNET secreting enteroglucagon causing small intestinal hyper-
trophy has also been described.

 Neuroendocrine Tumors of the Gastrointestinal Tract and 
Thorax (Carcinoids, non-pNETs)
These well-differentiated NETs, also called carcinoid, occur most often in the 
GI tract (about 25% in the small intestine, 15% in the rectum, 10% in the 
appendix, and 5% in the stomach) and the lung (30%), but they also can 
occur in many other organs.17

 Stomach Neuroendocrine Tumors
Gastric NETs occur in several subtypes with differing pathophysiology, natural 
history, and treatment.18,19 Type 1 gastric NET (carcinoid) arises in the body 
and fundus of the stomach in the setting of autoimmune atrophic gastritis. 
This is the most common type, comprising 80% of cases.

In type 1 lesions gastrin is markedly elevated due to the absence of negative 
feedback from gastric acid, not because the tumors are secreting gastrin. The 
high gastrin stimulates proliferation of gastric enterochromaffin-like (ECL) 
neuroendocrine cells in the body and fundus of the stomach, resulting in 
neuroendocrine cell hyperplasia and small multifocal neuroendocrine lesions, 
which occasionally progress to type 1 gastric carcinoids. These NETs are gen-
erally of low grade and have a low metastatic potential when less than 2 cm 
in size and are usually removed endoscopically. Multifocal NETs with multiple 
recurrences can be treated with laparoscopic antrectomy to normalize gastrin 
level, and cause regression of the NET and neuroendocrine hyperplasia.

Type 2 NETs, which are associated with Zollinger-Ellison syndrome with 
MEN1, comprise only about 5% of gastric NETs, thereby making them the 
least common type. These tumors are almost invariably multifocal. Unlike 
type 1, which is also associated with elevated gastrin, the gastric mucosa is 
hypertrophic rather than atrophic. The type 2 lesions are usually small and of 
low to intermediate aggressiveness, best treated with endoscopic excision.

Type 3 NET is sporadic gastric NET. In comparison to types 1 and 2 NET, 
type 3 NETs are not associated with hypergastrinemia and are usually of higher 
stage/grade, giving a worse prognosis. They can produce an atypical carcinoid 
syndrome. In most cases, patients require a partial gastrectomy, as in adeno-
carcinoma of the stomach.

 Small Bowel and Cecum Neuroendocrine Tumors
Patients with small bowel and cecal NET may present with symptoms that 
are related to the tumor mass or with symptoms caused by biologically active 
peptides that are released into the circulatory system (e.g., carcinoid syn-
drome).20,21 Abdominal primary tumors or metastases can cause abdominal 
pain and even intestinal or bowel obstruction owing to growing tumor and 
associated desmoplasia. A primary tumor may infrequently cause GI bleeding. 
Massive liver metastases can cause palpable hepatomegaly. 5-HIAA, serotonin, 
chromogranin A, pancreastatin, and neurokinin A are frequently measured 
biomarkers.
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The effects of the GRF can be controlled with octreotide or lanreotide in 
more than 90% of patients. Treatment should be directed at the GRFoma per 
se, as described for the other more common pNETs. For patients with unresect-
able advanced disease, treatment is similar to that for other advanced nonre-
sectable pNETs (outlined later).

TREATMENT 

 Nonfunctional Pancreatic Neuroendocrine Tumors
 DEFINITION

Nonfunctional pancreatic neuroendocrine tumors (NF-pNETs) are 
neuroendocrine tumors that originate in the pancreas and either secrete no 
peptides or secrete products that do not cause clinical symptoms.14

 PATHOBIOLOGY
NF-pNETs frequently secrete nonfunctional peptides, including chromogranin 
A (100%), pancreatic polypeptide (60%), and the α-subunit (40%) and 
β-subunit of human chorionic gonadotropin. Immunocytochemically, even 
higher percentages contain these peptides, as well as insulin (50%), glucagon 
(30%), and somatostatin (13%).

 CLINICAL MANIFESTATIONS
In older series NF-pNETs were frequently diagnosed only in late disease stages 
after the patient presented with symptoms or signs of metastatic disease and 
a liver biopsy revealed metastatic pNET. In more recent series, an increasing 
percentage of NF-pNETs are found incidentally during investigation of unre-
lated symptoms or on screening. Any symptoms or signs in these patients 
result from the tumor per se and include abdominal pain (36 to 56%), abdominal 
mass or hepatosplenomegaly (8 to 40%), weight loss or cachexia (8 to 46%), 
and jaundice (27 to 40%).

 DIAGNOSIS/DIFFERENTIAL DIAGNOSIS
Any patients with a long survival (>5 years) after a diagnosis of metastatic 
pancreatic adenocarcinoma should be suspected of having an NF-pNET. In 
older series of symptomatic patients, primary tumors were large (70% were 
>5 cm) and liver metastases were frequent (38 to 62%) at presentation, whereas 
in recent series of asymptomatic patients, the NF-pNETs detected incidentally 
have been frequently less than 2 cm, without metastases. An elevated plasma 
chromogranin A or pancreatic polypeptide level or a positive somatostatin 
receptor scintigraphic scan is strong evidence that a pancreatic mass is a pNET. 
Malignancy correlates with vascular/perineural invasion, a proliferative index 
of greater than 2%, a mitotic rate of greater than 2, a size of at least 4 cm, 
capsular penetration, nuclear atypia, lack of progesterone receptors, and the 
presence of calcitonin immunoreactivity in the tumor.

Survival is better in patients with smaller tumors, patients who are asymp-
tomatic at presentation, patients with no metastases, and patients in whom 
surgical resection can be performed.

Surgical resection should be performed, whenever possible, in patients with 
NF-pNETs greater than 2 to 3 cm, if duct compression is found, or if a higher 
grade tumor is present. The role of surgery in NF-pNETs that are less than 2 to 
2.5 cm is controversial, with some recommending observation with reevaluation 
and others surgery.15 For patients with unresectable advanced disease, treat-
ment is similar to that outlined later for other advanced nonresectable pNETs.

TREATMENT 

 PROGNOSIS
The overall 5-year survival rate varies in different series from 30% to greater 
than 90%, but it is heavily dependent on the extent of the disease at diagnosis, 
with survival rates of 96% in patients without metastases at presentation, 
decreasing to 30 to 50% with metastatic disease.

 ACTHomas and Other Uncommon Tumors
pNETs that ectopically secrete ACTH cause 4 to 16% of the cases of ectopic 
Cushing syndrome.16 Cushing syndrome (Chapter 214) occurs in 5% of all 
cases of ZES, but in patients with sporadic ZES it is a late feature, occurring 

with metastatic liver disease. Its development is associated with a poor prog-
nosis, and the response to chemotherapy is generally poor; however, some 
patients benefit from the use of long-acting somatostatin analogs (octreotide, 
lanreotide).

Paraneoplastic hypercalcemia (Chapter 169) can result from a pNET that 
releases parathormone-related peptide or an unknown hypercalcemic substance. 
Tumors are generally large, with metastatic liver disease at diagnosis. Somatosta-
tin analogs may help control the hypercalcemia, but surgery, chemotherapy, 
hepatic embolization, and chemoembolization are the mainstays of treatment.

pNETs causing the carcinoid syndrome (see later) are usually large, and 
68 to 88% are malignant. Octreotide may control the symptoms and the newly 
released tryptophan hydrolase 1 inhibitor, telotristat, may be helpful to control 
the diarrhea. Surgery, chemotherapy, hepatic embolization, chemoemboliza-
tion, or molecular targeted therapy (everolimus, sunitinib) may be helpful.

A single case of a pNET that secreted renin manifested with severe hyper-
tension; the tumor was localized with somatostatin receptor scintigraphy, and 
the patient’s symptoms improved significantly after tumor resection. A single 
case of an erythropoietin-secreting pNET resulting in polycythemia and a 
single case of a pNET secreting IGF-II or GLP-1 causing hypoglycemia have 
been described. Two symptomatic cases of pNETs that secreted luteinizing 
hormone have been described; virilization occurred in the female patient, 
whereas the male patient had increased acne and a rash. In both cases, the 
tumors were resectable, and symptoms improved postoperatively. A single 
case of a pNET secreting cholecystokinin (CCKoma) has been described, 
with the patient demonstrating PUD, gallbladder disease, diarrhea, and weight 
loss. A case of a pNET secreting enteroglucagon causing small intestinal hyper-
trophy has also been described.

 Neuroendocrine Tumors of the Gastrointestinal Tract and 
Thorax (Carcinoids, non-pNETs)
These well-differentiated NETs, also called carcinoid, occur most often in the 
GI tract (about 25% in the small intestine, 15% in the rectum, 10% in the 
appendix, and 5% in the stomach) and the lung (30%), but they also can 
occur in many other organs.17

 Stomach Neuroendocrine Tumors
Gastric NETs occur in several subtypes with differing pathophysiology, natural 
history, and treatment.18,19 Type 1 gastric NET (carcinoid) arises in the body 
and fundus of the stomach in the setting of autoimmune atrophic gastritis. 
This is the most common type, comprising 80% of cases.

In type 1 lesions gastrin is markedly elevated due to the absence of negative 
feedback from gastric acid, not because the tumors are secreting gastrin. The 
high gastrin stimulates proliferation of gastric enterochromaffin-like (ECL) 
neuroendocrine cells in the body and fundus of the stomach, resulting in 
neuroendocrine cell hyperplasia and small multifocal neuroendocrine lesions, 
which occasionally progress to type 1 gastric carcinoids. These NETs are gen-
erally of low grade and have a low metastatic potential when less than 2 cm 
in size and are usually removed endoscopically. Multifocal NETs with multiple 
recurrences can be treated with laparoscopic antrectomy to normalize gastrin 
level, and cause regression of the NET and neuroendocrine hyperplasia.

Type 2 NETs, which are associated with Zollinger-Ellison syndrome with 
MEN1, comprise only about 5% of gastric NETs, thereby making them the 
least common type. These tumors are almost invariably multifocal. Unlike 
type 1, which is also associated with elevated gastrin, the gastric mucosa is 
hypertrophic rather than atrophic. The type 2 lesions are usually small and of 
low to intermediate aggressiveness, best treated with endoscopic excision.

Type 3 NET is sporadic gastric NET. In comparison to types 1 and 2 NET, 
type 3 NETs are not associated with hypergastrinemia and are usually of higher 
stage/grade, giving a worse prognosis. They can produce an atypical carcinoid 
syndrome. In most cases, patients require a partial gastrectomy, as in adeno-
carcinoma of the stomach.

 Small Bowel and Cecum Neuroendocrine Tumors
Patients with small bowel and cecal NET may present with symptoms that 
are related to the tumor mass or with symptoms caused by biologically active 
peptides that are released into the circulatory system (e.g., carcinoid syn-
drome).20,21 Abdominal primary tumors or metastases can cause abdominal 
pain and even intestinal or bowel obstruction owing to growing tumor and 
associated desmoplasia. A primary tumor may infrequently cause GI bleeding. 
Massive liver metastases can cause palpable hepatomegaly. 5-HIAA, serotonin, 
chromogranin A, pancreastatin, and neurokinin A are frequently measured 
biomarkers.
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shows numerous subcentimeter pulmonary nodules, should be repeated every 
6 months along with pulmonary function tests, including diffusing capacity. 
The temptation for radical surgery should be avoided to preserve as much 
lung parenchyma as possible. If the patient becomes symptomatic from 
progressive disease, somatostatin analog therapy might be considered.

Surgery is the treatment of choice for localized disease. Endoscopic laser 
debulking may be helpful to allow for recovery from distal obstructive pneu-
monia and to allow for a more conservative resection. In the absence of locally 
advanced disease, sleeve resection can often be performed with minimal loss 
of functional lung tissue. A video-assisted thoracoscopic surgery (VATS) 
lobectomy and lymphadenectomy for accurate staging and maximizing the 
chance of cure is usually needed. Ten-year survival rates for typical carcinoid 
are 82 to 87%.

 Thymus Neuroendocrine Tumors
Thymus NET is a rare neoplasm, with an annual incidence of 0.02 per 100,000 
per year, and accounting for 2% of all mediastinal tumors and 5% of thymic 
lesions. Most cases are sporadic, but 25% are associated with MEN-1. Func-
tional syndromes, including Cushing syndrome and acromegaly, may occur, 
as in lung NETs. Criteria for pathologic grade are the same as in lung NET. 
There is no accepted staging system, but thymus NETs are usually divided 
into 3 groups: encapsulated, invasive, and metastatic. Late presentation with 
invasion of vital structures is common, but complete resection is the only 
possible curative procedure. Careful preoperative staging is important. Defini-
tive surgery, which typically requires median sternotomy and mediastinal node 
dissection and may require cardiopulmonary bypass with cardioplegic arrest, 
should not be done if significant extrathoracic metastasis is present or if the 
patient is not a good surgical candidate.

 CARCINOID SYNDROME
The carcinoid syndrome develops when neuroendocrine mediators released by 
NETs, most commonly metastatic NETs arising from the small intestine, cause 
systemic symptoms and signs.24,25 Symptoms include episodic flushing, diar-
rhea, wheezing, tachycardia, and blood pressure fluctuations. There can be 
eventual development of intraperitoneal and retroperitoneal fibrosis, as well 
as endomyocardial fibrosis leading to valvular heart disease. Approximately 
8 to 35% of all NETs develop carcinoid syndrome, most commonly NETs of 
small bowel origin with liver metastasis. Foregut NETs (e.g., bronchus, stomach, 
pancreas, and thymus) as well as hindgut NETs rarely cause carcinoid syn-
drome. Carcinoid syndrome results from NET cell production of biologically 
active substances including serotonin, tachykinins, histamine, and prostaglan-
dins. Foregut carcinoids frequently produce an atypical carcinoid syndrome 
due to the release of 5-hydroxytryptophan rather than serotonin.

Diarrhea of secretory type is a major feature of the carcinoid syndrome. 
Stool volume is typically greater than 1 L/day and persists with fasting (when 
on intravenous fluids). No “osmotic gap” is present when stool osmolality is 
measured. Flushing from carcinoid syndrome involves attacks of skin redness 
without sweating, which may be associated with burning, warmth, and redness 
of face and neck, sometimes extending to the trunk and abdomen. It is caused 
by tumor-produced vasodilators increasing blood flow to the skin. Psychiatric 
manifestations of tryptophan deficiency occur when a large percentage of 
dietary tryptophan is shunted to produce serotonin, thereby leaving less tryp-
tophan to form nicotinic acid and protein. Pellagra (nicotinic acid deficiency) 
can be seen when the urinary excretion of 5-HIAA is greater than 100 mg/
day as a result of this shunting.

Carcinoid heart disease is endomyocardial fibrosis caused by serotonin.26 
The serotonin level is typically greater than 1000 pg/mL and urinary 5-HIAA 
greater than 57 mg/24 hours. Cardiac fibrotic manifestations commonly include 
tricuspid valve regurgitation (65%), pulmonary valve regurgitation (20%), 
and right ventricular myocardial restrictive disease, but about 10% of patients 
may develop left-sided cardiac involvement. Symptoms of right-sided heart 
failure include swelling in legs and abdomen, shortness of breath, and fatigue. 
Diagnosis often is easily made by echocardiography. Diuretics help, but more 
than 80% of patients die in 4 to 5 years without valve replacement. With 
replacement of the damaged tricuspid and pulmonic valves, 4-year survival is 
50%. Bioprosthetic valves can develop carcinoid fibrosis, but mechanical valves 
require lifetime anticoagulation, so the choice of therapy must be individual-
ized. Best results for valve replacement occur when the serotonin level is not 
massively elevated, age is less than 60 years old, and heart muscle function is 
still good (Chapter 66).

Intraperitoneal and retroperitoneal fibrosis also results from the high level 
of serotonin in carcinoid syndrome. This development causes intense fibrosis 
in the peritoneal cavity leading to bowel obstructions in about 50% of patients, 

Most small bowel NETs arise within 60 cm of the ileocecal valve, approxi-
mately 25% having multiple primary small bowel foci. Localized tumors should 
be treated with right hemicolectomy or resection of the involved segment of 
small bowel depending on location. Metastatic potential increases with size, 
from less than 5% in tumors less than 1 cm to approximately 50% in tumors 
greater than 2 cm. When metastatic, 5-year overall survival ranges from 40 to 
85% and 10-year survival ranges from 40 to 60%.

Duodenal carcinoids can produce several types of hormonal syndromes. 
Duodenal gastrinomas can be sporadic or can occur in a background of MEN-1, 
where they are often associated with ZES. In MEN-1–associated cases, hyper-
plasia of background G cells can be observed. Duodenal somatostatinomas 
may be associated with psammoma bodies and type-1 neurofibromatosis. The 
nonfunctional duodenal NET can still produce calcitonin and serotonin. 
Ampullary NETs have metastatic potential even when small, and are also 
associated with neurofibromatosis. These tumors are treated with endoscopic 
resection when possible, although larger, more aggressive tumors, particularly 
those of the ampulla, may require a modified Whipple resection.

 Appendix Neuroendocrine Tumors
Appendix NETs are frequently found incidentally at the time of simple appen-
dectomy. If less than 2 cm in diameter and there are no unfavorable pathologic 
features, prognosis is outstanding and no additional surgery is needed. However, 
if these tumors are greater than 2 cm, a right hemicolectomy should be done. 
Goblet cell carcinoid (GCC) contains both carcinoid elements and adeno-
carcinoma elements. These tumors arise most commonly in the appendix and 
because of their aggressive nature should be treated with a right hemicolectomy, 
even when less than 2 cm in diameter. These tumors can present as solid 
masses of GCC, as mucinous tumors, which can lead to peudomyxoma peri-
toneii, or as an adenocarcinoma, which overgrows the GCC. GCCs should 
be distinguished from “tubular carcinoids,” which often have focal mucin 
present but have an excellent prognosis and are treated as usual appendiceal 
NETs rather than as GCCs.

 Rectum Neuroendocrine Tumors
Hindgut NETs arise in the distal colon and rectum and are almost never 
associated with functional syndromes.22 These are frequently detected at screen-
ing colonoscopy and if less than 2 cm can be treated with endoscopic mucosal 
resection or transrectal excision with low risk of recurrence. However, if greater 
than 2 cm or of higher histologic grade, a low anterior resection of the rectum 
or anterior posterior resection of the rectum is necessary, and metastatic risk 
is greater than 50%. Mixed adeno-neuroendocrine carcinomas may also rarely 
occur in the colon, containing high-grade neuroendocrine and adenocarcinoma 
elements, which should be differentiated from high-grade adenocarcinoma 
of the rectum with neuroendocrine differentiation (latter not a neuroendocrine 
tumor).

 Lung Neuroendocrine Tumors
Lung NETs (bronchial carcinoids) comprise 1 to 2% of lung malignancies 
(Chapter 182) in adults and 20 to 30% NET cases.23 The annual incidence is 
1.35 per 100,000 population/year. There is no definite relationship to ciga-
rette smoking. Among the lung NETs, 90% are sporadic, 5% are associated 
with MEN-1, and occasional cases arise from diffuse idiopathic pulmonary 
neuroendocrine cell hyperplasia (DIPNECH). There is a 5:1 female prepon-
derance. Typical carcinoid (low-grade NE) has a mitotic count less than 2 
per 10 high-powered fields and no necrosis. Atypical carcinoid (intermedi-
ate grade) has a mitotic count of 2 to 20 per 10 high-powered fields and/
or focal necrosis. Staging is exactly the same as lung cancer (Chapter 182). 
Carcinoid syndrome (see later) with serotonin production occurs in less than 
10% of cases, but can be severe even in the absence of metastatic disease. 
Histamine-mediated atypical flushing, which can last over 30 minutes, is 
bright red and can involve limbs and upper trunk, and is associated with 
sweating, tearing, wheezing, and burning, and sometimes rosacea. Cushing 
syndrome from ACTH or CRH secretion occurs in less than 5% of patients 
with lung carcinoid tumors. This can be cured by resection of a localized 
tumor. Laparoscopic bilateral adrenalectomy is the treatment of choice, if 
caused by unresectable or metastatic NET, because medical management is 
usually inadequate. Acromegaly from ectopic production of GHRH can occur 
with bronchial NET, and often responds to somatostatin analogs or surgical  
debulking.

DIPNECH is characterized by infiltration of lung parenchyma with 
neuroendocrine cells and tumorlets (<0.5 mm) and can lead to the development 
of multifocal bilateral lung NET. Over many years, it can lead to bronchiectasis, 
interstitial fibrosis, and bronchiolitis obliterans. CT of the chest, which typically 

G-protein–coupled somatostatin receptors.27 The somatostatin analogs, octreo-
tide and lanreotide, have a longer half-life than somatostatin and bind pref-
erentially to receptor subtype 2, the receptor most responsible for controlling 
cell proliferation and secretion, and are effective treatments for pancreatic 
and gastrointestinal neuroendocrine tumors. A3  In one trial, 85 patients with 
locally inoperable or metastatic small bowel NET were randomized to receive 
either octreotide (LAR) 30 mg monthly or placebo. The median time to tumor 
progression was significantly longer with octreotide compared with placebo 
(14.3 vs. 6 months), whether or not carcinoid syndrome was present. The 
much larger randomized phase 3 trial, A4  of lanreotide (Autogel) versus placebo, 
known as the CLARINET trial, has established lanreotide as an effective first-
line therapy in patients with metastatic NET who expressed somatostatin 
receptors. In the CLARINET study, 204 patients with grade 1 or 2 nonfunc-
tioning NET of GI or pancreatic origin were randomly assigned to either 
120 mg of lanreotide (Autogel) (n = 101) or placebo (n = 103) every 4 weeks 
for 96 weeks. Progression-free survival (PFS) was greater than 96 weeks for 
lanreotide versus 18 months for placebo when data were published at 2 years. 
Longer follow-up on the lanreotide open-label extension trial demonstrated 
the actual real-time PFS to be 38.5 months. Prolongation of PFS was signifi-
cant, whether NET was grade 1 or grade 2, whether metastatic or locally 
advanced, and whether high or low liver tumor burden was present. Lanreotide 
reduced risk of tumor progression or death by 53%.

 Peptide Receptor Radionuclide Therapy
Peptide receptor radionuclide therapy (PRRT) utilizes the binding of a radio-
labeled somatostatin analog to the somatostatin receptor to selectively irradiate 
sites of metastasis with minimal injury to the surrounding normal tissues. The 
phase 3 NETTER-1 clinical trial A5  randomized patients with advanced midgut 
carcinoid tumors who had become resistant to treatment with maximum 
approved doses of a somatostatin analog to receive either PRRT with 
177Lu-Dotatate 200 mCi every 8 weeks ×4 plus octreotide 30 mg intramuscularly 
every 28 days or only octreotide 60 mg intramuscularly every 28 days. 
Progression-free survival (PFS) was increased from 8.4 months in the non-
PRRT arm to a median PFS not yet reached in the PRRT arm, although 
estimated to be at least 40 months (P < 0.0001). An interim analysis suggested 
an increase in overall survival from 3 to 18%. 177Lu-Dotatate PRRT, as used 
in this trial with nephron-protective amino acids, demonstrated a favorable 
safety profile, with no grade 3 to 4 nephrotoxicity, and grade 3 to 4 myelo-
toxicity of 1%. In multiple phase 2 trials, PRRT has demonstrated similar 
efficacy on tumor control of NETs arising in the GI tract, pancreas, and lung. 
It is anticipated that in individuals with NETs progressing on somatostatin 
analog therapy who have high-affinity, high-specificity binding of somatostatin 
analog to tumor, as demonstrated by somatostatin receptor imaging (e.g., 
68Ga-Dotatate PET), PRRT will play an important role in management.

 Therapy Targeting PI3K/Akt/mTOR
Several observations point to inhibition of mTOR to be a logical approach 
to treatment of pancreatic NET.A6 Pancreatic NET frequently occurs 
when there are defects in the TSC2 gene (whose protein product inhibits 
mTOR activation) and if there is loss of the NF1 gene (which regulates 
mTOR activity). Sporadic pNETs coexpress IGF-1 and the IGF-1 recep-
tor (IGF-1R), activating the PI3K-mTOR pathway. Pancreatic NETs dem-
onstrate downregulation of TSC2 and PTEN genes (negative regulators of 
the PI3K/Akt/mTOR pathway). This led to the 410-patient phase 3 trial  
(RADIANT-3) A7  randomizing patients with advanced, progressive pancreatic 
NETs to the mTOR inhibitor, everolimus 10 mg orally daily, versus placebo. 
Everolimus increased PFS from 5.4 months to 11.4 months (P < 0.0001). The 
RADIANT-4 trial A8  showed a similar improvement in PFS (3.9 to 11 months) 
in NETs arising from the GI tract and lung, leading to U.S. Food and Drug 
Administration (FDA) approval for all of these indications.

 Antiangiogenics
Neuroendocrine tumors are highly vascular and can be controlled with 
antiangiogenic agents. Sunitinib is an oral tyrosine kinase inhibitor that inhibits 
VEGFR, PDGFR, KIT, FLT3, and RET.28 A phase 3 trial A9  of 159 patients 
with progressive pancreatic NET randomized patients to sunitinib 37.5 mg/
day versus placebo. PFS was 11.4 months for sunitinib versus 5.5 months for 
placebo, leading to FDA approval for pancreatic NET. Significant toxicities 
(all less than 10%) included neutropenia, hypertension, abdominal pain, 
diarrhea, hypoglycemia, and hand-foot syndrome. Cabozantanib, another TKI 
targeting VEGF receptors, MET, AXL, and RET, shows promise in pancreatic 
NET, and pazopanib in carcinoid tumors. Bevacizimub plus everolimus versus 
everolimus has been studied in pancreatic NET and bevacizumab plus 

as well as mesenteric vessel occlusion and bowel ischemia. Retroperitoneal 
fibrosis can cause ureteral obstruction.

Carcinoid crisis is an attack of severe and sustained flushing with life-
threatening hemodynamic compromise and bronchoconstriction, precipitated 
by anesthesia, surgery, tumor necrosis, or catecholamine infusion. Other mani-
festations include generalized fatigue, bronchoconstriction, tachycardia, rosacea, 
and proximal myopathy.

Diagnosis of carcinoid syndrome should be considered if at least one 
clinical manifestation is present in patients with biopsy-proven NET. The 
diagnostic hallmark is increased excretion of urinary 5-HIAA. Normally, urinary 
excretion of 5-HIAA does not exceed 6 to 10 mg/day when patients have 
been placed on a low-serotonin diet and have avoided medications known to 
falsely elevate 5-HIAA before urine collection. Under these circumstances, 
urinary excretion of greater than or equal to 25 mg/day of 5-HIAA usually 
establishes the diagnosis of the carcinoid syndrome. Levels of 9 to 25 mg/day 
can also be found in patients with vomiting, acute intestinal obstruction, or 
nontropical sprue. Measurement of fasting plasma 5-HIAA without requiring 
a low-serotonin diet or a 24-hour urine collection is now becoming available. 
Plasma chromogranin A and multiple other biomarkers are frequently elevated 
in NET and in some nonmalignant conditions, but none are diagnostic of 
carcinoid syndrome.

Treatment of carcinoid syndrome is initiated with a somatostatin  
analog. A1  Octreotide causes a reduction of 50% in 5-HIAA excretion and can 
dramatically reduce the frequency and intensity of diarrhea and flushing. It 
is recommended that octreotide therapy be initiated subcutaneously every 8 
hours, with the dose increased as rapidly as can be tolerated by the patient 
from 50 to 300 µg three times per day. At that point, octreotide (LAR), 20 
to 30 mg intramuscularly every 4 weeks (or lanreotide [Autogel], 40 to 60 mg/
month) can be started. To maintain a steady-state therapeutic blood level, 
patients should continue the subcutaneous dosing until 2 weeks after the 
long-acting somatostatin analog therapy has been initiated. Telotristat ethyl 
is a potent inhibitor of tryptophan hydroxylase, the rate-limiting enzyme in 
serotonin biosynthesis from tryptophan. It does not lower serotonin produc-
tion in the brain, and toxicity is low. Telotristat ethyl 250 mg orally twice 
daily A2  reduces 5-HIAA by 40%, resulting in marked reduction of carcinoid 
syndrome diarrhea (in combination with continued somatostatin analog 
therapy), if diarrhea is inadequately controlled by somatostatin analog therapy 
alone. Reducing the bulk of hormone-producing tumor cells by surgery, embo-
lization, or ablation of liver metastasis is also an important component of 
long-term control of carcinoid syndrome. Systemic therapy with biologic agents 
such as everolimus, peptide receptor radiotherapy, or interferon may also 
improve the symptoms of carcinoid syndrome.

 CONTROL OF TUMOR GROWTH IN METASTATIC 
NEUROENDOCRINE TUMORS

 Primary Debulking Surgery/Regional  
Therapy/Liver Transplantation
If it is possible to surgically remove at least 90% of metastases, survival as well 
as symptoms of hormone secretion can be improved. Cholecystectomy at the 
time of abdominal surgery prevents cholelithiasis from somatostatin analog 
therapy and makes subsequent liver embolization safer. The primary tumor 
should be removed with carcinoid syndrome that is caused by ileal-jejunal 
NETs to prevent or treat bowel obstruction, bleeding, and other local com-
plications. Liver metastasis can be treated with radiofrequency or microwave 
ablation of lesions less than 4 cm diameter, with a probe inserted into metastasis 
at surgery or under CT guidance, and tumor obliteration using localized heat. 
Irreversible electroporation (Nanoknife), stereotactic radiosurgery, alcohol 
injection, and other locally destructive techniques can also help to reduce the 
volume of liver metastasis. Excellent destruction of liver metastases can be 
achieved by embolization, because their blood supply is from the hepatic 
artery. When liver metastasis is too extensive for these techniques, transcatheter 
hepatic artery embolization can be used to control liver metastasis. Hepatic 
artery embolization should be bland embolization or chemoembolization, 
not radioembolization in treating NET, because radioembolization appears 
to increase the risk of radiation-induced liver disease when peptide receptor 
radiotherapy is subsequently used. Liver transplantation is occasionally used 
for patients with refractory symptoms with metastatic disease restricted to 
the liver.

 Somatostatin Analog Therapy
Somatostatin is a peptide hormone that mediates its inhibitory effects on 
hormone secretion and tumor growth through binding to specific cell-surface 
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G-protein–coupled somatostatin receptors.27 The somatostatin analogs, octreo-
tide and lanreotide, have a longer half-life than somatostatin and bind pref-
erentially to receptor subtype 2, the receptor most responsible for controlling 
cell proliferation and secretion, and are effective treatments for pancreatic 
and gastrointestinal neuroendocrine tumors. A3  In one trial, 85 patients with 
locally inoperable or metastatic small bowel NET were randomized to receive 
either octreotide (LAR) 30 mg monthly or placebo. The median time to tumor 
progression was significantly longer with octreotide compared with placebo 
(14.3 vs. 6 months), whether or not carcinoid syndrome was present. The 
much larger randomized phase 3 trial, A4  of lanreotide (Autogel) versus placebo, 
known as the CLARINET trial, has established lanreotide as an effective first-
line therapy in patients with metastatic NET who expressed somatostatin 
receptors. In the CLARINET study, 204 patients with grade 1 or 2 nonfunc-
tioning NET of GI or pancreatic origin were randomly assigned to either 
120 mg of lanreotide (Autogel) (n = 101) or placebo (n = 103) every 4 weeks 
for 96 weeks. Progression-free survival (PFS) was greater than 96 weeks for 
lanreotide versus 18 months for placebo when data were published at 2 years. 
Longer follow-up on the lanreotide open-label extension trial demonstrated 
the actual real-time PFS to be 38.5 months. Prolongation of PFS was signifi-
cant, whether NET was grade 1 or grade 2, whether metastatic or locally 
advanced, and whether high or low liver tumor burden was present. Lanreotide 
reduced risk of tumor progression or death by 53%.

 Peptide Receptor Radionuclide Therapy
Peptide receptor radionuclide therapy (PRRT) utilizes the binding of a radio-
labeled somatostatin analog to the somatostatin receptor to selectively irradiate 
sites of metastasis with minimal injury to the surrounding normal tissues. The 
phase 3 NETTER-1 clinical trial A5  randomized patients with advanced midgut 
carcinoid tumors who had become resistant to treatment with maximum 
approved doses of a somatostatin analog to receive either PRRT with 
177Lu-Dotatate 200 mCi every 8 weeks ×4 plus octreotide 30 mg intramuscularly 
every 28 days or only octreotide 60 mg intramuscularly every 28 days. 
Progression-free survival (PFS) was increased from 8.4 months in the non-
PRRT arm to a median PFS not yet reached in the PRRT arm, although 
estimated to be at least 40 months (P < 0.0001). An interim analysis suggested 
an increase in overall survival from 3 to 18%. 177Lu-Dotatate PRRT, as used 
in this trial with nephron-protective amino acids, demonstrated a favorable 
safety profile, with no grade 3 to 4 nephrotoxicity, and grade 3 to 4 myelo-
toxicity of 1%. In multiple phase 2 trials, PRRT has demonstrated similar 
efficacy on tumor control of NETs arising in the GI tract, pancreas, and lung. 
It is anticipated that in individuals with NETs progressing on somatostatin 
analog therapy who have high-affinity, high-specificity binding of somatostatin 
analog to tumor, as demonstrated by somatostatin receptor imaging (e.g., 
68Ga-Dotatate PET), PRRT will play an important role in management.

 Therapy Targeting PI3K/Akt/mTOR
Several observations point to inhibition of mTOR to be a logical approach 
to treatment of pancreatic NET.A6 Pancreatic NET frequently occurs 
when there are defects in the TSC2 gene (whose protein product inhibits 
mTOR activation) and if there is loss of the NF1 gene (which regulates 
mTOR activity). Sporadic pNETs coexpress IGF-1 and the IGF-1 recep-
tor (IGF-1R), activating the PI3K-mTOR pathway. Pancreatic NETs dem-
onstrate downregulation of TSC2 and PTEN genes (negative regulators of 
the PI3K/Akt/mTOR pathway). This led to the 410-patient phase 3 trial  
(RADIANT-3) A7  randomizing patients with advanced, progressive pancreatic 
NETs to the mTOR inhibitor, everolimus 10 mg orally daily, versus placebo. 
Everolimus increased PFS from 5.4 months to 11.4 months (P < 0.0001). The 
RADIANT-4 trial A8  showed a similar improvement in PFS (3.9 to 11 months) 
in NETs arising from the GI tract and lung, leading to U.S. Food and Drug 
Administration (FDA) approval for all of these indications.

 Antiangiogenics
Neuroendocrine tumors are highly vascular and can be controlled with 
antiangiogenic agents. Sunitinib is an oral tyrosine kinase inhibitor that inhibits 
VEGFR, PDGFR, KIT, FLT3, and RET.28 A phase 3 trial A9  of 159 patients 
with progressive pancreatic NET randomized patients to sunitinib 37.5 mg/
day versus placebo. PFS was 11.4 months for sunitinib versus 5.5 months for 
placebo, leading to FDA approval for pancreatic NET. Significant toxicities 
(all less than 10%) included neutropenia, hypertension, abdominal pain, 
diarrhea, hypoglycemia, and hand-foot syndrome. Cabozantanib, another TKI 
targeting VEGF receptors, MET, AXL, and RET, shows promise in pancreatic 
NET, and pazopanib in carcinoid tumors. Bevacizimub plus everolimus versus 
everolimus has been studied in pancreatic NET and bevacizumab plus 

as well as mesenteric vessel occlusion and bowel ischemia. Retroperitoneal 
fibrosis can cause ureteral obstruction.

Carcinoid crisis is an attack of severe and sustained flushing with life-
threatening hemodynamic compromise and bronchoconstriction, precipitated 
by anesthesia, surgery, tumor necrosis, or catecholamine infusion. Other mani-
festations include generalized fatigue, bronchoconstriction, tachycardia, rosacea, 
and proximal myopathy.

Diagnosis of carcinoid syndrome should be considered if at least one 
clinical manifestation is present in patients with biopsy-proven NET. The 
diagnostic hallmark is increased excretion of urinary 5-HIAA. Normally, urinary 
excretion of 5-HIAA does not exceed 6 to 10 mg/day when patients have 
been placed on a low-serotonin diet and have avoided medications known to 
falsely elevate 5-HIAA before urine collection. Under these circumstances, 
urinary excretion of greater than or equal to 25 mg/day of 5-HIAA usually 
establishes the diagnosis of the carcinoid syndrome. Levels of 9 to 25 mg/day 
can also be found in patients with vomiting, acute intestinal obstruction, or 
nontropical sprue. Measurement of fasting plasma 5-HIAA without requiring 
a low-serotonin diet or a 24-hour urine collection is now becoming available. 
Plasma chromogranin A and multiple other biomarkers are frequently elevated 
in NET and in some nonmalignant conditions, but none are diagnostic of 
carcinoid syndrome.

Treatment of carcinoid syndrome is initiated with a somatostatin  
analog. A1  Octreotide causes a reduction of 50% in 5-HIAA excretion and can 
dramatically reduce the frequency and intensity of diarrhea and flushing. It 
is recommended that octreotide therapy be initiated subcutaneously every 8 
hours, with the dose increased as rapidly as can be tolerated by the patient 
from 50 to 300 µg three times per day. At that point, octreotide (LAR), 20 
to 30 mg intramuscularly every 4 weeks (or lanreotide [Autogel], 40 to 60 mg/
month) can be started. To maintain a steady-state therapeutic blood level, 
patients should continue the subcutaneous dosing until 2 weeks after the 
long-acting somatostatin analog therapy has been initiated. Telotristat ethyl 
is a potent inhibitor of tryptophan hydroxylase, the rate-limiting enzyme in 
serotonin biosynthesis from tryptophan. It does not lower serotonin produc-
tion in the brain, and toxicity is low. Telotristat ethyl 250 mg orally twice 
daily A2  reduces 5-HIAA by 40%, resulting in marked reduction of carcinoid 
syndrome diarrhea (in combination with continued somatostatin analog 
therapy), if diarrhea is inadequately controlled by somatostatin analog therapy 
alone. Reducing the bulk of hormone-producing tumor cells by surgery, embo-
lization, or ablation of liver metastasis is also an important component of 
long-term control of carcinoid syndrome. Systemic therapy with biologic agents 
such as everolimus, peptide receptor radiotherapy, or interferon may also 
improve the symptoms of carcinoid syndrome.

 CONTROL OF TUMOR GROWTH IN METASTATIC 
NEUROENDOCRINE TUMORS

 Primary Debulking Surgery/Regional  
Therapy/Liver Transplantation
If it is possible to surgically remove at least 90% of metastases, survival as well 
as symptoms of hormone secretion can be improved. Cholecystectomy at the 
time of abdominal surgery prevents cholelithiasis from somatostatin analog 
therapy and makes subsequent liver embolization safer. The primary tumor 
should be removed with carcinoid syndrome that is caused by ileal-jejunal 
NETs to prevent or treat bowel obstruction, bleeding, and other local com-
plications. Liver metastasis can be treated with radiofrequency or microwave 
ablation of lesions less than 4 cm diameter, with a probe inserted into metastasis 
at surgery or under CT guidance, and tumor obliteration using localized heat. 
Irreversible electroporation (Nanoknife), stereotactic radiosurgery, alcohol 
injection, and other locally destructive techniques can also help to reduce the 
volume of liver metastasis. Excellent destruction of liver metastases can be 
achieved by embolization, because their blood supply is from the hepatic 
artery. When liver metastasis is too extensive for these techniques, transcatheter 
hepatic artery embolization can be used to control liver metastasis. Hepatic 
artery embolization should be bland embolization or chemoembolization, 
not radioembolization in treating NET, because radioembolization appears 
to increase the risk of radiation-induced liver disease when peptide receptor 
radiotherapy is subsequently used. Liver transplantation is occasionally used 
for patients with refractory symptoms with metastatic disease restricted to 
the liver.

 Somatostatin Analog Therapy
Somatostatin is a peptide hormone that mediates its inhibitory effects on 
hormone secretion and tumor growth through binding to specific cell-surface 



octreotide (LAR) versus interferon-alfa plus octreotide in carcinoid. A10  In 
both cases bevacizumab improved the response rate, but not the PFS, and for 
that reason it is currently not recommended therapy.

 Chemotherapy
Cytotoxic chemotherapy has a low response rate in NETs arising outside the 
pancreas.29 However, pancreatic NETs treated with streptozotocin combina-
tions (with doxorubicin, cyclophosphamide, or 5-fluorouracil [5-FU]) have 
had response rates reported as high as 70%. The combination of two oral 
cytotoxic drugs, temozolomide plus capecitabine, appears to have similar 
activity in pancreatic NET, and results of a recently completed phase 3 trial 
of temozolomide with or without capecitabine are pending. For grade G3 
poorly differentiated NETs, chemotherapy with etoposide and cisplatin analogs 
has a response rate of 30 to 70%, but it is usually short lasting.

 Immune Therapy
In patients with advanced refractory NET randomized to octreotide (LAR) 
plus either interferon alfa-2 or bevacizumab there was no difference in PFS 
between the 2 groups, indicating similar antitumor activity. Because immune 
checkpoint inhibitors targeting PD-1 have demonstrated effectiveness in con-
trolling poorly differentiated small cell carcinoma of the lung, several studies 
are now underway to evaluate such agents in NET.

 Summary of Clinical Approach to Therapy
Somatostatin analogs (octreotide, lanreotide), everolimus, interferon-alfa, 
PRRT, observation, telotristat for carcinoid syndrome, and participation in a 
clinical trials are all options for intestinal carcinoids.30,31 Somatostatin analogs 
(octreotide, lanreotide), everolimus, sunitinib, temozolomide plus capecitabine, 
streptozotocin plus 5-FU, PRRT, observation, and clinical trials are all options 
for pancreatic NETs. Treatment should be initiated urgently if there is a heavy 
tumor burden with mass-related symptoms, an uncontrolled functional tumor, 
compromised liver function, poorly differentiated or high-grade tumor, or 
rapid growth on imaging. Treatment has little urgency, on the other hand, if 
tumors have small volume, are low grade, and are asymptomatic. Surgery is 
always an option when either locoregional or metastatic NET is potentially 
resectable. Liver-dominant metastasis can potentially be treated with hepatic 
artery embolization, ablation, or metastasectomy. Metastatic NET progressing 
on a somatostatin analog and positive somatostatin receptor imaging can be 
treated with PRRT. The systemic biologic agents and chemotherapy have a 
role in selected cases as listed in the beginning of this section.
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220 
SEXUAL DEVELOPMENT AND IDENTITY
PERRIN C. WHITE

 DEFINITION
This chapter reviews the concepts underlying the initial evaluation and man-
agement of patients with disorders of sexual development. By definition, such 
an individual has lack of concordance of various aspects of gender. These 
include chromosomal sex (46,XX, 46,XY, or other), gonadal or reproductive 
sex (ovaries, fallopian tubes, and uterus vs. testes, seminal vesicles, prostate 
gland, and ejaculatory ducts), genital sex (vagina and clitoris vs. scrotum and 
penis), and gender-specific behavior.1 Depending on chromosomal sex, most 
patients can be classified as incompletely masculinized 46,XY males, viril-
ized 46,XX females, and patients with abnormalities of sex chromosomes, 
such as those with mixed gonadal dysgenesis. (In the past, 46,XY and 46,XX 
patients with disorders of sexual development were referred to as male and 
female pseudohermaphrodites, respectively, but these terms are no longer 
preferred.) Many conditions can cause disorders of sexual development  
(Table 220-1).

Normal Sexual Differentiation
Gonadal Differentiation
At 4 to 5 weeks’ gestation, the gonadal primordia (gonadal ridges) develop 
from the coelomic epithelium overlying the medial surface of the mesonephros 
(primitive kidneys; Fig. 220-1). These primitive gonads are identical in both 
sexes. Germ cells form at 3 to 4 weeks’ gestation and migrate through the gut 
mesentery into the gonads at this early bipotential stage. Whether germ cells 
are directed toward male or female gametogenesis depends largely on the 
environment generated by surrounding somatic cells rather than on factors 
intrinsic to the germ cells.

During the seventh week, XY male gonads begin to differentiate under the 
influence of testis-determining genes.2 The first to be expressed is SRY, the key 
gene on the Y chromosome controlling male differentiation, which initiates 
the development of Sertoli cells by increasing expression of the SOX9 tran-
scription factor. Sertoli cells surround germ cells to form testis cords, which 
nourish primordial germ cells and direct them into the pathway for male 
gametogenesis. Recruitment of endothelial cells leads to development of a 
testis-specific vasculature that is required for normal organization of the testis.

Steroidogenic cells develop from the mesonephros and migrate into the 
developing adrenal cortex and testis at 8 weeks. In the testis, they become 
Leydig cells, which secrete the testosterone required for subsequent male 
reproductive development. In the first trimester, testosterone secretion is 
mainly under the control of human chorionic gonadotropin (HCG); it sub-
sequently requires luteinizing hormone (LH) secreted by the fetal anterior 
pituitary.

Ovaries are recognizable at approximately 10 weeks. The signaling molecules 
WNT4 and RSPO1 play an active role in ovarian development, stabilizing 
intracellular expression of β-catenin and repressing expression of testis-specific 
genes and vascular development. The FOXL2 transcription factor is also 
required for ovarian development.3 Germ cells in the ovary continue into the 
first meiotic prophase beginning at 12 weeks’ gestation and continuing until 
7 months’ gestation.

Development of Male and Female Internal Reproductive Tracts
The reproductive tracts are derived from intermediate mesoderm. The male 
reproductive tract develops from the mesonephric (wolffian) ducts, and the 
female reproductive tract develops from the paramesonephric (müllerian) 
ducts (Fig. 220-2). Both sets of ducts are present in normal embryos.

Development of wolffian or müllerian structures depends on the presence 
or absence of normally functioning testes, respectively. The Sertoli cells secrete 
antimüllerian hormone (also termed müllerian inhibiting substance) starting 
when the testes differentiate.4 Expression of antimüllerian hormone is con-
trolled by several transcription factors, including SOX9. SF1 and WT1 (Wilms 
tumor locus) synergize to promote transcription, whereas DAX1 antagonizes 
it. The overall effect of antimüllerian hormone is to induce regression of mül-
lerian structures between 8 and 12 weeks’ gestation. In its absence, 
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ABSTRACT
This chapter reviews concepts underlying initial evaluation and management 
of patients with disorders of sexual development. Such individuals lack con-
cordance of various aspects of gender, including chromosomal sex (46,XX, 
46,XY, or other), gonadal or reproductive sex (ovaries, fallopian tubes, and 
uterus vs. testes, seminal vesicles, and prostate gland), genital sex (vagina and 
clitoris vs. scrotum and penis), and gender-specific behavior. Most patients 
can be classified as incompletely masculinized 46,XY males, virilized 46,XX 
females, and patients with abnormalities of sex chromosomes, including those 
with mixed gonadal dysgenesis. Genital ambiguity in genetic females is usually 
the result of exposure to excessive levels of androgens; congenital adrenal 
hyperplasia is the most common cause. Conversely, severe androgen deficien-
cies during early gestation, or androgen insensitivity, cause ambiguous or 
female-appearing external genitalia in male infants. Many genetic syndromes 
interfere with normal gonadal development. Hypogonadotropic hypogonad-
ism of any etiology may result in a micropenis. However, transgender individuals 
rarely have identifiable hormonal or genetic abnormalities. Children with 
disorders of sexual development should be evaluated with a physical examina-
tion; karyotype; and, depending on context, profiles of adrenocortical hormones 
or sex steroids after stimulation with cosyntropin or human chorionic gonado-
tropin. Some patients will require gonadal biopsies. A multidisciplinary team 
should review diagnostic data and make recommendations as to the sex of 
rearing and any medical or surgical treatments. Depending on the underlying 
condition, patients may require replacement of pituitary or adrenal hormones; 
treatment with sex steroids; and, for transgender adolescents, temporary arrest 
of puberty with gonadotropin-releasing hormone agonists.
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VIRILIZATION OR SEX REVERSAL IN XX FEMALES

Virilizing forms of congenital adrenal hyperplasia
21-Hydroxylase deficiency (1:16,000 births) [CYP21A2]: salt-wasting or simple 

virilizing forms
11β-Hydroxylase deficiency [CYP11B1]
3β-Hydroxysteroid dehydrogenase deficiency [HSD3B2]
Cytochrome P-450 oxidoreductase deficiency (also has a maternal effect) [POR]

Maternal or exogenous androgens
Drugs (danazol, progestins)
Luteoma
Aromatase deficiency [CYP19A1]
Transcription factor mutations

Mutations in genes affecting gonadal differentiation
SRY (translocation to X)
SOX9 (duplication)
SOX3 (duplication)
SOX10 (duplication)
WT1 (Denys-Drash syndrome)
NR5A1(the Arg92Trp mutation causes ovotesticular DSD)
FOXL2 (ovarian failure associated with blepharophimosis, ptosis, and epicanthus 

inversus; BPES)
RSPO1
WNT4

Structural/idiopathic
UNDERVIRILIZATION OR SEX REVERSAL IN XY MALES

Biosynthetic defects
Lipoid adrenal hyperplasia [STAR]
17α-Hydroxylase/17,20 lyase [CYP17A1]
3β-Hydroxysteroid dehydrogenase [HSD3B2]
17-Ketosteroid reductase [HSD17B3]
5α-Reductase [SRD5A2]
Cytochrome P-450 oxidoreductase deficiency [POR]
Smith-Lemli-Opitz syndrome (1:20,000) [DHCR7]

Androgen insensitivity (1:20,000) [AR]: complete or partial
Luteinizing hormone insensitivity [LHR]
Mutations in genes affecting gonadal differentiation

SRY
SOX9 (campomelic dysplasia)
NR5A1 (steroidogenic factor-1; sometimes associated with adrenal hypoplasia)
WT1 (WAGR and Denys-Drash syndromes)
NR0B1 (DAX1) or WNT4 duplications
DHH (associated with peripheral neuropathy)
ATRX (X-linked α-thalassemia and mental retardation)
GATA4
ZFPM2(FOG2)
MAP3K1
HHAT
DMRT1

Exposure to 5α-reductase inhibitors, other endocrine disruptors

TABLE 220-1 DISORDERS OF SEXUAL DEVELOPMENT*
MICROPENIS

Panhypopituitarism (combined pituitary hormone deficiency) [PROP1, FGF8, 
PROKR2, WDR1]

Septo-optic dysplasia [HESX1, FGFR1]
Isolated hypogonadotropic hypogonadism [GNRH1, GNRHR, KISS1, KISS1R, TAC3, 

TACR3]
Other syndromes, including hypogonadotropic hypogonadism

Kallmann syndrome [KAL1, AXL, FEZF1, HS6TS1, NSMF, OL14RD, PROK2, 
SEMA3A, SEMA7A]

Prader-Willi syndrome [paternal chromosome 15q11deletion]
Adrenal hypoplasia congenita [NR0B1(DAX1)]
CHARGE complex (colobomata, heart defects, choanal atresia, growth retardation, 

genital anomalies, ear defects or deafness) [CHD7]
Dandy-Walker syndrome (hypoplasia of the cerebellar vermis and cystic dilation of 

the fourth ventricle) [FGF17]
Leptin and leptin receptor deficiency (severe obesity) [LEP, LEPR]
Proprotein convertase 1/3 deficiency (obesity and endocrinopathy due to impaired 

processing of prohormones) PCSK1
Polyendocrine deficiencies and polyneuropathy [DMXL2]
Gordon-Holmes syndrome (cerebellar ataxia and adult onset neurodegeneration) 

[RNF216, OTUD4, PNPLA6]
Waardenburg syndrome (pigmentary abnormalities of the hair, skin, and eyes; 

congenital sensorineural hearing loss) [SOX10]
Vanishing testes (may also cause ambiguous genitalia)
OTHER SYNDROMES AFFECTING REPRODUCTIVE SYSTEMS

Chromosomal aneuploidy
Turner syndrome (1:2500): 45,X; 45,X/46,XX mosaics; 46,XXr; 46,XXq−
Klinefelter syndrome (1:1000): 47,XXY
Mixed gonadal dysgenesis (1:20,000): 45,X/46,XY; 45,X/47,XXY
Other: trisomy 13, trisomy 18, triploidy, 4p−, 13q−

Persistent müllerian duct syndrome in XY males
Type 1 [AMH]
Type 2 [AMHR2]

Mayer-Rokitansky-Küster-Hauser syndrome (vaginal atresia) (1:6000)

*Frequencies of relatively common (at least 1:20,000) diseases are noted in parentheses. When causative genetic mutations have been identified, the affected locus is noted in square brackets.
WAGR = Wilms tumor, aniridia, genitourinary abnormalities or gonadoblastoma, and mental retardation.

development of the müllerian ducts proceeds, and the female internal struc-
tures (fallopian tubes, uterus, cervix, and upper vagina) are formed.

Development of the structures derived from the wolffian ducts, including 
the epididymis, ductus deferens, ejaculatory ducts, and seminiferous tubules, 
requires high local concentrations of testosterone secreted from Leydig cells 
of the testis beginning at approximately 7 weeks’ gestation. In the absence of 
testosterone, wolffian ducts regress. Levels of testosterone in the circulation 
are insufficient to develop wolffian structures. Thus in conditions in which 
the gonads develop asymmetrically (e.g., ovotesticular disorders of sexual 
development or mixed gonadal dysgenesis; see later), wolffian structures 
develop asymmetrically as well. Development of wolffian structures requires 
an intact androgen receptor.

Development of the External Genitalia
External genital structures are also bipotential in early gestation and consist 
of the genital tubercle, genital folds (later, urethral-labial folds), and genital 
swelling (later, labioscrotal folds) (see Fig. 220-2). Differentiation to male 
genitalia occurs from approximately 8 to 14 weeks’ gestation under the influ-
ence of dihydrotestosterone, which must interact with an intact androgen 
receptor. The genital tubercle becomes the glans penis; the genital folds fuse 
to become the shaft of the penis and penile urethra, and the labioscrotal folds 

(derived from the genital swelling) fuse to become the scrotum. Without 
androgens, these structures become the clitoris, labia minora, and labia majora, 
respectively.

Normal Gonadal and Adrenal Steroidogenesis
Many forms of genital ambiguity result from defects in steroid biosynthesis 
in the testes or adrenal cortex or from defective steroid metabolism in the 
placenta or in target tissues (Fig. 220-3 and E-Fig. 220-1).

Steroid biosynthesis in the testes and adrenals begins with the importa-
tion of cholesterol into mitochondria, a highly regulated process controlled 
largely by the steroidogenic acute regulatory (StAR) protein. Levels of StAR 
are controlled within the adrenals by adrenocorticotropic hormone (ACTH) 
and within the testis by HCG during the first trimester and by LH later in  
pregnancy.

Within mitochondria, the side chain of cholesterol is cleaved between carbons 
20 and 22 by the cholesterol side-chain cleavage enzyme (cholesterol desmo-
lase, CYP11A), a cytochrome P-450 enzyme. The product is pregnenolone, 
which is transported to the endoplasmic reticulum. Some pregnenolone is 
converted by 17α-hydroxylase (CYP17) to 17-hydroxypregnenolone. Both 
17-hydroxypregnenolone and the remaining pregnenolone are converted by 
3β-hydroxysteroid dehydrogenase (HSD3B2) to 17-hydroxyprogesterone and 
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Inefficient cortisol synthesis signals the hypothalamus and pituitary to increase 
corticotropin-releasing hormone and ACTH, respectively (Chapter 210). 
Consequently, the adrenal glands become hyperplastic, and steroid precursors 
accumulate proximal to the block in biosynthesis. In some conditions, these 
precursors can be converted to androgens.

 Lipoid Hyperplasia
Lipoid hyperplasia results from mutations in the STAR gene. Cholesterol is 
not imported efficiently into mitochondria and thus accumulates in cells. 
Steroid biosynthesis is drastically reduced because of the lack of substrate, 
and the lipid accumulation quickly kills steroid-synthesizing cells in both the 
adrenals and the testes. Thus affected male patients are born as phenotypically 
female because they cannot synthesize testosterone. Affected female patients 
may undergo transient spontaneous puberty because human ovarian granulosa 
cells do not synthesize steroid hormones (and thus do not accumulate 
cholesterol) until puberty. Both sexes have adrenal insufficiency and are unable 
to synthesize either cortisol or aldosterone.

progesterone, respectively. The side chain of 17-hydroxypregnenolone is cleaved 
by the 17,20-lyase activity of CYP17 to dehydroepiandrosterone (DHEA). 
DHEA may also be converted to androstenedione by HSD3B2.

All the preceding steps can occur in the adrenal cortex, in Leydig cells of 
the testis, and (after puberty) in theca cells of ovarian follicles. Subsequent 
biosynthetic steps are specific to different glands. In the adrenal cortex, 
17-hydroxyprogesterone is converted by 21-hydroxylase (CYP21, also termed 
CYP21A2, a microsomal P-450) to 11-deoxycortisol, which is then converted 
in mitochondria to cortisol by 11β-hydroxylase (CYP11B1). Additionally, 
progesterone is converted to deoxycorticosterone by CYP21, which is then 
converted to aldosterone by aldosterone synthase (CYP11B2).

In Leydig cells of the testis, androstenedione is converted to testosterone 
by 17-ketosteroid reductase (17β-hydroxysteroid dehydrogenase type 3 
[HSD17B3]); the same reaction occurs in theca cells of the ovary, catalyzed 
by 17β-hydroxysteroid dehydrogenase type 1 (HSD17B1). In granulosa cells 
of the ovary (after puberty), androstenedione and testosterone are converted 
by aromatase (CYP19) to estrone and estradiol, respectively. In skin of the 
developing male external genitalia, steroid 5α-reductase (SRD5A2) converts 
testosterone to a more potent androgen, dihydrotestosterone.

The placenta is a steroid-synthesizing and steroid-metabolizing tissue as 
well; it has high steroid sulfatase activity that converts DHEA sulfate from 
the fetal adrenal gland back to DHEA. This is then successively converted by 
3β-hydroxysteroid dehydrogenase type 1 (HSD3B1) and aromatase (CYP19) 
to androstenedione and estrone, respectively, which are then converted to 
estradiol by HSD17B1.

 DEFECTS OF SEX DIFFERENTIATION
 Defects of Steroidogenesis

 PATHOBIOLOGY
Genital ambiguity in genetic females is usually the result of exposure to excessive 
levels of androgens. Virilizing congenital adrenal hyperplasia, the most common 
cause of genital ambiguity in female infants, occurs in 1 in 16,000 births.

Conversely, severe deficiencies of androgens, if present early in gestation, 
cause ambiguous or female-appearing external genitalia in male infants. Usually, 
müllerian structures such as the uterus, cervix, and upper vagina are not present 
because the testes are able to secrete müllerian inhibitory substance. Thus 
individuals with these conditions have a short vagina ending in a blind pouch.

 CONGENITAL ADRENAL HYPERPLASIA
The fundamental defect among patients with any form of congenital adrenal 
hyperplasia is inadequate synthesis of cortisol (see Fig. 220-3 and E-Fig. 220-1).5 
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 17α-Hydroxylase/17,20 Lyase Deficiency
Severe mutations in the CYP17 gene prevent the synthesis of any sex hor-
mones.6 Affected male patients have female-appearing external genitalia but 
have no müllerian structures because the testes synthesize antimüllerian 
hormone. Affected female patients remain sexually infantile without hormone 
replacement. Milder mutations result in ambiguous genitalia in male patients. 
Although cortisol synthesis is also abolished, even severely affected individuals 
are able to synthesize corticosterone, an active glucocorticoid, as well as aldo-
sterone. Thus they do not develop adrenal insufficiency. On the contrary, they 
secrete excessive amounts of deoxycorticosterone, which has mineralocorticoid 
activity, and are therefore prone to develop hypertension.

Whereas most CYP17 mutations affect both the hydroxylase and lyase 
activities, rare mutations can affect the lyase activity alone. Additionally, muta-
tions in genes other than CYP17 can have the same phenotype as 17,20, lyase 
deficiency (i.e., deficient androgen synthesis with normal cortisol synthesis). 
These include an accessory electron transfer protein, cytochrome b5, and 
mutations in the genes for two aldo-keto reductases, AKR1C2 and AKR1C4. 
These AKR1C isozymes normally catalyze 3α-hydroxysteroid dehydrogenase 
activity, which allows synthesis of the potent androgen, dihydrotestosterone, 
through an alternative “backdoor” biosynthetic pathway that does not include 
testosterone as an intermediate.

 3β-Hydroxysteroid Dehydrogenase Deficiency
Severe mutations in the HSD3B2 gene prevent the synthesis of aldosterone, 
cortisol, testosterone, and estrogens. Because DHEA, a weak androgen, is 
synthesized and secreted at high levels, some degree of phallic growth is present. 
Thus affected male patients have severely ambiguous genitalia, but affected 
female patients may have clitorimegaly. Both sexes develop adrenal insufficiency 
if they are untreated.

Because many children with premature adrenarche (early development of 
axillary and pubic hair), as well as many women with polycystic ovary syn-
drome, have elevated levels of DHEA, it was once thought that such individuals 
could have a mild form of HSD3B2 deficiency. However, mutations in HSD3B2 
are rarely if ever found in such individuals, who instead have an imbalance in 
the relative levels of HSD3B2 and CYP17 activity within the adrenal cortex.

 21-Hydroxylase Deficiency
More than 90% of cases of congenital adrenal hyperplasia are caused by 
21-hydroxylase deficiency resulting from mutations in the CYP21 (or CYP21A2) 
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gene.7 CYP21 and a highly homologous pseudogene, CYP21P (or CYP21A1P), 
are located within the major histocompatibility complex on chromosome 
6p21.3, a genomic region noteworthy for a high rate of recombination. More 
than 90% of all mutations are the result of intergenic recombination between 
CYP21 and CYP21P. Most are transfers of deleterious mutations from CYP21P 
to CYP21, whereas 20% are net deletions of CYP21 resulting from unequal 
meiotic crossover.

In patients with 21-hydroxylase deficiency, the adrenals produce excess 
17-hydroxyprogesterone, 17-hydroxypregnenolone, and progesterone, which 
are further metabolized to DHEA and androstenedione. Once secreted, 
these substances are further metabolized to active androgens (testosterone 
and dihydrotestosterone) and, to a lesser extent, to estrogens (estrone and  
estradiol).

Adrenal secretion of excess androgen precursors does not significantly affect 
male sexual differentiation. In affected female patients, the urogenital sinus 
is in the process of septation when the fetal adrenal begins to produce excess 
androgens, which function to prevent the formation of separate vaginal and 
urethral canals. Further adrenal-derived androgens interact with androgen 
receptors in genital skin and induce clitoral enlargement, promote fusion of 
the labial folds, and cause rostral migration of the urethral/vaginal perineal 
orifice. However, internal wolffian structures such as the prostate gland and 
spermatic ducts are usually not virilized, presumably because development 
of the wolffian ducts requires markedly higher local concentrations of 
testosterone than the external genitalia. Nevertheless, severely affected female 
patients occasionally have some development of typically male internal genital  
structures.

Thus the typical result in severely affected girls is ambiguous or male-appearing 
external genitalia with perineal hypospadias and chordee, but without palpable 
testes (Fig. 220-4). The severity of virilization is often quantitated using a 
five-point scale developed by Prader (Fig. 220-5). The degree of genital ambi-
guity in female patients with classic congenital adrenal hyperplasia is correlated 
with the severity of enzymatic compromise conferred by each patient’s 
mutations.

Most patients (75%) cannot synthesize sufficient aldosterone to maintain 
sodium balance and are termed salt wasters. These patients are predisposed 
to episodic and potentially life-threatening hyponatremic dehydration. Patients 
with sufficient aldosterone production to prevent salt wasting and who have 
signs of prenatal virilization and/or markedly increased production of hormonal 
substrates of 21-hydroxylase (e.g., 17-hydroxyprogesterone) are termed simple 
virilizers.

 17α-Hydroxylase/17,20 Lyase Deficiency
Severe mutations in the CYP17 gene prevent the synthesis of any sex hor-
mones.6 Affected male patients have female-appearing external genitalia but 
have no müllerian structures because the testes synthesize antimüllerian 
hormone. Affected female patients remain sexually infantile without hormone 
replacement. Milder mutations result in ambiguous genitalia in male patients. 
Although cortisol synthesis is also abolished, even severely affected individuals 
are able to synthesize corticosterone, an active glucocorticoid, as well as aldo-
sterone. Thus they do not develop adrenal insufficiency. On the contrary, they 
secrete excessive amounts of deoxycorticosterone, which has mineralocorticoid 
activity, and are therefore prone to develop hypertension.

Whereas most CYP17 mutations affect both the hydroxylase and lyase 
activities, rare mutations can affect the lyase activity alone. Additionally, muta-
tions in genes other than CYP17 can have the same phenotype as 17,20, lyase 
deficiency (i.e., deficient androgen synthesis with normal cortisol synthesis). 
These include an accessory electron transfer protein, cytochrome b5, and 
mutations in the genes for two aldo-keto reductases, AKR1C2 and AKR1C4. 
These AKR1C isozymes normally catalyze 3α-hydroxysteroid dehydrogenase 
activity, which allows synthesis of the potent androgen, dihydrotestosterone, 
through an alternative “backdoor” biosynthetic pathway that does not include 
testosterone as an intermediate.

 3β-Hydroxysteroid Dehydrogenase Deficiency
Severe mutations in the HSD3B2 gene prevent the synthesis of aldosterone, 
cortisol, testosterone, and estrogens. Because DHEA, a weak androgen, is 
synthesized and secreted at high levels, some degree of phallic growth is present. 
Thus affected male patients have severely ambiguous genitalia, but affected 
female patients may have clitorimegaly. Both sexes develop adrenal insufficiency 
if they are untreated.

Because many children with premature adrenarche (early development of 
axillary and pubic hair), as well as many women with polycystic ovary syn-
drome, have elevated levels of DHEA, it was once thought that such individuals 
could have a mild form of HSD3B2 deficiency. However, mutations in HSD3B2 
are rarely if ever found in such individuals, who instead have an imbalance in 
the relative levels of HSD3B2 and CYP17 activity within the adrenal cortex.

 21-Hydroxylase Deficiency
More than 90% of cases of congenital adrenal hyperplasia are caused by 
21-hydroxylase deficiency resulting from mutations in the CYP21 (or CYP21A2) 
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FIGURE 220-3. Steroidogenesis. pathways for the synthesis of progesterone and mineralocorticoids (aldosterone), glucocorticoids (cortisol), androgens (testosterone and dihydrotes-
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synthesized. Because several other isozymes have 17-ketosteroid reductase 
activity in other tissues, some testosterone is invariably synthesized, especially 
at puberty, when circulating levels of androstenedione increase.

 5α-Reductase Deficiency
Patients with 5α-reductase deficiency resulting from mutations in the SRD5A2 
gene synthesize entirely normal amounts of testosterone, but they cannot 
synthesize adequate amounts of dihydrotestosterone, the most potent naturally 
occurring androgen.9 This enzyme is not expressed at high levels in the testes 
(circulating levels of dihydrotestosterone are relatively low); instead, it is 
expressed in genital skin. Internal wolffian structures do not require this enzyme 
and are intact; high testosterone levels at puberty induce significant phallic 
growth without 5α-reductase activity.

 OTHER DEFECTS OF STEROIDOGENESIS
 Aromatase Deficiency
Mutations in CYP19 cause aromatase deficiency in both the fetus and the 
placenta. The placenta can convert DHEA sulfate to androstenedione and 
testosterone normally, but it cannot convert these androgens to estrone and 
estradiol. These androgens accumulate in both the fetal and maternal circula-
tions and virilize both the mother and the affected fetus if it is female. Affected 
male infants are phenotypically normal. Affected female patients virilize further 
at puberty if they are untreated. The lack of aromatase activity within bone 
leads to tall stature in both sexes (because estrogens are required to close the 
growth plates) and later to osteoporosis.

 Cytochrome P-450 Oxidoreductase Deficiency
This deficiency is one form of Antley-Bixler syndrome, which is characterized 
by skeletal anomalies and craniosynostosis; most patients also have ambiguous 
genitalia associated with mutations in the POR gene.10 Antley-Bixler syndrome 
without genital abnormalities is caused by mutations in the FGF receptor 
(FGFR2) gene.

Because this disorder affects the activity of all microsomal cytochrome 
P-450 subsets, complete deficiency of cytochrome P-450 oxidoreductase 
(POR) is lethal, and identified mutations in humans yield POR with partial 
activity. POR mutations may cause skeletal anomalies by interfering with 
cholesterol synthesis. Genital ambiguity is caused by several mechanisms. 
Decreased activity of 17α-hydroxylase/17,20 lyase (CYP17) affects androgen 
synthesis and leads to undervirilization in males. Conversely, decreased 
activity of 21-hydroxylase (CYP21) can virilize affected females. These two 
deficiencies also can cause adrenal insufficiency. Finally, decreased activity of 
placental aromatase (CYP19) virilizes both the mother and the affected fetus  
(if female).

 Smith-Lemli-Opitz Syndrome
This relatively frequent (1 in 20,000 northern Europeans) disorder of the final 
step of cholesterol biosynthesis (conversion from 7-dehydrocholesterol) is 
caused by mutations in the DHCR7 gene encoding 7-dehydrocholesterol 

 11β-Hydroxylase Deficiency
Patients with 11β-hydroxylase deficiency have mutations in the CYP11B1 
gene. They have elevated levels of deoxycorticosterone and 11-deoxycortisol, 
as well as earlier cortisol precursors such as 17-hydroxyprogesterone. These 
patients secrete excess adrenal androgens, with consequences similar to those 
seen in 21-hydroxylase deficiency. However, patients with 11β-hydroxylase 
deficiency synthesize aldosterone normally and do not have problems with 
salt wasting. Instead, they are likely to become hypertensive as a result of 
elevated levels of deoxycorticosterone and its metabolites.

 DEFECTS OF ANDROGEN BIOSYNTHESIS
Lipoid hyperplasia, 17-hydroxylase/17,20 lyase deficiency, and HSD3B2 
deficiency affect the biosynthesis of both corticosteroids and sex hormones. 
In contrast, two enzymatic defects affect only androgen biosynthesis. They 
have similar phenotypes. Affected male patients are born with ambiguous 
genitalia, but they virilize at puberty and often reassign themselves to a male 
gender if they were raised as females. They have absent müllerian structures 
as a result of the secretion of antimüllerian hormone by the testes.

 17-Ketosteroid Reductase (17-Hydroxysteroid Dehydrogenase 3) Deficiency
This disorder is caused by mutations in the HSD17B3 gene.8 Although tes-
tosterone is not synthesized well, androstenedione, an active androgen, is 

FIGURE 220-4. Virilized external genitalia in a female infant with congenital adrenal 
hyperplasia caused by 21-hydroxylase deficiency. no gonads are present in the scrotum. 

 LEYDIG CELL AGENESIS
Leydig cell agenesis or hypoplasia is a rare autosomal recessive syndrome 
caused by mutations in the LHGCR gene encoding the LH receptor. Without 
stimulation by LH (or by HCG early in gestation), Leydig cells do not 
differentiate normally and do not secrete testosterone. Thus affected male 
infants are born with female-appearing or ambiguous external genitalia. 
Müllerian structures are absent because of unaffected secretion of antimüllerian 
hormone by Sertoli cells. LH levels are high in infancy and at puberty, and 
they respond normally to gonadotropin-releasing hormone, whereas testosterone 
levels are low and do not respond to stimulation by HCG. Affected females 
are phenotypically normal but may have oligomenorrhea resulting from primary 
ovarian dysfunction.

 PERSISTENT MÜLLERIAN DUCT SYNDROME
Persistent müllerian duct syndrome (PMDS) is a rare autosomal recessive 
condition that results from mutations in the genes for either antimüllerian 
hormone (PMDS type I) or the antimüllerian hormone receptor (AMHR2 
gene, PMDS type II).13 The two are distinguished clinically by low or absent 
antimüllerian hormone levels in patients with antimüllerian hormone mutations 
and by antimüllerian hormone levels in the high-normal range in those with 
antimüllerian hormone receptor mutations.

Affected male patients have unimpaired testosterone secretion and thus 
have normal external genitalia and wolffian structures. However, the lack of 
antimüllerian hormone action prevents regression of müllerian structures, so 
these patients also retain a uterus and fallopian tubes. These structures are 
often closely approximated to the vas deferens. The müllerian structures are 
usually dragged into the inguinal canal by the descending testes. However, 
these structures typically prevent the testes from descending into the scrotum 
and thus cause bilateral inguinal hernias (with the uterus on one side) and 
bilateral or occasionally unilateral cryptorchidism. The condition is usually 
discovered only at surgery. Fertility in affected patients may be normal or 
impaired, with an increased risk for malignant disease in undescended testes 
left in the abdomen.

 HYPOGONADOTROPIC HYPOGONADISM
Milder or later appearing deficiencies of androgen biosynthesis (after 13 to 
14 weeks) may allow complete fusion of the labioscrotal folds and normal 
positioning of the urethral meatus, but subsequent growth of the phallus is 
suboptimal. Such individuals have a micropenis. The most common cause is 
lack of gonadotropin (specifically, LH) secretion; even when LH is lacking, 
early male development is normal because testosterone secretion is controlled 
mostly by HCG during the first trimester.

Defective LH and follicle-stimulating hormone secretion can result when 
the neurons that normally secrete gonadotropin-releasing hormone fail to 
migrate into the hypothalamus. This condition, Kallmann syndrome,14 is often 
X-linked, resulting from mutations in the KAL1 gene, but many other genes 
have been implicated (see Table 220-1). It is often associated with hyposmia 
or anosmia. Other conditions that affect hypothalamic development and cause 
hypogonadotropic hypogonadism include Prader-Willi syndrome, which is a 
result of paternal deletions, methylation defects, and maternal uniparental 
disomy of imprinted loci on chromosome 15q12.15 Children with this syndrome 
have a characteristic appearance consisting of a narrow bitemporal diameter, 
almond-shaped eyes with an antimongoloid slant, and small hands and feet. 
They typically have marked hypotonia as infants, with subsequent moderate 
developmental delay and slow somatic growth. Hypothalamic obesity develops 
during childhood. Patients with adrenal hypoplasia congenita resulting from 
mutations in the DAX1 transcription factor have defective development of the 
ventromedial hypothalamus and consequent hypogonadotropic hypogonadism 
associated with adrenal insufficiency that typically manifests with aldosterone 
deficiency and salt wasting. Steroidogenic factor-1 (SF-1), encoded by the 
NR5A1 gene, is an orphan nuclear receptor that is critical for the development 
and function of the adrenal glands, gonads, pituitary gonadotropes, ventromedial 
nucleus of the hypothalamus, and male sexual differentiation. Heterozygous 
null mutations or homozygous milder mutations have been identified mainly 
among undervirilized 46,XY individuals and 46,XX women with premature 
ovarian failure. Only a minority have adrenal insufficiency.

Hypogonadotropic hypogonadism often results from failure of the entire 
anterior pituitary gland, or particular cellular populations therein, to develop.16 
Pituitary gland abnormalities can be associated with other midline defects, 
including hypoplasia of the optic nerves and the septum pellucidum, a condi-
tion termed septo-optic dysplasia. Associated pituitary hormone deficiencies 

reductase. The syndrome is characterized by multiple congenital anomalies, 
including being small for gestational age, short stature, microcephaly, mental 
retardation, aggressive behavior, seizures, hypotonia, polydactyly, cleft palate, 
cardiac defects, lung hypoplasia, and renal anomalies. Male patients have 
ambiguous genitalia. The range of clinical severity is wide and depends on 
the nature of the mutations. Pathogenetic mechanisms for the ambiguous 
genitalia may include insufficient provision of cholesterol for steroid hormone 
biosynthesis or toxic effects of the precursor, 7-dehydrocholesterol, on 
steroidogenic cells.

 MATERNAL CONDITIONS AFFECTING THE FETUS
 LUTEOMA OF PREGNANCY
Luteomas are the most common causes of maternal virilization during preg-
nancy. They often occur bilaterally. Although many luteomas are discovered 
incidentally during cesarean sections or postpartum tubal ligations, one fourth 
of mothers virilize during the latter half of pregnancy, and half of female infants 
born to these mothers also exhibit signs of virilization, most typically clito-
rimegaly and labial fusion. Spontaneous regression of the luteoma generally 
begins within days after delivery.

 DRUG EXPOSURE
Depending on the agent, maternal drug exposure may affect either male or 
female fetuses. Females may be virilized by androgens such as 19-nor-testos-
terone or progestins administered to prevent spontaneous abortion. Under-
virilized males can be born to women exposed to 5α-reductase inhibitors 
such as finasteride. The antifungal agent fluconazole can inhibit many cyto-
chrome P-450 enzymes and can lead to a condition closely resembling Antley-
Bixler syndrome.

The synthetic estrogen diethylstilbestrol was used several decades ago to 
prevent spontaneous abortion (it was actually ineffective for this purpose). 
Males exposed to this agent in utero were born with testicular hypoplasia, 
cryptorchidism, hypospadias, and/or microphallus. Females had uterine, cervi-
cal, and vaginal abnormalities and an increased risk for clear cell adenocarci-
noma of the vagina. Considering that many cases of genital ambiguity are 
idiopathic, it is likely that additional endocrine disruptors in the environment 
have not yet been identified.

 HORMONE INSENSITIVITY SYNDROMES AND 
OTHER HORMONE DEFICIENCIES

 ANDROGEN INSENSITIVITY
Males normally carry a single copy of the X-linked androgen receptor 
(AR) gene.11 Thus a single mutation can completely inactivate the recep-
tor in males and lead to complete androgen insensitivity (formerly termed 
testicular feminization syndrome).12 This is one of the most frequent forms 
of 46,XY disorders of sexual development, occurring in approximately 1 in  
20,000 male births.

Patients with the complete form of androgen insensitivity have normal 
female external genitalia. Unless suspicion is raised by prior knowledge of 
the infant’s karyotype, the condition is rarely discovered before puberty 
unless the testes are palpated in the groin or labia on routine examination. 
Because the testes secrete antimüllerian hormone, müllerian structures are 
absent, including the uterus, fallopian tubes, and cervix. Thus the vagina is 
usually shallow and ends blindly. Wolffian structures are also absent. The testes 
may be located in the abdomen or in the labia majora and do not undergo 
spermatogenesis. Antimüllerian hormone levels are elevated during the first 
year and (if the testes have not been removed) after puberty. Testosterone 
and LH levels in infancy and at puberty are elevated as a result of defec-
tive feedback regulation caused by androgen resistance at the level of the  
hypothalamus.

At puberty, pubic and axillary hair is scant or absent. Testosterone can be 
aromatized to estradiol by CYP19 in breast fat, and estrogen receptors are 
unaffected in this condition. Thus breast development is that of a normal 
female.

Partial androgen insensitivity (Reifenstein syndrome) is characterized by 
a variable degree of genital ambiguity, and both virilization and breast 
development occur at puberty. Mild androgen insensitivity also can occur 
with a male phenotype, with gynecomastia and infertility as the sole mani-
festations. Mutations in the androgen receptor are not detected in many mild 
cases, which may result from defects in other transcription factors affecting 
actions of the receptor.

Normal
female

Normal
maleI II III IV V

FIGURE 220-5. Abnormal differentiation of the urogenital sinus and external genitalia. Schematic representations of normal female and male anatomy flank a series of schematics 
illustrating different degrees of virilization of females, graded using the scale developed by prader. the uterus (shaded) persists in virilized females even when the external genitalia 
have a completely masculine appearance (prader grade v). (modified from prader a. Der Genitalbefund beim pseudohermaphroditismus femininus der kengenitalen adrenogenitalen 
Syndroms. Helv Paediatr Acta. 1954;9:231-248.)



CHAPTER 220 Sexual Development anD IDentIty 1533

 LEYDIG CELL AGENESIS
Leydig cell agenesis or hypoplasia is a rare autosomal recessive syndrome 
caused by mutations in the LHGCR gene encoding the LH receptor. Without 
stimulation by LH (or by HCG early in gestation), Leydig cells do not 
differentiate normally and do not secrete testosterone. Thus affected male 
infants are born with female-appearing or ambiguous external genitalia. 
Müllerian structures are absent because of unaffected secretion of antimüllerian 
hormone by Sertoli cells. LH levels are high in infancy and at puberty, and 
they respond normally to gonadotropin-releasing hormone, whereas testosterone 
levels are low and do not respond to stimulation by HCG. Affected females 
are phenotypically normal but may have oligomenorrhea resulting from primary 
ovarian dysfunction.

 PERSISTENT MÜLLERIAN DUCT SYNDROME
Persistent müllerian duct syndrome (PMDS) is a rare autosomal recessive 
condition that results from mutations in the genes for either antimüllerian 
hormone (PMDS type I) or the antimüllerian hormone receptor (AMHR2 
gene, PMDS type II).13 The two are distinguished clinically by low or absent 
antimüllerian hormone levels in patients with antimüllerian hormone mutations 
and by antimüllerian hormone levels in the high-normal range in those with 
antimüllerian hormone receptor mutations.

Affected male patients have unimpaired testosterone secretion and thus 
have normal external genitalia and wolffian structures. However, the lack of 
antimüllerian hormone action prevents regression of müllerian structures, so 
these patients also retain a uterus and fallopian tubes. These structures are 
often closely approximated to the vas deferens. The müllerian structures are 
usually dragged into the inguinal canal by the descending testes. However, 
these structures typically prevent the testes from descending into the scrotum 
and thus cause bilateral inguinal hernias (with the uterus on one side) and 
bilateral or occasionally unilateral cryptorchidism. The condition is usually 
discovered only at surgery. Fertility in affected patients may be normal or 
impaired, with an increased risk for malignant disease in undescended testes 
left in the abdomen.

 HYPOGONADOTROPIC HYPOGONADISM
Milder or later appearing deficiencies of androgen biosynthesis (after 13 to 
14 weeks) may allow complete fusion of the labioscrotal folds and normal 
positioning of the urethral meatus, but subsequent growth of the phallus is 
suboptimal. Such individuals have a micropenis. The most common cause is 
lack of gonadotropin (specifically, LH) secretion; even when LH is lacking, 
early male development is normal because testosterone secretion is controlled 
mostly by HCG during the first trimester.

Defective LH and follicle-stimulating hormone secretion can result when 
the neurons that normally secrete gonadotropin-releasing hormone fail to 
migrate into the hypothalamus. This condition, Kallmann syndrome,14 is often 
X-linked, resulting from mutations in the KAL1 gene, but many other genes 
have been implicated (see Table 220-1). It is often associated with hyposmia 
or anosmia. Other conditions that affect hypothalamic development and cause 
hypogonadotropic hypogonadism include Prader-Willi syndrome, which is a 
result of paternal deletions, methylation defects, and maternal uniparental 
disomy of imprinted loci on chromosome 15q12.15 Children with this syndrome 
have a characteristic appearance consisting of a narrow bitemporal diameter, 
almond-shaped eyes with an antimongoloid slant, and small hands and feet. 
They typically have marked hypotonia as infants, with subsequent moderate 
developmental delay and slow somatic growth. Hypothalamic obesity develops 
during childhood. Patients with adrenal hypoplasia congenita resulting from 
mutations in the DAX1 transcription factor have defective development of the 
ventromedial hypothalamus and consequent hypogonadotropic hypogonadism 
associated with adrenal insufficiency that typically manifests with aldosterone 
deficiency and salt wasting. Steroidogenic factor-1 (SF-1), encoded by the 
NR5A1 gene, is an orphan nuclear receptor that is critical for the development 
and function of the adrenal glands, gonads, pituitary gonadotropes, ventromedial 
nucleus of the hypothalamus, and male sexual differentiation. Heterozygous 
null mutations or homozygous milder mutations have been identified mainly 
among undervirilized 46,XY individuals and 46,XX women with premature 
ovarian failure. Only a minority have adrenal insufficiency.

Hypogonadotropic hypogonadism often results from failure of the entire 
anterior pituitary gland, or particular cellular populations therein, to develop.16 
Pituitary gland abnormalities can be associated with other midline defects, 
including hypoplasia of the optic nerves and the septum pellucidum, a condi-
tion termed septo-optic dysplasia. Associated pituitary hormone deficiencies 

reductase. The syndrome is characterized by multiple congenital anomalies, 
including being small for gestational age, short stature, microcephaly, mental 
retardation, aggressive behavior, seizures, hypotonia, polydactyly, cleft palate, 
cardiac defects, lung hypoplasia, and renal anomalies. Male patients have 
ambiguous genitalia. The range of clinical severity is wide and depends on 
the nature of the mutations. Pathogenetic mechanisms for the ambiguous 
genitalia may include insufficient provision of cholesterol for steroid hormone 
biosynthesis or toxic effects of the precursor, 7-dehydrocholesterol, on 
steroidogenic cells.

 MATERNAL CONDITIONS AFFECTING THE FETUS
 LUTEOMA OF PREGNANCY
Luteomas are the most common causes of maternal virilization during preg-
nancy. They often occur bilaterally. Although many luteomas are discovered 
incidentally during cesarean sections or postpartum tubal ligations, one fourth 
of mothers virilize during the latter half of pregnancy, and half of female infants 
born to these mothers also exhibit signs of virilization, most typically clito-
rimegaly and labial fusion. Spontaneous regression of the luteoma generally 
begins within days after delivery.

 DRUG EXPOSURE
Depending on the agent, maternal drug exposure may affect either male or 
female fetuses. Females may be virilized by androgens such as 19-nor-testos-
terone or progestins administered to prevent spontaneous abortion. Under-
virilized males can be born to women exposed to 5α-reductase inhibitors 
such as finasteride. The antifungal agent fluconazole can inhibit many cyto-
chrome P-450 enzymes and can lead to a condition closely resembling Antley-
Bixler syndrome.

The synthetic estrogen diethylstilbestrol was used several decades ago to 
prevent spontaneous abortion (it was actually ineffective for this purpose). 
Males exposed to this agent in utero were born with testicular hypoplasia, 
cryptorchidism, hypospadias, and/or microphallus. Females had uterine, cervi-
cal, and vaginal abnormalities and an increased risk for clear cell adenocarci-
noma of the vagina. Considering that many cases of genital ambiguity are 
idiopathic, it is likely that additional endocrine disruptors in the environment 
have not yet been identified.

 HORMONE INSENSITIVITY SYNDROMES AND 
OTHER HORMONE DEFICIENCIES

 ANDROGEN INSENSITIVITY
Males normally carry a single copy of the X-linked androgen receptor 
(AR) gene.11 Thus a single mutation can completely inactivate the recep-
tor in males and lead to complete androgen insensitivity (formerly termed 
testicular feminization syndrome).12 This is one of the most frequent forms 
of 46,XY disorders of sexual development, occurring in approximately 1 in  
20,000 male births.

Patients with the complete form of androgen insensitivity have normal 
female external genitalia. Unless suspicion is raised by prior knowledge of 
the infant’s karyotype, the condition is rarely discovered before puberty 
unless the testes are palpated in the groin or labia on routine examination. 
Because the testes secrete antimüllerian hormone, müllerian structures are 
absent, including the uterus, fallopian tubes, and cervix. Thus the vagina is 
usually shallow and ends blindly. Wolffian structures are also absent. The testes 
may be located in the abdomen or in the labia majora and do not undergo 
spermatogenesis. Antimüllerian hormone levels are elevated during the first 
year and (if the testes have not been removed) after puberty. Testosterone 
and LH levels in infancy and at puberty are elevated as a result of defec-
tive feedback regulation caused by androgen resistance at the level of the  
hypothalamus.

At puberty, pubic and axillary hair is scant or absent. Testosterone can be 
aromatized to estradiol by CYP19 in breast fat, and estrogen receptors are 
unaffected in this condition. Thus breast development is that of a normal 
female.

Partial androgen insensitivity (Reifenstein syndrome) is characterized by 
a variable degree of genital ambiguity, and both virilization and breast 
development occur at puberty. Mild androgen insensitivity also can occur 
with a male phenotype, with gynecomastia and infertility as the sole mani-
festations. Mutations in the androgen receptor are not detected in many mild 
cases, which may result from defects in other transcription factors affecting 
actions of the receptor.



CHAPTER 220 Sexual Development anD IDentIty1534

haploinsufficiency of the SF1 transcription factor (see earlier). XY sex reversal 
also can result from mutations in the SOX9 transcription factor associated 
with campomelic dysplasia, a form of dwarfism. Mutations of DHH cause XY 
gonadal dysgenesis, associated with peripheral neuropathy.

Some 46,XY patients with absent gonads have various degrees of sexual 
ambiguity and no müllerian derivatives. The implication that some testicular 
tissue was functional at least up to 10 weeks’ gestation and subsequently 
regressed led to the name fetal testicular regression syndrome. Testicular regres-
sion may occur in late pregnancy or even postnatally; these fully virilized male 
patients have isolated anorchia.

 VAGINAL ATRESIA
Mayer-Rokitansky-Küster-Hauser syndrome refers to aplasia of the uterus and 
upper vagina, occurring in approximately 1 in 5000 women. In approximately 
one third of cases, it occurs along with other abnormalities including unilateral 
renal aplasia and cervicothoracic somite dysplasia (MURCS association). The 
genetic basis is unknown in most cases. Rare affected individuals have het-
erozygous mutations of WNT4; such patients usually have clinical and bio-
chemical signs of androgen excess.

 OVOTESTICULAR DISORDER OF SEXUAL DEVELOPMENT (TRUE 
HERMAPHRODITISM)
Ovotesticular disorder of sexual development (true hermaphrotidism), a rare 
and usually sporadic disorder, is defined as the coexistence of seminiferous 
tubules and ovarian follicles. Most patients have an ovotestis with either an 
ovary or a testis on the opposite side; a gonad in the scrotum is usually a testis 
but may be an ovotestis.

The genitalia are usually ambiguous, but they may appear completely 
masculine or feminine. The anatomy of the internal reproductive tract depends 
on the nature of the gonads, particularly whether they secrete antimüllerian 
hormone. A uterus or uterine horn is present in 90% of cases. Testosterone 
response to HCG is variable, and antimüllerian hormone levels are usually low. 
Most patients experience breast development, ovulation, and even menstruation 
at puberty; pregnancy and successful childbirth are possible if selective removal 
of testicular tissue is feasible. Unless sex of rearing has already been chosen, 
male gender assignment should be restricted to patients with no uterus and 
descended testicular tissue because the latter is usually dysgenetic and prone 
to malignant degeneration. Most patients with ovotesticular disorder of sexual 
development have a 46,XX karyotype. Despite the presence of testicular tissue, 
they usually lack SRY. Some patients in different ethnic groups and locales 
carry a specific mutation in NR5A1, Arg92Trp.

 MANAGEMENT OF INDIVIDUALS WITH 
DISORDERS OF SEXUAL DEVELOPMENT: 
GENDER ROLE AND IDENTITY

The influence of prenatal sex steroid exposure on personality is controversial.23 
In considering this question, it is important to distinguish among gender role, 
sexual orientation, and gender identity.

 Gender Role
Gender role refers to gender-stereotyped behaviors, such as the choice of toys 
by young children. For example, parents of young girls with congenital adrenal 
hyperplasia often report that their daughters prefer to play with trucks rather 
than dolls and tend to be tomboyish later in childhood. Decreased interest 
in maternal behavior, beginning with infrequent doll play in early childhood 
and extending to lack of interest in child rearing in older girls and women, 
occurs frequently.24

 Sexual Orientation
Sexual orientation refers to homosexual versus heterosexual preferences. In 
many studies, a significant minority of women with congenital adrenal 
hyperplasia have been actively homosexual or bisexual or have had an increased 
tendency toward homoerotic fantasies. These characteristics occur more fre-
quently in women with the salt-wasting form of 21-hydroxylase deficiency, 
suggesting that they are a consequence of prenatal exposure of the brain to 
androgens. However, the vast majority of both male and female homosexuals 
have no identifiable endocrinologic abnormality.

 Gender Identity
Gender identity refers to self-identification as male or female. Gender self-
reassignment back to male has been reported in cases of male patients with 

may include growth hormone, ACTH, and thyroid-stimulating hormone. 
These deficiencies may manifest in the neonatal period as hypoglycemia or 
hypothyroidism (detected by newborn screening programs). Optic nerve 
dysfunction is difficult to detect by routine examination in the neonatal 
period, but it causes a characteristic wandering nystagmus after a few months  
of age.

Although panhypopituitarism is most often sporadic, mutations 
in transcription factors controlling pituitary development have been 
documented (Chapter 211), particularly PROP1, and septo-optic dysplasia 
has been associated with mutations in the HESX gene. Rarely, mutations in 
the gene encoding the β-subunit of LH may yield a phenotype similar to 
hypogonadotropic hypogonadism.

 OTHER GENETIC CONDITIONS
 ANEUPLOIDY OF SEX CHROMOSOMES
 Turner Syndrome
Patients with Turner syndrome have normal female external genitalia and a 
normal uterus and fallopian tubes, but they have dysgenetic streak ovaries.17,18 
Most fetuses with Turner syndrome spontaneously abort, but the incidence 
in live births is approximately 1 in 2500. Classically, the karyotype is 45,X, 
but many patients retain an abnormal second X chromosome or even a fragment 
of a Y chromosome lacking SRY. Other patients are mosaic for 46,XX and 
45,X cells and may have relatively mild phenotypes.

Untreated patients are short. Many have typical dysmorphic features, 
including lymphedema of the neck at birth, webbed neck, low posterior hair-
line, increased carrying angle of the arms, shield chest with widely spaced 
nipples, low-set ears, and micrognathia. Patients typically have primary amen-
orrhea and are infertile, but they occasionally have menarche followed by 
premature ovarian failure. Estrogen therapy can significantly improve bone 
density, but it is unclear whether it reduces fractures or improves long-term  
outcome.19,20, A1 

 Klinefelter Syndrome
In this condition, male patients have normal development of the penis and 
scrotum, but the testes are small and firm. Patients tend to be tall. At adoles-
cence, gynecomastia is frequent. Signs of testosterone deficiency occur in 
most affected adults, and most have azoospermia. The usual karyotype is 
47,XXY. Hormonal findings include elevated gonadotropin levels and a 
decreased serum testosterone concentration. Klinefelter syndrome is a common 
disorder that occurs in 1 in 500 to 1000 men.21

 Mixed Gonadal Dysgenesis
Mixed gonadal dysgenesis, a frequent cause of sexual ambiguity, occurs in 
approximately 1 in 20,000 births.22 The karyotype is usually mosaic 45,X/46,XY. 
Gonadal pathologic features can vary from fibrous streaks indistinguishable 
from those in Turner syndrome to normally developed testes and a normal 
male phenotype. Typically, patients have a testis on one side and a fibrous 
streak on the other. Some patients may have a Turner-like phenotype. A fal-
lopian tube is usually present on the side of the streak gonad. Leydig cell 
function, evaluated by testosterone response to HCG, and Sertoli cell func-
tion, evaluated by serum antimüllerian hormone levels, vary from poor to  
normal.

 XX MALE SYNDROME
Males with a 46,XX karyotype have normal external and internal male genitalia; 
however, they resemble patients with Klinefelter syndrome in that they have 
small testes, azoospermia, and infertility. Translocation of the SRY gene to 
the X chromosome is detected in 75 to 90% of sporadic cases; this can occur 
because the gene is located very near the pseudoautosomal region, where the 
short arms of the X and Y chromosomes are homologous and meiotic recom-
bination is possible. Duplication of the SOX9 transcription factor may be 
responsible for some familial cases of XX sex reversal.

 XY FEMALE SYNDROMES
Patients with pure XY gonadal dysgenesis (Swyer syndrome) have a normal 
female phenotype, including a uterus and fallopian tubes, but they have streak 
gonads. These patients are free of Turner-like malformations and attain normal 
height. Mutations of the SRY gene have been identified in 15% of cases. Unlike 
45,X patients with Turner syndrome, these patients have an increased risk for 
gonadoblastoma.

Similar phenotypes result from duplication of the region of the X chromosome 
containing the DAX1 gene, from duplication of the WNT4 gene, or from 

penile trauma or exstrophy of the bladder who were raised as girls. This may 
also occur in 46,XY patients with disorders of sexual development raised as 
girls, especially in cases of 5α-reductase or 17-ketosteroid reductase deficien-
cies, in which the fetal brain may be exposed to high circulating levels of 
androgens. Self-reassignment to the male gender is unusual in women with 
congenital adrenal hyperplasia. When it occurs, it may be related to delays in 
gender assignment or genital surgery or to inadequate suppression of adrenal 
androgens with glucocorticoid therapy.

Transgender individuals rarely have identifiable hormonal abnormalities; 
nonhormonal mechanisms governing gender identity are poorly understood. 
Gender identity disorders are much more likely to occur in both identical 
twins than in fraternal twins, suggesting a high degree of heritability. 
Neuroanatomic studies suggest that the bed nucleus of the stria terminalis is 
larger in males and trans males (female-to-male transsexuals) and smaller in 
females and trans females (male-to-female transsexuals). Similar findings 
involving other sexually dimorphic brain regions have been identified by MRI. 
Thus gender identity disorder may be considered a brain-limited disorder of 
sexual development.

 DIAGNOSIS
Management of a child born with ambiguous genitalia presents a difficult 
challenge to medical personnel.25 It is important to refrain from assigning sex 
until diagnostic information can be gathered. Usually, test results can be obtained 
within 24 to 48 hours and parents can be advised about the child’s chromo-
somal and gonadal sex and the anatomy of internal sexual structures.

In addition, the physician must keep in mind that disorders of sexual 
development may be associated with life-threatening biochemical or anatomic 
abnormalities. In particular, the most common cause of severely masculinized 
external genitalia in females, the salt-wasting form of congenital adrenal 
hyperplasia resulting from steroid 21-hydroxylase deficiency, may cause 
hyponatremia, hyperkalemia, hypovolemia, and shock. In contrast, male 
patients with ambiguous genitalia may have lipoid adrenal hyperplasia or a 
salt-wasting form of 3/3-hydroxysteroid dehydrogenase (HSD3B2) deficiency. 
Males with micropenis may have panhypopituitarism; in this case they are at 
risk for significant hypoglycemia and hyponatremia resulting from low cortisol 
(because of low ACTH) and low growth hormone levels, or they may have 
adrenal hypoplasia congenita, in which case they could have adrenal insufficiency. 
Finally, patients with ambiguous genitalia are at increased risk for renal 
anomalies, or they may have chromosomal syndromes with other associated  
anomalies.

History
The gestational history should concentrate on potential exposure to agents 
that could interfere with normal sexual differentiation. For a female infant 
with virilized genitalia, these include progestational agents, whereas the mother 
of a male with incompletely masculinized genitalia may have been exposed 
to a 5α-reductase inhibitor through her husband’s use of such an agent for 
male pattern baldness or prostate enlargement. It should be determined whether 
amniocentesis and karyotyping have been performed. A family history should 
elicit similar cases of genital ambiguity or cases of sudden death, which could 
raise suspicion of undiagnosed salt-wasting congenital adrenal hyperplasia or 
adrenal hypoplasia congenita.

Physical Examination
The physical examination should document the size of the phallus (clitoris 
or penis), the degree of chordee (ventral bowing of the phallus), and the 
extent of fusion of the labioscrotal folds. The urethral meatus should be identi-
fied, and there must be careful palpation for gonads in the inguinal canals and 
labia or scrotum. Bilateral cryptorchidism, even if an isolated finding in a 
phenotypic male patient, should always lead to evaluation for a possible disorder 
of sexual development.

Biochemical Evaluation of the Virilized Female
The minimal diagnostic tests should include measurement of basal serum 
17-hydroxyprogesterone, androstenedione, and testosterone. Preferably, a 
complete profile of adrenocortical hormones is obtained before and 1 hour 
after stimulation of the adrenal cortex with 125 to 250 µg of cosyntropin 
(ACTH1-24). These assays should be deferred until after the first 24 hours of 
life. They will identify potential defects in adrenal steroidogenesis (i.e., congenital 
adrenal hyperplasia); 21-hydroxylase deficiency is identified by elevations in 
17-hydroxyprogesterone, whereas 11-deoxycortisol and 11-deoxycorticosterone 
are high in 11β-hydroxylase deficiency.

TREATMENT 
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Biochemical Evaluation of the Undervirilized Male
In 46,XY patients with disorders of sexual development, it is necessary to test 
adrenal and gonadal function as well as extragonadal androgen metabolism. 
With regard to adrenal defects, 11-deoxycorticosterone and the ratio of preg-
nenolone to 17-hydroxypregnenolone are high in 17α-hydroxylase deficiency, 
17-hydroxypregnenolone and DHEA are high in HSD3B2 deficiency, and all 
steroids are low in lipoid hyperplasia.

Defects in gonadal steroidogenesis are best evaluated after stimulation with 
HCG (1500 IU intramuscularly on days 1, 3, and 5, with blood drawn on day 
6). However, 17-hydroxylase and HSD3B2 deficiencies affect both the gonads 
and the adrenal cortex and thus are often diagnosed by cosyntropin stimulation 
testing. Low levels of all androgen precursors suggest lipoid hyperplasia, 
17α-hydroxylase/17,20 lyase deficiency, or a generalized defect in testicular 
function, such as the vanishing testes syndrome (testicular regression-syndrome) 
or gonadotropin insensitivity. A high ratio of androstenedione to testosterone is 
indicative of 17-ketosteroid reductase (HSD17B3) deficiency, and a high ratio 
of testosterone to dihydrotestosterone is diagnostic of 5α-reductase deficiency. 
The diagnosis of androgen insensitivity syndrome is suspected when a 46,XY 
patient has ambiguous or female-appearing external genitalia despite normal 
or high circulating levels of testosterone and dihydrotestosterone.

Gonadal Biopsies
Patients with mixed gonadal dysgenesis, ovotesticular disorders of sexual 
development, or unclear diagnoses should undergo bilateral gonadal biopsies 
(histology of the two gonads is often not identical). Dysgenetic gonads have 
a high potential for malignant transformation and usually need to be removed 
in childhood.

penile trauma or exstrophy of the bladder who were raised as girls. This may 
also occur in 46,XY patients with disorders of sexual development raised as 
girls, especially in cases of 5α-reductase or 17-ketosteroid reductase deficien-
cies, in which the fetal brain may be exposed to high circulating levels of 
androgens. Self-reassignment to the male gender is unusual in women with 
congenital adrenal hyperplasia. When it occurs, it may be related to delays in 
gender assignment or genital surgery or to inadequate suppression of adrenal 
androgens with glucocorticoid therapy.

Transgender individuals rarely have identifiable hormonal abnormalities; 
nonhormonal mechanisms governing gender identity are poorly understood. 
Gender identity disorders are much more likely to occur in both identical 
twins than in fraternal twins, suggesting a high degree of heritability. 
Neuroanatomic studies suggest that the bed nucleus of the stria terminalis is 
larger in males and trans males (female-to-male transsexuals) and smaller in 
females and trans females (male-to-female transsexuals). Similar findings 
involving other sexually dimorphic brain regions have been identified by MRI. 
Thus gender identity disorder may be considered a brain-limited disorder of 
sexual development.

 DIAGNOSIS
Management of a child born with ambiguous genitalia presents a difficult 
challenge to medical personnel.25 It is important to refrain from assigning sex 
until diagnostic information can be gathered. Usually, test results can be obtained 
within 24 to 48 hours and parents can be advised about the child’s chromo-
somal and gonadal sex and the anatomy of internal sexual structures.

In addition, the physician must keep in mind that disorders of sexual 
development may be associated with life-threatening biochemical or anatomic 
abnormalities. In particular, the most common cause of severely masculinized 
external genitalia in females, the salt-wasting form of congenital adrenal 
hyperplasia resulting from steroid 21-hydroxylase deficiency, may cause 
hyponatremia, hyperkalemia, hypovolemia, and shock. In contrast, male 
patients with ambiguous genitalia may have lipoid adrenal hyperplasia or a 
salt-wasting form of 3/3-hydroxysteroid dehydrogenase (HSD3B2) deficiency. 
Males with micropenis may have panhypopituitarism; in this case they are at 
risk for significant hypoglycemia and hyponatremia resulting from low cortisol 
(because of low ACTH) and low growth hormone levels, or they may have 
adrenal hypoplasia congenita, in which case they could have adrenal insufficiency. 
Finally, patients with ambiguous genitalia are at increased risk for renal 
anomalies, or they may have chromosomal syndromes with other associated  
anomalies.

History
The gestational history should concentrate on potential exposure to agents 
that could interfere with normal sexual differentiation. For a female infant 
with virilized genitalia, these include progestational agents, whereas the mother 
of a male with incompletely masculinized genitalia may have been exposed 
to a 5α-reductase inhibitor through her husband’s use of such an agent for 
male pattern baldness or prostate enlargement. It should be determined whether 
amniocentesis and karyotyping have been performed. A family history should 
elicit similar cases of genital ambiguity or cases of sudden death, which could 
raise suspicion of undiagnosed salt-wasting congenital adrenal hyperplasia or 
adrenal hypoplasia congenita.

Physical Examination
The physical examination should document the size of the phallus (clitoris 
or penis), the degree of chordee (ventral bowing of the phallus), and the 
extent of fusion of the labioscrotal folds. The urethral meatus should be identi-
fied, and there must be careful palpation for gonads in the inguinal canals and 
labia or scrotum. Bilateral cryptorchidism, even if an isolated finding in a 
phenotypic male patient, should always lead to evaluation for a possible disorder 
of sexual development.

Biochemical Evaluation of the Virilized Female
The minimal diagnostic tests should include measurement of basal serum 
17-hydroxyprogesterone, androstenedione, and testosterone. Preferably, a 
complete profile of adrenocortical hormones is obtained before and 1 hour 
after stimulation of the adrenal cortex with 125 to 250 µg of cosyntropin 
(ACTH1-24). These assays should be deferred until after the first 24 hours of 
life. They will identify potential defects in adrenal steroidogenesis (i.e., congenital 
adrenal hyperplasia); 21-hydroxylase deficiency is identified by elevations in 
17-hydroxyprogesterone, whereas 11-deoxycortisol and 11-deoxycorticosterone 
are high in 11β-hydroxylase deficiency.

Initial Medical Management
Patients with congenital adrenal hyperplasia resulting from 21-hydroxylase 

or HSD3B2 deficiencies or those with lipoid hyperplasia or adrenal hypoplasia 
congenita require replacement of both glucocorticoids and mineralocorti-
coids, usually with hydrocortisone (15 to 20 mg/m2/day in divided doses) and 
fludrocortisone (usually 0.1 mg/day, but as much as 0.4 mg/day in neonates 
with salt-wasting crises). Neonates with severe salt losses may require sodium 
chloride supplementation (≤8 mEq/kg/day). Patients with 11β-hydroxylase or 
17α-hydroxylase deficiencies have normal aldosterone biosynthesis and usually 
require only glucocorticoids. Patients with panhypopituitarism usually require 
treatment with hydrocortisone, thyroxine, and growth hormone.

All male infants with ambiguous genitalia or micropenis in whom rearing 
as a boy is contemplated should have a 3- or 4-month therapeutic trial of 
monthly depot testosterone injections (25 mg) to attempt to increase the size 
of the phallus during infancy. This treatment may improve social acceptability 
of the genitalia later in childhood and adolescence and may make reconstruc-
tive surgery easier. In cases of suspected partial androgen insensitivity, this 
treatment also documents the degree to which the patient is androgen respon-
sive and thus may provide useful information about whether rearing as a boy 
is feasible. Higher doses of testosterone (75 mg every 4 weeks) may be used 
under these circumstances.

Considerations Related to Sex Assignment
In large medical centers, a multidisciplinary team consisting of a neonatolo-

gist, a pediatric endocrinologist, a urologist, and preferably an experienced 
social worker and/or child psychiatrist or psychologist should promptly review 
the early diagnostic data and make a recommendation to the family as to the 
sex of rearing and any medical or surgical treatments. These recommendations 
should be based on both current knowledge of psychosexual development in 
individuals with disorders of sexual development and the feasibility of surgical 
treatment (see later).

In general, the recommended sex assignment should be that of the genetic/
gonadal sex, if for no other reason than to retain the possibility of reproductive 
function. This is especially true for female infants with congenital adrenal hyper-
plasia who have normal internal genital structures and the potential for child-
bearing. An exception may be considered in a genetically female infant with 
completely male-appearing genitalia, especially if the child has been raised as 
a boy for more than a few months. Such children need to be castrated at 
puberty to avoid feminization.

Conversely, genetic male infants with completely female-appearing external 
genitalia (usually resulting from complete androgen insensitivity syndrome, 
but also seen with severe testosterone biosynthetic defects) should be raised 
as female because the potential for reconstruction of male genitalia is poor. 
However, male infants with 17-ketosteroid reductase or 5α-reductase deficiency 
should usually be reared as boys because they have normal levels of 
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androstenedione or testosterone, respectively, and often virilize significantly 
at puberty. Indeed, many of these patients reassign themselves to the male 
gender when they are made aware of the diagnosis. The same considerations 
pertain to male patients with normal testosterone biosynthesis who have penile 
trauma or anatomic abnormalities such as bladder exstrophy.

Recommendations for sex assignment are to some extent culture specific. 
In cultures that value boys over girls, parents may strongly resist rearing a 
female infant with ambiguous genitalia as a girl, and many girls with severely 
virilized external genitalia will be raised as boys.

Surgical Management
Surgery for ambiguous Genitalia

Whether, how, and when to intervene surgically in the treatment of genital 
anomalies are the subject of continuing debate.26,27 Some adult patients with 
disorders of sexual development are unhappy with their gender assignments 
or surgical outcomes. Some physicians advocate postponing cosmetic genital 
surgery until the affected individual is able to provide informed consent, thus 
keeping all the options open if the adult patient wishes to function sexually 
with abnormal genitalia that nevertheless have sensation undiminished by 
surgery, or if the patient chooses to reassign his or her gender. Declining or 
postponing surgery should not be confused with raising the child with an 
indeterminate gender, a concept currently outside the mainstream. The option 
of deferring surgery should always be presented as part of the informed consent 
process.

The greatest change in practice over the past few decades probably pertains 
to male infants with ambiguous (but not completely female) external genitalia. 
Physicians are far less likely to recommend that such patients be reared as 
female because it is now recognized that many of these patients reassign them-
selves as male at puberty. Thus the ambiguous genitalia in such patients should 
rarely be “corrected” to female. On the contrary, surgical techniques for hypo-
spadias repair have advanced significantly, and reconstruction of male genitalia 
is attempted more often, particularly if the infant responds to a course of tes-
tosterone with significant phallic growth.

Surgery for female infants with ambiguous genitalia may need to address 
an enlarged clitoris, the lack of a vaginal introitus, and the presence of a uro-
genital sinus. The clitoris is normally prominent in many infant girls. Even when 
enlarged in a girl with virilizing congenital adrenal hyperplasia, the clitoris can 
be prevented from growing larger with adequate suppression of adrenal andro-
gens by glucocorticoids, and it will become less prominent as the patient grows. 
Thus mild-to-moderate clitorimegaly is often best managed without surgery. 
When clitoroplasty is attempted, one must keep in mind the important role of 
clitoral sensation in the female sexual response. Such surgery must be performed 
only by experienced operators with scrupulous attention to the preservation 
of clitoral innervation.

Consensus is lacking regarding the best age for vaginoplasty. Although many 
surgeons advocate a first procedure in infancy, it is difficult to maintain a func-
tionally adequate introitus in the absence of estrogen exposure and mechanical 
dilation (with dilators or through sexual intercourse), and many patients require 
reoperation as young adults. Conversely, many women with atresia of the upper 
vagina (owing to complete androgen insensitivity or Mayer-Rokitansky-Küster-
Hauser syndromes) can use dilators to lengthen the vagina without the need 
for surgery.

There is a dearth of large longitudinal studies comparing outcomes in patients 
who have had early genital surgery versus those who have had no surgery or 
surgery in adolescence. According to self-assessment surveys among sexually 
active women with congenital adrenal hyperplasia who have had genital surgery, 
most are able to have satisfactory sexual intercourse. As surgical and medical 
treatment regimens have improved in recent years, more women with congenital 
adrenal hyperplasia have successfully conceived spontaneously, completed 
pregnancies, and given birth.

Hypospadias repair is usually begun in the first year of life, after testosterone 
treatment (if necessary to increase phallic size). Depending on the degree of 
hypospadias, more than one surgical procedure may be required.

Removal of Intra-abdominal testes in 46,xy patients with 
Disorders of Sexual Development

Intra-abdominal testes are at increasing risk for malignant transformation 
over time. In a boy with cryptorchidism who is being reared as male, orchiopexy 
should be performed as quickly as possible; this also maximizes the possibility 
of fertility when the underlying condition does not preclude it. Dysgenetic 
gonads that cannot be brought into the scrotum should be removed soon 
after diagnosis because the risk for malignant transformation in childhood is 
relatively high.

There is a lack of consensus regarding nondysgenetic testes in severely 
undervirilized genetic male infants in whom rearing as female is planned. In 
patients with complete androgen insensitivity or complete defects in testos-
terone biosynthesis, no possibility of fertility exists, and so there seems to be 
no reason to retain the testes. Conversely, the risk for malignant transformation 
in such gonads is low before puberty, and patients with complete androgen 
insensitivity can undergo spontaneous breast development at puberty. At that 

time, patients themselves can assent or consent to gonadectomy, which can 
usually be accomplished laparoscopically. This is of particular importance in 
genetic male patients with partial androgen insensitivity or incomplete defects 
of testosterone biosynthesis, because such patients may eventually desire a 
male gender role.

Patients with persistent müllerian duct syndrome have a reduced but still 
appreciable potential for fertility, and virilization is unaffected. Thus the testes 
should be removed only if they cannot be brought into the scrotum. Because 
the müllerian and wolffian structures are closely approximated in these patients, 
surgical excision of the uterus and fallopian tubes may result in ischemic and/
or traumatic damage to the vas deferens and testes; thus salpingectomy and 
hysterectomy are indicated only in patients whose müllerian structures limit 
intrascrotal placement of the testes.

Space does not permit extensive discussion of surgical management of trans-
gender adults; options for male-to-female transsexuals include genitoplasty 
and, for those who did not have hormonal management during adolescence 
(see the next section), breast augmentation, body contouring, and facial and/
or laryngeal surgery to produce a more feminine appearance. Female-to-male 
transsexuals often desire breast reduction surgery or complete mastectomies.

Treatment of Transgender Individuals
Children and adolescents

Transgender individuals should be treated by multidisciplinary teams that 
can provide psychosocial evaluation and support.28-30 Prepubertal children do 
not require medical management. The majority of such children do not persist 
in their identification with the opposite sex, although many will be homosexual 
as adults. Persistently transgender children may develop significant gender 
dysphoria (distress at functioning in their natal gender) when puberty com-
mences and are at increased risk for self-injury and suicide as adolescence 
progresses. If at all possible, such children should be allowed to function in 
the desired gender role. The current standard of care in many centers for chil-
dren who have lived in a transgender role for at least 6 months is to delay 
pubertal progression until midadolescence (around 16 years old), with use of 
gonadotropin-releasing hormone (GnRH) agonists such as leuprolide depot 
injections or histrelin implants. This will prevent the development of secondary 
sexual characteristics that may be distressing to the patient and may present 
cosmetic barriers to functioning in the desired, non-natal gender. These include 
breast enlargement, widened hips, and gynecoid adipose distribution in natal 
females or penile enlargement, facial and body hair, laryngeal enlargement 
and deep voice, and prominent jaw in natal males.

Increasing evidence suggests that social and medical gender transition 
reduces the distress that accompanies the incongruence between one’s natal 
sex and identified gender. When the patient is confirmed in the desired gender 
role (e.g., by living completely in that role for at least 1 year), treatment may 
begin with the appropriate sex hormones. In high doses, such treatment will 
itself suppress gonadotropin secretion, and the GnRH agonist may be discon-
tinued. Female-to-male transsexuals can be treated with depot testosterone, 
and male-to-female transsexuals can be treated with parenteral forms of estradiol. 
Oral estrogen preparations should be avoided because they tend to increase 
production of clotting factors by the liver and may thus increase the risk for 
thromboembolism.

adults
The medical treatment of transgender adults follows the same principles as 

for adolescents, except that because secondary sexual characteristics have 
already developed, prolonged treatment with GnRH agonists is unnecessary. 
However, continuing such treatment in male-to-female transsexuals permits 
use of much lower estradiol doses with a concomitant reduction in the risks 
associated with high-dose estrogen treatment. Nevertheless, cost represents 
a barrier to the long-term use of GnRH agonists.

Psychosocial Support
Families of patients with disorders of sexual development should be assessed 

for emotional health, initially by the pediatrician and/or pediatric endocrinolo-
gist.31,32 Parents should be offered psychological counseling soon after the 
diagnosis is made. Intermittent assessment of family functioning may be a 
useful tool in predicting future problems. As children mature, they should 
repeatedly be informed about their condition by parents and physicians in a 
sensitive and age-appropriate manner. When psychotherapy is undertaken, 
medical and psychiatric caregivers should communicate with each other so 
both are aware of the patient’s and family’s status. Unfortunately, many locales 
lack mental health professionals with experience in counseling patients with 
disorders of sexual development and their families.

Although the psychosexual development of individuals with disorders of 
sexual development cannot be predicted with confidence, patients’ families 
should receive anticipatory counseling. For example, counseling of parents of 
girls affected with congenital adrenal hyperplasia should address the high 
likelihood that such girls will exhibit tomboyish behavior and masculine play 
preferences. The endocrinologist and/or mental health professional (depending 
on inclination and experience) caring for adolescents with disorders of sexual 
development should address sexual orientation, both fantasized and actual. 
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For example, some women with congenital adrenal hyperplasia are most com-
fortable as homosexuals; such individuals should receive appropriate psychosocial 
support. Adult patients also should be made aware of relevant patient advocacy 
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REVIEW QUESTIONS

1. Bilateral inguinal masses are palpated on routine examination of a newborn 
girl. There is a patent vaginal orifice. A karyotype is 46,XY. Which of the 
following disorders is not a possibility in this child?
 A. Complete androgen insensitivity
 B. 17-Hydroxylase deficiency
 C. 11β-Hydroxylase deficiency
 D. 5α-Reductase deficiency
 E. 17-Ketosteroid reductase deficiency

Answer: C This is a genetic male who has testes, with female-appearing external 
genitalia. The failure of development of normal male external genitalia must 
be due to failure of biosynthesis (answers B, D, or E) or action (answer A) of 
the most potent androgen, dihydrotestosterone. Deficiency of 17-hydroxylase 
(B) prevents synthesis of all androgens; 5α-reductase deficiency (D) prevents 
conversion of testosterone to dihydrotestosterone, and 17-ketosteroid reductase 
deficiency (E) prevents conversion of androstenedione to testosterone. In 
contrast, 11β-hydroxylase deficiency (answer C) is associated with increased 
secretion of androgen precursors by the fetal adrenal gland, which causes 
virilization of affected 46,XX female fetuses but no genital abnormality in 
males.

2. An 8-year-old boy has bilateral inguinal hernias and bilateral cryptorchidism. 
The penis and scrotum are normal. At operation, a uterus and fallopian 
tube are noted in the left inguinal canal, after which the surgeon terminates 
the operation and pages you, the on-call endocrinologist. What gene is 
most likely affected in this patient?
 A. AMHR2 (antimüllerian hormone receptor)
 B. CYP21A2 (steroid 21-hydroxylase)
 C. SRY (sex-determining region Y)
 D. SF1 (steroidogenic factor 1)
 E. LHGCR (luteinizing hormone receptor)

Answer: A This boy has persistent müllerian duct syndrome, which can be 
caused by mutations in either antimüllerian hormone or (equally likely) in 
its receptor. Persistence of müllerian structures (uterus and fallopian tubes) 
in this otherwise normal boy prevents descent of the testes. CYP21A2 muta-
tions (answer B) do not cause any abnormalities of reproductive structures 
in 46,XY males. Affected 46,XX females might have virilization of the external 
genitalia that could be severe enough to be mistaken for males and would 
indeed have a normal uterus and fallopian tubes. However, such individuals 
almost invariably develop adrenal insufficiency shortly after birth, and all 
newborns in the United States are screened for this disorder. Moreover, the 
müllerian structures in females with CYP21A2 mutations are found in their 
normal positions because there are no testes and spermatic ducts to drag them 
into the inguinal canals. Mutations of SRY (answer C), SF1 (D), and LHGCR 
(E) are found in 46,XY phenotypic females.

3. A 15-year-old girl presents for evaluation of primary amenorrhea. She has 
Tanner 5 breasts and an adult female distribution of pubic and axillary 
hair. There are no inguinal or labial masses. An ultrasound examination 
shows ovaries in the normal position but no uterus. The patient’s karyotype 
and diagnosis are most likely to be which of the following?
 A. 46,XY; complete androgen insensitivity syndrome
 B. 45,X/46,XX mosaic; Turner syndrome
 C. 46,XY; 17,20-lyase deficiency
 D. 46,XX; Mayer-Rokitansky-Küster-Hauser syndrome
 E. 46,XX; Kallman syndrome

Answer: D Patients with Mayer-Rokitansky-Küster-Hauser syndrome have 
normal ovaries and therefore have normal female secondary sexual charac-
teristics. By definition, they have atresia of the uterus and upper vagina. This 
phenotypic female has axillary and pubic hair, meaning that she responds 
normally to androgens secreted by the adrenal glands and (if present) by the 
ovaries. This rules out complete androgen insensitivity syndrome (answer A); 
46,XY males with that condition have absent or sparse axillary and pubic hair. 
Moreover, they have testes that are often palpable in the inguinal canals or 
labia. Girls with Turner syndrome (answer B) often have pubic and axillary 
hair (owing to adrenal androgen secretion) and may have some degree of 

breast development, owing to local aromatization of adrenal androgens in 
breast fat and (if mosaic) to some residual ovarian function. But the uterus 
is normally formed. 46,XY males with 17,20 lyase deficiency (answer C) cannot 
synthesize androgens and have a phenotype similar to patients with complete 
androgen insensitivity syndrome. Patients with Kallman syndrome (answer 
E) have hypogonadotropic hypogonadism; affected females indeed have primary 
amenorrhea and may or may not have development of secondary sexual char-
acteristics depending on degree of severity, but they have normal development 
of the uterus.

4. A 13-year-old boy is brought to your office by his parents because he insists 
that he is really a girl. He has had this feeling as long as he can remember, 
but it is causing him increasing distress now that he is in early adolescence. 
He has insisted on wearing dresses or gender-neutral clothing whenever 
possible. On examination, he is at the 50th percentile for height and weight 
for boys for his age. He has downy hair on his upper lip, axillary hair, a 
normally formed penis with the urethral meatus at the tip of the glans, 
bilaterally descended 4-mL testes, Tanner stage 2 pubic hair, and 1 cm of 
firm glandular tissue under each nipple. What would be the single most 
informative evaluation at this point?
 A. Psychology consultation
 B. Karyotype
 C. Serum levels of dehydroepiandrosterone, androstenedione, and 

testosterone
 D. FSH and LH
 E. Estradiol

Answer: A Any patient with gender dysphoria requires psychological evalu-
ation, preferably in the context of evaluation by an experienced multidisciplinary 
team, before considering any medical management. Transgender patients rarely 
have identifiable medical etiologies for their condition unless the history and 
physical examination raise suspicion for a disorder of sexual development. 
This phenotypic boy has palpable testes, strongly suggesting that he is 46,XY 
(answer B), and a normally formed penis, strongly suggesting intact ability 
to synthesize androgens (answer C). He has age-appropriate development of 
secondary sexual characteristics, suggesting that his ability to secrete gonado-
tropins is intact (answer D). Mild gynecomastia is common in boys in early 
to midadolescence (owing to aromatization of androgens in breast tissue, in 
the context of low testosterone levels relative to adults) and is without clinical 
significance; estradiol levels will not be elevated.

5. You are paged to the intensive care nursery to evaluate a 2300-g term infant 
for ambiguous genitalia. The baby developed respiratory distress at delivery 
and is now intubated on a respirator. You are told that a cleft palate was 
noted on intubation. You hear a grade 3/6 harsh holosystolic murmur. The 
baby has accessory digits bilaterally. The penis is small and the urethral 
meatus is at the base of the shaft. There is a bifid scrotum; gonads are 
palpable bilaterally in the inguinal canals. What laboratory tests are most 
likely to establish the diagnosis?
 A. 17-Hydroxyprogesterone and androstenedione
 B. Testosterone and dihydrotestosterone
 C. Androstenedione and testosterone
 D. 11-Deoxycortisol and cortisol
 E. 7-Dehydrocholesterol and cholesterol

Answer: E This male infant has Smith-Lemli-Opitz syndrome, owing to an 
inability to synthesize cholesterol from its immediate precursor. He is small 
for gestational age and, as a term infant, must have serious cardiorespiratory 
dysfunction (such as lung hypoplasia) to require ventilator support. The char-
acter of the murmur suggests a ventriculoseptal defect. The other physical 
findings are all typical of this syndrome. Boys with 5α-reductase deficiency 
are unable to synthesize dihydrotestosterone from testosterone (answer B); 
they may have female-appearing or ambiguous genitalia, but have no other 
medical problems. Boys with 17-ketosteroid reductase deficiency cannot syn-
thesize testosterone from androstenedione (answer C); the phenotype is 
identical to 5α-reductase deficiency. Patients with 11-hydroxylase deficiency 
cannot synthesize cortisol from 11-deoxycortisol (answer D). Males are phe-
notypically normal; females may have ambiguous genitalia but no other 
congenital anomalies.
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221 
THE TESTIS AND MALE 
HYPOGONADISM, INFERTILITY, 
AND SEXUAL DYSFUNCTION
RONALD S. SWERDLOFF AND CHRISTINA WANG

 PHYSIOLOGY
The testis is a bifunctional organ serving as the site of sex steroid (i.e., testos-
terone) synthesis and sperm production in the male. Androgens and their 
metabolites (including estrogens) also act on nonreproductive organs and 
serve essential roles in muscles, adipose tissues, bones, metabolism, and brain 
functions.

The male reproductive axis consists of six main components: (1) extra-
hypothalamic central nervous system (CNS), (2) hypothalamus, (3) pituitary, 
(4) testes, (5) sex steroid–sensitive end organs, and (6) sites of androgen 
transport and metabolism (Fig. 221-1). The components of this system func-
tion in an integrated fashion to control the concentrations of circulating gonadal 
steroids required for normal male sexual development and function and for 
androgen- and estrogen-mediated effects on critical end organs. The reproduc-
tive axis is also responsible for normal germ cell development and maturation. 
Accessory sexual organs, including the epididymides, seminal vesicles, and 
prostate gland, are important for sperm maturation (epididymis) and seminal 
fluid production. An anatomically functional sperm transport and ejaculatory 
system are necessary to ensure male fertility.

Hypothalamic-Pituitary Function
The hypothalamus is responsible for the normal pulsatile secretion of 
gonadotropin-releasing hormone (GnRH) (Chapter 211). The pulsatile 
release of GnRH provides the signals for the timing of the release of lutein-
izing hormone (LH) and follicle-stimulating hormone (FSH), which occurs 
every 60 to 90 minutes in men. The secretion of GnRH is regulated mainly by 
Kisspeptin/neurokinin B/dynorphin (KNDy) neurons in the hypothalamus 
and by circulating levels of sex steroids and peptide hormones such as pro-
lactin and leptin (Chapter 210). Testosterone or its metabolic products (i.e., 
estradiol and dihydrotestosterone [DHT]) inhibit the secretion and release of 
GnRH, LH, and FSH. Prolactin is also a potent inhibitor of GnRH secretion.

Testosterone
The testis is a complex organ consisting of (1) seminiferous tubules containing 
Sertoli cells and germ cells and (2) the interstitium, which contains the steroid-
secreting (Leydig) cells. Leydig cells synthesize steroid hormones under the 
regulation of LH. The LH receptors on the cell surface of the Leydig cells 
lead to G protein–, adenyl cyclase–, and cyclic adenosine monophosphate–
mediated activation of steroid biosynthesis.

Testosterone is the principal male hormone secreted by the testes; 
approximately 5 to 10 mg/day is produced in adult men. Testosterone synthesis 
occurs in the human testes through either the Δ4 or the predominant Δ5 pathway. 
The enzymatic rate-limiting steps in the process are the LH-inducible steroid 
acute regulatory (StAR) protein and translocator protein that converts 
cholesterol to pregnenolone by the cholesterol side-chain cleavage enzyme 
P450SCC (Fig. 221-2).

Testosterone circulates mainly bound to two plasma proteins: sex hormone–
binding globulin (SHBG) and albumin. In young adult men, approximately 
54% of testosterone is bound to albumin, 44% is bound to SHBG, and 2 to 
3% is unbound. Bioavailable testosterone refers to the sum of albumin-bound 
and free testosterone and is measured by separating SHBG-bound testosterone 
from total testosterone. Serum SHBG levels are increased in hyperestrogenic 
states, hyperthyroidism, aging, phenytoin treatment, anorexia nervosa, and 
prolonged stress. SHBG levels are lowered in hyperandrogenic states 
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ABSTRACT
This chapter describes the hypothalamic-pituitary regulation of testis function 
including spermatogenesis and testosterone production. The diagnosis of male 
hypogonadism is based on symptoms, the commonest of which is sexual dys-
function. The diagnosis is confirmed by consistently low serum testosterone 
levels measured in the morning. There are many benefits of testosterone therapy 
for men with low testosterone; however the potential risks should be discussed 
with the patient. The decision of which formulation of testosterone therapy 
is best made by the patient with advice from the physician depending on cost, 
availability, ease of use, and adverse effect profile. Most patients with male 
infertility have unknown cause for their infertility, but recent advances in 
genetic techniques have uncovered genetic deletions or mutations in about 
25% of the patients. Specific treatment with gonadotropins are available for 
infertility due to hypogonadotropic hypogonadism, while most causes are 
not amenable to medical treatment. Use of assisted reproductive technology 
including intracytoplasmic sperm injection with or without testicular sperm 
extraction have made many men previously considered sterile to have a progeny. 
The commonest sexual problem is erectile dysfunction (ED) which is con-
sidered a biomarker of cardiovascular disease in many men. Treatment with 
a phosphodiesterase-5 inhibitor is effective therapy for many men with ED. 
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Both LH and FSH consist of two subunits (α and β). Both subunits are 
required for biologic activity; the subunits can be detected in serum and may 
be increased in certain pathologic conditions (e.g., α-subunit elevations in 
gonadotropin-secreting pituitary adenomas). LH has a shorter half-life than 
FSH. Feedback regulation of LH and FSH secretion also occurs at the pituitary, 
with testosterone, DHT, and estrogens inhibiting the synthesis or release of 
both gonadotropins. The circulating testicular peptide inhibin, produced by 
Sertoli cells, also selectively inhibits FSH. LH and FSH act through specific 
cell surface receptors on the Leydig and Sertoli cells, respectively.
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The brain is the integrative center of the sexual response system. It processes 
sensory input and hormonal signals to create the hypothalamic neuronal 
message that traverses the spinal cord to the T9-12 sympathetic and sacral 
parasympathetic outflow tracts. The nonadrenergic, noncholinergic autonomic 
plexus nerves initiate vasodilation of the cavernosal arterial and corpora cav-
ernosal sinusoids of the penis through the release of local vasodilators (e.g., 
nitric oxide and vasoactive intestinal peptide) from the vascular endothelium 
and the sinusoidal smooth muscle cells of the sinusoids (Fig. 221-4). Nitric 
oxide produces smooth muscle dilation by the generation of cyclic guanosine 
monophosphate (cGMP) and the modification of calcium flux. The neurogenic 
mechanisms leading to vasodilation of the cavernosal arterioles and sinusoids 
lead to a rapid increase in penile blood flow and expansion of the vascular 
channels; this, in turn, inhibits venous return through compression of the 
venous channels against the tunica albuginea and limits venous drainage.

Testosterone’s primary effect on erectile function is to enhance libido. Tes-
tosterone also increases penile nitric oxide synthase activity and enhances 
smooth muscle cell growth. Sexual desire and fantasy are highly sensitive to 
testosterone, explaining the preservation of erectile capacity in many men 
with partial androgen deficiency.

Physiology in Development and Aging
Reproductive Axis Development during Childhood  
and Puberty
Adrenarche and Puberty
Adrenarche occurs at approximately 7 or 8 years of age when the zona reticularis 
of the adrenal gland undergoes maturation and secretes adrenal androgens 
including androstenedione, dehydroepiandrosterone (DHEA), and DHEA 
sulfate (DHEA-S). The process is under the control of adrenocorticotropic 
hormone, not LH or FSH. Androstenedione and DHEA are androgenic pre-
hormones, and the prepubertal growth spurt and development of pubic and 
axillary hair, are mediated by the conversion of these precursors to testosterone 
and DHT in peripheral tissues.

Initiation of puberty is determined by an increase in the pulsatile pattern 
of hypothalamic GnRH secretion. The secretory pulses of GnRH are syn-
chronized by increased kisspeptin and neurokinin B/dynorphin (KNDy) 
secretion from the hypothalamic neurons. This is marked by nocturnal bursts 
of LH secretion. As puberty progresses, feedback sensitivity of the hypothala-
mus and pituitary to circulating steroids lessens, thus increasing the secretion 
of gonadotropins. The increasing concentrations of intratesticular testosterone 
and circulating FSH stimulate the Sertoli cell to produce factors leading to 
the maturation of spermatogenesis. As spermatogenesis advances, the first 

(endogenous and exogenous as in androgen treatment), obesity, acromegaly, 
and hypothyroidism. In most instances, measurement of serum total testosterone 
provides biochemical support for the diagnosis of testosterone deficiency. In 
conditions with abnormal SHBG levels, however, the total testosterone mea-
surement may be misleading, and measurement of non–SHBG-bound tes-
tosterone may allow better interpretation of the active testosterone levels. This 
can be done by direct measurement of free testosterone by the equilibrium 
dialysis method, measurement of bioavailable testosterone, or calculation of 
the free testosterone by formulae requiring the serum testosterone and SHBG 
concentrations. Most guidelines recommend against measurement of free 
testosterone by a “direct” or analogue displacement method because of lack 
of accuracy traceable to a standard.1

Testosterone exerts its effects either through direct action or after conversion 
to DHT by two separate 5α-reductase isozymes (1 and 2) or to estradiol by the 
aromatase enzyme (Fig. 221-3). Both testosterone and DHT bind efficiently 
to the androgen receptor. Different tissues have coactivators or coinhibitors 
that modify the action of the androgen-receptor complex, providing tissue 
selectivity and amplification. Testosterone also can serve as a precursor for 
estradiol, notably in bone and adipose tissues. After conversion, estrogen binds 
the estrogen receptors (α or β) to induce its effects. Various end organs differ 
in their 5α-reductase isoenzyme and aromatase concentrations or activity. 
Congenital and acquired defects in these two enzymes, as well as in the estro-
gen and androgen receptors, result in distinct syndromes with characteristic 
phenotypes that are experiments in nature and provide understanding of the 
actions of specific receptors and enzyme activities (Chapter 220).

Spermatogenesis
The spermatogenic compartment of the testis consists of the Sertoli and germ 
cells that are intimately interactive with the interstitial compartment. The 
Sertoli cells bridge the entire space between the basement membrane and the 
lumen of the tubules. They are the target of androgenic and FSH stimulation 
of spermatogenesis and also the source of a multitude of paracrine regulators 
of spermatogenesis (e.g., inhibin, activin, growth factors, cytokines).

Germ cell development and maturation depend on the proper hormonal 
(FSH) and paracrine (testosterone) milieu. Both testosterone and FSH stimu-
late progression of spermatogonia to mature spermatozoa, limit the amount 
of germ cell death (apoptosis), and regulate sperm release from the germinal 
epithelium.

After spermatogenesis is completed, mature spermatozoa are released into 
the excretory system and travel through the rete testes and epididymis, where 
they become functionally mature and acquire fertilizing capacity before 
traversing the vas deferens. The seminal fluid gains constituents from the 
seminal vesicles, prostate, and bulbourethral glands before ejaculation.

Sexual Function and Erectile Physiology
Sexual function in men requires normal sexual desire (libido) and erectile, 
ejaculatory, and orgasmic capacity. The process is complex, involving cognitive, 
sensory, hormonal, autonomic neuronal, and penile vascular integrative actions 
for normal function. Defects can occur at multiple levels.
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FIGURE 221-3. Testosterone action is mediated directly (androgen receptor), after 
conversion to estradiol (estrogen receptor α or β), or after conversion to dihydrotes-
tosterone (DHT; androgen receptor). (From Kuiper GCJM, Carlquist M, Gustafsson JA. 
Estrogen is a male and female hormone. Sci Med. 1998;5:36-45.)
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hepatic, hypothalamic, or pineal tumors). Pseudo–precocious puberty is 
characterized by increased testosterone with suppressed LH. Causes of 
pseudo–precocious puberty include congenital virilizing adrenal hyperplasia, 
testicular testosterone-secreting neoplasms, and constitutively active LH 
receptor mutations; the latter condition results in uncontrolled testosterone 
secretion (testotoxicosis). Treatment of true precocious puberty is removal or 
correction (with surgery or radiation therapy) of the CNS lesion, if possible, 
and treatment with GnRH analogues to temporarily suppress LH and FSH 
secretion. Treatment of pseudo–precocious puberty depends on the cause 
but includes glucocorticoids for congenital virilizing adrenal hyperplasia and 
ketoconazole (to suppress steroidogenesis), with or without antiandrogens 
(e.g., spironolactone, flutamide).

Male Senescence: Decreased Testosterone and Other 
Anabolic Hormones
Testosterone Deficiency in the Elderly
Blood concentrations of testosterone and androgen prehormones (e.g., DHEA, 
DHEA-S) are significantly lower in older men than in young adult men.2 
Both total and free serum testosterone levels progressively decrease with aging  
(Fig. 221-5). The percentage decline in serum testosterone has been estimated 
as high as 1 to 2% per year although more recent assessments in the European 
Male Aging Study show a more gradual slope.3 Serum SHBG levels also rise 
with age in men, resulting in a higher percentage of circulating testosterone 
that is tightly bound and thus a more steep decline of free testosterone with 
aging. Obesity lowers serum testosterone and SHBG and affects the decline 
of testosterone and free testosterone with age (Fig. 221-5). In men between 
40 and 70 years of age the crude prevalence rate of symptomatic testosterone 
deficiency has been estimated to be approximately 2 to 6%. Low testosterone 
levels are associated with comorbidities such as obesity, metabolic syndrome, 
chronic drug use (e.g., opioids), and the commonest symptoms associated 
with low total or free testosterone in older men are sexual.

Many of the effects of low testosterone levels in aging men are similar to 
those observed in younger hypogonadal men. These include decreases in libido, 
erectile function, muscle mass, muscle strength, bone mass, and impaired 

sign of puberty is marked by testes increasing in size from 3 to 5  mL at the 
outset of puberty to 15 to 35 mL in adulthood. The majority of the extratesticular 
end-organ events of puberty are secondary to the increased testosterone and 
its metabolic products (DHT and estradiol) (Table 221-1). The penis and 
scrotum grow and become pigmented. There is a progressive increase in facial, 
axillary, chest, abdominal, thigh, and pubic hair; frontal scalp hair regresses, 
and the voice deepens. Genital and sexual hair development and temporal 
scalp hair regression require DHT. The increased levels of sex steroids result 
in closure of the epiphysis and achievement of adult height.

Aberrations of Timing of Puberty
Delayed puberty, more common in boys than in girls, is usually assigned to 
boys when sexual development has not begun by age 14 years. The majority 
of boys with delayed development have a functional hypothalamic-pituitary 
disorder and family history of delayed puberty; eventually they attain full 
sexual maturation. Once initiated, puberty is normally completed within 4.5 
years. There are many other causes of delayed puberty including genetics, 
drugs, chronic illnesses, and diseases of the hypothalamus and pituitary. Careful 
documentation of changing physical findings and measurement of serum LH, 
FSH, and testosterone concentrations may provide valuable clues to the begin-
ning of puberty. An increase in testicular size to more than 3 mL usually heralds 
other signs of pubertal onset. Inquiring and testing for hyposmia or anosmia 
and other midline defects may indicate a common variant of congenital hypo-
gonadotropic hypogonadism (Kallmann syndrome). The decision to institute 
early treatment depends on the perceived degree of psychological stress associ-
ated with the maturational delay. The major concern is early fusion of the 
epiphyses induced by treatment with testosterone, which compromises optimal 
height; however, with judicious dosing and monitoring of bone age, this is 
unusual. In adolescent boys with delayed puberty and low levels of gonado-
tropins, periodic withdrawal of treatment is used to determine whether spon-
taneous puberty has occurred. Many adult men diagnosed with and treated 
as adolescents for a presumed diagnosis of hypogonadotropic hypogonadism 
achieve normal reproductive function when they discontinue therapy.

Precocious puberty in boys is defined as the onset of pubertal (secondary 
sexual characteristics) development before 9 years of age. Sexual precocity 
can be subcategorized as central or true isosexual precocious puberty and 
pseudo–precocious (peripheral) puberty. Central or true precocious puberty 
is associated with increases in GnRH-stimulated LH and FSH secretion 
(hypothalamic-pituitary origin), whereas pseudo–precocious puberty 
is independent of GnRH stimulation of LH and FSH secretion. Central 
precocious puberty in boys is often associated with CNS disease (two thirds 
of boys), including hypothalamic tumors, cysts, inflammatory conditions, and 
seizure disorders. Diagnostic findings include sexual precocity, inappropriately 
elevated serum LH levels, and associated elevations of testosterone. Magnetic 
resonance imaging can localize most lesions. Another cause of central precocious 
puberty is human chorionic gonadotropin secretory germinomas (testicular, 

TABLE 221-1 PUBERTAL STAGES IN BOYS
STAGE/AGE  
(YEARS) PUBIC HAIR GENITAL
I Absence of pubic hair Childlike penis, testes, and 

scrotum (testis 5.0 ± 3.6 cm3)
II 11.7 ± 1.3 Sparse, lightly pigmented 

hair mainly at base of 
penis

Scrotum enlarged with early 
rugation and pigmentation; 
testes begin to enlarge (6.7 ± 
3.5 cm3)

III 13.2 ± 0.8 Hair becomes coarse, 
darker, more curled, 
and more extensive

Penis has grown in length and 
diameter; testes 
now14.7±6.3 cm3; scrotum 
more rugated

IV 14.7 ± 1.1 Hair adult in quality, but 
distribution does not 
include medial aspect 
of thighs

Penis further enlarged, with 
development of glans; scrotum 
and testes (20.1 ± 6.2 cm3) 
further enlarged

V 15.5 ± 0.7 Hair is adult and extends 
to thighs

Penis and scrotum fully adult; 
testes 29.3 ± 9.1 cm3

Modified from Marshall WA, Tanner JM. Variation in pattern of pubertal changes in boys. Arch Dis 
Child. 1970;45:13-23. Daniel WA Jr, Feinstein RA. Howard-Peebles P et al. Testicular volumes of 
adolescents. J Pediatrics. 1982: 101:1010-2
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FIGURE 221-5. Relationship between age, BMI, and hormones. The cohort was strati-
fied according to BMI into three groups: nonobese (BMI < 25 kg/m2), overweight (BMI 25 
to 30 kg/m2), and obese (BMI > 30 kg/m2). Mean (95% CI in shaded area and vertical lines) 
total and free T and SHBG were significantly lower in the overweight and obese at all 
ages, compared with nonobese. The total T and SHBG age trends in the three BMI catego-
ries were similar (indicating no interaction between BMI and age); the free T age trend 
in the obese group was less steep than in the other two groups (indicating an interaction 
between BMI and age). Mean LH was not significantly different among the three groups 
at the median age of 60 years. LH was higher in the older than 70 years nonobese, com-
pared with the overweight and obese groups, due to a negative BMI-age interaction. 
(Wu FC, Tajar A, Pye SR, et al. Hypothalamic-pituitary-testicular axis disruptions in older 
men are differentially linked to age and modifiable risk factors: the European Male Aging 
Study. J Clin Endocrinol Metab. 2008;93:2737-2745). 
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Stress and Illness
Severe stress (e.g., surgery, trauma) and systemic illness also lower gonado-
tropin and testosterone levels. Organic hypothalamic-pituitary disorders include 
neoplastic, granulomatous, infiltrative, and post-traumatic lesions in the region 
of the hypothalamus and pituitary.

Pituitary Tumors
Prolactinomas manifest differently in men than in women (Chapter 211). In 
men, these tumors are usually large (>1 cm in diameter; macroadenomas) by 
the time they are detected. Male patients with prolactin-secreting macroadeno-
mas usually present with hypogonadism, erectile dysfunction, and visual 
manifestations from suprasellar extension. In small tumors, hypogonadotropic 
hypogonadism may be due to suppressive effects on GnRH described earlier, 
but in large tumors, it also may be due to a mass effect damaging the non-
neoplastic gonadotrophs.

Large non–prolactin-secreting pituitary tumors (growth hormone, adre-
nocorticotropic hormone, glycopeptide, and null cell) also may produce 
gonadotropin insufficiency from damage to the adjacent normal pituitary gland 
(Chapter 211), resulting in decreased serum LH and testosterone levels.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS OF HYPOGONADISM
The diagnosis is based on clinical symptoms and signs and a reduced serum 
testosterone level. The reference range of serum total testosterone in a young 
adult male population varies across different laboratories and populations. 
The harmonized normal range in a healthy nonobese population of European 
and American men from 4 large cohort studies, 19 to 39 years, is 264 to 
916 ng/dL.

History
The medical history should focus on testicular descent, pubertal development, 
shaving frequency, changes in body hair, and present and past systemic illnesses. 
A complete sexual history includes changes in libido, erectile and ejaculatory 
functions, frequency of masturbation, coital activity, and fertility (including 
that of present and previous partners). Information should be obtained on 
previous orchitis, sinopulmonary complaints, sexually transmitted diseases, 
human immunodeficiency virus (HIV) status, genitourinary infections, and 
previous surgical procedures that might affect the reproductive tract (e.g., 
vasectomy, hernia repair, prostatectomy, varicocele ligation). Social history 
includes tobacco and alcohol intake. Medication and self-prescribed drug history 
includes recreational drugs; opioids; anabolic steroids; glucocorticoid use; 
5α-reductase inhibitors; and psychiatric, antihypertensive, antiandrogenic, 
cytotoxic, and alternative medicine therapies; environmental toxins; and 
exposure to heat (including saunas and Jacuzzis) and irradiation.

Physical Examination
The general physical examination is supplemented by height and span 
measurements; characterization of facial, pubic, and body hair distribution; 
presence of acne and facial wrinkling; breast examination for gynecomastia; 
assessment of muscle mass and adiposity; measurement of penile length 
and urethral meatus localization; digital rectal prostate examination; and 
visual field assessment if secondary hypogonadism is suspected. The scrotal 
examination should include an assessment of midline fusion (e.g., bifid scrotum, 
hypospadias); testicular size and consistency; presence of intratesticular 
masses; abnormalities of the epididymis; bilateral presence of vas deferens; 
and varicoceles, hydroceles, or hernias. Normal testicular size ranges from 3.6 
to 5.5 cm in length, 2.1 to 3.2 cm in width, and 15 to 35 mL in volume in 
white and black men. Asian men have a slightly smaller mean testicular size. 
A decrease in testicular volume usually implies decreased spermatogenic cells 
because the seminiferous tubules account for more than 80% of testicular  
volume.

Laboratory Studies
Because there is a strong diurnal rhythm in testosterone secretion in young 
men (highest in the morning), testosterone, LH, and FSH are routinely deter-
mined from morning blood samples. There is a broad range of reference values 
of these hormones due partly to measurement variability but also influenced 
by the selection criteria for the reference population. Most hospital laboratories 
have used immunoassay methods to measure serum testosterone, which may 
lack precision at low serum testosterone levels. Recent studies suggest that 
methods using liquid or gas chromatography and mass spectrometry give 
more accurate results even at very low serum testosterone levels. The U.S. 

Primary Testicular Hypogonadism
Primary hypogonadism refers to a condition of androgen deficiency with or 
without infertility in which the pathologic process lies at the testis level. A 
list of common causes is given in Table 221-2.

CONGENITAL DEFECTS
The commonest congenital defect is due to chromosomal abnormalities (Kline-
felter syndrome), and other causes are listed in Table 221-2 and described in 
Chapter 220.

ACQUIRED DEFECTS
Mumps, Orchitis, Leprosy, Human Immunodeficiency Virus Infection,  
and Hemochromatosis
After puberty, mumps (Chapter 345) is associated with clinical orchitis in 25% 
of cases, and 60% of those affected become infertile. During acute orchitis, the 
testes are inflamed, painful, and swollen. This is followed by a gradual decrease 
in size. The testes may return to normal size and function, or they may atrophy. 
Spermatogenic defects occur more often and earlier than Leydig cell dysfunction. 
Thus, patients with post-orchitic infertility may have normal testosterone and 
LH levels with increased serum FSH levels. Over time, elevations in LH and 
lower serum testosterone levels may appear. Leprosy (Chapter 310) also may 
cause orchitis and gonadal insufficiency. HIV infection is often associated with 
hypogonadism, which can be either hypogonadotropic or hypergonadotropic. 
Hemochromatosis (Chapter 201) may affect the hypothalamus-pituitary, as 
well as act directly on the testis.

Trauma
The exposed position of the testes in the scrotum makes them particularly 
susceptible to injury. Surgical injury during scrotal surgery for hernia, varico-
cele, and vasectomy can result in permanent testicular damage.

Irradiation
Exposure of the testes to irradiation in the treatment of malignant diseases 
produces testicular germ cell, and less commonly, Leydig cell damage.

DRUGS AND TOXINS
Chemotherapy, in particular alkylating agents, such as cyclophosphamide and 
busulfan, frequently leads to irreversible germ cell damage. Heavy metals (lead, 

mood and sense of well-being. Older men have increased body fat, particularly 
visceral fat. There is considerable controversy as to whether age-associated 
hypogonadism is a pathological or physiological condition.

Deficiency of Adrenal Androgen in Older Men
A marked decline in the circulating levels of adrenal androgens, especially 
DHEA and DHEA-S, has been recognized in elderly men and women. Serum 
levels of DHEA and DHEA-S peak at approximately the third decade of life 
and then decline at about 2% per year, resulting in levels 10 to 20% of baseline 
by 80 years of age. DHEA is a precursor to androgens such as testosterone 
and DHT.

 MALE HYPOGONADISM

 DEFINITION
Hypogonadism (androgen deficiency) is diagnosed in men with consistent 
symptoms and signs and unequivocally low circulating levels of testosterone. 
Most men with more severe androgen deficiency have very low intratesticular 
testosterone concentrations and are infertile. Primary hypogonadism indicates 
that the abnormality originates in the testis; it is characterized by increased 
serum LH and FSH levels. Secondary hypogonadism indicates a defect at the 
hypothalamus or pituitary, resulting in decreased gonadotropins (LH, FSH, 
or both).4 Combined primary and secondary hypogonadism occurs in aging 
and in a number of systemic diseases, such as alcoholism, liver disease, meta-
bolic syndrome, type 2 diabetes mellitus, human immunodeficiency virus 
(HIV) infection, hemochromatosis, and sickle cell disease. Obesity leads to 
low total and free testosterone levels. Greater decreases are seen in the total 
testosterone level because obesity not only decreases testosterone secretion 
but also lowers SHBG levels. Decreased androgen action with normal or 
elevated testosterone levels, mimicking androgen deficiency, may occur in 
patients with androgen receptor defects (androgen resistance), post-receptor 
signaling abnormalities, and inability to convert testosterone to the active 
metabolite DHT (5α-reductase abnormalities).

Many of the causes of primary and secondary hypogonadism are listed in 
Tables 221-2 and 221-3 (see also Chapter 220).

TABLE 221-2 CAUSES OF PRIMARY TESTICULAR FAILURE 
AND END-ORGAN RESISTANCE

Congenital disorders
Chromosome disorders
Klinefelter and related syndromes (e.g., XXY, XXY/XY, XYY, XX males)
Testosterone biosynthetic enzyme defects
Myotonic dystrophy

Developmental disorders
Prenatal diethylstilbestrol syndrome
Cryptorchidism

Acquired defects
Orchitis
Mumps and other viruses
Granulomatous disease (e.g., tuberculosis, leprosy)
Human immunodeficiency virus infection
Infiltrative disease (e.g., hemochromatosis, amyloidosis)
Surgical, traumatic injuries, torsion of testis
Irradiation

Toxins (e.g., alcohol, fungicides, insecticides, heavy metals, cottonseed oil, DDT, 
other environmental “endocrine disruptors”)

Drugs
Cytotoxic agents
Inhibitors of testosterone synthesis and antiandrogens (e.g., ketoconazole, 

cimetidine, flutamide, cyproterone, spironolactone)
Ethanol, opioids, other recreational drugs

Autoimmune testicular failure
Isolated
Associated with other organ-specific disorders (e.g., Addison disease, Hashimoto 

thyroiditis, insulin-dependent diabetes)
Androgen resistance syndromes
5α-Reductase deficiency
Systemic diseases* (e.g., cirrhosis, chronic renal failure, sickle cell disease, acquired 

immunodeficiency syndrome, amyloidosis)
Aging*
*Systemic diseases and aging produce a mixed pattern of testicular and hypothalamic-pituitary 
dysfunction.

TABLE 221-3 CAUSES OF HYPOGONADOTROPIC 
HYPOGONADISM

IDIOPATHIC OR CONGENITAL

Isolated deficiency of gonadotropin-releasing hormone
With anosmia (Kallmann syndrome)
With other abnormalities (Prader-Willi syndrome, Laurence-Moon-Biedl 

syndrome, basal encephalocele)
Partial deficiency of gonadotropin-releasing hormone (fertile eunuch syndrome)
Multiple hypothalamic and pituitary hormone deficiency
Pituitary hypoplasia or aplasia
ACQUIRED

Traumatic brain injury, after surgery or irradiation
Neoplastic
Pituitary adenoma (prolactinoma, other functional and nonfunctional tumors)
Craniopharyngioma, germinoma, glioma, leukemia, lymphoma
Pituitary infarction, carotid aneurysm
Infiltrative and infectious diseases of hypothalamus and pituitary (sarcoidosis, 

tuberculosis, coccidioidomycosis, histoplasmosis, syphilis, abscess, histiocytosis 
X, hemochromatosis)

Autoimmune hypophysitis
Aging and systemic diseases*
Obesity
Malnutrition
Anorexia nervosa, starvation, renal failure, liver failure
Exogenous hormones and drugs

Antiandrogens, estrogens and antiestrogens, progestogens, glucocorticoids, 
cimetidine, spironolactone, digoxin, drug-induced hyperprolactinemia 
(metoclopramide, tranquilizers, antihypertensives)

*Aging and systemic diseases produce a mixed pattern of central and testicular dysfunction.
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Stress and Illness
Severe stress (e.g., surgery, trauma) and systemic illness also lower gonado-
tropin and testosterone levels. Organic hypothalamic-pituitary disorders include 
neoplastic, granulomatous, infiltrative, and post-traumatic lesions in the region 
of the hypothalamus and pituitary.

Pituitary Tumors
Prolactinomas manifest differently in men than in women (Chapter 211). In 
men, these tumors are usually large (>1 cm in diameter; macroadenomas) by 
the time they are detected. Male patients with prolactin-secreting macroadeno-
mas usually present with hypogonadism, erectile dysfunction, and visual 
manifestations from suprasellar extension. In small tumors, hypogonadotropic 
hypogonadism may be due to suppressive effects on GnRH described earlier, 
but in large tumors, it also may be due to a mass effect damaging the non-
neoplastic gonadotrophs.

Large non–prolactin-secreting pituitary tumors (growth hormone, adre-
nocorticotropic hormone, glycopeptide, and null cell) also may produce 
gonadotropin insufficiency from damage to the adjacent normal pituitary gland 
(Chapter 211), resulting in decreased serum LH and testosterone levels.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS OF HYPOGONADISM
The diagnosis is based on clinical symptoms and signs and a reduced serum 
testosterone level. The reference range of serum total testosterone in a young 
adult male population varies across different laboratories and populations. 
The harmonized normal range in a healthy nonobese population of European 
and American men from 4 large cohort studies, 19 to 39 years, is 264 to 
916 ng/dL.

History
The medical history should focus on testicular descent, pubertal development, 
shaving frequency, changes in body hair, and present and past systemic illnesses. 
A complete sexual history includes changes in libido, erectile and ejaculatory 
functions, frequency of masturbation, coital activity, and fertility (including 
that of present and previous partners). Information should be obtained on 
previous orchitis, sinopulmonary complaints, sexually transmitted diseases, 
human immunodeficiency virus (HIV) status, genitourinary infections, and 
previous surgical procedures that might affect the reproductive tract (e.g., 
vasectomy, hernia repair, prostatectomy, varicocele ligation). Social history 
includes tobacco and alcohol intake. Medication and self-prescribed drug history 
includes recreational drugs; opioids; anabolic steroids; glucocorticoid use; 
5α-reductase inhibitors; and psychiatric, antihypertensive, antiandrogenic, 
cytotoxic, and alternative medicine therapies; environmental toxins; and 
exposure to heat (including saunas and Jacuzzis) and irradiation.

Physical Examination
The general physical examination is supplemented by height and span 
measurements; characterization of facial, pubic, and body hair distribution; 
presence of acne and facial wrinkling; breast examination for gynecomastia; 
assessment of muscle mass and adiposity; measurement of penile length 
and urethral meatus localization; digital rectal prostate examination; and 
visual field assessment if secondary hypogonadism is suspected. The scrotal 
examination should include an assessment of midline fusion (e.g., bifid scrotum, 
hypospadias); testicular size and consistency; presence of intratesticular 
masses; abnormalities of the epididymis; bilateral presence of vas deferens; 
and varicoceles, hydroceles, or hernias. Normal testicular size ranges from 3.6 
to 5.5 cm in length, 2.1 to 3.2 cm in width, and 15 to 35 mL in volume in 
white and black men. Asian men have a slightly smaller mean testicular size. 
A decrease in testicular volume usually implies decreased spermatogenic cells 
because the seminiferous tubules account for more than 80% of testicular  
volume.

Laboratory Studies
Because there is a strong diurnal rhythm in testosterone secretion in young 
men (highest in the morning), testosterone, LH, and FSH are routinely deter-
mined from morning blood samples. There is a broad range of reference values 
of these hormones due partly to measurement variability but also influenced 
by the selection criteria for the reference population. Most hospital laboratories 
have used immunoassay methods to measure serum testosterone, which may 
lack precision at low serum testosterone levels. Recent studies suggest that 
methods using liquid or gas chromatography and mass spectrometry give 
more accurate results even at very low serum testosterone levels. The U.S. 

cadmium) and cottonseed oil (gossypol) cause damage to the germ cells. 
Leydig cells are relatively less susceptible to most chemotherapeutic drugs 
than are Sertoli and germ cells. Some medications may interfere with testos-
terone biosynthesis (e.g., ketoconazole, spironolactone) or action (e.g., cyprot-
erone, flutamide). Ethanol, independent of its role in causing liver disease, 
inhibits testosterone biosynthesis. Marijuana, heroin, methadone, medroxy-
progesterone acetate, other progestins, and estrogens lower testosterone, mainly 
by decreasing LH. Medical treatment with androgens such as testosterone, 
DHT, and synthetic anabolic steroids or their illicit use (e.g., in athletes, body-
builders) lowers serum LH and FSH and sperm counts. Serum testosterone 
levels are low after the use of DHT and synthetic anabolic agents. Environ-
mental toxins such as fungicides and insecticides (e.g., DBCP, metabolites of 
DDT, vinclozolin) and byproducts of the plastics industry (e.g., phthalates, 
bisphenol A) are called “endocrine disruptors” because these chemicals may 
have either weak estrogenic or antiandrogenic effects and have been shown 
to cause testicular dysgenesis in male offspring when administered in large 
doses to pregnant female rodents. Data linking “endocrine disruptors” to male 
reproductive dysfunction in humans are principally associations studies and 
do not prove causality.5

AUTOIMMUNE TESTICULAR FAILURE
Antibodies against the microsomal fraction of the Leydig cells may occur 
either as an isolated disorder or as part of a multiglandular disorder (Chapter 
218) involving, to variable degrees, the thyroid, pituitary, adrenals, pancreas, 
and other organs.

ANDROGEN RESISTANCE (ANDROGEN-SENSITIVE END-ORGAN 
DEFICIENCY)
Certain conditions have clinical phenotypes mimicking testosterone deficiency 
in the absence of lowered testosterone levels. These androgen-resistant states 
may be drug-induced (antiandrogens) or genetic defects in the androgen 
receptor, congenital or acquired post–androgen receptor signaling defects, or 
5α-reductase deficiency (Chapter 220).

Hypogonadism Associated with Systemic Diseases
Abnormalities of the hypothalamic-pituitary-testicular axis occur in a number 
of systemic diseases, including liver failure, renal failure, severe malnutrition, 
sickle cell anemia, advanced malignant disease, severe obesity, metabolic syn-
drome, type 2 diabetes, cystic fibrosis, and amyloidosis, as well as in those on 
chronic hemodialysis. The effects of cirrhosis of the liver on testicular function 
are complex and may be either independent of or associated with the direct 
toxic effects of the continued use of alcohol. Gynecomastia, testicular atrophy, 
and impotence are concomitant signs of cirrhosis. Decreased spermatogenesis 
with peritubular fibrosis occurs in 50% of cases. Estradiol levels are usually 
elevated. This results in an increased ratio of serum estradiol to testosterone, 
often associated with gynecomastia. In sickle cell anemia and thalassemia 
major, boys may have impaired sexual maturation, and men are often infertile. 
Diabetes and obesity are two major factors in hypogonadism.6 Emerging data 
show that type 2 diabetes is associated with low blood testosterone levels 
mainly as a result of hypothalamic-pituitary dysfunction; the decrease in serum 
testosterone correlates with the degree of hyperglycemia.

Secondary Gonadal Insufficiency  
(Hypogonadotropic Hypogonadism)
CONGENITAL HYPOGONADOTROPIC HYPOGONADISM
Hypogonadotropic hypogonadism represents a deficiency in the secretion of 
gonadotropins (LH and FSH) because of an intrinsic or functional abnormal-
ity in the hypothalamus or pituitary glands (see earlier and Chapter 220). 
Abnormalities of kisspeptin/neurokinin B/dynorphin (KNDy) release by 
hypothalamic neurons and receptor deficiencies has emerged as a major cause 
of GnRH deficiency. Such disorders result in secondary Leydig cell dysfunc-
tion (see Table 221-3). The clinical manifestations depend on the age of the 
patient at the onset of the disorder.

ACQUIRED HYPOGONADOTROPIC DISORDERS AND  
FUNCTIONAL DISORDERS
Anorexia Nervosa and Weight Loss
Anorexia nervosa (Chapter 206) and weight loss are examples of functional 
defects resulting in low serum testosterone levels. Men and women with anorexia 
nervosa present with manifestations of hypogonadotropic hypogonadism. 
Starvation also may reduce gonadotropic secretion. Strenuous exercise has 
minimal effects on testicular function in men.
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 MALE INFERTILITY

 DEFINITION
Infertility is defined as the failure of a couple to achieve pregnancy after at 
least 1 year of frequent unprotected intercourse. If a pregnancy has not occurred 
after 3 years, infertility will most likely persist without medical treatment.

 EPIDEMIOLOGY
Studies in the United States and Europe showed a 1-year prevalence of infertil-
ity in 15% of couples. The prevalence in developing countries is likely to be 
higher because of the higher prevalence of genital tract infection. Of subfertility 
cases, 30 to 35% can be attributed to predominantly female factors, 25 to 30% 
to male factors, and 25 to 30% to problems in both partners.

 PATHOBIOLOGY
Hypothalamic-pituitary disorders are infrequent causes of male infertility 
and are discussed in the section on hypogonadism and androgen deficiency. 
Testicular disorders are the most frequent identifiable cause of infertility (see 
Table 221-2). Y chromosome microdeletions are increasingly recognized as 
a genetic cause of azoospermia and severe oligozoospermia. Up to 25% of 
infertile men have microdeletions in the long arm of the Y chromosome, 
many of which map to the Yq11 region of the chromosome, which is called the 
azoospermic factor (AZF). Mutations in the AZFa and b regions are associated 
with azoospermia, whereas mutations of AFZc region may be associated with 
oligozoospermia. The gr/gr deletion removes a large segment of the AFZc 
gene and represents a significant risk factor for oligozoospermia in some but 
not all populations. Mutations in the testis-expressed 11 gene (TEX11) and 
other genes such as NR5A1, DMRT1, have been described and are a common 

TABLE 221-4 INDICATIONS FOR ANDROGEN THERAPY
Androgen deficiency (hypogonadism) (symptoms, signs and low testosterone level)
Microphallus (neonatal)
Delayed puberty in boys
Angioneurotic edema
Other possible uses or under investigation

Hormonal male contraception
Sarcopenia associated with cancer, human immunodeficiency virus infection, 

chronic infection, frailty in older men and women
Hypoactive sexual disorder in postmenopausal women

TABLE 221-5 ANDROGEN PREPARATIONS

ROUTE PREPARATION
DOSE AND FREQUENCY 

OF ADMINISTRATION
Oral* Testosterone undecanoate 158 to 396 mg PO two or three 

times daily with food
Buccal Transbuccal testosterone, 

mucoadhesive tablets
30 mg two times daily

Injection Testosterone enanthate and 
cypionate

100 mg/wk IM or 150-200 mg 
IM every 2 wk

50 to 100 mg/week SC
Testosterone undecanoate 750-1000 mg IM every 

10-12 wk
Implant Testosterone implants 75-mg pellets (in United 

States), 6-10 inserted once 
every 4-6 months

Transdermal Nonscrotal patch
Androderm

Two patches, each delivering 
testosterone 2.5 mg/day; or 
one patch delivering 
testosterone 5 mg/day

Testoderm TTS One patch delivering 
testosterone 5 mg/day

Transdermal gels AndroGel or Testogel; 
Testim; Axiron; Fortesta

1 to 2% gel applied once daily 
delivering 50-100 mg 
testosterone on skin and 5 
to 10 mg to body

*Oral modified 17α-alkylated androgens such as methyltestosterone, fluoxymesterone, 
oxymetholone, stanozolol, and oxandrolone are not recommended for the treatment of 
androgen-deficient states because of potential hepatotoxicity and adverse effects on serum lipids.
IM = intramuscularly; PO = orally; SC = subcutaneously.

Indications
The main medical indication for androgen replacement therapy is male 

hypogonadism (Table 221-4). In approximately 10% of men with idiopathic 
hypogonadism reversed by testosterone therapy, the reversal is sustained after 
therapy is stopped. This suggests that some patients with low serum testos-
terone may have a transient cause of the deficiency.

Beneficial effects of testosterone replacement have been demonstrated 
in elderly men with relatively low serum testosterone levels. Testoster-
one replacement therapy (up to 3 years) decreases fat mass, increases lean 
body mass, improves strength, and increases bone mineral density in older  
men. A1  Treatment with testosterone gel sufficient to raise serum testosterone 
to the mid-normal young male range improves sexual activity libido, erectile 
function, and mood, A2 

,
 A3  corrects unexplained anemia, A4  and increases bone 

mineral density and strength. A5  The effect on physical activity is modest at 
best, and no improvement is seen in cognition. A6  Testosterone-treated men 
have significantly increased noncalcified plaque volume by coronary com-
puted tomographic angiography, A7  but cardiovascular adverse events were not 
increased over the less than 3 year or so duration of the various randomized 
trials. A8  In cohort studies with longer-duration follow-up, however, the data on 
cardiovascular risk are less clear.7-9 Testosterone replacement therapy does not 
appear to affect lower urinary tract symptoms. A9 

At present, testosterone treatment is not recommended for older men with 
or suspected of having prostate cancer, moderate-to-severe heart failure, severe 

TREATMENT 

Centers for Disease Control (CDC) has developed an external system to 
harmonize laboratory measurements to a validated standard method.

Total testosterone measurements may be misleading indicators of Leydig 
cell secretory status in conditions in which SHBG levels are abnormal (see 
earlier section). In these circumstances, a measurement of free testosterone 
(by an equilibrium dialysis method), bioavailable testosterone (consisting of 
free plus albumin bound), or calculated free testosterone (by total testosterone 
and SHBG measurements) may be useful.

Elevated LH and FSH levels distinguish primary from secondary hypogo-
nadism (both have low serum testosterone levels), but many older men with 
low serum testosterone levels may have a normal LH concentration. Serum 
prolactin levels should be measured in all low testosterone, low LH cases 
(hypogonadotropic hypogonadism) and in men with known pituitary mass 
lesions, or galactorrhea. DHT is measured in cases of abnormal differentiation 
of the genitalia and when 5α-reductase deficiency is suspected. Serum estradiol 
should be measured in cases of gynecomastia. Assessment of other testosterone 
precursors and products may be required in special circumstances, including 
suspected congenital enzyme defects. The semen analysis is the “cornerstone” 
of the laboratory examination for male infertility.

The following rules on measurement of serum testosterone apply to most 
young and middle-aged men thought to have hypogonadism. If a morning 
serum total testosterone level is repeatedly below 230 ng/dL (8 nmol/L), 
and he has symptoms or signs compatible with low testosterone state, the 
patient is probably hypogonadal, and testosterone replacement is indicated. 
If the serum testosterone level is between 230 and 320 ng/dL with normal 
serum LH levels, the patient may or may not be clinically hypogonadal and 
androgen replacement may not improve the symptoms (e.g., sexual dysfunc-
tion). Thus, when serum total testosterone is borderline and LH is not increased, 
one of the measurements of bioactive testosterone is indicated (e.g., free tes-
tosterone). The guidelines for men older than 60 years are less certain. Because 
SHBG levels are often increased, total testosterone levels may overestimate 
the biologically active forms. A serum total testosterone level above 350 to 
400 ng/dL indicates that hypogonadism is very unlikely to be the cause of 
the symptoms, and the clinician should look for other etiologies for the 
symptoms.

uncorrected sleep apnea, or high red blood cell mass.10-12 A digital rectal exami-
nation should be performed, prostate-specific antigen level determined, and 
symptoms of severe urinary tract obstruction evaluated before testosterone 
treatment is instituted.

In older men with DHEA deficiency, oral administration of DHEA raises serum 
DHEA and DHEA-S concentrations to the levels found in young men. However, 
serum testosterone levels do not change, and patients have not reported 
beneficial effects on quality of life, sexual function, mood, body composition, 
or exercise capacity. A10 

Absolute contraindications to androgen replacement therapy include car-
cinoma of the prostate and the male breast. Androgens should be used with 
caution in older men with an enlarged prostate and urinary symptoms, elevated 
hematocrit, and sleep-related breathing disorders.

Testosterone Delivery Systems
The various methods of delivering testosterone treatment are shown in 

Table 221-5.
Testosterone esters, such as testosterone enanthate (or cypionate) injections, 

are widely used in the United States and throughout the world. The recom-
mended dose is 150 to 200 mg administered intramuscularly once every 2 to 
3 weeks. More recent studies showed that these medium long–acting testos-
terone esters can be administered by subcutaneous (SC) injections weekly, 
producing more stable testosterone levels compared to intramuscular injections. 
Testosterone undecanoate injections, 750 mg administered every 10 weeks or 
1000 mg every 12 weeks, are the preferred testosterone replacement therapy 
in many parts of the world but not in the United States because of the regula-
tory requirement of an observation period for about 30 minutes after injection 
for cough episodes.

Modified 17α-alkylated androgens (methyl testosterone and many anabolic 
steroids), which are available in oral preparations, are not recommended as 
androgen replacement. These agents may lead to abnormalities in liver function, 
marked decreases in high-density lipoprotein cholesterol, and increases in total 
cholesterol levels compared with the testosterone esters. Oral testosterone 
undecanoate capsules have recently been approved in the United States.  The 
capsules, containing from 158 to 396 mg testosterone undecanoate in a self-
emulsifying drug delivery system, have to be taken twice a day with food. 
Transbuccal delivery of testosterone by mucoadhesive tablets (30 mg applied 
twice daily) results in physiologic-range testosterone levels through direct 
absorption into the systemic circulation, thus avoiding first-pass effects on 
the liver. The tablets may be dislodged from the buccal mucous membrane.

Implants (pellets) of crystalline testosterone are available for chronic treatment 
of hypogonadism. Serum testosterone levels are maintained in the physiologic 
range for 4 to 6 months depending on the number of pellets that are inserted 
SC. Implants are not usually used but are gaining some popularity with urologists 
in the United States; they are widely used in Australia and the United Kingdom.

cause of meiotic arrest and azoospermia in infertile men.14,15 Y chromosome 
defects are transmissible to male offspring if cases are successfully treated by 
ART. Thus, genetic testing and counseling should be done before technologies 
such as intracytoplasmic sperm injection (ICSI) are considered.

 DIAGNOSIS
The approach to the diagnosis of an infertile couple includes management of 
both the male and the female partner (Figs. 221-6 and 221-7).

Examination of the ejaculate is the cornerstone for the investigation of an 
infertile man (Table 221-7). Semen samples are collected at the physician’s 
office or at home, preferably after 2 to 7 days of abstinence from ejaculatory 
activity. The generally accepted reference values for a semen analysis are given 
in Table 221-8. A normal sperm concentration is greater than 15 million/mL, 
with a total sperm number greater than 39 million per ejaculate; however, 
men with lower sperm counts can be fertile. More than 40% of the spermatozoa 
should be motile, and more than 32% should demonstrate a progressive motil-
ity pattern. Using strict criteria to assess sperm morphology, the percentage 
of morphologically normal forms should be above 4%. There is considerable 
overlap in the semen quality of fertile and subfertile men. Low sperm con-
centration or poor sperm morphology is associated with lower chances of 
natural conception in the female partner. In patients with abnormal semen 
analyses, measurements of serum FSH, LH, and testosterone are indicated 
(see Fig. 221-6). Elevated FSH levels usually indicate severe germinal epithe-
lium damage. A decreased serum inhibin B level also reflects poor Sertoli cell 
function and may indicate spermatogenic dysfunction. Elevated serum LH 
and FSH concentrations together with a low serum testosterone level indicate 
pantesticular failure leading to hypogonadism and infertility. Low serum FSH, 
LH, and testosterone concentrations suggest hypothalamic-pituitary dysfunc-
tion; serum prolactin should be measured, and additional investigations may 
be required. A low sperm concentration and suppressed LH level with an 
increased, normal, or low serum testosterone level (without clinical manifesta-
tions of androgen deficiency) may suggest exogenous androgen use. The 
hormonal pattern in androgen insensitivity (an uncommon cause of male 
infertility) is elevated LH, normal FSH, and high-normal to increased serum 
testosterone levels. Normal hormonal parameters in azoospermic (no sperm 
in the ejaculate) men with normal-sized testes may suggest congenital or 
acquired obstruction in the epididymis or vas deferens.



CHAPTER 221 THE TESTIS AND MALE HYPOGONADISM, INFERTILITY 1543

 MALE INFERTILITY

 DEFINITION
Infertility is defined as the failure of a couple to achieve pregnancy after at 
least 1 year of frequent unprotected intercourse. If a pregnancy has not occurred 
after 3 years, infertility will most likely persist without medical treatment.

 EPIDEMIOLOGY
Studies in the United States and Europe showed a 1-year prevalence of infertil-
ity in 15% of couples. The prevalence in developing countries is likely to be 
higher because of the higher prevalence of genital tract infection. Of subfertility 
cases, 30 to 35% can be attributed to predominantly female factors, 25 to 30% 
to male factors, and 25 to 30% to problems in both partners.

 PATHOBIOLOGY
Hypothalamic-pituitary disorders are infrequent causes of male infertility 
and are discussed in the section on hypogonadism and androgen deficiency. 
Testicular disorders are the most frequent identifiable cause of infertility (see 
Table 221-2). Y chromosome microdeletions are increasingly recognized as 
a genetic cause of azoospermia and severe oligozoospermia. Up to 25% of 
infertile men have microdeletions in the long arm of the Y chromosome, 
many of which map to the Yq11 region of the chromosome, which is called the 
azoospermic factor (AZF). Mutations in the AZFa and b regions are associated 
with azoospermia, whereas mutations of AFZc region may be associated with 
oligozoospermia. The gr/gr deletion removes a large segment of the AFZc 
gene and represents a significant risk factor for oligozoospermia in some but 
not all populations. Mutations in the testis-expressed 11 gene (TEX11) and 
other genes such as NR5A1, DMRT1, have been described and are a common 

TABLE 221-6 ANDROGEN THERAPY: RISKS VERSUS BENEFITS
BENEFITS RISKS
Development or maintenance of 

secondary sex characteristics
Improved libido and sexual function
Increased muscle mass and strength
Increased bone mineral density
Improves anemia
Decreased body and visceral fat
Improved mood
Effect on cognition (?)
Effect on vitality and quality of life (?)
Decreased cardiovascular disease risk 

(epidemiologic studies); clinical study 
no benefits/risk

Fluid retention
Gynecomastia
Acne, oily skin
Increased hematocrit, erythrocytosis
Decreased high-density lipoprotein 

cholesterol (oral agents produce more 
effect)

Sleep apnea
Aggressive behavior (?)
Prostate disease

Benign prostatic hyperplasia (?)
Carcinoma of prostate (aggravate 

existing cancer)
Increased cardiovascular adverse events 

in one study in frail elderly men with 
multiple comorbid conditions

Transdermal testosterone delivery through skin patches and gels have been 
available in the United States for over 15 years. The nonscrotal patches deliver 
5 mg/day of testosterone, which is the physiologic production rate. These patches 
deliver levels of testosterone within the normal range but have a high incidence 
of skin irritability (redness, swelling, and blisters). Hydroalcoholic and nonalcoholic 
testosterone gels/lotion have been developed for transdermal application and 
have become the most widely used testosterone formulations in the United 
States. The usual dosage is 50 to 100 mg of 1, 1.62, and 2% testosterone gel 
applied daily to the skin, delivering 5 to 10 mg of testosterone to the body. 
Transdermal delivery results in a more consistent serum concentration and 
causes little skin irritation. Transfer from the user to other people is possible 
during routine use and may be a concern if there is close skin contact with 
women and children. Protective clothing or a shower is necessary to avoid 
transferring testosterone through skin-to-skin contact.

Table 221-6 shows the benefits and potential side effects of androgen treat-
ment. In hypogonadal men, androgen replacement leads to the development 
and maintenance of secondary sexual characteristics. Testosterone has important 
anabolic effects on muscle and bone and improves libido and sexual dysfunc-
tion. It has less effect on erectile dysfunction. It has no major short-term effects 
on the prostate gland but increases prostatic volume by an average of about 
4.5 mL after 12 months of testosterone gel treatment.13

TABLE 221-7 MALE INFERTILITY: BASIC LABORATORY TESTS

SEMEN ANALYSES

HORMONE ANALYSES (IN 
PATIENTS WITH ABNORMAL 

SEMEN ANALYSES)
Volume, pH
Microscopy: Agglutination, debris
Sperm: Concentration, motility, 

morphology, vitality
Leukocytes
Immature germ cells
Sperm autoantibodies (sperm and semen 

biochemistry, sperm function tests)

Serum luteinizing hormone and 
follicle-stimulating hormone

Serum testosterone
If luteinizing hormone and testosterone 

levels are low, serum prolactin

TABLE 221-8 SEMEN ANALYSIS: REFERENCE RANGE FROM 
FERTILE MEN*

PARAMETER REFERENCE RANGE
Semen volume >1.5 mL
Sperm

Concentration >15 million/mL
Total count >39 million/ejaculate
Motility >40% motile

>32% progressively motile
Morphology >4% normal†

Vitality (live) >58%
Leukocytes <1 million/mL
*Men whose partners had a time-to-pregnancy of ≤12 months were chosen to provide reference 
distributions for semen parameters.
†This value is based on the strict criteria for assessing sperm morphology in studies using in vitro 
fertilization as an end point.

cause of meiotic arrest and azoospermia in infertile men.14,15 Y chromosome 
defects are transmissible to male offspring if cases are successfully treated by 
ART. Thus, genetic testing and counseling should be done before technologies 
such as intracytoplasmic sperm injection (ICSI) are considered.

 DIAGNOSIS
The approach to the diagnosis of an infertile couple includes management of 
both the male and the female partner (Figs. 221-6 and 221-7).

Examination of the ejaculate is the cornerstone for the investigation of an 
infertile man (Table 221-7). Semen samples are collected at the physician’s 
office or at home, preferably after 2 to 7 days of abstinence from ejaculatory 
activity. The generally accepted reference values for a semen analysis are given 
in Table 221-8. A normal sperm concentration is greater than 15 million/mL, 
with a total sperm number greater than 39 million per ejaculate; however, 
men with lower sperm counts can be fertile. More than 40% of the spermatozoa 
should be motile, and more than 32% should demonstrate a progressive motil-
ity pattern. Using strict criteria to assess sperm morphology, the percentage 
of morphologically normal forms should be above 4%. There is considerable 
overlap in the semen quality of fertile and subfertile men. Low sperm con-
centration or poor sperm morphology is associated with lower chances of 
natural conception in the female partner. In patients with abnormal semen 
analyses, measurements of serum FSH, LH, and testosterone are indicated 
(see Fig. 221-6). Elevated FSH levels usually indicate severe germinal epithe-
lium damage. A decreased serum inhibin B level also reflects poor Sertoli cell 
function and may indicate spermatogenic dysfunction. Elevated serum LH 
and FSH concentrations together with a low serum testosterone level indicate 
pantesticular failure leading to hypogonadism and infertility. Low serum FSH, 
LH, and testosterone concentrations suggest hypothalamic-pituitary dysfunc-
tion; serum prolactin should be measured, and additional investigations may 
be required. A low sperm concentration and suppressed LH level with an 
increased, normal, or low serum testosterone level (without clinical manifesta-
tions of androgen deficiency) may suggest exogenous androgen use. The 
hormonal pattern in androgen insensitivity (an uncommon cause of male 
infertility) is elevated LH, normal FSH, and high-normal to increased serum 
testosterone levels. Normal hormonal parameters in azoospermic (no sperm 
in the ejaculate) men with normal-sized testes may suggest congenital or 
acquired obstruction in the epididymis or vas deferens.
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 SEXUAL DYSFUNCTION
Sexual dysfunction can be divided into four main categories: (1) loss of desire 
(libido), (2) erectile dysfunction, (3) ejaculatory insufficiency, and (4) anor-
gasmic states.

Decreased Libido
Loss of libido refers to a reduction in sexual interest, initiative, and frequency 
and intensity of responses to internal or external erotic stimuli. Causal 
factors include psychogenic factors, CNS disease, androgen deficiency 
and resistance, and side effects from medications (e.g., antihypertensives, 
psychotropics, alcohol, narcotics, dopamine blockers, antiandrogens, and 
possibly 5α-reductase inhibitors). Total and free testosterone are consistently 
but not very strongly associated with sexual desire, erectile function, and 
sexual activity in symptomatic older men,16,17 and treatment with testosterone 
improves sexual desire in symptomatic older men with testosterone  
deficiency.

Treatment is directed toward the causal mechanism.

Male Infertility

History, physical examination,
semen analysis

Repeat semen analysis

Sperm count often with 
abnormal morphology 

and < 50% motility

Normal sperm count with 
abnormal morphology or 

decreased motility

Normal 
No abnormality in female

Normal 
No abnormality in female

Specialized tests of 
sperm function

Abnormal 

ART or ICSI

Primary
hypogonadism

Androgen
therapy

Germinal
epithelium failure

Retrieve ejaculate
or testicular sperm

for ICSI

Hypogonadotropic
hypogonadism

Treatment with
gonadotropins/

GnRH/testosterone

See
Fig. 221-7

Partial androgen
resistance

Assess serum T, FSH, LH

T
FSH
LH

T
FSH
LH

Normal T
   FSH
Normal LH

   T
Normal FSH
   LH

Normal T
Normal FSH
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FIGURE 221-6. Algorithmic approach to the diagnosis and treatment of male infertility. ART = assisted reproductive technology; FSH = follicle-stimulating hormone; GnRH = 
gonadotropin-releasing hormone; ICSI = intracytoplasmic sperm injection; LH = serum luteinizing hormone; T = serum testosterone. 

An algorithmic approach to the treatment of male infertility is illustrated in 
Figures 221-6 and 221-7. The principles of managing male infertility can be 
summarized as follows. (1) Men with mild-to-moderate oligozoospermia, with 
or without decreased sperm motility and some impairment of motility, are 
subfertile rather than infertile. Spontaneous pregnancies can occur in this group. 
(2) Reliable pharmaceutical treatment is limited to the 1 to 2% of infertile men 
with gonadotropin insufficiency. (3) Assisted reproductive technologies, including 
in vitro fertilization and intracytoplasmic sperm injection, have dramatically 
improved pregnancy rates. (4) In male factor infertility azoospermia (absence 
of sperm in the ejaculate) may occur with obstruction of the ejaculatory system. 
In these patients, in vitro fertilization and intracytoplasmic sperm injection 
after either percutaneous epididymal sperm extraction or microsurgical 
epididymal sperm extraction are highly successful. (5) Azoospermia resulting 
from impaired spermatogenesis may not be a sterile state, because sperm may 
be present within the testes. Microsurgical testicular extraction of sperm from 
the testis followed by intracytoplasmic sperm injection can be performed with 
good success, even in patients with Klinefelter syndrome.

TREATMENT 
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the person wishes it on 75% of occasions for at least 6 months and causing 
personal distress. The pathobiology of premature ejaculation is unknown. It 
may be associated with marked distress or interpersonal difficulty and is not 
a direct effect of substance abuse such as opiate withdrawal. The diagnosis is 
based mainly on sexual history and includes assessment of intravaginal ejacula-
tory latency time, perceived control, distress, and interpersonal difficulty. The 
first-line treatment is with selective serotonin reuptake inhibitors (SSRI) or a 
serotonin transporter inhibitor (e.g., dapoxetine 60 mg or clomipramine 15 mg 
as on-demand therapy) A11  together with behavioral therapy and relationship 
counseling. Meta-analysis of addition of a phosphodiesterase 5 (PDE5) inhibitor 
to a SSRI has better effect on than a SSRI alone in prolonging the latency time 
before ejaculation.18 Topical anesthetic creams can be used as alternatives.19

Ejaculatory Failure and Impaired Orgasm
Ejaculatory insufficiency refers to absent or reduced seminal emission or 
impaired ejaculatory contraction. It is usually associated with neurologic 
conditions and medication therapy. An anorgasmic state is a distressing but 
relatively uncommon condition in men in which the normal process of erection 
and ejaculation occurs in the absence of the subjective sensation of pleasure 
initiated at the time of emission and ejaculation. Premature ejaculation is the 
most common form of male sexual dysfunction. Estimates of prevalence vary, 
but 25 to 30% seems to be a reasonable estimate. The Diagnostic and Statistical 
Manual of Mental Disorders-5 (2013) defines premature ejaculation as ejacula-
tion occurring within approximately 1 minute of vaginal penetration before 

Male Infertility
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FIGURE 221-7. Algorithmic approach to the diagnosis and treatment of male infertility in patients with normal serum hormone concentrations. ART = assisted reproductive 
technology; FSH = follicle-stimulating hormone; ICSI = intracytoplasmic sperm injection; LH = serum luteinizing hormone; T = serum testosterone. 
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Erectile Dysfunction
 DEFINITION

Erectile dysfunction can be defined as a man’s inability to obtain rigidity suf-
ficient to permit coitus of adequate duration to satisfy himself and his partner.

 EPIDEMIOLOGY
Current estimates suggest that 10 to 15% of all American men suffer from 
erectile dysfunction, with the incidence progressively increased as men become 
older. Data from the Massachusetts Aging Study report that 52% of men 40 
to 70 years of age experience some degree of erectile dysfunction. The preva-
lence of erectile dysfunction is even higher in men with type 2 diabetes mellitus 
and after radical prostatectomy for prostate cancer. Epidemiologic studies in 
the United States and Europe in men between 50 to 80 years indicate that 
erectile dysfunction is associated with lower urinary tract obstructive symptoms/
benign prostatic hyperplasia.

 PATHOBIOLOGY
The causes of erectile dysfunction are many, but they can generally be categorized 
as follows: vasculogenic, psychological, endocrine, neurologic, iatrogenic 
(post-radical prostatectomy), drug related, systemic illness, and aging. Erectile 
dysfunction is common in older men, despite normal serum testosterone levels; 
this effect appears to be the result of impaired penile vasodilatory capacity as 
a result of endothelial dysfunction. Decreased nonadrenergic, noncholinergic 
nerve activity, and reduced production of nitric oxide by endothelial cells 
result in decreased cavernous smooth muscle relaxation, decreased filling of 
the cavernous sinusoids, and reduced compression of the venous plexus against 
the tunica, leading to failure of erection. Men presenting with erectile dysfunc-
tion share common risk factors with cardiovascular disease (smoking, obesity, 
metabolic syndrome, hyperlipidemia, and type 2 diabetes mellitus). Evidence 
indicates that men presenting with mild erectile dysfunction should be assessed 
for cardiovascular disease, particularly when other risk factors are present. A 
retrospective pharmacoepidemiologic study showed that prescription of PDE5 
inhibitors did not trigger cardiovascular risks assessment and that this may 
be a missed opportunity for early intervention to prevent cardiovascular 
disease.20

 DIAGNOSIS
The diagnosis of erectile dysfunction is based mainly on a detailed medical 
and sexual history of the patient and his partner when available. The history 
may reveal the underlying cause, such as medication use (Table 221-9), or 
other common disorders associated with erectile dysfunction. Physical 

TABLE 221-9 DRUGS COMMONLY ASSOCIATED WITH 
ERECTILE DYSFUNCTION

ANTIDEPRESSANTS

Selective serotonin reuptake inhibitors
Tricyclic antidepressants
Monoamine oxidase inhibitors
ANTIHYPERTENSIVES

β-blockers
Verapamil
Clonidine
CARDIAC DRUGS

Amiodarone
Digoxin
DIURETICS

Thiazides
Spironolactone
HISTAMINE RECEPTOR 2 ANTAGONISTS

Cimetidine
Ranitidine
HORMONAL AGENTS

Corticosteroids
Antiandrogens (flutamide, cyproterone acetate)
Luteinizing hormone releasing hormone agonists (leuprorelin, goserelin)
5α reductase inhibitors

The treatment of erectile dysfunction is to find the cause and treat the cause 
if found.21 Symptoms can be effectively treated by the oral administration of 
penile-selective phosphodiesterase-5 inhibitors (sildenafil, vardenafil, tadalafil) 
which have similar efficacy.22 A treatment algorithm for erectile dysfunction is 
given in Figure 221-8. Lifestyle interventions reduce obesity and improve erectile 
function. For patients after radical prostatectomy, early penile rehabilitation 
with PDE5 inhibitors contributes to recovery of erectile dysfunction. A12  In patients 
with androgen deficiency (a serum testosterone concentration of less than 
275 ng/dL and symptoms suggesting testosterone deficiency), sexual function 
responds moderately well to testosterone gel which also may have some benefit 
for improving mood and depressive symptoms but not vitality or walking 

TREATMENT 

examination should focus on genitourinary, cardiovascular, endocrine, and 
neurologic systems. Prostate examination is important because erectile dys-
function is commonly associated with symptomatic benign prostatic hyper-
plasia. Laboratory tests should include a morning serum testosterone, and, if 
indicated, prostate-specific antigen, fasting glucose (or hemoglobin A1C), and 
cholesterol. Specific diagnostic tests are rarely required.

Treatment of ED

Identify and 
treat ‘curable’ 
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and counseling to 

patients and partners
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modification
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Assess therapeutic outcome:
 • Erectile response
 • Side-effects
 • Treatment satisfaction
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Provide new instructions and counseling

Re-trial
Consider alternative or combination therapy

Inadequate treatment outcome

Consider penile prosthesis implantation

Intracavernous injections
Vacuum devices

Intraurethral alprostadil
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FIGURE 221-8. Treatment algorithm for erectile dysfunction (ED). PDE5 = cyclic GMP 
phosphodiesterase-5. (Reprinted with permission from Hatzimouratidis K, Amar E, Eardley 
I, et al. Guidelines on male sexual dysfunction: erectile dysfunction and premature ejacu-
lation. Eur Urol. 2010;57:804-814. 2015 update: http://uroweb.org/guideline/male-sexual-
dysfunction/. Accessed March 26, 2015.)

http://uroweb.org/guideline/male-sexual-dysfunction/
http://uroweb.org/guideline/male-sexual-dysfunction/
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distance. Combined androgen deficiency with decreased libido and decreased 
penile responsiveness resulting from impaired nitric oxide synthase activity 
may be common in elderly men. With the availability of effective penile 
vasodilatory medications to ensure erectile capacity, complaints of diminished 
libido can be effectively treated with androgen supplementation.

Medical Therapy
Oral Medications

Oral and selective inhibitors of cGMP phosphodiesterase-5 (the primary 
phosphodiesterase in the penile cavernosal tissue) are effective for at least 60% 
of men. Inhibition of phosphodiesterase-5 causes persistence of normally (sexu-
ally) stimulated cGMP in the corpora cavernosa, resulting in protracted cavernosal 
tumescence and rigidity. Patients with diabetes mellitus, spinal cord injuries, 
prostatic surgery, and pelvic irradiation also benefit, but with a somewhat lower 
response rate. The usual starting dose of sildenafil is 50 mg, increasing in 25-mg 
increments up to 100 mg. Because of its mechanism of action, sildenafil is used 
on demand with recommended administration 20 to 60 minutes before inter-
course. Two other potent phosphodiesterase-5 inhibitors (vardenafil and tadalafil) 
are widely used for the treatment of erectile dysfunction and appear to be 
equally effective. Vardenafil (5, 10, and 20 mg) has a relatively longer duration 
of action (4 to 6 hours), and tadalafil (10 or 20 mg) has an even longer duration 
of action (up to 36 hours). Randomized controlled trials showed that daily 
administration of tadalafil (5 mg) improved erectile function compared to on-
demand treatment. Daily dosing of tadalafil is well tolerated and effective. Thus, 
daily dosing starting with 2.5 mg of tadalafil may be an alternative to on-demand 
administration if intercourse is expected to be more frequent—for example, 
more than twice per week. Hypogonadal men with erectile dysfunction and 
low libido may benefit from combined treatment with testosterone and phos-
phodiesterase-5 inhibitors (PDE-5). However, the addition of testosterone to 
sildenafil does not further improve erectile dysfunction. PDE-5 inhibitors should 
not be administered with nitrates because the accumulation of cGMP may 
result in lowering of blood pressure and hypotension. PDE-5 inhibitors also 
may interact with antihypertensive agents, including α-blockers, resulting in 
orthostatic hypotension.

Intracavernosal Injection
Second-line treatment of erectile dysfunction involves intracavernosal injec-

tion with vasodilators such as prostaglandin E1 (Alprostadil) alone or with other 
vasodilators (papaverine, phentolamine). These medications are injected into 
the cavernosal space with a 27- to 30-gauge needle and may be useful in men 
who are refractory to oral agents. The main side effects of penile injections are 
pain and cavernosal fibrosis which usually resolves after discontinuation of 
injections. Presence of tunica fibrosis may suggest early Peyronie disease, and 
injections should be stopped. The intraurethral prostaglandin E1 suppository 
alprostadil is believed to work locally on the corpora cavernosa as a vasodila-
tory agent. The suppository is apparently successful in improving erectile func-
tion in 30 to 66% of cases.

Penile Prostheses
Surgical implantation of penile prostheses that include inflatable and mal-

leable devices are the third line of treatment for men who prefer a permanent 
solution of their problem or for those who do not respond to other therapies. 
(Adapted from Muneer A, Kalsi J, Nazareth I, et al. Erectile dysfunction. BMJ. 
2014;348:g129.)
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REVIEW QUESTIONS

1. A 22-year-old man presents to his primary care physician with decreased 
libido and loss of morning erections. He had a recent low-impact fracture 
of his right tibia. His height was 185 cm and weight was 230 pounds. 
Laboratory tests included a serum testosterone of 96 ng/dL on a sample 
obtained at 4:00 pm and serum LH of 1.0 miU/mL. Which of the following 
information is not necessary in the evaluation of this patient?
 A. DXA scan of the hip and spine
 B. Karyotype to evaluate for Klinefelter syndrome
 C. Serum prolactin level
 D. Repeat serum testosterone obtained between 7:00 am and 10:00 am
 E. MRI of the sella with and without gadolinium

Answer: B Patients with Klinfelter syndrome have low testosterone and 
elevated LH levels. This patient has a low serum testosterone consistent with 
his clinical complaints. A DEXA scan is appropriate because he had a low-
impact trauma and low serum T is a risk factor for osteoporosis and fractures. 
The serum testosterone should be repeated even though it is very low because 
it was collected in the afternoon and serum testosterone declines because of 
diurnal variation. An MRI and prolactin are appropriate because the low serum 
testosterone is coupled with a low serum LH, thus raising the possibility that 
the patient has hypogonadotropic hypogonadism, which could be due to a 
pituitary mass lesion that might be secreting prolactin (prolactinoma).

2. A 37-year-old man presented to his primary care physician complaining 
of inability of he and his wife to conceive. They have been married for 3 
years. She is 27 years old, is not on contraceptives, and has regular menstrual 
periods. Neither has had a prior pregnancy. His semen specimen showed 
no spermatozoa in the ejaculate with a specimen volume of 3 mL. The 
man has a serum testosterone of 240 ng/dL and serum LH and FSH levels 
were 2 to 3 times above the upper reference range. A karyotype was XXY. 
The most appropriate recommendation would be:
 A. Referral to clinic offering assisted reproductive technology including 

urological consultation for consideration of testicular sperm extraction 
and intracytoplasmic sperm injection into eggs obtained from his wife.

 B. MRI of the sella.
 C. Treatment with HCG and FSH.
 D. Treatment with clomiphene.
 E. Repeat karyotype.

Answer: A This patient has Klinefelter syndrome as diagnosed by karyotype. 
Other than artificial insemination of the partner using donor spermatozoa or 
adoption of a child, the best approach to achieve fertility would be to attempt 
to extract spermatozoa by testicular sperm extraction and intracytoplasmic 
sperm injection into oocytes obtained from his female partner. The success 
rates depend on whether the urologist can find spermatozoa in the testis and 
the quality of the spermatozoa and the oocyte. There is no need for an MRI 
of the sella or treatment with HCG or clomiphene, because LH and FSH 
levels are elevated and a pituitary/hypothalamic lesion is not likely. A repeat 
karyotype could be done but is not necessary because everything fits the 
present diagnosis of Klinefelter syndrome.

3. A 75-year-old man complains of erectile dysfunction (ED). His libido is 
mildly decreased. He has had two previous myocardial infarctions and is 
being treated with a calcium-channel blocker for hypertension and denies 
angina but appears to be out of breath when he climbs two flights of stairs. 
His morning serum testosterone is 380 ng/dL, with serum LH and FSH 
in the normal range. The best first-line treatment is:
 A. Transdermal testosterone to increase his serum testosterone to over 

500 ng/dL.
 B. Phosphodiesterase-5 (PDE-5) inhibitor.
 C. A β-blocker to reduce the stress levels to the penis.
 D. Cardiology evaluation
 E. Referral to a psychologist to evaluate for psychogenic erectile dysfunction.

Answer: D This elderly man has ED without hypogonadism. The first-line 
treatment is a PDE-5 inhibitor to increase the vasodilatory functioning in the 
penis. However, because he is symptomatic on mild exertion, referral to a 
cardiologist is recommended before treatment with PDE5 inhibitor. The other 
treatments are unnecessary because they are directed toward treatment of 
primary or secondary hypogonadism (use of testosterone or aromatase inhibi-
tors). A β-blocker is not an effective treatment for ED.

4. An 82-year-old man has decreased libido, decreased muscle strength, and 
osteopenia on DXA scan. He has a strong family history of prostate cancer. 
A serum testosterone level was 300 ng/dL with a free testosterone by equi-
librium dialysis that is below the reference range. Serum LH was in the 
high-normal range. A PSA was 7 ng/mL. The best strategy is to:
 A. Treat with a 5α-reductase inhibitor.
 B. Treat with testosterone to reverse the manifestation of hypogonadism.
 C. Refer to a urologist for assessment of his prostate.
 D. Treat with an aromatase inhibitor to reduce estradiol levels.
 E. Ignore his complaints because it is normal and acceptable for age

Answer: C The appropriate first-line approach is to refer to a urologist to 
rule out prostate cancer. The patient is elderly and hypogonadism might be 
present, but his total testosterone is 300 ng/dL with a low free testosterone 
that is probably the result of an age-associated increase in SHBG. Even if he 
were hypogonadal, his PSA is elevated, thus requiring a prostate assessment. 
Although the clinical symptoms are important to the patient, all treatments 
(testosterone replacement, use of an aromatase inhibitor to increase endog-
enous testosterone levels) must be delayed until the prostate risk is assessed. 
Treatment with a 5α-reductase inhibitor is not appropriate until he has been 
assessed for possible prostate cancer.

5. A 60-year-old obese man complains of low libido. He had a serum testos-
terone checked by liquid chromatography tandem mass spectrometry; it 
was 190 ng/dL. A serum LH level was above the reference range for adult 
men. The physician decided to treat the patient for hypogonadism with 
testosterone replacement. Which one of the following adverse events is 
the most commonly seen?
 A. Elevated LDL cholesterol
 B. Anemia
 C. Hypercalcemia
 D. Priapism
 E. Erythrocytosis

Answer: E Testosterone increases red blood cell mass by several mechanisms. 
An increase in both hemoglobin and hematocrit of 5 to 7% from baseline after 
testosterone is not uncommon. The increase in hemoglobin and hematocrit 
is dose dependent. Elevation of hematocrit to greater than 54% or hemoglobin 
greater than 17 g/dL requires either phlebotomy or the withdrawal of testos-
terone until the hematocrit and hemoglobin decrease into the reference range. 
Anemia may be seen in testosterone deficiency but not causally associated 
with testosterone treatment. With physiologic replacement of testosterone, 
LDL cholesterol levels are not elevated. Hypercalcemia does not occur as a 
result of testosterone therapy. Priapism may occur with PDE-5 inhibitors but 
not with testosterone treatment.
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222 
OVARIES AND PUBERTAL 
DEVELOPMENT
WILLIAM H. CATHERINO

 DEFINITION
The ovaries or female gonads episodically release female gametes (oocytes or 
eggs) and secrete sex steroid hormones, principally androstenedione, estradiol, 
and progesterone. Oocytes are released only during the adult reproductive 
years, when sex steroid secretion is also greatest, but the ovaries are physiologi-
cally active throughout life.

Sex steroids affect the growth, differentiation, and function of a variety of 
tissues and organs throughout the body; therefore abnormalities of the ovaries 
and of sex steroid secretion should be recognized by all physicians. A rational 
approach to the diagnosis and treatment of reproductive disorders in women 
requires an understanding of the functions of the ovaries and of their most 
important unit, the follicle, throughout life.

Ovarian Function in Childhood and Puberty
Physical Changes at Puberty
Puberty extends from the earliest signs of sexual maturation until the attain-
ment of physical, mental, and emotional maturity. Pubertal changes in girls 
result directly or indirectly from maturation of the hypothalamic-pituitary-
ovarian (HPO) unit.1 Human puberty is characterized hormonally by a reset-
ting of the negative gonadal steroid feedback loop, the establishment of new 
circadian and ultradian (frequent) gonadotropin rhythms, and the acquisition 
in the female of a positive estrogen feedback loop controlling the menstrual 
cycle as interdependent expressions of the gonadotropins and ovarian steroids. 
In girls, pubertal development generally occurs between 7 and 14 years of 
age. The age at onset and the rate of progress through puberty are variable 
and depend on genetic, socioeconomic, nutritional, physical, and psychological 
factors. It appears that there are racial differences in the onset of pubertal 
development. In the United States development begins earlier in African 
American than in white girls.

Physical changes occur in an orderly sequence during a definite time frame 
in puberty (Fig. 222-1). Breast budding in girls is usually the first pubertal 
change, followed shortly by the appearance of pubic hair, with menarche 
occurring late in pubertal development. The time from breast budding (mean 
age of 10.0 years in white girls and 8.9 years in African Americans) to menarche 
is 2 years. Breast development results from increasing ovarian estrogen 
production, and pubic and axillary hair results from increasing androgen 
production. Estrogens are required for the growth of pubic hair as well.

The ovarian sex steroids join with growth hormone and adrenal androgens 
to produce the adolescent growth spurt.2 Peak growth velocity is achieved 
relatively early, with little growth observed after menarche. It has been esti-
mated that more than 50 genes play roles in determining final adult height. 
It is now clear that estrogen, and not testosterone, is the primary hormone 
mediating pubertal bone growth in both males and females. Lean body mass, 
skeletal mass, and body fat are equal in prepubertal boys and girls, but by 
maturity, women have twice as much body fat as men and less lean body mass 
and skeletal mass as a result of differences in sex steroid secretion. Estrogens 
are necessary for the normal formation, mineralization, and maturation of 
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ABSTRACT
Pubertal changes in girls result directly or indirectly from maturation of the 
hypothalamic-pituitary-ovarian axis. Physical changes occur in an orderly 
sequence during a definite time frame in puberty. Abnormalities of puber-
tal development fall into four major categories: (1) precocious puberty; (2) 
delayed (or interrupted) puberty; (3) asynchronous pubertal development; 
and (4) heterosexual pubertal development (the most common of which is 
polycystic ovary syndrome). Diagnostic testing and treatment are discussed.
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FIGURE 222-2. The changing patterns of luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and estradiol (E2) concentrations in peripheral blood throughout the 
life of a woman. not shown is the fact that both lH and FsH are secreted in a pulsatile 
fashion. the pubertal period has been expanded to illustrate the sleep-associated increases 
in lH and FsH followed by morning increases in e2 that are observed during puberty. 
(reprinted with permission from endocrine and metabolism Continuing education Quality 
Control Program, 1982. Copyright american association for Clinical Chemistry inc.)
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FIGURE 222-1. Temporal sequence of events for the “average” girl during puberty. 
(From rebar rW. Practical evaluation of hormonal status. in: Yen ssC, Jaffe rb, barbieri 
rl, eds. Reproductive Endocrinology: Physiology, Pathophysiology, and Clinical Management, 
4th ed. Philadelphia: Wb saunders; 1999:710.)

bones. Well-established standards exist for determining whether bone age is 
appropriate for chronologic age, typically by examining radiographs of the 
bones of the wrist. Estrogen deficiencies retard, and excesses advance, bone 
age in relation to chronologic age.3

Hormonal Changes
The ovaries function even in early childhood. Low levels of luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) are normally present, and these 
levels increase if the ovaries are removed before puberty, just as they do later 
in life, indicating the exquisite sensitivity of the hypothalamic-pituitary unit 
to extremely low circulating sex steroid levels. As puberty nears, there is a 
progressive decrease in sensitivity of the hypothalamic-pituitary unit to sex 
steroids, leading to the increased secretion of pituitary gonadotropins, stimula-
tion of sex steroid output, and development of secondary sex characteristics. 
Increased secretion of both LH and FSH initially occurs at night with sleep 
and is associated with increased estradiol secretion the next morning (Fig. 
222-2). As is true for most hormones, LH and FSH are secreted in an epi-
sodic or pulsatile rather than a continuous fashion. Later in puberty, secretion 
of LH and FSH is increased throughout the 24-hour period, except during 
the early follicular phase, when nighttime increases still occur. Basal levels 
of estradiol, the major estrogen secreted by the ovaries, increase throughout 

puberty. A “critical body mass” may be required for positive estrogen feedback 
and ovulation. During the first 2 years after menarche, up to 90% of men-
strual cycles may be anovulatory because of a delay in synchronization of the  
HPO axis.

Ovarian Cysts and Adnexal Masses
Follicular growth, resulting in an ovarian cyst, is an expected finding during 
the reproductive years. However, palpable masses before or after the reproductive 
years require thorough investigation to rule out various cancers. A pelvic mass 
during the reproductive years could represent an ovarian cyst, but could also 
represent an endometrioma, ovarian fibroma, intrauterine pregnancy, ectopic 
pregnancy, uterine fibroid, tubo-ovarian abscess, peritubal cyst, or less likely 
ovarian or tubal cancer.4 History, physical examination, pregnancy test, and 
pelvic ultrasound would assist in focusing the differential diagnosis. CA-125 
during the reproductive years is nonspecific and should not be used to rule 
out ovarian cancer. Incidentally detected adnexal lesions are found in 
approximately 4 to 5% of women undergoing computed tomography (CT) 
scan and in 9 to 10% undergoing ultrasound. The overwhelming majority of 
these masses are benign, and magnetic resonance imaging (MRI) allows for 
decreased rates of resection or oophorectomy for benign lesions.5

 ABERRATIONS IN PUBERTAL DEVELOPMENT
Abnormalities of pubertal development6 can be divided into four major cat-
egories (Table 222-1):
1. Precocious puberty represents any pubertal changes before age 9 years in 

white girls and before age 8 years in African American girls. This remains 
controversial. Some clinicians believe evaluation is warranted only if pubertal 
development begins before age 7 years in white girls and 6 years in African 
American girls. A compromise may involve careful screening by history 
and physical examination of girls with early-onset puberty, looking for 
central nervous system (CNS) symptoms, behavioral concerns, and any 
other abnormal findings that might warrant further evaluation. The nearer 
pubertal development begins to the mean age of puberty onset, the less 
likely it is to have a pathologic basis. Precocious development is isosexual 
when it is common to the phenotypic sex of the individual and heterosexual 
when the development is characteristic of the opposite sex. True or central 
precocious puberty is due to premature maturation of the hypothalamic-
pituitary axis. In the absence of increased hypothalamic-pituitary activity, 
precocious pseudopuberty exists.

2. Delayed (or interrupted) puberty is defined as the absence of any sec-
ondary sex characteristics by age 13 years, the absence of menarche by 
age 16 years, or the passage of 5 years or more from breast budding to  
menarche.

3. Asynchronous pubertal development occurs when there is deviation from 
the normal pattern of pubertal development.

4. Heterosexual pubertal development occurs at the appropriate time but has 
some features characteristic of the opposite sex.

 Precocious Puberty
 DIAGNOSIS

The overall incidence of precocious puberty has been estimated at 1 in 5000 
to 10,000 children.7 About 10 times as many girls as boys are affected.

Differential Diagnosis
The temporal sequence in which the signs and symptoms of sex steroid hormone 
excess appear is most important. Incomplete isosexual precocious puberty indicates 
premature development of only a single pubertal feature. If breast budding 
occurs before age 8 years in the absence of any other development, the diagnosis 
may be premature thelarche. Premature thelarche is believed to be due to tran-
sient increases in estrogen secretion or increased breast sensitivity to the small 
quantities of circulating estrogens present before puberty. Simple ovarian cysts 
may be present in some girls with this disorder and may be due in some cases 
to the same genetic abnormality found in girls with McCune-Albright syn-
drome (Chapters 211 and 234). If pubic or axillary hair develops alone and 
persists, premature pubarche and adrenarche must be considered. These abnor-
malities are associated with slight increases in adrenal androgen secretion but 
not with clitorimegaly or other signs of virilization. These syndromes require 
no treatment, and affected girls typically begin true puberty at the usual age. 
Careful follow-up is required to distinguish these disorders from true precocious 
puberty.

When precocious development is isosexual, the purpose of the evaluation 
is to determine whether the cause is central (true precocious puberty) or 
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development. Kisspeptin and its receptor GPR54 are essential regulators of 
GnRH-induced gonadotropin secretion and pubertal onset. Activation results 
in stimulation of the HPO axis, and elevated kisspeptin levels are associated 
with precocious puberty. Additionally, kisspeptin loss-of-function mutations 
result in normosmic idiopathic hypogonadotropic hypogonadism.

Abdominal and rectal examination may reveal a mass, suggesting an adrenal 
or ovarian tumor. Because palpable ovarian cysts may rarely develop before 
ovulation in true precocious puberty, the presence of a mass does not confirm 
the diagnosis of precocious pseudopuberty.

When vaginal bleeding is the only sign of development, the diagnosis of 
sexual precocity should be suspect. Common causes of bleeding in this age 
group include irritation from a vaginal infection or foreign body, sexual assault, 
prolapse of the urethral meatus, and ingestion of estrogen-containing medica-
tions (most commonly, oral contraceptive preparations). A vaginal or cervical 
neoplasm is also a rare possibility. Thus vaginal bleeding requires a vaginal 
examination, which is often best performed with the patient under anesthesia, 
before further evaluation is undertaken.

Heterosexual precocity in an apparent prepubertal female is almost always 
due to congenital adrenal hyperplasia or to an androgen-secreting adrenal or 
ovarian neoplasm. Only rarely must another disorder of sexual differentiation 
be considered (Chapter 220). It is important to examine the external genitalia 
carefully, because congenital adrenal hyperplasia is usually associated with 
some degree of sexual ambiguity.

Excessive androgens produced endogenously by abnormal fetal adrenal 
glands in utero or diffusing across the placenta to the fetus from the mother 

peripheral, in which case it is considered gonadotropin-releasing hormone 
(GnRH)–independent precocious puberty or precocious pseudopuberty. 
Careful questioning of the patient and her parents may indicate the inadvertent 
ingestion or absorption of sex steroids (iatrogenic or factitious). As many as 
20% of individuals with true precocious puberty have one of several organic 
brain diseases, including any of several neoplasms, tuberous sclerosis, 
neurofibromatosis, encephalitis, meningitis, vascular malformations, and 
hydrocephalus. Because of the seriousness of intracranial lesions, girls with 
precocious puberty must have radiographic evaluation of the CNS, most 
effectively by MRI. In at least 75% of girls with true precocious puberty, 
however, no cause is identified (idiopathic or constitutional).

The physical examination may also provide critical information about the 
cause of the precocious development. Cutaneous café au lait spots, facial asym-
metry, polyostotic fibrous dysplasia and other skeletal abnormalities, cranial 
nerve deficits, and multiple ovarian follicular cysts suggest McCune-Albright 
syndrome (Chapters 211 and 234) in a girl with precocious development. It 
is now known that various clones of cells in the endocrine glands of girls with 
this disorder function autonomously with respect to cyclic adenosine mono-
phosphate production as a consequence of a mutation within exon 8 of the 
G protein α–subunit. This same mutation probably accounts for the bone 
lesions and café au lait hyperpigmentation. Other endocrine cells may be 
similarly affected and lead to pituitary adenomas (usually secreting growth 
hormone), hyperthyroidism, and, rarely, adrenal hyperplasia.

Studies on the etiologic causes for precocious puberty are in their infancy, 
but one molecule, kisspeptin, is known to be involved in pubertal 

PRECOCIOUS DEVELOPMENT

Isosexual precocity
Incomplete sexual precocity

Premature thelarche
Premature pubarche
Premature adrenarche

True (central) precocious puberty
Idiopathic (constitutional)
Due to central nervous system lesions
Primary hypothyroidism
Silver-Russell syndrome

Precocious pseudopuberty (of peripheral origin)
Ovarian neoplasms
Adrenal neoplasms
Iatrogenic (estrogen-containing preparations)
Human chorionic gonadotropin–secreting neoplasms distinct from central 

nervous system and ovarian tumors
McCune-Albright syndrome

Heterosexual precocity
Ovarian neoplasms
Adrenal neoplasms
Congenital adrenal hyperplasia
Other rare disorders of sexual differentiation

DELAYED PUBERTAL DEVELOPMENT*

Anatomic abnormalities
Müllerian agenesis or dysgenesis (Rokitansky-Küster-Hauser syndrome)
Distal genital tract obstruction

Transverse vaginal septum
Imperforate hymen
Vaginal agenesis

Hypergonadotropic hypogonadism (FSH >30-40 mIU/mL)
Gonadal dysgenesis

With stigmata of Turner syndrome
Pure (46,XX or 46,XY)
Mixed

Ovarian failure with normal ovarian development
Genetic disorders
Autoimmune disorders
Gonadotropin receptor or postreceptor defects (resistant ovary or Savage 

syndrome?)
Enzymatic defects (17α-hydroxylase deficiency, galactosemia)
Physical causes: irradiation, chemotherapeutic agents, viral agents
Idiopathic

TABLE 222-1 ABERRATIONS OF PUBERTAL DEVELOPMENT
Hypogonadotropic or normogonadotropic hypogonadism (LH and FSH <10 mIU/mL, 

or LH and FSH 6-25 mIU/mL with at least one being >10 mIU/mL)
Isolated gonadotropin deficiency

In association with midline defects (Kallmann syndrome)
Independent of associated disorders

Neoplasms of the hypothalamic-pituitary axis
Craniopharyngiomas
Pituitary tumors
Others

Infiltrative processes (Langerhans-type histiocytosis)
Idiopathic hypopituitarism
“Hypothalamic” forms of amenorrhea

Psychogenic
Exercise associated
Associated with malnutrition
Anorexia nervosa

Miscellaneous disorders
Prader-Labhart-Willi syndrome
Laurence-Moon-Bardet-Biedl syndrome
Primary hypothyroidism

Constitutional delayed puberty
ASYNCHRONOUS PUBERTAL DEVELOPMENT

Incomplete forms of androgen insensitivity
Complete forms of androgen insensitivity
HETEROSEXUAL PUBERTAL DEVELOPMENT

Polycystic ovary syndrome
Congenital adrenal hyperplasia (female pseudohermaphroditism)

21-Hydroxylase deficiency
11β-Hydroxylase deficiency
3β-ol-Hydroxysteroid dehydrogenase deficiency

Male pseudohermaphroditism due to 5α-reductase deficiency
Male pseudohermaphroditism due to partial androgen insensitivity
Mixed gonadal dysgenesis
Androgen-producing neoplasms

Ovarian
Adrenal

Cushing syndrome

*No development by age 13 yr, absence of menarche by age 15 yr, or passage of ≥5 yr from breast budding without menarche.
FSH = follicle-stimulating hormone; LH = luteinizing hormone.
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 Delayed Puberty
Girls who have no evidence of thelarche by age 13 or who fail to undergo 
menarche by age 15 have delayed puberty and should be evaluated.13 Ovarian 
failure, congenital absence of the uterus and vagina, and constitutional delay 
constitute about two thirds of cases in large series. Because of the anxiety 
generated by delayed puberty, some evaluation is always indicated regardless 
of the age of the patient.

When pubertal development progresses normally but menstruation does 
not begin, an abnormality in the genital tract should be considered. Congenital 
malformations of the müllerian ducts are uncommon, occurring in 0.02% of 
all women. Most do not cause amenorrhea, and many do not impair reproduc-
tion. The anomalies associated with amenorrhea vary in severity from an 
imperforate hymen to complete aplasia of all müllerian duct derivatives, with 
vaginal atresia. Although aplasia generally involves all the müllerian duct deriva-
tives, defects may involve only a single part of the distal genital tract. Family 
aggregates of the most common disorders of müllerian differentiation in 
females—müllerian aplasia and incomplete müllerian fusion—do occur and 
are best explained by polygenic or multifactorial inheritance. The HOX genes, 
a family of regulatory genes that encode transcription factors, are essential 
for proper development of the müllerian tract.

A müllerian duct anomaly is suggested by (1) normal levels of serum gonado-
tropins and steroids, (2) an abnormal outflow tract, (3) a history of cyclic 
abdominal pain with or without a palpable mass, and (4) normal development 
of secondary sex characteristics. Normal ovarian function still induces endo-
metrial growth and shedding after menarche if the uterus is normal. In the 
absence of a normal outflow tract, however, the menstrual effluent is retained 
and may or may not escape into the abdominal cavity. Free in the abdominal 
cavity, the effluent may cause endometriosis. Constrained to the uterine cavity, 
the effluent causes hematometra and a large abdominal mass. In the absence 
of a mass or cyclic pain, karyotyping is indicated in girls with evidence of an 
abnormal genital tract to rule out disorders of sexual differentiation (Chapter 
220). Such disorders, however, almost never occur together with completely 
normal pubertal development. In girls with a normal karyotype and a genital 
tract anomaly, examination under anesthesia and diagnostic laparoscopy should 
be undertaken to delineate the extent of the defect. When the abnormality 
consists of an imperforate hymen or transverse vaginal septum only, surgical 
restoration can be accomplished relatively simply. Attempts to provide an 
outflow tract for the uterus should not be undertaken if there is no cervix 
because of the high risk of recurrent pelvic infection. Even with a functional 
cervix, the construction of an outflow tract that permits successful pregnancy 
is unlikely. A functional vagina can be constructed surgically or by the daily 
use of ever-larger dilators. To prevent shrinkage and scarring, surgery should 
be deferred until the patient is willing to use dilators on a daily basis or she 
is about to become sexually active.

Other causes of delayed puberty and primary amenorrhea are the same 
as those that cause amenorrhea in older women (Chapter 223).14 When no 
apparent cause of delayed development is found, constitutional delayed puberty 
must be entertained as a diagnosis of exclusion.15 A strong family history of 
delayed maturation supports this presumption. Small doses of estrogen can 
be administered to induce some pubertal development, but this may obscure 
a pathologic cause of the delay and may compromise linear growth and ulti-
mate height.

 Asynchronous Pubertal Development
Asynchronous pubertal development is characteristic of male pseudoher-
maphroditism due to androgen insensitivity, especially complete testicular 

Treatment of precocious puberty should be initiated promptly so that the 
patient’s ultimate height is not compromised as a result of sex steroid–induced 
premature epiphyseal closure and to prevent or attenuate emotional distur-
bances in the patient and her parents.9-11

GnRH analogs are now the preferred therapy for suppressing gonadotropin 
secretion, and they also may prevent early bone maturation. No randomized 
trials have been conducted, but there is universal acknowledgment that GnRH 

TREATMENT 

can virilize the external genitalia and result in female pseudohermaphroditism. 
The extent of virilization varies from only an enlarged clitoris to sexual ambi-
guity sufficient to make gender assignment difficult.

Excessive maternal androgen secretion, typically from an ovarian or adrenal 
neoplasm, can lead to virilization of a female fetus. This occurs very rarely 
because of the great capacity of the placenta to aromatize naturally occurring 
androgens to estrogens. Virilization of a female fetus is much more likely 
to occur if a pregnant woman has ingested a synthetic steroid preparation 
with androgenic properties, because synthetic compounds generally cannot 
be aromatized.

Excessive androgen secretion beginning in utero is usually associated with 
defective cortisol synthesis. As a consequence, pituitary corticotropin secretion 
is increased, resulting in congenital adrenal hyperplasia and excessive androgen 
secretion. The three different enzyme defects in the steroidogenic pathway 
that can lead to virilization of the female fetus are described in Chapter 220. 
The most common form of congenital adrenal hyperplasia is 21-hydroxylase 
deficiency, accounting for the disorder in more than 90% of affected individu-
als. The defect may vary from partial to complete deficiency of the enzyme.

Diagnostic Tests
Measurement of Peptide and Steroid Hormones
Increased levels of immunoreactive human chorionic gonadotropin (HCG) may 
suggest an HCG-secreting neoplasm, most commonly an ovarian teratoma or 
dysgerminoma.8 In such cases, the HCG, which is antigenically and biologically 
similar to LH, stimulates ovarian steroid secretion and pseudopubertal devel-
opment. Because even specific LH immunoassays show some cross-reactivity 
with HCG, values for serum LH may be elevated in individuals with HCG-
secreting tumors. Immunoreactive HCG is always elevated in the presence of 
such tumors. Levels and ratios of FSH and LH typical of pubertal as opposed to 
prepubertal girls help in the diagnosis of true precocious puberty. Timed urine 
collections rather than blood samples can be used to measure gonadotropin 
secretion if necessary. The use of exogenous GnRH to stimulate endogenous 
LH and FSH secretion can help differentiate gonadotropin-dependent from 
gonadotropin-independent precocious puberty and is regarded as the “gold 
standard” in the diagnosis of central precocious puberty. If GnRH is not avail-
able, a GnRH analog can be substituted. Excessively high circulating levels of 
estrogen (>100 pg estradiol) suggest an estrogen-producing neoplasm or a 
functioning ovarian cyst. High levels of serum testosterone suggest an ovarian 
source of excess androgen in girls with heterosexual development, whereas 
increased levels of dehydroepiandrosterone or its sulfate (the principal pre-
cursors of 17-ketosteroids) suggest an adrenal source. High levels of serum 
l7-hydroxyprogesterone imply congenital adrenal hyperplasia secondary to 
21-hydroxylase deficiency, whereas high levels of serum 11-deoxycortisol imply 
an 11β-hydroxylase deficiency (Chapter 220). In congenital adrenal hyperplasia, 
these hormone levels should decrease promptly after the oral administration 
of suppressive doses of dexamethasone. Suppression in response to exogenous 
corticoids occurs much less consistently in individuals with adrenal cortical 
adenomas and carcinomas (Chapter 214) and rarely in those with ovarian 
androgen-secreting neoplasms.

Additional Studies
Imaging of the CNS is the most important test if true precocious puberty is 
present or if there are any neurologic deficits. Ultrasonography of the adrenals 
and ovaries or computed tomography (CT) of the adrenals may be indicated 
to confirm clinical suspicions. In girls with ovarian or adrenal neoplasms, the 
tumor can almost always be localized radiographically. Catheterization of the 
ovarian and adrenal veins and measurements of the effluent steroids from 
each gland should be pursued only when CT, ultrasonography, or MRI fails 
to identify a suspected neoplasm. Radiographic estimation of bone age is also 
indicated and serves as a useful tool to follow the results of treatment.

analogs increase ultimate adult height in girls presenting before 6 years of age. 
Two unresolved issues are whether to initiate treatment with GnRH analogs 
in girls between 6 and 8 years of age and at what age to stop treatment. In 
addition, some data suggest that oral contraceptive pills or metformin may 
improve hirsutism and oligomenorrhea in the teenage years.12 The analogs are 
not effective in children with McCune-Albright syndrome, and ketoconazole and 
testolactone have been only marginally successful. Aqueous depot medroxy-
progesterone acetate (100 to 200 mg intramuscularly every 2 to 4 weeks) also 
may be used to suppress gonadotropin secretion; however, it does not always 
prevent premature epiphyseal closure and the resultant short stature.

Individuals with CNS or steroid-secreting neoplasms must undergo therapy 
appropriate for the particular lesion. Girls with congenital adrenal hyperplasia 
are appropriately managed with glucocorticoids (plus mineralocorticoids when 
indicated), as outlined in Chapter 220.



feminization. This syndrome of androgen insensitivity is inherited as either 
an X-linked recessive trait or a sex-limited autosomal dominant trait. Despite 
the presence of intra-abdominal or inguinal testes, there is complete failure 
of virilization. Affected individuals develop breasts (but only to Tanner stage 
3) and a typical female habitus with unambiguous female external genitalia, 
but with the absence of internal female structures and generally only a fore-
shortened, blind-ending vagina. Little or no pubic and axillary hair develops. 
The karyotype is 46,XY in these individuals. Circulating testosterone levels 
are equivalent to or higher than those found in normal men, LH levels are 
elevated, and FSH levels are normal compared with those in menstruating 
women. For a more detailed description, see Chapter 220.

 Heterosexual Pubertal Development
 POLYCYSTIC OVARY SYNDROME
Polycystic ovary syndrome (PCOS), by far the most common cause of het-
erosexual pubertal development, is associated with the development of some 
secondary sex features characteristic of males at the normal age of puberty.16 
Feminization occurs in affected girls, and they develop normal breasts and a 
typical female habitus, but masculinization also occurs (in contrast, girls with 
congenital adrenal hyperplasia generally show little if any female development at 
puberty). A heterogeneous syndrome, PCOS typically begins at or near puberty 
with hirsutism and irregular menses from the time of menarche. Many girls 
who develop PCOS are overweight in childhood, and obesity is clearly a risk 
factor. It now appears that many girls who develop PCOS have alterations in 
insulin signaling.17 Menarche may be delayed in a few cases, so young women 
may present with primary amenorrhea. Basal LH levels tend to be somewhat 
elevated in perhaps two thirds of cases, and circulating levels of all androgens 
are moderately elevated. Some degree of insulin resistance is commonly present 
as well, and hypercholesterolemia may predispose to cardiovascular disease 
later in life. This is discussed more completely in Chapter 223.

 CONGENITAL ADRENAL HYPERPLASIA
Congenital adrenal hyperplasia is generally diagnosed before puberty, and 
heterosexual precocious pseudopuberty is typical.18 However, if the defect is 
mild and changes to the external genitalia are minimal, masculinization may 
occur at the expected age of puberty. This attenuated or nonclassic form of 
21-hydroxylase deficiency seems to occur in families with a strong history of 
hirsutism. Affected girls generally have some defeminization, with flattening 
of the breasts, severe hirsutism, relatively short stature, and obesity. For a 
more detailed description, see Chapter 220.

 MIXED GONADAL DYSGENESIS
Mixed gonadal dysgenesis designates asymmetrical gonadal development, with 
a germ cell tumor or a testis on one side and an undifferentiated streak, rudi-
mentary gonad, or no gonad on the other.19 The extent of genital virilization 
before puberty is variable in this rare disorder. Most individuals are reared as 
girls, in whom virilization occurs at puberty; some may note breast develop-
ment as well. Affected individuals generally have a mosaic karyotype, with 
45,X/46,XY being most common. Short stature and other stigmata associated 
with a 45,X karyotype in Turner syndrome are less common in patients with 
tumors than in patients with testes. Gonadectomy is indicated in all individu-
als with a Y chromosome to eliminate the increased neoplastic potential of 
such dysgenetic gonads and in all patients in whom virilization occurs at 
puberty to remove the source of androgen. Estrogen replacement therapy 
is warranted after gonadectomy. Other causes of male pseudohermaphro-
ditism associated with heterosexual pubertal development are described in  
Chapter 220.

 OTHER CAUSES
An androgen-producing adrenal neoplasm or Cushing syndrome may occur 
rarely during the pubertal years and lead to heterosexual development  
(Chapter 214).
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Answer: D Organic brain disease occurs in as many as 20% of patients with 
true precocious puberty. Option A is incorrect; requirement for workup is 
controversial, and it is often focused on girls younger than 6 years old. Option 
B is incorrect; it is more common in girls. Option C is incorrect; it is a normal 
variant and should be managed based on patient concern. Option E is incor-
rect; in at least 75%, no cause is identified. See Precocious Puberty.

4. Which statement is true regarding delayed puberty?
 A. It is defined as absence of thelarche by 13 years, or menarche by 15 

years.
 B. Constitutional delay is diagnosed in less than 5% of cases.
 C. Evaluation is not indicated until 15 years of age.
 D. Most congenital anomalies of the müllerian ducts cause amenorrhea.
 E. HOX gene mutations are sufficient to disrupt müllerian tract development.

Answer: A The definition is correct as presented. Option B is incorrect; con-
stitutional delay can be diagnosed in about two thirds of cases. Option C is 
incorrect; evaluation is concerned at any age if there is patient concern. Option 
D is incorrect; most have little impact on amenorrhea. Option E is incorrect; 
HOX gene mutations, though essential, are not sufficient. See Delayed Puberty.

5. Which statement is true regarding polycystic ovary syndrome?
 A. It is a rare cause of heterosexual pubertal development.
 B. It commonly begins in the third decade.
 C. It is commonly associated with ovulation of more than one oocyte per 

cycle.
 D. Obesity is a diagnostic criterion for polycystic ovary syndrome (PCOS).
 E. Abnormalities in insulin signaling are common.

Answer: E Insulin resistance is common, but not required. Option A is incor-
rect; it is a common cause of heterosexual pubertal development. Option B 
is incorrect; it commonly begins at or shortly after the initiation of puberty. 
Option C is incorrect; it is associated with anovulation or oligo-ovulation of 
one oocyte. Option D is incorrect; obesity can worsen PCOS, but it is not a 
diagnostic criterion. See Polycystic Ovary Syndrome.

REVIEW QUESTIONS

1. Which statement is true regarding pubertal development?
 A. It is characterized by resetting the positive gonadal steroid feedback 

loop.
 B. Development of breast and pubic hair results from increasing ovarian 

estrogen production.
 C. Testosterone is the primary hormone mediating pubertal bone growth 

in boys.
 D. Prepubertal ovaries produce sex steroids.
 E. Ovaries produce low levels of deoxycorticosterone and androstenedione.

Answer: D Though produced at low levels, the prepubertal ovaries regulate 
pituitary production of FSH and LH. Option A is incorrect; pubertal develop-
ment is characterized by resetting negative feedback loops. Option B is incor-
rect; pubic hair results from androgen production. Option C is incorrect; 
estradiol is the primary hormone for both girls and boys. Option E is incorrect; 
ovaries do not produce measurable deoxycorticosterone, whereas a primary 
ovarian product is androstenedione. See Ovarian Function in Childhood and 
Puberty.

2. Which statement is true regarding ovarian cysts?
 A. Identification of ovarian cyst is a concerning finding requiring workup.
 B. Palpable masses in a child or postmenopausal woman are not follicular 

growths.
 C. Ovarian cysts identified radiologically require gynecologic consultation.
 D. Ectopic pregnancy can be definitively diagnosed by ultrasound.
 E. CA-125 is used to diagnose ovarian cancer in all women with pelvic 

masses.
Answer: B Women outside of reproductive years do not produce follicles 
(that would ultimately result in an ovulated oocyte). Option A is incorrect; 
in the reproductive years, follicular development occurs in all women with 
menstrual cycles. Option C is incorrect; ovarian cysts, particularly in cycling 
women, are common and are not pathologic. Option D is incorrect; a preg-
nancy test is also required. Option E is incorrect; CA-125 may be helpful in 
postmenopausal women, but is nonspecific in reproductive-age women. See 
Ovarian Cysts and Adnexal Masses.

3. Which statement is true regarding precocious puberty?
 A. Diagnostic investigation is required if puberty initiates before 8 years 

of age.
 B. It is more common in boys than girls.
 C. Premature adrenarche requires diagnosis and treatment.
 D. Organic brain disease is a common cause of true precocious puberty.
 E. In the majority of girls, the cause of true precocious puberty can be 

identified.
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223 
REPRODUCTIVE ENDOCRINOLOGY 
AND INFERTILITY
WILLIAM H. CATHERINO

 THE NORMAL MENSTRUAL CYCLE
 Endometrium
The endometrium undergoes histologic and cytologic changes that culminate 
with menstrual bleeding when the corpus luteum ceases to secrete progesterone 
(Fig. 223-1). The basal layer of the endometrium then regenerates the super-
ficial layer of compact epithelial cells lining the uterine cavity and an inter-
mediate layer of spongiosa. Both superficial layers are shed at menstruation. 
Endometrial glands proliferate under the influence of estrogen, and the mucosa 
thickens. In the luteal phase, the glands become coiled and secretory, with 
increased vascularity and edema of the stroma. When estradiol and proges-
terone decline, the stroma becomes edematous, endometrial and blood vessel 
necrosis occurs, and bleeding ensues. Local release of prostaglandins may 
initiate vasospasm with ischemic necrosis and uterine contractions that accom-
pany menstrual flow. Prostaglandin synthetase inhibitors can relieve menstrual 
cramping. The histologic changes are characteristic; therefore endometrial 
biopsies can be used to characterize the stage of the cycle and to assess the 
tissue response to gonadal steroids.

 Cervix and Cervical Mucus
During the follicular phase, cervical vascularity, congestion, and edema increase 
as a result of estrogen. Cervical mucus increases in quantity (10- to 30-fold) 
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FIGURE 223-1. The idealized cyclic changes observed in gonadotropins, estradiol 
(E2), progesterone (P), and uterine endometrium during the normal menstrual cycle. 
the data are centered on the day of the luteinizing hormone (lH) surge (day 0). days of 
menstrual bleeding are indicated by M. fSH = follicle-stimulating hormone; lH = lutein-
izing hormone. (from endocrine and Metabolism continuing education Quality control 
program, 1982. copyright american association for clinical chemistry, inc.)
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ABSTRACT
With an understanding of the biological basis of the normal menstrual cycle, 
outlined in the first section of the chapter, the diagnosis and management of 
abnormalities during the reproductive years can be addressed. Dysmenorrhea 
and endometriosis, premenstrual syndrome, abnormal uterine bleeding, and 
amenorrhea are discussed. Amenorrhea can be due to anatomic factors (dis-
orders of sexual differentiation, intrauterine adhesions, gestational trophoblastic 
disease), chronic anovulation (CNS-hypothalamic-pituitary dysfunction, 
inappropriate steroid feedback as in polycystic ovary syndrome, thyroid or 
adrenal disorders), or ovarian “failure” (menopause, genetic abnormalities, 
physical and environmental factors, autoimmune disease). Multiple male factors 
and female factors can cause infertility. The approach to sexual function and 
dysfunction is also discussed.
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physiologic mechanisms are responsible for luteinization: removal of luteiniza-
tion inhibitors, secretion of LH by the pituitary, and delivery of high levels 
of cholesterol. The induction of steroidogenic acute regulatory protein StAR, 
P450c22, and 3β-hydroxysteroid dehydrogenase in the granulosa lutein cells 
leads to progesterone production by the corpus luteum. The two-cell, two-
gonadotropin mechanism is responsible for estradiol production. If implanta-
tion does not occur, the corpus luteum initiates luteolysis, leading to decreases 
in progesterone, estradiol, and apoptosis. When luteolysis occurs, another 
dominant follicle is selected, and a new menstrual cycle begins.

 ABNORMALITIES OF THE  
REPRODUCTIVE YEARS

 Dysmenorrhea and Endometriosis
 DEFINITION

Dysmenorrhea, defined as painful menstruation, affects about 50% of postpu-
bertal women and can be classified as primary or secondary. Endometriosis, 
which may result in dysmenorrhea, infertility, and dyspareunia (i.e., painful 
intercourse), is the ectopic occurrence of endometrial tissue, most commonly 
within the abdominal cavity but sometimes in surgical scars, on the vulva, in 
the umbilicus, and elsewhere.

 PATHOBIOLOGY
Primary dysmenorrhea occurs only in ovulatory cycles. Prostaglandins produce 
dysmenorrhea by initiating painful, exaggerated uterine contractions and 
myometrial ischemia. Associated systemic symptoms include nausea, diarrhea, 
headache, and emotional changes. In secondary dysmenorrhea, there is a 
pathologic cause, with endometriosis being the most common. Other causes 
include pelvic inflammatory disease; congenital abnormalities, such as atresia 
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FIGURE 223-2. The hypothalamic-pituitary-ovarian axis in the regulation of follicular 
maturation and steroidogenesis. a = androgens; e2 = estradiol; fSH = follicle-stimulating 
hormone; gnRH = gonadotropin-releasing hormone; lH = luteinizing hormone. (Modified 
from endocrine and Metabolism continuing education Quality control program, 1982. 
copyright american association for clinical chemistry, inc.)

TREATMENT 

 Premenstrual Syndrome
 DEFINITION

Premenstrual syndrome (PMS), also known as premenstrual tension, is a complex 
of physical and emotional symptoms that occur repetitively in a cyclic fashion 
before menstruation and that diminish or disappear with menstruation.5

 DIAGNOSIS
The cyclic symptoms typically are sufficiently severe to interfere with some 
aspects of life. More than 150 different symptoms are now thought to vary 
with the menstrual cycle (Table 223-1). Estimates of the prevalence of PMS 
range from 25 to 100%. The Diagnostic and Statistical Manual of Mental Disorders 
classifies severe PMS as premenstrual dysphoric disorder (PMDD). For most 
women, PMS is merely annoying; severe PMS (or PMDD) causes serious 

and in elasticity. So-called ferning becomes prominent. Progesterone stimulates 
cervical mucus thickening and loss of elasticity and ability to fern. These char-
acteristics are useful in evaluating the stage of the cycle and the amount of 
estrogen present.

 Vagina
Low estrogen is associated with pale, thin vaginal epithelium. As estrogens 
rise, the number of cornified epithelial cells increases. Subsequently, proges-
terone decreases the percentage of cornified cells and increases the number 
of precornified intermediate cells. There is also increased cellular debris and 
clumping of shed desquamated cells. Histologic changes in the vaginal epi-
thelium are sensitive indicators of estrogen status.

 Ovary
The ovaries produce a single dominant graafian follicle that grows and develops 
to the preovulatory stage during the follicular phase. This process is brought 
about by combined action of follicle-stimulating hormone (FSH) and lutein-
izing hormone (LH) on the follicle wall to increase estradiol biosynthesis. 
The LH surge acts on the preovulatory follicle to cause the secretion of the 
mature fertilizable oocyte. After ovulation, the follicle wall transforms into 
the corpus luteum, which produces progesterone and estradiol. If implantation 
does not occur, the corpus luteum undergoes luteolysis and stops hormone 
production. In the late luteal phase, another dominant follicle develops, and 
a new menstrual cycle begins.

 Chronology of Folliculogenesis
The preovulatory follicle begins its development when a primordial follicle 
is recruited into the pool of growing follicles. There are two major phases of 
folliculogenesis: the preantral (gonadotropin-independent) and the antral 
(gonadotropin-dependent) periods (see Fig. 223-1). The first phase is char-
acterized by growth of the oocyte and granulosa proliferation. Preantral fol-
liculogenesis proceeds slowly, requiring at least 300 days. During the second 
phase, granulosa and theca cells proliferate, and the antrum enlarges. The 
graafian follicle increases relatively rapidly as it develops. The mature graafian 
follicle that will ovulate requires 40 to 50 days to complete the antral phase.

Selection
The dominant follicle is selected from a cohort at the end of the luteal phase 
of the previous menstrual cycle. The selected follicle requires 20 days to develop 
to the ovulatory stage.

Shortly after the midluteal phase of the cycle, the granulosa cells show a 
sharp increase in the rate of mitosis. The first indication of selection is that 
the granulosa cells continue dividing at a high rate. As a consequence of the 
high sustained mitotic rate and the progressive accumulation of follicular fluid, 
the dominant follicle undergoes remarkable growth. The increase in plasma 
FSH levels that begins at the end of luteal phase and continues through the 
early follicular phase evokes follicle selection. The concentration of FSH in 
the follicular fluid of the healthy (dominant) follicle increases but does not 
increase in the nondominant atretic follicles. The manner in which this selec-
tive increase in FSH is controlled is unknown. More than 99.9% of all follicles 
are not selected and undergo atresia.

Ovulation
At midpoint in the menstrual cycle, the preovulatory surges of LH and FSH 
act on the preovulatory follicle to initiate the events leading to ovulation (see 
Fig. 223-1). The LH surge induces meiotic maturation, a process that converts 
the oocyte into a fertilizable egg arrested at the second meiotic metaphase. 
During meiotic maturation, the granulosa cells next to the oocyte are stimu-
lated by FSH to undergo cumulus expansion (Fig. 223-2). This is a prerequisite 
for the oocyte’s pickup and transport by the oviduct. The LH surge also stimu-
lates production of proteolytic enzymes in the vicinity of the presumptive 
stigma. This process requires the LH stimulation of progesterone and pros-
taglandins, which are obligatory for stigma formation. After 36 hours, the 
fertilizable egg and surrounding cumulus cells are secreted through the stigma 
(see Fig. 223-1). A serum progesterone level higher than 3 ng/mL 1 week 
before menses is probably diagnostic of ovulation.1

Luteogenesis
Ovulation leads to changes in the granulosa and theca cells of the ovulated 
follicle that result in increased production of progesterone and estradiol during 
the first week of the luteal phase. This event, termed luteinization, is important 
for the formation and development of a secretory endometrium. Three major 
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 Abnormal Uterine Bleeding
 DIAGNOSIS

Differential Diagnosis
Because there is considerable confusion about terminology of abnormal uterine 
bleeding, it is important to determine just what is being included in any term 
used other than abnormal uterine bleeding.9 Postmenarchal bleeding in adoles-
cents secondary to immaturity of the hypothalamic-pituitary-ovarian axis 
(resulting in anovulation) accounts for about 20% of cases, and perimenopausal 
bleeding consequent to incipient ovarian failure constitutes more than half.

The causes of abnormal uterine bleeding in the reproductive years include 
complications from the use of oral contraceptives; complications of pregnancy, 
especially threatened, incomplete, or missed miscarriages and ectopic preg-
nancy; coagulation disorders, most commonly idiopathic thrombocytopenic 
purpura and von Willebrand disease; and pelvic disease, such as intrauterine 
polyps, leiomyomas, and tumors of the vagina and cervix. Clear cell adeno-
carcinoma of the vagina or cervix may occur in women exposed to diethyl-
stilbestrol during fetal life. Affected women may also have congenital 
abnormalities of the upper vagina, cervix, and uterus. Women with a history 
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TABLE 223-1 COMMON SYMPTOMS OF CYCLIC 
PREMENSTRUAL SYNDROME

SOMATIC SYMPTOMS

Abdominal bloating Constipation or diarrhea
Acne Headache
Alcohol intolerance Peripheral edema
Breast engorgement and tenderness Weight gain
Clumsiness
EMOTIONAL AND MENTAL SYMPTOMS

Anxiety Insomnia
Change in libido Irritability
Depression Lethargy
Fatigue Mood swings
Food cravings (especially salt and sugar) Panic attacks
Hostility Paranoia
Inability to concentrate Violence toward self and others
Increased appetite Withdrawal from others

of a portion of the distal genital tract and cystic duplication of the parameso-
nephric ducts; and cervical stenosis. Studies have suggested the possibility 
that the pain of endometriosis is caused by the presence of nerve fibers within 
ectopic endometrium.

Prostaglandin synthetase inhibitors, such as naproxen, ibuprofen, mefenamic 
acid, and indomethacin, are used to treat primary dysmenorrhea. A1  If the dys-
menorrhea persists, addition of an oral contraceptive to inhibit ovulation and 
limit prostaglandin release is generally effective. In cases in which the pelvic 
pain remains intractable, additional evaluation is warranted.2 If thorough evalu-
ation of the gastrointestinal and urinary tracts fails to reveal a definitive cause, 
examination under anesthesia and diagnostic laparoscopy may be indicated.

If endometriosis is diagnosed at laparoscopy, treatment varies according to 
the severity of the disease and the goals of the patient regarding fertility.3 It 
may be possible to fulgurate implants or to lyse adhesions. Available data do 
not demonstrate a benefit of excision over ablation at the time of initial diag-
nosis as the preferred approach to controlling symptoms. From this point onward, 
efforts should be directed toward treating endometriosis medically, with 
additional surgery deferred until infertility (if present) becomes manifest. Medical 
therapy can consist of continuous suppression with oral contraceptives, A2  pro-
gestins (oral, injectable, or implantable), A3  or gonadotropin-releasing hormone 
(GnRH) analogs or danazol for 3 to 6 months. GnRH analogs A4 

,
 A5  are currently 

the most frequently used form of medical suppressive therapy.4 After a course 
of treatment, use of oral contraceptive agents should probably be continued 
until fertility is desired. Conservative surgical resection of endometriotic tissue 
should almost always be deferred until it is established as the cause of infertility. 
Surgery may be required, however, for continuing severe pain, severe endo-
metriosis, or large ovarian cysts containing endometriosis (endometriomas). If 
symptoms continue despite adequate treatment or if psychological overlay is 
suspected, psychiatric evaluation may be indicated. Medical causes of 
dysmenorrhea, however, should be eliminated first.

TREATMENT 

 Premenstrual Syndrome
 DEFINITION

Premenstrual syndrome (PMS), also known as premenstrual tension, is a complex 
of physical and emotional symptoms that occur repetitively in a cyclic fashion 
before menstruation and that diminish or disappear with menstruation.5

 DIAGNOSIS
The cyclic symptoms typically are sufficiently severe to interfere with some 
aspects of life. More than 150 different symptoms are now thought to vary 
with the menstrual cycle (Table 223-1). Estimates of the prevalence of PMS 
range from 25 to 100%. The Diagnostic and Statistical Manual of Mental Disorders 
classifies severe PMS as premenstrual dysphoric disorder (PMDD). For most 
women, PMS is merely annoying; severe PMS (or PMDD) causes serious 

difficulties for 3 to 5% of women of reproductive age. The diagnosis of both 
PMS and PMDD is best established by requiring affected individuals to keep 
prospective daily records of symptoms during a 2- to 3-month period. Less 
than 50% of women complaining of PMS are found to have the syndrome 
when such records are examined.

Most women seek help for PMS in their 30s after 10 or more years of 
symptoms. Many report that their symptoms began at menarche; approximately 
half state that symptoms followed childbirth. Severity and duration of symptoms 
are often reported to increase after each successive pregnancy and to become 
more severe with advancing age. Women with severe long-standing PMS almost 
always describe associated psychological reactions, including social difficulties, 
such as marital discord, difficulty relating to their children, difficulty maintain-
ing friendships, and withdrawal from social activities.

General Measures
The cause of PMS is unknown, and patients should be informed that no one 

therapy has been effective in all women. Women with mild premenstrual symp-
toms often benefit from simple changes in lifestyle, including daily mild aerobic 
exercise; reduction in intake of caffeine-containing beverages, salt, and refined 
sugar, particularly in the luteal phase; stress reduction; and adequate rest.

Medical Therapy
Women with more severe PMS may benefit from symptomatic treatment.6 

Continuous oral contraceptives have inconsistent but generally positive thera-
peutic benefit,7 although intermittent drospirenone/ethinyl estradiol dosed on 
a 21-7 schedule has been found to have comparable efficacy to the continuous 
combined oral contraceptive. A6  Bromocriptine (generally 2.5 mg twice a day) 
or danazol (100 to 400 mg/day in two divided doses) may be given continu-
ously for relief of mastalgia (breast pain), although this use is not listed in the 
manufacturer’s directive or approved by the U.S. Food and Drug Administration 
(FDA) and efficacy has not been documented by rigorous randomized trials. 
Prostaglandin synthetase inhibitors may help reduce dysmenorrhea and may 
alleviate headaches. Mild sedatives and tranquilizers may help reduce insomnia 
and anxiety. Low doses of fluoxetine (10 to 20 mg) and other selective serotonin 
reuptake inhibitors, administered either daily or for the last 2 weeks of each 
menstrual cycle, are highly effective in reducing the emotional symptoms asso-
ciated with PMS. A7  Mild diuretics (especially spironolactone at doses up to 
100 mg each morning) may benefit cyclic edema.

Natural progesterone, given in the form of vaginal suppositories, has been 
used, but results of double-blind placebo-controlled trials show no efficacy.8 
Likewise, the value of large quantities of multiple vitamins or of oil of evening 
primrose, containing the essential fatty acid γ-linolenic acid, a precursor of 
prostaglandins, is unsubstantiated.

Surgical Therapy
Because PMS requires the occurrence of cyclic ovulation, oophorectomy is 

occasionally considered for patients with particularly intractable symptoms. 
However, oophorectomy may create new problems related to estrogen defi-
ciency for women with PMS treated in this permanent fashion. Several trials 
employing a GnRH agonist together with exogenous steroids have been described 
as reducing PMS. Whether such therapy can be used in the long term remains 
to be determined.

TREATMENT 

 Abnormal Uterine Bleeding
 DIAGNOSIS

Differential Diagnosis
Because there is considerable confusion about terminology of abnormal uterine 
bleeding, it is important to determine just what is being included in any term 
used other than abnormal uterine bleeding.9 Postmenarchal bleeding in adoles-
cents secondary to immaturity of the hypothalamic-pituitary-ovarian axis 
(resulting in anovulation) accounts for about 20% of cases, and perimenopausal 
bleeding consequent to incipient ovarian failure constitutes more than half.

The causes of abnormal uterine bleeding in the reproductive years include 
complications from the use of oral contraceptives; complications of pregnancy, 
especially threatened, incomplete, or missed miscarriages and ectopic preg-
nancy; coagulation disorders, most commonly idiopathic thrombocytopenic 
purpura and von Willebrand disease; and pelvic disease, such as intrauterine 
polyps, leiomyomas, and tumors of the vagina and cervix. Clear cell adeno-
carcinoma of the vagina or cervix may occur in women exposed to diethyl-
stilbestrol during fetal life. Affected women may also have congenital 
abnormalities of the upper vagina, cervix, and uterus. Women with a history 
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of diethylstilbestrol exposure should be reassured that the incidence of malig-
nant change is extremely low. Trauma (coital or otherwise), foreign bodies, 
systemic illnesses including various endocrinopathies (such as diabetes mel-
litus, hypothyroidism and hyperthyroidism, Cushing syndrome, and Addison 
disease), leukemia, and renal disease may also be associated with abnormal 
bleeding as the presenting manifestation.

Abnormal uterine bleeding with no demonstrable organic genital or 
extragenital cause (75% of cases) is most frequently associated with anovulation 
and is appropriately termed anovulatory (sometimes termed dysfunctional) 
bleeding. Most anovulatory bleeding is due to either estrogen withdrawal or 
estrogen breakthrough bleeding. In anovulatory women, estrogen stimulates 
the endometrium unopposed by progesterone. The endometrium proliferates, 
becomes thicker, and may shed irregularly. Anovulatory bleeding tends to 
occur at less frequent intervals, and organic lesions tend to cause bleeding 
more frequently than cyclic menses.

Clinical Evaluation
All cases of abnormal bleeding should be evaluated, beginning with a thorough 
history emphasizing the amount and duration of blood loss. Prospective chart-
ing of the days on which bleeding occurs may be required to evaluate the 
bleeding pattern. Complications of pregnancy or a bleeding diathesis must 
always be ruled out.

The findings on physical examination (including the Papanicolaou smear) 
are normal in anovulatory bleeding except for signs of anemia in the more 
severe cases. Laboratory tests should include a complete blood count, platelet 
count, coagulation studies, including von Willebrand disease screening, thyroid 
function tests, and fasting blood glucose concentration. Anovulatory bleeding 
must be a diagnosis of exclusion, with management depending on the age of 
the patient and the extent of the bleeding. A sample of the endometrium 
should be obtained by biopsy or by dilation and curettage from all women 
older than 35 years and from those at increased risk for endometrial carcinoma 
because of prolonged anovulatory bleeding.

Even profuse bleeding in hemodynamically stable anovulatory women can 
almost always be successfully treated by the administration of one combination 
oral contraceptive pill every 6 hours for 5 to 7 days, although this use is not 
listed in the manufacturer’s directive or approved by the FDA. Bleeding should 
cease within 24 hours, but patients should be warned to expect heavy bleeding 
2 to 4 days after therapy is stopped. If anemia is profound, blood transfusion 
may be necessary. If the bleeding continues despite therapy, curettage can be 
carried out. Recurrence can be prevented by giving the patient combination 
oral contraceptive agents cyclically if pregnancy is not desired. If pregnancy is 
desired, ovulation can be induced.

Acute episodes of anovulatory bleeding can also be treated with conjugated 
estrogens administered intravenously (25 mg every 4 hours for up to three 
doses) until bleeding ceases, although this use is not listed in the manufacturer’s 
directive or approved by the FDA. Progestin therapy (medroxyprogesterone 
acetate, 5 to 10 mg orally for 10 days) should be started simultaneously. With-
drawal bleeding occurs after cessation of therapy, and the patient can then be 
treated with oral contraceptive agents for at least three cycles.

For individuals with anovulatory bleeding without an episode of profuse 
bleeding, treatment with cyclic oral contraceptive agents or progestin can be 
provided unless pregnancy is desired, in which case ovulation must be induced.

TREATMENT 

To ascertain whether the outflow tract is intact, an orally active estrogen, 
such as 2.5 mg of conjugated estrogen daily for 21 days, with 5 to 10 mg of 
oral medroxyprogesterone acetate for the last 5 to 10 days, is administered. 
Withdrawal bleeding should occur if the endometrium is normal. Still, hys-
terosalpingography and hysteroscopy may be required for the diagnosis of 
Asherman syndrome because some patients with a normal endometrium 
may not have a withdrawal bleed due to obstruction of the cervical os by  
scar tissue.

Laboratory Findings
Basal levels of FSH, prolactin, and thyroid-stimulating hormone (TSH) should 
be measured in all amenorrheic and oligomenorrheic women to confirm the 
clinical impression (Fig. 223-3).

Increased TSH levels with or without increased levels of prolactin imply 
primary hypothyroidism, and further evaluation for this disorder is indicated 
(Chapter 213). Although hypothyroidism commonly results in anovulation, 
amenorrhea occurs in only some hypothyroid women. Menorrhagia and 
oligomenorrhea may occur as well. The sensitive immunoassays for TSH permit 
identification of women with hyperthyroidism as well because TSH levels are 
suppressed in those individuals.

If the prolactin concentration is minimally increased and the TSH level is 
normal, measurement of the prolactin concentration should be repeated before 
more extensive evaluation is undertaken because prolactin levels are increased 
by nonspecific stressful stimuli, sleep, and food ingestion. Prolactin levels may 
be elevated in as many as one third of women with amenorrhea.

Increased FSH levels (generally above 30 mIU/mL) imply ovarian failure 
and require further evaluation. Incipient ovarian failure should be considered 
in any woman with basal FSH levels of 15 mIU/mL or higher other than 
during the midcycle LH surge. Many clinicians believe that chromosomal 
evaluation is indicated in all individuals with elevated FSH levels before age 
40 years, and it is certainly indicated if hypergonadotropic amenorrhea begins 
before age 30 years.

If FSH levels are low or normal, the measurement of total testosterone 
levels may be helpful whether or not there is any evidence of hirsutism or 
virilization. Hyperandrogenic women need not be hirsute because some 
have relative insensitivity of the hair follicles to androgens. Mildly increased 
levels of testosterone (and perhaps dehydroepiandrosterone sulfate as well) 
suggest polycystic ovary syndrome (PCOS). However, total circulating 
androgen levels need not be elevated because of the alterations in metabolic 
clearance rate and sex hormone–binding globulin that are present in PCOS. 
Consequently, some clinicians prefer to measure circulating free testosterone  
levels.

Circulating levels of LH and FSH may aid in differentiation of PCOS from 
hypothalamic-pituitary dysfunction. LH levels are often elevated in PCOS so 
that the ratio of LH to FSH is increased; however, LH levels may be identical to 
those observed in normal women in the follicular phase. In contrast, levels of LH 
and FSH are normal or slightly reduced in hypothalamic-pituitary dysfunction. 
There is some overlap between women with “polycystic ovarian-like” disorders 
and those with hypothalamic-pituitary dysfunction. Radiographic assessment 
of the sella turcica is indicated in all amenorrheic women in whom both LH 
and FSH levels are consistently low (both below 10 mIU/mL) to exclude a 
pituitary or parapituitary neoplasm (Chapter 211). Other pituitary functions 
should be evaluated in any individual with significantly impaired LH and 
FSH secretion. Both total testosterone and dehydroepiandrosterone sulfate 
levels should be measured in hirsute or virilized women. Testosterone levels 
greater than 200 ng/dL should lead to investigation for an androgen-producing 
neoplasm, most likely of ovarian origin. Dehydroepiandrosterone sulfate levels 
greater than 7.0 µg/mL should lead to evaluation for an adrenal neoplasm, and 
levels between 5.0 and 7.0 µg/mL should lead to evaluation for adult-onset 
congenital adrenal hyperplasia (Chapter 220).

 Hypergonadotropic Amenorrhea (Presumptive  
Ovarian Failure, Primary Hypogonadism,  
Primary Ovarian Insufficiency)

 DIAGNOSIS
Differential Diagnosis
Gonadal failure may begin at any time during embryonic or postnatal 
development and may result from many causes. Normally, the ovaries fail 
at menopause, when virtually no functioning follicles remain. However, 
premature loss of oocytes before the age of 40 years may occur and lead to 
premature ovarian failure. Circulating gonadotropin levels increase whenever 

TABLE 223-2 CRITERIA FOR DISTINGUISHING TANNER STAGES 1–5 DURING PUBERTAL MATURATION
TANNER STAGE BREAST PUBIC HAIR
1 (Prepubertal) No palpable glandular tissue or pigmentation of areola; elevation of areola only No pubic hair; short, fine vellus hair only
2 Glandular tissue palpable with elevation of breast and areola together as a small mound; 

areolar diameter increased
Sparse, long, pigmented terminal hair chiefly along the 

labia majora
3 Further enlargement without separation of breast and areola; although more darkly 

pigmented, areola still pale and immature; nipple generally at or above midplane of 
breast tissue when individual is seated upright

Dark, coarse, curly hair, extending sparsely over mons

4 Secondary mound of areola and papilla above breast Adult-type hair, abundant but limited to mons and labia
5 (Adult) Recession of areola to contour of breast; development of the Montgomery glands and 

ducts on areola; further pigmentation of areola; nipple generally below midplane of 
breast tissue when individual is seated upright; maturation independent of breast size

Adult-type hair in quantity and distribution; spread to 
inner aspects of the thighs in most racial groups

Data from Ross GT. Disorders of the ovary and female reproductive tract. In: Wilson JD, Foster DW, eds. Textbook of Endocrinology, 7th ed. Philadelphia: WB Saunders; 1985:206; Speroff L, Glass RH, Kase N. 
Clinical Gynecologic Endocrinology and Infertility, 3rd ed. Baltimore: Williams & Wilkins; 1983:377; and Kustin J, Rebar RW. Menstrual disorders in the adolescent age group. Primary Care. 1987;14:139-166.

 Amenorrhea
 DEFINITION

Amenorrhea is the absence of menstruation for 3 months or more in women 
with past menses (secondary amenorrhea) or the absence of menarche by 
the age of 15 years regardless of the absence or presence of secondary sex 
characteristics (primary amenorrhea).

 PATHOBIOLOGY
If an intact genital outflow tract exists and there is no primary disease of the 
uterus, amenorrhea is a sign of failure of the hypothalamic-pituitary-ovarian 
axis to produce cyclically the hormones necessary for menses. Amenorrhea 
is physiologic in the prepubertal girl, during pregnancy and early in lactation, 
and after menopause. At any other time, it is pathologic and demands evalua-
tion. Use of the term postpill amenorrhea to refer to failure to resume menses 
within 3 months of discontinuation of oral contraceptives is inappropriate. 
Women so affected should be evaluated in the same manner as any woman 
with amenorrhea. Similarly, individuals with menses occurring at infrequent 
intervals of more than 40 days or having fewer than nine menses per year, termed 
oligomenorrhea, should be evaluated identically to women with amenorrhea.

 DIAGNOSIS
Clinical Evaluation
In patients with amenorrhea, even subtle hormonal abnormalities may lead 
to signs and symptoms. Breast development indicates exposure to estrogens, 
and the presence of pubic and axillary hair indicates androgenic stimulation.

Patients should be questioned especially closely for evidence of psychologi-
cal disturbances, dietary and exercise habits,10 lifestyle, environmental stresses,11 
family history of genetic anomalies, abnormal growth and development, and 
signs of hyperandrogenism, including hirsutism, temporal balding, deepening 
of the voice, increased muscle mass, clitorimegaly, and increased libido, and 
signs of defeminization, including decreasing breast size and vaginal atrophy. 
Any history of galactorrhea should be determined. A history of symptoms 
related to thyroid and adrenal dysfunction should also be sought (Chapters 
213, 214, and 215).

The physical examination should focus on the evaluation of body dimensions 
and habitus, extent and distribution of body hair, breast development and 
secretions, and genitalia. In normal adult women, the arm span is similar to 
the height; in hypogonadal women, the span is generally more than 5 cm 
greater than the height. The distribution and quantity of body hair should be 
considered in view of the family history. The extent of any hirsutism should 
be recorded, preferably by photographs. Other signs of virilization should be 
sought carefully. Breast development should be graded according to the method 
of Tanner (Table 223-2).12 Breast secretion should be sought by applying 
pressure to the breasts while the patient is seated. Any secretion should be 
examined microscopically for the presence of perfectly round fat globules of 

Endometrial ablation by any of several methods is being used increasingly 
to treat persistent bleeding. However, ablation is not 100% effective, and medical 
management remains the first line of therapy for most women. Hysterectomy 
may be an appropriate choice for a small number of women.
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To ascertain whether the outflow tract is intact, an orally active estrogen, 
such as 2.5 mg of conjugated estrogen daily for 21 days, with 5 to 10 mg of 
oral medroxyprogesterone acetate for the last 5 to 10 days, is administered. 
Withdrawal bleeding should occur if the endometrium is normal. Still, hys-
terosalpingography and hysteroscopy may be required for the diagnosis of 
Asherman syndrome because some patients with a normal endometrium 
may not have a withdrawal bleed due to obstruction of the cervical os by  
scar tissue.

Laboratory Findings
Basal levels of FSH, prolactin, and thyroid-stimulating hormone (TSH) should 
be measured in all amenorrheic and oligomenorrheic women to confirm the 
clinical impression (Fig. 223-3).

Increased TSH levels with or without increased levels of prolactin imply 
primary hypothyroidism, and further evaluation for this disorder is indicated 
(Chapter 213). Although hypothyroidism commonly results in anovulation, 
amenorrhea occurs in only some hypothyroid women. Menorrhagia and 
oligomenorrhea may occur as well. The sensitive immunoassays for TSH permit 
identification of women with hyperthyroidism as well because TSH levels are 
suppressed in those individuals.

If the prolactin concentration is minimally increased and the TSH level is 
normal, measurement of the prolactin concentration should be repeated before 
more extensive evaluation is undertaken because prolactin levels are increased 
by nonspecific stressful stimuli, sleep, and food ingestion. Prolactin levels may 
be elevated in as many as one third of women with amenorrhea.

Increased FSH levels (generally above 30 mIU/mL) imply ovarian failure 
and require further evaluation. Incipient ovarian failure should be considered 
in any woman with basal FSH levels of 15 mIU/mL or higher other than 
during the midcycle LH surge. Many clinicians believe that chromosomal 
evaluation is indicated in all individuals with elevated FSH levels before age 
40 years, and it is certainly indicated if hypergonadotropic amenorrhea begins 
before age 30 years.

If FSH levels are low or normal, the measurement of total testosterone 
levels may be helpful whether or not there is any evidence of hirsutism or 
virilization. Hyperandrogenic women need not be hirsute because some 
have relative insensitivity of the hair follicles to androgens. Mildly increased 
levels of testosterone (and perhaps dehydroepiandrosterone sulfate as well) 
suggest polycystic ovary syndrome (PCOS). However, total circulating 
androgen levels need not be elevated because of the alterations in metabolic 
clearance rate and sex hormone–binding globulin that are present in PCOS. 
Consequently, some clinicians prefer to measure circulating free testosterone  
levels.

Circulating levels of LH and FSH may aid in differentiation of PCOS from 
hypothalamic-pituitary dysfunction. LH levels are often elevated in PCOS so 
that the ratio of LH to FSH is increased; however, LH levels may be identical to 
those observed in normal women in the follicular phase. In contrast, levels of LH 
and FSH are normal or slightly reduced in hypothalamic-pituitary dysfunction. 
There is some overlap between women with “polycystic ovarian-like” disorders 
and those with hypothalamic-pituitary dysfunction. Radiographic assessment 
of the sella turcica is indicated in all amenorrheic women in whom both LH 
and FSH levels are consistently low (both below 10 mIU/mL) to exclude a 
pituitary or parapituitary neoplasm (Chapter 211). Other pituitary functions 
should be evaluated in any individual with significantly impaired LH and 
FSH secretion. Both total testosterone and dehydroepiandrosterone sulfate 
levels should be measured in hirsute or virilized women. Testosterone levels 
greater than 200 ng/dL should lead to investigation for an androgen-producing 
neoplasm, most likely of ovarian origin. Dehydroepiandrosterone sulfate levels 
greater than 7.0 µg/mL should lead to evaluation for an adrenal neoplasm, and 
levels between 5.0 and 7.0 µg/mL should lead to evaluation for adult-onset 
congenital adrenal hyperplasia (Chapter 220).

 Hypergonadotropic Amenorrhea (Presumptive  
Ovarian Failure, Primary Hypogonadism,  
Primary Ovarian Insufficiency)

 DIAGNOSIS
Differential Diagnosis
Gonadal failure may begin at any time during embryonic or postnatal 
development and may result from many causes. Normally, the ovaries fail 
at menopause, when virtually no functioning follicles remain. However, 
premature loss of oocytes before the age of 40 years may occur and lead to 
premature ovarian failure. Circulating gonadotropin levels increase whenever 

varying size, which indicate galactorrhea. Finally, the female genitalia should 
be examined carefully because they are such sensitive indicators of the hormonal 
milieu. The Tanner stage of pubic hair development should be noted (see 
Table 223-2).

Because the sensitivity of the genitalia to androgens decreases onward from 
early in fetal development, the extent of any virilization is important. Fusion 
of the labia and enlargement of the clitoris with or without formation of a 
penile urethra are observed in women exposed to androgens during the first 
3 months of fetal development (Chapter 220). Significant clitorimegaly in 
the absence of other signs of sexual ambiguity and in the presence of other 
signs of virilization requires marked androgenic stimulation and strongly 
implicates an androgen-secreting neoplasm. The development of the labia 
minora in postpubertal women indicates the influence of estrogens. Overt 
anomalies of the distal genital tract and any evidence of obstruction to the 
escape of menstrual blood should be sought. Under the influence of estrogen, 
the vaginal mucosa changes during sexual maturation from a tissue with a 
shiny, bright red appearance with sparse, thin secretions to a dull, gray-pink 
rugated surface with copious, thick secretions.

The history and physical examination quickly differentiate among several 
causes of amenorrhea (Table 223-3). The various disorders of sexual differ-
entiation and other anatomic causes are often apparent on inspection. Distal 
genital tract obstruction should be identified at the time of pelvic examination 
even if the specific abnormality is not obvious. The physical stigmata of Turner 
syndrome, discussed subsequently, generally make the diagnosis simple. Any 
sexual ambiguity indicates the need for chromosomal analysis and the mea-
surement of 17α-hydroxyprogesterone to rule out congenital adrenal hyper-
plasia. Pregnancy and gestational trophoblastic disease may be diagnosed by 
measurement of human chorionic gonadotropin (hCG). The possibility of 
intrauterine synechiae or adhesions (Asherman syndrome) must be considered 
in individuals in whom amenorrhea develops after curettage or endometritis. 
Tuberculous endometritis, especially in younger women, may also lead to this 
disorder. Without hormonal measurements, it may be impossible to distinguish 
between individuals with chronic anovulation, in whom hypothalamic-pituitary-
ovarian function is insufficiently coordinated to produce cyclic ovulation, and 
those with ovarian failure. However, it is generally possible to form a clinical 
impression about the cause of the amenorrhea. It can be noted whether the 
patient has absence of, incomplete, or complete development of secondary 
sex characteristics. The presence of excess body hair or galactorrhea may provide 
clinical evidence of the pathogenesis of the amenorrhea. Signs and symptoms 
of adrenal or thyroid dysfunction may be important as well. Administration 
of a progestin (typically medroxyprogesterone acetate, 5 to 10 mg given orally 
for 5 to 10 days, or progesterone in oil, 100 mg given intramuscularly) has 
been advocated to assess the level of endogenous estrogen. This test is of 
limited value, however, because almost half the young women with premature 
ovarian failure experience withdrawal bleeding in response to progestin.

TABLE 223-3 CAUSES OF AMENORRHEA
ANATOMIC CAUSES

Pregnancy
Various disorders of sexual differentiation

Distal genital tract obstruction (müllerian agenesis or dysgenesis)
Gonadal dysgenesis*
Ambiguity of external genitalia (male and female pseudohermaphroditism)

Intrauterine adhesions (Asherman syndrome)
Gestational trophoblastic disease
CHRONIC ANOVULATION

Due to CNS-hypothalamic-pituitary dysfunction
With inappropriate steroid feedback (e.g., polycystic ovary syndrome)
Due to thyroid or adrenal disorders
OVARIAN “FAILURE”

Menopause
Genetic abnormalities
Physical and environmental causes (e.g., chemotherapeutic agents, irradiation)
Autoimmune disorders
Idiopathic
*Gonadal dysgenesis may be viewed as both a disorder of sexual differentiation and a form of 
gonadal “failure.”
CNS = central nervous system.
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to initiate pubertal changes and to cause ovulation so that pregnancy is pos-
sible. Deletions of the X-chromosome-linked SHOX gene explain many of 
the dysmorphic skeletal features that are present, including the short stature. 
It is believed that the number of phenotypic findings may be related to the 
percentage of cells that are 45,X. There also may be an effect of imprinting 
with the variation in phenotype partly explained by the parental origin of the 
one remaining X chromosome.

Pure Gonadal Dysgenesis
Pure gonadal dysgenesis is the term given to phenotypically female individuals 
with streak gonads who are of normal stature and have none of the physical 
stigmata associated with Turner syndrome. Such individuals have either a 
46,XX or 46,XY karyotype. The 46,XX defect may be inherited as an autosomal 
recessive, with 10% having associated nerve deafness. The 46,XY defect may 
be inherited as an X-linked recessive, with clitorimegaly occurring in 10 to 
15% and gonadal tumors developing in 25% if the gonads are not removed.

Mutations in the X Chromosome Associated with Premature 
Ovarian Failure
Several regions of the X chromosome are now recognized to contain muta-
tions in genes that may result in premature ovarian failure. Of particular note 
is the fragile X mental retardation (FMR1) gene. More than 5% of women 
with 46,XX spontaneous premature ovarian failure have mutations of the 
FMR1 gene. This risk is increased if there is a family history of premature 
ovarian failure. A family history of fragile X syndrome, unexplained mental 
retardation, dementia, developmental delay of a child, or tremor-ataxia syn-
drome is reason for genetic counseling. Mutations in the FMR1 gene are known 
to be associated with a neurodegenerative disorder. Women with mutations 
in the FMR1 gene are at risk of having a child with mental retardation, should 
they be one of the 6 to 8% of women with premature ovarian failure who 
conceive spontaneously. For FMR1, a CGG repeat sequence occurs, with up 
to 60 repeats being normal. Expansion to more than 200 repeats leads to the 
fragile X syndrome, with the high level of repeats causing hypermethylation 
of the gene promoter and silencing of the gene. Female carriers of the 
permutation have an unstable intermediate number of repeats (i.e., 60 to 199) 
and the predisposition for premature ovarian failure.

ovarian failure occurs because of decreased negative estrogen feedback to the 
hypothalamic-pituitary unit.

 PATHOBIOLOGY
There are several causes for premature ovarian failure, including genetic causes 
(a growing list that includes karyotypic abnormalities, single gene mutations, 
and complex multifactorial polygenic inheritance), physical and environmental 
causes, and autoimmune disturbances. In addition, there may be families in 
which menopause begins earlier than the expected age without any further 
pathologic cause.

Genetic Abnormalities
Several pathologic conditions with dysgenetic gonads involve elevated gonado-
tropin levels and amenorrhea as well as abnormalities of the X chromosome. 
The term gonadal dysgenesis refers to individuals with undifferentiated streak 
gonads without any association with either extragonadal stigmata or sex 
chromosome aberrations. Because individuals with gonadal dysgenesis have 
the normal complement of oocytes at 20 weeks of fetal age but virtually none 
by birth, this disorder is a form of premature ovarian failure.

Turner Syndrome
Turner syndrome (also see Chapter 220) describes patients with streak gonads 
composed of fibrous stroma and four cardinal features: a female phenotype; 
sexual infantilism; short stature; and several physical abnormalities, sometimes 
including webbed neck, low-set ears, multiple pigmented nevi, double eyelashes, 
micrognathia, epicanthal folds, shieldlike chest with microthelia, short fourth 
metacarpals, increased carrying angle of the arms, and certain renal and 
cardiovascular defects (most commonly coarctation of the aorta and aortic 
stenosis). The diagnosis can sometimes be made at birth because of unexplained 
lymphedema of the hands and feet. The syndrome is associated with an abnor-
mality of sex chromosome number, morphology, or both. Most commonly, 
the second sex chromosome is absent (45,X). Turner syndrome is the single 
most common chromosome disorder in humans, but more than 95% of such 
fetuses are aborted, and the incidence in newborns is approximately 1 in 3000 
to 5000. Chromosome breakage and mosaicism occur as well. In mosaic indi-
viduals with a normal 46,XX cell line, sufficient follicles may persist postnatally 
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FIGURE 223-3. Biochemical evaluation of amenorrhea. this schema must be considered an adjunct to the clinical evaluation of the patient. See text for details. caH = congenital 
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Trisomy X
Trisomy X (46,XXX karyotype) is also associated with premature menopause, 
although many such individuals have normal reproductive lives. Premature 
menopause can also occur in mosaic individuals with cell lines with excess X 
chromosomes. When gonadal abnormalities occur in women with excess X 
chromosomes, they seem to occur after ovarian differentiation so that some 
ovarian function is possible. Only later in life do such women develop second-
ary amenorrhea and premature ovarian failure.

Known Genetic Alterations of Specific Genes
In girls with the rare syndrome of 17α-hydroxylase deficiency involving p450c17 
who survive until the expected age of puberty, sexual infantilism and primary 
amenorrhea occur together with elevated levels of gonadotropins (also see 
Chapter 220). Defects in the 20,22-lyase (p450scc) or aromatase (p450arom) 
enzymes may also lead to ovarian failure. Women with galactosemia also 
experience ovarian failure early in life, even when a galactose-restricted diet 
is introduced early in infancy.

Mutations of several autosomal genes result in premature ovarian failure. 
Included in this growing list are mutations involving FSHR (the FSH 
receptor gene), FOXL2 (a forkhead transcription factor associated with the 
blepharophimosis-ptosis-epicanthus inversus syndrome), INHA (the inhibin-α 
gene), E1F2B (a family of genes associated with central nervous system 
leukodystrophy and ovarian failure), PMM2 (the gene for phosphomannomutase), 
GALT (the gene for galactose-1-phosphate uridyltransferase), and AIRE (leading 
to the autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy 
syndrome). Myotonic dystrophy (Chapter 393) is caused by an autosomal 
triple repeat mutation, like the fragile X syndrome, that is similarly associated 
with premature loss of germ cells from the ovary. The list of mutations associated 
with early ovarian failure continues to increase as the function of more genes 
is determined.

Mutations Involving Reproductive Hormones, Their Receptors, 
and Action
The resistant ovary (Savage) syndrome occurs in young amenorrheic women 
who have elevated peripheral gonadotropin concentrations, normal (although 
immature) follicles present on ovarian biopsy, 46,XX karyotype with no evidence 
of mosaicism, fully developed secondary sex characteristics, and ovarian 
resistance to stimulation with human menopausal or pituitary gonadotropins. At 
least some of these women have mutations in the FSH receptor. It is probably 
inappropriate to use the term “resistant ovary syndrome” because it is likely 
that this is a heterogeneous disorder due to various genetic mutations.

Other Causes
Physical and Environmental
Irradiation and chemotherapeutic agents used to treat various malignant dis-
eases may also cause premature ovarian failure. Ovulation and cyclic menses 
return in some of these patients even after prolonged intervals of hypergo-
nadotropic amenorrhea associated with signs and symptoms of profound 
hypoestrogenism. In general, the younger the individual at the time of treat-
ment, the less likely is she to have permanent ovarian failure after the comple-
tion of therapy. Rarely, mumps affects the ovaries and causes ovarian failure.

Autoimmune Disorders
Premature ovarian failure may occur in conjunction with a variety of auto-
immune disorders. The most well known syndrome (autoimmune polyglandular 
syndrome type 1) involves hypoadrenalism, hypoparathyroidism, and 
mucocutaneous candidiasis together with ovarian failure (Chapter 218). Testing 
for adrenal antibodies by indirect immunofluorescence will identify the 4% 
of women with spontaneous premature ovarian failure who have steroidogenic 
cell autoimmunity and are at risk for adrenal insufficiency. Thyroiditis is the 
most commonly associated abnormality. Antibodies to the FSH receptor have 
been identified in a few cases. These associations make it mandatory to rule 
out other potentially life-threatening endocrinopathies in young women with 
hypergonadotropic amenorrhea.

Women with hypergonadotropic amenorrhea and ovarian failure should be 
treated identically whether or not they have signs of hypoestrogenism or desire 
pregnancy. Counseling and psychological support are indicated in women in 
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 CHRONIC ANOVULATION
Chronic anovulation, the most frequent form of amenorrhea encountered in 
women of reproductive age, implies that functional ovarian follicles remain and 
that cyclic ovulation can be induced with appropriate therapy (Table 223-4). 
The cause of the anovulation should be determined. The pathophysiologic 

TABLE 223-4 CAUSES OF CHRONIC ANOVULATION
Chronic anovulation of hypothalamic-pituitary origin

Hypothalamic chronic anovulation
Psychogenic
Exercise associated
Associated with diet, weight loss, or malnutrition
Anorexia nervosa and bulimia
Pseudocyesis

Forms of isolated (idiopathic) hypogonadotropic hypogonadism (including 
Kallmann syndrome)

Due to hypothalamic-pituitary damage
Pituitary and parapituitary tumors
Empty sella syndrome
Following surgery
Following irradiation
Following trauma
Following infection
Following infarction

Idiopathic hypopituitarism
Hypothalamic-pituitary dysfunction or failure with hyperprolactinemia (multiple 

causes)
Due to systemic diseases

Chronic anovulation due to inappropriate feedback (i.e., polycystic ovary syndrome)
Excessive extraglandular estrogen production (i.e., obesity)
Abnormal buffering involving sex hormone–binding globulin (including liver 

disease)
Functional androgen excess (adrenal or ovarian)
Neoplasms producing androgens or estrogens
Neoplasms producing chorionic gonadotropin

Chronic anovulation due to other endocrine and metabolic disorders
Adrenal hyperfunction

Cushing syndrome
Congenital adrenal hyperplasia (female pseudohermaphroditism)

Thyroid dysfunction
Hyperthyroidism
Hypothyroidism

Prolactin or growth hormone excess
Hypothalamic dysfunction
Pituitary dysfunction (microadenomas and macroadenomas)
Drug induced

Malnutrition

whom the diagnosis of premature ovarian failure is made. Ovarian biopsy is 
not indicated to document the existence of follicles because only a small portion 
of each ovary can be sampled and because pregnancies have resulted in patients 
who had biopsy samples devoid of follicles. Estrogen replacement is warranted 
to prevent the accelerated bone loss known to occur in affected women (Chapter 
230). The estrogen should be given sequentially with a progestin to prevent 
endometrial hyperplasia. Young women with ovarian failure may require twice 
as much estrogen as postmenopausal women for relief of signs and symptoms 
of hypoestrogenism. Inexplicably, women with premature ovarian failure may 
conceive while taking exogenous estrogen, even in the form of oral contracep-
tive agents, at the same rate as those not taking estrogen, so barrier contracep-
tion should be discussed if pregnancy is not desired.

Women with hypergonadotropic amenorrhea are rarely able to become 
pregnant. It is not clear why pregnancy may rarely occur in such women, but 
the pregnancy and delivery rate is 6 to 8%. Infertility treatment of young women 
with hypergonadotropic amenorrhea involves hormone replacement to mimic 
the normal menstrual cycle and embryo transfer by use of donor oocytes. 
Whether women with gonadal dysgenesis should be offered pregnancy by use 
of donor oocytes is now the subject of debate because a markedly increased 
incidence of aortic rupture during pregnancy secondary to medial necrosis has 
been documented. Women with Turner syndrome contemplating pregnancy 
should be counseled regarding the risks.
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bases for several forms of anovulation are unknown, but the anovulation can be 
interrupted transiently by nonspecific induction of ovulation in most affected 
women. Anovulation can result in either amenorrhea or irregular (generally 
less frequent) menses.

 Hypothalamic Chronic Anovulation
 DEFINITION

Hypothalamic chronic anovulation (HCA) represents a heterogeneous group 
of disorders with similar manifestations. Emotional and physical stress, exces-
sive exercise, nutritional deficiencies, weight loss, reduced body fat, and other 
unrecognized factors may contribute in varying proportions to the anovulation. 
Women with HCA have normal neuroanatomic findings.

 ANOREXIA NERVOSA
Individuals with amenorrhea and significant weight loss should be examined 
for the possibility of anorexia nervosa (Chapter 206).

 ISOLATED HYPOGONADOTROPIC HYPOGONADISM
Affected individuals have absence of spontaneous pubertal development. Most 
have functional GnRH deficiency, but some have abnormalities of gonado-
tropin deficiency localized to the pituitary gland.

Kallmann syndrome is a familial disorder consisting of gonadotropin defi-
ciency, anosmia or hyposmia, and color blindness in men or, more rarely, in 
women (Chapter 210). Partial or complete agenesis of the olfactory bulb is 
present on autopsy, accounting for use of the term olfactogenital dysplasia. 
Isolated gonadotropin deficiency in the absence of anosmia occurs as well. 
Sexual infantilism with a eunuchoid habitus is the clinical hallmark of this 
disorder, but moderate breast development may occur. Circulating LH and 
FSH levels are low but almost always detectable. Ovulation induction requires 
use of exogenous gonadotropins and hCG or pulsatile GnRH. Estrogen replace-
ment therapy is indicated in these women until pregnancy is desired. It may 
not be possible to distinguish between partial isolated gonadotropin deficiency 
and functional HCA in all cases.

 HYPOPITUITARISM
Hypopituitarism may be obvious on cursory inspection or sufficiently subtle 
to require endocrine testing (Chapter 211). The clinical presentation depends 
on the age at onset, the cause, and the nutritional status of the individual. 
Failure of development of secondary sex characteristics must always raise 
the question of hypopituitarism. Ovulation can be induced successfully with 
exogenous gonadotropins when pregnancy is desired and after the hypopi-
tuitarism is treated appropriately. Replacement therapy with estrogen is  
indicated.

 HYPERPROLACTINEMIA
Galactorrhea associated with hyperprolactinemia, whatever the cause, almost 
always occurs together with amenorrhea caused by hypothalamic-pituitary 
dysfunction or failure. Many conditions can cause excess prolactin secre-
tion (Chapter 211). A prolactinoma must be excluded. Hirsutism may be 
observed occasionally in association with amenorrhea-galactorrhea and 
hyperprolactinemia. Elevated levels of the adrenal androgens dehydroepian-
drosterone and dehydroepiandrosterone sulfate may be observed and may 
account for the polycystic-type ovaries present in some hyperprolactinemic  
women.

 FAILURE OF THE HYPOTHALAMIC-PITUITARY UNIT
The hypothalamic-pituitary unit may also fail to function normally in a number 
of stressful, debilitating, systemic illnesses that interfere with somatic growth 
and development. Chronic renal failure, liver disease, and diabetes mellitus 
are the most prominent examples.

 DIAGNOSIS
Abrupt cessation of menses in women younger than 30 years who have no 
anatomic abnormalities of the hypothalamic-pituitary-ovarian axis and no 
other endocrine disturbances suggests a diagnosis of HCA. Affected individuals 
tend to be bright, educated, and engaged in intellectual occupations and may 
well give a history of psychosexual problems and socioenvironmental trauma. 
HCA is characterized by low to normal levels of gonadotropins and relative 
hypoestrogenism. Rarely, however, do affected women present with signs and 
symptoms of estrogen deficiency. It is important to rule out a central lesion 
as the cause of the hypogonadotropic hypogonadism in women who appear 
to have HCA.

to be elevated, with relatively low and constant FSH levels, but both may be 
in the normal range for the follicular phase of the menstrual cycle. Levels 
of most circulating androgens, especially testosterone, tend to be mildly  
elevated.

 DIAGNOSIS
A consensus conference in Rotterdam in 2003 concluded that after exclusion 
of other etiologies, two of the following three are required for diagnosis of 
PCOS: (1) hyperandrogenism (clinical or biochemical), (2) oligo-ovulation 
or anovulation, (3) polycystic ovaries on ultrasound examination or at surgery.

This definition is confusing to clinicians because it implies that hirsute 
women with polycystic ovaries on ultrasound examination who ovulate regu-
larly should be considered to have PCOS. Moreover, it is clear that polycystic 
ovaries may be identified on ultrasound examination in normal women. In 
any case, the aim of the diagnostic evaluation is to rule out any causes (such 
as neoplasms) that require definitive therapy. Hirsutism should be evaluated 
as detailed in Chapter 413.

A particularly severely affected subset of women present with marked obesity, 
anovulation, mild glucose intolerance with high levels of circulating insulin, 
acanthosis nigricans, hyperuricemia, severe hirsutism, and elevated circulating 
androgen levels. These women have hyperthecosis of the ovaries, in which 
the androgen-producing cells in the stromal, hilar, and thecal regions are 
increased greatly in number. Hyperthecosis should probably be viewed as a 
part of the spectrum of disorders constituting PCOS.

 Chronic Anovulation Related to Inappropriate Feedback

 POLYCYSTIC OVARY SYNDROME
 DEFINITION

Polycystic ovary syndrome (PCOS) is a heterogeneous disorder in which 
there is considerable clinical and biochemical variability among affected indi-
viduals.13 PCOS is currently considered to exist in women with any two of 
the following: (1) oligo-ovulation or anovulation, (2) hyperandrogenism, or 
(3) polycystic ovaries on ultrasound, and in whom other etiologies have been 
eliminated. PCOS is the classic disorder in which the amenorrhea or oligo-
menorrhea results from inappropriate feedback of gonadal steroids from the 
ovaries.14

 PATHOBIOLOGY
Current evidence suggests that the hypothalamic-pituitary unit is intact and 
that a functional derangement, perhaps involving insulin-like growth factors 
such as IGF-I within the ovary, results in abnormal gonadotropin secretion. 
PCOS is characterized by insulin resistance and compensatory hyperinsu-
linemia. The insulin resistance has been found in affected women of many 
racial and ethnic groups, implying that it is a universal characteristic and that 
a common defect may be present. There is increasing evidence of specific 
genetic abnormalities in some women with PCOS.

 CLINICAL MANIFESTATIONS
Although patients usually present with amenorrhea, hirsutism, and obesity, 
affected women may instead complain of irregular and profuse uterine bleed-
ing, may not have hirsutism, and may be of normal weight. Excess androgen 
from any source or increased extraglandular conversion of androgens to estro-
gens can lead to the typical findings of PCOS. Included are such diverse dis-
orders as Cushing syndrome, mild congenital adrenal hyperplasia, virilizing 
tumors of adrenal or ovarian origin, hyperthyroidism and hypothyroidism, 
obesity, and primary PCOS with no other recognizable cause.

In the primary syndrome, the irregular menses, mild obesity, and hirsutism 
begin during puberty and typically become more severe with time, although 
there is increasing evidence of improvement in the years just before menopause. 
Obesity alone can lead to a polycystic ovarian-like syndrome, with the degree 
of obesity required to cause anovulation varying widely. The increase in the 
prevalence of obesity is leading to an increased prevalence of PCOS. All such 
patients are well estrogenized regardless of whether they present with primary 
or secondary amenorrhea or dysfunctional bleeding. LH concentrations tend 
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Psychological counseling or a change in lifestyle, especially for women 
engaged in strenuous exercise programs, may be effective in inducing cyclic 
ovulation and menses in women with functional HCA. Cognitive-behavioral 
therapy is effective in a proportion of women with functional HCA. For women 
desiring pregnancy, ovulation can also be induced with clomiphene citrate (50 
to 100 mg/day for 5 days beginning on the third to fifth day of withdrawal 
bleeding). Treatment with exogenous gonadotropins to induce follicular matu-
ration followed by hCG to induce follicular rupture may be effective in women 
who do not ovulate in response to clomiphene. Because women with HCA 
have low circulating levels of leptin, investigators have given recombinant leptin 
and documented that ovulation may resume in some affected women. Given 
the heterogeneous nature of the disorder, it is not surprising that exogenous 
leptin is not effective in all women.

Most physicians advocate the use of exogenous gonadal steroids to prevent 
osteoporosis. A regimen can consist of daily oral conjugated or esterified estro-
gens (0.625 to 1.25 mg), ethinyl estradiol (20 µg), or micronized estradiol-17β 
(1 to 2 mg) or transdermal estradiol-17β (0.05 to 0.10 mg) daily, with oral 
medroxyprogesterone acetate (5 to 10 mg) added for the first 12 to 14 days of 
each month. Sexually active women can be given oral contraceptive agents as 
an alternative. If steroid therapy is administered, patients must be informed 
that the amenorrhea will probably be present when therapy is discontinued. 
Other physicians believe that only periodic observation is indicated, with barrier 
methods of contraception recommended for fertility control. Adequate inges-
tion of calcium should be ensured regardless of therapy. Contraception is needed 
for sexually active women with HCA because the functional defect is mild in 
these disorders and may resolve spontaneously at any time, with ovulation 
occurring before any episode of menstruation.
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 Chronic Anovulation Related to Other Endocrine and 
Metabolic Disorders
Adrenal hyperfunction appears to cause chronic anovulation by inducing a 
polycystic ovarian-like syndrome secondary to increased adrenal androgen 
secretion. Both hyperthyroidism and hypothyroidism are associated with a 
variety of menstrual disturbances, including dysfunctional uterine bleeding 
and amenorrhea as a result of alterations in the metabolism of androgens and 
estrogens. These metabolic changes in turn result in inappropriate steroid 
feedback and chronic anovulation.

 INFERTILITY

 DEFINITION
The World Health Organization (WHO) has defined infertility as “a disease 
of the reproductive system defined by the failure to achieve a clinical pregnancy 
after 12 months or more of regular unprotected sexual intercourse.” Sterility 
is total inability to reproduce. More than 10% of couples in the United States 
seek medical assistance for infertility.

The requirements for pregnancy to occur are several:
•	 The	male	must	produce	adequate	numbers	of	normal,	motile	spermatozoa.
•	 The	male	must	be	capable	of	ejaculating	the	sperm	through	a	patent	ductal	

system.
•	 The	sperm	must	be	able	to	traverse	an	unobstructed	female	reproductive	

tract.
•	 The	female	must	ovulate	and	release	an	ovum.
•	 The	sperm	must	be	able	to	fertilize	the	ovum.
•	 The	fertilized	ovum	must	be	capable	of	developing	and	implanting	in	appro-

priately prepared endometrium.
In approximately 40% of cases, infertility is caused by the male (Table 223-5). 

In one third of couples, more than one cause contributes to the infertility.
Peak age for fertility in the female is 25 years. For nulliparous women of 

this age, the average time during which unprotected intercourse occurs until 
conception is 5.3 months. For parous women, the average duration of inter-
course until conception is 2.7 months. The reproductive performance of couples 
is influenced by the ages of the female and male partners, the frequency of 
intercourse, and the length of time the couple has been attempting to conceive. 
There is a decline in both female and male reproductive performance after 
the age of 25 years.

 DIAGNOSIS
Couples who complain of infertility merit evaluation regardless of the length of 
infertility. Evaluation is warranted in all women after 12 months and in women 
35 years of age or older after 6 months of regular unprotected intercourse.

The evaluation begins with a detailed history obtained from both partners 
and physical examinations of both individuals. If possible, the couple should 
be seen together. Each couple should be questioned together and separately 
because separate interviews may uncover information that would not be 
imparted in the presence of the partner.

Initial evaluation for infertility includes assessment of semen; documentation 
of ovulation by basal body temperature, serum progesterone determination 
6 to 8 days before menses, serum thyroid hormone, or (rarely) endometrial 
biopsy less than 3 days before onset of menses; and evaluation of the female 
genital tract by hysterosalpingography or sonohysterography. Diagnostic 
laparoscopy with tubal dye instillation may be performed if results of all 
previous tests are normal because 30 to 50% of women are found to have 
endometriosis or tubal disease on surgical evaluation; alternatively, patients 
with initial normal findings may be merely treated as having idiopathic  
infertility.
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to be elevated, with relatively low and constant FSH levels, but both may be 
in the normal range for the follicular phase of the menstrual cycle. Levels 
of most circulating androgens, especially testosterone, tend to be mildly  
elevated.

 DIAGNOSIS
A consensus conference in Rotterdam in 2003 concluded that after exclusion 
of other etiologies, two of the following three are required for diagnosis of 
PCOS: (1) hyperandrogenism (clinical or biochemical), (2) oligo-ovulation 
or anovulation, (3) polycystic ovaries on ultrasound examination or at surgery.

This definition is confusing to clinicians because it implies that hirsute 
women with polycystic ovaries on ultrasound examination who ovulate regu-
larly should be considered to have PCOS. Moreover, it is clear that polycystic 
ovaries may be identified on ultrasound examination in normal women. In 
any case, the aim of the diagnostic evaluation is to rule out any causes (such 
as neoplasms) that require definitive therapy. Hirsutism should be evaluated 
as detailed in Chapter 413.

A particularly severely affected subset of women present with marked obesity, 
anovulation, mild glucose intolerance with high levels of circulating insulin, 
acanthosis nigricans, hyperuricemia, severe hirsutism, and elevated circulating 
androgen levels. These women have hyperthecosis of the ovaries, in which 
the androgen-producing cells in the stromal, hilar, and thecal regions are 
increased greatly in number. Hyperthecosis should probably be viewed as a 
part of the spectrum of disorders constituting PCOS.

Patients generally require therapy for hirsutism, for induction of ovulation 
if pregnancy is desired, and for prevention of estrogen-induced endometrial 
hyperplasia and cancer. No ideal therapy exists; the therapeutic approach must 
be individualized. The risks for metabolic syndrome, cardiovascular disease, 
and diabetes mellitus are increased in women with PCOS, at least in part because 
of the increased androgens and insulin resistance. Moreover, many women 
have elevated cholesterol levels.

Medical Therapy
In the anovulatory woman not desiring pregnancy who is not hirsute, therapy 

with intermittent progestin administration (such as medroxyprogesterone 
acetate, 5 to 10 mg orally for 10 to 14 days each month) or oral contraceptives 
can be provided to reduce the increased risk for endometrial carcinoma that 
is present in such a woman with unopposed estrogen. All women using inter-
mittent progestin administration should be cautioned about the need for effec-
tive contraception if they are sexually active because these agents do not inhibit 
ovulation when they are administered intermittently.

Improvements in insulin sensitivity in women with polycystic ovaries, either 
through lifestyle changes (e.g., exercise and diet) or through pharmacologic 
intervention, consistently result in improvements in the reproductive and 
metabolic abnormalities. Resumption of ovulation may occur in up to 60 to 
70% of affected women.15

The longest and largest published experiences with any agent that improves 
insulin sensitivity in PCOS is with metformin, a biguanide that functions primarily 
by suppressing hepatic gluconeogenesis and also improves insulin sensitivity. 
Its use in PCOS leads to reductions in insulin and androgen levels and resump-
tion of menses in some women. Divided doses of 1500 to 2000 mg/day have 
proved effective.

Some clinicians advocate giving metformin to all women with polycystic 
ovaries, whereas others would administer such an agent only to those with 
documented insulin resistance. Some clinicians also advocate giving metformin 
first to women who desire pregnancy and then adding an agent to induce 
ovulation if the metformin proves ineffective. These agents are not approved 
for use in pregnant women or for the induction of ovulation.

Treatment Considering Pregnancy
Oral contraceptive agents are the first line of therapy for hirsute anovulatory 

woman not desiring pregnancy and offer protection from endometrial 
hyperplasia. In women with PCOS desiring pregnancy, clomiphene citrate or 
letrozole can be used to induce ovulation. A8 

,
 A9  Letrozole is not approved for 

this use by the FDA, but a large multicenter randomized trial has demonstrated 
its superiority to clomiphene in obese women with PCOS. About 75 to 80% 
conceive with such therapy. In addition to insulin-sensitizing agents, other 
possible methods of inducing ovulation include use of exogenous gonadotropins 
and hCG, and laparoscopic ovarian surgery with multiple punctures of the 
ovary by diathermy or laser. A large clinical trial documented that clomiphene 
citrate is more effective than metformin in inducing ovulation and resulting in 
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pregnancy; there was no further improvement when the two agents were used 
concurrently.16

Surgical Treatment
Laparoscopic ovarian surgery can achieve unifollicular ovulation or make it 

easier for medical ovulation induction, but increases the risk for development 
of ovarian adhesions (themselves leading to infertility). It may be successful in 
a small subset of women with PCOS who are geographically removed from 
good medical care.

 Chronic Anovulation Related to Other Endocrine and 
Metabolic Disorders
Adrenal hyperfunction appears to cause chronic anovulation by inducing a 
polycystic ovarian-like syndrome secondary to increased adrenal androgen 
secretion. Both hyperthyroidism and hypothyroidism are associated with a 
variety of menstrual disturbances, including dysfunctional uterine bleeding 
and amenorrhea as a result of alterations in the metabolism of androgens and 
estrogens. These metabolic changes in turn result in inappropriate steroid 
feedback and chronic anovulation.

 INFERTILITY

 DEFINITION
The World Health Organization (WHO) has defined infertility as “a disease 
of the reproductive system defined by the failure to achieve a clinical pregnancy 
after 12 months or more of regular unprotected sexual intercourse.” Sterility 
is total inability to reproduce. More than 10% of couples in the United States 
seek medical assistance for infertility.

The requirements for pregnancy to occur are several:
•	 The	male	must	produce	adequate	numbers	of	normal,	motile	spermatozoa.
•	 The	male	must	be	capable	of	ejaculating	the	sperm	through	a	patent	ductal	

system.
•	 The	sperm	must	be	able	to	traverse	an	unobstructed	female	reproductive	

tract.
•	 The	female	must	ovulate	and	release	an	ovum.
•	 The	sperm	must	be	able	to	fertilize	the	ovum.
•	 The	fertilized	ovum	must	be	capable	of	developing	and	implanting	in	appro-

priately prepared endometrium.
In approximately 40% of cases, infertility is caused by the male (Table 223-5). 

In one third of couples, more than one cause contributes to the infertility.
Peak age for fertility in the female is 25 years. For nulliparous women of 

this age, the average time during which unprotected intercourse occurs until 
conception is 5.3 months. For parous women, the average duration of inter-
course until conception is 2.7 months. The reproductive performance of couples 
is influenced by the ages of the female and male partners, the frequency of 
intercourse, and the length of time the couple has been attempting to conceive. 
There is a decline in both female and male reproductive performance after 
the age of 25 years.

 DIAGNOSIS
Couples who complain of infertility merit evaluation regardless of the length of 
infertility. Evaluation is warranted in all women after 12 months and in women 
35 years of age or older after 6 months of regular unprotected intercourse.

The evaluation begins with a detailed history obtained from both partners 
and physical examinations of both individuals. If possible, the couple should 
be seen together. Each couple should be questioned together and separately 
because separate interviews may uncover information that would not be 
imparted in the presence of the partner.

Initial evaluation for infertility includes assessment of semen; documentation 
of ovulation by basal body temperature, serum progesterone determination 
6 to 8 days before menses, serum thyroid hormone, or (rarely) endometrial 
biopsy less than 3 days before onset of menses; and evaluation of the female 
genital tract by hysterosalpingography or sonohysterography. Diagnostic 
laparoscopy with tubal dye instillation may be performed if results of all 
previous tests are normal because 30 to 50% of women are found to have 
endometriosis or tubal disease on surgical evaluation; alternatively, patients 
with initial normal findings may be merely treated as having idiopathic  
infertility.
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TABLE 223-5 CAUSES OF INFERTILITY AND THEIR  
APPROXIMATE INCIDENCE

Male factors (40%)
Decreased production of spermatozoa

Varicocele
Testicular failure
Endocrine disorders
Cryptorchidism
Stress, smoking, caffeine, nicotine, recreational drugs

Ductal obstruction
Epididymal (after infection)
Congenital absence of vas deferens
Ejaculatory duct (after infection)
After vasectomy

Inability to deliver sperm into vagina
Ejaculatory disturbances
Hypospadias
Sexual problems (i.e., impotence), medical or psychological

Abnormal semen
Infection
Abnormal volume
Abnormal viscosity

Immunologic factors
Sperm-immobilizing antibodies
Sperm-agglutinating antibodies

Female factors
Fallopian tube disease (20-30%)

Pelvic inflammatory disease or puerperal infection
Congenital anomalies
Endometriosis
Secondary to past peritonitis of nongenital origin

Amenorrhea and anovulation (15%)
Minor ovulatory disturbances (<5%?)
Cervical and uterine factors (10%)

Leiomyomas and polyps
Uterine anomalies
Intrauterine synechiae (Asherman syndrome)
Destroyed endocervical glands (after surgery or after infection)

Vaginal factors (<5%)
Congenital absence of vagina
Imperforate hymen
Vaginismus
Vaginitis

Immunologic factors (<5%)
Sperm-immobilizing antibodies
Sperm-agglutinating antibodies

Nutritional and metabolic factors (5%)
Thyroid disorders
Diabetes mellitus
Severe nutritional disturbances

Idiopathic or unexplained (<10%)

Treatment must be predicated on the findings of the infertility evaluation. 
Abnormalities of sperm are difficult disorders to treat. Low sperm count or 
poor motility is best treated either by donor insemination or in vitro fertilization 
with intracytoplasmic injection of a single viable sperm into each oocyte. 
Obstruction of the fallopian tubes may be amenable to surgical intervention, 
but success rates are often greater with in vitro fertilization. Endometriosis 
causing infertility may be treated by surgery or various suppressive drugs as 
indicated; however, here, too, in vitro fertilization may be indicated.

Induction of ovulation is one of the most successful therapies when used 
in anovulatory women. Induction of ovulation should never be attempted until 
serious disorders precluding pregnancy are ruled out or treated. Furthermore, 
ovulation induction should not be used in women with ovarian failure because 
they are unresponsive to any form of ovulation induction.

Clomiphene citrate is the agent that usually induces ovulation most easily. 
Clomiphene should be used in individuals without hyperprolactinemia who 
have the ability to release LH and FSH. A typical course of clomiphene therapy 
is begun on the third to fifth days after either spontaneous or induced uterine 
bleeding. The initial dosage is 50 mg daily for 5 days. Clomiphene appears to 
act as an antiestrogen and stimulates gonadotropin secretion by the pituitary 
gland to initiate follicular development. If ovulation is not achieved in the first 
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cycle of treatment, the daily dosage is increased to 100 mg. If ovulation is still 
not achieved, dosage is increased in a stepwise fashion in 50-mg increments 
to a maximum of 200 to 250 mg daily for 5 days. The highest dose should be 
continued for 3 to 6 months before the patient is regarded as unresponsive to 
clomiphene. The quantity of drug and the length of time that it can be used, 
as suggested here, are greater than those recommended by the manufacturers 
and the FDA but conform to published series. Despite absence of FDA approval, 
letrozole is being used increasingly in place of clomiphene. In one randomized 
trial, ovarian stimulation with letrozole was equivalent to clomiphene but resulted 
in a slightly lower frequency of multiple gestation and also a lower frequency 
of live birth compared with gonadotropin treatment. A10 

,
 A11 

The ovulatory surge of LH may occur 5 to 12 days (average, 7 days) after the 
completion of the last day of clomiphene treatment. Couples are advised to 
have intercourse every other day during this interval. Ovulation can be docu-
mented by monitoring changes in basal body temperature or preferably by 
measuring serum progesterone 14 days after the last clomiphene dose. Menses 
should occur after 3 weeks. Withdrawal bleeding with progestin can be induced 
if the patient fails to bleed within 4 weeks of therapy and if a serum hCG level 
documents that the patient is not pregnant. Testing the urine for an LH surge 
may also be useful in timing ovulation.

Some clinicians give 5000 to 10,000 IU of hCG intramuscularly 7 days after the 
last day of clomiphene therapy to trigger ovulation, but this approach has not 
been established to increase effectiveness. The administration of hCG, however, 
does serve to time ovulation and may be helpful in selected couples. Ovulation 
can be expected to occur approximately 36 hours after hCG administration.

Of appropriately selected patients, 75 to 80% ovulate, and 40 to 50% can 
be expected to become pregnant. About 15% of pregnancies can be expected 
with each ovulatory cycle. The multiple pregnancy rate is about 8%, with almost 
all being twins. The incidence of congenital anomalies is not increased.

Side effects of clomiphene are uncommon and rarely serious. The most serious 
ones include vasomotor flushes (10%), abdominal discomfort (5%), breast ten-
derness (2%), nausea and vomiting (2%), visual symptoms (1.5%), and headache 
(1%). Ovarian enlargement may occur but is rare (5%). Concern has been raised 
about the potential for clomiphene to increase the risk for epithelial ovarian 
cancer. The bulk of the evidence now indicates that clomiphene does not increase 
this risk.

The addition of dexamethasone, 0.5 mg orally at bedtime, to blunt the night-
time secretion of adrenocorticotropic hormone may be useful in hyperandrogenic 
women who fail to ovulate in response to clomiphene. Other individuals who 
do not respond to clomiphene typically require exogenous gonadotropins and 
hCG or perhaps pulsatile GnRH to induce ovulation.

Both bromocriptine and cabergoline are effective in inducing ovulation in 
hyperprolactinemic women. The drug should be stopped when pregnancy is 
confirmed. Ovulatory menses and pregnancy are achieved in about 80% of 
patients with galactorrhea and hyperprolactinemia. Most women with prolactin-
secreting pituitary tumors remain asymptomatic during pregnancy. It is rare 
for a patient with either a microadenoma or a macroadenoma to develop a 
problem related to the tumor that affects either the mother or the fetus during 
pregnancy. Monitoring during pregnancy need consist only of questioning the 
patient about the development of visual symptoms and headaches. Formal 
assessment of visual fields and computed tomography or magnetic resonance 
imaging should be carried out in any patient experiencing suggestive symptoms. 
Symptoms generally abate with institution of therapy with a dopamine agonist. 
No adverse effects of dopamine agonists on fetuses or pregnancies have been 
reported. Concerns have been raised that ergot-derived dopamine agonists, 
in the large doses used in the treatment of Parkinson disease, may increase 
the risk for cardiac valve regurgitation. Although there is no evidence of risk 
in women treated with much lower doses for hyperprolactinemia, they should 
be counseled about this potential side effect.

Several preparations of purified and synthetic biochemically engineered 
gonadotropins for use for induction of ovulation now exist. Synthetic prepara-
tions consist entirely of FSH, whereas most purified preparations contain some 
LH as well. Each vial typically contains 75 IU of gonadotropin. Individuals with 
gonadotropin deficiency require a preparation containing some LH. Exogenous 
gonadotropins are typically administered at doses of two to four vials (intra-
muscularly or subcutaneously, depending on the preparation) for 5 to 12 days 
to achieve follicular development as monitored by ultrasonography and serum 
or urinary estradiol concentrations; hCG, 5000 to 10,000 IU, is administered as 
a single intramuscular dose when follicular maturation is apparent. The hCG 
should be withheld if more than three follicles mature together. GnRH analogs 
are now being used to suppress endogenous follicular activity before initiation 
of therapy with exogenous gonadotropins and continued until hCG is given 
in older women and those with poor responses to exogenous gonadotropins. 
Use of the analogs necessitates administration of larger doses of exogenous 
gonadotropins. Success rates, however, appear to be somewhat improved with 
this combined therapy. Because of the expense and the complication rate, 
thorough evaluation should be carried out to exclude other causes of infertility 
before exogenous gonadotropins and hCG are used. Ovulation can be induced 
in almost 100% of patients, but pregnancy occurs in only 50 to 70%. There is 
no increased risk for congenital anomalies with exogenous gonadotropins and 

 SEXUAL FUNCTION AND DYSFUNCTION
 Sexual Function

 DEFINITION
Sexual responses historically have been divided into four phases: excitement, 
plateau, orgasm, and resolution. With sexual arousal and excitement, vaso-
congestion and muscle tension increase progressively, primarily in the genital 
region, manifested by vaginal lubrication in the female. The lubrication is due 
to formation of a transudate in the vagina. Sexual excitement is initiated by 
any of a variety of psychogenic or somatogenic sexual stimuli and must be 
reinforced to result in orgasm. With continued stimulation, the excitement 
phase increases in intensity into a plateau phase during which a high state of 
sexual interest is maintained. The plateau phase may be short or long, and it 
is from this phase that an individual can shift to orgasm. The orgasmic phase 
tends to be brief and is characterized by rapid release from the developed 
vasocongestion and muscle tension. The orgasmic release is also known as 

the climax because peak psychological and physical intensity is achieved, and 
there is an attendant feeling of satisfaction. Copious secretions and transudate 
may flow during orgasm in women. Characteristic genital and extragenital 
responses occur during these phases. Estrogens magnify the sexual responses, 
but responses may occur in estrogen-deficient women. For women, these 
changes occur in the breasts and in the pudendal region and are variable from 
one response cycle to another. For some women, excitement proceeds quickly 
through plateau to orgasm, and orgasm is explosive and accompanied by 
vocalization and involuntary contractions of the pelvic skeletal muscles. For 
other women, the responses are slow in building, controlled in amplitude, 
and long lasting. For a few women, orgasm never occurs; for many, it is inter-
mittently absent.

The somatic sensate focus enabling orgasmic release is variable and may 
include stimulation of the breasts, vagina, or clitoris. The psychological aspect 
of coitus may involve concentration on the current partner or act or fantasies 
about other times and persons. Although orgasms may vary in physiologic 
intensity, what is important is psychological satisfaction. Satisfaction for both 
men and women may be had without orgasm.

Many clinicians have noted several limitations of this traditional human 
sex response cycle. Many clinicians and researchers see the cycle as circular 
with stimuli of different types leading to arousal. Clinicians in this field now 
have extended this theory to include desire and arousal. Women seek sexual 
experiences for intimacy as well as for sexual gratification. Women may be 
receptive to or seek out sexual stimuli to enhance intimacy. Biologic and psy-
chological factors contribute to the processing of these stimuli and can enhance 
arousal and desire simultaneously.

 Sexual Dysfunction
Women may seek consultation because of disturbances in normal sexual arousal 
or orgasm.19,20 Such sexual dysfunction may be due to either organic or func-
tional disturbances.

A variety of diseases affecting neurologic function, including diabetes mel-
litus and multiple sclerosis, may prevent sexual arousal. So, too, may local 
pelvic disorders, such as endometriosis and vaginitis, which cause dyspareunia 
and lead to sexual avoidance. Estrogen deficiency causing vaginal atrophy and 
dyspareunia is a relatively common cause of sexual dysfunction. Debilitating 
systemic diseases such as malignant disease may also affect sexual function 
indirectly.

In many cases, the cause of sexual dysfunction is psychological, and psy-
chological interventions can be successful. A13  For instance, vaginismus involves 
involuntary contractions of the muscles surrounding the introitus and leads 
to dyspareunia. It is a conditioned response engendered by a previous real or 
imagined traumatic sexual experience. Feelings of guilt (caused by incest or 
rape, as examples), of inadequacy (caused by hysterectomy or mastectomy), 
or of depression or anxiety may lead to failure to be aroused. Failure to achieve 
orgasm may be viewed as a dysfunction if the woman is frustrated or 
dissatisfied.

TREATMENT 
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hCG. The rate of multiple pregnancies with exogenous gonadotropins and hCG 
may approach 30%, with 5% being triplets or more.

Ovarian hyperstimulation (ovarian hyperstimulation syndrome, or OHSS) is 
the major side effect and may be life-threatening. The ovaries enlarge remark-
ably, and multiple follicle cysts, stromal edema, and multiple corpora lutea are 
present. There is a shift of fluid from the intravascular space into the abdominal 
cavity with resultant hypovolemia and hemoconcentration. The cause of the 
ascites is unknown. The most serious complications of OHSS may include throm-
boembolism, renal failure, adult respiratory distress syndrome, and hemorrhage 
from ovarian rupture. Treatment is conservative, with monitoring of fluid and 
electrolyte status. Pelvic examinations should not be performed for fear of 
rupturing the ovaries. The hyperstimulation generally resolves slowly during 
about 7 days but lasts longer if the cycle results in pregnancy.

Clomiphene citrate or exogenous gonadotropins together with intrauterine 
insemination of spermatozoa may be used in women with unexplained infer-
tility as so-called controlled ovarian hyperstimulation (COH). The intent is to 
stimulate several oocytes to be ovulated, but multiple (sometimes high-order) 
gestations are a significant risk. A randomized trial has noted that the risk 
for multiple gestation and the costs are reduced if COH with gonadotropins 
is not used and patients are advanced immediately to treatment by in vitro  
fertilization.

Assisted Reproductive Technologies
The assisted reproductive technologies, in which by definition both eggs 

and sperm are handled outside of the body, are being used commonly to treat 
infertile couples with tubal disease, endometriosis, oligospermia and azoospermia, 
sperm antibodies, and unexplained infertility. The procedure consists of in vitro 
fertilization and several variants. In vitro fertilization involves ovarian hyper-
stimulation, oocyte retrieval, fertilization, embryo culture, and embryo transfer. 
Ovarian hyperstimulation with clomiphene citrate and exogenous gonadotropins, 
gonadotropins alone, or a GnRH agonist or antagonist plus gonadotropins 
typically causes 1 to 20 oocytes to mature, depending on the patient’s age and 
ovarian “reserve.” After follicular growth is judged sufficient by ultrasound 
examination, hCG is given to induce final follicular maturation. About 34 hours 
after hCG administration, the oocytes are retrieved by direct needle puncture 
of each follicle, usually transvaginally with ultrasound guidance. The oocytes 
are then inseminated in vitro with washed sperm, or a single sperm is injected 
directly into a single egg (so-called intracytoplasmic sperm injection). The 
embryos are cultured for about 40 to 120 hours, after which one or more embryos 
are transferred to the uterine cavity. Embryos may be cultured to the blastocyst 
stage (at 120 hours) before transfer. Additional embryos can be frozen in liquid 
nitrogen for transfer in a subsequent natural cycle. The success rate is most 
dependent on the age of the woman. In the United States the percentage of 
cycles resulting in live births ranges from 40.1% in women younger than 35 
years to 12.2% in women age 41 to 42 years. Approximately 30% are twins and 
1% are triplets or higher-order multiples. Women with unexplained infertility 
can be offered intrauterine insemination with ovarian stimulation as an alterna-
tive to in vitro fertilization. Intrauterine insemination with ovarian stimulation 
is a safe and effective treatment for women with unexplained infertility and 
an unfavorable prognosis for natural conception. A12 

It is now possible to test the early embryo for genetic abnormalities by 
trophectoderm biopsy from an embryo in vitro and testing it by next genera-
tion sequencing to identify aneuploidy or mutations causing known familial 
diseases.17 Identification of normal and abnormal embryos allows only normal 
embryos to be transferred in families with recognized and testable genetic 
abnormalities. In addition, concerned future parents can undergo preconcep-
tion screening to identify diseases for which each is an autosomal recessive 
carrier for hundreds of syndromes. Preimplantation genetic diagnosis for such 
diseases can then be performed to select unaffected embryos.18

 SEXUAL FUNCTION AND DYSFUNCTION
 Sexual Function

 DEFINITION
Sexual responses historically have been divided into four phases: excitement, 
plateau, orgasm, and resolution. With sexual arousal and excitement, vaso-
congestion and muscle tension increase progressively, primarily in the genital 
region, manifested by vaginal lubrication in the female. The lubrication is due 
to formation of a transudate in the vagina. Sexual excitement is initiated by 
any of a variety of psychogenic or somatogenic sexual stimuli and must be 
reinforced to result in orgasm. With continued stimulation, the excitement 
phase increases in intensity into a plateau phase during which a high state of 
sexual interest is maintained. The plateau phase may be short or long, and it 
is from this phase that an individual can shift to orgasm. The orgasmic phase 
tends to be brief and is characterized by rapid release from the developed 
vasocongestion and muscle tension. The orgasmic release is also known as 

the climax because peak psychological and physical intensity is achieved, and 
there is an attendant feeling of satisfaction. Copious secretions and transudate 
may flow during orgasm in women. Characteristic genital and extragenital 
responses occur during these phases. Estrogens magnify the sexual responses, 
but responses may occur in estrogen-deficient women. For women, these 
changes occur in the breasts and in the pudendal region and are variable from 
one response cycle to another. For some women, excitement proceeds quickly 
through plateau to orgasm, and orgasm is explosive and accompanied by 
vocalization and involuntary contractions of the pelvic skeletal muscles. For 
other women, the responses are slow in building, controlled in amplitude, 
and long lasting. For a few women, orgasm never occurs; for many, it is inter-
mittently absent.

The somatic sensate focus enabling orgasmic release is variable and may 
include stimulation of the breasts, vagina, or clitoris. The psychological aspect 
of coitus may involve concentration on the current partner or act or fantasies 
about other times and persons. Although orgasms may vary in physiologic 
intensity, what is important is psychological satisfaction. Satisfaction for both 
men and women may be had without orgasm.

Many clinicians have noted several limitations of this traditional human 
sex response cycle. Many clinicians and researchers see the cycle as circular 
with stimuli of different types leading to arousal. Clinicians in this field now 
have extended this theory to include desire and arousal. Women seek sexual 
experiences for intimacy as well as for sexual gratification. Women may be 
receptive to or seek out sexual stimuli to enhance intimacy. Biologic and psy-
chological factors contribute to the processing of these stimuli and can enhance 
arousal and desire simultaneously.

 Sexual Dysfunction
Women may seek consultation because of disturbances in normal sexual arousal 
or orgasm.19,20 Such sexual dysfunction may be due to either organic or func-
tional disturbances.

A variety of diseases affecting neurologic function, including diabetes mel-
litus and multiple sclerosis, may prevent sexual arousal. So, too, may local 
pelvic disorders, such as endometriosis and vaginitis, which cause dyspareunia 
and lead to sexual avoidance. Estrogen deficiency causing vaginal atrophy and 
dyspareunia is a relatively common cause of sexual dysfunction. Debilitating 
systemic diseases such as malignant disease may also affect sexual function 
indirectly.

In many cases, the cause of sexual dysfunction is psychological, and psy-
chological interventions can be successful. A13  For instance, vaginismus involves 
involuntary contractions of the muscles surrounding the introitus and leads 
to dyspareunia. It is a conditioned response engendered by a previous real or 
imagined traumatic sexual experience. Feelings of guilt (caused by incest or 
rape, as examples), of inadequacy (caused by hysterectomy or mastectomy), 
or of depression or anxiety may lead to failure to be aroused. Failure to achieve 
orgasm may be viewed as a dysfunction if the woman is frustrated or 
dissatisfied.

Treatment of sexual dysfunction should eliminate functional causes and 
provide the patient, often together with her partner, with appropriate psycho-
logical counseling.21 Behavioral modification is effective in treating many women 
with psychological sexual dysfunction. In one randomized trial, self-reported 
sexual satisfaction was increased in women treated with testosterone. However, 
dosing guidelines are not clear, and the therapy cannot be considered standard 
care based on current evidence.
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Answer: B After puberty, height increases to be comparable to arm span. 
Option A is incorrect; postpill amenorrhea is not a diagnosis; attempt should 
be made to assess amenorrhea if a menstrual cycle is missed after OCPs are 
discontinued. Option C is incorrect; labial fusion and clitoromegaly occur in 
the first 3 months. Option D is incorrect; Turner syndrome is an example of 
hypergonadotropic hypogonadism. Option E is incorrect; estrogen is required 
to stimulate endometrial growth before progestin treatment. See Amenorrhea.

4. Regarding infertility:
 A. Serum progesterone should be measured on day 3 of the menstrual 

cycle.
 B. For women with hypogonadotropic hypogonadism, clomiphene is the 

treatment of choice.
 C. Dexamethasone is an acceptable alternative for ovulation induction.
 D. Gonadotropins induce ovulation by stimulating pituitary release of FSH 

and LH.
 E. Unsuspected diseases can be treated before pregnancy.

Answer: E Through preconception counseling and preimplantation genetic 
diagnosis, diseases that do not affect either parent can be identified, thereby 
allowing for transfer of unaffected embryos, resulting in pregnancy. Option 
A is incorrect; progesterone is measured in the luteal phase as a marker of 
ovulation. Option B is incorrect; clomiphene induces gonadotropin release 
from the pituitary; “hypo/hypo” patients may not respond. Option C is incor-
rect; dexamethasone may be added to clomiphene, but it is not useful to 
induce ovulation. Option D is incorrect; gonadotropins are FSH and LH (or 
LH equivalent); they do not affect pituitary release of gonadotropins. See 
Infertility.

5. Regarding sexual dysfunction:
 A. Vaginal lubrication is due to formation of an exudate in the vagina.
 B. Estrogen deficiency is a very rare cause of dyspareunia.
 C. Vaginismus involves involuntary contractions of muscles surrounding 

the introitus.
 D. Flibanserin is an effective treatment for dyspareunia.
 E. Testosterone is standard of care for the treatment of sexual dysfunction.

Answer: C Vaginismus is defined as involuntary contractions of muscles sur-
rounding the introitus. Option A is incorrect; vaginal lubrication is due to 
formation of transudate, not exudate. Option B is incorrect; estrogen deficiency 
due to menopause is common. Option D is incorrect; flibanserin has no impact 
on dyspareunia. Option E is incorrect; testosterone has been tested, but the 
method of treatment remains undefined. See Sexual Dysfunction.

REVIEW QUESTIONS

1. Regarding the menstrual cycle:
 A. Progesterone withdrawal results in menstrual bleeding.
 B. Prostaglandin synthetase inhibitors work by initiating vasospasm in the 

endometrium.
 C. Estrogen stimulates cervical mucus thickening and loss of elasticity.
 D. Estrogen inhibits cornified epithelial cell proliferation.
 E. Ovarian antral follicles are gonadotropin-releasing hormone (GnRH) 

independent.
Answer: A Once the former follicle, the corpus luteum, regresses and decreases 
progesterone production, the cascade is initiated, resulting in menstruation. 
Option B is incorrect; prostaglandins, not prostaglandin inhibitors, initiate 
vasospasm. Option C is incorrect; progesterone stimulates cervical mucus 
thickening, not estrogen. Option D is incorrect; estrogen stimulates cornifica-
tion. Option E is incorrect; antral follicles are GnRH dependent. See The 
Normal Menstrual Cycle.

2. Regarding dysmenorrhea:
 A. It is rare in postpubertal women.
 B. It can be caused by endometriosis, which is endometrial tissue growing 

into the uterus.
 C. Prostaglandins induce myometrial ischemia.
 D. It can be treated surgically in most cases.
 E. Oral contraceptives are preferable to surgery when fertility is desired.

Answer: C Prostaglandins induce vasospasm and myometrial ischemia. Option 
A is incorrect; it occurs in approximately half of postpubertal women. Option 
B is incorrect; endometriosis is endometrial glands and stroma outside of the 
uterus, whereas adenomyosis is endometrial glands found within the myo-
metrium. Option D is incorrect; there is no such thing as a “painectomy”; 
surgical intervention is rarely warranted. Option E is incorrect; oral 
contraceptives prevent pregnancy and therefore are contraindicated when 
fertility is desired. See Dysmenorrhea and Endometriosis.

3. Regarding amenorrhea:
 A. It is normal for menstrual cycles to be delayed up to 3 months after 

oral contraceptive pills (OCPs) are discontinued.
 B. In hypogonadal women, arm span is 5 cm greater than height.
 C. Fusion of labia and clitoral enlargement occurs due to androgen in 

exposure in the third trimester.
 D. Turner syndrome is an example of hypogonadotropic hypogonadism.
 E. Progestin treatment is used to ascertain whether the outflow tract is 

intact.
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224 
APPROACH TO WOMEN’S HEALTH
KAREN M. FREUND

An approach to the care of women must go beyond an understanding of dif-
ferences in the incidence of disease between men and women. Providers need 
to consider the impact of sex differences (those based on genetic and hormonal 
differences) and gender differences (those attributable to the roles men and 
women are ascribed in society). Therapeutic decisions should take into account 
both genetic and environmental differences in the presentation of disease and 
the effectiveness of therapeutic options, the patient’s reproductive life stage, 
comorbidities, and social and cultural contexts of care. Empirical evidence 
about care for women has expanded since 1994, when the National Institutes 
of Health required the inclusion of women as research subjects. The increased 
number of women participating in clinical research, coupled with initiatives 
through the Office on Research and Women’s Health, has led to a broad expan-
sion of knowledge; however, there is a continued need for gender-specific 
analyses of data to evaluate the impact of any therapeutic intervention. The 
NIH requirement that both basic and clinical research address sex as a biologic 
variable will expand our knowledge base.1

 LIFESPAN GROUPS
Many important women’s health issues are linked to the social, psychological, 
and biologic context at certain ages and stages of life. When considering both 
preventive care and common causes of mortality and morbidity, these lifespan 
stages provide a context for organizing care (Table 224-1).

For most women, young adulthood (15 to 44 years) is marked by social 
transitions in family structure, such as forming one’s own family and parenting, 
and entering the work force. Mortality rates are low, and health visits can 
focus on behavioral decisions that will influence the risk for future disease, 
such as those pertaining to sexual behavior, smoking, alcohol and drug use, 
diet, and exercise. Major sources of morbidity include intentional and unin-
tentional injury, including interpersonal violence (Chapter 228) and motor 
vehicle crashes. HIV is a leading cause of morbidity and mortality in this age 
group. Depression and anxiety are common in this and all life stages. Repro-
ductive issues are considered in most therapeutic decisions.

The middle years (ages 45 to 65 years) continue to be influenced by behav-
ioral decisions, especially diet, exercise, and alcohol and substance use. The 
social context includes role changes as children reach adulthood; caregiving 
responsibilities are now for dependent children and possibly grandchildren, 
as well as aging parents. The menopausal transition may be accompanied by 
new symptomatic concerns. Common causes of morbidity, including diabetes 
and obesity, now reflect earlier behavioral decisions. Cancer is the leading 
cause of mortality.

Health issues in older women (65+ years) may occur in the context of loss 
of function and independence, and because women commonly survive their 
male partners, they are more likely at this stage of life to be single and possibly 
more isolated. Cardiovascular disease is the major cause of mortality, followed 
by cancer, cerebrovascular disease, chronic obstructive lung disease, and pneu-
monia. Loss of independence is related to cognitive decline, osteoarthritis, 
osteoporotic fractures, and incontinence.

 HEALTH DISPARITIES AMONG WOMEN
It is critical to consider the racial and ethnic differences in outcomes for most 
common causes of mortality and morbidity when addressing the health status 
of women. American women with a minority racial or ethnic affiliation, includ-
ing those of African descent (whether born in the United States or abroad), 
women from many Asian and Pacific Island nations, Native Americans, and 
women of Latino background, share poorer outcomes for a wide variety of 
conditions. This broad finding of poorer outcomes across many diverse ethnic 
and racial groups points away from specific genetic differences in these popula-
tions and toward social determinants of health. Data are accumulating on the 
benefits of screening for social determinants of health (income, education, 
violence, housing, and food insecurity, among others). Minority racial and 
ethnic affiliation is correlated with lower educational attainment, lower income, 
residence in neighborhoods with higher crime and more environmental health 
hazards, less access to comprehensive health insurance, and less access to care 

even when insured. Common recommendations for health promotion, includ-
ing a diet low in animal fats and processed sugars but high in whole grains, 
fruits, nuts, and vegetables, along with regular exercise, such as walking, may 
be difficult to follow in high-crime neighborhoods or in those without markets 
offering a variety of affordable, nutritious food options. Barriers to health care 
access and poor adherence to medical therapy are more common in low-
income women. For instance, they may have difficulty scheduling appointments 
that do not interfere with their work schedules or unpaid time off from clerical 
or service jobs. The need to care for dependent children or elders may interfere 
with women’s ability to address their own health care needs. Low health literacy 
and cultural barriers can add to health care access issues (Chapter 4).

 COMMON CAUSES OF MORTALITY IN WOMEN
Cardiovascular Disease
Cardiovascular disease (CVD; Chapter 46) is the overall leading cause of 
death in women. However, because CVD-related death occurs most often in 
women older than 65 years, its impact is often under-recognized or underes-
timated. Racial ethnicity plays a large role in the risk for CVD; African American 
women have much higher rates of CVD and death from CVD than any other 
racial or ethnic group, and Latinas and Asian women also have higher rates 
of CVD and CVD death than white populations.

The incidence rate of CVD in women lags 10 years behind that of men 
from ages 40 through 70 years; that is, a 65-year-old woman has a similar risk 
to a 55-year-old man. There is no abrupt increase in CVD risk at menopause 
in women, suggesting that menopausal changes in estrogen or progesterone 
do not account for this sex difference. Furthermore, randomized clinical trials 
have confirmed that hormone therapy in women does not prevent CVD and 
is not indicated for CVD prevention. A1  Re-analysis of the Women’s Health 
Initiative confirmed the increased risk for CVD with hormone therapy, even 
when treatment is initiated within 10 years of menopause. However, estrogen 
or estrogen plus progestin therapy has complex systemic effects, and their net 
rates of adverse outcomes when used for chronic disease prevention may vary 
according to an individual woman’s risk factor profile. Therefore, an individual-
ized risk stratification approach has been advocated in women who are oth-
erwise potential candidates for hormone therapy because of other indications.1 
There has been some controversy about the impact of calcium supplementation 
for bone health on increased risk for myocardial infarction, but not CVD 
deaths. However, most observational studies do not find an association in 
women, and calcium and vitamin D supplementation are still recommended 
for women regardless of CVD risk (Chapter 230). Other risk factors for CVD 
in women are the same as those in men: elevated lipids, lack of physical activ-
ity, obesity, smoking, hypertension, and diabetes. Women with diabetes have 
the same risk for CVD as men of the same age with diabetes.

However, there are notable disparities in the burden of coronary heart 
disease among some groups of women, especially women who are disadvan-
taged because of race, ethnicity, income level, and educational attainment. For 
example, because smoking rates in current cohorts of young women continue 
to increase, cigarette smoking continues to be an important behavioral risk 
factor for CVD, especially in younger women, American Indian women, and 
women with low incomes and low educational attainment. The incidence 
of many known risk factors, including obesity, hypertension, and hypercho-
lesterolemia, is greater in African American women than in white women. 
Furthermore, data suggest that women are less likely to receive risk factor 
reduction therapy, reflecting an inertia caused by misperception by clinicians 
and patients of heart disease risk.

The presentation of coronary artery disease in women differs from that in 
men. Although chest pain is the most common presentation in women, atypi-
cal and noncardiac pain is a more frequent presentation in women than in 
men, and fewer women have typical chest tightness or pressure as their pre-
senting complaint.2 For this and other reasons, there are delays in seeking and 
provision of emergency care at all steps from home to arrival to hospital for 
women compared with men, which can limit some therapeutic options and 
increase the severity of disease complications, including congestive heart failure.

The current guidelines for the management of lipid disorders (Chapter 
195) are based on 10-year risk of CVD as well as absolute lipid levels alone.3 
Although these guidelines are not gender specific, they do note that the focus 
on overall risk avoids overtreatment of younger women with low risk, and 
avoids undertreatment of those with the lower low-density lipoprotein (LDL)-C 
level but much higher CVD risk. High-intensity statin therapy is recommended 
for women with clinical vascular disease under age 75 years, and for primary 
prevention for women with a 10-year calculated risk of atherosclerotic car-
diovascular disease greater than 7.5%.
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ABSTRACT
The approach to the care of women should consider both the impact of sex 
differences, that is those based on genetic, hormonal, and other biological 
differences, and gender differences, or those related to the roles men and 
women play in society, including occupation and environmental exposures. 
A lifespan perspective guides an understanding and the common causes of 
morbidity and mortality by age and can inform preventive strategies. Providers 
caring for women of reproductive potential should consider the reproductive 
impact of all medication prescriptions. The prevalence, presentation, and 
management of many common conditions differ between women and men, 
including cardiovascular disease, cancer, obesity, osteoporosis, and behavioral 
health issues. Racial and ethnic disparities in outcomes on a wide variety of 
health conditions exist and reflect social determinants of health over specific 
racial differences in disease presentation and subtypes.
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morbidity
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teratogenicity
reproductive
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(Chapter 188) is the most common type of cancer and the second leading 
cause of cancer death in women, although most women who develop breast 
cancer do survive. Studies indicate that many women significantly overestimate 
their personal risk for the disease. The lack of understanding of the cause of 
most breast cancers and the limitations of the imaging modalities used as 
screening tests have hampered efforts at breast cancer control. Recent data 
suggesting overdiagnosis of breast cancer, especially in women 40 to 50 years 
of age, has prompted growing interest in shared decision making regarding 
screening in this age group.6 After decades of an increasing incidence of breast 
cancer in the United States, incidence rates have fallen in the past decade. The 
cause of this decline is not understood; reduced use of postmenopausal hormone 
therapy and recent declines in screening rates have both been implicated. In 
women who are known carriers of the BRCA1 and BRCA2 mutations, estimates 
now can be made for age-specific risks of breast, ovarian, and contralateral 
breast cancer.7

Lung cancer (Chapter 182) is now the leading cause of cancer death in 
women, and rates continue to rise, commensurate with the number of women 
who took up smoking in the 1940s and 1950s and the lower rates of smoking 
cessation in women compared with men. Most lung cancers are smoking 
related, although women are more likely than men to have lung cancers that 
are not tobacco related. Low-dose chest tomography has been shown to reduce 
death from lung cancer in those with greater than a 30 pack-year smoking 
history who are current smokers or quit within the previous 15 years; the 
harms are false-positive scans and potential overdiagnosis. A2  The National 
Lung Screening Trial found a borderline significant greater benefit of screening 
in women than men. Because of the harms of screening, smoking cessation 
efforts continue to be recommended as the most effective strategy to prevent 
lung cancer.

Colorectal cancer (Chapter 184) has a similar incidence in both women 
and men. Screening for occult blood in the stool using a fecal immunochemical 
test with or without sigmoidoscopy or colonoscopy is effective at detecting 
precancerous lesions and thereby reducing rates of both new cancers and later 
stage disease. Rates of screening in women lag behind men, but neither reach 
Healthy People 2020 goals for this effective preventive screening.

Ovarian cancer (Chapter 189) is relatively rare, with 21,500 cases in the 
United States annually, but mortality is high owing to its presentation at late 
stages in most cases. Lower abdominal or pelvic pain, urinary symptoms, and 
changes in bowel habits are nonspecific and common in many women, limiting 
the ability to detect this cancer at an early stage. There is no effective screening 
test for women at average risk, and screening pelvic examination is no longer 
recommended in asymptomatic women.8 CA-125 has both low sensitivity 
and low specificity. The original and long-term follow-up of the ovarian cancer 
screening arm of the PLCO trial, with now a median of 14.7 years follow-up, 
did not show a mortality benefit of screening. A3  The UK Collaborative Trial 
of Ovarian Cancer Screening (UKCTOCS) randomized 202,638 women and 
found a nonsignificant 15% mortality reduction from multimodal screening 
with ultrasound and CA-125, with a significant 20% mortality reduction after 
an average of 11 years when removing prevalent cases. A4  Given these nonde-
finitive results, we await longer follow-up from the trials before recommending 
screening.

The greatest recent advance in cancer prevention is the development of 
vaccines against the most carcinogenic subtypes of human papillomavirus 
(HPV) associated with cervical cancer (Chapters 189 and 349) A5  and anal 
cancer. The vaccine has the potential to reduce significant morbidity caused 
by the management of premalignant lesions, including the risk for cervical 
incompetence and preterm labor. Vaccine rates in the United States remain 
low, especially in minority communities. Despite this, there is evidence of 
reduced HPV prevalence since the vaccine became available. Although concern 
of tacit approval resulting in increased sexual activity among young adolescents 
has been cited by parents as a reason to delaying vaccination, evidence does 
not demonstrate this concern to be founded. Guidelines now suggest delaying 
Pap test screening in women until age 21 years and increasing the screening 
interval to every 2 years in women aged 20 to 29 years and to every 3 to 5 
years in women aged 30 years and older if previous screening has demonstrated 
no high-risk subtypes of the HPV and negative HPV serology.9 Pap tests are 
not recommended for women after hysterectomy for nonmalignant indica-
tions, or for women older than 65 years with adequate recent screening and 
no high-risk factors.

Osteoporosis
Hip fracture due to osteoporosis (Chapter 230) is one of the major causes of 
disability, loss of independence, and mortality in older women. Osteoporosis 

Medical management is similar for men and women with acute coronary 
syndromes, including unstable angina and acute myocardial infarction (Chapter 
63).4,5 The use of aspirin, β-blockers, angiotensin-converting enzyme (ACE) 
inhibitors, heparin, and thrombolytic therapy and recommendations for non-
invasive testing are the same for women and men. Randomized controlled 
trial data show that low-risk women with unstable angina or non–ST segment 
elevation myocardial infarction do not benefit from early revascularization 
and that medical management is indicated.

Type 2 Diabetes
The rates of type 2 diabetes (Chapter 216) continue to rise, with a greater 
risk in women who are overweight or obese and physically inactive. Rates are 
higher in many racial and ethnic groups than among white women, includ-
ing African Americans, Asians, Native Americans, and Latinas. No random-
ized clinical trials to date on low- to moderate-risk populations have shown 
a mortality benefit of screening, and most guidelines do not currently rec-
ommend universal screening. Screening women for known risk factors (e.g., 
hypertension [blood pressure >130/85 mm Hg], obesity, family history) is 
recommended by some. Asian populations have higher rates of diabetes at a 
lower body mass index (BMI) than other groups, prompting the American 
Diabetes Association to recommend screening for DM with a BMI greater 
than 23. For women who develop gestational diabetes (Chapter 226), the 
risk of developing type 2 diabetes later in life increases five-fold; therefore, 
screening with hemoglobin A1C 6 to 12 weeks postpartum and every 3 years 
thereafter is recommended by some.

The incidence of diabetes is rising in women at younger ages, with significant 
perinatal implications. Ongoing discussion of fertility control and family plan-
ning is critical in diabetic women with childbearing potential. Tight glycemic 
control before conception and through the first trimester is critical to reduce 
the risk for birth anomalies, and it is important later in pregnancy to reduce 
the risk for adverse fetal events, including macrosomia (large for gestational 
age) and preterm birth (Chapter 226). Ideally, women planning a pregnancy 
should switch from oral agents to insulin, with home glucose monitoring for 
tight control (Table 224-2).

Cancer
Cancer is the leading cause of death in women 40 through 65 years, and it is 
the leading cause of years of life lost in women younger than 65. Breast cancer 

TABLE 224-1 IMPORTANT HEALTH ISSUES FOR WOMEN 
THROUGH THE LIFESPAN

ISSUE

AGES

15-44 yr 45-65 yr 65+ yr
Behavioral issues Risk behaviors

Sexual behavior
Smoking
Alcohol and drug use
Exercise
Diet

Risk behaviors
Smoking
Alcohol and drug use
Exercise
Diet

Risk behaviors
Smoking
Exercise

Social roles Entering work force
Relationship 

transitions
Parenting

Caregiving to several 
generations

Transitions in family 
and work 
environments

Losses and social 
isolation

Reproductive 
issues

Reproductive health 
issues

Menopause transition

Injury Intentional and 
unintentional 
interpersonal 
violence

Motor vehicle 
crashes

Falls

Common causes 
of mortality 
and morbidity

Depression
Anxiety
HIV/AIDS

Cancer
Obesity
Diabetes
Depression
Anxiety

Cardiovascular 
disease

Cancer
Cognitive decline
Osteoporosis
Osteoarthritis
Incontinence
Depression
Anxiety
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20 ng/mL considered sufficient or ideal. Daily replacement of vitamin D of 
600 IU is recommended for women, with 800 IU recommended after age 
70 years.

Although no long-term outcome data exist on the benefits of dual-energy 
x-ray absorptiometry (DXA) screening (DEXA bone densitometry), most 
guidelines recommend DXA screening at age 65 years in women, and in women 
ages 50 to 65 years who have one risk factor (smoking, family history, body 
mass index < 22, or alcohol use). An algorithm to assess risk for bone fracture 
based on DXA and individual risk factors is available through the World Health 
Organization and can guide decision making on preventive therapy.10 Long-
term estrogen therapy is not recommended for osteoporosis prevention. 
Complications from bisphosphonate therapy include gastroesophageal ero-
sions, preventable in most women with weekly doses on an empty stomach 

prevention through calcium and vitamin D intake and weight-bearing exercise 
begins at puberty and extends throughout adulthood. Women require a calcium 
intake of 1000 mg/day, increasing to 1300 mg in puberty and breast-feeding 
and 1200 mg after menopause, in order to maintain the structural strength of 
bone. Vitamin D is a necessary element for the absorption of calcium (Chapter 
205), and it is available through direct sun exposure or vitamin D supplementa-
tion of milk (not most other dairy products) and some juices. Epidemiologic 
data suggest widespread vitamin D deficiency in women in the United States. 
This is attributed to low levels of dietary replacement, decreased sun exposure 
with the use of sunscreens, and lack of vitamin D production in the skin (even 
with sun exposure) in northern climates during the winter months. Screening 
for a single baseline serum 25-hydroxyvitamin D level can provide women 
with useful information about the adequacy of their diets, with levels above  

TABLE 224-2 PREFERRED MEDICATIONS FOR WOMEN OF REPRODUCTIVE POTENTIAL
COMMON CONDITIONS IN 
WOMEN OF REPRODUCTIVE 
POTENTIAL ISSUES TO BE AWARE OF

PREFERRED MEDICATIONS OR GROUPS OF 
MEDICATIONS

Depression Must consider effects of untreated depression on mother and infant Avoid newer medications when older drugs with more 
information are available

SSRIs are generally considered safe; fluoxetine has most 
safety data

Anxiety Commonly associated with depression in women Benzodiazepines generally considered safe
GERD No data on harmful effects of either H2-blockers or PPIs Calcium-containing antacids are first-line therapy

Misoprostol is contraindicated; can cause miscarriage, fetal death, 
congenital anomalies

H2-blockers preferred over PPIs

Acne Oral isotretinoin and topical tazarotene are contraindicated owing to 
congenital defects

Most other topical agents are considered classes B and C

Asthma Extensive data on safety of common drug categories: benefit ratios far 
exceed risk in treating women

Cortisone inhalers
Systemic prednisone for flares
Short- and long-acting bronchodilators

Seizure disorders Difficult to separate effects of medication from effects of seizure on fetal 
development

Monotherapy at lowest doses recommended

All agents associated with some increased risk for fetal abnormality (4-8%, 
compared with 1-2% in general population). Valproate and phenobarbital 
with highest risks

Avoid medication changes in first trimester
Folate supplementation in preconception period 

Hypertension (not 
preeclampsia)

ACE inhibitors and ARBs are contraindicated in pregnancy; possibly 
associated with cardiovascular and neurologic anomalies in first 
trimester; may cause abnormalities in renal hemodynamics in third 
trimester

β-blockers, especially labetalol, and methyldopa are 
first-line choices

Calcium-channel blockers are also considered safe

Most data suggest thiazide diuretics are safe if stable use before pregnancy
Lipid disorders Circulating lipid levels are elevated with pregnancy and breast-feeding No medications during pregnancy; ideally, stop statins 

before conception
Analgesics for fever and pain 

management
Controversy about whether NSAIDs slightly increase risk for miscarriage in 

first trimester
Acetaminophen preferred; aspirin also considered safe

Headache Controversy about whether NSAIDs slightly increase risk for miscarriage in 
first trimester

Acetaminophen preferred; aspirin also considered safe

Diabetes First-generation sulfonylureas contraindicated in pregnancy; may cause fetal 
hyperinsulinemia and birth defects

Conversion to insulin during planned preconception period
Insulin, metformin, and glyburide preferred in women of 

childbearing potential
Autoimmune conditions Must weigh benefits of immunosuppressive use against potential risks to 

both mother and infant
Methotrexate is contraindicated in pregnancy because it induces miscarriage
Limited data on TNF-alpha and IL-17 inhibitors; available data indicate 

minimal transfer of IgG across placenta and no known birth defects or 
premature birth

Prednisone generally considered safe in pregnancy
Azathioprine, sulfasalazine, cyclosporine, and 

hydroxychloroquine generally preferred if required

Tobacco control Cigarette smoking has known harmful effects on fetus Try nonpharmacologic approaches to cessation first
In one small randomized controlled trial, nicotine replacement was 

associated with reduced levels of nicotine and improved birth outcomes
Short course of nicotine replacement likely better for fetus 

than smoking
Bupropion is linked with reports of some fetal anomalies

Polycystic ovarian disease Metformin can restore ovulatory cycles; use with contraception
Bacterial infections Tetracyclines accumulate in fetal bone and teeth Penicillins, cephalosporins, erythromycin, azithromycin 

considered safeSulfa drugs may increase risk for neural tube defects with use in first 
trimester and kernicterus with use in third trimester

Trimethoprim interferes with folic acid metabolism
Streptomycin and kanamycin associated with bilateral deafness

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; GERD = gastroesophageal reflux disease; IL-17 = interleukin-1; NSAID = nonsteroidal anti-inflammatory drug; PPI = proton 
pump inhibitor; SSRI = selective serotonin re-uptake inhibitor; TNF = tumor necrosis factor.
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Anxiety Disorders
Anxiety disorders also predominate in women. They commonly coexist with 
depressive disorders. Anxiety disorders, including post-traumatic stress disorder, 
may be a consequence of violence against women, which often remains uniden-
tified (Chapter 228). Benzodiazepines have been demonstrated to be safe and 
effective in trials for short-term use. Selective serotonin re-uptake inhibitors 
(SSRIs) and cognitive behavioral therapies are effective for the long-term 
management of anxiety disorders.

Osteoarthritis
Osteoarthritis (Chapter 246) is one of the most common causes of morbidity 
and functional status limitation, especially as women age. Assessment of pain 
and functional status is at the core of management. Physical and occupational 
therapy to restore functional status is a critical component of care. Joint replace-
ment (Chapter 260) should be considered and recommended when functional 
status interferes with activities of daily living and supportive care and other 
symptom management strategies are ineffective.

Smoking
Tobacco use, most commonly cigarette smoking, continues to be one of the 
major preventable causes of morbidity and mortality in women (Chapter 29). 
Although there has been much progress in smoking cessation efforts, lower-
income women and younger women continue to start smoking and fail to 
quit smoking at high rates. Health care providers can achieve 1 to 2% smoking 
cessation rates by asking all patients about their smoking status and making 
a simple statement encouraging smokers to quit. Further gains in smoking 
cessation are possible with targeted counseling, which involves assessing the 
patient’s stage of readiness to change and providing counseling relevant to 
that stage.

Nicotine replacement is equally effective in women and men. Smokers with 
a physiologic addiction to nicotine (those who smoke more than one pack 
daily or smoke within 20 minutes of awakening) benefit the most from nicotine 
replacement. Many women report weight gain as a major barrier to smoking 
cessation. Chapter 29 describes approaches to smoking cessation in detail.

Alcohol Use and Substance Use
Alcohol dependence is estimated in 5% of women; however, this is under-
recognized in clinical practice (Chapter 30). It is well established that lower 
amounts of alcohol cause alcohol-related liver and other disease in women 
compared with men and increase the risk for breast cancer. Also worrisome 
is the frequency of binge drinking (defined as four drinks or more at a sitting) 
by women, with reports that one in eight women drink with this pattern, with 
risk for poor judgment in personal safety.

Women in general have lower rates of most substance abuse than men, and 
women account for about half as many opioid-related deaths as men.12 They 
have similar rates of nonmedical use of narcotic medications (about 2% of 
population), a problem that has more than doubled in the past decade, and 
narcotic overdose deaths have increased five-fold in women in the same time 
frame. Current recommendations include specific training for all prescribing 
physicians; in addition, all nononcology patients who are prescribed more 
than 30 days of narcotics should be part of a narcotics program, with signed 
consent on risks and benefits, agreement to obtain medications from a single 
practice source, and agreement to monitoring, including random pill counts 
and drug testing, for the presence of the prescribed medication and the absence 
of other medications.

Alcohol abuse and dependence and drug abuse and dependence are described 
and discussed in detail in Chapters 30 and 31, respectively.

Incontinence
Urinary incontinence (Chapter 23) is a frequently overlooked cause of major 
functional status limitations in middle-aged and older women. As many as 
half of affected women underreport this problem to their physicians and alter 
their lifestyles to adapt to the problem, including reducing fluid intake, avoid-
ing activities that exacerbate the problem, and restricting travel where access 
to facilities is uncertain. There are two broad categories of incontinence—stress 
incontinence and urge incontinence—although women commonly have aspects 
of both types. Stress incontinence is defined as leaking with increases in intra-
abdominal pressure, such as occurs with sneezing or coughing as well as running 
or walking. The most common reasons are pelvic floor laxity, often from 
childbirth. Kegel exercises are frequently recommended but are of limited 
value. A number of surgical procedures are available to address this condition. 

while sitting upright for 30 minutes. Rare but debilitating jaw osteonecrosis 
(Chapter 234) has been seen in women with and without risk factors, such 
as dental disease. Raloxifene, a selective estrogen receptor modulator, has the 
benefits of preventing osteoporosis while reducing breast cancer risk without 
increasing the risk for CVD; it has been underused as a preventive agent. 
Parathyroid hormone is the only agent associated with increased bone density, 
and preliminary data suggest it may have greater benefit in those who have 
not used bisphosphonates; antiabsorptive agents including bisphosphonates 
are recommended after completion of 2 years of treatment to maintain bone 
strength gained.

 COMMON CAUSES OF MORBIDITY IN WOMEN
Obesity
Obesity rates continue to rise, and the prevalence of obesity is higher in 
women than men, especially among minority and low-income women 
(Chapter 207). The rates of increase in obesity in women have doubled from 
1976-80, when it was at 17%, to the rate of 36.5% in 2011-14. Dietary reduc-
tion in calories and increased caloric output with aerobic exercise are the 
short- and long-term strategies for care. Studies suggest that no single diet 
is superior to others, and many common diet strategies can reduce weight. 
Increasing activity during the course of one’s daily routine is as effective as 
shorter intervals of more strenuous activity. The most effective programs 
include a combination of behavioral therapy, either individually or in groups, 
to address behavioral patterns in food intake, and with diet and exercise. 
Weight loss targets of 1 to 2 lb/week and a total loss of up to 5 to 10% of 
body weight are realistic goals. Even modest changes in weight and modest 
increases in physical activity reduce morbidity and mortality on a population  
basis.

Exercise and diet changes are difficult for many people to achieve for a  
wide variety of reasons. The physical environment may not be conducive to 
physical activity owing to the sedentary nature of most workplaces, the lack 
of safe areas to exercise, and architectural design features, such as the lack of 
easy access to stairs instead of elevators. The use of prepared foods and the 
consumption of fast foods, high in calories and low in nutritional content, 
increase the risk for obesity.

There are currently no evidence-based interventions to support weight 
reduction in the setting of a brief office visit. Most guidelines focus on assess-
ing BMI in all women and recommending weight reduction with diet restriction 
and exercise, including behavioral therapy to support these behavioral changes. 
Excessive postpartum weight retention (≥4.5 kg over prepregnancy weight 
at 6 to 12 months after delivery) also occurs disproportionately in minority 
and low-income women and is associated with similarly increased risk of 
complications such as diabetes and cardiovascular disease. In contrast to current 
general obesity treatment guidelines that emphasize intensive, in-person inter-
ventions to affect lifestyle modification, it was shown that management of 
specifically postpartum weight retention is more effective using remote internet-
based methods. A6 

Orlistat and sibutramine are U.S. Food and Drug Administration (FDA)-
approved medications with moderate weight reduction efficacy that should 
be used in conjunction with an exercise and diet program, and not as sole 
therapy. For obese women with a BMI greater than 40, or those with a BMI 
greater than 35 and major comorbidities such as diabetes, sleep apnea, or 
osteoarthritis, bariatric surgery (Chapter 207) is indicated after other weight 
loss methods have failed. Bariatric surgery leads to short- and long-term ben-
efits in multiple comorbidities and reduced mortality because of improvements 
in comorbidities. Critical to the success of this intervention is a team approach, 
with psychological assessment and diet and exercise programs beginning before 
and continuing after surgery. Management of obesity in general is discussed 
in detail in Chapter 207.

Depression
Major depression and other related disorders, including dysthymia, predomi-
nate in women (Chapter 406). Multiple short screening tools have been 
developed to identify depression. Women with depression are highly likely 
to come to the attention of the health care system. Depression is a significant 
comorbidity in many chronic medical conditions and is also a disabling but 
treatable complication of the postpartum period.11 Somatic complaints are a 
common presentation of depressive disorders. All specialties are likely to see 
patients with unexplained symptoms, such as chest pain, headache, abdominal 
pain, and other complaints. It is critical to consider depression as either a 
primary or a secondary diagnosis and to treat depression as part of the overall 
management plan.



that the original protocol be used and have additional regulations regarding 
counseling.

Providers should consider the reproductive implications of all chronic 
medications in women of reproductive potential (Chapter 226). Given that 
the teratogenic effects of medications may occur during the first trimester and 
before an initial obstetric assessment, the principle when choosing chronic 
medications for women during their reproductive years is to select those 
with the greatest safety profile during the first trimester of pregnancy. Table 
224-2 outlines common drug categories and recommendations for use in  
pregnancy.

Antidepressant medications deserve particular attention because of the con-
flicting data regarding their use in pregnancy.13 Some initial reports suggested 
that antidepressants, especially paroxetine, were associated with congenital 
defects and preterm birth. However, in studies that are able to assess whether 
prescriptions were filled or not and account for severity of depression and other 
risk factors of birth defects, specifically smoking, the risks from antidepressants 
are no greater than in the overall population. There may be an increased risk of 
postpartum hemorrhage with the use of SSRIs. For women who wish to take 
no medication during pregnancy, the recommendation is to gradually reduce 
the dosage over the course of several weeks and not to abruptly stop taking 
the medication. The risk for untreated depression during pregnancy and the 
risk for postpartum depression to the woman and her infant are substantial. 
Therefore, screening for depression is worthwhile.14 Treatment goals should 
be to provide adequate and even increased dosing to prevent the worsening 
of depression during this period and to provide close surveillance of women, 
whether or not they stop antidepressant medications.

Less invasive procedures may be tried first, including the fitting of a vaginal 
pessary or periurethral injections with biodegradable materials such as col-
lagen or with nonbiodegradable materials. Urge incontinence, described as 
detrusor muscle instability, results in the urge to void with low volumes. Anti-
cholinergic medications and bladder training are both effective. Urodynamic 
evaluation should be considered if the history does not clearly identify a cause. 
The problem of incontinence is discussed in more detail in Chapter 23.

HIV Infection
The risk factors for HIV infection in women are heterosexual contact in 80% 
of new cases and injection drug use in 20%. HIV continues to affect minority 
women disproportionately, with 61% of incident cases affecting African Ameri-
can women. Incidence rates remain lower in women than in men, with only 
27% of incident cases affecting women; in large part, this is due to the fact 
that male-to-male sexual contact continues to account for 72% of new cases 
in men. However, the absolute number of new infections from heterosexual 
contact is twice as high in women as it is in men. Women with HIV/AIDS 
continue to have poorer survival than men, despite the availability of antiret-
roviral therapies. There are no data of differential effectiveness of therapy by 
gender, and there are no gender-specific recommendations regarding timing 
and type of antiretroviral therapy. Some data suggest that women are less 
likely than men to adhere to an antiretroviral therapy regimen. The gender 
difference in therapy adherence was associated with caring for dependent 
children in one study, suggesting that women’s caregiving roles may be a barrier 
to their own care. Cervical and anal dysplasia and cancer are more common 
among women with HIV than those without. Therefore, annual Pap tests are 
recommended for all women with HIV infection, even in the absence of posi-
tive HPV test results. There is insufficient evidence to support anal screening 
for dysplasia, but providers should be aware of the increased risk and perform 
an external examination for evidence of lesions.

Prophylaxis and management of complications of HIV/AIDS are discussed 
in detail in Chapter 365, and other aspects of HIV/AIDS are covered in indi-
vidual chapters in Section XXV.

 REPRODUCTIVE HEALTH ISSUES
All providers caring for women with reproductive potential should consider 
the reproductive implications of preventive and therapeutic decisions. With 
half of all pregnancies in the United States unplanned, providers should rou-
tinely inquire about contraceptive practices and consider these in their care 
plans.

All primary care providers should be comfortable counseling patients about 
contraceptive choices and prescribing oral contraceptives. The absolute con-
traindications to oral contraceptives are a personal history of CVD, throm-
boembolic disease, migraine headache with aura, and gynecologic or breast 
cancer. A family history of cancer is not considered a contraindication; in fact, 
data suggest that the use of oral contraceptives decreases the risk for both 
endometrial and ovarian cancer. Smoking while using oral contraceptives 
increases the risk for thromboembolic events in all women, but especially in 
those older than 30 years. Oral contraceptive use is considered safe in non-
smoking women until menopause. Although factor V Leiden and other throm-
bophilias (Chapter 73) have been associated with an increased risk for deep 
vein thrombosis in those taking oral contraceptives, the absolute risk to any 
woman is still very low; therefore, routine screening for this and other genetic 
thrombophilias is not indicated. Preexisting hypertension is a relative contra-
indication to oral contraceptive use. Some women develop elevated blood 
pressures on oral contraceptives; therefore, blood pressure should be monitored 
at 3 months after starting the drug and then at least annually.

Medical abortion was initially provided by clinicians able to conduct a 
curettage procedure for prolonged bleeding and incomplete abortion. However, 
with increased experience and with a new evidence-based regimen, medical 
abortion is safe for primary care providers to implement with appropriate 
backup. The evidence-based regimen is approved for use up to 63 days of 
gestation, using mifepristone 200 mg orally for a single dose, followed by 800 
μg of misoprostol buccally 24 to 72 hours later. Recent studies have demon-
strated its safety even as telemedicine with counseling but without observed 
administration. Success rates range from 94 to 98%; rates of complications 
are similar to surgical abortion and include bleeding requiring blood transfu-
sion in 0.05% of cases, and rare infections, usually with non–evidence-based 
methods. Women should be counseled on side effects, including nausea and 
abdominal pain, with bleeding and expulsion of conception products usually 
following misoprostol. Providers should review local regulations: providers 
must register with the company to prescribe mifepristone. Some locales require 
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4. A woman taking fluoxetine for depression is now planning pregnancy. In 
counseling her, you would advise which of the following?
 A. If possible, she should switch to sertraline.
 B. She should wait until the pregnancy test is positive, then stop the 

medication.
 C. An increase in dose should be considered if depressive symptoms increase 

in pregnancy.
 D. To avoid fetal abnormalities, she should stop the medication before 

attempting conception.
Answer: C Although several studies have suggested a possible association 
between selective serotonin re-uptake inhibitor (SSRI) use in pregnancy and 
fetal anomalies, these associations usually disappear in studies that are able 
to control for other causes of fetal abnormalities such as smoking, and in those 
that are able to ascertain that the SSRI is the only prescription used. Fluoxetine 
appears to have fewer concerns than sertraline in the available studies. Because 
of drug distribution in pregnancy, increased doses in pregnancy may be required. 
The benefits of treated depression and the risks for depression to the woman 
and her child, including evidence of some developmental delays, must be 
weighed against any small increased risk for fetal anomalies.

5. Screening for problem alcohol use in women should consider all except 
which of the following?
 A. Binge alcohol drinking is common in women.
 B. Younger women have an alcohol threshold (amount and duration) for 

complications that is lower than men.
 C. Women develop complications from alcohol abuse with lower intake 

for shorter time periods.
 D. Rates of alcohol dependence in women are about 5%.

Answer: B Although women have lower rates of alcohol dependence (5%) 
compared with men (10%), they develop complications with lower amounts 
of alcohol and with short length of abuse. Binge drinking is common not only 
among young adults but also among those older than 30 years, and it puts 
women at risk for violence and poor choices, including sexually transmitted 
diseases and sexual assault.

6. The evidence-based regimen for medical abortion:
 A. Is approved for use up to 49 days gestation.
 B. Is contraindicated in asthma patients.
 C. Includes a single oral dose of 200 mg of mifepristone, followed by  

800 ug of misoprostol buccally 24 to 72 hours later.
 D. Has a success rate of 85 to 90%.

Answer: C The evidence-based regimen is approved up to 63 days of gesta-
tion (counting from date of last menstrual cycle) and has a 94 to 98% success 
rate. Although the initial use suggested a contraindication for women with 
asthma, due to bronchospasm with some prostaglandins, misoprostol does 
not cause bronchospasm.

REVIEW QUESTIONS

1. Which of the following is the reason to consider teratogenicity of medica-
tion in 30-year-old women who are not currently pregnant?
 A. Half of all pregnancies in the United States are unplanned, putting the 

fetus at risk.
 B. Many medications have long half-lives and can affect the fetus even if 

stopped at the time of conception.
 C. Almost all medications are known to be unsafe in the first trimester.
 D. Women in their 30s are less likely than younger women to identify that 

they are pregnant in the first weeks of pregnancy.
Answer: A Half of all pregnancies in the United States are unplanned, includ-
ing those in women in their 30s and 40s. Most women will not begin prenatal 
care until 12 weeks’ gestation, after which major organogenesis has occurred. 
It is therefore incumbent on the prescribing physician to consider the impact 
of the medications prescribed to any patient of childbearing potential.

2. The decision to undergo screening mammography in women aged 40 to 
49 years should be shared decision making because of all except which of 
the following?
 A. Breast cancer is less common than lung cancer in this age group.
 B. Overdiagnosis of breast cancer may result in detecting cancers that would 

not require treatment.
 C. Women in their 40s have a higher false-positive rate of screening studies 

than women older than 50 years.
 D. Women tend to overestimate their breast cancer risk and benefit from 

education and discussion of risks and benefits.
Answer: A U.S. Preventive Services Task Force guidelines recommend shared 
decision making for women of average risk aged 40 to 49 years for screening 
mammography, given the potential harms of both a higher false-positive rate 
and overdiagnosis. Several studies indicate that normal-risk women in this 
age group tend to overestimate their personal breast cancer risk.

3. Management of a non–ST elevation acute coronary syndrome (ACS) in 
women should differ from men in which of the following ways?
 A. Medical management is preferred over revascularization in women but 

not in men.
 B. Noninvasive testing is not recommended in women.
 C. Aspirin is not indicated for emergent treatment of ACS because of 

bleeding risk.
 D. β-Blockers should be avoided because of increased risk for congestive 

heart failure.
 E. Lipid management goals are low-density lipoprotein cholesterol levels 

of less than 120 mg/dL.
Answer: A Medical management of ACS and non–ST elevation myocardial 
infarction is the same for men and women, with aspirin, β-blocker, thrombo-
lytic therapy, noninvasive testing, and cardiovascular rehabilitation. Random-
ized trials suggest that medical management has better outcomes than early 
revascularization in women with non–ST elevation myocardial infarction (MI) 
only, but not in men, one place where gender differences in guidelines exist. 
Early revascularization is recommended for women and men with ST eleva-
tion MI.
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CONTRACEPTION
BEVERLY WINIKOFF AND DANIEL GROSSMAN

 CONTRACEPTIVE USE
Contraception enables women and men to avoid unwanted fertility by pre-
venting pregnancy. Methods can be classified in many different ways. Some 
classification schemes distinguish among mechanisms (e.g., barriers to the 
encounter of sperm and ovum versus methods that prevent ovulation); other 
categories emphasize the timing of use (at the time of intercourse versus 
ongoing); still other classifications focus on the permanence of the method 
(sterilization, which is intended as a permanent method; long-acting methods 
that last for years; and short-term methods that depend on the behavior of 
the user periodically, every day, or at every exposure to pregnancy). There are 
advantages and disadvantages of each contraceptive method.1,2 These advan-
tages and disadvantages should be thoroughly explained so that the individual 
or couple will choose the most acceptable method that suits their lifestyles 

The World Health Organization (WHO) has developed a chart that nicely 
represents the actual use (typical) failure rates of most contraceptives, dividing 
them into three main classes of effectiveness (Fig. 225-1).

 Contraindications, Risks, and Benefits
Most contraceptives can be used safely by most people, but some conditions 
or concomitant medications are considered contraindications to use. The U.S. 
Centers for Disease Control and Prevention has developed evidence-based 
Medical Eligibility Criteria (MEC) for contraceptive use, based on a similar 
document developed by the WHO.6,7 The MEC categorizes conditions or 
medications into four groups for each contraceptive method: 1—no restric-
tion on use; 2—advantages of use generally outweigh theoretical or proven 
risks; 3—theoretical or proven risks generally outweigh advantages of using 
the method; and 4—the condition represents an unacceptable health risk if 
the method is used. For conditions that represent relative contraindications 
(MEC category 3), it is important to recognize that pregnancy may also be 
risky, and if the method is the best choice to avoid an unintended pregnancy, 
it may be worth the risk.

Aside from prevention of unintended pregnancy, many contraceptive methods 
have additional benefits. Some of the most significant noncontraceptive benefits 
include the reduced risk for transmission of human immunodeficiency virus 
(HIV) and other sexually transmitted infections associated with the use of 
male and female condoms, as well as the reduction in dysmenorrhea and 
menorrhagia associated with the use of combined hormonal contraception.

 TYPES OF CONTRACEPTIVES
 Natural Methods
Methods that rely on the natural infertility of different times in the menstrual 
or life cycle are often called “natural” methods. These methods are not really 
more natural than other methods because they involve disruptions in the 
“natural” desire for sexual intimacy; however, they do not rely on any specific 
external technologies to create a state of low fertility potential. Because male 
sperm can live only 5 days in the female genital tract and female ova have a 
lifespan of only about 24 hours, the window for fertilization is only 5 to 6 
days each month. In theory, if couples avoid unprotected intercourse on those 
5 to 6 days, the potential for pregnancy is markedly reduced. The calendar 
method counts the days of the cycle to predict fertile and infertile days, and 
the symptothermal method relies on the calendar plus the biologic signals of 
impending ovulation (changes in vaginal mucus) and of ovulation itself (rise 
in basal body temperature) to enhance prediction of “safe” days for intercourse. 
Breast-feeding in the postpartum period also lowers fertility and is considered 
another natural method of contraception. Exclusive breast-feeding during the 
first 6 months after a birth provides a good level of protection against preg-
nancy. However, once a baby is older than 6 months or if foods other than 
breast milk become part of the infant’s diet, then a woman is at much higher 
risk for ovulation and possible pregnancy.

Withdrawal, or coitus interruptus, when the penis is removed from the 
vagina before ejaculation, is a commonly used method, with up to 60% of 
women reporting ever using it. Although the method can be effective with 
perfect use, with a pregnancy rate of only 4% in the first year of use, failure is 
much more common in typical use. One study reported that among U.S. 
women aged 15 to 24 years using withdrawal as their primary method, 21% 
experienced an unintended pregnancy, which was a significantly higher preg-
nancy rate than that among users of other contraceptive methods.

 Barriers
Barrier methods are so called because their mechanism of action is to impose 
a chemical or physical barrier between ovum and sperm so that fertilization 
is not possible. Barrier methods include spermicides, diaphragm, and male 
and female condoms, among others.

Spermicides
All spermicidal agents contain a surfactant (in U.S. products this chemical is 
nonoxynol-9) that immobilizes or kills sperm on contact. The spermicidal 
products are available in foams, creams, and vaginal suppositories that need 
to be placed into the vagina before each coital act—and reapplied even if 
coital acts follow immediately after each other. The typical-use effectiveness 
of spermicides as a sole contraceptive is among the lowest of modern methods 
(about 28% of women using the method report an unintended pregnancy 
during 1 year of use.) There is no increased risk for birth defects in the offspring 
of women who conceive while using spermicides.

and will be used most effectively. Because medical contraindications to indi-
vidual methods are uncommon among young women, in most cases the choice 
of contraceptive method depends most on the user’s preferences.

In the United States, about 61 million women are in the reproductive age 
group (15 to 44 years), and about 38 million (62%) are using a method of 
contraception. Of the remainder, most were either noncontraceptively sterile 
(about 3%), pregnant or trying to conceive (9.5%), or never sexually active 
or had no recent sexual activity (19%). About 8% of women were sexually 
active in the prior 3 months but were not using a method of contraception. 
About 45% of U.S. pregnancies are unintended, meaning that they are mistimed 
or unwanted,3 and more than half of such pregnancies occur in women who 
are not practicing contraception.4

In the United States in 2011 to 2013, the most common methods of preg-
nancy prevention were oral contraceptives (OCs) and female sterilization, 
used by 16.0% and 15.5% of women aged 15 to 44 years, respectively.5 Use 
of long-acting reversible contraception has increased rapidly in recent years, 
with 6.4% reporting use of the intrauterine device (IUD) and 0.8% using the 
implant. Other methods reported include male condoms (9.4%), male ster-
ilization (5.1%), the injectable progestin (2.8%), and the contraceptive ring 
or patch (1.6%). Use of withdrawal was reported by 3.0% in 2011 to 2013. 
Between 1982 and 2013, there was a marked decrease in diaphragm use and 
an increase in condom use.

 Unintended Pregnancy and Contraceptive Use
After years of stagnation, recent data indicate a significant reduction in unin-
tended pregnancy, likely due to improved use of contraception. Of the 6.1 
million pregnancies that occurred in the United States in 2011 (the most 
recent data available), 45% were unintended; in 2008, 51% were unintended. 
Data indicate that 95% of unintended pregnancies occur among women who 
do not use contraception (54%) or use it inconsistently (41%). In recent 
years, teen pregnancy rates have declined, and women aged 18 to 24 years 
have the highest unintended pregnancy rates. Poor women and those who 
are unmarried and living with a partner have significantly higher rates of unin-
tended pregnancy compared with women with higher incomes and those who 
are married or not living with a partner. Research has identified a variety of 
factors associated with nonuse of contraception or gaps in use, including side 
effects (both experienced and feared), not liking a method, personal or reli-
gious reasons, and barriers to access, including difficulty obtaining a prescrip-
tion or with the method itself, and high cost of a method.

Although there is certainly a need to develop new contraceptive methods 
with fewer side effects, as well as methods for men, much more could be done 
to improve access to the full range of existing methods at low or no cost. 
Women have different preferences regarding contraceptive methods, and 
matching those preferences with the most appropriate method is a critical 
role of the practicing physician.

 Perfect Use versus Typical Use
“Perfect use” and “typical use” are different approaches to characterizing the 
effectiveness of the various contraceptive methods. Perfect use refers to use of 
the method as intended and covering all acts of exposure to pregnancy. So, 
for user-dependent methods such as oral pills or condoms, for example, this 
measure can be applied only to situations in which the user reliably uses the 
method every day or at every act of intercourse. Perfect use is a measure of 
the maximum possible efficacy of the method. Typical use, on the other hand, 
is a measure of how effective methods are when used as a group of people 
under study actually use them. These rates may be considerably lower than 
perfect use rates, especially if there is the possibility of not using the method 
at every intercourse or in other ways not using the method as intended. Methods 
used at the time of coitus have higher failure rates than OCs, implants, injec-
tions, IUDs, and sterilization. IUDs, implants, and sterilization have lower 
failure rates than pills, patches, and injections because they act over a long 
period of time, and there is nothing a user needs to do to keep using them. 
Table 225-1 illustrates the differences in failure rates among the contraception 
methods under conditions of perfect and typical use.

Cumulative failure rates for use of long-acting methods are low. The effec-
tiveness of long-acting reversible contraception is superior to that of contra-
ceptive pills, patch, or ring and is not altered in adolescents and young women. 
The cumulative failure rates of all types of tubal sterilization are 1.31% during 
the first 5 years after the procedure and 1.85% after 10 years; rates are higher 
for tubal fulguration and lower for segmental resection. The cumulative preg-
nancy rate for 5 years’ use of the levonorgestrel (LNG)-releasing IUD is 0.5%, 
and for 10 years’ use of the copper T380 IUD, it is 1.7%.
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ABSTRACT
Contraception enables women and men to avoid unwanted fertility by pre-
venting pregnancy. In the United States, about 62% of women of reproductive 
age are using a method of contraception. Approximately 45% of U.S. pregnan-
cies are unintended, and more than half of such pregnancies occur to women 
not practicing contraception. The most common methods of pregnancy pre-
vention are oral contraceptives and female sterilization. Use of long acting 
reversible contraception has increased rapidly in recent years. Other contra-
ceptive methods include male condoms, male sterilization, injectable progestin, 
and contraceptive rings or patches. Approximately 3% of women of reproduc-
tive age report using withdrawal. “Perfect use” and “typical use” are different 
approaches to characterizing the effectiveness of the various contraceptive 
methods. Perfect use refers to use of the method as intended and covering all 
acts of exposure to pregnancy. Typical use, on the other hand, is a measure 
of how effective methods are when used as a group of people under study 
actually use them. The U.S. Centers for Disease Control and Prevention has 
developed evidence-based Medical Eligibility Criteria (MEC) for contracep-
tive use. This chapter reviews each contraceptive method, its mechanism of 
action, efficacy, contraindications, advantages, disadvantages, and instructions 
for use.
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The World Health Organization (WHO) has developed a chart that nicely 
represents the actual use (typical) failure rates of most contraceptives, dividing 
them into three main classes of effectiveness (Fig. 225-1).

 Contraindications, Risks, and Benefits
Most contraceptives can be used safely by most people, but some conditions 
or concomitant medications are considered contraindications to use. The U.S. 
Centers for Disease Control and Prevention has developed evidence-based 
Medical Eligibility Criteria (MEC) for contraceptive use, based on a similar 
document developed by the WHO.6,7 The MEC categorizes conditions or 
medications into four groups for each contraceptive method: 1—no restric-
tion on use; 2—advantages of use generally outweigh theoretical or proven 
risks; 3—theoretical or proven risks generally outweigh advantages of using 
the method; and 4—the condition represents an unacceptable health risk if 
the method is used. For conditions that represent relative contraindications 
(MEC category 3), it is important to recognize that pregnancy may also be 
risky, and if the method is the best choice to avoid an unintended pregnancy, 
it may be worth the risk.

Aside from prevention of unintended pregnancy, many contraceptive methods 
have additional benefits. Some of the most significant noncontraceptive benefits 
include the reduced risk for transmission of human immunodeficiency virus 
(HIV) and other sexually transmitted infections associated with the use of 
male and female condoms, as well as the reduction in dysmenorrhea and 
menorrhagia associated with the use of combined hormonal contraception.

 TYPES OF CONTRACEPTIVES
 Natural Methods
Methods that rely on the natural infertility of different times in the menstrual 
or life cycle are often called “natural” methods. These methods are not really 
more natural than other methods because they involve disruptions in the 
“natural” desire for sexual intimacy; however, they do not rely on any specific 
external technologies to create a state of low fertility potential. Because male 
sperm can live only 5 days in the female genital tract and female ova have a 
lifespan of only about 24 hours, the window for fertilization is only 5 to 6 
days each month. In theory, if couples avoid unprotected intercourse on those 
5 to 6 days, the potential for pregnancy is markedly reduced. The calendar 
method counts the days of the cycle to predict fertile and infertile days, and 
the symptothermal method relies on the calendar plus the biologic signals of 
impending ovulation (changes in vaginal mucus) and of ovulation itself (rise 
in basal body temperature) to enhance prediction of “safe” days for intercourse. 
Breast-feeding in the postpartum period also lowers fertility and is considered 
another natural method of contraception. Exclusive breast-feeding during the 
first 6 months after a birth provides a good level of protection against preg-
nancy. However, once a baby is older than 6 months or if foods other than 
breast milk become part of the infant’s diet, then a woman is at much higher 
risk for ovulation and possible pregnancy.

Withdrawal, or coitus interruptus, when the penis is removed from the 
vagina before ejaculation, is a commonly used method, with up to 60% of 
women reporting ever using it. Although the method can be effective with 
perfect use, with a pregnancy rate of only 4% in the first year of use, failure is 
much more common in typical use. One study reported that among U.S. 
women aged 15 to 24 years using withdrawal as their primary method, 21% 
experienced an unintended pregnancy, which was a significantly higher preg-
nancy rate than that among users of other contraceptive methods.

 Barriers
Barrier methods are so called because their mechanism of action is to impose 
a chemical or physical barrier between ovum and sperm so that fertilization 
is not possible. Barrier methods include spermicides, diaphragm, and male 
and female condoms, among others.

Spermicides
All spermicidal agents contain a surfactant (in U.S. products this chemical is 
nonoxynol-9) that immobilizes or kills sperm on contact. The spermicidal 
products are available in foams, creams, and vaginal suppositories that need 
to be placed into the vagina before each coital act—and reapplied even if 
coital acts follow immediately after each other. The typical-use effectiveness 
of spermicides as a sole contraceptive is among the lowest of modern methods 
(about 28% of women using the method report an unintended pregnancy 
during 1 year of use.) There is no increased risk for birth defects in the offspring 
of women who conceive while using spermicides.

and will be used most effectively. Because medical contraindications to indi-
vidual methods are uncommon among young women, in most cases the choice 
of contraceptive method depends most on the user’s preferences.

In the United States, about 61 million women are in the reproductive age 
group (15 to 44 years), and about 38 million (62%) are using a method of 
contraception. Of the remainder, most were either noncontraceptively sterile 
(about 3%), pregnant or trying to conceive (9.5%), or never sexually active 
or had no recent sexual activity (19%). About 8% of women were sexually 
active in the prior 3 months but were not using a method of contraception. 
About 45% of U.S. pregnancies are unintended, meaning that they are mistimed 
or unwanted,3 and more than half of such pregnancies occur in women who 
are not practicing contraception.4

In the United States in 2011 to 2013, the most common methods of preg-
nancy prevention were oral contraceptives (OCs) and female sterilization, 
used by 16.0% and 15.5% of women aged 15 to 44 years, respectively.5 Use 
of long-acting reversible contraception has increased rapidly in recent years, 
with 6.4% reporting use of the intrauterine device (IUD) and 0.8% using the 
implant. Other methods reported include male condoms (9.4%), male ster-
ilization (5.1%), the injectable progestin (2.8%), and the contraceptive ring 
or patch (1.6%). Use of withdrawal was reported by 3.0% in 2011 to 2013. 
Between 1982 and 2013, there was a marked decrease in diaphragm use and 
an increase in condom use.

 Unintended Pregnancy and Contraceptive Use
After years of stagnation, recent data indicate a significant reduction in unin-
tended pregnancy, likely due to improved use of contraception. Of the 6.1 
million pregnancies that occurred in the United States in 2011 (the most 
recent data available), 45% were unintended; in 2008, 51% were unintended. 
Data indicate that 95% of unintended pregnancies occur among women who 
do not use contraception (54%) or use it inconsistently (41%). In recent 
years, teen pregnancy rates have declined, and women aged 18 to 24 years 
have the highest unintended pregnancy rates. Poor women and those who 
are unmarried and living with a partner have significantly higher rates of unin-
tended pregnancy compared with women with higher incomes and those who 
are married or not living with a partner. Research has identified a variety of 
factors associated with nonuse of contraception or gaps in use, including side 
effects (both experienced and feared), not liking a method, personal or reli-
gious reasons, and barriers to access, including difficulty obtaining a prescrip-
tion or with the method itself, and high cost of a method.

Although there is certainly a need to develop new contraceptive methods 
with fewer side effects, as well as methods for men, much more could be done 
to improve access to the full range of existing methods at low or no cost. 
Women have different preferences regarding contraceptive methods, and 
matching those preferences with the most appropriate method is a critical 
role of the practicing physician.

 Perfect Use versus Typical Use
“Perfect use” and “typical use” are different approaches to characterizing the 
effectiveness of the various contraceptive methods. Perfect use refers to use of 
the method as intended and covering all acts of exposure to pregnancy. So, 
for user-dependent methods such as oral pills or condoms, for example, this 
measure can be applied only to situations in which the user reliably uses the 
method every day or at every act of intercourse. Perfect use is a measure of 
the maximum possible efficacy of the method. Typical use, on the other hand, 
is a measure of how effective methods are when used as a group of people 
under study actually use them. These rates may be considerably lower than 
perfect use rates, especially if there is the possibility of not using the method 
at every intercourse or in other ways not using the method as intended. Methods 
used at the time of coitus have higher failure rates than OCs, implants, injec-
tions, IUDs, and sterilization. IUDs, implants, and sterilization have lower 
failure rates than pills, patches, and injections because they act over a long 
period of time, and there is nothing a user needs to do to keep using them. 
Table 225-1 illustrates the differences in failure rates among the contraception 
methods under conditions of perfect and typical use.

Cumulative failure rates for use of long-acting methods are low. The effec-
tiveness of long-acting reversible contraception is superior to that of contra-
ceptive pills, patch, or ring and is not altered in adolescents and young women. 
The cumulative failure rates of all types of tubal sterilization are 1.31% during 
the first 5 years after the procedure and 1.85% after 10 years; rates are higher 
for tubal fulguration and lower for segmental resection. The cumulative preg-
nancy rate for 5 years’ use of the levonorgestrel (LNG)-releasing IUD is 0.5%, 
and for 10 years’ use of the copper T380 IUD, it is 1.7%.
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Chlamydia infection, but not against HIV and herpes. A condom is recom-
mended if infection is a concern. Diaphragm users have an increased risk for 
urinary tract infection.

Male Condom
The male condom, also called an external condom, is one of the oldest con-
traceptives known. It is safe, easy to use, and widely available. The modern 
version is a stretchy latex or plastic sheath that fits over the erect penis and 
captures the man’s ejaculate during intercourse. It is the most effective way 
to prevent transmission of infections (including HIV) during sex and can be 
used during vaginal, oral, or anal intercourse. However, natural membrane 
condoms (made from sheep intestine) do not prevent sexually transmitted 
infections. Condoms can be used for protection against infection even if another 
method is used for protection against pregnancy. If the condom is used alone 
for contraception, in typical use about 18% of women will experience an 
unintended pregnancy in 1 year. For optimum protection, the condom must 
be used at every sex act and requires the active participation of the man. 
Lubricants containing oil-based products may weaken latex condoms and 

Diaphragm
A diaphragm is a dome-shaped latex or silicone device with a flexible rim that 
seals off the upper genital tract from contact with deposited semen. It is usually 
used with a spermicide applied inside and around the rim. Traditional dia-
phragms must be fitted by a health care provider using the largest size that 
does not cause discomfort or undue pressure on the vagina. A new silicone 
diaphragm called Caya was recently approved by the U.S. Food and Drug 
Administration (FDA) that is available in a single size that fits women who 
are sized between 65 mm and 80 mm, which is the majority of women. The 
woman will need to insert the diaphragm before every act of intercourse. It 
should be left in place for 6 hours after intercourse, but should not be left in 
place for more than 24 hours because it may cause ulceration of the vaginal 
epithelium. In actual use, the diaphragm is more effective than other barrier 
methods (12% unintended pregnancy rate in first year of use) and provides 
contraceptive protection almost as well as hormonal pills in actual use. Dia-
phragm size for any one woman may change after a birth, miscarriage or abor-
tion after 14 weeks, abdominal or pelvic surgery, or a substantial change in 
weight. The diaphragm may provide some protection against gonorrhea and 

TABLE 225-1 PERCENTAGE OF WOMEN EXPERIENCING AN UNINTENDED PREGNANCY DURING THE FIRST YEAR OF TYPICAL 
USE AND THE FIRST YEAR OF PERFECT USE OF CONTRACEPTION AND THE PERCENTAGE CONTINUING USE AT  
THE END OF THE FIRST YEAR—UNITED STATES

WOMEN EXPERIENCING AN UNINTENDED 
PREGNANCY WITHIN THE FIRST YEAR  

OF USE (%)

METHOD TYPICAL USE* PERFECT USE† WOMEN CONTINUING USE AT 1 YEAR (%)‡

No method§ 85 85 —
Spermicides|| 28 18 42
Fertility awareness−based methods¶ 24 — 47
 Standard-days method — 5 —
 2-day method — 4 —
 Ovulation method — 3 —
 Symptothermal method — 0.4 —
Withdrawal 22 4 46
Sponge
 Parous women 24 20 36
 Nulliparous women 12 9 —
Condom**
 Female 21 5 41
 Male 18 2 43
Diaphragm†† 12 6 57
Combined pill and progestin-only pill 9 0.3 67
Evra patch 9 0.3 67
NuvaRing 9 0.3 67
Depo-Provera 6 0.2 56
Intrauterine devices
 Paragard (copper containing) 0.8 0.6 78
 Mirena (levonorgestrel releasing) 0.2 0.2 80
Implanon 0.05 0.05 84
Female sterilization 0.5 0.5 100
Male sterilization 0.15 0.10 100
Lactational amenorrhea method‡‡ — — —
*Among typical couples who initiate use of a method (not necessarily for the first time), the percentage who experience an accidental pregnancy during the first year if they do not stop use for any other reason. 
Estimates of the probability of pregnancy during the first year of typical use for spermicides and the diaphragm are taken from the 1995 National Survey Growth (NSFG) and corrected for underreporting of 
abortion; estimates for fertility awareness-based methods, withdrawal, the male condom, the pill, and Depo-Provera are taken from the 1995-2002 NSFG corrected for underreporting of abortion.
†Among couples who initiate use of a method (not necessarily for the first time) and who use it perfectly (both consistently and correctly), the percentage who experience an accidental pregnancy during the 
first year if they do not stop use for any other reason.
‡Among couples attempting to avoid pregnancy, the percentage who continue to use a method for 1 year.
§The percentages who become pregnant in the second and third columns are based on data from populations in which contraception is not used and from women who cease using contraception to become 
pregnant. Among such populations, approximately 89% become pregnant within 1 year. This estimate was lowered slightly (to 85%) to represent the percentage who would become pregnant within 1 year 
among women not relying on reversible methods of contraception if they abandoned contraception altogether.
||Foams, creams, gels, vaginal suppositories, and vaginal film.
¶The ovulation and 2-day methods are based on evaluation of cervical mucus. The standard-days method avoids intercourse on cycle days 8 to 19. The symptothermal method is a double-check method based 
on evaluation of cervical mucus to determine the first fertile day and evaluation of cervical mucus and temperature to determine the last fertile day.
**Without spermicides.
††With spermicidal cream or jelly.
‡‡This is a highly effective, temporary method of contraception. However, to maintain effective protection against pregnancy, another method of contraception must be used as soon as menstruation resumes, the 
frequency of duration of breast-feeds is reduced, bottle-feeds are introduced, or the baby reaches age 6 months.
Adapted from Trussell J. Contraceptive failure in the United States. Contraception. 2011;83:397-404.

should not be used with them; water-based lubricants (K-Y jelly is one) are 
safe to use. The male condom causes no side effects except possible irritation 
or allergy.

Female Condom
The female condom, also called an internal condom, is a soft, loose-fitting 
prelubricated pouch with two flexible polyurethane rings, one at each end. 
The smaller ring at the closed end is inserted well into the vagina, creating a 
barrier to sperm. The larger ring remains outside the vagina, covering the 
vulva and providing additional protection. The female condom can be inserted 
before beginning sexual activity and left in place for a longer time than the 
male condom after ejaculation occurs. Because polyurethane is stronger than 
the latex used in most male condoms, the female condom is less likely to 
rupture. Both polyurethane and latex prevent virus transmission and should 
reduce the risk for acquiring HIV infection.

 Hormonal (Steroidal) Contraception
Contraception using steroid hormones has been available since the 1960s. The 
use of hormones (or derivatives/analogues of hormones) that occur naturally 
in the female reproductive cycle can alter the reproductive system so that ovu-
lation does not occur or so that physical factors (such as mucus production, 
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tubal motility, and endometrial thickness) that enhance the probability of 
fertilization or implantation are altered. All modern hormonal formulations 
are made from synthetic steroids. The hormones are either a combination of 
an estrogen and a progestin or, in some formulations, a progestin alone. There 
are two major types of synthetic progestins: derivatives of 19-nortestosterone 
(which are used in OCs) and derivatives of 17α-acetoxyprogesterone (preg-
nanes). Pregnanes are structurally related to progesterone and are used in 
injectable contraceptives, but are not used in pills.

After the discontinuation of hormonal contraceptives, the rate of return of 
fertility is slightly lower for users of OCs than for users of barrier methods—
but faster than for users of Depo-Provera. OCs do not cause permanent infer-
tility or adversely affect pregnancies that occur after their discontinuation. 
OCs are not teratogenic if they are accidentally ingested during pregnancy.

From the user’s point of view, the main differences are route of administra-
tion, length of action, how much attention the user needs to pay to the admin-
istration of the drug, and side effects. All these methods are very effective, 
and if used consistently they have very low pregnancy rates. Even with typical 
use, they are among the more effective methods, although, with the exception 
of the implants, they are less effective than sterilization or the IUD. The most 
commonly used of these methods is the OC (“the pill”), which was also the 
first hormonal contraceptive and the one most widely used globally.

should not be used with them; water-based lubricants (K-Y jelly is one) are 
safe to use. The male condom causes no side effects except possible irritation 
or allergy.

Female Condom
The female condom, also called an internal condom, is a soft, loose-fitting 
prelubricated pouch with two flexible polyurethane rings, one at each end. 
The smaller ring at the closed end is inserted well into the vagina, creating a 
barrier to sperm. The larger ring remains outside the vagina, covering the 
vulva and providing additional protection. The female condom can be inserted 
before beginning sexual activity and left in place for a longer time than the 
male condom after ejaculation occurs. Because polyurethane is stronger than 
the latex used in most male condoms, the female condom is less likely to 
rupture. Both polyurethane and latex prevent virus transmission and should 
reduce the risk for acquiring HIV infection.

 Hormonal (Steroidal) Contraception
Contraception using steroid hormones has been available since the 1960s. The 
use of hormones (or derivatives/analogues of hormones) that occur naturally 
in the female reproductive cycle can alter the reproductive system so that ovu-
lation does not occur or so that physical factors (such as mucus production, 

Effectiveness of Family Planning Methods

Reversible Permanent

Implant

0.05%* LNG - 0.2% Copper T - 0.8% 0.15%

9%9%9%6%

18%

24%

21% 22% 24% parous women
12% nulliparous women

28%

0.5%

12%

SpongeWithdrawalFemale condomMale condom

SpermicideFertility awareness–based
methods

Injectable Pill Patch Ring Diaphragm

Intrauterine device
(IUD)

Male sterilization
(Vasectomy)

Female sterilization
(Abdominal, Laparoscopic,

Hysteroscopic)

Most
effective

Less than
1 pregnancy

per 100 women
in a year

6–12 pregnancies
per 100 women

in a year

18 or more
pregnancies

per 100 women
in a year

Least
effective

How to make your
method most effective

After procedure, little or 
nothing to do or remember

Vasectomy and 
hysteroscopic sterilization:
Use another method for first 

3 months.

Injectable:
Get repeat injections on time.

Pills:
Take a pill each day.

Patch, Ring:
Keep in place, change on time.

Diaphragm:
Use correctly every time you 

have sex.

Condoms, sponge, 
withdrawal, spermicides:

Use correctly every time you 
have sex.

Fertility
awareness–based methods:

Abstain or use condoms on 
fertile days.

Condoms should always be used to reduce the risk for sexually transmitted infections.

Other Methods of Contraceptions
Lactational Amenorrhea Method: LAM is a highly effective, temporary method of contraception.
Emergency contraception: Emergency contraceptive pills or a copper IUD after unprotected intercourse substantially reduces risk for pregnancy.

* The percentages indicate the number out of every 100 women who experienced an unintended 
pregnancy within the first year of typical use of each contraceptive method.

FIGURE 225-1. Detailed chart of the effectiveness of family planning methods with instructions for subjects. LnG = levonorgestrel. (adapted from World Health organization [WHo] 
Department of reproductive Health and research, Johns Hopkins Bloomberg School of public Health/Center for Communication programs [CCp], Knowledge for Health project. Family 
Planning: A Global Handbook for Providers. 2011 updates. Baltimore, Geneva: CCp and WHo; 2011, and trussell J. Contraceptive failure in the United States. Contraception. 
2011;83:397-404.)
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lipids, so users of these agents do not have an increased risk for cardiovascular 
disease. The newer combination formulations with less androgenic progestins 
have a more favorable effect on the lipid profile. The effect of OCs on glucose 
metabolism is directly related to the dose, potency, and type of progestin. 
Although high-progestin formulations caused peripheral insulin resistance, 
the low-progestin formulations in current use do not significantly alter levels 
of glucose, insulin, or glucagon after a glucose load.

Complications and Risk Factors
Thrombosis
The background rate of venous thrombosis and embolism in women of repro-
ductive age is about 3 per 10,000 woman-years. Women of reproductive age 
who are not pregnant or using OCs experience thrombosis at a rate of 1.9 to 
3.7 per 10,000 woman-years. Evidence-based guidelines for the risk of venous 
thromboembolism with combined hormonal contraception were published 
in 2017 by the American Society for Reproductive Medicine.8 Among users 
of OCs, the relative risk is 3.5 (95% confidence interval, 2.9 to 4.3) compared 
with nonusers, but less than the rate of 5 to 20 per 10,000 woman-years that 
occurs in association with pregnancy. A2  The risk for venous thrombosis and 
embolism is higher for women using OCs with 50 µg of ethinyl estradiol than 
for those using 30 to 35 µg. In the presence of an inherited hypercoagulable 
state (Chapter 73), the risk for venous thrombosis is increased several-fold. 
Screening for coagulation deficiencies before women are started on OCs is 
not recommended unless the individual has a personal or significant family 
history of thrombotic events. Women with known inherited or acquired 
thrombogenic conditions should not use estrogen-containing steroid contra-
ceptives in pills, rings, or patches because each of these agents has thrombogenic 
effects. Some epidemiologic studies have found that the risk for venous throm-
boembolism is greater in individuals ingesting OCs with the newer, less andro-
genic progestins than those containing LNG with the same amount of estrogen. 
However, other studies have reported that the risk is similar with formulations9 
containing these two types of progestins. These studies are all observational 
and thus subject to bias.

Myocardial Infarction and Stroke
Myocardial infarction is rare among women of reproductive age, with a rate 
of 10.1 per 100,000 person-years in a recent Danish cohort. Although the 
absolute risks for myocardial infarction and thrombotic stroke associated with 
the use of hormonal contraception were found to be low, the risk was increased 
by a factor of 0.9 to 1.7 with OCs that included ethinyl estradiol at a dose of 
20 µg and by a factor of 1.3 to 2.3 with those that included ethinyl estradiol 
at a dose of 30 to 40 µg, with relatively small differences in risk according to 
progestin type. The use of high-dose OCs by women who smoke cigarettes 
increases the risk for myocardial infarction by about 10-fold. Therefore, com-
bination OCs should not be prescribed to women older than 35 years who 
smoke cigarettes or use alternate forms of nicotine. Epidemiologic studies 
indicate that use of low-dose OCs by nonsmoking women without hyperten-
sion is not associated with a significantly increased incidence of either myo-
cardial infarction or either hemorrhagic or thrombotic stroke.

Cancers of the Reproductive System
An analysis of worldwide epidemiologic data in 1988 showed that the risk for 
breast cancer diagnosis was increased by about 25% in young women who 
were currently using OCs, but this increased risk was no longer present 10 
years or more after they stopped using OCs. A very large cohort study in 
Great Britain of OC users and aged-matched nonusers was initiated in 1968. 
Data accumulated until 2004 showed a similar incidence of breast cancer in 
both groups. More recently, a much larger, nationwide prospective cohort 
study involving all women in Denmark between 15 and 49 years of age (1.8 
million women) followed on average for 10.9 years similarly to the worldwide 
epidemiologic data observed a 20% higher risk of breast cancer among those 
who were currently using or had recently used hormonal contraceptives than 
those who had never used them, in this case using contemporary rather than 
older, often higher-dose formulations.10,11 The risk increased with a longer 
duration of use. However, absolute increases in risk were small.

Several studies have reported that use of OCs by women with a family 
history of breast cancer does not increase their risk for developing breast 
cancer.

The epidemiologic data are conflicting regarding OC use and the risk for 
invasive cervical cancer or cervical intraepithelial neoplasia.12 Most well-
controlled studies indicate that there is no change in risk for cervical intraepi-
thelial neoplasia with OC use. Studies that do indicate an increased risk are 

Oral Contraceptives
There are three major types of OC formulations: fixed-dose combination, 
combination phasic, and daily progestin. The combination formulations are 
the most widely used and are most widely prescribed. They consist of tablets 
containing both an estrogen and a progestin, usually given continuously for 
3 weeks. Generally, no steroids are given for the fourth week. Three types 
of pills provide active tablets for 24 days, with 4 days of inactive tablets. 
Other types provide active tablets for 84 days followed by 7 days without 
active tablets or with a low dose of estrogen to allow withdrawal bleeding. 
The endometrium usually begins to slough 1 to 3 days after steroid inges-
tion is stopped, causing withdrawal bleeding, which usually lasts 3 to 4 days 
(and which users interpret as menstrual bleeding). The uterine blood loss 
with OC use averages about 25 mL per cycle, less than the 35 mL average for  
ovulatory cycles.

Three estrogens (ethinyl estradiol and its 3-methyl ether, mestranol, as well 
as one formulation with estradiol valerate) are used in combined OCs. They 
are combined with one of two major types of 19-nortestosterone progestins—
estranes and gonanes—both of which have androgenic activity. The estranes 
currently used in several OCs are norethindrone and its acetates, norethindrone 
acetate and ethynodiol diacetate. Gonanes have greater progestational activity 
per unit weight than estranes, and thus a smaller amount of these progestins 
is used in OC formulations. One other progestin that is structurally related 
to spironolactone has been formulated in an OC. This progestin is called 
drospirenone and has antimineralocorticoid and antiandrogenic actions as 
well as progestational activity without androgenic activity. There are also daily 
progestin-only formulations that include norethindrone, norgestrel, LNG, or 
desogestrel.

Combined OCs, which contain both estrogen and progestin, consistently 
inhibit the midcycle gonadotropin surge and thus prevent ovulation. The 
progestin-only formulation has a lower dose of progestin than the combined 
agents and does not consistently inhibit ovulation, even though it is ingested 
every day. Progestin-only pills containing desogestrel appear to more consis-
tently inhibit ovulation than other progestin-only formulations. Both combined 
OCs and progestin-only formulations also act on the cervical mucus and tubal 
motility to interfere with sperm transport. Progestins also alter the endome-
trium so that if fertilization occurs, implantation may be prevented. For con-
traceptive effectiveness to be maintained with the combination formulations, 
it is important that the pill-free interval be limited to no more than 7 days. 
This is made easier to remember by inclusion of placebo pills in the packet 
for the hormone-free days. Continuous or extended cycle combined OCs are 
an equally safe option for women who prefer them. A1 

Side Effects
The synthetic steroids in OC formulations have many metabolic effects in 
addition to their contraceptive actions. These effects can cause the more 
common, less serious side effects as well as the rare, serious complications. 
The magnitude of these effects is directly related to the dosage and potency 
of the steroids in the formulations.

The most frequent symptoms produced by the estrogen component include 
nausea, breast tenderness, and fluid retention (bloating). The progestins can 
produce certain androgenic effects, such as weight gain, acne, and depression. 
But because estrogens decrease sebum production, women who have acne 
may experience improvement in their symptoms. Insufficient estrogen, too 
much progestin, or a combination of both may result in unscheduled (break-
through) bleeding. This problem is more common with formulations containing 
20 µg of estrogen than with those containing 30 to 35 µg and is increased in 
women who also smoke cigarettes. Shortening the pill-free interval to 3 or 4 
days may decrease the incidence of unscheduled bleeding with low-estrogen 
formulations.

The synthetic estrogens used in OCs cause an increase in the hepatic pro-
duction of several proteins. Some of the proteins that are increased by ethinyl 
estradiol, such as factors V, VIII, and X and fibrinogen, have the potential to 
enhance thrombosis (see later), and an increase in angiotensinogen levels may 
elevate blood pressure in some users. The incidence of both venous and arte-
rial thrombosis is higher with 50-µg estrogen formulations than with those 
with 20 to 35 µg of estrogen. Blood pressure should be followed in all users 
of combined OCs and the drug discontinued if there is a clinically significant 
increase. The progestins do not affect protein synthesis except to reduce levels 
of sex hormone–binding globulin.

High-progestin formulations have an adverse effect on the lipid profile. 
However, estrogen has a beneficial effect on the arterial wall and on serum 
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contraception should be considered. Vomiting and diarrhea for up to 48 hours 
should be considered as one missed pill; vomiting and diarrhea for more than 
48 hours should be treated as two or more missed pills. For norethindrone-
containing progestin-only pills, a pill is considered “missed” if it is more than 
3 hours late.

Emergency Contraception
There is now a way that women can avoid pregnancy even after unprotected 
sex acts. The method is termed emergency contraception because it should be 
used as early as possible after the unprotected sex.14 A formulation of 1500 µg 
(1.5 mg) LNG in a single tablet prevents about 85% of expected pregnancies, 
if used within 72 hours after coitus.15 Another approved agent for emergency 
contraception is the selective progesterone receptor modulator ulipristal acetate 
given as a single 30-mg dose. This agent is more effective than LNG and is 
effective for 5 days after intercourse. A2 

,
 A3  Another option is the immediate 

insertion of a copper intrauterine device (see later), which virtually eliminates 
the risk of pregnancy.

Transdermal and Intravaginal Steroid Contraceptives
Transdermal Patch
In the United States, there is one transdermal contraceptive patch that contains 
both estrogen and progestin (Xulane). The patch has an area of 20 cm2 and 
delivers 150 µg of the progestin norelgestromin, the active metabolite of norg-
estimate, and 35 µg of ethinyl estradiol daily. It may be applied to the buttocks, 
lower abdomen, upper arm, or upper torso (but not the breasts). The patch 
should be removed after 7 days and a new patch applied to a different area of 
skin. A woman using this method uses three patches sequentially, each for 7 
days. After the third patch is removed, she waits 7 days before starting her 
next patch, thus mimicking the 28-day combined OC cycle (21 hormone 
days, followed by 7 hormone-free days, during which withdrawal bleeding 
occurs). Because the patch does not require daily attention, adherence with 
the patch is somewhat higher than with OCs. Contraceptive efficacy, bleeding 
patterns, and side effects are similar to those associated with OCs, and the 
contraindications are similar. Although the effectiveness of the patch may be 
decreased among women weighing more than 90 kg, there does not appear 
to be an association between pregnancy risk and body mass index (BMI). For 
all combined hormonal contraceptives, a BMI of 30 kg/m2 or greater is con-
sidered category 2 (benefits of use outweigh potential risks) by the MEC.

Intravaginal Ring
Another option for nonoral hormonal contraception is the vaginal ring (Nuva-
Ring in the United States). This soft, flexible ring measures 58 mm in diameter 
and is 4 mm thick. The ring is composed of ethinyl vinyl acetate and contains 
the progestin etonogestrel, a major metabolite of desogestrel, and ethinyl 
estradiol. The ring is inserted and removed by the woman herself. There is no 
“wrong” position or placement of the ring as long as it is inside the vagina. 
Each ring is left in place for 3 weeks, after which time it is removed for 1 week 
to allow withdrawal bleeding. Each day, 120 µg of etonogestrel and 15 µg of 
ethinyl estradiol are released from the ring, and bleeding with the ring in place 
is uncommon. Contraceptive efficacy and side effects are similar to those of 
combined OCs, as are contraindications. Women may keep the ring in place 
during intercourse, or it can be safely removed for up to 3 hours and then 
reinserted. Tampons may also be used concurrently with the ring without 
affecting efficacy.

Injectable Steroid Contraceptives
Constituents and Use
Although several types of injectable steroid formulations are in use for con-
traception throughout the world, currently the only injectable available in the 
United States is depot medroxyprogesterone acetate (DMPA). The initial 
formulation of this contraceptive was administered as an intramuscular injec-
tion of 1 mL of an aqueous suspension containing 150 mg of crystalline 
medroxyprogesterone acetate once every 3 months. There is also a formulation 
that is administered subcutaneously (DMPA-SC) that contains 104 mg of 
DMPA in 0.65 mL of solution. This lower-dose formulation has a lower peak 
medroxyprogesterone acetate concentration than DMPA and a long duration 
of action that suppresses ovulation for at least 13 weeks and is not affected 
by body mass. The formulation for subcutaneous administration allows the 
possibility for women to self-inject the medication. Other injectable contra-
ceptives include norethindrone enanthate, given in a dose of 200 mg every 2 
months, and several once-a-month injections of combinations of different 
progestins and estrogens.

often confounded by a lack of information on condom use. Regardless, these 
studies indicate that the risk declines with interval since last use.

Several studies have shown that the use of OCs has a protective effect 
against endometrial cancer. Moreover, the decrease in risk persists for many 
years after OCs are stopped. This protective effect is related to duration of 
use, increasing from a 20% reduction with 1 year of use to a 60% reduction 
with 4 years of use. The level of protection declines with time after use is 
stopped.

In addition, OCs reduce the risk for development of epithelial ovarian cancer, 
as well as cancers with low malignant potential. The magnitude of the decrease 
in risk is directly related to the duration of OC use, increasing from about a 
40% reduction with 4 years of use to a 60% reduction with 12 years of use. 
The protective effect continues for at least 20 years after the use of OCs ends. 
As with endometrial cancer, the protective effect occurs only in women of 
low parity (fewer than four), who are at greatest risk for this type of cancer.

Studies have reported that OCs significantly reduce the risk for develop-
ment of colorectal cancer by about 20%, as well as the risk of hematologic 
malignancies.

Benign Hepatocellular Adenoma
The development of a benign hepatocellular adenoma was a rare occurrence 
in long-term users of high-dose OCs containing mestranol, but it is not increased 
by use of ethinyl estradiol OCs. There is no increased risk for liver cancer 
associated with OC use.

Contraindications
OCs can be prescribed for most women of reproductive age.13 According to 
the U.S. MEC for contraceptive use, adapted from the WHO criteria, several 
conditions are considered absolute contraindications to use of combined 
hormonal contraceptives (category 4), including smoking 15 cigarettes or 
more per day, at age 35 or older, and severe hypertension, among others. There 
is no evidence that individuals with asymptomatic mitral valve prolapse should 
avoid using OCs. The presence of migraine headaches without aura is also 
not a contraindication to OC use, but if aura is present, combination OCs 
should not be prescribed because of a possible increased risk for stroke. OC 
use does not increase the risk for development of malignant melanoma or 
prolactin-secreting pituitary adenomas.

Management of OC Therapy
If a healthy woman has no contraindications to OC use, it is unnecessary to 
perform any laboratory tests, including cervical cytology, before she uses them. 
A pelvic examination is not required. Starting pills on the day of the visit is 
associated with better long-term use of the method. There is no reason to 
discontinue OC use unless pregnancy is desired. Intermittent discontinuation 
is unnecessary and puts women at risk for an unwanted pregnancy.

Although synthetic sex steroids can retard the biotransformation of certain 
drugs (e.g., phenazone and meperidine) as a result of substrate competition, 
such interference is usually not important clinically. However, some drugs 
can interfere clinically with the action of OCs by inducing liver enzymes that 
convert the steroids to more polar and less biologically active metabolites. 
These drugs include barbiturates, sulfonamides, cyclophosphamide, griseo-
fulvin, and rifampin. There is a high incidence of OC failure in women ingesting 
rifampin as well as systemic griseofulvin, and neither should be given concur-
rently with OCs. Products containing St. John’s wort reduce contraceptive 
effectiveness and cause breakthrough bleeding. Women taking certain medica-
tions for epilepsy should be treated with 50-µg estrogen formulations because 
many antiepileptic medications lower ethinyl estradiol levels and cause break-
through bleeding, which may cause premature discontinuation of use.

Because of their many health benefits, including reduction in risk for endo-
metrial and ovarian cancer and induction of regular cyclic uterine bleeding, 
OC use can be continued until menopause in normotensive, nonsmoking 
women without contraindications.

A common clinical question is what to do if a pill is missed. The standard 
advice for combined OCs is to take the first missed pill as soon as possible 
and take the remaining pills at the usual time, even if it means taking two pills 
in one day (discarding any additional missed pills). If two or more pills are 
missed, take the most recent missed pill as soon as possible, continue taking 
the remaining pills at the usual time, even if it means taking two or more pills 
on the same day, and use back up contraception (e.g., condoms) or avoid 
sexual intercourse until pills have been taken for at least 7 consecutive days. 
If pills were missed in the last week of hormonal pills (third week of cycle), 
omit the hormone-free interval and start a new pack the next day. Emergency 
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transport of spermatozoa through the cervical mucus and thus preventing 
fertilization of the ovum. In addition, some women do not ovulate because 
of the systemic absorption of LNG. After removal of each type of IUD, 
the inflammatory reaction rapidly disappears, and resumption of fertility  
is prompt.

The main difference between the two IUDs is the menstrual bleeding pattern. 
With the copper IUD, women generally continue to have a regular menstrual 
period, which may be associated with more pain and heavier bleeding. With 
the LNG-IUS, irregular bleeding is common in the first 4 to 6 months of use, 
but after that time, most women develop amenorrhea.

Both IUDs can be easily inserted by any clinician who has been trained. 
No special tests are needed routinely before insertion, and if it is reasonably 
certain that the woman is not pregnant, the IUD may be inserted on the same 
day she presents requesting it. It is not necessary to wait for the next menstrual 
period. Almost all women, including nulliparous and young women, are con-
sidered good candidates for the IUD. Uterine perforation is a rare complication 
of IUD insertion, occurring in less than 0.1% of cases. Spontaneous expulsion 
of the IUD after insertion is also rare and happens in less than 5% of users. 
An IUD may be safely inserted immediately after a delivery or abortion, although 
the expulsion rate may be slightly higher. A4 

Development of acute salpingitis more than 1 month after insertion of the 
IUD is due to infection with a sexually transmitted pathogen and is unre-
lated to the presence of the device. All IUD-related upper genital tract infec-
tions occur only during the insertion process. If there is clinical suspicion 
that cervicitis is present, an endocervical test for chlamydia and gonorrhea 
should be performed and the insertion delayed until negative results are 
obtained. It is not recommended to administer antibiotics routinely with IUD  
insertion.

 Sterilization
Considering both tubal ligations for women and vasectomy for men, steriliza-
tion is the most common contraceptive method used by couples in the United 
States. Female sterilization may be performed transabdominally, such as at 
the time of cesarean delivery; through a minilaparotomy incision immediately 
postpartum; laparoscopically; or hysteroscopically. Both laparoscopic tubal 
ligation and hysteroscopic sterilization may be performed as outpatient pro-
cedures. Hysteroscopic tubal occlusion using the Essure device requires evalu-
ation with a hysterosalpingogram 3 months after the procedure to confirm 
tubal occlusion. As of December 2018, the Essure device is no longer sold in 
the United States.

Vasectomy is a simple outpatient procedure that can be performed using 
local anesthesia. Although many men are concerned about the possibility, 
sexual function is not affected by vasectomy. There are often programs that 
support contraceptive services for low-income women, but it is often more 
difficult for low-income men to access vasectomy.

 Medical Abortion
Mifepristone was the first medication designed for early termination of preg-
nancy without a hands-on procedure. Mifepristone for pregnancy termination 
has now been registered in more than 60 countries and is used for the majority 
of all terminations in several countries in Europe.17 In the United States, mife-
pristone (Mifeprex), an antiprogestin, was licensed for sale in the year 2000 
and labeled to be used with misoprostol, a synthetic prostaglandin E1 analogue, 
for termination of early first trimester pregnancies. The use of this combina-
tion therapy has been increasing every year since. By 2014, mifepristone fol-
lowed by misoprostol was used in 45% of all pregnancy terminations before 
9 weeks’ gestation.

This therapy can be provided as a completely outpatient service and hence 
is used by many types of providers, including family medicine and internal 
medicine physicians, midwives, physician assistants, and nurse practitioners. 
The standards of service provision have evolved with experience to allow a 
much more woman-centered treatment, where the user can decide where to 
be when she takes the medication and with whom.

Based on a revised and updated label approved by the FDA in March 2016, 
several aspects of the medical abortion experience have been officially changed 
to conform to the best researched medical practices. The current recommended 
regimen, according to the FDA, is one 200 mg tablet of mifepristone followed 
24 to 48 hours later by four 200-µg tablets of misoprostol (800 µg total) 
administered buccally (between the gum and the cheek). The therapy is rec-
ommended for pregnancy termination through 70 days after last menstrual 
period (LMP). Women can take the medications at home or take the first pill 
in the clinic.

DMPA has a low failure rate, 0.1% at 1 year and 0.4% at 2 years. The major 
contraceptive action of DMPA is inhibition of ovulation, and it also impedes 
sperm transport by thickening cervical mucus. With DMPA and DMPA-SC, 
serum medroxyprogesterone levels rapidly increase to contraceptively effective 
blood levels (>0.5 ng/mL) within 24 hours after the injection. With DMPA, 
medroxyprogesterone levels plateau for about 3 months, after which there is 
a gradual decline until levels become undetectable 7 to 9 months after the 
injection. With DMPA-SC, medroxyprogesterone levels steadily decline after 
the initial peak and reach 0.2 ng/mL 3 to 4 months after the injection.

Side Effects
With both formulations, mean endogenous estradiol levels remain above the 
postmenopausal range (40 to 60 pg/mL), and symptoms of estrogen deficiency 
do not occur. Although DMPA may decrease bone mineral density during 
use, it is unnecessary to measure bone mineral density or to administer bone 
antiresorptive agents in DMPA users because the bone loss is temporary and 
reversible after stopping DMPA.

Because of the lag time it takes to clear DMPA from the circulation, resump-
tion of ovulation is delayed for a variable time after the last injection. It may 
take as long as 1 year for ovulatory cycles to return. After this initial delay, 
fecundity resumes at a rate similar to that found after discontinuation of a 
barrier contraceptive.

The major side effect of DMPA is complete disruption of the menstrual 
cycle. Because this formulation contains only a progestin, without an estro-
gen, endometrial integrity is not maintained, and usually light uterine bleed-
ing occurs at irregular and unpredictable intervals. As duration of therapy 
increases, the incidence of frequent bleeding steadily declines and the incidence 
of amenorrhea steadily increases so that at the end of 2 years, about 70% of 
users are amenorrheic. Because the major reason for discontinuance of all 
progestin-injectable contraceptives is menstrual irregularity, several combined 
progestin-estrogen injectables that are given once monthly and produce regular 
withdrawal bleeding have been developed, but these are not available in the  
United States.

Most DMPA users gain between 1.5 and 4 kg in their first year of use and 
continue to gain weight thereafter. Because there is no estrogen in DMPA, its 
use does not cause hypertension or thromboembolism. DMPA use is associ-
ated with a reduction in seizures among women with epilepsy, as well as a 
reduction in painful crises among women with sickle cell disease.

Subdermal Implants
Constituents and Use
The only subdermal implant16 currently available in the United States is a 
single 4-cm by 2-mm ethylene vinyl acetate rod containing 68 µg of etono-
gestrel, the active metabolite of desogestrel (Implanon or Nexplanon, which 
is radiopaque). It provides effective contraception for 3 years. The rod is pack-
aged in a disposable metal trocar inserter and does not require a skin incision 
for insertion, only for removal. Ovulation is inhibited by the circulating etono-
gestrel levels, and no pregnancies were reported in three large clinical trials. 
As with other progestin-only implants, irregular bleeding is the most common 
clinical complaint. Because implants are not user dependent, the typical-use 
and perfect-use failure rates are identical and very low, making this method 
essentially as effective as IUDs and sterilization. Another subdermal implant, 
Jadelle, consists of two 4.3-cm rods each containing 75 mg of LNG and is 
approved for 5 years of contraception; it is not yet available in the United 
States.

 Intrauterine Devices
Two options for intrauterine contraception are available in the United States: 
the copper-containing IUD and the LNG intrauterine system (LNG-IUS). 
Both methods are exceedingly effective with perfect- and typical-use failure 
rates of less than 1%.

The copper T380A IUD is approved for use in the United States for 10 
years and maintains its high levels of effectiveness for at least 12 years. The 
LNG-IUS is approved for 5 years of use, and it releases a dose of 20 µg of 
LNG from the device into the endometrial cavity each day. This causes atrophy 
of the endometrial lining, which markedly reduces the amount of uterine 
bleeding, and it is approved to treat menorrhagia. A newer LNG-containing 
IUD is smaller and designed for use by nulliparous women; it releases up to 
14 µg of LNG and is approved for 3 years of use.

The main mechanism of action for the copper IUD is spermicidal. This 
effect is caused by a local sterile leukocytic response produced by the copper 
as well as the plastic IUD. The LNG-releasing IUD acts mainly by preventing 
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Treatment with this medical abortion regimen is highly successful, with 
approximately 97% efficacy (defined as not undergoing vacuum aspiration). 
Efficacy is slightly higher if used at the earlier gestational ages. The main side 
effects are uterine cramping and bleeding (which are in fact main effects of 
the treatment), as well as less frequently reported instances of nausea, vomit-
ing, and diarrhea. Serious adverse events are quite rare and mainly fall into 
two categories: consequences of excessive bleeding (e.g., blood transfusion 
and/or surgical completion of the abortion) or infection, which is even rarer. 
Major complications occur in approximately 0.3% of cases. The risk of death 
among users of this method is 0.00063%, 14 times lower than the risk associ-
ated with live birth.

In the United States, access to mifepristone is possible only directly from 
providers. The medication cannot be prescribed and obtained in pharmacies 
like most drugs. Instead, providers need to order the pills from the distributor 
and dispense them to women wanting to use this treatment. Other countries, 
such as Canada, have made access more consistent with the procurement of 
other prescribed medications.
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4. What contraceptive method would you recommend for a woman seeking 
protection from sexually transmitted infection (STI) and pregnancy who 
wishes to use only one method?
 A. Combined oral contraceptives
 B. Progestin-containing IUD
 C. Female condom
 D. Male condom
 E. Spermicides

Answer: D Hormonal contraception does not protect against the acquisition 
of infection. Spermicides, although toxic to infectious organisms in vitro, do 
not seem to provide protection against STIs in vivo, and the irritation of the 
genital tract caused by these compounds may create a portal of entry for 
pathogens. The female condom is not considered a proven method to protect 
against HIV and other sexually transmitted pathogens, but there is a sugges-
tion that it may reduce risk. The only well-studied method that clearly prevents 
both pregnancy and STI transmission is the male condom.

5. A woman had a copper IUD inserted 3 weeks ago and complains that she 
cannot feel the strings in her vagina. On speculum examination, the strings 
are not visible. On pelvic ultrasound, a bright echogenic linear structure 
is noted within the uterine cavity. Her vital signs and examination are 
otherwise normal. What is the appropriate diagnosis and next step?
 A. The IUD is correctly placed, but the strings have withdrawn into the 

uterine cavity. Reassure her that the IUD will be effective; no further 
action is necessary.

 B. The IUD has perforated the uterus. The patient must be scheduled for 
laparoscopic removal of the misplaced IUD.

 C. The IUD is misplaced. It must be removed and replaced in order to be 
effective.

Answer: A The ultrasound confirms that the IUD is correctly placed within 
the uterus. Even though the strings are not visible, the IUD will be effective. 
At the time of removal, small forceps may be used to grasp the strings, which 
are likely in the endocervical canal or lower portion of the uterus. There is no 
evidence of perforation in this case.

REVIEW QUESTIONS

1. A 34-year-old nulliparous woman requesting contraception is found to 
have a blood pressure of 165/90 mm Hg. Otherwise, her screening for 
medical contraindications is negative. Which contraceptive methods would 
not be appropriate for her?
 A. Progestin-only pills (POPs)
 B. Combined oral contraceptives (COCs)
 C. Copper-containing IUD
 D. Etonogestrel subdermal implant
 E. Levonorgestrel-IUS

Answer: B According to the Medical Eligibility Criteria, this level of hyper-
tension is considered a category 4 contraindication for COCs. Hyperten-
sion is considered category 2 for POPs and implants, and it is category 1 
for the copper IUD. Nulliparity is considered a category 2 condition for the  
copper IUD.

2. What would you advise a woman who comes seeking protection from one 
act of unprotected intercourse 60 hours before her visit?
 A. Counsel about having a copper IUD inserted.
 B. Counsel about a regular method of contraception.
 C. Counsel about taking ulipristal emergency contraception (EC).
 D. Counsel about taking levonorgestrel emergency contraception if other 

alternatives are not readily available to her.
 E. All of the above

Answer: E The clinician should give the woman the choice of how to proceed 
after explaining the options and their advantages and disadvantages. The IUD 
works as emergency contraception in this time frame, but there is no large 
series of data on use of the progestin-containing device as opposed to the 
copper IUD, largely because it was not available when the earlier studies were 
done. The time period after exposure is associated with a diminution of efficacy 
for LNG EC pills, but there is probably still some effect, and they are easy to 
obtain. Ulipristal works in this time frame, but it must be supplied by prescrip-
tion and is costly in the United States unless it is covered by insurance. Women 
who find themselves in need of EC should review their usual contraceptive 
practices and try to find an effective method that suits them for regular use.

3. A woman calls your office saying that she took her last combined oral 
contraceptive (COC) pill 3 days ago in the third week of her pack. She 
was traveling and lost her pill pack, and she has now returned home. She 
had sex yesterday and the day before, both times using a male condom, 
but she thinks the condom broke yesterday. What would you advise her?
 A. Start taking a new pack of COC pills immediately.
 B. Take two pills today and tomorrow.
 C. Use condoms for the next 7 days.
 D. Take emergency contraception.
 E. A, C, and D

Answer: E For any scenario with missed pills, women should take a pill as 
soon as it noticed to be late, and then continue taking one at the usual time. 
At the most, this would require taking two pills once; repeated days of double-
dosing of pills is not recommended. Condoms must be used until the woman 
is back on COCs for 7 days. Because there is the possibility that the condom 
broke and she had unprotected sex within the last 24 hours, she should con-
sider taking emergency contraception.
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226 
COMMON MEDICAL PROBLEMS 
IN PREGNANCY
KAREN ROSENE-MONTELLA

There are 62 million women of childbearing age in the United States, 85% of 
whom will give birth by the age of 44 years. The majority of these women 
will not have obtained preventive health services in any given year, and more 
than half the pregnancies will be unplanned or unintended. At least 25% will 
enter pregnancy with a chronic medical illness, and more than half will be 
overweight or obese, making the role of the internist paramount in maternal 
health. In the most recent Confidential Enquiry into maternal mortality in 
the United Kingdom, more than half of all women who died of direct or 
indirect causes were overweight or obese, and more than 15% of all deaths 
were in morbidly obese women. Sixteen percent of pregnant women have 
depression in the perinatal period, and depression rates are even higher in 
those with chronic illnesses, such as diabetes and asthma.

By the time pregnant patients are seen by their obstetricians, most major 
teratogenic abnormalities have already occurred (Fig. 226-1), and the window 
of opportunity to enter pregnancy in a quiescent disease state, on the safest 
possible medication profile, may have passed. For this reason, internists caring 
for women of childbearing age have a unique responsibility to provide pre-
conception care at a time when interventions will be of maximum benefit to 
both the fetus and the mother. Table 226-1 describes preconception interven-
tions for women with chronic medical illnesses.

The basic principles involved in the care of pregnant patients with medical 
disorders are reviewed here, followed by a more detailed discussion of certain 
medical conditions, selected because of their contribution to maternal mortal-
ity or because of the frequency with which they occur.

 BASIC PRINCIPLES
Pregnancy is associated with significant but normal physiologic changes that 
have an impact on the diagnosis and management of disease states and the 
pharmacokinetics of most drugs (Table 226-2). The physiologic changes 
required during pregnancy may stress the woman’s ability to adapt, particularly 
in the presence of an underlying disease. The mother’s response to pregnancy 
often unmasks diseases or predicts future risk, so pregnancy is an opportunity 
to identify women at risk for other non–pregnancy-related illnesses. For 
example, gestational diabetes is predictive of an increased risk for type 2 dia-
betes; preeclampsia is predictive of increased risk for ischemic heart disease 
and stroke; and thrombosis, late fetal loss, or preeclampsia may unmask an 
underlying thrombophilia.

Fetal well-being depends on maternal well-being. Although there is often 
thought to be a dichotomy between maternal and fetal needs, they are usually 

TABLE 226-1 PRECONCEPTION INTERVENTIONS FOR 
WOMEN WITH MEDICAL ILLNESSES

TYPE 1 AND TYPE 2 DIABETES

Discuss importance of a normal hemoglobin A1c before conception and importance 
of using contraception until that is achieved

Evaluate for microvascular complications
Obtain remission for proliferative retinopathy
Emphasize need to discontinue ACE inhibitor after first missed period

Discontinue thiazolidinediones and statins
Consider change to insulin therapy for type 2 diabetic patients on oral agents unless 

using metformin for ovulation induction in PCOS
Discuss probable need to reduce insulin dose in first trimester
THYROID DISEASE

Screen for hypothyroidism in women at risk
Normalize TSH and free T4 before pregnancy
Counsel women taking levothyroxine on need to increase dose soon after conception
Diagnose cause of hyperthyroidism and consider ablative therapy for women with 

Graves disease requiring high doses of PTU
CHRONIC HYPERTENSION/RENAL DISEASE

Rule out secondary causes of hypertension if appropriate
Evaluate extent of end-organ disease
Quantify GFR and proteinuria
Discuss drugs of choice for hypertension and replace ACE inhibitor
Discuss risk for superimposed preeclampsia and use of low-dose aspirin for women 

at significant risk for preeclampsia
THROMBOEMBOLIC DISEASE

Consider evaluation for congenital or acquired thrombophilias in women with 
previous VTE, previous poor obstetric outcome, or family history

Discuss risks of warfarin in pregnancy, need to discontinue warfarin by 4 to 6 weeks’ 
gestation, and conversion to unfractionated or low-molecular-weight heparin

Discuss options to combined oral contraceptives
EPILEPSY

Determine whether patient is a candidate for withdrawal of antiepileptic drugs
Consider monotherapy with most effective agent at lowest dose possible
Prescribe folate at 1 to 4 mg/day
Discuss possible ineffectiveness of low-dose contraceptives with phenobarbital, 

phenytoin, and carbamazepine
Consider discontinuing valproate
CARDIAC DISEASE

Obtain baseline echocardiography if congenital disease, stenotic lesion, or 
pulmonary hypertension suspected

Evaluate for coronary artery disease in women with multiple risk factors
ASTHMA

Verify patient’s asthma action plan and peak flowmeter use
Discuss relative safety of all asthma medications except leukotriene modifiers
SYSTEMIC LUPUS ERYTHEMATOSUS AND AUTOIMMUNE DISEASE

Evaluate for renal and cardiopulmonary disease and antiphospholipid, anti-Ro, 
anti-La antibodies

Avoid pregnancy if disease is active
Discuss relative safety of most immunosuppressants
ACE = angiotensin-converting enzyme; GFR = glomerular filtration rate; PCOS = polycystic ovary 
syndrome; PTU = propylthiouracil; T4 = thyroxine; TSH = thyroid-stimulating hormone; VTE = 
venous thromboembolism.
From Rosene-Montella K, Keely EJ, Lee RV, Barbour LA, eds. Medical Care of the Pregnant Patient. 
2nd ed. Philadelphia: ACP Press/American College of Physicians; 2008.
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ABSTRACT
By the time pregnant patients are seen by their obstetricians, most major 
teratogenic abnormalities have already occurred, and the window of oppor-
tunity to enter pregnancy in a quiescent disease state, on the safest possible 
medication profile, may have passed. Internists caring for women of childbear-
ing age have a unique responsibility to provide preconception care at a time 
when interventions will be of maximum benefit to both the fetus and the 
mother. Pregnant patients with acute or chronic medical illnesses require a 
multidisciplinary team that understands the maternal and fetal risks related 
to both the underlying illness and untreated disease. Pregnancy is a window 
of opportunity to address maternal health, and the maternal response to preg-
nancy may be predictive of future risk. The 6-week postpartum visit, rather 
than being the end of pregnancy care, should represent the beginning of a 
woman’s long-term health care.
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TABLE 226-2 NORMAL PHYSIOLOGIC CHANGES  
IN PREGNANCY

CARDIAC

Cardiac output increased 40%
Blood volume increased 30-50%
Heart rate increased 10-20 beats/min
Blood pressure decreased 10-15 mm Hg
ECG changes related to widened thorax, dextrorotation of heart, elevation of 

diaphragm
PULMONARY

Upper airway hyperemia and glandular hyperactivity leading to increased edema and 
friability

Nasal congestion, gestational rhinitis, snoring
Difficult airway management and failed intubation
Minute ventilation increased (owing to an increase in tidal volume, not respiratory 

rate, which remains unchanged), which leads to relative respiratory alkalosis  
(pH 7.4-7.45)
Normal Pao2 100-105 mm Hg
Normal Paco2 28-32 mm Hg

RENAL

Increased GFR to 150-180 mL/min/1.73 m2

Normal serum creatinine concentration <0.8 mg/dL
Increased renal excretion of bicarbonate, limiting buffering capacity in patients who 

become acidotic
Decreased oncotic pressure
ALTERED PHARMACOKINETICS

Increased renal and hepatic clearance of drugs
Altered absorption
Altered protein binding
Increased volume of distribution
ECG = electrocardiogram; GFR = glomerular filtration rate.
These physiologic changes generally progress throughout gestation.

TABLE 226-3 NATIONAL COMMISSION ON RADIATION 
PROTECTION (NCRP) RECOMMENDED 
PREGNANCY EXPOSURES

TOTAL EXPOSURE DURING 
PREGNANCY (rad) NCRP RECOMMENDATIONS
≤5 Acceptable; low likelihood of problems
5-10 Low risk for problems
10-15 (at ≤8 wk gestation) Higher risk; consideration of termination
>15 Termination of pregnancy recommended
From Rosene-Montella K, Keely EJ, Lee RV, Barbour LA, eds. Medical Care of the Pregnant Patient. 
2nd ed. Philadelphia: ACP Press/American College of Physicians; 2008.

1 2 3

Main Embryonic Period (in weeks) Fetal Period (in weeks)

4 5 6 7 8 9 16 32 38

Period of dividing
zygote, implantation,
and bilaminar embryo

Not susceptible to
teratogenesis

Death of embryo and
spontaneous abortion common Major congenital anomalies Functional defects and minor anomalies

Embryonic disc

Embryonic disc

Morula

Amnion

Blastocyst

TA–Truncus arteriosus; ASD–Atrial septal defect;
VSD–Ventricular septal defect

Neural tube defects (NDTs) Mental retardation CNS

TA, ASD, and VSD Heart

Amelia/Meromelia Upper limb

Amelia/Meromelia Lower limb

Cleft lip Upper lip

Low-set malformed ears and deafness Ears

Microphthalmia, cataracts, glaucoma Eyes

Enamel hypoplasia and staining Teeth

Cleft palate Palate

Masculinization of female genitalia External genitalia

Common site(s) of action
of teratogens

Less sensitive period

Highly sensitive period

FIGURE 226-1. The developing fetus. Cns = central nervous system. (From moore K. The Developing Human: Clinically Oriented Embryology. Philadelphia: Wb saunders; 1982, with 
permission from annals of internal medicine.)

one and the same. The fetus is dependent on maternal perfusion, oxygenation, 
and nutrition. Thus, more harm may be done by withholding necessary treat-
ments and investigations from pregnant women than by providing them. 
Uninvestigated symptoms lead to the progression of untreated disease, and 
untreated maternal disease compromises fetal safety, growth, and development. 
The major cause of asthma exacerbations and seizures during pregnancy is 
abrupt discontinuation of medications, exposing the fetus to hypoxemia and 
acidosis in an effort to save the fetus from drug exposure. A population analysis 
of prescriptions for asthma medications in The Netherlands showed that pre-
scriptions for controller medications decreased by 30% during the first months 
of pregnancy. In the U.K. Confidential Enquiry, in more than half the cases 
of maternal death from pulmonary embolism, failure to make the diagnosis 
was due to the unfounded fear that diagnostic testing would be harmful to 
the fetus. Most diagnostic imaging can be used safely in pregnancy. The effects 
of radiation in utero depend on both the gestational age at exposure and the 
level of exposure. Recommendations on fetal exposure from the National 
Commission on Radiation Protection are summarized in Table 226-3. Radia-
tion exposure from specific diagnostic tests is provided in Table 226-4.

The effect of contrast agents is related to the bioavailability of iodine, and 
there is concern about the impact on the fetal thyroid. Iodine availability is 

extremely low, and single-dose exposures, even if they are high, are unlikely 
to be harmful. Therefore, contrast agents may be used when necessary. There 
are limited data on gadolinium, so the current recommendation is to avoid 
gadolinium exposure if possible.

The use of medications to treat pregnant women requires a rational risk-
benefit analysis and a good understanding of the maternal indications. It is 
helpful to view treatment as justifiable or not justifiable rather than as safe or 
not safe. It is important to consider whether the condition is self-limited or 
harmless, what the maternal and fetal consequences of discontinuing a medi-
cation will be, and the safety data for the drug. U.S. Food and Drug Admin-
istration (FDA) categories may be misleading and often do not include adequate 
data for a proper risk-benefit analysis.

Recently the FDA has eliminated the categories in favor of descriptive lan-
guage for this reason. Resources such as the Teratology Information Service, 
found at http://depts.washington.edu/terisweb/teris, offer more complete 
information.

The list of known human teratogens is small and includes warfarin, cyclo-
phosphamide, diethylstilbestrol, lithium, thalidomide, penicillamine, isotreti-
noin, methotrexate, acetazolamide, and the antiepileptic drugs phenytoin, 
carbamazepine, phenobarbital, and valproic acid. Of the antiepileptic drugs, 
valproate has the most significant data, and it is the only antiepileptic drug 
for which discontinuation during pregnancy is recommended if there is an 
effective alternative. Angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin II receptor blockers (ARBs) should be added to this list on the 
basis of data confirming that first-trimester exposure is associated with fetal 
renal agenesis and renal failure. Tetracyclines should be avoided because of 
later effects on fetal teeth and bone.

 HYPERTENSIVE DISORDERS OF PREGNANCY

 DEFINITION
Hypertension in pregnancy is defined as a blood pressure (BP) of 140/90 mm 
Hg or higher. It is defined as chronic hypertension when it predates pregnancy, 
is diagnosed before 20 weeks’ gestation, or persists postpartum. Transient late 
or gestational hypertension occurs toward term and resolves postpartum in 
the absence of any other signs or symptoms of preeclampsia.1

 EPIDEMIOLOGY
Chronic hypertension is the most common medical condition encountered 
in women of childbearing age. The incidence is increasing parallel to the increase 
in obesity, insulin resistance, and pregnancies in women older than 30 years. 
Hypertension complicates 5 to 8% of pregnancies and is associated with a 
20% risk for the development of preeclampsia.

 PATHOBIOLOGY
Systemic arterial BP decreases by 10 to 15 mm Hg during normal pregnancy, 
with a greater fall in diastolic than in systolic pressures, probably because of 

the decreased sensitivity to angiotensin II that has been demonstrated in 
pregnant women. BP begins to fall in the first trimester, reaching a nadir toward 
the end of the second trimester and returning toward baseline at term. This 
decrease may be exaggerated in women with chronic hypertension, making 
the diagnosis of chronic hypertension difficult during pregnancy and affecting 
both diagnostic and therapeutic considerations.

 DIAGNOSIS
The diagnosis of hypertension relies simply on a BP measurement, in the 
sitting position at the level of the heart, of 140/90 mm Hg or higher on two 
occasions 6 hours apart. Later in pregnancy, inferior vena cava compression 
by the gravid uterus may lower BP substantially in the supine position, so it 
is critical to measure maternal BP in the sitting position. The initial evaluation 
should document target organ damage (such as left ventricular hypertrophy), 
renal disease (creatinine concentration, urinalysis, and potassium concentra-
tion), and retinopathy so that a baseline is established. Consideration of sec-
ondary causes is necessary in this young population (Chapter 70), but the 
diagnosis of secondary causes of hypertension is complicated by normal 
pregnancy-related changes. The diagnosis of Cushing syndrome is complicated 
by increased levels of cortisol and the placental production of adrenocortico-
tropic hormone and corticotropin-releasing hormone, so the best test is a 
24-hour urine free cortisol measurement with higher pregnancy-specific refer-
ence ranges. Primary hyperaldosteronism (Chapter 214) may also be difficult 
to diagnose in the face of normal pregnancy-related elevations in plasma renin 
activity and aldosterone and because progesterone ameliorates both the hyper-
tensive and the kaliuretic effects of aldosterone. Primary hyperaldosteronism 
should be strongly considered in any patient with chronic hypertension in 
whom there is a marked increase in BP toward term or postpartum. Pheo-
chromocytoma (Chapter 215) is associated with a high maternal and fetal 
mortality rate, in large part owing to a delay in diagnosis. Both magnetic reso-
nance imaging and magnetic resonance angiography (which do not require 
gadolinium) can be used safely in pregnancy to evaluate the adrenal glands 
and renal arteries.

TREATMENT 
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TABLE 226-4 RADIATION EXPOSURE
STUDY RADIATION EXPOSURE (rad)
Chest radiography <0.001
Lung scan 0.01-0.02 ventilation

0.01-0.03 perfusion
Pulmonary angiography <0.050 by brachial route

0.2-0.3 by femoral route
CT angiography 0.2-0.3
Ultrasound None
MRI, MRA, MRV None
Upper gastrointestinal series 0.1
Lumbar spine series 0.9
Barium enema 1
Complete IVP 0.5
Head CT <0.01
CT of abdomen 2.0-3.0
CT = computed tomography; IVP = intravenous pyelography; MRA = magnetic resonance 
angiography; MRI = magnetic resonance imaging; MRV = magnetic resonance venography.

extremely low, and single-dose exposures, even if they are high, are unlikely 
to be harmful. Therefore, contrast agents may be used when necessary. There 
are limited data on gadolinium, so the current recommendation is to avoid 
gadolinium exposure if possible.

The use of medications to treat pregnant women requires a rational risk-
benefit analysis and a good understanding of the maternal indications. It is 
helpful to view treatment as justifiable or not justifiable rather than as safe or 
not safe. It is important to consider whether the condition is self-limited or 
harmless, what the maternal and fetal consequences of discontinuing a medi-
cation will be, and the safety data for the drug. U.S. Food and Drug Admin-
istration (FDA) categories may be misleading and often do not include adequate 
data for a proper risk-benefit analysis.

Recently the FDA has eliminated the categories in favor of descriptive lan-
guage for this reason. Resources such as the Teratology Information Service, 
found at http://depts.washington.edu/terisweb/teris, offer more complete 
information.

The list of known human teratogens is small and includes warfarin, cyclo-
phosphamide, diethylstilbestrol, lithium, thalidomide, penicillamine, isotreti-
noin, methotrexate, acetazolamide, and the antiepileptic drugs phenytoin, 
carbamazepine, phenobarbital, and valproic acid. Of the antiepileptic drugs, 
valproate has the most significant data, and it is the only antiepileptic drug 
for which discontinuation during pregnancy is recommended if there is an 
effective alternative. Angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin II receptor blockers (ARBs) should be added to this list on the 
basis of data confirming that first-trimester exposure is associated with fetal 
renal agenesis and renal failure. Tetracyclines should be avoided because of 
later effects on fetal teeth and bone.

 HYPERTENSIVE DISORDERS OF PREGNANCY

 DEFINITION
Hypertension in pregnancy is defined as a blood pressure (BP) of 140/90 mm 
Hg or higher. It is defined as chronic hypertension when it predates pregnancy, 
is diagnosed before 20 weeks’ gestation, or persists postpartum. Transient late 
or gestational hypertension occurs toward term and resolves postpartum in 
the absence of any other signs or symptoms of preeclampsia.1

 EPIDEMIOLOGY
Chronic hypertension is the most common medical condition encountered 
in women of childbearing age. The incidence is increasing parallel to the increase 
in obesity, insulin resistance, and pregnancies in women older than 30 years. 
Hypertension complicates 5 to 8% of pregnancies and is associated with a 
20% risk for the development of preeclampsia.

 PATHOBIOLOGY
Systemic arterial BP decreases by 10 to 15 mm Hg during normal pregnancy, 
with a greater fall in diastolic than in systolic pressures, probably because of 

the decreased sensitivity to angiotensin II that has been demonstrated in 
pregnant women. BP begins to fall in the first trimester, reaching a nadir toward 
the end of the second trimester and returning toward baseline at term. This 
decrease may be exaggerated in women with chronic hypertension, making 
the diagnosis of chronic hypertension difficult during pregnancy and affecting 
both diagnostic and therapeutic considerations.

 DIAGNOSIS
The diagnosis of hypertension relies simply on a BP measurement, in the 
sitting position at the level of the heart, of 140/90 mm Hg or higher on two 
occasions 6 hours apart. Later in pregnancy, inferior vena cava compression 
by the gravid uterus may lower BP substantially in the supine position, so it 
is critical to measure maternal BP in the sitting position. The initial evaluation 
should document target organ damage (such as left ventricular hypertrophy), 
renal disease (creatinine concentration, urinalysis, and potassium concentra-
tion), and retinopathy so that a baseline is established. Consideration of sec-
ondary causes is necessary in this young population (Chapter 70), but the 
diagnosis of secondary causes of hypertension is complicated by normal 
pregnancy-related changes. The diagnosis of Cushing syndrome is complicated 
by increased levels of cortisol and the placental production of adrenocortico-
tropic hormone and corticotropin-releasing hormone, so the best test is a 
24-hour urine free cortisol measurement with higher pregnancy-specific refer-
ence ranges. Primary hyperaldosteronism (Chapter 214) may also be difficult 
to diagnose in the face of normal pregnancy-related elevations in plasma renin 
activity and aldosterone and because progesterone ameliorates both the hyper-
tensive and the kaliuretic effects of aldosterone. Primary hyperaldosteronism 
should be strongly considered in any patient with chronic hypertension in 
whom there is a marked increase in BP toward term or postpartum. Pheo-
chromocytoma (Chapter 215) is associated with a high maternal and fetal 
mortality rate, in large part owing to a delay in diagnosis. Both magnetic reso-
nance imaging and magnetic resonance angiography (which do not require 
gadolinium) can be used safely in pregnancy to evaluate the adrenal glands 
and renal arteries.

Patients previously receiving drug therapy can often discontinue antihyper-
tensives and restart them when BP gradually rises to prepregnant values toward 
term. It is difficult to determine whether rising BP represents a normal physi-
ologic return to earlier pressure or the development of preeclampsia. Baseline 
preeclampsia laboratory tests (see later), very close follow-up, and comanage-
ment with the patient’s obstetrician are required. Patients with good BP control 
may prefer to continue safe medications or switch to another regimen. The 
drugs for which there is grade A evidence of efficacy and safety are methyldopa 
and labetalol (Table 226-5). Nifedipine, hydralazine, and other β-blockers, espe-
cially those with intrinsic sympathomimetic activity, have also been studied 
and are acceptable second- and third-line agents.

Dosing should take into consideration the increase in renal and hepatic 
clearance and the increased volume of distribution, which may require higher 
doses or narrowed dosing intervals during pregnancy. ACE inhibitors and ARBs 
should be discontinued at the diagnosis of pregnancy because of their tera-
togenicity and their association with fetal and neonatal renal agenesis and 
renal failure even when they are used later in gestation.

The goal of antihypertensive therapy in pregnancy is not clear. In a random-
ized trial, there was no significant difference in the risk for pregnancy loss, 
high-level neonatal care, or overall maternal complications with tight blood 
pressure control (target diastolic blood pressure, 85 mm Hg) compared with 
less-tight control (target diastolic blood pressure, 100 mm Hg), although less-
tight control was associated with a significantly higher risk for severe maternal 
hypertension. A1  Most current consensus recommendations, which address fetal 
concerns and short-term maternal safety only, recommend keeping BP below 
160/100 mm Hg. Given the long-term maternal data, most centers prefer to 
keep maternal BP, particularly in patients with diabetes or renal disease, below 
140/90 mm Hg. Consensus recommendations agree that maintaining BP above 
120/80 mm Hg is necessary to preserve placental perfusion. There is no evidence 
that salt restriction or dietary changes improve BP control in pregnancy, and 
weight loss is not recommended. Likewise, there is no evidence that BP control 
decreases the risk for preeclampsia. It is important to obtain baseline pre-
eclampsia laboratory tests (complete blood count, platelet count, creatinine 
concentration, uric acid level, aspartate transaminase level, urinalysis) in all 
patients with hypertension, given the 20% risk for preeclampsia, and low-dose 
aspirin and calcium supplementation should be considered to prevent pre-
eclampsia (see later). Fetal monitoring with serial ultrasound for growth and 
amniotic fluid volume, nonstress testing (fetal heart rate acceleration in response 
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 PROGNOSIS
Hypertension may increase the risk for placental abruption, intrauterine growth 
restriction (IUGR), and low-birthweight babies. The major risk, however, is 
its contribution to the risk for preeclampsia and the associated increase in 
perinatal morbidity and mortality. In addition, chronic hypertension in patients 
with other comorbidities, including diabetes, renal disease, collagen vascular 
disease, and thyroid disorders, significantly increases the risk for maternal and 
fetal complications (see Table 226-5).

Women who develop hypertension during pregnancy are at increased life-
time risk for the development of chronic hypertension, even if the BP normal-
izes postpartum.

 PREECLAMPSIA

 DEFINITION
Preeclampsia is a multisystem disorder, previously defined as hypertension 
and proteinuria. Based on the observation that preeclampsia often presented 
in the absence of proteinuria, the definition was revised in 2013. It is now 
defined as BP of 140/90 mm Hg or higher, accompanied by the abnormalities 
listed in the section on “Diagnosis” later. When it is diagnosed in a patient 
with preexisting chronic hypertension, it is referred to as chronic hypertension 
with superimposed preeclampsia.

A urine protein-creatinine ratio of at least 0.3 may be used instead of a 
24-hour urine, which was previously required to demonstrate proteinuria. 
Edema and hyperreflexia are no longer considered diagnostic criteria, and the 
30-mm Hg increase in systolic pressure or 15-mm Hg increase in diastolic 
pressure has been dropped from the criteria for hypertension. Severe pre-
eclampsia is defined as the presence of one of the following symptoms or 
signs with preeclampsia: systolic BP of 160 mm Hg or higher, or diastolic BP 
of 110 mm Hg or higher; pulmonary edema; oliguria (<400 mL in 24 hours); 
persistent headaches; epigastric pain or impaired liver function; thrombocy-
topenia; or intrauterine growth restriction (IUGR).

 EPIDEMIOLOGY
Preeclampsia complicates 6 to 8% of pregnancies worldwide. Preeclampsia/
eclampsia is a leading cause of maternal mortality in the developing world 
and continues to contribute to maternal mortality in the United States despite 
the availability of antihypertensives and antiseizure medications. In the United 
States, preeclampsia is believed to be responsible for 15% of premature deliv-
eries and 17.6% of maternal deaths. Worldwide, preeclampsia and eclampsia 
are estimated to be responsible for approximately 14% of maternal deaths per 
year (50,000 to 75,000).

Primigravida and multigravida women with new partners are at increased 
risk, suggesting a role for paternal antigens. Additional risk factors include 
prior history of preeclampsia, black race, diabetes or insulin resistance, obesity, 
systemic lupus erythematosus (SLE), especially in the presence of antiphos-
pholipid antibodies, renal disease, hypertension, thrombophilia, obesity, molar 
pregnancy, multiple gestation, and extremes of age (younger than 20 years or 
older than 40 years). Gestational hypertension or preeclampsia is also more 
likely in kidney donors than in matched nondonors.2

 PATHOBIOLOGY
Preeclampsia is a disorder of abnormal placentation that begins early in gesta-
tion, well before its manifestations are clinically apparent. Some data suggest 
an association with the fetal apoprotein L1 level.3 In normal pregnancy, uterine 
spiral arteries undergo remodeling when they are invaded by fetal cytotro-
phoblastic cells, resulting in an adhesion receptor switch from cells with char-
acteristics of epithelial cells to cells with the phenotype of endothelial cells. 

This leads to the transformation of previously narrow, high-resistance maternal 
uterine blood vessels into dilated, high-capacitance blood vessels. The proximal 
portions of the spiral arteries are further dilated by the hormonal effects of 
estrogen and progesterone, resulting in an overall increase in uterine blood 
flow from 45 mL/minute during menstruation to 750 mL/minute at term. 
In preeclampsia, this cell switching does not occur, and the fetal cells’ only 
superficial invasion into maternal vasculature results in limited placental perfu-
sion. As the pregnancy progresses, abnormal placentation produces relative 
hypoxia and ischemia because this compromised uterine blood flow cannot 
keep up with the growing demands of the fetus and the placenta. The result 
is diffuse endothelial dysfunction that is manifested as the clinical syndrome 
of preeclampsia (Fig. 226-2). With severe preeclampsia, both right and left 
ventricular dysfunction may occur.4

 DIAGNOSIS
The diagnosis of preeclampsia depends on a BP of 140/90 mm Hg or higher, 
accompanied by proteinuria of more than 300 mg/24 hours, platelet count 
of <100,000, creatinine >1.1 or doubling of baseline, liver function test abnor-
mality more than two times the upper limit of normal, pulmonary edema, or 
new-onset cerebral or visual disturbance after the 20th week of gestation in 
a previously normotensive patient. Eclampsia is diagnosed when a patient 
with preeclampsia has a seizure. The HELLP syndrome (hemolysis, elevated 
liver enzymes, and low platelets) (Chapter 163) is likely to be a more severe 
form of preeclampsia. The diagnosis of severe preeclampsia depends on the 
criteria previously listed.

Diagnostic evaluation should include a careful history, asking about headache, 
visual complaints, epigastric pain, weight gain, and edema and reviewing the 
presence of risk factors. The physical examination should include a careful 
neurologic examination, looking for funduscopic changes (retinal vasospasm, 
edema, or hemorrhage) or hyperreflexia, and examination for any focal find-
ings suggestive of mass effect, hepatic tenderness, and edema. Laboratory 
testing for preeclampsia includes a complete blood count, platelet count, 
urine protein-creatinine ratio or 24-hour urine protein, liver function tests, 
creatinine concentration, and uric acid level. Additional evaluation includes 
fetal testing and close maternal monitoring for life-threatening consequences, 
such as severe hypertension, seizures, pulmonary edema, cerebral hemorrhage, 
hepatic infarction or rupture, disseminated intravascular coagulation, and  
renal failure.

Currently, diagnosis depends on development of the full clinical syndrome, 
but earlier diagnosis may be possible on the basis of biomarkers. It is likely 
that a combined model that looks at soluble endoglin, soluble filmlike tyrosine 
kinase 1, pregnancy-associated plasma protein A, ADAM12, and placental 
growth factor concentrations will be a better prediction instrument before 20 
weeks’ gestation than any individual marker. A ratio of 38 or lower for soluble 
FMS-like tyrosine kinase 1 to placental growth factor accurately predicts the 
short-term absence of preeclampsia in women in whom the syndrome is sus-
pected clinically.5

The differential diagnosis of each individual manifestation of preeclampsia 
is broad, so the diagnosis centers on the constellation of signs and symptoms 
that suggest preeclampsia. The clinical conditions that can mimic preeclampsia 
include SLE with nephritis (Chapter 250), thrombotic thrombocytopenic 
purpura, and hemolytic-uremic syndrome (Chapter 163). Differentiation of 
preeclampsia from a flare of SLE with nephritis (Chapter 250) is difficult 
because both can cause hypertension, proteinuria, thrombocytopenia, and 
rises in serum creatinine concentration. The differential diagnostic features 
that favor SLE include falling serum complement levels, rising anti-DNA 
antibodies, and extrarenal manifestations of SLE such as rash and arthralgias. 
The proteinuria and hypertension in preeclampsia are more likely to be of 
sudden onset.

TREATMENT 
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to movement) once or twice a week after 32 weeks, and consideration of Doppler 
flow velocimetry are recommended.

Most antihypertensives are safe for breast-feeding, which should be encour-
aged. Hydrochlorothiazide, α-methyldopa, nifedipine, acebutolol, and meto-
prolol are all approved by the American Academy of Pediatricians. There is 
no evidence that hydrochlorothiazides affect milk volume. There is evidence 
that propranolol and atenolol are concentrated in breast milk, so they should 
be avoided. Enalapril and captopril are the preferred ACE inhibitors in breast-
feeding women, but it may be prudent to delay ACE inhibitors for the first few 
weeks of the baby’s life and for mothers of premature babies, given the adverse  
pregnancy data.

 PROGNOSIS
Hypertension may increase the risk for placental abruption, intrauterine growth 
restriction (IUGR), and low-birthweight babies. The major risk, however, is 
its contribution to the risk for preeclampsia and the associated increase in 
perinatal morbidity and mortality. In addition, chronic hypertension in patients 
with other comorbidities, including diabetes, renal disease, collagen vascular 
disease, and thyroid disorders, significantly increases the risk for maternal and 
fetal complications (see Table 226-5).

Women who develop hypertension during pregnancy are at increased life-
time risk for the development of chronic hypertension, even if the BP normal-
izes postpartum.

 PREECLAMPSIA

 DEFINITION
Preeclampsia is a multisystem disorder, previously defined as hypertension 
and proteinuria. Based on the observation that preeclampsia often presented 
in the absence of proteinuria, the definition was revised in 2013. It is now 
defined as BP of 140/90 mm Hg or higher, accompanied by the abnormalities 
listed in the section on “Diagnosis” later. When it is diagnosed in a patient 
with preexisting chronic hypertension, it is referred to as chronic hypertension 
with superimposed preeclampsia.

A urine protein-creatinine ratio of at least 0.3 may be used instead of a 
24-hour urine, which was previously required to demonstrate proteinuria. 
Edema and hyperreflexia are no longer considered diagnostic criteria, and the 
30-mm Hg increase in systolic pressure or 15-mm Hg increase in diastolic 
pressure has been dropped from the criteria for hypertension. Severe pre-
eclampsia is defined as the presence of one of the following symptoms or 
signs with preeclampsia: systolic BP of 160 mm Hg or higher, or diastolic BP 
of 110 mm Hg or higher; pulmonary edema; oliguria (<400 mL in 24 hours); 
persistent headaches; epigastric pain or impaired liver function; thrombocy-
topenia; or intrauterine growth restriction (IUGR).

 EPIDEMIOLOGY
Preeclampsia complicates 6 to 8% of pregnancies worldwide. Preeclampsia/
eclampsia is a leading cause of maternal mortality in the developing world 
and continues to contribute to maternal mortality in the United States despite 
the availability of antihypertensives and antiseizure medications. In the United 
States, preeclampsia is believed to be responsible for 15% of premature deliv-
eries and 17.6% of maternal deaths. Worldwide, preeclampsia and eclampsia 
are estimated to be responsible for approximately 14% of maternal deaths per 
year (50,000 to 75,000).

Primigravida and multigravida women with new partners are at increased 
risk, suggesting a role for paternal antigens. Additional risk factors include 
prior history of preeclampsia, black race, diabetes or insulin resistance, obesity, 
systemic lupus erythematosus (SLE), especially in the presence of antiphos-
pholipid antibodies, renal disease, hypertension, thrombophilia, obesity, molar 
pregnancy, multiple gestation, and extremes of age (younger than 20 years or 
older than 40 years). Gestational hypertension or preeclampsia is also more 
likely in kidney donors than in matched nondonors.2

 PATHOBIOLOGY
Preeclampsia is a disorder of abnormal placentation that begins early in gesta-
tion, well before its manifestations are clinically apparent. Some data suggest 
an association with the fetal apoprotein L1 level.3 In normal pregnancy, uterine 
spiral arteries undergo remodeling when they are invaded by fetal cytotro-
phoblastic cells, resulting in an adhesion receptor switch from cells with char-
acteristics of epithelial cells to cells with the phenotype of endothelial cells. 

This leads to the transformation of previously narrow, high-resistance maternal 
uterine blood vessels into dilated, high-capacitance blood vessels. The proximal 
portions of the spiral arteries are further dilated by the hormonal effects of 
estrogen and progesterone, resulting in an overall increase in uterine blood 
flow from 45 mL/minute during menstruation to 750 mL/minute at term. 
In preeclampsia, this cell switching does not occur, and the fetal cells’ only 
superficial invasion into maternal vasculature results in limited placental perfu-
sion. As the pregnancy progresses, abnormal placentation produces relative 
hypoxia and ischemia because this compromised uterine blood flow cannot 
keep up with the growing demands of the fetus and the placenta. The result 
is diffuse endothelial dysfunction that is manifested as the clinical syndrome 
of preeclampsia (Fig. 226-2). With severe preeclampsia, both right and left 
ventricular dysfunction may occur.4

 DIAGNOSIS
The diagnosis of preeclampsia depends on a BP of 140/90 mm Hg or higher, 
accompanied by proteinuria of more than 300 mg/24 hours, platelet count 
of <100,000, creatinine >1.1 or doubling of baseline, liver function test abnor-
mality more than two times the upper limit of normal, pulmonary edema, or 
new-onset cerebral or visual disturbance after the 20th week of gestation in 
a previously normotensive patient. Eclampsia is diagnosed when a patient 
with preeclampsia has a seizure. The HELLP syndrome (hemolysis, elevated 
liver enzymes, and low platelets) (Chapter 163) is likely to be a more severe 
form of preeclampsia. The diagnosis of severe preeclampsia depends on the 
criteria previously listed.

Diagnostic evaluation should include a careful history, asking about headache, 
visual complaints, epigastric pain, weight gain, and edema and reviewing the 
presence of risk factors. The physical examination should include a careful 
neurologic examination, looking for funduscopic changes (retinal vasospasm, 
edema, or hemorrhage) or hyperreflexia, and examination for any focal find-
ings suggestive of mass effect, hepatic tenderness, and edema. Laboratory 
testing for preeclampsia includes a complete blood count, platelet count, 
urine protein-creatinine ratio or 24-hour urine protein, liver function tests, 
creatinine concentration, and uric acid level. Additional evaluation includes 
fetal testing and close maternal monitoring for life-threatening consequences, 
such as severe hypertension, seizures, pulmonary edema, cerebral hemorrhage, 
hepatic infarction or rupture, disseminated intravascular coagulation, and  
renal failure.

Currently, diagnosis depends on development of the full clinical syndrome, 
but earlier diagnosis may be possible on the basis of biomarkers. It is likely 
that a combined model that looks at soluble endoglin, soluble filmlike tyrosine 
kinase 1, pregnancy-associated plasma protein A, ADAM12, and placental 
growth factor concentrations will be a better prediction instrument before 20 
weeks’ gestation than any individual marker. A ratio of 38 or lower for soluble 
FMS-like tyrosine kinase 1 to placental growth factor accurately predicts the 
short-term absence of preeclampsia in women in whom the syndrome is sus-
pected clinically.5

The differential diagnosis of each individual manifestation of preeclampsia 
is broad, so the diagnosis centers on the constellation of signs and symptoms 
that suggest preeclampsia. The clinical conditions that can mimic preeclampsia 
include SLE with nephritis (Chapter 250), thrombotic thrombocytopenic 
purpura, and hemolytic-uremic syndrome (Chapter 163). Differentiation of 
preeclampsia from a flare of SLE with nephritis (Chapter 250) is difficult 
because both can cause hypertension, proteinuria, thrombocytopenia, and 
rises in serum creatinine concentration. The differential diagnostic features 
that favor SLE include falling serum complement levels, rising anti-DNA 
antibodies, and extrarenal manifestations of SLE such as rash and arthralgias. 
The proteinuria and hypertension in preeclampsia are more likely to be of 
sudden onset.

The only known treatment of preeclampsia is delivery as soon as it is obstetri-
cally feasible. Outcomes are better with immediate delivery after 36 weeks of 
gestation, but expectant care may be preferred between 24 to 36 weeks of 
gestation. A2  Nevertheless, preeclampsia can be manifested postpartum, and 
both preeclampsia and eclampsia have been reported up to 21 days after 
delivery. Management of preeclampsia includes treatment of hypertension, 
seizure prophylaxis, and limitation of fluids because of the risk for pulmonary 
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Recent work on the potential mechanism of the endothelial dysfunction 
that underlies this disease state has focused on the imbalance between pro-
angiogenic and antiangiogenic factors, arising from studies showing elevated 
concentrations of placental soluble filmlike tyrosine kinase 1 in the plasma of 
women with preeclampsia. This protein prevents the interaction of placental 
growth factor and vascular endothelial growth factor with endothelial recep-
tors, inducing endothelial dysfunction. A placenta-derived soluble transforming 
growth factor-β coreceptor, soluble endoglin, is elevated in the sera of patients 
with preeclampsia, inducing vascular permeability and hypertension; the degree 
of elevation correlates with disease severity, and levels fall after delivery. Addi-
tional factors currently being studied include ADAM12 trophoblast and 
angiogenesis markers, pregnancy-associated plasma protein A, placental protein 
13, and placental growth factor. To date, no definitive predictive model has 
been established. Current studies to address both the cause of and the mecha-
nism linking preeclampsia and the risk for cardiovascular disease are ongoing 
and focus on endothelial dysfunction.
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FIGURE 226-2. Model for the pathogenesis of preeclampsia. Cns = central nervous system; PlgF = placental growth factor; sFlt-1= soluble film-like tyrosine kinase; VegF = vascular 
endothelial growth factor. (From rosene-montella K, Keely eJ, lee rV, barbour la, eds. Medical Care of the Pregnant Patient. 2nd ed. Philadelphia: aCP Press/american College of Physi-
cians; 2008.)

 PREVENTION
Multiple trials of antihypertensives, antioxidant supplementation with vitamins 
C and E, magnesium, protein or salt restriction, fish oil, and other dietary 
changes have failed to prevent preeclampsia. Low-dose aspirin in high-risk 
populations is the only intervention with data to support a positive effect. 
Low-dose aspirin (<100 mg/day) decreases both the risk for preeclampsia 
and fetal and neonatal deaths A4 

,
 A5  and is preferred in all patients with risk 

factors for preeclampsia. Trials of calcium supplementation have shown con-
flicting results, but given the inverse relationship between dietary calcium 
intake and BP in the general population, calcium supplementation of at least 
1 g/day is recommended for women with a low dietary intake of calcium 
(<600 mg/day). An alternative to supplementation may be to increase dietary 
calcium by eating three or four servings per day of dairy products (assuming 
250 to 300 mg of calcium per serving).

TABLE 226-6 TREATMENT OF SEVERE HYPERTENSION IN 
PREECLAMPTIC PATIENTS

MEDICATION

ONSET AND 
DURATION 
OF ACTION

ACUTE DOSING 
FOR SEVERE 

HYPERTENSION
MAINTENANCE 

DOSE
Labetalol Begins to work 

in 5-10 min
Lasts 3-6 hr

Given as a series of 
boluses until BP 
reaches the 
desired level: 
10 mg IV push; 
then in 10 min, 
20 mg IV push; 
then in 10 min, 
40 mg IV push; 
then in 10 min, 
80 mg IV push; 
then in 10 min, 
80 mg IV push, 
up to a total 
dose of no more 
than 300 mg

Follow with PO 
labetalol or 
labetalol drip

100-200 mg PO 
bid-tid (100-
600 mg bid-tid; 
maximum 
2400 mg/day)

IV infusion 
0.5-2.0 mg/min 
(labetalol comes in 
vials of 
100 mg/20 mL)

Put 5 vials (100 mL) 
labetalol into 
150 mL IV fluid 
(D5W, LR, or NS) 
to get a solution of 
2 mg/mL; start at 
15 mL/hr 
(0.5 mg/min); 
titrate up to as 
high as 60 mL/hr 
(2 mg/min)

Nifedipine Begins to work 
in <30 min

Lasts 4-5 hr

10-20 mg PO 
q30min to a 
maximum of 
50 mg

10-20 mg PO tid of 
short-acting 
nifedipine or 
30-120 mg once 
daily of long-acting 
formulation

Hydralazine Begins to work 
in 10-20 min

Lasts for 3-6 hr

2.5-10 mg IV 
q30min

Start at 10 mg PO 
qid; can be 
gradually increased 
to 50 mg PO qid

BP = blood pressure; D5W= dextrose 5% in water (solution); LR = lactated Ringer (solution);  
NS = normal saline.
From Rosene-Montella K, Keely EJ, Lee RV, Barbour LA, eds. Medical Care of the Pregnant Patient. 
2nd ed. Philadelphia: ACP Press/American College of Physicians; 2008.

edema.6 Treatment of severe hypertension in preeclampsia is reviewed in Table 
226-6. Magnesium sulfate is recommended as first-line treatment of eclampsia 
as well as for prophylaxis against eclampsia in women with severe and nonse-
vere preeclampsia. A3  Phenytoin and benzodiazepines should not be used for 
eclampsia prophylaxis or treatment unless there is a contraindication to mag-
nesium sulfate or it is ineffective. There is evidence from two randomized con-
trolled trials that magnesium is superior to phenytoin for the prevention of 
both primary seizures and recurrent seizures in eclampsia.

Treatment of acute seizures in eclampsia includes airway protection, 
fetal monitoring, magnesium, BP control, and benzodiazepines as needed 
to stop seizures acutely. Treatment of severe hypertension is as outlined in  
Table 226-6.

Severe maternal manifestations of preeclampsia that may warrant early 
delivery include seizure, renal failure, severe hypertension, severe thrombocy-
topenia or hemolysis, aspartate transaminase or alanine transaminase elevation 
of more than two to three times normal, pulmonary edema, retinal hemorrhage, 
and other symptoms suggestive of end-organ damage (headache, visual dis-
turbance, epigastric or right upper quadrant pain). Fetal indications for delivery 
may include significant IUGR, oligohydramnios, and nonreassuring fetal testing. 
Women with preeclampsia before 34 weeks’ gestation should receive a corti-
costeroid that crosses the placenta, such as betamethasone or dexamethasone, 
to accelerate fetal lung maturation.

 PROGNOSIS
Women who have had preeclampsia are at increased risk for heart disease, 
stroke, and cardiovascular death. Preeclampsia is also a marker for increased 
risk for end-stage renal disease. One year after delivery, preeclampsia patients 
observed longitudinally have been shown to have evidence of increased insulin 
resistance, BP, cholesterol, and triglycerides, which may be the first manifesta-
tions of the metabolic syndrome. In one study, the 10-year, 30-year, and lifetime 
risks for development of cardiovascular disease compared with women who 
did not have preeclampsia were 18.2% versus 1.7%, 31.3% versus 5.1%, and 
41.4% versus 17.8% in matched controls, respectively. It is unclear whether 
there is a shared pathogenesis, an unmasking of already established disease, 
or a contribution to the development of disease. It is possible that preexisting 
abnormal endothelial function predisposes to renal and vascular disease later 
in life and is, in fact, the same abnormality that disturbs implantation, resulting 
in preeclampsia and fetal loss. It is also possible that preeclampsia itself con-
tributes to the later development of disease.

Continuing care beyond 6 weeks postpartum is strongly recommended. 
Women with a history of severe preeclampsia should be screened for preexist-
ing hypertension, underlying renal disease, thrombophilia, and possibly sec-
ondary causes of hypertension. They should also be informed of the risk for 
preeclampsia in subsequent pregnancies, particularly if the birth interval is 
less than 2 years or more than 10 years. Women who are overweight should 
be advised to normalize their body mass index before another pregnancy and 
to reduce long-term risk. Both women with preexisting hypertension and 
those whose BP normalizes are likely to benefit from an overall assessment 
of cardiovascular risk that includes a lipid profile, smoking cessation, and early 
interventions to reduce risk.

 DEEP VENOUS THROMBOSIS, PULMONARY 
EMBOLISM, AND THROMBOPHILIA

Pulmonary embolism (PE) is one of the leading medical cause of maternal 
mortality in the developed world. It was responsible for 30% of direct maternal 
deaths in the most recent U.K. Confidential Enquiry. Despite our best efforts, 
mortality rates from PE in pregnancy have not changed in more than two 
decades, and the incidence of PE in the United States is rising, likely owing 
to the increase in obesity and cesarean deliveries. Current strategies to reduce 
risk from PE must address the widespread use of appropriate prophylaxis, 
early detection of venous thromboembolism (VTE), and prompt, safe, and 
effective therapy (Chapters 73 and 74).

 EPIDEMIOLOGY
More than half of the VTE events in women younger than 40 years occur in 
association with pregnancy. VTE is 10 times more common in pregnant than 
in nonpregnant women of comparable age. It occurs in 5 to 12 of 10,000 
pregnancies antepartum and in 3 to 7 of 10,000 postpartum. The risk for VTE 
with pregnancy is increased by the presence of additional risk factors, includ-
ing prolonged bedrest, cesarean section, preeclampsia, three or more children, 
smoking, obesity, previous superficial thrombophlebitis, previous VTE, throm-
bophilia, and family history of VTE.

 PATHOBIOLOGY
Pregnancy is a hypercoagulable state (Chapter 73) characterized by venous 
stasis, maternal prothrombotic imbalance in which activation of the coagula-
tion system exceeds the fibrinolytic response progressively through the course 
of pregnancy, and endothelial disruption. Venous stasis occurs as a result of 
progesterone-induced venodilation early in pregnancy and is later increased 
by the compressive effects of the gravid uterus. Compression of the left common 
iliac vein by the right common iliac artery (May-Thurner syndrome, a con-
genital anomaly that has been noted in 20% of the general adult population)7 
further increases venous stasis on the left, which may explain the finding that 
more than 90% of cases of deep vein thrombosis (DVT) in pregnancy occur 
in the left leg. Endothelial damage occurs with preeclampsia and with both 
vaginal and operative delivery, further contributing to VTE risk.

Genetic and Acquired Thrombophilias
A positive family history for VTE (possibly a marker for thrombophilia) or 
a known thrombophilia significantly increases the risk for VTE in pregnancy 
(Chapter 73). The best-described genetic thrombophilias include deficiencies 
in protein C, protein S, and antithrombin III, all of which appear to have 
autosomal dominant inheritance with variable penetrance, and the presence 
of the single-gene mutations factor V Leiden and prothrombin G202010. Of 

these, antithrombin-deficient homozygotes (rare) and compound heterozygotes 
have the highest risk for VTE in pregnancy. The thrombophilias have also 
been associated with obstetric complications in some studies, including IUGR, 
abruption, both early and late pregnancy loss, and preeclampsia (early, severe, 
or recurrent). The antiphospholipid antibody syndrome is the major acquired 
thrombophilia for which there are compelling pregnancy data supporting a 
link with both thrombosis risk and obstetric complications. The most recent 
American College of Obstetricians and Gynecologists technical bulletin and 
the American College of Chest Physicians guidelines recommend against 
prophylaxis for prevention of adverse pregnancy outcome in patients with 
thrombophilias other than the antiphospholipid antibody syndrome.

 DIAGNOSIS
The diagnosis of VTE during pregnancy is complicated by both normal 
pregnancy-related physiologic changes and the reluctance to use diagnos-
tic imaging in pregnancy.8 Clinical signs are unreliable, and leg swelling and 
complaints of dyspnea are common during pregnancy, making it difficult to 
decide when to investigate for VTE. The finding that 90% of DVT occurs 
in the left leg led to the observation that the combination of symptoms in 
the left leg, calf circumference difference of 2 cm or more, and first-trimester 
presentation (when leg swelling is less likely) is highly predictive of DVT. 
Most DVTs occur antepartum, and events are evenly distributed throughout 
gestation. The majority of fatal PEs in most studies occurred in the postpar-
tum period, so vigilance is required for a prolonged period after delivery. 
Diagnosis of DVT requires compression ultrasonography that includes the 
iliac veins and the inferior vena cava at the level of the liver (Chapter 74). 
It also requires repeated compression ultrasonography if study findings are 
normal but there is high pretest probability and continuing symptoms. In 
patients with suspected iliac or pelvic vein thrombosis and normal findings 
on ultrasound studies, magnetic resonance imaging or magnetic resonance 
venography is recommended.

The diagnosis of PE is even more of a problem, given the frequency of 
dyspnea, the likelihood of normal oxygenation in young patients with no 
underlying cardiopulmonary disease, and the more invasive nature of diagnostic 
testing. Arterial blood gas analysis is not helpful; the A-a gradient was normal 
in 60% of pregnant patients with documented PE in a retrospective review 
done at two centers.

The radiation exposure from imaging required for the diagnosis of PE is 
well below that allowed by the National Commission on Radiation Protection 
(see Table 226-3), so testing should never be withheld out of concern for fetal 
exposure. Ventilation-perfusion (V/Q) scanning is still the diagnostic test of 
choice in most centers outside the United States. It is better validated in preg-
nancy, involves no administration of contrast material, and has good negative 
predictive value in normal scans and in low-probability scans when it is paired 
with leg studies. If V/Q is used, it must be understood that there is still a 
significant risk for PE in patients with scans interpreted to be “intermediate” 
and “indeterminate,” so additional testing is required in those cases. Computed 
tomography angiography has replaced V/Q scanning in most U.S. centers on 
the basis of its use in the nonpregnant population. The technique is dependent 
on cardiac output and plasma volume, both of which are increased during 
pregnancy. This may lead to poor opacification of the vessels, causing artifacts 
to be read as filling defects or the failure to visualize clots, so the technique 
must be adjusted for pregnancy. It is a sensitive, cost-effective test that offers 
an alternative diagnosis in 25 to 40% of cases, and it is preferred if there is an 
abnormality on the chest radiograph. It is well tolerated and has a shorter 
breath-holding time than V/Q scans, so it is also preferred in unstable patients, 
especially if an alternative diagnosis is suspected. Computed tomography 
angiography exposes the maternal breast to 2 to 3.5 rad, and exposure of the 
breast to 1 rad increases the lifetime risk of breast cancer by 13%. The use of 
breast shields decreases this exposure by about 50% without compromising 
the integrity of the test, so breast shields are strongly recommended.

The role of D-dimer testing in pregnancy has not yet been elucidated because 
D-dimer is elevated during normal pregnancy. It may have some use for its 
negative predictive value, but studies are inadequate to recommend its use at 
this time.

TREATMENT 
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 PROGNOSIS
Women who have had preeclampsia are at increased risk for heart disease, 
stroke, and cardiovascular death. Preeclampsia is also a marker for increased 
risk for end-stage renal disease. One year after delivery, preeclampsia patients 
observed longitudinally have been shown to have evidence of increased insulin 
resistance, BP, cholesterol, and triglycerides, which may be the first manifesta-
tions of the metabolic syndrome. In one study, the 10-year, 30-year, and lifetime 
risks for development of cardiovascular disease compared with women who 
did not have preeclampsia were 18.2% versus 1.7%, 31.3% versus 5.1%, and 
41.4% versus 17.8% in matched controls, respectively. It is unclear whether 
there is a shared pathogenesis, an unmasking of already established disease, 
or a contribution to the development of disease. It is possible that preexisting 
abnormal endothelial function predisposes to renal and vascular disease later 
in life and is, in fact, the same abnormality that disturbs implantation, resulting 
in preeclampsia and fetal loss. It is also possible that preeclampsia itself con-
tributes to the later development of disease.

Continuing care beyond 6 weeks postpartum is strongly recommended. 
Women with a history of severe preeclampsia should be screened for preexist-
ing hypertension, underlying renal disease, thrombophilia, and possibly sec-
ondary causes of hypertension. They should also be informed of the risk for 
preeclampsia in subsequent pregnancies, particularly if the birth interval is 
less than 2 years or more than 10 years. Women who are overweight should 
be advised to normalize their body mass index before another pregnancy and 
to reduce long-term risk. Both women with preexisting hypertension and 
those whose BP normalizes are likely to benefit from an overall assessment 
of cardiovascular risk that includes a lipid profile, smoking cessation, and early 
interventions to reduce risk.

 DEEP VENOUS THROMBOSIS, PULMONARY 
EMBOLISM, AND THROMBOPHILIA

Pulmonary embolism (PE) is one of the leading medical cause of maternal 
mortality in the developed world. It was responsible for 30% of direct maternal 
deaths in the most recent U.K. Confidential Enquiry. Despite our best efforts, 
mortality rates from PE in pregnancy have not changed in more than two 
decades, and the incidence of PE in the United States is rising, likely owing 
to the increase in obesity and cesarean deliveries. Current strategies to reduce 
risk from PE must address the widespread use of appropriate prophylaxis, 
early detection of venous thromboembolism (VTE), and prompt, safe, and 
effective therapy (Chapters 73 and 74).

 EPIDEMIOLOGY
More than half of the VTE events in women younger than 40 years occur in 
association with pregnancy. VTE is 10 times more common in pregnant than 
in nonpregnant women of comparable age. It occurs in 5 to 12 of 10,000 
pregnancies antepartum and in 3 to 7 of 10,000 postpartum. The risk for VTE 
with pregnancy is increased by the presence of additional risk factors, includ-
ing prolonged bedrest, cesarean section, preeclampsia, three or more children, 
smoking, obesity, previous superficial thrombophlebitis, previous VTE, throm-
bophilia, and family history of VTE.

 PATHOBIOLOGY
Pregnancy is a hypercoagulable state (Chapter 73) characterized by venous 
stasis, maternal prothrombotic imbalance in which activation of the coagula-
tion system exceeds the fibrinolytic response progressively through the course 
of pregnancy, and endothelial disruption. Venous stasis occurs as a result of 
progesterone-induced venodilation early in pregnancy and is later increased 
by the compressive effects of the gravid uterus. Compression of the left common 
iliac vein by the right common iliac artery (May-Thurner syndrome, a con-
genital anomaly that has been noted in 20% of the general adult population)7 
further increases venous stasis on the left, which may explain the finding that 
more than 90% of cases of deep vein thrombosis (DVT) in pregnancy occur 
in the left leg. Endothelial damage occurs with preeclampsia and with both 
vaginal and operative delivery, further contributing to VTE risk.

Genetic and Acquired Thrombophilias
A positive family history for VTE (possibly a marker for thrombophilia) or 
a known thrombophilia significantly increases the risk for VTE in pregnancy 
(Chapter 73). The best-described genetic thrombophilias include deficiencies 
in protein C, protein S, and antithrombin III, all of which appear to have 
autosomal dominant inheritance with variable penetrance, and the presence 
of the single-gene mutations factor V Leiden and prothrombin G202010. Of 

these, antithrombin-deficient homozygotes (rare) and compound heterozygotes 
have the highest risk for VTE in pregnancy. The thrombophilias have also 
been associated with obstetric complications in some studies, including IUGR, 
abruption, both early and late pregnancy loss, and preeclampsia (early, severe, 
or recurrent). The antiphospholipid antibody syndrome is the major acquired 
thrombophilia for which there are compelling pregnancy data supporting a 
link with both thrombosis risk and obstetric complications. The most recent 
American College of Obstetricians and Gynecologists technical bulletin and 
the American College of Chest Physicians guidelines recommend against 
prophylaxis for prevention of adverse pregnancy outcome in patients with 
thrombophilias other than the antiphospholipid antibody syndrome.

 DIAGNOSIS
The diagnosis of VTE during pregnancy is complicated by both normal 
pregnancy-related physiologic changes and the reluctance to use diagnos-
tic imaging in pregnancy.8 Clinical signs are unreliable, and leg swelling and 
complaints of dyspnea are common during pregnancy, making it difficult to 
decide when to investigate for VTE. The finding that 90% of DVT occurs 
in the left leg led to the observation that the combination of symptoms in 
the left leg, calf circumference difference of 2 cm or more, and first-trimester 
presentation (when leg swelling is less likely) is highly predictive of DVT. 
Most DVTs occur antepartum, and events are evenly distributed throughout 
gestation. The majority of fatal PEs in most studies occurred in the postpar-
tum period, so vigilance is required for a prolonged period after delivery. 
Diagnosis of DVT requires compression ultrasonography that includes the 
iliac veins and the inferior vena cava at the level of the liver (Chapter 74). 
It also requires repeated compression ultrasonography if study findings are 
normal but there is high pretest probability and continuing symptoms. In 
patients with suspected iliac or pelvic vein thrombosis and normal findings 
on ultrasound studies, magnetic resonance imaging or magnetic resonance 
venography is recommended.

The diagnosis of PE is even more of a problem, given the frequency of 
dyspnea, the likelihood of normal oxygenation in young patients with no 
underlying cardiopulmonary disease, and the more invasive nature of diagnostic 
testing. Arterial blood gas analysis is not helpful; the A-a gradient was normal 
in 60% of pregnant patients with documented PE in a retrospective review 
done at two centers.

The radiation exposure from imaging required for the diagnosis of PE is 
well below that allowed by the National Commission on Radiation Protection 
(see Table 226-3), so testing should never be withheld out of concern for fetal 
exposure. Ventilation-perfusion (V/Q) scanning is still the diagnostic test of 
choice in most centers outside the United States. It is better validated in preg-
nancy, involves no administration of contrast material, and has good negative 
predictive value in normal scans and in low-probability scans when it is paired 
with leg studies. If V/Q is used, it must be understood that there is still a 
significant risk for PE in patients with scans interpreted to be “intermediate” 
and “indeterminate,” so additional testing is required in those cases. Computed 
tomography angiography has replaced V/Q scanning in most U.S. centers on 
the basis of its use in the nonpregnant population. The technique is dependent 
on cardiac output and plasma volume, both of which are increased during 
pregnancy. This may lead to poor opacification of the vessels, causing artifacts 
to be read as filling defects or the failure to visualize clots, so the technique 
must be adjusted for pregnancy. It is a sensitive, cost-effective test that offers 
an alternative diagnosis in 25 to 40% of cases, and it is preferred if there is an 
abnormality on the chest radiograph. It is well tolerated and has a shorter 
breath-holding time than V/Q scans, so it is also preferred in unstable patients, 
especially if an alternative diagnosis is suspected. Computed tomography 
angiography exposes the maternal breast to 2 to 3.5 rad, and exposure of the 
breast to 1 rad increases the lifetime risk of breast cancer by 13%. The use of 
breast shields decreases this exposure by about 50% without compromising 
the integrity of the test, so breast shields are strongly recommended.

The role of D-dimer testing in pregnancy has not yet been elucidated because 
D-dimer is elevated during normal pregnancy. It may have some use for its 
negative predictive value, but studies are inadequate to recommend its use at 
this time.

The safety of unfractionated heparin (UFH) and low-molecular-weight heparin 
(LMWH) (Chapter 76) for the fetus is well established, however LMWH is now 
the drug of choice for both the treatment and the prevention of VTE.9 Warfarin 
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trials demonstrated a 50% risk reduction in symptoms of postthrombotic 
syndrome when compression stockings were used within 1 month of diagnosis 
and continued for a minimum of 1 year after diagnosis.

 ASTHMA
Maintaining adequate control of asthma during pregnancy is important for 
both maternal and fetal outcome. Asthma may be associated with increased 
perinatal mortality, preterm birth, IUGR, gestational diabetes, and preeclampsia. 
Well-controlled asthma reduces the likelihood of these adverse outcomes to 
baseline, so it is safer for both mother and fetus to treat maternal asthma than 
to allow exacerbations to occur (Chapter 81).

 EPIDEMIOLOGY
Asthma is the most common respiratory disease in pregnancy. It affects 3.7 
to 8.4% of pregnancies in the United States and 12 to 13% of pregnancies in 
Australia and the United Kingdom. Approximately 10% of U.S. women of 
reproductive age have asthma, and the rates of asthma reported during labor 
and delivery have doubled during the past decade.

Effect of Pregnancy on Asthma
The course of asthma in pregnancy is unpredictable, and most studies have 
found that one third of patients improve, one third worsen, and one third stay 
the same. The most likely predictor in any individual patient is her course 
during a previous pregnancy. In most studies, the majority of exacerbations 
occurred between 17 and 32 weeks, with some improvement reported by 
36 weeks’ gestation. Patients with mild asthma do well during labor and 
delivery, but almost 50% of patients with severe asthma worsen during labor 
and delivery. Risk factors for exacerbations include severe asthma, poor 
compliance with medications (especially inhaled corticosteroids), obesity, 
viral infections, rhinitis, gastroesophageal reflux, and poor prenatal care. 
The highest morbidity and mortality rates are reported in African American  
patients.

Effect of Asthma on Pregnancy
Pregnancy and perinatal outcome are improved when asthma is well con-
trolled. Poorly controlled asthma increases the risk for spontaneous abortion, 
low birthweight, IUGR, and cesarean section. Preterm delivery, gestational 
diabetes, and preeclampsia have also been associated with poorly controlled 
asthma, but it is unclear how systemic steroids contribute to these compli-
cations. Systemic steroids have been associated with an increased risk for 
premature rupture of membranes, preeclampsia, prematurity and low birth-
weight, and gestational diabetes. A retrospective study suggested that some 
complications may increase even in patients with mild asthma or asthma in  
good control.

 PATHOBIOLOGY
The normal physiologic changes of pregnancy may contribute to variations 
in asthma severity. Factors contributing to the worsening of asthma include 
gastroesophageal reflux disease and rhinitis or sinusitis, triggers for asthma 
that are common during pregnancy. Gastroesophageal reflux may be mani-
fested initially during pregnancy or worsen in patients with preexisting reflux 
owing to both hormonal and mechanical effects. Progesterone acts as a smooth 
muscle dilator that reduces lower esophageal sphincter pressure and con-
tributes to delayed gastric emptying. Later in gestation, uterine enlargement 
further contributes to gastric displacement and increased reflux. Rhinitis and 
sinusitis clearly contribute to asthma exacerbations in nonpregnant patients. 
Gestational rhinitis related to hormonal effects is present in most pregnant 
women, and its behavior seems to parallel that of asthma. Bacterial sinus-
itis is five to six times more common in pregnancy and should be treated  
aggressively.

Hormonal effects on the airway may also contribute to asthma status. There 
is a progressive increase in serum cortisol and estradiol, which affects the 
quality of mucus production, and in progesterone, which decreases smooth 
muscle contractility and thereby causes airway dilation and improves minute 
ventilation. Immunologic factors during normal pregnancy may also contribute 
to the course of asthma. There is a suppression of cell-mediated immunity, 
with a predominant TH2 environment and high interleukin-5 and tumor necrosis 
factor messenger RNA. In pregnant women with asthma (not receiving inhaled 
corticosteroid therapy), the TH2/TH1 ratio is even higher, possibly contribut-
ing to exacerbations.

The mechanism by which asthma exacerbations affect perinatal outcome 
is probably related to chronic maternal hypoxia, with consequent placental 

 PREVENTION
The overall recurrence risk for VTE during pregnancy ranges from 5 to 20%, 
depending in part on the circumstances of the index clot. The highest risk 
patients for recurrence include patients with a previous idiopathic VTE (while 
not pregnant) or a secondary VTE that occurred during a previous pregnancy 
or while taking oral contraceptives and patients with a positive history of 
thrombophilia or a family history of thrombophilia. The thrombophilias with 
the highest recurrence risk are the antiphospholipid antibody syndrome and 
homozygosity or compound heterozygosity with more than one mutation 
and antithrombin deficiency.

Unfortunately, randomized trials of antepartum prophylaxis with LMWH 
have found no reduction in VTE, pregnancy loss, or placenta-mediated preg-
nancy complications in women with thrombophilia and at high risk for these 
complications A6 ; furthermore, it was associated with an increased risk for minor 
bleeding. A7  However, patients with the antiphospholipid syndrome and a prior 
pregnancy loss have not been well studied and still are recommended for 
antepartum prophylaxis.

The American College of Chest Physicians consensus guidelines (see Table 
226-8) suggest surveillance with postpartum thromboprophylaxis in patients 
without a family history of thrombophilia in whom the previous VTE occurred 
in association with a transient risk factor other than pregnancy or oral con-
traceptive use. Antepartum prophylaxis is recommended by most U.S. centers 
in patients with prior idiopathic or estrogen-related DVT and patients with 
high-risk thrombophilias. When prophylaxis is instituted, it should be con-
tinued for at least 6 to 8 weeks postpartum, when the hemostatic changes of 
pregnancy return to prepregnant values. Additional groups that should be 
considered for thromboprophylaxis are patients who have undergone cesarean 
section, particularly if they have an additional risk factor for VTE, and patients 
on prolonged bedrest. Patients receiving continued prophylactic or treatment 
doses postpartum have the option of switching to warfarin, which is also safe 
in breast-feeding women.

 PROGNOSIS
VTE during pregnancy may be the first manifestation of a hypercoagulable 
state because pregnancy acts as a “stress test” for thrombophilia. Fifty percent 
of initial episodes of VTE in women younger than 40 years are manifested in 
association with pregnancy. A thrombophilia evaluation is indicated in all 
patients who present with VTE during pregnancy to assess long-term maternal 
and family risk and to guide future secondary prophylaxis recommendations. 
Patients with an identified thrombophilia and an adverse pregnancy outcome 
may be at risk for a similar outcome in a subsequent pregnancy and should 
be counseled about this risk and considered for thromboprophylaxis.

Patients who have had DVT during pregnancy have a high risk for post-
phlebitic syndrome and venous insufficiency. Two randomized controlled 

is a teratogen that crosses the placenta and has been associated with fetal 
bleeding and central nervous system abnormalities later in gestation, so it 
is not used for this indication in pregnancy. Initial treatment of VTE in the 
pregnant patient is either intravenous UFH, followed by subcutaneous UFH or 
LMWH, or an initial adjusted dose of LMWH that is then continued; both are  
acceptable.

LMWH causes a much lower incidence of heparin-induced thrombocytopenia 
than UFH (Chapter 163) and also less osteoporosis, so, given the prolonged 
exposure during pregnancy, it is the preferred agent. The 2012 American College 
of Chest Physicians consensus guidelines recommend LMWH as the preferred 
agent in pregnancy. The same consensus conference suggests limiting the 
use of fondaparinux and parenteral direct thrombin inhibitors to patients with 
severe allergic reactions to heparin (e.g., heparin-induced thrombocytopenia) 
who cannot receive danaparoid. The use of direct oral anticoagulants (against 
factor Xa or thrombin) is not recommended (Table 226-7). LMWH has increased 
bioavailability, but the ease of administration in pregnancy is mitigated by the 
need for twice-daily dosing and frequent monitoring. Dosing requirements 
increase with increasing gestation, so it is necessary to follow anti-Xa levels. 
Because LMWH has limited reversibility with protamine and because it has 
been associated with epidural hematomas in nonpregnant patients given 
spinal or epidural anesthesia, some centers recommend a switch to UFH 
by 34 to 36 weeks, although recent guidelines do not support this change. 
This allows patients the option of epidural anesthesia for delivery, and in the 
event of an emergent delivery before holding of anticoagulation, UFH can be 
reversed with protamine. Specific treatment recommendations are outlined  
in Table 226-8.
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dysfunction and decreased uteroplacental flow, which contributes to decreased 
fetal growth. Poorly controlled asthma increases low birthweight 2.5-fold. 
Relative placental ischemia in asthma, particularly in disease that was 
poorly controlled before conception, is likely the link to an increased 
risk for preeclampsia. Placentas from women with asthma show a change 
in response to vasodilators and constrictors in vitro, similar to that seen  
in preeclampsia.

 DIAGNOSIS
The diagnosis of asthma during pregnancy is the same as in the nonpregnant 
state (Chapter 81): normal forced expiratory volume in 1 second (FEV1)/
forced vital capacity on baseline pulmonary function tests with an obstructive 
physiology during exacerbations that is reversible either spontaneously or 
with medications. Airway hyperresponsiveness, as demonstrated by a metha-
choline challenge causing a 20% drop in FEV1 from baseline, is also useful 
for diagnosis in pregnancy. Asthma severity in pregnancy is classified the same 
as in nonpregnant patients by the new classification of asthma severity that 
incorporates short-acting β-agonist use. The new classification includes both 
the level of impairment (daytime and nighttime frequency, quality of life and 
interference with normal activities, lung function) and the risk for exacerba-
tions based on frequency and severity of prior exacerbations.

Differential Diagnosis
Dyspnea of pregnancy is a benign condition that often occurs later in preg-
nancy and is characterized by an increased awareness of the work of breathing 
that is disturbing for many patients. It is not likely to be acute, occurs less 
with rest, and should not interfere with normal daily activities. Dyspnea of 
pregnancy should not be accompanied by an increase in respiratory rate, 
wheezing, or hypoxia. It is important to consider pulmonary edema in any 
pregnant patient complaining of shortness of breath (Chapter 53). Pregnancy-
related causes of pulmonary edema and acute respiratory distress syndrome 
include tocolytics (drugs that slow contractions), preeclampsia, gastric aspira-
tion, amniotic fluid embolism, sepsis (related to pyelonephritis, chorioamnio-
nitis, endometritis, septic abortion), abruption, and obstetric hemorrhage. 
Cardiac causes should be suspected when pulmonary edema is manifested at 
the peak of blood volume (28 to 32 weeks), when occult valvular disease 
(Chapter 66) is most likely to be unmasked. Additional cardiac considerations 
are peripartum cardiomyopathy, preeclampsia, and ischemic heart disease, 
which in pregnancy may also be caused by coronary dissection.

TABLE 226-8 TREATMENT OF VENOUS THROMBOEMBOLISM 
IN PREGNANCY: ANTEPARTUM 
ANTICOAGULATION

DRUG

PROPHYLAXIS
AGGRESSIVE 

PROPHYLAXIS

FULL 
TREATMENT

First 20 
Weeks

20-37 
Weeks

First 20 
Weeks

20 Weeks 
to Term

Dalteparin 5000 U/day 5000 U 
q12h

100 U/
kg/day

100 U/
kg/day

100 U/kg q12h 
or 200 U/kg 
q24h with 
anti-Xa 
monitoring

Enoxaparin 40 mg/day 30-40 mg 
q12h

1 mg/kg/
day

1 mg/kg/
day

1 mg/kg q12h 
with anti-Xa 
monitoring

Tinzaparin 3500-
4500 U/
day

3500-
4500 U 
q12h

88 U/kg/
day

88 U/kg/
day

88 U/kg q12h 
or 175 IU 
per kg q24h 
with anti-Xa 
monitoring

Heparin Alternative if LMWH 
unaffordable: 750 U 
bid first 20 wk; 
10,000 U bid wk 
20-37

Alternative if LMWH 
unaffordable: 
10,000 U bid to 
achieve anti-Xa level 
of 0.1-0.3 U/mL

Adjusted to 
mid-interval 
anti-Xa of 
0.35-0.67 
with q12h 
SC injections

LMWH = low-molecular-weight heparin.
Modified from Bourjeily G, Rosene-Montella K, eds. Venous thromboembolism in pregnancy. In: 
Pulmonary Problems in Pregnancy, Respiratory Medicine. New York: Humana Press; 2009.

Management of asthma during pregnancy does not differ greatly from that 
of the nonpregnant patient (Chapter 81).10 However, normal arterial carbon 
dioxide pressure (PaCO2) in pregnancy is 28 to 32 mm Hg, so a tachypneic 
pregnant patient with a PaCO2 above this range may be in impending respira-
tory failure. Minute ventilation in pregnancy increases by an increase in tidal 
volume, but respiratory rate is unchanged by pregnancy, so tachypnea is always 
an abnormal finding.

The goal of asthma therapy during pregnancy is to maintain adequate control 
to ensure maternal and fetal health. It is always safer for pregnant women with 
asthma to be treated with asthma medications than to experience symptoms 
and exacerbations. A8  Careful monitoring during all prenatal visits, preferably 
with spirometry, and stepped-up therapy are required both for maternal asthma 
control and to ensure appropriate oxygenation of the fetus. Maternal arterial 
oxygen saturation should be maintained at 95% or more, or the arterial oxygen 
pressure (PaO2) should be maintained at 80 mm Hg or more, to maintain fetal 
oxygenation. E-Figure 226-1 outlines the classification of asthma and care 
for pregnant patients with asthma. More detailed recommendations for the 
home management of exacerbations and for hospitalization and emergency 
care for pregnant patients can be found in the National Asthma Education 
and Prevention Program Working Group Report for Managing Asthma During  
Pregnancy.

Albuterol is the preferred short-acting β-agonist because it has an excellent 
safety profile and the most data related to safety during human pregnancy. 
Inhaled corticosteroids are the preferred medication for long-term control. 
Budesonide is the preferred inhaled corticosteroid solely because of the 
amount of reassuring data on its use in pregnant patients. There are, however, 
no adverse data on the other inhaled corticosteroids. Data on the effectiveness 
and safety of long-acting β-agonists during pregnancy are limited, although 
it is reasonable to assume that they have a safety profile similar to that of alb-
uterol. Salmeterol is the preferred agent, based only on its longer availability 
and lack of reports of adverse outcomes in exposed pregnancies. Cromolyn has 
an excellent safety profile but has limited effectiveness compared with inhaled  
corticosteroids.

Minimal published reports are available on the use of leukotriene receptor 
antagonists during pregnancy; however, animal safety data are reassuring. 
Current guidelines do not recommend leukotriene receptor antagonists because 
of the limited data, unless a patient’s asthma was well controlled with this type 
of drug before pregnancy.

Intranasal corticosteroids are recommended for the treatment of allergic 
rhinitis, given the limited systemic effect. The current nonsedating antihistamines 
of choice are loratadine and cetirizine.

Patients at risk for fatal asthma are those with a large bronchodilator response, 
overreliance on short-acting bronchodilators, marked circadian variation in lung 
function, history of hospitalization or intubation, and frequent systemic steroid 
use. There are specific considerations based on pregnancy physiology in preg-
nant patients who may require airway intubation. Pregnant patients have a 
low functional residual capacity and oxygen reserve, a more profound response 
to sedatives, airway edema, and larger airways. Intubation failure is much higher 
in pregnant women, so intubation should be performed by the most experi-
enced professional available.

Breast-feeding should be encouraged in all patients with asthma because 
there is some evidence that it decreases atopy in offspring. Data are conflicting 
regarding the development of asthma in offspring.

TREATMENT 

 DIABETES
Diabetes affects 1.85 million women of reproductive age, and it is estimated 
that preconception management could reduce the risk for 113,000 births per 
year (Chapter 216). All women of reproductive age with diabetes should be 
counseled about the relationship between glucose control and congenital 
anomalies. Hyperglycemia is a teratogen, and the incidence of congenital 
anomalies is directly related to the hemoglobin A1c level at conception (Fig. 
226-3). The anomaly rate was as high as 11% in women without preconcep-
tion care, including cardiac anomalies, neural tube defects, and sacral agenesis. 
The single most important contribution an internist can make to the preven-
tion of congenital anomalies is to address pregnancy risk with all women of 
childbearing age with diabetes. The responsibility to normalize hemoglobin 
A1c before conception falls to the medical care provider; after pregnancy is 
diagnosed and the patient is seen by her obstetrician, the teratogenic effects 
of glucose have already occurred.

 DEFINITION
Gestational diabetes mellitus (GDM) is defined as glucose intolerance that 
first occurs or is first identified during pregnancy. Either type 1 or type 2 

diabetes in a pregnant patient is referred to as preexisting or pregestational 
diabetes.

 EPIDEMIOLOGY
The frequency of GDM is rising in the United States; it now occurs in 4 to 
14% of all pregnancies, depending on the patient’s characteristics. The epidemic 
of type 2 diabetes has resulted in a higher prevalence at a younger age; in the 
United States, there has been a 70% increase in the prevalence of diabetes in 
the 30- to 39-year-old group versus 33% overall. The proportion of women 
with type 2 versus type 1 pregestational diabetes has also increased, from 26% 
in 1980 to 65% in 2000, and it is still increasing. The perinatal morbidity and 
mortality associated with type 2 diabetes is at least as great as that associated 
with type 1 during pregnancy.

 PATHOBIOLOGY
Type 1 diabetes is caused by autoimmune destruction of pancreatic beta cells, 
resulting in an absolute insulin deficiency. Ninety percent of cases are diagnosed 
before the age of 25 years and are often associated with other autoimmune 
illnesses or a family history of autoimmune illness, including thyroid disorders, 
Addison disease, and celiac disease. Type 2 diabetes is part of the metabolic 
syndrome, which includes insulin resistance, hyperinsulinemia, dyslipidemia, 
abdominal obesity, and hypertension with premature atherosclerosis; it prob-
ably has a genetic component. GDM may also be a manifestation of the meta-
bolic syndrome, unmasked by the insulin-resistant state of pregnancy. Patients 
with GDM have a 50% chance for development of type 2 diabetes in the 
ensuing 5 to 10 years and a long-term risk of approximately 70%.

Pregnancy is a state of accelerated starvation and marked insulin resistance. 
Lower fasting glucose levels are seen early in the first trimester, and nocturnal 
hypoglycemia is common. There is blunted hypoglycemic awareness due to 
decreased epinephrine and norepinephrine release, with falls in blood glucose 
concentration and increased ketogenesis, resulting in an increased risk for 
diabetic ketoacidosis. Insulin requirements may decrease 20% in weeks 7 to 
12 but then gradually rise later in gestation, such that insulin doses need to 
be increased by 16 weeks’ gestation. Marked insulin resistance is related  
to the presence of elevated levels of cortisol, prolactin, human placental lac-
togen, and human placental growth hormone. Insulin sensitivity is decreased 
by about 50% in the third trimester, resulting in increased serum insulin and 
postprandial glucose levels, explaining the timing of the onset of GDM.

 DIAGNOSIS
The diagnosis of pregestational diabetes is based on the finding of a fasting 
blood glucose level of more than 125 mg/dL or a 2-hour or random blood 
glucose level of 200 mg/dL or more. The American Diabetes Association 
recently added a hemoglobin A1c level of 6.5% or higher as an acceptable 
alternative diagnostic criterion. GDM is based on the results of a blood glucose 
screen after a 50-g glucose challenge test (≥140 mg/dL), followed by a 3-hour 
confirmatory 100-g oral glucose tolerance test. Positive results are any two of 
the following: fasting, 95 mg/dL or more; 1 hour, 180 mg/dL; 2 hours, 155 mg/
dL; and 3 hours, 140 mg/dL. It may be difficult to distinguish between GDM 

TREATMENT 
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E-FIGURE 226-1. Stepwise approach for management of asthma during pregnancy and lactation. The stepwise approach is meant to assist, not replace, the clinical decision making 
required to meet individual patient needs. recommendations are as follows. gain control as quickly as possible, considering a short course of systemic corticosteroid and then stepping 
down to the least medication necessary to maintain control. minimize the use of short-acting inhaled β2-agonist‡. Provide self-education on self-management and controlling environ-
mental factors that make asthma worse (e.g., allergens, irritants). refer to an asthma specialist if there are difficulties controlling asthma or if step 4 care is required. referral may be 
considered if step 3 care is required. *There are more data on using budesonide during pregnancy than on using other inhaled corticosteroids. †There are minimal data on using 
leukotriene receptor antagonists in humans during pregnancy, although there are reassuring animal data. ‡There are more data on using albuterol during pregnancy than on using 
other short-acting inhaled β2-agonists. FeV1 = forced expiratory volume in 1 second; PeF = peak expiratory flow. (From national asthma education and Prevention Program Working 
group report on managing asthma during Pregnancy. Recommendations for Pharmacologic Treatment—Update 2004. NIH Publication No. 05-5236. U.s. department of Health and Human 
services; national institutes of Health; national Heart, lung, and blood institute; march 2005.)

Classify Severity: Clinical Features Before
Treatment or Adequate Control

Medications Required to Maintain
Long-Term Control

Step 4
Severe
Persistent

Symptoms/
Day

Symptoms/
Night

PEF
or FEV1

PEF Variability

Continual ≤60%

Frequent >30%

Daily medications

• Preferred treatment:
 –High-dose inhaled corticosteroid
  AND
 –Long-acting inhaled β2-agonist
  AND, if needed,
 –Corticosteroid tablets or syrup long term (2 mg/kg per day, generally not to exceed 60 mg per day).
  (Make repeat attempts to reduce systemic corticosteroid and maintain control with high-dose
  inhaled corticosteroid.)

• Alternative treatment:
 –High-dose inhaled corticosteroid
  AND
 –Sustained-release theophylline to serum concentration of 5–12 µg/mL. 

Step 3
Moderate
Persistent

Daily >60%–<80%

>1 night/week >30%

• Preferred treatment:
 EITHER
 –Low-dose inhaled corticosteroid and long-acting inhaled β2-agonist
  OR
 –Medium-dose inhaled corticosteroid
  If needed (particularly in patients with recurring severe exacerbations):
 –Medium-dose inhaled corticosteroid and long-acting inhaled β2-agonist

• Alternative treatment:
 –Low-dose inhaled corticosteroid and either theophylline or leukotriene receptor antagonist.
  If needed:
 –Medium-dose inhaled corticosteroid and either theophylline or leukotriene receptor antagonist. 

Step 2
Mild
Persistent

>2 days/week 
but <daily ≥80%

>2 nights/month 20%–30%

• Preferred treatment:
 –Low-dose inhaled corticosteroid
 
• Alternative treatment (listed alphabetically): cromolyn, leukotriene receptor antagonist
 OR sustained-release theophylline to serum concentration of 5–12 µg/mL.

Step 1
Mild
Intermittent

≤2 days/week ≥80%

≤2 nights/month <20%

No daily medication needed.
 
• Severe exacerbations may occur, separated by long periods of normal lung function and no 
 symptoms. A course of systemic corticosteroid is recommended.

Quick
Relief
All Patients

• Short-acting bronchodilator: 2–4 puffs short-acting inhaled β2-agonist as needed for symptoms.
• Intensity of treatment will depend on severity of exacerbation; up to 3 treatments at 20-minute intervals or a single nebulizer 
 treatment as needed. Course of systemic corticosteroid may be needed.
• Use of short-acting inhaled β2-agonist >2 times a week in intermittent asthma (daily, or increasing use in persistent asthma)
 may indicate the need to initiate (increase) long-term control therapy.
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and type 2 diabetes that was not diagnosed before pregnancy. Elevated fasting 
glucose levels before 24 weeks’ gestation and elevated hemoglobin A1c are 
both suggestive of type 2 diabetes. Any diabetes diagnosed during pregnancy 
is referred to as GDM; if it persists postpartum, it is reclassified as type 2.
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FIGURE 226-3. relationship of hemoglobin a1c (Hgba1c), congenital anomalies, and 
spontaneous abortion. 

diabetes in a pregnant patient is referred to as preexisting or pregestational 
diabetes.

 EPIDEMIOLOGY
The frequency of GDM is rising in the United States; it now occurs in 4 to 
14% of all pregnancies, depending on the patient’s characteristics. The epidemic 
of type 2 diabetes has resulted in a higher prevalence at a younger age; in the 
United States, there has been a 70% increase in the prevalence of diabetes in 
the 30- to 39-year-old group versus 33% overall. The proportion of women 
with type 2 versus type 1 pregestational diabetes has also increased, from 26% 
in 1980 to 65% in 2000, and it is still increasing. The perinatal morbidity and 
mortality associated with type 2 diabetes is at least as great as that associated 
with type 1 during pregnancy.

 PATHOBIOLOGY
Type 1 diabetes is caused by autoimmune destruction of pancreatic beta cells, 
resulting in an absolute insulin deficiency. Ninety percent of cases are diagnosed 
before the age of 25 years and are often associated with other autoimmune 
illnesses or a family history of autoimmune illness, including thyroid disorders, 
Addison disease, and celiac disease. Type 2 diabetes is part of the metabolic 
syndrome, which includes insulin resistance, hyperinsulinemia, dyslipidemia, 
abdominal obesity, and hypertension with premature atherosclerosis; it prob-
ably has a genetic component. GDM may also be a manifestation of the meta-
bolic syndrome, unmasked by the insulin-resistant state of pregnancy. Patients 
with GDM have a 50% chance for development of type 2 diabetes in the 
ensuing 5 to 10 years and a long-term risk of approximately 70%.

Pregnancy is a state of accelerated starvation and marked insulin resistance. 
Lower fasting glucose levels are seen early in the first trimester, and nocturnal 
hypoglycemia is common. There is blunted hypoglycemic awareness due to 
decreased epinephrine and norepinephrine release, with falls in blood glucose 
concentration and increased ketogenesis, resulting in an increased risk for 
diabetic ketoacidosis. Insulin requirements may decrease 20% in weeks 7 to 
12 but then gradually rise later in gestation, such that insulin doses need to 
be increased by 16 weeks’ gestation. Marked insulin resistance is related  
to the presence of elevated levels of cortisol, prolactin, human placental lac-
togen, and human placental growth hormone. Insulin sensitivity is decreased 
by about 50% in the third trimester, resulting in increased serum insulin and 
postprandial glucose levels, explaining the timing of the onset of GDM.

 DIAGNOSIS
The diagnosis of pregestational diabetes is based on the finding of a fasting 
blood glucose level of more than 125 mg/dL or a 2-hour or random blood 
glucose level of 200 mg/dL or more. The American Diabetes Association 
recently added a hemoglobin A1c level of 6.5% or higher as an acceptable 
alternative diagnostic criterion. GDM is based on the results of a blood glucose 
screen after a 50-g glucose challenge test (≥140 mg/dL), followed by a 3-hour 
confirmatory 100-g oral glucose tolerance test. Positive results are any two of 
the following: fasting, 95 mg/dL or more; 1 hour, 180 mg/dL; 2 hours, 155 mg/
dL; and 3 hours, 140 mg/dL. It may be difficult to distinguish between GDM 

Dietary recommendations are for 30 kcal/kg, with 40 to 50% carbohydrates, 
divided into three meals and three snacks. Aerobic exercise may decrease insulin 
resistance and reduce maternal glucose levels and may be an effective adjunct 
to diet in patients with GDM. Adjustment of medications should include the 
discontinuation of ACE inhibitors, ARBs, and statins and the institution of folate 
and prenatal vitamins. An assessment of baseline disease status in all patients 
with diabetes should include hemoglobin A1c, ophthalmologic examination, 
electrocardiogram, assessment of urine protein excretion, serum creatinine 
concentration, and thyroid-stimulating hormone level. Baseline preeclampsia 
laboratory studies are also recommended.

The fetal assessment plan includes ultrasound to confirm dates and viability; 
this is done by the patient’s obstetric care provider. There will also be a quad 
screen (second-trimester prenatal screening), looking for serum markers that 
suggest neural tube defects or Down syndrome; an ultrasound nuchal trans-
lucency and a level 2 ultrasound to assess for congenital anomalies; and a fetal 
echocardiogram.

Control of Blood Glucose
The goal of treatment for pregestational diabetes is the best hemoglobin A1c 

level possible, without excessive hypoglycemia.11 This is achieved by frequent 
insulin adjustments and self-monitoring of blood glucose level at least four 
times a day. The specific goals for both GDM and pregestational diabetes are 
fasting glucose concentration of 65 to 95 mg/dL, 1-hour postprandial glucose 
concentration of less than 140 mg/dL, and 2-hour glucose concentration of less 
than 120 mg/dL. This is best achieved by continuous glucose monitoring, A9  
whether by an insulin pump or by using multiple doses of insulin, including 
basal, intermediate, and long-acting insulin, with preprandial bolus rapid-act-
ing insulin to cover the anticipated carbohydrate load. This regimen requires 
self-monitoring of blood glucose levels six or seven times a day, so it may be 
difficult to comply with. Further, the risk for serious hypoglycemia may limit 
these glycemic targets, particularly in women with type 1 diabetes. Extreme 
vigilance is required to avoid serious hypoglycemia, particularly in weeks 7 to 
12, when insulin requirements are the lowest during pregnancy. In patients 
with decreased glycemic awareness, the risk for nighttime hypoglycemia is 
significant, and patients’ partners should be counseled about this risk.

Insulin analogues are being used with increasing frequency. Of the rapid-
acting analogues, there are data that lispro does not cross the placenta; there 
are no data yet on aspart. Although long-acting glargine is being used in preg-
nancy, its placental transfer is unknown, and there are theoretical concerns 
about its binding to the insulin-like growth factor receptor and its mitogenic 
potential.

Of the oral agents for which there are data, glyburide is safe and efficacious 
in women with GDM, and it is more efficacious than metformin in this setting. A10  
Oral agents are less useful with significant insulin resistance and type 2 diabetes, 
so insulin continues to be the “gold standard” in this group. Metformin does 
not appear to increase the risk for congenital anomalies or spontaneous abor-
tion, but it does cross the placenta. Women with polycystic ovary syndrome 
treated with metformin may regain their fertility and should be advised to use 
contraception. Recent trials support the safety of metformin in the second and 
third trimesters. In the United States, metformin is not yet recommended for 
the treatment of type 2 diabetes in pregnancy or for GDM. There are inadequate 
pregnancy data for the meglitinides and glitazones.

Maternal and Fetal Monitoring
During pregnancy, increased vigilance and continual assessment for the 

development of complications, including hypertension, preeclampsia, worsen-
ing nephropathy, and retinopathy, are required. The incidences of retinopathy 
in pregnant women with type 1 and type 2 diabetes are 34 to 50% and 3 to 
5%, respectively. Nephropathy is found in 4% of diabetic pregnancies and is 
associated with increased maternal and perinatal morbidity. Most studies agree 
that pregnancy may accelerate the progression of nephropathy, but the revers-
ibility of this complication is unclear. Most studies show a worsening of retino-
pathy in pregnant patients similar to that occurring during the same period in 
nonpregnant patients. The level of severity of retinopathy before pregnancy 
is most predictive of worsening during pregnancy, and treatment is recom-
mended before conception.

Labor and Delivery
During labor and delivery, tight glucose control is necessary to avoid neonatal 

hypoglycemia due to hyperinsulinemia at birth. The goal is to maintain serum 
glucose levels of 72 to 144 mg/dL. The use of an insulin drip with dextrose 
infusion in active labor is recommended. Immediately after delivery, insulin 

TREATMENT 



CHAPTER 226 Common mediCal Problems in PregnanCy1586

requirements decrease to prepregnancy levels. Insulin needs should be one 
half to two thirds prepregnancy requirements, with a further decreased need 
found in breast-feeding patients.

Postpartum Considerations
Fifteen percent to 25% of pregnant patients with type 1 diabetes develop 

postpartum thyroiditis, so all patients require postpartum measurements of 
thyroid-stimulating hormone and follow-up for 6 months. Other postpar-
tum recommendations are to restart ACE inhibitors and to monitor closely 
for infection. It is important to discuss diabetes prevention in the offspring 
and to address contraception. It is most important to recommend an effective 
contraceptive method that is acceptable to the patient. Oral estrogens can 
increase triglycerides, and both oral and injectable progesterone-only contra-
ceptives may increase insulin resistance. Low-dose combined oral contracep-
tives and the progesterone-releasing intrauterine device appear to have little  
effect on glucose.

Insulin is acceptable in breast-feeding women, and limited data suggest 
that glyburide and metformin are safe as well. One small study found that 
glyburide is not excreted in breast milk and that metformin is excreted in a 
small amount that is probably not clinically significant.

 PROGNOSIS AND COMPLICATIONS
The maternal complications of diabetes may be affected by pregnancy and 
may affect the course of the pregnancy. Patients with nephropathy experience 
an increase in proteinuria and a risk for progression of renal disease, especially 
if the serum creatinine concentration is more than 1.4 mg/dL. There is an 
increased risk for hypertension, which is seen in 30% of patients during the 
first trimester and 75% of patients by the third trimester. Autonomic neuropathy 
may worsen, as manifested by increasing gastroparesis, orthostatic hypoten-
sion, and decreased hypoglycemic awareness. Patients with long-standing 
diabetes may need to be evaluated for ischemic heart disease, which may 
impair the heart’s ability to meet the cardiovascular demands of pregnancy. 
Pregnant patients are also at risk for hyperlipidemia and for preeclampsia. 
Diabetes increases the risk for operative delivery and for infections, the most 
common of which are wound, urinary tract, and respiratory.

Diabetic ketoacidosis may be precipitated by steroid use for fetal lung matu-
rity, hyperemesis, infection, and noncompliance with insulin regimens. Acidosis 
may occur more quickly and at lower glucose levels in pregnant than in non-
pregnant patients. There is a high fetal mortality associated with diabetic 
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ketoacidosis (9 to 10%), and patients should be monitored in an intensive 
care setting.

Fetal and Neonatal Effects
There is an increased risk for spontaneous abortion, fetal loss, congenital 
anomalies, preeclampsia, and preterm delivery in patients with diabetes (Fig. 
226-4). Poor glycemic control during pregnancy, especially in type 2 diabetes 
and GDM, is also associated with macrosomia (baby weighing >4000 g) and 
fetal intraventricular septal hypertrophy. Poor control is also associated with 
the effects of maternal vascular and renal disease and ketoacidosis, which 
include fetal loss, preeclampsia, and low birthweight. A study looking at dif-
ferences in causes of pregnancy loss in type 1 and type 2 diabetic mothers 
compared the placental histology of patients with type 1 and type 2 diabetes 
and found an increase in histologic infarcts in type 2, suggesting a vascular 
rather than a glycemic cause of pregnancy complications and signs of abnormal 
development of placentas from patients with type 1 disease.

Neonatal complications include respiratory distress syndrome, hypoglycemia, 
hypocalcemia, cardiac hypertrophy, hyperbilirubinemia, and polycythemia. 
The risk for hypoglycemia may be ameliorated by careful control of maternal 
glucose concentration during labor and delivery. Normalization of maternal 
glucose concentration prevents hyperinsulinemia in the fetus and mitigates 
the risk for neonatal hypoglycemia.

Maternal Effects
GDM is a marker for type 2 diabetes; 50% of patients will develop type 2 
diabetes within 7 to 10 years, and overall, 70% will develop the disease. Patients 
who have had GDM need directed testing at their 6-week postpartum visit, 
annual screening, and recommendations for lifestyle modification and car-
diovascular risk reduction. Offspring of patients with GDM and type 2 diabetes 
are at increased risk for obesity and glucose intolerance.

 LIVER DISEASE IN PREGNANCY
Liver disease found during pregnancy may be unique to pregnancy, represent 
underlying liver disease unmasked during pregnancy, or develop during preg-
nancy.12 Most liver function test results are unchanged by pregnancy with the 
exception of an increase in alkaline phosphatase (which is produced by the 
placenta), an increase in fibrinogen, and a decrease in serum albumin.

Table 226-9 outlines pregnancy-related liver disease. This discussion focuses 
on diseases unique to pregnancy and those diseases for which there are specific 
management considerations during pregnancy.

 ACUTE FATTY LIVER OF PREGNANCY
 DIAGNOSIS

Acute fatty liver of pregnancy is a rare condition that is estimated to occur in 
5 per 100,000 pregnancies. It most commonly is manifested in the third tri-
mester and postpartum; in its most severe form, it can be associated with 
fulminant liver failure and the need for liver transplantation. Maternal mortality 
rates were earlier thought to be as high as 20%, but a more recent U.K. study 
found a 2% maternal and 11% perinatal mortality rate. The Swansea criteria 
have recently been validated as a diagnostic tool for the diagnosis of acute 
fatty liver of pregnancy (Table 226-10).

 PROGNOSIS
The maternal mortality rate has been estimated at 18%. Acute fatty liver of 
pregnancy is associated with an inherited defect in mitochondrial fatty acid B 
oxidation. The defect results in accumulation of toxic metabolites produced 
by the fetus and placenta that, after entering the maternal circulation, are 
deposited in maternal liver. Diagnosis is clinical, based on the constellations 
of findings described in Table 226-10. Liver function abnormalities can be 
severe, and hypoglycemia is a poor prognostic sign. Anyone with evidence 
of liver failure should be seen at a transplant center as early in the course as  
possible.

 Preexisting or New-Onset Liver Disease during Pregnancy
The major importance of recognition of underlying liver disease in pregnancy 
is both for maternal health and for those diseases in which lack of treatment 
results in a high rate of vertical transmission to the fetus or neonate.

 VIRAL HEPATITIS
Hepatitis C virus (HCV) infection (Chapter 139) has become an increasingly 
important and prevalent issue in pregnancy; maternal-to-child HCV vertical 
transmission rates are 5 to 10% and as high as 22% with HIV coinfection. 
New screening guidelines will lead to more universal screening in this age 
group. The mode of delivery does not have an impact on vertical transmission  
rates. The higher the viral load and the longer the duration of ruptured mem-
branes, the higher the risk for transmission. Infection with hepatitis E virus 
and herpes simplex virus is much more likely to be severe in pregnant women. 
Particularly in the third trimester, it can be associated with fulminant disease 
and high maternal and perinatal mortality. All pregnant patients with new-onset 
hepatitis should also be screened for cytomegalovirus and Epstein-Barr virus.

 Liver Diseases Unique to Pregnancy
 INTRAHEPATIC CHOLESTASIS OF PREGNANCY (OBSTETRIC CHOLESTASIS)

 DIAGNOSIS
Intrahepatic cholestasis of pregnancy (ICP) or obstetric cholestasis affects 
0.5 to 2% of pregnant women, although in Bolivia and Chile, rates of 4 to 28% 
have been observed. ICP is manifested most commonly in the late second or 
third trimester with intense pruritus accompanied by an increase in serum 
bile acids and often transaminases and prothrombin time. ICP is likely to be 
a metabolic disease of multifactorial etiology characterized in most cases by 
a genetic variation in the biliary transporters and receptors that govern bile 
acid homeostasis. It is more common in patients with underlying hepatitis C, 
so it is important to screen all patients with hepatitis C serology. ICP is associ-
ated with preterm labor, meconium staining, fetal hypoxia, and sudden fetal 
demise.

TREATMENT 

 PREECLAMPSIA AND ECLAMPSIA
As discussed previously, preeclampsia can be associated with liver abnormali-
ties, including liver edema and infarction, subcapsular hematoma, liver lacera-
tion, and HELLP syndrome (hemolysis, elevated liver enzymes, and low 
platelets).

 HYPEREMESIS GRAVIDARUM
Hyperemesis gravidarum, defined as severe persistent nausea and vomiting 
of pregnancy with weight loss, ketosis, or dehydration, can be associated with 
transaminase elevations in 50 to 60% of cases.

TREATMENT 

TREATMENT 
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 ACUTE FATTY LIVER OF PREGNANCY
 DIAGNOSIS

Acute fatty liver of pregnancy is a rare condition that is estimated to occur in 
5 per 100,000 pregnancies. It most commonly is manifested in the third tri-
mester and postpartum; in its most severe form, it can be associated with 
fulminant liver failure and the need for liver transplantation. Maternal mortality 
rates were earlier thought to be as high as 20%, but a more recent U.K. study 
found a 2% maternal and 11% perinatal mortality rate. The Swansea criteria 
have recently been validated as a diagnostic tool for the diagnosis of acute 
fatty liver of pregnancy (Table 226-10).

 PROGNOSIS
The maternal mortality rate has been estimated at 18%. Acute fatty liver of 
pregnancy is associated with an inherited defect in mitochondrial fatty acid B 
oxidation. The defect results in accumulation of toxic metabolites produced 
by the fetus and placenta that, after entering the maternal circulation, are 
deposited in maternal liver. Diagnosis is clinical, based on the constellations 
of findings described in Table 226-10. Liver function abnormalities can be 
severe, and hypoglycemia is a poor prognostic sign. Anyone with evidence 
of liver failure should be seen at a transplant center as early in the course as  
possible.

 Preexisting or New-Onset Liver Disease during Pregnancy
The major importance of recognition of underlying liver disease in pregnancy 
is both for maternal health and for those diseases in which lack of treatment 
results in a high rate of vertical transmission to the fetus or neonate.

 VIRAL HEPATITIS
Hepatitis C virus (HCV) infection (Chapter 139) has become an increasingly 
important and prevalent issue in pregnancy; maternal-to-child HCV vertical 
transmission rates are 5 to 10% and as high as 22% with HIV coinfection. 
New screening guidelines will lead to more universal screening in this age 
group. The mode of delivery does not have an impact on vertical transmission  
rates. The higher the viral load and the longer the duration of ruptured mem-
branes, the higher the risk for transmission. Infection with hepatitis E virus 
and herpes simplex virus is much more likely to be severe in pregnant women. 
Particularly in the third trimester, it can be associated with fulminant disease 
and high maternal and perinatal mortality. All pregnant patients with new-onset 
hepatitis should also be screened for cytomegalovirus and Epstein-Barr virus.

TABLE 226-9 LIVER DISEASE AND PREGNANCY
UNIQUE TO PREGNANCY

Acute fatty liver of pregnancy
HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets)
Hyperemesis gravidarum
Intrahepatic cholestasis of pregnancy
Preeclampsia and eclampsia
INCREASED INCIDENCE DURING PREGNANCY

Budd-Chiari syndrome
Drug-induced hepatotoxicity
Gallstones
Liver transplantation
Sepsis
Viral hepatitis
UNDERLYING CONDITION THAT MAY BE REVEALED

Autoimmune hepatitis
Cirrhosis
Hepatitis B and C
Primary biliary cirrhosis
Primary sclerosing cholangitis
Wilson disease
Modified from Mufti AR, Reau N. Liver disease in pregnancy. Clin Liver Dis. 2012;16:247-269.

 Liver Diseases Unique to Pregnancy
 INTRAHEPATIC CHOLESTASIS OF PREGNANCY (OBSTETRIC CHOLESTASIS)

 DIAGNOSIS
Intrahepatic cholestasis of pregnancy (ICP) or obstetric cholestasis affects 
0.5 to 2% of pregnant women, although in Bolivia and Chile, rates of 4 to 28% 
have been observed. ICP is manifested most commonly in the late second or 
third trimester with intense pruritus accompanied by an increase in serum 
bile acids and often transaminases and prothrombin time. ICP is likely to be 
a metabolic disease of multifactorial etiology characterized in most cases by 
a genetic variation in the biliary transporters and receptors that govern bile 
acid homeostasis. It is more common in patients with underlying hepatitis C, 
so it is important to screen all patients with hepatitis C serology. ICP is associ-
ated with preterm labor, meconium staining, fetal hypoxia, and sudden fetal 
demise.

Because no antenatal testing has been able to predict those patients at 
risk for fetal demise, consensus guidelines recommend delivery at 37 to 38 
weeks of gestation in patients with a significant elevation in serum bile acids 
(≥40 µmol/L). The treatment of choice is ursodeoxycholic acid at 10 to 15 mg/
kg, which leads to both symptomatic and biochemical improvement. There are 
no studies demonstrating a beneficial effect on pregnancy outcome.

TREATMENT 

 PREECLAMPSIA AND ECLAMPSIA
As discussed previously, preeclampsia can be associated with liver abnormali-
ties, including liver edema and infarction, subcapsular hematoma, liver lacera-
tion, and HELLP syndrome (hemolysis, elevated liver enzymes, and low 
platelets).

 HYPEREMESIS GRAVIDARUM
Hyperemesis gravidarum, defined as severe persistent nausea and vomiting 
of pregnancy with weight loss, ketosis, or dehydration, can be associated with 
transaminase elevations in 50 to 60% of cases.

Treatment is supportive with rehydration, antiemetics, and vitamin replace-
ment, often requiring hospitalization. Oral fluid repletion can often be accom-
plished because indwelling intravenous catheters have been associated with 
a significant risk for thrombosis and infections. Hyperemesis gravidarum is 
usually a reversible condition with no permanent liver damage.

TREATMENT 

TABLE 226-10 SWANSEA DIAGNOSTIC CRITERIA FOR ACUTE 
FATTY LIVER OF PREGNANCY

Six or more of the following features in the absence of another explanation:
•	 Vomiting
•	 Abdominal	pain
•	 Polydipsia/polyuria
•	 Encephalopathy
•	 Elevated	bilirubin
•	 Hypoglycemia
•	 Elevated	urate

•	 Leukocytosis
•	 Ascites	or	bright	liver	on	ultrasound	scan
•	 Elevated	transaminases
•	 Elevated	ammonia
•	 Renal	impairment
•	 Coagulopathy
•	 Microvesicular	steatosis	on	liver	biopsy

From Ch’ng CL, Morgan M, Hainsworth I, et al. Prospective study of liver dysfunction in pregnancy 
in Southwest Wales. Gut. 2002;51:876-880.

All pregnant women in the United States are screened for hepatitis B virus 
(HBV) with hepatitis B surface antigen (Chapter 139). All neonates born to 
positive mothers are treated with hepatitis B immune globulin within 12 hours 
of birth and given their first dose of HBV vaccine at birth. This regimen is less 
effective in mothers with a high viral load or in the presence of hepatitis B e 
antigen positivity.

Fetal risks involved in the use of interferon during pregnancy outweigh its 
benefits. All current oral anti-HBV drugs (including lamivudine, entecavir, and 
adefovir) are categorized as FDA pregnancy category C, except telbivudine and 
tenofovir, which are pregnancy category B drugs. Vertical transmission of HCV 
occurs, but data supporting recommendations for prevention are limited. Both 
ribavirin and interferon are contraindicated during pregnancy.

TREATMENT 



The management of these patients requires an understanding of their course 
in pregnancy and a recognition of the importance of continuing prepregnant 
treatment.

Portal hypertension (Chapter 144) of any cause will be affected by the increase 
in blood volume during pregnancy, requiring careful follow-up and manage-
ment of esophageal varices and splenic artery aneurysm. β-Blockers should be 
continued, and baseline endoscopy should be done early to consider banding 
of larger varices.

Autoimmune hepatitis (Chapter 140) improves dramatically with immuno-
suppression, so many women regain fertility with treatment. Immunosuppres-
sion with steroids and azathioprine should be continued to avoid relapse and 
progression of disease. The cholestasis associated with primary biliary cirrhosis 
can be treated with ursodeoxycholic acid as outlined for ICP.

Similar to women with autoimmune hepatitis, patients with treated Wilson 
disease (Chapter 200) regain fertility. Chelation therapy should be continued 
because discontinuation is associated with marked rises in copper levels and 
can lead to fulminant liver failure.

Hepatic masses are most commonly benign adenomas, focal nodular hyper-
plasia, or hemangiomas in women of childbearing age. Careful follow-up of 
these estrogen-sensitive masses is important because enlargement and hemor-
rhage may be complications of pregnancy.

TREATMENT 

 CHRONIC LIVER DISEASE
Chronic liver disease may be associated with anovulation, amenorrhea, and 
infertility. Thus, it is unusual to see pregnant patients with significant liver 
decompensation and cirrhosis. Patients with portal hypertension, autoimmune 
hepatitis, Wilson disease, hepatic masses, and successful liver transplantation 
will be seen during pregnancy.

 SUMMARY
Women of childbearing age with chronic medical conditions benefit greatly 
from preconception counseling and interventions that address control of their 
disease and safety of their medications. Pregnant patients with acute or chronic 
medical illnesses require a multidisciplinary team that understands the maternal 
and fetal risks related to both the underlying illness and untreated disease. 
Pregnancy is a window of opportunity to address maternal health, and the 
maternal response to pregnancy may be predictive of future risk. The 6-week 
postpartum visit, rather than being the end of pregnancy care, should represent 
the beginning of a woman’s long-term health care.
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4. A 28-year-old woman currently at 8 weeks’ gestation in a first pregnancy 
presents with left leg pain. She was seen in a local emergency department, 
having recently returned from a car trip from Boston to Florida. She was 
advised to use nonsteroidal anti-inflammatory drugs and to elevate her leg. 
She has had extensive nausea and vomiting during her pregnancy. The 
findings of your examination are benign, with minimal swelling in the left 
calf. What should your recommendation be?
 A. Radiograph of left knee to ankle
 B. Doppler ultrasound of left leg to rule out deep vein thrombosis (DVT)
 C. Decrease exercise, especially aerobic classes
 D. Examine her for probable restless leg syndrome associated with 

pregnancy
 E. Encourage oral rehydration for her dehydration

Answer: B Pregnant patients are at an increased risk for thrombosis, begin-
ning early in gestation. The hormonal effects leading to venodilation and stasis 
as well as pregnancy-related increase in coagulation activation are already 
present in this patient. Her dehydration further increases her hypercoagulabil-
ity. In addition, more than 90% of DVT during pregnancy and the postpartum 
period occurs on the left side, so her pretest probability of this being DVT is 
higher than at baseline.

5. A 32-year-old woman in otherwise good health whom you have followed 
for chronic hypertension tells you she is planning on starting a family as 
soon as possible. She has been well controlled on an angiotensin-converting 
enzyme (ACE) inhibitor, she has no end-organ damage, and her blood 
pressure (BP) today is 116/80 mm Hg. She would like to know what you 
recommend for treatment of her hypertension during pregnancy.
 A. Maintain current regimen.
 B. Discontinue medications now in anticipation of pregnancy.
 C. Continue current medication until diagnosis of pregnancy, discontinue 

and monitor BP. If an antihypertensive is required, substitute with 
labetalol.

 D. Advise her that her risk for preeclampsia is so high that you would 
recommend against pregnancy.

 E. Switch medication now to a safer medication for pregnancy.
Answer: C Because pregnancy can be diagnosed as soon as she misses a 
period, it is safe to stop her ACE at that time. You can then take advantage of 
the normal physiologic fall in BP during pregnancy and observe her until her 
BP starts to rise to her prepregnant levels. At that time, you start her on a 
medication such as labetalol, which has better pregnancy data.

REVIEW QUESTIONS

1. A 30-year-old G1P0 at 36 weeks’ gestation presents with a complaint of 
right upper quadrant pain. She denies nausea, vomiting, change in color 
of urine or stool, or change in the pain with eating. She does state that she 
has had a dull headache and “floaters” in her vision. Laboratory testing 
reveals an aspartate aminotransferase level of 82 (upper reference limit = 
40), hemoglobin level of 14.3, creatinine concentration of 1.0, and platelet 
count of 100,000. What is her most likely diagnosis?
 A. Cholelithiasis
 B. Acute hepatitis
 C. Cholestasis of pregnancy
 D. Preeclampsia
 E. Migraine syndrome

Answer: D This patient is a primigravida who presents in her third trimester 
with symptoms of preeclampsia, hemoconcentration, elevated creatinine for 
pregnancy, and thrombocytopenia, all most suggestive of preeclampsia.

2. You are caring for a 36-year-old patient with a 6-year history of type 2 
diabetes. She has been erratically controlled with metformin, 500 mg daily, 
and basal insulin. She has never been pregnant but is considering starting 
a family. What is the single most important advice you can give her?
 A. She is really too old to begin a family.
 B. She needs to achieve normoglycemia and normalize her hemoglobin 

A1c level before conception.
 C. She will need to be tightly controlled during pregnancy, so she needs 

to call you as soon as she has a positive pregnancy test result.
 D. She needs an eye examination before pregnancy.
 E. She should see a nephrologist to screen her kidney function before 

pregnancy.
Answer: B This patient is in an ideal circumstance for preconception counsel-
ing. Normalization of her glucose concentration and hemoglobin A1c level 
before conception will lower her risk for fetal congenital anomalies and spon-
taneous abortion to background risk levels.

3. A 24-year-old G2P1 woman whom you observe for asthma comes in at 
14 weeks’ gestation. She has had increasing problems with her asthma, 
needing a rescue inhaler two or three times a day, and has had nocturnal 
awakening. She denies chest pain, recent upper respiratory infection, gas-
troesophageal reflux, or new exposures. What is the most likely cause of 
her asthma exacerbation?
 A. The normal effects of pregnancy
 B. The increased work load and oxygen consumption associated with 

pregnancy
 C. She has discontinued her steroid inhaler and controller medication 

because of concern about the drug’s effect on the fetus.
 D. She has decreased her exercise.
 E. The stress of work, pregnancy, and sleep deprivation

Answer: C The most frequent cause of asthma exacerbation in pregnancy is 
the patient’s or physician’s discontinuation of controller medication because 
of the concern about fetal effects. Both maternal and fetal outcomes are opti-
mized by good control of her asthma, and there are no data of adverse effects 
on the fetus associated with her controller medications.
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227 
MENOPAUSE
NANETTE SANTORO AND GENEVIEVE NEAL-PERRY

 DEFINITION AND EPIDEMIOLOGY
Menopause is defined as the permanent cessation of menses and is the culmi-
nation of a process of reproductive aging that typically occurs in the fifth to 
sixth decades of life, with a median age of 52.5 years. Menopause is typically 
defined by a duration of amenorrhea of a minimum of 12 months. However, 
this definition relies on a woman having menstrual cycles of some degree of 
regularity. Women who are age 45 or older have a 90% probability of never 
having another menstrual period once they attain the milestone of 12 months’ 
amenorrhea. In contrast, younger women have a substantially greater probability 
of experiencing subsequent menses. The final menstrual period (FMP) is 
most often preceded by several years of instability in menstrual cyclicity and 
hormone secretion; this process is called the menopausal transition and usually 
lasts for 4 years, with wide variation about this median.1 Women who enter 
the transition at a younger age tend to have more symptoms and a longer 
duration, whereas those who enter it later in life are more likely to have a 
more rapid transit to the FMP.

A host of factors influence the timing of the FMP for any given woman. 
Genetic and familial factors play a large role. Knowing one’s mother’s age at 
FMP is a strong predictor of when a woman is likely to have her own. The 
known genetic, environmental, racial/ethnic, and gynecologic factors associ-
ated with the timing of the FMP are summarized in Table 227-1.

The menopausal transition refers to the processes of reproductive aging that 
involve menstrual cycle change, irregularity, and a breakdown of the normal 
reproductive hormonal patterns and feedback mechanisms that characterize 
the fertile cycles of midreproductive-age women.2 Patterns of reproductive 

TABLE 227-1 SOME KNOWN FACTORS THAT INFLUENCE THE 
AGE AT MENOPAUSE

FACTOR DIRECTION DEGREE
GENETIC/FAMILIAL

CYP3A4 and CYP1B1 Earlier menopause Interaction with smoking
MSH6 Earlier menopause DNA mismatch repair
MCM8 Earlier menopause
PvuII ER polymorphism Earlier menopause, 

hysterectomy
6 mo

Mosaic Turner syndrome Earlier menopause Variable
Fragile X Earlier menopause Variable
ENVIRONMENTAL

EDCs Earlier menopause 1.8-3.8 yrs
High altitude Earlier menopause 1-1.5 yrs
LIFESTYLE

Smoking Earlier menopause 1-2 yrs
Low socioeconomic status Earlier menopause 1-2 yrs
Oral contraceptive use Later menopause 6 mo
RACIAL/ETHNIC

African American race Earlier menopause* 2 yrs
Hispanic ethnicity Earlier menopause 2 yrs
Asian ethnicity Later menopause 1-2 yrs
MENSTRUAL 
CHARACTERISTICS

Shorter cycles (<26 days) Earlier menopause 1.4 yrs
Higher parity Later menopause
*Relative to Caucasian women.
EDCs = endocrine-disrupting chemicals; ER = estrogen receptor.
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ABSTRACT
Menopause marks the end of a woman’s reproductive life and the cessation 
of ovarian function. Unlike other endocrine deficiency syndromes, menopause 
is not a pathological state per se, but both the transition into menopause and 
its aftermath of constituitively low sex steroid secretion are associated with 
changes in health outcomes that vary based on a number of modifiable (BMI, 
socioeconomic status) and nonmodifiable (race/ethnicity) factors. The acute 
consequences of the menopause transition are mostly related to symptoms 
and their management: hot flashes, vaginal dryness, mood changes, and sleep 
disturbances are the predominant conditions that lead women to seek medical 
treatment. With progress through the menopausal transition, persistence of 
symptoms as well as complications of aging, such as cardiometabolic disease, 
bone demineralization, and cognitive decline, may lead to a need for short or 
longer term use of hormones or other agents to mitigate symptoms. Current 
nonpharmacologic and pharmacologic managements of menopause are dis-
cussed, along with the risks and benefits of various treatments. Clinicians are 
encouraged to use shared decision making when recommending treatment 
of menopausal symptoms, or the consequences of menopause, with their 
patients.
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hormone production are altered such that cycles become shorter and more 
sporadic and display less progesterone production. Follicle-stimulating hormone 
(FSH) increases sporadically as remaining ovarian follicular pool (ovarian 
reserve) requires more and more stimulation to produce a preovulatory fol-
licle. Eventually, FSH cannot sustain folliculogenesis, and menses begin to 
skip. Because ovarian reserve waxes and wanes over the course of the transi-
tion, cycles do not stop abruptly. Instead, ovulatory and anovulatory cycles 
generally alternate in a random fashion. This results in hormonal fluctuations 
that can be debilitating for many women. Therefore symptoms of menopause 
do not simply appear with the FMP, they are usually present throughout the 
transition, although they can intensify with progress through the transition. 
For many, symptom onset begins in the early menopausal transition and worsens 
by the late transition through the early postmenopausal period. The stages of 
reproductive aging are shown in Table 227-2.

Determining a woman’s proximity to her FMP has implications that are impor-
tant for her health in several ways. A woman who has an early FMP will spend 
a greater proportion of her lifetime in a state of relative estrogen deficiency, 
which will have consequences on her bone health and may have consequences 
for her cardiovascular health. Women with later FMPs are more prone to 
estrogen-related diseases such as breast and endometrial cancer. Women who 
have not yet undergone 12 months of amenorrhea may wish to know when 
they can safely discontinue the use of contraception. Finally, many women 
who are symptomatic may want to be able to predict how long their symptoms 
are likely to last.

Unfortunately, a definitive diagnostic test that can predict the FMP in a 
foolproof fashion does not exist. Nonetheless, serum level of antimüllerian 
hormone (AMH), a transforming growth factor beta family peptide synthesized 
by granulosa cells, is a reliable proxy of ovarian reserve. If AMH is low, it can 
be used to help approximate the timing of the FMP. Other measures, such as 
FSH or the inhibins, are generally not recommended for this purpose, in part 
because—unlike AMH—they fluctuate throughout the menstrual cycle.

Current guidelines for menopausal management concur that symptomatic 
treatment only is indicated for this normal life transition. The remainder of 
this chapter will therefore focus on the common symptoms of menopause, 
the effectiveness of hormonal and nonhormonal treatments, and the balancing 
of risks and benefits of treatment that facilitate shared decision making with 
patients.

 BIOLOGIC CONSEQUENCES OF MENOPAUSE 
AND THE MENOPAUSE TRANSITION

The brain is enriched with estrogen receptors (ERs), and ER signaling is 
hypothesized to mediate multiple key processes in the central nervous system 
(CNS), including but not limited to neurotrophic effects and neuroprotec-
tion.3 Menopause and advancing age both impose adverse effects on CNS 
function.

Human as well as nonhuman studies demonstrate sex differences in the 
structure and function of the hippocampus and the temporal lobe that are 
thought to be related to differences in the activational and organizational 
effects of estradiol on memory performance. Estrogen-mediated structural 
differences in the hypothalamus are hypothesized to translate into higher 
executive functioning in women. Consequently, anxiety and mood changes 
are more common in perimenopausal and recently menopausal women, espe-
cially in women who have a history of mood dysfunction.4,5 The hypogonadism 
of menopause may provide a reason for why perimenopausal and early post-
menopausal women frequently complain of memory loss and the inability to 

TABLE 227-2 STAGING REPRODUCTIVE AGING

STAGE
REPRODUCTIVE

(−5 to −3)
MENOPAUSAL TRANSITION

(−2 to −1) POSTMENOPAUSE (+1 to +2)
Subdivisions Early, peak, late Early (−2) Late (−1) Early, late
Age ranges (approximate) 13-47 47-49 49-52 50+

Menses Mostly regular Minor irregularity ≥60-364 days amenorrhea Amenorrhea
Hormonal hallmarks FSH—low (rises sporadically 

at stage −3)
AMH—high

FSH sporadically elevated
AMH—normal to low

FSH more consistently elevated
AMH—low

FSH consistently elevated (>25 IU/L)
AMH—undetectable

The diagram distills the evidence from the STRAW paradigm (Harlow SD, Gass M, Hall JE, et al. J Clin Endocrinol Metab. 2012;97:1159-1168) into a brief referable item to help “place” a woman along the 
menopause transition. Stage 0 is the Final Menstrual Period (FMP). Clinically helpful milestones are mostly related to menstrual regularity. FSH can be used as a confirmatory test when clinical context is 
unclear. Newer, highly sensitive AMH assays may allow distinction between Stages −1 and +1.
AMH = antimüllerian hormone; FSH = follicle-stimulating hormone.

focus. However, studies in menopausal women report conflicting results 
regarding the benefit of hormone therapy on attention and executive functions 
such as nonspatial and spatial working memory, as well as verbal memory.6 
Moreover, many of these executive functions spontaneously recover within 
a few years of the menopause. Last, age-related changes in brain-derived steroids 
are hypothesized to account for the increased incidence of dementia.

Bone health is significantly affected by gonadal steroids.7 Over the meno-
pausal transition, serum estradiol and estrone concentrations decrease by as 
much as 90%. This decline closely parallels a period of accelerated and pro-
gressive bone loss. Reduced estrogen signaling in the menopause disrupts the 
balance of receptor activator nuclear factor-κβ ligand (increased) and osteo-
protegerin (decreased) concentrations, with the end effect being increased 
osteoclast activity, accelerated bone reabsorption, and attenuated rates of bone 
remodeling. Consequently, markers of bone reabsorption and formation are 
significantly increased in the serum and urine of menopausal women. Bone 
mineral density changes begin slowly during the early perimenopause. With 
the advent of the early postmenopause bone mineral density loss accelerates, 
with annual rates of loss approximately 1.8 to 2.3% in the spine and 1.0 to 
1.4% in the hip and as much as 30% loss of trabecular and 10% loss of cortical 
bone over the 6 to 10 years spanning the perimenopausal and early menopausal 
period. Altered bone physiology results in increased risk for osteoporosis and 
anywhere from 50 to 100% higher fracture rates. Estrogen attenuates bone 
loss in a dose-dependent manner.

Increased weight gain and altered fat distribution is a common complaint in peri-
menopausal and menopausal women that transcends race and socioeconomic 
status. Midlife women tend to gain approximately 1.5 pounds. Of particular 
note, adipose tissue, an endocrine organ, expresses estrogen receptors and 
estrogen is hypothesized to increase adipocyte lipolysis. Thus it is reasonable 
to hypothesize that menopause may drive adipose tissue pathophysiology.

Increased central adiposity,8 a physiologic state that is characterized by 
chronic low-grade inflammation, is also a common complaint of midlife women. 
Central/metabolic adiposity is associated with metabolic syndrome and a 
higher overall mortality risk with more than a four-fold increased risk in car-
diovascular death. Additionally, obese perimenopausal and early menopausal 
women experience more frequent and severe hot flashes as well as sexual 
dysfunction. Alterations in fat distribution may in part contribute to increased 
risk of cardiovascular events in menopausal women.

 MENOPAUSAL SYMPTOMS
Although there are many symptoms that women report as they traverse the 
menopause, it is challenging to disentangle those related to aging from those 
related to menopause per se. There are four cardinal symptoms that are con-
sidered to be directly related to menopause, based on their association with 
the transition and their ability to be treated with hormones. These include 
vasomotor symptoms/hot flashes, vaginal dryness, sleep disturbances, and 
mood/cognition problems.

Vasomotor symptoms (VMS) are one of the cardinal symptoms of menopause 
and are experienced by up to 80% of women. In a multiethnic, longitudinal 
cohort study of the menopausal transition, VMS were observed to have a 
median duration of 7.4 years, with a mean post-FMP persistence of 4.5 years.9 
However, further clinical history can help predict the duration of VMS with 
more precision. Knowing a woman’s onset of VMS and its timing in relation 
to her transition is important because women with an earlier age of onset who 
are earlier in their transition at onset will have a longer duration of symptoms, 
with some women having total durations of more than a decade. About 50% 
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of women with onset of VMS preceding entry into the menopausal transition 
will have persistence of VMS 10 years or longer after their FMP. African 
American women are also more likely to have persistent VMS compared with 
other racial/ethnic groups; approximately 40% will report post-FMP persis-
tence of 10 years or longer. Additional factors that may result in a longer 
duration of VMS include lower educational level, greater perceived stress, 
symptom sensitivity, higher depressive symptoms, and the existence of anxiety 
at the time of the first report of VMS. Last, whereas a higher body mass index 
(BMI) at the time of the early menopause is associated with greater VMS, a 
greater BMI at the time of the late menopause is associated with fewer VMS. 
Shared decision making about treatment type and duration can be facilitated 
by taking these additional factors into account.10

Vaginal dryness, dyspareunia, and urogenital symptoms are less common than 
VMS but still widely prevalent. Depending on the study sample and how they 
are queried, between 25 and 57% of menopausal women report symptoms 
of urogenital atrophy. There is evidence that these symptoms are inadequately 
treated. Newer terminology includes symptoms of vaginal dryness apart from 
intercourse, dyspareunia, and associated urinary symptoms under the term 
genitourinary syndrome of menopause (GSM). Women may report dryness, 
chronic irritation, or burning of both the vagina and vulva; among those who 
are sexually active, lack of lubrication with attempted intercourse, pain during 
intercourse, or bleeding after intercourse may be present. Urinary frequency, 
urethritis, and frequent urinary tract infections may also occur. All of these 
symptoms are believed to reflect hypogonadism and the absence of estrogen 
exposure to the vaginal and urinary tract epithelium. Unlike VMS, symptoms 
of GSM do not spontaneously resolve over time. Treatment is therefore best 
considered long term.

Sleep disturbances are more common in women but also worsen with age. 
It is therefore challenging to differentiate between changes related to aging 
compared with menopause. Whereas some epidemiologic studies indicate 
that the menopausal transition worsens preexisting sleep problems and is 
associated with worse sleep, others have seen little independent effect of ovarian 
failure on sleep, except for a small, vulnerable subset of women with relatively 
poor sleep at baseline. Studies of premenopausal women given a gonadotropin-
releasing hormone (GnRH) agonist to produce abrupt estrogen withdrawal 
indicate significant alterations in sleep, largely related to subjective, and less 
so to objective, measurement of nighttime hot flashes. VMS appear to mediate 
sleep disruption in women in the menopausal transition, in part by prompting 
nighttime awakenings. Studies of sleep architecture in menopausal women 
demonstrate greater sleep disturbances in the second half of the night, in 
association with compromise of rapid eye movement (REM) sleep.

An additional complexity in attributing sleep disturbances to menopause 
is the possibility that concomitant acquired sleep disorders are present. These 
include sleep apnea and restless legs syndrome (RLS). Sleep apnea is diagnosed 
by an overnight sleep assessment. Typically, questionnaire testing is performed 
beforehand to identify women with a history of snoring, daytime sleepiness, 
and less perceived restfulness of sleep. Diagnostic criteria for RLS include (1) 
irresistible urges to move one’s legs; (2) symptoms present at rest; (3) urge 
relieved by movement; and (4) peak symptoms at night or in the evening. 
Insomnia may appear at the time of the menopausal transition, but it may 
also be longstanding in duration. Women age 35 or over with insomnia have 
the highest rates of persistence of the problem. Table 227-3 provides brief 
diagnostic assessment criteria for common sleep problems.

Adverse mood is associated with traversal of the menopause in a complex manner. 
Abrupt estrogen withdrawal using a GnRH agonist in premenopausal women 

results in a deterioration of mood.11 Depressive symptoms are associated with 
nighttime hot flashes and sleep disruption, indicating the intimate relationship 
between sleep and mood. Multiple cohort studies have identified the late 
transition as a period of vulnerability for depression in midlife women. Women 
are two- to four-fold more likely to experience new onset of major depression 
during the menopausal transition than they are before they become perimeno-
pausal or after their FMP. Concomitant anxiety and hot flashes are predictors 
of major depression during this time of life. Although absolute levels of hor-
mones are not clearly associated with major depression or depressive symptoms, 
greater variability in FSH, luteinizing hormone, and estradiol have been linked 
to depressive symptoms.

 TREATMENT OF MENOPAUSAL SYMPTOMS
Hormonal options should be reserved for women with bothersome VMS. 
Hormonal therapies include estradiol, estrogens, and, when women have a 
uterus, progestin. Risks and side effects of hormonal therapy are modulated 
by the route of administration, hormonal formulation, age, time since the 
FMP, and the presence or absence of a uterus, as well as coexisting morbidities 
such as cardiovascular disease, dementia, and diabetes.12,13

Uterine neoplasia is increased under conditions of chronic unopposed estro-
gen exposure in a woman with an intact uterus. Thus the primary indication 
of progestin therapy during the menopause is to prevent estradiol-induced 
endometrial hyperplasia and cancer. Commonly used progestins include 
medroxyprogesterone acetate (MPA), norethindrone acetate, and micronized 
progestin (native progesterone). Progestin administered continuously or 
sequentially provides adequate endometrial protection. However, controversy 
exits as to whether micronized progestin protects the uterus as effectively as 
synthetic progestin.

Breast cancer risk and menopausal hormone therapy are reported in both 
randomized control trial and observational studies. Different types of meno-
pausal hormone formulations, the duration of therapy, and the time in which 
menopausal hormone therapy is initiated may modify and increase the risk 
for breast cancer.
•	 Combined estrogen and progestin menopausal therapy: Several epidemiologic 

studies have reported that the addition of progestin to estrogen increases 
the risk of breast cancer compared with estrogen alone.
•	 The	Women’s	Health	Initiative	(WHI)	study	reported	an	increased	risk	

for invasive breast cancer in the combined equine estrogen (CEE) and 
MPA group compared with the placebo and CEE alone group. A non-
significant increase was first noted after 3 years, became significant  
after 5+ years, and remained elevated at 13 years in the postintervention 
study. A1  The risk for breast cancer translated into 1 additional case per 
1000 users or 9 additional breast cancer cases per 10,000 person-years. 
Breast cancer clustered in women who used menopausal therapy before 
randomization. These data suggest a link between the duration of treat-
ment and progestin with an increased risk for breast cancer.

•	 The	 French	 E3N	 cohort	 study,	 which	 investigated	 the	 association	 of	
menopausal hormone formulation with risk for breast cancer in 80,377 
postmenopausal women, found that breast cancer risk was significantly 
increased in women who used a progestin other than progesterone or 
dydrogesterone and in women who reported greater than 5 years of 
menopausal hormone use.

•	 Estrogen-only menopausal therapy: Estrogen-only menopausal hormone 
therapy has revealed mixed outcomes with regard to the risk for breast 
cancer.
•	 In	the	WHI	study,	compared	with	women	assigned	to	the	placebo	group,	

there was no increased risk for invasive breast cancer in women assigned 
to the CEE alone. Instead, compared with women who were previously 
exposed to hormone therapy, women assigned to the CEE arm exhibited 
a significantly decreased risk for invasive breast cancer. This finding is 
consistent with the Estrogen for the Prevention of Re-Infarction Trial, 
a randomized clinical control study designed to determine the effect of 
unopposed estradiol on all-cause death and cancer incidence. A2  These 
findings are in contrast with a large retrospective Finnish study designed 
to determine whether the risk of estrogen-only therapy on breast cancer 
varied by dose, constituent, and route of administration. The Finnish 
study found that oral as well as transdermal estradiol for 6 months to 
less than 5 years was not associated with breast cancer. However, the 
risk changed with more than 5 years of therapy and was equivalent 
with transdermal and oral estradiol formulations. The investigators also 
reported that neither estriol nor vaginal estradiol was associated with  
breast cancer.

TABLE 227-3 DIAGNOSTIC CRITERIA FOR SLEEP PROBLEMS
RESTLESS LEGS 
SYNDROME SLEEP APNEA INSOMNIA
Irresistible urge to 

move one’s legs
Symptoms prevalent at 

rest
Urge relieved by leg 

movement
Peak symptoms at night 

or in the evening

Overnight sleep 
assessment 
generally required

Snoring, apneic 
episodes

Epworth Sleepiness 
Scale

Difficulty falling asleep/
staying asleep at least 
3 nights/wk

Insomnia Severity Index
Pittsburgh Sleep Quality 

Index
Use of sleep-promoting 

medication
Criteria for restless legs syndrome are described and can be obtained by history. For sleep apnea, an 
overnight test is usually necessary to initiate treatment; for sleep apnea and insomnia, suggested 
supportive survey instruments can be helpful in establishing the diagnosis.
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who use combined estrogen and progestin or estrogen-only hormone therapy. 
The risk for thromboembolism increases with advancing age and is related to 
the route of administration and the estradiol dose. When taken orally, estrogen 
enters the enterohepatic circulation and increases the production of liver pro-
teins involved in coagulation and associated with inflammation. First-pass 
effects of estrogen in the liver most likely explain why meta-analysis of obser-
vational studies strongly suggests increased risk for VTE with oral compared 
with transdermal estrogen. VTE events tend to occur within the first year of 
hormone therapy, and the risk is magnified if a preexisting risk factor such as 
obesity or thrombophilia is present. Equally relevant, progestin also modulates 
VTE risk; VTE risk is not significantly affected by micronized progesterone, 
medroxyprogesterone acetate, or norethindrone but increased by norpregnane 
derivatives.

Ischemic stroke risk is also increased with the use of hormone therapy. 
The risk for stroke is greatest with oral estrogen use and in women who have 
thrombophilia.

COGNITIVE DYSFUNCTION
Observational studies investigating the effect of hormone therapy on cognition 
suggested that hormone therapy was beneficial to cognitive function. In con-
trast, the WHI Memory Study reported an increased incidence of dementia 
in women over 65 initiating hormone therapy. Similarly, a risk for reduced 
global cognitive function was not observed when women 50 to 55 initiated 
hormone therapy. However, clinical trials such as KEEPS7 and ELITE A2  suggest 
that hormone therapy taken by younger women in the early menopause does 
not adversely affect cognitive function.

VAGINAL SYMPTOMS AND TOPICAL THERAPY
Topical treatments involving estrogen alone, or two U.S. Food and Drug 
Administration (FDA)–approved nonestrogenic treatments, are now avail-
able.14 Unlike hot flashes, symptoms of vaginal atrophy, including urinary tract 
irritation, vaginal itching and burning, and dyspareunia (collectively referred 
to as genitourinary syndrome of menopause [GSM]), do not subside over 
time. A7 

,
 A8  Therefore long-term treatment may be required to preserve quality 

of life. Table 227-4 lists common forms of local estrogen treatment. Ospemi-
fene, a selective estrogen receptor modulator that has estrogen receptor beta 
stimulation properties, is available as a nonestrogenic treatment; however, it 
is administered systemically. Dehydroepiandrosterone (DHEA) has also recently 
been FDA approved for vaginal use to treat dyspareunia. Recent uncontrolled 
studies have raised the possibility that laser treatment of the vagina may provide 
relief from GSM symptoms15; there is insufficient information to recommend 
this approach at this time.

Menopausal Hormone Therapy and Age Affect Risk of 
Cardiovascular Disease
Premenopausal women are at reduced risk for cardiovascular events compared 
with age-matched men and postmenopausal women, suggesting that estradiol 
may mediate the cardioprotection observed in premenopausal women. However, 
observational studies and clinical trials did not uniformly support the hypoth-
esis that hormone therapy was cardioprotective.

In 1985 the Nurses’ Health Study, a large prospective observational study, 
published results after 4 years of study suggesting that hormone therapy was 
cardioprotective in postmenopausal women. In contrast, the Framingham 
study reported adverse effects of hormone therapy on cardiovascular disease. 
However, the 10-year follow-up study by the Nurses’ Health Study in 1991 
reaffirmed its original finding that hormone therapy was cardioprotective. 
Subsequent to the Nurses’ Health Study, the Heart and Estrogen/progestin 
Replacement Study (HERS), a clinical trial designed to investigate the car-
dioprotective benefits of hormone therapy, failed to generate data supportive 
of the hypothesis that estrogens are cardioprotective.

The Women’s Health Initiative (WHI) study, the largest randomized con-
trolled double-blinded study, was designed to test the hypothesis that hormone 
therapy was cardioprotective in postmenopausal women. The hormone therapy 
arm of WHI was stopped prematurely after 5.2 years because the study found 
increased hazard ratios for coronary heart disease (1.29), breast cancer (1.26), 
stroke (1.41), and pulmonary embolism (2.13). Additionally, women enrolled 
in the hormone therapy arm had increased risk for cognitive dysfunction, 
decreased bone disease, and gastroenterological cancer. A3  However, long-term 
follow-up showed no differences in overall mortality at 18 years. A4  Although 
WHI changed the entire landscape of menopausal medicine, many investigators 
raised concerns about the applicability of the findings because the mean age 
of the women was greater than 60, and many of the study participants were 
more than 10 years postmenopause. Moreover, this age group of women does 
not represent the primary patient population who use or request hormone 
therapy, perimenopausal women. Consequently, a secondary analysis of WHI 
data comparing placebo with estrogen alone was done, and the study suggested 
19 fewer cardiovascular events per 10,000 person-years in women 50 to 59 
compared with 51 more cardiovascular events per 10,000 person-years in women 
70 to 79. These observations led to two studies designed to determine whether 
the time since menopause affected ability of hormone therapy to attenuate the 
risk for cardiovascular events, a hypothesis known as the timing hypothesis.
•	 Kronos Early Estrogen Prevention Study (KEEPS): KEEPS was a randomized 

clinical trial composed of 728 women ages 42 to 58 years and 6 to 36 months 
postmenopausal. KEEPS was designed to determine whether a critical 
window of time exists before which cardiovascular risk is increased or 
decreased by hormone therapy. Patients were treated with CEE, transdermal 
estradiol, or placebo with sequential micronized progestin or placebo for 
4 years. Initial results suggest appropriate management of vasomotor symp-
toms without an increased incidence for venous thromboembolism, car-
diovascular events, or breast or endometrial cancer. The investigators also 
did not find accelerated progression of carotid intima-media thickness 
(CIMT) or coronary artery calcium (CAC). Future follow-up studies of 
this cohort will provide more information about the importance of the 
timing of hormone therapy.

•	 Early vs. Late Intervention Trial with Estradiol (ELITE): ELITE was a 5-year 
randomized, double-blinded study of 643 postmenopausal women designed 
to determine whether cardiovascular outcome after hormone therapy reflects 
the time (less than 6 or more than 10 years postmenopause) after menopause 
when treatment is commenced. A5  The median age for the two groups of 
participants was 55.4 and 63.6 years. Similar to KEEPS, the primary and 
secondary outcomes were change of CIMT and CAC over time of treat-
ment. Participants were treated with estradiol 1 mg plus sequential vaginal 
progesterone (45 mg) or placebo. Compared with placebo, menopausal 
hormone therapy was associated with decreased progression of subclinical 
atherosclerosis (CIMT) when therapy was initiated within 6 years of the 
menopause. In contrast, when hormone therapy was initiated more than 
10 years after menopause there was no benefit. A6  These studies are provoca-
tive in their suggestion that hormone therapy may provide a cardioprotective 
benefit. However, additional studies are needed to confirm the suggested 
outcomes.

VENOUS THROMBOEMBOLIC EVENTS
Increased risk for venous thromboembolism (VTE) with the use of oral estro-
gen is well documented. Moreover, the risk for VTE is increased in women 

TABLE 227-4 NONHORMONAL PHARMACOLOGIC THERAPY 
FOR HOT FLASHES

MEDICATION
USUAL DAILY 

DOSES
RELATIVE 
EFFICACY† SIDE EFFECTS

Citalopram 20-40 mg 50% Nausea, somnolence or insomnia, 
dry mouth, dyspepsia

Clonidine Transdermal: 
0.1-0.2 mg

Oral: 0.1-0.3 mg

30% Dry mouth, orthostatic 
hypotension, dizziness

Desvenlafaxine 100-150 mg 60% Nausea, dry mouth, insomnia/
somnolence, constipation, 
high blood pressure, sexual 
dysfunction

Escitalopram 10-20 mg 50% Nausea, insomnia, headache, 
sexual dysfunction

Fluoxetine 10-20 mg 50% Nausea, insomnia, headache, 
sexual dysfunction

Gabapentin 100-900 mg 60% Drowsiness, dizziness, weight 
gain

Paroxetine 
mesylate*

7.5 mg 30% Nausea, insomnia, headache, 
sexual dysfunction

Venlafaxine 37.5-150 mg 60% Nausea/vomiting, anorexia, dry 
mouth, sexual dysfunction, 
high blood pressure

*Food and Drug Administration approved.
†Relative efficacy: estimated effectiveness compared with estrogen.
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patients who wish to use over-the-counter treatments, low-dose diphenhy-
dramine or hydroxyzine may facilitate sleep onset. Low-dose melatonin may 
be effective in reducing sleep-onset latency, although high-quality clinical trials 
are lacking in a menopausal population. A wide variety of hypnotics and mela-
tonin receptor agonists are available for treatment of sleep difficulties; a com-
prehensive review is beyond the scope of this chapter. Judicious, short-term 
use of these agents may be beneficial for women traversing the menopause.

Mood and sleep issues are often intertwined, and treatment that addresses 
one of these conditions is likely to affect the other.14 To make matters more 
complex, hot flashes or night sweats that interrupt sleep can be a contributing 
factor to deteriorations of both mood and sleep. A recent small clinical trial 
comparing venlafaxine and citalopram observed a relatively greater effect of 
citalopram on reducing hot flashes, but a relatively greater effect of venlafaxine 
in improving depression. A13  It can be difficult to disentangle these overlapping 
contributory factors to adverse mood in a clinical setting. When symptoms 
are compound or overlapping, rather than using multiple agents specific for 
mood, sleep, and hot flashes, if possible, a brief trial of hormone therapy may 
be the most effective way to determine which symptoms are due to the meno-
pausal transition and which are independent of it.

 SUMMARY
Menopause is a universal phenomenon among women, and its lived experi-
ence varies by individual. The advent of menopause and the coincident loss 
of gonadal steroids significantly affect multiple organ systems in affected women, 
resulting in an increased risk for morbidities such as osteoporosis, dementia, 
and heart disease. Observational and randomized clinical trials suggest that 
the risk for morbidity is increased with advanced age and time since the onset 
of the menopause. Additionally, the risks and benefits of hormone therapy 
vary by organ system, the hormone therapy formulation, and the time since 
the FMP. Observational as well as randomized clinical trials also suggest that 
hormone therapy, when administered within the first 5 years of the final meno-
pause, attenuates some but not all of the adverse effects of menopause-related 
hypogonadism.

Symptoms most commonly associated with menopause include hot flashes, 
sleep dysfunction, mood, and genitourinary syndrome of menopause and are 
readily improved with hormone therapy. Nonetheless, fear of hormones has 
led to widespread undertreatment of symptoms and a proliferation of non-
rigorously tested but popular treatments such as custom-compounded hor-
mones, pellets, and a large variety of herbal preparations. Clinicians should 
assess the patient’s symptoms and offer evidence-based treatment, with periodic 
reevaluation of the necessity of treatment. Whereas the need for treatment 
of hot flashes, sleep problems, and mood problems will very likely no longer 
be present over time, a minority of women will continue to have significant 
symptoms and require long-term treatment, either with extended hormonal 
therapy or nonhormonal alternatives. Genitourinary syndrome of menopause 
symptoms are long lasting, and therefore long-term treatment may be 
necessary.

Extended Hormone Therapy Use
Women who use combined estrogen and progestin hormone therapy for more 
than 5.6 years demonstrated an increased risk of invasive breast cancer in the 
WHI cohort. Women who continue use beyond 4 to 5 years should be moni-
tored carefully. However, for many healthy women, hormones need not be 
discontinued as long as they continue to serve a purpose. This is especially 
true for women who are approaching 5 to 10 years on hormone therapy and 
continue to have severe symptoms. Such women may be tried on nonhormonal 
options (reviewed later); if they cannot be weaned, extended hormone therapy 
may be needed to preserve quality of life.

Discontinuing Hormone Therapy
Many women choose to discontinue hormones after the worst of their meno-
pausal symptoms have subsided. Symptoms appear to be subjectively worst 
in the year before the FMP and up to 2 years afterward. For the majority of 
women, hormone doses may be reduced, or they may attempt to discontinue 
either by weaning slowly off of hormones or by stopping “cold turkey.” There 
is limited evidence to suggest that a weaning strategy is less disruptive, but it 
does not necessarily lead to a greater proportion of women who successfully 
discontinue hormone therapy. However, a small proportion of women, esti-
mated at 3 to 15%, will have persistence of severe symptoms and will require 
continued hormones or nonhormonal alternatives.

Nonhormonal management of menopausal symptoms can include behavioral, 
nonpharmacologic, and pharmacologic methods. For mild to moderate symp-
toms, behavioral and nonpharmacologic approaches may be preferred. However, 
for more severe symptoms, it is likely that pharmacologic management will 
be required

Behavioral and Nonpharmacologic Approaches for  
Hot Flashes
1. Cognitive-behavioral therapy (CBT) has demonstrated efficacy in the treat-

ment of hot flashes in women with breast cancer. A9 
,
 A10  An approximately 

50% reduction in subjective hot flash “problem rating” was observed in 
the intervention group compared with baseline, and versus an approximately 
15% reduction in the comparison group (women who received usual care 
without a six-session CBT instruction). Given its negligible potential for 
harm, it can be readily recommended. This intervention is limited to pro-
grams that have a CBT-trained therapist.

2. Women may experience hot flash “triggers” from caffeine or alcohol and 
may modify consumption accordingly. Reducing the ambient room tem-
perature and layering clothing to accommodate sudden changes in heat 
perception may also be helpful, but these recommendations are not based 
on medical evidence.16

3. Acupuncture has some evidence for efficacy, but not all trials have dem-
onstrated benefit. A11 

4. Weight loss has shown some efficacy in pilot and observational studies.
5. Yoga, exercise, and consumption of black cohosh and omega-3 fatty acids 

have been demonstrated to be ineffective in several randomized trials.
There are a number of nonhormonal prescription medications that can be 

used to treat hot flashes for women who cannot or do not wish to use hor-
mones. Although many of these treatments are supported by well-conducted 
randomized, clinical trials, only paroxetine mesylate is FDA approved as of 
this writing. Table 227-4 summarizes the known nonhormonal treatments 
for hot flashes with the available supporting evidence, along with current FDA 
approval status.

For vaginal symptoms or GSM, there are fewer options. Nonhormonal 
treatments that are recommended include vaginal moisturizers (which must 
be used regularly to achieve effectiveness) and vaginal lubricants, which are 
specifically helpful during intercourse. Little attention has been paid to the 
exact composition of these products, which are available over the counter. A 
recent review has recommended that women choose products that are pH 
balanced (i.e., relatively acidic) with a physiologic osmolality.17

Nonhormonal treatment of adverse mood includes psychotherapy and 
antidepressants, with or without antianxiety medication as needed. For mod-
erate to severe mood disturbances, hormonal therapy should not be used as 
a first-line treatment.

Difficulty sleeping can be addressed behaviorally. A recent trial of telephone-
based CBT intervention in menopausal women indicated that 84% of women 
with moderate insomnia at screening improved into the no-insomnia range 
after treatment. A12  A self-help smartphone app is available to enable patients 
to readily implement treatment (https://mobile.va.gov/app/cbt-i-coach). For 
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228 
INTIMATE PARTNER VIOLENCE
GENE FEDER AND HARRIET L. MACMILLAN

 DEFINITION
Intimate partner violence (IPV) is defined as any behavior within an inti-
mate relationship or ex-relationship that causes physical, psychological, or 
sexual harm.1 This includes physical aggression, such as hitting, kicking, and 
beating; psychological violence, such as intimidation or constant humilia-
tion; various controlling behaviors, such as isolation from family and friends, 
monitoring movements, financial control, and restricting access to services; 
and sexual violence, including forced intercourse and other sexual coercion. 
Lifetime prevalence of isolated violent acts within relationships is compa-
rable for men and women, but repeated coercive, sexual, or severe physical 
violence is perpetrated largely against women by men. IPV also occurs in 
same-sex relationships2,3; although research evidence on the health conse-
quences of IPV and the care of survivors is largely confined to women in 
heterosexual relationships, there is increasing evidence of similar types of  
impairment.

Historically, there has been the stereotype of a male batterer as one who 
uses severe, repeated, and unilateral violence against a nonviolent female victim. 
It is now recognized that bilateral violence is a common form of IPV, even 
though the overwhelming burden of morbidity and mortality related to IPV 
is experienced by women. Bilateral violence, sometimes referred to as common 
couple violence, is considered less severe than the pattern of abuse known as 
battering or intimate terrorism—a severe and escalating form of IPV character-
ized by threats, terrorization, multiple forms of abuse, and controlling behavior 
on the part of the abuser. Current research suggests that women rarely subject 
men to battering.

IPV is a risk factor for a wide range of medical and psychiatric conditions 
that requires a clinical and public health response. Yet violence perpetrated 
by an intimate partner or ex-partner is essentially a violation of human rights 
and a preventable psychosocial problem that needs to be addressed through 
social and educational policies.

 EPIDEMIOLOGY
The prevalence of IPV against women varies internationally but is universally 
high, comparable to chronic conditions like diabetes and asthma. A synthe-
sis of 151 surveys in 81 countries worldwide reported that almost one third 
(30%) of all women who have been in a relationship have experienced physical 
and/or sexual violence by their intimate partner. In some regions, 38% of 
women have experienced intimate partner violence. A more recent system-
atic review highlights the increased risk of IPV among indigenous women.4 
Another systematic review, which included data from 66 countries, concluded 
that one in seven homicides globally are committed by an intimate partner. 
This figure is six times higher for female homicides compared with male  
homicides.5

Causation
Several theories about the causes of IPV have been proposed over the years. 
Social learning theory suggests that IPV is a learned behavior. The fact that 
male perpetrators and female victims are more likely to report histories of 
exposure to violence in childhood supports this theory. However, most indi-
viduals exposed to violence in childhood do not go on to commit violence 
as adults, and not all abusers have violent upbringings. Furthermore, the link 
between poor parenting generally, including neglect, and subsequent IPV in 
adulthood suggests that the effect is not simply one of modeling abusive 
behavior. Exposure to rejecting or neglectful parenting is associated with 
adverse effects on intrapersonal (e.g., poor self-worth) and interpersonal devel-
opment, which are associated with IPV.

A feminist perspective understands IPV against women as a form of coercive 
control rooted in society’s patriarchal structure, reflecting the persistent inequal-
ity in economic and social relationships between men and women. Lending 
support to this perspective is the finding that IPV appears to be less common 
in more democratic and less economically polarized societies. Although IPV 
occurs more often in contexts in which there is support for male authority in 
the family and women have less access to economic security, it is not clear 
why some individuals are more likely to be violent under such conditions 
than others.

With regard to psychological theory, there are conflicting views about 
the association between IPV and psychopathology. Some researchers argue 
that abusive males have deficits in one or more coping mechanisms, anger 
control, and communication skills, whereas others suggest that IPV results 
from dysfunctional interactional patterns between partners. Because types 
of IPV are not the same for all couples, there are likely multiple causes 
for its occurrence. Most of the research has focused on factors associated 
with increased risk of men abusing women (Table 228-1); however, we 
do not know to what extent these factors are causal from cross-sectional  
studies.

An explanatory framework that can guide etiologic and intervention research 
on IPV (and other public health problems) is the ecologic model. It attempts 
to integrate evidence on individual (genetic and life course), family, com-
munity, and socioeconomic structural factors. The ecologic model has recently 
been further developed to incorporate the impact of globalization on violence 
against women.6

 CLINICAL MANIFESTATIONS
Most of the research examining clinical manifestations associated with IPV 
exposure has focused on women. However, recent studies of male victims 
suggest that they also experience increased risk of poor health as well as chronic 
physical and emotional health problems and injuries.7,8

Patients seldom present with a chief complaint of IPV. Injuries are the most 
obvious manifestation; a clinician should have increased suspicion for IPV if 
there are multiple injuries, the presenting history of injuries is not consistent 
with the physical examination, and there is a delay in seeking medical care 
for injuries. Patients exposed to physical violence may present with injuries 
that vary from minor abrasions to life-threatening trauma. Although there can 
be overlap between injuries resulting from IPV and injuries from other causes, 
the former typically involve trauma to the head, face, and neck, whereas the 
latter are more typically injuries of the extremities. Multiple facial injuries are 
suggestive of IPV rather than from other causes, and those that are more 
specific for IPV include zygomatic complex fractures, orbital blow-out fractures, 

TABLE 228-1 FACTORS ASSOCIATED WITH A MAN’S RISK 
FOR ABUSING HIS PARTNER

INDIVIDUAL RELATIONSHIP COMMUNITY SOCIETAL
Young age
Heavy drinking
Depression
Personality disorders
Low academic 

achievement
Low income
Exposure to violence 

in childhood

Poor family 
functioning

Marital instability
Marital conflict
Male dominance
Economic stress

Weak community 
sanctions against 
intimate partner 
violence

Poverty
Economic 

inequality
Low social capital

Traditional gender 
norms

Social norms 
supportive of 
violence

Adapted from WHO. World Report on Violence and Health. Geneva: WHO; 2002.
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ABSTRACT
Intimate partner violence (IPV)—a violation of human rights—is defined as 
any behavior within an intimate relationship or ex-relationship that causes 
physical, psychological, or sexual harm, including physical aggression, psy-
chological violence (such as intimidation, constant humiliation), controlling 
behaviors, restricting access to services, and sexual violence. IPV is present 
in all societies, with a 1/3 global lifetime prevalence in women. An explanatory 
framework that can guide etiological and intervention research on IPV is the 
ecological model, integrating evidence on individual, family, community and 
socio-economic structural factors. Most research reporting clinical manifesta-
tions associated with IPV exposure has focused on women. However, although 
usually less severe than in women, IPV experienced by men also increases 
risk of chronic physical and emotional health problems and injuries. Although 
injury is the most obvious clinical manifestation of IPV, most people experi-
encing IPV presenting in health care settings do not have signs of obvious 
trauma, but rather a constellation of overlapping physical and mental health 
problems. These conditions may persist even when the abuse ends, particularly 
chronic pain, gynecological problems, anxiety, depression and post-traumatic 
stress disorder. Although there is no evidence to justify universal screening 
for IPV in health care settings, clinicians should have a low threshold for 
asking about abuse and know how to respond appropriately and safely, includ-
ing offer of referral to a specialist IPV resource that provides advocacy and 
further support. There is evidence of benefit to women survivors of IPV from 
advocacy and some evidence for trauma-informed psychological treatment. 
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TREATMENT 
and perforated tympanic membrane. Although facial injuries are the most 
common injuries associated with IPV, they have low specificity. Musculoskeletal 
injuries are considered the second most common type of injuries, including 
sprains, fractures, and dislocations. Blunt-force trauma to the forearms should 
raise suspicion of IPV because these can occur when trying to block being 
struck.

Victims of IPV often experience multiple mechanisms of injury; being 
struck by a hand is the most common, followed by use of a household 
object. Injuries from weapons such as knives and guns are far less common 
(<1%) but are associated with higher risk of mortality. Strangulation also 
occurs frequently, but less is known about the types of clinical manifestations 
that result from this form of IPV. Other injuries that raise suspicion of IPV 
include fractures of the spine or trunk, bites, hair pulling, and open wounds. 
Those exposed to sexual abuse may show signs of trauma to the genital area, 
but sexual assault is associated with signs of injury in less than one third  
of cases.

Most victims of IPV presenting in health care settings do not have signs of 
obvious trauma, but rather a constellation of overlapping physical and mental 
health problems. A patient presenting with vague signs and symptoms or 
chronic somatic complaints, including pain, suggests the possibility of IPV. 
Other behaviors that suggest IPV include delay in seeking medical care or 
multiple cancellations of medical appointments or a partner always being 
present in the consultation.

There are no systematic reviews of studies on the overall physical health 
consequences of IPV, but an overview of studies reported increased rates of 
chronic physical conditions, particularly gynecologic, gastrointestinal, and 
nervous system disorders, although most of the studies were small and poorly 
adjusted for other risk factors. Systematic reviews and meta-analyses have 
uncovered an association between violence against women and their cancer 
diagnosis9 and cardiovascular risk,10 the latter including significant relation-
ships to development of hypertension and self-reported cardiac disease. A 
cause-and-effect relationship between IPV and these medical conditions has 
not been established, however. It has also been found that women with a 
history of abuse, particularly physical or sexual violence, were more likely to 
experience chronic pain and nonspecific symptoms, although an association 
between abuse and number of physical symptoms is also found in women 
who experience emotional abuse without any physical abuse. A World Health 
Organization (WHO) study of 24,097 women in 10 countries reported sig-
nificant associations between women’s lifetime experiences of partner violence 
and self-reported poor health and specific health problems in the previous 4 
weeks, such as difficulty walking, difficulty with daily activities, pain, memory 
loss, dizziness, and vaginal discharge. Other physical conditions that should 
raise suspicion of IPV include chronic gynecologic or gastrointestinal symp-
toms, such as chronic pelvic pain or irritable bowel syndrome. It should not 
be assumed, however, that there is a specific association between functional 
disorders such as irritable bowel syndrome or fibromyalgia over and above 
the greater reporting of physical syndromes in general. IPV exposure is associ-
ated with an increased risk for sexually transmitted infections, including human 
papillomavirus.

Exposure to any type of IPV can be associated with a wide range of emo-
tional and behavioral symptoms; depression and post-traumatic stress disorder 
(PTSD) are the two most commonly associated emotional conditions, but 
anxiety disorders and substance abuse are also associated with IPV exposure. 
In the WHO study, women who reported IPV at least once in their life reported 
three to four times more emotional distress, suicidal thoughts, and suicide 
attempts than nonabused women. There is strong evidence of increased risk 
for depression, anxiety, substance abuse, and PTSD. A meta-analysis examin-
ing the association between IPV against adult women and depressive condi-
tions found a 2- to 3-fold increase in risk of major depressive disorder and 
1.5- to 2-fold increased risk of postpartum depression and elevated depressive 
symptoms. The cross-sectional design of most studies measuring associated 
impairment precludes definite conclusions about the causal role of IPV in 
these conditions, but the few published longitudinal studies show the onset 
or worsening of depression, PTSD, and substance abuse after exposure to IPV, 
with some evidence for increased vulnerability to IPV of women with preex-
isting mental health conditions.

Pregnant women deserve special mention because IPV can threaten the 
health of both mother and fetus. Injury patterns during pregnancy are more 
likely to be central, including blunt trauma to the head, torso, abdomen, breasts, 
and genitalia.11 Abuse directed to the abdomen may lead to poor pregnancy 
outcomes and perinatal death. A systematic review of 50 observational studies 

found an association between IPV in pregnancy and both preterm birth and 
low birthweight; there is no clear evidence for an increased risk of intrauterine 
growth retardation.12

Additionally, there is increasing recognition that children’s exposure to IPV 
shows a significant association with children’s internalizing and externalizing 
problems, including trauma symptoms, developmental delay, educational 
problems, and long-term mental health conditions.

Although intimate partner violence against women has tended to be studied 
separately from violence against children and other forms of interpersonal 
violence, an important study has now demonstrated significant intersec-
tions between them that should have implications for health programs, 
policies, and research in the future.13 The United Nations Multi-Country 
Study on Men and Violence in Asia and the Pacific has uncovered a cycle 
of abuse, with child abuse leading to increased violence against women 
and additional child maltreatment, which in turn increases the risk of adult  
violence.14

Identification
Despite some guidelines recommending universal screening for IPV,15 a sys-
tematic review has confirmed the findings from earlier studies concluding 
that although such screening increases the identification of women with IPV, 
it has not been shown to improve women’s health outcomes or reduce the 
occurrence of IPV. A1  However, it is important to be alert to the signs and 
symptoms associated with IPV, including those associated with the broad 
range of physical and mental health conditions referred to previously, and for 
clinicians to have a low threshold for asking about abuse. Indicators that suggest 
a higher likelihood of IPV include symptoms of depression, somatization, 
and PTSD in the female patient and a history of alcohol or drug abuse and 
unemployment in the male partner (or ex-partner). It is important, when 
asking about exposure to IPV, to do so privately, with no one else present, 
including a child (beyond infancy) or partner. If the inquiry or response is 
overheard, it could put the patient at risk for further IPV. A meta-analysis of 
qualitative studies of women’s expectations and experiences reported that 
when the topic of IPV is raised, patients want questioning that is nonjudg-
mental, compassionate, and caring. Women want to be asked about IPV with 
confidentiality assured, but do not want to be pressured to disclose. In some 
jurisdictions, however, disclosure of IPV when a patient has children in the 
home can lead to mandatory reporting to child protection services. It is impor-
tant that patients be advised about the limits of confidentiality before being 
asked about IPV exposure.

Possible questions to ask if IPV is suspected include the following: (1) 
Sometimes partners or ex-partners use physical force. Has this ever happened 
to you? (2) Have you felt humiliated or emotionally harmed by your partner 
or ex-partner? (3) Are you now or have you ever been afraid of your partner 
or ex-partner? (4) Have you ever been physically threatened or hurt by your 
partner or ex-partner? (5) Have you been forced to have any kind of sexual 
activity by your partner or ex-partner? (6) Has your partner or ex-partner 
ever tried to control your behavior, for example, control where you go or 
whom you see?

The initial clinical response when IPV is identified should include validation 
of the experience (e.g., everyone deserves to feel safe at home), affirmation 
that violence is unacceptable, and expression of support. The clinician needs 
to acknowledge the complexity of IPV and respect the patient’s individual 
concerns and decisions. The assessment should include an evaluation of safety; 
the patient should be asked if it is safe for her (or him or any children) to 
return home. The following are examples of safety considerations: (1) Has 
the frequency or severity of the violence increased? (2) Is the partner or ex-
partner obsessed with the patient? (3) How safe does she (he) feel? (4) Does 
the partner or ex-partner have a weapon or access to one? (5) Has she (he) 
been threatened with a weapon? Although a general discussion of gun violence 
is beyond the scope of this section, having firearms in the home is associated 
with an increased risk for homicide associated with IPV. Another predictor 
of domestic homicide is threats of deadly violence.

It has also been noted that primary care physicians often interact with 
male patients who perpetrate IPV and are therefore in a role potentially 
to intervene.16 If a male patient discloses IPV perpetration, physicians 
should asses for lethality, readiness to change, and comorbid medical con-
ditions that could affect treatment, such as substance abuse and mental 
illness. Referrals to a qualified therapist or batterer intervention program 
should be offered, but requirement to disclose IPV is dependent on local  
jurisdictions.

 PREVENTION
From a public health perspective, primary prevention of IPV is a priority, 
although most of the available research focuses on the health care response 
to the survivors of IPV, both while a woman is still exposed to abuse (second-
ary prevention) and when she is experiencing the long-term health problems 
associated with IPV (tertiary prevention).

Efforts aimed at primary prevention of IPV through educational programs 
have generally focused on changes in attitude, knowledge, skills, or self-reports 
of dating (relationship) violence. No studies to date have measured physical 
or emotional health outcomes. A meta-analysis assessing the efficacy of inter-
ventions aimed at preventing dating or relationship violence in adolescence 
and young adults (such violence is often considered a precursor to IPV in 
adulthood) concluded that there was no evidence that the interventions were 
effective in improving attitudes, behaviors, or skills related to relationship 
violence or reducing episodes of relationship violence. A9 

There is no clinical trial evidence for the effectiveness of interventions 
provided in general medical settings with the aim of secondary prevention. 
A systematic review concluded that there is insufficient evidence to deter-
mine the effectiveness of interventions in preventing IPV against pregnant  
women. A10  However, an advocacy and empowerment program in antenatal 
clinics reduced psychological and minor physical violence, and a program for 
pregnant African American women based on individual counseling sessions 
reduced violence and improved pregnancy outcomes. A11  Within an Austra-
lian family medicine setting, there was equivocal benefit in terms of mental 
health and safety of a brief counseling intervention delivered by doctors. A12  
Outside of health care settings, intensive advocacy (12 hours or more dura-
tion) may reduce physical abuse among women leaving shelters or refuges 
after 12 to 24 months of follow-up, but not for shorter or longer follow-up. 
There is evidence that a training and support program for primary care clini-
cians improves identification of women experiencing abuse and referral to 
advocacy services. A13  The WHO has published guidelines for the health care 
response to IPV with recommendations linked to the current evidence base.17 
Table 228-2 outlines the key recommendations related to prevention of IPV 
and treatment of conditions associated with exposure to IPV. Particularly 
noteworthy are the recommendation on training for clinicians in first-line 
support to women who have disclosed IPV and the recommendations against 
screening and mandatory reporting.

 PROGNOSIS
The prognosis of IPV with and without intervention is uncertain. Trials of 
interventions have small samples and short follow-up, and most have substantial 
attrition of participants. As far as the “natural history” of the condition is 
concerned, cohort studies are rare, and cross-sectional studies are potentially 
misleading. In a 3-year follow-up of participants who received an advocacy 
intervention after leaving a shelter, 36% had been assaulted by their original 
partner or a new partner in the 6 months before the interview. The difference 
in re-victimization at 2 years between intervention and control arms did not 
persist, but there was still a significant difference in quality of life and social 
support among women receiving advocacy. In a U.S. cohort study, 37% of 
participants were still being abused after 31

2 years.
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The initial response of clinicians to the disclosure of IPV by female patients, 
whether the disclosure is spontaneous or in response to inquiry from the 
clinician, is crucial in gaining trust and is the basis of further management. 
IPV is a highly stigmatized condition, akin to sexually transmitted infection 
or substance abuse, with the added dimension of risk for further harm from 
breach of confidentiality. A meta-analysis of 25 qualitative studies of women’s 
expectations and experiences (847 informants) reported consistent messages 
about how clinicians can respond appropriately to disclosure. Before ques-
tioning, they should understand the problem, including knowing about the 
available community services and appropriate referral systems; ensure that 
the clinical environment is supportive, welcoming, and nonthreatening; place 
brochures and posters in the clinical setting; try to ensure continuity of care; 
inform abused women about matters of privacy, safety, and confidentiality; 
be alert to the signs of abuse and raise the matter when indicated; use verbal 
and nonverbal communication skills to develop trust; and be compassionate, 
supportive, and respectful toward abused women. When the topic of IPV is raised, 
they should be nonjudgmental, compassionate, and caring when questioning 
about abuse; be confident and comfortable asking about domestic violence; 
not pressure women to disclose abuse because simply raising the topic may 
be helpful to women; ask about abuse over the course of several interviews 
because a woman may disclose abuse at a later date; ensure that the envi-
ronment is private and confidential; and provide time. Immediate response to 
disclosure should be nonjudgmental, with compassion, support, and convey 
belief of experiences; acknowledge the complexity of the problem and respect 
the woman’s unique concerns and decisions; prioritize the needs identified by 
the woman and help to ensure that social and psychological needs are met; 
take time to listen, provide information, and offer referrals to specialist help; 
validate her experiences, challenge assumptions, and provide encouragement; 
and respond to any concerns about safety. Response in later interactions should 
be patient and supportive, allowing her to progress at her own therapeutic pace; 
understand the chronicity of the problem and provide follow-up and continued 
support; respect the woman’s wishes and not pressure her into making any 
decisions; be nonjudgmental if a woman does not follow up with referrals 
immediately; and give abused women an opportunity to disclose abuse at a  
later date.

Beyond their initial response and managing the medical sequelae of abuse, 
most generalists have neither the expertise nor the capacity to meet the spe-
cific needs of women experiencing IPV, which include legal, financial, housing, 
and safety needs. A key step, particularly in the context of current or recent 
violence, is an offer of referral to some sort of specialist support. Two main 
types of services have been evaluated: advocacy programs and psychologi-
cal interventions (individual or group based). Generally, advocates engage 
with individual clients who are being abused, aiming to empower them and 
linking them to community services. Core activities of advocacy include pro-
vision of legal, housing, and financial advice; facilitating access to and use of 
community resources, such as refuges (shelters, safe houses) and emergency 
housing; and provision of safety planning advice. Advocates can also provide 
ongoing support and informal counseling. A Cochrane review of 13 randomized 
controlled trials (2141 participants) of domestic violence advocacy concluded 
that there were some physical and psychosocial benefits from advocacy, but 
uncertainty about the magnitude of benefit, the impact of abuse severity, 
and the applicability to women receiving advocacy in or referred from health 
care settings. A2  Only two of the studies had participants referred from health 
care settings. Clinicians should be able to refer patients to specialist IPV advo-
cacy and are more likely to ask about abuse if they have the support of these 
services. If such services are not immediately available, shelters and refuges 
often provide these kinds of services for women both in residences and on an  
outreach basis.

A wide range of individual psychological interventions have demonstrated 
improvements in psychological outcomes, including depression, PTSD, and self-
esteem. Trials of individual cognitive therapy–based interventions for women 
with PTSD who were no longer experiencing violence provided reasonable 
evidence for this intervention, but this cannot be extrapolated to women still 
in an abusive relationship. A3 

,
 A4  All the studies of group psychological interven-

tions showed improvement in one or more psychological or mental health 
outcomes, but with the exception of one study, they were poorly conducted. 
Consequently, the effectiveness of this type of intervention remains uncertain, 
particularly for women who are still experiencing IPV, although trauma-focused 
treatments hold at least some promise for reducing symptoms.

Although the assessment and treatment of the abuser should be carried 
out by professionals with expertise in this area, it can be helpful for general 
clinicians to have some awareness of the effects of treatment, as noted previ-
ously. The evidence for batterer treatment is mixed, with randomized controlled 
trials generally indicating little or no benefit or potential harm (i.e., increased 
recidivism), A5  whereas other study designs with longer follow-up suggest 
that cognitive-behavioral interventions with an emphasis on gender relations 
may be effective in reducing violence. To date there is insufficient evidence 

TREATMENT to recommend specific treatment for those committing IPV. There is little trial 
evidence for couples therapy and uncertainty about its appropriateness or 
safety when IPV is present in a relationship. One trial in a military population 
showed some reduction in further violence, but it excluded couples in which 
the man had been violent in the past 6 months. A6  Most authors caution that 
these couple therapy programs are not safe for many abused women, par-
ticularly those experiencing “intimate terrorism.” Furthermore, when abusers 
are enrolled in treatment programs, it is important that women are provided 
with concurrent advocacy and support. There is some evidence to suggest 
that permanent, but not temporary, civil protection orders may be effective 
in reducing future violence.

With IPV now clearly identified as a health problem, there is increasing  
recognition of the need for education of all health care providers who  
encounter patients exposed to IPV. Two systematic reviews—one focused on 
physicians A7  and a second on allied health care practitioners A8 —found some 
improvements in knowledge and attitudes and, to a lesser extent, skills and 
behaviors, but there is no evidence to date for the effect of such training on 
patient outcomes.

 PREVENTION
From a public health perspective, primary prevention of IPV is a priority, 
although most of the available research focuses on the health care response 
to the survivors of IPV, both while a woman is still exposed to abuse (second-
ary prevention) and when she is experiencing the long-term health problems 
associated with IPV (tertiary prevention).

Efforts aimed at primary prevention of IPV through educational programs 
have generally focused on changes in attitude, knowledge, skills, or self-reports 
of dating (relationship) violence. No studies to date have measured physical 
or emotional health outcomes. A meta-analysis assessing the efficacy of inter-
ventions aimed at preventing dating or relationship violence in adolescence 
and young adults (such violence is often considered a precursor to IPV in 
adulthood) concluded that there was no evidence that the interventions were 
effective in improving attitudes, behaviors, or skills related to relationship 
violence or reducing episodes of relationship violence. A9 

There is no clinical trial evidence for the effectiveness of interventions 
provided in general medical settings with the aim of secondary prevention. 
A systematic review concluded that there is insufficient evidence to deter-
mine the effectiveness of interventions in preventing IPV against pregnant  
women. A10  However, an advocacy and empowerment program in antenatal 
clinics reduced psychological and minor physical violence, and a program for 
pregnant African American women based on individual counseling sessions 
reduced violence and improved pregnancy outcomes. A11  Within an Austra-
lian family medicine setting, there was equivocal benefit in terms of mental 
health and safety of a brief counseling intervention delivered by doctors. A12  
Outside of health care settings, intensive advocacy (12 hours or more dura-
tion) may reduce physical abuse among women leaving shelters or refuges 
after 12 to 24 months of follow-up, but not for shorter or longer follow-up. 
There is evidence that a training and support program for primary care clini-
cians improves identification of women experiencing abuse and referral to 
advocacy services. A13  The WHO has published guidelines for the health care 
response to IPV with recommendations linked to the current evidence base.17 
Table 228-2 outlines the key recommendations related to prevention of IPV 
and treatment of conditions associated with exposure to IPV. Particularly 
noteworthy are the recommendation on training for clinicians in first-line 
support to women who have disclosed IPV and the recommendations against 
screening and mandatory reporting.

 PROGNOSIS
The prognosis of IPV with and without intervention is uncertain. Trials of 
interventions have small samples and short follow-up, and most have substantial 
attrition of participants. As far as the “natural history” of the condition is 
concerned, cohort studies are rare, and cross-sectional studies are potentially 
misleading. In a 3-year follow-up of participants who received an advocacy 
intervention after leaving a shelter, 36% had been assaulted by their original 
partner or a new partner in the 6 months before the interview. The difference 
in re-victimization at 2 years between intervention and control arms did not 
persist, but there was still a significant difference in quality of life and social 
support among women receiving advocacy. In a U.S. cohort study, 37% of 
participants were still being abused after 31

2 years.



CHAPTER 228 IntImate Partner VIolence1596

TABLE 228-2 SUMMARY OF SELECTED INTIMATE PARTNER VIOLENCE RECOMMENDATIONS FROM THE WORLD  
HEALTH ORGANIZATION

CATEGORY RECOMMENDATION
QUALITY OF 

EVIDENCE
STRENGTH OF 

RECOMMENDATION
Woman-centered care Women who disclose any form of violence by an intimate partner (or other family member) should 

be offered immediate support by clinicians, at a minimum. If clinicians are unable to provide this 
first-line support, they should ensure that someone else (within their health care setting or 
another that is easily accessible) is immediately available to do so.

Indirect Strong

Identification of survivors Universal screening is not recommended. Low-moderate Conditional
Ask about exposure to IPV when assessing conditions that may be caused or complicated by abuse. Indirect Strong
Written information about IPV should be available in all health care settings. No relevant evidence Conditional

Care for survivors Women with preexisting diagnosed or IPV-related mental disorders should receive mental health 
care delivered by health care professionals with a good understanding of violence against women.

Indirect Strong

Cognitive-behavioral therapy or eye movement desensitization and reprocessing interventions, 
delivered by health care professionals with a good understanding of violence against women, 
should be offered to women with post-traumatic stress disorder who are no longer experiencing 
violence.

Low-moderate Strong

Women who have spent at least 1 night in a shelter, refuge, or safe house should be offered a 
structured program of advocacy, support, and/or empowerment.

Low Conditional

Pregnant women should be offered brief- to medium-duration empowerment counseling (by 
counselors with specific training about IPV) and IPV advocacy/support, including a safety 
component.

Low Conditional

For children exposed to IPV at home, a psychotherapeutic intervention should be offered. Moderate Conditional
Training of clinicians Training at prequalification level in first-line support for women who have experienced IPV should 

be given to clinicians (in particular physicians, nurses, and midwives).
Very low Strong

Clinicians offering care to women should receive in-service training integrated with training on 
managing sexual assault.

Low-moderate Strong

Health care policy Care for women experiencing IPV should be integrated into existing health services rather than as a 
stand-alone service.

Very low Strong

Mandatory reporting Mandatory reporting to the police by clinicians is not recommended; clinicians should offer to 
report the incident to the appropriate authorities (including the police) if the woman wants this 
and is aware of her rights.

Very low Strong

IPV = intimate partner violence.
Reproduced from Feder G, Wathen CN, MacMillan HL. An evidence-based response to intimate partner violence: WHO guidelines. JAMA 2013;310:479-480.
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3. A 56-year-old woman is a new patient in a family medicine practice. In her 
first consultation, she presents with a 16-year history of recurrent depres-
sion. In taking a comprehensive history the family physician asks about 
any experience of abuse. She discloses that she has been frightened of her 
husband for years. He is extremely controlling and occasionally physically 
violent. What is the most appropriate initial response from the physician 
to this disclosure?
 A. “Have you ever thought about packing your bags and leaving him?”
 B. “Have you ever thought about going to couples counseling?”
 C. “Is there something you could do differently so that he becomes less 

angry?”
 D. “That must be very difficult for you; I can help you find support.”
 E. “That sounds frightening; do you want me to have a word with him?”

Answer: D The priority must be initial validation, empathizing with the patient 
and signaling that support is available. The other responses are either too 
directive (A) or could increase risk to the patient (B and E) or are victim 
blaming (C).

4. A clinical team is developing a policy on IPV. It should include:
 A. A protocol for annual screening of every female patient for current 

abuse
 B. A mandatory reporting requirement ensuring that the police are informed 

in all cases of serious assault
 C. Recording of abuse in the medical record of the victim and the 

perpetrator
 D. A training program on IPV for all clinical staff that includes a referral 

pathway to IPV advocacy support
Answer: D Training of clinicians is a prerequisite for an appropriate response 
to patients experiencing IPV, and a referral pathway to advocacy removes one 
of the barriers to clinicians asking about abuse. The other responses are either 
not based on evidence of effectiveness (A) or could increase the risk to the 
patient (B and C), also reducing the likelihood of disclosure to health care 
providers.

REVIEW QUESTIONS

1. A 25-year-old woman comes to the emergency department with a bruise 
to her left eye. She is accompanied by a female whom she refers to as a 
friend. The patient explains that she was hit in the eye while playing baseball. 
The friend insists on remaining with the patient while the initial history 
is taken by the nurse. Which of the following is the most appropriate 
recommendation?
 A. The friend should politely be asked to leave during the history taking, 

which should include exploration about the possibility of intimate partner 
violence.

 B. The patient should first be asked if she wants her friend to stay, and if 
she agrees, the patient can be asked about intimate partner violence.

 C. The patient should be asked if the friend is a partner; if not, it is accept-
able to proceed with exploration of intimate partner violence in the 
presence of the friend.

 D. Since the patient is accompanied by a friend, it is important not to inquire 
about exposure to intimate partner violence due to confidentiality.

 E. Since the patient has given a plausible explanation for the bruise to her 
eye, and there is no evidence for universal screening, she should not 
be asked about exposure to IPV.

Answer: A The patient has an injury that is suggestive of exposure to IPV. It 
is important that she be asked privately about the nature of the injury. Such 
inquiry is a form of case finding; it is not universal screening.

2. A 17-year-old pregnant woman comes to the family physician’s office to 
discuss her plans for the pregnancy. During the visit, she discloses that her 
20-year-old boyfriend has twice threatened to hit her before she became 
pregnant. Which of the following is the most appropriate approach by the 
family physician?
 A. Ask the patient whether she has ever experienced any physical injury 

from her boyfriend; if not, advise her that they should attend couple 
counseling together.

 B. Advise the patient that the risk will likely escalate during the pregnancy 
and she should leave the partner.

 C. Give the patient the opportunity to discuss her concerns at a pace that 
is comfortable for her.

 D. Advise the patient that this creates significant risk for her infant in the 
future, and it is not safe for her to remain in the relationship.

 E. Explain to the patient that it is best to return another day when the 
appointment can be set aside to discuss the issue in more detail.

Answer: C The patient needs to be given the opportunity to discuss her 
concerns at a pace that his comfortable for her. The other responses could 
either put the patient at risk (A) or are too directive (B and D) or not suffi-
ciently responsive to the patient’s needs (E).



CHAPTER 229 ApproAch to the pAtient with MetAbolic bone DiseAse1598

229 
APPROACH TO THE PATIENT WITH 
METABOLIC BONE DISEASE
THOMAS J. WEBER

 DIAGNOSIS
History
Patients with metabolic bone disease may present to the clinician in a number 
of ways, ranging from no symptoms to disabling musculoskeletal pain, depend-
ing on the nature of the underlying disorder. The most common conditions, 
osteoporosis and primary hyperparathyroidism, encompass a clinical spectrum 
that ranges from asymptomatic (diagnosed by low bone density and an elevated 
serum calcium, respectively) to severe disease (fractures and bone pain).1,2 
Less common conditions, such as osteomalacia, have more predictable pre-
sentations. In osteoporosis, fractures of the long bones (humerus, distal forearm, 
femur, and tibia) are clearly evident, whereas fractures at other sites (vertebrae, 
ribs, pelvis) may not be clinically apparent (see later and Chapter 230). Patients 
with osteomalacia may complain of deep bone pain or aches, although often 
it is difficult for them to distinguish such pain from muscular pain. They may 
also report proximal muscle weakness that impairs their ability to ascend 
stairs. Vitamin D deficiency, the most common cause of osteomalacia, may 
confer similar bone and muscle complaints as well. In hyperparathyroidism, 
either self-reported or elicited fatigue may be a common complaint, along 
with mildly impaired cognition and memory. A history of recurrent nephro-
lithiasis is a hallmark of symptomatic primary hyperparathyroidism. Patients 
with hypophosphatasia typically present with musculoskeletal pain and history 
of fractures.3

Physical Examination
Patients may exhibit physical clues to their skeletal condition. Height loss of 
more than 2 inches from a self-reported maximum, measured accurately with 
a calibrated stadiometer, may suggest the presence of vertebral compression 
fractures, which are clinically silent in up to three fourths of patients. Cor-
responding thoracic kyphosis may be present, and tenderness to palpation 
or percussion over the spinous process may suggest a recent vertebral frac-
ture. Thoracic kyphosis will also impart quantifiable physical characteristics, 
including decreased and increased rib to pelvis and wall to occiput distances, 
respectively, which may be followed clinically in patients and significantly 
predict the presence of vertebral fractures. The method for the rib to pelvis 
distance measurement is illustrated in Figure 229-1. The wall to occiput dis-
tance is the space between the wall and the occiput of the head when a patient 
stands straight with the heel, buttocks, and back against the wall: it reflects 

the degree of kyphosis. Patients may also exhibit signs of secondary causes 
of osteoporosis (e.g., blue sclerae with osteogenesis imperfecta, goiter and 
proptosis with hyperthyroidism, facial plethora and purple striae with Cushing 
syndrome). Patients with Paget disease may have a skeletal deformity and 
warmth over the affected sites. Patients with osteomalacia often have tender-
ness to palpation over the tibia or other long bones due to expansion of the 
subperiosteal space by undermineralized osteoid with resultant periosteal nerve 
irritation. These patients may also have a wide-based, “waddling” gait due to 
pain. Hyperparathyroid patients may have flank tenderness if active nephro-
lithiasis is present and can rarely have corneal calcification if hypercalcemia 
is severe and long-standing. Such patients rarely have a palpable parathyroid 
adenoma. If present, however, a diagnosis of parathyroid carcinoma should be  
entertained.

Laboratory and Radiologic Investigations
Laboratory studies are a useful adjunct in the evaluation of metabolic bone 
disease, although their specificity depends somewhat on the disease in ques-
tion. In particular, studies performed in the work-up of osteoporosis are 
generally not solely diagnostic but rather are supportive of secondary etiolo-
gies that may contribute to bone loss. Examples include thyroid-stimulating 
hormone, 25(OH)D, and testosterone levels (Table 229-1). In addition to a 
cursory work-up as detailed, additional investigations may also be required 
as clinically indicated and in individuals with a greater dual-energy x-ray 
absorptiometry (DXA) bone density deficit than expected for age (see later 
and Chapter 230).4 In contrast, the diagnosis of other conditions is more 
securely based on abnormal biochemical studies, such as alkaline phospha-
tase (elevated in Paget disease and depressed in hypophosphatasia), serum 
phosphorus (abnormal in disorders of fibroblast growth factor 23 metabo-
lism5), and parathyroid hormone (elevated in hyperparathyroidism). More 
sophisticated studies that target a specific diagnosis should be based on the 
history and examination (e.g., genetic testing for hypophosphatasia or osteo-
genesis imperfecta). Bone turnover markers, which are cellular products of 
bone formation and resorption that can be measured in the blood and urine 
of patients, may provide noninvasive information on skeletal turnover (i.e., 
high or low) but cannot be used for diagnosis. They also have unacceptable 
biologic and measurement variability that precludes their clinical usefulness at  
this time.

Radiologic studies are critical to the diagnosis and management of these 
patients. Because the most common clinical event is fracture, plain radiographs 
of the involved skeletal sites are often indicated. It is important to note that 
radiographs are relatively insensitive in identifying stress fractures and may 
also lag behind a frank fracture by hours or days. As such, additional, more 
sensitive modalities may be employed, including computed tomography and 
magnetic resonance imaging, to confirm a fracture. These studies also reveal 
characteristic patterns of skeletal involvement in certain conditions (e.g., Paget 
disease). Whole body bone scintigraphy with the radioisotope techneticum-
99m is the most sensitive tool to identify an active skeletal process but is 
nonspecific as to the nature of the underlying process (e.g., fracture, infection, 
malignancy). Perhaps most widely used and critical to management of osteo-
porosis is bone mineral density (BMD) testing, generally by DXA. As detailed 
in Chapter 230, DXA is a low-radiation, noninvasive examination of the spine, 
proximal femur, and distal forearm that may be used to make serial assessments 
of the likelihood of future fracture6 and to identify and subsequently follow 
the treatment response to pharmacologic or conservative therapies. Finally, 
although rarely needed, tetracycline-labeled, transcortical bone biopsy of the 
iliac crest, with subsequent histomorphometric analysis, may be useful in the 

FIGURE 229-1. Method of assessing rib-pelvis distance. while standing behind the 
subject, the examiner holds his or her hands vertically and places them into the space 
between the inferior margin of the ribs and the superior surface of the pelvis in the 
mid-axillary line. the vertical distance is then measured in fingerbreadths. 

TABLE 229-1 LABORATORY WORK-UP OF OSTEOPOROSIS
ALL OSTEOPOROSIS/OSTEOPENIA 
PATIENTS AS CLINICALLY INDICATED
Serum creatinine, calcium, total protein, 

albumin, phosphorus, alkaline 
phosphatase, liver function tests

Serum and urine protein electrophoresis 
(SPEP and UPEP) (if total protein-to-
albumin ratio is >2.0)

Complete blood count Intact parathyroid hormone
Thyroid-stimulating hormone 24-Hour urine cortisol
24-Hour urine calcium and creatinine Celiac panel (antigliadin/antiendomysial 

antibodies)
Serum 25(OH)D Fasting morning testosterone (men)
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ABSTRACT
Metabolic bone disease encompasses both common (e.g., osteoporosis) and 
more rare (e.g., X-linked hypophosphatemic rickets) conditions that may be 
clinically silent or present with fractures and bone pain. Diagnostic assessment 
of metabolic bone disease includes laboratory and radiographic studies that, 
although not absolutely specific, help guide work-up and management of bone 
disorders. Treatments of metabolic bone disease often have common com-
ponents (e.g., calcium, vitamin D, bisphosphonates) but may also include 
disease-specific therapy (e.g., enzyme replacement for hypophosphatasia).



management of patients. Bone biopsy, which is generally performed by an 
orthopedic surgeon under conscious sedation, may be indicated to guide 
management in patients with excessive bone fragility that cannot be adequately 
characterized by noninvasive means (e.g., patients with renal osteodystrophy, 
suspected osteomalacia, fractures with normal BMD by DXA).
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Management of patients with metabolic bone disease is generally directed 
by the disease process, although there are some unifying aspects of treatment. 
Adequate intake of calcium and vitamin D, usually through a combination of 
diet and supplements, is recommended for patients with osteoporosis. High-
dose vitamin D is indicated for low-vitamin D−related osteomalacia. Phosphorus 
in combination with vitamin D analogues (i.e., calcitriol) is necessary to heal 
osteomalacia and facilitate normal longitudinal growth in children and ado-
lescents and to promote mineralization and heal stress fractures in adults with 
certain osteomalacic conditions (e.g., X-linked hypophosphatemic rickets and 
tumor-induced osteomalacia). Weight bearing and resistive exercise are also 
advisable for osteoporotic patients, although physical therapy consultation 
may be indicated in patients at high risk for fracture (previous fractures, frequent 
falls). Pharmacotherapy with oral and parenteral bisphosphonates is frontline 
therapy for patients with both osteoporosis and Paget disease because of the 
anticatabolic effect on excessive osteoclastic bone resorption that underlies 
these diseases. In addition, other antiresorptive drugs, such as raloxifene and 
denosumab, are approved for the treatment of osteoporosis. Parenteral bisphos-
phonates and denosumab also are effective in combating malignancy-related 
bone disease (e.g., metastatic breast cancer, multiple myeloma). Finally, the 
anabolic bone agents teriparatide and abaloparatide, which are recombinant 
parathyroid hormone and parathyroid hormone–related peptide analogues 
respectively, are useful in “building” bone density and reducing fracture risk in 
patients with severe osteoporosis, defined as very low BMD, high fracture risk, 
and/or multiple fractures. Newer drugs in development that target more recently 
identified aspects of bone physiology (e.g., the Wnt pathway in bone forma-
tion), as well as specific derangements in less common diseases (e.g., FGF-23 
antibody in X-linked hypophosphatemia), will undoubtedly further improve 
the management of patients with metabolic bone disease.

TREATMENT 
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230 
OSTEOPOROSIS
THOMAS J. WEBER

 DEFINITION
Osteoporosis is defined as a skeletal disorder characterized by compromised 
bone strength predisposing to an increased risk for fracture. The pertinent 
clinical outcomes of this disease include fractures, bone pain, height loss, and 
physical deformity. This definition was developed by the National Institutes 
of Health in 2000 to help clinicians better diagnose and treat patients with 
the disease. The concept of bone strength is central to understanding the 
disorder because patients who suffer an osteoporotic or fragility fracture may 
or may not have osteoporosis by bone mineral density (BMD) criteria. The 
World Health Organization defines osteoporosis as a BMD that is equal to or 
greater than 2 standard deviations below that of an average individual at peak 
bone mass (generally aged 20 to 30 years, depending on the measured skeletal 
site). However, it is well established that most fragility fractures, which are 
defined as fractures occurring from the energy imparted from a fall from a 
standing height or less, occur in individuals who have low (osteopenia) or even 
normal BMD. (Osteopenia, or low bone density, is defined as a BMD between 
−1.0 and −2.5 standard deviations below young average normal.) This 

observation is consistent with the lack of a specific BMD threshold for fracture. 
Given these observations, it is clear that other factors must also significantly 
influence fracture risk. Certainly, falls and traumatic injuries are a significant, 
independent risk factor for fractures. Excluding falls and trauma, however, 
studies to date have also identified qualitative factors that are integral to bone 
strength, including skeletal microarchitecture, bone turnover, damage accu-
mulation (e.g., microfractures), and pattern or degree of mineralization. Newer 
technologies are currently in development to improve our understanding of 
how these qualitative changes in bone compromise skeletal strength, including 
high-resolution peripheral quantitative computed tomography and high-
resolution magnetic resonance imaging (MRI) (Fig. 230-1).1 Although prom-
ising, these newer techniques are not widely available. More important, they 
have not enhanced fracture prediction to date over known risk factors and 
BMD. Indeed, the availability and widespread application of Internet-based 
fracture prediction tools such as FRAX, which incorporate independent, addi-
tive clinical risk factors for fracture with or without femoral neck BMD, are 
currently used to identify individuals at risk for and most likely to benefit 
from treatment to prevent fragility fractures.

 EPIDEMIOLOGY
Approximately half of white women will develop an osteoporosis-related frac-
ture in their lifetime,2 which is greater than their risk for breast cancer, heart 
attack, and stroke combined. In addition, one in five men will also fracture. 
More than 2 million fractures occur annually in the United States, at an esti-
mated total direct cost of $17 billion. Nearly three fourths of them occur in 
women, with most occurring in white women. Nonetheless, there are no ethnic 
exclusions to developing the disorder. The most common site of osteoporotic 
fracture is the spine, accounting for more than 750,000 fractures annually. 
Fractures of the proximal femur, which disproportionately confer a greater 
cost than other osteoporotic fractures, account for 14% of incident fractures 
but nearly three fourths of costs. Additional sites of fracture include the distal 
forearm, proximal humerus, and pelvis, with the latter two more commonly 
occurring in elderly people. The risk for fracture increases markedly with age, 
although the pattern of fracture risk does differ by skeletal site. The risk for 
Colles fractures increases until the mid-60s and then plateaus, whereas the 
risk for hip fractures increases exponentially in woman after the age of 65 
years. Vertebral fracture risk rises earlier than that of hip, although many spine 
fractures are not clinically apparent and are only identified through radiographic 
assessment. Although clinically silent, such fractures do confer a significant 
independent risk for future fractures, particularly if they are of recent occur-
rence. Men also ascribe to an age-independent increase in fracture risk, although 
the increase in incidence generally lags at least 5 to 10 years behind that of 
women (Fig 230-2). The reason for the gender-based difference in fracture 
incidence is likely related to anatomic differences. Specifically, although men 
and woman have similar volumetric bone density at a given skeletal site, bone 
size is larger in men than in women and confers an independent mechanical 
protection against fracture. Nonetheless, the independent contribution of age 
to fracture risk necessarily predicts a higher morbidity and cost related to 
osteoporosis in older men as well as women, with an increase in the United 
States alone by the year 2025 to greater than 3 million fractures with an associ-
ated annual cost of $25.3 billion. Despite these ominous predictions, recent 
data suggest that less than one third of women who incur a low-trauma hip 
fracture undergo bone mass measurement or initiate pharmacologic antifracture 

A B

FIGURE 230-1. High-resolution peripheral computed tomography (Xtreme CT) of 
distal tibia in subject with normal bone mineral density (A) and severe osteoporosis 
(B). the deterioration in trabecular architecture with reduced trabecular number, trabecular 
thinning, increased trabecular spacing, generalized cortical thinning, and increased corti-
cal porosity is readily appreciable in the osteoporotic subject. (From Griffith JF, Genant 
HK. New advances in imaging osteoporosis and its complications. Endocrine. 2012;42: 
39-51.)
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ABSTRACT
Osteoporosis is a skeletal disorder characterized by compromised bone strength 
predisposing to an increased risk for fracture that accounts for 2 million frac-
tures occurring annually in the United States at an estimated total direct cost 
of $17 billion. It is most prevalent in older postmenopausal women but also 
affects men and individuals with risk factors for bone loss. It is identifiable 
clinically (low trauma fractures) and by testing (dual energy x-ray absorpti-
ometry) and is treatable with a number of medications approved by the U.S. 
Food and Drug Administration that significantly reduce the risk for low trauma 
fractures.
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remodeling, respectively. Heritable factors, including gender and ethnicity, 
account for 60 to 80% of the variability in skeletal development, including 
peak bone mass, bone size, and bone geometry, although nutrition, lifestyle, 
and other factors also have a significant impact. Peak bone mass is achieved 
in most individuals by the early to late 20s and differs in timing by skeletal 
site (ages 18 to 20 years for proximal femur, 25 to 30 years for spine). Model-
ing of the skeleton occurs during this time and represents a true increase in 
bone mass and bone size through endochondral ossification of the axial skeleton 
and periosteal apposition of the appendicular skeleton.

To best understand the underlying pathophysiology of osteoporosis, one 
must first appreciate the concept of bone remodeling. Skeletal remodeling is 
a finely orchestrated process of bone resorption and subsequent formation. 
It is a necessary physiologic function that results in repair of damaged bone 
and redistribution of the skeleton to adapt to changes in mechanical stress 
and to provide calcium to the systemic circulation for critical cellular processes. 
Recent evidence suggests that the osteocyte, which accounts for 90 to 95% 
of all bone cells, is the critical cell that regulates both resorption and forma-
tion. Osteocytes are derived from osteoblasts that are embedded within the 
bone matrix. During this maturation phase, this “osteoid-osteocyte” cell actively 
secretes and calcifies bone matrix material. In addition, mature osteocytes 
within bone contain dendritic processes that may directly regulate osteoblast 
recruitment and bone formation. Recent studies also suggest that mature 
osteocytes may form new bone within their lacunae. In addition, osteocytes 
produce proteins that regulate mineralization, including positive (PHEX, 
DMP-1) and negative (FGF-23) factors.

Osteocytes also regulate bone resorption, both directly through apoptosis 
proximate to skeletal microcracks or fatigue damage in need of repair and 
indirectly through enhancement of pre-osteoblast or mesenchymal stromal 
cell development. (Mesenchymal stromal cells may also develop into adipo-
cytes, chondrocytes, and muscle cells, depending on developmental stimuli.) 
These events result in the production, expression, and release of cytokines 
critical to osteoclast recruitment and development, including interleukin-1 
(IL-1), IL-6, osteoprotegerin (OPG), and receptor activator of nuclear factor-
κB ligand (RANKL). The cognate receptor for RANKL, RANK, is expressed 
on the surface of the developing and mature osteoclast, which itself is a deriva-
tive of cells of the monocyte-macrophage lineage. RANKL is a critical deter-
minant of osteoclast recruitment, development, and survival, such that 
disruption of RANKL signaling results in high bone density fragility disorders 
(e.g., osteopetrosis). OPG, which is also produced by pre-osteoblasts, is a 
decoy receptor for RANK that binds to RANKL, preventing RANKL binding 
to RANK and thereby serving as an endogenous suppresser of osteoclast func-
tion. In essence, RANKL/OPG represent a “yin/yang” paradigm in which 
osteoclast biology and bone resorption are intricately regulated and controlled 
(E-Fig. 230-1).

Factors Affecting Peak Bone Mass and Remodeling
As mentioned, peak bone mass is achieved by the third decade. Longitudinal 
studies in children and adolescents suggest that hormonal, physical activity, 
nutritional, and genetic factors are all important in this process. Hereditary 
influence is the most important determinant and to date the least well under-
stood. Growth hormone and sex hormones play critical roles in growth of the 
appendicular (long bones) and axial (vertebrae) skeleton, with the former 
maturing earlier than the latter (end of puberty vs. young adulthood). Males 
have larger bones as a result of greater periosteal (outer surface of bone) expan-
sion of bone than occurs in females. Current evidence supports a positive 
effect of exercise and loading on bone size and mineral density, although a 
subsequent potential antifracture benefit later in adult life is not proved. Poor 
nutrition and concomitant disease may also affect bone accrual, primarily 
through delayed pubertal onset and progression, although studies do support 
a potential for “catch-up” growth, which depends on the degree of insult and 
timing of resolution.

Although these factors are all important, genetic factors appear to account 
for 60 to 80% of the variance in peak BMD. Genome-wide association studies 
have identified 62 distinct loci that are significantly associated with BMD. 
Additionally, it has become clear that genetic determination of BMD is rela-
tively skeletal site-specific (E-Fig. 230-2).5 Three known obligatory pathways 
of bone metabolism were identified by genome-wide association studies, 
namely Wnt, RANK-RANKL-OPG, and endochondral ossification. The RANK 
pathway was discussed previously. The Wnt signaling pathway is obligatory 
for bone formation, owing to its role in osteoblast proliferation and differen-
tiation. Endochondral ossification, a process that involves the cartilage growth 
plate and subsequent ossification of the cartilaginous skeleton, is dependent 

therapy, underscoring the need for significant improvement in the delivery 
of osteoporosis care.3

There are also significant ethnic and geographic differences in the rate of 
osteoporotic fractures. African Americans have a lower lifetime risk for osteo-
porotic fracture, approximately half that of whites. Differences in bone size, 
bone microarchitecture (thicker trabeculae in blacks), body composition, 
calcium absorption in youth, and life expectancy are potential reasons for this 
observation. Asian Americans and Hispanics have a fracture risk that is inter-
mediate between that of whites and blacks, despite the fact that the former 
have a BMD that generally approximates that of whites. Indeed, the risk for 
hip fracture in U.S. Asian men and women is actually equal to or lower than 
that of U.S. blacks. The U.S. data are consistent with the global experience as 
well because hip fracture rates in China are lower than those observed in the 
United States, despite similar bone density at the hip. Differences in hip geom-
etry, physical activity, and diet have been proposed as possible explanations. 
Despite this, rates of hip fracture have actually been increasing in the Far East, 
while declining in the United States for unclear reasons. Changing patterns 
of nutrition and physical activity could be responsible for the former, although 
the latter observation remains heretofore unexplained. Based on the most 
recent data, however, there is evidence that the observed decline in hip fracture 
rates in the United States has plateaued, perhaps in part because of concomitant 
declines in femoral neck BMD.4

 PATHOBIOLOGY
Normal Bone Biology
BMD in adults is determined by the magnitude of bone acquisition during 
adolescence and young adulthood and the rate of bone loss that ensues there-
after. These processes are generally referred to as bone modeling and 
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E-FIGURE 230-1. RANKL expressed by osteoblast lineage cells binds to RANK on the 
surface of pre-osteoclasts and mature osteoclasts, resulting in increased bone resorp-
tion through an increase in osteoclast differentiation, activity, and survival. Osteopro-
tegerin (OpG) is a “decoy receptor,” also produced by osteoblasts, that binds to rANKL, 
preventing rANKL binding to rANK and thereby inhibiting osteoclastic bone resorption. 
it is the balance of rANKL and OpG that determines the ultimate rate of bone resorption. 
(Adapted from Lewiecki eM. New targets for intervention in the treatment of postmeno-
pausal osteoporosis. Nat Rev Rheumatol. 2011;7:631-638.)
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E-FIGURE 230-2. The most important genes linked to bone mineral density (BMD) 
variation. these are the key genes identified to date in various genome-wide association 
studies for BMD at various skeletal sites: the lumbar spine, hip, wrist or radius, heel, and 
femoral neck. (From Karasik D, rivadeneira F, Johnson ML. the genetics of bone mass 
and susceptibility to bone diseases. Nat Rev Rheumatol. 2016;12:323-34.)
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which results in accelerated bone turnover. Finally, relatively rare connective 
tissue disorders, such as osteogenesis imperfecta and Marfan syndrome, increase 
skeletal fragility by means of disturbances in the skeletal matrix and mechani-
cal integrity rather than altered bone remodeling.

The resulting clinical impact of bone loss and the persistence of effect depend 
on a number of factors, both potentially modifiable and nonmodifiable. The 
age at which bone loss occurs (e.g., young adult vs. 80-year-old) affects the 
ability to recover BMD with resolution or treatment of the condition (younger 
people have more robust recovery than elderly people) and also appears to 
hold for conditions of accelerated bone resorption (e.g., immobilization) or 
reduced bone formation (e.g., glucocorticoids). Predicated on and paralleling 
this observation, BMD response to treatment is generally more pronounced 
in individuals with higher rates of bone turnover, likely reflecting to some 
extent a “filling in” of bone remodeling space. Menopausal stage in women 
also influences rate of bone loss as described previously, with greater rates of 
decline occurring within the first 5 to 7 years of cessation of menses (Chapter 
227). Concomitant vitamin D deficiency and resulting secondary hyperpara-
thyroidism also potentiate rates of BMD loss, particularly in elderly people; 

on transcription factors (SOX6, RUNX2) and proteins (parathyroid hormone–
related peptide, bone sialoprotein 2, and osteopontin) that are necessary for 
the development of the cartilage growth plate, bone matrix mineralization, 
and osteoblast differentiation. All three pathways are now the target of existing 
and developing therapies for osteoporosis.

In adults, bone remodeling is a physiologic process through which skel-
etal repair and adaption to changes in biomechanical stress occur. The 
bone remodeling cycle occurs in the basic multicellular unit, which itself is 
composed of bone-resorbing osteoclasts, bone-forming osteoblasts, bone 
lining cells, and embedded osteocytes and is the apparatus that facilitates 
remodeling (E-Fig. 230-3). After the age of 30 years, this process is reason-
ably matched, resulting in rates of bone loss of only 0.3 to 0.5% per year 
from the third through fifth decades of life. As individuals age, mismatches 
in bone remodeling, either due to reduced formation, increased resorption, or 
a combination of both, result in greater rates of bone loss. Biologic changes, 
such as menopause and aging, systemic disease, personal vices, and medica-
tions (most notably glucocorticoids), may contribute to this imbalance. In 
addition, there is evidence that genetic factors influence rates of bone loss 
and fracture,6 even if current information is not adequate for true genetic  
profiling.7

Mechanisms of Bone Loss
“Natural” and Aging-Related Bone Loss
The rate of net bone loss accelerates during the latter decades because of a 
number of factors. Perhaps most important for women, rates of bone loss 
increase substantially in the perimenopausal and early postmenopausal years, 
amounting to losses of 1 to 5% per year. Unfortunately, there are currently no 
biologic markers that help determine which women a priori are “rapid losers.” 
Bone loss is slower in obese women, likely because of higher estrogen levels 
afforded by production through aromatization in adipose tissue. A decline in 
circulating estrogen is primarily responsible for bone loss following both natural 
and surgical menopause, which is mediated primarily through upregulation 
of cytokines (most notably RANKL) and a resultant increase in the number, 
activity, and depth of osteoclast-mediated bone resorption sites. In addition, 
OPG production is diminished, further amplifying bone resorption, although 
estrogen replacement can restore OPG production while reducing RANKL 
expression and thereby help mitigate bone loss during this period. Although 
bone resorption and formation do occur sequentially during this period, 
resorption outpaces formation because of potentiation of the former aided 
by the release of soluble cytokines, resulting in a significant uncoupling of 
bone remodeling and accelerated bone loss. Fortunately, this phase of rapid 
bone loss is typically limited to 5 to 7 years in most women. Finally, there is 
emerging evidence for regulation of coupling between bone formation and 
resorption by other factors in the bone microenvironment (e.g., transforming 
growth factor-β1, sphingosine 1-phosphate) that could be therapeutically 
exploited for skeletal benefit in the future.

Secondary Causes and Clinical Impact of Bone Loss
Bone loss also occurs as a result of secondary processes, such as diseases and 
medications. In fact, such processes are identifiable in more than one fourth 
of individuals with osteoporosis and may be more likely with greater degrees 
of skeletal deficit. A list of secondary causes of osteoporosis, using a systems-
based approach, is detailed in Table 230-1. As expected, endocrine disorders, 
including hypogonadism and Cushing syndrome, predominate. Nonetheless, 
bone loss in several conditions is mediated indirectly through attendant effects 
on vitamin D metabolism (e.g., malabsorption, chronic liver disease) and is 
the case with certain medications as well (antiepileptic drugs phenytoin and 
phenobarbital). In the case of vitamin D deficiency, undermineralization of 
bone may confound the clinical picture of bone loss (Chapter 231) and should 
be considered first before initiation of bone active medications (see later). 
Rarely, malignancies can be the principal cause of osteoporosis, with the best 
example being multiple myeloma (Chapter 178). Myeloma causes bone loss 
through uncoupling of bone resorption and formation. Medications also cause 
bone loss through both osteoclastic activation and osteoblastic inhibition. 
Reduced bone formation is the mechanism by which glucocorticoids cause 
bone loss, through both exogenous administration and endogenous overpro-
duction.8 Previous work has confirmed reduced osteoblast and osteocyte 
function and survival as the principal mechanism of glucocorticoid-induced 
osteoporosis. Anorexia nervosa likely interferes with the anabolic effect of 
insulin-like growth factor-I on bone. Alcohol excess appears to suppress osteo-
blast function, perhaps both directly and indirectly through associated mal-
nutrition, but it may also possibly cause bone loss through hypogonadism, 

TABLE 230-1 SECONDARY CAUSES OF OSTEOPOROSIS
ENDOCRINE DISORDERS

Hypogonadism: female and male
Hypercortisolism: endogenous and exogenous
Hyperthyroidism
Hyperparathyroidism
Idiopathic hypercalciuria
Diabetes mellitus: type 1 and type 2
NUTRITIONAL AND GASTROINTESTINAL DISORDERS

Malabsorption: celiac disease, gastrointestinal bypass
Vitamin D deficiency
Cirrhosis (including primary biliary cirrhosis)
Pancreatic insufficiency
Inflammatory bowel disease
Cystic fibrosis
Anorexia nervosa, bulimia
HEMATOLOGIC AND ONCOLOGIC DISORDERS

Multiple myeloma
Hemolytic anemia
Hemoglobinopathies: thalassemia, sickle cell
Myeloproliferative neoplasms
Skeletal metastases
Pompe disease
Mastocytosis
CONNECTIVE TISSUE AND METABOLIC DISORDERS

Osteogenesis imperfecta
Ehlers-Danlos syndrome
Marfan syndrome
Homocystinuria
Gaucher disease
Pompe disease
MEDICATIONS

Glucocorticoids
Aromatase inhibitors
Thyroxine (excessive)
Antiepileptics
Heparin
Gonadotropin-releasing hormone agonists
Depo-Provera
Immunosuppressants: tacrolimus, cyclosporine
Chemotherapy
Selective serotonin reuptake inhibitors*
Proton pump inhibitors*
Thiazolidinediones*
Sodium glucose cotransporter 2 inhibitors*
Alcohol
MISCELLANEOUS

Rheumatoid arthritis
Immobilization
Juvenile osteoporosis
Pregnancy-associated osteoporosis
*Association based.
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Although a better understanding of the genetic influences on bone mass 
accrual and subsequent loss is critically needed, it is perhaps more important 
to extend these analyses to the pertinent clinical outcome in this disease—
fracture. This is further supported given the previously described significant 
unexplained variance between BMD and fracture risk. Unfortunately, such 
work to date has yielded disappointing results, likely in part because the heri-
tability of fracture risk diminishes significantly with aging. In addition, the 
contributions of individual genetic variants to fracture risk are quite small and 
potentially falsely negative when studied. Indeed, despite preliminary evidence 
that simulated genetic profiling using a large number of variants could increase 
the discriminatory value of existing fracture prediction models and significantly 
restratify individuals in need of or not requiring antifracture therapies, more 
recent data suggest a marginal additional benefit beyond that of BMD, age, 
height, and weight.

E-FIGURE 230-3. The basic multicellular unit (BMU) moving across the bone tissue. First, 10 to 20 osteoclasts resorb old or damaged tissue; then they recruit 1000 to 2000 osteo-
blasts, which produce new bone matrix. the BMU moves at a speed of 20 to 40 µm/day and survives for up to 6 months. (From Kapinas K, Delany AM. MicrorNA biogenesis and regula-
tion of bone remodeling. Arthritis Res Ther. 2011;13:220.)

Current evidence supports a key role in bone loss for reduced estrogen 
levels in men, perhaps owing to reduced aromatase activity in fat tissue. Decline 
in circulating insulin-like growth factor-I levels also occurs with aging, which 
may inhibit the production of mesenchymal stromal cells and pre-osteoblasts, 
in addition to limiting periosteal bone expansion. The latter is a normal adap-
tive process to aging that increases bone size, more so in men than in women, 
somewhat attenuating the observed increase in fracture risk with aging. Bone 
loss in later decades also is caused by lower 25-hydroxyvitamin D (25[OH]
D) levels, related to restricted sun exposure and a reduced capacity to generate 
previtamin D in the skin with aging, as well as limited intake of vitamin D 
and calcium. Indeed, more than 75% in individuals in the United States are 
either vitamin D deficient or insufficient (25[OH]D <30 ng/mL). Low vitamin 
D results in secondary hyperparathyroidism, which accelerates cortical bone 
loss, as well as likely increasing the risk for falls. Increase in bone marrow 
adiposity is also inversely and significantly correlated with aging-related bone 
loss. This process likely reduces bone formation through the production of 
fewer osteoblast precursors, which share a common mesenchymal stem cell 
lineage with adipocytes. It is also likely the result of increased activation of 
the nuclear receptor peroxisome proliferator activator receptor-γ (PPARG), 
which commits stem cells toward adipocyte and away from osteoblast dif-
ferentiation. Additionally, fat-derived adipokines (adiponectin and leptin) may 
negatively affect bone remodeling through a “bone-fat” connection by reducing 
bone formation, further exacerbating bone loss. Finally, loss of weight and 
muscle mass (sarcopenia) is associated with bone loss, with evidence of a 
recently identified common factor (myostatin) that may provide insights on 
this muscle-bone interaction.
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on T2 characteristics, potentially identifying patients who could benefit from 
vertebroplasty or kyphoplasty (see later). Finally, whole body bone scintigraphy 
is the most sensitive test for fracture but can be falsely positive because of 
inflammation, infection, or tumor and usually is positive for 6 to 12 months 
after a fracture event.

 DIAGNOSIS
Although a recent fragility fracture is a reasonable basis for diagnosis of osteo-
porosis, other skeletal conditions should also be entertained, including inherited 
and acquired osteomalacias and pathologic fracture due to malignancy. These 
disorders can often be distinguished by history and physical examination, 
although additional investigations may be required. This distinction is critical 
because therapies may differ greatly between disorders. Most patients with 
osteoporosis are diagnosed on the basis of BMD measurement, generally by 
dual-energy x-ray absorptiometry.10 Dual-energy x-ray absorptiometry is a 
low-radiation-based radiologic measurement of the areal bone density (g/
cm2) of the lumbar spine, proximal femur, and distal radius. Osteoporosis can 
be diagnosed if the BMD of a postmenopausal woman or man older than 50 
years is more than 2.5 standard deviations below young average normal indi-
viduals (T score ≤−2.5). A T score between −1.0 and −2.5 is considered low 
bone density or osteopenia, and a Z score (age-matched BMD) in premeno-
pausal women and men younger than 50 years that is more than 2 standard 
deviations below that of an average age-matched individual is considered low 
bone density for age. BMD is an independent predictor of fracture risk, such 
that the relative risk for fracture increases by 1.5- to 2-fold for each 1 standard 
deviation decrease in T score. In addition, fracture risk increases exponentially 
below a T score of −2.5. Furthermore, BMD of the femoral neck may be used 
in fracture prediction models such as FRAX to define better an individual’s 
risk for subsequent fracture (see later). In addition to dual-energy x-ray absorp-
tiometry, other modalities are also used to diagnose osteoporosis, including 
quantitative CT of the spine (quantitative CT) and wrist and tibia (peripheral 
quantitative CT), finger dual-energy x-ray absorptiometry, and ultrasound of 
the calcaneus or wrist. Measurement of BMD by all of these techniques has 
been shown to predict fractures globally, akin to dual-energy x-ray absorpti-
ometry. Quantitative CT and peripheral quantitative CT provide additional 
information on cortical and trabecular bone compartments but are accompanied 
by higher radiation exposure and poorer reproducibility compared with dual-
energy x-ray absorptiometry. Ultrasound is radiation free and easy to operate 
but is less sensitive in diagnosing osteoporosis and does not measure change 
in a reliable fashion in response to age or treatment, making it useful as a 
screening modality but not for longitudinal care. Finally, continued develop-
ment of additional imaging tools (HRpQCT and mMRI) may well further 
refine the risk for fragility fractures.

Although dual-energy x-ray absorptiometry is an effective diagnostic tool, 
several potential limitations and caveats need to be considered by the clinician. 
First, dual-energy x-ray absorptiometry cannot distinguish between low bone 
density and undermineralized bone matrix, the latter of which occurs in 

this is thought to be a major contributing factor to the increase in hip fracture 
incidence in this group. Tobacco and alcohol overuse may also accelerate 
bone loss, owing to global effects that include reduced sex hormones, altered 
calcium metabolism, and weight loss and frailty, resulting in uncoupled bone 
remodeling. Therefore, a distinct appreciation of the clinical context is criti-
cal to defining an appropriate diagnostic and treatment approach to patients  
with osteoporosis.

 CLINICAL MANIFESTATIONS
Historically, osteoporosis was diagnosed in an individual presenting with a 
low trauma or fragility fracture, typically of the vertebrae or hips. Classic 
representations of women with the so-called dowager’s hump or kyphotic 
deformity were common depictions of the disease. Currently, however, the 
disease is appreciated both for its clinical and subclinical manifestations, because 
of both the advent of bone density testing and the appreciation that many 
vertebral fractures are clinically silent. This approach is akin to paradigms that 
identify a surrogate marker for both diagnosis and risk stratification, such as 
hypertension for stroke and hyperlipidemia for myocardial infarction.

A history of fragility fracture is strongly suggestive of osteoporosis, although 
there is evidence that a history of high-trauma fractures also identifies persons 
with low BMD and those at higher risk for low-trauma fractures. The National 
Osteoporosis Foundation considers fractures of the spine, proximal femur, 
distal forearm, and proximal humerus “major” osteoporotic fractures, although 
other skeletal sites are also prone to fragility fractures. These include the pelvis, 
ribs, and proximal tibia, although there is controversy about whether ankle 
fractures should be considered as such. Fractures of the spine are generally 
from the midthoracic region through the lower lumbar region, with the great-
est frequency at T11 through L2.9 Patients often present after a fall or a spinal 
flexion-loading event in which they may hear a “pop” and complain of sharp 
midline back pain that may radiate to the flanks. Patients may also present 
with complaints of back “tiredness,” which is improved with sitting or lying 
down. This symptom is likely related to paraspinal weakness or spasm from 
abnormal spinal curvature that occurs with chronic vertebral compression. 
Back pain may commonly be related to other pathology, such as degenerative 
disc and spine disease that is concomitantly present. This is important to note 
because low bone mass in and of itself does not cause pain, unless it is due to 
osteomalacia (see later). Vertebral fractures may occur without acute symptoms 
as well, as noted later. In contrast, nonvertebral fracture events are always 
clinically evident. Hip fractures generally occur with falls, although they may 
rarely occur with limited force such as twisting.

Physical examination may also indicate the presence of osteoporosis and 
associated fractures, as well as potentially identifying underlying secondary 
processes contributing to the disease. Measured height loss, best confirmed 
using a calibrated device such as a stadiometer, of greater than 4 cm since 
young adult maximum height is suggestive of prior vertebral fractures. Height 
loss also occurs with scoliosis and aging (approximately ⅓ inch of height is 
lost per decade after age 50 years). A kyphotic deformity of the upper thoracic 
spine may be present, although it is important to distinguish it from accentu-
ated cervical lordosis with associated prominence of T1. Spinal tenderness 
to palpation and percussion can occur with an acute vertebral compression 
fracture. Palpable tenderness of the long bones may suggest underlying osteo-
malacia instead, due to periosteal expansion and nerve irritation. Reduced 
rib-pelvis and increased wall-occiput distances are correlated with vertebral 
fractures as well.

In addition to the history and physical examination, radiologic findings 
may identify the presence of osteoporosis, sometimes somewhat surrepti-
tiously. Plain films can detect bone loss by means of accentuation of vertical 
striations on spine radiographs that represent loss of horizontal trabeculae, 
although this generally indicates BMD loss of at least 25% or more. Kyphosis 
and compression fractures may be present, and patients often are unaware of 
the deformities because nearly three fourths of such fractures occur without 
acute pain. Furthermore, radiologic reporting of these fractures is inconsistent, 
suggesting that, if possible, the clinician should review available digitized lateral 
chest radiographs and even lateral scout films often available from computed 
tomography (CT) to identify such fractures (Fig. 230-3). This is critical for 
optimal management, given the aforementioned risk conferred by previous 
fractures on future fracture events. The degree of compression fracture is also 
important because more severe fractures (>25% vertebral height loss) appear 
to predict future fractures better, as do nonvertebral fractures. When recent 
fractures are suspected, CT and MRI may be used, given that plain radiographs 
have a lower sensitivity acutely and with stress fractures. MRI also can be 
used to define a vertebral fracture with persistent swelling and edema based 

FIGURE 230-3. Incidental vertebral compression fractures on chest radiograph. Lateral 
radiograph of the chest of a 74-year-old man studied for cough. No relevant pulmonary 
abnormality was noted on the frontal radiograph (not shown). examination of the thoracic 
spine shows the presence of a mild anterior wedge compression fracture of t9 (thick 
arrow) and moderate anterior wedge fracture of t6 (thin arrow). Neither fracture was 
reported on the radiographic report. 
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to identify candidates for screening women aged 50 to 64 years (young post-
menopausal) in view of studies published in the interval that found FRAX to 
be inferior to other tools in screening this group. The 2018 U.S. Preventive 
Services Task Force now recommends that screening women younger than 
65 years for osteoporosis should use a number of formal clinical risk assess-
ment tools, including FRAX, the Simple Calculated Osteoporosis Risk Esti-
mation (SCORE), and the Osteoporosis Self-Assessment Tool (OST). 
Modifications have been suggested for the latest guidelines, including adjusting 
FRAX score up or down based on glucocorticoid dose. In addition, although 
fracture risk calculators that incorporate fall risk are available (e.g., from the 
Garvan Institute), they do not include the competing risk for mortality as 
FRAX does. As such, FRAX should be viewed as a complementary tool to 
BMD in best defining a person’s risk for fracture and candidacy for pharma-
cologic intervention.14 Finally, recent evidence suggests that the use of a Tra-
becular Bone Score with FRAX, which is a textural index surrogate measure 
of bone architecture that can be performed at the same time as dual-energy 
x-ray absorptiometry, can better predict the risk for FRAX-calculated hip and 
major osteoporotic fractures (Fig. 230-4).15

Finally, all patients presenting with osteoporosis require an assessment for 
secondary causes of bone loss, given that 20 to 25% of women and perhaps 
an even greater portion of men will have identifiable additional etiologies that 
may contribute to bone loss (see Table 230-1). Most patients will have had 
routine chemistry, hematology, and thyroid studies as part of their annual 
examination. The 25(OH)D level should be measured in all patients for mul-
tiple reasons, as previously discussed. Additional investigations may also be 
considered, as directed by the clinical history and physical examination. In 
addition, a greater degree of BMD deficit (i.e., lower Z score) indicates a need 
for more extensive testing, given the greater likelihood of secondary causes 
being present. Bone turnover markers are serum and urinary products of bone 
formation or resorption that can also be used to assist in management. Avail-
able tests include bone-specific alkaline phosphatase, osteocalcin, type I pro-
collagen amino-terminal propeptide, and type I procollagen carboxy-terminal 
propeptide as formation markers, and serum and urine C- and N-terminal 
peptides of type I collagen as resorption markers, among others.16 Their use 
is predicated on studies showing that high bone turnover increases fracture 
risk independent of BMD. In addition, fracture risk reduction correlates well 
with reduction in bone turnover based on clinical trials with anticatabolic 
agents. Nonetheless, their clinical utility has been tempered to date by several 
issues. First, there is significant biologic variability due to nonmodifiable (e.g., 
age, gender, underlying comorbid disease, medications) and modifiable (e.g., 
time of day, food intake, presence of fracture) factors that limit the ability to 
detect meaningful change over time in an individual patient. Second, optimal 
specimen processing is required for valid results and interpretation. Finally, 
and perhaps in part secondary to these issues and others, evidence to date 

osteomalacia (Chapter 231). BMD may also be quite disparate between regions, 
perhaps in more than one third of individuals. This inconsistency results from 
a number of factors, including differences in bone composition (predominantly 
trabecular bone in the spine and cortical bone in the one-third radius), with 
resultant variations in rates of bone loss due to aging and disease (vertebral 
bone loss with menopause and glucocorticoid use vs. cortical bone loss in 
hyperparathyroidism). Degenerative changes due to aging, such as facet osteo-
arthritis and aortic calcification, may artifactually raise spine BMD value. Given 
these considerations, the lowest skeletal site should be used for diagnosis. 
Finally, BMD should be measured longitudinally on the same dual-energy 
x-ray absorptiometry machine if possible, because of intermachine and inter-
manufacturer differences that may confound the ability to measure change 
over time validly. Despite these caveats, dual-energy x-ray absorptiometry 
remains the best method to diagnose and manage osteoporosis by bone density 
testing.

Despite its utility, bone density has been limited historically in optimally 
predicting fracture risk in individual patients.11 In addition, BMD does not 
take into account clinical factors that independently predict fracture. Under 
this premise, fracture prediction models have been developed that combine 
BMD and risk factors to stratify fracture risk better. The best known and most 
widely used of these prediction models is FRAX. FRAX was developed by 
the World Health Organization in collaboration with national and international 
osteoporosis foundations as an Internet-based computer algorithm that defines 
a person’s 10-year risk for hip and major osteoporotic fracture (hip, clinical 
spine, forearm, and proximal humerus all combined). The model uses country-
specific data on clinical risk factors and femoral neck BMD to calculate fracture 
probability and is available as a Web-based tool that can be used by clinicians 
with their patients to assist in making informed decisions on osteoporosis 
management (http://www.shef.ac.uk/FRAX/). A modified FRAX tool is also 
available to define better the risk for major osteoporotic fracture in individuals 
with disparately lower lumbar spine than proximal femur BMD. FRAX can 
be also be used to define country-specific recommended diagnostic and treat-
ment thresholds. An example of this is the National Osteoporosis Foundation 
guidance that 10-year risks equal to or exceeding 3 and 20% for hip and major 
fracture risk, respectively, warrant consideration of pharmacologic treatment, 
which is based on cost-effective analyses in the United States. Furthermore, 
the number needed to treat (NNT) can be determined to inform patients of 
their expected risks and benefits of treatment (e.g., bisphosphonate use roughly 
reduces hip fracture risk by half, or from 10 to 5%, with NNT of 1/0.05, or 
20 patients treated to prevent one hip fracture). Despite its utility and ease 
of use, FRAX does have limitations. These include inability to use patients 
who are not treatment naïve, absence of fall history/fall risk in the model, 
and use of fixed clinical risk factors. The 2018 updated Recommendation 
Statement on osteoporosis screening12,13 revised its 2011 endorsement of FRAX 

FIGURE 230-4. The FRAX® tool (http://www.shef.ac.uk/FrAX) is an online fracture risk estimation application that can be used to determine an individual patient’s 10-year risk for 
hip fracture and major osteoporotic fracture (hip, clinical spine, distal forearm, and proximal humerus). it can also be used with a patient’s trabecular Bone score (tBs iNsight) to 
analyze the quantity and quality of bone matrix and significantly add to the FrAX estimation of fracture risk. 

http://www.shef.ac.uk/FRAX
http://www.shef.ac.uk/FRAX/
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Anticatabolic Agents
Anticatabolic (or antiresorptive) medications inhibit osteoclast recruitment, 

function, and/or survival, resulting in reductions in skeletal turnover and bone 
loss. These agents, depending on the potency and persistence of bone effect, 
reduce the number of new activation sites (basic multicellular units) and the 
bone remodeling space, thereby improving BMD while strengthening the skeletal 
microstructure and reducing fracture risk.

Bisphosphonates
Bisphosphonates are the most widely prescribed and used medications for 

the treatment of osteoporosis, owing in large part to good tolerability and an 
ability to dose them infrequently (from once weekly to once yearly, depend-
ing on the drug). Bisphosphonates are chemically engineered analogues of 
the naturally occurring molecule pyrophosphate in which a carbon is sub-
stituted for an oxygen. As a result, bisphosphonates have an extremely high 
affinity for hydroxyapatite crystals within bone. After incorporation into bone, 
bisphosphonates are taken up by osteoclasts and thereafter inhibit cellular 
attachment, function, and survival. The carbon side-chain molecules largely 
determine skeletal affinity and potency of bisphosphonate effect. The first-
generation bisphosphonate etidronate, which is not approved in the United 
States for treatment of osteoporosis, is the least potent agent of the class. 
It must also be given in an interrupted fashion for 2 weeks every 3 months 
owing to the potential to cause focal osteomalacia, and it may cause lower 
gastrointestinal symptoms (i.e., abdominal pain and diarrhea). Nonetheless, it 
is has been shown to reduce the risk for vertebral but not nonvertebral nor hip  
fractures.

Three oral bisphosphonates are approved by the U.S. Food and Drug Admin-
istration (FDA) and currently available in the United States: alendronate, rise-
dronate, and ibandronate, in order of time since initial FDA approval. All three 
drugs are also available as generic preparations, although some differences 
do exist between the brand name and generic drugs in regard to the inac-
tive excipients. The oral bisphosphonates may be administered once weekly 
(alendronate and risedronate) or once monthly (risedronate and ibandronate), 
fasting in the morning with water only, and the patient must remain fasting 
in a sitting or standing position for 30 to 60 minutes after the dose. Recently, 
a delayed-release formulation of risedronate (Atelvia) was approved that may 
be taken immediately after breakfast. The most common side effect is pre-
cipitation or aggravation of gastroesophageal reflux, although most patients 
tolerate the drugs without difficulty. In light of this side effect and a potential 
risk for esophageal irritation and ulceration, these drugs are contraindicated 
in patients with functional or anatomic disorders of esophageal transit (i.e., 
esophageal stricture, achalasia). All three drugs significantly reduce the risk 
for vertebral fractures, although high-strength evidence for hip and nonver-
tebral fracture risk reduction exists for alendronate and risedronate but not 
ibandronate (Table 230-2). A9  Finally, and perhaps most important, studies 
confirm a persistent BMD response and likely antifracture benefit after 5 years of  
therapy.

Parenteral bisphosphonates are also approved and available for osteoporosis 
treatment, although they should be considered second line to oral bisphospho-
nates based on overall risk-benefit assessment in most osteoporotic patients. 
They may be considered for use in patients with contraindications to oral 

TABLE 230-2 STRENGTH OF EVIDENCE FOR THE 
REDUCTION OF RISK FOR FRACTURE TYPES 
WITH PHARMACOTHERAPY IN WOMEN WITH 
POSTMENOPAUSAL OSTEOPOROSIS

FRACTURE SKELETAL SITES

VERTEBRAL NONVERTEBRAL HIP WRIST
Alendronate • • • • • • • • • •

Ibandronate • • • • • • ı
Risedronate • • • • • • • • • •

Zoledronate • • • • • • • • • ı
Denosumab • • • • • • • • • ı
Teriparatide • • • • • • ı
Raloxifene • • • ı ı ı
Bazedoxifene* • • • ı ı ı
Abaloparatide* • • • • • ı ı
*Based on author’s review of clinical trial data.
Strength of evidence symbol legend: ı = insufficient strength of evidence; • = low strength of 
evidence; • • = moderate strength of evidence; • • • = high strength of evidence.
Adapted with permission from Levis S, Theodore G. Summary of AHRQ’s comparative effectiveness 
review of treatment to prevent fractures in men and women with low bone density or osteoporosis: 
update of the 2007 report. J Manag Care Pharm. 2012;18(4 Suppl B):S1-S15, discussion S13.

Calcium
Adequate intake of calcium is critical to the optimal accumulation and main-

tenance of BMD. Calcium supplementation has meaningful impact on BMD 
(modestly improved by 1 to 2%), but evidence of a definitive reduction in 
hip and nonvertebral fracture risk when given without vitamin D is lacking at 
present. A1  Given the established increase in rate of nephrolithiasis and a pos-
sible, albeit unproved, potential increase in nonfatal cardiac events with higher 
dose calcium supplementation, it would seem prudent to recommend that 
adults with osteoporosis obtain 1200 to 1500 mg of calcium from a combina-
tion of supplements and dietary sources. In support of this approach, a recent 
meta-analysis and resultant guidelines have not supported the restricted use 
of calcium supplements on the basis of cardiovascular concerns.17

Vitamin D
Appropriate circulating levels of 25(OH)D are necessary for optimal intestinal 

absorption of calcium and skeletal accrual and maintenance. Despite this, a 
significant proportion of children and adults have vitamin D levels that would 
be deemed insufficient (i.e., 25[OH]D <20 ng/mL). Data in adults with osteopenia 
and osteoporosis confirm a benefit of vitamin D supplementation for fracture 
risk reduction, A2  although the effect is dependent on the patient population 
and the amount of supplementation. Doses of 400 to 800 IU of vitamin D com-
bined with 1000 mg of calcium reduce the risk for hip fracture in postmeno-
pausal women and men aged 65 years and older, although the benefit is less 
certain for community-dwelling individuals than for those in assisted living 
centers. A3  Although some data suggest that a 25(OH)D level of at least 30 ng/
mL is needed to reduce the risk for hip fracture, there is considerable contro-
versy as to whether a vitamin D level above 30 ng/mL reduces the overall risk  
for fracture. A4 

By comparison, routine vitamin D (with or without calcium supple-
mentation) does not appear to prevent falls or fractures in community-
dwelling adults without osteoporosis, vitamin D deficiency, or prior  
fractures. A5 

,
 A6  Although activated vitamin D analogues such as calcitriol and 

α-calcidiol have been shown to reduce fracture risk, they are generally not 
indicated based on unacceptable risk for hypercalcemia. The exception to use 
of vitamin D analogues is possibly patients with stages 3 and 4 chronic kidney 
disease, wherein treatment of secondary hyperparathyroidism could provide 
skeletal benefit.

Exercise and Lifestyle
Physical activity is also a critical element of osteoporosis management, which 

can be indirectly inferred based on the known profound effects of decreased 
gravitational force (i.e., immobilization, paraplegia, weightlessness in space) 
on inducing bone loss. A7  Physical activity likely also confers additional benefits 
through enhanced muscle strength, improved cardiovascular status, and reduc-
tion in fall risk. Meta-analysis confirmed a modest benefit of exercise on lumbar 
spine (mean difference = 0.85%) and trochanteric BMD (mean difference = 
1.03%) in postmenopausal women compared with placebo, although it did 
not show significant changes in femoral neck or total hip BMD. A8  However, 
studies to date have not confirmed an improvement in bone strength with 
exercise in this patient group. Studies concerning middle-aged and older men 
are much more limited in number and quality, although preliminary evidence 
suggests that resistance training with or without impact-loading activities has 
the greatest BMD benefit. Importantly, although none of the aforementioned 
studies have demonstrated a clear antifracture benefit from exercise, there are 
abundant data that multiple targeted exercise interventions do reduce either 
the risk for falling (Tai Chi) or both the rate and risk for falling (group and 
home-based exercise programs), which is the most likely inciting event in older 
patients incurring an osteoporotic fracture (Chapter 22). Finally, modification 
of aberrant lifestyles is also indicated in patients with osteoporosis, especially 
tobacco cessation and moderation of caffeine, carbonated beverage, and alcohol 
intake. Data are lacking, however, on whether these reduce overall fracture 
risk.

Medications
There is robust evidence that pharmacologic therapy significantly reduces 

the risk for osteoporotic fracture in a clinically meaningful and cost-effective 
manner.18 Medications approved for osteoporosis can be classified based on 
their mechanism of action: anticatabolic (i.e., antiresorptive) and anabolic (i.e., 
bone building).

PREVENTION AND TREATMENT 

does not demonstrate significant benefit of bone turnover markers in individual 
patients in securely predicting bone density increase, fracture risk reduction, 
or cost-effectiveness through patient feedback and improved adherence. There-
fore, at present, bone turnover markers should not be used in routine clinical 
practice, although they could help inform management in more complicated 
cases of metabolic bone disease.
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bisphosphonates (e.g., esophageal disease, inability to sit upright and/or fast 
after dose), documented or expected poor adherence to oral bisphosphonates, 
or failure to respond to oral bisphosphonates or other FDA-approved therapies 
(with recurrent fractures and declining BMD). Zoledronic acid, 5 mg once yearly, 
and ibandronate, 3 mg quarterly, may be given, although high-strength evidence 
would favor the use of zoledronic acid, given its unequivocal effect on spine, 
hip, and nonvertebral fracture risk reduction in women and men. A10  Zoledronic 
acid has also been shown to reduce mortality in women and men following 
a low-trauma hip fracture, although the mechanism of the mortality benefit 
is unknown. BMD remains stable and the antifracture effect likely persists for 
3 years after three to six annual doses of zoledronic acid. A11 

,
 A12  Furthermore, 

zoledronate significantly reduces the risk for vertebral and nonvertebral fra-
gility fractures in older women with osteopenia who do not meet criteria for  
osteoporosis. A13 

Both intravenous bisphosphonates are associated with an approximately 
15 to 20% likelihood of a flulike reaction, typically consisting of fever, arthral-
gias, and myalgias, usually limited to the first infusion and generally lasting 
24 to 48 hours, although symptoms lasting weeks to months have rarely 
been reported to the FDA. Both drugs confer a higher risk as well for delayed 
healing of exposed bone in the oral cavity compared with oral bisphosphonates  
(see later).

Rare, considerably more serious adverse effects have been associated with 
both oral and intravenous bisphosphonates. Osteonecrosis of the jaw, which 
is defined as exposed bone within the oral cavity for more than 8 weeks fol-
lowing an invasive dental procedure (e.g., tooth extraction, dental implant) or 
spontaneous tooth loss, occurs in roughly 1 in 10,000 to 100,000 patients treated 
with oral bisphosphonates, although it likely occurs in 1 in 1000 to 10,000 in 
intravenous bisphosphonate–treated patients with osteoporosis. Current evi-
dence suggests that microbial biofilm formation on an acellular bone surface, 
perhaps facilitated by bisphosphonates and the nonbisphosphonate drug 
denosumab (see later), may be operative in the development of this disorder. 
As such, patients on intravenous bisphosphonates should maintain optimal 
oral hygiene and consider a bisphosphonate holiday or delay in dose if invasive 
oral procedures are planned. Atypical femoral fractures have also been recently 
described in patients on long-term bisphosphonate therapy, generally after 5 
years or more of treatment. Patients will typically have prodromal thigh or 
groin pain, which can refer to a stress fracture of a thickened lateral femoral 
cortex, inferior to the greater trochanter. These fractures can be bilateral in 
nature and may be identified radiographically with plain films, MRI, or CT. New 
dual-energy x-ray absorptiometry software allows for identification of charac-
teristic changes in the femur (cortical thickening, periosteal reaction, medial 
spike) that may help better identify patients at risk for these fractures. These 
patients are at risk for low-trauma, severe, oblique, “chalk-stick” fractures, which 
often represent orthopedic repair and healing challenges. Fortunately, the 
estimated prevalence of atypical femoral fractures is low (~1 in 5000 to 10,000). 
Nonetheless, the severe manifestations of osteonecrosis of the jaw and atypical 
femoral fractures make it prudent for clinicians to consider a bisphosphonate 
drug holiday, particularly given strong evidence of continued benefit on dis-
continuation after 3 to 5 years of continuous therapy (3 years for intravenous 
and 5 years for oral).19

Selective Estrogen Receptor Modulators
Selective estrogen receptor modulators are compounds that bind to the 

estrogen receptor and thereby influence bone and reproductive biology. As 
with estrogen (see later), selective estrogen receptor modulators are anticata-
bolic agents in bone, acting through a reduction in cytokines (RANKL, tumor 
necrosis factor-α) that engender osteoclast activation and function. Raloxifene 
was the first FDA-approved drug for prevention and treatment of osteoporosis 
in menopausal women, although the breast cancer drug tamoxifen likely has 
skeletal benefits as well. Both drugs have antiestrogenic effects in the breast 
and are FDA approved for the prevention of breast cancer in high-risk patients. 
Raloxifene does reduce the risk for vertebral fractures by approximately 30 
to 50% but does not reduce the risk for hip and nonvertebral fractures. This 
antifracture profile positions it as an alternative to bisphosphonates in post-
menopausal women with osteopenia and a relatively low risk for hip and 
other nonspine fractures. The most common side effects include hot flushes 
and leg cramps in about 10 to 15% and about 5% of patients, respectively. 
Selective estrogen receptor modulators also increase the risk for deep vein 
thrombosis, with an absolute risk of roughly 1 in 400, akin to that seen with 
oral estrogen hormone replacement therapy. Raloxifene has also been associ-
ated with an increased risk for fatal stroke in women at higher baseline risk 
for stroke, likely precluding its general consideration in women older than 
65 years. More recently, a second selective estrogen receptor modulator 
(bazedoxifene) was shown to reduce vertebral fracture risk by 42 % and is 
available in combination with conjugated estrogens 0.45 mg for osteoporosis  
prophylaxis. A14 

Estrogen
Estrogen replacement therapy, either alone or in combination with a pro-

gestin in women with an intact uterus, had historically been a frontline agent 
in the management of osteoporosis in postmenopausal women (Chapter 

227). Estrogen replacement therapy prevents bone loss if administered to 
women at menopause and significantly increases BMD by approximately 3 
to 5% in woman who are well into their menopausal years. Although lower 
doses of estrogen may have skeletal benefits, more standard doses of estro-
gen (0.625 mg of conjugated equine estrogen and 1.0 mg of ethinyl estradiol) 
have been proved efficacious. Long-term estrogen therapy reduces the risk for 
all clinical fractures by about 27%, based on the available moderate-quality  
evidence. A15  Estrogen replacement therapy is also the most efficacious agent 
available for treatment of vasomotor symptoms. These data notwithstanding, 
estrogen replacement therapy is associated with an increased risk for stroke 
(34% increase), and the use of continuous combined hormone replacement 
therapy confers an unacceptable greater global risk than benefit in women 
initiating hormone replacement therapy, based on the results of the Woman’s 
Health Initiative. These results, however, may not be applicable to the younger 
postmenopausal population, based on differences in cardiovascular risk, although 
data confirming this are currently lacking. Both estrogen replacement therapy 
and hormone replacement therapy are also associated with a two- to three-fold 
increase in the risk for venous thromboembolic disease. Therefore, estrogen 
replacement therapy/hormone replacement therapy is generally recommended 
only for postmenopausal women at significant risk for fracture for whom other 
antifracture therapies are unsuitable.

Denosumab
As detailed previously, increased osteoclast activation through the RANKL 

pathway is a key mechanism through which bone loss occurs in menopause 
and other osteoporotic conditions. Intuitively, a therapy that targets this process 
directly would be desirable. Denosumab is a fully human monoclonal antibody 
to RANKL that is approved by the FDA for the treatment of osteoporosis in 
postmenopausal women and in men, as well as for individuals with breast and 
prostate cancer, to reduce bone loss associated with hormonal deprivation 
therapy. It is administered twice yearly as a subcutaneous injection in the clinic 
and clearly reduces the risk for spine, hip, and nonvertebral fractures in women 
and men. A16  Denosumab does not undergo hepatic or renal metabolism and 
thus can potentially be used in patients with more advanced renal dysfunction, 
unlike bisphosphonates. In contrast to bisphosphonates, it is reversible, such 
that robust bone loss ensues after the medication is stopped. Indeed, there is 
emerging evidence that “rebound” fractures may occur in some individuals if 
denosumab is discontinued without a switch to an alternative antifracture 
therapy.20 Recent studies also strongly suggest that teriparatide (see informa-
tion on drug later) should not be used after denosumab therapy, based on 
suboptimal BMD response. Denosumab is well tolerated in clinical studies, 
although a higher incidence of skin conditions (eczema and erysipelas) and 
infections, including serious infections that required hospitalization, were 
observed in drug- versus placebo-treated subjects. Therefore, the drug is likely 
not suitable for patients on immunosuppressant therapy who are at higher 
baseline risk for infection.

Anabolic Agents
Although anticatabolic drugs are effective at retarding bone loss and reducing 

fracture risk, anabolic or “bone-building” drugs would be preferred. Teriparatide 
is a recombinant human parathyroid hormone analogue that encompasses 
amino acids 1 to 34 and was approved by the FDA in 2002. Given as a self-
administered once-daily subcutaneous injection, teriparatide is truly anabolic 
based on robust increases in bone density (~10% over 2 years in the lumbar 
spine) and bone formation as determined by bone biopsies and other sophis-
ticated imaging studies. More important, teriparatide significantly reduces 
the risk for vertebral and nonvertebral fractures by approximately two thirds 
and one half, respectively. Because bone resorption increases along with 
bone formation, bone loss generally ensues on cessation of therapy, neces-
sitating the initiation of an anticatabolic bone drug to preserve the increase 
in BMD facilitated by teriparatide. Finally, although it is plausible to consider 
that a combination of teriparatide and an anticatabolic drug is more beneficial 
than either drug alone, evidence from randomized controlled trials to date 
has failed to confirm this. Recent studies, however, suggest that the com-
bination of teriparatide and denosumab may have a truly synergistic effect  
on BMD.

Teriparatide is more expensive than other treatments for osteoporosis, 
although it is generally covered by insurance in patients who have severe 
osteoporosis (based on BMD and/or fracture risk) and who cannot tolerate or 
have contraindications to other antifracture agents. The drug is generally well 
tolerated, with the most common adverse effects being dizziness and leg cramps. 
Teriparatide has a black box warning, based on the fact that toxicology studies 
in rats revealed an increase in risk for osteosarcoma in animals treated with 
supra-pharmacologic doses of the drug, particularly in growing animals. Given 
this, the drug is contraindicated for patients who are at a higher baseline risk 
for osteosarcoma, including patients with Paget disease and previous therapeutic 
radiotherapy as well as younger individuals with open epiphyses. Fortunately, 
the observed rate of osteosarcoma in patients treated with teriparatide has 
been significantly lower than that expected in the general population since 
the drug was approved in 2002.
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Other Therapies and Treatment Considerations
Currently Available and emerging therapies

Newly approved in 2017, abaloparatide (a selective activator of the para-
thyroid hormone type 1 receptor; administered as 80 µg subcutaneously daily), 
was shown to be as effective as teriparatide for reducing fracture risk in post-
menopausal women with osteoporosis, with less treatment associated hyper-
calcemia. A17  Similar to teriparatide, it is potentially linked to a higher risk for 
osteosarcoma based on rat toxicology data. Nasal calcitonin is FDA approved 
and available at the time of this writing for treatment of postmenopausal osteo-
porosis, although it is widely considered the weakest antifracture agent based 
on marginal vertebral fracture benefit. In addition, recent human studies have 
suggested a possible link to cancer, potentially further limiting its clinical utility 
and future availability in the United States. Strontium ranelate is approved in 
Europe for the treatment of osteoporosis and may have a dual proformation-
anticatabolic effect on bone. It has been shown to reduce the risk for vertebral 
and nonvertebral fractures as well as clinical osteoporotic fractures. A18  It is not 
available for use in the United States, and alternative forms of strontium salts 
cannot be assumed to be effective as well. In addition, BMD by dual-energy 
x-ray absorptiometry cannot be followed in patients on strontium because of 
artifactual increases in BMD related to the incorporation into bone of the stron-
tium salt.

Emerging therapies on the horizon will likely provide additional tools to 
treat this debilitating disease, including new anabolic therapies (e.g., sclerostin 
antibody). Sclerostin is a naturally occurring inhibitor of the Wnt pathway and 
bone formation, and clinical studies confirm a significant increase in BMD and 
a 75% reduction in the risk for osteoporotic vertebral fractures with romoso-
zumab (a monoclonal antibody that binds sclerostin at a dose of 210 mg sub-
cutaneously monthly for 1 year). A19 

,
 A20  Unlike teriparatide, inhibition of sclerostin 

does not appear to stimulate bone resorption, potentially affording greater 
and more persistent gains in BMD.

Glucocorticoid-induced and Male Osteoporosis
As detailed previously, glucocorticoids are a major cause of and the most 

common etiology of medication-related secondary osteoporosis. Glucocorti-
coids are prescribed for a number of common inflammatory conditions, often 
in a chronic, long-term manner. They are potent suppressors of bone forma-
tion and at higher doses likely increase bone resorption, principally through 
central suppression of sex steroid production. This resultant “uncoupling” 
of bone turnover can result in dramatic declines in BMD within the first 6 
months of starting therapy. In addition to bone loss, there is good evidence 
to support that individuals on glucocorticoids may fracture at a higher level 
on BMD compared with non-glucocorticoid-treated patients. Fracture rates are 
increased as well with doses of prednisone as low as 2.5 mg per day, although 
the increase in risk appears to attenuate with glucocorticoid discontinuation. 
The treatment approach to glucocorticoid-induced osteoporosis is similar to 
osteoporosis in general, with the exception that attempts should be made to 
reduce the steroid dose to as low as the underlying treated disease will permit.21 
Calcium and vitamin D are important adjuncts but are insufficient to prevent 
bone loss or fractures. Although not clearly evidence-based, replacement of 
deficient sex steroids is a reasonable strategy in younger individuals who are 
at lower risk for fracture. The bisphosphonates alendronate, risedronate, and 
zoledronic acid are FDA approved for glucocorticoid-induced osteoporosis in 
women and men. A21  In a randomized, double-blind, noninferiority study, 60 mg 
subcutaneous denosumab every 6 months was both noninferior and superior 
to 5 mg oral risedronate daily at 12 months for effect on BMD in patients with 
glucocorticoid-induced osteoporosis. A22  A more logical and indeed superior 
treatment of glucocorticoid-induced osteoporosis is teriparatide, which as an 
anabolic drug more directly addresses the primary mechanism of bone loss in 
glucocorticoid-induced osteoporosis: osteoblast inhibition. Teriparatide is FDA 
approved for treatment of glucocorticoid-induced osteoporosis in women and 
men and is superior to alendronate in improving BMD and vertebral fracture risk 
reduction. A23  Although the drug was used for 36 months in this head-to-head 
trial, treatment is advised for no more than 24 months based on previously 
mentioned safety considerations.

Male osteoporosis historically has been underrecognized and underap-
preciated by primary care clinicians and patients alike, although the current 
data support a significantly more prevalent and clinically significant disorder. 
More than 2 million men in the United States have osteoporosis, and one in 
four men older than 50 years will suffer a fragility fracture in their remaining 
lifetime. Roughly 30% of vertebral and hip fractures combined occur in men, 
and these are the more common fractures in older men. In addition, men have 
a substantially higher mortality after hip fracture compared with women. As in 
women, aging, low body weight, and prior fragility fractures are independent 
predictors of fracture. In some contradistinction to women, however, osteoporosis 
in men is more commonly multifactorial in etiology, with the most common 
secondary causes being excess glucocorticoids, hypogonadism, and alcohol 
overuse. Despite these associations and others (current smoking, history of 
falls), there is not at present sufficient evidence to warrant use of a specific 
testing or screening strategy to identify men at higher risk for fracture. The 
laboratory work-up of male osteoporosis is similar to that for women, with 

 PROGNOSIS
The osteoporotic burden incurred by individual patients and society as a whole 
can be significantly lessened through a combination of diagnostic, preventive, 
and therapeutic interventions. Although there is no true “cure” for osteo-
porosis, current pharmacotherapies reduce the risk for fracture roughly by 
half. This reduction is critical because there is robust evidence to suggest 
an independent increase in mortality after an osteoporotic fracture, includ-
ing fractures of the spine, humerus, tibia, and pelvis as well as the proximal 
femur. Moreover, available data, primarily from randomized controlled trials 
with bisphosphonates, confirm a statistically significant reduction in death 
with pharmacologic treatment of osteoporosis, although the mechanism of 
this effect is not known. Data also indicate that treatment-related increases in 
BMD are associated with reduced risk for subsequent fractures.22 These data 
further underscore the importance of identifying and treating patients with  
osteoporosis.

 Grade A References

A1. Zhao JG, Zeng XT, Wang J, et al. Association between calcium or vitamin D supplementation and 
fracture incidence in community-dwelling older adults: a systematic review and meta-analysis. JAMA. 
2017;318:2466-2482.

A2. Cesareo R, Iozzino M, D’Onofrio L, et al. Effectiveness and safety of calcium and vitamin D treat-
ment for postmenopausal osteoporosis. Minerva Endocrinol. 2015;40:231-237.

A3. Avenell A, Mak JC, O’Connell D. Vitamin D and vitamin D analogues for preventing fractures in 
post-menopausal women and older men. Cochrane Database Syst Rev. 2014;4:CD000227.

the exception of a morning fasting testosterone level. Idiopathic osteoporo-
sis may also occur, particularly in younger men with no discernable cause. 
Genetic factors may well be important in these men, with studies suggesting 
an association with lower production and circulating levels of estrogen. As in 
women, primary treatment of male osteoporosis is targeted at lifestyle changes, 
adequate nutrition (calcium and vitamin D), and exercise. Bisphosphonates (oral 
and intravenous), denosumab, and teriparatide are all effective at improving 
BMD in men, although a recent meta-analysis confirmed antifracture efficacy 
for vertebral and possibly for nonvertebral fractures with bisphosphonates 
alone, whereas the antifracture efficacy of nonbisphosphonates in men remains 
unconfirmed. A24  Although more limited in scope, antifracture efficacy appears 
evident for denosumab in men with prostate cancer on androgen deprivation 
therapy. True antifracture efficacy for the other agents and clinical scenarios is 
either less convincing or absent, based on the paucity of randomized controlled 
trial data, although this should not be construed as a reason not to treat. Testos-
terone replacement in men with significant biochemical hypogonadism (total 
T score <200 ng/dL) does improve bone density, although data on fracture risk 
reduction are lacking. In older men (>50 years) at a substantial risk for fracture 
based on history and risk factors, androgen replacement should be consid-
ered second line behind the aforementioned other therapies, based on overall  
risk-benefit and lack-of-fracture data.

Vertebroplasty and Kyphoplasty and Low-intensity Vibration
Although often clinically silent, vertebral fractures may cause acute and 

severe back pain. In addition, up to one third of vertebral fractures remain 
chronically painful, perhaps related to incomplete healing or instability of 
the fracture. Over the past two decades, vertebroplasty and kyphoplasty 
have been developed and advanced to reduce the morbidity associated with 
acute spine fractures. These invasive procedures introduce, through the spinal 
pedicles, a cement-like substance (polymethylmethacrylate) to the compressed 
vertebral body, with (kyphoplasty) or without (vertebroplasty) use of saline-
infused balloon tamps that permit a few millimeters of elevation of the verte-
bral end plates. Initial randomized trials suggested a benefit of vertebroplasty 
over conservative management in patients with acute vertebral fractures, 
although a recent meta-analysis of patient-level data from two randomized 
controlled trials did not confirm this finding, A25  and sham-controlled trials show 
conflicting results even if the procedure is performed soon after the acute  
fracture. A26 

,
 A27 

Low-intensity vibration is also under active investigation as an anticatabolic 
and possibly anabolic intervention for osteoporosis. Animal studies using low-
intensity vibration appear to show enhanced osteoblast and hindered osteoclast 
development, thereby “coupling” bone remodeling. Clinical studies suggest a 
modest but significant BMD benefit in postmenopausal women and other 
groups (children with cerebral palsy, adults on prolonged bed rest), although 
a more recent randomized, placebo-controlled trial did not show an effect on 
BMD or bone turnover markers in older individuals. A28  Further studies are clearly 
needed to confirm a true clinical and ideally an antifracture benefit of this 
intervention.
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3. An 81-year-old man is admitted after a fall and low-impact fracture of the 
proximal femur. His history is notable for Parkinson disease treated with 
dopamine agonist therapy. On physical examination, the patient has a mild 
resting tremor while lying in bed. Laboratory investigations do not reveal 
secondary causes of osteoporosis, including a 25(OH)D level of 30 ng/mL 
and testosterone of 300 ng/dL. The patient has normal renal function and 
calcium. The patient undergoes successful operative repair. After discharge, 
the patient undergoes 4 weeks of inpatient rehabilitation. What is the most 
definitive choice for this patient’s metabolic bone management?
 A. Start calcium and vitamin D supplementation.
 B. Increase dopamine agonist therapy for Parkinson disease.
 C. Give zoledronic acid, 5 mg intravenously.
 D. Start testosterone replacement therapy.
 E. Prescribe ergocalciferol 50,000 IU once weekly.

Answer: C This gentleman has incurred a low trauma femur fracture, which 
greatly increases his risk for subsequent fractures. Furthermore, the fracture 
confers a mortality rate up to 30% within 1 year of the event. Zoledronic acid 
has been proved not only to reduce the risk for subsequent fracture but also 
to reduce mortality by 27% based on results of the Horizon Recurrent Fracture 
Trial. Calcium and vitamin D are important adjuncts to treatment but are not 
definitive. Given his level of 25(OH)D, additional antifracture and/or fall risk 
reduction would not be anticipated from pharmacologic vitamin D treatment. 
There is no randomized control trial evidence that testosterone treatment of 
either eugonadal or hypogonadal men reduces fracture risk. Finally, optimal 
management of his Parkinson disease, which does not appear undertreated 
in this patient, might reduce his risk for falls but not his risk for fracture.

4. A 55-year-old white woman presents to her physician with intense mid-
back pain after a fall onto her backside while walking. Her history is notable 
for a recent diagnosis of polymyalgia rheumatica, for which she has taken 
prednisone 10 mg daily for the last 6 months. She does have known osteo-
penia, with lumbar spine, femoral neck, and total hip T scores of −2.0, 
−1.8, and −0.8, respectively. Physical examination is notable for tenderness 
to palpation and percussion over the lower thoracic spine. Plain films of 
the thoracolumbar spine reveal a new moderate (35%) anterior compres-
sion fracture at T11. Laboratory work-up, including 25(OH), is within 
normal limits. Other than continuing the calcium and vitamin D that the 
patient is currently taking, what is the most appropriate pharmacologic 
choice for treatment at this time?
 A. Vitamin D 50,000 IU once weekly
 B. Alendronate 70 mg once weekly
 C. Risedronate 150 mg once monthly
 D. Teriparatide 20 µg subcutaneously daily
 E. Denosumab 60 mg subcutaneously every 6 months

Answer: D This woman presents with an acute vertebral fracture following 
a low trauma event. Her level of BMD is not osteoporotic, underscoring the 
independent contribution of glucocorticoids to fracture risk such that fractures 
may occur at a higher (i.e., better) level of BMD. The recent nature of her 
fracture further underscores the need for initiation of treatment now. There 
is no evidence that increasing this patient’s vitamin D level will further reduce 
her risk for fracture. Denosumab will likely reduce her risk for subsequent 
fracture, although the association with infection and use of concurrent pred-
nisone in this woman necessarily lessen its consideration at present. Alendronate 
and risedronate are approved for the prevention and treatment of glucocorticoid-
induced osteoporosis (GIO). Despite this, teriparatide has been proved more 
effective that bisphosphonates in patients with GIO and is indicated for this 
woman, assuming she has no contraindications to treatment

REVIEW QUESTIONS

1. A 60-year-old woman presents to her physician to discuss her recent bone 
density results and management options. She has treated hypertension 
and a history of atrial fibrillation, as well as rheumatoid arthritis, for which 
she takes infliximab. Family history is notable for a hip fracture in her 
mother after a fall at age 65 years. She drinks socially and does not smoke. 
Her physical examination is unremarkable, including only 1 inch of height 
loss from her young adult maximum. Her spine examination reveals normal 
curvature, no kyphosis, normal rib to pelvis distance of 3 fingerbreadths, 
and 0 fingerbreadth wall to occiput distance. Laboratory studies are normal, 
including 25(OH)D level. Duel-energy x-ray absorptiometry bone density 
reveals lumbar spine, femoral neck, and total hip T scores of −2.5, −3.0, 
and −2.7, respectively. Her FRAX 10-year estimates of hip and major osteo-
porotic fracture are 5.6 and 29%, respectively. What is the best management 
recommendation for this woman?
 A. Calcium and vitamin D supplementation alone
 B. Hormone replacement therapy
 C. Raloxifene
 D. Oral bisphosphonate
 E. Denosumab

Answer: D This patient has osteoporosis based on T score at the lumbar 
spine and proximal femur. In addition, she has an absolute fracture risk that 
supports pharmacologic intervention on a cost-effectiveness basis. Oral bisphos-
phonates are effective and generally frontline therapy. Active use of immuno-
suppressive therapy increases her risk for infection, which was seen more 
frequently in denosumab-treated patients in randomized controlled trials. Her 
cardiovascular history increases her risk for stroke, which has been observed 
more frequently in raloxifene- and estrogen-treated patients. Finally, calcium 
and vitamin D are important adjuncts to her management but should not be 
considered adequate alone for fracture risk reduction in this woman.

2. A 65-year-old woman presents with 6 months of progressive lower extrem-
ity pain and describes difficulty ascending stairs because of pain and weak-
ness. She also brings a recent outside duel-energy x-ray absorptiometry 
bone density test, which shows total hip T and Z scores of −4.5 and −2.5, 
respectively. She does not have a history of fragility fractures. Past medical 
history is notable for hypertension and long-standing irritable bowel syn-
drome. She takes 600 mg of calcium and 400 IU of vitamin D daily, but 
no other medications. Family history is negative for osteoporosis or parental 
hip fracture. She does not smoke or drink alcohol. Physical examination 
is notable for tenderness to palpation over the mid-tibia bilaterally. She 
also has a wide-based, nonantalgic gait. What is the next best choice for 
her skeletal management?
 A. Double her calcium and vitamin D daily intake.
 B. Measure serum 25(OH)D level.
 C. Start an oral bisphosphonate.
 D. Measure fasting serum C telopeptide level (CTx).
 E. Start teriparatide therapy.

Answer: B This patient has lower bone density than expected for age based 
on Z score of −2.0 or less. This suggests a secondary cause for low bone mineral 
density (BMD) besides menopause. Her clinical presentation is consistent 
with osteomalacia, which cannot be distinguished from osteoporosis based 
solely on BMD. In addition, the prevalence of vitamin D deficiency or insuf-
ficiency and established hip fracture efficacy with vitamin D repletion warrant 
its identification and treatment as the next best step in patient management. 
The recommended increase in calcium and vitamin D would be insufficient 
to treat vitamin D deficiency–related osteomalacia in this woman, and bisphos-
phonate and teriparatide therapy would be inappropriate until the vitamin D 
deficiency is corrected. Finally, bone turnover markers cannot be used inde-
pendently for diagnosis in patients with metabolic bone disease.
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5. A 70-year-old man presents with acute, mid-back pain after lifting a bag of 
topsoil while gardening 8 weeks ago. Although significant, his pain is improv-
ing. His medical history is notable for known male hypogonadism due to 
mumps orchitis in his 20s, although he does not take testosterone because 
of severe benign prostatic hypertrophy. He does take 600 mg of calcium 
twice daily and 1000 IU of vitamin D once daily. On physical examination, 
he has mild tenderness to palpation and percussion over his mid-thoracic 
spine. Laboratory investigations are unrevealing, including a 25(OH) level 
of 45 ng/mL. Duel-energy x-ray absorptiometry bone density study con-
firms osteoporosis with lumbar spine T score of −3.0, although femoral 
neck and total hip T scores are normal. Radiographs of the thoracic spine 
reveal a new severe (50%) biconcave compression fracture at T8 without 
apparent widening of the pedicles. In addition to prescribing alendronate, 
which of the following is best adjunct management for this patient?
 A. Analgesic therapy and referral to physical therapy for postfracture 

consultation
 B. Prescription for a spinal brace that patient should wear for 6 months
 C. Percutaneous vertebroplasty
 D. Nasal calcitonin use for 1 year
 E. No additional interventions are required at this time.

Answer: A This gentleman has osteoporosis secondary to long-standing 
hypogonadism, exhibited by predominantly great bone density loss and deficit 
in cancellous bone (i.e., spine). He has incurred by definition a low-trauma 
fracture and is in need of a pharmacologic antifracture therapy (i.e., alendro-
nate). Although he has significant pain that must be addressed, there is no 
evidence that conservative therapy with analgesics is inferior to vertebroplasty 
in regard to longer term (i.e., >6 months) pain management. In addition, his 
radiographic findings do not suggest fracture instability that might benefit 
from vertebroplasty. Physical therapy is also helpful both short-term as an 
adjunct to pain management and long-term regarding modification of lifestyle 
and exercise to maximally reduce future fracture risk. A supportive spine brace 
may be used, although its use should be limited to only 4 to 6 weeks because 
of the necessary induction of paraspinal muscle weakness associated with 
long-term use. Similarly, nasal calcitonin may have some analgesic benefit in 
the acute, postfracture period based on limited data, although there is no 
evidence of a long-term analgesic benefit with continued use of the drug.

6. A 65-year-old woman presents to her physician to discuss her recent bone 
density results and management options. She has been treated with alen-
dronate 70 mg weekly for 5 years, during which time she experienced an 
8.5 and 4.5% increase in lumbar spine and right total hip bone mineral 
density (BMD), respectively. She has treated hypertension but is otherwise 
well. Family history is negative for osteoporosis and for parental history 
of hip fracture. She does not drink alcohol and does not smoke. Her weight 
has been stable for the past 10 years. Her physical examination is unremark-
able, including only 1 inch of height loss from her young adult maximum. 
Her spine examination reveals normal curvature, no kyphosis, normal rib 
to pelvis distance of 2 fingerbreadths, and 1 fingerbreadth wall to occiput 
distance. Laboratory studies are normal, including 25(OH)D level. Dual-
energy x-ray absorptiometry bone density reveals lumbar spine, femoral 
neck, and total hip T scores of −1.8, −2.2, and −2.3, respectively. Her T 
scores at the start of alendronate therapy were −2.6, −2.6, and −2.5, respec-
tively. In addition to continuing calcium and vitamin D supplementation, 
what is the best management recommendation for this woman?
 A. Continue alendronate therapy.
 B. Switch to teriparatide therapy
 C. Stop alendronate therapy and recheck BMD in 1-2 years.
 D. Switch to an alternative oral bisphosphonate.
 E. Switch to IV zoledronic acid therapy.

Answer: C This patient was appropriately treated for osteoporosis with an 
oral bisphosphonate, based on bone density evidence for osteoporosis under 
the National Osteoporosis Foundation guidelines. Based on the FLEX trial 
and American Society for Bone and Mineral Research task force guidelines, 
it is reasonable for her to consider a drug holiday at this time. Given this, 
there is no indication to switch her to an alternative oral or IV bisphosphonate 
therapy. In addition, given her low risk for fracture and previous studies con-
firming a blunted anabolic effect with both combination parathyroid hormone 
(PTH) and bisphosphonate therapy and with PTH therapy following long-
term oral bisphosphonate therapy, there is no indication for teriparatide in 
this woman. If she does have evidence for declining bone density on follow-up 
or incurs a fragility fracture, she would be a candidate to restart pharmacologic 
antifracture therapy.

7. A 75-year-old woman presents to the clinic with a history of osteoporosis. 
Specifically, she was diagnosed at age 69 years when she presented with 
acute lower back pain following a ground-level fall. Radiographs revealed 
moderate compression fractures in the lumbar spine. After completing a 
secondary work-up for osteoporosis, she was placed on denosumab therapy 
every 6 months, in light of a history of severe esophageal reflux disease 
requiring esophageal dilation and precluding the use of oral bisphospho-
nates. She is now completing 6 years of denosumab therapy and wishes 
for an opinion from you with regard to her osteoporosis management. 
Additionally, she has worries about continuing denosumab therapy given 
her concerns about long-term exposure and potential adverse effects. Her 
medical history is otherwise unremarkable. On physical examination, she 
has a flattened lumbar lordotic curve with vertebral prominence at L2 and 
L3. Rib-to-pelvis distance is reduced at ½ fingerbreadth bilaterally. Wall 
to occiput distance is 1 fingerbreadth. The remainder of her examination 
is unremarkable. Laboratory studies, including chemistry panel, thyroid-
stimulating hormone, and 25(OH)D, are within normal limits. Bone mineral 
density study shows osteoporosis, with lumbar spine T score of −3.5, and 
with right femoral neck and total hip T scores of −2.9 and −2.5, respectively. 
Compared with baseline bone density 6 months prior, lumbar spine and 
total hip bone mineral density has improved significantly by 9.5 and 6.8%, 
respectively. Given her clinical history, what is your recommendation regard-
ing osteoporosis pharmacologic management?
 A. Stop denosumab therapy.
 B. Switch denosumab to an oral bisphosphonate.
 C. Switch denosumab to raloxifene.
 D. Switch denosumab to annual zoledronic acid therapy.
 E. Switch denosumab to teriparatide therapy.

Answer: D Because this woman has requested to discontinue denosumab 
therapy, it is important that she start a bone-stabilizing therapy given reports 
of rapid bone density decline and multiple vertebral fractures that have occurred 
in patients within 6 to 12 months of stopping the denosumab therapy. With 
regard to other treatment considerations, her best choice is to switch to IV 
bisphosphonate. She is not a candidate for oral bisphosphonates based on 
her gastrointestinal history. She is also not an ideal candidate for raloxifene, 
given potential concerns over a risk for fatal stroke based on data from the 
Raloxifene Use and the Heart (RUTH) study. Finally, switching to teriparatide 
is not recommended based on recent studies that suggest higher bone remod-
eling and significant bone loss in the forearm in patients who are switched 
from denosumab to teriparatide.
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231 
OSTEOMALACIA AND RICKETS
ROBERT S. WEINSTEIN

 DEFINITION
Rickets can no longer be considered a historical disorder limited to third 
world countries or poor people. The recent increased migration to Europe 
and the United States has been accompanied by a resurgence of deficiency 
diseases, and vitamin D deficiency is particularly prevalent.1 The primary 

function of vitamin D is to provide adequate levels of calcium and phosphorus2 
by increasing their intestinal absorption, thus making them available for normal 
mineralization of bone and epiphyseal cartilage. Rickets occurs in growing 
children, and both the cartilaginous growth plate and bone are affected, causing 
characteristic deformities. Osteomalacia occurs after growth has ceased, and 
the manifestations are more subtle and frequently overlooked. Normal min-
eralization requires the availability of sufficient calcium and phosphorus, the 
presence of normal bone collagen, the absence of inhibitors of mineralization, 
and an adequate amount of bone alkaline phosphatase activity. Defects in 
these requirements are the cause of most forms of osteomalacia. Deficiency 
of vitamin D in isolation has traditionally been incriminated as the cause of 
the osteomalacia, but today, considerable evidence indicates that the abnormal 
mineralization associated with vitamin D deficiency is due to inadequate 
calcium and phosphorus rather than the absence of a direct effect of vitamin 
D on bone cells. Optimal therapy requires precise identification of the etiology 
of the abnormal mineralization (Table 231-1). However, after a correct diag-
nosis is made, therapy is often gratifying.

 EPIDEMIOLOGY
Nutritional rickets continues to be an evolving and multifactorial problem 
worldwide.3,4 About 25% of women in the United States have 25-hydroxyvitamin 
D levels below 20 ng/mL (adequate values are greater than 30 ng/mL), and 
8% have levels below 12 ng/mL, indicating that at the least, impaired bone 
mineralization could be a confounding factor in the treatment of their osteo-
porosis and, at worst, osteomalacia is the correct diagnosis (defective miner-
alization) rather than osteoporosis (reduced amount of normally mineralized 
bone). Osteomalacia and vitamin D deficiency must be excluded before 
administration of the antiresorptive drugs used for postmenopausal osteopo-
rosis. This is particularly important before the use of zoledronate or denosumab. 
Vitamin D deficiency is more common in nonaffluent elderly people, especially 
during the winter at more polar latitudes. Osteomalacia may occur with self-
imposed diets avoiding dairy products and fish or in vegans. Vitamin D 

TABLE 231-1 CAUSES OF OSTEOMALACIA
VITAMIN D DEFICIENCY

Dietary deprivation and lack of solar exposure
VITAMIN D MALABSORPTION

Postgastrectomy
Gastric bypass for obesity
Gluten enteropathy
Inflammatory bowel disease
Pancreatic insufficiency
Cholestyramine therapy
Laxative abuse
Phytates in some cereals and flatbreads
IMPAIRED 1-HYDROXYLATION OF 25-HYDROXYVITAMIN D

Chronic kidney disease
X-linked hypophosphatemia
Tumor-induced osteomalacia
Vitamin D–dependent rickets type I
IMPAIRED TARGET-ORGAN RESPONSE TO 1,25-DIHYDROXYVITAMIN D

Vitamin D–dependent rickets type II
HYPOPHOSPHATEMIA

X-linked hypophosphatemia
Autosomal dominant hypophosphatemic rickets
Tumor-induced osteomalacia
Antacid-induced osteomalacia
Chronic metabolic acidosis
Fanconi syndrome
Paraproteinemia
Saccharated ferric oxide
Tenofovir or adefovir
Cadmium
INHIBITORS OF MINERALIZATION

Etidronate
Fluoride
Aluminum
Iron
Hypophosphatasia
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ABSTRACT
Rickets can no longer be considered a historical disorder limited to third 
world countries or poor people. The recent increased migration to Europe 
and the United States has been accompanied by a resurgence of deficiency 
diseases, and vitamin D deficiency is particularly prevalent. The primary func-
tion of vitamin D is to provide adequate levels of calcium and phosphorus by 
increasing their intestinal absorption, thus making them available for normal 
mineralization of bone and epiphyseal cartilage. Rickets occurs in growing 
children, and both the cartilaginous growth plate and bone are affected, causing 
characteristic deformities. Osteomalacia occurs after growth has ceased, and 
the manifestations are more subtle and frequently overlooked. Normal min-
eralization requires the availability of sufficient calcium and phosphorus, the 
presence of normal bone collagen, the absence of inhibitors of mineralization, 
and an adequate amount of bone alkaline phosphatase activity. Defects in 
these requirements are the cause of most forms of osteomalacia. Considerable 
evidence indicates that the abnormal mineralization associated with vitamin 
D deficiency is due to inadequate calcium and phosphorus rather than the 
absence of a direct effect of vitamin D on bone cells. After a correct diagnosis 
is made, therapy is often gratifying.
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the low serum phosphate) fibroblast growth factor 23 (FGF-23) causing exces-
sive phosphaturia and inhibition of 25-hydroxyvitamin D-1α-hydroxylase. 
The hypophosphatemia is intensified by the inappropriately low levels of 
1,25-dihydroxyvitamin D. In XLH, the family history is positive, and the typical 
presentation is short stature with lower leg deformity. ADHR is characterized 
by a positive family history, spontaneous remissions, rather abrupt fatigue 
and weakness, fractures, bone pain, and recurrent dental abscesses. This dis-
order may be triggered by iron deficiency. TIO is a rare form of acquired, 
paraneoplastic, hypophosphatemic osteomalacia due to a small and often 
hard-to-find benign mesenchymal tumor.5 TIO merits consideration in adults 
who present with hypophosphatemia, little or no deformities, and no family 
history of skeletal disease. However, if the family history is vague or absent, 
ADHR can masquerade as TIO, but serum FGF-23 levels are generally much 
higher in TIO than in ADHR. Included in the differential diagnosis is Fanconi 
syndrome, but in this disease, the hypophosphatemia is accompanied by 
hypokalemia, glycosuria, and hyperchloremic acidosis.

In osteomalacia, bone tenderness often can be elicited by rib cage compres-
sion or pressing on the tibiae, wrists, pubic rami, or iliac crests. Hypocalcemia 
is usually mild to moderate but rarely can be severe enough to present with 
fingertip paresthesias, muscle cramps, a positive Chvostek or Trousseau sign, or 
seizures. If the osteomalacia is mistaken for osteoporosis and treatment is started 
with a bisphosphonate or denosumab, the patient may experience new-onset 
paresthesias, muscle cramps, and palpitations. This not uncommon scenario 
occurs because the antiresorptive treatment interferes with the mobilization 
of calcium from bone by parathyroid hormone (PTH), thereby aggravating 
the hypocalcemia. The secondary hyperparathyroidism will also worsen the 
hypophosphatemia by the effect of PTH on renal excretion at the same time 
that intestinal absorption is impaired and mobilization from bone is blocked.

 DIAGNOSIS
Biochemical changes depend on the stage of the disease and its etiology. In 
vitamin D deficiency, hypophosphatemia precedes and is more severe than 
the hypocalcemia because of the secondary hyperparathyroidism (Chapter 
232) that usually accompanies the disorder by the time that osteomalacia has 
occurred. However, it remains unclear why some patients do not demonstrate 
increased PTH levels when severely vitamin D deficient. In malabsorption, 
hypomagnesemia may contribute to the hypocalcemia by impairing PTH 
secretion, and hypoalbuminemia may lead to a spurious diagnosis of hypo-
calcemia. Increased serum alkaline phosphatase activity is classically associated 
with osteomalacia due to vitamin D deficiency but usually is not an early clue. 
The serum 25-hydroxyvitamin D levels are often less than 10 to 15 ng/mL. 
In contrast, serum 1,25-dihydroxyvitamin D levels are usually elevated owing 
to the concomitant secondary hyperparathyroidism and usually do not con-
tribute to the diagnosis of osteomalacia. However, in the rare autosomal reces-
sive condition of a defective vitamin D receptor (vitamin D–dependent rickets 
type II), serum 1,25-dihydroxyvitamin D and PTH levels may be extraordinarily 
high (see Table 231-1). This condition is characterized by consanguinity, alo-
pecia, and early-onset hypocalcemia. In another rare autosomal recessive 
disorder with defective 1α-hydroxylation of 25-hydroxyvitamin D (vitamin 
D–dependent rickets type I), serum 1,25-dihydroxyvitamin D levels may be 
undetectable. This disorder also is characterized by consanguinity and early-
onset hypocalcemia. Quite a different pattern occurs with the inherited disease 
hypophosphatasia: serum 25-hydroxyvitamin D and calcium are normal, 
phosphorus is high-normal or slightly elevated, and alkaline phosphatase activ-
ity is below the normal age-matched range.6 This disease is caused by a defi-
ciency of the tissue-nonspecific (liver, bone, and kidney) isoenzyme of alkaline 
phosphatase, which normally prevents extracellular accumulation of inorganic 
pyrophosphate. If alkaline phosphatase activity is deficient and inorganic 
pyrophosphate collects adjacent to bone, mineralization is inhibited. The adult 
form of the disease may present with mild or severe osteomalacia. Calcium 
pyrophosphate dihydrate (CPPD) crystal deposition disease (chondrocalci-
nosis) is often associated.

In any form of osteomalacia, radiographic findings may be subtle or absent, 
and only blurred margins of the cancellous bone with thin cortices may be noted. 
The presence of bilaterally symmetrical, thin (2 to 3 mm) radiolucent bands 
known as pseudofractures (Fig. 231-2) found perpendicular to the periosteal 
surface in ribs, pubic and ischial rami, neck of the femur, metatarsals, and below 
the glenoid fossa on the outer border of the scapulae is generally considered 
to be pathognomonic of osteomalacia. However, this radiographic finding 
may be seen in disorders lacking excessive osteoid. Distinguishing features of 
pseudofractures in osteomalacia are the lack of callus or adjacent sclerosis and 
absence of an inciting event. Usually, there are at least two or three of these 

deficiency is also commonly found in medical inpatients and in postmenopausal 
women with an acute hip fracture. Immigrants from tropical regions are at 
particularly high risk because of darker skin, movement to more temperate 
climates, full-body clothing and cosmetics that block sunlight, indoor living, 
and dietary choices (high phytate cereal or flour that binds calcium [such as 
that used in chapatti flat bread] and avoidance of dairy products). The preva-
lence of osteomalacia due to vitamin D deficiency varies with the referral 
source. The disorder is far more frequent when patients are referred from 
geriatricians, gastroenterologists (osteomalacia may be found in up to 30% 
of patients with gastric surgery or bypass for obesity), nursing homes, or 
orthopedists concerned about symmetrical lesions or nonhealing fractures.

 PATHOBIOLOGY
The abnormal mineralization characteristic of osteomalacia is due to slowed 
or terminated mineral deposition in the organic matrix of bone (osteoid) 
because of one or more of the defects mentioned earlier. However, osteoblasts 
continue to make osteoid, which then accumulates in excessive amounts. 
Histologically, the osteoid width may become dramatically augmented (Fig. 
231-1). Depending on the extent of the mineralization delay, overt osteoma-
lacia may take many years to develop. After normalization of the serum calcium 
and phosphorous levels, bone healing may take at least 6 to 18 months.

 CLINICAL MANIFESTATIONS
The clinical presentation of osteomalacia depends on three overlapping mani-
festations: those due to the underlying disorder such as gastrointestinal disease 
or surgery (especially troublesome are gastric resection, or bypass for obesity, 
celiac disease, and intestinal malabsorption); those due to hypocalcemia or 
hypophosphatemia; and those directly due to the bone disease. The most 
common symptoms and signs are pelvis and leg pain, muscle weakness, and 
bone tenderness. When the knees are involved and magnetic resonance imaging 
(MRI) reveals an increased T2 signal, the osteomalacia can be mistaken for 
spontaneous osteonecrosis of the knee. A check of the serum 25-hydroxyvitamin 
D and alkaline phosphatase activity levels will reveal the correct diagnosis. 
Bone pain is usually nonspecific and poorly localized. Because of the paucity 
of findings, the pains are often attributed to rheumatism or neurosis. They 
may be worse at night and after sudden movements, such as turning in bed 
or the change from sitting to standing. The pain is worse on weight bearing, 
resulting in a characteristic flat-footed, springless, waddling gait made worse 
by proximal muscle weakness. The gait has been referred to as “mother pen-
guin’s walk.” Patients may complain that they can only climb stairs by pulling 
themselves up with the hand rail or rise from a chair or the toilet by using 
their hands to push off. The decrease in strength is usually far greater than the 
degree of muscle wasting. Fasciculations are absent, and both reflexes and 
sensation remain normal. The bulbar, facial, and ocular muscles are always 
spared. However, muscle weakness is conspicuously mild or absent when the 
osteomalacia is due to X-linked hypophosphatemia (XLH, the most common 
inherited form of hypophosphatemic osteomalacia [the prevalence is 1:20,000]) 
but is profound, often requiring a wheelchair, in autosomal dominant hypo-
phosphatemic rickets (ADHR) and tumor-induced osteomalacia (TIO). 
Nevertheless, all three disorders are due to increased (or inappropriate for 

FIGURE 231-1. An undecalcified bone biopsy specimen shows the characteristic 
abundant osteoid and flattened osteoblasts of osteomalacia. (normally, mineralized 
bone appears blue and osteoid is carmine.) 

TREATMENT 
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FIGURE 231-2. Radiographic evidence of a pseudofracture of the femoral neck is suspi-
cious for osteomalacia (arrow). 

fractures with at least one in the rib, pubic rami, or femora, and biochemical 
clues (hypocalcemia and hypophosphatemia) are present. If what appears to be 
a pseudofracture is accompanied by normal serum calcium, phosphorus, and 
alkaline phosphatase activity, osteomalacia is unlikely. Pseudofractures show 
increased uptake on bone scans (Fig. 231-3) and may lead to an inappropriate 
search for a malignancy. Pseudofractures are typically located in the medial 
cortex of long bones and must be distinguished from atypical femoral fractures, 
which are located in the lateral cortex with cortical thickening and a cortical 
beak. Both may occur in patients receiving treatment with bisphosphonates. 
Subtrochanteric femoral pseudofractures also may occur in the lateral cortex 
in hypophosphatasia. In Paget disease, cortical stress or fissure fractures may 
resemble pseudofractures but have a predilection for the anterior aspects of a 
bowed femur or tibia. In contrast to osteomalacia, the surrounding bone has 
a distinctly abnormal radiographic appearance. In osteomalacia, bone mineral 
density T-scores are often −3 or −4, with the radial diaphyseal density T-scores 
lower than those of the lumbar spine and total proximal femur.

Although characteristic clinical, radiographic, and biochemical findings may 
suggest osteomalacia, the absence of these findings cannot exclude the diag-
nosis. Bone biopsy is needed to establish the unequivocal presence of osteo-
malacia (see Fig. 231-1). However, this is rarely necessary unless the patient 
has unusually painful disease or progressive loss of bone density and the results 
of the physical examination, radiographs, and biochemical findings are ambigu-
ous. When biopsy is necessary, the best solution is to refer the patient to a 
bone histomorphometry center. This ensures satisfactory communication 

FIGURE 231-3. in osteomalacia, focal increased uptake of radionuclide on a bone scan 
may erroneously suggest metastatic disease (arrows). 

Understanding the treatment of osteomalacia is facilitated by dividing the 
disease into three subgroups. The first subgroup is osteomalacia due to disorders 
of vitamin D absorption or metabolism; the second is osteomalacia due to 
chronic hypophosphatemia. Cadmium, tenofovir, or adefovir may induce Fanconi 
syndrome and cause osteomalacia due to the resultant hypophosphatemia. 
Most patients with osteomalacia will be in these first two subgroups. Recently, 
an anti-FGF-23 antibody (burosumab) has become available for children7 and 
adults with X-linked hypophosphatemia. A1  The third subgroup includes osteo-
malacia caused by inhibitors of mineralization such as etidronate (the first oral 
bisphosphonate, now rarely used in North America), high doses of fluoride (in 
gallons of bulk tea), accumulation of a skeletal burden of aluminum from water 
used for dialysis or as a contaminant in solutions used for parenteral nutrition 
(now rarely seen), iron overload as in thalassemia, and hypophosphatasia. In 
hypophosphatasia, bone-targeted enzyme replacement therapy (asfotase alfa) 
has been shown to be effective in adults.8 General measures remain important 
and include routine nutritional advice and avoidance of further bone loss due 
to postmenopausal osteoporosis or vitamin D deficiency. High-dose vitamin 
D therapy in hypophosphatasia has caused nephrocalcinosis, nephrolithiasis, 
and renal insufficiency and should be avoided.

Osteomalacia Due to Vitamin D Disorders
Iron deficiency anemia, hypocalcemia, weight loss, glossitis or rash, and bone 

discomfort in a patient with low bone mineral density point to celiac disease 
(Chapter 131), even without gastrointestinal symptoms. These patients may 
also have persistently low serum 25-hydroxyvitamin D levels despite high-dose 
vitamin D supplementation. This scenario suggests the need to test for anti-
endomysial immunoglobulin A and tissue transglutaminase antibodies. Advice 
on nutrition and sun exposure, discontinuation of offending drugs, adherence 
to a gluten-free diet, and pancreatic enzyme replacement may cure the min-
eralization defect in some patients with mild disease without the need for 
additional treatment. Cholestyramine therapy for cholestasis or laxative abuse 
may also cause malabsorption and resistance to vitamin D supplements.

Patients with severe disease require vitamin D9 and calcium supplementa-
tion. A loading dose accelerates recovery and depends on the serum 25-hydroxyvi-
tamin D level, as shown in Table 231-2. Although vitamin D3 supplementation 
may be somewhat more potent than with D2, the differences are not clinically 
important with the doses recommended for osteomalacia. Because pharma-
cologic doses of any vitamin D preparation carry the risk for vitamin D intoxica-
tion, increases in the dose must be made carefully. The interval between 
increments in dosage should be at least the time required to reach maximal 
effects plus about 50%. However, experience with the doses given in Table 
231-2 indicates that serum 25-hydroxyvitamin D levels rarely reach 80 to 100 ng/
mL. Vitamin D intoxication is unlikely even with levels of 150 ng/mL. The goal 
is to raise the serum 25-hydroxyvitamin D level well above 30 ng/mL and reduce 
the elevated PTH concentration to normal without hypercalcemia or hypercal-
ciuria. Urinary calcium excretion should be monitored after treatment has 
normalized the serum calcium level. The urinary calcium-to-creatinine ratio 
(mg/mg) should be kept below 0.22. Approximately 1 to 1.5 g per day of oral 
elemental calcium is a reasonable initial dose depending on the degree of 
malabsorption (Table 231-3). Frequent small doses (three times a day) are more 
effective and tolerable than fewer larger ones, and the absorbability of calcium 
supplements is enhanced with meals.

In patients with malabsorption, vitamin D requirements may rise during 
periods of increased diarrhea, and calcitriol may be easier for these patients 

TREATMENT 

among the clinician, operator, and pathologist and is the best insurance against 
incomplete, broken, fragmented, or accidentally decalcified specimens.

Several presumed causes of osteomalacia (anticonvulsant drugs, metabolic 
acidosis without hypophosphatemia, pseudohypoparathyroidism, and chronic 
renal failure) have not demonstrated accumulation of osteoid due to delayed 
mineralization and primarily represent secondary hyperparathyroidism. Patients 
with the nephrotic syndrome lose albumin and vitamin D metabolites in the 
urine, but their serum ionized calcium and PTH levels are normal and meta-
bolic bone disease in adults with the nephrotic syndrome is absent. Unexplained 
elevations of the serum alkaline phosphatase activity are usually due to drugs 
(e.g., anticonvulsants, anabolic steroids, phenothiazines, or antibiotics) or 
Paget disease of bone (Chapter 233). These possibilities may be distinguished 
by measurement of the serum bone alkaline phosphatase by immunoassay, 
although there is up to 15 to 20% cross-reactivity with hepatic alkaline phos-
phatase. Isoenzyme determination by heat fractionation is not helpful. The 
bone contribution can also be estimated from the serum procollagen type I 
amino-terminal propeptide concentration. However, increased serum alkaline 
phosphatase activity is rarely the only biochemical clue to osteomalacia in a 
patient with skeletal discomfort.
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TABLE 231-2 VITAMIN D PREPARATIONS FOR TREATMENT OF OSTEOMALACIA
VITAMIN D2 (ERGOCALCIFEROL) VITAMIN D3 (CHOLECALCIFEROL) CALCITRIOL† [1,25(OH)2D3]

Trade name Drisdol and others* Bio-Tech D3-50 Rocaltrol
Dosage form Caps: 50,000 U = 1.25 mg Caps: 50,000 U = 1.25 mg Caps: 0.25 and 0.50 µg
Loading dosage:
 If 25(OH)D = 20-30 ng/mL 50,000 U once/wk for 10 wks‡ and once/

mo thereafter (or 2000 units/day)
50,000 U once/wk for 10 wks‡ and once/

mo thereafter (or 2000 units/day)
 If 25(OH)D = 10-20 ng/mL 50,000 U twice/wk for 10 wks‡ and twice/

mo thereafter
50,000 U twice/wk for 10 wks‡ and twice/

mo thereafter
 If 25(OH)D = <10 ng/mL 50,000 U three times/wk for 10 wks‡ and 

three times/mo thereafter
50,000 U three times/wk for 10 wks‡ and 

three times/mo thereafter
Dosage in resistant cases Up to 50,000 units/day Up to 50,000 units/day 2-8 µg/day
Time to reach maximal effects 4-10 wks 4-10 wks 3-7 days
Persistence of effects after 

cessation
6-30 wks 6-30 wks 3-4 days

Cost $203/100 gel caps $20.70/100 capsules $120.95/100 generic calcitriol capsules of 0.25 µg
$91.86/100 Rocaltrol capsules of 0.25 µg
$193.38/100 generic calcitriol capsules of 0.5 µg
$294.00/100 Rocaltrol capsules of 0.5 µg
$179/15 mL (1 µg/mL) generic calcitriol oral 

solution
$235.20/15 mL (1 µg/mL) Rocaltrol oral solution

*Gel caps are best because hard capsules may be indigestible and unreliable.
†Calcitriol is reserved for patients with persistent elevation of parathyroid hormone despite normalization of the serum 25-hydroxyvitamin D level. Hypercalcemia and hypercalciuria must be avoided.
‡If not >30 ng/mL after 10 weeks, exclude malabsorption, celiac disease, and noncompliance. Weekly tanning bed treatments may be used if oral vitamin therapy fails, or a switch to the more costly calcitriol 
may be necessary.

to absorb. Its rapid onset of action and disappearance after cessation add to 
the safety of treatment, albeit at greater cost (see Table 231-2). Use of calcitriol 
requires great care to avoid hypercalcemia and hypercalciuria. Calcium, phos-
phorus, potassium, magnesium, and multivitamins may also be beneficial in 
patients with malabsorption (Table 231-4; see Table 231-3). Rare patients do 
not tolerate any form of oral vitamin D, and the parenteral calciferol prepara-
tions available in North America are ineffective. These patients can be improved, 
although not restored to normal, by the use of weekly tanning bed treatments 
to areas of their bodies not normally exposed to the sun, with an attempt to 
minimize risk for solar-induced skin cancer (Chapter 193). Calcitriol is the drug 
of choice in patients with vitamin D–dependent rickets type I. In patients with 
vitamin D–dependent rickets type II and diminished receptor sensitivity to 
1,25-dihydroxyvitamin D, extraordinarily high doses of calcitriol may partially 
overcome the defect. If oral treatment fails, nocturnal infusions of calcium and 
phosphorus have been successful, providing additional evidence that the 
osteomalacia is due to inadequate calcium and phosphorus rather than from 
the defect in vitamin D metabolism.

An increase in the serum alkaline phosphatase activity (the healing “flare”) 
and a small increase in the serum and urine calcium levels are the earliest signs 
of effective treatment. Thereafter, the serum alkaline phosphatase activity level 
falls progressively as healing occurs. At the start of therapy, serum calcium 
levels should be measured every 2 to 3 weeks. If hypoalbuminemia is present, 
serum ionized calcium determinations or albumin-adjusted calcium values are 

TABLE 231-3 CALCIUM PREPARATIONS FOR TREATMENT OF 
OSTEOMALACIA

PREPARATION

PERCENT 
ELEMENTAL 

CALCIUM

AMOUNT OF 
ELEMENTAL 

CALCIUM IN THE 
SUGGESTED 

DOSE

COST PER 
MONTH OF 
THERAPY

Calcium carbonate 
600 mg tablets

40 4 tabs = 960 mg $5

TUMS Ultra 1000 mg 
(chewable)

40 2 tabs = 800 mg $5

Citracal Slow Release 
1200 mg (85% calcium 
carbonate and 15% 
calcium citrate) plus 
1000 units vitamin D

4 tabs = 892 mg $7

useful. When therapy appears stabilized, repeat determinations at 6- to 8-week 
intervals are usually sufficient, but even with long-term therapy, measurements 
should be at least three times a year. In some patients with severe osteomalacia, 
bone pain and paresthesias may increase and the serum calcium levels decrease 
during the first few weeks of therapy. This is due to the increased skeletal avidity 
for mineral during healing and indicates the need for additional calcium 
supplementation.

Osteomalacia Due to Hypophosphatemia
Therapy of chronic hypophosphatemia is aimed at maintaining normal con-

centrations of serum phosphorus without inducing secondary hyperparathy-
roidism or nephrocalcinosis.10 This considerably difficult task requires divided 
doses of phosphorus supplements and calcitriol to increase the absorption of 
phosphorus and calcium and to prevent the resultant increase in PTH. Regret-
tably, this regimen is often poorly tolerated, causing diarrhea, secondary or 
tertiary hyperparathyroidism, nephrocalcinosis, or nephrolithiasis. Therefore, 
starting therapy should be with no more than 250 mg of elemental phosphorus 
four times daily and 0.25 to 0.5 µg of calcitriol twice daily, advanced slowly. 
Lab review should be within 3 to 4 weeks in order to trend the values. If the 
serum phosphorus has not changed or decreased and the PTH level has increased, 
advance the calcitriol rather than the phosphorus. Otherwise, the phosphorus-
induced secondary hyperparathyroidism will result in rapid excretion of the 
phosphorus and also cause the additional bone disease of hyperparathyroidism 
(Chapter 232). Baseline and yearly renal ultrasound examinations are necessary 
to recognize early nephrocalcinosis or nephrolithiasis.

TIO is also treated with phosphorus supplementation and calcitriol until the 
offending tumor can be located and resected. Complete resection of these 
tumors results in cure of the osteomalacia, but they are notoriously hard to find. 
Encouraging recent information suggests that as many as 60% of these elusive 
tumors can be localized using scintigraphy with technetium-99m octreotide 
or gallium-68 conjugated to somatostatin peptide analogues or with fluoro-
dexoxyglucose-18 positron emission tomography/computed tomography.11 If 
the tumor remains evasive and treatment with phosphorus and calcitriol is 
not tolerated, the anti-FGF-23 antibody (burosumab) may be useful when it 
becomes available. The calcium-sensing receptor agonist, cinacalcet (30 mg/
day), has been added to the phosphorus and calcitriol used in the management 
of TIO when the doses of the phosphorus supplements are intolerable. This 
causes medically induced hypoparathyroidism and an increase in the serum 
phosphorus level despite the elevated FGF-23, thereby permitting a reduction 
in the phosphorus supplementation. Hypercalciuria may occur with the fall in 
PTH combined with the calcitriol treatment, requiring the addition of a small 
dose of hydrochlorothiazide. Urinary calcium excretion and serum creatinine 
must be monitored.



TABLE 231-4 PHOSPHATE PREPARATIONS FOR TREATMENT OF OSTEOMALACIA

PREPARATION
PHOSPORUS CONTENT

(mg/cap or tab)
SODIUM CONTENT

(mEq/cap or tab)
POTASSIUM CONTENT

(mEq/cap or tab)

AMOUNT THAT CONTAINS 
1 G OF ELEMENTAL 

PHOSPHORUS COST
Neutra-Phos 250 7 7 4 unit dose caps*
Phos-NaK 250 7 7 4 packets* $39/100 packets
Neutra-Phos-K 250 0 14 4 unit dose caps*
K-Phos Neutral 250 13 1.1 4 tabs $72/100 tablets
K-Phos Original 114 0 3.7 9 tabs $52/100 tablets
Phospha 250 Neutral 250 13 1.1 4 tabs $91/100 tablets
K-Phos No 2 250 5.8 2.3 4 tabs $99/100 tablets
*Each unit dose cap is reconstituted with at least 75 mL of water, fruit juice, or cola. The unit dose cap or packet contains the powder concentrate and is not to be swallowed undiluted. The powder preparations 
are cost savers.

 PREVENTION
Nutritional rickets and osteomalacia are common in dark-skinned and migrant 
populations, and their global incidence is rising because of changing popula-
tion demographics, failing prevention policies, and inadequate implementation 
strategies. High-risk populations require lifelong supplementation and food 
fortification with vitamin D or calcium. Advice about vitamin D supplementa-
tion should help to prevent osteomalacia caused by vitamin D deficiency, but 
this has proved to be difficult because routine over-the-counter supplements 
may be insufficient and compliance with nutritional supplements is poor. The 
optimal vitamin D supplementation dosage is not clear, but most bone and 
mineral problems are avoided by 50,000 units of cholecalciferol given once 
monthly (or, 1600 to 2000 units per day). Notable exceptions occur in patients 
with celiac disease, gastric surgery, or bypass for obesity, who often require 
much larger amounts (see Table 231-2). In patients with osteomalacia due to 
hypophosphatemia, the need for phosphorus supplementation may be lifelong 
(see Table 231-4).

 PROGNOSIS
The response to appropriate treatment in most forms of osteomalacia is usually 
excellent. Improvements in bone pain and muscle weakness usually occur 
within 2 or 3 months and healing of skeletal lesions within 6 to 18 months. 
Depending on the quantity of excess osteoid, repeat bone mineral density 
determinations may show as much as 20% gains at the lumbar spine and total 
proximal femur. However, bone density at the radial diaphysis may not improve 
owing to the irreversible loss of cortical bone resulting from prolonged second-
ary hyperparathyroidism. Furthermore, if decreased bone volume is present in 
addition to excess osteoid, skeletal recovery may be incomplete, resulting in 
residual osteoporosis. However, great caution must be exercised before adding 
an antiresorptive agent. Addition of drugs for osteoporosis should wait for 
normalization of the serum calcium, phosphorus, and alkaline phosphatase 
activity. Bone density improvement from treatment of the osteomalacia may 
continue for up to a year.

 Grade A Reference

A1. Insogna KL, Briot K, Imel EA, et al. A randomized, double-blind, placebo-controlled, phase 3 trial 
evaluating the efficacy of burosumab, an anti-GFG23 antibody in adults with X-linked hypophos-
phatemia: week 24 primary analysis. J Bone Miner Res. 2018;33:1383-1393.
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232 
THE PARATHYROID GLANDS, 
HYPERCALCEMIA, AND HYPOCALCEMIA
RAJESH V. THAKKER

 CALCIUM METABOLISM
A healthy adult body has a total of 1 kg of calcium; about 99% of this is present 
within the crystal structure of bone mineral, and less than 1% is in soluble 
form in the extracellular and intracellular fluid compartments. In the extracel-
lular fluid compartment (ECF), about half of the total calcium is ionized, and 
the rest is principally bound to albumin or complexed with counter-ions. 
Ionized calcium in the ECF plays an important role in many physiologic path-
ways, including muscle contraction, secretion of neurotransmitters and hor-
mones, and coagulation pathways. Ionized serum calcium concentrations range 
from 4.65 to 5.25 mg/dL (1.16 to 1.31 mmol/L), and the total serum calcium 
concentration ranges from 8.5 to 10.5 mg/dL (2.12 to 2.62 mmol/L).1 However, 
the usual 2 : 1 ratio of total to ionized calcium may be disturbed by disorders 
such as metabolic acidosis, which reduces calcium binding by proteins, or by 
changes in protein concentration, caused by cirrhosis, dehydration, venous 
stasis, or multiple myeloma. In view of this, total serum calcium concentra-
tions are adjusted, or “corrected,” to a reference albumin concentration: the 
actual total serum calcium value is adjusted by adding or subtracting 0.8 mg/
dL (0.016 mmol/L) for every 1 g/dL (1 g/L) of albumin below or above a 
reference albumin concentration of 4 g/dL (40 g/L), respectively.

The control of body calcium involves a balance between the amounts that are 
absorbed from the gut, deposited into bone and into cells, and excreted from 
the kidney (Fig. 232-1). This fine balance, involving three organs, is chiefly 
under the control of parathyroid hormone (PTH), which is synthesized and 
secreted by the parathyroid glands. Hypocalcemia leads to an increased secre-
tion of PTH, whereas hypercalcemia results in diminished PTH secretion. 
Regulation of extracellular calcium takes place through complex interactions 
(Fig. 232-2) at the target organs of the major calcium-regulating hormone, 
PTH, and vitamin D and its active metabolites, 1,25-dihydroxyvitamin D 
(1,25[OH]2D).

 PARATHYROID GLANDS, PARATHYROID 
HORMONE, PTH GENE, AND PARATHYROID 
HORMONE ACTIONS

 Parathyroid Glands
There are usually four parathyroid glands, which are located in close proximity 
to the superior and inferior poles of the lobes of the thyroid gland. The superior 
parathyroids are derived from the endoderm of the embryonic fourth 
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ABSTRACT
Calcium plays an important role in many physiologic pathways that include 
muscle contraction, the secretion of neurotransmitters and hormones, and 
coagulation. The control of body calcium involves a balance between the 
amounts that are absorbed from the gut, deposited into bone and cells, and 
excreted from the kidney. This fine balance, involving all these organs, is chiefly 
under the control of parathyroid hormone (PTH), which is synthesized and 
secreted by the parathyroid glands. Thus, hypocalcemia will lead to an increased 
secretion of PTH, whereas hypercalcemia will result in diminished PTH secre-
tion. PTH oversecretion due to parathyroid tumors is a major cause of hyper-
calcemia which may be associated with kidney stones, osteoporosis, and peptic 
ulcers. PTH deficiency, which results in hypocalcemia may be associated with 
epilepsy, tetany, cataracts, skeletal malformations, and abnormal dentition. 
This chapter will review the physiological and biochemical mechanisms under-
lying extracellular calcium homeostasis, the clinical features of hypercalcemia 
and hypocalcemia, the clinical disorders associated with abnormal calcium 
homeostasis and their management, and the genetic basis for disorders of 
calcium metabolism.
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FIGURE 232-1. Regulation of extracellular fluid (ECF) calcium (Ca2+) by parathyroid hormone (PTH) action on kidney, bone, and intestine. a decrease in ecF ca2+ is sensed by the 
calcium-sensing receptor (see Fig. 232-2), and this leads to an increase in PTh secretion and a reduction in PTh degradation. The increased circulating PTh predominantly acts directly 
on kidney and bone that possess the PTh receptor (PThr, Fig. 232-2). The skeletal effects of PTh are to increase (+) osteoclastic bone reabsorption. however, because osteoclasts do 
not have PThrs, this action is mediated by the osteoblasts, which do have PThrs and in response release cytokines and factors in turn that activate osteoclasts. in the kidney, PTh 
stimulates (+) the 1α-hydroxylase (1αohase) to increase the conversion of 25-hydroxyvitamin d [25(oh)Vitd] to the active metabolite 1,25-dihydroxyvitamin d [1,25(oh)2Vitd]. in addi-
tion, PTh increases (+) the reabsorption of ca2+ from the renal distal tubule and inhibits the reabsorption of phosphate from the proximal tubule, thereby leading to hypercalcemia and 
hypophosphatemia. PTh also inhibits na+, h+ antiporter activity and bicarbonate reabsorption, thereby causing a mild hyperchloremic acidosis. The elevated 1,25(oh)2Vitd acts on the 
intestine to increase (+) absorption of dietary calcium and phosphate. it is important to note that PTh does not appear to have a direct action on the gut. Thus, in response to hypocal-
cemia and the increase in PTh secretion, all of these direct and indirect actions of PTh on the kidney, bone, and intestine will help to increase ecF ca2+, which in turn will act through 
the calcium-sensing receptor to decrease PTh secretion. (From Thakker rV, Bringhurst Fr, Jüppner hh. regulation of calcium homeostasis and genetic disorders that affect calcium 
metabolism. in: Jameson Jl, de Groot lJ, Giudice lc, et al., eds. Endocrinology: Adult & Pediatric. 7th ed. Philadelphia: saunders; 2016.)

pharyngeal pouches, and the inferior parathyroids are derived with the thymus 
from the endoderm of the third pharyngeal pouches. Extra parathyroid glands 
are commonly found in aberrant locations along this migrating path and also 
within the thymus and thyroid. Parathyroid cells express a G protein–coupled 
receptor (GPCR), referred to as the calcium-sensing receptor (CaSR), that detects 
changes in extracellular calcium and leads to alterations in PTH secretions.2,3 
For example, activation of the CaSR, which is also expressed in renal tubular 
cells as a result of elevated extracellular calcium concentrations, causes G 
protein–dependent stimulation of phospholipase C activity through Gαq and 
Gα11, which leads to accumulation of inositol 1,4,5-trisphosphate and an 
increase in intracellular calcium concentrations. These changes, in turn, lead 
to reduced circulating PTH concentrations and increased urinary calcium 
excretion. Disorders of the parathyroid glands may cause hypercalcemia or 
hypocalcemia, and these can be classified according to whether they arise 
from an excess of PTH, its deficiency, or insensitivity to its effects (Table 
232-1; see Fig. 232-2).

 Parathyroid Hormone and PTH Gene
PTH is an 84–amino acid peptide encoded by the PTH gene, which is located 
on chromosome 11p15. The mature PTH peptide is secreted from the para-
thyroid chief cells as an 84–amino acid peptide; however, when the PTH 
mRNA is first translated, it is as pre-proPTH peptide. The “pre” sequence 
consists of a 25–amino acid signal peptide (leader sequence) that is responsible 
for directing the nascent peptide into the endoplasmic reticulum to be pack-
aged for secretion from the cell. The “pro” sequence is 6 amino acids in length 
and, although its function is less well defined than that of the “pre” sequence, 
is also essential for correct PTH processing and secretion. After the 84–amino 
acid mature PTH peptide is secreted from the parathyroid cell, it is cleared 
from the circulation with a short half-life of about 2 minutes, by nonsaturable 
hepatic uptake and renal excretion.

 Parathyroid Hormone Actions
PTH shares a receptor with PTH-related peptide (PTHrP); this PTH/PTHrP 
receptor (see Fig. 232-2) is a member of a subgroup of the G protein–coupled 
receptor family. PTH/PTHrP receptors are expressed in kidney and bone, 

where PTH is its predominant agonist, and thus PTH acts directly on kidney 
and bone cells and indirectly on intestinal cells (see Fig. 232-1) to enhance 
renal calcium reabsorption, release stored calcium in bones into the ECF, 
and increase gut calcium absorption, respectively. Expression of the PTH/
PTHrP receptor also occurs in the brain, heart, skin, lung, liver, and testis, 
where it mediates the actions of PTHrP. Mutations involving the genes that 
encode these proteins and receptors in this calcium-regulating pathway (see 
Fig. 232-2) are associated with hypercalcemic and hypocalcemic disorders 
(see Table 232-1).

Renal Actions
Calcium is absorbed by the kidneys at multiple sites and by different mecha-
nisms, which include passive paracellular or active transcellular transport, along 
the renal tubule. The renal actions of PTH are to (1) stimulate activity of the 
proximal tubular cell 1α-hydroxylase; (2) increase reabsorption of calcium 
by the cells of the distal tubule, connecting tubules and the thick ascending 
loop of Henle (TAL); and (3) inhibit phosphate reabsorption by proximal 
tubular cells (see Fig. 232-1). PTH increases the formation of biologically 
active 1,25(OH)2D from its precursor 25-OH-D by stimulating the activity of 
the renal 1α-hydroxylase and inhibiting the 24-hydroxylase, which metabolizes 
1,25(OH)2D to the inactive 24,25(OH)2D form (see Fig. 232-1). PTH regulates 
calcium reabsorption by distal tubular cells by upregulating expression of the 
transient receptor potential vanilloid 5 (TRPV5), thereby promoting calcium 
entry into the cell and increasing calbindin-D28K expression to enhance tran-
scellular calcium reabsorption by increased buffering of subapical Ca2+ ions. In 
the TAL, PTH may increase active transcellular transport of calcium, as well 
as paracellular calcium transport, by augmenting the transepithelial voltage 
gradient. Phosphate transport in proximal tubular cells is mediated by the 
luminal membrane sodium-phosphate cotransporters 2a and 2c (NPT2a and 
NPT2c), and PTH actions lead to internalization and degradation of NPT2a 
and NPT2c, thereby resulting in decreased reabsorption of phosphate.

Skeletal Actions
PTH acts directly on osteoblasts and indirectly on osteoclasts to increase their 
numbers and activity, thereby enhancing bone turnover and release of stored 

1,25(OH)2D concentrations increase TRPV6 expression, which facilitates 
enhanced calcium entry into the cell from the lumen, and cytosolic calbindin 
D9K expression, thereby facilitating transcellular transport of calcium.

 HYPERCALCEMIA

 DEFINITION
Hypercalcemia is defined as a serum calcium concentration greater than 2 
standard deviations above the normal mean, and this is usually a total serum 
calcium above 10.5 mg/dL (2.62 mmol/L) and an ionized serum calcium of 
above 5.25 mg/dL (1.31 mmol/L). There is no formal grading system for 
defining the severity of hypercalcemia, but mild, moderate, and severe hyper-
calcemia is generally considered for total serum calcium concentrations less 
than 12 mg/dL (3 mmol/L), between 12 and 14 mg/dL (3 to 3.5 mmol/L), 
and greater than 14 mg/dL (3.50 mmol/L), respectively.

 PATHOBIOLOGY
Hypercalcemia may arise through one of three mechanisms: increased bone 
resorption, increased gastrointestinal absorption of calcium, and decreased 
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FIGURE 232-2. Schematic representation of some of the components involved in calcium homeostasis. alterations in extracellular calcium are detected by the calcium-sensing 
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calcium. Thus, PTH increases the size of the osteoblast precursor pool, increases 
the bone-forming activity of mature osteoblasts, and stimulates osteoblasts 
to release cytokines such as colony-stimulating factor 1 and receptor activator 
of nuclear factor-κB (NF-κB) ligand (RANKL), which stimulate the formation 
of new osteoclasts and activate mature osteoclasts. PTH also inhibits osteoblast 
production of osteoprotegerin (OPG), which is a soluble decoy receptor for 
RANKL that inhibits osteoclast development. Calcium transport involves 
TRPV4 and TRPV5 in bone cells; TRPV4 regulates intracellular calcium 
concentrations in osteoblasts and osteoclasts, whereas TRPV5, expressed in 
osteoclasts, participates to remove the mineral bone matrix. The net result of 
persistent elevations of PTH is linked to an increase in osteoclast activity 
more than osteoblast activity, hence liberating the stores of calcium to the 
ECF (see Fig. 232-1).

Intestinal Actions
Calcium is absorbed throughout the intestine by passive paracellular routes 
and active transcellular routes, which involve TRPV6 and calbindin D9K. 
PTH exerts indirect actions on intestinal calcium absorption by increasing 
the circulating 1,25(OH)2D concentrations (see Fig. 232-1). The increased 

1,25(OH)2D concentrations increase TRPV6 expression, which facilitates 
enhanced calcium entry into the cell from the lumen, and cytosolic calbindin 
D9K expression, thereby facilitating transcellular transport of calcium.

 HYPERCALCEMIA

 DEFINITION
Hypercalcemia is defined as a serum calcium concentration greater than 2 
standard deviations above the normal mean, and this is usually a total serum 
calcium above 10.5 mg/dL (2.62 mmol/L) and an ionized serum calcium of 
above 5.25 mg/dL (1.31 mmol/L). There is no formal grading system for 
defining the severity of hypercalcemia, but mild, moderate, and severe hyper-
calcemia is generally considered for total serum calcium concentrations less 
than 12 mg/dL (3 mmol/L), between 12 and 14 mg/dL (3 to 3.5 mmol/L), 
and greater than 14 mg/dL (3.50 mmol/L), respectively.

 PATHOBIOLOGY
Hypercalcemia may arise through one of three mechanisms: increased bone 
resorption, increased gastrointestinal absorption of calcium, and decreased 
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than 12 mg/dL (3 mmol/L), asymptomatic, and may have been present for 
months or years. If symptoms, such as nephrolithiasis, are noted, then they 
have usually been present for several months. However, in malignancy, the 
patients are usually acutely ill, often with neurologic symptoms; the hyper-
calcemia is more than 12 mg/dL (3 mmol/L); and the cancer (e.g., lung, 
breast, or myeloma) is often readily apparent. Hypercalcemia from causes 
other than primary hyperparathyroidism or malignancy may also occur (see 
Table 232-2), and a careful history (e.g., for vitamin D ingestion, drugs, renal 
disease) and examination (e.g., for thyrotoxicosis, adrenal disease, granulo-
matous diseases), together with appropriate investigations (Table 232-3; Fig. 
232-3),4 are essential for establishing the diagnosis.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical presentation of hypercalcemia varies from a mild, asymptomatic, 
biochemical abnormality detected during routine screening to a life-threatening 

renal calcium excretion (see Fig. 232-1). For example, lytic bone metasta-
ses cause increased bone resorption; thiazide diuretics lead to a decrease in 
calcium excretion; and excessive PTH will either directly or indirectly increase 
1,25(OH)2D production, stimulate bone resorption and calcium absorption 
from the gut and renal tubules. The causes of hypercalcemia may be classified 
according to whether serum PTH concentrations are elevated (i.e., primary or 
tertiary hyperparathyroidism due to parathyroid tumors) or reduced (i.e., not 
due to parathyroid tumors but instead to an excessive production of PTHrP by 
a cancer; a defect in the PTH receptor, for example, the PTH/PTHrP receptor; 
an excess production of downstream mediators, for example, 1,25(OH)2D; or 
an altered set point in the calcium-sensing receptor) (Table 232-2; Fig. 232-2). 
Primary hyperparathyroidism and malignancy are the most common causes and 
account for more than 90% of patients with hypercalcemia. Detailed clinical 
history and examination will usually help to differentiate between these two 
diagnoses. In primary hyperparathyroidism, the hypercalcemia is often less 

TABLE 232-1 PARATHYROID DISEASES AND THEIR CHROMOSOMAL LOCATIONS
METABOLIC  
ABNORMALITY DISEASE INHERITANCE GENE/GENE PRODUCT

CHROMOSOMAL 
LOCATION

HYPERCALCEMIA

Multiple endocrine neoplasia type 1 Autosomal dominant Menin 11q13
Multiple endocrine neoplasia types 2 and 3 Autosomal dominant RET 10q11.2
Multiple endocrine neoplasia type 4 Autosomal dominant CDNK1B 12p13.1
Hereditary hyperparathyroidism and jaw tumors 

(HPT-JT)
Autosomal dominant CDC73

Parafibromin
1q31.2

Familial isolated hyperparathyroidism Autosomal dominant Menin, CDC73, CaSR
GCMB

11q13, 1q31.2,
3q21.1, 6p24.2

Sporadic hyperparathyroidism Sporadic PRAD1/CCND1, PTH 11q13, 11p15
Retinoblastoma 13q14
Unknown 1p32-pter

Parathyroid carcinoma Autosomal dominant or sporadic Parafibromin 1q31.2
Retinoblastoma 13q14

Familial benign hypercalcemia (FBH)
FBH1 Autosomal dominant CaSR 3q 21.1
FBH2 Autosomal dominant Gα11 19p13
FBH3 Autosomal dominant AP2S1 19q13

Neonatal severe hyperparathyroidism (NSHPT) Autosomal recessive or autosomal 
dominant

CaSR 3q21.1

Jansen disease Autosomal dominant PTHR/PTHrP receptor 3p21.3
Williams syndrome Autosomal dominant Elastin, LIMK (and other genes) 7q11.23
Infantile hypercalcemia Autosomal recessive CYP24A 20q13.2-q13.3
McCune-Albright syndrome Mutations during early 

embryonic development?
Gsα 20q13.3

HYPOCALCEMIA

Isolated hypoparathyroidism Autosomal dominant PTH, GCMB 11p15*
Autosomal recessive PTH, GCMB 11p15*, 6p24.2
X-linked recessive SOX3 Xq26–27

Autosomal dominant hypocalcemia type 1 (ADH1) Autosomal dominant CaSR 3q21.1
Autosomal dominant hypocalcemia type 2 (ADH2) Autosomal dominant Gα11 19p13
Hypoparathyroidism associated with polyglandular 

autoimmune syndrome (APECED)
Autosomal recessive AIRE-1 21q22.3

Hypoparathyroidism associated with Kearns-Sayre 
and MELAS

Maternal Mitochondrial genome

Hypoparathyroidism associated with complex 
congenital syndromes
DiGeorge syndrome type 1 Autosomal dominant TBX1 22q11.2
DiGeorge syndrome type 2 Autosomal dominant NEBL 10p14.p13
HDR syndrome Autosomal dominant GATA3 10p15
Blomstrand lethal chondrodysplasia Autosomal recessive PTHR/PTHrP receptor 3p21.3
Kenney-Caffey syndrome type 1, Sanjad-Sakati 

syndrome
Autosomal dominant TBCE 1q42.3

Kenney-Caffey syndrome type 2 Autosomal recessive FAMIIIA 11q12.1
Barakat syndrome Autosomal recessive† Unknown ?
Lymphedema Autosomal recessive Unknown ?
Nephropathy, nerve deafness Autosomal dominant† Unknown ?
Nerve deafness without renal dysplasia Autosomal dominant Unknown? ?

Pseudohypoparathyroidism (type 1a) Autosomal dominant parentally 
imprinted

GNAS exons 1-3 20q13.3

Pseudohypoparathyroidism (type 1b) Autosomal dominant parentally 
imprinted

GNAS Upstream deletion 20q13.3

HDR = hypoparathyroidism, deafness, and renal dysplasia; MELAS = mitochondrial encephalopathy, stroke-like episodes, and lactic acidosis; ? = location not known.
*Mutations of PTH gene are identified only in some families.
†Most likely inheritance.

TREATMENT 
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are similar, regardless of etiology. Indeed, the clinical manifestations of hyper-
calcemia involve several organ systems that include the renal, musculoskeletal, 
gastrointestinal, neurologic, and cardiac systems (Table 232-4), and many of 
these have been referred to as “moans, groans, pains, and stones.” Investiga-
tions should be directed at confirming the presence of hypercalcemia and 
establishing the cause (Table 232-3; see Table 232-5).

TABLE 232-2 CAUSES OF HYPERCALCEMIA
HIGH PARATHYROID HORMONE LEVELS

Primary hyperparathyroidism* (adenoma, hyperplasia, or carcinoma): nonfamilial or 
familial, e.g., MEN 1, MEN 2, HPT-JT, FIHP

Tertiary hyperparathyroidism (hyperplasia or adenoma in chronic renal failure)
LOW PARATHYROID HORMONE LEVELS

Malignancy*
Primary
•	 Parathyroid	hormone–related	peptide	(PTHrP):	carcinoma	of	lung,	esophagus,	

renal cell, ovary, and bladder
•	 Excess	production	of	1,25(OH)2D (lymphoma)
Secondary
•	 Lytic	bone	metastases*	(multiple	myeloma*	and	breast	carcinoma*)
•	 Other	location,	ectopic	factors	(e.g.,	cytokines)

Excess vitamin D
Exogenous vitamin D toxicity by parent D compound, 25(OH) vitamin D3, or 

1,25(OH)2 vitamin D3 in vitamin preparations, cod liver oil, herbal medicines
Endogenous production of 25(OH) vitamin D3—Williams syndrome
Endogenous production of 1,25(OH)2 vitamin D3, e.g., granulomatous disorders 

(sarcoidosis, HIV, TB, histoplasmosis, coccidioidomycosis, leprosy), 
lymphoma, and infantile hypercalcemia

Drugs
Thiazide diuretics
Lithium
Total parenteral nutrition
Estrogens/antiestrogens, testosterone
Milk-alkali syndrome
Vitamin A toxicity
Aluminum intoxication (in chronic renal failure)
Aminophylline

Nonparathyroid endocrine disorders
Thyrotoxicosis
Pheochromocytoma
Acute adrenal insufficiency
Vasoactive intestinal polypeptide hormone producing tumor (VIPoma)
Immobilization

INAPPROPRIATE PARATHYROID HORMONE LEVELS DUE TO ALTERED 
SET POINT

Familial benign hypocalciuric hypercalcemia (FBH or FHH) types 1-3
*Most common causes.
FIHP = familial isolated hyperparathyroidism; HIV = human immunodeficiency virus; HPT-JT = 
hyperparathyroidism with jaw tumors; MEN = multiple endocrine neoplasia; TB = tuberculosis.

TABLE 232-3 PRELIMINARY INVESTIGATIONS  
FOR HYPERCALCEMIA

BLOOD

× 2-3 estimations of serum calcium, phosphate, albumin, urea and electrolytes, 
creatinine, alkaline phosphatase, liver function tests

Parathyroid hormone
Complete blood count
Electrophoretic protein strip, serum protein electrophoresis, or immunofixation
25-OH-D3 (and if indicated, 1,25[OH]2D3)
Thyroid function tests
Magnesium
Parathyroid hormone–related peptide (if malignancy suspected)
URINE

× 2-3 estimations of 24-hr urinary calcium and creatinine clearance, and clearance 
ratios

Imaging
Chest radiograph
Radiograph of hands
Ultrasound of kidneys

TABLE 232-4 CLINICAL FEATURES OF HYPERCALCEMIA
Renal

Stones (nephrolithiasis) and nephrocalcinosis, polyuria, polydipsia
Musculoskeletal

Bone pain, osteopenia, fractures, muscular weakness, especially proximal 
myopathy

Gastrointestinal
Nausea, vomiting, lack of appetite, constipation, peptic ulcers, and pancreatitis

Neurologic
Tiredness, lethargy, inability to concentrate, increased sleepiness, depression, 

confusion, coma
Cardiac

Bradycardia, first-degree atrioventricular block, arrhythmias, shortened QT 
interval

medical emergency. In general, the presence or absence of symptoms correlates 
with the severity and rapidity of onset of the hypercalcemia. Thus, symptoms 
do not usually develop when serum calcium is below 12 mg/dL (3 mmol/L) 
and are invariably present when the hypercalcemia exceeds 14 mg/dL 
(3.5 mmol/L). However, there is considerable variability, and some patients 
may be symptomatic with mild hypercalcemia. Although there are many causes 
of hypercalcemia (see Table 232-2), the signs and symptoms of hypercalcemia 

TABLE 232-5 SUMMARY OF GUIDELINES FOR  
PARATHYROID SURGERY IN PRIMARY 
HYPERPARATHYROIDISM PATIENTS

Surgery* recommended if patient meets any one of the following criteria:
•	 Serum	calcium	>1 mg/dL (0.25 mmol/L) above upper limit of normal
•	 Any	complication	of	primary	hyperparathyroidism	(e.g.,	nephrolithiasis,	

nephrocalcinosis or bone erosions of osteitis fibrosa cystica)
•	 An	episode	of	acute	primary	hyperparathyroidism	with	life-threatening	

hypercalcemia
•	 Marked	hypercalciuria	(>10 mmol/L per 24 hr or >400 mg/24 hr), and 

increased stone risk by biochemical stone risk analysis
•	 Significant	reduction	in	creatinine	clearance	(i.e.,	<60 mL/min)
•	 Reduction	in	bone	mineral	density	(i.e.,	T	score	<−2.5, at lumbar spine, total 

hip, femoral neck or distal 1/3 of radius and/or previous vertebral fracture)
•	 Age	<50 years

*Surgery is also indicated in patients for whom medical surveillance is neither desired nor possible.
Adapted from Bilezikian JP, Brandi ML, Eastell R et al. Guidelines for the management of 
asymptomatic primary hyperparathyroidism: summary statement from the fourth international 
workshop. J Clin Endocrinol Metab. 2014;99:3561-3569.

The treatment of hypercalcemia depends on the severity of the hypercalcemia 
and the presence of symptoms.5 Thus, asymptomatic patients with mild hyper-
calcemia do not usually need urgent treatment, whereas patients with severe 
hypercalcemia would require treatment regardless of symptoms, and patients 
with moderate hypercalcemia would require urgent treatment if symptomatic. 
Before instituting treatment, it is always important to consider the underlying 
causes (see Table 232-2) and to initiate investigations (see Table 232-3). In addi-
tion, drugs such as thiazides and vitamin D compounds, which cause hyper-
calcemia, should be discontinued and, if appropriate, dietary calcium restricted.

The acute management of hypercalcemia involves general measures to 
enhance hydration and diuresis and specific measures using drugs to lower 
serum calcium. Dehydration due to hypercalcemic symptoms, such as anorexia, 
nausea, vomiting, and polyuria because of defective urinary concentration, is 
very common, and patients may require 5 to 10 liters of 0.9% sodium chloride 
over a 24- to 48-hour period. This vigorous hydration with normal saline may 
lower serum calcium by 1 to 3 mg/dL (0.25 to 0.75 mmol/L); saline enhances 
urinary calcium excretion by increasing glomerular filtration and reducing 
proximal and distal renal tubular reabsorption of calcium and sodium. This 
saline diuresis may need adjuvant therapy with a loop diuretic (e.g., furosemide, 
10 to 20 mg) as necessary to control complications due to volume overload, 
especially in elderly patients and those with impaired cardiovascular and renal 
function. Note that excessive use of furosemide before intravascular volume 
has been restored with intravenous normal saline may worsen the hypercalcemia 
by exacerbating volume depletion. Saline diuresis may lead to hypokalemia, 
hypomagnesemia, and electrolyte imbalance, which will need correction.

If saline diuresis is not successful, particularly if the hypercalcemia is very 
severe, then more specific measures, such as dialysis or drugs, will be required. 

TREATMENT 
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Hypercalcemia
Serum adjusted calcium > 10.5 mg/dL (2.62 mmol/L) 

or ionized calcium > 5.25 mg/dL (1.31 mmol/L)

Confirm hypercalcemia and undertake clinical 
assessment for risk factors (e.g., malignancy, chronic 
renal failure, excessive vitamin D intake, drugs such 

as thiazides, family history of MEN or FHH)

Undertake appropriate tests as outlined in
Table 232-3, and evaluate results

Consider 
malignancy and 

outcome of clinical 
evaluations and 

serum tests (e.g., 
EPS or PTHrP), or 

radiology (e.g., 
chest radiograph)

Vitamin D
intoxication is 
likely cause

Normal serum 
creatinine and 

PO4, and 
UCCR <0.01

Normal serum 
creatinine and 
low PO4, and
UCCR >0.01

Elevated
serum creatinine 

and PO4 and 
EGFR <30 mL/min

FHH
Primary

hyperparathyroidism
Tertiary

hyperparathyroidism

Elevated (or normal) PTHSuppressed PTH

25-OH-D
elevated

Sarcoidosis, other
granulomatous disorders,

or lymphoma (or, in infants,
infantile hypercalcemia)

is likely cause

Drugs or other 
endocrine disorders 

are likely cause

Normal 
25-OH-D

1,25 (OH)D
normal or low

1,25 (OH)D
elevated

FIGURE 232-3. Clinical approach to the investigation of causes of hypercalcemia. 1,25(oh)2d = 1,25-dihyroxyvitamin d; 25-oh-d = 25-hydroxyvitamin d; eGFr = estimated glomerular 
filtration rate; ePs = electrophoretic strip (serum protein electrophoresis); Fhh = familial hypocalciuric hypercalcemia; men = multiple endocrine neoplasia; PTh = parathyroid hormone; 
PThrP = parathyroid hormone–related peptide; Uccr = 24-hour urinary calcium clearance-to-creatinine clearance ratio. 

years of age have a germline mutation in 1 of 12 genes, including those of MEN 
1 (MEN1), cell division cycle 73 (CDC73), and CaSR. In addition, studies of 
nonfamilial sporadic parathyroid adenomas have shown that 35 to 50% have 
somatic mutation of the MEN1 gene; 15% have overexpression of cyclin D1; 
and more than 85% have an abnormality of the Wnt/β-catenin pathway.6,7

 CLINICAL MANIFESTATIONS
Many patients with primary hyperparathyroidism are asymptomatic, and the 
hypercalcemia, which is usually mild, is detected by chance at the time of 
biochemical screening for other reasons.8 However, it is important to note 
that nearly half the patients have subtle neuromuscular symptoms such as 
fatigue and weakness, and this becomes apparent only in retrospect after a 
successful parathyroidectomy.

Symptomatic hypercalcemia (see Table 232-4) predominantly affects the 
skeletal, renal, and gastrointestinal systems; peptic ulcers and pancreatitis may 
develop. The skeletal changes of osteitis fibrosa cystica due to subperiosteal 
resorption of the distal phalanges, tapering of the distal clavicles, a salt-and-
pepper appearance of the skull, bone cysts, and brown tumors of the long 
bones are now identified in less than 5% of patients. However, osteopenia, as 
assessed by bone mineral density, occurs in 25% of patients. Renal stone disease 
(nephrolithiasis and nephrocalcinosis) occurs in 20% of patients, and hyper-
calciuria occurs in 30% of patients; renal impairment may complicate this 
disease.

 DIAGNOSIS
In the presence of hypercalcemia, the finding of elevated circulating PTH 
concentrations establishes the diagnosis because PTH is elevated in approxi-
mately 90% of patients with primary hyperparathyroidism, who invariably 
have hypercalcemia (see Fig. 232-3). However, it is important to make sure 
that the immunoradiometric (IRMA) and immunochemiluminometric (ICMA) 
assays for PTH are being used to measure the intact molecule, rather than 
the older radioimmunoassays, which were not as reliable. The only other 
hypercalcemic disorders in which PTH may occasionally be elevated are those 
related to familial benign hypocalciuric hypercalcemia (FBH or FHH), immo-
bilization, or lithium or thiazide use (see Table 232-2). A careful history and 
cessation of drug use help to exclude the latter possibilities.9 The hypercalcemia 
of primary hyperparathyroidism, unlike that of malignancy or granulomatous 
disease, is usually not suppressible by a 10-day course of oral hydrocortisone 
(120 mg/day given in three divided doses). This test, referred to as the steroid 
suppression test, was previously used to differentiate primary hyperparathyroid-
ism from other causes of hypercalcemia; however, with the advent of more 
reliable PTH assays, this test is rarely used now. About one third of patients 
with primary hyperparathyroidism have a low serum phosphate level (see Fig. 
232-3), and in the others, it is in the lower range of normal. In addition, some 
patients have a small increase in serum chloride concentration and a con-
comitant decrease in bicarbonate concentration. Serum alkaline phosphatase 
activity may be elevated in some patients, and urinary calcium excretion is 
increased in 30% of patients. The circulating 1,25(OH)2D concentration  
is elevated in some patients with primary hyperparathyroidism, although it 
is not of diagnostic value because it is also elevated in other hypercalcemic 
disorders such as sarcoidosis and lymphomas (see Fig. 232-3). The serum 
25-OH-D concentration is within the normal range. Densitometric scanning 
is of use in detecting early skeletal changes. Patients with primary hyperpara-
thyroidism develop reduced bone mineral densities (osteopenia) primarily 
of the cortical bone (e.g., distal third of forearm) rather than the cancellous 
bone (e.g., lumbar spine). The hip bones, which are an equal mixture of corti-
cal and cancellous bone, show intermediate reductions in bone mineral density. 
Overall, the risk for bone fractures in patients with mild primary hyperpara-
thyroidism is similar to those in matched, normal controls. However, successful 
parathyroidectomy does lead to an increase in bone mineral density over a 
6- to 12-month period, and this continues for up to 10 years. Indeed, bone 
mineral density measurements are used in the evaluation of patients with 
primary hyperparathyroidism and in deciding on conservative as opposed to 
surgical management (see Table 232-5).

Preoperative localization to define the sites of the parathyroid tumors may 
be undertaken.10 The noninvasive tests consist of ultrasonography, computed 
tomography (CT), magnetic resonance imaging (MRI), and scintigraphy with 
technetium-99m sestamibi. Sestamibi scintigraphy has now become established 
as the best and most convenient localization test; this can be performed with CT 
techniques (e.g., single-photon emission computed tomography [SPECT]) to 
give a three-dimensional image with greater anatomic resolution. It is important 
to note that there is an appreciable incidence of false-positive rates with all 

The drugs of choice are pamidronate and zoledronic acid, which are potent 
bisphosphonates, but these should not be used if the hypercalcemia is due to 
primary or tertiary hyperparathyroidism. Recommended treatments are to 
administer pamidronate (15 to 60 mg, depending on serum calcium concentra-
tion, in a single IV infusion or in divided doses, depending upon renal function 
and responses, over 2 to 4 days; maximum of 90 mg per treatment course) or 
zoledronic acid (4 mg as a single IV infusion). Other bisphosphonates (e.g., 
etidronate and clodronate) and other agents, such as mithramycin, calcitonin, 
and gallium nitrate, have also been used in the past. Glucocorticoid therapy 
(e.g., hydrocortisone, 120 mg/day in three divided doses, in adults) is particularly 
effective when the hypercalcemia is mediated by the actions of 1,25(OH)2D, 
for example in granulomatous disease, lymphoma, or myeloma. Dialysis using 
a low or zero calcium dialysate should be considered if these treatments are 
not effective or if the patient has renal failure. When the acute management 
of hypercalcemia has been completed, appropriate treatment for the underlying 
cause needs to be undertaken.

 HYPERPARATHYROIDISM

 DEFINITION
Hyperparathyroidism is characterized by high concentrations of serum immu-
noreactive PTH, and three types, referred to as primary, secondary, and tertiary, 
are recognized. Primary and tertiary hyperparathyroidism are associated with 
hypercalcemia (see Table 232-2), whereas secondary hyperparathyroidism is 

associated with hypocalcemia (see later). Primary hyperparathyroidism usually 
occurs as an isolated nonsyndromic endocrinopathy and less commonly as 
part of complex syndromic disorders such as multiple endocrine neoplasia 
(MEN) and hyperparathyroidism with jaw tumors (HPT-JT). Syndromic 
and nonsyndromic forms of primary hyperparathyroidism may also occur as 
hereditary (i.e., familial), usually autosomal dominant disorders, or they may 
occur as nonfamilial (i.e., sporadic) diseases. Tertiary hyperparathyroidism 
usually arises in association with chronic renal failure.

 Primary Hyperparathyroidism
 EPIDEMIOLOGY

Primary hyperparathyroidism, which affects 3 in 1000 adults, is one of the 
two most common causes of hypercalcemia and is due to an excessive secre-
tion of PTH from one or more parathyroid tumors. Studies have estimated 
that the global prevalence of parathyroid tumors is 4 million. Primary hyper-
parathyroidism usually occurs as a nonsyndromic isolated endocrinopathy, 
between the ages of 40 and 65 years, and is three times more common in 
females than males.

 PATHOBIOLOGY
Eighty percent of patients with primary hyperparathyroidism will have a solitary 
parathyroid adenoma, and 15 to 20% of patients will have hyperplasia involving 
all four parathyroid glands. Parathyroid carcinoma occurs in less than 0.5% of 
patients with primary hyperparathyroidism. The underlying causes of primary 
hyperparathyroidism are largely unknown. However, more than 10% of patients 
with clinically nonfamilial primary hyperparathyroidism occurring before 45 
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the noninvasive localization procedures, so a confirmation using two methods 
is preferable. Invasive localization tests consist of arteriography and selective 
venous sampling for PTH in the veins draining the thyroidal region. These 
tests are time consuming, expensive, difficult, and dependent on the skill of 
the radiologist. It is generally accepted that these preoperative localization tests 
are indicated in those patients who have had previous neck surgery. However, 
their role in patients who have not had prior surgery remains to be established, 
and at present, the preferences and expertise of the local medical, radiology, 
and surgery teams usually determine the use of venous sampling procedures.

years of age have a germline mutation in 1 of 12 genes, including those of MEN 
1 (MEN1), cell division cycle 73 (CDC73), and CaSR. In addition, studies of 
nonfamilial sporadic parathyroid adenomas have shown that 35 to 50% have 
somatic mutation of the MEN1 gene; 15% have overexpression of cyclin D1; 
and more than 85% have an abnormality of the Wnt/β-catenin pathway.6,7

 CLINICAL MANIFESTATIONS
Many patients with primary hyperparathyroidism are asymptomatic, and the 
hypercalcemia, which is usually mild, is detected by chance at the time of 
biochemical screening for other reasons.8 However, it is important to note 
that nearly half the patients have subtle neuromuscular symptoms such as 
fatigue and weakness, and this becomes apparent only in retrospect after a 
successful parathyroidectomy.

Symptomatic hypercalcemia (see Table 232-4) predominantly affects the 
skeletal, renal, and gastrointestinal systems; peptic ulcers and pancreatitis may 
develop. The skeletal changes of osteitis fibrosa cystica due to subperiosteal 
resorption of the distal phalanges, tapering of the distal clavicles, a salt-and-
pepper appearance of the skull, bone cysts, and brown tumors of the long 
bones are now identified in less than 5% of patients. However, osteopenia, as 
assessed by bone mineral density, occurs in 25% of patients. Renal stone disease 
(nephrolithiasis and nephrocalcinosis) occurs in 20% of patients, and hyper-
calciuria occurs in 30% of patients; renal impairment may complicate this 
disease.

 DIAGNOSIS
In the presence of hypercalcemia, the finding of elevated circulating PTH 
concentrations establishes the diagnosis because PTH is elevated in approxi-
mately 90% of patients with primary hyperparathyroidism, who invariably 
have hypercalcemia (see Fig. 232-3). However, it is important to make sure 
that the immunoradiometric (IRMA) and immunochemiluminometric (ICMA) 
assays for PTH are being used to measure the intact molecule, rather than 
the older radioimmunoassays, which were not as reliable. The only other 
hypercalcemic disorders in which PTH may occasionally be elevated are those 
related to familial benign hypocalciuric hypercalcemia (FBH or FHH), immo-
bilization, or lithium or thiazide use (see Table 232-2). A careful history and 
cessation of drug use help to exclude the latter possibilities.9 The hypercalcemia 
of primary hyperparathyroidism, unlike that of malignancy or granulomatous 
disease, is usually not suppressible by a 10-day course of oral hydrocortisone 
(120 mg/day given in three divided doses). This test, referred to as the steroid 
suppression test, was previously used to differentiate primary hyperparathyroid-
ism from other causes of hypercalcemia; however, with the advent of more 
reliable PTH assays, this test is rarely used now. About one third of patients 
with primary hyperparathyroidism have a low serum phosphate level (see Fig. 
232-3), and in the others, it is in the lower range of normal. In addition, some 
patients have a small increase in serum chloride concentration and a con-
comitant decrease in bicarbonate concentration. Serum alkaline phosphatase 
activity may be elevated in some patients, and urinary calcium excretion is 
increased in 30% of patients. The circulating 1,25(OH)2D concentration  
is elevated in some patients with primary hyperparathyroidism, although it 
is not of diagnostic value because it is also elevated in other hypercalcemic 
disorders such as sarcoidosis and lymphomas (see Fig. 232-3). The serum 
25-OH-D concentration is within the normal range. Densitometric scanning 
is of use in detecting early skeletal changes. Patients with primary hyperpara-
thyroidism develop reduced bone mineral densities (osteopenia) primarily 
of the cortical bone (e.g., distal third of forearm) rather than the cancellous 
bone (e.g., lumbar spine). The hip bones, which are an equal mixture of corti-
cal and cancellous bone, show intermediate reductions in bone mineral density. 
Overall, the risk for bone fractures in patients with mild primary hyperpara-
thyroidism is similar to those in matched, normal controls. However, successful 
parathyroidectomy does lead to an increase in bone mineral density over a 
6- to 12-month period, and this continues for up to 10 years. Indeed, bone 
mineral density measurements are used in the evaluation of patients with 
primary hyperparathyroidism and in deciding on conservative as opposed to 
surgical management (see Table 232-5).

Preoperative localization to define the sites of the parathyroid tumors may 
be undertaken.10 The noninvasive tests consist of ultrasonography, computed 
tomography (CT), magnetic resonance imaging (MRI), and scintigraphy with 
technetium-99m sestamibi. Sestamibi scintigraphy has now become established 
as the best and most convenient localization test; this can be performed with CT 
techniques (e.g., single-photon emission computed tomography [SPECT]) to 
give a three-dimensional image with greater anatomic resolution. It is important 
to note that there is an appreciable incidence of false-positive rates with all 

Parathyroidectomy, which is the definitive cure, is a generally successful and 
safe procedure if undertaken by an experienced surgeon. There have also been 
major advances in surgery that have facilitated a surgical approach to be under-
taken under local, as opposed to general, anesthesia. An example of this is the 
use of minimally invasive parathyroidectomy (MIP) in the patient with single 
gland disease that has been successfully localized by the combined use of 
sestamibi scintigraphy and ultrasonography. Surgery is recommended for 
symptomatic patients and for those who have skeletal and renal complications 
(see Table 232-5). Complications of parathyroid surgery include damage to the 
recurrent laryngeal nerve and permanent hypoparathyroidism. The decision 
to recommend surgery may be difficult in asymptomatic patients, who may 
constitute more than 50% of patients with primary hyperparathyroidism. The 
natural history of primary hyperparathyroidism in most patients is to progress 
slowly or not at all. For example, among asymptomatic patients, only 25% have 
progressive disease, which is usually manifested as a decrease in bone mineral 
density during a 10-year period. This has led to a controversy regarding the 
indications for surgery, and guidelines have been provided by the Fourth 
International Workshop (2013) on the Management of Asymptomatic Primary 
Hyperparathyroidism (see Table 232-5), and the American Association of Endo-
crine Surgeons.11 However, these guidelines may not exclusively influence the 
decision for or against surgery, and a careful evaluation and assessment of the 
risks and benefits is considered by most medical and surgical teams in conjunc-
tion with the patient.

Patients who do not undergo parathyroidectomy (e.g., those with asymp-
tomatic primary hyperparathyroidism) should be evaluated clinically and also 
monitored for serum calcium, creatinine, and estimated glomerular filtration 
rate (eGFR) at 12-month intervals; bone mineral density at 3 sites, at 1- to 3-year 
intervals with X-ray, or vertebral fracture assessment of the spine if there has 
been height loss or back pain, and if nephrolithiasis is suspected then appropri-
ate assessments of 24-hour urine collections and renal imaging.5 In addition, 
the following medical guidelines are recommended for patients with primary 
hyperparathyroidism.12 First, they should avoid dehydration and remain ambu-
lant. Second, vitamin D deficiency should be corrected, and the serum 25-hydroxy 
vitamin D should be maintained above 50 nmol/L. Third, the dietary intake of 
calcium should be normal; limiting dietary intake is not recommended. Fourth, 
thiazide diuretics and herbal and tonic remedies that may contain vitamin D 
or vitamin A should be avoided. Drugs that have been used for the treatment 
of primary hyperparathyroidism include oral phosphate, estrogens, or selective 
estrogen receptor modulators (SERMs) in postmenopausal women; bisphos-
phonates; and the calcimimetic, cinacalcet. Phosphate is not used because of 
concerns that it may promote soft tissue ectopic calcification. Estrogens and 
SERMs (e.g., raloxifene) do increase bone density in postmenopausal women 
with primary hyperparathyroidism, but they have only small effects on the 
serum calcium and PTH concentrations. The bisphosphonates (e.g., alendronate) 
inhibit bone resorption and improve BMD at the lumbar spine, without altering 
serum calcium and PTH concentrations. Daily high-dose (70 mg or 2800 U) 
cholecalciferol also can decrease PTH and improve bone density when used 
for 6 months before and after parathyroidectomy. A1  However, these effects are 
not sustained. In a randomized, double-blind, placebo-controlled clinical trial, 
cinacalcet was effective in lowering serum calcium concentrations to normal 
values with modest reductions in PTH levels in patients with primary hyper-
parathyroidism. A2  These effects were maintained with long-term treatment 
without major adverse effects. However, bone mineral density in the treated 
patients remained unchanged, although there was a reduction in biochemical 
markers for bone resorption and formation. The use of cinacalcet is approved 
for adult (i.e., over age of 18 years) patients, who have severe hypercalcemia 
due to primary hyperparathyroidism and are unable to undergo parathyroid-
ectomy, or have hypercalcemia due to inoperable parathyroid carcinoma, or 
are on dialysis with uncontrolled secondary hyperparathyroidism. The use of 
these drugs should be dictated by the aims of the treatment. For example, 
bisphosphonate therapy should be chosen if the aim is to increase BMD, and 
cinacalcet should be chosen if the aim is to reduce serum calcium concentra-
tions. Combined use of cinacalcet and alendronate has been reported, by one 
study, to normalize hypercalcemia and improve BMD in patients with primary 
hyperparathyroidism.
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 FAMILIAL PRIMARY HYPERPARATHYROIDISM
Primary hyperparathyroidism is most frequently encountered as a nonfamilial 
(sporadic) disorder. However, approximately 10% of patients with primary 
hyperparathyroidism have a hereditary form that may either be part of the mul-
tiple endocrine neoplasia (MEN) 1, MEN 2, MEN 3, and MEN 4 syndromes 
or part of the HPT-JT syndrome (see below). In addition, hereditary primary 
hyperparathyroidism may develop as a solitary endocrinopathy, and this has 
also been referred to as familial isolated hyperparathyroidism (FIHP). Patients 
with these familial forms of primary hyperparathyroidism, including the MEN 
syndromes, have important differences from those developing nonfamilial forms; 
these include an earlier age of onset (20 to 25 years versus 55 years) and an 
equal male-to-female ratio (1 : 1 versus 1 : 3). In addition, MEN syndromes 
are associated with the occurrence of multiple parathyroid tumors, rather than 
the solitary parathyroid adenomas typically found in the sporadic form, and 
HPT-JT is associated with the occurrence of parathyroid carcinoma in 15% 
of patients. This has implications for the treatment of parathyroid tumors in 
patients with these disorders. Thus, minimally invasive parathyroidectomy is 
an unsuitable approach in MEN patients because of multigland disease, and 
patients with HPT-JT are likely to require earlier surgery because of the higher 
risk for parathyroid carcinoma. Investigations of the hereditary and sporadic 
forms of primary HPT have helped to identify some of the genes and chro-
mosomal regions that are involved in the etiology of parathyroid tumors (see 
Table 232-1 and Fig. 232-2). FIHP has been reported in several kindreds, and 
some have been shown to harbor mutations of the MEN1, CDC73, GCM2 
or CaSR genes.13 The familial syndromes associated with MEN 1, MEN 2, 
MEN 3, and MEN 4 are reviewed in detail in Chapter 218.

 HYPERPARATHYROIDISM–JAW TUMOR SYNDROME
The HPT-JT syndrome is an autosomal dominant disorder characterized by 
the occurrence of parathyroid tumors, which may be carcinomas in approxi-
mately 15% of patients, and ossifying fibromas that usually affect the maxilla 
or mandible. In addition, some patients may also develop Wilms tumors, renal 
cysts, renal hamartomas, renal cortical adenomas, papillary renal cell carci-
nomas, uterine tumors that may be malignant, pancreatic adenocarcinomas, 
testicular mixed germ cell tumors with a major seminoma component, and 
Hurthle cell thyroid adenomas. Mutations of the CDC73 gene, which is located 
on chromosome 1q31.2 and encodes a 531–amino acid protein, parafibromin, 
cause HPT-JT.14 Parafibromin is associated with the human homologue of 
the Paf1 protein complex, which interacts with RNA polymerase II. As part 
of this protein complex, parafibromin may regulate post-transcriptional events 
and histone modification. Patients with nonfamilial parathyroid carcinomas 
frequently harbor germline CDC73 mutations.

 UREMIC HYPERPARATHYROIDISM
 PATHOBIOLOGY

Serum PTH levels rise in response to hypocalcemia, and this secondary hyper-
parathyroidism usually resolves with treatment of the underlying cause of 
hypocalcemia (Table 232-6). However, in chronic renal failure (Chapter 121), 
the secondary hyperparathyroidism may persist for a longer time, and eventu-
ally the parathyroid cells gain an autonomous function, secreting excessive 
PTH despite hypercalcemia; this state is referred to as tertiary hyperparathy-
roidism (see Table 232-2). The cause of progression from the early, presumably 
polyclonal, secondary hyperplasia of the parathyroids to the later, presumably 
monoclonal, tumors is not understood and appears to involve genes other 
than those involved in the etiologies of the sporadic and familial forms of 
primary hyperparathyroidism (see Table 232-2).

In chronic renal failure (Chapter 121), the ensuing phosphate retention and 
decreased production of 1,25(OH)2D result in hypocalcemia and secondary 
hyperparathyroidism. This combination of biochemical abnormalities results in 
a severe bone disease that shows combined features of hyperparathyroidism 
and vitamin D deficiency (i.e., osteomalacia). Thus, in renal osteodystrophy, 
bone erosions and osteomalacia are simultaneously observed. Treatment is 
based on correcting the hypocalcemia, for example, with oral administration 
of calcium salts, which also ameliorates the hyperphosphatemia by chelating 
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in Williams syndrome, was not involved in the deletion found in four patients 
with Williams syndrome, indicating that it is unlikely to be implicated in the 
hypercalcemia of such children. Another, as yet uncharacterized gene that is 
within this contiguously deleted region is likely to be involved to explain the 
abnormalities of calcium metabolism.

 INFANTILE HYPERCALCEMIA
Infantile hypercalcemia is associated with failure to thrive and is characterized 
by severe hypercalcemia, hypercalciuria, and nephrocalcinosis and elevated 
circulating 1,25(OH)2D concentrations. Some infants with this disorder have 
homozygous or compound heterozygous mutations of the gene encoding the 
24-hydroxylase (CYP24A1) enzyme, which metabolizes the active 1,25(OH)2D 
to the inactive 1,24,25(OH)3D form (see Fig. 232-1).

 Malignancy
Hypercalcemia may occur in 20 to 30% of patients with a malignancy, and 
this is usually due to increased bone resorption, which may either be directly 
due to skeletal metastases or indirectly due to tumor production of a humoral 
factor that stimulates osteoclastic bone resorption.17 The cancers that typi-
cally metastasize to produce lytic bone lesions are from the breast, lym-
phomas, or multiple myeloma (see Table 232-2). The associated osteolysis, 
mediated by recruitment and activation of osteoclasts, involves cytokines. 
Denosumab, a humanized neutralizing monoclonal antibody to RANKL, 
may be used to prevent the recruitment and activation of osteoclasts and 
the resulting hypercalcemia. The cancers that are typically associated with 
the humoral hypercalcemia of malignancy (HHM) are squamous carcinomas 
of the lung, esophagus, cervix, vulva, skin, head, or neck, but other types 
from the kidney, bladder, ovary, and breast may also occur. HHM accounts 
for up to 80% of patients with malignancy-associated hypercalcemia. The 
most common factor causing HHM is PTHrP, which can be measured in 
the serum by immunoassay. However, these assays are relatively insensitive, 
and the failure to detect serum PTHrP does not exclude the diagnosis of 
HHM. Patients with HHM generally have hypercalcemia associated with 
lower or undetectable serum PTH levels, marked hypercalcemia, and a 
reduced plasma 1,25(OH)2D level. Therapy of HHM is aimed at (1) reduc-
ing the tumor load by surgery, radiotherapy, or chemotherapy; (2) reducing 
osteoclastic bone resorption by use of denosumab, A4 

,
 A5  bisphosphonates (e.g., 

zoledronate), or calcitonin; and (3) increasing renal calcium clearance by a  
saline diuresis.

 Granulomatous Disorders
Several granulomatous disorders are associated with hypercalcemia (see Table 
232-2), and this is invariably associated with elevated circulating concentra-
tions of 1,25(OH)2D, which is due to extrarenal synthesis. Sarcoidosis is the 
most frequently encountered granulomatous disorder associated with hyper-
calcemia; 10% of patients with sarcoidosis have hypercalcemia, and about 
half become hypercalciuric. The finding of raised serum angiotensin-converting 
enzyme (ACE) activity may help confirm the diagnosis. Glucocorticoids (e.g., 
40 to 60 mg of prednisolone daily) decrease 1,25(OH)2D production and 
restore the calcium concentration to normal. Failure to achieve normal serum 
calcium concentrations within 10 days of glucocorticoid therapy (e.g., hydro-
cortisone, 40 mg three times per day), the steroid suppression test, should 
suggest the coexistence of another cause for the hypercalcemia, such as primary 
hyperparathyroidism or malignancy.

 Drugs
Several drugs (see Table 232-2) can cause hypercalcemia by different 
mechanisms. Compounds containing vitamins D and A are common and 
frequently associated with hypercalcemia. The use of thiazide diuretics 
is often associated with hypercalcemia. The hypercalcemia appears to be 
largely renal in origin because thiazides enhance distal renal tubular calcium 
reabsorption. Hypercalcemia reverses rapidly with discontinuation of  
the drug.

The milk-alkali syndrome was first described in the 1930s, generally in the 
context of ulcer treatment with large quantities of milk together with sodium 
bicarbonate. Today, the responsible agent is usually calcium carbonate, although 
consumption of large quantities of dairy products (milk, cheese, and yogurt) 
may still contribute. Classic features include moderate to severe hypercalcemia 
with alkalosis and renal impairment. The amount of calcium ingested by patients 
with this syndrome is usually 5 to 15 g/day. Treatment consists of (1) dis-
continuing the ingestion of the calcium-containing compounds and antacids, 
(2) rehydration, and (3) saline diuresis.

 THYROTOXICOSIS
Mild hypercalcemia (<12 mg/dL, or 3 mmol/L) frequently accompanies 
thyrotoxicosis, which leads to increased bone turnover and resorption. The 
hypercalcemia may respond to treatment with β-adrenergic blockers.

 FAMILIAL BENIGN HYPOCALCIURIC HYPERCALCEMIA
Familial benign hypercalcemia (FBH), which is also referred to as familial 
hypocalciuric hypercalcemia (FHH), is an autosomal dominant disorder 
characterized by lifelong asymptomatic hypercalcemia in association with 
an inappropriately low urinary calcium excretion (i.e., calcium clearance-to- 
creatinine clearance ratio [CCR] <0.01), and normal circulating PTH con-
centrations in 80% of patients. Hypermagnesemia is also typically present. 
Although most patients with FBH are asymptomatic, chondrocalcinosis and 
acute pancreatitis have occasionally been observed. Patients with FHH have 
been misdiagnosed as having primary hyperparathyroidism because 20% of 
FHH patients may have elevated plasma PTH concentrations. In addition, 
20% of FHH patients may have a CCR greater than 0.01 and therefore be 
indistinguishable from patients with primary hyperparathyroidism. More-
over, low CCRs are observed in patients with primary hyperparathyroid-
ism who have vitamin D deficiency or renal insufficiency or are of African 
American origin. It is important to distinguish FHH patients from those with 
primary hyperparathyroidism because the hypercalcemia in FHH is gener-
ally benign and does not result in sequelae (see Table 232-4). Moreover, 
parathyroidectomy does not correct the hypercalcemia in FHH. Mutational 
analysis may help in identifying FHH patients from those with primary  
hyperparathyroidism.

 AUTOIMMUNE HYPOCALCIURIC HYPERCALCEMIA
Some patients, who have the clinical features of FHH1 but not CaSR muta-
tions, may have autoimmune hypocalciuric hypercalcemia (AHH).16 Such 
patients may have multiple clinical autoimmune manifestations, includ-
ing antithyroid, antigliadin, or antiendomyseal antibodies. These patients 
were shown to have circulating antibodies to the extracellular domain of 
the CaSR. The CaSR-bound autoantibodies stimulate PTH release from 
dispersed human parathyroid cells in vitro, probably by inhibiting the acti-
vation of the CaSR by extracellular calcium. The effects of treatment with 
glucocorticoids have been variable, with the hypercalcemia responding in one 
patient but not in another. Thus, AHH is a disorder of extracellular calcium 
sensing that should be considered in FHH1 patients who do not have CaSR  
mutations.

 NEONATAL SEVERE PRIMARY HYPERPARATHYROIDISM
Neonatal severe primary hyperparathyroidism (NSHPT) is defined as symp-
tomatic hypercalcemia with skeletal manifestations of hyperparathyroidism 
in the first 6 months of life. NSHPT children often present in the first few 
days or weeks of life with failure to thrive, dehydration, hypotonia, constipa-
tion, rib cage deformities, and multiple fractures due to bony undermineraliza-
tion. They often have life-threatening hypercalcemia and require urgent 
parathyroidectomy, which corrects the PTH-dependent hypercalcemia and 
bone demineralization. Cinacalcet has been reported to be effective in reduc-
ing the hypercalcemia of some children with NSHPT. FBH or FHH is due 
to heterozygous inactivating mutations of the CaSR, and NSHPT is often 
associated with inactivating homozygous CaSR mutations when the children 
are from consanguineous parents with FHH1 (see Fig. 232-2). However, 
NSHPT has also been observed in children for whom one parent had clini-
cally apparent FBH, and many other NSHPT patients appear to be sporadic; 
that is, both parents have normal serum calcium concentrations. In such NSHPT 
patients with heterozygous CaSR mutations, the mutant CaSR may exert a 
dominant negative action on the normal CaSR.

 WILLIAMS SYNDROME
Williams syndrome is an autosomal dominant disorder characterized by supra-
valvular aortic stenosis, elfin-like facies, psychomotor retardation, and infantile 
hypercalcemia. The underlying abnormality causing hypercalcemia, which 
affects 5 to 50% of patients, remains unknown, but abnormal 1,25(OH)2D3 
metabolism and decreased calcitonin production have been implicated, although 
no abnormality has been consistently demonstrated. Hemizygosity for a micro-
deletion of chromosome 7q11.23 involving the ELASTIN and LIM-KINASE 
genes, which may explain the respective cardiovascular and neurologic features, 
have been reported in Williams syndrome patients. However, the calcitonin 
receptor gene, located on chromosome 7q21 and close to the region deleted 

TABLE 232-6 CAUSES OF HYPOCALCEMIA
LOW PARATHYROID HORMONE LEVELS (HYPOPARATHYROIDISM)

Parathyroid agenesis
Isolated or part of complex developmental anomaly (e.g., DiGeorge syndrome)

Parathyroid destruction
Surgery*
Radiation
Infiltration by metastases or systemic disease (e.g., hemochromatosis, amyloidosis, 

sarcoidosis, Wilson disease, thalassemia)
Autoimmune

Isolated
Polyglandular (type 1)

Reduced parathyroid function (i.e., parathyroid hormone secretion)
Parathyroid hormone gene defects
Hypomagnesemia*
Neonatal hypocalcemia (may be associated with maternal hypercalcemia)
Hungry bone disease (postparathyroidectomy)
Calcium-sensing receptor or Gα11 mutations

HIGH PARATHYROID HORMONE LEVELS (SECONDARY 
HYPERPARATHYROIDISM)

Vitamin D deficiency*
As a result of nutritional lack,* malabsorption,* liver disease, or vitamin D 

receptor defects
Inadequate production of active vitamin D (1,25[OH]2D) as a result of chronic 

renal failure*
Vitamin D resistance (rickets)

As a result of renal tubular dysfunction (Fanconi syndrome) or vitamin D 
receptor defects

Parathyroid hormone resistance
(e.g., pseudohypoparathyroidism, hypomagnesemia)

Drugs
Calcium chelators (e.g., citrated blood transfusions, phosphate—cow’s milk is rich 

in phosphate)
Inhibitors of bone resorption (e.g., bisphosphonates, calcitonin, plicamycin)
Altered vitamin D metabolism (e.g., phenytoin, ketoconazole)
Foscarnet

Miscellaneous
Acute pancreatitis
Acute rhabdomyolysis
Massive tumor lysis
Osteoblastic metastases (e.g., from prostate or breast carcinoma)
Toxic shock syndrome
Hyperventilation

*Most common causes.

phosphate in the intestines, and with calcitriol (1,25[OH]2D). The use of the 
most appropriate phosphate binder is not well established, but it is clear that 
aluminum-containing compounds are to be avoided. Aluminum in these prepa-
rations and as a contaminant of dialysis solutions contributed in the recent 
past to the osteomalacic osseous disease and other aspects of metal toxicity 
in patients with renal failure (e.g., hypochromic anemia and encephalopathy). 
Early treatment of the metabolic disturbance will prevent or delay the onset of 
severe secondary hyperparathyroidism and tertiary hyperparathyroidism, which 
requires parathyroidectomy. For patients who have end-stage renal failure and 
are on dialysis, cinacalcet, the allosteric activator of the CaSR, can be used to 
treat the severe secondary hyperparathyroidism. Cinacalcet will reduce the 
PTH concentrations and may also have an antiproliferative effect,15 but subtotal 
parathyroidectomy is better than cinacalcet for controlling hypercalcemia in 
kidney allograft recipients. A3 

 DISORDERS AND SYNDROMES ASSOCIATED 
WITH HYPERCALCEMIA

 Endocrine Causes of Hypercalcemia Other than 
Hyperparathyroidism
Several nonparathyroid disorders (see Table 232-2) are associated with hyper-
calcemia, and these include thyrotoxicosis, pheochromocytoma, Addison 
disease, vasoactive intestinal polypeptide hormone producing tumor (VIPomas), 
familial benign hypocalciuric hypercalcemia, Jansen disease, and Williams 
syndrome.
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in Williams syndrome, was not involved in the deletion found in four patients 
with Williams syndrome, indicating that it is unlikely to be implicated in the 
hypercalcemia of such children. Another, as yet uncharacterized gene that is 
within this contiguously deleted region is likely to be involved to explain the 
abnormalities of calcium metabolism.

 INFANTILE HYPERCALCEMIA
Infantile hypercalcemia is associated with failure to thrive and is characterized 
by severe hypercalcemia, hypercalciuria, and nephrocalcinosis and elevated 
circulating 1,25(OH)2D concentrations. Some infants with this disorder have 
homozygous or compound heterozygous mutations of the gene encoding the 
24-hydroxylase (CYP24A1) enzyme, which metabolizes the active 1,25(OH)2D 
to the inactive 1,24,25(OH)3D form (see Fig. 232-1).

 Malignancy
Hypercalcemia may occur in 20 to 30% of patients with a malignancy, and 
this is usually due to increased bone resorption, which may either be directly 
due to skeletal metastases or indirectly due to tumor production of a humoral 
factor that stimulates osteoclastic bone resorption.17 The cancers that typi-
cally metastasize to produce lytic bone lesions are from the breast, lym-
phomas, or multiple myeloma (see Table 232-2). The associated osteolysis, 
mediated by recruitment and activation of osteoclasts, involves cytokines. 
Denosumab, a humanized neutralizing monoclonal antibody to RANKL, 
may be used to prevent the recruitment and activation of osteoclasts and 
the resulting hypercalcemia. The cancers that are typically associated with 
the humoral hypercalcemia of malignancy (HHM) are squamous carcinomas 
of the lung, esophagus, cervix, vulva, skin, head, or neck, but other types 
from the kidney, bladder, ovary, and breast may also occur. HHM accounts 
for up to 80% of patients with malignancy-associated hypercalcemia. The 
most common factor causing HHM is PTHrP, which can be measured in 
the serum by immunoassay. However, these assays are relatively insensitive, 
and the failure to detect serum PTHrP does not exclude the diagnosis of 
HHM. Patients with HHM generally have hypercalcemia associated with 
lower or undetectable serum PTH levels, marked hypercalcemia, and a 
reduced plasma 1,25(OH)2D level. Therapy of HHM is aimed at (1) reduc-
ing the tumor load by surgery, radiotherapy, or chemotherapy; (2) reducing 
osteoclastic bone resorption by use of denosumab, A4 

,
 A5  bisphosphonates (e.g., 

zoledronate), or calcitonin; and (3) increasing renal calcium clearance by a  
saline diuresis.

 Granulomatous Disorders
Several granulomatous disorders are associated with hypercalcemia (see Table 
232-2), and this is invariably associated with elevated circulating concentra-
tions of 1,25(OH)2D, which is due to extrarenal synthesis. Sarcoidosis is the 
most frequently encountered granulomatous disorder associated with hyper-
calcemia; 10% of patients with sarcoidosis have hypercalcemia, and about 
half become hypercalciuric. The finding of raised serum angiotensin-converting 
enzyme (ACE) activity may help confirm the diagnosis. Glucocorticoids (e.g., 
40 to 60 mg of prednisolone daily) decrease 1,25(OH)2D production and 
restore the calcium concentration to normal. Failure to achieve normal serum 
calcium concentrations within 10 days of glucocorticoid therapy (e.g., hydro-
cortisone, 40 mg three times per day), the steroid suppression test, should 
suggest the coexistence of another cause for the hypercalcemia, such as primary 
hyperparathyroidism or malignancy.

 Drugs
Several drugs (see Table 232-2) can cause hypercalcemia by different 
mechanisms. Compounds containing vitamins D and A are common and 
frequently associated with hypercalcemia. The use of thiazide diuretics 
is often associated with hypercalcemia. The hypercalcemia appears to be 
largely renal in origin because thiazides enhance distal renal tubular calcium 
reabsorption. Hypercalcemia reverses rapidly with discontinuation of  
the drug.

The milk-alkali syndrome was first described in the 1930s, generally in the 
context of ulcer treatment with large quantities of milk together with sodium 
bicarbonate. Today, the responsible agent is usually calcium carbonate, although 
consumption of large quantities of dairy products (milk, cheese, and yogurt) 
may still contribute. Classic features include moderate to severe hypercalcemia 
with alkalosis and renal impairment. The amount of calcium ingested by patients 
with this syndrome is usually 5 to 15 g/day. Treatment consists of (1) dis-
continuing the ingestion of the calcium-containing compounds and antacids, 
(2) rehydration, and (3) saline diuresis.

 THYROTOXICOSIS
Mild hypercalcemia (<12 mg/dL, or 3 mmol/L) frequently accompanies 
thyrotoxicosis, which leads to increased bone turnover and resorption. The 
hypercalcemia may respond to treatment with β-adrenergic blockers.

 FAMILIAL BENIGN HYPOCALCIURIC HYPERCALCEMIA
Familial benign hypercalcemia (FBH), which is also referred to as familial 
hypocalciuric hypercalcemia (FHH), is an autosomal dominant disorder 
characterized by lifelong asymptomatic hypercalcemia in association with 
an inappropriately low urinary calcium excretion (i.e., calcium clearance-to- 
creatinine clearance ratio [CCR] <0.01), and normal circulating PTH con-
centrations in 80% of patients. Hypermagnesemia is also typically present. 
Although most patients with FBH are asymptomatic, chondrocalcinosis and 
acute pancreatitis have occasionally been observed. Patients with FHH have 
been misdiagnosed as having primary hyperparathyroidism because 20% of 
FHH patients may have elevated plasma PTH concentrations. In addition, 
20% of FHH patients may have a CCR greater than 0.01 and therefore be 
indistinguishable from patients with primary hyperparathyroidism. More-
over, low CCRs are observed in patients with primary hyperparathyroid-
ism who have vitamin D deficiency or renal insufficiency or are of African 
American origin. It is important to distinguish FHH patients from those with 
primary hyperparathyroidism because the hypercalcemia in FHH is gener-
ally benign and does not result in sequelae (see Table 232-4). Moreover, 
parathyroidectomy does not correct the hypercalcemia in FHH. Mutational 
analysis may help in identifying FHH patients from those with primary  
hyperparathyroidism.

 AUTOIMMUNE HYPOCALCIURIC HYPERCALCEMIA
Some patients, who have the clinical features of FHH1 but not CaSR muta-
tions, may have autoimmune hypocalciuric hypercalcemia (AHH).16 Such 
patients may have multiple clinical autoimmune manifestations, includ-
ing antithyroid, antigliadin, or antiendomyseal antibodies. These patients 
were shown to have circulating antibodies to the extracellular domain of 
the CaSR. The CaSR-bound autoantibodies stimulate PTH release from 
dispersed human parathyroid cells in vitro, probably by inhibiting the acti-
vation of the CaSR by extracellular calcium. The effects of treatment with 
glucocorticoids have been variable, with the hypercalcemia responding in one 
patient but not in another. Thus, AHH is a disorder of extracellular calcium 
sensing that should be considered in FHH1 patients who do not have CaSR  
mutations.

 NEONATAL SEVERE PRIMARY HYPERPARATHYROIDISM
Neonatal severe primary hyperparathyroidism (NSHPT) is defined as symp-
tomatic hypercalcemia with skeletal manifestations of hyperparathyroidism 
in the first 6 months of life. NSHPT children often present in the first few 
days or weeks of life with failure to thrive, dehydration, hypotonia, constipa-
tion, rib cage deformities, and multiple fractures due to bony undermineraliza-
tion. They often have life-threatening hypercalcemia and require urgent 
parathyroidectomy, which corrects the PTH-dependent hypercalcemia and 
bone demineralization. Cinacalcet has been reported to be effective in reduc-
ing the hypercalcemia of some children with NSHPT. FBH or FHH is due 
to heterozygous inactivating mutations of the CaSR, and NSHPT is often 
associated with inactivating homozygous CaSR mutations when the children 
are from consanguineous parents with FHH1 (see Fig. 232-2). However, 
NSHPT has also been observed in children for whom one parent had clini-
cally apparent FBH, and many other NSHPT patients appear to be sporadic; 
that is, both parents have normal serum calcium concentrations. In such NSHPT 
patients with heterozygous CaSR mutations, the mutant CaSR may exert a 
dominant negative action on the normal CaSR.

 WILLIAMS SYNDROME
Williams syndrome is an autosomal dominant disorder characterized by supra-
valvular aortic stenosis, elfin-like facies, psychomotor retardation, and infantile 
hypercalcemia. The underlying abnormality causing hypercalcemia, which 
affects 5 to 50% of patients, remains unknown, but abnormal 1,25(OH)2D3 
metabolism and decreased calcitonin production have been implicated, although 
no abnormality has been consistently demonstrated. Hemizygosity for a micro-
deletion of chromosome 7q11.23 involving the ELASTIN and LIM-KINASE 
genes, which may explain the respective cardiovascular and neurologic features, 
have been reported in Williams syndrome patients. However, the calcitonin 
receptor gene, located on chromosome 7q21 and close to the region deleted 
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clathrin-coated vesicles (CCVs) and is pivotal in clathrin-mediated endocytosis, 
which internalizes plasma membrane constituents such as GPCRs. AP2 is a 
heterotetramer of α, β, µ, and σ subunits and links clathrin to vesicle mem-
branes and binds to tyrosine- and dileucine-based motifs of membrane-asso-
ciated cargo proteins. The FHH3-associated AP2σ mutations, which all involve 
an Arg15 residue that forms key contacts with the dileucine-based motifs of 
CCV cargo proteins, result in a decreased sensitivity of CaSR-expressing cells 
to extracellular calcium and reduced CaSR endocytosis, probably through 
loss of interaction with a C-terminal CaSR dileucine-based motif, whose dis-
ruption also decreases intracellular signaling. Such AP2σ loss-of-function 
mutations occur in more than 5% of FHH patients. FHH1, FHH2, and FHH3 
have similar clinical features, and thus genetic analysis is required to identify 
the relevant mutations. However, the hypercalcemia in FHH3 patients may 
be more severe and symptomatic than in FHH1 patients, and cinacalcet can 
correct the hypercalcemia of FHH3 patients with an improvement in the 
symptoms.

FHH is genetically heterogenous, with three reported variants—FHH1, 
FHH2 and FHH3—whose loci are on chromosomes 3q21.1, 19p, and 19q13, 
respectively (see Table 232-1). FHH1 is due to heterozygous loss-of-function 
mutations of the CaSR, which is a GPCR that signals through Gαq and Gα11. 
The human calcium-sensing receptor (CaSR), a 1078–amino acid cell surface 
GPCR encoded by the CaSR gene located on chromosome 3q21.1, is expressed 
in parathyroid cells, thyroid cells, and kidney (see Fig. 232-2). Approximately 
two thirds of FHH kindreds have unique heterozygous mutations of the CaSR, 
and expression studies of these mutations have demonstrated a loss of CaSR 
function whereby there is an increase in the calcium ion–dependent set point 
for PTH release from the parathyroid cell. FHH2 is due to loss-of-function 
mutations in the G-protein subunit α11 (Gα11) (see Fig. 232-2), which 
decrease the sensitivity of cells expressing the CaSR, probably by impairing 
the release of guanosine diphosphate. Such Gα11 loss-of-function mutations 
may occur in less than 5% of FHH patients.

FHH3 is due to loss-of-function mutations of the adaptor protein 2 (AP2) 
sigma subunit (AP2σ) (see Fig. 232-2). AP2 is a central component of 
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 HYPOCALCEMIA

 DEFINITION
Hypocalcemia is defined as a serum calcium concentration below the lower 
limit of normal range, and this is usually an ionized serum calcium below 
4.65 mg/dL (1.16 mmol/L) and a total serum calcium below 8.5 mg/dL 
(2.12 mmol/L). Mild hypocalcemia is defined as a total serum calcium of 8 
to 8.5 mg/dL (2 to 2.12 mmol/L) and severe hypocalcemia as a total serum 
calcium below 7.6 mg/dL (1.9 mmol/L).

 PATHOBIOLOGY
Hypocalcemia (see Table 232-6) can be classified by cause, according to whether 
serum PTH concentrations are low (i.e., hypoparathyroid disorders) or high 
(i.e., disorders associated with secondary hyperparathyroidism). Hypocalcemia 
is most commonly caused by hypoparathyroidism, a deficiency or abnormal 
metabolism of vitamin D, acute or chronic renal failure, or hypomagnesemia. 
Hypocalcemic diseases (see Table 232-6) may arise because of a destruction 
of the parathyroid glands, failure of parathyroid gland development, or reduced 
PTH secretion or PTH-mediated actions in target tissues. Thus, these diseases 
may be classified as being due to a deficiency of PTH, a defect in the PTH 
receptor (i.e., the PTH/PTHrP receptor), or insensitivity to PTH caused by 
defects downstream of the PTH/PTHrP receptor (see Fig. 232-2). The diseases 
may also be classified as being part of the hypoparathyroid disorders, of the 
CaSR abnormalities, or of the pseudohypoparathyroid disorders.18

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
The clinical presentation of hypocalcemia ranges from an asymptomatic bio-
chemical abnormality to a severe, life-threatening condition.19 In mild hypocal-
cemia, patients may be asymptomatic. Those with more severe and long-term 
hypocalcemia may develop acute symptoms of neuromuscular irritability (Table 
232-7), ectopic calcification (e.g., in the basal ganglia, which may be associated 
with extrapyramidal neurologic symptoms), subcapsular cataracts, papilledema, 
and abnormal dentition. Investigations should be directed at confirming the 
presence of hypocalcemia and establishing the cause (Fig. 232-4).

In hypoparathyroidism, serum calcium is low, phosphate is high, and PTH 
is undetectable; renal function and concentrations of the 25-hydroxy and 

TABLE 232-7 HYPOCALCEMIC CLINICAL FEATURES OF 
NEUROMUSCULAR IRRITABILITY

Paresthesia, usually of fingers, toes, and circumoral regions
Tetany, carpopedal spasm, muscle cramps
Chvostek sign*
Trousseau sign†

Seizures of all types (i.e., focal or petit mal, grand mal, or syncope)
Prolonged QT interval on electrocardiogram
Laryngospasm
Bronchospasm
*Chvostek sign is twitching of the circumoral muscles in response to gentle tapping of the facial 
nerve just anterior to the ear; it may be present in 10% of normal individuals.
†Trousseau sign is carpal spasm elicited by inflation of a blood pressure cuff to 20 mm Hg above the 
patient’s systolic blood pressure for 3 minutes.

Acute Hypocalcemia
The management of acute hypocalcemia depends on the severity of the 

hypocalcemia, the rapidity with which it developed, and the degree of neuro-
muscular irritability (see Table 232-7). Treatment should be given to symptomatic 
patients (e.g., with seizures or tetany) and asymptomatic patients with a serum 
calcium of less than 7.6 mg/dL (1.90 mmol/L) who are at high risk for develop-
ing complications. The preferred treatment for acute symptomatic hypocalcemia 

TREATMENT 

Hypocalcemia
Serum adjusted calcium < 2.2 mmol/L

or ionized calcium < 1.1 mmol/L

Confirm hypocalcemia and 
undertake clinical assessment – for 
risk factors for vitamin D deficiency 

and for common causes of 
hypocalcemia (e.g., postsurgical 

hypoparathyroidism, drugs or CKD)

Undertake appropriate
biochemical tests (e.g.,

first line: PTH, PO4, Mg, Cr, or EGFR;
second line: 25-OH-D, amylase, CK)

Vitamin D deficiency 
(malabsorption, liver disease)

Acute pancreatitis
Drugs (e.g., bisphosphonates)

CKD
Massive tumor lysis

Early rhabdomyolysis
Pseudohypoparathyroidism

• Reversible hypoparathyroidism – 
reduced parathyroid function due to:

 Hypomagnesemia 
 Drugs (e.g., cinacalcet)

 Neonatal hypocalcemia caused by 
maternal hypercalcemia

• Irreversible hypoparathyroidism due 
to parathyroid loss (via surgery or 
agenesis) or autoimmune disease

PTH
PO4

PTH
PO4

PTH
PO4

FIGURE 232-4. Clinical approach to investigation of causes of hypocalcemia. 25-oh-d = 25-hydroxyvitamin d; cK = creatinine kinase; cKd = chronic kidney disease; cr = creatinine; 
eGFr = estimated glomerular filtration rate; PTh = parathyroid hormone. 

1,25-dihydroxy metabolites of vitamin D are usually normal (see Fig. 232-4). 
The features of pseudohypoparathyroidism are similar to those of hypopara-
thyroidism except for PTH, which is markedly increased. In chronic renal 
failure, which is the most common cause of hypocalcemia, phosphate is high, 
and alkaline phosphatase, creatinine, and PTH are elevated; 25-OH-D3 is 
normal, and 1,25(OH)2D3 is low (see Fig. 232-1). In vitamin D deficiency 
osteomalacia, serum calcium and phosphate are low, alkaline phosphatase 
and PTH are elevated, renal function is normal, and 25-OH-D3 is low (see 
Fig. 232-4). The most frequent artifactual cause of hypocalcemia is hypoal-
buminemia, such as occurs in liver disease or the nephrotic syndrome.

 HYPOPARATHYROIDISM
Hypoparathyroidism is characterized by hypocalcemia and hyperphosphate-
mia, which are the result of a deficiency in PTH secretion or action.22,23 The 
incidence of hypoparathyroidism is approximately 0.8 per 100,000 person-
years, with a prevalence estimated to be 22 to 37 per 100,000 person-years.

 PATHOBIOLOGY
The most common cause of hypoparathyroidism is postsurgical hypoparathy-
roidism. Hypoparathyroidism also may result from agenesis (e.g., DiGeorge 
syndrome) or destruction of the parathyroid glands (e.g., autoimmune dis-
eases), from reduced secretion of PTH (e.g., neonatal hypocalcemia or hypo-
magnesemia), or from resistance to PTH (which may occur as a primary 
disorder (e.g., pseudohypoparathyroidism or secondary to hypomagnese-
mia) (see Table 232-6). In addition, hypoparathyroidism may occur as an 
inherited syndromic disorder (see Table 232-1) that may either be part of 
a complex congenital defect (e.g., DiGeorge syndrome) or part of a poly-
glandular autoimmune disorder (see Table 232-6 and Fig. 232-2). Hypo-
parathyroidism may also occur as a nonsyndromic solitary endocrinopathy, 
which has been referred to as isolated or idiopathic hypoparathyroidism. 
Familial occurrences of isolated hypoparathyroidism with autosomal domi-
nant, autosomal recessive, and X-linked recessive inheritances have been  
established.24

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with hypoparathyroidism may present with symptoms and signs of 
acute or chronic hypocalcemia, as described above. The diagnosis requires 
accurate measurement of PTH. Serum concentrations of immunoreactive 
PTH are low or undetectable despite the presence of hypocalcemia. 

TREATMENT 

 Specific Causes of Hypoparathyroidism
 ISOLATED HYPOPARATHYROIDISM
Isolated hypoparathyroidism may either be inherited or acquired by damage 
to the parathyroids at surgery, by infiltrating metastases, or by systemic disease 
(see Table 232-6).

 Acquired Forms of Hypoparathyroidism
Hypoparathyroidism may occur after neck surgery, after irradiation, or because 
of infiltration by metastases or systemic disease, for example, hemochromatosis, 
amyloidosis, sarcoidosis, Wilson disease, or thalassemia (see Table 232-6). 
Surgical damage to the parathyroids occurs most commonly after a radical 
neck dissection, such as for laryngeal or esophageal carcinoma treatment, after 
a total thyroid resection, or after repeated parathyroidectomies for polyglan-
dular disease (e.g., in MEN 1 or MEN 2, discussed previously). Hypocalcemic 
symptoms begin 12 to 24 hours after surgery and may need treatment with 
oral or intravenous calcium. Parathyroid function often returns, but persistent 
hypocalcemia requires treatment with vitamin D preparations.

Neonatal hypoparathyroidism resulting in hypocalcemia may occur in the 
infant of a mother with hypercalcemia caused by primary hyperparathyroidism 
(see Table 232-6). Maternal hypercalcemia results in increased calcium delivery 
to the fetus, and this fetal hypercalcemia suppresses fetal PTH secretion. 
Postpartum, the infant’s suppressed parathyroids are unable to maintain nor-
mocalcemia. The disorder is usually self-limited, but occasionally therapy may 
be required. In addition, the feeding of cow’s milk, which has a high phosphate 
content, to infants may result in hypocalcemia in some children.

Functional hypoparathyroidism may result from severe hypomagnesemia 
(<0.4 mmol/L), which may be due to a severe intestinal malabsorption disorder 
(e.g., Crohn disease) or a renal tubular disorder (see Table 232-6). It is associ-
ated with hypoparathyroidism because magnesium is required for the release 
of PTH from the parathyroid gland and also for PTH action through adenyl 
cyclase. Magnesium chloride, 35 to 50 mmol intravenously in 1 liter of 5% 
glucose or other isotonic solution given over 12 to 24 hours, may be repeat-
edly required to restore normomagnesemia.

 Inherited Hypoparathyroidism
Patients with inherited forms of hypoparathyroidism may develop hypocal-
cemic seizures in the neonatal or infantile periods and require lifelong treat-
ment with oral vitamin D preparations, such as calcitriol. Autosomal dominant, 
autosomal recessive, and X-linked recessive inheritances for hypoparathyroidism 
have been observed (see Table 232-1). Some of the autosomal forms are due 
to mutations of the PTH gene, the CaSR (see later), the Gα11 subunit (see 
later), and the transcriptional factor GCMB (glial cells missing B). The X-linked 
forms likely alter regulation of SOX3 (see Fig. 232-4).

 Autosomal Dominant Hypocalcemia Type 1 and Type 2
Autosomal dominant hypocalcemia type 1 (ADH1) is characterized by lifelong 
mild or severe hypocalcemia in association with normal serum PTH concen-
trations in about 40% of patients or low serum PTH concentrations in about 
60% of patients. Serum phosphate and magnesium concentrations may be 
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Concentrations of 1,25(OH)2D3 are usually in the low-normal to low range, 
but alkaline phosphatase activity is normal (see Fig. 232-4). The daily urinary 
excretion of calcium may be reduced, although the fractional excretion of 
calcium is invariably increased.

is calcium gluconate, 10 mL 10% w/v (2.20 mmol of calcium) intravenous, diluted 
in 50 mL of 5% dextrose or 0.9% sodium chloride and given by slow injection 
(>5 minutes); this can be repeated as required to control symptoms. Serum 
calcium concentrations should be assessed regularly. Persistent hypocalcemia 
may be managed acutely by administration of a calcium gluconate infusion; 
for example, dilute 10 ampules of calcium gluconate, 10 mL 10% w/v (22 mmol 
of calcium), in 1 liter of 5% dextrose or 0.9% sodium chloride, start infusion at 
50 mL/hour, and titrate to maintain serum calcium concentrations in the normal 
range. Generally, 1.2 to 1.6 mg/kg (0.3 to 0.4 mmol/kg) of elemental calcium 
infused over 4 to 6 hours increases serum calcium by 2 to 3 mg/dL (0.5 to 
0.75 mmol/L). If hypocalcemia is likely to persist, oral vitamin D therapy (see 
later) should also be administered. In hypocalcemic patients who are also hypo-
magnesemic, the hypomagnesemia must be corrected before the hypocalcemia 
will resolve. This may occur in the postparathyroidectomy period or in patients 
with severe malabsorption, for example, those with established celiac disease 
(Chapter 131).

Chronic Hypocalcemia
The two main agents available for the treatment of chronic (long-term) 

hypocalcemia are supplemental calcium, about 10 to 20 mmol calcium every 
6 to 12 hours, and vitamin D preparations. Patients with hypoparathyroidism 
seldom require calcium supplements after the early stages of stabilization with 
vitamin D. A variety of vitamin D preparations have been used. These include 
vitamin D3 (cholecalciferol) or vitamin D2 (ergocalciferol), 10,000 to 50,000 units 
(0.25 to 1.25 mg/day); dihydrotachysterol (now seldom used), 0.25 to 1.25 mg/
day; alfacalcidol (1α-hydroxycholecalciferol), 0.25 to 1 µg/day; and calcitriol 
(1,25-dihydroxy cholecalciferol), 0.25 to 2 µg/day. In children, these preparations 
are prescribed in doses based on body weight. Cholecalciferol and ergocalciferol 
are the least expensive preparations but have the longest durations of action 
and may result in prolonged toxicity; however, they are the preparations of 
choice for treating hypocalcemia associated with vitamin D deficiency (see 
Table 232-6). The other preparations, which do not require renal 1α-hydroxylation, 
have the advantage of shorter half-lives and thereby minimize the risk for pro-
longed toxicity. For treatment of hypocalcemia due to hypoparathyroidism or 
chronic renal failure, calcitriol is the drug of choice because it is the active 
metabolite and, unlike alfacalcidol, does not require hepatic 25-hydroxylation. 
Close monitoring (at about 1- to 2-week intervals) of the patient’s serum and 
urine calcium concentrations are required initially, and follow-up at 3- to 6-month 
intervals is appropriate once stabilization is achieved. The aim is to avoid hyper-
calcemia, hypercalciuria, nephrolithiasis, and renal failure. It should be noted 
that hypercalciuria may occur in the absence of hypercalcemia. The use of PTH 
(1-84) in hypoparathyroid patients has been reported to be associated with 
improvement in the biochemical and skeletal indices, as well as in mental and 
physical health.20,21

 HYPOPARATHYROIDISM
Hypoparathyroidism is characterized by hypocalcemia and hyperphosphate-
mia, which are the result of a deficiency in PTH secretion or action.22,23 The 
incidence of hypoparathyroidism is approximately 0.8 per 100,000 person-
years, with a prevalence estimated to be 22 to 37 per 100,000 person-years.

 PATHOBIOLOGY
The most common cause of hypoparathyroidism is postsurgical hypoparathy-
roidism. Hypoparathyroidism also may result from agenesis (e.g., DiGeorge 
syndrome) or destruction of the parathyroid glands (e.g., autoimmune dis-
eases), from reduced secretion of PTH (e.g., neonatal hypocalcemia or hypo-
magnesemia), or from resistance to PTH (which may occur as a primary 
disorder (e.g., pseudohypoparathyroidism or secondary to hypomagnese-
mia) (see Table 232-6). In addition, hypoparathyroidism may occur as an 
inherited syndromic disorder (see Table 232-1) that may either be part of 
a complex congenital defect (e.g., DiGeorge syndrome) or part of a poly-
glandular autoimmune disorder (see Table 232-6 and Fig. 232-2). Hypo-
parathyroidism may also occur as a nonsyndromic solitary endocrinopathy, 
which has been referred to as isolated or idiopathic hypoparathyroidism. 
Familial occurrences of isolated hypoparathyroidism with autosomal domi-
nant, autosomal recessive, and X-linked recessive inheritances have been  
established.24

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Patients with hypoparathyroidism may present with symptoms and signs of 
acute or chronic hypocalcemia, as described above. The diagnosis requires 
accurate measurement of PTH. Serum concentrations of immunoreactive 
PTH are low or undetectable despite the presence of hypocalcemia. 

The main treatments for the hypocalcemia due to hypoparathyroidism are 
vitamin D preparations and supplemental calcium, as described above. Recom-
binant human PTH (1-84), rhPTH, has been approved by the U.S. FDA for the 
treatment of patients whose hypocalcemia is refractory to treatment with vitamin 
D preparations and calcium supplements. Treatment with rhPTH at a dose of 
50 µg once daily can provide a specific approach to management with reduced 
doses of calcium and vitamin D.25 Doses should be titrated every 4 weeks, with 
the goal to reduce oral calcium supplements to as low as 500 mg/day and to 
discontinue vitamin D supplements while keeping serum calcium within the 
low-normal range. After a stable dose is achieved, serum calcium and phosphate 
levels should be monitored every 3 to 6 months and urinary calcium excretion 
at least yearly.

TREATMENT 

 Specific Causes of Hypoparathyroidism
 ISOLATED HYPOPARATHYROIDISM
Isolated hypoparathyroidism may either be inherited or acquired by damage 
to the parathyroids at surgery, by infiltrating metastases, or by systemic disease 
(see Table 232-6).

 Acquired Forms of Hypoparathyroidism
Hypoparathyroidism may occur after neck surgery, after irradiation, or because 
of infiltration by metastases or systemic disease, for example, hemochromatosis, 
amyloidosis, sarcoidosis, Wilson disease, or thalassemia (see Table 232-6). 
Surgical damage to the parathyroids occurs most commonly after a radical 
neck dissection, such as for laryngeal or esophageal carcinoma treatment, after 
a total thyroid resection, or after repeated parathyroidectomies for polyglan-
dular disease (e.g., in MEN 1 or MEN 2, discussed previously). Hypocalcemic 
symptoms begin 12 to 24 hours after surgery and may need treatment with 
oral or intravenous calcium. Parathyroid function often returns, but persistent 
hypocalcemia requires treatment with vitamin D preparations.

Neonatal hypoparathyroidism resulting in hypocalcemia may occur in the 
infant of a mother with hypercalcemia caused by primary hyperparathyroidism 
(see Table 232-6). Maternal hypercalcemia results in increased calcium delivery 
to the fetus, and this fetal hypercalcemia suppresses fetal PTH secretion. 
Postpartum, the infant’s suppressed parathyroids are unable to maintain nor-
mocalcemia. The disorder is usually self-limited, but occasionally therapy may 
be required. In addition, the feeding of cow’s milk, which has a high phosphate 
content, to infants may result in hypocalcemia in some children.

Functional hypoparathyroidism may result from severe hypomagnesemia 
(<0.4 mmol/L), which may be due to a severe intestinal malabsorption disorder 
(e.g., Crohn disease) or a renal tubular disorder (see Table 232-6). It is associ-
ated with hypoparathyroidism because magnesium is required for the release 
of PTH from the parathyroid gland and also for PTH action through adenyl 
cyclase. Magnesium chloride, 35 to 50 mmol intravenously in 1 liter of 5% 
glucose or other isotonic solution given over 12 to 24 hours, may be repeat-
edly required to restore normomagnesemia.

 Inherited Hypoparathyroidism
Patients with inherited forms of hypoparathyroidism may develop hypocal-
cemic seizures in the neonatal or infantile periods and require lifelong treat-
ment with oral vitamin D preparations, such as calcitriol. Autosomal dominant, 
autosomal recessive, and X-linked recessive inheritances for hypoparathyroidism 
have been observed (see Table 232-1). Some of the autosomal forms are due 
to mutations of the PTH gene, the CaSR (see later), the Gα11 subunit (see 
later), and the transcriptional factor GCMB (glial cells missing B). The X-linked 
forms likely alter regulation of SOX3 (see Fig. 232-4).

 Autosomal Dominant Hypocalcemia Type 1 and Type 2
Autosomal dominant hypocalcemia type 1 (ADH1) is characterized by lifelong 
mild or severe hypocalcemia in association with normal serum PTH concen-
trations in about 40% of patients or low serum PTH concentrations in about 
60% of patients. Serum phosphate and magnesium concentrations may be 
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 Autoimmune Acquired Hypoparathyroidism
Twenty percent of patients who have acquired hypoparathyroidism (AH) in 
association with autoimmune hypothyroidism have autoantibodies to the 
extracellular domain of the CaSR (see Table 232-1 and Fig. 232-2). The CaSR 
autoantibodies do not persist for long; 72% of patients who had AH for less 
than 5 years had detectable CaSR autoantibodies, whereas only 14% of patients 
with AH for more than 5 years had such autoantibodies. The majority of the 
patients who have CaSR autoantibodies were female, a finding that is similar 
to that found in other autoantibody-mediated diseases. Indeed, a few acquired 
hypoparathyroidism patients also have features of autoimmune polyglandular 
syndrome type 1. The epitopes for the anti-CaSR antibodies are localized to 
the N terminal of the extracellular domain of the receptor. These findings 
establish that the CaSR is an autoantigen in acquired hypoparathyroidism.

 DiGeorge Syndrome
Patients with the DiGeorge syndrome suffer from neonatal hypoparathyroid-
ism, T-cell immunodeficiency, congenital heart defects, and deformities of 
the ear, nose, and mouth (e.g., cleft lip and/or palate). Children with DiGeorge 
syndrome often die from infections related to the immunodeficiency. The 
disorder arises from a congenital failure in the development of the derivatives 
of the third and fourth pharyngeal pouches with resulting absence or hypo-
plasia of the parathyroids and thymus. Most cases are sporadic, but an autosomal 
dominant inheritance of DiGeorge syndrome has been observed, and an 
association between the syndrome and an unbalanced translocation and dele-
tions involving chromosome 22q11.2 has also been reported (see Table 232-1). 
In some patients, deletions of another locus on chromosome 10p13-p14 have 
been observed in association with DiGeorge syndrome, and this is referred 
to as DGS2, whereas patients with the 22q11.2 deletions are referred to as 
having DGS1. Studies of the DGS1 deleted region on chromosome 22q11.2 
have revealed four genes (RNEX40, NEX2.2-NEX3, UDFIL, and TBX1) to 
be involved. However, point mutations in DGS1 patients have been detected 
only in the TBX1 gene, and TBX1 is now considered to be the gene causing 
DGS1 (see Table 232-1 and Fig. 232-2). TBX1 encodes a DNA-binding tran-
scriptional factor of the T-BOX family that is known to have an important 
role in organogenesis and pattern formation. The TBX1 gene is deleted in 
approximately 96% of all DGS1 patients, and some of those without deletions 
have mutations of TBX1.

 PSEUDOHYPOPARATHYROIDISM
Patients with pseudohypoparathyroidism (PHP), which may be inherited as 
an autosomal dominant disorder, are characterized by hypocalcemia and 
hyperphosphatemia due to PTH resistance rather than PTH deficiency (see 
Table 232-6).26 Five variants, which form part of a group of inactivating PTH/
PTHrP signalling disorders (iPPSDs),27 are recognized on the basis of bio-
chemical and somatic features (Table 232-8), and three of these—PHP type 
1a (PHP 1a), PHP type 1b (PHP 1b), and pseudopseudohypoparathyroidism 
(PPHP)—will be reviewed in further detail. Patients with PHP 1a exhibit 

elevated or low, respectively. Approximately 50% of ADH1 patients have 
asymptomatic hypocalcemia, and the remaining 50% may experience pares-
thesia, muscle cramps, carpopedal spasms, and seizures, which may be associ-
ated with a febrile illness. In addition, about 10% of ADH1 patients may have 
absolute hypercalciuria, which may be associated with nephrocalcinosis and 
kidney stones in 35% of patients. Vitamin D preparations and calcium supple-
mentation to correct the hypocalcemia may worsen the hypercalciuria and 
lead to renal impairment. Basal ganglia or ectopic calcification may be found 
in more than 35% of patients. About 20% of ADH1 patients do not have a 
previously reported family history because they have de novo mutations. ADH1 
is due to gain-of-function mutations of the CaSR (see Table 232-1 and Fig. 
232-2). ADH2 is due to gain-of-function mutations of the Gα11 subunit, and 
ADH2 patients appear to have clinical features that are similar to those in 
ADH1 patients.

 COMPLEX SYNDROMES ASSOCIATED WITH HYPOPARATHYROIDISM
Hypoparathyroidism may occur as part of a complex syndrome that may be 
associated with either a congenital developmental anomaly or an autoimmune 
syndrome. The congenital developmental anomalies associated with hypo-
parathyroidism, which occurs in 1 in 4000 live births, include DiGeorge syn-
drome, hypoparathyroidism, deafness, and renal anomalies (HDR) syndrome, 
Kenney-Caffey and Barakat syndromes, and also syndromes associated with 
either lymphedema or dysmorphic features and growth failure (see Table 
232-1 and Fig. 232-2).

 Polyglandular Autoimmune Hypoparathyroidism
Polyglandular autoimmune hypoparathyroidism comprises hypoparathyroid-
ism, Addison disease, candidiasis, and two or three of the following: type 1 
diabetes mellitus, primary hypogonadism, autoimmune thyroid disease, perni-
cious anemia, chronic active hepatitis, steatorrhea (malabsorption), alopecia 
(totalis or areata), and vitiligo. The disorder has also been referred to as either 
the autoimmune polyendocrinopathy candidiasis ectodermal dystrophy 
(APECED) syndrome or the polyglandular autoimmune type 1 syndrome 
(see Table 232-1). Antibodies directed against the adrenal, thyroid, and para-
thyroid glands are detected in the sera of some patients. The polyglandular 
autoimmune type 2 syndrome is characterized by adrenal insufficiency, type 
1 diabetes mellitus, and thyroid disease and does not involve hypoparathyroid-
ism. APECED, which has an autosomal recessive inheritance, has a high inci-
dence in Finland and among Iranian Jews. The APECED gene, which has been 
located to chromosome 21q22.3, encodes a 545–amino acid protein that 
contains motifs associated with a transcriptional factor and includes two zinc-
finger motifs, a proline-rich region, and three LXXLL motifs. The gene is 
referred to as AIRE (autoimmune regulator) (see Fig. 232-2). Four AIRE 
mutations are commonly found in APECED families, and these likely abolish 
the E3 ubiquitin ligase activity of the AIRE1 protein. AIRE1 has been shown 
to regulate the elimination of organ-specific T cells in the thymus, and APECED 
is likely to be caused by a failure of this specialized mechanism for deleting 
forbidden T cells and establishing immunologic tolerance.

TABLE 232-8 CLINICAL, BIOCHEMICAL, AND GENETIC FEATURES OF HYPOPARATHYROID AND  
PSEUDOHYPOPARATHYROID DISORDERS

HYPOPARATHYROIDISM

PSEUDOHYPOPARATHYROIDISM

PHP 1a PPHP PHP 1b PHP 1c PHP 2
AHO manifestations No Yes Yes No Yes No
Serum calcium ↓ ↓ N ↓ ↓ ↓

Serum PO4 ↑ ↑ N ↑ ↑ ↑

Serum PTH ↓ ↑ N ↑ ↑ ↑

Response to PTH:
Urinary cAMP* (Chase-Aurbach test) ↑ ↓ ↑ ↓ ↓ ↑
Urinary PO4 (Ellsworth-Howard test) ↑ ↓ ↑ ↓ ↓ ↓

Gsα activity N ↓ ↓ N N N
Inheritance AD, AR, X AD AD AD AD Sporadic
Molecular defect PTH, CaSR, GATA3, Gcm2, others GNAS1 GNAS1 GNAS1† ?Adenyl cyclase ?cAMP targets
Other hormonal resistance No Yes No No Yes No
↓ = decreased; ↑ = increased; ? = presumed, but not proved; AD = autosomal dominant; AHO = Albright hereditary osteodystrophy; AR = autosomal recessive; N = normal; PHP = pseudoparathyroidism; 
PPHP = pseudopseudoparathyroidism; PTH = parathyroid hormone; X = X-linked.
*Plasma cyclic adenosine monophosphate (cAMP) responses are similar to those of urinary cAMP.
†Involves deletions that are located upstream of GNAS1.



PTH resistance (hypocalcemia, hyperphosphatemia, elevated serum PTH, 
and an absence of an increase in serum and urinary cAMP and urinary phos-
phate following intravenous human PTH infusion), together with the features 
of Albright hereditary osteodystrophy (AHO), which includes short stature, 
obesity, subcutaneous calcification, mental retardation, round facies, dental 
hypoplasia, and brachydactyly (i.e., shortening of the metacarpals, particularly 
the third, fourth, and fifth). In addition to brachydactyly, other skeletal abnor-
malities of the long bones and shortening of the metatarsals may occur. Patients 
with PHP 1b exhibit PTH resistance only and do not have the somatic features 
of AHO, whereas patients with PPHP exhibit the somatic features of AHO 
in the absence of PTH resistance. The absence of a normal rise in urinary 
excretion of cAMP after an infusion of PTH in PHP 1a indicates a defect at 
some site of the PTH receptor–adenyl cyclase system (see Fig. 232-2). This 
receptor system is regulated by at least two G proteins, one of which stimulates 
(Gsα) and another of which inhibits (Giα) the activity of the membrane-
bound enzyme that catalyses the formation of the intracellular second mes-
senger cAMP. Patients with PHP 1a may also show resistance to other hormones, 
such as thyroid-stimulating hormone, follicle-stimulating hormone, and lutein-
izing hormone, that act through GPCRs. Inactivating mutations of the Gsα 
gene (referred to as GNAS1), which is located on chromosome 20q13.2, have 
been identified in PHP 1a and PPHP patients (see Table 232-1 and Fig. 232-2). 
However, GNAS1 mutations do not fully explain the PHP 1a or PPHP phe-
notypes, and studies of PHP 1a and PPHP that occurred within the same 
kindred revealed that the hormonal resistance is parentally imprinted. Thus, 
PHP 1a occurs in a child only when the mutation is inherited from a mother 
affected with either PHP 1a or PPHP; and PPHP occurs in a child only when 
the mutation is inherited from a father affected with either PHP 1a or PPHP. 
PHP 1b is due to deletions that are located upstream of the GNAS1 gene. 
Moreover, in affected individuals, the deletion involves the maternal allele, 
whereas its occurrence on the paternal allele results in unaffected healthy 
carriers. This is consistent with parental imprinting of the GNAS1 abnormality 
causing PHP 1b.
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Answer: All (A-E) Marked hypercalciuria (>400 mg per 24 hr, >9 mmol/L 
per 24 hr) was not included as a recommendation for parathyroid surgery in 
asymptomatic primary hyperparathyroidism by the Third International Con-
ference (2008), but included as a recommendation by the Fourth International 
Conference (2013).

4. Which of the following statements regarding parathyroid tumors in multiple 
endocrine neoplasia (MEN) syndrome is false?
 A. In MEN 1, parathyroid tumors occur with equal frequency in men and 

women.
 B. In MEN 2b (MEN 3), parathyroid tumors are a rare occurrence.
 C. In MEN 1, minimally invasive surgery is not a suitable approach because 

of the high occurrence of multiple parathyroid tumors.
 D. Patients with MEN 2a have a higher risk for developing parathyroid 

carcinomas.
 E. Parathyroid tumors occur in more than 95% of MEN 1 patients.

Answer: D MEN 1 is an autosomal dominant disorder, and this generally 
affects men and women equally. Parathyroid tumors are found in more than 
95% of patients with MEN 1, who usually have multiple parathyroid tumors, 
and hence minimally invasive surgery is not recommended. Parathyroid tumors 
rarely occur in patients with MEN 2b (MEN 3), and about 20% of MEN 2a 
patients will usually have parathyroid hyperplasia and not parathyroid carci-
noma. However, patients with hyperparathyroidism with jaw tumors are at 
high risk for developing parathyroid carcinomas.

5. Which of the following is not a cause of hypocalcemia?
 A. Vitamin D–resistance disorders
 B. Secondary hyperparathyroidism
 C. Adrenal insufficiency
 D. Autoimmunity
 C. Acute pancreatitis

Answer: C Acute adrenal insufficiency is associated with hypercalcemia, 
not hypocalcemia. Hypocalcemia typically occurs in patients with secondary 
hyperparathyroidism and in those with vitamin D–resistance disorders, and 
it may be found in patients with acute pancreatitis. In addition, autoimmune 
destruction of the parathyroids, resulting in hypoparathyroidism, or autoanti-
bodies to the calcium-sensing receptor may be associated with hypocalcemia.

REVIEW QUESTIONS

1. Which one of the following statements is true for the actions of parathyroid 
hormone (PTH)?
 A. Acts directly on renal, bone, and intestinal cells
 B. Acts directly on renal cells and indirectly on bone and intestinal cells
 C. Acts directly on renal and bone cells and indirectly on intestinal cells
 D. Has no direct actions on renal, bone, and intestinal cells
 E. Acts via a tyrosine kinase receptor

Answer: C PTH shares a receptor with PTH-related peptide (PTHrP), and 
this receptor is a member of the G protein–coupled receptor (GPCR) family. 
PTH/PTHrP receptors are expressed by kidney and bone cells, and PTH acts 
directly on renal and bone cells. PTH acts indirectly on intestinal cells to enhance 
calcium absorption as follows: PTH stimulates renal 1α-hydroxylase activity 
to promote synthesis of the active form of vitamin D (1,25-dihydroxyvitamin 
D), which then acts on the intestine to enhance calcium absorption.

2. Which of the following is not a cause of hypercalcemia?
 A. Granulomatous disorders
 B. PTH receptor loss-of-function mutation
 C. Autoimmunity
 D. Renal 1α-hydroxylase overactivity
 E. Myeloma

Answer: B PTH receptor loss-of-function mutations result in Blomstrand 
chondrodysplasia, which is not associated with hypercalcemia. Instead, PTH 
receptor gain-of-function mutations that lead to Jansen metaphyseal chon-
droplasia are associated with severe hypercalcemia. Granulomatous disor-
ders, autoimmunity (e.g., autoantibodies to the calcium-sensing receptor), 
renal 1α-hydroxylase overactivity, and myeloma may all be associated with 
hypercalcemia.

3. Which of the following statements are recommendations for parathyroid 
surgery in asymptomatic primary hyperparathyroid patients?
 A. Serum calcium >1.0 mg/dL (0.25 mmol/L) above upper limit of normal
 B. Reduction in bone mineral density by T score <−2.5
 C. Reduction in creatinine clearance below 60 mL/min
 D. Marked hypercalciuria (>400 mg per 24 hr, >9 mmol/L per 24 hr)
 E. Age <50 years
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PAGET DISEASE OF BONE
STUART H. RALSTON

 DEFINITION
Paget disease of bone is a focal disorder of the skeleton characterized by 
increased and disorganized bone remodeling. Affected bones enlarge, become 
deformed, and are at increased risk for pathologic fractures.

 EPIDEMIOLOGY
The prevalence of Paget disease is about 1% in the United Kingdom. It is also 
common in Western Europe and in people of European descent who have 
migrated to other parts of the world. Paget disease is rare in Scandinavians, 

Africans, and Asians. These differences are thought to have a genetic basis 
occurring as the result of founder mutations in North West Europe many cen-
turies ago, with subsequent spread to the rest of the world through emigration. 
The incidence of Paget disease increases with age; in the United Kingdom, 
the incidence is 0.3 to 0.5 per 10,000 person years in those aged 55 to 59 
years but doubles in frequency each decade thereafter to reach an incidence 
of 5.4 per 10,000 person years in women and 7.6 per 10,000 person years in 
men in those 85 years and older. The prevalence and severity of Paget disease 
have diminished in many countries over the past 25 years.1 The mechanisms 
are unclear, but suggested explanations include influx of migrants from low 
prevalence areas in some populations, improved nutrition, a more sedentary 
lifestyle with a reduction in skeletal injuries, and reduced exposure to infections.

 PATHOBIOLOGY
Susceptibility to Paget disease is strongly influenced by genetic factors, but 
environmental factors are also important.2 The importance of genetics is 
emphasized by the fact that between 15 and 40% of patients have a positive 
family history and that the risk for developing Paget disease in a first-degree 
relative of a patient is about seven-fold higher than in the general population. 
In many families, the disease is transmitted in an autosomal dominant manner, 
although penetrance is incomplete. The most important susceptibility gene 
for classical Paget disease is SQSTM1. Mutations of SQSTM1 are present in 
up to 40% of patients with a family history and 5 to 10% of people without 
a family history. The SQSTM1 gene encodes a protein called p62 that is involved 
in regulating signal transduction downstream of the receptor activator of nuclear 
factor κB (RANK), which plays a critical role in regulating osteoclastogenesis 
when activated by RANK ligand (RANKL) (Fig. 233-1). The disease-causing 
mutations cluster in the ubiquitin-associated domain and have the effect of 
upregulating nuclear factor κB (NFκB) signaling and stimulating osteoclas-
togenesis by complex mechanisms that are reviewed in detail elsewhere. 
Genome-wide association studies have identified seven other loci that pre-
dispose to Paget disease, which individually increase the risk between 1.4- and 
1.7-fold.3 These loci have additive effects such that individuals who carry several 
predisposing alleles have a substantially increased risk for developing Paget 
disease. Many lie close to genes that play key roles in osteoclast function, 
including CSF1, which encodes macrophage colony-stimulating factor (M-CSF); 
TNFRSF11A, which encodes RANK; TM7SF4, which encodes DC-STAMP; 
OPTN, which encodes optineurin, and RIN3, which encodes a guanine exchange 
factor that is expressed in osteoclasts (see Fig. 233-1). Several rare inherited 
diseases with clinical features overlapping with those of Paget disease have 
also been described.4 They include familial expansile osteolysis and related 
syndromes caused by mutations affecting the signal peptide of RANK; juvenile 
Paget disease caused by loss of function mutations affecting osteoprotegerin; 
multisystem proteinopathies caused by mutations in VCP, hnRNPA2B1, and 
hnRNPA1, in which Paget disease may be accompanied by dementia, myopathy, 
or amyotrophic lateral sclerosis; and a syndrome wherein Paget disease is 
accompanied by giant cell tumors and that is caused by mutations in ZNF687, 
which encodes a zinc finger protein whose function is as yet incompletely 
understood.

Bone is normally renewed and repaired in an orderly and tightly regulated 
fashion through the process of bone remodeling. Bone remodeling is highly 
abnormal in Paget disease. Osteoclasts are increased in number and size and 
are hypernucleated. Some contain nuclear inclusion bodies. These were origi-
nally thought to be paramyxovirus nucleocapsids, but more recent studies 
suggest that they may be aggregates of un-degraded proteins caused by defects 
in the autophagy pathway. Bone formation is markedly increased, and the 
amount of new bone that is formed exceeds that which has been removed by 
osteoclast activity, leading to enlargement and deformity of affected bones 
(Fig. 233-2). The newly formed bone is laid down in a disorganized fashion 
(woven bone) and has impaired mechanical strength. Other features include 
increased vascularity and marrow fibrosis. The focal nature of Paget disease 
remains a puzzle. Suggested explanations include the occurrence of somatic 
mutations in affected bones, which locally increase osteoclast activity, or exces-
sive mechanical loading or skeletal injuries early in life, which by causing 
microdamage act as a focus for localized increases in bone remodeling.

 CLINICAL MANIFESTATIONS
It has been estimated that between 7 and 16% of patients with Paget disease 
come to medical attention, but the mode of presentation in those that do is 
highly variable. About 20% have no symptoms, and, in these subjects, Paget 
disease is detected as the result of a raised serum alkaline phosphatase (ALP) 
or an abnormal radiograph in people who are being investigated for another 
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ABSTRACT
Paget disease of bone is characterized by focal abnormalities of increased and 
disorganized bone remodeling affecting one or more skeletal sites. It predomi-
nantly affects people of European descent and is rarely diagnosed before the 
age of 50 but becomes more common with increasing age. Men are affected 
more commonly than women. Genetic factors play an important role, and 
variants in the several genes have been identified that predispose to the disease 
by influencing osteoclast function and autophagy. Many patients are asymp-
tomatic, but bone pain is the most common symptom in those that do come 
to medical attention. Other complications include deformity, pathological 
fractures, deafness, osteoarthritis, nerve compression syndromes, and osteo-
sarcoma. The diagnosis is often suspected by finding an elevated serum alkaline 
phosphatase or by finding typical features on x-ray. The most sensitive imaging 
technique is radionuclide bone scan, which is the best way to define disease 
extent. The treatment of choice is bisphosphonates, which are indicated when 
there is bone pain localized to an affected site. Bisphosphonates should not 
be prescribed with the aim of normalizing alkaline phosphatase values in 
asymptomatic patients. Within the bisphosphonates, zoledronic acid is most 
likely to give a favorable pain response and has a prolonged duration of action 
with effects that can last for several years.
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FIGURE 233-1. Regulators of osteoclast dysfunction in Paget disease. some of the key molecules that have been implicated in the pathogenesis of Paget disease are illustrated. 
Macrophage colony-stimulating factor (M-Csf) encoded by CSF1 is required for differentiation of stem cells to the osteoclast/macrophage (oCL/MØ) lineage. osteoclast differentiation 
and activity are enhanced when RanK (encoded by TNFRSF11A) is activated by RanKL but inhibited by oPg (encoded by TNFRSF11B). fusion of osteoclast precursors to form mature 
osteoclasts requires DC-staMP (encoded by TM7SF4). Within the cell (inset), p62 (encoded by SQSTM1) is required for signal transduction downstream of the RanK receptor and is also 
involved in regulating autophagy. Both VCP (encoded by VCP) and oPtn (encoded by OPTN) also play a role in regulating nfκB signaling and autophagy. 

reason. In the remainder, symptoms attributable to Paget disease are observed. 
The most common is pain, which can be due to either increased bone turnover 
or a complication such as osteoarthritis, spinal stenosis, pseudofractures, 
enlarged skull, bowing of long bones, or nerve compression syndromes. Deaf-
ness may occur in patients with skull involvement, but this is usually conductive 
rather than due to auditory nerve compression. Osteosarcoma occurs in less 
than 0.5% of cases but should be suspected in patients who experience a 
sudden increase in bone pain or swelling of an affected site. Other, rare com-
plications include obstructive hydrocephalus, high-output cardiac failure, and 
hypercalcemia in patients who are immobilized. The risk for cardiovascular 
disease is increased in patients with Paget disease compared with age- and 
gender-matched controls, probably owing to an increased prevalence of vascular 
calcification. Most patients have no clinical signs, but some present with bone 
deformity (see Fig. 233-2) or warmth of the skin overlying an affected bone.

 DIAGNOSIS
The diagnosis can usually be made by radiograph, which shows the typical 
features of focal osteolysis with coarsening of the trabecular pattern, bone 
expansion, and cortical thickening (see Fig. 233-2). Occasionally, the disease 
may be predominantly lytic in nature (see Fig. 233-2). The most sensitive 
way of defining the extent of Paget disease is a radionuclide bone scan in 
which tracer uptake is intensely increased at affected sites (see Fig. 233-2).5 
Imaging with magnetic resonance imaging and computed tomography is not 
usually required unless complications such as spinal stenosis or osteosarcoma 
are suspected. Laboratory testing should include assessment of renal func-
tion, calcium, albumin, ALP, and 25(OH)D levels; liver function should be 
assessed to rule out the possibility that elevations in ALP are of hepatic origin. 
Typically, Paget disease presents with an elevation in ALP with otherwise 

normal biochemistries, but normal levels of ALP do not exclude the diag-
nosis. Vitamin D deficiency is a common finding but most likely reflects the 
fact that Paget disease predominantly affects older people in whom vitamin 
D deficiency is prevalent. Specialized markers such as bone-specific ALP 
or procollagen type 1 N-terminal propeptide can be useful in patients with 
coexisting liver disease but otherwise offer no advantage over total ALP in 
diagnosis and assessing treatment response. Analysis of genetic markers is being 
explored in the prediction of people at risk for developing Paget disease,6 but 
genetic testing for susceptibility is not generally performed in routine clinical  
practice.

The differential diagnosis includes hyperostosis frontalis interna (a benign 
condition characterized by osteosclerosis of the frontal bones of the skull), 
fibrous dysplasia, pustulotic arthro-osteitis (which can present with mixed 
osteosclerotic and osteolytic lesions of the clavicle and ribs), and osteosclerotic 
metastases, particularly from carcinoma of the prostate. Usually, Paget disease 
can be distinguished from these conditions biochemically and through imaging, 
but occasionally, biopsy of an affected site may be required.

The most common indication for medical treatment of Paget disease is bone 
pain localized to an affected site.7,8 Bone pain may be caused by increased 
metabolic activity, but other causes may be operative, such as nerve compres-
sion syndromes, pseudofractures, secondary osteoarthritis, and other musculo-
skeletal conditions. Careful assessment of the patient is therefore necessary to 
decide on the most appropriate treatment.7 Bone pain caused by increased 
metabolic activity is localized to the affected site and is usually accompanied 

TREATMENT 



CHAPTER 233 Paget Disease of Bone 1625

A B

C D

FIGURE 233-2. Radiographic and histologic features of Paget disease. A, Radionuclide bone scan image showing intense tracer uptake, typical of Paget disease of bone affecting 
in the right femur. B, Radiograph of an affected left femur showing bone expansion with mixed osteolytic/osteosclerotic areas and loss of normal trabecular pattern. a pseudofracture 
is visible in the lateral cortex (arrow). C, Histologic features from a hematoxylin and eosin stained section. a large osteoclast is visible (black arrow) close to an area of new bone forma-
tion (white arrows). there is extensive marrow fibrosis. irregular cement lines typical of woven bone are apparent to the right of section. D, Predominantly lytic Paget disease of the left 
femur. the lytic area involves the intertrochanteric region and extends down the femoral shaft (white arrows). 

by a raised ALP level. It is common to encounter patients in whom pain occurs 
in the presence of coexisting osteoarthritis, bone deformity, or other muscu-
loskeletal conditions. In such cases, it can be difficult to be sure about the 
origin of the pain, and many clinicians give a therapeutic trial of bisphosphonates 
to aid diagnosis. If the pain responds, it is assumed to be due to increased 
metabolic activity; if it does not, further evaluation should be undertaken to 
identify the cause and treat the patient appropriately. Pseudofractures represent 
a distinct management problem. These are areas of focal osteolysis that traverse 
the lateral cortex of weight-bearing bones of the lower limbs. Some remain 
stable for prolonged periods without causing symptoms; others regress spon-
taneously; and others progress to pathologic fracture, often in association with 
a localized increase in pain at the affected site.

Bisphosphonates
Bisphosphonates are the drugs of first choice for the treatment of pain that is 

thought to be due to increased metabolic activity, and there is strong evidence 
that they are more effective than placebo at improving bone pain in Paget 
disease. Several bisphosphonates are licensed for treatment of Paget disease 
(Table 233-1), but nitrogen-containing bisphosphonates (aminobisphosphonates) 

are now used almost exclusively in preference to older bisphosphonates because 
of their greater potency in suppressing ALP levels.

There are limited data comparing different aminobisphosphonates, but 
zoledronic acid has been found to be superior to pamidronate and risedro-
nate at lowering ALP. Randomized trials also suggest that pain relief with 
zoledronic acid is superior to pamidronate and risedronate. A1  A compara-
tive trial of a single infusion of 5 mg zoledronic acid with oral risedronate 
30 mg daily for 2 months showed that those randomized to zoledronic acid 
had greater improvement in some domains of health-related quality of life, 
but the differences between the groups were small (1 to 2 points) and below 
the 5-point threshold that is considered clinically significant. A2  A long-term 
follow-up of this study showed that the suppressive effect of zoledronic acid 
on ALP lasted in some cases up to 6.5 years, significantly longer than with  
risedronate.

Another randomized trial with an average follow-up of 3 years compared 
the effects of giving repeated courses of bisphosphonates with the aim of 
normalizing ALP (intensive treatment), with therapy primarily aimed at control-
ling symptoms (symptomatic therapy) in Paget disease. This showed no differ-
ence in response of pain, quality of life, or complications between the groups. 



In a 3-year extension of this study, A3 
,
 A4  in which zoledronic acid was the treat-

ment of choice in the intensive treatment group, there was similarly no clinical 
benefit of intensive bisphosphonate therapy and a nonsignificant trend for an 
increased risk for fractures and orthopedic procedures with intensive treatment. 
This indicates that trying to restore ALP to normal with potent bisphosphonates 
confers no clinical benefit over symptom-directed treatment in patients with 
established Paget disease.

After initiation of bisphosphonate therapy, levels of ALP start to fall within 
about 10 days and reach a nadir between 3 and 6 months. Levels of ALP can 
remain suppressed for many months or years thereafter, particularly with zole-
dronic acid. Symptoms can improve while ALP levels are still falling, and good 
clinical responses are often observed in patients whose ALP levels are not 
restored to normal. Conversely, symptoms may recur before ALP values have 
become elevated again.

Intravenous bisphosphonates can cause transient bone pain, myalgia, head-
ache, nausea, pyrexia, and fatigue within 1 to 3 days of the infusion in about 
25% of cases (acute phase response). These symptoms can be ameliorated by 
acetaminophen given before and for a few days after the infusion, but they 
almost always subside within 7 days even without treatment. The acute phase 
response is much less common after second and subsequent infusions. Hypo-
calcemia may occur, particularly in patients with substantial elevations in bone 
turnover and vitamin D deficiency. The risk can be minimized by correcting 
vitamin D deficiency before treatment and providing calcium and vitamin D 
supplements for the first 1 or 2 weeks after the infusion.

Patients taking oral bisphosphonates must fast before dosing and for at 
least 30 minutes afterward to achieve adequate absorption. The most common 
adverse effect is dyspepsia. Other rare side effects of bisphosphonates include 
uveitis, skin rashes, atrial fibrillation, and osteonecrosis of the jaw, as well as 
atypical subtrochanteric fractures. Bisphosphonates can cause kidney injury 
and are contraindicated in patients with significant renal impairment.

Other Drug Treatments
Analgesics, anti-inflammatory drugs, and antineuropathic agents are often 

required in patients with Paget disease, particularly when there is coexisting 
osteoarthritis or a nerve compression syndrome. Calcitonin can improve bone 
pain due to metabolic activity in Paget disease but is seldom used except in 
patients for whom bisphosphonates are contraindicated. Adverse effects such 
as nausea and flushing can be problematic, and resistance may develop owing 
to the formation of neutralizing antibodies. Anecdotal reports suggest that the 
osteoclast inhibitor denosumab may also be effective at reducing ALP levels in 
Paget disease of bone,9 but it is not licensed nor recommended for this indication.

Nonpharmacologic Treatments
Nonpharmacologic approaches (acupuncture, physiotherapy, hydrotherapy, 

and transcutaneous electrical nerve stimulation) are often used to control pain, 
but their effectiveness has not been specifically investigated in controlled trials. 
Clinical experience suggests that specific problems such as limb shortening 
and deformity can be helped by aids and devices such as walking sticks and 
shoe raises.

Monitoring Disease Activity and the Effects  
of Treatment

Metabolic activity and the response to treatment are typically assessed by 
measuring ALP, but levels can be normal in patients with localized disease that 
is metabolically active. Further courses of treatment should be considered in 
patients with recurrent or persistent pain in whom ALP levels remain or become 
elevated.

 PROGNOSIS
The prognosis of Paget disease is highly variable. Some patients remain com-
pletely symptom free throughout life, but those who present clinically frequently 
have complications and have a significant reduction in quality of life. Although 
modern bisphosphonates are highly effective at suppressing bone turnover in 
Paget disease, they have not as yet been shown to alter the natural history of 
the disease or prevent complications.8 Disease severity and extent can be pre-
dicted by genotyping for SQSTM1 mutations and other risk alleles, and studies 
are currently in progress to determine whether genetic testing can be combined 
with prophylactic bisphosphonate therapy to prevent or delay the onset of 
disease.
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Surgery
Orthopedic surgery may be required for the management of coexisting 

osteoarthritis, pseudofractures, fractures, bone deformity, and spinal stenosis. 
Osteotomy is performed infrequently, but analyses of small cases series have 
reported good results. Surgery is much more frequently required to repair 
fractures and to replace joints that are affected by osteoarthritis. Surgical treat-
ment of Paget disease can be technically challenging because of deformity, 
osteosclerosis, and increased vascularity, but evidence from case series indicate 
that fractures through pagetic bone heal normally except when they affect the 
proximal femur and that joint replacement surgery has a good outcome. It has 
been suggested that a bisphosphonate should be given before orthopedic 
and spinal surgery with the aim of reducing operative blood loss, but there is 
no robust evidence to suggest that this is effective.8 There is a theoretical concern 
that previous bisphosphonate therapy might impair fracture union and bone 
repair, but there is little evidence to suggest that this is a problem in clinical 
practice. Orthopedic surgery may also be required in patients who develop 
osteosarcoma, but the prognosis is poor even with aggressive operative 
treatment.

TABLE 233-1 BISPHOSPHONATES USED IN THE TREATMENT 
OF PAGET DISEASE

DRUG DOSE
COMMON ADVERSE 

EFFECTS
ORAL

Risedronate 30 mg/day orally for 2 mo Dyspepsia, esophagitis
Alendronic acid† 40 mg/day orally for 6 mo Dyspepsia, esophagitis
INTRAVENOUS

Pamidronate 180 mg IV in divided doses, 
typically 60 mg on 3 
consecutive days

Acute phase response, 
hypocalcemia

Zoledronic acid 5 mg IV Acute phase response, 
hypocalcemia

†Not licensed in the United Kingdom or Europe for Paget disease. Pamidronate and risedronate 
should be avoided if estimated glomerular filtration rate (eGFR) <30; zoledronic acid and 
alendronic acid should be avoided if eGFR <35.

https://expertconsult.inkling.com/
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Answer: D Radionuclide bone scan. Bones that are affected by Paget disease 
typically show intense tracer uptake, allowing one to delineate the extent of 
involvement in a single test. Imaging with MRI or CT can be useful if com-
plications of Paget disease are suspected, such as spinal stenosis or osteosarcoma, 
but are not as useful in determining the extent of the disease. Bone-specific 
alkaline phosphatase will provide information on whether the elevated alkaline 
phosphatase is of bony origin but will not provide information on disease 
extent. Although radiographs can detect Paget disease with reasonable sensi-
tivity, one would need to perform a whole skeletal survey to evaluate the 
extent of the disease.

4. A 75-year-old man develops pain in the low back region that is gradually 
worsening and has started to radiate into the buttocks on walking. A lateral 
radiograph of the lumbar spine shows mixed osteosclerotic-osteolytic lesions 
in lumbar vertebrae 2, 3, and 4, with expansion of all three vertebrae. Routine 
hematology, urea and electrolytes, calcium and phosphate, and liver func-
tion tests are normal, but alkaline phosphatase is raised at 350 µ/L (refer-
ence range, 40 to 125). What further investigations would be useful in 
determining the cause of the pain?
 A. MRI of the lumbar spine
 B. Anteroposterior radiograph of the spine
 C. Radionuclide bone scan
 D. Serum procollagen 1N peptide (PINP)
 E. CT scan of the lumbar spine

Answer: A MRI of the lumbar spine would be the most appropriate test 
because the symptoms are suspicious of spinal stenosis, which is a known 
complication of Paget disease of the lumbar spine and caused by expansion 
of the affected bones with encroachment on the cauda equina. The antero-
posterior radiograph would not be useful in identifying spinal stenosis. Although 
the CT scan could give information on narrowing of the lumbar canal, it does 
not provide detail on the soft tissues, which would be necessary to determine 
whether the cauda equina is being compromised. The bone scan may show 
evidence of Paget disease in the spine but would not provide information on 
cauda equina compression. Measurement of PINP would provide information 
on bone formation but would not be helpful in defining the cause of the pain.

5. A 54-year-old man falls and sustains an injury to his right ankle. A radio-
graph is taken to exclude a fracture. No evidence of fracture is found, but 
changes consistent with early Paget disease are noted affecting the upper 
part of the right tibia. On clinic review 6 weeks after the injury, the patient 
has fully recovered and is symptom free. Routine biochemistry and hema-
tology are normal. What would be the most appropriate evidence-based 
treatment option for this patient?
 A. Prophylactic therapy with intravenous zoledronic acid every 3 years for 

the next 10 years to prevent progression of the disease.
 B. Prophylactic therapy with oral alendronate 70 mg once a week on a 

long-term basis to prevent progression of the disease.
 C. Close observation with repeat radiographs on an annual basis followed 

by zoledronic acid treatment, 5 mg IV, if the radiographs shows signs 
of progression.

 D. Surgical removal of the upper part of the tibia with total knee 
replacement.

 E. Observation at periodic intervals with initiation of bisphosphonate 
treatment should symptoms that are suggestive of Paget disease develop.

Answer: E There is currently no evidence that prophylactic therapy with any 
bisphosphonate can alter the natural history of the disease. Similarly, there is 
no evidence that prophylactic surgery would be helpful in this situation. The 
most appropriate option would be to keep the patient under review to look 
for the development of symptoms that might be attributable to the Paget 
disease and give treatment if these occur.

REVIEW QUESTIONS

1. A previously healthy 75-year-old man presents to his primary care physi-
cian with pain in the left hip that is worse on walking. Systematic enquiry 
is unremarkable, but examination reveals pain and a reduction in range of 
movement of the left hip. Radiography shows mixed osteosclerotic-osteolytic 
lesions in the right hemipelvis with expansion of the iliac bone. Osteophytes 
and joint space narrowing are observed in the left hip. Routine hematology, 
urea and electrolytes, calcium and phosphate, and liver function tests are 
normal, but alkaline phosphatase is raised at 200 µ/L (reference range, 40 
to 125). Serum 25(OH)D is 35 nmol/L, parathyroid hormone is 7 ng/L 
(normal, 2 to 12). What is the most likely cause of the hip pain?
 A. Paget disease of the pelvis
 B. Osteoarthritis of the hip
 C. Osteomalacia
 D. Osteoporosis
 E. Prostate cancer

Answer: B Osteoarthritis of the hip. Although the blood test results are con-
sistent with Paget disease, the pain is localized to the noninvolved side of the 
pelvis. Although serum 25(OH)D is slightly reduced, osteomalacia is unlikely 
because this does not usually present with localized pain, and parathyroid is 
normal. Prostate cancer with bone metastases can cause osteosclerotic metas-
tases, which can look similar to Paget disease on radiography, but the fact that 
he is clinically well makes this less likely.

2. A 47-year-old man with known Paget disease of the left tibia presents with 
pain localized to the anterior aspect of the affected tibia. On examination, 
there is mild deformity of the tibia on the left side, with warmth of the 
skin overlying the tibia. Hematology and biochemistry are normal, includ-
ing alkaline phosphatase, which is 105 (reference range, 40 to 125). What 
is the most appropriate treatment?
 A. Paracetamol
 B. Surgical osteotomy of the tibia to correct the deformity
 C. Amitriptyline
 D. Intravenous zoledronic acid, 5 mg IV annually for 3 years
 E. Intravenous zoledronic acid, 5 mg IV

Answer: E A single infusion of zoledronic acid would be the most appropriate 
option. The pain is clearly localized to an affected site and is likely due to 
Paget disease, even though the alkaline phosphatase is normal, because there 
is warmth of the overlying skin. To give three infusions would be unnecessary 
and would represent overtreatment because the clinical effects of zoledronic 
acid usually last for several years in Paget disease. Osteotomy can be used to 
correct significant deformity but would not be indicated to treat pain in a 
patient with mild deformity. Both paracetamol and amitriptyline can be used 
to help pain control in Paget disease, but in this case it would be appropriate 
to first assess the response to bisphosphonate before progressing to other 
treatments.

3. A 62-year-old women presents with a 5-year history of musculoskeletal 
pain affecting the low back region, both shoulders, both hips, neck, and 
head. She reports that her father and older brother have a history of Paget 
disease. Routine hematology, urea and electrolytes, calcium and phosphate, 
and liver function tests are normal, but alkaline phosphatase is raised at 
2350 µ/L (reference range, 40 to 125). A radiograph of the pelvis shows 
typical changes of Paget disease. What would be the most appropriate 
investigation to determine the extent of the disease?
 A. Magnetic resonance imaging (MRI) of the spine
 B. Computed tomography (CT) of the abdomen, chest, and pelvis
 C. Serum bone-specific alkaline phosphatase
 D. Radionuclide bone scan
 E. Radiograph of the skull, shoulders, and cervical spine
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234 
OSTEONECROSIS, OSTEOSCLEROSIS/
HYPEROSTOSIS, AND OTHER 
DISORDERS OF BONE
MICHAEL P. WHYTE

 OSTEONECROSIS

 DEFINITION
Osteonecrosis (aseptic, avascular, or ischemic necrosis of bone) refers to skel-
etal infarction. Bone infarcts may be asymptomatic, cause self-limited dis-
comfort, or engender painful collapse of subarticular bone that leads to joint  
destruction.

 EPIDEMIOLOGY AND PATHOBIOLOGY
Many conditions are associated with osteonecrosis (Table 234-1). In adults, 
the most common causes are prior hip fracture, osteomyelitis, renal dialysis, 
ethanol abuse, and long-term glucocorticoid therapy.1

Skeletal infarction can result from blood vessel destruction (e.g., joint dis-
location, fracture), obstruction (e.g., thromboemboli, sickle cell disease, fat 
emboli, caisson disease), or, hypothetically, compression from local expansion 
of fatty tissue (e.g., ethanol abuse, glucocorticoid treatment, diabetes mellitus). 
However, symptoms may not occur unless, weeks later, resorption of dead 
bone during skeletal repair leads to pathologic fracture. Certain skeletal sites 
(often subarticular) are predisposed to osteonecrosis, but the locations differ 
for traumatic and nontraumatic processes and for children and adults. Osteo-
chondrosis refers to necrosis of ossification centers; more than 50 eponymic 
types have been recorded. The susceptibility of children to osteochondrosis 
and its pathogenesis are poorly understood. At all ages, however, the femoral 
head is especially prone to infarction. Nontraumatic osteonecrosis commonly 
affects the humeral head, femoral condyles, distal end of the tibia, and talus. 
Although the pathogenesis is uncertain, administration of potent bone anti-
resorptive agents, especially to patients with malignant disease, has been 
associated with osteonecrosis of the jaw (Fig. 234-1).2

 CLINICAL MANIFESTATIONS
Pain occurs acutely if there is skeletal collapse. Chronic arthralgia results from 
desquamated necrotic tissue and articular destruction.

 DIAGNOSIS
Magnetic resonance imaging that demonstrates bone marrow edema is espe-
cially sensitive for detection of early osteonecrosis. Bone scintigraphy discloses 
skeletal reconstitution with or without fracture. Relatively late in the pathologic 
process, radiographs first show patchy areas of osteopenia and osteosclerosis 
that reflect skeletal repair. A linear subchondral radiolucency (crescent sign) 
indicates bone collapse.

TREATMENT 

 OSTEOSCLEROSIS/HYPEROSTOSIS
Many conditions are associated with radiographic evidence of increased bone 
density. Skeletal dysplasias, metabolic disturbances, and various other disorders 
can cause generalized or focal increases in bone mass (Table 234-2). Aberra-
tions in skeletal growth, modeling (shaping), or remodeling (turnover) may 
be at fault. Osteosclerosis refers to thickening of trabecular (spongy, cancellous) 
bone.5 Hyperostosis describes widening of cortical (compact) bone. Increases 
in trabecular bone, cortical bone, or both may augment skeletal density. Most 
of the dysplasias can be diagnosed by gene mutation analysis.

 Osteosclerosis
Neoplastic, hematologic, and metabolic disorders may preferentially sclerose 
trabecular bone because it houses marrow and remodels more rapidly than 
cortical bone.

 FIBROGENESIS IMPERFECTA OSSIUM
 DEFINITION

This rare, usually sporadic condition features generalized osteopenia, but 
coarsening of the remaining trabeculae places it among the disorders that 
manifest osteosclerosis.

 PATHOBIOLOGY
The cause is unknown, but it is possibly genetic. Subperiosteal bone formation 
and collagen synthesis in nonosseous tissues seem to be normal.

 CLINICAL MANIFESTATIONS
Intractable skeletal pain typically begins gradually during middle age or later 
and then rapidly increases with a debilitating course and eventual immobility. 
Spontaneous fractures are a prominent complication. Physical examination 
reveals marked bone tenderness.

 DIAGNOSIS
On radiography, only the skull is spared. Initially, osteopenia and a slightly 
abnormal appearance of trabecular bone are noted. Subsequently, the changes 
suggest osteomalacia. Corticomedullary junctions become indistinct as compact 
bone is replaced by an abnormal cancellous pattern. Generalized osteopenia 
causes the remaining spongy bone to appear coarse and dense in a fishnet 
pattern of mixed lytic and sclerotic areas. Alkaline phosphatase activity in 
serum is increased.

The skeletal lesion is a localized form of osteomalacia that varies consider-
ably in severity from area to area.

 Hyperostosis
 PROGRESSIVE DIAPHYSEAL DYSPLASIA  
(CAMURATI-ENGELMANN DISEASE)

 PATHOBIOLOGY
Progressive diaphyseal dysplasia affects all races and is inherited as an auto-
somal dominant trait with variable expressivity. New bone formation gradually 
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ABSTRACT
Osteonecrosis is ischemic bone infarction, which can range in severity from 
being asymptomatic to painful collapse of bone or joint destruction. Non-
traumatic osteonecrosis typically affects the humeral head, femoral condyles, 
distal end of the tibia, or talus. Osteonecrosis of the jaw can be a severe adverse 
event associated with the use of potent antiresorptive agents. Many conditions 
are associated with radiographic evidence of focal or generalized increase in 
bone density. Among these, osteosclerosis refers to thickening of trabecular 
bone while hyperostosis describes widening of cortical bone. Medical therapy 
for most of the disorders of bone described in this chapter, including osteo-
necrosis, is unsatisfactory. However, surgical procedures, such as decompres-
sion, arthrotomy, or resection, can limit disability.
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TABLE 234-1 CAUSES OF ISCHEMIC NECROSIS OF 
CARTILAGE AND BONE

Endocrine/metabolic
Ethanol abuse
Glucocorticoid therapy
Cushing disease
Diabetes mellitus
Hyperuricemia
Osteomalacia
Hyperlipidemia
Bone antiresorptive therapy (osteonecrosis of the jaw)

Storage diseases (e.g., Gaucher disease)
Hemoglobinopathies (e.g., sickle cell disease)
Trauma (e.g., dislocation, fracture)
Human immunodeficiency virus (HIV) infection
Dysbaric conditions (e.g., caisson disease)
Collagen vascular disorders
Irradiation
Pancreatitis
Organ transplantation
Hemodialysis
Burns
Intravascular coagulation
Idiopathic, familial
Pregnancy

FIGURE 234-1. Exposed dead bone characterizes osteonecrosis of the jaw. 

 EPIDEMIOLOGY AND PATHOBIOLOGY
Many conditions are associated with osteonecrosis (Table 234-1). In adults, 
the most common causes are prior hip fracture, osteomyelitis, renal dialysis, 
ethanol abuse, and long-term glucocorticoid therapy.1

Skeletal infarction can result from blood vessel destruction (e.g., joint dis-
location, fracture), obstruction (e.g., thromboemboli, sickle cell disease, fat 
emboli, caisson disease), or, hypothetically, compression from local expansion 
of fatty tissue (e.g., ethanol abuse, glucocorticoid treatment, diabetes mellitus). 
However, symptoms may not occur unless, weeks later, resorption of dead 
bone during skeletal repair leads to pathologic fracture. Certain skeletal sites 
(often subarticular) are predisposed to osteonecrosis, but the locations differ 
for traumatic and nontraumatic processes and for children and adults. Osteo-
chondrosis refers to necrosis of ossification centers; more than 50 eponymic 
types have been recorded. The susceptibility of children to osteochondrosis 
and its pathogenesis are poorly understood. At all ages, however, the femoral 
head is especially prone to infarction. Nontraumatic osteonecrosis commonly 
affects the humeral head, femoral condyles, distal end of the tibia, and talus. 
Although the pathogenesis is uncertain, administration of potent bone anti-
resorptive agents, especially to patients with malignant disease, has been 
associated with osteonecrosis of the jaw (Fig. 234-1).2

 CLINICAL MANIFESTATIONS
Pain occurs acutely if there is skeletal collapse. Chronic arthralgia results from 
desquamated necrotic tissue and articular destruction.

 DIAGNOSIS
Magnetic resonance imaging that demonstrates bone marrow edema is espe-
cially sensitive for detection of early osteonecrosis. Bone scintigraphy discloses 
skeletal reconstitution with or without fracture. Relatively late in the pathologic 
process, radiographs first show patchy areas of osteopenia and osteosclerosis 
that reflect skeletal repair. A linear subchondral radiolucency (crescent sign) 
indicates bone collapse.

Nonweight bearing is advisable for the affected limb. Decompression by 
trephine insertion is used at some sites. Arthrotomy to remove debris, trans-
positional osteotomy, arthroplasty, or joint replacement may be necessary. 
Medical treatments for osteonecrosis of the jaw have been disappointing, A1 ,3 
but surgical resection can be beneficial.4

TREATMENT 

 OSTEOSCLEROSIS/HYPEROSTOSIS
Many conditions are associated with radiographic evidence of increased bone 
density. Skeletal dysplasias, metabolic disturbances, and various other disorders 
can cause generalized or focal increases in bone mass (Table 234-2). Aberra-
tions in skeletal growth, modeling (shaping), or remodeling (turnover) may 
be at fault. Osteosclerosis refers to thickening of trabecular (spongy, cancellous) 
bone.5 Hyperostosis describes widening of cortical (compact) bone. Increases 
in trabecular bone, cortical bone, or both may augment skeletal density. Most 
of the dysplasias can be diagnosed by gene mutation analysis.

 Osteosclerosis
Neoplastic, hematologic, and metabolic disorders may preferentially sclerose 
trabecular bone because it houses marrow and remodels more rapidly than 
cortical bone.

 FIBROGENESIS IMPERFECTA OSSIUM
 DEFINITION

This rare, usually sporadic condition features generalized osteopenia, but 
coarsening of the remaining trabeculae places it among the disorders that 
manifest osteosclerosis.

 PATHOBIOLOGY
The cause is unknown, but it is possibly genetic. Subperiosteal bone formation 
and collagen synthesis in nonosseous tissues seem to be normal.

 CLINICAL MANIFESTATIONS
Intractable skeletal pain typically begins gradually during middle age or later 
and then rapidly increases with a debilitating course and eventual immobility. 
Spontaneous fractures are a prominent complication. Physical examination 
reveals marked bone tenderness.

 DIAGNOSIS
On radiography, only the skull is spared. Initially, osteopenia and a slightly 
abnormal appearance of trabecular bone are noted. Subsequently, the changes 
suggest osteomalacia. Corticomedullary junctions become indistinct as compact 
bone is replaced by an abnormal cancellous pattern. Generalized osteopenia 
causes the remaining spongy bone to appear coarse and dense in a fishnet 
pattern of mixed lytic and sclerotic areas. Alkaline phosphatase activity in 
serum is increased.

The skeletal lesion is a localized form of osteomalacia that varies consider-
ably in severity from area to area.

 Hyperostosis
 PROGRESSIVE DIAPHYSEAL DYSPLASIA  
(CAMURATI-ENGELMANN DISEASE)

 PATHOBIOLOGY
Progressive diaphyseal dysplasia affects all races and is inherited as an auto-
somal dominant trait with variable expressivity. New bone formation gradually 



CHAPTER 234 OSTEONECROSIS, OSTEOSCLEROSIS/HYPEROSTOSIS1628

TABLE 234-2 DISORDERS THAT CAUSE DENSE BONES
DYSPLASIAS

Central osteosclerosis with ectodermal dysplasia
Craniodiaphyseal dysplasia
Craniometaphyseal dysplasia
Dysosteosclerosis
Endosteal hyperostosis

van Buchem disease
Sclerosteosis (types 1 and 2)
Worth type (LRP5 and LRP6 activation)

Frontometaphyseal dysplasia
Infantile cortical hyperostosis (Caffey disease)
Juvenile Paget disease
Lenz-Majewski syndrome
Melorheostosis
Metaphyseal dysplasia (Pyle disease)
Mixed sclerosing bone dystrophy
Oculodento-osseous dysplasia
Osteodysplasia of Melnick and Needles
Osteopathia striata
Osteopetrosis (multiple types)
Osteopoikilosis
Progressive diaphyseal dysplasia (Engelmann disease)
Pyknodysostosis
Trichodentosseous dysplasia
METABOLIC CONDITIONS

Carbonic anhydrase II deficiency
Fluorosis
Heavy metal poisoning
Hepatitis C–associated osteosclerosis
Hyperparathyroidism, hypoparathyroidism, pseudohypoparathyroidism
Hypervitaminosis A, D
Hypophosphatemic rickets or osteomalacia (several types)
Milk-alkali syndrome
Renal osteodystrophy
OTHER DISORDERS

Axial osteomalacia
Erdheim-Chester disease
Fibrogenesis imperfecta ossium
Ionizing radiation
Lymphoma
Mastocytosis
Multiple myeloma
Myelofibrosis
Osteomyelitis
Osteonecrosis
Paget bone disease
Sarcoidosis
Skeletal metastases
Tuberous sclerosis

envelops both the periosteal and endosteal surfaces of long bone diaphyses. 
In patients with severe disease, osteosclerosis also affects the axial skeleton.

Mutations alter the gene that encodes transforming growth factor-β1. Osteo-
blast differentiation may be deranged.

 CLINICAL MANIFESTATIONS
During childhood, limping or a broad-based, waddling gait is noted. Muscular 
dystrophy can be diagnosed erroneously. Severely affected individuals may 
have a characteristic body habitus featuring an enlarged head with a prominent 
forehead, proptosis, and thin limbs with little subcutaneous fat or muscle mass 
and tender, thickened bones. Cranial nerve palsies and raised intracranial 
pressure can occur. Some patients have hepatosplenomegaly and Raynaud 
phenomenon. Symptoms may remit after puberty.

 DIAGNOSIS
Irregular hyperostosis of the diaphyses of the major long bones slowly develops 
as a result of periosteal and endosteal new bone formation. The femur and tibia 
are most commonly affected. Metaphyses may be involved. The age at onset, 
rate of progression, and severity are variable. Clinical, radiographic, and bone 
scan findings are generally concordant. Serum alkaline phosphatase activity, 
biochemical markers of skeletal turnover, and erythrocyte sedimentation rate 

Glucocorticoid therapy (typically a low dose of prednisone on alternate days) 
can relieve bone pain and may normalize skeletal histology. Bisphosphonates 
or losartan sometimes seem useful.

TREATMENT 

Surgical decompression of narrowed foramina may alleviate cranial nerve 
palsies. Craniectomy may become necessary.

TREATMENT 

may be elevated. Histopathologic study reveals newly formed woven bone that 
matures and becomes incorporated into cortical bone. Electron microscopy 
of muscle may show myopathic changes and vascular abnormalities.

 ENDOSTEAL HYPEROSTOSIS
 PATHOBIOLOGY

Sclerosteosis, types 1 and 2, and van Buchem disease are the most severe 
forms of endosteal hyperostosis. Sclerosteosis is caused by deactivating muta-
tions in the genes called SOST and LRP4. Van Buchem disease involves a 
deletion downstream of SOST. Enhanced osteoblast activity from impaired 
sclerostin action, with failure of osteoclasts to compensate for the increased 
bone formation, leads to the skeletal changes.

 CLINICAL MANIFESTATIONS
Sclerosteosis (generalized hyperostosis with syndactyly) affects primarily 
people of Dutch ancestry. The gender distribution appears equal. Patients are 
tall and heavy beginning in childhood; have a prominent, square mandible; 
and are deaf and experience facial nerve palsy from cranial nerve entrapment. 
Raised intracranial pressure and headache may reflect a small cranial cavity 
that can shorten life expectancy. Van Buchem disease causes progressive asym-
metrical enlargement of the jaw during puberty. Patients may be symptom 
free, or, beginning as early as infancy, they may have recurrent facial nerve 
palsy, deafness, and optic atrophy from narrowing of cranial foramina. Long 
bones may hurt with applied pressure but are strong.

 DIAGNOSIS
In sclerosteosis, the skeleton is radiographically normal in early childhood. 
Congenital syndactyly involves soft tissues and bone in type 1 versus 2, respec-
tively. Progressive bone thickening widens the skull and causes prognathism. 
Osteosclerosis also involves the skull base, facial bones, vertebrae, pelvis, and 
ribs. Endosteal thickening homogeneously widens diaphyseal cortices and 
narrows medullary canals. Computed tomography has shown fusion of ossicles 
and narrowing of the internal auditory canals and cochlear aqueducts. Serum 
alkaline phosphatase activity can be increased from enhanced bone formation.

TREATMENT 

 PACHYDERMOPERIOSTOSIS
 PATHOBIOLOGY

Pachydermoperiostosis (hypertrophic osteoarthropathy, primary or idio-
pathic) features clubbing of the digits, hyperhidrosis with thickening of the 
skin (especially of the face), and periosteal new bone formation, most promi-
nently in the distal ends of the limbs. Not all patients manifest all three prin-
cipal features. Loss-of-function mutations are found in the gene that encodes 
15-hydroxyprostaglandin dehydrogenase in the autosomal recessive form. 
Autosomal dominant inheritance is also recognized.

 CLINICAL MANIFESTATIONS
Men seem more severely affected than women, and blacks more commonly 
than whites. Symptoms typically begin during adolescence, intensify during 
the next decade, but then become quiescent. Arthralgia and fatigue are common. 
Stiffness and limited mobility occur in both the appendicular and the axial 
skeleton. Clubbing, with slowly progressive enlargement of the hands and 
feet, results in a pawlike appearance. Cutaneous changes include thickening, 
furrowing, pitting, and oiliness, especially of the scalp and face.

 DIAGNOSIS
Periostitis thickens the distal portions of the tibia, fibula, radius, and ulna. 
Clubbing is obvious, and acro-osteolysis can occur. Periosteal proliferation is 
exuberant, with an irregular texture, and it often involves the epiphyses, whereas 
secondary hypertrophic osteoarthropathy (pulmonary or otherwise) typically 
causes a smooth and undulating periosteal reaction. Ankylosis of the joints, 
especially in the hands and feet, may trouble older patients. Bone scanning 
reveals symmetrical regular uptake along the cortical margins of long bones, 
especially in the legs—the double stripe sign.

 Osteosclerosis with Hyperostosis
 OSTEOPETROSIS

 DEFINITION
Osteopetrosis (marble bone disease) is a group of rare disorders featuring 
elevated bone mass due to lack of osteoclast formation or action during growth.6 
There are two major clinical categories: the autosomal recessive or “malignant” 
type, which often results in death by early childhood if untreated; and the 
autosomal dominant or “benign” type (Albers-Schönberg disease), which 
causes lesser complications. Autosomal recessive types can also feature inter-
mediate severity, neuronal storage disease, or renal tubular acidosis with cerebral 
calcification due to carbonic anhydrase II deficiency. Bisphosphonate-induced 
osteopetrosis has been reported.

 PATHOGENESIS
The defective gene causing autosomal dominant osteopetrosis encodes a chlo-
ride channel important for osteoclasts to release hydrochloric acid. Bi-allelic 
mutations in this gene, or ones that encode components of a vacuolar hydrogen 
(H+) pump, result in malignant osteopetrosis. Carbonic anhydrase II deficiency 
is caused by deactivating mutations in the gene that encodes this isoenzyme. 
Especially rare autosomal recessive cases involve deficient osteoclastogenesis 
from loss-of-function mutations within the genes for either receptor activator 
of nuclear factor κB (RANK) or its ligand (RANKL).

Histopathologic studies show that all true forms of osteopetrosis feature 
profound deficiency of osteoclast action. Bone-embedded primary spongiosa 
(calcified cartilage deposited during endochondral bone formation) persists 
away from growth plates and constitutes the pathognomonic finding. Defective 
endosteal bone resorption impairs the formation of marrow space. Quies-
cent skeletal remodeling leads to bone fragility from diminished intercon-
nection of osteons, delayed conversion of immature (woven) bone to mature 
(compact) bone, and failure of microcracks to heal. Neuronal storage disease 
(ceroid-lipofuscin) may reflect a lysosomal defect. Deficient superoxide pro-
duction (necessary for bone resorption) has been considered a pathogenetic  
factor.

 CLINICAL MANIFESTATIONS
Malignant osteopetrosis can present during infancy as nasal “stuffiness” from 
underdeveloped mastoid and paranasal sinuses. Small cranial foramina may cause 
optic, oculomotor, or facial nerve palsy. Failure to thrive, delayed dentition, 
and fractures are common. Hypersplenism and recurrent infection, bruising, 
and bleeding reflect myelophthisis. Short stature, large head, frontal bossing, 
nystagmus, hepatosplenomegaly, and genu valgum are characteristic physical 
findings. Untreated children usually die during the first decade of life of hem-
orrhage, pneumonia, severe anemia, or sepsis. Benign osteopetrosis can cause 
fracture, facial palsy, deafness, mandibular osteomyelitis, bone marrow failure, 
impaired vision, psychomotor delay, carpal tunnel syndrome, or osteoarthritis. 
Carbonic anhydrase II deficiency can lead to failure to thrive, fracture, devel-
opmental delay, mental subnormality, and short stature. Cerebral calcification 
develops during childhood, but defective skeletal modeling and osteoscle-
rosis may resolve. Both proximal and distal renal tubular acidosis have been  
described.

 DIAGNOSIS
A generalized increase in apparent bone density is the radiographic hallmark 
of osteopetrosis. In severe disease, modeling defects in long bones produce 
an “Erlenmeyer flask” deformity (Fig. 234-2). Alternating dense and lucent 
bands commonly occur in the metaphyses and pelvis. The cranium is usually 
thickened and dense, especially at the base, and the paranasal and mastoid 
sinuses are underpneumatized. Vertebrae may show, on a lateral view, a “bone-
in-bone” (endobone) configuration or end-plate sclerosis causing a “rugger 
jersey” appearance. Skeletal scintigraphy can disclose fractures and osteomy-
elitis. Magnetic resonance imaging helps monitor the response to bone marrow 
transplantation.

Serum levels of acid phosphatase and creatine kinase (brain isoenzyme) 
are often increased. In malignant osteopetrosis, hypocalcemia with secondary 
hyperparathyroidism and elevated serum concentrations of calcitriol can 
accompany radiographic changes that resemble rickets. In benign osteopetrosis, 
biochemical indices of mineral homeostasis are typically unremarkable, although 
serum parathyroid hormone and lactate dehydrogenase isoenzyme levels may 
be elevated.

TREATMENT 

 DIFFUSE IDIOPATHIC SKELETAL HYPEROSTOSIS
This condition is discussed in Chapter 257.

 PYKNODYSOSTOSIS
 EPIDEMIOLOGY

Pyknodysostosis is believed to have affected French impressionist painter 
Henri de Toulouse-Lautrec (1864-1901). Most descriptions have come from 
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Patients with painful synovial effusions may respond to nonsteroidal anti-
inflammatory drugs. Contractures or neurovascular compression by osteosclerotic 
lesions may require surgical intervention.

TREATMENT 

 DIAGNOSIS
Periostitis thickens the distal portions of the tibia, fibula, radius, and ulna. 
Clubbing is obvious, and acro-osteolysis can occur. Periosteal proliferation is 
exuberant, with an irregular texture, and it often involves the epiphyses, whereas 
secondary hypertrophic osteoarthropathy (pulmonary or otherwise) typically 
causes a smooth and undulating periosteal reaction. Ankylosis of the joints, 
especially in the hands and feet, may trouble older patients. Bone scanning 
reveals symmetrical regular uptake along the cortical margins of long bones, 
especially in the legs—the double stripe sign.

 Osteosclerosis with Hyperostosis
 OSTEOPETROSIS

 DEFINITION
Osteopetrosis (marble bone disease) is a group of rare disorders featuring 
elevated bone mass due to lack of osteoclast formation or action during growth.6 
There are two major clinical categories: the autosomal recessive or “malignant” 
type, which often results in death by early childhood if untreated; and the 
autosomal dominant or “benign” type (Albers-Schönberg disease), which 
causes lesser complications. Autosomal recessive types can also feature inter-
mediate severity, neuronal storage disease, or renal tubular acidosis with cerebral 
calcification due to carbonic anhydrase II deficiency. Bisphosphonate-induced 
osteopetrosis has been reported.

 PATHOGENESIS
The defective gene causing autosomal dominant osteopetrosis encodes a chlo-
ride channel important for osteoclasts to release hydrochloric acid. Bi-allelic 
mutations in this gene, or ones that encode components of a vacuolar hydrogen 
(H+) pump, result in malignant osteopetrosis. Carbonic anhydrase II deficiency 
is caused by deactivating mutations in the gene that encodes this isoenzyme. 
Especially rare autosomal recessive cases involve deficient osteoclastogenesis 
from loss-of-function mutations within the genes for either receptor activator 
of nuclear factor κB (RANK) or its ligand (RANKL).

Histopathologic studies show that all true forms of osteopetrosis feature 
profound deficiency of osteoclast action. Bone-embedded primary spongiosa 
(calcified cartilage deposited during endochondral bone formation) persists 
away from growth plates and constitutes the pathognomonic finding. Defective 
endosteal bone resorption impairs the formation of marrow space. Quies-
cent skeletal remodeling leads to bone fragility from diminished intercon-
nection of osteons, delayed conversion of immature (woven) bone to mature 
(compact) bone, and failure of microcracks to heal. Neuronal storage disease 
(ceroid-lipofuscin) may reflect a lysosomal defect. Deficient superoxide pro-
duction (necessary for bone resorption) has been considered a pathogenetic  
factor.

 CLINICAL MANIFESTATIONS
Malignant osteopetrosis can present during infancy as nasal “stuffiness” from 
underdeveloped mastoid and paranasal sinuses. Small cranial foramina may cause 
optic, oculomotor, or facial nerve palsy. Failure to thrive, delayed dentition, 
and fractures are common. Hypersplenism and recurrent infection, bruising, 
and bleeding reflect myelophthisis. Short stature, large head, frontal bossing, 
nystagmus, hepatosplenomegaly, and genu valgum are characteristic physical 
findings. Untreated children usually die during the first decade of life of hem-
orrhage, pneumonia, severe anemia, or sepsis. Benign osteopetrosis can cause 
fracture, facial palsy, deafness, mandibular osteomyelitis, bone marrow failure, 
impaired vision, psychomotor delay, carpal tunnel syndrome, or osteoarthritis. 
Carbonic anhydrase II deficiency can lead to failure to thrive, fracture, devel-
opmental delay, mental subnormality, and short stature. Cerebral calcification 
develops during childhood, but defective skeletal modeling and osteoscle-
rosis may resolve. Both proximal and distal renal tubular acidosis have been  
described.

 DIAGNOSIS
A generalized increase in apparent bone density is the radiographic hallmark 
of osteopetrosis. In severe disease, modeling defects in long bones produce 
an “Erlenmeyer flask” deformity (Fig. 234-2). Alternating dense and lucent 
bands commonly occur in the metaphyses and pelvis. The cranium is usually 
thickened and dense, especially at the base, and the paranasal and mastoid 
sinuses are underpneumatized. Vertebrae may show, on a lateral view, a “bone-
in-bone” (endobone) configuration or end-plate sclerosis causing a “rugger 
jersey” appearance. Skeletal scintigraphy can disclose fractures and osteomy-
elitis. Magnetic resonance imaging helps monitor the response to bone marrow 
transplantation.

Serum levels of acid phosphatase and creatine kinase (brain isoenzyme) 
are often increased. In malignant osteopetrosis, hypocalcemia with secondary 
hyperparathyroidism and elevated serum concentrations of calcitriol can 
accompany radiographic changes that resemble rickets. In benign osteopetrosis, 
biochemical indices of mineral homeostasis are typically unremarkable, although 
serum parathyroid hormone and lactate dehydrogenase isoenzyme levels may 
be elevated.

FIGURE 234-2. Osteopetrosis. Anteroposterior radiograph of the distal end of the femur 
shows a widened metadiaphyseal region, with characteristic alternating dense and lucent 
bands. (From Whyte MP, Murphy WA. Osteopetrosis and other sclerosing bone disorders. 
In: Avioli LV, Krane SM, eds. Metabolic Bone Disease. 2nd ed. Philadelphia: WB Saunders; 
1990.)

Because the molecular pathogenesis, prognosis, and treatment of the more 
than 10 types of osteopetrosis can differ, precise diagnosis is crucial.7 Com-
mercially available mutation analysis can delineate most patients. For the 
malignant form, prompt use of human leukocyte antigen–identical bone marrow 
transplantation to supply functional osteoclasts has remarkably benefited only 
some children. Calcium-deficient diets have been tried but may be limited by 
hypocalcemia and rickets and have uncertain efficacy. Pharmacologic doses 
of calcitriol (1,25-dihydroxyvitamin D3) administered orally, together with dietary 
calcium restriction (to prevent hypercalciuria and hypercalcemia) were hoped 
to stimulate osteoclast activity. Prednisone alone or with a low-calcium, high-
phosphate diet can sometimes be effective. Glucocorticoid therapy or human 
interferon-γ, believed to enhance superoxide production, stabilizes pancytopenia 
and hepatosplenomegaly. Hyperbaric oxygenation helps treat osteomyelitis. 
Surgical decompression of optic and facial nerves can be beneficial.

TREATMENT 

 DIFFUSE IDIOPATHIC SKELETAL HYPEROSTOSIS
This condition is discussed in Chapter 257.

 PYKNODYSOSTOSIS
 EPIDEMIOLOGY

Pyknodysostosis is believed to have affected French impressionist painter 
Henri de Toulouse-Lautrec (1864-1901). Most descriptions have come from 
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Europe and the United States, but the disorder seems to be especially common 
in Japan.

 PATHOBIOLOGY
This autosomal recessive condition is caused by loss-of-function mutations 
in CTSK, the gene that encodes cathepsin K. Consequently, bone collagen 
degradation and skeletal turnover are diminished. In chondrocytes and osteo-
blasts, inclusions have been described.

 CLINICAL MANIFESTATIONS
Characteristic features seen during infancy or early childhood include a rela-
tively large cranium, fronto-occipital prominence, proptosis, bluish sclerae, 
beaked and pointed nose, small facies and chin, obtuse mandibular angle, 
high-arched palate, dental malocclusion with retention of primary teeth, and 
disproportionate short stature. Cranial sutures remain open. Fingers are short 
and clubbed from acro-osteolysis or aplasia of the terminal phalanges, and 
the hands are small and square. Repeated fractures cause a knock-knee defor-
mity. Mental retardation occurs in approximately 10% of patients. Adult height 
ranges from 4 feet 3 inches to 4 feet 11 inches. Life expectancy can be shortened 
by recurrent respiratory infections and right-sided heart failure from chronic 
upper airway obstruction secondary to micrognathia.

 DIAGNOSIS
Osteosclerosis is uniform, first becoming apparent in childhood and increasing 
with age. Skeletal modeling defects do not distort the shaping of long bones, 
but they appear to have thick cortices because of narrow medullary canals. 
Clavicles are gracile and hypoplastic at their lateral segments. The calvarium 
and skull base are sclerotic, orbital ridges are dense, and wormian bones are 
present.

No medical therapy is available. Fractures of the long bones usually mend 
satisfactorily. Internal fixation of long bones is formidable because of their 
narrow medullary space and hardness. Tooth extraction is difficult. Osteomyelitis 
of the mandible may require antibiotic, surgical, or hyperbaric therapy.

TREATMENT 

 HEPATITIS C–ASSOCIATED OSTEOSCLEROSIS
Rarely, achy and tender limbs develop in individuals infected with hepatitis 
C virus. Radiographic studies reveal a marked generalized increase in bone 
mass from osteosclerosis and hyperostosis. Disturbances in the insulin-like 
growth factor system may explain the enhanced bone formation. Calcitonin 
or bisphosphonate therapy to slow bone turnover or antiviral treatment has 
benefited some patients.

 Focal Osteosclerosis/Hyperostosis
 OSTEOPOIKILOSIS
Osteopoikilosis (“spotted bones”), transmitted as a highly penetrant autosomal 
dominant trait, is generally a radiographic curiosity due to a deactivating muta-
tion of the LEMD3 gene. The bone lesions are usually asymptomatic. However, 
incorrect diagnosis may lead to confusion with serious conditions, including 
metastatic disease.8 Some patients have connective tissue nevi called derma-
tofibrosis lenticularis disseminata (or Buschke-Ollendorff syndrome). On radio-
logic examination, numerous small, round or oval foci of bone sclerosis appear 
in cancellous bone in the metaepiphyseal regions of tubular, tarsal, carpal, 
and pelvic bones.

 OSTEOPATHIA STRIATA
This is usually an autosomal dominant curiosity of asymptomatic linear stria-
tions in the metaphyseal regions of long bones and in the ilium. However, 
two clinically important X-linked dominant disorders with osteopathia striata 
affect predominantly females: osteopathia striata with cranial sclerosis due to 
mutation of the WTX gene and osteopathia striata with widespread linear 
areas of dermal hypoplasia and various bone defects in the limbs due to muta-
tion of the PORCN gene (Goltz syndrome).

 MELORHEOSTOSIS
 DEFINITION

Melorheostosis is a sporadic disorder that features bone changes often with 
the appearance of wax that has dripped down a candle. No mendelian basis 

has been established. The anatomic distribution suggests a postzygotic seg-
mentary defect, with evidence now of KRAS or MAP2K1 mutation in some  
patients.9,10

 CLINICAL MANIFESTATIONS
Involvement of a single limb is usual; bilateral disease is generally asymmetrical. 
Cutaneous changes over affected bones are common (e.g., linear scleroderma-
like areas and hypertrichosis) and often appear before the hyperostosis. Symp-
toms typically begin during childhood, with pain and stiffness as the major 
complaints. Joints may become contracted and deformed from ectopic bone. 
Leg length inequality results from soft tissue contractures and premature fusion 
of epiphyses. Skeletal changes seem to progress most rapidly throughout child-
hood. During adult life, melorheostosis may or may not gradually spread, but 
pain is especially common.

 DIAGNOSIS
As seen radiographically, irregular, dense, eccentric periosteal and endosteal 
hyperostosis affects a single bone or several adjacent bones. The lower limbs 
are most commonly involved. Endosteal thickening predominates during 
infancy and childhood, and periosteal new bone formation is prominent during 
adulthood. Ectopic bone formation may occur, particularly near joints.

Surgical correction of contractures may worsen ectopic mineralization. Recur-
rent deformity is common.

TREATMENT 

 MIXED SCLEROSING BONE DYSTROPHY
This typically sporadic disorder features enigmatic combinations of osteopoi-
kilosis, osteopathia striata, melorheostosis, cranial sclerosis, and other skeletal 
aberrations in one individual. Complications derive from the specific types 
of osteosclerosis or hyperostosis, such as nerve palsy with cranial sclerosis 
and bone pain with melorheostosis.

 OTHER DISORDERS OF BONE
 FIBROUS DYSPLASIA
This sporadic developmental disorder features one or more expansile fibrous 
lesions within bone. Polyostotic disease is typically seen before the age of 10 
years; monostotic disease begins in adolescence or early adulthood. McCune-
Albright syndrome refers to polyostotic fibrous dysplasia, café au lait spots (Fig. 
234-3), and endocrine hyperfunction.11

 PATHOBIOLOGY
Fibrous dysplasia and McCune-Albright syndrome (also see Chapters 211 and 
218) are caused by postzygotic mosaicism of an activating mutation in the gene 
that encodes the α subunit of the receptor subunit/adenylate cyclase–coupling 
G protein, GNAS. Imperfect bone forms because mesenchymal cells do not 
fully differentiate to osteoblasts.

 CLINICAL MANIFESTATIONS
Monostotic fibrous dysplasia is more common than polyostotic disease. The 
skull and long bones are affected most often. The skeletal lesions can deform 
bones, cause fractures, and occasionally entrap nerves. Sarcomatous degenera-
tion is rare (<1%) but typically occurs within the facial bones or femur and 
is more frequent with polyostotic disease. Pregnancy may reactivate quiescent 
lesions. McCune-Albright syndrome usually causes pseudo-precocious puberty 
in girls. Less commonly, one sees pseudo-precocious puberty in boys. There 
can also be thyrotoxicosis, Cushing disease, acromegaly, hyperprolactinemia, 
or hyperparathyroidism. In some patients, acquired renal phosphate wasting 
causes hypophosphatemic rickets or osteomalacia (see Chapters 211 and 232).

 DIAGNOSIS
The skeletal lesions have a characteristic radiographic appearance early on. In 
the long bones, they are found in either the metaphysis or diaphysis, typically 
are well defined with thin cortices, and have a ground-glass appearance (Fig. 
234-4). With aging, the defects can become lobulated, with trabeculated areas 
of radiolucency.

FIGURE 234-3. McCune-Albright syndrome. Typical rough-border (“coast of Maine”), 
pigmented café au lait spots. (From Whyte MP. Metabolic and dysplastic disorders. In: 
Coe FL, Favus MJ, eds. Disorders of Bone and Mineral Metabolism. New York: Raven Press; 
1992.)

TREATMENT 

 HEREDITARY MULTIPLE EXOSTOSES
This relatively common, highly penetrant, autosomal dominant disorder fea-
tures irregular bone excrescences that protrude from expanded metaphyses.12 
Mutations have been identified in the EXT1 and EXT2 genes. Osteocartilagi-
nous exostoses arise from growth plates and increase in size until linear growth 
ceases. Lesions may become detached from the parent bone. Their structure 
is relatively unremarkable, with an outer cortex and an inner spongiosa. Dis-
ability results primarily from limb length discrepancies when linear bone 
growth suffers at the expense of transverse expansion. Compression of nerves, 
the spinal cord, or the vascular system occurs occasionally. Sarcomatous degen-
eration (0.5 to 2% of patients) should be suspected when an exostosis enlarges 
rapidly, especially in an adult.

 ENCHONDROMATOSIS (DYSCHONDROPLASIA, OLLIER DISEASE)
This sporadic disorder features cartilaginous masses within the trabecular bone 
that arise from growth plates.13 It begins in childhood with localized swelling 
and interferes with linear bone growth. After puberty, expansion of cartilage 
masses ceases, and these lesions can be replaced by mature bone. Enchon-
dromas appear radiographically as lucent defects in flat bones or in metaphyses 
of tubular bones, often with central calcific stippling. When enchondromatosis 
occurs together with multiple hemangiomas (Maffucci syndrome), the enchon-
dromas or hemangiomas undergo malignant transformation in 15% of cases. 

Ollier disease and Maffucci syndrome are caused by somatic mosaic mutations 
in the IDH1 and IDH2 genes.

 ACHONDROPLASIA
Chondrodystrophies are disorders of cartilage growth that result in dispro-
portionate short stature. Achondroplasia is the most common.14 A defect occurs 
in the gene that encodes fibroblast growth factor receptor type 3; 80% of cases 
represent new autosomal dominant mutations, which are more prevalent with 
increasing paternal age. Short tubular bones form because of abnormal endo-
chondral ossification in the limbs. In the chondrocranium, membranous 
ossification is undisturbed; hence the skull vault is normal. However, the cranial 
base and foramen magnum are small. The head is large, with frontal bossing 
and midface hypoplasia. Lumbar lordosis is greatly exaggerated, and the spinal 
canal narrows from the upper to lower segments of the vertebral column. This 
disturbance is revealed radiographically by a decreasing interpediculate dis-
tance. Trunk length is relatively normal, but the limbs show rhizomelic short-
ening, and the hands have a trident configuration. The long bones appear 
massive because of their disproportionately normal width. Growth plates are 
not grossly disorganized, and chondrocytes appear normal. Complications 
can include hydrocephalus and compression of the brain stem, spinal cord, 
or nerve roots. Minimal impingement by a disc or osteophyte on the small 
spinal canal can cause neurologic disturbances. Despite these problems, achon-
droplasia is compatible with good health and a normal lifespan.

 Grade A Reference
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 PATHOBIOLOGY
Fibrous dysplasia and McCune-Albright syndrome (also see Chapters 211 and 
218) are caused by postzygotic mosaicism of an activating mutation in the gene 
that encodes the α subunit of the receptor subunit/adenylate cyclase–coupling 
G protein, GNAS. Imperfect bone forms because mesenchymal cells do not 
fully differentiate to osteoblasts.

 CLINICAL MANIFESTATIONS
Monostotic fibrous dysplasia is more common than polyostotic disease. The 
skull and long bones are affected most often. The skeletal lesions can deform 
bones, cause fractures, and occasionally entrap nerves. Sarcomatous degenera-
tion is rare (<1%) but typically occurs within the facial bones or femur and 
is more frequent with polyostotic disease. Pregnancy may reactivate quiescent 
lesions. McCune-Albright syndrome usually causes pseudo-precocious puberty 
in girls. Less commonly, one sees pseudo-precocious puberty in boys. There 
can also be thyrotoxicosis, Cushing disease, acromegaly, hyperprolactinemia, 
or hyperparathyroidism. In some patients, acquired renal phosphate wasting 
causes hypophosphatemic rickets or osteomalacia (see Chapters 211 and 232).

 DIAGNOSIS
The skeletal lesions have a characteristic radiographic appearance early on. In 
the long bones, they are found in either the metaphysis or diaphysis, typically 
are well defined with thin cortices, and have a ground-glass appearance (Fig. 
234-4). With aging, the defects can become lobulated, with trabeculated areas 
of radiolucency.

FIGURE 234-4. Fibrous dysplasia. A characteristic expansile lesion with a ground-glass 
appearance has caused thinning of the cortex in the mid-diaphysis of the fibula. (From 
Whyte MP. Fibrous dysplasia. In: Favus MJ, ed. Primer on the Metabolic Bone Diseases and 
Disorders of Mineral Metabolism. 3rd ed. Philadelphia: Lippincott-Raven; 1996.)

In mild disease, bone lesions may not expand. In severe cases, defects can 
progress and new ones may appear during childhood. Spontaneous healing 
does not occur, but pathologic fractures generally mend well. Stress fractures, 
however, can be difficult to detect and to treat. When the skull is involved, 
nerve compression may require surgical intervention. In McCune-Albright syn-
drome, search for and pharmacologic control of associated endocrinopathies 
are important. Bone antiresorptive treatment has helped some patients.

TREATMENT 

 HEREDITARY MULTIPLE EXOSTOSES
This relatively common, highly penetrant, autosomal dominant disorder fea-
tures irregular bone excrescences that protrude from expanded metaphyses.12 
Mutations have been identified in the EXT1 and EXT2 genes. Osteocartilagi-
nous exostoses arise from growth plates and increase in size until linear growth 
ceases. Lesions may become detached from the parent bone. Their structure 
is relatively unremarkable, with an outer cortex and an inner spongiosa. Dis-
ability results primarily from limb length discrepancies when linear bone 
growth suffers at the expense of transverse expansion. Compression of nerves, 
the spinal cord, or the vascular system occurs occasionally. Sarcomatous degen-
eration (0.5 to 2% of patients) should be suspected when an exostosis enlarges 
rapidly, especially in an adult.

 ENCHONDROMATOSIS (DYSCHONDROPLASIA, OLLIER DISEASE)
This sporadic disorder features cartilaginous masses within the trabecular bone 
that arise from growth plates.13 It begins in childhood with localized swelling 
and interferes with linear bone growth. After puberty, expansion of cartilage 
masses ceases, and these lesions can be replaced by mature bone. Enchon-
dromas appear radiographically as lucent defects in flat bones or in metaphyses 
of tubular bones, often with central calcific stippling. When enchondromatosis 
occurs together with multiple hemangiomas (Maffucci syndrome), the enchon-
dromas or hemangiomas undergo malignant transformation in 15% of cases. 

Ollier disease and Maffucci syndrome are caused by somatic mosaic mutations 
in the IDH1 and IDH2 genes.

 ACHONDROPLASIA
Chondrodystrophies are disorders of cartilage growth that result in dispro-
portionate short stature. Achondroplasia is the most common.14 A defect occurs 
in the gene that encodes fibroblast growth factor receptor type 3; 80% of cases 
represent new autosomal dominant mutations, which are more prevalent with 
increasing paternal age. Short tubular bones form because of abnormal endo-
chondral ossification in the limbs. In the chondrocranium, membranous 
ossification is undisturbed; hence the skull vault is normal. However, the cranial 
base and foramen magnum are small. The head is large, with frontal bossing 
and midface hypoplasia. Lumbar lordosis is greatly exaggerated, and the spinal 
canal narrows from the upper to lower segments of the vertebral column. This 
disturbance is revealed radiographically by a decreasing interpediculate dis-
tance. Trunk length is relatively normal, but the limbs show rhizomelic short-
ening, and the hands have a trident configuration. The long bones appear 
massive because of their disproportionately normal width. Growth plates are 
not grossly disorganized, and chondrocytes appear normal. Complications 
can include hydrocephalus and compression of the brain stem, spinal cord, 
or nerve roots. Minimal impingement by a disc or osteophyte on the small 
spinal canal can cause neurologic disturbances. Despite these problems, achon-
droplasia is compatible with good health and a normal lifespan.
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235 
APPROACH TO THE PATIENT WITH 
ALLERGIC OR IMMUNOLOGIC DISEASE
KARI C. NADEAU

Allergic diseases and disorders of the immune system affect multiple organ 
systems. This chapter addresses approaches to common allergic disorders and 
primary immune deficiencies. Specific disorders are discussed in detail in the 
chapters to follow.

 ALLERGIC DISEASE

 DEFINITION
Diseases characterized by hypersensitivity of the immune system and inap-
propriate reactions to common environmental, food, and drug substances are 
termed allergic diseases. In the sensitized individual, common foods (e.g., peanut, 
milk, eggs), airborne particles (e.g., grass pollen, cat dander), drugs (e.g., aspirin, 
penicillin), insect stings (e.g., bees, wasps), or others (e.g., latex, dyes) can 
trigger an allergic reaction. Reactions can range from mild to severe to life-
threatening, and disease symptoms can occur in one or many organs by skin 
contact, inhalation, ingestion of allergens, stings, or injections. The prevalence 
of allergic diseases has increased in recent decades. Although genetics plays 
a role in their etiology, current hypotheses implicate improvements in hygiene, 
increased exposure to environmental pollutants, and alterations in diet and 
lifestyle for the observed increases.

Allergic diseases can be classified based on organs affected, causal allergen 
type, time taken for symptoms to appear on exposure to allergens, and under-
lying effector mechanisms. Allergic reactions may be immediate (minutes to 
1 to 2 hours) or delayed (hours or days). Based on effector mechanisms, 
allergies are often classified as immunoglobulin E (IgE)-mediated, mixed IgE- 
and cell-mediated, and non-IgE-mediated allergic diseases. Although this 
classification oversimplifies the complexities associated with allergic diseases, 
at the current time, it plays an essential role in diagnosis and treatment.1 IgE-
mediated diseases are best characterized, and allergic diseases with high IgE 
levels are termed atopic diseases. Table 235-1 details the major IgE-mediated, 
mixed IgE- and cell-mediated, and non-IgE-mediated allergic diseases, along 
with their prevalence, major symptoms, and examples of causal allergens.

 PATHOBIOLOGY
The mechanisms underlying IgE-mediated allergies are the best understood. 
Patients with IgE-mediated allergic reactions undergo an initial sensitization 
phase during which IgE antibodies recognizing a specific allergen are produced 
and are bound to high-affinity FcεRI receptors on mast cells or basophils. 
Further exposure to allergens can lead to cross-linkage of IgE antibodies with 
subsequent degranulation of mast cells or basophils.2 The initial sensitization 
phase occurs as epithelial cytokines interleukin-25 (IL-25), IL-33, and thymic 
stromal lymphopoietin are produced in response to increased allergen perme-
ability caused by loss of epithelial barrier integrity. These cytokines enable 
differentiation of naïve T cells to Th2 cells and upregulation of cytokines IL-4, 
IL-5, and IL-13 and IgE class-switching by B cells. Degranulation of mast 
cells and basophils lead to the release of histamine and other inflammatory 
chemical mediators (cytokines, interleukins, leukotrienes, and prostaglandins) 
into the surrounding tissue causing several systemic effects, such as vasodilation, 
mucous secretion, tissue eosinophilic infiltration, and smooth muscle contrac-
tion (Fig. 235-1). Non-IgE-mediated reactions are poorly defined and are 
generally T-cell mediated.

Endotypes and Phenotypes
Differences in treatment responses in those with similar clinical characteristics 
(phenotype) reinforce the heterogeneity of allergic diseases and the need for 
further classification based on common mechanistic characteristics. These 
subtypes are termed endotypes and are characterized by a distinct pathophysi-
ologic mechanism. Recent advances in high-throughput methods (e.g., genome-
wide association studies, RNA-Seq, cytometry by time of flight, 16S rRNA 
sequencing), big data analytics, and bioinformatics have enabled a better 
understanding of the molecular changes occurring with allergen sensitization 

and have spurred research into better diagnostic and prognostic markers and 
treatments. These technologies are paving the way for better classification of 
patients based on phenotypes and endotypes, precision medicine, and per-
sonalized care.3

 EPIDEMIOLOGY
Food Allergy
Food allergy is an immune reaction triggered by common food substances.4 
Exposure to very small amounts of allergenic foods can trigger clinical symp-
toms in one or many organs ranging in severity from mild to life-threatening. 
The prevalence of food allergies is rising, and current standard of care consists 
of food allergen avoidance and treatment of severe systemic reactions with 
adrenaline. Immunotherapy has shown promise in clinical trials, but safety 
concerns and recurrence of allergen sensitivity after a period of treatment 
discontinuation have to be addressed before it can become mainstream therapy. 
In general, allergic reactions occur within minutes to 2 hours after ingestion 
of the causal allergen. Oral allergy syndrome is a food allergy that requires 
prior sensitization to a cross-reacting inhalant allergen. Common symptoms 
include pruritus of the lips, tongue, and mouth. Eosinophilic esophagitis 
(Chapter 129), food protein–induced enterocolitis syndrome, food protein–
induced allergic procolitis, and food protein enteropathy are among the dis-
orders in which food allergy may play a role.

Drug Allergy
Allergic reactions to drugs are a serious public health concern. Drug reactions 
mediated by immunologic reactions (antibodies or specific T lymphocytes) 
may occur immediately after exposure to the drug or may be delayed, may 
affect single or multiple organs, and may be mild, severe, or life-threatening. 
A careful history of exposure, timing of reactions, and clinical symptoms can 
help narrow the causal drug allergy because there is no definitive diagnostic 
test for confirmation of drug allergy. Risk factors for developing a drug allergy 
include age (young and middle-aged adults), gender (women), genetic poly-
morphisms (e.g., human leukocyte antigen), and certain viral infections (e.g., 
HIV, Epstein-Barr virus). Other factors include increased frequency of exposure 
and prolonged high doses, intravenous or intramuscular route of administra-
tion, high molecular weight of drug, and drugs that haptenate tissue or blood 
proteins.

Environmental Allergy
Outdoor and indoor environmental allergens can sensitize or exacerbate allergic 
disease (allergic rhinitis, allergic conjunctivitis, and allergic asthma) through 
IgE-mediated mechanisms. Major indoor aeroallergens are derived from dust 
mites, cockroaches, cigarette smoking, animal dander (e.g., dog, cat, mice), 
and mold. Pollutants generated from diesel exhaust, gas-burning stoves, fire-
places, or heaters can also exacerbate allergies and asthma. Children living in 
close proximity to major highways are more likely to be affected.5

Occupational Allergy
A number of substances used in different occupations can cause the develop-
ment of allergic disease affecting the respiratory tract and skin. Examples 
include compounds with both low (dyes, isocyanates, metals) and high (latex, 
flour) molecular weight. Recurring high levels of exposure are the most impor-
tant determinant in sensitizing individuals to occupational allergens.

 CLINICAL SYNDROMES
Allergic diseases affect different organs, such as the nose, lungs, eyes, gastro-
intestinal tract, or skin. Symptoms may be limited to one or more organs or, 
as in the case of anaphylaxis, may be systemic. Further, the same allergic 
sensitization may manifest in different ways at different times in an individual. 
The concept of the atopic march has been put forth to describe the temporal 
relationship in the natural and commonly observed progression of atopic 
disorders from atopic dermatitis in infants to allergic rhinitis, food allergy, 
and allergic asthma in children and adults.

Skin
Allergic disorders involving the skin include angioedema, urticaria (acute and 
chronic), and dermatitis (atopic and contact). Symptoms of urticaria and 
angioedema include pruritus and transient, raised, erythematous cutaneous 
lesions that range in size from a few millimeters to several centimeters. Acute 
urticaria is defined as the recurrence of lesions for a period of up to 6 weeks, 
and chronic urticaria is defined as recurrence of lesions over more than 6 
weeks. Acute urticaria may be triggered by aeroallergens, foods, infections, 
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ABSTRACT
Allergic diseases are hypersensitivity reactions of the immune system with 
inappropriate reactions to common environmental, food, and drug substances. 
Reactions can range from mild to severe to life-threatening, and disease symp-
toms can occur in one or many organs by skin contact, inhalation, ingestion 
of allergens, or stings or injections. The prevalence of allergic diseases has 
increased in recent decades. Although genetics plays a role in the etiology of 
the disease, current hypotheses implicate improvements in hygiene, increased 
exposure to environmental pollutants, and alterations in diet and lifestyle for 
the observed increases. Allergic reactions may be immediate (minutes to 1 to 
2 hours) or delayed (hours or days). Primary immune deficiency diseases 
(PIDDs) are rare. More than 250 primary immunodeficiency diseases have 
been discovered. The presentation of PIDD is highly variable. Patients with 
recurrent, persistent, severe, or unusual infections should be suspected for 
PIDD. Patient history can assist with raising suspicion and recognition of the 
need for further specialized testing.
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diseases. Further, the severity of atopic dermatitis is correlated with increased 
risk for asthma and other atopic diseases. Although 20% of children with mild 
atopic dermatitis develop asthma, more than 60% with severe atopic dermatitis 
develop asthma.8

Allergic contact dermatitis is a common skin disease. It can be caused by 
direct contact, airborne particles, vapors, or light. The allergens that mediate 
allergic contact dermatitis are generally low-molecular-weight substances that 
combine with skin proteins to form complete allergens. Examples include 
metals (e.g., nickel), plants (e.g., poison oak), or drugs (e.g., neomycin). It is 
a delayed-type, T-cell-mediated, non-IgE reaction to common substances. 
Relapse is common, even with prolonged allergen avoidance. Patch testing is 
the “gold standard” for diagnosis.

Eyes
Ocular allergic conjunctivitis includes seasonal allergic conjunctivitis, peren-
nial allergic conjunctivitis, vernal keratoconjunctivitis, and atopic keratocon-
junctivitis (Chapter 395). Seasonal allergic conjunctivitis and perennial allergic 
conjunctivitis are IgE-mediated leading to an immediate or early response 
(within minutes). Further activation of chemokines leads to late-phase-mediated 
reactions. Vernal keratoconjunctivitis and atopic keratoconjunctivitis, however, 
appear to be mediated by both IgE and non-IgE cellular pathways.

insect stings, or drugs. Idiopathic cases of chronic urticaria account for 80 to 
90% of cases.6 Co-occurrence of angioedema with urticaria is common and 
is found mainly on the face, lips, mouth, upper airways, and genitalia. Symp-
toms of acute urticaria or angioedema occur rapidly (often within minutes); 
however, even without treatment, individual urticarial lesions typically resolve 
within 1 to 24 hours. The use of angiotensin-converting enzyme inhibitors 
has become the leading cause of acquired angioedema, with those of African 
American heritage being at higher risk. Urticaria is caused by both IgE- and 
non-IgE-mediated mechanisms. Additionally, antibodies to IgE and the 
high-affinity IgE receptor have been detected in some patients, indicating an 
autoimmune component; however, the clinical significance of these autoan-
tibodies is not clear. Hashimoto thyroiditis has been associated with chronic 
urticaria, and in 10 to 30% of these patients, antithyroid antibodies have  
been detected.7

Atopic dermatitis is an IgE-mediated disease and is common in infants and 
children. Increased risk for the disease has been linked to a mutation in the 
filaggrin gene, a gene essential for skin barrier function. Loss-of-function muta-
tions of filaggrin have been observed in up to 30% of patients with atopic 
dermatitis. Increased colonization of Staphylococcus aureus has been seen in 
more than 90% of patients with atopic dermatitis and may lead to secondary 
infections. In individuals, it often precedes the development of other atopic 

TABLE 235-1 COMMON IgE-MEDIATED, MIXED (IgE-MEDIATED AND CELL-MEDIATED), AND NON-IgE-MEDIATED ALLERGIES

DISEASE PREVALENCE KEY SYMPTOMS
EXAMPLES OF CAUSAL 

ALLERGENS
IgE-MEDIATED ALLERGIES

Oral allergy syndrome (pollen-
food syndrome)

1-12.2% (children) Rapid-onset, tingling and pruritus of the lips, mouth, 
and oropharynx. Pharyngeal swelling in severe cases

Fresh fruits and vegetables, commonly 
seen in those with birch, ragweed, 
or grass pollen allergy

Food allergy 8% (children), 5% (adults) Rapid-onset, abdominal pain, vomiting, hives, wheezing, 
shortness of breath. Anaphylaxis in severe cases

Food allergens (e.g., egg, peanut, 
milk)

Anaphylaxis 0.3-5.1% Rapid-onset, progressive, multiorgan. Rapid progression 
to cardiovascular and/or respiratory collapse in severe 
cases

Foods (e.g., peanuts, shellfish), drugs, 
insect stings

Atopic dermatitis 12.98% (children), 7.2-10.2% (adults) Pruritus, Staphylococcus aureus infection, lichenification, 
xerosis, excoriations

Foods, aeroallergens, exogenous 
irritants (e.g., wool, soaps)

Acute, seasonal, and perennial 
allergic conjunctivitis

10-30% Conjunctivitis, eyelid edema, watery discharge, ocular 
itching, conjunctival hyperemia

Aeroallergens

Allergic asthma 7.3% Chest tightness, shortness of breath, wheezing Animal dander, mold, house dust 
mites

Allergic rhinitis 10-40% (children), 10-20% (adults) Sneezing, rhinorrhea, lacrimation House dust mites, grass pollen, tree 
pollen, animal dander

MIXED IgE-MEDIATED AND NON-IgE-MEDIATED ALLERGIES

Eosinophilic GI disorders 
(eosinophilic esophagitis, 
eosinophilic colitis; eosinophilic 
gastritis; eosinophilic 
gastroenteritis)

Eosinophilic esophagitis: 
5-10/100,000

Eosinophilic colitis: 2.1 per 100,000
Eosinophilic gastroenteritis: 

5.1/100,000

Symptoms dependent on region and nature of 
eosinophilic infiltration (mucosal, muscular, or 
serosal) and may include nausea, dysphagia, vomiting, 
failure to thrive, epigastric pain, food impaction, 
inflammation of some or all regions of the GI tract

Milk, egg, wheat, soy, peanuts

Urticaria (acute and chronic) and 
angioedema

Acute urticaria: 20% of the general 
population

Chronic urticaria: 5 to 40% of patients 
with urticaria have angioedema

Pruritus and raised erythematous cutaneous lesions Aeroallergens, foods, infections, insect 
stings, or drugs. Many cases are 
idiopathic

AKC and VKC VKC: 3.2/10,000 of the population
AKC: 20-40% of patients with AD

Clinical symptoms in AKC and VKC can include 
photophobia and tearing in addition to commonly 
noted itching and grittiness as observed in ocular 
allergy. Ropy mucous, giant papillae, and Trantas dots 
are also often present. AKC patients have concurrent 
AD

Environmental allergens

NON-IgE-MEDIATED ALLERGIES

Food protein–induced 
enterocolitis syndrome (FPIES)

0.34% (CM mediated) Vomiting, diarrhea, and failure to thrive Milk, soy

Food protein–induced allergic 
proctocolitis (FPIAP)

0.16-64% of infants with isolated 
rectal bleeding

Rectal bleeding Cow’s milk

Food protein–induced enteropathy 
(FPE)

Prevalence unknown Steatorrhea from malabsorption, diarrhea, and failure to 
thrive

Cow’s milk proteins and soy proteins

Contact dermatitis Significant variations with causal 
allergen

Inflammation, skin rash, and blisters Poison oak, nickel

AD = atopic dermatitis; AKC = atopic keratoconjunctivitis; CM = cow’s milk; GI = gastrointestinal; VKC = vernal keratoconjunctivitis.
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Vascular
Anaphylaxis is a serious systemic reaction to allergens and is rapid in onset 
(seconds to minutes) and, in severe cases, can quickly progress to cardiovas-
cular and/or respiratory collapse within minutes of inception. It is associated 
with skin (flushing, urticaria, and angioedema), pulmonary (asthma, laryngeal 
edema), cardiac (arrhythmia), vascular (hypotension, extravascular fluid loss), 
gastrointestinal (abdominal pain, nausea, vomiting, diarrhea), and nonspecific 
symptoms (metallic taste, sense of impending doom). Common triggers include 
insect stings, drugs, and food allergens. In addition to IgE mechanisms, non-IgE 
mechanisms such as IgG immune complexes, complement, neuropeptides, 
opiates, and radiocontrast also play a role.14 Patients who have elevated basal 
levels of serum tryptase are at increased risk for anaphylaxis, especially after 
an insect sting. All patients should have their baseline tryptase determined as 
a follow-up to an anaphylactic episode and, if elevated, should be further 
evaluated for occult mast cell disorders.

Hereditary angioedema is a rare, genetic disease characterized by sponta-
neous episodes of subcutaneous and submucosal swelling of the face, lips, 
oral cavity, larynx, and gastrointestinal tract. It is potentially life-threatening, 
and affected individuals are at risk for laryngeal angioedema and asphyxi-
ation. It is caused by decreases in C1 inhibitor protein level or function 
and overproduction of bradykinin. The typical duration of episodes is  
3 days.15

 DIAGNOSIS
Allergy is a systemic immune disease and a multifocal approach should be 
employed when examining a patient with suspected allergies. Because many 
of the diseases comprise distinct heterogeneous subtypes, a precision medicine 
approach to personalized diagnosis and treatment should be undertaken. A 
final diagnosis of allergy should be based on correlations between patient 
history, clinical symptoms, and laboratory test results.

Patient History
Obtaining an accurate patient history is a crucial first step in diagnosing allergic 
disease. A family history of atopic disease increases risk for allergic disease. 
Patient history should include the nature of the patient’s symptoms (frequency 
and severity) and potential allergen exposures, such as seasonal (e.g., pollen 
from trees or grasses), perennial (e.g., dust mites, cockroaches), food (e.g., 
peanuts, tree nuts, egg, raw fruits), environmental (e.g., pets, pollutants, cock-
roaches, molds, fungi), drug (e.g., penicillin), and occupational (e.g., flour, 
latex, paints) allergen exposures. Table 235-2 details common symptoms and 
approaches to treatment.

Physical Examination
Skin should be examined for possible urticaria (see Fig. 411-1 in Chapter 411), 
angioedema, or atopic dermatitis (see Table 411-4 in Chapter 411). Urticarial 
lesions typically consist of small, pink, raised, irregular wheals and may be associ-
ated with angioedema. Angioedematous lesions are most often found on the face 
and acral areas. Atopic dermatitis is prominent over the trunk and face during 
infancy, and a typical flexural distribution is observed in childhood. Signs of atopic 
dermatitis include flexular papulae, thickening of skin due to hyperkeratinization, 

variations in pollen count and overall prevalence and severity of allergic rhinitis. 
In perennial allergic rhinitis, exposure to indoor and outdoor air pollutants, 
pet dander, cockroaches, house dust mites, molds, and others should be taken 
into consideration. In some individuals, seasonal allergies may overlap, leading 
to perennial symptoms. Forty percent of individuals with allergic rhinitis 
eventually develop asthma.9 Because asthma and allergic rhinitis frequently 
occur in the same patient, one hypothesis is that both are different manifesta-
tions of the same disease.

Lower Airway
The most common asthma phenotype is allergic asthma, a chronic inflamma-
tory disease of the airways. It is characterized by contraction of airway smooth 
muscles, wheezing, cough, and dyspnea on exposure to causal allergens. Both 
genetic susceptibility and allergen exposure are thought to play a role in the 
pathogenesis of the disease. Examples of allergens include air pollutants, respi-
ratory viruses, tobacco smoke, drugs, endotoxins, pollen, animal dander, 
cockroaches, house dust mites, and foods. IgE plays a central role in allergic 
asthma pathophysiology and has been implicated in both the early (wheezing, 
shortness of breath, chest tightness, and cough) and late (inflammatory infil-
tration, bronchoconstriction, and tissue remodeling) phases. The success of 
anti-IgE therapies in reducing asthma exacerbations has further emphasized 
the key role of IgE in allergic asthma.10

Diseases associated with allergic asthma include eosinophilic granulomatosis 
with polyangiitis (Chapter 161), formerly known as Churg-Strauss syndrome, 
and allergic bronchopulmonary aspergillosis (Chapter 319). Eosinophilic 
granulomatosis with polyangiitis is a rare allergic disease that also affects the 
lower airways. Asthma is found in 95 to 100% of patients with eosinophilic 
granulomatosis with polyangiitis and generally precedes it by many years.11 It 
is generally characterized by an allergic phase with asthma and rhinosinusitis, 
an eosinophilic phase with hypereosinophilia in the lungs and other organs, 
and a vasculitic eosinophilic granulomatosis with a polyangiitis phase leading 
to impaired blood flow and damage to tissues and organs. It is thought to 
be mediated by non-IgE mechanisms. A number of studies have shown it 
to develop after anti-IgE treatment in patients with severe asthma, in whom 
in may be unmasked when corticosteroids are weaned. The diagnostic cri-
teria for allergic bronchopulmonary aspergillosis include the presence of 
asthma or cystic fibrosis with deterioration of lung function, positive skin 
test for Aspergillus sp, total serum IgE level of at least 416 IU/mL, increased 
specific IgE and IgG antibodies for Aspergillus sp, and chest radiographic  
infiltrates.

Gastrointestinal Tract
Allergic inflammatory diseases that affect the gastrointestinal tract include 
eosinophilic gastrointestinal diseases, food protein–induced enterocolitis 
syndrome, food protein–induced allergic procolitis, and food protein enter-
opathy. All three conditions are non-IgE-mediated gastrointestinal food allergic 
disorders. All three are typically present in infancy and are triggered most 
commonly by cow’s milk protein. Symptoms of food protein–induced entero-
colitis syndrome include vomiting, lethargy, and dehydration. Patients with 
food protein–induced allergic procolitis present with bloody and mucous 
stools. Diarrhea, malabsorption, and failure to thrive are observed with food 
protein enteropathy. These diseases have a favorable prognosis, and most resolve 
by 3 to 5 years of age. Eosinophilic gastrointestinal diseases are inflammatory 
gastrointestinal disorders in which eosinophils infiltrate the gut. Pathophysiol-
ogy indicates mixed IgE and non-IgE mechanisms.

Eosinophilic esophagitis (Chapter 129) is the most common and well char-
acterized of the eosinophilic gastrointestinal diseases. It is an inflammatory 
disorder of the esophagus. Symptoms include nausea, dysphagia, vomiting, 
failure to thrive, epigastric pain, food impaction, and inflammation of the 
esophagus. Patients with eosinophilic esophagitis often have comorbid atopic 
diseases such as allergic rhinitis, asthma, food allergy, and atopic dermatitis. 
Diagnosis is confirmed if an esophageal biopsy shows at least 15 eosinophils 
per high-power field.12 Eosinophilic esophagitis is a food allergy, and elimina-
tion diets excluding causal allergens from the diet are effective in reducing 
and eliminating symptoms.

Eosinophilic gastritis (Chapter 161), eosinophilic colitis (Chapter 161), 
and eosinophilic gastroenteritis (Chapter 161) are rare and often found in 
patients with a history of atopy.13 All three disorders show increased numbers 
of eosinophils in gastrointestinal biopsies. Symptoms vary based on region 
of the gastrointestinal tract affected and extent of eosinophilic infiltration 
(mucosal, muscular, or serosal). In rare cases, eosinophilic ascites is observed 
with eosinophilic infiltration into the serosal layer.
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FIGURE 235-1. Mechanism of immunoglobulin E–mediated allergic disease. the right 
column illustrates the various systemic effects of ige-mediated allergic reactions, includ-
ing smooth muscle contraction, tissue eosinophilic infiltration, mucous secretion, and 
vasodilation with vascular permeability. 

Ocular allergies can be caused by numerous factors, such as exposure to air 
pollutants, insects (cockroaches and house dust mites), pet dander, or pollen. 
Seasonal allergic conjunctivitis and perennial allergic conjunctivitis primarily 
affect the conjunctiva and possibly the eyelids. In vernal keratoconjunctivitis 
and atopic keratoconjunctivitis, the cornea is also affected and has the poten-
tial for vision impairment. In seasonal allergic conjunctivitis and perennial 
allergic conjunctivitis, itching, redness, and swelling of the conjunctiva, along 
with tearing and discharge of white mucus, is common. One of the main 
characteristics of vernal keratoconjunctivitis is the presence of giant papil-
lae (several millimeters in diameter) on the upper tarsal conjunctiva, which 
can be seen easily on the underside of the upper eyelid. Other symptoms 
include ropy mucous discharge, Trantas dots (aggregation of epithelial cells 
and eosinophils that appear as gelatinous, mucoid nodules at the superior 
limbus of the conjunctiva), creasing of the lower eyelids, and pseudomem-
brane formation on the upper lid. A punctate keratitis may also appear in the 
central cornea, leading to the formation of a grayish plaque, corneal scarring, 
and vision impairment. Photophobia may also be present. In atopic kerato-
conjunctivitis, giant papillae and Trantas dots, similar to those found in vernal 
keratoconjunctivitis, may also be present. However, patients with atopic kera-
toconjunctivitis are generally older (30 to 50 years) than patients with vernal 
keratoconjunctivitis (10 years and younger) and often have concurrent atopic 
dermatitis or a positive family history of atopy. Atopic keratoconjunctivitis and 
vernal keratoconjunctivitis are two to three times more likely in males than  
females.

Upper Airway
Allergic rhinitis affects the upper airways and may be either seasonal or peren-
nial. Symptoms include sneezing, nasal pruritus, nasal airflow obstruction, 
and nasal discharge. In seasonal allergic rhinitis, symptoms usually occur in 
either spring, summer, or fall and are generally associated with pollen from 
trees, grass, and weeds. Pollen count and type vary with geographic regions. 
Even within a specific region, changes in weather patterns can cause yearly 
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Vascular
Anaphylaxis is a serious systemic reaction to allergens and is rapid in onset 
(seconds to minutes) and, in severe cases, can quickly progress to cardiovas-
cular and/or respiratory collapse within minutes of inception. It is associated 
with skin (flushing, urticaria, and angioedema), pulmonary (asthma, laryngeal 
edema), cardiac (arrhythmia), vascular (hypotension, extravascular fluid loss), 
gastrointestinal (abdominal pain, nausea, vomiting, diarrhea), and nonspecific 
symptoms (metallic taste, sense of impending doom). Common triggers include 
insect stings, drugs, and food allergens. In addition to IgE mechanisms, non-IgE 
mechanisms such as IgG immune complexes, complement, neuropeptides, 
opiates, and radiocontrast also play a role.14 Patients who have elevated basal 
levels of serum tryptase are at increased risk for anaphylaxis, especially after 
an insect sting. All patients should have their baseline tryptase determined as 
a follow-up to an anaphylactic episode and, if elevated, should be further 
evaluated for occult mast cell disorders.

Hereditary angioedema is a rare, genetic disease characterized by sponta-
neous episodes of subcutaneous and submucosal swelling of the face, lips, 
oral cavity, larynx, and gastrointestinal tract. It is potentially life-threatening, 
and affected individuals are at risk for laryngeal angioedema and asphyxi-
ation. It is caused by decreases in C1 inhibitor protein level or function 
and overproduction of bradykinin. The typical duration of episodes is  
3 days.15

 DIAGNOSIS
Allergy is a systemic immune disease and a multifocal approach should be 
employed when examining a patient with suspected allergies. Because many 
of the diseases comprise distinct heterogeneous subtypes, a precision medicine 
approach to personalized diagnosis and treatment should be undertaken. A 
final diagnosis of allergy should be based on correlations between patient 
history, clinical symptoms, and laboratory test results.

Patient History
Obtaining an accurate patient history is a crucial first step in diagnosing allergic 
disease. A family history of atopic disease increases risk for allergic disease. 
Patient history should include the nature of the patient’s symptoms (frequency 
and severity) and potential allergen exposures, such as seasonal (e.g., pollen 
from trees or grasses), perennial (e.g., dust mites, cockroaches), food (e.g., 
peanuts, tree nuts, egg, raw fruits), environmental (e.g., pets, pollutants, cock-
roaches, molds, fungi), drug (e.g., penicillin), and occupational (e.g., flour, 
latex, paints) allergen exposures. Table 235-2 details common symptoms and 
approaches to treatment.

Physical Examination
Skin should be examined for possible urticaria (see Fig. 411-1 in Chapter 411), 
angioedema, or atopic dermatitis (see Table 411-4 in Chapter 411). Urticarial 
lesions typically consist of small, pink, raised, irregular wheals and may be associ-
ated with angioedema. Angioedematous lesions are most often found on the face 
and acral areas. Atopic dermatitis is prominent over the trunk and face during 
infancy, and a typical flexural distribution is observed in childhood. Signs of atopic 
dermatitis include flexular papulae, thickening of skin due to hyperkeratinization, 

TABLE 235-2 ALLERGIC DISEASES: SYMPTOMS AND 
APPROACHES TO TREATMENT

SYMPTOMS APPROACH TO TREATMENT
Cutaneous: pruritus, rash H1-antihistamine
Ocular: gritty sensation, pruritus Topical H1-antihistamine or mast cell–

stabilizing agent
Upper respiratory: palatal pruritus, 

clear rhinorrhea, sneeze, nasal 
obstruction

Topical corticosteroid, oral H1-antihistamine, 
leukotriene receptor antagonist, topical 
nasal H1-antihistamine

Lower respiratory: wheezing, 
cough, dyspnea

β2-Agonist, inhaled corticosteroid, inhaled 
β2-agonist, leukotriene receptor 
antagonist, oral methylxanthine, 
parenteral corticosteroid, parenteral 
anti–immunoglobulin E

Gastrointestinal: nausea, vomiting, 
cramping pain

Epinephrine (if caused by anaphylaxis), oral 
corticosteroid, oral cromolyn

excoriations, and lichenification. Patients with urticaria should be tested for  
dermatographism.

The eyes should be examined for signs of excessive tear production, injec-
tion and swelling of the palpebral conjunctivae, and swollen or darkened 
periorbital tissues. “Cobblestone papillae” may be present.

Internal inspection of the nasal mucosa should be focused on deviations 
or perforations of the nasal septum, nasal patency, presence of polyps or foreign 
bodies, mucosal appearance, and presence and nature of secretions. Decreases 
in nasal patency caused by swelling of the lower turbinates are often observed. 
In allergic patients, the nasal mucosa typically appears pale, watery, edematous, 
and bluish, and secretions are clear and watery to mucoid in nature.

In patients with acute asthma, clinical examination can help detect wheez-
ing, prolonged expiration, tachypnea, and shortness of breath. Extremities 
should be checked for cyanosis. Chronic hyperinflation (increased diameter 
or barrel chest) can be seen in chronic asthma. Wheezing, if unilateral, may 
suggest a foreign body or tumor. Wheezing may only be present during expira-
tion (mild or moderate asthma) or during both inspiration and expiration 
(severe asthma), or it may be absent (when airflow is severely limited or when 
it predominantly affects the small airways).

Anaphylaxis is a systemic event and affects many organs. Signs of anaphylaxis 
generally include flushing and presence of urticaria and angioedema. Hoarse-
ness caused by upper airway obstruction from angioedema of the tongue, 
oropharynx, or larynx, or wheezing secondary to asthma, may be observed. 
Other symptoms may include pruritus, chest tightness, cough, wheezing, 
rhinitis, sneezing, congestion, rhinorrhea, abdominal pain, uterine cramping, 
urinary and fecal urgency or incontinence, nausea, vomiting, and diarrhea. 
Patients may become hypoxic, and anaphylaxis with hypotension may signal 
shock (Chapter 98) and cardiovascular collapse.

Laboratory Evaluation
Allergen-specific IgE (sIgE) measurements are the most common diagnostic 
tool for allergy. Total IgE measurements have limited utility for diagnoses of 
patients with allergic disease. Normal values of total IgE do not exclude the 
presence of allergic disease, and elevated concentrations can be found in 
smokers and in a number of other diseases besides allergy. In some cases, 
however, such as allergic bronchopulmonary aspergillosis, serum IgE levels 
may measure the severity of disease or risk for an exacerbation.

sIgE can be measured either by in vitro blood tests or in vivo tests (skin 
prick tests and intradermal testing). The specific allergens tested in sIgE should 
be based on patient history and environmental exposures. During skin prick 
tests, a small break in the epidermis (usually forearm or upper back) is made 
using a lancet or needle to allow penetration of the allergen. In intradermal 
skin testing, a small amount of the suspected allergen is injected under the 
surface of the skin. Although studies indicate that intradermal testing is more 
sensitive and reproducible, it is less common than skin prick tests because of 
concerns about patient safety and comfort. After about 15 to 30 minutes of 
allergen introduction, the maximal diameter of both the wheal and the flare 
is obtained, and results are compared with positive (histamine) and negative 
(saline) controls. Contraindications include individuals at high risk for ana-
phylaxis, certain skin conditions such as dermographism, urticaria, cutaneous 
mastocytosis, and skin affected by atopic dermatitis. Medications that may 
affect skin prick test results when taken concurrently include antihistamines 
(including topical forms), tricyclic antidepressants, omalizumab, and topical 
steroids in the test area.16 Angiotensin-converting enzyme inhibitors and 
β-blockers do not interfere with skin prick test results but may be problematic 
if anaphylaxis occurs and requires treatment.

Several new innovative high-throughput in vitro tests for measuring sIgE 
have recently been commercialized, such as the ImmunoCAP Immunosorbent 
Allergen Chip, Immuno Solid Phase Allergen Chip (VBC Genomics-Phadia), 
and AdvanSure AlloScreen assay, and these tests can be used in conjunction 
with in vivo sIgE tests for further confirmation of a diagnosis of allergy. Both 
in vitro and in vivo measurements of sIgE, however, are associated with high 
rates of false-positive results and only indicate allergen sensitization rather 
than clinically significant allergy. For some types of allergy, such as IgE-mediated 
food allergy, food challenges (particularly a double-blind, placebo-controlled 
food challenge) can provide a definitive diagnosis. The test should be con-
ducted only in carefully supervised settings because of the risk for severe 
reactions.

Non-IgE tests include inhalation tests and patch tests. Inhalation testing of 
specific allergens or chemicals may help diagnose occupational allergy or 
asthma (Chapter 87). Patch tests are used to diagnose contact dermatitis. 
Patches containing potentially allergenic substances (e.g., dyes, latex, metals) 



history of frequent infections and the presence of other abnormalities, because 
these many provide clues to the underlying disorder.

Laboratory Evaluation
Laboratory tests are essential for the diagnosis of primary immune disorders. 
Blood counts, including enumeration of total eosinophil, neutrophil, and 
lymphocyte (T-cell, B-cell, natural killer [NK]-cell) counts, cytokines produced 
by activated lymphocytes, and determination of serum immunoglobulin levels 
(IgA, IgE, IgG, IgM) can assist with diagnosis of a suspected immunodeficiency 
disorder. A significant lymphopenia often can be the first indication of T-cell 
immunodeficiency. Reduced antibody levels may be indicative of B-cell and 
antibody immunodeficiency disorders. However, additional tests measuring 
specific antibody titers in response to defined stimuli (e.g., vaccinations, tetanus 
toxoid, or pneumococcus) may be useful in patients who have frequent infec-
tions and borderline immunoglobulin levels.

When defects in neutrophils are suspected, a nitroblue tetrazolium test or 
dihydrorhodamine response test can assist with diagnosis. The standard screen-
ing test for deficiencies in the complement system is the total hemolytic 
complement assay or CH50. The AH50 can also be used for screening comple-
ment abnormalities in the alternative pathway.

Chest radiographs can detect thymic shadows and cupping and flaring of the 
costochondral junction, which can assist with the diagnosis of certain T-cell 
disorders. An abdominal ultrasound can determine abnormalities of spleen size.
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are placed on the back for about 48 hours, and a reading is obtained after 72 
to 96 hours.

Other Laboratory Aids in Allergic Disease
Chest radiographs can be useful for determining the presence of a tumor, 
hyperinflation, or bronchiectasis (indicating possible allergic bronchopulmo-
nary aspergillosis). In patients with asthma, both airflow and volumes can 
determine disease severity and response to treatment. Bronchial response to 
β2-adrenergic agonist medication or a short-acting anticholinergic agent should 
be assessed in those with bronchoconstriction to determine reversibility of 
bronchoconstriction. A failure to develop bronchoconstriction using metha-
choline or histamine as triggers argues against a diagnosis of asthma. Another 
test for airway inflammation that is currently being used is exhaled nitric oxide 
measurement.

Serum tryptase, a mast cell–specific protease, is currently the best biologic 
marker of anaphylaxis. However, because it has a short serum half-life of 2 
hours, tryptase levels should be measured close to the onset of anaphylaxis.

Two new tests are currently used primarily in research settings. Component-
resolved diagnosis measures sIgE using purified or recombinant components 
of allergens, such as Ara h2 from peanuts. The basophil activation test measures 
levels of surface proteins (CD63 and CD203c) that are expressed on stimula-
tion with allergenic proteins.

 IMMUNOLOGIC DISEASE
Primary immune deficiency diseases (Chapter 236) are rare genetic disorders 
with defects in one or more components of the immune system. Primary 
immune deficiency diseases are characterized by increased incidence of 
infections and autoimmune diseases. More than 250 primary immunode-
ficiency diseases have been discovered17; however, most of them are rare. 
The International Union of Immunological Societies Expert Committee for 
Primary Immunodeficiency 2015 classified primary immune deficiency dis-
eases into (1) immunodeficiencies affecting cellular and humoral immunity; 
(2) combined immunodeficiencies with associated or syndromic features; 
(3) predominantly antibody deficiencies; (4) diseases of immune dysregu-
lation; (5) congenital defects of phagocyte number, function, or both; (6) 
defects in intrinsic and innate immunity; (7) autoinflammatory disorders; 
(8) complement deficiencies; and (9) phenocopies of primary immune  
deficiency disease.18

The prevalence of primary immune deficiency in the United States has been 
estimated to be about 1 in 1200 persons. Antibody disorders, which are the 
most common, constitute one half or two thirds of all primary immune defi-
ciency diseases. Of these diseases, IgA deficiency disorders are the most 
common (about 30%). Combined B-cell and T-cell disorders, phagocytic 
defects (abnormalities in neutrophils or monocytes), and complement dis-
orders account for 9 to 10.5%, 8.5 to 12.5%, and 2 to 3% of all primary immune 
deficiency disease disorders, respectively.

 DIAGNOSIS
The presentation of primary immune deficiency (Chapter 236) is highly vari-
able (Table 235-3). Patients with recurrent, persistent, severe, or unusual 
infections should be suspected for primary immune deficiency disease. Severity 
is usually correlated with younger age of onset.

History and Physical Examination
Patient history can assist with raising suspicion and recognition of the need 
for further specialized testing. Clinical symptoms are those often seen in routine 
care and may go unrecognized in primary care settings. Many primary immu-
nodeficiency diseases are hereditary. Patient history should include details of 
infections (age of onset of infections, number, site, and type), including family 

TABLE 235-3 CLINICAL FINDINGS TYPICALLY ASSOCIATED WITH COMMON TYPES OF PRIMARY IMMUNE DEFICIENCY DISEASES
ANTIBODY DEFICIENCY DISORDERS CELLULAR IMMUNE DEFECTS COMPLEMENT DEFICIENCIES NEUTROPHIL DYSFUNCTION
Onset after 6 months of age Onset before 6 months of age Recurrent bacterial infection Late separation of umbilical cord
Recurrent respiratory infection Recurrent viral, fungal, or parasitic 

(opportunistic) infection
Recurrent Neisseria infection (deficiency 

of late components)
Persistent neutrophilic leukocytosis

Infection with bacteria, especially 
encapsulated organisms

Defective delayed hypersensitivity 
skin responses

Associated rheumatic disorder (especially 
systemic lupus erythematosus)

Recurrent or persistent gingivitis or 
periodontitis

Absence of isohemagglutinins Malabsorption or diarrhea Recurrent bacterial infection with 
granuloma formation

https://expertconsult.inkling.com/
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236 
PRIMARY IMMUNODEFICIENCY 
DISEASES
CHARLOTTE CUNNINGHAM-RUNDLES

Since the descriptions of the first genetic immune defects, severe combined 
immunodeficiency (SCID) and X-linked agammaglobulinemia (XLA), in the 
1940s, the number of known primary immune defects (now over 330) has 
expanded exponentially. To keep pace, every 2 years the International Union 
of Immunological Societies has compiled the known defects into general cat-
egories1 (Table 236-1). Auto-inflammatory syndromes are covered in Chapter 
245. Complement and phagocyte disorders are discussed in more detail in 
Chapters 44 and 160, respectively. In this chapter, our current understanding 
of primary immune defects is considered, with emphasis on primary immune 
defects found in adults.

 AN APPROACH TO EVALUATION OF  
THE IMMUNE SYSTEM

Because of the numbers and types of immune deficiencies, recognition of the 
clinical phenotypes can be difficult,2 leading in some cases to a delayed diag-
nosis. In general, the spectrum of immune defects varies with the age of the 
patient. Defects of both T and B cells, phagocytes, immune dysregulation, 

major advance has been the observation that certain mutations in the innate 
immune system create susceptibility to selected pathogens only, permitting 
wide-scale screening of populations, based on infection phenotype. Although 
selected gene panels allow assignment of genetic causes, high-throughput 
genomic sequencing has become economically practical. These methods can 
identify a likely molecular diagnosis in up to 40% of unrelated probands with 
selected characteristic phenotypes, influencing management in nearly 25% of 
families.5 With the advent of genetic testing and its use in clinical medicine, 
autosomal dominant genes with variable penetrance are increasingly being 
identified. In addition, it is also clear that defects in the same gene can lead 
to either loss or gain of function.

 SEVERE T- AND B-CELL COMBINED DEFECTS

 DEFINITION
Combined immune defects are diseases in which both the T- and B-cell com-
partments are greatly impaired. With the early onset and severe nature of these 
defects, this group contains all forms of severe combined immunodeficiency 
(SCID) and other syndromes in which both T- and B-cell limbs of the immune 
system are markedly abnormal. Increasing recognition of a number of less 
severe syndromes that affect both T and B limbs as well as natural killer cells, 
and cells of the myeloid linage, has recently greatly expanded this group of 
defects. These disorders often include additional inflammatory features such 
as autoimmunity and loss of T-cell regulatory function.

 EPIDEMIOLOGY
Because of newborn screening for SCID, which began in 2009 and, as of 
December 2018, is performed in all newborns in the United States, the inci-
dence of SCID has undergone a downward revision from the estimated 
1 : 100,000 a few years ago, to about 1 : 54,000.6 Some of these severe forms 
are listed in E-Table 236-1.

 PATHOBIOLOGY AND GENETICS
The hallmark of combined defects is that they eliminate or greatly impair 
T-cell development, in most cases leading to profound lymphopenia. Infants 
with disorders that affect the formation of T- and B-cell receptors, such as 
defects of the recombinase activating genes RAG1 and RAG2, which impair 
VDJ recombination, have few if any T and B cells. Similarly, other defects of 
DNA recombination or repair genes (ARTEMIS, the product of DCLREIC, 
and DNA-PKcs) will have a similar phenotype. When T-cell immunity is 
absent, B cells may be present, but they will have no function. This is the case 
for one of the more common forms of SCID (X-linked) due to mutations in 
the cytokine γ chain, an essential signaling component of six cytokine recep-
tors: interleukin (IL)–2, IL-4, IL-7, IL-9, IL-15, and IL-21. Defects of the 
JAK3 gene, downstream from the cytokine γ chain, or of the IL-7 receptor 
itself lead to a similar immune profile.
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ABSTRACT
Inborn genetic defects of the immune system have been described for over 7 
decades; currently over 350 defects are known, and others will be identified 
in the immediate future. These gene defects lead to abnormalities of structure 
or function of lymphocytes, monocytes, phagocytic cells, and the complement 
proteins, and they may result from systemic defects that impinge upon the 
immune system. Primary immune defects may be diagnosed in infants, chil-
dren, or in adults of all ages. Although the spectrum of molecular defects may 
vary, the clinical findings (infection, immune dysregulation leading to inflam-
mation and/or autoimmunity) are similar, regardless of the age of the patient. 
The overall incidence of primary immunodeficiency diseases has been estimated 
at about 1 in 10,000, excluding selective IgA deficiency, but this is likely to 
be an under estimate. For unknown reasons, more than half of the reported 
immune defects (still excluding IgA deficiency) lead to defects in antibody 
production. Although the exact categorization of immune defects is arbitrary, 
primary immune deficiencies can be grouped into eight main themes, accord-
ing to the predominant cell systems or mechanism(s) that are defective: T- and 
B-cell combined deficiencies; combined defined defects with syndromic fea-
tures; antibody deficiencies; complement disorders; phagocyte defects; immune 
dysregulation syndromes; auto-inflammatory defects; and defects of intrinsic 
and innate immunity. 
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TABLE 236-1 CATEGORIES OF PRIMARY 
IMMUNODEFICIENCY DISEASES

T- and B-cell combined deficiencies
Combined defined defects with syndromic features
Antibody deficiencies
Complement disorders
Phagocyte defects
Immune dysregulation syndromes
Auto-inflammatory defects
Defects of intrinsic and innate immunity

TABLE 236-2 CLINICAL PRESENTATION AND EVALUATION OF THE IMMUNE SYSTEM
CLINICAL PRESENTATION DEFECTS IMMUNE DEFECTS CONDITIONS LABORATORY TESTING
Recurrent or chronic bacterial, 

viral, or fungal infections
Opportunistic infections

Cell-mediated 
immunity

Impaired killing of intracellular 
organisms

Impaired viral immunity
Hypogammaglobulinemia

SCID and other combined 
syndromes

Absolute lymphocyte count
Enumeration of T cells and T-cell subsets
Proliferative tests for T-cell function

Bacterial infections
Viral infections
Autoimmunity
Inflammatory diseases
Enteropathy
Giardiasis

B cells Hypogammaglobulinemia
Impaired bacterial killing
Impaired clearance of virus or 

toxins
Autoimmunity

Hypogammaglobulinemia
Agammaglobulinemia
IgA deficiency
CVID
IgG subclass defects
Antibody deficiency

Enumeration of B cells
Serum IgG, IgA, and IgM
Antibody testing (e.g., tetanus, diphtheria)
Vaccine challenge and antibody testing 

(pneumococcal vaccine)

Bacterial infections
Susceptibility to meningococcal 

disease
Autoimmunity
Angioedema

Complement Impaired opsonization
Impaired bacterial killing
Lack of clearance of immune 

complexes

Complement C2 deficiency
Other complement defects
HAE

CH50
AH50
Measuring individual components
C1 inhibitor protein and function

Bacterial infections
Poor skin healing
Fungal infections
Stomatitis
Periodontal disease

Phagocytic cells Impaired neutrophil mobilization
Impaired opsonization
Impaired bacterial killing

Chronic neutropenia
Cyclic neutropenia
Autoimmune neutropenia
LAD
CGD

Absolute neutrophil counts
Neutrophil oxidative burst examined by 

dihydrorhodamine test by flow cytometry
Examination of the blood smear
Antineutrophil antibodies

CGD = chronic granulomatous disease; CVID = combined variable immunodeficiency; HAE = hereditary angioedema; LAD = leukocyte adhesion deficiency; SCID = severe combined immunodeficiency.

and innate immunity are more commonly recognized in early childhood, 
whereas defects of complement and antibody production and auto-inflammatory 
diseases are more characteristic of teens and adults. However, there are many 
exceptions to this generalization. In addition, even if an immune defect has 
been diagnosed in childhood, adequate treatment has allowed these patients 
to increasingly present to internists and adult specialists.3

For most patients, the first symptom of an immune defect is a series of 
relatively common infections, particularly involving the respiratory tract. These 
usually include chronic sinusitis, otitis, and bacterial pneumonia. For adults 
with immune defects, infections are likely to last longer, may require additional 
courses of antibiotics, and tend to recur. Infections may also lead to additional 
complications or procedures, such as empyema after bacterial pneumonia or 
the need for myringotomy tubes in an adult with chronic otitis. For infants 
and children, chronic infections lead to poor appetite and growth failure; for 
adults, some weight loss may occur, but it is less apparent. Because of lack of 
immunity, shingles (Chapter 351) is relatively common in patients with T-cell 
defects or antibody deficiencies. Other common clinical presentations include 
acute gastrointestinal infections with characteristic organisms such as Giardia 
(Chapter 330) and chronic intestinal inflammatory diseases leading to malab-
sorption and weight loss mimicking Crohn disease (Chapters 131 and 132). In 
this chapter, primary immune defects are divided into topics, as listed in Table 
236-1. General guidelines to approach the laboratory evaluation of the main 
immune defects, based on clinical presentations, are provided in Table 236-2. A 
general flow chart of the workup of immune defects presenting with infection 
is provided in Figure 236-1, but more detailed flow charts, based on extended 
clinical phenotypes, have been published.4 (An update of this is available on 
a smart phone application available at https://play.google.com/store/apps/
details?id=com.horiyasoft.pidclassification and https://itunes.apple.com/us/
app/pid-phenotypical-diagnosis/id1160729399?mt=8.)

Although susceptibility to infection is a common manifestation of immune 
defects, the recognition of the molecular defects leading to immune dysregula-
tion syndromes, including auto-inflammatory disorders and interferonopathies, 
has enhanced our understanding of normal immune functions, leading to 
therapeutic advances applicable to other immune-based diseases. Another 

major advance has been the observation that certain mutations in the innate 
immune system create susceptibility to selected pathogens only, permitting 
wide-scale screening of populations, based on infection phenotype. Although 
selected gene panels allow assignment of genetic causes, high-throughput 
genomic sequencing has become economically practical. These methods can 
identify a likely molecular diagnosis in up to 40% of unrelated probands with 
selected characteristic phenotypes, influencing management in nearly 25% of 
families.5 With the advent of genetic testing and its use in clinical medicine, 
autosomal dominant genes with variable penetrance are increasingly being 
identified. In addition, it is also clear that defects in the same gene can lead 
to either loss or gain of function.

 SEVERE T- AND B-CELL COMBINED DEFECTS

 DEFINITION
Combined immune defects are diseases in which both the T- and B-cell com-
partments are greatly impaired. With the early onset and severe nature of these 
defects, this group contains all forms of severe combined immunodeficiency 
(SCID) and other syndromes in which both T- and B-cell limbs of the immune 
system are markedly abnormal. Increasing recognition of a number of less 
severe syndromes that affect both T and B limbs as well as natural killer cells, 
and cells of the myeloid linage, has recently greatly expanded this group of 
defects. These disorders often include additional inflammatory features such 
as autoimmunity and loss of T-cell regulatory function.

 EPIDEMIOLOGY
Because of newborn screening for SCID, which began in 2009 and, as of 
December 2018, is performed in all newborns in the United States, the inci-
dence of SCID has undergone a downward revision from the estimated 
1 : 100,000 a few years ago, to about 1 : 54,000.6 Some of these severe forms 
are listed in E-Table 236-1.

 PATHOBIOLOGY AND GENETICS
The hallmark of combined defects is that they eliminate or greatly impair 
T-cell development, in most cases leading to profound lymphopenia. Infants 
with disorders that affect the formation of T- and B-cell receptors, such as 
defects of the recombinase activating genes RAG1 and RAG2, which impair 
VDJ recombination, have few if any T and B cells. Similarly, other defects of 
DNA recombination or repair genes (ARTEMIS, the product of DCLREIC, 
and DNA-PKcs) will have a similar phenotype. When T-cell immunity is 
absent, B cells may be present, but they will have no function. This is the case 
for one of the more common forms of SCID (X-linked) due to mutations in 
the cytokine γ chain, an essential signaling component of six cytokine recep-
tors: interleukin (IL)–2, IL-4, IL-7, IL-9, IL-15, and IL-21. Defects of the 
JAK3 gene, downstream from the cytokine γ chain, or of the IL-7 receptor 
itself lead to a similar immune profile.

https://play.google.com/store/apps/details?id=com.horiyasoft.pidclassification
https://play.google.com/store/apps/details?id=com.horiyasoft.pidclassification
https://itunes.apple.com/us/app/pid-phenotypical-diagnosis/id1160729399?mt=8
https://itunes.apple.com/us/app/pid-phenotypical-diagnosis/id1160729399?mt=8
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E-TABLE 236-1 EXAMPLES OF SEVERE COMBINED IMMUNE DEFECTS
SCID TYPE GENES INHERITANCE LABORATORY FEATURES DISEASE AND COMPLICATIONS
Defects of V(D)J 

recombination
RAG1, RAG2
Artemis
DCLREIC
DNA-PKcs

AR Very low lymphocyte numbers with loss of T and B 
cells; hypogammaglobulinemia

Severe infections, failure to thrive; leaky versions may 
have autoreactive T cells (Omenn syndrome)

Adenosine 
deaminase 
deficiency

Adenosine 
deaminase

AR Variably low lymphocyte numbers with loss of T and B 
cells; also decreased NK cells; 
hypogammaglobulinemia

Severe infections, failure to thrive; often with 
costochondral junction flaring, neurologic features, 
hearing impairment, lung and liver manifestations

X-linked SCID Common γ chain 
of cytokine 
receptors

XL Low lymphocyte numbers with loss of T cells; B cells 
present; markedly decreased NK cells; 
hypogammaglobulinemia

Severe infections, failure to thrive; leaky cases may 
present with low T or NK cells or Omenn syndrome

JAK3 deficiency JAK3 AR Low lymphocyte numbers with loss of T cells; B cells 
present; hypogammaglobulinemia

Severe infections, failure to thrive; leaky cases may 
present with variable T or NK cells

IL-7 deficiency Α chain of the 
IL-7 receptor

AR Low lymphocyte numbers with loss of T cells; B cells 
present; normal NK cells; hypogammaglobulinemia

Severe infections, failure to thrive; leaky cases may 
present with low T or NK cells or Omenn syndrome

T-cell receptor 
chain defects

γ-, ε-, and ζ-chain 
mutations

AR Low lymphocyte numbers due to loss of T cells; 
normal B and NK cells; hypogammaglobulinemia

Severe infections, failure to thrive; leaky cases may 
present with low T or NK cells or Omenn syndrome

AR = autosomal recessive; DNA-PKcs = DNA-dependent protein kinase catalytic subunits; IL-7 = interleukin-7; JAK3 = Janus kinase 3; NK = natural killer; SCID = severe combined immunodeficiency; XL = 
X-linked. ARTEMIS is the product DCLREIC.
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cell transplant approaches must also be launched. Note that the less severe 
forms of combined immune deficiency (E-Table 236-2) are not identified by 
newborn screening due to the development of some T cells.

 CLINICAL MANIFESTATIONS
With loss of both essential limbs of the adaptive immune system, infants with 
combined immune defects have severe and recurrent infections due to bacteria, 
viruses, and fungi. Other common features include diarrhea, dermatitis, and 
failure to thrive. Clinically, most patients present before the age of 3 months, 
but a significant number of infants may present later, although still usually in 
the first year of life. Without intervention, SCID commonly results in severe 
infections and death by the age of 2 years. In some cases, the immune defect 
is such that a few T cells can develop, but these are often self-reactive; such 
cases are often termed “leaky” SCID. When the presentation of these cases 
includes rashes and evidence of autoimmunity, infants are said to have Omenn 
syndrome.

 DIAGNOSIS
The majority of states now perform a sensitive and specific DNA-based newborn 
screening for SCID, based on standard blood spot (Guthrie) cards to determine 
if the signature for normal numbers of T cells emigrating from the infant 
thymus (T-cell excision circles or TRECS) can be detected, leading to rapid 
clinical recognition and proper treatment. Whereas newborns normally have 
a mean absolute lymphocyte count of 4000/μL or higher, most infants with 
SCID have significant lymphopenia. The first step after a newborn screen has 
indicated low or absent TREC numbers is a flow cytometer panel that is used 
to enumerate T, B, and natural killer (NK) cells. This will also suggest genes 
that may be responsible. Further genetic testing is commonly done, but stem 
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FIGURE 236-1. evaluation of immune defects presenting with recurrent infections. 

these infants as T-cell numbers are not sufficiently affected. In these forms, 
in addition to infections, the phenotype is extended to include atopy, severe 
viral infections, autoimmunity, and, in some, cancer (see E-Table 236-2).

 DEFINITION
Examples of these defects include syndromes in which major histocompatibility 
complex (MHC) class I or class II is not expressed (sometimes called bare 
lymphocyte syndromes), additional defects of T-cell signaling (such as Zap-70), 
and syndromes resulting from defects of the actin cytoskeleton that prevent 
T-cell activation, including the dedicator of cytokinesis proteins, DOCK2 
and DOCK8.10

 DIAGNOSIS AND CLINICAL MANIFESTATIONS
Like the more severe combined immunodeficiency states, these syndromes 
lead to defects of both T- and B-cell compartments, and infants present 
with severe and recurrent bacterial, viral, or fungal infections, diarrhea, 
dermatitis, and usually failure to thrive. Some of these syndromes have 
unique clinical features as shown in E-Table 236-2. One notable example, 
with atopic disease and high immunoglobulin E (IgE), is DOCK8 defi-
ciency, which was first recognized in subjects with autosomal recessive  
hyper-IgE syndrome.

Without immune reconstitution, infants with the severe forms of combined 
immunodeficiency will die, and prompt recognition is essential. Early recon-
stitution with stem cells from human leukocyte antigen (HLA)–matched bone 
marrow or mobilized peripheral blood is mandatory. When the diagnosis is 
made early and no severe infections have occurred, hematopoietic stem cell 
transplantation (HSCT; Chapter 168) is likely to be curative in 90% of selected 
cases.7 For other cases, gene therapy has been developed as a method to correct 
a patient’s own stem cells, which has been used for several primary immuno-
deficiencies, including forms of SCID and Wiskott-Aldrich syndrome.8 More 
recently, new methods for gene editing, allowing the endogenous gene to be 
repaired and expressed under normal regulatory controls, may offer another 
option in time.9

TREATMENT AND PROGNOSIS 

TREATMENT AND PROGNOSIS 

(Buckley-Job) syndrome, cartilage-hair hypoplasia, ectodermal dysplasia with 
immune deficiency, and purine nucleoside phosphorylase (PNP) deficiency. 
These are distinct from each other and are discussed separately.

 Wiskott-Aldrich Syndrome
 DEFINITION AND EPIDEMIOLOGY

Wiskott-Aldrich syndrome (WAS) is an X-linked recessive disease char-
acterized by eczema, thrombocytopenia, and immune deficiency. WAS 
is rare, estimated at 1 to 10 cases per million males. Ethnic differences are  
not known.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
WAS is inherited as an X-linked disease, and the main manifestations in 
early childhood include eczema, chronic thrombocytopenia sometimes 
leading to bloody diarrhea, and immune deficiency with recurrent infec-
tions. Not uncommonly, autoimmunity or inflammatory disease including 
autoimmune hemolytic anemia, splenomegaly, arthritis, inflammatory bowel 
disease, and vasculitis appear. There is a clear increase in the incidence of 
lymphoma in WAS. The syndrome is caused by mutations in the WAS gene, 
which codes for the protein called WASP, an intracellular cytoplasmic scaffold 
protein important for the activation and mobility of all blood cells. WASP 
is involved in actin polymerization and in establishing an interface between 
immune cells (the immune synapse). Partly depending on the location of the 
mutation in the WAS gene, milder versions are known, leading to X-linked 
thrombocytopenia in some cohorts. Another, much rarer version leads to  
X-linked neutropenia.

 DIAGNOSIS
The diagnosis is commonly made in the first few years of life in males with 
the characteristic symptoms of eczema with thrombocytopenia leading to 
petechiae. Typically, IgM levels are low, whereas IgA (and sometimes IgE) 
levels are increased. Platelet sizes are smaller than normal, and clot retraction 
is poor. Family history may include male relatives with WAS or thrombocy-
topenia. The diagnosis can be suggested by lack of the WAS protein as detected 
by flow cytometry in reference laboratories, but definitive diagnosis requires 
gene testing.

 LESS SEVERE T- AND B-CELL  
COMBINED DEFECTS

In addition to the severe forms of SCID, a number of other genetic defects 
also impair both T- and B-cell limbs, but newborn screening will not identify 
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E-TABLE 236-2 EXAMPLES OF LESS SEVERE COMBINED IMMUNE DEFECTS
SCID TYPE GENES INHERITANCE LABORATORY FEATURES DISEASE AND COMPLICATIONS
MHC class I deficiency TAP1, TAP2; 

TAPBP; β2M
AR Low CD8, Nl CD4, absent MHC I on lymphocytes Vasculitis, pyoderma gangrenosum; granulomatous 

disease
MHC class II deficiency CIITA; RFXANK AR Low CD4 cells

Absent MHC II expression on lymphocytes
Failure to thrive, respiratory and gastrointestinal 

infections, liver/biliary tract disease
ZAP-70 deficiency ZAP-70 AR Low CD8, Nl CD4 number but poor function May have immune dysregulation, autoimmunity
DOCK8 deficiency DOCK8 AR Low IgM, Nl to high IgG and IgA, high IgE; poorly 

functioning Treg
Low NK cells with poor function, eosinophilia, 

recurrent infections, cutaneous viral, fungal, 
and staphylococcal infections, eczema and food 
allergy, virally driven cancers

DOCK2 deficiency DOCK2 AR Low lymphocyte numbers; defective T, B, and NK cells Early-onset invasive bacterial and viral infections
AR = autosomal recessive; CIITA = class II major histocompatibility complex transactivator; DOCK = dedicator of cytokinesis gene; MHC = major histocompatibility complex; NK = natural killer; Nl = 
normal; RFXANK = regulatory factor X associated ankyrin containing protein; TAP = antigen peptide transporter; TAPBP = TAP binding protein; RFXANK = regulatory factor X associated ankyrin containing 
protein; ZAP-70 = zeta-chain-associated protein kinase 70.
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these infants as T-cell numbers are not sufficiently affected. In these forms, 
in addition to infections, the phenotype is extended to include atopy, severe 
viral infections, autoimmunity, and, in some, cancer (see E-Table 236-2).

 DEFINITION
Examples of these defects include syndromes in which major histocompatibility 
complex (MHC) class I or class II is not expressed (sometimes called bare 
lymphocyte syndromes), additional defects of T-cell signaling (such as Zap-70), 
and syndromes resulting from defects of the actin cytoskeleton that prevent 
T-cell activation, including the dedicator of cytokinesis proteins, DOCK2 
and DOCK8.10

 DIAGNOSIS AND CLINICAL MANIFESTATIONS
Like the more severe combined immunodeficiency states, these syndromes 
lead to defects of both T- and B-cell compartments, and infants present 
with severe and recurrent bacterial, viral, or fungal infections, diarrhea, 
dermatitis, and usually failure to thrive. Some of these syndromes have 
unique clinical features as shown in E-Table 236-2. One notable example, 
with atopic disease and high immunoglobulin E (IgE), is DOCK8 defi-
ciency, which was first recognized in subjects with autosomal recessive  
hyper-IgE syndrome.

More complex is the management of the other combined defects, but hema-
topoietic transplant is the only curative measure at present.

TREATMENT AND PROGNOSIS 

(Buckley-Job) syndrome, cartilage-hair hypoplasia, ectodermal dysplasia with 
immune deficiency, and purine nucleoside phosphorylase (PNP) deficiency. 
These are distinct from each other and are discussed separately.

 Wiskott-Aldrich Syndrome
 DEFINITION AND EPIDEMIOLOGY

Wiskott-Aldrich syndrome (WAS) is an X-linked recessive disease char-
acterized by eczema, thrombocytopenia, and immune deficiency. WAS 
is rare, estimated at 1 to 10 cases per million males. Ethnic differences are  
not known.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
WAS is inherited as an X-linked disease, and the main manifestations in 
early childhood include eczema, chronic thrombocytopenia sometimes 
leading to bloody diarrhea, and immune deficiency with recurrent infec-
tions. Not uncommonly, autoimmunity or inflammatory disease including 
autoimmune hemolytic anemia, splenomegaly, arthritis, inflammatory bowel 
disease, and vasculitis appear. There is a clear increase in the incidence of 
lymphoma in WAS. The syndrome is caused by mutations in the WAS gene, 
which codes for the protein called WASP, an intracellular cytoplasmic scaffold 
protein important for the activation and mobility of all blood cells. WASP 
is involved in actin polymerization and in establishing an interface between 
immune cells (the immune synapse). Partly depending on the location of the 
mutation in the WAS gene, milder versions are known, leading to X-linked 
thrombocytopenia in some cohorts. Another, much rarer version leads to  
X-linked neutropenia.

 DIAGNOSIS
The diagnosis is commonly made in the first few years of life in males with 
the characteristic symptoms of eczema with thrombocytopenia leading to 
petechiae. Typically, IgM levels are low, whereas IgA (and sometimes IgE) 
levels are increased. Platelet sizes are smaller than normal, and clot retraction 
is poor. Family history may include male relatives with WAS or thrombocy-
topenia. The diagnosis can be suggested by lack of the WAS protein as detected 
by flow cytometry in reference laboratories, but definitive diagnosis requires 
gene testing.

TABLE 236-3 EXAMPLES OF COMBINED DEFECTS OF IMMUNITY WITH SYNDROMIC FEATURES
TYPE GENES INHERITANCE LABORATORY FEATURES ALTERED FUNCTIONS DISEASE AND COMPLICATIONS
Wiskott-Aldrich syndrome WAS XL Thrombocytopenia, small platelets Impaired cell activation, 

mobility
Eczema; lymphoma; autoimmune 

disease; bacterial and viral infections
Ataxia-telangiectasia ATM AR Some have IgA deficiency; IgG 

defects, lymphopenia in some
Impaired DNA 

double-stranded break 
repair

Ataxia; telangiectasia; pulmonary 
infections; lymphoreticular and other 
malignant neoplasms; increased 
α-fetoprotein; x-ray sensitivity

DiGeorge/velocardiofacial 
syndrome/
chromosome 22q11.2 
deletion syndrome

22q11.2 deletion; 
rarely a 
deletion in 10p

De novo 
(majority) 
or AD

Lymphopenia; low T-cell numbers; 
large deletion in chromosome 
22 on fluorescence in situ 
hybridization

Impaired T-cell immunity Cardiac abnormalities; 
hypoparathyroidism, abnormal facies

Hyper-IgE syndrome 
(Buckley-Job 
syndrome)

STAT3 AD Eosinophilia, high IgE Loss of normal cytokine 
activation, defective 
IL-17

Bacterial infections; eczema, distinctive 
facial features, osteoporosis, fractures, 
scoliosis, delay of shedding primary 
teeth, hyperextensible joints, 
candidiasis

Cartilage-hair hypoplasia RMRP AR Lymphopenia, low T-cell numbers Impaired processing of 
mitochondrial RNA

Short-limbed dwarfism, sparse hair, 
celiac disease, Hirschsprung disease, 
bone marrow failure, autoimmunity, 
susceptibility to lymphoma

Ectodermal dysplasia with 
immunodeficiency 
(EDA-ID)

IKBKG (NEMO) XL Decreased IgG and IgA, elevated 
IgM, poor specific antibody 
responses, absent antibody to 
polysaccharide antigens

Normal B cell numbers, 
impaired BCR 
activation, low 
memory and isotype 
switched B cells

Anhidrotic ectodermal dysplasia (in 
some), various infections (bacteria, 
mycobacteria, viruses and fungi), 
colitis, conical teeth, variable defects 
of skin, hair and teeth, monocyte 
dysfunction

Purine nucleoside 
phosphorylase (PNP) 
deficiency

PNP AR Progressive T-cell loss
Immune globulins normal or low

Impaired T cell functions Autoimmune hemolytic anemia, 
neurologic impairment

AD = autosomal dominant; AR = autosomal recessive; ATM = ataxia telangiectasia mutated; BCR = B-cell receptor; IL = interleukin; NEMO = NF-κB essential modulator; PNP = purine nucleoside 
phosphorylase; RMRP = RNA component of mitochondrial RNA processing endoribonuclease; STAT3 = signal transducer and activator of transcription 3; WASP= Wiskott-Aldrich protein; XL = X-linked.

 COMBINED DEFECTS WITH  
SYNDROMIC FEATURES

Another group of combined primary immune defects are those that have 
distinctive systemic characteristics, aside from the obvious abnormities in the 
immune system (Table 236-3). The best known of these are the Wiskott-Aldrich 
syndrome, ataxia-telangiectasia, DiGeorge syndrome, hyperimmunoglobulin E 
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TREATMENT AND PROGNOSIS 

TREATMENT AND PROGNOSIS 

 Cartilage-Hair Hypoplasia
 DEFINITION AND EPIDEMIOLOGY

Cartilage-hair hypoplasia (CHH) is a rare autosomal recessive form of short-
limbed dwarfism associated with a variable cellular immune deficiency. In the 
Old Order Amish population, CHH affects 1 in 1300 newborns; for those of 
Finnish descent, the incidence is about 1 in 20,000. A common point muta-
tion in the gene is prevalent in the particularly affected populations.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
The genetic defect in CHH is in the RMRP gene, which encodes the RNA in 
a mitochondrial RNA-processing endoribonuclease that helps copy mitochon-
drial DNA and process ribosomal RNA. In CHH, the encoded RNA is unstable, 
leading to skeletal dysplasia, sparse hair, and the predominantly T-cell deficiency 
disease. For unclear reasons, the cellular defect is varied, ranging from mildly 
impaired immunity to severe defects requiring HSCT (Chapter 168). Other 
clinical features of CHH include short stature, anemia, autoimmunity, celiac 
disease, Hirschsprung disease, and several cancers, including lymphoma.15

 DIAGNOSIS
The diagnosis can be suspected by inheritance patterns and clinical phenotype, 
but definitive diagnosis is made by genetic sequencing of the RMRP gene.

 ANTIBODY DEFECTS

 DEFINITION
The antibody defects are due to loss of B-cell development, loss of production 
of one or more of the immunoglobulin (Ig) isotypes, or loss of functional 
antibody production.

 EPIDEMIOLOGY
As a group, antibody defects are the most prevalent immune defects and are 
found in patients of all ages. Selective IgA deficiency is most common in 
patients of white background, but the incidence varies with the population 
studied from 1 : 400 to more than 1 : 10,000. IgA deficiency is found in 1 : 400 
in Finland but much less commonly in African Americans or Asians (1 : 14,000 
or fewer). Common variable immune deficiency (CVID) has an estimated 
incidence of 1 in 50,000; IgG subclass or selective antibody defects are also 
common, but the incidence is unknown.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Whereas the genetic causes have been elucidated for many of the combined 
forms of immune deficiency, the genes are not yet known for many of the more 
common B-cell defects (Table 236-4). Antibody defects can be considered 

facies, hypocalcemia due to parathyroid insufficiency, and learning disabil-
ity. The more common cardiac defects include tetralogy of Fallot, inter-
rupted aortic arch, ventricular septal defects, vascular rings, and anomalous 
return of brachial arteries. The mnemonic CATCH-22 has been applied: 
cardiac issues, abnormal facies, thymic aplasia, cleft palate, and hypocalce-
mia. With loss of thymic tissue, cellular immunity is mildly to moderately 
impaired, leading to recurrent infections. Hypogammaglobulinemia is not 
uncommon and may be associated with autoimmune cytopenias, especially  
thrombocytopenia.

 DIAGNOSIS
The diagnosis of DiGeorge syndrome for most patients is based on genetic 
testing with fluorescence in situ hybridization, which detects the loss of 
the 22q11.2 gene segment or, more rarely, a loss of 10p14-p13. However, 
about 10% do not have a gene defect but have the syndrome due to mater-
nal diabetes, fetal alcohol syndrome, or prenatal exposure to isotretinoin  
(Accutane).

Treatment strategies in WAS are diverse and usually considered on a case-
by-case basis. Conservative management includes prophylactic antibiotics, 
immunization with conjugated polysaccharide vaccines, and intravenous or 
subcutaneous immune goblin for subjects with repeated infections. For eczema, 
standard measures are used (Chapter 409). For significant thrombocytopenia 
(Chapter 163), splenectomy has been performed but is discouraged as lifelong 
post-splenectomy sepsis poses a significant risk. For these subjects, lifelong 
antibiotic prophylaxis is mandatory. More recently eltrombopag, a thrombo-
poietic agent, has been used with benefit.11 Platelet transfusions should be 
reserved for active bleeding that cannot be managed with usual methods (e.g., 
aminocaproic acid) and avoided for subjects for whom transplantation is con-
sidered. Autoimmunity can be difficult to control, and immune suppression 
should be used with caution. Treatment of lymphomas is by standard regimens 
(Chapter 176).

The prognosis in WAS is highly variable. Some have mild thrombocytopenia 
leading to occasional nose bleeds, whereas other subjects have inflammatory 
disease or other complications that require additional, sometimes intensive 
medical management. HSCT (Chapter 168) offers a cure, but this is best done 
early and requires careful matching and standard protocols. Trials with gene 
therapy are also ongoing.

TREATMENT AND PROGNOSIS 

Treatment for AT includes a medical team providing supportive measures 
and physical therapy as needed.12 The life expectancy for subjects with AT 
varies greatly, but most live into early adulthood.

TREATMENT AND PROGNOSIS 

Treatment of DiGeorge syndrome is based on individual need and may require 
cardiac surgery, cleft palate repair, and calcium and vitamin D supplementation 
if hypocalcemia is found. Some subjects are hypothyroid, requiring thyroid 
supplementation. The immune defect in DiGeorge syndrome varies widely, 
from complete loss of thymic development with no circulating T cells to normal 
T-cell numbers. For most, the thymus is hypoplastic, and whereas the level of 
T cells may be subnormal for age, sufficient T-cell function remains and no 
specific treatment is needed. Withholding of live viral vaccines may not be 
necessary as reports of ill effects are rare and the protection afforded is likely 
to outweigh any risk. For complete loss of the thymus, thymic transplantation14 
can supply sufficient reconstitution. For most subjects, the prognosis depends 
on the concomitant medical issues, such as results of cardiac surgery, surgical 
repair of cleft palate, management of swallowing difficulties, and resources to 
enhance muscle strength and to overcome speech impediments and learning 
disabilities. For most, the T-cell defect is a minor component and a normal 
lifespan is likely; but with age, autoimmunity may become more prominent.

TREATMENT AND PROGNOSIS 

 Ataxia-Telangiectasia
 DEFINITION AND EPIDEMIOLOGY

Ataxia-telangiectasia (AT) is a rare neurodegenerative disease that leads to 
cerebellar atrophy, skin telangiectasia, and immune defects. AT is estimated 
to occur in 1 in 40,000 to 100,000 but is more common in selected isolated 
populations. Sexes are affected equally.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
AT is due to recessive mutations in the gene that encodes the ATM protein, 
important in both cell division and DNA repair. With the loss of the ATM 
protein, DNA breakage cannot be repaired, leading to cell death. The clini-
cal manifestations include progressive difficulty in walking, with ataxia 
beginning around the age of 5 years. Skin telangiectasias develop on the 
bulbar conjunctiva and behind the ears. The immune defects include IgA 
deficiency, IgG subclass defects, and cellular defects leading to recurring 
pulmonary infections and lung damage in some. Subjects with AT have 
radiosensitivity, and the development of lymphomas is common with  
increasing age.

 DIAGNOSIS
The diagnosis can usually be made by the characteristic clinical phenotype, 
coupled with an increase in α-fetoprotein in the blood. Radiosensitivity can 
be assessed in vitro in fibroblast cell lines. Definitive diagnosis is by ATM gene 
sequencing.

 Hyperimmunoglobulin E Syndrome
 DEFINITION

Hyperimmunoglobulin E syndrome (HIES), also called Buckley-Job syndrome, 
is an immune deficiency syndrome characterized by eczema, skin and lung 
abscesses, hyperextensible joints and recurrent bone fractures, distinctive 
coarse facies, eosinophilia, and high levels of serum IgE.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
HIES is an autosomal dominant defect resulting from mutations in the gene 
STAT3 encoding a transcription factor, signal transducer, and activator of 
transcription 3. After activation by selected cytokines and growth factors, 
STAT3 protein is phosphorylated and translocated to the cell nucleus. 
Whereas loss of STAT3 signaling affects many cellular processes, the syn-
drome itself is often clinically recognizable from the characteristic clinical 
findings of eczema, recurrent skin boils, unusual facies with tubular nose, 
cyst-forming pneumonias often due to S. aureus, and increased serum IgE. 
Other common manifestations include a rash in the newborn period; muco-
cutaneous candidiasis; and skeletal abnormalities, such as scoliosis, osteopo-
rosis, fractures with minimal trauma, and delayed shedding of primary teeth. 
Features of the HIES syndrome have been found in a few patients with rare 
autosomal recessive defects in genes encoding tyrosine kinase 2 (Tyk2) and 
dedicator of cytokinesis 8 (DOCK8), but in both of these, viral infections are  
also prominent.

 DIAGNOSIS
The diagnosis can be strongly suspected on clinical grounds, but a useful 
scoring system composed of a composite of laboratory and clinical charac-
teristics has been shown to aid in the dissection of hyperimmunoglobulin E 
subjects from other subjects with high serum IgE levels, for example, severely 
atopic subjects. IgE levels may range from 1000 to 40,000 IU or more; some 
references note that IgE levels may normalize in older subjects. Eosinophilia 
is common. However, a definitive diagnosis is best confirmed by identifying 
a STAT3 mutation.

 DiGeorge Syndrome
 DEFINITION AND EPIDEMIOLOGY

DiGeorge syndrome is an autosomal dominant defect and one of the 
members of the 22q11.2 deletion syndrome that includes velocardiofa-
cial syndrome, conotruncal anomaly face syndrome, congenital thymic 
aplasia, and thymic hypoplasia.13 DiGeorge syndrome is one of the most 
common of the immune defects, estimated at 1 : 4000. Sexes are affected  
equally.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Although it is classified as an immune defect because of thymic hypopla-
sia or aplasia, patients with DiGeorge syndrome are likely also to have con-
genital heart disease, cleft palate or pharyngeal closure defects, characteristic 
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in three main forms: B cells are absent; B cells are present but one or more 
immunoglobulin isotypes are not made; and B cells and immunoglobulin levels 
are normal but the produced immunoglobulins have no function.

Lack of B Cells Leading to Agammaglobulinemia
Genetic Defects of the B-Cell Receptor or Signaling Pathways
The first described severe antibody defect was the X-linked form of agam-
maglobulinemia (XLA). The gene affected, a tyrosine kinase (BTK) located 
on the X chromosome, is essential for downstream signaling from the B-cell 
receptor. Without these signals, B cells do not survive, leading to profound 
hypogammaglobulinemia. The incidence of this disease is approximately 1 in 
100,000. The main clinical manifestations appear in the first year of life, but 
males may come to clinical attention later, in some cases not until the second 
decade. Whereas X-linked inheritance is a central feature, the family history 
may or may not be positive because of de novo mutations. Infections are 
usually bacterial, generally with encapsulated organisms such as Streptococcus 
pneumoniae, Haemophilus influenzae, Staphylococcus aureus, and Pseudomonas 
species. A particular propensity for Mycoplasma infections in XLA has been 
long noted; these may occur in joints or the urinary tract and can be difficult 
to diagnose as appropriate culture techniques are not widely available.

In addition to XLA, there are other genetic forms of agammaglobulinemia. 
These are gene defects of the B-cell receptor itself, such as the μ heavy chain, 
the surrogate light chain λ5, Igα, and Igβ. Similarly, mutations in signaling 
proteins immediately downstream from the B-cell receptor lead to the same 
outcome, with loss of all B cells. As these genes are not on the X chromosome, 
these defects, although rare, are found in both sexes.

Good Syndrome
A special case of agammaglobulinemia with loss of B cells in adults is a poorly 
understood immune defect associated with thymomas (Good syndrome). 
This appears to be a secondary immune defect, but it is important to include 
it here as the loss of B cells, with either agammaglobulinemia or hypogam-
maglobulinemia, leads to many of the same infectious manifestations as with 
the other profound antibody defects. Quite rare, Good syndrome occurs in 
adults, most often after 40 years of age. There is an increased incidence of 
opportunistic infections, such as Pneumocystis jiroveci, Candida infections with 
nail or other cutaneous involvement, viral infections, autoimmunity, and 
inflammatory complications such as lichen planus. The connection between 
thymoma, loss of B-cell function, and the unusual infections remains unclear.

Hypogammaglobulinemia with B Cells Present
Common Variable Immune Deficiency
Patients with CVID have varying degrees of hypogammaglobulinemia ranging 
from almost total loss of immunoglobulins to more modest reductions of IgG 
and IgA or IgM.16 From the clinical point of view, CVID is a noteworthy 
disorder as it is relatively common (1 : 25,000 to 1 : 50,000), has a later onset 
than other immune defects (generally between 20 and 40 years of age), and 
has a highly heterogeneous clinical presentation. Delays in diagnosis are 
common. Before diagnosis, about 80% of subjects with CVID will have had 
one or more episodes of pneumonia, sometimes leading to empyema. Over 
time, bronchiectasis may develop. The bacterial species most commonly found 
include S. pneumoniae, H. influenzae, S. aureus, and Mycoplasma species. The 
gastrointestinal tract is not uncommonly involved; this may be infectious (e.g., 
Giardia, Campylobacter, norovirus) or inflammatory, including lymphoid 
hyperplasia and forms of inflammatory bowel disease leading to malabsorp-
tion. However, a biopsy will show loss of plasma cells in the gastrointestinal 
mucosa. About one quarter of subjects with CVID have autoimmune condi-
tions such as thrombocytopenia, hemolytic anemia, achlorhydria, pernicious 
anemia, and granulomatous disease in lymphoid organs, lungs, brain, or skin, 
suggesting sarcoidosis. Clinically, lymphadenopathy is common, and spleno-
megaly is noted in 28%. Malignant disease is also increased, usually B-cell 
lymphomas, but other cancers also appear more commonly in CVID. An 
increasing number of genes leading to loss of B-cell function and the CVID 
phenotype have been identified. This is especially true for the roughly 30% 
of CVID subjects with inflammatory or autoimmune complications; causative 
genes are found in up to 32%17 (see Table 236-4). However, the majority of 
subjects with hypogammaglobulinemia do not have a known gene defect.

Hyperimmunoglobulin M Syndromes
The hyperimmunoglobulin M (hyper-IgM) syndromes are defects in which 
there is a loss of isotype switch; that is, whereas B cells do produce IgM, they 

There is no definitive treatment for HIES syndrome. Because of the propensity 
for staphylococcal infections, prophylaxis with appropriate antibiotics (trime-
thoprim-sulfamethoxazole, 5 mg/kg/day trimethoprim divided twice daily) is 
commonly used, along with oral antifungals such as itraconazole (100 mg daily 
for patients <13 years old or weighing <50 kg; 200 mg daily for those >13 years 
old or weighing >50 kg). Surgical drainage of abscesses is also important, but 
wound healing may be poor. Skin care for eczema may include bleach baths 
to reduce bacterial burden and antihistamines to control pruritus. Optimization 
of calcium and vitamin D levels may be useful to strengthen bones. HIES is a 
lifelong disease, and infections or other complications require individual care. 
With increasing age, worsening respiratory dysfunction is likely. Recent reports 
note vascular, especially arterial, abnormalities, which are important to define.

TREATMENT AND PROGNOSIS 

For patients with severe T-cell defects and infections (essentially SCID phe-
notype) suggesting a significantly impaired immune system, HSCT is required 
(Chapter 168). Aside from the cellular defect, treatment is directed at the other 
presenting clinical issues. The prognosis of CHH is varied, and the prognosis 
depends on the extent of the cellular defect, the therapies required, and the 
associated clinical complications. As the defect is so variable, normal lifespans 
may be achieved.

TREATMENT AND PROGNOSIS 

 Cartilage-Hair Hypoplasia
 DEFINITION AND EPIDEMIOLOGY

Cartilage-hair hypoplasia (CHH) is a rare autosomal recessive form of short-
limbed dwarfism associated with a variable cellular immune deficiency. In the 
Old Order Amish population, CHH affects 1 in 1300 newborns; for those of 
Finnish descent, the incidence is about 1 in 20,000. A common point muta-
tion in the gene is prevalent in the particularly affected populations.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
The genetic defect in CHH is in the RMRP gene, which encodes the RNA in 
a mitochondrial RNA-processing endoribonuclease that helps copy mitochon-
drial DNA and process ribosomal RNA. In CHH, the encoded RNA is unstable, 
leading to skeletal dysplasia, sparse hair, and the predominantly T-cell deficiency 
disease. For unclear reasons, the cellular defect is varied, ranging from mildly 
impaired immunity to severe defects requiring HSCT (Chapter 168). Other 
clinical features of CHH include short stature, anemia, autoimmunity, celiac 
disease, Hirschsprung disease, and several cancers, including lymphoma.15

 DIAGNOSIS
The diagnosis can be suspected by inheritance patterns and clinical phenotype, 
but definitive diagnosis is made by genetic sequencing of the RMRP gene.

 ANTIBODY DEFECTS

 DEFINITION
The antibody defects are due to loss of B-cell development, loss of production 
of one or more of the immunoglobulin (Ig) isotypes, or loss of functional 
antibody production.

 EPIDEMIOLOGY
As a group, antibody defects are the most prevalent immune defects and are 
found in patients of all ages. Selective IgA deficiency is most common in 
patients of white background, but the incidence varies with the population 
studied from 1 : 400 to more than 1 : 10,000. IgA deficiency is found in 1 : 400 
in Finland but much less commonly in African Americans or Asians (1 : 14,000 
or fewer). Common variable immune deficiency (CVID) has an estimated 
incidence of 1 in 50,000; IgG subclass or selective antibody defects are also 
common, but the incidence is unknown.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Whereas the genetic causes have been elucidated for many of the combined 
forms of immune deficiency, the genes are not yet known for many of the more 
common B-cell defects (Table 236-4). Antibody defects can be considered 
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 PROGNOSIS
The prognosis for subjects with antibody defects is variable and depends on 
the degree of the defect, the response to treatment, whether organ damage 
has occurred, and whether other complications develop. Subjects with loss 
of B cells have a pure B-cell defect; when they are diagnosed and treated early 
with sufficient immune globulin, the prognosis appears excellent. Subjects 
with selective IgA deficiency can be indistinguishable from age-matched healthy 
peers. CVID subjects with varying degrees of hypogammaglobulinemia ranging 
from almost total loss of immunoglobulins to more modest reductions of IgG 
and IgA or IgM often have additional complications, in some cases because 
the diagnosis has been delayed and pulmonary or other damage has occurred. 
Autoimmune cytopenias can be treated with rituximab, but chronic interstitial 
lung disease, lymphoid hyperplasia, and gastrointestinal enteropathy may be 
difficult to treat, leading to increased morbidity. Improved survival relative to 
prior years is likely overall in CVID, but the inflammatory complications still 
present additional challenges. For subjects with IgG subclass defects or anti-
body deficiency, with immune reconstitution if required, no increased morbidity 
or mortality is expected.

 COMPLEMENT DISORDERS

 DEFINITION
The complement system is a network of proteins that both amplify and control 
many actions of the immune system. It is generally considered to have three 
main branches, the classical, alternative, and lectin pathways; deficiencies of 
individual components lead to increased susceptibility to infections, autoim-
munity, and inflammatory diseases (Table 236-5). For further details of these 
disorders, see Chapter 44.

 EPIDEMIOLOGY
Complement C2 deficiency is found in 1 : 10,000 white subjects and usually 
in those with a conserved major histocompatibility complex haplotype due to 
a founder defect; more than 95% of C2-deficient individuals are homozygous 
for the same C2 mutation. The other complement component defects are rare 
but found in unequal distribution in selected populations; C6 deficiency is 
more common in persons of African descent and C9 deficiency in Asians, with 
an estimated incidence of 0.036 to 0.095%. Disorders of components of these 
pathways are discussed here; deficiency of C1 inhibitor is discussed separately.

ineffective; in milder cases, the pneumococcal vaccine does not result in titers 
of antibody considered sufficient for protection.

 DIAGNOSIS
The diagnosis of antibody defects is based on the laboratory tests of numbers 
of B cells, the serum immunoglobulin levels (IgG, IgA, and IgM), and an 
evaluation of a panel of vaccine responses to determine the levels of functional 
antibody. If B cells are absent and the levels of immunoglobulins are very low, 
further antibody testing is not required. For a young male with a family history 
of males with immune deficiency, the diagnosis of XLA or hyper-IgM can be 
investigated by flow cytometry (to determine numbers of B cells for XLA) 
or by genetic tests (hyper-IgM). For older subjects (generally older than 45 
years), a thymoma may be sought by chest computed tomography, which may 
show a mass in the mediastinum. Most subjects with hypogammaglobulinemia 
will be found to have B cells in peripheral blood and some amount of serum 
IgG, IgA, or IgM. In these cases, the loss of functional antibody should be 
tested by commercial laboratories to determine if protective titers of antibody 
to common vaccine antigens (i.e., tetanus, diphtheria, H. influenzae, and pneu-
mococci) can be detected. In some cases, revaccination may be needed to 
determine if a response occurs (tested again in 4 to 6 weeks). Most authorities 
use the laboratory-stipulated protective ranges for protein vaccines and for 
pneumococcal vaccination, usually 1.3 μg/mL for individual serotypes. When 
high levels of B cells are found in adults, the possibility of a clonal B-cell 
expansion should be considered (e.g., chronic lymphocytic leukemia). For 
subjects with IgG subclass defects or normal immunoglobulins levels, the use 
of a panel of antibody titers is also recommended to have a clear understand-
ing of immune competence or immune defect. Genetic testing to define caus-
ative genes is often used when genetic counseling is important, or to guide 
therapeutic decisions when autoimmune or inflammatory complications  
are present.

antibacterial antibody leading to severe infections and, in some cases, chronic  
lung disease.19

IgG Subclass Defects
Another variable immune deficiency is represented by the IgG subclass defects. 
The incidence of these is difficult to determine, partly because laboratory 
normal ranges vary. The clinical consequences depend on how much antibody 
function is lost. Whereas there are structural differences in IgG isotypes, their 
functional roles have considerable overlap; thus the importance of isotype 
defects can be controversial, especially if loss of antibody is not demonstrable. 
In adults, IgG3 deficiency appears to be the most common but is likely to 
have no significance. However, low IgG2 or IgG4, most often found in subjects 
with selective IgA deficiency, may lead to a profound deficiency of antibody 
production, especially to carbohydrate antigens such as contained in the pneu-
mococcal vaccine.

Antibody Deficiency with Normal Immunoglobulins
More complex and heterogeneous is the loosely described defect termed anti-
body deficiency with normal serum immunoglobulins, also termed specific antibody 
deficiency.20 The incidence is unknown; all ages are affected, but in general, 
children younger than 5 years are not included to allow transient forms of 
physiologic immune deficiency to resolve. Although B cells are present and 
there are normal levels of IgG, IgA, and IgM, these subjects do not form 
protective levels of serum antibodies after having an infection exposure or 
vaccination with protein and/or carbohydrate vaccines. In the most severe 
cases, even strong immunogens such as herpes zoster or tetanus vaccines are 

do not secrete IgG or IgA. The prototypic form is the X-linked version in which 
an essential T-cell activation receptor, the CD40 ligand encoded on the X 
chromosome, is missing or nonfunctional. Mutations in the gene for its recep-
tor partner, the CD40 on B cells, lead to a similar defect. Several other genetic 
disorders lead to a similar immunologic phenotype, including defects of the 
gene for enzyme activation-induced cytidine deaminase (AICDA) and uracil-
DNA glycosylase, both important for DNA recombination. The complications 
of the hyper-IgM syndromes include bacterial infections, autoimmunity, and 
enteropathy similar to CVID but also P. jiroveci pneumonia, neutropenia, and 
unusual cancers.18 A predilection to infections with Cryptosporidium has been 
noted in the X-linked hyper-IgM syndrome, which unfortunately can lead to 
irreversible liver disease. Two other gene defects may present with increased 
serum IgM: PI3KCD and, as noted also in Table 236-3, NEMO (IKBKG).

Selective IgA Deficiency
Selective IgA deficiency (IgA <7 mg/dL with other isotypes normal) is the 
most common of the primary immunodeficiency disorders, but most subjects 
are asymptomatic. Lack of infections in most subjects is generally ascribed 
to the overlapping and compensatory role of other immune functions, but 
this is not clearly understood. However, allergies, autoimmunity, increased 
serum IgE, asthma, rheumatoid arthritis, gluten intolerance, and inflamma-
tory bowel disease are found more commonly in selective IgA-deficient sub-
jects than in other populations. Presumably owing to the loss of secretory 
IgA, Giardia infections may occur (Chapter 330). The treatments used in 
subjects with IgA deficiency are based on the clinical conditions observed. 
Some subjects with IgA deficiency are IgG2 and IgG4 deficient, with loss of 

TABLE 236-4 EXAMPLES OF ANTIBODY DEFECTS
TYPE GENES INHERITANCE LABORATORY FEATURES DISEASE AND COMPLICATIONS
ABSENT B CELLS: SEVERE REDUCTIONS IN IgG, IgA, and IgM

X-linked 
agammaglobulinemia

BTK XL IgG, IgA, and IgM are very low or 
absent

Severe bacterial infections

Autosomal forms of 
agammaglobulinemia

Defects of the B-cell receptor or its 
signaling pathways; λ5, Igα, Igβ

AR IgG, IgA, and IgM are very low or 
absent

Severe bacterial infections

Good syndrome Unknown Unknown Few or absent B cells; variable 
hypogammaglobulinemia

Associated with thymoma; may have 
opportunistic infections

B CELLS PRESENT: BUT LOW SERUM IgG, IgA, and/or IgM

Common variable 
immune deficiency

Unknown Unknown Low IgG, IgA and/or IgM Bacterial infections, autoimmunity, other 
inflammatory complications

Defects of B-cell 
receptors

CD19, CD81, CD20, CD21 TACI, 
BAFFr, TWEAK

AR, AD and sporadic Low IgG, IgA and/or IgM Recurrent infections

Defects of signaling, 
activation and/or 
regulation

ICOS, NFKb1, NFKb2; PI3KCD; 
CTLA4, IKAROS, LRBA, 
STAT3, etc.

AR, AD with variable 
penetrance; sporadic

Variably low IgG, IgA and/or IgM; 
antibody defects. Increased IgM in 
PI3KCD

Recurrent infections and autoimmunity; 
variable clinical expression

B CELLS PRESENT: SEVERE REDUCTION IN SERUM IgG AND IgA BUT NORMAL OR ELEVATED IgM

X-linked hyper-IgM 
syndrome

CD40L XL IgG and IgA decreased; IgM may be 
normal or increased; B-cell numbers 
may be normal or increased

Bacterial and opportunistic infections, 
neutropenia, autoimmune disease

CD40 deficiency CD40 AR Low IgG and IgA; normal or increased 
IgM

Bacterial and opportunistic infections, 
neutropenia, autoimmune disease

Defects of DNA 
recombination

AID and UNG AR IgG and IgA decreased; IgM increased Bacterial infections; enlarged lymph 
nodes and germinal centers

B CELLS PRESENT: ISOTYPE DEFICIENCIES

Selective IgA deficiency Unknown Unknown IgA absent Usually asymptomatic; allergies and 
autoimmunity may be more common

IgA with IgG subclass 
deficiency

Unknown Unknown Reduced IgA with decrease in one or 
more IgG subclass (usually IgG2/4)

Infections in some with loss of antibody

IgG subclass deficiency Unknown Unknown Reduction in one or more IgG subclass Asymptomatic in many; infections in 
some with loss of antibody

B CELLS PRESENT: NORMAL IgG, IgA, AND IgM

Antibody deficiency Unknown Unknown Normal serum immunoglobulins but 
no vaccine responses to protein and 
carbohydrate antigens or vaccines

May lead to recurrent infections

AD = autosomal dominant; AR = autosomal recessive; BAFF-R = B-cell activating factor receptor; Btk = Bruton tyrosine kinase; CTLA4 = cytotoxic T-lymphocyte–associated protein 4; ICOS = inducible 
T-cell costimulator; LRBA = LPS responsive beige-like anchor protein; PI3KCD = phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit delta; STAT3 = signal transducer and activator of 
transcription 3; TACI = transmembrane activator and CAML interactor; TWEAK = tumor necrosis factor ligand superfamily member 12; XL = X-linked.
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 PROGNOSIS
The prognosis for subjects with antibody defects is variable and depends on 
the degree of the defect, the response to treatment, whether organ damage 
has occurred, and whether other complications develop. Subjects with loss 
of B cells have a pure B-cell defect; when they are diagnosed and treated early 
with sufficient immune globulin, the prognosis appears excellent. Subjects 
with selective IgA deficiency can be indistinguishable from age-matched healthy 
peers. CVID subjects with varying degrees of hypogammaglobulinemia ranging 
from almost total loss of immunoglobulins to more modest reductions of IgG 
and IgA or IgM often have additional complications, in some cases because 
the diagnosis has been delayed and pulmonary or other damage has occurred. 
Autoimmune cytopenias can be treated with rituximab, but chronic interstitial 
lung disease, lymphoid hyperplasia, and gastrointestinal enteropathy may be 
difficult to treat, leading to increased morbidity. Improved survival relative to 
prior years is likely overall in CVID, but the inflammatory complications still 
present additional challenges. For subjects with IgG subclass defects or anti-
body deficiency, with immune reconstitution if required, no increased morbidity 
or mortality is expected.

 COMPLEMENT DISORDERS

 DEFINITION
The complement system is a network of proteins that both amplify and control 
many actions of the immune system. It is generally considered to have three 
main branches, the classical, alternative, and lectin pathways; deficiencies of 
individual components lead to increased susceptibility to infections, autoim-
munity, and inflammatory diseases (Table 236-5). For further details of these 
disorders, see Chapter 44.

 EPIDEMIOLOGY
Complement C2 deficiency is found in 1 : 10,000 white subjects and usually 
in those with a conserved major histocompatibility complex haplotype due to 
a founder defect; more than 95% of C2-deficient individuals are homozygous 
for the same C2 mutation. The other complement component defects are rare 
but found in unequal distribution in selected populations; C6 deficiency is 
more common in persons of African descent and C9 deficiency in Asians, with 
an estimated incidence of 0.036 to 0.095%. Disorders of components of these 
pathways are discussed here; deficiency of C1 inhibitor is discussed separately.

ineffective; in milder cases, the pneumococcal vaccine does not result in titers 
of antibody considered sufficient for protection.

 DIAGNOSIS
The diagnosis of antibody defects is based on the laboratory tests of numbers 
of B cells, the serum immunoglobulin levels (IgG, IgA, and IgM), and an 
evaluation of a panel of vaccine responses to determine the levels of functional 
antibody. If B cells are absent and the levels of immunoglobulins are very low, 
further antibody testing is not required. For a young male with a family history 
of males with immune deficiency, the diagnosis of XLA or hyper-IgM can be 
investigated by flow cytometry (to determine numbers of B cells for XLA) 
or by genetic tests (hyper-IgM). For older subjects (generally older than 45 
years), a thymoma may be sought by chest computed tomography, which may 
show a mass in the mediastinum. Most subjects with hypogammaglobulinemia 
will be found to have B cells in peripheral blood and some amount of serum 
IgG, IgA, or IgM. In these cases, the loss of functional antibody should be 
tested by commercial laboratories to determine if protective titers of antibody 
to common vaccine antigens (i.e., tetanus, diphtheria, H. influenzae, and pneu-
mococci) can be detected. In some cases, revaccination may be needed to 
determine if a response occurs (tested again in 4 to 6 weeks). Most authorities 
use the laboratory-stipulated protective ranges for protein vaccines and for 
pneumococcal vaccination, usually 1.3 μg/mL for individual serotypes. When 
high levels of B cells are found in adults, the possibility of a clonal B-cell 
expansion should be considered (e.g., chronic lymphocytic leukemia). For 
subjects with IgG subclass defects or normal immunoglobulins levels, the use 
of a panel of antibody titers is also recommended to have a clear understand-
ing of immune competence or immune defect. Genetic testing to define caus-
ative genes is often used when genetic counseling is important, or to guide 
therapeutic decisions when autoimmune or inflammatory complications  
are present.

The essential treatment of significant IgG antibody defects is intravenous 
or subcutaneous immune globulin, usually given in doses of 400 to 600 mg/
kg body weight per month. The intravenous forms are usually given every 3 
or 4 weeks, the subcutaneous forms weekly, biweekly, or monthly, depending 
on product and body weight. Indwelling ports are not required and are discour-
aged. Most patients also require occasional courses of antibiotics, chosen on 
the basis of culture results, at intervals dictated by clinical events. As many 
subjects with antibody defects have experienced one or more bouts of pneu-
monia, lung functions may be abnormal and intermittent or prophylactic anti-
biotics required, but there is no consensus on the medications, dose, or intervals 
to use. Referring to Table 236-4, the defects that require IgG replacement are 
those in which B cells are absent (XLA, other agammaglobulinemias, the hyper-
IgM syndromes, IgG subclass defects with demonstrable loss of antibody func-
tion, and some cases of loss of antibody with normal immunoglobulins). Subjects 

TREATMENT 

TABLE 236-5 EXAMPLES OF COMPLEMENT DEFECTS
TYPE GENES INHERITANCE LABORATORY FEATURES ALTERED FUNCTIONS DISEASE AND COMPLICATIONS
C1q, C1r, C1s 

deficiency
C1qA, C1qB, 

C1qC; 
C1r, C1s

AR Absent CH50 hemolytic 
activity

Loss of early complement activation; impaired 
dissolution of immune complexes; 
impaired clearance of apoptotic cells

Bacterial infections; SLE-like syndrome, 
rheumatoid disease, multiple 
autoimmune diseases, infections

C4 deficiency C4A and C4B AR Absent CH50 hemolytic 
activity

Loss of early complement activation Bacterial infections

C2 deficiency C2 AR Absent CH50 hemolytic 
activity

Loss of early complement activation Bacterial infections; SLE-like syndrome, 
vasculitis, early atherosclerosis, 
polymyositis, glomerulonephritis

C3 deficiency C3 AR Absent CH50 hemolytic 
activity

Loss of classical and alternative pathways of 
complement activation

Life-threatening pyogenic infections; 
SLE-like disease; glomerulonephritis; 
atypical hemolytic-uremic syndrome

C5, C6, C7, C8 
deficiency

C5 AR Absent CH50 hemolytic 
activity

Loss of complement activation Neisserial infections, SLE

C9 deficiency C9 AR Reduced CH50 and AP50 
hemolytic activity

Partial loss of complement activation Some Neisseria infections

C1 inhibitor 
deficiency

C1 inhibitor AD Activation of complement; 
low levels of C4 and C2

Loss of regulation of activities of complement 
C1

Angioedema

AD = autosomal dominant; AR = autosomal recessive; SLE = systemic lupus erythematosus.

with IgA deficiency do not require immune globulin replacement unless there 
is clear loss of functional antibody. For unclear reasons, some of the antibody 
defects have an increased incidence of autoimmune or inflammatory complica-
tions. These require treatments commonly prescribed for immunocompetent 
subjects but with a view to minimizing courses of immune suppressants. Immune 
cytopenias may be treated with rituximab with some success; splenectomy is 
to be avoided.
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include the hemophagocytic lymphohistiocytosis (HLH) diseases (Chapter 
160), the lymphoproliferative syndromes linked to Epstein-Barr virus (EBV) 
infection, autoimmune polyendocrinopathy–candidiasis–ectodermal dystrophy 
(APECED), autoimmune lymphoproliferative syndromes (ALPS), defects of 
T-regulatory cells, and immune defects that lead to severe early-onset inflam-
matory bowel disease (Table 236-6).

 EPIDEMIOLOGY
The estimated incidence of the genetic HLH syndromes is 1 : 50,000; the 
incidence of X-linked lymphoproliferative disease is 1 to 3 in 1,000,000; and 
the incidence of APECED is high in Finland (1 in 25,000) and in Sardinians 
and Iranian Jews (1 in 9000) but otherwise much rarer. The incidence of 
ALPS and defects of T-regulatory cells is unknown.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
HLH is a form of extreme and potentially life-threatening immune activation. 
It is further discussed under the section Hemophagocytic Lymphohistiocytosis 
and Macrophage Activation Syndrome in Chapter 160. There are two forms: 
genetic, due to mutations in genes that control cellular cytotoxicity; and sec-
ondary, due to acute viral illnesses, autoimmune activation, or underlying 
malignant disease. The familial form is a heterogeneous autosomal recessive 
disorder due to mutations in one of five genes essential for control of T-cell 
cytotoxicity. Immune activation leads to expansion of poorly controlled cyto-
toxic T cells and macrophages, leading to the release of interferon-γ (IFN-γ), 
IL-1, IL-6, and IL-10. Patients have high fevers, cytopenias, liver dysfunction, 
coagulopathy, and sometimes neurologic symptoms. HLH may be fatal unless 
it is treated with aggressive measures and may require HSCT (Chapter 168). 
Life-threatening accelerated immune activation syndromes are also charac-
teristic of other genetic defects that impair cytotoxicity, such as the Chédiak-
Higashi syndrome.

angioedema or in some cases (25%) episodes of recurrent abdominal pain 
due to edema.

 PHAGOCYTE DEFECTS

 DEFINITION
Abnormalities of the phagocytic system are presented in detail in Chapters 
158 and 160. They are categorized as neutropenia, abnormal neutrophil mor-
phology, defective cell adhesion and migration, or defective microbial killing 
(E-Table 236-3). Examples of major phagocyte defects are presented in  
E-Table 236-3.

 EPIDEMIOLOGY
Genetic defects impairing neutrophil development, adhesion, locomotion, or 
intracellular killing are rare. The most common genetic abnormality is chronic 
granulomatous disease (CGD), with an estimated incidence of 1 : 100,000 to 
1 : 200,000.

 PATHOBIOLOGY AND GENETICS
Circulating neutrophils are attracted to sites of inflammation by complement 
components C5a, chemokines, and bacterial byproducts, but traveling to these 
sites requires migration through capillaries and into tissues. The best known 
diseases in which neutrophil adhesion is impaired are the leukocyte adhesion 
defects (LAD types 1, 2, and 3). Other defects of neutrophil motility include 
juvenile periodontitis, Shwachman-Diamond syndrome, and Chédiak-Higashi 
syndrome.

About two thirds of patients with CGD are males as they have defects in 
an X-linked gene encoding gp91phox. Autosomal defects in p47phox are the next 
most common form, occurring in 20% of patients and often due to the same 
deletion. Other autosomal forms are due to defects in the gene encoding the 
p22phox or p67phox subunits (about 5% each).

 CLINICAL MANIFESTATIONS
The genetic neutrophil disorders have specific clinical associations: delayed 
separation of the umbilical cord and poor wound healing in LAD-1; growth 
delay, mental retardation, and Bombay blood group in LAD-2; peripheral 
nerve conduction defects, pigmentary dilution with partial oculocutaneous 
albinism, easy bruising, and risk of hemophagocytic disease in Chédiak-Higashi 
syndrome; and pancreatic insufficiency (fat malabsorption), growth failure, 
and skeletal abnormalities in Shwachman-Diamond syndrome. For both 
Shwachman-Diamond syndrome and the severe congenital neutropenias, there 
is a risk for development of myelodysplastic disease and leukemia.

The clinical manifestations of CGD usually include bacterial or fungal 
infections. Males with the X-linked form will generally present in the first 
decade of life, whereas subjects with autosomal forms may have a later onset 
of symptoms (into the second decade). Regardless of the genetic cause, 
most patients with CGD have one or more episodes of pneumonia; the 
most common causes of infection are Staphylococcus, Burkholderia cepacia, 
Klebsiella, Aspergillus, Serratia, and Nocardia species. Common clinical mani-
festations include acute or chronic lymphadenitis, colitis leading to recurrent 
diarrhea, Staphylococcus liver abscess, osteomyelitis, and rectal abscess. Patients 
with CGD are also prone to infections with unusual organisms, for example, 
Chromobacterium violaceum, Trichosporon inkin, Francisella philomiragia, and 
Granulibacter bethesdensis. For this reason, exposure to contaminated water or 
decaying plant material (compost, mulch) presents significant risk to subjects  
with CGD.

 DIAGNOSIS
The differential diagnosis of neutropenia is presented in Table 158-4; the 
genetic diagnosis of congenital neutropenia syndromes, in Table 158-5; and 
a diagnostic approach to suspected phagocyte defects, in Table 160-4.

 PATHOBIOLOGY
The classical pathway is triggered by interaction of the Fc portion of an IgG1, 
IgG2, IgG3, or IgM antibody with C1q, which subsequently engages C1r, 
C1s, C2, and C3, leading to activation of C4, C5, C6, C7, C8, and C9, result-
ing in lysis of bacteria (discussed in Chapter 44). As opsonization of bacteria 
is essential for antibody function, patients with these defects have infections 
similar to those of subjects with loss of immunoglobulin. The alternative 
pathway is activated in an antibody-independent manner and involves opso-
nization of bacteria with subsequent involvement of C3 and the alternative 
pathway. The lectin pathway includes other serum binding proteins that coat 
bacteria or fungi, leading to downstream complement activation and the 
assembly of the membrane attack complex, the C7, C8, C9 components 
responsible for microbial lysis. The genes of the complement system are located 
on many chromosomes, and in general the defects are autosomal recessive in 
inheritance, with the exception of defects of X-linked properdin. In addition 
to the three pathways of activation, the complement system also includes an 
even larger number of control proteins that, when genetically defective, also 
lead to severe infections, hemolytic-uremic syndrome, severe eclampsia, glo-
merulonephritis, thrombosis, and macular degeneration, which are outside 
the scope of this chapter.

 CLINICAL MANIFESTATIONS
With genetic loss of the classical and alternative pathways, severe bacterial 
infections are likely; this is particularly true of subjects with defects of C3, 
which lies at the convergence of the three pathways. For unclear reasons, with 
loss of C6, C7, C8, and C9 or properdin, Neisseria gonorrhoeae or Neisseria 
meningitidis infections are more common. More complex but equally potent 
is the role that the complement proteins play in immune regulation. With loss 
of the early components of the classical system, C1q, C1r, C1s, C2, and C4, 
autoimmunity, especially systemic lupus erythematosus, is common; this 
complication is estimated at 93% for subjects with defects of C1q and 75% 
for defects of C4. Complement is important for clearing immune complexes 
and possibly apoptotic cells, potentially explaining this observation.

 DIAGNOSIS
Deficiencies of complement are diagnosed by testing total serum hemolytic 
complement (CH50) and the alternative hemolytic complement (AP50). The 
CH50 tests for deficiencies in the classical pathway by determining whether 
the patient’s serum can lyse antibody-coated sheep erythrocytes; this will be 
zero if the proteins of the classical pathway are defective. The AP50 tests for 
alternative pathway activity. Further testing usually includes measurement 
and function of individual serum complement proteins to determine the most 
applicable diagnosis. (Note that the most common reason for low levels in 
CH50 and AP50 is improper blood handling.)

There are no treatments for complement deficiencies. Whereas loss of these 
classical components may lead to severe clinical consequences, for C2 in par-
ticular but also for C4 and C5–C9, there may be no history of illness. Prompt 
antibiotic therapy for acute infections and control of autoimmunity are the 
important therapeutics. However, periodic immunizations with pneumococcal, 
H. influenzae, and meningococcal vaccines may be helpful to boost antibody 
titers to enhance bacterial clearance.

TREATMENT 

The management of patients with neutropenia is discussed in Chapter 158. 

TREATMENT 

 PROGNOSIS
The prognosis of complement defects is highly variable because of the clinical 
complications; also, most of these defects have been found in healthy subjects. 
However, for defects of the classical pathway, prompt recognition and treatment 
of bacterial infections and possibly preemptive vaccination with appropriate 
vaccines would be important. The prognosis for subjects with autoimmunity 
will depend on disease manifestation and response to treatment. Whereas C2 
deficiency is commonly viewed as usually asymptomatic, some data suggest 
a higher incidence of premature arteriosclerotic heart disease.

 C1 INHIBITOR DEFICIENCY
The pathobiology, clinical manifestations, diagnosis, and treatment of C1 
inhibitor (C1 INH) deficiency are discussed in detail in Chapter 237. A diag-
nosis of C1 INH deficiency is suggested by a history of recurrent attacks of 

 IMMUNE DYSREGULATION SYNDROMES
These mostly monogenic diseases have in common lymphoid proliferation, 
immune activation, and inflammatory or autoimmune complications. These 
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E-TABLE 236-3 EXAMPLES OF PHAGOCYTE DEFECTS

TYPE GENES INHERITANCE
LABORATORY 

FEATURES ALTERED FUNCTIONS DISEASE AND COMPLICATIONS
DEFECTS OF NEUTROPHIL DIFFERENTIATION

Severe congenital 
neutropenia

ELANE, GFI1, HAX1; G6PC3; 
VPS45; G6PT1; WAS; 
LAMTOR2; TAZ; COH1

USB1; JAGN1; CLPB; CSF3R; 
SMARCD2

AD, XL, or AR Neutropenia Impaired myeloid 
differentiation

Susceptible to infections; 
myelodysplasia; syndromic features 
in some

Cyclic neutropenia ELANE AR Neutropenia at 21-day 
intervals

Impaired and cyclic myeloid 
differentiation

Susceptible to infections at intervals, 
periodontitis

DEFECTS OF MOTILITY

Leukocyte adhesion 
deficiency (types 
1-3)

ITGB2, CD18; SLC35C1; 
FERMT3 (KINDLIN)

AR Leukocytosis Impaired neutrophil 
adherence and chemotaxis

Delayed cord separation for type 1; 
skin ulcers, poor wound healing, 
periodontitis

Rac 2 deficiency RAC2 AD Leukocytosis Impaired adherence, 
chemotaxis, O2 production

Poor wound healing

Shwachman-
Diamond 
syndrome

SBDS AR Pancytopenia Impaired chemotaxis Exocrine pancreatic insufficiency, 
chondrodysplasia; risk of leukemia

Chédiak-Higashi 
syndrome

LYST AR Neutrophils with giant 
inclusions; hair: 
pigment clumps

Impaired chemotaxis Partial albinism, recurrent infections, 
late-onset primary encephalopathy, 
increased lymphoma risk

DEFECTS OF RESPIRATORY BURST

Chronic 
granulomatous 
disease

gp97phox
p47phox
p22phox
p67phox
p40phox

XL, AR Normal or increased 
neutrophil counts but 
loss of respiratory 
burst

Impaired bacterial killing Susceptible to bacterial and fungal 
infections

AD = autosomal dominant; AR = autosomal recessive; CD18; SLC35C1 = solute carrier family 35; CLPB = ClpB homolog; COH1 = Cohen syndrome; CSF3R = colony-stimulating factor 3 receptor; ELANE = 
elastase; FERMT3 = Fermitin family homolog 3; G6PC = glucose-6-phosphatase catalytic subunit 3; G6PT1 = glucose-6-phosphate transport; GFI1 = growth factor independent 1 transcriptional repressor; 
HAX1 = HCLS1 associated protein X-1; ITGB2 = integrin subunit beta 2; JAGN1 = jagunal homolog 1; LAMTOR2 = late endosomal/lysosomal adaptor; LYST = lysosomal trafficking regulator; RAC2 = 
Ras-related C3; SBDS = Schwachman-Bodian-Diamond syndrome; SMARCD2 = SWI/SNF related matrix associated; TAZ = tafazzin; USB1 = U6 SnRNA biogenesis phosphodiesterase 1; VPS45 = vacuolar 
protein sorting 45 homolog; WAS = Wiskott-Aldrich syndrome; XL = X-linked.
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Monogenic defects leading to impaired immunity to EBV produce another 
group of immune dysregulation syndromes.21 The first described (and the 
most common, 70 to 80%) is the X-linked proliferative disorder (XLP) due 
to mutations of the X-linked gene SH2D1A, which encodes the gene SAP, a 
signaling lymphocytic activation molecule (SLAM)–associated protein. Other 
genetic causes for loss of control of EBV are due to mutations in XIAP (20 to 
30%) or, rarely, ITK CD27, MAGT1, or CD70. XLP, XIAP, and MAGT1 are 
on the X chromosome; the other defects are inherited as autosomal recessive 
traits. In each case, infection with EBV leads to an acute illness with lympho-
proliferation, progressive but variable hypogammaglobulinemia, and lymphoma 
in XLP, ITP, and CD27 defects. A unifying theme of these syndromes is loss 
of function of NK-T cells, a subset of T cells important in viral immunity.

A unique member of the genetic immune dysregulation diseases is APECED 
or autoimmune polyglandular syndrome type 1 (Chapter 218). Whereas the 
clinical presentation is usually due to endocrine disease (hypoparathyroidism, 
Addison disease, hypogonadism, and secondary amenorrhea), the disease is 
caused by loss of thymic recognition of self-antigens due to mutations in the 
autoimmune regulator gene (AIRE). Chronic mucocutaneous candidiasis 
is common, probably due to circulating anticytokine antibodies (interferon 
and IL-17). The transcription factor encoded by the AIRE gene, found in 
thymic epithelial cells, is involved in the early negative selection of cells with 
autoimmune potential. Clinically, cutaneous candidiasis or the endocrine 
defect may be the first sign of the syndrome; for unclear reasons, chronic 
diarrhea with malabsorption is also common. Other autoimmune complica-
tions may include hepatitis, alopecia, vitiligo, diabetes mellitus, anemia, and  
pernicious anemia.

Defects in lymphocyte apoptosis lead to another form of immune dysregula-
tion; in these subjects, because of impaired death of lymphocytes, lymph 
nodes and spleen enlarge, and autoimmunities, especially autoimmune throm-
bocytopenia and hemolytic anemia, occur. Together, these are commonly 

include the hemophagocytic lymphohistiocytosis (HLH) diseases (Chapter 
160), the lymphoproliferative syndromes linked to Epstein-Barr virus (EBV) 
infection, autoimmune polyendocrinopathy–candidiasis–ectodermal dystrophy 
(APECED), autoimmune lymphoproliferative syndromes (ALPS), defects of 
T-regulatory cells, and immune defects that lead to severe early-onset inflam-
matory bowel disease (Table 236-6).

 EPIDEMIOLOGY
The estimated incidence of the genetic HLH syndromes is 1 : 50,000; the 
incidence of X-linked lymphoproliferative disease is 1 to 3 in 1,000,000; and 
the incidence of APECED is high in Finland (1 in 25,000) and in Sardinians 
and Iranian Jews (1 in 9000) but otherwise much rarer. The incidence of 
ALPS and defects of T-regulatory cells is unknown.

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
HLH is a form of extreme and potentially life-threatening immune activation. 
It is further discussed under the section Hemophagocytic Lymphohistiocytosis 
and Macrophage Activation Syndrome in Chapter 160. There are two forms: 
genetic, due to mutations in genes that control cellular cytotoxicity; and sec-
ondary, due to acute viral illnesses, autoimmune activation, or underlying 
malignant disease. The familial form is a heterogeneous autosomal recessive 
disorder due to mutations in one of five genes essential for control of T-cell 
cytotoxicity. Immune activation leads to expansion of poorly controlled cyto-
toxic T cells and macrophages, leading to the release of interferon-γ (IFN-γ), 
IL-1, IL-6, and IL-10. Patients have high fevers, cytopenias, liver dysfunction, 
coagulopathy, and sometimes neurologic symptoms. HLH may be fatal unless 
it is treated with aggressive measures and may require HSCT (Chapter 168). 
Life-threatening accelerated immune activation syndromes are also charac-
teristic of other genetic defects that impair cytotoxicity, such as the Chédiak-
Higashi syndrome.

TABLE 236-6 EXAMPLES OF DISEASES OF IMMUNE DYSREGULATION

TYPE GENES INHERITANCE LABORATORY FEATURES
ALTERED 

FUNCTION
DISEASE AND 

COMPLICATIONS
Familial hemophagocytic 

lymphohistiocytosis 
syndromes

PRF1, UNC13D, STX11, 
STXBP2, FAAP24

AR, AD Anemia, neutropenia, 
thrombocytopenia, abnormal liver 
functions, high ferritin and serum 
IL-2 receptor, hemophagocytosis 
in bone marrow and liver

Decreased to absent 
NK cells and 
cytotoxic activities

Fever, hepatosplenomegaly, 
cytopenias, hemophagocytic 
lymphohistiocytosis, neurologic 
disease in some

Chédiak-Higashi 
syndrome

LYST AR Neutrophils with giant inclusions; 
hair: pigment clumps

Impaired chemotaxis Partial albinism, recurrent 
infections, late-onset primary 
encephalopathy, increased 
lymphoma risk

Lymphoproliferative 
syndromes 
(susceptibility to 
EBV)

SAP, XIAP, ITK, CD27, 
CTPS1, CD70, 
RASGRP1, MAGT1

XL, AR Epstein-Barr virus infection; 
decreased NK cells and CD8+ 
CTL activation; deficient NK-T 
cells; anemia; 
hypogammaglobulinemia in some

Loss of function of 
NK-T cells leading 
to impaired viral 
control

Clinical and immunologic features 
triggered by Epstein-Barr virus 
infection; lymphoproliferation, 
lymphoma

Autoimmune 
polyendocrinopathy–
candidiasis 
ectodermal dystrophy 
(APECED)

AIRE AR Endocrine dysfunction; hepatitis Loss of thymic 
self-tolerance

Autoimmunity leading to 
hypoparathyroidism, 
hypothyroidism, diabetes, and 
adrenal and gonadal 
dysfunction; cutaneous 
candidiasis; hepatitis

Autoimmune 
lymphoproliferative 
syndrome (ALPS)

FAS, FAS ligand; Caspase 
10; Caspase 8, KRAS; 
NRAS

AD Increased double-negative T cells 
(CD4−/CD8−), increased serum 
B12

Defects in lymphocyte 
apoptosis

Splenomegaly, lymphadenopathy, 
autoimmune cytopenias; 
increased risk of lymphoma

Genetic defects of 
T-regulatory cells

FOXP3, CD25, CTLA4, 
LRBA, STAT3 (GOF)

BACH2, STAT5B and 
STAT1; STAT5b

XL, AR Autoimmunity, diabetes, anemia, 
eosinophilia, high serum IgE in 
some

Lack of (or impaired 
function of) CD4+, 
CD25+, FOXP3+ 
regulatory T cells 
(Tregs)

Enteropathy, dermatitis, eczema, 
early-onset diabetes, thyroiditis, 
hemolytic anemia, 
thrombocytopenia, elevated IgE 
and IgA

Immune dysregulation 
leading to colitis

IL-10, IL-10Ra, 
IL-10Rb, NFAT5

AR, AD Normal lymphocyte panels Defects of immune 
responses to 
resident microbes

Severe IBD, recurrent 
sinopulmonary infections

AD = autosomal dominant; AIRE = autoimmune regulator; AR = autosomal recessive; BACH2 = BTB domain and CNC homolog 2; CTL = cytotoxic T lymphocyte; CTLA4 = cytotoxic T-lymphocyte-
associated protein 4; CTPS1 = CTP synthase 1; FAAP24 = Fanconi anemia core complex associated protein 24; FAS = Fas cell surface death receptor; FOXP3 = Forkhead box P3; IBD = inflammatory bowel 
disease; IL = interleukin; ITK = IL2 inducible T-cell kinase; KRAS = KRAS proto-oncogene; LRBA = LPS responsive beige-like anchor protein; LYST = lysosomal trafficking regulator; MAGT1 = magnesium 
transporter 1; NFAT5= nuclear factor of activated T cells 5; NRAS = NRAS proto-oncogene; PRF1 = perforin; RASGRP1 = RAS guanyl releasing protein 1; SAP = SLAM-associated protein; STAT1 = signal 
transducer and activator of transcription 1; STAT3 (gain of function) = signal transducer and activator of transcription 3; STAT5B = signal transducer and activator of transcription 5B; STX11 = Syntaxin 11; 
STXBP2 = Syntaxin binding protein 2; UNC13D = Unc-13 homolog D; XIAP = X-linked inhibitor of apoptosis; XL = X-linked.
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 PROGNOSIS
The diseases of immune dysregulation have a varied prognosis. For the genetic 
HLH syndromes, EBV-related lymphoproliferative diseases, and IPEX, immune 
reconstitution is required. Because of the broad spectrum of manifestations 
for ALPS and APECED, management of the clinical issues may be 
sufficient.

 DEFECTS OF INNATE IMMUNITY LEADING  
TO SELECTED INFECTIONS

 DEFINITION
As opposed to the adaptive immune system (in which a previous exposure is 
required to form immune memory; Chapter 40), many components of the 
immune system function quickly with no pre-exposure. These components 
of the innate immune system (Chapter 39) include, for example, complement, 
phagocytic cells, and natural killer cells. Screening of large populations for 
selected microbial diseases has revealed a number of novel defects of innate 
immunity. Some of these defects are discussed here (Table 236-7).

 PATHOBIOLOGY AND CLINICAL MANIFESTATIONS
Innate immunity defects causing selected infections appear to be rare and the 
incidence is not known. Anhidrotic ectodermal dysplasia with immunodefi-
ciency, a syndrome due to mutations in the IKBKG gene that encodes nuclear 
factor κB (NF-κB) essential modulator (NEMO), is an X-linked disease and 
was initially assigned to the category of hyper-IgM syndromes. However, the 

referred to as autoimmune lymphoproliferative syndrome (ALPS). The most 
common of these defects are due to autosomal dominant mutations in the 
FAS gene, which encodes the important FAS death receptor, and less com-
monly in FAS ligand.22 Both are dominant but have variable penetrance. Much 
less common forms of autoimmune lymphoproliferation are due to mutations 
in caspase 8 or 10 or even more rarely the oncogenes KRAS and NRAS or 
protein kinase Cδ. In addition, mutations in somatic genes may mimic the 
clinical presentation of the congenital forms.

The defects of T-regulatory cells are the final member of this set of genetic 
defects leading to loss of regulation. The first to be described was the immune 
dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome, 
a generally lethal disease in males, characterized by early-onset insulin-dependent 
diabetes mellitus, enteropathy with severe diarrhea, and eczema-like derma-
titis.23 Other manifestations include anemia, thrombocytopenia, and neutro-
penia, as well as liver or kidney autoimmune disease. The defect is generally 
due to mutations of the X chromosome forkhead box protein 3 (FOXP3) 
gene, a gene essential for the development of regulatory T cells. However, 
other genetic defects may lead to a similar clinical syndrome.

 DIAGNOSIS
The diagnosis of these syndromes may be suspected from the clinical mani-
festations, family history, and laboratory grounds, but genetic validation is 
required for definitive diagnosis.

For the HLH diseases and related syndromes, prompt immune suppres-
sion by established protocols and intense supportive care are necessary (see 
Chapter 160). For the genetic forms, HSCT (Chapter 168) is often required. The 
lymphoproliferative syndromes associated with EBV are similar in that prompt 
supportive care is required and transplantation is potentially curative. Rituximab 
has been used in these defects to reduce B-cell numbers and EBV burden if 
infection occurs. Treatment of the cytopenias in ALPS includes corticosteroids, 

TREATMENT 

TABLE 236-7 EXAMPLES OF DISEASES OF INNATE IMMUNITY
DISEASE GENES INHERITANCE LABORATORY FEATURES ALTERED FUNCTION ASSOCIATED FEATURES
Anhidrotic 

ectodermal 
dysplasia with 
immunodeficiency

IKBKG, (NEMO), IKBA XL, AD Variable hypogammaglobulinemia 
with increased IgM in some; 
lack of antibody response to 
polysaccharides

Defective NF-κB signaling 
pathway

Bacterial and mycobacterial 
infections, ectodermal dysplasia, 
hair loss, heat intolerance due to 
loss of sweat glands, tooth 
abnormalities

IRAK4, MYD88 IRAK4, MYD88, IRAK1, 
TIRAP

AR, XL Impaired cytokine responses to 
toll receptor activators

Defective TIR-IRAK 
signaling pathway

Bacterial infections, especially 
Staphylococcus and S. pneumoniae

Herpes simplex 
encephalitis

TLR3
UNC93B1
TRAF3, TRIF, (TICAM1), 

TBK1, IRF3

AD
AR

Impaired cytokine responses to 
TLR3 activators

Defective IFN-α, IFN-β, 
and IFN-γ induction

Herpes simplex virus 1 encephalitis

Predisposition to 
fungal diseases

CARD9 AR Fungal cultures positive Defective CARD9 
signaling pathway

Invasive candidiasis and other 
fungal diseases

Chronic 
mucocutaneous 
candidiasis

IL17RA
IL17F
STAT1
AIRE
ACT1

AR, AD Fungal cultures positive Defective IL-17R 
signaling pathways

Mucocutaneous candidiasis

IL-12, IL-23 receptor 
deficiency

IL12RB
IL12
IL23

AR Mycobacterial cultures positive Defective cytokine 
receptor binding and 
signaling

Mycobacterial and salmonella 
infections

IFN-γ receptors 1 
and 2 deficiency

IFNGR1
IFNGR2

AR Mycobacterial cultures positive Defective IFN-γ binding 
and signaling

Mycobacterial and salmonella 
infections

GATA2 deficiency GATA2 AR, AD Multilineage cytopenias; very low 
monocyte numbers

Infections with mycobacteria, 
papillomaviruses, histoplasmosis, 
alveolar proteinosis, but also 
myelodysplasia and leukemias

AD = autosomal dominant; AIRE = autoimmune regulator; AR = autosomal recessive; GATA2 = a member of the GATA family of zinc-finger transcription factors; IFN = interferon; IFNGR1 = ligand-binding 
chain (alpha) of the gamma interferon receptor; IFNGR2 = ligand-binding chain (beta) of the gamma interferon receptor; IKBA = NF-kappa-B inhibitor alpha; IL = interleukin; IL12 = interleukin 12;  
IL12RB = interleukin 12 receptor B; IL17 = interleukin 17; IL-17R = interleukin-17 receptor; IL17RA = interleukin 17 receptor A; IRAK1 = interleukin 1 receptor associated kinase 1; IRAK4 = interleukin 1 
receptor associated kinase 4; IRF3 = interferon regulatory factor 3; MYD88 = myeloid differentiation primary response protein; NEMO (IKBKG) = NF-kappa-B essential modulator; NF-κB = nuclear factor-κB; 
STAT1 = signal transducer and activator of transcription 1; TBK1 = TANK binding kinase 1; TIR = intracytoplasmic toll and IL-1 receptor; TIRAP = TIR domain containing adaptor protein; TLR = toll-like 
receptor; TLR3 = toll receptor 3; TRAF3 = TNF-receptor associated factor 3; TRIF (TICAM1) = TIR-domain-containing adapter-inducing interferon-β; UNC93B1 = Unc-93 homolog B1; XL = X-linked.

rapamycin, mycophenylate, and other agents. For unclear reasons, rituximab 
may lead to permanent hypogammaglobulinemia in ALPS, and splenectomy 
is to be avoided. Patients with APECED usually require endocrine and possibly 
nutritional management as well as treatment for cutaneous candidiasis. For 
the defects of T-regulatory cells due to mutations in IPEX, HSCT is the only  
curative measure.



actual phenotype is broad due to impairment of NEMO, which is essential 
for both cytokine and toll-like receptor signaling pathways. Impairment in 
this gene leads to severe bacterial infections and mycobacterial disease as well 
as to the characteristics of ectodermal dysplasia: sparse hair, abnormal tooth 
development, and lack of sweat glands. A series of other genetic defects in 
toll-like receptors and their signaling pathways have been recognized, for 
example, autosomal recessive defects in IRAK4 and MyD88, both of which 
lead to severe pneumococcal and staphylococcal infections. In contrast, defects 
of the TLR3 pathway lead to early herpes simplex encephalitis. Much more 
clinically heterogeneous are the genetic disorders that lead to chronic muco-
cutaneous candidiasis. These defects may be autosomal dominant or recessive 
and lead to simple onychomycosis in some to invasive fungal infections in 
others. Patients of any age may have defects in these pathways. The pathogenesis 
of some of these includes genes that disrupt the dectin-1 pathway. Dectin-1 
is a surface lectin receptor that recognizes the β1-3 glucan of fungi; downstream 
mutations in CARD9 impair the secretion of IL-17A, IL-17F, and IL-22, 
cytokines that are essential in fungal clearance.

A separate and unique category of innate defects are the cytokine/receptor 
mutations that impair the functions of cytokines IL-12, IL-23, and IFN-γ, 
which are needed for control of mycobacterial and other intracellular infec-
tions, such as salmonella. Chronic mycobacterial infections may also occur 
in patients with autosomal recessive mutations in the gene for signal transducer 
and activator of transcription 1 (STAT1),24 a gene downstream of both IFN-γ 
and IFN-α receptors. However, as the functions of both cytokines are impaired, 
these patients may also have severe viral or fungal infections. Dominant (acti-
vating) mutations in STAT1 may lead to simple cutaneous candidiasis in some 
or more complex clinical outcomes in others. More complex is the syndrome 
of GATA2 deficiency,25 in which mycobacterial disease may also develop, but 
other organisms (papillomaviruses, fungi) and serious complications (cyto-
penias, myelodysplasia, pulmonary alveolar proteinosis, peripheral edema) 
may be foremost. Whereas GATA2 defects are dominantly inherited, members 
of the same family with the same mutations may have very different clinical 
manifestations.

 DIAGNOSIS
The diagnosis of innate defects is first based on exclusion of other causes and 
then confirmed by genetic testing. The family history may be helpful, but 
for patients with mutations in STAT1 or GATA2, although dominant inheri-
tance is likely, the extreme range of clinical phenotypes may obscure easy  
recognition.

The treatment of innate defects includes antimicrobial therapy to clear active 
infections and, probably, relevant prophylactic therapy on an ongoing basis. 
For the more severe defects, HSCT (Chapter 168) is required.

TREATMENT AND PROGNOSIS 
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237 
URTICARIA AND ANGIOEDEMA
STEPHEN C. DRESKIN

 URTICARIA
Urticaria (hives) consists of pruritic, edematous, erythematous, blanching 
papules that are round or oval; have pale, raised centers (wheals); are several 
millimeters to a few centimeters in size; and are transient, lasting minutes to 
days (Fig. 237-1).1 Angioedema appears as a brawny nonpitting edema, 

typically without well-defined margins and without erythema. Angioedema 
can be accompanied by a sense of burning, pressure, or aching but not pruritus; 
it is distinguished from other edematous states by its frequent involvement 
of the lips, tongue, eyelids, hands, feet, or genitalia and its rare occurrence in 
dependent areas of the body. Episodes (daily or almost daily symptoms) of 
recurrent hives or angioedema during a period of less than 6 weeks are con-
sidered acute, and those lasting longer are said to be chronic. Patients typically 
present with urticaria alone or urticaria with angioedema. Rarely, patients 
present with angioedema alone, and this becomes a diagnostic dilemma because 
angioedema as an isolated finding may be due to activation of mast cells (called 
idiopathic, spontaneous, or histaminergic angioedema) or may be due to 
activation of the kinin system (see later). The terms urticaria and urticaria/
angioedema are used interchangeably here to refer to illnesses characterized 
by urticaria or angioedema in which mast cells are activated.

 EPIDEMIOLOGY
Urticaria/angioedema occurs in 15 to 25% of individuals at some time during 
their lives and can affect both genders and all races. Acute urticaria is more 
common in young adults and children. Chronic urticaria is more common in 
adults, affecting women (75% of cases) more often than men, and has severe 
adverse consequences on quality of life.2,3

 PATHOBIOLOGY
Mast cells, the primary effector cells in urticaria/angioedema, are found in high 
numbers throughout the body, particularly within the subcutaneous tissue. After 
activation of mast cells, there is a rapid (<10 minutes) release of histamine, 
leukotriene C4, and prostaglandin D2, leading to vasodilation, subcutaneous 
and intradermal leakage of plasma from postcapillary venules, and pruritus. 
In addition, there is the delayed (4 to 8 hours) production and secretion of 
inflammatory cytokines such as tumor necrosis factor–α, interleukin-4, and 
interleukin-5, leading to an inflammatory infiltrate and perpetuation of longer-
lived lesions. Angioedema is formed by a similar extravasation of fluid, not 
superficially in the skin but in deeper dermal and subdermal sites.

Most episodes of acute urticaria/angioedema are caused by immediate hyper-
sensitivity reactions to drugs or foods or result from inflammatory processes 
initiated by viral illnesses. The most common drugs that cause acute urticaria/
angioedema are penicillins, sulfonamides, muscle relaxants, diuretics, and 
nonsteroidal anti-inflammatory drugs (NSAIDs), although any drug acting 
as a hapten can generate an allergic response (Chapter 239). The predominant 
allergenic foods are milk, eggs, and peanuts for children and peanuts, tree nuts, 
fish, and shellfish for adults, although sensitization can occur to many other 
foods as well. These allergens cross-link immunoglobulin (Ig) E bound to the 

FIGURE 237-1. Extensive urticaria. many presentations are more subtle. (From roitt 
i, Brostoff J, male d, eds. Immunology. 6th ed. London: mosby; 2001.)
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ABSTRACT
Urticaria are erythematous, blanching papules that occur in the dermis that 
are thought to be due to activation of dermal mast cells and subsequent release 
of mediators (e.g., histamine). Angioedema is nonpitting edema in the sub-
dermis that can be due to activation of mast cells (also called histaminergic 
angioedema) but can also occur by activation of the bradykinin pathway, which 
is independent of mast cells. Chronic urticaria and angioedema driven by 
mast cells has severe adverse consequences on quality of life and rarely can 
be life-threatening. Treatment options include antihistamines (often at high 
doses), leukotriene pathway antagonists, anti-IgE, and immunomodulatory 
drugs. Angioedema due to activation of the bradykinin pathway is a debilitat-
ing condition that, without proper treatment, can be fatal. This condition 
occurs in less than 1% of patients taking an angiotensin-converting enzyme 
(ACE) inhibitor and can also be due to a genetic or acquired defect in a plasma 
enzyme, C1 esterase inhibitor. Therapies are dependent on the specific cause 
of angioedema.



CHAPTER 237 Urticaria and angioedema1650

TABLE 237-1 CLASSIFICATION OF URTICARIA AND 
ANGIOEDEMA

 I. Acute urticaria/angioedema
 A. Hypersensitivity reactions

1. Drug allergy
2. Food allergy
3. Insect allergy

 B. Idiopathic
 C. Pseudoallergic reactions

1. Drugs
2. Radiocontrast dye

 D. Toxic reactions
 E. Immune complex

1. Serum sickness
2. Transfusion related
3. Postviral

 II. Chronic urticaria/angioedema
 A. Idiopathic

1. Autoantibody associated
 a. Anti-IgE receptor (FcεRI)
 b. Anti-IgE
 c. Antithyroid
 d. Other

2. Not associated with autoantibodies
 B. Physical

1. Dermographism
2. Cholinergic
3. Delayed pressure
4. Solar
5. Cold
6. Vibratory
7. Aquagenic

 C. Immune complex
1. Urticarial vasculitis
2. Collagen vascular disease associated

 III. Urticaria pigmentosa and systemic mastocytosis
 IV. Complement-related and kinin-mediated angioedema

 A. Hereditary angioedema
 B. Acquired angioedema
 C. Angiotensin-converting enzyme inhibitor–induced angioedema
 D. Renin inhibitor–induced angioedema

IgE = immunoglobulin E.

high-affinity receptor for IgE (FcεRI), leading to activation of mast cells. Some 
drugs (e.g., opioids, vancomycin, NSAIDs) and radiocontrast dye can activate 
mast cells by an IgE-independent (pseudoallergic) mechanism. Ingestion of 
fish contaminated with bacteria that produce histamine leads to hives as part 
of a toxic reaction to the histamine (scombroid food poisoning).

The largest subgroup of chronic urticaria/angioedema is idiopathic urticaria, 
accounting for approximately 70 to 80% of cases. Recently an effort has been 
made to replace the term chronic idiopathic urticaria with the more descriptive 
term chronic spontaneous urticaria. These patients have symptoms in the absence 
of a specific physical trigger, allergen exposure, or coexistent disease. Half the 
patients with spontaneous urticaria have evidence of autoimmunity based on 
the presence of IgG antibodies that can cross-link FcεRI or antithyroid anti-
bodies. Some experts consider these patients to have a separate entity called 
autoimmune urticaria, whereas others consider these patients to have idiopathic 
urticaria with evidence of autoimmunity.4

Physical stimuli activate mast cells by unknown mechanisms and account 
for about 20 to 30% of cases of chronic urticaria. The most common of the 
physical urticarias is dermographism (also called dermatographism), in which 
wheals can be “written on the skin” by simple stroking or scratching. Cholin-
ergic urticaria is a physical urticaria in which the trigger leading to mast cell 
activation is related to cholinergic stimuli occurring after exposure to heat or 
after exercise. Other physical stimuli can cause urticaria, including cold, solar 
radiation, pressure, vibration, and water. Cold-induced urticaria needs to be 
distinguished from the cryopyrin-associated periodic fever syndromes (see 
later and Chapter 245).

In approximately 1 to 2% of patients with chronic urticaria/angioedema, 
symptoms appear to be caused by ingestants (e.g., foods, medications, dietary 
supplements), contactants (e.g., soaps, detergents, cosmetics, hair or nail 
products, latex), concomitant infections, hormonal changes, or systemic ill-
nesses. A food must be consumed regularly to cause chronic urticaria. Multi-
cellular parasites (e.g., those causing strongyloidiasis or filariasis) elicit strong 
IgE responses and are important causes of chronic urticaria in endemic areas. 
Chronic urticaria/angioedema can be associated with flares of rheumatic 
conditions, other autoimmune conditions (including Hashimoto thyroiditis), 
or neoplastic conditions. Occult neoplasia is exceedingly unlikely to be the 
cause of chronic urticaria.

 CLINICAL MANIFESTATIONS
Patients often report that the first sensation of urticaria is poorly localized 
pruritus that quickly develops into the typical lesions of urticaria. Groups of 
hives often appear together during a short period, and episodes of hives can 
come in waves starting several times a day. Patients with cholinergic urticaria 
usually have a distinctive clinical presentation of diffuse, pinpoint, intensely 
pruritic, urticarial lesions following exertion sufficient to cause sweating. A 
self-rated quality-of-life survey of patients with chronic urticaria revealed dra-
matic impairment in terms of loss of sleep, fatigue, and emotional discomfort. 
Angioedema can originate near a wheal or independently in other parts of 
the body. Symptoms vary from minor discomfort to an intense sense of pres-
sure and may lead to other symptoms, such as severe shortness of breath if 
there is compromise of the upper airway. Rarely, patients report angioedema 
beginning 4 to 6 hours after application of local pressure, and this is called 
delayed pressure urticaria, a debilitating condition that is often difficult to treat.

 DIAGNOSIS
The first episode of acute urticaria/angioedema may occur in the absence 
of an identifiable stimulus. If hives occur 5 to 30 minutes after ingestion of a 
drug or a food, the patient often can identify the association. If a physician 
is consulted, the best approach is to take a careful history, with attention 
to ingestants, contactants, and intercurrent illnesses. Unnecessary drugs and 
food supplements should be discontinued, and any recently added medication 
should be changed to a structurally different agent. In the majority of cases, 
no causative agent is identified, and the hives are treated symptomatically (see 
the later discussion) for days or weeks before they resolve spontaneously. Most 
guidelines recommend nothing more than a complete blood count and differ-
ential, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) as 
initial laboratory testing in the evaluation of a patient with chronic urticaria.5

Differential Diagnosis
The differential diagnosis of chronic urticaria/angioedema includes the 
subgroups of urticaria discussed earlier: idiopathic, autoimmune, physical, 
ingestant mediated, and associated with a variety of systemic illnesses.6 Other 
conditions that can be confused with chronic urticaria/angioedema include 
diffuse pruritus complicated by dermographism, flushing disorders, urticarial 

vasculitis, urticaria pigmentosa, systemic mastocytosis, exercise-induced ana-
phylaxis, exercise-induced food-associated anaphylaxis, idiopathic anaphylaxis, 
hereditary angioedema, acquired angioedema, angioedema associated with 
angiotensin-converting enzyme (ACE) inhibitors, hypereosinophilic syndrome, 
systemic lupus erythematosus, autoinflammatory disease, and polymorphous 
eruption of pregnancy; these conditions are considered to be mimics of urti-
caria7 (Table 237-1).

Approximately 95% of patients with urticaria/angioedema are not reacting 
to an ingestant and do not have another illness that is causing their hives. 
However, it is sometimes difficult for patients (and some physicians) to accept 
this fact, prompting an extensive, invasive, expensive, and unnecessary inves-
tigation. The best “test” to identify patients with a specific underlying cause 
(i.e., physical trigger, autoimmune condition, allergen, or systemic disease) is 
a careful and detailed history and physical examination by a specialist knowl-
edgeable in urticarial disease.

A good place to begin is by excluding possible physical triggers. Specific 
tests are available to establish the diagnosis of most physical urticarias, includ-
ing scratching the skin and exposing the skin to heat, ice, vibration, pressure, 
ultraviolet radiation, or water. Cold urticaria must be distinguished from 
cryopyrin-associated periodic fever syndromes that are characterized by a 
cold-induced papular rash (not urticaria) and are now classified in the family 
of hereditary periodic fever syndromes. Solar urticaria must be distinguished 
from other types of light sensitivity, including metabolic abnormalities (e.g., 
erythrogenic porphyria) and photosensitivity due to drugs.

Even though foods and drugs are infrequent causes of chronic urticaria, 
many patients focus on ingestants and are not satisfied until these causes are 
ruled out. As in the evaluation of acute urticaria, the patient should discon-
tinue all food supplements and medications that are not absolutely neces-
sary and, if possible, change essential medications to structurally unrelated 
compounds. The patient then keeps a food diary to identify suspect foods 
that can be eliminated. Some allergists use skin tests with foods to identify 
“suspects” (Chapter 238), but this approach is unproven. Antihistamines 
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and other medications used to control the urticaria must be discontinued. 
If the urticaria resolves, it is critical to reintroduce foods in a controlled 
fashion to identify the specific food causing the urticaria and to reinstate a  
healthy diet.

Chronic infections, including sinus infection, dental abscess, Helicobacter 
pylori gastric infection, cholecystitis, onychomycosis, and tinea pedis, have 
been associated with urticaria. Case reports indicate the resolution of urticaria 
after treatment of these infections, although rigorous proof of an association 
is lacking.

Laboratory evaluation in a patient with typical urticaria should always include 
a complete blood count with differential, basic metabolic panel, liver enzymes, 
and urinalysis. Specialists are not in full agreement about the necessity of 
additional laboratory testing. Levels of thyroid-stimulating hormone and 
antithyroid antibodies may be measured in otherwise euthyroid-appearing 
patients to screen for subclinical Hashimoto thyroiditis. Skin tests for immedi-
ate hypersensitivity to foods may be ordered for patients with a suggestive 
history. Some specialists order no screening tests at all. As in vitro tests for 
anti-FcεRI autoantibodies have become more widely available, some special-
ists will perform this test. A positive test response for anti-FcεRI autoantibodies 
is useful because this reassures the patient that the urticaria is being driven 

by an internal process and is not caused by an ingestant or occult illness. Other 
tests should be ordered only as a result of positive findings in the history and 
physical examination.8

Although it is not routinely indicated, a skin biopsy can provide useful 
information. The most common indication for this procedure is to rule out 
urticarial vasculitis when the hives are more painful than pruritic, last longer 
than 24 hours, or leave discolored skin. The presence of vascular destruction, 
fibrinoid necrosis, and immune complex deposition on microscopic examina-
tion (including immunofluorescence) should lead to a consideration of the 
specific causes of urticarial vasculitis (e.g., systemic lupus erythematosus) and 
the rapid initiation of more aggressive treatment.

Primary mast cell disorders (Chapter 240) rarely manifest as chronic urti-
caria. Systemic mastocytosis is a very rare condition characterized by increased 
numbers of atypical mast cells in the bone marrow, skin, and other organs. 
Hereditary angioedema, acquired angioedema, and angioedema associated 
with ACE inhibitors are discussed later in this chapter. Briefly, these syndromes 
are characterized by episodic swelling without urticaria and are best identified 
by a careful history, physical examination, and focused laboratory evaluation. 
An approach to the evaluation and treatment of patients with urticaria or 
angioedema is summarized in Fig. 237-2.

Urticaria
and/or

angioedema
<6 weeks

Urticaria is absent
(acute angioedema)

1. Treat symptoms with low-
    sedating H1 blockade: brief
    course(s) of corticosteroids
2. Consider self-administered
    epinephrine

Urticaria is present
(chronic urticaria/angioedema)

Characterize the
urticaria

Physical stimuli
are important

Hives last >24 hours
Pain is > pruritus

Bruises or vesicles
Findings on

physical exam

Urticaria
and/or

angioedema
>6 weeks

Urticaria is present
(acute urticaria)

Urticaria is absent
(recurrent angioedema)

1. Rule out ACE inhibitor 
    (replace) 
2. Rule out C1 Inhibitor
    deficiency (see text)

1. Patient education
2. Avoid physical stimuli
3. Symptomatic treatment

Biopsy to rule out vasculitis
1. Standard histology 
2. Immunofluorescence for 
    IgG and complement

Laboratory evaluation
1. CBC with differential, liver
    panel, ESR, TSH
2. Anti-thyroid antibodies
3. Consider: stool for
    H. pylori and for ova &
    parasites

Pursue leads from H&P
1. Avoid suspect medications
    and foods. If foods are
    suspect, reintroduce foods
    to establish causality
2. Treat rhinosinusitis,
    thyroiditis, infection

1. Symptomatic treatment  with H1, H2, and
    leukotriene pathway blockade
2. Omalizumab
3. Immunomodulatory and anti-inflammatory
    drugs (see text)

FIGURE 237-2. Evaluation and treatment of urticaria/angioedema. treatment of urticaria with or without angioedema (ae) can be similar. However, treatment of ae without urticaria 
depends on the cause. if the ae is caused by an angiotensin-converting enzyme (ace) inhibitor, discontinuation of the medication is required. treatment of ae caused by a deficiency 
or dysfunction of c1 inhibitor (c1 inH) is discussed in the text. idiopathic ae often responds to treatments described for urticaria/angioedema. cBc = complete blood count; eSr = 
erythrocyte sedimentation rate; Fcεr1 = high-affinity receptor for ige; H & P = history and physical examination; H1 = histamine1-receptor antagonist; H2 = histamine2-receptor antagonist; 
ige = immunoglobulin e; igg = immunoglobulin g; tSH = thyroid-stimulating hormone. 
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asphyxiation. Swelling of the submucosa of the gastrointestinal tract can cause 
symptoms of an “acute abdomen,” leading to unnecessary exploratory lapa-
rotomy. About half of patients report that trauma, particularly trauma associated 
with local pressure, precipitates an attack, and about half note an increased 
frequency of attacks during times of emotional stress. Attacks in patients with 
acquired angioedema are clinically similar to those in patients with hereditary 
angioedema. In patients taking ACE inhibitors, angioedema may be manifested 
as severe swelling or simply as a chronic cough beginning days to months 
after ACE inhibitor therapy is initiated.

 DIAGNOSIS
The best tests to support the diagnosis of hereditary angioedema or acquired 
angioedema are measurements of C1 INH levels, C1 INH function, and C4 
levels, particularly during an attack. The distinguishing features of acquired 
angioedema are onset later in life and the presence of a malignant disease or 
paraproteinemia. However, in addition to having low levels of C2 and C4, 
patients with acquired angioedema can have profound depressions in the level 
of C1, a protein that is commonly normal in hereditary angioedema. Patients 
with ACE inhibitor–associated angioedema can present within hours after 
initiation of therapy or after many months and even years. The angioedema 
seen in urticaria/angioedema is distinctive in that it is usually associated with 
a pruritic urticarial rash, laboratory evaluation is normal, there is no history 
of treatment with an ACE inhibitor, and it responds to antihistamines, steroids, 
and epinephrine.

TREATMENT 

Acute urticaria is usually self-limited and responds well to histamine1 (H1)–
type antihistamines. Antihistamines work better if they are taken prophylactically 
rather than after histamine has been released and is bound to the receptor. 
Patients often self-medicate with or are prescribed diphenhydramine (25 to 
50 mg every 6 hours) or hydroxyzine (25 to 50 mg every 6 hours), but they 
may experience significant sedation. Second-generation antihistamines such 
as cetirizine (10 mg nightly at bedtime), fexofenadine (180 mg/day), and lorata-
dine (10 mg/day) cause minimal sedation, are much better tolerated, and can 
be effective. On occasion, a brief course of corticosteroids is warranted to control 
severe symptoms. Epinephrine (0.3 mL of 1 : 1000 intramuscularly) quickly (but 
transiently) reverses the signs and symptoms of urticaria and angioedema. 
Patients who have experienced potentially life-threatening angioedema or 
anaphylaxis should have ready access to self-injectable epinephrine and be 
knowledgeable about its indications, administration, and brief duration of action. 
β-Blockers not only can aggravate urticaria but also can interfere with the 
action of epinephrine. NSAIDs and codeine can lead to IgE-independent mast 
cell activation. These medications should be discontinued if it is clinically safe 
to do so.

For chronic urticaria/angioedema, multiple randomized, placebo-controlled 
studies have shown the efficacy of both sedating and low-sedating antihista-
mines. A1  Second-generation antihistamines are commonly used at up to four 
times the standard dose. A2  If sedating antihistamines must be used, doxepin 
(10 to 100 mg nightly at bedtime) is more effective than diphenhydramine, but 
its use can be limited by significant sedation and its tendency to stimulate the 
appetite, leading to significant weight gain.

Approximately 15% of histamine receptors in the skin are of the H2 subtype. 
H2-receptor antagonists alone are ineffective, but a meta-analysis of four studies 
with a total of 144 subjects demonstrated that they are effective when combined 
with H1-receptor antagonists. A3  Therefore the addition of an H2 antihistamine, 
such as ranitidine (150 mg twice daily) or famotidine (20 mg twice daily), is a 
logical adjunct to H1 antihistamine therapy, providing additional clinical benefit.

Symptoms often persist despite the use of maximal or supramaximal doses 
of antihistamines.9 This is not surprising, considering the number of vasoactive 
and pruritogenic mediators released by mast cells, of which histamine is only 
one. Antileukotriene medications, such as montelukast (10 mg/day) or zafirlukast 
(20 mg twice daily), can be added to antihistamines, with some success. Espe-
cially severe symptoms may require systemic corticosteroids (prednisone 10 
to 60 mg/day) to achieve symptomatic control, but strong concerns about side 
effects limit their usefulness. Omalizumab (a humanized monoclonal antibody 
that binds and inactivates IgE10; 300 mg subcutaneously every 4 weeks) has 
been shown to be effective in patients with chronic spontaneous urticaria who 
have failed standard and even maximal doses of low-sedating antihistamines 
in a large randomized placebo-controlled trial. A4 

,
 A5 

Refractory symptoms have been treated with a wide variety of other medica-
tions. Some of these medications (adrenergic agents, calcium-channel blockers) 
are thought to decrease the ability of mast cells to release mediators. Other 
drugs are anti-inflammatory (hydroxychloroquine, sulfasalazine, dapsone, col-
chicine), immunomodulatory (cyclosporine, tacrolimus, mycophenolate), or 
antimetabolic (azathioprine, cyclophosphamide, methotrexate). Cyclosporine 
(4 mg/kg/day) was shown to be effective in a randomized, placebo-controlled, 
parallel study of 30 patients with autoimmune urticaria. Other treatments of 
refractory autoimmune chronic urticaria include intravenous immune globulin 
and plasmapheresis.

TREATMENT 

 PREVENTION
It is essential to encourage patients with chronic urticaria to accept the chro-
nicity of their illness and to focus on achieving reasonable symptomatic control 
with effective treatments that cause the fewest side effects. Many patients with 
physical urticaria can learn to avoid or to minimize triggers. The few patients 
for whom chronic urticaria is a feature of systemic illness may find relief if 
the underlying condition is appropriately treated. An excellent example is that 
chronic urticaria in patients with clinically apparent thyroid disease often 
resolves once the thyroid disease is treated. For many patients, other factors 
that exacerbate their specific symptoms can be identified, including stress or 
anxiety, hormonal fluctuations, aspirin and other NSAIDs, and agents that 
cause cutaneous vasodilation (e.g., alcohol, hot baths or showers, exercise, 
heated waterbeds). Psychosocial stress is a commonly reported trigger of 
worsening symptoms. A plausible biochemical mechanism is likely increased 
release of cutaneous neuropeptides known to lower the threshold for mast 
cell degranulation.

 PROGNOSIS
The prognosis for most patients with chronic urticaria/angioedema is excel-
lent. Spontaneous resolution occurs within 12 months in 50% of patients and 

within 5 years in an additional 20%. However, 10 to 20% of patients, particularly 
those with physical or autoimmune urticaria, continue to have symptoms for 
as long as 20 years. Patients who had one episode of chronic urticaria that 
lasted for months or years and then resolved may experience one or more 
similar recurrences later in life.

 FUTURE DIRECTIONS
The current trend in the treatment of urticaria/angioedema is to begin with 
low-sedating antihistamines and anti-leukotriene drugs to block the actions 
of the mediators produced by mast cells. If these fail, patients are treated with 
omalizumab. Those who fail omalizumab are treated with anti-inflammatory 
and immunomodulatory drugs. Some agents under development for asthma 
and rhinitis may be useful for the treatment of urticaria/angioedema, including 
5-lipoxygenase inhibitors, prostaglandin D2-receptor antagonists, and more 
potent nonsedating antihistamines. Agents that decrease the sensitivity of 
mast cells to degranulation, such as phosphodiesterase 4 inhibitors and tyrosine 
kinase inhibitors, may also find a role in the treatment of this condition. In 
spite of the fact that chronic urticaria/angioedema is not thought to be an 
IgE-mediated disease, as mentioned before, omalizumab (anti-IgE) has been 
shown to be very effective. This may be due to unexpected effects of IgE on 
mast cell activation. This finding could have a significant impact on future 
therapies.

 HEREDITARY ANGIOEDEMA AND  
RELATED DISEASES

 DEFINITION
Hereditary angioedema and related illnesses are characterized by recurrent 
attacks of angioedema mediated by vasoactive peptides such as bradykinin.11

 EPIDEMIOLOGY
Hereditary angioedema affects approximately 1 in 50,000 people. It is an 
autosomal dominant disease and therefore affects 50% of offspring of both 
genders. Frequently, a history of several generations with this disease is obtained, 
but new mutations do occur, and a negative family history is not uncommon. 
Acquired angioedema is rarer, affecting older persons who often have a mono-
clonal gammopathy or a malignant disease such as lymphoma. Angioedema 
associated with ACE inhibitors occurs in less than 1% of treated patients and 
can be fatal.12

 PATHOBIOLOGY
Hereditary angioedema and acquired angioedema are caused by either 
low levels or abnormal function of a regulatory protein in the plasma, C1 
inhibitor (C1 INH deficiency), which exerts control of the complement, 
fibrinolytic, and kinin-generating pathways.13 Because there is one normal 
gene, levels of C1 INH are detectable but, because of the abnormal gene, are 
not sufficient to control the generation of kinins. The C1 esterase enzyme, 
when activated, cleaves two complement products, C4 and C2. Without 
proper inhibition, this leads to low levels of circulating C4 and C2. C1 INH 
is also a critical modulator of the bradykinin pathway, and decreased C1 
INH function leads to increased levels of bradykinin. Increased generation 
of bradykinin, not mediators from mast cells or activation of complement, 
leads to capillary leakage and angioedema. Changes in levels of C4 and C2, 
although not important in the pathophysiologic mechanism of the disease, are  
useful diagnostically.

In hereditary angioedema type I (85% of patients), the abnormal gene does 
not produce C1 INH. In hereditary angioedema type II (15%), an antigeni-
cally detectable C1 INH protein is produced, but it is not functional. In 
hereditary angioedema type III (very rare), C1 INH is present and functional, 
but there is a yet-to-be-defined abnormality in the generation of vasoactive 
compounds. In acquired angioedema, unknown factors activate C1 and deplete 
the C1 INH activity in plasma, or there is an autoantibody to C1 INH that 
interferes with its function.14 ACE inhibitor–associated angioedema is due to 
unintended inhibition of the enzyme that inactivates bradykinin; the comple-
ment pathway is unaffected.

 CLINICAL MANIFESTATIONS
Children with hereditary angioedema can have attacks shortly after birth, but 
these tend to be mild. For most patients, the severity of the attacks worsens 
at puberty, with episodes of swelling that can affect any external body surface, 
including the genitalia. Mucosal surfaces are also affected, and patients can 
have life-threatening swelling of the uvula and posterior pharynx, leading to 

 PROGNOSIS
The long-term outlook for patients with hereditary angioedema is largely 
dependent on the phenotype of the illness (frequency of laryngeal attacks), 
the ability of the patient to tolerate attenuated androgens, and the patient’s 
access to C1 INH concentrate, icatibant, or ecallantide. Repeated use of these 
medications for recurrent acute episodes appears to be safe and effective.16 
For most patients, life expectancy should be normal. Acquired angioedema 
usually resolves with treatment of the underlying condition, but the ultimate 
prognosis depends on the nature of that illness. Angioedema associated with 
the use of an ACE inhibitor can be fatal but usually resolves after the medica-
tion is removed.

 FUTURE DIRECTIONS
In the past several years, there has been dramatic progress in the availability 
of medication for hereditary angioedema. In the near future, the focus will 
be on tailoring therapy to individual patients and controlling costs.

 Grade A References



CHAPTER 237 Urticaria and angioedema 1653

asphyxiation. Swelling of the submucosa of the gastrointestinal tract can cause 
symptoms of an “acute abdomen,” leading to unnecessary exploratory lapa-
rotomy. About half of patients report that trauma, particularly trauma associated 
with local pressure, precipitates an attack, and about half note an increased 
frequency of attacks during times of emotional stress. Attacks in patients with 
acquired angioedema are clinically similar to those in patients with hereditary 
angioedema. In patients taking ACE inhibitors, angioedema may be manifested 
as severe swelling or simply as a chronic cough beginning days to months 
after ACE inhibitor therapy is initiated.

 DIAGNOSIS
The best tests to support the diagnosis of hereditary angioedema or acquired 
angioedema are measurements of C1 INH levels, C1 INH function, and C4 
levels, particularly during an attack. The distinguishing features of acquired 
angioedema are onset later in life and the presence of a malignant disease or 
paraproteinemia. However, in addition to having low levels of C2 and C4, 
patients with acquired angioedema can have profound depressions in the level 
of C1, a protein that is commonly normal in hereditary angioedema. Patients 
with ACE inhibitor–associated angioedema can present within hours after 
initiation of therapy or after many months and even years. The angioedema 
seen in urticaria/angioedema is distinctive in that it is usually associated with 
a pruritic urticarial rash, laboratory evaluation is normal, there is no history 
of treatment with an ACE inhibitor, and it responds to antihistamines, steroids, 
and epinephrine.

Current therapy for hereditary angioedema in the United States includes 
both prophylactic treatment and on-demand, patient-centered treatment of 
attacks.

Acute Attacks of Hereditary Angioedema
C1 INH concentrate purified from human plasma (Berinert; 20 units/kg 

intravenously), a human recombinant C1 esterase inhibitor purified from 
the milk of transgenic (genetically modified) rabbits (Ruconest; 50 U/kg,  
IV), A6  icatibant, A7 

,
 A8  a bradykinin receptor 2 antagonist (Firazyr; 30 mg subcu-

taneously), and ecallantide, A9  a kallikrein inhibitor (Kalbitor; 30 mg subcutane-
ously), A10  are all FDA approved for on-demand treatment of acute attacks of 
hereditary angioedema.

If these agents are not available, treatment of angioedema of the airway 
should include racemic epinephrine (1 : 1000) delivered in the airway by nebu-
lization and by intramuscular injections (0.2 to 0.3 mL of 1 : 1000 at intervals of 
20 to 30 minutes). The addition of antihistamine for sedation may be helpful. 
Treating physicians must be prepared to perform nasotracheal intubation, 
preferably in the operating room under conditions in which tracheostomy can 
be performed if needed. Acute attacks can be terminated by administration 
of 2 units of fresh-frozen plasma (FFP) to supply the missing C1 INH; but in rare 
instances, patients may become more edematous, presumably reflecting the 
increased availability of substrates for the generation of kinins. Therefore although 
FFP can be useful for treatment of non–life-threatening acute attacks, it is not 
recommended for life-threatening laryngeal edema.

Long-term Treatment of Hereditary Angioedema
C1 INH concentrate (Cinryze; 1000 units IV every 3 to 4 days) is approved for 

long-term treatment. Many patients with relatively mild disease or infrequent 
attacks are treated with “on-demand” therapy with either C1 INH, icatibant, 
or ecallantide (see above).15 Attenuated androgens, such as danazol (50 to 
200 mg up to twice daily), increase the production of C1 INH and lead to a 
marked amelioration of symptoms in patients with hereditary angioedema. 
Masculinizing side effects are usually mild but can be problematic. Prophy-
lactic administration of androgens, C1 INH concentrate, A11  or a C1 esterase 
inhibitor A12  have been shown in a double-blind, placebo-controlled trial to 
significantly reduce the number of acute attacks. Androgens are absolutely 
contraindicated in pregnancy.

Prophylaxis
Patients should be treated prophylactically before dental work or other pro-

cedures that involve trauma to tissue. Those treated with attenuated androgens, 
antifibrinolytic agents, FFP (2 units intravenously), or C1 INH concentrate (500 
units subcutaneously) have fewer attacks.

Plasma kallikrein inhibitors offer promise of efficacy for prophylaxis in heredi-
tary angioedema. In a small, double-blind, placebo-controlled trial, lanadelumab, 
a monoclonal inhibitor of plasma kallikrein, was administered to patients with 
hereditary angioedema in two subcutaneous injections 14 days apart at total 
doses 30 mg, 100 mg, 300 mg, or 400 mg, and compared with placebo injec-
tions. Lanadelumab at the 300 mg and 400 mg doses reduced cleavage of 
high-molecular-weight kininogen in plasma and also reduced the frequency 

TREATMENT 

of attacks. A13  An oral plasma kallikrein inhibitor was administered once daily 
to patients with hereditary angioedema in escalating doses or as placebo; at a 
dose of 125 mg or higher, it reduced the attacks of angioedema over a 28-day 
period. A14  Likewise, C1 inhibitor replacement with a subcutaneous preparation 
has shown promise as a prophylactic agent in hereditary angioedema. In a 
prospective, double-blind, placebo-controlled trial, a nanofiltered C1 inhibitor 
preparation or placebo was self-administered subcutaneously twice weekly 
in a crossover design involving two 16-week treatment periods. In patients 
the prophylactic use of the C1 inhibitor significantly reduced the frequency 
of acute attacks. A15 

Acquired Angioedema
Treatment of acquired angioedema is similar to that of hereditary angio-

edema, but definitive treatment requires amelioration of the underlying disease.

ACE Inhibitor–Associated Angioedema
Treatment of angioedema associated with the use of an ACE inhibitor includes 

antihistamines, epinephrine, or both, as appropriate, and discontinuation of 
the ACEI. In a randomized trial of icatibant, a subcutaneously administered 
selective bradykinin B2 receptor antagonist, edema in patients with ACEI-induced 
angioedema resolved more rapidly than with combination therapy with a glu-
cocorticoid and an antihistamine. A16 

The direct renin inhibitor aliskiren is also associated with a significant risk 
of angioedema. Rarely, patients continue to have episodic angioedema when 
changed from an ACEI to an angiotension receptor blocker. These patients are 
more likely to have idiopathic angioedema or persistence of angioedema from 
the ACEI rather than angioedema due to the angiotension receptor blocker.

 PROGNOSIS
The long-term outlook for patients with hereditary angioedema is largely 
dependent on the phenotype of the illness (frequency of laryngeal attacks), 
the ability of the patient to tolerate attenuated androgens, and the patient’s 
access to C1 INH concentrate, icatibant, or ecallantide. Repeated use of these 
medications for recurrent acute episodes appears to be safe and effective.16 
For most patients, life expectancy should be normal. Acquired angioedema 
usually resolves with treatment of the underlying condition, but the ultimate 
prognosis depends on the nature of that illness. Angioedema associated with 
the use of an ACE inhibitor can be fatal but usually resolves after the medica-
tion is removed.

 FUTURE DIRECTIONS
In the past several years, there has been dramatic progress in the availability 
of medication for hereditary angioedema. In the near future, the focus will 
be on tailoring therapy to individual patients and controlling costs.
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Answer: E Attacks of abdominal angioedema in patients with hereditary 
angioedema can mimic an acute abdomen. Also, these patients often seek 
pain relief and are incorrectly labeled “drug seeking.” A detailed personal and 
family history may reveal a pattern of swelling of the bowels or other parts of 
the body in either the patient or his immediate relatives. This will lead to 
appropriate laboratory studies and medical management.

4. A 50-year-old man carries the diagnosis of hereditary angioedema. He has 
been intubated twice and has minor episodes of swelling monthly. A trial 
of an attenuated androgen resulted in severe acne. Therapeutic options at 
this time include:
 A. Prophylactic treatment with C1 INH, twice weekly
 B. On-demand C1 inhibitor
 C. On-demand icatibant
 D. On-demand ecallantide
 E. All of the above

Answer: E All of these options are possible. Patients now have multiple options 
for management of hereditary angioedema, and these should be instituted on 
the basis of the needs of each patient.

5. A 10-year-old girl presents with a history of a hivelike rash that occurs 
when she is exposed to cold weather. Further questioning reveals that this 
is sometimes associated with myalgias and arthralgias and that several first-
degree relatives have similar complaints. What is the most likely diagnosis?
 A. Chronic spontaneous urticaria
 B. Cholinergic urticaria
 C. Familial cold urticaria
 D. Familial cold autoinflammatory syndrome
 E. Systemic lupus erythematosus

Answer: D This uncommon disorder is often mistaken for familial cold urti-
caria, another unusual disease, and must be differentiated from common 
conditions such as chronic urticaria and systemic lupus erythematosus.

REVIEW QUESTIONS

1. A 27-year-old woman wakes up with hives and appears in your office the 
same day for an urgent visit. On examination, she is not in acute distress 
but has multiple raised pruritic papules that blanch. The first medication 
you should prescribe is:
 A. First-generation type 1 antihistamine
 B. Second-generation type 1 antihistamine
 C. Type 2 antihistamine
 D. Leukotriene pathway inhibitor
 E. Corticosteroid

Answer: B Second-generation type 1 antihistamines (cetirizine, fexofenadine, 
and loratadine) are better tolerated than the first-generation type 1 antihista-
mines. Often, the first-generation antihistamines (e.g., diphenhydramine) are 
prescribed for breakthrough symptoms.

2. A 45-year-old man has had hives daily for 8 weeks. A combination of anti-
histamines (types 1 and 2) at high doses plus prednisone 20 mg daily 
controls the hives. What is the next step?
 A. Perform extensive testing to discover the offending food.
 B. Continue prednisone after documenting a discussion of possible side 

effects.
 C. Explain the importance of adherence to prescribed medications.
 D. Discuss adding the biologic drug omalizumab.
 E. Initiate a workup for systemic lupus erythematosus.

Answer: D This patient has failed to respond to conservative medical man-
agement. Chronic urticaria is a life-altering disease, and chronic steroid use 
is often associated with significant side effects. Current literature suggests that 
some immunomodulatory drugs, such as cyclosporine, can result in remission 
of the disease.

3. A 20-year-old man appears in your emergency department with acute 
abdominal pain. He has presented in this way in the past, without a defini-
tive diagnosis. Examination now reveals a tender, swollen abdomen without 
bowel sounds. What is your next step?
 A. Laparotomy
 B. Appendectomy
 C. Narcotics
 D. Discharge secondary to malingering
 E. Take a detailed personal and family history
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238 
SYSTEMIC ANAPHYLAXIS, FOOD 
ALLERGY, AND INSECT STING ALLERGY
LAWRENCE B. SCHWARTZ

 DEFINITION
Systemic anaphylaxis arises when mast cells and possibly basophils secrete 
mediators with potent vasoactive and smooth muscle contractile activities, 
eliciting a systemic response.1 Although mast cells in any organ system may 
be involved, dictated by the distribution of the instigating stimulus, the prin-
cipal targets are the cardiovascular, cutaneous, respiratory, and gastrointestinal 
systems, sites where mast cells are most abundant. Systemic anaphylaxis occurs 
when these cells are activated to secrete mediators such as histamine by mul-
tivalent allergens that bind to and aggregate immunoglobulin E (IgE) and 
high-affinity IgE receptors (FcεRI) on the surfaces of these cells, causing 
mediator secretion and a classical immediate hypersensitivity reaction.

 EPIDEMIOLOGY
Assessments of the annual incidence of systemic anaphylaxis and the preva-
lence of those at risk for systemic anaphylaxis are compromised by imprecise 
diagnostic measures. Approximately 1500 to 2000 deaths in the United States 
per year are attributed to systemic anaphylaxis. The lifetime incidence of sys-
temic anaphylaxis in adults is estimated at 2 to 8% based on a random nonbiased 
public telephone survey of adults conducted in 2011, and 82% or more of 
physicians practicing allergy/immunology, emergency medicine, general 
medicine, or pediatrics report having witnessed systemic anaphylaxis.2 In 
children, for whom food allergy is more common, the incidence of anaphylaxis 
is likely to be higher. Respiratory or cutaneous symptoms occur in more than 
50% of cases, whereas cardiovascular, neurologic, or gastrointestinal symptoms 
are recognized in less than 50%. Medications are the most common trigger, 
followed by insect stings, foods, environmental allergens, and latex, but in 
some cases the cause is unknown (Table 238-1). About half of the reactions 
occur at home, 14% at a medical facility, and 6 to 7% at another person’s home, 
at work, or at a restaurant. Antibiotics and radiocontrast media are the most 
common triggers in hospitals. In the perioperative setting, systemic anaphy-
lactic reactions occur with a frequency of about 1 in 2000 to 10,000, muscle 
relaxants or antibiotics being the most common, but latex, induction drugs, 
chlorhexidine, and other drugs can also be the culprit.3

Anaphylaxis to foods and insect stings each account for about 100 deaths 
per year. Most fatal anaphylactic reactions to injected venom proteins begin 
within 30 minutes after the sting.4 Most fatal food and insect sting reactions 
and many drug reactions are preceded by a mild immediate hypersensitivity 
reaction to the same allergen. Recognition of these earlier events as an impor-
tant risk factor for future fatal anaphylaxis should lead to implementation of 
an action plan to prevent and deal with such reactions. Advanced age and 
concomitant mastocytosis are also important predictors for an increased risk 
of severe anaphylaxis.5

Some type of food allergy is self-reported in 19% of adults and likely is 
present in as many as 11%. However, only about half of these allergies are 
classified as serious.6 Most children lose their allergic sensitivities to cow’s 
milk, egg, wheat, or soy by 5 years of age, whereas sensitivities to peanut, tree 
nuts, or seafood are typically long-lasting. About 20% of children lose peanut 
sensitivity by school age, but a small portion of these regain peanut sensitivity 
later in life, particularly if they continue to avoid this food.

Latex provokes anaphylaxis in a small but significant group of individuals, 
particularly patients who have undergone multiple surgical procedures early 
in life such as those with spina bifida or congenital urinary tract disorders, 
and those with frequent exposure later in life, such as medical personnel.7 
Estimates of the prevalence of latex hypersensitivity range from 1 to 6% in 
the general population and about 10% among regularly exposed health care 
workers. Over a 5-year period, the Food and Drug Administration (FDA) 
collected approximately 1100 reports of latex-induced anaphylaxis, including 
15 deaths. Elimination of latex powdered gloves and availability of nonlatex 
nitrile or polyvinyl gloves have diminished the prevalence of this problem 
among medical personnel. Contact hypersensitivity is diagnosed by patch 
testing, and immediate hypersensitivity by latex-specific IgE tests performed 
in vitro.

 PATHOBIOLOGY
Etiology
The mediators produced by activated mast cells and basophils initiate many 
of the signs and symptoms of anaphylaxis. These cells constitutively express 
the high affinity receptor for IgE, FcεRI, on their cell surfaces, enabling them 
always to be armed by antigen-specific IgE and triggered by antigens that 
aggregate IgE:FcεRI complexes. Therapeutic interventions aim to prevent the 
activation of these cells or to block the production or actions of their media-
tors. Cells other than mast cells and basophils also likely participate in systemic 
anaphylaxis, particularly those expressing inducible FcεRI such as eosinophils, 
monocytes, antigen-presenting cells, and epithelial cells, thereby affecting the 
intensity, duration, or character of anaphylactic reactions.

Most IgE-dependent mast cell activation events occur at local sites and 
result in local disease, such as allergic conjunctivitis, rhinitis, or asthma when 
allergens land on the corresponding mucosal surface of a sensitive individual 
and diffuse into the tissue where mast cells reside. Systemic anaphylaxis pre-
sumably requires the allergen (or nonallergen agonist) to distribute systemically 
to activate mast cells at remote sites. However, activation of the contact system 
by mast cell products such as heparin or tryptase, resulting in bradykinin 
production, may also enhance anaphylactic severity. Impaired metabolism of 
the mast cell mediator, platelet-activating factor, also may enhance severity. 
Activation of mast cells in perivascular locations should have the greatest 
effect on vascular responses. Additionally, the responsiveness of various organ 
systems to mast cell mediators may vary.

Allergens
Most allergens are proteins or glycoproteins that serve as complete antigens, 
having at least two epitopes recognized by different IgE antibodies, and thereby 
capable of aggregating IgE in a sensitized subject. The protease activity of 
some allergens (e.g., house dust mite Der p1) may facilitate their penetration 
and allergenicity at mucosal sites. Others have lipid binding domains (e.g., 
Der p2) that increase their antigenic potency. Anaphylactic reactions to a 
humanized IgG monoclonal antibody, cetuximab, can occur on first exposure, 
due to host IgE against a nonhuman carbohydrate moiety, galactose-alpha-
1,3-galactose (alpha-gal), which was made by the animal hybridoma cell and 
conjugated to the IgG antibody during its expression. IgE anti–alpha-gal sen-
sitization is elicited by Lone Star tick bites, most common in the U.S. southeast. 
Such sensitized subjects also present with delayed anaphylactic reactions, 3 
to 7 hours after ingestion of alpha-gal–containing red meats, perhaps due to 
transformation during digestion of monovalent to polyvalent alpha-gal aller-
gens. In contrast to complete antigens, most drugs act as haptens. They become 
covalently linked to self-proteins in the circulation, in tissues or on cells, 

TABLE 238-1 CAUSES OF SYSTEMIC ANAPHYLAXIS
IgE-MEDIATED NON–IgE-MEDIATED
Insect stings Aspirin
Foods (with or without exercise) Radiocontrast media
Drugs Exercise, cold, heat, vibration, pressure
Latex Narcotics (except fentanyl)
Allergen extracts Vancomycin

Autoimmune
Complement anaphylatoxins
Neuropeptides
Idiopathic

IgE = immunoglobulin E.
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ABSTRACT
Systemic anaphylaxis arises when mast cells and possibly basophils secrete 
mediators with potent vasoactive and smooth muscle contractile activities, 
eliciting a systemic response. With a lifetime incidence of 2 to 8%, this poten-
tially fatal condition is more common than previously thought. It may be 
triggered by medications, insect stings, foods, or latex, typically involving IgE 
binding of these allergens, leading to aggregation of the high-affinity IgE recep-
tor, or triggered spontaneously, sometimes associated with an underlying clonal 
mast cell disorder, such as a somatic activating c-kit mutation, but in either 
case causing secretion of mediators such as histamine, leukotriene, C4, and 
prostaglandin D2. Clinical criteria, including concurrent signs and symptoms 
in at least two organ systems, including cutaneous, gastrointestinal, pulmonary, 
and cardiovascular systems, facilitate the diagnosis of anaphylaxis in real time. 
Laboratory tests, including an elevated acute versus baseline serum tryptase 
level, can be confirmatory. Appropriate acute interventions, including supine 
positioning and timely administration of epinephrine, and preventive therapies, 
such insect venom immunotherapy, can be lifesaving.
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vaccine-triggered anaphylaxis may relate to sensitivities to a variety of vaccine 
components.

Non–IgE-Dependent Agonists
Many non–IgE-dependent activators of mast cells do not require processing 
and can elicit a response on first exposure. These include radiocontrast dyes, 
most narcotics except for fentanyl, and vancomycin. The dose and rate of 
administration and individual variations in reactivity are determinants of sever-
ity. For radiocontrast dyes, those of low ionic strength and iso-osmolarity are 
less likely than those of high ionic strength and hyper-osmolarity to elicit a 
systemic reaction. Vancomycin produces a non–IgE-dependent mast cell acti-
vation event known as “red man syndrome,” typically involving pruritic flushing, 
but without cardiovascular compromise unless infused too rapidly. These 
reactions usually are avoided by reducing the rate of administration of the 
antibiotic, thereby reducing peak levels.

Endogenous mast cell activators include neuropeptides such as substance P, 
neurokinin A, and calcitonin gene-related peptide, defensins, and the comple-
ment anaphylatoxins C3a and C5a. Although C3a and C5a have their own 
receptors on mast cells, neurokinins, vancomycin, and narcotics activate a G 
protein–coupled receptor selectively expressed on mast cells, called Mas-related 
G protein–coupled receptor X2 (MRGPCR-X2), causing histamine secretion.

Aspirin and Nonsteroidal Anti-inflammatory Drugs
Aspirin hypersensitivity typically manifests as either a respiratory reaction 
with bronchospasm, nasal congestion, and rhinorrhea or a cardiovascular 
reaction with hypotension and urticaria, although sometimes overlap occurs, 
including gastrointestinal signs and symptoms. In most cases, such reactions 
appear to be pharmacologically (not IgE) mediated, and in sensitive subjects 
they can occur in response to any of the cyclooxygenase 1 (COX1) inhibitors. 
Although COX1 inhibitors may shunt arachidonic acid metabolism to the 
lipoxygenase pathway, a mechanism to explain mast cell activation has not 
yet emerged. COX2-selective inhibitors appear to be safe in aspirin-intolerant 
asthmatics, but not always in the cardiovascular group. Less commonly, sen-
sitivity occurs to only one of the drugs within this class, a clue that IgE against 
a unique chemical moiety on that particular drug is involved.

Physical Stimuli
Physical stimuli may precipitate urticaria or systemic anaphylaxis in certain 
individuals. Episodes can occur in response to exercise, heat, solar radiation, 
vibration, pressure, or cold. Exercise-dependent anaphylaxis is sometimes 
associated with ingestion of any food, regardless of whether sensitivity to 
the food can be documented, occurring within several hours of ingestion 
and might be avoided by delaying exercise until several hours after eating. In 
some cases of familial cold- or vibration-triggered urticaria, genetic defects 
have been found.11,12

Autoimmunity, Activating Kit Mutations,  
and Hereditary Alpha Tryptasemia
Some patients experience spontaneous bouts of anaphylaxis without an obvious 
exogenous stimulus. Those with systemic mastocytosis (Chapter 240) or 
hereditary alpha tryptasemia are particularly prone to systemic anaphylaxis, 
perhaps because they have too many mast cells and because the mast cells 
they do have harbor either a somatically acquired activating mutation of Kit 
tyrosine kinase that primes their activation status or a copy number increase 
in TPSAB1 when that gene encodes alpha-tryptase, respectively. A corollary 
of this is that systemic anaphylaxis to a Hymenoptera insect sting may be a 
presenting manifestation of these conditions, particularly if a baseline serum 
tryptase level is elevated.13-15 A related disorder, mast cell activation syndrome, 
includes patients with clonal mast cell disease, reflected by these same Kit 
mutations or hereditary alpha tryptasemia, who have recurrent bouts of anaphy-
laxis but do not meet diagnostic criteria for systemic mastocytosis. Hereditary 
alpha tryptasemia, an autosomal dominant disorder, presents with an elevated 
serum tryptase level (8-100 ng/mL) and multiple-organ signs and symptoms, 
including cutaneous flushing, pruritus and vibratory urticaria, dysautonomia 
with irritable bowel syndrome, hyperextensible joints, anaphylaxis, and/or 
retained primary dentition. Another autosomal dominant syndrome of urti-
caria caused by vibration or rubbing results from an activating mutation in 
adhesion G protein–coupled receptor E2.

Some cases of chronic urticaria are known to be associated with IgG and 
IgM antibodies against FcεRI or IgE. Perhaps complement activation synergizes 
with FcεRI aggregation to preferentially activate mast cells in the skin or in 
blood vessel walls, where they express C5a and C3a receptors, as opposed to 

emerging as multivalent allergens able to bind and aggregate IgE:FcεRI to 
activate mast cells.

An allergen exposure must lead to sensitization before an immediate hyper-
sensitivity reaction can occur. This process, which takes at least 1 week, involves 
antigen processing by antigen-presenting cells, which then present peptide 
antigens to TH2 cells (T helper lymphocytes), which in turn instruct allergen-
specific B cells to switch from production of allergen-specific IgM or IgG to 
IgE. Production of IL-4 or IL-13 by TH2 cells and binding of TH2 CD40 
ligand to B cell CD40 are essential for this antibody class switch. Consequently, 
anaphylaxis does not occur on first exposure to an allergen (sensitization 
phase), because the antigen is likely gone by the time antigen-specific IgE is 
made, but can occur with subsequent exposures.

Food
Most cases of food-induced anaphylaxis in children occur in response to egg, 
peanut, cow’s milk, wheat, or soy, whereas peanuts, tree nuts, and seafood 
account for most reactions in adults.8 Reactions to seeds such as sesame seem 
to be growing in importance, and a variety of different foods have proved to 
be important allergens in specific individuals. Some patients have the oral 
allergy syndrome, which typically occurs in subjects sensitive to pollen aller-
gens, whose IgE against ragweed pollen cross-reacts with melon, or IgE against 
birch pollen with peach or apple. Such food allergen epitopes are typically 
conformational (rather than linear), and more easily destroyed by heat 
(cooking), by acid in the stomach, or by proteases in the intestines, and thus 
rarely progress to systemic reactions.

Food allergy–associated exercise-induced anaphylaxis occurs when a sensi-
tive subject exercises within several hours after eating the food to which he or 
she is sensitive, but not when eating the food without exercise. Shrimp and 
wheat are most commonly implicated.9 Exercise appears to increase intestinal 
permeability to food antigens, which then enter into the systemic circulation. 
Aspirin, nonsteroidal anti-inflammatory drugs, and alcohol also act to increase 
intestinal permeability and may help trigger food-induced anaphylaxis. Avoid-
ing the implicated food for 4 to 6 hours before exercise is recommended.

Insect Sting Venom
Hymenoptera families primarily responsible for sting venom-triggered anaphy-
lactic reactions include the Apidae (honey bees and bumble bees), Vespidae 
(hornets, yellow jackets, and paper wasps), and Formicidae (fire ants). Major 
allergens of honey bees include phospholipase A2 (Api m 1), hyaluronidase (Api 
m 2), and melitin (Api m 4). Bumble bee venom proteins exhibit immunologic 
cross-reactivity with those of the honey bee, but lack melitin. Vespid venoms 
cross-react among themselves and include phospholipase and hyaluronidase, 
the latter allergen cross-reacting with bee hyaluronidase. Fire ant venom con-
tains various alkaloids that are not allergenic, but produce sterile pustules, 
and various allergenic proteins that cross-react with vespid allergens such as 
phospholipase and scorpion venom allergens. A person may exhibit an anaphy-
lactic reaction on first exposure to one insect’s sting if previously sensitized to 
cross-reactive venom from a different insect. Allergens from biting insects of 
the Diptera order (mosquitoes, gnats, midges, true flies) are salivary in origin 
and do not cross-react with Hymenoptera venom allergens. Anaphylaxis to 
these salivary proteins appears to be uncommon, but precise epidemiologic 
data are problematic because people are often unaware of a mosquito bite, and 
commercial diagnostic reagents of high quality are not yet available.

Latex
Latex allergenic proteins are derived from the rubber tree, Hevea brasiliensis. 
Irritant dermatitis is the most frequent contact reaction and does not involve 
acquired immunity. Contact hypersensitivity, which results from cell-mediated 
immunity to haptenic chemicals used to process latex, produces a poison 
ivy–like local reaction that may begin the day after a sensitive subject is exposed. 
In contrast, IgE-dependent immediate hypersensitivity occurs against latex 
proteins, seen with cutaneous (elastic materials), mucosal or intravascular 
(catheters), oral (balloon), and inhaled (powdered latex gloves) routes of 
exposure, eliciting signs and symptoms within minutes. IgE-mediated cross-
reactions occur between IgE anti–latex allergens and those in certain fresh 
foods such as banana, chestnut, avocado, kiwi, peach, bell pepper, and tomato 
and may necessitate avoidance of these foods.

Vaccines
Systemic anaphylaxis to vaccines is rare, occurring in about 1.31 per million 
recipients.10 Anaphylaxis to influenza vaccine, occurring in about 1.3 to 1.9 
per million recipients, seems unrelated to a history of egg allergy. Instead, 
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has occurred. An increase in the acute serum tryptase level (collected 30 min 
to 4 hours after clinical onset) of at least 2 + 1.2 × baseline serum tryptase 
level (collected either before onset or at least 24 hours after all clinical signs 
and symptoms have resolved) is considered clinically significant. The elevation 
magnitude correlates with clinical severity, i.e., hypotension, in experimental 
insect sting–mediated anaphylaxis. Although an increased serum total tryptase 
level is quite specific for anaphylaxis, the sensitivity is low for detecting ana-
phylaxis triggered by food ingestion, or, in general, if anaphylactic severity is 
either modest (no hypotension) or local (laryngeal edema), or if the acute 
sample was collected outside of the optimal times. Whether there are ana-
phylactic IgE-dependent pathways not involving mast cell activation, but instead 
involving basophil activation, is unknown, but has been considered for ana-
phylaxis triggered by food allergen ingestion. Baseline tryptase levels in serum 
are stable in healthy subjects, reflecting genetic rather than environmental 
factors, and range from 1 to 11 ng/mL. Baseline levels above 20 ng/mL occur 
in most patients with systemic mastocytosis (Chapter 240), representing a 
minor criterion for that diagnosis, and greater than 8 ng/mL in all patients 
diagnosed to date with hereditary alpha tryptasemia. Elevated baseline tryptase 
levels also appear to increase the risk for severe insect sting–triggered systemic 
anaphylaxis, likely due to the higher prevalence of a clonal mast cell disorder 
with an activating c-kit mutation or to increased copies of the gene encoding 
alpha-tryptase.13,14

Plasma histamine, because it is rapidly metabolized, is not as practical as 
serum or plasma tryptase for detecting anaphylaxis. However, urinary 
N-methylhistamine levels also may reflect overall levels of released histamine, 
accumulating in urine during anaphylaxis and stored in the bladder until mic-
turition. However, levels are affected by ingested histamine-containing foods, 
histamine-producing mucosal bacteria, and variability in histamine metabolism. 
Prostaglandin D2 (PGD2) and leukotriene C4 (LTC4), arachidonic acid–derived 
mediators that are made by several cell types, including activated mast cells, 
are rapidly metabolized to PGF2α and LTE4, respectively, and urinary or 
serum levels of these metabolites may be elevated in urine formed during 
anaphylaxis.

Low serum levels of platelet-activating factor (PAF) acetyl hydrolase, which 
metabolizes PAF, and of angiotensin-converting enzyme (ACE), which metabo-
lizes bradykinin, have been associated with more severe food-induced systemic 
anaphylaxis. Whether slow metabolism of PAF and bradykinin might allow 
these mediators to play a role in such reactions and whether mediator-specific 
therapies would be clinically useful in such reactions remain to be determined.

Differential Diagnosis
Anaphylaxis should be distinguished from a variety of disorders with overlap-
ping presentations. Vasovagal syncope causes diaphoresis, nausea, hypotension, 
and bradycardia, but without urticaria and tachycardia. Flushing disorders 
may be benign and unrelated to anaphylaxis, or they could be a manifestation 

most mast cells in the lung that lack such receptors. Autoimmune progesterone-
mediated anaphylaxis, catamenial anaphylaxis, tends to occur just before 
menses, and may respond to medical or surgical interventions that prevent 
menses. Human mast cells also express the low-affinity IgG receptor, FcγRIIa, 
which, when aggregated by IgG immune complexes, is capable of activating 
mast cells, and may contribute to some episodes of anaphylaxis.16

Pathophysiology
Mast cells participate in both acquired and innate forms of immunity. They arise 
from bone marrow progenitors and complete their development in peripheral 
tissues, primarily under the influence of stem cell factor, the ligand for the 
tyrosine kinase receptor called Kit. Armed with allergen-specific IgE, mast cells 
are activated by multivalent allergens that bind IgE and aggregate FcεRI on 
their cell surface. This may be important in the defense against certain microbes 
such as helminths that elicit a strong IgE response or to protein toxins that are 
destroyed by mast cell proteases.17 Mast cells exposed to interferon-gamma 
become capable of antigen processing and presentation to T cells.18 Whether 
human mast cells have a critical, nonredundant role in these biologic and 
immunologic processes remains controversial. However, their central role in 
immediate hypersensitivity is clear.

 DIAGNOSIS
Systemic anaphylaxis can be diagnosed clinically in real time by consensus 
criteria outlined in Figure 238-1.19 Acute concurrent onset of cutaneous signs 
of immediate hypersensitivity along with either hypotension or respiratory 
compromise in the apparent absence of allergen exposure; rapid onset of 
hypersensitivity signs involving at least two organs from among cutaneous, 
gastrointestinal, respiratory, and cardiovascular systems after exposure to a 
likely allergen; or rapid onset of hypotension after exposure to a known allergen 
can be used to diagnose systemic anaphylaxis. Antigen-specific IgE, indicating 
sensitization, is precisely measured by either laboratory or skin tests. Such 
tests should be delayed for at least 2 weeks after an anaphylactic event to 
prevent false-negative results. IgE sensitization is necessary but not sufficient 
to diagnose allergic disease, because many subjects sensitized to an aeroal-
lergen, particularly at a low antigen-specific IgE level, do not have symptoms 
when exposed. When food allergy is suspected but not confirmed by IgE 
testing, oral food challenges can be performed, using protocols to minimize 
the risk for severe systemic anaphylaxis. Food-allergic reactions involving IgE 
should be distinguished from a variety of other types of adverse reactions, 
including lactose intolerance (due to lactase deficiency), food-induced entero-
colitis (T-cell responses to cow’s milk, soy, or grains), and celiac disease (T-cell 
response to gluten in wheat and other grains).

An increased level of tryptase in acute (over baseline) serum, which peaks 
30 to 90 minutes after the onset of signs or symptoms of anaphylaxis and then 
declines with a half-life of about 2 hours, indicates that mast cell activation 
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FIGURE 238-1. Diagnosing systemic anaphylaxis in a clinical setting. Acute onset of systemic anaphylaxis in the apparent absence of allergen exposure means that the signs and 
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 PREVENTION
Patients who have experienced an anaphylactic reaction are at greatest risk 
for another episode. Such individuals should wear a Medic-Alert bracelet, 
carry an epinephrine autoinjector (e.g., EpiPen or AuviQ), and be instructed 
in its use. Avoidance of nonspecific β-blockers and ACE inhibitors is recom-
mended, because either may worsen the severity of an anaphylactic episode, 
and β-blockers might interfere with epinephrine treatment. In subjects with 
recurrent anaphylaxis, prophylactic use of H1- and H2-receptor antihistamines is 
beneficial. A leukotriene antagonist and cyclooxygenase inhibitor theoretically 
would provide additional prophylactic benefit. Cyclosporine A (≤5 mg/kg/day) 
might be considered in difficult cases of recurrent anaphylaxis because of its 
ability to inhibit mast cell activation (e.g., in chronic urticaria).21 Omalizumab, 
which neutralizes free IgE, has been reported to be helpful in controlling urti-
caria, anaphylaxis, and immunotherapy reactions in mastocytosis patients, but 
it currently is approved by the FDA only for poorly controlled cases of asthma 
or chronic urticaria. Glucocorticosteroids do not inhibit mast cell activation 
in vitro or immediate skin test wheal/flare responses to allergens in vivo; 
whether of benefit in selected patients with recurrent anaphylaxis is anecdotal.

Specific anaphylactic syndromes have unique considerations. Anti-IgE therapy 
in peanut-allergic subjects can increase the threshold of sensitivity, on aver-
age, from the equivalent of half a peanut to almost nine peanuts, A2  thereby 
providing protection against accidental exposures. Experimental oral A3  or  
epicutaneous A4  biologic immunotherapies have also shown promising results. 
Insect venom allergy can be treated by venom immunotherapy, dramatically 
decreasing the risk of anaphylaxis to future stings. A5  Reactions to radiocontrast 
media can be prevented or attenuated by prior administration of H1- and H2-
receptor antihistamines. Patients who are hypersensitive to penicillin should 
avoid β-lactam antibiotics in general, but can be desensitized if an antibiotic 
in this class is critically needed (e.g., penicillin for neurosyphilis). However, 
desensitization is temporary; once the drug has cleared, sensitivity is likely to 
return. However, most people with a history of penicillin or amoxicillin allergy 
lose their sensitivity, which can be determined by allergy skin testing and oral 
challenge. Catamenial anaphylaxis may respond to the luteinizing hormone–
releasing hormone analog Lupron, to oophorectomy, or to conjugated estrogens. 
Patients with systemic mastocytosis, in addition to prophylactic pharmacologic 
measures, should avoid using direct mast cell agonists such as vancomycin and 
most narcotics with the exception of fentanyl. Aspirin-intolerant asthmatics 
with sinus polyps can be desensitized to aspirin and placed on a daily dose to 
maintain desensitization status, resulting in better control of asthma, shrinkage 
of polyps, and reduction of hyposmia. Food- and latex-allergic subjects must 
practice avoidance of the provocative agent, though data for food allergy sup-
port anti-IgE neutralization therapy or oral immunotherapy to protect against 
inadvertent food allergen exposures; feeding peanuts to children at risk for 
developing peanut allergic disease may prevent the majority of them from 

Acute 
Fatal outcomes in anaphylaxis are principally the result of either airway con-

striction or hypotension. Accordingly, the acute treatment of systemic anaphylaxis 
requires that airway patency, blood pressure, and cardiac status be addressed 
(Fig. 238-2). Intubation, tracheostomy, volume expanders, and vasopressors 
may be needed. Patients exhibiting any signs or symptoms of hypotension 



CHAPTER 238 SyStemic AnAphylAxiS, Food Allergy, And inSect Sting Allergy 1656.e1

Mediators released by mast cells include preformed mediators stored in 
secretory granules, some of which are preferentially or exclusively made by 
mast cells, newly generated lipid and protein products, which are not selective 
biomarkers for mast cells, and include metabolites of arachidonic acid and an 
array of cytokines and chemokines. Histamine, formed from histidine by his-
tidine decarboxylase, is the sole biogenic amine stored in the secretory granules 
of human mast cells and basophils but is also made by other cell types. His-
tamine released by mast cells or basophils diffuses freely and interacts with 
H1, H2, H3, and H4 receptors. Activating H1 receptors found on endothelial 
cells, smooth muscle cells, and sensory nerves causes bronchial and gastro-
intestinal smooth muscle contraction, vascular smooth muscle relaxation, 
increased permeability of postcapillary venules, coronary artery vasoconstric-
tion, and pruritus, signs and symptoms often associated with systemic ana-
phylaxis. In the central nervous system (CNS), blockade of H1 receptors appears 
to cause drowsiness. Stimulating H2 receptors on gastric parietal cells can 
increase acid production in the stomach, leading to peptic ulcer disease if 
histamine levels are chronically elevated, as in systemic mastocytosis, but also 
modulates inflammatory and vascular responses. H3 receptors are found pri-
marily on cells in the CNS. H4 receptors, found on most hematopoietic inflam-
matory cells, may modulate certain aspects of inflammation, such as eosinophil 
recruitment and pruritus. Histamine, after its secretion from mast cells and 
basophils, is rapidly metabolized to inactive methylhistamine and methyl-
imidazole acetic acid.

Prostaglandin D2 (PGD2), the principal COX-catalyzed product of arachi-
donic acid secreted by activated mast cells, is not made by basophils. It binds 
to the G protein–coupled receptors, CRTH2 and DP. Both COX1 and COX2 
are involved in PGD2 production by mast cells and blocked by aspirin and 
other nonsteroidal anti-inflammatory drugs. Leukotriene C4 (LTC4) is secreted 
by both mast cells and basophils after it is formed from arachidonic acid and 
glutathione 5-lipoxygenase, 5-lipoxygenase–activating protein, and LTC syn-
thase. Conversion to LTD4 and LTE4, which also are bioactive, occurs in the 
extracellular space. These sulfidopeptide leukotrienes bind to the G protein–
coupled receptors cysteinyl-leukotriene 1 (CysLT1) and CysLT2. LTE4 may 

Platelet-activating factor (PAF), generated from 2-lyso-glycero-3-phosphor-
ylcholine by placing an acetyl group on the sn-2 carbon of glycerol by acet-
yltransferase, activates platelets, enhances vasodilation and vasopermeability, 
and constricts smooth muscle, causing bronchospasm. PAF is generated by 
mast cells and basophils, and by other cell types. Elevated levels of PAF and 
low levels of circulating PAF acetylhydrolase, which inactivates PAF by remov-
ing the acetyl moiety, are reported in severe food-induced systemic anaphylaxis. 
Sphingosine-1-phosphate (S1P), generated from sphingosine by sphingosine 
kinases in activated mast cells and in other cell types, may affect the vascular 
response during systemic anaphylaxis.

Mast cells are the principal source of heparin proteoglycan and certain 
proteases. All express α/β-tryptases, and a subset also expresses chymase, 
mast cell carboxypeptidase A3, and cathepsin G (like neutrophils and mono-
cytes). Mast cells that express only tryptase are called MCT cells, the major 
type of mast cell in lung; those that also express the other proteases are called 
MCTC cells, the major type of mast cell in skin and blood vessel walls, where 
mast cells express CD88 (C5a receptor), C3a receptor, and MRGPCR-X2. 
Basophils are relatively deficient in these proteases, but likewise express CD88.

Cytokines (tumor necrosis factor–α [TNF-α]; interleukin [IL]-4, -5, -6, 
-8, -13, and -16; granulocyte-macrophage colony-stimulating factor [GM-CSF]; 
basic fibroblast growth factor [bFGF]; vascular endothelial growth factor 
[VEGF]); and chemokines (IL-8, monocyte chemotactic protein-1, monocyte 
inflammatory protein-1α) represent another dimension of the mediators 
secreted by mast cells and basophils. Although not selectively produced by 
these cells, their vasoactive and inflammatory potential could affect the sever-
ity, character, and duration of anaphylaxis.

have selective affinity for the P2Y receptor, gpr99. Sulfidopeptide leukotrienes 
stimulate bronchoconstriction, mucus secretion, eosinophil recruitment, 
vasopermeability, vasoconstriction of coronary and peripheral arteries, vaso-
dilation of venules and a burning cutaneous wheal and flare response, and 
diminish cardiac contractility. Antagonists of CysLT1 (montelukast, zafirlukast) 
but not of CysLT2, as well as a 5-lipoxygenase inhibitor (zileuton), are cur-
rently available to asthma patients.
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 PREVENTION
Patients who have experienced an anaphylactic reaction are at greatest risk 
for another episode. Such individuals should wear a Medic-Alert bracelet, 
carry an epinephrine autoinjector (e.g., EpiPen or AuviQ), and be instructed 
in its use. Avoidance of nonspecific β-blockers and ACE inhibitors is recom-
mended, because either may worsen the severity of an anaphylactic episode, 
and β-blockers might interfere with epinephrine treatment. In subjects with 
recurrent anaphylaxis, prophylactic use of H1- and H2-receptor antihistamines is 
beneficial. A leukotriene antagonist and cyclooxygenase inhibitor theoretically 
would provide additional prophylactic benefit. Cyclosporine A (≤5 mg/kg/day) 
might be considered in difficult cases of recurrent anaphylaxis because of its 
ability to inhibit mast cell activation (e.g., in chronic urticaria).21 Omalizumab, 
which neutralizes free IgE, has been reported to be helpful in controlling urti-
caria, anaphylaxis, and immunotherapy reactions in mastocytosis patients, but 
it currently is approved by the FDA only for poorly controlled cases of asthma 
or chronic urticaria. Glucocorticosteroids do not inhibit mast cell activation 
in vitro or immediate skin test wheal/flare responses to allergens in vivo; 
whether of benefit in selected patients with recurrent anaphylaxis is anecdotal.

Specific anaphylactic syndromes have unique considerations. Anti-IgE therapy 
in peanut-allergic subjects can increase the threshold of sensitivity, on aver-
age, from the equivalent of half a peanut to almost nine peanuts, A2  thereby 
providing protection against accidental exposures. Experimental oral A3  or  
epicutaneous A4  biologic immunotherapies have also shown promising results. 
Insect venom allergy can be treated by venom immunotherapy, dramatically 
decreasing the risk of anaphylaxis to future stings. A5  Reactions to radiocontrast 
media can be prevented or attenuated by prior administration of H1- and H2-
receptor antihistamines. Patients who are hypersensitive to penicillin should 
avoid β-lactam antibiotics in general, but can be desensitized if an antibiotic 
in this class is critically needed (e.g., penicillin for neurosyphilis). However, 
desensitization is temporary; once the drug has cleared, sensitivity is likely to 
return. However, most people with a history of penicillin or amoxicillin allergy 
lose their sensitivity, which can be determined by allergy skin testing and oral 
challenge. Catamenial anaphylaxis may respond to the luteinizing hormone–
releasing hormone analog Lupron, to oophorectomy, or to conjugated estrogens. 
Patients with systemic mastocytosis, in addition to prophylactic pharmacologic 
measures, should avoid using direct mast cell agonists such as vancomycin and 
most narcotics with the exception of fentanyl. Aspirin-intolerant asthmatics 
with sinus polyps can be desensitized to aspirin and placed on a daily dose to 
maintain desensitization status, resulting in better control of asthma, shrinkage 
of polyps, and reduction of hyposmia. Food- and latex-allergic subjects must 
practice avoidance of the provocative agent, though data for food allergy sup-
port anti-IgE neutralization therapy or oral immunotherapy to protect against 
inadvertent food allergen exposures; feeding peanuts to children at risk for 
developing peanut allergic disease may prevent the majority of them from 

of pathologic conditions such as the carcinoid syndrome, with which urticaria 
and profound hypotension are not typically associated; pheochromocytoma, 
which causes episodic hypertension; or VIPomas, which cause facial flushing 
and voluminous diarrhea with hypokalemia but not episodic hypotension or 
urticaria. Panic attacks and vocal cord dysfunction can be a challenge to dis-
tinguish from anaphylaxis, especially by history alone, but nevertheless must 
be considered. Acute attacks of angioedema caused by C1 esterase inhibitor 
deficiency are not associated with pruritus or urticaria and evolve slower and 
persist longer than attacks of anaphylaxis. Shock due to complement activa-
tion, generating complement anaphylatoxins, or to activation of the contact 
system leading to the production of bradykinin, can occur without involving 
mast cell activation. Scombroidosis occurs 5 to 60 minutes after ingestion of 
histamine, typically in poorly stored fish, and manifests with flushing, palpita-
tions, headache, and gastrointestinal symptoms. The condition lasts several 
hours, both duration and severity depending on the amount of histamine 
ingested, and usually responds to H1-receptor and H2-receptor antihistamines, 
but occasionally requires epinephrine and intravenous fluids. Acute serum 
sickness, various cell activation syndromes, endotoxin-mediated septic shock, 
and superantigen-mediated toxic shock syndromes manifest with fever, which 
is not characteristic of anaphylaxis by itself. Also, hypoglycemia, seizure, and 
primary pulmonary or cardiac events should be considered. In some cases, 
systemic anaphylaxis may provoke another disorder (e.g., myocardial infarc-
tion, with acute serum levels of both tryptase and troponin being elevated).

Systemic mastocytosis (Chapter 240) and hereditary alpha tryptasemia are 
important conditions to consider in the setting of anaphylaxis.20 In adults with 
mastocytosis, a somatic activating mutation in the gene for Kit in mast cell 
progenitors results in the accumulation of mast cells, particularly in bone marrow 
and skin, and increases the risk for anaphylaxis. Hereditary alpha tryptasemia 
is an autosomal dominant disorder associated with increased copy numbers 
of TPSAB1 when that gene encodes alpha-tryptase. Both disorders can be 
precisely diagnosed by specific genetic tests and can present with systemic 
anaphylaxis particularly when spontaneous or elicited by an insect sting. Diag-
nostic tests for systemic mastocytosis are discussed in detail in Chapter 240.

Acute treatment of systemic anaphylaxis

↑ Airflow blockage
• Intubation (LE, B)
• Tracheostomy (LE)

Hypotension
• Trendelenburg position
• Epinephrine (IM/IV)
• Volume expanders
• Oxygen

Epinephrine resistance
(b-blocker)

• Glucagon
• Vasopressin

Laryngeal edema (LE)/
bronchospasm (B)

• Epinephrine (IM) (LE, B) or
• Nebulized bronchodilator (B)
• Oxygen (LE, B)

Urticaria/pruritus
• H1R, H2R antihistamines

Airway constriction

FIGURE 238-2. Acute treatment of systemic anaphylaxis. B = bronchospasm; h1r = 
h1 histamine receptor; h2r = h2 histamine receptor; im = intramuscular; le = laryngeal 
edema. 

Acute 
Fatal outcomes in anaphylaxis are principally the result of either airway con-

striction or hypotension. Accordingly, the acute treatment of systemic anaphylaxis 
requires that airway patency, blood pressure, and cardiac status be addressed 
(Fig. 238-2). Intubation, tracheostomy, volume expanders, and vasopressors 
may be needed. Patients exhibiting any signs or symptoms of hypotension 

TREATMENT

should immediately assume a supine position with lower extremities slightly 
elevated, which may prevent progression to anaphylactic shock or what has 
been called in postmortem examinations the empty ventricle syndrome—because 
almost all hypotensive anaphylactic deaths are preceded by syncope occurring 
in a sitting or upright posture. Epinephrine injected intramuscularly into the 
thigh (0.2 to 0.5 mg for adults, 0.01 mg/kg up to 0.3 mg for children, repeated 
every 5 to 30 minutes as indicated) is the most effective drug to administer, 
the earlier during the course of an anaphylactic event the better. Alternatively, 
calibrated intravenous administration of a solution of epinephrine (1 mg/100 mL 
solution starting at 30 to 100 mL/hour) and titrated to the lowest effective rate 
of infusion can be considered. Epinephrine relaxes bronchial smooth muscle 
and improves vascular tone and permeability, thereby counteracting broncho-
spasm, hypotension, and tissue edema. Although there is no absolute contra-
indication to its use for treating systemic anaphylaxis, the benefits of epinephrine 
need to be weighed against its disadvantages in elderly subjects and in those 
with cerebrovascular or coronary artery disease, hypertension, diabetes, hyper-
thyroidism, cardiomyopathy, or narrow-angle glaucoma, in whom adverse events 
such as myocardial infarction, stroke, or pulmonary edema can be precipitated. 
Also, patients taking a β-blocker, particularly if nonselective, may be resistant 
to epinephrine; in such a case, glucagon (1 mg intravenously [IV], or 1 to 5 mg/
hour IV) or vasopressin (5 to 40 IU IV) may be used. Oxygen should be admin-
istered by nasal cannula. Inhaled bronchodilators can relieve bronchospasm. 
Parenteral administration of H1-receptor (diphenhydramine, 1 to 2 mg/kg up 
to 50 mg) and H2-receptor (ranitidine, 300 mg IV over 5 minutes) antihistamines 
may prevent progression of urticaria and pruritus but is not likely to reverse 
hypotension or tissue edema. Evidence to support use of glucocorticosteroids 
to treat anaphylaxis is lacking and in an emergency department setting does 
not appear to affect relapse rate. A1 



becoming allergic. A5  Future research should yield more effective therapeutic 
interventions to achieve longer-lasting clinical tolerance.

 FUTURE DIRECTIONS
Ongoing research will provide more precise diagnostic tools for delineating 
different pathways of systemic anaphylaxis, indicating which cell types and 
biochemical pathways are involved, thereby revealing the most appropriate 
treatments. Predictors for anaphylactic risk will be better understood. Con-
sequently, interventions that reduce this risk (including better desensitization 
regimens) and that more effectively reverse the signs and symptoms of this 
potentially fatal disorder will be developed.
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3. Vancomycin, when infused too rapidly, causes systemic anaphylaxis by 
activating mast cells through which one of the following receptors?
 A. FcγRIII
 B. Mas-related G protein–coupled receptor X2
 C. FcεRI
 D. FcγRIIa
 E. CD88 (C5aR)

Answer: B Vancomycin directly activates most human mast cells in the skin 
and blood vessels, though not in the lung, on first and subsequent exposures 
by activating Mas-related G protein–coupled receptor X2 expressed on the 
surface of responding mast cells. When peak levels of vancomycin are modest, 
red man syndrome results; when higher, red man syndrome can progress to 
hypotensive anaphylaxis. The high-affinity receptor for IgE, FcεRI, is involved 
in allergen-IgE–triggered reactions; the low-affinity activating receptors for 
IgG, FcγRIIa and FcγRIII, in IgG immune complex–triggered reactions (and 
FcγRIII is not expressed by human mast cells); and CD88 in reactions trig-
gered by C5a produced during complement activation—not by vancomycin.

4. Mastocytosis, a clonal mast cell disorder that increases the risk for ana-
phylaxis, should be suspected if which of the following is elevated in baseline 
serum, that is, serum taken from a patient at a time when he or she has 
been asymptomatic for at least 24 hours?
 A. Bradykinin
 B. Metanephrine
 C. Tryptase
 D. Serotonin
 E. C5a

Answer: C Enzymatically inactive α and β protryptases are spontaneously 
released by mast cells at rest, and detected in serum, where elevated levels 
reflect the increased mast cell burden and abnormal mast cell phenotype 
associated with systemic mastocytosis. Bradykinin, generated extracellularly 
from high- and low-molecular-weight kininogen precursors when plasma 
prekallikrein is activated to plasma kallikrein, is not released by mastocytosis 
mast cells or substantially generated during nonacute time periods. Meta-
nephrine is elevated in pheochromocytoma. Serotonin is not abundantly 
produced by mast cells and blood levels may be somewhat lower in masto-
cytosis than healthy control subjects; it is elevated in carcinoid syndrome 
associated with the carcinoid type of neuroendocrine tumors. Complement 
activation does not typically occur at baseline in mastocytosis patients. C5a 
is generated from C5 by proteases, typically by C5 convertases generated 
during activation of the complement pathways, but also by other proteases, 
including mature mast cell tryptase; however, it is not generated during times 
when mastocytosis is clinically quiescent.

5. Your 25-year-old patient had anaphylaxis triggered by eating eggs 3 years 
ago and tests positive for egg allergy. Although inactivated flu vaccine was 
tolerated before this event, no vaccine has been administered since the 
egg-triggered reaction. When it is time for the annual influenza vaccine, 
what is the best advice to give your patient?
 A. Trivalent inactivated influenza vaccination is safe for those with egg 

allergy.
 B. Trivalent inactivated influenza vaccination is contraindicated.
 C. Egg desensitization will make trivalent inactivated influenza vaccination 

safe.
 D. Trivalent inactivated influenza vaccination should be administered after 

pretreatment with glucocorticosteroids and H1R and H2R antihistamines.
 E. Vaccination with recombinant influenza vaccine is mandated.

Answer: A Influenza vaccination has proven to be safe in egg-allergic subjects 
due to the small amounts of residual egg protein in the vaccine. Rare cases of 
anaphylaxis to vaccines have been associated with IgE against other vaccine 
components. Egg desensitization protocols for egg-allergic patients who would 
like to be protected against accidental egg exposures or long-term tolerance-
inducing protocols remain experimental and would not protect against IgE-
mediated reactions to non–egg-related vaccine components. Pretreatment of 
egg-allergic subjects with glucocorticosteroids and antihistamines is not medi-
cally necessary and the steroid may have more side effects than the vaccine. 
The more expensive recombinant influenza vaccine is not necessary for egg-
allergic patients.

REVIEW QUESTIONS

1. A 35-year-old woman with a diagnosis of neurosyphilis has been avoiding 
penicillins for 30 years due to an episode of anaphylaxis to penicillin in 
early childhood. Which would be the best clinical option?
 A. Begin treating with a different type of penicillin.
 B. Begin treating with penicillin G.
 C. Perform penicillin allergy testing and if positive, pretreat with H1R and 

H2R antihistamines and begin treating with penicillin G.
 D. Perform penicillin allergy testing and if positive, pretreat with a gluco-

corticoid and H1R and H2R antihistamines, and then begin treating 
with penicillin G.

 E. Perform penicillin allergy testing and if positive, desensitize to penicillin 
G and then begin treating with this antibiotic.

Answer: E Although most patients with a history of penicillin allergy during 
childhood will no longer prove to be sensitive as adults, some will remain 
sensitive. Because the β-lactam ring may be the allergic epitope, treating with 
another penicillin having that same moiety would be risky. Penicillin allergy 
testing can be performed in an allergist’s office safely and takes only several 
hours to complete. If negative, penicillin allergy should be removed as a current 
problem, and treating with penicillin G could safely proceed. If the allergy 
testing is positive, prophylactic treatment with antihistamines may not be 
adequate to prevent a severe systemic anaphylaxis, because activated mast 
cells secrete additional vasoactive mediators and the concentration of histamine 
at its site of release may be too high to totally block its effects with antihista-
mines. Glucocorticosteroids do not inhibit mast cell activation and the wheal 
and flare reactions seen with allergen skin tests, and have a significant side-
effect profile. Instead, a penicillin-sensitive patient can be safely desensitized 
to penicillin over several hours and then undergo a course of treatment. After 
the treatment has been completed, sensitivity is expected to return.

2. A 60-year-old man who enjoys hiking on the Appalachian Trail in Virginia 
and North Carolina has dinner at 8 pm, consisting of a shrimp cocktail 
appetizer, a salad with tree nuts, an entrée with legumes, potatoes, and 
lamb shank with a couple glasses of red wine, and fresh fruit with liquor 
for dessert. At 11 pm he goes to bed, and awakens at 2 am with pruritic 
skin and fecal urgency. On his way to the bathroom he passes out and falls. 
In the emergency department he is hypotensive and tachycardic and has 
hives. The most likely trigger of this event is:
 A. Antibiotic contaminants in the meat
 B. Tree nut protein allergens
 C. Tropomyosin protein allergen in the shrimp
 D. Banana protein allergens
 E. Alpha-gal carbohydrate in the meat

Answer: E Particularly in the southeastern–mid-Atlantic states, related to 
sensitization to galactose-alpha-1,3-galactose (alpha-gal) associated with Lone 
Star tick bites, IgE antibodies form against this carbohydrate moiety. Sensitized 
individuals exhibit delayed urticarial or anaphylactic responses 3 to 7 hours 
after eating red meats such as beef, pork, or lamb, presumably because the 
monovalent alpha-gal–conjugated proteins in these meats must be transformed 
to polyvalent antigens during the digestive process, taking several hours to 
occur. If someone with IgE against alpha-gal alone undergoes allergy testing, 
his or her skin test will be negative while the blood test will be positive, because 
the skin test requires aggregation of IgE:FcεRI on the surface of cutaneous 
mast cells, whereas the in vitro test only requires binding to IgE. In contrast, 
someone with IgE against meat proteins will have both a positive skin test 
and a positive in vitro test. Anaphylactic reactions to protein allergens in shrimp, 
tree nuts, banana, and meats occur acutely, generally within an hour of inges-
tion. Anaphylaxis to antibiotics such as penicillin in lamb, beef, or pork from 
antibiotic-fed animals is uncommon, but can occur in penicillin-sensitive 
patients, typically less than an hour after ingestion. Banana proteins may cross-
react with IgE anti–latex allergens, but occur soon after ingestion, and we have 
no history of latex allergy in this individual.
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239 
DRUG ALLERGY
LESLIE C. GRAMMER

 DEFINITION
Adverse drug reactions (ADRs) are recognized as an important public health 
problem because they result in both morbidity and mortality. An ADR is 
defined by the World Health Organization as an unintended, noxious response 
to a drug that occurs at a dose usually prescribed for human patients. The 
classic pharmacologic definition of ADRs by Rawlins and Thompson separates 
these into two major types: type A reactions, which are predictable and dose 
dependent; and type B reactions, which are unpredictable and not dose depen-
dent. Type B reactions account for 10 to 25% of all ADRs and include drug 
allergy. The World Health Organization Nomenclature Review Committee 
defines drug allergy as a hypersensitivity reaction for which a definite immu-
nologic mechanism, either a B-cell-mediated (antibody) or a T-cell-mediated 
process, is documented. Most published epidemiologic studies refer to ADRs 
in general and not to drug allergy specifically because the demonstration of 
drug-specific B-cell-mediated or T-cell-mediated mechanisms is often difficult, 
and the immunologic culprit may be a drug metabolite.

 EPIDEMIOLOGY
Drug allergy is responsible for significant mortality, morbidity, and socioeco-
nomic costs that are probably underestimated. Current data must be evaluated 
carefully because they involve different populations, different definitions of 
ADRs and drug allergy, and different methodologies, especially in terms of 
data analysis. The Boston Collaborative Drug Surveillance Program collected 
information on all ADRs in 4031 hospitalized patients during a period of 6 
months. An incidence of 6.1% was reported, of which 42% were severe; 1% 
of the severe reactions resulted in the patient’s death. Using an automatic 
detection system in a Salt Lake City hospital, 731 ADRs were identified among 
36,653 hospitalized patients. Of note, only 12.3% of these were reported by 
physicians in the hospital. A meta-analysis of 33 U.S. prospective studies from 
1966 to 1996 reported that 15% of hospitalized patients experienced ADRs 
and that the frequency of drug-related hospital admissions varied from 3 to 

6%. Most other subsequent studies reported similar data. Epidemiologic infor-
mation on drug allergy in nonhospitalized people and in the general population 
is even more limited and is confined mainly to studies of antibiotics.

Primary care physicians are often the first point of contact for a nonhospi-
talized patient with a suspected adverse drug reaction. They therefore have a 
key role in deciding whether to dismiss the diagnosis or refer the patient for 
further investigation. Having a structured diagnostic approach to distinguish-
ing between hypersensitivity and nonhypersensitivity reactions can avoid 
life-threatening reactions and at the same time reduce the frequent overdiag-
nosis of drug hypersensitivity.1

Risk Factors
Some risk factors have been identified for the development of drug allergy. 
Certain drugs more commonly cause adverse reactions, and some drugs lead 
to more severe reactions (Table 239-1). The dosage and route of administra-
tion of a drug can also be risk factors; intermittent, repeated administrations 
of a drug can be more sensitizing than uninterrupted therapy. Medications 
that are most likely to cause intraoperative anaphylaxis are neuromuscular 
blocking agents, antibiotics (especially β-lactams), latex, and opioids.2 Drug 
allergy is more commonly reported in women and in patients with HIV infec-
tion or reactivation of some herpesviruses. Some ethnic groups appear to be 
more prone to certain ADRs. For example, white Americans are at a higher 
risk than other ethnic groups for hypersensitivity reactions to abacavir, a reverse 
transcriptase inhibitor. For drug allergy caused by angiotensin-converting 
enzyme inhibitors, the more vulnerable population is African American. There 
are individuals who have multiple drug hypersensitivity (MDH), which is a 
syndrome that occurs as a consequence of excessive T-cell stimulation and is 
characterized by prolonged drug hypersensitivity reactions to several drugs.3 
Mechanistically, it should be noted that T-cell activation characterized by 
PD1+/CD38+ expression on CD4+ T cells can be found in the circulation of 
MDH patients for many years.

In the United States, approximately 10% of individuals who seek health 
care have a history of penicillin allergy.4 However, if tested with an appropri-
ate panel of skin tests, less than 10% of those individuals would be deemed 
to have a hypersensitivity to penicillin. The overreporting of penicillin allergy 
is a significant obstacle to antimicrobial stewardship with important implica-
tions, including more antimicrobial resistance, increased cost of care, and 
increased length of stay.5 Individuals with a positive history and negative 
skin test results tolerate penicillin-type antibiotics at the same rate as the 
general population with a negative history; in addition, there is a very low rate  
of resensitization.

 PATHOBIOLOGY
Hypersensitivity reactions to drugs can be classified according to the type of 
immunologic reaction. An immunologic response to any antigen may be diverse 
and the resulting reaction complex; drugs are no exception. Drugs that are 
more frequent perpetrators of significant allergy are listed in Table 239-1.

Most pharmacologic agents are simple structures with a molecular mass of 
less than 1000 D. Alone, they are unable to induce hypersensitivity-type 
immunologic responses. However, most of these drugs have the ability to 
covalently bind to proteins and form hapten-carrier complexes, with the 

TABLE 239-1 DRUGS FREQUENTLY IMPLICATED IN 
ALLERGIC DRUG REACTIONS

Allopurinol
Amiodarone
Antiarrhythmic drugs (procainamide, quinidine)
Antibiotics (β-lactams, sulfas, nitrofurans)
Anticonvulsants (hydantoin, phenobarbital, carbamazepine)
Antihypertensive agents (angiotensin-converting enzyme inhibitors)
Antipsychotic tranquilizers
Antisera (antitoxins, antivirals)
Antituberculous drugs (isoniazid, rifampicin)
Aspirin and nonsteroidal anti-inflammatory drugs
Biologics (monoclonal antibodies such as anti–tumor necrosis factor and other 

recombinant DNA protein products)
Chemotherapy agents (platins, doxorubicin, taxanes)
Enzymes (l-asparaginase, streptokinase, chymopapain)
Muscle relaxants (rocuronium, succinylcholine)
Opioids
Radiocontrast media
Vaccines (egg protein, gelatin)

low-molecular-weight agent acting as the hapten and the protein being the 
carrier. Hapten-carrier complexes can induce immunologic responses, with 
most responses being directed at the hapten. In addition to low-molecular-
weight drugs acting as haptens, there is evidence that they may activate immune 
receptors by binding to them directly.6

A well-known example of a low-molecular-weight agent is penicillin. Ben-
zylpenicillin has a molecular mass of approximately 300 D and is metabolized 
into a penicilloyl hapten moiety. The penicilloyl moiety, which constitutes 
about 95% of all penicillin metabolites, is referred to as the major determinant 
because it is the major metabolite in terms of quantity. It has been conjugated 
to poly-d-lysine to form penicilloyl-polylysine, which is now commercially 
available as Pre-Pen (ALK-Abelló, Round Rock, TX) for skin testing. The 
other 5% of penicillin metabolites are referred to as the minor determinants. 
Although they are minor in quantity, these determinants actually cause most 
of the immediate-type anaphylactic reactions, whereas the major determinant 
is associated with later and less severe reactions. Minor determinant reagents 
have never been commercially available in the United States. Penicillin skin 
testing is not widely used by U.S. physicians; annually, only 40,000 doses of 
the major determinant are sold.

In contrast to simple low-molecular-weight drugs, therapeutic agents that 
are proteins with a molecular mass exceeding 5000 D can be recognized by 
the human immune system and can result in sensitization and hypersensitiv-
ity reactions on subsequent exposure. Because these proteins are complete 
antigens, they can be used as skin testing reagents or as antigens or allergens 
in in vitro assays. Included among therapeutic protein reagents that report-
edly cause hypersensitivity are antithymocyte globulin (rabbit or equine), 
streptokinase, latex, and vaccines such as tetanus toxoid. Biologics, including 
monoclonal antibodies, are increasingly recognized causes of drug hypersen-
sitivity. As anticipated, murine antibodies are most immunogenic, followed 
by chimeric and then humanized monoclonals. Unexpectedly, a variety of 
human recombinant proteins, including insulin and fully human monoclonal 
antibodies, can cause hypersensitivity reactions. In addition to hypersensi-
tivity reactions, biologics such as monoclonal antibodies can cause other 
immunologic reactions (Chapter 33). One such reaction is the cytokine release 
syndrome, in which high cytokine levels result in systemic symptoms, includ-
ing fever, arthralgia, and capillary leak; interleukin-2 is the original biologic 
agent in which this was described. Immune imbalance is another immuno-
logic reaction, exemplified by anti–tumor necrosis factor therapy that results 
in immune dysregulation consisting of increased susceptibility to infection  
or autoimmunity.

 CLINICAL MANIFESTATIONS
The clinical manifestations of drug allergy often include a dermatologic 
component (Chapter 411). It is estimated that 80 to 90% of drug allergies 
result in one of the following cutaneous manifestations: exanthematous or 
morbilliform eruption; urticaria, angioedema, or both; contact dermatitis; 
fixed drug eruption; erythema multiforme–like eruption; or photosensitiv-
ity.7 Severe cutaneous adverse reactions8,9 are generally induced by drugs and 
encompass the conditions of Stevens-Johnson syndrome and toxic epidermal 
necrolysis10; drug-induced eosinophilia and systemic syndrome, also known as 
drug-induced hypersensitivity syndrome; and acute generalized exanthematous 
pustulosis. Drug reaction with eosinophilia and systemic symptoms (DRESS), 
also called drug-induced hypersensitivity syndrome, typically presents with 
a maculopapular exanthema (Chapter 411), fever, and an elevated alanine 
aminotransferase level, with about 75% of cases related to anticonvulsant 
medications.11 These conditions, although rare, cause significant morbidity 
and even mortality, which is why it is important for the treating physician to 
promptly recognize severe cutaneous adverse reactions and to discontinue 
implicated drugs. Some features of severe cutaneous adverse reactions that 
distinguish them from nonserious cutaneous reactions include involvement of 
other organs (e.g., liver, kidneys); fever; eosinophilia; mucosal involvement; 
and lesions that are painful, blistering, or pustular.12

 DIAGNOSIS
The diagnosis of drug allergy may be simple if a patient has recently started 
therapy with a single agent known to cause hypersensitivity, such as a β-lactam 
antibiotic. In contrast, in a hospitalized patient in whom multiple drugs have 
been started and stopped, identifying the offending drug may be difficult, 
requiring a complete and exhaustive history along with a physical examination. 
It also requires compatible clinical manifestations and temporal relationships. 
In vitro tests are rarely useful clinically. In vivo testing, such as cutaneous tests 
and provocative test dosing, may be indicated in some situations.

TREATMENT 
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ABSTRACT
Adverse drug reactions can be type A (i.e., predictable) or type B (i.e., unpre-
dictable, including drug allergy). Host factors such as HIV increase risk for 
drug allergy. Clinical manifestations generally include a cutaneous component, 
which is often exanthematous or morbilliform. Because severe cutaneous 
adverse reactions (SCARs) can cause significant morbidity and even mortality, 
it is important that they be recognized early. Organ-specific drug allergy with 
no cutaneous manifestations can also occur; for example, nitrofurantoin and 
minocycline have both been reported to cause pulmonary infiltrates with 
eosinophilia. Skin testing for penicillin allergy can be a useful part of an anti-
microbial stewardship program because true penicillin allergy occurs in fewer 
than 10% of individuals with a history of penicillin allergy. Pharmacogenomics 
can predict individuals who are susceptible to SCARs.
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Differential Diagnosis
To distinguish drug allergy from other ADRs, several criteria are helpful. 
Allergic reactions occur in a tiny fraction of individuals who receive the drug, 
and they cannot be predicted. The observed clinical effects do not resemble 
known pharmacologic actions of the drug. In the absence of prior exposure 
to the drug, allergic or hypersensitivity symptoms rarely appear before 1 week 
of continuous therapy. In general, drugs used consistently for several months 
or longer are rarely responsible.

Drug allergy often resembles other allergic or hypersensitivity reactions, 
such as anaphylaxis, urticaria, and serum sickness–like illness. Although most 
drug reactions include cutaneous manifestations, some involve only other 
organ systems, for example, pulmonary infiltrates with eosinophilia, hepatitis, 
and acute interstitial nephritis. A list of drugs that cause organ-specific reac-
tions is provided in Table 239-2. Drug-specific antibodies or T-cell receptors 
have been identified that react with the suspected drugs or relevant drug 
metabolites. As with ADRs in general, the reaction often subsides after the 
drug is discontinued. However, a hypersensitivity reaction may persist or even 
intensify because of the formation of drug metabolites, which act as haptens 
and bind to carrier proteins such as human serum albumin.

low-molecular-weight agent acting as the hapten and the protein being the 
carrier. Hapten-carrier complexes can induce immunologic responses, with 
most responses being directed at the hapten. In addition to low-molecular-
weight drugs acting as haptens, there is evidence that they may activate immune 
receptors by binding to them directly.6

A well-known example of a low-molecular-weight agent is penicillin. Ben-
zylpenicillin has a molecular mass of approximately 300 D and is metabolized 
into a penicilloyl hapten moiety. The penicilloyl moiety, which constitutes 
about 95% of all penicillin metabolites, is referred to as the major determinant 
because it is the major metabolite in terms of quantity. It has been conjugated 
to poly-d-lysine to form penicilloyl-polylysine, which is now commercially 
available as Pre-Pen (ALK-Abelló, Round Rock, TX) for skin testing. The 
other 5% of penicillin metabolites are referred to as the minor determinants. 
Although they are minor in quantity, these determinants actually cause most 
of the immediate-type anaphylactic reactions, whereas the major determinant 
is associated with later and less severe reactions. Minor determinant reagents 
have never been commercially available in the United States. Penicillin skin 
testing is not widely used by U.S. physicians; annually, only 40,000 doses of 
the major determinant are sold.

In contrast to simple low-molecular-weight drugs, therapeutic agents that 
are proteins with a molecular mass exceeding 5000 D can be recognized by 
the human immune system and can result in sensitization and hypersensitiv-
ity reactions on subsequent exposure. Because these proteins are complete 
antigens, they can be used as skin testing reagents or as antigens or allergens 
in in vitro assays. Included among therapeutic protein reagents that report-
edly cause hypersensitivity are antithymocyte globulin (rabbit or equine), 
streptokinase, latex, and vaccines such as tetanus toxoid. Biologics, including 
monoclonal antibodies, are increasingly recognized causes of drug hypersen-
sitivity. As anticipated, murine antibodies are most immunogenic, followed 
by chimeric and then humanized monoclonals. Unexpectedly, a variety of 
human recombinant proteins, including insulin and fully human monoclonal 
antibodies, can cause hypersensitivity reactions. In addition to hypersensi-
tivity reactions, biologics such as monoclonal antibodies can cause other 
immunologic reactions (Chapter 33). One such reaction is the cytokine release 
syndrome, in which high cytokine levels result in systemic symptoms, includ-
ing fever, arthralgia, and capillary leak; interleukin-2 is the original biologic 
agent in which this was described. Immune imbalance is another immuno-
logic reaction, exemplified by anti–tumor necrosis factor therapy that results 
in immune dysregulation consisting of increased susceptibility to infection  
or autoimmunity.

 CLINICAL MANIFESTATIONS
The clinical manifestations of drug allergy often include a dermatologic 
component (Chapter 411). It is estimated that 80 to 90% of drug allergies 
result in one of the following cutaneous manifestations: exanthematous or 
morbilliform eruption; urticaria, angioedema, or both; contact dermatitis; 
fixed drug eruption; erythema multiforme–like eruption; or photosensitiv-
ity.7 Severe cutaneous adverse reactions8,9 are generally induced by drugs and 
encompass the conditions of Stevens-Johnson syndrome and toxic epidermal 
necrolysis10; drug-induced eosinophilia and systemic syndrome, also known as 
drug-induced hypersensitivity syndrome; and acute generalized exanthematous 
pustulosis. Drug reaction with eosinophilia and systemic symptoms (DRESS), 
also called drug-induced hypersensitivity syndrome, typically presents with 
a maculopapular exanthema (Chapter 411), fever, and an elevated alanine 
aminotransferase level, with about 75% of cases related to anticonvulsant 
medications.11 These conditions, although rare, cause significant morbidity 
and even mortality, which is why it is important for the treating physician to 
promptly recognize severe cutaneous adverse reactions and to discontinue 
implicated drugs. Some features of severe cutaneous adverse reactions that 
distinguish them from nonserious cutaneous reactions include involvement of 
other organs (e.g., liver, kidneys); fever; eosinophilia; mucosal involvement; 
and lesions that are painful, blistering, or pustular.12

 DIAGNOSIS
The diagnosis of drug allergy may be simple if a patient has recently started 
therapy with a single agent known to cause hypersensitivity, such as a β-lactam 
antibiotic. In contrast, in a hospitalized patient in whom multiple drugs have 
been started and stopped, identifying the offending drug may be difficult, 
requiring a complete and exhaustive history along with a physical examination. 
It also requires compatible clinical manifestations and temporal relationships. 
In vitro tests are rarely useful clinically. In vivo testing, such as cutaneous tests 
and provocative test dosing, may be indicated in some situations.

TABLE 239-2 ORGAN-SPECIFIC REACTIONS AND 
IMPLICATED DRUGS

REACTION IMPLICATED DRUG
PULMONARY MANIFESTATIONS

Pulmonary infiltrates with eosinophilia Minocycline, nitrofurantoin
Pneumonitis and fibrosis Bleomycin, amiodarone
Noncardiogenic pulmonary edema Hydrochlorothiazide, cocaine, heroin, 

methadone
AUTOIMMUNE MANIFESTATIONS

Drug-induced lupus Hydralazine, procainamide
DRUG-INDUCED IMMUNE CYTOPENIAS

Thrombocytopenia Quinidine, gold salts, sulfonamides, 
heparin

Hemolytic anemia Penicillin, methyldopa
Agranulocytosis Sulfonamides, propylthiouracil, 

quinidine, procainamide, phenytoin
HEPATIC MANIFESTATIONS

Cholestasis Aminosalicylic acid, dapsone
Hepatocellular damage Phenothiazines, erythromycin
Mixed pattern Halothane, isoniazid, diclofenac

Phenytoin, sulfonamides
RENAL MANIFESTATIONS

Nephrotic syndrome Gold salts, captopril, NSAIDs, 
penicillamine

Acute interstitial nephritis β-Lactam antibiotics, NSAIDs, 
sulfonamides

LYMPHOID SYSTEM MANIFESTATIONS

Pseudolymphoma Phenytoin, lamotrigine
Infectious mononucleosis–like syndrome Aminosalicylic acid, dapsone
CARDIAC MANIFESTATIONS Sulfonamides, β-lactam antibiotics
NEUROLOGIC MANIFESTATIONS

Peripheral neuritis Colchicine, nitrofurantoin, sulfonamides
NSAIDs = nonsteroidal anti-inflammatory drugs.

Evidence-Based Treatments
There is a paucity of evidence-based information regarding drug allergy, a 

disease that is generally iatrogenic.13 One study evaluated HIV patients who 
previously had an adverse reaction to cotrimoxazole; it was concluded that 
desensitization resulted in fewer adverse reactions and fewer treatment discon-
tinuations in patients with a previous history of mild or moderate hypersensitivity. 
A second study, evaluating treatment for toxic epidermal necrolysis, concluded 
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experienced an immediate-type reaction that was rapid in onset, involved life-
threatening symptoms or signs, and occurred relatively recently, that individual 
is at high risk for a severe anaphylactic reaction on subsequent exposure.

Even with a negative Pre-Pen skin test result, a patient could have reactivity 
against minor determinants; therefore, the approach to a patient who needs 
a β-lactam antibiotic depends on the risk as listed in Table 239-3. Risks and 
benefits should be thoroughly discussed and documented. In a high-risk indi-
vidual, cautious test dosing can be performed. If a reaction occurs, desensitiza-
tion can be considered if the clinical risks and benefits so warrant.

 PROGNOSIS
Most drug allergies involve cutaneous eruptions that are self-limited and resolve 
shortly after the offending agent has been discontinued. However, severe, 
life-threatening reactions occur in approximately 1 in every 1000 hospitalized 
patients. Severe cutaneous adverse reactions are especially likely to cause 
morbidity and mortality. In 1998 the death rate for hospitalized Medicare 
patients was 20% higher in those who experienced an ADR. The proportion 
of ADRs that were allergic reactions was not determined in this study, but it 
can be estimated at about one fifth.

Most drug reactions resolve, but relapses may occur days to several weeks 
after discontinuation of the offending drug, especially with carbamazepine, 
phenytoin, valproic acid, sulfasalazine, allopurinol, and antivirals. In such cases, 
corticosteroids may be beneficial.15

One of the most severe reactions associated with drug allergy is anaphylactic 
shock (Chapter 238).16 It is usually immunoglobulin E (IgE) mediated, but 
it may occur with non-IgE-mediated reactions to drugs such as nonsteroidal 
anti-inflammatory drugs or radiocontrast media. It is estimated that approxi-
mately 1500 people die annually in the United States owing to anaphylaxis 
from medications. In the United Kingdom, drugs are the leading cause of 
anaphylactic fatalities.

 FUTURE DIRECTIONS
Pharmacogenomics will be an important method of identifying individuals 
at risk for a significant allergic reaction to a given drug.17 Human leukocyte 
antigen (HLA) genotyping can reportedly identify individuals who are at 
increased risk for drug hypersensitivity. For example, individuals with 
HLA-B*5701 are at greater risk for a drug hypersensitivity reaction to abacavir, 
an HIV transcriptase inhibitor. Severe cutaneous adverse reactions to allopu-
rinol are highly associated with the genetic marker HLA-B*5801. In patients 
of Asian ancestry, HLA-B*1508 is highly associated with development of 
Stevens-Johnson syndrome if carbamazepine is prescribed. Why this genetic 
variant is not a risk factor in patients of African or European ancestry is unclear. 
Other avenues by which susceptible individuals may be identified include 
polymorphisms in genes for immune recognition molecules, drug-metabolizing 
enzymes, and macromolecular adduct repair systems.
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FIGURE 239-1. Guidelines for the treatment of patients with a history of drug allergy. 
In patients with a suspected or known drug allergy, the first choice is to use an appropri-
ate non–cross-reacting drug. If such a drug is not available, or if the patient does not 
respond to it, further evaluation is based on the availability of a reliable immunologic 
test to detect drug hypersensitivity. 

TABLE 239-3 RISK FOR ANAPHYLACTIC REACTION TO 
PENICILLIN OR OTHER 
PHARMACOTHERAPEUTIC AGENTS

FACTOR LOW RISK HIGH RISK
Onset of previous reaction >24 hr <30 min
Signs and symptoms of 

previous reaction
Morbilliform eruption
Urticaria alone

Life-threatening symptoms: 
hypotension, upper 
airway angioedema, 
bronchospasm

Time elapsed since 
previous reaction

>20 yr <1 yr

that there are no randomized controlled trials of the most commonly used 
therapies (i.e., systemic steroids, cyclosporine, intravenous immune globulins).

There are published clinical guidelines for the management of infusion-
related hypersensitivity reactions caused by the administration of chemothera-
peutic or biologic therapy. These guidelines were developed as part of a 
performance improvement initiative and resulted in a standardized approach 
to the management and reporting of ADRs.

 PREVENTION
Although the outcome of ADRs is generally favorable, prevention is the obvious 
goal. The physician should prescribe medications only if they are clinically 
appropriate and, if possible, should avoid drugs that are known to produce 
significant hypersensitivity reactions (see Table 239-1). Before starting a medi-
cation, the patient should be asked about prior ADRs to the medication or to 
other pharmacologically related medications. If appropriate, oral administra-
tion is probably preferable to parenteral administration; anaphylaxis is less 
likely, as is sensitization. Protocols for skin testing to foreign antisera and for 
management of medication hypersensitivity reactions (e.g., premedication, 
test dosing, desensitization) are available.14 A general algorithm is provided 
in Figure 239-1.

The risk for an anaphylactic reaction to a drug such as penicillin is a function 
of the history of onset, severity, and proximity (Table 239-3). If an individual 

https://expertconsult.inkling.com/
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Answer: D Although most drug reactions include cutaneous manifestations, 
some only involve other organ systems, for example, pulmonary infiltrates 
with eosinophilia, hepatitis, and acute interstitial nephritis. Drugs that have 
been described to cause acute interstitial nephritis in the absence of cutaneous 
involvement include sulfonamides, nonsteroidal anti-inflammatory drugs, and 
penicillins like ampicillin and methicillin.

4. HLA genotyping has been useful in identifying individuals at increased 
risk of hypersensitivity to which of the following drugs?
 A. Amoxicillin
 B. Minocycline
 C. Ganciclovir
 D. Abacavir

Answer: D Human leukocyte antigen (HLA) genotyping can reportedly 
identify individuals who are at increased risk for drug hypersensitivity. For 
example, individuals with HLA-B*5701 are at greater risk for a drug hyper-
sensitivity reaction to abacavir, an HIV transcriptase inhibitor. At many centers, 
abacavir is prescribed only after the HLA genotype is determined not to be 
HLA-B*5701.

5. Among the following, what is the most significant risk factor for drug allergy?
 A. Male sex
 B. HIV infection
 C. Atopy
 D. HLA-B27 genotype

Answer: B Drug-related rashes have been estimated to be 100 times more 
common in HIV-positive patients than in the general population. The reasons for 
this are not clear but are likely to be multifactorial and include changes in drug 
metabolism, oxidative stress, cytokine profiles, and immune hyperactivation.

REVIEW QUESTIONS

1. Which of the following drugs is most likely to cause drug hypersensitivity?
 A. Murine monoclonal anti-CD3 antibody
 B. Human insulin
 C. Chimeric monoclonal anti-CD20 antibody
 D. Humanized tumor necrosis factor antibody
 E. Human tumor necrosis factor antibody

Answer: A Biologic proteins from most to least allergenic are murine, chi-
meric, humanized, and finally fully human protein. Even fully human proteins 
like human insulin or fully human anti–tumor necrosis factor can cause hyper-
sensitivity. However, the most likely protein to cause drug allergy is the most 
foreign protein, that is, a murine protein.

2. Which of the following clinical characteristics is least concerning for a 
serious cutaneous adverse reaction (SCAR) to a drug?
 A. Blistering lesions
 B. Painful lesions
 C. Pruritic lesions
 D. Pustular lesions

Answer: C Some features of SCARs that distinguish them from nonserious 
cutaneous reactions include involvement of other organs (e.g., liver, kidneys); 
fever; eosinophilia; mucosal involvement; and lesions that are painful, blister-
ing, or pustular. Pruritus is not a distinguishing feature.

3. A patient taking multiple medications develops acute interstitial nephritis 
with normal findings on skin examination. Which of the listed drugs is the 
most likely culprit?
 A. Propranolol
 B. Phenytoin
 C. Colchicine
 D. Ampicillin
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MASTOCYTOSIS
CEM AKIN

 DEFINITION
Mastocytosis is a heterogeneous group of disorders characterized by pathologic 
accumulation of mast cells in tissues such as skin and bone marrow. According 
to the classification of the World Health Organization (WHO), based on 
clinical presentation and pathologic findings, there are seven distinct categories 
of mastocytosis (Table 240-1).1 The term cutaneous mastocytosis describes 
skin disease alone without any evidence of internal organ involvement, whereas 
the term systemic mastocytosis describes the disorder when it involves internal 
organs (most commonly the bone marrow) with or without skin disease.

 EPIDEMIOLOGY
Mastocytosis can be diagnosed at any age.2 Pediatric-onset and adult-onset 
forms are distinguished on the basis of the age of the patient at initial diagnosis. 
These forms display differences in their clinical course, molecular pathology, 
and prognosis. The most common clinical scenario leading to diagnosis in 
the pediatric population is a child presenting with skin lesions of cutaneous 
mastocytosis within the first year of life. Patients with a later onset of skin 
lesions are more likely to have systemic mastocytosis, as are most patients 
with adult-onset mastocytosis. The disease has been diagnosed in all ethnic 
populations. Estimates of the prevalence of patients with cutaneous masto-
cytosis range from 1 in 500 to 1 in 8000 patients presenting in dermatology 
clinics. The prevalence of systemic mastocytosis is more difficult to estimate 
because the diagnosis requires biopsy of an involved tissue and a high degree 
of clinical suspicion, especially if skin lesions are absent. Systemic mastocytosis 
is likely to be underdiagnosed, considering the fact that there are neither 
physical examination findings nor routine hematologic or chemistry laboratory 
abnormalities specifically associated with the disease. Consequently, it is not 
unusual to encounter several years’ delay after the onset of symptoms in many 
patients before a diagnosis of mastocytosis is reached. The disease is sporadic, 
although rare cases of familial occurrence have been described.

 PATHOBIOLOGY
Pathogenesis
The pathogenesis of mastocytosis involves the accumulation of mast cells in 
tissues, with mediators released by activated mast cells. The primary reason 
for the increased mast cell numbers in tissues appears to be defective apoptosis 
rather than uncontrolled proliferation. It is unusual to see increased mitotic 
activity in biopsy specimens from patients with mastocytosis, and, in most 
patients, the disease follows an indolent course. Tissue microenvironment 
and altered chemotaxis may also contribute to the final level of tissue mast 
cell burden.

Genetics
Mast cells are derived from hematopoietic progenitors (Chapter 147). Systemic 
mastocytosis is associated with somatic gain-of-function point mutations in 
the KIT (formerly c-kit) gene of the mast cell progenitor, leading to a clonal 
neoplastic expansion of mast cells. KIT encodes a transmembrane receptor 
(Kit) whose intracellular portion functions as a tyrosine kinase enzyme. The 
extracellular portion of Kit binds the cytokine stem cell factor (SCF or Kit 
ligand). The interaction between SCF and Kit provides the single most impor-
tant growth and differentiation stimulus for mast cells from their progenitors. 
Under physiologic conditions, homodimeric SCF binds and cross-links two 
Kit receptor molecules, which leads to autophosphorylation of the tyrosine 
amino acids of the intracellular portion of the Kit molecule. Phosphorylated 
tyrosine residues in turn act as docking sites for downstream adaptor and 
signal transduction molecules that regulate the differentiation, proliferation, 
chemotaxis, and functional activation of mast cells.

The most common mutation reported in mastocytosis3,4 involves codon 816 
in KIT (located in exon 17), resulting in the replacement of an aspartic acid 
by a valine residue (D816V) in the Kit protein, leading to ligand-independent 
autophosphorylation. The D816V mutation has been shown in lesional mast 
cells from the skin or bone marrow tissue of more than 90% of adults and 
approximately 40% of pediatric patients with mastocytosis. Another 40% of 
pediatric patients carry KIT mutations in other exons, most commonly in 
exons 8 and 9. KIT mutations can be demonstrated in non–mast cell hema-
topoietic lineages in advanced variants of systemic mastocytosis, similar to the 
multilineage involvement observed in myeloproliferative neoplasms (Chapter 

157). The sensitivity of detecting the mutation is much higher when a lesional 
tissue such as bone marrow or skin is analyzed compared with peripheral 
blood. Other pathogenetic factors, some yet to be determined, appear to be 
responsible for the final disease phenotype because the presence of the D816V 
KIT mutation alone does not explain the remarkable heterogeneity in the 
clinical presentation and prognosis of the disease. Molecular aberrations in 
TET2, SRSF2, ASXL1, CBL, RUNX1, and DNMT3A have been the other most 
frequently identified mutations in advanced forms of systemic mastocytosis. In 
advanced systemic mastocytosis, most patients carry three or more mutations.

 CLINICAL MANIFESTATIONS
Symptoms
The symptoms of mastocytosis are primarily related to the release of mast cell 
mediators and rarely by the destructive infiltration of mast cells into tissues 
or consequences of an associated hematologic neoplasm. Mast cell activation5 
results in the release of various preformed mediators stored in mast cell gran-
ules, de novo synthesis of sulfidopeptide leukotrienes such as LTC4 and pros-
taglandins (mostly PGD2) from membrane lipids, and cytokine synthesis. 
Preformed mediators stored in mast cell granules include histamine; proteases 
such as tryptase, chymase, and carboxypeptidase A; and proteoglycans such 
as heparin and chondroitin sulfate. Vasoactive mediators such as histamine, 
LTC4, and PGD2 at local or distant tissues cause vasodilation, which may lead 
to flushing, tachycardia, hypotension, presyncope, and syncope. Histamine 
also causes pruritus and stimulates gastric acid hypersecretion from parietal 
cells. Mast cells are rich sources of cytokines. Elevated serum levels of tumor 
necrosis factor-α and interleukin-6 have been found in patients with masto-
cytosis and may contribute to the pathophysiologic process of fatigue and 
accelerated osteoporosis observed in some patients. Rare aggressive categories 
of mastocytosis may be associated with an extensive destructive infiltration 
of mast cells into tissues such as the gastrointestinal tract, which may result 
in malabsorption, and the liver, which may cause portal fibrosis with associ-
ated portal hypertension.

Mast cell activation and mediator release may occur after triggers, such as 
temperature changes (e.g., hot showers), exercise, ingestion of alcohol or spicy 
foods, emotional stress, insect stings, and exposure to certain drugs (such as 
opioid analgesics, nonsteroidal anti-inflammatory drugs, or muscle relaxants), 
and sometimes spontaneously without an obvious trigger. The prevalence of 
atopic disease in patients with mastocytosis is similar to that in the general 
population, and the serum immunoglobulin E (IgE) level is often found to 
be low. However, patients with anaphylactic sensitivity to hymenoptera venoms 
appear to have a disproportionately high incidence of mastocytosis.

Mastocytosis is a disease with protean clinical manifestations.6 Although 
in some patients the only complaint is the cosmetic appearance of urticaria 
pigmentosa lesions (Fig. 240-1), others suffer from frequent episodes of vascular 
instability or have life-threatening hematologic disease. In general, patients 
with mastocytosis belong to one of two broad categories, according to the 
site of tissue involvement: those with cutaneous disease alone, or those with 
systemic disease with or without skin involvement. Cutaneous mastocytosis 
(i.e., disease limited to the skin in the absence of internal organ involvement) 
is commonly diagnosed in children within the first year of life, whereas sys-
temic mastocytosis is mostly diagnosed in adults by a bone marrow biopsy 
and aspirate.

Cutaneous Manifestations
Maculopapular skin lesions of urticaria pigmentosa (known as maculopapular 
cutaneous mastocytosis) are the most common presentation of cutaneous 
mastocytosis (Fig. 240-1). They are also present in 50 to 90% of patients with 
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ABSTRACT
Mastocytosis is a heterogeneous group of disorders characterized by pathologic 
mast cell accumulation in tissues, including skin and bone marrow. The current 
WHO classification of mastocytosis divides the disorders into two broad 
categories: cutaneous mastocytosis (where abnormal mast cell infiltration is 
limited to skin) and systemic mastocytosis (where other organs are involved, 
with or without cutaneous mastocytosis). The systemic mastocytoses range 
from good to very poor prognosis disorders, including: indolent systemic 
mastocytosis, smoldering systemic mastocytosis, systemic mastocytosis with 
associated hematological non–mast cell lineage neoplasm, aggressive systemic 
mastocytosis, and mast cell leukemia. Clinical manifestations may be caused 
by mediators of mast cell activation release as well as tissue infiltration. Treat-
ment for the less aggressive forms of systemic mastocytosis is largely symp-
tomatic, whereas the more aggressive forms now can be treated with targeted 
therapy such as the multikinase inhibitor midostaurin, which also blocks the 
primary driver mutation KIT D816V.
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 EPIDEMIOLOGY
Mastocytosis can be diagnosed at any age.2 Pediatric-onset and adult-onset 
forms are distinguished on the basis of the age of the patient at initial diagnosis. 
These forms display differences in their clinical course, molecular pathology, 
and prognosis. The most common clinical scenario leading to diagnosis in 
the pediatric population is a child presenting with skin lesions of cutaneous 
mastocytosis within the first year of life. Patients with a later onset of skin 
lesions are more likely to have systemic mastocytosis, as are most patients 
with adult-onset mastocytosis. The disease has been diagnosed in all ethnic 
populations. Estimates of the prevalence of patients with cutaneous masto-
cytosis range from 1 in 500 to 1 in 8000 patients presenting in dermatology 
clinics. The prevalence of systemic mastocytosis is more difficult to estimate 
because the diagnosis requires biopsy of an involved tissue and a high degree 
of clinical suspicion, especially if skin lesions are absent. Systemic mastocytosis 
is likely to be underdiagnosed, considering the fact that there are neither 
physical examination findings nor routine hematologic or chemistry laboratory 
abnormalities specifically associated with the disease. Consequently, it is not 
unusual to encounter several years’ delay after the onset of symptoms in many 
patients before a diagnosis of mastocytosis is reached. The disease is sporadic, 
although rare cases of familial occurrence have been described.

 PATHOBIOLOGY
Pathogenesis
The pathogenesis of mastocytosis involves the accumulation of mast cells in 
tissues, with mediators released by activated mast cells. The primary reason 
for the increased mast cell numbers in tissues appears to be defective apoptosis 
rather than uncontrolled proliferation. It is unusual to see increased mitotic 
activity in biopsy specimens from patients with mastocytosis, and, in most 
patients, the disease follows an indolent course. Tissue microenvironment 
and altered chemotaxis may also contribute to the final level of tissue mast 
cell burden.

Genetics
Mast cells are derived from hematopoietic progenitors (Chapter 147). Systemic 
mastocytosis is associated with somatic gain-of-function point mutations in 
the KIT (formerly c-kit) gene of the mast cell progenitor, leading to a clonal 
neoplastic expansion of mast cells. KIT encodes a transmembrane receptor 
(Kit) whose intracellular portion functions as a tyrosine kinase enzyme. The 
extracellular portion of Kit binds the cytokine stem cell factor (SCF or Kit 
ligand). The interaction between SCF and Kit provides the single most impor-
tant growth and differentiation stimulus for mast cells from their progenitors. 
Under physiologic conditions, homodimeric SCF binds and cross-links two 
Kit receptor molecules, which leads to autophosphorylation of the tyrosine 
amino acids of the intracellular portion of the Kit molecule. Phosphorylated 
tyrosine residues in turn act as docking sites for downstream adaptor and 
signal transduction molecules that regulate the differentiation, proliferation, 
chemotaxis, and functional activation of mast cells.

The most common mutation reported in mastocytosis3,4 involves codon 816 
in KIT (located in exon 17), resulting in the replacement of an aspartic acid 
by a valine residue (D816V) in the Kit protein, leading to ligand-independent 
autophosphorylation. The D816V mutation has been shown in lesional mast 
cells from the skin or bone marrow tissue of more than 90% of adults and 
approximately 40% of pediatric patients with mastocytosis. Another 40% of 
pediatric patients carry KIT mutations in other exons, most commonly in 
exons 8 and 9. KIT mutations can be demonstrated in non–mast cell hema-
topoietic lineages in advanced variants of systemic mastocytosis, similar to the 
multilineage involvement observed in myeloproliferative neoplasms (Chapter 

TABLE 240-1 WORLD HEALTH ORGANIZATION 
CLASSIFICATION OF MASTOCYTOSIS

Cutaneous mastocytosis
Indolent systemic mastocytosis
Systemic smoldering mastocytosis
Systemic mastocytosis with associated hematological neoplasm (AHN)
Aggressive systemic mastocytosis
Mast cell leukemia
Mast cell sarcoma
From Horny HP, Akin C, Arber, DA et al. Mastocytosis. In: Swerdlow SH, Campo E, Harris NL, 
et al, eds. WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues. Lyon, France: 
IARC Press; 2017:60-69.

157). The sensitivity of detecting the mutation is much higher when a lesional 
tissue such as bone marrow or skin is analyzed compared with peripheral 
blood. Other pathogenetic factors, some yet to be determined, appear to be 
responsible for the final disease phenotype because the presence of the D816V 
KIT mutation alone does not explain the remarkable heterogeneity in the 
clinical presentation and prognosis of the disease. Molecular aberrations in 
TET2, SRSF2, ASXL1, CBL, RUNX1, and DNMT3A have been the other most 
frequently identified mutations in advanced forms of systemic mastocytosis. In 
advanced systemic mastocytosis, most patients carry three or more mutations.

 CLINICAL MANIFESTATIONS
Symptoms
The symptoms of mastocytosis are primarily related to the release of mast cell 
mediators and rarely by the destructive infiltration of mast cells into tissues 
or consequences of an associated hematologic neoplasm. Mast cell activation5 
results in the release of various preformed mediators stored in mast cell gran-
ules, de novo synthesis of sulfidopeptide leukotrienes such as LTC4 and pros-
taglandins (mostly PGD2) from membrane lipids, and cytokine synthesis. 
Preformed mediators stored in mast cell granules include histamine; proteases 
such as tryptase, chymase, and carboxypeptidase A; and proteoglycans such 
as heparin and chondroitin sulfate. Vasoactive mediators such as histamine, 
LTC4, and PGD2 at local or distant tissues cause vasodilation, which may lead 
to flushing, tachycardia, hypotension, presyncope, and syncope. Histamine 
also causes pruritus and stimulates gastric acid hypersecretion from parietal 
cells. Mast cells are rich sources of cytokines. Elevated serum levels of tumor 
necrosis factor-α and interleukin-6 have been found in patients with masto-
cytosis and may contribute to the pathophysiologic process of fatigue and 
accelerated osteoporosis observed in some patients. Rare aggressive categories 
of mastocytosis may be associated with an extensive destructive infiltration 
of mast cells into tissues such as the gastrointestinal tract, which may result 
in malabsorption, and the liver, which may cause portal fibrosis with associ-
ated portal hypertension.

Mast cell activation and mediator release may occur after triggers, such as 
temperature changes (e.g., hot showers), exercise, ingestion of alcohol or spicy 
foods, emotional stress, insect stings, and exposure to certain drugs (such as 
opioid analgesics, nonsteroidal anti-inflammatory drugs, or muscle relaxants), 
and sometimes spontaneously without an obvious trigger. The prevalence of 
atopic disease in patients with mastocytosis is similar to that in the general 
population, and the serum immunoglobulin E (IgE) level is often found to 
be low. However, patients with anaphylactic sensitivity to hymenoptera venoms 
appear to have a disproportionately high incidence of mastocytosis.

Mastocytosis is a disease with protean clinical manifestations.6 Although 
in some patients the only complaint is the cosmetic appearance of urticaria 
pigmentosa lesions (Fig. 240-1), others suffer from frequent episodes of vascular 
instability or have life-threatening hematologic disease. In general, patients 
with mastocytosis belong to one of two broad categories, according to the 
site of tissue involvement: those with cutaneous disease alone, or those with 
systemic disease with or without skin involvement. Cutaneous mastocytosis 
(i.e., disease limited to the skin in the absence of internal organ involvement) 
is commonly diagnosed in children within the first year of life, whereas sys-
temic mastocytosis is mostly diagnosed in adults by a bone marrow biopsy 
and aspirate.

Cutaneous Manifestations
Maculopapular skin lesions of urticaria pigmentosa (known as maculopapular 
cutaneous mastocytosis) are the most common presentation of cutaneous 
mastocytosis (Fig. 240-1). They are also present in 50 to 90% of patients with 

FIGURE 240-1. Urticaria pigmentosa. 
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specimens is generally not helpful, and diagnosis of mast cell disease by a 
gastrointestinal biopsy, solely based on increased mast cell numbers without 
evidence for other WHO criteria, should be avoided. Mild to moderate hepato-
megaly with or without abnormalities in serum transaminases may be observed, 
although portal hypertension and ascites are rare and indicate the presence of 
advanced categories of mastocytosis. Jaundice and findings on cholangiogra-
phy resembling those of primary sclerosing cholangitis have been reported in  
some patients.

Musculoskeletal Symptoms
Musculoskeletal pain is common in patients with mastocytosis and is mostly 
caused by soft tissue pain resembling fibromyalgia. Accelerated osteoporosis 
may be seen in a subgroup of patients, particularly those with other risk factors, 
such as postmenopausal women, and those receiving glucocorticoid therapy. 
Pathologic compression fractures and other fragility fractures due to bone 
involvement may be the initial finding in some patients.7 A bone densitometry 
measurement should be recommended as part of the standard evaluation of 
women with mastocytosis and of any patient with a history of pathologic 
fractures. Radiographic abnormalities have been reported in up to 75% of 
patients with mastocytosis. In addition to generalized osteoporosis, bone 
surveys may show a mixture of sclerotic or lytic lesions, and skeletal scintig-
raphy may reveal focal or diffuse radiotracer uptake.

Hematologic Manifestations
Peripheral blood abnormalities have been noted in up to 50% of patients with 
systemic mastocytosis. Mild normochromic normocytic anemia is the most 
common abnormality, followed by thrombocytopenia, eosinophilia, mono-
cytosis, and leukopenia. Eosinophilia in mastocytosis rarely causes organ 
damage, as is observed in chronic eosinophilic leukemia or idiopathic hype-
reosinophilic syndrome (Chapter 161). It is important to differentiate a primary 
eosinophilic disorder from mastocytosis with eosinophilia. Some cases of 
chronic eosinophilic leukemia are associated with the FIP1L1-PDGFRA fusion 
gene and respond to the drug imatinib, whereas systemic mastocytosis is 
associated with codon 816 point mutations of the KIT gene, which confers 
resistance to this drug.

Approximately 20% of patients with systemic mastocytosis have been reported 
to display evidence of another clonal non–mast cell hematologic disease. 
Non–mast cell clonal hematologic neoplasms associated with mastocytosis 
are commonly myeloid in nature (myeloproliferative neoplasms, myelodys-
plastic syndromes, or myeloid leukemias) but may also involve lympho-
proliferative disorders, such as lymphomas, myelomas, and lymphocytic 
leukemias.

 DIAGNOSIS
The diagnosis and classification of mastocytosis are carried out according to 
the guidelines published by the WHO. A suggested algorithm for the diagnosis 
of mastocytosis is shown in Figure 240-2.

Cutaneous Mastocytosis
Diagnosis of cutaneous mastocytosis is made by observing the typical hyper-
pigmented maculopapular lesions of urticaria pigmentosa and is confirmed 
by skin biopsy, which shows infiltration of mast cells in the upper dermis, 
particularly in perivascular locations. Mild increases in mast cell numbers can 
be observed in inflammatory and neoplastic skin diseases, and establishing a 
diagnosis of cutaneous mastocytosis by a blind skin biopsy or biopsy of a 
lesion that does not have the typical appearance of urticaria pigmentosa should 
be avoided. A localized wheal-and-flare reaction limited to the lesional skin 
within a few minutes after rubbing or scratching of the skin is known as the 
Darier sign. Diagnosis of urticaria pigmentosa in adults should always prompt 
investigation of possible systemic mastocytosis.

Systemic Mastocytosis
Biopsy
The recommended diagnostic procedure to evaluate the presence of WHO 
diagnostic criteria for systemic disease (discussed later) is a bone marrow 
biopsy and aspiration. This procedure is recommended for all patients with 
adult-onset urticaria pigmentosa, patients with recurrent symptoms suggestive 
of mast cell degranulation (such as flushing and hypotension accompanied 
by abdominal complaints), patients with unexplained osteoporosis, and patients 
with suspected hematologic disease (see Clinical Manifestations). Children 
with an onset of lesions within the first year of life usually do not require a 
bone marrow biopsy unless they have abnormal blood counts, lymphadenopathy, 

systemic mastocytosis, depending on the disease category. Remarkably dif-
ferent in appearance from urticaria or hives, lesions of urticaria pigmentosa 
are fixed, tan- to salmon-colored lesions varying in size from a few millimeters 
to a few centimeters. They are most prominently observed on the trunk and 
extremities and tend to spare the face and the sun-exposed areas of the skin, 
although facial and scalp involvement may be seen in children. Blistering of 
the lesions may occur in children mostly in the first 3 years of life. The lesions 
are generally not pruritic at rest but may urticate after exposure to a number 
of triggers (see Pathobiology). Many patients note that the skin lesions become 
more prominent after exposure to heat or after physical irritation such as 
rubbing. The lesions may be found concentrated in skin areas that are prone 
to irritation, such as the axillae and groin.

Uncommon presentations of cutaneous mastocytosis include mastocytomas, 
and diffuse cutaneous mastocytosis. Mastocytomas are benign and generally 
solitary mast cell tumors, although they have been known to precede urticaria 
pigmentosa lesions in some cases. They occur almost exclusively in children, 
and physical irritation of the lesion may result in generalized flushing and 
other symptoms of mast cell mediator release. Diffuse cutaneous mastocytosis 
is another form of skin involvement seen exclusively in children. It is charac-
terized by diffuse thickening of the skin and appendages with a peau d’orange 
appearance without individual urticaria pigmentosa lesions. Telangiectasia 
macularis eruptive perstans (TMEP) is a rare form of cutaneous mastocytosis 
characterized by the presence of diffuse telangiectatic macules. Because TMEP 
lesions are generally seen in the presence of urticaria pigmentosa, there is 
debate about whether TMEP represents a distinct form of cutaneous 
mastocytosis.

Patients with cutaneous mastocytosis may manifest other symptoms such 
as abdominal pain, diarrhea, and flushing.

Systemic Manifestations
Symptoms caused by mast cell degranulation may be experienced as brief, 
recurrent, and self-limited episodes with multiorgan manifestations or as 
chronic complaints during a prolonged time course. A typical mast cell degranu-
lation episode may variably involve flushing, conjunctival hyperemia, nausea, 
vomiting, abdominal cramping, diarrhea, tachycardia, and lightheadedness. 
Symptoms of mast cell activation (or “mast cell activation syndromes”) may 
occur in conditions other than mastocytosis (see Chapter 238) where the 
activation of mast cells is a reactive process secondary to stimuli generated 
by another pathologic process. Hypotension may develop, and the episode 
may progress to full loss of consciousness in some patients. Therefore, mas-
tocytosis should be considered in all patients with recurrent anaphylaxis before 
a diagnosis of idiopathic anaphylaxis can be made. Tryptase, a protease stored 
in mast cell granules, may be elevated above the patient’s baseline level in the 
serum or plasma if it is measured within 4 hours after the onset of the episode 
in patients with suspected mast cell degranulation or anaphylaxis, regardless 
of the cause. Angioedema, hives, and wheezing are uncommon in mastocytosis. 
Flushing usually involves the face and upper chest area. A consistent trigger 
can be identified in only a small number of patients (see Pathobiology). The 
episodes usually last 30 minutes to a few hours. Hypotensive episodes can be 
life-threatening, particularly in the presence of comorbidities, such as cardiac 
or pulmonary disease. Systemic mastocytosis should be suspected in all patients 
with systemic reactions to hymenoptera stings, especially those involving 
hypotensive syncope or near-syncope.

Gastrointestinal Symptoms
Gastrointestinal symptoms are observed in more than 50% of patients with 
mastocytosis. Epigastric pain, lower abdominal cramping, nausea, vomiting, or 
diarrhea can occur episodically in the context of an acute mast cell degranu-
lation episode or on a chronic basis. Gastric acid hypersecretion induced 
by mast cell–derived histamine may lead to esophagitis, gastritis, and peptic 
ulcer disease, although measurements of basal acid output have shown great 
variability in different studies, ranging from hypersecretion in the range of 
Zollinger-Ellison syndrome to achlorhydria. Mucosal edema, thickened 
gastric or duodenal mucosal folds, or nodular lesions may be observed in 
radiographic or endoscopic evaluations. Diarrhea alternating with constipa-
tion may be seen. Severe persistent diarrhea may be complicated by clinically 
significant malabsorption in patients with aggressive systemic mastocytosis. 
Hematochezia, hematemesis, and melena are uncommon symptoms and should 
prompt endoscopic evaluation to rule out coexisting disease. Mast cells are 
constituents of the normal lamina propria in gastrointestinal mucosa, and their 
numbers may be increased in inflammatory states affecting the gastrointestinal 
tract. However, quantitation of mast cell numbers in gastrointestinal biopsy 
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15 or more mast cells in bone marrow or other extracutaneous tissue biopsy 
sections (Fig. 240-3A). Such clusters are frequently observed around blood 
vessels and next to bone trabeculae in bone marrow biopsy sections. Immu-
nohistochemical staining for tryptase and CD117 is the recommended method 
for visualization of mast cells. Routine hematoxylin and eosin or metachromatic 
stains such as toluidine blue are not sufficiently sensitive to demonstrate subtle 
mast cell infiltrates or abnormal morphologic features of mast cells within the 
infiltrates in decalcified bone marrow biopsy sections.

Mast cell morphology in bone marrow provides important clues to the 
diagnosis of systemic mastocytosis. Bone marrow mast cells in systemic mas-
tocytosis often display atypical morphology, such as an elongated (spindle) 
shape, hypogranularity, and an eccentric or lobulated nucleus (Fig. 240-3B). 
These atypical mast cells are usually observed in close association with bone 
marrow spicules in the aspirate smear. Mast cells in mast cell leukemia may 
be very sparsely granulated.

Flow cytometric analysis of the mast cells in a bone marrow aspirate, when 
it is performed appropriately, is a sensitive diagnostic aid. The mean percent-
age of mast cells in a healthy bone marrow aspirate is approximately 0.02%, 
and it does not exceed 1% in most patients with mastocytosis. Therefore, to 
visualize the mast cell population correctly, the total cell numbers analyzed 
by flow cytometry should be significantly higher than those in other, more 
routine evaluations (e.g., leukemia phenotyping). The characteristic flow 
cytometric finding of systemic mastocytosis is the aberrant expression of CD25 
with or without CD2 on CD117+ mast cells. CD25 is more sensitive than 
CD2 as CD2 may be absent or weakly expressed in some cases of advanced 
mastocytosis. Aberrant CD25 expression can also be demonstrated by immu-
nohistochemical staining of bone marrow biopsy specimens.8 Serum tryptase 
level may be elevated in patients with mastocytosis.9 Currently available com-
mercial tryptase immunoassays measure levels of total tryptase, the sum of 
mature tryptase, and tryptase precursors. Mature tryptase enzyme is a serine 
protease stored in mast cell granules and is transiently elevated in serum or 
plasma after mast cell degranulation episodes, such as anaphylaxis. In contrast, 
tryptase precursor proenzymes (α and β protryptases) are constitutively 
secreted outside the cell, and their serum levels at baseline correlate with mast 

hepatomegaly, or splenomegaly. Children with late-onset skin lesions, (espe-
cially those with uniform morphology as opposed to polymorphic lesions of 
various sizes) and those who experience persistence of maculopapular cutane-
ous mastocytosis into adulthood should be considered for diagnostic evaluation 
for systemic disease.

World Health Organization Diagnostic Criteria
WHO guidelines for diagnosis of systemic mastocytosis consist of one major 
and four minor criteria (Table 240-2). Presence of the major criterion with 
at least one minor criterion, or demonstration of three minor criteria in the 
absence of the major criterion, is needed to establish a diagnosis of systemic 
mastocytosis and to distinguish it from reactive mast cell hyperplasia. The 
major diagnostic criterion is the presence of multifocal, dense aggregates of 

Cutaneous
mastocytosis

Yes

Yes

Yes

Yes

Age

Child

Systemic mastocytosis
(see Table 240-1 for classification)

Bone marrow biopsy
and aspirate

Criteria for systemic
disease

Adult

Bone marrow biopsy
and aspirate

Criteria for
systemic disease

No

No

No

No

Consider
alternative
diagnosis

Skin lesions (urticaria pigmentosa or other cutaneous 
mastocytosis confirmed by skin biopsy)

Unexplained presence 
of abnormal CBC, 

hepatomegaly, 
splenomegaly, 

lymphadenopathy

FIGURE 240-2. Suggested diagnostic algorithm for mastocytosis. cBc = complete 
blood count. 

TABLE 240-2 WORLD HEALTH ORGANIZATION DIAGNOSTIC 
CRITERIA FOR SYSTEMIC MASTOCYTOSIS

MAJOR

Multifocal, dense infiltrates of mast cells consisting of 15 or more mast cells in 
aggregates detected in sections of bone marrow and/or other extracutaneous 
organs, confirmed by tryptase immunohistochemistry or other special stains

MINOR

a. More than 25% of mast cells in the infiltrate in biopsy sections or bone marrow 
aspirate smears showing spindle shape or atypical morphology

b. Detection of a KIT codon 816 point mutation in bone marrow, blood, or other 
extracutaneous organs

c. Expression of CD25 with or without CD2 by mast cells in bone marrow, blood, 
or extracutaneous organs

d. Persistent elevation of serum total tryptase >20 ng/mL*
*Criterion not valid if there is an associated clonal myeloid disorder.
Diagnosis requires at least 1 major plus 1 minor or 3 minor criteria.
From Valent P, Akin C, Metcalfe DD. Mastocytosis: 2016 updated WHO classification and novel 
emerging treatment concepts. Blood. 2017;129:1420-1427.

A

B

FIGURE 240-3. Diagnostic findings in the bone marrow biopsy specimen and aspirate 
smear. A, characteristic mast cell aggregates on tryptase staining (major criterion) in 
biopsy section (arrow). B, Mast cells with atypical spindle shapes in aspirate smear (arrow). 
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although they experience symptoms related to the release of mast cell media-
tors. Indolent systemic mastocytosis follows a persistent course, and progres-
sion to a more advanced category is unusual (<5% of cases). SM-AHN is the 
second most common category in adults, and a non–mast cell hematologic 
disease is usually diagnosed at the time that the diagnosis of mastocytosis is 
made. Therefore, bone marrow biopsy and aspirate specimens should be care-
fully evaluated for the presence of other hematologic disease in every patient 
with newly diagnosed systemic mastocytosis. Aggressive systemic mastocytosis 
is a rare category characterized by the presence of organ dysfunction resulting 
from destructive mast cell infiltration. Aggressive systemic mastocytosis may 
involve the hematopoietic, gastrointestinal, and skeletal systems in the form 
of cytopenias, hypersplenism, malabsorption with weight loss, hepatomegaly 
with portal hypertension and ascites, and large osteolytic lesions with patho-
logic fractures; these constitute so-called C-findings as defined by the WHO 
criteria. Smoldering systemic mastocytosis denotes patients with high mast cell 
burden as evidenced by 2 or more B-findings (more than 30% infiltration by 
mast cells in bone marrow biopsy or tryptase >200 ng/ml; signs of dysplasia 
or myeloproliferation without meeting the criteria for an AHN; hepatomegaly 
or splenomegaly without liver dysfunction or hypersplenism) in the absence 
of C-findings or mast cell leukemia. Mast cell leukemia is characterized by 10% 
or more mast cells in the peripheral circulation or 20% or more mast cells in 
bone marrow aspirate smears, or both. To diagnose mast cell leukemia, the 
mast cell percentage in bone marrow aspirate smears should be assessed in 
an area of the slide that is sufficiently distant from the spicules. Mast cell 
sarcoma is a rare diagnosis characterized by malignant and invasive solid mast 
cell tumor.

There is a subset of patients with recurrent idiopathic or hymenoptera 
venom–induced anaphylaxis who have evidence of clonal mast cells carrying 
the D816V KIT mutation or aberrantly expressing surface CD25, without 
fully meeting the WHO diagnostic criteria and without displaying urticaria 
pigmentosa skin lesions. Such patients are provisionally referred to as having 
a monoclonal mast cell activation syndrome.

cell burden. The median serum tryptase level in a healthy population is approxi-
mately 5 ng/mL. A serum tryptase level higher than 20 ng/mL raises suspicion 
for systemic mastocytosis in the appropriate clinical setting. A normal tryptase 
level does not rule out a diagnosis of mastocytosis, and increased tryptase 
levels can be seen in other conditions, such as hereditary alpha-tryptasemia, 
myelodysplastic syndromes, acute myeloid leukemias, chronic eosinophilic 
leukemia, and chronic renal insufficiency. Metabolites of histamine, such as 
N-methylhistamine, and prostaglandin D2 can be elevated in a 24-hour urine 
specimen but are neither more sensitive nor more specific than the baseline 
serum tryptase measurement in mastocytosis.

Demonstration of a codon 816 KIT mutation (D816V) may be necessary 
to fulfill the diagnostic criteria in patients lacking the major criterion (see 
Pathobiology).10 Examination of lesional tissues, such as skin and bone marrow, 
affords the highest sensitivity. Codon 816 KIT mutations have been detected 
in a variety of other neoplastic diseases, such as core binding factor acute 
myeloid leukemias, sinonasal lymphomas, and seminomas, in addition to 
mastocytosis.

A rare histologic variant with clustering of mature round mast cells without 
CD25 expression termed well-differentiated systemic mastocytosis has been 
described. These patients generally have a history of childhood-onset masto-
cytosis without the D816V KIT mutation and therefore may respond to imatinib 
as opposed to those with typical systemic mastocytosis carrying the D816V 
mutation (see Treatment).

World Health Organization Disease Categories
Each patient diagnosed with mastocytosis should be assigned a category of 
disease according to the WHO classification (see Table 240-1).11 Cutaneous 
mastocytosis in the absence of bone marrow and internal organ involvement 
is the most common category in patients with pediatric-onset disease.

Systemic mastocytosis is divided into the categories of indolent systemic 
mastocytosis, smoldering systemic mastocytosis, systemic mastocytosis with 
an associated hematologic neoplasm (SM-AHN), aggressive systemic masto-
cytosis, and mast cell leukemia. An algorithm for classification of systemic 
mastocytosis is presented in Figure 240-4. Indolent systemic mastocytosis is the 
most common category in adults. Patients in this category usually have a 
normal life expectancy compared with age-matched general populations, 
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FIGURE 240-4. An algorithm for classification of systemic mastocytosis. asM = aggres-
sive systemic mastocytosis; isM = indolent systemic mastocytosis; MDs = myelodysplastic 
syndromes; MPN = myeloproliferative neoplasms; sM-aHN = systemic mastocytosis with 
associated clonal hematologic non–mast cell lineage disease; ssM = systemic smoldering 
mastyocytosis. 

The major goal of treatment for all categories of mastocytosis is symptom 
control. A reduction in mast cell numbers is considered only in disease categories 
with a poor prognosis (i.e., SM-AHNMD, aggressive systemic mastocytosis, mast 
cell leukemia, and mast cell sarcoma).12 Current treatment modalities have not 
been shown to change the natural course of the disease.

Medical Therapy
Adults with cutaneous and indolent systemic mastocytosis are treated symp-

tomatically. Pruritus in mastocytosis usually responds to scheduled doses of 
histamine1-receptor blocker antihistamines, such as loratadine (10 mg daily), 
fexofenadine (180 mg with water daily), or cetirizine (5 to 10 mg daily).13 These 
doses may be doubled to twice daily if needed in symptomatic patients. Sedat-
ing antihistamines, such as hydroxyzine (25 mg three times daily) or diphenhy-
dramine, may be used before bedtime. Photochemotherapy (oral psoralen plus 
ultraviolet A) or phototherapy may be helpful in patients with refractory pruritus; 
it results in symptomatic improvement and temporary fading of the pigmented 
skin lesions in up to 50% of patients. The side effects of phototherapy, including 
increased risk of skin cancer, should be taken into account when this treatment 
is considered.

Histamine2-receptor blocker antihistamines, such as ranitidine (150 mg twice 
daily) or famotidine (20 mg once or twice daily), are usually prescribed as a 
first-line treatment for patients with gastrointestinal complaints, such as heart-
burn, nausea, and abdominal pain. The dual H1- and serotonin-receptor antagonist 
cyproheptadine (4 mg three times daily) may be used for diarrhea, flushing, 
or headaches. Proton pump inhibitors may be added in patients whose abdomi-
nal symptoms are refractory to histamine2-receptor blockers. Oral cromolyn 
sodium (adult dose, 200 mg four times daily) has been effective in reducing 
abdominal pain, diarrhea, nausea, vomiting, and pruritus in various studies, 
although the beneficial effects are variable among patients. Finally, low to 
moderate doses of systemic glucocorticoids can be beneficial in unusual cases 
of aggressive mastocytosis presenting with recalcitrant diarrhea associated 
with malabsorption or hepatomegaly with ascites.

Cysteinyl leukotrienes, such as LTC4, that are produced after mast cell activa-
tion are thought to contribute to symptoms in mastocytosis. Therefore, drugs 
targeting the synthesis or receptor binding of leukotrienes are usually added 
to the treatment regimens of patients who derive suboptimal relief of itching 
and abdominal pain from histamine receptor–blocking therapy. For example, 
montelukast (10 mg daily) or zileuton may be useful when used in conjunction 
with H1- and H2-receptor antagonists. Patients should be warned about psy-
chiatric side effects.

TREATMENT 

 PROGNOSIS
The prognosis for mastocytosis varies by the category of disease. At least 50% 
of patients with pediatric-onset cutaneous mastocytosis have complete resolu-
tion of the disease by adolescence, and the great majority of the rest of those 
patients experience improvement or fading of the skin lesions. Indolent systemic 
mastocytosis is a persistent disease but has a good prognosis without a decrease 
in life expectancy, and progression to a more aggressive disease category is 
rare. Factors associated with poorer prognosis have been reported as the absence 
of urticaria pigmentosa, older age at onset of symptoms, elevated serum lactate 
dehydrogenase or alkaline phosphatase, thrombocytopenia, anemia, peripheral 
blood smear abnormalities, and detectability of the D816V KIT mutation in 
peripheral blood.17 The prognosis for SM-AHN is determined by the prognosis 
for the associated hematologic disorder. Aggressive systemic mastocytosis 
and mast cell leukemia have poor prognoses, with median survival times of 
less than 3 years and less than 1 year, respectively.

 Grade A Reference
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 PROGNOSIS
The prognosis for mastocytosis varies by the category of disease. At least 50% 
of patients with pediatric-onset cutaneous mastocytosis have complete resolu-
tion of the disease by adolescence, and the great majority of the rest of those 
patients experience improvement or fading of the skin lesions. Indolent systemic 
mastocytosis is a persistent disease but has a good prognosis without a decrease 
in life expectancy, and progression to a more aggressive disease category is 
rare. Factors associated with poorer prognosis have been reported as the absence 
of urticaria pigmentosa, older age at onset of symptoms, elevated serum lactate 
dehydrogenase or alkaline phosphatase, thrombocytopenia, anemia, peripheral 
blood smear abnormalities, and detectability of the D816V KIT mutation in 
peripheral blood.17 The prognosis for SM-AHN is determined by the prognosis 
for the associated hematologic disorder. Aggressive systemic mastocytosis 
and mast cell leukemia have poor prognoses, with median survival times of 
less than 3 years and less than 1 year, respectively.

Self-administered epinephrine should be considered for all patients even if 
they do not have any history of hypotensive or anaphylactic episodes resulting 
in presyncope or syncope from acute mast cell degranulation. These episodes 
should be treated like systemic anaphylaxis (Chapter 238).

Masitinib, a KIT and LYN kinase inhibitor, has been shown in a randomized 
trial to be an effective and well-tolerated agent for the treatment of severely 
symptomatic indolent or smoldering systemic mastocytosis. A1  However, the 
response rate, in terms of 75% improvement from baseline, is less than 20%. 
Omalizumab (a humanized anti-IgE monoclonal antibody) has been shown to be 
beneficial in reducing recurrent anaphylactic or mast cell activation symptoms in  
case reports.

cytoreductive therapies
Cytoreductive therapy is generally considered in aggressive disease variants 

associated with poor prognosis. Some patients with recurrent life-threatening 
episodes of mast cell mediator release unresponsive to conventional therapy 
may also be candidates for cytoreductive therapy after careful consideration 
of risks and benefits. Approaches to cytoreductive treatment of mastocytosis 
have included tyrosine kinase inhibitors,14 interferon alfa-2b, and the nucleoside 
analogue cladribine. No cytoreductive therapy has been shown to result in 
complete remission.

Most patients with mastocytosis have the D816V KIT mutation, which confers 
resistance to imatinib, and therefore are not appropriate candidates for this 
therapy. Midostaurin (100 mg twice daily), which inhibits the common KIT D816V 
driver mutation, provided a 60% response rate in patients with advanced sys-
temic mastocytosis, including mast-cell leukemia.15 Due to its favorable toxicity 
profile, midostaurin is emerging as a first-line therapy in patients needing 
cytoreduction. Otherwise, mast cell leukemia usually is treated with polyche-
motherapy as acute myeloid leukemia (Chapter 173), although successful treat-
ment regimens have not yet been identified. Imatinib, a tyrosine kinase inhibitor 
with activity against wild-type KIT, PDGFR, and abl, has been effective in a small 
number of patients without D816V KIT mutation or with the FIP1L1-PDGFRA 
fusion gene, who present with chronic eosinophilic leukemia (Chapter 161) 
with a modest increase in bone marrow mast cells.

Interferon alfa-2b (0.5 to 5 million units, three to five times per week), alone 
or with prednisone, has been reported to partially improve clinical and labora-
tory abnormalities in approximately 50% of patients with aggressive systemic 
mastocytosis, patients with osteoporosis and pathologic fractures, and patients 
with recalcitrant recurrent anaphylaxis, although complete histopathologic and 
molecular remissions appear to be rare. Interferon alfa is difficult to tolerate 
because of its many side effects, including influenza-like symptoms, bone pain, 
and depression.

Cladribine is a synthetic purine analog (0.14 mg/kg in infusion or subcutane-
ously, days 1-5; repeated at 4 to 12 weeks until 1 to 9 courses). In one series, 
it was effective for indolent and aggressive mastocytosis, with an overall 22% 
response rate. However, it is associated with a high risk for lymphopenia, neu-
tropenia, and opportunistic infections.16

Ancillary and Other Therapies
Avoidance of the triggers of mast cell degranulation is an important adjunct 

to the pharmacologic treatment of symptoms. These show remarkable individual 
variation among systemic mastocytosis patients (see Pathobiology), and the 
individual medical history can be helpful in identifying such triggers. General 
anesthesia and surgery impose an additional risk to patients with mastocytosis 
because several agents that are used perioperatively, such as muscle relaxants, 

opioid analgesics, and nonsteroidal anti-inflammatory drugs, can induce acute 
mast cell degranulation. Prior surgical and anesthesia records should be obtained 
if available, and an appropriate strategy for the anesthetic management of the 
patient should be determined, with close communication involving the patient, 
anesthesiologist, surgeon, and an allergist.

Non–mast cell clonal hematologic disorders associated with mastocytosis 
should be treated according to the standard-of-care guidelines for those dis-
orders, regardless of the presence of mastocytosis. Hematopoietic stem cell 
transplantation (Chapter 168) has yielded variable results for the treatment of 
mast cell disease, and occasional cases resulting in complete remission have 
been reported.

Venom immunotherapy is recommended for those with a history of systemic 
reactions to hymenoptera who have evidence of IgE-mediated sensitization 
(by blood or skin allergy testing). Most experts recommend the duration of the 
therapy to be indefinite as fatalities have been reported after discontinuation 
of immunotherapy.

Because of the high prevalence of osteoporosis and pathologic bone fractures 
in mastocytosis, bone densitometry should be considered a standard diagnostic 
procedure in adult patients with mastocytosis. If osteoporosis is detected, it 
should be treated per standard recommendations (Chapter 230).
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4. Which of the following patients is a candidate for therapy with 
imatinib?
 A. 30-year-old with adult-onset indolent systemic mastocytosis with D816V 

KIT mutation who remains symptomatic despite symptomatic therapy
 B. 30-year-old with adult-onset systemic mastocytosis with occasional 

symptoms on symptomatic therapy; peripheral blood analysis negative 
for D816V KIT mutation

 C. 60-year-old with systemic mastocytosis, splenomegaly, and pancytope-
nias; peripheral blood and bone marrow positive for D816V KIT 
mutation

 D. 40-year-old with childhood-onset cutaneous mastocytosis that persisted 
into adulthood; patient recently developed progressive splenomegaly 
and anemia; mutational analysis of bone marrow shows an exon 8 KIT 
mutation

Answer: D Patients with D816V KIT mutation regardless of the category of 
mastocytosis are resistant to therapy with imatinib. Patients with cutaneous 
or indolent systemic mastocytosis with symptoms manageable by symptomatic 
therapy are not candidates for cytoreductive therapy regardless of the muta-
tional status. Patients with well-differentiated systemic mastocytosis without 
codon 816 (exon 17) KIT mutations have a high likelihood of response to 
imatinib. (Akin C, Fumo G, Yavuz AS, et al. A novel form of mastocytosis 
associated with a transmembrane c-kit mutation and response to imatinib. 
Blood. 2004;103:3222-3225.)

5. Which of the following mast cell mediator measurements raises the greatest 
suspicion for mastocytosis?
 A. Tryptase level of 50 ng/mL in a patient with perioperative anaphylaxis, 

obtained 1 hour after the event
 B. Baseline tryptase level of 90 ng/mL in a patient who experiences recur-

rent anaphylactic episodes of unclear etiology
 C. Elevated urinary N-methylhistamine in a patient with recurrent unex-

plained flushing
 D. Elevated urinary prostaglandin D2 in a patient with chronic diarrhea 

and osteoporosis
Answer: B Urinary metabolites of mast cell mediators are neither more sensi-
tive nor more specific than measurement of baseline tryptase in diagnosis of 
systemic mastocytosis. Tryptase levels increase (usually within 4 hours) after 
an anaphylactic event regardless of whether it is associated with mastocytosis. 
Some patients with recurrent unexplained anaphylaxis who may have been 
previously diagnosed with idiopathic anaphylaxis may have mastocytosis as 
an underlying disorder (especially if the anaphylactic episodes involve hypo-
tension and syncope rather than urticaria or angioedema). The diagnosis should 
be confirmed by a bone marrow biopsy in the patient in option D. (Akin C, 
Scott LM, Kocabas CN, et al. Demonstration of an aberrant mast-cell popula-
tion with clonal markers in a subset of patients with “idiopathic” anaphylaxis. 
Blood. 2007;110:2331-2333; and Akin C, Metcalfe DD. Surrogate markers of 
disease in mastocytosis. Int Arch Allergy Immunol. 2002;127:133-136.)

REVIEW QUESTIONS

1. Which of the following markers is aberrantly expressed by mast cells in 
patients with systemic mastocytosis?
 A. CD25
 B. CD117 (Kit)
 C. High-affinity IgE receptor
 D. CD45

Answer: A CD25 (alpha chain of the interleukin-2 receptor) is aberrantly 
expressed and is a sensitive diagnostic marker in systemic mastocytosis. All 
others are expressed by both normal and pathologic mast cells. (Valent P, 
Horny HP, Escribano L, et al. Diagnostic criteria and classification of masto-
cytosis: a consensus proposal. Leuk Res. 2001;25:603-625.)

2. A 25-year-old woman has recently been diagnosed with systemic masto-
cytosis by a bone marrow biopsy. There was no other hematologic disease 
noted. She experiences pruritus of the skin in hot weather and occasional 
abdominal cramping but is otherwise asymptomatic. KIT mutational analysis 
reveals the D816V mutation in bone marrow. Which of the following is 
the most appropriate treatment?
 A. Imatinib
 B. H1 and H2 antihistamines
 C. Prednisone
 D. Interferon alfa
 E. Bone marrow transplantation

Answer: B This patient has indolent systemic mastocytosis and should be 
treated symptomatically. Cytoreductive therapies such as interferon alfa are 
indicated in patients with aggressive mastocytosis. The patient is not a can-
didate for imatinib because of indolent disease and presence of D816V KIT 
mutation. The patient’s symptoms do not warrant bone marrow transplantation 
or use of systemic glucocorticoids, which are associated with long-term adverse 
effects. (Valent P, Akin C, Escribano L, et al. Standards and standardization 
in mastocytosis: consensus statements on diagnostics, treatment recommen-
dations, and response criteria. Eur J Clin Invest. 2007;37:435-453.)

3. A 35-year-old farmer with a 10-year history of mastocytosis who is other-
wise healthy has recently experienced anaphylaxis with brief loss of con-
sciousness after being stung by a honeybee. Allergy skin testing confirmed 
honeybee allergy. What is the most appropriate next step in management 
of honeybee allergy in this patient?
 A. Venom immunotherapy is not recommended because of increased risk 

of reactions to immunotherapy due to mastocytosis.
 B. Recommend venom immunotherapy for 5 years.
 C. Recommend venom immunotherapy indefinitely.
 D. Confirm skin test results by blood testing before recommending 

immunotherapy.
Answer: C Patients with mastocytosis are at increased risk for life-threatening 
reactions to hymenoptera stings. Fatalities have been reported in patients after 
discontinuation of venom immunotherapy. Therefore, most experts recom-
mend immunotherapy when IgE-mediated sensitization is found by either 
skin or blood testing in these patients. Whereas the patients are also at increased 
risk of having a systemic reaction during immunotherapy, the risk-benefit 
ratio is often considered favorable to initiate immunotherapy. The patients 
should always continue to carry a self-injectable epinephrine because the 
protection is lower than for those without mastocytosis. (Niedoszytko M, de 
Monchy J, van Doormaal JJ, et al. Mastocytosis and insect venom allergy: 
diagnosis, safety and efficacy of venom immunotherapy. Allergy. 2009;64:1237-
1245; and Alvarez-Twose I, Bonadonna P, Matito A, et al. Systemic mastocytosis 
as a risk factor for severe Hymenoptera sting–induced anaphylaxis. J Allergy 
Clin Immunol. 2013;131:614-615.)
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inhibitors.5,6 Red flags for each need to be considered in the assessment of a 
patient for possible rheumatic disease.

No classification of rheumatic disease can completely explain its genesis. 
However, considering these in a classification schema can aid in the approach 
to a patient in whom these disorders are being considered (see Table 241-1).

 EPIDEMIOLOGY
Although connective tissue diseases can generally be categorized as noted in 
Table 241-1, in adults there are six prototypical rheumatic diseases that are 
most often assessed and managed by rheumatologists: rheumatoid arthritis, 
systemic lupus erythematosus (SLE), systemic sclerosis, spondyloarthropathies 
(primarily ankylosing spondylitis), Sjögren syndrome, and vasculitis. These 
diseases are ubiquitous and for the most part have a similar incidence and 
prevalence throughout the world (Table 241-2). Each is associated with char-
acteristic immune aberrations and mechanisms of inflammatory damage, 
although the cause and reasons for chronicity still remain unknown. Auto-
immune rheumatic diseases are also among the leading causes of death and 
morbidity in the industrial world, in part related to associated comorbid dis-
eases, particularly cardiovascular disease. They represent a significant socio-
economic burden. Increasing evidence points to risks for their genesis relating 
to environmental factors, socioeconomic factors, and exposure to infectious 
agents, ultraviolet radiation, and pollutants. Smoking, in particular, has been 
associated with an increased risk for SLE and rheumatoid arthritis in geneti-
cally susceptible individuals in Western cultures. Effects of migration elucidate 
some of these risks. For instance, Africans who migrate far away from their 
native environmental and cultural origins appear to have an increased suscep-
tibility to SLE. Also, reports have linked occupational exposures, such as silica 
dust, mercury, pesticides, solvents, and metals, to an increased risk for SLE 
and rheumatoid arthritis.

In some cases, geographic clusters of a rare autoimmune disease indicate 
specific genetic determinants. For example, with systemic sclerosis, higher 
incidence, prevalence, and mortality rates have been reported in African Ameri-
can populations compared with white populations, and the prevalence has 
been reported as higher in southern Europe, particularly Italy (prevalence of 
7 to 33 per 100,000). Additionally, social and demographic factors may con-
tribute to the epidemiology of rheumatic diseases. For example, the prevalence 
of SLE is reported as very high in Georgia, United States, whereas the preva-
lence of ankylosing spondylitis is rare in malaria endemic regions where 
HLA-B27 genotypes are rare. Inflammatory arthropathies, including rheumatoid 
arthritis and ankylosing spondylitis, have a higher prevalence in North Ameri-
can Native populations.

 CLINICAL MANIFESTATIONS
Primary care and hospital-based health care providers are often the first to 
evaluate a patient with an evolving rheumatic disease, and they need to be 
attuned to the presenting features to make a timely diagnosis. In many cases, 
the presentation could signal a life- or organ-threatening condition. Evaluation 
of constitutional, systemic, and joint symptoms should always include rheu-
matic disease in the differential diagnosis.

Joint Symptoms as a Common Presenting Feature
Almost all rheumatic diseases can manifest with joint-related symptoms as a 
significant and frequently presenting feature. This can include symptoms of 
pain, stiffness, swelling, and erythema, or all of these symptoms, as in the case 
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Rheumatic diseases are common, and they are an important cause of reduced 
quality of life, increased comorbidity, and reduced life expectancy. They incur 
a significant socioeconomic burden and warrant expertise on the part of all 
physicians who treat patients. This chapter provides a framework to approach 
the evaluation of patients who present with signs and symptoms suggesting 
a rheumatic disease. An algorithmic approach is provided that allows the 
physician to integrate presenting features, patient characteristics, and anatomic 
structures, along with diagnostic tests, to develop a diagnosis and treatment 
plan.

 DEFINITION AND CATEGORIZATION
Rheumatic diseases are disorders of connective tissue in which general or 
localized inflammation frequently manifests as pain attributable to peripheral 
joints, the spine, or muscles and related soft tissues. Systemic features such 
as stiffness, fever, or weight loss and a multitude of extramusculoskeletal fea-
tures, ranging from skin rashes to renal dysfunction, often accompany rheumatic 
diseases. In most cases, the basic underlying pathology is understood, although 
this is less true of pain disorders appearing alone or accompanying a rheumatic 
disease (Chapter 27). For most rheumatic disorders, underlying molecular 
processes thought to be triggered by environmental factors in genetically sus-
ceptible individuals drive specific patterns of connective tissue disease, making 
up the clinical phenotype of a particular rheumatic disease. Research is ongoing 
to define more precisely the molecular pathophysiology unique to these 
diseases.1-3 Rheumatic diseases can be broadly considered as those that are 
primarily degenerative, with inflammation occurring secondarily, and those 
in which inflammation is the primary pathway leading to the disease charac-
teristics. In the latter, the pathogenesis can be mediated through aberrant 
immune responses or as a result of metabolic abnormalities.

Histopathology
Rheumatic diseases are often also termed connective tissue diseases because 
connective tissue is most often the target of inflammatory and/or autoimmune 
processes. Connective tissue is the most abundant tissue in the body, sup-
porting and connecting other tissues and organs, and the cells and mediators 
of the immune system are widely distributed. Together, these features explain 
the frequent systemic nature of rheumatic diseases. Loose and dense connec-
tive tissues include cellular components and extracellular matrix. Loose con-
nective tissue fills spaces between muscle sheaths, encases blood and lymphatic 
vessels, and holds fibroblasts that synthesize collagen fibers. It includes reticular 

fibers that provide the skeleton of muscle cells, nerves, and capillaries. Dense 
connective tissue supports the body’s soft tissues and includes more collagen 
fibers and fewer cells. It is found in the dermis, joint capsules, cartilage, bone, 
and fascia of muscles, and it forms tendons, ligaments, and points of connec-
tion where these insert into bone (aponeurosis). Cells included in connective 
tissue may be migratory, such as mast cells or macrophages, or resident cells, 
such as fibroblasts, fibrocytes, and reticular cells. Fibroblasts are responsible 
for synthesizing collagen, elastic reticular fibers, and ground substance of 
extracellular matrix, including tissue fluids and collagen fibers. Importantly, 
connective tissue is integrated with cells associated with the body’s defense 
system: lymphocytes, plasma cells, macrophages, dendritic cells, and eosino-
phils. The close proximity of connective tissue to blood vessels and cells of 
the immune system provides the setting for a group of disorders that are 
mediated by impaired immune system regulation and disruptions of the vas-
cular system.

Classification of Rheumatic Diseases
More than 100 types of rheumatic diseases have been described. Although 
these can be considered to be based primarily on one of two (degenerative 
or inflammatory) overarching processes, one can further subdivide rheumatic 
diseases as follows (and also outlined in Table 241-1): (1) those associated 
with degeneration of connective tissues (Chapter 246) attributable to (a) 
trauma, (b) structural/mechanical imbalances, or (c) inherent early demise 
of cellular components; (2) those associated with systemic autoimmunity, 
often linked with measurable autoantibodies that can manifest primarily with 
(a) synovitis, (b) widespread organ involvement, (c) inflamed blood vessels 
(vasculitis), or (d) inflammation of muscle (myositis); (3) other inflammatory 
connective tissue diseases involving more dense tissues, not associated with 
the formation of autoantibodies and hence termed seronegative rheumatic dis-
eases or spondyloarthropathies (Chapter 249); (4) diseases in which inflam-
mation of the vasculature (vasculitis), particularly small, medium, or large 
arteries, is the predominant feature (Chapter 254); (5) autoinflammatory 
diseases (Chapter 245) that can be associated with crystal deposition or genetic 
mutations involving cytokine pathways; and (6) pain syndromes that must 
often be considered in the context of these diseases, in which some appear to 
be comorbid and closely linked to the underlying rheumatic disease, such as 
diffuse pain associated with Sjögren syndrome, hypermobility of connective 
tissue, or those regional pain syndromes that are anatomically linked to mechani-
cal disruption. Patients presenting with generalized pain syndromes (Chapter 
27) require investigation to exclude a connective tissue disease. Increasingly, 
genotypes have been identified that are associated with diseases that fall into 
each of these categories, and in some cases specific immunologic pathways 
have allowed grouping of a set of rheumatic diseases previously considered 
more distinct.

Mimics of rheumatic diseases exist, and clinicians need to be mindful of 
considering these when evaluating a patient for a rheumatic disease. For instance, 
arthropathies and syndromes resembling a rheumatic disease can occur in 
the settings of both infection and malignancy (Chapter 259). Autoimmune 
phenomena are increasingly being recognized in the setting of malignancy4 
or as a consequence of treatment of malignancy with immune checkpoint 

TABLE 241-1 COMMON RHEUMATIC DISEASES BROADLY CLASSIFIED ACCORDING TO PATHOGENESIS
DEGENERATIVE 
DISEASES OF 
BONES AND JOINTS

SYSTEMIC 
AUTOIMMUNE 

DISEASES
SERONEGATIVE 

SPONDYLOARTHROPATHIES
VASCULAR RHEUMATIC 

DISEASES
AUTOINFLAMMATORY 

DISEASES PAIN DISORDERS
Osteoarthritis Rheumatoid arthritis Ankylosing spondylitis ANCA-associated vasculitis Adult-onset Still disease Regional myofascial pain 

syndromes
DISH Systemic lupus 

erythematosus
Psoriatic arthritis Temporal artery vasculitis Crystal diseases Tendonitis/bursitis

Degenerative disc 
disease

Sjögren syndrome Reactive arthritis Polymyalgia rheumatica Pediatric periodic fever 
syndromes

Adhesive capsulitis

Spinal stenosis Inflammatory myopathies 
(polymyositis, 
dermatomyositis)

Enteropathic arthritis Behçet disease Complex regional pain 
syndrome type 1 (reflex 
sympathetic dystrophy)

Osteoporosis Systemic sclerosis Pain with hypermobility 
syndromes

Fibromyalgia*
*The only pain disorder that has not been associated primarily with inflammation.
ANCA = antineutrophil cytoplasmic antibody; DISH = diffuse idiopathic sclerosing hyperostosis (also linked to metabolic factors, including elevated growth hormone).
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ABSTRACT
Rheumatic diseases are common, and they are an important cause of reduced 
quality of life, increased comorbidity, and reduced life expectancy. A broad-
based set of rheumatic disease classifications can provide an overall construct 
for consideration of a multitude of possible rheumatic diseases. Classifications 
based on pathogenic mechanisms as well as clinical features facilitate identi-
fication of specific symptoms and signs and guide a further line of investigation. 
Although all rheumatic diseases will not fit within this classification, a systematic 
and directed analysis will facilitate making the correct diagnosis of the patient.
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of autoinflammatory diseases such as gout or pseudogout. The pattern of joint 
involvement, particularly duration and timing of maximal symptoms, can help 
the health care provider diagnose patients who present with spondyloarthropa-
thy or any inflammatory arthritis, regardless of pathogenetic classification. 
For instance, joint pain that is worse in the morning, is associated with pro-
longed stiffness, and improves with activity is a classic presentation of inflam-
matory pain. In contrast, pain that is worse with activity, better with rest, and 
associated with a very short period of stiffness signals that it most likely has 
a degenerative etiology. Location provides a clue to broad classification. Patients 
describing “pain all over” may have a primary pain syndrome. However, pain 
with an inflammatory pattern localized to the spine or an enthesis (site of 
ligament insertion) is more likely to indicate a seronegative spondyloarthropa-
thy. A patient presenting with an inflammatory pattern of symptoms predomi-
nantly involving the small joints of the hands and feet suggests the presence 
of one of the autoimmune rheumatic diseases associated with either a positive 
antinuclear antibody (ANA), rheumatoid factor (RF), or anticitrullinated 
peptide antibody (ACPA). Thus, the pattern of joint involvement is central 
to the evaluation and diagnosis of any rheumatic disease.

Nonspecific Clinical Presentations
All of the rheumatic diseases can be associated with joint involvement. However, 
joint symptoms are not always present in many of these diseases. Thus, a 
working knowledge of nonarticular patterns of disease presentation is impor-
tant. Fever or cutaneous manifestations, including rashes, are common in 
vasculitis and in the presentation of SLE. Sicca symptoms are characteristic 
of Sjögren syndrome. Both Sjögren syndrome and inflammation of blood 
vessels can occur concurrently in patients with SLE. Systemic features such 
as myalgias or fatigue are common to almost all rheumatic diseases regardless 
of their classification, whereas true weakness may be the only presenting com-
plaint of an inflammatory myopathy. Renal involvement is common to sero-
positive systemic autoimmune diseases and vasculitis and can present with 
anasarca if proteinuria is severe or prolonged. Consequently, specific and 
nonspecific features associated with various connective tissue diseases must 
be identified to develop correctly a differential diagnosis that fits within the 
classification described in Table 241-1. Features may evolve sequentially over 
time; thus, rheumatic diseases from more than one category must often be 
considered in a patient whose disease has not yet fully manifested before 
diagnosis, leaving the patient with a label of a nonspecific or undifferentiated 
connective tissue disease. Most rheumatic diseases have specific classification 
criteria. When these are not yet met, features are considered in the context 
of the broad classifications, and terms such as undifferentiated inflammatory 
polyarthritis or undifferentiated spondyloarthropathy may be used in the interim 
to aid in diagnosis and management. When a patient’s disease is not yet diag-
nosed, testing and monitoring over time, as indicated in Figure 241-1, can 
help to identify an emerging rheumatic disease.

Cutaneous Manifestations
Although cutaneous manifestations are frequent in patients with seropositive 
autoimmune diseases, particularly SLE, they can be important findings in all 
autoimmune diseases. A nonblanching purpuric rash can indicate a vasculitis, 
and rashes involving specific extensor regions are common to dermatomyositis. 
In cases of SLE or dermatomyositis, rashes are triggered or worsened by expo-
sure to ultraviolet light and tend to occur in a light-exposed distribution. 
Rashes of vasculitic origin can indicate either the presence of an autoimmune 

inhibitors.5,6 Red flags for each need to be considered in the assessment of a 
patient for possible rheumatic disease.

No classification of rheumatic disease can completely explain its genesis. 
However, considering these in a classification schema can aid in the approach 
to a patient in whom these disorders are being considered (see Table 241-1).

 EPIDEMIOLOGY
Although connective tissue diseases can generally be categorized as noted in 
Table 241-1, in adults there are six prototypical rheumatic diseases that are 
most often assessed and managed by rheumatologists: rheumatoid arthritis, 
systemic lupus erythematosus (SLE), systemic sclerosis, spondyloarthropathies 
(primarily ankylosing spondylitis), Sjögren syndrome, and vasculitis. These 
diseases are ubiquitous and for the most part have a similar incidence and 
prevalence throughout the world (Table 241-2). Each is associated with char-
acteristic immune aberrations and mechanisms of inflammatory damage, 
although the cause and reasons for chronicity still remain unknown. Auto-
immune rheumatic diseases are also among the leading causes of death and 
morbidity in the industrial world, in part related to associated comorbid dis-
eases, particularly cardiovascular disease. They represent a significant socio-
economic burden. Increasing evidence points to risks for their genesis relating 
to environmental factors, socioeconomic factors, and exposure to infectious 
agents, ultraviolet radiation, and pollutants. Smoking, in particular, has been 
associated with an increased risk for SLE and rheumatoid arthritis in geneti-
cally susceptible individuals in Western cultures. Effects of migration elucidate 
some of these risks. For instance, Africans who migrate far away from their 
native environmental and cultural origins appear to have an increased suscep-
tibility to SLE. Also, reports have linked occupational exposures, such as silica 
dust, mercury, pesticides, solvents, and metals, to an increased risk for SLE 
and rheumatoid arthritis.

In some cases, geographic clusters of a rare autoimmune disease indicate 
specific genetic determinants. For example, with systemic sclerosis, higher 
incidence, prevalence, and mortality rates have been reported in African Ameri-
can populations compared with white populations, and the prevalence has 
been reported as higher in southern Europe, particularly Italy (prevalence of 
7 to 33 per 100,000). Additionally, social and demographic factors may con-
tribute to the epidemiology of rheumatic diseases. For example, the prevalence 
of SLE is reported as very high in Georgia, United States, whereas the preva-
lence of ankylosing spondylitis is rare in malaria endemic regions where 
HLA-B27 genotypes are rare. Inflammatory arthropathies, including rheumatoid 
arthritis and ankylosing spondylitis, have a higher prevalence in North Ameri-
can Native populations.

 CLINICAL MANIFESTATIONS
Primary care and hospital-based health care providers are often the first to 
evaluate a patient with an evolving rheumatic disease, and they need to be 
attuned to the presenting features to make a timely diagnosis. In many cases, 
the presentation could signal a life- or organ-threatening condition. Evaluation 
of constitutional, systemic, and joint symptoms should always include rheu-
matic disease in the differential diagnosis.

Joint Symptoms as a Common Presenting Feature
Almost all rheumatic diseases can manifest with joint-related symptoms as a 
significant and frequently presenting feature. This can include symptoms of 
pain, stiffness, swelling, and erythema, or all of these symptoms, as in the case 

TABLE 241-2 WORLDWIDE PREVALENCE* AND INCIDENCE OF RHEUMATIC DISEASES ASSOCIATED WITH AUTOIMMUNITY

DISEASE
NORTH 

AMERICA
CENTRAL 
AMERICA

SOUTH 
AMERICA EUROPE

MIDDLE 
EAST ASIA

SUB-SAHARAN 
AFRICA AUSTRALIA

Rheumatoid arthritis 600-1000 (40) 400-2000 100-500 200-900 (2-7) 200-1500 100-800 (40-90) Rare - 900 2000
Systemic lupus 

erythematosus
20-60 (2-7) 50-60 (5) N/A 20-70 (2-7) N/A 20-70 (3) Rare 20-80 (11)

Systemic sclerosis 13-28 N/A N/A <10-15 (<2) N/A <10 N/A 23 (2)
Spondyloarthropathy 

(primarily ankylosing 
spondylitis)

50-130 (7) N/A N/A 100-850 (2-9) 500 10-240 Rare N/A

Sjögren syndrome 320 (4) N/A N/A 200-600 (4-5) N/A 330-700 (China) N/A N/A
*Prevalence (annual incidence) per 100,000 by world regions.
Data from Shapira Y, Agmon-Levin N, Shoenfeld Y. Geoepidemiology of autoimmune rheumatic diseases. Nat Rev Rheumatol. 2010;6(8):468-476; and Chaaya M, Slim ZN, Habib RR, et al. High burden of 
rheumatic diseases in Lebanon: a COPCORD study. Int J Rheum Dis. 2012;15(2):136-143.
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the context of Raynaud syndrome, characterized by vascular spasm in  
the hands.

Pattern of Onset of Rheumatic Diseases by Category
Most rheumatic diseases appear spontaneously and often insidiously or with 
a subacute onset. Not all will manifest with all typical features at the time of 
presentation, and a diagnosis can take time to make as defining features present 
themselves. Almost all rheumatic diseases have had classification criteria pub-
lished that account for the typical and specific features of the disease. (These 
are detailed in other chapters.) Although classification criteria are generally 
published to ensure homogenous recruitment of participants in research studies, 
they can also aid in diagnosis. However, in an individual patient a diagnosis 
can be made without meeting all classification criteria because some features 
of a rheumatic disease are highly specific and are not associated with other 
diseases. For example, SLE is the only disease that presents with a classic 
malar rash and a particular autoantibody, anti-Sm, in the serum.

The natural history of each rheumatic disease is related to the severity of 
presentation, the specific additional organs that become involved, and the 
development of comorbidities. Rheumatoid arthritis may present with one 
or two swollen joints or pain in the forefoot. However, when the patient has 

disease such as SLE or an inflammatory vascular disease such as antineutrophil 
cytoplasmic antibody (ANCA)-associated vasculitis. These tend to be present 
for days and are often palpable, and a tissue biopsy of the lesions is very helpful 
in diagnosis. Rashes can be transient. In adult-onset Still disease (an adult 
form of systemic inflammatory arthritis classified as an autoinflammatory 
disease), patients present with daily spiking fevers, peaking late in the day, 
associated with a salmon-colored evanescent blanching rash lasting only 1 to 
2 hours. The specific location of a rash aids in diagnosis. A facial rash that 
spares the nasolabial folds is classic for lupus. A rash that does not spare the 
nasolabial folds suggests rosacea. Psoriasis is almost always present in psoriatic 
arthritis (a spondyloarthropathy variant). Although psoriasis is often wide-
spread, involving extensor surfaces, it can be missed if there are very few 
lesions or if it is located in areas that are not easily seen (intertriginous regions, 
such as in the ear, umbilicus, buttock creases, or scalp) or if it only involves 
the nails. The rash of psoriasis can be seen in any of the variants of the spon-
dyloarthropathies. Occasionally rheumatoid arthritis manifests with nodules 
over the extensor surfaces or rashes in the same areas, but this is increasingly 
rare. However, the presence of nodules over extensor surfaces may also indicate 
gouty tophi. In systemic sclerosis, distal tightening of the skin, presence of 
telangiectasias, and digital ulcers can be seen. These should also be sought in 
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More than one joint
Top considerations:
-Rheumatoid arthritis
-Connective tissue disease
-Axial and peripheral SpA
-Crystal-related arthritis
-Osteoarthritis
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-Avascular necrosis
-Sarcoidosis
-Malignancy
-Infectious
-Viral
-Lyme disease
-Endocrinologic
-Polymyalgia rheumatica
-Adult-onset Still disease
-Vasculitis

FIGURE 241-1. Algorithm for identification of undifferentiated peripheral inflammatory arthritis. recommended minimum investigations in all patients: rheumatoid factor and/
or anti−citrullinated peptide antibodies, erythrocyte sedimentation rate and/or c-reactive protein, complete blood count, and radiographs of affected joints. DDx = differential diagnosis; 
p/e = physical examination; spA = spondyloarthritis; upiA = undifferentiated peripheral inflammatory arthritis. (From hazlewood G, Alethaha D, carmona L, et al. Algorithm for identi-
fication of undifferentiated peripheral inflammatory arthritis: a multinational collaboration through the 3e initiative. J Rheumatol Suppl. 2011;87:54-58.)
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followed by tightness of the hands and ultimately tightness of the skin. Raynaud 
phenomenon, although not specific to systemic sclerosis, frequently precedes 
its onset, often by many years. Skin tightness can go on to involve the face, 
arms, and, in the case of diffuse systemic sclerosis, the trunk, back, and legs. 
When features of rheumatic diseases present as the classical phenotype, making 
the diagnosis is straightforward. Diagnosis is more challenging when present-
ing features overlap between diseases. For instance, sicca symptoms, which 
are the prototype of primary Sjögren syndrome (Chapter 252) and are associ-
ated with Sjögren-specific autoantibody patterns, can occur concurrently in 
SLE and rheumatoid arthritis. Autoimmune vasculitides and SLE can share 
similar organ system manifestations, including those involving the lungs, 
kidneys, skin, and nervous systems. One or more of certain features, including 
constitutional disturbances such as fatigue, fever, weight loss, arthralgia, arthritis, 
and myalgias, are commonly seen in almost all rheumatic diseases. Overlap 
of symptoms expands the differential diagnosis, and a clear distinction is often 
not readily apparent, even after serologic testing. Tissue biopsy may help to 
provide a definitive answer.

Spondyloarthropathies
Ankylosing spondylitis (Chapter 249) manifesting with lower spine disease 
and earlier spinal fusion is more common in males than females. Disease in 
females may present more atypically with cervical or thoracolumbar symptoms 
in the primary presentation. Sacroiliitis is the hallmark of this disease. Local-
ization of symptoms to the neck and thoracolumbar spine, sacroiliac joints, 
and large upper and lower extremity “root” joints can be used to differentiate 
ankylosing spondylitis from rheumatoid arthritis. The typical presence of 
psoriatic skin lesions in patients with psoriatic arthritis can be a distinguishing 
feature from rheumatoid arthritis. Spinal inflammation can also be associated 
with inflammatory bowel disease, not infrequently in the mid or upper spine 
as opposed to the sacroiliac joints.

Forms of Vasculitis
There are many vasculitis syndromes, and these are generally grouped based 
on vessel size (Chapter 254). Some are classified as such, although not always 
proved to be of vascular origin. Polymyalgia rheumatica (Chapter 255) is a 
common inflammatory rheumatic disease of the elderly and shares many 
pathogenetic and epidemiologic features with giant cell arteritis, a form of 
older-onset vasculitis.7 Patients complain of aching around the neck and bilat-
eral involvement of the shoulder and hip girdles, along with significant stiffness 
that is most problematic in the morning. Symptom onset can be abrupt or 

a high titer of anti-cyclic citrullinated peptide antibody (ACPA), an autoan-
tibody associated with development of erosive joint disease, the diagnosis can 
be made quickly and treatment initiated early. Autoimmune and vascular 
rheumatic diseases are associated with high morbidity and mortality when 
left untreated, and efforts to investigate for all manifestations early on are 
warranted.

Degenerative Rheumatic Diseases
These refer to rheumatic diseases commonly associated with advancing age. 
Degenerative joint disease is usually thought to include osteoarthritis and 
degenerative disc disease. Degenerative joint disease is heralded by breakdown 
of articular collagenous structures (cartilage or intervertebral discs) and devel-
opment of bony hypertrophy. Controversy remains as to which occurs first. 
As collagenous structures degrade, associated inflammation commonly occurs. 
Resultant pain from varying causes contributes to immobility, secondary 
comorbidities, and disability. Degenerative joint disease represents, by far, 
the most common of the rheumatic diseases and is described in detail in 
Chapter 246. In general, these diseases are not associated with rashes or non-
specific constitutional symptoms.

Autoimmune Rheumatic Diseases
These diseases include SLE, rheumatoid arthritis, systemic sclerosis, primary 
Sjögren syndrome, idiopathic inflammatory myositis, and the systemic vas-
culitides. They involve multiple organ systems and are therefore heterogeneous 
in clinical manifestations. Each symptom presentation is associated with specific 
signs and should be further characterized by additional investigations (Table 
241-3), including measurement of characteristic autoantibodies in serum. 
Defined autoantibody specificities can discern subtypes of rheumatic diseases 
(Chapter 242; see Table 241-3). Many of these diseases affect females more 
than males. This is most striking in SLE (Chapter 250), which affects 8 to 10 
women for every 1 man and typically has its onset in the childbearing years. 
As noted, cutaneous manifestations, sicca symptoms (of dry eyes or mouth), 
mucosal ulceration, fevers, alopecia, and Raynaud syndrome are common 
and often described by patients. These occur alone or in addition to symptoms 
affecting the joints and muscles. Rheumatoid arthritis (Chapter 248) has a 
female-to-male ratio of approximately 3 : 1 and typically has its onset in the 
later adult decades, with symmetrical small-medium joint synovitis as the 
classic presenting feature. Skin tightness is the hallmark of systemic sclerosis 
(Chapter 251), often referred to as scleroderma, which most often involves 
the extremities. Skin manifestations initially present with swelling of the digits, 

ACPA = anti−citrullinated peptide antibodies; ANA = antinuclear antibodies; ANCA = antinuclear cytoplasmic antibodies; anti-CCP = anti−cyclic citrullinated peptide; anti-MPO = anti-myeloperoxidase; 
anti-PR3 = antiproteinase-3; BMD = bone mineral density scan; CPK = creatinine phosphokinase; CRP = C-reactive protein; dsDNA = anti-double-stranded DNA; ENA = antibodies to extractable nuclear 
antigens (e.g., Ro, La, Sm, RNP, Scl70, Jo-1); ESR = erythrocyte sedimentation rate; MRI = magnetic resonance imaging; NSAIDs = nonsteroidal anti-inflammatory drugs; RF = rheumatoid factor; SLE = 
systemic lupus erythematosus; TNF-α = tumor necrosis factor-α; 25(OH)D = 25-hydroxyvitamin D; PTH = parathormone.

TABLE 241-3 CLINICAL FEATURES AND CLUES TO FACILITATE DIAGNOSIS FOR EACH CATEGORY OF RHEUMATIC DISEASE

DEGENERATIVE DISEASES 
OF BONES AND JOINTS

SYSTEMIC 
AUTOIMMUNE 

DISEASES

SERONEGATIVE 
SPONDYLO-

ARTHROPATHIES

VASCULAR 
RHEUMATIC 

DISEASES
AUTO-INFLAMMATORY 

DISEASES PAIN DISORDERS
Investigate if persistent 

symptoms of pain >6 wk or 
failure of conservative 
measures (physical 
therapy, acetaminophen, 
NSAIDs).

If at risk for bone loss and 
possible fragility fracture, 
consider osteoporosis.

Frequently associated with 
inflammatory joint pain 
and/or swelling with or 
without constitutional 
symptoms and other 
organ involvement.

Perform ANA, RF, ESR, 
CRP.

Consider if psoriasis is 
present, or if back pain 
has inflammatory 
features; consider when 
known associated 
nonarticular features 
are present (e.g., uveitis, 
inflammatory bowel 
disease, urethritis, 
enthesitis, dactylitis).

Consider whenever 
infarction of tissue has 
occurred or if 
vasculitic rashes, 
pulmonary 
hemorrhage, or acute 
or subacute renal 
syndromes are present.

All can present with fever.
In children, these are 

usually genetically 
determined syndromes 
mediated through 
interleukin-1 or TNF-α.

In adults, consider crystal 
diseases.

Consider in situations 
where pain is in 
excess of findings, or 
if history of resolved 
trauma or repetitive 
strain, referred pain 
symptoms, diffuse 
pain, or colorful 
descriptions of pain.

INITIAL INVESTIGATIVE APPROACH TO CONFIRM SUSPECTED RHEUMATIC DISEASE IN EACH CATEGORY

Image specific region 
associated with persistent 
pain (consider additional 
imaging in areas that may 
be referring pain).

If osteoporosis is a concern, 
perform BMD and 
investigate using laboratory 
tests including calcium, 
25(OH)D, and/or PTH to 
begin evaluation for 
metabolic bone diseases.

Investigations should 
specifically target 
suspected diseases.

Specific testing should 
include CPK if weakness 
or myalgia; anti-CCP 
(ACPA) and RF if 
synovitis is present; ANA 
in screening rheumatic 
disease, and dsDNA, C3, 
C4, ENA if SLE or sicca 
symptoms present.

Imaging of sacroiliac (SI) 
joints (radiographs if 
long-standing 
symptoms, MRI if more 
recent onset).

HLA-B27 testing if 
inflammatory back pain 
or SI pain most 
predominant, clinical 
suspicion high for 
inflammatory back pain, 
but imaging is negative.

Laboratory testing should 
include ANCA

Anti-PR3
Anti-MPO
Acute phase reactants 

(ESR, CRP)
Tissue sampling of 

involved organs to 
facilitate 
pathophysiologic 
classification.

For suspected crystal 
disease, perform 
aspiration of synovial 
fluid or tophus and 
examine under 
polarized light 
microscopy.

Usually a diagnosis of 
exclusion, based on 
physical exam.

In complex regional 
pain syndrome, 
tendonitis, or 
enthesitis, specific 
physical findings and 
imaging can 
facilitate diagnosis.
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involvement—whether primarily small joints of the hands, wrist, and feet; 
large joints of the elbows, knees, ankles, or “root” (shoulders or hips); or 
spinal involvement—will further point to a specific diagnosis. Moreover, ques-
tions regarding recent illnesses, travel, exposure to possible infectious pathogens, 
and presence or absence of systemic features such as fever, fatigue, or weight 
loss will provide important clues. Appreciation of signs and symptoms indi-
cating extra-articular features, particularly cutaneous, pulmonary, renal, neu-
rologic, or vascular manifestations, will guide the differential diagnosis, and 
further investigations will help to determine the definitive diagnosis as well 
as the prognosis and required intensity of therapy.

The presence of one rheumatic disease can be associated with comorbid 
manifestations unrelated to connective tissue. For example, myocardial infarc-
tion is more common in many patients with rheumatic diseases. Immobility 
or treatment-related factors leading to obesity can increase risks for diabetes 
and lower joint degeneration.

Factors in the Medical History that Contribute to Diagnosis 
and Prognosis
Age and Gender
Certain rheumatic diseases typically manifest in childhood. These include 
genetically based disorders, such as hemophilia associated with arthritis, and 
a number of autoinflammatory conditions that are by definition childhood 
diseases. Juvenile idiopathic arthritis refers to forms of arthritis in which the 
onset occurs before the age of 16 years. Autoimmune rheumatic diseases, and 
inflammatory rheumatic diseases such as spondyloarthropathies, rheumatoid 
arthritis, and SLE, can begin in young adulthood, whereas degenerative condi-
tions such as osteoarthritis rarely do and more often begin to manifest in the 
middle and late middle years. The peak onset of rheumatoid arthritis occurs 
in the late middle years, although onset can occur at almost any time in life. 
Elderly people are more prone to osteoarthritis and polymyalgia rheumatica, 
but the latter has a wide differential diagnosis and should be considered at all 
ages. Autoimmune diseases are more common in women, whereas spondy-
loarthropathies can be equally common in men and women. Gouty arthritis 
is more common in men and rarely attacks women before menopause.

Occupation and Recreation
Occupation and recreational activities may give rise to physical and psycho-
logical stresses. The demands of a patient’s occupation need to be understood, 
particularly when repetitive activities may contribute to the development of 
degenerative joint disease or to regional pain syndromes. Similarly, trauma 
from sports, including prior injuries, can be a significant contributor to degen-
erative joint disease.

Family History
It is important to obtain a complete family history because autoimmune dis-
eases, spondyloarthropathies, and gout occur with an increased incidence in 
families. It is common to see family pedigrees in which different forms of 
autoimmunity occur throughout a family. This does not mean that any one 
autoimmune disease has specific heritability. Also, generalized osteoarthritis 
that involves the hands and other joints commonly runs in families.

Concomitant Medication Use
Concomitant medications may contribute to the genesis of a rheumatic disease. 
For example, diuretics can increase hyperuricemia and risk for gouty arthritis. 
Minocycline can be associated with lupus-like presentations. Antibiotics in 
the fluoroquinolone class have been associated with enthesopathies. A full 
medication history needs to be considered in the assessment of patients with 
rheumatic diseases.

Habits and Social Circumstances
Smoking has increasingly been associated with rheumatoid arthritis and SLE. 
Also, poor socioeconomic circumstances and psychosocial or physical stress 
may contribute to the severity of symptoms and should be considered in 
planning management strategies. Similarly, patients of different ethnic and 
cultural origins may have differences in their ability to describe symptoms 
and in preferences around treatment choices.

Onset and Evolution of Symptoms
Knowledge of the pattern of onset, location, and evolution of symptoms is 
essential to make an accurate diagnosis of a rheumatic disease. Symptoms that 
develop over hours to days typically suggest an inflammatory, or possibly an 
infectious or traumatic, process. When they persist for more than 6 weeks, 
symptom onset is considered subacute, and the disease chronic. Early in the 

insidious over weeks to months. The diagnosis of polymyalgia rheumatica is 
primarily clinical. Recent diagnostic classification criteria are based on the 
typical clinical presentation and laboratory evidence of acute phase reactants. 
Mimics of polymyalgia rheumatica can include elderly onset rheumatoid 
arthritis; thus, tests to exclude this may be indicated. When considering poly-
myalgia rheumatica, it is important to include giant cell arteritis in the dif-
ferential diagnosis, particularly when acute phase reactants are very high or 
there are nonmusculoskeletal symptoms or manifestations. These often involve 
inflammation of the temporal arteries. A high index of suspicion for temporal 
artery inflammation or large vessel disease involving the aorta is needed because 
clinical consequences of associated vascular inflammation in giant cell arteritis 
can be damaging, sometimes leading to blindness or stroke, or to more severe 
vascular destruction and organ ischemia, which can be life-threatening.

Autoinflammatory Diseases
Rare autoinflammatory diseases are based on mutations in genes involved in 
inflammatory pathways. They are more typically diagnosed in children and 
are covered in detail in Chapter 245. Gout (Chapter 257) is the most common 
and prototypical autoinflammatory disease, occurring more often in middle-
aged and older men, and is increasing in prevalence. Exquisitely painful joint 
and periarticular erythema and swelling are presenting features. Tophi that 
might be confused with rheumatoid nodules can be seen. High serum uric 
acid is associated with gout, although levels may lower during acute attacks.

Pain and Pain Syndromes
Pain (also see Chapter 27) is a common and nonspecific, but very important, 
symptom central to nearly all rheumatic diseases. Pain is the key presenting 
feature of joint disease reported by patients. Location, distribution, and pat-
terns should be elicited along with temporal features, triggers, migratory or 
alleviating features, and prior history of physical or psychological trauma. In 
regional pain syndromes, the distribution of pain is the key clue to the diag-
nosis. Diffuse pain without evidence of underlying pathology associated with 
inordinate levels of fatigue, difficulty coping, and intricately detailed descrip-
tions of pain using colorful analogies herald fibromyalgia (Chapter 258). 
Fibromyalgia is defined as widespread pain involving the right and left sides 
and upper and lower extremities, as well as the neck and back. Most pain 
syndromes are regional pain syndromes. For instance, a regional pain syndrome 
relating to a mechanical neck and shoulder syndrome will result in the patient 
having pain in the involved neck and shoulder but also the trapezius, upper 
chest, axilla, and upper and/or lower arm and hand. A large proportion of 
patients presenting with musculoskeletal pain will have regional pain relating 
to muscular imbalances, postural factors with or without underlying degenera-
tive arthritis, tendinopathy, or enthesopathy. As an example, pain syndromes 
in the trapezial region, referring down the arm to the deltoid and even forearm, 
can be multifactorial and associated with a combination of muscular spasm, 
underlying degenerative arthritis in the cervical spine, or rotator cuff impinge-
ment, not infrequently relating to repetitive activities. Pain in a distal extremity 
after trauma or surgery associated with a cold, shiny extremity is suggestive 
of complex regional pain syndrome. The etiology of these will become appar-
ent with taking a careful history of pain features along with a medical history, 
physical examination, and exclusion of “red flags” or factors that indicate an 
underlying pathology specific to a related organ from which pain can be referred. 
Pain in the setting of a history of malignancy should suggest the possibility 
of metastases. A tick bite may indicate prior Lyme disease. Dermatomal dis-
tributions are seen with disc herniations or shingles. Most pain syndromes 
warrant a full medical evaluation before making a definitive diagnosis.

 DIFFERENTIAL DIAGNOSIS AND DIAGNOSTIC EVALUATION
A comprehensive history is needed to complete an evaluation of a patient 
with a rheumatic disease. In addition to considering age and gender, a patient’s 
personal history, including marital status, occupation, and psychosocial factors, 
helps to elucidate a patient’s diagnosis, prognosis, and treatment options. Clues 
helpful in making a diagnosis of one of the rheumatic diseases are summarized 
in Table 241-3.

Assessing clinical signs and symptoms is the cornerstone of diagnosis. Most 
rheumatic disorders will present with symptoms that involve, or seem to involve, 
joints. This can be limited to pain involving a specific joint or group of joints 
or periarticular structures. Querying the patient to determine the pattern of 
symptoms—whether pain, swelling, or stiffness associated with joints—is 
key to narrowing the differential diagnosis of a rheumatic disease. Joint symp-
toms should be assessed for inflammatory features such as prolonged stiffness, 
pain at rest, or noninflammatory and mechanical features, such as instability 
or giving way, locking, or increased symptoms with use. Patterns of joint 
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involvement, should be recorded. Use of a joint diagram (homunculus) helps 
to track joint involvement. The joint examination should include documenta-
tion of the presence or absence of tenderness, periarticular wasting, erythema, 
swelling, limitation in range of motion (ROM), sites of prior surgery and 
trauma, and joint deformity, allowing for comparison over time and between 
different examiners. Using a four-step systematic approach to joint examina-
tion facilitates a thorough examination. This should include (1) inspection 
(looking for asymmetry, erythema, swelling, and deformity), (2) palpation 
(feeling for tenderness, specifically joint line tenderness, warmth, synovial 
thickening and effusion, bony hypertrophy, and crepitus), (3) ROM (both 
active and passive for each joint), and (4) special tests specific to each joint or 
region. A complete examination should also consider relevant extra-articular 
manifestations.

Examples of Musculoskeletal Findings that Help to Classify a 
Rheumatic Disease
When considering the joint examination, a finding of redness (erythema) can 
indicate more acute and/or severe inflammation. The presence of erythema 
is more typically seen in the case of infection or crystalline (autoinflamma-
tory) arthritis. Joint warmth also signifies underlying inflammation. Joint 
swelling, a definitive sign of joint inflammation or arthritis, may indicate the 
presence of a joint effusion (excess synovial fluid) or synovial thickening 
indicating an active inflammatory process involving increased vascularization, 
cellular recruitment, and transudate and edema in the synovial membrane 
(synovitis). All rheumatic diseases short of specific neurologically mediated 
pain syndromes can present with synovitis. Palpable bony thickening around 
a joint, particularly distal or proximal phalangeal joints or first metacarpal 
joints, is due to bone reaction and proliferation or osteophytes, characteristic 
of osteoarthritis. Examiners should palpate for crepitus, which feels like a 
grinding sensation under the examiner’s hand during active or passive joint 
motion. Fine or velvety crepitus may indicate chronic proliferative synovitis, 
whereas coarse crepitus may indicate either roughening of the cartilage surface 
or complete loss of hyaline cartilage with bone moving on bone. The end 
result of any chronic arthritic process will lead to primary or secondary joint 
degeneration and will manifest as loss of cartilage or bony hypertrophy. In 
some diseases such as rheumatoid arthritis, psoriatic arthritis, or Jaccoud 
arthropathy (a form of SLE-related deforming arthropathy), deformity occurs 
as a result of joint subluxation or contracture related to nature’s forces on 
weakened, lax, distended joint capsules and lax ligaments and tendons as a 
consequence of chronic swelling from synovitis. Typically, muscle atrophy 
occurs around arthritic joints and contributes to feelings of weakness or insta-
bility. Interarticular cartilage becomes more prone to rupture.

Assessing Range of Motion
Both active and passive ROM should be assessed to appreciate joint function. 
Generally, active ROM is assessed first by asking patients to demonstrate full 
ROM of a joint; active ROM requires intact strength, innervation, muscle 
and tendon function, and joint mobility. Passive ROM is assessed by the 
examiner and for the most part assesses joint mobility or in some cases liga-
ment or tendon impingement. First assessing active ROM enables the examiner 
to appreciate potential areas of pain and where to examine carefully. If mobility 
is full on passive ROM, other causes can be considered for loss of mobility.

Establishing a Diagnosis
The findings from a thorough history and physical examination, along with 
an appropriate set of investigations, can be used to guide diagnosis. Table 
241-3 and Figure 241-1 inform the clinical phenotype typical of a rheumatic 
disease, with diagnosis based on the broad classifications in Table 241-1. By 
using this algorithm and patterns and findings denoted in Table 241-3, clini-
cians can hone-in on a differential diagnosis and then use investigations to 
confirm the suspected diagnosis.

Laboratory and Imaging in Rheumatic Diseases
Identifying the presence of specific laboratory (Chapter 242) or imaging fea-
tures can support a diagnosis and aid in specific classification of a rheumatic 
disease.9 For example, a positive antinuclear antibody test is nonspecific,10,11 but 
testing ANCAs or imaging the vascular tree of an involved area can be key to 
establishing a diagnosis in patients with vasculitis.12 Similarly, in seronegative 
spondyloarthropathies, imaging of the sacroiliac joints using radiographs when 
symptoms are sustained, or magnetic resonance imaging (MRI) if the disease 
is of more recent onset, is key. Radiographs and MRIs of specific joint areas 
in degenerative joint disease not only help establish diagnosis but also aid in 
staging the disease. In the case of rheumatoid arthritis, testing of rheumatoid 

presentation of some rheumatic diseases, the symptoms can be intermittent 
or palindromic before becoming constant. Sudden onset of joint pain and 
swelling, particularly involving one or a few joints, should be considered to be 
due to an infectious or crystalline etiology during the course of investigation.

Pain and Stiffness
Pain assessment should include a description of its onset, constancy/chronicity, 
severity, quality, factors that trigger or improve it, and location and radiation 
of the pain. Stiffness, often described as tightness or linked to difficulty with 
movement or function, should be determined in terms of location (e.g., is it 
in a particular joint or more diffuse) and timing and duration (e.g., occurring 
after a period of rest). Stiffness that resolves in 10 to 15 minutes is more 
characteristic of osteoarthritis. In inflammatory disease, stiffness typically lasts 
longer, often at least 1 hour and even all day.

Joint Involvement
The distribution of joint involvement is key to making a diagnosis of a rheumatic 
disease. Monoarthritis describes symptoms in a single joint; oligoarthritis 
(or pauciarthritis) refers to symptoms in two to four joints; and polyarthritis 
indicates involvement of at least five joints. Peripheral arthritis involves an 
extremity, whereas spinal involvement is termed axial disease. Symmetrical as 
opposed to asymmetrical peripheral joint disease is more commonly associ-
ated with autoimmune rheumatic disorders, whereas asymmetrical arthritis 
can be associated with spondyloarthropathies or osteoarthritis. Similarly, 
predominant small joint involvement is more typical in rheumatoid arthritis 
or SLE, whereas large joint involvement is classic for spondyloarthropathies. 
In addition, the presence of associated enthesitis and axial symptoms herald 
spondyloarthropathy. Joint or spine symptoms associated with inflammatory 
causes often include predominance of symptoms in the morning, associated 
with stiffness for more than 60 minutes, worsening with rest, and improve-
ment over the day and with activity. Joint or spine symptoms associated with 
degenerative joint disease typically worsen with activity, are often worse later 
in the day, are associated with stiffness, and typically resolve quickly over 
15 to 30 minutes. Joint pain is usually felt at the joints (exceptions include 
shoulder pain, felt over the deltoid, and hip pain, felt in the groin). Joint pain 
from degenerative or inflammatory causes can vary in severity. Most patients 
will describe joint pain as aching and rarely rate the pain higher than 8/10 
on an ascending severity scale. Pain relating to localized myofascial pain syn-
dromes, including tendinopathies and enthesopathies, may be described as 
being close to joints, and being worse with specific movements. In people 
suffering from generalized pain syndromes, pain is often rated very highly 
(10/10) and is poorly localized, involving upper and lower body regions, with 
descriptions including qualifiers to impress the severity of the pain (“like a 
truck ran over me”).

It is also important to distinguish between arthralgia (subjective joint pain 
without objective signs) and arthritis, where pain and tenderness are associ-
ated with objective signs of joint swelling and warmth (synovitis), deformity, 
or limitation of movement. Objective findings on physical examination must 
be identified for a diagnosis of arthritis to be made.

Function
Function is commonly compromised in patients with rheumatic disease. 
Although this can be related to fatigue or muscular weakness, in the case of 
rheumatic disorders in which there is no articular involvement, most com-
monly functional impairment is related to joint involvement. Function should 
be assessed in terms of a patient’s ability to perform activities of daily living, 
work, and participation. Validated questionnaires of function are available to 
identify functional limitations.

Physical Examination
Essential Concepts
There is an increased understanding of the ontogenic and cellular and molecular 
basis of specific patterns of joint involvement and affected organ systems, which 
tend to associate with each class of rheumatic disease.8 Once familiar with these, 
physical examination readily augments the diagnostic process. A complete 
examination by a physician is required to identify and classify a rheumatic 
disease. This should include an assessment of constitutional symptoms such 
as temperature, body mass index, affect, pain behaviors, gait, and posture as 
well as organ-specific examination of the scalp, skin, eyes, lymphatic system, 
cardiovascular system, lungs, abdomen, joints, spine, and skeletal muscles. 
A systematic joint examination is key to the rheumatic disease examination 
and should include all regions, with comparisons of right and left sides. The 
pattern of joint involvement, including symmetry and axial versus peripheral 



 SUMMARY
A broad-based set of rheumatic disease classifications can provide an overall 
construct for consideration of a multitude of possible rheumatic diseases. 
When the classifications are based on pathogenic mechanisms as well as clini-
cal features, this facilitates identification of specific symptoms and signs and 
guides a further line of investigation. Although all rheumatic diseases will not 
fit within this classification, a systematic and directed analysis will accelerate 
achieving the correct diagnosis of the patient.

GENERAL REFERENCES
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The treatment approaches to each rheumatic disease are highlighted in 
detail in the following chapters. Therapeutic approaches to degenerative rheu-
matic diseases focus on control of symptoms of pain with either nonsteroidal 
anti-inflammatory drugs or analgesics. Physical modalities, strengthening, and 
encouraging activity are a key part of managing degenerative arthritis; at times, 
injections of glucocorticoids or other agents can manage symptoms. When 
conservative approaches fail, orthopedic surgery is warranted. However, the 
approach to systemic and inflammatory rheumatic diseases usually requires 
more intense or immunomodulatory therapies. Glucocorticoids are a major 
component of treatment regimens, particularly when organs are at risk for 
damage, when other agents take time to become fully effective, and in situa-
tions in which there are no alternative options for therapy. However, glucocor-
ticoids are not without risk, and these should be discussed with each patient. 
Depending on the disease, glucocorticoid-sparing therapies are usually initiated 
early, with potency tailored to the severity and risk for the illness itself, while 
considering patients’ other comorbid conditions and other medications being 
used. For example, SLE patients presenting with only a rash or synovitis may 
require a relatively weak agent, hydroxychloroquine, whereas patients with 
renal disease may need mycophenolate mofetil, cyclophosphamide, or other 
parenteral immunomodulatory therapies to treat effectively that disease mani-
festation. Similarly, in rheumatoid arthritis, patients presenting with high-titer 
ACPA levels and a high swollen joint count, with erosions having been observed 
on baseline radiographs of the hands and feet, are candidates for rapidly esca-
lating doses of methotrexate with or without other disease-modifying anti-
rheumatic drugs and earlier use of biologic or targeted synthetic drugs as 
outlined in Chapter 33. More detail regarding specific approaches and use of 
glucocorticoid-sparing therapies is presented in chapters addressing each 
rheumatic disease. Current thinking is to use glucocorticoids as transitional 
therapy with a plan to taper these as soon as possible and to use them again 
only for disease exacerbations.

TREATMENT 

factor and ACPA is critical. When considering other prototypical seroposi-
tive systemic rheumatic diseases, the list of potential autoantibodies is much 
longer, and depending on the degree of difficulty in making the diagnosis, or 
appreciating the extent of disease and associated organ involvement, many 
of these can be considered for testing. It should be noted that no test alone 
should be used to diagnose a rheumatic disease, but rather the tests should 
support the diagnosis.

https://expertconsult.inkling.com/
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3. Which of the following would not be considered an important factor in 
reducing the number of differential diagnoses of a patient with presenting 
with inflammatory joint pain?
 A. Occupation and recreational activities
 B. Age and sex
 C. Concomitant medication use
 D. Family history
 E. Global geographic origin

Answer: E Connective tissue diseases are ubiquitous around the world and 
for the most part have a similar incidence and prevalence throughout the 
globe (see Table 241-2). Although there are some conditions such as Behçet 
disease for which country of origin is considered in making the diagnosis, for 
the most part geographic region has not been shown to be useful in diagnostic 
or classification criteria to diagnose a rheumatic disease. In contrast, the clini-
cal onset of a given rheumatic disease is often associated with age (e.g., ranging 
from autoinflammatory diseases typically presenting in childhood to poly-
myalgia rheumatica or osteoarthritis presenting in older age groups) and sex 
(with increased prevalence of autoimmune diseases in women and gout in 
men). A variety of medications taken chronically can be linked to specific 
rheumatic syndromes. Positive family histories of autoimmunity co-occur with 
the index case (patient) who presents with an autoimmune or other rheumatic 
disorder. For example, one of the classification criteria for ankylosing spon-
dylitis is family history of the disease or of an associated extraspinal disease 
such as psoriasis or inflammatory bowel disease. Rheumatoid arthritis risk is 
increased in certain occupations that involve exposure to silica and also by 
smoking.

REVIEW QUESTIONS

1. On physical examination, which of the following categories of rheumatic 
disease, when active, is not typically associated with inflammatory signs of 
synovitis?
 A. Systemic autoimmune diseases
 B. Degenerative diseases of bones and joints
 C. Pain syndromes
 D. Seronegative spondyloarthropathies
 E. By definition, they are all associated with synovitis.

Answer: C Signs of synovial inflammation (synovitis), including erythema, 
warmth, and swelling, are typically not found in the pain disorders like fibro-
myalgia, complex regional pain syndrome, adhesive capsulitis, and regional 
myofascial pain syndromes. It is important to distinguish between arthralgia, 
which is subjective joint pain without objective signs, and arthritis, in which 
pain is associated with objective signs of tenderness, swelling, and warmth 
(synovitis); the latter is sometimes also associated with deformity or limitation 
of movement.

2. A 65-year-old woman presents with complaints of increasing pain in her 
fingers and hands. She states that she has morning stiffness in those regions 
that tends to resolve within 10 to 15 minutes after start of activity. There 
are no other rheumatic or systemic symptoms, and physical examination 
of the hands is completely normal. Which of the following is the most 
likely clinical diagnosis?
 A. Osteoarthritis
 B. Rheumatoid arthritis
 C. Fibromyalgia
 D. Scleroderma/systemic sclerosis
 E. Systemic lupus erythematosus (SLE)

Answer: A Morning stiffness that resolves in 10 to 15 minutes is most char-
acteristic of osteoarthritis. The morning stiffness of rheumatoid arthritis and 
other inflammatory rheumatic diseases typically lasts longer: at least 1 hour 
and even for much of the day. Hand involvement with scleroderma/systemic 
sclerosis is characteristically associated with initial swelling of the digits, then 
progressing to skin tightness, which was not observed in this patient. Fibro-
myalgia involves widespread body pain of both sides, including upper and 
lower extremities, back, and neck. This would be an unusual age for presenta-
tion with SLE, which typically begins in women in the age range of 15 to  
45 years.
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242 
LABORATORY TESTING IN THE 
RHEUMATIC DISEASES
DAVID S. PISETSKY

The rheumatic diseases are a heterogeneous group of conditions that involve 
inflammation and damage of the musculoskeletal system as well as other organs. 
These conditions range from mild, diffuse joint and muscle pain to severe 
life-threatening kidney failure and stroke. Although the rheumatic diseases 
have diverse origins, immune disturbances are frequently the etiology. The 
diagnostic approach therefore entails laboratory tests to assess functional 

disturbances of individual organs and their relationship to inflammation and 
autoimmunity.

Laboratory testing in patients suspected of having a rheumatic disease 
involves determination of biomarkers of the following kinds: antecedent 
(risk for disease), screening (subclinical disease), diagnostic (overt disease), 
staging (disease severity or activity), and prognostic (disease course, response 
to therapy, monitoring therapy). Of these tests, some are useful in all contexts. 
Because of the increasing efficacy of treatment for diseases such as rheumatoid 
arthritis (RA), laboratory screening may be important to improve outcomes 
by identifying individuals who have symptoms (e.g., arthralgias) that could 
represent the first manifestations of disease (preclinical autoimmunity); sero-
logic screening could also be useful in identifying individuals at risk for disease 
(e.g., siblings or first-degree relatives). In many diseases, prognosis can reflect 
ongoing disease activity as well as damage from past disease activity and effects 
of treatment, with laboratory testing needed to assess these various processes.

 MARKERS OF INFLAMMATION
For many patients, the initial goal of evaluation is to determine the presence 
of inflammation. Inflammation is the body’s response to injury and is char-
acterized by a cascade of cellular and molecular events that arise irrespective 
of stimulus or locale (Chapter 42). The immediate response to inflammatory 
stimuli is termed the acute phase response and includes a set of proteins produced 
primarily in the liver in response to cytokines such as interleukin-6 (IL-6), 
tumor necrosis factor-α (TNF-α), and IL-1. These cytokines are expressed 
by macrophages and dendritic cells after stimulation of pattern recognition 
receptors (PRRs) that include both toll-like receptors (TLRs) and other  
non-TLR sensing systems that trigger a system called the inflammasome; PRRs 
recognize intracellular as well as extracellular bacterial and viral products as 
well as large and small (e.g., adenosine triphosphate, uric acid) molecules 
released from damaged cells. The result is stimulation of innate immunity 
(Chapters 40 and 42). Of acute phase proteins, C-reactive protein (CRP) has 
received the most attention as a marker of inflammation. CRP is a member 
of the pentraxin family; although its function is not fully known, its ability 
to bind to phosphocholine suggests a scavenger function to eliminate bacte-
rial products or damaged cells and thereby attenuate the consequences of 
infection or tissue injury. Other molecules, such as serum amyloid protein 
(SAP), fibrinogen, and complement, also show marked elevations in levels 
during the acute phase response, signifying a broad-based effort at host  
defense.

The CRP level provides a nonspecific but very useful measure of inflam-
mation and can convey information for categorization of a clinical process 
(e.g., inflammatory versus noninflammatory arthritis) as well as assessment 
of disease activity or prognosis (e.g., activity of RA or likelihood of joint 
erosion). The advantage of measuring CRP in the blood, rather than cytokines, 
is that the protein levels are much higher. Furthermore, CRP levels remain 
elevated for a longer period (days) than do cytokines; the latter may appear 
only transiently in the blood. Although CRP testing is commonly performed 
to assess the risk for atherosclerosis (presumably because of the intimate 
pathophysiological relationship between inflammation and atherogenesis), 
the application of this screening in a patient with an inflammatory condition 
must take into account the various determinants of this marker.1

Another simple laboratory test reflecting the acute phase response is the 
erythrocyte sedimentation rate (ESR). In this test, commonly called the sed 
rate, anticoagulated blood is drawn into a long, thin tube and allowed to settle 
under the influence of gravity for 1 hour. The distance the blood falls depends 
on a number of factors, including the concentration of serum proteins such 
as immunoglobulins and fibrinogen as acute phase reactants. The sedimenta-
tion rate is nonspecific with respect to disease association and also depends 
on the age and gender of the person. Other simple laboratory tests (e.g., com-
plete blood count) can reflect ongoing inflammation. For example, patients 
with inflammation frequently exhibit a leukocytosis or thrombocytosis, most 
likely reflecting the action of cytokines and other mediators, including glu-
cocorticoids, during this process. With chronic inflammation, anemia of chronic 
disease can also occur. In this regard, in systemic lupus erythematosus (SLE), 
lymphopenia, thrombocytopenia, and low CRP values often characterize active 
disease, with the discordance between laboratory and clinical findings a clue 
to diagnosis.

 LABORATORY EVALUATION OF 
MUSCULOSKELETAL DISEASE

The most common presentation of musculoskeletal disease is pain in and 
around the joints in association with functional impairment. Collectively, 

suggesting utility for screening of at-risk patients. In addition, in patients with 
arthralgias without evidence of synovitis by examination, the presence of 
anti-CCP may predict the development of subsequent arthritis. Thus, because 
of the specificity of anti-CCP for RA, the presence of these antibodies in 
patients with early signs and symptoms of disease may indicate the diagnosis 
of RA and allow initiation of therapy before disease is fully manifest. In this 
regard, although RA can occur in the absence of anti-CCP antibodies, the 
presence of these antibodies may define disease subsets that differ in etiology, 
clinical course, and response to therapy.

 Joint Fluid Analysis
Analysis of joint fluid can provide decisive data in the evaluation of arthritis 
and, in some instances, a definitive diagnosis. This analysis is essential in the 
setting of acute monoarthritis to investigate the possibility of infection; for 
chronic forms of arthritis, joint fluid should be analyzed if there is uncertainty 
about the diagnosis and involvement of one joint out of proportion to others. 
Joint aspiration is a sterile procedure performed with a local anesthetic. Although 
fluid can be analyzed by tests to assess viscosity and mucin content, the cell 
count, examination of crystals, and stains and cultures to evaluate infection 
are the most informative.

On the basis of cell counts, joint fluids can be categorized into four main 
types: noninflammatory, inflammatory, septic, and hemorrhagic. A noninflam-
matory fluid has fewer than 2000 cells/μL with mononuclear cell predominance. 
An inflammatory fluid has more than 2000 cells/μL, with 50,000 cells/μL 
frequently used as the upper limit for this type of fluid. In an inflammatory 
fluid, polymorphonuclear cells predominate. A septic fluid is an inflamma-
tory fluid in which culture or staining for microorganisms demonstrates 
infection. Suspicion of infection is especially high for fluids with cell counts 
greater than 50,000/μL. However, crystal-induced arthritis can produce cell 
counts of this magnitude, and an infected fluid can have counts below this 
level. Hemorrhagic fluids have red cell predominance that can approximate  
that of blood.

In the setting of an acute monoarthritis, crystal-induced disease is much 
more common than infection, with the presence of crystals demonstrated by 
polarization microscopy. With this technique, monosodium urate crystals in 
gout appear needle shaped and are negatively birefringent. On careful micro-
scopic analysis, urate and calcium pyrophosphate crystals coexist in a single 

diseases causing joint symptoms are called arthritis, implying inflammation. 
The extent of inflammation in these diseases varies markedly, however, with 
some forms such as osteoarthritis (Chapter 246) showing only limited evidence 
of inflammation either locally or systemically.

Arthritis can be characterized by the number and size of joints affected, 
symmetry, and involvement of the axial as well as peripheral joints. For each 
pattern (e.g., chronic polyarthritis), a key issue in diagnosis concerns its place 
in the spectrum of inflammatory versus noninflammatory arthritis. Further-
more, although many diseases can cause arthritis, their prevalence varies 
enormously, with osteoarthritis or degenerative joint disease being the most 
common form of noninflammatory arthritis and RA the most common form 
of inflammatory arthritis.

The differential diagnosis of arthritis is based on a comprehensive history 
and physical examination to assess symptoms suggesting inflammation (e.g., 
morning stiffness and fatigue), the presence of synovitis, and results of labora-
tory tests indicative of inflammation. Of these tests, the ESR and CRP are 
nonspecific indicators of inflammation. Depending on the stage of disease 
and prior therapy of the patient, however, both the CRP and ESR may not 
be elevated at the time of an initial evaluation because many treatments, espe-
cially those directed against cytokines, can reduce the acute phase response. 
Two autoantibody tests, rheumatoid factor (RF) and antibodies to citrullinated 
proteins, provide more specific diagnostic information. Given the demograph-
ics of inflammatory arthritis, testing for antinuclear antibodies (ANAs) is 
often part of this evaluation as well.

 Rheumatoid Factor
RF comprises a family of antibody specificities that bind to the immunoglobulin 
G (IgG) molecule, reacting with antigenic determinants that are most likely 
conformational in origin in the Fc portion. IgM RFs are the most abundant 
of these antibodies and are the easiest to measure, using agglutination assays 
with red blood cells or latex beads coated with IgG. More recently, enzyme-
linked immunosorbent assays (ELISA) and nephelometry have been used to 
detect RFs.

RFs occur in approximately 60 to 80% of patients with RA (Chapter 248) 
and represent one criterion for the classification or diagnosis of this disease.2 
Furthermore, high levels of RFs are often associated with a worse prognosis, 
the occurrence of joint erosion as measured by radiographs, and deformity. 
Despite these associations, RFs occur in the sera of patients with a wide range 
of autoimmune and inflammatory diseases as well as in normal individuals, 
especially with age (Table 242-1). As a result, the 94% specificity of the test 
for RA results in a positive predictive value (the proportion of people with a 
positive test who have RA) of only about 20 to 35%.3 The frequent occurrence 
of RFs may reflect their etiology and role in innate immune responses to 
promote the binding of IgG to antigen by Fc cross-linking.

 Antibodies to Citrullinated Proteins
Antibodies to citrullinated proteins are other autoantibody specificities impor-
tant in the diagnosis of RA (Chapter 248). Citrulline is a post-translational 
modification of the amino acid arginine that results from deamidation. This 
chemical reaction is catalyzed by the enzyme peptidylarginine deiminase (PAD) 
and may occur in the setting of inflammation; the function of this modification 
is unknown. Citrullination can affect many different proteins, creating antigenic 
sites on proteins that include vimentin, enolase, and filaggrin.4

Although antibodies are directed to citrullinated residues on intact proteins, 
they can be measured using synthetic peptides containing citrulline. Among 
these synthetic antigens, a citrulline-containing peptide with a cyclic structure 
provides sensitive and specific assays in an ELISA format. Antibodies directed 
to this type of antigen are known as anti-CCP (cyclic citrullinated peptide) 
and can be formally distinguished from antibodies to the citrullinated proteins 
themselves (ACPA, or anti–citrullinated protein antibodies). The term anti-
CCP is commonly used for these specificities, although it is not formally 
synonymous with ACPA. ACPA can be assessed by a variety of analytic tech-
niques using as antigens both modified proteins as well as arrays of peptides. 
For detection of anti-CCP antibodies, the formulation of peptides has changed 
over the years as designated by assay generation. Furthermore, among com-
mercially available assays, results can vary, making it important to know the 
performance characteristics of assays in interpreting the results of testing.

Anti-CCP antibodies are highly associated with RA and represent a criterion 
in the classification of patients with this disease.5 Depending on the assay, 
these antibodies occur in 60 to 70% of patients with RA and uncommonly in 
those with other forms of inflammatory arthritis. Significantly, anti-CCP anti-
bodies can occur before the onset of other signs and symptoms of RA, 
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ABSTRACT
The evaluation of rheumatic diseases entails analysis of both nonspecific and 
specific markers. Nonspecific markers include C-reactive protein and the 
erythrocyte sedimentation rate, both of which can be elevated during an acute 
phase response. Specific markers differ by disease. Although common in rheu-
matoid arthritis (RA), rheumatoid factor expression occurs frequently in many 
rheumatic and nonrheumatic diseases. More specific markers of RA are anti-
bodies to citrullinated proteins. Antinuclear antibodies (ANAs) are a feature 
of many rheumatic diseases, with immunofluorescence assays used to assess 
the titer of the antibody as well as the pattern of nuclear staining. The nuclear 
molecules targeted by ANAs vary by disease, consisting of nucleic acids, nuclear 
proteins, and complexes of nucleic acids and proteins. Anti-DNA provides 
information for disease classification, diagnosis, and activity for systemic lupus 
erythematosus. In the antiphospholipid antibody syndrome (APS), antibodies 
to phospholipids and a protein called β2-glycoprotein1 can promote throm-
bosis in vivo, although they can inhibit blood clotting in vitro. For immune 
complex–mediated disease including lupus, measurement of serum comple-
ment is useful for assessing disease activity. A group of antibodies known as 
antineutrophil cytoplasmic antibodies (or ANCAs) reacts with neutrophil 
proteins such as proteinase-3 and myeloperoxidase. ANCAs are important 
markers of vasculitis. Depending on the clinical scenario, immunologic markers 
can be used to diagnose and stage disease and assess effects of treatment.
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suggesting utility for screening of at-risk patients. In addition, in patients with 
arthralgias without evidence of synovitis by examination, the presence of 
anti-CCP may predict the development of subsequent arthritis. Thus, because 
of the specificity of anti-CCP for RA, the presence of these antibodies in 
patients with early signs and symptoms of disease may indicate the diagnosis 
of RA and allow initiation of therapy before disease is fully manifest. In this 
regard, although RA can occur in the absence of anti-CCP antibodies, the 
presence of these antibodies may define disease subsets that differ in etiology, 
clinical course, and response to therapy.

 Joint Fluid Analysis
Analysis of joint fluid can provide decisive data in the evaluation of arthritis 
and, in some instances, a definitive diagnosis. This analysis is essential in the 
setting of acute monoarthritis to investigate the possibility of infection; for 
chronic forms of arthritis, joint fluid should be analyzed if there is uncertainty 
about the diagnosis and involvement of one joint out of proportion to others. 
Joint aspiration is a sterile procedure performed with a local anesthetic. Although 
fluid can be analyzed by tests to assess viscosity and mucin content, the cell 
count, examination of crystals, and stains and cultures to evaluate infection 
are the most informative.

On the basis of cell counts, joint fluids can be categorized into four main 
types: noninflammatory, inflammatory, septic, and hemorrhagic. A noninflam-
matory fluid has fewer than 2000 cells/μL with mononuclear cell predominance. 
An inflammatory fluid has more than 2000 cells/μL, with 50,000 cells/μL 
frequently used as the upper limit for this type of fluid. In an inflammatory 
fluid, polymorphonuclear cells predominate. A septic fluid is an inflamma-
tory fluid in which culture or staining for microorganisms demonstrates 
infection. Suspicion of infection is especially high for fluids with cell counts 
greater than 50,000/μL. However, crystal-induced arthritis can produce cell 
counts of this magnitude, and an infected fluid can have counts below this 
level. Hemorrhagic fluids have red cell predominance that can approximate  
that of blood.

In the setting of an acute monoarthritis, crystal-induced disease is much 
more common than infection, with the presence of crystals demonstrated by 
polarization microscopy. With this technique, monosodium urate crystals in 
gout appear needle shaped and are negatively birefringent. On careful micro-
scopic analysis, urate and calcium pyrophosphate crystals coexist in a single 

diseases causing joint symptoms are called arthritis, implying inflammation. 
The extent of inflammation in these diseases varies markedly, however, with 
some forms such as osteoarthritis (Chapter 246) showing only limited evidence 
of inflammation either locally or systemically.

Arthritis can be characterized by the number and size of joints affected, 
symmetry, and involvement of the axial as well as peripheral joints. For each 
pattern (e.g., chronic polyarthritis), a key issue in diagnosis concerns its place 
in the spectrum of inflammatory versus noninflammatory arthritis. Further-
more, although many diseases can cause arthritis, their prevalence varies 
enormously, with osteoarthritis or degenerative joint disease being the most 
common form of noninflammatory arthritis and RA the most common form 
of inflammatory arthritis.

The differential diagnosis of arthritis is based on a comprehensive history 
and physical examination to assess symptoms suggesting inflammation (e.g., 
morning stiffness and fatigue), the presence of synovitis, and results of labora-
tory tests indicative of inflammation. Of these tests, the ESR and CRP are 
nonspecific indicators of inflammation. Depending on the stage of disease 
and prior therapy of the patient, however, both the CRP and ESR may not 
be elevated at the time of an initial evaluation because many treatments, espe-
cially those directed against cytokines, can reduce the acute phase response. 
Two autoantibody tests, rheumatoid factor (RF) and antibodies to citrullinated 
proteins, provide more specific diagnostic information. Given the demograph-
ics of inflammatory arthritis, testing for antinuclear antibodies (ANAs) is 
often part of this evaluation as well.

 Rheumatoid Factor
RF comprises a family of antibody specificities that bind to the immunoglobulin 
G (IgG) molecule, reacting with antigenic determinants that are most likely 
conformational in origin in the Fc portion. IgM RFs are the most abundant 
of these antibodies and are the easiest to measure, using agglutination assays 
with red blood cells or latex beads coated with IgG. More recently, enzyme-
linked immunosorbent assays (ELISA) and nephelometry have been used to 
detect RFs.

RFs occur in approximately 60 to 80% of patients with RA (Chapter 248) 
and represent one criterion for the classification or diagnosis of this disease.2 
Furthermore, high levels of RFs are often associated with a worse prognosis, 
the occurrence of joint erosion as measured by radiographs, and deformity. 
Despite these associations, RFs occur in the sera of patients with a wide range 
of autoimmune and inflammatory diseases as well as in normal individuals, 
especially with age (Table 242-1). As a result, the 94% specificity of the test 
for RA results in a positive predictive value (the proportion of people with a 
positive test who have RA) of only about 20 to 35%.3 The frequent occurrence 
of RFs may reflect their etiology and role in innate immune responses to 
promote the binding of IgG to antigen by Fc cross-linking.

 Antibodies to Citrullinated Proteins
Antibodies to citrullinated proteins are other autoantibody specificities impor-
tant in the diagnosis of RA (Chapter 248). Citrulline is a post-translational 
modification of the amino acid arginine that results from deamidation. This 
chemical reaction is catalyzed by the enzyme peptidylarginine deiminase (PAD) 
and may occur in the setting of inflammation; the function of this modification 
is unknown. Citrullination can affect many different proteins, creating antigenic 
sites on proteins that include vimentin, enolase, and filaggrin.4

Although antibodies are directed to citrullinated residues on intact proteins, 
they can be measured using synthetic peptides containing citrulline. Among 
these synthetic antigens, a citrulline-containing peptide with a cyclic structure 
provides sensitive and specific assays in an ELISA format. Antibodies directed 
to this type of antigen are known as anti-CCP (cyclic citrullinated peptide) 
and can be formally distinguished from antibodies to the citrullinated proteins 
themselves (ACPA, or anti–citrullinated protein antibodies). The term anti-
CCP is commonly used for these specificities, although it is not formally 
synonymous with ACPA. ACPA can be assessed by a variety of analytic tech-
niques using as antigens both modified proteins as well as arrays of peptides. 
For detection of anti-CCP antibodies, the formulation of peptides has changed 
over the years as designated by assay generation. Furthermore, among com-
mercially available assays, results can vary, making it important to know the 
performance characteristics of assays in interpreting the results of testing.

Anti-CCP antibodies are highly associated with RA and represent a criterion 
in the classification of patients with this disease.5 Depending on the assay, 
these antibodies occur in 60 to 70% of patients with RA and uncommonly in 
those with other forms of inflammatory arthritis. Significantly, anti-CCP anti-
bodies can occur before the onset of other signs and symptoms of RA, 

TABLE 242-1 RHEUMATIC DISEASES AND NONRHEUMATIC 
CONDITIONS ASSOCIATED WITH A POSITIVE 
RHEUMATOID FACTOR

DISEASES FREQUENCY
Rheumatoid arthritis 50-90%
Systemic lupus erythematosus 15-35%
Sjögren syndrome 75-95%
Systemic sclerosis 20-30%
Polymyositis/dermatomyositis 5-10%
Cryoglobulinemia 40-100%
Mixed connective tissue disease 50-60%
Aging (>70 yr) 10-25%
Infection

Bacterial endocarditis 25-50%
Liver disease 15-40%
Tuberculosis 8%
Syphilis Up to 13%
Parasitic diseases 20-90%
Leprosy 5-58%
Viral infection 15-65%

Pulmonary disease
Sarcoidosis 3-33%
Interstitial pulmonary fibrosis 10-50%
Silicosis 30-50%
Asbestosis 30%

Miscellaneous diseases
Primary biliary cirrhosis 45-70%
Malignancy 5-25%

Modified from Shmerling RH, Delbanco TL. The rheumatoid factor: an analysis of clinical utility. 
Am J Med. 1991;91:530.
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as they develop over time and involve organs such as the kidney, points to 
their systemic nature. These diseases can be categorized on the basis of clinical, 
serologic, and pathologic findings, with the presence of vasculitis, irrespec-
tive of blood vessel size, providing a unifying feature in disease classification.

The terms connective tissue disease (CTD) and collagen vascular disease are 
both used to denote a group of diseases that includes RA, SLE, Sjögren syn-
drome, polymyositis, dermatomyositis, and progressive systemic sclerosis. 
Diseases in this group can have common clinical features, especially early in 
their course, when their presentations may be similar. In this stage of disease, 
the condition may be called undifferentiated CTD, with serologic markers 
sometimes predictive of the eventual diagnosis.

 Antinuclear Antibodies
The expression of antibodies to components of the cell nucleus (antinuclear 
antibodies, or ANAs) is characteristic of CTD and is essentially invariable in 
patients with SLE (Chapter 250).7 ANA positivity is also seen in 90 to 95% 
of patients with systemic sclerosis (Chapter 251).8 These antibodies target 
a host of nuclear macromolecules, including DNA, RNA, and proteins as 
well as complexes of proteins with nucleic acid. These antigens are ubiqui-
tously expressed in cells and subserve critical processes related to chromo-
somal structure, cell division, transcription, and translation. The basis for the 
antigenicity of these molecules is unknown, although DNA and RNA both 
have intrinsic immunologic activity and can stimulate cytokine production 
through their action on both TLR and non-TLR PRRs, especially when in 
the form of immune complexes. Furthermore, these antigens may undergo 
post-translation modification as well as enzymatic cleavage reactions during 
cell death, perhaps increasing their immunogenicity.

ANAs are commonly measured by immunofluorescence (IF) assays in which 
sera are incubated with tissue culture cells (e.g., HEp2 cells) fixed to a glass 
slide. Antibody binding is revealed by fluorescence microscopy after incuba-
tion of the slide with a fluoresceinated anti-immunoglobulin reagent. Results 
are reported in terms of the pattern of fluorescence as well as the end-point 
titer of sera at which fluorescence can be observed. The patterns of binding 
differ depending on the location of the macromolecular target, although a 
few patterns predominate. These patterns include homogeneous, rim, nucleolar, 
and speckled; in addition, ANA tests can detect antibodies to cytoplasmic 
antigens. Table 242-2 presents a list of major ANAs with their pattern and 
disease associations.

A major limitation of ANA assays concerns the frequency of positive reac-
tivity in the sera of otherwise healthy individuals who lack evidence of a CTD. 
Depending on the titer for screening, the sera of as many as 20% of normal 
individuals express reactivity in the IF ANA test.9 The basis of this reactivity, 
which occurs more commonly in women than men, is not well understood, 
although it may reflect a predisposition to autoimmunity that occurs in the 
absence of other immunopathologic disturbances for the complete develop-
ment of a CTD. Because ANA testing is often performed to evaluate nonspecific 

joint in about 2.5% of cases of crystal arthritis.6 In contrast, calcium pyro-
phosphate dihydrate crystals in pseudogout are rhomboidal in shape and are 
weakly positively birefringent. Infection can coexist with crystal-induced disease, 
necessitating microbiologic evaluation even when crystals are found. Hemor-
rhagic fluids can also result from infection, although their presence suggests 
malignancy or trauma. Figure 242-1 provides an algorithm for the analysis of 
joint fluid.

Depending on the clinical findings and the results of initial laboratory testing, 
other studies may be performed to investigate less common diagnostic pos-
sibilities such as metabolic disease or malignancy. The laboratory evaluation 
of inflammatory arthritis may also include serologic tests for infections such as 
Lyme disease, human immunodeficiency virus (HIV) infection, or hepatitis.

 LABORATORY EVALUATION OF SYSTEMIC 
INFLAMMATORY DISEASE

Among rheumatic diseases, some cause organ-threatening and life-threatening 
manifestations. These diseases can have arthritis as a component and presenting 
complaint, although the prominence of extra-articular manifestations, especially 

TABLE 242-2 SELECTED ANTINUCLEAR ANTIBODIES AND RHEUMATIC DISEASES
DISEASE 
PATTERN ANTIBODY ANTIGEN ASSOCIATION
Homogeneous Antihistone Histones H1, H2A, H2B, H3, H4 Drug-induced lupus (>95%)
Rim Anti–double-stranded DNA Double-stranded DNA SLE (50%)
Speckled Anti-Sm snRNP proteins SLE (30%)

Anti–U1-RNP U1 snRNP proteins SLE (30%); MCTD (>95%)
Anti-Ro (SS-A) Protein complexed to small RNAs Y1-Y5 SLE (30%); Sjögren syndrome (70-80%)
Anti-La (SS-B) Single protein plus RNA polymerase III transcript SLE (15%); Sjögren syndrome (50-70%)
Anti-Ku DNA binding protein SLE (10%)
Anti–SCL-70 DNA topoisomerase I PSS (40-70%); CREST (10-20%)

Nucleolar Anti–PM-Scl Nucleolar protein complex PSS (3%); PM (8%)
Anti–Mi-2 Nuclear protein complex DM (15-20%)
Anti-RNA polymerase Subunits of RNA polymerase I PSS (4%)

Dividing cell Anticentromere Centromere/kinetochore protein CREST (80%); PSS (30%)
Antiproliferating cell nuclear antigen Auxiliary protein of DNA polymerase δ SLE (3%)

Cytoplasmic Anti–Jo-1 Histidyl tRNA synthetase ILD in PM/DM (18-25%)
Anti–PL-7 Threonyl tRNA synthetase PM/DM (3%)
Anti–PL-12 Alanyl tRNA synthetase PM (4%)
Anti-SRP Signal recognition particle PM/DM (3%)
Anti–ribosomal P Large ribosomal subunit SLE (10%)

CREST = calcinosis, Raynaud phenomenon, esophageal dysmotility, sclerodactyly, and telangiectasia; DM = dermatomyositis; ILD = interstitial lung disease; MCTD = mixed connective tissue disease; PM = 
polymyositis; PSS = progressive systemic sclerosis (diffuse scleroderma); SLE = systemic lupus erythematosus; snRNP = small nuclear ribonucleoprotein; tRNA = transfer RNA.

Synovial fluid

Cell count
Crystal exam

Culture and Gram stain

Noninflammatory
(<2000 cells/µL)

Osteoarthritis

Gout
Pseudogout

Septic
arthritis

RA
SLE
AS
PsA

Tumor
TB

Trauma

Inflammatory
(>2000 cells/µL)

Hemorrhagic

+Crystal −Culture +Gram stain
and/or +Culture

FIGURE 242-1. Algorithm for analysis of joint fluid. examples of inflammatory arthritis 
are indicated, although many conditions can produce these findings. as = ankylosing 
spondylitis; Psa = psoriatic arthritis; ra = rheumatoid arthritis; sLe = systemic lupus 
erythematosus; tb = tuberculosis. 
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and causes congenital heart block as well as rash in the neonate. Although both 
Sm/RNP and Ro/La are complexes of proteins and RNA, these antibodies 
appear to be expressed by different patient subsets, suggesting distinct mecha-
nisms of induction and clinical associations. Although ANAs are directed to 
ubiquitous antigens, they nevertheless are expressed in disease-specific patterns 
and may show association with particular organ-specific manifestations. These 
associations include anti–ribosomal P antibodies with central nervous systemic 
involvement in SLE, antibodies to DNA topoisomerase 1 (anti–SCL-70) with 
progressive systemic sclerosis (diffuse scleroderma), antibodies to centromeres 
with CREST syndrome (calcinosis, Raynaud phenomenon, esophageal dysmotil-
ity, sclerodactyly, and telangiectasia), and antibodies to histidyl transfer RNA 
synthetase (anti–Jo-1) with interstitial lung disease in scleroderma (Chapter 
251). In inflammatory myopathies, the presence of certain autoantibodies 
may be associated with particular patterns of disease, with antibodies to the 
enzyme 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase 
present in a syndrome of necrotizing myositis; the syndrome can occur in 
patients treated with statins, which can inhibit the enzyme.12

In addition to their association with specific disease manifestations, anti-
bodies to both DNA- and RNA-binding proteins such as Sm and RNP may 
contribute to overall immune dysregulation in patients with autoimmune 
disease because of their formation of immune complexes containing DNA or 
RNA. These complexes can stimulate the production of type 1 interferon by 
triggering both TLR and non-TLR nucleic acid sensors as well as other cellular 
receptors (e.g., Fc receptors). Because immunoassays of interferon with patients’ 
sera are limited, the presence of interferon is observed more clearly in the 
pattern of gene expression known as the interferon signature in peripheral 
blood cells. This signature can be assessed by both microarray assays and 
measurement of more limited sets of messenger RNA molecules. Because 
antibodies to RNA-binding proteins in particular may promote this pattern, 
the serologic assay of these ANAs may allow assessment of the likelihood of 
both nonspecific and specific immunologic disturbances.

Antibodies to Phospholipids
Originally defined by their effects on in vitro clotting tests, antibodies to 
phospholipids (APLs) are associated with in vivo thrombosis and have been 
termed lupus anticoagulants (LACs).13 Patients with these antibodies display 
a clinical condition, termed the antiphospholipid antibody syndrome,14 which 
is characterized by arterial or venous thrombosis, thrombocytopenia, and first 
trimester spontaneous abortions (Chapter 73). This syndrome may occur by 
itself or in the context of SLE, where it may contribute to the acceleration of 
atherosclerosis, premature stroke, and myocardial infarction. The laboratory 
evaluation of this condition involves specific assays of antibodies to phospho-
lipids and related proteins as well as functional assays of clotting. Because 
expression of these antibodies may vary over time, testing must be performed 
on more than one occasion at least 6 weeks apart. Furthermore, the results 
of immunochemical and functional assays may not be congruent, likely related 
to the heterogeneity of antibodies.

The serology of APLs is complicated because it is related to the nature of 
the antigenic targets as well as heterogeneity among patients. These antigens 
include phospholipids such as cardiolipin. Cardiolipin, however, can bind to 
the protein β2-glycoprotein 1, which is also a target for antibodies in this 
condition. Serologic evaluation thus involves assays with a complex of car-
diolipin and β2-glycoprotein 1 as well as β2-glycoprotein in an ELISA format 
using reagents to measure IgG, IgA, and IgM, although the association of 
antibodies with thrombosis appears strongest with IgG antibodies. In inter-
preting these assays, it is important to know the cutoff values used to define 
positivity.

Functional assays for LACs involve tests directed at inhibition of in vitro 
clotting (e.g., activated partial thromboplastin time, dilute Russell viper venom 
time), recognizing the discordance between in vivo thrombosis and in vitro 
anticoagulation. Functional assays to detect LACs involve a mixing step in 
which patient plasma is mixed with normal plasma to determine the presence 
of an inhibitor (i.e., an antibody) as opposed to a deficiency state. The mecha-
nisms by which antibodies to phospholipids and related proteins may cause 
thrombosis in vivo are unknown, although these antibodies may interact with 
the surface of cells (e.g., endothelium) to promote a prothrombotic state. 
Assessing the likelihood of the syndrome is best accomplished by considering 
assay results in the context of the individual patient.

Complement
Assessment of the complement system can provide valuable information on 
the activity of diseases in which immune complex deposition may promote 

complaints such as arthralgias, fatigue, and fever, a positive test must be inter-
preted with caution and not used as proof of a CTD in the absence of correla-
tive clinical or laboratory findings.

Because the molecular target of many ANAs is now known, testing of indi-
vidual antibodies can now be performed by ELISA or LINE-based approaches. 
Furthermore, multiplex assays provide simultaneous assessment of antibodies 
to a limited number of specificities and therefore may fail to detect certain 
ANAs. Although multiplex assays are operationally easier than conventional 
ANA testing by immunofluorescent staining, in clinical situations, the IF assay 
remains an important laboratory test for patient evaluation and can be used 
to verify results from a multiplex assay

Among many ANA specificities now identified, only a few are performed 
routinely because of their value for diagnosis and prognosis. For certain CTDs, 
diagnosis can be readily determined from clinical findings or other laboratory 
tests. In these instances, the ANA determination provides confirmatory infor-
mation as well as clues to the occurrence of certain clinical manifestations.

Antibodies to DNA
Antibodies to DNA (anti-DNA) are serologic markers of SLE and repre-
sent a criterion in the classification of patients with this disease (Chapter 
250).10 These antibodies bind sites on both single-stranded (ss) and double-
stranded (ds) DNA, although anti-dsDNA antibodies are more specific for 
SLE and therefore routinely measured. Although these antibodies can bind 
free DNA, DNA in the cell occurs in association with histones to form a 
structure called the nucleosome, with DNA wrapped around a histone core. 
Anti-DNA may therefore be considered a subset of antibodies to nucleo-
somes, with nucleosomes probably serving as the driving antigen for this  
response.

Anti-DNA determinations, in addition to their value in diagnosis, can serve 
as an index of disease activity. The association with disease activity appears 
strongest with glomerulonephritis, most likely because of the role of DNA–
anti-DNA immune complexes in immunopathogenesis. The association of 
anti-DNA antibodies with other disease manifestations is less certain, limiting 
the use of this marker as a measure of overall disease activity. The presence 
of anti-DNA may nevertheless be important in assessing likelihood of response 
to therapies such as belimumab (anti-BLyS or anti-BAFF), an agent indicated 
for treatment of patients with active disease as evidenced by the presence of 
either anti-DNA antibodies or a positive test for ANA.11

Several immunochemical approaches can be used to detect anti-DNA anti-
bodies. The assays vary with regard to the spectrum of anti-DNA antibod-
ies detected, and results between assays may not correlate. Nevertheless, for 
each assay, the dynamic range for testing is large. With treatment and disease 
quiescence, anti-DNA antibodies may essentially disappear; with flare, levels 
may increase dramatically. This property distinguishes anti-DNA antibodies 
from other ANAs in SLE, levels of which tend to be more consistent over time.

As is the case for other ANAs, the appearance of anti-DNA antibodies in 
the serum may precede other manifestations of SLE, suggesting vigilance if 
these antibodies are present in patients who have symptoms that suggest a 
CTD but lack other evidence to establish a firm diagnosis.

Other Antinuclear Antibodies
Anti-Sm and anti-RNP antibodies are related specificities that commonly occur 
together in the sera of patients with SLE, a phenomenon called linkage. These 
antibodies bind proteins on subcellular particles called snRNPs (small nuclear 
ribonucleoproteins) that are composed of a set of proteins and uridine-rich 
RNAs. Anti-Sm and anti-RNP antibodies differ in protein specificity and in 
the ability to cause immunoprecipitation of the bound RNA molecules. Anti-Sm 
antibodies occur only in patients with SLE and represent a serologic marker 
for disease classification. In contrast, anti-RNP antibodies can appear in the 
sera of patients with other clinical presentations and, in the absence of anti-Sm, 
may characterize patients with overlapping CTD features, so-called mixed 
CTD or MCTD. In SLE, the frequencies of anti-Sm and anti-RNP antibodies 
vary among racial and ethnic groups, although a clear association with par-
ticular clinical manifestations has not been established.

Anti-Ro and anti-La antibodies (or anti–SS-A and anti–SS-B), another set 
of linked ANAs, are directed to protein-RNA complexes that are involved in 
cellular metabolism of RNA. Two forms of Ro exist. Ro60 is an RNA-protein 
complex, whereas Ro52 is a protein known as TRIM22. Anti-Ro and anti-La 
antibodies are expressed more widely in patients with CTD and appear in the 
sera of patients with SLE, RA, and Sjögren syndrome, among others. Assessment 
of these antibodies is important because of their association with the neonatal 
lupus syndrome, which results from the transplacental passage of antibodies 



infection with hepatitis C virus, with viral components present in the com-
plexes. These patients have serologic evidence of this infection as well as 
manifestations attributable to the underlying liver disease. As in the case of 
other CTDs and systemic inflammatory diseases, the evaluation of patients 
with essential mixed cryoglobulinemia demands attention to the entire patient 
and the impact of disease on multiple organs.
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inflammation and tissue injury (Chapter 44).15 This system involves a large 
number of proteins that function in enzyme cascades to generate degradation 
products that amplify immunologic reactions and promote the destruction 
or removal of foreign organisms as well as damaged cells. In the setting of 
SLE and in certain forms of vasculitis and glomerulonephritis, immune com-
plexes activate complement, which can be measured in terms of the total 
complement level, levels of C3 and C4, and levels of complement fragments 
bound to red blood cells. Proteins of the complement system are acute phase 
reactants and can increase with inflammation, including active disease. Cor-
respondingly, low levels may reflect inherited complement deficiency or copy 
number variations rather than consumption; genetic deficiency of C1q, for 
example, is highly associated with SLE.

Antineutrophil Cytoplasmic Antibodies
Antineutrophil cytoplasmic antibodies (ANCAs)16,17 are autoantibodies that 
react to determinants in the neutrophil and occur prominently in patients 
with certain forms of necrotizing vasculitis or rapidly progressive glomerulo-
nephritis. Reflecting the serology, conditions have been called ANCA-associated 
vasculitis (AAV). Two main forms of ANCA have been distinguished on the 
basis of the target antigens and pattern of immunofluorescence staining of 
fixed neutrophils: PR3-ANCA (C-ANCA), which reacts with proteinase-3 
(PR3), and MPO-ANCA (P-ANCA), which reacts with myeloperoxidase 
(MPO). By immunofluorescence, PR3-ANCA shows staining in the cytoplasm; 
staining by MPO-ANCA localizes in the perinuclear area. ANCAs can occur 
in other conditions including an immune syndrome resulting from the drug 
levamisole, which is used as an adulterant in cocaine.

In the evaluation of severe, multisystem inflammatory disease, ANCA testing 
is important to evaluate diagnostic possibilities. ANCAs occur in association 
with varying clinical manifestations in patients with AAV and help define 
patterns of clinical involvement in terms of organ system involvement as well 
as histopathology (e.g., presence of granulomatous inflammation).18,19 PR3-
ANCA occurs commonly in patients with granulomatosis with polyangiitis 
(GPA, formerly called Wegener granulomatosis) as well eosinophilic granu-
lomatosis with polyangiitis (EGPA, formerly called Churg-Strauss disease); 
MPO-ANCA marks the course of vasculitis caused by microscopic polyangiitis. 
Although there is overlap between serology and clinical features, PR3-ANCA 
occurs commonly in patients with upper airway disease, whereas MPO-ANA 
occurs commonly patients with patients with rapidly progressive renal disease 
(Chapter 254).

In patients with ANCA-associated glomerulonephritis, the kidney lacks 
evidence of immune deposits, as indicated by the lack of staining for immu-
noglobulins or complement. Kidney disease of this kind is termed pauci-immune 
glomerulonephritis. Although ANCA testing is useful in initial diagnosis, its 
role for assessing disease activity is less certain. Occasionally, in patients who 
are desperately ill and cannot tolerate a lung or kidney biopsy, the presence 
of an ANCA can be used as preliminary evidence for diagnosis to allow the 
initiation of immunosuppressive therapy. ANCA testing is also useful for 
assessing the likelihood for relapse because patients who express PR3-ANCA 
appear at risk for recurrent disease.

 Cryoglobulins
Cryoglobulins are serum immunoglobulins that precipitate in the cold and 
can mediate disease through tissue deposition.20 The presence of a cryoglobulin 
is detected by allowing blood, collected warm, to remain cool at 2° to 4° C 
for 1 or more days. After centrifugation, the amount of cryoprecipitate is 
measured and expressed as a cryocrit. In the preanalytical phase, it is important 
that the blood remain at a temperature of 37° C during all steps.21

Subsequent analysis of the cryoprecipitate by immunochemical assays allows 
determination of its components. Cryoglobulins can be classified into three 
main types on the basis of their composition: (1) single, or type I; (2) mixed, 
type II; and (3) mixed, type III. A type I cryoglobulin consists of only a 
monoclonal immunoglobulin that precipitates in the cold. A mixed-type cryo-
globulin contains RFs bound to polyclonal IgG to form an immune complex. 
In type II cryoglobulins, the IgM RF is monoclonal, and in type III, the IgM 
RF is polyclonal.

Type I cryoglobulins occur in patients with lymphoproliferative disorders 
such as Waldenström macroglobulinemia, multiple myeloma, or chronic lym-
phocytic lymphoma (Chapters 174 and 178). In contrast, patients with mixed 
cryoglobulins can present with a wide range of signs and symptoms resulting 
from vasculitis. These manifestations include purpura (a sign of leukocytoclastic 
vasculitis), weakness, arthritis, and neuropathy, representing a syndrome known 
as essential mixed cryoglobulinemia. Most patients with this condition have 
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4. Antibodies to centromeres occur most commonly in which of the following 
diseases?
 A. Progressive systemic sclerosis
 B. CREST syndrome
 C. Polymyositis
 D. Dermatomyositis
 E. Sjögren syndrome

Answer: B Antibodies to centromere proteins occur most commonly in 
CREST syndrome or limited scleroderma. This syndrome is characterized by 
calcinosis, Raynaud phenomenon, esophageal dysmotility, and telengiectasias. 
Antibodies to centromeres can be recognized by a characteristic staining pattern 
on the ANA as well as ELISA assay using specific proteins as antigens. In 
contrast to the CREST syndrome, the diffuse form of progressive systemic 
sclerosis demonstrates antibodies to a protein called SCL-70 or DNA topoi-
somerase. The basis for these patterns of expression is unclear. Both antigens 
are ubiquitous and intracellular. It is difficult to understand why these antibodies 
would be associated with distinct clinical patterns even if there is some overlap 
in the clinical features.

5. Which of the following antibodies produces rim staining by the indirect 
immunofluorescence assay for antinuclear antibodies?
 A. Anti-Sm
 B. Anti-RNP
 C. Anti-DNA
 D. Anti–Jo1
 E. Anti-Ro

Answer: C The pattern of immunofluorescence reflects the localization of 
the target antigen. The difficulty with this approach relates to the complexity 
of sera from patients with rheumatic diseases, especially lupus. Thus, sera may 
contain many different specificities, and although each may produce a char-
acteristic staining pattern, the ability to see that pattern depends on the con-
centration of the different antibodies. Sometimes, serum will show different 
patterns depending on the concentration. Thus, serum can show homogeneous 
staining at a titer of 1 : 640 and speckles at a titer of 1 : 2560. Homogenous 
staining often results from the presence of antibodies to chromatin. Because 
antibodies to chromatin and anti-DNA commonly coexist, the rim pattern 
may not be readily observed.

REVIEW QUESTIONS

1. Which of the following antibodies is a classification criterion for systemic 
lupus erythematosus?
 A. Anti-La
 B. Anti-Ro
 C. Anti-RNP
 D. Anti-Sm
 E. Anti–ribosomal P

Answer: D Although the other antibodies are often found in patients with 
lupus, only anti-Sm is a classification criterion. Anti-Sm and anti-RNP com-
monly occur together, and in lupus, anti-RNP may be more frequent. Anti-
RNP, however, has been associated with an entity known as mixed connective 
tissue disease, which has overlapping features with other rheumatic diseases. 
As a result, anti-RNP has not been a classification criterion.

2. What is the antigenic target of rheumatoid factors?
 A. Lambda light chain
 B. Kappa light chain
 C. Antibody Fc
 D. Antibody Fab
 E. Antibody F(ab′)2.

Answer: C RFs are IgM antibodies directed to the Fc portion of the IgG 
molecule. These antibodies likely react with a conformational determinant 
that becomes available when an IgG molecule binds to its antigen. Denatured 
IgG preparations may also expose this determinant. Although the predominant 
antigenic target of RFs is the Fc portion, some antibodies to IgG may react 
to other parts of the IgG molecule.

3. Citrulline is a post-translational modification of which amino acid?
 A. Arginine
 B. Lysine
 C. Asparagine
 D. Aspartic acid
 E. Glutamic acid

Answer: A Citrulline is a post-translational modification of arginine that is 
mediated by an enzyme called peptidylarginine deiminase. The function of 
this modification is not well understood. Antibodies to citrullinated proteins 
(ACPAs) can be assayed using synthetic antigens known as cyclic citrullinated 
peptide (CCP). Antibodies reacting with the peptide are known as anti-CCP. 
Antibodies can also be assessed using specific citrullinated proteins as antigens.
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243 
IMAGING STUDIES IN THE RHEUMATIC 
DISEASES
RONALD S. ADLER

Historically, rheumatic disorders have been well characterized by conventional 
imaging. In as much as these disorders often manifest in characteristic distri-
butions and present with specific alterations in the appendicular and/or axial 
skeleton and adjacent soft tissues, radiographic evaluation has been sufficient 
to characterize the abnormalities as well as provide a relatively small number 
of differential possibilities as to the specific disease. The most well-studied 
example is rheumatoid arthritis (RA), in which symmetric involvement of the 
metacarpophalangeal joints, uniform joint space narrowing, periarticular osteo-
penia, and juxta-articular erosions along the “bare areas” are pathognomonic.

The development of new therapeutic alternatives for the inflammatory 
arthritides, so-called disease-modifying antirheumatic drugs (DMARDs), and 
chondroprotective strategies in the case of osteoarthrosis, require methods 
to diagnose these diseases at an earlier stage, characterize the degree of inflam-
mation, and provide a useful metric to assess therapeutic response (Chapters 
32 and 33). Indeed, it has become necessary to assess for possible joint and 
soft tissue abnormalities before irreversible tissue damage when the radio-
graphic findings are not yet abnormal. Fortunately, the requirement to achieve 
earlier diagnosis has paralleled advances in imaging. Ultrasonography and 
magnetic resonance imaging (MRI) have largely supplanted conventional 
radiographic evaluation in the imaging work-up of patients with suspected 
rheumatologic disorders and negative radiographs. The term molecular imaging 
has been applied, particularly in the case of MRI and positron emission tomog-
raphy (PET), in as much as these modalities reflect local tissue environment 
or metabolic activity.1,2

 RADIOGRAPHIC EVALUATION
Radiographic evaluation is among the first studies ordered in patients with a 
suspected rheumatologic disorder. In the current digital era, conventional 
analog-based radiographs have been largely replaced by computed radiography. 
Images are usually displayed on workstations with high-resolution monitors 
within the context of a picture archiving system (PACS). Digital radiographs 
are of high spatial resolution but relatively poor soft tissue contrast. These 
images are amenable to a variety of image processing schemes, resulting in 
enhanced definition of the cortical surfaces and cancellous bone, which may 
be of value in displaying subtle erosions.

It is important to recognize that radiographs are projection images. To detect 
an abnormality, it may be necessary to view a joint or other structure at a 
specific angle. For instance, subtle erosions may be apparent only when viewed 
tangentially, as opposed to en face. It is therefore necessary to have specific 
image protocols to optimally display the joint, cortical surface, or soft tissue 
structure. Most radiographic evaluations contain at least two orthogonal pro-
jections. The addition of an oblique view or other specialized projection may 
be necessary to address a specific clinical question.

The nature and distribution of joint space narrowing, presence of osteopenia, 
new bone formation, soft tissue swelling, soft tissue calcification, chondro-
calcinosis, presence and nature of erosions, and assessment for joint malalign-
ment may allow a specific diagnosis, as well as help determine the severity of 
disease (Fig. 243-1). For instance, the presence of a juxta-articular erosion 
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ABSTRACT
Historically, rheumatic disorders have been well characterized by conventional 
imaging. Radiographic evaluation has been sufficient both to characterize these 
conditions and to provide a relatively small number of differential diagnostic 
possibilities regarding the specific disease. The development of new therapeutic 
alternatives for the inflammatory arthritides, the so-called disease-modifying 
antirheumatic drugs, and chondroprotective strategies in the case of osteoar-
throsis require methods to diagnose these diseases at an earlier stage, charac-
terize the degree of inflammation, and provide a useful metric to assess 
therapeutic response. Fortunately, the requirement to achieve earlier diagnosis 
has paralleled advances in imaging. Ultrasound and magnetic resonance imaging 
have largely supplanted conventional radiographic evaluation in much of the 
imaging work-up of patients with suspected rheumatologic disorders. Radio-
graphic evaluation, computed tomography, magnetic resonance imaging, 
ultrasound, and nuclear medicine collectively provide important information 
in evaluating patients with these disorders and are briefly reviewed.
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FIGURE 243-1. Three hands with different diagnoses. A, Gout. Radiograph of the left hand showing multiple dense soft tissue nodules (n) with multiple small erosions affecting the 
ulnar styloid, triquetrum, and fifth ray. a large erosion (arrow) at the fifth distal interphalangeal (dIP) joint demonstrates bone formation extending circumferentially about the adjacent 
tophaceous deposit typical of an overhanging edge. Bone mineralization and joint spaces are preserved. B, Rheumatoid arthritis (RA). there is ulnar deviation of the second through 
fifth metacarpophalangeal (mcP) joints with uniform joint space loss involving the mcP joints and the carpus. there is mild ulnar translation of the carpus. the dIP joints are spared. 
Periarticular demineralization is present with small erosions along the radiovolar aspect of the second (arrow) mcP joint. L = left. C, Osteoarthrosis. Soft tissue swelling affecting the 
third digit with joint space narrowing and bone production affecting the dIP joints, third and fifth proximal interphalangeal (PIP) joints, basal joint of the thumb, and scaphotrapezio-
trapezoid joint. there are subchondral cystic changes at the third PIP joint having an erosive character (arrow). mineralization is preserved, and radiocarpal as well as mcP joint spaces 
are preserved. 

Table 243-1 summarizes some of the features of several of the more common 
diseases that may be encountered in clinical practice.

Finally, radiographs provide a direct means for needle localization during 
percutaneous procedures, predominantly joint injections, aspirations, and 
some biopsies. These are generally performed while imaging in real time (fluo-
roscopy) using short bursts of low-intensity x-rays enhanced through an image 

extending over an adjacent area of slightly hyperdense soft tissue swelling in 
the setting of normal bone mineralization with maintenance of the adjacent 
joint space is diagnostic of gout, in contrast to RA noted earlier. The seronegative 
arthritides, such as psoriatic arthritis, have a characteristic appearance in the 
small joints of the hand and feet, with a predilection for distal joints, asym-
metry, and appositional new bone formation.

TABLE 243-1 DISTINGUISHING RADIOGRAPHIC FEATURES OF SEVERAL COMMON RHEUMATIC DISEASES
CONDITION COMMON SITES DISTRIBUTION RADIOGRAPHIC FEATURES
Rheumatoid arthritis Hands: MCP, PIP; wrists: intercarpal, 

DRUJ, ulnar styloid; feet: fifth MTP; 
cervical spine (atlantoaxial, apophyseal)

Bilateral, symmetric, polyarticular Juxta-articular osteopenia, periarticular swelling, subluxations 
(e.g., ulnar, volar), uniform joint space loss, erosions (bare 
areas)

Osteoarthritis (primary) Hands (DIP), wrists (basal joint, STT), 
feet (first MTP), hips (superolateral), 
knees (medial), spine (discs, facet, or 
apophyseal, uncovertebral)

Symmetric, weight-bearing joints Normal or increased density, nonuniform joint space loss, 
subchondral sclerosis, cysts, bone formation (osteophytes)

Spine: disc space narrowing, end plate sclerosis, and bone 
formation

Psoriatic arthritis Hands (DIP, terminal tufts), feet (IP 
joints), entheses (calcaneus-plantar, 
posterior), spine, SI joints

Asymmetric (single ray), polyarticular, 
segmental (intervertebral, apophyseal)

Normal or increased density, periosteal bone formation, soft 
tissue swelling, ankylosis (SI joints), thick hyperostosis 
spine (nonmarginal syndesmophytes), juxta-articular and 
periarticular erosions

Ankylosing spondylitis Spine, SI joints, fibrous joints (pubic 
symphysis), entheses (adductor origin), 
rhizomelic joints (hips, shoulders)

Symmetric, continuous (may affect entire 
spine: bamboo spine)

Normal or increased density, erosions (spine: squaring, 
shining corner) with superimposed bone formation 
(ankylosis: SI, thin [marginal] syndesmophytes)

Gout Feet (first MTP), other damaged joints, 
elbow, knee, hindfoot

Asymmetric, extensor surfaces (elbow), 
abnormal joints (e.g., osteoarthritic 
joints)

Normal joint space, normal or increased density, dense soft 
tissue nodules (tophi), para-articular and subchondral 
erosions with bone formation along tophi (overhanging 
edge)

CPPD Hands (second, third MCP), wrists 
(radiocarpal, TFC), knees (lateral 
compartment and patella-femoral, 
menisci)

Symmetric, fibrocartilaginous joints Normal or increased density, hypertrophic bone formation, 
subchondral or periarticular cysts, chondrocalcinosis 
(hyaline, fibrocartilage), periarticular, peritendinous, 
periligamentous calcification

Infection Any joint (pyogenic, TB) Monoarticular (mostly), any joint Pyogenic: osteopenia (days), joint space widened (early), 
joint space loss (rapid development), soft tissue swelling, 
erosions—both sides of joint, sequestra, periostitis

TB: joint space and mineralization may be preserved, 
juxta-articular erosions

Spine: disc space loss and end plate erosion
CPPD = calcium pyrophosphate deposition disease; DIP = distal interphalangeal; DRUJ = distal radial ulnar joint; IP = interphalangeal; MCP = metacarpophalangeal; MTP = metatarsophalangeal; PIP = 
proximal interphalangeal; SI = sacroiliac; STT = scaphotrapeziotrapezoid; TB = tuberculosis; TFC = triangular fibrocartilage.
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CT generally has poor soft tissue contrast. Nevertheless, it is still very useful 
in performing a number of guided procedures because of its tomographic 
nature and rapid image acquisition capability. Improved soft tissue contrast 
can be obtained with use of iodinated contrast material. A number of soft 
tissue tumors, inflammatory synovitis, and infectious processes display patho-
logic enhancement after contrast administration. CT can likewise be used to 
produce angiographic displays (CTA) when used in combination with contrast, 
providing exquisite detail of central and peripheral vascular disease, including 
in patients with suspected vasculitis. These agents are typically administered 
intravenously following well-defined enhancement characteristics. CTA has 
become the method of choice in evaluating patients with suspected pulmonary 
embolism. Likewise, contrast agents may be used to improve intra-articular 
contrast (CT arthrography), currently the method of choice in assessing internal 
derangement in the postoperative shoulder, knee, and so on and in patients 
who are unable to undergo MRI (e.g., those with claustrophobia, aneurysm 
clips, or cardiac pacemakers). Imaging of cartilage and soft tissue abnormalities 
usually depends on pathologic inhibition of contrast material, indicative of 
degeneration or tearing. A limitation of this approach resides in the fact that 
some abnormalities may remain occult. An example is the inability to detect 
a bursal-sided rotator cuff tear after shoulder CT arthrography.

The radiation dose from CT can be high, especially when using the newer 
scanners. This is most significant when one is looking to minimize exposure, 
such as in children, requiring protocols specifically designed for the pediatric 
population. Newer iterative image reconstruction techniques as well as sparse 
sampling (compressed sensing) may allow for compensatory dose reduction. 
Intravenous (IV) use of iodinated contrast agents is contraindicated in patients 
with impaired renal function or a history of allergic reaction. Nonionic agents 
can diminish the associated risks but still should be used with caution.

 ULTRASONOGRAPHY
Ultrasound imaging takes advantage of the near uniform speed of sound and 
predictable attenuation characteristics of sound propagation in soft tissue. 
Diagnostic frequencies used in musculoskeletal ultrasound range from 
approximately 5 to 20 megahertz (MHz). Images are formed using a pulse-
echo technique, whereby a transducer produces a short duration series of 
pulses (lasting on the order of microseconds) and then goes into a receive 
mode from which image information is acquired and processed. In general, 
anatomic images derive from specular surfaces whose dimensions exceed the 
ultrasound wavelength; inherent noise (speckle) within the image derives 
from small scatterers, smaller than the resolution element of the transducer. 
Modern ultrasound equipment contains various methods to reduce speckle 
in the image, resulting in a more anatomic rendition of the soft tissues. Rapid 
image acquisition and processing enables ultrasound to be performed in real 
time (approximately 30 frames per second). Ultrasonography is also condu-
cive to evaluation of blood flow from which estimates of flow velocity can 

intensifier. Injection of joints under fluoroscopic guidance provides a convenient 
means to ensure intra-articular deposition of the therapeutic agent or for 
diagnostic aspiration. Intra-articular location is verified by injection of a small 
amount of a standard iodinated contrast material. Arthrography using fluo-
roscopic guidance can be used as a primary diagnostic tool, but this application 
has largely been replaced by intra-articular injection of contrast followed by 
computed tomography (CT) or MRI.

For some procedures, CT may be preferable, depending on the location of 
the abnormality. The principal disadvantages of fluoroscopy relate to the use 
of ionizing radiation and poor soft tissue contrast. The latter becomes important 
with needle placement near neurovascular structures that may be potentially 
compromised by poor needle position. CT allows greater control over needle 
placement at the cost of greater levels of radiation exposure. Ultrasonography 
has replaced fluoroscopy and CT for a large number of percutaneous proce-
dures. MRI provides another method to perform a variety of procedures without 
the necessity of ionizing radiation. These options will be discussed in greater 
detail below.

 COMPUTED TOMOGRAPHY
CT provides a two-dimensional map of tissue attenuation obtained from external 
x-ray source(s) located on a rotating gantry, whose radiation is detected by a 
series of detectors opposite the source. The current generation of CT scan-
ners employs multiple detectors (16, 32, 64, and so on), allowing rapid image 
acquisition that can be displayed in a single plane in real time (CT-fluoroscopy) 
or as extremely thin section contiguous or overlapping acquisitions in the 
axial plane. The acquired images can be reconstructed in multiple planes with 
equivalent (isotropic) resolution elements (voxels) or as a three-dimensional 
rendering. Image data are generally obtained with the scanner operating in a 
helical mode (as the subject is advanced continuously while data are obtained), 
enabling rapid acquisitions. Image reconstruction has traditionally been per-
formed using a technique known as filtered back-projection. Newer techniques 
involve iterative reconstruction, which is promising as a method to achieve 
significant decrease in image reconstruction times, as well as radiation dose 
reduction. Some scanners use dual energy sources, taking advantage of differ-
ences in the attenuation characteristics of various tissues at different energies. 
This has received greatest attention in the setting of gout, enabling a definitive 
diagnosis with greater sensitivity in depicting tophaceous deposits even in 
anatomic locations not conducive to radiographs or ultrasound.3

CT allows the best assessment of trabecular and cortical bone, providing 
an excellent means to assess fractures and erosions, the presence of new bone 
formation (e.g., fracture callus), and degenerative or inflammatory arthritis. 
Soft tissue mineralization can likewise be well characterized, providing impor-
tant information as to its etiology. Joints that are difficult to assess on radio-
graphs, including the sacroiliac, temporomandibular, wrist, and sternoclavicular 
joints, are well seen on CT (Fig. 243-2).

A B

FIGURE 243-2. Infectious sacroiliitis in a 12-year-old boy with a 2-week history of back and left hip pain. A, axial computed tomography (ct) image of the pelvis at the level of 
the sacroiliac (SI) joints photographed using window settings optimized for bone detail. there is clear asymmetry in the two SI joints, with the left appearing more irregular. the cortical 
margins of the left sacral ala are less distinct, and there is an isolated bone fragment (arrow) surrounded by soft tissue suspicious for a sequestrum. B, ct-guided aspiration of the left 
SI joint confirmed an infectious origin. 
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FIGURE 243-3. Synovitis on ultrasound in a female patient with normal hand radiographs. A, gray scale ultrasound image obtained along the dorsal aspect of the radioscaphoid 
joint shows hypoechoic soft tissue (arrows) distending the dorsal recess. the cortical margins of the scaphoid (S) and radius (R) appear as bright reflectors on ultrasound. B, Power 
doppler image depicts the marked vascularity (red hues) of the soft tissue illustrating the level of disease activity. 

approval for only cardiovascular and abdominal applications at this time and 
therefore can be used only off label for the assessment of synovitis.

Articular cartilage and fibrocartilage have characteristic appearances on ultra-
sonography. Whereas the former appears as a thin hypoechoic band paralleling 
the articular surface, fibrocartilage appears hyperechoic. Chondrocalcinosis 
appears as discrete hyperechoic foci within the substance of the cartilage, in 
which case its presence is suggestive of calcium pyrophosphate deposition 
disease. Calcification along the margin of the articular cartilage gives rise to 
the double-line sign seen in gout.

Tendons and muscles have characteristic appearances on ultrasonography. 
The presence of tendinosis, tendon tears, muscle edema or inflammation, 
atrophy, and tears can be diagnosed. Ultrasonography is very sensitive, although 
not specific, for the detection of small amounts of calcification or ossification. 
It is an excellent method to assess for calcific peritendinitis or periarthritis 
and to provide guidance for treatment. Abnormal fluid distention of synovial 
lined structures can be assessed and treated under ultrasound guidance. Ultra-
sonography is an excellent modality to provide image guidance for therapeutic 
aspiration and injection of small and large joints, tendon sheaths, and cysts 
(e.g., bursae, ganglion, paralabral cysts, hematomas, abscesses) (Fig. 243-4). 
The real-time capability of ultrasonography is useful to demonstrate the pres-
ence of subluxations, to evaluate painful snapping, to document the distribution 
of injected material, and to assess adhesions. Ultrasonography is considered 
the method of choice to detect foreign bodies. Newer ultrasound techniques 
provide a map of soft tissue mechanical properties, also known as ultrasound 
elastography (USE). These techniques fall into two categories, compression-
based or shear wave elastography. The former employs speckle tracking to 
estimate local tissue strain following minimal external compression of the 
tissue being examined, thereby producing a color-encoded strain map or map 
of tissue hardness. The latter method employs a shear-wave produced either 
by an external source or by the transducer itself, the speed of the shear wave 
being an indirect measure of local Young modulus; a color-encoded map or 
quantitative estimate of local shear wave speed or elastic modulus can be 
derived. Both techniques provide information regarding alterations of mechani-
cal properties of tendons and muscles in a variety of degenerative, traumatic, 
and reparative states. For example, fatty infiltration resulting from chronic 
myopathic disorders produces measurable alterations in local muscle elastic 
modulus.

Nerves also have a characteristic appearance on ultrasonography. In cross-
section, a nerve often has a “cluster of grapes” or “honeycomb” appearance, 
with nerve fascicles appearing hypoechoic and surrounded by hyperechoic 
internal and external epineural fat. In long axis, nerves display a characteristic 
“tram-track” appearance. Ultrasonography has been shown to be useful in the 
diagnosis and treatment of carpal tunnel syndrome and cubital tunnel syn-
drome. It is an excellent modality to assess for the presence of post-traumatic 
or post-surgical and interdigital neuromas and to provide image guidance 
for treatment, including therapeutic injections, nerve blocks, and ablative  
therapy.

Although ultrasonography is well suited to the evaluation of superficial 
structures, it is less well suited to assess deep structures. Frequency and pen-
etration are reciprocally related: the higher the frequency, the better the axial 
resolution but poorer the degree of penetration. A 15-MHz linear transducer 

be obtained through the Doppler equation. Doppler information is typically 
reported by either continuously estimating velocity at a specific depth (spectral 
Doppler) or through a color encoded two-dimensional map (color or power  
Doppler).

There is great appeal for using ultrasonography in patients with rheumatic 
disorders. There is no ionizing radiation, and it is real-time, inexpensive, relatively 
portable, and well tolerated. Historically, however, ultrasonography has played 
only a limited role in the diagnostic assessment and treatment of patients with 
suspected musculoskeletal abnormalities, being used to differentiate fluid-filled 
from solid masses. The detection of a Baker cyst in the knee or the presence 
of a joint effusion constituted two major applications. There has also been 
limited application of ultrasonography to perform image-guided aspirations 
and biopsies. Within the United States in particular, the development of MRI 
further limited the musculoskeletal applications of ultrasonography.

With the development of linear high-frequency small parts transducers, 
new imaging capabilities of ultrasound scanners, and the evolution of a new 
class of compact and portable (laptop) ultrasound units that have excellent 
image quality, the role of ultrasonography has dramatically changed in recent 
years.4,5 These new applications have paralleled the development of new classes 
of DMARDs for which diagnosis of inflammatory synovitis prior to joint 
destruction is a prerequisite.

The current generation of ultrasound scanners enables examination of the 
small joints of the hands and feet, allowing early detection of synovitis (Fig. 
243-3). Typically, a 10-MHz or higher-frequency linear transducer is used. 
The displacement of the joint capsule by hypoechoic (dark) soft tissue that 
displays vascularity on Doppler imaging or is incompressible with direct pres-
sure by the transducer is characteristic, allowing differentiation of synovitis 
from an effusion. In addition to the detection of synovitis, ultrasonography 
has been shown to be more sensitive than conventional radiographs in the 
detection of erosions. Erosions appear as discrete irregular discontinuities in 
the normally smooth hyperechoic (bright), reflecting cortical surfaces, often 
seen in continuity with adjacent inflammatory soft tissue. There is some varia-
tion in the appearance of synovitis among various arthritides. The distribution, 
presence, or lack of symmetry and other concomitant findings may be neces-
sary to obtain a specific diagnosis.

The level of vascularity on color flow imaging can reflect active inflamma-
tion, correlating with clinical and biochemical parameters. A parametric image 
encoding either mean Doppler shift (color Doppler) or amplitude (power 
Doppler) is typically used as a standard Doppler map. Both maps can be used 
to detect abnormal levels of vascularity. Whereas power Doppler provides an 
indirect measure of the number of moving scatterers within the region being 
scanned, color Doppler provides a velocity map and therefore is more subject 
to artifact (angle dependence and sampling errors). When combined with 
color flow imaging, the activity of the synovitis can be estimated. Ultrasound 
contrast agents can depict capillary flow, resulting in significantly improved 
detection sensitivity of synovial inflammation and are used extensively in Europe. 
They constitute microbubble agents encased in a lipid or polysaccharide shell 
that can be instilled as either bolus or constant infusion, with the shell being 
metabolized in the liver and the gas exhaled in the lungs. These agents have 
biologic half-lives on the order of minutes and are best suited to examining 
target joints. Contrast agents have received U.S. Food and Drug Administration 
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properties that relate to water content, glycosaminoglycan (GAG) content, 
and integrity of collagen architecture can be assessed using T2 and other 
parametric maps that can be derived from the MR data (Fig. 243-6).

Measures and parametric images of apparent diffusion coefficient (ADC) 
provide a method to quantify soft tissue edema present in inflammatory states 
and may help to differentiate tissue inflammation from other potential sources 
of increased T2 contrast.6 The loss of restrictive diffusion has likewise been 
employed as a quantitative metric and imaging tool to assess collagen break-
down in articular cartilage that occurs in early osteoarthritis.7 The latter utilizes 
a technique known as diffusion tensor imaging (DTI) to estimate the loss 
asymmetry in the axial versus radial diffusion coefficients present following 
cartilage injury and has been shown to correlate with both alterations in pro-
teoglycan content and altered collagen architecture.

The widely used contrast for MRI studies is a neutral hydrophilic salt of 
the gadolinium chelate, gadolinium diethylenetriamine-penta-acetic acid 
(Gd-DTPA). Gadolinium can be injected intravenously or directly into the 
joint. IV injection (indirect magnetic resonance arthrography) carries the 
contrast in the vascular system to areas of hyperemia and inflammation (Fig. 
243-7). It can be used for assessment of synovial activity in inflammatory 
joint diseases. Gadolinium is taken up in inflamed synovium and is able to 
demonstrate thickened pannus. The slope of the early time-signal intensity 
curve provides a measure of tissue perfusion and can quantify inflammatory 
activity. Contrast material excreted into the synovial fluid provides excellent 
depiction of intra-articular structures and can be used in lieu of arthrographic 
direct techniques. In GAG-depleted cartilage, there can be delayed uptake of 
contrast into the cartilage, which would normally be inhibited by the negatively 
charged GAG molecules.

Patients with renal disease who receive IV injection of gadolinium can 
develop nephrogenic systemic fibrosis (NSF) (see Chapter 251). When the 
kidney cannot sufficiently clear out the gadolinium, it produces fibrosis of 
many tissues, including the skin, muscle, heart, nerves, and pleura. To date, 
NSF has been seen only in patients who have been given IV gadolinium with 
acute or chronic renal insufficiency. The changes in the skin with NSF are 
usually bilateral and symmetric, primarily involving the extremities and the 
trunk. These changes can mimic systemic sclerosis but, unlike that disease, 
the face is usually spared. If renal function improves, the skin lesions may 

would work well in the hand but not in the hip. Examination of a hip might 
require a 5-MHz transducer and curved transducer geometry with reduced 
image quality. Excessive abdominal fat can further limit acoustic penetration 
and distort the ultrasound beam, limiting image quality. Diagnostic ultraso-
nography does not penetrate bone, resulting in limited acoustic access to joint 
structures. In some instances, soft tissue contrast can be poor. An inexperienced 
scanner may find ligaments and tendinous insertions difficult to differentiate 
from adjacent fibrofatty structures.

 MAGNETIC RESONANCE IMAGING
The natural abundance of hydrogen in biologic systems and an inherent prop-
erty of hydrogen, called spin, form the basis of conventional MRI. When placed 
in a strong magnetic field, protons tend to align themselves along the direction 
of the field. Magnetic field strengths are specified as Tesla and can be variable 
between clinical scanners. The majority of scanners in clinical usage vary 
between 1 and 3 Tesla. Application of a radiofrequency (RF) pulse to a system 
of protons induces the spins to rotate away from the direction of the field, 
during which time they precess about the direction of the magnetic field at a 
characteristic frequency, called the Larmor frequency. When the RF pulse is 
turned off, the spins relax toward their initial state determined by two tissue-
dependent relaxation times, T1 and T2, which vary with field strength. T1 
(also known as the spin-lattice relaxation) and T2 (or the transverse relaxation 
time) along with proton density are the principal determinants of signal inten-
sity. The image can emphasize either the T1 or T2 characteristics of the tissue, 
impacting tissue contrast. By applying a system of gradient coils, one can 
effectively spatially encode the distribution of Larmor frequencies. Different 
tissues have varying appearance often based on levels of fat and water content, 
reflected by their inherent T1 and T2 relaxation times. Tissue morphology 
is often characterized by their appearance on T1-weighted or proton density 
images: tendon, muscle, fat, marrow, cortical bone, articular, and fibrocartilage 
have characteristic appearances. Many pathologic states, alternatively, are 
characterized by increased mobile water or effective T2 lengthening. Examples 
include soft tissue edema, inflammatory infiltrates, and neoplasm (Fig. 243-5). 
Images that emphasize T2 contrast are therefore helpful to display most patho-
logic states. Selective maps of T2 have been used to characterize the state of 
articular cartilage in early degenerative disease. Other cartilage-specific 
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FIGURE 243-4. Ultrasound-guided therapy in the first metatarsophalangeal (MTP) joint of a female patient with pain and swelling. A, Longitudinal gray scale image of the dorsal 
recess of the first mtP joint. Fluid and soft tissue distend the joint capsule (arrows). the metatarsal (m) and proximal phalanx (p) are labeled. note that a thin hypoechoic (dark) band 
parallels the surface of the metatarsal head, corresponding to the overlying articular cartilage. B, Increased vascularity (red hues) demonstrated on power doppler imaging within the 
dorsal recess reflects the level of disease activity. C, transverse gray scale ultrasound image shows a needle (n) within the distended dorsal recess from which several drops of synovial 
fluid were aspirated, followed by therapeutic injection. D, Postinjection transverse sonogram depicts low-level echoes (small echogenic foci within dorsal recess) and microbubbles 
(arrows) within the distended joint capsule from injected material. microbubbles will aggregate along the nondependent portion of the distended joint capsule, whereas injected 
material tends to settle to the deep potion of the joint. 
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FIGURE 243-5. Magnetic resonance imaging of the right wrist in a female patient with advanced rheumatoid arthritis. A, Proton density coronal image shows loss of normally 
bright marrow signal within the scaphoid and lunate bones (arrows). the proximal scaphoid is eroded, and the lunate appears deformed and translocated and volarly tilted (not shown), 
giving rise to its triangular appearance. the distal ulna (u) is poorly visualized due to a large erosion. Intermediate-intensity material (appears dark gray) within the carpus and distal 
radioulnar joint is difficult to separate from the distal ulna, lunate, and scaphoid. the triquetrum (t), hamate (h), trapezium (tr1) and trapezoid (tr2), capitate (c), and radius (r) are labeled. 
B, Fluid-sensitive coronal image emphasizing t2 relaxation demonstrates increased signal intensity (bright) within the inflammatory pannus, compatible with increase in mobile water 
associated with inflammation. Increased signal intensity is evident within the lunate, scaphoid, and distal ulna, including focal areas within the distal row of carpal bones, corresponding 
to small erosions. diffuse increased signal within the distal radius likely reflects reactive marrow edema (asterisk). 
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A B

FIGURE 243-6. Imaging of the soft tissues in a patient with retrocalcaneal pain demonstrating complementary nature of magnetic resonance imaging and ultrasound. A, Proton 
density sagittal image emphasizes anatomic detail, whereas (B) fluid-sensitive image depicts thickening and increased signal intensity within the distal achilles tendon reflecting 
tendinosis, retrocalcaneal bursitis, or tear of the deep surface of the tendon. Surrounding increased signal intensity (bright areas) within the adjacent soft tissue reflects adjacent soft 
tissue edema. C, Long axis gray scale and (D) power doppler images of the same patient obtained when the patient presented for ultrasound-guided therapeutic injection. the tendon 
(arrows) is inhomogeneous. a prominent hypoechoic collection deep to the tendon is compatible with retrocalcaneal bursitis (b). there is prominent increased vascularity on power 
doppler imaging at the margin of the bursa and tendon. the calcaneus (calc) is labeled. 
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FIGURE 243-7. Functional magnetic resonance imaging. A, Parametric image derived from fitting a two-
compartment model of soft tissue and synovial enhancement following intravenous administration of contrast 
material. three parameters extracted from the time-intensity curves are displayed as parametric images: Ktrans 
(left) provides a measure of contrast exchange into the extravascular soft tissues; Ve (center) and Vp (right) 
reflect the relative distribution volumes for the extravascular space and plasma, respectively. the arrows depict 
a region of increased synovial volume and enhancement at the second metacarpophalangeal joint. Increased 
values of Ktrans and Ve illustrate increased vascular permeability at the site of inflammation. (Printed with per-
mission of dr. Luis Beltran.) B, Sagittal t2 map of the knee in which relative t2 relaxation is color encoded, 
showing regions of higher cartilage t2 values at the femoral condyle and tibial plateau. this reflects alterations 
in cartilage collagen architecture and water content and possibly early osteoarthritis. (Printed with permission 
of dr. gregory chang.) 

stabilize or get better, although in some patients, the process progresses, affect-
ing mobility and causing severe pain.

Injection of dilute gadolinium into the joint (direct MR arthrography) is 
helpful for outlining structures to determine whether there is morphologic 
damage. Injection is usually performed either under fluoroscopic or ultrasound 
guidance. This technique is particularly effective for visualization of small 
structures such as the labrum of the hip or shoulder if there is no joint effu-
sion. It is also helpful for demonstrating breakdown of soft tissue structures 
that normally prevent communication between joint compartments such as 
the rotator cuff, triangular fibrocartilage of the wrist, and ligaments in the 
various joints. Newer techniques that enable image acquisition in near real 
time as well as the development of MR-compatible needles now permit a 
variety of percutaneous procedures to be performed directly under MR 
guidance.

 SCINTIGRAPHY
Scintigraphy by its nature represents physiologic imaging because it derives 
from labeling physiologically occurring substances with a gamma-emitting 
radionuclide and uses detectors in the form of gamma cameras arranged in a 
planar or circumferential configuration to determine the distribution of radio-
nuclide within the tissue. Scintigraphy can provide a global assessment of 
abnormal tracer uptake or can be performed using a targeted approach (Fig. 
243-8). Images often provide high tissue contrast but are of relatively poor 
spatial resolution. Commonly employed agents vary from tagged red blood 
cells to assess blood flow; agents that reflect bone metabolism (technetium-
99m methylene diphosphate [Tc-MDP]); agents that reflect glucose metabolism 
(18-fluorine deoxyglucose [18-FDG]), in the case of PET; and agents that 
concentrate at sites of inflammation, such as autologous white blood cells 
labeled with 111In (indium) and 67Ga-citrate (gallium). Clinical applications 

include detection of a variety of malignancies, osteomyelitis, vascular graft 
infection, multifocal infectious disease, inflammatory diseases such as RA, 
vasculitis, inflammatory bowel disease, sarcoidosis, fever of unknown origin, 
and infection of joint prostheses.

Traditional nuclear medicine involves use of single gamma photon emis-
sions as a product of nuclear decay. The information can be displayed using 
planar imaging through a single (or multiple) pinhole camera or displayed 
tomographically in a manner similar to CT (single-photon emission CT 
[SPECT]). Bone scintigraphy employs Tc-MDP as the radioactive tracer. The 
isotope goes to areas of high bone turnover and vascular flow as well as areas 
of calcium or bone deposition. Three-phase bone scans are obtained at dif-
ferent intervals after injection, reflecting the early vascular phase, the inter-
mediate blood pool phase, and the late phase. Each phase allows for further 
characterization of the disease process. Abnormal tracer uptake is seen in 
areas of inflammation, infection, neoplasm, osteonecrosis, and fracture. The 
scan is most useful to identify the location of lesions within the skeleton but 
is nonspecific.

PET scans use the appearance of two simultaneously produced 511-KEV 
gamma rays following annihilation of a positron and electron pair to localize the 
distribution of radionuclide. The near-simultaneous detection of the photons 
(coincidence counting) provides an estimate of source tracer concentration. 
Newer PET scanners are often used in combination with either CT or MRI 
in order to achieve improved spatial registration, allow accurate estimates of 
soft tissue attenuation, provide high-quality anatomic images, and quantify 
metabolic activity.8 Combined PET-CT or PET-MRI provides high-resolution 
images of abnormal metabolic activity and may ultimately provide the most 
definitive maps of inflammatory activity in patients with rheumatic disease. 
Early results to date have been promising and are expected to provide sensitive 
evaluation of the response to DMARDs in patients with inflammatory arthritis.



A CB D

FIGURE 243-8. Rectilinear bone scan in a patient with back pain. A, B, anterior and (C, D) posterior delayed images of the axial and appendicular skeleton demonstrate increased 
tracer uptake in the region of the sacral ala, left ankle, and right midfoot (arrows). Follow-up radiographs confirmed the presence of bilateral sacral ala fractures. note that the central 
pooling of tracer in the expected location of the urinary bladder is normal. Bone scans provide a sensitive but nonspecific method to evaluate the appendicular and axial skeletal. 
Increased uptake in the feet in this patient was attributed to degenerative change. L = left; R = right. 
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4. A patient has shoulder pain and gives a history of prior dislocation. There 
is an equivocal abnormality on the humeral head on radiographic evalua-
tion. Which additional study should be considered?
 A. Ultrasound to rule out rotator cuff tear
 B. Noncontrast computed tomography
 C. Additional specialized radiographs to evaluate the scapula
 D. Direct MR arthrography
 E. Nuclear scintigraphy

Answer: D Although ultrasound could evaluate the rotator cuff, it does not 
provide adequate assessment of the capsular labral complex. Cross-sectional 
imaging with intra-articular contrast would best accomplish this. MR arthrog-
raphy would be optimal. Direct arthrography has been the method of choice 
in assessing the glenoid labrum, surrounding ligaments, and capsule. CT 
arthrography is of value, particularly in the postoperative shoulder, and provides 
indirect imaging of internal structures by coating them with contrast material. 
A noncontrast CT would be very limited in assessing the labroligamentous 
complex, even in the presence of a joint effusion due to poor soft tissue 
contrast.

5. A patient with early rheumatoid arthritis is being considered for placement 
on a DMARD. All of the imaging studies below could assess the level of 
disease activity and response to therapy except:
 A. 18FDG scan
 B. Radiographs of the hands and wrists
 C. Gray scale ultrasound with power Doppler
 D. MRI with gadolinium
 E. Parametric MRI of distribution volumes of contrast in the extravascular 

space
Answer: B Radiographic findings in rheumatoid arthritis usually occur when 
there has already been irreversible joint damage. Ideally, therapy would be 
instituted on a radiographically negative patient. The remaining examinations 
can provide sensitive evaluation of disease activity before the development 
of either bone or cartilage erosion.

REVIEW QUESTIONS

1. With regard to imaging of gout, the following statement(s) is (are) true:
 A. The presence of periarticular articular erosions and soft tissue nodules 

is pathognomonic.
 B. Osteopenia is a hallmark of the disease.
 C. Dual-energy computed tomography can be of value to assess disease 

extent.
 D. Chondrocalcinosis has a characteristic appearance on ultrasound in 

these patients.
 E. B and D are correct.

Answer: E Dual-energy CT is well suited to assess the distribution of topha-
ceous deposits in patients with gout due to differences of the absorption 
characteristics of sodium urate crystals in comparison with other types of 
deposition diseases. On ultrasound, calcification along the superficial margin 
of the cartilage is characteristic of gout, giving rise to a double-line sign.

2. A patient presents with radial-sided wrist pain that extends proximally into 
the forearm. What imaging test(s) would assess possible etiologies?
 A. Radiographs alone should be adequate.
 B. MRI
 C. Ultrasound
 D. A and B are correct.
 E. B and C are correct

Answer: E The clinical history suggests de Quervain tenosynovitis. Radio-
graphs would allow assessment of the osseous structures but not the adjacent 
tendons. Although MRI would provide the most complete examination of 
the radial-sided structures, ultrasound is well suited to evaluate the soft tissues, 
including the first dorsal compartment tendons. One also could perform 
ultrasound-guided therapy at the time of diagnosis.

3. A patient is suspected of having sacroiliitis. What imaging study(ies) would 
be appropriate to evaluate the patient?
 A. Radiographs of the SI joints
 B. Computed tomography
 C. Nuclear scintigraphy (bone scan)
 D. MRI
 E. All the above

Answer: E Dedicated radiographic views of the sacroiliac joints should be 
the first study ordered to assess for possible erosions and may be sufficient to 
establish the diagnosis. Computed tomography would provide a more sensi-
tive evaluation for subtle erosions as well as the adjacent soft tissues, particularly 
with the addition of intravenous contrast. Computed tomography provides 
an ideal method to perform guided therapy or aspiration. Bone scan would 
provide a sensitive evaluation of the SI joints, but would be abnormal for 
trauma, inflammatory, or degenerative etiologies. Bone scan would allow a 
global assessment of the axial and appendicular skeleton to determine whether 
other sites are potentially affected. MRI allows the best assessment of the 
bone, adjacent marrow space, and soft tissues.
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INHERITED DISEASES OF 
CONNECTIVE TISSUE
REED E. PYERITZ

 MUCOPOLYSACCHARIDOSES

 DEFINITION
Proteoglycans are ubiquitous components of the extracellular matrix and the 
surfaces of cells, and they are among the largest and most complex of human 
molecules. Proteoglycans consist of a protein core to which are covalently 
bound glycosaminoglycans (GAGs; formerly called mucopolysaccharides) 
of several types: dermatan sulfate, heparan sulfate, keratan sulfate, and chon-
droitin sulfate. During normal degradation, these four polymeric molecules 
are cleaved from their protein core in lysosomes; then they, plus hyaluronan 
(a GAG lacking a protein core), are catabolized further in lysosomes in a 
stepwise fashion by more than a dozen enzymes. Genetic defects in any one 
of these enzymes lead to the accumulation of GAG metabolites in lysosomes, 
with profound disruption of cellular physiology. The phenotypes resulting 
from deficiencies of these catabolic enzymes are termed mucopolysacchari-
doses and are classified into seven types (Table 244-1).1 Several additional 

storage disorders, termed mucolipidoses, are caused by a genetic defect in post-
translational modification of lysosomal enzymes and share features with the  
mucopolysaccharidoses.

 EPIDEMIOLOGY
All mucopolysaccharidosis disorders are rare, each with an incidence of one 
or fewer cases per 100,000 births, and are without ethnic predilection.

 PATHOBIOLOGY
With the exception of mucopolysaccharidosis II (Hunter syndrome), 
which is X-linked, each of these disorders is autosomal recessive. All muco-
polysaccharidoses are caused by deficiency of a single lysosomal enzyme 
responsible for a specific step in GAG metabolism. Catabolism of GAG 
proceeds normally until the step requiring the defective enzyme, when 
further normal metabolism halts. Although a minor degree of nonspecific 
breakdown occurs, resulting in urinary excretion of cleaved GAG that 
can be useful diagnostically, the accumulation of GAG within lysosomes 
of cells of mesenchymal origin, endothelium, and, in most cases, neurons 
causes widespread, progressive cellular dysfunction and clinical effects. 
Lysosomal enzymes are targeted to lysosomes by post-translational addi-
tion of mannose 6-phosphate. Deficiency of the phosphotransferase that 
catalyzes the first step in this reaction results in an inability to catabolize any 
GAG molecules. The catabolic enzymes, which normally would be trans-
ported into lysosomes, instead are secreted from the cell and are found in 
unusually high concentrations in plasma, providing one diagnostic test for  
mucolipidoses.

Pathology
All pathologic manifestations of mucopolysaccharidosis and mucolipidosis 
disorders worsen with age, and some are present from early developmental 
stages. Gross anatomic hallmarks are hepatosplenomegaly, marked skeletal 
alterations (termed dysostosis multiplex)2 that result in short stature and tho-
racic cage deformity, thickening and narrowing of airways and arteries, and 
coarsening of facial features. Although mental retardation is a prominent 
feature of some of these conditions, the brain may show only ventriculomegaly 
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ABSTRACT
The inherited diseases of connective tissue are diverse in phenotypic charac-
teristics, genetic and molecular causes, and effects on health. Among more 
than 200 conditions, some of the more common are the mucopolysacchari-
doses, Marfan syndrome, the Ehlers-Danlos syndromes, the osteogenesis 
imperfecta syndromes, and pseudoxanthoma elasticum. In their severe forms, 
all can shorten life expectancy. Fortunately, therapies such as medication, 
enzyme replacement, and gene therapy are becoming more frequent and 
effective.
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None of the gross or microscopic pathologic changes is specific for Marfan 
syndrome. The medial degeneration of the aortic wall, characterized by disar-
ray and fragmentation of the elastic fibers and increased proteoglycan (often 
inappropriately termed cystic medial necrosis), also can be seen in other disorders 
and in older people with hypertension. Aortic dissection (Chapter 69) usually 
begins just superior to the aortic valve (type A) and often progresses to the 
bifurcation. Death usually results from retrograde dissection and hemoperi-
cardium. About 10% of dissections begin in the descending thoracic aorta 
(type B).

 CLINICAL MANIFESTATIONS
The lens tends to be displaced superiorly, and usually the zonules remain 
intact. The retina is at increased risk for detachment, especially in patients 
who are highly myopic. Tubular bones overgrow, accounting for the dispro-
portionate tall stature (dolichostenomelia), long digits (arachnodactyly), and 
sternal deformity. Ligaments may be lax, causing scoliosis and joint hyper-
mobility. Alternatively, congenital contractures are common, especially of the 
elbows. The palate typically is highly arched, and the dentition can be crowded 
and maloccluded. Mitral valve prolapse occurs in about 80% of cases, and the 
valve leaflets become progressively thickened (myxomatous on histopathol-
ogy). The mitral annulus may dilate and calcify. Aortic root dilation begins 
in the sinuses of Valsalva and progresses with age, albeit at highly variable 
rates (Chapters 61 and 69).7,8 Most males with Marfan syndrome have an 
aortic root dimension above the upper limit of normal for their body surface 
area by adolescence. Some females show a slower progression and may have 
a root diameter near the upper limit of normal well into adulthood. The dila-
tion usually does not involve the distal ascending aorta. Spontaneous pneu-
mothorax, resulting from rupture of apical blebs, occurs in about 5% of patients. 
Stretch marks (striae atrophicae) occur over areas of flexural stress, such as 
the shoulders, breasts, and lower back. The neural canal in the lumbosacral 
region is enlarged in most people with Marfan syndrome; this may be visible 
on plain radiographs, especially if the neuroforamina are widened. Imaging 
by computed tomography or magnetic resonance imaging is diagnostic and 
should be used in patients with back pain and radicular symptoms. Dural 
ectasia progresses with age; large anterior meningoceles in the pelvis are a 
severe manifestation. Simple cysts in the liver and kidneys are common, increase 
with age, and seldom cause clinical problems. Sleep apnea is of increased 
frequency in adults.9

 DIAGNOSIS
Differential Diagnosis
The conditions that overlap clinically and genetically with Marfan syndrome 
include familial aortic aneurysm, familial ectopia lentis, mitral valve prolapse, 
mild aortic dilation, striae, skeleton (MASS) phenotype (which includes many 
families with mitral valve prolapse syndrome), and Loeys-Dietz syndrome. 
Most of these conditions are diagnosed clinically, so differentiating among 
them is arbitrary. A careful family history is essential to this process. Molecular 
genetic testing has a limited role. However, if the mutation in FBN1 is known 
in a family, analysis of DNA can be used effectively for presymptomatic or 
prenatal diagnosis. Loeys-Dietz syndrome, which is associated with general-
ized arterial tortuosity and susceptibility to dissection, is caused by mutation 
in either of two receptors for TGF-β, TGFBR1 and TGFBR2, and molecular 
analysis is clinically available. Most mutations in TGFBR1 and TGFBR2 do 
not cause Loeys-Dietz syndrome but do predispose to familial thoracic aneu-
rysm and dissection.

A question of Marfan syndrome arises most commonly in tall, lanky 
adolescents who have several minor skeletal features, nearsightedness, and 
athletic desires. A detailed ophthalmologic examination with full pupillary 
dilation and a transthoracic echocardiogram are essential components in the 
evaluation. If these test results are negative and no one in the family has a 
history of Marfan syndrome or aortic dissection, the patient probably can be  
reassured.10

 MARFAN SYNDROME

 DEFINITION
Marfan syndrome is an autosomal dominant, pleiotropic disorder caused by 
defects in the principal component of the extracellular microfibril, the large 
glycoprotein fibrillin-1.6 The disease manifestations occur in multiple systems, 
especially the eye, skeleton, heart, aorta, lung, and integument. Notable features 
include dislocation of the ocular lens, tall stature with particularly long limbs 
and digits, deformity of the thoracic cage by pectus carinatum or excavatum 
with abnormal curvature of the spine, mitral and tricuspid valve prolapse, 
dilation of the sinuses of Valsalva and predisposition to aortic dissection, 
spontaneous pneumothorax, abnormal skin stretch marks, hernias, and dural 
ectasia. If untreated, patients often die before 30 or 40 years of age from aortic 
dissection or congestive heart failure.

 EPIDEMIOLOGY
Marfan syndrome is a common mendelian disorder, with an estimated inci-
dence of about 1 per 5000 births. Marfan syndrome is found throughout the 
world, without ethnic or geographic predilection.

 PATHOBIOLOGY
Pathogenesis
Mutations in FBN1, which maps to human chromosome 15q21.1 and encodes 
fibrillin-1, cause Marfan syndrome and related connective tissue disorders. 
More than 1500 distinct mutations have been found, and few occur in more 
than one family. Patients are heterozygous for mutations in FBN1, leading to 
autosomal dominant inheritance. Extracellular microfibrils are polymers of 
many fibrillin-1 molecules and are ubiquitous in the extracellular matrix of 
most tissues. Latent transforming growth factor-β (TGF-β) binding protein, 
which keeps the cytokine inactive, bears striking homology to regions of fibril-
lin. Abnormalities of either the quality or the quantity of microfibrils disrupt 
normal signaling by TGF-β, especially during embryonic development and 
postnatal growth. Studies in mice engineered to harbor human mutations in 
FBN1 showed that excessive TGF-β signaling causes abnormal lung septation 
(the precursor to pneumothorax), bone overgrowth, mitral valve prolapse, 
muscular hypoplasia, and aortic dilation. This fundamental shift in understand-
ing of the pathogenesis of Marfan syndrome has suggested novel therapies, 
such as with small molecules that affect the activity of TGF-β or its downstream 
signaling.

The features of Marfan syndrome are highly variable, even among relatives 
who share the same mutation in FBN1. This variability persists after account-
ing for the effects of age. Men tend to be affected more severely, for unclear 
reasons.

Pathology
The features of Marfan syndrome are age dependent. Some severely affected 
infants have flagrant features and often die of mitral regurgitation and heart 
failure despite aggressive management. At the other end of the clinical spec-
trum, Marfan syndrome merges with several related disorders, and patients 
may not come to medical attention, let alone receive a definitive diagnosis, 
until adulthood.

Ventriculoperitoneal shunting is necessary if intracranial pressure is elevated. 
Close attention to hearing and visual problems is essential throughout life. 
Many adults with mucopolysaccharidosis or mucolipidosis require surgery for 
carpal tunnel syndrome. Cardiovascular surgery for valvular or coronary disease 
may be necessary. All use of anesthesia is high risk because of the narrow 
airways and, in the case of mucopolysaccharidosis IV, atlantoaxial instability. 
For patients who remain ambulatory, selective joint replacement can be ben-
eficial. Because of the morbidity associated with thoracic cage deformity, con-
sideration should be given to stabilizing the spinal deformity before it becomes 
severe.

TREATMENT 

TREATMENT 

TABLE 244-1 MUCOPOLYSACCHARIDOSES AND MUCOLIPIDOSES

TYPE
EPONYM OR 

COMMON NAME CLINICAL FEATURES INHERITANCE OMIM* ENZYMATIC DEFECT
MPS IH Hurler syndrome DM and short stature; MR; corneal clouding; HS; heart disease; 

death in childhood
AR 252800 α-l-iduronidase

MPS IS Scheie syndrome Coarse facies; stiff joints, corneal clouding; aortic valve disease; 
normal intelligence and life span

AR 252800 α-l-iduronidase

MPS II Hunter syndrome Severe form: coarse facies, DM and short stature, HS; MR; no 
corneal clouding; death by late adolescence. Mild form: coarse 
facies, short stature; normal intelligence; survival to adulthood

XL 309900 Iduronate sulfatase

MPS IIIA Sanfilippo A Severe MR and hyperactivity; mild somatic changes AR 252900 Heparan N-sulfatase
MPS IIIB Sanfilippo B Same as MPS IIIA AR 252920 α-N-acetylglucosaminidase
MPS IIIC Sanfilippo C Same as MPS IIIA AR 252930 Acetyl-coenzyme A: α-glucosaminide 

acetyltransferase
MPS IIID Sanfilippo D Same as MPS IIIA AR 252940 N-acetylglucosamine 6-sulfatase
MPS IVA Morquio A Short stature and distinct skeletal dysplasia with odontoid 

hypoplasia and myelopathy; corneal clouding; normal 
intelligence; valvular heart disease

AR 253000 Galactose 6-sulfatase

MPS IVB Morquio B Same as MPS IVA AR 253010 β-Galactosidase
MPS VI Maroteaux-Lamy DM and short stature; corneal clouding; normal intelligence; 

aortic stenosis; leukocyte inclusions; hydrocephalus in severe 
form

AR 253200 N-acetylgalactosamine

MPS VII Sly syndrome DM; HS; widely variable, including MR AR 253220 β-Glucuronidase
MPS IX — Short stature; periarticular soft tissue masses AR 601492 Hyaluronidase
ML II I-cell disease Similar to but more severe than MPS IH but with cellular 

inclusions; no mucopolysacchariduria
AR 252500 UDP-N-acetylglucosamine: lysosomal enzyme 

N-acetylglucosaminyl-1-phosphotransferase
ML III Pseudo-Hurler 

polydystrophy
Short stature and mild DM; stiff joints, mild MR; survival to 

adulthood
AR 252500 Same as ML II arthropathy, coarse facies; 

variable but milder
*Entries in Online Mendelian Inheritance in Man, OMIM. McKusick-Nathans Institute of Genetic Medicine. Baltimore: Johns Hopkins University. http://omim.org.
AR = autosomal recessive; DM = dysostosis multiplex; HS = hepatosplenomegaly; MR= mental retardation; UDP = uridine diphosphate; XL = X-linked.

secondary to communicating hydrocephalus. On microscopy, mesenchymal 
cells show a cytoplasm full of apparently empty vacuoles; these are lysosomes 
from which GAG has been removed by fixation. Cells cultured from patients 
show greatly enlarged lysosomes filled with granular material. In the severe 
form of mucolipidosis, dense inclusions are present, which gave rise to the 
common name, I-cell disease.

 CLINICAL MANIFESTATIONS
Each of the disorders in Table 244-1 shows a wide spectrum of clinical sever-
ity. This wide spectrum has led to a classification that gives the impression of 
separate disorders within some of the mucopolysaccharidosis and mucolipi-
dosis types, but these represent the apparent ends of the continuum. Some 
of the disorders without treatment result in death by adolescence (Hurler 
syndrome, severe Hunter syndrome, mucolipidosis II), but others are com-
monly compatible with survival to adulthood. The latter group of disorders 
is emphasized here.

The milder end of the mucopolysaccharidosis I spectrum, Scheie syndrome, 
may not be diagnosed until adulthood; patients present with stiffened joints, 
corneal clouding and glaucoma, carpal tunnel syndrome, and aortic valvular 
disease. Stature and intelligence are not affected. The main health risks are 
cardiac valvular involvement, thickening of meninges that can produce a 
myelopathy, and thickening of the upper airways that can produce obstructive 
symptoms and sleep apnea.

The milder form of mucopolysaccharidosis II, Hunter syndrome, is distinc-
tive because it is X-linked (affecting males almost exclusively), and the cornea 
shows little overt clouding. Cervical myelopathy, obstructive airway disease, 
and cor pulmonale are important concerns. A combined conductive and neu-
rosensory hearing loss is common.

Neither mucopolysaccharidosis IV (Morquio syndrome) nor mucopolysac-
charidosis VI (Maroteaux-Lamy syndrome) affects intelligence. Both syndromes 
often are associated with severe skeletal changes, which are distinct radio-
graphically but produce similar problems of kyphoscoliosis, pectus carinatum, 
restrictive lung disease, severe short stature, and joint degeneration. Cervical 
myelopathy resulting from a thickened dura is common to both disorders and 
is accentuated by odontoid hypoplasia in mucopolysaccharidosis IV. 

Thickening of the aortic and mitral valves may produce severe dysfunction 
necessitating their replacement. General anesthesia is especially hazardous 
because of the narrow upper and middle airways and cervical instability.

Patients with mucolipidosis III (pseudo-Hurler polydystrophy) resemble 
patients with mucopolysaccharidosis VI but often have mild to moderate 
mental retardation. Aortic regurgitation is common.

 DIAGNOSIS
Differential Diagnosis
Diagnosis of these conditions is difficult in young children, before most of 
the clinical features have progressed, but should be considered in any person 
with hepatosplenomegaly and coarsening of the facial features. Evaluation 
requires a pedigree analysis, ophthalmologic examination, skeletal radiographic 
survey, echocardiography, and analysis of the urine for excretion of GAGs. 
Often the specific mucopolysaccharidosis is evident from radiographs, the 
presence or absence of corneal clouding, and the pattern of mucopolysac-
chariduria. Enzymatic analysis of leukocytes confirms the diagnosis. Patients 
with mucolipidoses do not show mucopolysacchariduria but have marked 
elevation of all the GAG catabolic lysosomal enzymes in plasma.

http://omim.org/
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None of the gross or microscopic pathologic changes is specific for Marfan 
syndrome. The medial degeneration of the aortic wall, characterized by disar-
ray and fragmentation of the elastic fibers and increased proteoglycan (often 
inappropriately termed cystic medial necrosis), also can be seen in other disorders 
and in older people with hypertension. Aortic dissection (Chapter 69) usually 
begins just superior to the aortic valve (type A) and often progresses to the 
bifurcation. Death usually results from retrograde dissection and hemoperi-
cardium. About 10% of dissections begin in the descending thoracic aorta 
(type B).

 CLINICAL MANIFESTATIONS
The lens tends to be displaced superiorly, and usually the zonules remain 
intact. The retina is at increased risk for detachment, especially in patients 
who are highly myopic. Tubular bones overgrow, accounting for the dispro-
portionate tall stature (dolichostenomelia), long digits (arachnodactyly), and 
sternal deformity. Ligaments may be lax, causing scoliosis and joint hyper-
mobility. Alternatively, congenital contractures are common, especially of the 
elbows. The palate typically is highly arched, and the dentition can be crowded 
and maloccluded. Mitral valve prolapse occurs in about 80% of cases, and the 
valve leaflets become progressively thickened (myxomatous on histopathol-
ogy). The mitral annulus may dilate and calcify. Aortic root dilation begins 
in the sinuses of Valsalva and progresses with age, albeit at highly variable 
rates (Chapters 61 and 69).7,8 Most males with Marfan syndrome have an 
aortic root dimension above the upper limit of normal for their body surface 
area by adolescence. Some females show a slower progression and may have 
a root diameter near the upper limit of normal well into adulthood. The dila-
tion usually does not involve the distal ascending aorta. Spontaneous pneu-
mothorax, resulting from rupture of apical blebs, occurs in about 5% of patients. 
Stretch marks (striae atrophicae) occur over areas of flexural stress, such as 
the shoulders, breasts, and lower back. The neural canal in the lumbosacral 
region is enlarged in most people with Marfan syndrome; this may be visible 
on plain radiographs, especially if the neuroforamina are widened. Imaging 
by computed tomography or magnetic resonance imaging is diagnostic and 
should be used in patients with back pain and radicular symptoms. Dural 
ectasia progresses with age; large anterior meningoceles in the pelvis are a 
severe manifestation. Simple cysts in the liver and kidneys are common, increase 
with age, and seldom cause clinical problems. Sleep apnea is of increased 
frequency in adults.9

 DIAGNOSIS
Differential Diagnosis
The conditions that overlap clinically and genetically with Marfan syndrome 
include familial aortic aneurysm, familial ectopia lentis, mitral valve prolapse, 
mild aortic dilation, striae, skeleton (MASS) phenotype (which includes many 
families with mitral valve prolapse syndrome), and Loeys-Dietz syndrome. 
Most of these conditions are diagnosed clinically, so differentiating among 
them is arbitrary. A careful family history is essential to this process. Molecular 
genetic testing has a limited role. However, if the mutation in FBN1 is known 
in a family, analysis of DNA can be used effectively for presymptomatic or 
prenatal diagnosis. Loeys-Dietz syndrome, which is associated with general-
ized arterial tortuosity and susceptibility to dissection, is caused by mutation 
in either of two receptors for TGF-β, TGFBR1 and TGFBR2, and molecular 
analysis is clinically available. Most mutations in TGFBR1 and TGFBR2 do 
not cause Loeys-Dietz syndrome but do predispose to familial thoracic aneu-
rysm and dissection.

A question of Marfan syndrome arises most commonly in tall, lanky 
adolescents who have several minor skeletal features, nearsightedness, and 
athletic desires. A detailed ophthalmologic examination with full pupillary 
dilation and a transthoracic echocardiogram are essential components in the 
evaluation. If these test results are negative and no one in the family has a 
history of Marfan syndrome or aortic dissection, the patient probably can be  
reassured.10

 MARFAN SYNDROME

 DEFINITION
Marfan syndrome is an autosomal dominant, pleiotropic disorder caused by 
defects in the principal component of the extracellular microfibril, the large 
glycoprotein fibrillin-1.6 The disease manifestations occur in multiple systems, 
especially the eye, skeleton, heart, aorta, lung, and integument. Notable features 
include dislocation of the ocular lens, tall stature with particularly long limbs 
and digits, deformity of the thoracic cage by pectus carinatum or excavatum 
with abnormal curvature of the spine, mitral and tricuspid valve prolapse, 
dilation of the sinuses of Valsalva and predisposition to aortic dissection, 
spontaneous pneumothorax, abnormal skin stretch marks, hernias, and dural 
ectasia. If untreated, patients often die before 30 or 40 years of age from aortic 
dissection or congestive heart failure.

 EPIDEMIOLOGY
Marfan syndrome is a common mendelian disorder, with an estimated inci-
dence of about 1 per 5000 births. Marfan syndrome is found throughout the 
world, without ethnic or geographic predilection.

 PATHOBIOLOGY
Pathogenesis
Mutations in FBN1, which maps to human chromosome 15q21.1 and encodes 
fibrillin-1, cause Marfan syndrome and related connective tissue disorders. 
More than 1500 distinct mutations have been found, and few occur in more 
than one family. Patients are heterozygous for mutations in FBN1, leading to 
autosomal dominant inheritance. Extracellular microfibrils are polymers of 
many fibrillin-1 molecules and are ubiquitous in the extracellular matrix of 
most tissues. Latent transforming growth factor-β (TGF-β) binding protein, 
which keeps the cytokine inactive, bears striking homology to regions of fibril-
lin. Abnormalities of either the quality or the quantity of microfibrils disrupt 
normal signaling by TGF-β, especially during embryonic development and 
postnatal growth. Studies in mice engineered to harbor human mutations in 
FBN1 showed that excessive TGF-β signaling causes abnormal lung septation 
(the precursor to pneumothorax), bone overgrowth, mitral valve prolapse, 
muscular hypoplasia, and aortic dilation. This fundamental shift in understand-
ing of the pathogenesis of Marfan syndrome has suggested novel therapies, 
such as with small molecules that affect the activity of TGF-β or its downstream 
signaling.

The features of Marfan syndrome are highly variable, even among relatives 
who share the same mutation in FBN1. This variability persists after account-
ing for the effects of age. Men tend to be affected more severely, for unclear 
reasons.

Pathology
The features of Marfan syndrome are age dependent. Some severely affected 
infants have flagrant features and often die of mitral regurgitation and heart 
failure despite aggressive management. At the other end of the clinical spec-
trum, Marfan syndrome merges with several related disorders, and patients 
may not come to medical attention, let alone receive a definitive diagnosis, 
until adulthood.

All patients should be seen at least annually by a physician who manages 
the overall care. Most patients require annual ophthalmologic and cardiologic 
consultation and orthopedic consultation as required by specific problems. 
Lens subluxation often requires surgical correction.11 A number of studies, but 
only one randomized clinical trial, support the prophylactic use of β-adrenergic 
blockade from an early age to slow the rate of aortic root dilation and protect 

TREATMENT 

Replacement of the deficient enzyme by intravenous infusion is being studied 
for most of the mucopolysaccharidosis disorders.3 Laronidase (Aldurazyme) 
has been approved in the United States for treatment of mucopolysaccharidosis 
I. An infusion every 2 weeks for 1 year in adolescent and adult patients resulted 
in substantial reduction in hepatosplenomegaly and modest improvement in 
pulmonary function, sleep apnea, and joint mobility. Whether early institution 
of therapy in young children modulates mental retardation in the Hurler variant 
of mucopolysaccharidosis I is uncertain. Galsulfase (Naglazyme) has been 
approved for the treatment of mucopolysaccharidosis VI, in which somatic rather 
than neurologic problems predominate. Bone marrow transplantation has been 
attempted in many of the mucopolysaccharidosis disorders,4 with mixed success. 
The earlier transplantation occurs, the better the outcome in terms of somatic 
problems, but prevention of mental retardation has not occurred. Current rec-
ommendations based on consensus in Europe calls for hematopoietic stem 
cell transplantation for patients with Hurler syndrome before the age of 2.5 
years. Enzyme replacement should be started in all patients when diagnosed. 
Gene therapy has been successful in a mouse model of Hunter syndrome, 
thereby providing proof of concept for the treatment of Hunter syndrome 
patients with cognitive impairment.5
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 OSTEOGENESIS IMPERFECTA SYNDROMES

 DEFINITION
The heterogeneous group of disorders called osteogenesis imperfecta includes, 
at one end of the severity spectrum, a type that is lethal prenatally or in the 
neonatal period and, at the other, such mild features that make distinguishing 
affected individuals from the general population is difficult.16,17 The unifying 
feature is hereditary osteopenia (insufficient bone), with primary defects in 
the protein matrix in bone and other tissues. The clinical syndromes all involve 
osteoporosis with liability to fracture (Chapter 230).

 EPIDEMIOLOGY
No careful epidemiologic study has been performed, and the milder forms of 
type I osteogenesis imperfecta merge with the phenotypes of familial osteo-
porosis, fracture susceptibility, and joint hypermobility found in the general 
population. A crude estimate of the overall prevalence of osteogenesis imper-
fecta is 1 to 2 per 20,000 births. The neonatal lethal form (type II), which is 
almost always caused by a new mutation in a parental gamete, has an incidence 
of about 1 in 50,000 births.

 PATHOBIOLOGY
Pathogenesis
Most patients in whom mutations have been found usually have defects in 
the two genes that encode the procollagen chains of type I collagen, COL1A1 
and COL1A2. Type I collagen is composed of two α1(I) and one α2(I) pro-
collagen chains; the mature fiber requires considerable post-translational 
modification, which occurs appropriately only if the three procollagen chains 
have intertwined to form a triple helix that is perfect and completed at the 
right speed. A mutation that affects formation of the triple helix, such as sub-
stitution of one of the mandatory glycine residues that occurs at every third 
position, also has adverse effects on the modifications that render the molecule 
capable of forming effective mature fibers. As a result, a single nucleotide 
change resulting in a missense mutation can have profound effects on the 
extracellular matrix and produce a severe condition. Alternatively, and at first 
glance paradoxically, a mutation that eliminates an entire allele, or at least 
production of any product capable of intertwining with normal procollagen 
chains, has a much milder effect on the extracellular matrix and on the severity 
of osteogenesis imperfecta. Examples of the most common classes of muta-
tions are shown in Table 244-3. Hundreds of mutations have been described. 
Patients with mutations in COL1A1 or COL1A2 are heterozygous, and thus 
the most common forms of osteogenesis imperfecta are inherited as autosomal 

 PATHOBIOLOGY
Pathogenesis
Defects in collagen and other proteins in the extracellular matrix of various 
tissues underlie all forms of Ehlers-Danlos syndrome that have been elu-
cidated so far. The specific mutations occur in a variety of genes, with the 
effect of altering the structure, synthesis, post-translational modifications, or 
stability of the collagens involved. The known molecular defects are listed in  
Table 244-2.

Pathology
Few findings in the routine pathologic evaluation distinguish among the various 
types of Ehlers-Danlos syndrome or even distinguish individual types from 
normal. Thickness of the dermis is decreased in some forms, especially the 
vascular type, and the walls of arteries are reduced in thickness in this type. 
By electron microscopy, the classic, hypermobile, and kyphoscoliotic types 
have abnormal collagen fibers, especially when viewed in cross section (vari-
able and often increased fiber diameter with an irregular outline). In the vascular 
type, some patients have dilated endoplasmic reticulum consistent with aber-
rant secretion of type III collagen molecules.

 CLINICAL MANIFESTATIONS
The major and minor features of each Ehlers-Danlos syndrome are detailed 
in Table 244-2. Infants with classic Ehlers-Danlos syndrome often are born 
prematurely by 4 to 8 weeks because of rupture of fetal membranes. Diagnosis 
of the vascular and kyphoscoliotic types is important because of their cardio-
vascular features. The vascular type, previously termed Ehlers-Danlos syndrome 
IV, is characterized by spontaneous rupture of large arteries and hollow organs, 
especially the colon and uterus, and pneumothorax. Because these events 
carry considerable morbidity, life expectancy is reduced, on average, by more 
than half. During pregnancy, women with this form of Ehlers-Danlos syndrome 
are especially vulnerable to rupture of major arteries and the uterus. In the 
kyphoscoliotic type, aortic root dilation and aortic regurgitation can develop. 
Patients with most forms of Ehlers-Danlos syndrome are prone to develop 
mitral valve prolapse, and progression to mitral regurgitation (Chapter 66) 
occurs more often than in the common form of mitral valve prolapse.

 DIAGNOSIS
Differential Diagnosis
By careful adherence to the clinical features shown in Table 244-2 and judicious 
use of laboratory tests, the various defined types of Ehlers-Danlos syndrome 
can be differentiated. Many other specific syndromes need to be excluded. 

 PROGNOSIS
Life expectancy for people with Marfan syndrome has improved markedly, 
to the point that many patients can expect survival to advanced years. Some 
data suggest that aortic dissection and cardiovascular death are more likely 
in patients with FBN1 haploinsufficiency with expression of the nonmutated 
allele than in patients with dominant-negative mutations in which abnormal 
fibrillin 1 coded by the mutated allele interacts with normal fibrillin 1 coded 
by the normal allele.13

 EHLERS-DANLOS SYNDROMES

 DEFINITION
The Ehlers-Danlos syndromes are clinically variable and genetically hetero-
geneous. Diagnoses still are based largely on the bedside examination. The 
unifying themes among these disorders are fragility of tissues, joint hyper-
mobility, and skin hyperextensibility.14

 EPIDEMIOLOGY
No accurate data exist, but an incidence of about 1 in 5000 births is a reason-
able estimate of how many individuals qualify for one of the Ehlers-Danlos 
syndrome diagnoses. Each type represents something of a clinical spectrum, 
with the mild end merging with what might be considered normal variation. 
Just as the diagnostic criteria are arbitrary, so would be any determination of 
prevalence based on phenotypic criteria. The extent to which normal variation 
in joint hypermobility, skin elasticity, and tissue fragility represents genetic 
variation at loci that encode collagen or other extracellular matrix genes requires 
considerable research.

TABLE 244-2 EHLERS-DANLOS SYNDROMES
TYPE FORMER NAME CLINICAL FEATURES* INHERITANCE OMIM† MOLECULAR DEFECT
Classic EDS I and II Joint hypermobility; skin hyperextensibility; atrophic 

scars; smooth, velvety skin; subcutaneous spheroids
AD 130000

130010
Structure of type V collagen caused by 

mutations in COL5A1 or COL5A2
Hypermobility EDS III Joint hypermobility; some skin hyperextensibility, with 

or without a smooth, velvety texture
AD 130020 ?
AR 225320 Tenascin-X (TNX)

Vascular EDS IV Thin skin; easy bruising; pinched nose; acrogeria; rupture 
of large- and medium-caliber arteries, uterus, and large 
bowel

AD 130050 Deficient type III collagen (COL3A1)
(225350)
(225360)

Kyphoscoliotic EDS VI Joint hypermobility; congenital, progressive rupture; 
scoliosis; scleral fragility with globe rupture; tissue 
fragility, aortic dilation, MVP

AR 225400 Deficiency of lysyl hydroxylase

Arthrochalasis EDS VII A Joint hypermobility, severe, with subluxations, congenital 
hip dislocation; and skin hyperextensibility; tissue 
fragility

AD 130060 No cleavage of amino terminus of type 
I procollagen caused by mutations 
in COL1A1 or COL1A2

Dermatosparaxis EDS VII C Severe skin fragility; decreased skin elasticity, easy 
bruising; hernias; premature rupture of fetal 
membranes

AR 225410 No cleavage of amino terminus of type 
I procollagen caused by deficiency 
of peptidase

Unclassified 
types

EDS V Classic features XL 305200 ?
EDS VIII Classic features and periodontal disease AD 130080 ?
EDS X Mild classic features, MVP ? 225310 ?
EDS XI Joint instability AD 147900 ?
EDS IX Classic features; occipital horns XL 309400 Allelic to Menkes syndrome
EDS, progeroid form Classic features and premature aging AR 130700 Deficiency of galactosyltransferase I

*Listed in order of diagnostic importance.
†Entries in Online Mendelian Inheritance in Man, OMIM. McKusick-Nathans Institute of Genetic Medicine. Baltimore: Johns Hopkins University. http://omim.org.
AD = autosomal dominant; AR = autosomal recessive; EDS = Ehlers-Danlos syndrome; MVP = mitral valve prolapse; XL = X-linked.

TREATMENT 

against aortic dissection. Based on studies of the Marfan mouse, therapies that 
interfere with excess signaling through pathways mediated by TGF-β are being 
studied in human clinical trials. One large European trial suggested a benefit 
of the angiotensin receptor blocker losartan on aortic root dilation rate, A1  but 
three trials found no benefit of losartan compared with atenolol. A2-A4  Prophy-
lactic surgical repair of the aortic root has had the greatest beneficial impact. 
The composite graft, involving a prosthetic valve in a Dacron tube and implan-
tation of the coronary ostia into the graft, was the first approach to produce 
markedly improved survival in these patients. More recently, replacement of 
the aneurysm and preservation of the native aortic valve have shown promise 
and should be considered first.12 For adults, aortic root surgery should be strongly 
considered when the maximal aortic diameter reaches 45 mm, and a family 
history of aortic dissection should prompt earlier repair (Chapter 61).

http://omim.org/
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 OSTEOGENESIS IMPERFECTA SYNDROMES

 DEFINITION
The heterogeneous group of disorders called osteogenesis imperfecta includes, 
at one end of the severity spectrum, a type that is lethal prenatally or in the 
neonatal period and, at the other, such mild features that make distinguishing 
affected individuals from the general population is difficult.16,17 The unifying 
feature is hereditary osteopenia (insufficient bone), with primary defects in 
the protein matrix in bone and other tissues. The clinical syndromes all involve 
osteoporosis with liability to fracture (Chapter 230).

 EPIDEMIOLOGY
No careful epidemiologic study has been performed, and the milder forms of 
type I osteogenesis imperfecta merge with the phenotypes of familial osteo-
porosis, fracture susceptibility, and joint hypermobility found in the general 
population. A crude estimate of the overall prevalence of osteogenesis imper-
fecta is 1 to 2 per 20,000 births. The neonatal lethal form (type II), which is 
almost always caused by a new mutation in a parental gamete, has an incidence 
of about 1 in 50,000 births.

 PATHOBIOLOGY
Pathogenesis
Most patients in whom mutations have been found usually have defects in 
the two genes that encode the procollagen chains of type I collagen, COL1A1 
and COL1A2. Type I collagen is composed of two α1(I) and one α2(I) pro-
collagen chains; the mature fiber requires considerable post-translational 
modification, which occurs appropriately only if the three procollagen chains 
have intertwined to form a triple helix that is perfect and completed at the 
right speed. A mutation that affects formation of the triple helix, such as sub-
stitution of one of the mandatory glycine residues that occurs at every third 
position, also has adverse effects on the modifications that render the molecule 
capable of forming effective mature fibers. As a result, a single nucleotide 
change resulting in a missense mutation can have profound effects on the 
extracellular matrix and produce a severe condition. Alternatively, and at first 
glance paradoxically, a mutation that eliminates an entire allele, or at least 
production of any product capable of intertwining with normal procollagen 
chains, has a much milder effect on the extracellular matrix and on the severity 
of osteogenesis imperfecta. Examples of the most common classes of muta-
tions are shown in Table 244-3. Hundreds of mutations have been described. 
Patients with mutations in COL1A1 or COL1A2 are heterozygous, and thus 
the most common forms of osteogenesis imperfecta are inherited as autosomal 

The kyphoscoliotic type of Ehlers-Danlos syndrome in infants shares some 
features with severe Marfan syndrome. Patients with Larsen syndrome may 
resemble patients with the arthrochalasis type of Ehlers-Danlos syndrome. 
The skin redundancy and loss of elasticity of the dermatosparaxis type of 
Ehlers-Danlos syndrome is reminiscent of autosomal dominant cutis laxa, 
which is not associated with easy bruising or tissue fragility.

The most difficult decision is whether any diagnosis of Ehlers-Danlos syn-
drome is warranted.15 Patients who have only joint hypermobility without 
skin changes should not be labeled with Ehlers-Danlos syndrome; a diagnosis 
of familial joint hypermobility might be more appropriate. Familial joint insta-
bility involves a predisposition to dislocations of major joints that is rare in 
most types of Ehlers-Danlos syndrome except for arthrochalasis.

*Entries in Online Mendelian Inheritance in Man, OMIM. McKusick-Nathans Institute of Genetic Medicine. Baltimore: Johns Hopkins University. http://omim.org.
AD = autosomal dominant; AR = autosomal recessive; DI = dentinogenesis imperfecta.

TABLE 244-3 OSTEOGENESIS IMPERFECTA
TYPE CLINICAL FEATURES INHERITANCE OMIM* BASIC DEFECTS
I Fractures variable in number; little deformity; stature normal or nearly so; 

blue sclerae; hearing loss common but not always present; DI 
uncommon

AD 166200 Typically, one nonfunctional COL1A1 allele

II Lethal in utero or shortly after birth; many fractures at birth typically 
involving ribs (may appear “beaded”) and other long bones; little 
calvaria; pulmonary hypertension

AD 166210 COL1A1 or COL1A2: substitution of glycyl residues; 
occasionally deletions of a portion of the 
triple-helical domain

AR 259400 Deletion in COL1A2 plus a nonfunctional allele
III Fractures common, but long bones progressively deform starting in utero; 

stature markedly reduced; sclerae often blue but become lighter with 
age; DI and hearing loss common

AD 259420 One single amino acid substitution
AR (rare) 259440 Two mutations in COL1A1 and/or COL1A2  

(rarely)
IV Fractures common; stature usually reduced; bone deformity common but 

rarely severe; scleral hue normal to grayish; hearing loss variable; DI 
common

AD 166220 Point mutations in COL1A1 or COL1A2
166240 Exon skipping mutations in COL1A2

V Similar to type IV without DI or blue sclerae; fractures develop 
hyperplastic callus; calcification of the interosseous membrane between 
the radius and ulna

AD 610967 ?

VI Similar to type IV without DI, blue sclerae or wormian bones; excess 
osteoid present in bone

? 610968 ?

VII Similar to types II or III with fractures at birth, blue sclerae, no DI; 
presence of rhizomelic limb shortening and coxa vara

AR 610682 Mutations in CRTAP

VIII Similar to types II or III with fractures at birth AR 610915 Mutations in LEPRE1
IX Similar to types II or III with fractures at birth AR 259440 Mutations in PPIB

Management of most skin and joint problems should be conservative and 
preventive. Sutures need to be placed with careful attention to approximating 
the margins and avoiding tension; removable sutures should be left in place 
for twice the usual time. Most instances of joint hypermobility and pain in 
Ehlers-Danlos syndrome do not require surgical treatment. Benefit often is 
derived from physical therapy designed to strengthen the muscles that provide 
support for the loose ligaments. All patients should receive genetic counsel-
ing about the mode of inheritance and their risk for having children affected 
with Ehlers-Danlos syndrome. The possibility of prenatal diagnosis exists for all 
of the Ehlers-Danlos syndrome types with defined molecular or biochemical  
defects.

The vascular type of Ehlers-Danlos syndrome requires particular surgical 
care; the ruptured arteries are difficult to repair because of the pronounced 
vascular fragility. Experienced vascular surgeons are having some success with 
prophylactic repair of vessels deemed to be at risk for dissection or rupture. 
One clinical trial suggested improved outcomes with prophylactic β-adrenergic 
blockade. A5  Rupture of the bowel is a surgical emergency. Because the risk for 
uterine and vascular rupture is especially high during pregnancy in women 
with the vascular form, affected women should be advised that there is a sub-
stantial risk for death related to pregnancy and delivery. Patients should be 
advised to avoid contact sports and to treat blood pressure elevations aggres-
sively. Arteriography and arterial lines should be avoided if possible. Biochemical 
and genetic screening holds the potential for reassuring relatives at risk that 
they do not have a defect in type III collagen.

The kyphoscoliotic type of Ehlers-Danlos syndrome may improve with large 
doses of vitamin C (1 to 4 g/day) because ascorbate is a cofactor for the enzyme 
that is deficient. No other metabolic or genetic therapy is effective in other 
forms of Ehlers-Danlos syndrome.

TREATMENT 

http://omim.org/
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Analysis of the specific enzymes defective in the recessive forms of osteo-
genesis imperfecta is useful for establishing the diagnosis and enabling repro-
ductive counseling and prenatal diagnosis if desired.

Management of the skeletal complications largely depends on orthope-
dic, physical, and occupational therapy approaches. Risedronate (2.5 or 5 mg 
daily) increases bone mineral density and reduces both first and recurrent 
fractures in children with osteogenesis imperfecta. A6 

,
 A7  The long-term goals 

are for the patient to maintain function and independence as an individual. 
These goals can be advanced in some patients by judicious use of intramedul-
lary rods in the long bones of the legs; if mobility and especially ambulation 
can be maintained, the demineralization associated with inactivity can be  
avoided.

Unaffected parents of a child with osteogenesis imperfecta and all affected 
individuals should have genetic counseling. For the parents of a child with type 
II osteogenesis imperfecta, the possibility of germinal mosaicism (which has 
been well documented in this condition) should not be overlooked. If one 
parent has a “new” mutation in one of the type I procollagen genes and multiple 
gonadal cells carry this mutation, the risk for recurrence in future children is 
not negligible. If the mutation in the affected child can be defined, the risk for 
recurrence can be quantified (through molecular analysis of sperm) if the muta-
tion arose in the father.

TREATMENT 

dominant traits. Several autosomal recessive forms of osteogenesis imperfecta 
occur because of mutations in genes that encode enzymes that process type 
I collagen into mature fibrils.

Pathology
Other than the gross pathology associated with the clinical manifestations, 
the most characteristic pathology is a primary reduction in bone matrix with 
secondary undermineralization.

 CLINICAL MANIFESTATIONS
The major phenotypic features of osteogenesis imperfecta are shown in Table 
244-3. Among the most common forms, the most severe type is type II, fol-
lowed in decreasing order by types III, IV, and I. In type II, infants either are 
stillborn or die soon after birth of pulmonary failure secondary to the small 
thorax, which usually is compromised further by myriad rib fractures. A few 
infants have survived for at least a few years but require enormous attention 
to their medical needs.

Type III osteogenesis imperfecta may be confused with type II at birth, 
but survival alone helps make the distinction. Bony deformity is pronounced 
and not necessarily caused by fractures. Mobility is impaired, and most patients 
require a wheelchair at an early age. Stature may be severely compromised. 
Because of progressive vertebral column deformity and rib fractures, restrictive 
lung disease is a common problem as patients age; many die of pulmonary 
complications. Basilar impression causing compression of the brain stem and 
the craniocervical junction can produce central sleep apnea, headache, and 
upper motor neuron signs.

Patients with type IV osteogenesis imperfecta generally have reduced stature, 
some bony deformity, and abnormal teeth that are opalescent and wear easily 
(dentinogenesis imperfecta). As in type I osteogenesis imperfecta, the ten-
dency to fracture is highest in childhood and lessens with adolescence. A 
distinguishing characteristic of type IV osteogenesis imperfecta is a normal  
scleral hue.

Type I osteogenesis imperfecta is probably the most common form and is 
associated with a bluish or blue-gray scleral hue. People with type I osteogenesis 
imperfecta who also have dentinogenesis imperfecta tend to have more severe 
skeletal problems. The risk for fracture diminishes during adulthood but 
reemerges as a major concern for women after menopause. Hearing impair-
ment in all forms of osteogenesis imperfecta is common and age related, being 
rare before adolescence. The deficits are of either a mixed or a predominantly 
conductive form.

The recessive forms of osteogenesis imperfecta (types VI to IX) range in 
severity from type IV to type II and may have distinctive radiologic or histo-
pathologic findings.

 DIAGNOSIS
Differential Diagnosis
The range of diagnostic possibilities in a person with multiple fractures largely 
depends on age. In infancy, the genetic conditions hypophosphatasia, severe 
osteochondrodysplasias (e.g., achondrogenesis and forms of spondyloepiphy-
seal dysplasia), and Menkes syndrome need to be excluded when a diagnosis 
of type II or type III osteogenesis imperfecta is considered. The radiographic 
features eventually become entirely diagnostic, but often the neonatologist 
has to arrive at a definitive answer in short order. Analysis of serum alkaline 
phosphatase and copper can be helpful. In childhood, the most common 
situation leading to consideration of a mild form of osteogenesis imperfecta 
is child abuse. In this situation, the pattern of fracture is usually distinct, and 
bone mineralization should be normal if the child is the object of nonacci-
dental or repeated accidental trauma. Abnormal scleral hue, dentinogenesis 
imperfecta, and wormian bones (microfractures along the cranial sutures) all 
support the diagnosis of osteogenesis imperfecta. The legal and child-protective 
systems often request exclusion of osteogenesis imperfecta by analysis of 
collagen production from cultured skin fibroblasts or analysis of DNA for  
a mutation.

In older children, the disorder idiopathic juvenile osteoporosis should be 
considered in any patient seen initially with repeated fractures. Many osteo-
chondrodysplasias are associated with short stature, skeletal deformity, and 
a tendency to fracture. Pyknodysostosis and osteopetrosis are associated with 
sclerotic bones rather than osteoporotic ones. In adulthood, early-onset osteo-
porosis may be confused with osteogenesis imperfecta (Chapter 230). Muta-
tions in type I collagen also cause familial osteoporosis, and the skeletal 
phenotypes merge; patients with true osteogenesis imperfecta may have scleral, 
hearing, or dental abnormalities and a positive family history.

 PSEUDOXANTHOMA ELASTICUM

 DEFINITION
Pseudoxanthoma elasticum is a heritable disorder of connective tissue with 
pleiotropic manifestations wherever elastic fibers are found but primarily in 
the skin, eye, and vasculature.18 Life expectancy is reduced, on average, because 
of a predisposition to myocardial infarction and gastrointestinal hemorrhage.

 EPIDEMIOLOGY
The exact frequency of pseudoxanthoma elasticum is unknown, but it is prob-
ably underdiagnosed. Rough approximations suggest a prevalence of 1 in 
25,000 to 100,000 births. Males and females are equally affected, although 
women are more likely to seek medical attention out of concern for the skin 
changes.

 PATHOBIOLOGY
Pathogenesis
In most families, pseudoxanthoma elasticum occurs as an autosomal recessive 
trait, which means, given relatively small sibships, that many patients will have 
no affected relatives. Apparent autosomal dominant inheritance may reflect 
expression in occasional heterozygotes. The gene for pseudoxanthoma elas-
ticum maps to human chromosome 16 and encodes one of the adenosine 
triphosphate (ATP)-binding cassette transporters (ABCC6). Because of the 
prominent histopathologic feature of calcification of elastic tissue, this gene 
may be important in calcium homeostasis. It is unclear, however, whether 
calcification is a primary or a secondary phenomenon in pseudoxanthoma 
elasticum.

Pathology
The hallmark of pseudoxanthoma elasticum, and an important diagnostic clue, 
is the histopathologic finding of hyperproliferated elastic fibers in the mid-
dermis; these fibers become fragmented, clumped, and calcified. An arteriolar 
sclerosis develops in the media of muscular arteries and arterioles; the lumen 
may become progressively and concentrically narrowed. Alternatively, micro-
aneurysms can form. Thickening of the endocardium, especially in the atria, 
develops in some patients. In the eye, Bruch membrane becomes calcified 
and fragmented.

 CLINICAL MANIFESTATIONS
Because of the pleiotropic nature of pseudoxanthoma elasticum, the diagnosis 
initially may be suspected by any of a variety of clinicians, especially derma-
tologists, ophthalmologists, cardiologists, and gastroenterologists. The condi-
tion gains its name from the dermatologic feature of yellowish papules that 
appear at areas of flexural stress, especially the neck, groin, and popliteal and 
cubital fossae; in periumbilical regions; and on the buccal mucosa. The 



No cure for or means of preventing pseudoxanthoma elasticum is known. 
In many instances, careful attention to the ocular features by a retinal specialist 
experienced in pseudoxanthoma elasticum can delay but not prevent loss of 
vision. The risk for gastrointestinal hemorrhage suggests that patients should 
avoid gastric irritants such as aspirin, nonsteroidal anti-inflammatory drugs, 
and excessive alcohol. Stool should be checked regularly for occult blood, and 
angiography may be necessary to detect the source of bleeding. All standard 
risk factors for atherosclerosis should be managed aggressively. Complaints of 
chest pain should prompt a rigorous investigation for coronary artery disease. 
Angioplasty has not been reported to be effective, and the coronary lesions 
tend to be diffuse. Coronary artery bypass graft surgery has been performed, 
but long-term results have not been reported. It may be theoretically advanta-
geous to use vein grafts rather than the internal mammary artery for bypass. 
The excessive wrinkling and pseudoxanthoma in exposed areas can be ame-
liorated by plastic surgery.

TREATMENT 
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appearance of affected skin has been likened to that of a “plucked chicken.” 
Over time, affected areas coalesce and become thickened.

Changes in the eye begin as a generalized, subtle, mottled pattern in the 
retina (peau d’orange) and progress to the characteristic angioid streaks.19 
The latter changes are not specific for pseudoxanthoma elasticum and can be 
seen in diabetes mellitus, sickle cell disease, and a variety of other conditions. 
Streaks represent breaks in Bruch membrane, an elastic lamina that lies between 
the retinal vasculature and the choroid. Spontaneous hemorrhages, especially 
those involving the macula, lead to progressive visual loss.

Involvement of arteries of various calibers produces problems because of 
occlusion and hemorrhage.20 The lifetime risk for serious gastrointestinal 
hemorrhage from any site, but especially the stomach, is about 10%. Hyper-
tension is relatively common, in part because of involvement of the renal 
vasculature. Progressive occlusion of peripheral arteries leads to absence of 
pulses; acral ischemia is rare because of the development of collaterals. The 
risk for stroke, myocardial infarction, abdominal angina, and intermittent 
claudication is increased independent of other risk factors. Impaired left ven-
tricular function is common in adults.

 DIAGNOSIS
Differential Diagnosis
Whole exome sequencing is an efficient and sensitive way to make the diag-
nosis.21 An acquired form of pseudoxanthoma elasticum has been reported 
and is also of unclear etiology. This form is difficult to differentiate from a 
sporadic case in a family because of heterozygosity in the parents, but it tends 
to affect only the skin. As suggested by the name, the cutaneous features 
of pseudoxanthoma elasticum need to be differentiated from those of true 
xanthoma, which results from a disorder of lipid metabolism (Chapter 195). 
The dermatologic manifestations need to be differentiated from those of 
Miescher elastoma, elastic tissue nevi (Buschke-Ollendorff syndrome), and  
solar elastosis.

 FUTURE DIRECTIONS
Each of these disorders poses special considerations in clinical diagnosis, utility 
of molecular testing, genetic counseling, and management. For the storage 
disorders, the clinical utility of enzyme replacement therapy is actively being 
pursued by several pharmaceutical companies. For several of the other condi-
tions, somatic stem cell therapy offers some promise but is years away from 
routine clinical use. In Marfan syndrome, clinical trials of drugs that modulate 
activity of TGF-β are underway. Additionally, close medical management for 
individuals detected as being at heightened risk for cardiovascular, skeletal, 
and ocular complications will remain a mainstay.
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4. Which of the following is not a currently accepted approach to manage-
ment of Marfan syndrome?
 A. Prophylactic surgery of the aortic root
 B. Exercise restriction
 C. Annual echocardiography
 D. Gene therapy
 E. Chronic β-adrenergic blockade

Answer: D At the present time, no approach to correcting the specific muta-
tion in FBN1 is feasible. All of the other approaches are thought to be 
beneficial.

5. If treatment is not offered, which of the following conditions is associated 
with the best prognosis?
 A. Ehlers-Danlos syndrome, hypermobility type
 B. Osteogenesis imperfecta, type II
 C. Marfan syndrome
 D. Hurler syndrome
 E. Ehlers-Danlos syndrome, vascular type

Answer: A The hypermobility form of Ehlers-Danlos syndrome has little to 
no added mortality. Osteogenesis imperfecta type II is usually lethal in infancy. 
Marfan syndrome has reduced life expectancy because of aortic dissection. 
Patients with Hurler syndrome rarely survive to their third decade. Patients 
with the vascular form of Ehlers-Danlos syndrome are at high risk for death 
from arterial or bowel rupture.

REVIEW QUESTIONS

1. Osteogenesis imperfecta (OI) syndromes demonstrate:
 A. Intergenic heterogeneity
 B. Intragenic heterogeneity
 C. Variable expression
 D. Pleiotropy
 E. All of the above

Answer: E All four of the choices are correct. Mutations in multiple genes 
can cause OI (intergenic heterogeneity). With a single locus, many different 
mutant alleles have been discovered (intragenic heterogeneity). Within a given 
type of OI, relatives with the same mutation can demonstrate different features 
of varying severity (variable expression). Multiple organ systems are affected 
in OI (pleiotropy).

2. Which of the following is not a common feature of Marfan syndrome?
 A. Pulmonary arteriovenous malformation
 B. Aortic root dilation
 C. Mitral valve prolapse
 D. Pulmonic artery dilation
 E. Aortic dissection

Answer: A All four of the latter choices are common features. Arteriovenous 
malformations are common in hereditary hemorrhagic telangiectasia but not 
in Marfan syndrome.

3. Hypertension is a relatively common feature in which syndrome?
 A. Osteogenesis imperfecta
 B. Hurler syndrome
 C. Marfan syndrome
 D. Vascular Ehlers-Danlos syndrome
 E. Pseudoxanthoma elasticum

Answer: E Because of partial occlusion of the renal arteries, elevated blood 
pressure can occur in pseudoxanthoma elasticum. None of the other syndromes 
has a predisposition to hypertension.
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245 
THE SYSTEMIC AUTOINFLAMMATORY 
DISEASES
RICHARD M. SIEGEL AND DANIEL L. KASTNER

 DEFINITION
The systemic autoinflammatory diseases (Table 245-1) are a group of disorders 
characterized by seemingly unprovoked inflammation, without evidence of 
high-titer pathogenic autoantibodies or antigen-specific T cells, thus distin-
guishing them from the more classic autoimmune diseases.1 The first conditions 
recognized as autoinflammatory were the hereditary recurrent fevers, a group 
of mendelian disorders characterized by episodic or fluctuating degrees of 
fever and localized inflammation. The scope of autoinflammatory disease has 
been broadened to include other heritable illnesses, including disorders in 
which purulent or granulomatous inflammation predominates, as well as 
inherited disorders of the complement system (Chapter 44).2,3 In addition, 
in numerous autoinflammatory conditions, some of which manifest in child-
hood and others that occur later in life, there is a complex interaction of genetic 
susceptibilities and environmental factors. These illnesses include systemic-
onset juvenile idiopathic arthritis (Still disease), Behçet disease, and even the 
crystalline arthritides. Recent advances in the genetics and pathophysiology 
of the inherited autoinflammatory diseases suggest that these conditions are 
inborn errors of innate immunity, the phylogenetically more primitive part 
of the immune system that uses germline membrane and intracellular recep-
tors expressed in granulocytes and macrophages to mount the body’s first line 
of defense against pathogens (Chapters 39 and 42). Autoinflammatory syn-
dromes can be grouped by key pathogenic cytokines and inflammatory pathways 
that are dysregulated and may be targets for effective therapies. Here we group 
diseases into those driven by interleukin-1 (IL-1), type I interferons, and 
activation of the NF-κB inflammatory signaling pathway. For other diseases, 
such as the newly described deficiency of adenosine deaminase 2 (DADA2), 
therapies have been found to be effective empirically, even before the patho-
genic signaling pathways have been worked out.

 INTERLEUKIN-1–RELATED PERIODIC  
FEVER SYNDROMES

The IL-1–associated autoinflammatory diseases are linked by markedly increased 
expression of or cellular responsiveness to this cytokine, and resolution of 
symptoms with IL-1 blockade. Interleukin-1α and interleukin-1β (IL-1α and 
IL-1β) are structurally related cytokines released from cells triggered by a 
number of inflammatory stimuli, such as lipopolysaccharide. They mediate 
inflammatory responses by binding to a common receptor that is present on 
the surface of a wide variety of cell types and signals to activate inflammatory 
genes through the nuclear factor kappa B (NF-κB) transcription factor complex. 
IL-1 is part of a larger family of cytokines including IL-18, IL-33, and IL-36, 
which bind to related receptors and share the property of not having a char-
acteristic signal peptide that normally targets cytokines to secretory vesicles. 
Because of this, IL-1 family cytokines may be secreted only by dead or dying 
cells, functioning as molecular markers of cellular stress, which can trigger 
beneficial inflammatory responses to infection and injury. IL-1β and IL-18 
are unique in that they are not biologically active until cleaved by the protease 
caspase-1, which also cleaves intracellular gasdermin D to induce an inflam-
matory form of cell death known as pyroptosis. Caspase-1 is itself activated 
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ABSTRACT
The systemic autoinflammatory diseases are a group of disorders characterized 
by seemingly unprovoked inflammation, without evidence of high-titer patho-
genic autoantibodies or antigen-specific T cells, thus distinguishing them from 
the more classic autoimmune diseases. The first conditions recognized as 
autoinflammatory were the hereditary recurrent fevers, a group of mendelian 
disorders characterized by episodic or fluctuating degrees of fever and local-
ized inflammation. The scope of autoinflammatory disease has been broadened 
to include other heritable illnesses, including disorders in which purulent or 
granulomatous inflammation predominates, as well as inherited disorders of 
the complement system. Recent advances in the genetics and pathophysiology 
of the inherited autoinflammatory diseases suggest that these conditions are 
inborn errors of innate immunity. These diseases can be subdivided based on 
the cytokine or signaling pathway primarily affected. At present, these disorders 
can be divided into those affecting interleukin-1, type I interferon, and the 
NF-κB signaling pathway. These categories are also helpful in guiding thera-
peutic approaches.
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1 week at a time. In children, oligoarticular or polyarticular joint involvement 
may occur. Large joint effusions are sometimes present, and the synovial fluid 
may have as many as 100,000 leukocytes/mL. In approximately 5% of patients 
who are not treated with prophylactic colchicine, chronic arthritis (usually of 
the hip or knee) may develop, often necessitating joint replacement surgery. 
Regardless of colchicine treatment or a particular human leukocyte antigen 
(HLA-B27) status, some patients with FMF develop sacroiliitis. Arthralgia 
without frank arthritis is common in FMF.

Cutaneous manifestations of FMF tend to be less common than serosal or 
synovial involvement. The characteristic skin lesion of FMF is erysipeloid 
erythema, a painful, demarcated erythematous area most often seen on the 
lower leg, ankle, or dorsum of the foot. This rash may occur independently, 
or it may accompany an episode of arthritis. Histologically, a mixed perivascular 
cellular infiltrate is seen. Other acute manifestations of FMF include unilateral 
scrotal inflammation (the tunica vaginalis is an embryologic remnant of the 
peritoneal membrane) and myalgia, either with fever or, especially in children, 
without fever and induced by vigorous exercise. Various forms of vasculitis 
also have been associated with FMF; Henoch-Schönlein purpura may occur 
in children with FMF; less frequently, polyarteritis nodosa is seen.

 COMPLICATIONS
Before the widespread use of colchicine prophylaxis, systemic AA amyloidosis 
(Chapter 179) was a frequent complication of FMF, caused by the ectopic 
deposition of a misfolded fragment of serum amyloid A (SAA), an acute phase 
reactant, in the gastrointestinal tract, kidneys, spleen, lung, testes, and adrenals. 
Malabsorption and nephrotic proteinuria leading to renal failure are the most 
common manifestations of AA amyloidosis. Cardiomyopathy is less common, 
and neuropathy and arthropathy are rare. Several risk factors for amyloidosis 
development in FMF have been identified, including late diagnosis of FMF, 
colchicine noncompliance, male gender, and specific genotypes of the MEFV 
and SAA genes. Amyloidosis in FMF is less common in the United States than 
in the Middle East. Abdominal fat aspirates are much less sensitive than rectal 
or renal biopsy in detecting the amyloidosis of FMF. The latter procedure may 
be preferred, because of the increasing recognition of nonamyloid glomerular 
disease in FMF. With early diagnosis, aggressive suppression of the acute phase 
response with colchicine or adjunctive agents may lead to improvement, but 
for patients with renal failure, early renal transplantation is preferred.

 DIAGNOSIS
Based on a simple recessive model of inheritance, two mutations in MEFV, 
in trans, should be identified to establish the genetic diagnosis of FMF. Nev-
ertheless, the interpretation of genetic testing is complicated by complex alleles 
consisting of various combinations of mutations in cis, as well as by the obser-
vations that as many as one third of patients with clinically typical FMF have 
only one demonstrable mutation in MEFV, and a few patients with typical 
disease have no identifiable MEFV mutations. These latter two findings suggest 
that, under some circumstances, one MEFV mutation may be sufficient for 
symptoms or that additional genes for FMF exist.

For these reasons, clinical data remain an essential part of the diagnosis of 
FMF, and genetic testing plays an adjunctive role in settings in which clinical 
experience is limited.8 Clinical criteria emphasize attack duration (12 to 72 
hours); recurrence of symptoms (three or more episodes); documented fever 
(rectal temperature >38° C); painful manifestations in the abdomen, chest, 
joints, or skin; and the absence of other causative factors. The differential 
diagnosis includes the other hereditary recurrent fever syndromes (Table 
245-2), as well as other conditions specific to the clinical setting. For patients 
with recurrent abdominal pain, considerations include gynecologic disorders, 
porphyria (Chapter 199; which can be distinguished by hypertension during 
attacks, dominant inheritance, and urine porphyrins), and hereditary angio-
edema (Chapter 237; which usually does not cause fever). The syndrome of 
periodic fever with aphthous stomatitis, pharyngitis, and cervical adenopathy 
is probably the most common cause of unexplained recurrent fever in children 
and is also included in the differential diagnosis. In patients presenting primar-
ily with recurrent monoarthritis, joint aspiration for cultures and crystals may 
aid in excluding bacterial and crystalline arthritis. Still disease in children 
(systemic-onset juvenile idiopathic arthritis) and adults (adult-onset Still 
disease) is also considered in the differential diagnosis. Adult-onset Still disease9 
(see Table 245-1) is an uncommon autoinflammatory condition of unknown 
cause that is not considered to be hereditary. It is characterized by spiking 
fever, an evanescent salmon-pink maculopapular rash, arthritis, and neutrophilic 
leukocytosis. It can be clinically distinguished from FMF by the pattern of 
fever (intermittent quotidian in Still disease vs. discrete episodes in FMF), 

and some patients eventually develop systemic amyloidosis. Before the iden-
tification of the causative gene, FMF was defined purely clinically; clinical 
features remain an important part of the diagnosis, because some patients 
with typical disease have only one, or sometimes no, demonstrable mutation 
in MEFV, the only known causative gene.

 EPIDEMIOLOGY
FMF is most common in individuals of Jewish, Arab, Armenian, Turkish, and 
Italian ancestry. The frequency of asymptomatic carriers of a single MEFV 
mutation in these populations is as high as 1 in 5, a finding that suggests a 
selective advantage for heterozygotes. With genetic testing, FMF is now fre-
quently recognized in both Ashkenazi (eastern European) and non-Ashkenazi 
Jewish populations, as well as in Mediterranean populations previously thought 
not to be at risk. Mutation-positive individuals with typical symptoms have 
been documented worldwide. FMF usually manifests in childhood, sometimes 
even in infancy, although approximately 10% of patients experience their first 
attack as adults; infrequently, FMF first occurs in persons older than 40 years.

 PATHOBIOLOGY
MEFV, the gene for FMF, was identified by positional cloning in 1997. It 
encodes a 781–amino acid protein denoted pyrin (or marenostrin) that is 
expressed in granulocytes, monocytes, and dendritic cells, as well as in peri-
toneal, synovial, and dermal fibroblasts. The N-terminal 92 amino acids of 
pyrin are the prototype for a motif, the PYRIN domain, that is involved in 
protein-protein interactions; this domain defines a family of more than 20 
human proteins, including pyrin itself, involved in the regulation of cytokine 
production (particularly the IL-1 family), NF-κB activation, and cell death. 
Most of the pathogenic FMF-associated mutations in pyrin reside in the 
C-terminal domain encoded by exon 10 of MEFV. An even larger number of 
variants of unknown significance have been described in individual patients 
with a spectrum of inflammatory phenotypes, and some patients with clinical 
presentations similar to FMF have been found to have pyrin mutations on 
only one allele. The assembly of pyrin-containing inflammasomes is activated 
by bacterial toxins that inactivate the GTPase RhoA, including toxins derived 
from Clostridia, Yersinia, and Vibrio species.4 RhoA inactivates pyrin by induc-
ing phosphorylation of pyrin on N-terminal serine residues, which leads to 
sequestration of pyrin by 14-3-3 proteins and inhibition of pyrin’s ability to 
promote processing of the cytokine IL-1β. These discoveries identified a 
physiological role for pyrin in host defense against bacteria, and as FMF-
associated mutations in MEFV render pyrin resistant to RhoA-mediated 
inactivation, provided a mechanism for the heightened secretion of IL-1β by 
cells harboring FMF-associated pyrin mutations.5 These findings also suggest 
that heightened resistance to pandemic bacterial infections, such as Yersinia 
pestis (the agent of plague in humans), may explain the extraordinarily high 
FMF carrier frequencies in certain populations. Additional evidence for the 
importance of pyrin phosphorylation in the regulation of IL-1β production 
came from the identification of mutations in one of the phosphorylation sites 
of pyrin associated with a severe early-onset syndrome of autoinflammation 
and neutrophilic dermatosis (PAAND).6,7

 CLINICAL MANIFESTATIONS
Episodes of FMF are more properly termed recurrent than periodic, and some 
patients associate attacks with psychological stress or physical exertion. Women 
of childbearing age sometimes experience their attacks with menses, with 
remissions during pregnancy. Some patients are unaware of fever during the 
attacks, but it is almost always observed when sought. Serosal involvement in 
FMF is usually peritoneal or pleural. Abdominal attacks are the most frequent, 
and they may vary from mild discomfort to frank peritonitis, with boardlike 
rigidity, direct and rebound tenderness, and air-fluid levels on upright films 
of the abdomen. Regardless of the severity of the abdominal attack, constipa-
tion is much more common than diarrhea. If a laparotomy or laparoscopy is 
performed during an attack, a small amount of sterile exudate rich in poly-
morphonuclear leukocytes may be found. Except for serosal inflammation, 
the appendix is normal. Repeated abdominal attacks may cause peritoneal 
adhesions, but ascites is rare. Pleurisy, usually unilateral, may accompany 
abdominal pain, or it may occur independently. Physical findings, if present, 
may include diminished breath sounds and a pleural friction rub, whereas 
chest radiograms may show a small effusion or atelectasis. With multiple attacks, 
pleural thickening may develop. Symptomatic nonuremic pericardial involve-
ment in FMF has been reported but is unusual.

In adults, the arthritis of FMF typically manifests as monoarticular involve-
ment of the knee, hip, or ankle, and attacks of arthritis may persist for up to 

 Familial Mediterranean Fever
 DEFINITION

Familial Mediterranean fever (FMF) is a recessively inherited disease that 
typically manifests with 12- to 72-hour episodes of fever and localized serosal, 
synovial, or cutaneous inflammation. Between attacks, patients usually feel 
completely well, although biochemical evidence of inflammation may remain, 

in cytoplasmic protein complexes containing various sensor proteins such as 
NLRP3 and the adapter protein ASC. These complexes are referred to as 
inflammasomes because of their ability to trigger IL-1–mediated inflamma-
tion. Autoinflammatory diseases described below are caused by mutations in 
genes encoding proteins that process or sense IL-1 or affect this process 
indirectly.

TABLE 245-1 SYSTEMIC AUTOINFLAMMATORY DISEASES: A PARTIAL LISTING
INHERITED AUTOINFLAMMATORY DISEASES INHERITANCE GENES OR RISK FACTORS OMIM*

INTERLEUKIN-1-BETA–RELATED DISORDERS

Familial Mediterranean fever (FMF) Autosomal recessive MEFV† 249100
Tumor necrosis factor receptor–associated periodic syndrome (TRAPS) Autosomal dominant TNFRSF1A† 142680
Hyperimmunoglobulinemia D with periodic fever syndrome (HIDS) Autosomal recessive MVK† 260920
Neonatal-onset multisystem inflammatory disease (NOMID)/Muckle-Wells 

syndrome (MWS)/familial cold autoinflammatory syndrome (FCAS)
Autosomal dominant/de novo NLRP3 (formerly CIAS1)† 607115

191900
120100

Schnitzler syndrome Sporadic NLRP3 mosaic mutations (some)
Multiple self-healing palmoplantar carcinoma
Familial keratosis lichenoides chronica
Autoinflammation with arthritis and dyskeratosis

Autosomal dominant NLRP1 606636

Deficiency of interleukin-1 receptor antagonist (DIRA) Autosomal recessive IL1RN† 612852
Deficiency of the IL-36R antagonist (DITRA) Autosomal recessive IL36RN† 605507
INTERFERON-RELATED AUTOINFLAMMATORY SYNDROMES (INTERFERONOPATHIES)

Aicardi-Goutières syndrome Autosomal recessive or 
Autosomal dominant

TREX1, RNASEH2A, 2B, 2C
SAMHD1 ADAR (DRADA)
IFIH1 (MDA5)

225750

STING-associated vasculopathy with onset in infancy (SAVI) Autosomal recessive TMEM173 612374
Chronic atypical neutrophilic dermatosis with lipodystrophy and elevated 

temperature (CANDLE), Nakajo-Nishimura syndrome, JMP syndrome
Autosomal recessive PSMB8, genes encoding other 

proteasome subunits†
256040

NF-KAPPA-B–RELATED AUTOINFLAMMATORY SYNDROMES

Haploinsufficiency of A20 (HA20) syndrome Autosomal dominant TNFAIP3† 191163
OTULIN deficiency Autosomal recessive FAM105B (OTULIN)† 615712
Immunodeficiency and autoinflammatory disease associated with C-terminal 

NEMO mutations
X-linked IKBKG 300248

Immunodeficiency, autoinflammation, and amylopectinosis Autosomal recessive HOIL1/RBCK1, HOIP/RNF31 610924
612487

Pediatric-onset inflammatory polyarthritis Autosomal dominant (de novo) Myd88 602170
GRANULOMATOUS DISORDERS

Early-onset sarcoidosis/Blau syndrome Sporadic, autosomal dominant NOD2/CARD15† 186580, 605956
Crohn disease Complex inheritance NOD2/CARD15† 266600
COMPLEMENT DISORDERS

Hereditary angioedema Autosomal dominant C1NH 106100
Early-onset protein-losing enteropathy, and thrombosis, intestinal 

lymphangiectasia, and intestinal inflammation
Autosomal recessive CD55 125240

Hemolytic-uremic syndrome Autosomal dominant, sporadic CFH (complement factor H) 235400
Age-related macular degeneration Complex inheritance CFH (complement factor H) 603075
OTHER AUTOINFLAMMATORY SYNDROMES

Deficiency of ADA2 (DADA2) Autosomal recessive ADA2† 607575
Syndrome of periodic fever with aphthous stomatitis, pharyngitis, and cervical 

adenopathy (PFAPA)
Idiopathic — —

Autoinflammatory disease associated with NLRC4 mutations Autosomal dominant NLRC4 606831
Systemic-onset juvenile idiopathic arthritis (SOJIA)/adult-onset Still disease Complex inheritance HLA-DRB1*11, LACC1, IL6, MIF 

polymorphisms
604302

Behçet disease Complex inheritance HLA-B*51, polymorphisms in IL10, 
IL23R, CCR1, STAT4, KLRC4, 
ERAP1, MEFV, TLR4, IL1A-IL1B, 
IRF8, CEPB-PTPN1, ADO-EGR2, 
RIPK2, LACC1, FUT2

109650

Syndrome of pyogenic arthritis with pyoderma gangrenosum and acne (PAPA) Autosomal dominant PSTPIP1† 604416
Chronic recurrent multifocal osteomyelitis (CRMO) Sporadic, autosomal recessive LPIN2,† when associated with 

congenital dyserythropoietic anemia 
(Majeed syndrome)

259680

Synovitis acne pustulosis hyperostosis osteitis syndrome (SAPHO) Idiopathic — —
Crystalline arthropathies Complex inheritance SLC2A9/GLUT9, ABCG2 —
*Online Mendelian Inheritance in Man, an online catalogue of genetic disorders, available at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM. Accessed September 29, 2014.
†An updated list of disease-associated mutations is available online at http://fmf.igh.cnrs.fr/infevers. Accessed January 7, 2018.
AGS https://www.nature.com/articles/nri3850
HOIP http://mirror.omim.org/entry/612487?search=HOIP&highlight=hoip#1
HOIL-1 https://www.ncbi.nlm.nih.gov/pubmed/23104095
OTULIN https://www.ncbi.nlm.nih.gov/pubmed/27523608
https://www.ncbi.nlm.nih.gov/pubmed/27559085
ADA2 = adenosine deaminase 2; A20 = TNF-γ–induced protein 3; JMP = joint contractures, muscle atrophy, microcytic anemia, panniculitits-induced lipodystrophy; NEMO = NF-κB essential modulator.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM
http://fmf.igh.cnrs.fr/infevers
https://www.nature.com/articles/nri3850
http://mirror.omim.org/entry/612487?search=HOIP&highlight=hoip#1
https://www.ncbi.nlm.nih.gov/pubmed/23104095
https://www.ncbi.nlm.nih.gov/pubmed/27523608
https://www.ncbi.nlm.nih.gov/pubmed/27559085
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1 week at a time. In children, oligoarticular or polyarticular joint involvement 
may occur. Large joint effusions are sometimes present, and the synovial fluid 
may have as many as 100,000 leukocytes/mL. In approximately 5% of patients 
who are not treated with prophylactic colchicine, chronic arthritis (usually of 
the hip or knee) may develop, often necessitating joint replacement surgery. 
Regardless of colchicine treatment or a particular human leukocyte antigen 
(HLA-B27) status, some patients with FMF develop sacroiliitis. Arthralgia 
without frank arthritis is common in FMF.

Cutaneous manifestations of FMF tend to be less common than serosal or 
synovial involvement. The characteristic skin lesion of FMF is erysipeloid 
erythema, a painful, demarcated erythematous area most often seen on the 
lower leg, ankle, or dorsum of the foot. This rash may occur independently, 
or it may accompany an episode of arthritis. Histologically, a mixed perivascular 
cellular infiltrate is seen. Other acute manifestations of FMF include unilateral 
scrotal inflammation (the tunica vaginalis is an embryologic remnant of the 
peritoneal membrane) and myalgia, either with fever or, especially in children, 
without fever and induced by vigorous exercise. Various forms of vasculitis 
also have been associated with FMF; Henoch-Schönlein purpura may occur 
in children with FMF; less frequently, polyarteritis nodosa is seen.

 COMPLICATIONS
Before the widespread use of colchicine prophylaxis, systemic AA amyloidosis 
(Chapter 179) was a frequent complication of FMF, caused by the ectopic 
deposition of a misfolded fragment of serum amyloid A (SAA), an acute phase 
reactant, in the gastrointestinal tract, kidneys, spleen, lung, testes, and adrenals. 
Malabsorption and nephrotic proteinuria leading to renal failure are the most 
common manifestations of AA amyloidosis. Cardiomyopathy is less common, 
and neuropathy and arthropathy are rare. Several risk factors for amyloidosis 
development in FMF have been identified, including late diagnosis of FMF, 
colchicine noncompliance, male gender, and specific genotypes of the MEFV 
and SAA genes. Amyloidosis in FMF is less common in the United States than 
in the Middle East. Abdominal fat aspirates are much less sensitive than rectal 
or renal biopsy in detecting the amyloidosis of FMF. The latter procedure may 
be preferred, because of the increasing recognition of nonamyloid glomerular 
disease in FMF. With early diagnosis, aggressive suppression of the acute phase 
response with colchicine or adjunctive agents may lead to improvement, but 
for patients with renal failure, early renal transplantation is preferred.

 DIAGNOSIS
Based on a simple recessive model of inheritance, two mutations in MEFV, 
in trans, should be identified to establish the genetic diagnosis of FMF. Nev-
ertheless, the interpretation of genetic testing is complicated by complex alleles 
consisting of various combinations of mutations in cis, as well as by the obser-
vations that as many as one third of patients with clinically typical FMF have 
only one demonstrable mutation in MEFV, and a few patients with typical 
disease have no identifiable MEFV mutations. These latter two findings suggest 
that, under some circumstances, one MEFV mutation may be sufficient for 
symptoms or that additional genes for FMF exist.

For these reasons, clinical data remain an essential part of the diagnosis of 
FMF, and genetic testing plays an adjunctive role in settings in which clinical 
experience is limited.8 Clinical criteria emphasize attack duration (12 to 72 
hours); recurrence of symptoms (three or more episodes); documented fever 
(rectal temperature >38° C); painful manifestations in the abdomen, chest, 
joints, or skin; and the absence of other causative factors. The differential 
diagnosis includes the other hereditary recurrent fever syndromes (Table 
245-2), as well as other conditions specific to the clinical setting. For patients 
with recurrent abdominal pain, considerations include gynecologic disorders, 
porphyria (Chapter 199; which can be distinguished by hypertension during 
attacks, dominant inheritance, and urine porphyrins), and hereditary angio-
edema (Chapter 237; which usually does not cause fever). The syndrome of 
periodic fever with aphthous stomatitis, pharyngitis, and cervical adenopathy 
is probably the most common cause of unexplained recurrent fever in children 
and is also included in the differential diagnosis. In patients presenting primar-
ily with recurrent monoarthritis, joint aspiration for cultures and crystals may 
aid in excluding bacterial and crystalline arthritis. Still disease in children 
(systemic-onset juvenile idiopathic arthritis) and adults (adult-onset Still 
disease) is also considered in the differential diagnosis. Adult-onset Still disease9 
(see Table 245-1) is an uncommon autoinflammatory condition of unknown 
cause that is not considered to be hereditary. It is characterized by spiking 
fever, an evanescent salmon-pink maculopapular rash, arthritis, and neutrophilic 
leukocytosis. It can be clinically distinguished from FMF by the pattern of 
fever (intermittent quotidian in Still disease vs. discrete episodes in FMF), 

and some patients eventually develop systemic amyloidosis. Before the iden-
tification of the causative gene, FMF was defined purely clinically; clinical 
features remain an important part of the diagnosis, because some patients 
with typical disease have only one, or sometimes no, demonstrable mutation 
in MEFV, the only known causative gene.

 EPIDEMIOLOGY
FMF is most common in individuals of Jewish, Arab, Armenian, Turkish, and 
Italian ancestry. The frequency of asymptomatic carriers of a single MEFV 
mutation in these populations is as high as 1 in 5, a finding that suggests a 
selective advantage for heterozygotes. With genetic testing, FMF is now fre-
quently recognized in both Ashkenazi (eastern European) and non-Ashkenazi 
Jewish populations, as well as in Mediterranean populations previously thought 
not to be at risk. Mutation-positive individuals with typical symptoms have 
been documented worldwide. FMF usually manifests in childhood, sometimes 
even in infancy, although approximately 10% of patients experience their first 
attack as adults; infrequently, FMF first occurs in persons older than 40 years.

 PATHOBIOLOGY
MEFV, the gene for FMF, was identified by positional cloning in 1997. It 
encodes a 781–amino acid protein denoted pyrin (or marenostrin) that is 
expressed in granulocytes, monocytes, and dendritic cells, as well as in peri-
toneal, synovial, and dermal fibroblasts. The N-terminal 92 amino acids of 
pyrin are the prototype for a motif, the PYRIN domain, that is involved in 
protein-protein interactions; this domain defines a family of more than 20 
human proteins, including pyrin itself, involved in the regulation of cytokine 
production (particularly the IL-1 family), NF-κB activation, and cell death. 
Most of the pathogenic FMF-associated mutations in pyrin reside in the 
C-terminal domain encoded by exon 10 of MEFV. An even larger number of 
variants of unknown significance have been described in individual patients 
with a spectrum of inflammatory phenotypes, and some patients with clinical 
presentations similar to FMF have been found to have pyrin mutations on 
only one allele. The assembly of pyrin-containing inflammasomes is activated 
by bacterial toxins that inactivate the GTPase RhoA, including toxins derived 
from Clostridia, Yersinia, and Vibrio species.4 RhoA inactivates pyrin by induc-
ing phosphorylation of pyrin on N-terminal serine residues, which leads to 
sequestration of pyrin by 14-3-3 proteins and inhibition of pyrin’s ability to 
promote processing of the cytokine IL-1β. These discoveries identified a 
physiological role for pyrin in host defense against bacteria, and as FMF-
associated mutations in MEFV render pyrin resistant to RhoA-mediated 
inactivation, provided a mechanism for the heightened secretion of IL-1β by 
cells harboring FMF-associated pyrin mutations.5 These findings also suggest 
that heightened resistance to pandemic bacterial infections, such as Yersinia 
pestis (the agent of plague in humans), may explain the extraordinarily high 
FMF carrier frequencies in certain populations. Additional evidence for the 
importance of pyrin phosphorylation in the regulation of IL-1β production 
came from the identification of mutations in one of the phosphorylation sites 
of pyrin associated with a severe early-onset syndrome of autoinflammation 
and neutrophilic dermatosis (PAAND).6,7

 CLINICAL MANIFESTATIONS
Episodes of FMF are more properly termed recurrent than periodic, and some 
patients associate attacks with psychological stress or physical exertion. Women 
of childbearing age sometimes experience their attacks with menses, with 
remissions during pregnancy. Some patients are unaware of fever during the 
attacks, but it is almost always observed when sought. Serosal involvement in 
FMF is usually peritoneal or pleural. Abdominal attacks are the most frequent, 
and they may vary from mild discomfort to frank peritonitis, with boardlike 
rigidity, direct and rebound tenderness, and air-fluid levels on upright films 
of the abdomen. Regardless of the severity of the abdominal attack, constipa-
tion is much more common than diarrhea. If a laparotomy or laparoscopy is 
performed during an attack, a small amount of sterile exudate rich in poly-
morphonuclear leukocytes may be found. Except for serosal inflammation, 
the appendix is normal. Repeated abdominal attacks may cause peritoneal 
adhesions, but ascites is rare. Pleurisy, usually unilateral, may accompany 
abdominal pain, or it may occur independently. Physical findings, if present, 
may include diminished breath sounds and a pleural friction rub, whereas 
chest radiograms may show a small effusion or atelectasis. With multiple attacks, 
pleural thickening may develop. Symptomatic nonuremic pericardial involve-
ment in FMF has been reported but is unusual.

In adults, the arthritis of FMF typically manifests as monoarticular involve-
ment of the knee, hip, or ankle, and attacks of arthritis may persist for up to 
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oxygen species, constitutive activation of mitogen-activated protein (MAP) 
kinases, and increased production of pro-inflammatory cytokines by myeloid 
cells harboring the mutant receptor.12,13

 DIAGNOSIS
Although genetic testing is necessary for the diagnosis of TRAPS, certain 
clinical clues can help distinguish TRAPS from FMF. These include ethnicity 
(FMF is seen predominantly in Mediterranean and Middle Eastern popula-
tions, whereas TRAPS has a more widespread distribution), mode of inheritance 
(autosomal recessive in FMF, dominant in TRAPS), and duration of attacks, 
which tends to be longer in TRAPS and sometimes approaches continuous 
symptoms. The rash of FMF is typically erysipeloid erythema on the lower 
extremity, whereas patients with TRAPS often have a distinctive erythematous 
rash, often with underlying myalgia, which may migrate on the trunk or cen-
trifugally on the extremities. Ocular involvement, with periorbital edema, 
conjunctivitis, and occasionally even uveitis, is observed in TRAPS but not 
in FMF. Finally, whereas colchicine is much more effective than corticosteroids 
in FMF, the opposite is true in TRAPS. Nevertheless, aside from the difference 
in duration and susceptibility to pharmacologic intervention, the abdominal, 
pleural, synovial, and even scrotal manifestations of the two diseases are rather 
similar. The usual age of onset for TRAPS is also in childhood, and systemic 
AA amyloidosis is seen in approximately 10% of untreated patients with TRAPS. 
As in FMF, life expectancy in TRAPS is normal in patients whose disease is 
not complicated by amyloidosis.

As noted earlier, the diagnosis of TRAPS is established by the identification 
of TNFRSF1A mutations in the appropriate clinical setting. One variant, the 
substitution of glutamine for arginine at residue 92 (R92Q), is present in 
more than 1% of individuals with European ancestry and may be associated 
with a broader spectrum of symptoms than is typically seen in TRAPS, includ-
ing early inflammatory arthritis or, in some cases, no symptoms at all. The 
substitution of lysine for proline at residue 46 (P46L) has been described in 
African American patients with TRAPS and is associated with a receptor shed-
ding defect, but it is also seen among healthy West African controls. These 
findings establish a “gray zone” for the diagnosis of TRAPS and emphasize 
the potential role of polymorphisms in the recurrent fever genes in other more 
common inflammatory phenotypes.

in a broader ethnic distribution, although northern Europeans still predomi-
nate. Overall, HIDS is still quite rare. Family studies documented autosomal 
recessive inheritance. The elevated IgD levels seen in HIDS appear to be an 
epiphenomenon and do not correlate with disease severity either among 
patients or in a given patient over time, although IgD may contribute to the 
release of pro-inflammatory cytokines in vitro. In 1999, patients with HIDS 
were found to have mutations in MVK, which encodes the mevalonate kinase 
enzyme involved in the biosynthesis of cholesterol and nonsterol isoprenes.10,11 
Enzyme activity in patients is markedly reduced but not absent. Recent data 
link the isoprenoid deficiency resulting from MVK mutations to the mani-
festations of HIDS and make an interesting connection with FMF and other 
IL-1–related autoinflammatory diseases. Reduced prenylation inactivates the 
GTPase RhoA, abrogating its negative regulation of the pyrin inflammasome, 
resulting in increased IL-1β production. IL-1β and increased body temperature 
can further decrease mevalonate kinase enzymatic activity, thereby creating a 
vicious circle in which infection or immunization can precipitate HIDS attacks. 
One of the well-recognized clinical characteristics of HIDS is the provocation of 
attacks by immunizations. Other distinguishing clinical features include a very 
early age of onset (average age, 6 months), a duration of attacks intermediate 
between FMF and TRAPS (3 to 7 days), prominent cervical lymphadenopathy 
during attacks, polyarticular joint involvement, a diffuse maculopapular rash, 
the predominance of diarrhea over constipation with abdominal attacks, and 
the infrequency of pleuritic attacks or systemic amyloidosis.

The diagnosis of HIDS can be established in a patient with recurrent epi-
sodes of fever and typical associated findings by documenting either two 
mutations in MVK or elevated levels of mevalonic acid, the substrate for 
mevalonate kinase, in the urine during attacks. Approximately 10% of patients 
with otherwise typical disease have only a single identifiable MVK mutation. 
As modestly increased IgD levels can be seen in other inflammatory condi-
tions, and up to 20% of patients (particularly young children) with typical 
recurrent fevers and MVK mutations can have normal serum IgD levels, IgD 
levels alone are an unreliable diagnostic tool. Consequently, some experts 
prefer the term mevalonate kinase deficiency (MKD) to denote this illness. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) or corticosteroids are some-
times useful in the treatment of the arthritic manifestations of HIDS. Colchicine 
is generally not effective. IL-1 inhibitors are generally effective in HIDS, and 
recently the FDA approved canakinumab for the treatment of this disorder. 
Patients with HIDS have a normal lifespan, and attacks may become somewhat 
less frequent in adulthood.

 Tumor Necrosis Factor Receptor–Associated  
Periodic Syndrome

 DEFINITION
Worldwide, the tumor necrosis factor (TNF) receptor–associated periodic 
syndrome (TRAPS) is the second most frequently diagnosed hereditary recur-
rent fever syndrome, behind FMF. TRAPS is defined by recurrent episodes 
of fever and localized inflammation, in many ways resembling FMF, but dif-
fering in key details (noted later) and caused by mutations in TNFRSF1A, 
encoding the 55-kD receptor for TNF (TNFR1, p55, CD120a). Whereas a 
positive genetic test is not necessary to diagnose FMF, the diagnosis of TRAPS 
requires the identification of a TNF receptor mutation. One of the first well-
characterized families with what was later defined as TRAPS was of Irish 
ancestry, and the condition was termed familial Hibernian fever to emphasize 
the ethnic background and clinical differences from FMF. However, with the 
discovery of TNF receptor mutations in families of other ancestries, the ethni-
cally neutral TRAPS nomenclature was proposed.

 PATHOBIOLOGY
The p55 TNF receptor comprises four cysteine-rich extracellular domains, a 
transmembrane region, and an intracellular death domain. To date, nearly all 
of the coding mutations described are in the extracellular domains and approxi-
mately one third are missense substitutions of cysteine residues that abolish 
highly conserved disulfide bonds. The initial description of TRAPS documented 
a defect in activation-induced ectodomain cleavage of the p55 receptor in 
patients with the C52F TNFRSF1A mutation, possibly leading to a defect in 
homeostasis by impaired downregulation of membrane receptors and dimin-
ished shedding of potentially antagonistic soluble receptor molecules. However, 
not all TRAPS-associated TNFR1 mutations exhibit this shedding defect, and 
recent studies indicate a more complex pathogenetic picture, with the extra-
cellular mutations causing defective trafficking and intracellular accumulation 
of mutant TNFR1 protein. Spontaneous signaling and possibly activation of 
the unfolded protein response leads to production of mitochondrial reactive 

the pattern of arthritis (chronic polyarthritis vs. intermittent monoarthritis), 
the characteristic skin involvement (evanescent rash vs. erysipeloid erythema), 
and the presence of lymphadenopathy (more common in Still disease).

The mainstay of therapy for FMF is daily oral colchicine, which can  
prevent both acute attacks of FMF and the development of systemic amyloi-
dosis. A1  Although colchicine has been used as an anti-inflammatory medication 
since ancient times, and its particular efficacy in FMF was discovered empirically, 
new insights into pyrin’s negative regulation by the RhoA GTPase may explain 
its mechanism of action in FMF. As a consequence of its ability to depolymerize 
microtubules, colchicine activates RhoA, probably through the release of the 
RhoA guanine-nucleotide-exchange factor GEF-H1 from microtubules. Activated 
RhoA leads to increased phosphorylation of pyrin, inactivating its pro-inflam-
matory function, even in cells harboring FMF-associated pyrin mutations.

In adults, the therapeutic dose is 1.2 to 1.8 mg/day, and nearly 90% of patients 
note significant improvement at this dose. The major side effects are gastro-
intestinal, and they can usually be minimized by gradually increasing the dosage 
and avoiding milk products in patients who develop lactose intolerance. Most 
experts continue to prescribe colchicine to patients during pregnancy, with 
the recommendation that amniocentesis be performed to exclude trisomy 21, 

TREATMENT 
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TABLE 245-2 CLINICAL CHARACTERISTICS OF SELECTED AUTOINFLAMMATORY DISEASES
CLINICAL FEATURE FMF TRAPS HIDS FCAS/MWS/NOMID DADA2
Typical ethnicity Arab, Armenian, Italian, 

Jewish, Turkish
Any ethnicity Dutch, other North 

European
European Georgian Jewish origin for 

PAN-like disease
Age of onset Childhood or adult Childhood or adult Childhood, especially 

tied to immunizations
Childhood or adult (FCAS)
Childhood (MWS)
Infancy (NOMID)

Usually childhood

Attack duration 12-72 hr Days to weeks 3-7 days 12-24 hr (FCAS)
1-2 days (MWS)
Continuous, with flares 

(NOMID)

Occasional fevers
Can have long asymptomatic 

periods

Abdominal 
involvement

Sterile peritonitis, 
constipation > diarrhea

Severe pain, vomiting, 
peritonitis

Sterile peritonitis, 
diarrhea, rarely 
constipation

Nausea (FCAS)
Abdominal pain (MWS)
Uncommon (NOMID)

Can be seen associated with 
abdominal vasculitis and 
infarctions, portal 
hypertension

Pleural attacks Common Common Rare Rare (MWS, NOMID) Rare
Joint/bone 

involvement
Monoarthritis, rarely 

protracted arthritis in 
knee or hip

Arthritis in large 
joints, arthralgia

Arthralgia, symmetrical 
polyarthritis

Polyarthralgia (FCAS, MWS)
Oligoarthritis (MWS)
Clubbing (MWS, NOMID)
Epiphyseal overgrowth, 

contractures, intermittent or 
chronic arthritis (NOMID)

Uncommon

Skin rash Erysipeloid erythema on 
lower leg, ankle, foot

Migratory rash, 
underlying myalgia

Diffuse maculopapular 
rash, urticaria

Urticaria-like rash (cold-induced 
in FCAS)

Livedo reticularis, cutaneous 
vasculitis, scarring lesions, 
and necrosis can occur

Hematologic Splenomegaly, occasional 
lymphadenopathy

Splenomegaly, 
occasional 
lymphadenopathy

Cervical adenopathy in 
children

Hepatosplenomegaly, adenopathy 
(NOMID, rare in MWS)

Cytopenias including pure 
red-cell aplasia, hypo-Ig, 
hepatosplenomegaly

Neurologic 
involvement

Aseptic meningitis? Controversial Headache Headache (FCAS)
Sensorineural deafness (MWS, 

NOMID)
Chronic aseptic meningitis, 

intellectual disability 
(NOMID)

Recurrent ischemic strokes

Ophthalmologic 
involvement

Rare Conjunctivitis, 
periorbital edema, 
rarely uveitis

Uncommon Conjunctivitis (all)
Uveitis (MWS, NOMID)
Progressive vision loss (NOMID)

Retinal artery occlusion

Vasculitis Henoch-Schönlein purpura 
(HSP), polyarteritis 
nodosa

HSP, lymphocytic 
vasculitis

Cutaneous vasculitis 
common, rarely HSP

Not seen
Occasional in NOMID

Small and medium vessels, 
can present as 
polyarteritis nodosa

Systemic amyloidosis Risk depends on MEFV and 
SAA genotypes; more 
common in Middle East

Occurs in ≈10%; risk 
increased with 
cysteine mutations

Rare Rare (FCAS)
2-5%(MWS)
May develop in adulthood 

(NOMID)

Can occasionally develop

Autoantibodies Not usually seen Not usually seen Not usually seen Not usually seen ANCA usually negative
Effective treatments Colchicine, IL-1 blockade IL-1 blockade

Etanercept
IL-1 blockade IL-1 blockade TNF blockade

for which there may be a slightly increased risk. Use of colchicine in lactating 
women is considered safe. Intravenous colchicine should be used with extreme 
caution, if at all, in FMF, because fatal toxicity has been reported in patients 
already receiving oral colchicine who are given the drug intravenously.

IL-1 inhibitors are usually effective in patients who are poorly responsive to 
colchicine or who cannot tolerate therapeutic doses. A2  Canakinumab, a recom-
binant human anti–human-IL-1β antibody, was recently approved by the Food 
and Drug Administration (FDA) for the treatment of FMF in adults and children. 
In a randomized, placebo-controlled trial in patients with genetically confirmed 
colchicine-resistant FMF, mevalonate kinase deficiency, or TRAPS at the time 
of a flare, canakinumab, 150 mg subcutaneously, with the option for an add-on 
injection at the same dose, was found to be effective in controlling and pre-
venting flares. A3 

 Hyperimmunoglobulinemia D with Periodic Fever 
Syndrome (Mevalonate Kinase Deficiency)
Hyperimmunoglobulinemia D with periodic fever syndrome (HIDS) was first 
described in 1984 as an FMF-like illness seen in six patients of Dutch ances-
try. Besides the difference in ethnicity, a key distinction was the observation 
of extremely high levels of immunoglobulin D (IgD) in the serum of these 
patients, thus prompting the HIDS nomenclature. HIDS is now recognized 

 Cryopyrin-Associated Periodic Syndromes:  
The Cryopyrinopathies
Three rare, recurrent febrile disorders usually beginning early in life have been 
associated with mutations in NLRP3 (formerly CIAS1), the gene encoding a 
protein variously named cryopyrin, NLRP3, NALP3, PYPAF1, or CATER-
PILLER 1.1, a key component of the NLRP3 inflammasome that activates 
caspase-1. These disorders are referred to as cryopyrinopathies or cryopyrin-
associated periodic syndromes (CAPS). The least severe clinical phenotype 
is familial cold autoinflammatory syndrome (FCAS; formerly called familial 
cold urticaria), which is dominantly inherited and is notable for day-long 
attacks of chills, fever, headache, diffuse urticarial skin rash, arthralgia, and 
conjunctivitis, precipitated by generalized cold exposure. Amyloidosis is rare 
in FCAS. Of intermediate severity is Muckle-Wells syndrome (MWS), also 
dominantly inherited, in which 1- to 2-day episodes of chills, fever, urticarial 
rash, limb pain, and arthritis occur independently of cold exposure. Sensorineural 
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oxygen species, constitutive activation of mitogen-activated protein (MAP) 
kinases, and increased production of pro-inflammatory cytokines by myeloid 
cells harboring the mutant receptor.12,13

 DIAGNOSIS
Although genetic testing is necessary for the diagnosis of TRAPS, certain 
clinical clues can help distinguish TRAPS from FMF. These include ethnicity 
(FMF is seen predominantly in Mediterranean and Middle Eastern popula-
tions, whereas TRAPS has a more widespread distribution), mode of inheritance 
(autosomal recessive in FMF, dominant in TRAPS), and duration of attacks, 
which tends to be longer in TRAPS and sometimes approaches continuous 
symptoms. The rash of FMF is typically erysipeloid erythema on the lower 
extremity, whereas patients with TRAPS often have a distinctive erythematous 
rash, often with underlying myalgia, which may migrate on the trunk or cen-
trifugally on the extremities. Ocular involvement, with periorbital edema, 
conjunctivitis, and occasionally even uveitis, is observed in TRAPS but not 
in FMF. Finally, whereas colchicine is much more effective than corticosteroids 
in FMF, the opposite is true in TRAPS. Nevertheless, aside from the difference 
in duration and susceptibility to pharmacologic intervention, the abdominal, 
pleural, synovial, and even scrotal manifestations of the two diseases are rather 
similar. The usual age of onset for TRAPS is also in childhood, and systemic 
AA amyloidosis is seen in approximately 10% of untreated patients with TRAPS. 
As in FMF, life expectancy in TRAPS is normal in patients whose disease is 
not complicated by amyloidosis.

As noted earlier, the diagnosis of TRAPS is established by the identification 
of TNFRSF1A mutations in the appropriate clinical setting. One variant, the 
substitution of glutamine for arginine at residue 92 (R92Q), is present in 
more than 1% of individuals with European ancestry and may be associated 
with a broader spectrum of symptoms than is typically seen in TRAPS, includ-
ing early inflammatory arthritis or, in some cases, no symptoms at all. The 
substitution of lysine for proline at residue 46 (P46L) has been described in 
African American patients with TRAPS and is associated with a receptor shed-
ding defect, but it is also seen among healthy West African controls. These 
findings establish a “gray zone” for the diagnosis of TRAPS and emphasize 
the potential role of polymorphisms in the recurrent fever genes in other more 
common inflammatory phenotypes.

in a broader ethnic distribution, although northern Europeans still predomi-
nate. Overall, HIDS is still quite rare. Family studies documented autosomal 
recessive inheritance. The elevated IgD levels seen in HIDS appear to be an 
epiphenomenon and do not correlate with disease severity either among 
patients or in a given patient over time, although IgD may contribute to the 
release of pro-inflammatory cytokines in vitro. In 1999, patients with HIDS 
were found to have mutations in MVK, which encodes the mevalonate kinase 
enzyme involved in the biosynthesis of cholesterol and nonsterol isoprenes.10,11 
Enzyme activity in patients is markedly reduced but not absent. Recent data 
link the isoprenoid deficiency resulting from MVK mutations to the mani-
festations of HIDS and make an interesting connection with FMF and other 
IL-1–related autoinflammatory diseases. Reduced prenylation inactivates the 
GTPase RhoA, abrogating its negative regulation of the pyrin inflammasome, 
resulting in increased IL-1β production. IL-1β and increased body temperature 
can further decrease mevalonate kinase enzymatic activity, thereby creating a 
vicious circle in which infection or immunization can precipitate HIDS attacks. 
One of the well-recognized clinical characteristics of HIDS is the provocation of 
attacks by immunizations. Other distinguishing clinical features include a very 
early age of onset (average age, 6 months), a duration of attacks intermediate 
between FMF and TRAPS (3 to 7 days), prominent cervical lymphadenopathy 
during attacks, polyarticular joint involvement, a diffuse maculopapular rash, 
the predominance of diarrhea over constipation with abdominal attacks, and 
the infrequency of pleuritic attacks or systemic amyloidosis.

The diagnosis of HIDS can be established in a patient with recurrent epi-
sodes of fever and typical associated findings by documenting either two 
mutations in MVK or elevated levels of mevalonic acid, the substrate for 
mevalonate kinase, in the urine during attacks. Approximately 10% of patients 
with otherwise typical disease have only a single identifiable MVK mutation. 
As modestly increased IgD levels can be seen in other inflammatory condi-
tions, and up to 20% of patients (particularly young children) with typical 
recurrent fevers and MVK mutations can have normal serum IgD levels, IgD 
levels alone are an unreliable diagnostic tool. Consequently, some experts 
prefer the term mevalonate kinase deficiency (MKD) to denote this illness. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) or corticosteroids are some-
times useful in the treatment of the arthritic manifestations of HIDS. Colchicine 
is generally not effective. IL-1 inhibitors are generally effective in HIDS, and 
recently the FDA approved canakinumab for the treatment of this disorder. 
Patients with HIDS have a normal lifespan, and attacks may become somewhat 
less frequent in adulthood.

 Tumor Necrosis Factor Receptor–Associated  
Periodic Syndrome

 DEFINITION
Worldwide, the tumor necrosis factor (TNF) receptor–associated periodic 
syndrome (TRAPS) is the second most frequently diagnosed hereditary recur-
rent fever syndrome, behind FMF. TRAPS is defined by recurrent episodes 
of fever and localized inflammation, in many ways resembling FMF, but dif-
fering in key details (noted later) and caused by mutations in TNFRSF1A, 
encoding the 55-kD receptor for TNF (TNFR1, p55, CD120a). Whereas a 
positive genetic test is not necessary to diagnose FMF, the diagnosis of TRAPS 
requires the identification of a TNF receptor mutation. One of the first well-
characterized families with what was later defined as TRAPS was of Irish 
ancestry, and the condition was termed familial Hibernian fever to emphasize 
the ethnic background and clinical differences from FMF. However, with the 
discovery of TNF receptor mutations in families of other ancestries, the ethni-
cally neutral TRAPS nomenclature was proposed.

 PATHOBIOLOGY
The p55 TNF receptor comprises four cysteine-rich extracellular domains, a 
transmembrane region, and an intracellular death domain. To date, nearly all 
of the coding mutations described are in the extracellular domains and approxi-
mately one third are missense substitutions of cysteine residues that abolish 
highly conserved disulfide bonds. The initial description of TRAPS documented 
a defect in activation-induced ectodomain cleavage of the p55 receptor in 
patients with the C52F TNFRSF1A mutation, possibly leading to a defect in 
homeostasis by impaired downregulation of membrane receptors and dimin-
ished shedding of potentially antagonistic soluble receptor molecules. However, 
not all TRAPS-associated TNFR1 mutations exhibit this shedding defect, and 
recent studies indicate a more complex pathogenetic picture, with the extra-
cellular mutations causing defective trafficking and intracellular accumulation 
of mutant TNFR1 protein. Spontaneous signaling and possibly activation of 
the unfolded protein response leads to production of mitochondrial reactive 

The treatment of TRAPS depends on the frequency and severity of attacks.14 
Patients with relatively infrequent, mild episodes may respond to NSAIDs. Patients 
with more severe attacks that occur infrequently may be treated with cortico-
steroids, although increasing doses may be required as the episodes become 
more frequent and toxicities may become limiting. For patients with severe 
attacks occurring once a month or more frequently, treatment with etanercept, 
the soluble p75 TNF receptor:Fc fusion protein, may be warranted. This may 
be a unique effect of etanercept, because there is anecdotal evidence that 
monoclonal antibodies against TNF may actually exacerbate TRAPS. Consistent 
with a model implicating upregulation of components of the NLRP3 inflam-
masome by the aberrant inflammatory signaling in TRAPS, IL-1 inhibitors have 
also been found to be highly effective in TRAPS, and canakinumab recently 
gained regulatory approval for this indication following a randomized trial that 
demonstrated efficacy in controlling flares (see Treatment section under FMF).

TREATMENT 

 Cryopyrin-Associated Periodic Syndromes:  
The Cryopyrinopathies
Three rare, recurrent febrile disorders usually beginning early in life have been 
associated with mutations in NLRP3 (formerly CIAS1), the gene encoding a 
protein variously named cryopyrin, NLRP3, NALP3, PYPAF1, or CATER-
PILLER 1.1, a key component of the NLRP3 inflammasome that activates 
caspase-1. These disorders are referred to as cryopyrinopathies or cryopyrin-
associated periodic syndromes (CAPS). The least severe clinical phenotype 
is familial cold autoinflammatory syndrome (FCAS; formerly called familial 
cold urticaria), which is dominantly inherited and is notable for day-long 
attacks of chills, fever, headache, diffuse urticarial skin rash, arthralgia, and 
conjunctivitis, precipitated by generalized cold exposure. Amyloidosis is rare 
in FCAS. Of intermediate severity is Muckle-Wells syndrome (MWS), also 
dominantly inherited, in which 1- to 2-day episodes of chills, fever, urticarial 
rash, limb pain, and arthritis occur independently of cold exposure. Sensorineural 
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to bacterial products in the gastrointestinal tract to cause inflammation, whereas 
Blau syndrome mutations in the nucleotide binding domain may lead to con-
stitutive extraintestinal inflammation. Topical and systemic corticosteroids 
are currently the mainstay of treatment of Blau syndrome. There are case 
reports of the efficacy of TNF and IL-1 inhibitors in this disease.

 Deficiency of ADA2 (DADA2)
A syndrome characterized by fevers, early-onset strokes, and vasculopathy or 
frank vasculitis mimicking polyarteritis nodosa has been found to be caused 
by autosomal recessive mutations in ADA2 (formerly CECR1), encoding 
adenosine deaminase 2 (ADA2).22 Although sharing enzymatic activity with 
intracellular adenosine deaminase encoded by the ADA gene, ADA2 is not 
necessary for lymphocyte development and DADA2 patients do not initially 
present with severe combined immunodeficiency (SCID), as is the case for 
ADA deficiency. ADA2 is a secreted extracellular protein, and functional studies 
have found that ADA2 plays a role in vascular development and regulation of 
macrophage differentiation. Although this disease is generally diagnosed in 
childhood, it should be considered in the differential diagnosis of young adults 
with unexplained lacunar strokes and/or vasculitic skin lesions. As ADA2 is 
expressed by myeloid cells, bone marrow transplantation may be therapeutic, 
and TNF inhibition has also shown efficacy in preventing recurrent strokes, 
though the underlying mechanisms are not yet clear.23

 NEW AUTOINFLAMMATORY SYNDROMES AND 
THE PROMISE OF WHOLE-EXOME SEQUENCING

Recent years have seen a dramatic acceleration in the pace of discovery of new 
mendelian inflammatory diseases as a result of the availability of whole-exome 
sequencing, which allows unbiased identification of disease-causing mutations 
in protein coding sequences, although it should be noted that accurate clinical 
description of these syndromes is as important as the genetic tools for identi-
fication of new syndromes. These discoveries have confirmed the role of gene 
products in human inflammation that were identified in animal model systems 
and identified new genes and proteins not previously thought to be involved 
in the regulation of inflammation. More sensitive deep sequencing techniques 
have also allowed discovery of subgenomic mosaic mutations in NLRP3 and 
TNFRSF1A, causing similar or related syndromes to those associated with de 
novo or inherited mutations in these genes. For example, mosaic mutations 
in NLRP3 account for some cases of cryopyrinopathies that were found to be 
“negative” for these mutations by standard whole-exome sequencing analysis, 
and low-percentage NLRP3 mutations have been found in Schnitzler syndrome, 
which is characterized by monoclonal gammopathy, neutrophilic skin lesions 
resembling those in cryopyrinopathies, and systemic inflammation.24 Early-onset, 
apparently sporadic, cases of inflammatory syndromes have often turned out to 
be due to de novo mutations in a child when screened against parental DNA. 
For example, inherited gain-of-function mutations in CARD14, encoding an 
adapter protein in innate immune sensing, cause dominantly inherited familial 
psoriasis, and a more severe gain-of-function de novo mutation in the same 
gene causes infantile-onset severe pustular psoriasis. Recessive mutations in 
HOIL1/RBCK1 that impair the addition of linear ubiquitin chains to receptor 
signaling complexes cause a complex syndrome marked by autoinflamma-
tion and immunodeficiency and intramuscular glycogen deposition. Gain-
of-function mutations in PLCG2, encoding phospholipase Cγ2, an enzyme 
with essential functions in B-cell receptor and Fc receptor signaling, cause a 
dominantly inherited autoinflammatory syndrome characterized by blistering 
skin lesions, bronchiolitis, arthralgia, ocular inflammation, and enterocolitis 
in the absence of autoantibodies.

have been described with heterozygous loss-of-function mutations in TNFAIP3, 
encoding the A20 protein, which negatively regulates induction of NF-κB 
through promoting K48 linked ubiquitination and degradation of intracellular 
components of TNF-family receptor signaling complexes such as RIP1.20 In 
these kindreds, individuals with these mutations develop symptoms with some 
features of Behçet disease, such as oral and genital ulcers, uveitis, and skin 
abscesses. Biochemical hyperinduction of NF-κB and inflammatory cytokine 
production by stimuli such as LPS and TNF could be seen in peripheral 
blood myeloid cells from these patients. Mutations in IKBKG that lead to 
truncations in NEMO that are unable to bind A20 have also been found to 
lead to inflammatory disease in addition to the immunodeficiency resulting 
from defects in other functions of NEMO. Recently, a patient with a de novo 
gain-of-function mutation in the MYD88 gene coding for the signal transduc-
tion protein Myd88 was described with pediatric-onset severe destructive 
polyarthritis.21 This mutation is similar to those seen in somatic activating 
mutations associated with lymphoma. Myd88 activates NF-κB downstream of 
TLR and IL-1 receptors, and cells from this patient exhibit increased NF-κB 
activation and enhanced production of pro-inflammatory cytokines. These 
findings and other syndromes listed in Table 245-1 have validated the role 
of NF-κB and A20 in regulating clinically relevant inflammatory responses 
and point to the need for better therapeutic agents which can effectively regu-
late NF-κB activation in genetic and acquired diseases where this pathway  
is hyperactive.

 OTHER INHERITED SYSTEMIC 
AUTOINFLAMMATORY DISEASES

 Syndrome of Pyogenic Arthritis with Pyoderma 
Gangrenosum and Acne
The syndrome of pyogenic arthritis with pyoderma gangrenosum and acne 
(PAPA) is a rare, dominantly inherited autoinflammatory disease characterized 
by intermittent episodes of sterile pyogenic arthritis, pyoderma gangrenosum, 
and severe cystic acne. It is caused by mutations in the gene encoding proline-
serine-threonine phosphatase–interacting protein 1 (PSTPIP1), also known 
as CD2BP1. PSTPIP1 is a cytoskeletal protein that interacts with certain 
other proteins involved in the immune response, including CD2; the Wiskott-
Aldrich syndrome protein (WASP); a phosphatase denoted PTP-PEST; and 
pyrin, the FMF protein. PAPA mutations abrogate the binding of PSTPIP1 
to PTP-PEST, leading to hyperphosphorylation of PSTPIP1 and increased 
binding to pyrin. Both in patients and in cell lines, this finding is associated 
with markedly increased IL-1β production. Early in life, PAPA tends to present 
with monoarticular or pauciarticular pyogenic arthritis, sometimes induced 
by trauma. In the absence of treatment, arthritis may progress to severe joint 
damage and ankylosis. As patients reach puberty, skin manifestations begin 
to predominate, including disfiguring cystic acne. Pathergy also may develop, 
and extensive pyoderma gangrenosum may require opiates for pain control. 
The diagnosis of PAPA syndrome is made by documenting PSTPIP1 muta-
tions in the appropriate clinical setting. High doses of corticosteroids have 
been used in PAPA, with varying success, and patients with arthritis sometimes 
require aspiration, intra-articular corticosteroids, or open drainage. Newer 
investigational approaches for PAPA syndrome focus on the use of targeted 
cytokine inhibitors. Anecdotal evidence supports the use of anakinra or 
canakinumab for the arthritis and monoclonal anti-TNF antibodies for the 
pyoderma gangrenosum of PAPA.

 Granulomatous Inflammatory Arthritis, Dermatitis,  
and Uveitis (Blau Syndrome)
Blau syndrome is a rare, dominantly inherited illness characterized by the 
following features: early-onset granulomatous synovitis often complicated by 
cyst formation and camptodactyly (flexion contractures of the fingers and 
toes); granulomatous anterior and posterior uveitis, sometimes causing retinal 
detachment, glaucoma, cataracts, and blindness; and an intermittent papular 
rash with noncaseating granulomas. Lung or other visceral involvement is 
generally not present. However, visceral involvement of the liver and spleen 
is observed in early-onset sarcoidosis (Chapter 89), which is phenotypically 
quite similar to Blau syndrome. Both Blau syndrome and some cases of early-
onset sarcoidosis are caused by mutations in NOD2/CARD15. Distinct variants 
of NOD2/CARD15 have been associated with susceptibility to Crohn disease, 
which manifests as granulomatous inflammation of the gastrointestinal tract 
(Chapter 132). The protein encoded by this gene is thought to be an intracel-
lular sensor of bacterial products. Crohn disease–associated mutations in the 
ligand-binding, leucine-rich repeat region of the protein may alter responses 

 THE INTERFERONOPATHIES:  
TYPE-I-INTERFERON ASSOCIATED 
AUTOINFLAMMATORY DISEASES

A group of hereditary syndromes marked by systemic inflammation has 
emerged that share induced gene expression of type I interferon target genes 
and cytokines and have been termed interferonopathies.17 Although a wide 
variety of genetic lesions can cause these diseases, the common induction 
of this cytokine signaling pathway has raised hopes that blocking type I 
interferons or interferon signaling may be beneficial for these patients. These 
diseases mimic some aspects of the antiviral state and congenital infection 
syndromes without a role for a known pathogen and also make an interesting 
counterpoint to systemic lupus erythematosus (SLE) and Sjögren syndrome, 
polygenic autoimmune diseases where type I interferon–induced gene expres-
sion is also seen in peripheral blood. Unlike most other autoinflammatory 
syndromes, autoantibodies can be found in some type I interferonopathies, 
placing them on the spectrum between autoinflammatory and autoimmune  
disease.

 Aicardi-Goutières Syndrome and Associated Diseases
A neonatal syndrome characterized by severe neurologic dysfunction and 
CSF pleocytosis, Aicardi-Goutières syndrome (AGS) was first associated with 
mutations in the TREX1 gene encoding a 3′–5′ DNA exonuclease. The defini-
tion of this syndrome has expanded to encompass mutations in a number of 
other genes associated with DNA or RNA modification or sensing; delayed 
onset past 1 year of age in some patients, particularly those with IFIH1 or 
ADAR mutations; and extracerebral features such as glaucoma, hypothyroid-
ism, and inflammatory bowel disease. Certain features, such as “chilblains,” 
cold-induced vascular-based inflammatory lesions in the hands and feet, overlap 
with those seen in pediatric lupus, and a small number of AGS patients meet 
clinical criteria for SLE.

 Proteasome Associated Autoinflammatory Syndromes
A constellation of diseases have been described linked to recessive loss-of-
function mutations in PSMB8, which encodes the β5i subunit of the protea-
some, also known as LMP7. An autosomal recessive syndrome in adults 
characterized by recurrent fevers, progressive lipodystrophy, joint contractures, 
and cardiac manifestations has been linked to homozygous missense mutations 
in PSMB8.18 Patients with a syndrome termed CANDLE (chronic atypical 
neutrophilic dermatosis with lipodystrophy and elevated temperature) were 
found to have homozygous missense and nonsense mutations in PSMB8, with 
some patients having only one known PSMB8 mutation, or compound muta-
tions with other proteasome subunits.19 It is not yet clear whether these syn-
dromes represent identical diseases related to loss of function of β5i. The β5i 
proteasome subunit is one of the subunits that are induced in immune cells 
through immune stimuli such as interferons, altering the proteasome so that 
it more efficiently processes peptides for antigen presentation to T cells. 
However, there is no indication of a T-cell component to this disease, and 
studies have shown that the β5i proteasome subunit can be expressed in non-
immune cells such as adipocytes. A striking interferon transcriptional signature, 
similar to that seen in SLE, has been observed in circulating blood cells from 
patients with CANDLE. Defective degradation of proteins in cells lacking β5i 
may result in buildup of ubiquitinated proteins, which somehow triggers 
interferon production, or PSMB8 deficiency may enhance interferon signaling 
by stabilizing components of the interferon signal transduction machinery 
that are negatively regulated by ubiquitin-proteasome degradation. Whichever 
the mechanism, the link to interferon hyperactivity suggests that blocking 
interferons with antibodies or inhibitors of interferon signal transduction may 
be effective in the therapy of CANDLE and possibly other proteasome-
associated autoinflammatory syndromes (PRAAS).

 AUTOINFLAMMATORY DISEASES ASSOCIATED 
WITH ACTIVATION OF NF-κB

Although the NF-κB family of transcription factors was one of the first to 
be described that transduces extracellular signals into induction of inflam-
matory gene expression, until recently, no mutations in this pathway were 
known to cause human autoinflammatory disease. Loss-of-function mutations 
in IKBKG, encoding NEMO (NF-kappa-B essential modulator), a structural 
component of the I-κB kinase (IKK) complex, cause an X-linked immunode-
ficiency syndrome, and inherited mutations in TNFRSF13B, encoding TACI, 
a member of the TNF-family cytokine receptor gene family, cause some cases 
of common variable immunodeficiency. More recently, a number of kindreds 

hearing loss is common in MWS, and systemic amyloidosis may occur. The 
most severe NLRP3-associated phenotype is neonatal-onset multisystem 
inflammatory disease (NOMID), known in Europe as chronic infantile neu-
rologic cutaneous and articular (CINCA) syndrome. It is usually sporadic 
owing to the reduced reproductive fitness of most affected individuals. Fever 
and constitutional symptoms occur almost daily, often from birth, with gen-
eralized urticarial skin rash, a peculiar arthropathy characterized by epiphyseal 
overgrowth of the long bones, and central nervous system (CNS) involvement 
that includes chronic aseptic meningitis, uveitis, and cochlear inflammation, 
which may lead to intellectual disability, blindness, and deafness. In all three 
cryopyrinopathies, the rash is not true urticaria because there is a neutrophilic 
rather than a mast cell infiltrate and serum histamine levels are normal.

Because there are patients with FCAS, MWS, and NOMID/CINCA without 
demonstrable germline NLRP3 mutations, these diagnoses remain clinical, 
although genetic testing serves as a valuable adjunct and has greatly increased 
the recognition of all three conditions. Deep sequencing has identified somatic 
NLRP3 mutations in some patients with symptoms consistent with CAPS 
who are negative for mutations by standard genetic testing. In addition, overlap 
syndromes that are intermediate between FCAS and MWS and NOMID/
CINCA have been reported. NLRP3 is only one of a number of inflammasomes 
nucleated by other members of the NLR gene family, and gain-of-function 
mutations in NLRP1, encoding an NLR family member prominently expressed 
in the skin, underlie a spectrum of diseases characterized by keratotic skin 
lesions, arthritis, systemic inflammation and self-healing palmoplantar carci-
nomas.15 Gain-of-function mutations in NLRC4, another intracellular NLR 
family member, have been reported in patients with a spectrum of symptoms 
ranging from FCAS-like disease to severe inflammatory disease with infantile-
onset enterocolitis and macrophage activation syndrome. IL-18, a cytokine 
related to IL-1 which is also intracellularly processed by NLR inflammasomes, 
is particularly elevated in patients with NLRC4 mutations, and blockade of 
IL-18 has been successful in ameliorating symptoms in one severely affected 
individual resistant to other therapies.16

 Grade A References

Blockade with anakinra, a recombinant IL-1 receptor antagonist, is effective 
in controlling fever and acute phase reactants in all three cryopyrinopathies, 
and longitudinal analysis of a large series of patients at the U.S. National Insti-
tutes of Health showed that long-term treatment with anakinra markedly 
decreased CNS inflammation and end-organ damage in NOMID/CINCA, which 
led to the regulatory approval of anakinra for the treatment of this condition 
in the United States and Europe. More recent studies have also documented 
the efficacy of rilonacept, another soluble IL-1 blocker, and canakinumab in 
FCAS and MWS. The latter two agents may be less effective against NOMID/
CINCA because of reduced penetration into the CNS.

TREATMENT 

 Deficiencies of IL-1 and IL-36 Receptor Antagonists
Deficiency of the IL-1 receptor antagonist (DIRA) is characterized by the 
neonatal onset of a pustular skin rash, multifocal osteomyelitis, periostitis, 
and, rarely, vasculitis. Fever is not a prominent finding, although acute phase 
reactants are markedly elevated. DIRA is caused by recessively inherited loss-
of-function mutations in IL1RN, which encodes the IL-1 receptor antagonist 
(IL-1Ra). Patients usually present within the first 2 weeks of life with skin 
lesions ranging from discrete crops of pustules to generalized severe pustulosis 
or ichthyosiform lesions. Histologic examination demonstrates extensive neu-
trophilic infiltrates in the dermis and epidermis. Typical radiographic findings 
include multifocal osteolytic lesions, periosteal elevation of the long bones, 
heterotopic ossification of the proximal femurs, and widening of the anterior 
rib ends. Bone biopsies demonstrate sterile purulent osteomyelitis, fibrosis, 
and sclerosis. In DIRA, the lack of IL-1Ra leads to unopposed IL-1β and 
IL-1α signaling, whereas in the cryopyrinopathies, NLRP3 mutations lead 
to inflammasome activation and increased IL-1β production. DIRA patients 
respond dramatically to anakinra, a recombinant form of the protein they lack.

Loss-of-function mutations in IL36RN, coding for a protein that serves a 
similar function as IL1RA in blocking the activity of the IL-1 family member 
IL-36, are associated with autosomal recessive inheritance of a syndrome 
termed DITRA (for deficiency of the IL-36 receptor antagonist) characterized 
by generalized pustular psoriasis, periodic fevers, and elevation of systemic 
inflammatory markers.
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The protein mutated in all three disorders is NLRP3, a critical component 
of the eponymous NLRP3 inflammasome, which serves as an intracellular 
scaffold for the processing of IL-1β. The alternative name of this protein, 
cryopyrin, refers to its amino terminal PYRIN domain, the basis for a structural 
and functional relationship to the protein mutated in FMF. Disease-associated 
cryopyrin mutations are thought to decrease the threshold for inflammasome 

activation, thereby increasing IL-1β production. The discovery that the NLRP3 
inflammasome is also necessary for IL-1β production in response to crystal-
line forms of monosodium urate and calcium pyrophosphate connected the 
pathophysiology of these rare autoinflammatory diseases to crystal-induced 
arthritis (Chapter 257), which shares some clinical features, such as episodic, 
self-limited attacks, with autoinflammatory diseases.
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to bacterial products in the gastrointestinal tract to cause inflammation, whereas 
Blau syndrome mutations in the nucleotide binding domain may lead to con-
stitutive extraintestinal inflammation. Topical and systemic corticosteroids 
are currently the mainstay of treatment of Blau syndrome. There are case 
reports of the efficacy of TNF and IL-1 inhibitors in this disease.

 Deficiency of ADA2 (DADA2)
A syndrome characterized by fevers, early-onset strokes, and vasculopathy or 
frank vasculitis mimicking polyarteritis nodosa has been found to be caused 
by autosomal recessive mutations in ADA2 (formerly CECR1), encoding 
adenosine deaminase 2 (ADA2).22 Although sharing enzymatic activity with 
intracellular adenosine deaminase encoded by the ADA gene, ADA2 is not 
necessary for lymphocyte development and DADA2 patients do not initially 
present with severe combined immunodeficiency (SCID), as is the case for 
ADA deficiency. ADA2 is a secreted extracellular protein, and functional studies 
have found that ADA2 plays a role in vascular development and regulation of 
macrophage differentiation. Although this disease is generally diagnosed in 
childhood, it should be considered in the differential diagnosis of young adults 
with unexplained lacunar strokes and/or vasculitic skin lesions. As ADA2 is 
expressed by myeloid cells, bone marrow transplantation may be therapeutic, 
and TNF inhibition has also shown efficacy in preventing recurrent strokes, 
though the underlying mechanisms are not yet clear.23

 NEW AUTOINFLAMMATORY SYNDROMES AND 
THE PROMISE OF WHOLE-EXOME SEQUENCING

Recent years have seen a dramatic acceleration in the pace of discovery of new 
mendelian inflammatory diseases as a result of the availability of whole-exome 
sequencing, which allows unbiased identification of disease-causing mutations 
in protein coding sequences, although it should be noted that accurate clinical 
description of these syndromes is as important as the genetic tools for identi-
fication of new syndromes. These discoveries have confirmed the role of gene 
products in human inflammation that were identified in animal model systems 
and identified new genes and proteins not previously thought to be involved 
in the regulation of inflammation. More sensitive deep sequencing techniques 
have also allowed discovery of subgenomic mosaic mutations in NLRP3 and 
TNFRSF1A, causing similar or related syndromes to those associated with de 
novo or inherited mutations in these genes. For example, mosaic mutations 
in NLRP3 account for some cases of cryopyrinopathies that were found to be 
“negative” for these mutations by standard whole-exome sequencing analysis, 
and low-percentage NLRP3 mutations have been found in Schnitzler syndrome, 
which is characterized by monoclonal gammopathy, neutrophilic skin lesions 
resembling those in cryopyrinopathies, and systemic inflammation.24 Early-onset, 
apparently sporadic, cases of inflammatory syndromes have often turned out to 
be due to de novo mutations in a child when screened against parental DNA. 
For example, inherited gain-of-function mutations in CARD14, encoding an 
adapter protein in innate immune sensing, cause dominantly inherited familial 
psoriasis, and a more severe gain-of-function de novo mutation in the same 
gene causes infantile-onset severe pustular psoriasis. Recessive mutations in 
HOIL1/RBCK1 that impair the addition of linear ubiquitin chains to receptor 
signaling complexes cause a complex syndrome marked by autoinflamma-
tion and immunodeficiency and intramuscular glycogen deposition. Gain-
of-function mutations in PLCG2, encoding phospholipase Cγ2, an enzyme 
with essential functions in B-cell receptor and Fc receptor signaling, cause a 
dominantly inherited autoinflammatory syndrome characterized by blistering 
skin lesions, bronchiolitis, arthralgia, ocular inflammation, and enterocolitis 
in the absence of autoantibodies.

have been described with heterozygous loss-of-function mutations in TNFAIP3, 
encoding the A20 protein, which negatively regulates induction of NF-κB 
through promoting K48 linked ubiquitination and degradation of intracellular 
components of TNF-family receptor signaling complexes such as RIP1.20 In 
these kindreds, individuals with these mutations develop symptoms with some 
features of Behçet disease, such as oral and genital ulcers, uveitis, and skin 
abscesses. Biochemical hyperinduction of NF-κB and inflammatory cytokine 
production by stimuli such as LPS and TNF could be seen in peripheral 
blood myeloid cells from these patients. Mutations in IKBKG that lead to 
truncations in NEMO that are unable to bind A20 have also been found to 
lead to inflammatory disease in addition to the immunodeficiency resulting 
from defects in other functions of NEMO. Recently, a patient with a de novo 
gain-of-function mutation in the MYD88 gene coding for the signal transduc-
tion protein Myd88 was described with pediatric-onset severe destructive 
polyarthritis.21 This mutation is similar to those seen in somatic activating 
mutations associated with lymphoma. Myd88 activates NF-κB downstream of 
TLR and IL-1 receptors, and cells from this patient exhibit increased NF-κB 
activation and enhanced production of pro-inflammatory cytokines. These 
findings and other syndromes listed in Table 245-1 have validated the role 
of NF-κB and A20 in regulating clinically relevant inflammatory responses 
and point to the need for better therapeutic agents which can effectively regu-
late NF-κB activation in genetic and acquired diseases where this pathway  
is hyperactive.

 OTHER INHERITED SYSTEMIC 
AUTOINFLAMMATORY DISEASES

 Syndrome of Pyogenic Arthritis with Pyoderma 
Gangrenosum and Acne
The syndrome of pyogenic arthritis with pyoderma gangrenosum and acne 
(PAPA) is a rare, dominantly inherited autoinflammatory disease characterized 
by intermittent episodes of sterile pyogenic arthritis, pyoderma gangrenosum, 
and severe cystic acne. It is caused by mutations in the gene encoding proline-
serine-threonine phosphatase–interacting protein 1 (PSTPIP1), also known 
as CD2BP1. PSTPIP1 is a cytoskeletal protein that interacts with certain 
other proteins involved in the immune response, including CD2; the Wiskott-
Aldrich syndrome protein (WASP); a phosphatase denoted PTP-PEST; and 
pyrin, the FMF protein. PAPA mutations abrogate the binding of PSTPIP1 
to PTP-PEST, leading to hyperphosphorylation of PSTPIP1 and increased 
binding to pyrin. Both in patients and in cell lines, this finding is associated 
with markedly increased IL-1β production. Early in life, PAPA tends to present 
with monoarticular or pauciarticular pyogenic arthritis, sometimes induced 
by trauma. In the absence of treatment, arthritis may progress to severe joint 
damage and ankylosis. As patients reach puberty, skin manifestations begin 
to predominate, including disfiguring cystic acne. Pathergy also may develop, 
and extensive pyoderma gangrenosum may require opiates for pain control. 
The diagnosis of PAPA syndrome is made by documenting PSTPIP1 muta-
tions in the appropriate clinical setting. High doses of corticosteroids have 
been used in PAPA, with varying success, and patients with arthritis sometimes 
require aspiration, intra-articular corticosteroids, or open drainage. Newer 
investigational approaches for PAPA syndrome focus on the use of targeted 
cytokine inhibitors. Anecdotal evidence supports the use of anakinra or 
canakinumab for the arthritis and monoclonal anti-TNF antibodies for the 
pyoderma gangrenosum of PAPA.

 Granulomatous Inflammatory Arthritis, Dermatitis,  
and Uveitis (Blau Syndrome)
Blau syndrome is a rare, dominantly inherited illness characterized by the 
following features: early-onset granulomatous synovitis often complicated by 
cyst formation and camptodactyly (flexion contractures of the fingers and 
toes); granulomatous anterior and posterior uveitis, sometimes causing retinal 
detachment, glaucoma, cataracts, and blindness; and an intermittent papular 
rash with noncaseating granulomas. Lung or other visceral involvement is 
generally not present. However, visceral involvement of the liver and spleen 
is observed in early-onset sarcoidosis (Chapter 89), which is phenotypically 
quite similar to Blau syndrome. Both Blau syndrome and some cases of early-
onset sarcoidosis are caused by mutations in NOD2/CARD15. Distinct variants 
of NOD2/CARD15 have been associated with susceptibility to Crohn disease, 
which manifests as granulomatous inflammation of the gastrointestinal tract 
(Chapter 132). The protein encoded by this gene is thought to be an intracel-
lular sensor of bacterial products. Crohn disease–associated mutations in the 
ligand-binding, leucine-rich repeat region of the protein may alter responses 
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246 
OSTEOARTHRITIS
VIRGINIA BYERS KRAUS AND TONIA L. VINCENT

 DEFINITION
Osteoarthritis (OA) presents in many phenotypic forms and can involve any 
joint in the body. Although it is the most prevalent form of arthritis, it has 
been likened to a collection of orphan diseases because of the heterogeneity 
of presentations.1 Characteristic patterns of joint involvement are recognizable 
and can often provide clues to specific etiologies of disease (Table 246-1). 
For instance, there is clear evidence for a polyarticular subset of hand OA in 
women. There are three major determinants of the pattern of polyarticular 
involvement: symmetry, clustering by row, and clustering by ray. There are 
also indications that subtle morphometric abnormalities of the hip, such as 
acetabular depth and shape and femoral head morphometry, can increase the risk 
for hip OA.2 It is estimated that at least half of the susceptibility to the various 
major forms of OA (spine, hands, knees, hip) in the population is explained 
by genetic factors. In contrast, any joint can develop OA as a consequence of 
a severe injury or repetitive overuse. Although the characteristic radiographic 
features (joint space narrowing and osteophytes) have long been accepted 
as the sine qua non of OA, a long preradiographic stage is now recognized. 
This has prompted a new focus on the disease process, relating to underlying 
endotypes and distinct pathobiologic mechanisms. Despite different patterns 
of joint involvement, the end stage of OA represents a common pathology.

Despite its prevalence, OA has attracted relatively modest research atten-
tion over recent decades compared with the autoimmune arthritides, and 
this has contributed to the perpetuation of a number of unhelpful paradigms 
such as, “OA is due to wearing down of joint surfaces,” “OA is an inevitable 
consequence of aging,” “non–weight-bearing joints do not get true OA,” and 
“damaged joints do not have the ability to repair themselves.” In recent years, 
much progress has been made in understanding the pathophysiology of disease. 
In efforts to further the understanding of the pathophysiology of the disease, 
to facilitate communication across the field, and to help advance research and 
drug development for OA, the Osteoarthritis Research Society International 
(OARSI) supported an initiative to create a pathobiologic definition of OA. 
The current definition is as follows: “Osteoarthritis is a disorder involving 
movable joints characterized by cell stress and extracellular matrix degradation 
initiated by micro and macro injury that activates maladaptive repair responses 
including pro-inflammatory pathways of innate immunity. The disease manifests 
first as a molecular derangement (abnormal joint tissue metabolism) followed 
by anatomic, and/or physiologic derangements (characterized by cartilage 
degradation, bone remodeling, osteophyte formation, joint inflammation and 
loss of normal joint function), that can culminate in illness.”3 The proposed 
definition was not intended to distinguish an OA patient uniquely from patients 
with other forms of arthritis, but rather to spur scientific advances and serve 
as the building blocks for defining OA phenotypes and molecular endotypes.

 EPIDEMIOLOGY
Prevalence and Societal Burden
Among the approximately 100 different arthritic conditions, OA is the most 
prevalent. It affects more than 320 million individuals globally, including an 
estimated 30.8 million adults in the United States (13.4% of the civilian adult 
U.S. population).4 Because the global burden estimates only consider hip and 
knee OA, and not OA at other sites, it is highly likely that the real burden of 
OA has been underestimated. Estimates may also be conservative because 
they do not account for the current trend of increased obesity, which con-
tributes to OA, and the “graying” (aging) of society, a leading contributor to 
the increasing prevalence of OA. Recent estimates suggest that arthritis preva-
lence in the United States has also been substantially underestimated, especially 
among adults younger than 65 years of age, owing to the low sensitivity of 
the single screening question on the National Health Interview Survey for 
physician-diagnosed arthritis.5 Given that OA is by far the most prevalent of 
all arthritides, these findings underscore the major underestimated societal 
impact of OA in the U.S. population and, by analogy, worldwide.

Osteoarthritis as a Serious Disease
OA has all the hallmarks of a serious condition. Lower extremity OA is the 
leading cause of mobility impairment in older adults in the United States. 
Disability and loss of function associated with OA are higher in women, those 
with lower education levels, the socially disadvantaged, and those reliant on 
manual labor, weight bearing, or positions that involve walking or knee bending 
for their livelihood. Pain from arthritis is one of the key barriers to maintaining 
physical activity. The more severe the walking disability, the higher the risk 
for death, largely due to cardiovascular disease. Overall, knee OA is associated 
with a 1.55-fold increased risk for all-cause mortality compared with the general 
population.

 PATHOBIOLOGY
OA is the oldest known disease, affecting ancient hominids millions of years 
ago through modern-day humans. Some joints are commonly affected, whereas 
others are rarely involved. An evolutionary perspective attributes the pattern 
of joint involvement in generalized OA to the fact that some joints have under-
gone recent rapid evolutionary change and are underdesigned to cope with 
the new mechanical stresses placed on them.

Mechanical Factors
Mechanical factors are the most important etiological agents in OA develop-
ment. The epidemiology is compelling: mechanical joint injury or overuse, 
joint malalignment, and dysplasia are strong independent risk factors for 
developing disease, even in young individuals. Chondrocytes have several 
mechanosensing mechanisms and can perceive loads above a defined threshold 
as injurious. As we age, our ability to reduce the impact of joint loading during 
normal activities is reduced by loss of muscle mass (e.g., quadriceps strength 
across the knee), loss of gait reflexes, and poor response times. In vitro, thresh-
old strains above 10% at 0.5 Hz for 12 hours of loading leads to a predominance 
of cartilage catabolism. In essence, OA will occur when abnormal loads traverse 
a normal joint or when normal loads are experienced by a joint that has lost 
its mechanoprotective mechanisms (Table 246-2), pointing to a “Goldilocks 
principle” with respect to loading that is context specific (Fig. 246-1). This 
understanding of the prime role of mechanosensing by chondrocytes in the 
etiology of OA fits well with the traditional adage that OA is an “inside-out” 
disease, in contrast to rheumatoid arthritis, which is an “outside-in” disease 
(having its origin in synovitis).

Conversely, joints that are immobilized do not develop disease. This is 
evident in individuals who have sustained a stroke (Fig. 246-2) or previous 
polio as well as in animal studies where casting of limbs after induction of 
disease halts development. Importantly, the most significant load comes from 

*Erosion is often present in hand osteoarthritis (OA) if the detection method is sensitive, e.g., 
magnetic resonance imaging.
Information in part taken from Doherty M, ed. Color Atlas and Text of Osteoarthritis. Barcelona: 
Wolfe Publishing; 1994.

TABLE 246-1 RECOGNIZED DISTINCT PATTERNS OF 
OSTEOARTHRITIS

JOINT 
SITE COMMON PRESENTATION

INFORMATIVE 
VARIATIONS

Knee Medial dominant: idiopathic or injury related Lateral dominant: injury 
related

Hip Central (medial, concentric) cartilage loss in 
women, commonly bilateral, associated with 
hand OA, with less tendency to progress

Superolateral pole in men, 
unilateral and 
progressive

Hand Nodal generalized OA—“arthritis of 
menopause” involving multiple finger 
joints and predominating in women

Predisposition to OA of 
knee, hip, and spine; 
erosive subset*

Ankle Injury related Increased ankle OA risk 
contralateral to knee OA

Spine Lumbar and cervical spine associated with 
hand OA

TABLE 246-2 MECHANICAL ETIOLOGIES OF OSTEOARTHRITIS
ABNORMAL LOAD ON 
NORMAL JOINT

NORMAL LOAD ON AN UNPROTECTED 
JOINT

Direct articular trauma
Obesity
Repetitive occupational load, 

e.g., “coal miner’s back,” 
“cotton-picker’s thumb”

Joint malalignment, e.g., valgus 
and varus deformities

Aging by loss of muscle support and gait reflexes
Chondrodysplasia through maladapted joint 

shape and weakened joint tissues
Joint destabilization, e.g., ruptured anterior 

cruciate ligament, meniscal tear
Cartilage weakened by previous arthritis, e.g., 

gout, rheumatoid arthritis, sepsis (in the past 
referred to as secondary osteoarthritis)
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ABSTRACT
Osteoarthritis (OA) is the most prevalent of all arthritides and one of the 
most prevalent conditions in the world. Although OA represents a common 
endstage joint pathology, it can present in many phenotypic forms and involve 
any joint in the body. Mechanical factors are the most important etiological 
agents in OA development. The disease process involves pro-inflammatory 
pathways of innate immunity. Recent evidence also demonstrates an important 
role of failed tissue repair and regeneration in the pathogenesis of OA. OA 
has all the hallmarks of a serious condition including associated disability, 
loss of function, increased mortality, likely due to limitations of mobility, and 
high economic burden. OA is similar to other chronic diseases, such as osteo-
porosis and heart disease, with a long, indolent and silent initial stage. When 
progressive, OA eventually presents clinically with disease (anatomic, physi-
ological, and serological abnormalities) and illness (pain, aching, stiffness) 
manifestations. Despite the magnitude of the health burden and disability of 
OA, current treatments focus on analgesia, although many attempts are cur-
rently underway to develop disease modifying OA drugs (DMOADs).
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complex, that is, polygenic involving multiple genes, each contributing a low 
risk of disease.7 Although genetic etiologies are thought to account for as much 
as 60% of hip OA, 39% to 65% of hand and knee OA, and 70% of spine OA, 
it is estimated that only 22.5% of the heritable causes of OA have been dis-
covered to date in a genome-wide association study for OA of 77,052 cases 
and 378,169 controls.8 Genome-wide association studies in large-joint OA 
have identified over 60 candidates that reach genome-wide significance, although 
the clinical relevance of each of these is yet to be determined; some of these 
may turn out to be genes that determine developmental joint shape rather 
than pathways that might be modifiable, nonetheless, certain strong pathways 
are emerging (e.g., members of the TGF-beta family TGFβ-signaling-pathway). 
In general, genetic factors involved in risk for OA often act by modulating 
gene regulation and may be characterized by polymorphisms that lead to 
transcriptional differences—termed allelic expression imbalance—whereby one 
allele produces fewer transcripts than the other allele.9

Metabolic Factors
Metabolic factors play a role in OA risk. The jury is still out on whether 
“metabolic OA” exists as a discrete entity. This terminology is variously applied 
to features associated with the metabolic syndrome (obesity, dyslipidemia, 
diabetes, and hypertension). Epidemiology appears to show that body mass 
index (BMI) alone accounts for the increased risk in this group, although 
hypertension may also be an independent risk factor.10 Obesity contributes to 
disease risk through mechanical overload as well as poor joint muscle support 
as a result of sedentary behavior. Despite low BMI, elderly subjects in Beijing, 
China had an equal (men) or higher (women) prevalence of radiographic 
and symptomatic knee OA compared with individuals in the Framingham, 
Massachusetts, cohort, pointing to genetic and environmental factors (such as 
squatting or heavy physical activity) that underlie these differences. Adipos-
ity is also associated with increased systemic inflammation driven in part by 
inflammatory cytokines, so-called adipokines, that are made by adipocytes.11 
This systemic inflammatory component of obesity appears to be tied to the 
microbiome and the ability of very pro-inflammatory microbiome-related 
factors, such as lipopolysaccharide, to evade clearance by a fatty liver. Thus, 
the presence of nonalcoholic fatty liver disease may be a superior indicator of 
adverse inflammatory effects of obesity compared with BMI alone.

Gender
Gender influences both radiographic and symptomatic OA incidence that is 
more common in women after menopause. This association is largely absent 
before menopause, indicating that female sex hormones protect joints from 
OA. Hand OA in particular has a peak incidence around the time of meno-
pause in women.

the action of muscle across the joint rather than from weight, and this explains 
why OA affects upper limb joints such as the fingers and why these are also 
protected by immobility (see Fig. 246-2). Thresholds of perceived load can 
be observed in exercise dosage studies in rodents; increasing exercise in a 
modest way increases the thickness of cartilage, consistent with a hypertrophic 
tissue response, but forced treadmill exercise leads to cartilage degradation 
and disease.6

Aging
Age is a very strong risk factor for disease. The contribution of age to disease 
occurs at a number of levels. Probably the most important impact comes from 
loss of mechanoprotective muscle support across joints with aging (mentioned 
previously). It is also the case that the tissues of the joint become stiffer because 
of increased cross-linking of the matrix, and this changes how cells of the joint 
are able to respond both to physiologic and injurious mechanical load. Cel-
lular aging also changes the metabolic phenotype of the cell, making it more 
susceptible to free radical–induced damage and driving cell death or cellular 
senescence. These features likely contribute to a reduction in regeneration 
potential with age.

Genetic Factors
Genetic factors play an important role in risk because OA is highly heritable. 
Although rare monogenic forms of OA exist (often associated with 
chondrodysplasia—abnormal joint formation), its most common forms are 

FIGURE 246-2. Asymmetrical osteoarthritis (OA) in a patient with left-sided hemi-
paresis. this demonstrates that joints that are immobilized do not develop Oa. 

Cartilage thickening

Cartilage thinning

Mechanical
load

Macro and Micro injury

Joint cells perceive
injurious loadInjurious

• Weakened cartilage matrix
• Reduced subchondral bone
  compliance

• Production of proteases
• Production of cytokines and chemokines
• Release of matrix fragments (’DAMPs’)
• Cell senescence

• Potentiation of catabolic damage
• Suppression of matrix synthesis
• Inhibition of repair

Synovial and immune cell
activation/recruitment

Endogenous
repair

Homeostasis Disease

In
cr

ea
se

d

R
educed

FIGURE 246-1. Vicious cycle of mechanically induced sterile inflammation in osteoarthritis. 



CHAPTER 246 OsteOarthritis1700

Regeneration of Articular Cartilage in Osteoarthritis
OA incidence and progression are due to the net effects of joint breakdown 
and repair in response to adverse mechanics and micro and macro injury 
events. Although it was long believed that cartilage had no innate repair capac-
ity, cartilage regeneration is seen in OA patients undergoing procedures in 
which the abnormal mechanical stress in the joint is corrected or temporarily 
removed. Examples of this include high tibial osteotomy and joint distraction, 
a procedure in which the OA joint is held rigid and under tension by an 
external metal frame secured into the bone above and below the joint. Both 
procedures demonstrate regrowth of articular cartilage on MRI and sustained 
clinical improvement. Injury can also trigger a tissue repair response due to 
release of growth factors from the matrix and recruitment of intra- and extra-
articular progenitor cells. The ability to repair is affected by genetics, joint 
site, depth of cartilage lesion, age, and inflammation (both positively and 
negatively according to inflammatory phenotype).

Just like humans, mouse strains differ in their susceptibility to OA after joint 
injury. Repair of focal cartilage lesions in the mouse demonstrates both genetic 
and age dependence. Analyses of a range of selected healer and nonhealer 
mouse strains demonstrate a range of regeneration phenotypes and correlation 
of wound healing capacities of ear and knee cartilages; genes representing DNA 
repair and Wnt signaling pathways are related to regenerative phenotype suggest-
ing the existence of underlying mechanisms for regeneration that significantly 
affect susceptibility to OA. Direct evidence for an innate cartilage repair capac-
ity is also provided by analyses of the cartilage content of post-translationally 
modified proteins (indicative of “older” protein forms with long residence time 
in vivo) relative to their native nonmodified forms (indicative of “younger,” 
more recently synthesized protein forms in vivo); compared with healthy 
cartilage, OA ratio of is characterized by a site-specific (ankle > knee > hip) 
regenerative capacity with a lower older/younger protein forms.13 The clinical 
importance of endogenous repair in the pathogenesis of OA is also supported 
by the knowledge that polymorphic variants in GDF5, TGFβ1 (as well as other 
family members), and FGF18 (and its receptor FGFR3) have all emerged from 
the recent genome-wide association study described earlier and loss of stress 
defense mechanisms, such as autophagy, are associated with increased risk 
for OA.14 This points to the possibility that disease is a failure of repair and 
regeneration rather than increased degradation. In addition, the mechanisms 
that drive cartilage repair likely involve injury-induced release of matrix-bound 
growth factors that contribute to the recruitment and differentiation of local 
mesenchymal progenitor cells. Delivery of intra-articular fibroblast growth factor 
18 (FGF18) to promote cartilage regeneration in OA is in clinical trial and shows  
early success.

Mechanical load has both mechanoadaptive (homeostatic) and pathogenic 
consequences in the joint. A reduction in load will lead to reversible cartilage 
thinning or atrophy. Increased load on an otherwise healthy joint will cause 
an increase in the cartilage volume. By contrast, micro or macro injury (mechani-
cal load that exceeds a defined injury threshold) triggers a cascade of events 
driven by the cells of the joint (chondrocytes, synoviocytes, osteocytes) to 
incite an inflammatory sterile tissue injury response, including production 
and activation of matrix degrading enzymes. Subsequent tissue remodeling 
leads to weakened cartilage and reduced bone compliance, and this loss of 
protection means that even physiologic load is perceived as injurious. When 
the catabolic process overwhelms the endogenous repair response (that differs 
by joint site), the cycle continues (E-Fig. 246-1).

 CLINICAL MANIFESTATIONS
Clinical Course
OA has traditionally been identified by two major characteristic radiographic 
alterations of joints; these are joint space narrowing, representing cartilage 
erosion due to extracellular matrix catabolism, and osteophyte formation, 
representing an anabolic cartilage response (chondrophyte) that ossifies  
(Fig. 246-3). These two major radiographic characteristics are often scored 
using the 1957 Kellgren and Lawrence criteria (see Fig. 246-3 legend) or 
generally some variation of it. However, as with many other chronic diseases, 
such as osteoporosis, OA also has a long “silent” phase during which the 
aneural articular cartilage transitions from a healthy joint tissue to a disease 
state involving the whole joint organ (see Fig. 246-3) and that is recognizable 
as abnormalities on a radiograph. Rates of progression vary by joint site. It is 
therefore probable that progression from subclinical to clinically manifest OA 
is influenced by mechanical, biologic, developmental, and genetic factors. The 
reclassification of disease—to one that is no longer a purely radiographic 
entity, but a disease process that includes molecular, preradiographic, and 
radiographic stages provides a scenario amenable to the development of primary 

Molecular Pathophysiology: From Bench to Bedside
The Role of Proteases in Osteoarthritis
The finding of specific fragments of aggrecan in OA synovial fluid was the 
first indication that proteases were important in the pathophysiology of OA. 
Although several matrix metalloproteinases (MMPs) were, by then, character-
ized, the fragments in the joint did not appear to resemble those generated 
by known MMPs, and the term aggrecanase was coined. In 1999, the first 
aggrecanase, a disintegrin and metalloproteinase with thrombospondin motif 
5 (ADAMTS5), was identified. The subsequent demonstration that mice 
deficient in ADAMTS5 were protected from surgically induced OA provided 
definitive evidence that OA was a potentially targetable disease. Aggecanase 
inhibitors were shelved, but there has been recent renewed interest in this 
enzyme as a therapeutic target for OA. Unwanted side effects were partly to 
blame, as was the challenge of taking these types of drugs into clinical trial in 
the absence of good disease biomarkers.

Mechanobiology in Osteoarthritis
The discovery of proteases as targets in disease appeared, at first, to be at odds 
with the strong mechanical etiology. However, the observation that cells of 
cartilage and synovium could induce proteases in response to mechanical 
injury provided a mechanism to explain how abnormal mechanical load could 
provoke disease. This may also explain how the elimination of surface chon-
drocytes also blocks OA development after injury. In mice, joint immobilization 
after induction of OA not only protects joints from cartilage loss but also 
abrogates the up-regulation of catabolic genes.12 A number of intracellular 
pathways are activated in response to mechanical injury, driving both repara-
tive and degradative responses. Mechanisms include release of growth factors 
from the cartilage matrix in response to tissue injury and activation of mecha-
nosensitive receptors on the cell surface (see E-Fig. 246-1). Once the cartilage 
matrix is weakened by proteolytic activity, even noninjurious load may then 
be perceived as injurious by the chondrocyte, setting up a cycle of chronic, 
mechanically induced matrix degradation (Fig. 246-1).

Inflammatory Cytokines in Osteoarthritis
Inflammation is recognized as a hallmark of OA, although whether it is a cause 
or consequence of disease is still debated. Sensitive imaging (by ultrasound, 
magnetic resonance imaging (MRI), and etarfolatide that identifies sites of 
activated macrophages) demonstrates inflammation (effusions and synovial 
thickening) in the majority (~75%) of knees with radiographic OA. MRI 
effusion synovitis and Hoffa synovitis (inflammation of the intra-articular fat 
pad) predict about a three-fold increased risk for incident radiographic OA 
with a year. Unlike rheumatoid arthritis, OA, like many other chronic diseases, 
involves the innate immune system. All the previously discussed factors suggest 
a robust whole joint model of a failed wound healing response that integrates 
the key role of mechanics as an inciting factor and innate immune wound 
healing response and inflammation as a perpetuating process (see E-Fig. 246-
1). A normal wound healing response entails an initial autodébridement phase 
followed by a cellular proliferation and fibrotic wound remodeling phase. A 
joint with active OA appears to be in a perpetual state of autodébridement, 
with macrophages taking on dual roles of both pro- and anti-inflammatory 
(M1 and M2) phenotypes simultaneously. Mouse strains with less suscepti-
bility to OA after injury have an attenuated inflammatory response. Despite 
the fact that inflammatory cytokines such as interleukin-1 (IL-1) and tumor 
necrosis factor-α (TNF-α) are potent inducers of proteolytic activity in 
chondrocytes and are capable of driving proteoglycan and type II collagen 
degradation in cartilage explants in vitro, to date there is little evidence from 
knockout mice or clinical trials that IL-1β, IL-1α, or TNF-α are drivers of 
cartilage breakdown in vivo.

Senescence in Osteoarthritis
Cellular senescence is a collection of cellular phenotypes that often coexist 
in a stressed cellular environment.12 Senescence, a well-established hallmark 
of aging, is a biological state in which cells have lost the ability to divide but 
remain metabolically active; they produce senescence-associated secretory 
proteins (SASPs) with pro-inflammatory and cytotoxic functions. In addition 
to replicative senescence (from telomere shortening), the concept of cellular 
senescence has now been expanded to include premature senescence (from 
cell stress). Senolytics are currently being explored as antiarthritics; preliminary 
evidence suggests that clearing senescence cells and alleviating a cell checkpoint 
control (through elimination of p21) are promising strategies based on decreased 
susceptibility to post-traumatic OA and ability to turn a nonhealer mouse 
strain to a healer for ear wound regeneration, respectively.
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1. Activation of mechanosensitive
    ion channels 2. Release of growth factors

    from the pericellular matrix
    e.g., FGF2, TGFβ

3. Other

Chondrocyte

Ca mobilization

Cellular response:
1. Induce inflammatory response genes
2. Control activity of degradative enzymes
3. Initiate tissue repair response
4. Drive cell senescence?

E-FIGURE 246-1. Schematic showing mechanisms of activation and cellular response of the chondrocyte to mechanical injury. FGF2 = fibroblast growth factor 2; tGF-β = trans-
forming growth factor-β. 
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FIGURE 246-3. Pathologic features of osteoarthritic joint tissues. A, Features of a normal adult synovial joint. healthy adult articular cartilage is characterized by a smooth surface 
and extracellular matrix (eCM) composed of a collagen type ii fibrillar network and large proteoglycan complexes. the eCM is produced and maintained by the cellular components of 
cartilage, chondrocytes. the subchondral bone consists of a thin cortical layer and underlying trabecular bone. the synovial membrane lines the joint capsule and attaches at the cartilage-
bone interface. in the normal state, it consists of a lining layer one or two cells thick, with underlying vascularized loose connective tissue. B, typical changes to tissues seen in osteo-
arthritis (Oa). enzymatic activities (aDaMts4,5 and MMP-13 in particular) cleave proteoglycan and collagen components of the eCM, leading to loss of these molecules from the matrix. 
as the process advances, the articular cartilage thins and fibrillates, and eventually fissures down to the underlying bone are seen. simultaneously, a remodeling response in the bone 
is observed. thickening of the cortical subchondral bone layer occurs, and new bone growth at the margins appears as osteophytes. the synovial membrane changes observed in Oa 
patients include lining layer hyperplasia, inflammation in the form of leukocyte infiltration, and fibrosis, which can be seen to varying degrees. Photomicrographs of human joint tissues 
showing these features are depicted in C (normal tissues) and D (Oa tissues). (C and D, Courtesy edward F. DiCarlo, MD, hospital for special surgery, New York, NY.) E, F, radiographic 
features of osteoarthritic joint. Patient baseline (E) vs. 3 years later (F) showing typical features of Oa progression including the development of medial joint space narrowing and 
osteophyte (spur outgrowth) at joint margins. the classical Kellgren & Lawrence grading system scores radiographs by 5 categories (scores 0-4) as follows: 0 = no osteoarthritis; 1 = 
small osteophyte of doubtful significance; 2 = definite osteophyte(s), possible joint space narrowing; 3 = multiple osteophytes, definite joint space narrowing, some subchondral sclerosis 
and possible deformity of bony ends; 4 = large osteophytes, marked narrowing of joint space, severe sclerosis of subchondral bone and definite deformity of bone ends. 

psychological, and social components. General guiding principles regarding 
pain (Chapter 27) suggest an association of pain on use with a mechanical 
or enthesopathic etiology, pain at rest with inflammation, and pain at night 
with intraosseous hypertension due to bone edema and overload in the context 
of loss of normal cartilage “cushioning” or mechanical function in OA. Stiff-
ness is convincingly explained by accumulation of hyaluronan (HA) fragments, 
generated by reactive oxygen species in an inflamed joint, in the deep layers 
of arthritic synovium, excluding water within the synovial tissue and decreas-
ing tissue compliance. Joint movement mobilizes HA fragments from the 
tissue to the joint cavity and blood with attendant hydration of synovial tissue 

(for pre-illness), secondary (for early disease), and tertiary (for late disease) 
prevention strategies.

Clinical Symptoms (Illness)
Illness symptoms of OA are protean and include joint pain and/or aching at 
rest or on use or motion, loss of normal joint motion and function, short 
duration (<30 minutes) morning stiffness and stiffness after joint disuse such 
as sitting (“gel” phenomenon), and intermittent, usually localized disease flares. 
In contrast to rheumatoid arthritis, profound fatigue, fever, and generalized 
weakness are rare in OA. Pain is a complex feature of illness that has biologic, 
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Imaging Joint Pathology (Disease)
It is now possible to evaluate joint physiology. In contrast to purely anatomic 
measures (a “snapshot in time”) provided by classical joint ultrasound and 
MRI, various functional imaging modalities yield information on joint physiol-
ogy; these include sodium-23 MRI, diffusion imaging, and positron emission 
tomography (PET) scanning,19,20 MRI stress tests with imaging before and 
after dynamic loading of the joint, PET-MRI,21 etarfolatide imaging of activated 
macrophages whose presence in OA is characteristic of symptomatic and 
actively progressing joints,22 and bone scintigraphy reflecting sites of high 
bone turnover and specifically new bone formation in OA characteristic of 
actively progressing joints.

Correlation Between Illness and Disease
The relationship of illness to disease features is highly variable. The correlation 
of illness with anatomic disease by radiograph is relatively poor, although 
controlling for interpatient variation improves the correlation between pain 
and joint space narrowing; in so doing, there is a dose-response relationship 
between severity of radiographic knee OA and knee pain that is stronger for 
joint space narrowing than for osteophytes.23 Lack of correlation in other 
studies is partly due to the heterogeneous etiologies of illness in OA (e.g., 
biologic and psychosocial components are all involved with pain perception), 
the insensitive detection of disease features provided by radiographs and mis-
classification due to the intermittent nature of OA symptoms. Radiographs 
can only indirectly visualize articular and meniscal cartilage pathology as a 
loss of joint space. In contrast, MRI directly visualizes articular and meniscal 
cartilage. Because osteophytes are formed from chondrophytes (invisible on 
radiographs), this important anatomic feature of OA is identified by MRI 
before it is visible by radiograph. Although the threshold of disease that is 
associated with illness is unknown, there is a consistent and strong association 
of OA pain and joint pathology including synovitis, bone marrow edema, and 
cartilage loss identified by multiple means.24 This shows that disease is a clini-
cally important determinant of illness of OA.

and improvement in joint stiffness. In OA, HA fragments are mobilized fairly 
readily with joint movement typically resulting in resolution of stiffness within 
30 minutes, in contrast to a severely inflamed rheumatoid arthritic joint, wherein 
stiffness may last for several hours.

Clinical Signs (Illness)
On physical examination of the joint, a number of disease features can be noted, 
including bony enlargement secondary to chondrophyte and/or osteophyte 
formation, joint tenderness to palpation, limited range of motion, crepitus 
(the grating sensation from the joint felt under the examining hand), joint 
malalignment and/or instability, atrophy of muscle adjacent to an involved 
joint due to self-splinting and/or disuse due to pain, synovitis characterized by 
varying degrees of warmth, effusion (joint swelling), and synovial thickening.

In considering OA clinical manifestations, it is very important to realize 
that disease worsening and illness exacerbations are phasic. Several studies 
have demonstrated that molecular abnormalities (for instance, type II collagen 
N-telopeptide or CTXII and cartilage oligomeric matrix protein) indicative 
of elevated cartilage catabolism predict radiographic OA worsening.15 Based 
on a synthesis of 34 studies, an annual risk for radiographic progression (by 
at least one Kellgren-Lawrence grade) is estimated to be 5.6 ± 4.9%. Nodal 
hand OA provides an interesting example of the phasic nature of the OA 
disease and illness process. Affected hand joints are warmer than normal at 
the onset of radiographic OA; as the severity of OA worsens, joint surface 
temperatures decline. These data support the concept that digital OA progresses 
in phases with dynamic variation of an inflammatory process. The role of use 
in clinical manifestations of disease is illustrated in the reverse; that is, asym-
metrical hand OA in a patient with a stroke with OA absence on the stroke-
affected side (see Fig. 246-2).

Molecular Biomarkers (Disease)
The strongest evidence for the existence of a purely molecular disease stage 
of OA is provided by the sequence of biomarker changes and pathologic joint 
changes observed after a major joint injury. Immediately after major joint 
trauma, such as anterior cruciate ligament rupture, cartilage constituents are 
released into synovial fluid in high amounts. By 6 weeks after the acute injury, 
the profile of synovial fluid biomarkers predicts the 50% of individuals on an 
OA trajectory defined by MRI proteoglycan and collagen loss.16 Progressive 
anatomic abnormalities, detectable by MRI (T2 mapping and T1 rho imaging) 
are evident beginning 6 months after injury and worsen over the course of 
the subsequent 2 1

2  years. In contrast, once the initial pain and swelling subside, 
and despite ongoing cartilage degradation by MRI, there is typically a “hon-
eymoon” period during which individuals experience little in the way of illness 
and often return to sports.17 However, 2 years after joint injury, some individuals 
no longer maintain a patient acceptable symptom state (PASS). The inability 
to maintain a satisfactory PASS 2 years after injury is predicted by an early (6 
weeks after injury) pro-inflammatory synovial fluid biomarker profile (char-
acterized by higher concentrations of IL-1α); these observations provide a 
rationale for studying early molecular markers as potential stage indicators 
for clinical outcome after injury and may identify targets to prevent anatomic 
(structural) and illness (symptomatic) manifestations of OA.

Prolonged observation of injury cohorts demonstrates sometimes decades 
of subclinical and preradiographic molecular changes before development of 
anatomic (radiographic) abnormalities of OA. Of note, these serologic abnor-
malities reflect joint tissue degradation and turnover (aggrecan fragments, 
collagen fragments, high bone turnover) as opposed to the laboratory findings 
typically associated with autoimmune arthritides such as high erythrocyte 
sedimentation rate, rheumatoid factor, or antinuclear antibody titer.

 DIAGNOSIS
The cell count in OA synovial fluid generally varies from 50 to 2000 white 
blood cells/μL. Higher synovial fluid white blood cell counts correlate 
with more severe OA and synovitis by MRI and identify a joint with likeli-
hood for greater reduction in knee pain following an intra-articular steroid 
injection.18 Synovial fluid white blood cell counts as high as 65,000 to  
100,000/μL can occur in the absence of infection in association with calcium 
pyrophosphate dihydrate crystal disease (pseudogout) that can accompany 
OA; however, high synovial fluid white counts in OA should trigger prompt 
investigation for infection. Because the molecular constituents of cartilage 
differ by joint site and cartilage depth, the synovial fluid and possibly serum 
biomarker measures of specific cartilage matrix components, released as a 
result of OA-related processes, could hold promise as diagnostic and prognostic 
indicators of OA stage for specific joints.

The mainstay or core nonsurgical treatments for OA are nonpharmacologic, 
including land- and water-based exercise, strength training, weight manage-
ment, assistive devices to help patients perform activities of daily living, thermal 
modalities, and joint splints and braces.25 Based on the 2018 scientific report on 
physical activity and health to the U.S. Secretary of Health and Human Services 
(updated each decade), for individuals with lower extremity OA, physical activity 
provides pain relief, improves physical function, and improves quality of life 
without concern of worsening the condition for exposures less than 10,000 steps 
per day. Measurable benefits of physical activity seem to persist for periods 
of up to 6 months following cessation of a defined program. Exercise raises 
high-density lipoprotein that helps clear lipopolysaccharide and, by dynamic 
fluid pressurization, provides nutrition to cartilage, which is avascular.

Consensus recommendations conditionally endorse additional treatments 
on the basis of the risk-to-benefit ratio and comorbidities of the patient; this 
group of treatments includes analgesics such as acetaminophen, oral and topical 
nonsteroidal anti-inflammatory drugs (NSAIDs),26 opioids (such as tramadol), and 
intra-articular agents such as steroids and hyaluronates, although the benefit 
of these various treatments is limited. A1  For example, a randomized clinical 
trial of the effectiveness of opioid versus nonopioid drugs (acetaminophen, 
NSAIDs) for chronic back, hip, or knee pain in patients with OA found that 
treatment with opioids was not superior to treatment with nonopioid medica-
tions for improving pain-related function over 12 months. A2  The presence of 
comorbidities, such as renal, cardiovascular, and/or gastrointestinal ulcer history 
limit the use of existing OA therapies such as oral NSAIDs. Older age is also a 
contraindication to opioid use.

In the light of concerns about increased risk for cardiovascular events with 
the use of selective cyclooxygenase 2 (COX2) inhibitors, a randomized trial 
compared the relative risks for cardiovascular as well as gastrointestinal and 
renal adverse events during long-term treatment with celecoxib (COX2 inhibi-
tor) compared with the nonspecific COX1/COX2 NSAIDs ibuprofen and naproxen 
in patients with OA and rheumatoid arthritis. At approved dosages, celecoxib 
conferred a similar or lower risk for cardiovascular, gastrointestinal, and renal 
adverse events compared with treatment with ibuprofen or naproxen in both 
groups of patients. A3  In a trial to test the effectiveness of intra-articular steroids 
in OA, 2 years of intra-articular triamcinolone, compared with intra-articular 
saline for knee OA, resulted in significantly greater cartilage volume loss and 
no significant difference in knee pain. A4  However, a 24-week, placebo-controlled, 
multinational study of intra-articular injection of a microsphere-based, extended-
release triamcinolone acetonide formulation, compared with saline solution 
placebo, in knee OA patients showed significant, clinically meaningful pain 
reduction at week 12 (the primary end point). A5  Intra-articular injection of 

TREATMENT 



anakinra, a modified human IL-1 receptor antagonist, has been found to be 
well tolerated as a single 50 mg or 150 mg dose but was not associated with 
improvements in OA symptoms compared with placebo.

Although early diagnosis and intervention in OA would improve the likeli-
hood of disease modification and thereby reduce medical costs, morbidity, 
and disability, there are presently no drugs approved that can prevent, stop, 
or restrain progression of OA. In a randomized clinical trial, hydroxychloroquine 
was found to be no more effective than placebo for pain relief in patients with 
moderate to severe hand pain and radiographic OA. A6  The ultimate treatment 
option currently available is surgical, including joint distraction (emerging 
therapy), osteotomy, and joint replacement (Chapter 260).27,28 Unfortunately, 
undergoing a joint replacement does not equate with remission or reversal of 
disability, but rather is associated with a lessening of disease severity in the 
replaced joint; up to 30% of individuals continue to experience pain and dis-
ability after total joint replacement, and one in five require joint replacement 
in another joint within 2 years. In a randomized clinical trial, patients with knee 
OA who were eligible for unilateral knee replacement, treatment with knee 
replacement was associated with a higher number of serious adverse events 
than was nonsurgical treatment, and most patients who were assigned to receive 
nonsurgical treatment alone did not undergo total knee replacement during 
the 12-month follow-up period. A7  The operation has also reflected racial dis-
parities, with African American patients being less likely to undergo total knee 
replacement than white patients, despite worse baseline knee pain and function 
in the former. The efficacy of arthroscopic surgery is limited, with some improve-
ment commonly seen at 3 months but little improvement at 2 years. A8 

Future Targeted Approaches
Given that established OA is a chronic disease, intermittent administration 

of long-acting agents or chronic administration of short-acting agents is likely 
required. In further support of this concept, intra-articular IL-1 receptor antago-
nist for knee OA provided brief (up to 4 days) pain relief but not beyond in 
keeping with its known brief (4 hours) intra-articular half-life. Drug and molecule 
entry into the joint cavity from the systemic circulation is size dependent (through 
arterioles and venules in synovium) and increased with synovial inflammation 
due to increased vascular permeability. However, drug and molecule exit from 
the joint cavity is size independent and rapid through lymphatics in synovium 
as well as through capillaries (in the case of small molecules); increased rates 
of exit occur with synovial inflammation due to increased lymphatic flow. Intra-
articular half-lives of substances within joints range from 1 to 4 hours for NSAIDs 
and soluble steroids to 26.3 hours for non–cross-linked hyaluronic acid (molecular 
weight 3 × 106 D). This problem of rapid clearance of drugs from the joint has 
been the motivation for developing strategies to improve intra-articular drug 
efficacy based on increasing residence time of drugs in joints; current strategies 
for prolonging treatment effects include, to name a few examples, using nanopar-
ticles (steroids), molecular cross-linking (hyaluronans), cell-based delivery (TGF-
β1), and targeting gene expression and chondrogenic differentiation (Wnt 
signaling inhibition) (E-Table 246-1).29
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The identification of patients with an inflammatory phenotype will likely 
be necessary to adequately determine the feasibility of anticytokine therapies 
for OA. Recent experience with an anti-IL-1α/β dual variable domain immu-
noglobulin (ABT-981), administered systemically to humans, showed that 
the subset of patients with large osteophyte burden had a lower placebo response 
rate and greater treatment-to-placebo response ratio. This suggests that iden-
tification of the right subset of individuals for a particular class of agents may 
improve the overall outcome. A strategy of “tunable” or on-demand cytokine 
inhibition has also been in development; this strategy relies on inflammatory 
cytokine–driven promoters to activate inhibitors appropriate to the particular 
inflammatory stimulus, thereby yielding a dynamic anti-inflammatory response 
modulated by the varying conditions of the inflammatory milieu. The jury is 
still out for cytokines of the IL-6 family; results of in vivo preclinical studies 
in IL-6 knockout mice are conflicting. A current clinical trial is evaluating the 
effects of an IL-6 receptor antagonist (tocilizumab) in patients with refractory 
hand OA. Other therapeutic approaches under investigation include neutral-
ization of granulocyte-macrophage colony-stimulating factor.

Cellular senescence and autophagy is a state of proliferation arrest in response 
to cellular stress. It is characterized by changes in cell morphology and secretion 
of SASPs such as IL-6, IL-8, and vascular endothelial growth factor. Although 
chondrocytes are not highly proliferative cells, senescence is likely to contribute 
to the age-related reduction in tissue repair and may be responsible in part for 
driving tissue catabolism. Strategies that target and remove senescent cells, 
so-called senolytics, have shown promise in murine models of OA.30 Increased 
senescence with age is often associated with a reduction in autophagy—the 
process by which dysfunctional cellular organelles are destroyed. Promoting 
autophagy to keep the cell healthy may also be amenable to therapeutic targeting.

Nerve Growth Factor (NGF) Neutralization
The drivers of pain in OA have remained surprisingly difficult to elucidate. 
Pain correlates have been described for most pathologies in the OA joint, 
including synovitis, bone edema, and cartilage loss. The most convincing 
molecular target to date is nerve growth factor (NGF), a neurotrophic factor 
that sensitizes pain fibers. Both human and in vivo murine studies demonstrate 
the analgesic power of NGF neutralization. NGF is regulated by inflammatory 
processes, by TGF-β as well as by direct cartilage mechanical injury, so could 
be expressed by several tissues of the joint. This class of inhibitors is associated 
with rapidly progressive OA in 1 to 2% of treated patients. These adverse 
events are both dose related and associated with concomitant administration 
of NSAIDs, suggesting these adverse events may represent a Charcot joint 
(analgesic arthropathy) phenomenon. This has led to a slow and cautious 
approach to trial conduct with regular signal and nonsignal joint health moni-
toring by MRI.

Although disease-modifying OA drugs are not yet available, the greater 
understanding of the etiopathogenesis of OA in general and advances in drug 
development tools for OA (imaging and soluble biomarkers) are now provid-
ing a strong impetus for renewed interest in development of therapeutics for 
this highly prevalent and disabling condition.
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E-TABLE 246-1 INTRA-ARTICULAR AGENTS ALREADY 
APPROVED OR IN HUMAN TRIALS 
CURRENTLY

DRUG CLASS EXAMPLE
Steroid Triamcinolone acetonide in a poly(lactic-co-glycolic acid) 

(PLGA) extended-release, microsphere-based formulation 
(FX006; U.S. Food and Drug Administration [FDA]-
approved Zilretta) has a prolonged intra-articular residence 
time (mean, 18.9 days, with variable but quantifiable 
concentrations measurable through 16 wk postinjection) vs. 
the standard crystalline suspension (mean, 2.5 days, with 
quantifiable concentrations measurable through 6 wk)

Viscosupplements Multiple FDA-approved agents with half-lives from 13 hr to 9 
days; cross-linked hyaluronan formulations have higher 
residence times but are twice as likely to cause local adverse 
reactions and postinjection flares compared with 
intermediate- or low-molecular-weight hyaluronan

Growth factors Transforming growth factor-β1 (TGF-β1) cell-mediated gene 
therapy currently in human trials consists of genetically 
engineered chondrocytes virally transduced with TGF-β1 
(GECTGF-b1, currently in trials) delivered as a 3 : 1 mixture 
of normal allogeneic human chondrocytes and human 
chondrocytes transduced with the human TGF-β1 gene that 
are irradiated before dosing to render them replication 
incompetent; injection is associated with joint inflammation, 
arthralgia, and effusion in up to 28% of patients

Wnt signaling 
inhibitor

Wnt inhibitor SM04690 (currently in human trials) causes 
human mesenchymal stem cells to differentiate into 
chondrocytes and reduces metalloproteinase gene 
expression in vitro; shows promising results in a rodent 
injury model of osteoarthritis

FGF18 Anabolic growth factor injected into the knee joint shows 
increased cartilage thickness and reduced cartilage loss by 
MRI in a phase III trial
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247 
BURSITIS, TENDINITIS, AND OTHER 
PERIARTICULAR DISORDERS AND 
SPORTS MEDICINE
JOSEPH J. BIUNDO

 DEFINITION
An array of painful and sometimes disabling musculoskeletal syndromes exist 
that are not articular in origin but arise from tendons and bursae. These condi-
tions are referred to by various names, in addition to tendinitis and bursitis, 
including the terms nonarticular rheumatism, soft tissue diseases, regional rheumatic 
pain syndromes, overuse syndromes, and repetitive use syndromes (Tables 247-1 
and 247-2). These entities are often ignored, misdiagnosed as arthritis, or 
attributed to the aging process; awareness of the existence of these conditions 
and knowledge of basic musculoskeletal anatomy (Figs. 247-1 and 247-2) are 
the fundamental requirements for diagnosis.1 This knowledge is coupled with 
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tendinitis
bursitis
musculoskeletal pain
regional rheumatic pain syndromes
nonarticular pain syndromes

ABSTRACT
Musculoskeletal pain syndromes involving the shoulder, elbow, wrist, hand, 
hip, knee, ankle, and foot are common but unfortunately are often overlooked 
by primary care physicians. These disorders are often ignored or misdiagnosed 
as arthritis by non-specialty physicians. The accurate diagnosis, based on 
functional musculoskeletal anatomy, and successful treatment of these painful 
and sometimes disabling conditions are gratifying to the patient and clinician 
alike.
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FIGURE 247-1. Relationship of subacromial bursa (shown in blue) to supraspinatus muscle and acromion process. A, In the position of adduction of the humerus, to show this 
bursa more clearly, it is in blue. The synovial membrane of the glenohumeral joint is not shown. B, In the position of abduction of the humerus, the acromion impinges on the subacro-
mial bursa and the insertion of the supraspinatus tendon. (From Polley HF, Hunder GG, eds. Rheumatologic Interviewing and Physical Examination of the Joints, 2nd ed. Philadelphia: WB 
Saunders; 1978:65.)

TREATMENT 

TABLE 247-2 TENDINITIS AND BURSITIS CONDITIONS BY 
REGION

SHOULDER

Rotator cuff tendinitis
Rotator cuff tear
Bicipital tendinitis
Subacromial bursitis
Adhesive capsulitis
ELBOW

Olecranon bursitis
Medial epicondylitis
Lateral epicondylitis
WRIST AND HAND

de Quervain tenosynovitis
Volar flexor tenosynovitis
Ganglion
HIP

Trochanteric bursitis
Iliopsoas bursitis
Ischial bursitis
Coccydynia
KNEE

Prepatellar bursitis
Pes anserine bursitis
Popliteal cyst (Baker cyst)
Patellar tendinitis
Patellar/quadriceps tendon tear
ANKLE AND FOOT

Achilles tendinitis
Achilles tendon tear
Posterior tibial tendinitis
Posterior tibial tendon tear
Retrocalcaneal bursitis
Plantar fasciitis

TABLE 247-1 MUSCULOSKELETAL CONDITIONS BY 
ETIOLOGY

TENDINITIS TENDON RUPTURE BURSITIS
Rotator cuff Rotator cuff Subacromial
Bicipital Bicipital Olecranon
Volar flexor Quadriceps Trochanteric
de Quervain Patellar Ischial
Patellar Posterior tibialis Iliopsoas
Posterior tibialis Achilles Pes anserine
Achilles Prepatellar
Epicondylitis Retrocalcaneal

brief but specific physical diagnosis techniques. The accurate diagnosis and 
successful treatment of these conditions is gratifying to the clinician because 
many people can be relieved of their chronic painful syndromes.

Various terms regarding tendon injuries are used and may be confusing. 
The main term used is tendinitis. Tendinosis has been proposed as the correct 
terminology because there are degenerative changes in the tendon but very 
few inflammatory cells. In addition, fatty mucoid degeneration and hyaline 
features occur in these tendon syndromes. These tendon conditions are 
described by some as a tendinopathy because use of this term avoids the need 
to decide whether inflammation is a factor. Also, tendons may rupture or tear, 
partially or completely. The term tendon insufficiency is used when the tendon 
is stretched or is partially or even completely torn. The terms tenosynovitis and 
peritendinitis refer to an inflammatory response of the tenosynovium or peri-
tendon, respectively. Tendinitis may occur when the tendon repeatedly bears 
more load than it can withstand. This may result from excessively high loads 
across normal tendons or from normal loads across degenerated tendons. In 
addition to load and repetitiveness, tendon changes resulting from immobility 
and from aging may play a role, as may the use of certain medications such 
as fluoroquinolones and corticosteroids.2

Bursae are closed sacs lined by a synovial membrane and serve as a cushion. 
They are located between tendon and bone, tendon and tendon, or bone and 
skin and allow smooth gliding between these structures. A bursa, which nor-
mally has a small amount of bursal fluid, can become inflamed from trauma 
or overuse, or become infected, producing a bursitis. When this occurs, some 
swelling and pain of the bursa may be present.

 EPIDEMIOLOGY
The incidence of the nonarticular syndromes of bursitis and tendinitis is high. 
They are more common than both rheumatoid arthritis (RA) and systemic 
lupus erythematosus (SLE). For example, the incidence of shoulder pain, 
largely a result of rotator cuff tendinitis and rotator cuff tear, was approximately 
20% in a population older than 70 years of age.

 DIAGNOSIS
A precise history is needed to identify the conditions present, and more than 
one syndrome can occur concomitantly. A working knowledge of regional 
anatomy and an approach that uses a regional differential diagnosis will help in 
obtaining a specific diagnosis. A complete neuromusculoskeletal examination 
should be performed, emphasizing careful palpation, passive range of motion 
(ROM), and active ROM alone or sometimes with resistance. Systemic and 
infectious causes must be considered. Diagnostic ultrasonography is becom-
ing increasingly useful in confirming a musculoskeletal diagnosis.3 Magnetic 
resonance imaging (MRI) is also sometimes useful in confirming a diagnosis.
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FIGURE 247-2. Musculoskeletal anatomy of the hip. A, Anterior aspect of the hip joint and bony structures. B, Relationship of the distended iliopsoas, trochanteric, and ischiogluteal 
bursae (shown in blue) to the hip joint and adjacent structures. (From Polley HF, Hunder GG, eds. Rheumatologic Interviewing and Physical Examination of the Joints, 2nd ed. Philadelphia: 
WB Saunders; 1978:183.)

sometimes when lowering the arm. In more severe cases, pain may begin on 
initial abduction and continue throughout the ROM. Typically, chronic rotator 
cuff tendinitis manifests as an ache in the shoulder, usually over the lateral 
deltoid, and occurs with various movements, especially abduction and internal 
rotation. Other symptoms include difficulty in dressing oneself and night pain 
because of difficulty in positioning the shoulders. The physical findings include 
pain and loss of active abduction and internal rotation, less pain on passive 
motion, tenderness of the area of supraspinatus insertion, and a positive 
impingement sign (Fig. 247-3), Neer sign, which is pain occurring in forced 
flexion. The causes of rotator cuff tendinitis are multifactorial, but relative 

 SPORTS MEDICINE INJURIES
An overlap exists between commonly occurring conditions of tendinitis and 
bursitis and those attributed to sports injuries (Table 247-3). For example, 
lateral epicondylitis, frequently referred to as tennis elbow, occurs more com-
monly secondary to non–sports-related causes. In contradistinction, iliotibial 
band syndrome is usually related to sports. Other entities that occur more 
often in relation to sports include ligamentous knee injuries, patellar tendinitis, 
ankle sprains, turf toe, and acromioclavicular separations. It is important in 
both categories to know the anatomy and biomechanics of the condition to 
better diagnose and treat the problem. Sports-related injuries are helped with 
the classic RICE treatment, consisting of rest, ice, compression, and elevation. 
Often, anti-inflammatory and analgesic drugs are used. However, there is less 
use of corticosteroid injections in athletic injuries than in routine cases of 
tendinitis and bursitis.

 DISORDERS OF THE SHOULDER REGION
Shoulder pain is one of the most common musculoskeletal complaints in 
people older than 40 years of age. In younger people, athletic injuries are a 
frequent source of such pain.4

Rotator cuff tendinitis, or impingement syndrome, is the most common 
cause of shoulder pain.5 Tendinitis (and not bursitis) is the primary cause of 
pain, but secondary involvement of the subacromial bursa occurs in some 
cases. The condition may be acute or chronic and may or may not be associ-
ated with calcific deposits within the tendon. The key finding is pain in the 
rotator cuff on active abduction, especially between 60 and 120 degrees, and 

TABLE 247-3 ADDITIONAL SPORTS-RELATED CONDITIONS
SHOULDER

Acromioclavicular separation
Glenoid labial tear (SLAP lesion)
Glenohumeral instability with dislocation
ELBOW

Triceps tendinopathy
Little League elbow (apophysitis)
Distal biceps tendinitis
WRIST AND HAND

Gamekeeper’s thumb (skier’s thumb)
Mallet finger (baseball finger)
Extensor carpi ulnaris tendinitis
Rupture of flexor digitorum profundus tendon
Injury to triangular fibrocartilage
HIP

Adductor strain (groin pull)
Hip pointer
Hamstring strain
KNEE

Anterior cruciate tear
Posterior cruciate tear
Medial collateral ligament tear/strain
Lateral collateral ligament tear/strain
Popliteal tendinitis
Medial and lateral meniscal tears
Patellar tendinitis
Iliotibial band syndrome
ANKLE AND FOOT

Ankle sprain
Turf toe
Stress fracture

Treatment of tendinitis and bursitis includes use of nonsteroidal anti-inflam-
matory drugs (NSAIDs), relative rest of the injured site, stretching and strength-
ening exercises, friction massage, use of modalities (heat, ice, and ultrasound), 
splinting, corticosteroid injections, A1  and surgery. A comprehensive management 
of these regional syndromes should be undertaken, rather than relying on oral 
medications alone. The causative aspects should be evaluated, and activity 
modification should be advised as needed. The goals of therapeutic exercise 
are to increase flexibility by stretching, increase muscle strength by resistive 
exercises, and improve muscle endurance by some repetitive regimen. Caution 
should be exerted in performing corticosteroid injections; the injections should 
not be placed into the tendon proper, but rather into the peritendinous sheath. 
The injected solution should be placed beneath the subcutaneous tissue, to 
avoid skin and subcutaneous fat atrophy, and injections should not be given 
too frequently, to avoid the possibility of weakening and rupture of the tendon. 
The accuracy of injections may be improved with concomitant use of diagnostic 
ultrasonography to assist with determining the correct needle site. Also, fluo-
roscopically guided injections can be used to increase accuracy.

TREATMENT 
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neglect or improper initial treatment also favor the development of a frozen 
shoulder. Many cases, however, are idiopathic. The joint capsule adheres to 
the anatomic neck, and the axillary fold binds to itself, causing restricted 
motion. The capsule becomes thickened and contracted. Arthrography can 
help confirm this diagnosis by showing a decrease in volume of the shoulder 
joint capsule. Oral steroids improve pain and range of motion in the short 
term, but a frozen shoulder is probably best treated with a comprehensive 
program involving NSAIDs and corticosteroid injections into the glenohumeral 
joint and the subacromial bursa. Physical therapy consists of ice packs, ultra-
sound, transcutaneous electrical nerve stimulation, and gentle ROM exercises, 
beginning with pendulum exercises and wall climbing with the fingers and 
progressing to active ROM and strengthening exercises. The duration of a 
frozen shoulder may last up to 9 to 12 months. In prolonged duration, manipu-
lation of the shoulder under anesthesia can be considered.

 DISORDERS OF THE ELBOW REGION
Olecranon bursitis occurs frequently and involves the subcutaneous olecranon 
bursa, either secondary to trauma or as an idiopathic condition. The bursa is 
characteristically swollen and tender on pressure, but pain may be minimal 
and usually no motion is lost. Aspiration may yield clear or blood-tinged fluid 
with a low viscosity or grossly hemorrhagic fluid. Inflammatory olecranon 
bursitis may be caused by gout, RA, or calcium pyrophosphate deposition 
disease, and infection can also cause a bursitis. Aspiration alone and protec-
tion from trauma are usually sufficient to resolve the condition. A small dose 
of corticosteroid may be injected into the bursa. With septic olecranon bursitis, 
localized erythema is the major clue. Heat, pain, and a positive culture are 
also frequently present.

Lateral epicondylitis, or tennis elbow, is a common condition in those who 
overuse their arms.7,8 Localized tenderness directly over or slightly anterior to 
the lateral epicondyle is the hallmark of this disorder. Pain may occur during 
handshakes, while lifting a briefcase, or with other similar activities. Probably 
less than 10% of patients actually acquire lateral epicondylitis through playing 
tennis. Job and recreational activities, including gardening and athletics, are 
the usual causes. Pathologically, the condition consists of degeneration of the 
common extensor tendon, particularly of the extensor carpi radialis brevis 
tendon. Treatment is aimed at altering activities and preventing overuse of 
the forearm musculature. Ice packs, heat, and NSAIDs are of some benefit. A 
forearm brace also can be used. A local corticosteroid injection with a 25-gauge 
needle over the lateral epicondyle often produces satisfactory initial relief. Iso-
metric strengthening is important as the initial part of a rehabilitation program.

Medial epicondylitis, or golfer’s elbow, which mainly involves the flexor 
carpi radialis, is less common and less disabling than lateral epicondylitis. 
Local pain and tenderness over the medial epicondyle are present, and resis-
tance to wrist flexion exacerbates the pain.

 DISORDERS OF THE WRIST AND HAND
A ganglion is a cystic swelling that arises from a joint or tendon sheath and 
occurs most commonly over the dorsum of the wrist. It is synovial lined and 
contains thick, jelly-like fluid. Ganglia apparently develop secondary to trauma 
or prolonged wrist extension. Usually, the only symptom is swelling, but occa-
sionally a large ganglion produces discomfort on wrist extension.

De Quervain tenosynovitis may result from repetitive activity that involves 
pinching with the thumb while moving the wrist. The symptoms are pain, 
tenderness, and occasionally swelling over the radial styloid. Pathologic find-
ings include inflammation and narrowing of the tendon sheath around the 
abductor pollicis longus and extensor pollicis brevis. A positive Finkelstein 
test result is usually seen; pain increases when the thumb is folded across the 
palm and the fingers are flexed over the thumb as the examiner passively 
deviates the wrist toward the ulnar side. However, this test also may be posi-
tive in patients with osteoarthritis (OA) of the first carpometacarpal joint and 
must be differentiated from this common condition. Treatment involves splint-
ing, local corticosteroid injection (Fig. 247-4), and NSAIDs as indicated. 
Rarely, surgical removal of the inflamed tenosynovium is needed.

Volar flexor tenosynovitis consists of inflammation of the tendon sheaths 
of the flexor digitorum superficialis and flexor digitorum profundus tendons 
in the palm. It is extremely common but often unrecognized. Pain in the palm 
is felt on finger flexion, but in some cases the pain radiates to the proximal 
interphalangeal (PIP) and metacarpophalangeal (MCP) joints on the dorsal 
side, misleading the examiner. The diagnosis is made by palpation and iden-
tification of localized tenderness and swelling of the volar tendon sheaths. 
The middle and index fingers are most commonly involved, but the ring and 
little fingers also can be affected. Often a nodule composed of fibrous tissue 

overuse, especially from overhead activity causing impingement of the rotator 
cuff, is commonly implicated. Treatment consists of rest and modalities such 
as hot packs, ultrasound, or cold applications, with specific ROM exercises 
as soon as tolerated.6 NSAIDs are often beneficial, but the most frequent 
treatment is injection of a depot corticosteroid A2  into the subacromial bursa, 
the floor of which is contiguous with the rotator cuff. Disodium ethylenedi-
aminetetraacetic acid (EDTA) administered by phonophoresis and mesotherapy 
to patients with calcific tendinitis of the shoulder has been found to be effective 
in pain reduction, improvement in shoulder function, and disappearance of 
calcifications. Extracorporeal shock wave therapy can also be beneficial for 
chronic calcific tendinitis. A3 

,
 A4 

In a rotator cuff tear, an acute tear after trauma is usually easily recognized. 
The trauma may be superimposed on an already degenerative and possibly 
even partially torn cuff. In cases of trauma resulting in a ruptured cuff, fracture 
of the humeral head and dislocation of the joint also should be considered. 
However, most patients with a tear recall no trauma. In these cases, degenera-
tion of the rotator cuff occurs gradually, resulting ultimately in a complete 
tear. Rotator cuff tears are classified as small (≤1 cm), medium (1 to 3 cm), 
large (3 to 5 cm), or massive (>5 cm). Shoulder pain, weakness on abduction, 
and loss of motion occur in varying degrees, ranging from severe pain and 
mild weakness to no pain and marked weakness. A positive drop-arm sign 
with inability to maintain actively 90 degrees of passive shoulder abduction 
may be present in patients with large or massive tears. Small complete tears 
and incomplete tears of the rotator cuff are treated conservatively with rest, 
physical therapy, and NSAIDs. Although its role has not yet been established 
by careful studies, a subacromial injection of a corticosteroid may relieve pain. 
Surgical repair may be indicated in younger patients.

Bicipital tendinitis is manifested by pain, most often in the anterior region 
of the shoulder and occasionally more diffusely. The pain may be acute but 
is usually chronic and is related to impingement of the biceps tendon by the 
acromion. Tenosynovitis of the long head of the biceps is present, and the 
tendon may be frayed and fibrotic. Palpation over the bicipital groove reveals 
localized tenderness. The patient’s response should be compared with the 
response to palpation of the opposite side (i.e., tendon with normal tender-
ness). Pain may be reproduced over the bicipital tendon in some cases by 
supination of the forearm against resistance (Yergason sign), shoulder flexion 
against resistance (Speed test), or extension of the shoulder. Treatment of 
bicipital tendinitis consists of rest, hot packs, ultrasound, and, as pain subsides, 
passive and then active ROM exercises. NSAIDs may be helpful, and occa-
sionally a small amount of corticosteroid carefully injected into the tendon 
sheath may be of benefit. Rupture of the biceps tendon can occur at the superior 
edge of the bicipital groove, producing a characteristic bulbous enlargement 
of the lateral half of the muscle belly.

Adhesive capsulitis (frozen shoulder) is associated with generalized pain 
and tenderness and severe loss of active and passive motion in all planes. It 
is rare before 40 years of age but may occur secondary to any type of shoulder 
problem. However, not every stiff and painful shoulder is necessarily adhesive 
capsulitis. Inflammatory arthritis and diabetes can cause adhesive capsulitis. 
Additional factors such as immobility, low pain threshold, depression, and 

FIGURE 247-3. The impingement sign is elicited by forced forward elevation of the 
arm. Pain results as the greater tuberosity impinges on the acromion. The examiner’s 
hand prevents scapular rotation. This maneuver may be positive in other periarticular 
disorders. (From Neer CS II. Impingement lesions. Clin Orthop. 1983;173:70-77.)
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sitting, or some related trauma to the coccyx. However, at times no obvious 
cause can be detected. Women are much more frequently affected, perhaps 
because the lordosis that often occurs in women exposes the coccyx to more 
trauma. The diagnosis is confirmed by finding localized tenderness over the 
coccyx on palpation. A plain x-ray film can be obtained to exclude a fracture 
or dislocation of the coccyx. Treatment with a local injection of 1 mL of a 
long-acting corticosteroid and 2 mL of a 2% lidocaine solution is usually very 
effective. The exact nature of the pathology of coccydynia has not been studied, 
but it is presumed to be a bone bruise.

In iliopsoas bursitis, groin and anterior thigh pain are present and worsen 
on passive hip hyperextension and sometimes on flexion, especially with 
resistance. Tenderness is palpable over an involved bursa. The patient may 
hold the hip in flexion and external rotation to eliminate pain and may limp 
to prevent hyperextension of the hip. The iliopsoas bursa lies behind the 
iliopsoas muscle, anterior to the hip joint and lateral to the femoral vessels. 
It communicates with the hip in 15% of cases. The diagnosis is more appar-
ent if a cystic mass is seen (approximately 30% of cases); however, other 
causes of cystic swelling in the femoral area must first be excluded. A bursal 
mass can cause femoral venous obstruction or femoral nerve compression. 
As with most cases of bursitis, acute or recurrent trauma and inflammatory 
conditions such as RA may lead to iliopsoas bursitis (also called iliopectineal 
bursitis). Iliopsoas tendinitis may overlap with the bursitis or occur inde-
pendently in a similar clinical picture. The diagnosis is confirmed by plain 
x-ray with injection of a contrast medium into the bursa, or by ultrasonog-
raphy, computed tomography, or MRI. Iliopsoas bursitis/tendinitis usually 
responds to conservative treatment including physical therapy and cortico-
steroid injections. With recurrent involvement, excision of the bursa may be  
necessary.

Ischial or ischiogluteal bursitis is caused by trauma or by prolonged 
sitting on hard surfaces, as evidenced by the name weaver’s bottom. Pain is 
often exquisite when sitting or lying down. The hamstring muscles originate 
from the ischial tuberosity, and the ischiogluteal bursa is superficial to the 
tuberosity. Because the bursa is superficial to the tuberosity, separating the 
gluteus maximus from the tuberosity, the pain may radiate down the back 
of the thigh. Point tenderness over the ischial tuberosity is present. Use of 
cushions, hamstring stretching, and local injection of a corticosteroid are  
helpful.

 DISORDERS OF THE KNEE REGION
Anserine bursitis is seen predominantly in overweight, middle-aged to elderly 
women with large legs and OA of the knees. The symptoms are pain and 
tenderness over the medial aspect of the knee approximately 2 inches below 
the joint margin, with the pain worsened by climbing stairs. The pes anserinus 
(Latin for “goose foot”) is composed of the conjoined tendons of the sartorius, 
gracilis, and semitendinosus muscles. The bursa extends between the above 
tendons and the tibial collateral ligament. Tendinitis of these tendons, rather 
than bursitis, is the predominant cause of the syndrome. The diagnosis is 
made by eliciting exquisite tenderness over the bursal area. Anserine bursitis 
is often overlooked because it frequently occurs concomitantly with OA of 
the knee, which, when present, is the assumed cause of pain; however, in some 
cases of dual involvement, anserine bursitis is the principal source of pain. 

can be palpated in the palm just proximal to the MCP joint on the volar side. 
The nodule interferes with the normal tendon gliding and can cause a trig-
gering or locking, which may be intermittent and may produce an uncomfort-
able sensation. Similar involvement can occur at the flexor tendon of the thumb. 
The most common cause is overuse trauma of the hands from gripping with 
increased pull on the flexor tendons. It may be part of inflammatory condi-
tions, such as RA, psoriatic arthritis, or apatite crystal deposition disease. It 
is seen frequently in conjunction with OA of the hands. Injection of a long-
acting steroid into the tendon sheath usually relieves the problem, although 
surgery on the tendon sheath may be needed in unremitting cases.

Gamekeeper’s thumb (skier’s thumb) is caused by trauma to the thumb 
resulting in instability of the first MCP joint. This instability is due to laxity 
or rupture of the ulnar collateral ligament. It is treated by immobilization, but 
surgical repair may be necessary.

Avulsion of flexor digitorum profundus (jersey finger) may result from 
trauma, usually in football, when a player grabs onto a jersey. The distal phalanx, 
usually the fourth, is hyperextended while the digitorum profundus is con-
tracting maximally. The avulsion of the tendon results in an inability to flex 
the distal phalanx of that digit. Surgery is required to correct the problem.

 DISORDERS OF THE HIP REGION
Although trochanteric bursitis is common, it frequently goes undiagnosed. It 
occurs predominantly in middle-aged to elderly people, and somewhat more 
often in women. The main symptom is aching over the trochanteric area and 
lateral thigh. Walking, various hip movements, and lying on the involved hip 
may intensify the pain. Onset may be acute, but more often it is gradual, with 
symptoms lasting for months. In chronic cases, the patient may fail to locate 
or describe the pain adequately, or the physician may fail to note the symptoms 
or interpret them correctly. Occasionally, the pain has a pseudoradiculopathic 
quality, radiating down the lateral aspect of the thigh.9 In a few cases, the pain 
is so severe that the patient cannot walk and complains of diffuse pain of the 
entire thigh. The best way to diagnose trochanteric bursitis is to palpate over 
the trochanteric area and elicit point tenderness. In addition to specific pain 
on deep pressure over the trochanter, other tender points may be noted 
throughout the lateral aspect of the thigh muscle. Pain may be worse with 
external rotation and abduction against resistance. Although bursitis has his-
torically been described as the principal problem, the condition may actually 
arise at the insertions of the gluteus medius and gluteus minimus tendons. 
Local trauma and degeneration play a role in the pathogenesis, leading to 
tendinosis and/or tendon tears. Conditions that may contribute to trochanteric 
bursitis, apparently by adding stress to the area, include OA of the lumbar 
spine or of the hip, leg-length discrepancy, and scoliosis. Treatment consists 
of local injection of depot corticosteroid using a 22-gauge, 3.5-inch needle to 
ensure that the bursal area is reached (Fig. 247-5). NSAIDs, weight loss, and 
strengthening and stretching of the gluteus medius muscle and iliotibial band 
help in management.

Coccydynia is manifested by pain in the coccyx area when pressure is applied 
to the area. This most notably occurs on sitting. The patient squirms from 
buttock to buttock to relieve the pressure and consequent pain and often 
chooses to sit on a cushion. The symptoms may be chronic and severe. The 
condition may relate to a fall on the coccyx, dropping to a hard chair when 

FIGURE 247-4. Injection of de Quervain tenosynovitis. FIGURE 247-5. Injection of trochanteric bursitis. 
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The treatment is rest, stretching of the adductor and quadriceps muscles, and 
a corticosteroid injection into the bursa and tendon insertion site.

Prepatellar bursitis manifests as a swelling superficial to the kneecap and 
results from trauma such as frequent kneeling, leading to the name housemaid’s 
knee. The prepatellar bursa lies anterior to the lower half of the patella and the 
upper half of the patellar ligament. The pain is generally slight unless pressure 
is applied directly over the bursa. The infrapatellar bursa, which lies between 
the patellar ligament and the tibia, is also subject to trauma and swelling. 
Chronic prepatellar bursitis can be treated by protecting the knee from the 
irritating trauma.

Patellar tendinitis (jumper’s knee) is seen predominantly in athletes engag-
ing in activities such as repetitive running, jumping, or kicking. Pain and 
tenderness are present over the patellar tendon.

Iliotibial band syndrome manifests by lateral knee pain caused by friction 
between the iliotibial band and the lateral femoral condyle. It is an overuse 
injury and is seen in runners, cyclists, and other athletes performing repetitive 
knee flexion activities.

Popliteal cysts, also known as Baker cysts, are not uncommon, and the 
clinician should be well aware of the possibility of their dissection or rupture. 
A cystic swelling behind the knee with mild or no discomfort can be the only 
initial finding. With further distention of the cyst, however, a greater awareness 
and discomfort are experienced, particularly on full flexion or extension. The 
cyst is best seen when the patient is standing and examined from behind. Any 
knee disease having a synovial effusion can develop into a popliteal cyst. Pop-
liteal cysts are most common secondary to RA, OA, or internal derangements 
of the knee. There are a few reported cases secondary to gout and reactive 
arthritis. A syndrome of pseudothrombophlebitis may occur as a result of 
cyst dissection into the calf or actual rupture of the cyst. Findings include 
diffuse swelling of the calf, pain, and sometimes erythema and edema of the 
ankle. An ultrasound or arthrogram of the knee confirms both the cyst and 
the possible dissection or rupture.10 A cyst related to an inflammatory arthritis 
is treated by injection of a depot corticosteroid into the knee joint, and pos-
sibly into the cyst itself, which usually resolves the problem. If the cyst results 
from OA or an internal derangement of the knee, surgical repair of the under-
lying joint lesion is usually necessary to prevent a recurrence of the cyst.

In the knee area, tendon ruptures may occur, and quadriceps tendon rupture 
is involved approximately 50% of the time; otherwise, patellar tendon rupture 
occurs. Quadriceps tendon rupture is generally caused by sudden violent 
contractions of the quadriceps muscle when the knee is flexed. A hemarthrosis 
of the knee joint may follow. Patients with chronic renal failure, RA, hyper-
parathyroidism, or gout and patients with SLE taking steroids have been 
reported to have spontaneous ruptures of the quadriceps tendon. The patient 
experiences a sudden sharp pain and cannot extend the leg. X-ray studies may 
show a high-riding patella. The tendon is usually found to be degenerated, 
and surgical repair is often indicated. Rupture of the patellar tendon has been 
associated with a specific episode of trauma, repetitive trauma from sporting 
activities, and systemic diseases.

Meniscal tears are common causes of knee “locking” and pain. Physical 
examination may show pain, with or without clicking, when the hip and knee 
are bent to 90 degrees. MRI is the diagnostic test of choice. Physical therapy 
is often as effective as surgery, A5-A7  even for patients who complain of knee 
catching or occasional locking. A8  Intra-articular injection of mesenchymal stem 
cells is of limited if any benefit. A9 

 DISORDERS OF THE ANKLE AND FOOT REGION
Achilles tendinitis usually results from trauma, athletic overactivity, or improp-
erly fitting shoes with a stiff heel counter, but it also can be caused by inflam-
matory conditions such as ankylosing spondylitis, reactive arthritis, gout, RA, 
and calcium pyrophosphate dihydrate crystal deposition disease.11 Pain, swelling, 
and tenderness occur over the Achilles tendon at its attachment and in the 
area proximal to the attachment. Crepitus on motion and pain on dorsiflexion 
may be present. Management includes NSAIDs, rest, shoe corrections, heel 
lift, gentle stretching, and sometimes a splint with slight plantar flexion. Local 
injection of platelet-rich plasma (PRP) has become an increasingly used treat-
ment for releasing growth factors into degenerative tendons12; however, more 
recent randomized, placebo-controlled trials for treatment of chronic Achilles 
and other tendinopathies have found PRP injections to be ineffective in improv-
ing pain and activity. A10  The Achilles tendon is vulnerable to rupture when 
involved with tendinitis, and treatment with a corticosteroid injection could 
increase this possibility.

Achilles tendon rupture is well known and occurs with a sudden onset of 
pain during forced dorsiflexion. An audible snap may be heard, followed by 

difficulty in walking and standing on toes. Swelling and edema over the area 
usually develop. Diagnosis can be made with the Thompson test, in which 
the patient kneels on a chair with the feet extending over the edge and the 
examiner squeezes the calf and pushes toward the knee. Normally this produces 
plantar flexion, but in a ruptured tendon, no plantar flexion occurs. Achilles 
tendon rupture usually occurs during athletic events or with trauma from 
jumps or falls. The tendon is more prone to tear in people with preexisting 
Achilles tendon disease and in those taking corticosteroids. Orthopedic con-
sultation should be obtained, and immobilization or surgery may be selected, 
depending on the situation.

For acute, severe ankle sprain, a below-knee cast or Aircast produces a faster 
recovery than a tubular compression bandage, but there is no difference in 
outcomes at 9 months. Plantar fasciitis, which is seen primarily in persons 
between 40 and 60 years of age, is characterized by pain in the plantar area 
of the heel. The onset may be gradual, or it may occur with trauma or overuse 
from some activity, such as athletics, prolonged walking, using improper shoes, 
or striking the heel with some force. Plantar fasciitis may be idiopathic; it also 
is likely to be present in younger patients with spondyloarthritis (Chapter 
249). The pain characteristically occurs in the morning on arising and is most 
severe for the first few steps. After an initial improvement, the pain may worsen 
later in the day, especially after prolonged standing or walking. The pain is 
burning, aching, and occasionally lancinating. Palpation typically reveals ten-
derness anteromedially on the medial calcaneal tubercle at the origin of the 
plantar fascia. Treatment includes relative rest with a reduction in stressful 
activities, NSAIDs, use of heel pad or heel cup orthosis, arch support, and 
stretching of the heel cord and plantar fascia. A local corticosteroid injection, 
using a 25-gauge needle, is often of help.

In posterior tibial tendinitis, pain and tenderness occur just posterior to 
the medial malleolus; it can be caused by trauma, excessive pronation, RA, 
or spondyloarthropathy. Extension and flexion may be normal, but pain is 
present on resisted inversion or passive eversion. The discomfort is usually 
worse after athletic activity, and swelling and localized tenderness may be 
present. Treatment usually includes rest, NSAIDs, and possibly a local injec-
tion of corticosteroid. Immobilization with a splint is sometimes needed.

Posterior tibialis tendon rupture, which is not commonly recognized, is a 
cause of progressive flat foot. It can result from trauma, chronic tendon degen-
eration, or RA. An insidious onset of pain and tenderness may be noted along 
the course of the tendon just distal to the medial malleolus, along with swelling 
medial to the hind foot. The unilateral deformity of hind foot valgus and 
forefoot abduction is an important finding. The forefoot abduction can best 
be seen from behind; more toes are seen from this position than would be 
seen normally. The result of the single heel rise test is positive when the patient 
is unable to rise onto the ball of the affected foot while the contralateral foot 
is off the floor. Treatment usually includes rest, NSAIDs, and possibly an 
orthosis. Surgical repair of the tendon is sometimes indicated. Manifestations 
of retrocalcaneal bursitis include pain at the back of the heel, tenderness of 
the area anterior to the Achilles tendon, and pain on dorsiflexion. Local swell-
ing is present, with bulging on the medial and lateral aspects of the tendon. 
Retrocalcaneal bursitis, also called sub-Achilles bursitis, may coexist with 
Achilles tendinitis, and distinguishing the two is sometimes difficult. This 
condition may be secondary to RA, spondylitis, a reactive arthritis, gout, or 
trauma.

Turf toe is an injury of the big toe originally described during play on 
artificial turf. It results from hyperextension of the first metatarsophalangeal 
(MTP) joint when a fixed, dorsiflexed foot is forced into the ground. The 
plantar capsular ligament may be sprained or torn.

Stress fracture is also known as march fracture or fatigue fracture because 
it was first associated with spontaneous fracture after long marches in army 
recruits. Pain, swelling, tenderness, and occasionally erythema develop over 
the metatarsal area, usually without any clear history of trauma. On question-
ing, however, the episode of spontaneous pain related to onset of the fracture 
can be identified in some cases. The neck of the second metatarsal bone is 
most frequently involved, but the third metatarsal is also a site of fracture and 
less commonly seen in the fourth and fifth metatarsals. Aside from prolonged 
marching, other athletic events with overactivity, including jogging, are common 
causes. Stress fractures may be seen in patients with RA and in elderly people. 
The difficulty in diagnosing stress fractures is that the initial x-ray films usually 
show no abnormalities or, at most, only a faint fracture line. A repeat x-ray 
examination several weeks later shows healing with callus formation. Bone 
scans aid the early diagnosis of stress fractures by showing an increase in 
uptake over the fracture site. Usually these fractures heal spontaneously, and 
rest and strapping of the foot are helpful. Occasionally, a cast is needed.
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REVIEW QUESTIONS

1. A 78-year-old woman who has had periodic discomfort in her neck and 
radiating to both shoulders for several years had a fall, landing on her 
outstretched right arm. She had pain in the right shoulder and weakness 
on use. At the urgent care center she was found to have some pain on 
passive motion and was unable to actively abduct the right shoulder. She 
had a positive drop arm sign of the right shoulder but not of the left one. 
All upper extremity deep tendon reflexes were normal. Which of the fol-
lowing is the most likely diagnosis?
 A. Rotator cuff tendinitis is the main diagnosis.
 B. X-ray examination of the humerus of the injured side is not indicated 

in this case because tendon injuries are not visualized on plain x-ray 
film of the shoulder.

 C. Bicipital tendinitis is the likely diagnosis.
 D. A tear of the rotator cuff best fits as the diagnosis.
 E. Cervical spine disc herniation is the most likely diagnosis based on the 

history of neck pain and arm weakness.
Answer: D Acute trauma is often the cause of rotator cuff tears, although 
most tears occur gradually through chronic tendinitis. The positive drop arm 
sign is typical of a significant rotator cuff tear. Sometimes with trauma, a 
humeral fracture can occur along with the rotator cuff tear. Pain on abduction 
and especially on resisted abduction are seen in rotator cuff tendinitis; also, 
the drop arm sign is typically negative. Bicipital tendinitis usually does not 
cause shoulder weakness. The clinical picture does not fit a cervical disc her-
niation, and the reflexes are normal. (Biundo JJ. Regional Rheumatic Pain 
Syndromes, Primer on the Rheumatic Diseases, 13th ed. New York: Springer; 
2006.)

2. A 51-year-old male insurance agent, whose hobby is wood working, com-
plains of right hand pain of approximately 4 months’ duration. He had 
been doing more wood working during that period until the hand pain 
began to limit this activity. On examination there were no Heberden nodes 
of the DIP joints, and the PIP and MCP were not tender or swollen. 
Moderate-to-severe tenderness on palpation was present over the palm 
side of the hand at the region of the second and third metacarpal bones. 
Some swelling was detected at these sites. Crepitus was noted on palpation 
on flexion of these two digits. Which of the following is the most likely 
diagnosis?
 A. Because rheumatoid arthritis is a likely diagnosis, you should obtain 

RF, ANA, and hand x-ray films.
 B. Because of his age, he most likely has osteoarthritis of the hand.
 C. He fits the picture of volar flexor tenosynovitis.
 D. A C7 radiculopathy would best explain pain in this part of his hand.
 E. Overuse of his hands has caused carpal tunnel syndrome.

Answer: C Volar flexor tenosynovitis is one of the most common musculo-
skeletal syndromes and is frequently overlooked. It is manifest by pain in the 
palm of the hand. The volar flexor tendon sheath is tender on palpation and 
thickened. Triggering or snapping of the digit sometimes occurs, especially 
when more chronic. Overuse of the hand is the usual cause, but is also seen 
in association with OA of the hands and diabetes. Stretching of the involved 
digit and an injection of a small amount of a corticosteroid into the tendon 
sheath is usually helpful. (Biundo JJ. Regional Rheumatic Pain Syndromes, Primer 
on the Rheumatic Diseases, 13th ed. New York: Springer; 2006.)

3. A 48-year-old male professional cellist, whose hobby is gardening, has had 
a 4-month history of right shoulder pain. Pain occurs on various move-
ments of the shoulder, and there is some limitation of movement. Night 
pain in bed is also reported. On examination, pain limits active abduction 
to 90 degrees. Less pain is noted on passive abduction, and 180 degrees 
of abduction is present. The drop arm sign is negative, but pain occurs on 
active internal rotation of the shoulder. There is no crepitus. Which of the 
following is the most likely diagnosis?
 A. Rotator cuff tendinitis is the most likely diagnosis.
 B. Rotator cuff tear best fits this clinical picture.
 C. Rupture of the biceps tendon is the diagnosis because the drop arm 

sign is negative.
 D. Adhesive capsulitis (frozen shoulder) is the diagnosis.
 E. OA of the shoulder (glenohumeral joint) is the likely diagnosis, and a 

plain x-ray film of the shoulder is needed to confirm the diagnosis.
Answer: A The typical physical examination findings of rotator cuff tendinitis 
are pain on active abduction, less pain on passive abduction, and more pain 
on resistive abduction. Loss of motion on active movements can occur when 
more severe. Also, pain may occur on active internal and on external rotation. 
In addition to the physical examination, ultrasonography and MRI can detect 
tendinitis, but not plain x-ray examination. In adhesive capsulitis restriction, 
the range of motion in all directions is usually seen. The full range on abduc-
tion and other motions in this case are not typical of a frozen shoulder. OA 
of the shoulder would not have had a pain history of only 4 months, and it is 
a much less frequent entity than rotator cuff tendinitis. Crepitus on range of 
motion is very common in OA of the glenohumeral joint. (Biundo JJ. Regional 
Rheumatic Pain Syndromes, Primer on the Rheumatic Diseases, 13th ed. New 
York: Springer; 2006.)

4. A 76-year-old woman with a known history of moderate OA of both knees 
and a partially torn right medial meniscus experienced pain in her right 
knee after stooping down to clean something off the floor. The next day 
she had discomfort and fullness behind her right knee and swelling of her 
lower leg and ankle. She was able to walk but had a limp. She was seen that 
day by her primary care physician for evaluation. Which of the following 
is the best course of action?
 A. Begin treatment with heparin or enoxaparin for a deep vein 

thrombosis.
 B. Give oral prednisone for 5 days as a tapering dose for an acute flare of 

the OA of her knee.
 C. Obtain a new x-ray film of the knees, with a standing AP and lateral 

view of the involved leg.
 D. Because of the acute flare of knee symptoms, give colchicines for a 

possible acute attack of gout.
 E. Obtain a Doppler ultrasound of the right leg for a deep vein thrombosis 

and an ultrasound image of the right knee to identify a Baker cyst that 
has dissected, causing a pseudothrombophlebitis picture.

Answer: E Popliteal cysts, also known as Baker cysts, are often asymptomatic. 
However, at times they may enlarge as a result of increasing pressure from a 
synovial effusion of the knee, flowing through a one-way valve from the knee 
to the popliteal cyst. The cyst can at times dissect downward, causing swelling 
of the leg and simulating thrombophlebitis. Thus the name given to the syn-
drome is pseudothrombophlebitis. The swelling of the leg may resolve on its 
own after several days. Often, a corticosteroid injection into the knee joint 
may help by decreasing the inflammation and synovial effusion of the knee. 
OA of the knee should not produce swelling of the lower leg, nor should gout. 
Treatment with anticoagulants should not be given unless the diagnosis of 
DVT is confirmed. (Biundo JJ. Regional Rheumatic Pain Syndromes, Primer on 
the Rheumatic Diseases, 13th ed. New York: Springer; 2006.)
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Answer: C The complaint of morning foot pain, which is called “first step 
pain,” is typical of plantar fasciitis. Tenderness often elicited on pressure exerted 
on the plantar surface of the calcaneus. Trauma to the foot from prolonged 
walking, tight calf muscles, high arched foot with tight plantar fascia, and 
obesity are factors related to acquiring plantar fasciitis. A steroid injection of 
the calcaneal area is often helpful but is not the first line of treatment. With 
Achilles tendinitis/tear the pain is in the posterior heel and not the plantar 
surface. A stress fracture is more likely to occur in the metatarsal area and 
only very rarely occur in the calcaneus. (Biundo JJ. Regional Rheumatic Pain 
Syndromes, Primer on the Rheumatic Diseases, 13th ed. New York: Springer; 
2006.)

5. A 52-year-old moderately obese man complains of pain in his right foot 
that has been present for approximately 4 months. The pain has become 
worse recently, and he has had to stop the walks he was taking for exercise. 
The pain is described to be more in the rear foot and is particularly bad 
when he first gets out of bed in the morning. He has no history of gout or 
other arthritis except for some back pain. On examination there is no joint 
swelling. He does have pes cavus, and tenderness of the plantar surface of 
the rear foot. His calf muscles are also tight. What is the most likely diagnosis 
and/or the best course of evaluation and treatment?
 A. Order an MRI of the foot or technetium bone scan for possible stress 

fracture.
 B. Inject the calcaneus with a steroid, because that is the best initial treat-

ment for heel pain.
 C. Make a tentative diagnosis of plantar fasciitis and treat with analgesics, 

stretching of calf and plantar fascia, and use of a heel cushion as the 
initial treatment.

 D. Obtain uric acid level and start treatment with colchicine.
 E. Obtain orthopedic consultation for possible Achilles tendon tear.
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RHEUMATOID ARTHRITIS
IAIN MCINNES AND JAMES R. O’DELL

 DEFINITION
Rheumatoid arthritis is a chronic systemic inflammatory disease of unknown 
etiology that primarily targets synovial tissues. It is relatively common, with 
a prevalence of slightly less than 1% in adults all over the world. Rheumatoid 
arthritis shortens survival and significantly affects quality of life in many 
patients.1 Essentially all patients exhibit some systemic features such as fatigue, 
low-grade fevers, anemia, and elevations of acute phase reactants (erythrocyte 
sedimentation rate [ESR] or C-reactive protein [CRP]). This systemic inflam-
mation is believed to be responsible for a variety of coexistent comorbid 
conditions including cardiovascular disease, osteoporosis, cognitive dysfunc-
tion and psychiatric disease, and cancer.2 However, the primary target of 
rheumatoid arthritis is the joint. Synovial tissues proliferate in an uncontrolled 
fashion, resulting in excess fluid production, destruction of cartilage, erosion 
of marginal bone, and mechanical disruption of the tendons and ligaments. 
Such damage predicates long-term disability and increased mortality.

In the past two decades, the treatment of rheumatoid arthritis has changed 
dramatically. Current therapeutic strategies should result in over 50% of patients 
achieving clinical remissions with treatment with appropriate disease-modifying 
antirheumatic drugs (DMARD), biologic DMARDs, and targeted synthetic 
DMARDs used either as monotherapy or in combination and according to 
rigorous treat-to-target principles.

 EPIDEMIOLOGY
Rheumatoid arthritis is a global disease with a variable geographic prevalence 
of 0.5 to 1% of adults. For reasons that are still unclear, the prevalence in 
women is around three times greater than that in men prior to the menopause. 
Rheumatoid arthritis can occur at any age. Overall, the annualized incidence 
of rheumatoid arthritis is approximately 40 per 100,000 for women and about 
half that for men. Because rheumatoid arthritis is a lifelong disease and its 
incidence increases or is stable with age, the prevalence of rheumatoid arthritis 

increases with each decade. The incidence of rheumatoid arthritis may be 
decreasing though the reasons for this are unclear. Geographic variations in 
prevalence and phenotype can be remarkable. Most notably, cohorts have 
been described in rural Nigeria in which no individuals are affected with rheu-
matoid arthritis (though case ascertainment bias needs to be excluded); in 
contrast, a prevalence of 5% has been found in some studies of Chippewa, 
Yakima, and Inuit Native American tribes. Such extreme phenotypes are as 
yet poorly understood but likely will reflect the impact of genetics, the gas-
trointestinal or respiratory microbiome, or other environmental influences. 
Detailed study of such populations is now generating significant insight into 
pathogenesis.

 PATHOBIOLOGY
Genetics
A combination of candidate association, twin, and genome-wide association 
studies (GWAS) has established a strong genetic component to the risk for 
developing rheumatoid arthritis and the severity of the disease.3 Twin studies 
reveal a concordance rate of approximately 12 to 15% for monozygotic twins 
and 2 to 5% for dizygotic twins. Heritability is reported to be around 60%, 
with lower values for patients who are seronegative.

GWAS in European, North American, and recently Asian populations, 
combined with subsequent meta-genome analyses, demonstrate that rheu-
matoid arthritis is a polygenic disorder. The majority of more than 100 thus 
far identified informative single nucleotide polymorphisms (SNPs) implicate 
immune genes, indicative of a primary immunologic etiology of disease a 
priori. Around 40% of genetic risk accrues in the HLA region. Certain HLA-DR 
alleles (e.g., DRB*0401, DRB*0404, DRB*0101, DRB*1402) associate with 
an increased risk for developing rheumatoid arthritis and thereafter progress-
ing to more severe disease. Hypervariable regions on DR molecules are par-
ticularly important for antigen recognition by binding to antigenic peptides 
and presenting them to the T-cell receptor (TCR). The amino acid sequence 
of disease associated DRβ1 chains share a common structural motif, called 
the shared epitope (E-Table 248-1).

Peptides derived from post-translationally modified proteins (e.g., via citrul-
lination, acetylation, carbamylation) may bind with altered avidity to the shared 
epitope, providing a potential mechanism whereby this genetic factor can 
mediate disease risk at the molecular level. Thus, altered binding of such pep-
tides to the HLA molecule (expressed on dendritic cells or B cells) may alter 
the dynamics of HLA-TCR interactions and thereby confer loss of self-tolerance 
upon (self-reactive) T cells inappropriately activated by this abnormal receptor 
engagement.

Many other immune related genes are now implicated and add considerable 
depth to our understanding of pathogenetic pathways. Although individual 
SNPs usually exhibit modest risk contribution (odds ratios ≈1.05 to 1.2-fold) 
they nevertheless could confer significant functional impact. Risk genes can 
be usefully defined on the basis of their contribution to functional immune 
system compartments. Adaptive immunity associated SNPs include a func-
tional polymorphism in protein tyrosine phosphatase nonreceptor 22 (PTPN22) 
that has been reproducibly associated with rheumatoid arthritis and a number 
of other autoimmune diseases, including type 1 diabetes, systemic lupus ery-
thematosus, Graves disease, and Hashimoto thyroiditis. The co-stimulation 
receptors, CTLA, CD28, CD40, and signal protein kinase TYK2 have similarly 
been associated with disease. These could alter the maintenance of central 
thymic or peripheral tolerance mechanisms, or could confer altered quantita-
tive and functional outcomes from interactions between T cells, B cells, and 
other antigen presenting cells with increased potential for autoimmunity to 
emerge. Recently, an association with peptidyl arginase deiminase has been 
recognized. Because this enzyme converts arginine to citrulline, this raises 
the possibility of a genetically predisposed risk conferred via increased genera-
tion of a major rheumatoid arthritis autoantigen. Pathways that regulate innate 
immune pathways are also identified (e.g., TRAF1-C5, STAT4, TNF-AIP3, 
IRAK1) together with pathways concerned with cell migration (ELMO1) 
and fetal development (LBH). Several SNPs identify cytokine or cytokine 
receptor coding loci, including TNF, IL-6R.

Finally, there is increased interest in the role of epigenetics in disease risk and 
especially propagation. Thus, altered DNA methylation, histone modification 
(e.g., via acetylation), and microRNA expression patterns have emerged that 
associate with increased or perpetuation of inflammation. These have been 
best defined in fibroblast-like synoviocytes (e.g., differential methylation and 
thus gene expression has been found particularly for pathways related to cell 
growth and differentiation). Recently the presence of differentially expressed 
microRNAs has also attracted attention in myeloid lineage cells, T cells, and 
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ABSTRACT
Rheumatoid arthritis is a chronic inflammatory disease affecting primarily 
the joints, but associated with substantial comorbidities that include cardio-
vascular, psychologic, oncologic, and bone disease. The underlying pathogenesis 
of rheumatoid arthritis is incompletely understood but comprises an early 
breach of tolerance to a range of post-translationally modifications, typically 
citrullinated proteins, leading to the detection of autoantibodies, cytokines, 
and chemokines, and dysregulated metabolism up to 10 years prior to clini-
cally detectable disease onset (pre-RA). The primary target tissue is the inflamed 
synovium that contains a range of activated leukocytes and stromal cells, that 
under the influence of inflammatory cytokines drive local cartilage and bone 
destruction. Therapeutics include the sequential administration of disease 
modifying antirheumatic drugs (DMARDs), initially including methotrexate, 
escalating thereafter to the use of DMARDS, biologic agents (including TNF 
and IL-6 receptor inhibitors), rituximab, abatacept, and most recently Janus 
kinase inhibitors. Parallel use of NSAIDs, and judicious use of corticosteroids, 
is also common practice. Therapeutics should be adjusted based on formally 
assessed, intercurrent disease activity levels, to seek the lowest level of disease 
activity or remission, whichever is more appropriate for a given patient. Long-
term outcomes have improved remarkably in the last decade though a smaller 
group of patients with difficult to treat disease remains, defining an ongoing 
significant unmet clinical need.
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E-TABLE 248-1 HUMAN LEUKOCYTE ANTIGEN ASSOCIATIONS WITH RHEUMATOID ARTHRITIS

HLA TYPES (ALLELES) AND METHODS OF DETECTION
THIRD HYPERVARIABLE REGION AMINO  

ACID SEQUENCES

ALLOANTISERA (DR) MLC (DW) DNA (DRβ1) 70 71 72 73 74 MOST COMMON ETHNIC GROUPS
ASSOCIATED WITH RA

DR4 Dw4 *0401 Q K R A A Whites (Western Europe)
DR4 Dw14 *0404 R Whites (Western Europe)
DR4 Dw15 *0405 R Japanese, Chinese
DR1 Dw1 *0101 R Asian Indians, Israelis
DR6 (14) Dw16 *1402 R Yakima Native Americans
DR10 — *1001 R R Spanish, Greeks, Israelis
NOT ASSOCIATED WITH RA

DR4 Dw10 *0402 D E Whites (Eastern Europe)
DR4 Dw13 *0403 R E Polynesians
DR2 Dw2 *1501 D A Whites
DR3 Dw3 *0301 G R Whites
A = alanine; D = aspartic acid; E = glutamic acid; HLA = human leukocyte antigen; K = lysine; MLC = mixed leukocyte cultures; Q = glutamine; R = arginine; * = the same amino acid in that position as for 
DRB1*0401.
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(MMPs) such as MMP1, MMP3, and MMP13, in disproportion to the release 
of tissue inhibitors of MMPs (TIMPs). In consequence, FLS promote cartilage 
damage; this local tissue damage area is known as the cartilage-pannus junction. 
Macrophages and mast cells are also likely to contribute to this local process. 
Bone damage requires cells with capacity to acidify the local milieu—osteoclast 
maturation and activation is a localized feature of rheumatoid arthritis synovium, 
arising as a consequence of RANKL, IL-1, TNF, and IL-17 activity. Thus 
activated osteoclasts localize in periarticular bone and in the adjacent bone 
marrow, leading to the characteristic erosions detected on plain radiography. 
The inflammatory process underlying erosion is detected as “bone edema” 
on MRI. Synovitis thus results in the destruction of cartilage in marginal bone 
and in the stretching or rupture of the joint capsule or tendons and ligaments. 
Damage is directly related to disability.

Finally, generalized inflammation promotes systemic comorbidities. Cir-
culating cytokines and immune complexes are proposed to activate endothelium 
and accelerate atherosclerosis, may provoke systemic osteoporosis, and can 
drive cognitive impairment, fatigue, and frank psychiatric presentations (e.g., 
depression). Inhibition of such processes should reduce comorbidities in the 
clinic.

 CLINICAL MANIFESTATIONS
Articular Manifestations
Rheumatoid arthritis can affect any of the synovial (diarthrodial) joints (Fig. 
248-3). Most commonly, clinically apparent disease starts in the metacarpo-
phalangeal (MCP), proximal interphalangeal (PIP), and metatarsophalangeal 
(MTP) joints, followed by the wrists, knees, elbows, ankles, hips, and shoulders, 
in roughly that order. Early treatment limits the joints involved. Less com-
monly, and usually later, rheumatoid arthritis may involve the temporoman-
dibular, cricoarytenoid, and sternoclavicular joints. Rheumatoid arthritis may 
involve the upper part of the cervical spine, particularly the C1-C2 articulation 
(E-Fig. 248-1), but, unlike the spondyloarthropathies (Chapter 249), it rarely 
involves the rest of the spine. Patients are also at an increased risk for osteo-
porosis (Chapter 230), and this risk should be considered and dealt with early.

Hands
The hands are a major site of involvement; a significant proportion of the 
disability caused by rheumatoid arthritis is due to damage and dysfunction 
of the hands. Typically disease starts with swelling of the PIPs and MCPs. 
The distal interphalangeal (DIP) joints are almost never involved; significant 
involvement of the DIP joints should suggest the possibility of a different 
diagnosis (i.e., osteoarthritis or psoriatic arthritis). Figure 248-4 illustrates 
the classic ulnar deviation of the MCP joints and swan-neck deformities 
(hyperextension of the PIP joints) that are commonly seen in late disease. 
Boutonnière (or buttonhole) deformities also occur as a result of hyperflexion 
of the PIP joints. If the clinical disease remains active, hand function deterio-
rates. Sudden loss of function of individual fingers may occur as a result of 
tendon rupture, which requires the expertise of a hand surgeon to repair.

local inflammation is observed, supporting initial B-cell and then T-cell activa-
tion, with consequent “breach of tolerance” to post-translationally modified 
self proteins. Similar events in the oral mucosa, in periodontal disease, or 
conceivably in the gastrointestinal tract may also contribute in some patient 
subgroups. The physico-chemical properties of these self-protein derived 
peptides that confer increased immune activation presumably arise within 
the genetic architecture described above and especially the structure of the 
shared epitope. A prearticular clinical phase (“Pre-RA”) ensues that may last 
up to several years, during which rheumatoid factor and autoantibodies against 
post-translationally modified proteins (AMPA), particularly anti-citrullinated 
peptide antibodies (ACPA), rise in titre and with increasingly broad specificity 
(epitope spreading). ACPAs, for example, can recognize citrullinated residues 
on a variety of self-proteins (e.g., type II collagen, vimentin, α-enolase, fibro-
nectin, fibrinogen, and histones). The abnormalities thus appear to represent 
a broad failure to regulate immune homeostasis, rather than one individual 
(auto)antigen driving disease overall. One autoantigen may, however, serve 
as a trigger. In parallel, elevated levels of serum cytokines and chemokines 
are detected, indicative of generalized increased levels of systemic inflamma-
tion, along with lipid dysmetabolism. Biopsies of synovial tissue during this 
pre-RA phase are essentially normal, consistent with its systemic nature.

Thereafter, a transitional event occurs that heralds the onset of clinically 
detectable arthritis. Systemic disease becomes localized to the joint. This process 
is ill-defined.4 ACPA specifics are broadest (they expand during pre-RA), and 
cytokine concentrations are highest immediately prior to disease onset (immi-
nent RA). Early changes in synovial vascularization, deposition of immune 
complexes, altered neurologic supply, local infection, and microtrauma have all 
been postulated as articular localizing mechanisms. An elegant recent notion has 
ACPA specific for citrullinated vimentin binding to and activating osteoclasts, 
in turn leading to local bone erosion and pain and the release of chemokines, 
particularly IL-8. The latter may initiate synovial cellular recruitment.

Established rheumatoid arthritis is associated with development of a 
dense synovial cellular infiltrate that has some degree of organization (Fig. 
248-2). A lining layer forms of 4 to 8 cells in depth including macrophages 
and fibroblast-like synoviocytes (FLS). The interstitial area contains large 
numbers of T cells, B cells, plasma cells, mast cells, and FLS. In some patients, 
lymphocytic aggregates form (ectopic germinal centers) that confer a poorer 
clinical prognosis. These likely serve as a source of autoantibody production. 
Intriguing prospective biopsy studies have identified discrete synovial appear-
ances across patient subgroups; myeloid, lymphocytic, and fibroblastic patho-
types have been described at the transcriptional and histologic level. These 
pathotypes may represent clinically discrete endotypes that in the future could 
define useful biomarkers to determine optimal choices of immune targeted  
therapies.

The synovial T-cell response is primarily of TH1 and TH17 type. T cells are 
activated via antigen presented in a CD28/CD80/86 dependent manner by 
macrophages, B cells, or FLS, by the local cytokine milieu (e.g., IL-7, IL-15, 
TNF, IL-6), or by cognate cellular activation through cell contact with mac-
rophages. Abatacept that blocks costimulation mediates its effects via interfer-
ence with some of these pathways. The T cells secrete cytokines (e.g., IL-17 
and GM-CSF) that drive further synovial proliferation. The predominant 
source of synovial cytokines is, however, macrophages, mast cells, and FLS. 
Macrophage-derived cytokines, particularly interleukin-1 (IL-1), IL-6, and 
tumor necrosis factor-α (TNF-α), play central roles in this ongoing inflam-
matory process. TNF and IL-6 in particular appear to have hierarchical func-
tional dominance, reflected in successful therapeutic targeting (e.g., TNF 
inhibitors, tocilizumab, and JAK inhibitors) and commensurate with their 
functional profiles that include leukocyte activation, endothelial activation, 
angiogenesis, or osteoclast activation.

The humoral immune system also plays a role, reflected in the success of 
rituximab therapy. Rheumatoid factor (RF) and ACPA presence correlate 
with more severe disease, including erosions of bone, and with the presence 
of extra-articular features. RF and ACPAs likely have a pathologic role. Via 
immune complex formation, or perhaps functioning in isolation, they increase 
complement activation, promote macrophage activation to release lysosomal 
enzymes, kinins, prostanoids, and oxygen/nitrogen free radicals via Fc receptor 
(FcR) binding and may activate osteoclasts. ACPAs also activate macrophages 
via TLR/FcR cross-talk mediated via citrullinated fibronectin.

Articular damage is driven primarily by FLS and osteoclasts. FLS are partially 
transformed cells, with a distinct epigenetic profile, that exhibit anchorage 
independence, loss of contact inhibition, low-grade proliferation, and TLR 
expression, rendering them immunologically competent to sense tissue damage. 
They release prostanoids, cytokines, chemokines, and matrix metalloproteinases 

fibroblast-like synoviocytes. For example, dysregulation of miR146 and miR155 
promotes cytokine and inflammatory pathways in macrophages.

Etiology
Increasing evidence supports a substantial role for environmental factors includ-
ing smoking, other pulmonary exposures (e.g., silica), obesity, vitamin D defi-
ciency, and lower educational attainment as enhancing factors for rheumatoid 
arthritis risk. Low levels of alcohol intake may be protective (Fig. 248-1). 
Smoking in particular has long been associated with a significant increase 
in the risk for developing rheumatoid arthritis, but this is true only for anti-
citrullinated peptide antibody (ACPA)-positive disease, especially those who 
have the shared epitope. Induction of epigenetic changes by smoking provides 
the most likely explanation for this etiologic link. Infectious triggers are also 
implicated, such as Mycobacteria, Streptococcus, Mycoplasma, Escherichia coli, 
Helicobacter pylori, and viruses (rubella, Epstein-Barr, parvovirus). The mecha-
nisms whereby infections drive disease are poorly understood. Rheumatic 
fever (Chapter 274) and reactive arthritis (Chapter 249) are prime examples. 
Reactive arthritis in particular may occur following one of a myriad of dif-
ferent but specific infectious triggers presented to a specific location in the 
body (e.g., the gastrointestinal or genitourinary tract) on a predisposed genetic 
background, in most cases HLA-B27. In this syndrome, age and gender and 
hence immune system maturity may be critical in the development of clinical 
disease, which occurs primarily between the ages of 15 and 40 years in males. 
More recently, Lyme arthritis (Chapter 305) is an example of an arthritic 
syndrome for which an infectious trigger has clearly been demonstrated. 
Many other examples exist in animal models of arthritis, including arthritis 
induced by mycobacteria and streptococci. Currently most interest resides in 
the role of the microbiome in induction of rheumatoid arthritis. Studies of 
the gastrointestinal and oral microbiome (the latter particularly in periodontal 
disease) have identified dysbiosis associated with early rheumatoid arthritis. 
Specific microbes (e.g., P. gingivalis, P. coprie, A. actinomycetemcomitans) have 
all been implicated. Whether this operates via molecular mimicry, altered 
immune homeostasis (the GI tract is a vital area for maintenance of peripheral 
immunologic tolerance) or direct stimulation of immune function (e.g., via 
enhanced citrullination) remains under investigation.

Finally, the use of oral contraceptives has been associated with a decrease 
in the incidence of rheumatoid arthritis. Because the effect appears to be 
strongest for oral contraceptives that have high estrogen content, it is postulated 
that estrogen is responsible for this protective effect. Studies that have tried 
to address the question of postmenopausal estrogen use and its effect on 
rheumatoid arthritis have yielded conflicting results.

Pathogenesis and Tissue Pathology
The overarching pathogenesis of rheumatoid arthritis remains unknown. Taking 
the foregoing together, the best current model is as follows. The earliest signs 
of inflammation often occur in the lung: abnormal high-resolution CT scans 
of pre-RA patients have been reported. Pulmonary mucosal citrullination is 
increased, perhaps reflecting smoking or other pulmonary irritants. Increased 

RA
initiated

Ongoing
autoimmune
response

Genetic background
Some HLA-DRBI 

alleles
Other HLA alleles
Non-HLA alleles

Trigger
? Bacterial antigens
? Viral antigens
? Smoking
? Others

Synovial proliferation and
joint destruction

FIGURE 248-1. Initiation of rheumatoid arthritis (RA). hLa = human leukocyte antigen. 
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(MMPs) such as MMP1, MMP3, and MMP13, in disproportion to the release 
of tissue inhibitors of MMPs (TIMPs). In consequence, FLS promote cartilage 
damage; this local tissue damage area is known as the cartilage-pannus junction. 
Macrophages and mast cells are also likely to contribute to this local process. 
Bone damage requires cells with capacity to acidify the local milieu—osteoclast 
maturation and activation is a localized feature of rheumatoid arthritis synovium, 
arising as a consequence of RANKL, IL-1, TNF, and IL-17 activity. Thus 
activated osteoclasts localize in periarticular bone and in the adjacent bone 
marrow, leading to the characteristic erosions detected on plain radiography. 
The inflammatory process underlying erosion is detected as “bone edema” 
on MRI. Synovitis thus results in the destruction of cartilage in marginal bone 
and in the stretching or rupture of the joint capsule or tendons and ligaments. 
Damage is directly related to disability.

Finally, generalized inflammation promotes systemic comorbidities. Cir-
culating cytokines and immune complexes are proposed to activate endothelium 
and accelerate atherosclerosis, may provoke systemic osteoporosis, and can 
drive cognitive impairment, fatigue, and frank psychiatric presentations (e.g., 
depression). Inhibition of such processes should reduce comorbidities in the 
clinic.

 CLINICAL MANIFESTATIONS
Articular Manifestations
Rheumatoid arthritis can affect any of the synovial (diarthrodial) joints (Fig. 
248-3). Most commonly, clinically apparent disease starts in the metacarpo-
phalangeal (MCP), proximal interphalangeal (PIP), and metatarsophalangeal 
(MTP) joints, followed by the wrists, knees, elbows, ankles, hips, and shoulders, 
in roughly that order. Early treatment limits the joints involved. Less com-
monly, and usually later, rheumatoid arthritis may involve the temporoman-
dibular, cricoarytenoid, and sternoclavicular joints. Rheumatoid arthritis may 
involve the upper part of the cervical spine, particularly the C1-C2 articulation 
(E-Fig. 248-1), but, unlike the spondyloarthropathies (Chapter 249), it rarely 
involves the rest of the spine. Patients are also at an increased risk for osteo-
porosis (Chapter 230), and this risk should be considered and dealt with early.

Hands
The hands are a major site of involvement; a significant proportion of the 
disability caused by rheumatoid arthritis is due to damage and dysfunction 
of the hands. Typically disease starts with swelling of the PIPs and MCPs. 
The distal interphalangeal (DIP) joints are almost never involved; significant 
involvement of the DIP joints should suggest the possibility of a different 
diagnosis (i.e., osteoarthritis or psoriatic arthritis). Figure 248-4 illustrates 
the classic ulnar deviation of the MCP joints and swan-neck deformities 
(hyperextension of the PIP joints) that are commonly seen in late disease. 
Boutonnière (or buttonhole) deformities also occur as a result of hyperflexion 
of the PIP joints. If the clinical disease remains active, hand function deterio-
rates. Sudden loss of function of individual fingers may occur as a result of 
tendon rupture, which requires the expertise of a hand surgeon to repair.
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FIGURE 248-2. Events involved in the pathogenesis of rheumatoid synovitis (progressing from left to right). B = B lymphocyte; C = complement; Gm-CsF = granulocyte-macrophage 
colony-stimulating factor; igG, igm = immunoglobulin G, m; iL = interleukin; m = macrophage; P = plasma cell; PGe2 = prostaglandin e2; RF = rheumatoid factor; t = t lymphocyte; tGF-β 
= transforming growth factor-β; tNF-α = tumor necrosis factor-α. 

Rheumatoid Arthritis Osteoarthritis

FIGURE 248-3. Distribution of involved joints in the two most common forms of 
arthritis: rheumatoid arthritis and osteoarthritis. Black circles are shown over the involved 
joint areas. 

Feet
Feet, particularly the MTP joints, are involved early in most patients. Radio-
graphic erosions occur at least as early in the feet as in the hands. Subluxation 
of the toes is common and leads to the dual problem of breakdown of the 
skin and ulcers on the top of the toes and malalignment of the MTP heads. 
Painful ambulation develops owing to dislocation of the cushioning pads that 
usually protect the heads of the MTP joints.

Wrists
The wrist joints are involved in most patients with rheumatoid arthritis. Radial 
deviation is the rule, and patients with severe involvement may progress to 
volar subluxation. Even early in the course of the disease, synovial proliferation 
in and around the wrists may compress the median nerve, causing carpal 
tunnel syndrome (Fig. 248-5). Later, this synovial proliferation may invade 
tendons and lead to rupture, most commonly of extensor tendons.

Large Joints
Involvement of knees, ankles, elbows, hips, and shoulders is common. Char-
acteristically, the whole joint surface is involved in a symmetrical fashion. 
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A B

E-FIGURE 248-1. Subluxation of the cervical spine in patients with rheumatoid arthritis. A, in a lateral radiograph of the cervical spine, the body of C2 and its odontoid process 
are outlined by the broken lines and the posterior aspect of the anterior segment of C1 is indicated by a solid line. Normally, a space of only 2 to 3 mm separates C1 from C2. the space 
between C1 and the odontoid of C2 is markedly increased, indicative of subluxation of C1 and C2. B, Lateral view of a pathologic specimen from a patient who died of C1-C2 subluxation. 
the horizontal arrow shows the odontoid process that subluxed posteriorly, severely compressing and almost severing the cord. the vertical arrow shows a bone graft that had been 
put in place posteriorly in an attempt to prevent subluxation. Below the arrow, a nonhealing area is present through the bone graft, and inferior to that a wire fixation suture is still in 
place. 
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Neck
Although most of the axial skeleton is spared in rheumatoid arthritis, the 
cervical spine is commonly involved, particularly the C1-C2 articulation. Bony 
erosions and ligament damage can occur in this area and may lead to sublux-
ation (see E-Fig. 248-1). Most often, subluxation at C1-C2 is minor and without 
accompanying symptoms; patients and caregivers need only be cautious and 
avoid actively forcing the neck into positions of flexion. Occasionally, sublux-
ation at C1-C2 is severe and leads to compromise of the cervical cord with 
neurologic symptoms and in some cases death. If surgery is planned for a 
patient with long-standing rheumatoid arthritis, preoperative flexion and 
extension films of the cervical spine should be obtained looking for significant 
subluxation.

Other Joints
Wherever synovial tissue exists, rheumatoid arthritis can cause problems. The 
temporomandibular, cricoarytenoid, and sternoclavicular joints are examples 
of other joints that may be involved. The cricoarytenoid joint is responsible 
for abduction and adduction of the vocal cords. Involvement of this joint may 
lead to a feeling of fullness in the throat, to hoarseness, and, rarely, when the 
cords are essentially fused in a closed position, to a syndrome of acute respira-
tory distress with or without stridor. In this latter situation, emergent trache-
otomy may be life-saving.

Extra-Articular Manifestations
Systemic features of rheumatoid arthritis such as fatigue, weight loss, and 
low-grade fevers occur frequently. As with all the other extra-articular features, 
they are more common in those patients who are positive for rheumatoid 
factor (RF) or ACPA antibodies or both (Table 248-1) and respond to 
treatment.

Skin
Subcutaneous nodules are seen in approximately 20% of patients with rheu-
matoid arthritis, almost exclusively in those who are RF or ACPA positive. 
Patients with nodules who are seronegative should be carefully scrutinized 
for a different diagnosis, such as chronic tophaceous gout. Nodules may occur 
almost anywhere (e.g., lungs, heart, eye), but most commonly develop sub-
cutaneously on extensor surfaces (particularly the forearms) (Fig. 248-7), 
over joints, or over pressure points. Rheumatoid nodules are firm on examina-
tion, usually are not tender, have a characteristic histologic picture, and are 
thought to be initiated by small vessel vasculitis. A syndrome of increased 
nodulosis, despite good control of the joint disease, has been described with 
methotrexate therapy (Fig. 248-8).

Small vessel vasculitis,5 manifested as digital infarcts or leukocytoclastic 
vasculitis, may occur in rheumatoid arthritis (Fig. 248-9) and should prompt 
more aggressive DMARD treatment. A vasculitis of small and medium arteries 
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FIGURE 248-5. Carpal tunnel syndrome. distribution of pain and/or paresthesias 
(shaded area) when the median nerve is compressed by swelling in the wrist (carpal 
tunnel). 
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FIGURE 248-6. Radiographs of the knees in the two most common forms of arthritis: 
rheumatoid arthritis and osteoarthritis. A, severe involvement in rheumatoid arthritis, 
with almost complete symmetrical loss of joint space in both the medial and the lateral 
compartments, but with little subchondral sclerosis or osteophyte formation. B, typical 
osteoarthritis, with severe, near-total loss of joint space of one compartment and a normal 
or actually increased joint space of the other compartment. Note also the significant 
subchondral sclerosis in the involved area, typical of osteoarthritis. 

Rheumatoid arthritis is symmetrical not only from one side of the body to 
the other but also within the individual joint. In the case of the knee (Fig. 
248-6A), the medial and lateral compartments are both severely narrowed. 
In contrast, in patients with osteoarthritis (Fig. 248-6B) variably only one 
compartment of the knee may be involved.

Synovial cysts may occur around any of the joints (large or small), and 
they occasionally manifest as soft, fluctuant masses that present diagnostic 
challenges. When the knee produces excess synovial fluid, it may accumulate 
in the popliteal fossa (popliteal or Baker cyst) (E-Fig. 248-2). These cysts can 
compress the popliteal nerve, artery, or veins. Baker cysts may dissect into 
the tissues of the calf (usually posteriorly), or they may rupture. Dissection 
may produce only minor symptoms, such as a feeling of fullness; rupture of 
the cyst with extravasation of its inflammatory content produces significant 
pain and swelling and may be confused with thrombophlebitis, the so-called 
pseudothrombophlebitis syndrome. Ultrasonography of the popliteal fossa 
and calf is useful to establish the correct diagnosis and rule out thrombo-
phlebitis, which may be precipitated by popliteal cysts. Treatment of pop-
liteal or any other cyst should be directed at interrupting the inflammatory 
process initially with an intra-articular injection of corticosteroid into the  
associated joint.

FIGURE 248-4. Severe advanced rheumatoid arthritis of the hands. there is massive 
tendon swelling over the dorsal surface of both wrists, severe muscle wasting, ulnar 
deviation of the metacarpophalangeal joints, and swan-neck deformity of the fingers. 
(From Forbes Cd, Jackson WF. Color Atlas and Text of Clinical Medicine, 3rd ed. London: 
mosby; 2003.)
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E-FIGURE 248-2. Arthrogram with a radiocontrast agent injected into the knee. the 
dye flows into the popliteal space and through a narrow channel into a large synovial 
cyst (Baker cyst) that has dissected into the soft tissue of the calf. 
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that is indistinguishable from polyarteritis nodosa also can be seen and requires 
aggressive systemic therapy. Finally, pyoderma gangrenosum occurs with 
increased frequency in association with rheumatoid arthritis.

Cardiovascular Involvement
Cardiac involvement directly related to rheumatoid arthritis is uncommon; 
however, patients with rheumatoid arthritis have significantly increased mor-
bidity and mortality from coronary artery disease and heart failure. A meta-
analysis of observational studies has shown that the risk for incident 
cardiovascular disease is increased by 48% in patients with rheumatoid arthritis 
compared with that in the general population. The reasons are not clear, but 
chronic inflammation appears to be the major cause, superimposed upon the 
prevalence of conventional risk factors (e.g., smoking, obesity). Some of the 
medications used to treat rheumatoid arthritis like glucocorticoids and a sed-
entary lifestyle may be additional risk factors for the development of coronary 
artery disease. Pericardial effusions are common (50% by echocardiography) 
but usually are asymptomatic. Rarely, long-standing pericardial disease may 
result in a fibrinous pericarditis, and patients may present clinically with con-
strictive pericarditis (Chapter 68). A population-based inception cohort of 
rheumatoid arthritis patients in Olmstead County, Minnesota, has shown an 
increased incidence of venous thromboembolism compared with controls.

Pulmonary Manifestations
Pulmonary manifestations include pleural effusions, rheumatoid nodules, and 
parenchymal lung disease. Pleural effusions occur more commonly in men 
and are usually small and asymptomatic. Of interest, pleural fluid in rheumatoid 
arthritis is characterized by low levels of glucose and low pH and, therefore, 
may at times be confused with empyema. Rheumatoid nodules may occur in 
the lung, especially in men (Fig. 248-10); these are usually solid but may 
calcify, cavitate, or become infected. Rarely, pulmonary nodules rupture and 
produce a pneumothorax. If patients with rheumatoid arthritis are exposed 
to coal or silica dust, diffuse nodular densities may occur (Caplan syndrome). 
Differentiating rheumatoid nodules from lung cancer can be problematic, 
particularly if the lesion is solitary. Therefore, the presence of pulmonary 
nodules in a patient with rheumatoid arthritis should precipitate an aggressive 
diagnostic evaluation.

Diffuse interstitial fibrosis occurs in rheumatoid arthritis and rarely may 
occur prior to joint manifestations. It may progress to a honeycomb appear-
ance on radiography with increasing dyspnea. Rarely, bronchiolitis obliterans 
can be seen, with or without organizing pneumonia.

Ophthalmologic Manifestations
The most common eye manifestation of rheumatoid arthritis is keratocon-
junctivitis sicca (dry eyes) from secondary Sjögren syndrome (Chapter 252). 
Patients may have associated xerostomia (dry mouth), parotid gland swelling, 
or, occasionally, lymphadenopathy. Scleritis also can occur and may be painful, 
with progression to thinning of the sclera, with deep pigment showing through 
on physical examination, and may progress to perforation (scleromalacia per-
forans). Rarely, tendonitis of the superior oblique muscles can result in double 
vision (Brown syndrome).

TABLE 248-1 EXTRA-ARTICULAR MANIFESTATIONS OF 
RHEUMATOID ARTHRITIS

Skin Nodules, fragility, vasculitis, pyoderma gangrenosum
Heart Pericarditis, premature atherosclerosis, vasculitis, valve 

disease, and valve ring nodules
Lung Pleural effusions, interstitial lung disease, bronchiolitis 

obliterans, rheumatoid nodules, vasculitis
Eye Keratoconjunctivitis sicca, episcleritis, scleritis, 

scleromalacia perforans, peripheral ulcerative keratopathy
Neurologic Entrapment neuropathy, cervical myelopathy, mononeuritis 

multiplex (vasculitis), peripheral neuropathy
Hematopoietic Anemia, thrombocytosis, lymphadenopathy, Felty 

syndrome, large granular lymphocyte syndrome
Kidney Amyloidosis, vasculitis
Bone Osteopenia

FIGURE 248-7. Rheumatoid nodules. Large rheumatoid nodules are seen in a classic 
location along the extensor surface of the forearm and in the olecranon bursa. 

FIGURE 248-8. Rheumatoid nodulosis. in this patient, multiple rheumatoid nodules 
are present over joints. in some cases, nodules may dominate the clinical picture. Rarely, 
this may be seen as a side effect of methotrexate therapy. 

FIGURE 248-9. Small vessel vasculitis. A and B, Rheumatoid vasculitis with small brown 
infarcts of palms and fingers in chronic rheumatoid arthritis. (Courtesy dr. martin Lidsky, 
houston, tX.)

FIGURE 248-10. Rheumatoid nodules in the lung. Chest radiograph demonstrates 
discrete rheumatoid nodules in both right and left lower lobes. (Courtesy dr. martin 
Lidsky, houston, tX.)
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rheumatoid arthritis should be made. This caveat is important, because a host 
of conditions, including many virus-related syndromes, can cause self-limited 
polyarthritis that looks identical to rheumatoid arthritis, including at times 
the presence of RF. Such conditions usually last only 2 to 3 weeks. American 
College of Rheumatology/European League Against Rheumatism criteria for 
rheumatoid arthritis do not require 6 weeks of disease and give significant 
weight to the presence of high-titer RF or ACPA positivity.6 The presence of 
ACPA antibodies, even in the first few weeks of an inflammatory arthritis, 
is strongly suggestive of ongoing aggressive rheumatoid arthritis.7 The 2010 
American College of Rheumatology/European League Against Rheumatism 
collaborative initiative classification criteria are shown in E-Figure 248-3.

Laboratory Findings
Historically, the most characteristic laboratory abnormality is the presence 
of rheumatoid factor (RF), which is found in approximately 75% of patients. 
RF is an antibody that recognizes the Fc portion of immunoglobulin G as its 
antigen. The presence of RF is strongly associated with more severe articular 
disease, as well as with essentially all the extra-articular features previously 
discussed. Importantly, RF is seen in association with many diseases other 
than rheumatoid arthritis, particularly in disease processes that induce chronic 
stimulation of the immune system (Table 248-3). ACPA (the most commonly 
detected of the anti-modified protein antibodies [AMPAs]), found in approxi-
mately 70% of patients with rheumatoid arthritis, have a high specificity (93 
to 98%), and may be present years before clinical disease is diagnosed. They 
are associated with aggressive erosive disease. Approximately 15% of rheu-
matoid arthritis patients are negative for both RF and ACPA (seronegative). 
Rheumatoid arthritis is associated with many other autoantibodies beyond 
AMPAs, including antinuclear antibodies (≈30%) and antineutrophil cyto-
plasmic antibodies, particularly of the perinuclear type (≈30%) (Chapter 242).

Most patients with rheumatoid arthritis have an anemia of chronic disease 
(or anemia of chronic inflammation), and the degree is proportional to the 
activity of the disease (Chapter 149). Therapy that controls the disease will 

Neurologic Manifestations
Peripheral nerve entrapment syndromes, including carpal tunnel syndrome 
(median nerve at the wrist), and tarsal tunnel syndrome (anterior tibial nerve 
at the ankle), are common in rheumatoid arthritis. Vasculitis can lead to a 
stocking and glove neuropathy or mononeuritis multiplex, both of which may 
require aggressive therapy. Subluxations at C1-C2 may produce myelopathy 
(see E-Fig. 248-1). Rheumatoid nodules in the central nervous system have 
been described but are rare and usually asymptomatic.

Felty Syndrome
Felty syndrome is the triad of rheumatoid arthritis, splenomegaly, and neu-
tropenia. This complication is seen in patients with severe RF/ACPA-positive 
disease and may be accompanied by hepatomegaly, thrombocytopenia, 
lymphadenopathy, and fevers. Most patients with Felty syndrome do not 
require special therapy; instead, treatment should be directed toward their 
severe rheumatoid arthritis and when this is done white blood counts improve. 
If severe neutropenia (Chapter 158) exists (<500 cells/µL) and is accompanied 
by recurrent bacterial infections or chronic, nonhealing leg ulcers, splenectomy 
may very rarely be indicated.

Some patients who were previously thought to have Felty syndrome have 
peripheral white blood cell counts dominated by large granular lymphocytes 
with almost complete absence of neutrophils. This condition is known as the 
large granular lymphocyte (LGL) syndrome and is thought to be a low-grade 
lymphoproliferative disorder characterized by the clonal proliferation of large 
granular lymphocytes. In the setting of rheumatoid arthritis or Sjögren this 
syndrome has a good prognosis, with the neutropenia often responding dra-
matically to therapies, particularly methotrexate.

Clinical Course
Although the presentation is variable, most patients with rheumatoid arthritis 
have the insidious onset of pain, stiffness, or swelling in multiple small joints 
over the course of weeks to months. Systemic features such as fatigue, low-
grade fevers, and weight loss also may be present. Less commonly, the onset 
can be fulminant, occurring almost overnight, or patients may exhibit persistent 
monoarthritis or oligoarthritis for prolonged periods before manifesting the 
more typical pattern of joint involvement. Rarely, particularly men develop 
extra-articular features of rheumatoid arthritis, especially lung disease, before 
the joint problems appear.

The distribution of involved joints is a critical clue to the underlying diag-
nosis. The joints that are involved at presentation are variable; typically, the 
symptoms start in the small joints of the hands (PIP and MCP joints) and in 
the toes (MTP joints). Importantly, rheumatoid arthritis usually spares the 
DIP joints and the small joints of the toes (see Fig. 248-3). Later, it moves, 
or some would say “metastasizes,” to larger joints: wrists, knees, elbows, ankles, 
hips, and shoulders (roughly in that order). Although the patient’s history of 
joint symptoms (arthralgia) is important, the diagnosis of rheumatoid arthritis 
requires the presence of inflammation (swelling, warmth, or both) on exami-
nation of the joints.

Morning stiffness is a hallmark of inflammatory arthritis and is a prominent 
feature of rheumatoid arthritis. Patients are characteristically at their worst in 
the morning or after prolonged periods of rest. This stiffness in and around 
joints often lasts for hours, and quantifying it is one way to measure improve-
ment. Stiffness is relieved by warmth and activity, and reducing or eliminating 
joint stiffness is a clear goal of therapy.

 DIAGNOSIS
All current treatment paradigms for rheumatoid arthritis stress the early and 
aggressive use of disease-modifying antirheumatic drugs (DMARDs). There-
fore, the importance of accurate early diagnosis cannot be overemphasized. 
There is no one single pathognomonic finding on physical examination or 
laboratory testing. Instead, the diagnosis of rheumatoid arthritis requires a 
collection of historical and physical features, as well as an alert and informed 
clinician.

Classification
There are currently two classification systems for rheumatoid arthritis: one 
designed for clinical use and one designed for studies (Table 248-2). Although 
designed for classification, these criteria are also widely used as diagnostic 
aids. In the older clinical classification the first five criteria are all clinical; in 
other words, they are established by physical examination or by talking with 
the patient. Only the last two criteria require laboratory tests or radiographs. 
The first four criteria must be present for at least 6 weeks before a diagnosis of 

TABLE 248-2 CLASSIFICATION CRITERIA FOR  
RHEUMATOID ARTHRITIS*

Morning stiffness (≥1 hr)
Swelling (soft tissue) of three or more joints
Swelling (soft tissue) of hand joints (PIP, MCP, or wrist)
Symmetrical swelling (soft tissue)
Subcutaneous nodules
Serum rheumatoid factor
Erosions and/or periarticular osteopenia in hand or wrist joints seen on radiograph
*Criteria 1 through 4 must have been continuously present for 6 wk or longer, and criteria 2 through 
5 must be observed by a physician. A classification of rheumatoid arthritis requires that 4 of the 7 
criteria be fulfilled.
MCP = metacarpophalangeal; PIP = proximal interphalangeal.

TABLE 248-3 DIFFERENTIAL DIAGNOSIS OF  
RHEUMATOID ARTHRITIS

DISORDER
SUBCUTANEOUS 

NODULES
RHEUMATOID 

FACTOR
Viral arthritis (hepatitis B and C, 

parvovirus, rubella, others)
− ±

Bacterial endocarditis ± +

Rheumatic fever + −

Sarcoidosis + +

Reactive arthritis − −

Psoriatic arthritis − −

Systemic lupus erythematosus ± +

Primary Sjögren syndrome − +

Chronic tophus gout + −

Calcium pyrophosphate disease − −

Polymyalgia rheumatica − −

Osteoarthritis (erosive) − −

− = Not present; + = frequently present; ± = occasionally present.

TREATMENT 
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ACR / EULAR RA Classification Criteria 

 ≥1 swollen joint?

Not classifiable
as RA

Not classifiable
as RA

Better explained by
another disease? 

Typical RA erosion
on x-ray?

Classify as RAApply RA classification criteria

Yes

Yes

Yes

No

No

No

1 medium-large joint
2-10 medium-large joints
1-3 small joints
4-10 small joints
>10 joints (at least one small joint)

Duration of Synovitis (0-1)

Serology (0-3)

Acute Phase Reactants (0-1)

Neither RF or ACPA positive
At least one test low positive titre
At least one test high positive titre

<6 weeks
≥6 weeks

Neither CRP or ESR abnormal
Abnormal CRP or abnormal ESR

0
1
2
3
5

0
2
3

0
1

0
1

Score ≥ 6 indicates
‘Definite RA’

Low +: >1 & ≤3 × ULN
High +: >3 × ULN 

Medium/Large joints
Knee, hip, shoulders,
elbow and ankle

Small joints
PIPs, MCPs, wrists
and MTPs

Joint Involvement (0-5)

E-FIGURE 248-3. American College of Rheumatology/European League Against 
Rheumatism (ACR/EULAR) classification criteria for rheumatoid arthritis (RA). the clas-
sification criteria are shown as a flow diagram for initial decision making and also in 
tabular form to calculate american College of Rheumatology/european League against 
Rheumatism (aCR/euLaR) classification criteria for rheumatoid arthritis (Ra). aCPa = 
anti-citrullinated protein antibody; CRP = C-reactive protein; esR = erythrocyte sedimen-
tation rate; mCP = metacarpal phalangeal joint; mtP = metatarsal phalangeal joint; PiP 
= proximal interphalangeal joint; Ra = rheumatoid arthritis; RF = rheumatoid factor; uLN 
= upper limit of normal. (From aletaha d, Neogi t, silman aJ, et al. 2010 Rheumatoid 
arthritis classification criteria. an american College of Rheumatology/european League 
against Rheumatism collaborative initiative. Arthritis Rheum. 2010;62:2569-2581.)
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General Measures
Rheumatoid arthritis is a lifelong disease process that has no known cure; 

the diagnosis is made based on clinical criteria, and many different options 
exist for treatment. These factors magnify the importance of the patient-physician 
relationship and place a premium on the art as well as the science of medicine. 
Optimal patient care requires effective ongoing interactions between primary 
care physicians and rheumatologists, and, in some cases, physical therapists, 
occupational therapists, and orthopedic surgeons. A1  Because of the serious 
nature of the disease, the rapid introduction of new treatments, and the need 
for expertise in monitoring these therapies, all patients with rheumatoid arthritis 
should be evaluated early and followed closely by a rheumatologist.

The goal of therapy, which is disease remission (Table 248-4) or very low 
disease activity, should always be kept in mind.8 When rheumatoid arthritis is 
treated early, remission is possible in over 50% of patients and low disease 
activity in at least another 35%. However, continued response requires the 
ongoing use of DMARDs. Essentially all rheumatoid arthritis patients should 
be treated with DMARDs.9 In many patients, combinations of different DMARDs 
(conventional and biologic) are necessary for optimal control. A2  Therapy should 
be escalated rapidly to ensure maximal suppression of disease while minimizing 
toxicity and expense. Patients with rheumatoid arthritis should be educated 
about their disease and its treatment. Patients should have an opportunity to 
spend time with physical therapists and occupational therapists to learn about 
range-of-motion exercises, joint protection, and assistive devices.

Medical Therapy
Three types of medical therapies are used for rheumatoid arthritis: NSAIDs, 

glucocorticoids, and DMARDs (both conventional and biologic)10 (Table 248-5). 
Initial therapy should always include a DMARD.

Nonsteroidal anti-inflammatory drugs
NSAIDs are important for the symptomatic relief they provide; however, they 

play only a minor role in altering the underlying disease process. Therefore, 
NSAIDs should rarely, if ever, be used to treat rheumatoid arthritis without the 
concomitant use of DMARDs. Many clinicians waste valuable time switching 
from one NSAID to another before starting DMARD therapy.

TREATMENT 

TABLE 248-4 KEYS TO OPTIMIZE OUTCOME OF TREATMENT 
OF RHEUMATOID ARTHRITIS

Early, accurate diagnosis
Early DMARD therapy
Strive for remission in all patients
Monitor carefully for treatment toxicities
Consider and treat comorbid conditions*
*Important comorbid conditions include cardiovascular disease, increased susceptibility to 
infections, and osteoporosis.
DMARD = disease-modifying antirheumatic drug.

normalize the hemoglobin levels. Other causes of anemia should also be con-
sidered in rheumatoid arthritis, particularly iron deficiency anemia from gas-
trointestinal blood loss. Thrombocytosis is common, with platelet counts 
returning to normal as the inflammation is controlled. Acute phase reactants 
such as ESR and CRP levels parallel the activity of the disease, and their 
persistent elevation portends a poor prognosis in terms of both joint destruc-
tion and mortality. White blood cell counts may be elevated, normal, or, in 
the case of Felty syndrome, depressed. Eosinophilia is present in some patients 
with rheumatoid arthritis.

Synovial fluid in rheumatoid arthritis is characterized by white blood cell 
counts in the range of 5000 to 100,000/µL, with approximately two thirds 
of the cells being polymorphonuclear leukocytes. There are no synovial fluid 
findings that are pathognomonic of rheumatoid arthritis.

Differential Diagnosis
The accurate diagnosis of rheumatoid arthritis early in its course, although 
challenging, is critical if patients are to benefit maximally from therapeutic 
intervention. Once disease has been present and active for years and the char-
acteristic deformities and radiographic changes have occurred, the diagnosis 
is all too obvious. Once rheumatoid arthritis has progressed to that point, 
deformities may no longer be amenable to medical therapy.

Many diseases can mimic rheumatoid arthritis (see Table 248-3). Early in 
the course of disease, self-limited viral syndromes need to be considered, 
especially hepatitis B and C, parvovirus, rubella (infection or vaccination), 
and Epstein-Barr virus. At any time, systemic lupus erythematosus, psoriatic 
arthritis, and reactive arthritis may present differential diagnostic challenges. 
In the case of these three mimics, a targeted history and examination to elu-
cidate their associated clinical features, such as rashes, oral ulcers, nail changes, 
dactylitis, urethritis, and renal, pulmonary, gastrointestinal, or ophthalmologic 
involvement, is critical. Especially in elderly patients with fulminant-onset 
rheumatoid arthritis, remitting RF-negative symmetrical synovitis with pitting 
edema (the so-called RS3PE syndrome) and paraneoplastic syndromes should 
be considered. Chronic tophaceous gout also may mimic severe nodular rheu-
matoid arthritis. Hypothyroidism not only causes many rheumatic manifesta-
tions but also occurs commonly in conjunction with rheumatoid arthritis 
and, therefore, should be considered.

TABLE 248-5 TREATMENT OPTIONS FOR  
RHEUMATOID ARTHRITIS

MEDICATION DOSE
NONSTEROIDAL ANTI-INFLAMMATORY DRUGS*

Celecoxib 100 mg PO twice daily or 200 mg PO daily
Diclofenac/misoprostol 50 mg/200 mg PO 2 to 4 times daily
Etodolac 300 mg PO 2 or 3 times daily; or 400 or 500 mg PO 

twice daily
Ibuprofen 800 mg PO three times daily
Ketoprofen 75 mg PO three times daily; or 50 mg PO four times 

daily
Naproxen 500 mg PO twice daily
Naproxen/esomeprazole 375 mg/20 mg or 500 mg/20 mg PO twice daily
Tolmetin 400 mg PO three times daily
GLUCOCORTICOIDS*

Prednisone 5-10 mg PO once daily
DISEASE-MODIFYING ANTIRHEUMATIC DRUGS (DMARDs)

Conventional dmaRds
Hydroxychloroquine 200-400 mg PO daily (5 mg/kg)
Leflunomide 10-20 mg PO once daily
Methotrexate 7.5-25 mg PO† once weekly (orally or subcutaneously)
Sulfasalazine 500 mg PO once or twice daily for first two weeks; 

then 2 g daily in two evenly divided doses
Tofacitinib 5 mg PO twice daily
Azathioprine 1 mg/kg (50-100 mg) PO as a single dose or twice 

daily; may be increased up to 2.5 mg/kg
Minocycline 100 mg PO twice daily

Biologic dmaRds
Abatacept 500-1000‡ mg IV at 0, 2, and 4 weeks, then every 4 

weeks§

Adalimumab 40 mg SC every other week
Certolizumab 400 mg SC at weeks 2 and 4, followed by 200 mg 

every other week
Etanercept 50 mg SC once weekly
Golimumab 50 mg SC once a month¶

Infliximab In conjunction with methotrexate, 3-5 mg/kg at 0, 2, 
and 6 weeks, then every 4-8 weeks

Rituximab In combination with methotrexate, two 1000-mg 
intravenous infusions separated by 2 weeks (one 
course) every 16-24 weeks

Tocilizumab 4 mg/kg IV every 4 weeks followed by 8 mg/kg every 
4 weeks**

*Initial treatment should always include a DMARD; see text.
†May be administered SC to reduce side effects and when higher doses are needed
‡500 mg if <60 kg; 750 mg if 600-100 kg; 1000 mg if >100 kg
§May be administered SC once weekly with or without an intravenous loading dose
¶May be administered IV at a dose of 2 mg/kg at weeks 0 and 4, then every 8 weeks
**May be administered SC at a starting dose of 162 mg every other week if <100 kg, or 162 mg 
every week if >100 kg
DMARD = disease-modifying antirheumatic drug; PO = orally; IV = intravenously; SC = 
subcutaneously.
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TABLE 248-6 GUIDELINES FOR USE OF GLUCOCORTICOIDS
Avoid use of glucocorticoids without DMARDs
Prednisone, >10 mg/day, is rarely indicated for articular disease
Taper to the lowest effective dose
Use as “bridge therapy” until DMARD therapy is effective
Remember prophylaxis against osteoporosis
DMARD = disease-modifying antirheumatic drug.

TABLE 248-7 CAVEATS FOR MONITORING  
DISEASE-MODIFYING ANTIRHEUMATIC  
DRUG THERAPIES*

MEDICATION CAVEATS
Prednisone Use as bridge to effective DMARD therapy. 

Prophylaxis for osteoporosis? (see Table 248-6)
Hydroxychloroquine Keep dosage lower than 5.0 mg/kg/day. Yearly eye 

checkup by ophthalmologist after 5 years of therapy
Sulfasalazine CBC for neutropenia, initially every month, then every 

6 mo
Methotrexate CBC and SGOT/SGPT every 8-12 wk when dose is 

stable. Many toxicities respond to folic acid or small 
dose reduction. If pneumonitis, stop and do not 
restart. Decreasing renal function may precipitate 
toxicities. Absolute contraindication in pregnancy

Leflunomide CBC and SGOT/SGPT every 4-8 wk; long half-life 
may require cholestyramine washout; absolute 
contraindication in pregnancy

TNF inhibitors If fevers or infectious symptoms of any kind, stop until 
symptoms resolve; aggressively work up and treat 
possible infections. May precipitate congestive heart 
failure, demyelinating syndromes, or lupus-like 
syndromes

*Patients receiving DMARDs, both conventional and biologic, should be monitored by a 
rheumatologist.
CBC = compete blood count; DMARD = disease-modifying antirheumatic drug; SGOT = serum 
glutamate oxaloacetate transaminase (aspartate aminotransferase); SGPT = serum glutamate 
pyruvate transaminase (alanine aminotransferase); TNF = tumor necrosis factor.

Much has been written about the gastrointestinal toxicity of NSAIDs, and 
these concerns are particularly relevant to patients with rheumatoid arthritis, 
who often have significant risk factors, including age and concomitant steroid 
use. Therefore, cyclooxygenase-2 (COX2)-selective agents have been a popular 
choice for rheumatoid arthritis patients. The evidence linking these agents to 
increased cardiovascular toxicity is, however, particularly troubling for patients 
with rheumatoid arthritis, who are already at high risk for myocardial infarction. 
In a randomized clinical trial, a cyclooxygenase-2 (COX-2) selective NSAID, cele-
coxib, was compared to two nonselective NSAIDs, naproxen or ibuprofen, in 
patients with rheumatoid arthritis and osteoarthritis, and celecoxib was found 
to be noninferior with regard to cardiovascular outcomes. A3  If COX2-selective 
agents are used, they should be kept at a low dose. Consideration should be 
given to low-dose aspirin prophylaxis, but this therapy may increase the gas-
trointestinal toxicity of NSAIDs. The use of concomitant misoprostol or proton 
pump inhibitors should be considered in all patients with rheumatoid arthritis 
who are taking NSAIDs. Additionally, the potential for NSAIDs to decrease renal 
blood flow and to increase blood pressure should be kept in mind.

Glucocorticoids
Glucocorticoids have had a significant role in the treatment of rheumatoid 

arthritis for more than half a century (Chapter 32). Indeed, it was chosen as the 
first disease to be treated with this new therapy. As was the case with the first 
patient treated in 1948, glucocorticoids are dramatically and rapidly effective 
in patients with rheumatoid arthritis. Not only are glucocorticoids useful for 
symptomatic improvement but they also significantly decrease the radiographic 
progression of rheumatoid arthritis. However, the toxicities of long-term therapy 
are extensive and potentially devastating. Therefore, the optimal use of these 
drugs requires an understanding of several principles (Table 248-6).

Glucocorticoids remain among the most potent anti-inflammatory treatments 
available; for this reason, and because of their rapid onset of action, they are 
ideally suited to help control the inflammation in rheumatoid arthritis while 
the much slower-acting DMARDs are starting to work. Prednisone, the most 
commonly used glucocorticoid, should rarely be used in doses higher than 
10 mg/day to treat the articular manifestations of rheumatoid arthritis. At this 
dose at the start of methotrexate-based treatment, the addition of prednisone 
reduces erosive joint damage, disease activity, physical disability, and the use 
of biologic treatment at 2 years. The dose should be slowly tapered to the 
lowest effective dose, and the concomitant DMARD therapy should be adjusted 
to make this possible. Glucocorticoids should rarely, if ever, be used without 
concomitant DMARD therapy. The paradigm is to shut off inflammation rapidly 
with glucocorticoids and then to taper them as the DMARD is taking effect 
(“bridge therapy”). The clear goal is to have all patients off or on very low doses 
of glucocorticoids with their disease controlled by DMARDs. In all patients 
receiving glucocorticoids, strong measures should be taken to prevent osteo-
porosis. Bisphosphonates have been shown to be particularly effective in this 
regard but are contraindicated in women of childbearing age. Higher doses of 
glucocorticoids may be necessary to treat extra-articular manifestations, espe-
cially vasculitis and scleritis.

disease-modifying antirheumatic drugs
DMARDs are a group of medications that have the ability to halt the disease 

process in the synovium and to modify or change the disabling potential of 
rheumatoid arthritis.11 These drugs also can halt or slow radiographic progres-
sion of the disease.

Conventional Disease-Modifying Antirheumatic Drugs
Included in this group of medications are methotrexate, sulfasalazine (Azul-

fidine), gold, antimalarials (hydroxychloroquine [Plaquenil] and others), leflu-
nomide (Arava), azathioprine (Imuran), minocycline, and the recently approved 
tofacitinib (Xeljanz). It is critically important that clinicians and patients under-
stand that conventional DMARDs take 2 to 6 months to exert their maximal 
effect, and all require some monitoring (Table 248-7). Monitoring of serum 
drug levels of biologic agents may be especially useful in patients in remission, 
because higher blood levels predict a longer relapse-free period.12 Other mea-
sures, such as glucocorticoid therapy, may be needed to control the disease 
while DMARDs are starting to work.

These DMARDs have been shown to be effective in treating both early and 
more advanced rheumatoid arthritis. Until additional research elucidates factors 
that allow selection of the best initial therapy for each patient, the choice will 
depend on patient and physician concerns about toxicity and monitoring issues, 

as well as the activity of disease and presence of comorbid conditions. The 
critical issue is not which DMARD to start first but rather getting the DMARD 
therapy started early in the disease process.

Methotrexate
Methotrexate should be the initial DMARD for most patients; it is economical, 

serious toxicities are rare, and when used in combination it makes essentially 
all other DMARDs work better. A4  Methotrexate is contraindicated in pregnancy 
and in patients with significant renal impairment. Methotrexate is dramatically 
effective in slowing radiographic progression and is usually given orally in doses 
ranging from 5 to 30 mg as a single weekly dose. This once-per-week admin-
istration is worthy of emphasis; prior experience with daily therapy in psoriasis 
has demonstrated the importance of allowing the liver time to recover between 
doses. Oral absorption of methotrexate is variable; subcutaneous injections of 
methotrexate are often effective when oral treatment is not and should be 
strongly considered before giving up on methotrexate. Side effects of metho-
trexate include oral ulcers, nausea, hepatotoxicity, bone marrow suppression, 
and pneumonitis. With the exception of pneumonitis, these toxicities respond 
to dose adjustments. Monitoring of blood counts and liver blood tests (albumin 
and aspartate aminotransaminase [AST] or alanine aminotransferase [ALT]) 
should be done every 3 months, with adjustments in the dose of methotrexate 
as needed. Renal function is critical for clearance of methotrexate; previously 
stable patients may experience severe toxicities if renal function deteriorates. 
Pneumonitis, although rare, is less predictable and can be fatal, particularly if 
the methotrexate is not stopped or is restarted. Folic acid, 1 to 4 mg/day, can 
significantly decrease most methotrexate toxicities without interfering with 
efficacy. If methotrexate alone does not sufficiently control disease, it is com-
bined with other DMARDs. A5  Methotrexate in combination with virtually any 
of the other DMARDs (conventional or biologic) has been shown to be more 
effective than either drug alone.

Leflunomide
Leflunomide, a pyrimidine antagonist, has a very long half-life and is most 

commonly started at 10 to 20 mg/day orally. Diarrhea is the most common 
toxicity and responds to dose reduction. Doses of leflunomide of 10 to 20 mg 
three to five times per week are frequently used. Also, because of the long 
half-life and teratogenic potential of leflunomide, women wishing to become 
pregnant who have previously received leflunomide, even if therapy was stopped 
years ago, should have blood levels drawn. If toxicity occurs or if pregnancy is 
being considered, leflunomide can be rapidly eliminated from the body by 
treatment with cholestyramine. Laboratory monitoring for hematologic and 
hepatic toxicity should be done during treatment with leflunomide, as recom-
mended for methotrexate.

Antimalarial Drugs
The antimalarial drugs hydroxychloroquine (Plaquenil) and chloroquine are 

frequently used to treat rheumatoid arthritis. They have the least toxicity of 

 PROGNOSIS
Rheumatoid arthritis is not a benign disease and is not limited to the joints. 
Once established, it is a lifelong progressive disease that produces significant 
morbidity in most patients and premature mortality in many. However, all-
cause mortality in patients with rheumatoid arthritis is now similar to the 
general population.15

Older studies found that 50% of patients have had to stop working after 10 
years (≈10 times the average rate). By comparison, a recent cohort study has 
shown that the aggressive use of disease-modifying agents and biologic agents, 
if needed, is associated with substantial reductions in disability. Therefore, 
early DMARD therapy is critical. Although limited long-term data are avail-
able, the current information strongly suggests that patients have the oppor-
tunity to benefit greatly if the newer principles of therapy are practiced.

Patients who are RF or ACPA positive and those who are positive for the 
shared epitope have a worse prognosis, with more erosions and more extra-
articular disease (see E-Table 248-1). The HLA-DRB1 locus, which is associ-
ated with disease susceptibility, may also be associated with radiologic severity, 
mortality, and treatment response.16 Once deformities are found on examination 
or erosions on radiography, the damage is largely irreversible. Erosions usually 
occur in the first 1 to 2 years, and the rate of radiographic damage can be 
reduced by early therapy.

 FUTURE DIRECTIONS
Significant advances in the effective treatment of rheumatoid arthritis have 
come from an understanding of the cytokine imbalance that accompanies this 
disease. Much research is focused on the further development of biologic 
products to modulate this balance. There remains a critical need for a cytokine 
thermostat that titrates the desired cytokine balance to control disease without 
altering critical immune functions.

Even with existing therapies, many different effective options are available 
for rheumatoid arthritis. The challenge for the clinician is to pick the right 
option for each patient. Few data are currently available to aid in this choice, 
and the establishment of parameters, genetic or otherwise, that would allow 
selection of the best initial option for each patient would be a major 
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any of the DMARDs and do not require monitoring of blood tests. Yearly moni-
toring by an ophthalmologist after 5 years of therapy is recommended to detect 
any signs of retinal toxicity (rare). Hydroxychloroquine is the most commonly 
used preparation and is given orally at 200 to 400 mg/day (5 mg/kg). These 
drugs are frequently used in combination with other DMARDs, particularly 
methotrexate. Hydroxychloroquine decreases cholesterol levels, improves HDL 
function, and recently has been shown to decrease the incidence of diabetes 
in patients with rheumatoid arthritis.

Sulfasalazine
Sulfasalazine is an effective treatment when given in doses of 1 to 3 g/day. 

Monitoring of blood counts, particularly white blood cell counts, in the first 6 
months is recommended. Sulfasalazine and hydroxychloroquine are often 
combined with methotrexate, a regimen referred to as triple therapy, which 
has been shown to have equal efficacy to the combination of a TNF inhibitor 
and methotrexate and is much more economical.

Minocycline
Minocycline 100 mg twice daily is an effective treatment for rheumatoid 

arthritis, particularly when used in early RF-positive disease. Chronic therapy 
(>2 years) with minocycline may lead to cutaneous hyperpigmentation which 
reverses when the drug is stopped. Minocycline has also been associated with 
drug-induced lupus.

Tofacitinib
Tofacitinib (Xeljanz) was the first JAK kinase inhibitor to be approved for 

rheumatoid arthritis. It is given orally at a dose of 5 mg twice daily, and com-
plete blood count and liver function tests should be monitored. Additional 
toxicity concerns include infections, including tuberculosis, malignancies, and 
reactivation of herpes zoster. Tofacitinib has been shown to be effective as 
initial DMARD therapy, A6  when combined with methotrexate in patients who 
have had incomplete responses to methotrexate, and in patients who have 
failed TNF inhibitors.

Another JAK inhibitor is baricitinib. In initial reports in patients whose rheu-
matoid arthritis had not responded to a DMARD, it has shown a consistent 
beneficial effect compared with placebo. A7  Furthermore, baricitinib is better 
than placebo or adalimumab for patients who had inadequate response to 
methotrexate. A8  Emerging drugs target distinct members of the JAK family 
(namely JAK1, JAK2, JAK3, and TYK2). For example, upadacitinib (15 or 30 mg 
weekly) is effective either as monotherapy or when added to other DMARDs. A9 

,
 A10 

Biologic Disease-Modifying Antirheumatic Drugs
Cytokines, most notably TNF-α, IL-1, and IL-6, play a central role in the 

pathophysiology of rheumatoid arthritis (Chapter 42). This understanding led 
to the development and clinical use of biologic agents directed against TNF-α 
(etanercept [Enbrel], infliximab [Remicade], adalimumab [Humira], golimumab 
[Simponi], and certolizumab [Cimzia]), IL-1 (anakinra [Kineret]), and IL-6 (tocili-
zumab [Actemra] and sarilumab [Kevzara]). Additionally, monoclonal antibodies 
that deplete B cells (anti-CD20, rituximab [Rituxan]) A11  and that block the second 
signal for T-cell activation (abatacept [Orencia]) are effective treatments for 
rheumatoid arthritis. All patients with rheumatoid arthritis receiving biologic 
therapies should be monitored by a rheumatologist, and their physicians should 
be aware of the risk for infections that are often atypical.13 All the biologics, 
when combined with methotrexate, have been shown to decrease disease activ-
ity and slow radiographic progression in patients with active disease despite 
methotrexate. A12  Early treatment with tocilizumab plus methotrexate was shown 
to result in greater sustainable clinical, functional, and radiographic benefits 
than methotrexate alone, with acceptable safety and tolerability, in early erosive 
rheumatoid arthritis. Sirukumab, which is another anti-IL-6 agent, also may 
become a useful agent in patients who are refractory in anti-TNF therapy. A13 

However, standard-dose and high-dose biological drugs (with or without 
traditional DMARDs) are associated with an increase in serious infections. A14  Bio-
logic agents also should not be used in combination with each other because 
they significantly increase the risk of infections (see Chapter 33).

The Order of Therapy in Rheumatoid Arthritis
Several randomized double-blind trials have elucidated the order of therapy 

in rheumatoid arthritis. The Treatment of Early Aggressive Rheumatoid Arthritis 
(TEAR) trial nicely showed that initial therapy with methotrexate in patients 
with poor-prognosis rheumatoid arthritis was not inferior at 2 years to initial 
combinations of either conventional DMARDs or the combination of metho-
trexate and etanercept. A15  The Rheumatoid Arthritis: Comparison of Active 
Therapies (RACAT) trial has also shown that in those patients who are not 
controlled on methotrexate alone, the strategy of initially adding sulfasala-
zine and hydroxychloroquine to methotrexate (triple therapy) was not infe-
rior to the addition of etanercept to methotrexate. A16  Patients who have not 
been controlled by methotrexate and other standard treatments can achieve 
equivalent benefits, with no demonstrable difference in the prevention of 
joint damage, with combined conventional disease-modifying drugs as with  
biologics. A17  Therefore, because of the huge economic advantages, the typical 
rheumatoid arthritis patient should be started on methotrexate monotherapy, 
and, if not controlled after 3 to 6 months on maximum methotrexate, the 

patient should be advanced to triple therapy. If the patient does not achieve 
adequate control after 3 to 6 months on triple therapy, either a TNF inhibi-
tor or another biologic should be added to methotrexate.14 Among patients 
whose rheumatoid arthritis was previously treated with anti-TNF drugs but 
who had an inadequate primary response, a non-TNF biologic agent is more 
effective in achieving a good or moderate response than is a second anti-TNF  
medication. A18 

Treatment of Underlying Conditions
Optimal care of patients with rheumatoid arthritis requires recognition of 

the associated comorbid conditions, including an increased risk for cardiovas-
cular death, osteoporosis, infections (especially pneumonia), and certain cancers 
such as lymphomas and lung cancers.

Cardiovascular disease
Cardiovascular disease is being recognized as the cause of much of the 

excess mortality in rheumatoid arthritis. Various factors contribute to this mor-
tality, including sedentary lifestyle and glucocorticoid therapy. However, a strong 
association between chronic inflammation and cardiovascular disease has been 
identified, and it is likely that this is the most significant factor. Therapies that 
control rheumatoid arthritis earlier and better can be expected to decrease 
cardiovascular morbidity and mortality. Both methotrexate and TNF inhibitors 
have been shown to significantly decrease cardiovascular mortality. Clinicians 
should consider rheumatoid arthritis a risk factor for cardiovascular disease 
and should aggressively address other cardiovascular risk factors (Chapter 45).

other associated diseases
Osteoporosis is common in patients with rheumatoid arthritis, and early 

treatment results in long-term dividends. Patients with rheumatoid arthritis 
are at an increased risk for infections, and some forms of treatment further 
increase this risk. Patients should be cautioned to seek early medical attention 
for even minor symptoms suggestive of infection, especially if receiving biologic 
therapy. All patients with rheumatoid arthritis should receive a pneumococcal 
vaccine, yearly influenza vaccinations (Chapter 15), and one of the zoster vac-
cinations. Finally, patients with rheumatoid arthritis have an increased risk for 
lymphoma. Occasionally, B-cell lymphomas are associated with immunosup-
pression and regress after immunosuppression is discontinued. Patients with 
rheumatoid arthritis have significantly decreased risk of developing colon cancer, 
probably because of chronic inhibition of COX by NSAIDs.

 PROGNOSIS
Rheumatoid arthritis is not a benign disease and is not limited to the joints. 
Once established, it is a lifelong progressive disease that produces significant 
morbidity in most patients and premature mortality in many. However, all-
cause mortality in patients with rheumatoid arthritis is now similar to the 
general population.15

Older studies found that 50% of patients have had to stop working after 10 
years (≈10 times the average rate). By comparison, a recent cohort study has 
shown that the aggressive use of disease-modifying agents and biologic agents, 
if needed, is associated with substantial reductions in disability. Therefore, 
early DMARD therapy is critical. Although limited long-term data are avail-
able, the current information strongly suggests that patients have the oppor-
tunity to benefit greatly if the newer principles of therapy are practiced.

Patients who are RF or ACPA positive and those who are positive for the 
shared epitope have a worse prognosis, with more erosions and more extra-
articular disease (see E-Table 248-1). The HLA-DRB1 locus, which is associ-
ated with disease susceptibility, may also be associated with radiologic severity, 
mortality, and treatment response.16 Once deformities are found on examination 
or erosions on radiography, the damage is largely irreversible. Erosions usually 
occur in the first 1 to 2 years, and the rate of radiographic damage can be 
reduced by early therapy.

 FUTURE DIRECTIONS
Significant advances in the effective treatment of rheumatoid arthritis have 
come from an understanding of the cytokine imbalance that accompanies this 
disease. Much research is focused on the further development of biologic 
products to modulate this balance. There remains a critical need for a cytokine 
thermostat that titrates the desired cytokine balance to control disease without 
altering critical immune functions.

Even with existing therapies, many different effective options are available 
for rheumatoid arthritis. The challenge for the clinician is to pick the right 
option for each patient. Few data are currently available to aid in this choice, 
and the establishment of parameters, genetic or otherwise, that would allow 
selection of the best initial option for each patient would be a major 



breakthrough. In this respect the option to adopt precision medicine principles 
is most enticing. Finally, elucidation of the trigger or triggers for rheumatoid 
arthritis may allow the development of strategies to prevent the onset of clini-
cal disease.
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REVIEW QUESTIONS

1. A 32-year-old woman presents with 3 weeks of symmetrical swelling and 
stiffness in her PIPs and MCPs. The most helpful laboratory test result in 
establishing a diagnosis of RA in this patient would be:
 A. ESR of 65 mm/hour.
 B. RF of 120 IU (normal <40).
 C. Anti-CCP of 87 (normal <20).
 D. Positive ANA.

Answer: C The presence of anti-CCP antibodies in a patient with an inflam-
matory arthritis is 99% specific for the diagnosis of RA even when it is only 
of short duration as in this patient with only 3 weeks of disease. This is criti-
cally important because it allows very early institution of DMARD therapy. 
The presence of a positive ANA, an elevated RF, or elevated ESR would not 
be particularly helpful—all are nonspecific.

2. A 40-year-old attorney is diagnosed with RF- and CCP-positive rheumatoid 
arthritis. His mortality risk is increased, and he is most likely to die from 
which of the following?
 A. Lymphoma
 B. Pulmonary fibrosis from RA
 C. Infections related to RA and its therapies
 D. Coronary artery disease

Answer: D Heart disease is by far the biggest killer of patients with RA. 
Rheumatologists should do everything possible to get disease activity under 
control, and PCPs should do everything possible to control other risk factors, 
including ideal management of BP and cholesterol. RA patients have at least 
a two-fold increased risk for lymphoma, have increased risk for infections 
(particularly when treated with steroids or biologic agents), and can get pul-
monary fibrosis, but these all have a small impact compared to that of heart 
disease.

3. A 28-year-old accountant with RA is considering another pregnancy. Reasons 
for concerns for conception and the health of her fetus during the first 
trimester include which of the following?
 A. She is currently on 5 mg of prednisone.
 B. She is currently taking sulfasalazine.
 C. She has a history of treatment with leflunomide.
 D. She is taking Naprosyn 500 mg.

Answer: C Leflunomide is a significant teratogen and has a half-life that is 
extremely prolonged. Any potential mother who has ever taken it needs to 
have blood levels drawn before conception. Leflunomide can be rapidly elimi-
nated from the body by treatment with cholestyramine. Prednisone is con-
sidered safe in pregnancy; significant data suggest that sulfasalazine is well 
tolerated by both mother and child and NSAIDs are safe until the last 
trimester.

4. A 52-year-old woman with RA treated with methotrexate and adalimumab 
presents to the ER with fevers, cough, and increasing shortness of breath. 
A chest x-ray film shows diffuse patchy infiltrates. You would:
 A. Admit, stop her adalimumab, and give her broad-spectrum 

antibiotics.
 B. Admit, stop both her adalimumab and methotrexate, and aggressively 

pursue work-up for infectious and inflammatory etiologies.
 C. Treat her for community-acquired pneumonia.
 D. Admit, stop adalimumab, and aggressively pursue work-up for infectious 

etiology.
Answer: B All TNF inhibitors have a black box warning for fatal opportunistic 
infections. Tuberculosis, histoplasmosis, coccidioidomycosis, pneumocystis, 
legionellosis, and others have all been reported. The key to patient survival is 
aggressive diagnosis so appropriate treatment can be started rapidly. Metho-
trexate can be associated with unusual infections rarely, but the biggest concern 
here is that the patient may have methotrexate pneumonitis. This can be fatal 
if the methotrexate is not stopped. It usually presents with low-grade fevers, 
nonproductive cough, increasing dyspnea, and patchy infiltrates on chest x-ray 
films. Treatment of methotrexate pneumonitis after stopping methotrexate is 
usually supportive, but occasionally high-dose steroids may be indicated.

5. A 55-year-old carpenter is newly diagnosed with RA. His medical history 
includes type II diabetes for 15 years. CBC shows low-grade anemia with 
normal red cell indices, Hgb A1c is 7, creatinine is 2.1, and urinalysis shows 
3+ proteinuria. Laboratory studies are otherwise unremarkable. Appropri-
ate initial DMARD therapy would be:
 A. Cyclosporine.
 B. Hydroxychloroquine.
 C. Methotrexate.
 D. Sulfasalazine.

Answer: B Although methotrexate at the doses used to treat RA rarely affects 
the kidney, well-functioning kidneys are important for the clearance of metho-
trexate. Methotrexate, if used, should be used with extreme caution and close 
monitoring in this situation. Cyclosporine, although effective in some cases 
of RA, also has renal toxicity and is not a good choice. Hydroxychloroquine 
is the best choice here—in addition to being effective against RA, it has been 
shown to lower blood sugar, particularly in type II diabetes. Additionally, 
patients with RA who are on hydroxychloroquine have a 60% reduction in 
their risk for incident diabetes. Finally, sulfasalazine would be a possible choice 
but not as good as hydroxychloroquine.
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249 
THE SPONDYLOARTHROPATHIES
ROBERT D. INMAN

 COMMON FEATURES OF SPONDYLOARTHRITIS

 DEFINITION
Spondyloarthritis encompasses a group of clinical syndromes that are linked 
in terms of disease manifestations and genetic susceptibility. The clinical subsets 
most commonly recognized are ankylosing spondylitis, reactive arthritis, pso-
riatic arthritis, and enteropathic arthritis (Fig. 249-1). In addition, a sizable 

U-SpA

PsA
AS

EA

ReA

FIGURE 249-1. Schematic relationships among the different spondyloarthritis (SpA) 
subsets. ankylosing spondylitis (aS), considered the classic Spa, encompasses the essential 
features of this family of diseases. aS may overlap with psoriatic arthritis (psa), entero-
pathic arthritis (ea), or reactive arthritis (rea). Many patients have clinical features of 
Spa that do not meet the diagnostic criteria for any of the four defined subsets. Such 
cases are termed undifferentiated SpA (U-Spa). 

fractures and osteoporosis.3 These features include sex predilection, HLA 
association, pattern of joint involvement, and presence of rheumatoid factor, 
which becomes the serologic distinction between seropositive disease (rheu-
matoid arthritis) and seronegative disease (spondyloarthritis).4

At the level of joint histopathology, sites of chronic inflammation in rheu-
matoid arthritis are associated with erosions, but in spondyloarthritis such 
sites are associated with new bone formation. This distinction suggests a fun-
damental difference in the cytokine profile in the microenvironment of the 
joint, but this issue has not been resolved, and the mediators of neo-ossification 
await identification. Dysregulation of the wnt/β-catenin pathway may play a 
key role in the ankylosing process. Synovial histopathology in spondyloarthritis 
is characterized by abundant neutrophils, macrophages, and hypervascularity, 
whereas in rheumatoid arthritis the prominent features are lymphoid aggre-
gates, dendritic cells, lining cell hyperplasia, and citrullinated proteins. These 
differences suggest that spondyloarthritis reflects a fundamental alteration in 
innate immunity, whereas rheumatoid arthritis reflects dysregulation of adap-
tive immunity.

 CLINICAL SUBSETS OF THE 
SPONDYLOARTHROPATHIES

Ankylosing Spondylitis
 EPIDEMIOLOGY

Ankylosing spondylitis is the most common inflammatory disorder of the 
axial skeleton. The following is a useful rule of thumb: ankylosing spondylitis 
occurs in 0.2% of the general population, in 2% of the B27-positive popula-
tion, and in 20% of B27-positive individuals with an affected family member.5 
There is a male preponderance in the disease, with the male-to-female ratio 
ranging from 2.5 : 1 to 5 : 1; however, recent epidemiologic studies have found 
more female involvement than these earlier estimates indicate. The basis for 
the gender bias has not been resolved. It is held, however, that ankylosing 
spondylitis is underrecognized in women, perhaps because of milder axial 

important clue to the pathogenic role of B27, and studies are ongoing to 
explore this relationship. Recent studies have suggested that certain B27 sub-
types have specific interactions with ERAP, which might fundamentally alter 
MHC structure and function.

Genome-wide screening studies of multiplex families with spondyloarthritis, 
particularly ankylosing spondylitis, are ongoing in several countries to identify 
other genes involved in the predisposition to these diseases. The strongest 
association of spondyloarthritis to date remains with the HLA complex, so 
at least in familial ankylosing spondylitis, B27 may to a certain extent be nec-
essary (but not sufficient) to confer disease susceptibility. MRI studies in 
asymptomatic B27-positive individuals indicate that there is a much higher 
prevalence of sacroiliitis than previously recognized, and studies are continu-
ing to define that prevalence and indeed the prevalence of spondyloarthritis 
in the general population. Some investigators have concluded that spondylo-
arthritis is as common as rheumatoid arthritis.

 CLINICAL MANIFESTATIONS
There are several common features in the clinical subsets of spondyloarthritis 
that serve to both link them with and distinguish them from the other major 
contributor to chronic polyarthritis—rheumatoid arthritis (Chapter 248).2 
Spondyloarthritis has a strong predilection for the spine, in particular the 
sacroiliac joints. There is a shared tendency for new bone formation at sites 
of chronic inflammation, with joint ankylosis as a consequence. When periph-
eral arthritis occurs, it is commonly in the lower extremity and asymmetrical. 
There is a predilection for involvement at sites of tendon insertion into bone 
(entheses), so enthesitis is one of the most specific clinical manifestations of 
spondyloarthritis. Theories postulating the basis for this target organ involve-
ment have invoked biomechanical factors, innervation, local vascularity, and 
bone marrow–derived inflammatory mediators, but the precise mechanism 
remains incompletely defined. Whatever the reason, inflammation in the 
enthesis and contiguous subchondral bone is a characteristic feature of this 
form of arthritis, and the appearance of this inflammation on magnetic reso-
nance imaging (MRI) is distinct enough to be increasingly used for diagnostic 
purposes, particularly when the x-rays are not diagnostic. A predilection for 
ocular inflammation, particularly acute anterior uveitis, is a common feature 
of spondyloarthritis. Indeed, some investigators consider anterior uveitis to 
be a feature of spondyloarthritis in its own right because it may occur in the 
same susceptible population of patients even in the absence of joint involve-
ment, and it may have a unique genetic predisposition. Finally, all spondylo-
arthritis subsets have an association with the class I HLA allele B27, with the 
strength of the association varying somewhat among them. Newer genetic 
risk associations such as IL23R, which are shared between spondyloarthritis, 
psoriatic arthritis, and inflammatory bowel disease, further link the clinical 
subsets of spondyloarthritis.

 DIAGNOSIS
Diagnostic criteria (Table 249-1 [Assessment in Spondyloarthritis International 
Society criteria]) emphasize the common clinical features—namely, inflam-
matory spinal pain or asymmetrical lower extremity synovitis. Several distinct 
features differentiate spondyloarthritis from rheumatoid arthritis, the other 
main contributor to the differential diagnosis of chronic polyarthritis (Table 
249-2). Imaging is often critical for making a diagnosis of axial spondyloar-
thritis or peripheral spondyloarthritis, monitoring inflammation and damage, 
predicting outcome, determining response to treatment, and detecting spinal 

number of patients do not fit into one of these distinct diagnostic categories 
but share some of the common clinical features described in this chapter. This 
syndrome is termed undifferentiated spondyloarthritis; it may evolve over time 
into a classic pattern such as ankylosing spondylitis, or it may retain an undif-
ferentiated pattern in long-term follow-up studies.

 PATHOBIOLOGY
Family studies involving multiple individuals with spondyloarthritis have 
emphasized some of the common features among the four distinct subsets. 
The impression from such studies is that there is a shared common path of 
immunogenetic susceptibility, with further genetic and environmental influ-
ences that lead to characteristic clinical subsets. Thus, enteropathic arthritis 
may occur in one such family, but in another family the disease may be psoriatic 
arthritis. In this sense, the subsets of spondyloarthritis seem to “breed true.” 
It should be recognized, however, that some distinct clinical features can be 
very similar in their manifestations (e.g., guttate psoriasis and keratoderma 
blennorrhagicum), making simple discrimination difficult.

Genetic Susceptibility
Recent genome-wide association studies in ankylosing spondylitis have identi-
fied additional genetic markers of susceptibility for ankylosing spondylitis. 
Polymorphisms in the IL-23R gene are associated with ankylosing spondylitis, 
and these particular variants are the same as those seen in inflammatory bowel 
disease and psoriasis.1 Thus the clinical convergence of these different diseases, 
well known to clinicians, now appears to have a common genetic element. 
Polymorphisms in the endoplasmic reticulum aminopeptidase (ERAP) gene 
constitute the strongest genetic risk factor for ankylosing spondylitis after 
HLA-B27, and the association with ankylosing spondylitis is restricted to 
HLA-B27+ ankylosing spondylitis patients, suggesting a gene-gene interaction. 
ERAP plays a key role in trimming peptides in the endoplasmic reticulum 
before loading these peptide complexes onto a nascent class I MHC molecule. 
This finding continues to attribute a central role to MHC class I peptide pre-
sentation in the pathogenesis of ankylosing spondylitis. With larger numbers 
studied, the list of candidate genes conferring susceptibility to ankylosing 
spondylitis has now extended to more than 20, but the odds ratio for any one 
gene is modest, with the notable exception of HLA-B27.

It is believed that the prevalence of ankylosing spondylitis in various parts 
of the world closely parallels the prevalence of B27 in that population, and in 
general, this pattern is valid. What introduces complexity into this concept is 
the recognition that there are more than 30 subtypes of B27. HLA-B2705 is 
regarded as the primordial subtype, with variability developing over time on 
the basis of alterations in genomic DNA. Some subtypes, notably B2706 and 
B2709, do not seem to confer increased susceptibility to the development of 
ankylosing spondylitis. This observation has led to a search for “arthritogenic 
peptides” that are presented by the disease-associated subtypes such as B2705 
and B2704, but not by the non–disease-associated subtypes. To date, no simple 
peptide-susceptibility relationship has been demonstrated, but this is an 
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ABSTRACT
Spondyloarthritis encompasses a group of clinical syndromes that are linked 
in terms of disease manifestations and genetic susceptibility. The common 
clinical subsets are ankylosing spondylitis, reactive arthritis, psoriatic arthritis, 
and enteropathic arthritis. Immune profiling has highlighted common pathways 
in cellular immunity in these conditions. Biologic therapies have improved 
the outlook for these patients, but targeted therapies which are curative are 
still being sought.
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The major histocompatibility complex (MHC), on the short arm of chromo-
some 6 in humans, is one of the most polymorphic regions of the human 
genome. This is particularly so for the B locus, which constitutes part of the 
class I MHC genes in this complex. More than 200 different alleles have been 
detected at this locus, of which B27 is just one. As with all HLA alleles, there 
is codominant expression of B locus genes, such that most individuals who 
are B27 positive are heterozygous for the B locus. There appears to be little 
clinical or prognostic significance associated with the less common homozy-
gous B27 state. The conventional role of class I HLAs is to present a processed 
peptide to the T-cell receptor of a specific CD8+ cytotoxic T cell, thereby 
initiating an immune response against the pathogen from which that peptide 
was derived by intracellular proteolysis and processing. This function gives 
the HLAs a critical role in host defense against pathogens, and the heteroge-
neity of cellular immune responses is alleged to be an advantage for a species 
(such as humans) with extensive polymorphism in a region of the genome. 
This idea has led to the concept that infectious diseases have driven allelic 
polymorphisms in the MHC. Such a hypothesis postulates a selective advantage 
in the extensive peptide-binding capabilities conferred by different alleles of 
the B locus, as appears to be the case for HLA-B27’s association with a more 
robust immune response to hepatitis C virus infection.

It is clear that HLA is strongly associated with spondyloarthritis, yet the 
prevalence of HLA-B27 varies widely in different racial and ethnic clusters 
around the world. It is virtually absent in aboriginal populations in Australia, 
occurs in 1% of the population in Japan, in 7% in northern European countries, 
and in 50% in some of the native tribes in western Canada. The environmental-
genetic interaction that may account for the expansion or restriction of this 
gene in human populations is unknown, but some evidence indicates that 
B27 may confer a more effective host response to some viruses, such as hepa-
titis C. This variability has a practical impact for the clinician. Because the 
relative risk conferred by a gene reflects the prevalence of the gene in affected 
individuals versus its prevalence in the normal population, the relative risk 
for spondyloarthritis is higher in a population in which the gene is uncommon 
(e.g., Japan) than in a population in which B27 is more common (e.g., Scan-
dinavia). In the North American white population, the prevalence of the gene 
is approximately 7%. Thus, there is a 7% “false-positive” rate if one is attempting 
to use the gene as a diagnostic marker to decipher the cause of chronic back 
pain in an unselected population of patients. In contrast, 90% of patients with 
ankylosing spondylitis are B27 positive, so there is a 10% “false-negative” rate 
when using the test diagnostically. The key factor is pretest probability. In a 
patient with chronic back pain that is clearly inflammatory in character, the 
addition of B27 positivity combines to strengthen the likelihood of ankylosing 
spondylitis accounting for the back problem. The presence of distinctive extra-
articular features (e.g., uveitis) further increases this likelihood.
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fractures and osteoporosis.3 These features include sex predilection, HLA 
association, pattern of joint involvement, and presence of rheumatoid factor, 
which becomes the serologic distinction between seropositive disease (rheu-
matoid arthritis) and seronegative disease (spondyloarthritis).4

At the level of joint histopathology, sites of chronic inflammation in rheu-
matoid arthritis are associated with erosions, but in spondyloarthritis such 
sites are associated with new bone formation. This distinction suggests a fun-
damental difference in the cytokine profile in the microenvironment of the 
joint, but this issue has not been resolved, and the mediators of neo-ossification 
await identification. Dysregulation of the wnt/β-catenin pathway may play a 
key role in the ankylosing process. Synovial histopathology in spondyloarthritis 
is characterized by abundant neutrophils, macrophages, and hypervascularity, 
whereas in rheumatoid arthritis the prominent features are lymphoid aggre-
gates, dendritic cells, lining cell hyperplasia, and citrullinated proteins. These 
differences suggest that spondyloarthritis reflects a fundamental alteration in 
innate immunity, whereas rheumatoid arthritis reflects dysregulation of adap-
tive immunity.

 CLINICAL SUBSETS OF THE 
SPONDYLOARTHROPATHIES

Ankylosing Spondylitis
 EPIDEMIOLOGY

Ankylosing spondylitis is the most common inflammatory disorder of the 
axial skeleton. The following is a useful rule of thumb: ankylosing spondylitis 
occurs in 0.2% of the general population, in 2% of the B27-positive popula-
tion, and in 20% of B27-positive individuals with an affected family member.5 
There is a male preponderance in the disease, with the male-to-female ratio 
ranging from 2.5 : 1 to 5 : 1; however, recent epidemiologic studies have found 
more female involvement than these earlier estimates indicate. The basis for 
the gender bias has not been resolved. It is held, however, that ankylosing 
spondylitis is underrecognized in women, perhaps because of milder axial 

important clue to the pathogenic role of B27, and studies are ongoing to 
explore this relationship. Recent studies have suggested that certain B27 sub-
types have specific interactions with ERAP, which might fundamentally alter 
MHC structure and function.

Genome-wide screening studies of multiplex families with spondyloarthritis, 
particularly ankylosing spondylitis, are ongoing in several countries to identify 
other genes involved in the predisposition to these diseases. The strongest 
association of spondyloarthritis to date remains with the HLA complex, so 
at least in familial ankylosing spondylitis, B27 may to a certain extent be nec-
essary (but not sufficient) to confer disease susceptibility. MRI studies in 
asymptomatic B27-positive individuals indicate that there is a much higher 
prevalence of sacroiliitis than previously recognized, and studies are continu-
ing to define that prevalence and indeed the prevalence of spondyloarthritis 
in the general population. Some investigators have concluded that spondylo-
arthritis is as common as rheumatoid arthritis.

 CLINICAL MANIFESTATIONS
There are several common features in the clinical subsets of spondyloarthritis 
that serve to both link them with and distinguish them from the other major 
contributor to chronic polyarthritis—rheumatoid arthritis (Chapter 248).2 
Spondyloarthritis has a strong predilection for the spine, in particular the 
sacroiliac joints. There is a shared tendency for new bone formation at sites 
of chronic inflammation, with joint ankylosis as a consequence. When periph-
eral arthritis occurs, it is commonly in the lower extremity and asymmetrical. 
There is a predilection for involvement at sites of tendon insertion into bone 
(entheses), so enthesitis is one of the most specific clinical manifestations of 
spondyloarthritis. Theories postulating the basis for this target organ involve-
ment have invoked biomechanical factors, innervation, local vascularity, and 
bone marrow–derived inflammatory mediators, but the precise mechanism 
remains incompletely defined. Whatever the reason, inflammation in the 
enthesis and contiguous subchondral bone is a characteristic feature of this 
form of arthritis, and the appearance of this inflammation on magnetic reso-
nance imaging (MRI) is distinct enough to be increasingly used for diagnostic 
purposes, particularly when the x-rays are not diagnostic. A predilection for 
ocular inflammation, particularly acute anterior uveitis, is a common feature 
of spondyloarthritis. Indeed, some investigators consider anterior uveitis to 
be a feature of spondyloarthritis in its own right because it may occur in the 
same susceptible population of patients even in the absence of joint involve-
ment, and it may have a unique genetic predisposition. Finally, all spondylo-
arthritis subsets have an association with the class I HLA allele B27, with the 
strength of the association varying somewhat among them. Newer genetic 
risk associations such as IL23R, which are shared between spondyloarthritis, 
psoriatic arthritis, and inflammatory bowel disease, further link the clinical 
subsets of spondyloarthritis.

 DIAGNOSIS
Diagnostic criteria (Table 249-1 [Assessment in Spondyloarthritis International 
Society criteria]) emphasize the common clinical features—namely, inflam-
matory spinal pain or asymmetrical lower extremity synovitis. Several distinct 
features differentiate spondyloarthritis from rheumatoid arthritis, the other 
main contributor to the differential diagnosis of chronic polyarthritis (Table 
249-2). Imaging is often critical for making a diagnosis of axial spondyloar-
thritis or peripheral spondyloarthritis, monitoring inflammation and damage, 
predicting outcome, determining response to treatment, and detecting spinal 

TABLE 249-1 ASAS CLASSIFICATION CRITERIA FOR AXIAL 
SPONDYLOARTHRITIS

Sacroiliitis* HLA-B27
Plus OR Plus
≥1 SpA feature† ≥2 other SpA features†

*Sacroiliitis (x-rays or MRI) †SpA features:
•	 Definite	radiographic	sacroiliitis	according	

to modified New York criteria (see Table 
249-3)

Or

•	 IBP
•	 Arthritis
•	 Enthesitis	(heel)
•	 Dactylitis

•	 Active	(acute)	inflammation	on	MRI	highly	
suggestive of sacroiliitis associated with SpA

•	 Psoriasis
•	 Crohn	disease/ulcerative	colitis
•	 Good	response	to	NSAIDs
•	 Family	history	of	SpA
•	 Elevated	CRP
•	 HLA-827

ASAS = Assessment in Spondyloarthritis International Society; CRP = C-reactive protein;  
IBP = inflammatory back pain; MRI = magnetic resonance imaging; NSAIDs = nonsteroidal 
anti-inflammatory drugs; SpA = spondyloarthritis.

TABLE 249-2 DIFFERENTIAL DIAGNOSIS OF CHRONIC POLYARTHRITIS

FEATURE
RHEUMATOID 

ARTHRITIS
ANKYLOSING 
SPONDYLITIS

ENTEROPATHIC 
ARTHRITIS PSORIATIC ARTHRITIS REACTIVE ARTHRITIS

Male-female ratio 1 : 3 3 : 1 1 : 1 1 : 1 10 : 1
HLA association DR4 B27 B27 (axial) B27 (axial) B27
Joint pattern Symmetrical, peripheral Axial Axial and peripheral Axial and asymmetrical, peripheral Axial and asymmetrical, peripheral
Sacroiliac 0 Symmetrical Symmetrical Asymmetrical Asymmetrical
Syndesmophyte 0 Smooth, marginal Smooth, marginal Coarse, nonmarginal Coarse, nonmarginal
Eye Scleritis Iritis +/− 0 Iritis and conjunctivitis
Skin Vasculitis 0 0 Psoriasis Keratoderma
Rheumatoid factor >80% 0 0 0 0
HLA = human leukocyte antigen.
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Other steps have also been taken to define the mechanism whereby B27 
confers disease susceptibility, in addition to that of uniquely presenting an 
arthritogenic peptide to T cells. According to the theory of molecular mimicry, 
an autoimmune response can ensue after an infection if the immune response 
against the pathogen cross-reacts with host antigens. There is a degree of 
sequence homology between B27 and several candidate gram-negative enteric 
bacteria, and there is evidence for cross-reacting monoclonal antibodies, but 
the significance of such homology for disease pathogenesis remains unresolved. 
It has also been argued that B27 is distinctive in its propensity to misfold in 
the endoplasmic reticulum, which may induce a pro-inflammatory cascade 
called the unfolded protein response. Furthermore, B27 may have a distinct 
tendency to form heavy-chain homodimers at the cell surface, and the possible 
consequences of this change for the immune response are under investigation. 
There has also been investigation into the alteration of primary host-pathogen 
interactions, such as modulation of pathogen invasion, intracellular replication, 
and clearance. However, no definitive allele-specific relationships have been 
demonstrated in these studies.

In B27 transgenic rats, the spontaneous development of pathology that is 
strikingly similar to human spondyloarthritis has supported the notion that 
B27 itself is the critical genetic factor in disease pathogenesis. These animals 
demonstrate pathology similar to that of Crohn disease in the GI tract, spon-
dylitis, peripheral arthritis, uveitis, and psoriasiform skin and nail changes. 
Of interest, if such animals are raised in a germ-free environment, there is a 
marked reduction in joint and gut disease, implying a dynamic interrelation-
ship between microbial triggers and background host genes that seems to 
recapitulate the situation seen clinically.
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manifestations include aortic insufficiency, cardiac conduction defects, and 
pulmonary fibrosis.

 DIAGNOSIS
Physical Examination
Physical examination of the spine characteristically indicates restricted move-
ment, which in the early stages may reflect paraspinal muscle spasm in part; 
late in the course it reflects ankylosis of the zygapophyseal joints and syndes-
mophyte bridging of the vertebral bodies. Forward flexion is restricted and 
can be monitored by the Schober test. This test is used to measure mobility 
in the lower part of the back: with the patient standing upright, a 10-cm span 
is marked from the fifth lumbar vertebra upward. On maximal forward flexion, 
the distance between the marks is remeasured. With normal spinal mobility, 
the flexed distance should register as 15 cm or an increment of 5 cm. Thoracic 
involvement is measured in chest expansion, with the chest circumference at 
maximal inspiration being more than 5 cm greater than the circumference at 
maximal expiration. Changes in cervical mobility can be measured as the 
occiput-to-wall distance, with the patient’s heels against the wall as the patient 
attempts to touch the back of the head to the wall. Restricted spinal mobility 
early in the course of the disease may best be detected by lateral spinal flexion, 
measured as the difference in the finger-to-floor distance when standing erect 
compared with maximal bending to the side. Inflammation in the sacroiliac 
joint may be reflected by joint line tenderness to direct pressure or by the 
FABERE test (for Flexion, ABduction, External Rotation, and Extension) or 
Gaenslen maneuver. In the former, the patient lies supine while the examiner 
flexes and externally rotates the hip. In the latter, the examiner extends the 
hip by letting the leg dangle off the side of the examining table. In both cases, 
stress is placed on the sacroiliac joint and may reproduce the back pain if it 
derives from this site.

Laboratory Findings
Laboratory tests in the evaluation of inflammatory back pain are relatively 
nonspecific. The ESR and CRP are typically elevated, but normal levels do 
not exclude inflammatory back pain, and the degree of elevation is typically 
less than would be seen in acute rheumatoid arthritis. Anemia of chronic 
disease may be observed if the condition is long-standing. HLA-B27 is rarely 
the definitive factor for diagnosis, and the false-positive and false-negative 
rates have already been discussed; however, in the setting of characteristic 
back symptoms, the test has reasonably high sensitivity and specificity.

Imaging
Radiographic assessment is important for confirmation of disease, but early 
in the course there may be no radiographic changes in the sacroiliac joints. If 
the clinician has a high index of suspicion in such cases, MRI may improve 
the sensitivity of the plain radiograph because inflammatory changes on MRI 
predate radiographic changes. When ordering x-rays, specific views of the 
sacroiliac joints can be requested. A routine anteroposterior pelvic radiograph 
is generally the standard diagnostic x-ray. The classic findings are bilateral 
changes in the sacroiliac joints (Fig. 249-2). Abnormalities include erosions 
in the joint line, pseudowidening, subchondral sclerosis, and, finally, ankylosis, 
reflecting complete bony replacement of the sacroiliac joints.

disease and a more delayed disease onset, but alternative diagnoses of pelvic 
and low back pain in women may hinder clinician awareness of the disease 
in female patients.

 CLINICAL MANIFESTATIONS
Ankylosing spondylitis typically begins in young adulthood, but symptoms 
may arise in adolescence or earlier. Up to 15% of children with juvenile 
idiopathic arthritis are classified as having juvenile ankylosing spondylitis. 
Such children may have a pauciarticular pattern, with a predilection for the 
tarsal joints and frequently minimal spinal complaints. During the adoles-
cent years there is an increasing prevalence of radiographic sacroiliitis, with 
a significant proportion of patients manifesting this feature by the end of 
the teenage years. At the other end of the age spectrum, a small number 
of patients with late-onset ankylosing spondylitis may have sacroiliitis and 
oligoarthritis. The axial involvement and asymmetrical lower extremity 
involvement may serve to differentiate such patients from those with late-
onset rheumatoid arthritis, although there may be overlapping clinical fea-
tures. Recent studies indicate that the rate of radiographic progression may 
be less in juvenile-onset ankylosing spondylitis than in adult-onset ankylosing  
spondylitis.

The classic manifestation of ankylosing spondylitis is the onset of low back 
pain that persists for more than 3 months, is accompanied by early-morning 
stiffness, and is typically improved by exercise but not by rest (Table 249-3). 
Some studies would include a response to NSAID therapy as an additional 
feature differentiating ankylosing spondylitis from mechanical low back pain. 
Back pain that awakens the patient from sleep is often a clue to inflamma-
tory back pain that may have been misdiagnosed as the pain of degenera-
tive disc disease, the latter being a much more common cause of low back 
pain in the population at large. The pain typically occurs in the region of the 
sacroiliac joints, with or without slight radiation to the buttock area. Mid-
thoracic pain and cervical pain, particularly at night, are less common but 
strongly suggest inflammatory back pain when they occur. Fatigue is also a 
suggestive symptom and is often a major concern for the typical young male 
patient who has a high functional target in terms of sports and recreation. 
If the inflammation is inadequately controlled, there is increasing stiffness 
that may persist most of the day, as well as progressive loss of mobility and  
flexibility.

Peripheral oligoarthritis is seen in up to 30% of patients with ankylosing 
spondylitis. Typically, it is an asymmetrical oligoarthritis with a predilection 
for the lower extremities. It is important to ask about concurrent or previous 
tendinitis (e.g., Achilles tendinitis) or heel pain (e.g., plantar fasciitis), because 
either may reflect an enthesitis that is part of the clinical picture. Involvement 
of the hip can occur at any point in the course of ankylosing spondylitis and 
can follow a course to joint destruction. A hip flexion contracture on this basis 
may contribute to increasing stoop on standing and walking, which may oth-
erwise be attributed to spinal involvement in the disease.

Extra-articular features most commonly involve the eye. Ocular involvement 
may occur in up to 40% of ankylosing spondylitis patients, most typically 
acute anterior uveitis (iritis). The uveitis often manifests as a slight impairment 
in visual acuity, with accompanying photophobia and eye pain. Typically, it 
is unilateral and recurrent. Inflammatory bowel disease and psoriasis occur 
in approximately 10% of ankylosing spondylitis cohorts. Less common 

FIGURE 249-2. Bilaterally symmetrical sacroiliitis in ankylosing spondylitis. 

Differential Diagnosis
The differential diagnosis of ankylosing spondylitis includes the following: 
osteitis condensans ilii; diffuse idiopathic skeletal hyperostosis (DISH; 
Chapter 243); the syndrome of synovitis, acne, pustulosis, hyperostosis, and 
osteomyelitis (SAPHO); and some induced hyperostotic states (vitamin A 
intoxication, fluorosis). New bone formation occurs in degenerative disc 
disease, but the bulky horizontal appearance of osteophytes is usually easily 
distinguished from that of syndesmophytes, and narrowing of the disc space 
is not a feature of ankylosing spondylitis. Osteoarthritis of the sacroiliac joint 
has recently been recognized as having a higher prevalence than previously  
appreciated.

The clinical course and severity of ankylosing spondylitis are highly variable. 
Inflammatory back pain and stiffness dominate the picture in the early stages, 
whereas chronic pain and deformity may develop over time. In both early and 
late phases of the disease, there may be a significant impact on work disability 
and quality of life. In only a minority of patients does the full-blown picture 
of a bamboo spine eventually develop, but there are few variables that can 
reliably aid in prognosticating the course. At present, the strongest predictor 
of new syndesmophyte formation is the presence of syndesmophytes at base-
line. In ankylosing spondylitis patients in whom new, refractory spinal pain 
develops, an intervertebral fracture should be considered, which can occur 
after only minimal trauma.

Additional late complications may include cauda equina syndrome,  
osteoporotic compression fractures, spondylodiscitis, and restrictive lung 
disease.

Reactive Arthritis
 DEFINITION

Reactive arthritis is an aseptic arthritis that occurs subsequent to an extra-
articular infection, most typically of the GI or GU tract.6 In the GI tract, the 
key pathogens are Salmonella typhimurium, Yersinia enterocolitica, Shigella flexneri, 
and Campylobacter jejuni. In the GU tract, Chlamydia trachomatis is the most 
common offender.

 EPIDEMIOLOGY
The true incidence and prevalence of ReA are not well defined. In epidem-
ics involving Salmonella (Chapter 292) or Yersinia (Chapter 296), it is esti-
mated that reactive arthritis develops in 2 to 7% of infected individuals but 
in as many as 20% of B27-positive infected individuals. In such epidemic 
studies, B27 confers risk not only for the onset of arthritis but also for axial 
involvement and chronicity. Genetic variants in toll-like receptor 2 (TLR-2) 
are associated with acute reactive arthritis, thus implicating host innate 
immunity as central in reactive arthritis. The variability in the rate of reac-
tive arthritis is determined by the heterogeneity of the cohorts reported, 
which introduces confounding variables of different genetic backgrounds 
in the population and different species of pathogens. Even in the setting 
of an epidemic point source outbreak, the inoculum varies widely among 
the exposed individuals, and the genetic makeup of the population at risk 
(e.g., the prevalence of B27) may differ greatly among different studies. Case 
ascertainment and relative risk are even more difficult to determine for post-
Chlamydia reactive arthritis. Young adults in the United States have a high 
prevalence of asymptomatic Chlamydia carriage in the GU tract, and estab-
lishing a causal link between Chlamydia and synovitis can be difficult. Never-
theless, it is with Chlamydia that reactive arthritis has been most intensively  
studied.

 PATHOBIOLOGY
Although immunofluorescence studies have identified bacterial antigens in 
the joints of patients with reactive arthritis after both GI and GU infections, 
it is primarily in post-Chlamydia reactive arthritis that results of polymerase 
chain reaction studies on synovial tissues have most consistently been positive, 
suggesting that viable Chlamydia may persist in the joints of such patients, 
albeit in a metabolically altered state.

Typically, the onset of arthritis occurs 1 to 3 weeks after the GI or GU 
infection, but the temporal details are often difficult to define precisely.

Although the definition of aseptic arthritis after an extra-articular infection 
may include a broader range of pathogens (e.g., Chlamydia pneumoniae), sites 
of infection (e.g., streptococcal pharyngitis), and types of infections (e.g., 
Giardia infections of the GI tract), these clinical scenarios have not generally 
been included in the category of reactive arthritis. They lack the other associ-
ated clinical features of the spondyloarthritis group of diseases, and they lack 
an association with B27.

TABLE 249-3 MODIFIED NEW YORK CRITERIA FOR 
ANKYLOSING SPONDYLITIS (1984)

CLINICAL CRITERIA

Low back pain and stiffness for >3 mo that improve with exercise but are not relieved 
by rest

Limitation of motion of the lumbar spine in both sagittal and frontal planes
Limitation of chest expansion
RADIOLOGIC CRITERIA

Sacroiliitis: grade ≥2 bilateral or grade 3 or 4 unilateral
GRADING

Definite AS if the radiologic criterion is associated with at least one clinical variable
Probable AS if:

The three clinical criteria are present
The radiologic criterion is present without the clinical criteria

AS = ankylosing spondylitis.



CHAPTER 249 The SpondyloarThropaThieS 1721

FIGURE 249-3. Left, lumbar spondylitis in ankylosing spondylitis, with symmetrical 
marginal bridging syndesmophytes and calcification of the spinal ligament. Right, The 
bulky, nonmarginal, asymmetrical syndesmophytes of reactive arthritis with lumbar 
spondylitis. 

Differential Diagnosis
The differential diagnosis of ankylosing spondylitis includes the following: 
osteitis condensans ilii; diffuse idiopathic skeletal hyperostosis (DISH; 
Chapter 243); the syndrome of synovitis, acne, pustulosis, hyperostosis, and 
osteomyelitis (SAPHO); and some induced hyperostotic states (vitamin A 
intoxication, fluorosis). New bone formation occurs in degenerative disc 
disease, but the bulky horizontal appearance of osteophytes is usually easily 
distinguished from that of syndesmophytes, and narrowing of the disc space 
is not a feature of ankylosing spondylitis. Osteoarthritis of the sacroiliac joint 
has recently been recognized as having a higher prevalence than previously  
appreciated.

The clinical course and severity of ankylosing spondylitis are highly variable. 
Inflammatory back pain and stiffness dominate the picture in the early stages, 
whereas chronic pain and deformity may develop over time. In both early and 
late phases of the disease, there may be a significant impact on work disability 
and quality of life. In only a minority of patients does the full-blown picture 
of a bamboo spine eventually develop, but there are few variables that can 
reliably aid in prognosticating the course. At present, the strongest predictor 
of new syndesmophyte formation is the presence of syndesmophytes at base-
line. In ankylosing spondylitis patients in whom new, refractory spinal pain 
develops, an intervertebral fracture should be considered, which can occur 
after only minimal trauma.

Additional late complications may include cauda equina syndrome,  
osteoporotic compression fractures, spondylodiscitis, and restrictive lung 
disease.

Reactive Arthritis
 DEFINITION

Reactive arthritis is an aseptic arthritis that occurs subsequent to an extra-
articular infection, most typically of the GI or GU tract.6 In the GI tract, the 
key pathogens are Salmonella typhimurium, Yersinia enterocolitica, Shigella flexneri, 
and Campylobacter jejuni. In the GU tract, Chlamydia trachomatis is the most 
common offender.

 EPIDEMIOLOGY
The true incidence and prevalence of ReA are not well defined. In epidem-
ics involving Salmonella (Chapter 292) or Yersinia (Chapter 296), it is esti-
mated that reactive arthritis develops in 2 to 7% of infected individuals but 
in as many as 20% of B27-positive infected individuals. In such epidemic 
studies, B27 confers risk not only for the onset of arthritis but also for axial 
involvement and chronicity. Genetic variants in toll-like receptor 2 (TLR-2) 
are associated with acute reactive arthritis, thus implicating host innate 
immunity as central in reactive arthritis. The variability in the rate of reac-
tive arthritis is determined by the heterogeneity of the cohorts reported, 
which introduces confounding variables of different genetic backgrounds 
in the population and different species of pathogens. Even in the setting 
of an epidemic point source outbreak, the inoculum varies widely among 
the exposed individuals, and the genetic makeup of the population at risk 
(e.g., the prevalence of B27) may differ greatly among different studies. Case 
ascertainment and relative risk are even more difficult to determine for post-
Chlamydia reactive arthritis. Young adults in the United States have a high 
prevalence of asymptomatic Chlamydia carriage in the GU tract, and estab-
lishing a causal link between Chlamydia and synovitis can be difficult. Never-
theless, it is with Chlamydia that reactive arthritis has been most intensively  
studied.

 PATHOBIOLOGY
Although immunofluorescence studies have identified bacterial antigens in 
the joints of patients with reactive arthritis after both GI and GU infections, 
it is primarily in post-Chlamydia reactive arthritis that results of polymerase 
chain reaction studies on synovial tissues have most consistently been positive, 
suggesting that viable Chlamydia may persist in the joints of such patients, 
albeit in a metabolically altered state.

Typically, the onset of arthritis occurs 1 to 3 weeks after the GI or GU 
infection, but the temporal details are often difficult to define precisely.

Although the definition of aseptic arthritis after an extra-articular infection 
may include a broader range of pathogens (e.g., Chlamydia pneumoniae), sites 
of infection (e.g., streptococcal pharyngitis), and types of infections (e.g., 
Giardia infections of the GI tract), these clinical scenarios have not generally 
been included in the category of reactive arthritis. They lack the other associ-
ated clinical features of the spondyloarthritis group of diseases, and they lack 
an association with B27.

Radiographs of the spine may reveal squaring of the vertebral bodies (loss 
of the normal anterior concavity of the lumbar vertebra) and “shiny corners” 
(subchondral sclerosis at the upper edge of the vertebral body), both of which 
are manifestations of enthesitis. Syndesmophytes, which represent marginal 
bridging of the vertebrae (Figs. 249-3 and 249-4), eventually develop and 
make the diagnosis clear. Because ankylosis of the apophyseal joints may occur 
without syndesmophyte formation, it is important to assess the posterior joints 
on the lateral lumbosacral spine views, as well as the anterior margin of the 
vertebrae. Eventually, the changes may result in a “bamboo spine,” so called 
because the bridging syndesmophytes can mimic the appearance of bamboo. 
It is now appreciated that osteoporosis (Chapter 230) is a significant feature 
of ankylosing spondylitis, probably reflecting both the local chronic inflam-
mation and the abnormal biomechanical loading of the vertebrae as the disease 
progresses.

FIGURE 249-4. A 34-year-old man who has had ankylosing spondylitis for 9 years 
and neck pain. radiographs demonstrate narrowing of the C2-C3 apophyseal joints 
posteriorly and anterior bridging marginal syndesmophytes extending from C2 to C5. 
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arthritis in patients with HIV, but HIV may alter the course of these arthropa-
thies, with a tendency for a more aggressive and more refractory joint disease. 
Aggressive skin and joint disease may be seen in patients in whom psoriatic 
arthritis develops in the setting of HIV infection. Most North American 
patients with the HIV-reactive arthritis constellation are B27 positive, but 
studies of comparable patients in Africa have found a sizable B27-negative 
component in such patients. The arthritis in these patients falls into two clini-
cal patterns: (1) an additive, asymmetrical polyarthritis or (2) an intermittent 
oligoarthritis that most commonly affects the lower extremities. Enthesitis, 
fasciitis, conjunctivitis, and urethritis can all be seen in such patients. Sacroi-
liitis can occur, although extensive spinal syndesmophyte formation is not  
common.

Enteropathic Arthritis
 DEFINITION

Enteropathic arthritis refers to the arthritis associated with Crohn disease or 
ulcerative colitis (Chapter 132; Table 249-4).

 PATHOBIOLOGY
The association of bowel inflammation and arthritis is supported by ileoco-
lonoscopic studies in which subclinical inflammation of the bowel has been 
demonstrated in diseases covering the entire spectrum of spondyloarthritis. 

FIGURE 249-6. Bilaterally asymmetrical sacroiliitis in reactive arthritis. erosions, 
pseudowidening, and ileal sclerosis are present. 

TABLE 249-4 ENTEROPATHIC ARTHRITIS

FEATURE PERIPHERAL ARTHRITIS
SACROILIITIS, 
SPONDYLITIS

CROHN DISEASE

Frequency in Crohn disease 10-20% 2-7%
HLA-B27 associated No Yes
Pattern Transient, symmetrical Chronic
Course Related to activity of Crohn 

disease
Unrelated to activity 

of Crohn disease
Effect of surgery Remission of arthritis 

uncommon
No effect

Effect of anti-TNF therapy Effective Effective
ULCERATIVE COLITIS

Frequency in ulcerative colitis 5-10% 2-7%
HLA-B27 associated No Yes
Pattern Transient Chronic
Course More common in pancolitis 

than proctitis; related to 
activity of ulcerative colitis

Unrelated

Effect of surgery Remission of arthritis No effect
HLA = human leukocyte antigen; TNF = tumor necrosis factor.

 DIAGNOSIS
The pattern of joint involvement in reactive arthritis is one of asymmetrical 
oligoarthritis with a predilection for the lower extremity, a pattern shared by 
most spondyloarthritis syndromes. Enthesitis may present as Achilles tendinitis 
or plantar fasciitis. Dactylitis, appearing as a sausage digit, may also be seen. 
Dactylitis is the net result of inflammatory changes affecting the joint capsule, 
entheses, periarticular structures, and periosteal bone. Sacroiliitis may be seen 
in the acute phase, but radiographic changes are seen largely in patients with 
a more chronic course.

When reactive arthritis is accompanied by certain extra-articular features 
such as urethritis, conjunctivitis, or mucocutaneous lesions, the term Reiter 
syndrome has been applied historically, but it is no longer in common use. The 
urethritis may manifest as dysuria or discharge, and the rash as circinate bala-
nitis, which appears as vesicles or shallow ulcerations on the glans penis. Pain-
less lingual or oral ulcerations may also be seen. The fact that the cervicitis 
may be less symptomatic could partially account for the underdiagnosis in 
women. The classic skin manifestation of reactive arthritis is keratoderma 
blennorrhagicum, a painless papulosquamous eruption on the palms or soles 
(Fig. 249-5). Occasionally, nail dystrophy with pitting and onycholysis or 
subungual keratosis can be seen. The conjunctivitis can be bilateral and painful; 
in contrast, the acute anterior uveitis that can also be seen in this setting tends 
to be less painful and unilateral.

Radiographic changes of reactive arthritis can be seen in the involved periph-
eral joints, with early findings consisting of soft tissue swelling and juxta-
articular osteopenia. Areas of periostitis and new bone formation may develop 
in peripheral joints. When changes in the sacroiliac joints are seen, they are 
typically asymmetrical (Fig. 249-6), in contrast to the symmetrical pattern 
seen in ankylosing spondylitis. In the chronic phase, syndesmophytes may 
develop, but they are described as bulky, nonmarginal, often asymmetrical 
formations that differ from the classic syndesmophytes of ankylosing spon-
dylitis. The frequency with which reactive arthritis evolves into bona fide 
ankylosing spondylitis has not been determined definitively.

Differential Diagnosis
The most important differential diagnosis for such reactive arthropathies is 
septic arthritis. Both Yersinia and Salmonella can cause septic arthritis, so an 
appropriate culture of synovial fluid should precede the diagnosis of reactive 
arthritis whenever possible. The course of reactive arthritis is variable, and 
few prognostic markers are available for the clinician to predict the course 
in an individual case. The majority of patients have an initial episode lasting 
2 to 3 months, but synovitis may persist for a year or longer. In one 5-year 
follow-up of a point source cohort of post-Salmonella reactive arthritis, 20% of 
patients had ongoing inflammatory joint disease, and some degree of functional 
disability was observed in 30% of patients 5 years after the onset of disease.

REACTIVE ARTHRITIS AND HUMAN IMMUNODEFICIENCY VIRUS
An aggressive form of spondyloarthritis may be seen in patients who are con-
comitantly infected with HIV. There is no increased frequency of reactive 

Histologic evaluation demonstrates that changes of acute ileitis are seen in 
postdysenteric reactive arthritis, whereas chronic inflammatory changes are 
more likely to be seen in patients with ankylosing spondylitis. Altered bowel 
permeability, with enhanced bacteremia or antigenemia, may provide the link 
in both cases.

 CLINICAL MANIFESTATIONS
All extraenteric manifestations, including arthritis, occur more commonly in 
Crohn disease than in ulcerative colitis. Peripheral arthritis occurs in 10 to 
20% of Crohn disease patients and in 2 to 7% of ulcerative colitis patients. 
This pattern of arthritis occurs more commonly in patients with other 
extraenteric features (e.g., erythema nodosum, iritis). It is typically an inflam-
matory nonerosive polyarthritis, predominantly of large joints. In general, the 
clinical activity of the peripheral arthritis parallels the activity of the gut inflam-
mation, and measures that control the GI disease usually control the joint 
disease as well. The peripheral arthritis of enteropathic arthritis is not associated 
with B27.

In contrast, the sacroiliitis or spondylitis of enteropathic arthritis follows 
a pattern in which the joint inflammation waxes and wanes independently of 
the bowel inflammation. Axial disease occurs in 2 to 7% of both Crohn disease 
and ulcerative colitis patients. HLA-B27 is found in 50% of patients with axial 
arthritis. The course tends to be chronic, as opposed to the transient course 
of peripheral arthritis.

 DIAGNOSIS
It is important to recognize that the musculoskeletal features of enteropathic 
arthritis may precede any GI symptoms or signs. Conversely, the diarrhea 
preceding the onset of peripheral or axial arthritis in a young patient could 
just as likely represent a food-borne pathogen (e.g., Salmonella, Yersinia), with 
secondary reactive arthritis as inflammatory bowel disease and accompanying 
enteropathic arthritis. In the initial assessment of such a patient, it is important 
to carry out careful and complete stool cultures. If the GI symptoms persist, 
diagnostic colonoscopy is often required to resolve the issue.

Psoriatic Arthritis
 EPIDEMIOLOGY

One in five patients with psoriasis also have psoriatic arthritis.7 Although most 
cases arise in patients with established cutaneous disease, some patients (par-
ticularly children) have arthritis that antedates the appearance of the skin 
lesions. Although the extent of psoriatic skin disease correlates poorly with 
the development of arthritis, the risk for psoriatic arthritis increases with a 
family history of spondyloarthritis. The age at onset can range from 30 to 55 
years, with an equal predilection for psoriatic arthritis in women and men. 
Psoriatic spondylitis has a slight male preponderance. Large prospective studies 
also suggest that obesity is a significant risk factor for psoriatic arthritis.

 PATHOBIOLOGY
The genetic associations with psoriatic arthritis are complex. Psoriasis itself 
is associated with several HLA loci; some B alleles have been reported, but 
the dominant element is HLA-Cw6. HLA-B39 and HLA-B27 have been asso-
ciated with sacroiliitis and axial involvement. No etiologic agent has been 
proved in psoriatic arthritis, although some investigators have proposed that 
the disease process represents reactive arthritis in response to cutaneous bac-
teria. The histopathology of the synovitis of psoriatic arthritis is comparable 
to that of the other forms of spondyloarthritis, with the absence of the local 
production of immunoglobulin and rheumatoid factor differentiating this 
disease from rheumatoid arthritis.8 There is the potential for aggressive oste-
olysis, fibrous ankylosis, and heterotopic new bone formation to occur in 
psoriatic arthritis. As mentioned earlier, the coexistence of HIV and psoriatic 
arthritis seems to set the stage for an aggressive course of joint destruction in 
some patients. Patients with psoriatic arthritis can experience substantial 
physical impairment.9

 DIAGNOSIS
Psoriatic arthritis has a variable manifestation and disease course, but several 
clinical patterns have been identified in prospectively monitored cohorts of 
patients.10 The clinical subsets are not mutually exclusive, nor are they static 
over time. The most common form, which affects 30 to 50% of patients, is an 
asymmetrical oligoarthritis that may involve both large and small joints. Dac-
tylitis, arising as sausage digits, can be seen in fingers and toes and actually 
represents an enthesitis. In the second subset there is selective targeting of 
the distal interphalangeal joints, seen in 10 to 15% of patients. These changes 

TREATMENT 

FIGURE 249-5. Keratoderma blennorrhagicum of the feet in reactive arthritis. 
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are strongly associated with nail dystrophy, of which the features are ony-
cholysis, subungual keratosis, pitting, and oil drop–like staining (Fig. 249-7). 
The third subset (15 to 30% of patients) has a symmetrical polyarthritis that 
mimics rheumatoid arthritis in many ways, except for the absence of rheuma-
toid nodules and rheumatoid factor. The fourth clinical variant is psoriatic 
spondylitis, which occurs in 20% of patients; 50% of such patients are B27 
positive. Finally, arthritis mutilans (5% of patients) is a destructive, erosive 
arthritis that affects large and small joints and can be associated with marked 
deformities and significant disability.

Radiographic changes in psoriatic arthritis involve soft tissue swelling (par-
ticularly in the case of dactylitis), erosions, and periostitis. Axial involvement 
may lead to the appearance of asymmetrical sacroiliitis with syndesmophytes 
that are bulky, asymmetrical, and nonmarginal. The classic “pencil-in-cup” 
deformity may be seen in patients with distal interphalangeal joint disease or 
arthritis mutilans. Acro-osteolysis is noted in a minority of patients and reflects 
an aggressive erosive process.

Differential Diagnosis
The diagnosis of psoriatic arthritis depends on finding the typical skin or nail 
changes in association with one of the articular variants described previously. 
The differential diagnosis for the skin lesions can include seborrheic dermatitis, 
dyshidrotic eczema, fungal infection, keratoderma blennorrhagicum, and 
palmoplantar pustulosis.

Undifferentiated Spondyloarthritis
Despite careful clinical and radiographic assessment, there are still a substantial 
number of patients who do not fall into one of the classic diagnostic subsets 
of spondyloarthritis outlined previously. These patients are often defined as 
having undifferentiated spondyloarthritis with peripheral enthesitis, asym-
metrical arthritis or sacroiliitis, or iritis in the absence of identifiable antecedent 
infection or concurrent inflammatory bowel disease or psoriasis. The natural 
history of undifferentiated spondyloarthritis has not been well defined, and 
case heterogeneity and diagnostic dilemmas plague a systematic or multicenter 
approach to the problem. When the clinical course is examined, a number of 
patients may finally meet the diagnostic criteria for ankylosing spondylitis, 
but many retain a distinct undifferentiated spondyloarthritis pattern for pro-
longed periods.

Histologic evaluation demonstrates that changes of acute ileitis are seen in 
postdysenteric reactive arthritis, whereas chronic inflammatory changes are 
more likely to be seen in patients with ankylosing spondylitis. Altered bowel 
permeability, with enhanced bacteremia or antigenemia, may provide the link 
in both cases.

 CLINICAL MANIFESTATIONS
All extraenteric manifestations, including arthritis, occur more commonly in 
Crohn disease than in ulcerative colitis. Peripheral arthritis occurs in 10 to 
20% of Crohn disease patients and in 2 to 7% of ulcerative colitis patients. 
This pattern of arthritis occurs more commonly in patients with other 
extraenteric features (e.g., erythema nodosum, iritis). It is typically an inflam-
matory nonerosive polyarthritis, predominantly of large joints. In general, the 
clinical activity of the peripheral arthritis parallels the activity of the gut inflam-
mation, and measures that control the GI disease usually control the joint 
disease as well. The peripheral arthritis of enteropathic arthritis is not associated 
with B27.

In contrast, the sacroiliitis or spondylitis of enteropathic arthritis follows 
a pattern in which the joint inflammation waxes and wanes independently of 
the bowel inflammation. Axial disease occurs in 2 to 7% of both Crohn disease 
and ulcerative colitis patients. HLA-B27 is found in 50% of patients with axial 
arthritis. The course tends to be chronic, as opposed to the transient course 
of peripheral arthritis.

 DIAGNOSIS
It is important to recognize that the musculoskeletal features of enteropathic 
arthritis may precede any GI symptoms or signs. Conversely, the diarrhea 
preceding the onset of peripheral or axial arthritis in a young patient could 
just as likely represent a food-borne pathogen (e.g., Salmonella, Yersinia), with 
secondary reactive arthritis as inflammatory bowel disease and accompanying 
enteropathic arthritis. In the initial assessment of such a patient, it is important 
to carry out careful and complete stool cultures. If the GI symptoms persist, 
diagnostic colonoscopy is often required to resolve the issue.

Psoriatic Arthritis
 EPIDEMIOLOGY

One in five patients with psoriasis also have psoriatic arthritis.7 Although most 
cases arise in patients with established cutaneous disease, some patients (par-
ticularly children) have arthritis that antedates the appearance of the skin 
lesions. Although the extent of psoriatic skin disease correlates poorly with 
the development of arthritis, the risk for psoriatic arthritis increases with a 
family history of spondyloarthritis. The age at onset can range from 30 to 55 
years, with an equal predilection for psoriatic arthritis in women and men. 
Psoriatic spondylitis has a slight male preponderance. Large prospective studies 
also suggest that obesity is a significant risk factor for psoriatic arthritis.

 PATHOBIOLOGY
The genetic associations with psoriatic arthritis are complex. Psoriasis itself 
is associated with several HLA loci; some B alleles have been reported, but 
the dominant element is HLA-Cw6. HLA-B39 and HLA-B27 have been asso-
ciated with sacroiliitis and axial involvement. No etiologic agent has been 
proved in psoriatic arthritis, although some investigators have proposed that 
the disease process represents reactive arthritis in response to cutaneous bac-
teria. The histopathology of the synovitis of psoriatic arthritis is comparable 
to that of the other forms of spondyloarthritis, with the absence of the local 
production of immunoglobulin and rheumatoid factor differentiating this 
disease from rheumatoid arthritis.8 There is the potential for aggressive oste-
olysis, fibrous ankylosis, and heterotopic new bone formation to occur in 
psoriatic arthritis. As mentioned earlier, the coexistence of HIV and psoriatic 
arthritis seems to set the stage for an aggressive course of joint destruction in 
some patients. Patients with psoriatic arthritis can experience substantial 
physical impairment.9

 DIAGNOSIS
Psoriatic arthritis has a variable manifestation and disease course, but several 
clinical patterns have been identified in prospectively monitored cohorts of 
patients.10 The clinical subsets are not mutually exclusive, nor are they static 
over time. The most common form, which affects 30 to 50% of patients, is an 
asymmetrical oligoarthritis that may involve both large and small joints. Dac-
tylitis, arising as sausage digits, can be seen in fingers and toes and actually 
represents an enthesitis. In the second subset there is selective targeting of 
the distal interphalangeal joints, seen in 10 to 15% of patients. These changes 

FIGURE 249-7. Nail pitting in psoriasis. The pits are more discrete and regular compared 
with pits affecting the nail plate in dermatitis. 

General Measures
Spondyloarthritis necessitates a global approach to management in which 

education of patients is the cornerstone.11 Because the typical onset is during 
young adulthood, these patients may experience significant frustration or 
depression if their acute arthritis evolves into a chronic disease that significantly 
impairs their functional capabilities and quality of life. A clinician managing 
patients with spondyloarthritis should be aware that these psychosocial aspects 
are an important part of the burden of illness. Similarly, there may be important 
implications for the workplace, particularly if a job demands significant bending 
or twisting. It is important to include the mechanical demands of the workplace 
in the global assessment of patients with spondyloarthritis.

TREATMENT 
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 APPROACH TO SPECIFIC 
SPONDYLOARTHROPATHIES

Ankylosing Spondylitis
Consensus guidelines from the American College of Rheumatology/Spondylitis 
Association of America/Spondyloarthritis Research and Treatment Network 
can help guide medical therapy (Table 249-5).15

Psoriatic Arthritis
Patients typically receive aggressive treatment for psoriasis (Chapter 409), 
and tight control of inflammation significantly improves outcomes. A11  The 
advent of biologic agents has had a major impact on the treatment of psoriatic 
arthritis. The anti-TNF agents have been studied most extensively, indicating 
the efficacy of infliximab, etanercept, adalimumab, and golimumab.16 For 
example, treatment of psoriatic arthritis with subcutaneous golimumab (50 mg 
to 100 mg every 4 weeks) inhibits the progression of structural damage, with 
continued clinical efficacy and safety through 1 year. A12 

Other FDA-approved biologic agents can also be efficacious. Ustekinumab 
(a monoclonal antibody against interleukin-12/23) is safe, well tolerated, and 
reduces the extent and severity of psoriasis, as is guselkumab (a monoclonal 
antibody against the P19 subunit of interleukin-23, given as 100 mg subcu-
taneously at weeks 0 and 4, 12, 20, and 28, and then every 8 weeks). A13  Bro-
dalumab, a human monoclonal antibody against interleukin-17 receptor A 
(IL17RA), significantly improves response rates among patients with psoriatic 
arthritis. A14  Secukinumab (10 mg/kg intravenously at weeks 0, 2, and 4, fol-
lowed by either 150 mg or 75 mg subcutaneously every 4 weeks) A15  is another 
alternative. In patients whose psoriatic arthritis has responded inadequately 
to TNF inhibitors, tofacitinib (an oral Janus kinase inhibitor at 5 mg or 10 mg 
twice daily) is more effective than placebo over 3 months for reducing disease 
activity. A16  Filgotinib (a Janus kinase inhibitor at 200 mg orally daily for 16 
weeks) is a potential future option. A17 

Exercise is an important part of the treatment plan for patients with ankylos-
ing spondylitis.12 Generally, high-impact sports should be avoided, whereas 
swimming is an ideal exercise. Stretching to maintain mobility and maintenance 
of posture should be emphasized, and an experienced physiotherapist can 
greatly assist in instructing patients in daily exercises. Long car trips and air 
travel should include periodic stretching. Sleep position should emphasize a 
straight back position rather than one curled on the side. Deep breathing exer-
cises and avoidance of smoking should be stressed.

One key area of concern for patients is prognosis, because spondyloarthritis, 
particularly reactive arthritis, often occurs in young, active individuals for whom 
athletic activity is a priority. There is general recognition that reactive arthritis 
has a greater propensity for chronicity than was previously appreciated, and 
this should temper an overly optimistic projection of the disease’s natural history. 
At the 5-year follow-up of a cohort of patients with Salmonella-induced reactive 
arthritis, two thirds continued to have subjective complaints, and one third 
demonstrated objective changes in their joints. The variability in prognosis for 
the large group of patients falling into the undifferentiated spondyloarthritis 
group is perplexing. At present, there is a lack of reliable predictors of progres-
sion in patients with this heterogeneous cluster of articular and extra-articular 
features.

Medical Therapies
nonsteroidal anti-inflammatory drugs

In general, joint inflammation in spondyloarthritis improves significantly  
after the introduction of nonsteroidal anti-inflammatory drugs (NSAIDs). Indo-
methacin and diclofenac (up to 150 mg/day in divided doses) or naproxen  
(up to 1000 mg/day in divided doses) are generally well tolerated in this popu-
lation. A1  These agents have to be used with caution in enteropathic arthritis 
because of concern about exacerbating possible underlying inflammatory bowel 
disease. In the case of ankylosing spondylitis, the goal with anti-inflammatory 
treatment is to achieve sufficient relief of pain and stiffness to allow an active, 
sustained program of exercise and physical activity that maintains posture and 
improves quality of life. Some studies have suggested that NSAIDs have disease-
modifying capability, but this effect appears to be restricted to those patients 
with elevated C-reactive protein (CRP) or erythrocyte sedimentation rate (ESR).

Biologic Therapies
The pathogenic role of immunomodulatory cytokines in the pathogenesis 

of spondyloarthritis has remained unresolved, but the advent of biologic 
agents has changed the landscape for spondyloarthritis. Biologic agents such 
as monoclonal antibodies to TNF-α (infliximab, adalimumab, golimumab, 
and certolizumab) or the soluble TNF receptor (etanercept) have been used 
in the treatment of spondyloarthritis. So far, these five anti-TNF agents have 
been comparably effective in trials of ankylosing spondylitis and psoriatic  
arthritis. A2  These studies have generally reported a prompt response in clini-
cal outcome measures and in laboratory indicators of inflammation, and MRI 
evaluations have shown improvement in local inflammation in the sacroiliac 
joints and spine. The anti-TNF treatments have been well tolerated, with no 
significant incidence of serious adverse events, but patients appear to relapse 
when treatment is discontinued. In patients whose active nonradiographic 
axial spondyloarthritis went into sustained remission with adalimumab, 
continued therapy reduces subsequent flares compared with withdrawing  
treatment. A3  Experience with longer-term treatment with anti-TNF agents has 
been encouraging with regard to the persistence of the therapeutic effect 
and the infrequency of late adverse events. A4  These biologic agents also have 
been shown to retard radiographic progression.13 Other potential FDA-approved 
alternatives for ankylosing spondylitis include the interleukin-17A inhibitors 
secukinumab (given intravenously 10 mg/kg at weeks 0, 2, and 4, followed 
by 150 mg or 75 mg subcutaneously every 4 weeks starting at week 8) and 
ixekizumab (80 mg subcutaneously every 2 or 4 weeks), each of which signifi-
cantly reduces the signs of ankylosing spondylitis. A5 

,
 A6  Filgotinib (an oral Janus 

kinase inhibitor, given as 200 mg daily for 12 weeks) is a promising potential  
option. A7 

Corticosteroids
The response to the intra-articular injection of steroids in the peripheral 

joints of patients with spondyloarthritis is often neither as dramatic nor as 
sustained as in those with rheumatoid arthritis. Corticosteroid injection into 
the sacroiliac joints is usually performed under imaging guidance (fluoroscopy 
or computed tomography [CT]). One study found that such injections resulted 
in a good response in 79% of patients and that the improvement could persist 
for many months. Systemic corticosteroids (either orally or via an intravenous 
bolus protocol) are not generally recommended but have been used for severe 
symptomatic flares, despite few controlled trials to validate their effectiveness. 
The goal should be prompt tapering of the dose when symptomatic control 
is achieved. The recognition that osteoporosis (Chapter 230) is a significant 
problem in ankylosing spondylitis provides further impetus to use corticosteroids 
sparingly. Topical steroids are usually effective for the treatment of the mucous 
membrane and skin manifestations of reactive arthritis. For uveitis, topical 
corticosteroid eye drops are an integral component of management, and treat-
ment should be monitored jointly with an ophthalmologist.14

Drugs
Sulfasalazine

Randomized placebo-controlled trials have provided some support for the 
use of sulfasalazine, mostly in psoriatic arthritis. Three 36-week randomized 
double-blind multicenter studies of patients with ankylosing spondylitis, pso-
riatic arthritis, and reactive arthritis, respectively, were undertaken to compare 
sulfasalazine (2 g/day) with placebo in each case. An analysis of these studies 
stratified the patients into those having axial disease and those having periph-
eral disease. In patients with only axial disease, response criteria were met 
equally in the sulfasalazine group and the placebo group. In patients with 
peripheral arthritis, significantly superior responses were seen with sulfasalazine:  
59% of the sulfasalazine group and 43% of the placebo group responded  
(P < .0005). A8  These findings are useful in guiding the selection of patients for 
sulfasalazine treatment. A recent study comparing sulfasalazine with etanercept 
in ankylosing spondylitis demonstrated the superiority of tumor necrosis factor 
(TNF) inhibitor therapy with respect to symptomatic improvement as well as 
MRI evidence of inflammation.

Methotrexate
Concurrent with the widespread use of methotrexate in patients with rheu-

matoid arthritis, there has been increasing use of methotrexate in patients with 
spondyloarthritis, but responses have been good only for peripheral joint disease. 
There is no evidence that methotrexate is effective for the spinal inflammation 
characteristic of ankylosing spondylitis, nor is there evidence that methotrexate 
changes the course of axial involvement in ankylosing spondylitis. Experience 
with long-term methotrexate therapy in patients with psoriatic arthritis has 
increased, although there has been little in the way of randomized controlled 
trials. Long-term follow-up may be required to resolve whether methotrexate 
has a joint-sparing effect in psoriatic arthritis.

Antibiotic Therapy
The current concept of the pathogenesis of reactive arthritis postulates that 

a bacterial infection, usually gastrointestinal (GI) or genitourinary (GU), is the 
triggering event in an immunogenetically susceptible host. For the other subsets 
of spondyloarthritis, there is less compelling evidence that infection plays a 
causal role. It is sound clinical practice to treat any culture-proven chlamydial 
urethritis in conjunction with treatment of the sexual partner. For this indica-
tion, a single 1-g dose of azithromycin is as effective as doxycycline 100 mg 
twice a day for 7 days. The role of antibiotics in the management of reactive 
arthritis has been controversial in reactive arthritis, A9  but rifampin/azithromycin 
or rifampin/doxycycline therapy may be useful for Chlamydia-induced reactive 
arthritis. A10 



TABLE 249-5 TREATMENT RECOMMENDATIONS FOR  
THE SPONDYLOARTHROPATHIES

Nonsteroidal anti-inflammatory drugs (NSAIDs) on demand (and chronically only if 
needed)

If inadequate response to trials of two different NSAIDs, add a tumor necrosis factor 
(TNF)-α inhibitor and try to discontinue NSAIDs if the response is good; 
options are:
etancercept (50 mg subcutaneously once weekly)
infliximab* (5 mg/kg intravenously at 0, 2, and 6 weeks, then every 6 or 8 weeks†)
adalimumab* (40 mg subcutaneously every other week)
golimumab* (50 mg subcutaneously once a month)
certolizumab (400 mg subcutaneously initially and at 2 and 4 weeks, followed by 

200 mg every other week or 400 mg every 4 weeks)
If no response to trials of two different TNF-α inhibitors or contraindication to using 

them, add a slow-acting anti-rheumatic drug
sulfasalazine (2 to 3 g orally daily in evenly divided doses with dosage intervals 

not exceeding 8 hours) or
methotrexate (10 to 25 mg once weekly) for psoriatic arthritis and enteropathic 

arthritis
Short-term treatment with locally injected corticosteroids is useful, but systemic 

corticosteroids are not recommended
*Preferred over etanercept in patients with inflammatory bowel disease.
†6 weeks for ankylosing spondylitis; 8 weeks for psoriatic arthritis.
Adapted from Ward MM, Deodhar A, Akl EA, et al. American College of Rheumatology/
Spondylitis Association of America/Spondyloarthritis Research and Treatment Network 2015 
recommendations for the treatment of ankylosing spondylitis and nonradiographic axial 
spondyloarthritis. Arthritis Rheumatol. 2016;68:282-298.
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As a general approach, nonsteroidal anti-inflammatory drugs are recom-
mended to relieve musculoskeletal signs and symptoms. Treatment with 
disease-modifying drugs—such as methotrexate, sulfasalazine, or leflunomide—
is recommended in patients with swollen joints, structural damage in the 
presence of inflammation, or clinically relevant extra-articular manifestations. 
Anti-TNF agents are recommended in patients with active enthesitis or dac-
tylitis and insufficient response to other medications. Patients should be 
switched to another anti-TNF agent if the first is not successful. Interleukin-17 
receptor antibodies and other newer agents currently are usually reserved for 
otherwise poorly responsive patients.

Reactive Arthritis
The treatment of reactive arthritis begins with therapy of the triggering infec-
tion. For example, in patients who are PCR-positive either in blood or joint 
fluid for C. trachomatis or C. pneumonia, a 6-month course of combination 
therapy with rifampicin (300 mg/day) plus either doxycycline (200 mg/day) 
or azithromycin (500 mg/day followed by 5 days of 2 to 500 mg once a week) 
yields a response in 63% of patients (versus 22% with placebo), and complete 
remission is observed in 20% (versus 0% with placebo). For spondyloarthritis, 
NSAIDs and glucocorticoid injections are effective. In more severe cases, 
sulfasalazine is often effective if started in the first three months. Biologic 
therapies are often used in chronic HLA-B27 positive spondyloarthritis, although 
their efficacy is unproven, especially since about 50% of patients recover within 
about six months.

Enteropathic Arthritis
For enteropathic arthritis, sulfasalazine is more helpful in ulcerative colitis 
than in Crohn disease (Chapter 132), whereas the opposite is generally true 
for methotrexate. TNF-α inhibitors (see Table 249-5) are effective in spon-
dyloarthritis related to both ulcerative colitis and Crohn disease.17 A multi-
disciplinary approach has been shown to improve the management of rheumatic 
disease in patients with inflammatory bowel disease, allowing more compre-
hensive care.18
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3. A 30-year-old man presents with worsening back pain. The history reveals 
that this has been present for the past 3 years and is increasing in severity. 
It is characterized by early-morning stiffness, nocturnal pain, and modest 
improvement with exercise. He initially noted an improvement with an 
NSAID, but subsequently that effect was lost, and he has tried two other 
NSAIDs without effect. Physical examination reveals limitation in forward 
flexion of the lumbar spine. An AP x-ray of the pelvis reveals bilateral 
erosive changes in the sacroiliac joints. A lateral x-ray of the lumbar spine 
reveals squaring of several vertebral bodies. The next step in pharmacologic 
treatment of this condition is which of the following?
 A. Methotrexate
 B. Leflunomide
 C. Sulfasalazine
 D. TNF inhibitor biologic agents
 E. Azathioprine

Answer: D The patient meets the diagnostic criteria for ankylosing spondylitis 
(AS). He has long-standing back pain that has features of inflammatory back 
pain and has limitation in spinal mobility. The presence of bilateral erosive 
sacroiliitis provides imaging support for the diagnosis of AS. He has had an 
adequate trial of NSAIDs, and his back pain has not responded adequately to 
these agents. The classical DMARDs used in rheumatoid arthritis—metho-
trexate, leflunomide, sulfasalazine, and azathioprine—have proved ineffective 
in controlling the spinal inflammation seen in AS. On the other hand, the 
TNF inhibitors (infliximab, etanercept, adalimumab, golimumab) have estab-
lished efficacy in controlling the signs and symptoms of AS.

4. A 35-year-old woman is under your care for ankylosing spondylitis (AS). 
She is HLA-B27 positive and has no extra-articular features accompanying 
her back pain. Her symptoms have been controlled with NSAIDs in com-
bination with physiotherapy and exercises. She has an 8-year-old son, and 
she is inquiring about his current and future health prospects. Which of 
the following would be advisable in this circumstance?
 A. The son should be checked for HLA-B27 status.
 B. The mother should be advised that the likelihood of her son developing 

AS is less than 10%.
 C. The son should be advised to avoid sports and physical activities.
 D. Preventive low-dose NSAIDs should be instituted for the son.
 E. The son should be advised to avoid foreign travel in order to avoid 

food-borne pathogens.
Answer: B There is a 50% chance that any particular child of a B27-positive 
patient will be B27 positive, but there is only a 20% chance of a B27-positive 
individual with a positive family history developing AS. So the likelihood of a 
child developing AS when he has a B27-positive parent with AS is maximally 
10%. It would not be advisable to test an asymptomatic child for HLA-B27, 
because it has low predictive value (as discussed earlier) and could introduce 
chronic anxiety about future disease, which is unwarranted. There is no reason 
to limit the sports and recreation of the child. Maintaining general fitness and 
muscle strength and posture is sound advice even if there is a greater chance 
of later arthritis than in the general population. There is no evidence that 
sports-related injuries trigger AS. There is no evidence that NSAIDs prevent 
the subsequent development of SpA in individuals who are genetically pre-
disposed to SpA. Chronic NSAID therapy carries its own risks and would not 
be justified in an asymptomatic individual. There is a theoretical concern that 
being B27 positive could increase the risk of reactive arthritis after a food-borne 
pathogen illness. This might lead to advising a patient with prior diagnosis of 
ReA to minimize exposure to food-borne pathogens, but it would be inap-
propriate to restrict travel for anyone who has never had an episode of ReA.

REVIEW QUESTIONS

1. A 28-year-old man presents with a 2-year history of low back pain and 
intermittent arthritis in the lower extremity. Physical examination demon-
strates bilateral Achilles tendonitis and tenderness to direct pressure over 
the sacroiliac joints. Which of the following would not support the diagnosis 
of spondyloarthritis (SpA)?
 A. Presence of HLA-B27
 B. History of anterior uveitis
 C. Positive rheumatoid factor
 D. Elevated CRP
 E. History of inflammatory bowel disease

Answer: C The history and the other optional features would be entirely 
consistent with a diagnosis of SpA. HLA-B27 is strongly associated with SpA 
in general, and its strongest association is with ankylosing spondylitis (AS). 
Anterior uveitis occurs in approximately 30% of AS cases, and is itself associ-
ated with HLA-B27 even when AS is not present. Positive rheumatoid factor 
is characteristic of rheumatoid arthritis but not of SpA, so it would not be 
expected to be positive in such patients. Elevated C-reactive protein (CRP) 
is a nonspecific marker of inflammation and would be commonly seen in 
patients with active SpA. Inflammatory bowel disease occurs in approximately 
10% of AS cases, and its presence strongly suggests that the underlying arthritis 
is part of the SpA spectrum.

2. A 32-year-old man presents with pain and swelling of one ankle and one 
knee. The history reveals that he had just returned from a trip to South 
America and developed diarrhea that was now subsiding. He denied any 
eye inflammation or skin lesions. Physical examination confirmed tender-
ness and swelling of an ankle and a knee. The next appropriate diagnostic 
test would be which of the following?
 A. Aspiration of the knee swelling and culture of the synovial fluid
 B. Initiate a course of broad-spectrum antibiotics.
 C. X-rays of the lumbar and cervical spine
 D. Check a blood test for the presence of antinuclear antibodies.
 E. Initiate an empirical trial of methotrexate.

Answer: A A patient with new-onset swelling in the joints, particularly when 
one or two joints are affected, should always raise the possibility of septic 
arthritis. When there has been a recent infection elsewhere in the body, it is 
possible the inciting infection could spread by a hematogenous route to seed 
the joint. Although the history is suggestive of reactive arthritis (ReA), it is 
important to rule out septic arthritis with certainty before entertaining that 
diagnosis. Culture of synovial fluid is the definitive test to rule out septic 
arthritis.

Empirical use of broad-spectrum antibiotics rarely has a place in the man-
agement of new-onset arthritis. The first step is to make a diagnosis. X-rays 
of the spine are important in the evaluation of inflammatory back pain, but 
in this case there is only peripheral joint involvement. If the course of the 
arthritis becomes chronic or back pain develops over time, x-rays at that 
point would be appropriate. Antinuclear antibodies in the serum are the 
hallmark of many autoimmune rheumatic diseases—in particular, lupus. 
But with the clinical presentation in this case, there are no features to impli-
cate lupus or related conditions, and it would not be appropriate to search 
for antinuclear antibodies. The immediate priority is to rule out septic 
arthritis. It would be inappropriate to institute methotrexate before that is  
resolved.



CHAPTER 249 The SpondyloarThropaThieS 1725.e3

5. A 19-year-old female patient has developed a painful swollen knee over 
the course of 7 days. There is no history of trauma and no associated skin 
lesions or ocular complaints. The patient relates a history that she has just 
returned from a trip abroad with the family and had a transient diarrheal 
episode while traveling. Further questioning reveals that she has had two 
prior episodes of diarrhea in the past year, each associated with crampy 
abdominal pain, but on each occasion the diarrhea was self-limited and 
she did not seek medical attention. Which of the following would not be 
an appropriate next step in the management of this patient?
 A. Referral to a gastroenterologist for ileocolonoscopy
 B. Culture of a stool sample
 C. Aspiration of the knee and culture of synovial fluid
 D. Check hemoglobin and ESR.
 E. Institute a 2-week course of ciprofloxacin.

Answer: E The patient has developed arthritis in the setting of a recurrent 
diarrheal course. The key differential is between reactive arthritis (ReA) and 
enteropathic arthritis (EA) as part of inflammatory bowel disease (IBD). In 
either case, it would be inappropriate to institute an empirical course of anti-
biotics before a diagnosis is made. In neither postdysenteric ReA nor in IBD-
associated arthritis is there evidence that antibiotics alter the course of the 
arthritis. It would be appropriate in this case to determine whether the recurrent 
diarrhea could be a manifestation of Crohn disease or ulcerative colitis, and 
ileocolonoscopy would be indicated to address that question. Recurrent diar-
rhea might reflect an infectious agent such as Salmonella. Stool cultures would 
be an appropriate test to address that. Culture of synovial fluid is the definitive 
test to rule out septic arthritis. Both Salmonella and Yersinia can cause a septic 
arthritis, so it is appropriate to exclude an infection in the joint before pro-
ceeding to other management decisions. Anemia of chronic disease might 
raise the suspicion that a chronic process, such as IBD, has been present for 
some time. Elevation in CRP or ESR is appropriate in the work-up of this 
patient, although this would not differentiate ReA from IBD-related arthritis. 
These acute phase reactants can serve as useful surrogate markers to monitor 
response to treatment.
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250 
SYSTEMIC LUPUS ERYTHEMATOSUS
MARY K. CROW

 DEFINITION
Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease 
that results from immune system–mediated tissue damage. Manifestations of 
SLE can involve the skin, joints, kidney, central nervous system (CNS), car-
diovascular system, serosal membranes, and hematologic and immune systems. 
The disease is highly heterogeneous, with individual patients manifesting 
variable combinations of clinical features. In most patients with SLE, the disease 
is characterized by a waxing and waning clinical course, although some dem-
onstrate a pattern of chronic activity. The molecular triggers of the disease are 
not known, but the pathogenesis involves the production of autoantibodies 
specific for nucleic acids and nucleic acid–binding proteins. Immune com-
plexes, along with immune system cells and soluble mediators, generate inflam-
mation and tissue damage. Therapeutic approaches generally involve 
immunosuppression, although promising biologic agents targeting specific 
molecular mechanisms are in development.

 EPIDEMIOLOGY
A notable feature of SLE is that it occurs much more frequently in females 
than in males. Like Hashimoto thyroiditis and Sjögren syndrome, the female-
to-male ratio is approximately 8 : 1 to 10 : 1 in adults, and most cases are diag-
nosed between the ages of 15 and 44 years. In children and women older than 
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ABSTRACT
Systemic lupus erythematosus (SLE) is a highly complex systemic autoimmune 
disease that involves nearly all components of the immune system and is 
associated with damage to multiple organs. SLE is notable for the female 
skewing of disease, with about 8 to 10 females for every 1 male affected. The 
disease is characterized by autoimmunity specific for nucleic acids and nucleic 
acid–binding proteins. Current concepts in disease pathogenesis involve nucleic 
acid–mediated activation of the innate immune system, production of cytokines 
such as type I interferon, extensive immune system dysregulation, and produc-
tion of autoantibodies that form immune complexes. Therapy typically depends 
on immunosuppression with corticosteroids and other agents. Current studies 
are investigating the potential for biologic therapies to provide improved effi-
cacy over current treatment options.
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chemotaxis of inflammatory cells and generates proteolytic fragments that 
enhance phagocytosis by neutrophils and monocytes. The classical comple-
ment pathway is activated when antibodies bind to antigen and generate potent 
effectors. Alternative pathway activation mechanisms differ in that they are 
initiated by the binding of spontaneously activated complement components 
to the surfaces of pathogens or self-tissues. C3a, an anaphylatoxin that binds 
to receptors on leukocytes and other cells, causes activation and release of 
inflammatory mediators. C5a is a potent soluble inflammatory, anaphylatoxic, 
and chemotactic molecule that promotes recruitment and activation of neu-
trophils and monocytes and mediates endothelial cell activation through its 
receptor. The release of reactive oxygen and nitrogen intermediates is an addi-
tional mechanism that contributes to tissue damage.

Tissues targeted by immune system activity in lupus include the skin, where 
immune complexes and complement are deposited in a linear pattern (as 
demonstrated in the lupus band test, in which deposited antibodies are identi-
fied by a fluorescent tag), the glomeruli, and heart valves. Antibodies reactive 
with hippocampal neurons in the brain can mediate excitotoxic death. Immune 
and inflammatory mechanisms responsible for the vasculopathy of lupus are 
multifactorial and not clearly defined. Microvascular damage is observed in 
splenic arteries and is characterized by the typical onion-skin pattern of con-
centric connective tissue deposition. In addition to vascular damage mediated 
by inflammation, thrombosis, including microthrombi, contributes to ischemia 
and cell necrosis in the brain and other organs.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
Constitutional Symptoms
SLE is a disease that involves virtually all components of the immune system 
and can be accompanied by constitutional symptoms similar to those seen in 
the setting of microbial infection. Fatigue, headaches, weight loss, and fevers 
are common, along with generalized arthralgias, myalgias, and lymphadenopathy. 
The level of activity of lupus typically follows a pattern of flares and remissions, 
although some patients sustain active disease for prolonged periods. Careful 
monitoring for the development of major organ system disease is important 
to ensure timely adjustments in medical therapy.

Cutaneous and Mucous Membranes
The skin and mucous membranes are affected in most lupus patients (Table 
250-1). The erythematous facial rash with a butterfly distribution across the 
malar and nasal prominences and sparing of the nasolabial folds is the classic 
rash of SLE and is seen in 30 to 60% of patients (Fig. 250-2). The butterfly 
rash is often triggered by sun exposure, but photosensitivity can also be dem-
onstrated diffusely in other areas of the body.

The discoid skin lesions are erythematous plaques with central scarring 
and may be covered with scale. These lesions are seen in about 25% of patients, 

nucleic acids to innate immune system activation and lupus pathogenesis.11 
The available data suggest a common theme: the genes associated with lupus 
confer either increased activation or impaired regulation of innate or adap-
tive immune responses, with increased type I interferon often observed in 
association with the risk genotype.

Environmental Triggers
Several classes of potential environmental triggers for lupus have been studied.12 
Although the female preponderance of SLE implies a role for hormonal factors 
in the disease, recent concepts describe a contribution of epigenetic modifica-
tion or dosage effects of the X chromosome as accounting for at least some 
of the sex skewing. A role for microbial triggers—particularly virus infection—
has been postulated, consistent with the constitutional symptoms that often 
characterize the earliest stage of the disease. Epstein-Barr virus has garnered 
particular interest among investigators because the frequency of previous 
infection in SLE patients is significantly higher than in the general population 
(99 vs. 94%). Evidence of exposure to other viruses, including cytomegalovirus, 
is equivalent between SLE patients and healthy control subjects. Recent data 
implicate orthologs of human Ro60, a common target of lupus autoantibodies, 
in commensal bacteria and demonstrate cross-reactivity of human Ro-specific 
T-cell clones with bacteria-derived Ro60.13 Ultraviolet light exposure is a well-
described trigger of lupus flares. Possible mechanisms include DNA damage, 
induction of cellular stress responses, and induction of apoptosis of skin cells, 
which result in concentration of nucleic acids and associated proteins in cell 
membrane blebs that can be processed by antigen-presenting cells. Data also 
support an association between current tobacco use and anti-double-stranded 
DNA antibodies and lupus disease activity. Certain drugs, including procain-
amide and hydralazine, can induce a lupus-like syndrome, but the symptoms 
usually abate after discontinuing use of the drug. These agents may promote 
demethylation of DNA, thereby altering gene expression and potentially 
increasing the availability of immunostimulatory DNA. Sulfa antibiotics have 
been reported to induce lupus flare in some patients. Administration of recom-
binant interferon-α to patients with hematologic malignancies or hepatitis C 
infection has been associated with induction of a lupus-like syndrome. In 
addition, anti–tumor necrosis factor agents have induced lupus autoantibodies 
and occasionally clinical lupus in patients with rheumatoid arthritis.

Immunologic Triggers
Genetic and environmental factors that increase the probability of develop-
ment of SLE are likely to act on the immune system to induce autoimmunity 
and consequent tissue inflammation and damage.14 In addition to mechanisms 
that increase the availability of self-antigens (such as ultraviolet light), altered 
expression of gene products that mediate or regulate apoptosis, or impaired 
clearance of apoptotic debris, results in generalized activation of the immune 
system and contributes to autoimmunity in lupus. In parallel with the events 
that account for effective immune responses directed at exogenous microbes, 
the autoimmunity that occurs in SLE patients is likely to require activation 
of both innate and adaptive immune responses. The innate immune system 
(Chapter 39) recognizes common molecular patterns expressed on the microbe 
and augments antigen-presenting cell capacity and successful generation of 
an antigen-specific adaptive immune response. The characterization of the 
TLR family of pattern recognition receptors has provided new understanding 
of the mechanisms through which the innate immune system is activated by 
exogenous and endogenous stimuli, including nucleic acid–containing immune 
complexes, and promotes induction of a self-directed adaptive immune response 
(Chapter 40).

Type I Interferon
Studies of gene expression in peripheral blood mononuclear cells of SLE 
patients using microarray and RNA sequencing technology have demonstrated 
a sustained and broad “signature” of type I interferon–induced gene transcripts 
that reflect innate immune system activation. Interferon-α (IFN-α), along 
with other type I IFNs (e.g., IFN-β, IFN-ω) may be responsible for many of 
the immunologic alterations observed in SLE and is identified as a promising 
therapeutic target. Immune complexes containing DNA or RNA are postulated 
to induce the production of type I interferon in SLE. Demethylated CpG-rich 
DNA or RNA associated with nucleic acid–binding proteins can activate 
plasmacytoid dendritic cells and other immune system cells through TLRs 
and thereby result in the production of type I interferon (IFN-α or IFN-β) 
and other proinflammatory cytokines (E-Fig. 250-1). Sensing of intracellular 
RNA or DNA by cytosolic nucleic acid sensors represents another potential 
molecular pathway leading to type I interferon production. Diverse effects of 

55 years, the ratio is closer to 2 : 1. The prevalence of SLE in the United States 
is estimated to be approximately 62.2 to 84.8 per 100,000, and the incidence 
of new cases is 4.6 to 5.6 per 100,000 per year.1,2 The prevalence, severity, and 
characteristics of disease differ in different ethnic groups, with SLE being 
three- to four-fold more prevalent in African American and American Indian 
women than in white women.3 The severity of disease is also greater in Hispanic 
individuals than in whites, although data for Hispanic populations are less 
abundant.4 Asians may also have a higher prevalence of disease than whites. 
Studies of lupus in minority populations indicate that socioeconomic factors 
are major contributors to the increased prevalence and severity of disease in 
African Americans and Hispanic Americans.

 PATHOBIOLOGY
Current understanding of lupus pathogenesis incorporates roles for genetic 
susceptibility based on a cumulative hit model involving multiple genes5; 
environmental triggers, including microbial infection, sunlight, and certain 
drugs; and altered immune system function. Recent advances in immunology 
have focused attention on the mechanisms that account for innate immune 
system activation.6 At least some of the genetic and environmental contribu-
tions to lupus are likely to promote innate immune system activation and 
subsequent autoimmunity. Others may contribute to inflammation and tissue 
damage. Induction of cellular stress responses, including oxidative modifica-
tion of cell proteins, is of current interest as a mechanism that links environ-
mental triggers to altered immune function.

Murine models have proved useful in identifying genes that could contribute 
to lupus susceptibility or define patterns of disease. Production of autoanti-
bodies characteristic of SLE and development of nephritis and accelerated 
death have been demonstrated in numerous murine strains in which immune 
system genes have been modified. In most cases, no alterations have been 
noted in the homologous human genes. The ease of induction of lupus-like 
disease in murine models suggests that there are numerous possible pathogenic 
paths that might lead to the clinical manifestations of the disease. One promi-
nent immune mechanism involves components of the immune response to 
viral infection, particularly the type I interferon response, that are associated 
with lupus in both murine and human systems and are likely to be important 
in disease pathogenesis.7

Genetics
An important role for a genetic contribution to lupus susceptibility is suggested 
by the high concordance of disease in monozygotic twins (24%). Rare muta-
tions in genes encoding components of the complement pathway, including 
C1q, C2, and C4A, contribute to increased lupus susceptibility or severity. 
Impaired production of these early complement components may decrease 
the clearance of apoptotic cells, thereby augmenting the pool of available 
autoantigens, or decrease the solubility of immune complexes. Association of 
SLE with the major histocompatibility complex (MHC) class II alleles human 
leukocyte antigen (HLA)-DR3 (DRB1*03:01-DQA1*05:01-DQB1*02:01) 
and HLA-DR15 (DRB1*15:01/03-DQA1*01:02-DQB1*06:01) shows the 
strongest risk, and these class II alleles are associated with the production 
of particular autoantibodies. A large transancestral genome-wide association 
study (GWAS) of subjects of European, African, and Hispanic Amerindian 
ancestry has identified 80 non-HLA single-nucleotide polymorphisms associ-
ated with SLE at a false discovery rate P value < .001 in a meta-analysis. Some 
associations at a high level of significance were related to ancestry (E-Table 
250-1).8,9 Polymorphic variants in components of the toll-like receptor (TLR) 
pathways that regulate type I interferon production, including interferon regu-
latory factor 5 (IRF5) and IRF7, are associated with a diagnosis of SLE and 
increased plasma interferon activity in some populations. Polymorphisms in 
the Fc receptor genes FCGR2A and FCGR3A have been associated with SLE 
nephritis, possibly based on altered clearance of immune complexes. Vari-
ants of the PTPN22 gene, which encodes a phosphatase that regulates T-cell 
activation, are also associated with SLE. GWASs have identified variations 
in regulators of innate immune system activation (e.g., TNFAIP3, ITGAM, 
IFIH1) and signaling molecules important in lymphocyte activation (e.g., 
STAT4, BANK1, and BLK). Rare mutations in genes encoding proteins that 
regulate nucleic acid integrity and degradation, including TREX1, encoding a 
DNase; SAMHD1, a triphosphohydrolase; RNASEH2A, B and C; and ADAR, 
an RNA-specific adenosine deaminase, have been documented in some patients 
with a lupus-like disorder called Aicardi-Goutieres syndrome, characterized 
by skin lesions, CNS disease, autoantibodies, and high levels of interferon.10 
Mutations in these genes have also been documented in rare patients with SLE 
and have provided new insights into the likely contribution of endogenous 
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*Genes listed have P value < 5 × 10−8.
From Langefeld CD, Ainsworth HC, Cunninghame Graham DS, et al. Transancestral mapping and 
genetic load in systemic lupus erythematosus. Nat Commun. 2017 Jul 17;8:1-18.

E-TABLE 250-1 NON-HLA GENOMIC REGIONS ASSOCIATED 
WITH SYSTEMIC LUPUS ERYTHEMATOSUS 
BY ANCESTRY7

GENE* PROTEIN
EUROPEAN
ATG5
BANK1

Autophagy related 5
B-cell scaffold protein with ankyrin repeats 1

BLK B-lymphocyte-specific tyrosine kinase
CLEC16A C-type lectin domain containing 16A
DEF6
DGKQ

DEF6, guanine nucleotide exchange factor
Diacylglycerol kinase theta

ETS1
FCGR2A

ETS proto-oncogene 1
Fc fragment of IgG receptor IIa

GRB2
GTF2I
IFIH1
IKZF1
IKZF3
IL10
IL12A
IRF5

Growth factor receptor bound protein 2
General transcription factor IIi
Interferon induced with helicase C domain 1
IKAROS family zinc finger 1
IKAROS family zinc finger 3
Interleukin 10
Interleukin 12A
Interferon regulatory factor 5

IRF7
IRF8
ITGAM

Interferon regulatory factor 7
Interferon regulatory factor 8
Integrin subunit alpha M

JAZF1 JAZF zinc finger 1
MSRA
NMNAT2
OLIG3
PKIA
PTPN22

Methionine sulfoxide reductase A
Nicotinamide nucleotide adenylyltransferase 2
Oligodendrocyte transcription factor 3
CAMP-dependent protein kinase inhibitor alpha
Protein tyrosine phosphatase nonreceptor type 22

PTTG1-MIR146A
PXK
SLC15A4
SLC17A4
STAT4

Pituitary tumor-transforming 1
PX domain containing serine/threonine kinase like
Solute carrier family 15 member 4
Solute carrier family 17 member 4
Signal transducer and activator of transcription 4

TMEM39A Transmembrane protein 39A-translocase of inner 
mitochondrial membrane

TIMMDC1
TNFAIP3

Mitochondrial membrane domain containing 1
TNF alpha induced protein 3/A20

TNFSF4 TNF superfamily member 4/Ox40 ligand
TNIP1
TYK2
UBE2L3
WDFY4

TNFAIP3 interacting protein 1
Tyrosine kinase 2
Ubiquitin conjugating enzyme E2 L3
WDFY family member 4

AFRICAN
BLK
IRF5
ITGAM
PLAT
PTTG1

B-lymphocyte-specific tyrosine kinase
Interferon regulatory factor 5
Integrin subunit alpha M
Plasminogen activator, tissue type
Pituitary tumor-transforming 1

HISPANIC
CLEC16A
GALC
IRF5
ITGAM
NCF2
TNIP1
STAT4

C-type lectin domain containing 16A
Galactosylceramidase
Interferon regulatory factor 5
Integrin subunit alpha M
Neutrophil cytosolic factor 2
TNFAIP3 interacting protein 1
Signal transducer and activator of transcription 4
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E-FIGURE 250-1. Model for induction of innate immune system activation in systemic lupus erythematosus. Both exogenous and endogenous stimuli can induce toll-like receptor 
(tLr) and cytosolic nucleic acid sensor activation and thereby result in new gene transcription. among potential endogenous ligands are immune complexes containing DNa or rNa 
or matrix-derived components and cytosolic DNa or rNa. tLr ligands trigger the activation of intracellular adaptors, including tir domain-containing adapter-inducing interferon-β 
(trif), trif-related adaptor molecule (tram), tir domain-containing adapter protein (tirap), or myeloid differentiation primary response protein 88 (myD88), and induce transcription 
of type i interferons or inflammatory cytokines. cytosolic rNa activates riG-i or mDa5, which signal through maVS and tBK1. cytosolic DNa activates cGaS, which signals through 
cGamp, StiNG, and tBK1. Both pathways can induce type i interferon transcription. type i interferons mediate diverse effects on immune system cells, including maturation of dendritic 
cells, increased immunoglobulin (ig) class switching, and induction of cytokines that promote autoimmunity and inflammation, including B-lymphocyte stimulator (BLyS), interleukin-10 
(iL-10), interferon-γ, and chemokines. ds = double-stranded; er = endoplasmic reticulum; ss = single-stranded. (From Junt t, Barchet W. translating nucleic acid-sensing pathways into 
therapies. Nat Rev Immunol. 2015;15:529-44.)
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chemotaxis of inflammatory cells and generates proteolytic fragments that 
enhance phagocytosis by neutrophils and monocytes. The classical comple-
ment pathway is activated when antibodies bind to antigen and generate potent 
effectors. Alternative pathway activation mechanisms differ in that they are 
initiated by the binding of spontaneously activated complement components 
to the surfaces of pathogens or self-tissues. C3a, an anaphylatoxin that binds 
to receptors on leukocytes and other cells, causes activation and release of 
inflammatory mediators. C5a is a potent soluble inflammatory, anaphylatoxic, 
and chemotactic molecule that promotes recruitment and activation of neu-
trophils and monocytes and mediates endothelial cell activation through its 
receptor. The release of reactive oxygen and nitrogen intermediates is an addi-
tional mechanism that contributes to tissue damage.

Tissues targeted by immune system activity in lupus include the skin, where 
immune complexes and complement are deposited in a linear pattern (as 
demonstrated in the lupus band test, in which deposited antibodies are identi-
fied by a fluorescent tag), the glomeruli, and heart valves. Antibodies reactive 
with hippocampal neurons in the brain can mediate excitotoxic death. Immune 
and inflammatory mechanisms responsible for the vasculopathy of lupus are 
multifactorial and not clearly defined. Microvascular damage is observed in 
splenic arteries and is characterized by the typical onion-skin pattern of con-
centric connective tissue deposition. In addition to vascular damage mediated 
by inflammation, thrombosis, including microthrombi, contributes to ischemia 
and cell necrosis in the brain and other organs.

 CLINICAL MANIFESTATIONS
Symptoms and Signs
Constitutional Symptoms
SLE is a disease that involves virtually all components of the immune system 
and can be accompanied by constitutional symptoms similar to those seen in 
the setting of microbial infection. Fatigue, headaches, weight loss, and fevers 
are common, along with generalized arthralgias, myalgias, and lymphadenopathy. 
The level of activity of lupus typically follows a pattern of flares and remissions, 
although some patients sustain active disease for prolonged periods. Careful 
monitoring for the development of major organ system disease is important 
to ensure timely adjustments in medical therapy.

Cutaneous and Mucous Membranes
The skin and mucous membranes are affected in most lupus patients (Table 
250-1). The erythematous facial rash with a butterfly distribution across the 
malar and nasal prominences and sparing of the nasolabial folds is the classic 
rash of SLE and is seen in 30 to 60% of patients (Fig. 250-2). The butterfly 
rash is often triggered by sun exposure, but photosensitivity can also be dem-
onstrated diffusely in other areas of the body.

The discoid skin lesions are erythematous plaques with central scarring 
and may be covered with scale. These lesions are seen in about 25% of patients, 

type I interferon on immune system function are consistent with the altered 
immune responses observed in SLE patients, including maturation of dendritic 
cells, increased immunoglobulin class switching to mature immunoglobulin 
isotypes (immunoglobulin G [IgG] and IgA), induction of soluble mediators 
that increase B-cell differentiation and inflammatory responses, such as 
B-lymphocyte stimulator (BLyS) and IFN-γ, and modulation of effector T-cell 
programs. Induction of an immunostimulatory microenvironment by IFN-α 
may support the development of a humoral immune response directed at 
self-antigens, particularly intracellular particles that contain nucleic acids and 
nucleic acid–binding proteins. It is not known why some individuals initiate 
immune system activation directed at self-antigens and others do not. In addi-
tion to its effects on immune system function, type I interferon has been 
associated with altered endothelial cell function and microglial function in 
the brain and may contribute to the development of atherosclerotic vascular 
pathology and CNS disease in patients with lupus.15,16

Autoantibodies
The most characteristic lupus autoantibodies target intracellular particles con-
taining both nucleic acid and nucleic acid–binding proteins. Understanding 
the significance of induction of these particular autoantibody specificities may 
provide clues to the etiology of SLE. An analysis of the spectrum of autoanti-
bodies present in the sera of individuals in whom SLE is later diagnosed has 
suggested that autoantibodies reactive with certain RNA-binding proteins, 
including the Ro protein, occur early in the preclinical stage of the disease, along 
with a positive antinuclear antibody (ANA) test. These are often followed by 
anti-double-stranded DNA antibodies and, finally, by the development of anti-
bodies specific for the spliceosomal proteins Smith (Sm) and ribonucleoprotein 
(RNP) at approximately the time of diagnosis (Fig. 250-1). These observa-
tions suggest that individuals who demonstrate progression from antibodies 
targeting RNA to those targeting DNA and spliceosomal proteins are those 
in whom sufficient autoimmunity develops to manifest clinical symptoms. 
Approximately one third of SLE patients have autoantibodies reactive with 
phospholipids or the proteins associated with them, particularly β2-glycoprotein 
I. These autoantibody specificities can also be present independently of SLE 
in primary antiphospholipid antibody syndrome (Chapter 162).

Immune Complexes and Complement
Tissue and organ damage in SLE is mediated by the deposition or in situ 
formation of immune complexes and subsequent complement activation and 
inflammation. The complement system (Chapter 44), composed of more than 
30 proteins that act in concert to protect the host against invading organisms, 
initiates inflammation and tissue injury. Complement activation promotes 
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FIGURE 250-1. Proportion of patients with positive antibody tests relative to the 
time of diagnosis or appearance of the first clinical manifestation of systemic lupus 
erythematosus (SLE). For each autoantibody, the proportion of patients testing positive 
relative to the time of diagnosis or to the time of appearance of the first clinical criterion 
was assessed. in analyses of the time from antibody development to the diagnosis of 
SLe, antinuclear antibodies (aNas) appeared significantly earlier than anti-Sm antibodies 
and antinuclear ribonucleoprotein (anti-nrNp) antibodies, but not significantly earlier 
than anti-ro, anti-La, antiphospholipid (apL), or anti-double-stranded DNa antibodies 
(anti-ds DNa). (From arbuckle mr, mcclain mt, rubertone mV, et al. Development of 
autoantibodies before the clinical onset of systemic lupus erythematosus. N Engl J Med. 
2003;349:16.)

TABLE 250-1 CLINICAL MANIFESTATIONS OF SYSTEMIC 
LUPUS ERYTHEMATOSUS

MANIFESTATION APPROXIMATE FREQUENCY (%)
Cutaneous 88
Arthritis/arthralgias 76
Neuropsychiatric 66
Pleurisy/pericarditis 63
Anemia 57
Raynaud phenomenon 44
Vasculitis 43
Atherosclerosis 37
Nephritis 31
Thrombocytopenia 30
Sensorimotor neuropathy 28
Cardiac valvar disease 18
Pulmonary alveolar hemorrhage 12
Pancreatitis 10
Myositis 5
Myocarditis 5
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Most cases of lupus nephritis present a complex immunopathologic picture, 
but in general, the pattern of renal disease reflects the site of deposition of 
immunoglobulins and the quality of the effector mechanisms they induce. 
Mesangial deposition of immunoglobulin induces mesangial cell proliferation 
and is associated with microscopic hematuria and mild proteinuria (Fig. 250-3). 
Subendothelial deposition of immune complexes results in proliferative and 
exudative inflammation, together with hematuria, mild to moderate proteinuria, 
and reduced glomerular filtration rate. Subepithelial deposition of immune 
complexes adjacent to podocytes and along the glomerular basement mem-
brane can result in membranous nephritis with nephrotic-range proteinuria. 
In addition, antiphospholipid antibodies may support the development of 
thrombotic or inflammatory vascular lesions within or external to glomeruli.

A World Health Organization classification of lupus nephritis lesions was 
first published in 1975, with subsequent revisions. These classifications were 
reviewed and rigorously reexamined in the revised International Society of 
Nephrology and Renal Pathology Society classification criteria for lupus glo-
merulonephritis (GN) published in 2004, with additional review in 2018.18 
(Table 113-7 in Chapter 113, and also E-Table 250-2). Class I and II GN 
involves mesangial deposition of immune complexes (class I without and 
class II with mesangial hypercellularity); class III describes focal GN involving 
less than 50% of total glomeruli; class IV includes diffuse GN involving 50% 
or more of glomeruli; class V designates membranous lupus nephritis; and 
class VI is characterized by advanced sclerotic lesions. Classes III and IV have 
subdivisions for active and sclerotic lesions, and class IV currently also has 
subdivisions for segmental and global involvement. Recent recommendations 
from these societies include elimination of the IV-S and IV-G subdivisions 
and replacement of the active and chronic designations for class III/IV lesions 
with application of activity and chronicity indices for all classes. They also 
suggest eliminating the term “endocapillary proliferation” and are considering 
a more appropriate definition of endocapillary hypercellularity. Validation of 
candidate revised classification criteria is planned by these groups. Pathologic 
diagnosis should include descriptions of tubulointerstitial and vascular disease 
as well as glomerular involvement. Several renal pathologic lesions seen in 
SLE patients that are not encompassed in the classification scheme for lupus 
GN include lupus podocytopathy, collapsing glomerulopathy, and thrombotic 
microangiopathy, the latter often associated with antiphospholipid syndrome.

The prognosis of class I and class II disease is usually good, whereas class 
IV, the most common form of lupus nephritis, has the worst prognosis, par-
ticularly when the serum creatinine level is elevated at the time of diagnosis. 
Class V nephritis occurs in 10 to 20% of patients, and the implication for 
long-term outcome depends on the degree of proteinuria, with mild protein-
uria having a good prognosis and nephrotic syndrome with chronic edema 
having a more negative prognosis. It should be noted that renal veins can 
occasionally become involved with thrombosis, which then also contributes to 
nephrotic syndrome. This complication can be evaluated by renal ultrasound  
(Chapter 113).

Cardiovascular System
Pericarditis and valve nodules were among the first clinical manifestations 
described in SLE. It is now recognized that premature atherosclerotic disease 
represents a significant contributor to morbidity and mortality in SLE patients. 
Pericarditis (Chapter 68) is the most common cardiac manifestation, but it 
is sometimes recognized only on imaging studies or at autopsy. It is a com-
ponent of the generalized serositis that is often a feature of SLE and is associ-
ated with local autoantibodies and immune complexes. Pericarditis is usually 
manifested as substernal chest pain that is improved by bending forward and 
can be exacerbated by inspiration or coughing. The symptoms and effusions 
associated with pericarditis are quite responsive to moderate-dose (20 to 
30 mg/day of prednisone) corticosteroid treatment.

Structural valve abnormalities in SLE range from sterile nodules (originally 
described by Libman and Sacks) to nonspecific valve thickening (Chapter 
66). The nodules are immobile and usually located on the atrial side of the 
mitral valve and sometimes on the arterial side of the aortic valve. Right-sided 
lesions are rare. These structural changes may in some cases result in valvular 
regurgitation. Although valve nodules are detected in most patients with SLE 
at autopsy, clinically significant valvular heart disease is much less common 
(1 to 18%). The verrucous valvular lesions of Libman and Sacks are most 
likely inflammatory in nature and may be associated with the presence of 
antiphospholipid antibodies.

Premature and accelerated atherosclerosis is prevalent in lupus patients, 
and preclinical atherosclerotic carotid plaque has been documented in 37% of 
SLE patients as opposed to 15% of age- and sex-matched controls. Traditional 

involve the scalp or the face and ears, and may be associated with alopecia. 
Discoid lesions can be present in the absence of systemic manifestations of 
SLE (discoid lupus). In addition to the scarring alopecia of discoid lupus, 
more transient alopecia may be a clinical sign of increased disease activity 
and is associated with apoptosis of cells in the hair follicle.

Inflammation of the deep dermis and subcutaneous fat can result in lupus 
panniculitis, with firm painful nodules that sometimes adhere to the epidermis, 
causing irregularities in the superficial skin. Subacute cutaneous lupus erythe-
matosus is seen in sun-exposed areas and can involve erythematous plaques 
or psoriasiform lesions. It is associated with autoantibodies to the Ro (SSA) 
RNA-binding protein. Mucosal ulcerations, especially of the buccal mucosa and 
upper palate, result from mucositis and are typical of SLE. Manifestations of 
vasculopathy are also common in SLE, including arteriolar spasm or infarcts in 
the nail folds, a diffuse lacey pattern over the skin described as livedo reticularis, 
and petechial-purpuric or urticarial lesions on the extremities. Vasculopathy 
in SLE is often associated with the presence of antiphospholipid antibodies.

Musculoskeletal System
Arthralgias and nonerosive arthritis are among the most common clinical 
features of SLE and are experienced by more than 85% of patients. The proxi-
mal interphalangeal and metacarpophalangeal joints of the hand are most 
commonly symptomatic, along with the knees and wrists. In some patients 
(≈10%), deformities resulting from damage to periarticular tissue can occur, 
a condition termed Jaccoud arthropathy. The heavy use of corticosteroids in 
many lupus patients can be accompanied by the development of osteoporosis, 
including osteoporotic fractures or osteonecrosis, most commonly of the hips, 
although the underlying vasculopathy can also contribute to joint damage.

Inflammation of the muscles with elevated creatine phosphokinase can 
occur rarely in SLE, and myopathy may be observed as a consequence of 
corticosteroid therapy. Fibromyalgia, characterized by painful trigger points 
at characteristic locations, commonly accompanies SLE and can contribute 
to fatigue and depression.

Renal System
Kidney involvement in SLE (Chapter 113) is common, with 74% of patients 
being affected at some time in the course of disease, and is a poor prognostic 
indicator. Renal pathology is generally attributed to the deposition of circulat-
ing immune complexes or in situ formation of these complexes in glomeruli 
and results in the activation of complement and subsequent recruitment of 
inflammatory cells. In addition to glomerular inflammation, necrosis, and 
scarring, renal pathology is characterized by vascular lesions, including throm-
botic microangiopathy and extraglomerular vasculitis. Tubulointerstitial disease, 
including infiltration of the interstitium with mononuclear cells, tubular atrophy, 
and interstitial fibrosis, is increasingly recognized as associated with a poor 
prognosis for persistent nephritis and renal survival.17 Hypertension may be 
a consequence of significant renal involvement.

FIGURE 250-2. Malar rash in a patient with systemic lupus erythematosus. Note that 
the rash does not cross the nasolabial fold. (From Gladman DD, urowitz mB. Systemic 
lupus erythematosus: clinical features. in: Klippel Jh, Dieppe pa, eds. Rheumatology. 2nd 
ed. London: mosby; 1998.)
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*Indicate the proportion of glomeruli with active and with sclerotic lesions.
†Indicate the proportion of glomeruli with fibrinoid necrosis and/or cellular crescents.
From Weening JJ, D’Agati VD, Schwartz MM, et al. The classification of glomerulonephritis in systemic lupus erythematosus revisited. J Am Soc Nephrol. 2004;15:241-250.

E-TABLE 250-2 INTERNATIONAL SOCIETY OF NEPHROLOGY/RENAL PATHOLOGY SOCIETY 2004 CLASSIFICATION OF  
LUPUS NEPHRITIS

Class I Minimal mesangial lupus nephritis
Normal glomeruli by light microscopy, but mesangial immune deposits by immunofluorescence

Class II Mesangial proliferative lupus nephritis
Purely mesangial hypercellularity of any degree or mesangial matrix expansion by light microscopy, with mesangial immune deposits. May be 

a few isolated subepithelial or subendothelial deposits visible by immunofluorescence or electron microscopy, but not by light microscopy
Class III Focal lupus nephritis*

Active or inactive focal, segmental, or global endocapillary or extracapillary glomerulonephritis involving <50% of all glomeruli, typically 
with focal subendothelial immune deposits, with or without mesangial alterations

Class III (A) Active lesions: focal proliferative lupus nephritis
Class III (A/C) Active and chronic lesions: focal proliferative and sclerosing lupus nephritis
Class III (C) Chronic inactive lesions with glomerular scars: focal sclerosing lupus nephritis
Class IV Diffuse lupus nephritis†

Active or inactive diffuse, segmental, or global endocapillary or extracapillary glomerulonephritis
Involving ≥50% of all glomeruli, typically with diffuse subendothelial immune deposits, with or without mesangial alterations. This class is 

divided into diffuse segmental (IV-S) lupus nephritis when ≥50% of the involved glomeruli have segmental lesions, and into diffuse global 
(IV-G) lupus nephritis when ≥50% of the involved glomeruli have global lesions. Segmental is defined as a glomerular lesion that involves 
less than half of the glomerular tuft. This class includes cases with diffuse wire loop deposits but with little or no glomerular proliferation.

Class IV-S (A) Active lesions: diffuse segmental proliferative lupus nephritis
Class IV-G (A) Active lesions: diffuse global proliferative lupus nephritis
Class IV-S (A/C) Active and chronic lesions: diffuse segmental proliferative and sclerosing lupus nephritis

Active and chronic lesions: diffuse global proliferative and sclerosing lupus nephritis
Class IV-S (C) Chronic inactive lesions with scars: diffuse segmental sclerosing lupus nephritis
Class IV-G (C) Chronic inactive lesions with scars: diffuse global sclerosing lupus nephritis
Class V Membranous lupus nephritis

Global or segmental subepithelial immune deposits or their morphologic sequelae by light microscopy and by immunofluorescence or 
electron microscopy, with or without mesangial alterations

Class V lupus nephritis may occur in combination with class III or IV, in which case both will be diagnosed
Class V lupus nephritis shows advanced sclerosis

Class VI Advanced sclerosis lupus nephritis
≥90% of glomeruli globally sclerosed without residual activity
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in up to 8% of patients; cerebrovascular disease in 5 to 18% of patients; and 
seizures, present in 6 to 51% of patients. Headaches are also common. Although 
none of these CNS manifestations is found exclusively in SLE, global SLE 
disease activity is associated with concurrent neuropsychiatric manifestations 
attributable to SLE.

Evaluation of neuropsychiatric lupus depends on a careful clinical history 
and physical and laboratory examinations and, in some cases, imaging studies 
and analysis of cerebrospinal fluid to rule out infection. Magnetic resonance 
imaging is useful for detecting intracranial abnormalities, which are seen in 
19 to 70% of patients and include white matter lesions, cerebral infarction, 
venous sinus thrombosis, and sometimes atrophy. Magnetic resonance angi-
ography and magnetic resonance spectroscopy can be used to assess cerebral 
blood flow or neuronal metabolism.

Cranial nerve and ocular involvement, most likely based on vasculopathy 
and focal ischemia, can sometimes affect vision. Ocular examination of the 
retina can reveal cotton-wool spots as a result of retinal ischemia or necrosis. 
Although rare, transverse myelopathy, frequently associated with antiphos-
pholipid antibodies, can have devastating consequences, including paraplegia. 
Sensorimotor neuropathies, often asymmetrical, are more common (up to 
28%) and are based on damage to small nerve fibers with vasculopathy in the 
small arteries that supply the nerve fibers.

As is the case with lupus nephritis, the pathophysiologic mechanisms that 
account for the neuropsychiatric manifestations of SLE are diverse and complex. 
Recent data suggest that autoantibodies cross-reactive with neuronal cell surface 
glutamate receptors and DNA may mediate excitotoxic death of neurons and 
are proposed to contribute to cognitive dysfunction. Antibodies directed against 
ribosomal P protein have also been associated with neuropsychiatric lupus, 
and antiphospholipid antibodies can contribute to a procoagulant state, vas-
cular thrombosis, and cerebral ischemia. Cerebral vasculopathy has been clearly 
demonstrated by angiographic and pathologic studies. Noninflammatory small 
vessel vasculopathy is the most common lesion and can be associated with 
microinfarcts. Inflammatory mediators, including the cytokines interleukin-6 
(IL-6) and IFN-α, and matrix metalloproteinases may also contribute to the 
neuropsychiatric manifestations of SLE. Recent data from studies of murine 
lupus indicate that IFN-α mediates microglial activation and excessive synaptic 
pruning, a possible mechanism of cognitive dysfunction in patients with SLE.

cardiovascular risk factors apply, but the diagnosis of SLE is itself a significant 
risk factor for premature atherosclerosis (Chapter 62). Among the lupus-related 
mechanisms that confer additional risk for atherosclerosis, IFN-α and oxida-
tive modification of lipid-associated proteins contribute to the accumulation 
of vascular damage.19 Mortality from atherosclerosis may be up to 10 times 
greater in patients with SLE than in age- and sex-matched controls.

Although not specific to SLE, Raynaud phenomenon (Chapter 72), char-
acterized by episodic vasospasm and occlusion of the digital arteries in response 
to cold and emotional stress, is a feature in up to 60% of SLE patients and 
contributes to pain and sometimes necrosis of the distal ends of extremities. 
The character of the digits classically changes from pallor to cyanosis and then 
to rubor as vascular perfusion becomes impaired and then reperfusion ensues. 
In addition, small arteries, arterioles, and capillaries can be affected by vasculitis 
and fibrinoid necrosis, with clinical manifestations that include periungual 
telangiectases, abdominal pain, and neuropsychiatric symptoms.

Pulmonary System
Pleuritis is the most frequent manifestation of pulmonary involvement in SLE 
and occurs in about 30% of patients at some point in their disease course. 
Pleuritis is characterized by pain on respiration and exudative effusions (Chapter 
92). Parenchymal disease is less common but may be based on several distinct 
mechanisms, including pneumonitis in the absence of documented infection 
and sometimes involving alveolar hemorrhage (in up to 12% of patients), 
pulmonary embolism secondary to deep vein thrombosis, or pulmonary 
hypertension with increased pulmonary resistance and impaired diffusing 
capacity.

Neuropsychiatric Involvement
Clinical features of SLE that involve the nervous system include both neuro-
logic and psychiatric manifestations.20 The central and peripheral nervous 
systems can be affected by the disease. The American College of Rheumatology 
has identified 19 neuropsychiatric syndromes that can be associated with SLE, 
and validation of these neuropsychiatric findings has been substantiated in 
several independent studies. The most common manifestations that are prob-
ably attributable to SLE cerebritis include cognitive dysfunction, present in 
17 to 66% of SLE patients; psychosis or mood disorder, the former reported 
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FIGURE 250-3. Histopathology of lupus nephritis. A, Lupus nephritis class ii. a light micrograph of a glomerulus shows mild mesangial hypercellularity (periodic acid–Schiff). B, 
Lupus nephritis class iii (a). Light micrograph showing a glomerulus with segmental endocapillary hypercellularity, mesangial hypercellularity, capillary wall thickening, and early 
segmental capillary necrosis (methenamine silver). C, Lupus nephritis class iV-G (a/c). a glomerulus manifests global endocapillary proliferation, leukocyte influx and apoptotic bodies, 
double contours, crescent formation with tubular transformation, early sclerosis, and disruption of Bowman capsule (periodic acid–Schiff). D, thrombotic microangiopathy in a patient 
with systemic lupus erythematosus and circulating lupus anticoagulant. a glomerulus shows severe capillary and arteriolar thrombosis, endothelial cell swelling and necrosis, neutrophil 
influx, and stasis of erythrocytes. No signs of immune deposits were found (methenamine silver). (From Wenning JJ, D’agati VD, Schwartz mm, et al. the classification of glomerulone-
phritis in systemic lupus erythematosus revisited. J Am Soc Nephrol. 2004;15:241.)
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venous and arterial thromboses.23 In addition to vascular thromboses, clinical 
manifestations of antiphospholipid syndrome include thrombotic microan-
giopathic glomerular disease, cardiac valve lesions, livedo reticularis, throm-
bocytopenia, hemolytic anemia, and CNS disease. Recent data indicate that 
these autoantibodies can contribute to fetal loss and growth restriction by 
binding to the placenta, activating the complement system, and inducing 
inflammation. Catastrophic antiphospholipid syndrome, triggered by the acute 
onset of multisystemic (three or more organs) thrombosis, is resistant to anti-
coagulation treatment and is fatal in approximately 50% of cases.24

 DIAGNOSIS
Classification
Criteria for the classification of patients with SLE for the purpose of clinical 
studies were developed by the American College of Rheumatology, with the 
most recent full revision published in 1982 and an update published in 1997 
(Table 250-2). The criteria include 11 features that encompass manifestations 
of skin and mucosal involvement, arthritis, serositis, renal disorder, neurologic 
disorder, hematologic disorder, immunologic disorder, and an abnormal titer 
in the ANA test, with at least four criteria required for classification as SLE. 
ANA has low specificity but strengthens the sensitivity of the criteria because 
it is positive in virtually all lupus patients. These criteria are not intended for 
use as diagnostic criteria because more than 50% of patients with SLE do not 
meet four criteria at any point in time, although all do meet these criteria at 
some point during the course of the disease.25 Classification criteria for SLE 
are currently under review through a project co-sponsored by the American 
College of Rheumatology and the European League Against Rheumatism. 
The criteria are useful in reminding the clinician of the most characteristic 
features of SLE, but a careful history with detailed review of systems and 
triggering factors, as well as a family history, is essential in raising suspicion 
for a diagnosis of SLE. Because drugs can trigger a lupus-like syndrome, a 
careful drug history should be taken. Procainamide and hydralazine present 
the greatest risk for development of lupus, with quinidine, isoniazid, mino-
cycline, and recombinant IFN-α presenting a lower risk. At the onset of clinical 
symptoms, the diagnosis of SLE can be uncertain because many of the systemic 
manifestations of lupus can mimic other conditions, particularly viral infec-
tions or malignancy, and only some of the typical clinical symptoms may be 
expressed at any one point in time. Important features of SLE are its multi-
systemic nature and characteristic serology. The differential diagnosis of SLE 
includes other rheumatic disorders, such as rheumatoid arthritis and vasculitis; 
infections, including gonococcal arthritis, parvovirus B19, and mononucleosis; 
inflammatory bowel disease; thrombotic thrombocytopenic purpura; drug 
reactions; and malignancies, particularly lymphoma.26 It should be recognized 
that the clinical manifestations of lupus can demonstrate overlap with those 
of other autoimmune rheumatic diseases and can evolve over time. Many 
genetic, environmental, and immunologic factors associated with lupus are 
also associated with other systemic autoimmune diseases, often contributing 
to a complex clinical picture.

Laboratory Findings
Laboratory tests can be very helpful in supporting the diagnosis of SLE. All 
cellular elements of blood can be affected in lupus, so the complete blood 
count is an essential test that aids in diagnosis and management. A prolonged 
activated partial thromboplastin time (aPTT) can indicate the presence of 
pathogenic antiphospholipid antibodies (Chapter 162). These antibodies are 
also associated with a false-positive result in the serologic test for syphilis, an 
observation that is mainly of historical interest.

Evaluation of renal disease in SLE includes urinalysis with microscopic 
analysis of urine sediment, serum blood urea nitrogen and creatinine, and 
24-hour urine collection (or alternatively, spot urine protein-to-creatinine 
ratio) for estimation of protein and creatinine clearance. Low serum albumin 
would be consistent with persistent proteinuria and membranous GN, whereas 
red and white blood cell casts in the urinary sediment suggest proliferative 
GN. Although a renal biopsy is usually performed only when the result may 
influence therapeutic decisions, pathologic classification of the features of 
renal disease can provide prognostic information.

The erythrocyte sedimentation rate (ESR), although a very nonspecific 
indicator of systemic inflammation, is often monitored and in many patients 
can provide an indication of disease activity. Interestingly, C-reactive protein, 
an acute phase reactant, is relatively uninformative in SLE because it is often 
low in comparison to an ESR performed on the same occasion.

Assaying and monitoring characteristic lupus serologic tests can strongly 
support the diagnosis of SLE and, in some cases, can assist in the assessment 

Gastrointestinal System
Although uncommon, vasculitis of the gastrointestinal tract or mesentery can 
result in pain and bowel necrosis. Less common than pleuritis and pericarditis, 
peritonitis can manifest as peritoneal effusion and abdominal pain. Pancreatitis 
occurs in less than 10% of patients but may also be due to vascular pathology. 
Lupoid hepatitis, a syndrome that was named for the presence of positive 
ANAs in patients with chronic active hepatitis, is a misnomer because elevated 
transaminases are only rarely seen in lupus patients.

Lymphadenopathy
About one third of SLE patients demonstrate diffuse lymphadenopathy at 
some time during the course of their disease. The nodes are often nontender, 
and lymphoma is sometimes considered in the differential diagnosis. Biopsy 
usually reveals follicular hyperplasia, although some histopathologic findings 
appear similar to the histiocytic necrotizing lymphadenitis that is a feature of 
Kikuchi disease, a self-limited syndrome characterized by fever and lymph-
adenopathy. Recent multicenter studies have determined the frequency of 
malignancies in patients with SLE and have found a significant increase in 
hematologic malignancies, particularly non-Hodgkin lymphoma. Splenomegaly 
is sometimes seen in SLE, and spleen pathology is characterized by a classic 
onion-skin histology that appears as concentric circles of collagen matrix sur-
rounding splenic arteries and arterioles.

Hematologic System
In addition to autoantibody specificities that are fairly specific for SLE (anti-
DNA, anti-Sm), antibodies that target each of the cellular blood elements are 
also common. Anemia is present in about 50% of patients and is multifactorial. 
It can be associated with a positive Coombs test or microangiopathic hemolysis 
(Chapter 151) or reflect chronic disease (normochromic, normocytic) (Chapter 
149). Leukopenia, particularly lymphopenia, is observed, with the lymphocyte 
count decreasing in the setting of increased disease activity. Antibodies that 
bind to lymphocytes and neutrophils have been described, and an increased 
tendency for lymphocytes to undergo spontaneous apoptosis may contribute 
to lymphopenia. Idiopathic thrombocytopenic purpura (Chapter 163) can 
be an early manifestation of SLE, and thrombocytopenia induced by antiplatelet 
autoantibodies can sometimes lead to a life-threatening risk for hemorrhage. 
Autoantibodies to clotting factors can also occur and contribute to impaired 
clot formation and hemorrhage.

Lupus Pregnancy and Neonatal Lupus
Whether pregnancy increases the likelihood of lupus exacerbation has been 
debated, with differences on this point presented by different investigators. 
However, abundant data indicate that patients with SLE have worse fetal out-
comes than healthy individuals.21 Gestational hypertension, fetal growth 
restriction, and fetal distress are increased in patients with SLE and may lead 
to fetal loss or premature delivery. Preeclampsia can contribute to a poor 
outcome in both the mother and fetus and can be difficult to distinguish from 
a lupus flare associated with lupus nephritis.

Neonatal lupus is a distinct entity that can occur in infants of mothers with 
or without a diagnosis of SLE.22 The syndrome is characterized by cutaneous 
lesions and congenital heart block in the infant and the presence of antibodies 
to the Ro (SSA) or La (SSB) RNA-binding proteins (or both) in the mother. 
The mortality rate in babies with a congenital heart block is 15 to 31%. Depo-
sition of anti-Ro IgG in the fetal heart, indicative of transplacental transfer of 
maternal autoantibody, and dense connective tissue encompassing the con-
duction system have been demonstrated in autopsy specimens. Prenatal testing 
of lupus mothers for the presence of anti-Ro and anti-La antibodies is appro-
priate, and careful monitoring with fetal echocardiography starting at week 
16 of pregnancy can detect conduction defects. Fluorinated corticosteroids 
such as dexamethasone have been effective in reversing heart block in some 
cases. The role of hydroxychloroquine in prevention of neonatal lupus mani-
festations is under investigation.

Antiphospholipid Antibody Syndrome
Antiphospholipid antibodies represent a distinct class of autoantibodies that 
are seen in about one third of SLE patients but can also be present in individu-
als who do not carry a diagnosis of SLE (Chapter 162). Although these anti-
bodies were initially thought to be specific for phospholipids exposed in cell 
membranes, particularly after “flipping” of the membranes of apoptotic cells, 
extensive data support their primary reactivity with phospholipid-binding 
proteins, particularly β2-glycoprotein I. Whether in primary antiphospholipid 
syndrome or in SLE, antiphospholipid antibodies have been associated with 
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Although current knowledge of genetic risk factors for SLE is not sufficient 
to predict those in whom the disease will develop, after the diagnosis has been 
made, regular counseling and education are fundamental to the treatment of 
SLE patients. Patients should be advised to avoid known triggers of disease 
exacerbation, such as ultraviolet light, and should be instructed regarding the 
need for adequate rest. Pregnancy should be undertaken with caution and 
with careful monitoring. Lupus patients can be informed that data indicate 
that oral contraceptive agents do not contribute to disease exacerbations. A1 

Conventional Medical Therapy
Clinical manifestations of lupus that do not involve major organ systems 

can often be managed with nonsteroidal anti-inflammatory drugs, low-dose 
corticosteroids, and antimalarials. Corticosteroids (Chapter 32) are immunosup-
pressive agents that modulate many functions of lymphocytes and monocytes, 
including the production of pro-inflammatory cytokines. Oral prednisone in 
doses ranging from 5 to 30 mg daily is effective in treating constitutional symp-
toms, arthralgias, pericarditis and pleuritis, and skin disease. Topical corticosteroids 
are sometimes applied to cutaneous lesions. Although effective, corticosteroids 
also have toxicities that add to the morbidity associated with lupus. The broad 
immunosuppression mediated by these drugs contributes to the susceptibility 
to infection that is an inherent feature of SLE. Osteonecrosis, osteoporotic frac-
tures, posterior subcapsular cataracts, diabetes, myopathy, hypertension, hypo-
adrenalism, and emotional disturbance are additional deleterious effects of 
corticosteroids.

Antimalarial agents, most commonly hydroxychloroquine administered at 
200 to 400 mg/day, have long been used to control skin involvement and 
arthralgias and are now routinely used in most lupus patients. An important 
Canadian study demonstrating an increased frequency of disease flares in 
patients who discontinued hydroxychloroquine contributed to its recent use 
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TABLE 250-2 UPDATE OF THE 1982 REVISED CRITERIA FOR CLASSIFICATION OF SYSTEMIC LUPUS ERYTHEMATOSUS
CRITERION* DEFINITION

1. Malar rash Fixed erythema, flat or raised, over the malar eminences that tends to spare the nasolabial folds
2. Discoid rash Erythematous raised patches with adherent keratotic scaling and follicular plugging; atrophic scarring may occur in older lesions
3. Photosensitivity Rash as a result of unusual reaction to sunlight, by history or physician observation
4. Oral ulcers Oral or nasopharyngeal ulceration, usually painless, observed by a physician
5. Nonerosive arthritis Involving 2 or more peripheral joints and characterized by tenderness, swelling, or effusion
6. Pleuritis or pericarditis A. Pleuritis—convincing history of pleuritic pain or rubbing heard by a physician or evidence of pleural effusion or

B. Pericarditis—documented by electrocardiography, a rub, or evidence of pericardial effusion
7. Renal disorder A. Persistent proteinuria >0.5 g/day or >3+ if quantitation is not performed or

B. Cellular casts—may be red cell, hemoglobin, granular, tubular, or mixed
8. Neurologic disorder A. Seizures—in the absence of offending drugs or known metabolic derangements (e.g., uremia, ketoacidosis, electrolyte imbalance) or

B. Psychosis—in the absence of offending drugs or known metabolic derangements (e.g., uremia, ketoacidosis, electrolyte imbalance)
9. Hematologic disorder A. Hemolytic anemia—with reticulocytosis or

B. Leukopenia—<4000/μL total on ≥2 occasions or
C. Lymphopenia—<1500/μL on ≥2 occasions or
D. Thrombocytopenia—<100,000/μL in the absence of offending drugs

10. Immunologic disorder A. Anti-DNA: antibody to native DNA in abnormal titer or
B. Anti-Sm: presence of antibody to Sm nuclear antigen or
C.  Positive finding of antiphospholipid antibodies on: (1) an abnormal serum level of IgG or IgM anticardiolipin antibodies; (2) a 

positive test for lupus anticoagulant using a standard method; or (3) a false-positive test result for syphilis known to be positive for at 
least 6 months confirmed by Treponema pallidum immobilization or fluorescent treponemal antibody absorption test

11. Positive antinuclear antibody An abnormal titer of antinuclear antibody by immunofluorescence or an equivalent assay at any point in time and in the absence of drugs
*The proposed classification is based on 11 criteria. For the purpose of identifying patients in clinical studies, a person shall be said to have systemic lupus erythematosus if any 4 or more of the 11 criteria are 
present, serially or simultaneously, during any interval of observation.
Modified from Tan EM, Cohen AS, Fries JF, et al. The 1982 revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum. 1982;25:1271. Modifications described in Hochberg MC. 
Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum. 1997;40:1725.

of disease activity. The ANA test is positive in virtually all patients and does 
not need to be repeated after it has been documented to be positive (Table 
250-3). Anti-double-stranded DNA antibodies are common in SLE, and some 
studies have found that monitoring their titer can be useful in assessing the 
activity of lupus nephritis. Autoantibodies specific for proteins that associate 
with nucleic acids in intracellular particles are present in many patients and 
can provide support for a diagnosis of SLE. Anti-Sm antibodies are highly 
specific for SLE and, along with anti-RNP antibodies, react with the spliceo-
some particle. Anti-Ro (SSA) and anti-La (SSB) antibodies are specific for 
proteins in an RNA-containing particle and are common in patients with 
Sjögren syndrome and in mothers of babies with neonatal lupus, as well as 
being a feature of SLE. It is useful to document the presence of anti-Sm, anti-
RNP, anti-Ro, and anti-La antibodies when the diagnosis of SLE is being 
made, but the titers of these autoantibodies are not helpful in monitoring 
disease activity.

Proteins of the complement system are activated by immune complexes, 
such as those that form in patients with SLE. The activation products that 
result from enzymatic cleavage of the complement components promote 
inflammation directly by binding to cell surface receptors on mononuclear 
phagocytes, and indirectly by acting as chemotactic agents to recruit inflam-
matory cells. Decreased levels of two of the more stable complement com-
ponents, C3 and C4, are typically measured in serum, and decreased C3 and 
C4 levels are often indicators of enhanced consumption and increased disease 

TABLE 250-3 AUTOANTIBODIES ASSOCIATED WITH 
SYSTEMIC LUPUS ERYTHEMATOSUS

TARGET ANTIGEN APPROXIMATE FREQUENCY
Nuclear antigens 99
Double-stranded DNA 70
Sm nuclear antigen 38
RNP (U1-RNP) 33
Ro (SSA) 49
La (SSB) 35
Phospholipids 21
Ribosomal P 10

activity. Some laboratories also use a functional measure of total hemolytic 
complement activity (CH50).

It is the global picture provided by a careful history, physical examination, 
and blood, urine, and serologic data that supports a diagnosis of SLE. It should 
be recognized that there is considerable heterogeneity among patients and 
that different combinations of clinical features will characterize any one indi-
vidual. As is the case with many systemic diseases, infection and some malig-
nancies may have a similar picture and should be included in the differential 
until the diagnosis of SLE is secure.
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 PROGNOSIS
Although survival of patients with a diagnosis of SLE is good, lupus remains a 
disease that is potentially fatal. SLE demonstrates a bimodal pattern of death, 
with deaths within the first year attributable to active lupus and infection and 
late deaths attributable to atherosclerotic cardiovascular disease. Recent cohort 
studies have estimated 5-year survival rates greater than 90%, with improve-
ment in medical management probably contributing to improved outcomes, 
as opposed to earlier studies, and 85% survival rates at 10 years. However, 
after a diagnosis of SLE has been made, prolonged remission is rare. Of 702 
patients registered in a lupus clinic in Canada, 6.5% achieved complete remis-
sion (score of 0 on the SLE Disease Activity Index), and only 1.7% maintained 
remission for at least 5 years with no treatment. The presence of any perma-
nent organ damage within the first year after a diagnosis of SLE is associated 
with poorer survival at 10 years (compared with a 75 vs. 95% rate in those 
without permanent organ damage). Regarding renal outcome, an elevated level 
of serum creatinine at the time of diagnosis has been correlated with an adverse  
outcome.

Recent studies of minority populations in the United States have indicated 
that predictors of high lupus disease activity include Hispanic Texan and 
African American ethnicities, lack of health insurance, and poor social support. 
African admixture and anti-double-stranded DNA antibodies also predicted 
high levels of disease activity, as did previous disease activity.

Data from a multicenter study of nearly 10,000 patients has supported an 
increased risk for hematologic malignancies in SLE patients, particularly non-
Hodgkin lymphoma. Prognostic factors for an adverse fetal outcome in pregnant 
lupus mothers are maternal renal disease and hypertension.

in lupus for a broader range of clinical manifestations. Hydroxychloroquine has 
been associated with a decreased incidence of thrombosis, a mechanism that 
could affect vasculopathy and end-organ damage. An additional potential 
mechanism of action implicates the TLR pathway, which is responsible for acti-
vation of the innate immune response. The effects of antimalarial agents on 
acidification of the intracellular vesicles where TLRs associate with their ligands 
may inhibit immune cell activation mediated by stimulatory nucleic acids. 
Antimalarials are well tolerated. Because they can rarely cause eye toxicity, 
ophthalmologic examinations should precede initiation of therapy and take 
place every 6 to 12 months thereafter.

Management of Serious Organ-System Disease
For more serious disease, particularly active nephritis, CNS disease, or systemic 

vasculitis, prednisone at 60 mg daily or 1 g of intravenous methylprednisolone 
administered daily for 3 days can sometimes gain control of disease activ-
ity. In many situations, additional immunosuppressive, cytotoxic, or biologic 
therapies are required. Because lupus nephritis is the most common severe 
clinical organ-system manifestation of SLE, an algorithm describing guidelines 
for medical management of lupus nephritis developed by a Task Force Panel 
assembled by the American College of Rheumatology is useful (Fig. 250-4). A 
similar approach can be applied to other serious clinical disease flares. Lupus 
flares involving rapid decompensation of renal function, CNS disease (including 
seizures, strokes, or psychosis), or widespread vasculitis or vasculopathy can be 
life-threatening and must be recognized and treated early and aggressively. 
Careful attention to monitoring for concurrent or superimposed infection is an 
important priority during management of a severe lupus flare, and distinguishing 
sepsis from active lupus or catastrophic antiphospholipid syndrome can be a 
particular challenge. In general, cyclophosphamide can be added to high-dose 
corticosteroid therapy in the setting of severe flare, A2  although mycopheno-
late mofetil has gained increased use in situations in which the physician or 
patient wishes to avoid the potential toxicities associated with cyclophospha-
mide. A3  For example, multitarget therapy consisting of tacrolimus (4 mg per 

day), mycophenolate mofetil (1 gram per day), and oral prednisone provides 
superior efficacy compared with intravenous cyclophosphamide as induction 
therapy for lupus nephritis. A4  Randomized controlled studies have investigated 
options for maintaining improvement in those patients who respond to induc-
tion therapy in the setting of lupus nephritis flare, with current data favoring 
mycophenolate mofetil over azathioprine. A5  One biologic agent, belimumab, a 
monoclonal antibody reactive with BLyS, has been approved by the U.S. Food 
and Drug Administration (FDA) for treatment of active autoantibody-positive 
SLE in conjunction with standard therapies, A6  but belimumab has not yet been 
documented to be effective in patients with lupus nephritis or other severe 
manifestations of lupus. Testing of additional candidate therapeutic agents holds 
promise, including positive phase II clinical trials for a monoclonal antibody 
against the type I interferon receptor, A7  a monoclonal antibody that inhibits 
IL-12 and IL-23, and a Janus-associated kinase inhibitor. Additional therapeutic 
agents have initiated clinical testing. Agents used in management of lupus are 
reviewed below.

Immunosuppressive Agents
alkylating agents

Approximately 33% of lupus patients receive cytotoxic therapy during the 
course of their disease. Cyclophosphamide is a cytotoxic agent that has been 
one of the more reliable and studied treatments for severe organ system mani-
festations of lupus, particularly lupus nephritis and CNS involvement. Studies 
performed at the National Institutes of Health in the 1980s led to recommenda-
tions of a standard regimen of cyclophosphamide, 0.5 to 1 g/m2 body surface 
area administered intravenously monthly for 6 months, followed by quarterly 
doses through 2 years. Cyclophosphamide is usually given with oral prednisone 
in tapering doses or sometimes with pulse methylprednisolone. Although this 
regimen is often effective in controlling GN, overall patient survival has not 
been demonstrated to be increased, and high-dose cyclophosphamide is asso-
ciated with significant toxicity, including cytopenia, infection, and gonadal 
failure. A modified therapeutic regimen for administration of cyclophosphamide, 

MMF 2-3 g/day for 6 months*
(preferred to CYC in African American

and Hispanic patients) 
plus

GC IV pulse x 3 days, then pred 0.5-1
mg/kg/day tapered after a few

weeks to lowest effective dose  

or

or

Induction Therapy: Class III/IV

CYC
plus

GC IV pulse x 3 days, then pred 0.5-1
mg/kg/day tapered after a few

weeks to lowest effective dose  

Low Dose
500 mg IV

every 2 weeks x 6
(for whites of

European background) 

High Dose
500-1000

mg/m2 BSA
IV every

month x 6 

6 mos
Improved Not improved 

MMF 1-2 g/day
or

AZA 2 mg/kg/day +/–
low-dose daily GC

6 mos
Improved Not improved 

CYC (low or high)
+

Pulse GC then
daily GC

Improved Not improved 

Maintenance
MMF 1-2 g/day

or
AZA 2 mg/kg/day
+/– Iow dose GC

Rituximab
or

Calcineurin
inhibitors + GC

Improved Not improved 

Maintenance
MMF 1-2 g/day

or
AZA 2 mg/kg/day
+/– Iow dose GC

Rituximab
or

Calcineurin
inhibitors + GC 

MMF 1-2 g/day
or

AZA 2 mg/kg/day +/–
low-dose daily GC 

MMF 2-3 g daily
for 6 months

+
Pulse GC, then daily GC

FIGURE 250-4. Algorithm for induction therapy for lupus nephritis. Guidelines developed by the task Force panel of the american college of rheumatology for management of 
class iii/iV lupus nephritis. refer to reference 29 for guidelines for management of class iii/iV lupus nephritis with crescents and class V membranous lupus nephritis without proliferative 
changes and nephrotic range proteinuria. *the task Force panel preferred mmF over cyc in patients who desire to preserve fertility. aZa = azathioprine; BSa = body surface area; cyc 
= cyclophosphamide; Gc = glucocorticoid; iV = intravenous; mmF = mycophenolate mofetil; pred = prednisone. (From hahn Bh, mcmahon ma, Wilkinson a, et al. american college of 
rheumatology guidelines for screening, treatment, and management of lupus nephritis. Arthritis Care Res [Hoboken]. 2012;64:797-808.)
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 PROGNOSIS
Although survival of patients with a diagnosis of SLE is good, lupus remains a 
disease that is potentially fatal. SLE demonstrates a bimodal pattern of death, 
with deaths within the first year attributable to active lupus and infection and 
late deaths attributable to atherosclerotic cardiovascular disease. Recent cohort 
studies have estimated 5-year survival rates greater than 90%, with improve-
ment in medical management probably contributing to improved outcomes, 
as opposed to earlier studies, and 85% survival rates at 10 years. However, 
after a diagnosis of SLE has been made, prolonged remission is rare. Of 702 
patients registered in a lupus clinic in Canada, 6.5% achieved complete remis-
sion (score of 0 on the SLE Disease Activity Index), and only 1.7% maintained 
remission for at least 5 years with no treatment. The presence of any perma-
nent organ damage within the first year after a diagnosis of SLE is associated 
with poorer survival at 10 years (compared with a 75 vs. 95% rate in those 
without permanent organ damage). Regarding renal outcome, an elevated level 
of serum creatinine at the time of diagnosis has been correlated with an adverse  
outcome.

Recent studies of minority populations in the United States have indicated 
that predictors of high lupus disease activity include Hispanic Texan and 
African American ethnicities, lack of health insurance, and poor social support. 
African admixture and anti-double-stranded DNA antibodies also predicted 
high levels of disease activity, as did previous disease activity.

Data from a multicenter study of nearly 10,000 patients has supported an 
increased risk for hematologic malignancies in SLE patients, particularly non-
Hodgkin lymphoma. Prognostic factors for an adverse fetal outcome in pregnant 
lupus mothers are maternal renal disease and hypertension.

termed the “Euro-Lupus regimen,” involves 500 mg administered intravenously 
every 2 weeks for 6 doses, followed by azathioprine. This approach provides 
long-term efficacy comparable to the high-dose cyclophosphamide regimen 
and is superior in maintaining ovarian reserve.27 A recent meta-analysis of ran-
domized clinical trials of therapies for lupus nephritis was overall inconclusive 
but suggested that mycophenolate mofetil (MMF), calcineurin inhibitors, or 
the combination were effective in inducing remission compared with intrave-
nous cyclophosphamide, and that MMF is the most effective maintenance 
therapy. A8  Cyclophosphamide is relatively contraindicated in pregnant women.

purine Synthesis inhibitors
Azathioprine has been used for the treatment of lupus nephritis and as a 

steroid-sparing agent in SLE for many years. Azathioprine inhibits DNA synthesis 
and inhibits key signaling pathways in T lymphocytes. Azathioprine is commonly 
dosed at 2 to 3 mg/kg/day administered as a tablet. Toxicities of azathioprine 
target the bone marrow (and result in cytopenias) as well as the liver, occasion-
ally resulting in transaminitis. Its use is rarely associated with non-Hodgkin 
lymphoma (Chapter 176). It has been used safely in pregnant women.

MMF is an inhibitor that binds to the isoform of inosine monophosphate 
dehydrogenase that mediates purine synthesis in activated lymphocytes. It 
has a good track record of utility in inhibiting allograft rejection. Recent clinical 
trials have compared MMF with low-dose intravenous cyclophosphamide for 
induction therapy in lupus nephritis; the results demonstrated equivalence of 
MMF and cyclophosphamide in patients with lupus nephritis, although some 
patients with active acute disease were excluded. A9  In a randomized trial, MMF 
(1 g twice daily) was more effective than azathioprine for the maintenance 
treatment of lupus nephritis, with treatment failure rates reduced from 32 to 
16%. A10  Like cyclophosphamide, MMF should not be used in pregnancy.

methotrexate
Methotrexate is a folate antagonist that is commonly used in rheumatoid 

arthritis. A double-blind randomized placebo-controlled trial of oral methotrex-
ate (15 to 25 mg/week for 6 months) in SLE controlled disease and allowed 
tapering of prednisone. The most responsive clinical manifestations were cuta-
neous and articular.

Ancillary and Other Therapies
intravenous Gamma Globulin

Although positive data from controlled trials of intravenous gamma globulin 
are not available, case reports and clinical experience indicate that administra-
tion of pooled IgG fractions can sometimes be efficacious in gaining control 
of lupus disease activity that is refractory to other therapies. A common regimen 
is 2 g/kg in divided doses over a 3- to 5-day period. Several mechanisms have 
been proposed for this therapy, including blockade of Fc receptors, modulation 
of lymphocyte function through Fc receptors, increased catabolism of patho-
genic immunoglobulin, and actions of the anti-idiotype antibody that is a 
component of the administered IgG.

plasmapheresis
Removal of pathogenic antibodies and immune complexes is the goal of 

plasmapheresis, but there are scant data supporting the utility of this therapy. 
Nonetheless, plasmapheresis has been occasionally useful in lupus patients 
with life-threatening complications in which the clinical manifestations can be 
clearly attributed to pathogenic autoantibodies. In particular, plasmapheresis 
has been effective in cases of thrombotic thrombocytopenic purpura associated 
with SLE (Chapter 163).

Biologic therapies
Biologic therapies (Chapter 33) are being actively investigated in clinical 

trials, but only one agent has been successful as yet in phase III studies. Beli-
mumab, a monoclonal antibody, blocks a B-cell survival and differentiation 
signal. At a dose of 1 mg/kg or 10 mg/kg intravenously on days 1 and 28 and 
then every 28 days for 48 weeks, belimumab reduced disease activity by both 
validated measures and physician global assessment and decreased autoanti-
body levels. In a second study, belimumab at a dose of 10 mg/kg administered 
intravenously on days 0, 14, and 28 and then every 28 days, the currently 
recommended regimen, for 72 weeks, added to standard therapy, significantly 
improved response rate, disease activity, and severe flares and was generally 
well tolerated in SLE. A11  The clinical settings that are most appropriate for the 
use of belimumab, which was approved by the FDA, will be determined by 
future clinical trials and clinical experience. Additional agents under investiga-
tion target B cells, T-cell activation, and cytokines.28

Rituximab, a monoclonal antibody specific for the cell surface B-cell molecule 
CD20, is approved for use in B-cell lymphomas and has been used in some 
patients with SLE who are poorly responsive to other therapies. Rituximab 
depletes B cells, often for many months, and may limit T-cell activation by 
eliminating activated B cells that can serve as antigen-presenting cells. However, 
controlled clinical trials of rituximab in lupus have not shown efficacy. In a 
randomized double-blind placebo-controlled phase III trial in patients with 
active proliferative lupus nephritis, rituximab therapy led to more responders 
and greater reductions in anti-double-stranded DNA and C3/C4 levels, but 
did not improve clinical outcomes after 1 year of treatment. A12  Nonetheless, 

rituximab is increasingly used in patients with lupus nephritis or cytopenias 
refractory to more conventional therapies.29

Other agents that block B-cell survival and differentiation factors or target 
B-cell surface molecules are under study. T-cell targets include CD28 and CD40 
ligand (CD154), a T-cell surface molecule involved in supporting B-cell differ-
entiation. Blockade of T-cell activation by CTLA4-Ig, a soluble inhibitor of CD28 
ligation, or inhibition of CD40-CD40 ligand interaction might inhibit B-cell dif-
ferentiation in the germinal center. Monoclonal antibodies specific for the type 
I IFN receptor or for subtypes of type I IFN are under study. Small molecule 
inhibitors of signaling molecules are in development, and inhibitors of mam-
malian target of rapamycin may prove useful in controlling lupus disease 
activity.30

Adjunctive Therapies
In addition to controlling autoimmunity and inflammation in SLE, it is essential 

to control hypertension adequately when it occurs. In those with lupus nephritis, 
treatment with an angiotensin inhibitor or an angiotensin receptor blocker 
reduces intraglomerular pressure, thus reducing proteinuria. In patients with 
a history of thrombosis, who will usually have antiphospholipid antibodies, 
long-term warfarin is recommended. The potential use of statins in lupus is of 
interest because those agents have anti-inflammatory as well as lipid-lowering 
effects, but statins have not yet been shown efficacious in controlling lupus 
disease activity in controlled trials. The value of supplementation with vitamin 
D and omega-3 fatty acids, such as krill oil, in lupus is under study.

Future Directions
Recent advances in basic immunology, together with detailed molecular 

and clinical characterization of cohorts of SLE patients, have directed attention 
to the role adjuvant-like factors play in activating the innate immune response 
through TLRs. The primary triggers of that response are not known, but abun-
dant data support production of type I interferon as an important consequence 
of immune activation that has an impact on many aspects of lymphocyte func-
tion, probably including induction of self-antigen–specific immune responses. 
In addition to the biologic therapies currently under study that target T and B 
lymphocytes, future therapies may be designed that can inhibit TLR activation, 
signaling components downstream from TLRs, cytoplasmic sensors of stimula-
tory nucleic acids, or type I interferon itself. Recognition that the complement 
system is an essential contributor to inflammation triggered by antiphospholipid 
antibodies, as well as by immune complexes, provides additional targets that 
might be inhibited therapeutically and limit tissue damage. Continued inves-
tigation of the genetic and environmental factors that contribute to disease 
susceptibility may permit identification of individuals at risk for the development 
of SLE and may elucidate the primary stimuli that lead to autoimmunity. Iden-
tification of informative biomarkers that reflect or even predict disease flares 
would improve medical management of lupus patients.
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4. Autoantibodies specific for the following antigen are specific for SLE:
 A. Ro
 B. Centromere
 C. Ribonucleoprotein (RNP)
 D. Scl70
 E. Smith (Sm)

Answer: E Autoantibodies associated with a diagnosis of SLE include those 
targeting protein components of ribonucleoprotein particles, such as Ro, which 
is also associated with Sjögren syndrome and rheumatoid arthritis. Anti-RNP 
antibodies can be seen in patients with SLE or mixed connective tissue disease. 
Anticentromere and anti-Scl70 antibodies are associated with systemic scle-
rosis. Anti-Sm antibodies are nearly exclusive to patients with SLE.

5. Which therapeutic agent is appropriate for both induction and maintenance 
therapy for class III or IV lupus nephritis?
 A. Intravenous pulse glucocorticoid therapy
 B. Azathioprine
 C. Cyclophosphamide
 D. Mycophenolate mofetil
 E. Rituximab

Answer: D Induction therapy for lupus nephritis is often conducted with 
cyclophosphamide, along with IV pulse glucocorticoid therapy. However, 
recent data indicate that mycophenolate mofetil (MMF) can be as effective 
as cyclophosphamide. In addition, MMF has shown efficacy as a maintenance 
therapy. Intravenous pulse glucocorticoid therapy and cyclophosphamide are 
appropriate for induction therapy but should not be used as a chronic main-
tenance therapy for lupus nephritis. Azathioprine is appropriate as a mainte-
nance therapy but is inferior to other options as induction therapy. Rituximab 
has not shown efficacy in randomized controlled clinical trials for lupus nephritis 
but nonetheless is sometimes used in that clinical setting if other therapies 
are not successful.

REVIEW QUESTIONS

1. Data from genome-wide association studies identify gene variants encoding 
the following protein as associated with a diagnosis of systemic lupus ery-
thematosus (SLE):
 A. CD40
 B. Interferon regulatory factor 5 (IRF5)
 C. Interferon-γ
 D. Interleukin-17
 E. Adiponectin

Answer: B Polymorphisms in IRF5 are associated with SLE. IRF5 is a tran-
scription factor that is activated following cell triggering through endosomal 
toll-like receptors and induces transcription of type I interferon and other 
proinflammatory mediators. CD40 is a cell surface molecule expressed on B 
cells, monocytes, and dendritic cells that interacts with CD40 ligand on acti-
vated T cells. Genetic variants in the gene encoding CD40 have not been 
reported in SLE. Interferon-γ and interleukin-17 are T-cell products that may 
be implicated in lupus pathogenesis, but significant genetic polymorphisms 
in their genes have not been associated with SLE. Adiponectin is a product 
of adipocytes and has not been described as having a role in lupus 
susceptibility.

2. Environmental factors can trigger initiation or exacerbation of SLE. One 
mechanism by which drug-induced lupus can be triggered is through:
 A. Induction of regulatory T cells
 B. Damage to renal podocytes
 C. DNA demethylation
 D. Increased proteinuria
 E. Hemolysis

Answer: C Procainamide is an antihypertensive agent that has been associ-
ated with induction of lupus. This drug affects gene expression and cell function 
through demethylation of DNA, resulting in self-reactive T cells. Regulatory 
T cells contribute to protection from autoimmune disease rather than induc-
tion of autoimmune disease. Damage to podocytes might be one mechanism 
of renal damage but has not been associated with drug-induced lupus. Increased 
proteinuria and hemolysis are clinical manifestations of lupus but do not rep-
resent mechanisms that account for drug-induced lupus.

3. Clinical manifestations of lupus can include:
 A. Seizures
 B. Renal failure
 C. Myocardial infarction
 D. Pericarditis
 E. All of the above

Answer: E The clinical manifestations of lupus are protean and can affect 
any organ system. It should be noted that premature atherosclerotic cardio-
vascular disease is frequent among lupus patients and can contribute to increased 
mortality.
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251 
SYSTEMIC SCLEROSIS (SCLERODERMA)
JOHN VARGA

 DEFINITION
Systemic sclerosis, originally termed scleroderma, is a chronic autoimmune disease 
of unknown cause associated with considerable morbidity and mortality. The 
disease shows marked clinical heterogeneity, has protean clinical manifesta-
tions, and may follow a stable, indolent, or rapidly progressive course.1 The 
hallmark of systemic sclerosis is thickening and hardening of the skin (sclero-
derma), but the lungs, gastrointestinal tract, kidneys, and heart are also affected. 
In the earliest stages of the disease, evidence of inflammation, autoimmunity, 
and altered microvascular function are prominent. Over time, progressive and 
irreversible structural alterations in small blood vessels and fibrosis in multiple 
organs ensue. There is no cure or approved disease-modifying therapy for 
systemic sclerosis. Nonetheless, current treatment strategies are frequently 
effective in controlling symptoms, slowing disease progression, improving 
quality of life, and prolonging survival. The presence of scleroderma (hard 
skin) distinguishes systemic sclerosis from other autoimmune and rheumatic 
diseases, but skin induration also features prominently in localized forms of 
scleroderma, as well as  scleroderma-like conditions, paraneoplastic syndromes, 
and diverse unrelated disorders (Table 251-1).

Classification
Systemic Sclerosis
A widely used classification for systemic sclerosis divides patients into two 
subsets: diffuse cutaneous systemic sclerosis and limited cutaneous systemic 
sclerosis. These two subsets are defined by the pattern of skin involvement, asso-
ciated clinical and laboratory manifestations, and natural history (Table 251-2). 
In limited cutaneous systemic sclerosis, skin involvement is restricted to the 
distal extremities and face. Diffuse cutaneous systemic sclerosis is characterized 

TABLE 251-1 CONDITIONS THAT MAY BE ASSOCIATED WITH 
SCLERODERMA-LIKE SKIN INDURATION

Systemic sclerosis (SSc)
Limited cutaneous SSc
Diffuse cutaneous SSc

Localized scleroderma
Morphea (plaque, guttate, generalized)
Linear scleroderma, “coup de sabre”

Pansclerotic morphea
Paraneoplastic syndromes
Scleredema and diabetic scleredema
Scleromyxedema (papular mucinosis)
Nephrogenic fibrosing syndrome (nephrogenic systemic fibrosis)
Chronic graft-versus-host disease
Diffuse fasciitis with eosinophilia (Shulman disease, eosinophilic fasciitis)
Eosinophilia-myalgia syndrome
Chemical exposure-associated scleroderma-like conditions

•	 Vinyl	chloride–induced	disease,	other	solvents
•	 Pentazocine-induced	skin	fibrosis
•	 Other	drug	associations

TABLE 251-2 CLASSIFICATION OF SYSTEMIC SCLEROSIS
CHARACTERISTIC 
FEATURES

LIMITED CUTANEOUS 
SYSTEMIC SCLEROSIS

DIFFUSE CUTANEOUS 
SYSTEMIC SCLEROSIS

Skin induration Limited to fingers, distal 
to elbows, face; 
progression slow

Diffuse: fingers, extremities, 
face, trunk; progression 
rapid; tendon friction rubs

Raynaud phenomenon Precedes skin 
involvement; often 
severe; associated 
with critical ischemia

Onset occurs coincident with 
or subsequent to skin 
involvement

Pulmonary fibrosis Occasional, rarely severe Frequent, early, can be 
progressive and severe

Pulmonary arterial 
hypertension

Frequent, late, may be 
isolated

Occasional, commonly in 
association with 
pulmonary fibrosis

Scleroderma renal crisis Very	rare Occurs in up to 15%; early
Calcinosis cutis Frequent, prominent Infrequent
Characteristic 

autoantibodies
Anticentromerase Antitopoisomerase I 

(Scl-70), anti-RNA 
polymerase III

is the presence of autoantibody specificity against U1-ribonuclear protein 
(U1-RNP), often at very high titer. Overall, patients with MCTD generally 
have a better prognosis than those with systemic sclerosis.

Localized Scleroderma
Localized scleroderma refers to a family of relatively benign skin conditions 
characterized by discreet areas of skin induration in the absence of Raynaud 
phenomenon or systemic involvement.2 Lesional skin is discolored and indu-
rated and histologically may be indistinguishable from systemic sclerosis. 
Localized scleroderma has multiple distinct forms. When it occurs as single 
or multiple solitary patches of induration, it is called morphea. When these 
patches coalesce, the condition is called generalized morphea. The lesions are 
generally asymmetrical in distribution and spare the digits. Induration may 
follow in a linear distribution, most commonly on the lower extremities (linear 
scleroderma). In children, linear scleroderma can be complicated by growth 
retardation and joint contractures. A rare but severe variant with extensive, 
disabling, and treatment-resistant skin induration, but lacking significant internal 
organ involvement, is called pansclerotic morphea.

 EPIDEMIOLOGY
Systemic sclerosis is a sporadic disease with a worldwide distribution. It is 
considered an orphan disease in the United States, with an incidence of 9 to 
19 cases per million per year. Like other connective tissue diseases, systemic 
sclerosis shows a marked female predominance, particularly in the childbear-
ing years. The peak age of onset is 40 to 60 years for both the limited and 
diffuse cutaneous forms. African Americans have a higher incidence and an 
earlier age of disease onset compared with whites, and they are more likely 
to have the diffuse cutaneous form of systemic sclerosis associated with inter-
stitial lung involvement and a worse prognosis.

Etiology and Environmental and Occupational Exposures
Although the cause of systemic sclerosis is unknown, it is commonly ascribed 
to an interplay between environmental factors and genetic susceptibility. Sus-
pected environmental triggers include occupational, dietary, medical, and 
lifestyle exposures.

Occupational exposures tentatively linked with systemic sclerosis include 
silica (in miners), polyvinyl chloride, epoxy resins, and aromatic hydrocarbons 
including toluene and trichloroethylene. Certain drugs, including bleomycin, 
pentazocine, hormone replacement therapy, cocaine, and appetite suppres-
sants, have been anecdotally linked with systemic sclerosis or pulmonary arterial 
hypertension. Although earlier studies implied a possible association of systemic 
sclerosis with silicone breast implants, large-scale epidemiologic investigations 
failed to establish an increased risk.

Genetic Factors
A genetic contribution to systemic sclerosis susceptibility is indicated by the 
fact that 1.6% of patients have a first-degree relative with systemic sclerosis, 
a prevalence rate substantially higher than in the general population (0.026). 
Indeed, a family history is the strongest identified risk factor for systemic 
sclerosis. Moreover, patients with systemic sclerosis are more likely to have 
first-degree relatives with Raynaud phenomenon and interstitial lung disease, 
as well as other autoimmune diseases including multiple sclerosis, rheumatoid 
arthritis, and thyroiditis. Genomewide association and candidate-gene studies 
have identified significant systemic sclerosis association with multiple human 
leukocyte antigen (HLA) loci. Associated non-HLA loci include STAT4, IRF4, 
PTPN22, TNFAIP3, TNIP-1, IRAK1, CD247, and BANK1, each of which 
encodes genes involved immune regulation or autoimmunity. Remarkably, most 
of these risk alleles are not unique for systemic sclerosis, and are also linked 
with other autoimmune diseases, especially systemic lupus erythematosus.

 PATHOBIOLOGY
The protean clinical and pathologic manifestations of systemic sclerosis reflect 
a complex underlying biology encompassing three interrelated cardinal 
pathomechanistic processes: autoimmunity and inflammation, vascular injury 
and obliteration, and fibrosis and excessive matrix accumulation in multiple 
tissues and organs (Fig. 251-1).

Pathology
The distinguishing pathologic hallmark of systemic sclerosis is the constella-
tion of capillary loss (rarefaction) and obliterative vasculopathy coexisting 
with fibrosis in most organs. In early-stage disease, perivascular inflammation 
can be seen even before the appearance of fibrosis. The vascular lesion is 

by skin involvement proximal to the elbows and knees, including the trunk. 
In patients with limited cutaneous systemic sclerosis, Raynaud phenomenon 
commonly precedes other disease manifestations, and skin involvement is 
indolent and limited. In contrast to limited cutaneous systemic sclerosis, diffuse 
cutaneous systemic sclerosis is generally rapidly progressive and may be com-
plicated by early pulmonary fibrosis, accelerated hypertension, and acute renal 
failure. The constellation of calcinosis cutis, Raynaud phenomenon, esophageal 
dysmotility, sclerodactyly (scleroderma of the fingers), and telangiectasia in a 
subset of patients with limited cutaneous systemic sclerosis is termed CREST 
syndrome. Raynaud phenomenon and other clinical and laboratory findings 
characteristic of systemic sclerosis in the absence of obvious skin thickening 
is the hallmark of systemic sclerosis sine scleroderma.

Mixed Connective Tissue Disorder
Mixed connective tissue disorder (MCTD) is an overlap syndrome that is 
characterized by features of systemic lupus erythematosus, systemic sclerosis, 
and myositis, all occurring in the same patient. In the early phase, most patients 
have Raynaud phenomenon in association with edema of the hands and evi-
dence of inflammatory muscle disease. Over time, these patients sequentially 
manifest other features of connective tissue diseases, including pericarditis, 
esophageal dysmotility, sclerodactyly, neuropathy, and pulmonary arterial 
hypertension. Erosive arthritis does not occur. On the other hand, some patients 
develop acute renal involvement similar to scleroderma renal crisis. In the 
early stage of this disorder, it can be difficult to predict whether the patient 
will progress to develop a distinct connective tissue disease such as systemic 
sclerosis or systemic lupus erythematosus. A diagnostic hallmark of MCTD 
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ABSTRACT
Systemic sclerosis is a chronic autoimmune connective tissue disease. It is 
more common in women and typically has an onset in the postreproductive 
years. The etiology is unknown, and familial inheritance is uncommon; however, 
a number of genetic variants have been associated with an increased disease 
risk. The disease is characterized by distinct and unique autoantibodies: fibrosis 
in the skin accompanied by fibrosis in the lungs, gut, heart, and most internal 
organs, and an obliterative noninflammatory microangiopathy. Together, these 
pathologic processes lead to the hallmark manifestations of systemic sclerosis, 
including skin tightness, joint contractions, lung fibrosis, pulmonary artery 
hypertension, Raynaud phenomenon, digital ischemic ulcers, calcinosis cutis, 
and intestinal dysmotility. Renal crisis with malignant hypertension and renal 
failure is an uncommon but deadly complication of systemic sclerosis. The 
risk of certain malignancies appears to be increased. Patients with systemic 
sclerosis show substantial variability in the clinical manifestations, rate of 
disease progression, autoantibody profiles, and outcomes. Current therapies 
are primarily immunomodulatory. However, organ-specific therapies are effec-
tive in reducing specific complications and improving the quality of life. Early 
accurate diagnosis, recognition of specific complications, risk stratification, 
and individualized management improve outcomes.
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characterized by intimal proliferation in the small and medium-sized arteries, 
resulting in luminal narrowing and obliteration,3 and is commonly complicated 
by platelet activation and hypercoagulability. In later-stage systemic sclerosis, 
fibrosis is prominent in the skin, lungs, gastrointestinal tract, heart, tendon 
sheath, perifascicular tissue surrounding skeletal muscle, and some endocrine 
organs such as the thyroid gland. Accumulation of connective tissue rich in 
fibrillar collagens, fibronectin, cartilage oligomeric matrix protein, and pro-
teoglycans disrupts normal architecture, resulting in functional impairment 
of affected organs.

In the skin, dermal collagen deposition causes obliteration of the hair fol-
licles, sweat glands, and other adnexae. Fibrosis invades the subjacent adipose 
layer with entrapment of fat cells (adipocytes) and disappearance of the fat 
layer. The epidermis is atrophic, and the rete pegs are effaced. In late-stage 
disease, there is a paucity of vascular and lymphatic endothelium. In the lungs, 
the interstitium and alveolar spaces are infiltrated with inflammatory cells in 
early disease. With progression, interstitial fibrosis and vascular damage, often 
coexisting within the same lesions, dominate the pathologic picture. The most 
common histologic pattern in systemic sclerosis-associated lung disease is 
nonspecific interstitial pneumonitis. Progressive thickening of the alveolar 
septae results in obliteration of the air spaces, honeycombing, and loss of 
pulmonary blood vessels.

Intimal thickening of small pulmonary arteries (Fig. 251.2), best seen with 
elastin stain, underlies pulmonary arterial hypertension (Chapter 75). These 
vascular lesions resemble those of, but are distinct from, idiopathic pulmonary 
arterial hypertension, but the hallmark plexiform lesions are uncommon in 
systemic sclerosis.4 In the gastrointestinal tract, pathologic changes can be 
found at any level from the mouth to the rectum.5,6 Fibrosis of the lamina 
propria and submucosa with atrophy of the muscular layers are prominent in 
the lower esophagus, whereas striated muscle in the upper third of the esopha-
gus is generally spared (Chapter 129). Replacement of the normal gut archi-
tecture leads to disordered peristaltic activity with gastroesophageal reflux 
and dysmotility, gastroparesis, and small bowel obstruction. Chronic reflux 
can be complicated by esophageal inflammation, ulcerations, stricture forma-
tion, and Barrett metaplasia.

Pathologic changes in the heart are common in systemic sclerosis, with 
involvement of the myocardium and pericardium.7 Characteristic microvascular 
lesions include concentric intimal hypertrophy and luminal narrowing. Con-
traction band necrosis reflecting ischemia-reperfusion injury is prominent 
and may be accompanied by patchy myocardial fibrosis. In the kidneys, non-
inflammatory lesions occur in the interlobular arteries. Scleroderma renal 
crisis8 (Chapter 116) is associated with striking changes in small renal arteries, 
with reduplication of elastic lamina, marked intimal proliferation, and con-
centric narrowing of the lumen (onion-skin), frequently accompanied by 
thrombosis and microangiopathic hemolysis.

Tripartite Pathophysiology: Vasculopathy, Immune 
Dysregulation, and Fibrosis
Vasculopathy
Early vascular injury affects primarily the small and medium-sized arteries 
and arterioles in multiple vascular beds. The initial vascular endothelial injury 
might be caused by viruses or other infectious agents, oxygen radicals, circu-
lating cytotoxic factors, complement activation, or autoantibodies. Endothelial 
cell injury and apoptosis result in altered balance of endothelium-derived 
vasodilatory (nitric oxide and prostacyclin) and vasoconstricting (endothelin-1) 
molecules, vascular permeability, and upregulation of adhesion molecules with 
transendothelial leukocyte diapedesis. Increased reactivity of platelets, activa-
tion of intravascular coagulation, defective fibrinolysis, and the resulting 
thrombosis further compromise vascular function. Small blood vessels show 
intimal hyperplasia with thickening and reduplication of the basement mem-
brane. In the vascular media, myointimal cells proliferate, whereas the adventitial 
layers develop fibrosis; the net result is obliteration of capillaries, arterioles, 
and even large vessels, impaired blood flow and widespread tissue ischemia. 
Recurrent ischemia-reperfusion is associated with the generation of reactive 
oxygen species that further damage the endothelium.

Raynaud Phenomenon
The earliest and most common vascular complication of systemic sclerosis 
is Raynaud phenomenon.9,10 Raynaud phenomenon (also see Chapter 72) 
reflects abnormal thermal regulation of blood flow and can precede other 
disease manifestations by years. Raynaud phenomenon in systemic sclerosis is 
characterized by autonomic and peripheral nervous system changes leading to 
impaired	production	of	calcitonin	gene–related	peptide	from	sensory	afferent	

is the presence of autoantibody specificity against U1-ribonuclear protein 
(U1-RNP), often at very high titer. Overall, patients with MCTD generally 
have a better prognosis than those with systemic sclerosis.

Localized Scleroderma
Localized scleroderma refers to a family of relatively benign skin conditions 
characterized by discreet areas of skin induration in the absence of Raynaud 
phenomenon or systemic involvement.2 Lesional skin is discolored and indu-
rated and histologically may be indistinguishable from systemic sclerosis. 
Localized scleroderma has multiple distinct forms. When it occurs as single 
or multiple solitary patches of induration, it is called morphea. When these 
patches coalesce, the condition is called generalized morphea. The lesions are 
generally asymmetrical in distribution and spare the digits. Induration may 
follow in a linear distribution, most commonly on the lower extremities (linear 
scleroderma). In children, linear scleroderma can be complicated by growth 
retardation and joint contractures. A rare but severe variant with extensive, 
disabling, and treatment-resistant skin induration, but lacking significant internal 
organ involvement, is called pansclerotic morphea.

 EPIDEMIOLOGY
Systemic sclerosis is a sporadic disease with a worldwide distribution. It is 
considered an orphan disease in the United States, with an incidence of 9 to 
19 cases per million per year. Like other connective tissue diseases, systemic 
sclerosis shows a marked female predominance, particularly in the childbear-
ing years. The peak age of onset is 40 to 60 years for both the limited and 
diffuse cutaneous forms. African Americans have a higher incidence and an 
earlier age of disease onset compared with whites, and they are more likely 
to have the diffuse cutaneous form of systemic sclerosis associated with inter-
stitial lung involvement and a worse prognosis.

Etiology and Environmental and Occupational Exposures
Although the cause of systemic sclerosis is unknown, it is commonly ascribed 
to an interplay between environmental factors and genetic susceptibility. Sus-
pected environmental triggers include occupational, dietary, medical, and 
lifestyle exposures.

Occupational exposures tentatively linked with systemic sclerosis include 
silica (in miners), polyvinyl chloride, epoxy resins, and aromatic hydrocarbons 
including toluene and trichloroethylene. Certain drugs, including bleomycin, 
pentazocine, hormone replacement therapy, cocaine, and appetite suppres-
sants, have been anecdotally linked with systemic sclerosis or pulmonary arterial 
hypertension. Although earlier studies implied a possible association of systemic 
sclerosis with silicone breast implants, large-scale epidemiologic investigations 
failed to establish an increased risk.

Genetic Factors
A genetic contribution to systemic sclerosis susceptibility is indicated by the 
fact that 1.6% of patients have a first-degree relative with systemic sclerosis, 
a prevalence rate substantially higher than in the general population (0.026). 
Indeed, a family history is the strongest identified risk factor for systemic 
sclerosis. Moreover, patients with systemic sclerosis are more likely to have 
first-degree relatives with Raynaud phenomenon and interstitial lung disease, 
as well as other autoimmune diseases including multiple sclerosis, rheumatoid 
arthritis, and thyroiditis. Genomewide association and candidate-gene studies 
have identified significant systemic sclerosis association with multiple human 
leukocyte antigen (HLA) loci. Associated non-HLA loci include STAT4, IRF4, 
PTPN22, TNFAIP3, TNIP-1, IRAK1, CD247, and BANK1, each of which 
encodes genes involved immune regulation or autoimmunity. Remarkably, most 
of these risk alleles are not unique for systemic sclerosis, and are also linked 
with other autoimmune diseases, especially systemic lupus erythematosus.

 PATHOBIOLOGY
The protean clinical and pathologic manifestations of systemic sclerosis reflect 
a complex underlying biology encompassing three interrelated cardinal 
pathomechanistic processes: autoimmunity and inflammation, vascular injury 
and obliteration, and fibrosis and excessive matrix accumulation in multiple 
tissues and organs (Fig. 251-1).

Pathology
The distinguishing pathologic hallmark of systemic sclerosis is the constella-
tion of capillary loss (rarefaction) and obliterative vasculopathy coexisting 
with fibrosis in most organs. In early-stage disease, perivascular inflammation 
can be seen even before the appearance of fibrosis. The vascular lesion is 
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Animal Models of Disease
Although no single animal model fully recapitulates the tripartite immune-
vascular-fibrotic pathobiology of systemic sclerosis, certain genetically engi-
neered mice and mice subjected to chemical or immunologic challenges exhibit 
particular disease features. Tight skin mice (Tsk1) spontaneously develop 
diffuse skin induration and fibrosis, with prominent thickening of the hypo-
dermis. The phenotype is due to a duplication mutation in fibrillin-1, a com-
ponent of extracellular microfibrils. Microfibrils provide a scaffold for elastin 
fibers	but	also	control	the	storage	and	activity	of	transforming	growth	factor–β 
(TGF-β) and other regulatory molecules. Mutations in the fibrillin-1 gene 

also underlie Marfan syndrome. Scleroderma-like skin changes and organ 
fibrosis can be induced in mice by subcutaneous injection of bleomycin, TGF-
β, angiotensin II, or HOCl, or by transplantation of HLA-mismatched bone 
marrow or spleen cells. Increasingly, targeted genetic modifications are used 
to create novel animal models for dissecting the molecular and cellular path-
ways in fibrosis and for the discovery and preclinical evaluation of novel 
therapies. For instance, transgenic mice with constitutive TGF-β, connective 
tissue growth factor [CTGF], platelet-derived growth factor [PDGF], Fra-2, 
or Wnt10 signaling spontaneously develop scleroderma-like changes in multiple 
organs and serve as valuable experimental tools.
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nerves and heightened sensitivity of α2-adrenergic receptors on vascular smooth 
muscle cells. In contrast to primary Raynaud phenomenon (called Raynaud 
disease), which is a common and relatively benign condition, secondary 
Raynaud phenomenon is generally progressive and frequently complicated 
by vascular remodeling with irreversible structural changes that result in  
tissue damage.

FIGURE 251-2. Pulmonary artery obliterative vasculopathy. Striking intimal hyper-
plasia and narrowing of the lumen of a small pulmonary artery, coexisting with interstitial 
pulmonary fibrosis, in a patient with diffuse cutaneous systemic sclerosis. 

Inflammation and Autoimmunity
Cellular Immunity
Immune dysregulation is a hallmark systemic sclerosis shares with other 
autoimmune diseases. In early disease, activated T cells, B cells, dendritic cells 
and monocyte-macrophages accumulate in lesional tissues.

Infiltrating CD4+ T cells in lesional tissues display restricted TcR receptor 
signatures indicative of their oligoclonal expansion in response to unknown 
antigens. T cells show TH2	polarization	with	secretion	of	interleukin	(IL)–4,	
IL-13,	and	IL-21,	and	low	levels	of	interferon	(IFN)–γ. TH2 cytokines induce 
TGF-β and promote the synthesis of collagen and other extracellular matrix 
molecules.11 Increased levels of IL-17 detected in the serum suggest a role for 
TH17 cells in systemic sclerosis. While the frequency of FOXP3-positive regu-
latory T cells (Tregs) is elevated, their immunosuppressive function appears 
to be defective. Myeloid dendritic cells show abnormally high secretion of 
inflammatory cytokines and chemokines such as CXCL. Macrophages can 
be prominent in the lesional skin and lungs in early disease and show evidence 
of alternative activation. Aberrant innate immune responses in dendritic cells 
and stromal fibroblasts might be triggered and perpetuated by damage-associated 
nucleic acids and matrix macromolecules via toll-like receptors. Elevated 
expression of type I interferon-regulated genes (IFN signature) in systemic 
sclerosis is consistent with innate immune activation and may contribute to 
vascular injury.

Autoantibodies and B Cells
In addition to antinuclear antibodies that are detected in virtually all patients 
with systemic sclerosis, a number of highly disease-specific and mutually 
exclusive autoantibodies occur in systemic sclerosis and have well-established 
clinical utility in systemic sclerosis as diagnostic and prognostic markers  

 CLINICAL MANIFESTATIONS
Overview
Multiple organs can be affected in patients with systemic sclerosis, but the 
relative frequency, tempo, and severity shows considerable patient-to-patient 
variability. Patients with diffuse cutaneous systemic sclerosis characteristically 
develop extensive skin induration and joint stiffness associated with early 
internal organ involvement. In contrast, patients with limited cutaneous sys-
temic sclerosis commonly present with long-standing Raynaud phenomenon, 
limited skin changes, and insidious progression of internal organ disease. 
However, many patients defy easy subclassification or show overlap of typical 
systemic sclerosis features coexisting with clinical and laboratory evidence of 
another autoimmune disease such as polymyositis, Sjögren syndrome, inflam-
matory polyarthritis, or systemic lupus erythematosus.12

Initial Clinical Presentation
Diffuse Cutaneous Systemic Sclerosis
Patients with diffuse cutaneous systemic sclerosis typically present with soft 
tissue swelling and puffy fingers, erythema, and pruritus, often accompanied 
by fatigue, stiffness, muscle weakness, and carpal tunnel syndrome. Raynaud 
phenomenon may not be present until later in the course of the disease. In 
the ensuing weeks to months, the inflammatory edematous phase evolves into 
a chronic “fibrotic” phase with skin induration accompanied by hyperpigmen-
tation, loss of body hair, dry skin, and impaired sweating. Advancing skin 
changes commonly herald onset of internal organ involvement that is most 
rapidly progressive during the initial 4 years from disease onset. Thereafter, 
the risk for new organ involvement subsides.

Limited Cutaneous Systemic Sclerosis
In the case of limited cutaneous systemic sclerosis, the diagnosis is generally 
made at a later stage of the disease. These patients give a history of long-
standing Raynaud phenomenon, sometimes complicated by ischemic ulcerations 
at the fingertips. Disease course is indolent, with insidious progression of 
gastroesophageal	reflux,	mucocutaneous	telangiectasia,	or	calcinosis.	Vascular	
manifestations tend to be more pronounced in limited cutaneous systemic 
sclerosis compared with diffuse cutaneous systemic sclerosis, whereas sclero-
derma renal crisis is uncommon.

Organ Involvement
Skin
Skin thickening typically starts in the fingers and is generally preceded by 
puffy fingers and hands.13 Skin involvement typically advances in a centripetal 
pattern from distal extremities. The skin may become hyperpigmented, but 
dark-skinned individuals may develop vitiligo-like “salt-and-pepper” changes, 
most prominently on the scalp, upper back, and chest. Obliteration of eccrine 
and sebaceous glands decreases sweating and oil secretion, causing dry and 
itchy skin. Facial changes include a beaklike nose, thinning and retraction of 
the lips, fine wrinkles (radial furrowing) around the mouth, and occasionally 
a masklike facies due to reduced mobility of the eyelids, cheeks, and mouth 
(Fig. 251-3). Decreased oral aperture (microstomia) is common and can 
interfere with eating and oral hygiene.

In long-standing systemic sclerosis, the skin is atrophic and tethered to the 
subcutaneous tissue. Telangiectasias due to dilation of postcapillary venules 
in the upper dermis are prominent on the face, hands, lips, and oral mucosa. 

Vascular Injury

Endothelial cell activation
Impaired fibrinolysis

Intravascular coagulation
Platelet activation, endothelin-1 Vascular damage

Neointima formation
Medial hypertrophy

Periadventitial fibrosis
Luminal occlusion

Thrombosis

Obliterative
vasculopathy

Tissue hypoxia
Reactive oxygen

species

Leukocyte activation
Activated TH2 cells (CD4+ CD8+), Tregs

Monocytes/macrophages
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Activated B cells
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Extracellular matrix reorganization
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Endothelial-mesenchymal transition
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FIGURE 251-1. The tripartite pathogenesis of systemic sclerosis: vasculopathy, autoimmunity, fibrosis. initial endothelial injury in a genetically susceptible individual is potentially 
the primary event of disease pathogenesis. injury leads to vascular damage, inflammation, and autoimmunity. the inflammatory and immune responses generate cytokines and growth 
factors that initiate fibroblast activation, resulting in matrix remodeling and intractable fibrosis. Vasculopathy, loss of microvasculature, and reduced blood flow result in ischemia and 
generation of reactive oxygen species that contribute to and further aggravate vascular damage, tissue fibrosis, and atrophy. ctGF = connective tissue growth factor; PdGF = platelet-
derived growth factor; tGF-β = transforming growth factor–β. 
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TABLE 251-3 CHARACTERISTIC AUTOANTIBODIES IN 
SYSTEMIC SCLEROSIS

AUTOANTIBODY 
(FREQUENCY IN SSc) SSc SUBSET CLINICAL ASSOCIATION
Topoisomerase-I 

(10-40%)
Diffuse cutaneous (less 

commonly limited)
Tendon friction rubs, ILD, 

cardiac involvement, 
scleroderma renal crisis; 
isolated PAH rare

Centromere (15-40%) Limited cutaneous Digital ischemia, calcinosis 
cutis, isolated PAH, PBC; 
severe ILD and scleroderma 
renal crisis rare

RNA polymerase III 
(4-25%)

Diffuse cutaneous Extensive skin involvement; 
tendon friction rubs, 
scleroderma renal crisis, 
increased cancer risk

U3-RNP/fibrillarin 
(1-5%)

Diffuse cutaneous PAH, ILD, myositis

Th/To (1-7%) Limited cutaneous ILD, isolated PAH
PM/Scl (0-6%) Limited cutaneous Calcinosis, myositis, arthritis
U1-RNP (5-35%) MCTD Severe PAH, myositis
ILD = interstitial lung disease; MCTD = mixed connective tissue disease; PAH = pulmonary 
arterial hypertension; PBC = primary biliary cirrhosis; SSc = systemic sclerosis.

 CLINICAL MANIFESTATIONS
Overview
Multiple organs can be affected in patients with systemic sclerosis, but the 
relative frequency, tempo, and severity shows considerable patient-to-patient 
variability. Patients with diffuse cutaneous systemic sclerosis characteristically 
develop extensive skin induration and joint stiffness associated with early 
internal organ involvement. In contrast, patients with limited cutaneous sys-
temic sclerosis commonly present with long-standing Raynaud phenomenon, 
limited skin changes, and insidious progression of internal organ disease. 
However, many patients defy easy subclassification or show overlap of typical 
systemic sclerosis features coexisting with clinical and laboratory evidence of 
another autoimmune disease such as polymyositis, Sjögren syndrome, inflam-
matory polyarthritis, or systemic lupus erythematosus.12

Initial Clinical Presentation
Diffuse Cutaneous Systemic Sclerosis
Patients with diffuse cutaneous systemic sclerosis typically present with soft 
tissue swelling and puffy fingers, erythema, and pruritus, often accompanied 
by fatigue, stiffness, muscle weakness, and carpal tunnel syndrome. Raynaud 
phenomenon may not be present until later in the course of the disease. In 
the ensuing weeks to months, the inflammatory edematous phase evolves into 
a chronic “fibrotic” phase with skin induration accompanied by hyperpigmen-
tation, loss of body hair, dry skin, and impaired sweating. Advancing skin 
changes commonly herald onset of internal organ involvement that is most 
rapidly progressive during the initial 4 years from disease onset. Thereafter, 
the risk for new organ involvement subsides.

Limited Cutaneous Systemic Sclerosis
In the case of limited cutaneous systemic sclerosis, the diagnosis is generally 
made at a later stage of the disease. These patients give a history of long-
standing Raynaud phenomenon, sometimes complicated by ischemic ulcerations 
at the fingertips. Disease course is indolent, with insidious progression of 
gastroesophageal	reflux,	mucocutaneous	telangiectasia,	or	calcinosis.	Vascular	
manifestations tend to be more pronounced in limited cutaneous systemic 
sclerosis compared with diffuse cutaneous systemic sclerosis, whereas sclero-
derma renal crisis is uncommon.

Organ Involvement
Skin
Skin thickening typically starts in the fingers and is generally preceded by 
puffy fingers and hands.13 Skin involvement typically advances in a centripetal 
pattern from distal extremities. The skin may become hyperpigmented, but 
dark-skinned individuals may develop vitiligo-like “salt-and-pepper” changes, 
most prominently on the scalp, upper back, and chest. Obliteration of eccrine 
and sebaceous glands decreases sweating and oil secretion, causing dry and 
itchy skin. Facial changes include a beaklike nose, thinning and retraction of 
the lips, fine wrinkles (radial furrowing) around the mouth, and occasionally 
a masklike facies due to reduced mobility of the eyelids, cheeks, and mouth 
(Fig. 251-3). Decreased oral aperture (microstomia) is common and can 
interfere with eating and oral hygiene.

In long-standing systemic sclerosis, the skin is atrophic and tethered to the 
subcutaneous tissue. Telangiectasias due to dilation of postcapillary venules 
in the upper dermis are prominent on the face, hands, lips, and oral mucosa. 

(Table	251-3).	Systemic	sclerosis–specific	autoantibodies	are	commonly	directed	
against intracellular proteins, such as topoisomerase-I, centromere, and RNA 
polymerases I and III. Autoantibodies have been identified in systemic sclerosis 
that are directed against endothelial cells or recognize cell surface receptors 
(platelet-derived growth factor receptor [PDGFR], angiotensin II receptor, 
and endothelin-1 receptor) and might directly contribute to vascular injury or 
tissue fibrosis. B cells are implicated in mediating both the autoimmune and 
fibrotic components of systemic sclerosis. In addition to antibody production, 
B cells also present antigen, produce IL-6 and other profibrotic cytokines, and 
modulate the function of T cells and dendritic cells.

Fibrosis
Fibrosis of the skin and multiple internal organs distinguishes systemic sclerosis 
from other rheumatic diseases. Fibrosis is characterized by the accumulation 
of a collagen-rich and rigid extracellular matrix elaborated by resident fibro-
blasts and myofibroblasts, and the replacement of normal tissue architecture.

Effector Cells in Fibrosis
Myofibroblasts	 are	 smooth	muscle	 cell–like	 mesenchymal	 cells	 with	 both	
contractile and biosynthetic properties that normally transiently appear in 
wounds to promote healing through production of collagen and TGF-β and 
contraction of the surrounding extracellular matrix. In systemic sclerosis, 
activated myofibroblasts accumulate in lesional tissue because of one of three 
pathways: (1) in situ activation of quiescent resident fibroblasts, (2) through 
transdifferentiation from injured epithelial cells, endothelial cells pericytes, 
or	 (3)	 by	migration	 and	 terminal	 differentiation	 of	 bone	marrow–derived	
monocytic progenitor cells.

A B

FIGURE 251-3. Facial features in systemic sclerosis. A, Perioral furrowing. Note vertical lines around the mouth in a patient with diffuse cutaneous systemic sclerosis. B, telangiectasia 
on the lips and tongue in a patient with long-standing limited cutaneous systemic sclerosis. 
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esophageal clearance of refluxed gastric contents due to diminished motility 
in the distal esophagus. Delayed gastric emptying further aggravates the problem. 
On high-resolution computed tomography (HRCT) of the chest, the esophagus 
is dilated and shows intraluminal air. Endoscopy may show severe erosive 
esophagitis in patients with minimal reflux symptoms. Esophageal strictures 
and Barrett esophagus (Chapter 129) can complicate long-standing reflux. 
Hoarseness and chronic cough or throat clearing are common and may be 
extraesophageal manifestations of gastroesophageal reflux disease. Recurrent 
microaspiration of gastric contents may aggravate underlying interstitial lung 
disease. A distinct interstitial lung disease called centrilobular fibrosis, associ-
ated with esophageal dilation and chronic gastroesophageal reflux, is occasion-
ally seen in systemic sclerosis.

Stomach
Gastroparesis and delayed gastric emptying manifest as early satiety, abdominal 
distention, and aggravated reflux symptoms. Gastric vascular ectasia or “water-
melon stomach” develops in 5% of patients and is more common in those 
with an anti-RNA Polymerase III antibody. On endoscopy, parallel longitudinal 

A B C

FIGURE 251-4. Vascular complications of systemic sclerosis in the fingers. A, Nailfold microvascular changes. B, digital infarction. Sharply demarcated necrosis of the fingertip in a 
patient with limited cutaneous systemic sclerosis associated with severe raynaud phenomenon. C, digital tip ulceration and pitting. 

FIGURE 251-5. Calcinosis cutis in systemic sclerosis. dual-energy ct image of the 
hand of a 56-year-old woman with long-standing limited cutaneous systemic sclerosis. 
Note calcification along the distal pulp of the index finger extending focally to the skin. 
another calcific deposit along the palmar surface of the long finger middle phalangeal 
head. (courtesy of imran omar md.)

Breakdown of atrophic skin leads to painful and nonhealing ulcerations at the 
extensor surfaces of the interphalangeal joints, fingertips, and bony prominences 
such as the elbows and malleoli. Ischemic fingertip ulcerations heal slowly, 
become secondarily infected and give rise to pathognomonic digital tip “pits.” 
Ischemic soft tissue loss at the fingertips is associated with bony resorption 
of the terminal phalanges (acro-osteolysis) (Fig. 251-4).

Calcinosis of the skin and soft tissues is common. Concrete deposits com-
posed of calcium hydroxyapatite crystals vary in size from tiny punctate lesions 
to large conglomerate masses. They can be readily visualized on plain radio-
graphs and precisely localized and measured with dual-energy CT imaging 
(Fig. 251-5).

Frequent locations for calcinosis cutis include the hands (finger pads), 
extensor surfaces of the forearms, and olecranon and prepatellar bursae. Calcific 
deposits can ulcerate through the overlying skin, producing drainage of chalky 
white material, pain, and local inflammation, and may become secondarily 
infected.

Raynaud Phenomenon
Raynaud phenomenon (Chapter 72) is an episodic vasospastic event in virtu-
ally all patients with systemic sclerosis.14 Typical attacks start with pallor 
(vasoconstriction) followed by cyanosis (ischemia) and erythema (reperfu-
sion), commonly triggered by exposure to cold or emotional stress. Primary 
Raynaud phenomenon (called Raynaud disease) is a benign condition rep-
resenting an exaggerated physiologic response to cold. It occurs in 3 to 5% of 
the population and is more frequent in women. Secondary Raynaud phenom-
enon occurs in systemic sclerosis but can also complicate other connective 
tissue diseases, as well as hematologic and endocrine conditions, and occu-
pational disorders. Raynaud phenomenon also occurs with the use of β-blockers 
and anticancer drugs such as cisplatin and bleomycin.

Distinguishing primary from secondary Raynaud can present a challenge. 
Secondary Raynaud typically develops at an older age (>30 years) and tends 
to be more severe. Nailfold capillaroscopy is a noninvasive bedside method 
for visualizing cutaneous capillaries using an ophthalmoscope. Patients with 
primary Raynaud phenomenon have nailfold capillaries that appear as regularly 
spaced parallel vascular loops, whereas in systemic sclerosis, capillaries are 
distorted with widened and irregular loops, dilated lumen, areas of vascular 
“dropout,” and microhemorrhages (Fig. 251-4A).

Gastrointestinal Involvement
Gastrointestinal tract involvement is very common in both limited cutaneous 
systemic sclerosis and diffuse cutaneous systemic sclerosis. A pathologic picture 
of smooth muscle atrophy and obliterative small vessel vasculopathy with or 
without fibrosis is seen throughout the length of the gastrointestinal tract, 
contributing to altered peristaltic activity and consequent complications. Severe 
intestinal involvement can be associated with malnutrition and has a high 
mortality.

Upper Gastrointestinal Tract
Oropharyngeal manifestations of systemic sclerosis include xerostomia, reduced 
oral aperture, periodontal disease, and resorption of the mandibular condyles. 
The frenulum of the tongue may be shortened. Gastroesophageal reflux is 
associated with heartburn, regurgitation, and dysphagia; however, in some 
patients with systemic sclerosis it can also be asymptomatic (Chapter 129). 
Reduced lower esophageal sphincter pressure frequently coexists with impaired 
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I), or it can coexist with interstitial lung disease (WHO group III). Although 
the natural history of systemic sclerosis-associated pulmonary hypertension 
is variable, patients follow a progressive course, with development of right 
heart failure and increased mortality. Risk factors include limited cutaneous 
disease, older age of disease onset, severe Raynaud phenomenon, numerous 
cutaneous telangiectasias, and positivity for anticentromere, U1-RNP, U3-RNP 
(fibrillarin), Th/To, B23, or β2-glycoprotein I autoantibodies.

The initial symptoms of pulmonary hypertension are exertional dyspnea 
and reduced exercise capacity, but early-stage disease is often clinically silent. 
With progression, angina, syncope, and symptoms and signs of right-sided 
heart failure develop. Physical examination shows tachypnea, a prominent 
pulmonic S2 heart sound, palpable right ventricular heave, elevated jugular 
venous pressure, and dependent edema. Pulmonary arterial systolic pressures 
above 40 mm Hg (determined by screening Doppler echocardiography) suggest 
the presence of pulmonary hypertension, as does an isolated reduction in 
Dlco	or	a	FVC/Dlco ratio over 1.6. Right heart catheterization is virtually 
always required for confirming the diagnosis of pulmonary hypertension, 
assessing its severity, and evaluating ventricular function. The serum levels of 
N-terminal brain natriuretic peptide (NT-pro-BNP) are elevated in pulmonary 
hypertension and correlate with severity and survival.

Kidney Involvement
Scleroderma renal crisis is an uncommon but life-threatening acute complica-
tion of systemic sclerosis, but chronic and indolent kidney disease also occurs.

Scleroderma Renal Crisis
Scleroderma renal crisis, the most dreaded complication of systemic sclerosis, 
occurs in 10 to 15% of patients. It almost invariably occurs within 4 years of 
disease onset.16	Before	the	advent	of	angiotensin-converting	enzyme	(ACE)–
inhibiting drugs in the 1980s, scleroderma renal crisis was invariably fatal, 
often within weeks. It is thought that vascular injury triggers obliterative vas-
culopathy and luminal narrowing in the renal arcuate arteries. Progressive 
reduction in renal blood flow, aggravated by vasospasm, leads to juxtaglomerular 
hyperplasia and increased renin secretion, with further renal vasoconstriction 
resulting in a vicious cycle that culminates in accelerated hypertension and 
oliguric renal failure (Chapters 70 and 116).

Scleroderma renal crisis is a medical emergency. Although patients typically 
present with abrupt onset of hypertension and progressive renal insufficiency, 
in some cases the blood pressure remains normal or only modestly elevated. 
Normotensive renal crisis is associated with a poor outcome. Hypertensive 
encephalopathy and retinopathy, pericarditis, and arrhythmias may complicate 
scleroderma renal crisis. Urinalysis shows mild proteinuria, granular casts, 
and microscopic hematuria. Thrombocytopenia and microangiopathic hemo-
lysis with fragmented red blood cells can sometimes erroneously lead to the 
diagnosis of thrombotic thrombocytopenic purpura or hemolytic-uremic 
syndrome (Chapter 163). In many patients, oliguric renal failure develops 
over a period of weeks. Kidney biopsy can be useful for diagnosis and prog-
nosis, but the characteristic lesions of intimal and medial proliferation and 
luminal narrowing are indistinguishable from the changes of accelerated 
hypertension.

In addition to early-stage disease, risk factors for scleroderma renal crisis 
include rapidly progressive or extensive skin involvement and the presence 
of tendon friction rubs, African American race, male sex, and positivity for 
anti-RNA polymerases I and III antibodies. In contrast, the presence of anti-
centromere antibodies signals a low risk for scleroderma renal crisis. Pericardial 
effusion, new-onset anemia, and thrombocytopenia may be harbingers of 
impending scleroderma renal crisis, and a history of recent corticosteroid use 
is associated with a more than 10-fold increased risk. Accordingly, systemic 
sclerosis patients with early and progressive cutaneous disease and other risk 
factors should be counseled to self-monitor their blood pressure daily. In these 
patients, corticosteroids should be used only when absolutely required and 
at low doses.

Once scleroderma renal crisis sets in, hospitalization and prompt initiation 
of short-acting ACE inhibitors is essential. The goal is to achieve adequate 
blood pressure control before the onset of renal failure. Despite timely inter-
vention, more than half of patients with scleroderma renal crisis require hemo-
dialysis, although some ultimately recover sufficient renal function to be able 
to discontinue hemodialysis. Oliguria or a serum creatinine level higher than 
3 mg/dL at presentation predicts poor outcome. The “prophylactic” use of 
ACE inhibitors in systemic sclerosis has not been shown to either prevent or 
improve outcomes in future renal crisis, and therefore its use for this indica-
tion is not recommended.

mucosal folds resembling the stripes of a watermelon are seen in the gastric 
antrum. The histologic features of dilated thrombosed mucosal capillaries and 
fibromuscular dysplasia of the lamina propria represent the characteristic 
microangiopathy of systemic sclerosis. Patients with gastric vascular ectasia 
may have recurrent gastrointestinal bleeding and present with unexplained 
iron deficiency anemia.

Lower Gastrointestinal Tract
Impaired small bowel motility in systemic sclerosis can cause chronic diarrhea 
due to bacterial overgrowth. Ensuing fat and protein malabsorption, vitamin 
B12 and D deficiency, and malnutrition are associated with high mortality. 
Malabsorption is diagnosed by hydrogen breath test or 14C-d-xylose test, 
and serum prealbumin (transthyretin) is useful for monitoring malnutrition 
(Chapter 131). Disturbed intestinal motor function can also cause recurrent 
intestinal pseudo-obstruction with acute abdominal pain, nausea, and vomit-
ing. Differentiating pseudo-obstruction, which responds to supportive care 
and intravenous supplementation, from mechanical bowel obstruction is a 
diagnostic challenge. Colonic and anorectal involvement cause constipation, 
rectal prolapse, and fecal incontinence and is the source of much distress. In 
late-stage disease wide-mouth colonic sacculations can cause perforation and 
bleeding. An occasional radiologic finding is pneumatosis cystoides intestinalis 
due to air trapping in the bowel wall. Rupture of these lesions can cause 
pneumoperitoneum. Although the liver is rarely affected in systemic sclerosis, 
primary biliary cirrhosis associated with antimitochondrial antibodies can 
complicate limited cutaneous systemic sclerosis.

Lung Involvement
There are two major forms of lung involvement in systemic sclerosis: interstitial 
lung disease and pulmonary arterial hypertension, with many patients devel-
oping both. Less frequent pulmonary manifestations include aspiration pneu-
monitis complicating gastroesophageal reflux, pulmonary hemorrhage, 
obliterative bronchiolitis, pleural reactions, restrictive ventilatory disease due 
to chest wall fibrosis, spontaneous pneumothorax, and drug-induced lung 
toxicity. The incidence of lung cancer, particularly bronchoalveolar carcinoma, 
is increased.

Interstitial Lung Disease
Interstitial lung disease (Chapter 86) in systemic sclerosis can remain asymp-
tomatic until it is quite advanced.15 The most frequent presenting symptoms 
are exertional dyspnea, fatigue, and reduced exercise tolerance. A chronic dry 
cough	may	be	present.	Physical	examination	may	reveal	“Velcro”	crackles	at	
the lung bases. Pulmonary function testing (Chapter 79) is a commonly used 
method for detecting early interstitial lung disease but appears to be less sensi-
tive than radiologic imaging using HRCT. The most common pulmonary 
function	abnormalities	are	reductions	in	forced	vital	capacity	(FVC)	or	single	
breath diffusing capacity (Dlco). However, a reduction in Dlco that is sig-
nificantly	out	of	proportion	to	the	reduction	in	FVC	(FVC/Dlco ratio >1.6) 
suggests pulmonary vascular disease.

Evidence of interstitial lung disease can be found in almost all patients with 
systemic sclerosis and is clinically significant in up to 50%. Risk factors include 
male sex, African American race, diffuse skin involvement, severe gastroesopha-
geal reflux, and the presence of topoisomerase-I autoantibodies. The most 
rapid progression in interstitial lung disease occurs within the first 3 years of 
the onset of the disease.

Plain chest radiography is relatively insensitive for detection of early inter-
stitial lung disease. In contrast, HRCT is highly sensitive (Chapter 78). Promi-
nent HRCT findings in systemic sclerosis include reticular interstitial opacities, 
predominantly in the lower lobe periphery, in isolation or in combination 
with ground-glass opacification. Additional findings include mediastinal 
lymphadenopathy and, rarely, honeycombing. The extent of lung disease on 
initial HRCT correlates with progression and prognosis of interstitial lung 
disease and may provide useful information regarding the need for initiating 
therapy. Bronchoalveolar lavage (Chapter 79) is sometimes indicated for ruling 
out infection, while lung biopsy is generally indicated only if lung cancer is 
suspected.

Pulmonary Arterial Hypertension
Approximately 15% of systemic sclerosis patients develop pulmonary hyper-
tension, defined as a mean resting pulmonary arterial pressure of 25 mm Hg 
or greater, with a pulmonary capillary wedge pressure of 15 mm Hg or less 
(Chapter 75). In the setting of systemic sclerosis, pulmonary hypertension 
can be an isolated abnormality (World Health Organization [WHO] group 
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of systemic sclerosis and are often associated with anti-RNA polymerase III 
antibodies. In these cases, systemic sclerosis might represent a paraneoplastic 
syndrome that is triggered by the antitumor immune response.

 DIAGNOSIS
Skin induration in the fingers or proximally (associated with Raynaud phe-
nomenon) and characteristic visceral organ manifestations are usually sufficient 
to establish the diagnosis of systemic sclerosis, although these features may 
be absent in patients with early disease. Standardized criteria for the diagnosis 
of systemic sclerosis have been developed and validated and show high degree 
of specificity and sensitivity. Rarely, diagnostic full-thickness skin biopsy is 
required for ruling out scleroderma mimics such as scleredema, scleromyx-
edema, or pansclerotic morphea (see Table 251-1). Primary Raynaud (disease) 
is differentiated from systemic sclerosis by normal-appearing nailfold capillaries 
and absence of autoantibodies. Diagnosing systemic sclerosis can be difficult 
in the early stages of the disease because initial symptoms and findings are 
often nonspecific and can be mistaken for rheumatoid arthritis, systemic lupus 
erythematosus, myositis, or undifferentiated connective tissue disease. Occa-
sional patients with systemic sclerosis present with accelerated hypertension 
or gastrointestinal bleeding caused by watermelon stomach as the initial disease 
manifestation, which poses diagnostic challenges.

Laboratory Features
Anemia is commonly seen in patients with systemic sclerosis; it may reflect 
chronic inflammation, gastrointestinal bleeding from gastric vascular ectasia, 
erosive gastritis or chronic esophagitis, or folate and vitamin B12 deficiency 
due to small bowel bacterial overgrowth and malabsorption. Microangiopathic 
hemolytic anemia (Chapter 151) caused by mechanical trauma and red blood 
cell fragmentation in the damaged microvasculature is a laboratory hallmark 
of scleroderma renal crisis. In contrast to other connective tissue diseases, the 
erythrocyte sedimentation rate and C-reactive protein generally show only 
modest elevation. Monitoring serum levels of prealbumin and vitamin K is 
useful in patients with small bowel bacterial overgrowth and malabsorption.

Antinuclear autoantibodies are present in virtually all patients with systemic 
sclerosis and can be detected at, or even before, disease onset. Autoantibodies 
specific for systemic sclerosis are described in Table 251-3. Anticentromere 
antibodies are associated with pulmonary hypertension, whereas significant 
cardiac involvement, pulmonary fibrosis, or scleroderma renal crisis occurs 
only rarely in these patients. Topoisomerase-I antibody positivity is associated 
with pulmonary fibrosis and reduced survival, whereas anticentromere 
antibody–positive	patients	have	improved	survival	compared	with	those	without	
this antibody. Antibodies to RNA polymerase III are associated with increased 
risk for scleroderma renal crisis. Antibodies to β2-glycoprotein I are not specific 
but in systemic sclerosis identify increased risk for critical ischemia.

Chronic Kidney Disease
Kidney biopsies in patients with systemic sclerosis commonly show chronic 
changes including reduplication of elastic fibers, sclerosed glomeruli, tubular 
atrophy, and interstitial fibrosis. In one study, abnormal renal function or 
proteinuria was detected in more than one third of patients, none of whom 
progressed to end-stage renal disease. Rarely, glomerulonephritis associated 
with	lupus	serologies	or	antineutrophil	cytoplasmic	antibody–positive	renal	
vasculitis occurs.

Cardiac Involvement
Although frequently detected using sensitive diagnostic tools, cardiac involve-
ment in systemic sclerosis is commonly clinically silent.17 Clinical cardiac 
involvement is more frequently seen in patients with diffuse cutaneous systemic 
sclerosis; it generally develops early in the course of the disease and is a poor 
prognostic factor. The endocardium, myocardium, and pericardium may be 
affected in isolation or in combination. Clinical manifestations include tachyar-
rhythmias, conduction abnormalities, valvular regurgitation, diastolic heart 
failure, and pericardial effusion. Systemic and pulmonary arterial hypertension, 
as well as lung and renal involvement, also affect the heart. Conventional 
echocardiography has a low sensitivity for detecting systemic sclerosis-associated 
heart involvement. In contrast, tissue Doppler echocardiography, single-photon 
emission computed tomography, and especially cardiac magnetic resonance 
imaging (cMRI) reveal a high prevalence of myocardial abnormalities in sys-
temic sclerosis. Common findings include abnormal ventricular relaxation 
and reversible perfusion defects. An elevated level of serum NT-pro-BNP in 
systemic sclerosis is a sensitive marker for increased pulmonary artery pressure 
but may also indicate primary cardiac involvement. Myocarditis can develop 
in association with muscle inflammation. Pericardial effusion develops in more 
than 15% of patients but is not always clinically significant.

Musculoskeletal Complications
Carpal tunnel syndrome (Chapter 392) may be a presenting manifestation 
of systemic sclerosis. Joint mobility is progressively impaired, especially in 
the hands. Large joint contractures can be accompanied by audible or palpable 
tendon friction rubs that are caused by fibrosis and adhesion of the tendon 
sheaths and fascial planes at the affected joint. The presence of tendon friction 
rubs often signals aggressive disease. Frank joint inflammation is uncommon 
in systemic sclerosis; however, erosive polyarthritis in the hands can occur. 
Muscle weakness may be a sign of deconditioning, disuse atrophy, and mal-
nutrition. Inflammatory myositis indistinguishable from idiopathic polymyositis 
(Chapter 253) may be seen, generally in early disease. A noninflammatory 
myopathy characterized by atrophy and fibrosis in the absence of elevated 
muscle enzyme levels is common in late disease. Bone resorption affects the 
distal tufts of terminal phalanges (acro-osteolysis), mandibular condyles, ribs, 
and distal clavicles.

Other Clinical Manifestations
In addition to microangiopathy, involvement of larger blood vessels (>100 µm) 
can occur in systemic sclerosis. Manifestations include occlusion of the digital 
and ulnar arteries, leading to ischemic ulcerations and even loss of digits or 
limbs. Epidemiologic studies indicate increased risk of coronary artery disease 
in patients with systemic sclerosis. Dry eyes and dry mouth are common in 
systemic sclerosis, but in contrast to Sjögren syndrome (Chapter 252), salivary 
gland biopsy in such cases shows fibrosis rather than focal lymphocytic infil-
tration. Hypothyroidism due to thyroid fibrosis is common and may be associ-
ated with antithyroid autoantibodies. Although the central nervous system is 
generally spared in systemic sclerosis, autonomic neuropathy, as well as a 
primarily sensory neuropathy of the trigeminal nerve due to fibrosis or vas-
culopathy, can occur. Pregnancy in women with active systemic sclerosis has 
been associated with an increased rate of adverse fetal outcomes. Furthermore, 
cardiopulmonary involvement might worsen during pregnancy, and sclero-
derma renal crisis can occur. Inability to attain or maintain penile erection 
due to vascular insufficiency and fibrosis is frequent and may be the presenting 
disease manifestation in males with systemic sclerosis.

Systemic Sclerosis and Cancer
Patients with systemic sclerosis have an increased risk of cancer.18 In these 
patients, lung cancer and esophageal adenocarcinoma typically occur in the 
setting of long-standing interstitial lung disease or gastroesophageal reflux 
disease, and chronic inflammation and tissue damage may be contributing 
factors. In contrast, breast, lung, and ovarian carcinoma and lymphoma in 
systemic sclerosis tend to occur in close temporal association with the onset 

With the exception of ACE inhibitors used for scleroderma renal crisis, no 
therapy to date has been shown to significantly alter the natural history of 
systemic sclerosis, and none have been approved specifically for this indication. 
In contrast, organ-based treatments are commonly effective in alleviating 
symptoms and slowing progression of the cumulative organ damage. Treatment 
must be tailored to each patient’s unique needs.19 Because of the marked vari-
ability in clinical presentation, a thorough and individualized baseline evaluation 
is paramount. Optimal management should be guided by the following prin-
ciples: prompt diagnosis, accurate classification and risk stratification, early 
recognition and assessment of organ-based complications, and long-term 
monitoring of progression, disease activity, and response to therapy. Manage-
ment of disease complications should be proactive, with regular screening and 
initiation of appropriate intervention at the earliest possible opportunity. Given 
the multisystemic nature of systemic sclerosis, an integrated team-based man-
agement approach, typically at specialized medical centers, is most desirable. 
The team should incorporate appropriate medical specialists and facilitate 
coordinated holistic care of the patient.

Disease-Modifying Therapy
immunosuppressive agents

Immunosuppressive agents, often highly effective in other connective tissue 
diseases, have generally shown modest or no benefit in systemic sclerosis. 
Corticosteroids alleviate stiffness, fatigue, and aching in early-stage disease, 
but do not slow disease progression and are associated with an increased risk 
for scleroderma renal crisis. Therefore corticosteroids should be avoided if 

TREATMENT AND PREVENTION 

 PROGNOSIS AND NATURAL HISTORY
Patients with diffuse cutaneous systemic sclerosis have a more rapidly progres-
sive disease course, greater internal organ involvement, and generally worse 
prognosis compared with those with limited cutaneous systemic sclerosis. 
However, the outcome of the disease is difficult to predict.

Early inflammatory symptoms of diffuse cutaneous systemic sclerosis such 
as fatigue, edema, arthralgia, and pruritus commonly subside after 2 to 4 years. 
Skin thickening typically reaches a plateau, followed by slow regression, which 
characteristically occurs in an order that is the reverse of initial involvement, 
with softening on the trunk followed by proximal and finally the distal extremi-
ties. Sclerodactyly and finger contractures generally fail to resolve. Relapse or 
recurrence	of	skin	thickening	may	occur.	Visceral	organ	involvement	develops	
and progresses most rapidly during the initial 2 to 4 years of the disease. New 
organ involvement rarely occurs once the skin involvement has reached a 
plateau. Similarly, scleroderma renal crisis almost invariably occurs within the 
first 4 years of disease. In patients with limited cutaneous systemic sclerosis, 
Raynaud phenomenon may precede other disease manifestations by years or 
even decades, and visceral organ complications such as pulmonary hyperten-
sion and primary biliary cirrhosis generally occur late in the course of the 
disease.
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possible; when absolutely necessary, they should be given at the lowest dose 
possible and for brief periods only.

Cyclophosphamide was shown to reduce the progression of symptomatic 
interstitial lung disease in early systemic sclerosis. A1  Compared with placebo, 
patients treated with oral cyclophosphamide showed stabilization and, rarely, 
modest improvement in respiratory symptoms, pulmonary function, and abnor-
malities on chest HRCT after 1 year of treatment, but these benefits were short-
lived. The use of cyclophosphamide in systemic sclerosis needs to be balanced 
against its potential for side effects, including bone marrow suppression, 
opportunistic infections, hemorrhagic cystitis, bladder cancer, and premature 
ovarian failure. Rituximab is an equally effective and safe alternative. A2 

In small clinical trials, methotrexate was associated with a modest improve-
ment in skin involvement. Mycophenolate mofetil was shown to improve skin 
involvement and stabilize lung disease as well as cyclophosphamide, and it 
was well tolerated in a randomized controlled clinical trial. A3  There is some 
support in the literature for the use of immunomodulatory agents including, 
tocilizumab, intravenous immunoglobulin, and extracorporeal photopheresis 
for the treatment of systemic sclerosis. Recent reports suggest that rituximab 
might be effective in ameliorating skin and lung involvement.

In patients with severe systemic sclerosis who fail to respond to other treat-
ments (Chapter 168), autologous hematopoietic stem cell transplantation 
improves long-term, event-free survival despite an increased treatment-related 
mortality in the first year. A4  More recently, adults with severe systemic sclerosis 
were randomized to undergo myeloablative autologous hematopoietic stem 
cell transplantation (36 patients) or to receive cyclophosphamide immunosup-
pression by means of 12 monthly infusions (39 patients). The rate of event-free 
survival at 54 months was 79% in the transplantation group and 50% in the 
cyclophosphamide group (P = 0.02); at 72 months it was 74% versus 47% (P = 
0.03). Overall survival at 72 months also favored transplantation (86% vs. 51%, 
P = 0.02). Treatment-related mortality in the transplantation group was 3% at 
54 months and 6% at 72 months, compared with 0% in the cyclophosphamide 
group. A5  Because of potential morbidity and mortality and its substantial cost, 
hematopoietic stem cell transplantation is presently considered only for care-
fully selected systemic sclerosis patients with aggressive or treatment-unre-
sponsive disease.

antifibrotic therapy
Because tissue fibrosis causes progressive and irreversible organ damage, 

drugs that block or slow the fibrotic process represent a rational approach to 
therapy. To date, however, no antifibrotic drug has been shown to be effective 
in modifying disease course in SSc. D-Penicillamine has been extensively used 
as an antifibrotic agent. However, in a randomized controlled clinical trial, there 
was no difference in the extent of skin involvement between patients treated 
with standard-dose (750 mg/day) or very low-dose (125 mg every other day) 
D-penicillamine. Minocycline, bosentan, relaxin, interferon-γ, and inhibitors of 
tumor necrosis factor are putative antifibrotic agents that have failed to show 
meaningful benefit in systemic sclerosis clinical trials. Small-molecule tyrosine 
kinase inhibitors used in malignancies (e.g., imatinib, nilotinib, and dasatinib) 
block signaling by TGF-β and PDGF and thereby prevent fibrotic responses in 
vitro and in vivo.17 Antifibrotic drugs that had been recently approved for the 
treatment of idiopathic pulmonary fibrosis (nintedanib and pirfenidone) may 
have a role in the treatment of systemic sclerosis-associated interstitial lung 
disease. These two drugs are currently in clinical trials for this indication.

Treatment of Organ-Specific Complications
Gastrointestinal complications

Because significant gastroesophageal reflux may be asymptomatic, all patients 
with systemic sclerosis should be treated for this complication. Proton pump 
inhibitors may need to be given in relatively high doses and for prolonged 
periods, and patients should be instructed to elevate the head of the bed and 
eat frequent small meals. Recurrent gastrointestinal bleeding due to gastric 
vascular ectasia can be treated with laser or argon plasma photocoagulation. 
Bacterial overgrowth due to small bowel hypomotility causes bloating and diar-
rhea and may lead to malabsorption, weight loss, and malnutrition. Treatment 
with short courses of rotating broad-spectrum antibiotics such as metronidazole, 
erythromycin, and tetracycline can sometimes eradicate bacterial overgrowth. 
However, many patients relapse when antibiotics are stopped. In patients with 
malnutrition but intact small bowel function, enteral nutrition via a jejunostomy 
can be effective. In others, total parenteral nutrition may be indicated. Refrac-
tory hypomotility of the small bowel may respond to subcutaneous octreotide 
injections. Anorectal complications may respond to sacral neuromodulation.

Vascular therapy and raynaud Phenomenon
The goal of vascular therapy in systemic sclerosis is to reduce the frequency 

and duration of vasospastic episodes, prevent ischemic complications, and 
enhance their healing, and slow the progression of obliterative vasculopathy. 
Patients should dress warmly, minimize cold exposure, and avoid drugs that 
could precipitate or exacerbate vasospastic episodes. Calcium-channel blockers 
such as nifedipine and diltiazem are used commonly for Raynaud phenomenon 
but show only moderate benefit, and their use is often limited by side effects 
(palpitations, dependent edema, lightheadedness). Angiotensin II receptor 

blockers such as losartan are effective and generally well tolerated. Patients 
with severe Raynaud phenomenon require α1-adrenergic receptor blockers 
(e.g., prazosin), 5-phosphodiesterase inhibitors (e.g., sildenafil), topical nitro-
glycerine, intradigital botulin toxin injections, or intravenous prostaglandins. 
Low-dose aspirin and dipyridamole prevent platelet activation and may have 
a role as adjunctive agents but must be used with caution in light of the risk 
of bleeding from gastric vascular ectasia lesions.

The endothelin-1 receptor antagonist bosentan reduces development of 
new ischemic ulcers, A6  and sildenafil may promote ulcer healing. A7  Patients 
with ischemic digital ulcerations may require surgical débridement, especially 
if necrotic tissue is present. Empirical long-term therapy with statins and anti-
oxidants may slow the progression of vascular damage.

Pulmonary arterial Hypertension
All patients with systemic sclerosis should be screened for pulmonary hyper-

tension at initial evaluation, and those at high risk on a yearly basis. Treatment 
for symptomatic pulmonary hypertension should be started with an endothelin-1 
receptor antagonist or a 5-phosphodiesterase inhibitor. Diuretics, oral antico-
agulation, and digoxin, and supplemental oxygen, may be used when appropri-
ate. If clinical response is inadequate, 5-phosphodiesterase inhibitors may be 
used in combination with endothelin-1 receptor antagonists. Prostacyclin analogs 
can be administered intravenously, by continuous subcutaneous infusion, or 
by frequent inhalations. Lung transplantation remains an option for selected 
patients with systemic sclerosis–associated pulmonary hypertension or inter-
stitial lung disease who fail medical therapy.

treatment and Prevention of Scleroderma renal crisis
Prompt recognition of impending or early scleroderma renal crisis is essential. 

Because patients with early-stage systemic sclerosis and progressive skin involve-
ment are at highest risk, they should be instructed to monitor their blood 
pressure daily and report significant alterations immediately. Corticosteroids 
should be used only when absolutely necessary and at the lowest possible 
doses. When scleroderma renal crisis occurs, patients should be hospitalized 
and treatment with short-acting ACE inhibitors started immediately to achieve 
prompt blood pressure normalization. There is no evidence that “prophylactic” 
use of ACE inhibitors can prevent the development of scleroderma renal crisis 
or ameliorate its severity. Although up to two thirds of patients who develop 
renal crisis require dialysis, delayed recovery of renal function can occur. Kidney 
transplantation is appropriate for patients unable to discontinue dialysis after 
2 years. Survival with renal transplantation in systemic sclerosis is comparable 
to that in other connective tissue diseases, and recurrence of scleroderma renal 
crisis in the kidney graft is rare.

Skin Care
Skin involvement in early systemic sclerosis is inflammatory and may respond 

to systemic antihistamines or short-term low-dose corticosteroids. Because of 
the increased risk for scleroderma renal crisis, blood pressure should be care-
fully monitored. Cyclophosphamide, methotrexate, D-penicillamine, and myco-
phenolate have been associated with modest improvement in skin induration 
in early-stage systemic sclerosis.20 Skin dryness can be managed with the use 
of hydrophilic ointments and emollient bath oils. Fingertip ulcerations should 
be protected by occlusive dressing to promote healing and prevent infection. 
Infected skin ulcers are treated with topical or oral antibiotics and may neces-
sitate surgical débridement. No medical therapy has been shown to be effective 
in preventing soft tissue calcification or in promoting its dissolution, and surgical 
therapy and lithotripsy are only occasionally effective.



Age- and gender-adjusted standardized mortality ratios (SMRs) in patients 
with systemic sclerosis have ranged from 1.05 to 5.40 across studies, but an 
overall SMR of 2.72 higher than in the general population has been deter-
mined.21 The 10-year survival rate is 55% for patients with diffuse cutaneous 
systemic sclerosis and 75% for patients with limited cutaneous systemic scle-
rosis. Survival correlates with the extent of skin involvement, which represents 
a surrogate for visceral organ involvement. The leading causes of death are 
pulmonary fibrosis, pulmonary hypertension, renal and severe gastrointestinal 
involvement, and cardiac disease. Markers of poor prognosis include male 
sex, African American race, older age of disease onset, low body mass index, 
extensive skin thickening with truncal involvement, and evidence of significant 
or progressive visceral organ involvement. Autoantibodies to topoisomerase-I 
or absence of anticentromere antibodies are markers of poor prognosis. In 
one study, systemic sclerosis patients who had extensive skin involvement, 
vital capacity less than 55% of predicted, significant gastrointestinal involve-
ment, and clinically evident cardiac involvement or scleroderma renal crisis 
had a less than 40% 10-year survival. The severity of pulmonary hypertension 
is correlated with mortality, and systemic sclerosis patients with a mean pul-
monary arterial pressure of 45 mm Hg or higher had a 33% 3-year survival 
rate. In scleroderma renal crisis, therapy with ACE inhibitors has had a dramatic 
effect on survival, increasing from less than 10% at 1 year in the pre-ACE 
inhibitor era to better than 70% 3-year survival at the present time.

The	 topic	 of	 immunoglobulin	 (Ig)G4–related	 disease	 is	 discussed	 in	 
Chapter 259.
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4. In patients with SSc-associated lung disease, lung biopsy may show:
 A. Honeycombing
 B. Interstitial fibrosis
 C. Plasma cell accumulation
 D. Intimal proliferation in the small vessels
 E. All of the above

Answer: E All of the listed pathologic features can be noted in lung biopsies 
from patients with SSc-associated interstitial lung disease.

5. Which of the following drugs may contribute to scleroderma renal crisis?
 A. NSAIDs
 B. Glucocorticoids
 C. Mycophenolate
 D. Rituximab
 E. Penicillamine

Answer: B The use of glucocorticoids has been shown to increase the risk 
of new-onset scleroderma renal crisis in patients with SSc.

REVIEW QUESTIONS

1. Which of the following does not contribute to the pathogenesis of systemic 
sclerosis (SSc)?
	A.	Vascular	wall	remodeling
 B. Tissue fibrosis
	C.	Vasculitis
 D. T cells
 E. Hypoxia

Answer: C	 Vasculitis	does	not	typically	occur	 in	SSc.	Vascular	remodeling	
leading to hypoxia, inflammation, and fibrosis are the hallmarks of the disease.

2. Which is a characteristic autoantibody seen in SSc patients?
 A. Anticentromere
 B. Anti-CCP
 C. Antihistone
 D. Antiphospholipid
 E. Anti-Smith

Answer: A Anticentromere is a hallmark SSc-associated autoantibody, whereas 
the other autoantibodies are seen in rheumatoid arthritis (B), lupus (C, E), 
and the antiphospholipid syndrome (D).

3. Which is a major factor in SSc morbidity?
 A. Glomerulonephritis
 B. Episcleritis
 C. Amyloidosis
 D. Pulmonary hypertension
 E. Bowel infarction

Answer: D Pulmonary hypertension develops in up to 15% of SSc patients 
and is a major cause of morbidity and mortality. The other clinical features 
are uncommon in SSc and indicate other autoimmune or rheumatic diseases.
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252 
SJÖGREN SYNDROME
XAVIER MARIETTE AND GAETANE NOCTURNE

 DEFINITION
Sjögren syndrome is a systemic autoimmune disease characterized by lym-
phocytic infiltrates of salivary and tear glands, leading to oral and ocular dryness, 
and by autoantibody secretion. It can be encountered either alone (primary 
Sjögren syndrome) or in the presence of other systemic autoimmune diseases 
(secondary Sjögren syndrome) like rheumatoid arthritis, systemic lupus ery-
thematosus, inflammatory myositis, and systemic sclerosis.1 Sjögren syndrome 
in the setting of rheumatoid arthritis usually follows the diagnosis of rheumatoid 
arthritis by many years and is mainly manifested by keratoconjunctivitis sicca, 
with systemic features being rather uncommon. Associated with other systemic 

autoimmune disease, the presentation of secondary Sjögren syndrome closely 
resembles that of primary Sjögren syndrome.

 EPIDEMIOLOGY
Primary Sjögren syndrome is a common disease that affects 0.1 to 0.6% of 
the general adult female population.2,3 A higher prevalence of the disease has 
been reported (0.5 to 2%), but this must be considered with caution because 
the reported prevalence of Sjögren syndrome depends on the classification 
criteria used in the various studies, and the prevalence of sicca symptoms in 
the general population is high. Conversely, in recent studies with strict criteria, 
a lower prevalence has been found: 1.02 per 10,000 adults.4 Primary Sjögren 
syndrome has a female preponderance (female-to-male ratio at least 9 : 1). 
The age peak of the disease occurs after menopause in the mid-50s.

 PATHOPHYSIOLOGY
Recent years have witnessed major advances in the pathophysiologic mecha-
nisms of the disease. Several studies have confirmed the role of innate immunity, 
genetics, and B-cell activation and the relation between abnormalities in them.

The presence of an interferon (IFN) signature (the expression of type 1 
IFN–inducible genes) has been shown both in salivary glands and blood. 
Plasmacytoid dendritic cells, the professional cells secreting type 1 IFN, are 
present within the glands. Type 2 IFN–dependent genes can be overexpressed 
in salivary glands. Natural killer (NK) cells, another actor of innate immunity 
able to secrete type 2 IFN, are present in salivary glands of patients and play 
a role in the disease.

In line with this IFN signature, multiple viral agents have been incriminated 
as etiologic factors for either the development or the modulation of Sjögren 
syndrome; these include Epstein-Barr virus, retroviruses, and coxsackieviruses, 
but in all cases the data remain controversial.

The genetics of primary Sjögren syndrome5 are now better understood with 
the reports of two genome-wide association studies (GWASs). Like in other 
systemic autoimmune diseases, human leukocyte antigen (HLA) is the most 
important region associated with the disease, especially HLA-DR3-DQ1 in 
patients with autoantibodies.

Other genes associated with the disease are involved in the IFN response. 
These include IFN regulatory factor 5 (IRF5), a pivotal transcription factor 
in the type 1 IFN pathway; signal transducer and activator of transcription 4 
(STAT4); and IL12A, involved in the type 2 IFN pathway. Other genes found 
to be associated with the disease are TNIP1, playing a role in control of nuclear 
factor (NF)-κB activation, and CXCR5, involved in germinal center formation.

The presence of ectopic salivary gland germinal centers demonstrates the 
importance of B-cell activation in primary Sjögren syndrome. Different cyto-
kines may explain this B-cell activation. Several studies have focused on the 
role of BAFF (B-cell activating factor of the tumor necrosis factor [TNF] 
family), a cytokine that promotes B-cell maturation, proliferation, and survival. 
It has been shown that BAFF is enhanced in sera and in salivary glands from 
primary Sjögren syndrome patients. Interestingly, BAFF can be secreted by 
salivary gland epithelial cells, the target of autoimmunity, after stimulation by 
the innate immune system (type 1 or type 2 IFN, or viral infections). Thus, 
this cytokine is likely to be a link between innate immunity and autoimmunity.

The current hypothetical scenario for the development of primary Sjögren 
syndrome is based on the successive activation of innate and adaptive immune 
systems (Fig. 252-1). Environmental factors such as viral infections or hor-
monal imbalance may act at the initial stage of the disease by activating epi-
thelial cells. This epithelial cell activation is promoted in patients who carry 
susceptibility factors in the genes for IFN pathway proteins. These patients 
experience a greater degree of IFN pathway activation, which leads to BAFF 
overproduction, B- and T-cell activation,6 and secretion of autoantibodies, 
especially in predisposed patients. These autoantibodies constitute immune 
complexes that participate in the maintenance of IFN-α production. Altogether, 
these steps promote a vicious cycle of immune system activation leading to  
tissue damage.

 CLINICAL MANIFESTATIONS
Glandular
Decreased salivary secretion results in mouth dryness and increased incidence 
of oral infections, mucosal friability, and dental caries due to loss of the lubri-
cating, buffering, and antimicrobial capacities of saliva.7,8 Fungal infections 
(primarily candidiasis) are also common. Parotid salivary gland or other major 
salivary gland enlargement can also occur. Persistent enlargement should be 
carefully followed, however, to exclude bacterial superinfection and, more 
important, the development of lymphoma.
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ABSTRACT
Sjögren syndrome is a systemic autoimmune disease characterized by lym-
phocytic infiltrates of salivary and tear glands, leading to oral and ocular dryness, 
and by autoantibody secretion. In one third of the patients, systemic mani-
festations may occur, development of B-cell lymphoma being the most severe. 
Recent years have witnessed major advances in understanding the pathogenesis 
of the disease, including the role of interferon signature and B-cell activation. 
This progress has allowed moving into a promising and more targeted approach 
to therapeutic intervention.
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Sjögren Syndrome and Non-Hodgkin Lymphomas
Chronic polyclonal B-cell activation is commonly present in primary Sjögren 
syndrome, which may explain why this autoimmune disease has the strongest 
association with the development of B-cell lymphoma (relative risk, 15 to 
20). More recent studies have estimated this risk at a lower level: 6 in Denmark 
and Sweden, 7 in Taiwan, and 9 in Norway.

Lymphomas complicating primary Sjögren syndrome have specific features 
(Chapter 176).11,12 They are mostly B-cell non-Hodgkin lymphomas with a 
predominance of low-grade, marginal-zone histologic type. Mucosal localiza-
tion is predominant, notably as mucosa-associated lymphoid tissue (MALT) 
lymphomas. Interestingly, lymphomas often develop in organs where primary 
Sjögren syndrome is active, such as salivary glands.

In the setting of Sjögren syndrome, chronic autoimmune B-cell activa-
tion plays the major role in the lymphomagenesis process, and the identi-
fied predictors of lymphoma development in primary Sjögren syndrome 
are in line with this phenomenon. The main clinical predictors are perma-
nent swelling of salivary glands, splenomegaly, lymphadenopathy, and pal-
pable purpura. The main biologic predictors are positivity of rheumatoid 
factor (RF), cryoglobulinemia, lymphopenia (especially CD4 lymphope-
nia), low complement levels, and a monoclonal component in serum or 
urine. Three novel predictive factors for lymphoma development have been 
recently described: (1) the presence of ectopic germinal centers associated 
with the occurrence of lymphoma in primary Sjögren syndrome patients; 
(2) demonstration that BAFF levels are increased in primary Sjögren syn-
drome patients with current or previous lymphoma compared with patients 
without lymphoma; and (3) abnormalities of the gene TNFAIP3 coding 
for the A20 protein that regulates NF-κB activation, found in up to 77% of 
MALT lymphomas complicating primary Sjögren syndrome. In half of the 
cases, TNFAIP3 mutations or deletions occur within lymphoma cells; in 
the other 50%, they involve germline TNFAIP3 mutations with functional  
consequences.

Decreased lacrimal flow and impaired lacrimal composition lead to damage 
of the corneal and conjunctival epithelia, a condition known as keratocon-
junctivitis sicca. As a result of keratoconjunctivitis sicca, Sjögren syndrome 
patients might experience foreign-body sensation, grittiness, irritation, pho-
tosensitivity, and thick rope-like secretions at the inner canthus, all leading 
to increased discomfort and possibly visual impairment, with considerable 
functional disability. Furthermore, ocular complications include corneal ulcer-
ation and scarring, bacterial keratitis, and eyelid infections that require con-
tinuous ophthalmologic care and treatment.

Systemic
In addition to the sicca features, systemic manifestations occur in approximately 
20 to 30% of primary Sjögren syndrome patients.9,10 Of note, it has been 
increasingly appreciated that the extraglandular manifestations in Sjögren 
syndrome can be divided into two major types according to the underlying 
pathophysiologic mechanism. Thus, lymphocytic infiltration of the epithelia 
of organs beyond the exocrine glands (e.g., renal, liver, and bronchial epithelial 
cells) results in interstitial nephritis, autoimmune cholangitis, and obstructive 
bronchiolitis, respectively. These clinical features appear early and usually have 
a benign course. On the other hand, immune complex deposition as a result 
of the ongoing B-cell hyperreactivity can give rise to the extraepithelial 
manifestations—palpable purpura, glomerulonephritis, interstitial pneumonitis, 
and peripheral neuropathy—that are linked to increased morbidity and risk 
for lymphoma development. The main systemic manifestations are listed in 
Table 252-1. Peripheral neuropathy may occur through various mechanisms. 
Vasculitis may be present with cryoglobulinemia, leading to both sensory and 
motor symptoms. More frequently, pure sensory neuropathy is present, some-
times purely ataxic and sometimes in the form of small-fiber neuropathy. This 
latter entity is difficult to diagnose because clinical and electromyographic 
examinations are normal. The diagnosis may be made by skin biopsy showing 
rarefaction of sensory small fibers.

 Viral or hormonal components
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FIGURE 252-1. Hypothetical scenario for development of primary Sjögren syndrome. An environmental factor (e.g., virus) causes epithelial cell and dendritic cell (dC) activation. 
Plasmacytoid dCs are also activated by immune complexes, promoting interferon (IFn) pathway activation, which leads to BAFF overproduction and to B- and T-cell activation. B-cell 
activation leads to autoantibody production within germinal center–like structures. Interleukin-12 secreted by myeloid dCs leads to natural killer cell and helper T-cell type 1 activation, 
which promotes tissue damage and IFn-γ production. IFn-α and IFn-γ enhance BAFF secretion. epithelial cells release autoantigens that participate in immune complex formation and 
perpetuate the vicious cycle of immune system overactivation. BAFF = B-cell activating factor of the tumor necrosis factor family; IrF5 = interferon regulatory factor 5; PdC = plasma-
cytoid dendritic cell; STAT4 = signal transducer and activator of transcription 4; TF = transcription factors; TLr = toll-like receptors. 
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However, in sarcoidosis, minor salivary gland biopsy reveals noncaseating 
granulomas, and autoantibodies are typically absent. Other Sjögren syndrome 
mimickers include chronic graft-versus-host disease, amyloidosis, infection 
with viruses such as HIV, human T-lymphotropic virus 1 (HTLV-1), hepatitis 
C virus, and immunoglobulin G4 (IgG4)-related disease (Chapter 259). The 
latter disease is important in the differential diagnosis of Sjögren syndrome. 
It more often involves men with salivary or lacrimal gland enlargement (previ-
ously called Mikulicz syndrome) with previous organ-specific autoimmune 
disease (like autoimmune pancreatitis) without anti-SSA/SSB antibodies. 
Sicca symptoms without salivary lymphoid infiltrate and without anti-SSA/
SSB antibodies may be part of the fibromyalgia syndrome (Chapter 258), and 
several acronyms have been proposed for designating these patients: sicca 
asthenia polyalgia syndrome or dry eyes and mouth syndrome. The arthralgias 
and arthritis can also sometimes mimic rheumatoid arthritis (Chapter 248).15

Diagnostic Criteria
International agreement has established a definition of Sjögren syndrome 
based on the American-European Consensus Group (AECG) criteria, which 
require the presence of either focal lymphocytic infiltrates in minor salivary 
glands with a focus score of 1 or more, or anti-SSA/SSB autoantibodies (Table 
252-4). A new set of preliminary criteria for Sjögren syndrome classification 
was proposed by an expert consensus panel (American College of Rheumatol-
ogy [ACR]-Sjögren International Collaborative Clinical Alliance [SICCA]).16 
According to these criteria, classification of an individual as a patient with 
primary Sjögren syndrome requires the presence of two out of three of the 
following objective items: (1) a positive serum test for anti-Ro/SSA and/or 
anti-La/SSB antibodies, or positive RF and ANA (titer >1: 320); (2) presence 
of keratoconjunctivitis sicca, defined by an ocular staining score higher than 
3; and (3) presence of focal lymphocytic sialoadenitis, defined by a focus 
score of 1 focus/4 mm2 or higher in a labial salivary gland biopsy.

Assessment of Activity of the Disease
An international expert group recently set up a Sjögren syndrome activity 
score under the umbrella of the European League Against Rheumatism. 
(EULAR). Two indices have been developed: (1) a patient-administered 
questionnaire to assess subjective features, the EULAR Sjögren Syndrome 

Laboratory Findings
The most common serologic finding in primary Sjögren syndrome is hyper-
gammaglobulinemia. The elevated γ-globulins contain several autoantibodies 
directed against non-organ-specific antigens,13 such as RF and antinuclear 
antibody (ANA).14 Specific ANA, anti-SSA/Ro, and anti-SSB/La antibodies 
are present in 60 to 80% and 30 to 40% of patients, respectively, and anti-SSB/
La is never present without anti-SSA/Ro. Of note, the presence of anti-SSA/
Ro, possibly with anti-SSB/La, may mediate complete heart block of newborns 
owing to cross-mimicry between specific fetal myocardial antigens and epitopes 
of the SSA/Ro-SSB/La complex.

Anemia of chronic inflammation and high erythrocyte sedimentation rates 
(due to hypergammaglobulinemia) are frequently encountered, whereas 
C-reactive protein levels are usually within normal limits. Cytopenias (most 
frequently lymphopenia and neutropenia) can also occur. In the setting of 
interstitial nephritis, the presence of hypokalemic, hyperchloremic acidosis 
might reveal distal renal tubular acidosis.

A monoclonal immunoglobulin can be detected in 10 to 15% of patients 
with Sjögren syndrome, depending on the technique used. Approximately 
20% of patients with Sjögren syndrome have cryoglobulins in their sera. 
Complement levels may be decreased, especially C4. This low C4 level may 
be either genetically determined or secondary to consumption (in immune 
complexes or cryoglobulinemia).

 DIAGNOSIS
Differential Diagnosis
The definition of primary Sjögren syndrome had suffered for a long time from 
the absence of accurate and consensus-driven diagnostic criteria. This is impor-
tant because the patients’ main symptoms (dryness, fatigue, and pain) are 
frequent in the general population. They can be caused by numerous drugs 
(Table 252-2), anxiety and/or depression, other comorbidities, or aging (Table 
252-3). Sarcoidosis can mimic the clinical picture of Sjögren syndrome. 

TABLE 252-1 EXTRAGLANDULAR MANIFESTATIONS OF 
PRIMARY SJÖGREN SYNDROME

CONSTITUTIONAL SYMPTOMS

Fatigue
Low-grade fever
SKIN AND VASCULAR

Small vessel vasculitis
Palpable purpura
Raynaud phenomenon
Photosensitivity reactions similar to subacute cutaneous systemic lupus 

erythematosus
Xerosis
UPPER AND LOWER AIRWAYS

Pyogenic sialoadenitis or parotitis
Interstitial pneumonitis or fibrosis
Chronic bronchitis
Bronchiectasis
Bronchiolitis obliterans with organizing pneumonia
Chronic obstructive pulmonary disease
MUSCULOSKELETAL

Polyarthralgia, polyarthritis
Myopathy, polymyositis
RENAL

Type I renal tubular acidosis
Tubular interstitial nephritis
Cryoglobulinemia-associated glomerulonephritis
NEUROLOGIC

Peripheral motor sensory neuropathy
Pure sensory neuropathy (including pure ataxic neuropathy)
Small-fiber sensitive neuropathy
Multiple sclerosis–like focal lesions
Spinal cord dysfunction, including transverse myelitis
HEPATOBILIARY

Autoimmune primary biliary cholangitis
NEOPLASIA

Lymphadenopathy, MALT (mucosa-associated lymphoid tissue) lymphoma

TABLE 252-2 DRUGS AND TOXINS THAT MIGHT DECREASE 
LACRIMAL AND SALIVARY SECRETION

STRONG EFFECT MODERATE EFFECT
Atropine, atropinic antiparkinsonian drugs, 

anticholinergic antihistaminic drugs
Antidepressants: imipramine (amitriptyline) 

and inhibitors of monoamine oxidase
Neuroleptics
Morphine, codeine, tramadol
A-type botulinum toxin
Class IA antiarrhythmic (disopyramide)
Isotretinoin
Toxins and psychotropic drugs: tobacco, 

ecstasy, cannabis, cocaine

β-Adrenergic blockers
α-Adrenergic blockers
Calcium-channel blockers
Benzodiazepines
Inhibitors of serotonin reuptake 

(very slight effect)
Histamine-1 antihistaminic drugs
Diuretics
Some antiretroviral drugs

TABLE 252-3 THE DIFFERENT CAUSES OF SICCA SYMPTOMS
Drugs, particularly psychotropic drugs (see Table 252-2)
Aging, postmenopausal estrogen deficiency
Prolonged use of contact lenses
Fibromyalgia and chronic fatigue syndrome
Anxiodepressive syndromes
Head and neck radiotherapy
Diabetes (uncontrolled)
Severe hyperlipidemia
Amyloidosis
Sarcoidosis
Lymphoma
Graft-versus-host disease
Some viral infections (HIV, HCV, HTVL-1)
IgG4-related sialoadenitis
Sjögren syndrome
HCV = hepatitis C virus; HIV = human immunodeficiency virus; HTVL-1 = human 
T-lymphocytic virus-1; IgG4 = immunoglobulin G4.



TABLE 252-4 2016 ACR/EULAR SS CLASSIFICATION 
CRITERIA OF PRIMARY SJÖGREN SYNDROME*

INCLUSION CRITERIA ITEM SCORE
•	 At	least	one	symptom	of	ocular	or	oral	

dryness (based on AECG questions), or
•	 Suspicion	of	SS	from	ESSDAI	

questionnaire (at least one domain with 
positive item)

Focus Score ≥ 1 3
Anti-SSA Ab+ 3
Ocular Staining Score ≥ 5 1
Schirmer test ≤ 5 mm/5 min 1
Unstimulated Salivary Flow 

≤ 0.1 mL/min
1

Total 9.0

SS CLASSIFICATION CRITERIA

pSS case defined by a score ≥ 4

Based on 98% consensus among clinician experts
Note:

•	 Exclusion	criteria	similar	to	AECG	and	ACR	criteria	except	past	lymphoma	
and cured HCV infection

•	 Patients	taking	anticholinergic	drugs	should	be	evaluated	for	OSS,	Schirmer,	
and UWS flow after a sufficient interval off these medications

*2016 American College of Rheumatology/European League Against Rheumatism Sjögren’s 
Syndrome Classification Criteria for Primary Sjögren’s Syndrome
AECG = American-European Consensus Group; Anti-SSA = anti-Ro antibody; ESSDAI = EULAR 
Sjögren’s Syndrome (SS) Disease Activity Index; HCV = hepatic C virus; UWS = unstimulated 
whole saliva.
Shiboski CH, Shiboski SC, Seror R, et al; International Sjögren’s Syndrome Criteria Working 
Group. 2016 American College of Rheumatology/European League Against Rheumatism 
classification criteria for primary Sjögren’s syndrome: a consensus and data-driven methodology 
involving three international patient cohorts. Ann Rheum Dis. 2017;76:9-16.

 FUTURE DIRECTIONS
Sjögren syndrome is a model of autoimmune disease because it can be primary 
or associated with other autoimmune diseases; it represents autoimmunity 
where the risk for lymphoma is most important and where increased risk for 
cardiovascular and cerebrovascular disease has been found in a systematic 
review and meta-analysis. Sjögren syndrome is the autoimmune disease for 
which the target tissue of autoimmunity is the most easily available, with the 
lip biopsy being necessary for diagnosis. Recent progress in pathophysiology 
has emphasized a number of similarities with systemic lupus erythematosus 
that support consideration of Sjögren syndrome as a form of lupus of the 
mucosa. Even if the pathogenetic mechanisms of the disease remain largely 
unknown, improved knowledge of the effector mechanisms will allow iden-
tification of new targets for future therapy. Moreover, with the validated com-
posite activity scores of EULAR Sjögren Syndrome Patient Reported Index 
and EULAR Sjögren Syndrome Disease Activity Index,20 the tools are now 
available to begin new clinical trials with novel drugs for this disease that will 
improve the poor quality of life currently associated with it.

Symptomatic Treatment
Muscarinic agonists (pilocarpine hydrochloride and more recently cevimeline 

hydrochloride) are effective for treating sicca features (oral dryness and, to a 
lesser extent, ocular dryness). A1 

,
 A2  Topical cyclosporine collyrium (0.05%) also 

was effective for moderate or severe ocular dryness and inflammation in a 
randomized controlled trial versus placebo, as were 0.1% clobetasone butyrate 
eye-drops. A3  Environmental measures (avoidance of hot air heating systems 
or excessive air conditioning, use of a humidifier, appropriate glasses to protect 
the eye from evaporating air flow) and “little means” (sugar-free chewing gums, 
regular water drinking, salivary substitutes) might be useful. Regular dental 
examinations and oral hygiene are crucial for reducing subsequent oral health 
issues (i.e., caries and periodontal disease associated with xerostomia). To treat 
pain, simple analgesics should be used first, particularly acetaminophen/
paracetamol, which does not cause dryness.

Immunomodulatory Drugs
To date, no immunomodulatory drug has proved efficacious in primary 

Sjögren syndrome.18 Severe organ manifestations of primary Sjögren syndrome 
have to be treated in accordance with treatment modalities used in systemic 
lupus erythematosus or other connective tissue diseases. Randomized trials 
have assessed hydroxychloroquine in primary Sjögren syndrome and failed to 
demonstrate any clinical efficacy. A4  Despite these negative results on clinical 
outcomes, hydroxychloroquine is frequently used in primary Sjögren syndrome, 
especially to treat arthralgia with or without synovitis or purpura. Controlled 
studies are needed to assess the use of methotrexate, leflunomide, mycophe-
nolate sodium, azathioprine, and cyclosporine. Intravenous immunoglobulin 
(IVIG) has been used in the treatment of Sjögren syndrome–associated senso-
rimotor neuropathies or nonataxic sensory neuropathy without any necrotizing 
vasculitis.

TREATMENT 
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fatigue, and limb pain; and (2) a systemic activity index to assess systemic 
complications, the EULAR Sjögren Syndrome Disease Activity Index. The 
latter index comprises 12 domains with three or four levels of activity for each 
domain. Determination of the threshold of moderate activity as well as the 
minimal clinically important improvement is in progress, with the objective 
to base inclusion criteria and primary end points of future clinical studies on 
EULAR Sjögren Syndrome Disease Activity Index levels.

Ultrasound findings in major salivary glands correlate with subjective and 
objective oral and ocular dryness and with systemic autoimmune features in 
patients with primary Sjögren syndrome. Ultrasound also can be useful for 
follow-up assessments.17

Biologics
Randomized trials of infliximab and etanercept did not show any efficacy 

of TNF-blocker agents in primary Sjögren syndrome on a composite primary 
outcome including limb pain, fatigue, and dryness visual analogue scales. B-cell 
targeting appears to be a promising strategy in primary Sjögren syndrome.19 
Although cohort registries and several randomized controlled trials have reported 
at least some short-term efficacy using rituximab (a monoclonal anti-CD20 
antibody), A5 

,
 A6  other trials and a meta-analysis have shown no benefit. A7

,
 A8  

Rituximab may be useful in cases of persistent parotid swelling or systemic 
complications, especially in cryoglobulinemia-induced vasculitis. Data are also 
inconclusive for belimumab (an anti-BAFF monoclonal antibody).
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3. Which of the following is the best option for improving a patient’s ocular 
dryness?
 A. Methotrexate
 B. Pilocarpine
 C. Hydroxychloroquine
 D. Ocular cyclosporine drops
 E. Infliximab

Answer: D Ocular cyclosporine drops have proved useful in the treatment 
of dry eye. The efficacy of methotrexate on ocular dryness has never been 
demonstrated. Ocular dryness is less frequently improved than salivary dryness 
with secretagogues (i.e., pilocarpine). The efficacy of hydroxychloroquine on 
dryness has not been demonstrated. No efficacy of infliximab has been dem-
onstrated in primary Sjögren syndrome.

4. Which of the following features is not considered an adverse predictor for 
lymphoma development in Sjögren syndrome?
 A. Presence of splenomegaly
 B. Presence of purpura
 C. Salivary flow rate less than 1 mL/15 minutes
 D. Presence of persistent parotid gland enlargement
 E. Presence of CD4 lymphopenia

Answer: C All the other items are predictive factors of lymphoma. An asso-
ciation has not been reported between salivary flow rate and risk for lymphoma 
development.

5. A 55-year-old woman is referred to your department for polysynovitis and 
palpable purpura. She fulfills the AECG 2002 criteria for Sjögren syndrome. 
Which of the following treatments would you recommend to treat these 
systemic manifestations?
 A. Infliximab
 B. Intravenous immunoglobulin (IVIG)
 C. Pilocarpine
 D. Rituximab
 E. Cyclophosphamide

Answer: D Three randomized controlled trials (RCTs) and one registry study 
suggested possible efficacy of rituximab in primary Sjögren syndrome, at least 
in some systemic manifestations. Two RCTs did not demonstrate any efficacy 
of tumor necrosis factor blockers (i.e., infliximab) in primary Sjögren syndrome. 
IVIG has been proposed in open studies in the treatment of Sjögren syndrome–
associated neuropathies without vasculitis but never has demonstrated any 
efficacy in other systemic manifestations. The secretagogue pilocarpine has 
no effect on systemic manifestations. The systemic manifestation presented 
by the patient is not severe enough to propose cyclophosphamide.

REVIEW QUESTIONS

1. A 59-year-old woman is referred to your office because of dry mouth, grit-
tiness of eyes, and a rash on both legs. Physical examination discloses 
unilateral parotid enlargement and a purpuric rash of the lower extremities. 
Past medical history is unremarkable to date. Among the following diag-
nostic tests, which one is the most useful to establish the diagnosis of 
Sjögren syndrome?
 A. Complement levels
 B. Cryoglobulins
 C. Serum protein electrophoresis
 D. Salivary flow
 E. Anti-Ro/SSA antibodies

Answer: E Anti-Ro/SSA positivity is one of the two required 2002 European/
American classification criteria for Sjögren syndrome (SS) and one out of the 
three 2012 preliminary ACR/SICCA 2012 criteria. Low complement levels, 
especially C4, and cryoglobulinemia have been designated as adverse prog-
nostic factors for lymphoma development and mortality among SS patients. 
However, they are not included in the classification criteria. Hypergamma-
globulinemia and monoclonal gammopathy are likewise not included in the 
classification criteria of SS. Salivary flow rate of less than 1.5 mL/15 minutes 
is an objective criterion of oral dryness, included in the 2002 European/
American classification SS criteria but not in the 2012 preliminary ACR/
SICCA criteria. It is not as specific as anti-Ro/SSA antibodies.

2. A 55-year-old woman presents with mild pain affecting her hands as well 
as ocular and mouth dryness for 10 years. Her examination reveals positive 
ocular staining for both eyes, revealing keratoconjunctivitis sicca, positive 
anti-Ro/SSA antibodies, and negative hepatitis C virus and HIV serology. 
Additional testing included complete blood count, revealing lymphopenia 
with normal hemoglobin levels and platelet counts. Mixed monoclonal 
cryoglobulinemia and low C4 levels were also detected. Which of the fol-
lowing statements is true?
 A. The patient fulfills both the 2002 American/European Consensus Group 

(AECG) criteria and the 2012 preliminary ACR/SICCA criteria for 
primary SS (pSS).

 B. The patient fulfills only the 2002 AECG criteria for pSS.
 C. A minor salivary gland biopsy is mandatory to classify the patient as 

having SS according to 2002 AECG group criteria for pSS.
 D. A minor salivary gland biopsy is mandatory to classify the patient as 

having SS according to 2012 preliminary ACR/SICCA criteria for pSS.
 E. The patient suffers from sicca asthenia polyalgia syndrome.

Answer: A Two out of three 2012 preliminary ACR/SICCA criteria are ful-
filled as well as four out of six 2002 AECG criteria. Because anti-Ro/SSA 
antibodies are present, no histopathologic confirmation is required for the 
classification of pSS according to 2002 AECG criteria in the presence of sub-
jective and objective symptoms and signs of salivary and lacrimal gland involve-
ment. Sicca asthenia polyalgia syndrome is a diagnosis of exclusion and refers 
to the presence of fibromyalgia-like features in association with sicca 
symptomatology.



CHAPTER 253 Inflammatory myopathIes 1745

253 
INFLAMMATORY MYOPATHIES
STEVEN A. GREENBERG

 OVERVIEW
The inflammatory myopathies are a heterogeneous group of acquired disorders 
in which the immune system is thought to play a major pathogenic role.1 
Though some genetic disorders affecting muscle also have significant involve-
ment of the immune system and are treated with immunosuppressive therapy 
as standard of care (e.g., treatment of Duchenne muscular dystrophy with 
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ABSTRACT
The inflammatory myopathies are a heterogeneous group of acquired disorders 
in which the immune system is thought to play a major pathogenic role. The 
four major subtypes of inflammatory myopathy are dermatomyositis, poly-
myositis, immune-mediated necrotizing myopathy, and inclusion body myositis 
(also called sporadic inclusion body myositis). These disorders have distinct 
clinical and pathologic features and pathophysiologies.
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Studies of dermatomyositis skin and muscle samples show marked upregulation 
of type 1 IFN-inducible transcripts and proteins uniquely in dermatomyositis 
among muscle diseases and similarly to systemic lupus erythematosus among 
skin diseases. The presence of autoantibodies in some patients with dermato-
myositis, such as antibodies to the type 1 IFN-inducible protein MDA5, is of 
uncertain significance but seems likely due to an immune reaction to proteins 
that are not normally expressed at high levels or exposed to the immune 
system.8 The paraneoplastic associations of dermatomyositis suggest that in 
such patients an immune reaction against an underlying malignancy results 
in bystander injury to muscle and skin.

Because polymyositis is a diverse group of disorders, the mechanisms involved 
are likely to be varied. Pathologically, there is an appearance of invasion of 
muscle fibers by adaptive immune system cells (T cells) that appears to be 
antigen driven, so that cytotoxic T cell–mediated autoimmunity directed 
against an unknown target has been a favored hypothesis. The antigens targeted 
by this process and the fundamental cause are unknown.

Immune-mediated necrotizing myopathy is also a poorly understood dis-
order.9 It can also be paraneoplastic, suggesting cross-reactions by the immune 
system with the underlying malignancy and with muscle antigens. More com-
monly, immune-mediated necrotizing myopathy occurs in association with 
treatment with statin drugs. The identification of autoantibodies against the 
target of statins, 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR), 
in the majority of patients who develop immune-mediated necrotizing myopa-
thy in association with statin use suggests that the upregulation of HMGCR 
in muscle is directly toxic to muscle and triggers an immune reaction against 
it. Anti–signal recognition particle (SRP) autoantibodies have also been identi-
fied in some patients with immune-mediated necrotizing myopathy. Anti-SRP 
myopathy, anti-HMGCR myopathy, and autoantibody-negative myopathy 
have been considered to be three distinct subtypes of immune-mediated nec-
rotizing myopathy.10

The pathogenesis of inclusion body myositis is complex. Two dual patholo-
gies have been noted: degeneration of myofibers and of myonuclei in particular, 
evident as formation of rimmed vacuoles (see Fig. 253-1A and B) and involve-
ment of the immune system.11 The accumulation of more than 75 different 
proteins into sarcoplasmic aggregates in a small percentage of inclusion body 
myositis myofibers has been reported and has given rise to a number of molecu-
lar toxicity hypotheses in which certain specific protein aggregates are theorized 
as injurious to myofibers.

The immune system involvement in inclusion body myositis is notable in 
that whereas most other forms of inflammatory myopathy are generally respon-
sive to immunomodulatory treatments, inclusion body myositis is refractory 
to treatment. This is particularly remarkable in that inclusion body myositis 
has the greatest evidence of all the inflammatory myopathies of a highly refined 
antigen-driven adaptive immune system involvement. Pathology shows very 
chronic and often marked but variable inflammatory infiltrates of T cells, 
myeloid dendritic cells, and plasma cells in muscle. Studies of the T-cell recep-
tors have strongly suggested that T-cell autoimmunity is driven by one or 
more specific antigens, though the identity of any of these antigens is unknown.

Studies of a B-cell pathway in inclusion body myositis have led to identifica-
tion of an autoantibody that is highly specific to inclusion body myositis among 
muscle diseases. Circulating autoantibodies against a 43-kD muscle protein 
have been identified as cytoplasmic 5′ nucleotidase 1A (cN1A; NT5C1A). 
cN1A is a nucleotidase that is most abundant in skeletal muscle and involved 

corticosteroids), these genetic disorders are not classified as inflammatory 
myopathies. The four major subtypes of inflammatory myopathy are derma-
tomyositis, polymyositis, immune-mediated necrotizing myopathy, and inclu-
sion body myositis (also called sporadic inclusion body myositis). These 
disorders have distinct clinical and pathologic features and pathophysiologies 
(Table 253-1). Whereas dermatomyositis and polymyositis have been described 
in the medical literature for over 100 years, immune-mediated necrotizing 
myopathy and inclusion body myositis have only become defined as syndromes 
distinct from polymyositis within the last few decades.

The original classification of inflammatory myopathies (collectively also 
referred to as “myositis”2) was developed in 1975 (the Bohan and Peter clas-
sification). Since then much progress has been made with the discovery of 
myositis-specific and myositis-associated autoantibodies, improvements in defin-
ing their morphologic features and histopathology, and refining the phenotypic 
distinctions between the different inflammatory myopathies. These develop-
ments necessitated the new 2017 European League Against Rheumatism/
American College of Rheumatology diagnostic criteria and classification for 
adult and juvenile inflammatory myopathies and their major subgroups.3-5

 EPIDEMIOLOGY
The prevalence of dermatomyositis has been estimated at 100 to 210 per 
million. The estimated prevalence of polymyositis is confounded by frequent 
misdiagnosis of inclusion body myositis and muscular dystrophies as poly-
myositis. Traditionally, polymyositis has been considered more prevalent (70 
per million), but comparative studies with attention to inclusion body myositis 
have found a prevalence of polymyositis of 35 per million, approximately half 
the prevalence of inclusion body myositis of 70 per million. Inclusion body 
myositis is the most common acquired muscle disease after age 50.6 The preva-
lence of immune-mediated necrotizing myopathy is unknown.7

Dermatomyositis has biphasic peaks in prevalence in childhood (7 to 15 
years) and in midlife (30 to 50 years), whereas polymyositis peaks in preva-
lence in midlife. Inclusion body myositis is rarely diagnosed before the age 
of 40 and is most common after the age of 50. Dermatomyositis and poly-
myositis have female predominance; inclusion body myositis has male pre-
dominance. Ethnicity and worldwide distribution influence the development 
of various inflammatory myopathies.

 PATHOBIOLOGY
The pathophysiologies of various forms of inflammatory myopathy are poorly 
understood. These disorders do share in common injury to muscle by the 
immune system. Much of the theory of pathophysiology of these disorders 
comes from microscopic examination of muscle biopsies and the distinct 
pathologies of these disorders (Fig. 253-1).

The muscle pathology of dermatomyositis involves loss of blood vessels 
and injury to myofibers at the edges of muscle fascicles (i.e., perifascicular 
atrophy; see Fig. 253-1). The relationship of these two features to each other 
is uncertain but has been postulated to be due to a primary injury to muscle 
capillaries, followed by ischemic injury to myofibers. An alternative view is 
that a common factor injures both myofibers and capillaries. Skin pathology 
shows features analogous to that of muscle, with an interface dermatitis con-
sisting of injury to the basal layer of keratinocytes.

Much evidence points toward dermatomyositis as mediated by the type 1 
interferon cytokine family, consisting mainly of interferon (IFN)-α and IFN-β. 

in the metabolism of nucleic acids. Serum anti-cN1A autoantibodies are present 
in 50 to 70% of patients with inclusion body myositis, depending on which 
assays and what cutoffs are used, and they are highly specific to inclusion body 
myositis (>90 to 95%) among muscle diseases. The role of blood testing for 
anti-cN1A autoantibodies in the diagnosis and management of patients with 
suspected inclusion body myositis is currently being defined, potentially short-
ening the time to diagnosis, reducing the misdiagnosis rate, and avoiding more 
invasive muscle biopsy in some patients.

A genetic basis of inclusion body myositis has been suggested by its sig-
nificant association with the class II MHC allele HLA-DRB1*03:01.12

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
A diagnosis of inflammatory myopathy is considered when a patient presents 
with proximal or distal weakness without sensory symptoms or in patients 
with the characteristic skin lesions of dermatomyositis. Less frequently, 
asymptomatic elevated creatine kinase (CK) levels lead to a diagnosis of inflam-
matory myopathy.13 Most patients with dermatomyositis, polymyositis, or 
immune-mediated necrotizing myopathy present with subacute proximal 
weakness of the arms and legs progressing over months, though these diseases 
may present acutely. Patients with inclusion body myositis present later in 

TABLE 253-1 CLASSIFICATION OF INFLAMMATORY MYOPATHIES
DISORDER AGE RANGE CLINICAL FEATURES MUSCLE PATHOLOGY
Dermatomyositis Juvenile and adult forms Proximal weakness plus skin Perimysial and perivascular inflammation, perifascicular 

atrophy
Polymyositis Adult (rare in childhood) Proximal weakness Endomysial inflammation with invasion of non-necrotic 

muscle fibers
Immune-mediated necrotizing 

myopathy
Adult Proximal weakness Multifocal necrotic muscle fibers

Inclusion body myositis Adult >40 years old Prominent quadriceps and finger flexor 
weakness; treatment refractory

Endomysial inflammation with invasion of non-necrotic 
muscle fibers plus rimmed vacuoles

Overlap syndromes Adult Myositis plus defined connective tissue 
disease

Nonspecific inflammation

Other (granulomatous myositis, 
eosinophilic myositis)

All ages Proximal or distal weakness Specific to type (e.g., granulomas present with 
granulomatous myositis)
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Dermatomyositis Polymyositis

FIGURE 253-1. Pathologies of inflammatory myopathies. A and B, rimmed vacuoles (arrowheads) of inclusion body myositis (IBm). C, Invasion of non-necrotic muscle fiber in IBm. 
D, scattered necrotic and regenerating myofibers in immune-mediated necrotizing myopathy. E, perivascular and perimysial inflammation (arrows), with perifascicular atrophy (arrow-
heads), in dermatomyositis. F, endomysial inflammation in polymyositis. (With permission from the Inclusion Body myositis foundation, Inc.)

in the metabolism of nucleic acids. Serum anti-cN1A autoantibodies are present 
in 50 to 70% of patients with inclusion body myositis, depending on which 
assays and what cutoffs are used, and they are highly specific to inclusion body 
myositis (>90 to 95%) among muscle diseases. The role of blood testing for 
anti-cN1A autoantibodies in the diagnosis and management of patients with 
suspected inclusion body myositis is currently being defined, potentially short-
ening the time to diagnosis, reducing the misdiagnosis rate, and avoiding more 
invasive muscle biopsy in some patients.

A genetic basis of inclusion body myositis has been suggested by its sig-
nificant association with the class II MHC allele HLA-DRB1*03:01.12

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
A diagnosis of inflammatory myopathy is considered when a patient presents 
with proximal or distal weakness without sensory symptoms or in patients 
with the characteristic skin lesions of dermatomyositis. Less frequently, 
asymptomatic elevated creatine kinase (CK) levels lead to a diagnosis of inflam-
matory myopathy.13 Most patients with dermatomyositis, polymyositis, or 
immune-mediated necrotizing myopathy present with subacute proximal 
weakness of the arms and legs progressing over months, though these diseases 
may present acutely. Patients with inclusion body myositis present later in 

life, usually symptomatic from slowly progressive weakness of knee extensors 
and finger flexors. More specific diagnostic features of these disorders are 
considered individually (Table 253-2). Most patients undergo muscle biopsy, 
or skin biopsy in the case of suspected dermatomyositis, as part of the diag-
nostic evaluation.

Dermatomyositis
Patients with dermatomyositis typically present with characteristic skin lesions 
or muscle weakness.14,15 Virtually pathognomonic skin features are a heliotrope 
rash, a violaceous periorbital macular erythema, sometimes with edema, and 
Gottron papules, violaceous papules over dorsal metacarpophalangeal and 
interphalangeal joints of the hands (Fig. 253-2). Periungual telangiectasias 
and thrombosed capillaries, poikiloderma over photoexposed areas such as 
the upper back (“shawl sign”), nonscarring alopecia, and subcutaneous calci-
fication are other suggestive signs. Prominent pruritus is also a common feature 
of dermatomyositis. Muscle weakness in dermatomyositis is less specific, 
occurring in a pattern indistinguishable from many other muscle diseases.

Useful laboratory studies for the evaluation of suspected dermatomyo-
sitis include serum CK (though CK can be normal or even below typical 
laboratory lower limits of normal in patients with highly active disease) and 
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dermatomyositis-associated autoantibody studies (e.g., anti-Jo-1, anti-Mi2, and 
anti-MDA5). Occasional patients have abnormal serum aldolase but normal 
serum CK. Skin biopsy showing a cell-poor interface dermatitis supports the 
diagnosis of dermatomyositis. Muscle biopsy showing perimysial and peri-
vascular inflammation also supports a diagnosis of dermatomyositis, whereas 
the presence of perifascicular atrophy in a muscle biopsy is pathognomonic 
for dermatomyositis. Because dermatomyositis is associated with malignancy, 
appropriate laboratory and radiologic studies should be performed to search 
for underlying malignancy in all newly diagnosed patients. The most common 
dermatomyositis-associated malignancies tend to reflect the overall age and 
gender cancer rates within the individual patient’s population (i.e., breast, 
lung, and colorectal cancer in Western countries; nasopharyngeal cancer in 
Asian populations). This observation supports the notion of dermatomyositis 
as a paraneoplastic process that can develop in virtually any kind of cancer.

Clinical diagnostic criteria are outlined in Table 253-2. The clinical features 
of muscle weakness in dermatomyositis are entirely nonspecific, with no par-
ticular pattern indicative of dermatomyositis compared with other muscle 
diseases. In practice, certain dermatologic clinical findings (heliotrope rash, 
Gottron papules) or muscle biopsy findings (perifascicular atrophy) are con-
sidered nearly pathognomonic for dermatomyositis.

Polymyositis
The diagnosis of polymyositis is often problematic, with historically many 
patients with genetically defined limb-girdle muscular dystrophies and inclu-
sion body myositis being misdiagnosed as polymyositis. The 1975 criteria for 
polymyositis that are frequently cited allow for a diagnosis of “definite” poly-
myositis without a muscle biopsy. In clinical practice today, the core criteria 
for the diagnosis of polymyositis are subacute proximal weakness, elevated 
serum CK, and muscle biopsy showing endomysial inflammation without 
features suggestive of another diagnosis such as inclusion body myositis (see 
Table 253-2). Patients with defined connective tissue disorders such as Sjögren 
syndrome or mixed connective tissue disease have “overlap syndromes,” often 
also classified as polymyositis.16 Patients with immune-mediated necrotizing 
myopathy have historically been classified as polymyositis but are increasingly 
classified separately. Patients with inclusion body myositis are frequently mis-
diagnosed as polymyositis because of a lack of appreciation of the characteristic 
inclusion body myositis finger flexor weakness and because muscle biopsies 

TABLE 253-2 CLINICAL DIAGNOSTIC CRITERIA FOR 
INFLAMMATORY MYOPATHIES

DISORDER DIAGNOSIS
Dermatomyositis 1. Diagnostic skin involvement (heliotrope rash, Gottron 

papules) OR diagnostic muscle biopsy finding of 
perifascicular atrophy OR

2. All of the following:
•	 Suggestive	skin	involvement
•	 Subacute	or	chronic	proximal	or	distal	weakness
•	 Muscle	biopsy	showing	perimysial	or	perivascular	

inflammation without features suggesting another 
disorder (e.g., endomysial inflammation, rimmed 
vacuoles) OR skin biopsy showing interface dermatitis 
along with clinical exclusion of systemic lupus 
erythematosus

Polymyositis All of the following:
1. Subacute or chronic proximal weakness
2. Elevated serum creatine kinase (CK)
3. Muscle biopsy showing invasion of endomysial 

inflammation
4. Response to immunotherapy OR appropriate 

consideration and exclusion of limb-girdle muscular 
dystrophies and inclusion body myositis

Immune-mediated 
necrotizing 
myopathy

Both of the following:
1. Subacute or chronic proximal weakness
2. Muscle biopsy showing necrotizing myopathy, with 

scattered necrotic or regenerating myofibers and a lack 
of inflammation other than macrophage invasion of 
necrotic muscle fiber

Inclusion body 
myositis

All of the following:
1. Adult >40 years old
2. Finger flexion or quadriceps weakness
3. Muscle biopsy showing endomysial inflammation OR 

the presence of serum anti-cN1A autoantibodies
4. Muscle biopsy showing rimmed vacuoles OR invasion 

of non-necrotic muscle fibers OR the presence of serum 
anti-cN1A autoantibodies

cNIA = cytoplasmic 5′ nucleotidase 1A.

D

A

C

B

FIGURE 253-2. Clinical findings in dermatomyositis. A, erythematous to violaceous raised papules overlying the metacarpal and interphalangeal joints, known as Gottron papules. 
these are considered the hallmark finding in dermatomyositis. B, Cuticular overgrowth and periungual capillary changes, which include dilated and tortuous blood vessels with areas 
of atrophy, telangiectasia, vessel dropout, and bushy loop formation along the fingernail bed. C, erythema and minimal edema involving the upper eyelids, with occasional telangiec-
tasia, known as the heliotrope rash. D, subcutaneous calcification erupting through skin (arrowhead), seen clinically and by x-ray. 

TREATMENT 
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called anti-NT5C1A), appears highly specific to inclusion body myositis among 
muscle diseases and may be of diagnostic value. Most patients undergo muscle 
biopsy, with characteristic features being the presence of rimmed vacuoles 
seen on hematoxylin and eosin (H&E) and Gomori trichrome staining, along 
with endomysial inflammation or invasion of non-necrotic muscle fibers. 
Immunohistochemical stains detecting p62 or TDP-43 are of additional highly 
specific diagnostic value.

 Suspected Inflammatory Myopathy

Suspect DM or PM or
necrotizing myopathy

Muscle weakness DM skin only
Topical agents;

hydroxychloroquine

Prednisone 1 mg/kg/day x 1-3 months; slow taper
or

Methylprednisolone 500-1000 mg IV/day × 3-5 days,
followed by oral prednisone 

Consider 2nd-line
agent initially, or wait

to see if relapse
after taper

2nd-line agents:
Methotrexate 7.5 mg PO weekly, increasing by 2.5 mg weekly to 20 mg

PO weekly as needed; with folic acid 1 mg daily except on day of methotrexate
or

IVIG 0.4 g/kg/day × 5 days each month or 1 g/kg/day every 2 weeks
or

Azathioprine 1-3 mg/kg/day 

Refractory—consider IBM

Finger flexor and quadriceps weaknessTypical proximal > distal weakness

Muscle biopsy (+/– skin biopsy)

Therapy

Suspect IBM

Muscle biopsy

Not-confirmed IBM
+/– treatment

Confirmed IBM

No medical treatment

FIGURE 253-3. Approach to treatment of suspected inflammatory myopathy. Dm = dermatomyositis; IBm = inclusion body myositis; IVIG = intravenous immunoglobulin; pm = 
polymyositis. (With permission from the Inclusion Body myositis foundation, Inc.)

show endomysial inflammation. The presence of autoantibodies such as anti-Jo-1 
argue more for polymyositis than inclusion body myositis, though these may 
be seen in dermatomyositis as well.

Immune-Mediated Necrotizing Myopathy
Immune-mediated necrotizing myopathy has increasingly been separated from 
the polymyositis category. Acute or subacute proximal weakness indistinguish-
able from that of polymyositis or dermatomyositis and an elevated CK are 
nonspecific, but muscle biopsy showing scattered necrotic or regenerating 
myofibers without inflammation other than macrophages invading these necrotic 
myofibers is typical of immune-mediated necrotizing myopathy. The presence 
of anti-HMGCR (3-hydroxy-3-methylglutaryl-coenzyme A reductase) or anti-
SRP (signal recognition particle) antibodies both suggest immune-mediated 
necrotizing myopathy. Immune-mediated necrotizing myopathy, particularly 
when associated with anti-SRP antibodies, may be paraneoplastic, and labora-
tory and radiologic evaluation for malignancy should be considered.

Inclusion Body Myositis
Inclusion body myositis has a clinical presentation distinct from other inflam-
matory myopathies.17 Inclusion body myositis weakness is always slowly pro-
gressive rather than the acute or subacute weakness more typically seen in 
other forms of inflammatory myopathies. Clinical diagnostic criteria are shown 
in Table 253-2. Inclusion body myositis has a high misdiagnosis rate, estimated 
at approximately 50% of patients. Symptoms of inclusion body myositis rarely 
are present before the age of 40 years and most commonly occur after the age 
of 50. The distribution of weakness is usually in finger flexors or quadriceps 
rather than proximal arms (shoulder abduction) or proximal legs (hip flexion), 
more typical of polymyositis or dermatomyositis. Inclusion body myositis is 
a highly atrophying muscle disease,18 and loss of bulk in medial and lateral 
anterior thighs and ventral forearms is characteristic. Patients present with 
difficulty walking, buckling of knees, or weakness of grip. The diagnosis of 
inclusion body myositis can be highly suspected in such patients of appropriate 
age and findings on examination of quadriceps atrophy and weakness of finger 
flexors, especially flexor digitorum profundi, responsible for flexion of distal 
fingertips. Examination of the strength in these distal fingertips, which needs 
to be done one finger at a time, is often the single most helpful approach to 
the diagnosis of inclusion body myositis.

Serum CK is either normal or modestly elevated (typically less than five 
times the upper limit of normal). A serum autoantibody, anti-cN1A (also 

Generally, most patients with dermatomyositis, polymyositis, and immune-
mediated necrotizing myopathy respond to immunomodulatory therapies, 
whereas patients with inclusion body myositis are almost universally refractory. 
A general approach to treatment is shown in Fig. 253-3.

Treatment of Dermatomyositis and Polymyositis
Most patients with muscle involvement from dermatomyositis and polymyositis 

are treated with and respond to corticosteroids.19,20 Dosing is typically predni-
sone at 1 mg/kg/day orally until significant improvement occurs (typically 1-3 
months), followed by gradual taper of 10 mg/day/month. Second-line agents 
include methotrexate, azathioprine, cyclosporine, and intravenous immuno-
globulin. Second-line agents are used for two reasons: they may have a better 
side-effect profile than chronic higher doses of corticosteroids, and they may 
be necessary for patients whose responses are insufficient to corticosteroids 
alone. An important decision is whether to start second-line agents concur-
rently with initial corticosteroid treatment or wait and see how low a dose 
of corticosteroids offers satisfactory control and then add agents only if the 
corticosteroid dose cannot be lowered sufficiently. Thus in the former approach, 
prednisone 60 mg/day and methotrexate 7.5 mg PO weekly might be started 
concurrently, and the methotrexate dose increased weekly to 15 to 20 mg PO 
weekly. Once improvement is substantial, the dose of prednisone may be tapered 
over 3 to 6 months. Stability on methotrexate alone would then be followed 
by gradual reduction in its dose. For patients with severe initial presentations, 
the combination of corticosteroids and periodic intravenous immunoglobulin 
(1 g/kg every 2 weeks) may offer a better chance for more rapid improvement.

A number of randomized placebo-controlled trials have shown no benefit 
for treating dermatomyositis or polymyositis. A1 

,
 A2  These studies have almost 

always used the Bohan and Peter criteria for the diagnosis, which may result 
in inclusion of patients with limb-girdle muscular dystrophies and inclusion 
body myositis misdiagnosed as having polymyositis. In the single largest trial, 
which used rituximab, all subjects received active drug, but the comparison 

TREATMENT 
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 PROGNOSIS
Most patients with adult dermatomyositis, polymyositis, and statin-associated 
immune-mediated necrotizing myopathy have a good prognosis but require 
long-standing immunomodulatory therapy. Many patients with juvenile der-
matomyositis may go into long-standing remission or cure with aggressive 
initial treatment. Patients with anti-SRP–associated immune-mediated nec-
rotizing myopathy may have severe and difficult-to-treat disease. Patients with 
inclusion body myositis generally have a slowly progressive course, with one 
series showing a mean time to loss of ambulation of 12 years.

was treated “early” or “late” (8 weeks later), and no significant differences were 
found. A3 

Treatment of Inclusion Body Myositis
No therapies have demonstrated efficacy for inclusion body myositis, with 

negative results for prednisone, intravenous immunoglobulin, methotrexate, 
antithymocyte globulin, etanercept, interferon-β, and alemtuzumab. Current 
management of patients with inclusion body myositis is supportive, involving 
avoidance of falls and the use of ankle supports and gait assistive devices. 
Tendon transfer to improve hand function has been used.
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Answer: E Patients with IBM in particular, and sometimes limb-girdle mus-
cular dystrophy, are often misdiagnosed as having polymyositis. Serum CK, 
modestly elevated in IBM, may lower with prednisone treatment, but patients 
rarely have improved strength.

4. Which syndrome can be paraneoplastic and should prompt thorough 
investigation for an underlying malignancy?
 A. Dermatomyositis
 B. Polymyositis
 C. Inclusion body myositis
 D. Granulomatous myositis
 E. All of the above

Answer: A Dermatomyositis. A new diagnosis of dermatomyositis should 
prompt a thorough investigation for an underlying malignancy, with reported 
rates estimated at 15 to 23%.12 The types of malignancy found in patients with 
dermatomyositis generally reflect those found in age-, sex-, and population-
matched persons without dermatomyositis. Therefore breast, lung, and colorectal 
cancer are the three most common cancers from Western country cohorts, 
whereas nasopharyngeal carcinoma is the most common dermatomyositis-
associated cancer in Asian studies. This finding further supports the role of 
dermatomyositis as a paraneoplastic process that can occur with virtually any 
kind of cancer. (Ungprasert P, Bethina NK, Jones CH. Malignancy and idio-
pathic inflammatory myopathies. N Am J Med Sci. 2013;5:569-572.)

5. Normal serum CK in a patient with proximal muscle weakness excludes 
the diagnosis of:
 A. Dermatomyositis
 B. Inclusion body myositis
 C. Muscular dystrophy
 D. Granulomatous myositis
 E. None of the above

Answer: E None of the above. Serum CK is a helpful indicator of muscle 
disease when elevated, but normal CK does not exclude muscle disease. In 
particular, patients with very active dermatomyositis frequently have normal 
serum CK.

REVIEW QUESTIONS

1. A 65-year-old man developed slowly progressive difficulty arising from a 
chair and experienced buckling of the knees while walking, resulting in 
several falls. Muscle biopsy showed endomysial inflammation and rimmed 
vacuoles. The correct diagnosis is:
 A. Polymyositis
 B. Dermatomyositis
 C. Inclusion body myositis
 D. Immune-mediated necrotizing myopathy
 E. Overlap syndrome

Answer: C Inclusion body myositis (IBM). IBM is a later-onset, slowly pro-
gressive disease presenting with prominent quadriceps or finger flexion weak-
ness. In this case the knee buckling indicates quadriceps weakness. Endomysial 
inflammation can be seen in either polymyositis or IBM, but rimmed vacuoles 
confirm IBM as the correct diagnosis.

2. A 35-year-old woman developed proximal weakness and a purplish papular 
rash over the dorsum of the hands. A skin biopsy might be expected to 
show what feature and lead to which diagnosis?
 A. Lymphocytoclastic vasculitis AND polymyositis
 B. Interface dermatitis AND dermatomyositis
 C. Granulomas AND granulomatous myositis
 D. Necrotic cells AND necrotizing myopathy
 E. Necrotic cells AND dermatomyositis

Answer: B This patient has Gottron papules (see Fig. 253-2A), virtually 
pathognomonic for dermatomyositis. Skin biopsy in dermatomyositis shows 
an interface dermatitis, with pathology of the basal layer of keratinocytes lying 
at the border (interface) between the epidermis and the dermis.

3. A 60-year-old man with proximal weakness and mildly elevated serum 
creatine kinase (CK) is diagnosed with polymyositis and treated with high-
dose prednisone 80 mg/day for several months, before slow taper of pred-
nisone to 30 mg/day by month 6. His serum CK improves, but no 
improvement in strength is present, and he appears mildly weaker. Which 
statement is most likely true?
 A. He has refractory polymyositis and needs more aggressive therapy.
 B. He has developed steroid myopathy in addition to his polymyositis.
 C. The diagnosis of polymyositis should be reconsidered, and he could 

undergo a second muscle biopsy or blood diagnostic testing for anti-
cN1A autoantibodies as the next step.

 D. The diagnosis of polymyositis should be reconsidered; he may have 
inclusion body myositis or a limb-girdle muscular dystrophy.

 E. C and D
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254 
THE SYSTEMIC VASCULITIDES
JOHN H. STONE

 DEFINITION
The vasculitides are a heterogeneous group of disorders linked by the common 
finding of destructive inflammation within blood vessel walls. The most current 
nomenclature scheme identifies at least 27 different forms of primary vasculitis 
(Table 254-1). The major forms of vasculitis are discussed in this chapter.

 CLASSIFICATION
Classification by Vessel Size
The etiology of most forms of vasculitis remains unknown, and major gaps exist 
in our understanding of the pathophysiologic processes. The most valid basis 
for classification of the vasculitides is the size of the predominant blood vessels 
involved. The vasculitides are categorized initially by whether the vessels affected 
are primarily large, medium, or small (Table 254-2). Large vessels are consid-
ered the aorta, its primary branches, and any vessel that is not located within 
an organ such as a muscle, kidney, nerve, or the skin. Medium-sized vessels, in 
contrast, consist of the main visceral arteries and their branches. (Thus, the renal 
artery is considered a large vessel, but its intrarenal branches—the interlobar 
and arcuate arteries—are medium-sized vessels). Finally, small vessels include 
smaller intraparenchymal arteries as well as arterioles, capillaries, and venules.

Medium-vessel vasculitis and even large-vessel vasculitis can also affect small 
arteries. However, large-vessel vasculitis affects large arteries more often than 
medium- or small-vessel vasculitis, medium-vessel vasculitis affects predomi-
nantly medium arteries, and small-vessel vasculitis affects predominantly 
arterioles, capillaries, and venules.

TABLE 254-1 NAMES FOR VASCULITIDES ADOPTED BY THE 
2012 INTERNATIONAL CHAPEL HILL 
CONSENSUS CONFERENCE ON THE 
NOMENCLATURE OF VASCULITIDES

LARGE-VESSEL VASCULITIS

Takayasu arteritis
Giant cell arteritis

MEDIUM-VESSEL VASCULITIS

Polyarteritis nodosa
Kawasaki disease
Buerger disease*

SMALL-VESSEL VASCULITIS

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
Microscopic polyangiitis
Granulomatosis with polyangiitis (formerly Wegener granulomatosis)
Eosinophilic granulomatosis with polyangiitis (formerly Churg-Strauss syndrome)

Immune complex small-vessel vasculitis
Antiglomerular basement membrane disease
Cryoglobulinemic vasculitis
Immunoglobulin (Ig)A vasculitis (Henoch-Schönlein purpura)
Hypocomplementemic urticarial vasculitis

VARIABLE-VESSEL VASCULITIS

Behçet syndrome
Cogan syndrome

SINGLE-ORGAN VASCULITIS

Cutaneous leukocytoclastic angiitis
Cutaneous arteritis
Primary central nervous system vasculitis
Isolated aortitis

VASCULITIS ASSOCIATED WITH SYSTEMIC DISEASE

Lupus vasculitis
Rheumatoid vasculitis
Sarcoid vasculitis
Others (e.g., IgG4-related aortitis)

VASCULITIS ASSOCIATED WITH PROBABLE ETIOLOGY

Hepatitis C virus–associated cryoglobulinemic vasculitis
Hepatitis B virus–associated vasculitis
Syphilis-associated aortitis
Drug-associated immune complex vasculitis
Drug-associated ANCA-associated vasculitis
Cancer-associated vasculitis
Others

*Buerger disease (thromboangiitis obliterans) is not always considered to be a primary form of 
vasculitis and was not included in this consensus statement on nomenclature.
From Jennette JC, Falk RJ, Bacon PA, et al. 2012 Revised International Chapel Hill Consensus 
Conference Nomenclature of Vasculitides. Arthritis Rheum. 2013;65:1-11.

TABLE 254-2 CONSIDERATIONS IN THE CLASSIFICATION OF 
SYSTEMIC VASCULITIS

Size of predominant blood vessels affected
Epidemiologic features:

Age
Sex
Ethnic background

Pattern of organ involvement
Pathologic features:

Granulomatous inflammation
Immune complex deposition vs. “pauci-immune” histopathology

Presence of ANCA in serum
ANCA = antineutrophil cytoplasmic antibody.

giant cell arteritis virtually never occurs in patients younger than 50 years, 
and the mean age of patients with this disease is 72. Age may also have an 
impact on disease severity and outcome. In IgAV, the overwhelming majority 
of cases in children (who represent 90% of all cases) have self-limited courses, 
resolving within several weeks. In adults, however, IgAV has a higher likeli-
hood of chronicity and a poor renal outcome.

The distribution of sex varies across many forms of vasculitis. Buerger disease 
is the only form of vasculitis with a striking male predominance. The greater 
prevalence of smoking among males in most societies probably explains this 
predilection. In contrast, Takayasu arteritis has an overwhelming tendency 
to occur in females (a 9 : 1 female-to-male ratio). The pauci-immune forms 
of vasculitis, such as GPA, EGPA, and microscopic polyangiitis, occur in males 
and females with approximately equal frequencies, but the phenotypic expres-
sion of these conditions may be affected by both age and sex.

The strongest link between any single gene and vasculitis is the association 
of HLA-B51 with Behçet syndrome. In Behçet syndrome, 80% of Asian patients 
have the HLA-B51 gene. The prevalence of HLA-B51 is significantly higher 
among patients with Behçet syndrome in Japan than among nondisease control 
subjects (55% versus <15%). Among the sporadic cases of Behçet syndrome 
involving whites in the United States, however, HLA-B51 occurs in fewer than 
15% of cases.

With the exception of Buerger disease and smoking, no definitive associa-
tions have been confirmed between disease and environmental or occupational 
exposures. Associations have been reported but not confirmed between expo-
sures to silica and some types of pauci-immune vasculitis. Studies of potential 
associations between exposures of any type and vasculitis, however, are com-
plicated frequently by difficulties in obtaining reliable measurements of the 
levels of the relevant exposure, the likelihood of recall bias among patients 
who are diagnosed with vasculitis, and the choice of appropriate control groups.

 PATHOBIOLOGY
Table 254-4 illustrates the pathologic characteristics of selected forms of vas-
culitis. Specific pathologic features are discussed in the subsections on each 
disease. The type of inflammatory cell infiltrate in vasculitis is independent 
of the size of blood vessels involved. Mixed cell infiltrates in vasculitis are the 
rule rather than the exception, and histopathologic patterns of vasculitis may 

Age, sex differences, and ethnic variation are discussed later in the section 
on Epidemiology. The organ tropisms of these disorders are illustrated by the 
following examples. Whereas immunoglobulin (Ig)A vasculitis (IgAV, also 
known as Henoch-Schönlein purpura) typically affects the skin, joints, kidneys, 
and gastrointestinal (GI) tract, granulomatosis with polyangiitis (GPA; for-
merly Wegener granulomatosis) classically involves the upper airways, lungs, 
and kidneys. In contrast to both IgAV and GPA, Cogan syndrome involves 
the eyes, the audiovestibular apparatus of the inner ear, and (in 10 to 15% of 
cases) the large arteries.

The presence or absence of granulomatous inflammation is a crucial element 
of vasculitis diagnosis and classification. Granulomatous inflammation impli-
cates a small number of vasculitides that bear this hallmark, including GPA, 
giant cell arteritis, Takayasu arteritis, and eosinophilic granulomatosis with 
polyangiitis (EGPA; Churg-Strauss syndrome).

Immune complexes are essential to the pathophysiologic mechanism of 
some forms of small- and medium-vessel vasculitis. Complexes of IgA1, for 
example, are found in IgAV. Immune complexes consisting of IgG, IgM, comple-
ment components, and the hepatitis C virion characterize most cases of mixed 
cryoglobulinemia. In contrast, “pauci-immune” types of small- and medium-
vessel vasculitis, such as GPA and microscopic polyangiitis, have little immu-
noglobulin or complement deposition within diseased tissues. Many but not 
all patients with pauci-immune forms of vasculitis are ANCA positive.

 EPIDEMIOLOGY
The epidemiologic features of individual forms of systemic vasculitis vary 
tremendously by geography (Table 254-3). This may reflect genetic influences, 
variation in environmental exposures, and other unknown disease risk factors. 
For example, whereas Behçet syndrome is rare in North Americans, affecting 
only 1 person in approximately 300,000, this condition is several hundred 
times more common among inhabitants of countries bordering the ancient 
Silk Route. Similarly, although Takayasu arteritis is rare in the United States—
on the order of 3 new cases per million people per year—this disease is report-
edly the most common cause of renal artery stenosis in India, where the 
incidence may be as high as 200 to 300 per million per year.

Age is an important consideration in the epidemiology of vasculitis. Eighty 
percent of patients with Kawasaki disease are younger than 5 years. In contrast, 

Additional Considerations in Classification
Several considerations other than blood vessel size are relevant to the clas-
sification of vasculitis (see Table 254-2). These are (1) age, sex, and ethnic 
background of the patient; (2) tropism for particular organs; (3) presence or 
absence of granulomatous inflammation; (4) participation of immune com-
plexes in the pathophysiologic process; and (5) detection of characteristic 
autoantibodies in the patients’ serum, such as antineutrophil cytoplasmic 
antibodies (ANCAs).
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ABSTRACT
The vasculitides are a heterogeneous group of disorders linked by the common 
finding of destructive inflammation within blood vessel walls. The current 
Chapel Hill Consensus on nomenclature identifies at least 27 different forms 
of primary vasculitis. The vasculitides are classified first according to the size 
of the blood vessel involved—small, medium, or large—but also according 
to whether their pathology is characterized by granulomatous inflammation 
or immune complex deposition. Patients with some forms of vasculitis (e.g., 
the group associated with antineutrophil cytoplasmic antibodies) typically 
have disease-specific autoantibodies in their blood.
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giant cell arteritis virtually never occurs in patients younger than 50 years, 
and the mean age of patients with this disease is 72. Age may also have an 
impact on disease severity and outcome. In IgAV, the overwhelming majority 
of cases in children (who represent 90% of all cases) have self-limited courses, 
resolving within several weeks. In adults, however, IgAV has a higher likeli-
hood of chronicity and a poor renal outcome.

The distribution of sex varies across many forms of vasculitis. Buerger disease 
is the only form of vasculitis with a striking male predominance. The greater 
prevalence of smoking among males in most societies probably explains this 
predilection. In contrast, Takayasu arteritis has an overwhelming tendency 
to occur in females (a 9 : 1 female-to-male ratio). The pauci-immune forms 
of vasculitis, such as GPA, EGPA, and microscopic polyangiitis, occur in males 
and females with approximately equal frequencies, but the phenotypic expres-
sion of these conditions may be affected by both age and sex.

The strongest link between any single gene and vasculitis is the association 
of HLA-B51 with Behçet syndrome. In Behçet syndrome, 80% of Asian patients 
have the HLA-B51 gene. The prevalence of HLA-B51 is significantly higher 
among patients with Behçet syndrome in Japan than among nondisease control 
subjects (55% versus <15%). Among the sporadic cases of Behçet syndrome 
involving whites in the United States, however, HLA-B51 occurs in fewer than 
15% of cases.

With the exception of Buerger disease and smoking, no definitive associa-
tions have been confirmed between disease and environmental or occupational 
exposures. Associations have been reported but not confirmed between expo-
sures to silica and some types of pauci-immune vasculitis. Studies of potential 
associations between exposures of any type and vasculitis, however, are com-
plicated frequently by difficulties in obtaining reliable measurements of the 
levels of the relevant exposure, the likelihood of recall bias among patients 
who are diagnosed with vasculitis, and the choice of appropriate control groups.

 PATHOBIOLOGY
Table 254-4 illustrates the pathologic characteristics of selected forms of vas-
culitis. Specific pathologic features are discussed in the subsections on each 
disease. The type of inflammatory cell infiltrate in vasculitis is independent 
of the size of blood vessels involved. Mixed cell infiltrates in vasculitis are the 
rule rather than the exception, and histopathologic patterns of vasculitis may 

Age, sex differences, and ethnic variation are discussed later in the section 
on Epidemiology. The organ tropisms of these disorders are illustrated by the 
following examples. Whereas immunoglobulin (Ig)A vasculitis (IgAV, also 
known as Henoch-Schönlein purpura) typically affects the skin, joints, kidneys, 
and gastrointestinal (GI) tract, granulomatosis with polyangiitis (GPA; for-
merly Wegener granulomatosis) classically involves the upper airways, lungs, 
and kidneys. In contrast to both IgAV and GPA, Cogan syndrome involves 
the eyes, the audiovestibular apparatus of the inner ear, and (in 10 to 15% of 
cases) the large arteries.

The presence or absence of granulomatous inflammation is a crucial element 
of vasculitis diagnosis and classification. Granulomatous inflammation impli-
cates a small number of vasculitides that bear this hallmark, including GPA, 
giant cell arteritis, Takayasu arteritis, and eosinophilic granulomatosis with 
polyangiitis (EGPA; Churg-Strauss syndrome).

Immune complexes are essential to the pathophysiologic mechanism of 
some forms of small- and medium-vessel vasculitis. Complexes of IgA1, for 
example, are found in IgAV. Immune complexes consisting of IgG, IgM, comple-
ment components, and the hepatitis C virion characterize most cases of mixed 
cryoglobulinemia. In contrast, “pauci-immune” types of small- and medium-
vessel vasculitis, such as GPA and microscopic polyangiitis, have little immu-
noglobulin or complement deposition within diseased tissues. Many but not 
all patients with pauci-immune forms of vasculitis are ANCA positive.

 EPIDEMIOLOGY
The epidemiologic features of individual forms of systemic vasculitis vary 
tremendously by geography (Table 254-3). This may reflect genetic influences, 
variation in environmental exposures, and other unknown disease risk factors. 
For example, whereas Behçet syndrome is rare in North Americans, affecting 
only 1 person in approximately 300,000, this condition is several hundred 
times more common among inhabitants of countries bordering the ancient 
Silk Route. Similarly, although Takayasu arteritis is rare in the United States—
on the order of 3 new cases per million people per year—this disease is report-
edly the most common cause of renal artery stenosis in India, where the 
incidence may be as high as 200 to 300 per million per year.

Age is an important consideration in the epidemiology of vasculitis. Eighty 
percent of patients with Kawasaki disease are younger than 5 years. In contrast, 

TABLE 254-3 EPIDEMIOLOGY OF SELECTED VASCULITIDES
DISEASE UNITED STATES ELSEWHERE AGE, SEX, AND ETHNIC PREDISPOSITIONS
Giant cell arteritis Incidence: 240/million 

(Olmsted County, MN)
220-270/million (Scandinavian 

countries)
Age >50 yr, mean age 72 yr; females 3 : 1; northern 

European ancestry
Takayasu arteritis Incidence: 3/million 200-300/million (India) Age <40 yr; females 9 : 1; Asian
Behçet syndrome Prevalence: 3/million 3000/million (Turkey) Silk Route countries
Polyarteritis nodosa Incidence: 7/million 7/million (Spain) Slight male predominance
Kawasaki disease Incidence: 100/million* 900/million ( Japan) Children of Asian ancestry
Wegener granulomatosis† Incidence: 4/million 8.5/million (United Kingdom) Whites >> blacks
*Among children younger than 5 years.
†Now named granulomatosis with polyangiitis.
From Gonzalez-Gay MA, Garica-Porrua C. Epidemiology of the vasculitides. Rheum Clin North Am. 2001;27:729-749.

TABLE 254-4 PATHOLOGIC CHARACTERISTICS OF SELECTED FORMS OF VASCULITIS

TAKAYASU 
ARTERITIS

POLYARTERITIS 
NODOSA

GRANULOMATOSIS 
WITH POLYANGIITIS 

(WEGENER 
GRANULOMATOSIS)

EOSINOPHILIC 
GRANULOMATOSIS 

WITH POLYANGIITIS*

HENOCH-
SCHÖNLEIN 

PURPURA

CUTANEOUS 
LEUKOCYTOCLASTIC 

ANGIITIS
Vessels involved Elastic (large) or 

muscle (medium-
sized) arteries

Medium-sized and 
small muscle arteries

Small arteries and veins; 
sometimes 
medium-sized vessels

Small arteries and veins; 
sometimes 
medium-sized vessels

Capillaries, venules, 
and arterioles

Capillaries, venules, 
and arterioles

Organ involvement Aorta, aortic arch and 
major branches, and 
pulmonary arteries

Skin, peripheral nerves, 
gastrointestinal tract, 
and other viscera

Upper respiratory tract, 
lungs, kidneys, skin, 
eyes

Upper respiratory tract, 
lungs, heart, 
peripheral nerves

Skin, joints, 
gastrointestinal 
tract, kidneys

Skin, joints

Type of vasculitis and 
inflammatory cells

Granulomatous with 
some giant cells; 
fibrosis in chronic 
stages

Necrotizing, with 
mixed cellular 
infiltrate

Necrotizing or 
granulomatous (or 
both); mixed cellular 
infiltrate plus 
occasional 
eosinophils

Necrotizing or 
granulomatous (or 
both); prominent 
eosinophils and other 
mixed infiltrate

Leukocytoclastic, with 
some lymphocytes 
and variable 
eosinophils; IgA 
deposits in affected 
tissues

Leukocytoclastic, with 
occasional 
eosinophils

*Formerly named Churg-Strauss syndrome.
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(IFN)-γ, interleukin (IL)-12, and tumor necrosis factor (TNF) appear to play 
important roles. Under the direction of IL-12, CD4+ T cells from patients 
with GPA produce elevated levels of TNF, and peripheral blood mononuclear 
cells secrete increased amounts of IFN-γ. Serum levels of soluble receptors 
for TNF are elevated in patients with active GPA and normalize with the 
induction of remission. In vitro priming of activated neutrophils with TNF 
markedly enhances the ability of ANCA to stimulate neutrophil degranula-
tion. Despite the strong rationale for anti-TNF strategies in GPA, however, a 
randomized trial of etanercept showed no efficacy in the maintenance of disease  
remissions.

B-cell depletion is a more effective approach to the treatment of AAV. The 
efficacy of this treatment strategy probably relates to the removal of several 
B-cell functions beyond their evolution into plasma cells and the production 
of ANCA. Such other functions include cytokine production, antigen pre-
sentation, and B cell–T cell crosstalk.

Superantigen Model
The degree of immune activation in Kawasaki disease and the acute but gener-
ally self-limited nature of this illness imply a potential role for superantigens. 
Superantigens are proteins produced by microbial pathogens (e.g., Staphylococ-
cus aureus or Streptococcus species) that are capable of stimulating large popula-
tions of T cells in a manner unrestricted by the class II major histocompatibility 
complex (MHC). Superantigens bind directly to conserved amino acid residues 
outside the antigen-binding groove on class II MHC molecules, thereby selec-
tively stimulating T cells that express particular β-chain variable gene segments. 
Through the binding of this MHC-superantigen complex to its cognate T-cell 
receptors, as many as 20% of circulating lymphocytes may become activated, 
leading to a potentially enormous outpouring of cytokines. With regard to 
the etiology of Kawasaki disease, substantial attention has focused on toxic 
shock syndrome toxin 1, an exotoxin produced by S. aureus. Superantigens 
have also been postulated to play roles in the susceptibility to disease flares 
in GPA. Nasal carriage of S. aureus and superantigens associated with these 
organisms has been linked to a greater likelihood of disease flares in some 
studies.

Anti–Endothelial Cell Antibodies
Anti–endothelial cell antibodies can induce endothelial cell injury and lysis 
through either complement-mediated cytotoxicity or antibody-dependent 
cellular cytotoxicity. Both of these mechanisms have been demonstrated to 
cause endothelial injury in in vitro assays employing sera from patients with 
systemic vasculitis. The ability of these antibodies to damage endothelial cells 
is an appealing argument for their potential role in forms of vasculitis in which 
the endothelium is the focus of the inflammation (as opposed to the more 
external vessel wall layers). However, the true relevance of anti–endothelial 
cell antibodies to human disease and their importance within the larger context 
of other disease mechanisms remain unclear.

 CLINICAL MANIFESTATIONS
Large-Vessel Vasculitides
Takayasu Arteritis
Takayasu arteritis (Chapter 69) affects the aorta and its major branches. In 
contrast to atherosclerosis, which is characterized by focal irregular lesions, 
the lesions of Takayasu arteritis are long, smooth, tapered stenoses (E-Fig. 
254-1). The most commonly involved arteries are the subclavian and innomi-
nate arteries. Takayasu arteritis has been termed “pulseless disease” because 
of its ability to obliterate peripheral pulses (particularly in the upper extremi-
ties). Exuberant collateral circulation develops over time in response to the 
gradual narrowing of major arteries, making the loss of digits or limbs from 
ischemia extremely rare. The extensive development of collateral circulation 
usually renders unnecessary any attempts to revascularize stenoses of primary 
aortic branches, such as the subclavian artery. The pulmonary circulation is 
involved in approximately 50% of cases of Takayasu arteritis.

Patients with severe narrowing of the aortic arch vessels supplying the head 
may develop Takayasu retinopathy, the hypotensive retinopathy leading to 
neovascularization originally described by Takayasu. In contrast, patients with 
prolonged hypertension associated with renal artery stenosis demonstrate the 
classic ocular features of hypertension: “copper wiring” and multiple retinal 
infarctions. This complication is particularly difficult to diagnose1 and danger-
ous because vascular narrowings of large arteries to the arms and legs often 
lead to underestimations of the true central aortic pressure. Takayasu arteritis 
involvement of the ascending aorta may lead to aortic dilation, aortic regur-
gitation, aneurysm formation, and aortic rupture.

include leukocytoclasis (degranulation and destruction of neutrophils within 
blood vessel walls), granulomatous findings (with or without giant cells), 
lymphoplasmacytic infiltrates, varying degrees of eosinophilic infiltration, 
necrosis, and combinations of all these findings.

 PATHOPHYSIOLOGY
Some pathophysiologic mechanisms are common to many different forms of 
vasculitis, regardless of the size of the predominant blood vessels involved. 
Immune complex deposition, for example, is present in several types of vascu-
litis that involve both medium-sized and small blood vessels. In this section, 
the general concepts related to the pathogenesis of large-vessel vasculitides 
are discussed separately from those of medium- and small-vessel  vasculitides.

Large-Vessel Vasculitides
The pathologic process in large-vessel vasculitis appears to begin in the adven-
titia. In both Takayasu arteritis and giant cell arteritis, abundant numbers of 
activated T lymphocytes are found within inflamed arterial walls, centering 
on the adventitia. In Takayasu arteritis, most of these T cells appear to be of 
the CD8+ subtype. Current evidence suggests that the cytotoxic functions of 
these cells, mediated by perforin and granzyme B, contribute to smooth muscle 
cell damage in this disease. CD4+ T-cell responses in Takayasu arteritis have 
not been well defined.

In giant cell arteritis (Chapter 255), much evidence now suggests an antigen-
driven disease, with the site of immunologic recognition events being the 
adventitia. CD4+ T cells that secrete interferon (IFN)-γ appear to be recruited 
to the adventitia by a specific antigen(s), the identity of which remains unknown. 
Both the T cells that orchestrate the transmural inflammation and the inciting 
antigens are theorized to reach the adventitia through the vasa vasorum. Sub-
sequently, T-cell signals from the adventitia stimulate macrophages and mul-
tinucleated giant cells to elaborate an array of downstream mediators, including 
metalloproteinases and platelet-derived growth factor. Interleukin (IL)-6, 
known to be a crucial cytokine in giant cell arteritis and probably Takayasu 
arteritis as well, is produced by macrophages residing in the blood vessel wall. 
The results of this inflammatory cascade are granulomatous inflammation, 
destruction of the internal elastic lamina, arterial wall hyperplasia, smooth 
muscle cell proliferation, intimal thickening, vascular occlusion, and in some 
cases, weakening of the vessel wall, leading to dilation and aneurysm forma-
tion. Matrix metalloproteinases appear to play important roles in destruction 
of the internal elastic lamina, damage to other vascular tissues, and weakening 
of the arterial wall.

Medium- and Small-Vessel Vasculitides
Several different pathophysiologic mechanisms are operative among the 
medium- and small-vessel vasculitides. In many cases, the mechanisms outlined 
in the following sections overlap.

Immune Complex–Mediated Vascular Injury
Immune complex–mediated tissue injury does not produce a single clinical 
syndrome but rather applies to many forms of vasculitis and overlaps with 
injuries caused by other immune mechanisms. Numerous variables influence 
immune complex–mediated injury, including the physical properties of the 
immune complexes (e.g., their size), the ability of the immune complexes to 
activate complement, the antigen-to-antibody ratio, and the hemodynamic 
features of specific vascular beds. Immune complexes participate in the patho-
physiologic process of some forms of both medium- and small-vessel vasculitis, 
including polyarteritis nodosa, cryoglobulinemia, IgAV, cutaneous leukocy-
toclastic angiitis, and rheumatoid vasculitis.

Role of Antineutrophil Cytoplasmic Antibodies
ANCAs are directed against antigens that reside within the primary granules 
of neutrophils and monocytes. Two types of ANCA are relevant to vasculitis: 
(1) those directed against proteinase 3 (PR3), known as PR3-ANCA; and 
(2) those directed against myeloperoxidase (MPO), termed MPO-ANCA. 
ANCA interact with cytokines, neutrophils, monocytes, and other elements 
of the immune system to amplify ongoing inflammation in certain forms of 
vasculitis. A striking and still unexplained feature of ANCA-associated vasculitis 
(AAV) is that patients with primary forms of these conditions virtually never 
have antibodies to both PR3 and MPO. Despite the specificity of these anti-
bodies, however, evidence for a primary role of ANCA in the etiology of 
human disease is still tenuous.

In GPA, abnormal cytokine regulation interacts with the production of 
ANCA to fuel the inflammatory response. TH1 cytokines such as interferon 

TREATMENT 

TREATMENT 

TREATMENT 
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E-FIGURE 254-1. Large-vessel disease in Takayasu arteritis. long, smooth tapering in the left common femoral artery (A) and the right renal artery (B). dilation of the ascending 
aorta (C). aortic regurgitation necessitated an aortic valve replacement and replacement of the ascending aorta with a Gore-Tex graft. 
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For patients with marked symptoms and signs of an inflammatory phase, glu-
cocorticoids (prednisone 1 mg/kg/day) are usually effective in controlling the 
disease. The toxicity of high doses of glucocorticoids in young women, however, 
urges the early consideration of alternative agents.2 IL-6 inhibition, shown to be 
highly effective in giant cell arteritis, A1  also appears to be effective in Takayasu 
arteritis. A2  Patients can be treated with tocilizumab, administered either intrave-
nously (8 mg/kg each month) or subcutaneously (162 mg each week). Once 
tocilizumab has been initiated, prednisone should be tapered to low doses (10 mg 
daily or less) within 3 months and ultimately discontinued altogether, if possible. 
The optimal duration of tocilizumab in Takayasu arteritis is uncertain. Consideration 
may be given to tapering (to either 4 mg/kg intravenously each month or 162 mg 
subcutaneously every other week) after one year. Large-vessel imaging may be 
useful in guiding decisions regarding the duration of therapy. About 50% of patients 
will relapse within 10 years,3 so some Takayasu arteritis patients may require chronic 
treatment with tocilizumab plus (possibly) low-dose glucocorticoids.

TREATMENT 

A

B

FIGURE 254-1. Vasculitis of medium-sized arteries in polyarteritis nodosa. A, mes-
enteric angiogram showing numerous aneurysms in medium-sized arteries. B, Fibrinoid 
necrosis (arrows) in a jejunal artery from a patient who required surgical resection of 
necrotic bowel. 

Therapeutic regimens involving entecavir or tenofovir combined with plasma 
exchange and short-term (two-week) courses of glucocorticoids have substan-
tially improved the treatment of hepatitis B virus (HBV)-associated polyarteritis 
nodosa. Because of increasing use of the HBV vaccine, however, fewer than 
10% of polyarteritis nodosa cases now are associated with HBV infections. 
Patients with idiopathic polyarteritis nodosa and multiorgan involvement require 
high-dose glucocorticoid treatment initially. Approximately half of patients with 
idiopathic polyarteritis nodosa achieve remissions or cures with high doses of 
glucocorticoids alone. Severe cases of multiorgan disease, particularly vasculitic 
neuropathy, should be treated with cyclophosphamide (2 mg/kg/day, adjusted 
for renal dysfunction). For patients with idiopathic polyarteritis nodosa limited 
to the skin, tumor necrosis factor inhibitors may be effective glucocorticoid-
sparing agents. Most patients with either HBV-associated or idiopathic poly-
arteritis nodosa ultimately achieve cures of their disease.

TREATMENT 

The recommended therapeutic regimen in Kawasaki disease is the combina-
tion of intravenous immune globulin (IVIG; 400 mg/kg/day on 4 consecutive 
days) and acetylsalicylic acid (100 mg/kg/day, lowered to 3 to 5 mg/kg/day 
after resolution of the fever). IVIG prevents the formation of coronary aneurysms 
in most cases.9 For patients who are predicted to be unresponsive to IVIG, the 
combination of IVIG plus cyclosporine (5 mg/kg for 5 days) is better than IVIG 
alone. A3  Glucocorticoids are reserved for salvage therapy in patients whose 
treatment with IVIG and acetylsalicylic acid has failed. A4 

TREATMENT 

Giant Cell Arteritis
Giant cell arteritis is the other primary form of vasculitis that involves arteries 
far larger than vasculitides of any other category.4 This disease is discussed in 
detail elsewhere (Chapter 255).

Medium-Vessel Vasculitides
Polyarteritis Nodosa
Polyarteritis nodosa has a striking predilection for certain organs, particularly 
the skin, peripheral nerves, GI tract, and kidneys.5 This disease usually begins 
with nonspecific symptoms such as malaise, fatigue, fever, myalgias, and 
arthralgias. Overt signs of vasculitis may not occur until weeks or months 
after onset of the first symptoms. Skin lesions of polyarteritis nodosa include 
livedo reticularis, subcutaneous nodules, ulcers, and digital gangrene. A major-
ity of patients with polyarteritis nodosa (>80% in some series) have vasculitic 
neuropathy, typically in the pattern of a mononeuritis multiplex.

The classic GI manifestation of polyarteritis nodosa is “intestinal angina,” 
the occurrence of postprandial abdominal pain. Polyarteritis nodosa can also 
affect individual GI tract organs such as the gallbladder or appendix, present-
ing as cholecystitis or appendicitis, respectively. The typical renal manifestation 
of polyarteritis nodosa is vasculitic involvement of the medium-sized intrarenal 
arteries, leading to renin-mediated hypertension and renal infarctions. Cardiac 
lesions, which usually remain subclinical, may lead to myocardial infarction 
or congestive heart failure. Polyarteritis nodosa usually spares the lungs.

The diagnosis of polyarteritis nodosa requires either a tissue biopsy or an 
angiogram that demonstrates microaneurysms (Fig. 254-1).6 Simultaneous 
nerve and muscle biopsies (e.g., sural nerve and gastrocnemius muscle) are 
of high yield if there is a clinical suspicion of vasculitic neuropathy. Symptoms 
suggestive of a neuropathy can be confirmed by electrodiagnostic studies that 
demonstrate a sensorimotor axonal neuropathy, often in a mononeuritis mul-
tiplex pattern. The pathologic changes in polyarteritis nodosa are limited to 
the arterial circulation, and the lesions are segmental, favoring the branch 
points of arteries. In gross pathologic specimens, aneurysmal bulges of the 
arterial wall may be visible. Histologic sections reveal infiltration and destruc-
tion of the blood vessel wall by inflammatory cells, accompanied by fibrinoid 
necrosis. Granulomatous inflammation is absent.

Kawasaki Disease
Kawasaki disease occurs exclusively in young children. Because of its striking 
mucocutaneous findings and lymphadenopathy, Kawasaki disease is also known 
as mucocutaneous lymph node syndrome. Features of Kawasaki disease include 
high fevers, cervical adenopathy, conjunctival congestion, buccal erythema, 
prominence of the tongue papillae (“strawberry tongue”), a polymorphous 
truncal rash, erythema of the palms and soles, and desquamation of skin from 
the fingertips occurring days to weeks into the illness.7,8 In its acuity and 
severity, Kawasaki disease resembles toxic shock syndrome and scarlet fever, 
both of which are mediated by superantigens (see Pathophysiology).

In a small number of patients with Kawasaki disease, panvasculitis in the 
coronary vessels leads to acute cardiac complications. Coronary arteritis leads 
to narrowing of the vessel lumen by the migration of myointimal cells from 
the media through the fragmented internal elastic lamina. Direct complications 
include aneurysmal dilation and thrombosis of the coronary arteries, leading 
to myocardial infarction and possibly to death (in 1 to 2% of patients with 
Kawasaki disease during the acute illness). Late mortality from myocardial 
infarction may occur from the thrombosis of coronary artery aneurysms formed 
during the initial inflammatory stage. Such myocardial infarctions have been 
reported in middle-aged individuals who had febrile illnesses consistent with 
Kawasaki disease in childhood.
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Buerger Disease
Buerger disease, also known as thromboangiitis obliterans (Chapter 72), is not 
considered to be a primary form of vasculitis and was not included in the most 
recent consensus statement on nomenclature. Buerger disease has a remarkably 
strong yet poorly understood association with cigarette smoking. In short, it 
does not occur in the absence of exposure to tobacco. The vessels affected by 
Buerger disease are the distal medium-sized arteries and veins, particularly 
vessels at the levels of the ankles and wrists. The disease is characterized by 
thrombotic obliterations that begin distally and proceed proximally. Buerger 
disease tends to be segmental in nature, involving 5- to 10-cm lengths of blood 
vessels. Arterial obliteration leads to the development of collateral vessels 
with a “corkscrew” appearance on angiography. Vascular occlusion in Buerger 
disease often leads to the loss of digits and, if smoking persists, to loss of larger 
amounts of tissue (e.g., hands or feet). Despite the intense involvement of the 
extremities in Buerger disease, internal organ disease almost never occurs.

FIGURE 254-2. cutaneous small-vessel vasculitis showing palpable purpuric lesions 
with necrosis and crusting. 

The approach to the treatment of microscopic polyangiitis is similar to the 
treatment of GPA. The combination of rituximab and glucocorticoids is the 
treatment regimen of choice for most patients with microscopic polyangiitis.

TREATMENT 

TREATMENT 

Manifestations of GPA that constitute immediate threats either to the func-
tion of a vital organ or to the patient’s life require treatment urgently.11 From 
the late 1960s until 2010, the combination of cyclophosphamide (2 mg/kg 
orally daily) and high doses of glucocorticoids (prednisone 1 mg/kg orally daily, 
tapered during 6 to 12 months) was the standard of care for GPA. Intermittent 
administration of cyclophosphamide by IV infusion is also effective in remission 
induction. However, a multicenter clinical trial that compared rituximab to 
cyclophosphamide in patients with either GPA or microscopic polyangiitis 
demonstrated that rituximab (375 mg/m2 weekly times four) is at least as effec-
tive as the conventional regimen. A5 

,
 A6  Rituximab appears to be more effective 

for AAV patients who present with disease flares. An alternative dosing regimen 
of rituximab, 1 g times two separated by 2 weeks, may also be effective.12 Limited 
forms of GPA may respond to the combination of methotrexate (up to 25 mg/
week) and glucocorticoids, but rituximab is now often employed in this setting 
as well. Rituximab (e.g., 500 mg every 6 months) is more effective than aza-
thioprine for maintaining remission in patients who demonstrate a tendency 
to flare. A7  In patients with end-stage renal disease, renal transplantation can 
substantially reduce subsequent mortality.13

TREATMENT 

TREATMENT 

TREATMENT 

TREATMENT 

Complete abstinence from tobacco is essential to the treatment of Buerger 
disease. Failure to stop smoking is associated with a dramatic increase in the 
risk of limb loss by amputation. No other therapeutic interventions, including 
glucocorticoids and anticoagulation, have dramatic effects on Buerger disease.

TREATMENT 

Small-Vessel Vasculitides
Antineutrophil Cytoplasmic Antibody–Associated Vasculitides
Granulomatosis with Polyangiitis
Classic GPA (formerly Wegener granulomatosis) involves the upper respira-
tory tract, lungs, and kidneys. Distinctive features may also occur in the eyes, 
ears, and other organs. The three pathology hallmarks of GPA are (1) granu-
lomatous inflammation in the upper or lower respiratory tract, (2) necrotizing 
vasculitis affecting arteries or veins, and (3) segmental glomerulonephritis 
associated with necrosis and thrombosis of capillary loops, with or without 
granulomatous lesions.

Approximately 90% of patients with GPA have nasal involvement, including 
crusting, bleeding, and obstruction. Cartilaginous inflammation may lead to 
nasal septal perforation and collapse of the nasal bridge (“saddle nose” defor-
mity). Erosive sinus disease and subglottic stenosis (narrowing of the trachea 
just below the vocal cords) are highly characteristic of GPA.

Both conductive and sensorineural hearing loss can occur in GPA, though 
conductive lesions caused by middle ear disease are more common. Orbital 
masses (“pseudotumors” that develop behind the eye), scleritis, and peripheral 
ulcerative keratitis are the most dangerous ocular lesions. Episcleritis and 
conjunctivitis also occur. Uveitis is rare. The clinical manifestations of GPA 
in the lung range from asymptomatic nodules to fulminant alveolar hemor-
rhage. The most common radiographic findings are pulmonary infiltrates, 
nodules, and cavitary lesions. Large-airway disease leading to bronchial nar-
rowing is a challenging diagnosis to establish because patients present with 
few symptoms until advanced disease is present.

The clinical presentation of renal disease in GPA is usually rapidly progres-
sive glomerulonephritis: hematuria, red blood cell casts, and proteinuria (usually 
non-nephrotic). Without appropriate therapy, end-stage renal disease may 
ensue within weeks.

Sixty percent of patients with GPA have musculoskeletal symptoms during 
their disease course. The presenting complaint is frequently arthralgias or an 
oligoarthritis that is migratory in nature. Skin lesions in GPA include the full 
panoply of lesions associated with cutaneous vasculitis, including purpura 
(Fig. 254-2). Cutaneous nodules over the extensor surfaces of joints, particu-
larly the elbow, may mimic rheumatoid nodules. These lesions are known as 
cutaneous extravascular necrotizing granulomata or Churg-Strauss lesions. 
Meningeal inflammation, presenting with headaches, cranial neuropathies, 
and a clinical picture compatible with chronic meningitis, is perhaps the most 
common central nervous system (CNS) manifestation of GPA. Mononeuritis 
multiplex may affect the peripheral nervous system.

GPA is the prototype of conditions associated with ANCA.10 Approximately 
75 to 80% of GPA patients have antibodies directed against proteinase 3 (PR3), 
which lead to positive cytoplasmic (C-ANCA) staining on immunofluores-
cence testing of serum against human neutrophils. Another 10 to 15% have 
antibodies directed against myeloperoxidase (MPO), which cause perinuclear 
staining on immunofluorescence. An ANCA-negative assay sample does not 
exclude GPA, because a substantial minority of patients are ANCA-negative. 

ANCA titers do not correlate precisely with disease activity and, indeed, should 
generally not be used as the sole guide to treatment.

Microscopic Polyangiitis
Microscopic polyangiitis is characterized by (1) nongranulomatous necrotizing 
vasculitis with few or no immune deposits, (2) involvement of small (and 
possibly medium-sized) blood vessels in the arterial or venous circulation, 
and (3) tropism for the kidneys and lungs. Many cases of small-vessel vasculitis 
once regarded as polyarteritis nodosa are now classified more properly as 
microscopic polyangiitis. In contrast to polyarteritis nodosa, an ANCA-negative 
disorder, 70% of microscopic polyangiitis patients are ANCA positive. Thus, 
microscopic polyangiitis is considered to be a form of AAV. The ANCAs in 
microscopic polyangiitis are usually directed against myeloperoxidase, leading 
to a perinuclear pattern of staining on immunofluorescence testing (P-ANCA). 
Microscopic polyangiitis is not characterized by granulomatous inflammation, 
and upper respiratory tract symptoms, if present at all, are much milder than 
those associated with GPA.
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Patients with mild disease may be treated with prednisone. The addition of 
mepolizumab, 300 mg subcutaneously each month, has also been shown to 
have an important glucocorticoid-sparing role. A8  Patients with evidence of 
neurologic, cardiac, renal, or GI involvement should be treated with cyclophos-
phamide or rituximab14 in addition to glucocorticoids. Although clinical remis-
sions are obtained in more than 90% of patients with EGPA, the majority of 
patients are unable to discontinue glucocorticoids entirely (primarily because 
of asthma symptoms), and disease recurrences are seen in 25%. In most cases, 
relapses are heralded by the return of eosinophilia. Approximately 50% of cases 
of EGPA are associated with ANCA, usually directed against myeloperoxidase, 
but the percentage may be higher among untreated patients.

TREATMENT 

and (3) hypocomplementemic urticarial vasculitis syndrome (HUVS), a 
potentially severe condition usually associated with autoantibodies to the 
collagen-like region of C1q. Most patients with the hypocomplementemic 
subtype have an underlying systemic disorder, such as systemic lupus erythe-
matosus (Chapter 250) or Sjögren syndrome (Chapter 252). Many HUVS 
patients have C1q “precipitins,” IgG autoantibodies to the collagen-like region 
of C1q that trigger the classical pathway of complement activation. The role 
of anti-C1q antibodies in disease pathogenesis remains unclear.

The lesions of urticarial vasculitis must be distinguished from the far more 
common chronic idiopathic urticaria (Chapters 237 and 411). Unlike idio-
pathic urticaria, the lesions of urticarial vasculitis last more than 48 hours, 
often have a purpuric component (i.e., they do not blanch), and resolve with 
postinflammatory hyperpigmentation. In urticarial vasculitis, lesions associ-
ated with vasculitis are often accompanied by stinging or burning. Urticarial 
vasculitis affects the capillaries and postcapillary venules, showing leukocy-
toclastic vasculitis on light microscopy. Direct immunofluorescence studies 
reveal both immunoglobulin and complement deposition in or around blood 
vessels of the upper dermis or the dermoepidermal junction.

Eosinophilic Granulomatosis with Polyangiitis
EGPA (formerly named Churg-Strauss syndrome) is an eosinophil-rich form 
of granulomatous inflammation that involves the respiratory tract and other 
organs. The disease is associated with necrotizing vasculitis of small to medium-
sized vessels. Two hallmarks of EGPA are asthma and eosinophilia. Several 
phases of EGPA are described:
•	 A	prodromal	phase	characterized	by	the	presence	of	allergic	disease	(typi-

cally asthma or allergic rhinitis), which may last months to many years
•	 An	eosinophilia–tissue	infiltration	phase	in	which	remarkably	high	peripheral	

eosinophilia may occur and tissue infiltration by eosinophils is observed 
in the lung, GI tract, and other tissues

•	 A	vasculitic	phase	 in	which	systemic	necrotizing	vasculitis	afflicts	a	wide	
range of organs, ranging from the heart and lungs to peripheral nerves  
and skin

Glucocorticoids ameliorate the GI, joint, and skin symptoms in many cases, 
but some patients respond surprisingly poorly to conventional doses of glu-
cocorticoids, even in doses on the order of 40 to 60 mg/day. Anecdotal evidence 
suggests that pulse glucocorticoids (e.g., methylprednisolone 500 to 1000 mg/
day times three doses) may abort persistent bouts of IgAV. The efficacy of 
glucocorticoids in the glomerulonephritis associated with this condition is 
controversial. Uncontrolled studies suggest that methylprednisolone pulses 
(1 g/day for three doses), followed by oral prednisone combined with azathio-
prine or mycophenolate mofetil may be useful in severe glomerulonephritis 
associated with IgAV.

TREATMENT 

Patients with urticarial vasculitis whose serum complement levels remain 
normal during attacks often have self-limited disease and require little therapy. 
Other cases, especially HUVS, may cause life-threatening involvement of the 
lungs or other organs and require periods of intensive immunosuppression. 
Treatment decisions in HUVS must be individualized according to the patient’s 
clinical status.

TREATMENT 

The optimal therapy for most cases of cryoglobulinemic vasculitis is suc-
cessful treatment of the underlying HCV infection. For cryoglobulinemic patients 
with relatively mild disease (e.g., frequent purpuric lesions, shallow cutaneous 
ulcers), short courses of prednisone followed by the institution of effective 
therapy for HCV may be sufficient. For patients with severe cutaneous ulcers, 
mononeuritis multiplex, glomerulonephritis, or other manifestations of severe 
disease, glucocorticoids, rituximab, and possibly a short course of plasma 
exchange may be indicated.

TREATMENT 

Immune Complex–Mediated Vasculitides
Anti–Glomerular Basement Membrane Disease
Anti–glomerular basement membrane (anti-GBM) disease is vasculitis affect-
ing glomerular capillaries, pulmonary capillaries, or both, accompanied by 
the deposition of anti–basement membrane autoantibodies within basement 
membranes. Anti-GBM disease is discussed in detail elsewhere (Chapter 113).

Immunoglobulin A Vasculitis/Henoch-Schönlein Purpura
IgA vasculitis (IgAV) is characterized by nonthrombocytopenic purpura, 
arthritis, abdominal pain, and glomerulonephritis. The histopathologic find-
ings are those of a leukocytoclastic vasculitis with IgA deposition. IgAV can 
develop at any age, but 80 to 90% of the cases occur in children. Although 
the cause is unknown, the disease’s seasonal variation and the fact that two 
thirds of patients with IgAV experience antecedent acute upper respiratory 
illnesses suggest an infectious trigger in the majority of cases. The diagnosis 
of IgAV can be confirmed only by demonstration of IgA deposition within 
and around blood vessel walls.

The classic IgAV patient presents with the acute onset of fever, palpable 
purpura on the lower extremities and buttocks, abdominal pain, arthritis, and 
hematuria. The clinician must be alert to the possibility of IgAV even when 
only parts of the syndrome are present. Most patients with IgAV, especially 
children, have a self-limited disease that lasts an average of 4 weeks.

Cryoglobulinemia
Cryoglobulins are antibodies that precipitate from serum under conditions 
of cold and resolubilize on rewarming.15 Cryoglobulins are classified into types 
I, II, and III on the basis of whether monoclonality and rheumatoid factor 
activity (the ability to bind to the Fc portion of IgG) are present. Type I 
cryoglobulins, which are monoclonal but lack rheumatoid factor activity, are 
associated with certain hematopoietic malignant neoplasms (e.g., multiple 
myeloma) and often lead to hyperviscosity rather than to vasculitis (Chapter 
178). In contrast, type II and type III cryoglobulins may be associated with 
systemic vasculitis involving small (and often medium-sized) blood vessels. 
Vasculitis results from the deposition of cryoglobulin-containing immune 
complexes within blood vessel walls and the activation of complement.

Cryoglobulin types II and III are termed mixed cryoglobulins because they 
consist of complexes of both IgG and IgM antibodies. The IgM components 
in both type II and type III cryoglobulinemia possess rheumatoid factor activ-
ity (i.e., assays for rheumatoid factor are positive, indicating binding of the 
IgM antibody to the Fc portion of IgG). Whereas the IgM component in type 
II cryoglobulin is monoclonal, the IgM in type III cryoglobulin is polyclonal. 
Ninety percent of patients with vasculitis secondary to mixed cryoglobulins 
are hypocomplementemic, with C4 levels characteristically more depressed 
than C3. Infection with hepatitis C virus (HCV) accounts for at least 80% of 
the vasculitis cases associated with mixed cryoglobulins.16

Variable-Vessel Vasculitides
The variable-vessel vasculitides have no predominant type of vessel involved 
but rather can affect vessels of any size (small, medium, and large) and any 
type (arteries, veins, and capillaries).

Cogan Syndrome
The combination of inflammatory eye disease and vestibuloauditory dysfunc-
tion is the sine qua non of Cogan syndrome.17 In addition to inflammatory 

Hypocomplementemic Urticarial Vasculitis
At least three subtypes of urticarial vasculitis are known: (1) normocomple-
mentemic, a form that is generally idiopathic and benign (which may be viewed 
as a manifestation of cutaneous leukocytoclastic angiitis); (2) hypocomple-
mentemic, a form that is often associated with a systemic inflammatory disease; 
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Selected Single-Organ Vasculitides
Single-organ vasculitis is defined as vasculitis within the vessels of any type 
or size of a single organ, in the absence of any features (e.g., ANCA) suggest-
ing one of the systemic forms of vasculitis.

Cutaneous Leukocytoclastic Angiitis
Cutaneous leukocytoclastic angiitis has also been termed hypersensitivity vas-
culitis. Cutaneous leukocytoclastic angiitis is the preferred name because no 
hypersensitivity or allergy is evident in many cases. Histories of exposure to 
new medications or to infections may be elicited. An immune complex deposi-
tion is central to the pathophysiologic process. Although it is occasionally 
associated with synovitis, other signs of systemic involvement are absent.

The skin lesions in cutaneous leukocytoclastic angiitis occur in “crops,” 
coinciding with some period of elapsed time following exposure to the inciting 
antigen. The usual time between the exposure and the onset of clinically evident 
vasculitis is 10 to 14 days. The lesions typically occur first in dependent regions, 
such as on the lower extremities or buttocks. The rash may be asymptomatic 
but is usually accompanied by burning or tingling sensations.

disease of the eyes and ears, up to 15% of patients with Cogan syndrome have 
vasculitis involving medium-sized to large blood vessels. Although the ocular 
manifestations vary, the classic presentation is the combination of interstitial 
keratitis and sensorineural hearing loss. Cogan syndrome may appear first in 
either the eyes or the ears. Although intervals as long as 1 to 2 years have been 
described between the start of disease in one organ and the appearance of 
disease in the other, the time between disease manifestations in these organs 
is usually only a matter of months. Patients usually present with photophobia 
and blurry vision, sometimes accompanied simultaneously by auditory or 
vestibular dysfunction. The vascular disease associated with Cogan syndrome 
remains poorly described but typically involves the primary branches of the 
thoracic or abdominal aorta.

Low-dose glucocorticoids are effective for intransigent mucocutaneous 
disease and may have a better side-effect profile than other medications used 
for this purpose (e.g., thalidomide). Intermittent courses of glucocorticoids 
during periods of particular mucocutaneous disease activity may be sufficient 
for patients with mild disease.19 Apremilast, an oral phosphodiesterase 4 inhibi-
tor, (at 30 mg twice daily for 12 weeks) has shown effectiveness in treating oral 
ulcers in a preliminary study. A9  Colchicine is often considered for mucocutane-
ous disease, but its efficacy is doubtful.

Severe disease in any organ system always requires initial therapy with  
high doses of prednisone (e.g., 1 mg/kg/day). TNF inhibition with infliximab  
(5 mg/kg IV every 4 to 6 weeks) or adalimumab (40 mg every other week) is 
the treatment of choice for patients with the most severe forms of uveitis or 
meningoencephalitis.

TREATMENT 

Keys to the management of cutaneous leukocytoclastic angiitis include (1) 
exclusion of any underlying form of vasculitis that may cause subclinical involve-
ment of other organs and (2) removal of any agent (e.g., a medication) that 
may have triggered the vasculitis. For patients in whom a precipitant can be 
identified, elimination of the offending agent usually leads to resolution of the 
vasculitis within days to weeks. The type, intensity, and duration of therapy for 
cutaneous leukocytoclastic angiitis are based on the degree of disease severity. 
Mild cases may be treated simply with leg elevation, H1 antihistamines, or low-
dose prednisone. For persistent disease not associated with cutaneous gangrene, 
colchicine, hydroxychloroquine, or dapsone may be tried. For severe cases, 
high doses of glucocorticoids are indicated to suppress inflammation quickly 
and prevent skin ulceration.

TREATMENT 

Behçet Syndrome
Behçet syndrome may affect small, medium, and large vessels in either the 
venous or the arterial circulation.18 The most typical lesions in Behçet syn-
drome are mucocutaneous, reflecting the involvement of small blood vessels. 
The triad of recurrent mouth ulcers, genital ulcers, and eye inflammation is 
the classic presentation. The criteria for diagnosis of the International Study 
Group for Behçet Syndrome consist of one required manifestation—recurrent 
oral ulceration—plus at least two of the following: recurrent genital ulceration, 
characteristic eye or skin lesions, or a pathergy reaction (see later). However, 
the spectrum of Behçet syndrome encompasses many manifestations not 
included in these criteria. In addition, oral ulcers are not invariably the first 
disease manifestation, so the diagnosis of Behçet syndrome must be considered 
in the occurrence of disease features otherwise highly characteristic (e.g., 
bilateral panuveitis).

Large-vessel complications of Behçet syndrome may include aneurysms in 
the pulmonary and systemic arterial systems. Venous complications include 
thromboses of the deep venous system, vena cava, portohepatic vein, and 
cerebral sinus. Pathergy—the development of pustules at the sites of sterile 
needle pricks—is a distinctive feature in many patients with Behçet syndrome, 
particularly those of Turkish origin. The arthritis of Behçet syndrome is a 
nondeforming, oligoarticular, asymmetrical arthritis of large joints. GI lesions 
in Behçet syndrome typically consist of ulcerations of the distal ileum or 
cecum. Crohn disease (Chapter 132), which can cause genital ulcers as well 
as GI tract disease, may be particularly difficult to distinguish from Behçet 
syndrome.

 DIAGNOSIS
Differential Diagnosis
The major categories of diseases that can mimic vasculitis are displayed in 
Table 254-6. Certain features of a patient’s case should raise the diagnostic 
suspicion for vasculitis. First, most cases of vasculitis do not begin suddenly 
but rather unfold subacutely during weeks or months. Second, pain is usually 
a prominent feature of vasculitis, resulting from arthritis or arthralgias, myal-
gias, headaches, neuropathy, testicular infarction, digital ischemia, sinusitis, 
otalgia, back pain (caused by aortic inflammation), postprandial abdominal 
pain (caused by mesenteric vasculitis), or other disease manifestations. Third, 
signs of inflammation such as fever, rash, weight loss, and elevated acute phase 
reactants are highly characteristic. Finally, multiorgan system involvement is 
the rule in vasculitis.

The diagnosis of vasculitis should be established through biopsy of an 
involved organ whenever possible. Diagnoses based on angiography alone 
have many potential pitfalls, as discussed in the sections on PACNS and RCVS. 
Angiographic findings that are “consistent with vasculitis” must be interpreted 
in the proper context. A diverse array of other diseases, ranging from athero-
sclerosis to vasospasm to pheochromocytoma, may mimic the angiographic 
appearance of vasculitis. Systemic vasculitis can also be mimicked by two or 
more common medical problems or treatment complications occurring simul-
taneously in the same patient. Finally, high on the differential diagnosis of any 
individual form of vasculitis are other forms of vasculitis. For example, digital 
ischemia and splinter hemorrhages may be secondary to idiopathic polyarteritis 
nodosa. They may also be caused by polyarteritis nodosa associated with HBV 
infection, GPA, EGPA, microscopic polyangiitis, cryoglobulinemia, Buerger 
disease, or some other form of vasculitis. Because the appropriate interven-
tions for these conditions vary widely, careful distinction among these potential 
etiologies is essential.

TREATMENT 

TREATMENT 

Rapidly progressive sensorineural hearing loss requires early and aggressive 
therapy with high doses of systemic glucocorticoids. Some otolaryngologists 
also perform intratympanic injections of glucocorticoids. Cyclophosphamide, 
mycophenolate mofetil, and biologic agents such as tumor necrosis inhibitors 
or rituximab can be considered for patients with suboptimal responses to glu-
cocorticoids who still have salvageable hearing. Nevertheless, attempts at 
treatment are begun too late in some patients, and it is important to realize 
when the risk of further immunosuppression outstrips the likelihood of long-
term benefit. Many Cogan syndrome patients become candidates for cochlear 
implants.

TREATMENT 

Vasculitis of the Central Nervous System
CNS vasculitis20 includes two major categories of disease, one of which is not 
a true vasculitis. These conditions are primary angiitis of the CNS (PACNS) 
and reversible cerebral vasoconstriction syndrome (RCVS). The diagnosis 
and management of these two conditions differ dramatically. The clinical, 
radiologic, and pathologic characteristics of PACNS and RCVS are shown in 
Table 254-5.

Primary Angiitis of the Central Nervous System
PACNS typically develops in a subacute fashion, with the evolution of mul-
tifocal strokes, encephalopathy, headache, and other clinical features over 
months. Headache is often the first symptom. As the condition progresses, 
most patients develop lethargy, confusion, and memory loss. Some patients 
develop multifocal strokes, seizures, evidence of increased intracranial pres-
sure, or myelopathy. The results of routine laboratory tests (e.g., erythrocyte 
sedimentation rate) are often normal in PACNS. Lumbar puncture demon-
strates abnormalities of the cerebrospinal fluid in approximately 80% of cases, 
usually a modest monocytosis and elevated protein. Lumbar punctures should 
be performed in all patients in whom the diagnosis of PACNS is considered 
seriously. Although the findings on lumbar puncture in PACNS patients are 
nonspecific, a normal lumbar puncture argues against PACNS, and the pro-
cedure frequently identifies important PACNS mimickers such as infection 
or malignancy.

Magnetic resonance imaging (MRI) is the critical imaging modality in 
PACNS. Because of the subacute nature of the disorder, MRI studies reveal 
multifocal CNS infarctions in most cases. Strokes, hemorrhagic lesions, and 
mass lesions typically occur in more than one vascular territory. A normal 
brain MRI argues strongly against the diagnosis of PACNS. Angiography is 
less helpful in the evaluation of patients with PACNS for two main reasons. 
First, the sizes of blood vessels involved in PACNS are often too small to be 
resolved adequately, even by conventional angiography. The false-negative 
rate of angiography in PACNS is on the order of 35%. Second, the “classic” 
string-of-beads abnormality on angiography, produced by segmental arterial 
narrowing alternating with dilations, is nonspecific and can be mimicked 
perfectly by a host of nonvasculitic conditions (the most common of which 
is RCVS). No angiographic pattern is pathognomonic for PACNS, and there 
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TABLE 254-5 PRIMARY ANGIITIS OF THE CENTRAL 
NERVOUS SYSTEM (PACNS) VERSUS 
REVERSIBLE CEREBRAL VASOCONSTRICTION 
SYNDROME (RCVS)

PACNS RCVS
Female-to-male ratio 1 : 1 2-3 : 1
Onset Subacute (weeks to 

months)
Sudden (seconds to 

minutes)
Headache Insidious, dull Thunderclap
Typical lumbar 

puncture findings
Abnormal in 50-80%: 

lymphocytic pleocytosis; 
elevated protein

Normal

Typical MRI findings Multifocal subacute 
infarctions

Normal
Watershed infarcts in 

minority
Typical angiogram 

findings
Normal in up to 40% of 

cases
Abnormal angiographic 

features when present 
cannot be distinguished 
from RCVS

Multifocal stenoses/
dilatations

Utility of brain 
biopsy

Reasonable sensitivity in 
appropriately selected 
patients

Important for excluding 
disease mimickers

Little to no role
Helpful if confusing clinical 

situation confounds 
differentiation from 
PACNS or PACNS 
mimickers

MRI = magnetic resonance imaging.

 DIAGNOSIS
Differential Diagnosis
The major categories of diseases that can mimic vasculitis are displayed in 
Table 254-6. Certain features of a patient’s case should raise the diagnostic 
suspicion for vasculitis. First, most cases of vasculitis do not begin suddenly 
but rather unfold subacutely during weeks or months. Second, pain is usually 
a prominent feature of vasculitis, resulting from arthritis or arthralgias, myal-
gias, headaches, neuropathy, testicular infarction, digital ischemia, sinusitis, 
otalgia, back pain (caused by aortic inflammation), postprandial abdominal 
pain (caused by mesenteric vasculitis), or other disease manifestations. Third, 
signs of inflammation such as fever, rash, weight loss, and elevated acute phase 
reactants are highly characteristic. Finally, multiorgan system involvement is 
the rule in vasculitis.

The diagnosis of vasculitis should be established through biopsy of an 
involved organ whenever possible. Diagnoses based on angiography alone 
have many potential pitfalls, as discussed in the sections on PACNS and RCVS. 
Angiographic findings that are “consistent with vasculitis” must be interpreted 
in the proper context. A diverse array of other diseases, ranging from athero-
sclerosis to vasospasm to pheochromocytoma, may mimic the angiographic 
appearance of vasculitis. Systemic vasculitis can also be mimicked by two or 
more common medical problems or treatment complications occurring simul-
taneously in the same patient. Finally, high on the differential diagnosis of any 
individual form of vasculitis are other forms of vasculitis. For example, digital 
ischemia and splinter hemorrhages may be secondary to idiopathic polyarteritis 
nodosa. They may also be caused by polyarteritis nodosa associated with HBV 
infection, GPA, EGPA, microscopic polyangiitis, cryoglobulinemia, Buerger 
disease, or some other form of vasculitis. Because the appropriate interven-
tions for these conditions vary widely, careful distinction among these potential 
etiologies is essential.

is a significant tendency to overdiagnose “vasculitis” on angiographic grounds 
alone. A normal brain MRI in the setting of an abnormal angiogram suggests 
RCVS, not PACNS.

When employed in appropriately selected patients whose history and radio-
logic studies suggest PACNS, brain biopsy is associated with reasonable positive 
and negative predictive values and frequently identifies important PACNS 
mimickers.

Prednisone and cyclophosphamide are appropriate for treatment of patients 
who have abnormal findings on brain biopsy. Treatment courses of 6 to 12 
months are recommended.

TREATMENT 

Several approaches to the treatment of RCVS are reasonable. First, one may 
opt for watchful waiting. It is not clear that immunosuppression is either neces-
sary or helpful. Moreover, attempts to treat vasospasm with calcium-channel 
blockers may lead to a vascular steal phenomenon, potentially causing harm. 
Second, because it is frequently difficult to do nothing for a patient with pos-
sibly serious CNS disease, calcium-channel blockers (e.g., nifedipine 30 mg three 
times daily) may be tried. Third, because of the frequent diagnostic uncertainty 
at the time of presentation, some clinicians opt to treat empirically with glu-
cocorticoids (prednisone 1 mg/kg/day) for 1 month, followed by a taper over 
several weeks. Fourth, combinations of calcium-channel blockers and gluco-
corticoids are also reasonable. Cytotoxic therapy is not indicated in RCVS.

TREATMENT 

TABLE 254-6 MAJOR DISEASE CATEGORIES IN THE 
DIFFERENTIAL DIAGNOSIS OF VASCULITIDES

Other forms of vasculitis
Simultaneous occurrence of common medical problems in the same patient
Infections

Bacterial, viral, mycobacterial, fungal
Occlusive processes

Hypercoagulable states
Livedoid vasculopathy (atrophie blanche)
Atheroembolic disease

Malignant neoplasms
Lymphoma (including lymphomatoid granulomatosis)
Castleman disease
Amyloidosis
Paraproteinemias

Connective tissue disorders
Systemic lupus erythematosus, mixed connective tissue disease
Systemic sclerosis
Rheumatoid arthritis

Miscellaneous
Atrial myxoma
Calciphylaxis
Fibromuscular dysplasia
Neutrophilic dermatoses
Pyoderma gangrenosum
Sarcoidosis
Reversible cerebral vasoconstriction syndrome

Reversible Cerebral Vasoconstriction Syndrome
RCVS is probably far more common than PACNS. Overtreatment of patients 
with RCVS who are misdiagnosed as having PACNS leads to substantial mor-
bidity. Eighty percent of patients with RCVS are women.

A careful history is the most important part of the evaluation. In contrast 
to the subacute course that typifies PACNS, RCVS usually begins in a more 
dramatic fashion with a “thunderclap” headache.21 Compared with PACNS, 
the neurologic signs are less severe in RCVS (e.g., encephalopathy is less 
common). RCVS frequently occurs in the setting of precipitants associated 
with vasospasm, such as in the postpartum setting or following the use of 
vasoactive agents such as nasal decongestants and recreational drugs.

The lumbar puncture is usually normal in RCVS, and brain MRI usually 
does not show multifocal CNS infarctions, with the exception of watershed 
infarctions mentioned earlier. The typical angiographic findings in RCVS—
vascular narrowing and beading—are generally indistinguishable from those 
of PACNS and conditions that mimic PACNS. Multifocal vascular narrowing 
is particularly characteristic of RCVS. The most distinctive angiographic feature 
of RCVS is that the abnormalities are completely reversible, usually within 4 
to 8 weeks. These abnormalities in RCVS are caused by vasospasm rather 
than true vasculitis. In the evaluation of patients with potential RCVS, a diag-
nostic strategy that can clinch the diagnosis is a follow-up angiogram 4 to 8 
weeks after the first. Angiographic abnormalities due to RCVS will resolve in 
this interval.



 PROGNOSIS
Assuming that the diagnosis is made before the patient has become catastrophi-
cally ill, the prognosis in systemic vasculitis is determined largely by the answers 
to four questions:

1. Was the diagnosis established before the occurrence of major irreversible 
organ damage?

2. Was aggressive (but appropriately dosed) treatment begun in a timely 
fashion?

3. Was there careful monitoring during treatment, and were specific steps 
taken to avoid drug-induced toxicity (e.g., opportunistic infection)?

4. Were the potentially toxic medications that induced remission stopped 
at an appropriate juncture and replaced with less dangerous medications 
(or was treatment stopped altogether)?

For most forms of vasculitis, the factors that determine long-term drug-free 
remissions remain poorly understood. The likelihood of achieving sustained 
remissions after discontinuation of all medications (or cures) varies according 
to the specific type of vasculitis.

 FUTURE DIRECTIONS
Compelling laboratory and naturally occurring animal models of disease, 
combined with the known associations among HBV, HCV, and vasculitis in 
humans, suggest that additional links between infection and systemic vasculitis 
may be established in the future. Important strides have been made in the 
description of cytokine and chemokine pathways that are operative in vascular 
inflammation, but relevant anticytokine interventions remain to be defined 
for clinical therapies. B-cell depletion is emerging rapidly as the treatment of 
choice for some forms of severe vasculitis. IL-6 inhibition strategies also now 
play important roles in the large-vessel vasculitides. Additional studies are 
required to define the full spectrum of clinical utility of these and other biologic 
agents.
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Current treatment approaches to specific vasculitides are described under 
their “Clinical Manifestations” for each disease. General points regarding therapy 
are addressed here.

The intensity of treatment in patients with vasculitis must be guided by the 
degree of disease activity. Specifically, the treatment of vasculitis should be 
predicated not only on abnormal laboratory test results but also on clear evi-
dence of active disease. In addition, the intensity of treatment must be adapted 
to the type of vasculitis. Whereas giant cell arteritis responds to high doses of 
glucocorticoids in most cases, for example, GPA nearly always requires an addi-
tional agent (rituximab, cyclophosphamide, or methotrexate) for disease control. 
In contrast, despite the dramatic fashion in which they sometimes present, 
most cases of IgA vasculitis and cutaneous leukocytoclastic angiitis require no 
immunosuppressive treatment at all.

Conventional therapies such as glucocorticoids, immunomodulating agents, 
and cytotoxic drugs induce remissions and control vasculitis in most cases. 
Moreover, in some cases—a variable percentage, depending on the type of 
vasculitis—the disease is curable. Unfortunately, the treatments of vasculitis 
have enormous potential for toxicity. Regular monitoring of patients’ bone 
marrow, renal, and hepatic function is essential to avoid treatment-induced 
toxicity. Prophylaxis against opportunistic infections, particularly Pneumocystis 
pneumonia (Chapter 321), is an important part of many vasculitis treatment 
regimens. During the tapering of immunosuppressive medications, disease 
flares are common in many forms of vasculitis.

A common error is treating patients with high doses of immunosuppressive 
agents for too long. The most appropriate use of medications such as cyclo-
phosphamide and glucocorticoids is to induce remission as quickly as possible 
with early, aggressive treatment regimens, and then to convert patients to safer 
treatments for the maintenance of remission. Rituximab is replacing cyclophos-
phamide as the drug of choice for some forms of vasculitis, particularly AAV. 
Patients with AAV who demonstrate a tendency to flare are often retreated 
with rituximab (500 mg or 1 g) every 4 to 6 months, at least until lengthy 
periods of disease control are established.
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tomographic (CT) scan of the brain. This is negative for an intracranial 
bleed, and the headache resolves after approximately 24 hours, during which 
time it was profoundly disabling.

Approximately 18 hours later, the headache returns, again rising to a 
crescendo within several minutes of onset. A repeat head CT is negative 
and a lumbar puncture is also performed, revealing a normal opening pres-
sure, 1 white blood cell/mL (100% lymphocytes), and a cerebrospinal 
fluid protein of 40 mg/dL (normal 30 to 50 mg/dL). The headache improves 
following round-the-clock narcotic treatment but then worsens again on 
the third postpartum day. A magnetic resonance imaging study is negative 
for hemorrhage, cerebral infarctions, and masses, but a four-vessel cerebral 
angiogram shows alternating areas of vascular narrowing and dilation 
(beading) in multiple vascular distributions.

What is the most appropriate intervention for this patient now?
 A. Tighter blood pressure control, with transfer to the intensive care unit 

for sodium nitroprusside therapy
 B. Addition of a baby aspirin to her anticoagulation with low-molecular-

weight heparin
 C. Pulse methylprednisolone (1000 mg/day for 3 days) followed by pred-

nisone 60 mg/day and cyclophosphamide 100 mg/day
 D. Nifedipine 30 mg three times daily
 E. Proceed to brain biopsy

Answer: D Nifedipine. This patient has a history that is classic for reversible 
cerebral vasoconstriction syndrome (RCVS), an entity that mimics CNS 
vasculitis but is not an inflammatory condition. The features suggesting RCVS 
in this patient are the presence of a “thunderclap” headache, the nonfocal 
neurological examination, the normal cross-sectional imaging and lumbar 
puncture, and the diffuse beading on angiography. This beading represents 
vasospasm, which is the essential pathophysiology of RCVS. Calcium-channel 
blockers are often used in therapy, but prolonged courses of immunosuppres-
sion are not indicated. Brain biopsy can be diagnostic in primary angiitis of 
the CNS, but would not be indicated in a patient like this who has typical 
clinical and radiographic features of RCVS.

5. A 4-year-old boy presents with 3 days of a febrile illness with temperatures 
to nearly 105° Fahrenheit. Physical examination revealed an erythematous 
“strawberry” tongue, swollen lips, and a pink macular rash on the trunk. 
There is also tender cervical and axillary lymphadenopathy and diffuse 
swelling of the distal upper and lower extremities. Which treatment is 
indicated immediately to prevent the occurrence of coronary aneurysms?
 A. Intravenous immunoglobulin
 B. High-dose aspirin therapy
 C. Pulse methylprednisolone
 D. Plasma exchange
 E. Anticoagulation with heparin

Answer: A This child has Kawasaki disease, and the most feared complication 
of this disorder is formation of coronary aneurysms, which can lead to myo-
cardial infarction. If administered in a timely manner, intravenous immuno-
globulin prevents the occurrence of such aneurysms.

REVIEW QUESTIONS

1. Immunosuppressive therapy is known to be futile for which disease associ-
ated with vascular inflammation?
 A. Buerger disease (thromboangiitis obliterans)
 B. Granulomatosis with polyangiitis (formerly Wegener granulomatosis)
 C. IgA vasculitis (Henoch-Schönlein purpura)
 D. Giant cell arteritis
 E. Mixed cryoglobulinemia

Answer: A The only effective intervention known for Buerger disease is 
smoking cessation. Neither immunosuppression nor anticoagulation is of any 
demonstrable benefit in relieving the severe digital ischemia associated with 
this disease.

2. Which form of systemic vasculitis is most likely to present with an orbital 
pseudotumor?
 A. Takayasu arteritis
 B. Granulomatosis with polyangiitis (formerly Wegener granulomatosis)
 C. Microscopic polyangiitis
 D. Polyarteritis nodosa
 E. Behçet syndrome

Answer: B Two common ocular manifestations of granulomatosis with poly-
angiitis are scleritis and orbital pseudotumor. The latter can lead to proptosis 
and vision loss if blood circulation to the eye is compromised by the retrobulbar 
mass.

3. A 24-year-old man from Lebanon presents with multiple aphthous ulcers, 
bilateral ocular erythema, tender erythematous nodules over his anterior 
legs, and a deep venous thrombosis. An ophthalmologic examination reveals 
severe bilateral uveitis affecting both the anterior and posterior compart-
ments of the eye. In addition to anticoagulation and the institution of 
glucocorticoid therapy, what is the most appropriate approach to treating 
his disease at this time?
 A. Intravenous cyclophosphamide
 B. Azathioprine
 C. Intravenous immunoglobulin
 D. Tumor necrosis factor inhibition
 E. B-cell depletion

Answer: D Tumor necrosis factor inhibition is highly effective in Behçet 
disease and is employed in the presence of severe disease manifestations such 
as posterior uveitis or central nervous system (CNS) disease.

4. A 32-year-old woman presents with the rapid onset of the worst headache 
of her life 1 day after giving birth to a healthy baby boy. The delivery fol-
lowed an uneventful pregnancy. The patient has no history of migraine 
headaches, and her past medical history is unremarkable. The patient’s 
blood pressure is 140/90 mm Hg, and although her neurologic examina-
tion is nonfocal, the severity of the headache prompts a computed 
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GIANT CELL ARTERITIS AND 
POLYMYALGIA RHEUMATICA
ROBERT SPIERA

 DEFINITION
Polymyalgia rheumatica (PMR) and temporal arteritis, also called giant cell 
arteritis (GCA), are companion systemic inflammatory disorders of unknown 
etiology that represent a spectrum from severe proximal aches and pains and 
constitutional symptoms to an occlusive granulomatous vasculitis of medium 
and large vessels that can lead to permanent blindness or other organ and 
tissue damage. These disorders occur primarily in patients older than 50 years, 
in women more than in men; they are propagated by antigen-driven, cell-
mediated (TH1) immune mechanisms that may be associated with specific 
genetic markers, and they are highly responsive to corticosteroids.

 EPIDEMIOLOGY
In the United States, the average annual incidence of PMR is 52.5 per 100,000 
patients aged 50 years and older and increases with age. The prevalence is 
about 0.5 to 0.7%. Internationally, the frequency varies, with the highest rates 
occurring in the Scandinavian countries.1,2 The incidence and prevalence of 
GCA are approximately one third those of PMR.

 PATHOBIOLOGY
The etiology of PMR and GCA are unknown, but both demonstrate familial 
aggregation and have a genetic association with human leukocyte antigen 
(HLA)-DR4 and a demonstrated sequence polymorphism encoded within the 
hypervariable region of the HLA-DRβ1*04 gene. Other genetic associations 
have been suggested, including polymorphisms that may be seen in increased 
frequency in patients with the disease. Infectious triggers of GCA have been 
postulated. Varicella-zoster virus antigen has been detected in temporal artery 
biopsies of patients with GCA.3 Abundant bacterial and viral DNA has been 
demonstrated in the arterial wall of patients with GCA using advanced DNA 
imaging techniques. Disease in genetically predisposed patients may also be 
triggered by endogenous antigens such as elastin, and the inflammatory mani-
festations are directed by specific patterns of cell-mediated, TH1-associated 
cytokines. The cytokine production by the mononuclear cells in the involved 
tissues appears to influence the clinical phenotype.

In PMR, mononuclear cell inflammation can be found not only in the 
proximal joints, such as the shoulders, but also in the surrounding tendons, 
bursae, and soft tissues consistent with enthesitis. Although muscle pains may 
be present, no muscle inflammation is found.

 CLINICAL MANIFESTATIONS
PMR and GCA are systemic inflammatory disorders that occur primarily in 
patients older than 50 years, in women more than in men (2:1), and in whites. 

Fixed or intermittent symptoms related to vasculitic involvement of the oph-
thalmic arteries and its branches are the most dreaded in this illness and demand 
immediate therapeutic intervention. These symptoms are related to vascular 
narrowing due to both active inflammation and endothelial injury–mediated 
vasospasm. Decreased vision secondary to arteritis is the most common serious 
consequence of GCA, occurring in 20 to 50% of patients who present to oph-
thalmologists. It is the presenting symptom in 60% of patients with GCA who 
develop visual loss. A careful history of most patients who present with “sudden” 
visual loss reveals that preceding headache, constitutional symptoms, and PMR 
occurred in approximately 40% of patients. Even the evolution of the visual loss 
is often staggered, with amaurosis fugax in 10% and a partial field defect progress-
ing to complete blindness over days. If GCA remains untreated, the second eye 
may become involved within 1 to 2 weeks. The posterior ciliary arteries are the 
most frequently involved; thus, anterior ischemic optic neuropathy is the most 
common lesion, which can be easily defined by an ophthalmologist. Occlusion 
of the central retinal artery and its branches is uncommon; thus, exudates, 
hemorrhages, and frank vasculitis are infrequent. Five percent of patients with 
GCA may present with diplopia or ptosis, which may precede visual loss. The 
final visual abnormality can be a composite of many ischemic events occur-
ring together in the optic nerve, the extraocular muscles, the chiasm, and the 
brain itself. Because GCA primarily involves arteries that contain elastica and 
the elastic lamina is lost as vessels pierce the dura, intracerebral lesions such 
as strokes are uncommon but not unheard of.

Large artery involvement most commonly presents as arm or leg claudica-
tion; rarer manifestations are stroke, subclavian steal syndrome, intestinal 
infarction, and symptomatic aortic aneurysm. Thus, a subclinical arteritis can 
exist and demands long-term monitoring. There is an emerging appreciation 
that some older patients classified as having GCA can present with large vessel 
disease resembling Takayasu arteritis clinically, with a paucity of cranial ische-
mic symptoms but often the presence of PMR-like symptoms. Conversely, in 
patients presenting with typical GCA with cranial symptoms and a positive 
temporal artery biopsy, large vessel disease with aortic wall thickening is mark-
edly more frequent even early in the disease course.

Steroid-treated PMR and GCA are self-limited illnesses lasting 1 to 2 years 
in most patients. However, a subgroup of patients with both disorders can 
have active inflammatory disease as manifested by persistent symptoms and 
blood test signs of active inflammation for 7 to 10 years. Of note is the fact 
that thoracic aneurysms with giant cells in the tissue can develop as long as 
15 years after the diagnosis, successful treatment, and discontinuation of 
steroids. Indeed, the incidence of thoracic and aortic aneurysms is markedly 
higher in patients with a prior history of presumably successfully treated GCA 
than in age-matched control subjects. In studies of repaired aortic aneurysms, 
pathologic findings consistent with GCA have been found in approximately 
2 to 4% of specimens from individuals without previously recognized or sus-
pected arteritis.

In most studies, survival rates for patients with PMR and GCA are similar 
to those of unaffected persons of the same age. However, one study did show 
that survival was decreased in a group of patients with GCA who had perma-
nent visual loss and required more than 10 mg of prednisone per day at 6 
months. This probably supports the experience that the morbidity and mortality 
are caused by steroid-related treatment complications in this high-risk, elderly 
group of patients possessing many comorbid conditions.

 DIAGNOSIS
The diagnoses of PMR and GCA are based on clinical findings, with support-
ing but not diagnostic aid obtained from laboratory tests and temporal artery 
biopsy (Fig. 255-1).6,7 No physician should await an abnormal finding on 
temporal artery biopsy or demand the presence of an elevated ESR before 
making the definitive diagnosis of GCA in the setting of a characteristic clinical 
picture. That said, the laboratory hallmark of PMR and GCA is an elevation 
in IL-6-stimulated acute phase reactants such as the ESR and C-reactive protein. 
The ESR is usually in excess of 50 mm/hour and may exceed 100 mm/hour. 
An ESR in the low 20s or 30s, however, does not exclude a diagnosis of PMR 
or GCA if other characteristic clinical features are present and especially if 
the patient is already taking steroids.

Normocytic, normochromic anemia and thrombocytosis occur in approxi-
mately 50% of patients with both disorders and are excellent guides to the 
state of inflammation. In both PMR and GCA, the frequency of rheumatoid 
factor, antinuclear antibody, ANCA, monoclonal proteins, and cryoglobulins 
is not higher than in age-matched control subjects, and complement is not 
reduced. Alkaline phosphatase activity may be elevated in one third of patients, 
primarily those with GCA. Although these tests are not indicated in PMR 
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ABSTRACT
Giant cell arteritis (GCA) and polymyalgia rheumatica (PMR) are related 
inflammatory diseases affecting older individuals. Both are characterized by 
evidence of systemic inflammation including elevations of acute phase reactants 
such as CRP and erythrocyte sedimentation rate. PMR is a clinical syndrome 
characterized by symmetric pain and stiffness in the shoulder and thigh girdle, 
with prominent morning stiffness, and exquisite responsiveness to low dose 
corticosteroid therapy. GCA is a large vessel vasculitis in which polymyalgic 
symptoms can be present in the majority of patients but characterized more 
specifically by large vessel inflammation that can result in ischemic complica-
tions including headaches, jaw claudication, and most concerning, vision loss. 
Timely diagnosis of GCA is essential, as vision loss, once incurred, is generally 
irreversible, whereas therapy with corticosteroids is protective against that 
dreaded complication, and typically affords prompt resolution of symptoms. 
Diagnosis of GCA is generally supported by temporal artery biopsy, but large 
vessel imaging including ultrasound, MRI/MRA, and PET scanning are emerg-
ing as useful diagnostic modalities. Therapy of both disorders is primarily 
with corticosteroids, which are effective in low doses in PMR, and in modest 
to high doses in GCA. The morbidity of corticosteroids particularly with 
prolonged use in this vulnerable population is substantial leading to the explo-
ration for other potential steroid sparing modalities, particularly as the under-
lying pathophysiology of these disorders has become better understood. Most 
recently, tocilizumab, an anti-interleukin 6 receptor antibody has been shown 
to be effective in GCA and is approved for the treatment of this disorder.
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In GCA, a transmural (involving all layers of the vessel) inflammatory infil-
trate, comprised of predominantly mononuclear cells and commonly with 
giant cells, is found in the superficial temporal arteries as well as in other large 
and medium-sized arteries. In elderly patients, fragmentation of the internal 
elastica is characteristic and helps differentiate this vascular lesion from that 
of atherosclerosis. Often, macrophages containing fragments of elastic tissue 
are found at the intima-media junction, the histologic center of the inflam-
matory process. As mentioned earlier, immunochemical techniques demonstrate 
differing patterns of cells and their proinflammatory and profibrotic products 
in the adventitia, media, and intima. Intimal proliferation may be prominent 
and lead to luminal narrowing. Fibrinoid necrosis, a common histologic feature 
in polyarteritis nodosa, is not seen in GCA.

The adventitia is considered the immunologic center in the pathogenesis 
of GCA where toll-like receptors (TLRs) are highly expressed on dendritic 
cells and resident tissue macrophages. Macrophages and T lymphocytes enter 
the vessel wall through the vasa vasorum with the aid of adhesion molecules 
and come into contact with an inciting antigen. Here, it is likely that clonal 
proliferation of CD4+ T cells is triggered by the presentation of unknown 
antigens by antigen-presenting cells. The activated CD4 cells produce 
interferon-γ that attracts macrophages to the arterial wall. Some of these mac-
rophages fuse at the intima-media to form multinucleated giant cells. These 

GCA tissue contains the T-lymphocyte products interferon-γ and interleukin 
(IL)-2 and the macrophage products IL-1β, IL-6, and transforming growth 
factor-β. In PMR vascular tissue, transcripts are found for transforming growth 
factor-β, IL-1, and IL-2 but not for interferon-γ. Patients with GCA who 
present with fever of unknown origin and who do not have ischemic symptoms, 
such as visual loss, have low interferon-γ levels. Arteries that express high 
interferon-γ levels typically have multinucleated giant cells present; these cells 
remove debris and secrete cytokines that stimulate intimal hyperplasia and 
lead to angiogenesis. IL-17-producing TH17 cells have also been found in 
involved vascular tissue and peripheral blood of patients with untreated GCA 
but disappear rapidly with institution of corticosteroid therapy, whereas TH1 
cells are more persistent, speaking to the possibility that more than one anti-
genic trigger may be involved.

cells produce vascular endothelial growth factor, which triggers neovascular-
ization, both at the intima-media junction and at the level of the vasa vasorum, 
sprouting from the adventitia to the media. The subsequent immunologic 
events lead to a characteristic topography of mononuclear cells throughout 
the vessel wall. Products of the giant cells and macrophages at the intima-
media junction include collagenase and nitric oxide, both of which probably 
contribute to tissue damage. The pathologic impact of cytokines leads not 
only to the characteristic medial damage but also to significant intimal hyper-
plasia that eventually, if it is not treated, may cause luminal narrowing and 
tissue ischemia.
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TABLE 255-1 GIANT CELL ARTERITIS: CLINICAL FEATURES
INFLAMMATORY

Polymyalgia rheumatica: constitutional symptoms
Fever
Weight loss
Fatigue

Laboratory abnormalities
Hematologic: anemia, thrombocytosis
Elevated sedimentation rate, C-reactive protein

ISCHEMIC

Ocular
Diplopia
Amaurosis fugax
Fixed vision loss
Complete blindness

Cranial symptoms
Headache
Jaw claudication
Scalp tenderness
Scalp or lingual necrosis (rare)

Cerebrovascular accidents
Large vessel disease

Leg or arm claudication
Diminished pulses, blood pressure asymmetry
Aortic aneurysms

LATE COMPLICATIONS

Aortic aneurysms
Thoracic aorta
Abdominal aorta

Corticosteroid complications
Osteoporosis
Fractures
Cataracts

Fixed or intermittent symptoms related to vasculitic involvement of the oph-
thalmic arteries and its branches are the most dreaded in this illness and demand 
immediate therapeutic intervention. These symptoms are related to vascular 
narrowing due to both active inflammation and endothelial injury–mediated 
vasospasm. Decreased vision secondary to arteritis is the most common serious 
consequence of GCA, occurring in 20 to 50% of patients who present to oph-
thalmologists. It is the presenting symptom in 60% of patients with GCA who 
develop visual loss. A careful history of most patients who present with “sudden” 
visual loss reveals that preceding headache, constitutional symptoms, and PMR 
occurred in approximately 40% of patients. Even the evolution of the visual loss 
is often staggered, with amaurosis fugax in 10% and a partial field defect progress-
ing to complete blindness over days. If GCA remains untreated, the second eye 
may become involved within 1 to 2 weeks. The posterior ciliary arteries are the 
most frequently involved; thus, anterior ischemic optic neuropathy is the most 
common lesion, which can be easily defined by an ophthalmologist. Occlusion 
of the central retinal artery and its branches is uncommon; thus, exudates, 
hemorrhages, and frank vasculitis are infrequent. Five percent of patients with 
GCA may present with diplopia or ptosis, which may precede visual loss. The 
final visual abnormality can be a composite of many ischemic events occur-
ring together in the optic nerve, the extraocular muscles, the chiasm, and the 
brain itself. Because GCA primarily involves arteries that contain elastica and 
the elastic lamina is lost as vessels pierce the dura, intracerebral lesions such 
as strokes are uncommon but not unheard of.

Large artery involvement most commonly presents as arm or leg claudica-
tion; rarer manifestations are stroke, subclavian steal syndrome, intestinal 
infarction, and symptomatic aortic aneurysm. Thus, a subclinical arteritis can 
exist and demands long-term monitoring. There is an emerging appreciation 
that some older patients classified as having GCA can present with large vessel 
disease resembling Takayasu arteritis clinically, with a paucity of cranial ische-
mic symptoms but often the presence of PMR-like symptoms. Conversely, in 
patients presenting with typical GCA with cranial symptoms and a positive 
temporal artery biopsy, large vessel disease with aortic wall thickening is mark-
edly more frequent even early in the disease course.

Steroid-treated PMR and GCA are self-limited illnesses lasting 1 to 2 years 
in most patients. However, a subgroup of patients with both disorders can 
have active inflammatory disease as manifested by persistent symptoms and 
blood test signs of active inflammation for 7 to 10 years. Of note is the fact 
that thoracic aneurysms with giant cells in the tissue can develop as long as 
15 years after the diagnosis, successful treatment, and discontinuation of 
steroids. Indeed, the incidence of thoracic and aortic aneurysms is markedly 
higher in patients with a prior history of presumably successfully treated GCA 
than in age-matched control subjects. In studies of repaired aortic aneurysms, 
pathologic findings consistent with GCA have been found in approximately 
2 to 4% of specimens from individuals without previously recognized or sus-
pected arteritis.

In most studies, survival rates for patients with PMR and GCA are similar 
to those of unaffected persons of the same age. However, one study did show 
that survival was decreased in a group of patients with GCA who had perma-
nent visual loss and required more than 10 mg of prednisone per day at 6 
months. This probably supports the experience that the morbidity and mortality 
are caused by steroid-related treatment complications in this high-risk, elderly 
group of patients possessing many comorbid conditions.

 DIAGNOSIS
The diagnoses of PMR and GCA are based on clinical findings, with support-
ing but not diagnostic aid obtained from laboratory tests and temporal artery 
biopsy (Fig. 255-1).6,7 No physician should await an abnormal finding on 
temporal artery biopsy or demand the presence of an elevated ESR before 
making the definitive diagnosis of GCA in the setting of a characteristic clinical 
picture. That said, the laboratory hallmark of PMR and GCA is an elevation 
in IL-6-stimulated acute phase reactants such as the ESR and C-reactive protein. 
The ESR is usually in excess of 50 mm/hour and may exceed 100 mm/hour. 
An ESR in the low 20s or 30s, however, does not exclude a diagnosis of PMR 
or GCA if other characteristic clinical features are present and especially if 
the patient is already taking steroids.

Normocytic, normochromic anemia and thrombocytosis occur in approxi-
mately 50% of patients with both disorders and are excellent guides to the 
state of inflammation. In both PMR and GCA, the frequency of rheumatoid 
factor, antinuclear antibody, ANCA, monoclonal proteins, and cryoglobulins 
is not higher than in age-matched control subjects, and complement is not 
reduced. Alkaline phosphatase activity may be elevated in one third of patients, 
primarily those with GCA. Although these tests are not indicated in PMR 

PMR and GCA are particularly uncommon in African Americans. Shared char-
acteristics of the two disorders include significant cytokine-driven constitu-
tional symptoms, such as fever, fatigue, and weight loss, as well as a markedly 
elevated erythrocyte sedimentation rate (ESR), anemia, and thrombocytosis. The 
musculoskeletal hallmark of PMR is proximal, severe, and symmetrical morning 
and even day-long stiffness, soreness, and pain in the shoulder, neck, and pelvic 
girdles. Fifty percent of patients with GCA share this characteristic proximal 
pain syndrome. Carpal tunnel syndrome and hand and knee synovitis may be 
seen in patients with PMR, but the overall presentation remains predominantly 
proximal, as opposed to rheumatoid arthritis, in which distal synovitis dominates. 
Whereas patients with PMR may appear to have proximal muscle weakness, this 
is invariably due to pain and not muscle inflammation (Table 255-1). Magnetic 
resonance imaging (MRI) and ultrasound studies4,5 in patients with PMR have 
confirmed the presence of inflammation of extra-articular synovial structures, 
in particular subacromial and subdeltoid bursae in the shoulders.

Specific signs and symptoms of GCA are best appreciated in their anatomic 
and physiologic contexts. GCA preferentially affects certain blood vessels, 
including the branches of the external carotid artery, the ophthalmic artery 
and particularly its posterior ciliary branches, and the large arteries that arise 
from the aortic arch and abdominal aorta. Headache and scalp pain are prob-
ably the most frequent symptoms, occurring in 50 to 75% of patients. Headache 
is often the first manifestation of GCA and is described as boring, severe, and 
constant, unresponsive to simple pain medications and persisting through the 
night. Classically, patients complain of persistent and prominent temporal 
headaches, but occipital pains can also occur. Ear, pinna, or parotid gland pain 
may occur secondary to involvement of the posterior auricular artery. Jaw 
claudication and pain due to masseter muscle ischemia on chewing occur in 
50% of patients. Lingual and maxillary artery involvement can lead to jaw or 
tongue pain on chewing or talking. The superficial temporal artery may become 
tortuous, prominent, nodular, or tender, but these findings are not invariable, 
and an abnormal temporal artery may be found on biopsy in vessels that 
appear normal. It is important to note that a dry, nonproductive cough can 
be a feature of the disease because this often may direct the clinician away 
from considering GCA and more toward consideration of an infectious or 
neoplastic respiratory cause of the symptoms. Rarely, mononeuritis multiplex 
or sensorineural hearing loss can occur but should lead the clinician to consider 
other possible vasculitides such as antineutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis or polyarteritis nodosa.
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and GCA, muscle enzymes and electromyography are normal, and muscle 
biopsy shows type II fiber atrophy but no inflammation.

Superficial Temporal Artery Assessment
Temporal artery tenderness, nodularity, and diminished pulsation are typical 
findings on physical examination in a patient with GCA. Color duplex ultra-
sonography has been used as an adjunctive noninvasive diagnostic tool in 
GCA. A hypoechoic halo around the superficial temporal artery has been 
reported in 73% of patients with biopsy-proven GCA. The halo, representing 
edema in the arterial wall, was observed bilaterally in a significant subset of 
patients and disappeared in a mean of 16 days after the initiation of steroids 
in one study. The presence of the halo in this study had a sensitivity of 73% 
and was 100% specific for GCA. Other groups have been unable to replicate 
this experience, however, finding Doppler ultrasonography to be no more 
sensitive or specific than physical examination in patients thought to have the 
disease. Findings of stenosis or occlusion of temporal arteries by Doppler 
ultrasound have also been recognized as being modestly sensitive and specific 
for the diagnosis of GCA in some studies. Operator dependency remains a 
challenge to the more widespread use of this modality diagnostically. [18F]
Fluorodeoxyglucose–positron emission tomography (PET) may be helpful 
in identifying large vessel inflammation suggestive of GCA, but it is not helpful 
in assessing the temporal arteries themselves, given their relatively small size 
and high background uptake in that area. Conventional angiography is rarely 
used in the diagnosis of GCA. Some studies have suggested that MRI/magnetic 
resonance angiography (MRA) may be a helpful noninvasive diagnostic modal-
ity. Superficial cranial arteries can be visualized, and mural inflammatory 
changes and luminal narrowing can be identified. Large vessel involvement 
can also be assessed. Studies have suggested sensitivities and specificities of 
MRI/MRA similar to those of biopsy in the diagnosis of GCA. Nevertheless, 
temporal artery biopsy remains the diagnostic “gold standard” in GCA, and 
given the relatively easy accessibility of the artery and potentially significant 
morbidity of therapy in GCA, histologic confirmation is favored in most cases.

Although temporal artery biopsy continues to be an important diagnostic 
test for the presence of GCA, a few caveats must be stated. First, in a patient 
in whom the clinical diagnosis is likely, treatment with steroids should be 
instituted immediately without waiting for the biopsy results. Second, because 
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FIGURE 255-1. Diagnostic algorithm for polymyalgia rheumatica (PMR). CrP = C-reactive protein; GCa = giant cell arteritis. 

of the skipped nature of the pathologic inflammatory lesions in the vessel 
wall, as many as 20 to 30% of biopsy specimens may be normal despite an 
overwhelming diagnostic likelihood of GCA. Because the biopsy is helpful 
in confirming the diagnosis of GCA, in which high doses of steroids are used, 
the following guidelines are given. Patients with pure PMR and no GCA signs 
or symptoms do not need a biopsy. However, because 10% of these patients 
may develop such clinical manifestations of GCA within the next year, they 
should be told to report such symptoms immediately. When GCA is likely, 
an outpatient biopsy should be performed on the symptomatic side of the 
head, preferably including inflamed areas with tenderness or nodularity and 
incorporating 2 to 3 cm of vessel. Multiple sections should be requested because 
of the segmental nature of the disease process. Some rheumatologists routinely 
request bilateral biopsies, which may increase the likelihood of obtaining an 
abnormal finding by up to 5%, whereas others perform a contralateral biopsy 
if the first specimen is normal. Diagnostic biopsy findings continue to be 
present for as long as 2 to 4 weeks after the clinical diagnosis is made and 
steroid treatment instituted, and may be seen even months into treatment.

Differential Diagnosis
The systemic nature of these disorders and the fact that they occur in elderly 
people demand careful diagnostic scrutiny to avoid missing a malignant neo-
plasm or major infection and possibly treating patients inappropriately with 
high-dose steroids. This is true in PMR because there is no diagnostic test 
and in GCA because the GCA biopsy finding may be normal in the face of 
active, vision-threatening vasculitis. Infections that must be considered and 
ruled out if clinically appropriate include tuberculosis, endocarditis, and hepa-
titis B and C. Malignant neoplasms such as lymphoma and multiple myeloma 
may mimic PMR, and an age-appropriate cancer evaluation is always indicated 
in this age group. Autoimmune disorders such as elderly-onset rheumatoid 
arthritis and systemic lupus erythematosus, as well as dermatomyositis and 
other types of vasculitis, must be considered in the differential diagnosis and 
sorted out by employing clinical information and serologic testing. There is 
support for the concept that elderly-onset rheumatoid arthritis is the same 
disorder as PMR with negative rheumatoid factor, a more proximal focus of 
joint inflammation, and a good response to low-dose prednisone. The distinc-
tion may be semantic because neither disorder tends to evolve into an erosive 



Both PMR and GCA are highly responsive to corticosteroids, which are the 
treatment of choice.8 This response is so characteristic that an immediate and 
dramatic improvement in PMR and GCA symptoms within 1 to 3 days after 
steroid institution supports the diagnosis. Conversely, a lack of rapid and sig-
nificant improvement in signs, symptoms, and function within 5 to 7 days 
should lead the clinician to suspect the initial impression and consider an 
alternative diagnosis (e.g., tumor or infection) or the presence of GCA in PMR 
patients that might require a higher steroid dose. Because the inflammatory 
burden of the two disorders is different, different doses of steroids are employed 
at the start of treatment. Whereas PMR usually responds to 15 mg of prednisone 
daily, GCA usually requires 40 to 60 mg of prednisone per day in divided doses 
or higher doses if organ or tissue damage is present or threatened. In GCA, if 
visual symptoms are present as a fixed loss or amaurosis fugax, the patient 
often should be treated with high-dose intravenous methylprednisolone with 
doses ranging from 40 mg every 8 hours to 1 g/day for 3 days, followed by 
high-dose oral steroids in divided doses.

Within 2 to 3 days after the institution of steroids, most symptoms of PMR 
or GCA clear rapidly, and patients describe a miraculous improvement.9 The 
steroid dose is then maintained for 2 to 3 weeks, during which the ESR, C-reactive 
protein, hemoglobin, and platelet counts normalize. Steroid taper is then insti-
tuted and guided by the clinical response. In PMR, taper is commonly by 1 mg 
every 7 to 10 days; in GCA, taper is by 5 to 10 mg every 7 to 10 days. In GCA, 
the use of alternate-day corticosteroid regimens to minimize steroid side effects 
is generally not recommended because randomized controlled trials have 
demonstrated higher rates of treatment failure with alternate-day dosing sched-
ules. It is important that the taper be guided primarily by clinical findings (e.g., 
PMR stiffness, headache, fatigue) and that the level of ESR elevation be con-
sidered within that clinical context. One should never “chase the ESR” because 
the elderly patient would be subjected inappropriately to a dangerously high 
cumulative dose of steroids with their attendant side effects. An increased dose 
of prednisone should be based on a change in symptoms, not solely on an 
increase in the ESR. One possible exception is in a patient with a history of GCA 
and prior abrupt vision loss in one eye, in whom any further compromise of 
vision would be catastrophic. The effective dose demanded for a flare often 
can be as low as 5 to 10 mg/day of prednisone, and uncommonly up to 60 mg/
day to control symptoms (e.g., visual abnormalities).

A persistently elevated ESR (>50 mm/hour) without PMR or GCA symptoms 
should alert the physician to look for alternative causes, such as infection. Treat-
ment is a careful balancing act between disease control and avoidance of steroid-
related toxicity. The overall goal of the patient and the physician is to attain 
the best disease control with the lowest dose of steroids. In most patients, 
prednisone can be tapered safely in 1 to 2 years. However, other patients may 
need to take low doses of steroids for 2 years or more. The higher the initial 
dose and cumulative dose, the greater the likelihood that the patient will develop 
a major steroid side effect such as sepsis, osteoporosis, osteonecrosis, diabetes, 
emotional lability, or myopathy (Chapter 32). Appropriate immunizations, osteo-
porosis regimens (calcium, vitamin D, and bisphosphonates), and metabolic 
monitoring are mandatory in all patients prescribed chronic steroid therapy.

The major feared outcome in GCA is ischemic complications of the disease, 
most often vision loss or, less frequently, cerebrovascular accident. Vision loss 
is usually irreversible, and although it is uncommon after the diagnosis is sus-
pected and glucocorticoid therapy is instituted, it can occur early in the course 
of treatment. A meta-analysis of retrospective studies showed that antiplatelet 
or anticoagulant therapy has a marginal benefit when used together with 
corticosteroids in patients with established GCA. Although this has not been 
demonstrated in prospective randomized controlled trials, in most patients, 
adjunctive therapy with low-dose aspirin should be considered unless there is 
a strong contraindication to its use.

Alternative immunosuppressive agents have been tested in both PMR and 
GCA patients in an attempt to “spare steroids” and to control the inflammatory 
state. Studies examining the efficacy of methotrexate in GCA have yielded mixed 
results, with the largest, most recent study showing no incremental benefit from 
combined therapy. One individual patient meta-analysis of three randomized 
placebo-controlled trials suggested a modest benefit to methotrexate in GCA 
in terms of affording a steroid-sparing benefit and reducing likelihood of flares. 
Given the modest nature of the benefit demonstrated and the potential toxici-
ties of methotrexate in this elderly population, methotrexate is not routinely 
incorporated as first-line therapy in GCA. In PMR, methotrexate has been shown 
in one study to afford a benefit in terms of steroid sparing and possibly reduc-
ing numbers of flares. The magnitude of the benefit appears modest, and no 
reduction in corticosteroid-related side effects was demonstrated. At present, 

TREATMENT 

arthritis. A more protracted clinical course, however, is often seen in patients 
in whom distal synovitis is a prominent feature, and those patients are clas-
sified as having elderly-onset rheumatoid arthritis. PMR and GCA should 
always be thought of in the setting of a fever of unknown origin because 
symptoms and signs can be occult or the history incomplete.
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methotrexate is not routinely used in the management of either disease, but 
in individual patients with refractory disease or excessive corticosteroid mor-
bidities, addition of weekly rheumatoid arthritis–level doses of methotrexate 
(7.5 to 20 mg/week) or azathioprine (2 mg/kg/day) is employed in selected 
instances. There have been case series suggesting cyclophosphamide may be 
of value in patients with refractory disease and/or unacceptable corticosteroid 
toxicity, but adverse events are common, and it is rare to use this agent in GCA.

Tocilizumab (TCZ), a humanized monoclonal anti-IL-6 receptor antibody, has 
been shown in 2 randomized trials to have efficacy in GCA. A1 

,
 A2  TCZ use resulted 

in higher remission rates, less cumulative glucocorticoid use, and higher likeli-
hood of sustained remission at 12 months than treatment with placebo.10 
Relatively rapid glucocorticoid tapers were utilized (tapered to off by month 
6), without occurrence of cranial ischemic complications in these trials. Tocili-
zumab has recently been approved by the FDA for the treatment of GCA based 
on these findings. Two prospective open label trials have similarly suggested 
TCZ to afford a significant steroid sparing benefit in PMR, but this has not yet 
been tested in randomized blinded placebo-controlled trials.11,12

Randomized controlled trials of TNF inhibitors including infliximab and adali-
mumab in GCA have failed to demonstrate benefit in terms of preventing 
relapses or affording a steroid-sparing benefit. A3  Treatment with abatacept, a 
costimulatory molecule blocker, has recently been shown in a randomized 
blinded placebo-controlled trial to result in a modest benefit in terms of relapse-
free survival at 12 months A4  and is presently being evaluated in a larger trial.

 FUTURE DIRECTIONS
Better understanding of the disease-causing roles of immunologically active 
cells and their cytokine products, along with genetics and correlations with 
clinical subsets, will lead to more focused treatment modalities and the avoid-
ance of the need for long-term treatment with steroids. A recently published 
cohort study revealed that GCA is associated with increased risks for myocardial 
infarction, stroke, and peripheral vascular disease,13 suggesting that greater 
attention should be paid to cardiovascular risk reduction in patients with this 
disease.
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REVIEW QUESTIONS

1. A 74-year-old gentleman presents with a 7-week history of increasing gen-
eralized shoulder and hip pain, morning stiffness, low-grade fevers, and a 
dry cough. He was found to be anemic with a hemoglobin of 9.7 and had 
a thrombocytosis with a platelet count of 642 and an elevated sedimenta-
tion rate of 114. A search for infection and neoplasia has been unrevealing, 
including a bone marrow biopsy, which did not suggest a myeloproliferative 
neoplasm. He denies headaches, visual symptoms, or jaw claudication. The 
patient has reluctance regarding any further interventional procedures. 
Which of the following would be the best option to establish his 
diagnosis?
 A. A computed tomographic (CT) angiogram with imaging of the aortic 

arch and its major branches
 B. A conventional angiogram
 C. Duplex ultrasound of his temporal arteries and axillae
 D. A positron emission tomography (PET) scan
 E. Bilateral temporal artery biopsies

Answer: E The patient likely has GCA. Although PET scanning, duplex 
ultrasound of temporal arteries, and CT angiography may be helpful in some 
patients, a temporal artery biopsy remains the gold standard and is the most 
specific if the biopsy can be established. Duplex sonography has yet to be 
proved reliably accurate. PET scanning and angiography, although potentially 
helpful, can provide false-positive results in patients with severe atherosclerosis 
and false-negative results in patients without clear evidence of large vessel 
disease. Polymyalgia rheumatica (PMR) may be a possibility here (and this 
patient indeed has PMR), but the presence of dry cough and degree of inflam-
matory response makes concurrent GCA a pressing concern.

2. A 77-year-old woman with a history of diabetes, osteoporosis, and modest 
alcohol use presents with 3 weeks of headaches and feeling systemically 
unwell and then loss of vision in her left eye 2 days ago. She is found to 
be anemic with a markedly elevated sedimentation rate, and a temporal 
artery biopsy confirms the diagnosis of GCA. She is started on 60 mg of 
daily prednisone. Which of the following would be an appropriate additional 
intervention at this point?
 A. Add Infliximab 5 mg/kg monthly as a steroid-sparing intervention.
 B. Add methotrexate 10 mg weekly with the hope of titrating that to 15 mg 

weekly to afford a steroid-sparing benefit.
 C. Change her corticosteroid regimen to 120 mg on alternate days and 

plan an alternate day taper from there.
 D. Add low-dose aspirin daily to her regimen.
 E. Initiate treatment with tocilizumab 162 mg subcutaneously weekly, and 

discontinue corticosteroid therapy.
Answer: D Patients with GCA often struggle with comorbidities that raise 
concerns regarding prolonged exposure to corticosteroids. There is at this 
time, however, no proven steroid-sparing intervention that can decrease the 
risk for cranial ischemic complications. Tocilizumab has been demonstrated 
to afford a corticosteroid sparing benefit, and may be appropriate as initial 
therapy for GCA in such patients, but has been used in conjunction with 
corticosteroids in the trials which have demonstrated efficacy. Encouragingly, 
relatively brief courses of corticosteroids (6 months) were used without resul-
tant ischemic complications in the largest clinical trial. Low-dose aspirin has 
been shown in two retrospective studies to be likely protective against cranial 
ischemic complications, so if there is no contraindication, that would be an 
appropriate intervention. Methotrexate has been shown in one trial in one 
individual meta-analysis to have a corticosteroid benefit in terms of cumulative 
steroid dose and also reduced risk for flares, but in the largest multicenter 
study addressing its efficacy, it was not shown to be superior to placebo. More-
over, in this patient with comorbidities including diabetes and alcohol use, 
methotrexate could be morbid, so this would not seem an appropriate inter-
vention at this point. Infliximab has been shown in a randomized, double-
blinded, placebo-controlled trial not to be helpful in the treatment of GCA 
and can increase risk for infection in this patient already on high doses of 
corticosteroids with underlying diabetes. Alternate-day corticosteroid therapy 
has been shown to increase the risk for later flare and is not generally employed 
in GCA, particularly early in the course of treatment.

3. A 72-year-old man presents with a 2-month history of morning stiffness, 
mild synovitis in his knees, puffiness in his hands in the early morning 
hours, and severe shoulder and thigh girdle myalgias. He is mildly anemic 
with hemoglobin of 11.6 and has a markedly elevated sedimentation rate 
at 82. He is seronegative for rheumatoid factor, citric citrullinated peptide 
(CCP), and antineutrophil cytoplasmic antibodies. He has no evidence 
of peripheral joint erosions on plain radiographs. Which of the following 
would be the most appropriate therapeutic intervention at this point?
 A. Begin naproxen 500 mg twice daily.
 B. Begin methotrexate 10 mg weekly with the hope of bringing that dose 

up to 15 mg weekly in the next few weeks.
 C. Begin methylprednisolone 12 mg daily.
 D. Begin hydroxychloroquine 200 mg twice daily.
 E. Begin methylprednisolone 12 mg daily along with methotrexate 10 mg 

weekly with a plan to taper the corticosteroids to off over the next 4 
weeks.

Answer: C The patient described has PMR but presents with some peripheral 
synovitis, which can be seen in up to 10 to 15% of patients with PMR. The 
patient clinically is unlikely to have rheumatoid arthritis in the absence of 
seropositivity for rheumatoid factor and CCP, has typical shoulder and thigh 
girdle myalgias and morning stiffness, and does not have evidence of erosive 
disease radiographically. An initial trial of methylprednisolone 12 mg daily 
would have both therapeutic and likely diagnostic value because if his response 
is spectacular, that would strongly argue for PMR and continuing that approach 
to therapy. Although methotrexate and hydroxychloroquine have been agents 
of interest in polymyalgia rheumatica, their use has not been well established 
in double-blinded, placebo-controlled trials. One study suggesting a benefit 
to methotrexate in PMR did not demonstrate a benefit in terms of reducing 
numbers of corticosteroid-related adverse events, and at longer term follow-
up, the initial benefits seen by the addition of methotrexate did not seem to 
persist. Naproxen would be unlikely to afford adequate relief to this patient 
and, given his comorbidities, would likely be as problematic if not more prob-
lematic than a trial of corticosteroids.

4. An 80-year-old gentleman with a prior history of GCA successfully treated 
7 years earlier presents with searing chest pain. His past medical history 
is otherwise only notable for borderline hypertension. He was successfully 
treated with a 1-year course of steroids but has been free of corticosteroids 
for 3 years. He has been feeling systemically well until recently. He had 
not seen a physician in 2 years. Which of the following explanations for 
his chest pain is of primary concern?
 A. Dissecting thoracic aneurysm
 B. Acute pericarditis
 C. A myocardial infarction related to his increased risk for atherosclerosis 

given his prior history of GCA
 D. Costochondritis related to a flare of PMR
 E. Rib fracture

Answer: A Patients with a prior history of GCA are at increased risk for 
thoracic aortic aneurysms, even several years after completing therapy without 
evidence of residual active disease. The searing quality of his pain and his 
prior history of treated GCA make this a concern that should not be missed. 
The quality of his pain did not sound suggestive of a myocardial infarction, 
and patients with GCA have not been demonstrated to be at increased risk 
for atherosclerotic heart disease, although the possibility of that association 
has been of interest. Patients with GCA are not particularly at a higher risk 
for pericarditis. Although PMR can arise even years after successfully treated 
GCA (or even years after successfully treated PMR), the quality of his pain 
does not sound suggestive thereof, and costochondritis would not typically 
be a feature of PMR. The quality of the pain described did not sound sugges-
tive of a rib fracture, but moreover that would be a diagnosis that could be 
overlooked at least initially without putting the patient at increased risk for a 
serious cardiovascular compromise.
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Answer: E This patient presented with fairly typical PMR symptoms but in 
addition had low-grade fevers, which can be seen but are not as common as 
they are in GCA. Moreover, she was somewhat anemic. Her lack of response 
to 12 mg and then even 16 mg of daily methylprednisolone makes PMR unlikely 
unless in the context of a more substantial inflammatory disease such as GCA. 
GCA is found in approximately 10% of patients with “pure” PMR, and con-
versely, up to 50% of patients with GCA can present with PMR-like 
symptoms.

5. A 72-year-old woman had presented with an 8-week history of progressively 
increasing morning stiffness, shoulder and thigh girdle myalgias and arthral-
gias, and fatigue. An extensive search for underlying infection and age-
appropriate screening for underlying neoplasm were unrevealing. A serum 
immunofixation did not reveal a monoclonal gammopathy. She was found 
to be anemic with a hemoglobin of 10.7 and had a sedimentation rate of 
108. She denied any headaches, scalp sensitivity, jaw claudication, or visual 
symptoms. She admitted to low-grade fevers but not greater than 100° F. 
PMR was suspected, and she was treated with methylprednisolone 12 mg 
daily in divided doses. Three days later, she called to report no significant 
improvement in her symptoms. It was suggested that her dose be raised 
to 16 mg daily in divided doses. She comes in for evaluation still complain-
ing of similar myalgias and arthralgias, and her sedimentation rate remains 
elevated at 62, although her hemoglobin improved slightly to 10.9. Which 
of the following would be an appropriate next intervention?
 A. Add methotrexate as a disease-controlling/steroid-sparing intervention.
 B. Add infliximab to help achieve disease control.
 C. Refer her for a bone marrow biopsy to exclude underlying myelopro-

liferative or lymphoproliferative disease.
 D. Add hydroxychloroquine 400 mg daily.
 E. Refer her for a temporal artery biopsy and raise the methylprednisolone 

to 32 mg daily.
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256 
INFECTIONS OF BURSAE, JOINTS, 
AND BONES
ERIC L. MATTESON AND DOUGLAS R. OSMON

 INFECTION OF BURSAE
 Septic Bursitis

 DEFINITION
Bursae are the satellite structures that form to protect tissues from bony promi-
nences. The superficial bursae, including the olecranon, prepatellar, infrapatellar, 
and bursae over the first metatarsophalangeal bunions, are more likely to 
become infected than are the deep bursae, such as the subacromial, trochan-
teric, and iliopsoas bursae.
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ABSTRACT
Septic bursitis, arthritis, and osteomyelitis most commonly result from direct 
inoculation through the skin, by hematologic spread, or following bone and 
joint surgery. Predisposing factors include immune-compromised state, auto-
immune diseases, diabetes mellitus, alcoholism, and antecedent surgery, includ-
ing bowel and bladder procedures and joint arthroplasty. Diagnosis is based 
on diagnostic suspicion and frequently elevated acute phase reactants such 
as the sedimentation rate and C-reactive protein, elevated white blood cell 
count, and identification of causative organisms by culture and serologic iden-
tification in joint or bursal fluid or blood, or in some cases, especially fungal 
infections and tuberculosis, on tissue biopsy. Magnetic resonance imaging, 
computed tomography, and radiography, as well as nuclear medicine techniques, 
aid in identification of infection foci. Initial treatment of suspected bacterial 
and fungal infection is empirical, guided by the clinical presentation and 
informed by identification of the causative organism. Surgical treatment includes 
débridement of the affected musculoskeletal structure, and management of 
prosthetic joint infections requires débridement with initial retention of the 
prosthesis, resection arthroplasty, or sometimes amputation. Successful man-
agement is dependent on the medical and surgical therapies employed, ensuring 
adequate vascularization of the affected tissues, and ability to manage comor-
bidities such as diabetes mellitus.
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 CLINICAL MANIFESTATIONS
Most patients with bacterial arthritis feel ill and have fever. Immuno-
compromised and elderly patients may not have a marked febrile response. 
Most cases (>80%) of septic arthritis are monoarticular; the knee is involved 
in more than 50% of cases. Polyarticular joint sepsis may be seen in immuno-
compromised patients and those with rheumatoid arthritis or systemic lupus 
erythematosus. Such patients frequently lack typical signs and symptoms of 
infection and may not appear to be particularly ill at presentation, but they 
may have rapid cardiovascular decompensation. This is particularly true for 
patients who are taking glucocorticosteroids, other immunosuppressive agents, 
and biologic response modifiers, including tumor necrosis factor-α (TNF-α)  
inhibitors.

Patients with septic arthritis affecting nondiarthrodial joints, such as the 
acromioclavicular or sacroiliac joints, may have a history of intravenous drug 
use or may have intravenous catheters in place to treat other medical condi-
tions. Infection of the symphysis pubis is associated with previous urinary 
tract or gynecologic surgery, pelvic malignancy, intravenous drug use, or vigor-
ous weight-bearing physical activity, such as long-distance running, in female 
athletes.

A finding of microorganisms in the joint should lead to an appropriate 
history and physical examination to identify a source of hematogenous infec-
tion, such as cellulitis, pneumonia, or urinary tract infection. Staphylococci 
and β-hemolytic streptococci may enter directly through open wounds, 
whereas Gram-negative infection may be associated with bowel or bladder  
disease.

 DIAGNOSIS
The diagnosis of septic arthritis is challenging because its signs and symptoms 
overlap those of other nonseptic inflammatory joint diseases (e.g., osteoar-
thritis, gout, rheumatoid arthritis, and juvenile rheumatoid arthritis), diseases 
that themselves can increase the risk for septic arthritis.3 Plain radiography 
should be performed to evaluate the surrounding bones and joint space and 
to provide a baseline for comparison after therapy is completed. Imaging 
modalities such as magnetic resonance imaging (MRI), CT, and plain radi-
ography are useful to determine whether there is associated osteomyelitis and 
in cases of diagnostic uncertainty.4 Blood cultures are positive in up to 50% 
of patients with bacterial septic arthritis and should be obtained in all patients 
in whom this diagnosis is suspected. If septic arthritis is suspected, synovial 

 PREVENTION
Because superficial septic bursitis is often associated with occasional or avo-
cational activities involving kneeling or resting on the elbows, using protective 
padding may be helpful.

 PROGNOSIS
The optimal duration of therapy is unknown, but prognosis of superficial 
bursitis is generally excellent. The presence of comorbid conditions, especially 
those associated with deep bursal infections, including septic arthritis, bac-
teremia, and osteomyelitis, is associated with more intractable and difficult 
disease.

 INFECTION OF JOINTS
 Septic Arthritis

 DEFINITION
Septic arthritis refers to infection of a joint by a microorganism. It is associated 
with increased morbidity and mortality as well as loss of articular integrity 
and function.2 Septic arthritis is usually caused by a bacterial infection. Other 
microorganisms can cause infections with clinical characteristics that differ 
from those of bacterial infections; these are reviewed separately.

 NONGONOCOCCAL SEPTIC ARTHRITIS

 EPIDEMIOLOGY
The incidence of septic arthritis affecting native joints is about 5 to 8 in 100,000 
patient years. Among patients presenting with an acutely swollen and painful 
joint, the prevalence of bacterial arthritis ranges widely, from less than 10% 
to as high as 27%, depending on the source population. Nongonococcal septic 
arthritis is the most common form of septic arthritis and is somewhat more 
common in men than in women.

 PATHOBIOLOGY
More than 90% of cases of septic arthritis are due to staphylococci or strep-
tococci (Table 256-1). Septic arthritis can result from direct inoculation (e.g., 
accidents, bites, surgery) or by extension from infected bone into an adjacent 
joint space. Approximately 75% of cases are due to hematogenous spread, 
particularly in patients with indwelling catheters and immunocompromised 
patients. Septic arthritis due to needle arthrocentesis (<1 in 10,000 procedures) 
or arthroscopy (4 cases per 1000 to 10,000 procedures) is very rare.

Bacteria causing septic arthritis produce an acute inflammatory reaction in 
the synovial membrane. Synovial hyperplasia and inflammatory cell immigra-
tion with the release of pro-inflammatory and cartilage-destroying cytokines 
and proteases result in damage to cartilage and bone. Bacterial toxins and 
DNA and superantigens, such as those seen in staphylococcal toxic shock 
syndrome, also contribute to cartilage and bone damage.

Risk factors for the development of septic arthritis include penetrating 
trauma, diabetes, alcoholism, cutaneous ulcers, intravenous drug use, prosthetic 
joints, rheumatoid arthritis, osteoarthritis, and low socioeconomic status, as 
well as advanced age, skin infection, indwelling intravenous catheters, cancer, 
and immunosuppressive therapies, including biologic response modifiers used 
in the management of autoimmune diseases such as rheumatoid arthritis and 
inflammatory bowel disease.

 EPIDEMIOLOGY
Olecranon bursitis may occur in as many as 10 in 100,000 persons. The major-
ity of cases occur in men, and antecedent trauma to the skin is frequent.

 PATHOBIOLOGY
Septic bursitis of superficial bursae is most commonly due to direct inocula-
tion through the overlying skin; less commonly, it is secondary to overlying 
cellulitis. Most cases of deep septic bursitis are due to contiguous spread from 
adjacent infected joints or hematogenous seeding.

Predisposing risk factors for septic bursitis include trauma to the skin. For 
example, olecranon septic bursitis may occur in plumbers, athletes, and patients 
with chronic obstructive pulmonary disease (COPD) who frequently lean on 
their elbows; prepatellar or infrapatellar septic bursitis can occur in house-
cleaners, gardeners, and carpet layers. At least one third of patients with septic 
bursitis have an underlying comorbid illness such as diabetes mellitus, rheu-
matoid arthritis, gout, COPD, or alcoholism.

 CLINICAL MANIFESTATIONS
In immune-competent patients, septic bursitis often but not always presents 
with fever and erythema and warmth of the overlying skin; there may be 
swelling of the bursae. In contrast to those with septic arthritis, patients with 
septic bursitis of superficial bursae have intact range of motion of the joints, 
which may be limited only at the extremes of flexion.1 Pain on motion of the 
joint and restriction of joint range of motion are highly suggestive of septic 
arthritis. Acute phase reactants such as C-reactive protein, the sedimentation 
rate, and the white blood cell count (WBC) may be elevated.

 DIAGNOSIS
Radiography should be performed to look for a foreign body and to evaluate 
the surrounding bones. Aspiration of bursal fluid is helpful in the diagnosis 
of patients who have pain, erythema, and/or swelling of an affected area. 
However, given the risk for contaminating the bursa if the aspiration occurs 
through cellulitic skin, many clinicians choose to aspirate a bursa only if empiri-
cal antimicrobial therapy has failed. Ultrasound or computed tomography 
(CT) guidance greatly enhances the successful aspiration of superficial bursae. 
Care must be taken not to violate the joint space when aspirating a bursa to 
avoid inoculating it.

The leukocyte count of the bursal fluid is generally lower than that seen in 
septic arthritis, with a mean of 13,500 cells/μL. Even in immune-competent 
hosts, cell counts can range from less than 1500/μL to greater than 100,000/μL. 
A leukocyte count greater than 2000/μL has a sensitivity of 94% and a speci-
ficity of 79% for superficial (olecranon or prepatellar) bursitis. Bacterial culture 
and in vitro susceptibilities must be obtained; if additional fluid is available, 
a Gram stain may be obtained, although its sensitivity may be as low as 15%. 
The presence of crystals does not exclude the possibility of septic bursitis 
(Chapter 257).

Staphylococcus aureus (Chapter 272) is the most common cause of septic 
bursitis, present in more than 80% of culture-proven cases, followed by 
β-hemolytic streptococci. Aerobic gram-negative bacilli, including Escherichia 
coli, Campylobacter jejuni, and Pseudomonas species, are rare causes of septic 
bursitis. Chronic bursitis may be associated with systemic infections due to 
Brucella abortus, atypical mycobacteria, or Mycobacterium tuberculosis, as well 
as fungi; the presence of these infections should raise the possibility of systemic 
infection.

Differential Diagnosis
In the immune-competent host, nonseptic bursitis (Chapter 247) may have 
a somewhat more indolent presentation than septic bursitis. The differential 
diagnosis includes gout, pseudogout, arthritis, and trauma with hemobursa. 
An overlying cellulitis may be confused with bursitis. Fever is usually not 
present in nonseptic bursitis because of mechanical or friction trauma.

Treatment of septic bursitis is guided by knowledge of the putative underlying 
organisms, in most cases, S. aureus. Because the Gram stain is positive in less than 
two thirds of patients and cultures may be delayed, empirical therapy is guided 
by the clinical presentation. Most patients can be treated as outpatients, but those 
who are immunocompromised may require hospitalization for intravenous anti-
biotic therapy. Initial ambulatory treatment in patients without comorbidities may 

TREATMENT 

consist of an oral antistaphylococcal penicillin or first-generation cephalosporin. 
If community-acquired methicillin-resistant S. aureus (MRSA) is suspected, cotri-
moxazole or minocycline may be added to one of these agents. In patients who 
are allergic to penicillin, oral clindamycin or linezolid may be used. Patients who 
have severe inflammation, are septic, or are immunocompromised may require 
hospitalization for initiation of treatment with intravenous nafcillin, oxacillin, or 
cefazolin; if methicillin-resistant Staphylococcus aureus (MRSA) is suspected, intra-
venous vancomycin, daptomycin, or linezolid should be used (Chapter 272). Van-
comycin can also be used in patients who are allergic to penicillin.

The duration of antimicrobial therapy is guided by the clinical response and 
comorbid conditions. It should be continued until there is no longer bursal 
inflammation. This may require several weeks of intravenous or oral therapy 
and multiple aspirations. Failure of the septic bursitis to respond to initial anti-
biotic therapy mandates a second course of therapy; recurrence thereafter or 
inability to adequately drain the bursa with needle aspiration is an indication 
for surgical intervention.
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 CLINICAL MANIFESTATIONS
Most patients with bacterial arthritis feel ill and have fever. Immuno-
compromised and elderly patients may not have a marked febrile response. 
Most cases (>80%) of septic arthritis are monoarticular; the knee is involved 
in more than 50% of cases. Polyarticular joint sepsis may be seen in immuno-
compromised patients and those with rheumatoid arthritis or systemic lupus 
erythematosus. Such patients frequently lack typical signs and symptoms of 
infection and may not appear to be particularly ill at presentation, but they 
may have rapid cardiovascular decompensation. This is particularly true for 
patients who are taking glucocorticosteroids, other immunosuppressive agents, 
and biologic response modifiers, including tumor necrosis factor-α (TNF-α)  
inhibitors.

Patients with septic arthritis affecting nondiarthrodial joints, such as the 
acromioclavicular or sacroiliac joints, may have a history of intravenous drug 
use or may have intravenous catheters in place to treat other medical condi-
tions. Infection of the symphysis pubis is associated with previous urinary 
tract or gynecologic surgery, pelvic malignancy, intravenous drug use, or vigor-
ous weight-bearing physical activity, such as long-distance running, in female 
athletes.

A finding of microorganisms in the joint should lead to an appropriate 
history and physical examination to identify a source of hematogenous infec-
tion, such as cellulitis, pneumonia, or urinary tract infection. Staphylococci 
and β-hemolytic streptococci may enter directly through open wounds, 
whereas Gram-negative infection may be associated with bowel or bladder  
disease.

 DIAGNOSIS
The diagnosis of septic arthritis is challenging because its signs and symptoms 
overlap those of other nonseptic inflammatory joint diseases (e.g., osteoar-
thritis, gout, rheumatoid arthritis, and juvenile rheumatoid arthritis), diseases 
that themselves can increase the risk for septic arthritis.3 Plain radiography 
should be performed to evaluate the surrounding bones and joint space and 
to provide a baseline for comparison after therapy is completed. Imaging 
modalities such as magnetic resonance imaging (MRI), CT, and plain radi-
ography are useful to determine whether there is associated osteomyelitis and 
in cases of diagnostic uncertainty.4 Blood cultures are positive in up to 50% 
of patients with bacterial septic arthritis and should be obtained in all patients 
in whom this diagnosis is suspected. If septic arthritis is suspected, synovial 

TABLE 256-1 MICROORGANISMS RESPONSIBLE FOR ACUTE SEPTIC ARTHRITIS AND ACUTE AND CHRONIC OSTEOMYELITIS
SEPTIC ARTHRITIS OSTEOMYELITIS: ACUTE AND CHRONIC

MICROORGANISM FREQUENCY (%) MICROORGANISM FREQUENCY (%)

Gram-Positive 60-90 Gram-Positive 80-90
Staphylococcus aureus 50-70 Staphylococcus aureus 60-80
Group A, B, C streptococci 15-30 Group A, B, C streptococci 10-20
Coagulase-negative staphylococci 6-20 Staphylococcus epidermidis 10-15
Streptococcus pneumoniae 1-3 Streptococcus pneumoniae <1
Enterococcus sp <1 Enterococcus sp 1-2
Corynebacterium sp <1 Corynebacterium sp 1-2

Gram-Negative 5-25 Gram-Negative 5-20
Salmonella sp Salmonella sp
Pseudomonas aeruginosa Enterobacter sp
Escherichia coli Pseudomonas aeruginosa
Klebsiella pneumoniae Brucella sp
Enterobacter sp Pasteurella multocida
Kingella kingae Bartonella henselae
Haemophilus influenzae <1-3* Propionibacterium sp

Anaerobes 1-2 Anaerobes
Fusobacterium sp Bacteroides sp
Bacteroides fragilis

Miscellaneous <5 Miscellaneous 5-7
Mycoplasma Mycobacterium sp
Mycobacterium sp Fungi (candidiasis, coccidioidomycosis, blastomycosis, histoplasmosis)
Fungi
Viruses
Algae
*Children.

fluid arthrocentesis is indicated,5 and the fluid should be examined for bacte-
rial culture and Gram stain; the latter is positive in only about 50% of patients. 
Specific cultures and stains for fungal and mycobacterial organisms should 
be done if there is a history of exposure or if antibacterial therapy has failed. 
Polymerase chain reaction (PCR) assays may be helpful for diagnosing less 
common joint infections such as Borrelia, but the value of PCR over standard 
culture for the diagnosis of staphylococcal or streptococcal joint infection has 
not yet been demonstrated. Other helpful examinations include leukocyte 
count and differential as well as evaluation of the synovial fluid for the pres-
ence of crystals (Chapter 257). The presence of gout or pseudogout crystals 
does not exclude the possibility of septic arthritis, particularly in patients 
whose WBC is above 50,000/μL.

A frequent clinical scenario is the patient who is anticoagulated. Because 
of the rapidly destructive nature of septic arthritis and the often profound 
systemic consequences, therapeutic anticoagulation is not a contraindication 
to arthrocentesis. The procedure may be assisted by ultrasound guidance, 
especially when only a small amount of joint fluid is present or when the joint 
is difficult to aspirate. CT-guided arthrocentesis is particularly useful for aspi-
ration of deep joints such as the hips and nondiarthrodial joints.

The total WBC and differential in synovial fluid is helpful in distinguish-
ing infected from noninfected joints in immunocompetent patients. A diag-
nosis of septic arthritis is present in 47% of patients with a synovial WBC 
greater than 50,000/μL and in 77% of patients with a WBC greater than  
100,000/μL. It is important to realize that a WBC less than 50,000/μL, espe-
cially in immunocompromised patients, can be associated with septic arthritis, 
so the absolute WBC in synovial fluid is not, by itself, a reliable way to confirm 
or exclude a diagnosis of septic arthritis.

Differential Diagnosis
Symptoms of septic arthritis, such as acute joint pain, swelling, and even fever, 
with an increase in acute phase reactants, can be caused by crystalline arthritis 
(Chapter 257), especially pseudogout and gout, as well as psoriatic arthritis 
and reactive arthritis (Chapter 249). In patients who have preexisting inflam-
matory joint disease, such as rheumatoid arthritis, septic arthritis may be 
suspected if there is a sudden onset of acute or subacute monoarticular or 
pauciarticular joint swelling when the disease is otherwise well controlled. 
The presence or absence of fever is not a reliable indicator of an infected joint 
(Fig. 256-1).
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agents, and possibly other biologic response modifiers used in the treat-
ment of rheumatoid arthritis and other autoimmune diseases may increase 
the risk for fungal infections. The infections are often systemic and may be 
indolent. An understanding of the epidemiology of the organisms as well as 
the patient’s risk factors, including occupational and avocational risk factors, 
is essential to the diagnosis. The most common fungi in the United States 
include Blastomyces dermatitidis, Coccidioides immitis, and Histoplasma capsula-
tum. Sporothrix schenckii fungal infections may be seen especially in gardeners. 
More unusual infections occur in immunocompromised patients, including 
Aspergillus, Candida, Cryptococcus, and Nocardia. The reader is referred to 
the specific chapters regarding these organisms for up-to-date antimicrobial  
recommendations.

 LYME ARTHRITIS
Lyme disease (Chapter 305) usually causes oligoarticular arthritis, most com-
monly affecting the knee. Antibiotic treatment, as outlined in Chapter 305, 
is effective. Polyarticular disease affecting the small joints has been associated 
with HLA-DR4, which is found in greater frequency in patients with rheu-
matoid arthritis.

 MYCOPLASMA ARTHRITIS
Mycoplasma hominis (Chapter 301) causes an oligoarticular or monoarticular 
arthritis. Risk factors include an immunocompromised state and hypogam-
maglobulinemia. The treatment of choice is tetracyclines, usually doxycycline; 
alternatively, clindamycin or fluoroquinolones can be used.

 TUBERCULOUS ARTHRITIS
Most cases of tuberculosis (TB) (Chapter 308) in Canada, the United States, 
Western Europe, Australia, and New Zealand occur in immigrants. The arthritis 
is usually monoarticular or oligoarticular, affecting larger joints, and TB should 
be suspected in patients who have refractory monoarticular or pauciarticular 
arthritis thought to be secondary to another bacterial infection or to a systemic 
inflammatory disease such as rheumatoid arthritis.11 TB screening is manda-
tory for all patients before beginning treatment with immunosuppressive drugs 
or biologic response modifiers.

The diagnosis of TB may be delayed by a lack of clinical suspicion because 
patients may not have pulmonary disease. Atypical mycobacterial infection 
may occur in fishermen and immunocompromised patients. Appropriate 
treatment for septic arthritis due to TB is based on guidelines and in vitro 
susceptibility testing, but it often includes isoniazid, ethambutol, or rifampin 
and pyrazinamide as empirical therapy (Chapter 308). Atypical mycobacte-
ria are often not susceptible to traditional antituberculous agents, and infec-
tious disease consultation is recommended. Patients with a history of TB 
in whom anti-TNF therapies are being considered should be appropriately 
treated for TB before these drugs are started. Patients with a positive puri-
fied protein derivative (PPD) test or QuantiFERON assay for TB without a 
history of diagnosed tuberculosis should be treated prophylactically for several 
months before starting anti-TNF therapy. Clinical suspicion and culture of 
synovial fluid or synovial membrane obtained at biopsy are essential to the  
diagnosis.

 SYPHILIS
Musculoskeletal involvement by syphilis (Chapter 303) is manifold and includes 
monoarticular or oligoarticular arthritis, polyarthralgias, tenosynovitis, sac-
roiliitis, spondylitis, chondritis, osteitis, and periostitis. Charcot joints, osteitis, 
and chronic arthritis are typical of tertiary syphilis. Most patients with syphilis-
related arthritis can be treated successfully. Arthritis may complicate congenital, 
secondary, and tertiary syphilis.

 PROSTHETIC JOINT INFECTION
More than 1 million joint replacements (Chapter 260) are done each year in 
the United States, and this number continues to increase. Infection occurs in 
0.3 to 1.7% of hip arthroplasties and 0.8 to 1.9% of knee arthroplasties, and 
the infection risk is two-fold to three-fold higher in patients with rheumatoid 
arthritis. Prosthetic joint infections are classified as (1) early infections, occur-
ring within 3 months of joint replacement; (2) delayed infections, occurring 
3 months to about 1 year after joint replacement; and (3) late infections, 
occurring more than 1 to 2 years after joint replacement. Infections occurring 
within the first year are usually related to the implantation surgery itself, and 
late infections are usually due to hematogenous spread.

The development of a bacterial biofilm on the prosthetic joint is character-
istic of prosthetic joint infection, increasing the susceptibility to infection in 

patients with gonorrhea (Chapter 283). Many of these patients have arthritis. 
Disseminated gonococcal infection and septic arthritis due to N. gonorrhoeae 
occur two to three times more often in women than in men. Most patients 
do not have a recent history of a symptomatic genital infection. The incidence 
of gonococcal arthritis is 133 cases per 100,000 population per year. Predis-
posing factors for disseminated gonococcal infection with arthritis include 
pregnancy, recent menstruation, complement deficiencies (C5, C6, C7, or 
C8), and systemic lupus erythematosus.

 CLINICAL MANIFESTATIONS
Patients with gonococcal arthritis usually present with one of two clinical 
syndromes. The first is a purulent arthritis without skin lesions; the second 
is the triad of tenosynovitis, dermatitis, and polyarthralgias without purulent 
arthritis. The latter patients may have bacteremia and fever as well as macu-
lopapular, vesicular, necrotic, pustular skin lesions anywhere on the integument. 
The arthritis is usually asymmetrical and may involve large or small joints, 
typically the elbows and knees or joints distal to these.

 DIAGNOSIS
A high degree of clinical suspicion is required for diagnosis because many 
patients are asymptomatic for the primary infection. A thorough joint evalu-
ation is important, as is an evaluation of soft tissues, particularly for tenosy-
novitis affecting the hands and feet. Cultures of blood, endocervix, and urethra 
are essential; cultures of the pharynx and rectum may be very helpful. N. 
gonorrhoeae is isolated in less than 30% of patients with the tenosynovitis-
dermatitis syndrome and in about 50% of those with monoarthritis. PCR 
may be used to detect the gonococcal DNA in synovial fluid, skin lesions, 
urine, and throat samples, which are culture negative. Cultures should be 
submitted on Thayer-Martin media. Patients with suspected gonococcal arthritis 
should be screened for other coexisting sexually transmitted infections (Chapter 
269) such as syphilis, HIV, and chlamydia, as well as hepatitis B and C.

TREATMENT 
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As soon as the joint has been aspirated and, ideally, after blood cultures 
have been obtained, prompt treatment with antibiotics must be instituted. 
Removal of purulent material and, where appropriate, débridement are essential. 
The choice of empirical antimicrobial therapy is based on which organisms are 
thought to be the likely cause of the septic arthritis and on the results of Gram 
stain and culture. No advantage of one antibiotic regimen over another has 
been demonstrated. If the initial Gram stain of the synovial fluid reveals gram-
positive cocci, vancomycin is recommended, given the increasing frequency 
of infection due to MRSA and the need to initiate effective antimicrobial therapy 
as soon as possible. Daptomycin, linezolid, and ceftaroline are alternative agents. 
If the initial Gram stain reveals gram-negative bacilli, an agent with broad cov-
erage, including activity against Pseudomonas aeruginosa, is recommended. 
Such agents include ceftazidime, cefepime, imipenem, meropenem, piperacillin-
tazobactam, and intravenous ciprofloxacin. If the Gram stain is negative, van-
comycin alone in immunocompetent patients or in those unlikely to have 
gram-negative infection based on history and examination, or vancomycin 
plus one of the gram-negative antibacterials listed, is reasonable. When culture 
and in vitro susceptibility results are available, therapy can be modified. The 
duration of antibacterial therapy usually ranges from 2 to 6 weeks, with data 
suggesting that one aspiration and 2 weeks of therapy are usually adequate, 
at least in children.

The role of arthroscopic versus needle versus open drainage of the joint 
remains unsettled.6 Surgical management is appropriate for septic arthritis of 
the hip, for patients who fail to respond to serial needle aspiration and antibiotic 
therapy, and for patients who appear to be developing life-threatening com-
plications such as necrotizing fasciitis. No studies have demonstrated the utility 

TREATMENT of lavage with or without synovectomy by arthroscopy versus arthrotomy or 
débridement. Patients should be mobilized as rapidly as possible to prevent 
joint contractures. The concomitant use of oral dexamethasone for 4 days can 
lead to more rapid symptomatic improvements in children, A1  but no random-
ized trials have been reported in adults.

 PREVENTION
In patients requiring immunosuppression or glucocorticosteroid therapy to 
manage their underlying diseases, every effort should be made to use the 
lowest possible dose of these medications.

 PROGNOSIS
Up to one third of patients with septic arthritis have a poor functional outcome, 
particularly older patients, patients with preexisting diseases of the joints such 
as osteoarthritis or rheumatoid arthritis, and patients with prosthetic joints. 
Poor joint outcome is associated with S. aureus infection in more than 50% 
of patients; mortality may be as high as 10 to 15%, particularly in patients 
who are immunocompromised or have polyarticular sepsis.

 GONOCOCCAL SEPTIC ARTHRITIS

 EPIDEMIOLOGY
Neisseria gonorrhoeae (Chapter 283) is a common cause of polyarthralgias 
and arthritis as well as oligoarticular arthritis and tenosynovitis in young, 
healthy patients. Disseminated gonococcal infection occurs in 0.5 to 3% of 

 Viral Arthritis
Patients with viral syndromes may have polyarthralgias or inflammatory poly-
arthritis, which can mimic rheumatoid arthritis (Chapter 248). The most 
common viral infections associated with arthritis include hepatitis A, B, and 
C; cytomegalovirus; parvovirus B19; rubella; measles; and HIV. Other forms 
of viral arthritis are caused by adenovirus, echovirus, Epstein-Barr virus, and 
herpes zoster in North America and Europe; chikungunya (see later) and 
o’nyong-nyong viruses, especially in Africa; and Ross River virus in Australia. 
Arthritis related to viral infections is likely to be principally reactive in nature, 
rather than being caused by direct synovial infection.

Chikungunya (CHIK) virus infection (Chikungunya fever) is an arthropod-
borne arbovirus infection that over recent decades has dispersed unexpectedly 
from tropical and subtropical regions of Africa and Asia to affect millions of 
people worldwide7 as an emerging threat to global public health.8 The illness 
occurs in two phases: an acute viremia followed by a chronic arthritis that 
can be accompanied by severe, incapacitating arthralgia. Attempts to isolate 
CHIK virus from synovial fluid have been unsuccessful,9 and the chronic 
arthritis is now thought to be a postinfectious autoinflammatory disorder 
rather than persistent viral infection. It shares many clinical features with 
rheumatoid arthritis and responds variably to different disease-modifying 
antirheumatic drugs (DMARDs).

 Other Forms of Infectious Arthritis
 FUNGAL ARTHRITIS
Fungal arthritis is unusual and most commonly occurs in immunocompromised 
patients.10 Treatment with high doses of immunosuppressants, anti-TNF 
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agents, and possibly other biologic response modifiers used in the treat-
ment of rheumatoid arthritis and other autoimmune diseases may increase 
the risk for fungal infections. The infections are often systemic and may be 
indolent. An understanding of the epidemiology of the organisms as well as 
the patient’s risk factors, including occupational and avocational risk factors, 
is essential to the diagnosis. The most common fungi in the United States 
include Blastomyces dermatitidis, Coccidioides immitis, and Histoplasma capsula-
tum. Sporothrix schenckii fungal infections may be seen especially in gardeners. 
More unusual infections occur in immunocompromised patients, including 
Aspergillus, Candida, Cryptococcus, and Nocardia. The reader is referred to 
the specific chapters regarding these organisms for up-to-date antimicrobial  
recommendations.

 LYME ARTHRITIS
Lyme disease (Chapter 305) usually causes oligoarticular arthritis, most com-
monly affecting the knee. Antibiotic treatment, as outlined in Chapter 305, 
is effective. Polyarticular disease affecting the small joints has been associated 
with HLA-DR4, which is found in greater frequency in patients with rheu-
matoid arthritis.

 MYCOPLASMA ARTHRITIS
Mycoplasma hominis (Chapter 301) causes an oligoarticular or monoarticular 
arthritis. Risk factors include an immunocompromised state and hypogam-
maglobulinemia. The treatment of choice is tetracyclines, usually doxycycline; 
alternatively, clindamycin or fluoroquinolones can be used.

 TUBERCULOUS ARTHRITIS
Most cases of tuberculosis (TB) (Chapter 308) in Canada, the United States, 
Western Europe, Australia, and New Zealand occur in immigrants. The arthritis 
is usually monoarticular or oligoarticular, affecting larger joints, and TB should 
be suspected in patients who have refractory monoarticular or pauciarticular 
arthritis thought to be secondary to another bacterial infection or to a systemic 
inflammatory disease such as rheumatoid arthritis.11 TB screening is manda-
tory for all patients before beginning treatment with immunosuppressive drugs 
or biologic response modifiers.

The diagnosis of TB may be delayed by a lack of clinical suspicion because 
patients may not have pulmonary disease. Atypical mycobacterial infection 
may occur in fishermen and immunocompromised patients. Appropriate 
treatment for septic arthritis due to TB is based on guidelines and in vitro 
susceptibility testing, but it often includes isoniazid, ethambutol, or rifampin 
and pyrazinamide as empirical therapy (Chapter 308). Atypical mycobacte-
ria are often not susceptible to traditional antituberculous agents, and infec-
tious disease consultation is recommended. Patients with a history of TB 
in whom anti-TNF therapies are being considered should be appropriately 
treated for TB before these drugs are started. Patients with a positive puri-
fied protein derivative (PPD) test or QuantiFERON assay for TB without a 
history of diagnosed tuberculosis should be treated prophylactically for several 
months before starting anti-TNF therapy. Clinical suspicion and culture of 
synovial fluid or synovial membrane obtained at biopsy are essential to the  
diagnosis.

 SYPHILIS
Musculoskeletal involvement by syphilis (Chapter 303) is manifold and includes 
monoarticular or oligoarticular arthritis, polyarthralgias, tenosynovitis, sac-
roiliitis, spondylitis, chondritis, osteitis, and periostitis. Charcot joints, osteitis, 
and chronic arthritis are typical of tertiary syphilis. Most patients with syphilis-
related arthritis can be treated successfully. Arthritis may complicate congenital, 
secondary, and tertiary syphilis.

 PROSTHETIC JOINT INFECTION
More than 1 million joint replacements (Chapter 260) are done each year in 
the United States, and this number continues to increase. Infection occurs in 
0.3 to 1.7% of hip arthroplasties and 0.8 to 1.9% of knee arthroplasties, and 
the infection risk is two-fold to three-fold higher in patients with rheumatoid 
arthritis. Prosthetic joint infections are classified as (1) early infections, occur-
ring within 3 months of joint replacement; (2) delayed infections, occurring 
3 months to about 1 year after joint replacement; and (3) late infections, 
occurring more than 1 to 2 years after joint replacement. Infections occurring 
within the first year are usually related to the implantation surgery itself, and 
late infections are usually due to hematogenous spread.

The development of a bacterial biofilm on the prosthetic joint is character-
istic of prosthetic joint infection, increasing the susceptibility to infection in 

patients with gonorrhea (Chapter 283). Many of these patients have arthritis. 
Disseminated gonococcal infection and septic arthritis due to N. gonorrhoeae 
occur two to three times more often in women than in men. Most patients 
do not have a recent history of a symptomatic genital infection. The incidence 
of gonococcal arthritis is 133 cases per 100,000 population per year. Predis-
posing factors for disseminated gonococcal infection with arthritis include 
pregnancy, recent menstruation, complement deficiencies (C5, C6, C7, or 
C8), and systemic lupus erythematosus.

 CLINICAL MANIFESTATIONS
Patients with gonococcal arthritis usually present with one of two clinical 
syndromes. The first is a purulent arthritis without skin lesions; the second 
is the triad of tenosynovitis, dermatitis, and polyarthralgias without purulent 
arthritis. The latter patients may have bacteremia and fever as well as macu-
lopapular, vesicular, necrotic, pustular skin lesions anywhere on the integument. 
The arthritis is usually asymmetrical and may involve large or small joints, 
typically the elbows and knees or joints distal to these.

 DIAGNOSIS
A high degree of clinical suspicion is required for diagnosis because many 
patients are asymptomatic for the primary infection. A thorough joint evalu-
ation is important, as is an evaluation of soft tissues, particularly for tenosy-
novitis affecting the hands and feet. Cultures of blood, endocervix, and urethra 
are essential; cultures of the pharynx and rectum may be very helpful. N. 
gonorrhoeae is isolated in less than 30% of patients with the tenosynovitis-
dermatitis syndrome and in about 50% of those with monoarthritis. PCR 
may be used to detect the gonococcal DNA in synovial fluid, skin lesions, 
urine, and throat samples, which are culture negative. Cultures should be 
submitted on Thayer-Martin media. Patients with suspected gonococcal arthritis 
should be screened for other coexisting sexually transmitted infections (Chapter 
269) such as syphilis, HIV, and chlamydia, as well as hepatitis B and C.

Ceftriaxone is given for 2 to 4 days, followed by oral therapy to complete a 
minimum of 7 days of therapy, although up to 14 days of therapy is recom-
mended. There is emerging resistance to fluoroquinolones, and unless specific 
in vitro susceptibility testing is available, their use is not recommended. Patients 
should also be treated for concomitant chlamydia with the regimens recom-
mended by the U.S. Centers for Disease Control and Prevention (CDC). Most 
patients respond well to outpatient therapy, with complete resolution of the 
infection. Given emerging antimicrobial resistance, the most recent CDC guide-
lines for treating N. gonorrhoeae should be reviewed.

TREATMENT 

 Viral Arthritis
Patients with viral syndromes may have polyarthralgias or inflammatory poly-
arthritis, which can mimic rheumatoid arthritis (Chapter 248). The most 
common viral infections associated with arthritis include hepatitis A, B, and 
C; cytomegalovirus; parvovirus B19; rubella; measles; and HIV. Other forms 
of viral arthritis are caused by adenovirus, echovirus, Epstein-Barr virus, and 
herpes zoster in North America and Europe; chikungunya (see later) and 
o’nyong-nyong viruses, especially in Africa; and Ross River virus in Australia. 
Arthritis related to viral infections is likely to be principally reactive in nature, 
rather than being caused by direct synovial infection.

Chikungunya (CHIK) virus infection (Chikungunya fever) is an arthropod-
borne arbovirus infection that over recent decades has dispersed unexpectedly 
from tropical and subtropical regions of Africa and Asia to affect millions of 
people worldwide7 as an emerging threat to global public health.8 The illness 
occurs in two phases: an acute viremia followed by a chronic arthritis that 
can be accompanied by severe, incapacitating arthralgia. Attempts to isolate 
CHIK virus from synovial fluid have been unsuccessful,9 and the chronic 
arthritis is now thought to be a postinfectious autoinflammatory disorder 
rather than persistent viral infection. It shares many clinical features with 
rheumatoid arthritis and responds variably to different disease-modifying 
antirheumatic drugs (DMARDs).

 Other Forms of Infectious Arthritis
 FUNGAL ARTHRITIS
Fungal arthritis is unusual and most commonly occurs in immunocompromised 
patients.10 Treatment with high doses of immunosuppressants, anti-TNF 
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experimental animal models with as few as 100 colony-forming units. These 
biofilms are formed by bacterial glycocalyx, which increases the organisms’ 
resistance to antimicrobial agents and likely accounts for the difficulty in 
obtaining viable organisms from the infected joint. More than half of all pros-
thetic joint infections of hips and knees are caused by staphylococci. Other 
organisms, including gram-negative bacilli, anaerobes, and Candida species, 
may also cause infection. In particular, Propionibacterium species are associated 
with infected shoulder arthroplasties. About 20% of cases are polymicrobial, 
and in 7%, cultures are negative.

Risk factors associated with the development of prosthetic joint infection 
include wound healing complications, prior superficial surgical site infection, 
prior infection of the joint, previous surgery on the joint, rheumatoid arthritis, 
advanced age,12 obesity, smoking, cancer, and diabetes mellitus. Other risk 
factors include simultaneous bilateral arthroplasty, prolonged operative time, 
requirement for blood transfusion, and infection occurring elsewhere in the 
body that can hematogenously seed the prosthesis.

Patients with early-onset infection may have classic symptoms and signs 
of septic arthritis, including joint pain, effusion, erythema, and fever. Patients 
with delayed infection may have only joint pain, with or without implant 
loosening, requiring a high degree of clinical suspicion for the presence of 
infection.

The definitive diagnosis of prosthetic joint infection is based on the recovery 
of organisms from multiple specimens of synovial fluid and periprosthetic 
tissue, sonication of the prosthesis itself, acute inflammation suggestive of 
infection on pathologic examination of periprosthetic tissue obtained at surgery, 
or the presence of a sinus track communicating with the prosthesis, even in 
the absence of microorganisms.13

An elevated sedimentation rate or C-reactive protein without another obvious 
cause, such as inflammatory arthritis or recent surgery, is very suggestive of 
infection in a patient with a painful, loose prosthesis.14 Plain radiographs may 
show loosening, new bone formation, and lucencies along the implant margin 
but are often nonspecific. Technetium-based scintigraphy combined with 
indium-labeled white blood cell scanning is suggestive of established infection 
but is often not performed owing to the expense. MRI and CT have low utility 
in diagnosing prosthetic joint infection.

Surgical treatment of prosthetic joint infection typically consists of 
débridement with retention of the prosthesis for acute infection, resection 
arthroplasty with or without staged reimplantation for chronic infection, 
or amputation in a few limited instances. Systemic antibiotic therapy in a 
patient with a prosthetic joint infection is pathogen directed and driven by 
the surgical therapy used to manage the infection.15 Following an attempt 
at salvage of the prosthesis with 2 to 6 weeks of effective intravenous anti-
biotic therapy, chronic suppressive therapy with oral antimicrobial agents is 
often used. In rifampin-susceptible staphylococcal infections, its addition 
to a companion intravenous or oral antimicrobial is recommended to avoid 
the emergence of resistance, to treat biofilm organisms, and to improve the 
chance of salvaging the prosthesis. Following resection arthroplasty, 4 to 6 
weeks of pathogen-directed intravenous therapy is typical before an attempt 
at reimplantation several weeks later. The use of depot local antimicrobial 
therapy with antibiotic-impregnated polymethylmethacrylate spacers following 
resection arthroplasty is also very common. The reader is referred to recently 
released guidelines for more specific information on the diagnosis and man-
agement of prosthetic joint infection (Infectious Diseases Society of America  
guidelines).

 PREVENTION
In addition to optimizing comorbidities such as diabetes mellitus and discon-
tinuing tobacco use preoperatively, careful screening for infection, including 
asymptomatic urinary tract infection, is prudent when considering joint surgery. 
Perioperative antibiotic treatment with cephalosporin in patients undergoing 
prosthetic joint replacement reduces the risk for infection by approximately 
three-fold. Antimicrobial therapy should be given within 60 minutes of the 
initial incision, ideally before tourniquet application. Cefazolin or cefuroxime 
can be given to patients with normal renal function, and vancomycin can be 
used in patients who are allergic to penicillin.16

Whether an antirheumatic agent should be stopped before joint replacement 
surgery is unclear. The usual practice is to hold drugs such as methotrexate, 
anti-TNF agents, and other biologics including abatacept and tocilizumab 
for one to four half-lives before and after surgery. Published guidelines are 
available regarding the perioperative prescription of drugs used to manage 
rheumatic diseases when such patients undergo elective hip and knee  
arthroplasty.17,18

 OSTEOMYELITIS
 DEFINITION

Osteomyelitis is a bacterial infection of bone that causes destruction and can 
occur through a variety of mechanisms.19

 EPIDEMIOLOGY
Osteomyelitis of the bones of the foot in adult patients with diabetes, neu-
ropathy, and arterial insufficiency is very common.20 Management of osteo-
myelitis in diabetic feet is discussed in Chapter 216. Hematogenous seeding 
of the spine also occurs, but less frequently. The incidence of osteomyelitis 
due to trauma and surgery is increasing.

 PATHOBIOLOGY
Osteomyelitis can develop from (1) hematogenous seeding from a distant 
infection; (2) contiguous spread from nearby skin and joints; and (3) penetra-
tion of microorganisms into bone at the time of trauma or surgery. Unless 
there is trauma or the presence of a foreign body, bone is typically very resistant 
to infection. Organisms such as S. aureus cause disease more frequently because 
they colonize the skin in up to 30 to 40% of individuals, frequently cause 
cellulitis and bacteremia, and have the ability to bind to bone through the 
expression of receptors for fibronectin and collagen.21

Hematogenous causes of osteomyelitis typically present in the elderly; it 
usually involves two or more vertebrae and their intervening disc spaces. Bac-
teria gain access to these structures through the arterial and venous systems 
(Batson venous plexus). Bacteremia from any source can cause osteomyelitis 
of the spine, but cellulitis, urinary tract infection, and pneumonia are the most 
common sources.

Contiguous focus osteomyelitis is common in adults, typically occurring in 
the elderly. It results from the spread of infection from nearby skin, often in the 
feet of patients with diabetes, neuropathy, or vascular insufficiency, or in pelvic 
bones in patients with decubitus ulcers due to impaired sensation from spinal 
cord injury or disease. Alternatively, it can occur with orthopedic surgery, from 
contamination at the time of an open fracture, or from a human or animal bite.

Acute osteomyelitis has a duration of less than 10 days, whereas chronic 
infection has a duration of more than 10 days. S. aureus is the most common 
cause of hematogenous and contiguous osteomyelitis in adults. Osteomyelitis 
due to β-hemolytic streptococci and aerobic gram-negative bacilli is much 
less common, but it can occur if infections due to these organisms result in 
hematogenous seeding, if nosocomial contiguous osteomyelitis occurs due 
to surgical site infection, or if contamination occurs at the time of traumatic 
open fracture. Polymicrobial infection, including infection due to anaerobes, 
is very common in osteomyelitis of the bones of the feet associated with 
diabetes and vascular insufficiency. Coagulase-negative staphylococci can be 
pathogenic in patients with orthopedic implants.

 CLINICAL MANIFESTATIONS
Localized pain over the affected bones is a hallmark of osteomyelitis. A sinus 
tract or swelling and erythema due to concomitant soft tissue infection or 
abscess may be present in osteomyelitis due to contiguous infection. Con-
stitutional symptoms, including fever, are present in the minority of cases 
and more often in hematogenous osteomyelitis. If neurologic structures are 
involved, neurologic signs and symptoms may be present. Signs and symptoms 
due to a coexisting infection that has caused hematogenous osteomyelitis may 
be present as well. The differential diagnosis of osteomyelitis includes diseases 
that can cause acute and chronic bone pain in adults, including osteoarthritis, 
metastatic malignancy, fractures, and SAPHO (synovitis, acne, pustulosis, 
hyperostosis, and osteitis) syndrome, as well as postoperative pain and soft 
tissue infection without concomitant osteomyelitis.

 DIAGNOSIS
The WBC is often elevated in hematogenous and acute osteomyelitis. Serum 
inflammatory markers such as the sedimentation rate and C-reactive protein 
are often abnormal, particularly in cases of hematogenous infection, but may 
be normal in chronic contiguous osteomyelitis. Blood cultures are positive in 
25 to 50% of cases of hematogenous infection but are almost always negative 
in chronic osteomyelitis unless concomitant soft tissue infection is present. 
In the setting of chronic contiguous osteomyelitis, plain radiographs often 
show specific abnormalities; in vertebral osteomyelitis, they are often not 
helpful in confirming the diagnosis of infection.

The ability to probe percutaneously or to palpate bone with a probe (a 
sterile metal probe is inserted into the ulcer, and the test is positive if a hard, 
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TABLE 256-2 ANTIMICROBIAL THERAPY FOR SELECTED 
MICROORGANISMS IN OSTEOMYELITIS OR 
SEPTIC ARTHRITIS IN ADULTS

MICROORGANISM FIRST CHOICE* ALTERNATIVE CHOICE
Methicillin/oxacillin/

nafcillin–sensitive 
staphylococci

Nafcillin sodium or oxacillin 
sodium 1.5-2 g IV q4-6h 
for 4-6 wk or cefazolin 
1-2 g IV q8h

Vancomycin 15 mg/kg IV 
q12h for 4-6 wk

Methicillin/oxacillin/
nafcillin-resistant 
staphylococci 
(MRSA)

Vancomycin† 15 mg/kg IV 
q12h or daptomycin 6 mg/
kg IV q24h

Linezolid 600 mg PO/IV 
q12h or daptomycin 
6 mg/kg IV q24h† or 
500-750 mg PO/IV 
daily

Penicillin-sensitive 
streptococci

Aqueous penicillin G 20 × 106 
U/24 hr IV either 
continuously or in six 
equally divided daily doses 
or ceftriaxone 1-2 g IV 
q24h or cefazolin 1-2 g IV 
q8h

Vancomycin 15 mg/kg IV 
q12h

Enterococci
Penicillin and 

vancomycin 
susceptible

Aqueous crystalline penicillin 
G 20 × 106 U/24 hr IV 
either continuously or in 
six equally divided daily 
doses or ampicillin sodium 
12 g/24 hr IV either 
continuously or in six 
equally divided daily doses; 
the addition of gentamicin 
sulfate 1 mg/kg IV or IM 
q8h for 1-2 wk is optional

Vancomycin† 15 mg/kg 
IV q12h; the addition 
of gentamicin sulfate 
1 mg/kg IV or IM q8h 
for 1-2 wk is optional

Enterobacteriaceae Ceftriaxone 1-2 g IV q24h Ciprofloxacin† 
500-750 mg PO q12h

Pseudomonas 
aeruginosa

Cefepime 2 g IV q8-12h Ciprofloxacin† 750 mg 
PO q12h or 
ceftazidime 2 g IV q8h

*Antimicrobial selection should be based on in vitro sensitivity data, as well as allergies, 
intolerances, and drug interactions in individual patients.
†Doses shown are based on normal renal and hepatic function and may need to be adjusted or 
serum levels monitored (vancomycin).
MRSA = methicillin-resistant Staphylococcus aureus.
Adapted from Berbari EF, Steckelberg JM, Osmon DR. Osteomyelitis. In: Mandell GL, Bennett JE, 
Dolin R, eds. Mandell, Douglas, and Bennett’s Principles and Practice of Infectious Diseases, 7th ed. 
Philadelphia: Churchill Livingstone/Elsevier; 2010:1457-1467.

There are no large randomized studies comparing antimicrobial therapy for 
osteomyelitis. Antimicrobials for specific pathogens based on in vitro suscep-
tibility testing are recommended, and examples of antimicrobials used to treat 
common pathogens causing osteomyelitis and septic arthritis are shown in 
Table 256-2. After 1 week of intravenous therapy, oral antibiotics can achieve 
adequate levels in bone,23 and oral and parenteral therapies can achieve similar 
cure rates. A2  Dalbavancin (1500 mg intravenously on days 1 and 8) may be an 
alternative for gram-positive infections. A3  Although diabetic foot osteomyelitis 

TREATMENT 

 Grade A References

A1. Qin YF, Li ZJ, Li H. Corticosteroids as adjunctive therapy with antibiotics in the treatment of children 
with septic arthritis: a meta-analysis. Drug Des Devel Ther. 2018;12:2277-2284.

A2. Li HK, Rombach I, Zambellas R, et al. Oral versus intravenous antibiotics for bone and joint infec-
tion. N Engl J Med. 2019;380:425-436.

A3. Rappo U, Puttagunta S, Shevchenko V, et al. Dalbavancin for the treatment of osteomyelitis in adult 
patients: a randomized clinical trial of efficacy and safety. Open Forum Infect Dis. 2019;6:1-8.

A4. Bernard L, Dinh A, Ghout I, et al. Antibiotic treatment for 6 weeks versus 12 weeks in patients with 
pyogenic vertebral osteomyelitis: an open-label, non-inferiority, randomised, controlled trial. Lancet. 
2015;385:875-882.

gritty surface is felt) is a simple, effective diagnostic test in patients with dia-
betes mellitus and possible contiguous osteomyelitis of the feet. For example, 
the probe-to-bone test has a sensitivity of 87% and a specificity of 83% for 
diagnosing foot osteomyelitis.22

MRI is the most sensitive and diagnostic imaging technique to identify 
osteomyelitis, except when orthopedic implants are present. Gallium scans 
are more sensitive and specific than three-phase technetium-99m (99mTc) bone 
scans or indium-labeled leukocyte scans for the diagnosis of vertebral osteo-
myelitis. Gallium scans may be used when spinal hardware is present that 
degrades the magnetic resonance images and in cases of skull bone osteomyelitis 
due to malignant external otitis.

Multiple specimens of involved bone, contiguous soft tissue, and purulence 
should be sent for Gram stain, aerobic and anaerobic culture, and pathologic 
examination at the time of bone biopsy or surgical débridement. If the history, 
examination, or imaging is suggestive of atypical infection, culture for fungi 
and mycobacteria or other unusual organisms should be performed.

 PREVENTION
Improving the control of diabetes and decreasing the incidence of peripheral 
vascular disease will reduce the incidence of diabetic foot bone infection. 
Optimal strategies to prevent surgical site infection after orthopedic procedures 
will prevent orthopedic implant infection after surgery and open fractures.

 PROGNOSIS
The success of osteomyelitis management depends on the medical and surgical 
therapy employed and the ability to improve comorbidities such as arterial 
insufficiency. The ability of orthopedic surgeons to perform more extensive 
reconstructive surgery has allowed more extensive débridement and higher 
success rates, as well as restoration of function. Treatment failure can lead to 
relapse of infection or progression of infection to involve more of the affected 
bone. Long-standing osteomyelitis can be complicated by amyloidosis, squa-
mous cell carcinoma of the skin in a chronic sinus tract, or primary bone 
malignancy.

was once thought to require surgical resection, medical therapy is now recom-
mended, provided that antibiotic sensitivity can be confirmed.24

The duration of antimicrobial therapy is almost always dictated by surgical 
therapy in chronic osteomyelitis. For example, if an amputation is performed, 
a short course of antimicrobial therapy may be required, whereas if an extensive 
débridement of chronic osteomyelitis is performed, prolonged intravenous 
antimicrobial therapy for 4 to 6 weeks is typically recommended. If the surgical 
therapy could lead to a worse outcome than no surgery, chronic oral antimi-
crobial suppression may be recommended. Acute hematogenous vertebral 
osteomyelitis in adults is typically treated with 6 weeks of intravenous antimi-
crobial therapy, which is as good as 12 weeks of treatment, A4  without surgical 
intervention, after identification of the pathogen through percutaneous or 
open biopsy.25 Hyperbaric oxygen therapy for chronic osteomyelitis is contro-
versial. Medical management is the mainstay of treatment of spinal tuberculosis, 
with surgery indicated for specific situations.26

https://expertconsult.inkling.com/
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Answer: D About 75% of cases of septic arthritis are due to hematogenous 
spread, including surgical instrumentation. While gonococcal arthritis must 
be considered in sexually active patients, 50 to 70% of cases of septic arthritis 
are due to Staphylococcus aureus. Although almost all cases of septic tuberculous 
arthritis in Western countries occur in immigrants from the developing world, 
most cases of septic arthritis in these patients are also due to nontuberculous 
bacteria. Blood cultures should always be obtained in persons with septic 
arthritis. They are positive in up to 50% of cases, even in cases when the joint 
aspirate fails to reveal the causative organism. Even though multiple antimi-
crobial resistance is a serious problem, most cases of uncomplicated septic 
arthritis in the otherwise healthy host can be managed with an oral antistaphy-
lococcal penicillin or first-generation cephalosporins. In cases where community-
acquired methicillin-resistant S. aureus (MRSA) is suspected, cotrimoxazole 
or minocycline may be added (see Table 256-1).

4. A 76-year-old man with a history of osteoarthritis and total joint replace-
ment of the right hip at the age of 70 presents with a 2-day history of right 
groin pain and temperature to 39.5° C 3 days after finishing 1 week of 
levofloxacin for an infected ingrown toenail. He is allergic to penicillins. 
Empirical antibiotic therapy with vancomycin for presumed staphylococcal 
prosthetic joint infection is started. The synovial fluid aspirate from the 
prosthetic right hip is negative, but blood cultures reveal S. aureus, methi-
cillin resistant. His prosthesis was not loose on plain-film examination. 
Which of the following is true regarding prosthetic infections in this patient?
 A. A biofilm with polymicrobial bacterial colony forming units is frequently 

present, complicating eradication of the organism. Explantation of the 
prosthesis is always needed in such cases.

 B. The most appropriate antimicrobial therapy in this case would be line-
zolid 600 mg given orally or intravenously every 12 hours.

 C. Risk factors for prosthetic joint infection include wound healing com-
plications, prior superficial surgical site infection, prior infection of the 
joint, previous surgery on the joint, osteoarthritis, advanced age, obesity, 
smoking, cancer, diabetes mellitus, and infection occurring elsewhere 
in the body that can hematogenously seed the prosthesis.

 D. Because of the occurrence of prosthetic infection in this patient follow-
ing hematogenous spread of the causative bacterium, the best course 
of action would be explantation of the prosthesis at this time, followed 
by 4 to 6 weeks of antibiotic therapy without reimplantation.

 E. The best course of action would be to attempt salvage of the prosthesis 
with débridement and retention with 2 to 6 weeks of effective intrave-
nous antibiotic therapy and rifampin based on the recently published 
IDSA PJI guidelines, followed by chronic suppressive therapy with oral 
antimicrobial agents.

Answer: E Biofilms are often found in explanted infected prostheses and 
complicate successful antimicrobial therapy. These biofilms are polymicrobial 
in about 20% of cases. Risk factors for prosthesis infection include rheumatoid 
arthritis but not osteoarthritis. In most cases of acute infection, management 
efforts are directed toward treating the infection and attempting to salvage 
the prosthesis. When resection arthroplasty is needed, 4 to 6 weeks of pathogen-
directed intravenous therapy is typical before an attempt at reimplantation 
several weeks later (see Table 256-1).

REVIEW QUESTIONS

1. A 55-year-old man with a history of diabetes has had a chronic ulcer over 
the fifth metatarsal head with some swelling and pain for the past 5 weeks, 
following what he though was a minor trauma. On examination, bone can 
be palpated with a probe. Which of the following are likely?
 A. The white blood cell count is likely elevated.
 B. There is a high likelihood that the patient has osteomyelitis.
 C. The best imaging test to define the cause of the pain is a gallium scan.
 D. The most likely cause of a possible infection is Fusobacterium sp.

Answer: B The ability to palpate bone by probing the overlying ulcer is highly 
suggestive of osteomyelitis. Patients with contiguous chronic osteomyelitis 
often have normal white blood cell counts and are often afebrile. Magnetic 
resonance imaging is the best radiographic technique for demonstrating bone 
damage consistent with osteomyelitis. Overall, Staphylococcus aureus is the 
most common cause of osteomyelitis, but in patients with diabetic foot bone 
osteomyelitis the infection is often polymicrobial (see Table 256-1).

2. A 32-year-old carpet layer presents with a 3-day history of swelling of the 
right knee. The father and grandfather of the patient developed gout as 
young men. The patient had a single episode of right toe pain and swelling 
3 months earlier, which he attributed to “kicking carpet into place.” He 
has a temperature of 38.7° C. Examination of the right knee reveals ery-
thema and swelling, most prominently over the anterior aspect of the knee, 
but extending around the soft tissues about the knee. With some pain, he 
is able to extend the knee completely, although he cannot comfortably flex 
it beyond 80 degrees. The prepatellar bursa is aspirated. The white blood 
cell count is 750. Which of the following is correct?
 A. The knee joint should also be aspirated and joint fluid sent for culture 

and sensitivity.
 B. The low white blood cell count in the bursal fluid makes it unlikely that 

the bursa is infected.
 C. Gram stain examination of the bursal fluid will almost always guide 

therapy.
 D. Urate crystals will not be found on microscopic examination.

Answer: B This patient has prepatellar bursitis, which is usually due to direct 
tissue invasion, in this case likely related to local tissue invasion in the setting 
of chronic soft tissue trauma associated with kneeling and local friction of the 
overlying skin. Bursal fluid is often unobtainable, but if it can be obtained, 
the white blood cell count in the aspirated bursal fluid in the setting of septic 
bursitis is generally low compared with the white blood cell count in septic 
arthritis, on average 13,500 cells in the bursal fluid. Gram stain is positive in 
only about 15% of cases of septic bursitis. Urate crystals may be seen in cases 
of gouty bursitis, which can occur concomitantly, but should not distract from 
the possibility of septic bursitis.

3. Which of the following are true regarding septic arthritis?
 A. Most cases are due to direct inoculation of the joint from trauma or 

surgical procedures such as arthrocentesis.
 B. Gonococcal arthritis is the most common form of septic arthritis in 

persons aged 20 to 40 years.
 C. Hematogenous spread of tuberculosis is the most common cause of 

septic arthritis in persons from the developing world immigrating to 
Western countries of Europe, North America, and Australia.

 D. Blood cultures are frequently positive in septic arthritis.
 E. Intravenous vancomycin and daptomycin are the mainstays of treatment 

for most cases of septic arthritis in the immunocompetent host in the 
current era of bacterial organism multiple antibiotic resistance.
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5. A 68-year-old woman with a history of chronic atrial fibrillation and diabetic 
neuropathy presents with a 5-day history of subacute swelling and pain in 
the left ankle. She reports that she “turned” her ankle while gardening 
about a week ago. Her temperature is 36.7° C. Inspection of the ankle 
reveals moderate erythema and swelling. The skin is intact; sensation to 
touch is diminished in both feet. The remainder of the history and physical 
examination are unrevealing, including examination of the oral cavity. The 
sedimentation rate is 42 mm/hr; white blood cell count is 9800 μL, and 
international normalized ratio (INR) is 3.2. Which of the following strate-
gies should be pursued in management of this patient?
 A. Blood cultures, empirical therapy with vancomycin 15 mg/kg every 12 

hours or daptomycin 6 mg/kg given intravenously (IV) every 24 hours 
for presumed methicillin-resistant S. aureus (MRSA). Avoid arthrocen-
tesis because of the elevated INR and risk for worsening joint damage 
due to hemarthrosis and the danger of hematogenous spread of the 
infection.

 B. Blood cultures, empirical therapy with vancomycin 15 mg/kg every 12 
hours or daptomycin 6 mg/kg given IV every 24 hours for presumed 
MRSA; arthrocentesis for examination of synovial fluid Gram stain and 
culture.

 C. Blood cultures, empirical therapy with aqueous crystalline penicillin G 
20 × 106 U/24 hr IV either continuously or in six equally divided daily 
doses or ampicillin sodium 12 g/24 hr IV either continuously or in six 
equally divided daily doses. Avoid arthrocentesis because of the elevated 
INR and risk for worsening joint damage due to hemarthrosis and the 
danger of hematogenous spread of the infection.

 D. Blood cultures, empirical therapy with aqueous crystalline penicillin G 
20 × 106 U/24 hr IV either continuously or in six equally divided daily 
doses or ampicillin sodium 12 g/24 hr IV either continuously or in six 
equally divided daily doses. Arthrocentesis for examination of synovial 
fluid Gram stain and culture.

Answer: B A source of infection was not identified in this patient, who has 
risk factors for septic arthritis of diabetes mellitus and diabetic neuropathy. 
Because even in these cases the most common cause of septic arthritis is 
gram-positive cocci, particularly S. aureus, initial treatment directed at this 
organism is appropriate. It is not unreasonable to initiate therapy with an 
MRSA-appropriate regimen. Arthrocentesis should always be performed if 
there is suspicion of septic arthritis; bleeding complications, even in patients 
on anticoagulation, are rare, and the information potentially gained generally 
justifies the risk of the procedure.
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257 
CRYSTAL DEPOSITION DISEASES
N. LAWRENCE EDWARDS

The destructive potential of intrasynovial crystals has been recognized for 
more than a century. The mechanisms by which certain crystals induce inflam-
mation and joint destruction have become much better clarified over the past 
several decades. The three most common crystal-induced arthropathies are 
caused by precipitation of monosodium urate monohydrate, calcium pyro-
phosphate dihydrate, and basic calcium phosphate and are termed gout, calcium 
pyrophosphate arthropathy, and basic calcium arthropathy, respectively.

Basic calcium crystals are ultramicroscopic in size and are not detected by 
the compensated polarized microscopy used to identify monosodium urate 
and calcium pyrophosphate dehydrate crystals. Like monosodium urate and 
calcium pyrophosphate crystals, basic calcium phosphate crystals are biologi-
cally active and can accelerate atrophic changes in bone and cartilage. This 
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ABSTRACT
The crystalline arthropathies are the most common causes of inflammatory 
arthritis in humans. Gouty arthritis is a disease of urate burden associated 
with the deposition of monosodium urate (MSU) crystals in and around 
joints when the serum urate level exceeds its solubility concentration of  
6.8 mg/dL. The presence of MSU crystals over time results in a severely painful 
inflammatory arthritis and bone and cartilage destruction. Diagnostic confirma-
tion of gout is made by synovial fluid aspiration demonstrating MSU crystals 
on compensated, polarized microscopy or the classic ultrasound finding of the 
“double-contour sign.” The therapeutic approach to gout requires the lowering 
of serum urate to below its solubility concentration so that resorption of the 
accumulated MSU crystals can occur. Calcium pyrophosphate disease (CPPD) 
is a heterogeneous condition that includes acute and chronic arthropathies 
and is closely associated with radiographic evidence of chondrocalcinosis. The 
condition can be familial or sporadic or can be a manifestation of an underly-
ing metabolic disease. Basic calcium phosphate (BCP) disease may, likewise, 
present as either an acute or chronic arthritis and is frequently associated with 
osteoarthritis. Milwaukee shoulder is the most destructive form of this BCP 
disease and occurs in the elderly. Treatment of both CPPD and BCP arthritis 
is nonspecific. and relies on NSAIDs and intra-articular glucocorticoids.
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TABLE 257-2 GENETIC CAUSES OF HYPERURICEMIA
SYNDROME PHENOTYPE
INBORN ERRORS OF PURINE METABOLISM

Hypoxanthine-guanine phosphoribosyl 
transferase deficiency

Neurologic dysfunction, renal stones, 
early-onset gout

Phosphoribosyl pyrophosphatase 
synthetase overactivity

Neurologic dysfunction, early-onset gout

EXCESSIVE CELL DEATH AND URATE GENERATION

Glycogen storage disease I Growth restriction, lactic acidosis, 
early-onset gout

Glycogen storage disease III Early-onset gout
Glycogen storage disease V Early-onset gout
Glycogen storage disease VII Early-onset gout
Fructose-1-phosphate aldolase deficiency Growth restriction, liver failure, 

early-onset gout
Myoadenylate deaminase deficiency Myopathy, gout
Carnitine palmitoyltransferase II 

deficiency (late onset)
Rhabdomyolysis, gout

REDUCED RENAL EXCRETION OF URIC ACID

Medullary cystic kidney disease Renal dysfunction, early-onset gout
Familial juvenile hyperuricemic 

nephropathy
Renal dysfunction, early-onset gout

Uric acid transportasome mutations
GLUT-9 Familial gout
ABCG2 Familial gout
URAT1 Familial gout

chapter defines these separate crystalline arthropathies and describes their 
different pathogeneses and treatments.

 GOUT AND HYPERURICEMIA
 DEFINITION

Gout is a metabolic disorder resulting from the tissue deposition of monoso-
dium urate crystals in or around joints and/or the crystallization of uric acid 
in the renal collecting system. Gout most commonly manifests as arthritis and 
is the most common inflammatory joint disease in men and in older women. 
Its incidence and prevalence are increasing worldwide. The metabolic derange-
ment responsible for gout is the supersaturation of blood and body fluids with 
the urate ion to the point that crystal formation is possible. At physiologic pH 
and at normal body temperature, urate is considered to be supersaturated at 
concentrations of 6.8 mg/dL or greater. Therefore, from a biologic perspective, 
hyperuricemia is any serum urate level greater than 6.8 mg/dL in both men 
and women. Although hyperuricemia is a necessary prerequisite for develop-
ing gout, only 20% of all hyperuricemic subjects will ultimately develop gout.

 EPIDEMIOLOGY
The incidence and prevalence of gout vary greatly throughout the world. In 
the United States, the United Kingdom, and much of Western Europe, the 
most recent estimates of the prevalence of gout have ranged from 3 to 6% in 
men and 1 to 2% in women. In developing countries the prevalence is much 
lower, typically less than 1%. At the same time, the highest prevalence has been 
noted in certain ethnic groups, especially in Oceanic populations, including 
Taiwanese Aborigines, Māori, and Pacific Islanders living in New Zealand, 
where prevalence estimates are more than 10%.1,2 In Western societies, includ-
ing the United States, the rate has more than doubled within the past three 
decades. A number of factors have been proposed to explain this dramatic rise. 
These include the overall increase in longevity; the increased prevalence of 
hypertension, metabolic syndrome, and obesity; the ubiquitous use of thiazide 
diuretics and low-dose aspirin; changes in dietary trends, including the greater 
use of high-fructose corn syrup as a sweetener; and finally, the increase in 
survival of patients with end-stage renal disease and organ transplantation.

There is a direct correlation between the degree of serum urate elevation 
and the likelihood of developing gout. The reported annual incidence of gout 
in subjects with baseline serum urate levels greater than or equal to 9 mg/dL 
is 4.9%, compared with only 0.5% in people with serum urate levels of 7.0 to 
8.9 mg/dL.

 PATHOBIOLOGY
Uric acid is the end product of purine metabolism in humans. In most mammals, 
purine catabolism is taken one step further through the enzyme uric acid 
oxidase or uricase, with the purine end product in these species being the 
very soluble allantoin. Humans and most other hominoids lost the ability to 
produce the enzyme uricase nearly 18 million years ago. As a result, uric acid 
accumulation is possible. Whether caused by overproduction of uric acid or 
its underexcretion by the kidneys, this accumulation leads to supersaturation 
of urate ion in blood and the precipitation of monosodium urate crystals in 
synovial fluid, soft tissues, and organs. Urate is produced by the conversion 
of a very soluble molecule, hypoxanthine, to the less soluble xanthine, which, 
in turn, is converted to the very insoluble uric acid by progressive purine ring 
oxidations catalyzed by the enzyme xanthine oxidase. Xanthine oxidase is 
present in several organs, but most activity in the body is found in the liver 
and intestines. Because of its potential for causing disease, urate elimination 
is very important. The total daily accumulation of uric acid from de novo 
synthesis, nucleotide degradation, and dietary consumption is normally bal-
anced by renal excretion of approximately two thirds of the total urate turnover 
and intestinal elimination by the remaining one third.

Simply put, hyperuricemia occurs when urate production is not balanced 
by renal excretion. In 90% of all gout patients, the cause of this imbalance is 
renal underexcretion. The remaining 10% of gout cases are caused by purine 
overproduction or a combination of overproduction and underexcretion. The 
nongenetic causes of hyperuricemia include other medical conditions, dietary 
components, and medications (Table 257-1). These factors may result in either 
overproduction or diminished renal clearance of uric acid. Similarly, the genetic 
causes of hyperuricemia (Table 257-2) may affect either production or elimi-
nation of uric acid.3

Renal Urate Underexcretion
Because uric acid is small and not protein bound, it is completely filtered by 
the glomerulus. In normal persons, approximately 8 to 10% of the filtered 

TABLE 257-1 NONGENETIC CAUSES OF HYPERURICEMIA
IMPAIRED URIC ACID EXCRETION

Clinical Conditions
Reduced glomerular filtration rate
Hypertension
Obesity
Systemic sclerosis
Lead nephropathy

Drugs
Diuretics
Ethanol
Low-dose salicylates (0.06-3.0 g/day)
Cyclosporine
Tacrolimus
Levodopa
Angiotensin-converting-enzyme inhibitors
β-Blockers
Nicotinic acid
Pancreatic extract

EXCESSIVE URIC ACID PRODUCTION

Clinical Conditions
Myeloproliferative and lymphoproliferative neoplasms
Obesity
Psoriasis

Diet Components
Alcoholic beverages (especially beer)
Red meat, organ meat, shellfish
High fructose corn syrup

load is ultimately cleared in the urine. The various renal tubular transporters 
that are responsible for determining how much of the filtered uric acid is 
actually excreted are located in the proximal convoluted tubules and are referred 
to collectively as the transportasome (Fig. 257-1). Both reabsorption and secre-
tion occur in this segment through the actions of several organic acid trans-
porters, with the net effect being the reabsorption of nearly 90% of the uric 
acid filtered at the glomerulus. These organic acid transporters are also respon-
sible for eliminating organic acids other than uric acid as well as many com-
monly used medications. The most important tubular transporter of uric acid 
is URAT1. This transporter swaps urate ions for other monocarboxylate organic 
ions in both directions across the luminal membrane of proximal tubular cells. 
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metabolism that result in increased de novo purine synthesis, as seen in phos-
phoribosyl pyrophosphate (PRPP) synthetase overactivity or decreased purine 
salvage as seen in the complete and partial hypoxanthine-guanine phospho-
ribosyltransferase (HPRT) deficiencies (Lesch-Nyhan syndrome and Kelley-
Seegmiller syndrome, respectively). Regardless of the cause, urate overproduction 
is documented by a 24-hour urine collection showing greater than 1000 mg 
of uric acid while eating a standard Western diet.

Pathogenesis of Monosodium Urate Monohydrate Crystals 
and Inflammation
Monosodium urate crystals in joints, soft tissues, and organs are the cause of 
pain and destruction in gout. Urate crystals will form only when physiologic 
conditions permit. In plasma, urate becomes insoluble at concentrations of 
6.8 mg/dL (408 µmol/L) with a pH of 7.40 and normal body temperature. 
A reduction in pH or temperature will lower the solubility threshold even 
further. Not all people who are hyperuricemic will form crystals, however. 
There appears to be an additional requirement of a “nucleation factor” that is 
still poorly defined.

Monosodium urate crystals form in joints and soft tissues of individuals 
long before they cause any symptoms of gout. They deposit in small lattice 
structures called microtophi on the surface of cartilage and synovial lining. 
These microtophi slowly grow but are generally stable as long as the environ-
ment surrounding them does not change drastically with regard to pH, urate 
concentration, or temperature. At the time of the first and subsequent flares, 
something does change in the joint environment to cause these crystal lattice 
structures to break apart and shed a massive number of crystals into the joint 
space. These newly released and nonopsonized crystals activate receptors on 
synovial macrophages and are then phagocytized by monocytes and macro-
phages, leading to interaction with the NLRP3 inflammasome. This results in 
the rapid production of interleukin-1β (IL-1β), which is responsible for all 
the cardinal features of the severe inflammation associated with acute gout.4

Although monocytes and macrophages are the major cellular sources of 
IL-1β, neutrophils predominate at the site of inflammation (e.g., joint), where 
monosodium urate crystals become extremely pro-inflammatory by activating 

This system can be driven to reabsorb more uric acid from the tubular lumen 
by raising tubular epithelial concentrations of lactate, pyruvate, or the ketoacids 
acetoacetate and β-hydroxybutyrate. Certain drugs, when present in the tubular 
lumen, can displace uric acid from the transporter, causing more uric acid to 
be lost in the urine. These compounds include lesinurad and probenecid.

When renal clearance of uric acid is compared between normal adult men 
and gouty men, the gouty subjects excrete only 70% as much uric acid as 
normal individuals at any given serum urate concentration. In general, gouty 
subjects required a serum urate concentration to be 1.7 mg/dL higher to obtain 
the same level of excretion as seen in normal subjects.

Most genetic polymorphisms associated with gout in genome-wide associa-
tion studies encode for the various components of the uric acid transportasome 
(see Fig. 257-1). Polymorphisms in the glucose transporter GLUT-9 (encoded 
by the SLC2A9 gene) are statistically the most significant determinants of 
serum urate. ABCG2 is a multifunctional transporter that belongs to the 
adenosine triphosphate (ATP)-binding cassette family found in the proximal 
tubule of the kidney as well as in the small intestine and liver. Polymorphisms 
in the gene encoding URAT1 may lead to either hypouricemia or hyperuri-
cemia. A loss-of-function mutation results in familial renal hypouricemia.

The serum urate variance explained by these common genetic variants is 
only about 6% of the total variance observed between gouty and nongouty 
subjects. Similar risk-stratifying techniques demonstrate that 67% of the vari-
ance is caused by nongenetic factors such as serum creatinine, ethanol con-
sumption, and the components of the metabolic syndrome.

Urate Overproduction
In approximately 10% of gouty subjects, hyperuricemia is caused by uric acid 
overproduction rather than reduced renal excretion. In most of these people, 
the hyperuricemia reflects accelerated cell turnover (e.g., lymphoproliferative 
and myeloproliferative diseases, psoriasis, chronic hemolytic states, polycy-
themia vera, and certain muscle glycogenoses) or by enhanced purine nucleotide 
breakdown (e.g., alcohol abuse or fructose ingestion). In addition to these 
secondary causes of urate overproduction, there are primary disease processes 
that are also responsible for urate overproduction. These are inborn errors of 
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FIGURE 257-1. Renal transport of urate in proximal tubule of kidney. serum urate reaches the tubule lumen by glomerular filtration and by secretion through the proximal tubular 
epithelium. secretion of urate is facilitated in the luminal direction by Mrp4, Uat, aBCG2, and ntp1, and at the basolateral membrane by oat1 and oat3. reabsorption of urate from 
the tubular lumen is facilitated by Urat1, oat4, oat10, and the short isoform of GlUt (GlUt9b), and at the basolateral membrane by the long isoform (GlUt9a). aBCG2 = adenosine 
triphosphate–binding cassette transporter; GlUt = glucose transporter; Mrp = multidrug-resistance-related protein; ntp = sodium phosphate transport protein; oat = organic acid 
transporters; Urat = uric acid transporter. 
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Eventually, the untreated patient will progress to persistent gouty arthritis, 
also referred to as advanced gout. This stage usually develops after 10 or more 
years of acute intermittent gout and is evident when the pain-free intercritical 
periods have disappeared. Gouty flares can continue to occur against this 
constantly painful background. The intensity of the chronic pain is not nearly 
as severe as that experienced with the acute flares.

The subcutaneous tophus is the most characteristic lesion of advanced gout. 
The development of tophaceous deposits of monosodium urate is a function 
of the duration and severity of hyperuricemia as well as the presence of pro-
teinuria. Subcutaneous tophi may occur anywhere over the body but most 
commonly in the fingers, wrists, ears, knees, and olecranon bursa and at pres-
sure points under the ulnar aspect of the forearm and Achilles tendon (Fig. 
257-3). At this stage, gout can be confused with rheumatoid arthritis, especially 
if tophi are misdiagnosed as rheumatoid nodules.

Atypical Gout Presentations
Approximately 5% of patients with gout exhibit the onset of symptoms before 
age 25 years. Early-onset gout represents a special subset of patients who 
generally have a genetic component (see Table 257-2), with a more acceler-
ated clinical course requiring more aggressive antihyperuricemic therapy.

In most large reviews, women account for no more than 5% of all gout 
subjects. This demographic is changing, with gout in older women becoming 
more common. Most women with gout are postmenopausal. Women who 
have premenopausal gout usually have renal insufficiency and hypertension 
and are taking thiazide diuretics, or they have a strong genetic predilection. 
Gout in older women may differ from classic gout in its propensity to occur 
in joints previously damaged by osteoarthritis such as the knees or the distal 
interphalangeal joints with Heberden nodes.

 DIAGNOSIS
Hyperuricemia is an essential risk factor for developing gout, but it is not a 
reliable diagnostic test because many people with elevated serum urate levels 
will never develop gout. Serum urate levels during an acute flare of gout are 
also unreliable because they may be suppressed by as much as 1.5 to 2.0 mg/
dL from baseline values. The definitive diagnosis of gout is made by polarized 
compensated microscopy of a synovial fluid aspirate from the affected joint. 
The presence of intracellular needle-shaped crystals with strong negative bire-
fringence is the diagnostic “gold standard.” Similar microscopic results from 
a tophus aspirate or spontaneously draining fluid would also confirm the 
diagnosis of gout.

Synovial fluid confirmation is obtained in as few as 10% of patients said to 
have gout. The presumptive diagnosis of gout is based on a pattern of acute 
joint symptoms coupled with the patient’s own medical history or a family 
history. Key features include joint erythema, difficulty walking, time to maximal 
pain less than 24 hours, resolution by 2 weeks, presence of a tophus, and 
history of involvement of the first metatarsophalangeal joint.7 The patient’s 
medical history may reveal comorbidities frequently associated with gout or 
the use of medications associated with urate retention.

The characteristic clinical presentation is the rapid onset (over 8 to 12 
hours) of severe pain in one or several lower extremity joints (especially the 
great toe, midfoot, and ankle). The presumptive diagnosis is given much greater 

neutrophils that then generate reactive oxygen species. However, neutrophils 
also have a major role in the resolution of acute gout through the formation 
of neutrophil extracellular traps (NETs). Neutrophil proteases are released 
into the NETs and cause the formation of cell aggregates that contain cellular 
debris and DNA. These cellular aggregates within NETs can rapidly degrade 
pro-inflammatory cytokines, thereby allowing for the spontaneous resolution 
of joint inflammation after 3 days (even in the absence of treatment). Therefore, 
neutrophils play a dual role in gouty inflammation, amplifying it initially but 
then mediating its resolution.5

 CLINICAL MANIFESTATIONS
Classic Gout
The natural course of classic gout passes through three stages: asymptomatic 
hyperuricemia, acute intermittent gout symptoms, and chronic persistent gout 
symptoms.6 The rate of progression from initial symptoms to persistent symp-
toms varies considerably from one person to another and is dependent on 
numerous factors, the most important being the degree of increase in serum 
urate levels.

Asymptomatic hyperuricemia refers to a state in which serum urate exceeds 
the level of solubility (6.8 mg/dL) but symptoms of crystalline deposition 
have not yet occurred. Only 15 to 20% of all hyperuricemic people are prone 
to develop monosodium urate crystals, and for this group, the period of 
asymptomatic hyperuricemia begins a stage of subclinical structural changes. 
In men, asymptomatic hyperuricemia frequently begins at puberty, whereas 
in women, it is usually delayed until menopause.

The initial clinical manifestations of gout usually follow decades of asymp-
tomatic hyperuricemia. In men, the first flare usually occurs between the fourth 
and sixth decades of life. In women, the age of onset is older and varies with 
several factors, most importantly the age of menopause. The classic gout flare 
is hallmarked by the rapid development of warmth, swelling, erythema, and 
exquisite pain in one or occasionally two joints. The characteristically severe 
pain evolves from its faintest twinge to its most intense level over an 8- to 
12-hour period. Initial episodes are usually monoarticular and involve lower 
extremity joints. The most common joint involved is the first metatarsal pha-
langeal joint (termed podagra), followed by the ankle, midfoot, and knee (Fig. 
257-2). After years of recurrent gouty flares, upper extremity joints, including 
the wrists, elbows, and small joints of the hands, can also become involved. 
Systemic symptoms of fever, chills, and malaise may accompany gouty flares, 
along with an intense erythema extending beyond the area of the involved 
joint. This may lead to confusion with an infectious process.

Factors capable of provoking episodes of flare are those that cause fluctua-
tions in serum urate levels, including trauma, surgery, starvation, overindulgence 
in certain high-purine foods, and the ingestion of any medication that raises 
or lowers serum urate.

Another characteristic of classic gout flares is their self-remitting nature for 
reasons discussed previously. For the first several acute flares, the duration of 
the attack is 5 to 8 days. The resolution of symptoms is gradual but complete, 
even if no anti-inflammatory therapy is administered. The periods between 
the flares are devoid of articular pain, although synovial fluid aspirates during 
this stage continue to show low-grade inflammation and the presence of mono-
sodium urate crystals.

TREATMENT AND PREVENTION 

A B

FIGURE 257-2. The intense inflammation of acute gouty arthritis. A, the marked swelling of the first metatarsophalangeal joint (podagra) is demonstrated. a dusky blue hue over 
an intense erythema is characteristic. B, ankle swelling is shown with erythema extending beyond the area of the tibiotalar joint. 
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FIGURE 257-3. Characteristic locations of gouty tophi. A, at the elbow, tophi present as hard nodules along the ulnar ridge or as multiple nodules within the olecranon bursa.  
B, ear tophi are uncommon but may be an easy source of crystal confirmation of gout when present. C, small subcutaneous tophi can occur along the ventral creases of fingers.  
D, tophi over the proximal interphalangeal or distal interphalangeal joints may be confused with Bouchard or Heberden nodes, respectively. 

FIGURE 257-4. Double contour sign. Comparison of ultrasonographic appearance of normal (left) and gouty (right) knee with the probe in the suprapatellar, transverse orientation 
and the knee in flexion. the normal knee shows soft tissues overlying an anechoic (black) layer that represents hyaline cartilage. the single bright stripe represents the bony cortex of 
the anterior distal femur. the gouty knee demonstrated the “double-contour” sign composed of a layer crystals covering the hyaline cartilage and the lower bright contour being the 
femoral cortex. 

In the absence of definitive randomized trials, current practice guidelines 
for treatment diverge in some areas.8,9 The American College of Rheumatology 
recommends a “treat-to-target” approach, using urate-lowering medications to 
lower serum uric acid levels to less than 6 mg/dL in patients with a history of two 
or more clinical flares, with close monitoring of uric acid levels. In contrast, the 
2016 American College of Physicians guideline advocates a “treat-to-symptoms” 

TREATMENT AND PREVENTION 

approach, emphasizing the use of anti-inflammatory medications (see later) 
to control flares and reserving urate-lowering medications for patients with 
frequent flares. This later approach is not evidence-based.

Regardless of which approach is selected, a heavy emphasis on patient edu-
cation is needed to obtain an optimal treatment outcome.10 Not only should 
patients be informed about dietary and other lifestyle changes, such as weight 
loss, A1  that will lower their serum uric acid and lessen flares (Table 257-3), but 
they should also know that their disease is caused by an excessive burden of 
monosodium urate crystals already present in their joints and soft tissues. This 
understanding of the disease process underlying gouty arthritis will help shift 
the focus from symptoms to “urate burden” as the real target of treatment.

Gouty Flare
The treatment goal for gouty flare is to relieve pain and terminate the flare 

as quickly as possible. Resting the painful joint and applying ice are generally 
helpful, but pharmacologic intervention is usually necessary to alter the excru-
ciatingly painful course that may last for several days to more than a week. The 
therapeutic options include nonsteroidal anti-inflammatory drugs (NSAIDs), A2  
oral colchicine, A3  and corticosteroids. NSAIDs are widely used but may be inap-
propriate for patients with renal insufficiency or peptic ulcer disease. Oral col-
chicine administered as 1.2 mg (two tablets) at the time of flare onset followed 
in 1 hour by a third 0.6-mg tablet is the recommended dosing for the first 24 
hours. This is followed by 7 to 10 days of once-daily or twice-daily colchicine 
depending on renal function. Corticosteroids can be administered orally (e.g., 

credence if there have been similar previous attacks that spontaneously resolved 
to a symptom-free state.

Radiographic evaluation is not helpful in the early phase of gout except to 
rule out fracture. In advanced gout, affected joints may show punched-out 
periarticular erosions with classic overhanging edges. Ultrasonography can 
detect monosodium urate crystals layered over articular cartilage in early disease 
and may be diagnostic (Fig. 257-4). Magnetic resonance imaging is not part 
of a standard evaluation but will reveal soft tissue and intra-articular tophi 
long before they become clinically evident.

The differential diagnosis of acute gout includes bacterial infection, trauma, 
sarcoidosis, and calcium pyrophosphate arthropathy (pseudogout). Diseases 
occasionally confused with advanced gout include rheumatoid arthritis, reac-
tive arthritis, and calcium pyrophosphate arthropathy.
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associated with intra-articular calcium pyrophosphate crystals can closely mimic 
the findings of gout and is hence referred to as pseudogout. The more chronic 
changes associated with calcium pyrophosphate-induced bone and cartilage 
destruction is referred to as pyrophosphate arthropathy. These conditions are 
further classified as familial (genetic), metabolic, and sporadic.

 EPIDEMIOLOGY
The true prevalence of calcium pyrophosphate crystal deposition disease is 
unknown, but it is generally thought to be underdiagnosed because of its 
confusion with other forms of arthritis.12 The prevalence of radiographically 
appearing chondrocalcinosis has been studied extensively and is clearly an 
age-related phenomenon. Chondrocalcinosis of the meniscal and articular 
cartilage of the knee is seen in 4% of people between the ages of 55 and 59 
years; in 18% of those 80 to 84 years; and in approximately 27% of those older 
than 85 years.

 PATHOBIOLOGY
Clinical calcium pyrophosphate disease is divided into three categories based 
on the etiology of altered inorganic pyrophosphate metabolism. The categories 
are hereditary (familial), sporadic (idiopathic), and metabolic. All three types 
of calcium pyrophosphate disease are associated with extracellular inorganic 
pyrophosphate accumulation around chondrocytes, and extracellular inorganic 
pyrophosphate is necessary for the formation of calcium pyrophosphate 
crystals.

Hereditary forms of calcium pyrophosphate crystal deposition disease may 
be caused by increased transmembrane transport of chondrocyte intracellular 
inorganic pyrophosphate to its extracellular matrix by diminished activity of 
the protective pyrophosphate hydrolases, or because of altered influences of 
factors that lead to increased extracellular inorganic pyrophosphate, including 
transforming growth factor-β, bone morphogenic protein-2 and -4, ascorbic 
acid, and osteopontin.

Transporter mutations are rarely observed in the sporadic form of calcium 
pyrophosphate disease. Aging chondrocytes in culture produce considerably 
more inorganic pyrophosphate than do younger chondrocytes, although the 
exact mechanism for this is unclear.

The metabolic diseases that predispose to calcium pyrophosphate crystal 
deposition disease include hemochromatosis, hyperparathyroidism, hypomag-
nesemia (as in Gitelman syndrome), and hypophosphatasia. All of these 
metabolic conditions result in increased extracellular inorganic pyrophosphate 
or other alterations in the cartilage matrix that are permissive for calcium 
pyrophosphate crystal formation.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Calcium pyrophosphate crystal deposition disease presents in a variety of 
fashions. It is frequently asymptomatic (lanthanic) and recognized only by 
the appearance of chondrocalcinosis on radiographs. The most common clini-
cal manifestation accounting for approximately 60% of calcium pyrophosphate 
disease is a polyarticular arthritis affecting joints not typically involved in 
primary osteoarthritis, including the wrists, shoulders, and metacarpophalan-
geal joints (particularly the second and third metacarpophalangeals).13 This 
form of calcium pyrophosphate disease is called pseudo-osteoarthritis and may 
be associated with occasional inflammatory attacks. The acute monoarticular 
presentation is known as pseudogout. The pain and swelling of pseudogout 
can be similar to that seen in gout. The onset is usually not as abrupt as with 
gout, and the attacks tend to last longer—frequently months. Pseudogout 
occurs more often in the large joints than in small joints. Calcium pyrophos-
phate crystal deposition disease can occasionally present as a chronic poly-
articular inflammatory disease that may mimic rheumatoid arthritis or 
polymyalgia rheumatica.

Calcium pyrophosphate disease is diagnosed by identifying chondrocalci-
nosis by radiography in a patient with a clinical history suggestive of the disease 
(Fig. 257-5). Definitive diagnosis is made by the finding of calcium pyrophos-
phate crystals by compensated polarized light microscopic examination of 
aspirated synovial fluid.14

There are no specific therapies for calcium pyrophosphate crystal deposition 
disease.15 In patients with metabolic disease–associated calcium pyrophosphate 
disease, treatment and control of the metabolic disease can afford some improve-
ment in the arthritis, although this is not the case for phlebotomy-treated 
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TABLE 257-3 SPECIFIC AMERICAN COLLEGE OF 
RHEUMATOLOGY RECOMMENDATIONS ON 
LIFESTYLE AND DIET FOR GOUTY PATIENTS

Weight loss for obese patients Avoid:
Organ meats
High fructose corn syrup−sweetened drinks
Alcohol overuse

Healthy overall diet Limit:
Beef, pork, lamb, shellfish
Beer

Exercise to achieve fitness Encourage:
Low-fat dairy

Smoking cessation
Stay well hydrated

prednisolone, 30 mg once a day), intramuscularly, or intra-articularly for acute 
gout symptoms and is a valuable option in patients with poor renal function 
or intolerance to colchicine. A meta-analysis of double-blind, randomized, con-
trolled trials indicates that oral prednisolone may be of similar efficacy and 
slightly safer than NSAIDs (naproxen or indomethacin) for the treatment of 
active, acute gout. A4  Issues critical to treatment success for a gouty flare are 
the early initiation of treatment, ensuring adequate dosing of anti-inflammatory 
therapy, and continuing the treatment until the flare has completely resolved 
(usually 6 to 10 days). During the acute flare, subjects already taking urate-
lowering therapy should continue the drug, whereas those not receiving this 
therapy should not be started.

Urate-Lowering Therapies
The principal goal of treating gout is to lower the serum uric acid below its 

saturation point so that the process of crystallization will cease and the accu-
mulated urate burden will be gradually diminished. The 2012 American College 
of Rheumatology guidelines recommend a target serum urate of less than 
6 mg/dL in all subjects, with an even lower target (<5 mg/dL) for patients with 
more advanced gout. Urate-lowering therapy is recommended for all patients 
with two or more gouty flares per year, patients with advanced disease, and 
those with kidney stones. Both allopurinol A5  and febuxostat are xanthine oxidase 
inhibitors that are considered first-line urate-lowering therapy. The American 
College of Rheumatology guidelines recommend that the allopurinol starting 
dose be no greater than 100 mg/day. The dose is gradually escalated by 100 mg 
daily every 2 to 5 weeks, with serum urate monitoring until the target serum 
urate is achieved. A6  The maximal U.S. Food and Drug Administration (FDA)-
approved dose of allopurinol is 800 mg daily. In subjects with advanced chronic 
kidney disease, the initial dose should be reduced to 50 mg daily, with incre-
mental dose escalations of 50 mg. Febuxostat is an alternative urate-lowering 
therapy and should be used in patients who have failed allopurinol treatment 
or have demonstrated sensitivity or intolerance to allopurinol.11 The initial 
febuxostat dose of 40 mg daily can be increased to 80 mg daily after 2 weeks 
of therapy if the serum urate target is not achieved. In a randomized trial of 
gout patients with coexisting cardiovascular disease, overall rates of major 
cardiovascular events were similar in patients treated with febuxostat and allo-
purinol, but cardiovascular deaths or deaths from any cause were more frequent 
in the febuxostat group than in the allopurinol group for unclear reasons. A7 

In patients who have gout but who have not attained the target serum urate 
despite maximal doses of either allopurinol or febuxostat, uricosuric agents 
(probenecid, up to 2 g daily) A8 

,
 A9  can be added to the xanthine oxidase inhibitor. 

Pegloticase (8 mg by IV infusion every 2 weeks) is an intravenously adminis-
tered monomethoxypoly(ethylene glycol)-conjugated recombinant uricase that 
dramatically lowers serum urate levels. It is approved by the FDA for the treat-
ment of gout in patients for whom conventional therapy has been ineffective.

Before the initiation of any form of urate-lowering therapy, the patient should 
be placed on anti-inflammatory therapy to prevent or minimize the anticipated 
increase in flare activity that is associated with starting urate-lowering therapy. A10  
Background anti-inflammatory prophylaxis is in the form of colchicine once or 
twice daily or low-dose NSAIDs. Anti-inflammatory prophylaxis should be con-
tinued until the subject has been free of gout flares for 6 months or longer.

 CALCIUM PYROPHOSPHATE DIHYDRATE 
CRYSTAL DEPOSITION DISEASE

 DEFINITIONS
The heterogeneous group of clinical conditions associated with calcium pyro-
phosphate dehydrate crystals are collectively called calcium pyrophosphate crystal 
deposition disease. Within this spectrum is the common radiographic finding 
of chondrocalcinosis that is frequently asymptomatic. The acute synovitis 

 APATITE (BASIC CALCIUM PHOSPHATE)-
ASSOCIATED ARTHROPATHY

Basic calcium phosphate crystals include several different crystal species. The 
most common of these is hydroxyapatite. The basic calcium phosphate crystals 
are unlike monosodium urate or calcium pyrophosphate crystals in that they 
are not identifiable by polarized microscopy. These very tiny crystals are 
responsible for several important clinical conditions. Although basic calcium 
phosphate crystals are found in 50% of osteoarthritic synovial fluids, the inci-
dence and prevalence of the individual apatite-associated clinical manifestations 
have not been established. This is especially true of the most severe and destruc-
tive apatite syndromes such as Milwaukee shoulder and tumoral calcinosis. 
The prevalence of the most common apatite-associated conditions, calcific 
periarthritis of the shoulder, was 3% in a large North American study.

 PATHOBIOLOGY
Like monosodium urate and calcium pyrophosphate crystals, basic calcium 
phosphate crystals exert their pro-inflammatory effects by being phagocytized 
by resident synoviocytes and influxing leukocytes. Unlike monosodium urate 
and calcium pyrophosphate crystals, apatite crystals apparently do not act 
through the NLRP3 inflammasome. Rather, basic calcium phosphate crystals 
are dissolved in the acidic phagosome and raise intracellular calcium levels 
and then activate the calcium-dependent signaling pathways. The synoviocytes 
are stimulated by these pathways to increase production of tumor necrosis 
factor-α and IL-6, and influxing neutrophils are stimulated to increase pro-
inflammatory oxygen radicals. The fibroblasts in the joint lining and surrounding 
soft tissues are stimulated to increase production of many of the matrix metal-
loproteinases, such as collagenase 1, collagenase 3, and stromelysin 1.

 CLINICAL MANIFESTATIONS OF BASIC CALCIUM  
PHOSPHATE DEPOSITION

The clinical manifestations of basic calcium phosphate deposition can be acute 
or chronic, and their cause can be idiopathic, hereditary, or secondary to other 
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FIGURE 257-5. Calcium pyrophosphate dihydrate arthropathy of the knee. radio-
graphic evidence of chondrocalcinosis showing fibrocartilage calcification as thick, linear 
deposits parallel to and separate from subchondral bone. 

TABLE 257-4 CLINICAL MANIFESTATIONS OF BASIC 
CALCIUM PHOSPHATE DEPOSITION DISEASE

Osteoarthritis and basic calcium phosphate deposition
Acute inflammatory arthritis
Acute calcific periarthritis
Chronic noninflammatory arthropathy
Diffuse idiopathic skeletal hyperostosis (DISH)
Tumoral calcinosis
Calcifications associated with hypercalcemic states

Hyperparathyroidism
Hypervitaminosis D
Sarcoidosis
Metastatic cancer
Myeloma
Leukemia

The treatment of most basic calcium phosphate–associated syndromes is 
conservative.17 In acute inflammatory arthritis and periarthritis, low-dose oral 
colchicine and NSAIDs are the mainstay of a symptomatic therapy. The persistent 
large effusion seen in Milwaukee shoulder should be serially aspirated to decrease 
intracapsular pressure. The added effectiveness of corticosteroid injections in 
this setting is unproved. The calcinosis associated with abnormal calcium and 
phosphate metabolism is best managed by treating the underlying metabolic 
process.

TREATMENT AND PREVENTION 
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hereditary hemochromatosis. For both the acute and chronic forms of calcium 
pyrophosphate crystal deposition disease, therapy is directed at symptoms. 
NSAIDs are the mainstay of treatment. Low-dose oral colchicine can be used 
in both acute and chronic settings. Intra-articular steroids have also been proved 
to be beneficial for symptomatic calcium pyrophosphate crystal deposition 
disease. The IL-1 inhibitor, anakinra, has been effectively used “off-label” for 
treating calcium pyrophosphate disease flares. On the other hand, intra-articular 
viscosupplementation (hyaluronic acid) may exacerbate joint symptoms.

 APATITE (BASIC CALCIUM PHOSPHATE)-
ASSOCIATED ARTHROPATHY

Basic calcium phosphate crystals include several different crystal species. The 
most common of these is hydroxyapatite. The basic calcium phosphate crystals 
are unlike monosodium urate or calcium pyrophosphate crystals in that they 
are not identifiable by polarized microscopy. These very tiny crystals are 
responsible for several important clinical conditions. Although basic calcium 
phosphate crystals are found in 50% of osteoarthritic synovial fluids, the inci-
dence and prevalence of the individual apatite-associated clinical manifestations 
have not been established. This is especially true of the most severe and destruc-
tive apatite syndromes such as Milwaukee shoulder and tumoral calcinosis. 
The prevalence of the most common apatite-associated conditions, calcific 
periarthritis of the shoulder, was 3% in a large North American study.

 PATHOBIOLOGY
Like monosodium urate and calcium pyrophosphate crystals, basic calcium 
phosphate crystals exert their pro-inflammatory effects by being phagocytized 
by resident synoviocytes and influxing leukocytes. Unlike monosodium urate 
and calcium pyrophosphate crystals, apatite crystals apparently do not act 
through the NLRP3 inflammasome. Rather, basic calcium phosphate crystals 
are dissolved in the acidic phagosome and raise intracellular calcium levels 
and then activate the calcium-dependent signaling pathways. The synoviocytes 
are stimulated by these pathways to increase production of tumor necrosis 
factor-α and IL-6, and influxing neutrophils are stimulated to increase pro-
inflammatory oxygen radicals. The fibroblasts in the joint lining and surrounding 
soft tissues are stimulated to increase production of many of the matrix metal-
loproteinases, such as collagenase 1, collagenase 3, and stromelysin 1.

 CLINICAL MANIFESTATIONS OF BASIC CALCIUM  
PHOSPHATE DEPOSITION

The clinical manifestations of basic calcium phosphate deposition can be acute 
or chronic, and their cause can be idiopathic, hereditary, or secondary to other 

diseases that cause hypercalcemia (Table 257-4). Basic calcium phosphate 
crystals can be found in 50% of synovial fluids from osteoarthritic knees. The 
presence of basic calcium phosphate crystals correlates with more severe 
radiographic changes secondary to more rapid deterioration in these osteo-
arthritic knees.16 Acute inflammatory arthritis associated with basic calcium 
phosphate deposition is similar in many ways to that of gout and pseudogout 
and has been referred to as pseudo-pseudogout. The patients tend to be younger 
and usually have evidence of soft tissue basic calcium phosphate deposition 
elsewhere in the body. Periarticular calcifications are often asymptomatic. 
However, basic calcium phosphate deposition can cause an acute and severe 
inflammation of the ligaments, tendons, and bursae surrounding a joint, termed 
acute calcific periarthritis. This frequently occurs around the shoulders and 
hips but can also occur in fingers, toes, wrists, and ankles.

The most destructive basic calcium phosphate–associated arthropathy is 
Milwaukee shoulder, which is characterized by large, bloody noninflammatory 
effusions containing basic calcium phosphate crystals with or without calcium 
pyrophosphate crystals. The process results in the destruction of the rotator 
cuff leading to marked instability and glenohumeral cartilage dissolution. This 
process can also affect knees. Like the acute calcific periarthritis discussed 
previously, Milwaukee shoulder is observed in women four times more fre-
quently than in men.

Diffuse idiopathic skeletal hyperostosis (DISH) is seen predominately in 
men and elderly people. The radiographic appearance of this condition is 
flowing ossifications along the anterolateral aspect of spinal vertebrae, especially 
in the thoracic spine. DISH is usually asymptomatic, but very large bridging 
osteophytes can cause pain; in the cervical spine, it can even result in 
dysphagia.

Idiopathic tumoral calcinosis is rare but most prevalent in young patients 
of African descent. These subjects have large irregular calcifying masses in the 
soft tissue surrounding the shoulders, hips, and elbows. Some cases show a 
familial occurrence and medical conditions associated with hyperphosphatemia.

Finally, metastatic calcifications can arise in any medical condition associ-
ated with hypercalcemia such as hyperparathyroidism, hypervitaminosis D, 
sarcoidosis, metastatic cancer, multiple myeloma, and leukemia.
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Answer: A Prophylactic anti-inflammatory drugs should be initiated before 
starting allopurinol or febuxostat because any acute change in uric acid levels 
(including acute changes that actually reduce the levels, as these drugs would 
do, as well as increase the levels) can precipitate an acute gout attack. The 
ACR guidelines recommend starting allopurinol at doses of 100 mg daily in 
those without kidney disease or 50 mg daily in those who do have advanced 
chronic kidney disease, followed by dose escalations of 100 mg or 50 mg in 
these situations, respectively. ACR guidelines recommend a target serum uric 
acid of less than 6 mg/dL, except in those with advanced gout, whose levels 
should be lowered to less than 5 mg/dL. The uricosuric agent, probenecid, is 
recommended only as addition to a first-line xanthine oxidase inhibitor if 
target urate levels cannot be attained with maximum doses of the latter.

5. The laboratory investigation for underlying metabolic causes of calcium 
pyrophosphate dehydrate (CPPD) deposition disease would include all 
of the following, except which one?
 A. Serum ferritin
 B. Serum calcium and phosphate
 C. Serum alkaline phosphatase
 D. Serum magnesium
 E. Serum lead

Answer: E Metabolic diseases that predispose to CPPD crystal deposition 
disease include hemochromatosis, hyperparathyroidism, hypomagnesemia 
states, and hypophosphatasia. Saturnine gout is the term used to describe gout 
(not CPPD crystal deposition disease) caused by chronic lead exposure (e.g., 
by occupational exposure or drinking “moonshine” whiskey).

6. The basic calcium crystal arthropathy referred to as Milwaukee shoulder is 
characterized by which one of the following?
 A. Bilateral involvement in men
 B. Destruction of the glenohumeral joint
 C. Markedly inflammatory synovial fluid
 D. Birefringent crystals in the synovial fluid
 E. Slow progression

Answer: B The form of basic calcium crystal arthropathy known as Milwaukee 
shoulder has a predilection for elderly women, is usually unilateral but can 
involve the knees, and has noninflammatory synovial fluid (white blood cells 
<1000/µL) that is usually bloody in appearance. Despite noninflammatory 
fluid, the condition can be rapidly destructive.

REVIEW QUESTIONS

1. The prevalence of hyperuricemia in the United States has been rising dra-
matically over the past three decades because of all of the following except 
which one?
 A. Increased longevity of the population
 B. Increased use of low-dose aspirin and thiazide diuretics
 C. Greater consumption of low-fat dairy products
 D. Greater consumption of high-fructose corn syrup
 E. Increased prevalence of the metabolic syndrome

Answer: C The aging population, the increasing prevalence of the metabolic 
syndrome, and increased consumption of medications and diets that increase 
blood uric acid levels by either inhibiting its excretion (low-dose aspirin and 
thiazide diuretics) or increasing its production (high-fructose corn syrup) are 
all factors leading to the increased prevalence of hyperuricemia and gout in 
the United States. Increased consumption of low-fat dairy products does not 
cause hyperuricemia.

2. Which one of the following is true regarding renal clearance of uric acid?
 A. Comparable in gouty and nongouty subjects
 B. Reduced in gouty subjects by 70%
 C. Proportional to the serum urate levels in both gouty and nongouty 

subjects
 D. Controlled by components of the “transportasome” in the distal nephron
 E. Reduced by the angiotensin II receptor blocker losartan

Answer: C Gouty subjects have reduced renal clearance of uric acid, and 
their excretion of uric acid is reduced by only 30% (not 70%). The renal 
tubular transporters (collectively called the transportasome) that are responsible 
for determining how much of the filtered uric acid is actually excreted are 
located in the proximal convoluted tubules, not the distal nephron. Renal 
clearance of uric acid is not reduced by losartan.

3. Factors that may provoke flares of gout include all of the following except 
which one?
 A. Initiation of allopurinol
 B. Overindulgence in shellfish
 C. Starvation
 D. Initiation of colchicine
 E. Surgery

Answer: D Initiation of colchicine can actually block flares of gout. In contrast, 
allopurinol or any other drug or factor that alters blood uric acid levels (either 
up or down) can provoke an acute gouty attack.

4. According to the American College of Rheumatology (ACR) 2012 treat-
ment guidelines for urate-lowering therapy, which one of the following is 
true?
 A. Prophylactic anti-inflammatory therapy should be initiated before start-

ing allopurinol or febuxostat.
 B. Patients with chronic kidney disease should not be treated with more 

than 300 mg of allopurinol daily.
 C. Serum urate levels should be reduced to less than 5 mg/dL in all patients 

with gout.
 D. The initial starting dose of allopurinol is 300 mg daily in most patients.
 E. Probenecid is first-line therapy for patients with chronic kidney disease 

stage 3 or 4.
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258 
FIBROMYALGIA, CHRONIC FATIGUE 
SYNDROME, AND MYOFASCIAL PAIN
DANIEL J. CLAUW

 DEFINITION
Fibromyalgia is the current term for individuals with chronic widespread 
musculoskeletal pain, for which no alternative cause can be identified. If 
fatigue rather than pain is the presenting complaint, individuals are often 
diagnosed with chronic fatigue syndrome.1 Gastroenterologists often see the 
exact same patients and focus on their gastroenterologic complaints, and often 
use the terms functional GI disorder, irritable bowel syndrome (IBS), non-
ulcer dyspepsia, noncardiac chest pain, or esophageal dysmotility to explain 
the patient’s symptoms. Neurologists see these patients for their headaches 
or unexplained facial pain, urologists for pelvic pain and urinary symptoms 
(and use labels such as interstitial cystitis, chronic prostatitis, vulvodynia, 
and vulvar vestibulitis), dentists for temporomandibular disorders (TMD),  
and so on.

Until recently these unexplained pain syndromes perplexed researchers, 
clinicians, and patients, and went by terms such as idiopathic, functional, or 
somatization. However, it is now clear that:
•	 Individuals	will	sometimes	only	have	one	of	these	“idiopathic”	pain	syn-

dromes over the course of their lifetime. But more often, individuals with 
one of these entities, and their family members, are likely to have several 
of these conditions. Many terms have been used to describe these co-
aggregating syndromes and symptoms, including functional somatic syn-
dromes, somatization disorders, allied spectrum conditions, sensory 
sensitivity syndromes, chronic multisymptom illnesses, and medically 
unexplained symptoms. The most recent term coined by the National Insti-
tutes of Health in the United States is probably the best accepted at present: 
chronic overlapping pain conditions.

•	 Some	 of	 these	 individuals	 have	 identifiable	 psychological	 or	 psychiatric	
comorbidities present, but many do not, and thus it is important to under-
stand that the pathobiology of these processes is independent of, but some-
times overlaps with, that seen in mood disorders, post-traumatic stress 
disorder (PTSD), and others.

•	 Women	are	more	likely	to	have	these	disorders	than	men	(1.5	to	2	times	
as often), but the sex difference is much more apparent in clinical samples 
(especially tertiary care) than in population-based samples.

•	 Groups	 of	 individuals	 with	 these	 conditions	 (e.g.,	 fibromyalgia,	 chronic	
fatigue syndrome, IBS, headache, TMD, etc.) typically display distur-
bances in pain and sensory processing including increased pain to nor-
mally painful stimuli or pain to normally nonpainful stimuli. This can be 
identified in the patient’s history (e.g., by asking about sensitivity to bright 

lights, odors, drugs) as well as in research studies using quantitative sensory 
testing or functional neuroimaging. This suggests that these individuals 
have a central nervous system–mediated problem with augmented pain 
or sensory processing that is contributing to the pain and other somatic 
sensitivities the individual is experiencing, rather than simply a nocicep-
tive focus confined to the region of the body where the person is currently  
experiencing pain.

•	 Similar	types	of	therapies	are	efficacious	for	all	of	these	conditions,	including	
both pharmacologic (e.g., tricyclic compounds, serotonin norepinephrine 
reuptake inhibitors, and gabapentinoids) and nonpharmacologic treat-
ments (e.g., education, exercise, cognitive behavioral therapy [CBT]). 
Conversely, individuals with these conditions typically do not respond 
to therapies that are effective when pain is caused by injury or inflamma-
tory disorders of tissues (e.g., NSAIDs, opioids, local injections, surgical  
procedures).

•	 Subsets	of	individuals	with	any	chronic	pain	condition	(e.g.,	low	back	pain,	
osteoarthritis, autoimmune disorders, sickle cell disease, etc.) also have the 
same phenotypic features and underlying mechanisms as those seen in 
fibromyalgia. These individuals with sub-threshold fibromyalgia display the 
same pathologic features and differential responsiveness to peripherally 
directed versus centrally directed therapies.

•	 It	is	critical	that	clinicians	seeing	patients	with	chronic	pain	evaluate	indi-
viduals for the presence of this phenotype because it can dramatically affect 
which treatments will work, or not work, for a given individual with chronic 
pain.
Until about a decade ago, these conditions were all on somewhat equal 

(and tenuous) scientific ground. But within a relatively short period of time, 
research methods such as experimental pain testing, functional imaging, and 
genetics have led to tremendous advances in the understanding of several of 
these conditions, most notably fibromyalgia, IBS, and TMD. Many in the pain 
field	(Chapter	27)	now	feel	that	much	chronic	pain	itself	is	a	neural	disease	
and that many of the underlying mechanisms operative in these heretofore 
considered idiopathic or functional pain syndromes may be similar no matter 
whether that pain is present throughout the body (e.g., in fibromyalgia) or 
localized to the low back, the bowel, or the bladder. Because of this, the more 
contemporary terms used to describe conditions such as fibromyalgia, IBS, 
TMD, chronic fatigue syndrome, vulvodynia, and many other entities include 
“centralized	pain”	or	“central	sensitization”	to	imply	that	the	central	nervous	
system is playing a prominent role in amplifying or causing the pain in most 
individuals	with	these	syndromes	(see	Table	258-1).	Many	of	these	findings	
have also been noted in chronic fatigue syndrome but the various pathophysi-
ologic theories of chronic fatigue syndrome vary widely, and are the source 
of considerable contention, so this chapter will focus where the evidence base 
is significantly stronger in fibromyalgia.

 EPIDEMIOLOGY
Fibromyalgia and Chronic Widespread Pain
Epidemiologic studies of the historical component of the American College 
of Rheumatology (ACR) criteria for fibromyalgia, chronic widespread pain 
(CWP),	have	been	extremely	 instructive.	CWP	is	 typically	operationalized	
as pain above and below the waist, involving the left and right sides of the 
body,	and	also	involving	the	axial	skeleton.	Population-based	studies	of	CWP	
suggest	that	roughly	4	to	12%	of	the	population	has	this	symptom	at	any	given	
point in time.2	Chronic	regional	pain	is	found	in	20	to	25%	of	the	population.	
Both	chronic	widespread	and	regional	pain	occur	about	1.5	times	more	often	
in women than in men. These findings are very similar in different countries, 
ethnicities, and cultures.

 FIBROMYALGIA
The	original	1990	ACR	criteria	for	fibromyalgia	required	that	an	individual	
has	both	a	history	of	CWP,	and	the	finding	of	11	or	more	of	18	possible	tender	
points on examination. Tender points represent nine paired predefined regions 
of the body, often over musculotendinous insertions. If an individual reports 
pain when a region is palpated with 4 kilograms of pressure, this is considered 
a	positive	tender	point.	At	the	time	the	1990	ACR	criteria	were	published,	it	
was thought that there might be some unique significance to the locations of 
tender points. Since then, we have learned that the tenderness in fibromyalgia 
extends throughout the entire body.

The	tender	point	requirement	in	the	1990	ACR	criteria	not	only	misrep-
resents the nature of the tenderness in this condition (i.e., local rather than 
widespread), but also strongly influences the demographic and psychological 
characteristics	of	fibromyalgia.	Women	are	only	1.5	 times	more	 likely	 than	

Fibromyalgia is frequently found as a comorbidity in other chronic pain 
conditions such as osteoarthritis and autoimmune rheumatic diseases. As many 
as	25%	of	patients	correctly	diagnosed	with	generalized	inflammatory	disorders	
such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and 
ankylosing spondylitis will also fulfill ACR criteria for fibromyalgia. However, 
in clinical practice this co-expression often goes unrecognized, especially when 
the fibromyalgia develops after the autoimmune disorder or regional pain 
syndrome. In this setting when comorbid fibromyalgia goes unrecognized, 
patients are often unnecessarily treated more aggressively with potentially 
toxic biologics and immunosuppressive agents.

This	comorbid	form	of	fibromyalgia	has	been	termed	“secondary	fibromy-
algia.”	A	more	popular	term	to	use	for	this	phenomenon	is	that	these	individuals	
have	 “centralized”	 their	 pain.	While	 peripheral	 nociceptive	 input	might	 be	
involved for some of such a patient’s pain, CNS factors are probably amplify-
ing it, leading to other associated symptoms such as fatigue, memory problems, 
and	disturbances	of	sleep	and	mood.	The	term	“central	sensitization”	is	also	
sometimes used to describe this phenomenon, but many feel that this term 
should be reserved for the more general disorder mediated by a multitude of 
different spinal and supraspinal mechanisms. Regardless of terminology, it is 
becoming increasingly important to identify the disorder because emerging 
evidence suggests that therapies that work best for peripheral, nociceptive 
pain (e.g., NSAIDs, opioids, injections, surgical procedures) are less likely to 
be effective in these patients.3

The	“primary”	form	of	fibromyalgia	is	also	associated	with	serious	comor-
bidities, with early life and ongoing stressors. Many if not most such patients 
have a lifetime history of a psychiatric disorder such as depression or anxiety. 
There is typically more psychiatric and psychological comorbidity noted in 
individuals who are refractory to treatment. The bidirectional relationship 
between fibromyalgia and psychiatric conditions is likely due at least in part 
to common triggers to both sets of conditions, as well as shared pathophysiol-
ogy. Potentially modifiable risk factors for developing fibromyalgia or worsening 
its course include poor sleep, obesity, physical inactivity, and job or life dis-
satisfaction. Cognitive factors such as catastrophizing (irrational thinking that 
the pain is much worse or more serious than it actually is) or fear of movement 
have been found to be poor prognostic factors in fibromyalgia and other chronic 
pain states.

 PATHOBIOLOGY
Animal Models of Fibromyalgia
Although few would purport that there is an animal model that mimics all of 
the key clinical features of fibromyalgia, nonetheless animal models can be 
very helpful in understanding the pathogenesis of this condition.4 Animals 
develop the critical features of central sensitization or centralization of pain 
when exposed to swim stress, neonatal separation from their mothers, and 
many other nonpainful stressful stimuli.

Genetic Factors
The strong familial predisposition to fibromyalgia and other chronic pain 
conditions has led many to study specific genetic polymorphisms that may 
be associated with a higher risk of developing fibromyalgia. First, candidate 
gene	 studies	 showed	 that	 genetic	 findings	 such	 as	 the	 serotonin	 5-HT2A	
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ABSTRACT
Fibromyalgia and chronic fatigue syndrome are two of many centralized pain 
disorders characterized by widespread body pain and comorbid symptoms, 
such	as	fatigue,	sleep	and	memory	problems.	Whereas	the	diagnosis	and	label	
of fibromyalgia has been controversial in the medical community for some 
time, it is now among the best studied pain conditions, with strong evidence 
of prominent involvement of the central nervous system, and best treated with 
therapies aimed at the CNS. Treatment of these conditions should include 
patient education, as well as a combination of nonopioid medications, behavioral 
therapies, lifestyle changes, and complementary treatments, as appropriate.
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 HISTORICAL PERSPECTIVE ON FIBROMYALGIA
The disorder we now call fibromyalgia has long appeared in the medical lit-
erature under other terms such as fibrositis and psychogenic rheumatism. In the 
first	half	of	the	20th	century	it	was	thought	by	many	to	be	a	prevailing	etiology	
of muscular pain and a presenting symptom of tension. Most rheumatologists 
believed it to be a nonentity.

The current notion of the disorder was developed by Smythe and Moldofsky 
in	 the	 1970s.	The	 term	 fibromyalgia reflected the concept that there is no 
accompanying inflammation (-itis) but rather it is a form of pain (-algia) 
involving the connective tissues of affected patients. These and other investiga-
tors described the most common points of extreme tenderness found on 
examination of patients with fibromyalgia, as well as the accompanying abnor-
malities	 in	 restorative	 sleep.	Yunus	and	others	 then	characterized	 the	most	
prevalent manifestations of the disorder seen in the real-life setting of rheu-
matology practices.

The American College of Rheumatology (ACR) first established standard-
ized	criteria	for	the	diagnosis	of	fibromyalgia	in	1990.	A	classification	system	
that was primarily designed for future research studies required a history of 
chronic	widespread	pain	(CWP)	as	well	as	the	identification	of	at	least	11	of	
a	possible	18	points	of	tenderness	on	examination.	However,	many	clinicians	
have used these criteria in routine practice to make the diagnosis in individual 

patients, and this unintended use has created some of the current misconcep-
tions	concerning	fibromyalgia	today.	Revised	criteria	in	2010,	2011,	and	then	
in	2016	have	removed	the	requirement	for	the	finding	of	discrete	tender	points	
on physical exam. The criteria that are now considered to be the cardinal 
symptoms of fibromyalgia, including widespread pain, fatigue, sleep disorders, 
and memory disturbances, overlap with a comparable group of patients con-
sidered to have chronic fatigue syndrome.

With	 the	finding	 that	 structural	damage	 to	 tissues	 and	 inflammation	are	
not pathogenic features of fibromyalgia, attention has turned to the concept 
of neural mechanisms to explain the clinical manifestations of these disorders. 
Neural mechanisms are now believed to underlie a spectrum of disorders 
related to fibromyalgia, including irritable bowel syndrome (IBS), previously 
named	 “spastic	 colitis,”	 temporomandibular	 syndrome,	 previously	 termed	
“temporomandibular	joint	disorder,”	and	urinary	chronic	pelvic	pain	syndromes	
such as bladder pain syndrome, previously called interstitial cystitis (IC).

The primary problem in most patients with fibromyalgia and these related 
disorders who meet their respective diagnostic criteria is now thought to be 
most likely a central nervous system (CNS) disorder that causes, augments, 
or amplifies centralized pain. In this light, instead of depending on peripherally 
directed treatments that have been used in the past, it is important to consider 
drug and nondrug therapies that are most effective in fibromyalgia by targeting 
the CNS.



CHAPTER 258 Fibromyalgia, ChroniC Fatigue Syndrome, and myoFaSCial Pain 1775

TABLE 258-1 MECHANISTIC CHARACTERIZATION OF PAIN
NOCICEPTIVE NEUROPATHIC CENTRALIZED

Cause Inflammation or damage Nerve damage or entrapment CNS or systemic problem
Clinical features Pain is well localized, consistent effect 

of activity on pain
Follows distribution of peripheral nerves 

(i.e., dermatome or stocking/glove), 
episodic, lancinating, numbness, tingling

Pain is widespread and accompanied by fatigue, 
sleep,	memory	and/or	mood	difficulties,	as	well	
as history of previous pain elsewhere in body

Screening tools PainDETECT Body map or FM Survey
Treatment NSAIDs, injections, surgery, opioids Local treatments aimed at nerve (surgery, 

injections, topical) or CNS-acting drugs
CNS-acting drugs, nonpharmacologic therapies

Classic examples Osteoarthritis
Autoimmune disorders
Cancer pain

Diabetic painful neuropathy
Post-herpetic neuralgia
Sciatica, carpal tunnel syndrome

Fibromyalgia
Functional GI disorders
Temporomandibular disorder
Tension headache
Interstitial cystitis, bladder pain syndrome

Variable degrees of any mechanism can contribute in any disease.
CNS = central nervous system; FM = fibromyalgia; GI = gastrointestinal; NSAIDs = nonsteroidal antiinflammatory drugs.

Fibromyalgia is frequently found as a comorbidity in other chronic pain 
conditions such as osteoarthritis and autoimmune rheumatic diseases. As many 
as	25%	of	patients	correctly	diagnosed	with	generalized	inflammatory	disorders	
such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and 
ankylosing spondylitis will also fulfill ACR criteria for fibromyalgia. However, 
in clinical practice this co-expression often goes unrecognized, especially when 
the fibromyalgia develops after the autoimmune disorder or regional pain 
syndrome. In this setting when comorbid fibromyalgia goes unrecognized, 
patients are often unnecessarily treated more aggressively with potentially 
toxic biologics and immunosuppressive agents.

This	comorbid	form	of	fibromyalgia	has	been	termed	“secondary	fibromy-
algia.”	A	more	popular	term	to	use	for	this	phenomenon	is	that	these	individuals	
have	 “centralized”	 their	 pain.	While	 peripheral	 nociceptive	 input	might	 be	
involved for some of such a patient’s pain, CNS factors are probably amplify-
ing it, leading to other associated symptoms such as fatigue, memory problems, 
and	disturbances	of	sleep	and	mood.	The	term	“central	sensitization”	is	also	
sometimes used to describe this phenomenon, but many feel that this term 
should be reserved for the more general disorder mediated by a multitude of 
different spinal and supraspinal mechanisms. Regardless of terminology, it is 
becoming increasingly important to identify the disorder because emerging 
evidence suggests that therapies that work best for peripheral, nociceptive 
pain (e.g., NSAIDs, opioids, injections, surgical procedures) are less likely to 
be effective in these patients.3

The	“primary”	form	of	fibromyalgia	is	also	associated	with	serious	comor-
bidities, with early life and ongoing stressors. Many if not most such patients 
have a lifetime history of a psychiatric disorder such as depression or anxiety. 
There is typically more psychiatric and psychological comorbidity noted in 
individuals who are refractory to treatment. The bidirectional relationship 
between fibromyalgia and psychiatric conditions is likely due at least in part 
to common triggers to both sets of conditions, as well as shared pathophysiol-
ogy. Potentially modifiable risk factors for developing fibromyalgia or worsening 
its course include poor sleep, obesity, physical inactivity, and job or life dis-
satisfaction. Cognitive factors such as catastrophizing (irrational thinking that 
the pain is much worse or more serious than it actually is) or fear of movement 
have been found to be poor prognostic factors in fibromyalgia and other chronic 
pain states.

 PATHOBIOLOGY
Animal Models of Fibromyalgia
Although few would purport that there is an animal model that mimics all of 
the key clinical features of fibromyalgia, nonetheless animal models can be 
very helpful in understanding the pathogenesis of this condition.4 Animals 
develop the critical features of central sensitization or centralization of pain 
when exposed to swim stress, neonatal separation from their mothers, and 
many other nonpainful stressful stimuli.

Genetic Factors
The strong familial predisposition to fibromyalgia and other chronic pain 
conditions has led many to study specific genetic polymorphisms that may 
be associated with a higher risk of developing fibromyalgia. First, candidate 
gene	 studies	 showed	 that	 genetic	 findings	 such	 as	 the	 serotonin	 5-HT2A	

men	to	experience	CWP,	but	are	11	times	more	likely	than	men	to	have	11	
or	more	tender	points.	Thus,	women	are	approximately	10	times	more	likely	
to	meet	1990	ACR	criteria	for	fibromyalgia	than	men.	Yet,	many	men	have	
the	same	symptoms,	and	this	is	one	of	many	reasons	that	in	2010	new	criteria	
for fibromyalgia were developed that did not require performing a tender 
point count, and more fully appreciated the other CNS-mediated symptoms 
that are seen commonly in fibromyalgia and related conditions, including 
fatigue, and sleep and memory issues.

The majority of patients with fibromyalgia develop their pain symptoms 
in multiple body regions early in life, frequently beginning in childhood or 
adolescence. Individuals who eventually go on to develop fibromyalgia are more 
likely to experience headaches, dysmenorrhea, temporomandibular disorders 
(TMD), chronic fatigue syndrome, myofascial pain, IBS and other functional 
gastrointestinal disorders, interstitial cystitis/painful bladder syndrome, endo-
metriosis, and other regional pain syndromes (particularly with back and 
neck pain). In many cases, what may appear to a health care provider to be an 
entirely new type of acute or subacute pain is in fact only another region of the 
body involved with pain. The concept is evolving among pain specialists that 
these	“centralized”	pain	disorders	actually	represent	a	single	lifelong	disease	
with a spectrum of symptoms in different regions of the body over time. The 
U.S.	National	Institutes	of	Health	has	recently	used	the	term	“chronic	over-
lapping	pain	conditions	(COPCs)”	to	denote	the	fact	that	these	conditions	
often co-occur in the same individuals and share many pathogenic features.

Various types of environmental stressors, including but not limited to psy-
chological factors, most likely trigger the development of fibromyalgia (Table 
258-2).	Fibromyalgia	 and	 related	disorders	 are	 found	at	much	higher	 than	
expected rates in individuals who have experienced specific infections (e.g., 
Epstein-Barr virus, Lyme disease, Q fever, viral hepatitis), trauma (such as 
motor vehicle accidents), and wartime military service. This is a contentious 
legal issue and not all would agree that all of these types of seemingly distinct 
entities can trigger or exacerbate fibromyalgia. Certainly assessing cause and 
effect in any given individual is almost impossible, because all individuals 
experience intermittent stressors of the variety that seemingly can trigger 
fibromyalgia. It is also likely that part of the reason these different stressors 
can seemingly lead to worsening of fibromyalgia or fibromyalgia symptoms 
is because of how these stressors affect activity level, sleep, or overall distress, 
any of which then can lead to worsening of pain and other symptoms.

TABLE 258-2 STRESSORS CAPABLE OF TRIGGERING 
FIBROMYALGIA AND RELATED CONDITIONS

•	 Peripheral	pain	syndromes
•	 Infections	(e.g.,	parvovirus,	EBV,	Lyme	disease,	Q	fever;	not	common	upper	

respiratory infections)
•	 Physical	trauma	(automobile	accidents)
•	 Psychological	stress/distress
•	 Hormonal	alterations	(e.g.,	hypothyroidism)
•	 Drugs
•	 Vaccines
•	 Certain	catastrophic	events	(war,	but	not	natural	disasters)
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 DIAGNOSIS
A careful musculoskeletal history and examination remains the most important 
diagnostic test for individuals with chronic pain. There are a number of diag-
nostic criteria that can be used for fibromyalgia. For reasons noted above, the 
use	of	the	original	1990	criteria	is	now	being	replaced	by	the	more	contem-
porary	criteria	proposed	in	2010	and	then	modified	in	2011	and	2016.7 The 
advantage of these new criteria is that they are simple to use and acknowledge 
the nonpain symptoms of fibromyalgia and centralized pain. Finally, in addi-
tion to these criteria being used with a cut point to diagnose someone with 
fibromyalgia they also serve as a good measure of the presence and severity 
of	fibromyalgia,	or	“fibromyalgianess.”	It	has	been	shown	that	in	individuals	
with conditions such as RA, low back pain, or osteoarthritis, an individual’s 
fibromyalgia	 score,	derived	 from	measures	very	 similar	 to	 the	2010/11/16	
criteria, was typically more predictive of pain and disability than more objec-
tive measures of activity of these diseases, such as measures of inflammation 
or joint damage.

Because pain is a defining manifestation of fibromyalgia, its optimal 
management should be based on the features of the pain that can distin-
guish it from other painful disorders. The pain of fibromyalgia is typically 
diffuse	 or	multifocal,	 is	 difficult	 to	 localize,	 often	waxes	 and	wanes,	 and	 is	
frequently migratory in nature. These characteristics of centralized pain are 
quite different from nociceptive pain, in which both the location and sever-
ity of pain are typically more constant. Patients may complain of discomfort 
when they are touched or when wearing tight clothing, and may experi-
ence dysesthesias or paresthesias that accompany the pain, as is seen with  
neuropathic pain.

There are no laboratory or imaging tests at this time that can distinguish 
the pain of fibromyalgia. The duration of time the patient has had symptoms 
should guide the intensity of the diagnostic work-up. If the patient’s symptoms 
have persisted for several years, minimal testing is required, whereas a more 
aggressive strategy should be employed for acute or subacute onset of symp-
toms. Basic testing can be limited to complete blood count and routine serum 
chemistries, along with thyroid stimulating hormone (TSH) and erythrocyte 
sedimentation rate (ESR). Serologic studies such as ANA and rheumatoid 
factor assays are generally not needed unless there are clinical features that 
are not characteristic of fibromyalgia, or abnormalities are found on physical  
examination.

Aside from the many comorbid conditions already discussed, fibromyalgia 
may present similarly to a number of disorders or concurrently with other 
disorders	that	may	confuse	the	diagnosis.	Table	258-3	shows	conditions	that	
often mimic or present concurrently with fibromyalgia. Hypothyroidism and 
polymyalgia rheumatica can be differentiated from fibromyalgia by results of 
TSH and ESR. Sleep apnea and hepatitis C also simulate fibromyalgia, and 
tend to present more often in men than women.

The physical examination is generally unremarkable in individuals with 
fibromyalgia, but it is helpful to assess for diffuse tenderness. This is something 
that can be done in several ways that do not involve performing a tender point 
count. For example, individuals with fibromyalgia exhibit unusual sensitivity 
to the inflation of a blood pressure cuff. Assessing the pain thresholds in the 
hands and arms of any chronic pain patient can provide valuable diagnostic 
information. A rapid testing of this involves the application of firm pressure 
over several interphalangeal (IP) joints of each hand and also over the adjacent 
phalanges, and then more proximally to include firm palpation of the muscles 
of the forearm including the lateral epicondyle region. If the individual is 
tender in many of these areas, or in just the muscles of the forearm, they are 
likely to be diffusely tender and to have a low pain threshold. However, if the 

receptor polymorphism T/T phenotype, serotonin transporter, dopamine 4 
receptor, and COMT (catecholamine o-methyl transferase) polymorphisms 
all were noted in higher frequency in fibromyalgia patients than in controls. 
Subsequent studies confirmed some of these associations whereas others did 
not. Subsequent larger genome-wide linkage and candidate gene studies identi-
fied other putative targets. The linkage studies confirmed the strong genetic 
contribution to fibromyalgia, and suggested linkage of fibromyalgia to the 
chromosome	17p11.2-q11.2	region.	The	large	candidate	gene	study	identified	
significant differences in allele frequencies between cases and controls that 
were observed for three genes: GABRB3, TAAR1, and GBP1. In light of the 
fact that classic genetic studies have not yet identified strong, reproducible 
polymorphisms or haplotypes associated with fibromyalgia, and because there 
is clear evidence of environmental factors such as stress playing a prominent 
role in the pathogenesis, other groups have postulated that epigenetic findings 
might be important in fibromyalgia.5 These are promising areas of inquiry 
that need further research.

Evidence of Central Nervous System Disturbances in Pain 
and Sensory Processing
The pathophysiologic hallmark of fibromyalgia is augmented central pain 
processing. Subsequent studies using more sophisticated measures of 
experimental pain testing showed that individuals with fibromyalgia are 
more	 tender	 everywhere	 in	 the	body,	not	 just	 in	 the	18	 regions	originally	
considered	 to	be	 “tender	points.”	Several	potential	mechanisms	have	been	
experimentally found to be potentially responsible for pain amplification 
in fibromyalgia, including a decrease in the activity of descending analgesic 
pathways, and a diffuse increase in the processing of all sensory stimuli (not  
just pain).

Brain Imaging Studies
Functional, chemical, and structural brain neuroimaging studies have provided 
the	best	“objective”	evidence	that	 the	pain	of	fibromyalgia	and	related	pain	
amplification	syndrome	is	“real.”	Functional	MRI	(fMRI)	studies	have	dem-
onstrated that in individuals with fibromyalgia the application of mild pressure 
or heat stimulus that other individuals would sense as touch rather than pain, 
are experienced as pain. Individuals with or without fibromyalgia utilize similar 
brain activation patterns and brain areas involved in pain processing. The insula 
is a brain region that is consistently hyperactive and is likely to play a key 
pathogenic role in fibromyalgia and related conditions. This region has been 
noted to play a critical role in sensory integration, with the posterior insula 
serving a purer sensory role, and the anterior insula being associated with the 
emotional processing of sensations.

Patients with fibromyalgia have increased connectivity between brain regions 
involved in increasing pain transmission and neural networks not normally 
involved in pain. During a painful stimulus, connectivity is decreased between 
key antinociceptive regions and a region identified as a potential source of 
dysfunctional pain inhibition in fibromyalgia. Quantitative sensory testing 
studies have demonstrated that fibromyalgia patients are more sensitive to a 
number of sensory stimuli other than pain, and that machine learning para-
digms can accurately distinguish fibromyalgia patients from individuals without 
fibromyalgia	with	over	90%	accuracy.6

Imaging techniques have also been used to identify the neurotransmitter 
abnormalities	that	may	be	“driving”	the	pain	amplification	seen	in	fibromyalgia	
and other chronic pain disorders. Decreased mu opioid receptor availability 
(possibly due to increased release of endogenous mu opioids) has been reported 
in fibromyalgia. This finding, as well as previous studies showing increases in 
endogenous opioids in the cerebrospinal fluid (CSF) of fibromyalgia patients, 
has been suggested as evidence of why opioid analgesics appear to not be 
efficacious	in	fibromyalgia.

Using proton spectroscopy (H-MRS) to probe other neurotransmitters, 
fibromyalgia patients have been shown to have increases in brain concentra-
tions of the body’s major excitatory neurotransmitter, glutamate, in pain 
processing regions such as the insula. Drugs such as pregabalin and gabapentin 
are likely working in part in fibromyalgia by reducing glutamatergic activity. 
Individuals with fibromyalgia that had the highest pretreatment levels of glu-
tamate in the posterior insula were those most likely to respond to pregabalin. 
When	pregabalin	led	to	improvement	in	symptoms	in	these	individuals,	there	
was normalization of functional MRI and connectivity findings, all suggesting 
that this neurotransmitter is playing a critical role in the pathogenesis of fibro-
myalgia at least in some individuals. These studies also help clarify why no 
single class of CNS analgesic is likely to be effective in every patient with pain 
of CNS origin.

TABLE 258-3 CONDITIONS THAT SIMULATE FIBROMYALGIA
COMMON

Hypothyroidism
Polymyalgia rheumatica
Early in course of autoimmune disorders (e.g., rheumatoid arthritis or SLE)
Sjogren syndrome
LESS COMMON

Hepatitis C
Sleep apnea
Chiari malformation
Celiac sprue

TREATMENT 
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The Role of Peripheral Factors in Fibromyalgia
Although most agree that the core symptoms of fibromyalgia are likely due 
to changes in the CNS, peripheral factors clearly play an important role in 
both the pathogenesis and treatment of many individuals with fibromyalgia. 
For example, some elements of the processes of central sensitization can be 
worsened or driven by ongoing nociceptive input. Thus it is possible or likely 
that the many individuals with fibromyalgia who also have comorbid conditions 
causing ongoing peripheral nociceptive input (e.g., myofascial pain, osteoar-
thritis, obesity) would potentially benefit from therapies aimed at reducing 
peripheral drive of central sensitization. This was suggested in a short-term 
study which showed that treating these common comorbid conditions could 
lead to improvement in the widespread pain and tenderness seen in fibromyal-
gia. In fact, one of the major areas of study needed into these conditions is to 
try to differentiate which individuals with these phenomena are being driven 
from the CNS and which may be driven by ongoing peripheral nociceptive 
input, and thus still benefit from these peripherally directed interventions.
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individual is only tender over the IP joints but not the other regions, and 
especially if there are additional inflammatory signs (e.g., swelling, erythema, 
warmth) associated with the tenderness, there should be more concern about 
a systemic autoimmune rheumatologic disorder. If tenderness is confined to 
only	the	bones,	one	might	suspect	a	metabolic	bone	disease	(Chapter	229)	
or condition causing periostitis (e.g., hyperparathyroidism).

Having ruled out other potential disorders in the differential diagnosis of 
the patient’s pain, a somewhat important step in the management of fibromy-
algia	 is	 asserting	 the	diagnosis.	Despite	 concerns	 that	being	 “labeled”	with	
fibromyalgia may in general cause more harm than good, nearly all existing 
studies suggest otherwise. The diagnosis of fibromyalgia is often a source of 
relief for the patient and leads to decreased health care utilization because  
of	 a	 reduction	 in	 referrals	 and	 diagnostic	 testing	 “looking	 for	 the	 cause	 of	 
the	pain.”

TABLE 258-4 THERAPIES
PHARMACOLOGIC THERAPIES

•	 Strong evidence: tricyclics (amitriptyline, cyclobenzaprine); dual-reuptake 
inhibitors	(SNRI/NSRI—venlafaxine,	duloxetine,	milnacipran);	alpha-2-delta	
ligands (pregabalin, gabapentin)

•	 Modest evidence: tramadol; selective serotonin reuptake inhibitors (SSRIs); 
low-dose naltrexone; cannabinoids; gamma hydroxybutyrate (GHB)

•	 Weak evidence:	growth	hormone,	5-hydroxytryptamine,	tropisetron,	S-adenosyl-
l-methionine (SAMe)

•	 Not shown to be effective: opioids, NSAIDs, corticosteroids, benzodiazepine 
and nonbenzodiazepine hypnotics, melatonin, guanifenesin, 
dehydroepiandrosterone

NONPHARMACOLOGIC THERAPIES

•	 Strong evidence: cardiovascular exercise, cognitive behavior therapy, patient 
education, multidisciplinary therapy

•	 Modest evidence: strength training, tai chi, yoga, mindfulness, hypnotherapy, 
biofeedback, balneotherapy

•	 Weak evidence: acupuncture, chiropractic, manual and massage therapy, 
electrotherapy, ultrasound

•	 No evidence: tender (trigger) point injections, flexibility exercise

General Approach
Individuals diagnosed with fibromyalgia should receive some basic educa-

tion regarding this disorder.8 Clinicians can do this in the context of their practice 
(e.g., with nurse educators or other allied health professionals) or electronically 
using websites and videos (see Clauw YouTube patient videos). This education 
should stress the importance of the patients’ active role in their own manage-
ment. It should be explained at the outset that some of the most effective 
therapies are nondrug interventions such as exercise, improving sleep, and 
reducing stress. Although recent treatment guidelines favor the use of non-
pharmacologic versus pharmacologic therapies, A1  there are pragmatic factors 
in routine practice (lack of availability or reimbursement, patient is unwilling 
to try these therapies until their symptoms are somewhat better controlled) 
that often make this impractical.9 Most patients will need some coordinated 
combination of pharmacologic and nonpharmacologic therapies to achieve 
meaningful improvement in symptoms and function. Table 258-4 outlines all 
of the evidence-based treatments for individuals with fibromyalgia.

Pharmacologic Therapy
There are a number of classes of drugs that can be of some benefit in fibro-

myalgia, but as in other chronic pain conditions, drugs only work well in a 
subset of patients, and the overall effect size of any of these therapies for any 
type of chronic pain is small to modest at best.

tricyclic agents
The earliest studied pharmacologic therapy for fibromyalgia was low doses 

of tricyclic compounds. The effectiveness of tricyclic antidepressants—particu-
larly amitriptyline, A2  cyclobenzaprine, A3  and mirtazapine A4 —in treating the 
symptoms of pain, poor sleep, and fatigue associated with fibromyalgia is sup-
ported by several randomized, controlled trials. Tolerability can be improved 
by starting with a very low doses (e.g., 10 mg of amitriptyline or 5 mg of cyclo-
benzaprine), giving the dose a few hours before bedtime, and then very slowly 
escalating the dose. Very-low-dose cyclobenzaprine has been shown to be 
quite effective in a subset of individuals with fibromyalgia with a specific sleep 
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pattern, with fewer side effects than seen in some of the earlier studies of 
higher doses.

Serotonin and norepinephrine reuptake inhibitors
Because of a better side effect profile, newer antidepressants, such as selec-

tive serotonin reuptake inhibitors (SSRIs), are frequently used in fibromyalgia. 
The SSRIs fluoxetine, citalopram, and paroxetine have each been evaluated in 
randomized, placebo-controlled trials. The newer “highly selective” serotonin 
reuptake inhibitors (e.g., citalopram) appear to be less efficacious than the 
older SSRIs, which have some noradrenergic activity at higher doses.

Because tricyclic antidepressants and high doses of certain SSRIs such as 
fluoxetine and sertraline that have the most balanced reuptake inhibition had 
been the most effective analgesics in fibromyalgia and other chronic pain con-
ditions, many concluded that dual receptor inhibitors such as serotonin-nor-
epinephrine and norepinephrine-serotonin reuptake inhibitors (SNRIs and NSRIs) 
should be more effective than pure serotonergic drugs. A5  The first available 
SNRI, venlafaxine, has data to support its use in the management of neuropathic 
pain. Retrospective trial data demonstrate that this compound is also effective 
in the prophylaxis of migraine and tension headaches. Two studies in fibromy-
algia have reported conflicting results, with the one using a higher dose showing 
efficacy.

Two newer SNRIs, duloxetine and milnacipran, have undergone more recent 
multicenter trials and were shown to be effective in a number of outcome 
variables. They are both now approved in the United States for the treatment 
of fibromyalgia. These drugs seem roughly comparable in the overall efficacy 
profile, with studies generally noting modest improvement (although not reach-
ing statistical significance in all studies) in clinical features such as pain, overall 
improvement, physical functioning, level of fatigue, and degree of reported 
physical impairment. For both compounds these effects appear to be unrelated 
to their effect on mood, suggesting that the analgesic and other positive effects 
of this class of drugs in fibromyalgia are not simply due to their antidepressant 
effects. The maximum approved dose of duloxetine is 60 mg per day, but it 
was studied in trials at doses up to 120 mg and shown to be safe. Likewise, the 
initial dose of milnacipran is 100 mg, but some patients benefit from increasing 
the dose to as high as 200 mg. Hypertension is more likely to be a problem 
with milnacipran, because it appears to be more noradrenergic; for these same 
reasons it might be slightly more likely to help with symptoms such as fatigue. 
Esreboxetine, a selective norepinephrine reuptake inhibitor, was also tested 
and shown to be efficacious in fibromyalgia, but this drug is not approved for 
use at this time. A6  In summary, emerging evidence suggests that norepinephrine 
reuptake activity may be much more important than serotinergic reuptake for 
analgesic effects in patients with fibromyalgia.

anticonvulsants
Placebo-controlled trials have shown that pregabalin is effective for pain, 

sleep disturbances, and fatigue in fibromyalgia. It became the first drug approved 
in the United States for this condition. Gabapentin has similar efficacy and 
adverse effects profile in fibromyalgia. A7  These two drugs have the same mecha-
nism of action, binding to the alpha-2-delta subunit of calcium channels, and 
both had been previously approved for treatment of neuropathic pain and 
other indications. The tolerability of these drugs can be enhanced by starting 
at a low dose, and giving either two thirds of the dose or the entire dose at 
bedtime. The maximally approved dose of pregabalin is 450 mg, but in trials 
it was studied at doses as high as 600 mg and shown to be safe and efficacious. 
For most patients, the dose of gabapentin needed for analgesic is often 1800 
to 2400 mg/day. Two other drugs that likely work similarly to the gabapentinoids 
by counteracting the effects of increased glutamatergic activity are memantine A8  
and ketamine, both of which have some evidence of efficacy. Another antiepi-
leptic compound, clonazepam, has demonstrated efficacy in treating temporo-
mandibular disorder and associated jaw pain and is useful in the treatment of 
restless leg syndrome and thus may be of value in subsets of fibromyalgia 
patients with these comorbidities. In general, though, the risks associated with 
chronic benzodiazepine use likely outweigh the potential benefit.

other CnS-acting drugs
Some reports have suggested that certain nonbenzodiazepine hypnotics, 

such as zopiclone and zolpidem can improve the sleep and, possibly, fatigue 
in fibromyalgia patients, but they have no significant effects on pain.

Gamma-hydroxybutyrate (also known as sodium oxabate), a precursor of 
GABA with powerful sedative properties, has been shown to be very efficacious 
in improving fatigue, sleep, as well as pain in patients with fibromyalgia. However, 
this drug is a scheduled substance in the United States because of its abuse 
potential, and was not approved by the U.S. FDA because of safety concerns. 
Other less-toxic GABA agonists may have an important role in the future for 
the treatment of fibromyalgia.

Cannabinoids are another class of drugs that has seen renewed interest in 
the management of chronic pain states. Two randomized controlled trials of 
synthetic cannabinoids in fibromyalgia (both with nabilone) have concluded 
that the drug is modestly efficacious (in one study for both pain and sleep, in 
the other study at lower dose for just sleep). A9  There is increased recognition 
that this class of drugs may have utility in pain of neural origin.



Classic analgesics
No adequate randomized controlled clinical trials have tested the efficacy of 

opioids for the pain of fibromyalgia. However, anecdotal experience indicates 
that this class of drugs is not effective in this setting. In fact, imaging studies 
of fibromyalgia patients who were studied with both functional MRI and PET 
with an opioid ligand suggested that the native state of fibromyalgia may be 
akin to that of opioid-induced hyperalgesia, and it is possible that, at least 
in a subset of individuals with fibromyalgia, opioids may make their hyperal-
gesia worse rather than better. Tramadol, a compound that has some opioid 
activity (weak µ-agonist activity) combined with serotonin/norepinephrine 
reuptake inhibition appears to be somewhat efficacious in the management 
of fibromyalgia, as both a single drug and in fixed-dose combination with  
acetaminophen.

A large number of fibromyalgia patients use nonsteroidal anti-inflammatory 
drugs (NSAIDs) and acetaminophen. Many studies have failed to confirm their 
effectiveness as analgesics in fibromyalgia when used as a single agent, A10  but 
the combination of celecoxib and acyclovir has been found to be effective in 
fibromyalgia. A11  It is not known whether the benefit came from one or both 
of these drugs. Patients may likewise experience enhanced analgesia when 
treated with combinations of NSAIDs and other agents.

Combination therapy
Combining multiple classes of adjunctive pain medications has been a 

common practice. One study demonstrated that the combination of duloxetine 
and pregabalin was superior to either drug alone in treating fibromyalgia, A12  
consistent with other trials suggesting this is also the case in neuropathic pain.

Neurostimulatory Therapies
Transcutaneous electrical nerve stimulation (TENS) has been used for some 

time to treat musculoskeletal pain. A new group of neurostimulatory therapies 
is emerging that would be expected to be more effective for centralized pain, 
because these therapies all aim to stimulate the CNS to modulate pain trans-
mission. These include noninvasive techniques such as repetitive transcranial 
magnetic stimulation (rTMS) and transcranial direct current stimulation (t-DCS). 
Outcomes with these therapies have yielded inconsistent results, but a trend 
is emerging suggesting that these treatments might be most effective in cen-
tralized rather than purely peripheral pain states. Furthermore, they have stimu-
lation parameters that enable signals to travel into deeper cortical tissues than 
occurs with typical delivery of rTMS and tDCS. More invasive approaches such 
as spinal cord stimulation, deep brain stimulation, and vagal nerve stimulation 
show promise in refractory pain states.

Nonpharmacologic Therapies
Patients should be strongly encouraged to engage in nonpharmacologic 

therapies, especially exercise and mind-body practices. The best-studied non-
pharmacologic therapies in fibromyalgia are CBT and exercise, both of which 
have been reported to be efficacious. A13  These treatments can produce sustained 
(e.g., greater than one year) improvements, especially when an individual com-
plies with the therapy.

For exercise, it is important to “start low, go slow.” Exercise of different types 
(aerobic, stretching, strengthening) has been particularly well studied as a treat-
ment of both chronic fatigue syndrome and fibromyalgia and has perhaps the 
strongest evidence base of any therapy. They typically improve fatigue, pain, 
and function for these conditions. In chronic fatigue syndrome this has been 
termed graded exercise therapy, and has been similarly shown to be helpful. 
Many fibromyalgia, chronic fatigue syndrome, and other chronic pain patients 
tend to be sedentary. In these individuals it might be more helpful to first focus 
on becoming more “active” rather than “exercising.”

Among the different types of CBT, the one that has had increased attention 
has been a focus on using behavioral measures to treat the sleep disorders 
seen in conditions such as fibromyalgia. Preclinical and clinical research has 
shown the important role of sleep in pain transmission. There is a free website 
for patients (www.fibroguide.com) that allows patients to access these behavioral 
interventions over the internet rather than in person, and this website has been 
found to be effective in a randomized controlled trial. One study also suggested 
that adding emotional disclosure to standard CBT may be of benefit to a subset 
of patients. A14 

As with other diseases, there is an increasing evidence base in fibromyalgia 
for a number of other nonpharmacologic, complementary and alternative 
therapies including mindfulness, tai chi, yoga, biofeedback, chiropractic manipu-
lation, and acupuncture. There is some evidence that the use of alternative 
therapies gives patients a greater sense of control over their illness, so they 
should be encouraged to choose the nonpharmacologic therapy that best 
resonates with their beliefs and is locally accessible.

Trigger-point injections can be useful for the treatment of localized myofascial 
pain, but there is no evidence that adding corticosteroids or even local anes-
thetics adds anything to their beneficial effect.
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259 
SYSTEMIC DISEASES IN WHICH 
ARTHRITIS IS A FEATURE
STERLING G. WEST

Arthritis, arthralgias, and myalgias can be significant features of several systemic 
diseases and may be the presenting symptoms for some of these disorders 
(Table 259-1). Appropriate evaluation of these musculoskeletal symptoms, 
including selected laboratory tests and radiographs, can provide clues to the 
early diagnosis of these diseases. Synovial biopsies are rarely necessary but 
can be diagnostic. Brief descriptions of the arthritic manifestations of some 
of these systemic disorders follow; a more detailed discussion of each entity 
is found in the chapters devoted to these diseases. Because of the rarity of 
many of these diseases, evidence-based treatments with U.S. Food and Drug 
Administration–approved medications are lacking.

 AUTOIMMUNE HEPATITIS
Patients with type I autoimmune hepatitis (Chapter 140) may present with 
a syndrome resembling systemic lupus erythematosus (SLE; Chapter 250).1,2 
Patients with the early-onset subset are frequently young and female, with 
complaints of polyarthralgia and occasionally fever. Laboratory examination 
may show leukopenia, a positive antinuclear antibody (70 to 90%), elevated 
erythrocyte sedimentation rate, polyclonal gammopathy, and elevated liver-
associated enzymes. Hypocomplementemia and antibodies against double-
stranded DNA are usually not seen, whereas antibodies against the smooth 
muscle antigen (F1 actin) support the diagnosis. Joint radiographs show soft 
tissue swelling without erosions or deformity. Joint pain resolves with corti-
costeroid therapy for the liver disease. Patients with autoimmune hepatitis 
have an increased risk for having a concurrent autoimmune disease, including 
Sjögren syndrome in about 7% of cases.
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ABSTRACT
Arthritis, arthralgias, and myalgias can be significant features of several systemic 
diseases and may be the presenting symptoms for some of these disorders. 
Appropriate evaluation of these musculoskeletal symptoms, including selected 
laboratory tests, radiographs, and occasionally biopsies, can provide clues to 
the early diagnosis of these diseases. This chapter provides brief descriptions 
of the rheumatologic manifestations occurring in some of these systemic dis-
orders. Owing to the rarity of many of these diseases, therapy is often empiric 
because most treatments are not based on evidence.
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TABLE 259-1 SYSTEMIC DISEASES ASSOCIATED  
WITH ARTHRITIS

DISEASE TEST*

GASTROINTESTINAL DISEASES

Autoimmune hepatitis Liver-associated enzymes, ASMA
Primary biliary cirrhosis Alkaline phosphatase, antimitochondrial Ab
Pancreatitis-arthritis syndrome Lipase, amylase, abdominal CT scan
Whipple disease Tissue biopsy, tissue immunohistochemical stain for 

Tropheryma whippelii, PCR for T. whippelii DNA
Gluten-sensitive enteropathy Antitransglutaminase antibody, small bowel biopsy
Inflammatory bowel disease Stool guaiac, colonoscopy
Hepatitis B/hepatitis C Liver-associated enzymes, hepatitis serology, 

cryoglobulins
Intestinal bypass arthritis Cryoglobulins
HEMATOLOGIC DISORDERS

Hemophilia PTT, factor VIII and IX levels
Hemoglobinopathies CBC, hemoglobin electrophoresis
Hypogammaglobulinemia Low total protein, SPEP, immunoglobulins
Plasma cell dyscrasias High total protein, SPEP, UPEP, IEF
ENDOCRINE DISORDERS

Diabetes mellitus Glucose, hemoglobin A1c

Thyroid disorders TSH, thyroxine
Parathyroid disorders Calcium, phosphorus, PTH
Acromegaly Radiographs, growth hormone, IGF-I
Hyperlipoproteinemia Lipid panel
Paget disease Bone-specific alkaline phosphatase, radiographs, 

bone scan
MALIGNANT DISORDERS

Hypertrophic 
osteoarthropathy

Radiographs (hands, wrists, chest)

Leukemia and lymphoma CBC, LDH, bone marrow/tissue biopsy
Carcinomatous polyarthritis Cancer screen
Palmar fasciitis and arthritis CA-125, pelvic CT scan, cancer screen
OTHER DISEASES

Hemochromatosis Iron studies, radiographs, HFE gene
Multicentric 

reticulohistiocytosis
Radiographs, skin/synovial biopsy

Sarcoidosis Chest radiograph, ACE level, tissue biopsy
IgG4-related disease Serum IgG4 level, histopathology of biopsy 

specimens including IgG4 immunostaining
Alkaptonuria Radiographs, urine homogentisic acid level
Fabry disease Angiokeratomas, α-galactosidase A level or gene 

mutation
Relapsing polychondritis Cartilage biopsy
Cystic fibrosis Chest radiograph, sweat chloride, CFTR gene 

mutation
Tenosynovial giant cell tumor: 

diffuse type (diffuse 
pigmented villonodular 
synovitis)

Synovial fluid analysis, MRI, synovial biopsy

Systemic infections Cultures, serologies (RPR, HIV, EBV, parvovirus)
*Tests listed are common laboratory tests and radiographs that are frequently ordered; this 
information should provide a clue that a systemic disease is a possible cause of the patient’s 
musculoskeletal symptoms. These tests, coupled with the history and physical examination, should 
be followed by more specific tests and biopsies (listed in italics) to confirm the diagnosis.
Ab = antibody; ACE = angiotensin-converting enzyme; ASMA = anti–smooth muscle antibody; 
CBC = complete blood cell count; CFTR = cystic fibrosis transmembrane conductance regulator; 
CT = computed tomography; EBV= Epstein-Barr virus; HIV = human immunodeficiency virus; 
IEF = immunoelectrophoresis; IGF-I= insulin-like growth factor-I; IgG4 = immunoglobulin G4; 
LDH = lactate dehydrogenase; MRI = magnetic resonance imaging; PCR = polymerase chain 
reaction; PTH = parathyroid hormone; PTT = partial thromboplastin time; RPR = rapid plasmin 
reagin; SPEP = serum protein electrophoresis; TSH = thyroid-stimulating hormone; UPEP = urine 
protein electrophoresis.

include osteomalacia related to vitamin D deficiency, osteoporosis related to 
renal tubular acidosis, and hypertrophic osteoarthropathy associated with liver 
disease.

 WHIPPLE DISEASE
An inflammatory arthritis occurs in 60 to 90% of patients with Whipple disease 
(Chapter 131) and may precede other clinical manifestations by years.3 The 
joint involvement is typically an intermittent, migratory oligoarthritis affecting 
large joints more than small joints or the spine, lasting from several hours to 
days. The synovial fluid is inflammatory, with a predominance of mononuclear 
cells. Subcutaneous nodules are occasionally seen, contributing to an errone-
ous diagnosis of rheumatic fever or RA. However, patients consistently test 
negative for rheumatoid factor and antinuclear antibodies. Synovial biopsies 
show rod-shaped bacilli on electron microscopy, which have been identified 
as Tropheryma whipplei. Diagnosis is suspected when duodenal, synovial, or 
lymph node biopsies show periodic acid–Schiff–positive macrophages. Infec-
tion is confirmed by demonstration of the organism in tissue by immunohis-
tochemical staining with antisera specific for T. whipplei. Quantitative polymerase 
chain reaction to detect T. whipplei DNA is used as a confirmatory test per-
formed on tissue and body fluids.4 Typically, the arthritis does not cause 
radiographic changes or deformities. Prolonged antibiotic therapy results in 
resolution of musculoskeletal as well as other symptoms of this disease. Relapses, 
especially neurologic, can occur in up to 35% of patients after cessation of 
antibiotic therapy.

 GLUTEN-SENSITIVE ENTEROPATHY  
(CELIAC DISEASE)

An asymmetrical oligoarthritis or symmetrical polyarthritis occurs in up to 
25% of adults with celiac disease (Chapter 131). It may precede the entero-
pathic symptoms by months to years in up to 50% of cases. Large joints such 
as knees and ankles, more than hips and shoulders, are most commonly involved. 
Axial involvement is reported. The arthritis does not cause deformities or 
radiographic changes and resolves with a gluten-free diet in 40 to 50% of 
cases. Another musculoskeletal manifestation is osteomalacia related to vitamin 
D malabsorption, which may mimic diffuse fibromyalgia. Arthralgias due to 
gluten sensitivity without celiac disease are also reported.5

 PANCREATITIS-ARTHRITIS SYNDROME
Pancreatic panniculitis is a systemic syndrome occurring in some patients 
with pancreatic acinar cell carcinoma and less commonly in patients with 
pancreatitis or hematologic malignancies. This syndrome is characterized by 
tender red nodules, usually on the extremities; these are frequently misdiag-
nosed as erythema nodosum, but biopsy shows areas of lobular panniculitis 
with fat necrosis. Arthritis occurs in 60% of patients and usually involves the 
ankles and knees. Synovial fluid is typically noninflammatory and creamy in 
color. It contains multiple lipid droplets because of necrosis of fat in the syno-
vial membrane. Other manifestations include osteolytic lesions (10%) from 
bone marrow fat necrosis, pleuropericarditis, fever, and eosinophilia. Magnetic 
resonance imaging (MRI) shows multifocal intraosseous fat necrosis and 
arthritis of the knees and feet.6 The prominent fat necrosis is due to the release 
of lipase, amylase, and trypsin from the diseased pancreas. Another musculo-
skeletal manifestation resulting from pancreatic disease is osteomalacia from 
vitamin D deficiency related to malabsorption.

 HEMOPHILIA
Hemophilia A (factor VIII deficiency) and hemophilia B (factor IX deficiency) 
(Chapter 165) are associated with hemarthrosis.7 Almost all patients with 
factor levels less than 1% of normal experience recurrent hemarthroses spon-
taneously or after minor trauma. Large joints (knees, elbows, ankles) are most 
commonly involved. Intramuscular hemorrhage can also occur. Recurrent 
hemarthrosis can lead to proliferative synovitis and cartilage degradation, 
resulting in both erosive and degenerative changes on radiographs. Physical 
examination shows bone enlargement, crepitus, atrophic muscles, and joint 
contractures. Treatment of acute monoarthritis consists of factor replacement 
to achieve a level of 30% or greater, given at the first sign of joint swelling. 
Patients with fever (temperature >38° C) or who fail to respond to factor 
replacement need joint aspiration to rule out septic arthritis, which occurs 
with an increased incidence in hemophilia. Chronic arthritis is treated with 
nonsteroidal anti-inflammatory drugs (NSAIDs), which do not inhibit platelet 
function; arthroscopic or radiation synovectomy for chronic synovitis; and 
total joint arthroplasty for end-stage joint disease. The regular prophylactic 
administration of factor replacement has reduced the risk for developing chronic 

 PRIMARY BILIARY CHOLANGITIS (CIRRHOSIS)
Up to 50% of patients with primary biliary cholangitis (PBC) (Chapter 146) 
have other autoimmune disorders, including rheumatoid arthritis (RA), Sjögren 
syndrome, systemic sclerosis, systemic lupus erythematosus, and autoimmune 
thyroiditis. In addition to antimitochondrial antibodies, rheumatoid factor, 
antinuclear antibodies, and anticentromere antibodies are often present. More 
than 10% of patients with PBC have a symmetrical or asymmetrical small 
joint inflammatory arthritis. Unlike RA, it can involve distal interphalangeal 
joints and is rarely erosive or deforming. Other musculoskeletal manifestations 
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leading to biologic dysfunction. As a result of the inability to extend the fingers 
fully, the “prayer sign” is observed on physical examination. Unlike diabetic 
stiff hand syndrome, Dupuytren contractures14 are due to a chronic thickening 
of the palmar aponeurosis, causing flexion deformities of the third and fourth 
digits. It is a frequent musculoskeletal complication, occurring in more than 
20% of patients with type 2 diabetes. A less common manifestation is Charcot, 
or neuropathic, joints, occurring in less than 1% of all patients with long-
standing diabetes. All patients have a diabetic peripheral neuropathy and typi-
cally present with painless swelling of the feet caused, most commonly, by 
destruction of the tarsometatarsal joints. Deformities can occur with midtarsal 
collapse (“rocker bottom” feet), predisposing to ulceration and infection of 
the skin over desensate bony prominences. Radiographs are diagnostic, and 
treatment should include supportive footwear and protected weight bearing.

Unlike Charcot joint, diabetic osteolysis and diabetic amyotrophy are unique 
to diabetes. The osteolysis is characterized by resorption of the distal metatarsal 
bone and proximal phalanges of the feet, giving radiographs a characteristic 
“licked candy” appearance. Pain is variable, and treatment is conservative 
because the process may terminate on its own. Diabetic amyotrophy is a lumbar 
polyradiculopathy (L2 to L4) that arises with severe pain, dysesthesias, and 
rapid atrophy of the proximal muscles of one or both thighs. Carpal tunnel 
syndrome (25%), adhesive capsulitis of the shoulder (frozen shoulder), flexor 
tenosynovitis (trigger finger) of the hands, diffuse idiopathic skeletal hyper-
ostosis (DISH) (type 2 diabetes), osteopenia (type 1 diabetes), diabetic muscle 
infarction (usually of the thigh), osteomyelitis of the foot, and septic joints 
are all musculoskeletal conditions that occur with increased frequency in 
diabetic patients. Aggressive control of blood glucose helps prevent some of 
these musculoskeletal complications.

 THYROID DISORDERS
Musculoskeletal symptoms occur in 33% of patients with clinical hypothyroid-
ism (thyroid-stimulating hormone levels >20 µU/mL) (Chapter 213). Patients 
can present with carpal tunnel syndrome, Raynaud phenomenon, or muscle 
aching and stiffness similar to fibromyalgia and polymyalgia rheumatica. Patients 
with severe hypothyroidism can experience a noninflammatory myopathy 
with proximal muscle weakness and elevated creatine kinase, which may be 
confused clinically with polymyositis. Similarly, myxedematous patients can 
develop a symmetrical arthropathy of the large joints, especially the knees, 
associated with noninflammatory synovial fluid with increased viscosity. The 
association of hypothyroidism with chondrocalcinosis is controversial, but 
clearly patients beginning thyroid replacement therapy can experience an acute 
attack of pseudogout. Patients with hyperthyroidism can develop proximal 
myopathy (70%), adhesive capsulitis of the shoulder (10%), osteoporosis, or 
thyroid acropachy. Thyroid acropachy occurs in less than 1% of patients with 
Graves disease and consists of soft tissue swelling of the hands, digital club-
bing, and periostitis, particularly involving the metacarpal and phalangeal bone 
shafts. Pain is usually mild, radiographs are characteristic, and there is no 
effective therapy. Patients with autoimmune thyroid disease have an increased 
prevalence of positive antinuclear antibodies and an increased association 
with systemic connective tissue diseases such as Sjögren syndrome.15

 PARATHYROID DISORDERS
Primary hyperparathyroidism (Chapter 232) can develop with osteoporosis 
and fractures or with chondrocalcinosis and episodes of acute pseudogout. 
In severe hyperparathyroidism, which is rare, vague myalgias and arthralgias 
resembling fibromyalgia; a reversible, painless, proximal myopathy with normal 
creatine kinase; and osteitis fibrosa cystica with bone pain can be seen. Osteitis 
fibrosa cystica occurs primarily in patients with secondary hyperparathyroid-
ism associated with renal failure and has a characteristic radiographic appear-
ance, with subperiosteal resorption on the radial side of the phalanges, small 
erosions in the hands and distal clavicles, and discrete lytic bone lesions (brown 
tumors). Ectopic calcifications, joint laxity, and tendon ruptures have been 
reported in patients with severe hyperparathyroidism. Hypoparathyroidism 
has also been associated with myopathy and ectopic and perispinal ligament 
calcifications. Patients with type Ia pseudohypoparathyroidism and pseudo-
pseudohypoparathyroidism have a shortened fourth metacarpal bone 
bilaterally.

 ACROMEGALY
Up to 75% of patients with acromegaly (Chapter 211) develop an atypical 
form of osteoarthritis (OA). The knees, shoulders, hips, and lumbosacral 
and cervical spine are the most frequently symptomatic areas, although the 
hands reveal the most characteristic radiographic changes, with osteophytosis 

arthropathy. Acute and chronic arthritis is less frequent and less severe in 
patients with hemophilia B compared with hemophilia A.

 HEMOGLOBINOPATHIES
Patients with sickle cell anemia (Chapter 154) or the heterozygous states of 
sickle β-thalassemia and sickle hemoglobin C disease frequently experience 
polyarthralgia.8 Local sickling of cells leads to obstruction of the microcircula-
tion and to bone infarctions. Patients most commonly experience painful 
crises causing chest, back, and joint pain, which can be caused or worsened 
by glucocorticoid therapy. A painful large joint arthritis (usually in the knees), 
lasting days to 3 weeks, can also occur. Synovial effusions are usually nonin-
flammatory but can be mildly inflammatory because of local phagocytosis of 
sickled cells. Infarcts in the metaphyses of bones are commonly found on 
joint radiographs. Vertebral bodies have a characteristic “Lincoln log” appear-
ance or a central cuplike indentation (“codfish vertebrae”). Femoral and humeral 
head osteonecrosis can occur in up to 33% of sickle cell anemia and sickle 
hemoglobin C disease cases. Because of splenic autoinfarction, septic arthritis 
(Staphylococcus aureus) and osteomyelitis (50% caused by Salmonella) have 
been associated with sickle cell disease. In adults, gout has been reported. 
Treatment includes intravenous hydration, oxygen, and analgesics. Hydroxyurea 
can reduce the frequency of painful crises. In patients with β-thalassemia 
major (Cooley anemia; Chapter 153), significant expansion of bone marrow 
develops as a result of increased erythroid precursors, leading to osteoporosis 
and microfractures that affect primarily the lower extremities. Chelation therapy 
with deferiprone (to reduce iron overload) can cause arthralgias in 20% of 
patients.

 HYPOGAMMAGLOBULINEMIA
Common variable immunodeficiency (CVID) and selective immunoglobulin 
A (IgA) deficiency are the most common immunodeficiencies9 (Chapter 236). 
Adults with CVID can develop a nonerosive, noninfectious large joint oligo-
arthritis that responds to intravenous immunoglobulin therapy. However, 
septic arthritis caused by common pathogens or Mycoplasma can also occur 
and must be rigorously excluded. Autoimmune disorders occur in 30% of 
patients with CVID and may be the presenting manifestation. The most common 
are autoimmune cytopenias and pernicious anemia. Selective IgA deficiency 
(Chapter 236) is associated with various rheumatic manifestations, including 
positive autoantibodies, in the absence of clinical disease. Systemic autoimmune 
disorders, including SLE, juvenile idiopathic arthritis, and others, as well as 
organ-specific autoimmune disorders such as type 1 diabetes mellitus and 
myasthenia gravis, also occur in IgA-deficient individuals.

 AMYLOIDOSIS
Primary amyloidosis and myeloma-associated amyloidosis are plasma cell 
disorders causing overproduction and tissue deposition of monoclonal immu-
noglobulin light chains (Chapter 179). Amyloid deposits in the synovium 
can lead to rheumatic symptoms. Amyloid arthropathy occurs in up to 5% of 
myeloma patients and may be the initial manifestation.10 It affects both males 
and females at an average age of 60 years. The polyarthritis or oligoarthritis 
most commonly affects the shoulders, knees, wrists, and small joints of the 
hand. Subcutaneous nodules and carpal tunnel syndrome can be additional 
manifestations. It may be misdiagnosed as RA or polymyalgia rheumatica. 
Sedimentation rate is always elevated, but other serologies (rheumatoid factor, 
antinuclear antibodies) are negative. Synovial fluid is usually normal or mini-
mally inflammatory. Congo red staining of spun synovial fluid can show amyloid 
deposits from synovial fragments. Joint radiographs are nonerosive but may 
show lytic bone lesions. The arthritic symptoms do not respond to glucocor-
ticoids or other anti-inflammatory medications.

 DIABETES MELLITUS
A causal relationship between arthritis in general and diabetes mellitus is not 
established.11 However, certain specific musculoskeletal disorders are associ-
ated with diabetes.12 Diabetic stiff hand syndrome of limited joint mobility13 
(diabetic cheiroarthropathy) occurs in more than 30% of patients with long-
standing, poorly controlled type 1 or type 2 diabetes mellitus (Chapter 216). 
Patients present with the insidious development of flexion contractures and 
thickened skin of the fingers, which may be confused with scleroderma. These 
changes may be due to excess glycosylation of tendinous structures and accu-
mulation of sugar alcohols, producing excess water content in the tissues leading 
to increased stiffness. Additionally, intracellular hyperglycemia causes oxidative 
stress and the formation of advanced glycation end products, which damage 
vascular endothelium and form cross-links with skin and tendon collagen 
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FIGURE 259-1. Hypertrophic osteoarthropathy. A, Severe clubbing of the nails. B, radiograph demonstrating periosteal elevation of the distal radius and ulna. 

 LEUKEMIA AND LYMPHOMA
Leukemia can arise as an asymmetrical or migratory polyarthritis, monoar-
thritis (rare), back pain (10%), or nocturnal bone pain. Articular manifestations 
occur in 14 to 50% of children and 4 to 16% of adults with acute leukemia 
and can precede the diagnosis by months.17 Joint pain is attributed to leukemic 
synovial infiltration and usually involves the ankle or knee, but it can be poly-
articular, resembling juvenile or adult RA. The joint pain is disproportionately 
more severe than the clinical findings. Synovial effusions are uncommon, and 
evidence of leukemic cells in the synovial fluid is rare. Bone pain due to sub-
periosteal leukemic cell infiltration occurs in up to 50% of patients, with long 
bone pain (lower extremities) more common in children and back pain more 
common in adults. Radiographs are normal in 50% of cases. The musculoskeletal 
symptoms are poorly responsive to NSAIDs but can resolve with successful 
therapy of the leukemia. Musculoskeletal symptoms occur in 25% of patients 
with non-Hodgkin lymphoma. Nocturnal bone pain is the most common 
presenting musculoskeletal complaint. A seronegative monoarthritis or poly-
arthritis can occur and should be suspected in patients with severe constitutional 
symptoms or lymphadenopathy out of proportion to the degree of arthritis. 
Patients with angioimmunoblastic T-cell lymphoma (Chapter 176) may occa-
sionally develop a chronic, nonerosive polyarthritis with erythroderma.

 CARCINOMATOUS POLYARTHRITIS
Polyarthritis can rarely (<2%) be the presenting manifestation of an occult 
malignancy; it may precede the discovery of the malignancy by several months. 
Breast, colon, lung, ovarian, and lymphoproliferative malignancies are the 
most commonly associated cancers. Clinical features suggesting carcinomatous 
polyarthritis include the explosive onset of a rheumatoid factor–negative, 
asymmetrical polyarthritis involving predominantly the lower extremities and 
sparing the hands and wrists in a patient older than 50 years. Another pre-
sentation is remitting seronegative symmetrical synovitis with pitting edema 
(RS3PE) of the hands and feet. Both presentations are associated with profound 
constitutional symptoms, elevated inflammatory markers, lack of erosions on 
radiographs, and poor response to glucocorticoids. Polymyalgia rheumatica 
and late-onset RA must be excluded. Treatment of the underlying malignancy 
results in improvement of the arthritis.

Immune checkpoint inhibitors targeting PD-1 and CTLA-4 can cause various 
immune-related adverse events (iRAEs) in 15 to 30% of treated patients.18 
Up to 5% can develop a rheumatologic iRAE, including an inflammatory 
arthritis resembling RA or reactive arthritis, sicca syndrome, myositis, poly-
myalgia rheumatica, or vasculitis. Patients may or may not respond to gluco-
corticoids and/or discontinuation of the cancer immunotherapy.

 PALMAR FASCIITIS AND ARTHRITIS SYNDROME
Ovarian carcinoma (Chapter 189) is the most common malignancy found in 
patients (37%) with palmar fasciitis and arthritis. This musculoskeletal mani-
festation can also be seen in patients with breast, gastric, or pancreatic adeno-
carcinoma. Patients present with a severe, painful, symmetrical inflammatory 

but, unlike primary OA, widened joint spaces due to cartilage hypertrophy. 
Carpal tunnel syndrome (50%), Raynaud phenomenon (33%), DISH (15%), 
and proximal muscle weakness with a normal serum creatine kinase can  
also occur.

 HYPERLIPOPROTEINEMIA
Type IIa familial hyperlipidemia (Chapter 195) is associated with tendinous 
and tuberous-osseous xanthomas as well as episodic Achilles tendinitis. An 
acute migratory, inflammatory arthritis persisting up to a month and resembling 
rheumatic fever occurs in up to 50% of patients. Predominantly large joints 
are affected. In addition, a self-limited, acute monoarticular or oligoarticular 
arthritis involving the knee or ankle can occur. Patients with type III familial 
hyperlipoproteinemia can develop tendon and bone xanthomas. Patients with 
human immunodeficiency virus (HIV) infection taking protease inhibitor 
drugs can develop dyslipidemia leading to tendon xanthomas. In all hyper-
lipidemias, gout must be excluded before ascribing the symptoms to hyper-
lipoproteinemia. Therapy with NSAIDs and treatment of the underlying lipid 
disorder should be pursued. Notably, some of the therapies used to treat 
hyperlipidemia can cause musculoskeletal symptoms, including hyperuricemia 
and gout from nicotinic acid and myalgias (with or without elevated creatine 
kinase) or inflammatory myositis from statin therapy.

 PAGET DISEASE
Paget disease (Chapter 233) can cause bone pain and deformity. An elevated 
bone-specific alkaline phosphatase and characteristic radiographic changes 
can help make the diagnosis. Joint pain caused by secondary OA in areas of 
bone involvement by Paget disease most commonly occurs in the hips, knees, 
or vertebrae. Spinal stenosis from Paget disease of the spine has been reported. 
Bisphosphonate therapy is highly effective.

 HYPERTROPHIC OSTEOARTHROPATHY
Hypertrophic osteoarthropathy is a syndrome that includes clubbing of the 
fingers and toes, periostitis of long bones (distal tibia, femur, radius), and 
arthritis (Fig. 259-1). Hypertrophic osteoarthropathy is classified into primary 
(hereditary) and secondary forms. Between 80 and 90% of secondary hyper-
trophic osteoarthropathy is associated with intrathoracic neoplasms, especially 
non–small cell lung cancer.16 Other causes include other neoplasms, chronic 
pulmonary infections, congenital heart disease, cirrhosis, HIV infection, medi-
cations (voriconazole), and inflammatory bowel disease. Patients with secondary 
hypertrophic osteoarthropathy can present with acute, severe, burning bone 
pain and a noninflammatory arthritis caused by periarticular periostitis. Pain 
is accentuated by dependency of the limbs. Pitting edema, warmth, and ten-
derness of the legs and forearms can be seen. Radiographs show diagnostic 
changes of periosteal elevation, new bone formation, or both along the distal 
ends of long bones. Therapy is symptomatic with NSAIDs, and hypertrophic 
osteoarthropathy improves with successful treatment of the underlying primary 
disease. In resistant cases, treatment with intravenous zoledronic acid or 
octreotide has been effective in modulating symptoms.
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Additional associations include xanthelasma (33%) and malignancies of 
various types (25%), which may precede or follow the onset of MRH. MRH 
usually remits spontaneously in 8 to 10 years but often leaves permanent 
cutaneous and joint damage. Treatment may include methotrexate or cyto-
toxic therapy if the arthritis is aggressive. Anti–tumor necrosis factor-α 
(anti-TNF-α) therapy and bisphosphonates are reportedly beneficial in  
resistant cases.

 SARCOIDOSIS
Joint manifestations, including arthritis, periarthritis, and arthralgias, occur 
in 4 to 38% of patients with sarcoidosis (Chapter 89).20 Rheumatic involve-
ment is divided into acute and chronic types. The first consists of the triad of 
arthritis, erythema nodosum, and hilar adenopathy on chest radiographs 
(Löfgren syndrome), which may be accompanied by fever. Arthritis arises 
most often in the knees and ankles, and periarticular pain can be severe. Treat-
ment is with NSAIDs, glucocorticoids, or both, and symptoms usually remit 
spontaneously over several weeks. The less common type of joint involvement 
(<5%) in sarcoidosis consists of synovitis that accompanies the slower onset, 
more chronic, systemic form of sarcoidosis. Polyarthritis, oligoarthritis, or 
monoarthritis can affect the small or large joints; it is typically nondestructive 
but in some cases can be aggressive. Dactylitis resulting from sarcoid bone 
and soft tissue involvement can occur (Fig. 259-3). In contrast to the acute 
type, chronic sarcoid arthropathy is characterized by mildly inflammatory 
synovial fluid and histologic granulomas on synovial biopsy. Treatment consists 
of NSAIDs, low-dose corticosteroids, hydroxychloroquine, and methotrexate 
or azathioprine. In refractory cases, anti-TNF-α therapy has been successful. 
Other musculoskeletal manifestations of sarcoidosis include lytic or sclerotic 
bone lesions (3 to 13%) and symptomatic acute or chronic myopathy (3%). 
Notably, asymptomatic lesions involving bone and muscle are much more 
common on MRI and tissue biopsies.

 IMMUNOGLOBULIN G4–RELATED DISEASE
Patients with IgG4-related disease are typically men (70 to 75%) older than 
50 years. Patients present with a variety of local and systemic manifestations, 
some of which can resemble several rheumatic diseases (Chapter 241).21,22 
For example, tumefactive lesions of the salivary glands can mimic Sjögren 
syndrome. Destructive sinus and middle ear lesions or periorbital masses can 
suggest granulomatous polyangiitis (GPA) (formerly Wegener granulomato-
sis). Furthermore, patients with IgG4-related disease frequently (40%) have 
allergic manifestations, including chronic sinusitis and pulmonary symptoms, 
which may add to the diagnostic confusion with GPA. IgG4-related disease 
can also cause an inflammatory aortitis with aneurysm formation that can be 
mistaken for giant cell arteritis. A fibrosclerotic presentation in the abdomen 
can mimic retroperitoneal fibrosis. Other organs that can be involved include 

polyarthritis of the hands and wrists as well as a nodular fasciitis/tendonitis 
causing flexion contractures primarily of the fingers and, less commonly, the 
feet. Patients may have vasomotor instability, causing diagnostic confusion 
with complex regional pain syndrome or RA. This syndrome portends a poor 
prognosis because it typically manifests after tumor metastasis. Response to 
treatment is poor, although clinical improvement can occur with successful 
eradication of the underlying tumor.

 HEMOCHROMATOSIS
Joint involvement occurs in 40 to 75% of patients with hereditary hemochro-
matosis (Chapter 201) and may be the presenting symptom (Fig. 259-2). The 
metacarpophalangeal (MCP) joints (especially the second and third MCP 
joints), wrists, knees, hips, shoulders, and ankles are most often involved in 
a symmetrical pattern. The arthropathy resembles OA, with joint swelling 
resulting from bone enlargement, but it is distinguished clinically by the 
involvement of atypical joints, such as MCP joints, wrists, and ankles. Radio-
graphs show joint space narrowing, subchondral cysts, sclerosis, and osteophytes 
that are hooklike at the MCP joints. Chondrocalcinosis is present in up to 
50% of patients. It is typically asymptomatic, but in some patients it leads to 
attacks of acute inflammatory synovitis (pseudogout), which may result in 
the misdiagnosis of RA. The prevalence of overt arthritis increases with age, 
and it may be only minimally symptomatic when the disease arises in other 
organs. However, it is not uncommon for articular pain to be the initial pre-
senting complaint (33%). Consequently, all patients (especially Caucasian 
males) presenting with premature OA occurring in atypical joints, especially 
MCP joints and wrists, should be screened for hereditary hemochromatosis 
with iron studies. The mechanism whereby iron causes arthritis is unclear, 
but it may be related to hemosiderin deposits in the synovial membrane and 
chondrocytes activating degradative enzymes. Treatment is symptomatic with 
NSAIDs and, when severe, total joint arthroplasties. Phlebotomy for iron 
removal does not alter the course of the arthritis. Additional rheumatic mani-
festations in patients with hemochromatosis include osteoporosis related to 
hypogonadotropic hypogonadism, osteomalacia related to vitamin D deficiency 
when liver disease is severe, and an increased susceptibility to Yersinia septic 
arthritis.

 MULTICENTRIC RETICULOHISTIOCYTOSIS
Multicentric reticulohistiocytosis (MRH) is a chronic, seronegative, sym-
metrical, inflammatory polyarthritis most commonly affecting the hands, 
shoulders, and knees.19 It may resemble RA but can be differentiated by its 
prominent distal interphalangeal joint synovitis. The disease may also cause 
a spondylitis with axial involvement (50%). Joint involvement remits and 
relapses initially, but in 50% of cases it worsens into a severely deforming 
arthritis mutilans. Firm, nonpruritic, reddish brown or yellow papulonodu-
lar lesions (“coral beads”) that wax and wane occur around the nail beds 
and on the face, hands, ears, and other areas predominantly above the 
waist. The skin lesions have a diagnostic histology. In 50 to 66% of patients, 
these diagnostic nodules follow the onset of arthritis by months to years. 

FIGURE 259-3. Sarcoid bone involvement. Punched-out lytic lesions of the middle 
phalanx, with soft tissue swelling. 

FIGURE 259-2. Hemochromatotic arthropathy. radiograph demonstrating degenera-
tive changes, with hooklike osteophytes of the second and third metacarpophalangeal 
joints bilaterally. 



the pancreas, biliary tree, kidneys, lymph nodes, meninges, thyroid, breast, 
prostate, pericardium, and skin. Although up to 70% of patients will have an 
elevated serum IgG4 level (>1.35 g/L), histopathologic analysis of biopsy 
specimens is the “gold standard” for diagnosis. The key pathologic features are 
a dense lymphoplasmacytic infiltrate organized in a storiform pattern, oblitera-
tive phlebitis, and a mild or moderate eosinophilic infiltrate. The plasma cell 
infiltrate will show more than 10 IgG4-positive cells per high-power field and a 
ratio of IgG4 to IgG positive cells that is higher than 40%. Glucocorticoids are 
effective in most patients. Several medications (azathioprine, mycophenolate 
mofetil, methotrexate) have been used as steroid-sparing agents to maintain 
remission. For refractory disease, B-cell depletion therapy with rituximab  
is effective.

 ALKAPTONURIA (OCHRONOSIS)
Although an inherited disorder, alkaptonuria23 is usually not diagnosed until 
the patient presents with progressive premature OA as a young adult (before 
age 30 to 35 years). The spine is initially involved, followed by the knees, 
shoulders, and hips. Small peripheral joints are spared. Radiographs show 
multiple vacuum discs, disc space ossification, and osteoarthritic changes in 
the spine. Nonarticular features include bluish brown discoloration of ear 
pinna, sclera, and nasal cartilage. Deposition of ochronotic pigment onto col-
lagen fibers causes the articular cartilage to become brittle and fragmented. 
The noninflammatory synovial fluid may show tiny shards of pigmented car-
tilage (“ground pepper”). The diagnosis of alkaptonuria is suspected when 
fresh urine turns dark brown or black on standing or with alkalinization. The 
diagnosis is confirmed by quantitative measurement of increased homogentisic 
acid in urine. Testing for a mutation of the HGD gene that codes for homo-
gentisate 1,2-dioxygenase can also be performed. There is no effective therapy 
for alkaptonuria, although nitisinone is currently under investigation. The 
arthritis is treated symptomatically with analgesics.

 RELAPSING POLYCHONDRITIS
Relapsing polychondritis is an uncommon multisystem disorder characterized 
by recurrent episodes of inflammation of cartilaginous tissues.24 Patients with 
relapsing polychondritis typically present with the sudden onset of pain and 
erythema involving the cartilage of the external ear, larynx, trachea, or nose. 
A nonerosive, seronegative polyarthritis or oligoarthritis affecting small, large, 
or parasternal joints (23 to 47%); ocular inflammation, including episcleritis 
or scleritis; and audiovestibular disturbances may also be presenting symptoms. 
The arthritis is typically acute, migratory, and episodic and resolves spontane-
ously over days to weeks. Rarely, it can become chronic. Tenosynovitis is also 
common. Relapsing polychondritis is presumably due to a cell-mediated and 
humoral immune response against cartilage components; biopsies showing 
acute and chronic inflammation destroying cartilage support the diagnosis. 
Late sequelae of relapsing polychondritis include deformity of the pinnae or 
nose, reduced vision or hearing, tracheal narrowing or collapse, and aortic 
insufficiency resulting from aortic ring dilation as well as other cardiovascular 
abnormalities. Patients with relapsing polychondritis frequently have associ-
ated coexisting diseases, such as systemic vasculitis, various connective tissue 
diseases (e.g., RA), myelodysplastic syndromes and other cancers, and thyroid 
disease. Treatment depends on the severity of the presentation and whether 
major organs are involved. Mild episodes of inflammation are treated with 
NSAIDs, colchicine, dapsone, and low-dose corticosteroids. Life-threatening 
or organ-threatening complications are treated with high-dose corticosteroids 
and immunosuppressive agents such as methotrexate or cyclophosphamide. 
Infliximab and tocilizumab have been anecdotally effective in treatment-resistant 
cases.

 FUTURE DIRECTIONS
With the advances being made in immunology and genetics, there will be 
an increased understanding of the pathogenesis of many of these diseases. 
Treatments such as immunomodulating biologic agents or cartilage-preserving 
therapies will be developed on the basis of new discoveries elucidating the 
etiology of these unusual disorders. Because of the rarity of many of these 
diseases, the establishment of registries and international databases detail-
ing clinical characteristics and response to therapies would be a valuable  
resource.
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 TENOSYNOVIAL GIANT CELL TUMOR:  
DIFFUSE TYPE

The diffuse type of tenosynovial giant cell tumor (TGCT) (also called diffuse 
pigmented villonodular synovitis) occurs most commonly in the third and 
fourth decades of life.25 It is characterized by the onset of unilateral pain and 
swelling of a joint, typically the knee (80%). Unusually, a tendon, bursa, or 
another joint can be involved. The synovial fluid is characteristically brown 
or hemorrhagic, and radiographs may show soft tissue swelling, osteolysis, 
subchondral cysts, and bone erosions. TGCT is a nonmalignant condition 
due to a translocation between chromosomes 1p13 and 2q35 in which the 
gene coding for colony-stimulating factor-1 (CSF-1) is fused to the collagen 
VI alpha-3 gene. Up to 15% of cells in the TGCT overexpress CSF-1. The 
remaining cells in the tumor are inflammatory cells recruited into the tumor 
because they contain the receptor for CSF-1. TGCT is best diagnosed by 
synovial biopsy. Microscopic examination reveals a characteristic histology, 
including marked synovial cell hyperplasia and subsynovial invasion by masses 
of polygonal cells, multinucleated giant cells, and lipid-filled macrophages. 
Hemosiderin deposits are between and within cells and have a characteristic 
appearance on MRI, with nodular foci of decreased signal on both T1- and 
T2-weighted images. The treatment for pigmented villonodular synovitis is 
synovectomy with or without postoperative radiotherapy. Systemic therapies 
targeting the CSF-1/CSF-1R axis are being investigated for patients with 
recurrent, resistant, and inoperable disease.

 CYSTIC FIBROSIS
In up to 10% of patients with cystic fibrosis (Chapter 83), an episodic, non-
destructive, inflammatory oligoarthritis develops, most commonly involving 
the fingers and lower extremity joints. This arthritis is thought to be due to 
immune complex deposition caused by chronic lung infections. Attacks last 
for a few days and may be associated with fever and painful nodular skin 
lesions and purpura. Other musculoskeletal manifestations include osteoporosis 
(30 to 75%) and osteomalacia related to malabsorption and, more rarely, 
hypertrophic osteoarthropathy (5%) and a small vessel vasculitis.

 FABRY DISEASE
Most patients with hereditary lysosomal storage diseases present and are diag-
nosed during childhood (Chapter 197). However, female heterozygotes and 
atypical variants of Fabry disease may have a milder and later onset phenotype. 
Fabry disease is an X-linked lipid storage disease caused by a deficiency of 
lysosomal α-galactosidase A. Males with classical Fabry disease usually develop 
neuromuscular symptoms in childhood, including painful crises with burning 
paresthesias of the distal extremities, often accompanied by fever. Abdominal 
pain is common. However, in female heterozygotes and males with low residual 
α-galactosidase A levels, disease manifestations may occur for the first time 
in adulthood. Neuromuscular manifestations can range from painful acropar-
esthesias to fibromyalgia. Progressive or isolated cardiac, cerebrovascular, and 
renal disease can develop later. Fabry disease should be suspected in any patient 
with a paternal family history of early-onset renal failure. Patients should be 
examined for characteristic ocular stigmata (cornea verticillata) and dermal 
signs (angiokeratomas). The diagnosis is confirmed in males by determining 
α-galactosidase A activity in plasma or peripheral leukocytes. In contrast, 
female carriers must be tested for one of the specific gene mutations. Early 
diagnosis is important because enzyme replacement therapy can prevent irre-
versible organ damage.
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3. A 72-year-old woman complains of a 3-week history of bilateral progressive 
hand pain unresponsive to naproxen, prednisone, and oxycodone. She 
denies fever, rash, or Raynaud phenomenon. She has had a 10-pound weight 
loss and lower abdominal pain that she attributes to constipation and lack 
of appetite owing to taking narcotics. Physical examination shows normal 
vital signs. She has bilateral metacarpophalangeal and proximal interpha-
langeal joint swelling and tenderness. She has diffuse swelling, erythema, 
and tenderness that follow the track of the flexor tendons of the digits. 
Straightening the fingers causes intense pain. Shoulder examination shows 
decreased internal rotation bilaterally. The remainder of the joint, heart, 
and lung examinations were normal. Tests obtained in the emergency 
department last week showed normal hand radiographs except for soft 
tissue swelling and chondrocalcinosis of the wrists. Rheumatoid factor and 
antinuclear antibody were negative. Which one of the following tests would 
be most important to obtain next?
 A. Magnetic resonance imaging (MRI) of the hands
 B. Anti–cyclic citrullinated peptide (CCP) antibody
 C. Bimanual pelvis examination
 D. Synovial fluid aspiration and crystal examination

Answer: C This patient is presenting with the palmar fasciitis and polyarthritis 
syndrome (PFPAS). This presentation is highly associated with ovarian cancer 
when it occurs in an elderly woman (Shah A, Jack A, Liu H, Hopkins RS. 
Neoplastic/paraneoplastic dermatitis, fasciitis, and panniculitis. Rheum Dis 
Clin North Am. 2011;37:573-592). Therefore, a bimanual pelvic examination 
would be the most important test to obtain. MRI of the hands will show 
palmar fasciitis, which was diagnosed on the clinical examination. Although 
rheumatoid arthritis can have an acute onset, the lack of response to nonsteroidal 
anti-inflammatory drugs (NSAIDs) and prednisone makes this diagnosis 
unlikely. In addition, the rheumatoid factor was negative, so an anti-CCP 
antibody is unlikely to be positive. Chondrocalcinosis is a common incidental 
radiographic finding in elderly patients. The multijoint presentation and lack 
of response to prednisone make acute pseudogout unlikely, and therefore 
putting the patient through a difficult aspiration of a finger joint looking for 
crystals is not indicated.

4. A 52-year-old man is admitted to the hospital for joint pain, diarrhea, and 
weight loss. He reports a 3-year history of palindromic, inflammatory poly-
arthritis that tends to affect large joints, including the knees, ankles, and 
wrists. He also has increased lower back pain that is worse at the end of 
the day. Previous evaluation showed a negative rheumatoid factor, negative 
antinuclear antibody, and normal hand and wrist radiographs. He states 
the arthritis lasts several weeks before resolving. NSAIDs, hydroxychloro-
quine, and methotrexate have been ineffective in reducing the frequency 
of attacks that occur every few months. Over the past 6 months, he has 
noted diarrhea and a 20-pound weight loss. He has had mild abdominal 
discomfort and a decreased appetite. Evaluation showed a normal colon-
oscopy 4 months ago. An abdominal computed tomography scan showed 
hepatomegaly and several enlarged periaortic lymph nodes. A 24-hour 
stool collection revealed steatorrhea. An antitransglutaminase antibody 
was negative. Physical examination shows a thin male with normal vital 
signs except a pulse of 100 beats per minute. He has mild hepatomegaly. 
He has a few enlarged axillary lymph nodes. His right wrist and left knee 
are swollen. Synovial fluid aspiration from his knee yesterday showed a 
cell count of 22,100/µL with 80% neutrophils. Gram stain and crystal 
examinations were negative. Laboratory evaluation included complete blood 
count: hematocrit 33%, white blood cell count 7800/µL, platelets normal; 
chemistries normal; albumin 2.7 g/dL; aspartate transaminase 51 U/L 
(normal, 0 to 40); urinalysis normal; erythrocyte sedimentation rate 48 mm/
hr. Which one of the following tests is most likely to confirm your clinical 
diagnosis?
 A. Hepatitis C serologies
 B. Esophagogastroduodenoscopy with small bowel biopsy
 C. Anti–Saccharomyces cerevisiae antibody
 D. HLA-B27 and sacroiliac joint radiograph
 E. Blood culture

REVIEW QUESTIONS

1. A 30-year-old man complains of a several-months history of joint pain 
involving his hands, wrists, knees, and ankles. He reports chronic swelling 
but no acute attacks of synovitis. He has been taking up to eight acetamino-
phen tablets a day to control the pain. He denies rashes, nodules, pleuritic 
chest pain, or dyspnea. He reports no family history of arthritis. His father 
died of liver cancer. Physical examination is remarkable for synovial thick-
ening over his metacarpophalangeal joints (MCPs), wrists, and ankles. He 
has small effusions in both knees. His skin examination shows darkened 
skin but no nodules. Radiographs show joint space narrowing, sclerosis, 
and osteophytes of his MCPs and radiocarpal joints. Which one of the 
following tests is most likely to support this patient’s diagnosis?
 A. Iron studies
 B. Anti–cyclic citrullinated peptide (CCP) antibodies
 C. Liver-associated enzymes
 D. Urine homogentisic acid
 E. Morning serum cortisol

Answer: A This patient has hemochromatotic arthropathy, which would be 
supported by abnormal iron studies (elevated iron, % transferrin saturation, 
and ferritin). Up to 33% of patients with hemochromatosis present with arthritis 
as their initial manifestation. Osteoarthritic involvement of MCPs, wrists, and 
ankles, coupled with dark skin demonstrating a grayish hue, are characteristic. 
The osteoarthritic changes on radiographs excludes rheumatoid arthritis, so 
an anti-CCP antibody would not be helpful. Although liver-associated enzymes 
may be elevated, other stigmata of liver disease are absent early in the course 
of hemochromatosis. However, the early diagnosis and treatment of this patient 
and affected family members will help prevent cirrhosis and possible liver 
cancer, which developed in his father. A urinary homogentisic acid level will 
be normal. Ochronosis can cause dark skin, but the arthritis presents in the 
lumbar spine with osteoarthritis and calcified vertebral discs. Addison disease 
(primary adrenal insufficiency) likewise causes hyperpigmentation, but it is 
not typically associated with rheumatic manifestations.

2. A 32-year-old woman complains of painful lower extremity nodules and 
bilateral ankle arthritis over the past 5 days. She denies fever, sore throat, 
cough, chest or abdominal pain, or dysuria. Past history is significant for 
two urinary tract infections and one episode of pelvic inflammatory disease. 
She has a family history of a mother who died with ovarian cancer. Her 
only medication is birth control pills. Physical examination shows normal 
vital signs. She has bilateral swelling and tenderness of her ankles. Several 
2- to 3-cm erythematous, tender nodules are on the extensor surfaces of 
both lower legs. The remainder of the examination is unremarkable. Which 
one of the following tests should be ordered now to support this patient’s 
clinical diagnosis?
 A. Nodule biopsy
 B. Ankle joint synovial fluid analysis
 C. Cervical culture for Neisseria gonorrhoeae
 D. Chest radiograph

Answer: D This patient has a presentation consistent with acute sarcoidosis 
manifested by erythema nodosum and bilateral ankle arthritis (Sweiss NJ, 
Patterson K, Sawaqed R, et al. Rheumatologic manifestations of sarcoidosis. 
Semin Respir Crit Care Med. 2010;31:463-473). A person with bilateral ankle 
arthritis should always be investigated for possible sarcoidosis. Despite nega-
tive pulmonary symptoms, a chest radiograph will show bilateral hilar adenopa-
thy supporting the clinical diagnosis of Löfgren syndrome. A nodule biopsy 
would show a septal panniculitis consistent with erythema nodosum, which 
could be from a cause other than sarcoidosis, such as birth control pills. Syno-
vial fluid aspiration is usually unsuccessful and always nondiagnostic in a patient 
with an acute sarcoidosis presentation. A cervical culture in an asymptomatic 
patient is unlikely to be useful, and disseminated gonococcemia typically pre-
sents with fever, arthritis, and a vesiculopustular rash, but not nodules.
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Answer: B This patient has Whipple disease, which would be diagnosed by 
a small bowel biopsy (Puechal X. Whipple’s disease. Ann Rheum Dis. 
2013;72:797-803). Patients with Whipple disease frequently have an intermit-
tent inflammatory arthritis that precedes other manifestations of Whipple 
disease by a few years. The patient’s more recent weight loss, diarrhea with 
steatorrhea, hepatomegaly, and lymphadenopathy are other manifestations of 
Whipple disease. The small bowel biopsy showing periodic acid–Schiff–posi-
tive macrophages and immunohistochemical staining with antisera specific 
for Tropheryma whipplei will confirm the diagnosis. A lymph node or synovial 
biopsy would show similar diagnostic findings. The recent normal colonoscopy 
rules out inflammatory bowel disease, so an anti–S. cerevisiae antibody will 
not be helpful. Despite an enlarged liver and mild transaminitis, which are 
also seen in Whipple disease, hepatitis C would not explain his steatorrhea. 
The patient’s back pain is mechanical because it is worse at the end of the day. 
Therefore, an HLA-B27 test and sacroiliac joint radiographs will not confirm 
his diagnosis, nor will these tests explain his diarrhea. Although the patient 
has an inflammatory synovial fluid, septic arthritis would not follow this clini-
cal course.

5. You are asked to consult on a 64-year-old man hospitalized for aortitis. He 
was emergently admitted 3 days ago with chest pain from a 6-cm descend-
ing thoracic aortic aneurysm and dissection. Pathologic examination of 
the surgically removed diseased aorta revealed a nongranulomatous aortitis 
with fibrosis. His past history includes diet-controlled diabetes mellitus 
and hypertension controlled with lisinopril. One year ago, he had an orbital 
pseudotumor successfully treated with 3 months of prednisone. He denies 
fever, headaches, or visual problems. Physical examination was limited 
because of his recent surgery. Temporal artery pulses were normal. He had 
atelectatic crackles in both bases. He has 1+ pedal edema. No abdominal 
bruits or masses. Preoperative laboratories include complete blood count: 
hematocrit 35%; white blood cell count 10,400/µL, platelets 280,000; 
chemistries normal; rapid plasma reagin negative. Aorta histology showed 
lymphoplasmacytic infiltrate without granulomas or giant cells. Adventitial 
phlebitis and fibrosis were present. Stains for spirochetes and fungal ele-
ments were negative. Which one of the following is most likely to help 
confirm this patient’s diagnosis?

 A. Genetic testing for transforming growth factor-β (TGF-β) receptor 
mutations

 B. Antineutrophil cytoplasmic antibody
 C. Immunohistochemical staining of tissue for immunoglobulin G4 (IgG4)-

positive plasma cells
 D. Temporal artery biopsy

Answer: C This patient has IgG4-related disease (Stone JH, Zen Y, Deshpande 
V. IgG4-related disease. N Engl J Med. 2012;366:539-551). The nongranulo-
matous, lymphoplasmacytic infiltrate in the aorta is consistent with this. The 
past history of an orbital pseudotumor is also compatible with this condition. 
Serum IgG4 level is typically elevated. Immunohistochemical studies would 
show that the aortic infiltrate was primarily IgG4-producing plasma cells. 
Genetic testing for TGF-β receptor mutations would not be helpful because 
this is not the histology seen in patients with Loeys-Dietz syndrome. Anti-
neutrophil cytoplasmic antibody–related vasculitis does not cause aortitis. A 
temporal artery biopsy would offer no further information not already shown 
by the aortic histology.
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SURGICAL TREATMENT OF 
JOINT DISEASES
C. RONALD MACKENZIE AND EDWIN P. SU

Estimates of the prevalence of arthritis and other rheumatic diseases demon-
strate the enormous impact that these conditions have on the populace and 
the health care system in general. More than 21% of U.S. adults (46 million 
people) currently report physician-diagnosed arthritis. Although the major-
ity of this burden arises as a consequence of osteoarthritis, the full span of 
the rheumatic diseases contribute to the impact of this class of conditions. 
Already the leading cause of disability in the nation, the number of people 
with arthritis and arthritis-attributable limitation in activity is anticipated 
to approach 67 million affected adults by the year 2030. Ultimately, surgi-
cal intervention is required in many of these individuals. Factors such as an 
increased patient awareness of the benefits of surgery, the desire for higher 
activity levels, and improvements in surgical techniques have, in concert with 
the increasing prevalence of chronic arthritis, fueled the growth in utiliza-
tion of orthopedic surgery. By the year 2030, it is predicted that more than 
500,000 hip replacements and 3 million knee replacements will be performed  
each year.

 PATHOBIOLOGY
The pathobiology of joint arthritis leading to surgical intervention is essentially 
that of articular cartilage damage resulting in the loss of mechanical properties, 
accompanied by inflammation of the joint lining. With continued cartilage 
deterioration, stiffness and pain ensue. Without the protective layer of articular 
cartilage, the nociceptive and proprioceptive receptors in the periosteum are 
activated, leading to unremitting pain.

Osteoarthritis is the most common cause of end-stage arthritis. Osteoar-
thritis may be primary due to biochemical changes in the cartilage or secondary 
to systemic disease affecting the cartilage, joint damage from preexisting 
inflammatory joint disease, or trauma. Mechanical overload and imbalances 
lead to further cartilage degradation. Important adaptive processes such as 
subchondral sclerosis and osteophyte formation occur in response to joint 
overload, and, if chronically present, cyst formation in the subarticular bone 
may also result. Over time, the osteophytes or bone spurs will lead to restricted 
range of motion (Fig. 260-1).

FIGURE 260-1. Radiograph of an osteoarthritic left hip. note the asymmetrical joint 
space narrowing and subchondral sclerosis that are characteristic of a wear-and-tear 
pattern of joint deterioration. 
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ABSTRACT
As the leading cause of disability in the U.S. population, arthritis as a group 
of disorders frequently requires surgical intervention, most often total joint 
replacement and spinal surgery. Indications for such surgery include pain and 
impairment in functional capacity. The decision to proceed with surgical 
intervention is premised on a partnership between the patient and the surgeon. 
This chapter presents an approach to the preoperative evaluation of patients 
undergoing orthopedic surgery as well as reviews the range of surgical pro-
cedures most often employed in this patient population, innovations in surgical 
practice, and an examination of specific complications seen after such 
procedures.
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Hip fusion may be performed in young patients to treat the sequelae of 
slipped capital femoral epiphysis, Legg-Calvé-Perthes disease, post-septic 
arthritis, or osteonecrosis of the femoral head. Fusion surgery can achieve a 
painless, supportive joint that is capable of bearing heavy loads while avoiding 
artificial implants. However, the gait mechanics are altered, requiring more 
energy for ambulation. Furthermore, the lack of motion at the hip increases 
stresses on the joints above and below the hip. Thus, the natural history of a 
hip fusion is the development of ipsilateral knee arthritis and low back pain 
after 20 to 25 years, necessitating much later the conversion of a fused hip to 
a hip replacement (fusion takedown). Although hip arthrodesis is still a viable 
option in the young arthritic patient, patients’ desires for maintaining hip 
mobility in order to sit and drive have made this largely a treatment of  
the past.

Fusion of the knee joint is performed less commonly than hip fusion. In 
addition to the lack of motion that may make it difficult to sit or climb stairs, 
knee fusion cannot be converted to total knee replacement. Thus, knee fusion 
is generally considered a salvage procedure, mainly employed in situations in 
which replacement is not possible (e.g., lack of muscle function or persistent 
infection).

Ankle fusion is still commonly performed as the treatment of choice of 
tibiotalar arthritis.4 Because the historical results of ankle replacement have 
not been durable, fusing the ankle is the best method of creating a pain-free 
joint. Furthermore, the ability of the knee and subtalar joints to compensate 
for a stiff ankle has made this procedure more tolerable.

 Total Joint Arthroplasty
Joint arthroplasty is a term referring to the re-creation of congruent joint 
surfaces, typically with artificial parts. In certain patients and in non-load-
bearing joints such as the elbow, interpositional arthroplasty can be performed 
by placing a tissue graft between the arthritic surfaces. In the case of weight-
bearing joints such as the hip and knee, however, metal and plastic materials 
produce the most durable results. In such circumstances, the articular surfaces 
are replaced by shaped materials designed to re-create the joint kinematics; 
thus, the procedures are commonly called total hip, knee, and shoulder 
replacements.

In general, when the articular cartilage is completely worn or destroyed on 
both sides of the joint, arthroplasty is the most predictable option to relieve 
pain. After total joint arthroplasty, it is advisable to reduce stresses on the 
joint to promote implant longevity. This includes weight loss and avoidance 
of impact activities; walking, cycling, and gliding-type activities are permitted, 
but in general, running and jumping should not be performed. Because a total 
joint arthroplasty involves artificial, moving components, the replaced joints 
are subject to the same wear and tear as native joints. Thus, they have a finite 
lifespan that is dependent on a patient’s weight and activity level and the 
implant materials. Subsequent revisions of joint replacements can be difficult 
and less durable, so it is wise to defer joint arthroplasty until there are no 
other options.

THR was first developed in the 1950s in the United Kingdom using metal 
and plastic components attached to the bone with cement. The early results 
were so predictable and reproducible that the technique rapidly spread world-
wide. The National Institutes of Health, in 1994, published a consensus state-
ment that THR “is one of the most successful surgical procedures and provides 
immediate and substantial improvement in a patient’s pain, mobility, and 
quality of life. Compared to treatments for other chronic debilitating diseases, 
THR is highly cost effective.”

THR is the treatment of choice for end-stage arthritis caused by any of the 
aforementioned pathobiologic processes.5 It involves the exposure of the joint, 
removal of the arthritic femoral head at the level of the femoral neck, and 
removal of enough acetabular bone to place a prosthetic socket. The femoral 
implant is inserted into the intramedullary canal and anchored with bone-
ingrowth techniques or bone cement. Any of the bearing materials for the hip 
are metal-on-polyethylene, ceramic on polyethylene, and ceramic-on-ceramic 
implants. These combinations of materials may be chosen based on the patient’s 
age, activity level, and surgeon preference (Fig. 260-3). Metal-on-metal THR, 
popular for a time period in the early to mid-2000s, has now fallen out of 
favor because of findings of adverse local tissue reactions to the metal debris.

Using modern implant materials and surgical technique, the implant survival 
rates are 90 to 95% successful at 15 years; however, longevity will vary depend-
ing on patient factors such as weight and activity.6 There have been cases in 
which THR implants have lasted more than 30 years. Because the current 
materials such as highly cross-linked polyethylene have only been in use for 
approximately 15 years, their ultimate durability is unknown.

 ORTHOPEDIC PROCEDURES
 Osteotomy
In circumstances in which a structural abnormality around a joint has led to 
mechanical overload, an osteotomy (bone cutting) may be an option to correct 
alignment problems. The most common sites for osteotomy are the hip, to 
treat acetabular dysplasia, and the tibia, to realign the knee. In acetabular 
dysplasia, the hip socket is excessively shallow, leading to abnormal stresses 
on the articular cartilage and premature osteoarthritis. An acetabular osteotomy 
can be performed in patients in whom cartilage still remains. By rotating the 
pelvic bones, a deeper socket can be formed, reducing stresses on the cartilage 
and thereby slowing down the arthritic process. With tibial osteotomy the 
knee joint can be realigned to direct forces away from the region of cartilage 
damage. Usually a varus (bow-legged) deformity indicates that the medial 
compartment of the knee is excessively worn, and, as such, a tibial osteotomy 
realigns the joint in such a way to direct forces to the uninvolved, lateral com-
partment. Typically, osteotomy is considered an option for younger patients 
(<40 years); beyond this age, the loss of cartilage is generally such that more 
reproducible results would be attained with total joint arthroplasty.

 Arthroscopy
Arthroscopic surgery is performed by inserting a camera and specialized instru-
ments into a joint through small, puncture-type incisions. Arthroscopic surgery 
is effective in the treatment of intra-articular pathology such as meniscal tears 
of the knee, labral tears of the hip, cartilage flaps, small chondral defects, and 
loose bodies. However, after the articular cartilage is significantly damaged, 
arthroscopic débridement is usually ineffective in the absence of mechanical 
symptoms such as locking and clicking.A1-A4  In some instances, underlying 
joint arthritis may lead to tears in the meniscus or labrum; if such a tear results 
in new mechanical symptoms, then arthroscopic surgery may be helpful in 
selected cases. The benefit of arthroscopic subacromial decompression for 
shoulder impingement syndrome is variable but appears to be minimal 
overall.A5 

,
 A6 

In the assessment of the hip there has been an increased focus on the femoral 
head and neck architecture as a cause of osteoarthritis. In certain patients, the 
anatomy of the femoral head and neck may lead to impingement of the femoral 
neck on the acetabular rim, typically in flexion and internal rotation.2 This 
condition, known as femoroacetabular impingement, results in the repetitive 
contact between the femoral neck and acetabular rim and is believed to result 
in labral tears, cartilage damage, and eventual arthritis. Thus, there is currently 
much interest in reshaping the bones of the femur and acetabulum by so-called 
osteochondroplasty. This procedure is being performed as an open or 
arthroscopic procedure and provides good symptomatic relief in the short 
term. The long-term effects, specifically the impact on the future development 
of arthritis, have yet to be demonstrated for this procedure.A7

 Synovectomy
Synovectomy refers to removal of the synovial lining of the joint, through 
either an open or arthroscopic approach. In conditions such as rheumatoid 
arthritis, in which the disease process involves an actively inflamed synovium, 
it follows that debulking the pathologic tissue may reduce symptoms and slow 
the destruction of cartilage.3 In practice, synovectomy can be effective at reliev-
ing pain as long as there is remaining cartilage. However, the procedure has 
not been predictable in terms of regaining joint motion. Further, after the 
cartilage is completely worn through, the joint deterioration is too advanced 
for synovectomy to be helpful. Therefore, synovectomy is generally performed 
in patients with rheumatoid arthritis (or other forms of inflammatory arthritis) 
who have active synovitis in the presence of relatively preserved articular 
cartilage. The most common joints that benefit from synovectomy are the 
knee and elbow. However, synovectomy should be considered as “buying 
time” because the synovium will reappear.

 Arthrodesis
Arthrodesis, or fusion of a joint, achieves the goal of pain relief by creating a 
nonmobile joint. Rather than have the arthritic joint surfaces elicit pain with 
movement, a surgical fusion (arthrodesis) of the articulating bones creates a 
construct that can bear weight and is stable. This is achieved by removing the 
articular surfaces from the joint and immobilizing the bones such that they 
heal in a solid union. This procedure was formerly the treatment of choice for 
hip and knee arthritis in young, active laborers because of its durability and 
avoidance of implants with their propensity to wear. However, creating stiffness 
at one joint will increase stresses on the joints above and below the fused joint.

the United States rose from 20% in 1982 to 60% in 1995, a phenomenon 
particularly relevant to the arthroscopic techniques of orthopedic surgery. 
Among the benefits of these developments has been the opportunity to move 
the preoperative medical evaluation to the outpatient arena. This practice 
allows time for discourse with the other physicians involved in the patient’s 
care, for supplementary consultation and investigation, and the institution of 
therapy directed at optimizing the patient’s medical status before the contem-
plated surgery. Approached in this manner, the preoperative evaluation becomes 
a focal point of communication among all members of the medical team, 
enhancing the collaborative nature of the consultative process and, ultimately, 
the patient’s care.

Although the efficacy of preoperative assessment has not been definitively 
established, the aging and increasing complexity of modern-day surgical patients 
justifies this clinical practice. While no consensus exists regarding what con-
stitutes the optimal preoperative medical evaluation, a growing literature 
pertaining to perioperative medicine supports various core principles that 
underlie effective medical consultation in this clinical setting.

 ANESTHESIA IN THE ORTHOPEDIC PATIENT
Given the protean clinical features that accompany chronic arthritis and the 
connective tissue diseases, a variety of issues, including airway considerations, 
the surgical site (joint region), the anticipated duration of surgery, and comor-
bidities, are important determinants of the type of anesthesia to be employed, 
whether invasive monitoring will be necessary, and the length of time the 
patient will require intensive monitoring after surgery.

General and regional anesthesia are commonly used in the orthopedic 
patient. General anesthesia with endotracheal intubation may present a par-
ticular danger in patients with rheumatoid arthritis or ankylosing spondylitis. 
Patients with cervical spine instability or a rigid airway may require fiberoptic 
intubation. Regional anesthesia may involve local anesthesia or peripheral 
nerve block for minor procedures or epidural/spinal anesthesia for total joint  
arthroplasty.

Although the debate concerning the relative merits of regional versus general 
anesthesia endures, many procedures, particularly orthopedic surgery, are well 
suited for regional anesthetic techniques. Advantages of regional anesthesia 
include a reduction in blood loss, deep vein thrombosis and pulmonary embo-
lism, adverse postoperative respiratory events, and death. Further postoperative 
pain, a significant problem for patients with painful rheumatic disease, may 
be best managed with regional anesthesia. For example, peripheral nerve blocks 
using longer acting anesthetics and infusion methodologies are often performed 
because they provide excellent intraoperative anesthesia and postoperative 
pain relief.

A number of options exist for the control of postoperative pain, including 
the traditional intravenous or intramuscular routes of narcotic medications 
(systemic), the use of epidural analgesia, and the local infiltration of anesthet-
ics into the surgical site.1 The direct administration of local mixtures of medi-
cations, including long-acting anesthetics and anti-inflammatory drugs, has 
become more popular because of the ease of use and excellent efficacy, par-
ticularly around the hip and knee joints. Patient-controlled analgesia (PCA) 
using an epidural route of administration is also an effective method of pain 
control after lower extremity surgery. Further, epidural PCA and local soft 
tissue injections facilitate postoperative physical therapy, which is important 
to the restoration of range of motion in patients undergoing orthopedic pro-
cedures. Both methods also reduce the systemic absorption of analgesics, 
thereby minimizing the problem of narcotic-induced respiratory depression. 
Parenterally administered nonsteroidal anti-inflammatory agents are also useful 
and can be used to reduce narcotic requirements after major surgery. However, 
the common contraindications to nonsteroidal anti-inflammatory drug (NSAID) 
therapy, such as peptic ulcer, renal, and ischemic heart disease, should be 
observed in the postoperative setting.

 SURGICAL MANAGEMENT
Surgical treatment of joint disease is focused primarily on the relief of pain; 
secondary objectives are improvement in joint motion, swelling, return to 
function, and prevention of continued cartilage destruction. Realizing that 
surgical treatment has limitations and complications, the decision to move 
forward is one that must be individualized for each patient. Factors such as 
disease severity, the patient’s desired activity level, and the anticipated longev-
ity of the patient are all relevant to decision making. Typically, patients who 
are candidates for the surgical treatment of joint diseases have failed conserva-
tive measures (NSAIDs, physical therapy, intra-articular injections) and have 
daily pain that hinders their quality of life.

Inflammatory arthritis, by contrast, is a constellation of diseases involving 
the synovium. Included in this class of disorders are such important condi-
tions as rheumatoid arthritis, psoriatic arthritis, and the seronegative spon-
dyloarthropathies. On a pathologic level, all involve the release of inflammatory 
mediators in the adjacent synovium, leading to cartilage destruction. In contrast 
to osteoarthritis, there is no mechanical overload and no bone sclerosis or 
osteophyte formation. Rather, the inflammatory synovitis leads to characteristic 
loss of cartilage matrix, marginal bony erosions, and osteopenia (Fig. 260-2).

Trauma is another important cause of joint destruction. Post-traumatic 
arthritis is initiated by cartilage damage at the time of injury or by secondary 
mechanical imbalances that result from fractures of juxta-articular bone. Abnor-
mal loading conditions will subsequently lead to a wear-and-tear form of 
cartilage arthritis.

Osteonecrosis is another entity that may lead to joint arthritis. In this process 
the blood supply to the bone is compromised, leading to necrosis of the bone 
supporting the articular surface. The most commonly affected joints are the 
hip, shoulder, and knee. As the disease progresses the necrotic bone may 
collapse, leading to the loss of articular integrity and progressive cartilage 
deterioration.

Other causes of arthritis that may lead to joint damage include metabolic 
disorders (chondrocalcinosis, gout), tumor (synovial chondromatosis), and 
infectious (post-septic) and bleeding disorders (hemophilia).

 PREOPERATIVE CONSIDERATIONS
The indications for orthopedic surgery are refractory joint pain and disability. 
Ultimately, the patient and physicians need to agree that the possible benefits 
of surgery outweigh the risks. The decision to proceed with surgery therefore 
reflects the outcome of a partnership among the patient, the orthopedic surgeon, 
and the patient’s primary physician or rheumatologist. Achieving the necessary 
decision-making balance may be complicated, especially given the increasing 
burden of comorbidity that accompanies the aging patient.

In the elective setting, joint replacement and spine surgery are the most 
common procedures under consideration. With the former, severe pain and 
functional limitation unrelieved by conservative treatment are the most common 
indications for surgical intervention. In the case of the spinal surgery, however, 
severe radiculopathy, nerve dysfunction (i.e., acute foot drop), and myelopathy 
are additional considerations. In contrast to elective surgery, there are circum-
stances when a deliberative approach is not possible because of the develop-
ment of more urgent, occasionally life-threatening clinical problems. Examples 
include hip fracture, acute myelopathy, or the patient with an infected native 
or prosthetic joint. Because the patient’s general health is at risk in these set-
tings, the medical-surgical team must stabilize the patient as quickly as possible 
in order to optimize the outcome. Owing to the coupling of medical advances 
with increasing financial and resource constraints, a dominant trend toward 
the performance of surgery in the ambulatory setting has emerged. Indeed, 
the percentage of all surgical procedures performed on an outpatient basis in 

FIGURE 260-2. Radiograph of a left hip with end-stage inflammatory arthritis. note 
the symmetrical pattern of cartilage loss and presence of osteopenia. 



CHAPTER 260 Surgical TreaTmenT of JoinT DiSeaSeS 1785

Hip fusion may be performed in young patients to treat the sequelae of 
slipped capital femoral epiphysis, Legg-Calvé-Perthes disease, post-septic 
arthritis, or osteonecrosis of the femoral head. Fusion surgery can achieve a 
painless, supportive joint that is capable of bearing heavy loads while avoiding 
artificial implants. However, the gait mechanics are altered, requiring more 
energy for ambulation. Furthermore, the lack of motion at the hip increases 
stresses on the joints above and below the hip. Thus, the natural history of a 
hip fusion is the development of ipsilateral knee arthritis and low back pain 
after 20 to 25 years, necessitating much later the conversion of a fused hip to 
a hip replacement (fusion takedown). Although hip arthrodesis is still a viable 
option in the young arthritic patient, patients’ desires for maintaining hip 
mobility in order to sit and drive have made this largely a treatment of  
the past.

Fusion of the knee joint is performed less commonly than hip fusion. In 
addition to the lack of motion that may make it difficult to sit or climb stairs, 
knee fusion cannot be converted to total knee replacement. Thus, knee fusion 
is generally considered a salvage procedure, mainly employed in situations in 
which replacement is not possible (e.g., lack of muscle function or persistent 
infection).

Ankle fusion is still commonly performed as the treatment of choice of 
tibiotalar arthritis.4 Because the historical results of ankle replacement have 
not been durable, fusing the ankle is the best method of creating a pain-free 
joint. Furthermore, the ability of the knee and subtalar joints to compensate 
for a stiff ankle has made this procedure more tolerable.

 Total Joint Arthroplasty
Joint arthroplasty is a term referring to the re-creation of congruent joint 
surfaces, typically with artificial parts. In certain patients and in non-load-
bearing joints such as the elbow, interpositional arthroplasty can be performed 
by placing a tissue graft between the arthritic surfaces. In the case of weight-
bearing joints such as the hip and knee, however, metal and plastic materials 
produce the most durable results. In such circumstances, the articular surfaces 
are replaced by shaped materials designed to re-create the joint kinematics; 
thus, the procedures are commonly called total hip, knee, and shoulder 
replacements.

In general, when the articular cartilage is completely worn or destroyed on 
both sides of the joint, arthroplasty is the most predictable option to relieve 
pain. After total joint arthroplasty, it is advisable to reduce stresses on the 
joint to promote implant longevity. This includes weight loss and avoidance 
of impact activities; walking, cycling, and gliding-type activities are permitted, 
but in general, running and jumping should not be performed. Because a total 
joint arthroplasty involves artificial, moving components, the replaced joints 
are subject to the same wear and tear as native joints. Thus, they have a finite 
lifespan that is dependent on a patient’s weight and activity level and the 
implant materials. Subsequent revisions of joint replacements can be difficult 
and less durable, so it is wise to defer joint arthroplasty until there are no 
other options.

THR was first developed in the 1950s in the United Kingdom using metal 
and plastic components attached to the bone with cement. The early results 
were so predictable and reproducible that the technique rapidly spread world-
wide. The National Institutes of Health, in 1994, published a consensus state-
ment that THR “is one of the most successful surgical procedures and provides 
immediate and substantial improvement in a patient’s pain, mobility, and 
quality of life. Compared to treatments for other chronic debilitating diseases, 
THR is highly cost effective.”

THR is the treatment of choice for end-stage arthritis caused by any of the 
aforementioned pathobiologic processes.5 It involves the exposure of the joint, 
removal of the arthritic femoral head at the level of the femoral neck, and 
removal of enough acetabular bone to place a prosthetic socket. The femoral 
implant is inserted into the intramedullary canal and anchored with bone-
ingrowth techniques or bone cement. Any of the bearing materials for the hip 
are metal-on-polyethylene, ceramic on polyethylene, and ceramic-on-ceramic 
implants. These combinations of materials may be chosen based on the patient’s 
age, activity level, and surgeon preference (Fig. 260-3). Metal-on-metal THR, 
popular for a time period in the early to mid-2000s, has now fallen out of 
favor because of findings of adverse local tissue reactions to the metal debris.

Using modern implant materials and surgical technique, the implant survival 
rates are 90 to 95% successful at 15 years; however, longevity will vary depend-
ing on patient factors such as weight and activity.6 There have been cases in 
which THR implants have lasted more than 30 years. Because the current 
materials such as highly cross-linked polyethylene have only been in use for 
approximately 15 years, their ultimate durability is unknown.

 ORTHOPEDIC PROCEDURES
 Osteotomy
In circumstances in which a structural abnormality around a joint has led to 
mechanical overload, an osteotomy (bone cutting) may be an option to correct 
alignment problems. The most common sites for osteotomy are the hip, to 
treat acetabular dysplasia, and the tibia, to realign the knee. In acetabular 
dysplasia, the hip socket is excessively shallow, leading to abnormal stresses 
on the articular cartilage and premature osteoarthritis. An acetabular osteotomy 
can be performed in patients in whom cartilage still remains. By rotating the 
pelvic bones, a deeper socket can be formed, reducing stresses on the cartilage 
and thereby slowing down the arthritic process. With tibial osteotomy the 
knee joint can be realigned to direct forces away from the region of cartilage 
damage. Usually a varus (bow-legged) deformity indicates that the medial 
compartment of the knee is excessively worn, and, as such, a tibial osteotomy 
realigns the joint in such a way to direct forces to the uninvolved, lateral com-
partment. Typically, osteotomy is considered an option for younger patients 
(<40 years); beyond this age, the loss of cartilage is generally such that more 
reproducible results would be attained with total joint arthroplasty.

 Arthroscopy
Arthroscopic surgery is performed by inserting a camera and specialized instru-
ments into a joint through small, puncture-type incisions. Arthroscopic surgery 
is effective in the treatment of intra-articular pathology such as meniscal tears 
of the knee, labral tears of the hip, cartilage flaps, small chondral defects, and 
loose bodies. However, after the articular cartilage is significantly damaged, 
arthroscopic débridement is usually ineffective in the absence of mechanical 
symptoms such as locking and clicking.A1-A4  In some instances, underlying 
joint arthritis may lead to tears in the meniscus or labrum; if such a tear results 
in new mechanical symptoms, then arthroscopic surgery may be helpful in 
selected cases. The benefit of arthroscopic subacromial decompression for 
shoulder impingement syndrome is variable but appears to be minimal 
overall.A5 

,
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In the assessment of the hip there has been an increased focus on the femoral 
head and neck architecture as a cause of osteoarthritis. In certain patients, the 
anatomy of the femoral head and neck may lead to impingement of the femoral 
neck on the acetabular rim, typically in flexion and internal rotation.2 This 
condition, known as femoroacetabular impingement, results in the repetitive 
contact between the femoral neck and acetabular rim and is believed to result 
in labral tears, cartilage damage, and eventual arthritis. Thus, there is currently 
much interest in reshaping the bones of the femur and acetabulum by so-called 
osteochondroplasty. This procedure is being performed as an open or 
arthroscopic procedure and provides good symptomatic relief in the short 
term. The long-term effects, specifically the impact on the future development 
of arthritis, have yet to be demonstrated for this procedure.A7

 Synovectomy
Synovectomy refers to removal of the synovial lining of the joint, through 
either an open or arthroscopic approach. In conditions such as rheumatoid 
arthritis, in which the disease process involves an actively inflamed synovium, 
it follows that debulking the pathologic tissue may reduce symptoms and slow 
the destruction of cartilage.3 In practice, synovectomy can be effective at reliev-
ing pain as long as there is remaining cartilage. However, the procedure has 
not been predictable in terms of regaining joint motion. Further, after the 
cartilage is completely worn through, the joint deterioration is too advanced 
for synovectomy to be helpful. Therefore, synovectomy is generally performed 
in patients with rheumatoid arthritis (or other forms of inflammatory arthritis) 
who have active synovitis in the presence of relatively preserved articular 
cartilage. The most common joints that benefit from synovectomy are the 
knee and elbow. However, synovectomy should be considered as “buying 
time” because the synovium will reappear.

 Arthrodesis
Arthrodesis, or fusion of a joint, achieves the goal of pain relief by creating a 
nonmobile joint. Rather than have the arthritic joint surfaces elicit pain with 
movement, a surgical fusion (arthrodesis) of the articulating bones creates a 
construct that can bear weight and is stable. This is achieved by removing the 
articular surfaces from the joint and immobilizing the bones such that they 
heal in a solid union. This procedure was formerly the treatment of choice for 
hip and knee arthritis in young, active laborers because of its durability and 
avoidance of implants with their propensity to wear. However, creating stiffness 
at one joint will increase stresses on the joints above and below the fused joint.
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by chronic arthritis. Further, the smaller bones making up these joints also 
translate to a diminished surface area for implant fixation, thus lowering the 
durability of the surgical procedures. Although total joint arthroplasty can be 
successful at relieving pain in the short-term, 10-year results do not approach 
those of total hip or knee replacement. Synovectomy remains an effective 
surgical option in selected patients with inflammatory arthritis of the elbow, 
ankle, or wrist.

 Spine
See Chapter 372.

 MANAGEMENT ISSUES IN PATIENTS WITH 
ARTHRITIS UNDERGOING SURGERY

 Prevention of Postoperative Infection
Efforts to prevent and detect any infectious processes preoperatively and 
postoperatively are of utmost importance. The skin and urinary tract are sites 
of specific concern, and infection can be ruled out by a careful physical 

an additional 4 to 5 cm of bone (Fig. 260-6). The acetabulum is prepared to 
accept a metal socket, creating a metal-on-metal joint. There are currently no 
alternatives to the metal-on-metal articulation of a hip-resurfacing implant; 
however, in contradistinction to metal-on-metal THR, there appear to be 
fewer issues arising from the material in hip resurfacing. The likely explanation 
for this finding is that there are fewer pieces and junctions in a hip resurfacing 
compared with THR. The preservation of the proximal femoral bone raises 
an additional risk for failure (i.e., femoral neck fracture below the resurfacing 
implant), which is estimated to occur in 1% of cases. Although there are no 
defined age limits for hip resurfacing, the best candidates have been males 
younger than 55 years, likely because the bone quality in this demographic 
group is stronger and more robust. In this age group, the 10-year results of 
hip resurfacing in Australia have demonstrated a more than 94% rate of survival 
(free of revision), which is superior to THR. However, concerns regarding 
longevity, a greater short-term failure rate than THR, poorer results in women, 
and metal ion release have led to questions concerning the superiority of the 
procedure.

Computer Navigation and Robotic Surgery
An orthopedic surgeon relies on visualization, instrument jigs, and experience 
in order to recreate the proper joint mechanics. Although the surgeon may 
know exactly how the artificial components are to be placed, it may be difficult 
to achieve perfect alignment in every operation. Computer navigation is a 
tool that can be used to aid in the reproducible positioning of implants, where 
the information given by the navigation device is used by the surgeon to 
improve precision. Robotic surgery refers to the use of a machine that assists 
in the preparation of the bone and insertion of the implants; typically this is 
done through haptically guided limits imposed on the surgeon by a robotic 
arm. Although some errors are inherent in the precision of computer naviga-
tion and robotic surgery, such techniques have reliably diminished outlier 
results. It has yet to be determined whether the longevity of hip and knee 
replacements inserted with the aid of computer navigation differ from those 
inserted by conventional approaches. For this reason, as well as the expense 
and time associated with their use, computer navigation and robotic surgery 
are not universally practiced.

 ORTHOPEDIC PROCEDURES ON OTHER JOINTS
 Elbow, Ankle, and Wrist
The elbow,10 ankle, and wrist are less frequently replaced joints. With the 
exception of the rheumatoid wrist, these joints are less commonly afflicted 

even larger benefits have resulted from the increased attention to various non-
surgical modalities, all directed at more rapid surgical recovery. Examples 
include the increased use of peripheral nerve blocks, preemptive analgesia, 
and a more expeditious approach to rehabilitation. Such approaches have 
reduced the average hospital length of stay to 1 to 2 days after a THR and 2 
to 3 days after a TKR. There is a growing trend in the United States to perform 
total joint arthroplasty as an outpatient procedure in a surgical center, with 
selected patients able to be discharged to home on the same day of the 
operation.

Improvements in Implant Technology
As the average age of patients undergoing hip and knee replacement decreases, 
while their activity levels increase, the number of revision surgeries is projected 
to grow. Therefore, much research is being performed to improve the longevity 
of implant materials. The “gold standard” of arthroplasty is to use a cobalt-
chrome (metal) implant against a polyethylene (plastic) surface. Unfortunately, 
the harder metal surface will eventually wear away the softer plastic surface. 
Therefore, biomechanical engineers have developed a more resistant, “highly 
cross-linked” polyethylene that demonstrates greater wear resistance in labora-
tory simulators. Such highly cross-linked polyethylene has been in clinical use 
for about 15 years, and the early experience suggests significantly less wear 
compared with standard polyethylene. Other materials such as ceramics and 
metals are also being used in an attempt to improve longevity. Nonetheless, 
to date, there is no consensus concerning the optimal bearing surfaces.

Bone-preserving implants have also been developed in order to maintain 
more options when revision surgery becomes a necessity. Such procedures 
may require the removal of the implant and placement of a new prosthetic 
device; thus, with more bone available, surgical options are enhanced. One 
such bone-preserving implant is the hip-resurfacing device. This is discussed 
more fully later.

Unicompartmental knee replacement is a bone-preserving implant for the 
knee. As suggested by its name, it involves replacing only one of the three 
knee compartments with a prosthetic device (Fig. 260-5). Therefore, candidates 
for unicompartmental knee replacement must have arthritis limited to a single 
compartment. Because the surgical trauma and dissection are significantly 
reduced compared with TKR, patient recovery tends to be less painful and 
quicker. However, there remains a higher failure rate for unicompartmental 
knee replacement when compared with TKR because of the possibility of 
developing arthritic changes elsewhere in the joint.

Resurfacing Arthroplasty
Hip resurfacing is quickly growing as an alternative treatment to THR in the 
younger, active patient.9 The primary benefit is the preservation of proximal 
femoral bone in the event that future (revision) surgery is necessary. Rather 
than removing the femoral head and portion of the femoral neck as in THR, 
the bone is sculpted to accept a metal resurfacing cap (like a tooth), preserving 

A major cause of failure of THR has been wearing of the implant materials 
coupled with the body’s reaction to the particulate debris shed into the joint 
space over time. In the process of immunologic uptake of the debris, inflam-
matory cytokines are released, causing osteoclasts to resorb periprosthetic 
bone. The end result of this osteolytic process is that the implant attachments 
to bone may be compromised, causing loosening of the prosthesis and pain. 
The hope is that the current generation of implant materials will reduce the 
amount of particulate wear debris, thereby extending longevity further.

TKR was developed in the United States shortly after THR. The surgery 
involves the removal of the arthritic surfaces of the tibia and femur followed 
by their replacement with a metal femoral implant and a metal and/or poly-
ethylene tibial component (Fig. 260-4). It is termed “total” knee replacement 
to distinguish it from a unicompartmental or “partial” knee replacement.7

The recovery from TKR is more difficult than THR because of greater 
postoperative pain and the emphasis on regaining motion. Nonetheless pain 
relief and function are usually excellent after recovery is complete.A8 Current 
studies demonstrate modern implant survival to be 90 to 95% at 15 years, 
again depending on patient factors.

Although less commonly performed than hip and knee replacement, total 
shoulder replacement is an excellent pain-relieving procedure for glenohumeral 
arthritis.8 Developed from the experience gained from total hip and knee 
replacement, total shoulder replacement uses a stemmed humeral implant 
with a metal ball and metal and/or polyethylene glenoid socket. Total shoulder 
replacement requires an extensive rehabilitation protocol to regain range of 
motion and strength; however, 1 year after surgery, 95% of patients have pain-
free use of the shoulder.

In general, smaller joints such as the wrist and ankle are better treated with 
arthrodesis because the implants necessary for arthroplasty in these joints 
have limited bone surfaces on which to attach the prosthesis. Additionally, 
the location of these joints allows the adjacent joints to compensate more 
effectively. However, there have been significant improvements in total ankle 
implant fixation that make this a viable option to treat tibiotalar arthritis, with 
preservation of ankle motion as the major benefit.

Surgical Innovations in Joint Arthroplasty
Minimally Invasive Surgery
As in all surgical subspecialties, there has been a movement toward minimally 
invasive surgery. This may be a misnomer because the actual work done inside 
the joint has not changed. Some surgeons have suggested the terminology be 
changed to “smaller incision surgery,” or “less invasive surgery.” In any case, 
the idea is that the smallest incision possible be used to perform the operation, 
resulting in less tissue trauma. The interest in this type of surgery has resulted 
in improvements in instrument design and surgical training. Until recently, a 
hip replacement was performed through a 10-inch incision but can now be 
done through a 4- to 5-inch incision. Similarly, knee replacement incisions 
are about one half of their former length. Despite these surgical advances, 

FIGURE 260-3. Radiograph of a total hip replacement consisting of uncemented 
acetabular and femoral components. The articulating materials are a metal ball and 
polyethylene liner. 

FIGURE 260-4. Radiograph of a total knee replacement. The components are metal, 
with a polyethylene insert between the tibial and femoral components. 
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by chronic arthritis. Further, the smaller bones making up these joints also 
translate to a diminished surface area for implant fixation, thus lowering the 
durability of the surgical procedures. Although total joint arthroplasty can be 
successful at relieving pain in the short-term, 10-year results do not approach 
those of total hip or knee replacement. Synovectomy remains an effective 
surgical option in selected patients with inflammatory arthritis of the elbow, 
ankle, or wrist.

 Spine
See Chapter 372.

 MANAGEMENT ISSUES IN PATIENTS WITH 
ARTHRITIS UNDERGOING SURGERY

 Prevention of Postoperative Infection
Efforts to prevent and detect any infectious processes preoperatively and 
postoperatively are of utmost importance. The skin and urinary tract are sites 
of specific concern, and infection can be ruled out by a careful physical 

an additional 4 to 5 cm of bone (Fig. 260-6). The acetabulum is prepared to 
accept a metal socket, creating a metal-on-metal joint. There are currently no 
alternatives to the metal-on-metal articulation of a hip-resurfacing implant; 
however, in contradistinction to metal-on-metal THR, there appear to be 
fewer issues arising from the material in hip resurfacing. The likely explanation 
for this finding is that there are fewer pieces and junctions in a hip resurfacing 
compared with THR. The preservation of the proximal femoral bone raises 
an additional risk for failure (i.e., femoral neck fracture below the resurfacing 
implant), which is estimated to occur in 1% of cases. Although there are no 
defined age limits for hip resurfacing, the best candidates have been males 
younger than 55 years, likely because the bone quality in this demographic 
group is stronger and more robust. In this age group, the 10-year results of 
hip resurfacing in Australia have demonstrated a more than 94% rate of survival 
(free of revision), which is superior to THR. However, concerns regarding 
longevity, a greater short-term failure rate than THR, poorer results in women, 
and metal ion release have led to questions concerning the superiority of the 
procedure.

Computer Navigation and Robotic Surgery
An orthopedic surgeon relies on visualization, instrument jigs, and experience 
in order to recreate the proper joint mechanics. Although the surgeon may 
know exactly how the artificial components are to be placed, it may be difficult 
to achieve perfect alignment in every operation. Computer navigation is a 
tool that can be used to aid in the reproducible positioning of implants, where 
the information given by the navigation device is used by the surgeon to 
improve precision. Robotic surgery refers to the use of a machine that assists 
in the preparation of the bone and insertion of the implants; typically this is 
done through haptically guided limits imposed on the surgeon by a robotic 
arm. Although some errors are inherent in the precision of computer naviga-
tion and robotic surgery, such techniques have reliably diminished outlier 
results. It has yet to be determined whether the longevity of hip and knee 
replacements inserted with the aid of computer navigation differ from those 
inserted by conventional approaches. For this reason, as well as the expense 
and time associated with their use, computer navigation and robotic surgery 
are not universally practiced.

 ORTHOPEDIC PROCEDURES ON OTHER JOINTS
 Elbow, Ankle, and Wrist
The elbow,10 ankle, and wrist are less frequently replaced joints. With the 
exception of the rheumatoid wrist, these joints are less commonly afflicted 

BA

FIGURE 260-5. A, Radiograph of a knee with arthritis limited to the medial compartment. B, a medial unicompartmental knee replacement. 

FIGURE 260-6. Radiograph of a patient with a right total hip replacement and a left 
hip resurfacing. The total hip replacement consists of a longer stem placed into the 
medullary canal of the femur. The hip resurfacing implant preserves the proximal femoral 
bone. 
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examination and routine preoperative urine culture. In addition, dental con-
sultation may be appropriate in patients with poor oral hygiene and 
dentition.

Prophylactic antibiotic therapy for total joint arthroplasty patients should 
begin less than 2 hours before surgery and continue for 24 hours. A common 
protocol involves cefazolin (Ancef) 1 gram every 8 hours (total of three doses) 
or, in penicillin allergic patients, vancomycin 1 gram every 12 hours (total of 
two doses).

 Peripheral Nerve Injuries
Peripheral nerve injuries arise more often after upper and lower extremity 
surgery because they generally result from excessive traction on the nerve or, 
alternatively, as a consequence of nerve compression resulting from prolonged 
positioning of the extremity during surgery or as a result of a cast. Early detec-
tion and intervention are critical to the outcome in these circumstances. Patients 
with chronic neurologic disease conditions, such as neuropathies in the setting 
of diabetes or spinal stenosis, are at increased risk for nerve injury.

 Venous Thromboembolism
Prevention of venous thromboembolic phenomenon after orthopedic surgery 
is the most thoroughly studied of potential postoperative complications, and 
pulmonary embolism remains an important cause of mortality. The orthopedic 
literature has concentrated on lower extremity arthroplasty, although a recent 
study suggests that similar approaches should also be considered after total 
shoulder arthroplasty, when the risk for thromboembolism may be higher 
than generally appreciated.

After orthopedic surgery, a complicated balance exists between a possible 
life-threatening pulmonary embolus and the potential for postoperative bleed-
ing. Numerous protocols have documented the effectiveness of prophylaxis, 
which should begin at the time of the procedure. Short intraoperative time 
reduces the risk for deep vein thrombosis, as does the type of anesthesia. 
Epidural anesthesia reduces the risk for proximal deep vein thrombosis fol-
lowing THR by two- to three-fold and also reduces the overall risk for deep 
vein thrombosis by at least 20%. Other intraoperative interventions, such as 
hypotensive anesthesia and intraoperative heparin administration, further 
reduce thrombogenesis. Mechanical methods also have proven efficacy at 
reducing risk for thromboembolism. These include compression methodolo-
gies such as stockings and various pneumatic devices, foot flexion-extension 
exercises, and early ambulation. These are safe, effective approaches that do 
not increase the risk for bleeding.

The mainstay of prevention is prophylactic anticoagulation, which should 
begin immediately after surgery. Regimes include low-molecular-weight heparin 
(see Table 76-2), and several new oral anticoagulants (see Table 76-5), often 
used in combination with various mechanical compression devices.

 Fat Embolism Syndrome
Fat embolization (Chapter 74), a well-described complication of skeletal 
trauma, may also occur after procedures involving instrumentation of the 
femoral medullary canal. Although the embolization of fat is believed to occur 
in almost all patients who sustain hip or femoral fractures, 1 to 3% of patients 
undergoing joint replacement surgery (particularly simultaneous bilateral 
procedures) develop fat embolism syndrome.

The signs and symptoms of fat embolism syndrome involve the respiratory, 
neurologic,11 and hematologic systems as well as the skin. Time of onset is 
variable, with hemodynamic instability developing almost immediately in 
some or insidiously over the first 2 to 3 postoperative days in others. In the 
latter, patients gradually become hypoxemic, may be hypotensive, and are 
often confused. Respiratory signs are the most common manifestation. Most 
patients develop mild to moderate hypoxemia or radiographic changes (mainly 
bilateral alveolar infiltrates), but only a minority will develop life-threatening 
adult respiratory distress syndrome. Neurologic manifestations range from 
mild drowsiness to acute confusional states or to severe obtundation and 
coma, all consequences of the hypoxemia and the direct effect of the embo-
lization of fat on the brain. The skin eruption, which is rare in the total joint 
arthroplasty patient, takes the form of a petechial rash involving the folds of 
the neck and axillae, as well as petechiae in the subconjunctiva and oral mucosa. 
Retinal edema and hemorrhage are also commonly seen. Transient thrombo-
cytopenia is common.
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Although patients suspected to have developed fat embolism syndrome 
need to be closely monitored, in most instances after total joint arthroplasty 
the condition is relatively benign. Treatment is supportive and includes the 
administration of oxygen and the prevention of pulmonary hypertension (by 
fluid restriction and the use of diuretics and venodilators). Corticosteroids 
are not effective. In the majority of patients, the condition resolves within 3 
to 7 days, although in severe cases the mortality rate has remained in the 5 to 
15% range even with modern aggressive therapy.

 Cervical Spine
In those rheumatoid patients who exhibit advanced destructive disease, cervi-
cal spine instability should be ruled out before surgery with flexion-extension 
films in patients with neck pain or crepitus on range-of-motion testing, radicular 
symptoms, or arm or leg weakness. Affected patients should wear a soft cervi-
cal collar to the operating room. When possible, epidural or spinal anesthesia 
should be employed.

Conversely, in the patients with ankylosing spondylitis, the rigid cervical 
spine may also present technical challenges for the anesthesiologist during 
intubation. Fiberoptic methods are often employed in this clinical setting.

 Immunosuppressive and Anti-inflammatory Therapy
The anti-rheumatic disease medications are categorized as agents believed to 
modify disease activity (DMARDs), or as biologics, agents that target specific 
mediators (cytokines) of the inflammatory response. Corticosteroids, as well 
as other agents of uncertain mechanism of action, are also frequently employed. 
On a practical level the principle management questions are when a given 
medication should be stopped preoperatively and, in order to avoid postopera-
tive disease flares, how soon can it be restarted afterward. In the case of the 
former, decisions are based on a medication’s half-life, and with respect to the 
latter on the patient’s postoperative course.

The literature on which treatment recommendations can be based is sparse, 
with no reported randomized controlled trials concerning this clinical problem. 
Nonetheless, a recent collaboration of the American College of Rheumatology 
and the American Association of Hip and Knee Surgeons derived evidence-
based guidelines for the perioperative management of antirheumatic drug 
therapy, and their statement constitutes the most thoroughly considered 
assessment of this clinical issue12 (E-Table 260-1).

https://expertconsult.inkling.com/
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E-TABLE 260-1 MEDICATIONS FOR THE PERIOPERATIVE MANAGEMENT OF PATIENTS UNDERGOING ELECTIVE TOTAL HIP OR 
TOTAL KNEE ARTHROPLASTY

DMARDs* DOSING INTERVAL CONTINUE/WITHHOLD
Methotrexate Weekly Continue
Sulfasalazine Once or twice daily Continue
Hydroxychloroquine Once or twice daily Continue
Leflunomide (Arava) Daily Continue
Doxycycline Daily Continue

BIOLOGIC AGENTS† DOSING INTERVAL
SCHEDULE SURGERY (RELATIVE TO LAST 

BIOLOGIC AGENT DOSE ADMINISTERED) DURING:
Adalimumab (Humira) Weekly or every 2 weeks Week 2 or 3
Etanercept (Enbrel) Weekly or twice weekly Week 2
Golimumab (Simponi) Every 4 weeks (SC) or every 8 weeks (IV) Week 5

Week 9
Infliximab (Remicade) Every 4, 6, or 8 weeks Weeks 5, 7, or 9
Abatacept (Orencia) Monthly (IV) or weekly (SC) Week 5

Week 2
Certolizumab (Cimzia) Every 2 or 4 weeks Week 3 or 5
Rituximab (Rituxan) 2 doses 2 weeks apart every 4-6 months Month 7
Tocilizumab (Actemra) Every week (SC) or every 4 weeks (IV) Week 2

Week 5
Anakinra (Kineret) Daily Day 2
Secukinumab (Cosentyx) Every 4 weeks Week 5
Ustekinumab (Stelara) Every 12 weeks Week 13
Belimumab (Benlysta) Every 4 weeks Week 5
Tofacitinib (Xeljanz): STOP this 

medication 7 days prior to surgery.
Daily or twice daily 7 days after last dose

SEVERE SLE-SPECIFIC MEDICATIONS‡ DOSING INTERVAL CONTINUE/WITHHOLD
Mycophenolate mofetil Twice daily Continue
Azathioprine Daily or twice daily Continue
Cyclosporine Twice daily Continue
Tacrolimus Twice daily (IV and PO) Continue

NOT SEVERE SLE§ DOSING INTERVAL CONTINUE/WITHHOLD
Mycophenolate mofetil Twice daily Withhold
Azathioprine Daily or twice daily Withhold
Cyclosporine Twice daily Withhold
Tacrolimus Twice daily (IV and PO) Withhold
*CONTINUE these medications through surgery.
†STOP these medications prior to surgery and schedule surgery at the end of the dosing cycle. RESUME medications at minimum 14 days after surgery in the absence of wound healing problems, surgical site 
infections, or systemic infection.
‡CONTINUE these medications in the perioperative period.
§DISCONTINUE these medications 1 week prior to surgery.
DMARDs = disease-modifying antirheumatic drugs; SC = subcutaneous; IV = intravenous; SLE = systemic lupus erythematosus; PO = oral.
From Goodman SM, Spinger B, Guyatt G, et al. 2017 American College of Rheumatology/American Association of Hip and Knee Surgeons Guidelines for the Perioperative Management of Anti-Rheumatic 
Medication in Patients with Rheumatic Diseases Undergoing Elective Total Hip and Knee Arthroplasty. Arthritis Rheumatol. 2017; 69:1538-1551.
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2. A 67-year-old woman presents with knee pain and an increasing deformity 
over the past 2 years. She notices that her knees are becoming “more bow-
legged.” With any prolonged weight-bearing activity, she experiences diffuse 
pain within the knee joint. In addition, the knee will swell up on occasion, 
causing difficulty bending. She has only tried oral supplements such as 
glucosamine and chondroitin sulfate sporadically for pain relief. Physical 
examination reveals medial joint line tenderness and a small joint effusion. 
Her radiographs demonstrate moderate to severe joint space narrowing. 
The patient desires to return to walking activities and improve motion in 
her knee. What is the most appropriate recommendation for this patient?
 A. Immediate total knee replacement surgery
 B. Knee arthroscopy
 C. Knee fusion
 D. Partial knee replacement
 E. A trial of nonsurgical measures, such as weight loss, physical therapy, 

and bracing
Answer: E Given the patient’s moderate joint space narrowing and lack of 
prior nonsurgical interventions, a trial of weight loss, physical therapy, and 
bracing is worthwhile. Knee arthritis can respond well to this treatment regimen, 
reducing the stresses on the knee joint, helping the patient delay total knee 
replacement surgery.

REVIEW QUESTIONS

1. A 47-year-old man presents with groin pain of 2 years’ duration. The pain 
is worse with weight-bearing activity, such as standing or walking. On 
physical examination, the hip demonstrates evidence of limited flexion 
and internal rotation. He has tried nonsurgical measures, such as oral 
nonsteroidal anti-inflammatory drugs, physical therapy, and rest; none has 
provided any lasting relief. Radiographs demonstrate complete loss of the 
cartilage space in the hip joint. His bone structure and quality appear to 
be good. The patient feels extremely debilitated at this point because of 
his inability to perform activities of daily living (ADLs). In addition to 
ADLs, the patient would like to have the ability to run, in the future. Which 
of the following is the most appropriate recommendation?
 A. Hip arthroscopy
 B. Hip resurfacing
 C. Total hip replacement
 D. Fusion of the hip
 E. Bracing of the hip

Answer: B Hip resurfacing is appropriate in this category of patient: a male 
patient younger than the 65 years. Hip arthroscopy is not likely to alleviate 
the symptoms in this patient because of full-thickness cartilage loss. Total hip 
replacement is an option, but the preservation of bone is desirable in younger 
patients, and impact sports are not advisable after a total hip replacement. 
Fusion of the hip has essentially become a historical operation because few 
surgeons perform this anymore owing to the superior function of a hip replace-
ment. Bracing of the hip would not be expected to help in situations of complete 
cartilage loss.
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261 
INTRODUCTION TO MICROBIAL 
DISEASE: PATHOPHYSIOLOGY 
AND DIAGNOSTICS
W. MICHAEL SCHELD AND ROBIN PATEL

Infectious diseases have profoundly influenced the course of human history. 
The “black death” (caused by Yersinia pestis) changed the social structure of 
medieval Europe, in the process eliminating approximately a third of the popu-
lation. The outcomes of military campaigns have been altered by outbreaks 
of diseases such as dysentery and typhus. Examples include Napoleon’s retreat 
from Russia after typhus did more damage to his army than the opposition 
forces did; the decision by the French to sell the Louisiana Territory after 
French soldiers died from yellow fever in Cuba and the Gulf Coast; and the 
introduction of smallpox to the nonimmune population of the New World 
by Europeans, thus facilitating the “conquest” and the dawn of the colonial 
age. Malaria influenced the geographic and racial pattern and distribution of 
hemoglobins and erythrocyte antigens in Africa. The development of Plas-
modium falciparum is inhibited by the presence of hemoglobin S, and Duffy 
blood group–negative erythrocytes are resistant to infection with Plasmodium 
vivax. Thus, populations with these erythrocyte factors are found in areas 
where malaria is common.

Infections are a major cause of morbidity and mortality in the world. Of 
the approximately 54 million deaths worldwide in 2016, at least one fourth 
overall were due to infectious diseases. In the United States, pneumonia is 
the fifth leading cause of death overall and the most common cause of death 
related to infection. Acquired immunodeficiency syndrome (AIDS) threatens 
to disrupt the social fabric in many countries of Africa and is severely distress-
ing the health care system in the United States and other parts of the world. 
Approximately 36.7 million people worldwide are currently infected with 
human immunodeficiency virus (HIV), and since 1981, approximately 36 
million have died (~700,000 in the United States alone). Deaths due to HIV/
AIDS peaked at 1.9 million in 2005 and fell to 1.0 million in 2016. Global 
deaths due to malaria and pneumonia have also declined in recent years. Simi-
larly, mortality rates for six common infectious diseases (accounting for ~96% 
of all infectious disease deaths) decreased 18% in the United States from 1980 
to 2014,1 although regional differences were striking by county, and diarrheal 
deaths actually increased, likely due to Clostridioides (Clostridium) difficile. 
Some of these recent global advances may be in jeopardy from rising tem-
peratures.2 The World Health Organization (WHO) predicts that climate 
change will result in 250,000 additional deaths per year between 2030 and 
2050. Of this increase, about 108,000 will be related to malaria and diarrheal 
disease due to expansion of insect vector populations and distribution and in 
increased coastal flooding, respectively.

Infection can be defined as the multiplication of microbes (from viruses to 
multicellular parasites) in the tissues of the host. The host may or may not 
have symptoms. For example, HIV infection may cause no overt signs or 
symptoms of illness for years. The definition of infection should also include 
the multiplication of microbes on the surface or in the lumen of the host that 
causes signs and symptoms of illness or disease. For example, toxin-producing 
strains of Escherichia coli may multiply in the gut and cause a diarrheal illness 
without invading tissues. Microbes can cause diseases without actually coming 
in contact with the host by virtue of toxin production. Clostridium botulinum 
may grow in certain improperly processed foods and produce a toxin that can 
be lethal on ingestion. A relatively trivial infection, such as that caused by 
Clostridium tetani in a small puncture wound, can cause devastating illness 
because of a toxin released from the organism growing in tissues. It has now 
become apparent that multiple virulence factors of microorganisms can be 
carried in tandem on so-called pathogenicity islands of the genome (the 
“virulome”).

We live in a virtual sea of microorganisms, and all our body surfaces have 
indigenous bacterial flora. In fact, we are a “super organism” as our native flora 
outnumbers our own human cells by a ratio of about 10 : 1. This normal flora 
actually protects us from infection. Reduction of gut colonization increases 
susceptibility to infection by pathogens such as Salmonella enterica. Bacteria 

that constitute normal flora microorganisms are thought to exert their protec-
tive effect by several mechanisms: (1) using nutrients and occupying an ecologic 
niche, thus competing with pathogens; (2) producing antibacterial substances 
that inhibit the growth of pathogens; and (3) inducing host immunity that is 
cross-reactive and effective against pathogens. These conclusions appear to 
be oversimplistic, however. For example, colonization of the gastrointestinal 
tract with Bacteroides fragilis expressing an immunodominant bacterial poly-
saccharide causes dendritic cell activation and induction of a TH1-mediated 
response, leading to a splenic response characterized by normal numbers of 
CD4+ T cells, lymphoid architecture, and systemic lymphocytic expansion. 
Thus, a single bacterial molecule in our gut is necessary to make us “immu-
nologically fit.” Indeed, it has become apparent that a healthy, diverse micro-
biome is vital to proper immune system function. The timing of changes in 
the microbiome can also be of crucial importance. For example, pregnant 
mice fed antibacterials pass along their altered gut microbiome to their off-
spring. The neonates, in turn, display decreased total numbers and composition 
of gut microbes that are associated with decreased numbers of circulating and 
bone marrow neutrophils. This disordered neutrophil homeostasis leads to 
impaired host defense and increased susceptibility to E. coli K1 and Klebsiella 
pneumoniae sepsis, classic neonatal pathogens in humans. Furthermore, because 
children are often prescribed multiple courses of antibacterials, one must 
wonder if these (often unnecessary) exposures later predispose them to epi-
demic disorders, such as asthma, autoimmunity, inflammatory bowel disease, 
and obesity.

Only a small proportion of microbial species can be considered primary 
or professional pathogens, and even among these species, a relatively small 
number of clones have been shown to cause disease. For example, epidemic 
meningococcal meningitis and meningococcemia are due to a small number 
of clones of Neisseria meningitidis, and the worldwide explosion of penicillin-
resistant Streptococcus pneumoniae can be traced to a few clones originating 
in South Africa and Spain. This observation supports the concept that patho-
genic organisms are highly adapted to the pathogenic state and have developed 
characteristics that enable them to be transmitted, to attach to surfaces, to 
invade tissue, to avoid host defenses, and thus to cause disease. In contrast, 
opportunistic pathogens cause disease principally in immunologically impaired 
hosts, and these organisms, which may be harmless members of normal flora 
in healthy persons, can act as virulent invaders in patients with severe defects 
in host defense mechanisms. Although opportunistic infection has tradition-
ally been viewed as the exploitation of a weakened host through physiologic 
stress or immunocompromise (or both) by relatively “avirulent” pathogens, 
this is an oversimplification. For example, Pseudomonas aeruginosa recognizes 
host immune activation, specifically by binding interferon-γ to a cell surface 
protein OprF, which in turn, through a quorum-sensing signaling system, 
leads to the overexpression of virulence determinants such as PA-I (LecA) 
and pyocyanin. Thus, bacteria have developed a “contingency system” that 
recognizes immunologic perturbations in the host and counters this response 
by the expression of virulence factors.

Pathogenic organisms may be acquired by several routes. For example, 
direct contact has been implicated in the acquisition of staphylococcal disease. 
Airborne spread, usually by droplet nuclei, occurs in respiratory diseases 
such as influenza, in severe acute respiratory syndrome (SARS), and in the 
Middle East respiratory syndrome (MERS). Contaminated water is the usual 
vehicle in Giardia infection and typhoid fever. Food-borne toxic illnesses 
may be caused by extracellular toxins produced by Clostridium perfringens 
and Staphylococcus aureus. Blood and blood products may be vectors for 
transmitting hepatitis B and C viruses as well as HIV. Sexual transmission is 
also important for these agents and for a variety of other pathogens, including 
Treponema pallidum (syphilis), Neisseria gonorrhoeae (gonorrhea), and Chla-
mydia trachomatis (urethritis). The fetus may be infected in utero, and the 
infection may be devastating if the agent is rubella virus, cytomegalovirus, 
or parvovirus B19. Arthropod vectors may be important, as illustrated by 
mosquitoes for malaria and dengue, ticks for Lyme disease and ehrlichiosis, 
and lice for typhus.

Pathogens are able to cause disease because of a finely tuned array of adap-
tations, including the ability to attach to appropriate cells, often mediated by 
specialized structures, such as pili.3 Microbes such as Shigella species have the 
ability to invade cells and cause damage. Toxins may act at a distance or may 
intoxicate only infected cells. Pathogens have the ability to thwart host defenses 
by a variety of ingenious maneuvers. The antiphagocytic coat of the pneumo-
coccus is an example. Organisms may change their surface antigen display at 
an astonishingly rapid rate to outmaneuver the host immune system. Examples 
include influenza virus and trypanosomes. Certain pathogens (e.g., Toxoplasma 
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ABSTRACT
Infections are a major cause of morbidity and mortality worldwide. Only a 
fraction of microorganisms are recognized as primary human pathogens, as 
a result of their having abilities to attach to and/or enter human cells, produce 
toxins, and/or evade the host immune system. Today, there is an increasing 
recognition of the role of the human microbiome in human health. Pathogenic 
organisms may be acquired by a variety of means, including direct contact, 
airborne, contaminated food or water, sexually, via blood or tissue products, 
or organ transplantation, or via arthropod vectors, such as mosquitoes or 
ticks. Emerging infections are being described with regularity. If appropriately 
diagnosed, infections are often treatable, with many being curable. Diagnostic 
testing for infectious diseases requires knowledge of appropriate test ordering 
as well as result interpretation. Testing spans the gamut from culture, to anti-
body and antigen detection, to nucleic acid amplification tests, such as poly-
merase chain reaction. This chapter overviews general principles of blood 
cultures, alongside testing of respiratory specimens, cerebrospinal fluid, stool, 
and urine, as well as antimicrobial susceptibility testing. The last has become 
especially important as the world is facing a major crisis in antibacterial 
resistance. 
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comes from experiments with mice lacking TLR5. These mice develop hyper-
phagia and hallmark features of the metabolic syndrome, including hyperlip-
idemia, hypertension, insulin resistance, and increased adiposity, associated 
with an altered gut microbiome. Further, transfer of this changed microbiota 
into germ-free wild-type mice induces most features of the metabolic syndrome 
in the recipients. The explosion of new knowledge on the role of the human 
microbiome in health and disease has been so rapid and profound in the last 
decade that we thought a separate chapter on this subject was warranted 
(Chapter 262).

 LABORATORY DIAGNOSIS OF INFECTION
Introduction
Diagnostic testing for infectious diseases requires knowledge of appropriate 
test ordering as well as result interpretation. Because of advances in tech-
nology, specific infectious diseases are more often diagnosed today than 
in the past.9 As clinical microbiology tests become increasingly complex, 
however, test ordering and result interpretation have become more difficult; 
consultation with infectious diseases specialists or clinical microbiologists 
is recommended for challenging situations. Microbiology testing involves 
more types of specimens (e.g., fluid, tissue, swab) and specimen sources (e.g., 
lung, gastrointestinal tract, bone, joint) than any other area of laboratory 
medicine. Infections can be caused by hundreds of species of organisms, 
ranging from bacteria to viruses, fungi, protozoa, parasites, and even algae. 
Simply detecting an organism does not necessarily mean that it is causing the 
patient’s illness, because of the possibility of it being contaminating flora or 
from a prior infection. Testing methods, which include direct detection using 
visualization (often with specific stains), culture (which may be specialized, 
depending on the organism type), and molecular, proteomic, metabolomic, 
and immunologic methods, are ever-expanding and may vary from laboratory 
to laboratory. NAATs, which amplify microbial nucleic acid (DNA and/or 
RNA, depending on the organisms targeted) are increasingly used in clinical 
practice. The most common NAAT in clinical use is the polymerase chain 
reaction (PCR), but there are many other technologies available.10 With 
PCR, a specific segment of DNA is amplified using a pair of primers (Fig. 
261-1) (forward and reverse) in a reaction that includes the bases needed 
to synthesize DNA (deoxynucleotide triphosphates) and a heat-stable DNA 
polymerase. The reaction itself involves serial cycling of temperatures to anneal 
the primers, synthesize the DNA between them (a function of the enzyme, 
DNA polymerase), and then convert the DNA from double- to single-stranded 

diseases and promise significant improvements in diagnostics and therapeutics 
in the future.

 GENETIC FACTORS ALTERING SUSCEPTIBILITY 
TO INFECTION AND RESPONSE TO  
INFECTIOUS DISEASES

This field promises new and significant information relevant to the wide variety 
of responses to infectious diseases in humans. For example, an overvigorous 
response, with generation of tumor necrosis factor-α, may accentuate the 
development of cerebral complications in falciparum malaria. Analysis of single-
nucleotide polymorphisms of the human genome could lead to an enhanced 
understanding of two fundamental issues in infectious diseases: why invasive, 
overt disease develops in only a small fraction of individuals challenged with 
a given microbe, and why infections are more severe in some people than 
others. Variants in genes that encode molecules that mediate attachment, 
pathogen recognition, inflammatory cytokine response, and innate and adap-
tive immunity are being identified at an astonishing rate.

 INNATE IMMUNITY
This is an active field in the immunology of infectious diseases. The identifica-
tion of pattern recognition receptors (e.g., toll-like receptors and nucleotide 
oligomerization domain–like receptors) that recognize pathogen-associated 
molecular patterns, as well as endogenous substances reflecting tissue injury 
(e.g., alarmins), has revolutionized our understanding of the early host response 
to infection. Agonists or antagonists of toll-like receptors have already entered 
clinical trials as adjuvant therapies or to improve the immunogenicity of vac-
cines. The other area that has exploded recently is the study of antimicrobial 
peptides (e.g., defensins, cathecidins, histatins, galectins) and their role in the 
early response to infectious disorders.

 ANTIMICROBIAL RESISTANCE
The development of new antibacterial agents has slowed despite the burgeon-
ing problem of antimicrobial resistance. This disconnect has been the focus 
of meetings among the pharmaceutical industry, the Infectious Diseases Society 
of America, the U.S. Food and Drug Administration and other government 
agencies, the American Society for Microbiology, and internationally. Multi-
resistant pneumococci, vancomycin-resistant S. aureus and enterococci, and, 
perhaps most important, multidrug-resistant gram-negative bacilli5 are just a 
few examples. Not surprisingly, these drug-resistant bacteria can spread easily 
through international travel.6 Perhaps somewhat counterintuitively, ingestion 
of non-antimicrobial agents (e.g., antipsychotics) may also contribute to resis-
tance7 and reduced gut microbiome diversity. Some multidrug-resistant gram-
negative bacilli are susceptible to only a few agents of “last resort,” such as 
colistin or tigecycline; others are truly untreatable. In 2014, the Wellcome 
Trust predicted that if current trends continue, antibacterial resistance will 
cost $100 trillion and cause 10 million deaths annually by 2050! The United 
Nations General Assembly held a special session on antibacterial resistance 
in late 2016, only the third time a health topic has been the subject of  
that format.

 THE ROLE OF INFECTIOUS AGENTS IN  
CHRONIC DISEASES

Many so-called idiopathic diseases may in fact have an infectious basis. Condi-
tions for which there is some evidence (but not conclusive proof) of an infec-
tious basis include diabetes, atherosclerosis, acute leukemia, collagen vascular 
diseases, and inflammatory bowel disease. Detection of “uncultivatable” micro-
organisms by newer techniques, such as 16S  ribosomal RNA gene or shotgun 
metagenomic analysis, may uncover agents responsible for “noninfectious” 
diseases or suggest a role in conditions that are considered infectious but in 
which the pathogen or pathogens are controversial. In addition, we know that 
hepatitis C virus, human papillomavirus, and Helicobacter pylori cause human 
cancers. Given the location in contact with the gut microbiota, colorectal 
cancers often contain bacteria. However, when the cancer metastasizes to the 
liver, the bacteria can hitch a ride! Further, mouse xenografts of human primary 
colorectal adenocarcinomas retain viable Fusobacterium nucleatum (and other 
microorganisms). Treatment of mice bearing a colon cancer xenograft with 
metronidazole reduces Fusobacterium load, cancer cell proliferation, and overall 
tumor growth.8 The implications for cancer treatment could be substantial. 
Furthermore, changes in our own microbiome may lead to disease. Alterations 
in the gut microbiome are associated with obesity. Another recent example 

gondii) have the ability to inhibit the respiratory burst of phagocytes, and 
others (e.g., Streptococcus pyogenes) can destroy phagocytic cells that have 
engulfed them. The environment plays an important role in infection, both 
in transmission and in the host’s ability to combat the invader. The humidity 
and temperature of air may affect the infectivity of airborne pathogens. The 
sanitary state of food and water, woefully lacking in many areas of the develop-
ing world, is an important factor in the acquisition of enteric pathogens, one 
of the major causes of mortality, morbidity, and disability, such as physical 
and mental developmental delay leading to poor performance in school. That 
malaria was associated with the “bad air” of swamps was in fact due to the 
mosquitoes there, but the environmental association was appropriate. The 
nutritional status of the host is clearly a significant factor in certain infectious 
diseases. It is likely that micronutrient deficiency contributes to the invasion 
and multiplication of certain pathogens. A new concept is the possibility that 
infectious diseases cause malnutrition through a vicious cycle of diarrhea 
leading to dehydration and poor oral intake, resulting in secondary diarrhea 
with a propensity for “stunting” and delaying intellectual development. Estab-
lishment of infection is a complicated interplay of factors involving the microbe, 
the host, and the environment.

Host reaction to infection may result in illness. For example, previous infec-
tion with Campylobacter jejuni is responsible for about 40% of cases of Guillain-
Barré syndrome. The mechanism is thought to be the production of antibodies 
against C. jejuni lipopolysaccharides that cross-react with gangliosides in 
peripheral nerves. Similarly, much of the damage resulting from meningitis 
is due to the host’s response to invading bacterial pathogens.

With some exceptions, infectious diseases are treatable and curable. Thus, 
it is important to make an accurate etiologic diagnosis (see separate section 
later) and to institute appropriate therapy promptly. In acute infections such 
as pneumonia, meningitis, or sepsis, rapid institution of therapy may be life-
saving; thus, a presumptive etiologic diagnosis should be established before 
a definitive diagnosis. This presumptive diagnosis is based on the history, 
physical examination, epidemiology of illness in the community, and rapid 
techniques such as microscopic examination of appropriate gram-stained 
specimens or techniques such as performance of antigen detection or a nucleic 
acid amplification test (NAAT). Antimicrobial therapy can then be instituted 
for the presumptive etiologic agents, but it must be reevaluated as more defini-
tive diagnostic information becomes available.

The study, as well as the understanding, of infectious diseases is a dynamic 
process. A number of factors or themes of current interest contribute to this 
conclusion, including the following.

 EMERGING INFECTIONS
The most obvious is AIDS, but recent examples with a major impact on public 
health in the United States include community-associated methicillin-resistant S. 
aureus, a hypervirulent strain of C. difficile, 2009 H1N1 influenza, and multidrug-
resistant gram-negative bacteria, such as carbapenamase-producing Entero-
bacteriaceae. More than 400 new, emerging, or reemerging infectious diseases 
have been described in the past 70 years; approximately 60% are zoonoses 
associated with geographic “hot spots.” Their emergence is driven largely by 
ecologic, socioeconomic, and environmental factors. Recent (2016-2018) out-
breaks of new and/or reemerging infections include but are not limited to the 
following: Candida auris worldwide, cholera in Yemen (~1 million cases!), 
diphtheria in Bangladesh, H7N9 influenza in China, hepatitis A in the United 
States (e.g., San Diego, Louisville), listeriosis in South Africa (largest Listeria 
outbreak in history), plague in Madagascar, Kratom-associated salmonellosis 
in the United States, scarlet fever in England and Hong Kong, and yellow fever 
in Brazil (potential for worst outbreak since 1942 and the recent decision to 
vaccinate 78 million Brazilians by the end of 2018).

 GENOMICS AND OTHER “OMICS”
The exact sequence of the genome of thousands of microbes relevant to humans 
has been determined. This new information, in concert with genomic informa-
tion from multicellular organisms such as the Anopheles mosquito, offers promise 
for the development of new therapies and vaccines. Careful analysis of the 
genomes of pathogens will continue to yield important information about 
the pathogenesis of infection.4 For example, genome sequencing of S. pyogenes, 
collected over time with relevant robust clinical information, has detected the 
acquisition of new determinants (often by prophage) responsible for increased 
virulence and resulting in toxic shock syndrome, necrotizing fasciitis, or both, 
even within a single patient with sequential samples. Proteomics, transcrip-
tomics, metabolomics, and virulomics have transformed research on infectious 
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DNA to allow the reaction to recur. The upshot is that at the end of the 
temperature cycling, the targeted DNA segment, if present, has been expo-
nentially amplified; the amplified DNA is detected using one of a variety 
of strategies, including fluorescently labeled probes that hybridize to ampli-
fied DNA during the course of the PCR reaction—so-called real-time PCR. 
Measurement of host response to infection, including traditional serologic 
testing, interferon-γ release assays, and more modern measurement of host 
transcriptional or proteomic responses, may be applied. Specialized testing not 
performed in a local laboratory may need to be sent to a reference laboratory. 
Organisms isolated in culture have historically been identified biochemically 
but today are increasingly identified using the proteomic technology, matrix-
assisted laser desorption ionization time-of-flight mass spectrometry, which 
enables accurate identification of a myriad of bacterial and fungal isolates in  
minutes.

Quality of microbiology results depends not just on testing in the labora-
tory but also on proper selection, collection, and transportation of specimens 
for testing. Specimens for microbiology testing should be ideally, especially 
for culture-based tests, collected before administration of antimicrobial agents. 
It is important for those collecting the specimen to ensure proper specimen 
collection; specimens of poor quality may be rejected by the laboratory, but 
only if the laboratory can identify them as such (e.g., a putative sputum speci-
men that is really just oropharyngeal secretions). Certain types of tests are 
inappropriate for some specimen types (e.g., anaerobic cultures on sputum). 
Swabs hold minute volumes and are only recommended in limited situations 
(e.g., throat swab for S. pyogenes pharyngitis diagnosis); flocked swabs, which 
efficiently release their contents, are increasingly used. Still, if tissues or fluids 
can be collected, they are almost always preferred over swabs.

Three questions need to be answered with microbiology testing. The first is 
whether a patient’s illness is microbial in nature. The second is to define the 
organism(s) causing the illness, and the third is to determine how the patient 
should be treated. If treatment is not directly evident from the nature of the 
organism detected, susceptibility testing is performed, typically on an organ-
ism recovered in culture. Common microbiology tests are presented next.

Blood Cultures
Conventional blood cultures, typically incubated for 5 days on modern 
continuous-monitoring blood culture instruments, allow recovery of most 
cultivable bacteria, along with most Candida species. Mycobacteria and dimor-
phic fungi ideally require specialized blood cultures and longer incubation 

comes from experiments with mice lacking TLR5. These mice develop hyper-
phagia and hallmark features of the metabolic syndrome, including hyperlip-
idemia, hypertension, insulin resistance, and increased adiposity, associated 
with an altered gut microbiome. Further, transfer of this changed microbiota 
into germ-free wild-type mice induces most features of the metabolic syndrome 
in the recipients. The explosion of new knowledge on the role of the human 
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Introduction
Diagnostic testing for infectious diseases requires knowledge of appropriate 
test ordering as well as result interpretation. Because of advances in tech-
nology, specific infectious diseases are more often diagnosed today than 
in the past.9 As clinical microbiology tests become increasingly complex, 
however, test ordering and result interpretation have become more difficult; 
consultation with infectious diseases specialists or clinical microbiologists 
is recommended for challenging situations. Microbiology testing involves 
more types of specimens (e.g., fluid, tissue, swab) and specimen sources (e.g., 
lung, gastrointestinal tract, bone, joint) than any other area of laboratory 
medicine. Infections can be caused by hundreds of species of organisms, 
ranging from bacteria to viruses, fungi, protozoa, parasites, and even algae. 
Simply detecting an organism does not necessarily mean that it is causing the 
patient’s illness, because of the possibility of it being contaminating flora or 
from a prior infection. Testing methods, which include direct detection using 
visualization (often with specific stains), culture (which may be specialized, 
depending on the organism type), and molecular, proteomic, metabolomic, 
and immunologic methods, are ever-expanding and may vary from laboratory 
to laboratory. NAATs, which amplify microbial nucleic acid (DNA and/or 
RNA, depending on the organisms targeted) are increasingly used in clinical 
practice. The most common NAAT in clinical use is the polymerase chain 
reaction (PCR), but there are many other technologies available.10 With 
PCR, a specific segment of DNA is amplified using a pair of primers (Fig. 
261-1) (forward and reverse) in a reaction that includes the bases needed 
to synthesize DNA (deoxynucleotide triphosphates) and a heat-stable DNA 
polymerase. The reaction itself involves serial cycling of temperatures to anneal 
the primers, synthesize the DNA between them (a function of the enzyme, 
DNA polymerase), and then convert the DNA from double- to single-stranded 
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FIGURE 261-1. Polymerase chain reaction (PCR). datP = deoxyadenosine triphosphate; dctP = deoxycytidine triphosphate; dgtP = deoxyguanosine triphosphate; dttP, thymidine 
triphosphate. 
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and culture of sputum and, if disease is severe, urine antigen tests for Legionella 
pneumophila and S. pneumoniae are recommended. NAATs are choice diag-
nostics for pneumonia caused by Mycoplasma pneumoniae and, although it is 
a notably rare pathogen, Chlamydophila pneumoniae. For diagnosis of legionel-
losis, Legionella NAAT and culture of lower respiratory secretions can be 
performed, with the former being more sensitive than the latter. For diagnosis 
of hospital-acquired and ventilator-associated pneumonia, sputum, induced 
sputum, or nasotracheal aspirates can be tested on nonintubated patients, and 
endotracheal aspirates on intubated patients, using Gram stain and culture. 
A multiplex NAAT panel is available; its ideal role in clinical practice is being 
defined.

For diagnosis of pulmonary tuberculosis, expectorated sputum (or induced 
sputum or bronchoscopically obtained specimens) should be submitted for 
acid fast bacillus smear (three specimens), mycobacterial culture (three speci-
mens), and M. tuberculosis NAAT (one specimen). In acid fast bacillus smear–
positive patients, a negative M. tuberculosis NAAT makes a diagnosis of 
pulmonary tuberculosis unlikely. In acid fast bacillus smear–negative patients 
with an intermediate or higher level of suspicion for pulmonary tuberculosis, 
a negative M. tuberculosis NAAT cannot exclude pulmonary tuberculosis. Some 
NAATs for M. tuberculosis both detect the organism and provide rapid molecular 
drug susceptibility testing (rifampin with or without isoniazid). It should be 
noted that interferon-γ release assays and tuberculin skin tests do not differ-
entiate latent from active tuberculosis and are not positive in all cases of active 
tuberculosis.

Stool Testing
Community-acquired diarrhea often resolves in less than a week in the absence 
of treatment; laboratory testing is not generally needed, unless the patient 
has fever, bloody diarrhea, dysentery, severe abdominal pain, or dehydration 
or is hospitalized or immunocompromised. For travel-related or community-
acquired diarrhea lasting a week or longer, laboratory testing can be useful. 
The specimen of choice is diarrheal stool. Routine stool cultures typically 
evaluate for Salmonella, Shigella, and Campylobacter species and should also 
include evaluation for Shiga toxin–producing E. coli using a NAAT or antigen 
assay. Vibrio and Yersinia culture may be separate, specific requests using spe-
cialized media. Infection with Giardia species, Cryptosporidium species, or 
Cyclospora cayetanensis may present similarly to bacterial gastroenteritis, and 
these organisms are ideally identified using antigen detection or NAATs. Like-
wise, norovirus and other viral etiologies of gastroenteritis are ideally detected 
by NAATs; rotavirus can alternatively be detected using an antigen detection 
assay. Bacterial, parasitic, and viral gastroenteritis pathogens may be detected 
together in one test with commercial multiplex NAATs, some of which can 
yield results in as little as 1 hour.

C. difficile–associated diarrhea is often associated with antecedent antibiotic 
use or hospitalization, although community-acquired cases also occur; in 
suspected cases of C. difficile–associated diarrhea, specific testing is recom-
mended by testing diarrheal stool using either a glutamate dehydrogenase 
antigen detection assay plus toxin A and B detection using an antigen detection 
assay (with or without arbitration by a NAAT for toxin-associated genes), or 
by performing a NAAT with toxin testing. Alternatively, a NAAT can be used 
alone, provided the patient being tested is likely to have C. difficile–associated 
diarrhea.

Urine Testing
Differentiation of asymptomatic bacteriuria, cystitis, and pyelonephritis 
requires clinical evaluation because Gram stain and culture findings may be 
similar for the three. Specimens submitted for bacterial urine culture should 
be collected in a way that minimizes contamination from perineal micro-
biota. The use of urine transport media or refrigeration after collection and 
specimen collection with straight “in-and-out” catheterization decreases the 
growth of small numbers of contaminating organisms, which can result in 
false-positive results. Urine specimens from patients who have urinary catheters 
in place for even a few hours frequently have colonizing microbiota due to 
biofilm formation on catheter surfaces; this may not represent a true urinary  
tract infection.

For diagnosis of acute bacterial prostatitis, the classic four-specimen “Meares 
and Stamey” approach, involving collection of the first 10 mL void, a midstream 
specimen, expressed prostate secretions, and a 10-mL post-prostate-massage 
urine may be used; this is considered positive if there is a 10-fold higher bacte-
rial count in the expressed prostate secretions than the midstream urine. A 
two-specimen version, involving only the midstream urine and the expressed 
prostate secretions, can be alternatively applied.

times. Collection of an optimal volume of blood and drawing blood cultures 
before administration of antibiotics are quality practices for conventional 
blood cultures. For adults, two culture sets or draws from separate venipunc-
ture sites, each consisting of 20 to 30 mL of blood, inoculated into at least 
one aerobic and one anaerobic bottle per set, are recommended. There is no 
need to space blood culture draws over time. Single-draw blood cultures are 
strongly discouraged. Clinicians are notified when a blood culture becomes 
positive; at the time of notification, it may not be clear whether the organism 
represents a pathogen or a contaminant, a judgment that must be clinically 
made and refined as further results of testing of the positive blood culture 
bottle(s) become available. Contaminated blood cultures are common, with 
acceptable contamination rates as high as 3%, and can cause clinical confusion. 
Contamination can be recognized when blood cultures yield organisms such 
as coagulase-negative Staphylococcus species or Corynebacterium species from a 
single set. To minimize contamination, a dedicated phlebotomy team is ideal; 
the venipuncture site should be properly disinfected (e.g., with chlorhexidine 
or 2% iodine tincture). Many laboratories today use rapid methods, such as 
multiplex molecular panels, to identify bacteria and Candida species growing 
in positive blood culture bottles and to detect select antimicrobial resistance 
genes. These tests are ideally deployed in concert with an antimicrobial  
stewardship program.

Although catheter-drawn blood cultures are generally discouraged, a catheter-
drawn blood culture set alongside a simultaneously collected peripherally 
drawn blood culture set may be helpful for diagnosis of catheter-associated 
bacteremia. If both grow the same organism and the blood culture collected 
from the intravascular catheter becomes positive more than 2 hours before 
the culture drawn peripherally (so-called differential time to positivity), there 
is a high likelihood of catheter-related bloodstream infection. In the case of 
multi-lumen catheters being assessed for catheter-associated bacteremia, con-
sideration should be given to collection of blood through each lumen, along 
with a peripheral draw.

For infective endocarditis diagnosis, routine blood cultures are suggested; 
if negative, Bartonella and Q fever serology should be considered. Histopathol-
ogy, stains, and molecular diagnostics (e.g., 16S ribosomal RNA gene PCR/
sequencing, Tropheryma whipplei NAAT) may be applied to resected valves 
for the diagnosis of infective endocarditis.

Cerebrospinal Fluid Testing
Cerebrospinal fluid can be useful to diagnose meningitis and some cases of 
encephalitis (e.g., herpes simplex virus and enteroviral cases). Sufficient sample 
should be collected for all desired tests; it is helpful to collect extra fluid to 
be stored in the laboratory in case add-on tests are later desired (so as to avoid 
the need for a second lumbar puncture). Typically, three or four cerebrospinal 
fluid aliquots are collected in separate tubes. The first has the greatest potential 
for contamination and should therefore not be used for microbiology studies. 
Gram stain prepared after cytocentrifugation of cerebrospinal fluid and bacte-
rial culture should be performed (along with conventional blood cultures), 
with cell count, differential, glucose, and protein, for diagnosis of bacterial 
meningitis. NAATs of cerebrospinal fluid are the tests of choice for diagnosis 
of enteroviral and herpes meningitis/encephalitis. Although a U.S. Food and 
Drug Administration–approved multiplex NAAT panel is available for diag-
nosing meningitis and encephalitis, it should not be considered a replacement 
for culture because it is not all-inclusive and because specificity issues have 
been reported.

The cryptococcal antigen test performed on cerebrospinal fluid should be 
used for rapid diagnosis of meningitis caused by Cryptococcus neoformans/
gattii. For diagnosis of Mycobacterium tuberculosis meningitis, acid fast bacillus 
smear and culture of large volumes (≥5 mL) of cerebrospinal fluid, along with 
NAAT testing, are recommended.

Respiratory Specimen Testing
S. pyogenes pharyngitis is diagnosed by collecting a swab of the throat and 
tonsils (avoiding the teeth, gums, and cheeks), and testing it using culture, a 
rapid antigen test, or a NAAT. Negative rapid antigen tests for S. pyogenes, 
especially in children, should be confirmed by culture or a molecular assay. 
NAATs are ideally used for respiratory virus detection. A posterior nasopha-
ryngeal swab submitted for Bordetella pertussis NAAT is the preferred approach 
for pertussis diagnosis. Multiplex NAAT panels are available; their ideal role 
in clinical practice is in the process of being defined.

For outpatient community-acquired pneumonia, specific testing is generally 
considered optional. For those with community-acquired pneumonia admitted 
to the hospital, however, pretreatment blood cultures, along with Gram stain 



Antimicrobial Susceptibility Testing
If treatment is not directly evident from organism detection/identification, 
antimicrobial susceptibility testing should be performed. Because of emerging 
resistance, antimicrobial therapy today needs to be informed by results of 
susceptibility testing more than in the past. This ensures that patients infected 
with resistant bacteria are readily identified and receive appropriate therapy, 
and also that those infected with susceptible bacteria are treated with appro-
priately narrow-spectrum antimicrobial agents. Bacteria may acquire resistance 
to antimicrobial agents through genetic exchange (e.g., acquisition of resistance 
plasmids) or mutation (e.g., acquisition of macrolide resistance through ribo-
somal RNA gene mutations). In some cases, resistance mechanisms for specific 
organism–antimicrobial agent combinations are so specific as to enable molecu-
lar susceptibility testing (e.g., mecA and mecC detection for diagnosis of 
methicillin-resistant staphylococcal infection). In other cases, molecular 
mechanisms of resistance are complex, precluding perfect prediction of phe-
notypic susceptibility with simplistic molecular approaches (e.g., ceftriaxone 
resistance in E. coli). The “gold standard” method for susceptibility testing is 
phenotypic susceptibility testing, which involves growing the organism with 
and without specific antimicrobial concentrations and comparing results. The 
traditional measurement of susceptibility is the minimum inhibitory concen-
tration (MIC), which is the lowest concentration of the antimicrobial agent 
that inhibits the growth of the organism. Methods used to determine MICs 
are standardized, comprising use of uniform organism amounts and growth 
conditions including media, incubation conditions, and durations of incuba-
tion. To measure the MIC, the organism is grown in varying concentrations 
of an antimicrobial agent spanning a clinically significant range of concentra-
tions. Dilutions can be prepared in wells of a microtiter well plate (or alter-
natively tested in test tubes or incorporated into agar plates) and, by convention, 
are doubled using a base of 1 µg/mL, for example, 0.5, 1, 2, 4, 8, and so on. 
An inoculum of the isolate is added, and after incubation for a defined time, 
wells are examined for turbidity produced by microbial growth. The first well 
in which visible growth is absent, indicated by clear broth, is the MIC of that 
organism. The MIC obtained is converted to “susceptible,” “intermediate,” 
“susceptible–dose dependent” or “resistant” categories by referring to an inter-
pretative table. Use of the term “susceptible” implies that the MIC is at a 
concentration attainable in blood or other appropriate body fluid using usually 
recommended doses. “Resistant,” the converse of “susceptible,” implies that 
the MIC is not exceeded by normally attainable levels. As in all biologic systems, 
the MIC of some organisms lies between “susceptible” and “resistant” levels. 
Borderline results may be referred to as “intermediate” or “susceptible–dose 
dependent” because of technical variability and/or to indicate that the anti-
microbial agent may still be used but at increased doses. Urine levels of some 
antimicrobial agents may be so high as to enable their use to treat urinary 
tract infections in the face of high MICs. Accordingly, for some antimicrobial 
agents, different interpretations of “susceptible” may apply to urinary versus 
nonurinary isolates. Likewise, for central nervous system infections (e.g., 
meningitis), there may be separate interpretations.

Susceptibility testing is automated using commercial systems, such as the 
Vitek system (bioMérieux) or the BD Phoenix Automated Microbiology 
System (BD Diagnostics). Using automated systems, organisms are incubated 
with multiple antimicrobial agents in specialized modules that are read auto-
matically at regular intervals.

With disk diffusion testing, the inoculum is seeded onto the surface of an 
agar plate, to which disks containing defined amounts of antimicrobials are 
applied. While the plates are incubating, antimicrobial agents diffuse into 
the medium, producing a circular gradient around the disk. After incuba-
tion, the sizes of the zone of growth inhibition around the disks are used 
as an indirect measurement of the organisms’ MICs. Such testing is influ-
enced by microbial growth rate, how well the antimicrobial agent diffuses 
into the medium, and other technical factors. The diameter of the zone of 
inhibition obtained with the antibiotic being tested is converted to “suscep-
tible,” “intermediate,” “susceptible–dose dependent” or “resistant” categories 
by referring to an interpretative table. Another diffusion procedure uses strips 
that contain gradient concentrations of antimicrobial agents that produce 
elliptical zones of inhibition that can be directly correlated with the MIC  
(e.g., ETEST®).
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262 
THE HUMAN MICROBIOME
VINCENT B. YOUNG

The human microbiome has received considerable attention as a previously 
underappreciated factor in human health and disease.1 In the past decade 
there has been an exponential increase in the number of articles published 
that even mention the word microbiome. With such an explosive increase in 
the interest of the role the microbial communities that live in and on us play 
in health, there is a need for physicians to understand what we actually mean 
when we use the term “microbiome,” how this is studied, what associations 
exist between changes in the microbiome and disease, and how future therapies 
may specifically target the microbiome. This chapter will provide an introduc-
tion to this exciting new area of research and clinical focus.

 DEFINITIONS
Physicians have traditionally referred to the “normal flora” when talking about 
the multitudes of microbes that live in and on the human body. While it 
is clear what this term refers to, our increased understanding of the evolu-
tion of life on earth divides all life into three main domains: the Bacteria, 
the Eukarya, and the Archaea. The term flora, taken from the Latin, refers 
to flowering plants. Initially, bacteria were thought to represent a branch of 
plants and hence were referred to as microflora or flora. However, now that 
we understand that plants are a small branch of the kingdom Eukarya and 
that bacteria actually represent a completely separate phylogenetic kingdom, 
this terminology is incorrect. Therefore, most scientists currently prefer the 
term microbiota (literally, “small life”). This term will be used in this chapter 
when specifically referring to the microbes that make up a given community. 
Although most of the attention has been paid to members of the Bacteria, we 
should note that this term can also encompass the Archaea as well as microbial 
Eukaryotes such as yeast and viruses. The term microbiome has had varied 
uses in the literature. Although some authors use the terms microbiota and 
microbiome interchangeably to refer to communities of indigenous microbes, 
we will reserve the term microbiota for when referring to the microbes them-
selves. The term microbiome will be used to refer to a specific community of 
microbes (i.e., microbiota) and the specific environment that they inhabit. 
This use reflects the incorporation of the term biome, which in ecologic terms 
refers to a community of organisms (plants and animals in the classical ecologic 
sense for which the term was coined) that occupies a distinct region with 
a specific environment. This distinction is important because the microbi-
ome not only includes the microbiota but also the environment they inhabit. 
This environment is shaped not only by the microbes but also by the host. 
For example, the intestinal microbiome is composed of the microbes that 
inhabit this organ, and the intestinal content contains compounds derived from 
food as well as from the human host, such as digestive enzymes, mucin, and  
bile acids.

 STRUCTURE AND FUNCTION RELATIONSHIPS 
OF THE MICROBIOME

The previous discussion of terminology is not meant as simply an academic 
exercise. The microbiome has been referred to as a “missing organ.” As such, 
to understand what is meant by this concept, it is useful to think of the 
microbiome in terms of structure and function relationships. Medical stu-
dents are taught about organ systems in terms of anatomy and physiology. 
Similarly, we can think about the anatomy and physiology of the indigenous 
microbiota. In terms of anatomy and structure of the microbiome, we can 
determine the range of microbial species and their relative abundance in a 
given community (i.e., the composition of the microbiota). To continue the 
anatomy and physiology analogy further, simply knowing the structure of 
the microbiota does not necessarily inform us about the specific function. 
The function of microbes in a specific environment can be ascertained by 
examining not only the community members but also determining the com-
plete metabolic environment that these microbes inhabit. As noted earlier, 
this metabolic environment is defined not only by the microbes but also by 
the host. A specific example of this is the metabolism of bile acids found in 
the intestinal tract. Synthesized in the liver and excreted in bile in the form 
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FIGURE 262-1. Schemes of microbiome analysis. microbiome “omic” data can be processed and analyzed in various ways to address a diverse set of questions concerning the com-
position, capacity, and function of the microbiome. (From noecker c, mcnally cP, eng a, borenstein e. high-resolution characterization of the human microbiome. Transl Res. 
2017;179:10-23.)

of bile salts conjugated to the amino acids taurine and glycine, these primary 
conjugated bile salts are further metabolized by members of the intestinal 
microbiota, which can remove these conjugated amino acids and further alter 
the chemical structure through enzymatic activities such as dehydroxylation. 
Secondary bile acids, which result from the microbe-mediated conversion 
of primary bile acids, have different chemical properties and thus influence 
host physiology in a differential manner. Bile acid receptors are differentially 
stimulated by various secondary bile acids, and thus metabolism of bile acids 
by the microbiota will have a direct influence on host physiology. Specific 
examples will be given later about how the microbiota can influence a wide 
variety of physiologic responses and how this can alter the health status of  
the host.

 STUDYING THE MICROBIOME
A revolution in the study of communities of microbes arose through the pio-
neering work of Carl Woese, who redefined the “tree of life” through the study 
of the sequence of the RNA component of ribosomes. Subsequent work by 
Norman Pace and others allowed complex communities of microbes to be 
characterized through the culture-independent retrieval of rRNA-encoding 
gene sequences. Initially employed to study communities of microbes in envi-
ronments such as soil and seawater, these techniques were initially extended 
to host-associated communities such as those found in association with inver-
tebrates and the roots and leaves of plants. Subsequently, over the past two 
decades, microbial communities found in association with mammalian hosts 
have been studied using these techniques. The advances in nucleic acid sequenc-
ing technology that were developed in part due to the Human Genome Project 
have facilitated the advances in studying host-associated communities that 
were initially sponsored by efforts such as the National Institutes of Health 
Human Microbiome Project and the European MetaHIT efforts. Additionally, 
advances in mass spectroscopy have allowed functional characterization of 
communities by cataloguing and profiling the small molecules that are present 
in a given environment populated by microbes.

Although a detailed discussion of the specific techniques used to study the 
microbiome through the use of nucleic acid sequencing–based techniques 
and mass spectrometry analysis is beyond the scope of this chapter, it is useful 
to understand how these techniques can be used to gain specific information 

about the structure and function of the microbiome (Fig. 262-1).2 It is impor-
tant to note that in some cases the information is limited to the structure 
(anatomy) of a microbial community in terms of the species composition and 
relative abundance of the microbes that are present. Functional data (physiol-
ogy) can be gained by assaying metabolic potential or direct measurement of 
functional output in terms of gene expression and a catalog of the metabolites 
that are present in the microbiome. Overall, much of the work that is being 
done associating specific states of the microbiome with health and disease is 
being done in this “multi-omics” manner in which both the structure and the 
function of the microbiome are determined. A remaining question that often 
lingers in these studies is whether specific changes that are associated with a 
specific health state is positive or merely reflects the altered environment that 
is created by the presence of that state. Many of the current studies are endeav-
oring to determine whether there is truly a causal role for alterations in the 
microbiome and resultant disease. For conditions in which this is true, as will 
be discussed later, intentional alteration of the microbiome in either a preven-
tive or therapeutic modality may represent a novel means to maintain health 
and treat disease.

 ESTABLISHMENT OF THE MICROBIOME
One of the key questions that has been addressed with regard to the role of 
microbiome and human health concerns the means by which newborns estab-
lish their microbial communities at various body sites. It is generally accepted 
that the fetus is sterile in utero and that initial colonization occurs after birth. 
There has been some suggestion that the placenta may harbor a distinct micro-
bial community, which may in turn play a role in the establishment of the 
neonatal microbiota, but this finding has not been widely confirmed. One 
point that has been established to a reasonable level of certainty is that birth 
mode can have at least a short-term effect on the composition of the microbiota 
of a newborn. Neonates who undergo vaginal birth have a distinct microbiome 
shortly after birth compared with children born by cesarean delivery. These 
distinctions resolve as the child grows older. What is unknown is whether 
these differences in early colonization have long-lasting effects on the health 
of the child. For example, these differences in initial microbiome establishment 
may underlie the known epidemiologic associations between cesarean birth 
and conditions such asthma and allergies.
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FIGURE 262-2. Factors shaping the neonatal microbiome. maternal vaginal infections or periodontitis can result in bacteria invading the uterine environment. Delivery mode shapes 
the initial bacterial inoculum of the newborn. Postnatal factors such as antibiotic use, diet, genetics, and environmental exposure further configure the microbiome during early life. 
as diet diversifies with age, the microbiome gradually shifts toward an adult-like configuration, which is usually reached by age 3 years. (From Tamburini S, Shen n, Wu hc, clemente 
Jc. The microbiome in early life: implications for health outcomes. Nat Med. 2016;22:713-722.)

In addition to birth mode, a number of postnatal factors such as antibiotic 
use, breast-feeding, diet, and host genetics are thought to affect the develop-
ing microbiota of the child (Fig. 262-2).3 After an “adult-like” microbiota 
is established, it is clear that there are regional differences in the composi-
tion of the microbiota (Fig. 262-3). However, although the distribution of 
the organisms present at each anatomic site represents an “average” compo-
sition, based on numerous surveys carried out by multiple laboratories, it 
is important to remember that there is significant variation in the specific 
composition of a given individual. The Human Microbiome Project, which 
characterized the microbiota of several hundred healthy individuals, further 
confirmed this variation in the species composition of the microbiota. However, 
when the high-level functional capacity of the microbiota at each anatomic 
site was examined by surveying the potential functions of the sum total of 
the genes present in the community (so-called metagenomic analysis), there 
was much less variation (Fig. 262-4). This has led to the belief that while 
the specific composition of the normal, healthy microbiota may vary from 
person to person, there are conserved functions that are present in a healthy  
community.

 ALTERATION OF THE MICROBIOME
Given the apparent conservation of microbiome function in healthy individu-
als, it is not surprising that there is an extensive literature on the presence of 
altered microbiota in the setting of a variety of disease states. However, as 
noted previously, in many cases these were initially reports of altered micro-
biota in association with specific diseases. A causal role for changes in the 
microbiota leading to disease has only been demonstrated for a few conditions. 
In part this is because early cross-sectional studies simply compared individu-
als with and without disease. Since the presence of disease is often accompanied 
by altered host function, this can result in an altered environment for the 
microbiota. Therefore, whether observed differences in microbial community 
structure and function are along the causal path for disease cannot be discerned. 
In the following section, specific disease associations will be discussed. When 

evidence is provided for a causal role for the microbiota in a condition, this 
will be highlighted.

Before we discuss specific disease associations with the microbiome, it is 
useful to consider how changes in the microbiota could play a role in the 
development of disease. To begin with, we can consider some of the potential 
functions that are normally supplied by the indigenous microbiota (Fig. 262-5). 
As noted earlier, the microbiota possesses a wealth of metabolic potential that 
can carry out a variety of catabolic and bioconversion activities.4 Dietary sub-
stances such as carbohydrates and proteins can be metabolized by the indig-
enous gut microbiota. Additionally, host-derived biomolecules, including bile 
acids as discussed previously and compounds such as mucous and mucosal 
secretions, can be substrates for microbial metabolism. Xenobiotics, such as 
drugs and environmental toxicants, can also be subject to microbe-mediated 
conversion. In addition to catabolism and bioconversion, microbes can syn-
thesize a wide range of compounds that can influence the physiology of the 
host. Microbial synthesis of vitamins and bioactive compounds, such as amines 
and neurotransmitters, has been demonstrated. Finally, host-microbe contact 
can directly alter the function of host tissues. Microbial contact with the immune 
system and mucosal surface, during both postnatal development and maturity, 
can influence gene expression and thus function of the host.

Given the breadth of functions attributed to the indigenous microbiota, it 
is clear that alteration of microbiota can lead to disruption of homeostasis. 
This disruption can be due to loss of a given function, inappropriate expres-
sion of a function in time or space, or introduction of maladaptive functions. 
All of these can lead to altered community function and resultant pathology. 
It is important to consider the mechanisms by which the normal indigenous 
microbiota can be altered (Tables 262-1 and 262-2). These mechanisms can 
involve the host, microbes (both resident and invasive), and environmental 
factors. The latter can importantly include iatrogenic factors such as medica-
tions, notably antibiotics, and surgical procedures that can alter anatomy or 
introduce foreign material. Although we commonly think of these as “disrupt-
ing” the microbiota, it is also important to note that many of the mechanisms 
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link between a specific microbiota and obesity. As mentioned earlier, it was 
initially thought that the gut microbiota, through its ability to ferment a variety 
of nondigestible carbohydrates, can increase the amount of energy harvested 
from the diet, but more recent data suggest that the relationship may be much 
more complex. The microbiota can directly influence the metabolism of its 
host through a variety of mechanisms (Fig. 262-6).5 In addition to increased 
energy harvest, altered metabolic signaling and altered inflammatory tone 
combine with diet to allow the microbiota to modulate multiple pathways 
that can lead to obesity. The idea that disease is a product of the interaction 
between host, microbiota, and environment is one that is generalizable to all of 
the conditions where the microbiota is thought to contribute to pathogenesis.

Inflammatory Bowel Disease
It had long been theorized that alterations in the gastrointestinal microbiota 
were responsible for the initiation or persistence of inflammation encountered 
in inflammatory bowel disease (IBD). Evidence for this came from the clinical 
response of some patients to antibiotics and also from early culture-based 
studies in which potential pathogens were isolated from patients with IBD. 

are also being investigated as means to restore a disturbed microbiota to 
homeostasis. This will be discussed later.

 DISEASE ASSOCIATIONS
The microbiome is being associated with a wide range of conditions, and it 
is likely that many more associations will be described in the coming years. 
This section will focus on specific conditions for which there is a depth of 
knowledge about the potential role of the microbiome in pathogenesis. It will 
also describe conditions that exemplify key mechanisms by which the micro-
biota can influence health.

Obesity
Given the broad metabolic capacity of the microbiota, it is tempting to think 
that these organisms can influence energy harvest from food. Early studies 
using culture-independent characterization of the microbiota showed that 
obesity in people and experimental animals was associated with an altered 
microbiota composition. Following up on these studies, studies involving the 
transfer of microbiota into germ-free mice was used to examine the causal 
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FIGURE 262-3. The relative abundances of the six dominant bacterial phyla in different body sites. Data are taken from multiple surveys of the microbiota. (From Spor a, Koren o, 
Ley r. unravelling the effects of the environment and host genotype on the gut microbiome. Nat Rev Microbiol. 2011;9:279-290.)
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1977, Koch’s postulates were fulfilled, implicating C. difficile as the cause of 
the majority of cases of antibiotic-associated colitis.

Significant work has been completed that has defined some of the mecha-
nisms by which disruption of the indigenous intestinal microbiota by antibiotics 
can lead to susceptibility to C. difficile infection (Fig. 262-7). The normal 
microbiota may be able to prevent colonization and disease by C. difficile 
through a variety of mechanisms, including competition for nutrients, stimula-
tion of host responses, and altering key aspects of the physiology of the organ-
ism such as germination of spores and vegetative outgrowth with toxin 
production.7 As noted later, C. difficile infection is also an area where there is 
currently a great deal of interest in treating this disease, in particular the recur-
rent form, by intentionally manipulating the microbiota to restore colonization 
resistance.

Colon Cancer
Because the gastrointestinal tract, in particular the distal portions, harbors 
the largest and densest population of microbes in the human body, it is not 
surprising that these microbes can profoundly affect colonic health. Owing to 
their extensive metabolic potential, the indigenous colonic microbes are able to 
carry out a large number of biotransformations that could alter susceptibility 
to the development of colorectal cancer.8 The intestinal microbes play a key 
role in the metabolism of nitrosamines and polycyclic amines, both of which 
can have carcinogenic activity. On the opposing side, fermentation of nondi-
gestible carbohydrates by the intestinal microbiota can lead to the production 
of short-chain fatty acids, such as butyrate, which has anti-inflammatory and 
antitumor activities. Thus, the microbiota can play both a potentiating and a 
protective role in the development of lower intestinal cancer. Furthermore, 
mucosal inflammation can play a key role in colon cancer development and 
given the relationship between the gut microbiota and intestinal inflammation 
as discussed with IBD, it is not surprising that this has been investigated as a 
mechanism by which the gut microbiome can influence colonic carcinogenesis.

In addition to studying the role of the microbiota in the mechanisms of 
colon cancer development, there has been interesting work that is investigating 
as to whether the microbiota can be used as a diagnostic or predictive tool 
for the detection of overt tumors. Although colonoscopy and the detection 
of fecal blood through techniques such as the fecal immunochemical test 
(FIT) are mainstays of colon cancer screening, many patients are hesitant to 
undergo the former invasive test while the latter has lower sensitivity. One 
group recently determined whether an assessment of the community structure 
of the microbiota could improve the performance of the FIT for the detection 
of various stages of colonic neoplasia.9 Interestingly, these investigators reported 
that including an assessment of the microbiota markedly improved the sen-
sitivity of FIT for early lesions such as adenomas. This work provides evidence 
for additional future roles for the assessment of the microbiota in clinical 
medicine.

Asthma
It was noted previously that birth mode and early childhood exposures such 
as breast-feeding and antibiotic use are associated with an altered risk for 
developing asthma and atopy. Cesarean delivery and early antibiotic exposures 
are associated with increased risk, whereas breast-feeding has a protective 
association. These observations suggest that the microbiota may be involved 
in a causal pathway because these neonatal and childhood exposures have 
been observed to be associated with variation in the bacterial microbiota. 
Furthermore, this represents evolution of the hygiene hypothesis, which posits 
that the development of a variety of diseases characterized by altered immune 
responses (including asthma, inflammatory bowel diseases, food allergy, and 
type 1 diabetes) stems from altered exposure to microbes (and helminths) 
during early life.

Neurologic Disorders
An exciting new area of investigation has examined how the central and periph-
eral nervous system may respond to cues from the microbiota, in particular 
the intestinal microbiota. This research suggests that the gut microbiota may 
play a key role in the long-observed “gut-brain axis.” Changes in the gut micro-
biota have been associated with a variety of neurologic conditions ranging 
from autism, depression, and multiple sclerosis. Much of this work has yet to 
provide mechanistic links between the microbiota and these neurologic dis-
eases, but as with the other associations, the potential mechanisms range from 
the production of bioactive microbial products to immunologic modulation 
by the microbiota.

More recently, the recognition that polymorphisms in genes that are involved 
in sensing and responding to microbes, including the nucleotide-binding 
oligomerization domain-containing protein 2 (NOD2) are associated with 
increased risk for IBD provided further evidence for a microbial role in patho-
genesis. The current thinking is that the microbiota plays a critical role in IBD, 
most likely through the role these microbes play in initiating and modulating 
mucosal immune responses.6

IBD is a condition in which the use of modern culture-independent methods 
for profiling the indigenous microbiota has demonstrated significant differ-
ences between patients with the disease and controls. As with many such 
cross-sectional studies, these types of association studies are unable to test 
causality directly. However, more recent studies have been designed that 
examine individuals before the onset of overt disease to examine more directly 
a role for the microbiota in initiating IBD. Early results are pointing to the 
idea that the microbiota itself can initiate the dysregulated inflammatory 
response that is seen in IBD, provided this occurs in individuals with a genetic 
predisposition to this type of response. Thus, IBD further emphasizes the 
idea that the microbiota is part of a complex system of interrelated factors, 
including the host, the indigenous microbes, and the environment, all of which 
intersect to influence the homeostasis of the entire system.

C. difficile Infection
Although the widespread use of antibiotics was hoped to initiate the end of 
infectious diseases, we are now only too aware that the unintended conse-
quences of use of these drugs such as the rise and spread of resistant organisms 
has dashed these early hopes. Although antibiotic resistance was recognized 
early in the antibiotic era, it took longer for physicians to recognize that the 
“collateral damage” to the indigenous microbiota would also have negative 
health effects. As antibiotics with even broader spectra of activity became 
available, the development of antibiotic-associated colitis began to rise. In 

TABLE 262-1 FACTORS THAT CAN ALTER THE STRUCTURE 
AND FUNCTION OF THE MICROBIOTA

HOST FACTORS

Birth mode
Genetics
Gender
Immune status
Age
Preexisting disease
Anatomic disruption (e.g., gastrointestinal surgery, implantation of medical devices)
ENVIRONMENTAL/IATROGENIC FACTORS

Diet
Residence (urban vs. rural)
Animal exposure (including pets)
Environmental toxicants (naturally occurring or humanmade)
Antibiotics
Other drugs (e.g., chemotherapy, proton pump inhibitors, anti-inflammatory drugs)
MICROBIAL FACTORS

Infections (viral, bacterial, fungal, helminthic)
Ingestion of fermented foods (e.g., yogurt, kimchee, kefir)
Use of probiotic organisms

TABLE 262-2 STRATEGIES FOR TARGETING THE  
MICROBIOTA THERAPEUTICALLY

ADMINISTRATION OF MICROBES

Fecal microbiota transplantation
Single-agent probiotics
Designer microbial communities (multispecies probiotics)
MODULATION OF EXISTING MICROBES IN A COMMUNITY

Microbial nutrients (prebiotics)
Antibiotics
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FIGURE 262-6. Mechanisms by which the microbiota can influence host metabolism. undigested carbohydrates are fermented by the intestinal microbiota to short-chain fatty acids 
(ScFas). ScFas can signal to the host and modify metabolic activity. ScFas are readily absorbed, contribute up to 10% of caloric intake, and can increase adipogenesis by binding GPr41 
on adipocytes. changes in inflammatory tone (e.g., via LPS stimulation) increase weight gain, total body and liver adiposity, and insulin resistance. (Inset) Deleting any component of 
the lymphotoxin pathway results in loss of control of the microbiome and blocks the ability of mice to gain weight on a high-fat diet. cohousing lymphotoxin b receptor (LTbr)-deficient 
and wild-type (WT) mice restores diet-induced obesity and partially restores a WT/high-fat diet (hFD) microbiota. iFn = interferon; iL = interleukin; LT = lymphotoxin. (From cox Lm, 
blaser mJ. Pathways in microbe-induced obesity. Cell Metab. 2013;17:883-894.)
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FIGURE 262-7. Proposed mechanisms of the microbiota on pathogen resistance and the host during Clostridium difficile infection. (A) both microbial and host factors can inhibit 
germination and growth of C. difficile. a healthy microbiota is capable of consuming both microbial and host-generated metabolites, limiting the growth of C. difficile. cross-talk between 
the microbiota and the host immune system results in a regulated immune response. Furthermore, the microbiota can stimulate production of antimicrobial peptides and secretory 
immunoglobulin a (siga), which can maintain the composition of the microbiota. (B) Disruption of the microbiota, due to factors such as antibiotic use, drugs, diet, or inflammation, 
can lead to the development of C. difficile infection. a dysbiotic microbiota can result in the loss of colonization resistance due to changes in the structural and/or metabolic environ-
ment. The loss of specific community members potentially affects the levels of microbial and host-generated metabolites, resulting in a different functional state that promotes spore 
germination and vegetative outgrowth. a dysbiotic microbiota may also result in an imbalanced immune response through the loss of immune regulation and a proinflammatory state, 
both of which may affect disease development. Toxin production by vegetative C. difficile can stimulate the production of inflammatory cytokines, neutrophils, and antitoxin antibodies. 
(From Seekatz am, Young Vb. Clostridium difficile and the microbiota. J Clin Invest. 2014:124:4182-4189.)

C. difficile infection. A variety of other strategies are also being investigated 
to manipulate the microbiota therapeutically.10 Although probiotics in the 
form of fermented foods and microbes isolated from fermented foods such 
as lactobacilli and yeasts have been used for centuries, more contemporary 
approaches are trying to identify microbes that are present in the communi-
ties of healthy individuals and administer them as single agents or designer 
communities. Another strategy is to supply complex (nondigestible) carbo-
hydrates to foster the growth and activity of preexisting microbes in a com-
munity. The use of such “prebiotics,” either alone or in combination with 
probiotic microbes (so-called synbiotics) is another active area of research. 
Finally, directly targeting deleterious members of a microbial community, 
through antibiotics or potentially more targeted approaches such as bacte-
riophage or microbe-derived bacteriocins, is another potential strategy being  
investigated.

 CONCLUSIONS
The microbiome is an exciting development in how we think about the role 
that microbes can play in health and disease. As we continue to understand 
how changes in the structure and function of our microbial symbionts affect 
our health, this can lead to novel methods for the prevention and treat-
ment of a variety of health conditions. Assessment of the functional status 
of the indigenous microbiota and therapeutic manipulation of the micro-
biome is likely to be a key part of the developing paradigm of precision 
medicine (Fig. 262-8) that has the potential to alter the practice of medicine  
radically.

 THERAPIES TARGETING THE MICROBIOME
Given the host of associations between an altered structure and function of 
the microbiota and disease, it is attractive to envision that intentional modula-
tion of the indigenous microbiota could represent a novel strategy for disease 
prevention and treatment. This work is still in its infancy but has the potential 
to alter radically the practice of medicine. Many barriers exist before such 
treatment is commonplace, not the least of which is the fact that in many 
cases we still don’t have causal links between the functional status of the 
microbiome and specific diseases. However, early work suggests that inten-
tionally targeting the microbiota with therapeutic intent may have promise 
for selected conditions. One area that has been studied is in the setting of 
recurrent C. difficile infection. A1  Even before C. difficile was demonstrated as 
the causative agent in antibiotic-associated colitis, it was recognized that trans-
planting feces from healthy patients to patients with severe or recurrent C. 
difficile infection could have remarkable efficacy. Subsequent work demonstrated 
diminished complexity of the gut microbiota in patients who were suffering 
from C. difficile infection and showed that fecal transplantation had clinical 
efficacy and that this was associated with an increase in community complexity 
through establishment of a portion of the transplanted microbes in the recipi-
ent’s indigenous community.

Fecal transplantation has been attempted in preliminary studies in a 
number of other conditions, including inflammatory bowel disease, autism, 
and obesity. The results have been mixed to date, but work continues trying 
to determine whether this modality will have utility beyond recurrent  



GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

“Microbiota centered”
  precision medicine

“Host centered”
  precision medicine

• Identify deleterious organisms
• Identify deficient microbiota
  functions

• Genomic susceptibility
• Predict drug response
• Predict adverse reactions

Microbiota
assessment

Host
assessment

Microbiota
modulation

• Microbiota composition
• Microbiota function

• DNA/RNA
• Metabolites
• Immune function

Customized therapy

Data analysis

FIGURE 262-8. Incorporation of the microbiota into the 
developing precision medicine paradigm. as currently being 
developed, precision medicine proposes to determine responses 
to treatment according to the assessment of human genomics, 
metabolism, and immune function. on the basis of these data, 
susceptibility to disease, response to treatment, and potential 
adverse reactions can be predicted and a customized therapy 
designed. because the microbiota can also influence this same 
susceptibility and response to treatment, we propose that assess-
ment of the microbiota could also be incorporated into a complete 
precision medicine approach. (From Young Vb. The role of the 
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3. Which of the following is not a potential function of the gut microbiota?
 A. Determining the sex of a developing fetus
 B. Altering the serum levels of drugs
 C. Increasing the total amount of energy available from dietary starch
 D. Stimulating development of the mucosal immune system
 E. Production of bioactive amines

Answer: A The metabolic capacity of the microbiota is quite large. Catabolic 
pathways can alter the metabolism of drugs’ dietary components, whereas the 
microbiota can produce substances such as bioactive amines that can influence 
the host. Additionally, the microbiota stimulates the development of epithelial 
and immune functions. There has not been any suggestion that the microbiota 
can alter the genetically determined sex of a developing fetus.

4. Which of the following treatments is an example of a microbiome-targeted 
therapy?
 A. Antibiotic prophylaxis for patients following hematopoietic stem cell 

transplantation
 B. Tumor necrosis factor-α (TNF-α) blockade in patients with Crohn 

disease
 C. Bowel preparation with polyethylene glycol before colonoscopy
 D. Placement of a diverting ileostomy after colon cancer resection
 E. Fecal transplantation for recurrent C. difficile infection

Answer: E Many therapies can alter the microbiota. Antibiotic administration 
can inflict “collateral damage” on the indigenous microbiota and underlies 
most cases of hospital-acquired C. difficile infection. Bowel preparation and 
surgical alteration of the gastrointestinal tract will alter the gut microbiota. 
Although the inflammatory bowel diseases are associated with altered intestinal 
microbiota, TNF-α blockade is designed to directly target the inflammatory 
response. The only therapy listed that is designed to alter the microbiome 
with therapeutic intent is fecal transplantation for recurrent C. difficile 
infection.

REVIEW QUESTIONS

1. Which of the following techniques can provide an assessment of the in 
situ function of a microbial community?
 A. 16S rRNA-encoding gene amplicon sequence analysis
 B. Culture of bacteria on MacConkey agar
 C. Measurement of metabolites by mass spectroscopy
 D. Detection of type III secretions systems by polymerase chain reaction 

(PCR)
 E. Shotgun sequencing of total fecal DNA

Answer: C There are a number of techniques that can examine the structure 
and function of a microbial community. Direct measurement of function 
requires a comprehensive survey of microbial RNA transcripts, proteins, or 
metabolites in a given environment. 16S gene analysis or shotgun DNA sequenc-
ing can describe composition, but not function, although the latter can describe 
potential function but not actual in situ function. Selective culture or detection 
of specific genes can predict function of a small subset of a community, but 
not of the entire community.

2. Which of the following observations suggests that the microbiome has a 
causative role in a specific disease?
 A. Patients with inflammatory bowel disease have a lower diversity fecal 

microbiota compared with healthy controls.
 B. Germ-free interleukin-10-deficient mice do not develop colitis unless 

they are subsequently colonized with fecal microbes from wild-type 
mice.

 C. Patients with colon cancer have higher levels of Fusobacterium nucleatum 
in their feces than matched controls.

 D. Children with new-onset type 1 diabetes have a decreased number of 
bacterial species compared with their microbiota than unaffected 
siblings.

 E. Successful treatment of recurrent Clostridium difficile infection is char-
acterized by a decrease in the relative abundance of Escherichia coli in 
feces.

Answer: B There are many studies that demonstrate associations between 
changes in the microbiome and specific diseases. Causality is difficult to show, 
however, because many of these studies compare diseased individuals to unaf-
fected controls. Such cross-sectional studies can demonstrate a difference 
between these two groups, but whether the changes in the microbiome are a 
result of different environmental conditions present in the disease state or are 
truly in the causal pathway cannot be distinguished. With the exception of B, 
all of the scenarios presented reveal changes that occur after the onset of 
disease.
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263 
PRINCIPLES OF ANTI-INFECTIVE 
THERAPY
M. LINDSAY GRAYSON AND GEORGE M. ELIOPOULOS

Among the most influential of all pharmaceutical agents ever developed, antimi-
crobials hold a critical place because the success of so many fields of medicine 
depends on their efficacy. Although the term anti-infective agent can be used 
more broadly to include substances that ameliorate infection by altering the 
virulence of the pathogen or modulating the host’s response to infection, 

for purposes of this chapter, anti-infective agent and antimicrobial agent are 
used interchangeably to refer to drugs that inhibit the growth of microbial 
pathogens. Although this chapter focuses primarily on agents directed against 
bacterial pathogens, similar principles apply to antimicrobial agents that are 
active against fungal, viral, or parasitic infections. In all cases, selection of the 
most appropriate antimicrobial regimen depends on the susceptibility of the 
pathogen, the site of infection, the pharmacokinetic and pharmacodynamic 
characteristics of the agent (thereby affecting the selected dose), and the known 
characteristics of the affected host (age, gender, renal function, etc.). Some 
clinicians refer to the acronym MIND ME to assist with good antimicrobial 
prescribing (Table 263-1).

On the time scale of human history, the modern antibiotic era is short. 
Since the introduction of penicillin for general clinical use in the mid-1940s, 
the numerous antimicrobial agents developed for human use have saved count-
less lives and have led to amazing advances in health care. In fact, in the space 
of just one human lifetime, these compounds have been discovered, purified 
or synthesized for safe use, and then frequently misused in both human health 
and agricultural production, such that resistance has emerged very quickly in 
a manner that now threatens their efficacy and value—potentially returning 
us to a situation resembling the pre-antibiotic era. Any objective assessment 
of the past 80 years would likely conclude that the (mis)management of anti-
microbials ranks as one of mankind’s greatest wasted opportunities.

 SELECTING ANTIMICROBIAL THERAPY 
TARGETING THE PATHOGEN

 Empirical Antimicrobial Therapy
In most instances, selection of the initial antimicrobial therapy proceeds empiri-
cally, before a causative organism is identified or tested for susceptibility to 
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ABSTRACT
Key features of appropriate prescribing of antimicrobials include an under-
standing of the difference between empiric therapy (where one needs to select 
the best agent for the most likely pathogen) and directed therapy (where the 
pathogen and its susceptibility is generally known), as well as the nature and 
site of infection (which antibiotics penetrate well into the infected site), the 
status of the patient (septic shock vs. indolent prolonged infection), and fea-
tures that may alter drug choice or dosage (history of drug allergy, age, preg-
nancy, altered drug excretion or metabolism due to impaired renal or hepatic 
function). In some situations, factors such as drug-drug interactions, the need 
for combinations of antimicrobials (either to limit the emergence of resistance 
[e.g., TB] or to achieve antibacterial synergism), or the need to carefully monitor 
serum drug concentrations to either maximize likely efficacy or to minimize 
the risk of toxicity are crucial. The widespread emergence of antimicrobial 
resistance among many key human pathogens is now one of humankind’s 
greatest challenges. Thus, understanding the concept of “antimicrobial stew-
ardship”—choosing the most appropriate drug for the right indication, at the 
correct dose, for the correct duration—is a fundamental skill that is required 
by any good clinician.
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For instance, a number of antimicrobials fail to penetrate into cerebrospinal 
fluid sufficiently well to permit their use for the treatment of bacterial meningitis 
in adults, such as first-generation cephalosporins and aminoglycosides, which, 
even when given intravenously, do not achieve adequate effective levels in the 
subarachnoid space. Aminoglycosides have been administered by intrathecal 
or intraventricular instillation when needed for the treatment of gram-negative 
meningitis, but the availability of newer β-lactams with broad activity, high 
potency, and reasonable cerebrospinal fluid penetration when administered 
intravenously has largely eliminated the need for direct instillation of anti-
microbials. In other situations, antimicrobials may penetrate to the site of 
infection, only to be inactivated by local factors. For example, daptomycin is 
inactivated by interaction with pulmonary surfactant, so this antibiotic is not 
indicated for the treatment of bronchopneumonia, even though it is highly active 
against S. pneumoniae isolates in vitro. Antibiotics can also be inactivated by 
cellular debris or macromolecules present within abscesses, and some exhibit 
reduced potency at the low pH and reduced oxygen tensions prevailing at these 
sites. Finally, high densities of microorganisms within abscesses may produce 
sufficiently high concentrations of β-lactamases to inactivate some relatively 
labile β-lactam antibiotics. All these factors provide a critical rationale for the 
drainage of large abscesses as a fundamental adjunct to antimicrobial therapy.

Bacterial infections associated with foreign bodies such as artificial joints, 
cardiac pacemakers, or prosthetic heart valves can be particularly difficult to 
eradicate without removal of the foreign material. The reasons are not com-
pletely understood, but they relate, at least in part, to the presence of biofilm, 
which is composed of bacteria embedded within extracellular material that  
is adherent to the foreign body.2 Bacteria recovered from biofilms are meta-
bolically different from and less susceptible to antimicrobial agents than 
planktonic cells (i.e., those freely suspended in liquid medium) of the same 
organism. Some bacterial species, especially staphylococci, are a common 
cause of prosthetic device infections and readily produce biofilm on certain 
prosthetic materials, which makes effective antimicrobial therapy difficult. In 
some situations, a drug such as rifampin (an RNA polymerase inhibitor) is 
added to antimicrobial regimens for the treatment of such infections because 
it generally penetrates well into biofilms and displays relatively similar activity 
against both biofilm-associated and planktonic cells of a susceptible organism. 
However, because resistance to rifampin emerges rapidly if it is used as a single 
agent, it must be combined with a second active drug to minimize the risk 
that resistance will emerge. Thus treating such infections can be complex, 
require multiple antimicrobials in combination, and yet still be ineffective 
without removal of the infected biofilm-laden foreign material.

 Host Factors
After consideration of the nature of the infection and the antimicrobials deter-
mined in vitro to be active against a bacterial isolate (or likely to be active 
against probable pathogens when an isolate is not yet available), the ultimate 
choice of an antimicrobial regimen must take into account a number of addi-
tional patient-specific factors.

Allergies
It is imperative to obtain a history of previous allergic reactions to antimicrobial 
agents (Chapter 239). Some reactions are by nature so severe and potentially 
life-threatening that one must avoid using the same agent or drugs within 
the same class for which cross-reactivity is likely to occur. Examples of such 
reactions include an immediate hypersensitivity reaction to penicillin (e.g., 
hives, lip swelling, laryngeal edema, circulatory collapse) and a mucocutaneous 
bullous eruption caused by a sulfonamide (e.g., Stevens-Johnson syndrome).

In cases in which the allergic reaction was mild, such as a faint, self-limited 
rash in a patient receiving penicillin, the clinician may elect to use a related 
antimicrobial, such as a cephalosporin, when the probability of cross-sensitivity 
and the risk for a severe adverse outcome if a reaction were to occur are both 
assessed to be low. In these instances, careful monitoring of the patient for 
adverse reactions is essential. Rarely, for patients with significant allergies to 
potentially life-saving antimicrobial agents for which no alternative exists, 
desensitization of the patient to the antimicrobial can be attempted so that 
the agent can be used. For example, desensitization protocols are available 
for penicillin and for trimethoprim-sulfamethoxazole. Because of the risks 
involved, these procedures may need to be performed in tightly monitored 
settings (e.g., intensive care unit).

Pregnancy
A number of antimicrobial agents have the potential to cause fetal harm if 
they are administered to a pregnant woman (Chapter 226). For example, 

the strip (which is marked at intervals corresponding to MIC equivalents), 
it is possible to determine the MIC value directly.

To perform susceptibility studies and to interpret the results, it is necessary 
to identify the organism to be tested. This knowledge allows the selection of 
appropriate methods and interpretive criteria to determine whether an organ-
ism is “susceptible,” “intermediate,” or “resistant” to an antimicrobial on the 
basis of measurement of the MIC or the inhibition zone diameter. To illustrate 
this point, consider that an enterococcus is determined to be susceptible to 
penicillin if the MIC is less than or equal to 8 µg/mL, whereas for viridans 
streptococci, the corresponding “breakpoint” for susceptibility to penicillin 
is the MIC of 0.12 µg/mL. Thus knowledge that the MIC of penicillin against 
a gram-positive coccus growing in short chains is 2 µg/mL does not allow 
the determination of whether it is susceptible to penicillin unless the organism 
has been identified.

Additional tests are sometimes required to fully assess susceptibility to an 
antimicrobial. For oxacillin-susceptible S. aureus, a test for penicillinase pro-
duction is performed to assess susceptibility to penicillin G. For erythromycin-
resistant, clindamycin-susceptible S. aureus, the laboratory may perform a 
supplementary D-zone test or equivalent before reporting the clindamycin 
result. A positive D-zone test result (i.e., blunting of the inhibition zone around 
a clindamycin disc in proximity to an erythromycin disc) predicts the presence 
of erm genes. Their product, a ribosomal methylase, can confer resistance to 
clindamycin if it is expressed; however, clindamycin is a poor inducer of this 
resistance trait (in contrast to erythromycin, which is a good inducer). A 
positive test result thus implies the presence of inducible resistance traits. 
Mutants with constitutive production of methylase can be selected during 
treatment, resulting in the emergence of clindamycin resistance and an increased 
risk of clinical failure when this drug is used to treat serious staphylococcal 
infections caused by strains with the erm gene.

In principle, tests for the presence of resistance genes, their products, or 
both can be used in place of phenotypic resistance testing. Such methods 
have the potential to provide likely susceptibility information more rapidly 
than can be obtained with the usual susceptibility tests of growth inhibition, 
which generally require several hours of incubation. At present, these tests 
are not yet widely employed, with the exception of testing for methicillin 
resistance by detection of the mecA gene or its product, penicillin-binding 
protein 2a, or testing for rifampin resistance by detection of resistance muta-
tions in Mycobacterium tuberculosis. Newer technologies, such as matrix-assisted 
laser desorption ionization–time of flight mass spectrometry (MALDI-ToF), 
are being explored as a means of providing not only more rapid identification 
of organisms but also their predicted susceptibility to antimicrobial agents.1

Bactericidal Activity
Antimicrobials can differ in terms of whether they substantially kill a pathogen 
(i.e., are “bactericidal”) or whether they simply severely inhibit an organism’s 
growth (i.e., are “bacteriostatic”). In vitro bactericidal activity is usually defined 
as a 99.9% reduction in the number of viable colony-forming units relative to 
the inoculum density at a specified incubation time, which is usually 20 to 24 
hours; however, such testing is labor intensive and results can vary according 
to the exact methods and media used. In some clinical circumstances, agents 
that are bactericidal are theoretically preferable to a bacteriostatic alternative—
for instance, in bacterial meningitis, where antimicrobial penetration through 
the blood-brain barrier may be limited and rapid, effective therapy is crucial 
to long-term outcome. Thus bactericidal agents have been generally preferred 
for serious infections such as endocarditis or meningitis, although the true 
clinical impact of this depends on the host, the agent, and the circumstances 
of the infection. For instance, bactericidal antibiotics have not been proven 
better than bacteriostatic antibiotics for abdominal, skin, or soft tissue infec-
tions or for pneumonia. A1 

 SELECTING ANTIMICROBIAL THERAPY 
APPROPRIATE TO THE INFECTION AND PATIENT

 Nature of the Infection
Determination that a pathogenic microorganism is susceptible to an antibiotic 
in vitro does not ensure that treatment with that drug will result in a successful 
clinical outcome. The antimicrobial must reach the site of infection in adequate 
concentrations (generally multiple times the MIC), and it must demonstrate 
activity in the specific conditions associated with the infection (e.g., the milieu 
of an abdominal abscess is likely to be different from that of a cancellous bone 
infection). For some infections and antimicrobials, these requirements cannot 
easily be met.

Modified from Antibiotic Expert Group. Therapeutic Guidelines: Antibiotic. 15th ed. Melbourne: 
Therapeutic Guidelines Limited; 2014.

TABLE 263-1 APPROPRIATE PRESCRIBING  
ACRONYM—MIND ME

M Microbiology guides therapy wherever possible.
I Indications should be evidence based.
N Narrowest spectrum of therapy is preferred.
D Dosage is individualized to the patient and appropriate 

to the site and type of infection.
M Minimize duration of therapy.
E Ensure oral therapy is used when clinically appropriate.

before the administration of antibiotics often reveal the causative organ-
ism, or the pathogen may grow from spinal fluid even if lumbar puncture is  
delayed.

 Definitive Antimicrobial Therapy
Identification of the causative pathogen and determination of its susceptibility 
to available drugs are the basis for optimizing definitive antimicrobial regimens. 
If selected wisely, the antibiotics used for empirical therapy are often appropri-
ate for definitive therapy and can be continued. At other times, culture results 
allow one to change to a narrower spectrum, better tolerated, or less expensive 
antimicrobial. In some instances, test results indicate the need to broaden the 
spectrum of an anti-infective regimen by adding or substituting agents active 
against pathogens inadequately targeted by the initial empirical regimen. In 
all circumstances the choice of the most narrow-spectrum, but effective, agent 
is preferred to avoid unnecessary “collateral damage” to normal bacterial 
flora—especially in the gastrointestinal tract, where disruption of the routine 
microbiome can result in diarrhea and overgrowth with resistant bacterial and 
fungal species.

In almost all cases, it is desirable and useful to test an infecting organism’s 
susceptibility to antimicrobials. Even for pathogens with relatively predictable 
susceptibilities, such as S. pyogenes, some isolates, although susceptible to 
penicillin G, are resistant to macrolide antibiotics (e.g., erythromycin, azithro-
mycin) and other drugs, so the testing of alternative agents might be useful 
for patients who are intolerant of β-lactam antibiotics. Similarly, surveillance 
studies examining hundreds of S. aureus isolates have predicted that vancomycin 
or linezolid would inhibit virtually all clinical strains; therefore on statistical 
grounds, testing of these agents would not seem warranted. However, rare 
isolates resistant to these agents have now been encountered, and it is important 
to detect such isolates for both therapeutic and epidemiologic purposes. For 
most bacterial pathogens, resistance to commonly used agents is now suffi-
ciently frequent that testing of antimicrobials being considered for definitive 
therapy is essential. This is especially the case for gram-negative pathogens 
such as Enterobacteriaceae, Pseudomonas aeruginosa, Acinetobacter baumannii, 
and Stenotrophomonas maltophilia, where multidrug-resistant isolates are now 
very common and often associated with transmissible (usually plasmid-borne) 
resistance genes, or are inherently resistant.

Susceptibility Testing
Several methods are available for determining the susceptibility of a bacterial 
isolate to antimicrobial agents being considered for therapy. Tests most fre-
quently used in clinical microbiology laboratories today are variations of three 
methods: serial broth/agar dilution, disc diffusion, and gradient diffusion. 
The minimal inhibitory concentration (MIC) represents the lowest concentra-
tion of an antimicrobial tested that inhibits growth of the microorganism in 
test media.

In the dilution method, the antimicrobial is diluted in broth or agar to span 
a range of (usually) two-fold decreasing concentrations, and the medium is 
then inoculated with a standardized number of organisms. After incubation 
for a specified period (usually 16 to 24 hours) at 35° to 37° C, the series of 
dilution tubes or microtiter wells (for broth dilution) or agar plates (for agar 
dilution) is examined for growth. The MIC is determined by direct inspection 
as the lowest concentration that prevents turbidity of the broth or colony 
formation on agar. Modifications of this method allow the automation of 
many steps in the process, permitting more efficient test performance in clini-
cal laboratories.

In the disc diffusion method, paper discs impregnated with a standardized 
amount of the antimicrobial are placed on an agar plate, the surface of which 
has been seeded with the bacterium to be tested. During incubation, the anti-
microbial diffuses from the disc into the surrounding agar and inhibits growth 
of the seeded organism. After a specified period of incubation, the zone of 
growth inhibition around the disc is measured. By this method, the MIC is 
not determined directly. Instead, relying on accumulated data correlating 
inhibition zones with MICs, the measured zone is used to predict the suscep-
tibility of the organism to the drug tested.

The gradient diffusion method is similar to the disc diffusion method, except 
that instead of using a round paper disc impregnated with a single concentra-
tion of the antimicrobial, this test uses a strip impregnated with the antimi-
crobial applied in a concentration gradient along its length (e.g., one commonly 
used brand is the Etest, previously known as the Epsilometer test). The strip 
is laid on the surface of an agar plate that has been inoculated with a suspen-
sion of the organism to be tested, and the plate is then incubated. By visually 
inspecting where the zone of growth inhibition on the agar surface intersects 

antimicrobial agents. The clinician’s first decision is whether a patient’s symp-
toms are likely to represent infection. Fever may result from neoplastic, rheu-
matologic, or other noninfectious processes and does not necessarily imply 
the presence of infection. Noninfectious causes of fever, such as deep vein 
thrombophlebitis, drug reaction, and vasculitis, may pose just as great a risk 
to the patient as infection and must not be overlooked. Additionally, serious 
infection can be present without the patient displaying a fever—especially if 
certain comorbidities are present, such as diabetes or immunosuppression.

Additional symptoms, signs, and laboratory or radiographic data usually 
help define whether infection is likely and, if so, localize the organ systems 
involved. This information allows an initial prediction about the organisms 
likely to be involved. For example, if the initial data cause one to suspect a 
diagnosis of community-acquired pneumonia in a previously healthy person 
who does not have any unusual exposures, Streptococcus pneumoniae and “atypi-
cal” bacteria such as Mycoplasma pneumoniae or Chlamydophila pneumoniae 
would be prominent on the list of potential pathogens to be targeted in select-
ing antimicrobial therapy. Examination of a gram-stained slide of expectorated 
sputum may provide valuable information. The prominent appearance of 
gram-positive cocci in clusters, for example, would alert the clinician to the 
possible presence of Staphylococcus aureus, many isolates of which are now 
methicillin resistant, and thus lead the clinician to select treatment options 
to include targeting of these organisms.

Guidance regarding the probable pathogens for site-specific infections and 
the susceptibility of these organisms to antimicrobial agents (which can vary 
depending on geographic location of the patient and the exposure) is available 
from a number of sources and national treatment guidelines. In some cases 
the susceptibility of suspected pathogens can be predicted with a high degree 
of certainty. For example, Streptococcus pyogenes remains uniformly susceptible 
to penicillin G. In other instances, resistance has emerged to antimicrobials 
previously considered to be highly active against a species. Resistance rates 
for a given organism may vary widely by region, by health care institution, or 
even by patient care area within a hospital. For this reason, access to periodi-
cally updated, cumulative antibiotic susceptibility profile data specific to an 
institution can be important. Typically presented in tabular form, these “anti-
biograms” describe the percentage of recently isolated bacterial pathogens 
that proved “susceptible” to the antibiotics tested and can help guide the 
selection of appropriate empirical regimens at that practice site.

There is mounting evidence that prompt initiation of appropriate empirical 
treatment results in improved clinical outcomes in those with serious infec-
tions. Thus selection of the most appropriate antimicrobial regimen depends 
on choosing the right drug (most effective considering the pathogen), at the 
right dose, via the right route (e.g., oral vs. intravenous, depending on absorp-
tion), for the right duration. To achieve this, a clear understanding of the most 
critical antimicrobials is required. For instance, published guidelines for the 
treatment of community-acquired pneumonia (Chapter 91) advise adminis-
tration of the first dose of appropriate antimicrobial therapy while the patient 
is still in the emergency department.

Whenever possible, samples of purulent exudates, blood, or other body 
fluids suspected to be infected should be obtained for culture (and in some 
cases molecular analysis) before antimicrobial therapy is started. Identifica-
tion and susceptibility testing of the microorganisms detected can be used 
to direct subsequent definitive treatment. At times, however, this principle 
must be overridden. For example, when bacterial meningitis is suspected, 
antibiotic therapy (often with adjunctive corticosteroids) must not be 
delayed when a lumbar puncture cannot be performed promptly to obtain 
spinal fluid for culture. In such instances, blood samples taken for culture 
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For instance, a number of antimicrobials fail to penetrate into cerebrospinal 
fluid sufficiently well to permit their use for the treatment of bacterial meningitis 
in adults, such as first-generation cephalosporins and aminoglycosides, which, 
even when given intravenously, do not achieve adequate effective levels in the 
subarachnoid space. Aminoglycosides have been administered by intrathecal 
or intraventricular instillation when needed for the treatment of gram-negative 
meningitis, but the availability of newer β-lactams with broad activity, high 
potency, and reasonable cerebrospinal fluid penetration when administered 
intravenously has largely eliminated the need for direct instillation of anti-
microbials. In other situations, antimicrobials may penetrate to the site of 
infection, only to be inactivated by local factors. For example, daptomycin is 
inactivated by interaction with pulmonary surfactant, so this antibiotic is not 
indicated for the treatment of bronchopneumonia, even though it is highly active 
against S. pneumoniae isolates in vitro. Antibiotics can also be inactivated by 
cellular debris or macromolecules present within abscesses, and some exhibit 
reduced potency at the low pH and reduced oxygen tensions prevailing at these 
sites. Finally, high densities of microorganisms within abscesses may produce 
sufficiently high concentrations of β-lactamases to inactivate some relatively 
labile β-lactam antibiotics. All these factors provide a critical rationale for the 
drainage of large abscesses as a fundamental adjunct to antimicrobial therapy.

Bacterial infections associated with foreign bodies such as artificial joints, 
cardiac pacemakers, or prosthetic heart valves can be particularly difficult to 
eradicate without removal of the foreign material. The reasons are not com-
pletely understood, but they relate, at least in part, to the presence of biofilm, 
which is composed of bacteria embedded within extracellular material that  
is adherent to the foreign body.2 Bacteria recovered from biofilms are meta-
bolically different from and less susceptible to antimicrobial agents than 
planktonic cells (i.e., those freely suspended in liquid medium) of the same 
organism. Some bacterial species, especially staphylococci, are a common 
cause of prosthetic device infections and readily produce biofilm on certain 
prosthetic materials, which makes effective antimicrobial therapy difficult. In 
some situations, a drug such as rifampin (an RNA polymerase inhibitor) is 
added to antimicrobial regimens for the treatment of such infections because 
it generally penetrates well into biofilms and displays relatively similar activity 
against both biofilm-associated and planktonic cells of a susceptible organism. 
However, because resistance to rifampin emerges rapidly if it is used as a single 
agent, it must be combined with a second active drug to minimize the risk 
that resistance will emerge. Thus treating such infections can be complex, 
require multiple antimicrobials in combination, and yet still be ineffective 
without removal of the infected biofilm-laden foreign material.

 Host Factors
After consideration of the nature of the infection and the antimicrobials deter-
mined in vitro to be active against a bacterial isolate (or likely to be active 
against probable pathogens when an isolate is not yet available), the ultimate 
choice of an antimicrobial regimen must take into account a number of addi-
tional patient-specific factors.

Allergies
It is imperative to obtain a history of previous allergic reactions to antimicrobial 
agents (Chapter 239). Some reactions are by nature so severe and potentially 
life-threatening that one must avoid using the same agent or drugs within 
the same class for which cross-reactivity is likely to occur. Examples of such 
reactions include an immediate hypersensitivity reaction to penicillin (e.g., 
hives, lip swelling, laryngeal edema, circulatory collapse) and a mucocutaneous 
bullous eruption caused by a sulfonamide (e.g., Stevens-Johnson syndrome).

In cases in which the allergic reaction was mild, such as a faint, self-limited 
rash in a patient receiving penicillin, the clinician may elect to use a related 
antimicrobial, such as a cephalosporin, when the probability of cross-sensitivity 
and the risk for a severe adverse outcome if a reaction were to occur are both 
assessed to be low. In these instances, careful monitoring of the patient for 
adverse reactions is essential. Rarely, for patients with significant allergies to 
potentially life-saving antimicrobial agents for which no alternative exists, 
desensitization of the patient to the antimicrobial can be attempted so that 
the agent can be used. For example, desensitization protocols are available 
for penicillin and for trimethoprim-sulfamethoxazole. Because of the risks 
involved, these procedures may need to be performed in tightly monitored 
settings (e.g., intensive care unit).

Pregnancy
A number of antimicrobial agents have the potential to cause fetal harm if 
they are administered to a pregnant woman (Chapter 226). For example, 

the strip (which is marked at intervals corresponding to MIC equivalents), 
it is possible to determine the MIC value directly.

To perform susceptibility studies and to interpret the results, it is necessary 
to identify the organism to be tested. This knowledge allows the selection of 
appropriate methods and interpretive criteria to determine whether an organ-
ism is “susceptible,” “intermediate,” or “resistant” to an antimicrobial on the 
basis of measurement of the MIC or the inhibition zone diameter. To illustrate 
this point, consider that an enterococcus is determined to be susceptible to 
penicillin if the MIC is less than or equal to 8 µg/mL, whereas for viridans 
streptococci, the corresponding “breakpoint” for susceptibility to penicillin 
is the MIC of 0.12 µg/mL. Thus knowledge that the MIC of penicillin against 
a gram-positive coccus growing in short chains is 2 µg/mL does not allow 
the determination of whether it is susceptible to penicillin unless the organism 
has been identified.

Additional tests are sometimes required to fully assess susceptibility to an 
antimicrobial. For oxacillin-susceptible S. aureus, a test for penicillinase pro-
duction is performed to assess susceptibility to penicillin G. For erythromycin-
resistant, clindamycin-susceptible S. aureus, the laboratory may perform a 
supplementary D-zone test or equivalent before reporting the clindamycin 
result. A positive D-zone test result (i.e., blunting of the inhibition zone around 
a clindamycin disc in proximity to an erythromycin disc) predicts the presence 
of erm genes. Their product, a ribosomal methylase, can confer resistance to 
clindamycin if it is expressed; however, clindamycin is a poor inducer of this 
resistance trait (in contrast to erythromycin, which is a good inducer). A 
positive test result thus implies the presence of inducible resistance traits. 
Mutants with constitutive production of methylase can be selected during 
treatment, resulting in the emergence of clindamycin resistance and an increased 
risk of clinical failure when this drug is used to treat serious staphylococcal 
infections caused by strains with the erm gene.

In principle, tests for the presence of resistance genes, their products, or 
both can be used in place of phenotypic resistance testing. Such methods 
have the potential to provide likely susceptibility information more rapidly 
than can be obtained with the usual susceptibility tests of growth inhibition, 
which generally require several hours of incubation. At present, these tests 
are not yet widely employed, with the exception of testing for methicillin 
resistance by detection of the mecA gene or its product, penicillin-binding 
protein 2a, or testing for rifampin resistance by detection of resistance muta-
tions in Mycobacterium tuberculosis. Newer technologies, such as matrix-assisted 
laser desorption ionization–time of flight mass spectrometry (MALDI-ToF), 
are being explored as a means of providing not only more rapid identification 
of organisms but also their predicted susceptibility to antimicrobial agents.1

Bactericidal Activity
Antimicrobials can differ in terms of whether they substantially kill a pathogen 
(i.e., are “bactericidal”) or whether they simply severely inhibit an organism’s 
growth (i.e., are “bacteriostatic”). In vitro bactericidal activity is usually defined 
as a 99.9% reduction in the number of viable colony-forming units relative to 
the inoculum density at a specified incubation time, which is usually 20 to 24 
hours; however, such testing is labor intensive and results can vary according 
to the exact methods and media used. In some clinical circumstances, agents 
that are bactericidal are theoretically preferable to a bacteriostatic alternative—
for instance, in bacterial meningitis, where antimicrobial penetration through 
the blood-brain barrier may be limited and rapid, effective therapy is crucial 
to long-term outcome. Thus bactericidal agents have been generally preferred 
for serious infections such as endocarditis or meningitis, although the true 
clinical impact of this depends on the host, the agent, and the circumstances 
of the infection. For instance, bactericidal antibiotics have not been proven 
better than bacteriostatic antibiotics for abdominal, skin, or soft tissue infec-
tions or for pneumonia. A1 

 SELECTING ANTIMICROBIAL THERAPY 
APPROPRIATE TO THE INFECTION AND PATIENT

 Nature of the Infection
Determination that a pathogenic microorganism is susceptible to an antibiotic 
in vitro does not ensure that treatment with that drug will result in a successful 
clinical outcome. The antimicrobial must reach the site of infection in adequate 
concentrations (generally multiple times the MIC), and it must demonstrate 
activity in the specific conditions associated with the infection (e.g., the milieu 
of an abdominal abscess is likely to be different from that of a cancellous bone 
infection). For some infections and antimicrobials, these requirements cannot 
easily be met.



CHAPTER 263 PrinciPles of Anti-infective therAPy1806

In some instances clearance of the antimicrobial agent is not affected by 
renal dysfunction, but excipients may accumulate, with the potential for toxic 
effects. For example, clearance of the antifungal agent voriconazole is not 
dependent on renal function. However, its intravenous preparation contains 
the solubilizing agent sulfobutyl ether β-cyclodextrin, which does accumulate 
in the presence of renal insufficiency. The intravenous preparation should 
generally be avoided in patients with moderate to severe renal dysfunction, 
but the oral formulation, which does not contain β-cyclodextrin, can be 
administered.

A number of other antimicrobials may accumulate in the presence of severe 
liver disease, with the possibility of an increased risk for adverse events. Anti-
microbials requiring dose adjustments for various levels of hepatic insufficiency 
include metronidazole, chloramphenicol, tigecycline, caspofungin, and vori-
conazole. For ceftriaxone, dosage adjustments or careful monitoring may be 
required in patients with both hepatic and renal dysfunction.

Drug-Drug Interactions
One of the most important considerations in the selection of an appropriate 
antimicrobial regimen is to determine whether the drug(s) will interact with 
other medications the patient is taking. Some drug-drug interactions can have 
severe or even fatal consequences. Because there are too many potential inter-
actions to list comprehensively here, clinicians should carefully check for 
interactions when addition of new antimicrobials is considered. Fortunately, 
resources are now available that allow the clinician to check for potential 
drug-drug interactions when an antimicrobial agent is ordered.

Nevertheless, there are some common themes to many drug-drug interac-
tions. For instance, a large number of antimicrobials are eliminated through 
cytochrome P-450 pathways. As a result, they may interfere with the elimina-
tion of other drugs cleared by these pathways, leading to their accumulation 
to potentially dangerous levels. Several macrolide antibacterials, some fluo-
roquinolones, and human immunodeficiency virus protease inhibitors are 
among the most likely antimicrobials to inhibit the clearance of other drugs. 
For example, use of the protease inhibitor darunavir/ritonavir is contraindi-
cated with several drugs, including ergot derivatives, the neuroleptic drug 
pimozide, certain sedative-hypnotic agents, and others. Macrolides may result 
in increased levels of some 3-hydroxy-3-methylglutaryl coenzyme A reductase 
inhibitors, which can lead to rhabdomyolysis.

In contrast, administration of rifampin induces the cytochrome P-450 system 
and may enhance the clearance of other drugs, some of which have narrow 
therapeutic windows. This may result in a number of important effects, includ-
ing reduced effectiveness of oral contraceptives and increased warfarin require-
ments to maintain desired levels of anticoagulation. It is important to consider 
these potential interactions not only when starting rifampin therapy but also 
when stopping treatment. When rifampin is stopped, unless the previously 
increased dose of warfarin is adjusted downward accordingly, excessive anti-
coagulation and possibly serious bleeding can occur.

Numerous other drug interactions have been described. For instance, line-
zolid has weak monoamine oxidase inhibitor activity. As such, it has the potential 
to enhance the hypertensive effect of adrenergic agonists and has been associ-
ated with the development of serotonin syndrome in patients taking seroto-
nergic antidepressants. Patients with this syndrome can exhibit a number of 
signs and symptoms, including fever, tachycardia, tremulousness, agitation, 
confusion, and clonus, occasionally with fatal results. Serotonin syndrome 
(Chapter 406) has been described in patients taking linezolid together with 
drugs other than selective serotonin reuptake inhibitors; in principle, it could 
occur when linezolid is combined with any of a large number of agents that 
increase serotonin concentrations in the central nervous system.

Other Host Factors
Several additional host factors may influence the choice of a suitable antimi-
crobial regimen. Some antimicrobials have the potential to induce hemolysis 
in persons with glucose-6-phosphate dehydrogenase deficiency (Chapter 152). 
Among the drugs that should be avoided in these individuals are primaquine, 
nitrofurantoin, and various sulfonamides.

Coexisting diseases should also be taken into account. Use of fluoroquino-
lones or linezolid has been associated with abnormalities in glucose homeostasis. 
Hyperkalemia has been observed in patients with renal insufficiency during 
treatment with trimethoprim-sulfamethoxazole because trimethoprim blocks 
the renal excretion of potassium in the distal tubule.

In some cases the patient’s occupation might play a role in the selection of 
a treatment regimen. Antibiotics that can cause transient (minocycline) or 
permanent (streptomycin) dizziness or unsteadiness may create hazardous 

tetracyclines can cause tooth discoloration and hypoplasia of dental enamel 
and are thus avoided in pregnant women and young children. Aminoglycosides 
(such as streptomycin) given during pregnancy can cross the placenta and 
can cause eighth nerve toxicity/damage in the neonate. The U.S. Food and 
Drug Administration (FDA) has established a new system of categorizing the 
risk of using various antimicrobials and other drugs during pregnancy and 
breast-feeding, in terms of risk to the mother, the unborn fetus, and the new 
neonate.3 In designing antimicrobial regimens, the possibility of pregnancy 
should be considered in any woman of childbearing age so that the risks of 
candidate agents can be individually reviewed and the safest possible therapy 
selected. Similarly, many antibiotics used to treat lactating women can be 
found in breast milk. Thus it may be necessary to either suspend breast-feeding 
during treatment if exposure of the infant to the drug must be avoided, or 
choose an alternative agent that is safe for breast-feeding neonates.

Pregnant women may be particularly susceptible to certain antimicrobial-
associated toxicities. Death resulting from hepatic failure has been described 
in pregnant women receiving large doses of tetracycline. Potentially life-
threatening hepatic steatosis has been observed in patients treated with some 
older antiretroviral drug combinations (e.g., didanosine plus stavudine). Thus 
the metabolic changes associated with pregnancy can affect drug toxicity rates, 
even in patients where no such side effects would occur if they were not 
pregnant.

Age
Age-related metabolic differences and growth dynamics are important factors 
in drug choice, particularly at the extremes of age (childhood and the elderly). 
As noted earlier, tetracycline antibiotics should be avoided in children during 
tooth development to prevent discoloration and enamel hypoplasia of the 
permanent teeth. Similarly, because fluoroquinolone antimicrobials have been 
reported to cause erosion of cartilage and arthropathy in juvenile animals, 
they are generally best avoided in children, unless the condition is serious 
(e.g., complicated urinary tract infection and pyelonephritis) or there are no 
suitable effective alternatives.

Pediatric dosing regimens differ from those appropriate for adults. Some 
agents, such as linezolid, are eliminated much more rapidly in young children 
(excluding preterm neonates) than in older children and adults, so higher 
doses (per kilogram of body weight) may be required. In premature infants 
and neonates, renal function has not yet reached full capacity, and elimination 
of some antimicrobials may be delayed. Similarly, hepatic clearance activity 
is not fully developed in the very young, which can affect some drugs (e.g., 
cardiovascular collapse has been reported with chloramphenicol treatment 
in neonates). Absorption of oral antimicrobials may also differ with age if 
their absorption is dependent on gastric pH. The gastric pH of young chil-
dren is higher than that of adults, and achlorhydria resulting in higher gastric 
pH is more common in adults older than 60 years than in younger adults. 
Thus in young children and older adults, the absorption of oral drugs that 
are unstable in acid, such as penicillin G, may be higher than that in younger 
adults. In contrast, antimicrobials such as ketoconazole require gastric acid for 
absorption and may be less bioavailable in persons with reduced gastric acid  
production.

A curious association between the appearance of a rash and the patient’s 
age and sex was noted during development of the fluoroquinolone antimicrobial 
gemifloxacin. In clinical studies, rash was more common in young women 
than in men and older women, suggesting that there may be hormonal influ-
ences on the risk for development of a rash.

Renal and Hepatic Function
Renal excretion and hepatobiliary excretion are the major routes of elimina-
tion for most antimicrobial agents. Relatively few antibacterial agents can be 
administered without dosage adjustments in patients with renal dysfunction. 
Included among these drugs are nafcillin, ceftriaxone, doxycycline, azithro-
mycin, and linezolid.

A number of antimicrobial agents require major dosage adjustments in the 
presence of renal dysfunction. The dosing interval for ceftazidime, usually 
administered every 8 hours in patients with normal renal function, is extended 
to once every 24 to 48 hours in persons with creatinine clearance below 10 mL/
minute. Similarly, aminoglycoside dosing requires adjustment with impaired 
renal function to avoid toxicity. Vancomycin is also administered at substan-
tially increased dosing intervals or at smaller doses as renal function declines. 
Because of the increased efficiency of newer hemodialysis membranes in 
removing vancomycin, dosages are usually based on measured serum drug 
concentrations, and dosing may be required after each dialysis session.
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appropriate tissue concentrations while minimizing toxicity. Thus therapeutic 
drug monitoring (TDM) is an important emerging field that all clinicians 
should understand.

Preventing the Emergence of Drug Resistance
The treatment of tuberculosis is a good example of using combinations of 
drugs to achieve good efficacy while also preventing the emergence of resis-
tance to any one agent. The basis for this approach is that if resistance to two 
different agents occurs by independent mechanisms, the probability of resis-
tance developing to both drugs is the product of the probability of resistance 
developing to each drug, which is likely to be very low, so resistance should 
not emerge.4 Similar reasoning has justified the use of combination regimens 
when rifampin is required for the treatment of nonmycobacterial infections. 
Rifampin is rarely used alone because resistance to this agent can emerge 
quickly. However, the drug’s activity against biofilm-associated bacteria respon-
sible for foreign device infection is such that its combination with another 
active antimicrobial can be helpful in some circumstances. For example, rifampin 
plus vancomycin may be useful for coagulase-negative staphylococcal prosthetic 
valve endocarditis; similarly, rifampin plus a fluoroquinolone (e.g., ciprofloxa-
cin) can be effective for some orthopedic device–related infections.

Despite these limited examples, there are other instances where combina-
tion therapy has not proven effective in preventing the emergence of resistance—
especially when infections are related to gram-negative pathogens such as P. 
aeruginosa or Enterobacter species, which often display multiple resistance 
mechanisms (Chapter 289). In addition, there may be differential penetration 
of the two antimicrobials into the infected site or differences in activity at the 
site of infection, such that adequate concentrations of both agents are not 
achieved. Thus a more readily penetrating agent may be left relatively unpro-
tected from resistance mechanisms in a “privileged” site of infection. Second, 
for some pathogens, resistance mechanisms against unrelated antimicrobial 
classes may not be truly independent. For example, some bacterial efflux pumps 
recognize chemically unrelated substrates, so upregulation of pump activity 
may confer resistance to several classes of antimicrobials simultaneously. In 
other instances, there may be coordinated upregulation of efflux mechanisms 
and downregulation of outer membrane protein channels (porins), again 
potentially conferring resistance simultaneously to two or more antimicrobial 
classes.

Achieving Synergy in Antibacterial Activity
Antibacterial synergy is the phenomenon where the activity of two antibiotics 
together is greater than the simple sum of each agent’s activity alone. A good 
example of this is the recognition that using penicillin together with an ami-
noglycoside (e.g., streptomycin, gentamicin) for the treatment of enterococcal 
endocarditis is more effective than the expected efficacy of each drug individu-
ally. Penicillin alone usually inhibits but does not kill enterococci, and failure 
rates were high when penicillin G was used alone to treat enterococcal endo-
carditis. Alone, streptomycin has no significant activity against enterococci at 
clinically relevant concentrations. However, the combination results in bac-
tericidal synergism in vitro and high cure rates in patients with enterococcal 
endocarditis. Detailed studies of this phenomenon demonstrated that in the 
presence of a cell wall–active antibiotic, uptake of the aminoglycoside into 
the bacterial cell increases substantially. Unfortunately, in recent years, increas-
ing rates of high-level resistance to streptomycin (MIC >2000 µg/mL), gen-
tamicin (MIC >500 µg/mL), or both have nullified the benefit of such 
combinations against a substantial number of enterococcal isolates.

Combinations of cell wall–active agents plus aminoglycosides have been 
shown to achieve synergistic killing against a broad range of gram-positive 
and gram-negative bacteria when tested in vitro. However, only in limited 
clinical scenarios has this in vitro observation translated into meaningful clini-
cal treatment benefits—these include streptococcal and enterococcal endo-
carditis, where combination therapy is associated with improved cure rates 
and/or shorter treatment regimens. Modest clinical benefits have been noted 
when short courses of gentamicin were added to nafcillin for the treatment 
of S. aureus endocarditis, but at the cost of added nephrotoxicity. Against 
strains of viridans streptococci that are relatively insensitive to penicillin, the 
addition of an aminoglycoside for the first 2 weeks of a 4-week course of 
penicillin G can result in a higher likelihood of cure.

Although it was once considered important in the treatment of gram-negative 
bacterial infections, especially in immunocompromised (e.g., neutropenic) 
patients, the clinical value of a synergistic combination of a cell wall–active agent 
and an aminoglycoside has been difficult to prove in recent experience. To a large 
extent, the introduction of agents with potent activity against gram-negative 

situations in those whose occupations require excellent balance. Antimicrobial 
agents with the potential to cause photosensitivity, such as tetracyclines, fluo-
roquinolones, trimethoprim, and sulfonamides, may be problematic in persons 
with significant sun exposure during outdoor employment or other activities 
such as travel in tropical areas.

 ANTIMICROBIAL COMBINATIONS
Unfortunately it is often necessary for some hospitalized patients to require 
more than one antimicrobial agent simultaneously. There are a number of 
potential reasons for such combination therapy, but all too often the rationale 
is not always clearly defined or well considered and raises the possibility of 
potential disadvantages and toxicities, without any clear benefit. Nevertheless, 
there are a number of definable situations where combination therapy is ben-
eficial; these broadly fall into five categories.

Improved Antimicrobial Spectrum during  
Empirical Therapy
A common reason for using more than one antimicrobial in hospitalized 
patients is to provide broader-spectrum therapy against potential pathogens 
and to maximize the likelihood of delivering an active antimicrobial agent as 
quickly as possible to seriously ill patients. When the pathogen is unknown, 
the antimicrobial regimen often includes an agent broadly active against gram-
positive bacteria, especially staphylococci (and occasionally enterococci), as 
well as an agent active against aerobic or facultative gram-negative bacteria. 
Selection of the latter is strongly influenced by local patterns of antimicrobial 
resistance specific to the institution and might include an extended-spectrum 
cephalosporin, an aminoglycoside, a fluoroquinolone, a β-lactam–β-lactamase 
inhibitor drug, or a carbapenem—all depending on the clinical scenario. If 
intra-abdominal sepsis is likely, antibiotics with activity against gram-negative 
anaerobes also need consideration—these include metronidazole, clindamycin, 
β-lactam–β-lactamase inhibitor agents, and carbapenems. Because of the high 
frequency of antibiotic resistance in P. aeruginosa isolates, in settings in which 
that pathogen is encountered frequently, empirical use of two agents with 
antipseudomonal activity may be justified to maximize the likelihood that at 
least one of the agents will inhibit the organism.

Combination therapy is widely used in the initial treatment of hospitalized 
patients with community-acquired pneumonia (Chapter 91) to provide treat-
ment for both typical (e.g., pneumococci) and “atypical” (e.g., Legionella, 
Mycoplasma) pathogens. Commonly used regimens include a third-generation 
cephalosporin such as ceftriaxone plus a macrolide, or occasionally penicillin 
G plus doxycycline. This cephalosporin provides broader-spectrum activity 
than penicillin G, including against S. pneumoniae, Haemophilus influenzae, 
Moraxella catarrhalis, and K. pneumoniae; but in many situations these latter 
pathogens are uncommon and penicillin G is adequate. The macrolide azithro-
mycin is commonly added to provide activity against “atypical” bacteria that 
cause pneumonia, including M. pneumoniae, C. pneumoniae, and Legionella 
species. In the United States, but less frequently elsewhere, one of the respira-
tory fluoroquinolones may be used; however, although fluoroquinolones 
approved for respiratory tract infections are likely to treat most or all of the 
organisms targeted by the cephalosporin, isolates of S. pneumoniae resistant 
to fluoroquinolones do exist, so a number of guidelines recommend combina-
tion therapy in patients with severe pneumonia requiring hospitalization.

Treatment of Polymicrobial Infections
For many infections from which two or more pathogens are isolated, it is 
possible to provide adequate therapy with a single, broadly active antimicrobial 
agent. Switching to a single agent reduces the patient’s exposure to potential 
antibiotic toxicities, is usually more convenient for nursing staff, and may be 
less expensive. However, in some situations the pathogen susceptibility profiles 
or patient’s allergies to broad-spectrum agents justify the use of antibiotic 
combinations for the treatment of polymicrobial infections.

Avoidance of Drug Toxicity
In some circumstances the use of antibiotic combinations from different drug 
classes with additive antimicrobial activities and independent toxicities, each 
at modest doses, may be of benefit to achieve sufficient potency while avoiding 
toxicity. However, there are no situations in which subtherapeutic doses should 
be used. In the present era of rapidly emerging resistance, especially among 
some gram-negative pathogens, combination therapy is often required to 
achieve good efficacy while not requiring the use of extremely high doses of 
an individual toxic agent. In such situations, therapeutic monitoring of serum 
drug concentrations becomes especially important, so as to achieve the 
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such as endocarditis, osteomyelitis, neuroborreliosis (Lyme disease), and other 
conditions such as deep abscesses can often be treated as outpatients, generally 
after an initial period of hospitalization for a full assessment of the infection, 
initiation of therapy, and stabilization of the medical condition. In addition 
to monitoring for adverse effects from the antibiotic itself, patients treated 
via indwelling intravenous devices require close observation for complications 
related to the catheter, such as thrombophlebitis, entry site infections, or line-
related bloodstream infections.

 Pharmacodynamic Considerations
The selection of an appropriate dosing regimen depends on both the phar-
macokinetic characteristics of antimicrobial agents and their pharmacodynamic 
properties—namely, the antibiotic’s concentrations after dosing, the observed 
antimicrobial effects against likely pathogens, and the potential adverse effects 
of the agent. Studies of the pharmacokinetic and pharmacodynamic properties 
of antimicrobial agents allow the prediction of their activities with various 
dosing regimens (Chapter 26).

For β-lactam antibiotics, the time during which the concentration of free 
drug (i.e., the non–protein-bound fraction) exceeds the MIC of the pathogen 
best relates to antimicrobial effectiveness in animal models. This provides the 
rationale for the frequent dosing schedules of β-lactams with short half-lives, 
such as penicillin G and the antistaphylococcal penicillins, and for the use of 
extended intravenous infusions when β-lactams are used to treat borderline-
susceptible organisms.

In contrast, the aminoglycosides and fluoroquinolones demonstrate 
concentration-dependent killing of bacteria. For these drugs, animal models 
show that the ratio of either peak concentration to MIC or the area under the 
24-hour drug concentration curve (AUC) to MIC better predicts effectiveness. 
With these agents, less frequent, higher dosing would generally be optimal. 
For the aminoglycosides, less frequent dosing may also allow more time for 
washout of the drug from the kidney, thus potentially minimizing the risk for 
nephrotoxicity.

For drugs such as daptomycin, the absorption of once-daily dosing largely 
mitigated the muscle toxicity that had been seen with more frequent dosing 
and allowed the use of this agent for serious gram-positive infections.

 MONITORING ANTIMICROBIAL 
CONCENTRATIONS

Ideally, the concentrations of all antimicrobials should be monitored to ensure 
adequate therapeutic levels and avoidance of excessively high, potentially toxic 
concentrations. In practice, however, relatively few drug assays are readily 
available. Exceptions include commercial assays for the measurement of serum 
aminoglycoside concentrations, which, because of these agents’ great potential 
for toxicity, are used frequently clinically. Commercial assays to measure van-
comycin concentrations are also widely available, with monitoring of serum 
concentrations particularly important in patients with unstable renal function, 
those undergoing hemodialysis, patients at the extremes of body composition, 
or those with particularly serious infections in which high concentrations may 
be desirable. In some young adults, clearance of vancomycin may be so great 
that unexpectedly low concentrations result with the usual dosing regimens, 
hence levels should be monitored.

 ADMINISTRATIVE ASPECTS OF  
ANTIMICROBIAL THERAPY

 Formularies
In most practice settings today, the choice of antimicrobials is constrained in 
some way. For example, in hospitals and other facilities, institutional formular-
ies may limit the choice of available antimicrobial agents, require special approval 
for the use of selected agents, or both. Such policies can, in principle, enhance 
efficiency by avoiding the need to stock and to dispense multiple agents with 
similar antimicrobial activities, minimize costs by allowing purchase of the 
most cost-effective alternatives, and potentially increase patient safety by 
encouraging clinical personnel to become familiar with a manageable number 
of agents. Although two drugs may have antimicrobial spectra that are so 
similar that only one need be included on a formulary, it is not always safe to 
assume that the activity of either agent can be predicted perfectly by suscep-
tibility to the other. For example, for most bacterial species, the percentage 
of isolates susceptible to meropenem and imipenem will be roughly comparable. 
However, there are differences in mechanisms of resistance to these two 
carbapenems, so it is possible that a specific strain will be susceptible to one 
but resistant to the other. For serious infections, even when two drugs are 

bacteria has diminished the perceived value of synergistic combinations in 
such infections. Other examples include the combination of sulfamethoxazole 
and trimethoprim, where these agents block sequential steps in folic acid syn-
thesis, such that bactericidal (or bacteriostatic) synergism is achieved against 
a number of important gram-positive and gram-negative pathogens. Similarly, 
quinupristin and dalfopristin are two streptogramin antibiotics that display 
bactericidal synergism activity against some gram-positive organisms, and 
for this reason the two drugs have been formally combined in a single com-
mercial formulation.

β-Lactam–β-lactamase inhibitor antimicrobials represent another example 
of synergistic combinations. A growing number of such combinations are now 
available, and common examples include amoxicillin-clavulanate, ampicillin-
sulbactam, ticarcillin-clavulanate, piperacillin-tazobactam, ceftazidime-
avibactam, and ceftolozane-tazobactam. The β-lactamase inhibitors themselves, 
clavulanic acid, sulbactam, and tazobactam, lack significant antimicrobial activity; 
however, by inhibiting common β-lactamases that are sensitive to these agents, 
the inhibitors restore the activity of the hydrolyzable companion penicillins 
against many target pathogens elaborating these enzymes.

Rarely, antibiotic combinations can result in microbiologic antagonism, 
such that the combination may have reduced activity compared with the most 
active single agent of the treatment regimen. For example, antagonistic interac-
tions against S. aureus between less bactericidal (linezolid) and more bactericidal 
(vancomycin) antimicrobials have been demonstrated in vivo in experimental 
endocarditis. Also, in vitro antagonism can be demonstrated when certain 
β-lactams are tested in combination against gram-negative bacteria with induc-
ible β-lactamases. Here, exposure to one β-lactam can de-repress the synthesis 
of inducible β-lactamases, which then degrade the second antibiotic. Fortu-
nately, however, it is uncommon to encounter clinically apparent antagonism 
between antibiotics in the patient care setting, and this drug interaction rarely 
needs consideration.

 CONSIDERATIONS IN ANTIMICROBIAL 
ADMINISTRATION

 Route of Administration
In almost all instances, antimicrobial therapy for infections of mild to moder-
ate severity that are treated in the outpatient setting can be undertaken with 
oral agents, because most antimicrobial formulations are well absorbed by 
the gastrointestinal tract. There are notable exceptions, such as the use of 
intramuscular injections of benzathine penicillin for the treatment of syphilis 
or ceftriaxone for the treatment of otitis media or gonorrhea caused by strains 
resistant to oral agents.

Drugs such as doxycycline, metronidazole, chloramphenicol, some fluoro-
quinolones (e.g., levofloxacin, moxifloxacin), and linezolid demonstrate virtually 
complete bioavailability when administered by the oral route in persons with 
normally functioning gastrointestinal tracts, and they can often be used as an 
alternative to intravenous therapy in many patients with more serious infec-
tions. Even for these well-absorbed antimicrobials, however, treatment of 
seriously ill patients in the hospital is often initiated with intravenous formula-
tions because of the uncertainty of gastrointestinal tract function under condi-
tions of hemodynamic instability.

Antimicrobial therapy can be administered by other routes, including topical 
administration for the treatment of infected skin lesions (e.g., mupirocin oint-
ments) and intravaginal administration for candidiasis (e.g., azole creams) or 
for bacterial vaginosis (e.g., metronidazole gel). Topical administration onto 
the eye is used to treat bacterial conjunctivitis or as adjunctive therapy for 
deeper infections; administration into the globe itself is a component of regi-
mens for the treatment of endophthalmitis. Infections associated with peritoneal 
dialysis are frequently treated by intraperitoneal instillation of antimicrobials 
admixed with the dialysis solution. Rarely, direct administration into the thecal 
space or into the cerebral ventricles is necessary for the treatment of meningitis 
when the required antimicrobials do not achieve adequate concentrations in 
cerebrospinal fluid after systemic administration. For the treatment of Clos-
tridium difficile–associated diarrhea, vancomycin reaches high concentrations 
in the intestine when it is given orally, but it is occasionally administered 
directly into the colon for the intraluminal treatment of severe infections.

Intravenous administration generally has the advantage of greater certainty 
regarding achieving adequate serum concentrations, but the need for intra-
venous access and its associated potential complications adds clinical com-
plexity. The availability of long venous catheters, whether inserted centrally 
or peripherally, has made it possible to provide long-term courses of some 
antimicrobial agents that are not well absorbed orally. For example, infections 



considered interchangeable, one should determine susceptibility to the specific 
antimicrobial that is to be used. In the outpatient setting, oral agents are gener-
ally preferred for their convenience, as well as generally lower cost. In both 
health care settings, the practitioner must be familiar with the options available 
to patients under these constraints.

 Antimicrobial Stewardship—Appropriate Prescribing to Limit  
Emergence of Resistance
In contrast to other medications, which almost always affect only the patient 
receiving them, antimicrobial use can also have a significant impact on the 
institutional environment and community in terms of overall emergence of 
resistance.5 “Antimicrobial stewardship” programs should aim to ensure that 
the appropriate drug is used for the right indication, at the correct dose, for 
the correct duration. The purpose of such programs is to manage the use of 
antimicrobial agents on an administrative level in such a way as to avoid selective 
pressure leading to the spread of antibiotic resistance (Chapter 266). Antibiotic 
stewardship programs have been shown to significantly reduce the incidence 
of infections and colonization with antibiotic-resistant bacteria and C. difficile 
infection in hospital inpatients. A2 ,6,7 Within institutions, antimicrobial-resistant 
organisms not only threaten the patient treated with the antimicrobial but 
also can be transmitted to other vulnerable persons, including those who have 
not been exposed to the drug. Such programs should also be interlinked with 
effective infection control programs to reduce the risk of cross-transmission of 
resistant strains. On a national and international level, appropriate antimicro-
bial stewardship can have major effects not only in health care settings,8 but 
also on the environment, where high concentrations of antimicrobial-laden 
waste can have major environmental effects. In the United States and many 
other countries, more than 50% (in drug tonnage) of all antimicrobial usage 
is actually in agricultural production where waste control systems are often 
limited; hence appropriate use of antimicrobials is not simply a health care issue.
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3. Which of the following statements about antimicrobial agents is true?
 A. Regardless of the antimicrobial used, administration by the intravenous 

route is always more effective when doses are given at least every 4 
hours.

 B. Daptomycin is effective for treatment of community-acquired pneumonia 
if it is administered once daily.

 C. In this day and age, there is no role for intramuscular administration of 
antimicrobial agents.

 D. It is usually wise to measure serum bactericidal titers in treating 
endocarditis.

 E. None of the above
Answer: E Answer A might be relevant to agents such as β-lactams, the effec-
tiveness of which depends on “time above the MIC” but does not apply to 
agents such as fluoroquinolones or aminoglycosides. Answer B is incorrect 
because daptomycin is not indicated for treatment of bronchopneumonia, as 
it is inactivated by pulmonary surfactant. Answer C is also not correct. Ben-
zathine penicillin and ceftriaxone are used intramuscularly for treatment of 
syphilis and gonorrhea, respectively, in the outpatient setting. Answer D cannot 
be justified either. Although studies have suggested that higher serum bacte-
ricidal titers correlate with cure in endocarditis, the correlation is imperfect, 
the results are not always reproducible, and the procedures are labor-intensive. 
For these reasons, this test is rarely used in clinical practice.

REVIEW QUESTIONS

1. Which of the following host factors should be considered in selecting an 
antibiotic regimen for treatment of a patient?
 A. Prior history of allergies
 B. Whether the patient is currently pregnant or breast-feeding
 C. Age and sex of the patient
 D. Options A and B
 E. Options A, B, and C

Answer: E The need to consider host factors A and B is obvious. The age 
and sex of the patient are also relevant. Some antibiotics (e.g., fluoroquinolones, 
tetracyclines) are generally avoided in children with only a few exceptions. In 
clinical studies, young women were more likely to develop rash to gemifloxacin 
than were men or older women.

2. Important justifications for use of antimicrobial combinations in clinical 
practice include all of the following except:
 A. To reduce drug toxicity by allowing use of half of the usual full doses 

of each of two agents
 B. To attain bactericidal synergism for treating enterococcal endocarditis
 C. To treat documented polymicrobial infections
 D. To minimize emergence of resistance to rifampin in treating prosthetic 

device infections
 E. To target a broader range of potential pathogens during empirical therapy

Answer: A Although using combinations to reduce doses of individual com-
ponent drugs is a theoretically plausible consideration, it is not currently feasible 
to accomplish this in practice. Combinations are used to achieve bactericidal 
synergism to treat endocarditis (e.g., cell wall–active agent plus an aminogly-
coside to treat endocarditis due to an enterococcus or a penicillin-nonsusceptible 
viridans streptococcus), to treat polymicrobial infections (e.g., vancomycin 
plus a carbapenem to treat infection due to both methicillin-resistant Staphy-
lococcus aureus [MRSA] and extended-spectrum β-lactamase–producing 
Enterobacteriaceae), and to minimize resistance to rifampin for infections 
due to prosthetic devices such as heart valves and joint prostheses.
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264 
APPROACH TO FEVER OR SUSPECTED 
INFECTION IN THE NORMAL HOST
JAMES E. LEGGETT

We are constantly exposed to microorganisms through our skin or mucous 
membranes. Most microorganisms are adapted to niches in the environment 
that make them avirulent to humans or result in only transient or stable colo-
nization. Infection can be defined by invasion of a pathogen that triggers an 
immune response, whether the infection is asymptomatic or symptomatic. 
Manifestations of infection are protean and are due as much to our immune 
response as to the attributes of the particular pathogen.

The inflammatory response that accompanies infection is usually marked 
by fever. Fever is a tightly controlled elevation in body temperature above the 
normal range in response to a central nervous system change in the set point. 
Normal oral temperature in 99% of the population ranges from 36.0° to 37.7° C, 
with a circadian variation of 1° C or more between the morning nadir and the 
evening peak. Mean oral temperature in healthy adults is 36.8° ± 0.4° C, with 
women exhibiting slightly higher values than men (36.9° vs. 36.7° C). Measured 
rectal temperatures are 0.4° C higher than oral and 0.8° C higher than aural 
(tympanic membrane) temperatures. Peripheral thermometers lack clinically 

acceptable accuracy compared with central thermometers.1 Clinicians gener-
ally define significant fever as a temperature higher than 38.3° C (101.0° F). 
Despite historical claims, fever patterns are not especially helpful in establishing 
a specific diagnosis.

Acute febrile illnesses lasting less than 2 weeks usually have an infectious 
cause. These infections occur predominantly where body surfaces interact 
with the environment, such as the upper and lower respiratory tracts, gastro-
intestinal and genitourinary systems, and skin. The majority of acute respiratory 
and gastrointestinal infections are viral in nature. As the duration of the febrile 
illness lengthens beyond 3 weeks, other inflammatory illnesses become more 
prominent in the differential diagnosis. Most chronic febrile illnesses are not 
caused by infection.

 PATHOBIOLOGY OF INFECTION AND FEVER
Infection ensues when a pathogen overcomes innate and adaptive humoral 
and cellular immune responses. Normal indigenous microflora, host physical 
barriers (e.g., skin, mucous membranes, cilia), and soluble factors (e.g., cyto-
kines, complement) provide important barricades to pathogen invasion. Dis-
ruption of these barriers by invading pathogens prompts adaptive immunity 
mediated by lymphocytes and macrophages. This inflammatory response plays 
an important role in containing infection, but an exaggerated response may 
worsen the clinical condition. A neutrophil response causes the damage seen 
in septic arthritis, and an unchecked immune response precipitates the systemic 
inflammatory response syndrome.

Body temperature is regulated both physiologically and behaviorally. Basal 
metabolic processes, governed by thyroid hormones, catecholamines, and 
growth hormone, are responsible for the normal resting body temperature. 
Thermogenesis may be increased up to 80% by hyperthyroidism and decreased 
as much as 50% by hypothyroidism. Moderate activity results in a transiently 
increased temperature until heat-dissipating processes are engaged. Each 1° F 
increase in temperature results in a 7% increase in the basal metabolic rate. 
Vaporization from the lungs and skin accounts for a third of basal body heat 
loss and for as much as all heat loss at ambient dry temperatures above 36° C. 
The elderly have a decrease in basal metabolism as well as blunted responses 
to thermogenic stimuli, but they have the same average core temperature as 
young people.

The hypothalamus contains temperature-sensitive neurons whose receptors 
for pro-inflammatory and anti-inflammatory cytokines maintain a homeo-
thermic set point. Elevated body temperature prompts cutaneous vasodilation 
and sweating, and people may reduce activity and seek a cooler environment. 
In contrast, low body temperature prompts shivering, piloerection, cutaneous 
vasoconstriction, adding clothes, and seeking a warmer environment. Symp-
toms caused by fever may be due to the underlying disease or to the fever 
itself. Malaise is the rule, and many febrile patients experience myalgia second-
ary to the muscle contractions used to generate fever. Although it was once 
thought that the back and thigh pain related to rigors suggests bacteremia, 
any febrile stimulus can produce such symptoms. The chill associated with 
rigors may be related to the surface vasoconstriction that accompanies the 
increase in core temperature.

A complex physiologic process involving metabolic and immunologic 
responses produces fever (Fig. 264-1). Exogenous pyrogens cause fever largely 
mediated by endogenous pro-inflammatory pyrogenic cytokines (produced 
by phagocytic leukocytes, including interleukin-1, interleukin-6, tumor necrosis 
factor-α, and interferon-γ) that stimulate the immune responses of T and B 
cells, macrophages, and polymorphonuclear leukocytes. They activate toll-like 
receptors to induce prostaglandin synthesis. Feedback inhibitory responses 
(mediated by adrenocorticotropic hormone, arginine vasopressin, serotonin, 
dopamine, and other homeostatic mechanisms) emphasize the orchestrated 
nature of fever production and response to infection. Thermoregulatory mecha-
nisms rarely allow fevers to exceed 41° C (106° F).2 Temperatures exceeding 
41° C are usually due to a drug-induced imbalance in these mechanisms and 
may cause direct cellular damage.

Failure of fever to develop during severe bacterial infection may be associ-
ated with higher morbidity and mortality. Whether this is due to the absence 
of fever or to associated conditions (e.g., chronic renal failure, corticosteroid 
use) has not been determined. Favorable effects of fever on host-microbe 
interactions are suggested by inhibited multiplication of some pathogens (e.g., 
Streptococcus pneumoniae and Treponema pallidum), reduced proliferation of 
pathogens in the presence of hypoferremia, augmented complement-mediated 
lysis, and increased neutrophil entry into inflammatory sites. Temperature-
pulse dissociation,3 in which there is relative bradycardia compared with the 
usual increase of 2.44 beats/minute per 1° F, has been described in typhoid 
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ABSTRACT
Acute febrile illnesses lasting less than 2 weeks usually have an infectious 
cause. These infections occur predominantly where body surfaces interact 
with the environment, such as the upper and lower respiratory tracts, gastro-
intestinal and genitourinary systems, and skin. The majority of acute respiratory 
and gastrointestinal infections are viral in nature. As the duration of the febrile 
illness lengthens beyond 3 weeks, other inflammatory illnesses become more 
prominent in the differential diagnosis. Most chronic febrile illnesses are not 
caused by infection. Infectious disease epidemiology depends on the interac-
tion among pathogens, susceptible hosts, and environmental conditions allowing 
exposure. Most infections are transmitted horizontally between people by 
contact (e.g., hands, fomites), a common vehicle (e.g., food, water), air (e.g., 
tuberculosis), or vectors (e.g., mosquitoes). Fever and infection are more fre-
quent in severely ill comorbid patients in the intensive care unit (ICU) than 
elsewhere.7 Infection was recently found to be present in more than 80% of 
febrile ICU patients, although both infectious and noninfectious causes of 
fever may coexist.
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normally in immunocompetent hosts and may signal a higher risk for infection 
with human immunodeficiency virus (HIV) or an already established 
immunodeficiency.

 Fever in Outpatients
In the ambulatory setting, an acutely febrile patient represents a common 
problem and only infrequently presents an enigmatic diagnostic challenge. In 
most instances, a febrile illness accompanied by localizing symptoms and 
signs suggests a specific diagnosis. For instance, leg erythema, pain, and fever 
in a patient with tinea pedis or a saphenous vein graft incision suggests strep-
tococcal cellulitis.5 If the patient has had a gradual onset and does not appear 
toxic, only clinical observation and follow-up are required. If the patient appears 
toxic, with tachypnea and apprehension or confusion accompanying localized 
findings, clinically focused diagnostic studies should be performed immediately, 
and hospitalization should be considered.6 When a patient has fever and only 
nonspecific constitutional symptoms, it may be more difficult to address the 
problem in a single ambulatory clinic visit, requiring a balance between obser-
vation and investigation.

 Fever in Inpatients
Fever and leukocytosis are the main clinical parameters for evaluating poten-
tial infections in hospitalized patients. However, about 10% of nosocomial 
bacteremias occur without fever, and health care–associated infections occur 
without fever in patients who are elderly or have significant comorbid con-
ditions. Most cases of hospital-associated fever represent nosocomial infec-
tion, which typically involves the lower respiratory tract, urinary tract, or 
surgical wounds (Table 264-2). Some important causes of nosocomial fever 
may not exhibit easily discernible localizing symptoms or signs. Antibiotic-
induced colitis secondary to Clostridium difficile (Chapter 280) is increasing 
in prevalence and may be characterized by little or no diarrhea. It is the most 
common cause of a leukemoid reaction in hospitalized patients. Other intra-
abdominal processes involving the hepatobiliary system, bowel infarction, viscus 
perforation, or abscesses may have little in the way of localizing symptoms  
or signs.

Fever and infection are more frequent in severely ill comorbid patients in 
the intensive care unit (ICU) than elsewhere.7 Infection was recently found 
to be present in more than 80% of febrile ICU patients, although both infec-
tious and noninfectious causes of fever may coexist. Both ischemia and devi-
talization of tissue provoke an inflammatory response similar to that prompted 
by infection. About half of patients with acute myocardial infarction, deep 
vein thrombosis, or pulmonary embolism have a temperature between 38.0° 
and 38.5° C within 2 to 3 days after diagnosis. A third or more of patients with 
stroke demonstrate fever, which is also a common consequence of subarach-
noid or intracerebral hemorrhage and subdural hematoma, especially within 
72 hours of onset.8 Fever and chills may be seen in up to a quarter of patients 
receiving platelet transfusions, although the frequency is much less with other 
blood products.

 SYNDROMIC APPROACH
 Fever and Rash
A syndromic approach narrows the many possible causes of a suspected infec-
tion. Two juxtaposed approaches are key to recognizing patterns. The clinician 
must be aware of (1) the differential diagnosis of the particular type of lesion 

TABLE 264-1 SELECTED EXAMPLES OF FEVER ASSOCIATED 
WITH RECENT TRAVEL

DISEASE

INCUBATION PERIOD

<2-3 WEEKS >3-4 WEEKS
COMMON

Dengue +
Dysentery +
Entamebic liver abscess +
Enteric fever +
Malaria + +
Pulmonary tuberculosis +
Viral hepatitis +

LESS COMMON

Ehrlichiosis +
Leptospirosis +
Schistosomiasis +
Viral (hemorrhagic, encephalitic) +
Visceral leishmaniasis +

Behavioral changes

Circulation

Infection, endotoxins, enterotoxins

Hypothalamus, OVLT

Hypothalamus, OVLT

Cytokine receptors

Thermoregulatory centerPeripheral nerves

Brain cortex

Core temperature risesVasoconstriction

TLR TLR

OVLTPhagocytes, endothelial cells

IL-1, TNF, IL-6

COX2PGE2 cAMP

Bacteria

FIGURE 264-1. Pathways leading to the production of fever in bacterial infection, 
whether local or systemic. Bacteria release cell wall products such as peptidoglycans 
and endotoxin as well as enterotoxins, which bind to toll-like receptors (tlrs) on phago-
cytes (neutrophils, macrophages) and endothelial cells. As a result, pyrogenic cytokines 
such as interleukin (Il)-1, Il-6, and tumor necrosis factor (tnF)-α are released into the 
circulation and bind to cytokine receptors in the hypothalamic organum vasculosum of 
lamina terminalis (ovlt). Bacterial products may also directly bind to tlrs on the ovlt. 
Activation of tlrs and cytokine receptors induces cyclooxygenase 2 (coX2), which leads 
to the production of prostaglandin e2 (pGe2) and elevates cyclic adenosine monophos-
phate (cAmp) in the brain. this, in turn, triggers neurons in the thermoregulatory center 
to raise the hypothalamic thermostatic set point. In addition, neuronal signals to the 
cortex prompt behavioral changes to conserve heat (e.g., posturing, adding clothing). 
the hypothalamus also triggers sympathetic peripheral efferent nerves that constrict 
peripheral blood vessels and conserve central heat until hypothalamic pGe2 levels fall. 

fever, leptospirosis, rickettsiosis, dengue, legionellosis, and babesiosis, for 
unclear reasons.

No laboratory abnormalities accompany typical benign acute viral infec-
tions. Leukocytosis (Chapter 158) of various lineages is usually seen in other 
infections in immunocompetent adults. Neutrophilia is the norm in most 
acute infections, whatever the cause. The elderly may not mount a neutrophilic 
response despite generally displaying bandemia during acute bacterial infec-
tion. Neutropenia (Chapter 158) may be seen in rickettsial, severe viral, and 
overwhelming bacterial infections. Eosinophilia (Chapter 161) is typical of 
invasive helminthic and some protozoal infections. Lymphocytosis may accom-
pany viral and rickettsial infections and is common during convalescence from 
acute bacterial infection. Monocytosis may be seen in tuberculosis. Virtually 
all infections have an impact on the erythroid system. Given the long half-life 
of erythrocytes, usually only chronic infections or other inflammatory diseases 
result in anemia (Chapter 149). Few acute infections rapidly produce anemia. 
For instance, Helicobacter pylori may induce a bleeding ulcer, Babesia and 
Plasmodium falciparum may directly lyse erythrocytes, overwhelming clostridial 
and other bacterial infections associated with disseminated intravascular 
coagulopathy may cause hemolytic anemia, and Mycoplasma pneumoniae may 
induce immunologically mediated hemolysis.

 APPROACH TO FEBRILE ILLNESS IN 
OUTPATIENTS AND INPATIENTS

Infectious disease epidemiology depends on the interaction among pathogens, 
susceptible hosts, and environmental conditions allowing exposure. Most 
infections are transmitted horizontally between people by contact (e.g., hands, 
fomites), a common vehicle (e.g., food, water), air (e.g., tuberculosis), or vectors 
(e.g., mosquitoes). Evaluation should determine whether the condition might 
be due to a transmissible agent and its source, whether the patient has done 

any recent traveling, whether there are secondary causes, and what measures 
need to be taken to contact health department officials and to prevent addi-
tional infections.

The patient’s age influences which illnesses should be considered. Natural 
exposure or immunization generally limits certain illnesses, such as rubeola, 
rubella, and varicella. Waning of immunity may likewise lead to pertussis or 
mumps in young adults or reactivation of tuberculosis in the elderly. Other 
physiologic effects of aging, such as impaired bladder emptying, lead to increased 
rates of urinary tract infection in the elderly.

A patient’s occupation and travel history should be noted. An abattoir worker 
is more likely to have been exposed to Brucella (Chapter 294) than is someone 
with another occupation. Indiana residents are more likely to be infected with 
histoplasmosis (Chapter 316), whereas those from the Southwest desert may 
have coccidioidomycosis (Chapter 316), despite having a similar febrile illness. 
Many other illnesses are likewise directly related to specific geographic expo-
sure, with varying incubation times before their onset (Chapter 270). Typhoid 
fever should be manifested within a few weeks, whereas amebic liver abscess 
might not cause symptoms until months after a traveler’s return from an endemic 
area (Table 264-1). The Centers for Disease Control and Prevention website 
(http://www.cdc.gov) and many others provide more specific information 
about prevalent infections in all parts of the world (Chapter 270).

Many travelers return home with fever after a variable incubation time, 
generally with other symptoms and signs as well. Most infections are unrelated 
to travel. Once routine infections have been ruled out, the differential diagnosis 
should include infections related to travel, whether within a region of the 
United States (e.g., babesiosis, ehrlichiosis, Colorado tick fever, hantavirus) 
or abroad (e.g., visceral leishmaniasis, tick-borne encephalitis in Europe)4 
(Chapter 270). For example, prompt evaluation of a patient who has traveled 
to a malaria-endemic area should be undertaken and blood tests performed 
to determine the presence of parasites.

The setting of febrile illness influences both the diagnostic approach and 
the differential diagnosis. In the ambulatory arena, with a generally healthy 
febrile patient, the clinician should not necessarily pursue a diagnosis as aggres-
sively as with a hospitalized or chronically ill patient. Empirical treatment of 
a presumed urinary tract or respiratory infection is warranted in the outpatient 
setting, where the cost of a culture or rapid diagnostic test is often more than 
that of the antibiotic. However, the cost of diagnostic tests in a hospital setting 
is minimal in comparison to the daily cost of care, and accurate identification 
of the pathogen may speed hospital discharge. Pathogens commonly causing 
febrile illness in health care facilities, including nursing homes, may differ 
from those seen in ambulatory settings. Most patients in the ambulatory setting 
have noncritical, self-limited infections.

Fevers are usually due to invasive visceral disease, such as community-
acquired pneumonia or pyelonephritis, but may be caused by cytomegalovirus. 
Common viral respiratory and gastroenteric infections as well as some cases 
of subacute bacterial endocarditis are accompanied by temperatures below 
102° F. Moreover, many infections may not be associated with fever, (e.g., 
Lyme disease, osteomyelitis, and most sexually transmitted diseases). The 
clinician must always keep in mind that certain infections, such as sexually 
transmitted diseases (Chapter 269) including syphilis or herpes zoster, occur 

http://www.cdc.gov/
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observed and (2) the constellation of findings produced by individual patho-
gens. The variety of possible manifestations and the often overlapping symptoms 
and signs illustrate that both elements are key in arriving at a probable diagnosis. 
Moreover, fever and associated findings, such as exanthem, lymphadenopathy, 
or jaundice, may be due to noninfectious systemic diseases as well as infectious 
ones. For instance, leukocytoclastic vasculitis and fever may be found in menin-
gococcemia, Rocky Mountain spotted fever, and hepatitis C, but they are also 
seen in noninfectious inflammatory diseases. Likewise, fever and adenopathy 
may be due to lymphoma or to cat-scratch disease.

A recognizable exanthem may lead to the immediate recognition of a par-
ticular pathogen (Chapter 412), but often a larger differential diagnosis must 
be entertained. The clinician must recognize the type or types of skin lesions 
present, the distribution of the exanthem, and the chronologic progression 
with respect to the onset of fever and other symptoms (Table 264-3). Mor-
phologic variations in skin lesions help in the differential diagnosis. Maculo-
papular exanthems are frequently seen in viral illness, hypersensitivity drug 
reactions, and immune complex–mediated diseases. Erythema multiforme, a 
subset of maculopapular exanthem, can result from various viral infections or 
drug eruptions (Chapter 411). It may have a spectrum of disease that ranges 
from benign to the life-threatening Stevens-Johnson syndrome/toxic epidermal 
necrolysis complex. Herpes simplex virus is perhaps the most common cause 
of erythema multiforme. Although drugs, especially antibiotics, are the major 
precipitating factor in the Stevens-Johnson syndrome/toxic epidermal necrolysis 
complex, M. pneumoniae has been associated with it as well. Evolution of the 
cutaneous findings over time may give clues to the cause; for example, the 
initial blanching, erythematous, maculopapular lesions may later evolve into 
petechiae, as seen in meningococcemia, Rocky Mountain spotted fever, and 
dengue. Secondary syphilis may be manifested with a multitude of skin lesion 
morphologies. Sometimes, many different manifestations occur simultaneously 
in the same patient. Most vesiculobullous skin exanthems are immunologically 
mediated. The few infections associated with these eruptions include herpes 
simplex and varicella-zoster viruses and enteroviruses such as echovirus and 
coxsackievirus. The poxviruses, which can also cause such exanthems, are 
much rarer or are associated with bioterrorism. Pustules, or vesicles containing 
leukocytes, are usually associated with psoriasis or infections with Pseudomonas, 
Staphylococcus, or Neisseria. Bullous exanthems in the presence of sepsis suggest 
severe streptococcal cellulitis or necrotizing fasciitis, staphylococcal impetigo, 
or Vibrio infections.

Petechial and purpuric eruptions are due to the extravasation of red blood 
cells and should always lead to consideration of a potentially serious illness. 
Pathogens creating such lesions most commonly include Neisseria meningitidis, 
Rickettsia, and Capnocytophaga canimorsus, but these eruptions may be seen 
with a variety of other pathogens, including Staphylococcus aureus, group B 
streptococci, and other gram-negative bacilli. A petechial exanthem may also 

normally in immunocompetent hosts and may signal a higher risk for infection 
with human immunodeficiency virus (HIV) or an already established 
immunodeficiency.

 Fever in Outpatients
In the ambulatory setting, an acutely febrile patient represents a common 
problem and only infrequently presents an enigmatic diagnostic challenge. In 
most instances, a febrile illness accompanied by localizing symptoms and 
signs suggests a specific diagnosis. For instance, leg erythema, pain, and fever 
in a patient with tinea pedis or a saphenous vein graft incision suggests strep-
tococcal cellulitis.5 If the patient has had a gradual onset and does not appear 
toxic, only clinical observation and follow-up are required. If the patient appears 
toxic, with tachypnea and apprehension or confusion accompanying localized 
findings, clinically focused diagnostic studies should be performed immediately, 
and hospitalization should be considered.6 When a patient has fever and only 
nonspecific constitutional symptoms, it may be more difficult to address the 
problem in a single ambulatory clinic visit, requiring a balance between obser-
vation and investigation.

 Fever in Inpatients
Fever and leukocytosis are the main clinical parameters for evaluating poten-
tial infections in hospitalized patients. However, about 10% of nosocomial 
bacteremias occur without fever, and health care–associated infections occur 
without fever in patients who are elderly or have significant comorbid con-
ditions. Most cases of hospital-associated fever represent nosocomial infec-
tion, which typically involves the lower respiratory tract, urinary tract, or 
surgical wounds (Table 264-2). Some important causes of nosocomial fever 
may not exhibit easily discernible localizing symptoms or signs. Antibiotic-
induced colitis secondary to Clostridium difficile (Chapter 280) is increasing 
in prevalence and may be characterized by little or no diarrhea. It is the most 
common cause of a leukemoid reaction in hospitalized patients. Other intra-
abdominal processes involving the hepatobiliary system, bowel infarction, viscus 
perforation, or abscesses may have little in the way of localizing symptoms  
or signs.

Fever and infection are more frequent in severely ill comorbid patients in 
the intensive care unit (ICU) than elsewhere.7 Infection was recently found 
to be present in more than 80% of febrile ICU patients, although both infec-
tious and noninfectious causes of fever may coexist. Both ischemia and devi-
talization of tissue provoke an inflammatory response similar to that prompted 
by infection. About half of patients with acute myocardial infarction, deep 
vein thrombosis, or pulmonary embolism have a temperature between 38.0° 
and 38.5° C within 2 to 3 days after diagnosis. A third or more of patients with 
stroke demonstrate fever, which is also a common consequence of subarach-
noid or intracerebral hemorrhage and subdural hematoma, especially within 
72 hours of onset.8 Fever and chills may be seen in up to a quarter of patients 
receiving platelet transfusions, although the frequency is much less with other 
blood products.

 SYNDROMIC APPROACH
 Fever and Rash
A syndromic approach narrows the many possible causes of a suspected infec-
tion. Two juxtaposed approaches are key to recognizing patterns. The clinician 
must be aware of (1) the differential diagnosis of the particular type of lesion 

TABLE 264-2 SELECTED CAUSES OF  
HOSPITAL-ASSOCIATED FEVER

COMMON LESS COMMON
INFECTIOUS INFECTIOUS

Clostridium difficile enterocolitis Biliary tract disease
Pneumonia Endometritis
Surgical wound Intra-abdominal abscess
Urinary tract Mediastinitis
Vascular catheter Sinusitis
NONINFECTIOUS NONINFECTIOUS

Drug-induced fever Adrenal insufficiency
Hematoma Gout
Immediate postoperative state Myocardial infarction
Transfusion reaction Organ infarction
Venous thromboembolism Pancreatitis

TABLE 264-3 SELECTED INFECTIONS WITH FEVER  
AND RASH

ETIOLOGY
MACULES, 
PAPULES

VESICLES, 
BULLAE

PETECHIAE, 
PURPURA

BACTERIA

Borrelia burgdorferi + (annular)
Neisseria meningitidis +
Rickettsia rickettsii + +
Treponema pallidum + (secondary)
Vibrio vulnificus +

FUNGI AND MYCOBACTERIA

Disseminated disease + (nodular)
PROTOZOA

Plasmodium falciparum +

VIRUSES

Chikungunya +
Enteroviruses + + +
Epstein-Barr + +
Hemorrhagic fever +
Herpes +
HIV +
Zika +

HIV = human immunodeficiency virus.
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Fever and hepatosplenomegaly (Chapter 159) may provide an important 
clue to the cause of a febrile illness, which is typically either an infection or 
a malignant neoplasm arising from bone marrow or the reticuloendothelial 
system. Jaundice may also limit the differential diagnosis (Table 264-6). Aside 
from the viral hepatitides and other diseases affecting primarily the liver, many 
pathogens producing sepsis can cause hyperbilirubinemia.

 APPROACH TO FEVER OF UNKNOWN ORIGIN
The majority of febrile illnesses are short-lived, but fever may persist for weeks 
or months as part of an infectious disease, inflammatory disorder, or occult 
neoplasm. When fever is caused by infection, the site is an area not easily 
controlled by host defenses, leading to the continued release of inflammatory 
cytokines. Likewise, macrophage and lymphocyte involvement in inflamma-
tory disorders causes persistent cytokine production, as do certain neoplasms. 
Given this final common pathway, it is easy to understand why the majority 
of cases of classic fever of unknown origin (FUO), loosely defined as lasting 
longer than 3 weeks despite routine investigation, are found in these three 
broad categories.9 Miscellaneous and undiagnosed illnesses round out the 
bulk of FUO cases (Table 264-7). The proportion of patients in each category 
varies by geographic locale, age, duration of fever, and immune status. As 
more effective molecular diagnostic methods of diagnosing viral and bacterial 
infections have become available, the proportion of patients with FUO in the 
miscellaneous and undiagnosed categories has increased to about a third of 
the total in developed countries. The longer a febrile illness persists without a 
diagnosis or appropriate therapy, the less likely it is to be due to an infection.

Bacterial species, particularly Mycobacterium tuberculosis, make up the largest 
category of infections that cause prolonged FUO. Other infections causing 
FUO may be localized in cryptic abscesses, especially intra-abdominally, or 
reside on heart valves, where the inflammatory response is blunted. Persistent 
viral infections constitute a small and shrinking subset of patients with FUO 
because modern techniques can more readily detect multiple viral infections 
including Epstein-Barr virus, cytomegalovirus, and others. Cytomegalovirus 
is the most common cause of mononucleosis in adults, and malaria is a common 
cause of fever in returning travelers.

Malignant disease may result in persistent fever due to the production of 
inflammatory cytokines, necrosis, or the presence of a complicating infection. 

be seen with enteroviruses and viral hemorrhagic fevers. The most common 
causes of petechiae not attributable to infections include thrombocytopenia 
and vasculitis.

The presence of fever and rash involving the palms and soles allows con-
siderable narrowing of the differential diagnosis (Table 264-4). In addition 
to the diffuse erythema associated with toxic shock syndrome, illnesses such 
as Rocky Mountain spotted fever, secondary syphilis, hand-foot-and-mouth 
disease, Neisseria infections, and rat-bite fever should be considered in patients 
with maculopapular exanthems involving these areas.

Nodular skin lesions may be either noninfectious, as seen in malignant 
disease or with certain drugs (e.g., sulfonamides), or infectious, as seen in a 
variety of inflammatory diseases. Atypical mycobacteria and disseminated 
fungi often produce skin nodules. The tender nodules of erythema nodosum 
usually occur in crops located pretibially, but they may be solitary or occur 
on other parts of the body. They do not typically suppurate, and they heal 
without scarring. Infectious agents are the most likely cause of erythema 
nodosum. Diffuse erythema may be seen with scarlet fever, toxic shock syn-
drome, Kawasaki disease, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis, with desquamation occurring late in all these syndromes. Sweet 
syndrome, a febrile neutrophilic dermatosis, represents a hypersensitivity 
reaction often preceded by an upper respiratory tract infection.

 Fever and Musculoskeletal Complaints
Fever and localized tenderness, swelling, or erythema generally accompany 
septic arthritis and are often associated with osteomyelitis (Chapter 256). 
Septic bacterial arthritis in adults usually is manifested acutely and involves 
a single large joint such as the knee, hip, or shoulder, unless the infection is 
directly inoculated by trauma or surgery. Septic oligoarthritis may be seen 
with endocarditis and rat-bite fever. Disseminated gonococcal disease is the 
usual cause of arthritis involving small joints of the wrist, ankle, and digits, 
often with tenosynovitis. Acute or subacute polyarthritis may be seen in several 
viral diseases, including chikungunya, dengue, parvovirus B19, hepatitis B, 
and Lyme disease. Hematogenous osteomyelitis in adults frequently involves 
the vertebrae and is almost always initiated by discitis with symmetrical involve-
ment of vertical adjacent vertebrae (as opposed to malignant metastasis, which 
is asymmetrical and does not involve the disc).

Myositis secondary to clostridia, streptococci, or mixed aerobic-anaerobic 
infections usually causes an acutely septic picture with painful, edematous 
involvement of the limb or torso. Pyomyositis frequently involves deep muscles 
such as the psoas or gluteus and is usually due to S. aureus. Diffuse myositis 
may be seen with leptospirosis or toxoplasmosis, and rhabdomyolysis occurs 
with a variety of viral infections and legionellosis.

 Fever and Lymphadenopathy or Hepatosplenomegaly
Fever and lymphadenopathy suggest a variety of illnesses, both infectious and 
noninfectious (Table 264-5). Lymphadenopathy (Chapter 159) may be regional 
or generalized. Local enlargement can occur with either a local infection or 
some systemic illnesses (e.g., posterior cervical lymphadenopathy with Epstein-
Barr virus and other viral illnesses). Generalized lymphadenopathy suggests 
a systemic disorder, which may itself be either infectious or noninfectious. 
The combination of fever and lymphadenopathy secondary to infection is 
especially common during childhood, but it is also seen in adults. As in other 
syndromes, acute versus chronic adenopathy tilts the diagnosis toward differ-
ent broad categories of illness. In chronic adenopathy, histopathologic evalu-
ation of enlarged lymph nodes may point to a particular diagnosis. For instance, 
toxoplasmosis or cat-scratch disease can be easily differentiated from myco-
bacterial disease or sarcoidosis.

TABLE 264-4 FEVER AND RASH INVOLVING THE PALMS  
AND SOLES

Erythema multiforme
Hand-foot-and-mouth disease
Neisseria infection
Rocky Mountain spotted fever
Streptobacillus moniliformis infection
Subacute bacterial endocarditis
Syphilis (secondary)
Toxic shock syndrome
Varicella-zoster infection

TABLE 264-5 COMMON CAUSES OF FEVER  
AND LYMPHADENOPATHY

REGIONAL GENERALIZED

cervical Cytomegalovirus
Epstein-Barr virus
HIV
Lymphoma
Sarcoidosis
Syphilis (secondary)
Toxoplasmosis
Viral hepatitis

Streptococci
Tuberculosis
Viral upper respiratory tract infection

peripheral
Bartonella henselae
Herpesviruses
Lymphoma
Metastatic cancer
Sporotrichosis
Streptococci

Inguinal
Chancroid
Herpes
Lymphogranuloma venereum
Syphilis (primary)
HIV = human immunodeficiency virus.

TABLE 264-6 COMMON INFECTIOUS CAUSES OF FEVER 
AND JAUNDICE

Bacterial sepsis
Cholangitis
Hepatic abscess
Leptospirosis
Malaria
Viral hepatitis
Yellow fever
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 INITIAL MANAGEMENT OF SUSPECTED 
INFECTION IN THE AMBULATORY SETTING

An acutely febrile patient in the ambulatory setting presents a common but 
often demanding diagnostic problem. In most cases, the history and physical 
examination reveal diagnostic clues and may guide decisions about additional 
studies or therapy. More difficult to diagnose is a fever that occurs without 
localizing symptoms or is accompanied only by nonspecific symptoms, such 
as malaise or anorexia. Fortunately, most acute, undifferentiated febrile ill-
nesses are benign and resolve spontaneously within 1 or 2 weeks without a 
specific diagnosis being made. In such cases, no further evaluation beyond 
the initial visit is warranted. If symptoms persist, the history and physical 
examination should be repeated, looking for previously unsought clues and 
new physical findings. Laboratory studies might be required.13

In patients with an illness involving cough of less than 3 weeks’ duration, 
the evaluation should focus on ruling out a serious disorder. Normal vital 
signs and chest examination effectively rule out most cases of pneumonia. 
Such cough illnesses are caused by viral pathogens in more than 90% of cases. 
Antibiotics are ineffective in such patients, nor does antimicrobial therapy 
prevent bacterial pneumonia. The presence of sputum and its characteristics 
are not helpful in distinguishing bacterial from viral infections. Adults with 
prolonged coughing lasting longer than 3 weeks or with recurrent episodes 
should be evaluated for reactive airway disease, gastroesophageal reflux, and 
other illnesses. Infections rarely causing prolonged cough include Bordetella 
pertussis, M. pneumoniae, and Chlamydophila pneumoniae. Clinicians in this 
case should obtain a chest radiograph; treat for exacerbation of chronic obstruc-
tive pulmonary disease (fever, leukocytosis, purulent sputum), if present; treat 
a confirmed bacterial infection (Chapter 90); and direct therapy to a specific 
underlying cause or other causes.

Symptoms and signs of pharyngitis include fever, tonsillar exudates, tender 
anterior cervical lymph nodes, and absence of cough. If fewer than two of 
these criteria are present, the patient should be managed as though viral phar-
yngitis were the cause. Ninety percent of cases of pharyngitis in adults are 
viral in origin. With two or more of these criteria, one should consider obtain-
ing a rapid streptococcal antigen test.14 Because of the low incidence of 

Malignant neoplasms manifesting as FUO include lymphomas, leukemias, 
and solid tumors with metastases to the liver. Connective tissue disorders 
may produce fever as a prominent feature of the illness, including adult Still 
disease (Chapter 245), the leading rheumatologic disorder manifesting as 
FUO. Temporal arteritis and polymyalgia rheumatica (Chapter 255) are seen 
almost exclusively in patients older than 50 years. Systemic lupus erythema-
tosus (Chapter 250) is an occasional cause of FUO.

The miscellaneous category of FUO includes several disparate groups of 
diseases. Granulomatous diseases such as granulomatous hepatitis, Crohn 
disease, or sarcoidosis may incite cellular immune responses that result in 
fever. Granulomatous hepatitis was present in up to 6% of National Institutes 
of Health cases with fever lasting longer than 6 months. Chronic pancreatitis 
may occasionally cause FUO, as may recurrent pulmonary embolism.

Drug-induced fever (Table 264-8) may be the only manifestation of an 
adverse drug event in up to 5% of cases of drug hypersensitivity. The mecha-
nisms by which drugs incite fever are not well understood in many cases. 
These events may result from hypersensitivity reactions, altered thermoregula-
tory homeostasis directly related to either drug administration or the drug’s 
pharmacologic action, or idiosyncratic reactions. Hypersensitivity reactions 
usually cause an exanthem or enanthem and possible hepatic, renal, or pul-
monary dysfunction in addition to fever. Antimicrobial agents appear to 
be the most common cause of drug-induced fever and are responsible for 
approximately a third of episodes in some studies. β-Lactams and sulfon-
amides account for most cases; they are also the most frequently adminis-
tered antimicrobials. Anticonvulsants also commonly cause drug-induced 
fever. Altered thermoregulation is possible with a variety of drugs, including 
those with anticholinergic activity, such as phenothiazines and tricyclic anti-
depressants. Sympathomimetic agents, such as amphetamines and cocaine, 
may also cause fever. Drug administration itself may cause fever if the vehicle 
of the drug is contaminated with exogenous pyrogens or chemical phlebitis 
occurs. Some drugs have intrinsic pyrogenic properties, such as amphoteri-
cin B and bleomycin. Others cause fever as a result of their pharmacologic 
activity, such as interferon alfa or interleukin-2. With antibiotics, a form of 
drug-induced fever occurs with the rapid lysis of spirochetes or other bacte-
ria, known as the Jarisch-Herxheimer reaction. Idiosyncratic drug-induced 
febrile reactions include malignant hyperthermia, neuroleptic malignant syn-
drome, and serotonin syndrome (Chapter 406). Drugs implicated in these 
reactions are inhaled anesthetic agents, central nervous system dopamine-
depleting agents, and serotonin re-uptake inhibitors, among others. Drug-
induced fever is a diagnosis of exclusion. The duration of drug exposure before 
the onset of fever, the clinical appearance of the patient, and the pattern of 
the fever are not particularly useful. Elimination of a single drug at a time, 
beginning with the one most likely to be implicated, is the usual means of 
identifying the causative agent. The fever abates once the drug has been 
eliminated from the body, usually within 3 to 4 days of discontinuing use of  
the drug.

In approaching a patient with fever of unknown origin, laboratory evalua-
tion and diagnostic imaging studies should be chosen according to information 
derived from a detailed history and physical examination. These may initially 
include complete blood count and blood chemistry determinations, erythro-
cyte sedimentation rate or C-reactive protein, blood cultures, ferritin and 
antibody tests (antinuclear antibody, cytomegalovirus, Epstein-Barr virus, 
HIV), as well as a chest radiograph and computed tomography of the abdomen. 
18-Fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) 
may also be useful in difficult cases.10-12 Despite the recent focus on “emerging” 
infectious diseases, the cause of FUO is still more likely to be a common 
pathogen presenting atypically.

TABLE 264-7 FREQUENCY OF SELECTED CHRONIC FEBRILE ILLNESSES

INFECTION, 25-50%
MALIGNANT 

DISEASE, 20-30%
CONNECTIVE TISSUE 

DISEASE, 15-30% MISCELLANEOUS, 10-20% UNDIAGNOSED, 10-30%
Cytomegalovirus Carcinomatosis Polyarteritis nodosa Drug-induced fever
Endocarditis Leukemia Rheumatoid arthritis Granulomatous hepatitis
Intra-abdominal Local tumor Still disease Inflammatory bowel disease
Mycoses Lymphoma Systemic lupus erythematosus Pancreatitis
Occult abscess Temporal arteritis Pulmonary embolism
Tuberculosis

TABLE 264-8 SELECTED AGENTS ASSOCIATED WITH  
DRUG-INDUCED FEVER

COMMON LESS COMMON
ANTIMICROBIAL

Amphotericin B Clindamycin
β-Lactams Fluoroquinolones
Sulfonamides Rifampin
CARDIOVASCULAR

Procainamide Diltiazem
Quinidine Hydralazine
CENTRAL NERVOUS SYSTEM

Carbamazepine Haloperidol
Phenytoin Serotonin re-uptake inhibitors
MISCELLANEOUS

Bleomycin Allopurinol
Interferon alfa Cimetidine
Interleukin-2 Tacrolimus
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settings. A5  Rapid multiplex polymerase chain reaction with templated comments 
from the laboratory can reduce treatment of blood culture contaminants and 
use of broad-spectrum antimicrobials. A6 

 INITIAL MANAGEMENT OF SUSPECTED 
NOSOCOMIAL INFECTION

Determination of the nature of a febrile illness in a hospitalized patient must 
consider the host, the setting, and the timing of recent trauma or type and 
duration of surgery, in addition to the general approach taken for ambulatory 
patients. A classic mnemonic—the six w’s—may help guide the evaluation: 
wind, water, wound, walk, wonder drug, and what we did. “Wind” refers to 
fever within the first 24 hours of surgery, a fever is often thought to be related 
to the anesthetic agent, or surgical trauma. The only bacteria believed to cause 
significant infections within 24 hours of surgery are S. pyogenes and Clostridium 
species, both of which are unusual in the typical hospital patient. “Water” 
refers to a urinary tract infection occurring after the third day of urinary tract 
catheterization. Because nearly all nosocomial urinary tract infections occur 
in patients with indwelling urinary catheters or in those who have undergone 
urologic instrumentation, urinalysis or culture (or both) should be performed 
routinely only in febrile patients with such risk factors. There is a high preva-
lence of bacteriuria in patients who have been catheterized for 3 days or longer, 
and there is a low incidence of true infection attributable to bacteriuria. “Wound” 
infections commonly occur about 5 to 7 days postoperatively, whether they 
are surface wounds or complications of dehiscence of gastrointestinal anas-
tomoses. Some of the highest rates of skin and soft tissue infections in the 
National Nosocomial Infection Surveillance database are seen with gastro-
intestinal procedures. Toxin-producing C. difficile is the only significant noso-
comial gastrointestinal infection seen in hospitalized patients, so a routine 
bacterial stool culture is not necessary. “Walk” refers to possible deep venous 
thrombosis or pulmonary embolism in someone who has not received appro-
priate prophylaxis or who is otherwise at risk for thrombosis. Fever induced 
by a “wonder drug” is typically seen after approximately 7 to 10 days of use 
if the patient does not already have an allergy to that medication, in which 
case it recurs immediately. An exception to this rule is sulfamethoxazole, for 
which approximately half of hypersensitivity reactions occur within 3 days of 
initiation. Finally, “what we did” alerts the clinician to the possibility of an 
iatrogenic infection, such as intravenous catheter–related bacteremia.

 CONCLUSION
The initial management of patients with febrile illnesses requires three major 
considerations. First, is the illness more likely to be infectious or more likely 
to be related to some other process? Excessive antibiotic use when it is not 
warranted, such as for viral infections or collagen vascular disease, may cause 
an adverse reaction, in addition to contributing to the worldwide increase in 
antimicrobial resistance. However, an empirical antibiotic is appropriate in 
many cases of fever and localizing signs of bacterial infection. Second, the 
clinician must rapidly assess the severity of the illness and determine whether 
it is likely to cause significant organ damage or even death. In a febrile patient 
with signs of sepsis, the clinician must quickly decide which specific therapy is 
indicated because a delay in initiating antimicrobial therapy is correlated with 
increased morbidity and mortality. Finally, the clinician needs to determine 
whether supportive care alone, including antipyretic therapy, is warranted.

The nearly universal prevalence of febrile adaptive responses to microbial 
challenge suggests that fever has a net benefit to the host. In addition to clini-
cal studies correlating elevated core temperature and improved prognosis 
during infection, investigations of principal endogenous mediators have pro-
vided evidence of a protective effect of pyrogenic cytokines. Although the 
use of antipyretic medications is a long-established and widespread practice, 
the actual benefit of temperature reduction in febrile patients is uncertain. 
Antipyretic therapy does not protect against the recurrence of childhood febrile 
seizures, nor has its risk-benefit ratio been determined in patients with car-
diopulmonary and other underlying disorders. In summary, fever is usually 
not harmful, and antipyretics may confuse the clinical picture by dampening 
it, although their anti-inflammatory effects are often beneficial. A7 

streptococcal infection and acute rheumatic fever in adults, a negative rapid 
test result alone is sufficient to rule out infection with Streptococcus pyogenes. 
If the antigen test result is positive, the patient can be managed with a β-lactam 
antibiotic if not allergic. In a patient with symptoms of upper respiratory tract 
infection and a mucopurulent nasal discharge of less than 10 days’ duration, 
purulent nasal secretions do not predict bacterial infection. Most cases of 
acute rhinosinusitis seen in the outpatient setting are caused by uncomplicated 
upper respiratory viral infection. A1  If symptoms have been present for more 
than 10 days without improvement, or if there are specific symptoms of sinusitis 
of any duration (purulent nasal discharge lasting 3 to 4 days, unilateral facial 
pain and pressure, maxillary toothache, or worsening of symptoms after initial 
improvement), amoxicillin or another β-lactam should be considered, with 
other antimicrobial classes used in penicillin-allergic patients. Most clinical 
outcomes are not adversely affected by delayed antibiotics for upper respira-
tory infections. A2 

Community-acquired pneumonia (Chapter 91) should be suspected in a 
patient with cough, sputum production, or dyspnea, especially if it is accom-
panied by fever and altered breath sounds. A chest radiograph should be 
performed to confirm the diagnosis. Determining where to care for the patient 
is the most important immediate decision. Outpatient care generally suffices 
for patients younger than 50 years with no cardiopulmonary disease; for patients 
with no comorbid conditions (including malignant disease, heart failure, dia-
betes, or hospitalization within the past year); and for patients with no physical 
examination findings, such as altered mental status, pulse of 125 beats/minute 
or greater, or respiratory rate of 30/minute or greater. Guidelines developed 
by the American Thoracic Society and the Infectious Diseases Society of 
America suggest a β-lactam, macrolide, or doxycycline. Among patients admit-
ted to a non-ICU setting with clinically suspected community-acquired pneu-
monia, empirical β-lactam monotherapy is as good as β-lactam-macrolide 
combination therapy or fluoroquinolone monotherapy. A3  Fluoroquinolones 
should be used for outpatients only when the patient has failed to respond to 
first-line therapy, has a significant comorbidity, or has a known allergy to a 
first-line agent.

Skin and soft tissue infections are caused, for the most part, by streptococci; 
a minority are due to S. aureus and, rarely, other bacteria whose presence may 
be suggested by epidemiologic considerations (e.g., swimming in fresh water, 
where Aeromonas may be the pathogen). Pain may be present for 12 hours or 
more before skin discoloration is noted. A furuncle or abscess formation should 
prompt consideration of S. aureus and, rarely, Streptococcus anginosus group. 
Incision and drainage may be sufficient for a skin abscess, although the rapidly 
expanding, virulent, community-acquired methicillin-resistant S. aureus phe-
notype may require antimicrobial therapy. Septic bursitis is nearly always due 
to S. aureus, and the infected bursa should be aspirated and drained, in addition 
to using antibiotics (Chapter 256).

Gastrointestinal infections may be due to ingested toxins, viruses, or, less 
commonly, bacteria, with or without associated toxin production. The appro-
priate approach depends on the epidemiologic setting, such as improper food 
storage, travel abroad, or contact with another ill person (Chapter 267). Symp-
toms of cystitis in a young, sexually active woman can be treated with empirical 
antibiotics, but when fever and flank pain are present and the patient is nause-
ated, consideration of a brief hospital admission or an initial intravenous dose 
of antibiotics may be necessary (Chapter 268). The possibility of pelvic inflam-
matory disease should also be entertained.

In the initial evaluation of a patient with a more chronic, persistent fever, 
a careful history and physical examination provide important diagnostic clues, 
directing further investigation. The initial goal is to characterize the illness 
accurately, in addition to eliciting important host and epidemiologic factors. 
A careful review of systems is necessary to understand the extent of involve-
ment of various organ systems as well as to note previous medical conditions. 
The examination should be broader than for an acute febrile illness with local-
izing symptoms and signs. Laboratory tests may also play a more important 
role in guiding further investigation. Repeated evaluations are the norm rather 
than the exception in these cases.

Blindly initiating empirical therapy in febrile patients with no imminent 
risk of serious clinical harm or death should be discouraged because it may 
impede a timely diagnosis affording definitive care. Procalcitonin, which is 
a precursor of calcitonin, is an acute phase reactant that is more likely to 
be elevated with bacterial than with viral infections, and its use may reduce 
unnecessary antibiotics in some situations, such as patients with respiratory 
infections. A4  However, procalcitonin distinguishes sepsis from nonseptic 
systemic inflammation poorly (71% sensitivity, 71% specificity, receiver 
operating characteristic curve 0.63), and it appears to be less useful in such  
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4. For which of the following ambulatory adult patients should an antibiotic 
be prescribed?
 A. A 47-year-old woman with no underlying medical conditions who has 

had a persistent cough for 2 weeks
 B. A 28-year-old woman with 10-day illness and now with unilateral face 

pain, maxillary toothache, and worsening symptoms after initial 
improvement

 C. A 31-year-old woman with pharyngitis but no fever, tonsillar exudates, 
tender anterior cervical adenopathy, or cough

 D. A 54-year-old man with no fever and prolonged coughing lasting 6 
weeks.

 E. A 65-year-old man with COPD and yellow-green mucopurulent dis-
charge and no other new symptoms

Answer: B See section on initial management of suspected infection in the 
ambulatory setting.

5. A 76-year-old woman admitted for community-acquired pneumonia, treated 
empirically with moxifloxacin, developed severe watery diarrhea, abdominal 
pain, fever, and leukocytosis (white blood cell count of 30,000) on day 4 
of hospitalization. What is the likely etiology of her nosocomial 
infection?
 A. C. difficile infection
 B. Urinary tract infection
 C. Intravenous catheter–related infection
 D. Legionella infection
 E. Drug fever

Answer: A Toxin-producing C. difficile is the only significant nosocomial 
gastrointestinal infection seen in hospitalized patients.

REVIEW QUESTIONS

1. A 72-year-old man was admitted with exacerbation of his chronic obstruc-
tive pulmonary disease (COPD) symptoms and temperature of 38.3° C. 
His respiratory symptoms improved and he defervesced with antibiotics; 
but on his third hospital day, he became extremely agitated, requiring halo-
peridol, a major tranquilizer and central nervous system dopamine-depleting 
agent. Within hours his temperature rose to 42° C, and he developed muscle 
rigidity and dysautonomia. What is the most likely etiology of his worsen-
ing clinical picture?
 A. Aspiration pneumonia due to his agitation
 B. Pulmonary embolism
 C. COPD exacerbation
 D. Nosocomial infection
 E. Neuroleptic malignant syndrome due to haloperidol

Answer: E Temperatures exceeding 41° C are often due to drug-induced 
imbalance in thermoregulatory mechanisms and may cause direct cellular 
damage (Chapter 406).

2. A 46-year-old female immigrant had returned to her work as a daycare 
teacher a month after visiting her family in Central America at Thanksgiv-
ing when she developed watery diarrhea. She was otherwise well and afebrile. 
Her complete blood count and electrolyte panel were normal. Several of 
her pupils had similar illness. What is the most likely etiology of her illness?
 A. Plasmodium vivax infection
 B. Traveler’s diarrhea due to toxigenic E. coli
 C. Amebiasis
 D. Shigellosis
 E. Viral gastroenteritis

Answer: E No laboratory abnormalities accompany typical benign acute viral 
infections. The first consideration in evaluating such a patient is that an infec-
tion unrelated to travel is more likely to be the cause of the illness. Common 
viral respiratory infections and gastroenteritis are accompanied by temperatures 
below 102° F.

3. A 36-year-old man developed low-grade fever, sore throat, and a rash. He 
had pharyngeal erythematous-based vesicles and ulcerations as well as 
vesicles on his hands and palms, feet, and buttocks. His 2-year-old child 
was recovering from a similar illness. What is the most likely etiology of 
his illness?
 A. Epstein-Barr virus infection
 B. Herpes simplex virus infection
 C. Leptospirosis
 D. Lyme disease
 E. Enteroviral hand-foot-and-mouth disease

Answer: E See Tables 264-3 and 264-4. The presence of fever and rash involv-
ing the palms and soles allows considerable narrowing of the differential 
diagnosis.
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APPROACH TO FEVER AND 
SUSPECTED INFECTION IN THE 
IMMUNOCOMPROMISED HOST
COSTI D. SIFRI AND KIEREN A. MARR

 DEFINITION
Healthy individuals possess robust antimicrobial defense systems that include 
physical barriers in the form of skin and mucosal membranes, innate immune 
defenses that are conserved through evolution, and adaptive (“acquired”) 
immune defense (Chapters 39 and 40). These systems are highly intercon-
nected and work in concert through an array of defensive surfaces, cells, and 
soluble factors to protect a host from potential microbial assailants. The normal 
commensal microflora of the skin and mucosa protect the host by occupy-
ing body surface niches without activating the immune system and play an 
important role in immune system maturation and homeostasis. Nutritional 
status, multiorgan function, and age all contribute to normal immune func-
tion. Damage to any of these host defense components increases the risk 
for infection. While a wide assortment of conditions, including body surface 
burns, endocrine and metabolic disorders, and medications like glucocorti-
coids, can affect components of these defense systems and place an individual 
at increased risk for infection, the focus of this chapter will be on people 
with compromised immune systems due to treatment of neoplastic disease 
(with particular attention to hematologic disorders such as leukemia and 
lymphoma), recipients of solid organ or hematopoietic stem cell transplants, 
and those who take immunomodulatory medications for collagen vascular 
(immunologic) and rheumatologic conditions. Management of people with 
the acquired immunodeficiency syndrome (AIDS) is discussed in Chapter 
364 and 365, and a more thorough discussion of primary immunodeficiency 
is provided in Chapter 236.

 GENERAL CONCEPTS
The components of the immune system and other host defense mechanisms 
are represented in Table 265-1. The innate immune system is ancient (with 
origins that date back to the early single cell eukaryotes) and serves as the 
first line of host defense against pathogen attack. Components of the innate 
immune system include natural physical and chemical barriers, phagocytic 
cells, and germline-encoded signaling systems that recognize molecular com-
ponents unique to microbes that are invariant because they are essential for 
survival of the microbe. These signaling systems rapidly (minutes to hours) 
distinguish “nonself ” from “self,” leading to the activation of protective phago-
cytic cells, proteolytic enzyme cascades, and antimicrobial peptides and other 
products (Chapter 39). The innate immune system also primes the adaptive 
immune system, which is more recent in evolutionary origin and is distin-
guished by the ability to create pathogen-specific responses and immunologic 
memory over several days. Like the innate immune system, the adaptive immune 
system is composed of both cellular and soluble factors (Chapter 40).

The risk for infection depends on the specific type of defect in host defenses. 
For example, impaired macrophage function as a consequence of tumor necrosis 

factor (TNF) therapy is a predisposing risk for infection due to intracellular 
pathogens such as Mycobacterium tuberculosis and Histoplasma capsulatum, 
while splenectomy and functional asplenism predispose to sepsis due to encap-
sulated bacteria, including pneumococcus and meningococcus. Detailed 
understanding of the nature of compromised host defense mechanisms and 
how the defect influences susceptibility to potential viral, bacterial, fungal, 
and parasitic pathogens allows one to pursue appropriate diagnostic evalua-
tions, therapies, and prevention strategies (through vaccination, antimicrobial 
prophylaxis, pre-emptive monitoring, and lifestyle changes).

Determining whether an immunocompromised individual has a clinically 
significant infectious disease can be challenging. Several factors make it more 
difficult to identify infectious disease in individuals with compromised immune 
defenses. Potential etiologies of infection are diverse and range from typical, 
community-acquired pathogens to less common, opportunistic pathogens. 
Signs of inflammation, including fever, pain, and erythema, may be reduced, 
and laboratory markers of infection, such as changes in the white blood cell 
count and hepatic transaminase levels, may be subtle or difficult to interpret 
owing to the influence of baseline noninfectious processes (e.g., medications, 
organ dysfunction). Radiographic findings may also be blunted. Accordingly, 
infection may be advanced at the time of presentation. Furthermore, multiple 
infections or processes may occur simultaneously. Diagnosis can be challeng-
ing because serologic testing may not be useful. However, recent advances in 
the development and adoption of molecular diagnostic assays by clinical 
microbiology laboratories have proved especially useful tools in immunocom-
promised patients. Finally, numerous noninfectious causes of fever, including 
neoplastic disease, collagen vascular disease, allograft rejection, graft-versus-
host disease, and medications (e.g., antibiotic-induced fever, cytokine release 
syndromes following monoclonal antibody therapies) may cause febrile illness 
that is indistinguishable from infectious processes. Consequently, significant 
and expedited efforts should be made to establish the etiology of fevers in a 

TABLE 265-1 COMPONENTS OF THE IMMUNE SYSTEM
INNATE IMMUNE SYSTEM (IMMEDIATE, NON–PATHOGEN SPECIFIC, 
EVOLUTIONARILY ANCIENT, NO MEMORY)

Physical defense 
mechanisms

Skin
Mucous membranes (e.g., oral mucosa, olfactory mucosa, 

gastric mucosa, intestinal mucosa, bronchial mucosa, 
genitourinary mucosa)

Tears
Mucus
Ciliated respiratory epithelium
Urine flow

Innate soluble and 
cellular defense 
mechanisms

Stomach acid
Complement cascade
Phagocytes (i.e., neutrophils, macrophages, dendritic cells)
Mannose binding lectin
Toll-like and Nod receptors
Cytokines (e.g., IL-1, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, 

G-CSF, TNF-α, IFN-γ)
Natural antimicrobial products (e.g., defensins, lactoferrin, 

lysozyme, reactive oxygen species)
ADAPTIVE IMMUNE SYSTEM (DELAYED, PATHOGEN SPECIFIC, 
EVOLUTIONARY ORIGIN WITH JAWED VERTEBRATES [~0.5 BILLION 
YEARS], MEMORY)

Cellular Adaptive 
Immune System

T lymphocytes
•	 CD8+ (cytotoxic)
•	 CD4+ (helper)
•	 Γδ (alternative TCRs)

Humoral adaptive 
immune system

B lymphocytes
•	 Immunoglobulins	(IgM,	IgG,	IgA,	IgE,	IgD	antibodies)

EFFECTORS OF IMMUNE FUNCTION

Effector Resident microbial flora
Organ function
Age
Stress
Nutrition
Metabolic homeostasis (e.g., pH, iron, uremia)

G-CSF = granulocyte colony-stimulating factor; IFN-γ = interferon-γ; IL = interleukin; TNF-α = 
tumor necrosis factor-α.
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ABSTRACT
This chapter discusses the approach to suspected infection and fever in com-
promised hosts, focusing on hosts who have acquired defects in immune 
function secondary to medical therapies, or the “medically immunosuppressed.” 
Examples	include	treatment	of	neoplastic	diseases	(particularly	hematologic	
disorders such as leukemia and lymphoma), organ transplantation, and treat-
ment of collagen vascular or autoimmune diseases.
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response modifiers (Chapters 32 and 33) that enhance risks for both reactiva-
tion of latent infection (e.g., M. tuberculosis and H. capsulatum) and severe 
manifestations of acute infection. Infectious risks should be considered in 
balancing need for these therapies and designing preventive regimens.

 FEVER IN THE COMPROMISED HOST
The onset of fever in an immunocompromised patient can be an ominous 
development. Depending on the nature and magnitude of the impaired host 
defenses, including comorbidities, a febrile response can indicate the onset 
of a life-threatening systemic infection. A diagnostic approach should be derived 
by careful consideration of the patient’s signs and symptoms of infection, 
exact form(s) of immunocompromise, and whether the patient is at heightened 
risk for reactivation of latent infection. Because infection can progress rapidly, 
particularly in patients with absolute neutropenia (see later), empirical anti-
microbial therapy is often indicated even before an infection is definitively 
identified.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
In the setting of disease-associated or chemotherapy-induced neutropenia, 
fever is typically an important and often the only clinical indication of infec-
tion. Some patients with neutropenia and serious infection, especially those 
who are elderly, may be afebrile or even hypothermic on presentation. The 
risk for bacterial infection increases proportionally with the decline in neu-
trophil count, especially with prolonged durations of significant neutropenia.3 
Infection rates increase with neutrophil levels below 1000 cells/µL, progres-
sively increasing as counts decline to less than 100 cells/µL. The duration 
of significant neutropenia is also an important determinant of the type of 
infection most likely to occur, with the risk for bacterial and fungal infections 
increasing with each successive week in which leukocyte counts are less than  
500 cells/µL.

The most common causes of fever during neutropenia used to be gram-
negative bacteria, usually originating in the gastrointestinal tract. In the 1990s, 
concurrent with the increased use of prophylactic and empirical antibiotics 
that covered gram-negative bacteria, especially quinolones and extended-
spectrum β-lactams, rates of gram-negative bacteremias declined, and the rates 
of gram-positive bacteremias reciprocally increased. Studies have supported 
the liberal and prompt use of empirical antimicrobials in febrile neutropenic 
patients, selecting drugs that are active against the most likely pathogens, 
considering the patients’ epidemiologic exposures and colonizing organisms, 
especially in the gastrointestinal tract.

The presentation of a febrile, neutropenic patient should immediately prompt 
the questions and considerations that are outlined in Table 265-4. The dif-
ferential diagnosis of fever in these cases should be influenced by local and 
hospital exposures and the type of preventive antibiotics the patient might 
be receiving that would have likely altered the composition of the gastrointestinal 
microbiome. The type and duration of immunodeficiency (i.e., the “net state 
of immunosuppression”) can alter overall risks. Specific organ dysfunction, 
such as underlying pulmonary disease or renal impairment, can predispose 
to	unique	infectious	syndromes	(see	later).	Epidemiologic	exposures	should	
be thoroughly explored. Current and previously administered antimicrobial 
drugs	affect	risks	for	specific	infections.	Especially	for	patients	who	are	hos-
pitalized in an acute care or chronic care facility or were recently hospitalized, 
it is useful to have information on colonizing organisms that may display 
complex resistance profiles, such as vancomycin-resistant enterococci and 
bacteria that express extended-spectrum β-lactamases or other resistance 
determinants (e.g., carbapenemases). Knowledge of recent colonization with 
these organisms or local institutional epidemiology should be considered when 
tailoring initial antibiotic management.

infectious risks is further broadened and prolonged when patients with these 
underlying immune defects are treated with cytotoxic drugs. Chemotherapies 
can also be deleterious to the function of other organs that are critical to host 
defense, especially the integrity of the gastrointestinal tract mucosal barrier 
and airway innate clearance mechanisms, posing additional susceptibilities 
to bacterial and fungal pathogens. Thus, the underlying malignancy itself and 
the specific therapies that are used to treat it combine to create the profile of 
the types of infections to which the patient is at risk, both acutely and 
chronically.

 Hematopoietic Stem Cell and Solid Organ Transplant Recipients
Hematopoietic stem cell transplantation (HSCT) (Chapter 168) exposes 
recipients to additional risks as a result of the agents used for conditioning 
therapy in preparation for the stem cell transplantation, variable rate and mag-
nitude of cellular engraftment, and, in recipients of allogeneic HSCT, admin-
istration of additional agents to reduce risks for graft-versus-host disease 
(GVHD). GVHD itself and the treatments used to modulate it create additional 
risk for infection. Organ dysfunction, loss of natural barriers (skin and gut), 
and neutropenia dictate enhanced early risks for infection with bacteria and 
fungi that inhabit the gastrointestinal tract; impaired humoral and secondary 
immunity enhance late risks for infections caused by viruses, fungi, and encap-
sulated bacteria, especially in people treated aggressively for GVHD.

Immunodeficiency in solid organ transplant recipients is mostly caused by 
the initiation and chronic maintenance requirements of immunosuppressive 
therapies to suppress T- and B-lymphocyte function and to decrease risks for 
early and late graft rejection (Chapter 43). Additional factors that can exac-
erbate overall risks for infection include the altered anatomy preoperatively 
and postoperatively, the surgical intervention itself, and the potential of infec-
tion transmitted from the graft itself (i.e., donor-derived infection).

It is important to keep in mind that transplant recipients have increased 
risks both for acute infection and for reactivation of latent infections after 
initiation of immunosuppression. Hence, pretransplantation evaluation should 
be focused on detection of latent herpesviruses (e.g., cytomegalovirus [CMV]) 
and other pathogens (e.g., M. tuberculosis) that can be transferred or reactivated 
with transplantation and immunosuppression.

The overall risk for infection in organ transplant recipients is determined 
by interactions between the patient’s (1) epidemiologic exposure and (2) 
“net state of immunosuppression.”2	 Epidemiologic	 exposure	 to	 viral	 infec-
tions (both reactivation and disease) enhance risks for other infections. For 
example, CMV infection (Chapter 346) is known to be a risk for additional 
infections by other microorganisms in recipients of both hematopoietic stem 
cell and solid organ transplant grafts. The “net state of immunosuppression” 
is a conceptual measure of all factors contributing to an individual patient’s 
risk for infection at any given time. Table 265-3 lists some of the clinical 
factors that influence the net state of immunosuppression. These include 
underlying medical conditions (e.g., diabetes mellitus, advanced age, malnu-
trition), the use of specific immunosuppressive therapies (and their poten-
tial synergisms), technical problems during surgery, post-transplantation 
organ dysfunction, the administration of broad-spectrum antibiotics, and 
prolonged airway intubation or use of urinary and vascular access. This 
concept, which originated from an understanding of solid organ trans-
plantation, can perhaps be applied to the care of all immunosuppressed  
patients.

An ever-increasing number of types of immunosuppressive therapies are 
frequently administered to patients with active connective tissue diseases and 
autoimmune conditions. These are outlined in Table 265-2. This population 
of patients is growing in importance with increasing use of biologic immune 

Candida. Bleeding and organ space collections such as urinomas and bilomas 
may become seeded and infected after surgery. Repeated surgery is a risk for 
both organ transplant recipients and patients with solid tumors. Patients with 
primary or metastatic lung cancer are susceptible to recurrent pneumonia. 
Patients with head and neck cancer and brain cancer are predisposed to aspira-
tion pneumonitis and pneumonia. The use of immunosuppressive medications 
following allogeneic hematopoietic cell or organ transplantation is obviously 
a risk factor. The consequences of prior infections, empirical antibiotics, and 
treatment of infections lead to unbalanced changes in the composition of the 
gastrointestinal microbiome (termed dysbiosis) that may reduce barriers to 
colonization with drug-resistant pathogens and alter infection risk.

The approach to the immunosuppressed patient requires detailed informa-
tion about the nature of the immunodeficiency and known related risks.1 
Table 265-2 outlines the specific immune defects in host responses that are 
associated with the types of conditions that characterize categories of medi-
cally immunosuppressed patients, including underlying condition and inter-
vention.	Especially	in	light	of	the	great	expansion	of	classes	of	immunomodulatory	
interventions currently available, knowledge of prior therapies received has 
become critically important in developing an informed approach to the com-
promised patient with suspected infection.

 Patients with Neoplastic Disease
In patients with malignancies, the underlying condition contributes importantly 
to determining infectious risks. For example, absolute neutropenia or leukocyte 
dysfunction occurs in the setting of specific malignancies (e.g., acute or chronic 
leukemias). In such cases, the risk for bacterial infections is enhanced, even 
in the absence of chemotherapy. In other underlying conditions, such as chronic 
lymphocytic leukemia, there are frequently quantitative defects in humoral 
host defense products, such as decreased immunoglobulins and components 
of the complement cascade that are bactericidal. Other types of phagocytic 
cells include circulating monocytes and tissue macrophages, the fixed mono-
nuclear cells of the reticuloendothelial system. These cells normally collaborate 
with helper T lymphocytes in defense against intracellular pathogens, such 
as mycobacteria, fungi, and some viruses and parasites. The spectrum of 

compromised host; invasive procedures, such as imaging guided biopsy, endo-
scopic procedures, and surgery may be required to establish a diagnosis.

 APPROACH TO THE PATIENT
Broadly speaking, the factors that predispose immunocompromised patients 
to infection can be divided into two categories: intrinsic host factors as a 
consequence of illness and factors associated with medical treatment. Intrinsic 
host factors include underlying immunodeficiencies, medical comorbidities, 
past infections, metabolic derangements, and poor nutritional status. For 
patients with cancer, mechanical obstruction from tumors can predispose to 
organ dysfunction, infection, and abscess formation. Tumors of the head and 
neck, respiratory track, gastrointestinal tract, and female genitourinary tract 
predispose to infections in and adjacent to those anatomic spaces. Patients 
with chronic progressive organ dysfunction and failure are predisposed to 
infection as a consequence of their illness. Structural lung problems, such as 
cavitary lung disease, are a risk for colonization and superinfection by Aspergil-
lus and nontuberculous mycobacteria. Progressive respiratory failure predisposes 
persons to pneumonia due to community-associated, healthcare-associated, 
and opportunistic pathogens. Progressive liver failure predisposes to fungal 
infections, including cryptococcosis. Immunodeficiency as a direct consequence 
of acquired immune system disorders, such as hematologic malignancies or 
bone marrow infiltration by metastasis of solid tumors, adds another layer of 
infection risk.

Medical treatment is the other major consideration that influences the risk 
for infection. Radiation therapy and cytotoxic chemotherapy of malignant 
disease directly or indirectly target cells of the immune system, leading to 
significant risk for infection. Physical and natural barriers, such as skin, mucosal 
membranes, uroepithelium, and ciliated respiratory epithelium, may be injured 
or impaired as a consequence of disease or treatment. Surgery and medical 
devices, such as central venous catheters, indwelling bladder catheters, and 
circulatory support devices, among others, predispose to infections from a 
range of nosocomial pathogens, including Staphylococcus aureus, coagulase 
negative staphylococci, the enterococci, enteric gram-negative bacteria, Pseu-
domonas aeruginosa, other multidrug-resistant gram-negative bacteria, and 

TABLE 265-2 CONDITIONS, INTERVENTIONS, AND IMMUNE DEFECTS TYPICALLY ENCOUNTERED IN COMPROMISED HOSTS
UNDERLYING CONDITION INTERVENTION TYPE OF DEFECT
Treatment of neoplastic 

diseases (particularly 
hematologic malignant 
neoplasms)

Underlying disease (without intervention) Defects in production of bone marrow cells associated with defects in 
cellular immunity and phagocytic function (e.g., cytopenias associated 
with bone marrow infiltration with malignant cells)

Cytotoxic chemotherapies Bone marrow suppression; defects in primary and secondary humoral and 
cellular immunity; breach in mucosal barriers (skin, gut); impairment in 
mucociliary clearance; defects in other organ function (e.g., kidney, liver)

Hematopoietic stem cell 
transplantation

Underlying disease, without intervention (e.g., hematologic 
malignant neoplasms)

Defects in primary and secondary humoral and cellular immunity; defects 
in phagocytic cell quantity and function

Cytotoxic conditioning therapy (± total body irradiation) Bone marrow suppression; defects in primary and secondary humoral and 
cellular immunity; breach in mucosal barriers; defects in organ function

Stem cell manipulation (e.g., T-cell depletion) Delay in cellular engraftment
Prophylaxis and treatment of graft-versus-host disease (e.g., 

corticosteroids, calcineurin inhibitors, antimetabolites, 
TNF-α antagonists)

Defective function in phagocytic cells and dysfunction of primary and 
secondary humoral and cellular immunity

Solid organ transplantation Underlying disease, without intervention (e.g., diabetes, 
end-stage liver disease)

Organ dysfunction and miscellaneous immune dysfunction

Induction therapies (e.g., corticosteroids, antilymphocyte 
globulin, splenectomy, anti–interleukin-2 Ab, anti-CD52 
Ab, calcineurin inhibitors

Depletion and impairment in primary and secondary cellular and humoral 
immunity

Surgical intervention and altered anatomy Breach in mucosal barriers; defects in organ function
Acute and chronic rejection prophylaxis and treatment (e.g., 

corticosteroids, calcineurin inhibitors, antimetabolites 
and alkylating agents, plasmapheresis, antithymocyte 
globulin, monoclonal antibodies to B and T cells, 
anticytokine therapies, T-cell costimulation blockers)

Defective function in phagocytic cells, primary and secondary humoral and 
cellular immunity

Treatment of collagen 
vascular and autoimmune 
diseases

Anti-inflammatory and immunosuppressive agents 
(corticosteroids, nonsteroidal anti-inflammatory drugs, 
calcineurin inhibitors, sirolimus, mycophenolate mofetil)

Defective function in phagocytic cells, primary and secondary humoral and 
cellular immunity

Antimetabolite and alkylating agents Bone marrow suppression, defects in primary and secondary humoral and 
cellular immunity

Biologic immune response modifiers (e.g., antithymocyte 
globulin, monoclonal antibodies to B and T cells, 
anticytokine therapies, T-cell costimulation blockers)

Defective function in primary and secondary humoral and cellular 
immunity

Ab = antibody; TNF-α = tumor necrosis factor-α.
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response modifiers (Chapters 32 and 33) that enhance risks for both reactiva-
tion of latent infection (e.g., M. tuberculosis and H. capsulatum) and severe 
manifestations of acute infection. Infectious risks should be considered in 
balancing need for these therapies and designing preventive regimens.

 FEVER IN THE COMPROMISED HOST
The onset of fever in an immunocompromised patient can be an ominous 
development. Depending on the nature and magnitude of the impaired host 
defenses, including comorbidities, a febrile response can indicate the onset 
of a life-threatening systemic infection. A diagnostic approach should be derived 
by careful consideration of the patient’s signs and symptoms of infection, 
exact form(s) of immunocompromise, and whether the patient is at heightened 
risk for reactivation of latent infection. Because infection can progress rapidly, 
particularly in patients with absolute neutropenia (see later), empirical anti-
microbial therapy is often indicated even before an infection is definitively 
identified.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
In the setting of disease-associated or chemotherapy-induced neutropenia, 
fever is typically an important and often the only clinical indication of infec-
tion. Some patients with neutropenia and serious infection, especially those 
who are elderly, may be afebrile or even hypothermic on presentation. The 
risk for bacterial infection increases proportionally with the decline in neu-
trophil count, especially with prolonged durations of significant neutropenia.3 
Infection rates increase with neutrophil levels below 1000 cells/µL, progres-
sively increasing as counts decline to less than 100 cells/µL. The duration 
of significant neutropenia is also an important determinant of the type of 
infection most likely to occur, with the risk for bacterial and fungal infections 
increasing with each successive week in which leukocyte counts are less than  
500 cells/µL.

The most common causes of fever during neutropenia used to be gram-
negative bacteria, usually originating in the gastrointestinal tract. In the 1990s, 
concurrent with the increased use of prophylactic and empirical antibiotics 
that covered gram-negative bacteria, especially quinolones and extended-
spectrum β-lactams, rates of gram-negative bacteremias declined, and the rates 
of gram-positive bacteremias reciprocally increased. Studies have supported 
the liberal and prompt use of empirical antimicrobials in febrile neutropenic 
patients, selecting drugs that are active against the most likely pathogens, 
considering the patients’ epidemiologic exposures and colonizing organisms, 
especially in the gastrointestinal tract.

The presentation of a febrile, neutropenic patient should immediately prompt 
the questions and considerations that are outlined in Table 265-4. The dif-
ferential diagnosis of fever in these cases should be influenced by local and 
hospital exposures and the type of preventive antibiotics the patient might 
be receiving that would have likely altered the composition of the gastrointestinal 
microbiome. The type and duration of immunodeficiency (i.e., the “net state 
of immunosuppression”) can alter overall risks. Specific organ dysfunction, 
such as underlying pulmonary disease or renal impairment, can predispose 
to	unique	infectious	syndromes	(see	later).	Epidemiologic	exposures	should	
be thoroughly explored. Current and previously administered antimicrobial 
drugs	affect	risks	for	specific	infections.	Especially	for	patients	who	are	hos-
pitalized in an acute care or chronic care facility or were recently hospitalized, 
it is useful to have information on colonizing organisms that may display 
complex resistance profiles, such as vancomycin-resistant enterococci and 
bacteria that express extended-spectrum β-lactamases or other resistance 
determinants (e.g., carbapenemases). Knowledge of recent colonization with 
these organisms or local institutional epidemiology should be considered when 
tailoring initial antibiotic management.

infectious risks is further broadened and prolonged when patients with these 
underlying immune defects are treated with cytotoxic drugs. Chemotherapies 
can also be deleterious to the function of other organs that are critical to host 
defense, especially the integrity of the gastrointestinal tract mucosal barrier 
and airway innate clearance mechanisms, posing additional susceptibilities 
to bacterial and fungal pathogens. Thus, the underlying malignancy itself and 
the specific therapies that are used to treat it combine to create the profile of 
the types of infections to which the patient is at risk, both acutely and 
chronically.

 Hematopoietic Stem Cell and Solid Organ Transplant Recipients
Hematopoietic stem cell transplantation (HSCT) (Chapter 168) exposes 
recipients to additional risks as a result of the agents used for conditioning 
therapy in preparation for the stem cell transplantation, variable rate and mag-
nitude of cellular engraftment, and, in recipients of allogeneic HSCT, admin-
istration of additional agents to reduce risks for graft-versus-host disease 
(GVHD). GVHD itself and the treatments used to modulate it create additional 
risk for infection. Organ dysfunction, loss of natural barriers (skin and gut), 
and neutropenia dictate enhanced early risks for infection with bacteria and 
fungi that inhabit the gastrointestinal tract; impaired humoral and secondary 
immunity enhance late risks for infections caused by viruses, fungi, and encap-
sulated bacteria, especially in people treated aggressively for GVHD.

Immunodeficiency in solid organ transplant recipients is mostly caused by 
the initiation and chronic maintenance requirements of immunosuppressive 
therapies to suppress T- and B-lymphocyte function and to decrease risks for 
early and late graft rejection (Chapter 43). Additional factors that can exac-
erbate overall risks for infection include the altered anatomy preoperatively 
and postoperatively, the surgical intervention itself, and the potential of infec-
tion transmitted from the graft itself (i.e., donor-derived infection).

It is important to keep in mind that transplant recipients have increased 
risks both for acute infection and for reactivation of latent infections after 
initiation of immunosuppression. Hence, pretransplantation evaluation should 
be focused on detection of latent herpesviruses (e.g., cytomegalovirus [CMV]) 
and other pathogens (e.g., M. tuberculosis) that can be transferred or reactivated 
with transplantation and immunosuppression.

The overall risk for infection in organ transplant recipients is determined 
by interactions between the patient’s (1) epidemiologic exposure and (2) 
“net state of immunosuppression.”2	 Epidemiologic	 exposure	 to	 viral	 infec-
tions (both reactivation and disease) enhance risks for other infections. For 
example, CMV infection (Chapter 346) is known to be a risk for additional 
infections by other microorganisms in recipients of both hematopoietic stem 
cell and solid organ transplant grafts. The “net state of immunosuppression” 
is a conceptual measure of all factors contributing to an individual patient’s 
risk for infection at any given time. Table 265-3 lists some of the clinical 
factors that influence the net state of immunosuppression. These include 
underlying medical conditions (e.g., diabetes mellitus, advanced age, malnu-
trition), the use of specific immunosuppressive therapies (and their poten-
tial synergisms), technical problems during surgery, post-transplantation 
organ dysfunction, the administration of broad-spectrum antibiotics, and 
prolonged airway intubation or use of urinary and vascular access. This 
concept, which originated from an understanding of solid organ trans-
plantation, can perhaps be applied to the care of all immunosuppressed  
patients.

An ever-increasing number of types of immunosuppressive therapies are 
frequently administered to patients with active connective tissue diseases and 
autoimmune conditions. These are outlined in Table 265-2. This population 
of patients is growing in importance with increasing use of biologic immune 

TABLE 265-3 FACTORS CONTRIBUTING TO THE “NET STATE 
OF IMMUNOSUPPRESSION”

Immunosuppressive therapy: type, temporal sequence, and intensity
Prior and current therapies (chemotherapy, radiation therapy, antimicrobial agents)
Integument barrier integrity (e.g., catheters, lines, drains)
Neutropenia, lymphopenia, hypogammaglobulinemia
Underlying immune defects (e.g., autoimmune disease, genetic polymorphisms)
Metabolic conditions: uremia, malnutrition, diabetes, cirrhosis, advanced age
Viral	infection	(e.g.,	herpesviruses	[CMV,	EBV],	HBV,	HCV,	HIV,	RSV,	influenza)
CMV =	cytomegalovirus;	EBV	=	Epstein-Barr	virus;	HBV	= hepatitis B virus; HCV = hepatitis C 
virus; HIV = human immunodeficiency virus; RSV = respiratory syncytial virus.
Adapted from Fishman JA. Infection in organ transplantation. Am J Transplant. 2017;17:856-879.

TABLE 265-4 APPROACH TO FEVER DURING 
CHEMOTHERAPY-INDUCED NEUTROPENIA

PAST AND CURRENT CLINICAL CONSIDERATIONS

What is the type and duration of immunologic deficiency?
Does the patient have any organ dysfunction that would predispose to particular 

infection?
Does the patient have any unique environmental or epidemiologic exposures?
What are the patient’s prior infections and colonizing organisms?
What are the current and recently administered antimicrobial agents?
Are there any specific presenting signs or symptoms that suggest a particular type of 

infection or syndrome?
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The onset of fever in a patient who is neutropenic or otherwise immuno-
compromised requires a prompt and thorough bedside evaluation. Particularly 
neutropenic patients may not be able to mobilize a sufficient number of leu-
kocytes to develop a clinically apparent inflammatory response. For example, 
they may not exhibit the expected brisk peritoneal signs of an acute abdomen, 
meningeal signs of a central nervous system (CNS) infection, or localized 
tenderness, swelling, and erythema for an abscess. This makes a careful and 
thorough physical examination and examination-guided imaging all the more 
important in these individuals. Beginning with examination of the head and 
neck, there should be a specific examination for evidence of CNS infection 
as well as a general evaluation of mental status. The oropharynx must be exam-
ined for evidence of pharyngitis and focal tenderness. Sinus membranes should 
be evaluated for the presence of erythema or necrosis. Complete examination 
of the heart, lung fields, and abdomen is critical, with attention to the potential 
presence of new murmurs, abnormal breath sounds, and intra-abdominal 
tenderness. The entire integument, including the perirectal area, should be 
examined. Severely neutropenic patients tend to get infections at either end 
of the gastrointestinal tract. Intravenous catheter exit sites and tunnels should 
be carefully inspected, and blood should be drawn through catheters for culture. 
Because classic signs of infection of catheter exit sites and tunnels can be 
absent or blunted in patients with neutropenia (with signs of infection present 
only after recovery of neutrophils), examination should be performed daily 
and with close scrutiny for evolving localized infection that may necessitate 
catheter removal.

Laboratory studies should be undertaken, with emphasis placed on proce-
dures that can yield prompt results, such as Gram stain of body fluids, exudates, 
or aspirates. Blood cultures and cultures of other body fluids should be obtained 
promptly, preferably before initiating empirical antibiotics. Routine blood 
work should include a complete blood count with differential, serum creatinine 
concentration, and liver function studies. Chest radiograph should be part of 
the initial evaluation even if the chest examination is normal, as should routine 
urinalysis. Because routine radiographs are insensitive for detection of small 
nodular lesions, especially those caused by filamentous fungi, computed 
tomography (CT) should be performed in evaluating persistent fever, especially 
in the presence of airway symptoms. Noninfectious causes of fever (e.g., drug 
fever) cannot be overlooked in neutropenic patients even though they might 
often require less urgent intervention. No biomarker has yet to be proved 
reliable in discriminating between severe infection and other causes of fever 
during neutropenia, although the utility of lipopolysaccharide-binding protein, 
interleukin-6	 and	 interleukin-8,	procalcitonin,	 soluble	TREM-1	(triggering	
receptor expressed on myeloid cells-1), and C-reactive protein, to name only 
a few, are being studied.

Multiple episodes of fever during prolonged hospitalization and neutropenia 
are	not	uncommon.	Each	episode	requires	comprehensive	assessment.	After	
a documented infection, it should not be assumed that a subsequent episode 
of fever is caused by recrudescence of the same pathogen.

TABLE 265-5 THE MULTINATIONAL ASSOCIATION FOR 
SUPPORTIVE CARE IN CANCER (MASCC) INDEX

COMPONENTS OF THE MASCC INDEX

CLINICAL CHARACTERISTIC SCORE*

Burden of illness (1 of the 3 options only):
 No or mild symptoms 5
 Moderate symptoms 3
 Severe symptoms 0
No hypotension (systolic BP >90 mm Hg) 5
No chronic obstructive pulmonary disease 4
Solid tumor or no prior fungal infection in patient with  

hematologic neoplasm
4

No dehydration (hydration with IV fluids not required) 3
Outpatient at onset of fever 3
Age <60 yr 2
*Maximum score: 26 (5 + 5 + 4 + 4 + 3 + 3 + 2). Low risk for complication = score ≥21; high risk 
for complication = score <21.
BP = blood pressure; IV = intravenous.
Data	from	Klastersky	J,	Paesmans	M,	Rubenstein	EB,	et	al.	The	Multinational	Association	for	
Supportive Care in Cancer risk index: a multinational scoring system for identifying low-risk febrile 
neutropenic cancer patients. J Clin Oncol. 2000;18:3038-3051.

An initial consideration in the management of fever during neutropenia is 
whether the patient requires hospitalization for therapy.4 Risk assessment is 
an integral part of early evaluation to determine whether outpatient therapy 
is feasible. Two risk assessment systems have been developed, and one, the 
Multinational Association of Supportive Care in Cancer (MASCC) risk index score 
(Table 265-5), has been validated as a useful predictor of outcome potentially 
assisting in identifying patients who can be treated with oral antibiotics and 
close monitoring at home rather than with inpatient therapy. However, other 
factors should be also considered in making this decision, such as the underly-
ing disease, anticipated duration of neutropenia, other comorbidities, prompt 
patient access to a hospital, and the clinical judgment of the treating provider. 
Guidelines from the American Society of Clinical Oncology and the Infectious 
Diseases Society of America provide a framework for programmatic consider-
ations and selection criteria for outpatient management of patients with febrile 
neutropenia (Fig. 265-1).5,6

Progression of infection can occur rapidly in neutropenic hosts. The very 
high mortality rates associated with bacteremia, especially that caused by gram-
negative bacteria, prompted the introduction of routine empirical therapies. 
Initial antibiotic choice should be tailored to patient and institutional variables, 
as outlined in Table 265-2 and Figure 265-2. In low-risk patients who can be 
potentially treated with oral antibiotics, A1   the combination of a fluoroquinolone 
such as ciprofloxacin with amoxicillin-clavulanate has been shown to be effec-
tive. In high-risk patients, admission for treatment and prompt administration 

TREATMENT 

of a broad-spectrum intravenous antibiotic regimen is necessary. The international 
Surviving Sepsis Campaign recommends starting antibiotics as quickly as pos-
sible, preferably within an hour of recognition of fever during neutropenia. 
Some studies indicate that delays in administering antibiotics may lead to 
prolonged hospital stays.

Early studies demonstrated that the combination of an antipseudomonal 
β-lactam and an aminoglycoside is effective. However, a meta-analysis showed 
that monotherapy with one of the newer broad-spectrum β-lactams is associ-
ated with better outcomes compared with the combination therapy. A2  Extended-
spectrum agents, such as third- and fourth-generation cephalosporins (e.g., 
cefepime), antipseudomonal penicillins, and carbapenems (e.g., meropenem), 
have been subsequently shown to be effective options administered as mono-
therapy, A3 

,
 A4  while the routine use of an aminoglycoside in combination may 

result in more toxicities and no better outcomes.
A controversial issue is if and when to start vancomycin in high-risk patients. 

While some advocates argue that resistant gram-positive infections (e.g., 
methicillin-resistant S. aureus) cause morbidity in neutropenic patients, several 
meta-analyses have shown that vancomycin does not reduce all-cause or 
infection-related mortality and may be associated with increased adverse effects, 
including nephrotoxicity and rash. Consequently, most guidelines do not support 
the routine administration of glycopeptides for febrile neutropenia. Neverthe-
less, empirical vancomycin use may be considered in specific clinical scenarios, 
such as documented or suspected catheter-related infection, gram-positive 
bacteremia pending final identification and susceptibility testing, colonization 
with methicillin-resistant S. aureus, sepsis with hemodynamic instability pending 
culture results, pneumonia, and soft tissue infection. Use of vancomycin should 
be reassessed within 2 to 3 days when initiated for one of these conditions; if 
cultures fail to identify a resistant gram-positive pathogen, intravenous van-
comycin should be discontinued.

Clinical response to the first few days of therapy is a critical determinant of 
the course of extended antimicrobial therapy. The median time to defervescence 
is shorter in low-risk than high-risk patients (2 days vs. 5 to 7 days). If patients 
are stable yet still febrile during a period of prolonged and severe neutropenia, 
clinical judgment is required in deciding whether to maintain the initial regimen 
or to switch to an alternative one.7 Even if patients become afebrile after 3 to 
5 days of antibiotic therapy and cultures are negative, data are inconclusive. A5  
Some authorities recommend continuing the broad-spectrum intravenous 
coverage until recovery of the absolute neutrophil count, although this may 
not be possible in patients with an expectedly prolonged period of neutropenia. 
Others believe that a switch to oral treatment is justifiable (e.g., a fluoroquino-
lone possibly paired with a β-lactam) if a low-risk patient defervesces and appears 
to be clinically stable. If the neutrophil count recovers to above 500 cells/µL 
and fever persists, clinical judgment must be used to define ongoing need for 
antimicrobial therapy while a search for the cause of the fever is continued. 
Clinical deterioration should trigger consideration of infections resistant to the 
empirical regimen.

Causes of persistent fever can be either infectious or noninfectious. Nonin-
fectious causes include drug reactions, transfusion reactions, pulmonary emboli, 
splenic infarcts, and the underlying malignant disease. Persistent fever may 
indicate infection by a microorganism that is resistant or not covered by the 
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Identification of candidates for outpatient management
Assess level of risk for serious medical complications associated with febrile neutropenia, using

clinical judgment, or a validated risk assessment tool

Triage patients with fever seeking emergency medical
care within 6 weeks of receiving chemotherapy

• Assume bacterial infection
• Document fever (≥38.3°C) and draw pretreatment blood

samples

Conduct systematic assessment to maximize chances of
establishing clinical and microbiologic diagnoses that may

affect antibacterial choice and prognosis

Administer empirical antibiotics

Within 15 minutes
of triage

Within 1 hour
of triage

PART I

PART II

High risk: presence of clinical
risk factors (significant

comorbidities) or MASCC score
<21 (Table 265-5) or Talcott’s

groups 1–3 (Table 265-6)

Low risk: low risk by clinical judgment (absence of
significant comorbidities) or MASCC score ≥21 (or Talcott’s
group 4; Table 265-6) Consider outpatient management of
CISNE tool (Table 265-7) for “low-risk” patients with solid 
tumors who have undergone mild-to moderate-intensity

chemotherapy and appear to be clinically stable

Candidate for
inpatient

management

CISNE score 1 to 2:
Candidate for

outpatient
management

CISNE score ≥3:
Candidate for

inpatient
management

Assessment and confirmation of patient’s
logistic and psychosocial supports

Candidate for outpatient management:
• Administer the first dose of empiric therapy in the clinic, emergency department, or hospital department
• Oral empiric therapy with a fluoroquinolone (i.e., ciprofloxacin or levofloxacin) plus amoxicillin/
   clavulanate (or plus clindamycin for those with a penicillin allergy) is recommended
• Patients should be observed for ≥4 hours before discharge

FIGURE 265-1. Summary of recommendations for outpatient management of fever and neutropenia in adults treated for malignancy. CISNE = Clinical Index of Stable Febrile 
Neutropenia; MASCC = Multinational Association for Supportive Care in Cancer. (Modified from Taplitz RA, Kennedy EB, Bow EJ, et al. Outpatient management of fever and neutropenia 
in adults treated for malignancy: American Society of Clinical Oncology and Infectious Diseases Society of America clinical practice guideline update. J Clin Oncol. 2018;36:1443-1453.)

empirical antibiotics chosen, or a loculated site of infection such as an abscess 
that also requires drainage for cure. Alternatively, nonbacterial pathogens should 
be considered, such as fungi (especially Candida and Aspergillus species), and 
should prompt evaluation and consideration of antifungal empirical therapies 
in the setting of fever that persists more than 4 to 7 days. Many drugs have 
been evaluated and shown to be effective in this setting, including azole drugs, 
echinocandins, and polyenes. A6 

Persistently compromised hosts may remain febrile for weeks without iden-
tification of the cause. For a patient with persistent fever in whom no pathogen 
is identified, the duration of therapy should be based on integration of clinical 
data and the best estimate of the direction of the host’s course. As indicated 
previously, therapy can be discontinued in stable, afebrile patients, assuming 
that the absolute neutrophil count exceeds 500 cells/µL. If broad-spectrum 

antibacterial therapy is to be discontinued, the patient should be monitored 
carefully thereafter. For patients whose neutrophil counts remain at levels less 
than 500 cells/µL, particularly the subset with severe profound neutropenia of 
less than 100 cells/µL, it is prudent to continue empirical antibacterial and 
antifungal therapy, with reappraisal of all diagnostic measures. Proposed man-
agement algorithms for the use of empirical antimicrobials for febrile neutropenic 
patients after 2 to 4 days of empirical antimicrobial therapy and after 5 days 
of persistent fevers are shown in Figures 265-3 and 265-4, respectively.

The use of granulocyte colony-stimulating factors for the prevention of febrile 
neutropenia is discussed in Chapter 158. For the management of established 
fever in neutropenic patients and for the use of myeloid growth factors in 
patients with malignancies, evidence-based guidelines have been published 
by the American Society of Clinical Oncology and by the Infectious Diseases 
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 CUTANEOUS SYNDROMES
Cutaneous manifestations can provide a clue to bacteremia, and aspiration 
and culture of suspicious lesions can be as valuable as a blood culture. Ascend-
ing streptococcal or staphylococcal cellulitis can occur in both immuno-
compromised10 and immunocompetent patients. Metastatic abscesses are a 
well-recognized complication of the S. aureus bacteremia syndrome. Necrotizing 
vasculitis is classically associated with P. aeruginosa infections; its cutaneous 
lesion of ecthyma gangrenosum is an erythematous, indurated target or “bull’s-
eye” lesion with an area of central necrosis that can appear in crops (Fig. 265-5 
and Chapter 412). However, other gram-negative endotoxin-producing bacteria 
have been associated with similar cutaneous lesions.

Cutaneous mycobacterial infections can occur in patients with chronic T-cell 
deficiency and impaired cell-mediated immunity following HSCT or solid 
organ transplantation or as a consequence of treatment with TNF antagonists. 
Nontuberculous mycobacteria typically cause tender, erythematous nodular 
lesions that may ulcerate. They can arise either following direct inoculation 
(e.g., following trauma or cosmetic surgery) or, typically in immunocompromised 

Fever and Neutropenia

Low risk*

* Low Risk = anticipated neutropenia ≤7 days and clinically stable and no medical comorbidities.
† High Risk = anticipated neutropenia >7 days, or clinically unstable, or any medical comorbidities.
‡ If able to tolerate and absorb; caregiver, access, and transportation are available; patient and physician decide.
§ If there is documented infection requiring IV antibiotics; there is gastrointestinal intolerance; patient and
   physician decide.
¶ Empiric antibiotic monotherapy with any of the following: piperacillin/tazobactam, or carbapenem, or ceftazidime,
   or cefepime.
** For example: vancomycin and linezolid for cellulitis or pneumonia; add aminoglycoside and switch to carbapenem for
    pneumonia or gram negative bacteremia; metronidazole for abdominal symptoms of suspected C. difficile infection.

Outpatient
antibiotics‡

Oral ciprofloxacin
amoxicillin/
clavulanate

Observe 4-24 hours in clinic to
ensure that empiric antibiotics

are tolerated and patient
remains stable prior to

discharge for outpatient
therapy

If responding and
criteria met for

outpatient
management

Adjust antimicrobials based on
specific clinical, radiograph

and/or culture data**

Inpatient IV
antibiotics§

Inpatient IV
antibiotics¶

High risk†

FIGURE 265-2. Initial management of fever (≥38.3° C) and neutropenia (≤0.5 × 109 cells/mL). Limited data to support recommendation. IV = intravenous. (Modified from Freifeld 
AG, Bow EJ, Sepkowitz KA, et al. Clinical practice guideline for the use of antimicrobial agents in neutropenic patients with cancer: 2010 update by the Infectious Diseases Society of 
America. Clin Infect Dis. 2011;52:e56-e93.)

TABLE 265-7 THE CLINICAL INDEX OF STABLE FEBRILE 
NEUTROPENIA (CISNE)

EXPLANATORY VARIABLE NO. OF POINTS
Eastern	Cooperative	Oncology	Group	

performance status ≥ 2
2

Chronic obstructive pulmonary disease 1
Chronic cardiovascular disease 1
National Cancer Institute Common 

Toxicity Criteria mucositis of grade ≥ 2
1

Monocytes < 200/µL 1
Stress-induced hyperglycemia 2
The six variables are integrated into a score ranging from 0 to 8, which classifies patients into three 
prognostic classes: low risk (0 points), intermediate risk (1 to 2 points), and high risk (≥3 points).
Adapted	from	Taplitz	RA,	Kennedy	EB,	Bow	EJ,	et	al.	Outpatient	management	of	fever	and	
neutropenia in adults treated for malignancy: American Society of Clinical Oncology and Infectious 
Diseases Society of America clinical practice guideline update. J Clin Oncol. 2018:36:1443-1453.

TABLE 265-6 TALCOTT’S GROUP CLASSIFICATION
GROUP CHARACTERISTIC
I Inpatients (at the time of fever onset)
II Outpatients with acute comorbidity requiring, by itself, hospitalization
III Outpatients without comorbidity but with uncontrolled cancer
IV Outpatients with cancer controlled and without comorbidity
Adapted	from	Taplitz	RA,	Kennedy	EB,	Bow	EJ,	et	al.	Outpatient	management	of	fever	and	
neutropenia in adults treated for malignancy: American Society of Clinical Oncology and Infectious 
Diseases Society of America clinical practice guideline update. J Clin Oncol. 2018:36:1443-1453.

Society of America.8,9 The guidelines generally agree, and they support the use 
of colony-stimulating factors in similar circumstances that indicate high risk 
for infection-associated complications and poor clinical outcomes, such as in 
patients with anticipated long and profound durations of neutropenia, advanced 
age, uncontrolled primary disease, hemodynamic compromise, pneumonia, 
and invasive fungal infections.

Table 265-8 summarizes some of the most common infectious and noninfec-
tious syndromes that involve the skin, lungs, gastrointestinal tract, and nervous 
system in immunocompromised patients, and they are discussed next.
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lesions, but usually fewer in number and more often with some component 
of central necrosis. Other filamentous fungi, namely, those with which infec-
tion is characterized by a high fungal burden, such as Fusarium species, typically 
cause more skin lesions in multiple stages of evolution, ranging from papules 
to larger erythematous lesions with central necrosis. Multiple filamentous 
fungi such as Aspergillus species and Zygomycetes can also cause primary 
cutaneous lesions, especially with a breech in skin integrity. Infection with 
Cryptococcus neoformans can be accompanied by cutaneous involvement, with 
manifestations ranging from molluscum-like lesions to primary cutaneous 
cellulitis, which may be especially common in solid organ transplant recipients. 
Cutaneous lesions are an opportunity to establish diagnosis through aspira-
tion, biopsy, and culture.

Morbilliform eruptions or maculopapular exanthems are frequent in neu-
tropenic patients and transplant recipients. They can be caused by drug reac-
tions, GVHD, and numerous viral infections. Primary infection and reactivation 
with	herpesviruses	such	as	CMV	and	Epstein-Barr	virus	can	be	accompanied	
by rashes. Human herpesvirus 6, the primary cause of roseola infantum in 
childhood, leads to latency and can cause disease in immunocompromised 
hosts both by reactivation and by primary infection. Disease can be accom-
panied by fever, rash, myelosuppression, and involvement of other organ systems 
(e.g., CNS). In immunocompromised patients, adenovirus can be both primarily 
acquired, usually through the respiratory tract, and reactivated; it causes fever, 
rash, and potentially disease involving multiple organ systems (lungs, gastro-
intestinal tract, kidneys, liver, CNS). In HSCT recipients, the constellation 
of fever, rash, diarrhea, and hepatitis may be confused for severe GVHD. 
Parvovirus B19 infection can be severe in immunocompromised hosts and 

patients, as a consequence of disseminated disease and hematogenous seeding 
(Chapter 309). Important species include rapidly growing nontuberculous 
mycobacteria (i.e., Mycobacterium chelonae, Mycobacterium abscessus, and Myco-
bacterium fortuitum), Mycobacterium haemophilum often with concurrent 
pulmonary disease, and Mycobacterium marinum following fresh or salt water 
exposures (Fig. 265-6). M. tuberculosis is a rare cause of skin disease but should 
be considered with suggestive epidemiology; it can arise due to contiguous 
spread, for example, from an infected lymph node (e.g., scrofuloderma), or 
with disseminated infection (e.g., lupus vulgaris).

Nocardia species are another important cause of skin and subcutaneous 
infections in immunocompromised and noncompromised hosts (Chapter 
314). Nocardia are environmentally ubiquitous saprophytes found in the soil 
and can cause local infection following direct inoculation; however, cutaneous 
nocardiosis may also be the first sign of systemic disease in immunocompromised 
hosts. Identification of Nocardia skin or soft tissue infection in immuno-
compromised patients, particularly in those with no history of penetrating 
trauma, should prompt evaluation of disseminated infection, including imaging 
of the lungs and brain. Cutaneous nocardiosis can be variable in presentation, 
including subcutaneous nodules (often with a sporotrichoid-like lymphocu-
taneous distribution), ulcers, abscesses, pyoderma, and cellulitis.

In the neutropenic host, disseminated fungal infections may be initially 
recognized by characteristic cutaneous lesions. Disseminated candidiasis in 
such individuals can present with diffuse maculopapular, erythematous, and 
sometimes tender lesions. The appearance of cutaneous lesions typically changes 
in character with engraftment of neutrophils (Fig. 265-7). Disseminated infec-
tions caused by filamentous organisms such as Aspergillus species cause similar 

Day 2–4 after empirical antibiotic therapy

LOW RISK HIGH RISK

Unexplained fever Unexplained fever

• Persistent fever
• Clinically unstable

• Defervesced
• Cultures negative

Documented
infection

• Persistent fever
• Stable clinically

• Defervesced
• Cultures negative

Hospitalize (if
outpatient) for

broad-spectrum IV
antibiotics

Continue oral or IV
antibiotics until ANC

>0.5 × 109 cells/L
and rising

Modify antibiotics
according to culture

results and/or
infection site

No changes in
empirical antibiotics

Assess for
infection sites

Continue antibiotics
until ANC

>0.5 × 109 cells/L
and rising

Modify antibiotics
according to culture

results and/or
infection site

Continue antibiotics for 7- to 14-day
course as appropriate for documented

infection, or longer, i.e., until
ANC >0.5 × 109 cells/L and rising

Responding Nonresponding

Recurrent fever
during persistent

neutropenia

• Examine and re-image (CT, MRI) for new
   or worsening sites of infection
• Culture/biopsy/drain sites of worsening
   infection: assess for bacterial, viral, and
   fungal pathogens
• Review antibiotic coverage for adequacy
   of dosing and spectrum
• Consider adding empirical antifungal
   therapy
• Broaden antimicrobial coverage for
   hemodynamic instability

FIGURE 265-3. Reassessment after 2 to 4 days of empirical antibiotic therapy. ANC = absolute neutrophil count; CT = computed tomography; IV = intravenous; MRI = magnetic reso-
nance imaging. (Modified from Freifeld AG, Bow EJ, Sepkowitz KA, et al. Clinical practice guideline for the use of antimicrobial agents in neutropenic patients with cancer: 2010 update 
by the Infectious Diseases Society of America. Clin Infect Dis. 2011;52:e56-e93.)



CHAPTER 265 SUSPECTED INFECTION IN THE IMMUNOCOMPROMISED HOST1822

the absence of radiographic abnormalities initially. While opportunistic infec-
tions are always a consideration, pneumonia in immunocompromised patients 
is more often caused by community-acquired pathogens such as pneumococci 
and Haemophilus influenzae that can cause lobar or diffuse pneumonia. Patients 
on ventilators are at risk for secondary gram-negative bacillary pneumonia or 
staphylococcal pneumonia.

Opportunistic fungi have been increasingly recognized as causes of lung 
infection in immunocompromised neutropenic patients and transplant recipi-
ents.	Epidemic	mycoses	such	as	blastomycosis,	coccidioidomycosis,	and	his-
toplasmosis may be manifested as acute pneumonia after recent exposure in 
immunocompromised patients, making a travel history mandatory. Although 
Candida species commonly colonize indwelling vascular and urinary catheters, 
candidal pneumonia is unusual in the absence of systemic candidiasis. Although 
classically associated with an “interstitial pattern” of lung infiltration, Pneumo-
cystis species pneumonia can be manifested as local consolidation or pulmonary 
nodules, exhibiting granulomatous inflammation on pathologic examination. 
Filamentous fungi, including Aspergillus, Zygomycetes, Fusarium species, and 
Scedosporium species, are challenging to treat. From an initial focus, Aspergillus 
infection can spread through the pulmonary vasculature, which sets the stage 
for localized hemorrhage, creating a halo sign on CT scan, and infarction and 
necrosis. This can progress to cavitary lesions. Invasive pulmonary aspergillosis 
is usually caused by Aspergillus fumigatus and can be very difficult to identify 
specifically by conventional methods for detecting fungal infections. Fluorescent 
in situ hybridization–based molecular methods will be a promising approach.11 
These organisms can also cause primary airway disease, presenting with features 
typical of tracheobronchitis, with or without findings apparent on CT scan. 
This infection is particularly well described in lung transplant recipients, who 
may also have involvement of the bronchial anastomosis.

associated with fever, rash, and manifestations of hemophagocytosis, although 
there are other infectious causes of hemophagocytic syndromes as well (Chapter 
160). The characteristic vesicular rash of varicella reactivation is relatively 
frequent in stem cell and solid organ transplant recipients with chronic T-cell 
deficiencies, especially in the absence of antiviral prophylaxis. Disseminated 
disease in immunocompromised patients is associated with high mortality 
rates unless prompt antiviral therapy is initiated. Antivirals administered as 
prophylaxis in high-risk HSCT and solid organ transplant recipients can 
decrease both early morbidity and late mortality associated with herpes simplex 
virus (HSV), varicella-zoster virus (VZV), and CMV disease, although drug-
related toxicities must be considered in risk-benefit calculations.

There are numerous noninfectious causes of rashes and lesions that are 
common in immunocompromised individuals, particularly drug-induced 
hypersensitivity syndromes that can be both mild and severe, and rarely pro-
gress to life-threatening toxic epidermal necrolysis.

Sweet syndrome, or acute febrile neutrophilic dermatosis, is characterized 
by skin lesions with neutrophilic infiltration in the dermis (see Fig. 411-23). 
It may appear during impending neutrophil recovery, treatment with granu-
locyte colony-stimulating factor, associated with numerous drugs, or as a 
paraneoplastic manifestation, particularly in hematologic malignancies (most 
commonly acute myelogenous leukemia). Biopsy with appropriate microbial 
stains and culture is essential to distinguish these lesions from infectious causes 
of ecthyma gangrenosum and other disseminated infections, such as those 
caused by mycobacteria, Nocardia, and fungi.

 RESPIRATORY SYNDROMES
Pneumonia should be suspected in a patient who has respiratory symptoms 
as manifested by cough, shortness of breath, chest pain, and hypoxia, even in 

High-risk patient with prolonged (>4 days) fever

• Daily examination and history
• Blood cultures – repeat on limited basis
• Cultures for any suspected sites of infection

Unexplained fever
• Clinically stable
• Rising ANC: Myeloid
   recovery imminent

Unexplained fever
• Clinically stable
• Myeloid recovery not
  imminent
• Consider CT scan
   sinuses and lungs

Documented infection
• Clinically unstable
• Worsening signs and
   symptoms of infection

Observe;
No antimicrobial changes

unless clinical,
microbiologic, or

radiographic data suggest
new infection

Receiving
fluconazole (anti-
yeast) prophylaxis

Receiving
anti-mold

prophylaxis

• Examine and re-image (CT, MRI) for
   new or worsening sites of infection
• Culture/biopsy/drain sites of worsening
   infection: assess for bacterial, viral, and
   fungal pathogens
• Review antibiotic coverage for
   adequacy of dosing and spectrum
• Consider adding empirical antifungal
   therapy
• Broaden antimicrobial coverage for
   hemodynamic instability

Preemptive approach;
start antifungal based upon
results of:
• CT scans chest/sinuses
• Serial serum
  galactomannan tests

Empirical antifungal therapy
with anti-mold coverage:
• echinocandin
• voriconazole
• amphotericin B
   preparation

Empirical antifungal
therapy:
• Consider switch to a
   different class of
   mold active
   antifungal

FIGURE 265-4. High-risk patient with fever after 4 days of empirical antibiotics. ANC = absolute neutrophil count; CT = computed tomography; IV = intravenous; MRI = magnetic 
resonance imaging. (Modified from Freifeld AG, Bow EJ, Sepkowitz KA, et al. Clinical practice guideline for the use of antimicrobial agents in neutropenic patients with cancer: 2010 
update by the Infectious Diseases Society of America. Clin Infect Dis. 2011;52:e56-e93.)
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such as histoplasmosis, warranting enhanced screening and a high level of 
suspicion for disease.

A particularly common concern is reactivation pneumonitis caused by 
members of the herpesvirus family, especially CMV, which occurs most fre-
quently in the setting of chronic T-cell depression associated with transplanta-
tion. Respiratory viruses, which infect immunocompromised hosts with the 

There is a high risk for severe pulmonary infection caused by reactivation 
of M. tuberculosis in people who are treated with biologic immune response 
modifiers (Chapter 33), especially TNF antagonists, in the setting of auto-
immune or other inflammatory diseases, such as rheumatoid arthritis, psoriasis, 
and inflammatory bowel diseases. The same patients are also at increased risk 
for invasive fungal infections, including reactivation of endemic infections 

TABLE 265-8 COMMON INFECTIOUS AND NONINFECTIOUS SYNDROMES IN IMMUNOCOMPROMISED HOSTS
PRIMARY 
ORGAN SYSTEM BACTERIA FUNGI VIRUSES

PARASITES AND 
PROTISTS NONINFECTIOUS

Cutaneous Disseminated gram-positive and 
gram-negative bacteria, e.g.,
Staphylococcus aureus
Pseudomonas aeruginosa

Mycobacterium spp
Nocardia spp

Candida spp.
Filamentous fungi, e.g.,

Aspergillus spp
Zygomycetes
Fusarium spp
Scedosporium spp

Cryptococcus spp

Herpes simplex
Varicella-zoster
CMV
HHV-6
Adenovirus
Parvovirus B19

Leishmania spp
Acanthamoeba
Naegleria fowleri
Balamuthia mandrillaris

Drug eruptions
GVHD
Sweet syndrome

Sinopulmonary Gram-positive and gram-negative 
causes of sinusitis and pneumonia
S. aureus
Streptococcus pneumoniae
P. aeruginosa
Haemophilus influenzae
Anaerobes
Legionella

Nocardia spp
Mycobacterium spp

Filamentous fungi, e.g.,
Aspergillus spp
Zygomycetes
Fusarium spp
Scedosporium spp

Cryptococcus spp
Endemic	fungi,	e.g.,

Histoplasma capsulatum
Coccidioides immitis
Blastomyces dermatitidis

Pneumocystis jiroveci

Respiratory viruses, e.g.,
RSV
Parainfluenza
Influenza
Adenovirus

Reactivation herpes 
viruses, e.g., CMV, 
VZV

Toxoplasma gondii
Strongyloides stercoralis 

hyperinfection 
syndrome

Drug-related pulmonary 
toxicities

Pneumonitis (sirolimus)
Diffuse alveolar damage
Bronchiolitis obliterans 

syndromes

Gastrointestinal Neutropenic enterocolitis (“typhlitis”)
Mixed gram-positive, gram-

negative, anaerobes (Bacteroides 
fragilis, Clostridium septicum)
Clostridium difficile colitis

Enteric	diarrheal	pathogens
Salmonella spp
Shigella spp
Escherichia coli
Campylobacter spp

Candida spp.
Microsporidia

CMV
EBV-PTLD
Adenovirus
Coxsackievirus
Rotavirus
Norovirus

Cryptosporidium
Giardia lamblia
Cystoisospora belli
Cyclospora cayetanensis
Strongyloides stercoralis

Drug-related toxicities, e.g., 
MMF

Neurologic Gram-positive and gram-negative 
bacteria
Listeria monocytogenes
Pneumococcus
Meningococcus

Nocardia spp
Mycobacterium tuberculosis
Syphilis

Filamentous fungi
Cryptococcus spp

Herpes viruses
HSV
HHV-6
VZV

JC virus
West Nile virus
Miscellaneous viral 

encephalitides

Toxoplasma gondii
Acanthamoeba
Naegleria fowleri
Balamuthia mandrillaris

Drug-related toxicities, e.g.,
calcineurin inhibitor toxicity
PRES
carbapenem-related seizures
voriconazole CNS toxicity
Cefepime-induced 

encephalopathy

CMV =	cytomegalovirus;	EBV-PTLD	=	Epstein-Barr	virus–post-transplantation	lymphoproliferative	disorder;	GVHD	= graft-versus-host disease; HHV-6 = human herpes virus 6; HSV = herpes simplex virus; 
MMF =	mycophenolate	mofetil;	PRES	= posterior reversible encephalopathy syndrome; RSV = respiratory syncytial virus; VZV = varicella-zoster virus.

A B

FIGURE 265-5. Ecthyma gangrenosum. A 28-year-old woman with fever and neutropenia while receiving chemotherapy for acute leukemia developed several tender edematous 
papules on her thighs. A, Central crust and surrounding erythema are shown. B, The papules became necrotic during 1 to 2 days, with the formation of black, well-demarcated eschar. 
Cultures from blood and the necrotic eschar grew Pseudomonas aeruginosa. (© DermAtlas; http://www.DermAtlas.org.)

http://www.dermatlas.org/
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Because acute and chronic diarrhea in immunocompromised patients can 
be caused by a wide array of bacterial, viral, and protozoal pathogens with 
broadly overlapping clinical presentations, multiplex molecular panels that have 
the capability of rapidly detecting one to two dozen potential gastrointestinal 
pathogens have become important diagnostic tools in recent years. Caution 
should be exercised in interpretation, however, because a positive result may 
reflect active infection or asymptomatic colonization. The small intestine is 
the primary location of calcineurin inhibitor (e.g., cyclosporine, tacrolimus) 
absorption and metabolism; elevated blood concentrations of calcineurin inhibi-
tors to toxic levels may be a sign of enteritis, for example, due to rotavirus 
or Cryptosporidium, perhaps as a consequence of altered drug metabolism.

CMV is a major cause of gastrointestinal disease in transplant recipients 
and increasingly recognized in patients with impaired cell-mediated immunity 
not due to transplantation or AIDS (Chapter 352). It can involve the entire 
digestive tract from esophagus to anus, and patients typically present with 
signs and symptoms of disseminated disease, including fever, malaise, and 
bone marrow suppression (i.e., a mononucleosis-like syndrome). Symptoms 
of CMV gastritis, enteritis, and colitis include anorexia, nausea, abdominal 
discomfort, and diarrhea. CMV infection also causes mild elevations in hepatic 
enzymes and, rarely, fulminant hepatitis or pancreatitis, typically in the context 
of primary infection after liver transplantation or pancreas transplantation, 
respectively. Most laboratories use molecular assays (CMV nucleic acid ampli-
fication assays or CMV pp65 antigenemia assays) to establish a diagnosis 
of CMV gastrointestinal disease. However, sensitivity of these assays can 
occasionally be very low or undetectable because of tissue-invasive disease 
that is isolated (“compartmentalized”) to the alimentary tract. In these cases, 
endoscopy is required to establish a diagnosis. Indeed, because colitis and diar-
rhea in immunocompromised patients can be caused by such a wide range of 
problems,	including	multiple	infections,	focal	Epstein-Barr	virus–associated	
post-transplantation lymphoproliferative disorder, GVHD, and drug-induced 
toxicity, uncertainty in diagnosis or failure of response to appropriate treat-
ment requires further evaluation with endoscopy.

same frequency as the general population, cause lower respiratory tract disease 
and pneumonitis more frequently in hosts with suppressed cellular immunity. 
Patients who have defects in cellular immunity typically exhibit higher viral 
loads and prolonged shedding, causing concern for the emergence of antiviral 
resistance and infection control.12

Noninfectious causes of pulmonary infiltrates in immunosuppressed hosts 
include early complications of chemotherapy administration (e.g., diffuse 
alveolar damage and hemorrhage) and late complications of GVHD and organ 
rejection (e.g., bronchiolitis obliterans syndromes). Certain drugs that are 
frequently administered in these populations of patients, like sirolimus, can 
cause direct lung toxicity.

 GASTROINTESTINAL SYNDROMES
Diarrhea in an immunocompromised host can be caused by a wide variety of 
infectious and noninfectious etiologies,13 including conventional enteric patho-
gens such as Salmonella (Chapter 292), Shigella (Chapter 293), and Campy-
lobacter (Chapter 287). Currently and recently hospitalized patients who have 
received courses of antibiotic treatment are commonly infected with Clostridium 
difficile (Chapter 280). C. difficile colitis can be both severe and persistent in 
immunosuppressed hosts. More recently, norovirus has emerged as an impor-
tant cause of chronic gastroenteritis in immunocompromised patients, in whom 
diagnoses have been commonly elusive and misapplied to noninfectious syn-
dromes (e.g., GVHD), and outcomes can be poor (Chapter 356). Several 
intestinal protozoa are associated with diarrhea in compromised patients.14 
Three acid-fast staining protozoa, Cryptosporidium species, Cystoisospora belli, 
and Cyclospora cayetanensis, are associated with predisposing impairments in 
cell-mediated immunity (see Chapters 329 and 332). Giardia lamblia is clas-
sically associated with hypogammaglobulinemia. The Microsporidia are a 
family of eukaryotic obligate intracellular parasites once thought to be protozoa 
but more recently placed taxonomically closer to fungi. In addition to causing 
diarrhea in immune-suppressed patients, they are distinguished by the ability 
to cause extraintestinal disease in virtually any other organ.

A B C

FIGURE 265-6. Mycobacterium marinum. A 20-year-old man with Crohn disease receiving infliximab developed progressively worsening nonhealing foot ulcers following trauma 
and exposure to brackish water 2 years earlier. Biopsy cultures of the ulcer grew Mycobacterium marinum. A, Two necrotic ulcers with central eschars, surrounding erythema, and pedal 
edema at the time of diagnosis. B, After 1 month of treatment, granulation tissue is evident in the base of the ulcer, and erythema and edema are reduced. C, After 10 months of treat-
ment, the ulcers have closed with residual scars and hyperpigmentation. 

A B

FIGURE 265-7. Disseminated candidiasis. A 60-year-old woman with fever during neutropenia that developed after receipt of therapy for acute leukemia developed tender papular 
lesions on her extremities, trunk, and back. A, Blood cultures returned positive for Candida tropicalis. B, After resolution of neutropenia, lesions developed a more pustular 
appearance. 



Individuals who have received long courses of chemotherapy, radiation, 
and antibiotics commonly experience Candida mucosal overgrowth in the 
mouth and esophagus. HSV and CMV can cause symptoms identical to those 
of Candida esophagitis. In severely neutropenic patients, anaerobic streptococci 
and gram-negative pathogens such as P. aeruginosa can cause severe mucositis 
and pharyngitis. In cancer patients, these organisms take advantage of the 
cytotoxic effects of chemotherapy, which promotes sloughing of mucosal 
surfaces and subsequently predisposes to infection. Neutropenic patients may 
also develop enterocolitis that can be of mixed anaerobic and aerobic bacterial 
origin. Neutropenic enterocolitis, also known as typhlitis or ileocecal syndrome, 
results from chemotherapeutic damage to the intestinal mucosa in the setting 
of neutropenia. Presentation usually includes fever, abdominal pain, nausea, 
vomiting, and diarrhea. Because neutropenic enterocolitis can rapidly progress 
to intestinal perforation, sepsis, and multisystem organ failure, prompt diag-
nosis and aggressive medical or surgical intervention are required.

 NEUROLOGIC SYNDROMES
Brain abscess or meningitis can be caused in immunocompromised patients 
by gram-positive or gram-negative bacteria as well as by anaerobes.15 Listeria 
monocytogenes is a particularly common cause of meningitis in these patients. 
Encapsulated	 bacteria	 such	 as	 pneumococci	 and	 staphylococci	 can	 cause	
metastatic CNS disease and meningitis. In patients with impaired cell-mediated 
immunity, C. neoformans is likewise a leading cause of CNS infection, usually 
presenting as cryptococcal meningitis or meningoencephalitis and sometimes 
as parenchymal mass lesions of the brain. Aspergillus species can infect the 
CNS both by direct sinus invasion and by hematogenous spread. Patients 
with impaired cellular immunity can develop CNS infection with Toxoplasma 
gondii, M. tuberculosis, H. capsulatum, or Nocardia species, either through severe 
infection by latent organisms or by reactivation. CNS syphilis should also be 
considered in patients with severe immunologic impairment.

Among the many viral etiologies of meningoencephalitis in immuno-
compromised individuals are enteroviruses, measles, neurotropic herpesvi-
ruses (HSV-1, CMV, VZV), and human herpesvirus 6. Progressive multifocal 
leukoencephalopathy caused by JC polyomavirus may occur in those with 
chronic CD4 lymphocytopenia and in recipients of hematopoietic stem cell 
or solid organ transplants as well as individuals treated with natalizumab, 
rituximab, and possibly other immunomodulatory monoclonal antibod-
ies. Transplant recipients are also at increased risk for meningoencephalitis 
caused by West Nile virus. Patients with CNS symptoms presenting early 
after transplantation might be suspected of having severe infections acquired 
from the donor, including West Nile virus, rabies, HIV, lymphocytic chorio-
meningitis virus, or other viruses known to be transmitted through organ  
donation.

In addition to opportunistic infection, noninfectious causes of neurologic 
symptoms must be considered in immunocompromised patients, including 
drug toxicity, immunologic disorders, paraneoplastic syndromes, and Guillain-
Barré	syndrome.	Posterior	reversible	encephalopathy	syndrome	(PRES)	should	
be in the differential diagnosis of neurologic complications in transplant 
recipients, patients with autoimmune diseases, and those receiving high doses 
of cancer chemotherapy, particularly when the clinical presentation includes 
the sudden onset of severe “thunderclap” headache, seizures, confusion, and 
visual	disturbance.	PRES	can	be	confirmed	by	characteristic	CT	or	magnetic	
resonance imaging patterns of predominantly posterior cerebral edema and 
angiographic	evidence	of	reversible	vasoconstriction.	PRES	can	be	caused	by	
endothelial injury, vasospasm, or edema associated with certain drugs such 
as calcineurin inhibitors (e.g., cyclosporine, tacrolimus).
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4. People who have received tumor necrosis factor inhibitors as biologic 
therapy for an autoimmune disease have heightened risks for infections 
caused by which of the following?
 A. Viruses
 B. Bacteria
 C. Fungi
 D. All of the above
	E.	 None	of	the	above

Answer: D Tumor necrosis factor inhibition may alter immune responses to 
multiple arms of the immune system.

5. What is the most likely cause of neutropenic enterocolitis that developed 
after receipt of cytotoxic therapy for acute myelogenous leukemia?
 A. Cytomegalovirus
 B. Clostridium difficile
 C. Norovirus
 D. Mixed anaerobic and aerobic bacteria
	E.	 Adenovirus

Answer: D These infections are typically caused by organisms that are “native” 
in the gastrointestinal tract during episodes of mucosal injury.

REVIEW QUESTIONS

1. A patient who has an absolute neutrophil count below 500 cells/µL for  
2 weeks after induction therapy for acute myelogenous leukemia is at 
increased risk for:
 A. Escherichia coli bacteremia from the gastrointestinal tract
 B. Influenza infection involving the upper respiratory tract
 C. Varicella-zoster virus reactivation
 D. Cytomegalovirus disease involving the lungs
	E.	 Cryptococcus neoformans meningoencephalitis

Answer: A These patients do not have increased risk for influenza involving 
the upper respiratory tract compared with the population in general but have 
increased	risk	for	complications	(such	as	pneumonitis).	Answers	C	to	E	are	
correct only for people with advanced deficits in T-cell immunity.

2.	 Early	antibiotic	therapy	would	be	appropriate	before	documenting	a	micro-
bial diagnosis in:
 A. A neutropenic patient who has developed fever, with normal 

hemodynamics
 B. A heart transplant recipient who has a new left lower lobe consolidation, 

fever, and leukocytosis
 C. A kidney transplant recipient with pyuria, fever, and elevated creatinine 

concentration
 D. None of the above
	E.	 All	of	the	above

Answer: E These all outline high-risk situations in which empirical antibiotic 
therapy would be appropriate before documentation of disease to avoid rapid 
progression with sepsis.

3. A man presents with diffuse papular skin lesions 20 days after receipt of 
bone marrow transplantation, with fever. He has been receiving fluconazole, 
moxifloxacin, and acyclovir prophylactically. The least likely cause of his 
skin lesions is:
 A. Candida glabrata
 B. Sweet syndrome
 C. Aspergillus fumigatus
 D. Herpes simplex virus
	E.	 A	vasculitic	reaction	to	a	drug

Answer: D Herpes simplex virus rarely disseminates to cause these types of 
skin lesions, especially in people receiving acyclovir.
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266 
PREVENTION AND CONTROL OF HEALTH 
CARE–ASSOCIATED INFECTIONS
DAVID P. CALFEE

 THE BURDEN OF HEALTH CARE–ASSOCIATED 
INFECTIONS

The Centers for Disease Control and Prevention (CDC) defines health care–
associated infections (HAIs) as infections that patients acquire during the 
course of receiving health care treatment for other conditions. Nosocomial 
infection is a term that refers specifically to an HAI that develops in association 
with hospital care. The development of infection during the course of health 
care is not, however, limited to the acute care hospital setting. Thus, health 
care–associated infection is the preferred term in referring to the broader spec-
trum of infections that develop during the course of health care, wherever 
that care may be provided, including acute care hospitals, long-term care facili-
ties, rehabilitation facilities, dialysis facilities, and even the patient’s home 
during the receipt of home care services.

The most extensive data regarding the incidence of and outcomes associated 
with HAIs come from the acute care hospital setting.1 On the basis of a point 
prevalence study conducted in 183 U.S. hospitals in 2011, it was estimated 
that up to 1.4 million HAIs occur in hospital patients each year, with approxi-
mately 75,000 associated deaths (Table 266-1). By 2015, there was about a 
16% decrease, from 4 to 3.2%, in prevalence.2 Previous European studies have 
estimated that 4.1 million HAIs occur in European acute care hospitals each 
year. Thus, approximately one of every 14 to 20 patients admitted to U.S. and 
European hospitals develops an HAI, making HAI one of the most common 
complications associated with the receipt of health care. Moreover, these data 
indicate that HAIs are one of the top 10 causes of death in the United States. 
Whereas many of these HAI-associated deaths occur among patients who are 
already severely ill and who have a high likelihood of death due to their under-
lying disease, a substantial proportion of HAI-related deaths occur among 
persons who were otherwise expected to survive their hospitalization. In a 
single-center study, 31% of unexpected in-hospital deaths were determined 
to be possibly or probably related to an HAI. In addition to an increased risk 
of death, patients who develop HAI suffer a number of other adverse outcomes, 
including prolonged hospital stays, additional medical interventions and anti-
biotic treatment, discomfort, and loss of function and income. These statistics 
are particularly concerning when they are considered with the knowledge that 
many of these infections are preventable. In fact, a systematic review found 
that 55 to 70% of four of the most common types of HAIs are preventable 
through the use of currently available, evidence-based preventive strategies 
(see Table 266-1).

Although the majority of HAI statistics come from acute care hospitals, 
there are data to demonstrate that HAIs are significant problems in other 
health care settings as well. Point prevalence surveys conducted in European 
and the U.S. Veterans Affairs system long-term care facilities found that the 
prevalence of HAI among long-term care facility residents ranged from 2.4 
to 5.2%. The overall burden of HAI among long-term care facility residents 
has been estimated to be 1.64 to 3.83 million infections per year in the United 
States and at least 2.6 million infections per year in Europe. Vascular access–
related infections are the most common HAIs among patients requiring chronic 
hemodialysis for end-stage renal disease, with a reported incidence of 1.1 to 
5.5 episodes per 1000 catheter days, and they are associated with increased 
morbidity, hospitalization, and death.3 The magnitude of HAIs related to care 
provided in other settings, such as ambulatory surgery and endoscopy centers, 
has not been as thoroughly studied, but such infections have been well described.
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ABSTRACT
Health care–associated infections (HAIs) are a substantial cause of morbidity 
and mortality among persons receiving health care. These infections may be 
caused by organisms that are part of a patient’s normal microbiota (“endog-
enous” organisms) or by organisms acquired during the course of health care 
(“exogenous” organisms). Antimicrobial resistance among many of the common 
bacterial causes of HAIs (e.g., Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Acinetobacter species) has become a major challenge in the treatment of HAIs 
and has been associated with higher rates of death and other adverse outcomes. 
Factors that increase the risk of HAI include disruption of normal host defenses 
as a result of invasive medical devices, surgical procedures, and immunosup-
pressive medications; alteration of the patient’s normal microbiota as can occur 
with receipt of antibiotics; and exposure to exogenous pathogens during the 
receipt of health care. Many underlying medical conditions can also predispose 
patients to the development of HAIs. While the epidemiology of HAIs is 
complex, many of these infections are the result of a failure to consistently 
implement basic infection prevention practices. Thus, a large proportion of 
HAIs could be prevented by improving adherence to currently recommended, 
evidence-based infection prevention strategies. These strategies include, but 
are not limited to, hand hygiene, use of aseptic or sterile technique during 
invasive procedures, safe injection practices, proper cleaning and disinfection 
of medical equipment and high-touch surfaces within health care facilities, 
prompt removal of medical devices that are no longer medically indicated, 
and judicious use of antibiotics.
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TABLE 266-1 ESTIMATES OF THE BURDEN, COSTS, AND PREVENTABILITY OF COMMON HEALTH CARE–ASSOCIATED 
INFECTIONS IN U.S. HOSPITALS

TYPE OF INFECTION
NUMBER OF 

INFECTIONS PER YEAR†
AVERAGE ATTRIBUTABLE 

COST* PER INFECTION‡ CASE-FATALITY RATE§
PROPORTION 

PREVENTABLE‖

Urinary tract infection
 Catheter-associated urinary tract infection

28,100-176,700
19,024-119,626

$749-$1007 2.3% 65-70%

Surgical site infection 50,800-281,400 $11,087-$34,670 2.8% 55%
Pneumonia
 Ventilator-associated pneumonia

50,800-281,400
19,863-110,027

$14,806-$28,508 14.4% 55%

Blood stream infection
 Central line–associated blood stream infection

20,700-140,200
17,388-117,768

$6461-$29,156 12.3% 65-70%

C. difficile infection 23,700-155,000 $5682-$9124 2.9%
*In 2007 U.S. dollars.
†Magill SS, Edwards JR, Bamberg W, et al. Multistate point-prevalence survey of health care-associated infections. N Engl J Med. 2014;370:1198-1208.
‡Scott RD. The direct medical costs of healthcare-associated infections in U.S. hospitals and the benefits of prevention. Centers for Disease Control and Prevention; 2009. Available at: http://www.cdc.gov/hai/
pdfs/hai/scott_costpaper.pdf. Accessed August 14, 2017.
§Klevens RM, Edwards JR, Richards CL, Jr., et al. Estimating health care-associated infections and deaths in U.S. hospitals, 2002. Public Health Rep. 2007;122:160-166.
‖Umscheid CA, Mitchell MD, Doshi JA, et al. Estimating the proportion of healthcare-associated infections that are reasonably preventable and the related mortality and costs. Infect Control Hosp Epidemiol. 
2011;32:101-114.

 PATHOBIOLOGY
HAIs can be caused by organisms that are a part of the patient’s normal flora 
(i.e., endogenous infection) or by pathogens acquired during exposure to health 
care (i.e., exogenous infection) through the contaminated hands of health 
care workers, the environment, contaminated medical equipment, other patients, 
or visitors. A variety of factors can contribute to the development of an HAI, 
and in many cases, HAIs are multifactorial in nature. These factors can be 
related to the pathogen, the host, the specific health care interventions that a 
patient receives, the setting in which health care is received, and the methods 
by which these interventions are made. HAI prevention strategies focus on 
eliminating, reducing, or modifying one or more of these risk factors.

Pathogen-Related Factors
A variety of pathogen-related factors contribute to the ability of an organism 
to cause infection. These factors include the organism’s normal reservoir, mode 
of transmission (e.g., direct or indirect contact transmission, respiratory drop-
lets, airborne particles), ability to survive on inanimate objects and surfaces, 
ability to produce biofilm, virulence factors, and resistance to antimicrobial 
agents and, for some organisms (e.g., Clostridium difficile), disinfectants.

Host-Related Factors
Many host-specific factors are associated with an inherent increased risk of 
one or more types of infection, regardless of the receipt of health care; however, 
when a patient with one or more of these risk factors enters the health care 
system, these factors contribute to an increased risk of HAI. Such risk factors 
include age (with neonates and older adults having an increased risk of infec-
tion because of incomplete development or senescence of the immune system, 
respectively), obesity, smoking, severity of illness, and certain medical condi-
tions (e.g., burns, end-stage liver or renal disease, poorly controlled diabetes, 
some cancers, congenital or acquired immune deficiency). These factors reflect 
suppression of the immune system or breaches of other normal host defense 
mechanisms. Whereas many of these factors are not amenable to intervention 
or cannot be effectively modified in the short term, interventions that address 
remediable risk factors (e.g., obesity, smoking, poorly controlled diabetes mel-
litus) have the potential to reduce the risk of HAI during future episodes of 
health care.

Health Care–Related Factors
Health care–related HAI risk factors are those resulting from interventions 
that are intended to treat or otherwise provide benefit for a patient’s existing 
medical conditions but that also introduce an increase in the risk of infection. 
These factors may disrupt normal host defenses or alter the patient’s normal 
microbiologic flora. Health care–related risk factors include the use of invasive 
devices (e.g., central venous catheters, urinary catheters, endotracheal tubes), 
surgical procedures, exposure to antibiotics, receipt of immunosuppressive 
medications, and prolonged hospitalization. Because each of these interven-
tions poses at least some degree of increased risk of infection, the risk-to-benefit 

ratio of each intervention must frequently be reassessed so that patients are 
not exposed to unnecessary risk. For example, central venous catheters and 
indwelling urinary catheters are major risk factors for primary blood stream 
infection and urinary tract infection, respectively. In a patient who has a true 
medical need for one of these devices, the benefits of the catheter exceed the 
risk of infection. However, once the patient recovers from the condition that 
necessitated the catheter, the risks associated with the device then outweigh 
the benefits.

Exposure to antibiotics is a well-established risk factor for colonization and 
infection with multidrug-resistant organisms (MDROs) and development of 
C. difficile infection (CDI) through a mechanism known as antibiotic selection 
pressure. Antimicrobial use is common in acute care hospitals and other health 
care settings, such as long-term care and dialysis facilities and ambulatory care 
practices. A 2009 point prevalence survey of hospitals in 25 European countries 
found that 29% of hospitalized patients receive one or more antimicrobials 
during their hospital stay. In a 2011 study, the overall prevalence of antimi-
crobial use among patients in 183 U.S. hospitals was 49.9%. The prevalence 
of antimicrobial use, however, varied substantially among hospital locations, 
ranging from 2.9% in nursery wards to 77.3% in surgical critical care units. 
Even more important, studies have shown that 25 to 75% of antimicrobial 
use in acute care, long-term care, and hemodialysis facilities is unnecessary 
or inappropriate. Inappropriate and unnecessary antimicrobial use includes 
administration of antimicrobial regimens that are broader in spectrum or longer 
in duration than necessary, use of antibiotics that do not provide activity 
against the causative pathogen, treatment for test results that do not reflect 
the presence of infection (e.g., specimen contamination, asymptomatic colo-
nization), use of antibacterial agents for treatment of conditions that are not 
due to bacterial infection (e.g., viral respiratory tract infections), and prescrip-
tion of inappropriate doses of an antibiotic. Misuse and overuse of antimicrobial 
agents in the outpatient setting are also well-recognized problems in the United 
States and other countries, including many countries where antimicrobials 
can be obtained without a prescription. This inappropriate use of antimicrobial 
agents introduces unnecessary risk for the development of complications of 
antibiotic therapy, including CDI, MDRO infection, and toxicity, and repre-
sents an important target for intervention.

Health Care Delivery–Related Factors
This group of risk factors includes those that are introduced as a result of the 
way in which health care is delivered. These risk factors do not offer any 
potential benefit to patients but rather are associated only with risk. Health 
care delivery–associated risk factors include, among other things, failure to 
perform hand hygiene when indicated or to use aseptic or sterile technique 
during invasive procedures, unsafe injection practices (e.g., entering a multidose 
vial with a used needle), and failure to adequately clean and disinfect or steril-
ize the patient environment and medical equipment and instruments. These 
risks are all potentially modifiable and are thus important targets for HAI 
prevention initiatives. Antibiotic use, which has already been discussed as a 
patient-specific health care–related risk factor, can also be considered a health 

http://www.cdc.gov/hai/pdfs/hai/scott_costpaper.pdf
http://www.cdc.gov/hai/pdfs/hai/scott_costpaper.pdf
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devices (e.g., duodenoscopes, heater-cooler devices used in cardiothoracic 
surgery procedures) highlight the critical role that cleaning and disinfecting 
or sterilizing of medical equipment plays in preventing health care–associated 
infections. In addition to cleaning and disinfection of environmental surfaces 
and disinfection or sterilization of shared medical equipment, environmental 
infection control interventions are important for preventing patients from 
acquiring pathogens due to exposure to water (e.g., Legionella species) and 
air (e.g., environmental fungi) within the health care setting.

Pathogens in Health Care–Associated Infections
The organisms most commonly identified in device- and procedure-associated 
infections (i.e., central line–associated blood stream infection, catheter-
associated urinary tract infection, ventilator-associated pneumonia, and surgical 
site infection) vary somewhat among the different types and sites of infection. 
Overall, in the United States 10 pathogen groups accounted for more than 
75% of pathogens identified in device- and procedure-related infections reported 
to the CDC through the National Healthcare Safety Network between 2011 
and 2014.5 These pathogen groups and the proportion of reported pathogens 
that they represented include Escherichia coli (15%), Staphylococcus aureus 
(12%), Klebsiella species (8.0%), coagulase-negative staphylococci (8%), 
Enterococcus faecalis (7%), Pseudomonas aeruginosa (7%), Candida albicans 
(7%), Enterobacter species (4%), Enterococcus faecium (4%), and other Entero-
coccus species (4%). Whereas many of these pathogens represent patients’ 
endogenous flora, further discussion of several of the organisms that may be 
acquired during exposure to health care is warranted.

Multidrug-Resistant Organisms
An increasingly concerning problem is the emergence of acquired antimicrobial 
resistance among many of the bacterial pathogens that are common causes 
of HAIs (Table 266-2). MDROs represent a significant health threat because 
infections caused by many of these MDROs have been associated with worse 
outcomes than those caused by antimicrobial-susceptible strains of the same 
organism, including excess length of hospital stay, increased health care costs, 
and higher mortality, with mortality rates approaching 50% in some studies. 
Possible explanations for the observed increased rate of adverse outcomes 
associated with MDRO infections include the presence of more severe under-
lying disease, delays in initiating effective therapy, and the use of more toxic 
or less effective therapy for treatment of the infection. Regardless of their 
cause, the poor outcomes associated with MDRO infections highlight the 
critical need for effective preventive measures and development of new anti-
biotics with activity against these MDROs, particularly multidrug-resistant 
gram-negative bacilli (MDR-GNB).

Organisms can develop resistance to antimicrobial agents to which they 
were previously susceptible through a variety of mechanisms, including induc-
tion, genetic mutation, and acquisition of new genetic material (e.g., conjuga-
tion with cell-to-cell transfer of genetic material by plasmids or transposons). 
In the health care setting, however, patient-to-patient transmission of MDROs 

care delivery–related risk factor. Unlike with other types of drugs, use and 
misuse of antibiotics in one patient or population can introduce risks among 
the larger population through changes in microbial ecology (i.e., selection 
and increased prevalence of antimicrobial-resistant pathogens).

Many of these health care delivery–related factors are the result of poor 
adherence to recommended, evidence-based infection prevention practices. 
Despite recognition that poor hand hygiene practice is a leading cause of 
pathogen transmission, the existence of major national and international 
guidelines, and initiatives to improve hand hygiene practices among health 
care workers, compliance with recommended hand hygiene practices among 
health care personnel remains unacceptably low. In the United States, average 
rates of health care worker compliance with recommended hand hygiene 
practices have been reported to be less than 50%, with some individual studies 
reporting rates as low as 20% in some intensive care units (ICUs). Similarly, 
unsafe injection practices continue to be identified as the cause of health 
care–related transmission of blood-borne pathogens, such as hepatitis B and 
C viruses.

In recent years, there has been an increasing recognition of the role of 
environmental contamination in the transmission of health care–associated 
pathogens.4 Environmental contamination with these organisms is common, 
and many of these organisms can persist in the health care environment for 
prolonged periods. For example, environmental contamination with C. dif-
ficile has been detected in up to 100% of hospital rooms occupied by patients 
with CDI, whereas methicillin-resistant Staphylococcus aureus (MRSA) has 
been detected on environmental surfaces in approximately 70% of hospital 
rooms housing patients infected and colonized with MRSA. Some but not all 
studies have identified similarly high rates of environmental contamination 
with multidrug-resistant gram-negative pathogens. This contamination can 
result in patient-to-patient transmission through transient contamination of 
health care workers’ hands and equipment or by direct contact of the patient 
with the contaminated environment. Studies have shown that admission to a 
hospital room in which the prior occupant was colonized or infected with one 
of several MDROs is a significant risk factor for acquisition of that organism. 
Environmental contamination is, however, a potentially modifiable risk factor 
for HAI. Cleaning and disinfection of the environment and portable medical 
equipment that is shared among patients are often suboptimal. For example, 
one multicenter study conducted in 36 acute care hospitals in the United States 
found that at baseline, only 48% of high-risk environmental surfaces were cleaned 
during routine cleaning after discharge of the patient. Improvement in cleaning 
practices and other interventions to reduce the microbiologic burden in the 
health care environment has been shown to reduce the microbial burden of 
organisms in the environment and has been associated with a reduction in the 
risk of acquisition of MDROs and CDI. Identification of optimal strategies to 
reduce or eliminate the risk to patients that is posed by a contaminated health 
care environment is an area of active investigation, with study of methods to 
improve routine cleaning and disinfection as well as the study of novel methods 
of disinfection. A1  Recent outbreaks of infection due to contaminated medical 

TABLE 266-2 RATES OF ANTIMICROBIAL RESISTANCE AMONG PATHOGENIC ISOLATES FROM HEALTH CARE–ASSOCIATED 
INFECTIONS

ORGANISM ANTIBIOTIC CLASS

PROPORTION OF ISOLATES RESISTANT TO ANTIBIOTIC

United States 
(2011-2014)*

ICUs in 43 Asian, African,  
European, and Latin American  

Countries (2007-2012)†
ICUs in 13 European 

Countries (2014)‡

Staphylococcus aureus Anti-staphylococcal penicillins (e.g., oxacillin, methicillin) 42-57% 36-62% 25%
Klebsiella species Extended-spectrum cephalosporins 10-28% 63-71% 44%

Carbapenems 3-13% 14-20% 8%
Pseudomonas aeruginosa Carbapenems 8-28% 34-43% 28%
Enterococcus faecium Glycopeptides (vancomycin) 58-86% NR NR
Acinetobacter baumannii Carbapenems 33-69% 66-77% 64%
Escherichia coli Extended-spectrum cephalosporins 13-24% 62-66% 17%

Carbapenems 1-2% 5-8% 1%
Fluoroquinolones 29-49% 64-70% NR

ICUs, intensive care units; NR, not reported.
*Weiner LM, Webb AK, Limbago B, et al. Antimicrobial-resistant pathogens associated with healthcare-associated infections: summary of data reported to the National Healthcare Safety Network at the Centers 
for Disease Control and Prevention, 2011-2014. Infect Control Hosp Epidemiol. 2016;37:1288-1301.
†Rosenthal VD, Maki DG, Mehta Y, et al. International Nosocomial Infection Control Consortium (INICC) report, data summary of 43 countries, for 2007-2012. Am J Infect Control. 2014;42:942-956.
‡European Centre for Disease Prevention and Control. Annual Epidemiological Report 2016—Healthcare-associated infections acquired in intensive care units. Stockholm: ECDC;2016. Available at:  
https://ecdc.europa.eu/en/publications-data/healthcare-associated-infections-acquired-intensive-care-units-annual. Accessed August 12, 2017.

https://ecdc.europa.eu/en/publications-data/healthcare-associated-infections-acquired-intensive-care-units-annual


CHAPTER 266 Prevention and Control of HealtH Care–assoCiated infeCtions1828

of that MDRO among other patients. Finally, admission to a hospital room 
in which the prior patient was colonized or infected with the MRSA, VRE, 
or MDR-GNB has been associated with an increased risk of acquisition of 
those organisms.

There are, however, some encouraging data related to the incidence of some 
MDROs, particularly MRSA. In the United States, the incidence of hospital-
onset invasive MRSA infections decreased 54% between 2005 and 2011. 
During the same time period, the incidence of invasive MRSA infections 
among dialysis patients, a group with a rate of invasive MRSA infection that 
is approximately 100 times greater than that of the general population, was 
also observed to have significantly decreased in the United States. These changes 
occurred despite the emergence of community-associated MRSA as a signifi-
cant cause of skin and soft tissue infections among persons without typical 
health care–associated risk factors and the introduction of community-associated 
MRSA as a health care–acquired pathogen.6 In England, an 86% reduction in 
the number of cases of MRSA bacteremia reported through a mandatory 
reporting system was observed between 2004 and 2012. The specific cause 
of these observed decreases in MRSA HAIs is uncertain and may be the result 
of improvements in basic infection control practices, introduction of specific 
MRSA prevention practices, or other changes in the epidemiology of this 
pathogen. There are also examples of successful containment of other MDROs. 
For example, the spread of CRE within Israeli hospitals has been substantially 
reduced with the introduction of a nationwide intervention.

Clostridium Difficile
C. difficile, the etiologic agent of pseudomembranous colitis, is the most common 
cause of health care–associated infectious diarrhea (Chapter 280). Although 
community-associated CDI occurs,7 most cases are associated with receipt of 
health care. Analysis of CDC data from 2010 found that 94% of cases of CDI 
were associated with health care exposure but that 75% of cases had their 
onset outside of the hospital (e.g., in the community or in long-term care 
facilities). Clinical manifestations of CDI range from asymptomatic carriage 
to mild diarrhea to life-threatening colitis, toxic megacolon, and sepsis. The 
overall mortality associated with CDI has been reported to range from 2 to 
6%, with substantially higher mortality among patients who develop toxic 
megacolon and other severe manifestations of the disease. Compared with 
patients without CDI, hospital patients who develop CDI experience an 
extended duration of hospitalization, and approximately 15 to 30% of these 
patients will experience at least one recurrence of the disease, typically within 
1 to 2 months of the initial episode. Persons who experience one recurrence 
have a 50 to 60% chance of additional recurrences. Estimates of CDI-attributable 
hospital costs range from $5682 to $9124 per case (in 2007 U.S. dollars), 
amounting to a total cost of $1 billion to $4.8 billion per year.

More HAIs are now due to C. difficile than to MRSA. The incidence of CDI 
among hospitalized patients in the United States more than doubled between 
2000 and 2009. Data from the CDC indicate that approximately 250,000 
cases of C. difficile occur each year in the United States. In addition to an 
increased incidence of CDI, the rate of C. difficile–related deaths increased 
more than four-fold in the United States during the last decade, causing approxi-
mately 14,000 deaths per year. The observed increases in the incidence of and 
mortality associated with CDI were temporally associated with the emergence 
and dissemination of the 027/NAP1/BI strain of C. difficile, which has been 
associated with greater mortality and higher rates of recurrence than other 
circulating strains. Initially identified in North America, this epidemic strain 
has now disseminated globally.

The problem of C. difficile extends beyond the acute care hospital setting. 
For instance, data from Ohio indicate that 62% of CDI cases in 2006 occurred 
in nursing homes. Data from the CDC have shown that 20% of hospital-onset 
CDI occurs among persons with recent residence in a nursing home and that 
two-thirds of nursing home–onset CDI cases occur among residents who 
have been recently discharged from an acute care hospital. These findings 
demonstrate the complex epidemiology of CDI.

The development of CDI is a two-step process that first requires acquisition 
of C. difficile through fecal-oral transmission and then the presence or intro-
duction of factors that allow progression to symptomatic disease. Although 
some healthy individuals without health care exposure are intestinal carriers 
of C. difficile, acquisition of the organism during contact with the health care 
system plays a critical role in the epidemiology of CDI. Transmission in the 
health care setting can occur as the result of exposure to organisms on health 
care workers’ hands, environmental surfaces, or medical equipment. Hand 
contamination of health care workers is common after contact with the skin 
or environment of persons with CDI.8 In the absence of effective hand hygiene 

is more common than de novo development of resistance in a previously 
susceptible organism within the patient’s existing microbiome. Identified risk 
factors for acquisition of MDROs include exposure to antibiotics, frequent 
or prolonged exposure to health care facilities (e.g., hospitals, nursing homes), 
poor infection control practices among health care workers, environmental 
contamination with MDROs, and prevalence of MDROs among other patients 
within a health care facility.

Among the pathogens reported to the CDC between 2011 and 2014 as 
causes of device-associated infections and surgical site infections, approximately 
20% had antimicrobial susceptibility profiles that met the CDC’s definition 
of multidrug resistance (see Table 266-2). Of note, 58 to 86% of Enterococcus 
faecium isolates were vancomycin resistant (VRE), and 42 to 57% of S. aureus 
isolates were resistant to methicillin (MRSA). These multidrug-resistant gram-
positive pathogens have been recognized as significant health care–associated 
pathogens for several decades. More recently, the emergence of multidrug 
resistance among several gram-negative pathogens has been identified as a 
growing global health threat among persons receiving health care (Chapter 
289). For example, approximately 55% of Acinetobacter baumannii isolates 
reported to the CDC in 2011-2014 demonstrated acquired resistance to at 
least one drug in three or more antibiotic classes. Such multidrug resistance 
definitions were also met by 13% of Klebsiella isolates and 14% of P. aeruginosa 
isolates. Antimicrobial resistance is an important problem in many regions of 
the world. For example, International Nosocomial Infection Control Consor-
tium data from intensive care units in 43 countries in Asia, Africa, Europe, 
and Latin America collected between 2007 and 2012 demonstrated methicillin 
resistance in 61% of S. aureus isolates and extended-spectrum cephalosporin 
resistance in 66% of Klebsiella pneumoniae isolates and 63% of E. coli isolates. 
The lack of use of a standardized definition of multidrug resistance limits 
direct comparisons of resistance data from different populations. Standardized 
definitions for multidrug resistant, extensively drug resistant, and pandrug 
resistant have been proposed. Adoption of these or other standardized defini-
tions is needed to allow a more thorough understanding of the global burden 
of antimicrobial resistance among health care–associated pathogens.

One example of the emergence and rapid dissemination of MDR-GNB is 
carbapenem-resistant Enterobacteriaceae (CRE), particularly K. pneumoniae 
(Chapter 289). Carbapenem resistance among these organisms was rare in 
the United States before the year 2000, at which time less than 1% of K. 
pneumoniae isolates reported to the CDC demonstrated such resistance. By 
2009-2010, 8 to 13% of K. pneumoniae isolates from hospital-associated infec-
tions were resistant to carbapenems. In the United States, carbapenem resistance 
among the Enterobacteriaceae is most commonly due to the production of 
K. pneumoniae carbapenemase (KPC), a class A serine β-lactamase enzyme 
that hydrolyzes all β-lactam antibiotics. The KPC enzyme, which was first 
described in 2001, is encoded by the blaKPC gene carried on a transmissible 
plasmid that also carries additional genes that confer resistance to several 
other classes of antimicrobial agents. Thus, in addition to carbapenem resis-
tance, these organisms demonstrate resistance to other β-lactam antibiotics 
and to several other classes of antibiotics.

Asymptomatic carriage of MDROs is relatively common among persons 
with health care exposures. In fact, patients with clinically apparent MDRO 
infections represent a relatively small proportion of the total burden of these 
pathogens. Reported rates of MRSA carriage have ranged from 4.6 to 13.6% 
among hospital patients, 2 to 22% among U.S. ambulatory dialysis patients, 
and 10 to 100% among residents of long-term care facilities. The prevalence 
of VRE carriage among hospital patients and ambulatory dialysis patients has 
been reported to range from 6.3 to 67% and 0 to 16%, respectively. Studies 
that have included a variety of MDR-GNB have reported carriage rates of 19 
to 32% in ICU patients and hospital patients with diarrhea, 25% among resi-
dents of long-term care facilities, and 16% among chronic hemodialysis patients. 
Studies that have focused specifically on carbapenem-resistant Enterobacte-
riaceae have demonstrated prevalence rates ranging from 2 to 5.4% among 
high-risk hospital patients in the United States and 2 to 49% among post–acute 
care facility patients in Israel. These asymptomatic carriers play an important 
role in the epidemiology of MDRO infections. First, they are at substantial 
risk of subsequent infection with the colonizing organism, with up to one 
third of carriers of MRSA, VRE, and MDR-GNB developing symptomatic 
infection within 12 months. Second, asymptomatic MDRO carriers can con-
tribute to MDRO transmission within the health care system through con-
tamination of their surrounding environment and of health care workers’ hands, 
clothing, and medical equipment. In fact, several studies have demonstrated 
that the risk of acquiring an MDRO, such as MRSA, VRE, and MDR-GNB, 
during hospitalization is related to the prevalence, or colonization pressure, 
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device-associated infections and surgical site infections, placing them among 
the most common pathogens implicated in HAIs. The recent emergence of 
multidrug-resistant C. auris as a cause of health care facility–associated out-
breaks further highlights the importance of Candida species in HAI epidemiol-
ogy. Exposure to environmental fungi, such as Aspergillus species, in the health 
care setting can result in HAI, particularly in immunocompromised hosts. 
Such exposure and resulting infection are most commonly associated with 
inadequate environmental control measures during construction, demolition, 
or water damage within the health care facility. A multistate outbreak of invasive 
fungal infections in the United States, mostly due to Exserohilum rostratum 
associated with contaminated methylprednisolone injections, demonstrates 
that contaminated medications and other medical products are additional 
potential sources of exposure to fungal pathogens during health care.

Device-Associated Infections
Central Line–Associated Blood Stream Infections
Central line–associated blood stream infections (CLABSIs) are blood stream 
infections that occur in patients with a central venous catheter and in whom 
there is no other identified source of the infection. Development of CLABSI 
has been associated with longer hospital stays, increased risk of death, and 
greater hospital costs than those observed among otherwise similar patients 
who do not develop CLABSI (see Table 266-1). Rates of morbidity and mor-
tality, however, vary substantially, depending on the causative pathogen and 
characteristics of the patient in whom the infection occurs. Although CLABSIs 
are often thought of as a complication that occurs among ICU patients, the 
use of central venous catheters in non-ICU hospital wards has expanded sub-
stantially during the past few decades. Thus, the incidence of and the overall 
burden of CLABSI in some non-ICU wards now often exceeds that in ICUs. 
CLABSIs are also important problems among nonhospitalized persons with 
central venous catheters, such as persons receiving chronic total parenteral 
nutrition, chemotherapy, or dialysis in the outpatient or home care setting.

Blood stream infections due to central venous catheters are largely the result 
of contamination or colonization of the external surface or the intraluminal 
surface of the catheter. This contamination can occur either during catheter 
insertion or after insertion, related to a number of aspects of catheter use and 
care. Effective strategies have been identified to reduce the risk of catheter 
contamination during insertion and throughout the time that the catheter 
remains in situ.9 This research has led to the development of evidence-based 
guidelines for prevention of vascular catheter–related infections (see E-Table 
266-1). The “central line bundle” refers to a small number of evidence-based 
practices that, when used together, can reduce the risk of CLABSI even more 
than would be expected when the components are introduced individually. 
The central line bundle includes hand hygiene, maximal barrier precautions 
during insertion (i.e., use of sterile gown and gloves and a surgical cap and 
mask by the operator and covering the patient with a sterile, full-body drape), 
chlorhexidine skin antisepsis, optimal insertion site selection (i.e., avoidance 
of the femoral site in adult patients), and daily review of catheter necessity 
with immediate removal of catheters that are no longer necessary. Regarding 
the use of a cutaneous antiseptic prior to central venous catheter insertion, a 
recent randomized trial found that a chlorhexidine–alcohol skin antiseptic 
solution provided greater protection against short-term catheter-related infec-
tions than did a povidone iodine–alcohol solution. A2  Other interventions that 
have been associated with reductions in CLABSI rates include covering of 
the insertion site with a sterile gauze or semipermeable transparent dressing, 
cleansing of the catheter insertion site with an antiseptic such as chlorhexidine, 
use of aseptic technique to access and to manipulate the catheter, scrubbing 
of the catheter hub with a disinfectant before accessing the catheter lumen 
for administration of medications or other products or for aspiration of blood, 
use of antimicrobial- or antiseptic-coated catheters, and use of chlorhexidine 
rather than regular soap and water for daily bathing of ICU patients. Wide-
spread adoption of the central line bundle and other CLABSI prevention 
strategies has been associated with a substantial reduction in the incidence 
of CLABSI in U.S. hospitals. Data from the CDC demonstrate a 50% decrease 
in the incidence of CLABSI in U.S. hospitals between 2008 and 2014.

Catheter-Associated Urinary Tract Infections
A catheter-associated urinary tract infection (CAUTI) is a urinary tract infec-
tion that develops in a patient who has or who recently had an indwelling 
urinary catheter. Similar to the pathogenesis of catheter-related blood stream 
infections, CAUTIs develop by the introduction of pathogens into the bladder 
as a result of contamination and colonization of the internal or external surface 
of the catheter. Among patients with indwelling urinary catheters, the incidence 

practices, contaminated health care workers may transmit the organism to 
other patients. Contamination of the environment and medical equipment 
with C. difficile is also common. Testing performed in hospital rooms has 
identified C. difficile on environmental surfaces in up to 100% of rooms housing 
patients with active CDI and in as many as 33% of non-CDI patient rooms. 
Commonly contaminated surfaces include bed rails, bedside tables, telephones, 
call buttons, and blood pressure cuffs. C. difficile spores are resistant to killing 
by many common hospital disinfectants and can persist in the environment 
for long times, further contributing to the risk of exposure to a contaminated 
environment. Patients who are admitted to a hospital room in which the previ-
ous occupant had CDI have been found to be at greater risk for development 
of CDI than patients admitted to hospital rooms in which the previous occupant 
did not have CDI.

Once C. difficile has been ingested, several factors are known to be associ-
ated with development of symptomatic CDI. The major risk factor is receipt 
of antibiotics. Such exposures disrupt the normal intestinal flora and allow 
C. difficile to multiply to larger numbers and to produce toxins that result in 
disease. Although exposure to any antimicrobial agent may increase the risk 
for development of CDI, clindamycin, third-generation cephalosporins, peni-
cillins, and fluoroquinolones may present the highest risk. Other factors that 
have been associated with an increased risk for development of CDI include 
receipt of cytotoxic chemotherapeutic agents and gastric acid suppressive 
medications such as proton pump inhibitors, failure to develop an antibody 
response to C. difficile, and older age (i.e., age older than 64 years).

Viruses
Respiratory Viruses
Common respiratory viruses, such as influenza, can be transmitted in the 
health care setting by health care workers, visitors, and patients, resulting in 
health care–acquired disease. Higher rates of morbidity and mortality have 
been observed among those who acquire infection during hospitalization, 
probably due to the presence of significant underlying medical illness. Despite 
several studies that have associated higher influenza immunization rates of 
health care workers with lower rates of nosocomial influenza transmission, 
the uptake of influenza vaccination among health care workers remains rela-
tively low. This has led many public health agencies and professional societies 
to call for mandatory influenza vaccination policies for all eligible health care 
workers. The health care–associated transmission of newly emerged respira-
tory viruses, such as the severe acute respiratory syndrome coronavirus (SARS-
CoV) in 2003, pandemic influenza in 2009, and the Middle East respiratory 
syndrome coronavirus (MERS-CoV) in 2013, highlights the importance of 
syndromic surveillance to allow rapid identification of patients with potentially 
communicable diseases and implementation of appropriate infection control 
precautions.

Blood-borne Viruses
Although routine screening of the blood supply for the blood-borne pathogens 
(BBPs) hepatitis B virus, hepatitis C virus, and human immunodeficiency 
virus has dramatically decreased the incidence of health care–associated BBP 
infections, transmission of these pathogens within health care settings continues 
to occur. Most health care–associated BBP transmission that occurs now is 
due to failure to adhere to recommended basic infection control practices. 
Unsafe injection practices (e.g., reuse of syringes, contamination of multidose 
vials, improper use and disinfection of blood glucose monitoring devices that 
are used for multiple patients) and inadequate cleaning, disinfection, and 
sterilization of medical equipment and the health care environment (e.g., 
dialysis facilities) have been identified in several recent outbreaks of patient-
to-patient transmission of BBPs. A large proportion of documented health 
care–associated hepatitis B virus and hepatitis C virus transmission events 
has occurred in outpatient settings and long-term care facilities, highlighting 
the importance of infection prevention programs throughout the entire health 
care system. Transmission of BBPs from health care worker to patient is uncom-
mon but can occur, typically in the setting of “exposure-prone” invasive pro-
cedures but also as a result of drug diversion by health care workers. Guidelines 
are available to assist health care workers and health care facilities in minimizing 
the risk posed to patients by a BBP-infected health care worker while allowing 
most such health care workers to remain involved in patient care activities 
(E-Table 266-1).

Fungi
Candida albicans and other Candida species accounted for approximately 9.3% 
of all pathogens reported to the CDC between 2011 and 2014 as causes of 
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E-TABLE 266-1 SELECT GUIDELINES AND EVIDENCE-BASED RECOMMENDATIONS FOR THE PREVENTION AND MANAGEMENT 
OF HEALTH CARE–ASSOCIATED INFECTIONS

GENERAL TOPIC SPECIFIC TOPIC GUIDELINES AND RECOMMENDATIONS
Device-associated 

infections
Vascular catheter–associated infections Marschall J, Mermel LA, Fakih M, et al. Strategies to prevent central line-associated bloodstream 

infections in acute care hospitals: 2014 update. Infect Control Hosp Epidemiol. 2014;35:753-771.
O’Grady NP, Alexander M, Burns LA, et al. Guidelines for the prevention of intravascular catheter–

related infections. Clin Infect Dis. 2011;52:1087-1099.
Mermel LA, Allon M, Bouza E, et al. Clinical practice guidelines for the diagnosis and management of 

intravascular catheter–related infection: 2009 update by the Infectious Diseases Society of America. 
Clin Infect Dis. 2009;49:1-45.

Catheter-associated urinary tract 
infections

Lo E, Nicolle LE, Coffin SE, et al. Strategies to prevent catheter-associated urinary tract infections in 
acute care hospitals: 2014 update. Infect Control Hosp Epidemiol. 2014;35:464-479.

Gould CV, Umscheid CA, Agarwal RK, et al. Guideline for prevention of catheter-associated urinary 
tract infections 2009. http://www.cdc.gov/infectioncontrol/guidelines/cauti/index.html

Hooton TM, Bradley SF, Cardenas DD, et al. Diagnosis, prevention, and treatment of catheter-
associated urinary tract infection in adults: 2009 International Clinical Practice Guidelines from 
the Infectious Diseases Society of America. Clin Infect Dis. 2010;50:625-663.

Ventilator-associated pneumonia/health 
care–associated pneumonia

Centers for Disease Control and Prevention. Guideline for preventing health care–associated 
pneumonia, 2003. MMWR Recomm Rep. 2004;53(RR-3):1-36.

Klompas M, Branson R, Eichenwald EC, et al. Strategies to prevent ventilator-associated pneumonia 
in acute care hospitals: 2014 update. Infect Control Hosp Epidemiol. 2014;35:915-936.

Kalil AC, Metersky ML, Klompas M, et al. Management of adults with hospital-acquired and 
ventilator-associated pneumonia: 2016 clinical practice guidelines by the Infectious Diseases 
Society of America and the American Thoracic Society. Clin Infect Dis. 2016;63:e61-e111.

Cardiovascular implantable electronic 
devices

Baddour LM, Epstein AE, Erickson CC, et al. Update on cardiovascular implantable electronic device 
infections and their management: a scientific statement from the American Heart Association. 
Circulation. 2010;121:458-477.

Surgical site 
infections

Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for Disease Control and Prevention 
guideline for the prevention of surgical site infection, 2017. JAMA Surg. 2017;152:784-791.

Anderson DJ, Podgorny K, Berrios-Torres SI, et al. Strategies to prevent surgical site infections in 
acute care hospitals: 2014 update. Infect Control Hosp Epidemiol. 2014;35:605-627.

Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis 
in surgery. Am J Health Syst Pharm. 2013;70:195-283.

Health care–
associated 
pathogens

Clostridium difficile Dubberke ER, Carling P, Carrico R, et al. Strategies to prevent Clostridium difficile infections in acute 
care hospitals: 2014 update. Infect Control Hosp Epidemiol. 2014;35:628-645.

Cohen SH, Gerding DN, Johnson S, et al. Clinical practice guidelines for Clostridium difficile infection 
in adults: 2010 update by the Society for Healthcare Epidemiology of America (SHEA) and the 
Infectious Diseases Society of America (IDSA). Clin Infect Dis. 2010;31:431-455.

Multidrug-resistant organisms Siegel JD, Rhinehart E, Jackson M, et al. Management of multidrug-resistant organisms in healthcare 
settings. http://www.cdc.gov/infectioncontrol/guidelines/MDRO/index.html

Methicillin-resistant Staphylococcus aureus Calfee DP, Salgado CD, Milstone AM, et al. Strategies to prevent methicillin-resistant Staphylococcus 
aureus transmission and infection in acute care hospitals: 2014 update. Infect Control Hosp 
Epidemiol. 2014;35:772-796.

Liu C, Bayer A, Cosgrove SE, et al. Clinical practice guidelines by the Infectious Diseases Society of 
America for the treatment of methicillin-resistant Staphylococcus aureus infections in adults and 
children. Clin Infect Dis. 2011;52:1-38.

Carbapenem-resistant Enterobacteriaceae Centers for Disease Control and Prevention. Facility guidance for control of carbapenem-resistant 
Enterobacteriaceae (CRE)—November 2015 update CRE toolkit. www.cdc.gov/hai/organisms/
cre/cre-toolkit/index.html

Blood-borne pathogens Henderson DK, Dembry L, Fishman NO, et al. SHEA guideline for management of healthcare 
workers who are infected with hepatitis B virus, hepatitis C virus, and/or human 
immunodeficiency virus. Infect Control Hosp Epidemiol. 2010;31:203-232.

Centers for Disease Control and Prevention. Updated CDC recommendations for the management of 
hepatitis B virus–infected health-care providers and students. MMWR Recomm Rep. 2012;61:1-12.

Mycobacterium tuberculosis Centers for Disease Control and Prevention. Guidelines for preventing the transmission of 
Mycobacterium tuberculosis in health-care settings, 2005. MMWR Recomm Rep. 2005;54(RR-17):1-
137.

Antimicrobial 
stewardship

Barlam TF, Cosgrove SE, Abbo LM, et al. Implementing an antibiotic stewardship program: 
guidelines by the Infectious Diseases Society of America and the Society for Healthcare 
Epidemiology of America. Clin Infect Dis. 2016;62:e51-e77.

General infection 
prevention

Centers for Disease Control and Prevention. Guide to infection prevention in outpatient settings: 
minimum expectations for safe care. 2011. http://www.cdc.gov/hai/settings/outpatient/
outpatient-care-guidelines.html

Centers for Disease Control and Prevention. Guideline for hand hygiene in health-care settings: 
recommendations of the Healthcare Infection Control Practices Advisory Committee and the 
HICPAC/SHEA/APIC/IDSA Hand Hygiene Task Force. MMWR Recomm Rep. 2002;51(RR-
16):1-45.

World Health Organization. WHO guidelines on hand hygiene in health care. 2009. http://
whqlibdoc.who.int/publications/2009/9789241597906_eng.pdf

Siegel JD, Rhinehart E, Jackson M, Chiarello L; Healthcare Infection Control Practices Advisory 
Committee. 2007 guideline for isolation precautions: preventing transmission of infectious agents 
in healthcare settings. 2007. http://www.cdc.gov/infectioncontrol/guidelines/isolation/index.html

Centers for Disease Control and Prevention. Guidelines for environmental infection control in 
health-care facilities. MMWR Recomm Rep. 2003;52(RR-10):1-42.

Rutala WA, Weber DJ; Healthcare Infection Control Practices Advisory Committee. Guideline for 
disinfection and sterilization in healthcare facilities, 2008. http://www.cdc.gov/hicpac/pdf/
guidelines/Disinfection_Nov_2008.pdf
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such as pacemakers and implantable cardioverter-defibrillators, ventricular 
assist devices, deep brain stimulators, and intrathecal pumps. The potential 
benefits that these devices may offer to patients come with at least some degree 
of risk of device-related infection.

Surgical Site Infections
Surgical site infections (SSIs) are infections that develop at the site of an 
operative procedure. Although only a relatively small proportion of patients 
who undergo surgery subsequently develop SSI and the overall mortality rate 
associated with SSI is relatively low, the absolute number of SSIs that occur 
and the overall cost and burden of morbidity and mortality associated with 
SSI are large because of the volume of surgical procedures performed each 
year (see Table 266-1). A number of factors contribute to the risk of SSI: the 
specific site and type of surgical procedure; duration of the procedure; tissue 
hypoxia at the surgical site; wound contamination with endogenous or exog-
enous organisms; surgical technique; perioperative infection prevention prac-
tices; environmental controls related to temperature, humidity, and air purity 
within the operating room; and the patient’s underlying medical conditions, 
smoking status, and other factors that may increase the inherent risk of infec-
tion. Although some of these factors are not amenable to corrective interven-
tion, many of them are, and a number of interventions have been proven to 
reduce the risk of SSI. In fact, it has been estimated that 55% of SSIs could 
be prevented by routine application of evidence-based preventive measures. 
The use of sterile technique, preoperative skin preparation with an antiseptic 
agent, A3  administration of antimicrobial prophylaxis within 60 minutes before 
the surgical incision, maintenance of normothermia, and perioperative glucose 
control are practices that have been demonstrated to reduce the risk of infec-
tion associated with a wide variety of surgical procedures. There is also evidence 
that at least in some types of surgeries, the use of supplemental oxygen (e.g., 
80% fraction of inspired oxygen) in the perioperative period may reduce the 
risk of SSI. Although substantial opportunities for improvement remain, sur-
veillance data reported to the CDC’s National Healthcare Safety Network by 
U.S. hospitals between 2008 and 2014 showed a 17% reduction in the incidence 
of SSI occurring in association with 10 common surgical procedures.

 HEALTH CARE–ASSOCIATED INFECTION 
PREVENTION STRATEGIES

Many HAIs are preventable. This has been recognized since at least as early 
as the mid-1800s, when Semmelweiss demonstrated a dramatic reduction in 
sepsis-related deaths among maternity ward patients after an intervention to 
improve hand hygiene among health care workers. The degree to which HAIs 
are preventable was more clearly quantified in a multicenter study conducted 
in the 1970s. In that study, it was found that 32% of HAIs could be prevented 
through establishment of an effective infection control program. More recent 
estimates that take into account newer research and the technology that has 
been developed during the following three decades suggest that at least 55 to 
70% of some of the most common HAIs can be prevented. Scientific research 
and clinical experience have led to the publication of evidence-based guidelines 
for the prevention of HAIs (see E-Table 266-1).

Antimicrobial Stewardship
Antimicrobial stewardship refers to interventions designed to improve the 
appropriateness of antimicrobial use by promoting the selection of an optimal 
antimicrobial regimen (i.e., the most appropriate drug, dose, duration, and 
route of administration) for a specific patient. The goals of an antimicrobial 
stewardship program are to optimize clinical outcomes (e.g., cure of infection 
related to antimicrobial use, minimize toxicity and other adverse events) and 
to limit the antimicrobial selection pressure that drives the emergence of 
antimicrobial-resistant strains. Multidisciplinary antimicrobial stewardship 
programs have been associated with several desirable outcomes, including 
significant reductions in antimicrobial use, reduced rates of antimicrobial 
resistance among health care–associated pathogens, reduced incidence of 
adverse outcomes associated with antibiotic use (e.g., toxicity, C. difficile infec-
tion), and significant reductions in hospital antimicrobial-associated costs.

A variety of approaches have been used by successful antimicrobial steward-
ship programs, and guidelines describing these strategies have been published 
(see E-Table 266-1).12,13 One of the most commonly used and most effective 
strategies includes formulary restriction and requirement of preauthorization 
before prescribing certain antibiotics (e.g., antibiotics that are broad in their 
antimicrobial spectrum, are associated with significant toxicity, or are expen-
sive). A second approach that has been considered to be a core strategy for 
antimicrobial stewardship activities is prospective audit of the appropriateness 

of bacteriuria is 3 to 8% per day, and 10 to 25% of those with bacteriuria will 
subsequently develop symptoms consistent with a urinary tract infection.

A number of basic practices, such as aseptic technique during insertion, 
maintenance of proper cleanliness and hygiene, securement of the cath-
eter to avoid piston-like movement of the catheter within the urethra, and 
maintenance of a closed system with unobstructed flow of urine from the 
bladder into the collection system, are recommended to reduce the risk of 
CAUTI.10 It has been estimated that with implementation of such practices, 
65 to 70% of CAUTIs that occur in acute care hospitals could be prevented. 
Several studies have demonstrated that indwelling urethral catheters are 
often inserted for inappropriate reasons and that many catheters that were 
initially inserted for an appropriate indication remain in place even after the  
initial indication for catheterization has resolved. This may be due in part 
to lack of familiarity with appropriate indications for catheter insertion or 
with options that exist regarding alternatives to the use of indwelling urethral 
catheters. Additional studies have found that physicians are often unaware that 
their patient has a urinary catheter. Thus, perhaps the greatest opportunity 
for CAUTI prevention is avoidance of unnecessary catheter insertion and 
prompt removal of catheters that are no longer necessary. Development of 
protocols that explicitly define appropriate indications for insertion of urinary 
catheters, introduction of interventions that remind clinicians to reassess the 
appropriateness of a patient’s urinary catheter, and nurse-driven protocols that 
allow nurses to remove unnecessary urinary catheters have been associated 
with reduced catheter use and lower rates of CAUTI.

Ventilator-Associated Pneumonia
In hospitalized patients, mechanical ventilation is one of the most common 
risk factors for the development of pneumonia. Mechanical ventilation and 
the interventions required to provide mechanical ventilation (e.g., endotracheal 
intubation, sedation) increase the risk of pulmonary infection through a variety 
of mechanisms, including an increased risk of aspiration of oropharyngeal 
and gastrointestinal secretions and impairment of the cough reflex. From both 
a clinical and epidemiologic standpoint, ventilator-associated pneumonia 
(VAP) is a difficult diagnosis to establish with certainty because of the subjec-
tive nature of many of the variables considered (e.g., chest radiograph findings, 
changes in the characteristics of respiratory tract secretions), alternative expla-
nations for clinical and radiographic abnormalities (e.g., acute respiratory 
distress syndrome, atelectasis), and difficulty in determining whether the results 
of respiratory tract cultures represent true infection or colonization of the 
airway. To minimize subjectivity involved in making the diagnosis of VAP, a 
new surveillance classification has been proposed that characterizes all adverse 
ventilator-associated events (VAE) to replace the current VAP definition.11

Based on a point prevalence study, pneumonia is one of the two most 
common types of HAI and approximately 39% of cases are associated with 
mechanical ventilation. These infections are associated with mortality rates 
and health care costs that are among the highest observed among all HAIs 
(see Table 266-1). Studies suggest that at least 55% of VAP cases are prevent-
able. As with other device-associated infections, avoiding the use of the device 
is the most effective means of preventing infection. For preventing VAP and 
other complications of mechanical ventilation, the use of noninvasive methods 
of ventilation, minimized use of sedation (e.g., manage patients without seda-
tive if possible, daily sedation interruption and assessment of readiness to be 
extubated), and early mobilization can eliminate or at least reduce the duration 
of mechanical ventilation. For patients who do require mechanical ventilation, 
the following are routinely recommended for VAP prevention: proper clean-
ing, disinfection, sterilization, use, and maintenance of respiratory equipment; 
minimization of pooling of secretions above the endotracheal tube cuff; and 
elevation of the head of the bed (unless it is medically contraindicated). Routine 
oral hygiene, typically with an antiseptic such as chlorhexidine, is also a com-
monly used strategy that may be beneficial, but supporting data are limited. 
In some randomized, controlled trials, selective oropharyngeal or digestive 
decontamination has been associated with a significant reduction in VAP, but 
this approach has not yet been widely adopted as a standard of care in the 
United States, at least in part because of concerns that this intervention may 
lead to selection of antimicrobial-resistant organisms.

Other Device-Related Infections
With the advances that have occurred in medical technology in recent years, 
there have been substantial improvements in the capabilities of existing medical 
devices and the development of new implantable devices to treat and to manage 
a variety of medical conditions, particularly of the cardiovascular and nervous 
systems. These devices include cardiovascular implantable electronic devices 
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The second categorization scheme classifies interventions as either basic 
or advanced (or special) preventive practices. Basic practices are those that 
should routinely be implemented in all health care facilities. Basic practices 
for acute care hospitals include most of the horizontal approaches described 
before as well as a few vertical approaches, such as transmission-based precau-
tions. Special or advanced interventions are additional interventions that a 
facility may implement when basic practices fail to adequately control or prevent 
HAIs or transmission of one or more specific pathogens within the facility. 
This approach is consistent with recommendations and guidelines from the 
CDC and several professional societies that promote a tiered approach to the 
implementation of various HAI prevention strategies (see E-Table 266-1). 
The selection of specific strategies to be implemented within a specific health 
care facility should be based on an assessment of risk, local data and epide-
miology, scientific evidence and guidelines, regulatory and accreditation 
requirements, and facility-specific cost-benefit calculations. Many of the pre-
vention strategies that have been proven effective for prevention of device-
associated infections and SSIs have already been discussed. Several additional 
preventive strategies are discussed in more detail here.

Strategies to prevent HAI are designed to interrupt one or more of the 
factors associated with pathogen transmission or the development of infection 
due to endogenous or exogenous organisms. HAI prevention strategies are 
sometimes described by one of two categorization schemes that classify the 
intervention on the basis of either the applicability of the intervention for the 
prevention of a variety of HAIs or the priority an intervention should be given 
with regard to the overall HAI prevention program within a health care facility. 
The first categorization scheme classifies interventions as either “horizontal” 
or “vertical” infection prevention strategies. Horizontal prevention strategies 
are those that have the potential to prevent a wide variety of HAIs or to prevent 
transmission of a variety of pathogens. Vertical strategies, on the other hand, 
are those that target a specific pathogen. Examples of horizontal prevention 
strategies include hand hygiene, education of health care workers, environ-
mental cleaning and disinfection, antimicrobial stewardship, and use of aseptic 
technique for invasive procedures. Vertical or pathogen-specific prevention 
strategies include the use of interventions that are applied to patients known 
or suspected to be colonized or infected with a specific pathogen to prevent 
transmission of that pathogen. Preventing its transmission could involve inter-
rupting its normal routes of transmission (e.g., contact, droplet, airborne), 
active surveillance testing for the pathogen (e.g., MRSA) to detect asymptomatic 
carriers who may serve as unrecognized reservoirs for its transmission, targeted 
decolonization therapy for persons identified as carriers of the pathogen of 
interest (e.g., MRSA), and vaccination programs (e.g., health care worker 
influenza vaccination campaigns).
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or transmission to others. The interventions that may be applied to the identi-
fied carriers include transmission-based precautions (e.g., contact precautions), 
decolonization therapy (mostly applicable to S. aureus), and altered antimi-
crobial therapy (e.g., surgical antimicrobial prophylaxis). The role of active 
surveillance has long been the subject of debate and investigation. It is com-
monly used in outbreak control efforts in conjunction with other interventions. 
In the non-outbreak setting, there are numerous reports of use of active sur-
veillance as part of a comprehensive program to reduce transmission of or 
infection with MDROs in individual hospitals, large hospital systems, and 
health care facilities within specific geographic regions, such as a number of 
northern European countries. A cluster-randomized trial conducted in U.S. 
ICUs found that there was not a significant difference in the incidence of 
colonization or infection with MRSA and VRE in ICUs that performed active 
surveillance testing with introduction of contact precautions for patients found 
to be carriers of MRSA or VRE compared with ICUs that did not conduct 
active surveillance testing. A11  However, there was a delay in reporting the 
results of surveillance testing that was longer than would be anticipated in 
normal clinical practice, which may limit the ability to generalize the study 
findings to all settings.

Routine use of gowns and gloves for all patients is another intervention 
that has been used for its potential ability to reduce the risk of transmission 
of pathogens between patients by reducing contamination of health care 
workers’ hands and clothing. A cluster-randomized study found that universal 
use of gowns and gloves for all patients in intensive care units was not associ-
ated with a reduction in the primary outcome of acquisition of either MRSA 
or VRE. There was, however, a significantly lower incidence of MRSA acquisi-
tion, a secondary study outcome, associated with universal gown and glove 
use. A12  Thus, the utility of this strategy for preventing pathogen transmission 
remains uncertain.

 GOALS AND INCENTIVES FOR HEALTH CARE–
ASSOCIATED INFECTION PREVENTION

In addition to the obvious altruistic incentive of preventing patient harm, 
there are a number of additional incentives for health care providers and health 
care facilities to prevent HAIs. In the United States, the amount of attention 
given to HAIs and their prevention has greatly increased since the 1999 release 
of the Institute of Medicine report To Err Is Human: Building a Safer Health 
System. With this attention has come increasing pressure from the public, 
regulatory and accreditation agencies, and health care payers for the health 
care industry to improve its efforts and outcomes related to HAI prevention. 
The Centers for Medicare and Medicaid Services (CMS) Conditions of Par-
ticipation list specific requirements for infection prevention and control 
processes in health care facilities that receive funding from CMS. Hospitals 
found to be deficient in the implementation of the requirements are at risk 
of losing the funding that they receive from the agency. Similarly, hospital 
accreditation agencies such as The Joint Commission have established stan-
dards for infection prevention programs and periodically survey hospitals to 
determine if such programs are in place. In addition, public reporting of 
hospital-specific HAI data by CMS and other agencies provides further incen-
tive for hospitals to optimize their HAI prevention efforts.

of prescribed antimicrobial therapy with provision of feedback to the prescrib-
ing clinician if opportunities for further optimization of therapy are available 
(e.g., narrowing or broadening spectrum of therapy, discontinuing antimicrobial 
therapy, or altering drug dose or dosing interval on the basis of available clini-
cal data). Additional approaches that have been included in successful anti-
microbial stewardship programs include education, development of guidelines 
and clinical pathways, computer-assisted decision support, and protocols to 
optimize conversion from the parenteral to the oral route of administration 
when appropriate. In addition to the standard challenges associated with 
implementation of interventions that require a change in human behavior 
and clinical practice, antimicrobial stewardship programs must also address 
the complex and constantly changing problems and issues associated with 
antimicrobial resistance.

Although an increasing proportion of acute care hospitals and long-term 
care facilities have introduced antimicrobial stewardship programs, many of 
these programs are not adequately resourced to reach their full potential. There 
is also a recognized need for development of such programs in other health 
care settings, such as long-term acute care hospitals, dialysis facilities, and 
outpatient practices.

Decolonization Therapy
Decolonization refers to the administration or application of antimicrobial 
or antiseptic agents to a person to eliminate or to reduce the burden of car-
riage of one or more pathogens. For example, selective oropharyngeal or 
digestive decontamination has been used for prevention of VAP and SSI after 
colorectal surgery, respectively. More recently, topical decolonization has been 
studied as a horizontal intervention for prevention of a variety of HAIs and 
prevention of transmission of a variety of pathogens. Several quasi-experimental, 
before-after studies have associated the use of chlorhexidine, compared with 
nonantimicrobial soap, for daily bathing of patients with significant reductions 
in rates of blood stream infections, including CLABSI, acquisition of MDROs, 
blood culture contamination, and contamination of the environment and 
health care workers. Thus far, two higher quality studies of daily chlorhexidine 
bathing have been published. A multicenter, cluster-randomized trial conducted 
in eight adult ICUs and one bone marrow transplant unit in the United States 
found that daily bathing with chlorhexidine, compared with nonmedicated 
soap, was associated with a 23% reduction in the combined outcome of MRSA 
and VRE acquisition. A4  A similar study in pediatric ICUs showed a significant 
reduction in the incidence of bacteremia in the per-protocol analysis, although 
the difference observed in the intention-to-treat analysis did not reach statisti-
cal significance. A5  A third cluster-randomized trial conducted in 74 adult ICUs 
in the United States found that providing all ICU patients with decolonization 
therapy that consisted of intranasal application of mupirocin for 5 days and 
daily chlorhexidine bathing significantly reduced the MRSA-positive clinical 
cultures attributable to the ICU by 37% and was associated with a lower 
incidence of all-cause blood stream infections compared with the use of active 
surveillance and contact precautions for MRSA-colonized patients without 
decolonization therapy. A6  More recently published, single-center, randomized 
studies have yielded differing results. In one study, daily bathing with chlorhexi-
dine was not associated with a reduction in the incidence of health care–
associated infections in adult intensive care unit patients, A7  while in another, 
every other day bathing with chlorhexidine was associated with a significant 
reduction in hospital-acquired infections. A8  Thus, the role of routine chlorhexi-
dine bathing as an HAI prevention strategy remains an unresolved issue. The 
inconsistent results obtained from clinical trials suggest that factors such as 
compliance and bathing technique as well as hospital-specific factors related 
to the epidemiology of HAI may influence the outcomes observed at the 
individual hospital and individual patient levels. In another cluster-randomized 
trial conducted in ICUs, selective decontamination of the digestive tract (SDD) 
and selective oropharyngeal decontamination (SOD) were compared for their 
impact on the prevalence of antimicrobial-resistant gram-negative bacteria, 
mortality, ICU-acquired bacteremia, and length of ICU stay. SDD was associ-
ated with a lower incidence of ICU-acquired bacteremia but was also associated 
with increased carriage of aminoglycoside-resistant gram-negative bacteria, 
thus raising concerns about long-term antimicrobial resistance risks with use 
of this strategy. A9  Postdischarge MRSA decolonization with chlorhexidine 
and mupirocin can reduce subsequent MRSA infection by 30%. A10 

Active Surveillance Testing
Active surveillance testing identifies asymptomatic carriers of a pathogen of 
interest (e.g., MRSA, VRE, MDR-GNB) with the intention to introduce addi-
tional interventions for identified carriers to prevent infection in the carrier 
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interfacility patient transfer as a risk factor of introduction of MDROs and C. 
difficile into a health care facility, implementation of comprehensive prevention 
programs in all facilities within a region may be more effective in preventing 
HAIs and MDRO transmission than implementation of the same interven-
tions in a single health care institution. The establishment of regional infection 
prevention initiatives offers several potential benefits, including the ability to 
more effectively address the complex epidemiology of HAIs that involve mul-
tiple health care facilities (e.g., MDRO acquisition, transmission, and infection) 
than single-institution interventions and opportunities for collaboration and 
sharing of information, experiences, and resources. A number of successful 
regional and national initiatives for the prevention of HAI, including CLABSI, 
dialysis-related blood stream infections, MRSA, VRE, CRE, and C. difficile, 
have been described.

As previously mentioned in the discussion of decolonization therapy, a 
more recently published cluster-randomized trial found that providing universal 
decolonization to all ICU patients without the use of active surveillance testing 
was associated with a significantly greater reduction in MRSA clinical cultures 
attributable to the ICU than was active surveillance testing with isolation of 
MRSA-positive patients. Although data from these cluster-randomized trials 
of active surveillance testing and the emergence of data supporting the use 
of horizontal measures such as universal decolonization therapy have con-
tributed substantial new data regarding the control of multidrug-resistant 
gram-positive pathogens (e.g., MRSA and VRE) in the ICU in non-outbreak 
situations, additional study of these interventions in other settings and for 
other pathogens, such as MDR-GNB, is needed.

Interfacility and Regional Collaboration
Given the frequency with which patients are shared among hospitals and 
other health care settings within geographic regions and the evidence of 
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4. Which of the following scenarios does not represent an avoidable health 
care–associated risk factor for health care–associated infection or MDRO 
acquisition?
 A. The presence of an indwelling urinary catheter in an otherwise healthy 

patient who underwent elective knee replacement surgery 2 days earlier
 B. Insertion of a central venous catheter for administration of cytotoxic 

chemotherapy
 C. Insertion of an indwelling urinary catheter to reduce the need for nursing 

assistance in a 73-year-old patient with urinary incontinence
 D. Administration of antimicrobial prophylaxis for 48 hours after an elec-

tive colectomy
 E. Continuation of empirically prescribed piperacillin-tazobactam therapy 

for a patient admitted in septic shock who has now demonstrated a 
clinical response to current therapy and from whom pan-susceptible 
E. coli has been isolated from blood and urine specimens obtained at 
the time of admission

Answer: B The appropriateness of indwelling invasive devices and ongoing 
antimicrobial therapy should be assessed on a regular (i.e., at least once daily) 
basis with discontinuation of the device when an appropriate indication is 
not present and adjustment of antimicrobial therapy based on the results of 
diagnostic testing and clinical assessments.

5. Recommendations for the prevention of central line–associated blood 
stream infections (CLABSIs) include all of the following except:
 A. Use of maximal barrier precautions during catheter insertion (e.g., use 

of a cap, mask, sterile gown, sterile gloves, and sterile full-body drape)
 B. Routine replacement of central venous catheters every 7 days
 C. Preparation of the catheter insertion site with an antiseptic agent (e.g., 

>0.5% chlorhexidine preparation with alcohol) before catheter 
insertion

 D. Daily review of catheter necessity with immediate removal of catheters 
that are no longer necessary

 E. Scrubbing of the access port with an antiseptic before accessing the 
port

Answer: B Currently available evidence-based guidelines for prevention of 
CLABSI provide recommendations for catheter insertion, use, and mainte-
nance. Routine catheter replacement is not a recommended strategy for CLABSI 
prevention.

REVIEW QUESTIONS

1. What percentage of device- and procedure-associated health care– 
associated infections that occur in U.S. hospitals are potentially preventable?
 A. 0-15%
 B. 20-30%
 C. 40-50%
 D. 55-70%
 E. 85-100%

Answer: D A systematic review of published studies found that 55 to 70% 
of central line–associated blood stream infections, catheter-associated urinary 
tract infections, ventilator-associated pneumonia, and surgical site infections 
are preventable with the use of currently available evidence-based prevention 
strategies and technologies. Unfortunately, many of these strategies are not 
consistently implemented.

2. Bathing of intensive care unit (ICU) patients with chlorhexidine on a daily 
basis has been associated with which of the following outcomes?
 A. Reduction in MRSA-positive clinical cultures attributable to the ICU
 B. Reduction in overall blood stream infection rates in ICU patients
 C. Reduction in central line–associated blood stream infection rates in 

ICU patients
 D. Reduction in environmental contamination with VRE
 E. All of the above

Answer: E Several quasi-experimental studies and three cluster-randomized 
controlled trials have demonstrated the potential for daily bathing with 
chlorhexidine to reduce a variety of health care–associated infection outcomes 
in ICU patients. This intervention has generally been well tolerated. Further 
study of the risk of development of chlorhexidine resistance among common 
health care–associated pathogens as the use of chlorhexidine becomes more 
common is warranted. Daily chlorhexidine bathing in other settings has not 
been subject to such extensive study, and thus the role of the horizontal infec-
tion control intervention in the non-ICU setting is not yet known.

3. The increased rates of morbidity and mortality associated with health 
care–associated infections caused by multidrug-resistant organisms 
(MDROs), compared with those caused by susceptible organisms of the 
same species, are likely due to all except which of the following?
 A. Greater virulence of antimicrobial-resistant organisms compared with 

antimicrobial-susceptible organisms
 B. Delays in initiating effective antimicrobial therapy
 C. The presence of more severe underlying disease in patients who develop 

MDRO infections
 D. The availability of only less effective or more toxic antimicrobial agents 

for treatment of some MDRO infections compared with agents available 
for the treatment of more susceptible organisms

Answer: A The higher rates of morbidity and mortality associated with MDRO 
infections, compared with infections caused by susceptible organisms of the 
same species, are likely to be multifactorial in nature. In general, however, 
MDROs are not more virulent than susceptible organisms of the same species.
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267 
APPROACH TO THE PATIENT WITH 
SUSPECTED ENTERIC INFECTION
HERBERT L. DUPONT AND PABLO C. OKHUYSEN

 EPIDEMIOLOGY
Enteric infections are second only to respiratory tract infections as common 
infectious medical problems. In certain populations, enteric infections are 
hyperendemic: poorly nourished infants living in developing tropical countries 
showing excessive rates of mortality; infants in certain daycare centers; unhy-
gienic residents of custodial institutions for persons with severe intellectual 
disabilities; immunosuppressed persons; and visitors from industrialized areas 
to developing regions with traveler’s diarrhea.

 ETIOLOGY
In approaching a patient with an enteric infection, epidemiologic (Table 267-1) 
and clinical (Table 267-2) features suggest a potential etiologic agent respon-
sible for illness and a plan for evaluation (Table 267-3) and management 
(Table 267-4).1

Recent travel (Chapter 270) to mountainous regions or recreational lakes 
of North America should raise the suspicion of infection caused by Giardia 
species.2 When diarrhea occurs during or after travel to a developing tropical 
region, a bacterial enteropathogen should be suspected.3 The leading causes 

of traveler’s diarrhea worldwide are the diarrheagenic Escherichia coli entero-
toxigenic E. coli (ETEC) and enteroaggregative E. coli (EAEC). The invasive 
bacteria (Shigella, Salmonella, and Campylobacter species) cause diarrhea among 
travelers to all regions but are more common in Asia. Infection with Cyclospora 
species should be suspected when persistent or recurrent diarrhea follows 

TABLE 267-1 EPIDEMIOLOGIC FEATURES IMPORTANT IN 
DETERMINING POTENTIAL CAUSE OF ENTERIC 
INFECTION IN A PERSON WITH DIARRHEA

EPIDEMIOLOGIC FEATURE ETIOLOGIC AGENT TO SUSPECT
Travel to mountainous areas of 

North America
Giardia spp

Travel to Russia (especially St. 
Petersburg)

Cryptosporidium, Giardia spp

Travel to Nepal Cyclospora spp
Travel to the developing tropical/

semitropical world from an 
industrialized region

Enterotoxigenic Escherichia coli, 
enteroaggregative E. coli; Shigella, 
Campylobacter, Salmonella spp; other 
bacterial causes; Giardia, Cyclospora, 
Cryptosporidium spp and noroviruses

Presence of associated cases (an 
outbreak)

Use incubation period and clinical features 
to determine probable cause

Antibiotic, chemotherapy, or proton 
pump inhibitor use in the past  
2 months, particularly with a 
history of recent or current 
hospitalization

Clostridium difficile

Contact with daycare centers Any enteropathogen, often the low-dose 
organisms: Giardia, Cryptosporidium, 
Shigella spp or viral pathogens

Anal-genital, oral-anal, or digital-anal 
contact

Any organism spread by fecal-oral route; in 
those with proctitis, suspect Neisseria 
gonorrhoeae, Chlamydia trachomatis, 
herpes simplex, or Treponema pallidum

Immunosuppressed person Any agent, especially C. difficile, norovirus, 
Cryptosporidium, Cyclospora, Cystoisospora, 
Shigella, and Salmonella spp; C. jejuni, 
Mycobacterium avium-intracellulare, 
microsporidia, herpes simplex virus, and 
cytomegalovirus

Recent or current cruise ship travel Norovirus, less frequently enterotoxigenic  
E. coli

TABLE 267-2 CLINICAL FEATURES OF ENTERIC INFECTION
CLINICAL SYNDROME ETIOLOGIC AGENTS SUSPECTED SPECIAL CONSIDERATIONS
Sustained fever, often with systemic 

toxicity (enteric or typhoid fever)
Salmonella typhi, nontyphoid Salmonella spp, 

Campylobacter spp, Shigella spp, Yersinia enterocolitica
Stool and blood cultures; empirical antibiotics generally 

indicated. For this and other syndromes, multiplexed 
nucleic acid amplification tests are accurate and provide 
fast turn around. Confirmation with culture and 
sensitivity testing is recommended for bacterial agents of 
diarrhea

Acute watery (secretory) diarrhea Any agent. Consider Vibrio cholerae (if water losses are 
major), enterotoxigenic or enteroaggregative Escherichia 
coli, Shigella spp, Salmonella spp, Campylobacter jejuni, 
viral or parasitic protozoal pathogen

Fluid and electrolyte therapy crucial for recovery in 
dehydration

Recurrent vomiting (gastroenteritis) Viral agents (rotavirus or noroviruses) or preformed toxin 
(Staphylococcus aureus or Bacillus cereus)

In case of an outbreak, incubation period suggests the 
etiology

Bloody diarrhea (dysentery) Shigella spp, C. jejuni, Salmonella spp, Shiga toxin–
producing E. coli (e.g., O157:H7 or other serotype) or 
enteroinvasive E. coli, Aeromonas hydrophila, noncholera 
Vibrio spp, Yersinia enterocolitica, Entamoeba histolytica, 
or inflammatory bowel disease

Stool culture and occasionally parasite examination 
important to determining cause; hemolytic-uremic 
syndrome may complicate diarrheal disease caused by 
Shiga toxin–producing E. coli or rarely Shigella dysenteriae

Diarrhea lasting ≥2 weeks 
(persistent diarrhea)

Giardia spp and other protozoal parasites, bacterial 
overgrowth, Tropheryma whipplei, lactase deficiency, 
Brainerd diarrhea, postinfectious irritable bowel 
syndrome (PI-IBS), unmasked inflammatory bowel 
disease (IBD), or celiac sprue. Rarely due to 
conventional agents of bacterial diarrhea

Stool culture and parasite examination indicated; empirical 
anti-Giardia therapy may be useful; remove milk from 
diet; prior raw milk or untreated (well or surface) water 
consumption or international travel may predispose to 
Brainerd diarrhea; with illness lasting >30 days, consider 
Brainerd diarrhea, PI-IBS, celiac disease, or IBD
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ABSTRACT
Enteric infections are a common medical problem and may present as gas-
troenteritis, secretory diarrhea, dysentery, enteric fever, or persistent diarrhea 
(lasting ≥15 days). Patients with chronic diarrhea (lasting ≥4 to 6 weeks) seldom 
have an infectious disease as the underlying cause. Clinical and epidemiologic 
features help in developing a plan for evaluation and management. Norovi-
ruses are the major cause of foodborne gastroenteritis worldwide. Enterotoxi-
genic and enteroaggregative Escherichia coli are the most common causes of 
traveler’s diarrhea. Travel to mountainous areas is a risk factor for giardiasis. 
Recreational water parks are associated with cryptosporidiosis. Health care 
exposure and antibiotic therapy are risk factors for Clostridium difficile, although 
many cases are now acquired in the community with no antibiotic exposure. 
Fecal leukocytes are of value in identifying colonic inflammation and suggest 
infection with shigella, salmonella, campylobacter, or shiga toxin–producing 
E. coli or C. difficile. A two-step procedure (glutamate dehydrogenase followed 
by enzyme immunoassay) is recommended for the diagnosis of C. difficile 
infection. Sensitive nucleic acid amplification tests (NAATs) lack specificity 
as stand-alone tests. Multiplexed NAATs can assist in the diagnosis of enteric 
infections but do not provide information on antimicrobial susceptibility or 
organism relatedness (clonality) that may assist in antibiotic selection and 
outbreak investigations and may produce false-positive results in colonized 
patients. Until NAATs are fully validated, they should be used alongside tra-
ditional culture and immunoassays. Rehydration and symptomatic drugs are 
preferred for afebrile, nondysenteric diarrhea. Antibiotic therapy is reserved for 
enteric fever, severe dysenteric disease, and severe cases of traveler’s diarrhea.

KEYWORDS
enteric infection
enteric pathogen
traveler’s diarrhea
gastroenteritis
dysentery
infectious diarrhea
norovirus
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TABLE 267-3 LABORATORY TESTS AND PROCEDURES USEFUL IN THE DIAGNOSIS OF INFECTIOUS DIARRHEA
SPECIFIC TEST OR PROCEDURE WHEN INDICATED CLINICAL SIGNIFICANCE
Fecal leukocyte test For moderate to severe cases When present, indicates diffuse colonic inflammation, often due to 

Shigella, Salmonella, Campylobacter spp, Shiga toxin–producing 
Escherichia coli, or Clostridium difficile

Fecal lactoferrin For moderate to severe cases to help identify 
inflammatory forms of enteric infection, to 
use in health care–associated diarrhea to help 
determine whether C. difficile toxin test should 
be performed

More sensitive test than fecal leukocytes and will pick up the same 
pathogens as fecal leukocytes but also pathogens associated with 
less striking degrees of inflammation (enteroaggregative E. coli 
and C. difficile)

C. difficile toxins A and B Diarrhea associated with use of antibiotics, 
chemotherapy, or proton pump inhibitors, 
especially associated with current or recent 
hospitalization. Cases of community 
acquisition without health care exposure are 
increasingly being reported.

Most sensitive tests are culture and tissue culture toxin 
neutralization assay. Nucleic acid amplification tests are sensitive 
but lack specificity. Most specific tests are enzyme immunoassay 
for toxins A and B; a two-step procedure can be used: sensitive 
but nonspecific C. difficile glutamate dehydrogenase antigen test 
followed by toxin assay or nucleic acid amplification test 
followed by toxin immunoassay

Multiplexed nucleic acid amplification tests 
(NAAT)

Patients with persistent diarrhea, recent travel to 
developing countries, immunocompromised 
patients (HIV, solid organ transplant, 
hematopoietic stem cell transplant recipients)

Several platforms commercially available. Can detect up to 22 viral, 
bacterial, and protozoa targets. May detect incidental carriers or 
produce false positive results due to low target numbers or 
probe nonspecificity. The role of certain pathogens tested by 
these platforms such as enteropathogenic and enteroaggregative 
E. coli has not been validated in U.S. adults.

Stool culture for Shigella, Salmonella, Campylobacter 
spp, and Shiga toxin–producing E. coli (O157:H7 
and others)

Moderate to severe diarrhea and when stools are 
positive for inflammatory markers or contain 
gross blood and mucus (dysentery)

The four mucosa-inflammatory bacteria are the only bacteria 
routinely sought by most laboratories. Culture offers the 
advantage of antimicrobial susceptibility testing and the study of 
outbreaks

Specialized stool culture for Vibrio spp For cases of profuse watery diarrhea in 
cholera-endemic areas and outbreaks of 
seafood-associated diarrhea or dysentery

Cholera cases may need aggressive fluid therapy. Non–cholera 
vibrios can cause dysentery.

Parasite examination: (1) NAAT, (2) enzyme 
immunoassay for Giardia spp, Cryptosporidium 
spp, or Entamoeba histolytica; (3) acid-fast stain 
for Cyclospora or Cryptosporidium spp or 
Cystoisospora; or (4) trichome stain and 
microscopic examination

In any patient with persistent diarrhea and when 
diarrhea follows visits to mountainous or 
recreational lakes in North America, Nepal, 
Haiti, Peru, or Russia

NAATs are increasingly used for detection of Cyclospora, 
Cryptosporidium and Giardia. If microscopic evaluation is 
performed, experience of the laboratory personnel is important. 
The commercially available enzyme immunoassay tests are 
sensitive. 

Esophagogastroduodenoscopy and flexible 
sigmoidoscopy

Persistent diarrhea in patients without evidence 
of cause of illness

Identified cause of diarrhea is treated; without diagnosis, subjects 
may be treated symptomatically.

TABLE 267-4 THERAPY FOR AND PREVENTION OF INFECTIOUS DIARRHEA
THERAPEUTIC OPTION INDICATION PHARMACOLOGIC AGENT
Oral fluid and electrolyte therapy For infants, elderly patients, and anyone with profuse watery 

diarrhea
Soups, soft drinks, and saltine crackers are sufficient; formal 

oral replacement therapy may be needed with dehydrating 
forms of diarrhea

Diet: easily digestible foods In all forms of diarrhea to facilitate enterocyte renewal and recovery Soups and broth, saltine crackers, steamed vegetables, baked 
or broiled meats

Nonspecific therapy For temporary (≤48 hours) control of diarrhea in older children and 
adults without evidence of severe diarrhea caused by an invasive 
or inflammatory bacterial or parasitic pathogen

Loperamide is the most effective symptomatic treatment and 
will decrease number of stools passed by 60%; bismuth 
subsalicylate is much less effective and will reduce number 
of stools by 40%; the antisecretory agent crofelemer is of 
value in HIV-associated diarrhea

Empirical antibacterial drugs Enteric fever with toxicity Fluoroquinolones for 7-10 days
Febrile dysenteric diarrhea Azithromycin is recommended when fever or dysentery 

complicates illness
Traveler’s diarrhea Rifaximin 200 mg for 3 days, azithromycin 1000 mg in a 

single dose, or fluoroquinolone for 1-3 days when traveling 
to areas with low antibiotic resistance

Specific antibacterial therapy Shigellosis, campylobacteriosis, cholera See Chapters 286, 287, and 293
Antiparasitic drugs Giardiasis, amebiasis, cryptosporidiosis, cyclosporiasis See Chapters 329, 330, and 332
Prophylaxis in traveler’s diarrhea Persons traveling to developing areas on tight schedules, those with 

history of prior traveler’s diarrhea, persons with unstable 
underlying medical disorders, and those interested in prophylaxis

Rifaximin, 200 mg twice daily with meals, while in a high-risk 
region

travel to Nepal, Haiti, or Peru or other regions of the developing world (travel-
related infections are discussed in detail in Chapter 270).

A specific food or water vehicle cannot be suspected unless multiple cases 
of illness with a common exposure occur. All too frequently, persons assume 
that food consumed during their last meal before an illness onset is responsible 

for the symptoms. The highly variable incubation period for diarrheal disease, 
which may be as short as 2 hours after eating a food for preformed toxins, to 
a week or even longer for microbial enteropathogens, makes the determination 
of a specific food or beverage in a single case of illness impossible. When an 
outbreak of diarrhea results in multiple cases, a category of etiology (preformed 
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toxin versus enteric infection) can be determined by calculating the incubation 
period after looking at timing of the common exposure and the time of first 
symptoms. Short incubation periods are characteristic of food poisoning 
associated with enterotoxins (2 to 7 hours for cases caused by Staphylococcus 
aureus, 2 to 4 hours for Bacillus cereus enterotoxin food poisoning). Longer 
incubation periods (usually 12 to 72 hours or longer) are associated with 
most cases of intestinal infection.4

The clinical expression of diarrheal illness will give clues to the etiologic 
agent involved in disease (see Table 267-2). In the patient with diarrhea who 
is receiving or recently has completed a course of an antimicrobial drug, a 
proton pump inhibitor, or an anticancer drug, particularly with recent or 
current hospitalization, Clostridium difficile infection (Chapter 280) should 
be suspected. An increasing number of cases of C. difficile diarrhea are occur-
ring in the community without prior health care contact or antimicrobial 
use. When a person has close contact with an infant or infants attending a 
daycare center, a number of low–infectious dose pathogens are found in this 
setting (e.g., Giardia, Cryptosporidium, or Shigella species or viral pathogens, 
particularly norovirus) should be suspected. Persons practicing oral-anal, 
or digital-anal contact experience higher rates of enteric infection acquired 
through fecal-oral contamination, often associated with infection by multiple 
pathogens or through the practice of unprotected receptive anal intercourse 
leading to proctitis due to sexually transmitted organisms. When persons have 
advanced acquired immunodeficiency syndrome (AIDS) or other forms of 
severe immunodeficiency associated with chemotherapy, hematopoietic stem 
cell or solid organ transplantation, chronic use of immunosuppressive drugs, 
and depressed intestinal immunity may lead to enteric infection with a variety of 
parasitic, bacterial, or viral pathogens (see Table 267-1) (Chapter 265). Infants 
with malnutrition may develop persistent diarrhea and substantial long-term 
morbidity due to protozoal parasites, including Giardia and Cryptosporidium.

Enteric infection syndromes may be divided into at least five groups on the 
basis of the clinical presentation: (1) febrile systemic disease (enteric fever); 
(2) acute watery diarrhea (secretory diarrhea); (3) recurrent vomiting as the 

primary manifestation of enteric disease (gastroenteritis); (4) passage of many 
small-volume stools containing blood and mucus (dysentery); and (5) diar-
rhea lasting 2 weeks or longer (persistent diarrhea). Table 267-2 lists the major 
syndromes along with the expected cause.5

Noroviruses (Chapter 356) have become the major cause of food-borne 
gastroenteritis and the most commonly identified cause of waterborne enteric 
disease.6 They have been identified as causes of persistent diarrhea in immuno-
compromised patients, especially in those undergoing hematopoietic stem 
cell transplantation. Campylobacter species (Chapter 287) is a commonly 
reported bacterial enteropathogen in industrialized countries and is the most 
important definable cause of Guillain-Barré syndrome (Chapter 392), often 
resulting in severe disease requiring assisted ventilation, intensive care unit 
confinement, and permanent neurologic sequelae. E. coli O157:H7 and other 
Shiga toxin–producing E. coli (STEC) (Chapter 288) are important causes 
of food-borne and waterborne colitis complicated by hemolytic-uremic syn-
drome in children and occasionally in elderly people.

The most commonly detected pathogens in endemic diarrhea in the United 
States in one study were noroviruses (26%), rotavirus (18%), and Salmonella 
species (5.3%). EAEC strains are being shown to be important causes of 
pediatric diarrhea in the United States as diagnostic methods improve. In 
May and June of 2011, there was a large outbreak of diarrhea and hemolytic-
uremic syndrome reported from Germany and France due to an O104:H4 
strain of enteroaggregative E. coli (EAEC) that had picked up the STEC phage 
controlling production of Shiga toxin. In the future, with improved diagnostic 
tools, we are likely to see more of these hybrid superpathogens with multiple 
virulence properties.

 DIAGNOSIS
Laboratory Findings
Laboratory tests (Fig. 267-1; see Table 267-3) can be useful and are of par-
ticular value in the more severely ill patients, when subjects are forced by their 
illness to alter activities or are totally disabled and confined to bed or when 

FIGURE 267-1. Laboratory tests to diagnose causes of diarrhea. A, dysenteric stool. B, Stool culture and biochemical tests confirm Salmonella. C, Giardia trophozoites. D, Many 
leukocytes in diffuse colonic inflammation. 

A

B

C D

TREATMENT 
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many patients are afflicted during an outbreak. In each of these situations, the 
laboratory may help establish cause and allow development of a proper plan 
of treatment (see Table 267-3). Standard laboratory tests include procedures 
looking for fecal inflammatory markers, such as microscopic detection of fecal 
leukocytes or the more sensitive, commercially available test, fecal lactoferrin 
or calprotein. These tests are particularly helpful to suggest the presence of 
the invasive bacterial pathogens Shigella, Salmonella, and Campylobacter species 
or the noninvasive but inflammatory C. difficile.

Enteropathogens associated with infectious diarrhea can be rapidly identi-
fied with new molecular methods, including real-time polymerase chain reac-
tion, quantitation of pathogen load, and next-generation sequencing.7-11 Stool 
culture is performed in more severe cases of sporadic diarrhea and in disease 
outbreaks and is carried out with blood culture in a patient with fever and 
systemic toxicity. Other indications for stool culture are presence of dysentery 
(passage of grossly bloody stools) and when fecal inflammatory markers are 
found. In dysenteric diarrhea, particularly in the presence of an outbreak, the 
laboratory should also be instructed to look for E. coli O157:H7 and other 
Shiga toxin–producing E. coli. Parasite examination is indicated by diarrhea 
and persistent (≥14 days) illness; evidence that the subject practices oral-anal 
sex or unprotected receptive anal intercourse; or associated immunosuppres-
sion. Other tests are indicated in special situations, including stool culture for 
Vibrio cholerae in a patient with severe watery diarrhea with excessive fluid 
losses in or returning from a cholera-endemic area and culture for Mycobac-
terium avium complex, herpes simplex virus, and cytomegalovirus in those 
with immunosuppression. For patients with persistent diarrhea without etio-
logic diagnosis when routine tests are employed, endoscopy (esophagogas-
troduodenoscopy and flexible sigmoidoscopy or colonoscopy) may be indicated 
in attempting to determine the nature and cause of illness.

E

F

E, Entamoeba histolytica trophozoite with ingested red blood cells. F, oocysts of Cryptosporidium (left) and Cyclospora (right). (from the cdc public health 
information Library. http://phil.cdc.gov/phil/home.asp: images 7829 and 7827.)
FIGURE 267-1, cont’d. 

Treatment of diarrhea should be tailored to the clinical syndrome. Oral rehy-
dration therapy with fluids and electrolytes is used to treat acute watery diarrhea 
and gastroenteritis and all forms of enteric infection, especially when compli-
cated with any degree of dehydration. A1  Oral rehydration therapy is particularly 
important in infants; it can be life-saving in developing countries for infants 
with severe diarrhea. Patients with diarrhea should be fed easily digestible 
foods to facilitate enterocyte renewal and to speed up disease recovery. In 
afebrile, nondysenteric diarrhea, symptomatic drugs may allow older children 
and adults with illness to return earlier to school or work. Loperamide is the 
most active drug for improvement of symptoms. Bismuth subsalicylate can 
reduce diarrhea and is mildly effective in reducing nausea and vomiting associ-
ated with viral gastroenteritis.

For enteric fever, febrile dysenteric disease, and moderate to severe cases 
of traveler’s diarrhea, empirical antimicrobial therapy is indicated (see Table 
267-4). For outbreaks of dysenteric diarrhea, particularly in children in whom 
fever is not significant, antibacterial and antimotility drugs should be initially 
withheld while the etiology of the outbreak is being established to prevent 
patients infected by STEC strains from being predisposed to hemolytic-uremic 
syndrome. For bacterial and parasitic pathogen-specific diarrhea, antimicrobial 
therapy is often advised (see other chapters in the text for specific treatments). 
Because of the importance of diarrhea when persons travel from industrialized 
regions to developing countries, prophylaxis with the orally administered, poorly 
absorbed rifaximin can be employed for some groups (see Table 267-4), with 
expected protection rates exceeding 70%.

In sporadic cases of acute or persistent diarrhea, infectious agents are not 
always responsible. Table 267-5 offers a partial list of the noninfectious causes 
of diarrhea that should be considered.

TREATMENT 

http://phil.cdc.gov/phil/home.asp


TABLE 267-5 NONINFECTIOUS CAUSES OF DIARRHEA
Running Small bowel bacterial overgrowth
Fecal impaction Systemic mastocytosis and eosinophilic 

gastroenteritisDrugs and laxatives
Tropical sprueEnteral feeding
Celiac sprueIrradiation
Dermatitis herpetiformisPancreatic insufficiency
Intestinal graft-versus-host diseaseIntestinal lymphangiectasia
ThyrotoxicosisFoods (especially dietetic)
Adrenal insufficiencyCirrhosis and biliary obstruction
FactitiousDiabetic diarrhea
Inflammatory bowel diseaseAlcoholism
Food allergyCollagenous colitis
CarcinoidMicroscopic colitis
Villous adenomaVIPoma
Stress with autonomic stimulationIschemic bowel disease

Irritable bowel syndrome

 PERSISTENT DIARRHEA
Persistent diarrhea for more than 2 weeks develops in about 3% of individuals 
who travel to developing countries. Common causes include parasitic infec-
tions (e.g., Giardia [Chapter 330], Cryptosporidium [Chapter 329]), and bacte-
rial infections (e.g., enteroaggregative E. coli [Chapter 288]). The evaluation 
should include culture for bacterial pathogens and methods for detecting 
bacterial, viral, and protozoal infections (e.g., nucleic acid amplification tests), 
including multiplexed NAATs, as well as microscopy for protozoal infections. 
Antimicrobial therapy can be empirically given to patients who have recently 
returned from the developing world but should preferably be given based on 
the results of laboratory testing.12 Therapy should be limited to the more 
severe cases to avoid post-antibiotic carriage of multidrug-resistant entero-
bacteriaceae, which has been shown to spread to family members and persist 
for as long as 12 months.

 Grade A Reference

A1. Riddle MS, DuPont HL, Connor BA. ACG clinical guideline: diagnosis, treatment and prevention 
of acute diarrheal infections in adults. Am J Gastroenterol. 2016;111:602-622.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

https://expertconsult.inkling.com/


CHAPTER 267 ApproAch to the pAtient with SuSpected enteric infection 1836.e1

GENERAL REFERENCES

1. Shane AL, Mody RK, Crump JA, et al. 2017 Infectious Diseases Society of America clinical practice 
guidelines for the diagnosis and managment of infectious diarrhea. Clin Infect Dis. 2017;65: 
1963-1973.

2. Einarsson E, Ma’ayeh S, Svard SG. An up-date on Giardia and giardiasis. Curr Opin Microbiol. 
2016;34:47-52.

3. Steffan R, Hill DR, DuPont HL. Traveler’s diarrhea: a clinical review. JAMA. 2015;313:71-80.
4. Acree M, Davis AM. Acute diarrheal infections in adults. JAMA. 2017;318:957-958.
5. Lübbert C. Antimicrobial therapy of acute diarrhea: a clinical review. Expert Rev Anti Infect Ther. 

2016;14:193-206.

6. Bányai K, Estes MK, Martella V, et al. Viral gastroenteritis. Lancet. 2018;392:175-186.
7. Jiang ZD, DuPont HL. Etiology of travellers’ diarrhea. J Travel Med. 2017;24:S13-S16.
8. Byrne S, Robson JM. Advances in molecular diagnosis of parasitic enteropathogens. Pathology. 

2015;47:234-242.
9. Binnicker MJ. Multiplex molecular panels for the diagnosis of gastrointestinal infection: performance, 

result interpretation and cost-effectiveness. J Clin Microbiol. 2015;53:3723-3728.
10. Eckbo EJ, Yansouni CP, Pernica JM, et al. New tools to test stool: managing travelers’ diarrhea in 

the era of molecular diagnostics. Infect Dis Clin North Am. 2019;33:197-212.
11. Hirvonen JJ. Comparison of three multiplex real-time PCR assays for detection of enteric viruses in 

patients with diarrhea. Eur J Clin Microbiol Infect Dis. 2019;38:241-244.
12. DuPont HL. Persistent diarrhea: a clinical review. JAMA. 2016;315:2712-2723.



CHAPTER 267 ApproAch to the pAtient with SuSpected enteric infection1836.e2

REVIEW QUESTIONS

1. A 30-year old traveler to Goa, India, for vacation develops diarrhea and 
fever on the fifth day at the resort. After 36 hours of diarrhea, stools begin 
to contain bright red blood. She visited a U.S. travel medicine clinic before 
heading for India and was given two antibiotics, one for the common watery 
diarrhea and a second in the less likely event that she developed bloody 
diarrhea and fever. Which of the following antibiotics would she have cor-
rectly received from the clinic to treat dysenteric traveler’s diarrhea?
 A. Oral ciprofloxacin, 500 mg twice a day for 3 days
 B. Azithromycin, 1000-mg single dose
 C. Levofloxacin, 500 mg once a day for 3 days
 D. Metronidazole, 500 mg three times a day for 10 days
 E. Rifaximin, 200 mg three times a day for 3 days

Answer: B The invasive pathogens (Shigella, Salmonella, and Campylobacter) 
occur more commonly in travelers to Asia compared with destinations in 
Africa and Latin America. Ciprofloxacin and levofloxacin would not be the 
best choice in this patient because of the importance of fluoroquinolone-
resistant Campylobacter as a causative agent of dysenteric traveler’s diarrhea 
occurring in Asia. Metronidazole would be appropriate for persistent diarrhea 
caused by Giardia or Entamoeba histolytica but would not be useful in most 
patients with traveler’s diarrhea where the typical enteropathogenic agents 
are bacterial in origin. Rifaximin is of value for the common watery diarrhea 
of travelers but is of no value for the treatment of mucosally invasive entero-
pathogens as the drug is poorly absorbed (<0.4%). Azithromycin has the 
broadest spectrum of activity against the causes of traveler’s diarrhea and 
should be preferentially used for dysenteric traveler’s diarrhea or when break-
through diarrhea occurs in a patient taking rifaximin to prevent traveler’s 
diarrhea.

2. Two families eat a common meal and five people from the two families 
develop diarrhea the next afternoon, of whom two are passing grossly bloody 
stools. A sixth person eating the meal without diarrhea develops motor 
weakness and decreased reflexes 11 days later, progressing to quadriplegia. 
She is confined to a hospital intensive care unit requiring mechanical ven-
tilation. What probably caused the outbreak of diarrhea and the case of 
quadriplegia?
 A. Campylobacter jejuni
 B. Shigella flexneri
 C. Vibrio cholerae
 D. Aeromonas sobria
 E. Vibrio vulnificus

Answer: A The most common causes of dysentery (passing grossly bloody 
stools) in the United States are Shigella and Campylobacter. Campylobacter is 
the most important definable cause of Guillain-Barré syndrome (GBS), occur-
ring during the 2 months after Campylobacter infection in fewer than 2 per 
10,000 cases. GBS is an example of molecular mimicry with antibodies directed 
to Campylobacter lipooligosaccharides and peripheral nerve gangliosides. The 
complication can occur in asymptomatic Campylobacter infection as was seen 
in this case. Campylobacter can be suspected by searching for serologic evidence 
of past infection in subjects with GBS.

3. You receive a call from your office. One of your patients has developed 
watery diarrhea 2 hours after eating at a local restaurant. No other persons 
are known to be ill. What should you tell your office?
 A. Obtain a sample of food if possible for S. aureus enterotoxin.
 B. Have the office draw a blood culture sample.
 C. Do a complete clinical and epidemiologic history.
 D. Recommend ciprofloxacin therapy for the patient.
 E. Collect a stool sample for studies of enteric pathogens.

Answer: C A meal or beverage can be implicated as a cause of an enteric 
disease if there are associated cases of illness occurring with a common expo-
sure. The only exception to this is a case of classic botulism occurring shortly 
after consumption of a food. The incubation period of an enteric infection/
intoxication can be as long as 9 days and as short as 2 hours. Thus the problem 
could have resulted with an exposure during this broad time range. By taking 
a careful history, it would have been learned that this patient had diarrhea as 
well as vomiting and a temperature of 102° F. By obtaining more information, 
an infectious agent is more likely than a preformed toxin of Staphylococcus 
aureus or Bacillus cereus, which could produce illness with this short incubation 
period. Clearly, the meal was not responsible because an enteric infection has 
a minimum incubation period of 14 hours. In this subject, a stool culture 
revealed a Salmonella species, and he gave a history of eating a turkey meal 
the day before.

4. In January 2010, local authorities in Maryland were notified of a large 
cluster of gastroenteritis involving more than 100 persons, 24 to 36 hours 
after consumption of raw oysters in three Baltimore restaurants. The median 
incubation period was 30 hours. Vomiting and watery nonbloody diarrhea 
with abdominal pain were common. Some subjects complained only of 
nausea and vomiting. Fever was seen in approximately 30% of the affected 
persons. Approximately 20 subjects had stool studies performed, which 
were negative for bacterial and parasitic pathogens. Clinical recovery was 
complete in 72 hours, and there were no long-term sequelae. Which of 
the following organisms likely caused the outbreak?
 A. Shigella sonnei
 B. Vibrio cholerae
 C. Giardia
 D. Norovirus
 E. Staphylococcus aureus enterotoxin

Answer: D In the United States each year, more than 20 million cases of 
acute norovirus gastroenteritis occur, with half being reported to be food-
borne. The reservoir of norovirus is infected persons who may be asymptomatic. 
With fecal contamination of an oyster bed, norovirus contamination occurs 
readily. Outbreaks of norovirus gastroenteritis from oysters are not rare. The 
illness seen here meets the Kaplan criteria for norovirus illness: (1) median 
duration of illness is 12 to 60 hours; (2) median incubation period is 24 to 
48 hours; (3) more than 50% of affected persons complain of vomiting; and 
(4) no bacterial agent is found. Norovirus is more common in winter months, 
which fits with the timing of the outbreak. Shigella, V. cholerae, and Giardia 
produce a different disease (febrile dysentery, dehydrating diarrhea, persistent 
illness). Staphylococcus food poisoning associated with concentration of an 
enterotoxin in improperly handled food has a shorter incubation period (2 
to 7 hours) and is not likely to be seen in oyster-associated outbreaks.
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5. On June 15, 2010, local physicians reported 11 pediatric cases of diarrhea 
to a county health department. A preliminary investigation found that 9 
of the persons recently had visited a large city park with a wading pool. 
The health department performed an evaluation of persons who used the 
park or wading pool and found that of 89 children interviewed, 69 met 
the case definition. Secondary spread of illness to family members and 
contacts was found to be common. One third of the children had tempera-
ture above 102° F; half had bloody diarrhea. A pathogen was isolated from 
three children providing a stool sample. Which of the following is likely 
to be the cause of the outbreak?
 A. Shigella sonnei
 B. Enteroinvasive E. coli
 C. Campylobacter jejuni
 D. Vibrio cholerae
 E. Enterotoxigenic E. coli

Answer: A Outbreaks of infectious diarrhea have been reported among infants 
and children in wading pools where chlorine levels are not monitored and 
fecal contamination is expected. The likely causes of the illness are the low-
dose pathogens: norovirus, Shigella spp, Shiga toxin–producing E. coli, Giardia, 
and Cryptosporidium. Secondary spread of enteropathogens commonly occurs 
only for low-dose organisms. Salmonella and Campylobacter in most patients 
(outside the very young infant stage) are moderate-dose pathogens. V. cholerae 
and ETEC are high-dose pathogens. The moderate- and high-dose pathogens 
would be rare causes of outbreaks in this setting and would not have been 
associated with secondary transmission. If Shiga toxin–producing E. coli (STEC) 
would have been given as an option, two answers could have been correct. 
STEC is a low-dose pathogen seen in wading pool outbreaks and with second-
ary cases. The high fever is more compatible with shigellosis than with STEC 
diarrhea, however. V. cholerae, EAEC, and ETEC are each high-dose pathogens 
not associated with wading pools; secondary spread does not occur for them, 
and none causes dysenteric illness.

6. A 54-year-old man with colon carcinoma presents to the emergency depart-
ment with diarrhea. He reports passing 8 to 10 watery stools and abdominal 
cramps. There are no fever, chills, or night sweats. He denies recent travel 
abroad. Two months ago he was in the hospital for diverticulitis and was 
treated with ciprofloxacin and flagyl. At the time he received broad-spectrum 
antibiotics. He is receiving FOLFIRI (leucovorin calcium, fluorouracil, 
and irinotecan hydrochloride). Because of the suspicion of C. difficile infec-
tion, a multiplex nucleic acid amplification test (NAAT) is ordered. The 
laboratory reports that enteropathogenic E. coli (EPEC) is the only agent 
identified. Based on this information you decide to:
 A. Replace fluids and electrolytes, repeat PCR testing for C. difficile on 2 

additional stool samples
 B. Replace fluids and electrolytes, order an enzyme immunoassay for C. 

difficile toxin A and B
 C. Replace fluids and electrolytes and monitor
 D. Replace fluids and electrolytes treat EPEC with ciprofloxacin
 E. Replace fluids and electrolytes and administer neomycin to both treat 

EPEC and prevent breakdown of irinotecan by intestinal bacteria
Answer: C Fluid and electrolyte replacement therapy is the cornerstone of 
diarrhea management. Although prior antibiotic exposure places this patient 
at risk for C. difficile–associated diarrhea, a single negative NAAT effectively 
rules out C. difficile as the cause of diarrhea and therefore repeat testing is not 
indicated. The enzyme immunoassay for C. difficile toxin A and B as a stand-
alone test has low sensitivity for C. difficile infection and is not likely to be 
positive in the setting of a negative NAAT. Although EPEC has been shown 
to cause diarrhea in healthy adult challenge studies, EPEC is not considered 
to be an agent of diarrhea in U.S. adults, and ciprofloxacin is not indicated. 
Irinotecan is an important cause of acute- and delayed-onset diarrhea in patients 
receiving chemotherapy for colon cancer. Irinotecan causes acute diarrhea 
due to cholinergic effects and responds to atropine, whereas delayed onset of 
diarrhea is due to the activity of bacterial beta glucuronidase on the inactive 
intestinal glucuronade metabolite SN38G. This results in the release of SN38, 
which is toxic to the intestinal mucosa. Routine antibiotic use is not indicated 
to ameliorate irinotecan-induced diarrhea and can predispose to C. difficile 
infection.
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268 
APPROACH TO THE PATIENT WITH 
URINARY TRACT INFECTION
LINDSAY E. NICOLLE AND DIMITRI DREKONJA

 DEFINITIONS
Urinary tract infection (UTI) is bacterial or fungal infection of urine with 
associated signs or symptoms. The clinical presentation varies from cystitis 
(bladder or lower tract infection), to pyelonephritis (renal or upper tract infec-
tion) and urosepsis (systemic inflammatory response syndrome or septic shock 
from a urinary source). Urethritis caused by Chlamydia trachomatis, Ureaplasma 
urealyticum (Chapter 269), or Neisseria gonorrhoeae (Chapter 283) and pros-
tatitis (Chapter 120) and renal tuberculosis (Chapter 308) are addressed 
elsewhere in this text. Asymptomatic bacteriuria, although discussed here, is 
best considered as a state of colonization that requires treatment in only specific 
clinical circumstances.

Uncomplicated UTI occurs mainly in women with a normal genitourinary 
tract. Most episodes are manifested as cystitis; acute nonobstructive 

may cause catheter obstruction. About 80% of episodes of urinary catheter 
obstruction are attributed to P. mirabilis.

 ETIOLOGY
Table 268-2 summarizes the most common infecting organisms. In all types 
of UTI, E. coli is the dominant bacterial species, causing up to 85% of all 
symptomatic UTIs in women with community-acquired infections.3 The 
second most common species causing uncomplicated cystitis is Staphylococ-
cus saprophyticus, which is isolated more frequently in later summer and early 
fall. In patients with recurrent complicated UTI, species such as Enterococcus 
faecalis, Enterococcus faecium, Klebsiella species, Proteus species, Providencia 
stuartii, and Morganella morganii become more common. Patients with very 
frequent recurrences or with bladder catheters, particularly those in hospi-
tals and nursing homes where antimicrobials are frequently used, may have 
Pseudomonas aeruginosa, Acinetobacter baumannii, Serratia marcescens, and Ste-
notrophomonas maltophilia isolated. In such patients, E. coli accounts for less 
than 50% of infections. Urolithiasis attributed to infection stones is associated 
with urease-producing organisms; the alkaline urine created facilitates struvite 
formation.4 Repeated antimicrobial treatment administered to patients with 
recurrent complicated UTI often leads to increased antimicrobial resistance 
in the organisms isolated from recurrent infection. In health care facilities, 
the catheterized urinary tract is the most common site of isolation of mul-
tiply drug–resistant gram-negative organisms, including extended-spectrum 
β-lactamase–producing and carbapenemase-producing Enterobacteriaceae. 
Candida sp is the most common cause of fungal UTI. Patients with Candida 
infection are characterized by the presence of diabetes or of an indwelling 
urinary catheter and broad-spectrum antimicrobial exposure.

 CLINICAL MANIFESTATIONS
Typical symptoms of cystitis, pyelonephritis, and urosepsis are listed in Table 
268-3. The onset of cystitis is rapid, and symptoms usually develop within 24 
hours.5 Clinically, the lack of vaginal discharge differentiates cystitis from 
urethritis caused by chlamydia, ureaplasma, or gonococci. Women who experi-
ence recurrent episodes of acute uncomplicated UTI are more than 90% reli-
able for self-diagnosis.

Pyelonephritis may also have a rapid onset and may or may not be associ-
ated with cystitis symptoms. Bacteremia occurs in 10 to 30% of patients but 
does not have prognostic significance. The typical flank pain and tenderness, 
resulting from inflammation and edema of the renal parenchyma, may be 
masked by the intake of analgesic drugs such as acetaminophen, which may 

TABLE 268-1 HOST FACTORS ASSOCIATED WITH 
COMPLICATED URINARY TRACT INFECTION

EXAMPLES
Obstruction Urethral or ureteric strictures

Tumor
Diverticula
Pelvicalyceal junction obstruction
Prostate enlargement
Urolithiasis
Extrinsic compression

Functional Neurogenic bladder
Vesicoureteral reflux
Anatomic defects
Pregnancy
Turbulent urethral urine flow
Cystocele

Urologic interventions Urethral or suprapubic catheters
Urologic surgery
Ureteric stents
Nephrostomy tubes
Cystoscopy
Neobladders

Metabolic or congenital diseases Urethral valves
Polycystic kidneys
Nephrocalcinosis
Medullary sponge kidney

Immunologic abnormalities Renal transplantation

pyelonephritis also occurs in these women, at a lower frequency. Complicated 
UTI refers to UTI occurring in patients with functional or structural abnor-
malities of the urinary tract. Complicating factors are host factors facilitating 
the establishment and persistence of bacteriuria or infection (Table 268-1). 
Uncomplicated UTI occurs rarely in young men. Men presenting with UTI 
should be assumed to have complicated infection until proven otherwise. 
Recurrent infection is typically considered a reinfection when it is caused by 
a new bacterial strain and relapse when the same strain that caused preceding 
infections is isolated, especially when the subsequent infection occurs within 
30 days of completing therapy. It is clinically important to classify UTIs by 
site of infection, tendency to recur, and presence or absence of complicating 
factors.

 EPIDEMIOLOGY
UTI is the most common bacterial infection. It is somewhat more common 
in boys than in girls in the newborn period because of the higher frequency 
of urethral malformations in boys. Later in childhood, UTIs are more common 
in girls, as is asymptomatic bacteriuria. More than half of all healthy women 
experience at least one symptomatic UTI in their lifetime, and each year, 2 
to 10% of women experience at least one episode. UTI is uncommon in men 
with a normal genitourinary tract but increases after the age of 65 years, pri-
marily attributable to prostate hypertrophy and prostatitis. The frequency of 
infection in patients with complicating factors varies by the abnormality pro-
moting infection. For instance, patients with neurogenic bladder have continuing 
high rates of infection, but patients with abnormalities that can be corrected 
will no longer be at risk of infection. UTI is also one of the most common 
hospital-acquired infections; about 80% of these are a consequence of the use 
of an indwelling bladder catheter. However, many of these “cathether-associated” 
UTIs are asymptomatic bacteriuria detected via unnecessary urine cultures.

Asymptomatic bacteriuria is common. The prevalence increases from 1 to 
2% of schoolgirls to 3 to 5% of sexually active premenopausal women, 10 to 
20% of healthy postmenopausal women, and 40 to 50% of elderly women in 
nursing homes. It is infrequent in men until older ages, with 5 to 10% of 
elderly men in the community and 35 to 40% in nursing homes having bac-
teriuria. Some patients with genitourinary complications also have a very high 
prevalence. For instance, 50% of patients with a neurogenic bladder and without 
an indwelling catheter and 100% of patients with chronic indwelling catheters 
have bacteriuria.

 PATHOBIOLOGY
Acute uncomplicated UTI follows ascension into the bladder or kidney of 
uropathogenic organisms from the normal gut flora that have colonized the 
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ABSTRACT
Urinary tract infection (UTI) is the most common bacterial infection, ranging 
in severity from cystitis to urosepsis. In younger populations UTI is more 
common in women, but after the age of 65 the difference between sexes is 
negligible. The microbiology of UTI is dominated by Gram-negative organ-
isms, although staphylococci, enterococci, and Candida species are important 
exceptions to be aware of. Urine testing will reveal pyuria and bacteriuria in 
nearly all patients with UTI; however, both pyuria and bacteriuria can be 
present in asymptomatic patients and only symptoms can differentiate UTI 
from asymptomatic bacteriuria. Outside of pregnancy and prior to urologic 
procedures, treatment of asymptomatic bacteriuria is not recommended. Treat-
ment of UTI depends on the specific syndrome. Cystitis can be treated with 
short courses of antimicrobials, including some which only achieve high con-
centrations in the bladder. More severe infections such as pyelonephritis and 
urosepsis require treatment with agents that reach the renal parenchyma and 
achieve therapeutic levels in the blood and are typically treated for slightly 
longer durations. Increasing antimicrobial resistance among Gram-negative 
organisms has made UTI treatment more challenging, as has the increasing 
use of urinary catheters.
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may cause catheter obstruction. About 80% of episodes of urinary catheter 
obstruction are attributed to P. mirabilis.

 ETIOLOGY
Table 268-2 summarizes the most common infecting organisms. In all types 
of UTI, E. coli is the dominant bacterial species, causing up to 85% of all 
symptomatic UTIs in women with community-acquired infections.3 The 
second most common species causing uncomplicated cystitis is Staphylococ-
cus saprophyticus, which is isolated more frequently in later summer and early 
fall. In patients with recurrent complicated UTI, species such as Enterococcus 
faecalis, Enterococcus faecium, Klebsiella species, Proteus species, Providencia 
stuartii, and Morganella morganii become more common. Patients with very 
frequent recurrences or with bladder catheters, particularly those in hospi-
tals and nursing homes where antimicrobials are frequently used, may have 
Pseudomonas aeruginosa, Acinetobacter baumannii, Serratia marcescens, and Ste-
notrophomonas maltophilia isolated. In such patients, E. coli accounts for less 
than 50% of infections. Urolithiasis attributed to infection stones is associated 
with urease-producing organisms; the alkaline urine created facilitates struvite 
formation.4 Repeated antimicrobial treatment administered to patients with 
recurrent complicated UTI often leads to increased antimicrobial resistance 
in the organisms isolated from recurrent infection. In health care facilities, 
the catheterized urinary tract is the most common site of isolation of mul-
tiply drug–resistant gram-negative organisms, including extended-spectrum 
β-lactamase–producing and carbapenemase-producing Enterobacteriaceae. 
Candida sp is the most common cause of fungal UTI. Patients with Candida 
infection are characterized by the presence of diabetes or of an indwelling 
urinary catheter and broad-spectrum antimicrobial exposure.

 CLINICAL MANIFESTATIONS
Typical symptoms of cystitis, pyelonephritis, and urosepsis are listed in Table 
268-3. The onset of cystitis is rapid, and symptoms usually develop within 24 
hours.5 Clinically, the lack of vaginal discharge differentiates cystitis from 
urethritis caused by chlamydia, ureaplasma, or gonococci. Women who experi-
ence recurrent episodes of acute uncomplicated UTI are more than 90% reli-
able for self-diagnosis.

Pyelonephritis may also have a rapid onset and may or may not be associ-
ated with cystitis symptoms. Bacteremia occurs in 10 to 30% of patients but 
does not have prognostic significance. The typical flank pain and tenderness, 
resulting from inflammation and edema of the renal parenchyma, may be 
masked by the intake of analgesic drugs such as acetaminophen, which may 

vagina and periurethral mucosa. The ability of these organisms, usually Esch-
erichia coli, to colonize and to persist within the urinary tract is dependent on 
an array of virulence factors that include adhesins, toxins, and iron-scavenging 
proteins. Organism virulence is a major determinant of whether symptomatic 
infection develops or is manifested as cystitis or pyelonephritis. Strains causing 
uncomplicated infection typically express the FimH adhesin, but this adhesin 
is not specific for UTI. E. coli isolated from uncomplicated pyelonephritis are 
characterized by the presence of the P fimbria adhesin Gal(α1-4) Galβ disac-
charide globoside, which initiates mucosal inflammation. Adherence of organ-
isms in the bladder or kidney activates the innate immune response leading 
to release of cytokines, particularly interleukin-6 and interleukin-8, and mobilizes 
leukocytes. This results in pyuria and local or systemic symptoms, including 
fever in patients with pyelonephritis.

The occurrence of acute uncomplicated UTI in healthy premenopausal 
women is determined by both genetic and behavioral factors. A genetic pre-
disposition is supported by observations that a history of prior UTI is con-
sistently one of the strongest associations with recurrent uncomplicated UTI, 
and women who experience these infections report a higher proportion of 
first-degree female relatives with recurrent UTI than do those without infec-
tion. One established genetic association is being a nonsecretor of the ABH 
blood group antigen (being unable to secrete blood type antigens into body 
fluids), with more avid binding of uropathogenic organisms to the vaginal 
epithelium in nonsecretors. Genetic polymorphisms affecting innate immunity 
are correlated with increased frequency of infection as well as with specific 
presentations. The strongest behavioral factors associated with uncomplicated 
UTI are sexual intercourse and spermicide use. For sexually active premeno-
pausal women, 75 to 90% of episodes are attributed to intercourse. This is 
primarily attributed to ascension of periurethral organisms into the bladder 
with intercourse, but unprotected vaginal sex resulting in a reduction in endog-
enous anti–E. coli activity has also been reported.1 The normal lactobacillus 
flora of the vagina maintains an acid environment that prevents colonization 
by potential uropathogens, and spermicide suppresses these organisms. Use 
of oral contraceptives or condoms, postcoital voiding, type of underwear, 
personal hygiene after voiding or defecating, and taking a bath rather than a 
shower are not associated with UTI recurrence, despite popular perceptions. 
Behavioral risk factors are similar for women for both cystitis and pyelone-
phritis, and even for asymptomatic bacteriuria. Sexual intercourse is not a 
major contributor to UTI in postmenopausal women. The most important 
determinants of infection in these women are having a history of UTI at a 
younger age and nonsecretory status (see above).

The risk of complicated UTI is determined by the underlying abnormality. 
Genitourinary abnormalities facilitate infection through increased entry of 
organisms into the bladder, such as intermittent catheterization or urologic 
procedures, and persistence of organisms within the urinary tract because of 
incomplete voiding or in biofilm on urologic devices. The determinants that 
promote symptomatic infection rather than asymptomatic colonization are 
not well characterized. However, obstruction and mucosal trauma with bleed-
ing are well-recognized antecedents for bacteremia and sepsis in patients with 
preexisting bacteriuria. Although it is generally accepted that patients with 
diabetes have an increased incidence of UTI, this correlates more with long-
term complications of diabetes, such as neurogenic bladder, than with the 
diabetes itself. Patients with poorly controlled diabetes, however, are at risk 
for more severe manifestations of infection.2

Acquisition of bacteriuria in individuals with indwelling urinary devices, 
including catheters, stents, and nephrostomy tubes, is primarily attributable 
to biofilm development along the device. Biofilm is composed of an extracel-
lular polysaccharide material produced by the organisms that incorporates 
urine components including Tamm-Horsfall protein and magnesium or calcium 
ions. After insertion of the device, a conditioning layer composed of proteins 
and other host components immediately coats the device. Organisms adhere 
to this conditioning layer and initiate biofilm formation. Colonization usually 
begins at the urethral orifice or in the drainage bag, and the biofilm then 
ascends the catheter. Organisms growing in the biofilm persist in an environ-
ment relatively protected from antibiotics or host defenses. For patients with 
an indwelling catheter, the acquisition of bacteriuria occurs at a rate of 3 to 
7% per day. Bacteriuria that follows indwelling catheter insertion is initially 
usually with a single organism, but polymicrobial flora is typical in mature 
biofilms on chronic indwelling devices. Proteus mirabilis is a particularly impor-
tant organism for biofilm formation on chronic devices. These strains may 
produce copious biofilm, and urease production creates an alkaline environ-
ment leading to precipitation of calcium and magnesium ions. This creates a 
“crystalline biofilm” that is similar to the material causing infection stones and 

TABLE 268-2 MICROBIAL ETIOLOGY OF URINARY TRACT 
INFECTIONS

ORGANISMS CLINICAL CHARACTERISTICS
GRAM-NEGATIVE BACTERIA

Escherichia coli Typical
Klebsiella pneumoniae Often reinfection
Enterobacter spp Often reinfection or health care–associated infection*
Proteus spp May indicate calculi; frequent with devices
Providencia stuartii Often reinfection or health care–associated infection*
Morganella morganii Often reinfection or health care–associated infection*
Serratia marcescens Often health care–associated infection*
Acinetobacter baumannii Often health care–associated infection*
Burkholderia spp Often health care–associated infection*
Pseudomonas aeruginosa Often health care–associated infection*
Stenotrophomonas maltophilia Often health care–associated infection*
GRAM-POSITIVE BACTERIA

Staphylococcus saprophyticus Most common during late summer and fall
Staphylococcus aureus May indicate focus outside the genitourinary tract
Enterococcus spp Often reinfection
Other gram-positive bacteria In most cases contaminants or colonizers
FUNGI

Candida spp May indicate focus outside the genitourinary tract
*Includes hospital and nursing home care.
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with symptoms of uncomplicated cystitis, 102 CFU/mL or more in midstream 
urine of E. coli or S. saprophyticus is consistent with infection. Other gram-
positive organisms at any quantitative count should be interpreted as 
contaminants.

Pyuria is present in most patients with symptomatic UTI or asymptomatic 
bacteriuria. Many other abnormalities are, however, associated with pyuria, 
and the presence of pyuria does not diagnose infection or differentiate symp-
tomatic from asymptomatic infection. The absence of pyuria has a high negative 
predictive value to exclude UTI for most patients. However, the absence of 
pyuria in a urine specimen from a woman with symptoms compatible with 
cystitis is not an indication to withhold empirical antimicrobial therapy.

For screening of bacteriuria, identification of nitrite in the urine may be 
useful. Gram-negative bacteria, with the exception of P. aeruginosa, will metabo-
lize nitrate to nitrite, which can be demonstrated by a color reaction on a 
dipstick. Gram-positive bacteria and fungi do not metabolize nitrate. The 
technique is rapid (<1 minute) and inexpensive. It has a high degree of speci-
ficity but is insensitive because it does not detect infections caused by gram-
positive organisms.

Conversely, some patients with evident pyuria will have negative urine 
cultures. Infectious causes of sterile pyuria include tuberculosis (Chapter 308), 
gonorrhea (Chapter 283), chlamydia (Chapter 302), mycoplasma (Chapter 
301) and ureaplasma (Chapters 301 and 269), genital herpes (Chapter 350), 
trichomoniasis (Chapter 332), fungal infections (Chapter 322), and schisto-
somiasis (Chapter 334).7

Blood culture specimens should be obtained in all patients with suspected 
urosepsis. Patients with acute pyelonephritis, but not those with acute cystitis, 
have increased serum levels of C-reactive protein.

Imaging
Early imaging should be performed in any patient with urosepsis to identify 
abnormalities that require immediate source control. The optimal imaging 
modality is a computed tomography scan with intravenous contrast. Magnetic 
resonance imaging may not identify gas in tissues or small stones. Ultrasound 
may provide a rapid examination to exclude significant obstruction. Investiga-
tions are also indicated for patients with delayed response or failure to respond 
to appropriate antimicrobial therapy, or with early relapse of pyelonephritis 
after completion of therapy. The optimal management of complicated urinary 
infection requires characterization of underlying abnormalities and correction 
of these, whenever possible. Selected patients may require studies for diagnosis 
of vesicoureteral reflux or to characterize differential renal function.

Differential Diagnosis
Clinical manifestations will usually differentiate acute cystitis and acute pyelo-
nephritis (Table 268-5). New-onset frequency, dysuria, and urgency without 
accompanying vaginal discharge or pain have a positive predictive value of 
90% for acute cystitis. The differential diagnosis for women presenting with 
acute irritative lower tract symptoms includes sexually transmitted infections, 
vulvovaginal candidiasis, and noninfectious causes such as interstitial cystitis. 
Some patients who present with only lower tract symptoms may have renal 
infection, referred to as occult pyelonephritis. Patients with appendicitis and 
cholecystitis can present with flank pain similar to right-sided pyelonephritis, 
and pelvic inflammatory disease may be misdiagnosed as urinary infection.

also reduce the fever. An important differential diagnosis is renal calculus. 
This may have a similar location of pain but does not cause fever unless it is 
complicated by infection.

Complicated UTI is manifested across a clinical spectrum from minimal 
voiding abnormalities to symptoms consistent with cystitis, pyelonephritis, 
or severe sepsis. Urosepsis is a life-threatening condition, usually associated 
with bacteremia.6 Obstruction or trauma to the mucosa from an indwelling 
catheter or with urologic surgery may precipitate bacteremia. Patients who 
present with urosepsis typically have complicated UTI rather than nonob-
structive pyelonephritis.

 DIAGNOSIS
Laboratory Findings
The hallmark of UTI diagnosis is demonstration of bacteriuria in a urine 
sample. A pretherapy urine culture specimen should be obtained for all patients 
presenting with pyelonephritis, urosepsis, or complicated UTI or when the 
diagnosis is uncertain. It is not generally recommended for acute uncompli-
cated cystitis because the clinical presentation is characteristic, and use of 
empirical short-course therapy means symptoms are often resolved by the 
time the culture is available. However, with increasing bacterial resistance 
culture results may be needed, and should certainly be obtained in the case 
of persistent symptoms despite empirical antimicrobial therapy or early recur-
rence post-therapy. The urine specimen must be collected in a manner that 
will limit contamination. The usual collection method is a midstream urine 
sample. Specimens collected from patients with indwelling catheters should 
be collected from the catheter port and not from the drainage bag. All speci-
mens should be taken promptly to the laboratory to prevent growth during 
transportation. Urine specimens for culture must be collected before institution 
of antimicrobial therapy because the urine is rapidly sterilized after initiation 
of systemic antimicrobials.

Interpretation of the quantitative urine culture varies with the clinical pre-
sentation and collection method (Table 268-4). Significant bacteriuria is usually 
105 CFU/mL or more, where one colony-forming unit (CFU) is one or more 
bacterial cells forming a colony when growing on an agar plate. In women 

TABLE 268-3 CLINICAL SYMPTOMS OF URINARY  
TRACT INFECTIONS

TYPE OF URINARY TRACT 
INFECTION TYPICAL SIGNS OR SYMPTOMS
Cystitis Frequency

Dysuria
Urgency
Stranguria (difficulty in micturition)
Suprapubic pain
Hematuria

Pyelonephritis Costovertebral angle pain or tenderness
Fever
Chills
Cystitis symptoms (may be absent)

Urosepsis Fever
Chills, rigors
Sepsis syndrome

TABLE 268-4 INTERPRETATION OF THE QUANTITATIVE 
URINE CULTURE

QUANTITATIVE BACTERIAL COUNT
Asymptomatic bacteriuria ≥105 CFU/mL in two consecutive 

specimens for women
Acute uncomplicated cystitis ≥102 CFU/mL of Escherichia coli or 

Staphylococcus saprophyticus
Acute uncomplicated pyelonephritis ≥104 CFU/mL (95% have ≥105 CFU/mL)
Complicated urinary tract infection ≥105 CFU/mL (lower counts may occur 

with diuresis)
Intermittent or in and out catheter 

collection
≥102 CFU/mL

Suprapubic or percutaneous aspiration Any organisms isolated

Symptomatic UTIs should be treated with antimicrobials to decrease the 
duration of symptoms and, for pyelonephritis, to limit damage to renal tissue. 
Antimicrobials selected for treatment should be excreted renally, so high anti-
microbial concentrations are achieved in the renal parenchyma and urine.

Cystitis
Table 268-6 lists recommended choices for the antimicrobial treatment of 

cystitis. The shortest effective treatment duration for the antimicrobial should 
be used. Trimethoprim, trimethoprim-sulfamethoxazole, fosfomycin, pivmecil-
linam, and nitrofurantoin are recommended first-line treatments because they 
are effective with relatively short courses and since there is limited effect on 
normal flora, resistance emergence is less of a concern.8 In a randomized trial, 
nitrofurantoin, 100 mg tid for 5 days, compared with single-dose fosfomycin, 
3 grams, resulted in a significantly higher likelihood of clinical and microbiologic 
resolution at 28 days after completion of therapy for uncomplicated lower UTI 
in women. A1  Trimethoprim or trimethoprim-sulfamethoxazole should be selected 
for initial empirical therapy only if the local prevalence of resistance to these 

TREATMENT 
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TABLE 268-5 DECISION PROCESS FOR DIAGNOSIS AND 
TREATMENT OF UPPER (PYELONEPHRITIS) 
VERSUS LOWER (CYSTITIS) URINARY  
TRACT INFECTIONS

CYSTITIS PYELONEPHRITIS
SIGNS AND SYMPTOMS

Fever No Yes
Dysuria Yes May be present
Frequency Yes May be present
Flank pain No Yes
DIAGNOSIS

Pyuria Yes Yes
Nitrite test result Normally positive Normally positive
Bacteriuria Yes Yes
C-reactive protein Normal Increased
Blood cultures Negative Positive in ≈10-30%
TREATMENT

First line Short-term oral therapy 
(Table 268-6)

Oral: fluoroquinolone for 7 days 
Parenteral: cephalosporin, 
fluoroquinolone, or 
aminoglycoside for 7-14 days 
(Table 268-7)

Second line Fluoroquinolone for 3 
days or cephalosporin 
for 7 days

Injectable cephalosporin until 
afebrile, followed by oral 
step-down for total of 2 weeks

Pregnant women Nitrofurantoin or 
cephalosporin for  
5-7 days

Injectable cephalosporin until 
afebrile, followed by oral 
cephalosporin for 14 days

TABLE 268-6 ANTIMICROBIALS USED TO TREAT CYSTITIS
ANTIMICROBIAL DOSE* AND DURATION
FIRST-LINE THERAPY

Trimethoprim 100-150 mg q12h for 3 days
Trimethoprim-sulfamethoxazole 160/800 mg q12 for 3 days or 

320/1600 mg single dose
Nitrofurantoin 50-100 mg q8h for 5-7 days
Nitrofurantoin macrocrystals 100 mg bid for 5 days
Fosfomycin trometamol 3 g single dose
Pivmecillinam 400 mg bid for 3-5 days
OTHER

Amoxicillin-clavulanate 500 mg (amoxicillin dose) q8h for 7 days
Amoxicillin 500 mg tid for 7 days
Cefpodoxime proxetil 100 mg bid for 3 days
Cefuroxime axetil 500 mg bid for 7 days
Cefixime 400 mg/day for 7 days
Ceftibuten 400 mg/day for 5-7 days
Norfloxacin† 400 mg q12h for 7 days
Ciprofloxacin† 250 mg q12h for 7 days (500 mg qd 

extended release)
Levofloxacin† 250-500 mg/day for 7 days
Doxycycline 100 mg bid for 7 days
*Doses given are for adults with normal renal function. The need to reduce dosages because of renal 
impairment related to infection in the kidneys, other renal diseases, or advanced age should always 
be considered.
†The FDA advises that the side effects of fluoroquinolones outweigh their benefits when patients 
with acute uncomplicated urinary tract infections have other options.

TABLE 268-7 ANTIMICROBIALS USED TO  
TREAT PYELONEPHRITIS

ROUTE OF ADMINISTRATION AND 
ANTIMICROBIAL DOSE* AND DURATION
PARENTERAL

first-Line therapy
Gentamicin 4.5 mg/kg/day × 10-14 days
Tobramycin 4.5 mg/kg/day × 10-14 days
Ciprofloxacin 400 mg q12h × 7 days
Levofloxacin 750 mg/day × 5 days
Cefepime 2 g q8-12h × 14 days
Cefotaxime 1 g q8h × 10-14 days
Ceftriaxone 1-2 g qd × 10-14 days

other
Ceftazidime 1 g q8-12h × 10-14 days
Ertapenem 1 g qd × 10-14 days
Meropenem 500 mg q6h × 10-14 days
Piperacillin-tazobactam 3.375 g q6h × 10-14 days
Doripenem 500 mg q8h × 10-14 days
Amikacin 15 mg/kg/day × 10-14 days
Trimethoprim-sulfamethoxazole 160/800 mg q12h × 14 days
ORAL

first-Line therapy
Ciprofloxacin 500 mg q12h × 7 days
Levofloxacin 250-500 mg/day × 5-7 days

other
Amoxicillin-clavulanate 500 mg (amoxicillin dose) q8h × 14 days
Cefuroxime axetil 500 mg q12h × 14 days
Cefixime 400 mg/day × 14 days
Ceftibuten 400 mg/day × 14 days
*Doses given are for adults with normal renal function. The need to reduce dosages because of renal 
impairment should always be considered.

agents in community-acquired E. coli infections is less than 20%. Fluoroquino-
lones are not recommended for first-line therapy because of toxicity concerns 
and widespread use promoting emergence of resistance. β-Lactam antimicrobials 
are about 10% less effective than the first-line agents. A2  Patients with recurrent 
cystitis can be effectively managed with a strategy of early self-treatment. Early 
empirical treatment usually leads to prompt improvement of symptoms. Nitro-
furantoin and oral cephalosporins are preferred therapy for pregnant women 
because these are safe for the fetus.9

Pyelonephritis
For antimicrobial treatment of pyelonephritis, the initial decision is whether 

parenteral treatment is needed or whether oral treatment alone will suffice. 
Table 268-7 lists antimicrobials suitable for the treatment of pyelonephritis. 
After initial treatment with a parenteral drug, a transition to oral treatment that 
achieves adequate tissue levels (i.e., not nitrofurantoin or fosfomycin) is normally 
possible at 24 to 48 hours if the patient has clinically improved. The recom-
mended treatment time is 7 to 14 days but 5 to 7 days is adequate for cipro-
floxacin or levofloxacin. A3-A5 

Complicated Urinary Infection
The antimicrobial regimen selected for treatment of complicated UTI is indi-

vidualized on the basis of the site of infection, severity of the manifestations, 
new or presumed infecting organism and susceptibility, tolerance of the patient, 
and nature of the underlying abnormalities. When symptoms are mild, it  
is preferable to delay initiation of antimicrobial therapy until results of urine 
culture are available to allow optimal antimicrobial selection. Empirical anti-
microbial therapy should be initiated when severe symptoms are present. 
Options include intravenous plazomicin (15 mg/kg once daily) or meropenem 
(1 g every 8 hours) for 4 to 5 days, followed by appropriate oral therapy for 
another 5 to 6 days. A6  Other options include meropenem vaborbactam (2 g/2 g 
over 3 hours) or piperacillin tazobactam (4 g/0.5 g over 30 minutes) every 8 
hours for 4 to 5 days, followed by 5 to 6 days of oral therapy. A7  Plazomicin and 
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TABLE 268-8 PROPHYLACTIC REGIMENS TO PREVENT 
RECURRENT URINARY TRACT INFECTION  
IN WOMEN

PREFERRED OTHER
Long-term low dose
 Nitrofurantoin 50 mg od or 100 mg daily Cephalexin 250-500 mg daily*
 Trimethoprim-sulfamethoxazole, 40/200 mg 

daily or every other day
Norfloxacin 200 mg daily
Ciprofloxacin 125 mg daily

Postcoital (single dose)
 Nitrofurantoin 50 or 100 mg* Cephalexin 250 mg*
 Trimethoprim-sulfamethoxazole 40/200 mg Ciprofloxacin 125 mg
 Trimethoprim 100 mg Norfloxacin 200 mg
*Suitable for use in pregnancy.

 Grade A References

A1. Huttner A, Kowalczyk A, Turjeman A, et al. Effect of 5-day nitrofurantoin vs single-dose fosfomycin 
on clinical resolution of uncomplicated lower urinary tract infection in women: a randomized 
clinical trial. JAMA. 2018;319:1781-1789.

A2. Hooton TM, Roberts PL, Stapleton AE. Cefpodoxime vs ciprofloxacin for short-course treatment 
of acute uncomplicated cystitis: a randomized trial. JAMA. 2012;307:583-589.

A3. Sandberg T, Skoog G, Hermansson AB, et al. Ciprofloxacin for 7 days versus 14 days in women 
with acute pyelonephritis: a randomised, open-label and double-blind, placebo-controlled, non-
inferiority trial. Lancet. 2012;380:484-490.

meropenem vaborbactam are particularly useful for highly-resistant organisms 
where treatment options are limited. Oral or parenteral therapy is selected on 
the basis of the presentation and the likelihood of resistant organisms. Previous 
urine culture results from the patient and recent history of antimicrobial expo-
sure are helpful to assess the likelihood of resistant organisms. Nitrofurantoin 
may be used for episodes of bladder infection but is not effective for renal 
infection and is contraindicated in individuals with renal failure. The empirical 
therapy selected should be reassessed after 48 to 72 hours, by which time the 
urine culture result should be available and the response to initial therapy can 
be assessed. If the organism isolated from a pretherapy urine culture specimen 
is resistant to the empirical antimicrobial therapy initiated, the antimicrobial 
regimen should be modified to an agent to which the organism is susceptible, 
irrespective of the clinical response. Antibiotic prophylaxis at the time of catheter 
removal to reduce the risk of subsequent symptomatic infection, remains 
controversial.

Asymptomatic Bacteriuria
Asymptomatic bacteriuria is increasingly recognized as a major driver of 

unnecessary antimicrobial use. Evidence supports treatment of asymptomatic 
bacteriuria before urologic procedures with anticipated trauma to the genito-
urinary mucosa. There is also evidence supporting treatment of asymptomatic 
bacteriuria in pregnant women. A8  However, a recent study in low-risk pregnant 
women found that asymptomatic bacteriuria developed into pyelonephritis in 
only 2.4%, thereby raising the question of whether routine screening and treat-
ment is indicated for all pregnant women,10 especially with concern about 
promoting antibiotic-resistant organisms.11

For all other populations, including elderly women and men, treatment of 
asymptomatic bacteriuria has not been associated with improved outcomes 
but is consistently followed by reinfection with organisms of increasing anti-
microbial resistance.12 For some populations, evidence suggests that asymp-
tomatic bacteriuria may protect subjects from symptomatic UTI. Bacteriuria in 
patients with indwelling catheters should not be treated unless the patient 
has symptoms attributed to urinary infection. Administration of antimicrobials 
to catheterized patients with asymptomatic bacteriuria inevitably results in 
reinfection with more resistant organisms. The optimal treatment for patients 
with nonspecific symptoms (fatigue, lethargy, poor concentration) and bacte-
riuria is unknown. Supportive care with observation versus a trial of antimicrobial 
treatment are potentially valid but unstudied options.

Infections in Elderly Men
Urinary tract infection is the leading cause of bacteremia in older men, almost 

always in the context of underlying prostate, bladder, or kidney abnormalities, 
including bacterial prostatitis (Chapter 120). For lower urinary tract infections, 
initial empiric therapy can be as for cystitis in women. However, culture-directed 
antimicrobial therapy is indicated as soon as possible, and antibiotics do not 
obviate the need for a urologic consultation and a full urologic evaluation,13 
which then guides further therapy. Treatment duration is typically longer than 
for women, but the minimum effective duration is unknown. A9 

Urosepsis
The principles of management of urosepsis are similar to those for patients 

with severe sepsis from any site. Parenteral empirical antimicrobial treatment 
and supportive care should be initiated promptly.14 The antimicrobials selected 
should provide broad-spectrum coverage for potential uropathogens, including 
resistant bacteria. Antimicrobial therapy should be reassessed when urine and 
blood culture results become available and the infecting organism and sus-
ceptibilities are identified.

Funguria
Funguria should be treated only when accompanied by symptoms of UTI. 

Symptomatic infection is treated with fluconazole 400 mg once daily for 1 day, 
followed by 200 mg once daily for 7 to 14 days. If Candida sp resistant to flu-
conazole is isolated, amphotericin B deoxycholate is the recommended alterna-
tive therapy because other antifungals have limited renal excretion.

Follow-up
Patients do not require follow-up urine cultures unless symptomatic infection 

persists or recurs. When there is early (<30 days) recurrence, the infecting organ-
ism should be re-evaluated to ensure that it is susceptible to the antimicrobial 
given.

 PREVENTION
Premenopausal women with recurrent acute uncomplicated UTI should avoid 
spermicide use and may benefit from increasing their daily water intake to 
more than 1.5 L/day. A10  For women with frequent recurrent acute uncom-
plicated UTI (more than two in 6 months or three in 12 months) presenting 
as cystitis or pyelonephritis, prophylactic antimicrobial therapy is effective, 
either as long-term low-dose prophylaxis A11  or as postcoital prophylaxis 

(Table 268-8). The use of cranberry tablets or juice does not reliably decrease  
bacteriuria A12  or the frequency of recurrent infection, and probiotics are not 
effective. For postmenopausal women, use of topical vaginal estrogens may 
decrease the frequency of infection. A13  The use of systemic estrogen, however, 
is associated with an increased frequency of UTI. Prophylactic antimicrobial 
therapy is more effective than topical vaginal estrogen in these women.

Current recommendations suggest pregnant women should be screened 
for asymptomatic bacteriuria early in the pregnancy, usually at 12 or 16 weeks. 
If bacteriuria is present, these women should be treated and have subsequent 
follow-up culture specimens obtained monthly. If either asymptomatic colo-
nization or recurrent infection occurs, prophylactic antimicrobial therapy with 
either cephalexin or nitrofurantoin should be considered through the duration 
of the pregnancy to decrease the risk for development of pyelonephritis in 
later pregnancy.

Prophylactic antimicrobial therapy has not been shown to be effective for 
patients with complicated UTI, including those with spinal cord injury or 
with chronic indwelling catheters. In these patients, the abnormality leading 
to impaired voiding means that bacteriuria is unavoidable, and antimicrobial 
therapy simply promotes bacteriuria with increasingly resistant organisms.

Infection control programs of health care facilities (Chapter 266) should 
include practices to prevent catheter-associated UTI.15 Evidence-based guide-
lines provide clear recommendations for program components, including 
ongoing surveillance. The most important intervention is to avoid the use of 
an indwelling catheter wherever possible and, when there are clear indications 
for catheter use, to limit the duration to as short a time as possible. For  
adults who require intermittent self-catheterization, continuous antibiotic 
prophylaxis can reduce recurrent UTIs but at the risk of developing resistant 
organisms. A14  The future development of biofilm-resistant materials may help 
reduce the problem of catheter-associated UTI.

 PROGNOSIS
The prognosis of uncomplicated cystitis and pyelonephritis is good. Women 
with acute uncomplicated cystitis who do not receive antimicrobial therapy 
will usually have resolution of symptoms by 1 to 2 weeks. Women with even 
very frequent recurrent acute uncomplicated UTI experience no long-term 
adverse outcomes, such as renal impairment or hypertension. A small propor-
tion of women with severe presentations of acute nonobstructive pyelonephritis 
develop renal scars, but these are not associated with impaired renal function. 
Patients with frequent recurrent complicated UTI may experience substantial 
morbidity with recurrent infections, but poor long-term medical outcomes 
are usually determined by the underlying abnormality rather than by infection. 
Patients with urosepsis have a fatality rate of about 10%. Factors increasing 
the risk of death are advanced age and significant underlying diseases as well 
as inadequate initial antimicrobial treatment.
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3. A 42-year-old man with a high-level cervical spinal cord injury was admit-
ted to the rehabilitation unit 2 weeks ago. There is an indwelling catheter 
in place for bladder management. He has a single temperature elevation 
to 38.2° C with no localizing findings. Complete blood count and urine 
and blood culture specimens are obtained. The white blood cell count was 
normal, and after 48 hours, the blood culture is negative but the urine 
specimen has returned growing E. coli of more than 108 CFU/mL and an 
enterococcus of more than 108 CFU/mL. He remains afebrile and otherwise 
stable. What is the appropriate approach to management at this time?
 A. Remove the indwelling catheter and begin intermittent catheterization 

for management of bladder emptying.
 B. Obtain ultrasound and urodynamic studies to exclude urolithiasis.
 C. Institute antimicrobial therapy for treatment of the organisms isolated 

from the urine culture.
 D. No changes in management are required.
 E. Request urologic consultation.

Answer: D This patient has a chronic indwelling catheter and will be bacte-
riuric at any time. Thus, the urine culture would be expected to be positive. 
In the absence of clinical evidence of infection, such as elevated white blood 
cell count or continuing fever, this is asymptomatic bacteriuria, and antimi-
crobial therapy is not indicated. It is desirable to remove the indwelling catheter 
as soon as possible, but in a patient with a high-level cervical spine injury, 
intermittent catheterization by the patient himself is unlikely to be feasible. 
All spinal cord–injured patients require urodynamic assessment, but this single 
fever and positive urine culture would not be an indication for evaluation 
outside normal management. (Nicolle LE. Urinary tract infections in special 
populations: diabetes, renal transplant, HIV infection, and spinal cord injury. 
Infect Dis Clin North Am. 2014;28:91-104.)

4. A 63-year-old man presents with temperature of 39.2° C associated with 
rigors; blood pressure is 70/40. He was diagnosed with a ureteric stone 
complicated by ureteric obstruction 36 hours previously and 12 hours 
before fever onset had successful endourologic intervention to extract the 
stone. The urine culture specimen collected before the procedure is growing 
E. coli of more than 108 CFU/mL, but susceptibilities are not yet available. 
Ciprofloxacin 500 mg PO bid had been initiated before the procedure. 
What is the appropriate approach at this time?
 A. Continue the ciprofloxacin initiated, pending susceptibility 

information.
 B. Change to oral cefixime, 400 mg once daily, to cover potential resistant 

organisms.
 C. Initiate broad-spectrum parenteral antimicrobial therapy effective for 

ciprofloxacin-resistant E. coli immediately.
 D. Initiate antimicrobial therapy with gentamicin plus ampicillin to cover 

additional pathogens.
 E. Give a bolus of normal saline and reassess the patient in 4 to 6 hours.

Answer: C This patient has a presumptive diagnosis of postsurgical sepsis. 
It is essential that effective antimicrobial therapy, together with other sup-
portive therapy, be initiated immediately. When patients progress to septic 
shock, one variable associated with mortality is delayed institution of effective 
antimicrobial therapy. In this case, it is possible that the patient has a cipro-
floxacin-susceptible organism and the obstruction prevented access of anti-
microbial to the infected site. It is also possible that a new organism was 
introduced at the time of the surgical procedure. However, as the organism 
may be resistant to ciprofloxacin, broad-spectrum parenteral therapy to cover 
potentially resistant organisms should be selected. This could be piperacillin-
tazobactam or a carbapenem. Gentamicin and ampicillin are usually also 
reasonable choices. However, given the likelihood of resistant organisms, this 
regimen may not provide full coverage, and broader spectrum agents seem 
more appropriate. Blood and urine cultures should be repeated before initia-
tion of the antimicrobial therapy. Obviously, the antimicrobial therapy should 
be reassessed and appropriate modifications made once the culture results 
and susceptibilities are available. (Nicolle LE. Urinary tract infection. Crit 
Care Clin. 2013;29:699-716.)

REVIEW QUESTIONS

1. A 32-year-old gravida 2 para 1 woman presents to the obstetric emergency 
department at 29 weeks’ gestation with temperature of 39.2° C and right 
costovertebral angle pain and tenderness. There is associated vomiting; 
the blood pressure is stable. She has no history of prior urinary tract infec-
tion and has received no antimicrobial therapy during this pregnancy. 
Intravenous rehydration therapy is initiated, and blood and urine culture 
specimens are obtained. What is the most appropriate next step?
 A. Await results of cultures before initiating antimicrobial therapy.
 B. Initiate therapy with ciprofloxacin, 500 mg PO bid.
 C. Initiate therapy with ceftriaxone, 1 to 2 g IV q24h.
 D. Initiate therapy with levofloxacin, 750 mg IV q24h.
 E. Await results of computed tomography scan before initiating antimi-

crobial therapy.
Answer: C Pregnant women presenting with acute pyelonephritis at this time 
of gestation are at high risk for premature labor and delivery at a vulnerable 
stage for the fetus. Empirical antimicrobial therapy should be initiated promptly, 
and initial therapy should be parenteral. Fluoroquinolone antimicrobials are 
contraindicated for pregnant women because of concerns with fetal cartilage 
development. There is no suggestion from her history that she has an increased 
risk for a resistant organism, and parenteral ceftriaxone would be the treatment 
of choice. (Vazquez JC, Abalos E. Treatments for symptomatic urinary tract 
infections during pregnancy. Cochrane Database Syst Rev. 2011;1:CD002256.)

2. A 22-year-old woman presents to her family physician with a second episode 
consistent with acute cystitis in the past 6 months. The previous episode 
responded promptly to empirical short-term antimicrobial therapy. She is 
sexually active in a stable monogamous relationship. Empirical antimicrobial 
therapy is again prescribed for treatment of this episode. What additional 
advice should she be given with respect to behavioral modification to 
decrease her risk of subsequent recurrent infection?
 A. Ensure bladder voiding immediately after sexual intercourse.
 B. Discontinue use of spermicide birth control method.
 C. After bowel movements, she should wipe herself from front to back.
 D. Increase her intake of cranberry juice.
 E. Use showers rather than baths for personal hygiene.

Answer: B The only behavioral risk factor, other than sexual intercourse, that 
is modifiable is discontinuation of use of spermicide for birth control. Use of 
spermicide for birth control is associated with at least a two-fold higher risk 
for recurrent urinary tract infection in sexually active young women. Whereas 
early studies suggested a modest benefit of cranberry capsules, more recent 
studies report no significant improvements with the use of cranberry products. 
The other interventions suggested have consistently been reported not to be 
associated with recurrent urinary tract infection. (Gupta K, Hooton TM, Naber 
KG, et al. Executive summary: international clinical practice guidelines for 
the treatment of acute uncomplicated cystitis and pyelonephritis in women: a 
2010 update by the Infectious Diseases Society of America and the European 
Society for Microbiology and Infectious Diseases. Clin Infect Dis. 2011;52:561-
564; and Beerepoot MA, Geerlings SE, van Haarst EP, et al. Nonantibiotic 
prophylaxis for recurrent urinary tract infections: a systematic review and 
meta-analysis of randomized controlled trials. J Urol. 2013;190:1981-1989.)
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5. An 82-year-old woman with poorly controlled type 2 diabetes is admitted 
to the intensive care unit with respiratory failure complicating pneumococ-
cal pneumonia. An indwelling urethral catheter was inserted for output 
monitoring on admission. Because of initial uncertainty about the etiology 
of her pneumonia, she was treated empirically with broad-spectrum therapy 
of meropenem and azithromycin. These have been continued, despite S. 
pneumoniae isolated in blood cultures being susceptible to penicillin G. 
Seven days after admission, the urine is observed to be cloudy, and the 
nurse sends a urine specimen for culture. It returns with a report of isola-
tion of Candida albicans of more than 108 CFU/mL. The patient is afebrile 
and, while still requiring ventilatory support, is showing improvement in 
oxygenation. What is the appropriate response to the urine culture report?
 A. Institute fluconazole 400 mg once followed by 200 mg daily for Candida 

urinary tract infection.
 B. Obtain a blood culture sample for yeast species.
 C. No interventions are required.
 D. Review the need for the indwelling catheter and remove it if possible.
 E. Repeat the urine culture to confirm Candida funguria.

Answer: D This patient has diabetes, is receiving broad-spectrum antimicrobial 
therapy, and has an indwelling catheter in situ. These are the three most impor-
tant risk factors for acquisition of candiduria. There is no clinical evidence to 
suggest symptomatic infection from a urinary source. The diagnosis is asymp-
tomatic candiduria, and antifungal treatment is not indicated. For any patient 
with an indwelling urethral catheter, the need for continuing use of the catheter 
should be reassessed on a daily basis and the catheter removed as soon as it 
is no longer necessary to limit development of complications. If the indwelling 
catheter cannot be removed in this patient, there is no indication for other 
interventions relevant to the candiduria as long as the patient is clinically 
improving. (Kauffman CA. Diagnosis and management of fungal urinary tract 
infection. Infect Dis Clin North Am. 2014; 28:61-74.)
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269 
APPROACH TO THE PATIENT WITH A 
SEXUALLY TRANSMITTED INFECTION
HEIDI SWYGARD AND MYRON S. COHEN

 SEXUALLY TRANSMITTED INFECTIONS

 DEFINITION
Sexually transmitted infections (STIs) include a wide variety of organisms 
that are transmitted through intimate contact involving skin or mucosal surfaces 
of the oropharynx, vagina, penis, and rectum. STIs can generally be divided 
into five broad categories (syndromes): urethritis, genital ulcers, epithelial 
cell disorders, female vaginal discharge, and ectoparasites (Table 269-1).

 ETIOLOGY
The interaction between the host and the STI pathogen plays a critical role, 
and characteristic tissue changes offer exceptionally strong clues about etiol-
ogy. Several STI pathogens cause local inflammation only (Neisseria gonor-
rhoeae, Chlamydia trachomatis, Trichomonas vaginalis), with the potential for 
local tissue invasion (N. gonorrhoeae, C. trachomatis) or systemic dissemination 
(N. gonorrhoeae). Some STI pathogens cause tissue ulceration (Treponema 
pallidum, Haemophilus ducreyi, herpes simplex viruses 1 and 2). Human papil-
lomaviruses (HPVs) cause epithelial cell changes and predispose to neoplasm. 
Several STI pathogens (human immunodeficiency virus [HIV], hepatitis B 
and C viruses, cytomegalovirus) routinely use the genital tract for access 
without causing any local changes.

 EPIDEMIOLOGY
STIs are among the most common infections worldwide, and most are never 
reported. The World Health Organization (WHO) estimates that nearly 1 
million people worldwide become infected every day with any of four curable 
STIs: chlamydia, gonorrhea, syphilis, and trichomoniasis.1 Each year there 
are almost 10 million new STIs reported among persons aged 15 to 24 years 
in the United States alone; many infections are subclinical and may escape 
detection, suggesting that these numbers are an underestimate. Of great 

TABLE 269-1 SYNDROMES OF SEXUALLY TRANSMITTED 
DISEASES

SYNDROME ORGANISM
URETHRITIS

Gonococcal Neisseria gonorrhoeae
Nongonococcal Chlamydia trachomatis

Trichomonas vaginalis
Mycoplasma genitalium
Ureaplasma urealyticum
Neisseria meningitidis
Herpes simplex (primary infection)

GENITAL ULCERS

Syphilis Treponema pallidum
Genital herpes Herpes simplex
Chancroid Haemophilus ducreyi
EPITHELIAL CELL INFECTIONS

Genital warts Human papillomavirus
Molluscum Molluscum contagiosum
Cervical neoplasia Human papillomavirus types 16 and 18
FEMALE GENITAL DISCHARGE

Cervicitis Neisseria gonorrhoeae
Chlamydia trachomatis
Trichomonas vaginalis
Herpes simplex

Pelvic inflammatory disease Neisseria gonorrhoeae
Chlamydia trachomatis

Vaginitis Trichomonas vaginalis
Candida albicans

Bacterial vaginosis Gardnerella vaginalis, anaerobes
ECTOPARASITES

Pubic lice Phthirus pubis
Scabies Sarcoptes scabiei

concern, STIs are generally transmissible whether they are symptomatic or  
asymptomatic.

The spread of STIs depends on the organism and the host, the length of 
time an infected person remains contagious, and the number of people exposed. 
These parameters have been reduced to the following formula:

R B D Co = × ×
where Ro is the basic reproductive rate of an infection, or the mean number 
of secondary cases a typical single infected person will cause in a population; 
B is the efficiency of transmission; D is the duration of infectiousness; and C 
is the number of sexual partners.

 PATHOBIOLOGY
STI pathogens depend entirely on human-human transmission, although T. 
vaginalis may have some inanimate sources. The efficiency of transmission 
reflects the infectiousness of the index case (which depends on the concentra-
tion and phenotype of the organism in the genital tract) and the susceptibility 
of the sexual partner (which reflects the resistance of the host, whether it is 
hereditary, acquired, or innate). Because immunity to STIs is rare, reinfections 
are common, and vaccine development has been difficult; the only STI vac-
cines available target hepatitis B and HPV.

STIs produce syndromes precisely because each pathogen has a proclivity 
for one or more tissues and (when symptomatic) can evoke a predictable 
inflammatory response. For example, gonococci that infect the male urethra 
generally produce an intense neutrophil response that leads to a purulent 
discharge and pain with urination, whereas C. trachomatis is less likely to 
produce such a response in the same tissue and is more likely to produce a 
mild, watery discharge or no symptoms at all.

STIs serve as markers for sexual risk-taking behavior, so coinfections are 
common. Detection of an STI should lead to other tests. STI pathogens move 
together: gonorrhea and chlamydia cause urethritis; genital ulcers greatly 
increase the probability of HIV acquisition.
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ABSTRACT
Sexually transmitted infections (STIs) include a wide variety of organisms 
that are transmitted through intimate contact involving skin or mucosal surfaces 
of the oropharynx, vagina, penis, and rectum and are among the most common 
infections worldwide. Many infections are subclinical and are generally trans-
missible whether they are symptomatic or asymptomatic. STIs play an important 
role in HIV transmission.
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Chlamydia, gonorrhea, and syphilis are reportable to the U.S. Centers for 
Disease Control and Prevention. In 2014 to 2015, primary and secondary 
(P&S) syphilis rates increased by 18% in men and 27.3% in women compared 
to 2013 to 2014, reflecting increases in every region of the country, every age 
group between 15 and 64, and all races/ethnicities with the exception of 
American Indians/Alaska Natives. Men who have sex with men (MSM) account 
for almost 60% of P&S syphilis among men; increased rates among women 
are of particular concern because of resulting increases in congenital syphilis 
rates. Overall, the gonorrhea rate was 140.9 cases per 100,000 population 
among men and 107.2 cases per 100,000 in women in 2015; among men aged 
20 to 24 years the rate was 539.1 cases per 100,000 and 546.9 cases per 100,000 
among women in the same age group. Finally, emerging pathogens must be 
considered in certain groups of patients. Some of these pathogens are asymp-
tomatic but are of public health significance (Ebola, Zika in genital secretions) 
whereas others represent newly recognized pathogens (Neisseria meningitidis 
urethritis). Seroprevalence and national surveys provide data that suggest a 
high burden of viral STIs. From the 2010 National Health and Nutrition 
Examination Survey (NHANES), antibodies to herpes simplex virus 2 (HSV-2) 
were found in the serum of 16.2% of the survey population; 39.2% of African 
Americans in the sample were seropositive and almost half of the African 
American women in the sample were seropositive (48.0%).
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TABLE 269-2 SYNDROMIC TREATMENT OF URETHRITIS
GONOCOCCAL*

recommended
Ceftriaxone 250 mg injected intramuscularly once, and Azithromycin 1 g orally 

(single dose)
NONGONOCOCCAL

recommended
Azithromycin 1 g orally (single dose), or
Doxycycline 100 mg orally twice daily for 7 days

Alternative
Erythromycin base 500 mg orally four times daily for 7 days, or
Erythromycin ethylsuccinate 800 mg orally four times daily for 7 days, or
Ofloxacin 300 mg orally twice daily for 7 days, or
Levofloxacin 500 mg orally once a day for 7 days

recurrent or persistent
If azithromycin was used for initial episode:
 moxifloxacin 400 mg orally once daily for 7 days.
If doxycycline was used for initial episode:
 azithromycin 1 g orally (single dose)
PLUS
For men who have sex with women who live in areas where T. vaginalis is highly 

prevalent:
 metronidazole 2 g orally (single dose) or
 tinidazole 2 g orally (single dose)
*Uncomplicated anorectal and genital disease.
Adapted from Bachmann LH, Manhart LE, Martin DH, et al. Advances in the understanding and 
treatment of male urethritis. Clin Infect Dis. 2015;61 Suppl 8:S763-769.

swab material. NAATs are not approved for use in extra-genital testing; however, 
laboratories may opt to internally validate their use. Extra-genital testing among 
MSM is recommended since urine-based testing alone can miss a large pro-
portion of infected individuals, contributing to ongoing transmission. Specific 
diagnosis may enhance the management of sexual partners, and the results 
from such tests should be reported to the health department. However, in 
practice, patients and (in most cases) sexual partners must be treated before 
the results of these tests are available.

Treatment for urethritis should be initiated as soon as possible after the 
clinical diagnosis and should be directly observed if feasible (Table 269-2). 
N. gonorrhoeae (Chapter 283) has become resistant to many antimicrobials, 
including quinolones and oral cephalosporins, which are no longer recom-
mended. Thus, the choice of optimal therapies is limited. Dual therapy with 
azithromycin and ceftriaxone increases the cure rate of uncomplicated uro-
genital, anorectal, and pharyngeal gonorrhea and may help prevent the devel-
opment of resistance. A2 

In the past, azithromycin cured most cases of nongonococcal urethritis 
(NGU), including those caused by Mycoplasma genitalium, an increasingly 
recognized cause of NGU; now, however, reported cure rates are lower, 
sometimes in the 70% or so range.4 Some studies suggest that doxycycline is 
more effective than azithromycin for NGU, but a longer course of treatment 
dependent on the patient’s adherence must also be considered. Currently, 
there is no commercially available diagnostic test for M. genitalium, which 
complicates the treatment question. In some settings in which M. genitalium 
is a consideration, persistent or recurrent NGU should be treated with moxi-
floxacin for 7 to 10 days.5,6 T. vaginalis, which is susceptible to metronidazole 
or tinidazole, also causes urethritis and should be considered in the face of 
NGU treatment failure.

Women with urethritis present with some combination of dysuria and pyuria, 
which must be differentiated from bacterial cystitis. Because treatment for 
urinary tract pathogens may also resolve sexually transmitted urethritis, the 
clinician treating a presumed bladder infection should consider an STI as well.

Genital Ulcers
In the United States, HSV-1 and HSV-2 (Chapter 350) and T. pallidum are 
responsible for virtually all the ulcers encountered, and HSV-1 and HSV-2 
are by far the most common cause.

LYMPHOGRANULOMA VENEREUM
Lymphogranuloma venereum, caused by a serovar of C. trachomatis (Chapter 
302), is characterized by local lymph node suppuration, ulceration and 

 DIAGNOSIS AND TREATMENT
Syndromic Strategies
Syndromic management means empiric treatment of the index case based on 
signs and symptoms and concomitant treatment of sexual partners is essential. 
This approach reflects the facts that the diagnostic accuracy of some tests is 
imperfect, coinfection demands combination therapy that overrides the search 
for individual pathogens, and patients who are not treated immediately may 
not return for therapy. The genital ulcer disease and urethral discharge syn-
dromes (Chapter 283) have high sensitivity and specificity compared with 
laboratory diagnosis, and empirical therapy is so successful that follow-up 
care (“proof of cure”) is usually unnecessary.2 However, the vaginal discharge 
syndrome is far less sensitive or specific in terms of true STI diagnosis.3 In 
addition, many women with endocervical or vaginal infection may be asymp-
tomatic. In one study of South African women, almost 90% with a laboratory-
confirmed STI diagnosis had no clinical symptoms and would therefore not 
have been treated without testing.

The syndromic approach is particularly critical in resource-constrained 
countries or in areas of the United States where laboratory tests are not avail-
able or their cost is prohibitive. In the United States, concomitant microbiologic 
diagnosis is preferred because it (1) confirms the choice of empirical therapy 
or redirects subsequent care; (2) permits the detection and monitoring of 
resistance to treatment; and (3) enables specific diagnoses to be reported to 
public health authorities, which is required by state law for many STIs. However, 
even when laboratory tests are ordered, the most appropriate treatment agent(s) 
should be provided empirically at the point of care to resolve infection and 
to reduce onward transmission.

Relationship of STIs to HIV Infection
Diagnosis of an STI demonstrates increased sexual risk-taking behavior and 
inconsistent condom use, and it serves as a marker for potential HIV infec-
tion. Any patient undergoing evaluation or treatment for an STI should be 
tested for HIV infection. Early diagnosis and treatment of HIV infection has 
major personal and public health benefits including reducing secondary HIV 
transmission. A1 

In addition, STIs also contribute to HIV acquisition and hamper efforts at 
optimal prevention of HIV transmission. Genital ulcers disrupt the genital 
mucosal epithelium and allow the entry of HIV, and inflammation caused by 
ulceration recruits macrophages and lymphocytes, increasing the number of 
target cells for HIV and the number of receptors per cell.

 SYNDROMES
Urethritis
Urethritis is characterized by some combination of urethral discharge and 
dysuria, but prostatitis can cause similar complaints. Urethritis is caused by 
a limited group of pathogens (see Table 269-1) that may be difficult to visual-
ize microscopically or to grow in culture. Accordingly, empirical therapy is 
provided to treat a spectrum of potentially causative organisms.

Urethritis is diagnosed when one or more of the following are demonstrated: 
(1) mucopurulent or purulent urethral discharge, (2) Gram stain of urethral 
secretions demonstrating two or more leukocytes per oil immersion micro-
scopic field, (3) positive leukocyte esterase test result on first-void urine, or 
(4) microscopic examination of first-void urine demonstrating 10 or more 
leukocytes per high-power field. If no urethral discharge can be expressed 
from the urethral meatus, a calcium alginate swab can be inserted 5 mm into 
the urethra; the material collected is transferred to a slide by rolling the swab 
along the glass.

A Gram stain of urethral discharge is a simple and rapid diagnostic test to 
document both urethritis and gonococcal infection (Chapter 283), character-
ized by the detection of leukocytes containing intracellular gram-negative 
diplococci. Confirmation of gonococcal urethritis does not rule out concomitant 
infection with Chlamydia or Mycoplasma. As culture and Gram stain have 
become less popular or less available, nucleic acid amplification tests (NAAT) 
that are highly sensitive and specific for the detection of organisms have been 
used routinely. Clinicians should use caution in relying solely on NAATs for 
gonorrhea; an outbreak of sexually transmitted Neiserria meningitidis in Atlanta 
was not easily evaluated because NAAT tests developed for gonorrhea could 
not detect this other Neisserial species.

Nucleic acid amplification tests for gonorrhea, Chlamydia, and Trichomonas 
can be applied to first-void urine samples (the meatus is intentionally not 
cleaned so that the urine is contaminated with these organisms) or urethral 
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CHANCROID
Chancroid (Chapter 285) infection with H. ducreyi, produces painful, ragged 
ulcers and tender inguinal lymphadenopathy, which may be fluctuant. Unlike 
the lesions of HSV infection, these genital ulcers are likely to vary in size.

Epithelial Cell Infections
HUMAN PAPILLOMAVIRUS
Sexually transmitted HPV infection (Chapter 349) is generally transient and 
asymptomatic, but some patients develop visible genital warts. These warts are 
painless, soft, moist, pink or flesh-colored swellings that vary in shape and can 
be raised or flat, single or multiple, small or large, and sometimes cauliflower 
shaped. Warts occur in the vulva, vagina, and anus; on the cervix; and on the 
penis, scrotum, groin, or thigh. Genital warts are diagnosed by visual inspec-
tion. Treatment is primarily with topical agents but is generally not curative.

Two oncogenic HPV genotypes (16 and 18) are responsible for almost all 
anogenital, cervical, and oropharyngeal cancers and precancerous lesions. 
HPV types 6 and 11 are responsible for most cases of genital warts and recur-
rent respiratory papillomatosis. Papanicolaou smears are recommended for 
sexually active women beginning at the age of 21 years, regardless of risk factor 
or age at coitarche; HPV testing, however, is not recommended for women 
younger than 30 years. Frequency of rescreening is influenced by age, previous 
screening results, and HPV results. Male gender, smoking, and HIV-positive 
status are significantly associated with prevalent oral HPV.10

Three HPV vaccines are currently approved by the Food and Drug Admin-
istration for use in males and females: a quadrivalent vaccine (protecting against 
HPV types 6, 11, 16, and 18), a bivalent vaccine (protecting against HPV 
types 16 and 18), and a 9-valent vaccine (6, 11, 16, and 18, 31, 33, 45, 52, 
and 58). Vaccination is recommended for males and females 26 years old and 
younger including previously unvaccinated, immunocompromised persons 
(e.g., HIV).

Female Genital Discharge
Infections of the female genitourinary tract produce several syndromes with 
overlapping symptoms (dysuria, vaginal discharge, vulvar irritation), the cause 
of which can usually be established with a careful history, examination, and 
laboratory tests. The initial approach depends on the primary anatomic site 
of infection—urinary tract, endocervix, or vagina. The columnar epithelium 
of the endocervix is susceptible to infection with N. gonorrhoeae, C. tracho-
matis, and T. vaginalis, and the vagina is susceptible to infection with Candida 
albicans, T. vaginalis, and the syndrome of bacterial vaginosis. The cervix may 
appear completely normal in women with cervical infection, but mucopu-
rulence at the cervical os or mucosal friability suggests infection. Vaginitis 
is associated with a visible discharge, and the characteristics of the vaginal 
fluid offer diagnostic clues.

Female genital discharge is a condition in which syndromic management 
strategies generally lack sensitivity and specificity. In women with vaginal 
discharge, microscopic examination of a wet mount preparation may enhance 
the effectiveness of syndromic treatment, but interpretation of results is dif-
ficult and cannot exclude infection with several pathogens concurrently.

BACTERIAL VAGINOSIS
Bacterial vaginosis (BV) is the most common cause of vaginal discharge in 
the United States. Bacterial vaginosis is an anaerobic polybacterial dysbiosis 
of the vaginal microbiome (i.e., a vaginal microbiome not dominated by lac-
tobacilli).11 Women with bacterial vaginosis are often minimally symptomatic 
but may note mild vaginal discharge and vaginal odor (which is often increased 
after coitus).12 The normal vaginal flora contains hydrogen peroxide–producing 
lactobacilli such as Lactobacillus crispatus and Lactobacillus jensenii, which 
probably help “defend” the vagina against a number of pathogens (an example 
of innate immunity). Lactobacillus acidophilus is rarely found in the normal 
vagina, which explains the failure of yogurt to serve as a remedy or a preven-
tive. Bacterial vaginosis begins with the unexplained disappearance of the 
normal vaginal flora and its replacement with Gardnerella vaginalis and many 
species of anaerobic bacteria. The precise mechanism causing this shift in 
vaginal flora is poorly understood. Most recently, previously unrecognized 
anaerobic bacterial species (bacterial vaginosis–associated bacteria) have been 
described as potentially causative. In a study of 220 women with bacterial 
vaginosis, the vaginal milieu demonstrated great species diversity. African 
American women without bacterial vaginosis at the time of sampling had 
higher numbers of bacterial vaginosis–associated bacteria, which could con-
tribute to an increased risk of bacterial vaginosis.

subsequent fibrosis, fistula formation, and distal edema. LGV can manifest as 
a syndrome mimicking proctocolitis with clinical findings of rectal discharge 
(mucoid or hemorrhagic in appearance), tenesmus, anal pain, constipation, 
and fever. Untreated, it can cause extensive local damage with fistulization 
and stricture formation. Secondary bacterial infections, some of which may 
be invasive, may occur. Outbreaks among MSM have been reported in the 
United States and Europe.

GENITAL HERPES
Genital herpes usually develops after an incubation period of less than 21 
days and arises as clustered vesicles on an erythematous base. The vesicles 
become pustular and then rupture to form shallow, painful ulcers, which may 
coalesce. The ulcers heal by crusting over, and the process is usually completed 
2 to 3 weeks after the initial lesions appear. Recurrences proceed through the 
same stages but generally last only about 5 to 7 days. The first (incident) 
episode of HSV-2 infection may be accompanied by systemic signs and symp-
toms including fever and headache, the latter reflecting the spread of HSV to 
the central nervous system. HSV-2 is the putative cause of Mollaret recurrent 
meningitis and may occur after a primary genital infection or as reactivation. 
It may also occur in the absence of genital lesions or a known diagnosis of 
HSV-2 infection.

About 20% of infected individuals manifest the classic genital presentation, 
60% have mild and atypical signs and symptoms, and the remaining 20% are 
completely asymptomatic. Individuals who have acquired HSV-2 shed the 
virus approximately 3 to 4% of the time (even while asymptomatic), posing 
an ongoing risk to sexual partners. Serologic screening for genital herpes is 
associated with a high rate of false-positive test results and potential psychosocial 
harms. Evidence from randomized controlled trials does not establish whether 
preventive antiviral therapy for asymptomatic HSV-2 infection has benefit.7

SYPHILIS
The ulcerative lesion of syphilis (Chapter 303)—the chancre—is indurated 
and painless, and in many cases it escapes detection. Dark-field examination 
of scrapings suspended in saline from a genital ulcer may reveal motile spiro-
chetes, and this finding is diagnostic. Secondary syphilis results when the 
spirochetes spread systemically, leading to a characteristic rash, alopecia, oral 
mucous patches, or condyloma latum. These skin manifestations should prompt 
testing for syphilis. The serologic screening test of choice for syphilis is based 
on the formation of antibodies to cardiolipin, a constituent of the spirochetal 
cell wall (e.g., rapid plasma reagin test, Venereal Disease Research Laboratory 
[VDRL] test, toluidine red unheated serum test [TRUST]). Confirmatory 
testing requires the search for an antitreponemal antibody (e.g., microhemag-
glutination assay–T. pallidum, fluorescent treponema antibody test). The 
anticardiolipin test provides a titer that must be used to monitor the response 
to treatment.

Some larger commercial laboratories have reversed the order of testing, 
using an antitreponemal test followed by an anticardiolipin test, which allows 
automation and may be cost-effective in areas of low syphilis endemicity. This 
represents a change in testing and interpretation and must be done with caution 
because such an approach cannot immediately separate old, treated infections 
from new infections (E-Fig. 269-1).

As syphilis rates have increased since 2000, so too have serious syphilis 
sequellae including congenital syphilis and ocular syphilis. Between 2014 and 
2015, CDC identified 388 cases of ocular syphilis, occurring primarily in men, 
the majority of whom identified as MSM. Approximately half of the reported 
cases of syphilis met surveillance criteria for early syphilis (primary, second-
ary, or early latent). All patients diagnosed with syphilis should be questioned 
about ocular symptoms as well as symptoms suggestive of neurosyphilis. 
Neurosyphilis can occur at any stage of infection and should be suspected in 
any patient with a positive serologic test result who also has findings sugges-
tive of nervous system involvement, including ocular and vestibular symptoms. 
Ocular and neurosyphilis are serious diseases requiring prompt evaluation 
and management; treatment of both requires 14 days of intravenous aqueous 
penicillin G. Later stages of syphilis may be identified only serologically or 
on pathologic specimens. Late latent syphilis and syphilis of unknown dura-
tion are managed with three weekly injections of intramuscular penicillin.

Worldwide, syphilis infection has been detected in a substantial number 
of people with recognized or unrecognized HIV infection, especially men 
who have sex with men. The U.S. Preventative Services Task Force recom-
mends screening for syphilis infection in persons who are at increased risk of 
infection.8,9 Screening HIV-positive men or MSM for syphilis every 3 months 
is associated with improved detection of syphilis.
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Initial EIA* treponemal test
(N = 116,822)

No syphilis diagnosis. Recent
infection cannot be ruled out.

Rapid plasma reagin (RPR) test
(N = 6,548)

6587 (6%) 110,235 (94%)+ −

Probably old treated syphilis.
Treatment might be indicated if

not previously treated.

If false-positive screening
treponemal test result 

suspected, or if not previously 
treated, retest with a

different treponemal test.

Syphilis, old or new. Treatment
usually indicated unless

previously treated. Re-treatment
indicated if titer has increased

four fold or more

2884 (44%) 3664 (56%)†+ −

Second treponemal test§

(N = 2512)

No treatment, or a third
treponemal test can be used
to resolve the discrepancy

between the two treponemal
test results.

Treatment indicated, unless a
history of treatment exists

2079 (83%) 433 (17%)+ −

E-FIGURE 269-1. Syphilis testing algorithms using treponemal tests for initial screening and recommendations from the Centers for Disease Control and Prevention, 2008. 
*enzyme immunoassay. †reactive with eiA treponemal test but nonreactive with rpr test. §using Treponema pallidum particle agglutination or fluorescent treponemal antibody tests. 
(redrawn from the centers for disease control and prevention. Syphilis testing algorithms using treponemal tests for initial screening—four laboratories, new york city, 2005-2006. 
MMWR Morb Mortal Wkly Rep. 2008;57:872-875.)
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CERVICITIS
The diagnosis of cervicitis is suggested by tenderness on bimanual examina-
tion, visible inspection revealing inflammation, or discharge. The specific 
diagnosis can be made only by detecting microorganisms from the cervix. N. 
gonorrhoeae and C. trachomatis have tropism for cervical tissue, whereas other 
pathogens (including HIV) can apparently infect the vaginal tissues as well.

PELVIC INFLAMMATORY DISEASE
Each year, more than 800,000 women develop pelvic inflammatory disease 
(PID) in the United States. The bacterial causes of PID are myriad and include 
N. gonorrhoeae, C. trachomatis (about 35% of cases),15 and Mycoplasma (espe-
cially M. genitalium); other anaerobic and aerobic bacteria that colonize the 
vagina and CMV also have been implicated as causes of this infection that 
ascends from the cervix into the uterine cavity, producing endometritis, occa-
sionally with extension to the fallopian tubes, causing salpingitis. Treatment 
should include therapy directed at anaerobes (Chapter 283; Table 269-3). A4 ,16 
A recent meta-analysis of 37 randomized clinical trials found no conclusive 
evidence that one regimen of antibiotics was safer or more effective than any 
other for the cure of PID, and there was no clear evidence for the use of 
nitroimidazoles (metronidazole) compared to use of other drugs with activity 
over anaerobes. A5  Chlamydial salpingitis may be mild, and patients may not 
seek medical attention. Some intrauterine devices have been associated with 
an increased risk of salpingitis, and some data suggest that vaginal douching 
is a predisposing factor.

Adnexal tenderness on bimanual examination leads to the clinical diagnosis 
of salpingitis. Cervical tenderness, fever, leukocytosis, and an elevated sedi-
mentation rate are sometimes observed. The clinical diagnosis is confirmed 
laparoscopically in only about 70% of cases, suggesting considerable error in 
diagnosis. Vaginal ultrasonography or computed tomography is often helpful in 
defining the cause of pelvic pain syndromes. Pregnant women with evidence of 
salpingitis should be hospitalized. Other indications for hospitalization include 
nonresponse to or intolerance of an oral regimen, presence of a tubo-ovarian 
abscess, and inability to rule out a surgical emergency, such as appendicitis.17 
Women should experience some clinical improvement within about 72 hours 
of initiation of therapy. Failure to do so is an indication for hospitalization. 
Infertility complicates approximately 15% of initial attacks of salpingitis and 
about 75% of women who suffer three or more attacks. Ectopic pregnancy, 
infertility, and tubo-ovarian abscess are complications of salpingitis.

 PREVENTION
STIs are preventable. The Centers for Disease Control and Prevention recom-
mends five strategies as the foundation for an effective prevention program: 
(1) education and counseling of persons at risk to motivate the adoption of 
safer sexual behavior; (2) identification of asymptomatic infected persons 
and symptomatic persons unlikely to seek diagnostic and treatment services; 
(3) rapid and effective diagnosis and treatment of infected persons; (4) evalu-
ation, treatment, and counseling of exposed sexual partners; and (5) preex-
posure vaccination of persons at risk for vaccine-preventable STIs.

Behavioral Interventions
Abstaining from sexual intercourse or being in a long-term, mutually monoga-
mous relationship with an uninfected partner is the most reliable way to prevent 

The discharge of bacterial vaginosis is homogeneous and may contain 
bubbles. Vaginal pH is elevated above the normal 4.0 to 4.5. Adding 10% 
potassium hydroxide to the vaginal discharge on the microscope slide or to 
the discharge present in the extracted speculum elicits an amine-like, fishy 
odor, yielding a positive “whiff ” test result because of the elaboration of 
amines from the anaerobic flora. Examination of vaginal material as a wet 
mount reveals the absence of bacilli and their replacement with clumps of 
coccobacilli. Some vaginal epithelial cells are coated with coccobacilli, which 
may obscure their edges (clue cells) or the normally clear appearance of the 
cytoplasm, sometimes described as looking like a fried egg that has been salted 
and peppered. Relatively few polymorphonuclear leukocytes are observed; 
large numbers of leukocytes in the wet mount of a woman with bacterial 
vaginosis suggest a coincident infection, possibly trichomoniasis or bacterial  
cervicitis.

Bacterial vaginosis is not necessarily a benign change in flora. It is associ-
ated with an increased rate of upper tract infection (endometritis, salpingitis) 
and complications of pregnancy, including premature rupture of the mem-
branes and preterm delivery. However, treatment of asymptomatic women 
with bacterial vaginosis who are not at high risk for preterm delivery appears 
to confer no benefit. Women with bacterial vaginosis may have increased 
risk for the acquisition of HIV; male partners may be at increased risk of 
HIV infection as well. Treatment is generally directed against the anaerobic 
flora and consists of metronidazole, tinidazole or clindamycin for 5 to 7 days. 
Alternative treatment regimens exist, but a single oral dose of metronidazole 
is not recommended for bacterial vaginosis because of the high failure rate. 
The bacterial vaginosis relapse rate is about 30%, and treatment of male sexual 
partners offers no benefit.

CANDIDIASIS
Vulvovaginal candidiasis (Chapter 318) is common and is seen most frequently 
in women taking antibiotics or using oral contraceptives when endogenous 
Candida species outgrow normal bacterial flora. Women usually complain of 
vulvar itching and discomfort and may or may not notice an accompanying 
discharge. The vagina generally maintains normal numbers of lactobacilli, so 
the vaginal pH is usually normal, which is helpful in discriminating between 
candidiasis and other vaginal infections. The labia and vaginal walls may 
be erythematous. Although classically described as “curdy,” the discharge 
of candidiasis is frequently loose and is difficult to distinguish from other 
discharges. Vaginal material may be treated with 10% potassium hydroxide 
to destroy other cellular elements and to make the fungi easier to observe. 
Wet mount, however, has a sensitivity of only about 50%, and a woman with 
a classic clinical presentation should be treated even if fungal elements are  
not observed.

A wide range of topical antifungal medications are available (many without 
a prescription), and all these drugs are approximately equally effective, although 
the cure rate with some single-dose topical treatments appears to be lower 
than that with longer regimens. Fluconazole administered as a single oral dose 
of 150 mg is highly effective. Infection with yeasts other than C. albicans may 
require longer therapy.13 Recurrent vulvovaginal candidiasis is a problem for 
many women, and optimal management has not been defined. Recurrent 
infection should lead the clinician to consider underlying diabetes mellitus 
or HIV infection. Treatment of sexual partners of women with candidiasis 
confers no benefit.

TRICHOMONIASIS
The estimated annual incidence of Trichomonas vaginalis worldwide exceeds 
that of chlamydia and gonorrhea combined.14 Women with T. vaginalis infec-
tion may complain of purulent discharge and vulvar irritation. The vaginal 
walls are red, and the vagina may contain excessive yellow or green discharge 
that is bubbly or frothy appearing. The ectocervix may also be inflamed or 
have punctate microhemorrhages, causing the pathognomonic “strawberry 
cervix” (colpitis macularis). Vaginal pH is elevated, but the whiff test result 
is generally negative. Wet mount reveals large numbers of polymorphonuclear 
leukocytes as well as motile protozoa about the same size as the leukocytes, 
with visible flagella; motile organisms may be recognized in about two thirds 
of cases. Because of poor performance of wet mount microscopy, more sensi-
tive testing is recommended; a variety of platforms are available (e.g., NAAT, 
DNA probe hybridization, and antigen detection). Therapy for trichomoniasis 
requires metronidazole or tinidazole, but resistant organisms are encountered 
with increasing frequency. A 7-day course of metronidazole (500 mg twice 
daily) is the preferred treatment in women, A3  but a single 2-gram dose can be 
used in men.

TABLE 269-3 ANTIBIOTIC REGIMENS FOR THE TREATMENT 
OF PELVIC INFLAMMATORY DISEASE

OUTPATIENT (MILD-TO-MODERATE DISEASE)

Doxycycline (100 mg orally twice daily for 14 d) with or without metronidazole 
(500 mg orally twice daily for 14 d), plus one of the following:

 Ceftriaxone (250 mg single dose IM)
 or
 Cefoxitin (2 g single dose IM concurrently with probenicid 1 g orally)
INPATIENT (MODERATE-TO-SEVERE DISEASE)

Cefotetan (2 g IV) plus doxycycline (100 mg orally or IV) q12h
or
Cefoxitin (2 g IV q6h) plus doxycycline (100 mg orally or IV q12h)
or
Clindamycin (900 mg IV q8h) plus gentamicin (3 to 5 mg/kg IV once daily)
Adapted from Brunham RC, Gottlieb SL, Paavonen J. Pelvic inflammatory disease. N Engl J Med. 
2015;372:2039-2048.

 Grade A References
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in the setting of high-level (>85%) medication adherence. Furthermore, because 
the only currently Food and Drug Administration–approved antiretroviral 
for HIV prevention is also a drug combination used for therapy, regular HIV 
screening is necessary to prevent the development of resistance should the 
patient become infected.18 Although rare, HIV transmission in the setting of 
high levels of medication adherence have occurred. Topical HIV prevention by 
vaginal microbicides has been only partially successful, in large part because of 
poor adherence. Long-acting injectable drugs, vaginal rings, and coformulated 
options (i.e., contraceptive and antiretroviral agents) are under evaluation.

Postexposure Prophylaxis
After consensual or nonconsensual sexual exposure, a variety of STIs can be 
prevented with empirical antibiotics. Prevention of HIV infection requires 
antiretroviral agents used in combination (two nucleoside reverse transcriptase 
inhibitors and one integrase inhibitor) that must be initiated shortly after the 
exposure (<72 hours) and used for 28 days.

Contraception
All methods of birth control can influence the acquisition and outcome of an 
STI. In addition, pregnancy itself (in the absence of effective birth control) 
affects STI acquisition and the health of the pregnancy and the neonate. 
Accordingly, STI management demands consideration of the reproductive 
health of both partners as well as family planning issues. A systematic review 
suggested that there was no increased risk of HIV infection in oral contracep-
tive users; however, based on data for injectable hormonal contraceptives, 
progesterone-only injectable contraception may be associated with an increased 
risk of HIV; a trial comparing implants, injections, and IUDs is ongoing. 
Women using injectable hormonal birth control should be cautioned about 
consistent condom use for STI prevention until these relationships are better 
clarified.19

 TOWARD A COMPREHENSIVE  
MANAGEMENT STRATEGY

Although most STIs are self-limited and readily treated, the comprehensive 
and proper management of the patient with an STI requires considerable skill. 
First, the correct syndrome must be recognized, and a decision about specific 
diagnostic tests must be made. Second, empirical therapy must be provided 
and must be sufficiently broad to promise cure or reduced duration of illness. 
Third, the clinician is obligated to search for other STIs of public health or 
personal significance. Fourth, the clinician must deal with the patient’s sexual 
partners, through either referral or expedited partner therapy. Fifth, the patient 
needs counseling and adjunctive preventive measures, where appropriate. Such 
measures might include vaccination for hepatitis B or HPV or antibiotics to 
prevent another STI, such as incubating syphilis or HIV infection.

STIs. Abstinence should be recommended during treatment for an STI and 
for anyone who wants to avoid STIs and unintended pregnancy. Both partners 
should be tested for STIs, including HIV infection, before initiating sexual 
intercourse.

Counseling is essential for people with STIs. Interactive counseling, video 
presentations, peer groups, and other formats that emphasize correct condom 
use have reduced the incidence of subsequent infections among STI clinic 
patients and adolescents. Randomized controlled trials demonstrate that 
structured risk reduction counseling can reduce the incidence of infections 
by 25 to 40% among some STI clinic populations. A6  HIV testing is preceded 
by a counseling session, but there is little evidence of a preventive benefit 
from this communication.

Barrier Methods
When used consistently and correctly, male latex condoms are effective in 
preventing the sexual transmission of HIV infection and can reduce the risk 
of other STIs (gonorrhea, chlamydia, and trichomoniasis). However, because 
condoms do not cover all exposed areas, they are likely to be more effective 
in preventing infections transmitted by fluids from mucosal surfaces (e.g., 
gonorrhea, chlamydia, trichomoniasis, HIV infection) than in preventing those 
transmitted by skin-to-skin contact (e.g., HSV, HPV, syphilis, chancroid). Male 
condom failure usually results from inconsistent or incorrect use rather than 
from condom breakage. Non-latex condoms (those made of polyurethane or 
other synthetic material) can be used by persons with latex allergy. There is 
less information available on the effect of female condoms on the incidence 
of STIs. Although cervical caps and diaphragms cover the cervix, there is little 
evidence that they can prevent STIs or HIV infection.

Male Circumcision
Male circumcision reduces mucosal tissue susceptible to HIV and STI patho-
gens. Circumcision of adult men reduces the acquisition of HIV by more than 
70% for up to 5 years after circumcision. A7  Circumcision also appears to reduce 
the acquisition of other viral STI pathogens, including HSV-2 and HPV.

Partner Services
The detection of an STI demands consideration of the infected person’s sexual 
partners, who may have undetected and serious disease. In addition, in the 
absence of partner treatment, reinfection of the index case can be expected. 
The probability that a sexual partner is also infected reflects the efficiency of 
transmission of the STI pathogen, as described earlier. For example, most 
men with gonococcal urethritis infect their partners, whereas only about half 
of patients with HIV infection have infected their partners at the time of 
outreach; partners who differ in terms of STI or HIV infection status are 
referred to as discordant.

Sexual partners can be notified directly by the infected person or by health 
care workers, sometimes through proactive contact tracing. In general, depen-
dence on the infected person is a less reliable way to get partners treated. 
However, in many states it is legal to pursue expedited care by providing the 
infected patient with the appropriate treatment for his or her partners. Expe-
dited partner care appears to work well for the treatment of gonorrhea and 
chlamydia infections. A8 

Preexposure Interventions
Preexposure vaccination is the most effective method for preventing the trans-
mission of certain STIs. For example, because hepatitis B virus is frequently 
transmitted sexually, hepatitis B vaccination is recommended for all unvac-
cinated persons being evaluated for an STI. In addition, hepatitis A vaccine 
is recommended for men who have sex with men and for drug users (both 
injection and noninjection). Vaccines for HPV are now available for both 
females and males (Chapter 349). The HPV vaccines now have more than 10 
years of follow-up and demonstrate continued high rates of protection in 
women. HPV vaccination for males may reduce acquisition of genital warts 
and is protective against anal precancerous lesions, leading to vaccine recom-
mendation for boys aged 9 to 26 years from the Advisory Committee on 
Immunization Practices.

Several studies have evaluated the effectiveness of antiretroviral agents for 
HIV preexposure prophylaxis. Results have indicated HIV prevention but only 
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Answer: A This patient is at extremely high risk for syphilis, and in the setting 
of ocular symptoms he must be evaluated with lumbar puncture and ophthal-
mological examination. Further, although he is on HIV preexposure prophylaxis 
and reports excellent medication adherence, signs and symptoms consistent 
with acute HIV (fever, rash, lymphadenopathy) should prompt HIV testing 
including HIV viral load to detect acute HIV. HIV postexposure prophylaxis 
should be administered within 72 hours of exposure. The progression of ocular 
syphilis and the risk of permanent visual loss with the possibility of loss to 
care for acute HIV make option D incorrect.

4. Which of the following are true about vaginal discharge and syndromic 
STI treatment?
 A. Vaginal-associated and cervical-associated causes of vaginal discharge 

are difficult to discriminate on the basis of symptoms alone.
 B. Many STIs in females are asymptomatic, leading to underidentification 

and undertreatment.
 C. Subclinical STI may still contribute significantly to genital inflammation 

and risk of HIV transmission and acquisition.
 D. All women possess a similar vaginal milieu that contributes significantly 

to bacterial vaginosis, a common noninfectious cause of vaginitis.
 E. A, B, and C are true.

Answer: E All of the responses are true except D. Women possess a hetero-
geneous vaginal microbiome, some species of which are associated with an 
increased risk of bacterial vaginosis. Mlisana and coworkers demonstrated 
elevated cervicovaginal cytokine levels for women with STI, regardless of 
self-report of vaginal discharge. Vaginal discharge has poor sensitivity, specific-
ity, and positive predictive value as a marker for STIs. (Mlisana K, Naicker 
N, Werner L, et al. Symptomatic vaginal discharge is a poor predictor of sexu-
ally transmitted infections and genital tract inflammation in high-risk women 
in South Africa. J Infect Dis. 2012;206:6-14.)

5. Many commercial laboratories have switched to use of treponemal-specific 
tests for syphilis diagnosis. Which of the following statements is true regard-
ing the “reversed” testing algorithm?
 A. Treponemal-specific testing may be used to follow treatment.
 B. Some larger commercial laboratories have reversed the order of testing, 

using an antitreponemal test followed by an anticardiolipin test, which 
allows automation and may be cost-effective in areas of low endemicity.

 C. If a patient has a positive treponemal antibody test result and a negative 
serologic test result, that patient has a false-positive syphilis test result 
and does not require treatment.

 D. A patient presents with a positive treponemal test result and elevated 
serologic (1:64) titer 9 months ago. He was treated appropriately and 
lost to follow-up. The patient now presents with a positive treponemal 
test result and a nonreactive serologic test result. This patient should 
be re-treated.

Answer: B Treponemal-specific tests are not used to follow treatment. Non–
treponemal-specific antibody tests (e.g., VDRL, RPR) should still be used to 
monitor therapy; specifically, a four-fold decrease in titer indicates adequate 
treatment. A patient with a positive treponemal antibody test result and a 
negative serologic test result may have old or untreated syphilis. If a false 
positive is suspected, a second treponemal antibody test should be performed. 
This patient has evidence of appropriately treated syphilis (as evidenced by 
a greater than four-fold decrease in titer to a nonreactive serologic test) and 
does not require further therapy.

REVIEW QUESTIONS

1. The Centers for Disease Control and Prevention has recommended gonor-
rhea treatment with an injectable third-generation cephalosporin and 
azithromycin. Which of the following answers is the correct rationale for 
this recommendation?
 A. Azithromycin should be used in conjunction with an injectable third-

generation cephalosporin to provide therapy with two different mecha-
nisms of action, thereby delaying emergence of resistance.

 B. There is a high rate of concomitant chlamydial infection as well as an 
increasing recognition of Mycoplasma genitalium coinfection that should 
be treated.

 C. Cefixime and azithromycin may be used in some settings without further 
follow-up.

 D. Moxifloxacin may be used to treat M. genitalium as well as Neisseria 
gonorrhoeae.

Answer: A A theoretical basis does exist for using two antimicrobials with 
different mechanisms of action to treat gonorrhea and to prevent emergence 
of resistance. Although there is a high rate of concomitant chlamydia and 
mycoplasma coinfection with gonorrhea, it does not reflect the rationale for 
using azithromycin and an injectable third-generation cephalosporin as first-
line therapy against gonorrhea. Oral cefixime therapy is a second-line therapy 
and should be followed with a test of cure. Fluoroquinolones are to be avoided 
for gonorrhea.

2. Male circumcision is currently recommended by WHO/UNAIDS. Which 
of the following statements is incorrect regarding male circumcision?
 A. The long-term effectiveness of male circumcision is well described and 

has been demonstrated in several studies.
 B. Sexually transmitted infection (STI) prevention trials that incorporate 

interventions like circumcision may lead to a bias/blunting of effect 
compared with community standards of care.

 C. Male circumcision demonstrated greater than 75% reduction in human 
immunodeficiency virus (HIV) acquisition during a 5-year period in 
at least two African trials.

 D. Circumcision was not accepted by men after completion of the trial.
 E. Circumcised men were more likely to engage in risky sexual behaviors 

compared with uncircumcised men.
Answer: C The uptake of circumcision after the trial approached 80% in the 
Rakai study. Long-term effectiveness of circumcision has not been proved but 
may be inferred from several studies. In larger randomized controlled trials, 
circumcision compared with community standard of care did not appear to 
have a biased effect. Further, in the post-trial surveillance for the Rakai study, 
there were no statistically significant differences in sexual risk-taking behaviors 
in men subsequently choosing circumcision compared with those who did 
not choose circumcision, and there were no statistically significant differences 
in sexual risk-taking behavior in uncircumcised versus circumcised men. (Gray 
RH, Kigozi G, Serwadda D, et al. Male circumcision for HIV prevention in 
men in Rakai, Uganda: a randomised trial. Lancet. 2007;369:657-666.)

3. A 24-year-old African American male presents for evaluation of a diffuse 
rash and low-grade fever. He reports he is on medication to prevent HIV 
infection and never misses a dose; his last HIV test was 7 weeks ago. The 
patient reports recent unprotected anal and oral sex with anonymous male 
partners, last 5 days ago. On exam, he has a diffuse, macular rash including 
palms and soles, unilateral eye redness and diffuse lypmphadenopathy. 
Identify the appropriate clinical response(s).
 A. Thorough H&P, 4th-generation HIV test, HIV viral load, rapid RPR, 

admission for LP and ophthalmological examination
 B. STD testing and empiric benzathine penicillin; it’s too soon for another 

HIV test
 C. Postexposure prophylaxis for HIV
 D. HIV and STD testing to include RPR and instructions to follow up in 

the clinic next week
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270 
APPROACH TO THE PATIENT BEFORE 
AND AFTER TRAVEL
DAVID O. FREEDMAN AND LIN H. CHEN

Prevention strategies and medical interventions for the traveler need to be 
individualized according to a risk assessment that considers both the itiner-
ary and factors that are dependent on the prospective traveler.1 A structured 
approach to patient interaction (Table 270-1) is the most efficient way to cover 
the necessary educational and preventive interventions. Because many of these 
measures will be initiated only much later at the traveler’s destination, clearly 
printed instructions in lay language are advisable. The worldwide epidemiol-
ogy of travel-related diseases is constantly changing. Special needs travelers, 
such as those who are immunocompromised, are pregnant, or have significant 
underlying disease, should be referred to a specialized travel medicine clinic.

Globally, approximately 100 million people travel from industrialized to 
developing countries each year. Several recent analyses have provided much 
needed new data on the profiles of travel-related illness determined by desti-
nation of travel.2 Depending on destination, 22 to 64% of travelers report 
some illness; most of these problems are mild, self-limited illnesses, such as 
diarrhea, respiratory infections, and skin disorders. Infectious diseases account 
for up to 10% of the morbidity during travel but only 1% of the deaths, with 
malaria being the most common cause.

 IMMUNIZATION
The choice of vaccines for an individual traveler is based on risk of exposure 
to vaccine-preventable diseases on the chosen itinerary, the severity of disease 
if it is acquired, and any risks presented by the vaccine itself. Travelers differ 
in their tolerance of risk. For the vaccine-preventable diseases, the monthly 
incidence for nonimmune travelers to developing countries is most significant 
for influenza at 1% and for symptomatic hepatitis A at 0.03% overall; the risk 
of symptomatic hepatitis B is most significant for long-stay travelers at 0.25% 
per month.3 Enteric fever (typhoid and paratyphoid) has a risk of 0.03% per 
month on the Indian subcontinent and is 10 times lower in Africa and parts 
of Southeast Asia and Latin America. The risk of animal contact that presents 
rabies risk is also substantial, at about 1% per month. Risk of yellow fever may 
be as high as 0.1% per month of travel to an area with current epidemic trans-
mission, but the risk varies greatly between destinations encompassed by the 
endemic area map. The risk of meningococcal meningitis, cholera, polio, vari-
cella, and Japanese encephalitis in travelers is not known but is thought to be 
small (<0.0001%). Worldwide measles outbreaks and declining vaccination 
rates have led to a rise in travel-related measles.

Table 270-2 provides data on dosing, administration, need for boosters, 
and possible accelerated regimens for vaccines administered in the travel 
medicine setting. Details on vaccine composition, mechanism of action, use 
for routine adult and childhood primary vaccination, and adverse reactions 
can be found in Chapter 15. The following discussion focuses on indications 
for vaccines in the context of travel.

 Verification and Update of Routine Immunizations
Because of the increased prevalence of many infections worldwide, routine 
adult immunizations need to be current.4 If no adult doses of tetanus/diphtheria/
acellular pertussis (Tdap) have ever been given, a dose of Tdap should be 
given regardless of the time elapsed since the last tetanus/diphtheria vaccina-
tion. Persons born in the United States before 1957 or born anytime in the 
developing world are considered immune to measles. Other adult travelers 
should have received at least two doses of live measles–containing vaccine 
during their life unless a history of measles infection can be documented. 
Unvaccinated persons who meet the accepted routine indications for influenza 
or pneumococcal vaccines (Chapter 15) should receive these during the pre-
travel consultation. Two doses of varicella vaccine spaced by at least 4 weeks 
should be considered for adult travelers without evidence of varicella immunity. 
Adults born before 1980 in the United States are considered immune.

 Vaccines to Consider for All Developing World Travelers
A number of additional vaccines should be administered depending on the 
travel destinations.5

Hepatitis A
Hepatitis A vaccine is indicated for every nonimmune traveler to countries 
or areas with moderate to high risk of infection, which includes essentially 
everyone traveling outside the United States, Canada, Japan, Australia, New 
Zealand, Scandinavian countries, and developed countries in Europe. Because 
outbreaks also occur in developed countries, the vaccine is beneficial for all 
persons and has been incorporated into the routine childhood immunization 
schedule in the United States. A single dose of hepatitis A vaccine given any 
time before travel provides adequate protection. Persons with a history of 
hepatitis or who previously lived in an endemic country for a prolonged period 
may benefit from prevaccination serum antibody testing.

Hepatitis B
Pretravel hepatitis B vaccination is indicated for all nonvaccinated travelers 
with standard indications, such as health care workers, and all longer-stay 
travelers who will be visiting or residing in high- or moderate-risk areas. Trans-
mission by routes such as sexual contact, blood transfusions, contaminated 

TABLE 270-1 THE PRETRAVEL CONSULTATION WITH A 
TRAVELER TO THE DEVELOPING WORLD—A 
STRUCTURED APPROACH

PERFORM RISK ASSESSMENT

The following must always be ascertained initially to determine appropriate preventive 
medical recommendations. Preprinted medical record forms may be used to record 
these.

Exact itinerary, including regions within each country to be visited
Dates of travel to assess risk of seasonal diseases
Age
Past vaccination history
Underlying illnesses
Current medications
Pregnancy status
Allergies
Purpose of trip
Risk exposures—blood, body fluids, adventure or extensive outdoor exposures
Urban versus rural travel
Type of accommodations
Level of aversion to risk
Financial limitations that may necessitate prioritization of interventions
ADMINISTER IMMUNIZATIONS

Administer routine vaccinations that are not up to date.
Administer indicated travel vaccines.
Provide to patient legally mandated Vaccine Information Statements from the 

Centers for Disease Control and Prevention (http://www.cdc.gov/vaccines/
pubs/vis/).

Provide printed checklist to patient listing vaccines administered.
Record in the clinic record vaccines administered, lot number, and date.
Document vaccines offered to but declined by patient as well as nonrecommended 

vaccines administered at the patient’s request.
PROVIDE MALARIA PREVENTION (IF INDICATED)

Determine whether malaria risk exists for the destination country. If yes:
Does the patient’s itinerary within that country put him or her at risk? If yes:
Recommend malaria chemoprophylaxis. Several equally effective drugs of choice 

may be indicated. Ascertain which is best suited to the individual patient and 
itinerary.

Educate on personal protection against arthropods.
EDUCATE ON TRAVELER’S DIARRHEA

Recommend food and water precautions.
Educate on use of oral hydration and loperamide and prescribe standby therapy for 

severe diarrhea with azithromycin or a quinolone.
TEACH ESSENTIAL PREVENTIVE BEHAVIORS

Most travel-related health problems, including vaccine-preventable diseases, can be 
avoided through simple behaviors initiated by the traveler.

Educate on appropriate strategies in the following categories (some topics are not 
applicable to all destinations): blood-borne and sexually transmitted diseases, 
safety and crime avoidance, injury prevention, swimming safety, rabies, skin/
wound care, tuberculosis, packing for healthy travel, obtaining health care abroad.

DISCUSS OTHER APPLICABLE HEALTH ISSUES

Advise and prescribe for altitude illness, motion sickness, or jet lag.
Discuss prevention of specific travel-related infections that are of some risk to the 

traveler and have a possible preventive strategy not included in strategies above.
Discuss any minimal-risk conditions (e.g., hemorrhagic fevers) that are a frequent 

cause of patient anxiety.

risk of influenza has been reported among cruise ship passengers. All travelers 
to destinations with current influenza virus circulation, not just those with 
the usual risk factors, should strongly consider influenza vaccination.7

 Vaccines for Certain Destinations
Yellow Fever
The primary indication for yellow fever vaccination is to prevent infection in 
individuals at risk. A map of risk areas can be found at www.cdc.gov/travel. 
However, yellow fever is currently the only vaccine that falls under the Inter-
national Health Regulations that may necessitate vaccination purely for regula-
tory reasons. A number of African countries and one in South America (French 
Guiana) require proof of yellow fever vaccination from all arriving travelers. 
Other countries, both within and outside the risk zone, have submitted more 
complex requirements to the World Health Organization. Current country-
by-country yellow fever entry requirements are at www.who.int/ith/chapters/
en/index.html. A Centers for Disease Control and Prevention–designated 
yellow fever vaccination center should be consulted for detailed requirements. 
Neither yellow fever vaccine nor any other vaccine is currently required for 
readmission to the United States. In general, all healthy adult travelers to areas 
with a risk of yellow fever transmission should be vaccinated. The true dura-
tion of immunity from yellow fever vaccination appears to be much longer 
than 10 years and may exceed 30 years.8

Meningococcus
Meningococcal vaccine is recommended for travelers to Africa’s sub-Saharan 
“meningitis belt” during the dry season from December through June, espe-
cially if prolonged contact with the local populace is likely. Out-of-season 
epidemics have occurred in Ethiopia, Somalia, and Tanzania, indicating pos-
sible changes in epidemiologic trends. Muslims undertaking Hajj and Umrah 
pilgrimages in Saudi Arabia are at a higher risk of meningococcal disease, and 
proof of vaccination with quadrivalent vaccine within the past 3 years (for 
polysaccharide vaccine) or 5 years (for conjugate vaccine) is required to obtain 

http://www.cdc.gov/vaccines/pubs/vis/
http://www.cdc.gov/vaccines/pubs/vis/
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ABSTRACT
The worldwide epidemiology of travel-related diseases is constantly changing, 
and studies continuously update our understanding of travel-related health 
problems. Prevention strategies and medical interventions for the traveler 
need to be individualized according to a risk assessment that considers indi-
vidual health status, the itinerary, the anticipated activities, and other factors 
that are dependent on the prospective traveler. A structured approach to patient 
interaction is the most efficient way to cover the necessary educational and 
preventive interventions. Because many of the measures and instructions will 
be initiated only much later at the traveler’s destination, clearly printed instruc-
tions in lay language are advisable. Special needs travelers, such as those who 
are immunocompromised, are pregnant, or have significant underlying disease, 
should be referred to a specialized travel medicine clinic.
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risk of influenza has been reported among cruise ship passengers. All travelers 
to destinations with current influenza virus circulation, not just those with 
the usual risk factors, should strongly consider influenza vaccination.7

 Vaccines for Certain Destinations
Yellow Fever
The primary indication for yellow fever vaccination is to prevent infection in 
individuals at risk. A map of risk areas can be found at www.cdc.gov/travel. 
However, yellow fever is currently the only vaccine that falls under the Inter-
national Health Regulations that may necessitate vaccination purely for regula-
tory reasons. A number of African countries and one in South America (French 
Guiana) require proof of yellow fever vaccination from all arriving travelers. 
Other countries, both within and outside the risk zone, have submitted more 
complex requirements to the World Health Organization. Current country-
by-country yellow fever entry requirements are at www.who.int/ith/chapters/
en/index.html. A Centers for Disease Control and Prevention–designated 
yellow fever vaccination center should be consulted for detailed requirements. 
Neither yellow fever vaccine nor any other vaccine is currently required for 
readmission to the United States. In general, all healthy adult travelers to areas 
with a risk of yellow fever transmission should be vaccinated. The true dura-
tion of immunity from yellow fever vaccination appears to be much longer 
than 10 years and may exceed 30 years.8

Meningococcus
Meningococcal vaccine is recommended for travelers to Africa’s sub-Saharan 
“meningitis belt” during the dry season from December through June, espe-
cially if prolonged contact with the local populace is likely. Out-of-season 
epidemics have occurred in Ethiopia, Somalia, and Tanzania, indicating pos-
sible changes in epidemiologic trends. Muslims undertaking Hajj and Umrah 
pilgrimages in Saudi Arabia are at a higher risk of meningococcal disease, and 
proof of vaccination with quadrivalent vaccine within the past 3 years (for 
polysaccharide vaccine) or 5 years (for conjugate vaccine) is required to obtain 

medical equipment, body piercing, tattooing, acupuncture, and sharing of 
bathroom facilities is difficult to control or to predict in the context of travel. 
Vaccination is advocated for some short-term travelers, especially younger 
travelers and those anticipating being in close contact with local populations, 
even if they have no specific risk factors. Adventure travelers (accident prone), 
backpackers, and those with underlying medical conditions are more likely 
to require contact with the medical system. Accelerated and hyperaccelerated 
schedules (see Table 270-2) are used widely in practice and are approved in 
many countries. These are helpful in administering all three primary doses 
necessary for high assurance of protection in the frequent circumstance in 
which the traveler is leaving in a very short time and is at risk of hepatitis B 
exposure. A recently-licensed adjuvanted 2-dose hepatitis B vaccine produces 
excellent rapid response.

Combination Hepatitis A and Hepatitis B Vaccine
The combined hepatitis A and hepatitis B vaccine provides convenience for 
travelers with an overlap of indications for use of the individual vaccines. A 
less well known accelerated 3-week schedule (see Table 270-2) is approved 
by the U.S. Food and Drug Administration.

Typhoid
Typhoid vaccine is indicated for all travelers to the Indian subcontinent and 
considered for those traveling to other endemic areas under all but the most 
deluxe and protected of conditions. Risk increases with trip duration, lodging 
and eating with local residents, and extent of travel off the usual tourist itin-
eraries. Current typhoid vaccines do not protect against Salmonella paratyphi, 
which is emerging in many areas.6 Adherence to the oral vaccine regimen may 
be as low as 70%.

Influenza
Influenza is transmitted year-round in the tropics. Recent data show that influ-
enza is the most common vaccine-preventable illness in travelers. An increased 

TABLE 270-2 TRAVEL-RELATED VACCINES OF ADULTS

DISEASE VACCINE
PRIMARY COURSE (A: 

ACCELERATED SCHEDULE) ROUTE FURTHER BOOSTERS
VACCINES TO CONSIDER FOR ALL DEVELOPING WORLD TRAVELERS

Hepatitis A Killed virus 0, 6-18 months IM None
Hepatitis B Recombinant viral antigen 0, 1, 6 months IM None

A: 0, 1, 2 months and 12 months IM
A: 0, 1, 3 weeks and 12 months* IM

Recombinant, adjuvanted 0, 1 month
Hepatitis A/B Combination of monovalent preparations 0, 1, 6 months IM None

A: 0, 1, 3 weeks and 12 months IM
Typhoid Capsular Vi polysaccharide Single dose IM 2-3 years

Live attenuated Ty21a bacteria 0, 2, 4, 6 days Oral 5 years
Influenza Inactivated viral Single dose IM Annual

Live attenuated virus Single dose (<50 years of age only) Nasal Annual
Varicella Live attenuated virus 0, 4-8 weeks SC None
VACCINES FOR CERTAIN DESTINATIONS

Yellow fever Live attenuated 17D virus Single dose SC 10 years
Meningococcus Quadrivalent conjugated polysaccharide 

(A, C, Y, W135)
Single dose IM 5 years

Rabies Inactivated viral cell culture 0, 7, 21-28 days
0, 7 days per WHO but await national 

acceptance

IM† None routinely but two 
doses after each exposure

Japanese encephalitis 
(Vero cell)

Inactivated viral 0, 28 days IM 1 year if at continued risk; no 
data on subsequent dosesA: 0, 7 days‡ IM

Polio§ Inactivated viral Single dose if adequate childhood series SC; IM acceptable None
Cholera|| Live attenuated bacteria (CVD 103-HgR) Single dose Oral 3 months

Killed bacteria + recombinant B toxin 
subunit¶

0, 1 week Oral 2 years for cholera; 3 months 
for ETEC

*Regimen not approved by the U.S. Food and Drug Administration for monovalent hepatitis B vaccine but approved for combination hepatitis A/B vaccine containing the same quantity of hepatitis B antigen.
†Intradermal rabies preexposure vaccine is no longer produced, and the intramuscular 1.0-mL vials are not licensed for intradermal use in a 0.1-mL dose.
‡Regimen recently approved by the U.S. Food and Drug Administration following earlier approval by the European Medicines Agency.
§Oral polio vaccine is no longer produced in the United States.
||Not available in the United States but available in Canada and most European countries.
¶Also licensed in some countries for traveler’s diarrhea due to enterotoxigenic Escherichia coli.
A = accelerated regimen to be used for imminent departures; ETEC = enterotoxigenic E. coli; IM = intramuscular; SC = subcutaneous.

http://www.cdc.gov/travel
http://www.who.int/ith/chapters/en/index.html
http://www.who.int/ith/chapters/en/index.html
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and continued for 4 weeks thereafter. Weekly dosing and a long track record 
of efficacy make this drug the most effective for long-stay travelers. If contra-
indications to mefloquine exist for long-stay travelers, daily doxycycline 
(100 mg) beginning 1 day before exposure can be used; unlike atovaquone/
proguanil, it must be continued for 4 weeks after exposure. Approximately 
5% of individuals who take either mefloquine or doxycycline discontinue 
therapy because of side effects. Chemoprophylaxis may be started well before 
departure (3 to 4 weeks for mefloquine) in those concerned about possible 
intolerance to any drug. Tafenoquine, newly licensed by the U.S. FDA, can 
be used for chemoprophylaxis only after confirmation of adequate G6PD 
enzyme level. The dosing is 200 mg daily for 3 days prior to arrival in the 
malarious area, continued weekly during exposure, and 1 week after the last 
exposure.

Travelers should be reminded in writing to continue antimalarial drugs for 
the appropriate period after the last possible exposure, that malaria can still 
occur despite chemoprophylaxis, and that a malaria smear or malaria rapid 
diagnostic test is mandatory for any febrile illness occurring within 3 months 
after travel. Prevention of malaria in travelers residing in malarious areas for 
6 months or more presents complex problems that have been reviewed 
elsewhere.

 DENGUE, CHIKUNGUNYA, ZIKA
An estimated 100 million cases of dengue fever and 250,000 cases of dengue 
hemorrhagic fever occur annually (Chapter 357). The past 20 years have  
seen a dramatic geographic expansion of epidemic dengue fever and dengue 
hemorrhagic fever.11 Dengue accounts for up to 2% of all illness in returned 
travelers, and dengue is the most common systemic febrile illness in returned 
travelers from every region except sub-Saharan Africa, where malaria still 
predominates.

An outbreak of chikungunya virus infection (Chapter 358), caused by an 
alphavirus, emerged in 2004 in Kenya and has spread widely in Africa, Asia 
Pacific, and the Americas.12 Similarly, Zika virus had been initially identified 
in Uganda in 1947 but remained relatively unknown until 2007, when an 
outbreak occurred in Yap. Subsequent dissemination with epidemics in the 
Americas led to the recognition of unfortunate consequences associated with 
intrapartum infection, now named congenital Zika syndrome. Zika infection 
can also cause Guillain-Barré syndrome (Chapter 392), which may not manifest 
until after the traveler has returned home.13

Dengue fever, chikungunya infection, and Zika virus infection are transmit-
ted by day-biting Aedes mosquitoes, reinforcing the need to instruct travelers 
to the tropics in the need for both day and night use of repellents.  
Several candidate vaccines are in development, most advanced being dengue 
vaccines.

 TRAVELER’S DIARRHEA
The most frequent cause of traveler’s diarrhea is enterotoxigenic Escherichia 
coli and in some locations enteroaggregative E. coli. Salmonella, Shigella, and 
Campylobacter each account for about 5 to 15% (Table 270-3).14 In Asia, 
noncholera vibrios are significant.15 Protozoa account for less than 5%. In 
adults, norovirus and rotavirus are increasingly detected. The mean duration 
of traveler’s diarrhea, even if it is untreated, is 4 days.

All travelers to the developing world should be thoroughly educated in 
self-therapy for diarrheal disease and carry the appropriate agents while travel-
ing (Table 270-4).16,17 The majority of patients respond to loperamide. In 
severe or unresponsive cases, self-treatment with a single dose of azithromycin 
1000 mg is usually sufficient, but patients may continue 500 mg daily for up 
to 3 days should the traveler’s diarrhea persist. Other alternatives include 
single-dose levofloxacin 500 mg or rifaximin 1650 mg. A1  Because of a significant 
increase in quinolone-resistant Campylobacter in Southeast Asia, India, and 
Nepal, the preferred antibiotic for self-treatment is azithromycin, although 
ciprofloxacin 500 mg/day for 3 days is an alternative.

For prevention of traveler’s diarrhea, bismuth subsalicylate may be used. 
Most guidelines do not recommend antibiotic prophylaxis for the typical 
traveler because of potential adverse drug effects while away from medical 
care and because effective rapid-onset therapy is available for diarrhea should 
it occur. Exceptions include travelers with advanced human immunodeficiency 
virus (HIV) infection, those who have an underlying chronic medical problem 
that makes them more prone to adverse consequences from diarrhea, and 
travelers on a vital mission for a short period (less than 1 week) who cannot 
tolerate even a day of disability. If indicated, antibiotic prophylaxis can be 
carried out with rifaximin (200 mg) twice per day A2 ; prophylaxis should be 
used only for trips of 2 weeks or less.

pilgrimage visas. Polysaccharide vaccine is no longer produced in western 
countries.

Rabies
A preexposure rabies series is indicated for long-stay travel to endemic areas 
of Latin America, Asia, or Africa where the rabies threat is constant and where 
access to adequate postexposure rabies immune globulin and vaccine is likely 
to be limited. For short-term travel, risk groups for whom immunization should 
be considered include adventure travelers, bikers, hikers, cave explorers, and 
business travelers who travel for short but frequent trips and plan to go running 
outdoors on these trips.

Japanese Encephalitis
Japanese encephalitis is endemic to many rural farming areas of Southeast 
Asia and the Indian subcontinent. Sporadic cases with severe sequelae continue 
to occur in travelers.9 In temperate regions, the transmission season is from 
May through October. In tropical or subtropical regions of Oceania and South-
east Asia, transmission may occur year-round. Vaccination is recommended 
for (1) long-stay travel to an endemic rural area; (2) expatriation to anywhere 
in an endemic country; (3) short-term travel to endemic rural areas with 
extensive outdoor exposure, such as with adventure travel; and (4) short-term 
travel in the face of a current local epidemic.

Polio
Because of eradication efforts, poliomyelitis remains in only a few countries, 
but complete control remains elusive. Adults traveling to countries that are 
currently polio endemic (updated information at www.polioeradication.org) 
and who have previously completed a primary vaccine series should receive 
a one-time single dose of inactivated polio vaccine as a booster.

Cholera
Cholera vaccination is no longer required by any country, and the risk to 
typical travelers is insignificant.10 However, medical and aid workers staying 
for short periods in disaster areas or refugee camps may consider cholera 
vaccine. An oral live attenuated bacterial vaccine is available in the United 
States and an oral killed whole cell–B subunit vaccine is available widely outside 
the United States.

 Sequence of Travel-Related Vaccines
All currently indicated immunizations can and should be given at the same 
time and in any combination (Chapter 15). If two live viral antigens are not 
administered on the same day, they must be spaced by a month. Minimum 
intervals between vaccine doses must be respected, although 4 days or fewer 
before the next interval are acceptable. Regimens that involve 1-week intervals 
(rabies, Japanese encephalitis, accelerated hepatitis) are exceptions. There is 
not a maximum interval between doses of a primary vaccine series; interrupted 
series (except oral typhoid and rabies) need not be restarted but can be resumed 
beginning with the dose that is overdue.

 MALARIA CHEMOPROPHYLAXIS
An average of 1500 imported cases of malaria are reported annually in the 
United States. Estimates of risk in travelers not taking chemoprophylaxis vary 
widely by destination but range from 3.4% per month in West Africa to one 
tenth that on the Indian subcontinent and a further 10-fold reduction in South 
America. The majority of cases of imported malaria in the United States and 
Europe occur in immigrants visiting friends and relatives abroad.

Resources describing current country-specific malaria microepidemiology 
should be accessible immediately to those prescribing malaria prophylaxis. 
Dosing and pharmaceutical properties of antimalarial drugs are described in 
Chapter 324. In the limited number of countries where it is still effective, 
chloroquine, 500 mg salt (300 mg base) per week beginning the week before 
the first exposure to malaria and continuing for 4 weeks after the last exposure, 
is still the drug of choice. However, atovaquone/proguanil may still be used 
by short-stay travelers who prefer the shorter duration of that regimen.

For all other areas of the world, four drugs are equally effective, and the 
choice depends on both traveler and itinerary factors. Atovaquone/proguanil 
(250/100 mg) is a well-tolerated, once-a-day drug that should be started 1 
day before arrival in the malarious area and continued for 7 days after the last 
exposure. The short period of postexposure use makes it convenient for the 
many travelers on typical 1- to 3-week itineraries. Medication cost and daily 
dosing make it difficult to use for extended periods. Weekly mefloquine 
(250 mg) is given 2 and preferably 3 weeks before the first exposure to malaria 

vendors; avoiding buffets where there are no food covers or fly controls; avoid-
ing high-risk food such as shellfish, reef fish (ciguatera risk), undercooked 
meats and poultry, dairy products, unpeeled fruits, cold sauces, and salads; 
avoiding both tap water and drinks or ice made from tap water; and using 
sealed bottled water or chemically treated, filtered, or boiled water for drinking 
and brushing their teeth.

 Sex
Education on the incidence of HIV infection and sexually transmitted diseases 
among professional sex workers abroad, on the use of condoms, and on the 
failure rate of condoms (3 to 5% breakage/slippage) should be given regard-
less of the apparent circumstances of the traveler. Unprotected sex even with 
fellow travelers is considered high risk. Travel is a disinhibiting experience in 
itself, and alcohol consumption tends to increase during travel. HIV pre-
exposure prophylaxis has become more widely accepted and daily Truvada 
(200 mg emtricitabine plus 300 mg tenofovir) is an option to prevent HIV 
in persons at risk of exposure through sexual contact, including travelers.

 Blood-borne Pathogens
Blood, blood products, syringes, and contaminated medical or dental instru-
ments are a risk after accidents or trauma. Travelers should consider carrying 
an infusion set, needles, and a suture kit for high-risk areas. If possible, they 
should defer medical treatment and travel to a facility where safety can be 
ensured. Tattooing, acupuncture, and body piercing carry similar risks. Health 
care workers and others at risk in areas of high HIV prevalence without sophis-
ticated medical infrastructure may consider carrying a 1- to 2-week supply of 
antiretrovirals to begin immediate postexposure prophylaxis, with the under-
standing that this is only an initial measure to allow time for travel to an 
adequate medical facility able to provide sophisticated testing and counseling. 
Two options are: (1) Descovy (emtricitabine 200 mg/tenofovir alfenamide 
fumerate [TAF] 25 mg) 1 tablet daily plus raltegravir 400 mg 1 tablet twice 
daily (or dolutegravir 50 mg 1 tablet daily); (2) Truvada (emtricitabine 200 mg/
tenofovir 300 mg) 1 tablet daily plus docutegravir 50 mg 1 tablet daily.

 Protection Against Skin Diseases
Infected mosquito bites are common. Practicing good hand hygiene in dirty 
environments and covering open wounds are preventive measures that all 
travelers should take. Scabies and lice infestations can be prevented by carry-
ing out good personal hygiene. In Africa, all clothes dried outdoors should 
be ironed to avoid cutaneous myiasis due to the tumbu fly. Hats and sunscreen 
are mandatory in the tropics. Sunscreen should always be applied to skin 
before, and not after, an application of DEET.

 Swimming and Water Exposure
Travelers should be instructed to avoid recreational (swimming, rafting, wading) 
or other exposure to fresh water in areas that are endemic for schistosomiasis. 
Hikers, bikers, and adventure travelers should consider prophylaxis with 200 mg 
of doxycycline once per week because of the significant risk of leptospirosis 
that exists in fresh water throughout the developing world. Walking barefoot 
in tropical areas predisposes to hookworm, Strongyloides infection, cutaneous 
larva migrans, and tungiasis.

 PREVENTIVE BEHAVIORS
Most travel-related health problems, including many infectious diseases, can 
be significantly reduced through appropriate behavior by the traveler.

 Mosquito Protection
Antimalarial chemoprophylactic drugs are less than 100% effective. Protection 
against arthropods will help prevent dengue, leishmaniasis, filariasis, and a 
number of important arboviral diseases. Travelers should be instructed to 
clothe themselves to reduce as much exposed skin as practicable and to apply 
a repellent containing DEET (concentration of 30 to 35%) to all exposed, 
nonsensitive areas of the body every 4 to 6 hours. More frequent application 
is required for agents containing lower concentrations of DEET. Travelers 
should sleep under a permethrin-impregnated bed net in malarious areas unless 
they are in a sealed air-conditioned environment. Although anopheline mos-
quitoes are night biters, Aedes spp mosquitoes are usually day biters, so vigilance 
at all times of day is necessary.

 Food and Water Precautions
Travelers to developing countries should be diligent in washing their hands 
frequently; avoiding food from dubious eating places, markets, and roadside 

http://www.polioeradication.org/
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vendors; avoiding buffets where there are no food covers or fly controls; avoid-
ing high-risk food such as shellfish, reef fish (ciguatera risk), undercooked 
meats and poultry, dairy products, unpeeled fruits, cold sauces, and salads; 
avoiding both tap water and drinks or ice made from tap water; and using 
sealed bottled water or chemically treated, filtered, or boiled water for drinking 
and brushing their teeth.

 Sex
Education on the incidence of HIV infection and sexually transmitted diseases 
among professional sex workers abroad, on the use of condoms, and on the 
failure rate of condoms (3 to 5% breakage/slippage) should be given regard-
less of the apparent circumstances of the traveler. Unprotected sex even with 
fellow travelers is considered high risk. Travel is a disinhibiting experience in 
itself, and alcohol consumption tends to increase during travel. HIV pre-
exposure prophylaxis has become more widely accepted and daily Truvada 
(200 mg emtricitabine plus 300 mg tenofovir) is an option to prevent HIV 
in persons at risk of exposure through sexual contact, including travelers.

 Blood-borne Pathogens
Blood, blood products, syringes, and contaminated medical or dental instru-
ments are a risk after accidents or trauma. Travelers should consider carrying 
an infusion set, needles, and a suture kit for high-risk areas. If possible, they 
should defer medical treatment and travel to a facility where safety can be 
ensured. Tattooing, acupuncture, and body piercing carry similar risks. Health 
care workers and others at risk in areas of high HIV prevalence without sophis-
ticated medical infrastructure may consider carrying a 1- to 2-week supply of 
antiretrovirals to begin immediate postexposure prophylaxis, with the under-
standing that this is only an initial measure to allow time for travel to an 
adequate medical facility able to provide sophisticated testing and counseling. 
Two options are: (1) Descovy (emtricitabine 200 mg/tenofovir alfenamide 
fumerate [TAF] 25 mg) 1 tablet daily plus raltegravir 400 mg 1 tablet twice 
daily (or dolutegravir 50 mg 1 tablet daily); (2) Truvada (emtricitabine 200 mg/
tenofovir 300 mg) 1 tablet daily plus docutegravir 50 mg 1 tablet daily.

 Protection Against Skin Diseases
Infected mosquito bites are common. Practicing good hand hygiene in dirty 
environments and covering open wounds are preventive measures that all 
travelers should take. Scabies and lice infestations can be prevented by carry-
ing out good personal hygiene. In Africa, all clothes dried outdoors should 
be ironed to avoid cutaneous myiasis due to the tumbu fly. Hats and sunscreen 
are mandatory in the tropics. Sunscreen should always be applied to skin 
before, and not after, an application of DEET.

 Swimming and Water Exposure
Travelers should be instructed to avoid recreational (swimming, rafting, wading) 
or other exposure to fresh water in areas that are endemic for schistosomiasis. 
Hikers, bikers, and adventure travelers should consider prophylaxis with 200 mg 
of doxycycline once per week because of the significant risk of leptospirosis 
that exists in fresh water throughout the developing world. Walking barefoot 
in tropical areas predisposes to hookworm, Strongyloides infection, cutaneous 
larva migrans, and tungiasis.

 PREVENTIVE BEHAVIORS
Most travel-related health problems, including many infectious diseases, can 
be significantly reduced through appropriate behavior by the traveler.

 Mosquito Protection
Antimalarial chemoprophylactic drugs are less than 100% effective. Protection 
against arthropods will help prevent dengue, leishmaniasis, filariasis, and a 
number of important arboviral diseases. Travelers should be instructed to 
clothe themselves to reduce as much exposed skin as practicable and to apply 
a repellent containing DEET (concentration of 30 to 35%) to all exposed, 
nonsensitive areas of the body every 4 to 6 hours. More frequent application 
is required for agents containing lower concentrations of DEET. Travelers 
should sleep under a permethrin-impregnated bed net in malarious areas unless 
they are in a sealed air-conditioned environment. Although anopheline mos-
quitoes are night biters, Aedes spp mosquitoes are usually day biters, so vigilance 
at all times of day is necessary.

 Food and Water Precautions
Travelers to developing countries should be diligent in washing their hands 
frequently; avoiding food from dubious eating places, markets, and roadside 

Adapted from Steffen R, Hill DR, DuPont HL. Traveler’s diarrhea: a clinical review. JAMA. 2015;313:71-80.

TABLE 270-3 REGIONAL DIFFERENCES IN THE CAUSE OF TRAVELER’S DIARRHEA
APPROXIMATE %

LATIN AMERICA AND CARIBBEAN SOUTH ASIA SOUTHEAST ASIA AFRICA
BACTERIA

Enterotoxigenic E. coli ≥35 15-25 5-15 25-35
Enteroaggregative E. coli 25-35 15-25 Unknown <5
Campylobacter <5 15-25 25-35 <5
Salmonella <5 <5 5-15 5-15
Shigella 5-15 5-15 <5 5-15
VIRUSES AND OTHER

Norovirus 15-25 5-15 <5 15-25
Rotavirus 15-25 5-15 <5 5-15
Giardia <5 5-15 5-15 <5

Adapted from Steffen R, Hill DR, DuPont HL. Traveler’s diarrhea: a clinical review. JAMA. 
2015;313:71-80; and Riddle MS, Connor BA, Beeching NJ, et al. Guidelines for the prevention and 
treatment of travelers’ diarrhea: a graded expert panel report. J Travel Med. 2017;24(Suppl 
1):S2-S19.

TABLE 270-4 TREATMENTS FOR TRAVELER’S DIARRHEA
PHARMACOLOGIC 
AGENT

RECOMMENDED 
DOSAGE

EFFECTIVENESS AND 
ADVERSE EVENTS

Bismuth 
subsalicylate

525 mg (1 oz liquid or 2 
tablets chewed well) 
as needed up to 16 
tablets in 24 hours

Moderately effective, turns 
stool and tongue black, may 
cause tinnitus from systemic 
salicylate absorption

Loperamide 4 mg then 2 mg after 
each unformed stool 
up to 8 mg/day

Rapid relief of diarrhea but 
must be combined with an 
antibiotic in patients with 
fever or dysentery

Azithromycin 500 mg daily for 3 days 
or single dose of 
1000 mg

First choice for all severe 
diarrhea but nausea is 
frequent

Ciprofloxacin 500 mg or 750 mg daily 
for 1-3 days

Fluoroquinolones may be used 
for nonsevere diarrhea 
except for India and 
Southeast Asia where 
fluoroquinolone-resistant 
Campylobacter is common

Rifaximin 200 mg tid for 3 days Ineffective against invasive 
pathogens (e.g., Shigella, 
Salmonella, Campylobacter)



 Prevention of Tuberculosis
A predeparture baseline tuberculin skin test with annual retesting is indicated 
for long-stay travelers to developing countries. Aggressive treatment of skin 
test converters will prevent cases of active tuberculosis later. Travelers should 
avoid crowded public transportation or crowded public places and distance 
themselves immediately from anyone with a chronic or heavy cough. Expatri-
ates should screen domestic help for tuberculosis.

 NONINFECTIOUS TRAVEL PROBLEMS
 Traveler’s Thrombosis and Jet Lag
Travel-related immobility is associated with deep venous thrombosis and 
pulmonary embolism in otherwise healthy travelers. Risk of pulmonary embolus 
is essentially absent on flights lasting less than 6 hours. Those with clear, 
known risk factors are at highest risk. All travelers should avoid dehydration, 
avoid alcohol, and exercise the legs regularly in flight. Of many recommenda-
tions for prevention, only the use of graded 15 to 30 mm Hg compression 
stockings for those at higher risk is supported in trials, A3  although prophylactic 
antithrombosis agents such as factor Xa inhibitor, direct thrombin inhibitor, 
and subcutaneous low-molecular-weight heparin are sometimes used in prac-
tice. Aspirin therapy is of no proven benefit in this setting.

Jet lag (Chapter 377) occurs after crossing three or more time zones. Mela-
tonin (as little as 0.5 mg 30 minutes prior to targeted bedtime) may be useful 
for reducing the severity of jet lag, A4  and zolpidem (5 mg) taken for a few 
nights at bedtime at the destination is generally effective.

 Altitude Illness
Whether ascending by car or airplane, acute mountain sickness occurs in 
at least 25% of people who ascend rapidly to 2500 m or more and in most 
people who go quickly to 3000 m or more. Gradual ascent during days is 
rarely practiced by modern travelers. For prevention of altitude illness, acet-
azolamide, 125 mg twice a day beginning the morning of the day before 
ascent and continuing through the day after ascent, is effective. A5 

,
 A6  If symp-

toms of mountain sickness, such as nausea, vomiting, anorexia, lightheaded-
ness, fatigue, or insomnia, persist beyond the day after ascent, travelers may 
continue to take one tablet each evening. Other medications such as dexa-
methasone (4 mg twice daily) also can be used for prophylaxis or treatment  
(Chapter 88). A7  Severe complications, such as pulmonary or cerebral edema, 
occur uncommonly under 3500 m and are best treated by oxygen and immedi-
ate descent. Those traveling above 3500 m for longer than a brief transit of a 
few hours should consult an expert.

 POST-TRAVEL CARE
The approach to the patient requires knowledge of world geography, the epi-
demiology of disease patterns in 230 or so countries, and the clinical presenta-
tion of a wide spectrum of disorders. Most illnesses are mild, most are 
self-limited, and many are noninfectious. Based on 43,000 ill-returned travelers 
seen by the GeoSentinel Surveillance Network, specific travel destinations 
are associated with the probability of the diagnosis of certain diseases (E-Table 
270-1). Diagnostic approaches and empirical therapies can be guided by these 
destination-specific differences. Important region-specific disease occurrence 
data indicate that (1) febrile illness18,19 is most important from Africa and 
Southeast Asia; (2) malaria is one of the top three diagnoses from every region, 
yet during the past decade, dengue has become the most common febrile 
illness from every region outside of sub-Saharan Africa; (3) in sub-Saharan 
Africa, rickettsial disease is second only to malaria as a cause of fever; (4) 
respiratory disease is most important in Southeast Asia and sub-Saharan Africa; 
and (5) acute diarrhea is disproportionately from South Central Asia. Persistent 
diarrhea is a problem in up to 3% of people who return from developing 
countries, with parasites (especially Giardia and Cryptosporidium) and bacteria 
(especially enteroaggregative E. coli and Shigella) as the leading causes.

Fever in a traveler who has recently returned from the tropics is a poten-
tial emergency and must be evaluated immediately so that antimalarial or 
other definitive treatment can be initiated rapidly if it is indicated. Persistent 
gastrointestinal symptoms in a returning traveler require prompt evalua-
tion and treatment (E-Table 270-2).20 Certain long-term travelers should be 
evaluated by a travel or tropical medicine specialist when they return to be 
screened for conditions that may be asymptomatic, such as schistosomiasis 
or strongyloidiasis.

Travelers who become ill during or any time up to several months after a 
foreign trip will frequently associate that illness with a possible travel-specific 
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etiology. This may be the case, but often it is not. Routine things are common, 
and common things are common whether they are acquired during travel or 
at some time after the trip.
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E-TABLE 270-1 SOME KEY DISEASES REPORTED IN FIVE OR MORE TRAVELERS AMONG >43,000 REPORTED ILLNESSES
DIAGNOSES # OF CASES TRAVEL HISTORY
GASTROINTESTINAL

Giardia 1426 India, Thailand, Nepal, and Ghana
Campylobacter 753 India, Thailand, Indonesia, and Tanzania
Strongyloides 483 India, Vietnam, Ghana, and Dominican Republic
Salmonella enteritis 367 Thailand, India, Indonesia, and Egypt
Shigella 271 India, Egypt, Ghana, and Indonesia
Entamoeba histolytica 340 India, Indonesia, Mexico, and Thailand
Vibrio 9 5 cases in Latin America (2 cases acquired in Mexico), 3 in Asia, 1 in sub-Saharan Africa
FEBRILE

Plasmodium falciparum 1990 Ghana, Comoros, Nigeria, and Côte d’Ivoire
Plasmodium vivax 480 India, French Guyana, Myanmar, and Papua New Guinea
Dengue 1473 Thailand, Indonesia, India, and Brazil
Enteric fever 467 India, Nepal, Pakistan, and Bangladesh
Spotted fever rickettsia 267 South Africa (68.9%), Zimbabwe, Tanzania, and Swaziland
Chikungunya 164 India, Malaysia, Indonesia, and Thailand
Hepatitis A 120 India, Morocco, Egypt, and Mexico
Acute HIV 84 Thailand, Brazil, Guinea, and Germany
Leptospirosis 83 Thailand, Laos, and Costa Rica
Hepatitis E 45 India (40%), Pakistan, and Bangladesh
Brucellosis, acute 33 India, Sudan, and Iraq
Measles 33 India, Thailand, and France
Histoplasmosis 23 Guatemala and Costa Rica
Rickettsia typhi (flea-borne) 17 Cambodia, Malaysia, Vietnam, Indonesia, and Nepal
Visceral leishmaniasis 16 India, Greece, Portugal, and Spain
Orientia tsutsugamushi (scrub typhus) 14 Thailand and Vietnam
Rubella 11 Vietnam and Thailand
Melioidosis 9 Thailand, Singapore, and Malaysia
Mumps 8 Different country for each case (2 in Western Europe, 4 in sub-Saharan Africa, 1 in Latin America, 

and 1 in Asia)
African trypanosomiasis 6 Zambia (3 cases), Tanzania, Zimbabwe, and Burkina Faso
Relapsing fever 6 Senegal, South Africa, and Morocco
Ross River virus 5 Australia
DERMATOLOGIC

Rabies prophylaxis after bite or scratch 1249 Thailand, Indonesia, China, and India
Cutaneous larva migrans 806 Thailand, Brazil, Mexico, and Malaysia
Leishmaniasis (cutaneous or mucocutaneous) 264 Bolivia, Afghanistan, and Costa Rica
Myiasis 174 Senegal, Brazil, Costa Rica, and Belize
Tungiasis 87 Brazil, Madagascar, Uganda, and Ethiopia
Gnathostomiasis 12 Cambodia and Indonesia (92% from Asia)
Leprosy 11 Pakistan and Vietnam
Cutaneous atypical mycobacteria 6 All different (Caribbean, sub-Saharan Africa, and South-Central Asia)
RESPIRATORY OR PHARYNGEAL

Influenza 367
 H1N1 176 United States, Australia, United Kingdom, and Philippines
 Influenza A or B 191 Indonesia, Thailand, India, and China
Tuberculosis 170
 MDR or XDR pulmonary tuberculosis 3 1 case each for Nigeria and India (1 case unknown)
Legionellosis 35 China, Italy, and Spain
Pulmonary atypical mycobacteria 35 China, Thailand, Kenya, South Africa, and North America
Pertussis 30 India and China
NEUROLOGIC

Ciguatera intoxication 51 Bahamas and Dominican Republic
Neurocysticercosis 21 India
Tuberculosis meningitis or tuberculoma 13 India and Pakistan
Scombroid, neurotoxic or paralytic shellfish poisoning 7 Mauritius (2 cases) and other (2 cases in Western Europe and 2 cases in Southeast Asia)
West Nile virus 5 1 case each in Afghanistan, Costa Rica, Greece, and Israel (1 unknown)
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Adapted from Ross AG, Olds GR, Cripps AW, et al. Enteropathogens and chronic illness in returning travelers. N Engl J Med. 2013;368:1817-1825.

E-TABLE 270-2 COMMON INFECTIOUS AGENTS CAUSING CHRONIC GASTROINTESTINAL DISEASE IN THE  
RETURNING TRAVELER

INCUBATION  
PERIOD (DAYS) CLINICAL MANIFESTATIONS DIAGNOSIS TREATMENT

Giardia 7-10 Abdominal pain, nausea, persistent 
watery diarrhea

Stool microscopy 
and stool antigen

Metronidazole, 250 mg, 3 times/day for 7-10 days or 
500 mg twice a day for 5-7 days

Entamoeba 
histolytica

11-21 Abdominal pain, fever, persistent 
watery diarrhea

Stool antigen assay Metronidazole, 500-750 mg, 3 times/day for 7-10 days; 
plus paromomycin, 500 mg, 3 times/day for 7 days

Strongyloides 11-21 Larva currens, abdominal pain, 
persistent diarrhea

Stool microscopy Ivermectin, 200 µg/kg of body weight/day for 2 days

Schistosoma 14-84 Katayama syndrome, abdominal 
pain, persistent diarrhea, 
hematuria

Stool and urine 
microscopy

Praziquantel, 40 mg/kg divided into 2 doses for 1 day for  
S. hematobium and S. mansoni, and 60 mg/kg  
divided into 3 doses for 1 day for S. japonicum

Campylobacter 1-4 Acute watery diarrhea, fever Stool culture Azithromycin, 500 mg once a day for 3 days
Shigella 1-8 Severe diarrhea, dysentery, fever Stool culture Ciprofloxacin, 500 mg twice a day for 3 days
Salmonella
 Serovar Typhi 5-14 Fever, headache, malaise, abdominal 

pain, diarrhea
Blood and stool 

culture
Ciprofloxacin, 20 mg/kg/day for 7 days; or azithromycin, 

20 mg/kg/day for 7 days
 Nontyphoidal 8-24 hours Fever, headache, malaise, abdominal 

pain, diarrhea
Blood and stool 

culture
Ciprofloxacin, 20 mg/kg/day for 7 days; or azithromycin, 

20 mg/kg/day for 7 days

HIV = human immunodeficiency virus; MDR = multidrug-resistant; XDR = extensively drug-resistant.
Adapted from Leder K, Torresi J, Libman MD, et al. GeoSentinel surveillance of illness in returned travelers, 2007-2011. Ann Intern Med. 2013;158:456-468.

E-TABLE 270-1 SOME KEY DISEASES REPORTED IN FIVE OR MORE TRAVELERS AMONG >43,000 REPORTED ILLNESSES—cont’d
DIAGNOSES # OF CASES TRAVEL HISTORY
OTHER

Schistosomiasis 792 Malawi, Uganda, Tanzania, and Ghana
Filariasis 113 Cameroon, Gabon, Democratic Republic of Congo, and Central African Republic
Lyme disease 77 United States, Germany, and Italy
Visceral larva migrans 16 6 cases in Southeast Asia (2 cases acquired in Thailand), 5 in Latin America and the Caribbean, 3 in 

sub-Saharan Africa, and 2 cases unknown
Fasciola 14 Australia, Germany, France, and the Netherlands
Clonorchis 12 Thailand, Laos, and China
Trichinellosis 12 Poland and Serbia



CHAPTER 270 ApproAch to the pAtient Before And After trAvel 1850.e3

GENERAL REFERENCES

1. Freedman DO, Chen LH, Kozarsky PE. Medical considerations before international travel. N Engl 
J Med. 2016;375:247-260.

2. Angelo KM, Kozarsky PE, Ryan ET, et al. What proportion of international travellers acquire a 
travel-related illness? A review of the literature. J Travel Med. 2017;1-8.

3. Steffen R, Behrens RH, Hill DR, et al. Vaccine-preventable travel health risks: what is the evidence—
what are the gaps? J Travel Med. 2015;22:1-12.

4. Centers for Disease Control and Prevention. Recommended Immunization Schedules for Adults. 
Updated annually. http://www.cdc.gov/vaccines/schedules/hcp/adult.html. Accessed April 22, 2019.

5. Travelers’ Health. Destinations. Centers for Disease Control and Prevention http://wwwnc.cdc.
gov/travel/destinations/list. Accessed April 22, 2019.

6. Milligan R, Paul M, Richardson M, Neuberger A. Vaccines for preventing typhoid fever. Cochrane 
Database Syst Rev. 2018;5:CD001261.

7. Grohskopf LA, Sokolow LZ, Broder KR, et al. Prevention and control of seasonal influenza with 
vaccines: recommendations of the Advisory Committee on Immunization Practices—United States, 
2018-19 influenza season. MMWR Recomm Rep. 2018;67:1-20.

8. Barrett ADT. Yellow fever live attenuated vaccine: a very successful live attenuated vaccine but still 
we have problems controlling the disease. Vaccine. 2017;35:5951-5955.

9. Caldwell JP, Chen LH, Hamer DH. Evolving epidemiology of Japanese encephalitis: implications 
for vaccination. Curr Infect Dis Rep. 2018;20:1-13.

10. Cholera, 2017. Wkly Epidemiol Rec. 2018;93:489-500.

11. Weaver SC, Charlier C, Vasilakis N, et al. Zika, Chikungunya, and other emerging vector-borne viral 
diseases. Annu Rev Med. 2018;69:395-408.

12. Yactayo S, Staples JE, Millot V, et al. Epidemiology of Chikungunya in the Americas. J Infect Dis. 
2016;214(suppl 5):S441-S445.

13. Petridou C, Simpson A, Charlett A, et al. Zika virus infection in travellers returning to the United 
Kingdom during the period of the outbreak in the Americas (2016-17): a retrospective analysis. 
Travel Med Infect Dis. 2019. [Epub ahead of print.]

14. Steffen R, Hill DR, DuPont HL. Traveler’s diarrhea: a clinical review. JAMA. 2015;313:71-80.
15. Zaidi D, Wine E. An update on travelers’ diarrhea. Curr Opin Gastroenterol. 2015;31:7-13.
16. Lalani T, Maguire JD, Grant EM, et al. Epidemiology and self-treatment of travelers’ diarrhea in a 

large, prospective cohort of Department of Defense beneficiaries. J Travel Med. 2015;22:152-160.
17. Riddle MS, Connor BA, Beeching NJ, et al. Guidelines for the prevention and treatment of travelers’ 

diarrhea: a graded expert panel report. J Travel Med. 2017;24(suppl 1):S2-S19.
18. Thwaites GE, Day NPJ. Approach to fever in the returning traveler. N Engl J Med. 2017;376: 

548-560.
19. Scaggs Huang FA. Schlaudecker E. Fever in the returning traveler. Infect Dis Clin North Am. 

2018;32:163-188.
20. Eckbo EJ, Yansouni CP, Pernica JM, et al. New tools to test stool: managing travelers’ diarrhea in 

the era of molecular diagnostics. Infect Dis Clin North Am. 2019;33:197-212.
21. Duplessis CA, Gutierrez RL, Porter CK. Review: chronic and persistent diarrhea with a focus in the 

returning traveler. Trop Dis Travel Med Vaccines. 2017;3:1-17.

http://www.cdc.gov/vaccines/schedules/hcp/adult.html
http://wwwnc.cdc.gov/travel/destinations/list
http://wwwnc.cdc.gov/travel/destinations/list


CHAPTER 270 ApproAch to the pAtient Before And After trAvel1850.e4

4. Acute diarrhea occurs disproportionately in travelers returning from which 
region?
 A. Africa
 B. South America
 C. South Central Asia
 D. China
 E. Caribbean

Answer: C Epidemiologic evidence from the GeoSentinel network is described 
in the text and can be found in reference 2.

5. Travelers should be instructed to avoid what exposure in areas that are 
endemic for schistosomiasis?
 A. Recreational (swimming, rafting, wading) or other exposure to fresh 

water
 B. Eating of unpasteurized dairy products
 C. Caves
 D. Undercooked shellfish
 E. Ticks

Answer: A Schistosomiasis is acquired when larvae that are harbored by 
freshwater snails are excreted into lakes, rivers, streams, or ponds and penetrate 
the skin of the traveler.

REVIEW QUESTIONS

1. A tourist visiting Burkina Faso (West Africa) for 1 week during the dry 
season (December to June) should receive which of the following 
vaccines?
 A. Plague
 B. Cholera
 C. Hepatitis C
 D. Meningococcal
 E. Japanese encephalitis

Answer: D Burkina Faso is in the meningitis belt of Africa. There is no plague 
vaccine currently and no risk to routine tourists in Africa. Cholera vaccine is 
indicated only for aid and refugee workers. Japanese encephalitis occurs only 
in Asia.

2. A traveler to Lake Titicaca (3800 m) in Bolivia should consider pre-ascent 
prophylaxis with:
 A. Ibuprofen
 B. Acetazolamide
 C. Prednisone
 D. Furosemide
 E. Isosorbide dinitrate

Answer: B Acetazolamide hastens acclimatization by causing a bicarbonate 
diuresis and metabolic acidosis. Ibuprofen can prevent altitude headache but 
has no effect against more serious altitude manifestations. Dexamethasone 
but not prednisone can be used to treat but not to prevent cerebral edema. 
Furosemide has no effect against high-altitude pulmonary edema and does 
not prevent it. Nitrates are ineffective against the increased pulmonary artery 
pressures induced by altitude.

3. The most common vaccine-preventable disease of travelers is:
 A. Hepatitis A
 B. Typhoid
 C. Yellow fever
 D. Influenza
 E. Measles

Answer: D Studies indicate that about 1% of all travelers acquire influenza 
during their trip. This is orders of magnitude more common than the risk of 
the other diseases listed.
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271 
ANTIBACTERIAL CHEMOTHERAPY
ARNOLD LOUIE AND GEORGE L. DRUSANO

Antibiotics have been classified as “miracle drugs” because they have trans-
formed our expectations regarding the outcomes of infections. More recently, 
they have been the backbone of modern interventional medicine. Barriers 
not meant to be breached have been. Catheters have been inserted into veins 
and arteries, the bladder, and the tracheal tree. These interventions support 
the seriously ill patient, but they also give bacteria access to normally sterile 
areas. Therapies for cancer and immune-mediated disease often leave patients 
severely immunosuppressed. Bacterial infections in such patients are serious 
and, when untreated or treated late, often result in death. Antibiotics provide 
critical life-saving support for such patients.

What is clear is that the overuse and poor use of antibiotics have allowed 
many pathogens to develop resistance to drugs. Multiresistant Staphylococcus 
aureus has become a plague both in the hospital and, of late, in the community. 
Extended-spectrum β-lactamases and Klebsiella pneumoniae carbapenemase 
enzymes have mediated resistance to many of our most potent and broad-
spectrum β-lactam agents, including the carbapenems. Consequently, it is 
important to understand the principles of antibacterial chemotherapy to obtain 
the best clinical outcomes for our patients but also, in a broader sense, to 
lower the probability of the emergence of resistance and to maintain the potency 
of the drugs currently in our therapeutic armamentarium.1,2 In this context, 
the significant decline in the use of antibiotics in the United States between 
1999 and 2016 is a good sign.3,4

 CHOICE OF ANTIBIOTIC, ANTIBIOTIC DOSE, AND 
SCHEDULE TO OPTIMIZE CLINICAL OUTCOME

As in all of clinical medicine, a well-done history and physical examination 
are central to proper decision making and to the achievement of optimal 
therapeutic outcomes in patients with infections. Key to choosing the correct 
drug, dose, and schedule of administration of an antibiotic is recognition that 
an infection exists. The next step is to document where the infection exists 
and then to identify the dominant organisms present at each site of infection. 
The next step is to determine whether there are any risk factors that might 
predict the presence of drug-resistant pathogens.

As an example, it is known that community-associated pneumonia is caused 
by certain traditional pathogens. Streptococcus pneumoniae, Haemophilus 



CHAPTER 271 AntibActeriAl chemotherApy 1850.e5

KEYWORDS
antibiotic principles
principles of antibiotic selection
empiric antibiotic selection
antibacterial drugs
antibiotic therapy
pharmacokinetics-pharmacodynamics
antibiotic resistance

ABSTRACT
Antibiotics have improved the health of mankind, both in the treatment of 
established infections and as prophylaxis against infections associated with 
surgical and other invasive procedures. In this chapter, a framework for choos-
ing antibiotics for the treatment of community- and institutional-associated 
bacterial infections is provided. The factors for consideration in the selection 
of empiric single or combination antibiotic treatment include information 
gained from a history and physical examination, review of available imaging 
studies, and understanding the likely bacterial species that are in the site of 
infection as well as the epidemiological risk factors for the probability the 
infection is caused by multidrug-resistant bacteria. Consultation of hospital 
antibiograms of bacteria encountered in intensive care units and the general 
wards is an important part of this framework. Also, for infections in normally 
sterile sites, a Gram-stain of samples collected from these sites may guide 
empiric antibiotic choice. Pharmacokinetic and pharmacodynamic principles 
for optimizing antibiotic efficacy are introduced. Identification and antibiotic 
susceptibility testing of the microbe by the Microbiology Laboratory may 
enable a narrowing of the spectrum of activity of the antibiotic regimen. Dura-
tion of antibiotic therapy for specific sites of infection is discussed. A review 
of the spectrum of activity, mechanisms of action, and possible toxicities of 
the different antibiotic classes is provided. The antibiotic resistance mechanisms 
that may be expressed by bacteria for each antibiotic class are also described.



CHAPTER 271 AntibActeriAl chemotherApy 1851

on the morphology, the organism’s gram positivity or negativity, the infection 
site, and the most likely pathogens to make an initial antimicrobial choice 
with the highest probability of producing effective chemotherapy. The initial 
antibiotic chosen to cover organisms present at the primary infection site has 
a significant influence on the outcome of therapy. Initial choices should err 
on the side of caution. When definitive cultures are available, the chemotherapy 
can be “streamlined” to provide the most effective and least toxic antimicrobial 
for the patient. As the seriousness of the infection increases, providing the 
correct initial coverage becomes more important with regard to the ultimate 
outcome.

 SUSCEPTIBILITY
Because infections occur at a specific place, it is important to have an under-
standing of the antimicrobial susceptibility patterns in one’s particular hospital. 
Most frequently, the microbiology susceptibility patterns are different in the 
culture specimens taken from patients on the general wards as opposed to 
those in intensive care units (ICUs) because the former are generally (but 
not always) infected with pathogens derived from the community setting. In 
severely infected patients, particularly those whose infections were acquired 
in the ICU, it is critical to know the susceptibility patterns for these pathogens, 
which are likely to be multiply resistant to different classes of agents.

After the definitive culture, the identified pathogen must be examined in 
an antimicrobial susceptibility test. This can be automated, in which case 
the information returned is the minimal inhibitory concentration (MIC), or 
it can be reported from a disc diffusion test, where the results are typically 
reported as S (susceptible), I (intermediate), or R (resistant). The MIC is 
often misunderstood as the concentration of drug that prevents the patho-
gen from growing, but it is actually the concentration of drug that allows a 
tube (or well) containing the pathogen to remain clear by visual examina-
tion after 16 to 24 hours. If one starts with an organism concentration of 
1 to 5 × 105 colony-forming units (CFUs)/mL, this criterion can actually 
allow almost a 1 log10 (CFU/mL) increase in bacterial count over this time 
frame and still be read as the MIC. With all its limitations, the MIC provides 
critical information about drug choice. For several infections, such as men-
ingitis, endocarditis, and perhaps bacteremia, knowing the minimal bacteri-
cidal concentration (defined as the concentration required to kill 99.9% of 
organisms during 16 to 24 hours) is valuable. In these cases, it is important 
to obtain multi-log killing of the organism to ensure a high probability of 
a good clinical outcome. For meningitis and endocarditis, there is also the 
confounding problem of penetration of the drug into the primary infection 
site. In other circumstances (e.g., ventilator-associated pneumonia) in which 
bacterial burdens are high, optimizing the probability of cure requires highly  
bactericidal therapy.

 DETERMINING THE “CORRECT” DRUG DOSE
The correct drug dose is the one that produces a high likelihood of achieving 
a good clinical response with a low probability of causing a concentration-
driven adverse event. Another consideration is that the optimal dose should 
have a high probability of suppressing the emergence of resistant mutants. 
To be confident that a drug dose has a high likelihood of producing a good 
clinical outcome requires an understanding of the relationship between the 
measure of drug exposure and infection outcome, that is, pharmacodynamics 
(Chapter 26).

When a drug is administered intravenously or orally, the drug concentration 
starts low, increases to a maximal value, then declines over time until another 
dose of the drug is given (in a multidose regimen). This drug concentration–
time profile should be seen relative to a measure of drug potency against the 
pathogen in question: the MIC (or minimal bactericidal concentration). It is 
also critical to note that protein binding is important because in almost all 
cases, it is the free or non–protein-bound drug that kills the causative patho-
gen. So understanding the pharmacodynamics of a drug or class of agents first 
requires knowledge of the drug concentration–time profile, protein binding, 
and MIC (Fig. 271-1). For drugs that kill organisms much faster as their 
concentrations rise (e.g., fluoroquinolones, aminoglycosides), the free drug 
AUC/MIC ratio is most closely linked to drug effect. For other drugs (e.g., 
penicillins, carbapenems, cephalosporins, monobactams), the rate of organism 
kill rises with concentration and plateaus quickly, in which case the free drug 
time greater than MIC (T > MIC) is most closely linked to drug effect. On 
occasion, the free drug peak concentration/MIC ratio is linked to drug effect. 
This is seen when there is a rapid and frequent emergence of resistance and 
the peak concentration helps suppress the amplification of resistant mutant 
subpopulations.

TABLE 271-1 PRIMARY INFECTION SITES AND THE 
DOMINANT BACTERIAL SPECIES PRESENT

SITE BACTERIA
Complicated skin or skin 

structure infection
Staphylococcus aureus and Streptococcus spp

Diabetic foot ulcer Organisms above plus Enterobacteriaceae
Intra-abdominal infections Escherichia coli and other Enterobacteriaceae plus 

anaerobes
Community-acquired bacterial 

pneumonia
Streptococcus pneumoniae, Haemophilus influenzae, 

Moraxella catarrhalis, “atypical” pathogens
Hospital-acquired pneumonia S. aureus, Klebsiella pneumoniae, Enterobacter spp, 

Pseudomonas aeruginosa, Acinetobacter spp
Meningitis S. pneumoniae, H. influenzae (nontypable), 

meningococci; in hospital settings, S. aureus 
and gram-negatives

Urinary tract infections Enterobacteriaceae, particularly in sexually active 
women; multiresistant gram-negatives in 
patients with complicated urinary tract 
infections or those instrumented; enterococci, 
particularly in elderly men

Prostatitis Enterobacteriaceae, enterococci, atypical 
pathogens

influenzae, and perhaps Moraxella catarrhalis are the “classic” bacterial patho-
gens associated with this entity. “Atypical” pathogens such as Legionella species, 
Mycoplasma pneumoniae, and Chlamydophila pneumoniae may also be seen. In 
contrast, intra-abdominal infections are dominated by Escherichia coli and 
other Enterobacteriaceae and anaerobic organisms such as Bacteroides species. 
Consequently, it is important to understand the dominant pathogens present 
at different infection sites so that the best drug or combination of drugs can 
be chosen to treat the infection.

Knowing the source of infection is also critical because drugs penetrate 
differently into different body sites. Classically, penetration is poorer into spaces 
where there are tight junctions, such as the central nervous system, the eye, 
and the prostate. In general, the penetration of many classes of antibacterial 
agents is good into complicated skin and skin structure infection sites. What 
is often not appreciated is the divergent penetrations of different agents and 
even agents within the same class into the lung to treat bacterial pneumonia. 
For instance, the penetration by macrolide antibiotics into skin infection sites 
is modest, but their penetration into the lung is good, with penetration ratios 
(area under the concentration-time curve [AUC] in lung epithelial lining fluid/
AUC in plasma) ranging from 4 to 20. The penetration of β-lactam drugs can 
range from 15 to 100%, but there is no set of variables (at least to date) that 
explains such a range of penetrations. Table 271-1 presents a partial list of 
infection sites and their dominant pathogens. The point is not to have an 
encyclopedic knowledge of infection sites or of pathogens but to appreciate 
that different infection sites require different drugs to provide adequate cover-
age for the most likely pathogens present.

It is also important to understand other factors that increase the probability 
that a resistant organism is present at the primary infection site. An example 
is a patient who has recently taken antibiotics before acquiring the present 
infection. Other examples are the acquisition of an infection in the hospital 
or in an extended care facility and in a patient who is immunosuppressed. In 
such patients, the choice of antimicrobial agents must be carefully considered 
to cover more resistant pathogens.

 CULTURE AND GRAM STAIN
Once the site of infection has been definitively identified or the most likely 
source of infection has been determined, it is critical to obtain culture speci-
mens from that site as well as to obtain blood culture samples. Coordination 
with the microbiology laboratory is key to make sure that culture specimens 
are handled appropriately. Also of great importance is the performance and 
interpretation of a Gram stain on the specimen. This can be straightforward 
if the specimen is from a normally sterile space, or it may require considerable 
skill in interpretation if the specimen is from an area where mixed flora is 
normally present, such as expectorated sputum.

Although it is not possible to make a definitive diagnosis on the basis of 
the cellular morphology of the organism, it is possible to combine information 
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The second factor is related to the bacterial burden. As the bacterial burden 
increases and ultimately surpasses the inverse of the mutational frequency 
to resistance, it becomes more and more likely that a preexistent antibiotic-
resistant mutant is already extant in the population. For instance, if the muta-
tional frequency to resistance is 1 resistant organism per 107 CFU and the 
patient has a bacterial infection in which the total bacterial burden is 109 
organisms, it is highly likely that a resistant organism is present in the popu-
lation a priori. Antibiotic pressure provides these mutants with a selective 
advantage. They are amplified while the more susceptible bacteria are killed 
by the antibiotic. A calculation of the actual probability can be performed by 
a Poisson distribution, the bacterial burden, and the mutational frequency 
to resistance. Consequently, infections in which the bacterial burden is high 
are more likely to generate resistance during therapy. For example, in clini-
cal trials of ventilator-associated pneumonia, single-agent β-lactam drugs or 
fluoroquinolones allow the emergence of resistance during therapy 33 to 50%  
of the time.

The third issue is drug penetration. There are circumstances (e.g., empyema) 
in which the bacterial burden is high but the drug’s penetration to the infec-
tion site is reduced. In this case the emergence of resistance is more likely.  
In contrast, poor penetration with relatively low bacterial burdens (e.g., men-
ingitis) generally does not result in a high probability of the emergence of 
resistance.

The fourth issue has to do with error-prone replication in bacterial patho-
gens. When resistance develops relatively late in therapy and the bacterial 
burden is modest, error-prone replication is often to blame. Antibiotics differ 
greatly with respect to their ability to induce the bacterial isolate to perform 
error-prone replication. Perhaps the best example is the fluoroquinolone anti-
microbials because these drugs strike at the heart of DNA replication. The 
organism senses the attack of the antibiotic, and a whole cascade of events 
takes place, the most important of which is the induction of error-prone 
polymerases (e.g., pol V). These polymerases markedly increase the error 
rate in DNA replication. Most of these errors are lethal to the organism and 
therefore unhelpful to it. However, because this is a totally random process, 
by chance, a mutation can occur in a gene that provides protection from the 
onslaught of the antibiotic (e.g., a mutation in the DNA gyrase when the 
patient is receiving a fluoroquinolone). We perceive this as the organism’s 
having a selective replication advantage (emergence of resistance), and we 
see an increase in the MIC of the mutant organism relative to the baseline  
organism.

The fifth factor has to do with mechanisms other than antibacterial target 
site mutations that allow the organisms to survive in the face of appropriate 
antibiotic chemotherapy. One extremely common mechanism seen in the 
majority of both gram-positive and gram-negative organisms is the upregula-
tion of efflux pumps. These pumps are indiscriminate in their ability to pump 
molecules; they can eject multiple classes of antibacterials from the organism 
as well as natural substances that can harm it, such as metal ions. These pumps 
keep drug concentrations at their target sites much lower than they would be 
in the absence of the pumps. The pumps can be induced and then downregu-
lated once the threat has passed, or occasionally, the organism can pick up a 
mutation in the part of the genome where expression of the pump is regulated, 
so the pump is always expressed (constitutive expression).

A similar process is seen with the production of β-lactamases. Often, these 
enzymes are situated on plasmids and are produced all the time. Sometimes, 
as with the efflux pumps, the bacteria sense the β-lactam, and their β-lactamase 
production is markedly increased (the phenomenon of induction, seen with 
ampC-type enzymes, which generally reside on the chromosome). Sometimes, 
also like the pumps, the organisms pick up a mutation in the part of the 
genome that regulates production of the β-lactamase. This is referred to as 
stable de-repression, and large quantities of the enzyme are made continuously. 
The enzyme hydrolyzes its substrate (the β-lactam drug), preventing this 
antibiotic from binding to the target sites, the β-lactam–binding proteins.

Finally, in gram-negative organisms, the drug must cross the diffusional 
barrier of the outer membrane before binding to β-lactam–binding proteins 
(if the drug is a β-lactam) in the periplasm of the organism, or it must cross 
the inner membrane if its target site is actually inside the organism. For many 
agents, particularly those that are water soluble, a large percentage of their 
influx is due to passage through porin proteins. These proteins are water-filled 
channels that pass through the entirety of the outer membrane of gram-negative 
bacteria. Part of their function is to provide access to nutrients for the organism 
and allow the easy diffusion of waste products. These channels are also used 
to obtain passage by water-soluble antibacterial agents. The organism has the 
ability to downregulate these channels, either temporarily or permanently (by 

These measures of drug exposure need to be linked to drug effect. There 
are a number of ways to do this, but two are most common. In the first and 
most valuable way, patients are studied during the course of a clinical trial. 
Multiple plasma samples are taken for documentation of the drug’s pharma-
cokinetics and corrected for protein binding. The MIC of the infecting pathogen 
is determined for the drug being administered, and the three measures of drug 
exposure cited earlier are calculated. The outcome of the patient is then deter-
mined (usually success or failure, but in some instances, time to success or 
failure serves as the outcome measure). The appropriate measure of drug 
exposure is then linked to the outcome through logistic regression analysis. 
By creating such a relationship, it is possible to estimate the probability of a 
patient having a successful outcome if a certain measure of drug exposure is 
achieved. For example, if a patient receiving a drug that is a concentration-
dependent killing agent achieves a free drug AUC/MIC ratio of 88, the logistic 
regression relationship allows the calculation that the probability of a good 
outcome is a specific number (perhaps 91%). During the past 10 years, such 
relationships have been generated for a great number of drugs and across drug 
classes. The most common relationships are for the fluoroquinolone antimi-
crobials, but examples can be found for the aminoglycosides, oxazolidinones, 
β-lactams, and glycylcyclines, among others.

The second way to link exposure to antibacterial effect is through preclinical 
animal models of infection. Here, the end point is most often microbiologic, 
although survivorship models have been employed. At the end of the experi-
ment the drug concentration–time profile in the animals and the number of 
microbes at the infection site before and after therapy are quantified. Then 
the measure of drug exposure (as earlier) can be linked to the number of 
bacterial cells killed by a specific regimen. It is most often the case that drugs 
are administered to the animals in a “dose fractionation” fashion. For example, 
400 mg/kg/day regimen of a β-lactam may be administered as the whole dose 
once-daily, half the dose every 12 hours, or one quarter of the dose every 6 
hours. In this way, it can be determined whether free drug peak concentration/
MIC ratio, free drug AUC/MIC ratio, or free drug time greater than MIC is 
the best measure of drug exposure for the class of drug being studied.

 EMERGENCE OF RESISTANCE
If the drug is properly chosen, the organism should have a high probability 
of being susceptible to it. However, during the course of therapy, the organism 
has many mechanisms available to make it less susceptible (the MIC increases) 
to the administered drug. This leads to less effect than was originally envisioned, 
which results in a lower probability of cure.

When are organisms likely to become resistant? There are many determi-
nants, but five factors account for the majority of cases of resistance emerging 
during therapy. The first is the mutational frequency to resistance of the organ-
ism being treated. Because mistakes are made by the organism during replica-
tion, mutations occur in the genome at a specific rate, which is organism 
dependent. For antibiotic resistance, the mutational frequency rate is generally 
around 1 in 106 to 108 CFU. There are organisms, however—referred to as 
hypermutators—that have mutations in other places in the genome (often 
mutS) that alter their DNA replication error-checking mechanisms. These 
organisms’ mutational frequencies are generally 10- to 100-fold higher than 
those of organisms without mutS mutations.
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FIGURE 271-1. Three measures of drug exposure are important to the measure of 
potency, or the minimal inhibitory concentration (MIC). these measures are free drug 
peak concentration/mic ratio, free drug time greater than mic, and free drug area under 
the curve (AUc)/mic ratio. AUc = area under the concentration-time curve. 
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When the same dose of a drug is administered to a number of patients, 
the concentration-time curves will differ between individuals. Indeed, it is 
not unusual to have a 10-fold range in measures of drug exposure (e.g., peak 
concentration, trough concentration, AUC) between people. When these are 
transformed by incorporating MIC values, ranges of 100- to 1000-fold are 
commonly encountered. As part of the drug development process, the phar-
macokinetics of new agents are now identified in a large number of patients 
with the infection of interest. As part of this process, the interpatient variability 
in important pharmacokinetic parameters (e.g., drug clearance = 10 ± 4 L/
hour) is determined. This information is then used with a tool called Monte 
Carlo simulation to ask and answer a key question: If this specific drug dose 
is given to a large number of patients and the MIC values will likely range 
(for example) between 0.06 and 8 mg/L, how many patients will achieve the 
desired measure of drug exposure to give them a high likelihood of a good 
clinical outcome? This can be calculated directly from the data indicated earlier 
plus the MIC distribution for the drug and the type of infection one wishes to 
treat. Indeed, many of the dosage recommendations for new drugs are calcu-
lated in this manner and validated in large phase III clinical trials. It provides 
the clinician with a degree of confidence that the recommended doses are 
likely to be efficacious if the infecting pathogen is still susceptible to the drug.

When clinical data are expressed as a logistic regression function, it is pos-
sible to identify an exposure target that is associated with a specific prob-
ability of a good outcome (e.g., a free drug AUC/MIC ratio of 88 generates 
a 91% probability of a good outcome). In the case of the animal model, 
it is possible to identify a target drug exposure that will achieve a certain 
microbiologic effect associated with a good clinical outcome (the logic is one 
step removed). In both cases a target drug exposure is used to identify the  
“correct” dose.

How does knowing the relationship between drug exposure and microbio-
logic effect in an animal infection model help in treating patients? On the 
basis of experience with different drugs and drug classes, it has become pos-
sible to link a drug’s microbiologic effect in an animal model to clinical outcome.5 
For instance, in the therapy of complicated skin and skin structure infections, 
a drug exposure in the animal model that stops organisms from growing for 
24 hours or reduces their number by approximately 1 log10 (CFU/g) is adequate 
to generate a high probability of a good clinical outcome. This has been docu-
mented for oxazolidinones and glycylcyclines. For severe community-acquired 
pneumonia or for hospital-acquired pneumonia, a greater cell kill—generally 
2 log10 (CFU/g) or greater—is required for a high likelihood of a good clinical 
outcome.



CHAPTER 271 AntibActeriAl chemotherApy 1853

and has differing affinities for such drugs as aminoglycosides, tetracyclines, 
macrolides, and clindamycin. Consequently, such agents are an important 
part of the therapeutic armamentarium and cause only minor adverse effects 
related to their primary mode of action. In some cases, so-called off-target 
toxicity may take place. Again, an example is the β-lactams; a major toxicity 
is accelerated allergic reaction, even though the target for the agents is not 
present in humans. Table 271-2 lists the sites of action and the effects of many 
antimicrobial agents.

Often, antimicrobials are thought of as either bacteriostatic or bactericidal, 
for which there are standard definitions. An agent that causes a 1000-fold 
decline (3 log10 [CFU/mL] decrease) in an in vitro test system during 18 to 
24 hours is defined as being bactericidal. Any agent that causes a smaller 
decline is defined as bacteriostatic. It is clear that these definitions are arbitrary; 
however, there is a clinical connection. Bacteriostatic and bactericidal antibiot-
ics are equivalently effective for abdominal infections, skin and soft tissue 
infections, and pneumonia,6 but data are not sufficient for meningitis, endo-
carditis, or neutropenia. A1  Obviously, the more organisms the antimicrobial 
kills, the easier this is to accomplish. In other circumstances, such as multilobar 
pneumonia, it is critical to kill as many of the organisms as possible so as not 
to overwhelm the body’s immunologic defenses. For these reasons, clinicians 
generally prefer bactericidal to bacteriostatic agents.

 MECHANISMS OF RESISTANCE
Earlier, how to suppress the emergence of resistance was discussed. Here, the 
mechanisms by which organisms can become less susceptible to antimicrobial 
agents are examined. As stated earlier, in most cases, resistance is caused by 
an alteration in the target site; by an enzyme that alters the drug, resulting in 
a lack of activity; by the drug’s being pumped out of the organism; or, in the 
case of gram-negative pathogens, by the loss or downregulation of a trans-
membrane porin protein. These mechanisms, along with error-prone replica-
tion, can interact to cause large increases in the MIC. For example, a 
gram-negative pathogen that acquired a mutation in its gyrase enzyme would 
generally have only a four-fold increase in its MIC value for a fluoroquinolone 
antimicrobial; however, if this isolate also had an efflux pump upregulated, 
the MIC could change 8- to 16-fold. Table 271-3 shows the mechanisms of 
resistance for multiple drug classes as well as the most common organisms 
in which these mechanisms are seen (also see Chapter 289 for Enterobacte-
riaceae and multidrug resistance).

 EFFECTS OF PHARMACOKINETIC CHANGES
Whereas antimicrobial pharmacodynamics is the study of the effect of a drug 
on an infecting organism, pharmacokinetics is the study of the effect of the 
body’s processes on the drug concentration–time profile and the drug’s ability 
to penetrate to the infection site (or the toxicity site). It is a prime determinant 
of whether a drug will be able to kill or to inhibit the offending pathogen and, 
because many toxicities are concentration related, whether a serious drug-
related toxicity will occur.

Earlier, the algorithm for identifying appropriate drug doses and adminis-
tration schedules was outlined. Table 271-4 shows recommended doses and 
schedules of important antimicrobial agents as well as their protein-binding 
ability and whether alterations in renal or hepatic function generate major 
changes in the concentration-time profile. As in all chemotherapy, the aim is to 
generate a concentration-time profile in the plasma to generate a concentration-
time profile at the infection site sufficient to inhibit or to kill the pathogen 
without causing toxicity.

Although there is almost always a guide to the concentration-time profile 
that results in an appropriate antimicrobial effect, it is more difficult to identify 
a linkage between drug exposure and the occurrence of toxicity. The associa-
tion between aminoglycoside and daptomycin exposures and their toxicities 
have been elucidated.

For aminoglycosides, the relationships between drug exposure and the 
likelihood of a good clinical outcome and between drug exposure and the 
likelihood of nephrotoxicity have been determined. These are in the form of 
logistic regression functions, so the actual probability of both outcomes can 
be calculated. The one difference is that for the relationship with good outcome, 
the MIC value is part of the evaluation, whereas it does not figure in the toxic-
ity relationship. Nevertheless, it is possible to derive appropriate information 
by making the outcome relationship MIC specific. Figure 271-2 illustrates 
the effect and toxicity relationships for aminoglycosides at three different MIC 
values. As shown, it is relatively easy to achieve a high probability of good 
clinical outcomes with aminoglycosides when the MIC is 0.25 mg/L, but it 
is virtually impossible to do so when the MIC rises to a value of 1.0 mg/L. 

mutation). An example is Pseudomonas aeruginosa, in which downregulation of 
the porin channel oprD markedly diminishes the penetration of carbapenem 
antibiotics (β-lactam agents), with a resultant two- to eight-fold rise in MIC. 
With all the mechanisms that can be brought to bear, it is no surprise that 
poor dosing and prolonged courses of therapy often lead to the emergence 
of resistance.

These mechanisms also interact. In the case of fluoroquinolone antimicrobi-
als, where error-prone replication almost always occurs under pressure, the 
upregulation of efflux pumps relieves some of the antibiotic pressure, allowing 
the organisms to undergo more rounds of replication per unit of time, giving 
the error-prone replication mechanism more time to find a mutation that  
is not lethal and provides protection against the drug at the primary  
target site.

 SUPPRESSING THE EMERGENCE OF RESISTANCE
Suppressing the emergence of resistance is an end point that is different from 
achieving a good clinical or microbiologic outcome. The antimicrobial exposure 
(free drug peak concentration/MIC ratio, free drug AUC/MIC ratio, or free 
drug time greater than MIC) necessary to suppress resistance is always at least 
as high as that required to attain maximal killing of bacterial cells, and in many 
instances, it is substantially higher.

Recently it has been shown experimentally that it is possible to identify 
doses and administration schedules of drugs that suppress the emergence 
of resistance as well as provide optimal killing of bacterial cells. Unfortu-
nately, many of the exposures necessary to achieve such an outcome are 
high enough to increase the probability of drug toxicity. Nevertheless, as 
new agents are developed, it will become important to identify resistance-
suppressive exposures and to ascertain whether they are too toxic to be used 
clinically, as a way of retaining the potency of the antibacterial therapeutic  
armamentarium.

The other way to help suppress the emergence of resistance is to employ 
combination chemotherapy. Combination therapy has major advantages, but 
there are significant disadvantages as well. Among the advantages are that 
combination therapy can improve the spectrum of coverage in the setting 
of empirical treatment as well as help suppress the emergence of resistance. 
This is best seen in the treatment of Mycobacterium tuberculosis, although there 
is growing evidence that this may also be true for difficult-to-treat patho-
gens such as P. aeruginosa and Acinetobacter species. Combination therapy 
can be effective against some pathogens in serious infections for which a 
single agent would not be adequate. Enterococcal endocarditis is the classic 
example; ampicillin or vancomycin is generally static and not up to the task 
of curing this disease, and the second agent (an aminoglycoside, streptomy-
cin, or gentamicin) is somewhat resistant when it is used alone (MIC values 
<500 mg/L). Yet the combination produces excellent bacterial kill in the 
endocarditic vegetation, with a high probability of cure if the patient can 
tolerate the combination for the requisite time. Some authors have discussed 
reducing drug doses in combination as a way of ameliorating toxicity, but 
this theoretical advantage is difficult to demonstrate convincingly in the  
clinical setting.

The disadvantages of combination therapy are also well known. At full doses 
of each, there may be added toxicity, and there are certainly greater costs 
associated with combinations. Finally, combinations of agents may interact 
antagonistically instead of either additively or synergistically. For example, 
the combination of tetracycline and penicillin is somewhat antagonistic and 
caused a number of failures in the treatment of pneumococcal meningitis in 
the 1950s. However, there are circumstances in which weak antagonism is 
tolerable. It has been shown that isoniazid plus rifampin, part of the standard 
therapy for M. tuberculosis, is somewhat antagonistic with respect to cell killing, 
but the combination provides superb protection against the emergence of 
resistance. Consequently, in discussing drug interactions (synergy, additivity, 
antagonism), it is important to be specific about the end point to which one 
is referring.

 MECHANISM OF ACTION
The search for new antimicrobials begins with the principle that the target 
that affects pathogens must not be in the human genome or must be sufficiently 
different that the agent in question does not cause appreciable human toxicity. 
β-Lactam antibiotics are a good example; the inhibition of peptidoglycan 
synthesis has no effect on humans because this target is simply not present. 
An example of differing susceptibility to inhibition because of poor sequence 
homology between bacteria and humans can be seen in the inhibitors of the 
bacterial ribosome. The bacterial ribosome is much smaller than that in humans 
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mechanisms of emergence of resistance, and whether they kill substantial 
numbers of organisms or only inhibit bacterial growth. The following sections 
examine some of the properties of the major classes of antimicrobial agents 
in use today.

 β-Lactam Agents
This class of drugs is arguably the most important group of antimicrobials. 
With chemical modification, they have an exceptionally broad spectrum of 
activity and, in general, an excellent safety profile. The major toxicity is related 
to allergic reactions to a degradation product of the drug. The β-lactams include 
the penicillins, cephalosporins, monobactams, and carbapenems.

These agents bind to their targets, bacterial β-lactam–binding proteins (also 
called penicillin-binding proteins). These binding proteins have an active site 
serine, and the drug forms a covalent bond with this site through the carbonyl 
of the β-lactam ring. Sometimes, the binding has direct effects on the organ-
ism’s shape. For example, in gram-negative organisms, binding to penicillin-
binding protein (PBP)-2 causes the organism to assume a spherical shape, 
whereas binding to PBP-3 causes the formation of long chains of organisms. 
In general, high-affinity binding to PBP-1 leads to the rapid death of the organ-
ism, sometimes accompanied by lysis. The classic response of S. pneumoniae to 
penicillin G is rapid lysis of the organism. Binding to PBP-1 (1a or 1b) leads 
to activation of N-acetylmuramic acid amidase, which destroys the bacterial 
cell wall, resulting in lysis.

The most common way for pathogens to protect themselves from β-lactams 
is by elaborating β-lactamases. The genes for these enzymes may be on  
plasmids or other bits of transmissible DNA, or they may reside on the 

The evaluation in the figure is based on twice-daily dosing; daily aminogly-
coside dosing markedly improves this circumstance. Also, these relationships 
permit one to calculate the probabilities of effect and toxicity when, for example, 
aminoglycoside AUC is increased owing to renal dysfunction because these 
agents are largely eliminated renally.

When no toxicity relationship is available, there is still a drug exposure 
target for good clinical effect. Achievement of this target should be paramount, 
and alterations for renal or hepatic impairment should strive to maintain the 
high likelihood of effect seen in patients with a relatively normal clearance 
function. One can change the dose or schedule of a drug to decrease its accu-
mulation in the presence of renal or hepatic impairment (depending on the 
drug) and then recalculate the impact on the likelihood of attaining a good 
clinical outcome. One can also calculate the amount of accumulation with 
the proposed dose reduction or extension of the dosing interval. For the increase 
in exposure (relative to that in normally clearing patients), there is no clear 
guidance, but one can accept a certain maximal amount of accumulation as 
long as the proposed dose adjustment maintains a high likelihood of a good 
outcome. The acceptability of the increased drug exposure after dosage adjust-
ment is usually based on a combination of preclinical toxicology and the 
largest exposures seen in phase I and phase II clinical trials. However, the 
overarching issue is that the proposed dose or schedule alteration maintains 
a high probability of a good clinical outcome.

 DRUG CLASSES AND THEIR PROPERTIES
During the past 75 years, a large number of different classes of antimicrobial 
agents have been developed. These classes differ in their mechanisms of action, 

TABLE 271-2 MECHANISMS OF ACTION OF ANTIMICROBIAL AGENTS
AGENT SITE OF ACTION EFFECT BACTERICIDAL BACTERIOSTATIC
β-Lactams (penicillins, 

cephalosporins, carbapenems, 
aztreonam)

Cell wall: penicillin-binding proteins Inhibit cross-linking of peptidoglycan 
(transpeptidation), impair cell wall 
synthesis

+ Occasionally 
(enterococci)

Vancomycin, teicoplanin, 
dalbavancin, telavancin, 
oritavancin

Cell wall: terminal d-alanyl-d-alanine 
of pentapeptide peptidoglycan 
precursor

Inhibit polymerization of disaccharide 
precursors to peptidoglycan 
(transglycosylation), impair cell wall 
synthesis

+ Occasionally 
(enterococci)

Daptomycin Cell membrane Rapid depolarization of membrane 
potential

+ Occasionally 
(enterococci)

Aminoglycosides Protein synthesis: 30S ribosome 
subunit

Inhibit peptide elongation, cause 
misreading of genetic code, inhibit 
protein synthesis

+

Tetracyclines, glycylcyclines Protein synthesis: 30S ribosome 
subunit

Inhibit binding of transfer RNA, inhibit 
protein synthesis

Occasionally +

Chloramphenicol Protein synthesis: 30S ribosome 
subunit

Blocks attachment of aminoacyl transfer 
RNA, inhibits protein synthesis

Occasionally +

Macrolides, azalides, ketolides Protein synthesis: 50S ribosome 
subunit

Block transfer of amino acids to peptide 
chain, inhibit protein synthesis

Occasionally +

Clindamycin Protein synthesis: 50S ribosome 
subunit

Blocks transfer of amino acids to peptide 
chain, inhibits protein synthesis

Occasionally +

Quinupristin-dalfopristin Protein synthesis: 50S ribosome 
subunit

Block extrusion of peptide chains, inhibit 
protein synthesis

+ + (with quinupristin 
resistance)

Linezolid and tedizolid Protein synthesis: 50S ribosome 
subunit

Blocks formation of 70S initiation 
complex, inhibits protein synthesis

Occasionally +

Rifampin Nucleic acid synthesis: β-subunit of 
DNA-dependent RNA polymerase

Inhibits RNA synthesis +

Metronidazole Nucleic acid synthesis Damages nucleic acids, inhibits DNA 
synthesis

+

Quinolones Nucleic acid synthesis: DNA gyrase, 
topoisomerase IV

Impair supercoiling of DNA, prevent 
decatenation of DNA molecules after 
replication, inhibit DNA synthesis

+

Sulfonamides Folic acid synthesis: dihydropteroate 
synthetase

Competitive inhibition of synthesis of 
dihydrofolate from p-aminobenzoic 
acid, pteroate, and glutamic acid

Occasionally (when 
used with 
trimethoprim)

+

Trimethoprim Folic acid synthesis: dihydrofolate 
reductase

Inhibits reduction of dihydrofolate to 
tetrahydrofolic acid

Occasionally (when 
used with 
sulfonamide)

+

bacterial chromosome. Some drugs, such as the carbapenems, are resistant to 
hydrolysis by many enzymes (but certainly not all of them, especially the 
metallo-β-lactamases and K. pneumoniae carbapenemase-type β-lactamases). 
The activity of β-lactams may be protected by administering these drugs in 
combination with a β-lactamase inhibitor. Examples include potassium cla-
vulanate, sulbactam, tazobactam, and, most recently, avibactam and vabor-
bactam. These agents inhibit different types of β-lactamases, but only avibactams 
inhibit the ampC-type enzymes carried by P. aeruginosa, Enterobacter species, 
Citrobacter species, Serratia marcescens, and indole-positive Protea (SPICE 
organisms).

All β-lactams are relatively nonconcentration-dependent in their kill rate, 
and free (nonprotein bound) drug time greater than MIC (T > MIC) is the 
pharmacodynamic index linked with increased organism killing. The classes 
differ somewhat, with carbapenems requiring approximately 40% free drug 
T greater than MIC for near-maximal bacterial killing. For penicillins, this 
percentage is approximately 50%, and for cephalosporins and monobactams, 
it is 60 to 70%. When these agents need to penetrate to a site of infection, 
such as lung epithelial lining fluid or central nervous system, the pharmaco-
dynamic target values may change somewhat.

 Aminoglycosides
These important agents were discovered in the late 1940s for the treatment 
of M. tuberculosis (streptomycin). Screening of natural products identified  
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a number of different aminoglycosides, such as kanamycin, neomycin, genta-
micin (actually a combination of three congeners), and tobramycin. Other 
semisynthetic agents, such as amikacin, netilmicin, and arbekacin (among 
others), have been discovered and used for therapy in the United States and 
elsewhere.

Nephrotoxicity and middle ear toxicity (hearing loss or loss of balance) 
are the dose-limiting toxicities of aminoglycosides and resulted in their going 
out of favor in the 1990s and early in the first decade of the 21st century. It 
has now been recognized that most (but not all) of the nephrotoxic potential 
can be ameliorated by intermittent dosing of these drugs (usually once daily). 
Even with daily therapy, however, prolonged use can still result in nephrotoxic-
ity or ototoxicity.

The recent rise in resistance, particularly among gram-negative bacteria, 
and new mechanisms mediating resistance to even the best β-lactam agents 
have resulted in renewed interest in existing aminoglycosides and a search for 
new ones that are more resistant to inactivation by the aminoglycoside-
modifying enzymes, such as plazomicin. This aminoglycoside was recently 
approved for use for the treatment of complicated urinary tract infections. 
Due to structural modifications it remains active against many resistance 
mechanisms which render bacteria resistant to the other aminoglycosides.

These drugs are concentration-dependent in terms of their bacterial killing 
and are rapid killers.7 Hence, the AUC/MIC ratio (or, as sometimes reported, 
peak concentration/MIC ratio) is the pharmacodynamic index most closely 

bacterial chromosome. Some drugs, such as the carbapenems, are resistant to 
hydrolysis by many enzymes (but certainly not all of them, especially the 
metallo-β-lactamases and K. pneumoniae carbapenemase-type β-lactamases). 
The activity of β-lactams may be protected by administering these drugs in 
combination with a β-lactamase inhibitor. Examples include potassium cla-
vulanate, sulbactam, tazobactam, and, most recently, avibactam and vabor-
bactam. These agents inhibit different types of β-lactamases, but only avibactams 
inhibit the ampC-type enzymes carried by P. aeruginosa, Enterobacter species, 
Citrobacter species, Serratia marcescens, and indole-positive Protea (SPICE 
organisms).

All β-lactams are relatively nonconcentration-dependent in their kill rate, 
and free (nonprotein bound) drug time greater than MIC (T > MIC) is the 
pharmacodynamic index linked with increased organism killing. The classes 
differ somewhat, with carbapenems requiring approximately 40% free drug 
T greater than MIC for near-maximal bacterial killing. For penicillins, this 
percentage is approximately 50%, and for cephalosporins and monobactams, 
it is 60 to 70%. When these agents need to penetrate to a site of infection, 
such as lung epithelial lining fluid or central nervous system, the pharmaco-
dynamic target values may change somewhat.

 Aminoglycosides
These important agents were discovered in the late 1940s for the treatment 
of M. tuberculosis (streptomycin). Screening of natural products identified  

TABLE 271-3 MECHANISMS OF ANTIMICROBIAL RESISTANCE
ANTIBACTERIAL AGENT MECHANISM REPRESENTATIVE ORGANISM
β-Lactams (penicillins, cephalosporins, 

carbapenems, aztreonam)
Altered target (penicillin-binding proteins) Methicillin-resistant Staphylococcus aureus (MRSA), 

penicillin-resistant Streptococcus pneumoniae, 
Enterococcus faecium

Reduced permeability Enterobacter spp, Pseudomonas aeruginosa, Acinetobacter spp
Enhanced efflux P. aeruginosa, Acinetobacter spp
β-Lactamases S. aureus, Enterobacteriaceae (includes ESBLs*), 

Haemophilus influenzae, Moraxella catarrhalis, Neisseria 
gonorrhoeae, Enterococcus faecalis, P. aeruginosa, 
Acinetobacter spp

Aminoglycosides Inactivating enzymes (acetylation, adenylation, 
phosphorylation)

S. aureus, enterococci, P. aeruginosa, Enterobacteriaceae

Reduced permeability Enterobacteriaceae, P. aeruginosa, enterococci
Enhanced efflux P. aeruginosa
Decreased ribosomal binding S. aureus, E. faecalis, mycobacteria (streptomycin), 

gram-negative pathogens (aminoglycoside ribosomal 
methylase)

Chloramphenicol Enhanced efflux H. influenzae
Reduced permeability Enterobacteriaceae
Inactivating enzyme (acetylation) S. aureus, S. pneumoniae, enterococci

Daptomycin Altered target S. aureus
Glycylcyclines Enhanced efflux Enterobacteriaceae, especially Proteus
Macrolides, clindamycin, ketolide, quinupristin Altered target (methylation of ribosomal RNA) S. aureus, S. pneumoniae (not ketolide), streptococci, 

Bacteroides fragilis
Enhanced efflux (not clindamycin or ketolide) S. pneumoniae, streptococci
Reduced permeability Enterobacteriaceae
Inactivating enzymes Escherichia coli, Klebsiella pneumoniae, S. aureus

Oxazolidinones Altered target Streptococci, enterococci, S. aureus
Quinolones Altered target (DNA gyrase, topoisomerase IV) Enterobacteriaceae, P. aeruginosa

Reduced permeability Enterobacteriaceae, P. aeruginosa
Enhanced efflux E. coli, P. aeruginosa

Tetracyclines Altered target (ribosome) N. gonorrhoeae, streptococci
Enhanced efflux E. coli, S. pneumoniae
Reduced permeability Enterobacteriaceae
Drug inactivation B. fragilis

Rifampin Altered target (β-subunit of polymerase) E. coli, S. aureus, Mycobacterium tuberculosis
Sulfonamides, trimethoprim Altered target (dihydropteroate synthetase or 

dihydrofolate reductase)
Enterobacteriaceae, M. catarrhalis

Enhanced p-aminobenzoic acid production S. aureus, N. gonorrhoeae
Reduced permeability P. aeruginosa, Enterobacteriaceae

Vancomycin and lipoglycopeptides Altered target (peptidoglycan precursor binding site) E. faecium, E. faecalis, S. aureus
*ESBLs = extended-spectrum β-lactamases.
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substitution markedly enhanced the microbiologic activity of these drugs, 
making them useful for treating both community-associated infections (espe-
cially urinary tract infections and pneumonia) and hospital-associated gram-
negative infections.

These drugs penetrate well into most body spaces and accumulate within 
mammalian cells. This makes them active against obligate intracellular patho-
gens such as Chlamydophila, Legionella, and Mycoplasma. They also penetrate 
well into body spaces with tight junctions (prostate, eye, central nervous 
system) and into the epithelial lining fluid of the lung.

Typically, the toxicities of these drugs are “off target.” A number of these 
drugs were withdrawn from the marketplace or given black box warnings by 
health authorities because of the infrequent occurrence of tendon rupture 
and torsades de pointes (Chapter 59) or other serious and life-threatening 
toxicities, such as eosinophilic hepatitis. Recently, new black box warnings 
include hypoglycemia that may lead to coma and mental disturbances, includ-
ing memory impairment and delirium. As a result, the Food and Drug Admin-
istration advises that the side effects of fluoroquinolones outweigh their benefits 
when patients with acute sinusitis have other options.

These agents are concentration-dependent bacterial killers, indicating that 
the free drug AUC/MIC ratio is best associated with a regimen’s ability to 
kill bacteria. Of interest, particularly for a drug that is completely synthetic, 
there are a number of resistance mechanisms that allow bacterial escape from 
drug pressure. The combination of efflux pump overexpression and error-prone 
replication, resulting in target site mutants, as well as serious underdosing for 
some of the earlier drugs in the class, has resulted in the emergence of con-
siderable resistance, particularly among gram-negative isolates and in the ICU 
setting.

 Macrolides, Tetracyclines, Ketolides, Clindamycin, and Oxazolidinones
These agents bind to different places in the bacterial ribosome, making  
them inhibitors of protein synthesis and, for the most part, drugs with  
limited bactericidal activity. An exception may be their activity against S. 
pneumoniae.

Macrolides (particularly clarithromycin and azithromycin) are most useful 
for community-acquired respiratory tract infections, for two reasons. First, 
their spectrum is well suited to the classic and atypical bacteria encountered 
in these patients. Second, they concentrate well in lung epithelial lining fluid, 
with an accumulation that ranges from 6-fold to almost 20-fold that in plasma. 
This accumulation partially explains why these agents have fared much better 
in the respiratory tract setting than in the skin and skin structure setting. 
Telithromycin, a ketolide, retains activity against many (but not all) macrolide-
resistant isolates.

The macrolides and telithromycin are free drug AUC/MIC ratio–driven 
drugs with respect to bacterial activity, but for different reasons. Telithromycin 
is somewhat concentration dependent with regard to its microbiologic activity, 
whereas classic macrolides are not. Telithromycin is more like aminoglycosides 
or quinolones in terms of the association between exposure indices and bacte-
rial effect. Classic macrolides, especially azithromycin, induce a long persistent 
or post-antibiotic effect and are not concentration dependent in their bacterial 
effect. This post-antibiotic effect suppresses bacterial regrowth after the drug 
concentration declines below the MIC until the next dose of drug is admin-
istered. In this way, we perceive the linkage to be driven by the free drug 
AUC/MIC ratio but with a mechanism different from that of agents whose 
bacterial kill rate is concentration dependent.

Most of the toxicities seen are off target and gastrointestinal. There is also 
some prolongation of the QT interval (Chapter 48), which presumably explains 
why azithromycin has been considered to carry an increased risk of ventricular 
arrhythmia. However, a recent systematic review and meta-analysis of the 
cardiovascular safety of macrolides reported no association with arrhythmia 
or cardiovascular mortality.8

Tetracyclines have an exceptionally broad spectrum of activity, includ-
ing both gram-positive and gram-negative pathogens, and are active against 
atypical pathogens. The latest incarnation of a tetracycline-type agent (tigecy-
cline, a glycylcycline) has good activity against methicillin-resistant S. aureus 
(MRSA) as well. Tigecycline differs from previous tetracyclines (e.g., doxy-
cycline, minocycline) in that its structure prevents many efflux pumps from 
removing the drug from the bacteria and also provides a degree of ribosomal  
protection.

The lincosamide antibiotic clindamycin has a spectrum that covers most 
clinically significant anaerobes, including many in the Bacteroides group 
(although some resistance is being seen). It is thus a useful agent for infections 
in which anaerobes play a prominent role, such as lung abscesses and 

associated with bacterial killing. Therefore large doses administered daily to 
patients with normal renal function would be expected to optimize bacterial 
killing. As mentioned earlier, once-daily dosing also minimizes the probability 
of aminoglycoside nephrotoxicity.

The older aminoglycosides (streptomycin and gentamicin) have the best 
profile for synergizing with drugs active against gram-positive streptococci 
(particularly enterococci). Tobramycin generally has the most potent activity 
against P. aeruginosa (depending on the aminoglycoside-modifying enzymes 
present in a specific locale), and less resistance is generally seen with amikacin 
(again, depending on the locale). Streptomycin and amikacin, because of the 
number of amino groups carried, are usually about four-fold less potent than 
gentamicin or tobramycin. Consequently, their dosages are approximately 
three- to four-fold higher.

These agents should be thought of as components of combination regimens 
for seriously ill patients, particularly those thought to be infected by gram-
negative organisms, in the empirical therapy setting.

 Quinolones
These agents are completely synthetic and do not exist in nature. They are 
inhibitors (depending on the drug and the organism) of topoisomerases II 
and IV to block DNA replication, making them rapidly bactericidal. A fluorine 
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substitution markedly enhanced the microbiologic activity of these drugs, 
making them useful for treating both community-associated infections (espe-
cially urinary tract infections and pneumonia) and hospital-associated gram-
negative infections.

These drugs penetrate well into most body spaces and accumulate within 
mammalian cells. This makes them active against obligate intracellular patho-
gens such as Chlamydophila, Legionella, and Mycoplasma. They also penetrate 
well into body spaces with tight junctions (prostate, eye, central nervous 
system) and into the epithelial lining fluid of the lung.

Typically, the toxicities of these drugs are “off target.” A number of these 
drugs were withdrawn from the marketplace or given black box warnings by 
health authorities because of the infrequent occurrence of tendon rupture 
and torsades de pointes (Chapter 59) or other serious and life-threatening 
toxicities, such as eosinophilic hepatitis. Recently, new black box warnings 
include hypoglycemia that may lead to coma and mental disturbances, includ-
ing memory impairment and delirium. As a result, the Food and Drug Admin-
istration advises that the side effects of fluoroquinolones outweigh their benefits 
when patients with acute sinusitis have other options.

These agents are concentration-dependent bacterial killers, indicating that 
the free drug AUC/MIC ratio is best associated with a regimen’s ability to 
kill bacteria. Of interest, particularly for a drug that is completely synthetic, 
there are a number of resistance mechanisms that allow bacterial escape from 
drug pressure. The combination of efflux pump overexpression and error-prone 
replication, resulting in target site mutants, as well as serious underdosing for 
some of the earlier drugs in the class, has resulted in the emergence of con-
siderable resistance, particularly among gram-negative isolates and in the ICU 
setting.

 Macrolides, Tetracyclines, Ketolides, Clindamycin, and Oxazolidinones
These agents bind to different places in the bacterial ribosome, making  
them inhibitors of protein synthesis and, for the most part, drugs with  
limited bactericidal activity. An exception may be their activity against S. 
pneumoniae.

Macrolides (particularly clarithromycin and azithromycin) are most useful 
for community-acquired respiratory tract infections, for two reasons. First, 
their spectrum is well suited to the classic and atypical bacteria encountered 
in these patients. Second, they concentrate well in lung epithelial lining fluid, 
with an accumulation that ranges from 6-fold to almost 20-fold that in plasma. 
This accumulation partially explains why these agents have fared much better 
in the respiratory tract setting than in the skin and skin structure setting. 
Telithromycin, a ketolide, retains activity against many (but not all) macrolide-
resistant isolates.

The macrolides and telithromycin are free drug AUC/MIC ratio–driven 
drugs with respect to bacterial activity, but for different reasons. Telithromycin 
is somewhat concentration dependent with regard to its microbiologic activity, 
whereas classic macrolides are not. Telithromycin is more like aminoglycosides 
or quinolones in terms of the association between exposure indices and bacte-
rial effect. Classic macrolides, especially azithromycin, induce a long persistent 
or post-antibiotic effect and are not concentration dependent in their bacterial 
effect. This post-antibiotic effect suppresses bacterial regrowth after the drug 
concentration declines below the MIC until the next dose of drug is admin-
istered. In this way, we perceive the linkage to be driven by the free drug 
AUC/MIC ratio but with a mechanism different from that of agents whose 
bacterial kill rate is concentration dependent.

Most of the toxicities seen are off target and gastrointestinal. There is also 
some prolongation of the QT interval (Chapter 48), which presumably explains 
why azithromycin has been considered to carry an increased risk of ventricular 
arrhythmia. However, a recent systematic review and meta-analysis of the 
cardiovascular safety of macrolides reported no association with arrhythmia 
or cardiovascular mortality.8

Tetracyclines have an exceptionally broad spectrum of activity, includ-
ing both gram-positive and gram-negative pathogens, and are active against 
atypical pathogens. The latest incarnation of a tetracycline-type agent (tigecy-
cline, a glycylcycline) has good activity against methicillin-resistant S. aureus 
(MRSA) as well. Tigecycline differs from previous tetracyclines (e.g., doxy-
cycline, minocycline) in that its structure prevents many efflux pumps from 
removing the drug from the bacteria and also provides a degree of ribosomal  
protection.

The lincosamide antibiotic clindamycin has a spectrum that covers most 
clinically significant anaerobes, including many in the Bacteroides group 
(although some resistance is being seen). It is thus a useful agent for infections 
in which anaerobes play a prominent role, such as lung abscesses and 

associated with bacterial killing. Therefore large doses administered daily to 
patients with normal renal function would be expected to optimize bacterial 
killing. As mentioned earlier, once-daily dosing also minimizes the probability 
of aminoglycoside nephrotoxicity.

The older aminoglycosides (streptomycin and gentamicin) have the best 
profile for synergizing with drugs active against gram-positive streptococci 
(particularly enterococci). Tobramycin generally has the most potent activity 
against P. aeruginosa (depending on the aminoglycoside-modifying enzymes 
present in a specific locale), and less resistance is generally seen with amikacin 
(again, depending on the locale). Streptomycin and amikacin, because of the 
number of amino groups carried, are usually about four-fold less potent than 
gentamicin or tobramycin. Consequently, their dosages are approximately 
three- to four-fold higher.

These agents should be thought of as components of combination regimens 
for seriously ill patients, particularly those thought to be infected by gram-
negative organisms, in the empirical therapy setting.

 Quinolones
These agents are completely synthetic and do not exist in nature. They are 
inhibitors (depending on the drug and the organism) of topoisomerases II 
and IV to block DNA replication, making them rapidly bactericidal. A fluorine 
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FIGURE 271-2. Probability of clinical effect versus nephrotoxicity as a function of 
aminoglycoside area under the curve (AUC). A, minimal inhibitory concentration (mic) 
= 0.25 mg/l. B, mic = 0.5 mg/l. C, mic = 1.0 mg/l. 
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intra-abdominal infections. In many areas of the country, it retains activity 
against MRSA, but this should be verified with a D-test (inducible macrolide-
lincosamide-streptogramin resistance) in the microbiology laboratory. It also 
has good activity against many streptococci. Because it is a protein synthesis 
inhibitor, it may provide improved results when the staphylococcal or strep-
tococcal isolate elaborates toxins.

Again, most toxicity is off target, with gastrointestinal symptoms being 
most frequent. Antibiotic-associated diarrhea and the more serious Clostridium 
difficile colitis can occur.

Linezolid and tedizolid are members of the oxazolidinone class of antibiotics 
and are protein synthesis inhibitors. They have excellent gram-positive activity, 
including robust activity against MRSA. Oxazolidinones penetrate well into 
skin as well as into the epithelial lining fluid. They are prescribed to treat skin 
and skin structure infections and currently only linezolid is licensed for treat-
ing streptococcal and staphylococcal (including MRSA) community-associated 
and nosocomial pneumonia. Intravenous and oral formulations of both drugs 
are available. Both drugs have high oral bioavailabilities.

The free drug AUC/MIC ratio is the pharmacodynamic index most associ-
ated with cell killing for the oxazolidinones. Bone marrow toxicity, including 
thrombocytopenia, neutropenia, and anemia, is linked to oxazolidinone dose 
and duration of therapy. Lactic acidosis, peripheral neuropathy, and optic 
neuritis have been reported. Resistance occurs rarely and is seen with entero-
cocci more frequently than with S. aureus.

 Vancomycin, Quinupristin-Dalfopristin, Daptomycin, and Lipoglycopeptides
Although structured differently, these agents (along with the oxazolidinones) 
are distinguished by having reliable activity against MRSA.

Vancomycin acts at the cell wall and alters cell membrane permeability. It 
is bactericidal. The free drug AUC/MIC ratio is the driver of antimicrobial 
effect. This glycopeptide drug has activity against many gram-positive patho-
gens and is active against C. difficile when it is administered orally. As with 
most drugs, wide use has caused the emergence of vancomycin resistance in 
both enterococci and S. aureus (although the latter is rare).

Although vancomycin has a reputation for being a somewhat slow killer, 
no new agent has significantly outperformed it, at least in trials of skin and 
skin structure infections. MIC creep has been documented. Although many 
S. aureus isolates were once susceptible with MIC values of 0.25 and 0.5 mg/L, 
these are now in the distinct minority; 1.0 mg/L represents the modal value, 
with a few isolates having values of 2.0 mg/L. The higher MICs make these 
isolates more difficult to treat reliably with standard dosing (1 g IV every 12 
hours). Also, it has recently become clear that higher vancomycin doses are 
associated with a significantly higher risk of nephrotoxicity, even when the 
agent is administered alone. In addition to nephrotoxicity, vancomycin causes 
histamine release (“red man syndrome”) when it is administered too quickly 
intravenously. Infusion times of approximately 1 hour are recommended for 
standard doses.

Oritavancin, dalbavancin, and telavancin are semisynthetic lipoglycopeptide 
derivatives of vancomycin that kill streptococci, enterococci, and staphylococci 
(including MRSA) in a concentration-dependent manner by the same mecha-
nisms of action as vancomycin. They are licensed for treating skin and skin 
structure infections due to these microbes. Oritavancin and dalbavancin have 
long terminal half-lives and a single dose is given for treating these infections. 
Telavancin has an 8-hour serum half-life and is dosed once-daily. These drugs 
are not used for the treatment of colitis due to C. difficile.

Quinupristin-dalfopristin is a combination of streptogramin A and strep-
togramin B antibiotics. Although each is bacteriostatic, the combination can 
produce some cell killing because the two drugs are synergistic. The synergy 
is lost, however, with the emergence of resistance to either drug. Further, 
the amount of bacterial cell killing is modest because of the drugs’ rapid 
half-lives and the imposition of a 12-hour dosing interval. This combination 
product has activity against resistant enterococci as well as MRSA. Its toxic-
ity includes relatively severe muscle pain in some patients. It is also phlebi-
togenic and has to be administered with a central venous catheter, limiting  
its utility.

Daptomycin is a cyclic lipopeptide antibiotic discovered in the 1980s 
and resurrected in the 1990s with a greater understanding of the relation-
ship between exposure and effect versus exposure and toxicity. It was dis-
covered that the antibacterial effect against MRSA was driven by the free 
drug AUC/MIC ratio. Muscle effects were seen early in its development 

that limited therapy. Trough concentrations of daptomycin drive this toxic-
ity and can be ameliorated by once-daily dosing (thus minimizing trough  
concentrations).

This agent has been licensed for skin and skin structure infections and, 
of note, for complicated S. aureus bacteremia and right-sided endocar-
ditis. It also has activity against enterococci. The drug is bound up in 
epithelial lining fluid by surfactant, excluding its use in the therapy for  
pneumonia.

Daptomycin may cause muscle toxicity, which is rare, but this may be 
preceded by the harbinger of an elevated creatine kinase level. The muscle 
damage is driven by daptomycin trough concentrations, generally above 
a concentration of about 25 mg/L. Monitoring of creatine kinase con-
centration is useful in the management of patients receiving daptomycin  
therapy.

 TOXICITIES
All antimicrobials have toxicities. The most common observed toxicities for 
many antimicrobial agents are presented in Table 271-5.

 DURATION OF THERAPY
Relatively little is known about the optimal duration of therapy. Some work 
has been done to define certain circumstances in which short courses of che-
motherapy are effective. For instance, gonorrhea is highly likely to be cured 
by a single dose of drug (ceftriaxone, cefixime, fluoroquinolones), if the organ-
ism is susceptible to the drug.

For trimethoprim-sulfamethoxazole and fluoroquinolones, controlled trials 
have shown that 3 days of therapy is adequate for uncomplicated urinary  
tract infections. For β-lactam antimicrobials, a somewhat longer duration is 
required.

In community-acquired pneumonia, controlled trials with fluoroquinolones 
have demonstrated optimal results with 5 days of therapy. For bacterial sinusitis, 
direct sampling from the infected sinus has demonstrated that bacterial patho-
gens were eradicated by day 3 of therapy or earlier, particularly for S. pneumoniae 
infections.

In ventilator-associated pneumonia, a double-blind comparison of 8 versus 
15 days of therapy demonstrated that, with a single exception, clinical outcomes 
were just as good, there was less emergence of resistance, fewer antibiotics 
were administered, and there was less toxicity with 8 days of therapy. The 
single exception was when a nonfermenting gram-negative rod was cultured 
(P. aeruginosa or Acinetobacter species). In this circumstance, there were sig-
nificantly more relapses with 8-day versus 15-day treatment, but clinical out-
comes were similar.

In some infections, the organisms are slow growing and require more time 
for control. Both endocarditis and osteomyelitis are examples. Therapy dura-
tions of 4 to 6 weeks and occasionally longer may be required for cure in this 
circumstance.

Finally, one of the longest durations of therapy is seen in the treatment of 
tuberculosis. In this case some organisms are in the “nonreplicative persister” 
(NRP) state, indicating that they are not growing or metabolically active. 
When recovered, they are still fully susceptible to the antimicrobials being 
used, but while in the NRP state, they are not readily killed with current 
chemotherapy (phenotypic, not genotypic resistance). Therapy durations of 
6 months for wild-type organisms and 18 to 24 months for multidrug-resistant 
tuberculosis are required. Indeed, it is a major research goal to find drugs that 
will readily kill organisms in the NRP state and thus substantially shorten the 
therapeutic course for M. tuberculosis.

 FAILURE OF ANTIMICROBIAL THERAPY
Antimicrobial therapy occasionally fails, with failure defined as the persis-
tence of signs and symptoms of infection or the persistence of fever. When 
one is confronted with failure after what was thought to be adequate antimi-
crobial therapy, it should set off a sequence of investigations: Did resistance 
emerge, or did superinfection occur? Is there an obstructed hollow viscus 
(e.g., urinary or gastrointestinal tract)? Is there an undrained abscess or 
infected collection (e.g., empyema)? Is there an infected foreign body (e.g., 
intravenous catheter or prosthesis), or is there devitalized tissue (e.g., seques-
trum in osteomyelitis)? Is the fever (if present) attributable to a drug being 
administered? Thoughtful reexamination should sort out the cause in many  
instances.
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4. Of the drugs listed, which are nephrotoxic?
 A. Linezolid
 B. Vancomycin
 C. Meropenem
 D. Gentamicin
 E. B and D
 F. All of the above

Answer: E The nephrotoxic potential of aminoglycosides (e.g., gentamicin, 
tobramycin, amikacin) has been known for decades. Only more recently have 
we come to understand that higher doses of vancomycin (>2 g/day) are asso-
ciated with a substantial risk of nephrotoxicity. (Lodise TP, Lomaestro B, 
Graves J, Drusano GL. Larger vancomycin doses are associated with an increased 
incidence of nephrotoxicity. Antimicrob Agents Chemother. 2008;52:1330-1336; 
and Lodise TP, Patel N, Lomaestro B, et al. Relationship between initial van-
comycin concentration-time profile and nephrotoxicity among hospitalized 
patients. Clin Infect Dis. 2009;49:507-514.)

5. Which of the following patients is likely to have the highest antimicrobial 
drug clearance (and hence lowest levels of the antibiotic)?
 A. A 70-year-old woman with hospital-acquired pneumonia caused by an 

organism carrying a carbapenem-resistant Enterobacteriaceae
 B. A 20-year-old patient who has crashed his Kawasaki Ninja into a tree, 

causing head injury, and who has developed a ventilator-associated 
pneumonia caused by Pseudomonas aeruginosa and is septic

 C. A 50-year-old diabetic man with an infected foot ulcer
 D. A 30-year-old sexually active woman with an uncomplicated urinary 

tract infection
 E. A 40-year-old man with a pneumococcal superinfection after having 

developed an influenza virus infection (he did not get the vaccine)
Answer: B Most people think that seriously ill intensive care unit patients 
will, of necessity, have lower drug clearances because of illness. However, in 
this case, the young age of the patient, coupled with the sepsis, which will 
give him a hyperdynamic state, puts him at highest likelihood for having a 
very high drug clearance. Whereas many ascribe this to change in glomerular 
filtration rate (e.g., such a patient may have an estimated glomerular filtration 
rate in excess of 150 mL/minute), the hyperdynamic state also increases blood 
flow to other clearing organs, such as the liver, so even agents like a glycylcy-
cline (e.g., tigecycline), which are not heavily renally cleared, can have very 
high clearances. Such patients have been shown to have a high rate of failure 
in clinical trials. (Ambrose PG, Bhavnani SM, Ellis-Grosse EJ, Drusano GL. 
Pharmacokinetic-pharmacodynamic considerations in the design of hospital-
acquired or ventilator-associated bacterial pneumonia studies: look before 
you leap! Clin Infect Dis. 2010;51[Suppl]:S103-S110.)

REVIEW QUESTIONS

1. For β-lactam antibiotics, the index that is most closely linked to the ability 
of the drug dose and schedule to kill the target pathogen is:
 A. Free drug Cmax/MIC ratio
 B. Free drug AUC/MIC ratio
 C. Time (fraction of a dosing interval) that free drug concentrations exceed 

the MIC
 D. Total drug AUC/MIC ratio

Answer: C β-Lactam drugs are not particularly concentration dependent in 
their rate of kill and reach a maximal kill rate at low multiples of the MIC 
(usually around four-fold). Except in unusual circumstances, there is little in 
the way of persistent microbiologic effect after drug concentrations at the 
infection site decline below the MIC. Consequently, the ability to kill target 
pathogens is increased as time of free drug exceeding the MIC increases. 
Again, in the majority of instances, only free (nonprotein-bound drug) is 
microbiologically active.

2. In choosing an optimal drug dose and schedule for a patient’s serious infec-
tion, which of the following is the most important consideration?
 A. MIC of the pathogen
 B. Drug dose chosen
 C. Protein binding of the antibiotic chosen
 D. Site of infection
 E. Toxicity profile of the drug chosen
 F. All of the above

Answer: F There are a small number of factors that clinicians can control 
that have an impact on the ability of a chosen drug dose and schedule to help 
a patient recover from an infection. Knowledge of the MIC of the infecting 
pathogen is critical as irrespective of the drug chosen, a lower MIC value will 
give a higher probability of attaining the target for a good therapeutic outcome. 
Likewise, the drug chosen has properties that may help or hinder in a specific 
case. For example, an agent that is not bactericidal is not likely to be an optimal 
choice in a patient with meningitis. As part of this, only free drug is (in the 
main) microbiologically active, so this is a serious consideration. The dose 
size and frequency will have a direct impact on the likelihood of achieving an 
exposure target that will optimize the likelihood of a good outcome. Under-
standing the probable infection site is important as penetration will be different 
into skin, cerebrospinal fluid, epithelial lining fluid, and prostate. Finally, the 
toxicity profile is important. Choosing a nephrotoxic agent for an intensive 
care unit patient would be improvident, unless there was little alternative. 
Consequently, all of the factors need to be considered by the clinician.

3. Which of the following is most important for resistance emergence?
 A. Mobile genetic element
 B. Efflux pump upregulation
 C. Drug-inactivating enzymes (like β-lactamases)
 D. None of the above
 E. All of the above

Answer: E Each of these represents a way for the infecting pathogen to increase 
survivorship in the face of antimicrobial therapy. In A and C, there is most 
often a destruction of the drug. In B, the drug that does penetrate into the 
organism is actively pumped out, lowering the drug concentration below the 
critical level necessary for organism kill. These mechanisms also may interact 
with each other.
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STAPHYLOCOCCAL INFECTIONS
HENRY F. CHAMBERS AND GEORGE SAKOULAS

 DEFINITION
Staphylococci are well adapted as commensals and as pathogens. Coagulase-
negative species constitute a significant proportion of the normal human 
cutaneous microbiome. Staphylococcus aureus, a coagulase-positive species, is 
a nasopharyngeal colonizer in a third of individuals, most of whom will not 
become infected. As a pathogen, S. aureus is one of the most common causes 
of bacterial infections, which range in severity from relatively trivial skin infec-
tions to lethal invasive disease. Coagulase-negative species, intrinsically less 
virulent and less invasive than S. aureus, nevertheless are responsible for one 
in four health care–associated infections, particularly those involving indwell-
ing medical devices. Prevalence of antibiotic-resistant strains of staphylococci 
has a profound impact on therapy.

The genus Staphylococcus consists of more than 30 distinct species. These 
organisms have coevolved as normal flora of mammals and birds. They are 
gram-positive spherical cells (i.e., cocci) 0.5 to 1.5 µm in diameter that divide 
in multiple planes to form clusters resembling grapes (staphylo- is derived 
from the Greek word for “bunch of grapes”) when viewed under the micro-
scope. Staphylococci are nonmotile, nonsporulating, hardy organisms. They 
are resistant to desiccation, extremes of pH, and high salt concentrations and 
are capable of growth under aerobic or anaerobic conditions. Staphylococci 
produce catalase, an enzyme that degrades hydrogen peroxide into water and 
oxygen, which definitively distinguishes them biochemically from streptococci 
and enterococci. The coagulase test is the basis for differentiating S. aureus 
from the numerous other nonpathogenic, coagulase-negative species. Coagulase 
is a secreted protein that, in the presence of a prothrombin-like plasma protein, 
converts fibrinogen to fibrin, forming a clot. S. aureus produces a variety of 
other species-specific surface proteins (e.g., protein A) that differentiate it 
from other species.

The staphylococcal chromosome is circular. Approximately 75% of the genes 
constitute a core genome common to all staphylococcal species. The remaining 
25% contains species-defining elements and mobile genetic elements acquired 
by horizontal gene transfer. The S. aureus genome is abundant in genes encod-
ing toxins, superantigens, and adhesins, whereas coagulase-negative species 
contain few adhesin and no toxin or superantigen genes. Genetically, S. aureus 
is sufficiently uniform to classify it as a single species; greater diversity among 
coagulase-negative species merits their classification as distinct species.

 STAPHYLOCOCCUS AUREUS
 EPIDEMIOLOGY

S. aureus is maintained in the human population primarily through asymptomatic 
colonization of the anterior nares, mucous membranes, and other moist areas 
of the body as well as of the groin, perineum, and perianal area in healthy 
children and adults. Infants become colonized by strains from their mothers 
within weeks of birth. Carriage rates are higher in children than in adults. 
Higher than average S. aureus carriage rates are associated with atopic derma-
titis, eczema, chronic skin ulcers, and other acute and chronic skin conditions; 
insulin-dependent diabetes; dialysis; human immunodeficiency virus infection; 
and recreational injection drug use. Carriers have a several-fold higher risk 
for developing an S. aureus infection compared with noncarriers. The principal 

mode of transmission of S. aureus is direct contact with an infected individual 
or an asymptomatic carrier, probably through transient hand carriage. S. aureus 
may also contaminate environmental surfaces, where it can persist for days. 
The role of environmental contamination in transmission is not well defined, 
but it may be important if heavily contaminated surfaces or materials are 
contacted. Droplet and aerosol transmission of S. aureus plays little if any role.

S. aureus is responsible for millions of infections in the United States each 
year, most of which are community-acquired skin infections. Approximately 
5 to 10% of S. aureus infections are invasive, three fourths of which are associ-
ated with bacteremia. S. aureus also causes hundreds of thousands of health 
care–associated infections each year, about half of which are caused by 
methicillin-resistant S. aureus (MRSA) in the United States. Before the mid-
1990s, MRSA strains were almost exclusively hospital or health care associated,1 
but they are now prevalent in the community. Although MRSA is now dis-
seminated globally, there is marked geographic variation in MRSA burden 
that is due mainly to differences in local infection control practices and to 
pathogen-specific characteristics of the indigenously circulating clones.2 
Community-associated MRSA strains are distinct from classic health care–
associated MRSA strains in several ways (E-Table 272-1).

 PATHOBIOLOGY
Virulence Factors
S. aureus is highly adapted to humans through millions of years of coevolution 
with hominids. Well above 50 virulence factors, including adhesins, toxins, 
enzymes, surface-bound proteins, and capsule polysaccharides, may be pro-
duced (E-Table 272-2). Genes encoding virulence factors may be located on 
the chromosome as part of the core genome or within mobile genetic elements 
(or their remnants), including bacteriophages, pathogenicity islands, and cas-
settes, or on plasmids. Alpha-toxin, Panton-Valentine leukocidin, and phenol-
soluble modulins, all of which provoke potentially deleterious host inflammatory 
response and cause host cell lysis, appear to be important virulence factors 
mediating disease severity, especially in community MRSA strains.3 Protein 
A, a B-cell superantigen that promiscuously triggers B-cell proliferation and 
supraclonal expansion and apoptosis, interferes with host antibody-mediated 
adaptive immunity.

Virulence factors promote binding to host tissues; allow the organism to 
evade, circumvent, or disrupt host immune responses; and facilitate cell injury 
and tissue invasion. Variability in both the presence of virulence determinants 
and their expression among strains allows extreme diversity among clinical 
isolates, remarkable adaptability and versatility of S. aureus as a pathogen, and 
a wide spectrum of clinical syndromes. An extensive network of two compo-
nent response systems, DNA-binding proteins and regulatory RNAs, controls 
the expression of virulence (and other) factors in response to environmental 
conditions. Principal among these is the accessory gene regulator agr, a two-
component quorum sensing and global gene regulator that controls the expres-
sion of numerous surface and secreted proteins. Mutations in agr have been 
associated with loss of virulence.

Biofilm formation, a property of coagulase-negative species in particular, 
occurs in the presence of foreign material, such as vascular catheters or implanted 
devices. Biofilm is a complex network of extracellular polysaccharides, DNA, 
and protein in which bacterial cells become embedded, rendering them inac-
cessible to clearance by host defense mechanisms.4 Organisms within biofilms 
tend to be metabolically inactive and tolerant to killing by antimicrobial agents.

Mechanisms of Disease
Pathogenesis of S. aureus disease occurs by two mechanisms: tissue invasion, 
which may be local or systemic, and toxin production. The typical lesion in 
tissues is the abscess, a focal collection of pus (liquefied and necrotic host 
tissue, blood, inflammatory cells, DNA, and cellular debris) and bacterial cells 
surrounded by an ill-defined layer of edematous and inflamed tissue infiltrated 
by acute and chronic inflammatory cells.

Host defenses against S. aureus infection primarily consist of an intact, 
normal skin barrier and the innate immune system.5 Conditions in which 
these defenses are breached or impaired are associated with increased risk of 
S. aureus infection. Among these conditions are injection drug use, presence 
of vascular access devices, burns, chronic skin diseases, use of systemic steroids, 
traumatic wounds, minor skin abrasions or trauma, surgical procedures, insulin-
dependent and non–insulin-dependent diabetes, peritoneal dialysis, hemo-
dialysis, subcutaneous and intramuscular injections, acupuncture, prosthetic 
implants, and congenital or acquired neutrophil disorders (e.g., chronic granu-
lomatous disease, Job syndrome), and advanced age. If the cutaneous barrier 
is breached, the next line of defense is the innate immune system. Neutrophils 

recruited to the site of infection ingest and kill staphylococci. Staphylococci 
elaborate numerous virulence factors specifically designed to thwart each step 
of the host response. If large numbers of organisms are present, the host 
response is overwhelmed, infection is not contained, and dissemination occurs. 
Endothelial cell injury and invasion can also occur. Intracellular organisms 
and small colony variants within phagocytes and endothelial cells may play a 
role in relapse and persistent bacteremia by acting as a protected sanctuary 
against the innate immune host response and antimicrobial therapy. High 
tissue burdens of organisms and bacteremia are usually but not always accom-
panied by fever, tachycardia, and other signs of the systemic inflammatory 
response syndrome, including frank septic shock.

The three toxin-mediated syndromes, which can occur in the absence of 
invasive disease, are staphylococcal food poisoning, staphylococcal toxic shock 
syndrome, and staphylococcal scalded skin syndrome. Staphylococcal food 
poisoning is caused by the ingestion of a preformed heat-stable enterotoxin. 
The emetogenic activity of enterotoxin is mediated by the intestinal release 
of 5-hydroxytryptamine and the stimulation of receptors present on afferent 
vagal neurons. Toxic shock syndrome is caused by a specific toxin, TSST-1, 
or other staphylococcal enterotoxins acting as superantigens that bind to major 
histocompatibility complex class II molecules of antigen-presenting cells and 
T-cell receptors, stimulating the massive release of cytokines from T cells and 
resulting in shock and death. Staphylococcal scalded skin syndrome and bullous 
impetigo are caused by either of two exfoliative toxins, A or B. These toxins 
are serine proteases that specifically cleave desmoglein 1, a desmosomal protein 
that anchors the overlying superficial epidermis to the stratum granulosum.

 CLINICAL MANIFESTATIONS
Skin and Soft Tissue Infections
Skin and soft tissue infections are by far the most common infections caused 
by S. aureus; millions of cases occur annually in the United States (Chapter 
412). Community MRSA strains have been associated with a marked increase 
in the rates of skin and soft tissue infections in the United States. This hetero-
geneous group of skin diseases includes impetigo, folliculitis, furuncle, abscess, 
erysipelas and cellulitis, mastitis (cellulitis of the breast), necrotizing fasciitis, 
and wound infections.

Impetigo, folliculitis, and furuncle are superficial infections; fever and other 
systemic signs of infection are not present. Impetigo is a focal infection of the 
epidermis that occurs most commonly in children (see Fig. 412-1). The typical 
lesion, which may be multiple or in clusters, is about 1 cm in diameter, with 
erythema surrounding a bulla or bullae (caused by the production of exfolia-
tive toxin) containing cloudy fluid or with a crusty or scabbed-over appearance. 
Gram stain of the fluid or drainage from the lesion shows the organism. Fol-
liculitis is a superficial infection with tender, erythematous, maculopapular 
or pustular lesions centered around hair follicles. Both impetigo and folliculitis 
readily respond to local measures, such as application of soap and water, topical 
antibiotics, or antiseptics; systemic antimicrobial therapy may be indicated 
for extensive or refractory infections.

A furuncle is simply a boil, a painful focal collection of pus with surround-
ing erythema measuring 1 to 2 cm or more in diameter that extends through 
the dermis into the subcutaneous tissue (see Fig. 412-2). It may drain spon-
taneously with application of hot compresses or can be surgically drained 
with simple incision and drainage. Antimicrobial therapy improves short-term 
cure rates and reduces rates of recurrence. The distinction between a furuncle 
and an abscess is somewhat arbitrary. Abscesses tend to be larger and deeper 
and may be associated with systemic signs of infection and bacteremia. Furuncles 
may extend to fascia or deeper tissues and coalesce into carbuncles, a more 
severe form of infection that may be accompanied by bacteremia. Large abscesses 
and carbuncles, particularly in the presence of fever and other systemic signs 
of infection, require surgical drainage and systemic antimicrobial therapy.

Erysipelas (see Fig. 412-4) and cellulitis, which are similar in appearance, 
are painful, warm, indurated, erythematous, nonlocalized infections that may 
be accompanied by lymphangitis. Cellulitis extends into the dermis and sub-
cutaneous fat; erysipelas is more superficial. Cellulitis should be treated with 
systemic antimicrobial therapy. Cellulitis due to streptococci (Chapter 274) 
cannot reliably be distinguished from that caused by S. aureus owing to their 
similar appearance, although associated purulence suggests staphylococcal 
infection.

Necrotizing fasciitis is an infection of the deep layers of skin and subcutane-
ous tissues, extending to muscle and along fascial planes. It is associated with 
systemic toxicity, leukocytosis, and severe pain often out of proportion to the 
physical findings. The overlying skin may appear to be uninvolved, belying the 
serious nature of this infection, which requires immediate surgical intervention 
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ABSTRACT
Staphylococcal infections are among the most common clinically. Staphylococ-
cus aureus is a nasopharyngeal colonizer in one third of individuals, most of 
whom will not become infected. The pathogenesis of S. Aureus disease occurs 
by two mechanisms: tissue invasion, which may be local or systemic, and 
toxin production. The latter can occur in the absence of invasive disease in 
staphylococcal food poisoning, toxic shock syndrome, and scalded skin syn-
drome. Skin and soft tissue infections can range in severity from impetigo, 
furuncles, and folliculitis to necrotizing fasciitis and pyomyositis. Systemic 
infection can take the form of bacteremia, endocarditis, pericarditis, osteo-
myelitis, septic arthritis, and pulmonary, orthopedic device-associated, central 
nervous system, and genitourinary infections. The principles of S. aureus treat-
ment are (1) source control by drainage of abscesses and infected foreign 
material when feasible and (2) systemic antimicrobial therapy. This chapter 
discusses the epidemiology, pathogenesis, and clinical manifestations of infec-
tions caused by Staphylococcus aureus and coagulase-negative species. Approaches 
to the diagnosis and treatment of specific infections and their prognosis are 
described.
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E-TABLE 272-1 COMPARISON OF COMMUNITY AND 
HOSPITAL CLONES OF METHICILLIN-
RESISTANT STAPHYLOCOCCUS AUREUS 
(MRSA)

PROPERTY COMMUNITY MRSA HOSPITAL MRSA
Methicillin-resistance 

gene cassette
SCCmecIV* SCCmecI, II, III

Common genotypes† USA300 (ST8)
ST59, ST80

USA100 (ST5)
USA500 (ST8)
USA800 (ST5)

Panton-Valentine 
leukocidin

Present in ≥75% Present in <5%

Antimicrobial 
resistances

β-Lactams, macrolides, 
fluoroquinolones

β-Lactams, macrolides, 
clindamycin, tetracycline, 
fluoroquinolones, 
aminoglycosides

Doubling time‡ 30 minutes 45-60 minutes
agr Mutants§ Uncommon Common
*Staphylococcal chromosomal cassette type; this element contains the methicillin resistance gene 
mecA; numerous other variants occur as well.
†Pulsed field gel electrophoresis type with the sequence type (ST) in parentheses.
‡Time for the number of cells to double in broth culture.
§Accessory gene regulator.

E-TABLE 272-2 EXAMPLES OF VIRULENCE FACTORS PRODUCED BY STAPHYLOCOCCUS AUREUS
ACTIVITY GENES PROTEIN OR MOLECULE
Inhibition of antimicrobial peptides icaA, icaD, icaB, icaC, icaR Polysaccharide intercellular adhesin (PIA)

isdA, isdB Iron-regulated surface determinants of S. aureus (IsdA and IsdB)
mprF Multiple peptide resistance factor (MprF)
Sak Staphylokinase

Inhibition of chemotaxis chp Chemotaxis inhibitory protein of S. aureus (CHIPS)
ecb Extracellular complement-binding protein (Ecb)
efb Extracellular fibrinogen-binding protein (Efb; inhibitor of C5a generation)
scn Staphylococcal inhibitor of complement (SCIN)

Inhibition of oxygen-mediated 
bacterial killing

crtM, crtN Carotenoid pigment, staphyloxanthin (S. aureus golden pigment; promotes resistance to reactive 
oxygen species)

isdA, isdB Iron-regulated surface determinants of S. aureus, IsdA and IsdB (promote resistance to neutrophil 
reactive oxygen species)

sodA, sodM Superoxide dismutase, SodA, SodM IsdB (promotes resistance to neutrophil reactive oxygen species)
Inhibition of neutrophil function cap5 or cap8 Capsular polysaccharide (inhibits phagocytosis)

clfA Clumping factor A (ClfA; inhibits phagocytosis)
eap Extracellular adherence protein (Eap; inhibits leukocyte adhesion)
hlgA, hlgB, hlgC Gamma hemolysin subunits A, B, and C; HlgA, HlgB, HlgC (causes cell lysis)
lukS-PV, lukF-PV Panton-Valentine leukocidin (causes cell lysis)
psm Phenol-soluble modulin-like peptides (PSMs; causes cell lysis)

Perturbation of T-cell function sea, seb, secn, sed, see, seg , 
seh, sei, sej, sek, sel, sep

Staphylococcal enterotoxins: SEA, SEB, SECn, SED, SEE, SEG, SEH, SEI, SEJ, SEK, SEL, SEP 
(superantigens)

tst Toxic shock syndrome toxin 1 (TSST-1; superantigen)
Perturbation of B-cell function spa Protein A (B-cell superantigen)
Adhesion cna Collagen-binding protein

fnA, fnB Fibronectin-binding proteins A and B
clfA, clfB Clumping factors A and B (binds platelets and fibrinogen)
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for débridement of involved tissue. Necrotizing fasciitis, which is more typi-
cally caused by group A streptococci (Chapter 274) or mixed aerobic and 
anaerobic organisms, has been associated with community MRSA infection.

Pyomyositis (also termed tropical myositis) is a deep abscess or multiple 
abscesses within skeletal muscle. S. aureus is the most common cause. The 
patient presents with fever, pain, swelling, and induration that can be felt on 
deep palpation. The overlying skin and soft tissue may appear normal. There 
is often a history of trauma to the infected area. Although it can occur in 
otherwise normal children and adults, acquired immunodeficiency syndrome 
and other immunocompromising conditions are predisposing factors. This 
infection is thought to occur as a consequence of metastatic seeding from a 
subclinical bacteremia, although blood cultures may not be positive at the 
time of diagnosis. Computed tomography or magnetic resonance imaging 
should be obtained to identify lesions. The diagnosis is established by culture 
of pus collected by needle aspirate. Surgical or percutaneous drainage should 
be performed, and systemic antimicrobial therapy is indicated.

S. aureus causes 30% of surgical site infections overall in the United States, 
and approximately 50% of those follow neurosurgical or orthopedic procedures. 
These infections occur at the site of incision, typically after the second or third 
postoperative day.6 Signs and symptoms are fever accompanied by erythema, 
edema, induration, drainage, pain, and tenderness at the surgical site. Superficial 
infections respond to removal of stitches, débridement of devitalized tissue, 
opening of the wound to allow drainage, and a short course of antimicrobial 
therapy. Deeper infections may require more extensive débridement and pro-
longed courses of therapy, particularly if bone or a prosthetic device is involved. 
Removal of infected prosthetic material or a foreign body greatly increases 
the chance of cure.

Bacteremia
Bacteremia, the presence of bacteria in the bloodstream, exemplifies the patho-
genicity of S. aureus.7 It is present in approximately 75% of cases of invasive 
infections. The most common sources of bacteremia are skin and soft tissue 
infections, central venous catheters and other intravascular devices, bone and 
joint infections, pneumonia, and endocarditis. Bacteremia can originate from 
any source, which may not be obvious in 25% of cases. Once organisms have 
invaded the bloodstream they can disseminate widely throughout the body, 
establishing multiple metastatic sites of infection and thereby perpetuating 
bacteremia. Fever is usually but not always present. Sepsis syndrome and 
septic shock are common, and death occurs in 10 to 20% of cases. Patients 
with occult S. aureus bacteremia have high rates of organ failure, septic shock, 
and high mortality.

The presence of bacteremia dictates the approach to the diagnosis, manage-
ment, and therapy of S. aureus infection. When blood cultures are positive, 
even if the primary source is known, there is always the possibility of endo-
carditis or other secondary foci of infection. Echocardiography is generally 
recommended in cases of S. aureus bacteremia to look for valvular vegetations 
or other signs of endocarditis. An echocardiogram should be obtained in cases 
of complicated bacteremia, defined by the presence of any one of the follow-
ing: positive blood cultures for 3 days or more, presence of an intracardiac 
device (e.g., pacemaker, prosthetic valve), presence of a secondary or metastatic 
focus of infection, relapse or recurrence of S. aureus bacteremia, or clinically 
suspected endocarditis. Transesophageal echocardiography, which is more 
sensitive than transthoracic echocardiography, is the preferred modality if the 
suspicion of endocarditis is moderate or high.8

Source control is the cornerstone of management and therapy. Both primary 
and secondary foci of infection should be identified and eliminated whenever 
possible because these may lead to treatment failure or relapse once antimi-
crobial therapy is discontinued. Computed tomography or magnetic resonance 
imaging should be considered if signs and symptoms point to deep tissue 
abscesses or osteomyelitis. Follow-up blood cultures should be obtained to 
document clearance. Persistent bacteremia is suggestive of endovascular infec-
tion, and failure to clear blood cultures after 3 to 4 days of appropriate therapy 
is a strong predictor of complicated bacteremia, necessitating a longer course 
of therapy. Antimicrobial therapy should always be administered. A shorter 
duration of therapy (i.e., 14 days) is appropriate for uncomplicated bacteremia 
(Table 272-1). Longer courses of 4 to 6 weeks are recommended for the 
treatment of endocarditis or bacteremia complicated by slow resolution or 
the presence of metastatic infection.

Endocarditis
S. aureus is the leading cause of both native valve and prosthetic valve endo-
carditis (Chapter 67), accounting for approximately 30% or more of all cases. 

recruited to the site of infection ingest and kill staphylococci. Staphylococci 
elaborate numerous virulence factors specifically designed to thwart each step 
of the host response. If large numbers of organisms are present, the host 
response is overwhelmed, infection is not contained, and dissemination occurs. 
Endothelial cell injury and invasion can also occur. Intracellular organisms 
and small colony variants within phagocytes and endothelial cells may play a 
role in relapse and persistent bacteremia by acting as a protected sanctuary 
against the innate immune host response and antimicrobial therapy. High 
tissue burdens of organisms and bacteremia are usually but not always accom-
panied by fever, tachycardia, and other signs of the systemic inflammatory 
response syndrome, including frank septic shock.

The three toxin-mediated syndromes, which can occur in the absence of 
invasive disease, are staphylococcal food poisoning, staphylococcal toxic shock 
syndrome, and staphylococcal scalded skin syndrome. Staphylococcal food 
poisoning is caused by the ingestion of a preformed heat-stable enterotoxin. 
The emetogenic activity of enterotoxin is mediated by the intestinal release 
of 5-hydroxytryptamine and the stimulation of receptors present on afferent 
vagal neurons. Toxic shock syndrome is caused by a specific toxin, TSST-1, 
or other staphylococcal enterotoxins acting as superantigens that bind to major 
histocompatibility complex class II molecules of antigen-presenting cells and 
T-cell receptors, stimulating the massive release of cytokines from T cells and 
resulting in shock and death. Staphylococcal scalded skin syndrome and bullous 
impetigo are caused by either of two exfoliative toxins, A or B. These toxins 
are serine proteases that specifically cleave desmoglein 1, a desmosomal protein 
that anchors the overlying superficial epidermis to the stratum granulosum.

 CLINICAL MANIFESTATIONS
Skin and Soft Tissue Infections
Skin and soft tissue infections are by far the most common infections caused 
by S. aureus; millions of cases occur annually in the United States (Chapter 
412). Community MRSA strains have been associated with a marked increase 
in the rates of skin and soft tissue infections in the United States. This hetero-
geneous group of skin diseases includes impetigo, folliculitis, furuncle, abscess, 
erysipelas and cellulitis, mastitis (cellulitis of the breast), necrotizing fasciitis, 
and wound infections.

Impetigo, folliculitis, and furuncle are superficial infections; fever and other 
systemic signs of infection are not present. Impetigo is a focal infection of the 
epidermis that occurs most commonly in children (see Fig. 412-1). The typical 
lesion, which may be multiple or in clusters, is about 1 cm in diameter, with 
erythema surrounding a bulla or bullae (caused by the production of exfolia-
tive toxin) containing cloudy fluid or with a crusty or scabbed-over appearance. 
Gram stain of the fluid or drainage from the lesion shows the organism. Fol-
liculitis is a superficial infection with tender, erythematous, maculopapular 
or pustular lesions centered around hair follicles. Both impetigo and folliculitis 
readily respond to local measures, such as application of soap and water, topical 
antibiotics, or antiseptics; systemic antimicrobial therapy may be indicated 
for extensive or refractory infections.

A furuncle is simply a boil, a painful focal collection of pus with surround-
ing erythema measuring 1 to 2 cm or more in diameter that extends through 
the dermis into the subcutaneous tissue (see Fig. 412-2). It may drain spon-
taneously with application of hot compresses or can be surgically drained 
with simple incision and drainage. Antimicrobial therapy improves short-term 
cure rates and reduces rates of recurrence. The distinction between a furuncle 
and an abscess is somewhat arbitrary. Abscesses tend to be larger and deeper 
and may be associated with systemic signs of infection and bacteremia. Furuncles 
may extend to fascia or deeper tissues and coalesce into carbuncles, a more 
severe form of infection that may be accompanied by bacteremia. Large abscesses 
and carbuncles, particularly in the presence of fever and other systemic signs 
of infection, require surgical drainage and systemic antimicrobial therapy.

Erysipelas (see Fig. 412-4) and cellulitis, which are similar in appearance, 
are painful, warm, indurated, erythematous, nonlocalized infections that may 
be accompanied by lymphangitis. Cellulitis extends into the dermis and sub-
cutaneous fat; erysipelas is more superficial. Cellulitis should be treated with 
systemic antimicrobial therapy. Cellulitis due to streptococci (Chapter 274) 
cannot reliably be distinguished from that caused by S. aureus owing to their 
similar appearance, although associated purulence suggests staphylococcal 
infection.

Necrotizing fasciitis is an infection of the deep layers of skin and subcutane-
ous tissues, extending to muscle and along fascial planes. It is associated with 
systemic toxicity, leukocytosis, and severe pain often out of proportion to the 
physical findings. The overlying skin may appear to be uninvolved, belying the 
serious nature of this infection, which requires immediate surgical intervention 
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S. aureus prosthetic valve endocarditis is associated with a 40% or higher 
in-hospital mortality. Although prosthetic valve endocarditis can be managed 
medically in some cases, outcomes tend to be worse, and surgery and valve 
reimplantation are usually required to cure the infection or to manage its 
complications.

Pericarditis
S. aureus is the most common cause of purulent pericarditis in children and 
after cardiac surgery in adults. It may occur by contamination at the time of 
surgery; by bacteremic seeding from another site of infection; as a complication 
of endocarditis, paravalvular abscess, or myocardial abscess; or by direct exten-
sion of infection from pneumonia, lung abscess, or empyema. The presentation 
is that of acute pericarditis (Chapter 68), with fever and severe chest pain, 
tachycardia, and hemodynamic instability. The clinical course may be extremely 
rapid, terminating in septic shock or cardiac tamponade.9 Immediate drainage 
of the infected pericardial space and administration of systemic antimicrobial 
therapy are indicated. Needle pericardiocentesis is useful for confirming the 
diagnosis and providing temporary decompression of the pericardial space, 
but definitive therapy requires surgical or continuous tube drainage.

Osteomyelitis
S. aureus is the most common cause of osteomyelitis, both acute and chronic 
(Chapter 256). The primary mode of infection is hematogenous seeding. Up 
to a quarter of cases of bacteremia are complicated by osteomyelitis, and con-
current bacteremia is present in 50% or more of osteomyelitis cases. Acute 
osteomyelitis—defined as an initial episode with a clinical course of days to 
weeks, but not months—is manifested with fever and pain at the site of infec-
tion. Long bones are more commonly infected in children, whereas vertebrae 
(most commonly lumbar and cervical) are more commonly infected in adults.10 
Adults can also have long bone osteomyelitis, usually from a contiguous focus 
of infection or at a site of fracture, prior trauma, or orthopedic hardware. 
Vertebral osteomyelitis is frequently accompanied by paravertebral or epidural 
abscess (Fig. 272-2). Back pain accompanied by signs of cord compression, 
such as radicular pain, sensory loss, lower extremity weakness, urinary reten-
tion, and bowel or bladder incontinence, is an emergency. Magnetic resonance 
imaging should be performed as soon as possible to define the location and 
extent of infection, and neurosurgical consultation should be obtained in 
anticipation of surgical decompression and drainage.

Septic Arthritis
S. aureus is the most common cause of septic arthritis (Chapter 256), usually 
as a consequence of bacteremic seeding, trauma, or a surgical procedure.11 
Risk factors include diabetes, recent joint surgery or joint prosthesis (Chapter 
260), and rheumatoid arthritis (Chapter 248). Cardinal features are joint pain, 
history of joint swelling, and fever. The diagnosis is established by analysis of 

Endocarditis may be community acquired or, increasingly, health care associ-
ated. Risk factors include injection drug use, diabetes mellitus, hemodialysis, 
presence of a prosthetic valve or other implantable intracardiac device, and 
recent hospitalization. The presentation may be that of an acute febrile illness 
with high fever developing during a few days. The patient may appear toxic 
and septic, but some patients have surprisingly few acute symptoms, complain-
ing only of protean symptoms such as shortness of breath, malaise, and weak-
ness. The intracardiac source of infection may not be evident at first because 
a pathologic murmur may not be evident when the patient first presents. A 
quarter or more of patients have an associated infection of bone, joint, or skin 
and soft tissue. The aortic and mitral valves are most commonly involved in 
native valve infection except in injection drug users (discussed later). Systemic 
embolization to the brain, kidneys, spleen, gut, or other large vessels is clini-
cally evident in about one third of cases. Peripheral manifestations, including 
Roth spots, Osler nodes, Janeway lesions, and petechiae, occur with a similar 
frequency. Morbidity and mortality are high, in part due to the occurrence 
of this infection in older patients, many of whom have medical comorbidities 
and impaired innate immunity. Strokes occur in approximately 20% of patients, 
and congestive heart failure occurs in 40 to 50%. Twenty-five percent to 30% 
of patients do not survive the initial hospitalization.

Native valve endocarditis in injection drug users involves the tricuspid valve 
in approximately three quarters of cases. Patients typically have fever, cough, 
hemoptysis, and pleuritic chest pain as a consequence of hematogenous seeding 
of the lung and septic emboli from the valve. The chest radiograph may show 
pulmonary infiltrates, signs of consolidation or pleural effusion, or multiple, 
often peripheral nodular pulmonary infiltrates with cavitation, hallmark features 
of septic embolization (Fig. 272-1). Patients tend to be young and otherwise 
healthy, so mortality is relatively low (≤5%). Injection drug users can also 
have aortic valve or mitral valve endocarditis, in which case the presentation 
is similar to that described earlier. Conversely, patients who are not injection 
drug users may have tricuspid valve endocarditis with pulmonary findings.

FIGURE 272-1. Chest radiograph shows multiple nodular pulmonary lesions, sug-
gestive of septic embolization, in a patient with tricuspid valve S. aureus endocarditis. 
the red circle shows a lesion with signs of cavitation. 

FIGURE 272-2. noncontrast, non–fat-saturated, t1-weighted, sagittal sequence shows 
discitis, osteomyelitis, prevertebral and epidural abscess, and cord compression in a patient 
with S. aureus infection of the cervical spine. 

asymptomatic vaginal or perineal colonization. Contamination should be 
suspected if the urine colony counts are low, repeated urine cultures are nega-
tive, pyuria is absent, and there are no signs or symptoms of urinary tract 
infection. If contamination seems unlikely and there is no well-documented 
history of an event that could lead to ascending infection, hematogenous dis-
semination should be suspected. Blood cultures should be obtained to deter-
mine whether there is ongoing bacteremia and appropriate imaging studies 
performed to identify a deep focus of infection and the presence of renal and 
perinephric abscesses.

Toxin-Mediated Diseases
These diseases are caused by the ingestion of preformed toxin or the elabora-
tion of toxin by S. aureus from a site of colonization or infection. Staphylococcal 
food poisoning is a gastroenteritis caused by the ingestion of enterotoxin 
produced in food contaminated with S. aureus from an infected or colonized 
food handler.13 When contaminated food is kept at room temperature for 
several hours, organisms replicate and produce a heat-stable toxin that is not 
inactivated by cooking or digestive enzymes. Nausea, vomiting, abdominal 
pain, and diarrhea occur within 2 to 6 hours of eating the contaminated food. 
There is no fever, and the illness is self-limited, generally lasting about a day. 
Antibiotics have no role in therapy, which consists of fluid replacement to 
prevent dehydration. Infants, small children, and the elderly are more severely 
affected and may require intravenous fluids.

Toxic shock syndrome is caused by colonization or infection with a strain 
that elaborates a specific toxin, toxic shock syndrome toxin-1 (TSST-1), or 
another staphylococcal enterotoxin. TSST-1 is responsible for 100% of men-
strual cases due to its ability to cross the vaginal mucosa and to achieve systemic 
concentrations.14 TSST-1 and the staphylococcal enterotoxins SEA, SEB, and 
SEC are responsible for nonmenstrual toxic shock syndrome, which is char-
acteristically associated with an identifiable focus of infection, usually of the 
skin. The diagnosis is clinical, defined by fever, erythroderma, hypotension, 
involvement of three or more organ systems (renal, hematologic, hepatic, 
pulmonary, gastrointestinal, muscle, central nervous system, mucous mem-
branes), and desquamation, especially of the palms and soles, 1 to 2 weeks 
after the onset of illness. Bacteremia is present in only 5% of cases. The case 
fatality rate is about 5%. Treatment consists of systemic antimicrobial therapy, 
removal of the source of toxin production, and treatment of septic shock. 
Streptococcal toxic shock syndrome is discussed in Chapter 274.

Colonization or infection with an S. aureus strain that produces exfo-
liative toxin A or B may cause staphylococcal scalded skin syndrome, a 
disease primarily of infants but occasionally seen in adults (Fig. 272-3), and 
bullous impetigo, a pustular skin lesion. The appearance is that of a scald, 
burn, or blister. The differential diagnosis of staphylococcal scalded skin 
syndrome includes drug reaction (Chapter 411), toxic epidermal necrolysis 
(Chapter 410), Kawasaki disease (Chapter 410), and pemphigus foliaceus  
(Chapter 410).

 DIAGNOSIS
S. aureus infection is diagnosed by isolating the organism in culture specimens 
of blood, tissue, or pus. Non–culture-based methods, such as nucleic acid 
amplification tests, are also available. Culture remains the “gold standard.” 

TABLE 272-1 CRITERIA FOR DIAGNOSIS OF 
UNCOMPLICATED STAPHYLOCOCCUS  
AUREUS BACTEREMIA*

Resolution of fever and systemic signs of infection by day 3 of therapy
Sterile blood cultures within 2 or 3 days of initiation of antimicrobial therapy
Presence of an identifiable and easily removable focus of infection
Prompt removal of the primary focus of infection
No echocardiographic or clinical signs of endocarditis
No osteomyelitis
No hematogenous secondary foci of infection
No preexisting valve abnormalities predisposing to endocarditis (e.g., prosthetic 

valve, rheumatic heart disease, bicuspid aortic valve)
No implanted prosthetic device (e.g., prosthetic hip)
*Uncomplicated S. aureus bacteremia can be treated with a shorter course of antibiotics (see text).
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asymptomatic vaginal or perineal colonization. Contamination should be 
suspected if the urine colony counts are low, repeated urine cultures are nega-
tive, pyuria is absent, and there are no signs or symptoms of urinary tract 
infection. If contamination seems unlikely and there is no well-documented 
history of an event that could lead to ascending infection, hematogenous dis-
semination should be suspected. Blood cultures should be obtained to deter-
mine whether there is ongoing bacteremia and appropriate imaging studies 
performed to identify a deep focus of infection and the presence of renal and 
perinephric abscesses.

Toxin-Mediated Diseases
These diseases are caused by the ingestion of preformed toxin or the elabora-
tion of toxin by S. aureus from a site of colonization or infection. Staphylococcal 
food poisoning is a gastroenteritis caused by the ingestion of enterotoxin 
produced in food contaminated with S. aureus from an infected or colonized 
food handler.13 When contaminated food is kept at room temperature for 
several hours, organisms replicate and produce a heat-stable toxin that is not 
inactivated by cooking or digestive enzymes. Nausea, vomiting, abdominal 
pain, and diarrhea occur within 2 to 6 hours of eating the contaminated food. 
There is no fever, and the illness is self-limited, generally lasting about a day. 
Antibiotics have no role in therapy, which consists of fluid replacement to 
prevent dehydration. Infants, small children, and the elderly are more severely 
affected and may require intravenous fluids.

Toxic shock syndrome is caused by colonization or infection with a strain 
that elaborates a specific toxin, toxic shock syndrome toxin-1 (TSST-1), or 
another staphylococcal enterotoxin. TSST-1 is responsible for 100% of men-
strual cases due to its ability to cross the vaginal mucosa and to achieve systemic 
concentrations.14 TSST-1 and the staphylococcal enterotoxins SEA, SEB, and 
SEC are responsible for nonmenstrual toxic shock syndrome, which is char-
acteristically associated with an identifiable focus of infection, usually of the 
skin. The diagnosis is clinical, defined by fever, erythroderma, hypotension, 
involvement of three or more organ systems (renal, hematologic, hepatic, 
pulmonary, gastrointestinal, muscle, central nervous system, mucous mem-
branes), and desquamation, especially of the palms and soles, 1 to 2 weeks 
after the onset of illness. Bacteremia is present in only 5% of cases. The case 
fatality rate is about 5%. Treatment consists of systemic antimicrobial therapy, 
removal of the source of toxin production, and treatment of septic shock. 
Streptococcal toxic shock syndrome is discussed in Chapter 274.

Colonization or infection with an S. aureus strain that produces exfo-
liative toxin A or B may cause staphylococcal scalded skin syndrome, a 
disease primarily of infants but occasionally seen in adults (Fig. 272-3), and 
bullous impetigo, a pustular skin lesion. The appearance is that of a scald, 
burn, or blister. The differential diagnosis of staphylococcal scalded skin 
syndrome includes drug reaction (Chapter 411), toxic epidermal necrolysis 
(Chapter 410), Kawasaki disease (Chapter 410), and pemphigus foliaceus  
(Chapter 410).

 DIAGNOSIS
S. aureus infection is diagnosed by isolating the organism in culture specimens 
of blood, tissue, or pus. Non–culture-based methods, such as nucleic acid 
amplification tests, are also available. Culture remains the “gold standard.” 

synovial fluid, in which the white blood cell count typically exceeds 25,000/µL, 
with 90% neutrophils. Blood cultures are positive in 30 to 50% of cases, organ-
isms are seen on Gram stain of synovial fluid in about 50% of cases, and 
synovial fluid culture is almost always positive. Hip, knee, ankle, and wrist are 
most commonly affected. S. aureus also has a predilection for infecting the 
sternoclavicular, sacroiliac, and symphysis pubis joints. Multiple joints are 
involved in 5% of cases. Both antimicrobial therapy and drainage of the infected 
joint (by repeated needle aspiration, by arthrotomy, or arthroscopically) are 
required to prevent destructive arthritis.

Central Nervous System Infections
S. aureus is an uncommon cause of community-acquired central nervous system 
infections, such as meningitis, primary brain abscess, or subdural empyema. 
These infections are often associated with endocarditis or a contiguous focus 
of infection, such as cavernous sinus thrombosis. Mortality of these infections 
is as high as 30 to 50%. S. aureus is an important cause of nosocomial men-
ingitis after head trauma, craniotomy, or implantation of intraventricular or 
extraventricular catheters.

Pulmonary Infections
S. aureus is an uncommon cause of community-acquired pneumonia (Chapter 
91), accounting for 1 to 5% of cases, but with geographic and seasonal (i.e., 
increased during influenza season) variability. It may be a severe, often fatal, 
fulminant necrotizing pneumonia accompanied by evidence of cavitation on 
chest radiographs. Production of Panton-Valentine leukocidin has been associ-
ated with severe pneumonia. Community-acquired staphylococcal pneumonia 
should be considered, and coverage for MRSA strains should be included in 
the empirical regimen for severe pneumonia requiring admission to an intensive 
care unit (ICU) and pneumonia in a patient with prior or concomitant 
influenza.

Hospital-acquired and ventilator-associated pneumonias often are caused 
by S. aureus and MRSA. Patients with traumatic or medical brain injury (e.g., 
stroke, hemorrhage) are particularly prone to early colonization and subsequent 
pneumonia by this pathogen. Mortality can be as high as 40 to 50%, reflecting 
the virulence of the organism and the comorbid conditions that contribute 
to poor outcomes. The diagnosis is readily established by examination of a 
Gram stain and culture of sputum, tracheal aspirate, or lavage fluid (obtained 
to avoid oropharyngeal contamination), which typically shows organisms and 
numerous neutrophils. The culture is less specific than the Gram stain because 
it can be positive in colonized patients, but it is highly sensitive. Coverage 
for S. aureus can be discontinued if the organism is not isolated in culture.

Lung abscess and pleural empyema, infections most commonly caused by 
oral anaerobic bacteria, are occasionally caused by S. aureus. The clinical course 
may be subacute or even indolent. Empyema occurs as a complication of prior 
chest tube placement, surgery, trauma, staphylococcal pneumonia, or tricuspid 
valve endocarditis. These infections are treated with drainage and antimicrobial 
therapy.

Orthopedic Device–Associated Infections
Prosthetic joint and implant-associated infections occurring within the first 
12 weeks of surgery are most commonly caused by S. aureus. S. aureus is 
second only to coagulase-negative staphylococci as a cause of these infec-
tions. The presentation may be acute, with joint pain, evidence of arthritis, 
fever, and systemic signs of infection. Alternatively, the infection may run a 
more chronic course, with pain and loosening of the prosthesis but little or 
no fever. Formation of biofilm makes treatment of these infections a particu-
lar challenge.12 Intraoperative inspection, débridement, and hardware reten-
tion may be appropriate for infections of less than 3 weeks in duration or 
occurring within the first month of implantation. Otherwise, débridement 
and removal of the prosthesis or implant in conjunction with antimicrobial 
therapy offer the best chance of cure. This can be accomplished either as a 
one-stage procedure, in which the infected prosthesis or implant is removed 
and immediately replaced, or as a two-stage procedure, in which the device 
is removed and replaced after completion of a 6-week course of antimicrobial  
therapy.

Genitourinary Infections
Genitourinary infections arise by hematogenous dissemination or as an ascend-
ing infection, usually as a result of instrumentation, urinary catheterization, 
or surgery. These infections include cystitis, pyelonephritis, microabscess, 
perinephric abscess, prostatitis, and prostatic abscess. S. aureus can also be a 
contaminant introduced during the collection of urine from a patient with 

FIGURE 272-3. Scalded skin–type lesions with multiple ruptured bullae and desquama-
tion in a patient with aortic valve endocarditis caused by an exfoliative toxin–producing 
strain of S. aureus. 
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Gram stain is useful for making a presumptive diagnosis of staphylococcal 
infection and should be performed whenever possible to look for gram-positive 
cocci in pus, bone or tissue samples, respiratory secretions, or body fluids 
such as cerebrospinal fluid, pleural or pericardial fluid, synovial fluid, or urine. 
Failure to isolate the organism in culture is strong evidence against S. aureus 
infection unless a patient is being actively treated with an antibiotic; even 
then, infected sites may remain culture positive for several days. The specificity 
of isolating S. aureus from blood or other sterile body sites is essentially 100%. 
Because of nasopharyngeal colonization in some uninfected individuals, isola-
tion of S. aureus from culture of a respiratory specimen lacks specificity; however, 
if Gram stain also shows gram-positive cocci and many neutrophils, this is 
suggestive of S. aureus pneumonia.

Susceptibility Testing
Susceptibility testing should be performed for clinically significant isolates to 
guide antimicrobial therapy. The critical determination is whether the isolate 
is methicillin resistant (i.e., resistant to β-lactam antibiotics). Resistance to 
macrolides and fluoroquinolones is common, and these drugs should not be 
used to treat suspected staphylococcal infection without confirmation of in 
vitro susceptibility. Clindamycin is usually active against community strains, 
but less reliably so for hospital strains. Tetracyclines and trimethoprim-
sulfamethoxazole are active against 80 to 90% of strains. Resistance to van-
comycin, daptomycin, telavancin, or linezolid, although rare, may occur, 
particularly when there has been prior exposure to the drug, making suscep-
tibility testing important for these antibiotics. Persistent endovascular infec-
tions are particularly prone toward reduced activity of vancomycin and 
daptomycin. This is due to relatively poor penetration of drug into vegetations, 
blunted bactericidal activity for slowly dividing organisms at high inocula, 
and, in the case of daptomycin, resistance of organisms to host antimicrobial 
peptides, which coselects for nonsusceptibility to daptomycin.

The two principles of therapy for S. aureus infections are (1) source control 
by elimination of abscesses and infected foreign material whenever feasible 
and (2) administration of systemic antimicrobial therapy. For boils and uncom-
plicated cutaneous abscesses, incision and drainage may be all that is required, 
although adjunctive antimicrobial therapy improves cure rates even for simple 
abscesses. A1 

 
 A2  Antimicrobial therapy is indicated if the infection is not amenable 

to removal (e.g., cellulitis, pneumonia), drainage is impossible or inadequate, 
systemic signs and symptoms of infection are present, or there is invasive disease 
(i.e., metastatic sites of infection; involvement of deep tissues, vital organs, 
sterile sites) and in all cases of bacteremia. Lack of adequate source control, 
such as an undrained focus of infection, retention of an infected foreign body, 
or endovascular infection, is the most common reason for unsatisfactory clinical 
response, treatment failure, or relapse.

The most important consideration in selecting an antibiotic is susceptibility 
of the S. aureus isolate to β-lactams. For invasive infections a penicillinase-
resistant penicillin, such as nafcillin (1 to 2 g every 4 to 6 hours IV), oxacil-
lin, flucloxacillin, or a cephalosporin (e.g., cefazolin 1 to 2 g every 8 hours IV) 
is the agent of choice for the treatment of methicillin-susceptible S. aureus 
(MSSA) infections; no other antibiotic, including vancomycin, A3  is as safe or as 
effective as a β-lactam. A4  Efficacy of β-lactams other than penicillinase-resis-
tant pencillins and cefazolin for invasive staphylococcal infections is not well  
documented.

Recent retrospective studies have demonstrated that cefazolin is at least as 
effective as antistaphylococcal β-lactams in the treatment of S. aureus bacte-
remia, with fewer treatment-related adverse events. A recent U.S. nationwide 
cohort study showed a lower mortality rate in cefazolin-treated patients com-
pared with those treated with nafcillin or oxacillin.15 However, strains of S. aureus 
with class A β-lactamase are able to hydrolyze cefazolin in vitro, rendering 
them effectively resistant to the drug in high inocula. The clinical relevance 
and impact of this phenotype on outcome is not well defined.

An orally administered β-lactam (e.g., dicloxacillin 500 mg four times daily 
or cephalexin 500 mg four times daily) is appropriate for most cutaneous infec-
tions; a parenteral agent is recommended, at least initially, for invasive infections. 
Only if the patient is allergic or has a serious reaction is an agent other than a 
β-lactam preferred for the treatment of infection caused by an MSSA strain. 
The role of oral agents in step-down therapy of MSSA or MRSA bacteremia is 
unclear.

Methicillin-resistant strains are cross-resistant to all currently available 
β-lactams, except for ceftaroline (dose of 600 mg IV every 12 hours), which is 
indicated for treatment of skin and skin structure infections caused by 

TREATMENT 

methicillin-resistant strains. Otherwise, a β-lactam should not be used for treat-
ment of infection known or suspected to be caused by a methicillin-resistant 
strain.

The prevalence of methicillin resistance in S. aureus isolates from hospital-
acquired and health care–associated infections in the United States and in 
many European countries is 25 to 50% or higher. MRSA also causes a substantial 
proportion of community-onset infections in individuals lacking other risk 
factors, especially in the United States. Trimethoprim-sulfamethoxazole (one 
or two 80-/160-mg tablets twice a day), clindamycin (300 mg three times a 
day), and doxycycline or minocycline (100 mg twice a day) are active in vitro 
against most community-acquired MSSA and MRSA strains and are effective 
when administered orally for the treatment of skin and soft tissue infections 
in outpatients. Traditional fluoroquinolones should not be used because most 
methicillin-resistant strains are also fluoroquinolone resistant. However, the 
newest generation drug from this class, delafloxacin, was approved by the U.S. 
Food and Drug Administration in 2017 to treat skin infections, including those 
by MRSA, and has in vitro activity against strains that are resistant to early-
generation fluoroquinolones.

For invasive infections caused by MRSA, vancomycin is still a drug of choice. 
It must be administered intravenously; doses of 30 to 60 mg/kg/day, adjusted 
on the basis of creatinine clearance, are recommended to achieve trough serum 
concentrations of 15 to 20 µg/mL for patients with bacteremia, endocarditis, 
or other serious infections. Treatment failures are not uncommon with bacte-
remia or endocarditis. Patients can remain persistently bacteremic (≥3 days or 
longer) or relapse, even when the strain is susceptible (minimal inhibitory 
concentration [MIC] ≤2 µg/mL) in vitro. Other than the presence of an undrained 
focus of infection, the reasons for this are unclear. Possible explanations include 
vancomycin’s slowly bactericidal activity; tolerance, in which the isolate is inhib-
ited at low concentrations but not killed; or so-called heteroresistance, in which 
a small fraction of the population of organisms has a higher MIC. Vancomycin 
MIC of 2 µg/mL has been associated with treatment failure in some retrospec-
tive studies but not in others.

Strains with intermediate susceptibility to vancomycin (MICs of 4 or  
8 µg/mL), which account for 1 to 3% of MRSA isolates, should be considered 
resistant because this is highly predictive of vancomycin treatment failure. 
Vancomycin-resistant strains (MIC >8 µg/mL), which express the vanA gene, 
are rare.

Alternatives to vancomycin for MRSA include linezolid (600 mg every  
12 hours, for pneumonia and skin and soft tissue infection), daptomycin  
(4 mg/kg once daily for complicated skin and soft tissue infections and  
6 mg/kg once daily for bacteremia), telavancin (10 mg/kg once daily for skin 
and soft tissue infection and pneumonia when alternative treatments are not 
suitable), ceftaroline (skin and soft tissue infection), tedizolid (200 mg once 
daily for skin and soft tissue infection), oritavancin (1500 mg as a single dose 
for skin and soft tissue infection), and dalbavancin (1500 mg as a single dose 
for skin and soft tissue infection). These alternative agents have been shown 
to be noninferior to vancomycin in high-quality, randomized controlled trials, 
and none has demonstrated superiority. A5-A7 

Some authorities recommend higher doses of daptomycin (e.g., 8 to  
12 mg/kg/day) for treatment of bacteremia or endocarditis, particularly when 
the infection has failed to respond to vancomycin. Daptomycin should not be 
used to treat primary staphylococcal pneumonia because it is inactivated by 
pulmonary surfactant, although it is indicated for the treatment of hematog-
enous pneumonia, as occurs in tricuspid valve endocarditis or septic pulmonary 
embolization.

The role of combination therapy is ill defined. Aminoglycoside combination 
regimens are not recommended because of increased toxicity and adverse 
events without improved outcome compared with an effective single agent. 
Rifampin combination therapy is recommended for the treatment of osteomy-
elitis, device-related bone infection and prosthetic joint infection, or prosthetic 
valve endocarditis, particularly that caused by methicillin-resistant strains of 
staphylococci. Rifampin (300 to 450 mg twice daily) must always be administered 
in combination with a second active agent because resistance emerges rapidly 
during therapy. Rifampin combination therapy is not recommended for treat-
ment of bacteremia or native valve endocarditis as outcomes are not improved 
compared with treatment with an effective single agent. In the randomized, 
double-blind, placebo-controlled ARREST trial for treatment of S. aureus bac-
teremia, adjunctive rifampicin (600 or 900 mg per day) provided no overall 
benefit over standard antibiotic therapy. A8 

Case reports and case series have demonstrated successful clearance or 
refractory MRSA bacteremia utilizing combination therapy with daptomycin 
and either antistaphylococcal β-lactams or ceftaroline. The rationale is that the 
β-lactams enhance binding of daptomycin to the cell membrane. In addition, 
cell wall synthesized by MRSA in the presence of an antistaphylococcal β-lactam 
elicits stronger NLRP3 inflammasome activity from host macrophages, a phe-
nomenon that may be lacking in some cases of persistent S. aureus bacteremia. 
The clinical benefit of these combinations beyond cases of persistent bacteremia 
salvage remains to be determined, especially in light of the high added treat-
ment costs.

 PREVENTION
The emergence of community MRSA and the large burden of hospital-acquired 
and health care–associated staphylococcal infections have stimulated renewed 
interest in prevention strategies. The organisms that cause these infections 
are usually resident flora (either S. aureus or coagulase-negative staphylococci), 
or they are acquired by direct contact with a contaminated source, such as a 
wound or dressing, the skin or hands of an asymptomatically colonized indi-
vidual, or a contaminated health care provider. The most effective strategy is 
adherence to principles of basic infection control, the key component of which 
is hand hygiene, whether it is handwashing or use of an alcohol-based hand 
rub. This disrupts transmission of organisms by the hands of care providers, 
a well-documented source of bacterial contamination. Barrier precautions 
(gloves and gowns) are important for minimizing contact with infected wounds, 
contaminated secretions, and dressings. Isolation precautions and screening 
for asymptomatic carriage are more controversial and less well documented 
in terms of their efficacy. For patients undergoing surgical procedures, surgical 
hand and surgical site antisepsis, aseptic surgical technique, and antimicrobial 
prophylaxis are important preventive measures.

Another potentially effective means of preventing infection is screening 
and decolonization of S. aureus carriers.16 Studies to determine whether screen-
ing, decolonization, and isolation actually prevent MRSA infection have had 
mixed results. In the ICU setting, universal decolonization with 2% chlorhexi-
dine baths, mouthwash, or showers plus 2% intranasal mupirocin ointment 
was found to be more effective than targeted screening and decolonization 
or education alone in reducing MRSA rates. A9 

 
 A10  In another trial, however, 

daily bathing with chlorhexidine did not reduce the incidence of health care–
associated infections in critically ill adults in ICUs. A11  This approach has yet 
to be widely adopted, and one concern is emergence of resistant strains.

Decolonization may be considered in two other settings: prevention of 
recurrent infection in individuals who have had several prior episodes and 
prevention of surgical site infections. The best-studied regimens are topically 
applied mupirocin nasal ointment (0.5 g twice daily in each nostril for 5 days), 
with or without bathing with chlorhexidine soap, and orally administered 
rifampin (600 mg in one or two divided doses) in combination with another 
active agent (e.g., a fluoroquinolone if the isolate is susceptible, trimethoprim-
sulfamethoxazole, or doxycycline). In a randomized, double-blind, placebo-
controlled, multicenter trial, the number of surgical site S. aureus infections 
acquired in the hospital was reduced by the rapid screening of nasal carriers 
by a real-time polymerase chain reaction assay and the decolonization of car-
riers with mupirocin nasal ointment and chlorhexidine soap. A12 

Several antistaphylococcal vaccine candidates are currently in early phase 
clinical trials; the availability of an effective vaccine would be an important 
tool in preventing staphylococcal infections. A recombinant detoxified toxic 
shock syndrome toxin-1 variant vaccine has been shown to be safe and immu-
nogenic, A13  but its clinical benefit remains to be studied.

 PROGNOSIS
Prognosis of S. aureus infections and outcomes depend on the site of infection, 
adequacy of source control, presence of comorbidities (e.g., diabetes; immu-
nosuppression; underlying cardiac, renal, or liver disease), presence of bacte-
remia, presence of secondary foci of infection, presence of severe sepsis or 
septic shock, antibiotic effectiveness, and duration of therapy for complicated 
disease. Methicillin resistance is a risk factor for poorer outcome largely because 
of its health care association and occurrence in a population that is elderly 
and in which comorbid medical illnesses are prevalent, and possibly because 
less effective antibiotics (non–β-lactams) are used to treat these infections. 
Historically, untreated S. aureus bacteremia was lethal in 85% or more of cases. 
Antibacterial therapy, 4 to 6 weeks or longer for complicated bacteremia or 
infections of deep tissues, and recognition of the importance of source control 
have dramatically improved outcome. Mortality remains high, in the range of 
20 to 40%, in patients with severe sepsis, septic shock, or endocarditis. Several 
studies have shown a strong link between elevated host interleukin-10 serum 
concentrations (>5 to 8 pg/mL) on clinical presentation and mortality in 
patients with S. aureus bacteremia, which may offer an opportunity for early 
identification of high-risk patients.

 COAGULASE-NEGATIVE STAPHYLOCOCCI
More than 30 different species of coagulase-negative staphylococci have been 
identified, and about half of these colonize humans. Staphylococcus epidermi-
dis is the species that most commonly causes infection.17 Coagulase-negative 
staphylococci infrequently cause infection unless there is a foreign body in 
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place, and although bacteremia occurs, metastatic seeding of secondary sites 
of infection is distinctly uncommon. Coagulase-negative staphylococci are 
typically resistant to methicillin and multiple other antibiotics, and they are an 
important reservoir of drug resistance elements that are horizontally transfer-
rable to S. aureus. They are the most common cause of health care–associated 
infections overall in the United States (Chapter 266); they account for one 
third of central line–associated bloodstream infections; and they are the second 
most common cause of surgical site infections, particularly when a prosthetic 
device or other foreign material has been implanted. They also account for 
about 5 to 10% of cases of native valve endocarditis and about a third of cases 
of prosthetic valve endocarditis, particularly in cases with onset more than 2 
months after valve implantation. Despite their relatively low virulence compared 
with S. aureus, mortality rates of patients with left-sided endocarditis caused 
by coagulase-negative staphylococci are similar to those caused by MRSA. 
Mortality is associated with β-lactam resistance (true for >80% S. epidermidis), 
again raising the concern of the inferiority of non–β-lactam drugs in the treat-
ment of endovascular infections. Infections are often indolent, causing little 
in the way of fever or systemic signs of infection, but they may also be acute 
and life-threatening, as in the case of prosthetic valve endocarditis.

Coagulase-negative staphylococci are proficient biofilm producers. Conse-
quently, débridement and removal of the infected prosthetic device or foreign 
body are paramount. Prosthetic joint infections occurring more than 1 month 
after device implantation are best managed with removal of the prosthesis and 
reimplantation in a one-stage or two-stage procedure. Antimicrobial therapy 
for these infections is similar to that for S. aureus, except that hematogenous 
seeding rarely occurs, so attention is focused primarily on source control.

Coagulase-negative staphylococci, because they are normal skin flora, are 
the most common blood culture contaminant. In approximately 75% of cases 
in which a blood culture is positive for coagulase-negative staphylococci, this 
reflects contamination rather than infection. Sorting out whether a positive 
culture represents contamination or true infection can be a challenge. A single 
positive blood culture or blood cultures in which more than one strain is 
present are likely to be due to contamination. Time to blood culture positivity, 
quantitative blood cultures, and the presence of multiple positive cultures can 
be useful in determining whether a positive blood culture represents true 
infection. Isolation of coagulase-negative staphylococci from the blood of a 
patient with a prosthetic valve, intravenous pacemaker, or vascular graft can 
be especially problematic because these patients are at high risk for true infec-
tion. Unless the patient is hemodynamically unstable or otherwise seriously 
ill, it is advisable to withhold antibiotics until additional culture specimens 
are obtained to document the presence of true bacteremia. Isolation of coagulase-
negative staphylococci from culture specimens of deep tissue, bone, prosthetic 
devices, or other normally sterile sites, especially if multiple cultures are posi-
tive, strongly suggests true infection.

Staphylococcus lugdunensis causes infections that clinically resemble S. aureus 
infections and can occur in the absence of a foreign body and in otherwise 
normal hosts. These include prosthetic valve and native valve endocarditis, 
bacteremia, skin and soft tissue infection, septic arthritis, prosthetic joint 
infection, and osteomyelitis. It lacks free coagulase, but some strains produce 
a membrane-bound form that can lead to its misclassification as S. aureus. S. 
lugdunensis lacks protein A and is positive for ornithine decarboxylase and 
pyrrolidonyl arylamidase, differentiating it from S. aureus. S. lugdunensis is 
susceptible to most antibiotics, including penicillin (approximately 75% of 
isolates), and methicillin resistance is rare. Management of these infections 
is similar to that of S. aureus infections.

 PREVENTION
The emergence of community MRSA and the large burden of hospital-acquired 
and health care–associated staphylococcal infections have stimulated renewed 
interest in prevention strategies. The organisms that cause these infections 
are usually resident flora (either S. aureus or coagulase-negative staphylococci), 
or they are acquired by direct contact with a contaminated source, such as a 
wound or dressing, the skin or hands of an asymptomatically colonized indi-
vidual, or a contaminated health care provider. The most effective strategy is 
adherence to principles of basic infection control, the key component of which 
is hand hygiene, whether it is handwashing or use of an alcohol-based hand 
rub. This disrupts transmission of organisms by the hands of care providers, 
a well-documented source of bacterial contamination. Barrier precautions 
(gloves and gowns) are important for minimizing contact with infected wounds, 
contaminated secretions, and dressings. Isolation precautions and screening 
for asymptomatic carriage are more controversial and less well documented 
in terms of their efficacy. For patients undergoing surgical procedures, surgical 
hand and surgical site antisepsis, aseptic surgical technique, and antimicrobial 
prophylaxis are important preventive measures.

Another potentially effective means of preventing infection is screening 
and decolonization of S. aureus carriers.16 Studies to determine whether screen-
ing, decolonization, and isolation actually prevent MRSA infection have had 
mixed results. In the ICU setting, universal decolonization with 2% chlorhexi-
dine baths, mouthwash, or showers plus 2% intranasal mupirocin ointment 
was found to be more effective than targeted screening and decolonization 
or education alone in reducing MRSA rates. A9 

 
 A10  In another trial, however, 

daily bathing with chlorhexidine did not reduce the incidence of health care–
associated infections in critically ill adults in ICUs. A11  This approach has yet 
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rifampin (600 mg in one or two divided doses) in combination with another 
active agent (e.g., a fluoroquinolone if the isolate is susceptible, trimethoprim-
sulfamethoxazole, or doxycycline). In a randomized, double-blind, placebo-
controlled, multicenter trial, the number of surgical site S. aureus infections 
acquired in the hospital was reduced by the rapid screening of nasal carriers 
by a real-time polymerase chain reaction assay and the decolonization of car-
riers with mupirocin nasal ointment and chlorhexidine soap. A12 

Several antistaphylococcal vaccine candidates are currently in early phase 
clinical trials; the availability of an effective vaccine would be an important 
tool in preventing staphylococcal infections. A recombinant detoxified toxic 
shock syndrome toxin-1 variant vaccine has been shown to be safe and immu-
nogenic, A13  but its clinical benefit remains to be studied.

 PROGNOSIS
Prognosis of S. aureus infections and outcomes depend on the site of infection, 
adequacy of source control, presence of comorbidities (e.g., diabetes; immu-
nosuppression; underlying cardiac, renal, or liver disease), presence of bacte-
remia, presence of secondary foci of infection, presence of severe sepsis or 
septic shock, antibiotic effectiveness, and duration of therapy for complicated 
disease. Methicillin resistance is a risk factor for poorer outcome largely because 
of its health care association and occurrence in a population that is elderly 
and in which comorbid medical illnesses are prevalent, and possibly because 
less effective antibiotics (non–β-lactams) are used to treat these infections. 
Historically, untreated S. aureus bacteremia was lethal in 85% or more of cases. 
Antibacterial therapy, 4 to 6 weeks or longer for complicated bacteremia or 
infections of deep tissues, and recognition of the importance of source control 
have dramatically improved outcome. Mortality remains high, in the range of 
20 to 40%, in patients with severe sepsis, septic shock, or endocarditis. Several 
studies have shown a strong link between elevated host interleukin-10 serum 
concentrations (>5 to 8 pg/mL) on clinical presentation and mortality in 
patients with S. aureus bacteremia, which may offer an opportunity for early 
identification of high-risk patients.

 COAGULASE-NEGATIVE STAPHYLOCOCCI
More than 30 different species of coagulase-negative staphylococci have been 
identified, and about half of these colonize humans. Staphylococcus epidermi-
dis is the species that most commonly causes infection.17 Coagulase-negative 
staphylococci infrequently cause infection unless there is a foreign body in 
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pulse is 128, respiratory rate is 22, blood pressure is 100/60, and pulse 
oximetry is 80% saturation on room air. He has rales at the right base, and 
a chest radiograph shows a fluffy right lower lobe infiltrate. A rapid influenza 
test result is positive, and sputum Gram stain shows numerous polymor-
phonuclear leukocytes and a few gram-positive cocci in clusters. Two blood 
culture samples are obtained. Which one of the following antibiotics is 
the worst choice to treat this suspected pneumonia?
 A. Clindamycin
 B. Ceftaroline
 C. Daptomycin
 D. Linezolid
 E. Vancomycin

Answer: C This patient has S. aureus pneumonia as a complication of influ-
enza. The susceptibility of the organism is unknown, but he is at risk for MRSA 
infection. Either linezolid or vancomycin would be an appropriate choice as 
both are first-line agents. Of the three other antibiotics, all have issues, but 
daptomycin is the worst choice of the three because it is inactivated by pul-
monary surfactant, resulting in treatment failure, and it is not indicated for 
treatment of pneumonia. Clindamycin could be used because most community 
MRSA and MSSA strains are susceptible, and although it is not a first-line 
agent in adults, it has been used to treat children with staphylococcal pneu-
monia. Ceftaroline, although not approved by the Food and Drug Administra-
tion for staphylococcal pneumonia, has an indication for treatment of 
community-acquired pneumonia, and it is active against both MRSA and 
MSSA. Thus in a pinch, either clindamycin or ceftaroline would be preferred 
to daptomycin.

4. A 38-year-old diabetic patient presents with a 2-day history of worsening 
pain and swelling of his left upper arm and subjective fevers. He tells you 
that he is penicillin allergic. His temperature is 99.8° F, and other vital 
signs are normal. On physical examination, there is a 5-cm-diameter tender, 
red, indurated lesion with central fluctuance over the triceps area. You 
perform incision and drainage, which yields about 3 mL of pus. Which 
one of the following antibiotics should not be used as empirical therapy 
for this community-acquired skin abscess?
 A. Clindamycin
 B. Doxycycline
 C. Levofloxacin
 D. Minocycline
 E. Trimethoprim-sulfamethoxazole

Answer: C Clindamycin, doxycycline, minocycline, and trimethoprim-sul-
famethoxazole are active in vitro against both MRSA and MSSA strains and 
have been recommended and used to treat skin and soft tissue infections in 
areas with high prevalence of MRSA. Many MRSA strains and some MSSA 
strains are fluoroquinolone resistant, and therefore fluoroquinolones should 
not be used in the absence of documented in vitro susceptibility.

5. Which one of the following measures is probably the most effective means 
of preventing MRSA transmission?
 A. Chlorhexidine bath
 B. Good hand hygiene
 C. Isolation
 D. Mupirocin nasal ointment
 E. Screening for colonization

Answer: B Although randomized, controlled trials are lacking, on the basis 
of the known mechanisms of S. aureus transmission, whether MRSA or MSSA, 
good hand hygiene is probably the most effective strategy to prevent spread 
of the organism. Chlorhexidine baths alone have not proved effective. Screen-
ing and isolation of patients have had variable success. Mupirocin nasal oint-
ment alone may reduce the risk of perioperative infection in colonized 
individuals but has not been shown to prevent transmission. The study by 
Huang and colleagues A9  found that in an intensive care unit setting, screening 
and isolation and targeted MRSA decolonization were relatively ineffective 
in reducing MRSA rates, whereas universal decolonization did reduce rates.

REVIEW QUESTIONS

1. A 53-year-old woman was admitted 1 week ago for fevers up to 102.3° F 
and right flank pain. A computed tomography scan showed findings con-
sistent with a 6-cm psoas abscess. Three blood culture samples were drawn, 
and empirical therapy was begun with vancomycin and piperacillin-tazo-
bactam. All three blood culture samples grew methicillin-resistant Staphy-
lococcus aureus (MRSA) with a vancomycin minimal inhibitory concentration 
(MIC) of 2 µg/mL. Treatment was deescalated to vancomycin alone with 
documented trough concentrations of 15 µg/mL. One of two blood culture 
samples obtained on day 5 of therapy because of recurrent fever now is 
reported as positive for gram-positive cocci in clusters. Which of the fol-
lowing is the most likely explanation for the persistently positive blood 
culture?
 A. Vancomycin-nonsusceptible MRSA strain
 B. Failure to obtain a transesophageal echocardiogram
 C. Undrained psoas abscess
 D. Subtherapeutic levels of vancomycin
 E. Contamination of the blood culture sample with coagulase-negative 

staphylococci
Answer: C An isolate with a vancomycin MIC of 2 µg/mL is considered to 
be susceptible. Vancomycin-intermediate strains have low prevalence, 1 to 
3%, and the MIC of these strains is 4 to 8 µg/mL. Vancomycin-resistant strains 
(MIC >8 µg/mL) are rare. Thus vancomycin nonsusceptibility is very unlikely. 
The vancomycin trough is in the therapeutic range, and although an echocar-
diogram is recommended for patients with complicated bacteremia, failure 
to obtain this study has not been shown to affect outcome. It is a mistake to 
attribute a positive blood culture to a contaminant in a patient with known 
S. aureus bacteremia. Poor source control with an undrained abscess, a well-
known cause of persistent bacteremia, is the best answer.

2. A 58-year-old patient with degenerative arthritis had a right hip replace-
ment performed 3 weeks ago. She presents with about a week of slowly 
worsening hip pain with breakdown of the surgical site, cultures of which 
grew methicillin-susceptible S. aureus. Blood cultures are negative, and she 
has no fevers. She is adamant that she does not want the hardware removed. 
What is the best course of action in this situation?
 A. Begin oral cephalexin and discharge the patient for follow-up in 2 weeks 

to see if she improves.
 B. Begin a 2 week course of once-daily IV daptomycin and discharge the 

patient for follow-up in 2 weeks to assess need for further therapy.
 C. Treat her with cefazolin for a week, and if she does not get better, perform 

incision and drainage.
 D. Tell her that with incision, drainage, and débridement and a course of 

IV and oral antibiotics, she should do well without removal of the 
hardware.

 E. Try to convince her to have the hardware removed because if it is left 
in place, the infection cannot be cured.

Answer: D The patient is likely to have a methicillin-susceptible infection of 
the prosthesis. Because the infection is within a month of implantation and 
she has had less than 3 weeks of symptoms, she should do well with incision 
and drainage and a prolonged course of IV and oral antibiotics (3 to 6 months). 
Because hardware removal is probably not necessary, trying to threaten her 
into a procedure she has already said she does not want is unwise. Empirical 
therapy with an oral (A) or parenteral (C) β-lactam is ill-advised because it 
is important to document whether the joint is involved and to perform inci-
sion and drainage to minimize the possibility of progression of infection and 
a worse outcome. Empirical therapy with daptomycin is a poor choice for the 
same reasons, and moreover, a β-lactam is the preferred initial therapy for 
methicillin-susceptible S. aureus (MSSA).

3. A previously healthy 23-year-old man is admitted with a 1-week illness 
characterized by a dry cough, fever, and myalgias. Yesterday he noticed 
that the cough became productive of yellow sputum, and last night be 
noticed shortness of breath. On examination, his temperature is 104° F, 
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 DEFINITION
Streptococcus pneumoniae (S. pneumoniae) is a significant human bacterial 
pathogen and a major cause of community associated bacterial infections. It 
is the most common bacterial cause of community-acquired pneumonia 
(pneumococcal pneumonia), sinusitis, and bacterial meningitis. In children 
it is a common cause of otitis. This chapter will focus on pneumococcal pneu-
monia in adults; other infections due to S. pneumoniae are reviewed within 
other chapters. (See Chapter 384 for meningitis and Chapter 398 for sinusitis 
and otitis). Despite the availability of an effective vaccine, the burden of pneu-
mococcal pneumonia is high particularly in older adults and those with under-
lying comorbidity.1,2

The Pathogen
S. pneumoniae (pneumococci) are lancet-shaped, encapsulated, gram-positive 
cocci. The cells are 0.5 to 1.2 µm in size and usually arranged end to end 
in pairs—often referred as diplococci (Fig. 273-1).3 Colonies appear alpha 

hemolytic on standard blood agar when incubated in aerobic conditions. The 
major virulence factor is a polysaccharide capsule that covers the organism 
and inhibits phagocytosis. Strains of pneumococci are classified according 
to the type of capsule of which there are 97 known serotypes. Most S. pneu-
moniae serotypes have been shown to cause disease, but only a minority of 
serotypes produces the majority of pneumococcal infections. However, sero-
type patterns are slowly changing, in part because of the widespread use of 
polyvalent vaccine. Strains of S. pneumoniae can occasionally change capsular 
type via exchanging genes between different serotypes involved in capsule 
synthesis.4 In addition, genetic mutations or deletions can result in emer-
gence of nonencapsulated strains.5 Such strains are less virulent but can be 
associated with noninvasive infection (e.g., conjunctivitis or otitis) and less 
commonly pneumonia. Another significant virulence factor, pneumolysin, 
is a cytolysin, which causes damage to host cells and interferes with host  
immunity.

 EPIDEMIOLOGY
In 2005 the World Health Organization estimated that 1.6 million deaths 
occurred annually due to S. pneumoniae, mostly in infants and the elderly and 
most of those die from pneumonia.6 It is estimated that about 900,000 U.S. 
adults develop pneumococcal pneumonia each year although this is likely an 
underestimate due to lack of identification of the pathogen in most cases of 
pneumonia; approximately 175,000 to 400,000 are estimated to require hos-
pitalization. The incidence of pneumococcal pneumonia among adults requiring 
hospitalization in the United States ranges from 10 to 100/100,000 population 
with higher rates in the elderly and those with underlying medical conditions. 
Comparable data have been reported from Europe.7 The number of cases is 
expected to increase as the population of the elderly increases. Pneumococcal 
pneumonia is associated with bacteremia in approximately 10 to 30% of cases. 
About 5 to 10% of patients with pneumococcal pneumonia will die, and the 
death rate is even higher in those age 65 years and older. Fewer people will 
develop pneumococcal meningitis, but the mortality rate for this infection is 
even higher (see Chapter 384 for meningitis).

S. pneumoniae is predominantly spread from direct person-to-person contact 
via airborne droplets. The spread of the organism is influenced by such factors 
as crowding, especially during the winter and in early spring when respiratory 
diseases are more prevalent. After transmission the organism commonly colo-
nizes the nasopharynx from which it can spread to the lungs, paranasal sinuses, 
or middle ear.8 It can also be transported in the blood to distal sites such as 
the brain, heart, and joints. Colonization in the pharynx is mediated by the 
binding of the bacteria to epithelial cells by means of surface protein adhesins. 
Strains with a smaller capsular size have increased exposure of adhesins, which 
correlates with enhanced colonization. Pneumococci may be isolated from 
the nasopharynx of 5 to 50% of healthy persons, depending on the population 
and setting, and carriage is most common in winter and early spring, especially 
in school-aged children.

From the nasopharynx, pneumococci can migrate to the lower respiratory 
tract by microaspiration of oropharyngeal secretions containing the organism. 
Contrary to previous concepts, the lower respiratory tract is not sterile. Pul-
monary host defenses usually maintain the pulmonary microbiome at relatively 
low levels. The development of pneumonia indicates either a defect in host 
defenses, exposure to a particularly virulent microorganism, or an overwhelm-
ing inoculum.

S. pneumoniae has traditionally been the most common cause of community-
acquired pneumonia (CAP) (See Chapter 91.). In the pre-antibiotic era, S. 
pneumoniae was responsible for more than 75% of cases of pneumonia. However, 
more recent studies have isolated the organism in only 5 to 15% of cases in 
the United States but in a higher proportion of cases in some other countries. 
Factors that are likely to have contributed to the decline in S. pneumoniae as 
a cause of CAP in the United States include the universal use of pneumococcal 
conjugate vaccines in children leading to herd immunity, the use of pneumo-
coccal vaccines in adults, and a reduction in cigarette smoking. In addition, 
with standard diagnostic methods the etiology of CAP is only identified in a 
small minority of cases, and it is likely that S. pneumoniae is the cause of a 
significant number of unidentified cases.

Risk factors for pneumococcal pneumonia include prior or concurrent 
respiratory viral infection (especially influenza),9 smoking, asthma, alcohol 
abuse, underlying chronic lung, liver, or heart disease, diabetes, cirrhosis, renal 
insufficiency, dementia, malnutrition, immunocompromise including HIV 
infection, intravenous drug use, and homelessness. Patients with immune 
defects (especially related to antibody production) are at significantly higher 
risk (see below in Pathogenesis).

FIGURE 273-1. Gram stain of sputum from patient with pneumococcal pneumonia 
showing gram-positive diplococci aligned end to end. 

include leukocytosis with left shift. Leukopenia is found in a minority of cases 
and is associated with a poor prognosis. Severe infection may be associated 
with multiple organ dysfunction.

Chest radiogram typically reveals a homogenous lobar or segmental alveolar 
infiltrate. A small amount of pleural fluid is present in many cases. In addition 
to classic lobar infiltrate pneumococcal pneumonia can cause bronchopneu-
monia characterized by multiple opacities that tend to be patchy and/or 
confluent.

Complications
Potential complications of pneumococcal pneumonia include bacteremia with 
metastatic infection (septic arthritis, peritonitis, pericarditis, meningitis,10 
endocarditis11) and pulmonary complications of parapneumonic effusion, 
empyema, necrotizing pneumonia, and lung abscess. Risk factors for a com-
plicated course include older age, preexisting lung disease, immunodeficiency 
or AIDS, and, importantly, acquisition of another nosocomial infection. The 
risk of overwhelming pneumococcal sepsis is increased in splenectomized 
patients, because the spleen is a principal site for clearance of this bacterium.

Up to one third of the patients hospitalized with pneumococcal pneumonia 
experience major cardiovascular events. In addition to the stress, hypoxemia, 
and inflammation associated with infection, pneumolysin may play a direct 
role in injury to the myocardium.

 DIAGNOSIS
The utility of diagnostic studies to determine the etiology of community-
acquired pneumonia has been controversial because of the lack of rapid, easily 
performed, accurate, cost-effective methods that provide immediate results 
for the majority of patients at the initial evaluation by a clinician in an office 
or acute-care setting. The etiology of CAP based on standard diagnostic methods 
is identified in a minority of cases. Nevertheless, there are good reasons for 
establishing an etiological diagnosis, namely to direct antibiotic management 
for an individual patient, to facilitate management of treatment failure, and, 
by de-escalation or narrowing of antibiotic therapy, to potentially decrease 
health care costs, drug side effects, and the selection pressure for antibiotic 
resistance. Diagnostic tests for pneumonia caused by S. pneumoniae include 
sputum Gram stain and culture, blood culture, immunochromatography, and 
molecular methods.

Sputum Gram Stain and Culture
The etiologic role of S. pneumoniae can be strongly implicated by the presence 
of gram-positive lancet-shaped diplococci on sputum Gram stain (Fig. 273-1) 
and isolation by culture. A Gram stain can be confirmed as S. pneumoniae by 
the Quellung reaction in which polyvalent capsular antibodies are added to 
the bacteria and then examined microscopically; swelling and increased refrac-
tiveness of the capsule is a positive reaction.

The value of routinely performing a Gram stain of the sputum and culture 
has been debated. These tests are limited by the fact that many patients cannot 
produce a good specimen, patients often receive antimicrobial agents before 
evaluation, and many specimens give inconclusive results. An additional limi-
tation of the sputum Gram stain, especially as applied in the United States, is 
the notable decline in its use by house staff and attending physicians when 
initially evaluating patients with pneumonia. This is in part due to the Clinical 
Laboratory Improvement Act of 1988, which required that staff have credentials 
to interpret Gram stains of any specimens. Finally, outsourcing of specimens 
to laboratories outside the hospital leads to delays in processing and less direct 
communication between the microbiology laboratory and the clinician.

S. pneumoniae is recovered in a minority of sputum cultures in part because 
the organism has fastidious nutritional requirements and is often overgrown 
by contaminating oral bacteria. It is important that a good quality specimen 
be obtained for culture. A sputum specimen obtained by the examining clini-
cian at the time of initial evaluation (often having the patient sit up if possible 
and applying percussion) is much more likely to provide a good quality sample 
than having a sputum collection container placed at the bedside by other 
health care providers. To be reliable the specimen should be actual sputum 
and not saliva, and therefore on microscopic exam should have high numbers 
of polymorphonuclear cells and few epithelial cells. On a blood agar plate S. 
pneumoniae can be identified by its susceptibility to an Optochin disk.

Blood Cultures
The yield of positive blood cultures for patients admitted with CAP are low, 
with usual rates of 5 to 15% depending on severity of disease; of these, S. 
pneumoniae accounts for approximately two thirds. Because S. pneumoniae is 

 PATHOBIOLOGY
The disease manifestations of S. pneumoniae are caused primarily by the host 
response to infection rather than the production of organism-associated toxins. 
The development of pneumococcal pneumonia becomes more likely when a 
more virulent strain or the amount of aspirated pneumococci overwhelms 
the host defense system in the respiratory tract (Fig. 273-2). Innate host 
defenses, which reduce development of pneumonia, include the physiologic 
removal of bacterial, which become enveloped within mucus and eliminated 
by the action of ciliated epithelial cells of the respiratory tract. Secretory IgA 
facilitates the trapping of bacteria in mucus by binding the bacteria to mucin; 
secretory IgA protease produced by S. pneumoniae can overcome this host 
defense. In addition, the polysaccharide capsule plays a role in reducing attach-
ment to airway mucus.

S. pneumoniae resists phagocytosis in part because of the anti-phagocytic 
protection by its capsule. The virulence is directly related to the capsule. Anti-
bodies directed against the specific type of capsular polysaccharide protect 
against disease caused by that specific strain by facilitating phagocytosis of 
the organism and killing of bacteria. Patients with abnormalities related to 
antibody production (e.g., asplenia, immunoglobulin deficiencies, multiple 
myeloma, chronic lymphocytic leukemia) or to phagocytic function (e.g., 
chronic granulomatous disease, hyperimmunoglobulin E syndrome [ Job 
syndrome], myeloperoxidase deficiency, Chediak-Higashi syndrome) are 
therefore at higher risk for pneumococcal pneumonia and for worse outcomes 
when infection occurs.

 CLINICAL MANIFESTATIONS
Clinical Presentation
The onset of clinical manifestations of pneumococcal pneumonia is variable 
depending on the virulence of the strain and host response factors. Disease 
may be mild, but there is a wide range in severity, including patients with 
overwhelming sepsis in whom the mortality rate may be greater than 50%. 
Classically, the onset is abrupt with fever, chills (often shaking), cough, and 
pain (often pleuritic). However, this constellation of manifestations presents 
in only a minority of cases. The presenting manifestations overlap with those 
associated with other causes of pneumonia; thus the etiology cannot be defi-
nitely established on the basis of clinical characteristics alone. Older patients 
may present with delirium as an initial manifestation. Other symptoms include 
vomiting, diarrhea, myalgias, and arthralgias. Patients with pneumococcal 
pneumonia often appear anxious. Most with pneumococcal pneumonia have 
fever; hypothermia is associated with increased mortality. In addition to fever, 
most patients have tachycardia, and tachypnea and shallow breathing is often 
present.

After the initial presentation, increasing systemic toxicity associated with 
hypoxia often follows. Auscultatory findings of crackling rales and bronchial 
breath sounds are localized to the involved segment or lobe. Confusion, obtun-
dation, and stiff neck should lead to consideration of meningitis. The classic 
description of the sputum in lobar pneumococcal pneumonia is “rusty,” due 
to mixed blood cells and hemoglobin in the sputum. Laboratory abnormalities 
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ABSTRACT
Streptococcus pneumoniae (S. pneumoniae) is the most common bacterial cause 
of community-acquired pneumonia. Despite the availability of an effective 
vaccine, the burden of pneumococcal pneumonia is high particularly in older 
adults and those with underlying comorbidity. Risk factors for pneumococcal 
pneumonia include prior viral infections, underlying conditions, and immune 
deficiency. Pneumococcal pneumonia may be mild, but there is a wide range 
in severity with pneumococcal infection, including patients with overwhelm-
ing sepsis in whom the mortality rate may be greater than 50%. Potential 
complications include bacteremia with metastatic infection (septic arthritis, 
peritonitis, pericarditis, meningitis, endocarditis) and pulmonary complica-
tions of parapneumonic effusion, empyema, necrotizing pneumonia, and lung 
abscess. Up to one third of the patients hospitalized with pneumococcal pneu-
monia experience major cardiovascular events. Diagnostic tests for pneumonia 
caused by S. pneumoniae include sputum Gram stain and culture, blood culture, 
immunochromatography, and molecular methods. The majority of patients 
with community-acquired pneumonia (CAP) are treated empirically with a 
regimen that is likely to have activity against S. pneumoniae. The choice of 
initial therapy is complicated by the emergence of antibiotic resistance among 
S. pneumoniae. The best way to prevent pneumococcal pneumonia is through 
vaccination and stabilization of underlying conditions that predispose to infec-
tion (e.g., diabetes, congestive heart failure).
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include leukocytosis with left shift. Leukopenia is found in a minority of cases 
and is associated with a poor prognosis. Severe infection may be associated 
with multiple organ dysfunction.

Chest radiogram typically reveals a homogenous lobar or segmental alveolar 
infiltrate. A small amount of pleural fluid is present in many cases. In addition 
to classic lobar infiltrate pneumococcal pneumonia can cause bronchopneu-
monia characterized by multiple opacities that tend to be patchy and/or 
confluent.

Complications
Potential complications of pneumococcal pneumonia include bacteremia with 
metastatic infection (septic arthritis, peritonitis, pericarditis, meningitis,10 
endocarditis11) and pulmonary complications of parapneumonic effusion, 
empyema, necrotizing pneumonia, and lung abscess. Risk factors for a com-
plicated course include older age, preexisting lung disease, immunodeficiency 
or AIDS, and, importantly, acquisition of another nosocomial infection. The 
risk of overwhelming pneumococcal sepsis is increased in splenectomized 
patients, because the spleen is a principal site for clearance of this bacterium.

Up to one third of the patients hospitalized with pneumococcal pneumonia 
experience major cardiovascular events. In addition to the stress, hypoxemia, 
and inflammation associated with infection, pneumolysin may play a direct 
role in injury to the myocardium.

 DIAGNOSIS
The utility of diagnostic studies to determine the etiology of community-
acquired pneumonia has been controversial because of the lack of rapid, easily 
performed, accurate, cost-effective methods that provide immediate results 
for the majority of patients at the initial evaluation by a clinician in an office 
or acute-care setting. The etiology of CAP based on standard diagnostic methods 
is identified in a minority of cases. Nevertheless, there are good reasons for 
establishing an etiological diagnosis, namely to direct antibiotic management 
for an individual patient, to facilitate management of treatment failure, and, 
by de-escalation or narrowing of antibiotic therapy, to potentially decrease 
health care costs, drug side effects, and the selection pressure for antibiotic 
resistance. Diagnostic tests for pneumonia caused by S. pneumoniae include 
sputum Gram stain and culture, blood culture, immunochromatography, and 
molecular methods.

Sputum Gram Stain and Culture
The etiologic role of S. pneumoniae can be strongly implicated by the presence 
of gram-positive lancet-shaped diplococci on sputum Gram stain (Fig. 273-1) 
and isolation by culture. A Gram stain can be confirmed as S. pneumoniae by 
the Quellung reaction in which polyvalent capsular antibodies are added to 
the bacteria and then examined microscopically; swelling and increased refrac-
tiveness of the capsule is a positive reaction.

The value of routinely performing a Gram stain of the sputum and culture 
has been debated. These tests are limited by the fact that many patients cannot 
produce a good specimen, patients often receive antimicrobial agents before 
evaluation, and many specimens give inconclusive results. An additional limi-
tation of the sputum Gram stain, especially as applied in the United States, is 
the notable decline in its use by house staff and attending physicians when 
initially evaluating patients with pneumonia. This is in part due to the Clinical 
Laboratory Improvement Act of 1988, which required that staff have credentials 
to interpret Gram stains of any specimens. Finally, outsourcing of specimens 
to laboratories outside the hospital leads to delays in processing and less direct 
communication between the microbiology laboratory and the clinician.

S. pneumoniae is recovered in a minority of sputum cultures in part because 
the organism has fastidious nutritional requirements and is often overgrown 
by contaminating oral bacteria. It is important that a good quality specimen 
be obtained for culture. A sputum specimen obtained by the examining clini-
cian at the time of initial evaluation (often having the patient sit up if possible 
and applying percussion) is much more likely to provide a good quality sample 
than having a sputum collection container placed at the bedside by other 
health care providers. To be reliable the specimen should be actual sputum 
and not saliva, and therefore on microscopic exam should have high numbers 
of polymorphonuclear cells and few epithelial cells. On a blood agar plate S. 
pneumoniae can be identified by its susceptibility to an Optochin disk.

Blood Cultures
The yield of positive blood cultures for patients admitted with CAP are low, 
with usual rates of 5 to 15% depending on severity of disease; of these, S. 
pneumoniae accounts for approximately two thirds. Because S. pneumoniae is 

 PATHOBIOLOGY
The disease manifestations of S. pneumoniae are caused primarily by the host 
response to infection rather than the production of organism-associated toxins. 
The development of pneumococcal pneumonia becomes more likely when a 
more virulent strain or the amount of aspirated pneumococci overwhelms 
the host defense system in the respiratory tract (Fig. 273-2). Innate host 
defenses, which reduce development of pneumonia, include the physiologic 
removal of bacterial, which become enveloped within mucus and eliminated 
by the action of ciliated epithelial cells of the respiratory tract. Secretory IgA 
facilitates the trapping of bacteria in mucus by binding the bacteria to mucin; 
secretory IgA protease produced by S. pneumoniae can overcome this host 
defense. In addition, the polysaccharide capsule plays a role in reducing attach-
ment to airway mucus.

S. pneumoniae resists phagocytosis in part because of the anti-phagocytic 
protection by its capsule. The virulence is directly related to the capsule. Anti-
bodies directed against the specific type of capsular polysaccharide protect 
against disease caused by that specific strain by facilitating phagocytosis of 
the organism and killing of bacteria. Patients with abnormalities related to 
antibody production (e.g., asplenia, immunoglobulin deficiencies, multiple 
myeloma, chronic lymphocytic leukemia) or to phagocytic function (e.g., 
chronic granulomatous disease, hyperimmunoglobulin E syndrome [ Job 
syndrome], myeloperoxidase deficiency, Chediak-Higashi syndrome) are 
therefore at higher risk for pneumococcal pneumonia and for worse outcomes 
when infection occurs.

 CLINICAL MANIFESTATIONS
Clinical Presentation
The onset of clinical manifestations of pneumococcal pneumonia is variable 
depending on the virulence of the strain and host response factors. Disease 
may be mild, but there is a wide range in severity, including patients with 
overwhelming sepsis in whom the mortality rate may be greater than 50%. 
Classically, the onset is abrupt with fever, chills (often shaking), cough, and 
pain (often pleuritic). However, this constellation of manifestations presents 
in only a minority of cases. The presenting manifestations overlap with those 
associated with other causes of pneumonia; thus the etiology cannot be defi-
nitely established on the basis of clinical characteristics alone. Older patients 
may present with delirium as an initial manifestation. Other symptoms include 
vomiting, diarrhea, myalgias, and arthralgias. Patients with pneumococcal 
pneumonia often appear anxious. Most with pneumococcal pneumonia have 
fever; hypothermia is associated with increased mortality. In addition to fever, 
most patients have tachycardia, and tachypnea and shallow breathing is often 
present.

After the initial presentation, increasing systemic toxicity associated with 
hypoxia often follows. Auscultatory findings of crackling rales and bronchial 
breath sounds are localized to the involved segment or lobe. Confusion, obtun-
dation, and stiff neck should lead to consideration of meningitis. The classic 
description of the sputum in lobar pneumococcal pneumonia is “rusty,” due 
to mixed blood cells and hemoglobin in the sputum. Laboratory abnormalities 

A B

FIGURE 273-2. Pneumonia. A, Low-power magnification (×100) of hematoxylin and 
eosin (H&E) stain of tissue section from the left lower lobe of the lung. Note the intact 
alveolar walls and alveoli filled with edema and thick cellular exudates. B, Higher mag-
nification (×500) H&E stain of the same section shown in A. Note the heavy infiltrate of 
polymorphonuclear cells and the intact alveolar walls. 
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Microaspiration is the most common mechanism through which the pneu-
mococcus that may colonize the pharynx reaches the lung. Hematogenous 
spread from a distant infected site, direct spread from a contiguous focus, and 
macroaspiration are other mechanisms whereby S. pneumoniae may gain access 
to the lung.

Once the pneumococcus reaches the alveoli, various components of the 
bacteria stimulate an inflammatory response. Teichoic acid, peptidoglycan 
fragments, and pneumolysin lead to mobilization of an inflammatory response 
by activating the complement pathways. In addition, cytokines such as inter-
leukin and tumor necrosis factor are produced, leading to further migration 
of inflammatory cells and fluid in the alveoli resulting in fever, tissue damage, 
and other characteristic manifestations of pneumonia. Phosphorylcholine 
within the bacterial cell wall can attach to receptors of platelet activating factor, 
which enables the bacteria to enter tissue cells and be protected from phago-
cytosis; this also facilitates access to the vascular system, resulting in 
bacteremia.



CHAPTER 273 STREPTOCOCCUS PNEUMONIAE INFECTIONS1870

usually considered to be a likely pathogen, positive blood culture results have 
not clearly led to better outcomes or improvements in antibiotic selection. 
However, blood cultures can be valuable because, when positive, the microbial 
etiology is established, this may be the only diagnostic test performed, and it 
provides valuable information for tracking resistance data and evaluating sero-
types for vaccine strategies. In part because of the relatively low yield in patients 
with CAP admitted to the general ward, the 2007 IDSA/ATS consensus 
guidelines recommend blood cultures for hospitalized patients with specific 
indications, including all patients who require admission to the intensive care 
unit for CAP, and consider them optional for other patients. Indications include 
cavitary infiltrates, leukopenia, active alcohol use, chronic severe liver disease, 
asplenia, positive pneumococcal urinary antigen, and large pleural effusion.

Immunochromatography
Urinary antigen tests are particularly attractive for detecting pneumococcal 
pneumonia when cultures cannot be obtained in a timely fashion or when 
antibiotic therapy has already been initiated. In serial specimens from known 
bacteremic cases, the pneumococcal urinary antigen detected by immuno-
chromatographic assay was still positive in 83% of cases after 3 days of therapy. 
Studies in adults have shown a sensitivity of 50 to 80% and specificity exceed-
ing 90%.12

Molecular Assays
Molecular assays for S. pneumoniae include nucleic acid amplification tech-
niques, such as PCR and DNA hybridization. PCR is an attractive diagnostic 
tool for rapid diagnosis because it does not rely on bacterial growth or the 
viability of the organism. The interpretation of sputum PCR tests is compli-
cated by the difficulty in differentiating between pneumococcal colonization 
and true infection. Multiplex PCR assays that include detection of S. pneumoniae 
from respiratory specimens are presently under late stage development.

TABLE 273-1 ANTIMICROBIAL THERAPY FOR 
PNEUMOCOCCAL PNEUMONIA

PREFERRED 
ANTIMICROBIALS

ALTERNATIVE 
ANTIMICROBIALS

ORAL AGENTS
Penicillin 

susceptible 
(MIC 
≤0.06 µg/mL*

Amoxicillin; penicillin Oral cephalosporins 
(cefpodoxime; cefdinir; 
cefditoren; cefuroxime);

Oral macrolides if susceptible 
in vitro†

Clindamycin; doxycycline
Respiratory fluoroquinolones 

(levofloxacin, moxifloxacin, 
gemifloxacin)

Penicillin 
resistant*

Fluoroquinolone; high-dose 
amoxicillin (3 g/day)

Clindamycin; linezolid; newer 
agents¶

INTRAVENOUS 
AGENTS

Third generation 
cephalosporin (ceftriaxone, 
cefotaxime); ceftaroline§; 
penicillin‡; ampicillin‡

Fluoroquinolones; 
vancomycin; clindamycin; 
linezolid; broad-spectrum 
β-lactams‖; tigecycline

*Based on nonmeningitis breakpoint for oral penicillin; parenteral penicillin nonmeningitis 
breakpoint is ≤ 2.0 µg/mL; if concern for meningitis breakpoint for susceptible isolates is  
0.06 µg/mL.
†High rate of resistance in U.S. and not recommended for empirical therapy without knowledge of 
the susceptibility results.
‡High dose (≥18 million units of penicillin or 12 g of ampicillin likely to be effective for most strains 
with elevated MICs).
§Ceftaroline more potent for S. pneumoniae than the third-generation cephalosporin (3rd gen Ceph) 
and often active even if resistance to 3rd Gen Ceph.
‖piperacillin/tazobactam, cefepime, ceftazidime, ertapenem, imipenem, meropenem.
¶Other antimicrobials in development.

Overview
Antibiotic therapy for community-acquired pneumonia (CAP) is typically 

begun on an empiric basis because the causative organism is not identified in 
an appreciable proportion of patients (Chapter 91).13 Antibiotics should be 
started as soon as possible once the diagnosis of CAP is considered likely and 
before leaving the emergency department or clinic. The majority of patients 
with CAP are treated empirically with a regimen that is likely to have activity 
against S. pneumoniae. However, when S. pneumoniae is identified by Gram 
stain and sputum culture, blood culture, pneumococcal urinary antigen, or 
molecular methods, narrowing therapy to target this organism should be based 
on available susceptibility data. The choice of initial therapy is complicated by 
the emergence of antibiotic resistance among S. pneumoniae.14 Risk factors for 
drug-resistant S. pneumoniae (DRSP) in adults include:
•	 Age	greater	than	65	years
•	 β-Lactam, macrolide, or fluoroquinolone therapy within the past three to 

six months (an antimicrobial agent from an alternative class is preferred for 
a patient who has recently received one of these agents)

•	 Alcoholism
•	 Medical	comorbidities
•	 Immunosuppressive	illness	or	therapy
•	 Exposure	to	a	child	in	a	daycare	center
•	 Exposure	 to	 the	 health	 care	 setting	 such	 as	 from	prior	 hospitalization	 or	

from residence in a long-term care facility
Available data suggest that the impact of drug-resistant S. pneumoniae varies 

with antibiotic class and possibly with specific agents within a class.15,16

β-Lactam Resistance
Most studies suggest that current levels of β-lactam resistance do not cause 

treatment failures for patients with CAP when appropriate agents (i.e., amoxicil-
lin, ceftriaxone, cefotaxime) and doses are used. However, therapy with cefu-
roxime has been associated with higher mortality rates in patients with bacteremic 
pneumococcal pneumonia.

Macrolide Resistance
In a global surveillance study of 1713 isolates of S. pneumoniae in 2014, 

37.6%	were	resistant	to	azithromycin.18 In a study from the same group in 2014 
of	 1926	 pneumococcal	 isolates	 from	 adults	 in	 the	United	 States,	 43%	were	
erythromycin	 resistant,	with	 20%	having	 high-level	 resistance	 (MIC	>16	µg/
mL). Because the overall prevalence of macrolide-resistant S. pneumoniae is 
high in many parts of the world, including the United States, many experts 
recommend that a macrolide not be used as empiric monotherapy in such  
areas.

TREATMENT 
Fluoroquinolone Resistance

Although the United States prevalence rate of pneumococcal resistance to 
the newer fluoroquinolones (levofloxacin, moxifloxacin) remains low (below 
3%),	the	rate	of	resistance	has	increased	markedly	in	some	countries.	The	admin-
istration of fluoroquinolones for CAP in patients with tuberculosis (TB) has 
been associated with a delay in diagnosis, increase in resistance, and poor 
outcomes; clinicians should perform appropriate diagnostic tests before pre-
scribing fluoroquinolones to patients who are at risk for or have signs of TB.

Antibiotic Selection
In vitro activity for S. pneumoniae of frequently used antimicrobials is shown 

in E-Table 273-1. Recommendations for antimicrobial therapy of CAP to include 
effective coverage for S. pneumoniae are included in Table 273-1.

The selection of antimicrobials for suspected or confirmed pneumococcal 
pneumonia depends on site of care. Oral agents can usually be used for out-
patient	therapy.	Most	hospitalized	patients	are	initially	treated	with	an	intra-
venous regimen. However, many patients without risk factors for severe 
pneumonia can be treated with oral therapy, especially with highly bioavailable 
agents such as the respiratory fluoroquinolones (levofloxacin, moxifloxacin, 
gemifloxacin). Additional factors that may affect the choice of antimicrobial 
regimen include the potential for inducing antimicrobial resistance, pharma-
cokinetic and pharmacodynamic properties, safety profile, and cost. In addition, 
if a patient has received an antimicrobial agent within the past 3 months there 
is greater likelihood of the causative strain of S. pneumoniae being resistant to 
that agent and an antimicrobial agent from an alternative class is preferred.

For patients with CAP who require admission to the hospital combination 
therapy with a β-lactam plus a macrolide or monotherapy with a respiratory 
fluoroquinolone are generally of comparable efficacy. However, the severity of 
adverse effects (including the risk for C. difficile infection) and the risk of selec-
tion	for	resistance	in	colonizing	organisms	are	generally	thought	to	be	greater	
with fluoroquinolones. Furthermore, many observational studies have suggested 
that β-lactam plus macrolide combination regimens are associated with better 
clinical outcomes in patients with severe pneumococcal pneumonia, possibly 
due to the immunomodulatory effects of macrolides.,

 A1 
,
 A2 

Penicillin Allergy
For penicillin-allergic patients, the type and severity of reaction should be 

assessed. Individuals with a past reaction to penicillin that was mild (not Stevens/
Johnson syndrome, toxic epidermal necrolysis, or drug reaction with eosinophilia 
and systemic symptoms [DRESS]) and did not have features of an IgE-mediated 
reaction can receive a broad-spectrum (third- or fourth-generation) cephalo-
sporin or carbapenem safely. For penicillin-allergic patients, if a skin test is 
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E-TABLE 273-1 IN VITRO ACTIVITY OF COMMON ANTIMICROBIAL AGENTS AGAINST S. PNEUMONIAE (PART OF A GLOBAL 
SURVEILLANCE PROGRAM*)

MIC50 (μG/ML) MIC90 (μG/ML) % SUSCEPTIBLE† % INTERMEDIATE† % RESISTANT†

Azithromycin 0.12 >32 62.2 0.2 37.6

Clindamycin ≤0.25 >2 79.8 1.1 19.2

Amoxicillin-clavulanate ≤1 4 89.4 3.4 7.2‡

Penicillin ≤0.06 2 61.5
61.5
93.4

24.2
—
5.9

14.4§

38.5‖
1.1¶

Ceftriaxone ≤0.06 1 80.7
92.1

11.4
6.8

7.9‖
1.1¶

Ceftaroline ≤0.015 0.12 100**

Linezolid 1 1 100
Moxifloxacin ≤0.12 0.25 98.7 0.9 0.4

Tetracycline ≤0.5 >8 73 0.6 26.4

TMP-SMX ≤0.5 >4 66 11.2 22.9

Vancomycin 0.25 0.5 100
*Modified from reference 18.
†According to Clinical and Laboratory Standards Institute breakpoints
‡Using nonmeningitis (e.g., pneumonia) breakpoints
§Using oral breakpoints
‖Using parenteral meningitis breakpoints
¶Using parenteral nonmeningitis (e.g., pneumonia) breakpoints
**From Sader HS, et al. Antimicrob Agents Chemother. 2015; 2458-61.

Macrolide resistance occurs via two major mechanisms: methylation of a 
ribosomal target encoded by the erm gene and efflux of the macrolides by cell 
membrane protein transporter, encoded by the mef gene. S. pneumoniae strains 
with mef are often resistant at a lower minimal inhibitory concentration (MIC 
generally	1	to	16	µg/mL) than erm strains (high-level resistance). There is an 
increased risk of macrolide-treatment failure in patients with CAP due to a 
macrolide-resistant S. pneumoniae. This effect is independent of the underlying 
resistance mechanism or of the degree of elevation of erythromycin MIC. In 
contrast,	a	retrospective	study	of	643	patients	hospitalized	for	pneumococcal	
pneumonia in Spain found there were no differences in clinical outcomes for 
patients with macrolide-susceptible versus macrolide-resistant isolates on S. 
pneumoniae; however, very few patients were treated with macrolide mono-
therapy, and the majority were treated with regimens that would be effective 
against macrolide-resistant strains (e.g., a fluoroquinolone or combination 
therapy that included a β-lactam).17



 PROGNOSIS
The mortality rate for pneumococcal pneumonia varies by severity at presenta-
tion and host factors, ranging from 5 to 50%. Factors associated with increased 
mortality include older age, severity of disease, requirement for ventilation, 
shock, bilateral disease, amount and degree of underlying conditions, and 
renal failure.

 PREVENTION
The best way to prevent pneumococcal pneumonia is through vaccination 
and stabilization of underlying conditions that predispose to infection (e.g., 
diabetes, congestive heart failure).

There are two types of pneumococcal vaccine recommended for adults: a 
pneumococcal conjugate vaccine (PCV13) and a pneumococcal polysaccharide 
vaccine (PPSV23). The conjugate vaccine contains antigens for 13 serotypes 
and is more immunogenic A7  whereas the polysaccharide contains antigens of 
23 serotypes.

Adults are recommended to receive 1 dose of PCV13 and 1, 2, or 3 doses of 
PPSV23 depending on indication (Chapter 15). All patients older than 65 years 
of age or who have immunocompromising conditions (e.g., HIV, immunosup-
pressive therapy, cancer chemotherapy) should receive PCV13. Patients with 
underlying conditions (e.g., chronic heart or lung disease, diabetes) should 

receive PPSV23 until age 65 and then receive PCV13. When both PCV13 and 
PPSV23 are indicated, PCV13 should be administered first. If PPSV23 has 
previously been administered, PCV13 should be administered at least 1 year 
after PPSV23. When two or more doses of PPSV23 are indicated, the interval 
between PPSV23 doses should be at least 5 years. Supplemental information 
on pneumococcal vaccine timing for adults aged 65 years or older and adults 
aged 19 years or older at high risk for pneumococcal disease is available at 
www.cdc.gov/vaccines/vpd/pneumo/downloads/pneumo-vaccine-timing.pdf.

Influenza vaccine also reduces pneumococcal pneumonia because by reduc-
ing the morbidity of acute influenza the incidence of post-influenza bacterial 
pneumonia is lessened.

In addition to immunization, another consideration to lessen the burden 
of pneumococcal pneumonia is reducing the impact of comorbid conditions. 
Conditions associated with pneumococcal pneumonia include chronic pul-
monary disease, chronic heart failure, diabetes, malnutrition, and swallowing 
disorders which increase the risk of aspiration. In addition to predisposing to 
infection, these conditions significantly worsen the outcome of pneumococcal 
pneumonia. Interventions to more intensively control such conditions should 
be employed. Because poor oral/dental hygiene is associated with increased 
bacterial colonization of oral secretions, attempts to improve dental hygiene 
may reduce the infectious consequences of aspiration. The relatively simple 
act of daily teeth brushing may help prevent pneumococcal pneumonia.

positive or if there is significant concern to warrant avoidance of a cephalosporin 
or carbapenem, an alternative regimen should be given.

Clinical Response to Therapy
With appropriate antibiotic therapy, some improvement in the patient’s clini-

cal course is usually seen within 48 to 72 hours. Although a clinical response 
to appropriate antibiotic therapy is seen relatively quickly, the time to resolution 
of all symptoms and radiographic findings is more prolonged. With pneumo-
coccal pneumonia, for example, the cough usually resolves within eight days, 
and auscultatory crackles clear within three weeks. Patients who do not dem-
onstrate some clinical improvement within 72 hours are considered nonre-
sponders. Most common causes include severe disease, initial discordant therapy 
of resistant strains, extrapulmonary infection such as empyema, metastatic 
infection, instability of comorbid conditions, and noninfectious cause (pulmo-
nary embolism, carcinoma, drug toxicity, immunologic disorder). Patients with 
bacteremic pneumococcal have higher in-hospital mortality and longer length 
of hospital stay.19

Duration of Therapy
The recommended duration for patients with good clinical response within 

the first two to three days of therapy is five to seven days total. Before stopping 
therapy, the patient should be afebrile for 48 to 72 hours, breathing without 
supplemental oxygen (unless required for preexisting disease), and have no 
more than one clinical instability factor (defined as HR >100 beats/min, RR >24 
breaths/min, and SBP ≤90 mm Hg). A longer duration is needed for more com-
plicated infections (e.g., empyema, extrapulmonary infection such as meningitis, 
endocarditis, septic arthritis).

The use of the serum biomarker procalcitonin (PCT) has been used as an 
aid in determining duration of antimicrobial therapy for CAP. PCT is a peptide 
precursor of calcitonin that is released by parenchymal cells in response to 
bacterial toxins and certain bacterial-specific proinflammatory mediators (e.g., 
interleukin [IL]-1β, tumor necrosis factor-α,	and	IL-6),	leading	to	elevated	serum	
levels in patients with bacterial infections. PCT shows a prompt increase upon 
initial	infection	within	6	to	12	hours	and	decreases	rapidly	when	the	bacterial	
infection is controlled by the host immune system and antimicrobial therapy. 
In contrast, PCT is downregulated in patients with viral infections because of 
release by cytokines typically associated with viral infections (interferon-γ). 
Serum PCT has been studied prospectively to facilitate the decision of whether 
to use antibacterial therapy A3  and the duration of treatment in patients with 
pneumonia. A4  PCT guidance has led to substantial reduction in duration of 
antibiotic use.

Adjunctive Therapy: Corticosteroids
Corticosteroids may be beneficial for serious pneumococcal pneumonia on 

the basis of a number of studies and meta-analyses. A5 
 
 A6  The rationale for giving 

glucocorticoids	 as	 adjunctive	 therapy	 to	 antibiotics	 in	 hospitalized	 patients	
with CAP is to reduce the inflammatory response to pneumonia, which is likely 
to contribute to the morbidity of the disease. Patients most likely to benefit 
are those with severe infection (i.e., requiring intensive care unit admission) 
and associated with a high systemic inflammatory response. The potential 
advantage of adjunct corticosteroid therapy needs to be balanced against pos-
sible adverse effects such as hyperglycemia and an increase in CAP-related 
readmissions.20
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4. A 70-year-old patient with chronic heart disease is admitted with community-
acquired pneumonia. S. pneumoniae is isolated from sputum culture. Which 
of the following is least likely to be active in vitro against the isolate of  
S. pneumoniae?
 A. Amoxicillin
 B. Ceftriaxone
 C. Azithromycin
 D. Levofloxacin

Answer: C In the United States and many parts of the world, the rate of 
macrolide-resistant S. pneumoniae is approximately 40%. The resistant rates 
for the other antimicrobials listed for treatment of pneumonia is less than 
10%.

5. The recommended duration of antimicrobial therapy for a patient with 
pneumococcal pneumonia who has reached clinical stability within the 
first two to three days of therapy is:
 A. 5-7 days total.
 B. 7-10 days total.
 C. 10-14 days total.
 D. 14-21 days total.

Answer: A The recommended duration for patients with good clinical response 
within the first two to three days of therapy is five to seven days total. Longer 
therapy is unwarranted and can result in unnecessary cost, increased rate of 
adverse effects, and potential for selection of antimicrobial resistance. A longer 
duration is needed for more complicated infections (e.g., empyema, extrapul-
monary infection such as meningitis, endocarditis, septic arthritis).

REVIEW QUESTIONS

1. A 65-year-old male is admitted with community-acquired pneumonia. 
Blood culture is positive for S. pneumoniae. Which of the following is the 
major virulence factor for this infection?
 A. Pneumolysin
 B. IgA protease
 C. Exotoxin
 D. Polysaccharide capsule
 E. Phosphorylcholine within the bacterial cell

Answer: D The major virulence factor for pneumococcal pneumonia is the 
polysaccharide capsule of the bacteria. The polysaccharide capsule covers the 
organism and inhibits phagocytosis. Pneumolysin is also a significant but less 
major virulence factor, which causes damage to host cells and interferes with 
host immunity. Other less significant but important bacterial factors include 
IgA protease, which reduces the trapping of bacteria in mucus, and phosphor-
ylcholine, which enhances bacteremia. S. pneumoniae does not produce an 
exotoxin.

2. The most common mechanism by which the pneumococcus reaches the 
lung to cause pneumonia is by:
 A. Microaspiration of oropharyngeal secretions
 B. Inhalation of air droplets containing the organism
 C. Direct spread from a contiguous focus
 D. Seeding from bacteremia

Answer: A S. pneumoniae is predominantly spread from direct person-to-
person contact via airborne droplets. After transmission the organism com-
monly colonizes the nasopharynx from which it can spread to the lungs 
predominantly by microaspiration of oropharyngeal secretions. The other 
mechanisms listed occur much less commonly.

3. Which of the following factors is most likely implicated to play a direct 
role in injury to the myocardium of patients hospitalized with pneumococ-
cal pneumonia?
 A. Polysaccharide capsule
 B. Exotoxin
 C. Pneumolysin
 D. Anticardiac enzymes

Answer: C Up to one third of the patients hospitalized with pneumococcal 
pneumonia experience major cardiovascular events. In addition to the stress, 
hypoxemia, and inflammation associated with infection, recent evidence indi-
cates that pneumolysin may play a direct role in injury to the myocardium. 
The capsule is not implicated in cardiac events. S. pneumoniae does not produce 
an exotoxin or anticardiac enzymes.
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274 
NONPNEUMOCOCCAL STREPTOCOCCAL 
INFECTIONS AND RHEUMATIC FEVER
DENNIS L. STEVENS, AMY E. BRYANT, AND  
MELISSA M. HAGMAN

 CLASSIFICATION AND IDENTIFICATION  
OF STREPTOCOCCI

Streptococci are gram-positive facultatively anaerobic, catalase-negative coccoid 
bacteria that grow in chains and colonize the skin and mucous membranes. 
When grown on blood agar plates, they may result in complete (β), incomplete 
(α), or no (γ) hemolysis. Using the Lancefield classification, hemolytic strep-
tococci can be categorized into types A through G based on acid-extractable 
carbohydrate antigens of cell wall material. More modern classification schemes 
categorize hemolytic and nonhemolytic streptococci using modern biochemi-
cal and genetic techniques.
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ABSTRACT
The major pathogenic β-hemolytic streptococci are group A (Streptococcus 
pyogenes) and group B (Streptococcus agalactiae). S. pyogenes causes an array 
of clinical infections ranging from pharyngitis, superficial skin infections to 
deep soft tissue infections and toxic shock syndrome. Postinfectious sequelae 
include rheumatic fever and post-streptococcal glomerulonephritis. Penicillin 
remains the drug of first choice for treatment of S. pyogenes infection. Cepha-
losporins are a reasonable alternative. Clindamycin should be used in addition 
to penicillin in serious group A streptococcal infection due to the ability of 
clindamycin to prevent production of exotoxins that mediate the clinical mani-
festations of disease. S. agalactiae causes infection in neonates, pregnant women, 
and nonpregnant adults, especially the elderly and those with diabetes and 
other underlying medical disease. In adults, the most common manifestations 
of group B streptococcal disease are soft tissue infection, osteomyelitis, and 
septic arthritis. Treatment is with penicillin. Although most of this chapter is 
dedicated to discussing group A streptococci, group B streptococci, and the 
clinical diseases they cause, the remainder of the chapter includes discussions 
of Streptococcus dysgalactiae subspecies equisimilis (Group C and G streptococ-
cus), viridans group streptococcus (no Lancefield group), and zoonotic strep-
tococci (various Lancefield groups).
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TABLE 274-1 MODIFIED CENTOR CLINICAL DECISION RULE 
FOR DIAGNOSING GROUP A STREPTOCOCCAL 
PHARYNGITIS IN CHILDREN AND ADULTS

STEP 1—CALCULATE MODIFIED CENTOR SCORE

DIAGNOSTIC CRITERIA POINTS
Temperature >38° C +1
Absence of cough +1
Swollen, tender anterior cervical lymph nodes +1
Tonsillar swelling or exudate +1
Age 3-14 years +1
Age >44 years −1
STEP 2—DETERMINE SUGGESTED MANAGEMENT

SCORE

RISK FOR 
STREPTOCOCCAL 

INFECTION

RAPID ANTIGEN 
TESTING AND/OR 

CULTURE ANTIBIOTICS
≤0 1-2.5% No No
1 5-10%
2 11-17% Yes If testing positive
3 28-35%
≥4 51-53% No Yes, empiric
Adapted from: McIsaac WJ, Kellner JD, Aufricht P, Vanjaka A, Low DE. Empirical validation of 
guidelines for the management of pharyngitis in children and adults. JAMA. 
2004;291(13):1587-1595.

pain, swelling, and fever of acute pharyngitis usually resolve spontaneously 
in 3 to 6 days. However, depending on the infecting strain, pharyngitis also 
can progress to suppurative head and neck infections, scarlet fever, bacteremia, 
rheumatic fever, or post-streptococcal glomerulonephritis. Streptococcal toxic 
shock syndrome is an uncommon sequela of symptomatic pharyngitis.

Although S. pyogenes is the most common cause of acute pharyngitis (20 
to 40% of pediatric cases and 5 to 15% of adult cases), definitive diagnosis is 
difficult on purely clinical parameters. Even in older children or adolescents 
who have all the typical physical findings of streptococcal pharyngitis, the 
clinical diagnosis is correct in only about 75% of patients. The modified Centor 
score was designed to assist with diagnosis and to help reduce unnecessary 
use of antibiotics and streptococcal testing (Tables 274-1 and 401-2). If any 
one of the classic signs is absent, the likelihood of streptococcal pharyngitis 
is greatly reduced. Several societies suggest avoiding streptococcal testing and 
antibiotics if the modified Centor score is 0 or 1.4 Providers can generally 
avoid testing in children younger than 3 years because of low rates of strep-
tococcal infection complications in this age group.

Throat swabs for culture of S. pyogenes remain the diagnostic “gold standard.” 
Rapid site-of-care antigen tests have sensitivities of 58 to 96%. Consistent 
with Infectious Diseases Society of America guidelines, a popular approach 
is to obtain two throat swabs from the tonsillar surface or posterior pharynx. 
Point-of-care polymerase chain reaction (PCR) testing may prove to be more 
accurate but still misses some culture-confirmed cases.5 If a rapid streptococcal 
antigen test is positive on the first swab, the patient should be treated with 
antibiotics, and the second swab can be discarded. If the rapid test is negative 

FIGURE 274-1. Acute streptococcal pharyngitis. pus is present in the tonsillar crypts, 
and some palatal petechiae are seen. (from forbes cd, Jackson Wf. Color Atlas and Text 
of Clinical Medicine. 3rd ed. london: mosby; 2003.)

The major pathogenic β-hemolytic streptococci are group A (Streptococcus 
pyogenes) and group B (Streptococcus agalactiae). Although most of this chapter 
is dedicated to discussing these two pathogens and the clinical diseases that 
they cause, the remainder of the chapter includes discussions of Streptococcus 
dysgalactiae subspecies equisimilis (groups C and G streptococcus), viridans 
group streptococcus (no Lancefield group), and zoonotic streptococci (various 
Lancefield groups).

 Streptococcus Pyogenes (Group A Streptococcus)
 DEFINITION

S. pyogenes contains Lancefield group A antigen on the cell surface and thus 
is referred to as group A streptococcus. Group A streptococci are the most 
significant of the streptococcal human pathogens and cause an array of clinical 
infections ranging from pharyngitis, superficial skin infections, deep soft tissue 
infections, and toxic shock syndrome. Postinfectious sequelae include rheu-
matic fever, post-streptococcal glomerulonephritis, and reactive arthritis.1

 EPIDEMIOLOGY
Human beings are the only known hosts for S. pyogenes. All group A strepto-
coccal infections are more common in children younger than 10 years. The 
asymptomatic prevalence of the group A streptococcus carrier state is also 
higher in children (15 to 20%) than in adults (<5%). In addition to age, group 
A streptococcus epidemics are also associated with crowded conditions during 
the winter months in temperate climates. Per recent estimates from the U.S. 
Centers for Disease Control and Prevention (CDC), the incidence of invasive 
S. pyogenes infections in the United States in 2015 was 4.8 cases per 100,000 
population per year.

 PATHOBIOLOGY
The natural reservoirs for S. pyogenes are mucous membranes and skin. Group 
A streptococci adhere to host epithelium through complex interactions involv-
ing streptococcal factors such as M protein, lipoteichoic acid, fibronectin-
binding protein, and fimbriae.2 Although streptococci must adhere to the 
epithelium to cause most infections, such adherence is not sufficient to cause 
disease because patients may not develop symptomatic infection despite pro-
longed asymptomatic carriage of group A streptococcus.

The mode of transmission and portal of entry are usually obvious in clinical 
streptococcal infections. Pharyngeal and group A streptococci are transmitted 
from person to person through aerosolized microdroplets, and cutaneous 
acquisition is typically by direct contact. Epidemics of pharyngitis and scarlet 
fever can also be caused by the consumption of contaminated food or unpas-
teurized milk. Group A streptococcus infections frequently are seen during 
childbirth (puerperal sepsis), after surgery or burns (wound infection), and 
in war settings (epidemic gangrene)—thus, in most clinical streptococcal 
infections. In contrast, among patients with streptococcal toxic shock syndrome, 
the portal of entry is obvious in only 50% of cases.

Streptococci evade opsonophagocytosis through expression of antiphago-
cytic M protein, by use of immunoglobulin binding protein, by formation 
of a hyaluronic acid capsule, and/or by production of a C5a peptidase that 
destroys or inactivates complement-derived chemoattractants and opsonins.3 
At the focus of infection, the cytotoxic exotoxin streptolysin O (SLO) destroys 
approaching phagocytes. Distal to the infection, lower concentrations of SLO 
stimulate hyperadhesion of polymorphonuclear leukocytes to endothelial cells, 
thereby effectively preventing a tissue inflammatory response and promoting 
vascular damage. In a nonimmune host, SLO, streptococcal pyrogenic exo-
toxins (SPEs) A, B, C, MF, and SSA, and other streptococcal components 
drive the “cytokine storm” that causes hypotension and vascular leukosta-
sis, thereby resulting in microvascular injury, shock, multiorgan failure, and  
even death.

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Pharyngitis
Pharyngitis is the most common S. pyogenes infection, with peak incidence 
in children aged 5 to 15 years. Infection is characterized by an abrupt onset 
of fever, sore throat, and submandibular adenopathy. Chilliness is common, 
but frank rigors are unusual. Most patients report pain on swallowing, but 
cough and hoarseness are rare. On physical examination, the uvula is edema-
tous, the tonsils are typically hypertrophied, the palate may have petechia, 
and the pharynx is usually erythematous with a punctate or confluent exudate 
(Fig. 274-1).

Acute pharyngitis induces antibodies against M protein, SLO, DNase, hyal-
uronidase, and if present, pyrogenic exotoxins. Even without treatment, the 
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 NICOTINE ADENINE DINUCLEOTIDASE (NADASE)
Since the mid-1980s, the incidence of invasive group A streptococcal infec-
tions has increased. Recent studies have shown a high correlation of NADase 
production among group A streptococcus strains that have been isolated from 
patients during this time, which correlates with the epidemiologic emergence/
re-emergence of necrotizing fasciitis and streptococcal toxic shock syndrome. 
In neutrophils, NADase impairs chemotaxis and changes the respiratory burst 
activity.

 PYROGENIC EXOTOXINS
SPE types A, B, and C are also called scarlatina or erythrogenic toxins. These 
exotoxins act as superantigens that induce lymphocyte blastogenesis and fever, 
suppress antibody synthesis, and potentiate endotoxin-induced shock. Pyro-
genic exotoxins and some M protein fragments are initially able to interact 
with certain Vβ regions of the T-cell receptor despite the absence of classic 
antigen processing by antigen-presenting cells (E-Fig. 274-1). This interaction 

 HYALURONIDASE
Hyaluronidase hydrolyzes hyaluronic acid in deeper tissues, where it facilitates 
the spread of infection along fascial planes. Antihyaluronidase titers rise after 
S. pyogenes infection, especially skin infections.

 DEOXYRIBONUCLEASES A, B, C, AND D
Following either pharyngeal and skin infection, the expression of deoxyribo-
nucleases (DNases) stimulates the production of anti-DNase antibody, especially 
the DNase B seen with group A streptococci. DNases can also contribute to 
the production of cytokines, but their importance in this setting is unclear.

 STREPTOLYSIN S
Streptolysin S is a cell-associated hemolysin that does not diffuse into the agar 
media. It has been difficult to purify and characterize this protein, and its only 
pathogenetic role may be in direct or contact cytotoxicity.

 STREPTOLYSIN O
SLO belongs to a family of highly homologous oxygen-labile, cholesterol-
dependent cytolysins. These cytotoxins cause the broad zone of complete 
β-hemolysis that surround colonies of S. pyogenes grown on blood agar plates. 
As the name implies, cholesterol-dependent cytolysins bind to cholesterol on 
eukaryotic cell membranes, where they create toxin-cholesterol membrane 
pores that, at high doses, cause cell lysis through a colloid-osmotic mechanism. 
Sublytic doses stimulate cardiac cell dysfunction, leukocyte granule release, 
and intravascular leukostasis and blood flow occlusion. Anti-SLO titers are 
used clinically to detect recent group A streptococcus infection and to aid in 
diagnosis of post-streptococcal syndromes such acute rheumatic fever and 
post-streptococcal glomerulonephritis. When the serum cholesterol level is 
high, as in the nephrotic syndrome, the anti-SLO titer may be falsely elevated.

 HYALURONIC ACID CAPSULE
Some strains of S. pyogenes have hyaluronic acid capsules. These capsules, 
which bind to CD44 on epithelial cells and serve as antiphagocytic factors, 
are important in pharyngitis, soft tissue infection, and invasive disease.

 CELL WALL, LIPOTEICHOIC ACID, FIBRONECTIN-BINDING PROTEIN 
(PROTEIN F), AND FIMBRIAE
Many different factors help group A streptococci adhere to host epithelial 
cells. Integral lipoteichoic acid components of the cell wall mediate hydro-
phobic interactions between pathogen and host cells. Fibronectin-binding 
protein (protein F) promotes binding to the host cell extracellular matrix. 
Fimbriae, flexible rods that protrude up to 3 μm from the bacterial cell surface, 
mediate adherence to epithelial cells and promote microcolony and biofilm 
formation.
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E-FIGURE 274-1. Superantigen-induced production of tumor necrosis factor-α (TNF-
α) and lymphotoxin (TNF-β) by peripheral blood mononuclear cells. A, Superantigens 
induce human monocytes to produce tNf-α; however, it is unclear whether such produc-
tion results solely from direct stimulation of the monocyte by the superantigen. B, In 
mixed mononuclear cell populations, superantigens stimulate tNf-α synthesis in monocytes 
and, by binding to specific vβ regions of the t-cell receptor, induce the synthesis of tNf-β 
from t-cells. C, the t-cell response to superantigen stimulation includes the production 
of interleukin-2 (Il-2), which results in clonal proliferation with concordant production 
of interferon-γ (IfN-γ) and tNf-β. IfN-γ can then amplify monocyte synthesis of tNf-α, 
Il-1, and Il-6. (from Stevens dl, Bryant ae, hackett Sp. Sepsis syndromes and toxic shock 
syndromes: concepts in pathogenesis and a perspective of future strategy. Current Opin 
Infect Dis. 1993;6[3]:374-383.)

 M PROTEINS
More than 80 different M protein serotypes of group A streptococci are cur-
rently known. The M protein is a coiled-coil structure that consists of four 
regions of repeating amino acids (A to D), a proline/glycine-rich region that 
intercalates the protein into the bacterial cell wall, and a hydrophobic mem-
brane anchor. Region A, which is near the N terminus, is highly variable; 
antibodies to this region confer type-specific protection by overcoming the 
antiphagocytic properties of the protein. The more conserved B to D regions 
bind complement regulatory proteins, sterically inhibiting antibody binding 
and complement-derived opsonin deposition and effectively camouflaging 
the organism against humoral immune surveillance. The quantity of M protein 
that is produced by an infecting strain decreases progressively during prolonged 
asymptomatic carriage and during convalescence after an infection.

results in massive clonal T-lymphocyte proliferation as well as stimulation of 
macrophages. Thus, streptococcal toxic shock syndrome causes watershed 
production of lymphokines (tumor necrosis factor-β [TNF-β], interferon-γ, 
and interleukin-2 [IL-2-) and monokines (TNF-α, IL-1, and IL-6) that results 
in the “cytokine storm,” which in turn mediates shock and organ dysfunction. 
Five other group A streptococcus superantigens, including streptococcal supe-
rantigen (SSA) and mitogenic factor (MF), may also play a role in the patho-
genesis. In addition, SPE type B, which is a cysteine protease, may contribute 
to the pathogenesis of necrotizing fasciitis and shock by means of its ability 
to cleave pre-IL-1β into active IL-1β.
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neonates. The exceptions to these extremes of age are individuals with par-
enteral injection of illicit drugs and otherwise healthy middle-aged adults who 
develop bacteremia as part of a necrotizing soft tissue infection or streptococcal 
toxic shock syndrome. Uncomplicated bacteremia is treated with penicillin.

Puerperal Sepsis
Patients with S. pyogenes puerperal sepsis typically present with fever, abdominal 
pain, and hypotension without tachycardia or leukocytosis. Maternal mortality 
is highest when infection occurs within 4 days of delivery or during the late 
third trimester. The incidence is approximately six cases per 100,000 live births, 
and the case-fatality rate is about 3.5%. In the 1850s in Europe and the United 
States, nosocomial transmission was the rule. In modern times, nosocomial 
transmission still occurs, but because women are discharged home after 48 
hours, acquisition may be from the home environment, particularly if young 
children at home have had recent streptococcal pharyngitis or are carriers of 
group A streptococcus.

Necrotizing Fasciitis/Necrotizing Soft Tissue Infection
Necrotizing fasciitis is an infection of the deep subcutaneous tissues and fascia 
that is characterized by extensive and rapidly spreading necrosis (gangrene) 
of the skin and underlying structures.9 Streptococcal necrotizing fasciitis can 
begin at a site of trivial trauma (e.g., a burn, insect bite, or varicella lesion) or 
in an operative incision. Half of patients with necrotizing fasciitis, however, 
develop infection without a defined portal of entry. In these individuals, the 
“cryptic” infection begins in deep tissues at a site of muscle strain, bruise, 
or other nonpenetrating traumatic injury. In patients who have necrotizing 
fasciitis with a portal of entry, warmth, erythema, swelling, and tenderness 
develop and then rapidly spread both proximally and distally within 24 hours. 
During the second day, the erythema typically turns from red to purple and 
then to blue, and the patient develops blisters and bullae containing clear 
yellow fluid. Bacteremia is frequently present, and metastatic abscesses may 
occur. By the fourth to fifth day, frank gangrenous changes are evident in 
the affected skin, followed by extensive sloughing. The process may march 
inexorably over large body areas unless measures are taken to contain it. The 
patient with streptococcal necrotizing fasciitis appears perilously ill, with high 
fever and extreme prostration. Mortality rates are high (30 to 60%), even 
with appropriate treatment including antibiotics, aggressive fasciotomy, and 
surgical débridement.

In patients with cryptic S. pyogenes necrotizing fasciitis/myonecrosis who 
lack a discernible portal of bacterial entry, classical cutaneous signs of a nec-
rotizing process are not initially apparent. In the absence of such clinical clues, 
the correct diagnosis is often missed or delayed until the patient manifests 
systemic shock and organ failure. This delay results in exceedingly high mor-
bidity and mortality (70 to 85%). Pain out of proportion to the initial injury 
is usually an important clinical clue to the presence of the deep infection. 
Routine radiographs, computed tomography (CT) scanning, and magnetic 
resonance imaging (MRI) may show localized swelling of the deep tissues 
but characteristically do not show frank abscess or gas formation. Therefore, 
these are not definitive procedures. Unexplained tachycardia, a marked left 
shift, and an elevated creatine phosphokinase level can be important clues to 
the diagnosis of necrotizing soft tissue infections, and their presence should 
prompt surgical inspection of the deep tissues. Gram stains of aspirated fluid 
reveal chains of gram-positive cocci and few, if any, white blood cells. Similarly, 
a biopsy with frozen section may aid in the diagnosis of necrotizing fasciitis.

Myonecrosis
Myonecrosis is an invasive and destructive infection of the muscle and related 
structures. Among gram-positive organisms, S. pyogenes remains the most 
common etiologic agent. This is in contrast to myositis, which is strictly defined 
as a localized purulent infection of the muscle, where S. pyogenes is rarely 
involved. In myonecrosis, organisms are likely hematogenously translocated 
from the throat to the deep soft tissues, though antecedent or concomitant 
streptococcal pharyngitis is not a prerequisite for this infection. Systemic 
toxicity is common, and mortality is high (30 to 80%).

Streptococcal Toxic Shock Syndrome
Streptococcal toxic shock syndrome is more fully defined in Table 274-2, but 
simply stated it is any streptococcal infection that is associated with the sudden 
onset of shock and organ failure. Definite cases are those in which S. pyogenes 
is isolated from a normally sterile body site. The first cases of definitive strep-
tococcal toxic shock syndrome were first described in the mid to late 1980s. 
Initial reports of streptococcal toxic shock syndrome were in adults, but children 

in children and adolescents, the second sample should be sent for culture, 
and treatment should be withheld unless the result is a positive culture. In 
adults, the second sample usually need not be sent for culture because of the 
low incidence of group A streptococcal pharyngitis in adults and the low risk 
for subsequent acute rheumatic fever even if group A streptococcus pharyngitis 
is present. The delay in antibiotics for confirmed cases of group A streptococ-
cus pharyngitis is reasonable because acute antibiotic treatment has limited 
effect on improving acute symptoms. Delaying treatment by several days, 
however, reduces unnecessary antibiotic use while still achieving the goals of 
preventing rheumatic fever and reducing spread of disease. Antibiotics, regard-
less of the timing, do not reduce the likelihood of post-streptococcal 
glomerulonephritis.

Scarlet Fever
Scarlet fever is the syndrome defined as streptococcal infection, most com-
monly pharyngitis, fever, and a characteristic rash. Ninety percent of cases of 
scarlet fever occur in children aged 2 to 8 years. Scarlet fever is most common 
during the winter months in temperate regions. The rash usually begins as 
small, flat, erythematous macules on the trunk 1 to 2 days after the illness 
begins. The rash then transforms into minute papules, giving a “sandpaper” 
feel to the skin as it spreads to the limbs, sparing the palms and soles. The 
rash can be accentuated in the skin folds and flexure creases as of the elbow 
(Pastia lines). Other features include flushed cheeks with circumoral pallor 
and enlargement of the papillae of the tongue (strawberry tongue). As the 
rash resolves over the course of 6 to 9 days, there is often desquamation begin-
ning at the palms and soles. The pathogenesis of scarlet fever remains incom-
pletely understood, but SPEs appear to play a role. Since the advent of penicillin 
treatment, scarlet fever has become uncommon, but recent outbreaks have 
been reported in England,6 Australia,7 and China.8

Impetigo and Ecthyma
Impetigo (Chapter 412) most commonly occurs in children aged 2 to 5 years. 
It may occur year-round in tropical areas but occurs predominantly in the 
summer in temperate climates. Risk factors for impetigo include poor hygiene 
and malnutrition. Unbroken skin is colonized, and then minor abrasions or 
other traumas lead to infection of the superficial keratin layer of the skin. 
Within 10 to 14 days, single or multiple thick-crusted, golden-yellow lesions 
appear. Ecthyma is an ulcerative form of impetigo characterized by erosions 
into the dermis. In the past, nonbullous impetigo as described here could be 
confidently diagnosed as streptococcal and differentiated from bullous impetigo 
caused by Staphylococcus aureus. More recently, however, S. aureus has been 
isolated with increasing frequency from nonbullous impetigo in the setting 
of penicillin treatment failure. Gram stain and culture of exudates from the 
skin lesions can help determine whether group A streptococcus or S. aureus 
is the cause. 

Erysipelas
Erysipelas (Chapter 412), which is caused exclusively by S. pyogenes, is char-
acterized by an abrupt onset of fiery red swelling of the face or extremities. 
The infection is most commonly seen in infants and elderly adults. Infection 
is confined to the upper dermis with prominent lymphatic involvement leading 
to well-defined margins raised above the level of the surrounding skin, par-
ticularly along the nasolabial fold, without the crusty lesions seen in impetigo 
with its involvement of the superficial keratin layer of skin. Other distinctive 
features of erysipelas include scarlet or salmon-red rash, intense pain, and 
rapid progression. Flaccid bullae may develop on the second to third day, but 
the infection rarely extends into deeper soft tissues.

Cellulitis
Cellulitis (Chapter 412) is infection of the subcutaneous tissues resulting in 
a pink hue to the skin and less defined borders than with erysipelas. Group 
A streptococcal cellulitis is usually nonpurulent. Purulent cellulitis is most 
commonly caused by staphylococcal species. Risk factors for streptococcal 
cellulitis include impaired lymphatic drainage, venous insufficiency, edema, 
obesity, and disruption of the cutaneous barrier as from wounds or dermato-
phyte infection (e.g., tinea pedis).

Severe Group A Streptococcal Infections
Bacteremia
Group A streptococcal bacteremia is relatively uncommon in the antibiotic 
era, and endocarditis is even less common. In contrast to pharyngitis, scarlet 
fever, and impetigo, bacteremia occurs more often in the elderly and in 
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can also be affected. Diabetes mellitus and alcoholism appear to be contribut-
ing factors, but many afflicted individuals have no underlying medical condi-
tions and are not immunocompromised. This contrasts sharply with reviews 
of S. pyogenes bacteremia from several decades ago, which found that bacteremia 
occurred primarily in the very young, the very old, or patients with predispos-
ing conditions, such as cancer, renal failure, severe burns, or iatrogenic immu-
nosuppression. Streptococcal toxic shock syndrome rarely occurs secondary 
to symptomatic streptococcal pharyngitis and more often follows breaches 
in the skin and mucous membranes. The use of nonsteroidal anti-inflammatory 
drugs (NSAIDs) for pain associated with muscle strain, trauma, chickenpox, 
or childbirth has been suggested to predispose patients to increased risk and 
severity of infection. Clearly, NSAIDs may mask the early signs and symptoms 
of streptococcal infection, thus delaying diagnosis and treatment and increas-
ing mortality. However, some experimental evidence suggests that nonselective 
NSAIDs (e.g., ibuprofen, ketorolac) actively accelerate the disease course and 
worsen outcomes. Investigations to resolve this issue are ongoing.

The first phase of streptococcal toxic shock syndrome begins with an 
influenza-like prodrome characterized by fever, chills, myalgias, nausea, vomit-
ing, and diarrhea. Hypotension follows within 24 to 48 hours. Confusion 
develops in more than half of patients. Phase 2 is characterized by tachycardia, 
tachypnea, increasing pain, and persistent fevers. In children with varicella 
infection, toxicity or persistence of fever longer than 4 days should prompt 
careful evaluation for streptococcal toxic shock syndrome. In phase 3, shock 
and organ failure develop. Laboratory tests may show evidence of renal impair-
ment and normal to mild elevations of white blood cell count with profound 
left shift, low albumin, and low calcium. Metabolic acidosis develops in phase 
3 of disease. Because acute respiratory distress syndrome (ARDS) develops 
in 55% of patients with streptococcal toxic shock syndrome, blood gas levels 
can be helpful to evaluate the need for mechanical ventilation.

Pneumonia
Pneumonia caused by S. pyogenes is frequently associated with chronic pul-
monary disease or with antecedent viral infections such as influenza, measles, 
or varicella. In one third or fewer of the cases, there is a history of preceding 
streptococcal upper respiratory infection. The onset is typically abrupt, and 
the disease is characterized by fever, chills, dyspnea, cough productive of 
blood-streaked sputum, and pleuritic chest pain. The pulmonary picture is 
one of bronchopneumonia, with consolidation being uncommon. Empyema 
develops in 30 to 40% of cases, tends to appear early in the disease, and typi-
cally consists of copious amounts of thin serosanguinous fluid. Bacteremia 
occurs in 10 to 15% of cases. Mortality has generally been low with penicillin 
therapy and adequate drainage of empyema but may be higher in older patients.

TABLE 274-2 DEFINITION OF STREPTOCOCCAL TOXIC 
SHOCK SYNDROME

A. DEFINITION
Definite case Illness fulfilling criteria B1 and C (1 and 2)
Probable case Illness fulfilling criteria B2 and C (1 and 2) if no other 

cause for illness is found
B. ISOLATION OF GROUP A STREPTOCOCCI
1. From a normally sterile site (e.g., blood; cerebrospinal, pleural, or peritoneal fluid; 

tissue biopsy; surgical wound)
2. From a nonsterile site (e.g., throat, sputum, vagina, superficial skin lesion)
C. CLINICAL SIGNS OF SEVERE INFECTION
1. Hypotension (e.g., systolic blood pressure ≤90 mm Hg in adults or below fifth 

percentile for age in children)
2. Two or more of the following signs:

Renal impairment (i.e., creatinine ≥2 mg/dL for adults, or ≥2 times the upper 
limit of normal for age, or ≥2 times baseline creatinine in persons with 
preexisting renal disease)

Coagulopathy (i.e., platelets ≤100,000/μL or disseminated intravascular 
coagulation)

Liver involvement (i.e., serum aspartate aminotransferase [AST], alanine 
aminotransferase [ALT], or total bilirubin levels ≥2 times the upper limit of 
normal for age, or ≥2 times baseline in persons with preexisting liver disease)

Adult respiratory distress syndrome
Generalized erythematous macular rash that may desquamate
Soft tissue necrosis (e.g., necrotizing fasciitis, myositis, or gangrene)

Adapted from: The Working Group on Severe Streptococcal Infections. Defining the group A 
streptococcal toxic shock syndrome. Rationale and consensus definition. JAMA. 1993;269(3): 
390-391.

Antimicrobial Susceptibility
Group A streptococci continue to be susceptible to penicillin in vitro, and it 

remains the drug of first choice for treatment of infection. Cephalosporins are 
a reasonable alternative to penicillin in some cases because of ease of admin-
istration. Clindamycin should be used in addition to penicillin in serious group 
A streptococcal infection owing to the ability of clindamycin to prevent produc-
tion of group A streptococcus exotoxins that mediate the clinical manifestations 
of disease. Treatment failures in patients with severe S. pyogenes infections 
have been described if clindamycin resistance is found. In the United States, 
clindamycin resistance is as high as 15%.10 In other nations, resistance may be 
much higher. In China, for example, 95.5% of the strains of group A streptococci 
causing scarlet fever are clindamycin resistant. Clindamycin resistance can be 
constitutive or inducible. Inducible resistance develops after exposure to a 
macrolide and is identified in the laboratory using an erythromycin disk in the 
double-disk diffusion test.

In penicillin-hypersensitive patients, clindamycin or macrolides are the second-
line drugs of choice. As with clindamycin, macrolide resistance is increasing. 
In a European study of S. pyogenes strains from 10 countries, the prevalence 
of erythromycin resistance had increased from 29.3% in 2002 to 2003 to 45.7% 
in 2004 to 2005. Those countries with higher erythromycin use had higher 
resistance rates. Fluoroquinolones can be used as an alternative for group A 
streptococcal skin and soft tissue infections in penicillin-hypersensitive patients 
in areas where clindamycin and macrolide resistance are high. Fluoroquinolone 
resistance is rare. Vancomycin is an option for intravenous therapy. Tetracycline 
resistance in group A streptococci is common, and therefore it should not be 
used unless sensitivities are known. Trimethoprim-sulfamethoxazole is not active 
against group A streptococci and therefore should not be used alone for infec-
tions in which group A streptococcus is the suspected pathogen.

Specific Infections
For pharyngitis, penicillin (either oral penicillin VK, 250 mg three times daily 

or 500 mg twice daily for 5 to 10 days, or injectable benzathine penicillin, 1.2 
million units every 4 weeks) is the treatment of choice because it is cost effec-
tive, has a narrow spectrum of activity, and has long-standing proven efficacy 
(Chapter 401). A1  Cefuroxime axetil (250 mg twice a day for 5 to 10 days) is also 
effective for primary treatment and for persistent infection. Patients with proven 
recurrent infections should receive clindamycin (300 mg orally three times a 
day for 10 days) or amoxicillin–clavulanic acid (875 mg orally twice a day, or 
500 mg three times a day for 10 days). For patients who are allergic to penicillin, 
azithromycin (500 mg/day for 3 days or a single dose of 2 g) is another 
alternative.

For scarlet fever, the recommended treatment is 1.2 million units of benzathine 
penicillin G given intramuscularly or oral penicillin VK, 250 mg four times daily 
for 10 days. Most patients recover after 4 to 5 days, and the rash usually resolves 
completely over a period of several weeks.

For impetigo and ecthyma, topical 2% mupirocin A2  or (retapamulin, a novel 
pleuromutilin antibacterial) is as effective as oral antibiotics and can reduce 
the likelihood of transmission of the streptococci to other individuals. Penicillin 
(penicillin VK 250 mg four times daily for 10 days) is first-line treatment for 
ecthyma or for impetigo present at multiple skin sites caused by streptococci. 
If S. aureus is contributing to infection, treatment should be with a penicillinase-
resistant semisynthetic penicillin (e.g., dicloxacillin 250 mg orally four times 
daily) or a cephalosporin (e.g., cephalexin 250 mg orally four times daily) for 
methicillin-susceptible strains, or doxycycline (100 mg three times daily for 10 
days) or clindamycin (300 mg three times daily for 10 days) for methicillin-
resistant strains. None of these treatments prevents post-streptococcal 
glomerulonephritis.

For erysipelas, treatment is with oral penicillin (e.g., penicillin VK 250 four 
times daily for 10 days) or, if methicillin-sensitive S. aureus is of concern, oral 
dicloxacillin (500 mg four times daily) for a 10-day course. Surgical debridement 
is not indicated. Fever, pain, and the intense redness typically diminish promptly, 
but the swelling may progress temporarily despite treatment. About 5-10 days 
into the illness, the involved skin typically desquamates.

For cellulitis, oral antibiotic regimens are often as effective as intravenous 
regimens. A3  Penicillin VK (250 to 500 mg four times daily for 10 days) is usually 
effective in treatment of streptococcal cellulitis. In situations where it is difficult 
to differentiate between streptococcal and staphylococcal skin and soft tissue 
infections, a penicillinase-resistant penicillin can be used. Options include oral 
cephalexin A4  (500 mg four times daily for 10 to 14 days), clindamycin (300 to 
450 mg four times daily for 10 days) or trimethoprim-sulfamethoxazole (160/800 
mg twice daily for 10 days), A5 

 
 A6  depending on the suspected pathogens, the 

host, and the severity of systemic toxicity. Intravenous vancomycin plus intra-
venous ceftazidime (15 mg/kg twice daily and 0.5 to 1 g three times daily, 
respectively, until clinical response allows transition to oral medications) can 
be reserved for severe cases. In penicillin-allergic patients, a first-generation 
cephalosporin may be used if hypersensitivity is not of the immediate type. 
Clindamycin, linezolid, or vancomycin may be used in patients who manifest 

TREATMENT 
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is characterized by pink, nonpruritic, blanching macules or papules that spread 
in a serpiginous pattern on the trunk and proximal limbs. When subcutaneous 
nodules occur, they are usually 0.5 to 2 cm in diameter, painless, and present 
over bony prominences or extensor tendons. Rapid sleeping pulse rate and 
tachycardia out of proportion to fever are occasionally observed in ARF. 
Inflammatory markers are usually elevated, and the electrocardiogram may 
show a prolonged PR interval. Normochromic, normocytic anemia and leu-
kocytosis are common.

There is no definitive test for ARF. Diagnosis relies on patients fulfilling a 
set of criteria, the most commonly used of which are the Jones criteria (Table 
274-3).15 These underwent a revision in 2015 to expand their applicability to 
low- and high-risk populations. For the purposes of the Jones criteria, low-risk 
populations were defined as those with an ARF incidence of less than 2 per 
100,000 school-aged children per year or an all-age prevalence of RHD of less 
than or equal to 1 per 1000 population per year. In the Jones criteria for low-
risk populations, the criteria focus on high specificity to avoid false-positive 
diagnosis. In populations with higher risk for ARF, the Jones criteria emphasize 
high sensitivity to reduce false-negative diagnoses.

The pathophysiology of ARF is not entirely understood. Tissue injury is 
mediated through an immune mechanism that is initiated by molecular mimicry. 
Similarities between the infectious agent and human protein lead to cross-
activation of antibodies and T cells to human tissue. Carditis results from 
antibody-binding and T-cell infiltration of the heart; transient arthritis is due 
to immune complexes in the joints; chorea results from antibody binding to 
the basal ganglia; and skin manifestations are a result of delayed hypersensitiv-
ity reactions.

Management of ARF begins with careful assessment to rule out other causes 
of symptoms. ARF is a diagnosis of exclusion. Persons with ARF should be 
hospitalized. Eradication of group A streptococcus from the throat and sec-
ondary prophylaxis should be accomplished with intramuscular benzathine 
penicillin G every 4 weeks for a minimum of 10 years (and in some cases 
indefinitely). Other, less favorable and less effective options include oral peni-
cillin, oral sulfadiazine, or an oral macrolide (for penicillin- and sulfa-allergic 
patients). First-line therapy for joint symptoms has traditionally been aspirin. 
Naproxen and ibuprofen have been used in small studies with success. Treat-
ment with an NSAID should continue until all symptoms of ARF have resolved, 
not just the joint symptoms. This usually takes 1 to 2 weeks. Carditis is managed 
by treating the associated heart failure with diuretics, fluid restriction, and 
bed rest. In severe cases, some experts recommend use of systemic glucocor-
ticoids even though high-quality evidence is lacking. Valve surgery is rarely 

Acute Rheumatic Fever and Rheumatic Heart Disease
Acute rheumatic fever (ARF) is a result of an autoimmune response to group 
A streptococcal infection. Rheumatic heart disease (RHD) is the long-term 
sequela of a single episode or repeated episodes of ARF (Chapter 66). The 
incidence of ARF and RHD is low in developed countries but continues to 
cause significant disease burden in resource-poor nations and in populations 
with crowded living conditions and poor access to health care. In these areas, 
untreated superficial S. pyogenes infections such as pharyngitis can lead to sub-
sequent development of ARF. It is difficult to determine the incidence of ARF 
because diagnostic tools are lacking in many settings. In 2015, global estimates 
suggest that there were 33.4 million cases of RHD and 319,400 deaths; the 
highest prevalence of RHD and the highest age-standardized mortality due 
to RHD were found in Oceania, South Asia, and central sub-Saharan Africa.13

Acute Rheumatic Fever
ARF occurs most often in children 5 to 15 years of age.14 Because RHD is 
often the result of recurrent infections and cumulative damage to heart valves, 
the peak prevalence of RHD is in the third and fourth decades of life. ARF 
occurs equally in men and women, but RHD is more common in women.

ARF develops approximately 2 weeks after the acute streptococcal infection, 
and symptoms usually last 2 to 4 weeks. Manifestations of ARF include fever 
(>90%), large-joint polyarthritis (75%), carditis (>50%), chorea (30%), sub-
cutaneous nodules (<10%), and erythema marginatum (<10%). NSAIDs 
reduce arthritis pain rapidly, and the absence of symptomatic improvement 
with NSAIDs should prompt the clinician to think of other causes for the 
arthritis. The synovial fluid in ARF is sterile with a lymphocyte predominance. 
ARF can affect all parts of the heart, but the most clinically significant involve-
ment is valvulitis of the mitral valve and, less frequently, of the aortic valve 
leading initially to valvular regurgitation (Chapter 66). Patients develop char-
acteristic heart murmurs, and an echocardiogram should be considered to 
confirm clinical findings. The chorea (Sydenham chorea, St. Vitus dance) of 
ARF is characterized by involuntary, nonrhythmic, and purposeless move-
ments of the body, limbs, and face. The chorea is usually more pronounced 
on one side of the body. The chorea stops during sleep. Erythema marginatum 

TABLE 274-3 REVISED JONES CRITERIA FOR ACUTE 
RHEUMATIC FEVER

A. DEFINITION
Initial ARF 2 major or 1 major plus 2 minor criteria
Recurrent 2 major, or 1 major and 2 minor, or  

3 minor
B. MAJOR CRITERIA

LOW-RISK POPULATIONS*
MODERATE- AND HIGH-RISK 

POPULATIONS
Carditis, clinical and/or subclinical 

echocardiographic valvulitis
Carditis, clinical and/or subclinical 

echocardiographic valvulitis
Arthritis, polyarticular Arthritis, monoarticular or polyarticular
Chorea Chorea
Erythema marginatum Erythema marginatum
Subcutaneous nodules Subcutaneous nodules
C. MINOR CRITERIA

LOW-RISK POPULATIONS
MODERATE- AND HIGH-RISK 

POPULATIONS
Polyarthralgia Monoarthralgia
Fever ≥38.5° C Fever ≥38.5° C
ESR ≥60 mm and/or CRP ≥3.0 mg/dL ESR ≥30 mm and/or CRP ≥3.0 mg/dL
Prolonged PR interval (unless carditis  

is a major criterion)
Prolonged PR interval (unless carditis is 

a major criterion)
*Low-risk populations are those with an ARF incidence of <2 per 100,000 school-aged children per 
year or an all-age prevalence of rheumatic heart disease of ≤1 per 1000 population per year.
ARF = acute rheumatic fever; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.
Adapted from: Gewitz MH, Baltimore RS, Tani LY, et al. Revision of the Jones Criteria for the 
diagnosis of acute rheumatic fever in the era of Doppler echocardiography: a scientific statement 
from the American Heart Association. Circulation. 2015; 131(20):1806-1818.

anaphylactic hypersensitivity to β-lactam antibiotics. Penicillin (250 mg twice 
daily) is effective for preventing recurrent cellulitis. A7 

Uncomplicated bacteremia is treated with intravenous penicillin (3 to 4 million 
units every 4 hours). Initial empiric antibiotic treatment for necrotizing fasciitis 
should be broad to cover for possible polymicrobial infection with vancomycin 
or linezolid plus piperacillin-tazobactam or a carbapenem, or plus ceftriaxone 
and metronidazole. Once a group A streptococcal necrotizing fasciitis is con-
firmed, antibiotics can be changed to penicillin plus clindamycin. Treatment 
recommendations for myonecrosis are the same as those for necrotizing fasciitis, 
including surgical intervention and antibiotics.

Pneumonia can be treated with amoxicillin-clavulanic acid (300-125 mg every 
6 hours for 5 to 7 days) or levofloxacin (750 mg daily), moxifloxacin (400 mg 
daily), or gatifloxacin (320 mg daily) for 5 days. For hospital-acquired pneumonia, 
more aggressive regimens are required.

For toxic shock syndrome, management involves prompt and aggressive source 
control including surgical exploration and debridement of suspected deep-
seated streptococcal infections. Fluid resuscitation and early antimicrobial 
therapy are mandatory. Empirical broad-spectrum antimicrobial coverage for 
septic shock should be initially instituted.11 Once the etiology of S. pyogenes is 
confirmed, treatment with both IV penicillin G (3 to 4 million units every 4 
hours) and IV clindamycin (600 to 900 mg every 8 hours for 10 to 15 days), 
followed by oral therapy is recommended. This recommendation is based largely 
on (1) studies in experimental animals and some reports in humans demon-
strating clindamycin is more efficacious than penicillin in treating necrotizing 
fasciitis and myonecrosis and (2) the fact that, until recently, clindamycin resis-
tance has rarely been reported. The superior efficacy of clindamycin has been 
attributed to its ability to suppress production of key S. pyogenes virulence 
factors and to the fact that, unlike penicillin, its mechanism of action is not 
dependent on the physiologic state of the organism. In addition, some reports 
show that clindamycin suppresses pro-inflammatory cytokine production by 
human mononuclear cells, and thus could mitigate the cytokine storm respon-
sible for the systemic manifestations of toxic shock syndromes.12 Penicillin is 
included in the current treatment recommendation largely because S. pyogenes 
remain universally susceptible in vitro and to cover potential clindamycin resis-
tance. Routine secondary prophylaxis against streptococcal infection is not 
recommended for household contacts of index patients. Chemoprophylaxis 
can be considered in contacts with underlying host risk factors on a case-by-
case basis.
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infections in cases of suspected post-streptococcal glomerulonephritis. The 
rise in antibodies occurs 7 to 14 days after disease onset and peaks 3 to 4 
weeks after infection. Renal biopsy is rarely necessary, but it should be con-
sidered when there is diagnostic doubt.

needed for ARF, though it can be helpful in situations of acute rupture of a 
valve leaflet. Rheumatic chorea usually does not require treatment and resolves 
within weeks to months.

Rheumatic Heart Disease
Approximately 35 to 72% of patients with ARF develop clinical carditis, and 
another 18% have carditis present on echocardiogram without clinical symp-
toms.16 Some individuals with carditis have complete resolution of cardiac 
abnormalities, and others go on to develop RHD. Resolution of carditis is 
most likely to occur in the first year after the acute carditis.

RHD, unlike ARF, which is a pancarditis, is almost exclusively a valvular 
pathology (Chapter 66).17 RHD affects the mitral valve nearly 100% of the 
time and the aortic valve in 20 to 30% of cases. The pulmonic valve is rarely 
involved, and the tricuspid valve has histologic evidence of disease in 15 to 
40% of patients, but the tricuspid valve disease is not usually clinically relevant. 
Echocardiography is used to evaluate for RHD. Mitral valve regurgitation is 
the most common valvular pathology in RHD. Mitral stenosis can also occur 
after progressive scarring of the mitral valve leaflets. RHD is the most common 
cause of mitral stenosis worldwide. When the aortic valve is involved, regur-
gitation is more common than stenosis. Persons with RHD should receive 
secondary prophylaxis as outlined previously with intramuscular benzathine 
penicillin G. Recurrent ARF can worsen RHD and is best avoided.

Pediatric Autoimmune Neuropsychiatric Disorders Associated 
with Streptococcal Infections
Group A streptococcal infections are hypothesized to be related to the acute 
onset of obsessive-compulsive disorder (OCD) and tics in children.18 This 
phenomenon is termed pediatric autoimmune neuropsychiatric disorders 
associated with streptococcal infections (PANDAS). PANDAS is a subtype 
of pediatric acute-onset neuropsychiatric syndrome (PANS). PANS is OCD 
that presents with abrupt onset or the exacerbation of existing neuropsychiatric 
symptoms, including OCD, in children. Not all PANS cases are associated 
with streptococcal infection, but all PANDAS cases are associated, at least 
temporally, with streptococcal infection. Though controversial, PANDAS is 
defined as acute onset of OCD, tics, and piano-playing choreiform movements 
of the fingers and toes in children after streptococcal infection. Sometimes 
enuresis, separation anxiety, learning regression, and handwriting difficulties 
are also present. S. pyogenes infection appears to trigger development of anti-
brain autoantibodies to dopamine receptors, leading to neuropsychiatric 
symptoms in some individuals. There is no known treatment for PANDAS, 
but antibiotics for primary management and for secondary prevention of 
recurrent infections are under study.

Post-Streptococcal Glomerulonephritis
Post-streptococcal glomerulonephritis is a post-infectious, immune complex–
mediated glomerulonephritis associated with prior skin or throat infection 
by group A streptococcus or occasionally groups C or G streptococcus. (Also 
see Chapter 113.) Immune complexes form in the glomeruli and invoke an 
inflammatory response, including activation of the complement system with 
reduction in circulating C3 levels. Historically, the typical patient with post-
streptococcal glomerulonephritis is a child between ages 2 and 18 years with 
a male-to-female ratio of 2 : 1. The time between the initial streptococcal infec-
tion and nephritis is 7 to 10 days after throat infection and 2 to 4 weeks after 
skin infection. Post-streptococcal glomerulonephritis most commonly presents 
as nephritic syndrome with hematuria, edema, hypertension, and oliguria. 
Rarely, the presentation is of nephrotic syndrome or rapidly progressive cres-
centic glomerulonephritis. In typical cases, the symptoms resolve within 2 to 
7 days. Asymptomatic disease is likely four to five times more common than 
clinically evident disease and manifests as microscopic hematuria and a fall 
in serum complement levels. In elderly individuals with post-streptococcal 
glomerulonephritis, azotemia, heart failure, and nephrotic-range proteinuria 
are more common than in children.

Post-streptococcal glomerulonephritis, like other postinfectious complica-
tions of streptococcal infection, is rare in developed countries. In developing 
countries, however, the annual incidence of disease is approximately nine 
cases per 100,000 population. The short-term prognosis in children is excel-
lent, but adults have early mortality, in part owing to cardiovascular and other 
comorbid disease. Long-term development of end-stage renal disease is uncom-
mon unless other contributors to renal disease (e.g., diabetes mellitus) are 
present.

Serologic assays for antibodies to S. pyogenes antigens such as SLO and 
DNase B are useful for retrospective diagnosis of antecedent S. pyogenes 

If streptococcal infection is still present at the time of post-streptococcal 
glomerulonephritis diagnosis, the infection should be treated. In situations of 
post-streptococcal glomerulonephritis epidemics, preventative antibiotics for 
household contacts have been shown to reduce the number of cases of post-
streptococcal glomerulonephritis. Otherwise, treatment of post-streptococcal 
glomerulonephritis is supportive, with treatment of volume overload and 
hypertension with loop diuretics, salt restriction, and antihypertensive agents.

TREATMENT 

 STREPTOCOCCUS AGALACTIAE  
(GROUP B STREPTOCOCCUS)

 DEFINITION
Streptococcus agalactiae contains Lancefield group B antigen on the cell surface 
and thus is referred to as group B streptococci. S. agalactiae was first identified 
as a cause of bovine mastitis. Group B streptococci colonize the genital tract, 
gastrointestinal tract, and occasionally the upper respiratory tracts of normal 
humans. In the laboratory, these organisms grow as gray-white colonies that 
are slightly larger than for group A streptococci but cause a narrower zone of 
hemolysis. They demonstrate a positive CAMP test and hydrolyze sodium 
hippurate, but they are not sensitive to bacitracin and do not hydrolyze bile 
esculin. Definitive bacteriologic identification requires group-specific antiserum 
or commercial kits. The polysaccharide capsule, which is the prime virulence 
factor in group B streptococcus, is critical for the organism to evade phago-
cytosis. Defined capsular polysaccharide types of group B streptococcus are 
designated Ia, Ib, Ic, and II through IX. Immunity is based on the development 
of opsonic type-specific antibody.

 EPIDEMIOLOGY AND CLINICAL MANIFESTATIONS
Group B streptococci cause infection in neonates, pregnant women, and non-
pregnant adults, especially the elderly and those with diabetes and other 
underlying medical disease.19 In neonates, group B streptococci are the most 
common cause of pneumonia, sepsis, and meningitis in the United States and 
Western Europe. According to 2015 CDC estimates, the incidence of early 
and late-onset invasive group B streptococcus disease combined was 0.53 
cases per 1000 live births. Group B streptococcus infection in neonates is 
caused by vertical transmission and classified by age at onset. Early-onset 
group B streptococcus infection usually presents at or within 24 hours of birth 
but can occur anytime in the first 6 days of life. Adults with group B strepto-
coccus infections include postpartum women and patients who have risk factors 
such as diabetes, liver disease, peripheral vascular disease, or malignancy. The 
most common clinical manifestations are soft tissue infection, osteomyelitis, 
and septic arthritis. In 2015, the CDC estimated 8.9 cases of invasive group 
B streptococcus infection per 100,000 population in the United States, includ-
ing neonates, children, and adults.

 PREVENTION
Passive immunization (using intravenous immune globulin) and active immu-
nization (using multivalent polysaccharide vaccine) have been promising in 
clinical trials A8  and may eventually be clinically useful to prevent group B 
streptococcus neonatal sepsis and postpartum maternal infection. At this time, 
no licensed vaccine is available. In the interim, the current approach to the 
prevention of group B streptococcus infection is to provide intrapartum anti-
microbial prophylaxis in women with prior delivery of an infant with invasive 
group B streptococcus infection, group B streptococcus bacteriuria during 
current pregnancy, culture evidence of vaginal or rectal group B streptococcus 
colonization, or unknown group B streptococcus status and either delivery 
before 37 weeks of gestation, duration of ruptured membranes of at least 18 
hours, or intrapartum temperature of at least 100.4° F (≥38° C). All women 
at 35 to 37 weeks of gestation should be screened with rectal and vaginal swab 
for the presence of group B streptococcus unless some other indication for 
prophylaxis already exists. Prophylaxis is with penicillin or ampicillin. Both 

TREATMENT 

TREATMENT 

 Other Viridans Group Streptococci
In total there are more than 30 recognized species of viridans group strepto-
cocci, including Streptococcus mitis, Streptococcus oralis, Streptococcus sanguinis 
(formerly sanguis), Streptococcus mutans, and Streptococcus gordonii. They are 
most commonly implicated in subacute bacterial endocarditis; catheter-related 
and neutropenia-related bloodstream infections; and purulent abdominal, 
hepatobiliary, brain, and dental infections. Penicillin resistance in these organ-
isms is 30 to 50% in some areas, so empirical treatment usually begins with 
vancomycin and de-escalates to a β-lactam if the isolate is susceptible.

 ZOONOTIC STREPTOCOCCUS
 Streptococcus suis
Streptococcus suis (Lancefield groups R, S, and T) is a pathogen in pigs that 
can cause meningitis, sepsis, and arthritis in exposed humans. Most infections 
occur in individuals with extensive exposure to pigs, such as pig breeders, 
abattoir workers, and butchers. In this high-risk group of individuals, the annual 
risk for developing S. suis meningitis has been estimated at 1.2 to 3 cases per 
100,000 population. S. suis is susceptible to penicillin, third-generation cepha-
losporins, and vancomycin. In persons with meningitis due to S. suis, steroid 
treatment in addition to antimicrobials may help reduce death and disability 
including hearing loss.20 Wearing gloves for the handling of raw pork, good 
hand hygiene, and thorough cooking of pork should prevent most cases of S. 
suis infection.

 Streptococcus canis
Streptococcus canis (Lancefield group G) is most commonly isolated from dogs, 
but it has been isolated also from cats, harbor porpoises, cows, mice, rats, and 
rabbits. Soft tissue infections and sepsis have occurred in humans, but infec-
tion is rare. Treatment is with a β-lactam antibiotic such as penicillin.

 Streptococcus bovis/equinus Group (Including 
Streptococcus gallolyticus Subspecies gallolyticus  
and Streptococcus infantarius)
Streptococcus bovis/equinus complex bacteria are Lancefield group D nonen-
terococcal streptococci that colonize the intestines in 10% of healthy individuals. 
The S. bovis/equinus complex bacteria are associated with hepatobiliary disease, 
meningitis, and most infamously subacute endocarditis in the setting of colorec-
tal carcinoma.21 The S. bovis/equinus complex underwent reclassification in 
2003 to Streptococcus gallolyticus subspecies gallolyticus, S. gallolyticus subspecies 
pasteurianus, S. gallolyticus subspecies macedonicus, and S. infantarius. Both S. 
gallolyticus and S. infantarius are highly sensitive to penicillin.

 Streptococcus iniae
Streptococcus iniae is a β-hemolytic streptococcus without a Lancefield group 
antigen. It causes significant disease in fish, especially tilapia. Human infection 
results from the handling of live or killed fish. Skin and soft tissue infections 
are most common and often lead to bacteremia. Treatment is with a β-lactam 
antibiotic.

 Grade A References

TREATMENT 



CHAPTER 274 NoNpNeumococcal Streptococcal INfectIoNS aNd rheumatIc fever 1877

have been shown effective in reducing early-onset group B streptococcus infec-
tion. In persons with penicillin allergy, group B streptococcus susceptibility 
testing for clindamycin and erythromycin is recommended. When susceptibility 
testing is not available or if the group B streptococcus is resistant to clindamycin 
and erythromycin, vancomycin can be used.

Treatment is with penicillin or other β-lactam antibiotics with or without 
concomitant low-dose gentamicin. As with group A streptococcal infection, 
clindamycin is used for S. dysgalactiae subspecies equisimilis infection for nec-
rotizing fasciitis or streptococcal toxic shock syndrome. Clindamycin should 
not be used initially as a single agent, however, because some S. dysgalactiae 
subspecies equisimilis are resistant to clindamycin. S. dysgalactiae subspecies 
equisimilis may also be resistant to macrolides (15 to 25% of cases) or fluoro-
quinolones, limiting the utility of these antibiotics unless susceptibilities are 
known.

TREATMENT 

 STREPTOCOCCUS DYSGALACTIAE  
SUBSPECIES EQUISIMILIS (GROUP C  
AND GROUP G STREPTOCOCCUS)

The group C and group G streptococci that colonize the human genital tract, 
gastrointestinal tract, upper respiratory tract, and skin belong to a single sub-
species, S. dysgalactiae subspecies equisimilis. They produce streptolysin O and 
a disease spectrum that resembles group A streptococci, including bacteremia, 
septic arthritis, skin and soft tissue infection, and pharyngitis.

Penicillin is the treatment of choice for group B streptococcus infections. 
Alternatives for penicillin-allergic patients include first-generation cephalosporins 
or vancomycin. Clindamycin or erythromycin can be used in penicillin-allergic 
patients when group B streptococcus susceptibility is known, but resistance is 
nearly 40% for clindamycin and 50% for erythromycin in some settings. Gen-
tamicin can be used in addition to penicillin in persons with meningitis, endo-
carditis, bacteremia, and severe soft tissue infections until the infection is under 
control.

TREATMENT 

 VIRIDANS GROUP STREPTOCOCCI 
(STREPTOCOCCUS ANGINOSUS 
GROUP/STREPTOCOCCUS MILLERI GROUP)

Viridans group streptococci include the S. anginosus group (also known as the 
Streptococcus milleri group). The S. anginosus group has three distinct species: 
S. anginosus, Streptococcus constellatus, and S. intermedius. Members of the S. 
anginosus group are nonmotile, facultative anaerobes that may be β-hemolytic 
but may also be α-hemolytic or nonhemolytic. S. anginosus group normally 
colonize the oropharynx, upper gastrointestinal tract, and appendix. Unlike 
S. pyogenes and S. agalactiae, S. anginosus group can cause abscess formation. 
Abscesses usually develop contiguous to the colonized mucosal surface as 
with dental or periappendiceal abscesses. Patients may develop primary 
bacteremia, with or without endocarditis, which then can seed metastatic 
abscesses of the lung, joints, bone, and spleen. S. intermedius has tropism to 
form abscesses in the brain and liver. In patients with oral, head and neck, 
and abdominal infections, S. anginosus group may present as part of a polymi-
crobial infection and should be considered a true pathogen. Empyema with 
S. anginosus group is usually the result of a surgical procedure involving the 
respiratory or gastrointestinal tract and in most cases requires thoracotomy 
due to loculation of the empyema and difficulty treating with antibiotics and 
chest thoracostomy alone. In reviewing Gram stains of pus from such infec-
tions, these organisms characteristically show 20 to 30 gram-positive cocci  
within neutrophils.

 Other Viridans Group Streptococci
In total there are more than 30 recognized species of viridans group strepto-
cocci, including Streptococcus mitis, Streptococcus oralis, Streptococcus sanguinis 
(formerly sanguis), Streptococcus mutans, and Streptococcus gordonii. They are 
most commonly implicated in subacute bacterial endocarditis; catheter-related 
and neutropenia-related bloodstream infections; and purulent abdominal, 
hepatobiliary, brain, and dental infections. Penicillin resistance in these organ-
isms is 30 to 50% in some areas, so empirical treatment usually begins with 
vancomycin and de-escalates to a β-lactam if the isolate is susceptible.

 ZOONOTIC STREPTOCOCCUS
 Streptococcus suis
Streptococcus suis (Lancefield groups R, S, and T) is a pathogen in pigs that 
can cause meningitis, sepsis, and arthritis in exposed humans. Most infections 
occur in individuals with extensive exposure to pigs, such as pig breeders, 
abattoir workers, and butchers. In this high-risk group of individuals, the annual 
risk for developing S. suis meningitis has been estimated at 1.2 to 3 cases per 
100,000 population. S. suis is susceptible to penicillin, third-generation cepha-
losporins, and vancomycin. In persons with meningitis due to S. suis, steroid 
treatment in addition to antimicrobials may help reduce death and disability 
including hearing loss.20 Wearing gloves for the handling of raw pork, good 
hand hygiene, and thorough cooking of pork should prevent most cases of S. 
suis infection.

 Streptococcus canis
Streptococcus canis (Lancefield group G) is most commonly isolated from dogs, 
but it has been isolated also from cats, harbor porpoises, cows, mice, rats, and 
rabbits. Soft tissue infections and sepsis have occurred in humans, but infec-
tion is rare. Treatment is with a β-lactam antibiotic such as penicillin.

 Streptococcus bovis/equinus Group (Including 
Streptococcus gallolyticus Subspecies gallolyticus  
and Streptococcus infantarius)
Streptococcus bovis/equinus complex bacteria are Lancefield group D nonen-
terococcal streptococci that colonize the intestines in 10% of healthy individuals. 
The S. bovis/equinus complex bacteria are associated with hepatobiliary disease, 
meningitis, and most infamously subacute endocarditis in the setting of colorec-
tal carcinoma.21 The S. bovis/equinus complex underwent reclassification in 
2003 to Streptococcus gallolyticus subspecies gallolyticus, S. gallolyticus subspecies 
pasteurianus, S. gallolyticus subspecies macedonicus, and S. infantarius. Both S. 
gallolyticus and S. infantarius are highly sensitive to penicillin.

 Streptococcus iniae
Streptococcus iniae is a β-hemolytic streptococcus without a Lancefield group 
antigen. It causes significant disease in fish, especially tilapia. Human infection 
results from the handling of live or killed fish. Skin and soft tissue infections 
are most common and often lead to bacteremia. Treatment is with a β-lactam 
antibiotic.
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Treatment of S. anginosus group is typically drainage of any abscess and 
therapy with penicillin or another β-lactam antibiotic because most isolates 
are susceptible to β-lactam agents. A parenteral third-generation cephalosporin 
is recommended for brain abscesses and bacteremia. Vancomycin is a reason-
able alternative for penicillin-allergic patients. Resistance to fluoroquinolones, 
if not present initially, may develop rapidly. Many strains are developing mac-
rolide resistance, most are resistant to aminoglycosides, and sulfonamides have 
no activity against S. anginosus group strains. S. anginosus is a reservoir for 
antimicrobial resistance genes and has been shown to transfer resistance traits 
to other pathogenic organisms such as S. pyogenes and S. pneumoniae.
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4. In which of the following situations is intrapartum antibiotic prophylaxis 
to reduce the risk for group B streptococcal infection not indicated?
 A. Woman who delivered a child with invasive group B streptococcus 

infection from a prior pregnancy
 B. Cesarean delivery performed before onset of labor in a woman with 

intact amniotic membranes
 C. Woman with group B streptococcus colonization of the rectum/vagina 

on routine testing at 35 to 37 weeks of gestation during current 
pregnancy

 D. Woman with group B streptococcus bacteriuria during the current 
pregnancy

Answer: B The current approach to the prevention of group B streptococcus 
infection is to provide intrapartum antimicrobial prophylaxis in women with 
prior delivery of an infant with invasive group B streptococcus infection, group 
B streptococcus bacteriuria during current pregnancy, culture evidence of 
vaginal or rectal group B streptococcus colonization, or unknown group B 
streptococcus status and either delivery before 37 weeks of gestation, duration 
of ruptured membranes 18 hours or longer, or intrapartum temperature of at 
least 100.4° F (≥38° C). All women at 35 to 37 weeks of gestation should be 
screened with rectal and vaginal swab for the presence of group B streptococ-
cus unless some other indication for prophylaxis already exists. Women who 
have intact amniotic membranes and cesarean delivery performed before onset 
of labor do not need group B streptococcus prophylaxis regardless of their 
group B streptococcus colonization status or gestational age.

5. A 65-year-old woman presents with fever and malaise. Blood cultures grow 
gram-positive cocci in chains. Which of the following Streptococcus species, 
if found on blood culture, suggest underlying colon cancer or other gas-
trointestinal pathology?
 A. Streptococcus pyogenes
 B. Streptococcus agalactiae
 C. Streptococcus gallolyticus subsp. gallolyticus
 D. Streptococcus suis

Answer: C Colorectal cancer is present in 47 to 80% of individuals with 
Streptococcus gallolyticus subsp. gallolyticus bacteremia. Clostridium septicum 
bacteremia is also associated with underlying colorectal neoplasm (24-57% 
of cases). Colonoscopy should be recommended in persons who have bacte-
remia from either S. gallolyticus subsp. gallolyticus or Clostridium septicum to 
look for underlying pathology. (Corredoira J, Grau I, Garcia-Rodriguez JF, 
et al. Colorectal neoplasm in cases of Clostridium septicum and Streptococcus 
gallolyticus subsp. gallolyticus bacteraemia. Eur J Intern Med. 2017;41:68-73.)

REVIEW QUESTIONS

1. A 12-year-old boy presents to his pediatrician with acute onset of sore 
throat and fever for 1 day. He denies cough. On examination, he has an 
erythematous pharynx with tonsillar exudate, palatal petechiae, and sub-
mandibular lymphadenopathy. A rapid streptococcal antigen test is positive. 
The patient has no known drug allergies. You diagnose streptococcal phar-
yngitis and prescribe penicillin. The most important reason to prescribe 
penicillin to this patient is to:
 A. Reduce duration of acute sore throat symptoms
 B. Reduce spread of S. pyogenes infection to other persons
 C. Reduce incidence of rheumatic fever
 D. Reduce incidence of post-streptococcal glomerulonephritis

Answer: C Acute antibiotic treatment for group A streptococcal pharyngitis 
has limited effect on altering acute symptoms. Antibiotics are not routinely 
used to reduce risk for spread of infection to other individuals. Good hand 
hygiene and avoidance of oral secretions are recommended. Antibiotics do 
reduce the incidence of rheumatic fever and rheumatic heart disease. They 
do not change the incidence of poststreptococcal glomerulonephritis.

2. Which of the following antibiotics used in the treatment of invasive group 
A streptococcal infections suppresses group A streptococcus exotoxin 
production?
 A. Penicillin
 B. Clindamycin
 C. Erythromycin
 D. Vancomycin

Answer: B Clindamycin is a lincosamide antibiotic used for the treatment 
of anaerobic, streptococcal, and staphylococcal infections. It reduces produc-
tion of streptococcal and staphylococcal toxins. Clindamycin is more efficacious 
than penicillin alone in experimental models of S. pyogenes necrotizing fasciitis 
and myonecrosis. Penicillin-binding proteins are not expressed during station-
ary phase-growth of S. pyogenes, and thus penicillin is ineffective in severe 
deep infections in which large numbers of bacteria are present. Additionally, 
clindamycin reduces pro-inflammatory cytokine production by human mono-
nuclear cells; it has a much longer half-life and postantibiotic effect than 
penicillin; and it suppresses S. pyogenes exotoxin and M protein production. 
No antagonistic effects between penicillin and clindamycin have been found 
when used together in vitro. (Andreoni F, Zürcher C, Tarnutzer A, et al. 
Clindamycin affects group A Streptococcus virulence factors and improves 
clinical outcome. J Infect Dis. 2017; 215[2]:269-77.)

3. A 32-year-old, otherwise-healthy soccer player presents with excruciating 
pain in the left calf where she was kicked during a match several days ago. 
On examination, she is febrile, normotensive, and tachycardic. The skin 
of the left calf is tight and swollen with mild erythema. There is no opening 
in the skin. Plain radiographs of the leg show swelling but no fracture and 
no evidence of free air in the soft tissues. You start broad-spectrum anti-
biotics for possible necrotizing fasciitis. What would be the most definitive 
way to confirm the diagnosis of necrotizing fasciitis?
 A. Serum creatinine phosphokinase testing
 B. Computed tomography (CT) scan of the left leg
 C. Magnetic resonance imaging (MRI) of the left leg
 D. Open bacterial culture of deep tissues of leg

Answer: D In patients with S. pyogenes necrotizing fasciitis that lacks a dis-
cernible portal of bacterial entry, classical cutaneous signs of a necrotizing 
process are not initially apparent. In the absence of such clinical clues, the 
correct diagnosis is often missed or delayed until the patient manifests systemic 
shock and organ failure. This delay results in high morbidity and mortality 
rates. Pain out of proportion to the initial injury is usually an important clinical 
clue to the presence of the deep infection. Routine radiographs, CT scanning, 
and MRI may show localized swelling of the deep tissues, but characteristically 
do not show frank abscess or gas formation. Therefore, these are not definitive 
procedures. Unexplained tachycardia, a marked left shift, and an elevated cre-
atine phosphokinase level can be important clues to the diagnosis of necrotizing 
soft tissue infections, but definitive diagnosis is by prompt surgical inspection 
of the deep tissues. Gram stains of aspirated fluid reveal chains of gram-positive 
cocci and few, if any, white blood cells. Aspiration of gram-negative rods should 
prompt consideration for infection with Clostridium species, a common cause 
of necrotizing fasciitis.
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ENTEROCOCCAL INFECTIONS
PATRICE SAVARD AND TRISH M. PERL

DEFINITION
Enterococci, formerly called group D streptococci, are endogenous human 
gut flora that had been considered pathogens with low virulence in the past. 
However, more recently, they have emerged as increasingly important health 
care–associated pathogens. This emergence is primarily because of their inher-
ent resistance to commonly used antimicrobials, acquisition of high-level 
resistance to vancomycin and aminoglycosides, persistence in the environment, 
and transmission from patient to patient by way of the contaminated hands 
of health care workers. Hence, the emergence of vancomycin-resistant entero-
cocci (VRE) has limited therapeutic options in confirmed enterococcal infec-
tions and in empirical therapy for infections in severely ill hospitalized patients 
and represents a challenge for infection control in the health care setting. This 
chapter reviews the most important clinical manifestations of enterococci and 
their diagnosis and the importance of infection prevention.

The Pathogen
Members of the genus Enterococcus were long classified within group D of the 
genus Streptococcus. However, in the past 30 years, they have been reclassified 
based on new molecular and genetic analyses. Enterococci are catalase-negative 
gram-positive cocci that can appear singly or in pairs or short chains. They 
are facultative anaerobes that grow optimally at 35° to 37° C and are usually 
α-hemolytic or nonhemolytic on sheep blood agar. Enterococci can grow in 
broth containing 6.5% NaCl and hydrolyze esculin in the presence of 40% 
bile salts (bile-esculin medium) that can distinguish them from most strep-
tococci. Enterococcus faecalis, the most common cause of enterococcal infections 
in humans, is the causative agent for 80 to 90% of the enterococcal infections 
followed by Enterococcus faecium, which is found in 5 to 10% of the infections. 
Enterococcus casseliflavus, Enterococcus gallinarum, and Enterococcus raffinosus 
are less frequently associated with infections, but clusters of infections have 
been reported. Other species isolated from different sources in humans include 
Enterococcus avium, Enterococcus caccae, Enterococcus cecorum, Enterococcus 
dispar, Enterococcus durans, Enterococcus gilvus, Enterococcus italicus, Enterococcus 
hirae, Enterococcus malodoratus, Enterococcus mundtii, Enterococcus pallens, 
Enterococcus pseudoavium, and Enterococcus sanguinicola.

EPIDEMIOLOGY
Enterococci are part of the normal human gut flora, and infections in both 
hospitalized and nonhospitalized patients can arise from either an endogenous 
or exogenous source. The proportion of infections caused by enterococci in 
hospitalized patients has been increasing over the past several decades. Overall, 
urinary tract infections (UTIs) are the most common clinical condition caused 

by enterococci. Based on data reported between 2011 and 2014 to the Centers 
for Disease Control and Prevention (CDC), enterococcal species are now the 
second most common isolates for any health care–associated infection and 
the single most common cause of central line–associated blood stream infec-
tions (CLABSIs). Enterococci are also a prominent cause of catheter-associated 
UTIs and surgical site infections, causing approximately 15% of these health 
care–associated infections in North America (Chapter 266). In the community 
setting, enterococci cause both complicated and uncomplicated UTIs and are 
involved in approximately 5 to 15% of all cases of infective endocarditis. Outside 
of the United States, these organisms are less common but increasingly impor-
tant causes of infections.

In the 1970s, E. faecalis accounted for up to 95% of isolates and was associ-
ated with the introduction of third-generation cephalosporins. Increasingly, 
hospitalized patients, if they are colonized or infected with an Enterococcus 
species, tend to have a strain resistant to vancomycin and sometimes ampicil-
lin (i.e., VRE).1 E. faecium is the most common strain to acquire vancomycin 
resistance. VRE was first reported in Europe in 1986. Since the mid-2000s, 
the proportion of enterococcal strains resistant to vancomycin, primarily E. 
faecium, has risen steadily. According to the CDC’s National Healthcare Safety 
Network (NHSN), 82.2% of E. faecium isolates and 9.2% of E. faecalis isolates 
from CLABSIs were resistant to vancomycin in 2014.2 Also, according to a 
recent report by the CDC on antimicrobial resistance in the United States, 
66,000 Enterococcus health care–associated infections are reported yearly, 
and 20,000 of them are caused by VRE. There are two major genotypes for 
acquired vancomycin resistance, VanA and VanB. The genes encoding the 
VanA phenotype result in high-level resistance to vancomycin and teicoplanin 
and are carried on a plasmid or a conjugative transposon that is transfer-
able. VanA is mostly found in E. faecium and, less frequently, in E. faecalis. 
VanB is associated with variable resistance to vancomycin, but isolates are 
usually susceptible to teicoplanin. VanA and VanB are rarely found in other 
enterococci whereas VanC is intrinsically recovered from E. casseliflavus and 
E. gallinarum. Importantly, these genetic elements have been integrated into 
the genome of S. aureus that is resistant to vancomycin. The vancomycin-
resistant S. aureus (VRSA) acquired a vancomycin resistance gene (VanA) from 
a VRE isolate that colonized a patient coinfected with methicillin-resistant  
S. aureus.

The epidemiology of VRE differs between Europe and North America. In 
Europe, VRE is often detected in farm animals, likely because of the use of 
the antibiotic avoparcin in animal feeds until it was banned in 1997. In the 
United States, avoparcin was never used in animal feeds, and therefore VRE 
is not usually found in farm animals or healthy humans. The proportion of 
VRE among enterococcal clinical isolates in hospitalized Europeans has been 
historically lower than in the United States; however, these rates are increasing. 
According to the European Centre for Disease Prevention and Control (ECDC), 
8.3% of invasive isolates of E. faecium reported in 2015 in Europe were resistant 
to vancomycin, but the prevalence of VRE varies widely among the European 
countries. As reported by the ECDC in 2017, the proportion of enterococcal 
isolates from hospitalized European patients that are highly resistant to van-
comycin varies by geographic region from less than 1% in France to up to 
45.8% in Ireland.

Most VRE infections are associated with health care and result from an 
exogenous source, meaning transmission from the environment, another 
patient, or on the hands of a health care worker. Nearly all infections are 
preceded by a period of colonization, primarily in the gastrointestinal (GI) 
tract. A study of hospitalized patients found that the most sensitive predictor 
of VRE colonization was previous admission to an acute care hospital in the 
past year. Importantly, after being colonized with VRE, patients may harbor 
the strain in their GI tract for years. Similarly, a study among hemodialysis 
patients demonstrated that the primary risk factor for VRE colonization was 
hospitalization in the prior year. Although many colonized patients do not 
develop infections, they are still able to contaminate the environment and 
shed and transmit bacteria to other hospitalized patients. The organism has 
a predilection to contaminate the hospital environment and equipment and 
has been associated with outbreaks.

Apart from preexisting GI colonization, risk factors for enterococcal infec-
tions, particularly VRE infections, include severe underlying conditions such 
as renal failure, previous solid organ or bone marrow transplantation, solid 
and hematologic malignancy, diabetes mellitus, and neutropenia. Other factors 
associated with infection include prior surgical or GI procedures, presence of 
a vascular or urinary indwelling catheter, hospital factors such as location in 
the intensive care unit (ICU) or oncology ward, proximity to colonized patients, 
prolonged length of hospitalization, and recent antimicrobial exposure.

such as clindamycin or metronidazole, and exposure to multiple and prolonged 
antimicrobial therapy are consistent risk factors. Enterococcal bacteremia is 
frequently polymicrobial, and the clinical picture is often influenced by whether 
it is isolated alone or with other bacteria. When enterococci are isolated alone, 
the course is typically indolent, and frequently fever is the only sign. In con-
trast, polymicrobial bacteremia is more severe, often presenting with shock 
or disseminated intravascular coagulation. VRE bacteremia is associated with 
higher mortality rates than bacteremia caused by vancomycin-susceptible 
strains, and early treatment with an appropriate antibiotic within the first 48 
hours of presentation has been associated with improved outcomes.

Endocarditis
Enterococci, particularly E. faecalis, are an increasingly frequent cause of endo-
carditis and represent approximately 10% of cases in non–intravenous drug 
users. Recent reports suggest that 50% of patients with E. faecalis endocarditis 
who undergo endoscopy have a colorectal neoplasm discovered.4 The disease 
occurs most frequently in older patients, with a male predominance. Most 
cases appear to arise in the community. Patients with preexisting valvular 
heart disease, including prosthetic valves, are at highest risk, yet many patients 
lack underlying heart disease. Enterococci more commonly cause left-sided 
endocarditis primarily affecting the mitral valve. Clinically, these patients 
present with symptoms that closely resemble a subacute bacterial endocarditis 
caused by viridans streptococci. Many patients have symptoms for weeks or 
months before seeking medical care.

Intra-abdominal Infections
In intra-abdominal infections, enterococci are often detected as part of a poly-
microbial process. These infections typically arise from a hepatobiliary source, 
including postoperative infection in liver transplantation, and are complicated 
by secondary bacteremia.

Skin and Soft Tissue Infections
Enterococci rarely cause cellulitis or other soft tissue infections alone but are 
often isolated in mixed surgical site infections, diabetic foot infections, and 
decubitus ulcers along with other gram-negative bacilli, gram-positive cocci, 
and anaerobic bacteria. Their clinical significance in these situations has not 
been adequately determined. Enterococci are not thought to be primary patho-
gens in chronic osteomyelitis. When they are identified, it is thought they 
may solely represent superinfection, and thus adequate therapy may not require 
antibiotics directed at enterococcal eradication.

DIAGNOSIS
The diagnosis of an Enterococcus infection is made by isolating the organism 
through culture of a sterile site, such as blood or urine. Recently, molecular 
techniques have been developed to identify Enterococcus more quickly. The 
diagnosis and differential diagnosis of specific conditions are the same as 
discussed for UTIs (Chapter 268) and endocarditis (Chapter 67).

Numerous epidemiologic investigations have revealed that most classes 
of antimicrobials have been associated with VRE infections. In particular, 
vancomycin, cephalosporins, and drugs with anaerobic organism coverage 
use have been linked to VRE acquisition. However, measuring the attributable 
impact of a particular antibiotic on VRE acquisition is difficult. Increasingly, 
an association between VRE colonization and Clostridium difficile infection is 
reported in high-risk patients such as those with hematologic malignancies.

PATHOBIOLOGY
Enterococci are commensal organisms that colonize the human GI tract and 
female genital tract. They contaminate and can also be recovered from the 
environment. Although they are not as intrinsically virulent as other gram-
positive pathogens, under certain conditions the commensal relationship is 
disrupted, and serious infections occur. Several adhesion factors have been 
identified, including aggregation substance, which allow binding to epithelial 
surfaces and enhance the ability for colonization. The ability to adhere to 
heart valves and urinary tract epithelium enables enterococci to cause endo-
carditis and UTIs. Enterococci are also known to secrete potential virulence 
factors. These include cytolysin–hemolysin, which is a bacterial toxin that is 
produced in a higher proportion of infecting strains compared with stool-
colonizing strains. Infecting strains also possess the ability of intestinal trans-
location, although the exact mechanisms of this process have yet to be 
determined. In addition, some cell surface determinants that are encoded may 
mediate adherence to host tissues that may be important in this organism’s 
role in endocarditis. To this point, little is known about the host defense 
mechanisms in enterococcal infections. In addition, the exact role of capsular 
polysaccharides in colonization or infection is unknown. Strains have been 
shown to survive within phagocytic cells, yet it is unclear whether this rep-
resents successful host defense or evasion by the enterococci. The intrinsic 
resistance to multiple antimicrobials (including cephalosporins, clindamycin, 
trimethoprim-sulfamethoxazole, and low-level aminoglycosides) that entero-
cocci possess, along with their ability to acquire resistance to a wide range of 
antibiotics (including high concentrations of penicillins, fluoroquinolones, 
tetracycline, nitrofurantoin, and glycopeptides) through mutation or acquisi-
tion of new genes, enhances their ability to survive and multiply in the many 
hospitalized patients treated with broad-spectrum antimicrobials.

CLINICAL MANIFESTATIONS
No specific clinical manifestations can help distinguish enterococcal infections 
from infections caused by other bacteria. Enterococci are not thought to cause 
lower respiratory tract infections and, if found in this setting, likely represent 
colonization and not infection. Enterococci act as opportunistic pathogens 
in severely ill and compromised patients. They are known to cause UTIs, 
intra-abdominal abscesses, wound infection, bacteremia (including central 
line–associated blood stream infections), and endocarditis.

Urinary Tract Infections
Urinary tract infections are the most frequent type of infection caused by 
enterococci.3 Most infections are nosocomial in origin and include uncom-
plicated cystitis, pyelonephritis, prostatitis, and perinephric abscess. These 
infections are typically secondary to urinary catheterization or instrumentation. 
In contrast to health care–associated UTI, enterococci cause fewer than 5% 
of uncomplicated cystitis or pyelonephritis cases in otherwise healthy non-
hospitalized women. Patients with diabetes mellitus appear to be at increased 
risk for enterococcal UTI. Bacteremia is only infrequently associated with 
enterococcal UTI.

Bacteremia
Importantly, enterococci can cause infection or contaminate cultured blood 
via contaminated catheter hubs and contaminated skin. Determining a true 
bacteremia versus a blood culture that is not clinically significant can be a 
challenge. Given this backdrop, the incidence of bacteremia caused by entero-
cocci continues to increase. Specific risk factors include prolonged hospitaliza-
tion, preexisting urethral catheters or intravascular lines, recent surgery, 
malignancy, neutropenia, and biliary pathology. Secondary bacteremia without 
endocarditis usually arises from the urinary tract, hepatobiliary tract, or soft 
tissue infection. Bacteremia secondary to an intra-abdominal source carries 
a high mortality rate. Risk factors for VRE bacteremia parallel those mentioned 
previously but additionally include severe preexisting comorbid conditions, 
including hematologic malignancy, human immunodeficiency virus (HIV) 
infection, chronic renal insufficiency, and liver transplantation. Prior exposure 
to broad-spectrum antimicrobials, including those with antianaerobic activity 

TREATMENT 
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ABSTRACT
Enterococci are important pathogens that are inherently resistant to many 
classes of antimicrobials. They colonize the gastrointestinal and urinary tracts. 
They commonly cause urinary tract infections primarily after instrumentation, 
bloodstream infections associated with catheters, and intra-abdominal and 
postsurgical infections. They can cause endocarditis and in this setting atten-
tion to antimicrobial therapy is important. The most common species include 
Enterococcus faecalis and E. faecium. The latter is associated with resistance to 
vancomycin and other glycopeptides complicating therapy and primarily a 
pathogen in immunocompromised hosts. Therapy with penicillin based agents 
with or without aminoglycosides are associated with the best outcomes; however 
in vancomycin resistant organisms antimicrobials such as linezolid and dap-
tomycin play a role. New combination therapies including cephalosporins 
(ceftriaxone or ceftaroline) are under study for endocarditis. As with many 
organisms drainage of the source and catheter removal is key to improved 
outcomes.
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such as clindamycin or metronidazole, and exposure to multiple and prolonged 
antimicrobial therapy are consistent risk factors. Enterococcal bacteremia is 
frequently polymicrobial, and the clinical picture is often influenced by whether 
it is isolated alone or with other bacteria. When enterococci are isolated alone, 
the course is typically indolent, and frequently fever is the only sign. In con-
trast, polymicrobial bacteremia is more severe, often presenting with shock 
or disseminated intravascular coagulation. VRE bacteremia is associated with 
higher mortality rates than bacteremia caused by vancomycin-susceptible 
strains, and early treatment with an appropriate antibiotic within the first 48 
hours of presentation has been associated with improved outcomes.

Endocarditis
Enterococci, particularly E. faecalis, are an increasingly frequent cause of endo-
carditis and represent approximately 10% of cases in non–intravenous drug 
users. Recent reports suggest that 50% of patients with E. faecalis endocarditis 
who undergo endoscopy have a colorectal neoplasm discovered.4 The disease 
occurs most frequently in older patients, with a male predominance. Most 
cases appear to arise in the community. Patients with preexisting valvular 
heart disease, including prosthetic valves, are at highest risk, yet many patients 
lack underlying heart disease. Enterococci more commonly cause left-sided 
endocarditis primarily affecting the mitral valve. Clinically, these patients 
present with symptoms that closely resemble a subacute bacterial endocarditis 
caused by viridans streptococci. Many patients have symptoms for weeks or 
months before seeking medical care.

Intra-abdominal Infections
In intra-abdominal infections, enterococci are often detected as part of a poly-
microbial process. These infections typically arise from a hepatobiliary source, 
including postoperative infection in liver transplantation, and are complicated 
by secondary bacteremia.

Skin and Soft Tissue Infections
Enterococci rarely cause cellulitis or other soft tissue infections alone but are 
often isolated in mixed surgical site infections, diabetic foot infections, and 
decubitus ulcers along with other gram-negative bacilli, gram-positive cocci, 
and anaerobic bacteria. Their clinical significance in these situations has not 
been adequately determined. Enterococci are not thought to be primary patho-
gens in chronic osteomyelitis. When they are identified, it is thought they 
may solely represent superinfection, and thus adequate therapy may not require 
antibiotics directed at enterococcal eradication.

DIAGNOSIS
The diagnosis of an Enterococcus infection is made by isolating the organism 
through culture of a sterile site, such as blood or urine. Recently, molecular 
techniques have been developed to identify Enterococcus more quickly. The 
diagnosis and differential diagnosis of specific conditions are the same as 
discussed for UTIs (Chapter 268) and endocarditis (Chapter 67).

Numerous epidemiologic investigations have revealed that most classes 
of antimicrobials have been associated with VRE infections. In particular, 
vancomycin, cephalosporins, and drugs with anaerobic organism coverage 
use have been linked to VRE acquisition. However, measuring the attributable 
impact of a particular antibiotic on VRE acquisition is difficult. Increasingly, 
an association between VRE colonization and Clostridium difficile infection is 
reported in high-risk patients such as those with hematologic malignancies.

PATHOBIOLOGY
Enterococci are commensal organisms that colonize the human GI tract and 
female genital tract. They contaminate and can also be recovered from the 
environment. Although they are not as intrinsically virulent as other gram-
positive pathogens, under certain conditions the commensal relationship is 
disrupted, and serious infections occur. Several adhesion factors have been 
identified, including aggregation substance, which allow binding to epithelial 
surfaces and enhance the ability for colonization. The ability to adhere to 
heart valves and urinary tract epithelium enables enterococci to cause endo-
carditis and UTIs. Enterococci are also known to secrete potential virulence 
factors. These include cytolysin–hemolysin, which is a bacterial toxin that is 
produced in a higher proportion of infecting strains compared with stool-
colonizing strains. Infecting strains also possess the ability of intestinal trans-
location, although the exact mechanisms of this process have yet to be 
determined. In addition, some cell surface determinants that are encoded may 
mediate adherence to host tissues that may be important in this organism’s 
role in endocarditis. To this point, little is known about the host defense 
mechanisms in enterococcal infections. In addition, the exact role of capsular 
polysaccharides in colonization or infection is unknown. Strains have been 
shown to survive within phagocytic cells, yet it is unclear whether this rep-
resents successful host defense or evasion by the enterococci. The intrinsic 
resistance to multiple antimicrobials (including cephalosporins, clindamycin, 
trimethoprim-sulfamethoxazole, and low-level aminoglycosides) that entero-
cocci possess, along with their ability to acquire resistance to a wide range of 
antibiotics (including high concentrations of penicillins, fluoroquinolones, 
tetracycline, nitrofurantoin, and glycopeptides) through mutation or acquisi-
tion of new genes, enhances their ability to survive and multiply in the many 
hospitalized patients treated with broad-spectrum antimicrobials.

CLINICAL MANIFESTATIONS
No specific clinical manifestations can help distinguish enterococcal infections 
from infections caused by other bacteria. Enterococci are not thought to cause 
lower respiratory tract infections and, if found in this setting, likely represent 
colonization and not infection. Enterococci act as opportunistic pathogens 
in severely ill and compromised patients. They are known to cause UTIs, 
intra-abdominal abscesses, wound infection, bacteremia (including central 
line–associated blood stream infections), and endocarditis.

Urinary Tract Infections
Urinary tract infections are the most frequent type of infection caused by 
enterococci.3 Most infections are nosocomial in origin and include uncom-
plicated cystitis, pyelonephritis, prostatitis, and perinephric abscess. These 
infections are typically secondary to urinary catheterization or instrumentation. 
In contrast to health care–associated UTI, enterococci cause fewer than 5% 
of uncomplicated cystitis or pyelonephritis cases in otherwise healthy non-
hospitalized women. Patients with diabetes mellitus appear to be at increased 
risk for enterococcal UTI. Bacteremia is only infrequently associated with 
enterococcal UTI.

Bacteremia
Importantly, enterococci can cause infection or contaminate cultured blood 
via contaminated catheter hubs and contaminated skin. Determining a true 
bacteremia versus a blood culture that is not clinically significant can be a 
challenge. Given this backdrop, the incidence of bacteremia caused by entero-
cocci continues to increase. Specific risk factors include prolonged hospitaliza-
tion, preexisting urethral catheters or intravascular lines, recent surgery, 
malignancy, neutropenia, and biliary pathology. Secondary bacteremia without 
endocarditis usually arises from the urinary tract, hepatobiliary tract, or soft 
tissue infection. Bacteremia secondary to an intra-abdominal source carries 
a high mortality rate. Risk factors for VRE bacteremia parallel those mentioned 
previously but additionally include severe preexisting comorbid conditions, 
including hematologic malignancy, human immunodeficiency virus (HIV) 
infection, chronic renal insufficiency, and liver transplantation. Prior exposure 
to broad-spectrum antimicrobials, including those with antianaerobic activity 

Therapy for enterococcal infections is complicated by the fact that strains 
exhibit inherent resistance to many commonly used antibiotics, including 
cephalosporins. In addition, enterococci can acquire resistance to a wide range 
of antibiotic classes, including aminoglycosides (high-level resistance), β-lactams, 
fluoroquinolones, and vancomycin. Thus, effective directed therapy for any 
severe enterococcal infection requires susceptibility testing by experienced 
microbiology laboratories, with therapy adjusted based on the results. Optimal 
therapy for most infections includes intravenous ampicillin, penicillin, or van-
comycin. Given the resistance or tolerance to cell wall–targeting antibiotics, 
including penicillins and vancomycin, standard therapy with these antibiotics, 
except in UTIs, should include the addition of a synergistic aminoglycoside (i.e., 
gentamicin or streptomycin), as long as high-level resistance is not detected 
in the microbiology laboratory. Of note, neither tobramycin nor kanamycin 
showed synergistic activity against enterococci. This strategy of two-drug therapy 
has been associated with improved outcomes.5 This is particularly important 
in the setting of suspected endocarditis. Recently, there has been increasing 
isolation of E. faecium strains with intrinsic resistance to penicillins. Still, most 
E. faecalis strains remain susceptible to ampicillin and the related piperacillin, 
in contrast to most E. faecium strains, which are resistant to ampicillin. Even 
when enterococcus appears susceptible to trimethoprim–sulfamethoxazole in 
vitro, it should not be used in therapy because clinical failures have been reported 
secondary to the ability of enterococci to use exogenous folate. Similarly, E. 
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PRIMARY PREVENTION
Optimal infection prevention for VRE, similar to many multidrug-resistant 
bacteria, includes proper use and compliance with hand hygiene, use of contact 
precautions, cohorting of colonized patients, proper management and timely 
removal of urinary and vascular catheters, reduction of antibiotic selective 
pressure through antimicrobial stewardship, and environmental cleaning of 
equipment and patient rooms. The latter is particularly important for VRE. A 
study in a U.S. hospital’s medical ICU found that the number of patients already 
colonized with VRE in a defined geographic area (“colonization pressure”) 
was the most significant variable in predicting new acquisition of VRE. Hence, 
decontamination of patients’ skin, called source control, may broadly control 
transmission of resistant pathogens and reduce device-related infections such 
as central venous catheter–associated blood stream infections. Source control 
using daily bathing of patients with chlorhexidine gluconate (CHG)–saturated 
cloths has been associated with reduced VRE contamination of patients’ skin 
and health care workers’ hands. A multicenter cluster randomized, cross-over 
clinical study in ICUs found daily bathing with CHG solution reduced VRE 
acquisition by 25% and decreased the risk for VRE bacteremia in known VRE-
colonized patients. A3  Not all trials have reported comparable findings, A4  but a 
recent prospective crossover pragmatic study in non–critical care inpatient units 
confirmed that daily bathing with chlorhexidine reduced hospital-associated 
VRE (and also MRSA) by 36% (and 55%, respectively), but sustained and 
appropriate application of chlorhexidine was a key component. A5 

The methods for VRE-specific prevention are directed at preventing incident 
colonization in high-risk hospitalized patients. Nearly all enterococcal infec-
tions, including VRE infections, are preceded by GI colonization, and although 
most colonized patients do not develop infections, they are still able to shed 
and transmit bacteria to other hospitalized patients. At least with VRE, a 
colonization-to-infection ratio of 10 : 1 has been reported, suggesting for every 
one clinical infection in an ICU, there may be 10 colonized patients lurking 
undetected in the unit. Thus, the unrecognized colonized patients represent 
the target population for infection prevention and control efforts such as active 
surveillance. Active surveillance programs use rectal surveillance swabs to 
detect previously unrecognized colonized patients and isolate them to prevent 
further transmission. Currently, surveillance cultures or PCR are recommended 
at the time of hospital admission for patients at high risk for carriage of VRE, 
and colonized patients or infected patients should be placed in isolation using 
contact precautions. Contact precautions typically entail private rooms, dedi-
cated equipment such as stethoscopes, and gloves and gowns for all patient 
contact, although in a recent randomized trial in medical and surgical ICUs, 
the use of gloves and gowns for all patient contact compared with usual care 
did not result in a difference in the acquisition of VRE (or methicillin-resistant 
S. aureus). A6  Implicit in this is the continued use of standard precautions, 
which requires cleaning and disinfection of equipment that is used in patient 
rooms. Many hospitals do use active surveillance in the ICU and other wards 
with a high prevalence of VRE, although the overall adoption of this strategy 
has been hindered by the perceived high costs of surveillance programs and 
lack of available randomized control trial data.

PROGNOSIS
Enterococcal bacteremia is associated with prolonged hospitalization and 
added costs compared with similar patients without enterococcal bacteremia. 
Still, apart from enterococcal endocarditis, the attributable mortality of entero-
coccal infections is difficult to quantify owing to its predilection to infect 
patients with preexisting comorbid conditions and high levels of illness severity. 
In certain patient populations, including those with liver and bone marrow 
transplants, studies have suggested increased morbidity, length of stay, and 
mortality associated with vancomycin resistance. Furthermore, a recent meta-
analysis reported that the odds of dying from a vancomycin-resistant entero-
coccal blood stream infection were 2.5 times higher than dying from an infection 
caused by a susceptible enterococcus. The unadjusted mortality in susceptible 
enterococcal bacteremia was 20%. It is unclear why resistance is associated 
with higher mortality, although it is thought that delayed adequate empirical 

faecalis is intrinsically resistant to quinupristin–dalfopristin, which therefore 
should not be used in therapy for infections caused by this species, as opposed 
to E. faecium, which remains susceptible to that drug. The recently FDA-approved 
lipoglycopeptide antibiotics (oritavancin and dalbavancin) are active against 
vancomycin-susceptible enterococci.

If the VRE strains are known to be susceptible, potential therapy in these 
infections includes linezolid, tigecycline, and daptomycin. Linezolid is commonly 
the drug of choice, A1  although its use is associated with bone marrow suppres-
sion, including thrombocytopenia, and has only bacteriostatic activity against 
the enterococci. Linezolid, when used in combination with selective serotonin 
re-uptake inhibitors, can be associated with serotonin syndrome (Chapter 406). 
The newer oxazolidinone, tedizolid, showed activity against enterococci but 
clinical data are lacking. Although daptomycin is not approved by the U.S. Food 
and Drug Administration (FDA) to treat VRE, it treats skin and soft tissue infec-
tions and bacteremia.6 Tigecycline is FDA approved to treat complicated skin 
and soft tissue infections and complicated intra-abdominal infections caused 
by vancomycin-susceptible isolates of E. faecalis, but a recent black box warning 
by the FDA limits its use. Nitrofurantoin remains an option for VRE UTIs. Given 
the complexity of enterococcal infections, an infectious disease consult should 
be considered for therapeutic guidance.

Urinary Tract Infections
A single agent can usually be used to treat enterococcal UTIs, including 

ampicillin, amoxicillin, penicillin, quinolones, fosfomycin, or vancomycin (E-Table 
275-1). Vancomycin is typically reserved for penicillin-allergic patients or if the 
strain has high-level penicillin/ampicillin resistance. β-Lactam–β-lactamase 
inhibitor combinations are usually reserved for polymicrobial infections. Nitro-
furantoin is also occasionally used because most strains remain susceptible. 
Fosfomycin is also indicated for UTIs caused by susceptible E. faecalis.

Bacteremia without Endocarditis
Many cases of enterococcal bacteremia are transient or self-limited, but 

antibiotic therapy with penicillin or ampicillin has been shown to improve 
outcomes (see E-Table 275-1), especially when instituted within 48 hours.7 A 
prospective, observational, cohort study of daptomycin treatment of daptomycin-
susceptible VRE blood stream infections showed that higher daptomycin doses 
(≥9 mg/kg) were associated with lower mortality than in those who received 
doses <7 mg/kg.8 Unlike in endocarditis therapy, it is not known whether patients 
benefit from combination therapy (penicillin or ampicillin or vancomycin plus 
an aminoglycoside), except perhaps when an indwelling intravascular catheter 
is present. In the setting of an indwelling intravascular catheter, especially for 
VRE, removal of the catheter is indicated. If the bacteremia is secondary to 
another site such as an intra-abdominal abscess, drainage of the source is criti-
cal to cure.

Endocarditis
Combination therapy (intravenous penicillin, ampicillin, or vancomycin plus 

an aminoglycoside) with bactericidal activity to sterilize vegetations is the 
standard therapy for enterococcal endocarditis. Importantly, the aminoglycoside 
is used to provide synergistic killing of the organism. Another synergistic com-
bination described for patients not tolerating aminoglycosides includes ampicillin 
plus ceftriaxone to treat E. faecalis endocarditis: it is hypothesized that comple-
mentary saturation of penicillin binding protein (PBP) by both antibiotics is a 
key mechanism. Cephalosporins bind to both PBP 2 and 3 at low concentrations 
whereas ampicillin binds to PBP 4 and 5, and the combination of ampicillin 
plus ceftriaxone is an attractive treatment option.9 Also, in vitro studies suggest 
that ampicillin and ceftaroline show synergistic activity when combined with 
daptomycin compared to daptomycin monotherapy. Doses and durations are 
found in Chapter 67 and E-Table 275-1, but recent evidence suggests it is safe 
to switch from intravenous to oral medications after 10 days of therapy, A2  and 
consultation with infectious diseases experts is generally indicated. The dura-
tion of therapy is typically 4 to 6 weeks with longer therapy given to patients 
who had prolonged symptoms before seeking therapy, prosthetic valve infec-
tion, or relapsed after initial treatment. If the causative enterococcal strain is 
highly resistant to both gentamicin and streptomycin, then alternative agents 
and durations must be explored, and surgery to excise infected valves should 
be considered. Optimal therapy of VRE strains that are resistant to ampicillin 
is not known but includes combination therapy under the guidance of an 
infectious diseases consultant. Several newly approved agents, including line-
zolid (not FDA approved for endocarditis treatment), and daptomycin (not FDA 
approved for enterococcal infections) could be considered if the strain is found 
to be susceptible. VRE endocarditis may require early surgery because outcomes 
with antibiotic therapy alone can be poor. Careful microbiologic and clinical 
assessment of all patients with enterococcal endocarditis and VRE in particular 
is helpful in deciding when surgery is necessary. If repeated blood cultures 
grow for more than 7 days after the initiation of medical therapy or other signs 
of uncontrolled infection (persistent fever or leukocytosis) are present, surgical 
repair of the valve or valve replacement should be considered early in the 
treatment course if there are no absolute contraindications for surgery. Detailed 
recommendations on the management of endocarditis can be found in the 

guidelines published by the American Heart Association and endorsed by the 
Infectious Diseases Society of America (IDSA) in 2016.10

Of note, linezolid resistance is increasingly reported even in patients without 
previous exposure to the antibiotic. Daptomycin resistance is also reported in 
both E. faecalis and E. faecium after prolonged courses of therapy.
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therapy may play a role. These studies should be interpreted cautiously because 
the clinical impact of resistance in enterococci was assessed before the avail-
ability of newer antimicrobials with activity against VRE.
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4. Enterococci are commonly associated with all of these clinical manifesta-
tions except:
 A. Wound infection.
 B. Urinary tract infection.
 C. Bacteremia.
 D. Osteomyelitis.

Answer: D Enterococci are known to cause urinary tract infections; intra-
abdominal abscesses; wound infections; bacteremia, including catheter-asso-
ciated blood stream infections; and endocarditis; less commonly, they cause 
osteoarticular infections and meningitis.

5. All of the answers below are needed to control the transmission of VRE 
among hospitalized patients except:
 A. Hand hygiene.
 B. Contact precaution.
 C. Screening and treatment of colonized patients with effective 

antimicrobials.
 D. Antimicrobial stewardship programs.

Answer: C Screening or surveillance is important to identify the colonized 
patient and to assure isolation in contact precautions, but treatment of colo-
nization is not recommended. Limiting antimicrobial use will help decrease 
the selective pressure.

REVIEW QUESTIONS

1. Which of the following is a characteristic of the growth of enterococci?
 A. The ability to grow in NaCl broth
 B. The β-hemolytic reaction on sheep blood agar
 C. The lack of growth on media containing bile
 D. The lack of esculin hydrolysis

Answer: A Enterococci are facultative anaerobes that grow optimally at 35°-37° 
C and are usually α hemolytic or nonhemolytic on sheep blood agar. Entero-
cocci can grow in broth containing 6.5% NaCl and hydrolyze esculin in the 
presence of 40% bile salts (bile-esculin medium), which can distinguish them 
from most streptococci.

2. Vancomycin-resistant enterococci (VRE) are the result of:
 A. The acquisition of VanA gene from VRSA (vancomycin-resistant Staphy-

lococcus aureus).
 B. The selective pressure of antimicrobials on enterococci, including 

vancomycin.
 C. An efflux pump highly active on vancomycin.
 D. A porin loss limiting the vancomycin action on the cell wall.

Answer: B An example of selective pressure was demonstrated in Europe 
when the use of specific antimicrobials in animals led to the development of 
resistance.

3. Among the following antimicrobials, which one is not a treatment of 
enterococci?
 A. Daptomycin
 B. Ampicillin
 C. Vancomycin
 D. Clindamycin

Answer: D (See section on Treatment.)
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DIPHTHERIA AND OTHER 
CORYNEBACTERIUM INFECTIONS
LUCY BREAKWELL AND ROLAND W. SUTTER

 DEFINITION
Diphtheria is an acute infectious disease caused by toxigenic Corynebacterium 
diphtheriae, a gram-positive bacillus. The hallmark of the disease is the pres-
ence of a thick, firmly adherent pseudomembrane at the site of infection. 
The organism primarily infects the mucosa of the nose, pharynx, tonsils, or 
larynx (respiratory diphtheria). Rarely, other mucosal sites may be infected 
(e.g., conjunctiva, genitals, or ear). In developing countries, a variety of indo-
lent skin lesions (cutaneous diphtheria) are common. Absorption of toxin 
can result in severe complications such as life-threatening myocarditis or  
polyneuritis.

The Pathogen
C. diphtheriae is a member of a group of aerobic, nonmotile, unencapsulated, 
nonsporulating, pleomorphic gram-positive bacilli. Its name comes from the 
Greek korynee (meaning “club”), which describes the shape of the organism 
on stained smears, and diphtheria (meaning “leather hide”), for the charac-
teristic adherent membrane. The genus Corynebacterium is characterized by 
bacilli that line up in parallel groups and bend when dividing to create “Chinese 
character” arrangements. Both nontoxigenic and toxigenic C. diphtheriae strains 
exist. Toxigenicity is conferred when a nontoxigenic organism is infected with 
a β-phage carrying the gene for the toxin (tox) and the tox gene is expressed. 
Nontoxigenic tox gene-bearing strains (NTTB), which have a mutation in the 
A-subunit of the gene that prevents expression, have been reported in Europe. 
C. diphtheriae has four biotypes—gravis, mitis, intermedius, and belfanti—that 
are distinguished by colonial morphology and varying biochemical and hemo-
lytic reactions. Strains are distinguished by molecular techniques. Diphtheria 
toxin-producing strains of Corynebacterium ulcerans can also produce classic 
respiratory diphtheria-like disease, including distal toxic complications.

 EPIDEMIOLOGY
Humans are the only natural reservoir of C. diphtheriae, although the organism 
has occasionally been isolated from a variety of domestic and other animals. 
Transmission occurs in close-contact settings through respiratory droplets or 
by direct contact with respiratory secretions or skin lesions. The organism 
may survive for weeks and possibly months on environmental surfaces and 

in dust, and fomite transmission can occur. The majority of nasopharyngeal 
C. diphtheriae infections may abort or result in asymptomatic carriage, with 
clinical disease developing in only about one in seven individuals. However, 
asymptomatic carriers are key to sustaining transmission.

Respiratory diphtheria dominated in temperate climates in the prevaccine 
era, with a peak incidence during winter and spring seasons. Most individuals 
acquired natural immunity by their mid-teen years. Cutaneous disease is more 
common in tropical countries, but the contribution of cutaneous diphtheria 
to inducing immunity is unknown. Outbreaks of cutaneous diphtheria have 
occurred in the United States and Europe, but typically in homeless and alco-
holic inner-city adult populations. There have been recent case reports from 
European countries of cutaneous diphtheria in the asylum-seeking and refugee 
populations.1,2

Diphtheria immunization with diphtheria toxoid (formalin-treated toxin) 
protects against disease but does not prevent carriage. After the introduction 
of the vaccine in the 1920s when the majority of older individuals had natural 
immunity, the incidence of respiratory diphtheria dropped dramatically as 
did the proportion of isolated toxigenic strains, presumably because the selec-
tive advantage of the tox gene—promotion of greater replication and spread 
of the organism—is lost in an immune host. Currently, respiratory diphtheria 
has virtually been eliminated from developed countries where childhood vac-
cination coverage is high. In the United States, reported cases fell from 147,991 
in 1920, to 15,536 in 1940, to 6 from 2000 to 2016.3 Since 2000, cases mostly 
occurred among unimmunized or inadequately immunized persons and were 
associated with importations of C. diphtheriae from other countries. The absence 
of reported respiratory diphtheria cases in the United States, however, does 
not indicate that circulation of toxigenic C. diphtheriae has ceased. Investiga-
tions among Native American communities in South Dakota and Ontario, 
Canada, indicated C. diphtheriae strains might have been circulating indepen-
dently in these communities for more than 2 decades despite the lack of 
reported respiratory diphtheria cases. Toxigenic corynebacteria continue to 
be identified in other developed countries. For example, from 2007 to 2013, 
England reported 20 cases of toxigenic corynebacteria (60% due to C. ulcerans 
associated with animal contact and 40% due to C. diphtheriae associated with 
international travel and incomplete immunization).4 Over half (55%) of the 
cases were among adults aged 45 years and older.

In the absence of natural environmental boosting, vaccine-induced immunity 
wanes with increasing age and duration since last dose, resulting in a potential 
increase in risk of acquiring infection among older adults. Serosurveys con-
ducted in developed countries from 1994 to 2010 indicated that 13 to 60% 
of adults more than 40 years old had diphtheria antitoxin antibody levels 
below minimal protective levels.5 A concentration of diphtheria antitoxin 
antibodies in the serum of 0.01 IU/mL is considered the lower limit of pro-
tection. Long-term protection against diphtheria requires a level of greater 
than 0.1 IU/mL. Many of the older adults in these surveys were born before 
the introduction of diphtheria toxoid into national immunization schedules 
and so may not have been fully vaccinated. In contrast, a serosurvey in the 
Netherlands (2010) found that, although diphtheria antitoxin antibody con-
centrations among vaccinated cohorts declined with age, they remained above 
minimal protective levels among all of those vaccinated 40 to 50 years 
previously.

Large outbreaks of diphtheria have occurred during the vaccine era. In the 
1990s, there was a major resurgence of diphtheria in several countries of the 
former Soviet Union. In Russia, the number of reported cases rose from 593 
in 1989 to 39,582 in 1994, with more than two thirds of cases occurring in 
adults. Large-scale vaccination campaigns to virtually the entire population 
in the affected countries reduced diphtheria incidence, from a peak of 50,449 
cases in 1995, to 7197 cases in 1997, to preresurgence levels by the late 1990s 
(Fig. 276-1). However, diphtheria remains a public health concern in these 
countries. For example in Latvia, diphtheria immunization coverage among 
adults declined to less than 60% by 2014, and diphtheria incidence increased 
from 0.1 to 0.7 per 100,000 persons during 2010 to 2014.6 More recently, 
large outbreaks have occurred in Brazil (2010),7 Indonesia (2010 to 2012),8 
Thailand (2012), Lao PDR (2012 to 2013),9 Haiti (2015 to 2016),10 and 
Venezuela (2016),11 as well as in the Rohingya refugee population of Bangla-
desh, and in Yemen due to war,12 primarily among children younger than 15 
years, and associated with non- or inadequate vaccination. In general, outbreaks 
of diphtheria may occur in a susceptible population caused by clonal spread 
of the organism or transfer of the tox gene-bearing bacteriophage to nontoxi-
genic strains of C. diphtheriae. Although reported diphtheria cases have declined 
globally from 11,625 cases in 2000 to 4530 cases in 2015, some countries 
(e.g., India) continue to have endemic foci (Fig. 276-1).
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ABSTRACT
Diphtheria is an acute infectious disease caused by toxigenic Corynebacterium 
diphtheriae, which typically presents with a thick, firmly adherent pseudo-
membrane at the site of infection, primarily the mucosa of the nose and throat 
(respiratory diphtheria). In developing countries, indolent skin lesions (cuta-
neous diphtheria) are common. Humans are the only natural reservoir of C. 
diphtheriae and transmission occurs in close-contact settings through respiratory 
droplets or by direct contact with respiratory secretions or skin lesions. Since 
the introduction of diphtheria toxoid vaccine, respiratory diphtheria has virtu-
ally been eliminated from countries with high childhood vaccination coverage. 
However, some countries continue to have endemic foci and outbreaks due 
to non- or inadequate vaccination. The symptoms of diphtheria are attribut-
able to the toxin, which causes local tissue necrosis with the formation of a 
tough pseudomembrane. C. diphtheriae diagnosis is based on clinical suspicion 
because it is important to start treatment as soon as possible, especially to 
reduce case fatality. Infection is confirmed by isolation of the bacteria through 
culture on selective media that inhibit the growth of other nasopharyngeal 
organisms. The mainstay of therapy is equine diphtheria antitoxin. Antibiotics 
(penicillin and/or erythromycin) are given to eliminate the organism, halt 
toxin production, limit local infection, and prevent transmission. Immuniza-
tion with diphtheria toxoid vaccine is the only effective means of prevention. 
In the United States, the primary schedule includes five doses (2, 4, 6, 15 to 
18 months, 4 to 6 years) of diphtheria toxoid vaccine. Corynebacteria, other 
than C. diphtheriae, are associated with serious infections in immunosuppressed, 
chronically ill, and hospitalized patients.
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Currently in the United States, children are recommended to receive five 
doses of diphtheria toxoid (given with tetanus toxoid and pertussis vaccine 
as DTaP) at 2, 4, 6, 15 to 18 months, and a preschool booster dose at 4 to 6 
years of age. For adolescents, a tetanus toxoid, reduced diphtheria toxoid, and 
acellular pertussis vaccine (Tdap) booster should be given between 11 and 
12 years of age, mainly to provide additional protection against pertussis. 
Detailed recommendations for vaccination schedules can be obtained from 
the Advisory Committee for Immunization Practices (https://www.cdc.gov/
vaccines/hcp/acip-recs/index.html).

Adults are recommended to receive tetanus toxoid, reduced diphtheria 
toxoid vaccine (Td) doses every 10 years. Adults who have not received a 
dose of Tdap, should receive one dose of Tdap as soon as feasible regardless 
of the interval since their last Td dose, then resume receiving a Td dose every 
10 years (Chapter 15). The World Health Organization is currently reviewing 
available evidence on population diphtheria antitoxin seroprevalence and 
longevity of protection to reassess the necessity of the 10-year Td booster 
dose recommendation for adults to retain protection against diphtheria.17 Since 
2013, pregnant women are recommended to receive 1 dose of Tdap during 
gestational weeks 27 to 36 for each pregnancy, regardless of prior history of 
receiving Tdap. This recommendation was implemented to reduce pertussis 
morbidity and mortality in infants.

Only persons with a history of severe anaphylaxis to a vaccine compo-
nent or after a prior dose should not receive additional doses of diphtheria 
toxoid. Vaccination should be deferred for persons with moderate or severe 
acute illness. Severe systemic adverse events after receipt of diphtheria 
toxoid are rare, and fever and other systemic symptoms are not common. 
However, local self-limited reactions, such as erythema and induration, are  
common.

Several countries have introduced glycoconjugate vaccines containing CRM197 
(Cross Reactive Material 197), a genetically altered, fully immunogenic mutant 
of diphtheria toxin. Clinical trials have shown that CRM197 increased immunity 
to diphtheria; however, the role of CRM197 in contributing to or maintaining 
population immunity is unclear. In a guinea-pig model, receipt of CRM197-
conjugated meningococcal vaccines (with CRM197 concentration ranging from 
3 µg to 44 µg) did not provide protection against a lethal challenge of diph-
theria toxin.18 However, given the different lengths, structures, and loads of 
the poly/oligosaccharides conjugated to CRM197 in different glycoconjugate 
vaccines, immunogenicity of CRM197 and ultimately protection against diph-
theria toxin challenge would need to be assessed for each glycoconjugate 
vaccine.

 PROGNOSIS
Diphtheria remains a serious disease associated with a high case-fatality rate. 
In the United States, the diphtheria case-fatality rate has remained virtually 
unchanged (5 to 10%) over recent decades.
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FIGURE 276-1. Reported diphtheria cases, worldwide, 1980 to 2015. (Data from the World Health Organization).

 PATHOBIOLOGY
In classic respiratory diphtheria, C. diphtheriae colonizes the mucosal surface 
of the nasopharynx or larynx and multiplies locally without blood stream 
invasion. The symptoms and signs of diphtheria are attributable to toxin pro-
duction. Diphtheria toxin is an extremely potent inhibitor of protein synthesis, 
and the estimated human lethal dose is 0.1 µg/kg. Released toxin causes local 
tissue necrosis with the formation of a tough pseudomembrane composed of 
a mixture of fibrin, dead cells, and bacteria that is firmly adherent to the under-
lying submucosal tissue. The membrane usually begins on the tonsils, on the 
posterior pharynx, or in the nose. In more severe cases, it progressively extends 
over the pharyngeal wall, fauces, and soft palate and into the larynx and may 
result in respiratory obstruction. Toxin entering the blood stream causes tissue 
damage at distant sites, particularly the heart (myocarditis), nerves (demyelin-
ation), and kidney (tubular necrosis). The extent of toxin absorption varies 
with the site of infection, being much less from the skin or nose than from 
the pharynx. Nontoxigenic strains mostly cause mild local respiratory disease 
and rarely produce a membrane, but have been associated with invasive infec-
tions such as endocarditis, septic arthritis, and osteomyelitis.13

 CLINICAL MANIFESTATIONS
Respiratory Diphtheria
Infection limited to the anterior nares (nasal diphtheria) is manifested as a 
chronic serosanguineous or seropurulent discharge without fever or significant 
toxicity. A whitish membrane may be observed on the septum. The faucial 
(pharyngeal) form is most common. After an incubation period of 2 to 5 days, 
ranging from 1 to 10 days, the illness begins with a sore throat, malaise, and 
mild to moderate fever. Initially, there is mild pharyngeal erythema, usually 
followed by progressive formation of a whitish tonsillar exudate, which over 
24 to 48 hours consolidates into a firmly adherent grayish membrane that 
bleeds on attempted removal. In more severe cases, the patient appears toxic 
and the membrane is more extensive. Cervical lymphadenopathy and soft 
tissue edema may occur and result in the typical bull neck appearance and 
stridor.14 Laryngeal involvement (laryngeal diphtheria), which may develop 
on its own or as a result of membrane extension from the nasopharynx, is 
manifested as hoarseness, stridor, and dyspnea. The following clinical clas-
sification has been proposed by the World Health Organization: (1) catarrhal 
form (erythema of pharynx, no membrane), (2) follicular form (patches of 
exudate, no pharynx or tonsillar involvement), (3) spreading form (membranes 

covering the tonsils and the posterior pharynx), and (4) combined form (more 
than one anatomic site involved, e.g., throat and skin). The more severe clinical 
manifestations are associated with increasing toxin absorption levels.

The likelihood of toxic complications depends primarily on the interval 
between disease onset and administration of antitoxin. The severity of disease 
at initial evaluation closely predicts the likelihood of a severe clinical course, 
complications, and death. Myocarditis typically occurs in the first or second 
week after the onset of respiratory symptoms and develops either suddenly 
or insidiously with signs of low cardiac output and congestive heart failure. 
Conduction disturbances, which may occur without other signs of myocarditis, 
include ST-T wave abnormalities, arrhythmias, and heart block. Neurologic 
impairment is manifested as cranial nerve palsies and peripheral neuritis.15 
Palatal or pharyngeal paralysis (or both) occurs during the acute phase; periph-
eral neuritis, symmetrical and predominantly motor, occurs 2 to 12 weeks 
after onset of the disease. Motor deficit may range from minor proximal weak-
ness to complete paralysis; in general, complete recovery from motor deficit 
is the rule. In fulminant, sometimes called “hypertoxic,” diphtheria, toxic 
circulatory collapse with hemorrhagic features occurs.

Cutaneous Diphtheria
Cutaneous diphtheria lesions are classically indolent, deep, punched-out ulcers 
that may have a grayish-white membrane.16 However, the lesions may be indis-
tinguishable from impetigo, or C. diphtheriae may infect chronic dermatoses, 
resulting in a nontypical presentation. Coinfection with Streptococcus pyogenes, 
Staphylococcus aureus, or both occurs frequently. Toxic complications of cuta-
neous diphtheria alone are rare.

 DIAGNOSIS
C. diphtheriae diagnosis should be based on clinical suspicion to allow treat-
ment to start as soon as possible. Specimens for culture should be taken from 
beneath the membrane, the nasopharynx, and any suspicious skin lesions. 
Because special media are required, the laboratory should be alerted to the 
concern about diphtheria. Confirmation of infection is done by isolation 
through culture on selective media that inhibit the growth of other nasopha-
ryngeal organisms; a medium containing potassium tellurite is generally used. 
Based on colonial morphology and Gram stain appearance, a presumptive 
diagnosis may be possible within 18 to 24 hours. Culture results may be nega-
tive if the patient previously received antibiotics. Toxigenicity testing should 
be performed on all C. diphtheriae isolates. Because both nontoxigenic and 

TREATMENT 

 PREVENTION
Immunization with diphtheria toxoid is the only effective means of primary 
prevention. The vaccine is approximately 95% effective, and protection is 
thought to last for at least 10 years.
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Currently in the United States, children are recommended to receive five 
doses of diphtheria toxoid (given with tetanus toxoid and pertussis vaccine 
as DTaP) at 2, 4, 6, 15 to 18 months, and a preschool booster dose at 4 to 6 
years of age. For adolescents, a tetanus toxoid, reduced diphtheria toxoid, and 
acellular pertussis vaccine (Tdap) booster should be given between 11 and 
12 years of age, mainly to provide additional protection against pertussis. 
Detailed recommendations for vaccination schedules can be obtained from 
the Advisory Committee for Immunization Practices (https://www.cdc.gov/
vaccines/hcp/acip-recs/index.html).

Adults are recommended to receive tetanus toxoid, reduced diphtheria 
toxoid vaccine (Td) doses every 10 years. Adults who have not received a 
dose of Tdap, should receive one dose of Tdap as soon as feasible regardless 
of the interval since their last Td dose, then resume receiving a Td dose every 
10 years (Chapter 15). The World Health Organization is currently reviewing 
available evidence on population diphtheria antitoxin seroprevalence and 
longevity of protection to reassess the necessity of the 10-year Td booster 
dose recommendation for adults to retain protection against diphtheria.17 Since 
2013, pregnant women are recommended to receive 1 dose of Tdap during 
gestational weeks 27 to 36 for each pregnancy, regardless of prior history of 
receiving Tdap. This recommendation was implemented to reduce pertussis 
morbidity and mortality in infants.

Only persons with a history of severe anaphylaxis to a vaccine compo-
nent or after a prior dose should not receive additional doses of diphtheria 
toxoid. Vaccination should be deferred for persons with moderate or severe 
acute illness. Severe systemic adverse events after receipt of diphtheria 
toxoid are rare, and fever and other systemic symptoms are not common. 
However, local self-limited reactions, such as erythema and induration, are  
common.

Several countries have introduced glycoconjugate vaccines containing CRM197 
(Cross Reactive Material 197), a genetically altered, fully immunogenic mutant 
of diphtheria toxin. Clinical trials have shown that CRM197 increased immunity 
to diphtheria; however, the role of CRM197 in contributing to or maintaining 
population immunity is unclear. In a guinea-pig model, receipt of CRM197-
conjugated meningococcal vaccines (with CRM197 concentration ranging from 
3 µg to 44 µg) did not provide protection against a lethal challenge of diph-
theria toxin.18 However, given the different lengths, structures, and loads of 
the poly/oligosaccharides conjugated to CRM197 in different glycoconjugate 
vaccines, immunogenicity of CRM197 and ultimately protection against diph-
theria toxin challenge would need to be assessed for each glycoconjugate 
vaccine.

 PROGNOSIS
Diphtheria remains a serious disease associated with a high case-fatality rate. 
In the United States, the diphtheria case-fatality rate has remained virtually 
unchanged (5 to 10%) over recent decades.

toxigenic strains may be isolated from the same patient, more than one colony 
should be tested. Traditional toxin testing methods include guinea pig inocula-
tion and the modified Elek test. For the Elek test, the isolate and appropriate 
controls are streaked on a culture plate in which a filter strip soaked with 
antitoxin has been embedded; toxin production is confirmed by an immuno-
precipitation line in the agar. Identification of the diphtheria tox gene allowed 
the development of polymerase chain reaction–based methods for identifica-
tion of toxigenic strains.

Differential Diagnosis
The differential diagnosis includes streptococcal and viral tonsillopharyngitis, 
infectious mononucleosis, Vincent angina, candidiasis, and acute epiglotti-
tis. Suspicion of diphtheria is increased if the patient has a history of travel 
to a region with endemic diphtheria, had contact with a recent immigrant 
from such an area, has a pre-antitoxin treatment serum antitoxin level of 
less than 0.01 IU/mL, or has not received diphtheria toxoid vaccination 
for many years. Previous animal contact may indicate toxigenic C. ulcerans  
infection.

The decision to initiate therapy should be based on clinical suspicion because 
delayed treatment is associated with worse outcomes. The goals of treatment 
are to neutralize the toxin rapidly, eliminate the infecting organism, provide 
supportive care, and prevent further transmission (Table 276-1). The mainstay 
of therapy is equine diphtheria antitoxin. Because only unbound toxin can be 
neutralized, treatment should commence as soon as the diagnosis is suspected. 
Each day of delay in administration increases the likelihood of a fatal outcome. 
A single dose is given ranging from 20,000 units for localized tonsillar diphtheria 
to 100,000 units for extensive disease with severe toxicity. Children receive the 
same dose as adults. Antitoxin may be administered intramuscularly or intra-
venously; for more severe cases, the intravenous route is preferred. Tests for 
sensitivity to antitoxin should be performed before administering it and desen-
sitization carried out if necessary.

Antibiotic therapy, by eliminating the organism, halts toxin production, limits 
local infection, and prevents transmission. Erythromycin orally or by injection 
(40 mg/kg/day; maximum 2 g/day) for 14 days, or parenteral procaine penicillin 
G (300,000 U if weight ≤10 kg or 600,000 U if weight >10 kg every 12 hours 
intramuscularly) until the patient can take oral medicine, followed by oral 
penicillin V (250 mg four times daily) for a total treatment course of 14 days or 
erythromycin (500 mg four times daily for 14 days) is the drug of choice. General 
supportive care includes ensuring a secure airway (with tracheotomy, if neces-
sary), electrocardiographic monitoring for evidence of myocarditis, treating 
heart failure and arrhythmias, and preventing secondary complications of 
neurologic impairment such as aspiration pneumonia.

The patient should be in strict isolation until two consecutive negative cul-
tures are obtained after therapy is completed. Natural infection does not confer 
immunity to the toxin, so persons recovering from diphtheria should complete 
active immunization during convalescence. Respiratory diphtheria infections 
are nationally notifiable, so the local health department must be notified. Close 
contacts, especially household contacts, should have cultures performed. Con-
tacts should also be administered prophylactic antibiotics [benzathine penicillin 
G (600,000 U for persons <6 years old and 1,200,000 U for persons ≥6 years 
old) or a 7- to 10-day course of oral erythromycin (40 mg/kg/day for children 
and 1g/day for adults)] and be provided a booster dose of age-appropriate 
diphtheria toxoid-containing vaccine. A positive culture result in a contact may 
confirm the diagnosis if the patient is culture negative. All contacts without 
full immunization within the preceding 5 years should receive diphtheria toxoid.

The availability and access to diphtheria antitoxin has become problematic 
in recent years. At present, very few manufacturers exist worldwide. In the 
United States no FDA-licensed product is available because manufacturers 
discontinued diphtheria antitoxin production in 1997. However, diphtheria 
antitoxin can be obtained from the Centers for Disease Control and Prevention 
(770-488-7100) under an Investigational New Drug protocol, which describes 
in detail the procedures to follow when treating suspected diphtheria cases 
(https://www.cdc.gov/diphtheria/downloads/protocol.pdf ). Given the scarcity 
of diphtheria antitoxin, there is an urgent need for alternative antitoxin prepara-
tions, such as human monoclonal antibodies.

TREATMENT 

 PREVENTION
Immunization with diphtheria toxoid is the only effective means of primary 
prevention. The vaccine is approximately 95% effective, and protection is 
thought to last for at least 10 years.

TABLE 276-1 GOALS AND PROPOSED INTERVENTIONS  
FOR THE MANAGEMENT OF SUSPECTED 
DIPHTHERIA CASES

GOALS PROPOSED INTERVENTIONS
Neutralize toxin as soon as possible to 

reduce severe complications, 
including death.

After a presumptive diagnosis of 
diphtheria, immediately obtain and 
administer antitoxin.

Eliminate the infecting organism and 
provide supportive care.

Initiate antimicrobial treatment, and 
arrange for appropriate supportive care.

Prevent further transmission of C. 
diphtheriae to close contacts, 
including hospital staff.

Isolate the patient as soon as suspected 
diphtheria is established; strictly 
observe respiratory barrier procedures.

Notify the health department.
Review the vaccination status of the family 

and other close contacts and initiate 
postexposure prophylaxis.

Confirm the diagnosis. Collect appropriate specimens for culture 
(alert the laboratory to ensure that it 
can prepare specific culture media).

Induce long-term protection against C. 
diphtheriae in case and close 
contacts.

Complete the primary series with 
diphtheria toxoid containing vaccines 
as needed.

https://www.cdc.gov/diphtheria/downloads/protocol.pdf
https://www.cdc.gov/vaccines/hcp/acip-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/index.html
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Currently in the United States, children are recommended to receive five 
doses of diphtheria toxoid (given with tetanus toxoid and pertussis vaccine 
as DTaP) at 2, 4, 6, 15 to 18 months, and a preschool booster dose at 4 to 6 
years of age. The fourth dose may be administered as early as 12 months of 
age provided at least 6 months have elapsed since the third dose. For adoles-
cents, a tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis 
vaccine (Tdap) booster should be given between 11 and 12 years of age, mainly 
to provide additional protection against pertussis. Detailed recommendations 
for vaccination schedules can be obtained from the Advisory Committee  
for Immunization Practices (https://www.cdc.gov/vaccines/hcp/acip-recs/
index.html).

https://www.cdc.gov/vaccines/hcp/acip-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/index.html


 OTHER CORYNEBACTERIUM SPECIES
Corynebacteria other than C. diphtheriae are ubiquitous in the environment 
and are among the normal flora colonizing humans and animals. The patho-
genic potential of many of these organisms was not appreciated in the past, 
but many are now known to be associated with specific and often serious 
infectious diseases,19,20 especially in immunosuppressed, chronically ill, and 
hospitalized patients (Table 276-2). In general, these organisms remain sus-
ceptible to vancomycin, but resistance to other classes of antimicrobials is 
common and varies among species.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

TABLE 276-2 CORYNEBACTERIA AND RELATED ORGANISMS ASSOCIATED WITH HUMAN DISEASE
SITE OF INFECTION PATHOGEN CLINICAL SYNDROME COMMENTS
Respiratory tract Corynebacterium diphtheriae Classic diphtheria Toxin producing strains only

Corynebacterium ulcerans Diphtheria Zoonotic infection; may produce diphtheria toxin
Corynebacterium pseudodiphtheriticum Pharyngitis. Rarely, pneumonia in patients 

with advanced AIDS
Arcanobacterium haemolyticum Pharyngitis, tonsillar abscess, rash Clinically indistinguishable from streptococcal pharyngitis

Skin and soft tissue Corynebacterium pseudotuberculosis Granulomatous lymphadenitis Zoonotic infection, especially in sheep; occupational risk 
for veterinarians and butchers

Corynebacterium minutissimum Erythrasma
Corynebacterium kroppenstedtii, 

Corynebacterium striatum, and 
Corynebacterium amycolatum/C.xerosis

Granulomatous breast abscess

Genitourinary tract Corynebacterium diphtheria
Corynebacterium glucuronolyticum
Corynebacterium urealyticum
Corynebacterium riegelli

UTIs in men; chronic prostatitis
Chronic and recurrent UTIs, encrusted 

cystitis

More common in elderly, chronically ill, and 
immunosuppressed patients and in those with 
indwelling catheters

Health care–associated 
infections

Corynebacterium jeikeium and less 
commonly many others, including 
Corynebacterium amycolatum, 
Corynebacterium striatum, 
Corynebacterium urealyticum, and 
Corynebacterium aurimucosum

Catheter- and device-associated infections
Postprocedure wound and soft tissue 

infections
Prosthetic valve joint infections
Nosocomial pneumonia
CSF shunt infections

C. jeikeium is the most common corynebacterial pathogen 
in hospitals and causes severe infections in 
immunosuppressed patients and those with indwelling 
devices

C. striatum has been associated with infective endocarditis

CSF = cerebrospinal fluid; UTI = urinary tract infection.

https://expertconsult.inkling.com/
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REVIEW QUESTIONS

1. A 61-year-old Vietnam veteran with a low socioeconomic status (SES) in 
Seattle is brought to the emergency department (ED) because of difficul-
ties breathing. On radiography, a lobar pneumonia is demonstrated, and 
appropriate treatment with antibiotics is initiated. The attending ED physi-
cian also notes a rash on the lower extremity. The lesions are deep punched-
out nonitching ulcers that are indolent. On culture, Staphylococcus aureus 
is grown. What is the likely diagnosis of the skin rash?
 A. Impetigo
 B. Cutaneous diphtheria
 C. Chronic dermatitis superinfected by S. aureus
 D. Cat-scratch disease
 E. Scabies

Answer: B Cutaneous lesions caused by Corynebacterium diphtheriae are typi-
cally deep punched-out ulcers in a patient of risk (low SES, probably alcohol 
abuse, poor hygiene). The isolation of S. aureus (or other skin bacteria) occurs 
frequently. C. diphtheriae may not be cultured initially because of the need 
for special media. Impetigo and chronic dermatitis are possible diagnoses but 
are unlikely given the typical appearance of the lesions (usually honey-colored 
scabs). Similarly, cat-scratch disease is unlikely in the absence of a supporting 
history of contact with cats. Scabies causes a papular rash with intense itching.

2. A 23-year-old Peace Corps volunteer returns from a 2-year assignment in 
the rural East Java Province of Indonesia. She presents with sore throat, 
malaise, and mild-to-moderate fever for 3 days. Before leaving Indonesia, 
the patient received erythromycin. On examination, a whitish membrane 
adheres tightly to the right tonsil. During the swabbing of the tonsil for 
culture, the membrane cannot be removed and starts to bleed at the edge. 
What is the most likely diagnosis?
 A. Streptococcal tonsillitis
 B. Plaut Vincent angina
 C. Respiratory diphtheria
 D. Primary syphilis lesion
 E. Infectious mononucleosis (MN) caused by Epstein-Barr virus (EBV)

Answer: C A greyish-white pseudomembrane on a tonsil should lead to a 
high suspicion for diphtheria, as does the history of an extended stay in a 
developing country where diphtheria is endemic. None of the other diagnoses 
are associated with the formation of a pseudomembrane.

3. Given a high index of suspicion of respiratory diphtheria in this 23-year-old 
patient (see question 2), what is the immediate priority?
 A. Report the suspected case to the local health department.
 B. Inform the laboratory to use special media for culturing (potassium 

tellurite media).
 C. Contact the Centers for Disease Control and Prevention and order 

equine diphtheria antitoxin.
 D. Check the patient’s diphtheria toxoid vaccination history.
 E. Isolate the patient.

Answer: E In order of priority, it is essential to ensure that the airways are 
patent. In this case, we have no indication that these are compromised. After 
the diagnosis of suspected diphtheria is established (clinical symptoms match 
suspected diphtheria, and the patient has not received diphtheria toxoid in 
many years), the patient needs to be isolated to prevent spread to contacts. 
Due to the potential complications of diphtheria, treatment with equine diph-
theria antitoxin should be initiated on the basis of suspicion as soon as possible. 
The isolation of Corynebacterium diphtheriae requires a special media, so the 
laboratory has to be alerted. Given that the patient has been taking antibiotics 
for several days, it is unlikely the culture result will be positive. Then the local 
health department should be contacted.

4. Which one is not a likely complication of diphtheria toxin?
 A. Myocarditis
 B. Kidney (tubular necrosis)
 C. Neuropathy (caused by demyelination)
 D. Encephalitis
 E. Respiratory insufficiency

Answer: D Encephalitis is not a likely complication of diphtheria. Myocarditis 
occurs up to several weeks after the onset of acute respiratory diphtheria and 
is associated with a high fatality rate. The kidneys may be affected but recover. 
The most common form of neuropathy is palatal paralysis or peripheral neu-
ropathy in the lower extremity; both are reversible. Extension of diphtheric 
membranes into the respiratory tree can lead to respiratory stress and even 
insufficiency.

5. What recommendations for diphtheria toxoid vaccination would you make 
to a 26-year-old oil worker going to the Middle East for several months? 
The man had received two doses of diphtheria, tetanus, and pertussis (DTaP) 
vaccine as a child and is leaving the United States in 6 weeks.
 A. Administer a dose of tetanus and diphtheria toxoid (Td).
 B. Complete the primary vaccination schedule with a dose of adult-

formulation Tdap vaccine before departure.
 C. Given the possible adverse events and the unlikely exposure to diphtheria 

in the oil fields, no further immunization is recommended.
 D. Complete the schedule with infant-formulation DTaP vaccine before 

departure.
Answer: B To have protective antitoxin levels, a full series of diphtheria 
toxoid–containing vaccine is needed. In this instance, administer a Tdap dose 
now and a dose of Td 4 weeks later. A single dose of diphtheria and tetanus 
toxoid would be suboptimal and would be a missed opportunity for vaccinat-
ing against pertussis. The infant formulation vaccine, DTaP, is not licensed 
for use in adults.

6. Which of the following statements about diphtheria immunization is correct?
 A. Tdap (tetanus and diphtheria toxoid and acellular pertussis vaccine) 

should not be administered to pregnant women because of the risk of 
adverse pregnancy outcomes.

 B. Diphtheria-specific IgG levels are higher in infants when their mothers 
were immunized with Tdap 2 years before delivery than when their 
mothers received Tdap during pregnancy.

 C. Adults require boosters of diphtheria and tetanus toxoids every 10 years 
even after completing a full series of infant immunizations plus preschool 
and adolescent boosters.

 D. A single Tdap administration in an adult who had never received DTaP 
immunizations during childhood will provide adequate protection.

Answer: C The diphtheria vaccination schedule involves 5 doses of diphtheria 
toxoid (in the form of DTaP) to be administered at 2, 4, 6, 15 to 18 months, 
and a preschool booster dose at 4 to 6 years of age; a subsequent booster of 
Tdap to be given as part of an adolescent immunization visit (between 11 
and 12 years of age); and a booster dose of Td to be administered every 10 
years. (See section on Prevention and the recommendations of the Advisory 
Committee for Immunization Practices (https://www.cdc.gov/vaccines/hcp/
acip-recs/index.html). The Vaccine Adverse Event Reporting System has not 
identified any concerning events in maternal, infant, or fetal outcomes in 
pregnant women who received Tdap. It has been demonstrated that protective 
IgG levels in the infants of women immunized with Tdap within the past 2 
years before delivery is the same as those in infants whose mothers were 
immunized in the second or third trimester. In fact, it is now suggested that 
vaccinating mothers in the late second or third trimester of pregnancy is safe 
and would more likely allow maternal antibody production to reach higher 
protective levels (to be transferred across the placenta to the fetus) by the 
time of delivery. For adults older than 19 years of age who have never received 
a dose of DTaP during childhood, the Advisory Committee on Immunization 
Practices recommends that adults with an unknown or incomplete history of 
a 3-dose primary series with tetanus and diphtheria toxoid–containing vac-
cines should complete the primary series that includes 1 dose of Tdap. Unvac-
cinated adults should receive the first 2 doses at least 4 weeks apart and the 
third dose 6 to 12 months after the second dose.

https://www.cdc.gov/vaccines/hcp/acip-recs/index.html
https://www.cdc.gov/vaccines/hcp/acip-recs/index.html
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7. Which of the following statements about diphtheria is correct?
 A. Outbreaks of diphtheria can be caused either by clonal spread of toxi-

genic strains or by transfer of the gene for the toxin via bacteriophage 
to nontoxigenic strains.

 B. The case-fatality rate for diphtheria has decreased dramatically since 
the advent of childhood immunization for the disease.

 C. The extent of diphtheria toxin absorption into the circulation is not 
dependent on the primary site of infection.

 D. Nontoxigenic strains of Corynebacterium diphtheriae do not cause clinical 
illness in humans.

 E. Cutaneous diphtheria in North America and Europe occurs almost 
exclusively in severely immunocompromised individuals.

Answer: A Outbreaks of serious illness can be caused by either toxigenic 
strains or nontoxigenic strains that have been made toxigenic by transfer of 
the toxin gene by phages. Although the incidence of diphtheria has plummeted 
throughout most of the world since the advent of childhood immunization, 
the case-fatality rate has not changed much; it remains a very serious disease 
(with case-fatality of 5 to 10% in the United States). The extent of toxin absorp-
tion varies with the site of infection, being much less from the skin or nose 
than from the pharynx. Infection by nontoxigenic strains of C. diphtheriae can 
cause symptoms, although typically much milder than those caused by toxi-
genic strains. Outbreaks of cutaneous diphtheria have occurred in the United 
States and Europe typically in homeless and alcoholic inner-city adults, not 
necessarily those who are severely immunocompromised.

8. A 55-year-old man presents with mild fever and pharyngitis for 3 days, 
with a potential pseudomembrane. He has unknown diphtheria vaccination 
history (probably received childhood vaccinations) and no recent travel 
history outside of the United States or animal contact. Which of the fol-
lowing would you include in your differential diagnosis?
 A. Group A β-hemolytic Streptococcus
 B. Borellia vincenti (Vincent angina)
 C. Adenovirus
 D. Cytomegalovirus
 E. Infectious mononucleosis (MN) caused by Epstein-Barr virus (EBV)
 F. All of the above

Answer: F All biological disease agents listed may cause a membranous phar-
yngitis, however, mononucleosis is more common among adolescents and 
young adults.
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 DEFINITION
Listeriosis is a food-borne infection caused by the gram-positive rod Listeria 
monocytogenes.1 Most patients have impaired cell-mediated immunity and are 
seen with life-threatening bacteremia or meningitis. However, a self-limited, 
febrile gastroenteritis in healthy persons also occurs.

The Pathogen
Widely distributed in nature, L. monocytogenes may be found in soil, on vegeta-
tion, and in the stool of healthy mammals, including humans. It causes disease 
in animals, especially herd animals, and in humans. The organism has been 
isolated from many foods, including raw produce, raw milk, fish, poultry, and 
meat. Unlike most food-borne pathogens, L. monocytogenes can grow at refrig-
erator temperatures.

 EPIDEMIOLOGY
Nonperinatal listeriosis is almost always the result of food-borne infection.2 
Listeriosis is a relatively rare food-borne illness (≈1% of U.S. cases) but is 

associated with a case-fatality rate of at least 16 to 20% (second only to Vibrio 
vulnificus at 35 to 39%) and causes approximately 19 to 28% of all food-borne 
disease–related deaths.3 Outbreaks have been documented in association with 
coleslaw, milk, soft cheeses, ice cream, pâté, ready-to-eat pork products, deli 
counter meats,4 hot dogs, smoked fish, butter, sprouts, taco or nacho salads, 
and cantaloupes. In 2011 L. monocytogenes–contaminated cantaloupes were 
responsible for the deadliest food-borne disease outbreak in U.S. history, with 
28 states reporting illness in 146 persons and death in 30 (21% mortality). 
From 2017 to 2018, South Africa experienced the largest ever documented 
listeriosis outbreak, with more than 1000 laboratory-confirmed cases, more 
than 200 deaths, and a case-fatality rate of approximately 29%.5

Listeriosis is a nationally reportable disease in the United States. The Centers 
for Disease Control and Prevention has established PulseNet (http://
www.cdc.gov/pulsenet/), a network of public health and food regulatory 
laboratories that use pulsed-field gel electrophoresis to subtype food-borne 
pathogens to detect promptly disease clusters that may have a common source. 
Presently, the annual incidence of listeriosis is 0.29 cases per 100,000 popula-
tion, and it accounts for 1700 cases per year and about 350 deaths. Neonates 
and adults older than 60 years have the highest infection rates. Pregnant women 
represent 14% of all affected individuals; other adults at increased risk for 
invasive listeriosis (bacteremia, meningitis) include those with hematologic 
malignancies, advanced acquired immunodeficiency syndrome (AIDS), a solid 
organ transplant, iron overload, and anyone treated with corticosteroids or 
an anti–tumor necrosis factor (TNF) agent. Proton pump inhibitors increase 
infection risk.6 However, as many as one fourth of all cases of invasive listeriosis 
occur in apparently healthy persons, particularly those older than 60 years.

 PATHOBIOLOGY
L. monocytogenes enters the human body through the intestine, most often 
after the ingestion of contaminated food. The bacterium induces its own uptake 
by gastrointestinal cells and macrophages. Infectious or mechanical disruption 
of the GI tract occasionally may promote GI invasion.7 Mother-to-child trans-
mission occurs transplacentally or through an infected birth canal. Within the 
host cell, the bacterium is enclosed in a phagolysosome, but through the pro-
duction of an exotoxin called listeriolysin O, it destroys the phagolysosome 
membrane and gains access to the cytoplasm. All pathogenic strains of L. 
monocytogenes produce listeriolysin O, the major virulence factor. Listeriae 
actively divide in the cytoplasm, migrate to the periphery of the cell by poly-
merization of host cell actin, and then push out the cell membrane to form 
pseudopods, which are taken up by adjacent host cells. The bacteria move 
from cell to cell in this fashion and repeat their life cycle without exposure to 
antibodies or complement.8

After invasion through the gastrointestinal tract, listeriae may disseminate 
hematogenously to any body site but show a particular tropism for the central 
nervous system (CNS). Less commonly, listeriae may spread intra-axonally 

through cranial nerves to reach the CNS; this mode of CNS invasion may 
result in rhombencephalitis (brain stem infection).

Immunity to listerial infection is handled chiefly through the cell-mediated 
arm of the immune system. L. monocytogenes infection induces a robust CD8 
T-cell response, which plays a critical role in resolving the primary infection 
and providing protective immunity to reinfections.9 Persons who have had 
splenectomy or have abnormalities solely of humoral immunity or leukocytes 
are not at increased risk for infection.

 CLINICAL MANIFESTATIONS
The incubation period for invasive listeriosis (time from ingestion of contami-
nated food to illness) averages about 11 days; 90% is within 28 days.10 Invasive 
listeriosis in an immunocompromised adult is most often manifested as bac-
teremia without an obvious focus. In such cases, patients have nonspecific 
complaints, such as fever, malaise, myalgia, and back pain. Bacteremia is the 
form of invasive listeriosis that complicates pregnancy; CNS infection in preg-
nancy is extremely rare in the absence of other risk factors. Listeriosis during 
pregnancy may lead to spontaneous abortion or neonatal sepsis, but early 
antimicrobial therapy may result in the birth of a healthy child. Endocarditis 
with L. monocytogenes can occur on both native and prosthetic valves and 
carries a high rate of septic complications.11 Endocarditis, but not bacteremia 
per se, may be a clue to underlying colon cancer; colonoscopy should be 
considered in all cases of listerial endocarditis.

Persons in whom L. monocytogenes bacteremia develops may progress to 
CNS infection (neurolisteriosis), most commonly manifested as meningitis. 
Listeria has a predilection for infecting brain tissue as well as the meninges, 
and unlike other common bacterial causes of meningitis, it not infrequently 
causes encephalitis or brain abscess. Brain abscess as a result of infection by 
L. monocytogenes exhibits unusual features compared with other bacteria: liste-
rial brain abscess coexists with bacteremia in nearly all cases and with meningitis 
in one fourth; in addition, abscesses are often subcortical.12

L. monocytogenes is the most common cause of bacterial meningitis in patients 
with lymphomas, organ transplant recipients, and patients treated with 
corticosteroids for any reason. Affected persons usually have the classic acute 
symptoms of meningitis, but the presentation is subacute (>24 hours) in 60% 
of cases. Nuchal rigidity is absent in 20%. Focal neurologic findings, including 
ataxia, tremors, myoclonus, and seizures, may be seen, consistent with the 
tropism of Listeria for brain parenchyma. Gram stain of cerebrospinal fluid 
(CSF) reveals small gram-positive rods in only about one third of cases. The 
glucose content in CSF is normal in more than 60% of cases; mononuclear 
cells predominate in 30%.

Listerial rhombencephalitis is an unusual form of listerial encephalitis that 
involves the brain stem and, unlike other listerial CNS infections, usually 
occurs in healthy adults. The typical clinical picture is one of a biphasic illness 
with a prodrome of fever, headache, nausea, and vomiting lasting about 4 
days, followed by the abrupt onset of asymmetrical cranial nerve deficits, 
cerebellar signs, and hemiparesis or hemisensory deficits or both. Respiratory 
failure develops in about 40% of patients. Nuchal rigidity is present in about 
half, and CSF findings are only mildly abnormal, with a positive CSF culture 
in about 40%. Almost two thirds of patients are bacteremic. Magnetic resonance 
imaging is superior to computed tomography for demonstrating rhomben-
cephalitis. Mortality is high, and serious sequelae are common in survivors.

Localized infection may occur after hematogenous seeding (e.g., liver abscess, 
septic arthritis) or, rarely, after direct inoculation (e.g., papulopustular rash, 
conjunctivitis). Osteoarticular listeriosis primarily involves prosthetic joints, 
occurs in immunocompromised patients, and requires implant removal  
for cure.13

Well-documented reports of food-borne outbreaks have demonstrated that 
ingestion of L. monocytogenes in a sufficiently large inoculum can result in a 
self-limited illness consisting of fever, chills, diarrhea, abdominal cramps, and 
sometimes nausea and vomiting. Symptoms follow exposure by 1 to 2 days 
and last for about 2 days.

 DIAGNOSIS
Differential Diagnosis
Clinical situations in which a diagnosis of listeriosis should be considered 
include the following:
•	 neonatal	sepsis	or	meningitis;
•	 meningitis	or	parenchymal	brain	infection	in	patients	with	subacute	pre-

sentations, hematologic malignant neoplasms, AIDS, organ transplantation, 
corticosteroid immunosuppression, treatment with anti–tumor necrosis 
factor agents, or age older than 50 years;

TREATMENT 

•	 simultaneous	infection	of	the	meninges	and	brain	parenchyma;
•	 subcortical	brain	abscess;
•	 fever	during	pregnancy;
•	 blood,	CSF,	or	other	normally	sterile	specimen	reported	to	have	“diphthe-

roids” on Gram stain or culture; and
•	 food-borne	outbreak	of	febrile	gastroenteritis	when	routine	cultures	fail	to	

identify a pathogen.
The differential diagnosis of listerial CNS infection includes the more 

common causes of bacterial meningitis and brain abscess; indolent listerial 
meningitis or rhombencephalitis may mimic CNS tuberculosis.

Laboratory Findings
The diagnosis of listeriosis is made by routine bacterial culture of specimens 
from usually sterile sites, such as blood or CSF. The laboratory must exercise 
caution because L. monocytogenes may be mistaken for diphtheroids, strepto-
cocci, or enterococci. Specific stool culture is recommended only when routine 
stool cultures are negative in the setting of an outbreak of gastroenteritis; 
many people have enteric colonization with L. monocytogenes without invasive 
disease. The laboratory must be advised that listerial infection is suspected 
because the organism is unlikely to be identified with routine stool culture 
media.

Serologic testing (antibody to listeriolysin O) is not useful for invasive 
disease but may be helpful in the retrospective identification of food-borne 
outbreaks of febrile gastroenteritis when routine cultures are negative.14 Real-
time polymerase chain reaction analysis of CSF for the hly gene, which encodes 
listeriolysin O, has been useful in diagnosing CNS listeriosis, including cases 
in which routine bacterial cultures were negative, but this test is not yet com-
mercially available. Whole genome sequencing has been used to enhance 
listeriosis outbreak detection and investigation.15

 PREVENTION
Guidelines for preventing listeriosis are similar to those for preventing other 
food-borne illnesses. In general, one should thoroughly cook raw food from 
animal sources; wash raw vegetables thoroughly before eating; keep uncooked 
meats separate from vegetables and from cooked and ready-to-eat foods; avoid 
raw (unpasteurized) milk or foods made from raw milk; and wash hands, 
knives, and cutting boards after each handling of uncooked foods.

People at high risk for listeriosis (those immunocompromised by illness 
or medications, pregnant women, and the elderly) may choose to avoid soft 
cheeses such as feta, Brie, Camembert, blue veined, and Mexican-style cheese 
such as queso fresco. Hard cheeses, processed cheeses, cream cheese, cottage 
cheese, and yogurt are safe. Leftover foods or ready-to-eat foods such as hot 
dogs should be cooked until steaming hot. It is best to avoid foods from deli-
catessen counters, such as prepared salads, meats, and cheeses, or at least to 
reheat cold cuts thoroughly until they are steaming hot before eating.

Listeriosis is effectively prevented by trimethoprim-sulfamethoxazole given 
as Pneumocystis prophylaxis to organ transplant recipients, those receiving 
corticosteroid immunosuppression, or individuals infected with human immu-
nodeficiency virus. Second episodes of neonatal listerial infection are virtually 
unheard of, and intrapartum antibiotics are not recommended for women 
with a history of perinatal listeriosis.

Except for transmission from infected mother to fetus, human-to-human 
transmission of listeriosis does not occur; patients do not need to be isolated. 
Novel biocontrol methods for L. monocytogenes biofilms are being investigated 
in food production facilities to prevent entry of the microorganism into the 
food production environments.16

http://www.cdc.gov/pulsenet/
http://www.cdc.gov/pulsenet/
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ABSTRACT
Listeriosis is a zoonosis caused by the gram-positive rod Listeria monocytogenes. 
Human infection is most often acquired through ingestion of contaminated 
food. Although uncommon as a cause of infection in the general population, 
listeriosis is an important cause of life-threatening bacteremia and central 
nervous system infection in certain high-risk groups including newborns, the 
elderly, pregnant women, and those with impaired cell-mediated immunity 
due to disease states, such as hematological malignancy, or due to corticosteroid 
or other immunosuppressive therapy, as in the case of solid organ transplant 
recipients. Following ingestion of a large inoculum, L. monocytogenes can result 
in acute, self-limiting, febrile gastroenteritis in otherwise healthy people. 
Ampicillin is considered the treatment of choice; trimethoprim-sulfamethoxazole 
is recommended for those allergic to penicillin. Patients with listeriosis do 
not require isolation. Increasing interest in this organism has arisen from con-
cerns about food safety following lethal foodborne outbreaks.
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through cranial nerves to reach the CNS; this mode of CNS invasion may 
result in rhombencephalitis (brain stem infection).

Immunity to listerial infection is handled chiefly through the cell-mediated 
arm of the immune system. L. monocytogenes infection induces a robust CD8 
T-cell response, which plays a critical role in resolving the primary infection 
and providing protective immunity to reinfections.9 Persons who have had 
splenectomy or have abnormalities solely of humoral immunity or leukocytes 
are not at increased risk for infection.

 CLINICAL MANIFESTATIONS
The incubation period for invasive listeriosis (time from ingestion of contami-
nated food to illness) averages about 11 days; 90% is within 28 days.10 Invasive 
listeriosis in an immunocompromised adult is most often manifested as bac-
teremia without an obvious focus. In such cases, patients have nonspecific 
complaints, such as fever, malaise, myalgia, and back pain. Bacteremia is the 
form of invasive listeriosis that complicates pregnancy; CNS infection in preg-
nancy is extremely rare in the absence of other risk factors. Listeriosis during 
pregnancy may lead to spontaneous abortion or neonatal sepsis, but early 
antimicrobial therapy may result in the birth of a healthy child. Endocarditis 
with L. monocytogenes can occur on both native and prosthetic valves and 
carries a high rate of septic complications.11 Endocarditis, but not bacteremia 
per se, may be a clue to underlying colon cancer; colonoscopy should be 
considered in all cases of listerial endocarditis.

Persons in whom L. monocytogenes bacteremia develops may progress to 
CNS infection (neurolisteriosis), most commonly manifested as meningitis. 
Listeria has a predilection for infecting brain tissue as well as the meninges, 
and unlike other common bacterial causes of meningitis, it not infrequently 
causes encephalitis or brain abscess. Brain abscess as a result of infection by 
L. monocytogenes exhibits unusual features compared with other bacteria: liste-
rial brain abscess coexists with bacteremia in nearly all cases and with meningitis 
in one fourth; in addition, abscesses are often subcortical.12

L. monocytogenes is the most common cause of bacterial meningitis in patients 
with lymphomas, organ transplant recipients, and patients treated with 
corticosteroids for any reason. Affected persons usually have the classic acute 
symptoms of meningitis, but the presentation is subacute (>24 hours) in 60% 
of cases. Nuchal rigidity is absent in 20%. Focal neurologic findings, including 
ataxia, tremors, myoclonus, and seizures, may be seen, consistent with the 
tropism of Listeria for brain parenchyma. Gram stain of cerebrospinal fluid 
(CSF) reveals small gram-positive rods in only about one third of cases. The 
glucose content in CSF is normal in more than 60% of cases; mononuclear 
cells predominate in 30%.

Listerial rhombencephalitis is an unusual form of listerial encephalitis that 
involves the brain stem and, unlike other listerial CNS infections, usually 
occurs in healthy adults. The typical clinical picture is one of a biphasic illness 
with a prodrome of fever, headache, nausea, and vomiting lasting about 4 
days, followed by the abrupt onset of asymmetrical cranial nerve deficits, 
cerebellar signs, and hemiparesis or hemisensory deficits or both. Respiratory 
failure develops in about 40% of patients. Nuchal rigidity is present in about 
half, and CSF findings are only mildly abnormal, with a positive CSF culture 
in about 40%. Almost two thirds of patients are bacteremic. Magnetic resonance 
imaging is superior to computed tomography for demonstrating rhomben-
cephalitis. Mortality is high, and serious sequelae are common in survivors.

Localized infection may occur after hematogenous seeding (e.g., liver abscess, 
septic arthritis) or, rarely, after direct inoculation (e.g., papulopustular rash, 
conjunctivitis). Osteoarticular listeriosis primarily involves prosthetic joints, 
occurs in immunocompromised patients, and requires implant removal  
for cure.13

Well-documented reports of food-borne outbreaks have demonstrated that 
ingestion of L. monocytogenes in a sufficiently large inoculum can result in a 
self-limited illness consisting of fever, chills, diarrhea, abdominal cramps, and 
sometimes nausea and vomiting. Symptoms follow exposure by 1 to 2 days 
and last for about 2 days.

 DIAGNOSIS
Differential Diagnosis
Clinical situations in which a diagnosis of listeriosis should be considered 
include the following:
•	 neonatal	sepsis	or	meningitis;
•	 meningitis	or	parenchymal	brain	infection	in	patients	with	subacute	pre-

sentations, hematologic malignant neoplasms, AIDS, organ transplantation, 
corticosteroid immunosuppression, treatment with anti–tumor necrosis 
factor agents, or age older than 50 years;

Recommendations for the treatment of infection with L. monocytogenes 
derive from in vitro data, animal models, and clinical experience with small 
numbers of patients. No controlled trials have been performed to prove the 
efficacy of one drug over another. Many antimicrobials show in vitro activity 
against L. monocytogenes. Clinical utility is more relevant than in vitro suscep-
tibility test results because cephalosporins and other drugs to which the bac-
terium appears to be susceptible are inadequate to treat infection.

Twenty percent of cases of bacterial meningitis in those older than 50 
years are due to L. monocytogenes. Therefore, empirical therapy for bacterial 
meningitis in all adults older than 50 years should include either ampicillin or 
trimethoprim-sulfamethoxazole, especially in the absence of associated pneu-
monia, otitis, sinusitis, or endocarditis, which would suggest a cause other 

TREATMENT 

•	 simultaneous	infection	of	the	meninges	and	brain	parenchyma;
•	 subcortical	brain	abscess;
•	 fever	during	pregnancy;
•	 blood,	CSF,	or	other	normally	sterile	specimen	reported	to	have	“diphthe-

roids” on Gram stain or culture; and
•	 food-borne	outbreak	of	febrile	gastroenteritis	when	routine	cultures	fail	to	

identify a pathogen.
The differential diagnosis of listerial CNS infection includes the more 

common causes of bacterial meningitis and brain abscess; indolent listerial 
meningitis or rhombencephalitis may mimic CNS tuberculosis.

Laboratory Findings
The diagnosis of listeriosis is made by routine bacterial culture of specimens 
from usually sterile sites, such as blood or CSF. The laboratory must exercise 
caution because L. monocytogenes may be mistaken for diphtheroids, strepto-
cocci, or enterococci. Specific stool culture is recommended only when routine 
stool cultures are negative in the setting of an outbreak of gastroenteritis; 
many people have enteric colonization with L. monocytogenes without invasive 
disease. The laboratory must be advised that listerial infection is suspected 
because the organism is unlikely to be identified with routine stool culture 
media.

Serologic testing (antibody to listeriolysin O) is not useful for invasive 
disease but may be helpful in the retrospective identification of food-borne 
outbreaks of febrile gastroenteritis when routine cultures are negative.14 Real-
time polymerase chain reaction analysis of CSF for the hly gene, which encodes 
listeriolysin O, has been useful in diagnosing CNS listeriosis, including cases 
in which routine bacterial cultures were negative, but this test is not yet com-
mercially available. Whole genome sequencing has been used to enhance 
listeriosis outbreak detection and investigation.15

 PREVENTION
Guidelines for preventing listeriosis are similar to those for preventing other 
food-borne illnesses. In general, one should thoroughly cook raw food from 
animal sources; wash raw vegetables thoroughly before eating; keep uncooked 
meats separate from vegetables and from cooked and ready-to-eat foods; avoid 
raw (unpasteurized) milk or foods made from raw milk; and wash hands, 
knives, and cutting boards after each handling of uncooked foods.

People at high risk for listeriosis (those immunocompromised by illness 
or medications, pregnant women, and the elderly) may choose to avoid soft 
cheeses such as feta, Brie, Camembert, blue veined, and Mexican-style cheese 
such as queso fresco. Hard cheeses, processed cheeses, cream cheese, cottage 
cheese, and yogurt are safe. Leftover foods or ready-to-eat foods such as hot 
dogs should be cooked until steaming hot. It is best to avoid foods from deli-
catessen counters, such as prepared salads, meats, and cheeses, or at least to 
reheat cold cuts thoroughly until they are steaming hot before eating.

Listeriosis is effectively prevented by trimethoprim-sulfamethoxazole given 
as Pneumocystis prophylaxis to organ transplant recipients, those receiving 
corticosteroid immunosuppression, or individuals infected with human immu-
nodeficiency virus. Second episodes of neonatal listerial infection are virtually 
unheard of, and intrapartum antibiotics are not recommended for women 
with a history of perinatal listeriosis.

Except for transmission from infected mother to fetus, human-to-human 
transmission of listeriosis does not occur; patients do not need to be isolated. 
Novel biocontrol methods for L. monocytogenes biofilms are being investigated 
in food production facilities to prevent entry of the microorganism into the 
food production environments.16



 PROGNOSIS
Listeria meningitis carries a mortality of about 25%, and mortality is higher 
in those with underlying malignant disease. Mortality from brain abscess and 
endocarditis is about 50%; survivors of brain abscess commonly have signifi-
cant neurologic residua.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

than L. monocytogenes. Cephalosporins, commonly used for the treatment of 
bacterial meningitis, should not be used alone when Listeria is a diagnostic  
consideration.

Ampicillin is generally considered the drug of choice for treating confirmed 
cases of listeriosis. In cases of meningitis and endocarditis and in patients with 
severely impaired T-cell function, many authorities recommend the addition 
of gentamicin to ampicillin for synergy on the basis of in vitro testing and 
animal models. For meningitis, therapy should be continued for at least 3 weeks; 
bacteremic patients without CNS involvement may be treated for 2 weeks. 
Endocarditis and brain abscess should be treated for at least 6 weeks. Meningitis 
doses should be used to treat all cases of invasive listeriosis, even in the absence 
of CNS or CSF abnormalities.

In patients with penicillin hypersensitivity, trimethoprim-sulfamethoxazole 
is the preferred agent. It is bactericidal and appears to be as effective as the 
combination of ampicillin and gentamicin. Drugs that should be avoided because 
of treatment failure and relapse include cephalosporins, chloramphenicol, tet-
racycline, vancomycin, and erythromycin.

The French MONALISA national prospective cohort study has found signifi-
cantly reduced survival in patients with neurolisteriosis who were treated with 
adjunctive dexamethasone.

Iron is a virulence factor for L. monocytogenes, and clinically, iron overload 
states are risk factors for listerial infection. Therefore, in patients with listeriosis 
and iron deficiency, it may be prudent to withhold iron replacement until anti-
microbial therapy is complete.

https://expertconsult.inkling.com/
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REVIEW QUESTIONS

1. Which one of the following individuals is at the highest risk for invasive 
listeriosis?
 A. A 25-year-old with common variable hypogammaglobulinemia
 B. A 45-year-old being treated with an anti–tumor necrosis factor agent
 C. A 38-year-old with a splenectomy
 D. A 52-year-old who has had leukemia and neutropenia
 E. A 72-year-old on hemodialysis

Answer: B Invasive listeriosis occurs most often in those with impaired cell-
mediated immunity due to underlying disease or due to treatment with drugs 
such as corticosteroids or anti–tumor necrosis factor agents. Splenectomy, 
disorders of white blood cell numbers or function, and immunoglobulin dis-
orders are not associated with an increased risk.

2. A 66-year-old man presents with fever and altered consciousness. The find-
ings on examination of his cerebrospinal fluid (CSF) are consistent with 
bacterial meningitis, and CSF Gram stain shows small, gram-positive rods. 
He had an anaphylactic reaction to amoxicillin 2 years ago. Which one of 
the following is the best treatment for this patient?
 A. Ceftriaxone
 B. Vancomycin
 C. Imipenem
 D. Trimethoprim-sulfamethoxazole
 E. Aztreonam

Answer: D Gram-positive rods in the CSF of a patient with meningitis most 
likely represent Listeria monocytogenes. In those with severe penicillin allergy, 
trimethoprim-sulfamethoxazole is the recommended agent to treat listerial 
meningitis. No cephalosporin should be used to treat listeriosis. Vancomycin 
and imipenem are active in vitro, but treatment failures have been reported. 
Aztreonam has no anti-listerial activity.

3. An elderly woman is hospitalized with meningitis due to Listeria monocy-
togenes. Which one of the following types of isolation is appropriate for 
this patient?
 A. No isolation required
 B. Contact isolation
 C. Airborne isolation
 D. Droplet isolation

Answer: A Except for transmission from mother to fetus or newborn, human-
to-human transmission of listeriosis has not occurred. No isolation is required 
for those infected with L. monocytogenes.

4. Which one of the following is the mechanism by which Listeria monocy-
togenes avoids being killed by phagocytic cells?
 A. Inhibition of chemotaxis
 B. Inhibition of attachment
 C. Inhibition of ingestion
 D. Suppression of the metabolic burst
 E. Escape from the phagosome

Answer: E The exotoxin, listeriolysin O, is the major virulence factor of L. 
monocytogenes and enables the bacterium to escape from the phagocytic vacuole, 
whereupon it multiplies in the phagocytic cell cytoplasm.

5. An elderly man is found to have a brain abscess. Which one of the follow-
ing features is strongly suggestive of Listeria monocytogenes as the abscess 
etiology rather than a more common pathogen?
 A. Absence of fever
 B. Absence of leukocytosis
 C. Location in the pons
 D. Focal neurologic findings
 E. Presence of seizures

Answer: C Unlike the usual causes of brain abscess, Listeria has a particular 
tropism for the brain stem. Subcortical brain abscesses due to other pathogens 
are rare; the presence of a subcortical brain abscess should always raise the 
possibility of listerial infection.
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ANTHRAX
DANIEL R. LUCEY AND LEV M. GRINBERG

 DEFINITION
Anthrax is caused by Bacillus anthracis, a spore-forming, gram-positive rod 
that is aerobic or facultatively anaerobic. Although it is primarily a disease of 
animals (zoonosis), anthrax was developed as a biowarfare weapon by several 
nations in the 20th century and used for bioterrorism in the United States in 
2001 when spores were mailed in letters.

The Pathogen
The bacterium is a large (1 to 1.5 by 3 to 5 µm), gram-positive rod. It has a 
ground-glass appearance of growth on sheep blood agar, with 2- to 5-mm, 
nonhemolytic, tenacious (“beaten egg white”) colonies within 24 hours of 
culture; oval, central to subterminal spores; and a capsule that can be visual-
ized by India ink staining.

 EPIDEMIOLOGY
Human infection with B. anthracis is often linked to a zoonotic source, such 
as cattle, sheep, goats, water buffalo, and other animals. Meat, bones, hides, 
and hair have been reported to transmit infection. Spores can persist in soil 
for many years. Spores infect animals or humans, then germinate into the 
vegetative form of B. anthracis and cause disease. The World Health Organiza-
tion provides an online global epidemiology database for anthrax along with 
guidelines for management of the disease in animals, humans, and the 
environment.

A systematic review of the worldwide medical literature found that between 
1900 and 2005, at least 82 patients with inhalational anthrax were reported 
in clinical detail. These 82 cases included 18 patients from the United States 
with naturally acquired, animal-related disease in the 20th century and 11 
patients with inhalational anthrax due to the bioterrorism-related events of 
2001. In addition to these 82 cases, there were 41 cases confirmed by histo-
pathology and microbiology of inhalational anthrax from the 1979 outbreak 
in Sverdlovsk that was linked to an accidental release of spores downwind 
from a military facility.

Naturally acquired human inhalational anthrax or gastrointestinal anthrax 
is exceedingly rarely diagnosed. Inhalational anthrax in recent years has  
been linked to exposure to spores contaminating drums made from animal 
hides. Gastrointestinal anthrax is linked to consumption of meat from infected 
animals.

Importantly, B. anthracis is not transmitted from person to person through 
the air. Only one quarter of autopsy-confirmed inhalational cases have had 
any evidence of pneumonia, specifically an acute hemorrhagic pneumonia.1 
All have had characteristic hemorrhagic mediastinal adenopathy, edema, and 
pleural effusions caused by the primary inhalation of spores. Infection by 
reaerosolization can occur even under outdoor conditions or within offices.

The most common form of anthrax is the cutaneous form. Direct contact 
with infected animals or contaminated animal products is the usual mode of 
transmission. Unexplained cutaneous anthrax cases could be an early clue to 
an intentional release of spores.

From 2009 to 2010, at least 80 confirmed or probable cases of anthrax 
occurred in persons who injected heroin in Europe, primarily in the United 
Kingdom.2 From 2012 to 2013, at least another 14 cases occurred, again in 
the United Kingdom but also in Denmark, France, and Germany. A new term, 
injection anthrax, was applied to this novel route of infection and distinct 
clinical syndrome that involved severe soft tissue infection at the site of the 
injection and sometimes systemic disease. The single strain of B. anthracis in 
these outbreaks most closely matched that reported from a goat in Turkey, 
suggesting that heroin originating in Afghanistan or Pakistan and smug-
gled overland in an animal skin may have been the source of these spores  
in Europe.

 PATHOBIOLOGY
Circulating encapsulated chains of B. anthracis are trapped in the lung capillary 
network, a phenomenon that may explain why the lung is always the terminal 
target of human infection regardless of the original route of infection in a 
murine model.3 Major virulence factors of B. anthracis include its two binary 
toxins, edema factor and lethal factor, and also its antiphagocytic poly-d-glutamic 
acid capsule.4 Edema toxin consists of edema factor bound to a third anthrax 
toxin component, protective antigen. Similarly, lethal toxin consists of lethal 
factor bound to protective antigen. These three toxin components, edema 
factor, lethal factor, and protective antigen, are encoded on one plasmid (pX-01). 
The antiphagocytic capsule is encoded on a second plasmid (pX-02). Both 
plasmids are necessary to cause disease.

The pathogenesis of anthrax has been attributed primarily to its two binary 
toxins. However, more recently, key roles for both nontoxin and toxin com-
ponents have been implicated in the pathogenesis of the characteristic cardiac 
and endovascular abnormalities, bleeding, and shock. Nontoxin components 
include the peptidoglycan part of the bacterial cell wall and nontoxin metal-
loproteinases. Moreover, inhibition of both innate and adaptive immune 
responses occurs by the activities of both toxins and the antiphagocytic capsule.

Similarly, the sepsis model has been proposed to explain the high lethality 
of inhalational anthrax, rather than the toxin model. In this sepsis model, the 
primary role of anthrax toxin is to inhibit the immune response against the 
vegetative form of the bacteria, thus allowing the typically high levels of bac-
teremia to develop and subsequent shock, multiorgan failure, and death to 
occur.

Lethal toxin is a metalloproteinase and inhibitor of the mitogen-activated 
protein kinase intracellular signal transduction pathway. It contributes to 
the coagulation disorder, hemolysis, and hemorrhage seen with inhalational 
anthrax. Whether lethal toxin contributed to the vasculitis lesions reported 
in the 1979 outbreak in Sverdlovsk is uncertain. Edema toxin contributes 
to the typical “gelatinous” fluid in the mediastinum and abdomen as well as 
the marked edema seen in both cutaneous anthrax and injection anthrax. 
The mechanism is attributed to excessive production of cyclic adenosine 
monophosphate from adenosine triphosphate by edema toxin acting as an 
adenylate cyclase enzyme. The result is water and calcium dysregulation with  
marked edema.

 CLINICAL MANIFESTATIONS
Major clinical manifestations of anthrax infection—inhalational, cutaneous, 
gastrointestinal, injection, and meningeal—are related to the routes through 
which B. anthracis can enter the body: inhalation, contact, ingestion, or injec-
tion (e.g., by contaminated heroin).

Inhalational anthrax almost always causes hemorrhagic mediastinitis, gelati-
nous edema, and mediastinal adenopathy, resulting in mediastinal widening, 
as well as pleural effusions due to blockage and reversal of normal lymphatic 
flow and drainage within the mediastinum. These pleural effusions can be 
large, bloody, and recurring unless repeatedly drained by thoracentesis or chest 
tube. Such effusions were found to contribute to respiratory failure in the 
1979 outbreak in Sverdlovsk, in part due to compression of lung parenchyma 
and impaired gas exchange. During the outbreak, the pleural fluid was drained 
by thoracentesis, rather than by chest tube, and antibiotics were injected into 
the pleural space. Nevertheless, nearly every patient with inhalational anthrax 
who underwent autopsy in this outbreak was found to have large (average, 
1776 mL) pleural effusions. Although it was not known in 1979 or in 2001, 
these pleural effusions can serve as a reservoir for toxin. Pleural fluid toxin 
levels were not tested until the two U.S. patients in 2006 and 2011. High levels 
of lethal factor were reported.

Radiography demonstrated pulmonary infiltrates in many cases. Thus, 
although inhalational anthrax has been stated by some not to cause pneumonia, 
these radiologic findings serve to emphasize the important diagnostic point 
for clinicians that not only mediastinal widening and pleural effusions but 
also pulmonary infiltrates are often seen. Thus, pulmonary infiltrates on radio-
logic imaging, whether or not interpreted as pneumonia, do not rule out the 
diagnosis of inhalational anthrax.

In 2005, a new three-part clinical staging system for inhalational anthrax 
(Table 278-1) was published, adding an intermediate progressive stage based 
on clinical, microbiologic, and radiologic information acquired from the 11 
patients in 2001. Previously, these patients would have been included in the late 
stage, for whom death was considered almost certain. Importantly, all six of the 
patients who survived the anthrax attacks in 2001 had rapid therapy initiated, 
including pleural drainage, during this intermediate progressive stage. This 
three-part symptomatic clinical staging system is cited at www.cidrap.umn.edu/
idsa/bt/anthrax/biofacts/anthraxfactsheet.html.
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ABSTRACT
Anthrax is caused by the spore-forming gram-positive rod Bacillus anthracis. 
It is mostly a disease of animals (zoonosis). Spores have been found to remain 
viable for decades, and reported to reaerosolize both outdoors and indoors. 
Anthrax was developed as a bioweapon by some nations, and used for bioter-
rorism in the United States in 2001 by a U.S. laboratory researcher. Two toxins, 
termed lethal toxin and edema toxin, are virulence factors in addition to the 
antiphagocytic capsule. The primary clinical forms of anthrax are: (1) cutane-
ous, (2) gastrointestinal, (3) inhalational, and (4) injection. A three-part clinical 
staging system was defined in 2005. The “early prodromal” stage is a nonspecific 
“flulike” syndrome that is soon followed by an “intermediate progressive stage” 
where mediastinal adenopathy, pleural effusions, and bacteremia occur. If not 
treated with combination antibiotics, then the “late fulminant” stage develops 
with shock, respiratory failure, and/or meningitis. Published guidelines for 
the treatment of inhalational anthrax include three IV antibiotics if meningitis 
is possible, pleural drainage (preferably by chest tube), and use of an anthrax 
antitoxin. An anthrax vaccine was licensed by the FDA in 1970 for preexposure. 
In 2015 this vaccine was also FDA-licensed for postexposure prophylaxis. 
Still lacking in 2017 was a rapid diagnostic test that detects, and ideally quanti-
fies, toxin even if the patient is already on antibiotics.
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Although in 2001 none of the five patients in the late fulminant stage sur-
vived, the two U.S. patients in 2006 and 2011 both survived even though they 
required mechanical ventilation, placing them in the late fulminant stage. One 
additional treatment they received was anthrax antitoxin (see section on Treat-
ment), which was not available in 2001.

The shortest incubation period that has been documented microbiologically 
or histopathologically is 4 days. The range is 4 to 43 days. Although shorter 
incubation periods may have occurred, none have been documented in the 
English or Russian literature by these laboratory criteria.

Cutaneous anthrax accounts for about 95% of patients with anthrax. The 
incubation period ranges from 1 to 12 days. Like the three clinical stages of 
symptomatic inhalational anthrax, three stages of cutaneous anthrax can be 
delineated: (1) an initial pruritic papule progressing to (2) a central vesicular 
or bullous lesion with surrounding nonpitting edema and finally, (3) a necrotic 
and hemorrhagic central lesion that evolves into the classic painless eschar 
with surrounding edema. Resolution can take up to 2 months. This three-stage 
progression can occur even if appropriate antibiotics are given. During the 
anthrax letter attacks of 2001, some of the cutaneous lesions were initially 
considered to be due to brown recluse spider bites. These lesions are usually 
painful, unlike the painless lesions of anthrax.

In contrast to cutaneous anthrax, injection anthrax described from Europe 
in persons injecting spore-contaminated heroin does not typically develop a 
black crusted eschar, can be painful, and can present with severe gastrointestinal 
or central nervous system manifestations that can rapidly lead to death. The 
2011 official report from Health Protection Scotland on outbreaks of this 
novel form of anthrax advises physicians to suspect injection anthrax in heroin 
users who demonstrate any of three presentations: (1) severe soft tissue infec-
tion including necrotizing fasciitis and cellulitis/abscess, especially if marked 
edema is present (Fig. 278-1); (2) signs of sepsis even if no soft tissue infection 
is evident; and (3) meningitis or subarachnoid hemorrhage/intracranial bleed.

Gastrointestinal anthrax is divided into an oropharyngeal form and an 
intestinal form. The oropharyngeal form has painful cervical adenopathy and 
an incubation period between 2 hours and 6 days. The oral lesions can ulcer-
ate. They also can progress to cause a white pseudomembrane with dysphagia 
and hoarseness. The intestinal form has been described to have three clinical 
phases, much like the three-part progressive clinical stages of inhalational 
anthrax and cutaneous anthrax: (1) a prodromal phase with fever, malaise, 
and sometimes syncope; followed by (2) a progressive phase with abdominal 
pain, nausea, vomiting, abdominal distention, ascites, and severe weakness; 
and finally (3) a fulminant phase with rapidly increasing abdominal girth and 
expanding ascites, paroxysmal abdominal pain, and shock. Of note, the U.S. 
patient with gastrointestinal anthrax in 2010 who survived had more than 50 
liters of ascitic fluid drained as part of her therapy along with antibiotics and 
anthrax antitoxin.

Anthrax meningoencephalitis can occur in association with any of the other 
forms of anthrax, inhalation,5 cutaneous, gastrointestinal, or injection, and 
rarely without a known portal of entry. Cerebral edema, parenchymal brain 

 CLINICAL MANIFESTATIONS
Major clinical manifestations of anthrax infection—inhalational, cutaneous, 
gastrointestinal, injection, and meningeal—are related to the routes through 
which B. anthracis can enter the body: inhalation, contact, ingestion, or injec-
tion (e.g., by contaminated heroin).

Inhalational anthrax almost always causes hemorrhagic mediastinitis, gelati-
nous edema, and mediastinal adenopathy, resulting in mediastinal widening, 
as well as pleural effusions due to blockage and reversal of normal lymphatic 
flow and drainage within the mediastinum. These pleural effusions can be 
large, bloody, and recurring unless repeatedly drained by thoracentesis or chest 
tube. Such effusions were found to contribute to respiratory failure in the 
1979 outbreak in Sverdlovsk, in part due to compression of lung parenchyma 
and impaired gas exchange. During the outbreak, the pleural fluid was drained 
by thoracentesis, rather than by chest tube, and antibiotics were injected into 
the pleural space. Nevertheless, nearly every patient with inhalational anthrax 
who underwent autopsy in this outbreak was found to have large (average, 
1776 mL) pleural effusions. Although it was not known in 1979 or in 2001, 
these pleural effusions can serve as a reservoir for toxin. Pleural fluid toxin 
levels were not tested until the two U.S. patients in 2006 and 2011. High levels 
of lethal factor were reported.

Radiography demonstrated pulmonary infiltrates in many cases. Thus, 
although inhalational anthrax has been stated by some not to cause pneumonia, 
these radiologic findings serve to emphasize the important diagnostic point 
for clinicians that not only mediastinal widening and pleural effusions but 
also pulmonary infiltrates are often seen. Thus, pulmonary infiltrates on radio-
logic imaging, whether or not interpreted as pneumonia, do not rule out the 
diagnosis of inhalational anthrax.

In 2005, a new three-part clinical staging system for inhalational anthrax 
(Table 278-1) was published, adding an intermediate progressive stage based 
on clinical, microbiologic, and radiologic information acquired from the 11 
patients in 2001. Previously, these patients would have been included in the late 
stage, for whom death was considered almost certain. Importantly, all six of the 
patients who survived the anthrax attacks in 2001 had rapid therapy initiated, 
including pleural drainage, during this intermediate progressive stage. This 
three-part symptomatic clinical staging system is cited at www.cidrap.umn.edu/
idsa/bt/anthrax/biofacts/anthraxfactsheet.html.

TABLE 278-1 CLINICAL STAGING SYSTEM FOR 
INHALATIONAL ANTHRAX

I. EARLY PRODROMAL STAGE

Nonspecific illness sometimes described as “flulike” and including any of the 
following: fever, cough, headache, chills, nausea, chest pain, or abdominal pain. 
Laboratory tests and radiographs are nondiagnostic. The prognosis for cure is 
good with appropriate therapy, but the diagnosis is difficult to confirm acutely in 
this stage.

II. INTERMEDIATE PROGRESSIVE STAGE

Any of the following findings are defining inclusion criteria for this stage:
1. Positive blood cultures (typically positive in <24 hours)
2. Mediastinal adenopathy
3. Pleural effusions: bloody, often large, require drainage, and may recur

Findings in this stage may include high fever, dyspnea, confusion or syncope, or 
increasing nausea and vomiting. Exclusion criteria for this stage include the 
following:
1. Meningitis
2. Respiratory failure requiring intubation and mechanical ventilation or
3. Shock

Importantly, patients in the intermediate progressive stage can still be cured with 
appropriate antibiotics and drainage of pleural effusions by repeated thoracentesis 
or preferably chest tube to keep the pleural space dry to reduce the adverse 
mechanical effect on respiration by large-volume effusions and to remove 
potentially toxin-producing Bacillus anthracis from the pleural space.

III. LATE FULMINANT STAGE

Inclusion criteria include any one of the following findings:
1. Meningitis
2. Respiratory failure requiring intubation and mechanical ventilation
3. Shock: end-organ hypoperfusion

Findings in this stage may also include any of those from previous stages, so there are 
no exclusion criteria. The probability of survival is lowest in this stage. Novel 
therapeutics that safely and effectively neutralize anthrax toxin may be needed to 
increase survival. FIGURE 278-1. An example of the lesions due to injection anthrax. 

http://www.cidrap.umn.edu/idsa/bt/anthrax/biofacts/anthraxfactsheet.html
http://www.cidrap.umn.edu/idsa/bt/anthrax/biofacts/anthraxfactsheet.html
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 PREVENTION
Clinical anthrax can be prevented by preexposure vaccination or by postex-
posure prophylaxis with antibiotics. Moreover, the monoclonal antibody 
antitoxin (raxibacumab) has been licensed by the FDA for postexposure pro-
phylaxis in both adults and children “when alternative therapies are not avail-
able or not appropriate.”

The current FDA-licensed anthrax vaccine contains protective antigen as 
the vaccine antigen and alum as an adjuvant. It requires five intramuscular 
injections, three primary and two booster, over 12 months when it is given 
before exposure. In contrast, postexposure prophylaxis requires only three 
injections given subcutaneously during a 1-month period. This vaccine is in 
limited supply and is dedicated primarily for use by the military; however, it 
is available to civilian populations through at least one commercial travel clinic.

Antibiotics that are approved by the FDA for postexposure prophylaxis 
include ciprofloxacin, doxycycline, and procaine penicillin G as well as levo-
floxacin. Either doxycycline or ciprofloxacin is recommended as the preferred 
drug by the CDC for initial prophylaxis when the antibiotic susceptibility of 
an anthrax strain is unknown. During pregnancy, however, ciprofloxacin is 
preferred to doxycycline according to 2014 CDC guidelines. The CDC website 
on anthrax (at http://www.bt.cdc.gov/agent/anthrax) has detailed recom-
mendations regarding the choice of antibiotics, doses, and durations for both 
prevention and treatment of anthrax.

Prevention of anthrax due to bioterrorism remains a national priority. A 
suspicion of clinical anthrax or exposure to spores warrants immediate involve-
ment of law enforcement authorities because of the possibility of a criminal 
act. Evolving approaches for detecting and responding to any future bioter-
rorism attacks with anthrax include the BioWatch system to detect aerosolized 
threats and the Autonomous Detection System in postal facilities. The Cities 
Readiness Initiative, as described by the CDC, is a program for multiple U.S. 
cities to help prepare for large-scale public health emergencies, including bio-
terrorism attacks (e.g., with aerosolized anthrax or another organism). Large 
volumes of medical supplies, including but not limited to antibiotics, can be 
delivered rapidly from the Strategic National Stockpile to one or more cities 
followed by local distribution. The 2012 Institute of Medicine report titled 
Prepositioning Antibiotics for Anthrax discusses the Strategic National Stockpile, 
Cities Readiness Initiative, BioWatch, and antibiotic issues including defining 
multidrug-resistant and extremely drug-resistant strains.

 PROGNOSIS
The inhalational anthrax of all six patients who survived the attacks of 2001 
was diagnosed during the intermediate progressive stage, and prompt therapy 
prevented progression beyond this stage. The 45% case-fatality rate in 2001 

hemorrhage, vasculitis, and subarachnoid hemorrhage can occur. The cere-
brospinal fluid is often bloody with anthrax meningitis. At autopsy, the extensive 
bleeding gives a characteristic macroscopic appearance termed the cardinal’s 
cap. This form of anthrax remains fatal in more than 95% of cases.

 DIAGNOSIS
If anthrax is suspected,6 blood should be obtained immediately before any 
antibiotics are given, primarily for microbiologic culture and possibly for newer 
assays for anthrax toxins whenever available. Notably, blood cultures from 
patients with inhalational anthrax will grow the large, gram-positive rods within 
24 hours. Given such high levels of bacteremia, it is surprising that even one 
dose of an effective antibiotic has been reported to turn blood cultures nega-
tive, hence the need to draw blood culture samples before antibiotics are 
given. Toxin assays could still be positive after initial antibiotics, but these 
assays are still investigational at this time. Nasal cultures should not be per-
formed as a routine clinical diagnostic test for individual patients because a 
negative result does not rule out inhalation of spores. Nasal cultures could be 
epidemiologically useful, however, as part of an investigation to help estimate 
the perimeter of exposure to spores.

In the microbiology laboratory, if the initial culture is suggestive of B. anthra-
cis, three tests can be performed with a biosafety cabinet. These are assays for 
motility (nonmotile), catalase (positive), and hemolysis (negative). If these 
characteristics are found, identification is still not proved until a sample is 
sent to a reference laboratory where polymerase chain reaction analysis can 
identify B. anthracis and gamma-phage lysis of the encapsulated bacteria can 
provide confirmation. One or more antibody tests also are available, although 
results are unlikely to be positive during the earliest part of the disease. In 
contrast, a number of investigational anthrax toxin tests (e.g., for lethal factor, 
edema factor, or protective antigen) are being developed that should have 
positive results early in the disease, even if antibiotics have been given, and 
may also have prognostic value. These assays are available in the United States 
only through the Centers for Disease Control and Prevention (CDC).

A noncontrast computed tomography scan of the chest can be a valuable 
adjunctive diagnostic tool for inhalational anthrax. It is more sensitive than a 
chest radiograph for demonstrating the characteristic hyperattenuating medi-
astinal adenopathy causing the mediastinal widening and pleural effusions. 
The hyperattenuation is consistent with bleeding into lymph nodes and thus 
helps differentiate inhalational anthrax from tularemia, histoplasmosis, tuber-
culosis, sarcoidosis, and most other causes of mediastinal or hilar adenopathy.

Anthrax meningitis is typically neutrophilic and bloody. Very large gram-
positive rods in the cerebrospinal fluid distinguish anthrax meningitis from 
other causes of gram-positive meningitis, such as the smaller Listeria mono-
cytogenes. In the February 2014 Emerging Infectious Diseases online journal, 
the CDC published its first formal updated guidelines on anthrax since 2001, 
including diagnostic tests, prophylaxis, treatment, and monitoring. New diag-
nostic recommendations include a lumbar puncture at admission unless it is 
contraindicated because new treatment recommendations will be based in 
part on whether meningitis has been excluded.

Treatment of symptomatic anthrax includes antibiotics and, in the case of 
inhalational anthrax, pleural fluid drainage. In addition, between 2012 and 
2016 the Food and Drug Administration (FDA) licensed three anthrax antitoxins 
for treatment of inhalational anthrax. The CDC recommendations for prevention 
and treatment were updated in 2014, and the reader is referred to their webpage 
for complete details.7

Treatment with three intravenous antibiotics is recommended in the 2014 
CDC recommendations if meningitis is possible or confirmed. These include a 
bactericidal fluoroquinolone (ciprofloxacin is the preferred drug), a bactericidal 
β-lactam (meropenem is the preferred drug), and a protein synthesis inhibitor 
(linezolid is the preferred drug). If meningitis is excluded, a bactericidal drug 
(ciprofloxacin is preferred) and a protein synthesis inhibitor (either clindamycin 
or linezolid) is preferred. In addition, CDC recommended that “an antitoxin 
should be added to combination antimicrobial drug treatment for any patient 
for whom there is a high level of clinical suspicion for systemic anthrax,” based 
on their systematic review of the literature.

Although there is no conclusive evidence that the combination of anthrax 
antitoxin therapy and antibiotics provides a survival benefit in inhalation anthrax,8 
a total 60-day course of antibiotic therapy, of at least 2 weeks intravenously 
with more than one drug followed by the remainder with one oral drug, is 

TREATMENT 

recommended for inhalational anthrax because of concern that spores may 
germinate into vegetative bacteria if therapy is stopped sooner.

An essential treatment modality for inhalational anthrax is pleural drainage. 
The CDC 2014 guidelines state: “Drainage of pleural fluid and ascites is believed 
to improve survival by reducing the toxin level and by decreasing mechanical 
lung compression. These data support the need for early and aggressive drain-
age of any clinically or radiographically apparent pleural effusions; chest tube 
drainage is recommended over thoracentesis because many effusions will require 
prolonged drainage. Thoracotomy or video-assisted thoracic surgery might be 
required to remove gelatinous or loculated effusions.”

As of 2017, there are three types of anthrax toxin antibodies in the Strategic 
National Stockpile. One is polyclonal, called intravenous anthrax immune globulin, 
and is derived from the plasma of persons who have received the anthrax 
vaccine. Intravenous anthrax immune globulin has been given as adjunctive 
therapy to several patients, including three in the United States in 2006, 2009, 
and 2011 as well as several patients in the United Kingdom. Based on data in 
rabbits, it has recently been approved in the United States by the FDA for use 
in addition to antibiotics for inhalational anthrax. Another antitoxin is a human-
ized monoclonal antibody called raxibacumab that was licensed by the FDA 
in December 2012 for treatment of inhalational anthrax in both adults and 
children.9 It had not been given to any patients with anthrax as of September 
2017 but was licensed by the FDA on the basis of efficacy in animal models of 
inhalational anthrax plus human safety data in healthy volunteers. It does not 
cross the blood-brain barrier. It is given intravenously during 2 hours and 15 
minutes, after a single dose of the antihistamine diphenhydramine. Another 
antibody, obiltoxaximab, is also FDA-approved to treat inhalational anthrax in 
combination with appropriate antibacterial drugs or to prevent inhalational 
anthrax based on its efficacy in rabbits and macaques, and safety in healthy 
human volunteers.10

http://www.bt.cdc.gov/agent/anthrax


was much improved over the 88% rate seen in the United States from 1900 
to 1976. Survival is more likely in patients who undergo pleural drainage, 
receive multidrug antibiotic regimens, do not require intubation or trache-
otomy, and do not progress to anthrax meningoencephalitis. Of note, two 
patients with inhalational anthrax in the United States (in 2006 and 2011) 
with respiratory failure requiring mechanical ventilation have survived. Whether 
the addition of antitoxin to their intensive care, multiple antibiotics, and pleural 
drainage played a causal role in their survival is uncertain. Their survival 
emphasizes, however, that even patients in the late fulminant stage can some-
times survive.

The mortality from cutaneous anthrax is approximately 20% if it is untreated, 
particularly in patients in whom upper airway compression develops from a 
lesion on the neck or in whom secondary bacteremic anthrax meningitis 
develops. Anthrax meningitis remains fatal in more than 95% of victims, and 
thus better therapies are needed. The FDA licensure of the first anthrax anti-
toxin for both children and adults, as therapy and also as postexposure pro-
phylaxis when alternative therapies are not available or not appropriate, may 
improve clinical outcome in systemic forms of anthrax. An antitoxin is still 
needed, however, that can treat anthrax meningitis.

 FUTURE DIRECTIONS
A rapid test is still needed for the diagnosis of infection with B. anthracis in 
the early prodromal stage of the illness or in later clinical stages if the patient 
received antibiotics before blood culture samples were obtained. Such a test 
is likely to be based on a toxin or a toxin component. In 2015 the CDC 
reported a quantitative assay based on lethal toxin that met these criteria when 
tested in rhesus macaques infected with anthrax.11 Ideally, such a rapid diag-
nostic clinical test should be available at the point of care.

Anthrax toxin inhibitors, in conjunction with antibiotics, could be particu-
larly useful in treating patients who have progressed into the systemic stages 
of anthrax as a result of inhalational, gastrointestinal, or injection anthrax 
causing serious soft tissue infection. Timing of effective antitoxin use postex-
posure is uncertain, but has been estimated recently using models.12 In addition, 
antitoxin could be useful in the setting of infection with an engineered form 
of multidrug-resistant or extremely drug-resistant anthrax. New anthrax vac-
cines are still being tested, but none have been FDA-licensed since 1970.
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3. The CDC recommendations for use of the anthrax vaccine specifically for 
postexposure prophylaxis, in addition to an antibiotic, is for which of the 
following number of vaccine doses and schedules?
 A. One dose of vaccine as soon as possible after exposure to spores
 B. Two doses of vaccine during a 1-month period
 C. Three doses of vaccine during a 1-month period
 D. Three doses of vaccine during a 12-month period
 E. Five doses of vaccines during an 18-month period

Answer: C Anthrax vaccine is recommended by the CDC in their 2014 
guidelines specifically for postexposure prophylaxis as three doses of vaccine 
given during a 1-month period. In contrast, the FDA-licensed anthrax vaccine 
for the traditional preexposure use requires five injections given during an 
24-month period. (See discussion in the Prevention section.)

4. Antibiotics that are approved by the FDA for postexposure prophylaxis 
include all of the following except:
 A. Levofloxacin
 B. Ciprofloxacin
 C. Procaine penicillin G
 D. Clindamycin
 E. Doxycycline

Answer: D Ciprofloxacin, doxycycline, levofloxacin, and procaine penicillin 
G are all approved by the FDA for postexposure prophylaxis use to prevent 
symptomatic anthrax. Clindamycin is not approved for postexposure prophy-
laxis; however, it is included in the 2014 CDC recommendations for treatment 
of some patients with symptomatic anthrax infection. (See discussion in the 
Prevention section.)

5. Blood culture samples drawn before antibiotics are administered typically 
will start growing Bacillus anthracis in patients with inhalational anthrax 
within what time frame?
 A. 6 hours
 B. 24 hours
 C. 48 hours
 D. 1 week
 E. Will not grow in standard culture media

Answer: B A striking and consistent finding in all patients since the 2001 U.S. 
outbreak of inhalational anthrax is the growth within 24 hours of Bacillus 
anthracis from blood cultures of patients who were not already receiving anti-
biotics when the blood culture samples were drawn. This crucial observation 
emphasizes the diagnostic importance of drawing blood culture samples in 
any patient suspected of having inhalational anthrax before antibiotics are 
started. (See discussion in the Diagnosis section.)

REVIEW QUESTIONS

1. A 56-year-old man is diagnosed with inhalational anthrax. His blood cul-
tures are positive for Bacillus anthracis. His noncontrast chest computed 
tomography scan shows mediastinal adenopathy and moderate-sized bilateral 
pleural effusions. He is receiving several appropriate antibiotics. According 
to the 2014 anthrax management guidelines from the Centers for Disease 
Control and Prevention (CDC), what is recommended to be done with 
regard to the pleural effusions?
 A. Follow closely on a daily basis to be sure they decrease in size with 

antibiotics.
 B. Drain by thoracentesis only if they enlarge after 48 hours with 

antibiotics.
 C. Drain immediately by thoracentesis but without chest tube drainage.
 D. Perform thoracentesis on one side and send fluid for anthrax toxin levels.
 E. Perform bilateral chest tube drainage at this time.

Answer: E Retrospective analysis of the 1979 inhalational anthrax outbreak 
in Sverdlovsk, USSR, the 2001 outbreak in the United States, and the recent 
findings of high levels of anthrax toxin in the pleural fluid support the CDC’s 
2014 guidelines on aggressive management of pleural effusions. The CDC 
now advises: “Drainage of pleural fluid and ascites is believed to improve 
survival by reducing the toxin level and by decreasing mechanical lung com-
pression. These data support the need for early and aggressive drainage of any 
clinically or radiographically apparent pleural effusions; chest tube drainage 
is recommended over thoracentesis because many effusions will require pro-
longed drainage.”

2. In December 2012, the Food and Drug Administration (FDA) licensed 
the first anthrax antitoxin. This product is a humanized monoclonal anti-
body. Which of the following choices is not included in the FDA licensure 
of this antitoxin?
 A. Treatment of children during any stage of inhalational anthrax
 B. Treatment of adults during any stage of inhalational anthrax
 C. Treatment of children with only early-stage inhalational anthrax
 D. Postexposure prophylaxis when alternative therapies are unavailable
 E. Postexposure prophylaxis when alternative therapies are not 

appropriate.
Answer: C This monoclonal anthrax antitoxin was licensed by the FDA in 
December 2012 for treatment of inhalational anthrax in both children and 
adults at any stage of the disease (early prodromal, intermediate progressive, 
or late fulminant). In addition, this antitoxin was licensed for postexposure 
prophylaxis in both children and adults “when alternative therapies are not 
available or not appropriate.” (See discussion in the Prevention and Treatment 
sections.)
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ERYSIPELOTHRIX INFECTIONS
ANNETTE C. REBOLI

 DEFINITION
Erysipelothrix rhusiopathiae causes three well-defined patterns of human infec-
tion: (1) erysipeloid, a cellulitis of the fingers and hands (also known as whale 
finger or pork finger), which is the most common manifestation of infection 
with E. rhusiopathiae; (2) a diffuse cutaneous form; and (3) a systemic or 
invasive form, with or without cutaneous involvement, usually manifesting 
as bacteremia which may be complicated by endocarditis.

The Pathogen
E. rhusiopathiae is a thin, pleomorphic, nonsporulating, microaerophilic gram-
positive rod. It may be confused with other gram-positive bacillary organisms, 
particularly Listeria monocytogenes (Chapter 277) and Corynebacterium species 
(Chapter 276). It can be differentiated from L. monocytogenes by its lack of 
motility, lack of catalase and coagulase production, and resistance to neomycin. 
Most strains of E. rhusiopathiae produce hydrogen sulfide on triple sugar iron 
agar slants, a feature that distinguishes E. rhusiopathiae from L. monocytogenes 
and from corynebacteria. Because α-hemolysis may be seen after 48 hours of 
incubation of E. rhusiopathiae, confusion with streptococci may also occur. 
The term erysipeloid refers to cutaneous infection by E. rhusiopathiae and should 

not be confused with erysipelas (see Fig. 412-4), which is a superficial cellulitis 
caused by streptococci or staphylococci.

 EPIDEMIOLOGY
E. rhusiopathiae is found worldwide as a commensal or as a pathogen in a 
variety of wild and domestic animals, including swine, sheep, cattle, horses, 
dogs, cats, rodents, chickens, ducks, turkeys, penguins, and parrots, as well as 
in flies, ticks, mites, and lice. The greatest commercial impact of E. rhusiopathiae 
infection is due to disease in swine, but infection of sheep and poultry is also 
important economically. Environmental surfaces in contact with infected 
animals or their products are potential sources of E. rhusiopathiae. It can persist 
for prolonged periods in contaminated soil. E. rhusiopathiae is killed within 
15 minutes by heating to 55° C and by several commercially available home 
disinfectants.

The incidence of cutaneous infection in humans seems to be decreasing 
because of technologic advances in animal industries. Infection is usually the 
result of contact with infected animals or their products. Persons at greatest 
risk for infection include fishers, fishmongers, farmers, butchers, slaughterhouse 
workers, and veterinarians.1-3 The organism gains entry through cuts and abra-
sions on the skin and can result in infection from freshwater or seawater.4 The 
seasonal incidence of erysipeloid parallels that of swine erysipeloid and is 
highest in the summer and early fall. The rare instances of systemic infection 
that do not have an occupational link tend to occur in immunocompromised 
hosts, suggesting that oropharyngeal or gastrointestinal colonization with the 
organism may occur. Chronic alcoholism has been acknowledged as a common 
underlying condition. Erysipeloid and erysipeloid with bacteremia have been 
reported rarely after cat and dog bites, suggesting that E. rhusiopathiae may 
be part of the oral flora of these animals.

 PATHOBIOLOGY
The virulence of E. rhusiopathiae is associated, at least in part, with resistance 
to phagocytosis by polymorphonuclear leukocytes. This antiphagocytic ability 
results from the organism’s possession of a capsule. In the absence of specific 
antibodies, E. rhusiopathiae evades phagocytosis, but even if it is phagocytosed, 
it is able to replicate intracellularly in these cells. Other virulence factors include 
enzymes (neuraminidase and hyaluronidase) and cell wall–associated proteins 
such as transporter and adhesion proteins.5,6

 CLINICAL MANIFESTATIONS
Because of the mode of acquisition (contact with infected animals or their 
products, with organisms inoculating abrasions on the skin), lesions are usually 
confined to the fingers and hands (Fig. 279-1). A well-defined, slightly elevated, 
violaceous lesion accompanied by a very painful, throbbing, burning, or itching 
sensation develops within 2 to 7 days of traumatic dermal inoculation. The 

FIGURE 279-1. Erysipeloid with its characteristic purple, nonpurulent swelling of 
the finger. Also known as whale finger or pork finger, this form of cellulitis caused by 
Erysipelothrix rhusiopathiae should not be confused with streptococcal or staphylococcal 
erysipelas (see Fig. 412-4). (From Farrar WE, Wood MJ, Innes JUA, Tubbs H. Infectious 
Diseases: Text and Color Atlas. 2nd ed. New York: Gower Medical Publishing; 1992.)
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ABSTRACT
Erysipelothrix rhusiopathiae is a pleomorphic gram-positive rod that causes 
erysipeloid, diffuse cutaneous infection, bacteremia, and systemic infections 
of a variety of organs including heart valves. It is frequently linked to exposure 
to animals including swine and fish. The treatment of choice is penicillin.



 PREVENTION
Proper cleaning and disinfection of work surfaces and attention to hygienic 
work practices, including the use of gloves and hand hygiene, reduce the risk 
for infection. Vaccines are available for commercial use in animals only.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.

infected area is swollen. Vesicles may be present, but suppuration is absent. 
The lesion spreads slowly to other fingers but rarely involves the fingertips or 
the skin above the wrist. As the lesion spreads peripherally, the central area 
clears. Systemic signs and symptoms are rare. There may be sterile arthritis 
of an adjacent joint. Regional lymphadenopathy or lymphadenitis occurs in 
about 20% of cases, and low-grade fever develops in approximately 10%. Lesions 
usually resolve within 3 weeks without treatment. Relapse occurs in 1%  
of cases.

The diffuse cutaneous form is rare. The cutaneous lesion progresses proxi-
mally from the site of inoculation or appears at remote areas. Patients often 
have fever and arthralgias, but blood cultures are generally negative.

Systemic infection with Erysipelothrix is uncommon. More than 100 cases 
of bacteremia have been reported; most of the patients had endocarditis.7 This 
may be overestimated due to a reporting bias in case reports. Although cases 
of prosthetic valve endocarditis have been reported, most cases have involved 
native valves. In 60% of cases, infection developed on apparently normal heart 
valves. One third of patients had an antecedent or concurrent skin lesion of 
erysipeloid. The clinical manifestations of endocarditis secondary to E. rhu-
siopathiae and other microorganisms are similar. E. rhusiopathiae endocarditis 
correlates highly with occupation, exhibits a tropism for the aortic valve, affects 
more males than females, and is associated with high mortality. The high 
mortality may reflect a delay in appropriate therapy because of the empirical 
use of vancomycin, which is not an effective treatment of E. rhusiopathiae. 
Cases of E. rhusiopathiae endocarditis have been complicated by paravalvular 
and myocardial abscess formation, cerebral emboli, congestive heart failure, 
valve perforation, and acute renal failure. E. rhusiopathiae bacteremia without 
endocarditis occurs more frequently than was previously believed.8 Bacteremia 
is occurring with increased frequency in immunocompromised patients, whereas 
endocarditis usually occurs in immunocompetent patients. Focal infections, 
including brain abscess, meningitis, endophthalmitis, osteomyelitis, septic 
arthritis, epidural and paravertebral abscesses, psoas abscess, liver abscess, 
necrotizing fasciitis, intra-abdominal abscess, and peritonitis, have been reported. 
Some of these infections were complications of bacteremia. Septic arthritis 
has occurred in native joints, in prosthetic joints, and after arthroscopic 
surgery.9,10 Peritonitis has complicated peritoneal dialysis.

 DIAGNOSIS
Diagnosis requires a high degree of suspicion in patients with exposures, 
usually work-related.11 E. rhusiopathiae grows on routine laboratory media. 
Because E. rhusiopathiae is located only in deeper parts of the skin in cases 
of erysipeloid, biopsy of the entire thickness of the dermis from the edge of 
the lesion yields maximal recovery of the organism. Definitive diagnosis by 
skin biopsy is rarely necessary because of the classic clinical presentation and 
the rapid response to therapy. Routine blood culture techniques are adequate 
for growth and isolation of the organism in suspected cases of bacteremia or 
endocarditis. Various selective media have been used to improve the isolation 
of E. rhusiopathiae from contaminated specimens. Molecular techniques, such 
as polymerase chain reaction with primers specific for E. rhusiopathiae, have 
been developed and improve the efficiency of detection and identification. 
Matrix-assisted laser desorption ionization time-of-flight mass spectroscopy 
(MALDI-TOF MS) accurately and rapidly identifies E. rhusiopathiae.12

Most isolates of E. rhusiopathiae are susceptible to penicillin, cephalosporins, 
imipenem, clindamycin, ciprofloxacin, ofloxacin, and daptomycin. Some resis-
tance has been observed with erythromycin, tetracycline, chloramphenicol, 
and clindamycin.13 E. rhusiopathiae is resistant to vancomycin, aminoglycosides, 
trimethoprim-sulfamethoxazole, and sulfonamides. Penicillin G is the treatment 
of choice. Uncomplicated cutaneous lesions generally respond well to a 5- to 
7-day course of oral penicillin. Treatment hastens healing, although relapse 
may still occur. Bacteremia should be treated with intravenous penicillin; cases 
of endocarditis should be treated with 12 million to 20 million units of penicillin 
G daily or ceftriaxone 1 g daily for 4 to 6 weeks. Two weeks of intravenous 
therapy followed by 2 weeks of oral therapy has been successful. The use of 
quinolones or daptomycin may be considered for Erysipelothrix infections when 
the patient is allergic to β-lactams. Oral linezolid was used to complete therapy 
in a case of bacteremia complicated by endophthalmitis. Valve replacement 
may be necessary in patients with endocarditis. Infected prosthetic devices 
should be removed.

TREATMENT 
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Answer: C This patient has infective endocarditis of the aortic valve caused 
by Erysipelothrix rhusiopathiae. E. rhusiopathiae endocarditis correlates highly 
with occupation, exhibits a tropism for the aortic valve, and affects more males 
than females. Penicillin is the treatment of choice; daptomycin and quinolones 
are alternative therapies when the patient is allergic to β-lactams. For a patient 
with an immediate hypersensitivity reaction to penicillin, cephalosporins are 
contraindicated because of possible cross-reactivity. E. rhusiopathiae is resistant 
to vancomycin, tetracyclines, aminoglycosides, and trimethoprim-sulfamethox-
azole. Even if there was not a concern for resistance, tetracyclines are bacte-
riostatic, and it is necessary to administer bactericidal agents for the treatment 
of endocarditis. (Kaya S, Gençalioğlu E, Yildirim SS, et al. Native valve endo-
carditis caused by Erysipelothrix rhusiopathiae in an immunocompetent indi-
vidual. J Med Microbiol. 2013;62:1911-1913.)

4. A 60-year-old man with a history of rheumatoid arthritis, who is being 
treated with prednisone chronically, presents to his physician to discuss 
prevention of infection with Erysipelothrix rhusiopathiae. He has a friend 
who works in the slaughterhouse with him who recently was treated for 
endocarditis caused by E. rhusiopathiae. The physician should recommend 
the following:
 A. Vaccination
 B. Chronic low-dose therapy with oral penicillin while he is receiving 

prednisone
 C. Good hand hygiene and use of protective gloves
 D. Use of a gown, mask, and gloves while at work

Answer: C Erysipelothrix rhusiopathiae is an occupational pathogen that is 
transmitted through traumatic contact with infected animals or animal prod-
ucts. Occupations at risk include fishermen, farmers, veterinarians, and slaugh-
terhouse workers. Immunocompromised hosts are at risk for infection. The 
transmission of Erysipelothrix generally occurs by traumatic inoculation through 
abrasions or cuts in the skin of the hands and rarely through consumption of 
contaminated meat or fish products. Proper cleaning and disinfection of work 
surfaces and attention to hygienic work practices, including good hand hygiene 
and the use of gloves, reduce the risk of infection. Vaccines are available for 
commercial use in animals only, and there are currently no known vaccines 
that are available for humans. There is no documentation of transmission by 
droplets or aerosols, and therefore masks are not indicated. (Sinclair M, Hawkins 
A, Testro A. Something fishy: an unusual Erysipelothrix rhusiopathiae infection 
in an immunocompromised individual. BMJ Case Rep. 2013 Apr 3;2013.)

5. A 63-year-old woman with a history of chronic eczema and alcoholism 
underwent a right knee arthroplasty for degenerative joint disease. She 
lived on a farm that raised swine. Six months after the arthroplasty, she 
developed pain and swelling of the right knee, with subsequent drainage 
of purulent material from a pustule in the incision. Plain radiographs revealed 
loosening of the prosthesis and osteomyelitis. She underwent removal of 
the prosthesis, and multiple operative samples of fluid and bone revealed 
gram-positive rods. Cultures were positive for Erysipelothrix rhusiopathiae. 
Blood cultures were negative. She was treated with intravenous imipenem 
for 2 weeks. Which of the following is the most appropriate recommenda-
tion for outpatient oral therapy?
 A. Clarithromycin
 B. Tetracycline
 C. Trimethoprim-sulfamethoxazole
 D. Ciprofloxacin

Answer: D Most isolates of Erysipelothrix rhusiopathiae are susceptible to 
penicillin, cephalosporins, imipenem, clindamycin, ciprofloxacin, ofloxacin, 
and daptomycin. Resistance has been observed with erythromycins, tetracy-
clines, and chloramphenicol. E. rhusiopathiae is also resistant to vancomycin, 
aminoglycosides, trimethoprim-sulfamethoxazole, and sulfonamides. An oral 
fluoroquinolone, such as ciprofloxacin, has excellent efficacy in the treatment 
of osteomyelitis and septic arthritis. Although arthritis is one of the most 
common features of E. rhusiopathiae infection in animals, this type of infection 
is relatively rare in humans. There are fewer than 20 cases of bone and joint 
infection reported in the medical literature. Most patients had a skin lesion at 
the site of the infected joint and have an occupational or recreational exposure 
to an animal reservoir of infection. (Alawdah LS, Campbell JN, Pollock N, 
Watnick PI. Erysipelothrix rhusiopathiae suppurative arthritis in a 12-year-old 
boy after an unusual fresh water exposure. Pediatr Infect Dis J. 2017;36:431-433.)

REVIEW QUESTIONS

1. A 56-year-old fisherman, who has no significant medical problems, presents 
with a 2-week history of a well-defined, elevated, painful, reddish-purple 
plaque on the dorsum of his right hand. The lesion has been slowly expand-
ing during the course of 2 weeks and appeared approximately 1 week after 
his last fishing trip. He is afebrile, and there is no evidence of regional 
lymphadenopathy or lymphadenitis. Which of the following is the most 
appropriate recommendation?
 A. Aspirate the leading edge and send any material for Gram stain and 

culture.
 B. Begin oral penicillin.
 C. Refer for a biopsy of the lesion.
 D. Begin intravenous vancomycin.
 E. No treatment

Answer: B This patient has classic erysipeloid, caused by Erysipelothrix rhu-
siopathiae. It is a zoonosis that is linked to certain occupations, including 
fishermen. The lesion is a cellulitis that is generally found on the hands or 
fingers, and the organism is introduced through cuts and abrasions of the skin. 
Systemic signs of infection are rare. Although uncomplicated skin lesions may 
resolve spontaneously during a period of 3 weeks, a short course of oral peni-
cillin G hastens healing and is the treatment of choice. The organism is resistant 
to vancomycin. Because the organism is located in deeper parts of the skin 
and there is not any suppuration, in cases of erysipeloid, aspiration is unlikely 
to lead to recovery of the organism. A biopsy of the entire thickness of the 
dermis at the edge of the lesion would yield maximum recovery of the organ-
ism but is not indicated because of the classic presentation and the ease of 
treatment with penicillin. (Boyd AS, Ritchie C, Fenton JS. Cutaneous Erysip-
elothrix rhusiopathiae (erysipeloid) infection in an immunocompromised child. 
Pediatr Dermatol. 2014;31:232-235.)

2. A 47-year-old man with a history of chronic liver disease, secondary to 
alcohol use, presents with a 3-day history of fever, chills, and generalized 
arthralgias. He works in a slaughterhouse that processes pigs. Approximately 
3 weeks ago, he developed a cellulitis of his finger that resolved spontane-
ously without therapy. Blood culture samples are obtained and yield gram-
positive bacilli that are identified as Erysipelothrix rhusiopathiae. An 
echocardiogram is normal, and follow-up blood cultures are negative. The 
antibiotic therapy of choice is:
 A. Vancomycin
 B. Intravenous penicillin G
 C. Tetracycline
 D. Ampicillin and gentamicin
 E. Trimethoprim-sulfamethoxazole

Answer: B This patient has bacteremia without infective endocarditis. Ery-
sipelothrix rhusiopathiae bacteremia without endocarditis occurs more frequently 
than was previously believed and is occurring with increased frequency in 
immunocompromised patients, including those with liver disease. The treat-
ment of choice for systemic infections is intravenous penicillin G. E. rhusio-
pathiae is resistant to vancomycin, aminoglycosides, tetracycline, and 
trimethoprim-sulfamethoxazole. (Tan EM, Marcelin JR, Adeel N, et al. Ery-
sipelothrix rhusiopathiae bloodstream infection—a 22-year experience at Mayo 
Clinic, Minnesota. Zoonoses Public Health. 2017;00:1-8.)

3. A 45-year-old veterinarian presents with a 2-week history of fever, chills, 
and sweats. On physical examination, he is noted to have a 3/6 diastolic 
murmur, consistent with aortic regurgitation. Three sets of blood cul-
tures are positive for Erysipelothrix rhusiopathiae, and an echocardiogram 
reveals a vegetation on the aortic valve. He has an allergy to penicillin, 
which is manifested as hives. The most appropriate alternative antibiotic  
therapy is:
 A. Vancomycin
 B. Ceftriaxone
 C. Daptomycin
 D. Ampicillin and gentamicin
 E. Tetracycline
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CLOSTRIDIAL INFECTIONS
DALE N. GERDING AND STUART JOHNSON

Clostridial infections are characterized by disease produced by toxins. They 
include tetanus and botulism, both caused by neurotoxins, and clostridial 
myonecrosis or gas gangrene, caused by the toxins of Clostridium perfringens 
as well as those of other clostridial species. Although these clostridial infec-
tions remain important clinically, their frequency has declined markedly with 
the advent of vaccines and better public health measures. Several previously 
little known species of clostridia that produce very large clostridial cytotoxins 
(LCCs) varying in size from 250 to 308 kD have become increasingly promi-
nent. They include, in particular, C. difficile, which is responsible for the most 
common health care–associated infections in the United States and for increas-
ing mortality among elderly patients.1 Another LCC-producing organism,  
C. sordellii, has caused devastating infections in young women in association 
with pregnancy and medical abortion, in injection drug users, and in patients 
with traumatic wounds. C. novyi type A is a third LCC organism that has also 
caused severe infections in injection drug users.

 CLOSTRIDIUM DIFFICILE INFECTION
 DEFINITION AND PATHOGEN

C. difficile infection (CDI) is a gastrointestinal infection characterized by diar-
rhea (three or more loose or unformed stools in ≤24 hours) and a positive 
test result for C. difficile toxin A or toxin B in stool, evidence of a toxin-producing 
strain of C. difficile in stool, or evidence of pseudomembranous colitis on 
direct visualization of the colon. C. difficile is a spore-forming, anaerobic, gram-
positive organism that survives well in water, soil, and animals and has a 
worldwide distribution.

 EPIDEMIOLOGY
CDI occurs most frequently in health care settings, particularly in long-term 
care facilities and acute care hospitals, and is most frequent and lethal among 
the elderly, especially those older than 75 years. Rates in U.S. hospitals have 
nearly tripled since 2000, and it is now estimated that there are 500,000 CDIs 
and nearly 30,000 CDI-associated deaths each year in the United States.2 A 
specific strain of C. difficile—identified as the restriction endonuclease group 
BI, pulsed-field gel type NAP1, polymerase chain reaction ribotype 027 (BI/
NAP1/027) strain—is thought to be responsible for much of the epidemic 
that has extended to Canada and Europe. Rates of community-onset CDI 
have also increased during the past decade, in association with the rising rates 
in hospitals and nursing homes. However, 94% of community-onset cases in 
a population-based study were associated with receiving some kind of recent 
health care, including outpatient visits, recently discharged patients, and nursing 
home residents. It is unlikely that community-associated cases (with no health 
care exposure) account for more than 10 to 15% of all CDIs. Risk factors for 
CDI include antimicrobial use, advanced age,3 and stay in an acute or chronic 
care facility. Hospitals and nursing homes are considered a particularly high-
risk environment because patients are elderly, antibiotic use is frequent, the 
environment is contaminated with C. difficile spores (which are difficult to 
eradicate), asymptomatic patients carry C. difficile in their stools, and health 
care workers carry C. difficile on their hands if they do not practice good hand 
hygiene.4 C. difficile can be cultured from the stools of about 2 to 3% of healthy 
adults, but the frequency in asymptomatic hospitalized patients increases with 

24- to 48-hour turnaround and the requirement for tissue culture facilities. 
Stool culture for C. difficile, which is the most sensitive test available, is likewise 
slow and requires confirmation of toxin production by the organism before 
reporting. Testing of stools for glutamate dehydrogenase, or “common antigen,” 
can be used as a rapid screening test, but it is only about 50% specific and 
requires confirmation with a toxin test, which can increase the turnaround 
time for reporting positive results. CDI can also be diagnosed by observing 
pseudomembranous colitis directly through sigmoidoscopy or colonoscopy 
or at surgery. When a negative test result does not confirm the diagnosis in a 
patient whose clinical symptoms are highly suggestive of CDI, empirical treat-
ment of CDI should be given rather than repeating the test. The cause of 
infectious diarrhea in an adult patient with an onset longer than 48 hours after 
hospital admission is almost always CDI because other infectious enteric 
pathogens (with the exception of norovirus) are extremely rare in the hospital 
setting. Also common in the differential diagnosis are noninfectious causes 
of diarrhea, such as antibiotic or other drug-associated diarrhea, laxatives, 
ischemic colitis, and idiopathic inflammatory bowel disease. For patients with 
antibiotic-associated diarrhea and no evidence of colitis, the cause of diarrhea 
with a negative C. difficile toxin assay is usually not defined. New CDI guide-
lines in the United States recommend that NAAT testing alone be done only 
if patients are screened for documented diarrhea (3 or more loose or unformed 
stools in <24 hours and no laxative use) prior to submitting a stool for NAAT 
testing. If patients are not screened, a combination of tests that includes glu-
tamate dehydrogenase (GDH) or NAAT and a confirmatory EIA test for 
toxin is recommended.6

 PREVENTION
Two major prevention strategies are employed. The first is traditional infection 
control, in which barriers to transmission (gowns, gloves, isolation, hand 
hygiene, environmental cleaning) are used to prevent the spores of C. difficile 
from reaching the patient (Chapter 266). The second strategy is to reduce 
the likelihood of infection if the patient does encounter C. difficile while in 
the hospital. The most efficacious strategy, also known as antimicrobial stew-
ardship, is to avoid or to minimize exposure to unnecessary antimicrobials, 
especially those with a high CDI risk,7 such as clindamycin, cephalosporins, 
and fluoroquinolones. Interventions to restrict exposure to clindamycin and 
to cephalosporins have been highly effective in interrupting outbreaks of CDI 
in hospitals. Probiotics used prophylactically may also reduce CDI risk, but 
there is currently no consistent recommendation for their use.8

the duration of hospitalization and may reach 20% or more. Exposure to nearly 
all antimicrobials has been associated with subsequent CDI, but those with 
the highest risk are clindamycin, the cephalosporins, and the fluoroquinolones. 
CDI is rare in children and young adults, despite their frequent exposure to 
antimicrobials. However, children younger than 1 to 2 years are commonly 
colonized with C. difficile while remaining asymptomatic, an observation that 
remains largely unexplained.

 PATHOBIOLOGY
CDI risk appears to be minimal in the absence of antimicrobial therapy. When 
antimicrobials are administered, they have the unintended consequence of 
disrupting the normal protective bowel microbiota for days to weeks after the 
antimicrobial is stopped. If C. difficile is ingested during this time, the spores 
germinate in the gut, and the vegetative form of the organism multiplies and 
begins to make toxins. At this point, whether the patient will develop diarrhea 
is dictated by the status of his or her immunity to the toxins, which is best 
correlated with serum immunoglobulin G antibodies directed at toxin A and 
toxin B of C. difficile. Those with good antibody responses will be asymptomatic 
but will remain colonized with C. difficile, whereas those with little or no 
antibody response will develop diarrhea and CDI. Toxin A is primarily an 
enterotoxin, and toxin B is a cytotoxin. Both act by glucosylation of small 
GTPase proteins that cause disruption of the cell cytoskeleton, resulting in 
colonic epithelial cell rounding, fluid leakage, and cell death. In the presence 
of pseudomembranous colitis, the colon appears to be covered in yellow to 
white pseudomembranes that vary in size from punctate to completely conflu-
ent and covering the entire colon in advanced cases. On histologic evaluation, 
the colon demonstrates a marked neutrophil infiltration throughout its wall, 
with mucosal necrosis and volcano-like lesions from which the pseudomem-
brane is seen to “erupt.” The pseudomembrane is composed of proteinaceous 
material and cellular debris.

 CLINICAL MANIFESTATIONS
Clinical symptoms of CDI range from asymptomatic carriage to severe and 
sometimes life-threatening pseudomembranous colitis complicated by major 
fluid losses and systemic complications. With mild CDI, patients may simply 
have “nuisance diarrhea” that resolves when the implicated drug is discontin-
ued. Others with more severe CDI have substantial fluid and protein losses 
combined with fever, cramps, hypoalbuminemia, leukocytosis, and hypoten-
sion. Leukocytosis is common (occurring in up to 50% of patients) and it is 
a marker of severe CDI when greater than 15,000/μL. Extremely high white 
blood counts (>50,000/μL) are an indication of fulminant and potentially 
fatal illness. Other factors that may be indicative of severe or late-stage disease 
include toxic megacolon, high fever, renal failure, hypotension, shock, and 
lactic acidosis with levels greater than 5.0 mmol/L.

 DIAGNOSIS
The diagnosis should be suspected in any patient who has otherwise unex-
plained diarrhea (three or more loose or unformed stools in ≤24 hours) in 
association with recent or concurrent antibiotic use. Only about 10 to 20% 
of patients in this category actually have CDI, but this is the group of patients 
that should be tested. Episodes of CDI are often misdiagnosed, mainly due 
to lack of clinical suspicion or the use of inappropriate tests. The diagnosis of 
CDI is primarily based on the clinical signs and symptoms and is only con-
firmed by laboratory testing.5

The standard test to establish the diagnosis is to detect toxins A and B in 
stool or to detect a toxin-producing strain of C. difficile in stool. Tests that 
detect only toxin A are inadequate because about 1 to 3% of strains that cause 
CDI produce toxin B but not toxin A. The most common laboratory method 
has been an enzyme immunoassay, but its sensitivity is only 50 to 80%. Repeated 
testing does not improve the diagnostic accuracy because enzyme immunoas-
says also have specificity deficiencies that increase the rate of false-positive 
test results with repeated testing. Nucleic acid amplification tests (NAAT) of 
which polymerase chain reaction (PCR) is most commonly used for C. difficile 
in stool are widely available commercially and markedly improve test sensitiv-
ity to 90 to 95% (compared with the “gold standard” of culture for a toxigenic 
strain). NAAT tests are more expensive, but their use by clinical laboratories 
is widespread in the United States. They increase the sensitivity of CDI diag-
nosis, but some studies have shown that a positive test result for stool toxin 
should also be present to confirm the diagnosis, because patients with a posi-
tive molecular test but negative immunoassay have outcomes similar to patients 
without C. difficile by either test. The standard cell cytotoxin assay is little used 
but more sensitive than enzyme immunoassay. It has the disadvantages of a 

TREATMENT 
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ABSTRACT
Clostridial infections are characterized by disease produced by toxins. All 
clostridia also produce spores that enable them to persist in harsh environ-
ments. These infections include tetanus and botulism, both caused by neuro-
toxins, and clostridial myonecrosis or gas gangrene, caused by the toxins of 
Clostridium perfringens as well as those of other clostridial species. Although 
these clostridial infections remain important clinically, their frequency has 
declined markedly with the advent of vaccines and better public health mea-
sures. Several previously little-known species of clostridia that produce very 
large clostridial cytotoxins (LCCs) varying in size from 250 to 308 kD have 
become increasingly prominent. They include, in particular, Clostridium dif-
ficile, which is currently the most common health care–associated infection 
and is the cause of increasing mortality among elderly patients. C. difficile 
causes diarrhea and colitis in patients who have received prior antibiotic treat-
ment and carries a mortality of up to 7%. Another LCC-producing organism, 
Clostridium sordellii, has caused devastating infections in young women in 
association with pregnancy and medical abortion, in injection drug users, and 
in patients with traumatic wounds. Clostridium novyi type A is a third LCC 
organism that has also caused severe infections in injection drug users.
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24- to 48-hour turnaround and the requirement for tissue culture facilities. 
Stool culture for C. difficile, which is the most sensitive test available, is likewise 
slow and requires confirmation of toxin production by the organism before 
reporting. Testing of stools for glutamate dehydrogenase, or “common antigen,” 
can be used as a rapid screening test, but it is only about 50% specific and 
requires confirmation with a toxin test, which can increase the turnaround 
time for reporting positive results. CDI can also be diagnosed by observing 
pseudomembranous colitis directly through sigmoidoscopy or colonoscopy 
or at surgery. When a negative test result does not confirm the diagnosis in a 
patient whose clinical symptoms are highly suggestive of CDI, empirical treat-
ment of CDI should be given rather than repeating the test. The cause of 
infectious diarrhea in an adult patient with an onset longer than 48 hours after 
hospital admission is almost always CDI because other infectious enteric 
pathogens (with the exception of norovirus) are extremely rare in the hospital 
setting. Also common in the differential diagnosis are noninfectious causes 
of diarrhea, such as antibiotic or other drug-associated diarrhea, laxatives, 
ischemic colitis, and idiopathic inflammatory bowel disease. For patients with 
antibiotic-associated diarrhea and no evidence of colitis, the cause of diarrhea 
with a negative C. difficile toxin assay is usually not defined. New CDI guide-
lines in the United States recommend that NAAT testing alone be done only 
if patients are screened for documented diarrhea (3 or more loose or unformed 
stools in <24 hours and no laxative use) prior to submitting a stool for NAAT 
testing. If patients are not screened, a combination of tests that includes glu-
tamate dehydrogenase (GDH) or NAAT and a confirmatory EIA test for 
toxin is recommended.6

 PREVENTION
Two major prevention strategies are employed. The first is traditional infection 
control, in which barriers to transmission (gowns, gloves, isolation, hand 
hygiene, environmental cleaning) are used to prevent the spores of C. difficile 
from reaching the patient (Chapter 266). The second strategy is to reduce 
the likelihood of infection if the patient does encounter C. difficile while in 
the hospital. The most efficacious strategy, also known as antimicrobial stew-
ardship, is to avoid or to minimize exposure to unnecessary antimicrobials, 
especially those with a high CDI risk,7 such as clindamycin, cephalosporins, 
and fluoroquinolones. Interventions to restrict exposure to clindamycin and 
to cephalosporins have been highly effective in interrupting outbreaks of CDI 
in hospitals. Probiotics used prophylactically may also reduce CDI risk, but 
there is currently no consistent recommendation for their use.8

the duration of hospitalization and may reach 20% or more. Exposure to nearly 
all antimicrobials has been associated with subsequent CDI, but those with 
the highest risk are clindamycin, the cephalosporins, and the fluoroquinolones. 
CDI is rare in children and young adults, despite their frequent exposure to 
antimicrobials. However, children younger than 1 to 2 years are commonly 
colonized with C. difficile while remaining asymptomatic, an observation that 
remains largely unexplained.

 PATHOBIOLOGY
CDI risk appears to be minimal in the absence of antimicrobial therapy. When 
antimicrobials are administered, they have the unintended consequence of 
disrupting the normal protective bowel microbiota for days to weeks after the 
antimicrobial is stopped. If C. difficile is ingested during this time, the spores 
germinate in the gut, and the vegetative form of the organism multiplies and 
begins to make toxins. At this point, whether the patient will develop diarrhea 
is dictated by the status of his or her immunity to the toxins, which is best 
correlated with serum immunoglobulin G antibodies directed at toxin A and 
toxin B of C. difficile. Those with good antibody responses will be asymptomatic 
but will remain colonized with C. difficile, whereas those with little or no 
antibody response will develop diarrhea and CDI. Toxin A is primarily an 
enterotoxin, and toxin B is a cytotoxin. Both act by glucosylation of small 
GTPase proteins that cause disruption of the cell cytoskeleton, resulting in 
colonic epithelial cell rounding, fluid leakage, and cell death. In the presence 
of pseudomembranous colitis, the colon appears to be covered in yellow to 
white pseudomembranes that vary in size from punctate to completely conflu-
ent and covering the entire colon in advanced cases. On histologic evaluation, 
the colon demonstrates a marked neutrophil infiltration throughout its wall, 
with mucosal necrosis and volcano-like lesions from which the pseudomem-
brane is seen to “erupt.” The pseudomembrane is composed of proteinaceous 
material and cellular debris.

 CLINICAL MANIFESTATIONS
Clinical symptoms of CDI range from asymptomatic carriage to severe and 
sometimes life-threatening pseudomembranous colitis complicated by major 
fluid losses and systemic complications. With mild CDI, patients may simply 
have “nuisance diarrhea” that resolves when the implicated drug is discontin-
ued. Others with more severe CDI have substantial fluid and protein losses 
combined with fever, cramps, hypoalbuminemia, leukocytosis, and hypoten-
sion. Leukocytosis is common (occurring in up to 50% of patients) and it is 
a marker of severe CDI when greater than 15,000/μL. Extremely high white 
blood counts (>50,000/μL) are an indication of fulminant and potentially 
fatal illness. Other factors that may be indicative of severe or late-stage disease 
include toxic megacolon, high fever, renal failure, hypotension, shock, and 
lactic acidosis with levels greater than 5.0 mmol/L.

 DIAGNOSIS
The diagnosis should be suspected in any patient who has otherwise unex-
plained diarrhea (three or more loose or unformed stools in ≤24 hours) in 
association with recent or concurrent antibiotic use. Only about 10 to 20% 
of patients in this category actually have CDI, but this is the group of patients 
that should be tested. Episodes of CDI are often misdiagnosed, mainly due 
to lack of clinical suspicion or the use of inappropriate tests. The diagnosis of 
CDI is primarily based on the clinical signs and symptoms and is only con-
firmed by laboratory testing.5

The standard test to establish the diagnosis is to detect toxins A and B in 
stool or to detect a toxin-producing strain of C. difficile in stool. Tests that 
detect only toxin A are inadequate because about 1 to 3% of strains that cause 
CDI produce toxin B but not toxin A. The most common laboratory method 
has been an enzyme immunoassay, but its sensitivity is only 50 to 80%. Repeated 
testing does not improve the diagnostic accuracy because enzyme immunoas-
says also have specificity deficiencies that increase the rate of false-positive 
test results with repeated testing. Nucleic acid amplification tests (NAAT) of 
which polymerase chain reaction (PCR) is most commonly used for C. difficile 
in stool are widely available commercially and markedly improve test sensitiv-
ity to 90 to 95% (compared with the “gold standard” of culture for a toxigenic 
strain). NAAT tests are more expensive, but their use by clinical laboratories 
is widespread in the United States. They increase the sensitivity of CDI diag-
nosis, but some studies have shown that a positive test result for stool toxin 
should also be present to confirm the diagnosis, because patients with a posi-
tive molecular test but negative immunoassay have outcomes similar to patients 
without C. difficile by either test. The standard cell cytotoxin assay is little used 
but more sensitive than enzyme immunoassay. It has the disadvantages of a 

Updated clinical practice guidelines for the diagnosis and treatment of CDI 
were published in 2018 by the Infectious Diseases Society of America (ISDA) 
and the Society for Healthcare Epidemiology of America (SHEA).9 Treatment of 
CDI begins with discontinuation of the implicated antibiotic, supportive care, 
and avoidance of antiperistaltic agents.10 Mildly ill patients may recover with 
these simple conservative measures, but most require specific treatment. Con-
tinuation of the offending antibiotics while CDI is being treated with vancomycin 
and other agents results in lower cure rates and higher CDI recurrence rates in 
patients. Metronidazole, at a dose of 500 mg orally three times a day for 10 to 
14 days, has been the recommended treatment for patients with mild CDI 
because it is inexpensive. However, a large randomized prospective trial of 
vancomycin versus metronidazole has placed the recommendation into ques-
tion because it showed vancomycin to be statistically superior to metronidazole 
for all patients with CDI. A1  As a result, new U.S. guidelines no longer recommend 
metronidazole as first-line treatment of CDI of any severity. Patients with mild/
moderate or severe CDI (variously defined as a white blood cell count >15,000 
or a creatinine increase to >1.5-fold above baseline) should be treated with 
vancomycin 125 mg orally four times a day for 10 days or fidaxomicin 200 mg 
orally twice a day for 10 days. Fidaxomicin is a narrow-spectrum macrocycle 
antibiotic that is as efficacious as vancomycin and reduces recurrent  
infection. A2  The anticipated response to these drugs is rapid defervescence, 
with gradual normalization of bowel habits. Mean time to resolution of diarrhea 
is about 3 days; if symptoms have not resolved by day 5 or day 6 of treatment, 
a change in therapy should be considered. However, there are no data to support 
the use of more than one drug at a time to treat CDI other than in fulminant 
disease. Failure to respond often means that either the disease has progressed 
too far or another condition is causing the symptoms. For patients with severe 
complicated or fulminant CDI, medical management includes vancomycin at 
a higher dose (500 mg four times a day) orally or by nasogastric tube; if ileus 
is present, metronidazole (500 mg IV every 8 hours) is added, with vancomycin 
also administered by enema. If symptoms progress with this therapy, colectomy 

TREATMENT 
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organization and massive capillary leakage, leading to the progressive edema-
tous state.

 CLINICAL MANIFESTATIONS
Initial symptoms are nonspecific and include nausea, lethargy, dizziness, and 
tenderness at the infection site. Tachycardia and hypotension follow within 
hours. Laboratory tests show a marked leukocytosis or leukemoid reaction. 
Hypotension and tachycardia are refractory to treatment. Edema secondary 
to capillary leakage is prominent, resulting in hemoconcentration but little 
or no fever. Peritoneal and pleural effusions are common. White blood cell 
elevations greater than 75,000/μL are associated with a fatal outcome.

Infection Associated with Childbirth and Medical Abortion
This is a rare infection in which patients present 4 to 7 days after the admin-
istration of oral mifepristone and vaginal misoprostol for medical abortion 
with nausea, vomiting, weakness, abdominal pain, hypotension, and tachycardia 
but little or no fever and, often remarkably, a lack of findings on pelvic exami-
nation. The presentation is similar to toxic shock syndrome. There is rapid 
progression to vascular collapse and cardiac arrest. Leukocytosis is dramatic, 
with white blood cell counts near 100,000/μL in most patients. After delivery, 
the presentation is similar, but localized swelling and discoloration of the labia 
and perineum may be evident if the episiotomy site is infected. All patients 
to date have died.

Infection Associated with Injection Drug Use
Black tar heroin (a dark, gummy, less refined and cheaper form of heroin) has 
been associated with necrotizing fasciitis at the subcutaneous or intramuscular 
injection site, presumably a result of the contaminants mixed with the heroin. 
Patients present with 2 to 7 days of symptoms of necrotizing fasciitis of the 
upper or lower extremity where they injected heroin, in some cases accom-
panied by hypotension. Aggressive surgical débridement is required at the 
infection site, together with fluids and pressors. Cultures of débrided tissue 
reveal multiple organisms in addition to C. sordellii. Mortality in these patients 
is 50%.

 DIAGNOSIS
Diagnosis is difficult because of the lack of specific symptoms, but it is usually 
made by identifying the likely source of infection and isolating C. sordellii 
from the infection site or blood cultures. Polymerase chain reaction analysis 
for C. sordellii in infected tissues may be required to make the diagnosis when 
cultures are negative. Other bacteria are also commonly found at the infection 
site. Computed tomography or magnetic resonance imaging may be helpful 
in identifying localized infections, which can then be excised or drained surgi-
cally, providing material for microbiologic diagnosis.

 PREVENTION
C. sordellii infections are very rare, and the exact mechanism of infection, 
especially after medical abortion, is not known. However, careful attention to 
wound cleansing, avoidance of injecting drugs into skin or muscle, and good 
hygiene during childbirth are likely to help prevent C. sordellii infection.

 PROGNOSIS
The majority (≈80%) of patients respond to simple withdrawal of the impli-
cated antibiotic combined with a single course of vancomycin or fidaxomicin. 
Some patients with fulminant disease eventually require colectomy. The attrib-
utable mortality rate is as high as 7% in large series, and the majority of lethal 
cases occur in patients older than 65 years. Patients with multiple recurrences 
require repeated courses of antibiotics, usually vancomycin with tapering and 
pulse-dose regimens, or fidaxomicin that may need to be continued for weeks 
to months, or may require resorting to fecal microbiota transplantation.

 NECROTIZING CLOSTRIDIAL TISSUE INFECTION
 Clostridium sordellii

 DEFINITION AND PATHOGEN
C. sordellii is another clostridial species that produces large clostridial cytotoxins 
(LCCs), and it has become more common as a cause of septic shock and 
necrotizing fasciitis in association with trauma, childbirth, medical abortion, 
and injection drug use. C. sordellii antitoxin cross-neutralizes the cytotoxic 
effect of C. difficile toxins, indicating the similarity of these LCCs.

 EPIDEMIOLOGY
The organism is commonly found in soil and in the feces of animals and 
occasionally transiently in the vagina or rectum of humans worldwide.12 Soil 
contamination of wounds is the usual suspected route of infection. Infections 
have been described after traumatic wounds, childbirth, medical abortion, 
and intramuscular or subcutaneous injection drug use.

 PATHOBIOLOGY
C. sordellii produces up to seven identified toxins; of these, hemorrhagic toxin 
(TcsH) and lethal toxin (TcsL), which are both LCCs and analogous to TcdA 
and TcdB of C. difficile, are considered major virulence factors. Both TcsL and 
TcsH are located on plasmids in C. sordellii. TcsL have been shown to be 
essential for virulence. The toxins produce local necrosis, progressive edema, 
and shock that results in high mortality. The toxins are glucosyltransferases 
that glucosylate the Rho, Rac, or Ras proteins, causing impaired cytoskeletal 

may be life-saving and should be performed before the white blood cell count 
reaches 50,000/μL or lactate concentration reaches 5.0 mmol/L. A colon-sparing 
loop ileostomy procedure followed by infusion of polyethylene glycol and 
vancomycin has demonstrated reduced mortality compared with historic col-
ectomy controls and may be a preferred procedure to colectomy.

Other antibiotic options include oral fusidic acid, teicoplanin, nitazoxanide, 
rifaximin, and bacitracin, but most of these drugs have been evaluated in only 
a small number of patients, and none (like metronidazole) has U.S. Food and 
Drug Administration (FDA) approval for the treatment of CDI. There is no con-
vincing evidence that toxin-binding agents, such as cholestyramine and pro-
biotics, are useful in treating CDI. About 20 to 25% of patients treated with 
either vancomycin or metronidazole have a recurrence of symptoms when 
treatment is stopped because of the persistence of C. difficile spores or acquisi-
tion of a new strain. Treatment of recurrent CDI with vancomycin, vancomycin 
plus taper and pulse, or fidaxomicin is recommended. Patients with multiple 
recurrences of CDI are extremely difficult to treat and may benefit from con-
sultation with an infectious disease specialist or gastroenterologist. Actoxumab 
and bezlotoxumab11 are human monoclonal antibodies against C. difficile toxins 
A and B, respectively. In patients receiving antibiotic treatment for primary or 
recurrent CDI, bezlotoxumab (infused at a dose of 10 mg per kilogram of body 
weight) was associated with a substantially lower rate of recurrent infection 
than placebo and had a safety profile similar to that of placebo. The addition 
of actoxumab did not improve efficacy. A3 

Observational data and prospective randomized trials suggest that fecal 
microbiota transplantation can be an effective treatment for recurrent C. difficile 
infection. A4 

,
 A5  Furthermore, frozen fecal microbiota transplantation is as effec-

tive as fresh microbiota for the clinical resolution of diarrhea in patients with 
recurrent C. difficile infection. A6  In one randomized trial, donor stool administered 
via colonoscopy seemed safe and was more efficacious than autologous fecal 
microbiota transplantation in preventing further episodes of Clostridium difficile 
infection. A7  Among adults with recurrent CDI, fecal microbiota transplantation 
via oral capsules was found to be not inferior to delivery by colonoscopy for 
preventing recurrent infection over 12 weeks. A8  Among patients who have 
clinically recovered following treatment with metronidazole or vancomycin, 
oral administration of spores of nontoxigenic C. difficile strain M3 can colonize 
the gastrointestinal tract and significantly reduce recurrent CDI. A9 

renal failure, and jaundice. Radiography may show gas in the uterine wall. The 
urine is often “port wine” in color as a result of hemoglobulinuria, and there 
is often jaundice because of massive intravascular hemolysis. The usual causes 
are C. perfringens and C. sordellii.

Spontaneous myonecrosis occurs in the absence of trauma and is usually 
caused by C. septicum. One distinctive association is with colon cancer and 
neutropenic enterocolitis, which represent portals of entry for hematogenous 
seeding of C. septicum. This infection is also seen with acute leukemia. The 
usual portals of entry are the terminal ileum, cecum, and ascending colon, 
hence the term typhlitis or neutropenic enterocolitis. Known or occult malig-
nancy was associated in 71% of patients and mortality was 67% in one large 
recent review of spontaneous C. septicum myonecrosis.13

 DIAGNOSIS
The diagnosis of gas gangrene is usually based on a constellation of charac-
teristic clinical features, including myonecrosis of an extremity or abdomi-
nal wall, shock, and renal failure. The patient typically complains of severe 
pain. Early recognition is important because early institution of treatment 
may strongly influence the prognosis. The diagnosis is established by exami-
nation of skin and muscle, which shows putrid discharge, characteristic 
bullae, and crepitations. Gram stain demonstrates abundant gram-positive 
bacilli and no inflammatory cells. Histopathologic examination of the lesion 
shows myonecrosis without polymorphonuclear leukocytes, a finding that is 
remarkably different from most soft tissue infections, which do not feature 
necrosis and have abundant inflammatory cells. Gas is present in the tissue 
and may be detected by physical examination, radiography, or other imaging  
methods.

 PREVENTION
The basic principle of prevention is adequate management of traumatic 
wounds—establishing adequate drainage, removing foreign bodies, draining 
hematomas, and ensuring good hemostasis.

wounds. An extended outbreak of human infections occurred in Scotland, 
Ireland, and elsewhere in the United Kingdom in 2000 to 2009 among persons 
injecting heroin extravascularly (skin or muscle popping). A localized necro-
tizing infection with painful edema, sepsis, and significant mortality was rec-
ognized. The findings include soft tissue inflammation, edema and necrosis 
at the injection sites, circulatory collapse, marked leukocytosis, and pleural 
effusions. Treatment usually involves débridement and antibiotic administra-
tion (gentamicin, flucloxacillin, penicillin, metronidazole, and clindamycin 
were used during this outbreak because infections are typically polymicrobial 
in origin).

 Clostridial Myonecrosis (Gas Gangrene)
 DEFINITION

Clostridial myonecrosis, or gas gangrene, can be caused by several Clostridium 
species, most commonly C. perfringens after trauma or tissue injury and Clos-
tridium septicum after dissemination from a colonic source.

 EPIDEMIOLOGY
Gas gangrene has historically been a complication of battlefield injuries and 
of trauma in noncombat settings. The estimated number of cases in the United 
States is about 1000 per year. Traumatic injuries account for about 50% of 
cases, with vehicular accidents accounting for the majority; the remaining 
cases develop in patients after crush injuries, industrial accidents, gunshot 
wounds, and burns. Minor injuries such as puncture wounds, intramuscular 
injections, simple lacerations, and subcutaneous injections with epinephrine 
may occasionally precipitate clostridial myonecrosis. Postoperative complica-
tions account for about 30% of cases and are most frequently associated with 
surgery on the appendix, biliary tract, or intestine. Approximately 20% are 
“spontaneous” or nontraumatic and are invariably associated with an occult 
colonic malignant neoplasm.

 PATHOBIOLOGY
Clostridia are widely distributed in nature and can be cultured from nearly 
all soil samples, from environmental sites in the hospital, and from the human 
intestine. A critical factor is a physiologic state of the wound with conditions 
that support germination and toxin production by toxigenic clostridia. Par-
ticularly critical are a low oxidation-reduction potential, hypoxia, appropriate 
substrates, and calcium ions. The probability of infection is substantially 
increased by devitalized muscle and the presence of foreign material such as 
soil. C. perfringens elaborates at least 12 recognized toxins, most importantly 
α-toxin and θ-toxin of C. perfringens type A. Although the interaction is complex, 
good evidence supports a central role for α-toxin, a phospholipase C, and 
θ-toxin or perfringolysin O, a cholesterol-dependent cytolysin, in the extensive 
cell death and disruption of microvascular perfusion that are characteristic of 
clostridial myonecrosis. The vascular perfusion changes are likely mediated 
by toxin-induced platelet aggregation and leukocyte margination. The α-toxin 
of C. septicum, a pore-forming cytolysin unrelated to α-toxin of C. perfringens, 
also causes cell death and microvascular perfusion changes.

 CLINICAL MANIFESTATIONS
Initial symptoms of traumatic myonecrosis usually occur 1 to 4 days after the 
precipitating event, although the range is 8 hours to 3 weeks. The initial symptom 
is pain that is often sudden and severe at the site of surgery or trauma. The 
involved skin has intense edema and is initially pale before progressing to a 
bronze or magenta color, followed by the formation of bullae. The bullae 
contain fluid that may be clear or hemorrhagic. The discharge has an odor 
that is described as “foul-sweet.”

Circulatory collapse and hypotension unresponsive to fluid challenge are 
common and may reflect the effect of α-toxin, which suppresses cardiac con-
tractility. About 15% of patients have bacteremia that is usually complicated 
by rapid hemolysis with a dramatic drop in the hematocrit, which may even 
decrease to 0%. Common complications include jaundice, hypotension, hepatic 
failure, and renal failure. The renal failure is often due to hemoglobulinuria 
and myoglobulinuria, but it may also be due to acute tubular necrosis from 
hypotension. Despite the severity of the illness, the patient’s mental status is 
usually remarkably good until very late in the disease. Surgical intervention 
shows necrotic muscle that does not contract with stimulation. Deeper dis-
section reveals beefy red necrotic muscle that becomes black and extremely 
friable in the late stages.

Uterine gas gangrene, which was once common after septic abortions, is 
now rare but may complicate normal delivery, amniocentesis, cesarean section, 
or abortion. The onset is usually sudden, with fever, tachycardia, hypotension, 

Definitive treatment information is lacking. The infection progresses so rapidly 
that therapeutic interventions are rarely successful. Surgery to remove necrotic 
sites of infection and administration of intravenous fluids and pressors to treat 
hypotension and tachycardia are supportive. Antibiotic susceptibility suggests 
that β-lactams, clindamycin, tetracyclines, and chloramphenicol are active, but 
no clinical treatment efficacy data are available. Theoretically, use of an antibiotic 
such as clindamycin to suppress toxin synthesis could be a useful adjunct to 
treatment. At present, there is no antitoxin available.

TREATMENT 

 PROGNOSIS
Infections after childbirth or medical abortion have been uniformly fatal. 
Mortality in injection drug users or patients after trauma or surgery is  
about 50%.

 Clostridium novyi Infection in Injecting Drug Users
C. novyi α-toxin causes an LCC-producing disease in humans. C. novyi has 
long been recognized as a cause of fatal toxemia in animals with contaminated 

TREATMENT 

 PROGNOSIS
Factors associated with a poor prognosis include advanced age, location on 
the trunk, association with severe underlying disease, leukopenia, renal failure, 
hemolysis, and shock. The best results are seen in young patients with involve-
ment of a single extremity. Management plays an important role, particu-
larly the use of early and aggressive surgery as well as antibiotics. The overall 
mortality rate of patients with traumatic gas gangrene in tertiary centers is  
about 25%.

 NEUROTOXIC CLOSTRIDIAL INFECTIONS
 Botulism

 DEFINITION
Botulism is a severe neuroparalytic disease characterized by a descending 
flaccid motor neuron paralysis. It is caused by botulinum toxin produced by 
C. botulinum.

The Pathogen
C. botulinum is a gram-positive, spore-forming obligate anaerobe that is widely 
distributed in nature and is frequently found in soil, marine environments, 
and agricultural products. Each strain produces one of eight toxins designated 
by the letters A to H. Botulinum toxin may also be produced by the related 
clostridial species C. baratii and C. butyricum. All these neurotoxins produce 
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renal failure, and jaundice. Radiography may show gas in the uterine wall. The 
urine is often “port wine” in color as a result of hemoglobulinuria, and there 
is often jaundice because of massive intravascular hemolysis. The usual causes 
are C. perfringens and C. sordellii.

Spontaneous myonecrosis occurs in the absence of trauma and is usually 
caused by C. septicum. One distinctive association is with colon cancer and 
neutropenic enterocolitis, which represent portals of entry for hematogenous 
seeding of C. septicum. This infection is also seen with acute leukemia. The 
usual portals of entry are the terminal ileum, cecum, and ascending colon, 
hence the term typhlitis or neutropenic enterocolitis. Known or occult malig-
nancy was associated in 71% of patients and mortality was 67% in one large 
recent review of spontaneous C. septicum myonecrosis.13

 DIAGNOSIS
The diagnosis of gas gangrene is usually based on a constellation of charac-
teristic clinical features, including myonecrosis of an extremity or abdomi-
nal wall, shock, and renal failure. The patient typically complains of severe 
pain. Early recognition is important because early institution of treatment 
may strongly influence the prognosis. The diagnosis is established by exami-
nation of skin and muscle, which shows putrid discharge, characteristic 
bullae, and crepitations. Gram stain demonstrates abundant gram-positive 
bacilli and no inflammatory cells. Histopathologic examination of the lesion 
shows myonecrosis without polymorphonuclear leukocytes, a finding that is 
remarkably different from most soft tissue infections, which do not feature 
necrosis and have abundant inflammatory cells. Gas is present in the tissue 
and may be detected by physical examination, radiography, or other imaging  
methods.

 PREVENTION
The basic principle of prevention is adequate management of traumatic 
wounds—establishing adequate drainage, removing foreign bodies, draining 
hematomas, and ensuring good hemostasis.

wounds. An extended outbreak of human infections occurred in Scotland, 
Ireland, and elsewhere in the United Kingdom in 2000 to 2009 among persons 
injecting heroin extravascularly (skin or muscle popping). A localized necro-
tizing infection with painful edema, sepsis, and significant mortality was rec-
ognized. The findings include soft tissue inflammation, edema and necrosis 
at the injection sites, circulatory collapse, marked leukocytosis, and pleural 
effusions. Treatment usually involves débridement and antibiotic administra-
tion (gentamicin, flucloxacillin, penicillin, metronidazole, and clindamycin 
were used during this outbreak because infections are typically polymicrobial 
in origin).

 Clostridial Myonecrosis (Gas Gangrene)
 DEFINITION

Clostridial myonecrosis, or gas gangrene, can be caused by several Clostridium 
species, most commonly C. perfringens after trauma or tissue injury and Clos-
tridium septicum after dissemination from a colonic source.

 EPIDEMIOLOGY
Gas gangrene has historically been a complication of battlefield injuries and 
of trauma in noncombat settings. The estimated number of cases in the United 
States is about 1000 per year. Traumatic injuries account for about 50% of 
cases, with vehicular accidents accounting for the majority; the remaining 
cases develop in patients after crush injuries, industrial accidents, gunshot 
wounds, and burns. Minor injuries such as puncture wounds, intramuscular 
injections, simple lacerations, and subcutaneous injections with epinephrine 
may occasionally precipitate clostridial myonecrosis. Postoperative complica-
tions account for about 30% of cases and are most frequently associated with 
surgery on the appendix, biliary tract, or intestine. Approximately 20% are 
“spontaneous” or nontraumatic and are invariably associated with an occult 
colonic malignant neoplasm.

 PATHOBIOLOGY
Clostridia are widely distributed in nature and can be cultured from nearly 
all soil samples, from environmental sites in the hospital, and from the human 
intestine. A critical factor is a physiologic state of the wound with conditions 
that support germination and toxin production by toxigenic clostridia. Par-
ticularly critical are a low oxidation-reduction potential, hypoxia, appropriate 
substrates, and calcium ions. The probability of infection is substantially 
increased by devitalized muscle and the presence of foreign material such as 
soil. C. perfringens elaborates at least 12 recognized toxins, most importantly 
α-toxin and θ-toxin of C. perfringens type A. Although the interaction is complex, 
good evidence supports a central role for α-toxin, a phospholipase C, and 
θ-toxin or perfringolysin O, a cholesterol-dependent cytolysin, in the extensive 
cell death and disruption of microvascular perfusion that are characteristic of 
clostridial myonecrosis. The vascular perfusion changes are likely mediated 
by toxin-induced platelet aggregation and leukocyte margination. The α-toxin 
of C. septicum, a pore-forming cytolysin unrelated to α-toxin of C. perfringens, 
also causes cell death and microvascular perfusion changes.

 CLINICAL MANIFESTATIONS
Initial symptoms of traumatic myonecrosis usually occur 1 to 4 days after the 
precipitating event, although the range is 8 hours to 3 weeks. The initial symptom 
is pain that is often sudden and severe at the site of surgery or trauma. The 
involved skin has intense edema and is initially pale before progressing to a 
bronze or magenta color, followed by the formation of bullae. The bullae 
contain fluid that may be clear or hemorrhagic. The discharge has an odor 
that is described as “foul-sweet.”

Circulatory collapse and hypotension unresponsive to fluid challenge are 
common and may reflect the effect of α-toxin, which suppresses cardiac con-
tractility. About 15% of patients have bacteremia that is usually complicated 
by rapid hemolysis with a dramatic drop in the hematocrit, which may even 
decrease to 0%. Common complications include jaundice, hypotension, hepatic 
failure, and renal failure. The renal failure is often due to hemoglobulinuria 
and myoglobulinuria, but it may also be due to acute tubular necrosis from 
hypotension. Despite the severity of the illness, the patient’s mental status is 
usually remarkably good until very late in the disease. Surgical intervention 
shows necrotic muscle that does not contract with stimulation. Deeper dis-
section reveals beefy red necrotic muscle that becomes black and extremely 
friable in the late stages.

Uterine gas gangrene, which was once common after septic abortions, is 
now rare but may complicate normal delivery, amniocentesis, cesarean section, 
or abortion. The onset is usually sudden, with fever, tachycardia, hypotension, 

The most important facet of treatment is prompt surgical débridement. Many 
cases require extensive, often mutilating surgery. Penicillin and clindamycin 
are recommended but are rarely adequate without radical surgery, except in 
patients with neutropenic enterocolitis, who can often be managed with anti-
biotics. The rationale for penicillin combined with clindamycin is that some 
strains of clostridia are resistant to clindamycin, but clindamycin is probably 
the superior drug for reducing toxin formation. Other antibiotics that are gener-
ally effective include metronidazole and chloramphenicol. The use of hyperbaric 
oxygen is controversial, in part because the therapeutic trials have been either 
of poor quality or not convincing.

TREATMENT 

 PROGNOSIS
Factors associated with a poor prognosis include advanced age, location on 
the trunk, association with severe underlying disease, leukopenia, renal failure, 
hemolysis, and shock. The best results are seen in young patients with involve-
ment of a single extremity. Management plays an important role, particu-
larly the use of early and aggressive surgery as well as antibiotics. The overall 
mortality rate of patients with traumatic gas gangrene in tertiary centers is  
about 25%.

 NEUROTOXIC CLOSTRIDIAL INFECTIONS
 Botulism

 DEFINITION
Botulism is a severe neuroparalytic disease characterized by a descending 
flaccid motor neuron paralysis. It is caused by botulinum toxin produced by 
C. botulinum.

The Pathogen
C. botulinum is a gram-positive, spore-forming obligate anaerobe that is widely 
distributed in nature and is frequently found in soil, marine environments, 
and agricultural products. Each strain produces one of eight toxins designated 
by the letters A to H. Botulinum toxin may also be produced by the related 
clostridial species C. baratii and C. butyricum. All these neurotoxins produce 



CHAPTER 280 Clostridial infeCtions1894

the characteristic expressionless facies and dysphagia; and involvement of 
cranial nerve IX causes dysarthria. Thus, the initial symptoms include the 
“four d’s”—diplopia, dysarthria, dysphagia, and dysphonia—although the last 
is rarely reported, and blurred vision is reported more commonly than diplopia. 
These findings are followed by a descending upper extremity paralysis and 
respiratory paralysis. Neurologic examination shows bilateral cranial nerve VI 
paresis, ptosis, dilated pupils with a sluggish reaction, and diminished gag reflex, 
followed by descending involvement of motor neurons. Deep tendon reflexes 
are diminished or absent. Mentation remains clear, vital signs are normal, and 
the neurologic findings are symmetrical. The most common cause of death 
is respiratory failure. The tempo of the disease and the extent of paralysis in 
the absence of treatment are highly variable. The symptoms may be restricted 
to a few cranial nerves, or there may be complete paralysis of all voluntary 
muscles. Progression may occur during a period of hours or days. The timing 
and extent of neurologic deficits depend on the size of the botulinum toxin  
inoculum.

 DIAGNOSIS
Botulism should be suspected in patients with an acute flaccid paralysis involv-
ing the cranial nerves, particularly in the presence of bilateral cranial nerve 
VI dysfunction, associated neurologic findings, and a 10-hour to 5-day history 
of consuming suspect food, such as preserved or home-canned foods. Nausea, 
vomiting, abdominal pain, and diarrhea are common early in the illness, with 
constipation present when paralysis develops. The finding of two or more 
cases that are epidemiologically linked is virtually diagnostic of food-borne 
botulism because other causes of paralysis are rare and sporadic. In the absence 
of a history of suspect food ingestion, potentially infected wounds should be 
sought, including injection sites in users of black tar heroin. With bioterrorism, 
the epidemiology may reflect a common source exposure, such as a local water 
supply or an aerosolized toxin, but it could also be widely distributed with a 
contaminated food source, such as the milk supply.

Laboratory tests for suspected food-borne botulism include analysis of 
serum, stool, gastric contents, or food for botulinum toxin and culture of stool 
and suspect food or wounds for C. botulinum. Toxin assay specimens should 
be collected before treatment with antitoxin. With wound botulism, recovery 
of C. botulinum from wound cultures or detection of toxin in serum is diag-
nostic. The toxin assays are generally available only at public health laboratories. 
The standard is a mouse bioassay for detection and quantification of toxin. 
Toxin type is determined by type-specific antibody neutralization. In general, 
adult patients with clinical evidence of food-borne botulism have detectable 
toxin in sera in a third of cases and detectable toxin in stool in a third of cases, 
but the organism is recovered from stool in about 60%.

The differential diagnosis includes myasthenia gravis, Guillain-Barré syn-
drome, tick paralysis, cerebrovascular accident, trichinosis, Eaton-Lambert 
syndrome, hypocalcemia, hypermagnesemia, organophosphate poisoning, 
atropine poisoning, and paralytic poisoning by shellfish or puffer fish. Elec-
tromyography using repetitive stimulation at 2 to 50/second may be helpful 
in distinguishing causes of flaccid paralysis. Electromyography patterns with 
slow and rapid supramaximal stimulation show similar responses in botulism 
and Eaton-Lambert syndrome. Findings on cerebrospinal fluid analysis and 
cranial imaging are normal in botulism.

 PREVENTION
The disease can be prevented by destroying spores in the original food source, 
inhibiting germination, or destroying preformed toxin.

the same syndrome; the usual causes of disease in humans are types A, B, and 
E, with rare cases caused by type F.

 EPIDEMIOLOGY
Botulism in humans is generally one of three types: food-borne botulism, 
infant botulism, or wound botulism. Rarely, botulism may be acquired as a 
result of iatrogenic misadventures with botulinum toxin, which is a potential 
bioterrorism agent if it is inhaled or ingested.

Food-borne botulism is the most common form of botulism in the world 
but is a distant second to infant botulism in the United States. Nevertheless, 31 
cases from ingestion of prison-made alcohol (pruno),14 and eight cases from 
ingestion of a commercially canned product (hot dog chili sauce) have occurred 
recently. Foods most frequently implicated are home-canned vegetables or fer-
mented foods, and most cases are sporadic single cases occasionally involving 
two or three people. Commercially preserved and restaurant-prepared foods 
are also rare causes of food-borne botulism. Type A toxin is predominant in 
the United States. Alaska has the highest rate of any state, with approximately 
35% of all cases; 80% of events and cases in Alaska are caused by type E and 
are most often associated with fermentation methods used to prepare fish and 
marine mammals by native Alaskans. Meat and meat products are frequently 
implicated in Europe, where the predominant toxin is type B. In China, the 
most frequent vehicle is a vegetable product, and type A predominates.

Infant botulism is the most frequently recognized form in the United States 
and is the most recently discovered type of botulism, first described in 1976. 
It is caused by production of botulinum toxin in the intestine after presumed 
spore ingestion and colonization in 2- to 36-week-old infants. Honey has been 
identified as a source of C. botulinum spores, but in most cases the source is 
never identified. Nearly all cases are caused by type A or type B toxin. The 
symptoms usually begin with constipation followed by poor feeding, weak 
cry, lethargy, and generalized weakness characterized as the “floppy baby syn-
drome” because of loss of head control. This form of botulism is rare in adults, 
occurring most often in patients with anatomic or functional abnormalities 
of the intestines.

Wound botulism, first described in 1943, is the least frequent form of the 
disease and is usually caused by either type A or type B toxin. Sporadic cases 
in traumatic wounds contaminated by soil are rarely reported. Outbreaks have 
been described in black tar heroin users in the western United States, particu-
larly if they inject the drug intramuscularly or subcutaneously (skin popping).15 
These drug users also develop other clostridial infections, including necrotizing 
fasciitis caused by C. sordellii and C. novyi and tetanus caused by C. tetani.

Inhalation or ingestion of botulinum toxin is considered one of the top six 
bioweapon agents in terms of probability of use. The presumed method would 
be contamination of the food supply, water supply, or commercial beverages 
or aerosolization in a highly populated area to cause inhalational botulism. It 
is estimated that a point-source aerosol release of the toxin could incapacitate 
or kill 10% of people within a 0.5-km radius.

Iatrogenic botulism results from the misuse of botulinum toxin for cosmetic 
or therapeutic purposes. Cosmetic treatment doses are far too low to cause 
systemic disease, but the use of unlicensed products with high concentrations 
of botulinum toxin can cause systemic symptoms. Higher doses used for the 
management of muscle movement disorders have caused occasional cases 
with systemic botulism-like symptoms.

 PATHOBIOLOGY
Pathologic findings are due to absorption of toxins from the intestine (ingested 
preformed toxin in foods or in situ production in the intestine in infants), 
inhalation (aerosol from bioterrorism), absorption from cutaneous infection 
sources (wounds), or iatrogenic injection. The toxin is disseminated by the 
systemic circulation and causes flaccid paralysis by binding presynaptic motor 
neuron terminals and blocking acetylcholine transmission across the neuro-
muscular junction. The estimated lethal doses of purified botulinum toxin A 
for a 70-kg human are 0.09 to 0.15 μg when given intravenously, 0.8 to 0.9 μg 
when inhaled, and 70 μg when given orally.

 CLINICAL MANIFESTATIONS
In contrast to Guillain-Barré syndrome (Chapter 392), which is an ascending 
paralysis, botulism is characterized by generalized weakness and a descend-
ing paralysis. Symptoms are due to absorption of botulinum toxin from the 
gut, the lung, or a wound. Clinical symptoms consist of highly distinctive 
and usually symmetrical cranial nerve palsies, followed by a symmetrical 
descending flaccid paralysis. Prominently involved cranial nerves III, IV, and 
VI cause blurred vision and diplopia; involvement of cranial nerve VII causes 

reported cases in the United States. The usual incubation period is 3 to 21 
days (mean, 8 days), depending largely on the distance between the site of 
injury and the central nervous system. A short incubation period is associated 
with more severe symptoms. Generalized tetanus is characterized by a per-
sistent tonic spasm with brief exacerbations. The neck and jaw are almost 
always involved. Trismus (lockjaw) is the initial complaint in 75% of cases, 
so the patient is often initially seen by a dentist or oral surgeon. Other early 
features include irritability, restlessness, diaphoresis, and dysphagia with hydro-
phobia and drooling. Persistent spasm of the back musculature may cause 
opisthotonos. These early manifestations reflect involvement of the paraspinous 
muscles. With progression, all muscles contract, with stronger muscles over-
taking weaker muscles. Noise or tactile stimuli may precipitate spasms and 
generalized convulsions. Involvement of the autonomic nervous system may 
result in severe arrhythmias, blood pressure oscillation, profound diaphoresis, 
hyperthermia, rhabdomyolysis, laryngeal spasm, and urinary retention. In 
most cases, the patient remains lucid and afebrile. The condition may continue 
for 3 to 4 weeks, despite antitoxin therapy, because of the time required for 
intra-axonal toxin transport. Complications include fractures from sustained 
contractions, pulmonary emboli, bacterial infections, and dehydration.

Local tetanus, in which the patient has persistent muscle contractions in 
the extremity involving a contaminated wound, is rare and shows considerable 
variation in severity. In mild cases, a patient may simply have spasms of the 
involved extremity; in more severe cases, local painful spasms progress to 
generalized tetanus. This relatively unusual form of tetanus has an excellent 
prognosis, with only about 1% mortality.

Cephalic tetanus is also rare and generally follows a head injury or occurs 
with C. tetani infection of the middle ear. Clinical symptoms consist of isolated 
or combined dysfunction of the cranial motor nerves, most frequently cranial 
nerve VII. This dysfunction may remain localized or progress to generalized 
tetanus. The incubation period is only 1 or 2 days, and the prognosis for 
survival is usually poor.

Neonatal tetanus is generalized tetanus resulting from C. tetani infection 
in neonates. It occurs primarily in underdeveloped countries, where it accounts 
for up to half of all neonatal deaths.

 DIAGNOSIS
The diagnosis of tetanus is usually based on clinical observations. The putative 
agent, C. tetani, is recovered from wound culture only about 30% of the time. 
Results of cerebrospinal fluid analysis are entirely normal. Diagnostic testing 
is usually not necessary except in cases lacking an identified portal of entry. 
The differential diagnosis depends on the dominant clinical features and includes 
dystonic reactions as a result of neuroleptic toxicity, seizure disorders, hypo-
calcemic or alkalotic tetany, alcohol withdrawal, and strychnine poisoning. 
Strychnine also antagonizes glycine, and strychnine poisoning is the only 
condition that truly mimics tetanus. Strychnine levels in blood and urine 
establish the diagnosis. Dystonic reactions may resemble tetanus and are dis-
tinguished by rapid response to anticholinergic agents.

 PREVENTION
Immunization with tetanus toxoid is virtually 100% effective, so nearly all 
cases of tetanus occur in unimmunized or inadequately immunized individu-
als. The Advisory Committee on Immunization Practices has recommended 
diphtheria and tetanus toxoids and acellular pertussis vaccine (DTaP) for 
active immunization of infants and children at 2 months, 4 months, 6 months, 
15 to 18 months, and 4 to 6 years of age. Protective levels of serum antitoxin 
in persons who complete the primary series persist for at least 10 years. Td 
(tetanus and diphtheria toxoids adsorbed for adult use) is recommended every 
10 years, but this recommendation has been modified because of concerns 
about waning adult pertussis antibody protection; as a result, the Advisory 
Committee on Immunization Practices recommends that all adults aged 19 
years and older who have not yet received a dose of Tdap (tetanus toxoid, 
reduced diphtheria toxoid, and acellular pertussis) should receive a single 
dose regardless of the interval since last Td.17 The recommended primary 
immunization series for unimmunized persons older than 7 years is Td at time 
0, 4 to 8 weeks, and 6 to 12 months after the second dose, and then every 10 
years. Nearly all states now require DTaP immunization for school enrollment. 
Immunization of childbearing women with Tdap confers protection to their 
infants through transplacental maternal antibody and is recommended during 
the third trimester of each pregnancy for optimal fetal passive antibody 
protection.

Prevention of tetanus after injury (Table 280-1) requires appropriate wound 
management, assurance of adequate immunity, and consideration of antibiotic 

Clinicians who suspect botulism should immediately seek clinical consulta-
tion, notify public health authorities, and administer antitoxin. The agency to 
contact in the United States is the state health department, which will contact 
the Centers for Disease Control and Prevention (CDC) if needed. Additional 
emergency consultation is available from the CDC botulism duty officer through 
the CDC Emergency Operations Center (telephone: 770-488-7100); similar public 
health agencies should be contacted in other countries. Treatment consists of 
supportive care and passive neutralization with equine botulinum antitoxin.

The standard treatment of adults since 2010 in the United States is heptava-
lent botulinum antitoxin (HBAT) through a CDC-sponsored FDA investigational 
new drug protocol. HBAT contains equine-derived antibody to the seven known 
botulinum toxin types (A to G) with the following nominal potency values: 
7500 U anti-A; 5500 U anti-B; 5000 U anti-C; 1000 U anti-D; 8500 U anti-E; 5000 U 

TREATMENT 

 PROGNOSIS
The case-fatality rate for untreated food-borne botulism was once 60 to 70% 
but is currently 3 to 5% with treatment. Infant botulism in the United States 
now has a mortality rate of less than 1%; the use of human antitoxin has 
reduced the median duration of hospitalization from 6 to 3 weeks. Patients 
who survive any form of botulism generally have a complete recovery.

 Tetanus
 DEFINITION

Tetanus is a neurologic syndrome characterized by generalized rigidity and 
convulsive spasm of skeletal muscles caused by a neurotoxin elaborated at the 
site of injury by C. tetani.

The Pathogen
C. tetani is an anaerobic, gram-positive, slender, motile bacillus. When it sporu-
lates, the terminal spore gives the organism a characteristic “drumstick” or 
“tennis racket” shape. The vegetative form produces tetanospasmin, a protein 
neurotoxin with a molecular mass of approximately 151 kD, including a heavy 
chain (100 kD) that binds neuronal cells and a light chain that blocks the 
release of neurotransmitters.

 EPIDEMIOLOGY
C. tetani can be found in 2 to 23% of soil samples, with the highest yield in 
manure-treated soil. The organism can also be found in stool from a variety 
of domestic and farm animals and poultry. Tetanus is most common in warm 
climates and in highly cultivated rural areas. The greatest problem occurs in 
resource-limited countries because of high numbers of unimmunized mothers 
and unhygienic practices. The estimated annual toll from neonatal tetanus in 
developing countries is nearly 60,000, mostly secondary to inadequate passive 
immunity caused by absence of immunity in the mother.16 In the United States, 
an average of 29 cases of tetanus were reported annually from 2001 to 2008 
with a mortality of 13.2%, and almost all occurred in unimmunized or inad-
equately immunized persons. In the United States, patients 65 years of age 
and older constituted 31% of patients and had the highest mortality at 31%.

 PATHOBIOLOGY
Tetanospasmin, also known as tetanus neurotoxin or TeNT, ranks with botu-
linum toxin as one of the most potent known microbial toxins; 2.5 ng/kg is 
a lethal human dose. Clinical tetanus usually results from entry of the organism 
into a wound and low oxygen conditions that allow spore germination and 
survival of the vegetative organism to produce toxin. Entry is usually through 
a traumatic or surgical wound, drug injection site, burn, skin ulcer, or infected 
umbilical cord. Tetanospasmin binds the peripheral nerve terminals and is 
then carried intra-axonally within membrane-bound vesicles to spinal neurons 
at a transport rate of approximately 75 to 250 mm/day. The light chain passes 
to the presynaptic terminals, where it blocks the release of neurotransmitters 
in inhibitory afferent motor neurons. Loss of the inhibitory influence results 
in sustained muscle contraction. Binding of the toxin is irreversible, so recovery 
requires the generation of new axon terminals.

 CLINICAL MANIFESTATIONS
Forms of tetanus include generalized, local, cephalic, and neonatal. General-
ized tetanus, which is the most common form, accounts for 80 to 90% of 
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reported cases in the United States. The usual incubation period is 3 to 21 
days (mean, 8 days), depending largely on the distance between the site of 
injury and the central nervous system. A short incubation period is associated 
with more severe symptoms. Generalized tetanus is characterized by a per-
sistent tonic spasm with brief exacerbations. The neck and jaw are almost 
always involved. Trismus (lockjaw) is the initial complaint in 75% of cases, 
so the patient is often initially seen by a dentist or oral surgeon. Other early 
features include irritability, restlessness, diaphoresis, and dysphagia with hydro-
phobia and drooling. Persistent spasm of the back musculature may cause 
opisthotonos. These early manifestations reflect involvement of the paraspinous 
muscles. With progression, all muscles contract, with stronger muscles over-
taking weaker muscles. Noise or tactile stimuli may precipitate spasms and 
generalized convulsions. Involvement of the autonomic nervous system may 
result in severe arrhythmias, blood pressure oscillation, profound diaphoresis, 
hyperthermia, rhabdomyolysis, laryngeal spasm, and urinary retention. In 
most cases, the patient remains lucid and afebrile. The condition may continue 
for 3 to 4 weeks, despite antitoxin therapy, because of the time required for 
intra-axonal toxin transport. Complications include fractures from sustained 
contractions, pulmonary emboli, bacterial infections, and dehydration.

Local tetanus, in which the patient has persistent muscle contractions in 
the extremity involving a contaminated wound, is rare and shows considerable 
variation in severity. In mild cases, a patient may simply have spasms of the 
involved extremity; in more severe cases, local painful spasms progress to 
generalized tetanus. This relatively unusual form of tetanus has an excellent 
prognosis, with only about 1% mortality.

Cephalic tetanus is also rare and generally follows a head injury or occurs 
with C. tetani infection of the middle ear. Clinical symptoms consist of isolated 
or combined dysfunction of the cranial motor nerves, most frequently cranial 
nerve VII. This dysfunction may remain localized or progress to generalized 
tetanus. The incubation period is only 1 or 2 days, and the prognosis for 
survival is usually poor.

Neonatal tetanus is generalized tetanus resulting from C. tetani infection 
in neonates. It occurs primarily in underdeveloped countries, where it accounts 
for up to half of all neonatal deaths.

 DIAGNOSIS
The diagnosis of tetanus is usually based on clinical observations. The putative 
agent, C. tetani, is recovered from wound culture only about 30% of the time. 
Results of cerebrospinal fluid analysis are entirely normal. Diagnostic testing 
is usually not necessary except in cases lacking an identified portal of entry. 
The differential diagnosis depends on the dominant clinical features and includes 
dystonic reactions as a result of neuroleptic toxicity, seizure disorders, hypo-
calcemic or alkalotic tetany, alcohol withdrawal, and strychnine poisoning. 
Strychnine also antagonizes glycine, and strychnine poisoning is the only 
condition that truly mimics tetanus. Strychnine levels in blood and urine 
establish the diagnosis. Dystonic reactions may resemble tetanus and are dis-
tinguished by rapid response to anticholinergic agents.

 PREVENTION
Immunization with tetanus toxoid is virtually 100% effective, so nearly all 
cases of tetanus occur in unimmunized or inadequately immunized individu-
als. The Advisory Committee on Immunization Practices has recommended 
diphtheria and tetanus toxoids and acellular pertussis vaccine (DTaP) for 
active immunization of infants and children at 2 months, 4 months, 6 months, 
15 to 18 months, and 4 to 6 years of age. Protective levels of serum antitoxin 
in persons who complete the primary series persist for at least 10 years. Td 
(tetanus and diphtheria toxoids adsorbed for adult use) is recommended every 
10 years, but this recommendation has been modified because of concerns 
about waning adult pertussis antibody protection; as a result, the Advisory 
Committee on Immunization Practices recommends that all adults aged 19 
years and older who have not yet received a dose of Tdap (tetanus toxoid, 
reduced diphtheria toxoid, and acellular pertussis) should receive a single 
dose regardless of the interval since last Td.17 The recommended primary 
immunization series for unimmunized persons older than 7 years is Td at time 
0, 4 to 8 weeks, and 6 to 12 months after the second dose, and then every 10 
years. Nearly all states now require DTaP immunization for school enrollment. 
Immunization of childbearing women with Tdap confers protection to their 
infants through transplacental maternal antibody and is recommended during 
the third trimester of each pregnancy for optimal fetal passive antibody 
protection.

Prevention of tetanus after injury (Table 280-1) requires appropriate wound 
management, assurance of adequate immunity, and consideration of antibiotic 

anti-F; and 1000 U anti-G. BabyBIG (botulism immune globulin) is a human-
derived treatment of infant botulism types A and B and is available for infant 
botulism through the California Infant Botulism Treatment and Prevention 
Program. The antitoxin should be given as early as possible and should not be 
delayed while awaiting microbiologic results. This treatment does not reverse 
paralysis or neutralize toxin already bound to nerve endings, but it does neu-
tralize unbound toxin in the circulation to prevent progression. The HBAT anti-
toxin is derived from horses, and as a result, hypersensitivity reactions may 
occur.

Respiratory failure is a major risk, and patients must be monitored carefully 
with liberal criteria for ventilatory support. The requirement for mechanical 
ventilation varies from about 20% in adults with food-borne disease to 60% in 
patients with infant botulism. Other forms of supportive care include enteral 
or parenteral feeding and positioning in the reverse Trendelenburg position.

Toxin can be removed from the gastrointestinal tract by gastric lavage, 
cathartics, and enemas early in the course. Antibiotic treatment is unnecessary, 
except for wound botulism.

 PROGNOSIS
The case-fatality rate for untreated food-borne botulism was once 60 to 70% 
but is currently 3 to 5% with treatment. Infant botulism in the United States 
now has a mortality rate of less than 1%; the use of human antitoxin has 
reduced the median duration of hospitalization from 6 to 3 weeks. Patients 
who survive any form of botulism generally have a complete recovery.

 Tetanus
 DEFINITION

Tetanus is a neurologic syndrome characterized by generalized rigidity and 
convulsive spasm of skeletal muscles caused by a neurotoxin elaborated at the 
site of injury by C. tetani.

The Pathogen
C. tetani is an anaerobic, gram-positive, slender, motile bacillus. When it sporu-
lates, the terminal spore gives the organism a characteristic “drumstick” or 
“tennis racket” shape. The vegetative form produces tetanospasmin, a protein 
neurotoxin with a molecular mass of approximately 151 kD, including a heavy 
chain (100 kD) that binds neuronal cells and a light chain that blocks the 
release of neurotransmitters.

 EPIDEMIOLOGY
C. tetani can be found in 2 to 23% of soil samples, with the highest yield in 
manure-treated soil. The organism can also be found in stool from a variety 
of domestic and farm animals and poultry. Tetanus is most common in warm 
climates and in highly cultivated rural areas. The greatest problem occurs in 
resource-limited countries because of high numbers of unimmunized mothers 
and unhygienic practices. The estimated annual toll from neonatal tetanus in 
developing countries is nearly 60,000, mostly secondary to inadequate passive 
immunity caused by absence of immunity in the mother.16 In the United States, 
an average of 29 cases of tetanus were reported annually from 2001 to 2008 
with a mortality of 13.2%, and almost all occurred in unimmunized or inad-
equately immunized persons. In the United States, patients 65 years of age 
and older constituted 31% of patients and had the highest mortality at 31%.

 PATHOBIOLOGY
Tetanospasmin, also known as tetanus neurotoxin or TeNT, ranks with botu-
linum toxin as one of the most potent known microbial toxins; 2.5 ng/kg is 
a lethal human dose. Clinical tetanus usually results from entry of the organism 
into a wound and low oxygen conditions that allow spore germination and 
survival of the vegetative organism to produce toxin. Entry is usually through 
a traumatic or surgical wound, drug injection site, burn, skin ulcer, or infected 
umbilical cord. Tetanospasmin binds the peripheral nerve terminals and is 
then carried intra-axonally within membrane-bound vesicles to spinal neurons 
at a transport rate of approximately 75 to 250 mm/day. The light chain passes 
to the presynaptic terminals, where it blocks the release of neurotransmitters 
in inhibitory afferent motor neurons. Loss of the inhibitory influence results 
in sustained muscle contraction. Binding of the toxin is irreversible, so recovery 
requires the generation of new axon terminals.

 CLINICAL MANIFESTATIONS
Forms of tetanus include generalized, local, cephalic, and neonatal. General-
ized tetanus, which is the most common form, accounts for 80 to 90% of 
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prophylaxis. The aim of surgery is to eliminate necrotic tissue, purulent col-
lections, and foreign bodies that promote the environmental conditions neces-
sary for spore germination. Passive immunization with tetanus immune globulin 
(TIG) is recommended only for “tetanus-prone” wounds in patients with an 
inadequate or unknown primary immunization status. The determination of 
whether a wound is tetanus prone depends on the interval between injury 
and treatment, the degree of contamination, the extent of devitalized tissue 
or foreign bodies at the site of injury, and the depth of injury. Antimicrobial 
agents, such as penicillin and metronidazole, may be given to inhibit replica-
tion of the vegetative forms of C. tetani, but immunization and wound cleansing 
are considered more important.

TABLE 280-1 GUIDE TO TETANUS PROPHYLAXIS IN ROUTINE 
WOUND MANAGEMENT

HISTORY OF ADSORBED 
TETANUS TOXOID  
(NO. OF DOSES)

CLEAN MINOR 
WOUNDS

ALL OTHER 
WOUNDS*

Tdap 
OR Td† TIG‡

Tdap 
OR Td† TIG‡

<3 or unknown Yes No Yes Yes
≥3 No§ No No¶ No
*Such as (but not limited to) wounds contaminated with dirt, feces, soil, and saliva; puncture 
wounds; avulsions; and wounds resulting from missiles, crushing, burns, and frostbite.
†For children younger than 7 years, DTaP (pediatric diphtheria–tetanus toxoid plus acellular 
pertussis vaccine) is recommended; if pertussis vaccine is contraindicated, DT (pediatric 
diphtheria–tetanus toxoid) is given. For persons aged 7 to 9 years or 65 years or older, Td (adult 
tetanus–diphtheria toxoid) is recommended. For persons 10 to 64 years, Tdap (adult tetanus–
diphtheria toxoid plus acellular pertussis vaccine) is preferred to Td if the patient has never received 
Tdap and has no contraindication to pertussis vaccine. For persons 7 years and older, if Tdap is not 
available or not indicated because of age, Td is preferred to TT (tetanus toxoid alone). Note that 
pediatric formulations (DT and DTaP) contain an amount of tetanus toxoid similar to that of adult 
Td, but they contain three to four times as much diphtheria toxoid. DTaP and Tdap vaccines do not 
contain thimerosal as a preservative.
‡TIG is human tetanus immune globulin. Equine tetanus antitoxin should be used when TIG is not 
available.
§Yes, if more than 10 years since the last dose.
¶Yes, if more than 5 years since the last dose.

Patients with tetanus require intensive care with particular attention to 
respiratory support, treatment with benzodiazepines, autonomic nervous system 
support, passive and active immunization, surgical débridement, and antibiotics 
directed against C. tetani. There may be clinical progression for 2 to 4 weeks, 
despite antitoxin treatment, because of the time required to complete the 
transport of toxin. The severity of disease may be reduced by partial immunity; 
as a result, some patients have mild disease with minimal mortality, whereas 
others have mortality rates as high as 60% despite expert care.

Supportive Care
It is most important to assess airway function. Many patients require endo-

tracheal intubation with benzodiazepine sedation and neuromuscular blockade; 
a tracheostomy should be placed if the endotracheal tube causes spasms. A 
feeding tube is usually required for nutritional support.

Control of Muscle Spasms
Benzodiazepines have become the mainstay of therapy to control spasms 

and to provide sedation. The most extensively studied is diazepam given in 
5-mg increments; lorazepam and midazolam are equally effective. Patients with 
tetanus may have high tolerance for the sedative effects of these drugs and 
may require exceptionally high doses. When tetanus symptoms resolve, the 
drugs must be tapered during at least 2 weeks to prevent withdrawal reactions. 
If control of spasms cannot be achieved by benzodiazepines, long-term neu-
romuscular blockade is performed with vecuronium (6 to 8 mg/hour).

Passive Immunization
Human TIG should be given as soon as possible to neutralize toxin that has 

not entered neurons. The usual dose is 500 IU intramuscularly. Higher doses 
or intrathecal administration does not appear to be more effective. An alterna-
tive to TIG is pooled intravenous immune globulin. Equine TIG is equally effec-
tive, but the rate of allergic reactions is high because of the equine source; this 
preparation should not be used if human TIG is available.

TREATMENT 

Active Immunization
The standard three-dose schedule of immunization with tetanus toxoid 

should be given at an injection site separate from that used for immune 
globulin.

Antibiotic Therapy
C. tetani is susceptible in vitro to penicillins, cephalosporins, imipenem, mac-

rolides, metronidazole, and tetracyclines. Clinical studies favor the use of met-
ronidazole, which should be given in an intravenous dose of 2 g/day for 7 to 
10 days.

Autonomic Nervous System Dysfunction
This complication generally reflects excessive catecholamine release and is 

usually treated with labetalol (0.25 to 1.0 mg/minute) for blood pressure control. 
Hypotension may require norepinephrine infusion. Bradycardia may require a 
pacemaker.

Surgery
Any wounds should be appropriately débrided.

 PROGNOSIS
The overall mortality rate for generalized tetanus is 20 to 25%, even in modern 
medical facilities with extensive resources. Patients with moderate or severe 
generalized tetanus generally require treatment for 3 to 6 weeks. The highest 
mortality rates are at the extremes of age. The most frequent cause of death 
is pneumonia, but many patients have no obvious findings at autopsy, sug-
gesting that death was directly due to the neurotoxin. Patients who recover 
usually recover completely.

 OTHER CLOSTRIDIAL INFECTIONS
 Clostridium perfringens Type C Enteritis
C. perfringens type C enteritis, also called enteritis necroticans, is a necrotizing 
disease involving the proximal small intestine caused by β-toxin–producing 
strains of C. perfringens. Enteritis necroticans occurs as sporadic cases or in 
outbreaks, most often in underdeveloped countries, most notably in Papua 
New Guinea in the 1960s and 1970s, where it was called pigbel because of 
its association with pork feasts by aboriginal people in the highlands. Outbreaks 
have also been reported among Khmer refugees in Thailand in the 1980s and 
in Sri Lanka in 2007. Enteritis necroticans also occurs rarely in isolated cases 
in the developed world, particularly among patients with diabetes mellitus.

 PATHOBIOLOGY
Experimental and clinical evidence supports infection with C. perfringens type 
C and β-toxin as the causative agent of and key virulence factor in enteritis 
necroticans. The organism has been identified at the site of necrotic lesions, 
the disease can be reproduced in guinea pigs, isogenic β-toxin gene null mutants 
are avirulent, and vaccination with a toxoid preparation of β-toxin is protec-
tive. β-Toxin production is rapidly upregulated in the presence of Caco-2 
enterocytes, and the toxin localizes to the endothelium in humans and piglets 
infected with C. perfringens type C. These findings may explain key histopatho-
logic hallmarks of this disease, that is, deep small intestinal necrosis with 
vascular necrosis and hemorrhage in the lamina propria.

 CLINICAL MANIFESTATIONS
In Papua New Guinea, affected patients usually develop severe abdominal 
pain 12 hours to several days after a ritual pork feast (or, presumably, other 
infected food). Vomiting and bloody diarrhea are frequently associated find-
ings. The abdomen becomes distended, and thickened bowel loops are some-
times appreciated on palpation. Disease severity and whether the patient 
experiences spontaneous recovery or bowel perforation and death depend on 
the extent of intestinal involvement.

 DIAGNOSIS
Recognition of the clinical syndrome is critical to making the diagnosis. Culture 
to identify specific β-toxin–producing strains of C. perfringens remains a research 
tool and is not helpful in the management of patients. Plain radiographs of 
the abdomen may show dilated small bowel loops and ileus.

 PREVENTION
An effective toxoid vaccine was available and used in Papua New Guinea 
(where the disease is endemic) as well as in the Khmer refugee camp outbreak 



in 1986. Vaccination was discontinued in the mid-1990s, and the vaccine is 
no longer available. A 2002 survey of Papua New Guinea children in the 
highlands suggested that pigbel was responsible for 9 to 16% of acute abdominal 
cases and clustered in three close geographic regions.

Treatment is primarily supportive, including nasogastric suction and intra-
venous hydration. Surgical resection of the infected bowel is often required 
for those who do not initially respond to supportive measures. Antibiotics 
(penicillin, chloramphenicol, metronidazole) are almost always given empiri-
cally, but their role has not been defined. Prognosis depends on the extent of 
disease and the availability of surgery for those with more extensive intestinal 
involvement.

TREATMENT 
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 Clostridium perfringens Type A Diarrhea
C. perfringens type A is a well-recognized cause of food poisoning due to the 
ingestion of food, usually meat, heavily contaminated with enterotoxin-
producing C. perfringens after storage at inappropriate temperatures. Enterotoxin 
production is associated with sporulation of ingested vegetative bacteria in 
the small intestine. The incubation period is 7 to 15 hours after ingestion, and 
the most prominent symptoms are diarrhea and abdominal pain. The syndrome 
is usually mild and self-limited.

In contrast to food poisoning due to C. perfringens type A, a more severe 
and protracted infectious diarrhea syndrome due to this organism has been 
recognized among hospitalized or institutionalized patients. These patients 
often have a history of prior or concomitant antibiotic use, and an enzyme 
immunoassay for C. perfringens enterotoxin is commercially available for 
investigative use. Metronidazole treatment is recommended for those 
with protracted diarrhea. As with CDI, diarrhea may recur after successful  
treatment.

Despite the self-limited nature of most food-associated diarrheal syndromes, 
C. perfringens type A has also been responsible for outbreaks of fatal illness 
in institutionalized mentally ill patients. A recent outbreak in a state psychiatric 
hospital linked to improperly prepared chicken was notable for three deaths 
(7% case-fatality rate) in patients taking antimotility agents and in whom 
necrotizing colitis was found at autopsy.

https://expertconsult.inkling.com/
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4. Which of the following statements about tetanus is not true?
 A. It is the cause of thousands of neonatal deaths globally because of inad-

equate maternal tetanus vaccination.
 B. Although it is rare in the United States, most cases occur in patients 

inadequately vaccinated.
 C. A short incubation period from injury to tetanus symptoms is indicative 

of a rapid resolution of symptoms and increased survival.
 D. Immunization of childbearing women with Tdap (tetanus toxoid, reduced 

diphtheria toxoid, and acellular pertussis) is recommended during the 
third trimester of each pregnancy for optimal fetal passive antibody 
protection, which is largely directed at preventing pertussis.

 E. The mortality rate for generalized tetanus is 20 to 25%, even in modern 
medical facilities with extensive resources.

Answer: C This statement is incorrect. The shorter the period from injury 
to tetanus symptoms, the worse the prognosis is and the longer symptoms 
are likely to last. The other statements are all true.

5. Which clostridial organism is most likely responsible for the following 
syndrome? A 12-year-old boy with poorly controlled type 1 diabetes mel-
litus was admitted to the hospital with ketoacidosis and altered mental 
status 2 to 3 days after eating several large meals that included chitterlings. 
His white blood cell count was 11,300 μL, and his abdominal radiograph 
showed dilated loops of small bowel with gas in the bowel wall. His hospital 
course was notable for persistent hematemesis and increasing abdominal 
distention. Bloody ascites and necrotic jejunum and ileum were found at 
laparotomy.
 A. C. difficile
 B. C. perfringens type A
 C. C. perfringens type C
 D. C. sordellii
 E. C. botulinum

Answer: C Although it is rare in developed countries, enteritis necroticans 
due to C. perfringens type C is responsible for this unique syndrome of small 
intestinal necrosis. Diabetes mellitus is a common risk factor noted in cases 
outside endemic areas, as in this case, which was reported in the southern 
United States in 2000. (Petrillo TM, Beck-Sagué CM, Songer JG, et al. Enteritis 
necroticans [pigbel] in a diabetic child. N Engl J Med. 2000;342:1250-1253.) 
C. difficile may cause severe intestinal disease, but disease is limited to the 
colon. C. perfringens type A rarely causes necrotizing intestinal syndromes, 
but again, disease is typically limited to the colon. C. sordellii and C. botulinum 
are usually not associated with acute abdominal syndromes.

REVIEW QUESTIONS

1. What is the preferred treatment for a patient with a first episode of C. 
difficile infection (CDI)?
 A. Metronidazole 500 mg orally three times a day for 10 days
 B. Vancomycin 125 mg orally four times a day for 10 days
 C. Fidaxomicin 200 mg orally twice a day for 10 days
 D. Fecal microbiota transplant
 E. B or C

Answer: E This is an evolving area of treatment recommendation that has 
changed with update of the IDSA/SHEA CDI guidelines, so E is the current 
best answer. Both metronidazole and vancomycin orally are effective for mild 
to moderate CDI treatment, but the publication of the largest randomized 
controlled trial of metronidazole versus vancomycin demonstrated that met-
ronidazole was significantly inferior to vancomycin (P = .02) for all patients 
with CDI, which has changed recommendations to vancomycin or fidaxomi-
cin. A1  Fidaxomicin is effective but is much more expensive than metronidazole 
or vancomycin. A2 

 
 A3  Fecal transplants are also effective, but experience with 

them has been limited to treatment of patients with multiple recurrences of 
CDI, for which it is effective in preventing additional recurrences. A4 

2. What is the preferred treatment for patients with severe first-episode CDI?
 A. Metronidazole 500 mg orally three times a day for 10 days
 B. Vancomycin 125 mg orally four times a day for 10 days
 C. Fidaxomicin 200 mg orally twice a day for 10 days
 D. B or C
 E. Metronidazole 500 mg IV three times a day plus vancomycin 500 mg 

orally four times a day for 10 days
Answer: D CDI guidelines recommend vancomycin or fidaxomicin for severe 
CDI.3 Metronidazole was inferior to vancomycin for severe CDI in one ran-
domized controlled trial and was inferior to vancomycin for all CDI in another 
larger randomized controlled trial. A1  Fidaxomicin is also effective in treating 
severe CDI, but it is no better than vancomycin in eliciting cure; however, it 
is superior in reducing recurrence of CDI. Combined use of metronidazole 
and vancomycin has not been demonstrated to be superior to vancomycin 
alone for severe disease; however, use of IV metronidazole and higher dose 
oral vancomycin is recommended for severe complicated or fulminant CDI 
where there is significant risk of ileus that might prevent oral vancomycin 
from reaching the colon.

3. A California injection heroin user is “skin popping” because of exhausting 
all intravenous sites of injection. He has noted increased swelling and pain 
at an arm injection site during the past week and now also notes that his 
vision is blurred and his speech is slurred, and he has chills and feels weak 
and feverish. The most likely cause of his symptoms is:
 A. C. novyi injection site abscess
 B. C. tetani injection site infection
 C. C. botulinum infection at the injection site
 D. C. perfringens injection site abscess
 E. C. sordellii injection site infection

Answer: C Most drug injection site infections are polymicrobial, and any of 
the listed clostridia could be present in addition to other anaerobes and aerobic 
bacteria, such as staphylococci and streptococci. However, of the clostridia 
listed, only C. botulinum, the cause of botulism, is associated with the symp-
toms of blurred vision, slurred speech, and weakness, a hallmark of early cranial 
nerve involvement and descending paralysis.
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281 
DISEASES CAUSED BY NON–SPORE-
FORMING ANAEROBIC BACTERIA
ITZHAK BROOK

 DEFINITION
Anaerobic bacteria are the predominant members of the indigenous, normal 
human flora, including the skin and the oral, gastrointestinal, and vaginal 
mucosa (Fig. 281-1; Table 281-1). However, the types of predominant anaer-
obes are different at each location.

The Pathogens
Advances in taxonomics have led to reclassification of many anaerobic species 
(E-Table 281-1). The genus Bacteroides is used only for species of the Bacte-
roides fragilis group. The “oral” Bacteroides and “pigmented” Bacteroides species 
have been reclassified as Prevotella (saccharolytic, pigmented species), Por-
phyromonas (asaccharolytic species), and other genera. Capnophilic organisms 
(which require an elevated concentration of carbon dioxide for growth), 
sometimes referred to as microaerophiles, are not true anaerobes and are often 
more related to Campylobacter, Capnocytophaga, and other genera. In addition, 
many new genera and several new species have been created to accommodate 
pathogens such as Bilophila wadsworthia, Sutterella wadsworthensis, Centipeda 
periodontii, and Anaerobiospirillum thomasii. Fusobacterium nucleatum is the 
predominant Fusobacterium species isolated from clinical specimens.

 EPIDEMIOLOGY
Anaerobes are opportunistic pathogens that can cause serious infections, 
generally in synergistic infections in combination with aerobic bacteria. Because 
the microbiology of these infections is often complex and culture results may 
be delayed, awareness of the normal bacterial flora at the site of infection is 
an indispensable guide for selection and institution of empirical antimicrobial 
therapy.

 PATHOBIOLOGY
Anaerobic bacteria range from those that cannot survive even a brief exposure 
to oxygen to those that can survive even in the presence of atmospheric oxygen 
(e.g., B. fragilis). Most anaerobes require an environment with a low oxidation-
reduction potential (Eh gradient), which can be achieved in association with 

TABLE 281-1 LOCATION OF VARIOUS GROUPS OF 
ANAEROBES AS NORMAL MICROFLORA  
IN HUMANS

NO. OF ORGANISMS  
PER GRAM PREDOMINANT 

ANAEROBIC 
BACTERIALOCATION AEROBES ANAEROBES

Skin — — Propionibacterium acnes
Peptostreptococcus spp

Mouth/upper 
respiratory tract 
(in saliva)

108-109 109-1011 Pigmented Prevotella and 
Porphyromonas spp

Fusobacterium spp
Peptostreptococcus spp
Actinomyces spp

Gastrointestinal 
tract (in fecal 
material)
Upper 102-105 103-107 Bacteroides fragilis group

Clostridium spp
Lower 105-109 1010-1012 Peptostreptococcus spp

Bifidobacterium spp
Eubacterium spp

Female genital 
tract (in vaginal 
secretions)

108 109 Peptostreptococcus spp
Prevotella bivia
Prevotella disiens
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ABSTRACT
Anaerobes are the predominant components of normal human skin and the 
bacterial flora of mucous membranes. They are a frequent cause of endogenous 
bacterial infections. Anaerobic infections can occur in all body locations: the 
central nervous system, oral cavity, head and neck, chest, abdomen, pelvis, 
skin, and soft tissues. Treatment of anaerobic infection is complicated by their 
slow growth in culture, by their polymicrobial nature, and by their growing 
resistance to antimicrobials. Antimicrobial therapy is frequently the only form 
of therapy needed, whereas in others it is an important adjunct to drainage 
and surgery. Because anaerobes generally are mixed with aerobes, the antimi-
crobial chosen should provide for adequate coverage of both.
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E-TABLE 281-1 TAXONOMY OF ANAEROBIC BACTERIA

CURRENT NAME
PREVIOUS NAME/COMMENT (YEAR 

CHANGED OR DESCRIBED)
Bacteroides fragilis
Bacteroides caccae
Parabacteroides distasonis New genus (2006)
Parabacteroides merdae New genus (2006)
Bacteroides nordii New species (2005)
Bacteroides salyersiae New species (2005)
Parabacteroides goldsteinii New genus, species (2006)
Parabacteroides gordonii New genus, species (2009)
Parabacteroides johnsonii New genus, species (2007)
Bacteroides dorei New species (2006)
Bacteroides massiliensis New species (2005)
Bacteroides eggerthii
Bacteroides stercoris
Bacteroides ovatus
Bacteroides thetaiotaomicron
Bacteroides vulgates
Bacteroides uniformis
Campylobacter gracilis Bacteroides gracilis
Campylobacter ureolyticus Bacteroides ureolyticus
Bacteroides pyogenes Bacteroides tectus, B. suis (2010)
Odoribacter splanchnicus Bacteroides splanchnicus (2008)
Alistipes finegoldii New genus and species (2003)
Alistipes onderdonkii (2006)
Alistipes putredinis Bacteroides putredinis (2003)
Alistipes shahii (2006)
Prevotella bivia Bacteroides bivius
Prevotella buccae Bacteroides buccae (ruminicola)
Prevotella dentalis Mitsuokella dentalis, Hallella sergens
Prevotella disiens Bacteroides disiens
Porphyromonas somerae Porphyromonas levi
Prevotella nigrescens (1992)
Prevotella intermedia
Prevotella melaninogenica
Prevotella nanciensis New species (2007)
Prevotella oralis Bacteroides oralis
Prevotella oris Bacteroides oris (ruminicola)
Alloprevotella tannerae Prevotella tannerae (2013)
Prevotella timonensis New species (2007)
Porphyromonas asaccharolytica Bacteroides asaccharolyticus
Porphyromonas uenonis New species (2005)
Tannerella forsythia Bacteroides forsythus
Porphyromonas gingivalis Bacteroides gingivalis
Porphyromonas macacae Bacteroides salivosus, Porphyromonas salivosa
Fusobacterium canifelinum New species (2004)
Fusobacterium necrophorum
Fusobacterium ulcerans (1988)
Anaerobiospirillum thomasii (1997)
Bilophila wadsworthia (1990)
Sutterella wadsworthensis (1996)
Prevotella zoogleoformans Bacteroides zoogleoformans
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Deep tissue infections, such as necrotizing cellulitis, fasciitis, and myositis, 
often involve Clostridium species, Streptococcus pyogenes, or a polymicrobic 
aerobic and anaerobic flora. They are often associated with gas in the tissues 
and putrid-like pus with a gray, thin quality and have a high rate of bacteremia 
and mortality. Management of deep-seated soft tissue infection includes surgi-
cal débridement, drainage, and vigorous surgical management.

Osteomyelitis and Septic Arthritis
Anaerobes can be involved in osteomyelitis of the long bones after trauma 
and fracture, osteomyelitis related to peripheral vascular disease, decubitus 
ulcers, and osteomyelitis of the cranial and facial bones. Most of these infec-
tions are polymicrobial.

Cranial and facial bone osteomyelitis is generally caused by spread from a 
contiguous soft tissue source or from sinus, ear, or dental infection. Intestinal 
anaerobes originating from decubitus ulcers are involved in pelvic osteomyelitis. 
Osteomyelitis of long bones and septic arthritis are generally caused by hema-
togenous spread, trauma, or the presence of a prosthetic device.

The most commonly recovered anaerobes are peptostreptococci and P. acnes 
(often in prosthetic joint infection), B. fragilis group and fusobacteria (often 
of hematogenous origin), and clostridia (associated with trauma).

 DIAGNOSIS
Anaerobic infections should be suspected in a number of specific clinical sce-
narios (Table 281-3). An appropriately collected microbiologic specimen 
(Table 281-4) is critical for accurate diagnosis.

TABLE 281-2 POTENTIAL VIRULENCE FACTORS IN VARIOUS 
ANAEROBES

FACTOR SPECIES
ADHESION
Capsule Bacteroides fragilis group, Prevotella melaninogenica
Pili/fimbriae B. fragilis group

Porphyromonas gingivalis
Hemagglutinin P. gingivalis
Lectin Fusobacterium nucleatum
INVASION/TISSUE DAMAGE
Proteases Fusobacterium necrophorum

Bacteroides spp
Porphyromonas spp

Hemolysins Many species
Endotoxin B. fragilis
Fibrinolysin B. fragilis group

Porphyromonas spp
Heparinase B. fragilis group

Porphyromonas spp
Neuraminidase B. fragilis group

Porphyromonas spp
ANTIPHAGOCYTIC
Capsule B. fragilis group

P. gingivalis
Lipopolysaccharide B. fragilis group

F. necrophorum, P. gingivalis
Metabolic products Most anaerobes
TOXINS
Endotoxin B. fragilis

F. necrophorum
Enterotoxin B. fragilis
Modified from Duerden BI. Virulence factors in anaerobes. Clin Infect Dis. 1994;18(Suppl 4):253.

Skin
   Propionibacterium acnes
   Gram-positive cocci

Female genital tract
   Prevotella melaninogenica
   Other Prevotella
   Other Bacteroides
   Peptostreptococcus
   Clostridium
   Porphyromonas

Oral cavity and upper
respiratory passages
   Prevotella melaninogenica
   Prevotella oralis
   Other Prevotella sp
   Porphyromonas sp
   Fusobacterium nucleatum
   Anaerobic cocci—pepto-
        streptococci, Veillonella,
        microaerophilic strepto-
        cocci
   Actinomyces

Colon
   Bacteroides fragilis group
   Anaerobic cocci—pep-
      tostreptococci,
      Veillonella
   Clostridium
   Eubacterium
   Bifidobacterium

FIGURE 281-1. Anaerobes as the predominant normal microflora of the human body by general anatomic location. (modified from Finegold sm, sutter VL. Diagnosis and Manage-
ment of Anaerobic Infections. Kalamazoo, mi: upjohn; 1976. Copyright by Dr. Finegold.)

low pH, tissue destruction, byproducts from aerobic bacterial metabolism, or 
low oxygen content. Although they are not true anaerobes, some organisms, 
such as microaerophilic streptococci and other capnophilic or difficult-to-
cultivate bacteria, are sometimes lumped together with anaerobes because of 
their fastidious nature. Some genera, such as Lactobacillus and Actinomyces, 
include both aerobic and anaerobic species.

Anaerobic bacteria possess a variety of virulence factors that are species 
specific (Table 281-2).

 CLINICAL MANIFESTATIONS
Bacteremia
Transient anaerobic bacteremia occurs in about 85% of patients immediately 
after dental cleaning or manipulation. It is estimated that more than 200 cases 
of endocarditis from anaerobes are reported annually in the United States, 
usually in association with anatomic abnormalities or damaged cardiac valves 
(Chapter 67). Most anaerobic bacteremias are intermittent and associated 
with serious intra-abdominal or female genital tract, skin, and soft tissue infec-
tions, often proximal to the gastrointestinal tract. Which organisms are involved 
depends on their portal of entry and the underlying disease. The most common 
isolates are the B. fragilis group (60 to 75% of isolates). About 5 to 15% of 
bacteremias are caused by anaerobes, and they are the sole isolates in two 
thirds of these. The most commonly implicated anaerobes in bacteremia are 
B. fragilis and Clostridium spp.1 Mortality associated with B. fragilis group bac-
teremia is 15 to 30%. Bacteremia with the B. fragilis group generally originates 
from a gastrointestinal source2; with pigmented Prevotella, Porphyromonas, 
and Fusobacterium spp, from oropharyngeal and pulmonary sources; with 
Fusobacterium spp, from the female genital tract; and with Propionibacterium 
acnes, from foreign body sources. Bacteremia with peptostreptococci is associ-
ated with all sources but especially with the oropharyngeal, pulmonary, and 
female genital tracts.

Central Nervous System Infections
Anaerobes can cause brain abscess, subdural empyema, epidural abscess, 
and meningitis. The main source of brain abscess is an adjacent, gener-
ally chronic infection in the ears, mastoids, sinuses, oropharynx, teeth, or 
lungs. Rarely, bacteremia of another origin or endocarditis can cause such  
infection.

Meningitis caused by anaerobes is uncommon and can follow respiratory 
or dental infection or develop as a complication of a cerebrospinal fluid shunt. 
The isolates usually cultured from brain abscesses that complicate respira-
tory and dental infections include Prevotella, Porphyromonas, Bacteroides, 
Fusobacterium, and Peptostreptococcus spp. Microaerophilic and other strep-
tococci are also often isolated.3 Propionibacterium acnes is common in shunt  
infections.

Head and Neck
Dental infections (Chapter 397) associated with a variety of oral anaerobes 
include periodontal disease, gingivitis, pulpitis, acute necrotizing ulcerative 
gingivitis, localized juvenile periodontitis, adult periodontitis, pericoronitis, 
endodontitis, periapical and dental abscesses, and postextraction infection. 
Peritonsillar, retropharyngeal, and parapharyngeal abscesses (Chapter 401) 
are deep-seated, potentially life-threatening infections that may spread into 
the various potential spaces of the neck or mediastinum and cause jugular 
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Deep tissue infections, such as necrotizing cellulitis, fasciitis, and myositis, 
often involve Clostridium species, Streptococcus pyogenes, or a polymicrobic 
aerobic and anaerobic flora. They are often associated with gas in the tissues 
and putrid-like pus with a gray, thin quality and have a high rate of bacteremia 
and mortality. Management of deep-seated soft tissue infection includes surgi-
cal débridement, drainage, and vigorous surgical management.

Osteomyelitis and Septic Arthritis
Anaerobes can be involved in osteomyelitis of the long bones after trauma 
and fracture, osteomyelitis related to peripheral vascular disease, decubitus 
ulcers, and osteomyelitis of the cranial and facial bones. Most of these infec-
tions are polymicrobial.

Cranial and facial bone osteomyelitis is generally caused by spread from a 
contiguous soft tissue source or from sinus, ear, or dental infection. Intestinal 
anaerobes originating from decubitus ulcers are involved in pelvic osteomyelitis. 
Osteomyelitis of long bones and septic arthritis are generally caused by hema-
togenous spread, trauma, or the presence of a prosthetic device.

The most commonly recovered anaerobes are peptostreptococci and P. acnes 
(often in prosthetic joint infection), B. fragilis group and fusobacteria (often 
of hematogenous origin), and clostridia (associated with trauma).

 DIAGNOSIS
Anaerobic infections should be suspected in a number of specific clinical sce-
narios (Table 281-3). An appropriately collected microbiologic specimen 
(Table 281-4) is critical for accurate diagnosis.

vein thrombosis. Oral anaerobes can be recovered in more than 50% of 
such cases, usually mixed with aerobes. Other regional infections include 
cervicofacial actinomycosis (Chapter 313), Ludwig angina, Fusobacterium 
necrophorum sepsis with metastatic infection (Lemierre syndrome), suppu-
rative sialoadenitis (including parotitis), neck space infections, thyroiditis and 
chronic sinusitis (Chapter 398), otitis media (Chapter 398), and mastoid-
itis. Management involves surgical drainage and appropriate antimicrobial  
therapy.

Pleuropulmonary
Anaerobes predominate in oral and upper respiratory tract normal flora, and 
most aspiration pneumonias4 are due to this flora (Chapter 97). Aspiration 
can result from altered consciousness, dysphagia, or mechanical devices such 
as intubation equipment. Poor oral hygiene is associated with an increased 
anaerobic bacterial burden, and the presence of aerobes or necrotic tissue 
lowers the pH, which facilitates the growth of anaerobes. Anaerobes are 
involved in 90% of community-acquired aspiration pneumonia and in about 
a third of nosocomial aspiration pneumonia, empyema, lung abscess, and 
pneumonia associated with tracheostomy. If the anaerobic component 
of aspiration pneumonia is not treated, the anaerobes can cause a lung 
abscess. Management requires good pulmonary toilet and antimicrobial  
therapy.

Intra-abdominal
Because anaerobes outnumber aerobes by 1000 to 1 in the large intestine, 
they play a major role in almost all intra-abdominal infections. Most visceral 
abscesses (e.g., hepatic; Chapter 142), chronic cholecystitis (Chapter 146), 
perforated and gangrenous appendicitis (Chapter 133), postoperative wound 
infections and abscesses, diverticulitis (Chapter 133), and any infection associ-
ated with fecal contamination of the abdominal cavity involve both aerobes 
and anaerobes. B. fragilis group members predominate because they are encap-
sulated, resist phagocytosis, are often resistant to many antimicrobials, and 
promote abscess formation. They may also be associated with concomitant 
bacteremia and sepsis. Randomized controlled trials have found that prophy-
lactic antibiotics covering both anaerobic and aerobic bacteria administered 
orally or intravenously before elective colorectal surgery reduce the risk of 
surgical wound infection by as much as 75%. A1 

Obstetric-Gynecologic
A variety of obstetric-gynecologic infections involve anaerobes. These are 
polymicrobial and include bacterial vaginosis; soft tissue perineal, vulvar, and 
Bartholin gland abscesses; endometritis; pyometra; salpingitis; tubo-ovarian 
abscesses; adnexal abscess; pelvic inflammatory disease, which may include 
pelvic cellulitis and abscess; chorioamnionitis; vaginal cuff cellulitis; septic 
pelvic thrombophlebitis; intrauterine contraceptive device–associated infec-
tion; septic abortion; and postsurgical obstetric and gynecologic infections. 
Bacterial vaginosis has been associated with preterm labor or delivery, cho-
rioamnionitis, low birthweight, postpartum endometritis, and postabortal 
pelvic inflammatory disease. Bacterial vaginosis can increase the risk for infec-
tion with human immunodeficiency virus type 1 and the development of 
other sexually transmitted diseases (Chapter 269).

Skin and Soft Tissue
Cutaneous infections include infected ulcers, cellulitis (including synergistic 
necrotizing cellulitis), pyoderma, paronychia, hidradenitis suppurativa, and 
a variety of secondarily infected sites. Such sites include secondarily infected 
gastrostomy or tracheostomy site wounds, subcutaneous sebaceous or inclu-
sion cysts, eczema, psoriasis, poison ivy, atopic dermatitis, eczema herpeticum, 
scabies or kerion, and postsurgical wounds.

Subcutaneous infections include abscesses, decubitus ulcers, infected diabetic 
(vascular or trophic) ulcers, human and animal bite wounds, anaerobic cel-
lulitis and gas gangrene, bacterial synergistic gangrene, Fournier gangrene, 
infected pilonidal cyst or sinus, and burn wounds. Anaerobic soft tissue infec-
tions that occur deeper are necrotizing fasciitis, necrotizing synergistic cellulitis, 
and gas gangrene. These infections can involve the fascia and can induce myositis 
and myonecrosis.

Cultures frequently yield isolates that are members of the normal flora of 
the region of the infection. In addition to oral and skin flora, human bite 
infections often contain Eikenella species, and animal bites harbor Pasteurella 
multocida.

The infections are generally polymicrobial, and some (e.g., decubitus ulcers, 
diabetic foot ulcers) are often complicated by osteomyelitis or bacteremia. 

TABLE 281-3 CLINICAL INDICATORS OF  
ANAEROBIC INFECTION

Infection adjacent to a mucosal surface
Foul-smelling discharge
Necrotic gangrenous tissue and abscess formation
Free gas or crepitus in tissue
Bacteremia or endocarditis with no growth on aerobic blood cultures
Infection related to the use of antibiotics effective against aerobes only (e.g., 

trimethoprim-sulfamethoxazole, aminoglycosides, older quinolones)
Infection related to tumors or other destructive processes
Infected thrombophlebitis
Infection after bites
Black discoloration of exudates containing Prevotella melaninogenica, which may 

fluoresce under ultraviolet light
“Sulfur granules” in discharges caused by actinomycosis
Clinical finding of gas gangrene or necrotizing fasciitis
Clinical condition predisposing to anaerobic infection (e.g., after maternal 

amnionitis, fistulous tracks, bites, dental infection, bowel perforation)

TABLE 281-4 SPECIMEN ACCEPTABILITY FOR  
ANAEROBIC CULTURE

SPECIMENS THAT SHOULD NOT BE CULTURED FOR ANAEROBES

Feces or rectal swabs
Throat or nasopharyngeal swabs
Sputum or bronchoscopic specimens
Routine or catheterized urine
Vaginal or cervical swabs
Material from superficial wounds or abscesses not collected properly to exclude 

surface contamination
Material from abdominal wounds obviously contaminated with feces, such as an 

open fistula
SPECIMENS APPROPRIATE FOR ANAEROBIC CULTURE

All normally sterile body fluids other than urine, such as blood, pleural fluid, and 
joint fluid

Urine obtained by suprapubic bladder aspiration
Percutaneous transtracheal aspiration, direct lung puncture, or double-lumen 

catheter bronchial brushing and bronchoalveolar lavage (both cultured 
quantitatively)

Culdocentesis fluid obtained after decontamination of the vagina
Material obtained from closed abscesses
Material obtained from sinus tracks or draining wounds
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TABLE 281-6 ANTIMICROBIAL SUSCEPTIBILITY PATTERNS FOR ANAEROBIC BACTERIA*

BACTERIA PENICILLIN β-LACTAMASE† CEFOXITIN CEFOTETAN
CARBAPENEMS, 

TIGECYCLINE MOXIFLOXACIN CLINDAMYCIN METRONIDAZOLE
Bacteroides fragilis − + + + + + V +

Bacteroides 
thetaiotaomicron

− + V V + V V +

B. fragilis group, other − + V V + + V +

Prevotella spp V + + + + + + +

Fusobacterium nucleatum V + + + + V + +

Fusobacterium 
necrophorum

+ + + + + V + +

Porphyromonas spp + + + + + + + +

Peptostreptococcus + + + + + + + V
Propionibacterium acnes + + + + + + + −

Veillonella + + + + + + + +

Actinomyces + + + + + + + −

*Based on a variety of in vitro susceptibility studies from different laboratories and using different techniques.
†β-Lactamase inhibitor–β-lactam combination (e.g., ticarcillin-clavulanate, ampicillin-sulbactam, piperacillin-tazobactam).
+= Susceptible; − = resistant; V = variable.

GENERAL REFERENCES

For the General References and other additional features, please visit Expert Consult 
at https://expertconsult.inkling.com.
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tazobactam), a carbapenem (e.g., imipenem, meropenem, doripenem, ertape-
nem), and tigecycline. Unfortunately, resistant strains are emerging.8 In one 
randomized trial of adult patients with complicated intra-abdominal infections, 
including infections caused by multidrug-resistant pathogens, treatment with 
ceftolozane/tazobactam plus metronidazole was equivalent to meropenem. A2 

An agent effective against gram-negative enteric bacilli (e.g., an amino-
glycoside, fluoroquinolone) or an antipseudomonal cephalosporin (e.g., cefepime) 
is generally added to metronidazole and, occasionally, cefoxitin in the treatment 
of intra-abdominal infections. Penicillin can be added to metronidazole for the 
treatment of intracranial, pulmonary, or dental infections to cover microaero-
philic streptococci and Actinomyces species. Penicillin is added to clindamycin 
to supplement its coverage against Peptostreptococcus species and other gram-
positive anaerobic organisms. For Chlamydia and Mycoplasma species, doxy-
cycline is added to most regimens in treatment of pelvic infections. Oral therapy 
is often substituted for parenteral therapy. The agents available for oral therapy 
are clindamycin, amoxicillin and clavulanate, and metronidazole.

General principles of treatment (Table 281-5) include appropriate antimi-
crobial therapy coupled with prompt drainage, decompression of closed space 
infections, relief of obstructions, and surgical débridement. The various clinically 
important anaerobes can be characterized by reasonably predictable antimi-
crobial susceptibility patterns (Table 281-6).5 However, some anaerobes have 
become resistant to antimicrobials, and many can develop resistance during 
therapy.6 Reliable culture and sensitivity results should ultimately guide therapy.7 
The efficacy of hyperbaric oxygen is unproved, but its use in conjunction with 
other therapeutic measures is not contraindicated.

In choosing antimicrobials for the treatment of mixed infections, their aerobic 
and anaerobic antibacterial spectra and their availability in oral or parenteral 
form should be considered. Some antimicrobials have a limited range of activity. 
For example, metronidazole is active only against anaerobes and therefore 
cannot be administered as a single agent for the treatment of mixed infections. 
Others (i.e., carbapenems, a penicillin plus a β-lactamase inhibitor) have wide 
spectra of activity against aerobes and anaerobes.

Aside from susceptibility patterns, other factors influencing the choice of 
antimicrobial therapy include the pharmacologic characteristics of the various 
drugs, their toxicity, their effect on normal flora, and their bactericidal activity. 
Although identification of the infecting organisms and their antimicrobial sus-
ceptibility may be needed for selection of optimal therapy, the clinical setting 
and Gram stain preparation of the specimen may suggest the types of anaerobes 
present in the infection and the nature of the infectious process.

Even though the length of therapy for anaerobic infections is generally longer 
than that for aerobic and facultative infections, the length of treatment must 
be individualized, depending on the response. In some cases, treatment may 
require 6 to 8 weeks, but therapy may be shortened with proper surgical drain-
age. An anti–gram-negative enteric agent is generally added to treat Entero-
bacteriaceae in managing intra-abdominal infections.

The available parenteral antimicrobials for most infections are metronidazole, 
chloramphenicol, clindamycin, cefoxitin, a penicillin (e.g., ticarcillin, ampicil-
lin, piperacillin) and a β-lactamase inhibitor (e.g., clavulanic acid, sulbactam, 

TREATMENT 

TABLE 281-5 GENERAL PRINCIPLES OF THERAPY FOR ANAEROBIC INFECTIONS
Decompression of closed spaces
Débridement
Drainage
Relief of obstructions
Irrigation
Provision of adequate circulation when possible
Removal of foreign bodies
Antimicrobials

Activity against most likely pathogen or pathogens: location dependent, minimal effect 
on normal flora

Absorption, appropriate route of administration (intravenous, oral)
Penetration into site of infection
Dosage appropriate for local tissue levels, body mass of patient, renal and liver function
Duration appropriate for condition
Susceptibility testing of isolate to guide specific therapy

https://expertconsult.inkling.com/
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4. Which anaerobic organism cannot produce β-lactamase?
 A. Fusobacterium nucleatum
 B. Bacteroides fragilis
 C. Prevotella melaninogenica
 D. Peptostreptococcus spp
 E. Bacteroides thetaiotaomicron

Answer: D Most B. fragilis group, up to 20 to 50% of Prevotella spp, and 
Fusobacterium nucleatum isolates can produce β-lactamase.

5. Propionibacterium acnes is associated with:
 A. Chronic sinusitis
 B. Splenic abscess
 C. Cellulitis
 D. Abdominal trauma
 E. Central nervous system shunt infection

Answer: E Propionibacterium species are part of the normal bacterial flora 
that colonizes the skin, conjunctiva, oropharynx, and gastrointestinal tract. 
These non–spore-forming, anaerobic, gram-positive bacilli are frequent con-
taminants of specimens of blood and other sterile body fluids and have been 
generally considered to play little or no pathogenic role in humans. Propioni-
bacterium acnes has, however, been recovered in specimens obtained from 
patients with infections associated with a foreign body (such as an artificial 
valve), endocarditis prosthetic joints, and central nervous system shunt 
infections.

REVIEW QUESTIONS

1. What culture is appropriate for isolation of anaerobic bacteria?
 A. Vaginal or cervical swabs
 B. Routine or catheterized urine
 C. Throat or nasopharyngeal swabs
 D. Aspirate of abscess
 E. Feces or rectal swabs

Answer: D Obtaining an aspirate after sterilizing the skin or bypassing the 
normal flora avoids contamination of the specimen by normal skin or mucous 
membrane bacterial flora.

2. Bacteroides fragilis bacteremia is usually associated with:
 A. Trauma
 B. Aspiration
 C. Rupture of abdominal viscus
 D. Malignant disease
 E. Osteomyelitis

Answer: C Although B. fragilis group is the most common species found in 
clinical specimens, it is the least common Bacteroides present in fecal flora, 
representing only 0.5% of the bacteria present in stool. The pathogenicity of 
this group of organisms probably results from its ability to produce capsular 
material, which is protective against phagocytosis. Because of its presence in 
normal flora of the gastrointestinal tract, this organism is predominant in 
bacteremia associated with intra-abdominal infections, peritonitis, and abscesses 
after rupture of a viscus.

3. Which of the following antimicrobials is not effective against anaerobic 
bacteria?
 A. Amoxicillin
 B. Metronidazole
 C. Gentamicin
 D. Moxifloxacin
 E. Cefoxitin

Answer: C Aminoglycosides, including gentamicin, are not effective against 
anaerobic bacteria because of their inability to reach the ribosome. Gentamicin 
is effective only in aerobic microorganisms because it enters cells through an 
electron transport–linked system that requires oxygen.
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282 
NEISSERIA MENINGITIDIS INFECTIONS
DAVID S. STEPHENS

 DEFINITION
Neisseria meningitidis (the meningococcus) is the cause of epidemic bacterial 
meningitis, fulminant sepsis (meningococcemia), milder bacteremia, and, less 
commonly, focal infections (such as pneumonia, septic arthritis, purulent 
pericarditis, urethritis, and conjunctivitis).

The Pathogen
N. meningitidis is an aerobic, diplococcal gram-negative β-proteobacterium 
and a member of the family Neisseriaceae, which also includes Neisseria gonor-
rhoeae (Chapter 283), the cause of gonorrhea. The meningococcus is a frequent 
commensal of the human upper respiratory tract but can also cause local and 
devastating invasive human disease. Human mucosal surfaces, most commonly 
the nasopharynx but sometimes the rectum and urogenital tract, are the major 
reservoirs. There are 12 confirmed serogroups of N. meningitidis, based on 
different capsular polysaccharide structures, but only 6 serogroups (A, B, C, 
W, X, and Y) cause almost all invasive meningococcal disease globally (Fig. 
282-1). Highly pathogenic meningococci are also distinguished by genetically 
defined clonal complexes and genotypes that can emerge and spread world-
wide. Dissecting the basis of meningococcal disease has provided important 
scientific lessons about bacterial evolution and pathogenesis, antibiotic resis-
tance mechanisms, innate and adaptive human immune responses, and vaccine 
development.

 EPIDEMIOLOGY
N. meningitidis has been recognized as a cause of rapid death, disability, and 
fear on disparate human populations for over 200 years. Beginning with the 
initial descriptions of outbreaks in Geneva in 1805 and New Bedford, Mas-
sachusetts in 1806, the meningococcus has been found to cause sporadic 
disease, case clusters, epidemics, and pandemics of meningitis and septicemia, 
and less commonly pneumonia and other local infections. An estimated 500,000 
to 1 million cases have occurred worldwide each year, but the incidence is 
now being lowered by the widespread use of vaccines.1 The greatest burden 
of disease has occurred in sub-Saharan Africa, where endemic rates of disease 

have been 3 to 10 per 100,000 population.2 In addition, seasonal increases in 
disease and cyclic pandemics of serogroup A in sub-Saharan Africa occurred 
every 8 to 10 years since 1905. During epidemics and cyclic pandemics, the 
incidence can climb to 1 per 1000 population for weeks before the frequency 
of disease declines in the immediate outbreak area. The introduction in 2010 
of a new meningococcal conjugate vaccine for serogroup A has eliminated 
serogroup A outbreaks in the region, but less severe outbreaks of serogroup 
C, X, and W continue.3 Meningococcal epidemics, especially in developing 
countries, have been catastrophic and have contributed to a cycle of poverty 
and hence the disorganization of social structures.

Although overall incidence is declining, meningococcal disease remains 
sporadic with focal outbreaks/clusters in the United States, Canada, Mexico, 
Europe, Japan, Australia, China, Russia, South America (Chile, Brazil, Argen-
tina), India, Southeast Asia, and other countries. Overall incidence in these 
countries is now less than 0.1 to 2 per 100,000 population. The introduction 
and widespread use of new meningococcal ACWY conjugate and serogroup 
B vaccines have helped to lower the overall incidence,4 but slow declines in 
incidence began before new vaccine introductions. Outbreak-associated cases 
accounted for approximately 5% of all meningococcal disease cases in the 
United States between 2009 and 2013. Organization-based and university 
outbreaks were mostly caused by serogroup B, whereas serogroup C was the 
primary cause of community-based outbreaks.5 Meningococcal disease has 
the highest incidence in children younger than 4 years (often serogroup B) 
and in adolescents, but in sporadic settings, half of all cases occur in adults.

 PATHOBIOLOGY
N. meningitidis is transmitted among humans through close contact by large 
respiratory droplets or saliva. Colonization of the upper respiratory or other 
mucosal surfaces (e.g., nasopharynx) by N. meningitidis is the first step in 
establishment of a human carrier state of invasive meningococcal disease. 
Acquisition of meningococci through contact with secretions can be transient, 
lead to prolonged carriage, or result in invasive disease. The inoculum size 
needed for transmission is unknown. Invasive meningococcal disease usually 
occurs within 1 to 14 days of acquisition. Meningococci can be found in the 
urogenital tract and rectum and may be transmitted sexually.

Initial contact of meningococci with mucosal epithelial cells is mediated 
by type IV pili. These structures provide mobility (“twitching motility”) to 
penetrate mucus and are the initial adhesins for human epithelial cells. Menin-
gococci proceed to proliferate and form small microcolonies on the surface 
of human nonciliated epithelial cells. They can disseminate from colonies by 
post-translational glycan modifications of pili and migrate to adjacent cells 
by the pili-mediated motility. Meningococci can also spread from the naso-
pharynx to adjacent epithelial surfaces and infrequently cause local infections, 
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FIGURE 282-1. Current epidemiology of meningococcal disease (global distribution of major serogroups causing disease by region). (Modified from Stephens DS, Greenwood B, 
Brandtzaeg P. Epidemic meningitis, meningococcemia and Neisseria meningitidis. Lancet. 2007;369:2196-2210.)
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ABSTRACT
The human bacterial pathogen Neisseria meningitidis remains a cause of men-
ingitis, sepsis, and focal infections (pneumonia, septic arthritis, purulent 
pericarditis urethritis, conjunctivitis) worldwide, but with new effective vac-
cines, progress is being made in global control. An asymptomatic carrier state 
is found in 8 to 25% of healthy individuals often with unencapsulated strains 
or strains with low virulence. Most disease is caused by capsular serogroups 
A, B, C, W, Y and X expressed by several hypervirulent genomic clonal com-
plexes. Predisposing factors for systemic meningococcal disease include absence 
of protective bactericidal antibodies (young children), complement deficiencies 
(congenital or acquired such as with the complement inhibitor eculizumab), 
and congenital or acquired antibody deficiencies. Mortality remains at ~10% 
for invasive meningococcal disease, and long-term sequelae in survivors is 
significant. Early recognition and antibiotic administration (e.g., ceftriaxone) 
are central for effective treatment of invasive meningococcal disease. Preven-
tion of disease in close contacts is accomplished with chemoprophylaxis 
(rifampin, ceftriaxone, ciprofloxacin).
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with invasive meningococcal disease on admission, but these lesions may 
be absent or difficult to see in patients with dark skin. Hemorrhagic lesions 
sometimes occur on mucous membranes and sclera, but they are especially 
prevalent on the limbs. The petechiae of meningococcemia are usually larger 
and bluer than the pinpoint petechiae caused by thrombocytopenia or leu-
kocytoclastic vasculitis induced by other infections or drugs. A nonblanching 
macular rash can also be a manifestation of meningococcal bacteremia. Evolv-
ing ecchymoses and purpura (diameter >10 mm) are noted mainly in patients 
with meningococcemia and disseminated intravascular coagulation (Chapter 
166), but they may not appear until 12 hours into the illness. In addition to 
vasculitis, other conditions in the differential diagnosis of meningococcemia 
include Rocky Mountain spotted fever (Chapter 311) and enteroviral infec-
tions (Chapter 355).

Meningitis is the most common clinical presentation of invasive meningo-
coccal disease.7 Headache, fever, and rash with meningismus and altered mental 
status are the characteristic features; however, the rash may be absent, and 
the presentation can resemble pneumococcal or bacterial meningitis of other 
causes, viral meningitis, or early-stage encephalitis. Bacteremic meningococcal 
pneumonia has been linked more often to serogroups Y and W and is more 
common in adolescents and adults, especially older adults (approximately 
one third of cases occur in those older than 65 years). Isolated septic pericar-
ditis or septic arthritis can also be a presentation, and an autoimmune- or 
antibody-mediated polyarthritis can be seen in the recovery phase following 
invasive meningococcal disease. Chronic meningococcemia can be manifested 
with low-grade fever and a polyarticular arthritis that can be confused with 
rheumatoid arthritis.

 DIAGNOSIS
The clinical diagnosis of meningococcal meningitis relies on the recognition 
of fever, rash, meningeal signs, and altered mental status. The early clinical 
diagnosis of meningococcemia is a challenge because a rash, meningeal signs, 
and high fever may not be present. The course can be fulminant (<24 hours), 
and the early stages of disease can mimic viral infections such as those caused 
by enterovirus or influenza. Thus, it can be difficult to identify and to treat 
the disease quickly. General symptoms of sepsis (nausea and vomiting, drowsi-
ness, irritability, leg pains, cold hands and feet, abnormal skin color) are present. 
However, these symptoms (in contrast to fever and rash) are not likely to be 
specific markers. Parents and relatives should be instructed to undress and 
inspect a febrile child, adolescent, or adult for a rash, and physicians and other 
health care providers should be alert to the concerns of parents, relatives, or 
caregivers about the abrupt or rapid deterioration of a patient.

The definitive diagnosis of invasive meningococcal disease is based on bac-
teriologic isolation or antigen or DNA identification of N. meningitidis in a 
usually sterile body fluid, such as blood, CSF, synovial fluid, pleural fluid, urine, 

Polymorphisms in genes coding for the Fcγ-receptor II (CD32), Fcγ-receptor 
III (CD16), mannose-binding lectin, TLR-4, and β2-adrenoceptor gene have 
been associated with increased risk. Mannose-binding lectin is a plasma opsonin 
that initiates complement activation; specific polymorphisms in the gene are 
identified more frequently in children with meningococcal disease than in 
controls in some studies. Plasminogen activator inhibitor 1 concentrations 
appear to affect the severity and mortality of meningococcal sepsis, suggesting 
that impaired fibrinolysis is an important factor in its pathophysiology. Menin-
gococcal disease is also linked to immunosuppressive disorders, such as 
nephrotic syndrome, congenital or acquired hypogammaglobulinemia, sple-
nectomy, and human immunodeficiency virus (HIV)/acquired immunode-
ficiency syndrome (AIDS) (about a 10-fold increased risk for sporadic 
meningococcal disease). However, there has been no documented increase 
in epidemic outbreaks of meningococcal disease in countries with very high 
rates of HIV infection.

Meningococci can multiply rapidly in the vascular compartment, with an 
estimated doubling time of 30 to 45 minutes in some patients, or in the CSF. 
The release of high levels of inflammatory mediators such as meningococcal 
endotoxin in the circulation or CSF triggers an exaggerated release of chemo-
kines, cytokines, bradykinin, and nitric oxide. Vascular dilation, hypovolemia, 
capillary leak, and pronounced reduction in myocardial function are the result. 
At a later stage, substantial complement activation contributes to the altered 
endothelial barrier function and relaxation of the smooth muscles in the vessel 
wall through the generation of high levels of anaphylatoxins (C3a and C5a). 
The capillary leak syndrome results in an increased flux of albumin and water 
across the altered capillary wall to the extravascular space. A patient with 
fulminant meningococcemia accumulates a large amount of fluid in the extra-
vascular tissue. Circulatory collapse and multiorgan dysfunction are the primary 
causes of death due to meningococcemia. In meningitis, morbidity and death 
are due predominantly to cerebral edema.

Unraveling the pathogenic mechanisms of this devastating, evolutionarily 
successful obligate human pathogen has significance for the understanding 
of human sepsis as well as for prevention through vaccines active at mucosal 
pathogens.

 CLINICAL MANIFESTATIONS
Meningococcus causes meningitis (37 to 50% of cases), septicemia (menin-
gococcemia, 10 to 18% of cases), or both (7 to 12% of cases). Less common 
presentations are a mild bacteremia or pneumonia (10% of cases) and, in less 
than 5% of cases, septic arthritis, pericarditis, chronic bacteremia, or conjuncti-
vitis. Rarely, meningococci can cause urethritis or proctitis, although outbreaks 
of meningococcal urethritis have recently been reported in the United States 
and Europe. In endemic and epidemic disease outbreaks, hemorrhagic skin 
lesions (petechiae, purpura; Fig. 282-3) are present in 28 to 77% of patients 

endotoxin. The toll-like receptor 4 (TLR-4) is critical to the innate immune 
response to bacterial endotoxins, and meningococcal endotoxin is no excep-
tion. Activation of TLR-4 by endotoxin requires association with the accessory 
protein MD-2, an N-glycosylated 19- to 27-kD protein expressed in both a 
soluble and a membrane-bound form. Binding of endotoxin to MD-2 in asso-
ciation with TLR-4 leads to dimerization or oligomerization of two or more 
TLR-4s, subsequent cellular activation, and cytokine and chemokine release.

In contrast to invasive disease, an asymptomatic N. meningitidis carrier state 
is found in up to 8 to 25% of healthy individuals. Meningococcal carriage is 
affected by age, intimate personal contact, crowding (e.g., bars, dormitories), 
and vaccination or chemoprophylaxis interventions in the community. Vari-
able carriage rates have been reported, even during epidemics. Meningococcal 
carriage is a dynamic process, is less common in young children (<3% and 
Neisseria lactamica predominates) than in older children, is highest in adoles-
cents (7 to 37%), and increases in closed populations (e.g., military recruits, 
Hajj pilgrims).6 Rates as high as 36 to 71% have been reported in military 
recruits. Damage to the upper respiratory tract by coinfections (e.g., myco-
plasma, influenza, other respiratory viral infections), smoking, very low humid-
ity, drying of mucosal surfaces, and trauma induced by dust particles predisposes 
to both meningococcal carriage and meningococcal disease. Meningococcal 
carriage has also been linked to status as a secretor of glycoprotein ABO blood 
group antigens, which are water soluble, and to ethnic background. In a large 
U.K. study, social behavior (e.g., attendance at pubs or clubs, intimate kissing, 
cigarette smoking, or exposure to passive smoke) was highly associated with 
the risk for meningococcal carriage. Carriage can be transient or last for days, 
weeks, or months and is an immunizing event leading to protective immunity 
(e.g., serum bactericidal activity against the meningococcus).

The absence of protective bactericidal antibodies is the most important 
predisposing factor for systemic meningococcal disease, but complement 
deficiencies (congenital or acquired such as with the complement inhibitor 
eculizumab), genetic polymorphisms, and other host cofactors can contribute 
to meningococcal disease and disease severity. Disappearance of protective 
maternal antibodies increases the risk in older infants and young children. 
Congenital and acquired antibody deficiencies also increase risk. Opsonization 
and phagocytic function do contribute to meningococcal host defense mecha-
nisms, as shown by disease reduction after meningococcal vaccination in 
individuals with terminal complement deficiencies. Rapidly progressive, fatal 
meningococcemia can arise in patients without properdin, and there is a marked 
risk for recurrent meningococcal infections in those with defects in the terminal 
complement pathway (C5-C9) and C3 deficiency.

including pneumonia, sinusitis, and otitis media. Other less common local 
infections include conjunctivitis, urethritis, and proctitis. Close adherence of 
meningococci to the host epithelial cells results in the formation of epithelial 
cell cortical plaques and leads to the recruitment of factors ultimately respon-
sible for the formation and extension of host epithelial cell pseudopodia that 
can tightly bind the meningococcus. Intimate meningococcal association with 
the epithelial cell is mediated by the meningococcal surface components 
including opacity proteins Opa and Opc with CD66/carcinoembryonic 
antigen–related cell adhesion molecules and integrins, respectively, on the 
surface of the human cell. Other meningococcal epithelial cell mediators include 
the meningococcal adhesin NadA and meningococcal lipo-oligosaccharide. 
The formation of epithelial cell membrane protrusions and pseudopodia stems 
from the organization of specific molecular complexes involving the linkers 
ezrin and moesin along with the clustering of several membrane-integral pro-
teins, including CD44, intracellular adhesion molecule 1, and cortical actin 
polymerization. These events can lead to internalization of N. meningitidis in 
epithelial cells (Fig. 282-2). Intracellular meningococci reside within a mem-
branous vacuole and are capable of translocating through the epithelial layers 
within 18 to 40 hours. Meningococci are capable of intracellular replication 
(in part because of the protective capsule), can survive under microaerophilic 
conditions, use lactate as a carbon source, and have the capacity to acquire 
iron through specialized transport systems.

Meningococci can cross mucosal surfaces, enter the blood stream, and, in 
some individuals, produce systemic infections. Damage to the mucosal surface 
by coinfection, drying (e.g., very low humidity), or smoke exposure may 
increase this risk for meningococcal invasion. Similar molecular interactions 
noted for meningococci and epithelial cells also occur with endothelial cells, 
and meningococci can translocate across the blood-meninges barrier, possibly 
at the choroid plexus or by the opening of intercellular junctions, and prolifer-
ate in the subarachnoid space, causing meningitis. In the vasculature and 
cerebrospinal fluid (CSF), high levels of multiplying bacteria lead to an intense 
inflammatory response, with pronounced increases in concentrations of tumor 
necrosis factor-α, interleukins (1β, 6, 8, and 10), different chemokines, and 
other inflammatory mediators.

Meningococcal resistance to complement-mediated lysis or phagocytosis 
is due to the expression of the capsule, lipo-oligosaccharide, and several surface-
exposed proteins (factor H–binding protein, NspA, Opc, NalP). Meningococcal 
endotoxin released in blebs plays a major role in the inflammatory events of 
meningococcemia and meningococcal meningitis. Meningococcal lipid A is 
responsible for much of the biologic activity and toxicity of meningococcal 
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FIGURE 282-2. Steps in initiation of meningococcal colonization and invasion at the human nasopharynx. A, Adhesion and introduction of cell microvilli. B, Microcolony formation. 
C, Cortical plaque formation and close adherence. D, Human epithelial cell invasion. (Modified from Stephens DS. Biology and pathogenesis of the evolutionarily successful, obligate 
human bacterium Neisseria meningitidis. Vaccine. 2009;27S:B71-B77.)
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with invasive meningococcal disease on admission, but these lesions may 
be absent or difficult to see in patients with dark skin. Hemorrhagic lesions 
sometimes occur on mucous membranes and sclera, but they are especially 
prevalent on the limbs. The petechiae of meningococcemia are usually larger 
and bluer than the pinpoint petechiae caused by thrombocytopenia or leu-
kocytoclastic vasculitis induced by other infections or drugs. A nonblanching 
macular rash can also be a manifestation of meningococcal bacteremia. Evolv-
ing ecchymoses and purpura (diameter >10 mm) are noted mainly in patients 
with meningococcemia and disseminated intravascular coagulation (Chapter 
166), but they may not appear until 12 hours into the illness. In addition to 
vasculitis, other conditions in the differential diagnosis of meningococcemia 
include Rocky Mountain spotted fever (Chapter 311) and enteroviral infec-
tions (Chapter 355).

Meningitis is the most common clinical presentation of invasive meningo-
coccal disease.7 Headache, fever, and rash with meningismus and altered mental 
status are the characteristic features; however, the rash may be absent, and 
the presentation can resemble pneumococcal or bacterial meningitis of other 
causes, viral meningitis, or early-stage encephalitis. Bacteremic meningococcal 
pneumonia has been linked more often to serogroups Y and W and is more 
common in adolescents and adults, especially older adults (approximately 
one third of cases occur in those older than 65 years). Isolated septic pericar-
ditis or septic arthritis can also be a presentation, and an autoimmune- or 
antibody-mediated polyarthritis can be seen in the recovery phase following 
invasive meningococcal disease. Chronic meningococcemia can be manifested 
with low-grade fever and a polyarticular arthritis that can be confused with 
rheumatoid arthritis.
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of fever, rash, meningeal signs, and altered mental status. The early clinical 
diagnosis of meningococcemia is a challenge because a rash, meningeal signs, 
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and the early stages of disease can mimic viral infections such as those caused 
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However, these symptoms (in contrast to fever and rash) are not likely to be 
specific markers. Parents and relatives should be instructed to undress and 
inspect a febrile child, adolescent, or adult for a rash, and physicians and other 
health care providers should be alert to the concerns of parents, relatives, or 
caregivers about the abrupt or rapid deterioration of a patient.

The definitive diagnosis of invasive meningococcal disease is based on bac-
teriologic isolation or antigen or DNA identification of N. meningitidis in a 
usually sterile body fluid, such as blood, CSF, synovial fluid, pleural fluid, urine, 
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appear to affect the severity and mortality of meningococcal sepsis, suggesting 
that impaired fibrinolysis is an important factor in its pathophysiology. Menin-
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nephrotic syndrome, congenital or acquired hypogammaglobulinemia, sple-
nectomy, and human immunodeficiency virus (HIV)/acquired immunode-
ficiency syndrome (AIDS) (about a 10-fold increased risk for sporadic 
meningococcal disease). However, there has been no documented increase 
in epidemic outbreaks of meningococcal disease in countries with very high 
rates of HIV infection.

Meningococci can multiply rapidly in the vascular compartment, with an 
estimated doubling time of 30 to 45 minutes in some patients, or in the CSF. 
The release of high levels of inflammatory mediators such as meningococcal 
endotoxin in the circulation or CSF triggers an exaggerated release of chemo-
kines, cytokines, bradykinin, and nitric oxide. Vascular dilation, hypovolemia, 
capillary leak, and pronounced reduction in myocardial function are the result. 
At a later stage, substantial complement activation contributes to the altered 
endothelial barrier function and relaxation of the smooth muscles in the vessel 
wall through the generation of high levels of anaphylatoxins (C3a and C5a). 
The capillary leak syndrome results in an increased flux of albumin and water 
across the altered capillary wall to the extravascular space. A patient with 
fulminant meningococcemia accumulates a large amount of fluid in the extra-
vascular tissue. Circulatory collapse and multiorgan dysfunction are the primary 
causes of death due to meningococcemia. In meningitis, morbidity and death 
are due predominantly to cerebral edema.

Unraveling the pathogenic mechanisms of this devastating, evolutionarily 
successful obligate human pathogen has significance for the understanding 
of human sepsis as well as for prevention through vaccines active at mucosal 
pathogens.

 CLINICAL MANIFESTATIONS
Meningococcus causes meningitis (37 to 50% of cases), septicemia (menin-
gococcemia, 10 to 18% of cases), or both (7 to 12% of cases). Less common 
presentations are a mild bacteremia or pneumonia (10% of cases) and, in less 
than 5% of cases, septic arthritis, pericarditis, chronic bacteremia, or conjuncti-
vitis. Rarely, meningococci can cause urethritis or proctitis, although outbreaks 
of meningococcal urethritis have recently been reported in the United States 
and Europe. In endemic and epidemic disease outbreaks, hemorrhagic skin 
lesions (petechiae, purpura; Fig. 282-3) are present in 28 to 77% of patients 
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FIGURE 282-3. Clinical manifestations of meningococcal disease. A and B, Macular and petechial rashes of meningococcal bacteremia. C, Fulminant meningococcal sepsis with 
ecchymoses. D, Digital necrosis of meningococcemia sepsis. E, Hemorrhagic adrenals in fulminant meningococcal sepsis. (Modified from Stephens DS, Greenwood B, Brandtzaeg P. 
Epidemic meningitis, meningococcemia and Neisseria meningitidis. Lancet. 2007;369:2196-2210.)
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 PREVENTION
Chemoprophylaxis to eliminate meningococcal carriage is recommended for 
close contacts of patients to prevent further transmission and disease (Table 
282-2).10 The occurrence of meningococcal disease in household contacts is 
approximately 100-fold higher than in the general population. Secondary cases 
usually occur within 1 to 14 days of the primary case. Chemoprophylaxis can 
be helpful to control localized outbreaks, and a single dose of oral ciprofloxacin 
may be helpful in the epidemic setting. A2  Rifampin, ceftriaxone, azithromycin, 
and quinolones (but not penicillin) have the ability to eradicate meningococci 
in the nasopharynx. A majority of meningococcal isolates are now resistant 
to sulfonamides; resistance to rifampin can develop rapidly, and quinolone 
resistance in meningococci is reported.

Prevention through vaccination is the best option for the long-term control 
of meningococcal disease.11 Capsular polysaccharide vaccines to decrease 
serogroup A, C, Y, and W meningococcal disease were introduced in the 1970s 
and 1980s. These vaccines are safe, with mild local adverse events, and are 
effective (>85%) in children older than 2 years and adults but are less immu-
nogenic in younger children; immunity to the polysaccharide vaccines is limited 
to 3 to 5 years of protection, and immunologic hyporesponsiveness is induced 
by repeated doses of the polysaccharide. Also, meningococcal polysaccharide 
vaccines do not induce immunologic memory and have little or no effect on 
nasopharyngeal carriage. Although these vaccines were used extensively to 
control disease in military populations and in epidemics in the African men-
ingitis belt, in the latter they were often deployed too late in the course of an 
outbreak. There was no evidence that widespread use of polysaccharide vac-
cines reduced the frequency of epidemics in Africa.

A major advance in the past 20 years has been the development and now 
widespread use of meningococcal polysaccharide-protein conjugate vaccines 
for A, C, Y, and W and their introduction first as a C conjugate into the United 
Kingdom and then with other conjugates in Europe, Canada, Australia, the 
United States, the African meningitis belt, and now globally.12 These vaccines 
are safe and immunogenic in young children, induce immunologic memory, 
and can decrease nasopharyngeal carriage of meningococci. In the United 

or pericardial fluid. Blood and CSF are the most fruitful sources of positive 
cultures and for DNA identification by the polymerase chain reaction (PCR), 
but urine and skin lesions can also yield results in systemic meningococcal 
disease. The diagnosis of meningococcal meningitis is confirmed by CSF 
pleocytosis and Gram stain showing gram-negative diplococci (often inside 
neutrophils) and CSF culture, latex agglutination detecting meningococcal 
capsular polysaccharide in CSF, or PCR identifying N. meningitidis in CSF.

PCR is increasingly used for the diagnosis of meningococcal disease, includ-
ing serogrouping and multilocus sequence typing, and has the potential to 
detect antibiotic resistance determinants. PCR techniques include real-time 
PCR of CSF, blood, and other sterile sites. Urine is a less sensitive fluid for 
PCR. An increasing number of patients are now diagnosed by PCR without 
culture, especially if they have received empirical prehospital antibiotic treat-
ment. The sensitivity of PCR for the diagnosis of meningococcal meningitis 
is more than 90 to 95%; in contrast, the sensitivity of CSF or blood culture 
is less than 65%. In addition, whole genome sequencing is being increasingly 
used as an epidemiologic and organism confirmation tool.

TABLE 282-1 ANTIBIOTIC TREATMENT OF MENINGOCOCCAL 
MENINGITIS AND MENINGOCOCCEMIA

DRUG AGE GROUP DOSAGE
Ceftriaxone* Children >3 months 50 mg/kg IV q12h

Adults 1-2 g IV q12h
Cefotaxime Adults 50-75 mg/kg q6-8h; 

maximum dose, 12 g/day
Penicillin G Adults 50,000 U/kg IV q4h; up to  

4 million U q4h
Meropenem Adults 2 g IV q8h, 6 g/day
If penicillin and cephalosporin 

allergic, chloramphenicol†
Adults 25 mg/kg IV q6h, up to 1 g 

q6h
*Because of concerns in neonates from calcium/ceftriaxone precipitates and displacement of 
bilirubin from albumin by ceftriaxone, babies younger than 3 months should be started on 
cefotaxime 50 mg/kg q6-8h.
†Aztreonam or fluoroquinolones are potential alternatives.

Early recognition and antibiotic administration (Table 282-1) are critical for 
effective treatment because effective antibiotics immediately stop the growth 
of N. meningitidis. Ceftriaxone and cefotaxime are the most effective antibiot-
ics,8 but penicillin, meropenem, and chloramphenicol also are effective in most 
cases. Fluoroquinolones and aztreonam are potential alternatives, but data on 
meningococcal disease are limited. Meningococci in CSF are killed within 3 to 
4 hours after intravenous treatment with an adequate dose of a third-generation 
cephalosporin or penicillin, and concentrations of endotoxin in plasma fall by 
50% within 2 hours. The concentrations of key cytokines and chemokines fall 
in parallel. Antibiotic treatment does not induce a large release of meningococ-
cal endotoxin or lead to an increased inflammatory response.

Prehospital antibiotic treatment is advocated if the disease is suspected.9 
One goal is to reduce the case-fatality rate for patients with fulminant menin-
gococcal sepsis or meningitis with rapidly increasing concentrations of menin-
gococci and inflammatory mediators in the circulation or CSF. If antibiotic 
treatment is initiated before admission, ceftriaxone or another effective antibiotic 
can be injected intravenously or intramuscularly. During epidemics in develop-
ing countries, a single injection of ceftriaxone or long-acting chloramphenicol 
may be sufficient for patients with meningitis, and this simple treatment has 
saved many thousands of lives. The sensitivity of meningococci to penicillin is 
decreasing worldwide because of a reduced affinity for penicillin-binding protein 
2, although high-level penicillin resistance remains rare in most countries. 
Fluoroquinolone resistance of meningococcal isolates, although rare, has also 
emerged. Ceftriaxone and cefotaxime can achieve CSF concentrations 45- to 
8750-fold higher than the minimal inhibitory concentrations for meningococci. 
First-generation cephalosporins should not be used.

Patients with suspected bacterial meningitis of unknown cause are often 
given ceftriaxone or cefotaxime, often combined with vancomycin, until the 
causative agent has been identified. When N. meningitidis is identified, antibiotic 
treatment can be continued with a third-generation cephalosporin or possibly 
benzylpenicillin alone. Meropenem is also active clinically in the treatment of 
meningococcal meningitis, or chloramphenicol is a choice in penicillin- and 
cephalosporin-allergic patients. Traditionally, patients with meningococcal 
meningitis were treated for 7 days or longer, but 3 or 4 days of intravenous 
treatment can provide a cure without relapse.

TREATMENT 

Recognition of the different pathophysiologic processes associated with 
meningococcal meningitis (which causes death and morbidity predominantly 
by cerebral edema) and meningococcal septic shock (which causes death and 
morbidity predominantly through hypovolemia, capillary leak, respiratory dis-
tress, myocardial dysfunction, and multiorgan failure) has led to improved 
management strategies for these two different forms of disease. Early and 
aggressive management of shock through the use of volume expansion, oxy-
genation, intensive care monitoring, and inotropic support can reduce fatality 
rates of meningococcal sepsis from higher than 30% to 5 to 10%. In meningo-
coccemia with hypotension, the primary goal is to increase the circulating 
blood volume by aggressive fluid treatment. Both colloids and crystalloids (saline 
0.9%) can be used without a demonstrated difference in effectiveness. Adults 
are given saline starting with 1 L infused intravenously during 15 to 20 minutes, 
followed by several liters at a reduced rate. Some patients require two to three 
times their own blood volume during the first 24 hours. The total fluid volume 
needed per 24 hours is determined by response to treatment—tissue perfusion, 
blood pressure, urine output, and evidence of intravascular volume overload. 
The volume treatment may be combined with a vasopressor such as dopamine, 
norepinephrine, epinephrine, or dobutamine. It is important to monitor and 
correct acidosis, hypoglycemia, hypokalemia, hypocalcemia, and hypomagne-
semia. Fluid treatment may be complicated in patients with reduced renal 
function. They may need dialysis or hemofiltration to compensate for renal 
failure and to reduce the substantial edema that accumulates.

Patients with meningitis without shock should be given the normal daily 
fluid requirement, supplemented with the volume lost before admission unless 
there is evidence of the syndrome of inappropriate antidiuretic hormone. Exces-
sive volume treatment in patients with meningitis can induce fatal brain edema 
and herniation. Management of raised intracranial pressure (hyperosmolar 
solutions, diuretics, mechanical ventilation), seizures, and hyponatremia in 
neurointensive care is indicated.

Anticoagulant treatment of patients with meningococcemia and disseminated 
intravascular coagulation has not been documented to improve outcome. A 
phase III study of recombinant activated protein C in children with sepsis of 
all causes, including meningococcemia, was stopped because no benefit was 
noted, and recombinant activated protein C has been withdrawn from the 
market. The use of recombinant human tissue plasminogen activator does not 
appear to be beneficial. Randomized controlled clinical trials using hyperim-
mune serum, antibodies, or recombinant bactericidal or permeability-increasing 
protein (designed to inactivate N. meningitidis endotoxin) have not demonstrated 
a beneficial effect on survival. Blockade of other specific inflammatory media-
tors has not been adequately tested in meningococcal septic shock.

Patients with fulminant meningococcal septicemia can develop adrenal 
hemorrhage (Waterhouse-Friderichsen syndrome). The corticotropin concentra-
tion is higher, the cortisol concentration is lower, and the corticotropin-to-cortisol 
ratio is higher in patients with fatal meningococcal shock than in survivors. 
Adults with septic shock and indications of inadequate adrenal function are 
given low doses of steroids. Although the benefit has not been documented, 
many intensive care specialists use stress replacement doses of hydrocortisone 
in children with shock caused by N. meningitidis.

Plasmapheresis, blood exchange, and extracorporeal membrane oxygenation 
have been used in patients with meningococcemia; however, no controlled 
trials to assess the results have been done. Plasmapheresis and blood exchange 
appear to have little additive effect on the endogenous clearance of endotoxin 
and cytokines from the circulation. Extracorporeal membrane oxygenation has 
been used in several centers, with better results in children with acute pulmonary 
failure than in those with refractory septic shock. The use of insulin to control 
mild hyperglycemia in critically ill adults has not shown benefits (Chapter 100).

Pharmacologic doses of dexamethasone have been shown to reduce mor-
bidity in pneumococcal and Haemophilus influenzae type b meningitis. A1  However, 
the benefit of dexamethasone to reduce death caused by brain edema or to 
prevent sequelae such as deafness in patients with meningococcal meningitis 
remains unproven on the basis of large randomized controlled trials, even 
though trends toward reductions in hearing loss, mortality, and arthritis after 
meningococcal disease are reported. Many now recommend that dexametha-
sone (10 mg every 6 hours for the first 4 days and in children at a dose of 
0.15 mg/kg every 6 hours for 4 days beginning before or with the first dose of 
antibiotics) be given early in suspected or confirmed bacterial meningitis. Other 
major life-threatening complications necessitating therapy include adult respi-
ratory distress syndrome, neurologic sequelae ranging from coma to diabetes 
insipidus, pneumonia that is not necessarily meningococcal but may be sec-
ondary to aspiration during the obtunded state, and pericarditis.

Immune complex–mediated complications, such as arthritis, cutaneous vas-
culitis, iritis, episcleritis, pleuritis, and pericarditis, can first appear several days 
to 2 to 3 weeks after onset of illness, when the patient is otherwise improving. 
These complications, which can be multiple, are due to the deposition of antigen-
antibody complexes composed of meningococcal capsular polysaccharide or 
other antigens, meningococcal-specific immunoglobulins, and C3. They com-
plicate 6 to 15% of cases of meningococcal meningitis or septicemia. Treatment 
is with aspirin or nonsteroidal anti-inflammatory drugs, and resolution is com-
plete, usually within 14 days from the onset and usually without residual sequelae.
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Kingdom, the introduction of the serogroup C conjugate meningococcal vaccine 
in 2000 to all children and young adults greatly reduced the rate of serogroup 
C disease (90% vaccine effectiveness at 3 years for patients aged 11 to 18 
years). A major protective effect of the conjugate vaccines is mediated through 
herd protection. Rates of serogroup C carriage and disease in nonvaccinated 
individuals were reduced by more than 50% through herd protection. 
Polysaccharide-protein conjugate meningococcal vaccines containing sero-
groups A, C, Y, and W were introduced for adolescents in the United States 
in 2005 and subsequently extended to children aged 2 months to 10 years at 
increased risk for meningococcal disease. In addition to routine use in older 
children and adolescents (first dose at the age of 11 or 12 years with booster 
at 16 years), populations that benefit from the new conjugate vaccines are 
college freshmen, military recruits, patients with immunoglobulin or comple-
ment deficiencies (inherited or chronic deficiencies such as C3, properdin, 
factor D, or late complement components), patients with anatomic or functional 
asplenia, microbiologists who are routinely exposed to isolates of N. menin-
gitidis, adults with HIV type 1 infections, and people who travel to or reside 
in countries where N. meningitidis is epidemic. An important example of a 
meningococcal conjugate vaccine development was the Meningitis Vaccine 
Program, a partnership between PATH, the World Health Organization, and 
the Global Alliance for Vaccines and Immunization for the development of a 
group A meningococcal conjugate vaccine for Africa, designated MenAfriVac, 
at less than $0.50 a dose. Because of the huge impact of herd immunity of the 
serogroup C conjugate vaccines in the United Kingdom, MenAfriVac was 
introduced as a mass vaccination strategy for those 1 to 29 years old. More 
than 284 million doses have been administered. To date, this has resulted in 
the virtual elimination of serogroup A meningococcal disease in the countries 
vaccinated.

The development of vaccines for serogroup B N. meningitidis has also shown 
significant progress. Serogroup B can cause prolonged outbreaks during many 
years, such as those seen in the 1990s in the Pacific Northwest (Oregon, parts 
of Washington), Brazil, Norway, and New Zealand and outbreaks in settings 
such as college campuses. The serogroup B capsule has an identical structure 
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TABLE 282-2 CHEMOPROPHYLAXIS AGAINST MENINGOCOCCAL INFECTION

DRUG AGE GROUP DOSAGE
DURATION AND ROUTE 
OF ADMINISTRATION* CONSIDERATIONS

Rifampin Children <1 month 5 mg/kg q12h 2 days, oral
Children >1 month 10 mg/kg q12h (maximum, 600 mg) 2 days, oral
Adults 600 mg q12h 2 days, oral Rifampin can interfere with efficacy of oral contraceptives 

and some seizure prevention and anticoagulant 
medications; may stain soft contact lenses

Not recommended for pregnant women
Ceftriaxone Children <15 years 125 mg Single IM dose

Children >15 years 
and adults

250 mg Single IM dose Ceftriaxone is recommended for prophylaxis in pregnant 
women.

Ciprofloxacin Adults 500 mg Single dose, oral Not recommended routinely for persons <18 years of age, 
but use in infants and children (20 mg/kg) may be 
justified after careful assessment of the risks and benefits

Not recommended for pregnant or lactating women
Cases of ciprofloxacin resistance have been reported, and 

use for prophylaxis should be based on local sensitivity 
of the meningococcus to the drug.

Azithromycin 10 mg/kg (maximum, 500 mg) Single dose, oral Equivalent to rifampin for eradication of meningococci 
from nasopharynx, but data are limited

ANTIBIOTIC CHEMOPROPHYLAXIS FOR HOUSEHOLD OR INTIMATE CONTACTS
•	 Household	contacts	and	persons	sharing	the	same	living	quarters,	particularly	young	children
•	 Daycare	center,	nursery	school,	or	child-care	contacts;	frequent	playmates	of	young	children
•	 Close	social	contacts	who	were	exposed	to	oral	secretions	in	the	week	before	onset,	such	as	by	kissing	and	sharing	of	eating	and	drinking	utensils	or	toothbrushes
•	 For	airline	travel	lasting	more	than	8	hours,	passengers	who	are	seated	directly	next	to	an	infected	person	should	receive	prophylaxis.
•	 Routine	prophylaxis	is	not	recommended	for	health	care	professionals	unless	they	have	had	intimate	exposure	to	respiratory	secretions.
•	 Because	the	risk	for	secondary	cases	is	highest	during	the	first	few	days	after	exposure,	chemoprophylaxis	should	be	initiated	as	soon	as	possible,	ideally	<24 hours after 

identification of the index patient.
•	 If	more	than	14	days	have	passed	since	the	last	contact	with	the	index	patient,	chemoprophylaxis	is	not	likely	to	be	of	benefit.
•	 Pharyngeal	cultures	are	not	helpful	in	determining	the	need	for	chemoprophylaxis	and	may	unnecessarily	delay	the	use	of	effective	chemoprophylaxis.
•	 Chemoprophylaxis	has	also	been	recommended	for	patients	given	penicillin	or	chloramphenicol	for	treatment	because	pharyngeal	carriage	may	not	be	eliminated	with	these	

antibiotics and the patient could remain colonized with a virulent strain.
•	 Ceftriaxone	is	recommended	for	pregnant	women.
•	 May	want	to	avoid	ciprofloxacin	or	azithromycin	in	individuals	at	risk	for	QT-prolongation.
Recommended groups for chemoprophylaxis based on exposure to the case in the week before onset of illness.
*Administered orally unless otherwise stated.



mortality can be reduced with prehospital antibiotic treatment, rapid trans-
portation to medical facilities, and stabilization in an intensive care unit. Pre-
vention of meningococcal disease with new vaccines and vaccine strategies 
remains the major worldwide goal.

to polysialic structures expressed in fetal neural tissue and does not induce a 
protective bactericidal immunoglobulin G response. Thus, strategies have been 
focused on noncapsular antigens, such as outer membrane proteins containing 
vesicles (OMV) or conserved protein antigens. The diversity of major outer 
membrane structures in meningococci has limited OMV approaches for endemic 
disease but has been successful in controlling serogroup B epidemics that are 
strain specific (e.g., in New Zealand). Two new serogroup B vaccines, MenB4C 
(Bexsero)13 and MenBFHbp (Trumenba),14 based on surface protein antigens 
are now licensed. MenB4C contains three semiconserved surface protein 
antigens—a member of the factor H–binding protein family, neisserial adhesin 
A (NadA), and neisserial heparin-binding antigen—and a meningococcal 
serogroup B PorA-containing OMV preparation previously used to control 
the serogroup B clonal outbreak in New Zealand. Alum is the adjuvant. A 
second serogroup B vaccine, MenBFHbp (Trumenba) is based on two members 
of the factor H–binding protein family. The immunogenicity and safety of 
these vaccines have been demonstrated. A3  The short-term prevention of sero-
group B disease appears to be a significant step closer with these new vaccines 
that are now in use for treatment of outbreaks of serogroup B disease and in 
high-risk populations in several countries.

 PROGNOSIS
Historically, the mortality of untreated systemic meningococcal disease was 
70 to 90%. Despite highly effective antibiotics and aggressive supportive care, 
the mortality of invasive meningococcal disease remains at about 10%. The 
failure to recognize disease early, the very rapid development of disease (espe-
cially meningococcemia), and the time to administration of antibiotics remain 
the most significant challenges. The chance of surviving shock is directly cor-
related to plasma concentrations of endotoxin, and half the nonsurviving 
patients with shock die within the first 12 hours of hospital admission.

Long-term sequelae and morbidity after invasive meningococcal disease 
are significant. Neurologic impairment occurs in 7 to 10% with meningococcal 
meningitis, with palsies of the sixth, seventh, and eighth cranial nerves and 
hemiparesis and quadriparesis. Unilateral or bilateral sensorineural hearing 
loss occurs in 2 to 9% of cases, which is profound in 2% of affected individuals 
and necessitates cochlear implantation in 0.4%. Neurodevelopmental impair-
ment, including behavioral and psychological problems, learning difficulties, 
memory deficits, executive function problems, decreased academic performance, 
spasticity, seizures, and focal neurologic signs, is seen in approximately 10%. 
Visual difficulties, seizures, and motor deficits are reported in 2 to 3%, with 
multiple neurologic disabilities occurring in 1 to 2% of affected individuals. 
Survivors of meningococcal sepsis in childhood have, in 5 to 20% as young 
adults, long-term behavioral and emotional problems, decreased intellectual 
functioning, and illness-related physical or social consequences.

Scarring of the skin, secondary to necrotic purpura, may vary from unno-
ticeable to requiring skin grafting. Multiple areas may be involved; the lower 
limbs are most frequently affected, followed by the arms, chest, and face. 
Amputations of the digits or limbs are frequently multiple; these result from 
necrosis of the skin, muscle, and bone of the affected parts (see Fig. 282-3D) 
and, depending on the site and extent, may require prostheses to improve 
function or appearance. Bone growth disturbances, stump overgrowth, scar 
contractures, and soft tissue and bone infections may complicate amputations. 
Limb-length discrepancies, which may result from the growth plate infarction, 
often necessitate further surgical intervention. Following acute renal failure 
at presentation, renal function recovers in the majority of individuals; however, 
evidence of renal dysfunction may persist for more than 4 years in both chil-
dren and adults, with the risk being higher in those who required renal replace-
ment therapy.

Meningococcal disease and its complications, often occurring rapidly in oth-
erwise healthy individuals, also produce significant family, community, health 
care, and public health impact. The emotional toll on individuals who survive 
and on the families of those with meningococcal disease in intensive care units, 
of those who survive with complications and of those who die, is considerable 
and a global phenomenon. In communities, meningococcal disease may also 
create considerable fear and anxiety. Post-traumatic stress disorder occurs at a 
higher frequency in both patients and families, often months after the illness. 
In one study, post-traumatic stress disorder occurred in 15% of children, in 
half of the mothers, and in 19% of fathers at 3 months. Meningococcal disease 
and its complications also result in substantial hospital and long-term health 
care costs. Furthermore, delay in the diagnosis of meningococcal sepsis and 
meningitis and septicemia is a common reason for litigation.

If parents and health care professionals recognize the importance of fever 
and headache with or without a rash and seek treatment early, morbidity and 
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REVIEW QUESTIONS

1. Neisseria meningitidis is a:
 A. Gram-negative rod causing pneumonia and bacteremia
 B. Gram-positive diplococcus causing primarily pneumonia
 C. Gram-negative diplococcus causing epidemic meningitis and 

septicemia
 D. Gram-positive rod causing meningitis in immunocompetent patients
 E. Gram-variable coccobacillus causing meningitis and otitis media

Answer: C N. meningitidis is an aerobic, diplococcal gram-negative 
β-proteobacterium and a member of the family Neisseriaceae, which also 
includes Neisseria gonorrhoeae (Chapter 299), another important human 
pathogen. N. meningitidis is the cause of epidemic bacterial meningitis, ful-
minant sepsis (meningococcemia), milder bacteremia, and, less commonly, 
focal infections (such as pneumonia, septic arthritis, purulent pericarditis, 
and conjunctivitis).

2. Serogroup A N. meningitidis:
 A. Causes significant disease in the United States and Japan
 B. Has been a major cause of epidemic meningococcal outbreaks in sub-

Saharan Africa
 C. Expresses a sialic acid capsule
 D. Has no effective vaccine
 E. Is usually treated with sulfonamides

Answer: B In sub-Saharan Africa, seasonal increases in disease and cyclic 
pandemics, which have occurred every 8 to 10 years since 1905, have been 
predominantly caused by serogroup A N. meningitidis. A new serogroup A 
conjugate vaccine introduced in 2010 has rapidly lowered the incidence of 
serogroup A meningococcal disease in this region.

3. Which of the following is not true? The rash of invasive meningococcal 
disease:
 A. Can be a blanching macular rash
 B. Is typically petechial or purpuric
 C. Can be confused with leukocytoclastic vasculitis, Rocky Mountain 

spotted fever, and enteroviral infections
 D. Is almost always present and easily detected
 E. Is usually a single “bull’s-eye” lesion

Answer: D Hemorrhagic skin lesions (petechiae, purpura; see Fig. 282-3) 
are present in 28 to 77% of patients with invasive meningococcal disease on 
admission, but these lesions may be absent or difficult to see in patients with 
dark skin. A nonblanching macular rash can also be a manifestation of menin-
gococcal bacteremia.

4. Which of the following is not true regarding antibiotic treatment of menin-
gococcal meningitis?
 A. It should be administered as soon as the diagnosis is considered.
 B. It takes 10 to 14 days to be effective.
 C. Options include ceftriaxone or cefotaxime, penicillin, or 

meropenem.
	D.	Quinolone	resistance	has	been	reported.
 E. Sulfonamide resistance is now common.

Answer: B Meningococci in cerebrospinal fluid are killed within 3 to 4 hours 
after intravenous treatment with an adequate dose of a third-generation cepha-
losporin or penicillin. Traditionally, patients with meningococcal meningitis 
were treated for 7 days or longer, but 3 or 4 days of intravenous treatment can 
provide a cure without relapse.

5. Which of the following is not true regarding prevention of meningococcal 
disease?
 A. Chemoprophylaxis is given to prevent secondary cases that occur usually 

10 to 14 days after the primary case.
 B. Meningococcal polysaccharide-protein conjugate vaccines are a long-

term control measure of meningococcal disease.
 C. Meningococcal vaccines have effectiveness in complement-deficient 

patients.
 D. Rifampin, ceftriaxone, ciprofloxacin, and azithromycin are used for 

chemoprophylaxis.
 E. Meningococcal polysaccharide vaccines are now preferred for preven-

tion strategies.
Answer: E Meningococcal conjugate vaccines are safe and immunogenic in 
young children, induce immunologic memory, and can decrease nasopharyn-
geal carriage of meningococci. Meningococcal conjugate vaccines have largely 
replaced the older polysaccharide vaccines and are now preferred for preven-
tion strategies.
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NEISSERIA GONORRHOEAE INFECTIONS
MATTHEW R. GOLDEN AND H. HUNTER HANDSFIELD

 DEFINITION
Neisseria gonorrhoeae is a sexually transmitted organism that infects primarily 
the columnar epithelia of mucosal surfaces and causes urethritis in men and 
endocervicitis and urethritis in women. Other sites of primary infection include 
the rectum, pharynx, and conjunctiva, and vulvovaginitis can occur in prepu-
bertal girls. The most common complication of gonococcal infection is pelvic 
inflammatory disease, which can lead to infertility, ectopic pregnancy, and 
chronic pelvic pain. Other much less common complications include epididy-
mitis, posterior urethritis, urethral stricture, Bartholin gland abscess, and 
perihepatitis. Bacteremia may occur, with the production of characteristic 
cutaneous lesions, arthritis, and, rarely, endocarditis or meningitis. Neonatal 
conjunctivitis (ophthalmia neonatorum) was formerly a common cause of 
blindness. Gonococcal infections are also thought to increase the risk of human 
immunodeficiency virus (HIV) transmission from persons dually infected 
with HIV and N. gonorrhoeae and to increase the risk of HIV acquisition 
among persons with gonorrhea who are exposed to HIV.

The Pathogen
The gonococcal envelope is similar in its basic structure to that of other gram-
negative bacteria and is composed of an inner cytoplasmic membrane, a middle 
peptidoglycan cell wall, and an outer membrane. The outer membrane contains 
several surface components that play a central role in the organism’s interac-
tion with the host and its pathogenicity. Pili, hairlike projections also referred 
to as fimbriae, are composed of several different protein subunits and, along 
with other outer membrane adhesins (i.e., opacity-related proteins), facilitate 
attachment and invasion of host cells. Gonococci vary the composition of 
these proteins and surface lipo-oligosaccharides over time, allowing the organ-
ism to elude host defenses. This phase variation has also been a barrier to 
successful vaccine development.

 EPIDEMIOLOGY
Gonorrhea is the second most commonly reported infectious disease in the 
United States, with 555,608 cases reported to the Centers for Disease Control 
and Prevention (CDC) in 2017.1 The incidence of gonorrhea in the United 
States in 2017 was 171.9 per 100,000 populational, though this number, which 
is based on cases reported to U.S. health departments, is undoubtedly an 
underestimate. The overall incidence of gonorrhea in the United States has 
increased 75% since 2009, the historic low in gonorrhea incidence, though it 
remains less than half the rate observed in the mid-1970s, the modern peak 
of gonorrhea incidence in the United States. The prevalence of gonorrhea 

Typical urethral infections result in prominent inflammation, probably as 
a result of the release of toxic lipo-oligosaccharide and peptidoglycan frag-
ments as well as the release of chemotactic factors that attract neutrophilic 
leukocytes. The reasons that some gonococcal strains selectively cause asymp-
tomatic genital infection are poorly understood, but this propensity may be 
related to differences in the organism’s ability to bind complement-regulatory 
proteins that downregulate the production of chemotactic peptides. In par-
ticular, gonococcal strains that express PorB1A appear to bind factor H and 
complement-binding protein and have an increased propensity for causing 
disseminated gonococcal infections.2

Although the gonococcus is not highly mutable, many gonococci possess 
conjugative plasmids and are consequently able to efficiently transfer genetic 
material conferring resistance to penicillin and tetracycline. Gonococci are 
also capable of efficiently transferring naked DNA (transformation). These 
characteristics are important in the organism’s ability to develop resistance to 
antimicrobials.3,4 For example, recent evidence suggests that the gonococci 
with diminished susceptibility to oral cephalosporins possess genetic resistance 
mutations acquired from commensal Neisseria species commonly found in 
the oropharynx. Sustained clonal dissemination of antibiotic-resistant N. gon-
orrhoeae within a population is illustrated by the finding, through whole-genome 
sequencing, of a single clone of a high-level azithromycin-resistant strain being 
responsible for an outbreak of gonorrhea across England between 2014 and 
2017.5

 CLINICAL MANIFESTATIONS
Gonococcal infections can result in a number of specific clinical syndromes, 
each of which has its own manifestations, differential diagnosis, and recom-
mended evaluation. The major clinical manifestations of gonococcal infection 
are discussed separately later. Gonococcal ophthalmia, now a rare complication, 
can result from direct contact or by autoinoculation in individuals with ano-
genital gonorrhea and is manifested as an acute, purulent conjunctivitis that 
can result in corneal ulceration if it is not treated promptly.6

 DIAGNOSIS
Microscopy
Microscopy of a Gram-stained smear is positive when polymorphonuclear 
neutrophils are observed to contain intracellular gram-negative diplococci of 
typical morphology (Fig. 283-1). Gram-stained urethral smears are 90 to 98% 
sensitive in the diagnosis of symptomatic gonococcal urethritis in men and 
have a specificity greater than 95%. However, Gram stain is only approximately 
50% sensitive for cervical or rectal infection and for asymptomatic urethral 
gonorrhea. Although Gram stain is often considered highly specific for such 
infections, the actual performance varies with the skill and experience of the 
examiner, and rectal and cervical smears are unreliable in many clinical set-
tings. Smears are both insensitive and nonspecific for pharyngeal gonococcal 
infection and are not recommended.

Culture
Isolation of N. gonorrhoeae by culture, generally with antibiotic-containing 
selective media, is the historic mainstay of the diagnosis of gonorrhea. 

among women tested through a population-based survey (the National Health 
and Nutrition Examination Survey) between 1999 and 2008 was 0.32%.

Like virtually all other sexually transmitted infections (STIs; Chapter 269), 
gonorrhea rates vary widely with age, geographic location, sexual orientation, 
and race or ethnicity. In the United States, the rate of reported infection is 
highest among 15- to 24-year-old women and 20- to 29-year-old men. Among 
women, rates are highest in the South and Midwest, whereas among men 
rates are highest in the South and West. These regional differences are, in part, 
a consequence of profound racial disparities and the explosive recent increase 
in gonorrhea rates among men who have sex with men.

Because national statistics do not consistently separate infections in men 
based on the gender of their sex partners, the heterosexual epidemic of gonor-
rhea is best understood by concentrating on the epidemiology of the infec-
tion among women. Among women, rates of reported gonorrhea among U.S. 
African Americans are almost 8.5 times higher than those among non-Hispanic 
whites, and rates among American Indians/Alaska Natives and Hispanics are 
6 and 1.6 times higher, respectively, than those among non-Hispanic whites. 
Variations in reporting probably account for some of these observed differ-
ences because low socioeconomic status is associated with receiving care in 
public health clinics and other venues where there is more complete report-
ing than in the private health care sector. However, the marked disparity in 
reported rates is also apparent in population-based studies, clearly establishing 
that the different rates of infection in different racial and ethnic groups are 
not simply a result of reporting bias. The reasons for this profound disparity 
are certainly multifactorial and are not entirely clear. Different racial groups 
in the United States vary little in terms of their number of sex partners, so 
this cannot explain the different rates of STIs. Although inadequate access to 
medical care is likely to play a role in the racial disparities in STI rates, profound 
racial and ethnic disparities are also observed in the United Kingdom and the 
Netherlands, nations with nationalized health care systems in which access 
to care should be more uniform than it is in the United States. Research has 
highlighted the importance of concurrency (i.e., partnerships that overlap in 
time) and patterns of sexual mixing based on age, race, and level of sexual 
activity as critical determinants of a population’s risk of STI. These factors are 
thought to be shaped by social factors (e.g., poverty, incarceration, jobless-
ness, racism) that play a central role in defining the epidemiology of all STIs  
worldwide.

Numerous cities in the United States, western Europe, and Australia have 
reported increases in the rate and number of gonorrhea cases among men 
who have sex with men since the mid-1990s. There are no national data on 
gonorrhea rates in this population. However, well-documented trends in King 
County, Washington State are suggestive of what has occurred nationally and 
internationally. In 2017 the estimated incidence of reported gonorrhea in 
King County men who have sex with men was 4513 cases per 100,000, com-
pared with 78 and 103 per 100,000 in men who have sex with women only 
and women, respectively. In part, the very high rate of gonorrhea among men 
who have sex with men in King County and elsewhere reflects high and prob-
ably increasing rates of testing, particularly screening for asymptomatic rectal 
and pharyngeal infections. However, the rate of urethral gonorrhea––an infec-
tion which is symptomatic in over 90% of cases––among men who have sex 
with men in King County was over 1400 per 100,000 (almost 14 times the 
rate observed in heterosexuals), demonstrating that disparities by sexual ori-
entation are very large and not a consequence of differences in screening 
alone. Moreover, the rate of urethral gonorrhea among men who have sex 
with men in the area increased over 200% between 2008 and 2017, highlight-
ing that rising rates reflect true increases in infections. Although it is not pre-
cisely defined, the risk of transmission from a man to a woman during a single 
episode of unprotected vaginal intercourse is thought to be 50 to 70%, and 
the risk of transmission from a woman to a man is 20%. The transmission 
risks associated with anal sex, fellatio, or cunnilingus are not well defined, but 
anal intercourse is probably a relatively efficient mode of transmission, and 
some data suggest that approximately one third of cases of urethral gonorrhea 
in men who have sex with men are transmitted through fellatio. Gonococci 
die rapidly on drying, and with the exception of occasional acquisition by 
laboratory personnel working with the organism, nonsexual transmission does 
not occur in adults. Perinatal transmission causing neonatal ophthalmitis or 
pharyngeal infection is now rare.

 PATHOBIOLOGY
After attachment to host epithelial cells, gonococci are endocytosed into the 
cell in a process thought to be facilitated by Por (or protein 1). Gonococci 
then replicate within the host cell and are released into the subepithelial space.
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ABSTRACT
Neisseria gonorrhoeae is the second most commonly reported infectious disease 
in the United States, with rates increasing almost 50% between 2009 and 
2016. Gonorrhea is a common cause of urethritis in men and cervicitis in 
women. In women, complications of gonorrhea include pelvic inflammatory 
disease and associated tubal factor infertility, ectopic pregnancy, and chronic 
pelvic pain. Neisseria gonorrhoeae also causes infections of the pharynx and, 
particularly in men who have sex with men, the rectum; in both of these 
anatomic sites infections are typically asymptomatic. The recommended treat-
ment of gonorrhea includes a combination of ceftriaxone and azithromycin. 
However, rates of antimicrobial resistance to azithromycin are now rising in 
the United States, and rare cases of ceftriaxone resistance have occurred, posing 
a threat to current treatment regimens. Prompt treatment of persons with 
syndromes associated with gonorrhea, partner treatment, and screening of 
young women and men who have sex with men are mainstays of gonorrhea 
prevention and control.
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Typical urethral infections result in prominent inflammation, probably as 
a result of the release of toxic lipo-oligosaccharide and peptidoglycan frag-
ments as well as the release of chemotactic factors that attract neutrophilic 
leukocytes. The reasons that some gonococcal strains selectively cause asymp-
tomatic genital infection are poorly understood, but this propensity may be 
related to differences in the organism’s ability to bind complement-regulatory 
proteins that downregulate the production of chemotactic peptides. In par-
ticular, gonococcal strains that express PorB1A appear to bind factor H and 
complement-binding protein and have an increased propensity for causing 
disseminated gonococcal infections.2

Although the gonococcus is not highly mutable, many gonococci possess 
conjugative plasmids and are consequently able to efficiently transfer genetic 
material conferring resistance to penicillin and tetracycline. Gonococci are 
also capable of efficiently transferring naked DNA (transformation). These 
characteristics are important in the organism’s ability to develop resistance to 
antimicrobials.3,4 For example, recent evidence suggests that the gonococci 
with diminished susceptibility to oral cephalosporins possess genetic resistance 
mutations acquired from commensal Neisseria species commonly found in 
the oropharynx. Sustained clonal dissemination of antibiotic-resistant N. gon-
orrhoeae within a population is illustrated by the finding, through whole-genome 
sequencing, of a single clone of a high-level azithromycin-resistant strain being 
responsible for an outbreak of gonorrhea across England between 2014 and 
2017.5

 CLINICAL MANIFESTATIONS
Gonococcal infections can result in a number of specific clinical syndromes, 
each of which has its own manifestations, differential diagnosis, and recom-
mended evaluation. The major clinical manifestations of gonococcal infection 
are discussed separately later. Gonococcal ophthalmia, now a rare complication, 
can result from direct contact or by autoinoculation in individuals with ano-
genital gonorrhea and is manifested as an acute, purulent conjunctivitis that 
can result in corneal ulceration if it is not treated promptly.6

 DIAGNOSIS
Microscopy
Microscopy of a Gram-stained smear is positive when polymorphonuclear 
neutrophils are observed to contain intracellular gram-negative diplococci of 
typical morphology (Fig. 283-1). Gram-stained urethral smears are 90 to 98% 
sensitive in the diagnosis of symptomatic gonococcal urethritis in men and 
have a specificity greater than 95%. However, Gram stain is only approximately 
50% sensitive for cervical or rectal infection and for asymptomatic urethral 
gonorrhea. Although Gram stain is often considered highly specific for such 
infections, the actual performance varies with the skill and experience of the 
examiner, and rectal and cervical smears are unreliable in many clinical set-
tings. Smears are both insensitive and nonspecific for pharyngeal gonococcal 
infection and are not recommended.

Culture
Isolation of N. gonorrhoeae by culture, generally with antibiotic-containing 
selective media, is the historic mainstay of the diagnosis of gonorrhea. 

among women tested through a population-based survey (the National Health 
and Nutrition Examination Survey) between 1999 and 2008 was 0.32%.

Like virtually all other sexually transmitted infections (STIs; Chapter 269), 
gonorrhea rates vary widely with age, geographic location, sexual orientation, 
and race or ethnicity. In the United States, the rate of reported infection is 
highest among 15- to 24-year-old women and 20- to 29-year-old men. Among 
women, rates are highest in the South and Midwest, whereas among men 
rates are highest in the South and West. These regional differences are, in part, 
a consequence of profound racial disparities and the explosive recent increase 
in gonorrhea rates among men who have sex with men.

Because national statistics do not consistently separate infections in men 
based on the gender of their sex partners, the heterosexual epidemic of gonor-
rhea is best understood by concentrating on the epidemiology of the infec-
tion among women. Among women, rates of reported gonorrhea among U.S. 
African Americans are almost 8.5 times higher than those among non-Hispanic 
whites, and rates among American Indians/Alaska Natives and Hispanics are 
6 and 1.6 times higher, respectively, than those among non-Hispanic whites. 
Variations in reporting probably account for some of these observed differ-
ences because low socioeconomic status is associated with receiving care in 
public health clinics and other venues where there is more complete report-
ing than in the private health care sector. However, the marked disparity in 
reported rates is also apparent in population-based studies, clearly establishing 
that the different rates of infection in different racial and ethnic groups are 
not simply a result of reporting bias. The reasons for this profound disparity 
are certainly multifactorial and are not entirely clear. Different racial groups 
in the United States vary little in terms of their number of sex partners, so 
this cannot explain the different rates of STIs. Although inadequate access to 
medical care is likely to play a role in the racial disparities in STI rates, profound 
racial and ethnic disparities are also observed in the United Kingdom and the 
Netherlands, nations with nationalized health care systems in which access 
to care should be more uniform than it is in the United States. Research has 
highlighted the importance of concurrency (i.e., partnerships that overlap in 
time) and patterns of sexual mixing based on age, race, and level of sexual 
activity as critical determinants of a population’s risk of STI. These factors are 
thought to be shaped by social factors (e.g., poverty, incarceration, jobless-
ness, racism) that play a central role in defining the epidemiology of all STIs  
worldwide.

Numerous cities in the United States, western Europe, and Australia have 
reported increases in the rate and number of gonorrhea cases among men 
who have sex with men since the mid-1990s. There are no national data on 
gonorrhea rates in this population. However, well-documented trends in King 
County, Washington State are suggestive of what has occurred nationally and 
internationally. In 2017 the estimated incidence of reported gonorrhea in 
King County men who have sex with men was 4513 cases per 100,000, com-
pared with 78 and 103 per 100,000 in men who have sex with women only 
and women, respectively. In part, the very high rate of gonorrhea among men 
who have sex with men in King County and elsewhere reflects high and prob-
ably increasing rates of testing, particularly screening for asymptomatic rectal 
and pharyngeal infections. However, the rate of urethral gonorrhea––an infec-
tion which is symptomatic in over 90% of cases––among men who have sex 
with men in King County was over 1400 per 100,000 (almost 14 times the 
rate observed in heterosexuals), demonstrating that disparities by sexual ori-
entation are very large and not a consequence of differences in screening 
alone. Moreover, the rate of urethral gonorrhea among men who have sex 
with men in the area increased over 200% between 2008 and 2017, highlight-
ing that rising rates reflect true increases in infections. Although it is not pre-
cisely defined, the risk of transmission from a man to a woman during a single 
episode of unprotected vaginal intercourse is thought to be 50 to 70%, and 
the risk of transmission from a woman to a man is 20%. The transmission 
risks associated with anal sex, fellatio, or cunnilingus are not well defined, but 
anal intercourse is probably a relatively efficient mode of transmission, and 
some data suggest that approximately one third of cases of urethral gonorrhea 
in men who have sex with men are transmitted through fellatio. Gonococci 
die rapidly on drying, and with the exception of occasional acquisition by 
laboratory personnel working with the organism, nonsexual transmission does 
not occur in adults. Perinatal transmission causing neonatal ophthalmitis or 
pharyngeal infection is now rare.

 PATHOBIOLOGY
After attachment to host epithelial cells, gonococci are endocytosed into the 
cell in a process thought to be facilitated by Por (or protein 1). Gonococci 
then replicate within the host cell and are released into the subepithelial space.

FIGURE 283-1. Gram stain in an acute case of gonococcal urethritis. This slide is used 
to demonstrate the nonrandom distribution of gonococci among polymorphonuclear 
neutrophils. Note that there are both intracellular and extracellular bacteria in the field 
of view. 
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retention, was once fairly common but is now rare. Urethral stricture, another 
formerly common complication, is now very rare. Gonorrhea is associated 
with an elevated risk of HIV infection, both directly and as an epidemiologic 
risk factor. Diagnosis of gonorrhea should alert clinicians to counsel such 
patients about sexual risks, test them for HIV infection, and encourage patients 
to seek frequent follow-up testing for HIV infection and other STIs.

 Lower Genital Tract Gonorrhea in Females
 CLINICAL MANIFESTATIONS, DIAGNOSIS, AND PROGNOSIS

The primary site of infection in women is the endocervical canal. The propor-
tion of infected women who develop symptoms is not precisely known, but 
probably about 50% of incident infections are symptomatic. In any case, 
asymptomatic infections accumulate in populations, whereas many or most 
symptomatically infected women present for diagnosis and treatment. There-
fore, most prevalent infections among women are asymptomatic or are associ-
ated with mild symptoms not perceived by patients as abnormal or important. 
Gonorrhea is sometimes associated with an abnormal vaginal discharge, but 
other lower genital tract infections, such as bacterial vaginosis, trichomonas 
vaginitis, and candidal vaginitis, are much more common causes of this 
symptom. Lower genital tract gonorrhea in women can be associated with 
abnormal vaginal bleeding, which typically is manifested as metrorrhagia, 
scant intermenstrual bleeding, or postcoital spotting. N. gonorrhoeae sometimes 
causes dysuria and can be isolated from the urethra in up to 80% of women 
with gonorrhea. However, the urethra is rarely the only infected site, except 
in women who have had hysterectomies. In a minority of women, physical 
examination is notable for a purulent or mucopurulent cervical discharge, 
cervical edema, or easily induced cervical bleeding, signs of mucopurulent 
cervicitis. In uncomplicated infections, purulent exudate can sometimes be 
expressed from a Bartholin gland duct, near the vaginal introitus laterally, or 
from Skene glands, adjacent to the urethral meatus.

Microbiologic diagnosis usually rests on identifying N. gonorrhoeae in cervi-
cal secretions by nucleic acid amplification test or culture. Gram-stained smears 
are insensitive and seldom used.

The most important common complication of lower genital tract gon-
orrhea in women is pelvic inflammatory disease (see later). Rarer compli-
cations include Bartholin gland abscess, which is manifested as a tender 
introital mass and may involve superinfection with facultative and anaerobic  
bacteria.

 Pelvic Inflammatory Disease
 CLINICAL MANIFESTATIONS

Pelvic inflammatory disease refers to an infection of the upper female genital 
tract and can involve the uterus (endometritis), fallopian tubes (salpingitis), 
and ovaries (oophoritis) as well as neighboring pelvic structures.7 An estimated 
10 to 40% of women with endocervical gonococcal infections develop pelvic 
inflammatory disease, and gonorrhea is thought to be the cause of approxi-
mately 5 to 30% of all diagnosed cases of pelvic inflammatory disease in the 
United States. However, this proportion varies with overall rates of gonorrhea 
and other causes of pelvic inflammatory disease in the population, such as 
chlamydial infection.

Despite the proliferation of molecular diagnostic methods, culture retains 
important roles in surveillance for antimicrobial resistance and selected clini-
cal settings. Ideally, growth media should be inoculated directly and placed 
promptly into a humid atmosphere with increased carbon dioxide, such as a 
candle extinction jar. However, standard transport systems (e.g., Culturette) 
are acceptable if specimens are kept moist, are not refrigerated, and are pro-
cessed within 6 hours. In testing of specimens not likely to be colonized by 
competing flora (e.g., synovial fluid), nonselective chocolate agar should  
be used.

Nucleic Acid Amplification Tests
In most settings in the United States, nucleic acid amplification tests have 
now supplanted culture as the dominant laboratory test used to diagnose 
gonorrhea. Nucleic acid amplification tests approved by the Food and Drug 
Administration include polymerase chain reaction, transcription-mediated 
amplification, and DNA strand displacement. The advantages of nucleic acid 
amplification tests include increased sensitivity over culture, particularly for 
extragenital infections, the ability to test urine specimens and self-obtained 
vaginal swabs, and the fact that most nucleic acid amplification tests are now 
marketed as combination assays that allow simultaneous testing for N. gonor-
rhoeae and Chlamydia trachomatis (Chapter 302). The primary disadvantage 
of nucleic acid amplification tests is the inability to perform antimicrobial 
susceptibility testing. Many genes associated with antimicrobial resistance 
have been identified, and it is sometimes possible to identify resistant organ-
isms using nucleic acid amplification. However, at present, no commercially 
available test for N. gonorrhoeae detects antimicrobial resistance, and for many 
drugs, the presence or absence of defined determinants of resistance are not 
sensitive and specific in defining whether an organism is susceptible to specific 
antimicrobials.

Although nucleic acid amplification tests have been approved by the Food 
and Drug Administration only for the testing of genital tract and urine speci-
mens, increasing evidence suggests that at least some nucleic acid amplification 
tests are substantially more sensitive than culture in detecting N. gonorrhoeae 
in pharyngeal and rectal specimens and that these nucleic acid amplification 
tests are sufficiently specific to screen high-risk populations for rectal and 
pharyngeal gonorrhea. Given the decreasing availability of gonococcal culture, 
the poor sensitivity of culture on nongenital tract specimens, and the high 
prevalence of asymptomatic rectal and pharyngeal infections in some popula-
tions (particularly men who have sex with men), clinicians caring for patients 
at high risk for nongenital gonococcal infections should be able to use nucleic 
acid amplification tests. Recent studies suggest that self-obtained rectal and 
pharyngeal specimens yield accurate results and are acceptable to men who 
have sex with men.

 CLINICAL SYNDROMES
 Urogenital Gonorrhea in Males

 CLINICAL MANIFESTATIONS AND DIAGNOSIS
Gonococcal urethritis in men is typically characterized by a purulent ure-
thral discharge and dysuria. The usual incubation period is 2 to 6 days. A 
small minority of men who acquire urethral infection—generally estimated 
at 1 to 5%, and varying between specific strains of N. gonorrhoeae—remain  
asymptomatic.

Physical examination typically reveals purulent urethral exudate (Fig. 283-2); 
this is usually readily apparent, but compression of the urethra is sometimes 
required to express the exudate. Erythema of the meatus is sometimes present. 
Nongonococcal urethritis (Chapter 269) is typically characterized by less 
copious and less purulent discharge.

The diagnosis of gonococcal urethritis is usually suspected clinically, con-
firmed preliminarily by a Gram-stained smear showing leukocytes with intra-
cellular gram-negative diplococci (see Fig. 283-1), and made definitively when 
N. gonorrhoeae is identified by culture or nucleic acid amplification testing. 
Despite the usual clinical differences between gonococcal urethritis and non-
gonococcal urethritis, substantial overlap exists, and microbiologic diagnosis 
should be routine even in clinically typical cases.

 PROGNOSIS
With prompt treatment, urethral gonorrhea seldom results in significant long-
term morbidity. Acute epididymitis complicates gonococcal urethritis in less 
than 1% of cases. Patients with epididymitis usually present with unilateral 
testicular pain and swelling, sometimes with fever. Posterior urethritis or 
prostatitis, typically manifested as pelvic or perineal pain and urinary 

FIGURE 283-2. Male patient with a purulent penile discharge from gonorrhea and 
an overlying penile pyodermal lesio